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3* Axial lead inductor 82uH 1/4W 

1* 10nf ceramic capacitor 103 

2* AOSD Germanium signal diode 

1* 2N2222 NPN Transistor bipolar 0.6A 40V 
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According to Prot, K, Meyl out of the book "Scalarwaves" 


Explanation of the longitudinal Wave 


ond the functional principle of this exhibit 


The special properties of Ine longitudinal wave (scalar wave) have been discovered over 100 years ogo by Nicola Tesla. 
Trough the different behaviour, compared to the Hertzian wove (¡cdo wave), there resulted in a scientific dispute. 
{ті fo the wor of currents a couple of years before) 

Tests experiment, the WardenchyffTower, ond the potent drawings that describe the wireless power transmission 
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528 Hertz is a frequency that is central to 
the “musical mathematical matrix of creation." 
This is the Love Frequency. 

528 is known as the ‘Miracle’ tone which 
brings remarkable and extraordinary changes. 


The "Mi" tone is characterized as 
an extraordinary occurrence that surpasses 
all known human powers or natural forces 
and is ascribed to a divine or 
supernatural cause. Every day 
more and more people tune themselves 
to the harmonic vibrations of 528 Hz music. 
In addition, the 528 Hz tone alone 
is scientifically associated with DNA repair. 
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How to hang а BALUN without damaging BALUN Antenna terminals, 


? 


kov 
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Clove Hitch 
(Half Hitches) Constrictor (Twisting) | | Double Охетапа | |_EStar Stopper Knot 
Eye Splice Figues Knot — | [icicle 3 ¡sing Соор) | © Halyard Hitch 
Lighterman's Hitch у Pile. 4 Poacher's Knot. ў Rat-Tail Stopper 
Round Turn and 9 
Rolling Hitch Two Half Hitches Sheet Bond. Son Shackle 
Soft shackle Edwards | Truckors Hitch. Square Knot Zeppelin Bond. 
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Voltage Balun / "Magnetic Ва!ип" 
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15 to 20cm long 


Input SMA Connector 


Filter Circuit 


How to hang a BALUN without damaging BALUN Antenna terminals. 


“WRO! 
Do not support BALUN by Antenna Wire Elements, 


Use Eyebolt to support BALUN from Center Insulator. 


ETT 

A=BALUN Support Eyebolt, 

B= Center Insulator Eyebolt Support 

С= Support Link between Center Insulator and BALUN Eyebolt 

D= Antenna Terminal BALUN Connectors 

E= Center Insulator 

F/F=Loop antenna wire element(s) through insulator holes , 

G= Fold back wire element onto itself, secure with Ty-Wrap and cover with tape. 
Visit: www.HamRadioExpress.com 
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Electrolytic Capacitors 


* Value shown in 
micro-farads [uF] 


* Negative terminal 


shown by stripe 
or arrow 
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Disc / Ceramic Capacitors 


value shown in 
pico-farads [pF] 


(1 pF = 0.000001 uF) 
* Non-polar 
` (no + /- terminals) 
© зга digit is multiplier 
ex: 154 = 150000 pF 


0 = х1 4 = х10000 
1 = х10 5 = х100000 
2 = х100 8 = х.01 

3 = х1000 | 9 = х.1 


Windom balun 
for kW range 
OH7SV 2004-08-22 
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2 kW Windom balun 
OH7SV / OH2BKU 
10/2001 


Ferrite toroidal cores 
Amidon FT-140-61 
2x 11 turns, 1mm cu 
Parallel winding 

(not twisted) 
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LIMITLESS POWER AND PERPETUAL MOTION 
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Signal analyzer 


Seed Sounds in the Chakra Petals-Chakra Petal Bijas 


= 


з 


antenna in 


RF to DC 
Circuit Diagam (simplified) 


Component list: 

(2) Ceramic Capacitors (104) 

(4) Germanium Diodes (IN34A) 

(2) Electrolytic Capacitors (100uF SOV) 


Copyright 2016. Drew Paul Designs. All rights reser 


LONG WIRE AERIAL: AT LEAST 
20 METRES (60 FT) OF WIRE 
LOCATED 7 METRES (20 FT) 
ABOVE THE GROUND 
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s EFFECTIVE EARTH 
-— (SEE TEXT) 
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CONNECTED WIRES 
GROUND. 
WIRES: 
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Min/Max: 
Beeps when a new min/max 
observed while calculating 


Shift Key: 
running average 


Use to access the 
yellow labeled features 

Screen Backlight: 
AC Voltage Auto-off in 40 sec. 
Shift: Frequency Counter 


DC Voltage 
Millivolts for AC 
Shift: Millivolts for DC 
и Ohmmeter Setting 
DC Current А ] 


Continuity Beeper 
AC Current 


Diode Test 
Shift: Frequency Counter 


Shift: Capacitometer 


Ammeter Terminal 


Common Ground Everything but Ammeter 
(COM) Terminal 
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uc MPARP SuperWhip 
Ruggedized Antenna for HF 

Pedestrian Mobile‏ / س 
Backpack Portable‏ / 
Get the Power of a SuperWhip.‏ 

ШШШ SW! SupeeWhip 
Super Flexible Ruggedlzed Titanium Alloy 

À белдк in a 12 inch Ciele to Pi in Backpack 
: All HF Bands - AN Frequencies - Good SWR i 


6061-16 Aircraft Aluminum SuperSiider 
Nickel Berylium Weatherproot Contacta 
‘Tuning Lock for Secure Frequency in Motion 
High Q SuperCoi tor Maximum RF Efficiency 
Durable Polymer SuperCoil Form 

Al Parts Modular Standard 307.24 Fittings 


‘Standard 80.239 Coaxial Connector 
PL-258 Compatible 50 ohms 


мо Degree Swivel tor АЙ Positions 
Unt SuperMount 


Dual Counterpoise Connectors 
Quick -Release Push-On 


MRIC SuperWire Stealth Teton 
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‘Attachments 


"Two 50v capacitors (0.22 microfarad). These two 
capacitors do NOT have a positive or negative lead. 


„Make sure the diodes are all facing Ше same 
les come with a band which tells you 
ide is the negative (cathode) side. 


Four germanium 
diodes 


Pisae at n capacitors (100 
microfarad). Each has a positive and 
negative lead. The negative lead is on 
the side of the capacitor with the “-” sign. 


15586 


Shopping List: 


+ 
4 - Germanium Diodes (1N34) 
c2 C4 
2 - 100 pF 50V electrolytic capacitors To 
Antenna 
2 - 0.2 pF 50V ceramic capacitors 
C1 c3 


Total cost = $2 


Antenna 
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1k resistor 


1.5v АА or AAA battery 


Transistor shown (T) is 2N3904 (can also use 2N2222). 

Note LED pins - negative is shorter and has flat on bulb edge. 
2 wires round ferrite ring are wound together, then start of one 
joined to end of other. 

Try adding more and more LEDs... 
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15-19 spire 
UN-UN 4:1 
Toroide T-200/2 
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cavo RG-58 
5+5 spire 
controfase 
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1:4 Balun оп 
FT-114-43 core 
for 3.5 to 29 Mhz 
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365 MMFD. 
IN34 


TUNING 
DIODE CAPACITOR 


100 MMFD. 
CAPACITOR 


TUNING 
KNOB 


— Drum 700 x 100 mm 
with 20 turns on it 


— Single-strand 
aerial 


200 nF} 200 nF 
200% | 200% 


4:1 Current Balun 
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4:1 Рано 


Enamle 1.5mm 
Each 9-10 turns 
On aRadio Broadcast (MW) Ferrite 


To Long Radiator To Short Radiator 


Multi-Band HF Vertical Dipole 


Ona Spiderbeam 12m HD Telescoping Fiberglass Pole 


for: 80/40/30/20/17/15/12/10m 


Total Height: 12m (40 ft. 


Wire: Spiderbeam CQ-532 
(6m per side — total 12m long) 
(20ft. per side — total 40 ft. long) 


Note: Spiral the radiator wire down 
the pole about one turn per meter. 


Tip: tie a knot in the wire about 2cm 
(1 in.) before each end, then fasten 
the wire to the pole with electrical 
tape ora wire-tie. The knot prevents 
the wire from slipping back through 
the tape or wire-tie. 


Simple lightweight insulator 


4500 Openwire Feedline 
Although the length is not critical, 


there are some lengths which 
can cause trouble. See text. 


Insulator willbeabout „ 
6m (20 ft.) above ground. 
Fasten with wire-ties. 


Guy Ropes: 
2mm Kevlar / 


50cm (2 ft.) 
A ,,,, Above ground 


CAUTION HV! 
(HIGH VOLTAGE) 


Good Antenna 
Matchbox 


Guy stakes 5 to 7m away from pole. pr 
(16 to 23 ft.) 

spaced equal distance around the pole. ойый ый. 

Ог, изе tree or fence to fasten ends. 


Spiraling the wire down the pole distributes its weight evenly around the pole and prevents it 
from flopping in the wind. Since the lower half of the pole is thicker (wider) than the upper 
half, the wire will end about 50ст above the ground. 


ITIS IMPORTANT TO KEEP THE WIRE THIS DISTANCE FROM THE GROUND! 
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2inch(5cm) hard wire — 400pF 
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Volcanic Activities 
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Source: Crystal Light Healing” Sacred Ancié 
www. UniversalLifeTools.com 
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Schumann Resonance 
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Green line airglow 
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Earth's Atmosphere 
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Solar 
Radiation 


Catalytic Sulfate enhancement 
conversion of from volcanic injection 
HCI and CIONO, or overt addition for 
to CIO solar radiation 
management 


North 
American 


Deep | 

StratospHéric 

ConvectiJé СН, СО 
Lo 


Injectionf 


Climate forcing 
by Greenhouse 
Gas Emission 


Na 

02 

Ar 
CO; 


Sulfur dioxide 
Methane 
Hydrogen 


Nitrous oxide 


Nitrogen dioxide 


lodine 
Carbon monoxide 


Ammonia 


Content 
78.084% 
20.947% 


99.998% 


0.934% 
0.033% 


18.20 parts per million 


5.20 parts per million 


1.10 parts per mi 


lion 


1.00 parts per million 


2.00 parts per mi 
0.50 parts per mi 
0.50 parts per mi 
0.09 parts per mi 
0.07 parts per mi 
0.02 parts per mi 
0.01 parts per mi 
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Photochemical dissociation high in 
the ionosphere: mixed at lower 
levels 


Oxygen, Оз 


Photochemical dissociation above 
95 km: mixed at lower levels 


0.93% 


Mixed up to 110 km. 


Neon, Ne 


0.0018% 


Helium. He 


0.0005% 


Mixed п most of the middle 


Krypton. Kr 


0.00011% 


atmosphere 


Xenon, Xe 


0.000009% 


Variable ga: 
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Water vapor, H10 


4.0% (maximum, 

in the tropics) 
0.00001*e(minimum. 
at the South Pole) 


Highly variable; photodissociates 
above 80 km dissociation 


Carbon dioxide, 
CO» 


0.0365% 
(increasing -0.4% рег 
year) 


Slightly variable; mixed up to 100 
km: photodissociates above 


Methane, CH4 


—0.00018% (increases 
due to agriculture) 


Mixed m troposphere, dissociates 
in mesosphere 


Hydro gen, Hı 


~0.00006% 


Variable photochemical product; 
decreases slightly with height in 


the middle atmosphere 


Nitrous oxide, NO 


~0.00003% 


Slightly variable at surface: 
dissociates in stratosphere and 
mesosphere 


Carbon monoxide, 
со 


~0.000009% 


Variable 


Ozone, O3 


—0.000001% - 
0.0004% 


Highly variable: photochemical 
origin 


Fluorocarbon 12, 
cn 


~0.00000005% 


Mixed in troposphere: dissociates in 
stratosphere 
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Signals аге Amplitude Modulated 


7 Navy 
SID Monitoring Site Ground wave VLR Statio 


Earth's Surface 


Ionospheric Layers 


F2 Layer 300 -400 Kans 


FI Layer 200 Kms 


E Layer 120 Kins 
D Layer 70 Kms 


Troposphere 


Shortwave portion 
of the budget 


Stratospheric Solar 
absorption by ozone energy 
Earth's albedo + = input 


„31 


7 
Diffuse 
reflection and 


21 
Reflected 
by clouds 


scattering absorbed 
by clouds 

+3 
Diffuse Reflected by 


Direct 
+25 


+20 surface 


Incoming 
solar radiation 


Earth's albedo 100 units 


30/100 30% reflected 
and scattered 


4 20 Top of atmosphere 


Atmosphere 


19 absorbed 
by atmosphere 
and clouds 


51 absorbed at surface 


Outgoing radiation lost to space 


100 units 
-30 units -58 units =12 units of 
of solar radiation emitted to space by longwave radiation 
reflected back the atmosphere to which the atmosphere 
to space is transparent 
A 2 
+20 units +7 units +23 units +8 units 
absorbed by absorbed by released to the of longwave 
atmosphere the atmosphere atmosphere by radiation 
and clouds ‘condensation absorbed by 
4 the atmosphere 
tit 
( 11 Longwave 
III energy 
111 exchange 
ere between 
т ENE: Earth's surface 
111 у and the 
= atmosphere 
111 \ ( 
III 
50 units -7 units = -20 units (30 units 
of solar radiation lost from Earth's + by + lostby longwave = of energy lost 
absorbed by ‘surface by conduction evaporation radiation by Earth's 
Earth's surface and convection surface 
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Even though residents of Barrow the northernmost town in Alaska, wont see the sun 
for 67 days come winter, they enjoy the midnight sun all summer - over 80 days of 
uninterrupted daylight 


Shortest Day In Alaska | Hours of Daylight & Winter Darkness Fun Facts. 
wor alaska orgvadviceshorest dayin alaska 


People also ask 
What months of the year is it dark in Alaska? v 


How many hours of night does Alaska have? ^ 


That depends on where in Alaska you ie, The farther north you go, the longer the 
day, Just north of Fairbanks, the day is 24 hours long. n Fairbanks, there are nearly 
22 hours of daylight, about 19.5 hours in Anchorage and 18.2 hours in Juneau, 


As solstice approaches, a look at why Alaska has the most daylight 
iss ewadn com/ecienceraicl/sunniest day dok.alasko has. day. /20/ 


‘Search for: How many hours of night does Alaska have? 


Does Alaska have 6 months day and 6 months night? v 
Why does Alaska have 24 hours daylight? ^ 


Around the summer solstice (approximately 21 June in the Northem Hemisphere 
‘and 22 December inthe Southern Hemisphere, the sun i visible for the full 24 
hours, given fair weather. The number of days per year with potential midnight sun 
increases the closer towards either pale ane goes. 


Midnight sun - Wikipedia 
Pen m wikipedia ori Midnight sun 


‘Search for: Why does Alaska have 24 hours daylight? 


Why is it dark in Alaska for 6 months? ~ 
What is the most common job in Alaska? ~ 
How much do you get paid to live in Alaska 20187 v 
Which country has 6 month day and six month night? v 
What is the best month to go to Alaska on a cruise? v 
What is the best time of year to go to Alaska? ~ 
What are the average monthly temperatures in Alaska? v 
Why is Alaska dark for half the year? v 
Videos 

© o 
Alaska Cniise-Night® Best Alaska Cruise | 24 hours of daylight | 
Day at the same time! WhenyoulveNightand 11em1o 2am: Barrow 

Day in the same. Alaska |Top of The 


World 


ALASKA DAY NIGHT SAM 
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DIY Geiger Counter - Page 1 


Geiger Counter, analog, Images S1 Inc 
This article shows you how to bull a fully functional Geiger Counter capable of 
measuring the three primary forms о! radiation"; alpha, beta апа gamma radiation. The geiger counter is sensitive enough to 
detect background radiation. It's expandable. You can enhance the basic Geiger Counter by adding a Digital Meter Adapter 
(OMAD) that adds a digital output for the Counts Per Second (CPS). The DMAD when used with a USB TTL adaptor can use our 
free Windows Radiation monitoring program . The DMAD alsa has a trus Random Number Generator function. The windows XP 
radiation program is free and available for downloading here 


The Geiger Counter produces an audible click and blinks a LED each time I detects a radioactive particle. It has a Data output 
Jack, that outputs а +5V pulse everythime a racicactive particle s detected, 1t also has a headphone Jack for private listening. 
Typically the Geiger counter clicks 10-20 times a minute due to normal background radiation. While the device s sensitive 
enough to measure background radiation, ts not sutable for measuring radon gas. There are Radon gas detectors that use an 
activated charcoal filter that are easy to use and more accurate. 


‘Using GMT-01 (LND-712). 
When using СМТ-02, Geiger counter can only detect beta, x-ray and gamma 


Radioactivity 


Radioactivity s the spontaneous emission of energy from the nucleus of certain atoms. The most familiar radioactive materialis 


There are three forms of energy associated with radioactivity; alpha, beta and gamma radiation. The classifications were 
originally determined according ta the penetrating power of the radiation, see Figure 1. Our Gelger Counter can detect the three 
types of radiation; alpha, beta and gamma radiation. 


Peper Aurum иса 


Penetration Power of Radiation 


Figure 1. Penetration strength of radiation 


Alpha radiation are the nuclel of hellum atoms, two protons and two neutrons bound together Alpha rays have а net positive 
charge. Alpha particles have weak penetrating abillty, a couple of Inches of alr or a few sheets of paper can effectively block 
them. 


Beta radiation were found to be electrons, identical to the electrons found in atoms. Beta rays have a net negative charge. Beta 
rays have a greater penetrating power than Alpha rays and con penetrate 3mm of aluminum. 


Gamma radiation are high-energy photons. This has the greatest penetrating power being able to pass through several 
centimeters of lend and stil be detected on the other skle. Thick lead is needed to attenuate gamma radiation, 


Geiger Mueller tubes аге simple devices that detect and measure radioactivity, The original design by Н. Geiger and E.W. Mueller 
in 1928 hasn't change very much, The basic sensor functioning remaln the same. 

A cut away drawing of a typical Geiger Mueller (GM) tube is shown in Figure 2. The wall of the GM tube is a thin metal (cathode) 
cylinder surrounding a center electrode (anode). The metal wall of the GM tube serves as the cathode of the GM Tube. The front 
of the tube is a thin Mica window sealed to the metal cylinder. The thin mica window allows the passage and detection of the 
weak penetrating alpha particles. The GM tube is first evacuated then filled with Neon, Argon plus Halogen gas. 


Geiger Muller Tube 


Jonizing +500 voc 
Radiation 
10 Meg 
ота 
Avalanch 
Mica 
Window 


Ground 
Figure 2. Cross-section and function of typical Geiger Mueller tube 


Our GM tube is put into an initial state (ready to detect a radioactive particle), by applying + 500-volt potential to the anode 
(center electrode) through a ten mega ohm current limiting resistor. A 470K-ohm resistor is connected to the metal wall cathode 
of the tube and to ground, The top of the 470K resistor Is where we see our pulse signal whenever a radioactive particle is 
detected. 


In this initial state the GM tube has a very high resistance. However, when a radioactive particle passes through the GM tube, it 
ionizes the gas molecules in its path and creates a momentary conductive path in the gas. This is analogous to the vapor trail left 
їп а cloud chamber by a particle. In the GM tube, the electron liberated from the atom by the particle, and the positive ionized 
atom both move rapidly towards the high potential electrodes of the GM tube. In doing so they collide with and ionize other gas 
atoms, creating a momentary avalanche of ionized gas molecules. And these ionized molecules create a small conduction path 
allowing a momentary pulse of electric current to pass through the tube allowing us to detect the particle 


This momentary pulse of current appears as a small voltage pulse across the 470 K ohm resistor. The halogen gas quickly 
quenches the ionization and the GM tube returns to its high resistance state ready to detect more radioactivity. 
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Radiation Measurement - GM Tube's Dead Time 


For the short amount of time the GM tube is detecting one particle, if another radioactive particle enters the tube it will not be 
detected. This is called dead time. The maximum dead time for our GM tube is 90 microseconds (or „00009 seconds). There is a 
mathematical formula for adjusting a Geiger counter read out to compensate for the GM tube's dead time, However the adjust is 
зо small that for practical applications it can be ignored, High-end nuclear work will take a tube's dead time into consideration, 


Count Rate vs. Dose Rate 


Each output pulse from the GM tube is a count, The counts per second give an approximation of the strength of the radiation 
field. The GM tube has been calibrated using a cesium-137. The chart is shown in Figure 3. 


Count rate vs. Dose rate (Cs-137) 
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ЕЁ Е 
1 
Dose rate mR/h 


Figure 3. Chart detailing Count Rate vs. Dose Rate 


Geiger Counter Schematic 


The circuit is shown in Figure 4. The 4049 Hex Inverting Buffer is set up as a square wave generator. The power MOSFET IRF830 
switches the current on and off to the primary windings of the mini step-up transformer. The output of the mini step-up 
transformer is fed to a voltage doubler consisting of two high voltage diodes D4 and D5 and two high voltage capacitors C3 and 
C4. 


The high voltage output from this stage is regulated to 500 volts needed for our GM tube, *GMT-01 (LND 712) by three zener 
diodes stacked one on top of the other (D6, D7 and D8). Diodes D7 and D8 are 200V zener diodes and diode D6 is a 100-Volt 
zener. Together (200 + 200 + 100 = 500), they equal 500 volts. Five hundred volts is the optimum operating voltage for our GM 
Tube. 


The 500-volt regulated output is fed to the anode of the LND 712 GM tube through a current limiting 10 mega-ohm resistor R16. 
The 10 mega-ohm resistor limits the current through the GM tube and helps guench the avalanched ionization when a 
radioactive particle is detected, 


*To regulate to the 400 volts needed for the GMT-02 Tube, a jumper is placed on P10. THis jumps the 100-volt zener diode at 
D6, R16 becomes a 2,2 mega-ohm resistor when using the GMT-02. 


The cathode of the tube is connected to a 5.1V (D2) Zener diode. The voltage pulse across D2 generated by the detection of 
radiation, feeds to the base of a 2N3904 NPN transistor. 


The NPN transistor clamps the output pulse from the GM tube to Vcc and feeds it to a comparator gate on the LM339, The pulse 
signal from the gate, pin 14 of the LM339, is a trigger to the 555 Timer through Q4. The timer is set up in monostable mode that 
stretches out the pulse received on its trigger. The output pulse from the timer flashes the LED and outputs an audible click to 
the speaker via pin 3. 


Figure 1 CDV-715 Retro Digi 


The CDV-715 has a perfect Cold War style case to house a modern sensitive digital Gelger counter, see figure 1, The Analog 
Digital meter displays Counts Per Second (CPS), Approximate Radiation Level in either Imperial measurements (mR/hr) or metric 
measurements (mSv/hr). The top line of the display alternates every second between the approximate radiation level and the 
Counts Per Second (CPS). The 2nd LCD line Is a power meter that provides a quick visual indication of the current CPS reading, 
тоге on this later, see figure 2. 
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Figure 2 Analog-Digital Meter 


t the helght of the Cold Wer over half a million СМІ Defense CDV-715 lon chamber radiological Instruments were 
figure 3. In ts day the CDV-715 could be found In government fallout shelters across the country 
Unfortunately, this survey Instrument only detects high levels of gamma radiation that would be encountered In a post nuclear 
ck or Incident. So even good working CDV-715 models are not sensitive for most radioactive detection work, 
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Figure 3 CDV-715 Ion Chamber Radiological Instrument 


hen FEMA decommissioned the CDV-715, the Instruments made their way onto the surplus market, Since so many Instruments 
ity the CDV-715 can be found on Ebay for low cost. If you would like to 


неге manufactured, and because of their lack of sensit 
'etrofit a sensitive Geiger Counter inside a Cold War style case, read on, First step purchase a surplus ch xis from Ebay or 
here. It doesn't matter if the CDV-715 is in working order or not. We will be gutting all the old electronics out. It doesn't 
а meter either since that will be replaced with a new faceplate that holds the new Analog Digital Meter. In Make 
er circuit that easily fits this application. While I will not repeat the 
lends itself 


'equire to hav 
magazine 29, I w 
onstruction details for the Geiger counter circuit, 1 will point out the retro-ftting details. 1 les this circuit becau 


ж а number cf GM tubes available on the market, see figure 4. 


rote a construction article for a Geiger cour 


Figure 14 Open CDV-715 instrument. 


Ionization Chambe: 


Remove, circuit board, ionization chamber and panel meter, see figure 15. Keep the screws for the panel meter, 


APPLICATIONS and USES: Personal Radiation Detector 
and Survey Meter: Domestic Preparedness: Education and 
Nuclear experiments: Emergency Services: Post-Accident 
Response. Compliance Verification and Radiation Screening 
for Wastes and ather materials. 

PROVEN TRACK RECORD for detecting and measuring 
nuclear radiation In hospitals, medical research, college 
laboratories, Industrial settings, transport containers, top 
soll, granite tables, scrap metal, oll fields, and Interior 
spaces. 

FAST, ACCURATE and EASY TO USE, Detects a broad 
spectrum nuclear radiation, including low energy 
background radiation 

AMERICAN MADE GM TUBE. Assembled in the USA, USA 
Tech Support, 

+ TRY BEFORE YOU BUY. "RENTALS" 

+ NRC CERTIFICATION READY 

FREE 16 PAGE GUIDE, “How to Buy а Gelger Counter!” 
QUESTIONS - FAQ PAGE. "Click Hera." 

+ OPERATION MANUAL 


ЕЗ Tecnica Specs | NRC Cerincaton | Rentals 


selection switch allows Counts Per Second (CPS) or Counts Per Minute (CPM) mode. = 
CASE SIZE: The GCA-07W measures 7 Ya" (length) x 4.1" (width) x 1 34" (height) 

INTERNAL SENSOR: The internal sensor makes it easier to search materials and to detect surface contamination 
COUNTING RANGE: 1 Count Per Minute (CPM) To 10,000 Counts Per Second (CPS). 


RADIATION RANGE: 0.001 mR/hr resolution to 1000 mR/hr Range (Imperial Measurements); 0.01 usv/hr 


боа - 10 msi renga (sere Measurements). 
resolution - 10 mswhr арн Уред. ауар il Geiger Comer. 
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Coincidence Circuit 
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Our coincidence detector has two pulse inputs and one pulse output. When two pulses are presented on the inputs at the same 
time, an output pulse is generated. Coincidence circuits are used in nuclear physics experiments. Two examples of applications 
for a coincidence circuit are a gamma ray telescope and a quantum entanglement experiment, 


Build your own quantum entanglement experiment - Page 1 
Build your own quantum entanglement experiment - Page 2 


The concept of the "method of coincidence" was developed by German physicist Walther Bothe in 1929, for which he received 
the 1954 Nobel Prize in Physics. Bruno Rossi invented the first electronic coincidence circuit in 1930. 
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A new experiment reportedly shows that neutrinos, tiny subatomic 


particles, travel faster than the speed of light, a finding that would 
upend Einstein's cornerstone theory of relativity. 
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Antineutrino signature: coincidence between prompt e* and 
delayed neutron capture on hydrogen 
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ELECTRONIC PEARLS: The digital optical modules used to sense the passage 
of neutrinos through the ice are encased in spherical pressure vessels made of 
borosilicate glass, They are attached to their suspending cables at 17-meter 
vertical intervals, from 1450 to 2450 meters’ depth. Aftera string has been 
deployed and tested, the surrounding water (left over from drilling the hole) 
freezes the detectorsin place. 
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different times. 
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THE BOREXINO DETECTOR: HOW IT WORKS 
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flavor, and a set of corresponding anti-particles. 
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Minkowski invented this spacetime triangle to graphically illustrate 

instein's space-time invariance. Einstein unified space and time for 
his theory of relativity, so Minkowski forced them to graphical 
eguality and invariance. 
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How to Reverse the Thermodynamic Arrow of Time 


Heat flows from hot to cold because this increases the entropy (or disorder) 
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Einstein's curvature of 
Spacetime 


Each atom will radiate out tight sphere of quantized wave fronts. creating the geometry of spacetime. 
The observer will focl this process as the forward momentum of timc. When the universal 
symmetry of spacetime is broken we get the symmetry that we observe in nature. 
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The harmonic periodic motion of time can be seen in mathematics in recurring 
decimal if we take a fraction of the pendulum swing, say 3/11 and convert to the 
recurring decimal 0.272 727 272 727 272 727 272 727 272 The simple 


harmonic pattern 7 -- SN М can be seen 


Ouantum Atom Theory 


C60 molecule formed out — Variations in the temperature 


d 
of sixty carbon atoms Жс. DN of the objects environment 
equally placed to, 2 EN will lead to harmonic 


A 
form a sphere «m waves of different 


$m ONES 
2 OV 


p=h/d, 


The momentum of 
EMR forms the 
symmetry 
of time 


C60 forms 
naturally by 
heating graphite 


We have a universal dynamically evolving geometry of spacetime forming 
symmetry from simple dynamics. The forward momentum of EMR 
will place like-charged particles that repel becoming equally 
spaced along the curvature of spacetime. 


Ouantum Entanglement 


The photon's 
polarization will be 
the same for the 
whole surface of the 

light sphere 


The photon 

larization or spin 
will be set for each 
expanding wave 
front 


In Quantum Atom Theory light has spherical symmetry and geometry that can 
explain quantum entanglement. The different wavelength (colours) will 
only be relative to each other and the source of the light 


Quantum Atom 
Theory 
(Е = M,C) ° 


Positive + 
symmetry 


AE At > һ/2т 
Future 


plus one rehresenting one guanta or photon S zero time t = 0. Thefe wi i E be 
uncertainty\at the quantum AxApx2h/4x level and in our everyday life because the 
imaginary number i is the square root of -1 representing this ro tional symmetry 
that maintains the quantum wave particle function W or probability function 
o time. This represents the momentóf now for each 
observer dr life form within their owaTéference frame. 


Portals and Star Gates 


When Star Gates and Portals activate, the counter-rotating electromag- 
netic spiral pair merges to form a Merkaba Vehicle, its center becomes a 
“Form Constant“ Still Point that links various Space-time locations directly 
to each other, creating a trans-time bridge. 


12 Primary (ore 
Universal Star Gates A 
of Universal TÁ $ 


Vertical Axis spiral pairs form the 
Star Gates of the Dimensional 
Lock System, which permit pas- 
sage between space-time loca- 
tions in multiple Universes and 


Density Levels, | 


Horizontal and Diagonal Axis spiral pairs form the Portals of the Time 
Portal System, which permit passage between space-time locations in 
one Universe and One Density Level. 
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Golden Ratio Spiral the Breath of Brahma 


Angle of consecutive seeds 


Golden Angle Golden Angle + 1° 
137.508...” 138.508...” 


Golden Angle — 1° 
136.508...” 


‘or me then I strongly hypothesize - that the REASON color exists - is that the photons as toroids are forced to angle their relative approach in 3D to 
DODECA faces- this ALLOWS them to PHASE CONJUGATE CONSTRUCTIVELY - and THIS is what causes them to emerge at the dodeca 


angles CALLED- COLOR! 3 dramatic new physics eguation evidences from Dan Winter 
PLATONIC ANGLE VS. WAVE LENGHT GRAPH that color perception / and biologic photosynthesis 
воо are the SAME NEGENTROPIC PHASE CONJUGATE COLLAPSE wave mechanic 
ry 1. Photons (travelling toroidally)- within the visible octave- the red 691 nm, 
and purple 427 nm are EXACTLY phase conjugate exponents of planck.. 
Red 700 nm (O-./nasa govleddocs/.. 2. Note bottom left- platonic symmetry tilt angles of ALL the primary colors 
700 чаш агашы | are CUBIC (red 0 /orange 45 / green 90 violet 135) - while Yellow/Blue 
are precisely the 63/117 degree DODECA PHASE CONJUGATE face angles! 
Oranje 620 nm ion шем! 
Pretosyiess and ts lato wih ате кауеетуа ot gnt no cats shows hat De mode 
oo 5 рее . 
s te 3. as Dan proved 
ee 530 nm THE 2 frequencies| 
| of Photosynthesis 
агаа vidence т e 470 nm are exactly 
[азе Conjugátion by Golden Ratio phase 
[пе wave mdchanic CAUSE Helke nm? To UE 
for the existence of COLOR & "Ultra Red ho den 
linbows: fractalfield.com/fractalphotosynthesis. 4,350 nm ratio) exponents 
of planck 
It was known that the angles length- 
m "Dan Winter discovered the pa: Dans 
| “other 2 key angles аге the equation. 
face angles of DODECA! „ол 00 200 «о 700 
(phase conjugate by phi goctaild.com/fractalohotosynthess © Wavelength (nm) 
0 45° 63 90° 117 135' 180° a [deq]* Conjugation by Golden Ratio DOES Quantify and define the color spectra AND its bioactive peaks! 


їз perspective: RE: new symmetry model of ORIGIN OF COLOR - below - based on DODEC - Dan suggests that the most likely reason the primary colors 
ies (PI=R, P2=Y, P3=B) differential angles are accurately predicted by the dodecahedron planes central angles is because PHASE CONJUGATION is 
ifically permitted BY THE GOLDEN RATIO stellations of this dodecahedron. He hypothesizes that the REASON the photon toroidal vortex HAVE to find 
symmetries -and thus create COLOR- is because that dodeca array is the only way PHASE CONJUGATION and therefore 3D sorting / successful 
pression + distribution can happen. 


non-destructive interference 
and therefore 


gen Ka are pen om ch her. 


Din te AD Madel- apli: poc mit 
Dan Winter's new equation proving the phase conjugate em 30 Degree Photon Opposte to Conjugate 
(golden ratio) structure of hydrogen: yoidenmean ae en-: | PASE 0 E 


Planck Length = Golden Rate ^ 136 power = 417 am 
Planck Length x Gaden Rata ^ 17 power - 691 am [s 
The ONLY 2 Frequencies (colors) MOTORIZING PHOTOSYNTHESIS! 
F “THEREFORE 
Dan Winter's new equation proving the phase conjugate tre 


Photosynthesis Rate (%) 


/01 (138125 x 10443) x (1.618 241.01) =1 yr — e Wavelength (am) 
153 ( Golden Ratio) erben conv/iractalshotosynthesis 
‘Phase Conjugation by Golden Ratio DOES Quantify and define the color spectra AND i bioactive prak! 
Poco COLLAPSE / IMPLOSION from Dan Wiater pee 
Fusion: bey gare 
Plch Length ed Tie 


Har the are cascode: Pack Tome 
thes pct powers of GOLDEN RATIO 


s PHASE CONUO 
p 


Phase Conjugation perii 
by Gotten Ratis 
Сасы in beth pla ө 


— — \ 
he actual Shuman Resonance Frequencies in . — 


Recursive 


How PHASE CONJUGATION- WAVE FRACTALITY 


golden ratio 

enabled converts the vertical TRANSVERSE EMF WAVE 

‘conjugate’ in to LONGITUDINAL /“SCALAR” COMPRESSIONAL WAVES 

саата - The perfect GOLDEN SPIRAL ON THE CONE T 
eterodyning : s ated copyright: 

of Phase Velocities perfected translation of vorticity’ Dan Winter 

PRODUCING (charg; makes the ‘EL’ / phase shift (thru light speed) fractalfield.com 

ACCELERATION converting the TRANSVERSE to LONGITUDINAL 

from compression 

(releasing charge into The Hermetic Caducceus 

superluminal longitudinal emf IS The Wave Mechanics 


at the Planck threshold.. 
AMED “THE GRAVITY’ of PHASE CONJUGATION 


Transverse ‘EMF ` 
5 Dimension Longitudinal 'EMF 
Charge Maree al Threshold Charge Waves Horizontal 


— bis comuersion 
The resultant LONGITUDINAL / COMPRESSIONAL EMF is demonstrably superluminal/ 
faster than light: this enables remote action at a distance. 
This ‘way out’ (thru lightspeed) for charge during perfect non-destructive conjugate 
implosive charge compression- is the mechanism / cause of 
*gravity, * electro-negativity, *life force, *consciousness , 
ALL negentrop 


Here is proof that Dan Winter located, identified and mathematically proved 
Protons (and Gravity) exist because of ће fractal structure 
FRACTAL / Conjugate Embedding in the Electro drog 


Only the Golden Spiral charge compression 
trajectory allows the phase VELOCITIES 

to interfere / heterodyne 

recursively constructively... THEREFORE 
Only this geometry turns charge compression 
toward center .. in to charge ACCELERATION 
toward center. named THE GRAVITY. 


Dan Winter’s new equation accurate HYDROGEN RADII 


ase Conjugation R1 = Planck x Phi^l16 

Hydrogen R2= Planck x Phi^l17 Planck Length .— 

e Smoking Gun! R3 = Planck x FRIAS z, the power of this frequency 
signature on plasma: Theraphi.net 
Here are 3 views of the Spiral 

Spin Path to the “Zero Point” / 


Implosion.. . / 
Top / Oblique / Side.. NY 


Golden Ratio The “Holy Grail” of Fusion / Implosion > 
IS Self-Similarity also reveals the electrical nature of compassion:perfect compression > 


Perfected - Therefore Dear Scientist: if you say golden ratio phase conjugation >< 
this 15 Fractality is NOT the cause of gravity- then pray tell u: 
Perfected! why is HYDROGEN BUILT THAT WAY?? В 


from Dan Winter www.goldenmean.info The cause of gravity, color, perception, 
and Life Force: Fractal Space Time 


The Centripetal Char: Essential Wave Mechanics 
Со dics da A Charge Planck Length & Time producing all negentropic forces: 


Universal Musical The Ca duceus , 


Key Signature of D 
the Fractal Quantum Foam |S phase conügatio 


Golden Ratio 
‚ Caducceus 

\ Phase Conjugation 
and Self Similarity 
lave Mechanics 


Compression- 

Creating Acceleration 
from Compression* 
Toward Center 

(called 'gravity) 

*because phase velocities 
can heterodyne 
recursively constructively 
only in golden ratio 


Winter's new equations have proven: 

езе virtually exact even Golden Ratio FRACTAL Phase Conjugate Multiples of Planck Length and Time predict compelling 
examples of NEGENTROPIC / SELF ORGANIZING and CENTRIPETAL FORCES - like? Cellular ATP Freq} 

* Hydrogen Radii, the ONLY 2 effective Photosynthesis Frequencies, Schumann Resonance Frequencies *HRV LF&HF Frequent 
* Brainwave Frequencies of Peak Perception / Bliss, * Sacral Cranial Tidal frequencies, * Ear Ringing Heard by Meditators 
* Virtually Exactly the Duration of Earth Year and Venus Year.. ( & the Priore and also Rauscher frequencies of bioactive fields!) 
and the essential dodeca stellation 3D fractal symmetry of Alchemic collapse / fusion / transmutation, 
DNA / living proteins as pent, Earth magnetic grid, Solar system orbital mechanics, and symmetry of masses in the universe! 


It has long been known that one side of a magnet (centrifugal) will 
decrease the pain, while the other (centriPETAL) will increase the 
pain AND the rate of healing (restored centripetal force). 
NOW we know that this vorticity has a measureable 
gravity effect- AND why. and why it is time biased.. 


because the acceleration of flux (the centripetal side) defines 
the charge rotation (accelerant of spin) which defines time! 
This also predicts Phase Conjugate Magnetics which HEAL. 
original notes: 
goldenmean.info/magnetics 


Magnetic Polarity: Essence of Flow Direction .. Converging/Diverging Flux Lines 


twister loving either im 
Bio-Magnetic North 
Attracted to South Pole 
Conventional Magntc 3 
Outward Folding Flux 
Yin 

Centrifugal 

Unpacking, 

Negative 
Counterclockwise 

Blue Making Power 
Wet Making Power 
Touch Making Power 
Pentacle Upright Pentacle Inverted 
Cooling Warming 
Була Left Swastika Right 
lever Word Making Power Adamic/Atomic Making 


Dan Winter's compelling formula: THE Fractal Physics: 

Exact integer exponents of golden ratio (phase conjugate) multiples of PLANCK length and time 
Graphic: the back cover of his new book www.fractalfield.com/fractalspacetime 

Animated in 3D: www.goldenmean.info/grail 


- the generalized wave geometric cause of gravity, life force, and biologic negentropy 

- why objects fall to the ground 

- how wave geometry creates negentropy so well proven in phase conjugate optics 

- how Earth and it's Schumann harmonic cascade (Dan newly proved is a precise ‘conjugate pump wave’) 
creates the self organization evidenced in the GAIA HYPOTHESIS 

- golden ratio phase conjugation is the only wave geometry which defines a ‘fractal field’ 

- these virtually exact integer exponents of golden ratio (phase conjugate) 


multiples of PLANCK length £ time predict: (Dan Winter's original discoveries) 
* multiple exact radii of hydrogen Update: May 2015 
* the exact only 2 frequencies which motorize photosynthesis Winter's equation. 
* virtually exact Schumann Planet harmonics Perfect Implosive Negentropy 
* the brainwave (ALPHA / BETA) frequency cascade of peak perception / bliss ALSO predicts ADP/ATP Wavelgth| 
* virtually exact duration of the Earth year and Venus year AND- exactly the 
* virtually exact frequencies PRIORE and also RAUSCHER used to heal HRY LFand HF frequen: 


* exact frequency and geometry used to create commercially proven life giving (bioactive) fields at 
Thelmploder.com (hydrodynamic implosion) and Pyraphi.com (capactive ir equo 
and the PRIORE rejuvenation field. (phase conjugate plasma tim ever р генле HE Porasympatnen 
www.goldenmean.info/phaseconjugate/RejuvenationFieldTech.h| ml — g 
And documented rejuvenation effect: 
www.imploderspa.com/ImploderSpaBrochure.pdf 


"God is the perfectly replicable part of the pattern/wave /meme 

because charge distribution perfected conjugation / fractality 

is what make any field centripetal, negentropic, and hence mindful.. 

God's domain- Dominus Vobiscum: literally- The Divine-Perfectly Branched, 


“Square Wave Spark Gap” The Synaptic Spark: Spin Distibuted Awareness 


та ASKO System Wiring by Dan Winter 
¡== 


= ——c. goldenmean.info/synapse/synapse.htm 
Wy Dendrite © 

The "radiance" charge distribution radiating from the synapse 
spark gap is an "experiment in sharing“ for spin, the harmonics 
contained in the ringing of the synapse literally determine 
whether awareness will be distributed, Perfectly fractal 
harmonic content=perfectly embedded inner hologram 
=power to move matter with thought. 


How the Synapse- 

AND the Brain Cavity.. 

AND the Sacral Cranial Pump 

.. create the healing STILL POINT 


in square wave spark gap synapse 


Frequency Signature or Spectral Analysis 
Harmonic Content of the Energy in a Square Wave 
Note the amazing similarity to the harmonic 
power frequency spectrum pictures we've taken 
from the heart at the moment of love! 
Compassion is learning to share to the spin 
distribute the charge 
AWARENESS AS CHARGE DISTRIBUTION HAPPENS 
WHEN SPIN DISTRIBUTION IS PHASE LOCK OR CENTERED, 4 
RECURSION CALLS YOUR SPINS BACK TO CENTER. “Harmonic Convergence": 
THIS IS A МАР OF PERFECT RECURSION. SESSE Conjugate Pump Wave.. 
GETS TO THE HEART OF THE MATTER DOESN'T IT. eons Centripetal AND Negentropic 


Energy Density (Amplitude) 


Phase Conjugate optics quad implosion tracks mapped by four axes of the 
i tetra symmetry, showing exact Phi ratio beat nodes 


CUBE of light waves (right pie) = 7 


What initiates the GOLDEN RATIO 


is when the approach path into the cube 
is perfect, then the pine cone vortex 
shape tunnel in a CONE to center. 


lucing golden ratio... 


powefs of P 


THAT is where the secret of the. 
conjugate MIRROR material comes in. 


the material of the phase conjugate mirror 
recursive golden ratio relationship. 
tween atomic nuclei vs shell radii, 


THEN- effectively the CUBE ( see 5 cubes right) 
(where golden ratio to center exists on all 

nodal lines to center: see elsewhere in this article). 
Note how the vectors and the cones in radial lines 


to center of a cube are all a SUBSET of those 
— йыш... Mack — — — 


The Physics of Rejuvenation producing electric fields: Dan Winter 
Where waves of charge IMPLODE accurately feactalfield.com 
(phase conjugate- like ‘pine cones kissing noses’) Ет 
at that implosion center point- i 
all waves are ‘sorted’- ‘negentropically’ (self organized). 


produces net increased ORDER 
The "Perfect FLAME" 


Syears a over S.000 hits/ day? goldenmean info 
Perfected 


Wave Collapse 
becomes 
IMPLOSIVE 
CENTRIPETAL 
the geometry ack Length xP - 


„Hydrogen Radu 
М» аы улыр 


This 30 Wave Fractal - PHASE CONJUGATION 
Perfected by GOLDEN RATIO 
is the CAUSE of Gravity, Electronegativity, LIFE FORCE, 
Perception, and ALL CENTRIPETAL Forces, 

ALL 


to download К 

^ 3 when the waves (here) add and multiply recursively 

89 slide powerpoint constructively their wave length - (& freauency)- 

Э A THEY ALSO ADD AND MULTIPLY CONSTRUCTIVELY 

for Dan Winter's RECURSIVELY THEIR WAVE VELOCITY (phase velocity) Y, > 

Rejuvenation Physics Producing ACCELERATION of Charge GOLDEN MEAN RATIO——_—MÚLTIPLYING 
Theraphi.net/rejuvenation ‘called GRAVITY) from compression. ience y: goldenmean.info/selforganization OF WAVES 


Dan Winters new equation for 

the ORIGIN OF ALL NEGENTROPT “== Тына the precise trequency cascade : 

Kok Dee лр (planck time x integer exponents of golden ratio 
called PHASE CONJUGATION) 

which identifies every negentropic lifepiving process 


5 e 
om he cover of hia mene bo pd 
ааа which make healing fields bioactive - like PRIORE, 
Dan Winter's new equation proving the phase conjugate n (and predict almost precisely the 


(charge distribution perfected) Ше giving TIMING of our planet orbit: 
[Solar year = Plank time x Golden Ratio 241.01 (1.28128 


ation of the Earth AND Venus yeart!) 


юп em Compre 
ii 221 e Reger 


These are the exact measured frequency harmonics of the 
Earth’s SCHUMANN RESONANCE (ignore Greg Braden's confusion) 


SO - CAN YOU GUESS WHAT NEEDS TO BE DONE now 
to make GAIA emerge from chaos???????? 


Hint. fix the music, fix the grid- it can be proven to eliminate pollution and more. 


Golden Ratio х+у X:y :: y:xty 
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1.618 


Fibonacci Sequence 
0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377, 610... 
3x.618=2 13x.618=8 55 x .618 = 34 


5x .618=3 21x .618 = 13 89 x .618 = 55 
8х 618 =5 34 x .618 = 21 144 x .618 = 89 


Жр” The Universe 
T A singularity, the ONE, has no 
ا‎ Е dimension, L cannot bo 


Wine Void 
exist..tis un-manifest. 

t must divided in two-2, 
Recoming a duality, to become 
gnifest and to create. ine 
The UNMANIFEST prîkal two аге the polesinodes 
тойу Wwhidn emanate a positive and 

ive current (see Shabd, 
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IN THE VOID 


v The VOID 


Outside the Unies 


‚ the Hologray 
was fragmented i 
which а 


consisting of indwidual bein 
running © through Nihe 10h 
through 12th Domalys like A 
wave of sound. 
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https://www.facebook.com/QuantumWorldAwakenYou 


THE GOLDEN RATIO IN THE HUMAN BODY 


Fibonacci Sequence 
0.1.1.2 3 5,8, 13, 21, 34, 55, Е9, 144, 233, 377, 310. 
3461832 13x 61838 55 8 334 
51 68823 21x 618=13 83x 878 55 
Bx018=5  30x018-21 14х6\4=82 
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you DNA.. 
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| GOLDEN MEAN 
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| COMPRESSION 
° . n to ACCELERATION 
a { ~" 
CHARGE waves. , Y 
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make gravii x { vy 4 
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. . Charge 
Originally inspired by the geometry Mygdala 4 
Of Egyptian Concept “Djed” To TOWER 
Raising of the Djed - versus- Djedai Knight 
Compare to Sword and the Stone... Creating ~Vertical Component 
To Magnetism originally in rotation.. (Golden Ratio Path 
Translates Vorticity from Circle to LINE.) | py 
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а-та precisi aie ¢ Longitudinal Wave Structyre 

— spacetime di. 

density of the vacuum of space 

Superiominal thought Meld 
conscious formation space 
"rime all space filing voxels 
perfect state or equilibrium. 
priori ta the quantum field 
отива etborc fores 
fploding rhoraliz energy fields 
particles of etherte substance 
the holographic inteligence feld. 
interlaced hyperspatia elds 
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277 
Bodhisattvas of the Dharmakaya 
the vocabulary for creation 
quasicrystal mathematics 
$ quantized spacetime language 

graphic torsion fields 

aloding rhombic energy field 

ve patterns of phasons 

те all space filing voxel 

tral angle triacontahedron 

dlosive / conjugate fractal 

itudinal standing wave 

hopole gravity waves 

‘den ratio rhombic module 

asest packing possible 

phase hyper spatial field 

"ntum teleportation 

>raholographic ordering 
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Golden Rhombic Structures Longitudinal waves within waves 


pre + post wormhole travel golden rhombi helixes scaled by phi 


Rhombic Hexecontahedral clusters 


packed as golden rhomboids 
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cross referencing 
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grand unification theory 
source consciousness 
maximal symbolic efficiency 
school for starchitects 
fundamental fabric of creation 
nified fractal field theory 
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aiden ratio wavelengths 
olographic multiverse 
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ichyon quasiparticles 
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*cursive wave matrix 
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quasi liquid crystals 
sub-quantum wave-packet 
the unity creational field 


itiate omni-radiant wave ; я 
www.unifiedfractalfield.com 


EA d Golden Ratio Rhombic Structures 
Hand alone etheric structure ГЕТ я ; 
‘combining rhombic structures optimised phase conjugate embedding 
ptimised phase conjugate embedding 
‘omnidirectionaly recursive 
fult spectrum of the eckatic codes 
gusclayatanine space flog 
Соте packing the golden rhombohedrs 
into the shomblc Herecontahedron IO OQ. КЕЯ 
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P » MM phi rhomboid subunits 


self recursive by phi golden tetrahedra 
form both scaffolding AND recursive by phi vectors + volumes 

which becomes the conic volume of the phi spiral implosion vector 

phase conjugate mirroring reverse reconstruction at the destination 


Resonant Phase Conjugating Cavity 
inside the Triacontahedron 
Py 
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plasma уйти + charge accelerant 
phi spiral 
on outer surface of 
triaconta tetra 'cone“ 
Jinks nodes of smaller by 
phi surface tetra 


from Great Attracter 
to Shapley Superclust 
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"iS Sha Sp refuster Core 
the conte) 9887 Universe? 


http://newatlatom/ rlap-olcufiverse waterloo/37258/ 


LOCAL UNIVERSE HEART 


that holds our 
universe together 


‘Shapley appears to have a stronger 
‘attraction than Great Attractor 
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Fractal-Holographic Scaling of Field Patterns 


phenomenon arising exactly 3 nodes out from the center. This is in fact the case. Illustration 6 shows the 
same spiral as in Illustration 5, this time spun with Node 5 as the center point rather than Node 4. A 
boundary arises exactly at Node 8. 
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The actual plasma tube arrangement used for this ‘time reverse/rejuvenation’ conjugation is depicted with 
remarkable accuracy in the Egyptian stone carving, It is phase conjugate, centripetal, negentropic. 


This kind of strong charge field is by definition simply the electrical opposite of swelling, cyst and tumor growth. 
It IS this charge distribution efficiency perfected by definition- which is the electrical opposite of cancer. Theraphi 
— usually generates strong feelings of being energized, metabolic acceleration, circulation and sensation increase. 
In a large number of cases there is also a feeling of bliss/ euphoria introduced. About 1/3 9 users also report - 
sharpening of vision. 


Theraphi- Conference - Paul Harris & Dan Winter International EractalU.com 2 hr. conference film Oct 9.2016 
THERAPH plasma healing and rejuvenation field science- with Theraphi co-creators Гетенин) 


Harris Dan Winter: 
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imd | E cin : 
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Pra Har ná Dan Wie 
A M Pe discuss the global impact 
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aes cee. 
|Theraphi.net 1 phase conjugate plasma 
en шере science to real healing 


news, improvements San Booch rana Dant ы. 
more on the history, Bun mner ituations- questions am 
actual Theraphl users p winsa gwsan m discussion, We also 
reports- including more — | water Р several key Theraphi center 
on treating addiction. Ringer hone cancer headers and practitioners from 
treating autism, 2 меана around the world- should be a 
степ treat seeds, water ой». | Por pragnicom ‘most stimulating session. 
[ss pe Trace ag! 


(no chat window): httns:/'vontu bel GWicFtHRtaY - Implosioneroun.com /Dan Winter channel: 


ERAPTLT.N y H y 
USES OPPOSING 


А с: 
ГЕ REJUVENATION FIELD. 


The actual (phase conjugate / fractal) 
wave function depicted between the plasma tubes 
in the Theraphi. 


(we apologize if the Medical association 
did not know what their logo was for) 


from Dan Winter www.goldenmean.info The cause of gravity, color, perception, 
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sso Universal Musical forces: 
igi y Key Signature of The Caduceus сае otio 
the Fractal Quantum fm co Calams 


Produce Constructive 
тир M шл Compression- 
precise 4 M Creating Acceleration 

k from Compression* 
Toward Center 
(called gravity) 
"because phase velocities 
can heterodyne 
recursively constructively 
only in golden ratio 


Winter's new equations have proven: 
"Winters Equation hz: (vs) 2.78,4.5,7.29, 11.8 ,19.08, 30.88 ub ЗІМ 
80 


Equation fo eons PRIORE used: 3 10 32 
[uation for the 
ORIGIN OF BIOLOGIC NEGENTROPY Planck Length/Time x Integer Exponents Golden Ratio= 


(atom Gover of Dan Wl tias Kook) Phase Conjugation & Negentropy Perfected! 

These virtually exact even Golden Ratio FRACTAL Phase Conjugate Multiples of Planck Length and Time predict conipelling 
examples of NEGENTROPIC / SELF ORGANIZING and CENTRIPETAL FORCES - like: Cellular ATP Freq 

* Hydrogen Radii, * the ONLY 2 effective Photosynthesis Frequencies, * Schumann Resonance Frequencies "HRV LF&HF Frequenc 

* Brainwave Frequencies of Peak Perception / Bliss, * Sacral Cranial Tidal Frequencies, * Ear Ringing Heard by Meditators — | 

* Virtually Exactly the Duration of Earth Year and Venus Year.. ( & the Priore and also Rauscher frequencies of bioactive fields!) 

and the essential dodeca stellation 3D fractal symmetry of Alchemie collapse / fusion / transmutation, 

DNA /living proteins as pent, Earth magnetic grid, Solar system orbital mechanics, and symmetry of masses in the universe! 


‘Dan Winter says: 
Planck Length/Time* Integer Exponents Golden Re 
rect Implosive Ch: 


PHASE CONJUGATE PUMP WAVE $ y Bee сокмок PUN WAVE- vom winters quien 


— ей socumentes 
. Sacra! Canal Pump TIDAL Frequencies 


IS The Origin and Cause 
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Right» 854.1627755 1) Extremely low 50 Hz EMF feld frequencies are located in a coherent frequency- 
Frequencies hz zone that are abe čo nbi and retard cancer 
342.4914324 Many studes show thot a 30 HF electromagnetic wave at a nearly pure, transient- 
Predicted 211.671346 free 30 z, в able o retard tumor and ni tumor formation (Haat, 1997; 
Conjugate/ 3805200868, Wertheimer, 1979; Simio, 1998; Pang, 2001; Tolan, 2002, 2003; Tratcheva, 2003; 
" i Morabito, 2010; Berg, 2010; рук, 2014) or by using a 50 Hz wave witha typical 
Negentropic 80.85125972. modulation: 
by Dan Winter 49,96882653 7 Nucleosomersized DNA fragmentation (a biochemical marker of apoptosis) was 


" ксы nepal орои R арса ы 
‘equation 30.88243317 to SO Hz electromagnetic fields, This SO Hz wave did not induce detectable DNA 
Planck Time" Phi^N. fragmentation in either human peripheral blood leukocytes or polymorphonuciear 
19.08639335. celis (Hisamitsu, 1997). 
em 72727 ——ÍÓQ 

as used. -i d static MF, modulated in amplitude with 3 mT ELF-MF at 50 Hz, showed morphological 
i remate], by 7290953595 sienes of кетере apoptosis Cn dee 
neee, 2 1 32. jn en ager 
о, 2784667259. бад at ite at an eraty o 5.5 т (Tafani 2003). 

lore 1721019013. - Increased apoptosis in human breast cancer cell lines occurred by exposure during 
and now precisely — 1^ 24 and 72 h to pulsed EMF (50 Hz; 10 mT) compared with untreated control cancer 
and now precisely 063648245, kc 


0657370768 - Pulsed EMF at 20 Hz and intensity of 3 mT during 3 days showed cytotoxic to 
now commercially 40627478 breast cancer cells (Crocetti, 2013). 
successful in 025100059 
countries = - Electromagnetic exposure by 0.4 T, 7.5 He for 43 days inhibited the growth and 
bega from уай of mona tocar cale nd improved inmune futen of una 
Dan Winter Dearing mice (Nie Y., 201 
T = Microarray of human A549 lung adenocarcinoma cells exposed for 1 hour to 8 Hz 
Theraphi.net/static олу wove showed ә duros depender toy fet nd he ce 
" i and apoptosis-related genes had 2-old upregulation and 40 genes 
Article referenced is probably ele 


the most thorough study of cancer 
ы - Exposure of mice injected with mouse breast cancer cells to electromagnetic f 
a o for 6 h. daily at 100 mT, 1-Hz, half-sine-wave unipolar magnetic fields for as long as 


4 wk, suppressed tumor growth (Tataroy, 2011). 


* Pulsed electric fields of of 0.5 Hz and greater than 20 kV/cm, with rise times of 30. 
ns and durations of 300 ns (3.32 MHz) penetrate into the interior of tumor cells and 
cause tumor cell писе! to rapidly shrink and tumor blood Пом to stop. Melanomas. 
shrink by 90% within two weeks. A second treatment at this time can result in 
complete remission (2006). 
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is over 100 years of pioneering ars by Nikola 
Tesla, Georges Lakhovsky, Royal Raymond Rite, 


our Theraphi and especially Antoine Por. 
demonstration sites / TheTheraph produces а beau plasma 

light and poweríl bio-active field. Precise 
electromagnetic frequencies derived irom 
hydrogen and phi-ratio harmonics are modulated 
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TheraQDhi = 


‘Operation Information Manual VL 


Introduction: 
The Therapi isan electronic device for creating a radiative bio-acive plasma field Y 
by using radio frequencies as a carrier wave for various frequency signatures. The 

inspiration for the creation of this device 1s based on the pioneering efforts of High bens 
Nicola Tesla, Georges Lakhovsky, Royal Raymond Rife and especially Antoine Priorê 4 лац 

in France. 
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The Theraphi takes their work to a whole new level. utilizing modern solid state 
electronics and Dan Winter's new equation and phase conjugate’ physics to much 


more accurately and broad spectrally generate implosive / centripetal / phase Theraphiis constituted of several key components 
conjugate charge fields. Theraphi is a one of a kind, new approach never before has 4) Variable Transformer for 15 amp- variable AC (50/60) cycle input voltage 
broadcast bioactive е plasma been so broad-spectrl and never before have 1) Main amplifier mixer section containing inputs or either 115 or 230 v 
conjugate PAIRS of field generatora been used this includes noble gas optical 60/50 cycle АС and additional input labeled 70 V for the connection to the 
conjugation. vanable transformer. Note the amplifier picture here shows the location of 


the tuning adjust (both fine and coarse), the on/off switch, ete. 


©) High voltage "Tesla Resonator Coil” in large protective case. Note in the. 
hato, the ennnertions an each annosite END nf the enil cate on tn the nlasma 


The Theraphi is an experimental device at this point and so far we have received 
some remarkable testimonials from volunteers who have experienced the field 
effects, some people experience onset of various emotions, increased energy levels 
are common. Increased circulation, warmth and tingling sensations have been 
reported. Sacral cranial professionals have suggested the ‘sacral cranial spine 
liquid pump changes reaching the spine pump ‘still point - normally associated 


Download new Theraphi Plasma Rejuvenation 
Operation Information Manual 
TheraPhi Operation. Information. Manual. V1-6.pdf 


‘www. TheraPhi.net 


During he tras eium. above- our crat wa lear. significant restoration of eig ân his hand (ble had en an mir rv or ot treatment many the positive eal inching one о as barely able ta walle: wth foot 
%%% тари use of ̃ alka thi mines, 
st these and many mia report are mun ocur but ara те val more рти гетир, o clinical real from professionala. 
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"hon phase conjugation requies opposing gole ratio pairs FROM OPPOSITE SIDES - 1o accurately conjugate 


how to make the plase conjugation bread spectral -and iba such more powerful- hy ending this al б way ere 


‘The Therap takes the Lloro principle which ke related to гир ratio phase conjugation in charge waves, and make it mach mor broad secta ing loma and thus orders of magnitude more ftiv 


. f / а Елее aimed our lunch events ith Therap to try lt Their reporte wene vety else they м - he Therap kd wasin ay ways He 
kov Mela BUT MUCH MORE POWERFUL AND MUCH MUCH FASTER IN EFFECT. 


Dan Winter ой Revolution Radio with Mike Hargis - June М0 
(also on Vetera Today Radio)- 102 Minutes- Click to Play MP3 
Subject: Healing The HOLY LIGHT from Jen Шет 
Physics of top interview аі www.goldenmeans 


Relig 
Wars.. 


[Implosion Gup 

[PRIORE Plasma Rejuvenation 
onjugate “Cold Flame” Plasma Fire 
ubes are conjugators - Spacing Adjustable 
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Side View | 
= 
| 
Also discussed “Casting a Spell”: 
= Fom The PlasmaPhiystes of Sacred Alpha y 


5 ти P 
Regenerative Medicine Mechanism. " 
редак new paper 

1 Biology Approach 
Regenerative Medicine, Fractal Fields and Priore- — LifePrinciple.com (download 
Abstract: Elsheikh M Elsheik 
Regenerative medicine, in particular electromagnetic (EM) therapy. has been in trouble 
A саюу: T8 
support the claim that EM therapy cures certain diseases, e.g., cancer, leukemia, etc., yet 
there is no convincing mechanism to agree upon. That is because a fundamental natural 
Jaw, the driving force which underpins the mechanism, escaped human imagination. It is 
the maximum action principle which states that a biosystem's rate of action increase, as 
. 
cellular regenerative control system is the sequential ordering and arrangement of DNA 
4E ĩ ĩᷣͤ 0 at а phi 
O L SV LE 
DNA bioinformation template, generated by cellular regenerative control system's 
charges unplosion and acceleration, is a cascade or replica of phase conjugate EM waves. 
When targeting biomformation disease by its corresponding healthy bioinformation. 
жери, би balíky ĩðViv 8 
жишей ба Белма or qued асана along а рий. of mariam aci 
The DNA bioinformation template mechanism accounts for both Antoine Priores 
secas exigua od Lut ͤͤß view of ift, 
Lie Fractal Nature: 
Dan Winter - a pioneer on golden ratio in physics- asserts that golden ratio fractality is a 
condition of recmstve connection Шөн. la la view DNA golden сию karod 
dodecahedron fractal geometry is the only geometry that allows wave patterns to add and 
multiply recursively constructively, thus produces optumum charge distribution and 
coherence. Не coined the term quantum fractal field to designate the state of perfected 
22 ˙». берилиб of te DNA 


Bioinformation; Bioinformation atractor, Bioinformation diseases; DNA bioinformation 
‘template; EM therapy; maximum action principle. 


Antoine Priore: Into a tube containing a plasma of mercury and neon gas, a pulsed 9.4 
GHz wave modulated upon a 17 MHz camier frequency was introduced. Complete 
remission of terminal tumors and infectious diseases in hundreds of laboratory animals of 
the treated diseases was obtained. “Inthe mid-70's Priore' work was suppressed, because of 
hostility of the oncology community, change of the French Government, loss of further funding, 
and complete inability of the physicists and biological scientists to even hypothesize a mechanism 
for the curative results "* 

Searching for а mechanism in order to account for EM therapy, Bearden T assumed that 
there is а specific, constant electromagnetic “delta” that differentiates the parasitic 
cancerous “organism” from the normal -human cellular organism." This "delta" can be 
considered a sort of constant, complex-structured charge existing in the body's atomic 
nuclei. Ifa phase conjugate replica of a cancer's cell's specific "delta" frequencies is fed 
into the body having that cancer, the deviation of the cancer cell's master cellular control 
system will be "time reversed.” The cancerous cell will be immediately destroyed, or 
reverted back to a normal cell of the animal. ^ 


Bearden clarifies two important components conceming regenerative medicine 
mechanism that are phase conjugation and longitudinal waves." Phase conjugation is 
important because coherence is necessary for energy waves to be effective. Longitudinal 
waves have the property of operating along the time domain in conformity with 
biosystems’ fundamental dynamics which takes place along the time domain." However, 
since the healing frequencies replica based on experimental evidence are not property of 
a cancerous cell, it becomes urgent to look for an altemative. Bearden proposes (without 
offering any operational definition) that the cellular regenerative control system, as a 
source of scalar waves, resides in the atomic nuclei of cells. In this perspective scalar. 
waves, due to its negentropy and time reversal, structure and organize DNA. It is evident 
for DNA to selforganize and function it has to have energy (eg. scalar) but this does not 
necessarily mean that the negentropy is the cause of selforganization or selfregegeration. 
For example as an organism grows it takes in negenetropy, however after maturity it goes 
‘on taking in negentropy but without further growth and development. In other words 
What characterizes the dynamical essence of a biosystem is its bioinformation rather than 
its electric charge. Therefore, the EM waves that can do healing and regeneration must be 
cartier of bioinformation and not negentropy. Yes, there is a difference between 
negentropy and bioinformation. While negentropy is passive information a measure of 
static order or complexity in terms of bytes, bioinformation is active information a 
measure of developmental functional complexity, and for this sake has the dimensions of 
‘energy and information, with units (cal x bytes)", 

DNA self-organizing capacity is due to the fact that it possesses the only geometry, its 
helical and golden ratio based dodecahedron fractal geometry" that embodies the 


High Voltage "° "ie 
Сой 
їп secure сазе 


Plug at each end 
for attached high volta: 
wire to Plasma Tubes 


The variable transformer 2 wires plug here 
into Amplifier 


— 


High freguency fine adjust 


High Frequency coarse adjust 


Theraphi is constituted of several key components: 

а) Variable Transformer for 15 amp- variable AC (50/60) cycle input voltage 
b) Main amplifier mixer section containing inputs for either 115 or 230 v 
60/50 cycle AC, and additional input labeled 70 V for the connection to the 
variable transformer. Note the amplifier picture here shows the location of 
the tuning adjust (both fine and coarse), the on/off switch, etc. 


©) High voltage “Tesla Resonator Coil" in large protective case. Note in the 
photo, the connections on each opposite END of the coil case go to the plasma 
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How to Build Several Easy Antennas for Amateur Radio 
Amateur Radio has been a supreme way of communication for many ways of geting messages from one place to another for 
decades! Many antennas have been invented simply by necessity. Spark Gap Transmitlers were used around he time of the 
great disaster of the Titanic. Wireless is what they called it back then, and stil to this day, wire antennas are sending signals 
out on the airways. Amateur radio has progressed, and continually changed since the spark gap transmitters of that ime. High 
voltage coiis were used for their power, and it systematically sont out the familar "dits" and "dahs" of Morse Code, and the 
party or parties, at the other end who could read Morse Code wrote the symbols down, and they made words. A fantastic, and 
fascinating way of communication, and yet, was primitive enough to look back оп from this date, and say that was one 
fantastic communications tool. 


Stops 


Emphasis on the Antenna! Tho heart of tho system of Amateur Radio is the antenna. There are many 

other misinformed persons stating that power is the ultimate force. Not So ! The heart of any radio station, 
bo it Amateur Radio, Commercial, Business, CB, Personal Family Radio, or experimenters in extremely low 
power amateur radio ( ORP as tis called ) transmissions IS the antenna! Without good reception, you won't 
hear much. Without good antennas for transmitting, you won't transmit far, even if you apply high output RF 
power, or if high output watts are used ! 


Planning an antenna project can lead to many different thoughts and you should always consider 
the following. Height, length, feedlino, balun, (and we wil talk about a balun later), insulators, type wire 
‘used, or type metal used, what do you want to do with this antenna, how many bands do you want it to perform 
its work, if you can use the right materials, space to hang one, and the biggest of all downfalls, if you Ive in a 
Place that has zoning laws, you may have to get permission (gag) to put up an antenna on your own property ! 


Use materials that match easily. Antennas can be made from many diferent materials. Remember that 

You should use metal of similar nature, as dissimilar metals have a tendency to corrode, or to have а non- 
conductive properties. Metals such as copper, aluminum, tin, and steel all wil conduct electricity, but when we 
are taking about Radio Frequency, of RF currents and voltages, we are talking about "Skin Effec electricity. 
Aluminum antenna wir is hard to work with, has a very easy breaking point, and ой times, stretches out of 
‘shape, and cannot be soldered using conventional solder. Aluminum wir is not expensive, but it is the least 
desirable wie for antenna use. Copper house wire prices have skyrocketed in the recent months. Finding old 
house wire is the best choice. Diameter of 12 gauge wie is about 1/8 inch thick. Ив not hard to work with, and 
is probably the best antenna metal. Tin wire, used for electric fence purposes make an excellent wire antenna, 
and itis not to expensive. The only draw back is that you have to purchase it in ether Y, or Y mile (0.4 or 


(0.8 km) rolls. I you plan on building several antennas, you should have no problem with this large roll of wire. 


What Works with What Current. Regular DC or AC current and voltages travel through the center of the 
wire, whereas RF runs on the outer portions of the wire. Picture if you wil, a wire with the cut portion of the 
wire pointing at you. I we could see the wire with the current oni i would be easy o define. AC and OC 
‘currents would be from the conter out. RF though, would bo along the outer portions of the wire, like the skin of 
the wire. The type of metal used would have a conductivity scale. Of course, none of us willbe using any 
precious metals in making an antenna, but the rare metals, gold, silver, and platinum are the three most 
Conductive metals of all, but since they cost so much, we have to settle for copper viro, steel with either а brass, 
ос copper coating, or perhaps tin, with or without copper coating, or plain electric fence type tin wire, or possibly 
aluminum wire if you have no other wire to use. Any good conductor of electricity wil conduct RF. The least 
favored is the mechanic wire, which has a high resistance, and corrodes and rusts easily, causing unwanted 
resistance, and antenna failure. When subjected to the weather, mechanic wire will rust easily, creating a never 
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How to Build Several Easy Antennas for Amateur Radio 


ending problem of either breakage, or a problem of MAJOR non-connectivity. It does NOT radiate RF energy 
well and doesn't receive signals from other amateur stations transmitting to you. One of the best, and probably 
the cheapest is the electric fence wire that is coated with brass, or copper. Since we are dealing with "skin 
effect” properties, just the outer coating will bear the RF energy, Steel wire also should be avoided i possible. 
‘Steel will rust easily, even if itis coated in brass or copper. Tin wire that is used for electric fence wire that is not 
coated, also can be used, but make sure that you inspect the connections from time to time to remove any 
corrosion, and re-solder them if necessary. Insulated house wire that is solid copper can make one fantastic 
wire antenna. At least seventy (70) percent of all amateur radio antennas are made of some sort of insulated, or 
non - insulated vire. Those are the ones we will be talking about here in this article. 


Start by choosing your place, and space for your antenna. You should NEVER be close to a power line 

that is energized. Many people have been seriously injured or have been fatally electrocuted due to their 
contact with high power transmission lines. I takes just ono touch from those high power lines to kill someone 
who is trying to put up an antenna. Look for low hanging power lines, and slay away from them at least by one. 
and a half lengths of tho height of your longest polo closest to the power wires. The closer you are to your radio 
room, the better off you will be. Back yard antennas, right close to your radio room, or radio shack, make it easy 
to set up and operate. Try o avoid placing any portion of your antenna close to the place where electricity 
enters your home, Use good straight wire, and avoid serious bends or twists in the wire. If you are using in with 
copper or brass coatings, watch out for the tendency to сой back onto the wire. Some tightly wound wire may 
also coil back on itself, regardless of what it is made from, or coatings. Some wires also have a tendency of 
having sharp ends when cut. Steel is the worst. Good sharp side cutter pliers, or diagonal cutters can also leave 
a ridge that is sharp if using certain metals. The smaller the wire, the harder tis to work with also. Using wire of 
light gauge, either 17, 18, right through 22 or 24 gauge, has many problems, not the least of which is ts 
durability. Wind can destroy an antenna in a few moves with small gauge wires 17 through 22. I recommend 
using not less than 18 gauge for most antennas. There are places, that we mentioned earlier, hal won't allow 
antennas, towers or antenna poles to be constructed. A dipole in the attic of your home is a good idea if you 
have enough space in your attic to place one. Folded dipole antennas will work great if you do not have a metal 
rool. 


Select the wire you want to use. Make sure it is a wire that can withstand the weather, both summer and 

winter, and that itis of a workable nature. In other words, don't use a wire that can cause problems down 
the road when it is actually put into use. Insulated copper house wire is excellent. Please! do NOT remove the 
insulation As a matter of a fact, the Ме of the antenna can greatly be extended if you do leave the insulation on 
the wire. Also, it insulates it from a short against a green tree, or tree leaf, or even a weed, or branch that may 
fall. Make sure that f itis bare wire, that you keep it up from the ground, (and we wil get into that also lator) so 
по unsuspecting person comes in contact with the line, in the event it is energized with RF currents. RF burns 
сап hurt, and burn deeply into the flesh of a finger or hand. RF is a sort of invisible energy, and it is the forced 
movements of electrons along a given path that is an AC style current. 


Many tuned circuits of today's time can actually go down to several layers of skin with just one 

touch. It burns, and sometimes actually fries your skin into a white powder. This is called "RF BITE" since 
it feels like you got bit by some sort of bad bug, or stung by a bee that has no poison, but can seriously hurt. 
Amplifed RF also hurts worse, due to the added power applied to the antenna. If you are using a tube type 
amplifier, depending on the wattage it has been tuned to, can and will give you one powerful bite,!, and it wil 
hurt badly. 


Make your antenna by tho tried and true formulas. Dipole antennas often are the easiest o build, and 

then turned into inverted V antennas by raising the center of the antennas up into tho inverted V styl. Is а 
ооой idea to have your antenna at least one half ( 1/2 ) wavelength of the antenna, one quarter (1/4) wave is the 
minimum height above ground for effective performance. Wire "J" poles for VHF are easily bull, and can be 
used in an emergency. These inventions simply use the ever popular 300 Ohm antenna lead in wire. You can 
use them for any frequency, including the HF bands, but you will need a tl lower, ог а high tro to hang them 
high in the sky. As ofthis writing, 300 Ohm antenna wire is pretty scarce. А гой of 300 or 450 Ohm antenna wire 
was $55.00 just a year ago. Now if you can find it from any source, he same roll costs $95.00 
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How to Build Several Easy Antennas for Amateur Radio 


Here's several other feed lines you may consider to use. Choose which ever line fits your particular need. 
RGB mini 8 can handle up to 2 kilowatts. RGBU, which is the large wire, with either foam or plastic canter 
insulator and can be used up to 3 kilowatts, Hardline such 9913 series s the best for VHF or UHF 
transmissions. 300 Ohm covered ladder line is great if you have a long run, say more than 150 feet (45.7 m). 
‘Open feed line is trouble, but you can use it, IF IT DOESN'T act like like an antenna. If you cut open ladder ine 
in less than a wave, it can act as your antenna instead of your radiator antenna element. Avoid using odd 
lengths of transmission line, and try to do the wave lengths version to prevent parasitic transmissions, and 
айпа on your neighbors antenna, or bleeding off into someones cel phone, or perhaps even setting off home 
alarm systems that are close in your neighborhood. Car alarms that are not shielded can ot mes be set off by 
using certain frequencies. Please take note here, if you are running amateur radio, and its been checked ош, 
its NOT your fault that your neighbors are having problems. Its the poor design, shielding and the sensitivity of 
their equipment that is at fault. Sometimes, a solution can be reached, other times, there is no solution other 
than they have to put a fer, or a suppressor on their equipment to keep their equipment from malfunctioning, 
and acting as a receiver. The FCC also states that our equipment must not cause unwanted interference from 
occurring. In order to defend yourself, make note of the frequency you were using at the time the incident 
occurred, and if you have not had your equipment tested have your equipment put on a spectrum analyzer, ora 
harmonic detector to PROVE your equipment is NOT causing any unwanted interference. If your equipment is 
clean, wen its up to the other party to take action to prevent them from geting on the ham band. 


10 Sereen your VHF and MHF bands. Some isiot Kids are blaming amateur radio operators for their 

stupid mistakes. There are frequencies that we use that can cause malfunctions of their precious litle 
toys, such as RC cars, airplanes and robots. Once again, its not the hams fault. I's mainly due to а flaw in 
design, shielding ar it could be that their toys are acting as a receiver, and for that, they blame you. Such was a 
сазе not long ago, and we wil discuss the outcome of that incident, but first let us talk building antennas. 


%%% output ? The term Pask Envelope Power or PEP, в the maximum 

output power allowed by law peak to peak envelope, cycling from an AC source, RF output. With recent 
‘changes to some laws, the local government can also regulate how much power you can use. Legally, Amateur 
radio operators can run up to 1500 watts! Thats a lot, but consider this, a ten thousand dollar set up with a 50 
Cent antenna, isn't gonna serve you well. Whether you live in the country, or in the city, the antenna is the root of 
ооой transmit / receive functions. 


12 Formulate then maket The way to find out what length you need for a DIPOLE antenna, which is the 

most common antenna used, you use mathematical equation, 468/ FMhz whereas, 468 is the one 
standard, the MHz is Frequency in MEGAHERTZ, and that give you the total length of a dipole antenna in feet. 
Divide by 2 and place a ceramic, dog bone, or even PCV pipe insulator between them in the middle where you 
Just cut, and you got а dipole antenna. Attach a feed line, and run to your tuner, ог if you are gonna use 
resonant antennas, attach to your SWR meter, and check for high SWR readings. Usually, less than а 1:5 to one 
or less is acceptable, but a 1:1 match reading is the very best. Using resonant antennas can be the most 
{ulfling experience of antenna use, however space and materials can pose a factor in using several antennas 
that are resonant to each band. 


13 Raising or towering the antenna can help with SWR, but also one more thing to keep in mind, Its 

а good idea to raise the antenna at least 1/4th wavelength above ground. Inverted V antennas can 
be tied off as high as possible, but can go as low as 3 ог 4 feet (0.9 ог 1.2 m) from the ground, Place a warning 
‘sign on the tie off point f your antenna is low enough o touch, telling anyone that high voltages can be present 
at any time, and not to touch the wire in any way. 


14 Stretch out the legs of the antenna as much as possible, and pull them as high in the air ав 

possible. The more capture area that is available, the better the transmit or receive. Secure lino with 
оой strong, nylon or rayon rope. Use either % or Y inch (0.6 or 1.3 cm) plastic nylon or rayon rope, and then 
You wil find that these works best, but you should inspect them at least twice a year for frays, or weathering 
problems. Replace if necessary. 


15 Mino a new design 1 For many years now, designing antennas hasbeen a passion for many a ham 
‘operator. Tho next one on the list is a cage dipole. For this, you wil need either 4 or 6 inch (10.2 or 
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How to Build Several Easy Antennas for Amateur Radio 
15.2 em), thick wall PVC sewer, or water pipe, and a way to cut itin either Y or Y inch (0.6 or 1.3 em) 
‘spreaders. Use of a compound mitre saw makes this job easy. Use a 12° saw to cut the 6 and 4 inch pipes. 
WATCH OUT THOUGH, SINCE THE LAST FOOT OF THE PIPE COULD BUCK AGAINST THE SAW and may 
not cut through the pipe, and throw it back at you. Cut only where И wil NOT be dangerous. usually 12 to 14 
inches (30.5 to 35.6 cm) of the pipe wil be left. If you own, or have a friend who owns one of the saws, use it to 
ои the pipes. Once they have been cut, measure the outside diameter of the pipe spreaders on the OUTSIDE in 
metric CM and ММ. After you have the circumference, divide by 6 if you are using 6 wires, or divide by В И you 
plan on using 8 wires for this project. After you have the pattern down, use а drill with а 1/81 ога 5/321hs dei 
bit, depending on the gauge wire used to put 6 or 8 holes in each spreader. Be accurate as possible. 


16 Depot use the SAME FORMULA FOR THE CAGE DIPOLE. I vil be shorter than a regular dipole! t 

is relative to the size spreader used! You can only use the original formula as a staring point 
Depending on spreader size you may have to reduce the length by as much as 4% or more! Just remember that 
you wil either use 6 wires or B wires. Electric fence wire is often a choice in this type of an antenna, as itis 
relatively inexpensive, and can be bought in large rolls of one quarter or half mile or more wire on one spool. Tin 
wire wil work in this project, however copper is best Using anything other than copper can compromise 
Performance 


17 Measure carefully, although not critical at this point. Its ways better to go а itle too long, than too 

‘shor, and then have to add wire. Cut ul run lengths of 6 or 8 vires. Is always a good idea lo have а 
couple friends working with you when it comes to this project. Make the wires you have cut come together at the 
center when you have done your measurements. 


18 зетот your antenna, and this where the fun comes into play. Side 5 spreaders on the we 

using 4 of them, easing them all the way down to the other end. Next, space the spreaders with the 
wires through the holes at intervals of either 18 or 20 inches (48.7 or 50.8 cm) apart. Put contact coment an the 
toothpicks, or match stems before sliding them into the holes with tho wires to hold them firm. Leave one 
‘spreader at the first end, that way, it will show you where to place your wires into the spreaders. Continue with 
the spreaders, using 4 or 5 spreaders at a time, leaving one at the end each time. Tighten wire, and then peg 
the wires with the sharp toothpicks, or wood matches, using ONLY the wood on the matches. After you reach 
the end of one sido of the cage, gather up al the loose wires at both ends, and tie them together using a piece 
‘of wire, wrapping ай wire ends together near the center of the spreader, Lay this leg of the dipole aside, and do 
the same with the other leg. 


49 "ete it "Count". Whether you use 18 inch (45.7 em or 20 inch (50.8 cm) spacings in between the 

spreaders, to make it lock good, don't change the spreaders in alternately positions. If you use 18 inch 
(45.7 em) spacings, use them al the way to the end of the antenna. If you use 20 inch (50.8 em) spacings, use 
all spacings at 20 inches (50.8 em) арап. Larger wires in gauges of 14 or 12 can add weight to this project, so it 
takes а lot to get these antennas going. Dont rush this project! Take your lime, do И right the first time, and then, 
You can rest assured that your antenna wil serve your purpose. The capture area of a 6 wire cage dipole has 
increased $ times ! An EIGHT wire antenna increases gain of capture by 7 ! Although it is hard to work with, and 
Bud this antenna, for amateur radio use, # one of the best. 


20 190 xo0wana Voila One of the best kept secrets of Amateur radio antennas are either the box, 
or delta loop antennas. Resonant antennas cut to the exact frequency, in the middle portion of the band, 
and used with a tuner of sufficient size, can tune several bands. The formula used to find a full wave loop 
antenna is 1005 / Fiz. This gives you the length of a full wave loop antenna for the band you are using. 
Horizontal positioning into a TRIANGLE shape, makes it a DELTA loop, If you put it into a square, or rectangle 
‘shape, you have a BOX loop antenna. Out in the country is where this antenna is most often used. It requires a 
large area of land, and also it can be fed either in the middle, or an end portion of the loop. When hoisting this 
itle monster of an antenna into the air, watch ош, ав we said before, for POWER LINES! Trees that are 
‘spaced far enough apart provide ample heights above ground for this antenna. Trees aro often called, "Poor 
Mans Towers" and either can be accessed for use by using several methods, including a good fishing pole and 
а 4 ounce sinker, properly aimed at a high branch in the tree. When it is successful, tie a masons line, or even 
aff the rope you are going to use to the line, and gently roll in your catch over the branches of the tree, and 
pull it down to tho ground. Don't forget to use adequate lengths of rope, or safety cord for this project. You can 
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How to Build Several Easy Antennas for Amateur Radio 
usa PVC pipa hero as an insulator. Cut 3 or 4 pieces of 1 Y inch (3.8 ст) PVC pipe about 6 or 7 inches (15.2 
snd of tho pipe. 


(or 17.8 em) lang. Dril Y inch (1.3 em) holes using a good drill bit, and never drill close to the 


About 2 inches (5.1 em) fom the end gives you a good spacing for the insulators. Far the feed point, use yet 
another piece of PVC pipa, driling a hole through the center o provide for a strain relief for the feediine. Put the 
‘stress on the pipe, not on the antenna or on the feodiine Pull up your antenna into the rees or your tower very 
сагу, making sure that t is as close as possible lo the design you chose to make the antenna. Box ог 
rectangle loop, or a triangle, spacing them out as much as passible. Yes, you can fudge а ite if you have to on 
he sides, making one a Ийе longer, but its best to keep your antenna as practical as possible to the design. 


You're helping people by reading wikiHow 


wikiHow’s mi rn, and we really hope this article helped you. Now you are helping 
others, just by visiting wikiHow. 


Direct Relief is a humanitarian nonprofit with a mission to improve the health and lives of people affected by 
poverty and emergencies. Recognized by Charity Navigator and Forbes for its efficiency, Direct Relief equips 
health professionals in the U.S. and throughout the worid with essential medical resources to effectively treat 
and care for patients — without regard to politics, religion, or ability to pay. 


Glick below to let us know you read this article, and wikiHow will donate to Direct Relief on your behalf. 
Thanks for helping us achieve our mission of helping everyone learn how to do anything. 


сик 


Tips 


Strip careful, бе the ground sections together, and solder to the negative side ol your antenna lead in wire. AIl 
three wires should be soldered, and attached carefully. 
Get help with your antennas. Friends may find this experience fascinating. 


Measure twice, cut once. Although not critical in а cage dipolo, tis highly critical to cul the exact length of an 
antenna tothe band you are going to use 


Use wire of similar natura, Avoid using wires that corrode easly, or may break and lose conductivity. 


Locate your antenna as close as possible fo your radio room to prevent oss of RF energy- 
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Л How to Bull Several Easy Antennas for Amateur Radio 
+ Mts fun to work the world on а wire. Antennas are the heart of any radio system. 


+ Using dull instruments for cutting wire may leave sharp edges that can piece the skin easily. Check each end to 
keep sharp points from forming. 


+ Uso PVC Pipe for cheap, easy insulators, and spreaders. 
+ Provide adequate space away from power lines. 


Things You'll Need 


[D Antenna wire that is made from the choices above. Always get plenty of it 
O Good soldering irons, and rosin core solder. 


(Û Knife, side cutting pliers, long nose pliers, stripper pliers, drill and proper size dril bits. 


[D PVC pipe in what ever diameter you choose to use for your antennas, and for your insulators. 


[SPACE to hang your antenna in the air. Keep away from power lines. 


‘Sources and Citations 


+ Consult any ARRL handbook or FAQs about antennas. Other pertinate information and articles from using diodes and 
resistors to control current, and useable information about antennas are listed there. Consult any ham radio operator about 
НЕ. antenna construction. 
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БЕРДИ] STATION ACCESSORIES 


Antennas 


Bobe 


MA Polarised Power Connectors 
Accessories. 
krolects Perhaps the most important tem is one tht helps protect expensive equipment against costy reversed polarity 


mistakes. 


Anderson PowerPolos will tako care of the polarity of power leads when making connections to batteries and 
power supplies. Using Anderson PowerPolos guards against making a simple rushed mistake that would otherwise 
be VERY costly indeed! 


0 Amp Anderson PowerPole connections are excellent for use in amateur radio. 


Links 

QRM 
Bits n' Bobs y ш | 
Contact | 


PORTABLE Anderson Powergoles - modular polarised power terminal 
GOHWC has some excellent information here: р. ora. conc com/anderson-gowerpole html 
Site Мар Manufacturer website: to: /ivww andorsonpowor com/productssinolopole-connector him! 
MDS975 Home | UK Supplier: UK Supplier: Torberry Connectors, 34a Aston Road, Waterlooville, Hampshire. PO 7XQ 


Міо torbory.co uk/superbaskeUcalaqory Singles Modulars Connectors 


Feedback 


len Tuning Unit 


Ог more correctly described as the Antenna Matching Unit - since an ATU cannot tune an antenna, It can only match 
the impedance presented by the antenna system to the 50 ohm impedance required by the lranscalver or receiver. 


ORM from PLT 


Front panel of my MFJ Antenna Matching Unit 
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Rear panel of the MFJ Antenna Matching Unit 


———— 


— 


Tune SWR/Status 


Power 
Radio 
0 


up ses CE © RR 


Panel of the LDG 2-11 Pro 


The LOG 2-11 Pro is a real revelation that saves so much lime. The fact that is has 8000 automatic intemal 
memories (2000 for each of four aerials) means that once ̃ the 2-11 Pro will return to the LC setting fora 
particular aerial and frequency combination eral In the blink of an eye. A tue ‘magic box af ticks - well relays, 
Inductors and capacitors actually 


Antenna Analyser 
1 have found he antenna analyser to be an Invaluable piece of equipment. 
Its extremely изе for checking and setting up extemal aerials since i save one having to keep running up and 


down stairs lo the shack checking VSWR. With an antenna analyser Iis possible o remain by the antenna while 
making adjustments and checking. 
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‘The analyser can also be used to diagnose faults and 
measurements and calculations. 


sist in making many other extremely complex 


Perhaps itis at its most valuable їп everyday uso when tuning up! before transmitting. Because an analyser has an 
internal and adjustable oscilator, i can be used lo check VSWR at and make ATU adjustments without having to 
press the PTT on the radio. This prevents any unnecessary interlerance to other radio operators, Essential 


Te quote from МЕЈ Enterprises; "Read antenna SWR and Complex Impedance 1.8 to 170MHz, Read Complex 
Impedance as serios resistance and reactance (RX) ог as magnitude (2) and phase (degrees). You can determine 
welocty factor, coax cable loss in B, length of coax and distance toa short or open in feat. You can read SWR, 
return loss and reflection coefficient at any frequency simultaneously at a single glance. Alo read inductance in UH 
‘and capacitance in pF at RF frequencies. Large easy-to-read two line LCD screen clearly displays your information. 
Built-in frequency counter, Ni-Cad charger circuit, battery saver, low battery warning and smooth reduction drive 
tuning and much more. Super easy to use! Just set tha band switch and tune the dial just like you transceiver 
SWR and Complex Impedance are displayed instantly" 


Noise Bridge -a much lower cost alternative to an expensive antenna analyser 


Antenna analysers now lend o be extremely expensive, but a good noise bridge could be used as а much lower 
cost allemative. A noise bridge can be used for measuring the impedance of antennas and traps al various 
frequencies. Your H.F receiver ls used as the bridge 

nul detectar 


A number a circuits are available on the internet and Кіз аге also availabe, such as the high quality RX2 from 
\VK3AQ2 Kits. Here are some useful inks: 


bike tests com RX2 information sheet 
htpandek co Assets! 20031 PDF 
tp /nowenalandar oro/flesinoise-idgo-instruciins pf 
tw spirat. com au/veszvslpic2t him 
bt Aww. qsLnetin/mdpmbsmdpmbnoisebridge tl 
bine rz comlarchive/ndex phpit:266081 hln! 
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NOISE BRIDGE 


— е лому 


“An example of a noise bridge - your HF receiver is used as the bridge null detector 
photo by VK2TIL 


Balun 


One of the most useful devices for the shack is а balun, or more to use а more correct term, а 1:1 choke balun, This 
Wil match a balance 75 ohm twin feeder lo the unbalanced 50 ohm input of Ihe Antenna Matching Unit. The 
Antenna Matching Unit (often referred to as an ATU) wil then transform the impedance presented by the antenna 
feeder to tho 50 ohms required by the transceiver. 
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MONT. Home Brow 4:1 Balun 


Dummy Load 


A dummy Load is an essential tem of amateur radio equipment. It allows various tests to bo carried out on the 
transmitter, such as checking modulation or deviation levels, without radiating an RF signal from the antenna. This 
‘avoids causing unnecessary interference to other users. 


300 WATTS: 
DRY DUMMY LOAD | 


MEJ 260C 300 Watt Dummy Load 
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Meters for testing electronic and electrical circuit: 


AVO Model 9 Mete: 


Lam the (rather proud) owner of an AVO Model 9 multimeter. AVO meters were probably the defacto standard many 
govemment agencies, Post Office telephone engineers, military NATO as well as civilan markets such as 
television repair technicians. 


‘The Model 9 AVO is very similar to the well known (classic) Model 8 AVO, except that it was originaly designed, in 
the lato 1960's, moro specifically for electronics engineers and an export market; as such it uses international (ISO) 
Symbols rather than printed words or letters that identify the controls of the Modal 8. The adjustments are 1 - 3 - 10 
Father than 1 - 214- 10 that are used on the Model 8, otherwise the Model 9 and Model 8 are the same. It has а 
beautiful targe clear scale, about 5 inches (12.5 cm) long, with а віку movement and knife edge pointer with 
%% ohms per valt which I was told is higher fan some Model 8's. 
AVO meters should be used уп down with the dial facing upwards о ensure proper accuracy. 


The scale of a good analogue, swinging needle, meter is aten much easier to read than the often changing digits of 
a digital multimeter, so fs probably important to have both types available for diferent situations- о keep your 
(yes peeled for a nice Model 8 or Model 9 on your travels, not only wil look nice И could well bo an invaluable 
measurement toal! 


Digital Multi-Meter - DMM : 


Handy, lightweight and versatile, with many measurement functions such as transistor tester, capacitance and 
Inductance metering - а Digital Mult-Mator 
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Digital Multimeter 
"DMM" 


Power Supply Unit 


Perhaps ап obvious requirement! The PSU is needed for powering a transceiver that has no bull in mains 
transformer and for powering other station accessories. The PSU needs lo be able to provide a clean and stabilized 
13. val supply at the necessary current rating: A typical 100 watt transceiver would require around 20 Amps when 
running at full power. 


use а Palstar PS-30 PSU (also known as EP925 and sold under various brand names). It has short circuit 
Protection and has an over-current warning indicator, а galvanised steel case, precision ammeter and voltmeter 
‘monitoring, thermostatically controlled fan that cuts In when the temperature reaches 70 degrees. Terminals are 
binding posts and snap in terminals. View User Manual, 


1 cannot recommend this unit, I's rather cheap and nasty, the fan can be noisy (I have replaced mina) and the 
¿cul is not the best. It does not have Over Voltage Protection; This is dangerous since supplying a radio with over 
16 vols can damage i possibly beyond repair - so a power supply that omits Over Voltage Protection is 
inexcusable. I wil be fiting an over voltage ‘Crowbar’ protection system as soon as possible. PROFRI has a web 
paga of modifications for this PSU, noted below: 


Palstar PS-30 25 amp (30 amp peak) PSU (a..a.Manson ЕР-925) 


тһе USER MANUAL Here > 


Kg Awwmds076,00kiConten/amateur radio sccessones hmi тив 


10202017 


STATION ACCESSORIES - Amateur Radio by pages MOMTJ - The "HAM" Bands 


Modifications to the Palstar PS-30 / EP-925 - e.g. to reduce the loud fan noise problem by PAOFRI 
{Translate using Babel Fish or within he Googie Chrome browser) 


R.F. Filter - Low Pass Filter 
An RF fiter may not always be necessary, but if the transceiver suffers any spurious harmonic output when 


transmiting an external fiter can fiter such products out thereby preventing or reducing any possible interference lo 
receivers operating on higher frequencies, such as televisions and domestic radios ete. 


External Loudspeaker 


An extemal speaker is often better than the loudspeaker built into many radios. An extemal speaker also allows the 
ве of external audio fiters or digital signal processing units (DSP's) to be connected to the transceiver, 


(One speaker is large in а homo brew cabinet containing a very high efficiency GL13 10 watt, 6 inch loudspeaker 
и. The drive unit and gril were purchased from Maplin. 1 find it very good in most circumstances. 


Another home brew speaker is shown below. This includes а switchable low pass fiter that can help cut down hiss 


апа noise on weak signals. This is constructed using an efficient ейїрїса! loudspeaker housed in an MBS ABS 
enclosure. This is convenient size for mobile use. Read more hera > 


MOMTI = www.mds975.co.uk 


ip 
"This speaker also includes a switchable low-pass fit 
Read more hera > 
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My larger speaker, constructed using а Maplin GL13 
'Ginch 10 watt drive unit plus grille 


Headphones 


Useful for personal listening so as not to disturb other people too much. Headphones may also be helpful when 
trying to hear weak signals. Closed-back headphones cut out more external noise than ‘open-back' headphones. 


Alternative Microphone 


As an altemative to the hand mic that is supplied with the Kenwood TS-590, | use a separate dynamic microphone 
‘mounted on a goose-neck, PTT operation is by fool switch. Read more here > 


‘The HM-103 hand mic that comes with my Icom IC706-mk2G seams very good, but also have a Leson TW-232 
Desk Mic available. 


Morse Key for CW 


"This ту simple HK-705 Hi-Mound straight Morse key. (StI haven't masterad Morse yel! 4 ) 
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Power Meter / SWR Bridge 


Standard type power and SWR meter 


Cross Needle type power meter 


Guying Antenna Masts and Poles - Clam Cleats "Line-Lok" 


Excellent for guy ropes and for binding one pol to another with rope. 


Line-Lok guy runners from ClamCloats - fantastic for guying antenna masts quickly and successfully. 
Ae ee clats co.uk lio clamceat com 
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Noise Reduction / Digital Signal Processor 


For radios without any intemal Digital Signal Processing and extemal DSP unit could be very welcome. The BHI 
NEIM 1031 Noise Eliminating Modulo has an adjustable DSP level. Even without using the DSP noise reduction the 
BHI unit has a built in 4.5 KHz low pass fiter that can make harsh audio sound much more pleasant. 


Personal Computer 
A personal computer might not be regarded as an accessory ав such, but it an essential tool. Iuse ho PC for all the 
Usual things such as researching amateur radio subjects onthe өгде. but сап also be used for decoding and 
Sending data modes, e.g. CW (Morse), Packet, PSK31, RTTY, SSTV and keeping a staton log book 


Data modes» 


USEFUL TOOLS 


‘The obvious tools are soldering iron, pliers, screwdrivers, wire strippers, screw drivers and watch makers 
‘screwdrivers, tweezers, spanners and a good multimeter. Here are a few more ideas that will prove useful: 


Measuring Caliper 


Measuring calipers can be of the vernier style ог digital variety, shown below. A caliper is extremely useful for 
measuring the diameter of wire, tubes and poles and any other tem that is dificult to measure with а ruler or tape 
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Glue Gun 


1 only recently aquired a glue gun, and what a superb aquisition It ls, Vary useful for xing all manner of things, but 
% and securing wires and cables in electronic projects - an 
Almost endless ist. There are several diferent brads of gue gun, but mine is made by Stanley. 


Glue Gun - this one is made by Stanley Tools 


Helping Hands 


Having just мо hands is rarely enough when constructing small project, this is where somo extra Helping Hands 
are Invaluable! 
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Helping Hands 


Nylon Hose Clamps / Clips 


Reusable Nylon Hose Clip / Reusable Circular Clamps 
Useful for securing telescopic fibreglass poles - e.g. holding each 
section in place in windy weather or to use as a guying ring (spider) 
(Kalflex Nylon Clamps) (Herbie Cips) 
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tts www.cheapham com/products/S8V31-Replacement-Ciamos hlml 
ito /rotocon homestead com/shoponine2 him! 
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"Digimastor MinlPRO data interface Кот 


"Digimaster DataLinkc data MAP *Digimaster Pro PLUS" data 
interface sos PC's sound card interface 
with USB soundcard from from GAZLP - uses PC's sound 
USB soundcard Йн QAZÎ cou 
bean Atom ai co.uk — 
Eto Leh сар солк toun az co uk. 
GAZLP DigiMastor USB CT17-CT62 ОГЫ 


for rig control hit-hosw qêzlp co uk 
Alpha gázlo co uiduniiedicomCAT shimi hiv adztp.co ukdunifiediYaesuCAT.shlml 
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Guide to Antenna Cables & Connectors 


Cable Types 


.. бе ret depends on hy of bol the caie and comet, Asa general ice the ck sd e the eal the beier tha cable, T 


Accessory Cable - RG316 


AGS in a low ot FEF jacketed minature совла cable capable of withstanding operating temperatures up to 2000 
тке cables sanded se casted CS inner ono and silver plated copper rad provide superior isting and 51mm © 


low touto sss making by ar the preferred сауди cable over slr , cabe such s RG. ~ = E ed 
/ 


152mm 6 1 
Electrical Specifications Mechanical Specifications 

Resistance 300 Weigh 00m 1549 

poctem Sif. Minimum Bend Rs 13mm 

‘Spa! Lose 70m © BS, 12те © gie Conductor Мины Siver costed CCS (OSI) 

Frequency Range dae шай Masera Teo PTFE 152mm 

Maxim Recommended Let йет ge bandt) Outer shield ati Stver cote copper braid 95% Coverage U 
Veloen ol Propagate 70% Outer Jacket Material Bown FEP (2S) 

Nema! Delay запыт 

Vata ede 120000 DC 

Standard Cable - RGS8U 

The rmat corn ype af cable encountered! sy the cable supplied vith your antenna is RESA which it 

ачыс, has resonate bee cartera, and п cheap 09mm a 


35m 0 
елем Specifications Mechanical Specifications 

Sorel Los 6m BM unten © 21002 relato Matis Gat HDPE 

Maximum Recommended tert: 15m cellar bands) Tf. 
Velcty ol repasan 17% 2) nd Copper 30% Coverage 

Nomina! Delay lde, Outer ket Materia: Patan бинт) 


Low Loss Cable - LMR195 


Sram diametro ades yo tar super elec aiii (308) nd much lowe trust МЕЛ 


эше cing scs оу 03849 per met, compet standard grade саек whch lowe Dra SON 094mm a 

М 

= 
279mm © de / 
295mm (aluminium tape) 8s 

Electrical Specifications Mechanical Specifications 
Resistance s00 m 
pecie peat Temperature: A? +85 
So Lone 0368) © арин аздау © . Minimum end fadus 12700 
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1260017 


Nomina! Delay inan 


Super Low Loss Cable- LMRADO 


Guide to Antenna Cables & Connectors 


[O Bonded Alain Polyester Таре 100% Coverage (2050) 
[Ted Copper Wire ES Coverage (53m 
(ute ket Mate PUC Wester UV Restart deem 40150) 


‘The highest rade antenna сае recommended tor any primar eal sal and harsh emironrmental арасан 
... . Пот mim 274mm B 


rhea ы т | 


Lo Los LMA series cable ие талде LINO, ZC Setra RUADD Bales LADO, anê s0 п. 


Ченем Specifications 


Noma! Delay ee, 


Cable Connectors 


ТИРА 


Ms ватт 


Mechanical Specifications 
жеўил: 14649 
(A Sele APA Tape 100% Coverage mn 
F 
Оле Jacket Mater Block Poli Cherie PVE an 


705 DIN 


.. . . , VSWR an in moda, The аша dots 


contact dimensions Imm ОО aver contact mm ID outer zantact You minor nd 7/16 DIN compacto en 1/2 and 7/8 er cables cone o 


. deere, cadi ла ter vce per 


Female 7/16 Connector 


BNC 


we lun telooantennas com aulsteiguide-anena-cables-connectors E 


1260017 Guide ta Antenna Cables 8 Connectors 


FType 


m 


. connector o al tile phone and wireless broadband antenas. ME conor wa sec fort excellant performance inthe 0-26 qu 


we lun teloantannas com aulsteiguide-anenna-cables-connectors эв 


1260017 Guide ta Antenna Cables & Connectors 


MC-Card 


Mx 


Mini-UHE 


wee lun teloantennas com aulsitalguide-antenna-zablesconneclors ав 


1260017 Gud ta Antenna Cables 8 Connectors 


ммсх 


NType 


мА 


The QMA comctrhs а snack mechan designed or азе faster and taler cup, Оеп uted to replace SMA he conector can be seen i celular bone tona 


wee lun telcoantennas com aulsitelguide-antenna-zablesconneclors se 


1260017 Guide ta Antenna Cables 8 Connectors 


Male QUA Connector Female QUA Connector 


m 


E 


socketjack body with tře fere having he pug Бобу. 


Em 


we lun telcoantennas com aulsteiguide-anenna-cables-connectors se 


1260017 Guide ta Antenna Cables & Connectors 


TNC 


m 
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e Brief History e Pattern Evaluation 

e Antenna Building Blocks e Cell Planning Considerations 
e Antenna System e Down Tilt 

e Antenna System Tests e Break 

e Radiation e Intermodulation Interference 
e Antenna Performance • Obstructions 

e Break e Antenna Concealment 


e Antenna Construction e New Concepts 


Pioneers of EM Theory 8 Antennas 


e Thales (600 BC): Observed sparks when silk 
rubbed on amber, natural stones attracted 


e Gilbert (1600 AD), Franklin (1750), Coulomb, 
Gauss, Volta (1800), Oersted (1819), Ampere 
(1820), Ohm, Faraday, Henry (1831), Maxwell 
(1873) 


The First Antenna 


e Heinrich Rudolph Hertz's (1886) built first 
radio system: 


The First Wireless (Radio) 


e Guglielmo Marconi: 
- Repeated Hertz's experiments 
- Built first radio system to signal over 
large distances: England to Newfoundland 
- Proved radio waves bend around earth 


- Also applied technology to ships 


Radio Waves 


Are “vibrations" of electromagnetic energy 
travelling through space 


A bit like ripples on 
the top of a pond 


They travel through 
space at 300,000,000m/sec 
(ie 1,080,000,000 km/hr) 


The waves get weaker as they travel 


Freguency апа wavelength 
* Frequency is the rate of “vibration” 


or the number of waves that go past in one second 
(ie cycles per second, called Hertz, or MegaHertz for 
millions of cycles per second) 


Wavelength is the distance between successive waves as 
they travel along 


* 


Dipole 


Fo (MHz) | A (Meters) | A (Inches) 
30 10.0 393.6 
80 3.75 147.6 
160 1.87 73.8 
280 1.07 42.2 
460 0.65 25.7 
800 0.38 14.8 
960 0.31 12.3 
1700 0.18 6.95 
2000 0.15 5.90 


Dipoles 


* Dipoles are a commonly used as radiating elements 
in an antenna. 


* The length of a dipole is proportional to the wavelength. 


Wavelength 


12Wavelength— — J 


Freguency Range 
Performance remains acceptable in the freguency range 


* Performance reduces when wavelength is not 
optimum 


Optimum 1/2 
wavelength 
for dipole at 

850MHz Antenna 
Dipole 


Dipoles and the Antenna 


A single dipole has a “doughnut" shaped pattern 


Top view 


ES) Side view Qo 


e Need to “flatten" the “doughnut" to concentrate the signal to 
where it is wanted, at ground level 


nderstanding the Mysterious “dB” 


A dB is 1/10" of a “Bel” (Named after Alexander Graham Bell) 
A dB is measured on a logarithmic scale 


A dB or “Decibel” originally comes from quantifying signal strengths in terms 
of relative loudness as registered by the human ear 


dB in the RF world is the difference between two signal strengths 


dBd and dBi 


“dBm and dBc” 


“dBm” — Absolute signal strength relative to 1 milliwatt 
1 mWatt = 0dBm 


1 Watt = +30dBm Note: The 
Logarithmic Scale 


10 Watts = +40 dBm 10 x logio (Power Ratio) 
20 Watts = +43 dBm 
“dBc” = Signal strength relative to a signal of known strength, in 


this case: the carrier signal 


How and why is dBc used with base station antenna specs? 


Pay attention — Group quiz later! e 


Basic Antenna Svstem 


Antenna 


Jumper Cable 


Surge Arrestor 


Jumper Cable 


Full System Sweep 


* 3 different tests 


* Return Loss 

* VSWR 

* Distance to Fault (DTF) к [3 
Antenna # 1 
Jumper Cable: E 
Feeder Cable ш! E 


Surge Arrestor 


Jumper Cable Уф f 
Radio — реч 


Im lance 


* These 3 tests measure the reflected voltages caused 
by change of impedance in a transmission line. 


* Impedance is measured in ohms (О). 

V-IxR 

уе ог V-IxZ 
"nm where Z is defined as impedance and is 


complex 
Examples: Z=R+jX 
* Wireless = 500 R " ах i both 
= resistance and X = reactance bo 
* Old TV = 3000 measured in ohms 
Cable TV = 750 


Im, nce 


[Cover (Jacket) Outer 
TNI Conductor 
===> 


Inner 
Conductor 


Dielectric 
(Foam) 


History note: 

*Older CATV coax had air dielectric 
utilizing plastic disc’s to support the 
center conductor. 


Im, nce 


Antenna 
Source 


= 50 ohms 
50 ohms 


Match! 


Return Loss 


Return Loss 
Test Site 


se duas шаш | M2-2 0I d£ 1064 0 мн: 


E * Limit lines should be provided 


-10 E by system design engineers. | 

asom | 
с V YA R 
sd APA PA NSRIAP I AM N ARM 
T ETT DI || 1111 
AT | 
= T 


1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 
Frequency (1885.0 - 1990.0 MHz) 
CAL: ON(COAX) CW:ON 


System Failures 


Antenna 
Source 


= 50 ohms 
50 ohms 


System Failures 


s hed! 
ný Antenna 


1 

| 

| 

| 

| 95 ohms 
| 

| 

i № 
| 

{ 

1 


Mismatch! 


Source 


50 ohms 


System Failures 


System Failures 


dB 


-20 


-30 


-40 


-50 


M1:-4 73 dB @ 1900 80 MHZ 


Return Loss 
Test Site 


м2 -4.84 dB @ 197290 MH 


I 


1890 1900 


1910 


1920 1930 1940 1950 1960 1970 1980 1990 


Frequency (1885.0 - 1990.0 MHz) 
CAL: ON(COAX) 


CW: ON 


System Failures 


Mini Group Ouiz! 
What is the “standard" torgue 
spec of a 7/16 DIN? “Positive Stop” Connector 
A) 18 to 22 ft-lbs. - up to 70 ft-Ibs 


B) 50 to 55 ft-lbs. A 
C) 122 to 127ft-Ibs 


VSWR 


Test Site 


MI 1 155 @ 188740 MHz М2 1195 62 1964 40 MHz 


Y 


\ 


\ 


VSWR 


U 


* 


\ 


LA 


1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 
Freguency (1885.0 - 1990.0 MHz) 
CAL: ON(COAX) CW: ON 


VSWR 


VSWR 
Test Site 
13782 1809 80 Nee м? 4602 1972 90 Mie 
i 
L 
| 
| 
T 
| 
| 
2 AAN дала A ААА KAJ 
j od U м 
| 
| 
| 
К ҮЕ ЛИТЕ ЕНШ И КЕШ ЖИЕ 
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 


Frequency (1885.0 - 1990.0 MHz) 
CAL: ON(COAX) 


CW: ON 


Travel time(ms) 


Travel time(ms) 


These tests work best when 
used as a references. 


Test results may be swayed 
by variables such as vector 
addition and subtraction of 
phase, interfering signals 
and cable lengths. 


Consider matching current 
test results to previously 
recorded tests and look for 
changes. 


ОТЕ 


dB 


Distance-to-fault 
Test site (Rectangular Windowing) 


Мі. 5448 Q 10887 Fest 
F + 


Distance (0.0 - 196.85 Feet ) 
CAL: ON(COAX) 


A д ANAL | | ЇЙЇ Ah ty 

WA PY Шш 
— | 

!.! ß .. 


Effect of VSWR 


Good VSWR is only one component of an efficient antenna system. 


Note: 2 dB in Return Loss is much smaller than 2 dB of forward gain! 


Return Transmission Power Power 
VSWR Loss (dB) Loss (dB) Reflected (%) Trans. (%) 


Controlling where radio energy goes.. 
“flattening the doughnut" 


* Dipoles are combined in an array 


SS | 


One dipole Several dipoles in an array 


3D View 
Antenna Pattern 


Source: COMSEARCH 


Shaping Antenna Patterns 


Vertical arrangement of properly phased dipoles allows control of radiation 
patterns at the horizon as well as above and below the horizon. 


The more dipoles are stacked vertically, the flatter the “beam” is and the higher 
the antenna coverage or “gain” in the general direction of the horizon. 


10 


Shaping Antenna Patterns (cont...) 


Aperture Vertical BEZNE Stacking 4 dipoles 

Pattern CCM vertically in line changes 
the pattern shape 
(squashes the doughnut) 
and increases the gain 
over single dipole. 


The peak of the horizontal 
or vertical pattern 
measures the gain. 


The little lobes, illustrated 
in the lower section, are 


4 Dipol 8 
Vertically Stacked secondary minor lobes. 


GENERAL STACKING RULE: 
+ Collinear elements (in-line vertically). 
* Optimum spacing (for non-electrical tilt) is approximately 0.9A. 


+ Doubling the number of elements increases gain by 3 dB, and reduces 
vertical beamwidth by half. 


Gain 
What is it? 


Antenna gain is a comparison of the power/field characteristics of a 
device under test (DUT) to a specified gain standard. 


Why is it useful? 
Gain is directly associated with link budget: coverage distance and/or 
obstacle penetration (buildings, foliage, etc). 


How is it measured? 


Itis measured using data collected from antenna range testing. The 
reference gain standard must always be specified. 


Gain References (dBd and dBi) 


« An isotropic antenna is 


a single point in space T = „ 
radiating in a perfect ي‎ еш = cae е (ава) 
sphere (not physically Dipole Pattern b 


possible) 


« A dipole antenna is one 
radiating element 
(physically possible) 

3 (ава) = 5.15 (dBi) 

« A gain antenna is two or 0 (ава) = 2.15 (dBi) 
тоге radiating elements 
phased together 


Principles of Antenna Gain 


Omni Antenna Directional Antennas 
Side View Top View 


0 mU 


# of Radiators 
vertically spaced (0.91) 


Theoretical G of Antennas (dBd 


Half Power Azimuth Beam Width Typical Length 
(Influenced by Grounded Back Plate“) of Antenna (ft.) 
DCS 1800 Vertical 


360° 180° 120° |105* 


Gain vs. Length 


G=10 log FH Wa) 


1 2 3 4 5 6 7 8 9 1 1 13 14 15 
Antenna Length (wavelengths) 


65° А2 ВМ ‚ h 90° Az BW ——— 120° Az BW 


Gain (dBi) 


Gain vs. Beamwidths 


^ 


Elevation Half Power Beamwidth (deg) 


20 22 24 26 28 30 


65° Az BW 


90* Az BW 


——-— 120° Az BW 


Antenna Gain 


e Gain (dBi) = Directivity (dBi) — Losses (dB) 


e Losses: Conductor 
Dielectric 
Impedance 
Polarization 


e Measure Using ‘Gain by Comparison’ 


Polarization 


e Electric and magnetic fields are 
interdependent => Electromagnetic wave 


e Time-changing electric field generates 
magnetic field, vice versa 


• An antenna's polarization is a characteristic of 
the EM wave, i.e. electric field's orientation 


elf antenna and incoming EM wave are co- 
polarized => Max response from antenna 


ВКЕАК 


Various Radiator Designs 


Elements 


LAN 
Dipole 1800/1900/UMTS Diversity (Dual-Pol) 
Directed Dipole™ Directed Dipole™ 


800/900 MHz MAR 
Directed Dipole™ Microstrip Annular Ring 


Dipoles 


Single Dipole Crossed Dipole 


Feed Harness Construction 


A 


Series Feed 


Center Feed 
(Hybrid) 


g^ 


Corporate 
Feed 


Feed Harness Construction (сот. 


Advantages:| © Minimal feed losses | e Frequency © Freguency 


© Simple feed system | [dependent main independent main 
lobe direction beam direction 
© Reasonably © More beam 
simple feed shaping ability, 
system side lobe 
suppression 
Disadvantages: © Notas versatileas | ө Complex feed 


Corporate (less system 
bandwidth, less 
beam shaping) 


Feed Networks 
e Cable 


e  Microstripline, Corporate Feeds 
- Dielectric Substrate 


- Air Substrate 


e T-Line Feed and Radiator 


Microstrip Feed Lines 


e Dielectric Substrate ттт 


- uses ‘printed circuit technology 
- power limitations 


- dielectric substrate causes loss (1.0 dB/m) 
e Air Substrate 

- metal strip spaced above a groundplane 

- minimal solder or welded joints 

- laser cut or punched 


- air substrate cause minimal loss (0.5 dB/m) 


Air Microstrip Network 


Dielectric Substrate Microstrip 


Stacking Dipoles 


8 Dipoles 


1 Dipole 4 Dipoles 


2 Dipoles 


Azimuth Omni Antenna 
Vertical Pattern 


Directional Array Antenna 
Pattern Simulation 


Main Lobe 


What is it? 
The main lobe is the radiation pattern 35° Total 
lobe that contains the majority portion of Main Lobe 


radiated energy. 


Why is it useful? 

Shaping of the pattern allows the 
contained coverage necessary for 
interference-limited system designs. 


How is it measured? 


The main lobe is characterized using a 
number of the measurements which will 
follow. 


Half-Power Beamwidth 
Horizontal and Vertical 


What is it? 

кус 1/2 Power 
The angular span between the half-power Beamwidth 
(-3 dB) points measured on the cut of the 

antenna's main lobe radiation pattern. ^ $ 


Why is it useful? 

It allows system designers to 
choose the optimum characteristics 
for coverage vs. interference 
reguirements. 


How is it measured? 


Itis measured using data collected from 
antenna range testing. 


What is T-Mobile standard? 3 


Most applications require 65 degrees in 
azimuth, -5 degrees in elevation. 


Front-To-Back Ratio 


What is it? 
The ratio in dB of the maximum directivity 


of an antenna to its directivity in a 
specified rearward direction. 


Why is it useful? 

It characterizes unwanted 
interference on the backside of the 
main lobe. The larger the number, 
the better! 


How is it measured? 


Itis measured using data collected from 
antenna range testing. 


F/B Ratio 
What is T-Mobile standard? 0 dB - 25 dB = 25 dB 


30 dB throughout the region that is +/- 45 degrees directly back of the 
main lobe. 


Sidelobe Level 


What is it? 

Sidelobe level is a measure of a 

particular sidelobe or angular 

group of sidelobes with Sidelobe Level 
respect to the main lobe. (-20 dB) 


Why is it useful? 
Sidelobe level or pattern 
shaping allows the minor lobe 
energy to be tailored to the 
antenna's intended use. See 
Null Fill and Upper Sidelobe 
Suppression. 


How is it measured? 


Itis always measured with respect to the 
main lobe in dB. 


Каш Filling 


What ? 


Null Filling is an array optimization technique 
that reduces the null between the 


lower lobes in the elevation plane. ze с Eo 

Why is it useful? = UU e 
For arrays with a narrow vertical beam- М ЖАТ a p TOO 
width (less than 12^), null filling M E A vA e 


significantly improves signal intensity in 
all coverage targets below the main lobe. 


How is it measured? 

Null fill is easiest explained as the 
relative dB difference between the peak 
of the main beam and the depth of the 
1st lower null. mo 


What is T-Mobile standard? 


The depth of the 15 lower null shall not be more than 20 dB 
relative to the peak of the main beam. 


S S 
„Хе, 
D Null Fill 


Received Level (dBm) 


Null Fill 


Important for antennas with narrow elevation beamwidths. 


7 —— Null Filled to 16 dB Below Peak 


y Transmit Power = 1 W 
Base Station Antenna Height = 40 m 
5 Base Station Antenna Gain = 18 dBi 
Elevation Beamwidth = 6.5° 
20 
100 1 1 1 1 L L 1 


0 01 02 оз 04 05 06 07 08 09 
Distance (km) 


Upper Sidelobe Suppression 


What ? 
Upper sidelobe suppression (USLS) is an array 


optimization technigue that reduces the ш 260770200 „ 

undesirable sidelobes above the main lobe. me p o 

Why is it useful? «wei d ти 
mL N DX Suppression 


For arrays with a narrow vertical 
beamwidth (less than 12°), USLS can 


significantly reduce interference due tio 
multi-path or when the antenna is = 
mechanically downtilted. mo 


How is it measured? 


А LADOS, AX 
USLS is the relative dB difference B PASS 
between the peak of the main beam A ANA m 

peak of the first upper sidelobe. * ھل م‎ “ 


What is T-Mobile standard? 


Upper side lobes must be at least —18 dB from the main lobe through 
zenith. 


Orthogonality 


The ability of an antenna to discriminate 
between two EM waves whose polarization 
difference is 90 degrees. 


Why useful? 

Orthogonal arrays within a single 
antenna allow for polarization diversity. 
(As opposed to spatial diversity.) 


How is it measured? 


XPol = 20 log (tan (5)) 
The difference between the co-polar 


‚ XPol = d 
pattern and the cross-polar pattern, ‚ XPol = -21 dB 
usually measured in the boresite (the „XPol = -15 dB 
direction of the main signal). „XPol = -11 dB 

.XPol = -9dB 

„XPol = -5dB 


‚ ХРо! =-1.5 dB 


Cross-Pol Ratio (CPR) 


120° 


What ? 


CPR is a comparison of the co-pol vs. cross-pol 
pattern performance of a dual-polarized 
antenna generally over the sector of interest 
(alternatively over the 3 dB beamwidth). 


Why is it useful? 

Itis a measure of the ability of a dual-pol array to 
distinguish between orthogonal EM waves. The 
better the CPR, the better the performance of 
polarization diversity. 


How is it measured? 

Itis measured using data collected from antenna 
range testing and compares the two plots in dB 
over the specified angular range. 

What is T-Mobile standard? 

16 dB minimum for azimuth pattern. 


TYPICAL 


— Co-Polarization 


— Cross-Polarization 
(Source @ 90°) 


Horizontal Beam Tracking 


What is it? 
It refers to the beam tracking between the two 120° 
beams of a +/-45° polarization diversity antenna 


over a specified angular range. 


@ 8 ° 
Why = useful 4 45 +45 
For optimum diversity Array Array 


performance, the beams should 
track as closely as possible. 


How is it measured? 

It is measured using data collected 
from antenna range testing and 
compares the two plots in dB over 
the specified angular range. 


What is T-Mobile standard? 
The beams shall track within 1 dB over the 3 
dB horizontal beamwidth. 


Beam Squint 
Horizontal 


What is it? Boresite 


The amount of pointing error of a given beam squint) ; 
referenced to mechanical boresite. 
Why is it useful? 

The beam squint can affect the sector 
coverage if it is not at mechanical 
boresite. It can also affect the 
performance of the polarization 
diversity style antennas if the two 


arrays do not have similar patterns. 


How is it measured? 


It is measured using data collected 
from antenna range testing. 


What is T-Mobile standard? 


For the horizontal beam, squint shall be less than 10% of the 3 
dB beamwidth. For the vertical beam, squint shall be less than 
10% of the 3 dB beamwidth. 


Sector Power Ratio (SPR) 


120° 


What ? 


SPR is a ratio expressed in percentage of the 
power outside the desired sector to the power 
inside the desired sector created by an 
antenna's pattern. 


Why is it useful? 
Itis a percentage that allows comparison 


of various antennas. The better the SPR, 
the better the interference performance of 
the system. 

How is it measured? 


It is mathematically derived from the 
measured range data. 


What is T-Mobile standard? sw 


(Being studied.) SPR (%)= Y 
60 


Undesired 


Desired 


X 100 


DESIRED 


|UNDESIRED 


120° Sector Overlay Issues 


“Оп the Capacity and Outage Probability of a CDMA Heirarchial Mobile 


System with Perfect/Imperfect Power Control and Sectorization” 
By: Jie ZHOU et, al IEICE TRANS FUNDAMENTALS, VOL.E82-A, NO.7 JULY 1999 


From the numerical results, the user capacities are dramatically decreased as the 
imperfect power control increases and the overlap between the sectors (imperfect 
sectorization) increases . . . 


“Effect of Soft and Softer Handoffs 


on CDMA System Capacity” 
By: Chin-Chun Lee et, al IEEE 
TRANSACTIONS ON VEHICULAR 
TECHNOLOGY, VOL. 47, NO. 3, 
AUGUST 1998 


Percentage of 
capacity loss 


o 5 10 15 


overlapping angle in degree 


Oualitatively, excessive overlay also 
reduces capacity of TDMA and GSM 
systems. 


The Impact: 
Lower Co-Channel Interference/Better Capacity & Quality 


In a three sector site, traditional Traditional Flat Panels 
antennas produce a high degree of 
imperfect power control or sector 
overlap. 

Imperfect sectorization presents 
opportunities for: 

e Increased softer hand-offs 


+ Interfering signals 
© Dropped calls 
+ Reduced capacity 


The rapid roll-off of the lower lobes of 
the log periodic antennas create larger, 
better defined "cones 

of silence" behind the array. 


+ Much smaller softer hand-off area 
e Dramatic call quality improvement 
© 5% - 10 % capacity enhancement 


Antenna-Based System Improvements 


Key antenna parameters to examine closely... 


Log Periodic Standard 85° Panel Antenna 


Cone of Silence with >40dB Area of Poor Silence with 
Front-to-Back Ratio 227dB Front-to-Back Ratio 


Dipole vs. LP Element 


Amplitude (dB) 


Azimuth Pattern Comparison: 
1850 MHz, 2-Deg EDT 


e LM . 


-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180 


Azimuth Angle (Degrees) 


System Issues 


Choosing sector antennas 

Downtilt — electrical vs. mechanical 
RET optimization 

Passive intermodulation (PIM) 

Return loss through coax 

Pattern distortion, alignment, orientation 


Antenna isolation 


Choosing Sector Antennas 


For 3 sector cell sites, what performance differences can 
be expected from the use of antennas with different 
horizontal apertures? 


Criteria: 


« Area of service indifference between adjacent sectors 
("ping-pong" area). 


e For comparison, use 6 dB differentials. 


e Antenna gain and overall sector coverage. 


3 x 120? Antennas 


120° 
Horizontal 
; Overlay 
зав Pattern 


3x 90° Antennas 


90° 
Horizontal 
Overlay 
Pattern 


43 


3 x 65° Antennas 


24° 65° 

Horizontal 
Overlay 
Pattern 


Beam Downtilt 


In urban areas, service and frequency utilization are 
frequently improved by directing maximum radiation power at 
an area below the horizon. 


This Technique: 


e Improves coverage of open areas close 
to the base station. 


e Allows more effective penetration of 
nearby buildings, particular high-traffic 
lower levels and garages. 


e Permits the use of adjacent frequencies 
in the same general region. 


Electrical/Mechanical Downtilt 


« Mechanical downtilt lowers main beam, raises back lobe. 
« Electrical downtilt lowers main beam and lowers back lobe. 


e A combination of equal electrical and mechanical downtilts 
lowers main beam and brings back lobe onto the horizon! 


Electrical/Mechanical Downtilt 


IK I~ 


Mechanical Electrical 


Mechanical Downtilt Mounting Kit 


Mechanical Downtilt 


Mechanical Tilt Causes: 


* Beam Peak to Tilt Below Horizon 
* Back Lobe to Tilt Above Horizon 
+ At+ 90° No Tilt 


Pattern Analogy: Rotating a Disk 


Mechanical Downtilt Coverage 


OM) w 90м 


Elevation Pattern Azimuth Pattern 


Mechanical Tilt 10° 


Sample Antenna 
0° Mechanical Downtilt 


Sample Antenna 
7° Mechanical Downtilt 


Sample Antenna 
15° Mechanical Downtilt 


Sample Antenna 
20“ Mechanical Downtilt 


Horizontal 
3 dB Bandwidth 
Undefined 


Managing Beam Tilt 


For the radiation pattern to show maximum gain in the direction 
of the horizon, each stacked dipole must be fed from the signal 

source “in phase". Feeding vertically arranged dipoles “out of 

phase” will generate patterns that “look up” or “look down”. 


The degree of beam tilt is a function of the phase shift of one 
dipole relative to the adjacent dipole and their physical spacing. 


GENERATING Electrical BEAM TILT 


Dipoles Fed w/ Uniform Phase Dipoles Fed м/ Sequential Phase 


= 


Phase 


Electrical Downtilt 


Electrical Tilt Causes: 


* Beam Peak to Tilt Below Horizon 
* Back Lobe to Tilt Below Horizon 
* All portions of the Pattern Tilts 


"Cone" of the Beam Peak Pattern 


Pattern Analogy: Forming a Cone Out of a Disk 


Electrical Downtilt Coverage 
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Electrical Tilt 10˙ 
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Azimuth Pattern 


Mechanical vs. Electrical Downtilt 


With Variable Electrical Downtilt (VED), 
you can adjust anywhere in seconds. 


Sample Antenna 
3° Electrical Downtilt 


Sample Antenna 
8° Electrical Downtilt 


Sample Antenna 
Overlay Electrical Downtilt 


Remote Electrical Downtilt (RET) 


Optimization 


ВКЕАК 


Causes of Inter-Modulation Distortion 


e Ferromagnetic materials in the current path: 
- Steel 
- Nickel Plating or Underplating 


« Current Disruption: 
- Loosely Contacting Surfaces 


- Non-Conductive Oxide Layers Between Contact 
Surfaces 


“Intermod” Interference 
Where? 


RECEIVER-PRODUCED TRANSMITTER-PRODUCED 


24 
“ 


ELSEWHERE 
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ANTENNA-PRODUCED 


Remember dBc? 


"dBc" with antennas work like this IMD - inter- Modulation Distortion 
- 2 tones © 20 Watts = 43dBm PIM — Passive Inter-Modulation 
- Scan for 30d order of those 2 carriers 
- If 3" order = -110dBm then that = -153dBc 
110dBm + 43dBm = 153dBc 


Passive IM Analyzer 
pon i Pon 2 
Q 


Antenna 
Under Test 


PCS А-Вапа 
Product Freguencies, Two-Signal IM 


FIM = nF, + mF, 
Example: F, = 1945 MHz; F, = 1930 MHz 


*Odd-order difference products fall in-band. 


Two-Signal IM 
Odd-Order Difference Products 


Example: F, = 1945 MHz; F, = 1930 MHz 
AF=F,-F,=15 


Fa F, 
1930 1945 
272 Р, 2F,-F, 
1915 ДЕ 1960 
ЗЕ, – 2Е, ar Ar 3F,-2F, 
1900 iud Fy hae 1975 
2AF < 2AF 
F,-2AF F, + 2AF 
5th 3rd F, F, 3rd Sth 
Third Order: F, + AF; F, - AF 
Fifth Order: F, + 2ДЕ; F, - 2AF 
Seventh Order:: 


F, + 3AF; F; - 3AF 
“Higher than the highest — lower than the lowest — none in-between” 


PCS Duplexed IM 


Own Вх Any Rx 


Tx Rx Band 


Band IM Equations 


Band Frequency Frequency IM Order IM Order Own Rx Band 


Any Rx Band 


[x(low)-2*Tx(high)=1900 


=4*Tx(low)-3"Tx(high)=1905 


1895-1910 


11th 


11th | =6°Tx(low)-5*Tx(high)=1900 


=6"Tx(low)-5"Tx(high)=1900 


A Band IM 
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1 
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1860 1880 1900 1920 


Channel Bandwidth 
Block (MHz) 
0, 1975-1990 
902.5-1910, 1982.5-1990 
1895-1902-5, 1975-1982.5 


10 1895-1900, 1975-1980 
10 1900-1905, 1980-1985 
10 1905-1910, 1985-1990 


1940 1960 1980 


FCC Broadband PCS Band Plan 


Note: Some of the original C Block 
licenses (Originally 30 MHz each) were 
split into multiplelicenses (C-1 and C-2: 
15 MHz; C-3, C-4, and C-5: 10MHz). 


А and F Band IM 


3rd 
1895 1935 1975 


1870 1890 1910 1930 1950 1970 1990 


Unlicensed 
20 MHz 


“ы 


1860 1880 1900 1920 1940 1960 1980 


Channel Bandwidth FCC Broadband PCS Band Plan 
Block (MHz) 

Note: Some of the original C Block 

licenses (Originally 30 MHz each) were 

1895-1900, 1975-1980 split into multiplelicenses (C-1 and C-2: 


1900-1905, 1980-1985 15 MHz; C-3, C-4, and C-5: 10MHz). 
1905-1910, 1985-1990 


System VSWR Calculator 


a 1.33 16.98 0.0983 

p 1.07 29.42 LDF4-50A JE 1.22 4.00 0.08 0.0239 

1.11 D || 30.48 100.00 118 0.0484 

1.07 29.42 0.20 0.0329 

B р 1.07 29.42 Шға-50А wj 1.83 6.00 0.13 0.0338 


Jumper Cable Types: 
FSJ4-50B 
LDF4-50A 


Main Feedline Cable Types: 
LDF5-50A 


LDF6-50 
LDF7-50A 
VXL5-50 
VXL6-50 
VXL7-50 


Return Loss to VSWR converter 


Return Loss (dB) VSWR 
28.00 0829 


Estimated System Reflection: 
Estimated System VSWR: 
Estimated System Return Loss (dB): 


Maximum System Reflection: 
Maximum System VSWR: 
Maximum System Return Loss (dB): 


Total Insertion Loss (dB): ЕГ] 


Feet to meters converter 


feet meters 
4.00 122 


Antenna Pattern Distortions 


Conductive (metallic) obstruction in the path 
of transmit and/or receive antennas may 
distort antenna radiation patterns in a way 
that causes systems coverage problems and 
degradation of communications services. 


A few basic precautions will prevent pattern 
distortions. 


105° Horizontal Pattern 
No Obstacle 


880 MHz 


Antenna 


105° Horizontal Pattern 
Obstruction at -10 dB Point 


880 MHz 


-10 dB Point 


Antenna 


105° Horizontal Pattern 
Obstruction at -6 dB Point 


880 MHz 


-6 dB Point 


Building 
Corner 


Antenna 


105° Horizontal Pattern 
Obstruction at -3 dB Point 


880 MHz 


-3 dB Point 


Building 
Corner 


Antenna 


90° Horizontal Pattern 
No Obstacle 


880 MHz 


Antenna 


90° Horizontal Pattern 
0.5 1 Diameter Obstacle at 0“ 


90° Horizontal Pattern 
0.5 1 Diameter Obstacle at 45° 


880 MHz 


Antenna 


90° Horizontal Pattern 
0.5 1 Diameter Obstacle at 60° 


880 MHz 


Antenna 


90° Horizontal Pattern 
0.5 1 Diameter Obstacle at 80° 


880 MHz 


Antenna 


General Rule 


Area that needs to be free of obstructions (> 0.57 WL) 


Maximum Gain 
А 


З ав Point 
(45°) 


6 dB Point 
(60°) 


10 dB Point 
(80° - 90°) 


Агїеппа 
90° horizontal (3 dB) beamwidth 


Attenuation Provided By Vertical 
Separation of Dipole Antennas 


A zi 
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Isolation in dB 


10 


2 3 5 10 2 3 885 
Bs œ (9) 0 em 6) em (1524) 
Antenna Spacing in Feet (Meters) 


100 


The values indicated by these curves are approximate because of coupling which exists between the 
antenna and transmission line. Curves are based on the use of half-wave dipole antennas. The curves 
will also provide acceptable results for gain type antennas. Values are measured between the physical 
center of the tower antennas and the antennas are mounted directly above the other, with no horizontal 
offset (collinear). No correction factor is required for the antenna gains. 


Attenuation Provided By Horizontal 
Separation of Dipole Antennas 
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Antenna Spacing in Feet (Meters) 


Curves are based on the use of half-wave dipole antennas. The curves will also provide acceptable 
results for gain type antennas if (1) the indicated isolation is reduced by the sum of the antenna gains 
and (2) the spacing between the gain antennas is at least 50 ft. (15.24 m) (approximately the far field). 


Pattern Distortions 


a 
! 
25 md. 
tana = D 
d =Dstana 


tan 1? = 0.01745 
Note: tan 10? = 0.1763 10 » 0.01745 = 0.1745 


Antenna Elevation Pattern 
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Base Station Antenna w/ 4 Deg EDT 
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Gain Points of a Typical Main Lobe 


(Relative to Maximum Gain) 


Vertical 


Beam 
Width= 2 a 


(-3dB point) 


-3dB point a“ below bore sight. 
-6dB point 1.35 +. a? below bore sight. 
-10 dB point 1.7 « a“ below bore sight. 


Changes In Antenna Performance 
In The Presence of: 
Non-Conductive Obstructions, such as Screens 
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Performance of Sample PCS Antenna 
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Performance of Sample PCS Antenna 
Behind Camouflage (4" Fiberglass) 
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POR FAVOR, LEIA ISTO! 


Gostaria que vocé soubesse que estou disponibilizando 
gratuitamente este livro, que custou-me um ano inteiro de trabalho 
па forma de pesquisa de vários livros no idioma inglés, além de 
horas trabalhando no CorelDRAW para fazer as ilustrações que você 
vé nesta obra. 

Desde 2008 até a presente data (julho de 2012) náo conseguí 
patrocinio para a publicacáo deste livro. Procurei as pessoas que 
deveriam interessar-se pela ciéncia e tecnologia em nosso país (eles, 
os políticos!), mas a resposta sempre foi a mesma: “É um livro 
técnico! Só nos interessa livros “culturais”!. Sim, leitor, essa obra, 
inédita em 2008, náo serve para absolutamente nada. Desenvolver 
ou divulgar conhecimento técnico nào é de interesse da nacáo. 

Sem recursos advindos de patrocinios, nao tenho condições de 
continuar e até ampliar esse projeto, por isso, vocé tem a liberdade 
de baixar e imprimir esse livro para seu uso pessoal. Mas gostaria 
que vocé náo vendesse esse material na forma de CD ou livro 
impresso. Também nào autorizo modificacóes no texto, como 
retirada da capa, nome do autor, etc. Claro, aceito correções, 
conforme consta no prefácio. Também, peco que vocé nào coloque 
este livro no Rapidshare, Megaupload ou outro local, pois eu mesmo 
posso fazerisso. 

Vocé pode e deve divulgar esse livro na net, inclusive o site 
onde está disponível para download. О CD anunciado na capa nào 
está disponivel. 

73atodos. 

Ademir Freitas Machado - PT9AIA - pt9aia@gmail.com 
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Apresentacáo 


Uma das maiores dificuldades encontrada pelos 
adores brasileirosé justamente conseguir material didático 
Леја em nossa lingua materna e que seja de fácil de 
io. 
Sabemos que o mercado editorial oferece excelentes livros 
tenase outros assuntos relacionados ao radioamadorismo, 
Ийо na lingua inglesa e são de dificil aquisição, portanto, fora 
da maioria dos nossos colegas. 
Este livro, em formato de brochura (ou encadernado), 
га suprir uma lacuna, mostrando de maneira simples е 
ial, como projetar as antenas mais simples e mais usadas 
ente pelos radioamadores. Muitas vezes, projetos são 
lonados por apresentarem fórmulas matemáticas muito 
lexas e, o que é pior, medidas em pés ou polegadas e suas 


É importante ressaltar que as melhores fórmulas 
áticas nào dispensam ajustes e reajustes, especialmente em 
do de antenas. E sempre que experimentar uma, verifique 
vedidas e parámetros, usando um bom analisador de antenas. 
loque potência total do rádio numa antena nova, pois se algo 
ado, vocé pode danificar seu equipamento. 
Мао somos especialistas em antenas e as descritas nesta obra 
projetadas por outros radioamadores ou simuladas nos 
ascitados no livro. 
Se você encontrou erros grosseiros ou tem alguma sugestão 
tiva, por favor contate-nos. Aceitamos idéias para futuras 
ções desta obra. 
Incluimos nesta obra um CD com vários programas, que 
ramos na internet, Nāo observamos nenhuma restrição de 
tores quanto à reprodução ou divulgação dos mesmos, 
no caso deseauferir lucros com eles, o que não éo nosso caso. 
agradecimentos ao Roland Zurmely PY4-ZBZ, ao Álvaro 
А, ao Al Legary VE3-SQB, ao Fernando F. Almeida e ao 
Mori JE3-HHT, pelos ótimos programas que elaboraram 
s radioamadores e aos colegas Gomes PY2-MG, Miguel PY2- 
Galieno Lobato PY4-JR, Igor Grigorov RK3-ZK e a tantos 
que nos inspiram a montar antenas e acessórios para a 


о. 
Atodos, um forte 731 
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A melhor antena do mundo... 
Foto: Ademir Freitas Machado 


é aquela que você pode colocar em seu OTH... Mas nào exagere na economia! Uma 
antena de boa altura, mastro bem aterrado e cabo protegido contra as intempéries, dará 
melhores resultados. 

A anteninha acima, para 10 metros, foi construída com tubos de alumínio, 
“canibalizados” de uma antiga antena para Faixa do Cidadao, Apesar de ser uma montagem 
provisória (que já dura 5 anos), a mesma possibilitou contatos com a Europa com um rádio 
Faixa do Cidadao de apenas 3 watts. Acho que os ventos ajudaram um pouco! 
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ANTENAS - UM POUQUINHO DE TEORIA 


Neste livro, falaremos um pouquinho sobre antenas. Náo entraremos em 
detalhes sobre complexas fórmulas matemáticas, visto nào ser este o objetivo deste 
trabalho, Existem obras fabulosas, facilmente encontradas na internet. A maioria 
está em inglés, mas como os termos вйо técnicos, dá para se tirar bom proveito. É o 
que tenho feito, mesmo sem contar com um bom dicionário. Os tradutores dos 
programas de busca da internet, como o Google® e Yahoo® são de grande valia. Uma 
dica: traduza para o espanhol primeiro e depois faga a conversáo para o portugués. 
Recomendo a leitura do livro Antenna Book, da ARRL - American Radio Relay 
League. 


o compe] n umi 
оц o comprimento físico de uma antena. 


Para calcularmos o comprimento de uma onda de rádio (ou de um dipolo), 
basta multiplicarmos a velocidade da luz (300.000 Km por segundo) pela freqiiéncia 
desejada, em Hertz. Мао é por coincidáncia que a propagação da onda de rádio 
também é a mesma da velocidade da luz, no espaço aberto. Para efeitos de 
simplificação, cortamos os trés zeros e temos uma fórmula padrão (ou quase padrão): 

300/F=1A (uma onda completa), sendo o símbolo grego A (lambda) 
representando onda. Para os puristas, a velocidade da luz é 299.792,5 Km/segundo. 
xemplificando, queremos saber qual o comprimento (em metros), de onda de 
um rádio transmitindo em 7.100 KHz (ou 7.1 MHz). Temos então: 

300/7. 25 metros. Arredondamos e temos entáo que nosso aparelho 
transmite na faixa de 42 metros. 

Também náo é por coincidéncia que através da mesma fórmula, podemos 
calcular o comprimento físico de uma antena de onda completa, como um dipolo, 
long-wire, loop ou quadra. 

Mas os estudiosos descobriram (e tem polémica nisso!) que uma 
radiofregůčncia ou uma onda de rádio, tem sua velocidade reduzida ao percorrer um 
condutor físico, no caso, nossa antena de fio n° 12 a 14 ou os tubos de alumínio da 
nossa Yagi. Caleula-se que o atraso é da ordem de 5%. Recentemente, autores norte- 
americanos, usando programas de computador, calcularam que a redugáo é da 
ordem de 2 a 3%. Outros fatores também entram em cena, como o diámetro, 
resisténcia, condutáncia do elemento metálico. Quanto maior o diámetro, maior a 
componente indutiva e maior a redugáo no seu comprimento físico. 

Isto significa que uma antena, calculada segundo a fórmula acima, na 
verdade, será um pouquinho comprida, na ordem de 2 a 5% já citados. 

Entáo, a formula padrão passa a ter o seguinte valor, já descontados os 5%: 

285/f=comprimento de 1 onda. 

Mas no caso de uma antena de fío fino, como uma loop de onda completa, a 
fórmula passa a ser de 305 a 315/f. É que neste caso, a antena terá uma leve 
indutáncia e nào será puramente resistiva! 


semplificando, qual o comprimento físico de um dipolo de onda completa 
em 7 MHz? 


Manual das Antenas 


285/7=40,71 metros. 


E vocé se pergunta: E porqué todo mundo usa a fórmula 142,5 divididos pela. 
freqüéncia? Simples, éa metade dos 285, neste caso, para se calcular uma antena de 
meia onda (4A), Exemplificando: 


142,5/7 MHz=20,35 metros, exatamente a metade dos 40,71 encontrados no 
exemplo anterior! 


Segundo experiéncias, acima de 30 MHz, usando-se tubos de alumínio de 2 
polegadas, costuma-se aumentar o valor da fórmula padráo para 144,3 (fator К). 
Para quem quiser se aprofundar, existem programas de computador para se calcular 
corretamente uma antena, levando-se em conta todos os fatores. Cito alguns desses 
programas: 

MMana, de Makoto Mori JE3-HHT Yagi-Uda Antennas, de VE3SQB e os 
programas da ARRL. Na internet, vocé encontra outros programas do VE3SQB, 
incluindo para cálculos de gamma-mateh e outros. 

Мао se esqueça que os valores obtidos, no caso de um dipolo, ainda deve ser 
segmentado em duas partes, para se inserir o cabo coaxial no meio. Um dipolo, do 
exemplo acima, teria 10,1 metros para cada lado. 

E vocé ainda se pergunta: E por qué todo mundo usa uma antena de meia onda 
(24)? Porque é padrão. Os rádios tem a saída de 50 © e a antena de meia onda, 
apresenta no seu centro, esta impedância. Vocé deve ter concluído que a antena de 
onda completa teria 100 ©. Na prática, os valores da antena de meia onda varia de 50 
La quase 80 © e a de onda completa, de 100 © a 120 О. E por isso que as antenas loop, 
quadra, Yagi e outras, usam um sistema para acoplar ou “casar” estas impedáncias 
com a saída padrão do rádio, que ё de 50 ©. Falaremos destes casadores depois. 

Um detalhe importante: a impedáncia varia ao longo de uma antena dipolo, 
sendo o valor calculado para o centro dela. Se colocar o ponto de ligagáo (cabo coaxial) 
fora do centro da antena, alguns decímetros ou metros, a impedáncia aumentará ou 
diminuirá, chegando a 1000 © (aproximadamente) nas extremidades. A antena 
Windom usa esse recurso para ressonar em varias bandas. O lóbulo de irradiação é 
disforme, mas funciona! 

E para finalizar, uma onda completa ou meia-onda nào é tudo numa antena! 
Ela pode ter varios comprimentos de onda (múltiplos) ou frações de ondas 
(submúltiplos). Ex: long-wire ou multi-banda, como a СУВУ ou antenas para uso 
móvel. 
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Ressonáncia, reatáncia, impedáncia e resisténcia 


As antenas, de qualquer tipo, зао influenciadas por estas grandezas elétricas. 
О assunto é bem complexo e quem quer se aprofundar, aconselho adquirir o ARRL 
Antenna Book. Podemos resumir estas grandezas, todas inter-relacionadas e inter- 
dependentes entre si. 

Ressonáncia é quando a antena tem o comprimento exato e funciona na 
freqüéncia para a qual foi cortada. A impedância é aquela que se espera e o sinal de 
RF flui sem restrições para o éter e ё medida em ohms (Q). Exemplo, se sua antena 
foi cortada para 7.100 KHz, ela nào irá funcionar bem em 8.000. Haverá ROE, ou RF 
voltando pelo cabo para o rádio. A impedáncia, neste caso, também será bem 
diferente quando a antena é usada em freqüéncia para a qual nào foi cortada, 
aparecendo daí outras grandezas complexas, como a reatáncia, podendo ser 
indutiva ou capacitiva. Ex: R 50 4j123. R é a parte resistiva medida em ohms. O 
símbolo “+”) indica uma reatáncia indutiva. Se o sinal fosse "^", seria reatáncia 
capacitiva. 

Outra característica das antenas é que elas podem ser alimentadas por 
tensão ou corrente. No caso do dipolo alimentado no centro, dissemos que a 
alimentação é em corrente e no caso de ser na extremidade, a alimentação é em 
tensão. Veja o gráfico abaixo. 

A propósito, náo figue com a cara colada numa antena, quando alguém 
transmite! Pode haver queimaduras por RF. Hoje no Brasil existem normas de 
segurança neste respeito. 


A senóide representa uma onda completa 


— — 


A metade, meia-onda 


Formas de tensão e corrente que interage numa antena de mein onda 
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-ШЕ Z aene 


Linha de descida, 
alimentado no centro da antena 


E = Tensão 


NÍ ell: 


Linha de descida, 
alimentado no canto da antena 


Tipos de antenas 


Dipolos de fio ou de tubos de alumínio. Já explanadas acima. Veja o ângulo de 
radiação e seu lóbulo (plano vertical e horizontal). O ganho de uma antena de 1 
elemento é unitário. Ela irradia em todas as direções (omni-direcional), com uma 
leve diminuição nas pontas. No Brasil, os radioamadores gostam de colocar o dipolo 
com as pontas para o Leste/Oeste, irradiando o máximo para o Norte/Sul. 

Uma antena dipolo pode ter suas extremidades dobradas em ángulos de 90°, 
permitindo acomodá-la em espacos reduzidos. É importante fazer experiéncia 
antes, pois uma série de fatores irá entrar em ação. 


Na figura a, como se veria a irradiação de um dipolo, vista de cima. Na figura 
b, como se veria observando a antena na linha do horizonte. Мао é bem exato, mas dá 
para se ter uma idéia. Nas antenas direcionais, o lóbulo concentra-se numa única 
direção e pode ter um ángulo bem baixo em relação ao horizonte, o que é bom para 
DX. 
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Se fosse possível vermos o campo eletromagnético, veríamos algo semelhante 
a uma bolha, levemente achatada nas pontas da antena e mais encorpada 
perpendicularmente ao fio da antena. 


f 


Máxima irradiacáo 


Máxima irradiação 


(Figura a) 


(Figura b) 
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Dipolo inclinada de meia-onda para DX (antena sloper) 


Máxima irradiagáo 


Presilha para 
prender о cabo 
по poste 


A R 
Cabo coaxial 


(deve descer em ángulo de 90°) 


Na figura acima, um típico dipolo de meia-onda, inclinada, para DX 


Ё claro que quanto mais alto for o “poste” e se possivel de madeira, melhor. A 
рома da antena em direção ao solo, deve estar o mais longe possível, dai a 
necessidade de um mastro de bom comprimento. Neste tipo de antena, é importante 
afastar pessoas e animais da antena, a menos que você esteja com 0,001 Watt de 
potência! 

É muito comum os 
própria torre. 


radioamadores usar este tipo de antena aproveitando a 
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Dipolo multibanda 


Usando os cálculos já mostrados, vocé pode construir uma antena deste tipo. 
Haverá interação entre os dipolos e a sintonia fica dificil em radios com saída à 
válvulas, por isso a famosa frase em qualquer artigo sobre antenas: “requer 
pequenos ajustes para melhor funcionamento". 

Náo seria má idéia usar um acoplador de antenas ou о casador 1:1 constituido 
do proprio cabo. Veja seco sobre transformadores e acopladores de antenas. 

O desenho nào está em escala. Os fios de cobre podem ser encapados, n" 14, no 
caso do dipolo para a primeira faixa (80 ou 40 metros). Os outros dipolos podem ter 
diámetro menor, como fio n" 16. 

É importante soldar bem na orelha do isolador central. Se der algumas voltas 
para fixar melhor, solde e náo se esquega do comprimento de cada perna do dipolo. Se 
ficar comprida, descasque as pontas e enrole. A literatura nào dá informagóes sobre 
a distáncia de cada dipolo, mas os caninhos isoladores de PVC costumam ter uns 30 
em de comprimento. Alguns livros recomendam usar a antena em "V" invertido. 


A extremidade de cada dipolo pode ser colada com cola plástica para manter- 
sefixa no lugar. Lembre-se: é mais fácil encurtar um fio do que esticá-lo! 


Balun 1: чу 


Te 


ER 
Corde denge К" 


"Tubos de PVC 


Cabo coaxial 


outra sugestáo para estaiacáo do dipolo multibanda 


G Balun 11 


5 


Corda de nylon 
para servir de suporte Cabo coaxial 


(S шеш 


madeira ou metal 


її 
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Antena Windom 


É uma antena alimentada a 1/3 (aproximadamente) do centro do dipolo. Seu 
comprimento total é de 130 pés, o que equivale a 39,6 metros. Conta-se 14,3 metros a 
partir de uma extremidade e ligue aí o cabo coaxial. A outra perna da antena terá 
25,3 metros. É necessário usar um acoplador ou transformador de impedáncias na 
relagáo 4:1. 

Funciona de 80 а 10 metros e tem um ángulo de irradiação bem complexo. 
Procure na internet por *windom" que você encontrará farto (e polémico) material a 
respeito desta antena, inventada por volta de 1930. Note que na prática, seu 
comprimento total equivale a um dipolo para 80 metros, mas modelos comerciais 
apresentam versáo longa e encurtada. 

Algumas publicagóes mostram a antena sendo alimentada por uma linha de 
200 ou 300 ohms e depois o cabo coaxial de 50 ou 75 ohms. Na verdade, a impedância 
nominal da Windom é 243 ohms. 


14,3 metros 


25,3 metros 


Cabo coaxial 


Aantena Windom foi 
descrita originalmente por 
Loren G. Windom - WSGZ 
(foto) em 1929 na revista. 

QST Magazine 
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Antena G5RV 


Uma “senhora” antena, muito apreciada por colegas que querem ganho, 
versatilidade e operação de 80 a 10 metros. E um dipolo alimentado por uma seção de 
linha aberta de 300 Q (fita de televisão) de determinado comprimento e o restante, 
um cabo coaxial de 50 ©. Um excelente artigo, talvez o melhor sobre esta antena, foi 
publicado na revista Antenna-Eletrónica Popular de janeiro de 1983, por Ney Thys, 
PYIDWN. 

Outro material de qualidade foi publicado na página do Alexandre, PYAEU, 
por Galieno Lobato. Inclusive, as medidas вйо para fitas de 300 © ou 450 ©. Neste 
caso, veja que as medidas da antena variam, podendo inclusive, fazê-la na versão 
“encurtada”. 

Esta antena funciona maravilhosamente bem em 20 metros, com baixa ROE. 
Nas outras bandas, inclusive as “novas” (lá se váo 20 anos...) é necessário usar um 
acoplador de antenas, tipo "T". Alguns acopladores nào funcionam bem com esta 
antena. Veja que existem varias configurações de acopladores. Um detalhe 
importante, é que quem já experimentou avisa desde já: cuidado com baluns, 
especialmente os de ferrite. Se quiser, experimente, mas como diz o nosso colega 
Galieno em seu excelente artigo, “nño invente moda”! 


Como funciona a GAR) 


Em 80 metros, comporta-se como um dipolo de meia-onda parcialmente 
dobrado no centro, Tem alta ROE, 

Em 40 metros, funciona como duas meias-ondas em fase. O rendimento é bom, 
apesar de ROE presente, 

Em 30 metros, comporta-se como duas meias-ondas em fase, sendo о 
funcionamento parecido ao de 40 metros. 

Em 20 metros, ROE relativamente baixa. Funciona como uma long-wire de 
trés meias-ondas. Pode-se usar um cabo coaxial de 75 ohms. É nesta faixa que a G5RV 
mostra todo o seu potencial. 

Em 17 metros, funciona como duas ondas alimentada em fase. 

Em 15 metros, funciona como long-wire de 5 meias-ondas. Alta ROE presente. 

Em 12 metros, funcionamento praticamente igual a banda de 15 metros, 

Em 10 metros, funciona como duas long-wire de trés meias-ondas alimentadas 
em fase. Alta ROE presente, 

Como se vé, o uso de um acoplador é fundamental para se tirar o maximo 
proveito, visto que os modernos transceptores baixam automaticamente a poténcia 
na presença de alta ROE (proteção para os transistores de saída). 


Na tabela abaixo estão as medidas fornecidas pelo Galieno Lobato, PYAJR 


[SEÇÃO CASADORA (COMP. 
qnc DIPOLOS (TOTAL 

тату Pra % fel o 
16010 N _зїзм AUM OGM 0216 51 
волом 155 M влом поза м 41761 
konom елтм изм BITM 15.64 M 
bonom 8385M Бїзм юм ПМ 
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Antena G5RV, na medida original apresentada na ANEP de 1983 


15,54 т 15,54 m 


Linha aberta 300 ohms 
10,34 metros, descendo 
em linha reta para o shack 


Cabo coaxial 75 ohms 
qualquer comprimento 


О Galieno Lobato deu uma interessante dica para quem usar a fita de TV de 
300 ©: fazer furos no centro da fita, com o cuidado extremo de nào se interromper os 
condutores. Isso faz com que a fita figue o mais próximo possivel de uma linha 
aberta, já queo material plástico, que funciona como dielétrico, será bem reduzido. 


Outros dipolos multibandas e encurtados 


Nesta parte do livro, vamos entrar num campo fascinante da dura arte de 
construir antenas: as antenas encurtadas, multibanda ou monobanda, usando traps 
ou bobinas (às vezes paralelo com um capacitor) 


W3DZZ 


É famosa e é multibanda, mas náo é tào pequena assim, pois seu 
comprimento chega a 108 pés, ou pouco mais de 32 metros e requer um fio de cobre 
de 2 mm de diámetro. Ainda assim, a antena é menor que um dipolo para 80 metros. 
Veja nos desenhos os detalhes para sua construção. Deve-se ressaltar que é um 
bocado difícil fazer ajustes nas bobinas, por isso alguns fabricantes norte- 
americanos vendem as bobinas prontas. Os capacitores devem ser de alta voltagem, 
de 5 KV ou mais. Melhor usar de 20 KV. Lineares de 1 Kilo? Risco por sua conta! 
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Dimensões aproximadas da W3DZZ 


6,7 m (22 pés) 10,05 m (33 pés) 


y 3 


Detalhes da construgáo da bobina. O capacitor fica no interior do tubo de 
PVC, soldado entre as duas extremidades do enrolamento. Ao final, usa-se um tubo 
de maior diámetro, "encapando" todo o conjunto. Pode-se usar um verniz resistente 
ás intempéries, Atenção: Deve-se usar o corpo do PVC ou um isolador no centro para 
sustentar a bobina, caso contrário, o capacitor vai romper! 

A ROE é bem alta nas faixas de 20 а 10 metros e a antena nào funciona nas 
bandas novas. Em 80 e 40 metros, a impedáncia fica em torno de 60 ohms. Ajuste a 
antena em 40 metros. Nas outras bandas altas, ё imprescindível a utilização de um 
acoplador de antenas 


Tubo de PVC de 1,5 pol, de diámetro, Gem de comprimento aproximadamente (testar). Fio 
n“ 16 encapado, 16 espiras. Espaço entre espiras igual ao diámetro do fio, A indutáncia da 
bobina édes,5 pH. 
Outras medidas para esta bobina encontradas na internet: 19 espiras de fio de 3 mm d 
diámetro, Diâmetro da bobina: 50 mm e comprimento da bobina, 80 mm. Caso a primeira nio 
nda. 
Os programas para cálculos de indutores incluidos neste livro ajudarão o leitor a construire 


funcione bem, teste as medidas da seg 


ajustar estes tipos de bobinas (traps) para antenas multifaixas ou encurtadas. 
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Dipolos encurtados, de fio ou com tubos de alumínio 


Um dipolo encurtado, usando bobinas, só mesmo para quem tem pouco espago 
para sair em 40 metros. Mas tem algo interessante neste tipo de antena, conforme se 
observa nos desenhos mostrados abaixo: pode-se fazer um dipolo rotativo! Isto 
significa girar a antena para que os lóbulos irradiem com mais intensidade na 
direção desejada, conforme aprendemos na descrição do funcionamento dos dipolo: 

Há uma grande matemática envolvida, mas um artigo do colega portugués 
Luiz Duarte Lopes, CT1EOJ publicado na revista QST de outubro de 2003 e com a 
ajuda de um programa disponibilizado por ele, pode-se com certa facilidade calcular 
todos os parámetros para a confecgáo das bobinas. Neste caso, nào usa capacitores. 

Mais ainda, com um pouco de trabalho, pode-se construir uma excelente 
antena Yagi de 2 elementos, que compensaria em muito as perdas obtidas numa 
antena encurtada por bobinas, já que a Yagi-Uda concentra o sinal numa única 
direção. Numa futura atualização deste livro, ensinaremos como calcular o 
encurtamento de uma antena dipolo, 


Dipolo encurtado com bobinas para 40 metros 
Fica claro pelas experiéncias realizadas, que o melhor rendimento se 
consegue quando as bobinas ficam mais para a extremidade da antena. Alguns 
preferem usá-las no centro de cada perna do dipolo, Veja o resultado final, usando-se 
fioencapadon* 12. 


Comprimento total da antena: 10,64 m 


170m 


ы, 


48m Som 


— 
em 


ANN 


f 


10cm 


Bobina: 25 pH (33 espiras de fio de cobre esmaltado 
n" 12, sobre PVC de 1 3/4 polegada de diámetro - cerca 
de 4,6 cm), O enrolamento dá uns Т em de comprimento. 


== 


Sugestào de como 
fazer а bobina. Pode-se 
colocar um isolador no 
centro, para fixar 
е dar firmeza 
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Dipolo encurtado para 40 e 80 metros 


Este ё um desenho clássico, divulgado na internet por vários colegas. 
Costuma ser usado na forma de V invertido, economizando o precioso espaco 
daqueles que moram nos grandes centros urbanos. O comprimento total é pouco 
maior que um dipolo para 40 metros. Veja os detalhes no desenho abaixo. 


140m 10,31 m 


Bobina: 197 espiras de fio de cobre esmaltado 
n° 18, sobre PVC de uns 10 ou mais 
centímetros, de 25 mm de diámetro. 


Antena Bazuca 40 metros 

Também é um dipolo muito apreciado por funcionar em toda a faixa com baixa 
ROE, devido ao diámetro do fio usado (coaxial). Isso torna-a uma antena “banda 
larga" 

A dificuldade talvez seja a terminação do dipolo, já que tensão mecánica é 
grande, devido ao peso e a tendéncia do cabo coaxial se expandir com o calor. 

Aparte do cabo coaxial (13 m) incluindo a alma e a malha é emendada a um fio 
decobre de um bom diámetro. 

Detalhes para a construção desta antena podem ser obtidos no programa 
“coaxial dipoles”, do colega VE3-SQB. 

No centro da antena, а malha (só a malha!) é cortada nuns 2,5 em ou mais е 
cada ponta emendada ao cabo coaxial de descida para o rádio, 


i 219m 1 
: 13,92 m y 
Malha ligada ao fio. 
central do coaxial (alma) 
е ao restante do fio de 
cobre, Coaxial 502 para o rádio 
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Antenas direcionais Yagi-Uda e Quadra Cúbica 


Para quem quer contatos a longa distáncia, ou chegar longe com o mínimo de 

poténcia, como no QRPismo, é obrigatório o uso de uma antena de alto ganho e de 

considerável relação frente/costa. Vamos ver alguma teoria das antenas Yagi, Note 

que os programas atuais calculam todos os parámetros otimizados, Мао há com o 

que se preocupar” é só arrumar os alumínios e montar a sua.... Fácil demais? Eé! 
Veja os desenhos abaixo: 


Máximo ganho 


Diretor 


Irradiante 


Veja este outro desenho. Consegue ver alguma diferenca? 


Máximo ganho 


— — — — 
Trradiante 


Refletor 


Esta 6 a diferenga: O irradiante sempre leva o cabo coaxial. O elemento 
parasita quando é maior que o irradiante, este ёо refletor. Quando leva um elemento 
parasita menor que o irradiante, ele é chamado de diretor. Pode ter vários diretores, 
mas quase sempre um único refletor! Como uma seta, a antena sempre irradia na 
direcào do elemento menor. Se usar apenas dois elementos, o irradiante será sempre 
o maior 

A regra é a mesma que estudamos: o refletor é sempre 5% maior que o 
irradiante e o diretor ё 5% menor que o irradiante, Pode haver pequenas diferenças 
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nesta porcentagem, a título de otimização, conforme se observa o resultado dos 
programas para cálculos de antenas Yagi Uda. 

Segundo cálculo padráo, o comprimento da góndola (boom) é de М do 
comprimento de onda. Мао há rigidez neste cálculo, mas ele influi na impedância da 
antena e na diretividade, Pode-se até ligar um cabo de 50 ou 75 © sem problemas, 
mas com certeza algo sairá perdendo, Quando optimizada, a impedáncia pode ficar 
de meros 5 ohms a centenas de ohms. O comprimento da góndola pode variar de 0,15 
20,30 comprimento de onda. 

Veja abaixo o resultado para o cálculo de uma Yagi de 2 elementos para 28 
MHz 

Refletor 5,19 metros aproximadamente. 

Irradiante 4,94 metros aproximadamente 

Separagáo entre os elementos 2,12 metros, aproximadamente. 

О uso do gamma-match ou transformador de impedáncias é sempre bem 
vindo. A vantagem do gamma é que ele permite uma ampla margem de ajuste, о que 
nio acontece com o transformador padráo, a menos que se conheça a impedância по 
centro da antena e, utilizando a fórmula padrňo, calcular o transformador no 
comprimento de onda correto. Acredite, fique com o gamma-match! 

A propósito, por qué usar caríssimos tubos de alumínio se vocé pode usar um 
fio de cobre encapado para fazer sua direcional Yagi? A armagáo da antena, inclusive 
góndola, pode ser tubos de PVC fino. Os fios que formam os elementos irradiante 
refletor ou diretores, são afixados com fita isolante, de preferência, de alta fusão. 
Pode-se usar abracadeiras. 

Na figura abaixo, uma sugestáo da sua Yagi de fio e PVC para VHF. 


Cruzeta de PVC y 
y Caninho de PVC 


+ 


Fio de cobre 


Cabo coaxial 


Fitas adesivas 
ou abragadeiras 
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Abaixo, detalhes para a montagem do gamma-match. O tubo de alumínio que 
recebe o condutor central do cabo coaxial, costuma ter meia polegada de diámetro. 
Este tipo de gamma-match também serve para antena Quadra Cúbica, mas 0 
comprimento dos elementos é bem maior e há uma sutil diferenga em sua 
construção. 


Abraçadeira de metal 


Suporte (isolante) Рага ajuste de ROE 


M y 


Malha no centro do A 
irradiante 


Com certeza haverá diferenças nos dados fornecidos por programas de 
computador. A maioria das antenas Yagi náo traz o capacitor, quase sempre um 
variável de pequenas dimensões (miniatura). Faça um teste usando o segundo 
modelo mostrado neste livro. Já os montadores de quadra-cübica preferem usar um 
tubinho de cobre, encontrado em oficinas de automóveis (ou acessórios para 
geladeiras), e no centro, usar o fio 10 encapado. A ligação ё feita por uma garra 
jacaré. Após encontrar o ponto de menor ROE, solde o fio. 

Note que alguns programas não dão detalhes, mas se vocé montar o gamma- 
match para uma Yagi-Uda, sem o capacitor variável, a alma do cabo coaxial fica 
dentro do tubo de alumínio (que funcionará como capacitor!) e sua ponta, sem 
ligação. O ajuste é feito através de uma abraçadeira, que corre sobre o tubo de 
alumínio eo elemento irradiante. Isto éimportante! 

Por outro lado, o esquema apresentado no programa do colega VE3SQB, 
ocorre o inverso: o fio central do cabo coaxial é ligado no caninho de aluminio (stub), 
na parte externa e o fio central (gamma rod), ligado ao irradiante. O fio central 
continua isolado e é ele quem corre dentro do tubo de alumínio! Na nossa opinião, 
mais fácil para entrar água e de dificil ajuste final... 

Se vocé usar o gamma-match para uma quadra cúbica, usando o capacitor 
variável, a barra do acoplador gamma é ligada diretamente ao elemento da antena, 
através de um fio curto-circuitante, Veja o desenho com as diferenças dos gamma na 
seção deste livro que fala sobre os acopladores ou transformadores de impedáncias. 

Observe que nas montagens da quadra-cúbica, a malha do cabo coaxial de 50 
О vai exatamente ao centro do elemento irradiante. 


20 


Manual das Antenas 


MODELOS PRÁTICOS DE ANTENAS 


Direcional de 5 elementos para VHF 


Diretor 3- 85 em 


T soem 


Diretor 2 - 90 em 


Û ы 


2 em 


Diretor 1-9 


dab em 


Irradiante - 96 cm 


1 40 em 


Refletor - 100 cm 


góndola 


irradiante 22em 


Esta 6 uma antena clássica e funciona 
muito bem, conforme já comprovamos na 
prática, além de ser de fácil montagem. 

Agóndola ou boom, pode ter de 2 a 7 em de 
diámetro e 1,80 m de comprimento, podendo ser 
tubo quadrado. Se quizer, vocé poderá isolar os 
elementos da góndola, através de uma 
mangueira ou outro material isolante. Alguns 
colegas dizem que fica menos “ruidosa” a antena 
feita assim. Poderia também, e com vantagem, 
usara góndola de PVC, 

Os elementos em forma de delta sào dois 
бох de 1 mm, tendo a distancia (entre 22 a 25 cm) 
ajustada ao longo do elemento irradiante para а 
menor ROE, 


5 


Transformador 4:1 
descrito neste 
livro. 
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Direcional de 3 elementos para VHF 


m 
8 
El 
= E => 
40cm g 55 em 
E 
= E 
45 cm 


irradiante 


irradiante 


góndola 


coaxial 50 © 
(РУС) 


Os elementos dessa antena so feitos de fio de 
cobre 8 ou varetas de aco. O cabo coaxial de 50 © pode 
ser ligado diretamente nas pontas dos dois bragos que 
compõem o irradiante. A góndola tem 1 metro de 
comprimento, aproximadamente. 

Observe que o desenho náo está rigorosamente 
em escala. 
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YAGI-UDA ANTENNAS бу VESSQB 
WeuremEouewcemumz pe КЇЎ geen 
I HM € m om 


C AELEMENT 1% 285mm 
114 3m Ë COMPUTE 
C MULTIELEMENT 
REFLECTOR so [228 ҮЛП n CONES 
DRIVEN [i353 SPACING FROM оин SII [p fo 


PREVIOUS 
DIRECTOR 1 [5 р DIR 12131445 fü 


FEET TO 
DIRECTOR 2 [s DIR 16.17.18 [0 INCHES 


DIRECTOR 3 [5 DIR 1920 [y FANT 


ова р Dı 21 jo weese 
эвэв N 


Acima, programa para cálculo de Yagi-Uda de 2 a 21 elementos. Abaixo, programa 
para cálculo de gamma-match, Mas atenção: há uma diferença entre uma virgula e um 
ponto. Seo programa der a mensagem "run timer error“ e fechar, algo foi digitado errado ou 
faltou preencher algum campo! Nota: Use sempre uma vírgula e nào ponto para separar 
números, по саво da frequência em MHz. 


Ere 


GAMMA by VESSQB 


This program vl give you a staring FREQUENCY 
pin for matching yaur homebrew IN MHZ 


‘antenna when уси da nat heve he = 
wee n measure or colere the 28 


resistance ant reactance 
The gamma tube shoule be tithe ewes || см 
Genera ha elomant n A'the 
capacitor e а loca ol coexwih ho 

costing and bra removed, 'B'allows e 
more teodor in he size of he ube [rows 
Fit lios sieeve ала rod smug 
. ( 
cee waterproof everthing ШЕШШ 
NOTE Ошо hove been mede wih тур 

‘ube gammas kutdocreese the meinek 
tag length by 25%. Decrease EEN 

he саразйалсе and tube length by 

10% ond desde the spacing distance by CAPACITOR VALUE 
25 а proper quad commo should be ЕЗ 
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Antenas loop e quadra-cúbica 


rainha das antenas”. Esta frase é bem comum e tem razào: uma quadra- 
cúbica é um verdadeiro "canhào", quando bem projetada. O problema é justamente 
sua construgáo física, que envolve materiais até pesados. 

Uma quadra cúbica é па verdade uma antena loop com dois ou mais 
elementos, Por isso, vamos falar um pouquinho sobre a antena loop e como calculá- 
la. Embora bi-direcional, por ser uma antena de onda completa, dá um ganho 
razoável e muitos radioamadores norte-americanos tem verdadeira paixào por este 
tipo deantena. 

‘Como vimos no inicio, a loop é uma antena de onda completa. Portanto, usa a 
fórmula padráo de 315 dividido pela freqüéncia que nos interessa. Aimpedáncia fica 
em torno dos 120 © e pode assumir varias formas, desde triángulo, quadrada ou 
conforme for seu terreno. Se usar mais um elemento parasita, torna-se uma quadra- 
cúbica. 

Uma sugestão é sempre afastá-la ao máximo do solo, Ajuda muito. Se assumir 
a forma de um quadro, cada lado do quadro terá % de onda. O cabo pode ser ligado na 
lateral (polarização vertical) ou embaixo (polarização horizontal). Alguns colegas 
fazem-na na forma de um retángulo, Parece que casa melhor a impedáncia e dá um 
bom ángulo para irradiar na linha do horizonte. 

Um detalhe: a loop pode ficar “de pé” na vertical, ou ser montada па 
horizontal, o que chamamos de “quadra-deitada”. Irradia para o céu, mas como о 
sinal sobe como um canhňo, também desce com força total num raio de 1000 Km! 
Interessante para os 7 e 3,5 MHz. Para bandas altas, melhor usar dois elementos, 
formando uma quadra-cúbica. 

Abaixo uma antena loop, de 1 onda completa. 


Isoladores 
Irradia nestas direções 


Isolador central 


Cabo 75 ohms 
de-1/4-onda 
(balun) 
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Agora, um pouco de cálculo. Queremos esta antena para operar nos 10 
metros, fregůéncia de 28 MHz. 

Fórmula padráo para loop de fio fino: 315/28=11,25 metros. Este é o 
comprimento total do fio, ou seu perímetro. Basta dividir o valor por 4 (cada lado da 
antena) e teremos o comprimento: 2,81 m de cada lado. 

Pode-se usar o gamma-match, calculado com o programa de computador ou 
usar o transformador de impedáncias, que é um pedago de cabo coaxial de 75 О RG 
58, de М de onda. Temos entáo 285/28=10,17 dividido por 4. Obtemos 2,54 metros 
aproximadamente, As fórmulas levam em conta o fator velocidade do cabo coaxial, 
normalmente em torno de 0,66% que deve ser multiplicado pelos 2,54 metros 
obtidos. Isto significa que o transformador terá no final 1,7 metros. Se após a 
montagem da antena e do gamma ainda a ROE for alta, experimente reduzir o 
comprimento do gamma. Veja que o restante da linha ё de 50 ohms, seno, você 
estaria apenas fazendo uma emenda no cabo coaxial! Nota: o casador acima é de 2:1, 
pois “сава” os 120 Q da antena com os 50 Q do cabo coaxial 

Claro que se vocé tiver um destes fabulosos analisadores de antenas, seu 
trabalho será infinitamente facilitado, podendo testar o gamma antes de soldá-lo á 
antena. 

A antena loop tem um quadro apenas. Se acrescentar mais elementos 
(quadros), tornar-se-á uma cúbica de quadro e a impedáncia irá variar de 25 a mais 
de 300 ©, por isso, o gamma-match em série com um capacitor variável, para ajuste 
grosso. O transformador neste caso tem a proporção de 4:1 usando-se o cabo coaxial 
de 50 ou 75 0, embora muitos usam o que foi descrito acima. 

Já pensou em usar uma loop multibanda? Ё fácil de fazer e os quadros 
receberão a mesma ligação do cabo coaxial. Visto que cada quadro requer um 
casador de comprimento físico apropriado, o ideal 6 usar um acoplador entre o radio 
e o cabo coaxial. Você poderia, por exemplo, calcular o gamma para uma das bandas 
especificamente e “casar” as outras com o acoplador de antenas, caseiro ou 
comprado “pronto”. 

Abaixo uma idéia sobre uma loop multibanda, polarização horizontal. 


pha onda Coaxial 50 ohms 
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Loop de guadro aberto, de meia-onda (ou dipolo dobrado) 


Que tal uma “quase” loop, de tamanho reduzido para 20 metros? Alguns 
colegas tem experimentado, inclusive na forma de multibanda, a loop de quadro 
aberto, de meia onda. Na verdade seria um diplo de meia onda dobrado em forma de 
um quadro. Ao contrário da loop, o extremo é aberto, ou seja, isolado. A impedância 
da antena é bem reduzida. Alguns colegas sugerem usar o transformador 1:1 e o cabo 
coaxial, descer pelo centro do quadro. 

Teoricamente, pode-se inclusive usar um elemento refletor, tornando-a 
direcional. 

É possível montar essa antena multibanda, com uma ligação única de cabo 
coaxial, como mostrado nas páginas anteriores, sobre a quadra-cúbica multibanda. 
Ha uma certa polémica sobre esta antena, porisso, que tal experimentar? 


Neste exemplo: dipolo para 14,2 MHz: Usando a fórmula padrňo, temos 10,03 metros ou 5 
metros cada perna do dipolo. Dobre em formato de “U” e temos a loop de quadro aberto, de meia 
onda. 
Um detalhe importante: este tipo de loop, incluindo a Moxon, irradia em direção ao ponto 
de ligação do cabo coaxial (feed-point), ao contrário da loop de onda completa (e quadra-cúbica) 
Esta antena pode ser instalada na vertical ou na horizontal, deitada, mas sempre irradia 
em direçîo ao feed-point (ponto de ligação do cabo coaxial) 


Máxima irradiação em 
direção ao feed-point! 


Cabo 50 ohms qualquer comprimento, 
descendo na horizontal até o centro 
do quadro e depois verticalmente. 
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Antena loop retangular para 10 metros 


Esta antena loop para 28 MHz é de fácil coi 


ugňo e, pelo seu formato 


retangular, permite a ligação de um cabo coaxial de 50 © diretamente à antena. 
Por via das dúvidas (e ní está o segredo!) faca um transformador de 
impedância enrolando o cabo coaxial, formando 3 espiras de uns 30 em de diámetro. 
О йо para essa antena é о de п° 12 AWG e o ganho é pouco mais de 2 dB sobre 
um dipolo, o que nào é nada desprezivel, dando 1:1 de КОЁ em 28.400 KHz. 
Se nào amarrar as pontas em árvores ou postes de madeira, você pode 
construir uma cruz de bambú ou PVC para suportar a antena, como se faz com uma 


quadraccúbica, 


Um detalhe importante 
sobre as antenas loop, 
conforme uma orientação do 
colega PY4ZBZ, Roland 
Zurmely: “um loop quadrado 
fino de uma onda inteira de 
comprimento em espago livre, 
apresenta uma impedancia de 
100350 ohms. Precisa ser 
aumentado em mais ou menos 
5% para ficar resistivo e entňo 
com mais ou menos 120 ohms e 
um ganho 1,12 dB maior que o 
dipolo de meia onda. Ou seja, o 
comprimento total L do fio loop 
quadrado será de L=315/F (L 
em metros e F em MHz). O 
fator 315 nada mais é que: 

800+5%=300x1,05=315". 

Leve em conta esta 
informação ao calcular sua 
loop! 


Varetas de bambú 


ou PVC A 


1.82 m 


——— — 


3,65 m 


isolador central 
(2 em ou mais) 


y 


coaxial de 50 © 
para o TX 
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Antena quadra-cúbica 


Os cálculos sño os mesmos fornecidos acima para a antena loop. Apenas 
acrescenta-se um elemento refletor ou diretor, com o comprimento 5% maior ou 5% 
menor, respectivamente. No caso de dois elementos, o irradiante será o elemento 
maior, de preferéncia. Pode-se usar o transformador 4:1 ilustrado neste livro, feito 
com um pedaço de cabo coaxial de 50 © (seção casadora em forma de “U”), de % de 
onda ou о gamma-match capacitivo, feito com um capacitor variável e um pedaço de 
fio, que irá curto-circuitado através de uma abraçadeira, conforme cálculos também 
fornecidos. A vantagem deste último é que permite um ajuste fino para a menor 
ROE. Voce pode montá-la multibanda, ligando um cabo coaxial para cada faixa e 
com casador previamente calculado. 


Varetas de 
bambú. 


Distáncia da 
góndola: D 


015202 
comprimento 
de onda 


Transformador 4:1 
descrito neste 
livro. Pode-se 
usar o gamma 
<a match capacitivo. 
Veja que o programa. 
do colega VE3SOB 
usa o transformador 
2:1. Obviamente, a 
impedáncia varia 
de acordo com o 
comprimento da 
Dados para o gamma-match, semelhante ao da Yagi góndola e o número 
de elementos, por isso, 


Faixa| L 5 C пао é um valor fixo, 


conforme mostramos 


20 m [30-40 pol | 2 pol | 250 pF neste livre! 
15 m |25-30 pol | 1,5 pol| 120 pF 
10 m | 15-20 pol | 1 pol | 75 pF 


эв 
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QUAD ANTENNA DESIGN by VE3SQB 


© STANDARD HIGH GAN D = wumeer oF А | 28 — 
010 ELEMENTS 


ea ОООО INPUT CENTER. 
14 3 FREQUENCY IN MHZ 


суо M „| eee en 


Sauer | semen | мешшк] ют | 


DIRECTORS ARE m [soma 
THE DRIVEN S au илал 27.5996 EI 25400 
THE REFLECTORIS 3 EEE 

FLEMENTSPAGINSIS [т EOS qs = 17 
THE BOOMLENGTHIS [+ EE 

APPROANATEHOLE н = 

SPADNG ON THE emen: FREQUENCY / а кат 


SPREADERSIS [3 fa 
PRT 


Programa para cálculos de antenas Quadra-Cúbicas 


QUAD ANTENNA DESIGN by VE3SQB 


єз ҮТҮ 
By design. quads have an impedance as tow as 40 ohms in tree space. 
This design uses a more realistic value that considers a reasonable 

height above ground and a more forging design formata. 


This design requires between 90 and 120 ohms which can 
be matched with a 14 wave 76 ohm seriat section of coax 


CALCULATE ANGES. Ге [te 
CALCULATE METER 1 76,740 


Ta SER MATCHS 
‘section 


Homare 0 » 


| 


No mesmo programa, cálculo para o casador de impedáncias, escolhendo-se 
o tipo de cabo coaxial, Uma facilidade à позва disposição! 
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Quadra Pfeiffer - Quadra Cúbica encurtada 


Que tal construir uma quadra cúbica para 40 metros.... rotativa?! Ё possível, pois о 
colega Andrew Pfeiffer K1KLO desenvolveu uma maneira de encurtar uma antena quadra, 
a ponto de uma para 40 metros ter o quadro menor que uma cúbica comum para 10 metros. 

A mudanga consiste em se fazer o quadro em forma de uma cruz de Malta. 
Duplicando ou triplicando os quadros, a redugáo é drástica. Para detalhes, procurem na 
internet, que encontraráo um manual fornecido pelo autor, com todas as dimensóes da 
antena. Vale a pena uma experiéncia, pois а maioria dos radioamadores desconhece este 
tipo de antena. 

A possibilidade de se ter uma фшайга-сйЫса para 40 metros é bem atraente, A 
matemática para а construção do refletor e/ou diretor é a mesma que estudamos até agora. 
Pensamos inclusive na possibilidade de usar ов casadores construídos com cabo coaxial de 
5 ohms, descritos neste livro. Neste caso, о guadro da antena seria aberto para receber о 
casador (malha e fio central). 

Procure na internet e veja uma versio desta antena realizada por David К. Shortess, 
WTPTL. Está no site da ARRL. 


Isoladores 


Fio n° 14 


Ponto de 
ligação do 
cabo (gamma) 
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Quadra normal 


Quadra Pfeiff 


Comparativo entre uma quadra normal e a Quadra Pfeiffer (cruz de Malta ou 
quadra maltesa), para a mesma banda, Duplicando a cruz, a redugňo ё maior ainda e 
a forma da antena será praticamente circular. 


x c 


Seria mais ou menos essa a 
forma de uma Quadra Pfeiffer Outro formato da Quadra Pfeiffer 
para a banda de 40 metros, divulgado por David К. Shortess, W7P 
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Quadra Cúbica normal 

Relação entre o 
tamanho final de uma 
quadra normal para 40 
metros е uma quadra 
Pfeiffer. Uma observação 
importante: o perímetro 
do fio (comprimento total 
do fio) é maior que numa 
quadra ou loop comum. 
Vale à pena experimentar, 
pelo tamanho. О autor 
garante que nào há perda 
de eficiência da antena, 


n apesar de seu reduzido 
Quadra Pfeiffer eie 


Antenas verticais, fixas e móveis 

Visto que sào, mecanicamente falando, difíceis de serem construídas, a 
maioria dos colegas radioamadores prefere comprá-las pronta, como é o caso de 
antenas para veículos. 

Blas consistem, basicamente, de uma antena de meia-onda ou menor, sendo 
que a massa metálica do veículo faz o aterramento. Usarse uma bobina para 
encurtar ainda mais o tamanho físico da antena, daí que seu rendimento costuma 
ser precário, 

Sugestáo: cortar uma antena tipo "Maria-Mole" para PX e inserir no meio а 
bobina. Esta pode ser inclusive de um pedago de cabo de vassoura, por ser mais leve. 
Faz-se um furo em ambas as pontas. O difícil costuma ser soldar a bobina de cobre 
nesse tipo de metal, normalmente ago. Pode-se prender com uma presilha ou 
abragadeira 

Para operação fixa, liga-se uma perna do dipolo a bobina onde vai o centro do 
cabo ea parte da malha, liga-se a radiais de meia-onda. Ou {ара um bom terra. 

Abaixo, detalhes para a construção de uma antena móvel para 40, 20 e 15 
metros, seguindo a receita publicada no fabuloso livro “Equipamentos e Antenas 
para Radioamadores e Faixa do Cidadao”, da editora Antenna, O artigo original é de 
autoria do colega Nelson Franco F, de Almeida, PYGJD e foi publicado na Eletrônica 
Popular п? В volume XXIII há mais de 25 anos 


Tabela para a construção da antena móvel da página ao lado 


Fregůčneia | N" espiras | Fio i AWG] Diámetro bob | Comp. enrolamento 
7200 KHz 26 16 6,3 cm Šem 
14200 KHz | 16 14 5 em 5em 
21250 KHz 8 12 5 em Šem 
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8 cm 


1,60 m 


TOTAL: 2,65 m 


Como о diámetro da bobina é bem 
maior que um caninho de PVC, pode-se 
fazer um molde de papelão, enrolar a 
bobina e fixála com alguma cola 
plástica, como Araldite. Depois de seca, 
retire o papelào e vocé terá uma bobina 
larga, que poderá ter as extremidades 
soldadas ou seguras por abracadeiras de 
rosca. 

Mesmo que a vareta de metal fique 
um pouco adentrada no tarugo de 
madeira, para dar firmeza à estrutura, 
faça um teste de ressonáncia da antena, 
afastando a vareta superior, Em último 
altere o número de espiras 
Curiosamente, o número de espiras para 
cada faixa, é aumentada na proporção de 
mais 10. Aumente ou retire uma ou duas, 
para fins de ajuste fino. 

Outra sugestáo, nào testada, é 
montar a versão para 40 metros e curto- 
circuitar as espiras com uma garra 
jacaré. Isto fará com que a antena 
ressone numa frequência mais baixa. 
Pode haver perdas, mas você terá uma 
antena móvel “multibanda”. 

No se esqueça que se usar а mola 
conforme mostra o desenho, ela deverá 
serisolada dochassi do carro ou terra. 


caso, 


Esquema elétrico da antena 
vertical bobinada 


Nota: a matemática envolvida em antenas encurtadas 
рага uso móvel 6 а mesma aplicada às antenas 
encurtadas dipolo, conforme aparece neste livro. 
Procure а tabela de indutáncias no ARRL Handbook e 
você terá todos os detalhes para a confeegio da bobina, 
como diâmetro do fo, comprimento do enrolamento, 
número de espiras e, o que é mais importante, a 
indutáncia da bobina em mierohenries, 


эз 
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Antena vertical Marconi 


Abaixo, uma vertical tipo Marconi. A ligacáo central do coaxial vai na parte 
de cima e a malha, aos radiais. No caso de uma vertical de 1/2 onda, o elemento que 
recebe a malha do coaxial, costuma ir ao terra (um bom terra!). Colegas norte- 
americanos costumam usar a própria torre como antena vertical. 

Ocálculo da antena éo padrão. No caso de se usar radiais, o número delesé 4, 
sendo que cada radial deverá ter % de onda, descendo na forma de um "V" invertido. 
Neste caso, pode-se ligar o cabo coaxial de 50 © diretamente. Os radiais “retos” (na 
horizontal) dará a antena uma impedáncia de 30 ©, aproximadamente. Veja 
desenho, que nào está em escala. 


1/4 onda 


= 


Coaxial 50 ohms 


2 


Isoladores => 


à 


Poste madeira, etc 


Quatro radiais inclinados a 45° de М onda cada um. Veja que os radiais estão 
ligados entre si e à malha do coaxial e isolados do elemento irradiante (vertical). 
A propósito, nào se esqueca que as pontas dos radiais devem ficar o mais 


longe possível das pessoas para evitar exposição à radiofregůéncia. Especialmente 
se vocé é adepto das 2x813! 
Na outra página, programa para cálculo de antenas verticais, de todos os 


formatos, do colega canadense VE3-SQB. 


34 


Manual das Antenas 
Programa para cálculo de varios tipos de antenas verticais 


S VERTICALS 


Vertical Antennas by ИЕЗ$ОВ 


GROUND PLANE FIRST INPUT 
FREQUENCY IN 

EXTENDED MARCONI tien SE CY 

FOLDED MARCONI THE TYPE OF 


CENTER LOADED ANTENNA 
BASE LOADED 


EXTENDED GROUND 14 


BASE LOADED 5/8 


RADIATORHEIGHT is fia [BARTS 
PADIS ¡DEA 
CAPACITOR Rone 
NONE METERS 
BASE COR [NONE 
TE CENTER COM INONE — FEET 


The most eficien coils have or Use the largest wire possible with 
dose winging The coll should be na more than tice es long ss he diameter. 


m DIAMETER INFUT MICROHENRYS end COIL 
SAHM FRACTION перми CM DIAMETER (DECIMAL INCHES] 
та 20 SMALL TUEINÈ CAN ALSO RE USED 

FEE 
E MICROHENRYS Î® 
col DIAMETER Î® 
COIL LENGTH 


WIRE DECIMAL 


CALCULATE 


RECOMMENDED NUMBER OF TURNS j 


30“ зот 


Do mesmo autor, sub-programa (coil cale) que calcula as bobinas para 
verticais encurtadas. Nos desenhos mostrados acima, onde a antena tem % de onda, 
pode-se usar um савайог de impedáncia de 1:1. 
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Open-Sleeve - antena vertical bi-banda ou tribanda 


Esta antena foi baseada num artigo do livro eletrónico “Idéias e Projetos para 
QRP”, do colega russo Igor Grigorov RK3-ZK e pode ser vista (com muitas outras 
coisas interessantes) no site www.antentop.org. 

О criador é Dmitry Fedorov, UA3-ARV e segundo os dados, pode operar em. 
duas ou trés bandas simultaneamente, É uma antena interessante, pois o mesmo 
design é usado para a construção de antenas dual-band em VHF/UHF 

Abaixo os desenhos da antena e a tabela com os dados para a sua construção. 
O cabo coaxial é de 50 ohms. A malha é ligada nos elementos parasitas e a alma (fio 
central do cabo) é ligado no elemento irradiante, que obviamente deve estar isolado 
dos demais. Sugestáo: monte os elementos numa chapa em forma de “L”, isolando a 
vareta irradiante. 

Náo sáo fornecidas fórmulas matemáticas nem detalhes para o ajuste de 
freqüéncias, mas o comprimento diferente para cada "ressonador" com certeza irá 
alterar o ponto ideal de operação da antena. Na figura 1 e 20 diámetro do elemento M 
é de 25 mm e Sé de 10 mm. Na figura 3 e 4 os elementos S tem 1,5 mm de diámetro e 
Mcontinua com 25 mm. 


M M 


81 51 


nl» 5 


Figura 2e 4 


- Tanda em | Comprimento | Comprimento | Distincia de T Comprimento | Distancia de 
Figura | Ma | deMemmm |deSiemmm [Diemmm | deS2emmm| Dzem mm 


1 20,15,10 | 5168 2107 20 200 
2 14,10 эвзо p E 
з 20, 15,10 $us E 2661 200 
n ло ШИ ЕТ 
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Antena Open Sleeve para VUHF 
c 


^ COMPRIMENTO DOS ELEMENTOS 
E DISTÁNCIA ENTRE ELE 


Elemento A- 48,9 cm de comprimento. 
Elemento В - 15,9 cm de comprimento. 
Elemento C - 146 em de comprimento. 
Distancia entre A e B- 3,65 em 
Distáncia entre Ae C - 11,4 cm 

B Elementos metálicos de 
diâmetro. 


14 


Sugestão de como construir a antena, usando uma cantoneira metálica. 
Repare que o elemento irradiante é isolado da cantoneira. Se usar conector coaxial 
fêmea (para VHF/UHF), o irradiante é ligado só no furo central, senão ficaria em 
curto com os demais elementos. Мао há problema da cantoneira ser aterrada 
através de um mastro metálico. 

Esta antena também é conhecida como Open Sleeve Júnior e é uma 
combinação de duas antenas J e ótima para operação de satélites. O leitor poderá 
encontrar detalhes sobre o funcionamento desta antena na página do Roland 
Zurmely, PY4ZBZ (http:/ipaginas.terra.com.br/lazer/py4zbz). Caso este endereço 
esteja obsoleto por ocasião da publicação deste livro, digite o indicativo do Roland 
nosite de busca do Google, que você o encontrará com facilidade. 
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Antena J-Pole para VHF ou V/UHF 


Esta ё uma antena muito apreciada pelos europeus e é semelhante, senão 
igual, a antena descrita acima, a Open Sleeve, Abaixo os dados obtidos com o 
programa do VE3-SQB. Por ser uma antena pequena, as cruzetas podem ser de PVC 
ou outro material isolante. 

Repare nesta antena que a posição da ligação do vivo do coaxial ao "stub" ou 
elemento que faz às vezes de acoplador, tem grande influência. 


= Elemento irradiante 
(mas recebe a malha do coaxial) 


“Stub” ou vareta 
que recebe o vivo do coaxial 


2 


“Сар” ou espago entre 
elementos 
perfeita r 
da antena 


Т Feed” ou ponto de ajuste 


Ms 


T" e curva de PVC 
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Programa para cálculos da antena J-Pole 


Este programa permite o cálculo da antena J-Pole monobanda ou tribanda. 
As medidas podem ser em centímetros ou polegadas. 
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ACESSÓRIOS PARA ANTENAS - ALGUMAS IDÉIAS 


ISOLADOR CENTRAL (ACRÍLICO OU MATERIAL ISOLANTE) 


ANTENA 
ANTENA 


ABO COAXIAL 
(para o rádio) 


Neste caso, observe que o cabo coaxial entra pelo furo inferior, passa para a 
parte de trás e entra novamente pelo furo superior, ficando de “cabega-para-baixo", 
evitando a entrada de água. Muitos preferem usar uma bolinha de silicone para 
vedar a ponta do cabo coaxial, mas é arriscado a se soltar e entrar água no cabo, 
danificando-o ou, no mínimo, alterando suas características elétricas. 

No desenho abaixo, a vista de perfil 


3 
0 Isolador Central visto de perfil 
e cabo coaxial, passando pelos 
furos. 
T 
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Isolador central 


Dé uma volta por cima e fixe 
па parte debaixo com presilha 


Quase qualquer coisa que náo seja metálico pode ser usado como isolador 
central, como pedago de madeira, tubos de PVC, mangueira de borracha e até mesmo 
uma corda de fibra vegetal. Numa emergéncia, quase tudo serve, até mesmo um 
botňo de paletó (ou da farda!) serve como isolador em uma antena! 

Numa emergéncia, já vimos um dipolo com o isolador central encoberto por 
uma sacolinha de plástico, para nào entrar água dentro do cabo. 


Neste desenho, a conexáo é feita por um conector coaxial fómea, devidamente 
aparafusado numa placa acrílica ou outro material isolante. Uma das pernas vai 
soldada no pino central do conector e a outra perna num dos parafusos do conector. 


Ao final, deve-se vedar a conexão do cabo coaxial com uma fita de alta fusão, evitando 
a entrada de água. É bem provável que, devido ao peso do cabo, o conector acabe 
ficando de cabeca-para-baixo. Neste caso, a parte de trás (o pino central) deve 
receber algum tipo de resina isolante. Poderia ficar dentro de uma caixinha de 
plástico. 


41 


Manual das Antenas 


Como emendar tubos numa góndola ou conectar o cabo coaxial 


Observe que no desenho abaixo, tratasse de um elemento irradiante, 
separado no meio por um material isolante. Os elementos náo encostam na góndola, 
caso contrário seria um curto! Se fosse o caso, poderia ser usado o gamma-match, 
como veremos adiante. A chapinha em L que sustenta o conector também é de 
material nào condutivo, senão, faria contato com a góndola. 

A partir deste desenho, fica fácil imaginar um gamma-match para esta 
antena. Neste caso, os elementos podem estar encostados na góndola, exceto o fio 
central do conector, já que af seria ligado o stub ou alma de um cabo coaxial grosso, 
que serviria como capacitor. 

No desenho abaixo, uma maneira de ligar o cabo diretamente no irradiante, 
caso se use uma seção casadora de 75 Q ou mesmo cabo de 50 ©. O suporte “L” é de 
material nño-condutor, que isola o conector da góndola, se esta for de metal, No caso 
de Yagi para VHF, use tubos de PVC para a góndola, nào precisando se preocupar 
com a isolagňoda chapinha 


Sugestào de como ligar cabo num elemento irradiante 
Com alguma mudança, tem-se um gamma-match. 
Você encontra cálculos para о gamma-match neste livro. 


Idéia da abracadeira para emendar duas varetas de alumínio 


tubo mais fino (ponta da antena) tubo mais grosso 
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Presilha metálica, móvel 


Tubo de alumínio 


Sugestáo de um gamma-match 
para antenas Yagi-Uda 


Nota: O tubinho de alumínio (stub) 
também pode correr sobre o cabi 

coaxial, expondo parte 
náo um ajus 
ROE. Vede para nào entrar água. 


Manual das Antenas 


© 


Barrinha curtorcircuitante 
para ajuste. Depois, solde 


Desenho elétrico de um gamma-match. O capacitor pode ser variável ou feito 
a partir de um tubo de alumínio com a parte central do cabo coaxial (mais comum). 
Este é próprio para Quadra Cúbica, onde o fio central vai ligado ao capacitor e este, 
ao irradiante através de um pedaço de fio previamente calculado. 


Abragadeira de metal 


Suporte (isolante) рага ajuste de ROE 


y > 3 


Malha no centro do 
irradiante 


10 m | 24 pol 


Acima, o sistema mais comum, adotado para acoplamento de uma antena 
Yagi-Uda, de dois ou mais elementos. Como dito anteriormente neste livro, se vocé 
tiver uma idéia de qual a impedáncia apresentada, vocé poderia usar o cabo coaxial 
de 75 © como transformador. A vantagem do gamma-match é o ajuste preciso para а 
menor ROE, o que pode nào acontecer com o transformador coaxial já cortado. 

Um detalhe: o stub (L) tem 0,04 ou 0,05 comprimento de onda. A separação do 
stub ao irradiante é de aproximadamente 0.007 comprimento de onda. Está bem 
próximo dos dados fornecidos pelo programa Gamma 2002 do VE3-SQB. 
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Outra forma de fixar um elemento na góndola, no caso de diretores ou 
refletores de uma Yagi. Pode-se isolar o elemento, com um cano de PVC, ou náo, de 
acordo com seu projeto. 

Usando-se tubo guadrado, fica até mais fácil fazer os furos, centralizar е 
suportar os elementos. Os parafusos sáo para fixar melhor os elementos. É sempre 
bom usar um estai na góndola, para evitar que esta envergue е quebre no meio. 


O desenho nao está em escala, mas é bom usar um estai de corda de nylon. Até 
mesmo elementos de grande comprimento, como no caso de Yagi monobanda para 40 
ou 20 metros, podem levar um estai, evitando que envergue muito ou guebre, já que 
os tubos de alumínio comuns tem um ponto de ruptura bem inferior aos tubos de 
duralumínio (liga composta com outros metais duros). 

Poderia usar apenas um tirante, ao invés de dois. Existem fórmulas para se 
calcular a resisténcia dos tubos de alumínio ao vento. É comum usar tubos de menor 
diámetro e ir encaixando nas extremidades. Isto também serve para pequenos 
ajustes de ressonáncia da antena. 
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Outros programas de computador gue 
facilitam a vida dos radioamadores 


Na internet encontramos varios programas elaborados por radioamadores 
para facilitar o exercício da atividade. Como visto neste livro, são programas para 
cálculos de antenas, transformadores de impedáncias, gamma-match. Outros 
facilitam o tedioso trabalho de se calcular uma bobina para um projeto de um dipolo 
encurtado ou uma vertical. 

Abaixo alguns programas que podem ser encontrados nos sites citados. Como 
os enderegos da internet variam ao longo do tempo, basta digitar o indicativo do 
autor do programa nas páginas de busca, que vocé os encontrará. 


CaleBob, 


Calcular nnen 


Programa do colega Fernando F. Almeida, que calcula bobinas (indutáncias). 
Ideal para cálculo de “traps” para antenas encurtadas. 
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ET 


Cálculo de Indutáncia Cálculo de N" de Espiras 


Diners da Bin (ev ur] 7 — DiárerodaBotins en rri 
anata če Cenpirene co Emonerto len i 
Torctivetodo Erle (en тиў french eedem d] 


Irán (emu I Nine desp [ Diárerodořo (eura) [ 
Cempinento of ln e ———.—— 
Cais саны 
[ ® | нын EZ 


AWG 0 fam) Covente (8) 


[ws Diamar Cerne =) 
LE т ж 


Acima, excelente programa do colega PY2-FWA, para cáleulos de bobinas, Note que vem com 
uma tabela de diámetro de fioe o número no código AWG. Facilita a vida dos enroladoros do bobinas e 
experimentadores! 


e 


Dodo decora 


(8 a ees da parda da cabe заме oN E ha TX, bees 5 
Sede E MHz há E ra reden ds artes 
pov C ELE recipes Д 
A 
тезше: [езт т] m 

oca S] 

эшет [Tm sá 
Fant 
Tantos cuo К 
[m [cm 
сой eee, nam | [тит Con ede benen. 0200 
p 1 cm boese, падам 
Раана. 0.00 mw Я no" 


Кашты 666% 


СЕС 
АСЗ ERP 6286W- 4797 dim: 
Nebandergesten GRAD em Campi cents rov 205m 


Pablo 3734 W 
Fenderin te oo 6270 % 


Acima, programa elaborado por Roland Zurmely, PY4ZBZ/PSNCB, que calcula os 
parámetros, cabo, transmissor, antena, Muito bom e intuitivo, Pode-se usar para calcular baluns 
(casadores de impodáncias) usando cubos coaxiais nacionais, que diferem em muito dos importados, 
Éum excelente programa. 
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Transformadores de impedáncias ou gamma-match 


Muito prático de se fazer, é enrolar uma parte do cabo coaxial, (comprimento 
dado na tabela, em metros) o mais próximo possível da antena, formando algumas 
espiras. É o balun de 1:1 de corrente. Veja a tabela abaixo: 


Faixa individual, muito eficiente 


Faixa Cabo RG 213 (grosso) RG 58 (fino) 

80m 6,68 metros Sespiras 6,1 metros Ga Sespiras 
40m 6.68 metros 10 espiras 4,58 metros Gespiras 
30m 3,65 metros 10 espiras 3,5 metros 7espiras 
20m 3,5 metros 4espiras 2,45 metros Sespiras 
15m 2,45 metros Ga Sespiras ros Bespiras 


10m 1,82 metros 


a Sespiras ros Ga Sespiras 


Balun multibanda, usando todos os tipos de cabo coaxial 


80a 10 metros 3,4 metros 7ospiras 


802.30 metros 
202 10 metros 


AT metros 9a 10espiras 
45 metros Ga Tespiras 


Eagora, qual o diámetro das espiras? Uma sugestáo: marque com um pedaco 
de fita adesiva onde termina o comprimento do pedaco, segundo a tabela. Enrole 
aproximadamente o número de espiras ou voltas. Depois, é só ir afrouxando ou 
apertando as espiras até coincidir o número delas segundo а tabela. 

Os números foram baseados no Antenna Book da ARRL e a medida em pés foi 
convertida para metros. 


Para a antena 


Espiras feitas com o 
próprio cabo coaxial 


Para o rádio 
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jara a antena 
1 2 3 a з Balun 1:1 de ar 


12 espiras trifilar 
Fio n^ 12 esmaltado 

2 Forma tubo de 25 mm de 
diámetro (PVC) 


Balun 1:1 com ferrite 
з 16 espiras trifilar 
u Fio n° 16 de cobre 
o ši encapado 
Ferrite 10 ou 12 mm de 
diámetro e comprimento 


Diagrama de um. de 6 a 12 em (corte o 
balun 1:1 de ferrite йе * excesso) 


Acima, um balun 1:1 com núcleo de ar. Depois de tudo soldado, coloque o miolo 
num cano de PVC de maior diâmetro, com ganchos de metal para suportar a antena. 
No final, coloque um conector coaxial, Dá uma aparência profissional. Na tabela, 
dados para se usar um ferrite, mas este tipo nào é recomendado para poténcias 
acima de 100 Watts. Experimente o modelo com núcleo de ar. Funciona em toda a 
banda de НЕ. 

Abaixo, um típico balun de 4:1, construído com um pedaço de cabo coaxial de 
75 ohms. A parte em forma de “U” tem o comprimento de % onda. O restante, 
qualquer comprimento, também de 75 ©. Pode-se usar cabo de 50 ©, mas serviria 
para casar impedâncias de 200 ohms da antena. 


300 ohms 


BALUN 4:1 7 
mj jm 
Balun protegido por um 
tubo plástico (PVC) 


R 


U=Ť/2 onda 
Cabo coaxial de 75 ohms 
Casa antena de 300 ohms 


Se usar cabo coaxial de 50 ohms 
serve para casar antena com 
200 ohms de impedáncia 


As malhas estão interligadas 
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Transformador de impedáncias 2: 


Como exemplificado nas partes sobre loop е quadra-cúbica, um pedago de cabo 
coaxial de % de onda de 75 © pode "casar" uma loop de 120 © de impedância a um 
cabo coaxial de tamanho indeterminado, até o rádio. Os programas de computador 
mostrados acima, fazem isso automaticamente, levando-se em conta o tipo de cabo 
coaxial. Experimente usar o fabuloso programa do Roland Zurmely, PYAZBZ, que 
calcula os parámetros cabo, antena, transmissor. Na próxima atualização deste 
livro, daremos detalhes de como transformar impedáncias abaixo de 50 © usando 
dois cabos de 75 ou 50 Q em paralelo. 


<= <=, 


Para a antena - 75 ohms 1/4 onda Rádio - 50 ohms, qualquer comprimento 
TRANSFORMADOR 2:1 POR FAIXA 
cabo RG 59 (fino) de 75 © 
28,5MHa 1,77 metros 
28 MHz 1,77 metros 
27 MHz 1,83 metros 
24,9 MHz 2,06 metros 
2115 MHz 2,36 metros 
18MHz 2,74 metros 
14,1 MHz 3,54 metros 


Segundo dados que obtivemos com o programa para cáleulos da antena 
Quadra Cúbica, os comprimentos para as mesmas faixas, usando-se um cabo coaxial 
grosso, tipo RG 213, permaneceram iguais. 

Com certeza haverá diferengas quando se usar outros tipos de cabo coaxial, 
pois o fator velocidade pode ser 0,66% no cabo comum ou 0,82% no cabo para celular, 
Nunca deixe de multiplicar os 1/4 de onda no cabo pelo seu fator de velocidade! 
Lembre-se sempre que este tipo de gamma usa exclusivamente cabo coaxial de 75 © 
de impedáncia e é ligado em série com o cabo de 50 © que desce para o TX. 

A*qualidade" da emenda tem muito a ver com a “saúde” de sua nova antena 
Uma dica: torga o fio central, enrole um fio mais fino em volta da emenda e solde. 
tudo, Isole o fio central com uma cola de silicone e passe uma camada de adeviso (kita 
crepe). Abra a malha como se fosse um chapéu chinés e entrelace as duas partes. 
Enrole um fio fino em volta e solde tudo, com o cuidado de nào derreter o cabo 
plástico do interior. 

Quer mesmo saber? Gaste um pouco mais e use uma emenda coaxial (conector 
coaxial duplo fémea...) 
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Eguipamentos de medidas - medidor simples de ROE 


Embora пйо sejam muito caros, 6 sempre bom construir um е ver como 
funciona. Os componentes nào estão numerados no esquema, pois os valores são 
iguais para cada tipo. 

O segredo ё fazer a placa de circuito impresso com as linhas captadoras de RF 
bem finas, pois teoricamente o aparelho poderia funcionar com baixa poténcia 
(QRP). Outra dica é substituir os resistores de carváo de 470 Q por trim-pots no 
mesmo valor e calibrá-los com um multímetro digital, o que garantirá um ajuste de 
escala mais preciso. 

Acalibragáo dará um certo trabalho, mas o resultado final valerá à pena. 

Depois de montado, conecte um pequeno transmissor (pode ser um PX) num 
dos lados do medidor e no outro, uma carga fantasma de 50 ©. Na falta, poderia até 
ser sua antena, desde que vocé saiba que ela tem ROB 1:1 

1 Coloque a chave HH (ou outro tipo) numa posic: 
posição ADJ (ajuste ou “cal”) 

2 Pressione a tecla do microfone, estando em Amplitude Modulada. 

3 O ponteiro avancou para o final da escala? Se sim, acione o potenciómetro 
para que ele chegue ao final e náo ultrapasse o último marco da escala. Se o ponteiro 
colon “para trás”, deve-se inverter a posição do rádio/antena. A chave HH está 
invertida. Inverta a posição da marca ADJ/ROE. 

4 Coloque achave HH agora na posição ROE. Aperte o mike e veja o resultado. 

5 Meca a ROB. Seo ponteiro do instrumento nem se mexeu, é sinal que a ROE 
está 1:1 e o aparelho calibrado. 

6 Se houve algum avanço do ponteiro, há um desequilíbrio nos valores dos 
resistores de 470 ©. Se voce usou trim-pots, recalibre cada um deles, 
cuidadosamente, até obter os 1:1. 

Agora, como calibrar o medidor para saber o valor exato da ROB, se ela for 
acima de 1:1? Existe um macete simples. No lugar da carga nào imradiante 
(fantasma), use agora um resistor de 75 © (ROE 1,5:1); 100 © (ROE 2:1); 150 © (ROE 
3:1) e 300 © (ROE 6:1). Isto significa enganar o medidor, apresentando ROE de 2 a 3, 
limite máximo para a saúde de seu rádio. 

Nao se esqueça de que neste caso, vocé irá transmitir com baixa potência, 1 
watt, ou entáo, os resistores de сагуйо (associação série/paralelo) devem ter pelo 
menos 50 watts de dissipação. O tempo para isso deve ser de poucos segundos, senão 
oresistor vira атаса. Eos transistores de saída do rádio também... 


a Di CHI D2 ki 


o2 R2 
A 


. Assuma que веја a 


Típico refletómetro 
(medidor de ROE) 
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LISTA DE COMPONENTES - ESQUEMA NA OUTRA PÁGINA 


2 diodos de germánio OA96 ou 1N60 
2 resistores de 470 ohm: 
1 Potenciómetro linear de 20 K ohms 

3 capacitores cerámicos NPO de 10.000pF (10nF, 103Z ou 0,010 uF) 
1 medidor de 100 uA (VU-meter) 

1 chave HH duas posições 


VU 0-100uA 


Chave НН 


Pot 20KO 


Acima, um desenho sem escala, para que o leitor tenha uma idéia de como 
projetar sua placa impressa. O comprimento das linhas de captação de RF mede de 7 
a 10 centímetros e devem estar próximas um milímetro da linha principal. Alargura 
da trilha do meio pode ter uns 3 milímetros, (é onde vai os pinos dos dois conectores 
coaxiais) e as laterais, dois milímetros. Porém, as linhas de captação devem seguir 
este desenho, retilíneo. Alguns circuitos usam um pedaco de cabo coaxial como linha 
de captação. Мао se esqueça que o conector coaxial também vai aterrado à massa, 
através da caixa metálica. 

Na outra página, um refletómetro para ӨЕР А LED. 

Uma dica: se nao achar medidores tipo VU-Meter, compre um multímetro no 
camelô, de uns 10 reais, e aproveite o galvanómetro! Мао experimentamos, mas pode 
dar certo (acho que a dica vai “inflacionar” o prego dos multímetros “Made in 
China"). 
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Medidor de ROE com LED para QRP 


DIRETO нето 


Кел 


ругеммаузһоо. сопы > 


p 


Este refletómetro (medidor de ROE) foi publicado na página do Miguel Bartiê, 
PY2OHH, um dos maiores entusiastas do QRPismo brasileiro, Sua página ё referéncia 


nacional (e internacional) sobre o assunto. 


Apesar de simples, o medidor é bem funcional, sendo para transmissores de baixa 
potência, menos de 1 Watt. Os resistores de 1000 são de metal film e dissipação de 2 watts 


сайа um. Osresistores de 470 também sño de 2 watts. 


‘Testamos a montagem com a placa de circuito impressa da foto, improvisada, е 


funcionou muito bem. 


Quem quiser detalhes sobre o assunto, inclusive um extenso e bem explicativo texto, 
deve procurar a página do Miguel, digitando seu indicativo em algum site de busca da 


COMO FUNCIONA 
E como funciona! Veja os 
ajustes, segundo informações do 


internet, 


Miguel: "Conectar um trx ORP na 
entrada colocar a chave na posição 
SWR e a outra chave na posição 
calibrar. 

Ajustar o potenciómetro até 
o Led apagar, passar para a chave 
da posição de calibrar para medir, 
aplicar sinal. Se a estacionaria for 
13 o Led ficará apagado. Caso 
houver estacionaria o Led acenderá. 
Quanto maior a diferenga entre os 
pontos de Led apagado maior será a 
estacionaria” 

No nosso caso, climinamos 
as duas chaves liga/direto, com 
excessão da "medir/calibrar". 
Parabéns Miguel por essa 
preciosidade! 
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Acopladores de antenas 


Quem usa rádio valvulado nao gosta muito deles, pois requer sintonias 
infindáveis ao custo de emissão das preciosas válvulas. Mas é, inegavelmente, um 
acessório essencial à estação do radioamador, especialmente se usa vários tipos de 
antenas. 

Existem várias configurações de acopladores, para alta ou baixa potência e o 
mais recomendado é o modelo “T”, conforme o diagrama abaixo, embora provoque 
consideráveis perdas na poténcia final irradiada. Sua vantagem sáo os valores dos 
componentes, que podem ser encontrados no comércio eletrônico. 

Veja que o símbolo dos resistores é apenas uma ilustracào elétrica, pois o que 
existe mesmo sňo os dois capacitores variáveis, de alta isolagáo e um indutor, 
construído segundo fórmulas matemáticas. 

Um excelente programa (ТІМ) é fornecido junto ao livro Antenna Book da 
ARRL para cálculos de indutores e capacitores dos vários tipos de acopladores de 
antenas. 

Uma das maneiras mais simples ё curto-circuitar as espiras usando uma 
garra jacaré, após achar o "ponto ideal” para cada faixa. Mas atenção: altas 
voltagens e corrente de RF estarão presentes nas ligações dos capacitores e indutor. 
Os capacitores variáveis devem ser para mais de 1500 volts de isolação. 
Teoricamente, deveriam ter mais de 8 mil volts de isolação. Também corre: Se o risco 
de haver um arco entre os capacitores e a caixa metálica do acoplador. 

Nos Estados Unidos, pode-se adquirir um indutor variável com motor 
controlado eletronicamente. Uma facilidade para os montadores “dolarizados”. 


C1-180pF C2-800pF 


500 


entrada 


Valores típicos para um acoplador de antena 


TX ANT 


Tipico acoplador em “pi” 
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Acoplador de antenas para ӨЕР 


Este circuito anda circulando por af - páginas da internet e boletins de grupos 
de PX e radioamadores, mas poucos sabem sua origem verdadeira: um artigo na 
revista Eletrónica Popular de fevereiro de 1980, de autoria do Jaime б. Moraes Filho. 

Por ser fácil de montar e bem eficiente, mostramos o desenho e os dados para 
sua construção. 

Deve-se levar em conta que, pelo tipo de capacitor usado (ou trimmer), só serve 
para transmissores de baixa potència. 

Por abranger um espectro que vai dos 20 a 70 MHz, é ideal para rádios Faixa 
do Cidadão com saída de até 5 watts, ou para quem gosta dos 10 metros, também 
indo os modernos rádios PX para esta faixa. O bom é que estes aparelhos tem 
controle de poténcia, que vai de 1 a 25 watts 
para fins didáticos, vocé pode experimentar um námero maior de espiras e 
tentar em outras faixas, como um QRP para 40 metros, por exemplo. Outra idéia 
seria enrolar mais algumas espiras e curto-circuitar as últimas, com uma garrinha 
“jacaré”. Uma regra simples: quanto mais espiras, mais baixa a freqiiéncia. Quanto 
menos espiras, mais alta a freqüéncia de agňo do acoplador, mas isso requer 
alterações nos valores dos capacitores. 

Os conectores coaxiais e os dois trimmers estáo ligados ao terra através da caixa 
metálica. Lembre rostrimmers, baixa poténci 


DADOS CONSTRUTIVOS DO ACOPLADOR 


L1 - 5 espiras auto-suportadas de fio esmaltado n° 14 AWG (1,6 
mm) em forma de 12,5 mm (1/2 polegada). 

C-1 e C-2- Trimmer ou capacitor variável de З a 30 pF. 

Dois conectores coaxiais. 
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Instrumentos indispensáveis no shack 


Estes aparelhos dispensam comentários. Basta dizer que sňo alguns dos fantásticos 
projetos do José Maria Gomes, PY2MG, disponibilizados para os radioamadores já 
montados e devidamente ajustados, 

Оз colegas radioamadores (ou PX) interessados nestes produtos, devem entrar em 
contato com o Gomes, através do e-mail que aparece em sua página na internet: 
wwwpy2mg del br 


Medidor de indutáncias 
e capacimetro digital, 
indispensável 


nas montagens de transceptores. 


Ao lado, um medidor de ROE 
e wattímetro digital 


Acima, medidor de ROB montado 


Ao lado, sistema digital do medidor 
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GAMMA-MATCH - OUTRAS SUGESTOES 


Mostramos através deste desenho, uma outra maneira de se construir um gamma- 
match, Note que neste sistema, o tubinho de aluminio, é fixado diretamente ао vivo do 
cabo coaxial. 

Dentro do tubinho de alumínio, corre um cabo coaxial, sem a malha, ligado a uma 
abraçadeira, que é também ligada ao elemento irradiante da antena. 

Nolivro nao foi comentado, mas S importante que o tubinho esteja mais próximo ао 
centro do dipolo. Se no final nào se conseguir uma ROE 1:1, talvez seja necessário 
aumentar o comprimento do tubinho e do cabo em seu interior, 

Dados básicos do gamma-match: 

Comprimento do tubinho de alumínio: 0,05 comprimento de onda. 

Distáncia do elemento irradiante: 0,007 comprimento de onda. 


Abragadeira de metal 
(móvel) para ajuste 
de ROE 


o y 


Malha no centro do ZA ab | s 


irradiante 


Suporte fixo (isolante) 


Como prender um suporte na gôndola (boom) de 
uma antena quadra-cública ou loop 


gôndola 


Бара de metal 1 mm ferro tubular quadrado 


H 


corte “H” feito com 
serra-metal 
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Monte uma antena Isotron* 


Em primeiro lugar, ё bom que se diga que "Isotron" & marca comercial e 
registrada do colega radioamador Ralph Bilal, WDO-EJA, proprietário de uma 
brica de antenas chamada Bilal Company, nos Estados Unidos. 

O que caracteriza este tipo de antenas e suas variantes, é que a antena 
propriamente dita é uma bobina e um capacitor de grandes dimensóes. Tem seus 
adeptos e seus críticos. A verdade é que as antenas Isotron tem realmente suas 
vantagens e desvantagens. 

Sobre as vantagens, podemos dizer que é especialmente projetada para 
aqueles colegas que tem espaço reduzido ou simplesmente precisa de uma antena 
invisivel. O modelo caseiro, que tem sido divulgada pela internet, cumpre bem esse 
papel: pode ser instalada num balcão de um apartamento e nfo chama a atenção de 
ninguém. Alguns até pensam em se tratar de um pára-raio iónico, devido os dois 
discos que formam o capacitor. O ganho é unitário, mas quem tem usado a antena 
em campo aberto, aponta outra vantagem: por ser pequena e leve, pode-se usar um 
mastro comum, leve ou instalar no topo de uma torre. Os adeptos são entusiastas em 
mostrar cartóes QSL de contatos intercontinentais realizadas com as Isotron, 
comercial ou caseira. 

Outra vantagem é que mesmo para bandas baixa, como 40 е 80 metros е 
mesmo 160 metros, о que aumenta é o comprimento da bobina e separação dos 
discos, 

A desvantagem seria a auséncia de ganho e o local onde seria instalada. Se 
ficar escondida, numa sacada de prédio, com certeza haveria alguns obstáculos que 
prejudicariam qualquer tipo de antena. Óbvio! 

Outra desvantagem é que ninguém usaria este tipo de antena para 
competições e DX em 160 metros, mas pode ser a única solução рага “sair” na faixa. 


CONSTRUINDO A SUA ANTENA 


Dados obtidos na internet mostram grandes discrepáncias em relagáo ao 
número de espiras da bobina, o que indica logo de início que a montagem de uma 
Isotron é quase sempre empírica. 

O material necessário: dois discos metálicos de 13 (ou até 20) centrimetros de 
diámetro ("largura") que formaráo o capacitor com isolador a ar. Pode-se improvisar 
uma placa de circuito impresso, uma tampa de alumínio “emprestada” da Xtal ou, о 
que é melhor ainda, dois discos metálicos retirados de velhos HD de computador, О 
material é brilhante е dá uma resistência mecánica muito grande. O brilho pode até 
atrapalhar, pois é praticamente um espelho. Uma cobertura de tinta fósca resolve, 

Os atuais HD encontrados em sucatas são de diámetro menor, de uns 9,5 em. 
Osantigos tem os 13 em (big-fo0t”), e são os utilizados nas montagens que vimos. 

O núcleo da bobina é um cano de PVC de 32 mm (1 1/4). O fio é de cobre 
encapado de 2,5 mm, espiras unidas. A tabela anexa indica a quantidade de espiras 
е fornecemos também dados obtidos com a nossa Isotron. Como na matemática, о 
diámetro da bobina pode variar, mas reguer ajustes no número de espiras de fio. O 
mesmo acontece com os discos, cujo diámetro também pode variar, mas necessitará 
correções na separação entre sí. 
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DICAS PARA AJUSTES 

Quem já montou avisa: o ajuste é um pouco tedioso e a antena é de banda 
estreita. Deve-se passar o fio pelo centro do cano de PVC, ou na melhor das 
hipóteses, manté-lo fixo, pois se ficar solto dentro, provoca variações nos ajustes. A 
idéia é usar um “taboque” (um tipo de rodelinha) de madeira, borracha ou outro 
material, que tenha um furinho no centro, por onde passará o fio de ligação do disco 
superior á massa do conector coaxial. O desenho dá uma idéia clara do que estamos 
falando. 

O fio é fixado nos discos através de parafusos, a menos que vocé consiga 
soldar o metal do disco. 

Outra sugestáo é manter uns 2 cm de distáncia entre a bobina e o primeiro 
disco. Nao seria má idéia dar um espago maior entre as primeiras espiras da bobina, 
pois isso serve para ajustar o ponto de ressonância da antena. No disco superior, é 
bom deixar uma certa folga de fio acima do disco, caso vocé precise aumentar a 
separação entre os discos. Nesse caso, o fio acaba sendo esticado. 

О primeiro ajuste deve ser feito afastando ou aproximandoo disco superior do 
disco inferior. A princípio, o espaco entre os dois discos é equivalente ao diámetro de 
cada disco! Depois deste ajuste, afaste as primeiras espiras de fio da parte inferior 
da bobina, Se а ROE ainda for alta talvez seja necessário retirar espiras. 

É sempre bom lembrar que uma bobina com mais espiras, ressona em 
freguéncia mais baixa. Menos espiras, ressona em frequéncia mais alta, Nada como 
um impedancímetro ou ponte deruídos para ajustar antenas! 

О ambiente ao redor da antena tem influéncia em seu funcionamento e 
consequente ajuste, 

E para finalizar, se aquele vizinho chato que vive reclamando de 
interferéncia Ihe perguntar o que é "aquilo" em cima de seu telhado, vocé pode dizer 
que é uma antena especial para captar ondas telepáticas de seres extraterrenos, Ele 
vai pensar que vocé ё doido e nunca mais vai torrar sua paciéncia! 


ESQUEMA ELÉTRICO DA NOSSA ISOTRON 


Alma до coaxial 


Malha do coaxial 


А antena na verdade é um circuito LC sintonizado, conforme mostra seu 
diagrama elétrico. Este modelo de antena é divulgado pelo colega francés F5-IXU 
e nào deixa deser “aparentada” da polémica antena EH. 
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DADOS DA BOBINA DISCOS DE 27 CENTÍMETROS 


15 metros - 13 espiras 
20 metros - 28 espiras 
40 metros - 85 espiras 


OUTROS DADOS ACHADOS NA NET DISCOS DE 13 CM 


10.100 mhz = 61 espiras / separação entre discos de 5 em 
10.150 mhz = 64 espiras / separação entre discos de 5 cm 


14,120 mhz = 47 espiras /separagáo entre discos de 20 em 
14.102 mhz = 47 espiras / separação entre discos de 18 em 


14.065 mhz = 47 espiras / separação entre discos de 15 em 
14.011 mhz = 47 езрігаз / separação entre discos de 13 em 
14,298 mhz = 45 espiras / separação entre discos de 20 em 
14.285 mhz = 45 espiras / separação entre discos de 18 em 


14.240 mhz 
14.195 mhz 
14.070 mhz 


45 espiras / separação entre discos de 15 em 
45 espiras / separação entre discos de 13 em 
45 espiras / separação entre discos de 10 em 


18.100 mhz = 29 espiras / separação entre discos de 20 em 
18.060 mhz = 29 espiras / separação entre discos de 15 em 
18.024 mhz = 29 espiras / separação entre discos de 13 em 
18.180 mhz = 28 espiras / separação entre discos de 10 em 


21.000 mhz=24 espiras / separação entre discos de 6 cm 


28.350 mhz = 13 espiras / separagáo entre discos de 15 cm 
28.318 mhz = 13 espiras / separação entre discos de 13 em 
28.276 mhz = 13 espiras / separação entre discos de 12 em 
28,066 mhz = 13 espiras / separação entre discos de 9 em 
27.950 mhz = 13 espiras / separação entre discos de 8 em 
27.450 mhz = 13 espiras / separação entre discos de 6 em. 


28.450 mhz = 12.5 espiras / separação entre discos de 7 em 
28.245 mhz = 12.5 espiras / separação entre discos de 6 em 
28.147 mhz = 12.5 espires / separação entre discos de 5.5 em 


28.690 mhz 
28.580 mhz 


12 espiras / separação entre discos de 7 em 
12 espiras / separação entre discos de 6.5 em 
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APARÉNCIA FÍSICA DA NOSSA ANTENA ISOTRON 


20 cm 


20 cm 


Cabo coaxial 50 ohms 


PVC 32mm 
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FAMÍLIA INDÍGENA RECEBE MICRO “RECICLADO” 


Reportagem veiculada па midia dourodenar 


O indígena Ademar Machado Lopes, morador na aldeia Jaguapirú, pai de duas 
filhas, recebeu das màos do jornalista Ademir Machado um microcomputador 
Pěntium III, que será utilizado por sua filha adolescente, que cursa o ensino médio 
numa escola naquela aldeia. A jovem indigena disse que o microcomputador será de 
grande utilidade рага a realização de tarefas escolares. 

Segundo explicou o jornalista Ademir Machado, que desde meados do ano 
passado vem reciclando microcomputadores e acessórios, na maioria das vezes 
descartados pelos proprietários por serem obsoletos, os aparelhos ainda tem um bom 
tempo de vida útil, e o que é melhor, “continuará prestando serviços a uma família e 
será um eletrônico a menos para poluir o meio-ambiente”. © 

PROJETO RECICLA E REUTILIZA ELETRÓNICOS 

Ademir Machado explicou que os aparelhos doados vieram de varias fontes. “O 
monitor Samsung de 15 polegadas foi doado por uma clínica cardiológica do centro da 
cidade. A impressora, embora um pouco antiga, foi encontrada nos Нхдев da cidade, O 
gabinete e seus acessórios internos, inclusive placa-máe, processador e memória, 
foram retirados de outros aparelhos que nào puderam ser reutilizados”, De acordo com 
ele, embora na aldeia Jaguapirú nào haja linha telefónica, os contemplados com o 
micro poderño usar um modem 3G ou rádio e acessar a internet sem maiores 
problemas 

COMO COLABORAR 

Técnico eletrônico há mais de 30 anos, Ademir Machado nunca exerceu а 
atividade profissionalmente, dedicando-se mais ás suas atividades como jornalista. 
Atualmente o projeto é executado em uma oficina improvisada em sua residência “que 
está um tanto entupida com sucatas”. Mesmo assim, ele solicita às pessoas que 
tiverem especialmente CPU (gabinetes completos) ainda em condições de 
funcionamento e que queiram se desfazer, poderão manter contato com ele pelo celular 
9644-3349. "Infelizmente, ainda nos deparamos com monitores, CPU novas jogadas 
nas calçadas ou nos sucateiros da cidade, mas já quase destruídos pelo processo de 
descarte”, lamentou Ademir Machado. 

Os aparelhos doados pela comunidade ou resgatados dos lixões nào são 
vendidos, embora haja o custo de manutenção, como a compra de componentes 
eletrônicos. Machado esclareceu ainda que nào trabalha com “lixo eletrônico”, mesmo 
porque seu projeto é repassar às pessoas micros funcionando e também por nao ter um. 
espaço apropriado para o melhor aproveitamento do chamado "lixo eletrónico”, que 
segundo ele, é na maioria das vezes apenas aparelhos obsoletos ou indesejados pelos 
seus donos. 


Aldeia Jaguapirú, habitada 
especialmente pela etnia 
Terena, agricultores e 
amantes da terra. Dourados, 
Mato Grosso do Sul, possui a 
maior aldeia indigena do 
País, com quase 14 mil 

native 


Foto: Clóvis de Oliveira 


Matéria divulgada na mídia estadual em 2010 


JORNALISTA RECICLA E REUTILIZA “LIXO” INFORMÁTICO 


- ONG está sendo regularizada para atuar em projeto social 


A melhoria no poder aquisitivo da população e o baixo preço de equipamentos 
novos, tem feito com que muitas pessoas e até mesmo empresas, lancem no lixo 
(seletivo ou näo) equipamentos considerados “obsoletos”, mas ainda em plenas 
condições de uso. Pensando na poluição que tais equipamentos provocam ao meio 
ambiente, ojornalista douradense Ademir Freitas Machado, que também é técnico em 
eletrônica, tem conseguido recuperar e repassar à comunidade carente alguns micros 
ainda em condições de uso. 

Otrabalhoéfeito de maneira discreta, segundo ojornalista, visto que a maioria 
dos aparelhos é doada por amigos ou de uso próprio. “O que fazemos éo que os técnicos 
em eletrônica chamam de maneira brincalhona de “canibalizar” um aparelho. Visto 
que também sou técnico em eletrônica, reunimos várias sucatas ou micros velhos e 
procuramos montar um que funcione de maneira satisfatória”, disse ele, O que nào 
pode ser aproveitado é desmontado е o material reciclável, como metais, são doados 
para os coletores da comunidade. 

ONG VAI ATUAR 

Explicando melhor seu trabalho, Ademir Machado disse que "ver a alegría 
estampada no rosto de alguns jovens exemplares da comunidade, que realmente 
precisam de um micro para realizar seus deveres de escola, motivou-me a levar este 
trabalho mais à sério, além de ser benéfico ao meio-ambiente. A utilização de uma 
associação (ong) além de tornar a atividade mais transparente ao receber e doar 
equipamentos, torna possível convénios com entidades governamentais A entidade 
ainda nào tem sede própria e funcionará provisoriamente no bairro Jardim Santo 
André. 

Além de repassar alguns equipamentos para a comunidade, é meta do 
jornalista montar uma escola de informática com ов equipamentos “obsoletos” e 
promover cursos práticos de montagem e manutenção de computadores, também de 
forma gratuita para a populagáo dos bairros Jardim Santo André e Água Boa. 

COMO CONTRIBUIR 

Ademir Machado informa ás pessoas ou empresas que quiserem se desfazer de 
equipamentos obsoletos (CPU, monitores, impressoras ou outros acessórios) “para 
desocupar espago”, devem manter contato pelo celular хххххх ou entregar na loja 
хххххххххххххкх por ser um local de fácil acesso е centralizado. 


Ademir Machado 
(PT9ALA), em sua 
bancada improvisada, 
recuperando uma placa- 
тайе de um monitor, 
descartado no lixão da 
cidade, Um a menos 
para poluir o meio- 
ambiente! 
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DIRETAMENTE A ANTENNA EDIGÓES 
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ANTENNAS 


A structure that is generally a metallic 
object, often a wire or group of wires, 
used to convert high freguency 
signals into electromagnetic waves 
and vice versa. 


A device whose function 
is to radiate 
electromagnetic energy 
and/or intercept 
electromagnetic radiation 
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FIELDS OF AN ANTENN 


Fraunhoffer Region 


INDUCTION FIELD | RADIATION FIELD 


| Considered to extend Considered to extend out | 
| out from the antenna to from a distance of 2D?/A ; 
a distance of 1D?/8a li 


| TRANSITION ZONE | 


\, FIELDS ОЕ AN ANTENNA ms 


BASIC FORMULAS 


A RADIATION 
a PATTERN 


A line drawn to join 
| points in space Which 
have equal field intensity 
| due to the source. | 


E 


\ СМ; ANTENNA PARAMETERS m 
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Major Lobe - the direction POLES 
of maximum radiation | ш 


Minor Lobe - the direction 


of minimum radiation MAJOR LOBE 


Null - the direction with Е " 
radiation intensity equal N Arena 
to zero. NREFLECTOR 
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RADIATION PATTERN 


FACTORS WHICH DETERMINE 
THE RADIATION PATTERN OF AN 
ANTENNA 


RADIATION PATTERN 


PRINCIPLE OF RECIPROCITY 


The characteristics of antennas, such as impedance and 
radiation pattern are identical, regardless of use for 
reception or transmission. 


| The ratio of the power density in a particular direction of 
| one antenna to the power density that would be radiated by 
an isotropic antenna. | 


The directive gain of all practical antennas is 
greater than unity 


| DIRECTIVITY, D 


Maximum 


L directive gain 


The gain in the direction of one of the major lobes in the 
antenna's radiation pattern. 


GENERAL CHARACTERISTICS : 
e OF ANTENNAS B 


POWER GAIN 


Overall gain considering 
losses and efficiency 


Where: % - antenna 
efficiency 


D - directivity 


ANTENNA RESISTANCE 
The ratio of the applied voltage to the flowing | 
t 


AC resistance 


| The ratio of the power radiated by the antenna to | 
| the sguare | 


2. LOSS RESISTANCE, Rd 


Discharge or corona effects 


Losses in imperfect dielectric very 
near the antenna 


ANTENNA EFFICIENCY 


e ratio of the power radiated by the antenna to | 
the power delivered at the feedpoint 


The ratio of radiation resistance to the total 
system resistance 
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A Low-Cost Remote 
Antenna Switch 


Inc. - All Rights Reserved 


Here's an easy and 
inexpensive way to 
reduce the number of 
antenna feed lines 


Bill Smith, KOANR cluttering up your shack. 


with getting multiple antenna feed my antennas. relay' small physical size, the dielectric 
lines into our shacks? I believe it Remote antenna switches were the strength between the contacts and coil is 
is a common problem that can be | answer, but they can be expensive. [had 5 EV RMS, with an impressive 1 kV RMS 
easily solved with a suitable remote seriously considered purchasing one of between the open contacts. This means 


| | ow many of us have struggled while longing for a better way to switch switched current of 20 A. Despite the 


antenna switch, the many remote antenna switches on the that the relay is resistant toa flashover that 
My shack is in dhe basement on the market, but T couldn't decide which one could damage the сой or pit the contact, 
‘opposite end of the house from the to go with. As if struck by lightning, it The AZ755 series relays are offered in 


antenna feed lines. My antenna farm con- came to me: Why not build а switch using a wide variety of configurations. T used 
sists of a2 motor beam, an ond fod half ono of tho many printed circuit board — Amorican Zotlor part namber A755 1C 
wave sloper and a modified Zepp by (PCB) power relays on the market? 12DE. This model has a 12 V de coil, but 
NB6Z. I pondered the problem of getting Surely one of the hundreds of PCB power you can use any of the available сой volt 
the feed lines for all the antennas into the relays available would be suitable for ages in the series. The contact style is 


shack for several days without coming up switching antennas. Form С, which is single-pole doable-throw 
with a good plan, My dilemma was find- (SPDT). The E suffix indicates that the 
ing a path to rum three or more coaxial Relay Selection relay is epoxy sealed. T thought the epoxy 


feed lines across the top of the basement's The solution to my antenna switching seal would provide better protection from 
suspended ceiling. In addition Y would problem presented itself while T was ex- dirt and moisture contamination. If you 
have to win the approval of my wife. perimenting with PCB relays for use in a prefer relays that are not epoxy scaled, 
Т cautiously began the easement ne-  inearamplifier'stuned input circuit. The drop the E from the part number 

gotiations knowing it would take some search for a suitable PCB relay forthe American Zetor relays aro readily 
time. Negotiations were complicated by amplifier revealed intresting innovations available on-line from RelayCentercom.? 
the fact that a hole large enough for three in PCB relay design. They now come in 

‘or more coaxial feed lines would have to small packages, exhibit high dielectric Circuit Design and Board 


be cut in the house's wood siding. In the strength and can сапу impressive Figure 1 shows the final circuit. T 
end, my wife agreed to а plan that im. amounts of current od on a aviteh that would handle up 
cluded a small hole in the wood siding Although not factory tested for RF use, to six antennas, enough for my current 
and a single coax run across the top of 1 found the American Zetiler А2755 se- antenna farm and possible future expan- 


the Бахетем” suspended ceiling. rios РСВ relays to work very well! The ston. The common contacts of the relays 
Switching antennas meant frequent trips А7755 is rated for 480 W switched power (K1-K6) are connected to 50-239 con- 
‘outside to connect the right feed line o with a resistive load and a maximum | nectors (71-16) For the antenna fed lines. 
the coax running into the house. I oper. The normally open (NO) contacts are all 
ated this way for over four years, all the "Notes appear on page 41 connected to the RF INPUT connector 17, 
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The normally closed (NC) contacts are 
all connected to ground so that the 
antennas are grounded when notin use 
"To select an antenna, apply 12 V de to 
the appropriate ANTENNA CONTROL ter- 
minal to energize the relay and connect 

To keep stray RF ош, 0,001 uF ceramic. 
disc capacitors (C1-C6) are installed 
across the relay coils. In addition, 
1N4001 diodes (D1-D6) are installed 
across the coils to prevent voltage spikes 
when the power is removed from the сой. 

Once I located а relay that might work 


and had a circuit in mind, I contacted FAR 
Circuits to sce if an inexpensive circuit 
Board could be produced. FAR Circuits has 
built several boards for my linear ampli- 
fier projects and has a proven history of 
supplying high quality circuit boards, Fred 
at FAR Сиена agreed to design the 
board? for me using the А2735 relays with 
50-239 input and output connectors, He 
‘suggested mounting the 50-2308 directly 
To the board to eliminate wiring and mini- 
mize SWR problems, The finished board 
‘with all components mounted is shown in 
the title photo. The RF INPUT connector 


is in the center, with three ANTENNA con 
rectors on cach side. Tho control cable 
connects to the two terminal blocks. 


Assembly Notes 

‘The design is simple and assembly 
ten, projects require sophisticated lest 
equipment and a degree of expertise T 
don't possess. This project can easily he 
completed by anyone with basic solder- 
ing skills 

In addition to the PC board and parts, 
you'll need a suitable enclosure to keep 
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connections forthe 


the board dry and posts away. T installed 
mine ina plastic children's lunch box that 
hangs under my deck. Initially this en- 
closure was just for testing purposes, bur. 
it has worked out so well that may not 
change it. 

The most difficult part of the project 
is drilling the holes inthe enclosure for 
the SO-239 connectors and getting every- 
thing to line up. You may find it easier to 
install the connectors in the 
first, and then solder them to the board. 
(Use the board to mark the center line and 
location of the connectors on the ele 
Sure.) After the connectors are tacked 
in place, remove the serews holding the 
50-239: to the enclosure and remove the 
total assembly. This ensures a perfect fit 
when reassembling. 

Make sure the SO-239s are all the 
same type and brand to ensure a uniform 
fit. The board was designed around the 
Amphenol connectors recommended in 
the parts list, They have silver plated cen- 
ter pins and flanges, and Teflon insula- 
tion. The silver plating makes the 
‘connectors easier to solder than nicket- 
plated connectors, and the Teflon insula- 
tion is much less prone to melting than 
the plastic often found on inenpensive 
connectors. ОГ course you can use other 
50-239 connectors, but you may have to 
modify the board for a good fit 

Use a hor soldering iron when solder- 
ing the lange of the SO-239 to the board's 
around plane as shown in Figure 2. used 
а Sears Craftsman Dual 230/150 W iron 
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Figure 2e 
connector 
tangos are 

soldered to tho 


lts Important o use good 
_qualty SO 239 connectors and 
hot soldering iron to avoid 
damaging tho board or connectors, Noto 
that the ground ends of 01.08 and С1-СВ are 


ако toldered to the top and bottom ot ho board 
The relays have two pins each forthe contact 
connections: Be sure to solder al pins and o Install 
eyelets supplied with the FAR Circus board to ensure good 


relay common and normally closed pins. 


— been 
| 


Figure 3— used a simple 12V supply 
апа rotary switch In my shack o select 
‘antennas 


and it worked great. Be sure to solder top 
and bottom, 

"The PC board is double-sided, and 
FAR Circuits supplies eyelets with the 
board to use in the larger holes for the 
common and normally closed relay pins. 
"They provide for a better connection to 
the component side of the board. In ad- 
dition, soldering a short length of no. 14 
bare copper wire into the center pin of 
оло 50-229 will give you a better con 
nection to the circuit trace on the board 


Powering It Up 

‘To control the switch, Tuse a 12 V de 
power supply in the shack and a small 
ceramic rotary switch as shown in Fig 
tre 3. The switch simply sends 12 V to 
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energize one of the relay coils and select 
the desired antenna. When 12 V is re 
moved, the normally closed relay con- 
tacts connect all feed lines to ground 
Connect the PC board's ground plane to 
your outside lightning protection ground 
system, 

Tran an 8-conductor control cable into 
the shack using the same route taken 
when installed the coax. My wife agreed 
to it when T explained the cable would 
eliminate the need to run additional coax 
into the house. My control cable has 
#16 conductors and is something Thad in 
my pars collection, There is a chart at 
swwwailtronix.com/html/an101.htm that 
You can use to help you determine the 
right wire size for your installation. Long 
runs or wire may require larger conduc- 
tors to prevent unacceptable voltage 
drops at the relay coils, but the relays will 
work over a fairly wide range of coil volt- 
ages so it's not critical. 


Test Results 

Once the switch was completed, T per- 
formed several tests to see how it worked. 
The testing was done with my Kenwood 
115-8508 transceiver, RadioShack MTA- 
20 digital power meter and Swan Mark 1 
linear amplifier. The board was not in- 
stalled in an enclosure for the initial test- 
ing. 1 was lying oa top of a plastic box 

Test 1. For the initial test, I connected 
те 15-8309 (with internal antenna tuner 
off) to the RF INPUT jack on the antenna 
switch board. Then I connected one of the 
antenna jacks on the switch board to the 
RadioShack power meter and then to a 
dummy antenna. From 160-10 meters, the 
that the SWR was about 1.2:1, and the 
external power meter indicated no loss of 
power through the relay board. My TS: 
18505 is sensitive to SWR and has always 
folded the power back when transmitting 
into a high SWR. That didn't happen, so 
T concluded the SWR with the board in 
the line must be low. 

Test 2. Next added the Swan Mark 1 
amplifier between the transceiver and 
antenna switch. I measured the power 
with the digital power meter before and 
after the antenna switch board and could 
detect no difference. I operated the am- 
plifier in the CW mode at 1-1.3 KW. The 
relay got a йә warm bat no more than T 
Would expect from an energized coil, and 
it seemed to handle the power just fine. 
SWR with the switch in line remained 
Jow on all bands, 

Test 3. For the final test, T borrowed a 
friend's MFJ-259B antenna analyzer to 
use as a reality check, For this test, T 
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placed the board under my deck where it 
‘would be in normal use, connected it to а 
dummy antenna, and ran about 70 fect of 
RG-8X to the antenna analyzer. I then 
used the MFJ-259B to measure the SWR, 
reactance (X,) and resistance (R,) on each 
band from 1.8-144 MHz. The results аге 
shown in Table 1 

ARRI. Lab Testing. The ARRL Lab had 
an opportunity to test the completed. 
antenna switch board as well. Insertion 
loss measured 40.1 dB for 2-50 MHz (for 
all ports to common). SWR measured. 
1.11 ot less from 2-28 MHz, 12:1 or less 
ор 50 MHz. Isolation was >60 dB for 
2-28 MHz, except for the two inner- 
most ports, which were 50 dB at 28 MHz, 
Worst-case isolation on 50 MHz was 
43 0B. 

The various tests showed that although 
they are not designed for RF, the relays 
seem to perform well, The board exhib- 
its low SWR, low insertion loss and good 
isolation over a wide frequency range. It 
handles 1-1.3 KW during normal intermit- 
tent SSB and CW operation ( did not try 
it with a key-down mode like RTTY). 


Summary 
This project offers a rewarding solu- 
tion to managing the number of feed lines 


Table 1 
MFJ-2598 Test Results 
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snaking through your house. Parts are 
readily available, and the FAR Ci 

PC board makes construct 

ward. If homebrewing is not your 
tea, don't despair. There are several good 
commercial antenna switches available 
from the advertisers in QST. 


Notes 
“You can find moro information at American 
"шеге Web si, www americanzettier. 
Som. A data shoot for tho AZ/55 Soros 
lays may be downloaded from www. 
or comipdfelazz55 pat. 

“vw selaycenter.com. А publication time, 
Tho AZ786-1C-12DE ‘lays used in this 
Project wore $2 25 each plus shipping and 
балай, win a minimum ondo of $26 


QRP PROTOTYPING KIT 
O The ORP Prototyping Kit has been 
added to the Alden McDuffie kit prod 
uctline. This kitis designed to save time 
Тог those constructing а projet, The kit 
includes case, printed circuit board 
(PCB) with “dead bug” construction 
еа and pads with layout for 50-239 
coaxial connectors, two 3.5 mm audio 
jacks and two alternate action switches. 
All those parts are included. The printed 
circuit board i designed to fit in their 
324x125 inch project case. 

A step-by-step manual is designed to 
sin i hing Me itl pais he 
project. Included are the ease, mechan 
al drawings, schematic and pats list for 
the PCB kit, Price: fully assembled with 
case, $54.95; full kit, $42.95; PCB kit 
without case, $29.95. For more informa- 
tion, contact Alden McDuffie, PO Box 
3696, Lawrence, KS 66046, el 765-766 
(0404: wwwaldenmeduffecom. 


PACKET TERMINAL SOFTWARE 
© PucTerm 3 for Windows and PKTerm 
3 for Windows are offered in preview 
version by Creative Services Software 


Inc. - All Rights Reserved 
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BillSmith, KO4NR, enjoys repairing andmodi- 
fring vintage linear amplifiers, including a 
Зная Mark 1 and Heath Warrior, He usually 
‘operates 17 and 40 meter SSB, and especially 
Tikes chatting with other hams who share his 
passion for building and working on equipment. 
Employed as maintenance manager at a gas 
fired energy plans, Bill сап be reached at 244 
‘Cameron Si, Manchester, NH 03103, or by 
‘email at Kolnebscyahoo.com. e 


This new release includes a new user 
interface in a single window, a builtin 
generic logging program, the МТӨЗ 
soundcard mode, PSK 62.5 mode, TCP/ 
TP support and more. 

‘New sound card modes just plug i, 
This means a ham can create a dynamic 
linked library (DLL) file for any mode, 
put that DLL into the PacTerm or 
Term folder and that new mode ap- 
pears on the HF mode menu of PacTerm 
or Prem 3. 

"The software includes sample skel- 
«оп source code to allow a user to cre- 
ate their own modem (HI DUMB DLL. 
“and source code), Also included is the 
source code for the HE. MT63.DLL, 

Neither program requires a TNC. 
There is a soundcard only mode that wil 
work with the RlGblaster, MEJ units, 
Timesave's soon to be released Hamhub 
and homebrew interfaces 

тїїгє: PacTerm for Windows urat 
PkTèrm for Windows, $99.95; upgrades 
from earlier versions, $49.95. Both pro- 
grams include a 30 day full featured 
demo version, so hams and MARS 
users can try them out before purchase, 
For more information or to order, see 
rwesincorp.com. 
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Proper phasing is the Key to achieving the desired radiation pattern 


а he method used to achievean- sulting radiation pattern. Notice that 

l tenna gain combines two or the radiation pattern resembles a 

more antennas to produce an doughnut. The radiation at the higher 
ingor focusing the radi 


array Redire angles is wasted because the radio sy 


temis designed to talk to 

In land mobile radio, the half-wave 
gain. Figure 1 showsa typical vertically dipole is the standard 
oriented half-wave dipole and the re- tenna (Figure 1). That is, 


eference an 
gain of the 
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Siar satin vow 
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таай patern 


Two vertically 


perm 
vA 2 


"he rada patem of 
two vertically stacked 
паме dipoles. 
Nate that he dough 
walten benen 
Tas been compressed 
into vertical plane 
and ntoded intha 
horizontal plane. 


antenna isreferenced to a half-wave di 
pole and stated in decibels referenced 
to a half-wave dipole (dB). Suppose 
that two half-wave dipoles are stacked 
vertically as depicted in Figure 2. This 
arrangement will compress or squash 
the doughnut in the vertical plane and 
expand it horizontally, similar to com- 

round balloon. If this array 
produces field intensity ata given loca 


tion that is 3 decibels greater than the 
half-wavedipole,itissaidtohaveagain 
of 3 dBd in that direction, Theoreti- 
cally. for a truly omnidirectional an- 


By directing most of the 
radiation parallel to the 
horizontal plane, antenna 
gain is achieved. 
ta i л 
G yal eae qu 
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stronger field intensity at a given dis- 
tance from the antenna or will produce 


the same field intensity at a distance 
further from the antenna as compared 
to a single half-wave dipole, 

Antennas can be combined in the 
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horizontal plane, as well Figure 3 shows hove com 

bining two half-wave dipoles in the horizontal plane 

affects the radiation pattern, If the dipoles were fed 

D 180° out of phase, the pattern would shift by 90° such 

that the figure-eight pattern would lie in the dipole 

plane. Figure 4 shows the radiation pattern in the 

horizontal plane. The horizontal collinear mirror- 

mount antenna was popular with truckers using CB 

radios because this would project the signal in the dí 
C 

F n hos Proper phasing of theantennasisnecessary to pro 

ingevent The dee the proper match and radiation pattern desired, 

расеі e A phasing harnessis necessary o provide the proper 

oper phas- b ohm impedance tothe transceiver and the proper 

ip and тати phasing of the individual antenna elements, Figure 3 

shows how two individual 50-ohm antennas ae con 

nected together such that the signal is fed to both an 


‘Transceiver 


Тт 
ee асант pol ее ана 


Sr dación parletto | combined is 50 ohms. Note that each antenna de 
theplaneatthe poles tê picted in Figure 3 is 50 ohms at the operating fre 
raton cancels producing quency Because we are combining two antennas in 


тишип adan aho агаа the connection point the impedanceof the 
bytha rodina co. sere sel point the impedance of th 
fer more deas. 
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7 A 
best place for dedicated sales and product \ \ en 
training is CMC 2004, November 10-13, at the 

Bonaventure Resort and Spa in Ft. Lauderdale, FLA. Manufacturers can 

do costeffective, productive training with manufacturers representatives 

and distributors, We handle the logistics and even provide time for 
networking. Join the market leaders at the 31st annual CMC 2004. 


training is key to top performance. The 


ister today with the Communications Marketing Association at COMMUNICATIONS 
Register today with the Communicati arketing COMMUNICATIONS 
303-988-3515 or visit us at www.cma-cmc.org. ASSOCIATION 


connecting cables-L1 and L2-must be 100 ohms at the point 
of connection. Two 100-ohm impedances connected in par- 
allel produces an impedance of 50 ohms. 


Proper phasing of the antennas 
is necessary to produce the proper 
eee Match and radiation pattem desired. 


The characteristic impedance of cables LI and L2 must be 
such that the proper length of cable will provide: 
ance transformation from 50 ohms at the anter 


100 ohms at the connecting point. A quarter wavelength of 
cable that provides the proper 
transform the 50-ohm impedance of each antenna to 100 
‘ohmsatthe connection point. Therequired 
pedance of cables L1 and L2 can be found from the formula 
in Equation L In this example, the calculation 


Z, = V50x100 = V5000 = 70.7 


cteistic impedance can 


isticím 


fo 
'of MRT readers have been reading the 
magazine for more than 2 years 


o 
90% MRT readers spend more than 30 mins. 
reading their issue of MRT 


o 
have visited an advertiser website 
as a result of being seen in MRT 


HOW DO YOU STACK UP? 


Find out how your ad stacks up with this unique opportunity! 
Readex Research in partership with Mobile Radio Technology is able to give you 
targeted information about your ads effectiveness —and how its perceived by 
readers. To participate in the October 2004 Readex Study, please contact your 
sales representative: 


DENNIS HEGG том MORROW, 

Viesiem Regond Sales Manager Esler Royal Sales Manager Kreadex 
Pn ТОПОЗУ pn Таа IVHT 
dheggüprmediabusmess.com ^ tmomrow(aprimediabusiness,com 
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Four dipoles aro tacked vericaly and phased 
sing quarter-wave (or odd mines) chm. 


cable for L through L8. L7 is standard chm. 


able. Lengths of ables LI, L2 L3 and L4 mase bo 


hus the characteristic impedance of cables 1 and 
12 must be 70.7 ohms. Because 75-ohm cable is 
readily available, it is generally used to make the 
phasingharness Standard 50-ohm impedance ableisused 
for cable 13, which extends from the connection point to 
the transceiver 

Connecting four dipoles is done in a similar manner 
(Figure 5). Cables L and L2 connect the top two dipoles as 
was done in Figure 3. Cables L3 and LA connect the bottom 
two dipoles in an identical manner. All four cables are quar- 
ter-wave (or odd multiple) cables, The output at connec- 
tion points A and B is 50 ohms. 

Then, these two outputs are combined jn an identical 
manner with 75-ohm quarter-wave cables at point С. 
Because the output at point Cs 50 ohms, standard 50-ohm 
cable is used between point C and the transceiver. 

Many different radiation patterns can be achieved by 
properly connecting and phasing antennas in an array 
(Note that all of the antenna arrays discussed here were 
shunt or parallel feed.) 

While antenna design is best left to the experts itis im 
portant to havea fundamental knowledge ofthe techniques 
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About the Author 


L. B. Cebik, WARNL, passed away in April 2008. He had written extensively 

about antennas and antenna modeling (as well as 
other electronics subjects) in mast of the U.S. ham 
journals, including OST, CO, Communications 
Quarterly, QEX, Ham Radio, 73, ORP Quarterly, 
Radio-Electronics, and QRPp. Besides the continuing 
series of antenna modeling columns he does for 
antenneX (continues through 2010), he also wrote a. 
column for 10-10 News (An-Ten-Ten-nas) and another 
for Low Down (Antennas from the Ground Up). A Ме 
member of ARRL, he served as both Technical and 
Educational Advisor. Several years ago, LB joined the 
position as Technical Editor for antenne 


L. B. has published over two dozen books, with works on antennas for both the 
beginner and the advanced student. Among his books are a basic and 
intermediate tutorial in the use of NEC antenna modeling software and 
compilations of his many shorter pieces. Some 30 of these books have been 
published by antenneX and listed in the BookShelf at our website. 


He was a ham since 1954 and also a life member of OCWA and of 10-10 
International. He also maintained a web site ( http://www.cebik.com ) on which he 
has placed a large collection of entries from his notebooks and publications 
sponsored by antenneX. A PhD and a teacher for over 30 years, he retired as 
professor emeritus of philosophy at the University of Tennessee, Knoxville. 
antenneX isiwas very fortunate, indeed, to have had LB as a member of its 
‘writing team and Tech Editor for some 12 years. 


Hor one, lament daily at the tragic loss of one of my closest friends. 
— Jack L. Stone, Publisher 
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PREFACE 
it's not just wires anymore, it's an antennal 


le numerous ances and books have described various wie antenna 
W e ese new ost rom e койа ot nema 

masier, LB. Сек WARN (SK). He is known the word over for his 
unique ideas bou new ways o "end wres" 10 get he most out of hem. Wih 
UBS guidance, your success В practically guaranteed. It would be a rare 
occasion indeed that any desig recommended by s author wil not work as 
described. One can proceed wih ha confidence n mind. 


This book is dedicated to the design, construction and use of antennas of various 
types of wire. The reader can save a lot of ime and effort by reading these 
books. Then, experiment to your heart's content with an aim toward the goal of 
achieving the best signal for your unique environment. 


With wire, antennas are very simple and easy to build at a very lowest of cost to 
achieve one's goal. This book will demonstrate a number of designs from 
conventional antenna wisdom. How satisfying is it to twist and bend wires 
together and make connections only to suddenly discover, it's not just wires 
anymore, it's an antennal 


Опе book is not enough to describe all of the best-known designs, but we shall 
begin with this Volume 1 starting with some of the most simple and popular 
designs and gradually progress toward the more complex. 


‘Along with some recommended wires, a pair of gloves and simple hand tools, 
‘wonders will sprout from your efforts quickly. And, with wires, such designs can 
һе made to fit within the closest of environments. Many tips are suggested about 
how to make cramped spaces an asset rather than a liabilty—and keep your 
neighbors friendly as well 


We know the reader, newbie or advanced, will enjoy this book by one of the 
masters and have fun in the process! 


eface 
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Chapter 1: A Brief Note on Wires 


le the following chapters and the various designs will usually contain 


Using wires and other materials can be a matter of preference rom experience, 
budget and the particular operating environment. Therefore, itis suggested that 
while the designs in this book may display recommendations, feel free to deviate, 
in other words: experiment. 


‘Some things to consider: 

‘© wire to be left on the ground should be an insulated wire 

* wire isolated from anything conductive, you may use bare wire 

+ Wire not isolated from anything conductive, use insulated wire 

* environments subject to extreme weather, such as high winds or ice storms, 
heavier gauge wire may be a better choice. 

+ use a good silicone seal on all connections 

» beware of any surrounding dangers of electrical shock 


Wire measurement conversion table 


Wire 
gauge 


e 
1 
2 
3 
4 
5 
H 
7 
в 
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906 
588 
305 
988 
828 
628 
450 
291 
150 
024 


E 
18118 


«1144 
119 


(0907 
0808 
0720 
9641 
6571 
0568 
0543 


10403 
19359 
19329 
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Chapter 2: Wire Sizes and Other Materials 


есеп discussions about e use of various materials in antenas posed 
... addy uo sch nana 
as ses steel and phosphor bronze in dierent types of antennas. 
Iniiai models that used to explore the question al used wire diameters that 
were relatively large or the wavelengih valved, For example, | used O° (3 
тт) elementa for a VHF (226 MHz) antenna. For a 3 element beam showed only 
about 017 dB less gain for a stainless steel model relative 10 an aluminum 
mode 


Material Gain dBi F-B dB Source Z 

R £ jx Ohms 
6062-76 Aluminum 2 2% 24.80 -jo 
Stainless Steel Type 302 . 23.65 +} эл 


ıf we use only such large wire diameters relative to wavelength, the large surface 
area can mislead us into thinking that perhaps phosphor bronze and stainless 
steel are satisfactory for ай antenna applications. 


Of course, the question here is the electrical properties of the material, not the. 
physical and chemical properties. Weight, corrosion, and other such factors must 
be considered in addition to these notes on the electrical properties of certain 
kinds of wire in antenna applications. 


Proper tests of antenna wire types should press them toward levels of thinness 
relative to a wavelength that begin to show their limitations. Hence, the low HF 
wire dipole become a better test vehicle. It can show to some degree at what 
point one is better off leaving some materials alone, even if they offer some good 
physical and chemical properties. Materials that offer good performance when fat 
ohen reach their limits of application when thinned down. 


Ай runs were made with a software version of NEC-2. Exact numbers may vary 
in the last decimal place with other programs-or if you simply choose a different 
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level of segmentation, 21 segments per dipole was the segmentation density 
used for these simple tests, 


‘Test 1: #14 wire dipole for 7.0 MHz 
"n this test, I took a resonant dipole model using lossless wire and then changed 
materials (пот the usual list of materials) to see what the effect might be. Here is 
data on free space gain, source impedance, and efficiency for a number of 
materials. 6063-7843 and 6061-T6 are common aluminum allows used mostly in 
tubing that we find in HF and VHF beam antennas. The "Ey notation is common 
computereze for "x 10 to the y power." Note where the list changes from E7 to 
E 


Conductivity Material Source 2 
‘s/t R + JX ohms 

Perfect (lossless) 72.2+ j . 

6.289367 Silver 723 +3 1. 

5:8001E7 73.7 1 1. 
`7665Е7 74.171 1. 

a. таз +] 

2. 74654] 

1. Brass 7925] 

a. Phosphor Bronze 7625] 

1:38 Stnlss Stl 302 5205] 


Note that even silver (untarnished) shows a 294 efficiency loss and a 0.1 dB gain 
loss relative to perfection. Even if silver were cheap, 1 would not waste it on a 
wire antenna of this kind, given the performance of copper. Also note the larger. 
step drops as you move below pure aluminum on the list. 


Test 2. 4 MHz Wire dipole 
The second modeling test took a different approach. With a 4 MHz wire dipole, 
what is the minimum AWG wire size necessary to achieve 1.75 dBi free space 
gain? Each change of material brought about a re-resonating of the antenna. | 
chose 1.75 dBi as the threshold of acceptability because this value resulted in 
wire sizes on the available list of automated selections in the program used, 
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Material Source z Eff'y X Gain del Length AWG 
Mire R £ јх ohms Meters size 
Stis. steel таз + j 0. 1. 36.3 өв 
Ph. Bronze 78.3 J 0. 1 3646 #16 

7815 9. а: 36:50 — (18 

781 - je. a: 3652 #20 
6063-1832 77.5 - j 9. 1 3652 #20 
Pure Alum. 78.3 - j o. a: 3653 — #22 
Copper 784 - je: 1 36.55 #24 
silver 7825] 9. 1 3657 #24 


First, the gain numbers are not exactly 1.75 dBi, but the value closest to it on the. 
high side yielded by the smallest wire size that would yield at least 1.75 dBi. 
‘Second, within those limits, notice that there is an equality of source impedance 
and efficiency for a specific gain level. What differs among the antennas is the 
length necessary for resonance and the vire size. 


Third, notice the wide range of antenna sizes in the list. As the wire grows thin for 
a given wavelength, the material losses play an increasing role in performance. If 
ме use a conservative minimum gain of 1.75 dBi free space as the limit of 
acceptability, stainless steel--the strongest of the wires--would require a $8 AWG 
size to meet the standard. The electrical performance is at odds with its physical 
advantages. 


Phosphor bronze is marginal under this test, requiring a minimum size of #16 
AWG. If we set the gain standard higher, perhaps at 2.0 dBi free space, then 
phosphor bronze might fail to meet the electrical standard at an acceptable 
diameter. 


Whether phosphor bronze wil meet a given standard or whether the gain level 
obtainable with an available diameter of phosphor bronze wire is acceptable to a 
user is not a decision that can be made here. Instead, this note and the tests 
reported in it yield the advice not to misapply test results, not even these. 

The selection of wire material requires that you set standards of performance for 
а given application. Then, model (or build) your antenna using the range of 
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possible materials to see if each material meets the standard. When the diameter 
of the wire becomes thin enough relative to a wavelength, you may encounter a. 
threshold situation in which some materials simply fail the electrical test. 
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Chapter 3: Why Use Wires? 


ог lower HF-band antennas, the reason for using wire antennas is simple: 
they work; they are cheap; and there is nothing better for most of our 


wallets. Understanding the dollar and work economy of wire antennas only 
requires that we look at Figure 1, a simplified sketch of typical wire antenna 


construction. There is not a lot of mechanical complexity in a wire antenna of the 
sorts we use on 80, 40, and 30 meters. 


Fig. 1. Basic Wire Antenna Construction 


Center Insulator 


7 Support Wire = #154818 steel 
draky wire. support rope = 


Telde su resistant man-made 
fibers 


Antenna wire = 414 - #10 hart drawn 
sold or stranded copper, or #14- #12 
Copperweld (steel corel 


Fee 


The more difficult answer to our question involves understanding what wire 
antennas do and why and how they do it. In fact, most hams have very little idea 
of how wire antennas work. Of course, once we master wire antennas, we have 
also mastered the hardest part of all antennas, so perhaps it pays to go back to 
basics and take a closer look at these marvels of simplicity. 
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After getting a few terms squared away, we shall look at three types of linear 
(straight-line) wire antennas: a. the center-fed wire; b. the off- center-fed wire, 
and c. the end-fed wire. It would be nice to add some loops, fans, fractals, and 
‘wire beams to our agenda, but there is so much to say about these three simple 
antennas, that the fancy wires will have to await another day. 


Lam always amazed by how many wrong things we teach new hams to believe 
about antennas. Hence, I have no choice but to begin all over again. Inevitably, | 
shall repeat things you already know, but that is necessary to provide a. 
framework for a few things you may not yet have encountered. For example, 
antennas do not radiate, at least not in the sense most folks think about radiating. 
For example, that BO-meter dipole you are using on 40 meters is no longer a 
dipole. For example, no matter what shape you make a horizontal antenna, the 
elevation angle of maximum radiation will change hardly at all. For example, as 1 
lower a resonant half-wavelength dipole below a height of a half wavelength, the 
feedpoint impedance will exceed 75 ohms part way down and be lower than 75 
‘ohm part of the way. If these teasers have not attracted your attention, then you 
just do not ike wire. 


‘The 1/2 Wavelength Resonant Center-Fed Dipole Wire Antenna 


We are often taught that antennas are special devices, transducers that convert 
radio frequency alternating current energy into radiating electromagnetic fields. 
‘This teaching is only relatively true: antennas do the job better than most other 
electronic devices, but they all try. In fact, "conversion is not really a precise. 
word at all. Every instance of electrical energy has a field, and every field has 
associated electrical energy. 


Moreover, antennas do not radiate outward in that sparky sense which we find in 
cartoons. Rather, they permit fields to expand from the wire without limit. A 
transmission line can be thought equally 1. as a waveguide confining 
electromagnetic fields or 2. as a conveyor of electrical energy from the source 10 
the load. Figure 2 takes a field perspective on the transmission line and antenna 
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situation. And И you do not believe electronic components radiate, think about 
why iron and ferrite toroidal cores are all the rage in RF circuitry. 


Fields (ower flow) of 
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All of this preamble brings us to the 1/2 wavelength resonant center-fed dipole 
antenna. By shortening the name of the antenna to "dipole," we can make most 
new hams believe that it is the most basic antenna of all. When we give the 
antenna's full pedigree, its true nature appears: itis a rather sophisticated and 
complex device. To be certain we are all on the same wavelength, let's review 
what each part of the name means (see Figure 3). 
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Fig. 3 


‘The HareWavelength Resonant Center-Fed Dipole Antes 


1. Dipole: the antenna is a dipole because it has two "poles," that is, regions of 
the antenna where the current goes from maximum to minimum. 


2. Center fed: The antenna is fed at its exact center. 
3. Half-wavelength: the antenna is approximately 1/2 wavelength long. 


4. Resonant: the feedpoint impedance, Z, which is ordinarily composed of 
resistive and reactive components (R 1/- is purely resistive. 


What we think we know about dipoles is not much, but then we seem not to think 
we need to know much. The proper length in feet of a half-wavelength resonant 
wire dipole is 468/F in MHz, and the feedpoint impedance is close to 70 ohms, 
with some decrease as we lower the antenna height. If you are content to live in 
the clouds, these old saws are fine; if you require more precision in your 
understanding, these bits of tradition do not live up to a half truth. 
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The following information is predicated on NEC-2/4 models, which means that 
they do not account for the terrain slopes in your area or the ground clutter in 
your yard. However, they are relatively accurate, even when translated to other 
frequencies, since antenna heights above ground are given as fractions of a 
wavelength. My examples will use #14 copper wire, so adjust longer for thinner 
wire and shorter for fatter wire. 


ole Length vs. Antenna Height 
3.6 MHz Dipole: #14 Copper 
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Dipole Length vs Antenna Height 
3.6 MHz Dipole: #14 Copper 


Difference from Free Space Length (%) 
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1. The length of a resonant hall-wavelength dipole never gets down to the 
formula, See Figure 4. But it does vary by a total of about 3 at 3.6 MHz as you 
change height above ground from 1/20th of a wavelength to a full wavelength. 
Precise resonance із not significant to the wre's performance as a radiator, but it 
is nice to know where resonance really is. 
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Feedpoint Impedance vs. Antenna Height 
3.6 MHz Dipole: #14 Copper 
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Feedpoint Impedance vs. Antenna Height 
3.6 MHz Dipole: #14 Copper 
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2. The feedpoint impedance at resonance also varies with height, going well 
above and well below the standard 70-ohm value as we move from 1 wavelength 
downward, See Figure 5. Again, your ground clutter may obscure this curve, but 
You can now see how the progression goes. 
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Gain @ 20-Degree TO vs. Antenna Height 
40-meter Dipole 


Fig. 6 


Gain in dBi at 20 Degrees (or Lower) 
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3. We all believe that low-angle radiation is important to making contact with 
distant stations. How well does а law dipole do? See Figure 6, a 40-meter dipole. 
(Remember, we can translate the numbers to other frequencies, since heights 
are in units of a fraction of a wavelength.) The resonant half-wavelength dipole 
begins to do quite well as we increase its height from 3/8 wavelength to 1/2 
wavelength. (Higher-angle radiation continues to dominate, which is why some 
folks prefer certain kinds of loops or beams for quieter DXing.) Note the dip in 
gain around the 3/4 wavelength height point. As we move an antenna upward, 
the lobe structure changes, and new lobes appear, оеп straight up. 
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ва Fig.T 


B deg. 


‘See Figure 7, which compares the elevation pattern of a dipole at 1/2 and at 7/8 
wl. Much of the wire's energy at 7/8 w is aimed at higher angles, nice for locals, 
but less helpful for DX. 
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Front-side Ratio vs. Antenna Height 


40-meter Dipole 
Fig. e 
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4. The traditional figure-8 pattern we associate with dipoles is mostly an ilusion 
at low antenna heights. Figure 8 provides a graph of the front- to-side ratio of 
dipoles as we increase antenna height. Only above about 1/2 wavelength does 
the peanut shape of good side rejection appear. You do not need an inverted 
Vee at low heights on the low HF bands to have omnidirectional radiation; the 
dipole will do just fine. See Figure 9 for paired azimuth patterns at 22 degrees 
elevation for a graphic display of this fact. 
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Fig. 9 
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Al this must mean that the dipole is a pretty bad antenna, right? WRONG! The 
resonant halfwavelength dipole, even at relatively low antenna heights competes 
very well with everything folks have invented to compete with it. And usually at a 
fraction of the cost. Lets look at only two examples of the antenna's 
competitiveness, 


Most dipole competitors demand that you place their antennas just so ar the 
maker will not be responsible for the performance. Already I am suspicious, 

because with an ordinary dipole, you can twist and turn as necessary and stil 
have almost all of the dipole's performance. There are two ways of bending a 
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dipole, one a bit better than the other. See Figure 10. We can bend both 
elements in the same direction, whether down or to the same side. However, we 

lose a little of the antennas radiation this way due to cancellation. The problem is 
insignificant until the horizontal main part of the element approaches 70% or less 
of the full length of the dipole. 
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Zig-zagging the wire horizontally maintains most of the antenna's radiation more 
efficiently, but at a cost, as shown in Figure 11. The antenna pattern tits toward 
the outside corners of the wire. Remember, though, that one person's cost is 
another person's profit. Suppose you can almost but not quite get the main lobe 
of your dipole broadside to Europe. Perhaps you can create a zig-zag that will 
move the pattern without requiring that you move the trees in your yard. 
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Of course, you can Vee the dipole in any direction, ог slope the whole wire down 
a hill. In estimating the probability that the antenna will stil act ike a dipole, just 
be very honest with yourself. Ask yourself, "Does the antenna stil look like a 
dipole?" If the answer is an honest, "Yes," then your likelihood of good dipole. 
performance is high. 


‘And, do NOT sell the performance of a dipole short. Top-wire-height for top-wire- 
height, among competitive wire antennas, the dipole can make a case for itself 
as top dog. Figure 12 displays the outlines of 5 antennas. One is our old friend. 
the half-wavelength resonant center-fed dipole. Three are loop antennas often 
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proposed as alternatives to the dipole. All four are shown as side views, face-on 
to the antenna wire. The last is a simple wire Yagi, thrown in because it makes 
Use of about 1 wl of wire, the same as the loops. (Incidentally, my model of this 
#14 copper wire antenna for 40 meters has a driven element 66' long, a reflector 
70 long, and a spacing of 20, with a feedpoint impedance close to 50 ohms.) 


1/2 Wavelength Dipole 
Right-Angle Delta Loop 


C] Side views 
‘Square Quad Loop Rectangular Loop 
— — 
Top View 
2-Elernent Wire Yagi Fig. 12 


The rules of the following exercise are simple: all the antennas have their top. 
wires (or the apex of the triangle) at the same height. This is based on the 
premise that with low wire antennas on the lawer HF bands, we put them just as 
high as we can get them, not at some theoretical height. 
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40-Meter Wire Antenna Take-Off Angles 
Dipole & Loop Angles of Max. Radiation 


Fig. 13 
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Оп these terms, Figure 13 tells an interesting story. The elevation angle of 
maximum radiation of the right-angle delta is highest because so much of the 
high-current high-radiation part of the antenna is so low compared to the top. 
height. The square and rectangular loops have comparable performance, better 
than the triangle, but worse than the dipole. In fact, the only antenna of the group 
with a consistently lower elevation angle of maximum radiation is the wire Yagi 
О! course, the Yagi maintains a special parasitical relationship between elements 
that tends to hold the elevation angle of maximum radiation lower. 
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In the end, then, the only good reason for choosing one of the loops, vertically 
oriented, but fed as horizontally polarized antennas, is because one lacks the full 
length needed for a dipole at the top height available. (Feeding the loops as 
vertically polarized antennas is another matter calling for another full session or a 
chapter in ON4UN' book on low band DXing.) The dipole holds its own and 
surpasses many of is competitors. 


The Center-Fed "Dipole" on All Bands 


Dipoles as resonant antennas are monoband affairs. To convert an 80- meter 
dipole to an al-band antenna (sometimes called a “doublet,” but no longer a 
dipole except on one band), throw away the coax (or do not buy it in the first 
place). Run 450 ohm parallel feediine (or 300 ohm line, if that is more 
convenient) to an antenna tuning unit (ATU) and work all bands. This is an old 
and very successful traction among hams. 


What you can expect for performance at heights between 35' and 50' is shawn in. 
Chapter 7. See that Chapter for the contents of Figure 14. The higher the band 
the higher the antenna in terms of fractions of a wavelength at the operating 
frequency--and hence, the lower the take-off angle. The 80-meter oval breaks up 
into an increasing number of lobes, and the gain in the strongest lobes increases. 
(On 10.meters, it exceeds 10.5 dBi, but not broadside to the antenna wire. 
Patterns for 35 and 50' are shown, with the higher wire height being better, but 
only marginally зо above 30 meters. 


Installing an al. band doublet requires one of two things: either careful planning to 
set the main lobes where you want them on the bands of special interest, OR a 
willingness to take what you get based on the fact that you have only two tall 
supports. (If you have three supports, put up two or three of these antennas 
facing diferent directions and use an antenna switch for the strangest signal. 
They are cheap antennas!) 
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The exact length of the antenna no longer matters within broad limits, since the 
ATU will match to the parallel feediine with quite decent efficiency. I recommend 
a balanced ATU, using either a Z-match (for low power) or one of the pre-SSB 
inductively coupled units once so popular in handbooks. With a basic antenna 
like this, get back in touch with coupling basics as well. 


‘Suppose you do not have 135 of space between supports but stil want to work 
80 meters and up. Try the 102 doublet. Again, exact length is unimportant, since 
we shall use parallel feediine and a balanced coupler. (That is why we do nat call 
ita 'GSRV" here; 100 was a popular length long before Gil put his head on the 
chopping block trying to help some coax users effect an easier match on pre- 
WARC bands.) The 102 doublet is at least 3/8 wl long on 80, which makes it a 
reasonably efficient radiator there-and a very good one on all bands above 80. 


See Chapter 8 for the contents of Figure 15, which tells the story, again at 35 
and 50 heights. Note that compared to the longer 135° doublet, the 102 doublet 
expands its lobes more slowly, since itis shorter in terms of number of 
wavelengths long at each frequency. However, the gain is comparable on the 
upper bands. Ignore any differences under а dB. Once again, you can preplan 
the lobes by where you Set your supports ог you сап accept what you get, or you 
can build more than one facing this-2-way and that-a-way and switch to the 
stronger signal 


In Figures 14 and 15 you have a compendium of patterns to establish your 
baseline expectations of these two popular multiband antenna arrangements, 
Your terrain and ground clutter wil, of course, modify the reality you experience, 
but not so much in most cases, that the patterns are invalidated, Keep them as a 
reference file for future antenna thoughts. Thoughts like: "Gee. 10+ dBi gain on 
10 meters with a hunk of wire no more than 3 or 4 wavelengths long. Wire is not 
Such a bad option after all." 


Chapter 3 


Antennas Made of Wire - Volume 1 
Off-Center-Fed Wire Antennas 


A wire antenna is cheap and easy. Buy a roll or two of #14 stranded antenna wire 
from Radio Shack or similar outlet. Or buy some copperweld from someone as 
reputable as the Wireman. Get two end insulators and some UV resistant dacron 
Tope to support the ends. Buy a center insulator or try one of the ladder-line. 
grabbers from EMTech. Purchase some good quality 450-ohm parallel feedline 
from a good outlet. Total cost: $30 to $40 dollars or о. 


The next question for someone like me who wants to make a buck is this: "How 
can 1 sell these materials at a larger profit?” One good answer is to advertise. 
them as convenient: everything you need in one place and package. 


Now here is a bad answer: combine some trivial statements with some 
questionable statements that are hard to disprove, and add some easily 
obtainable rave notices from users who have never before used even a halt- 
decently constructed wire antenna. The result: instant success, but | hope a 
batch of nightmares accasioned by twinges of conscience. Unfortunately, this is 
the impression that the off-center-fed wire antenna scene left me with after doing 
my own modeling investigations. 
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The Off-Center-Fed Dipole 


Figure 16 shows the general layout of an off-center-fed half-wavelength wire 
antenna. As is the case with resonant center-fed dipoles, formulas for cutting the 
antenna abound--and occasionally work for someone. However, they are as 
imprecise as ever, so | shall not even list them. Instead, let's look al some results 
of modeling off-center-fed (OCF) antennas at 7.15 MHz. 
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1/2 WL Off-Center-Fed #14 Cu Wire 
Off-Center Feed vs, Length at 7.15 MHz 


85 Fig. 17 
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1. As shown in Figure 17, the resonant length of an OCF varies both with the 
antenna height and the distance from center itis fed. Hence, there is no magic 
length for an OCF. 
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1/2 WL Off-Center-Fed #14 Cu Wire 


Off-Center Feed vs. Z at 7.15 MHz 
Fig, 18 


$ 1000 


0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 
Percentage Offset from Center 


— 70 Height — 35' Height 


2. Two popular points of feeding an OCF are the 100 ohms and the 300 ohms. 
points. These points exist only if we do not model the feediine attached to the 
antenna wire. As Figure 18 demonstrates, these point vary considerably as 
antenna height is varied, even if the antenna is resonated for each test point. 
Notice that the hypothetical 300 ohms feedpoint occurs on a quite steep portion 
of the curve, and actually hitting this point is a test of luck, not skill. Hitting 
something close to 100 ohms is easier, but something of an ilusion, 
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The reason I call the feedpoints illusory is that the feedine of ап ОСЕ will always 
be unbalanced. Therefore, it becomes a part of the antenna, at least to the 
degree that the feedline radiates. A large portion of the feedine currents are 
equal and opposite, so the feedline contributes only in small ways to overall 
radiation, but even a lile radiation will throw the anticipated impedance point 
well off its mark 


з. The resonant lengths of an OCF on even harmonics are different than the 
resonant length of an OCF on its fundamental frequency of operation, The result 
is an antenna that exhibits considerable reactance at harmonics of the 
fundamental, 


To create an OCF that provides a reasonable match to coax at the fundamental 
and even harmonies requires some significant efforts to smooth out the 
impedance problems. It is possible to do this advertently or inadvertently. B&W 
offers a doublet with a coax match on all HF bands by the express use of a 
parallel resistance across the feedpoint. This resistive element trades loss 
(around half power) for convenience, a trade that may fit military QRO needs, but 
which is not especially apt to ORP operations. It is also possible to insert 
matching or isolating elements at the feedpoint, elements which one may never 
realize are as lossy on some bands as B&W's resistor. The safest rule of thumb. 
to follow appears to be this: if the match claim is too good, the matching system 
likely ain't. 


4, Feedline radiation contributes litle to the radiation pattern of the OCF on most. 
frequencies. Most modeling studies of feedine radiation are flawed, because 
they assume that the feedline or the jacket of a length of coax is as much a part 
of the antenna element system as the main wire itself. This is easily disproved by 
the number of folks who successfully run coax to dipoles without a balun. Only 
under certain conditions, usually involving the angle between the wire and the 
feedline, does significant energy become coupled to the outside of a coax 
feedine. 
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For the OCF, the only way to model the system required modeling both the. 
antenna wire and the parallel feedline. This produced very large models with long 
calculation periods. Nonetheless, the results showed a litle modification of the 
basic patterns on some harmonics, but likely less than yard clutter was likely to 
induce 


Well, then the OCF is a bad wire antenna, right? Wrong, again! But, let us start 
all over again. Begin with a 135 long piece of wire, or thereabouts. Feed it off 
center-far enough off to be convenient to your shack but not so far off that you 
are nearly end-fed. Note that convenience to the shack is likely the best guide to 
the feedpoint. Use 300 ohm or 450 ohm feedline with no isolators, baluns, 
transformers, "special couplers," or other devices. Bring the feedline to a 
balanced tuner. Now operate. What can you expect? 


See the APPENDEX that follows in this Chapter for the contents of Figure 19, 
which presents a compendium of patterns for a 135' OCF model fed about 50 
from one end (D1) and 85' from the other (02) about 35 above average ground. 
Some patterns wil differ as the feedpoint is drawn farther away from center 

since the lengths on either side of the feedpoint will approach or depart from 
special relationships. (For example, on some band, the off-center feedpoint may 
approximate a full wavelength antenna fed 1/4 wl in from one end. This would be 
"rue for one possible feedpoint value, but not for others.) Feedpoint values shown 
are ballpark Values and should not be used for precise guidance, since they do 
not take into account the effects of feedline radiation 


The patterns for multiband use of the OCF are not vastly different from those for 
the center led doublet of the same length, except where the special length 
relationships may be in effect on upper bands. Gain is within a dB of that for the 
doublets. (Note that calling the antenna a "beam" or even "better than a beam” is 
simply not justified, since it produces only what one expects a wire antenna to 
produce, given length and frequency.) 


The bottom line on the OCF is that it is a highly usable wire antenna with 
multiband capability. Its most efficient performance is likely to result from the 
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simplest possible construction. The performance is plenty good for a wire 
antenna of Из length, but more than good wire performance is unlikely. It will 
remain unlikely so long as detailed modeling set-ups and labs tests remain 
hidden, if they exist at all, and as long as what does exist falls into the realm of 
advertising hype. 


Let's End With the Zepp 


We have fed in the middle, We have fed to the side. Lets now take the final step 
and feed at the end. The antenna has been called the Zepp, Zeppelin, or end-fed 
Zepp. (The last arose when some writers called the 135 doublet a "centered 
герр”) Initially, the antenna was just long piece of wire, end fed and trailing out 
the rear of the zeppelin. Feeding was relatively easy with direct connections to 
the output tanks of high impedance tube amplifiers. Ground operators added 
feedines and produced the antenna that appears in Figure 20. Some argue on 
theoretical grounds thatthe antenna cannot work, but folks keep on building and 
successfully using this odd litle antenna that never wants to get near to a piece 
of low impedance coax. 
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Actually, the antenna wire part is simple. It is a half wavelength of wire on its 
fundamental frequency, and the current distribution is identical to that of a center- 
fed antenna of the same length. The low-current, high- voltage feedpoint 
presents a very high impedance, requiring the use of parallel feedline. 


How can you feed an antenna when one side of the line is connected to nothing 
and the other is connected to an antenna of finite length? The lines must be 


Chapter 3 


Antennas Made of Wire - Volume 1 Emm 


radically unbalanced! Actually, the imbalance is not at all severe. First, the 
Connection to nothing is not to absolute nothing, so the end of the open side of 
the line exhibits an extremely high but finite impedance. Likewise, the connected 
side of the line sees a super high impedance -and two highs make a pretty good 
balance. 


Pretty good, but not perfect. However, precisely the imbalance remaining on the 
line-which yields some minor line radiation permits the antenna to be matched 
at the shack end of the feediine. I the balance had been perfect, the feedpoint 
impedances on most bands would consist of thousands of ohms of resistance 
combined with thausands of ohms of reactance. Under these conditions, the 
impedance along most of the feedline would look like a more extreme version of 
Figure 21. The reactance would be low for much of each hall-wavelength of line, 
but the resistance would be even lower, with values less than 1 ohm in mam 
instances. 
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Fortunately, the balance is not perfect. What the ATU is likely to see are values 
that are quite reasonably matched. Again, a good old-fashioned inductively 
coupled tuner is likely the best bet for the end-fed Zepp. 


‘See Chapter ?? for the contents of Figure 22. What do we get for our end-fed 
trouble? Figure 22 tells most of the story: we get a multiband wire antenna where 
the lobes increase with frequency and the gain moves from broadside to off the 
end of the wire as the frequency increases. This familiar motif differs only in 
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detail from the summary remarks about the other мо 135' antennas we have 
examined in detail 


Summary 


We have looked at low-lying dipoles and at wires used for multiband purposes for 
two good reasons. First, basic information is necessary to dispel novice 
mythology about dipoles and other wire antennas. Second, we have wanted to 
leave behind some compendia of antenna patterns to set some proper 
expectations for future antenna building. 


We could go on for days looking at all the many ingenious wire set-ups that hams 
have invented over the years. Most of these antennas are designed to overcome 
circumstantial limitations. Whatever their designers have thought of them, they 
have brought no real improvements upon the dipole and its multiband 
counterparts. In fact, it is difficult to beat a wire doublet as high as one can get it- 
difficult, that is, without access to federal grants, crown jewels, or Superman's 
cape. 


Wire does have some disadvantages that we just have to admit. It is very difficult 
to rotate a wire dipole or beam-something like pushing rope. However, can 
instal three wire antennas for far less than the cost of one modest rotator, let 
along the cost of the tower and beam. Wire looks-well, so Novice! It lacks all the 
electromechanical glint and sophistication that we associate with beams. Of 
course, a broken wire antenna is invisible on the ground, while a broken beam 
transforms a backyard into a junk yard of embarrassment. And 1 do not have to 
take a bank loan to replace my wire antenna. 


Just be sure you construct your antenna well. | am convinced that people believe 
hat some of the commercial wire antennas work "better" simply because they did 
по spend the same construction care on their $20 home brew job that they spent 
оп the $150 prepackaged antenna of the same design. A wire antenna has three 
dimensions. First is the electrical: make sure all connections are electrically 
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sound and durable. Second is the mechanical: use sound principles of 
mechanical security at physical connections and stress points. Third is 
maintenance: erect your antenna with an eye toward lowering it a couple of times 
a year to check both electrical and mechanical connections, and to clean the wire 
and transmission line. Some folks like auto polish on both to shed the rain and to 
restore а little glint in the setting sun. 


The basic wire is long. The basic wire is as full size as we can make it. Itis so 
basic that it does not need magic to make it work. But work it does, And when it 
falls down--despite our best maintenance efforts~itis cheap to reinstall, And it 
goes on working. Now you know why we are using wire--at least until the ship. 
comes in carrying the professional installers and the 200 tower, rotator, and 
combined 80-40-30 meter quad. 


APPENDEX 
135 Of. center Fed Multi-Band Dipole Data Compendium 


The fundamental concepts and realities of Off-Center-fed (OCF) wire antennas 
developed in terms of 40-meter models apply to any other fundamental band with 
adjustments of height in terms of fractions of a wavelength. However, several 
folks have asked for more specifics for an 80-meter-based OCF in order to have 
reasonable expectations of performance. 
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D1 


Feedine 


Figure 1 
The Off-Center-Fed Dipole 


Source 


For an 80-meter fundamental OCF , L will equal about 135' if the antenna is 
resonant. If the antenna is fed with parallel transmission line to an ATU, the exact 
length is not critical. However, for the sample pattems, it has been made 
resonant. 


We shall sample an 80-meter OCF at 35 height, a typical amateur installation. 
The frequency of basic resonance is 3.5 MHz to ensure that harmonics fall within 
the amateur bands. However, pattern samples will cover all 8 amateur bands 
between 80 and 10 meters. 
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We shall also sample two points of antenna element-to-feeder junction: the 100- 
ohm and the 300-ohm points. The antenna dimensions for these two antennas 
are as follows: 


100-оһт Connection: L = 135.25' D1 = 34.7 D2 = 100.55' 


300-ohm connection: L = 135.67 D1 


82D: 


17.47 


Interestingly, tis same antenna raised о a height of 70 shows the following 
resonant characteristics: 


100-оһт Connection: L = 135.7 D1 = 50.5 D2 = 85.2" 


300-ohm Connection: L = 136.55 D1 = 24.1' D 


11245 


35' and TO аге 1/8 and 1/4 wavelength heights, respectively, a region where we 
сап expect large changes of antenna characteristics with small changes in 
height. The patterns and numbers associated with the antennas should thus be 
used with due caution. They are indicators, not absolutes. 


For each pattern, a feedpoint impedance figure, Zi, is given. Zi is the impedance 
assuming that the radiation is confined to the antenna element, Since this 
assumption will be violated in most installations using parallel feedline directly 
connected to the antenna, the impedance figures are best treated as indicators of 
moderate or high impedances, not as numbers to be expected in reality. The 
actual impedance presented to the ATU will be a complex combination of the. 
degree to which the feedline contributes to radiation and the transformation of the 
antenna impedance along the line. 


1.6 MHZ 


20 + 100 ohms - Elevation angle = 45 degrees 
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мое: Since the actual elevation angle of maximum radiation is greater than 45 
degrees for 80 and 40 meters, the azimuth patterns are taken at an elevation 
angle of 45 degrees. 


300-оһт Connection: Zi = 455 + ¡810 ohms -- Elevation angle = 45 degrees 
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05 + 15 ohms — Elevation enge 


45 degrees 
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Note: For a different slant on OCF antennas, see Chapter 3 of Bill Orr, WESAI, 
НЕ Antenna Handbook. He presents some interesting variations on the versions 
studied here. 


300-ohm Connection: Zi = 185 + j20 ohms ~ Elevation angle = 45 degrees 
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90 - ¡890 ohms ~ Elevation angle = 37 degrees 
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мое that differences between the 100-ohm and the 300-ohm patterns are 
beginning to appear with respect io both azimuth and elevation. 


300-ohm Connection: Zi 


0 - 1295 ohms - Elevation angle = 36 degrees 
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1145 - 1355 ohms -- Elevation angle = 28 degrees 
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A120 meters, there is a wide divergence between 100-ohm and 300-ohm 
patterns, with the 100-ohm pattern more closely resembling the pattern of a 
center-fed antenna. 


300-ohm Connection: Zi = 120 - 105 ohms -- Elevation angle = 25 degrees. 
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05 + 15 ohms ~ Elevation апд 


20 degrees 
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Note that the 100-ohm and 300-оһт patterns are again similar, with difference 
confined to the minor lobes. 


300-ohm Connection: Zi 


70 + j65 ohms ~ Elevation angi 


19 degrees 
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Оп 15 meters, the 300-ohm version of the antenna shows considerably less gain 
to the short side of the antenna element. 


300-ohm Connection: Zi 


20 - 1600 ohms ~ Elevation angle = 17 degrees 
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100-ohm Connection: Zi = 545 - j420 ohms ~ Elevation angle = 15 degrees 
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Note that, although the number of lobes are the same, the 300-ohm version puts 
more energy into high lobes and less into lobes off the ends of the antenna. 


300-ohm Connection: Zi 


930 + |350 ohms - Elevation angle = 15 degrees 
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755 - ¡905 ohms ~ Elevation angl 


14 degrees 
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Nate the deep nulls broadside to the 100-ohm version of the antenna, compared 
to the smoother lobe structure of the 300-ohm version. 


300-ohm Connection: Zi 


175 - pes ohms ~ Elevation angle = 15 degrees 
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Chapter 4: Some Cutting Formulas 


ог some reason buried deep in the human psyche, the newer antenna 
builder craves a set of cutting formulas in order to build an antenna. All 
cutting formulas have the same general form: 


Loot) = K I (инә) OF meters) = K 1 мна 


There are also occasional cutting formulas expressed in inches and millimeters. 
Of course, "k" is the magic number that allows easy calculation of the element 
length, even without a hand calculator. 


Cutting formulas have a special lure. They look like precise equation, in a class 
with Ohm's Law. 


I=E/R 

They also appear to be universal so that one can calculate the element length for 
any band whatsoever. They are also independent of the element diameter, a 
complicating factor. In fact, cutting formulas seem so simple and precise that we 
have to wonder why all antenna designers do not show the formulas in their 
work. On the other hand, cutting formulas are so popular that a number of 
antenna designers have incorporated them into their articles, even when not 
needed. 


Unfortunately, cutting formulas that appear in many references suffer from a. 
number of faults. 


Cutting formulas are usually imprecise. 
‘Some cutting formulas are simply wrong. 

Many cutting formulas are based on crude assumptions. 
Cutting formulas fail to take into account the element diameter. 
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These faults tend to blunt the seemingly sharp edge of the cutting formula. in 
fact, I never use them, and | tend to avoid translating antenna designs into 
cutting formulas. They are too dangerous, 


The Simple Dipole 
The most famous and perhaps nearly sacred cutting formula applies to resonant. 


/2-wavelength dipoles. The situation appears in Fig. 1, and the following cutting 
formula fils in the question mark in the sketch. 


12 Wavelongth Dipole Cutting Formula 


т 


— 


Fig.1 
Leen = 468 / ына 


ıf you wish the length in meters, then use 143 instead of 468. Now lets trace the 
origins of this famous equation that most radio amateurs commit to memory. 


1. The magic number derives from shortening the number necessary for a true. 
halfwavelength in free space: 492. This hall-wavelength magic number derives 
from the number we would use for a full wavelength: 984. However, even the k- 
number of a full wavelength is imprecise. The frequency at which a wavelength is 
exactly 1 meter is 299.7925 MHz (with more decimal places possible within the 
limits of the current figure given in science and engineering sources.) So the 
mage number for а full wavelength in feet is closer to 983.57 and the 
corresponding number for a half wavelength is 491.79 (or thereabouts), 
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The reply to this news is normally that cutting formulas are designed for backyard 
wire cutting, not for precise physical laws, Of course, this admission directly 
contradicts one of the lures of cutting formulas: their appearance of precision. But 
itis a good admission, a step in the direction of a cure to the cutting-formula 
affliction. 


2. The move from 492 down to 468 rests on some assumptions about wire dipole 
operation. There is а shortening effect based on the fact that wire has a physical 
diameter. Wire also has ends, creating what some simply call the "end effect." As 
well, wire has a finite conductivity, which also has a shortening effect. The sum of 
all "real-world" shortening effects for bare wire is about 5%, according to the 
assumption. 0.95 * 492 = 467.4, which we shall round upward for some 
unspecified reason to 468. (Note that this applies to bare wire. Insulation also 
adds to the shortening effect by another 2% to 5%, depending on the relative 
permittivity and the thickness of the insulation.) 


If we press the assumption of a 5% shortening, it dissolves into a much more 
complex affair. Shortening effects due to the impossibilty of using a wire with an 
infinitesimal diameter become highly dependent upon the wire diameter. Matters 
become even more complex at lower frequencies, where we use multiple parallel 
wires to simulate a single fat wire. At VHF, wire diameters may vary from a thin 
эмге to a large tube or rod, 


Зо we have to add another element of imprecision into the cutting formula magic. 
number. The cutting formula is looking more and тоге like a simple phantom of 
ап equation. But we are not done, 


Lets model a simple resonant 1/2-wavelength dipole at various heights about 
ground. Below a height of about 2 wavelengths, a dipole is more susceptible to 
influences of the ground than many other sorts of horizontally polarized 
antennas. We shall look at 2 dipoles for 14 MHz. One is composed of AWG #12 
(0.0808" diameter) copper wire. The other is formed from 17 aluminum tubing, 
We shall place the dipole at heights of 1/4, 1/2, 3/4, and 1 wavelength above 
average ground, with a free-space entry just for reference. The following table 
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will show the resonant length as a function of a wavelength. That means 
translating the wire diameters into fractions of a wavelength. AWG #12 wire is 
very close to 1e-4 wavelength at 14 MHz, while the 1" diameter tube is close to 
1e-3 wavelength in diameter. The table will also list the resonant impedance, but 
only to show that the NEC-4 modeling achieved resonance within +/-0.1 Ohm. 
Finally, the table will show the calculated "magic" number that should replace 
468 for the conditions of the individual test. 


Cutting formula Numbers for a 16-NUz Resonant 1/2-kavelength Dipole 


ES e VER * 
ge 152 2 mi 


Interestingly, none of the values for K falls on the value of 468. Although the 
cutting formula is based on wire, ай of those values are well above 468. At 14 
MHz, one has to reach a 1” diameter to come reasonably close to 468. Since 
scaling the dimensions involves changing not only the wire length, but the 
diameter as well, at 80 meters, we would need a 4" diameter wire to get similar 
results. An 80-meter dipole made from AWG #14 or #12 wire or 2-mm wire in 
‘metric nations) would need to be much longer. 


We might speculate that the originators of the sacred dipole cutting formula were- 
-consciously or not-using real-life experience in arriving at their formula, a real 
lie filed with trees, buildings, power lines, and other antenna field impediments. 
If that speculation has any merit~and it may not--then it neglects the very high 
variability of antenna fields as we move around the country from tree-flled forests 
апа building-laden urban sites ош to wide open spaces in the midwest and west. 
‘As well, the origins of the dipole cutting formula go back to the days when 
amateurs used wavelengths in the 200-meter range. 


In the end, the dipole cutting formula is simply a crude approximation, From the 
table, we can easily see the wisdom of cutting the wire very much longer than the 


Chapter 4 


Antennas Made of Wire - Volume 1 


formula dictates. We shall need some wire to wrap around the insulator to make 
a mechanically secure connection. We can always make the wrap longer or cut. 
off the excess. Unfortunately, this eminently practical approach to making a wire 
antenna does not work for any antenna using rods or tubes for elements. If a 
cutting formula leads us to make an element too long, we can always shave the 
length. However, i it leads us to make the element too short, we are back to 
square 1, with a tubular tomato plant stake to show for our initial efforts 


A variation on the dipole cutting formula is the one used, mainly at VHF/UHF, for 
‘U4-waveoength monopoles. Fig. 2 outlines the situation 


VHF Monopole 
Cutting Formula 


m 


aav uc 


شم 


Fig.2 


Lers assume that we cut 4 radials, each 1/4-wavelength long. How long should 
we make the vertical monopole? The most common answer is to take the magic 
dipole number and halve it, usually with a conversion to inches for common US 
ways of measuring. 


Lee) = 234 / foum) OF Liinches) = 2808 / f 
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Allowing for rounding, of course, we know this is only an approximation. More 
exactly, but not perfectly exactly, the length of a wave in inches is about 

11802 54/ in MHz. That adjustment would change the value of k, the magic 
number for the cutting formula. More significantly, the diameter ofthe element 
will change the value even mare. Since VHF monopoles at 146 MHz are normally 
atleast 2 wavelengths or more above ground, we can simply compare free 

Space monopoles (and radials) made from AWG #12 0.808" or about 1e-3 
wavelength diameter) and from 3/8" (about Se-3 wavelength) diameter. 


C 


ЧЕ A e, 
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The classic cutting formula magic number is about 5% off the mark and low. In 
most cases, builders end up either sloping the radials or making them shorter, 
while increasing the monopole length to come closer to a 50-Ohm feedpoint 
impedance. As we make these changes, the length of the monopole portion of 
the antenna changes. We could have easily started with a simple 1/4-wavelegth 
calculation and been on more solid ground than the cutting formula offers, since 
it usually ends up with an element that is too short. 


The dipole and monopole examples are sufficient to illustrate 3 out of the 4 faults 
that we listed for cutting formulas. Cutting formulas are usually imprecise. They 
are often based on crude assumptions. Finally, they fail to take into account the 
element diameter. 


Delta Loops 


‘Some cutting formulas are simply wrong. However, the sacred dipole cutting 
formula is not so far off the mark that we can simply call it wrong. We have to 
tum to another formula for that honor. 
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For reasons that we shall examine further on, the classic magic number usually 
given for a closed 1-wavelength loop of any shape is 1005. That is, 


Leet) = 1005 / (мна 


To test this value, lets model 4 variations of the vertically oriented delta loop in 
free space. First, we can construct an equilateral triangle (base down, although 
that does not really matter in free space). We can feed it typically at the center of 
the bottom wire for primarily horizontal polarization. Alternatively, we can feed it 
about 25% of the up (or 1/4-wavelength down) one side for primarily vertical 
polarization. We can create a similar pair of triangles with a right angle at the 
apex, using either feed point. In order to be about 1/4-wavelength fram the apex, 
the side-fed right-angle delta has a feedpoint about 16% up from the corner. Fi 
3 outlines the alternatives, along with some critical dimensions for figuring the 
physical lengths of the sides, 
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1f we use an equilateral triangle, the height is about 0.866 times the length of a 
side, and all 3 sides are the same length. In a right-angle delta, the height is 1/2 

the length of the bottom of base wire, and each sloping side is about 1.414 times 
the height. Where we feed the delta has a major impact on the radiation pattern, 
ав shown in Fig. 4. 
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Fig. 4 Delta Patterns: 


The two left-side azimuth patterns show only small pairs of brown kidneys, which 
is the remnant vertically polarized radiation. The dominant radiation is 
horizontally polarized for these two bottom-fed deltas. On the right, we have the 
equilateral and right-angle deltas using side feeding. The blue clover at the 
pattern center is about 25-dB down from maximum radiation and represents the 
remnant horizontally polarized component of the total field. The side-fed delta is 
a vertically polarized antenna. 
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Against this background, we can now try to find the length of resonant loops and 
from that information caleulate the value of the magic cutting formula number k. 
We shall use AWG #12 wire at 14 MHz, so the wire is about 1e-4 wavelength in 
diameter. For these loops, I have relaxed my definition of resonance to a 
remnant reactance of 4/-j1 Ohm. The antennas are in free space. 


Cutting Formula Numbers for a 14-Miz Resonant 1-Wavelength Delta Loop 
. use 1624 uavelangen diameter vire 


Feedpoine side 
Es m к Length anpeance к 
Type we ГС 
pu 4 iens idée АЫ eaa 
Rightangie 100480 iui їй ши: з 1543 


We know that the calculated numbers will change if we keep the #12 wire but 
change frequency, because then the wire will have a different diameter when. 
measured in wavelengths. We also know that the value of k will change if we 
increase the element diameter. Unlike linear elements whose resonant lengths 
shrink as the element gets fatter, closed loops (and some nearly closed loops) 
require a larger perimeter length for resonance with fatter elements, 


However, there are two much more important factors revealed by this exercise. 
First, the value of k for a cutting formula is different for all 4 delta loops. Second, 
none of the values is anywhere near 1005. For delta loops, the cutting-formula. 
value is simply wrong, 


Quads From 1 to 3 Elements 


Perhaps the quad antenna is the real home for the magic loop perimeter number 
0 1005 in cutting formulas. So lets explore quad antennas ranging from 1 to 3 
elements, as outlined in Fig. 5. Of course, the loop perimeter is 4 times the 
length of a side, since we shall look only at square loops, where the feedpoint is 
always at the center of one side. 
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Quad Loop and Beam Cutting Formulas. 


come о * uL 
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Lets begin our exploration of quad loop antennas with the single loop. For this 
antenna, the 1005 magic value of k is routinely cited in cutting formulas. For a 
change of pace, lets test the value at 28.5 MHz, using AWG #12 copper wire for 
опе version of the free-space square loop and 1" aluminum for the other. 


Free Space 1.0262 amen awase amas зв 98.7 


The magic cutting formula value for #12 wire at 10 meters is around the values 
calculated for similar wire in 20-meter delta loops. The 1" version of the antenna 
shows the effect оп k of having a closed loop: the fatter the element, the larger 
the loop perimeter for resonance at any given frequency. The classic number of 
1005 is badly off base, even with thin wire. 


Perhaps the number fares better in the context of a 2-element quad. The most 
common number in various texts for cutting the elements of a 2-element driver- 
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reflector quad are 1005 for the driver and 1030 for the reflector. Once we enter 
the realm of mult-element antennas, we must also have a cutting formula 
number for the element spacing. Classically, no numbers appear, although the 
some sources list values from about 120 to 125, for a spacing of about 1/8- 
wavelength. Once more, we can contrast AWG #12 copper wire 2-element quad 
beams with 17 aluminum versions. The elements are in free space. The quads 
are optimized for the best combination of gain, front-to-back ralio, and operating 
bandwidth, 


cutting Formula Numbers for a 28,8-Mlz Resonant 2-Vavelength Square Loop 2-Elesent 


[op 
Spacing каз E] 


Again, the classic cutting formula numbers prove irrelevant to actual 2-element 
monoband quad beam design. They are simply too far off to be of use and they 
fail to account for changes in the diameter of the elements, 


We cannot leave the arena of quads without considering the 3-element quad 
beam. The conclusions vill not change, but examining 3 element quads allows 
Us to consider two other facets of magic cutting formula use and misuse. The first 
aspect of quad cutting formula numbers concems their history. The numbers 
appearing and reappearing for 3-element quads are 975 for the director, 1005 for 
the driver, and 1030 for the reflector. These numbers arose in the 19705 as a 
function of an actual published design. The author calculated cutting formulas for 
his design, ostensibly as an aid to scaling it to other frequencies, but the source 
and function of the numbers grew dim with time as they gradually underwent 
editorial truncation into virtually absolute numbers for all quads, whatever the. 
number of elements or the element diameter. The original set of numbers did not 
contain values for spacing. In the 1970s, most 20-meter quads used one of two 
standard spacing schemes. The reflector-driver spacing was either & or 10, and 
the driver-director spacing was usually 8. 
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Since those days, we have learned a great deal more about quad beam design 
and performance. For example, we learned that we may design 3-element quads 
to feature different subsets of the performance values, because we cannot 
enhance all of the properties simultaneously. This is the second new facet of 3- 
element quad design: we can design at least 2 different types of 3-element 
quads. One will have reasonable 3-element gain, but superior front-to-back ratio 
and operating bandwidth. The other type of design will maximize the gain and 
front-to-back ratio, but will have a narrower operating bandwidth. Here, the notion 
of operating bandwidth does not just apply to the feedpoint SWR, but as well to 
the gain and front-to-back figures, Fig. 5 presents a dual-pattem overlay of the 
azimuth patterns of the two quad types on their design frequency. Of course, the 
pattern can only show the gain aspect of the design differences. 
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Inthe high-gain design, we can find traces of the original cutting formulas that 
emerged from earlier days of quad design when builders kept boom lengths short 
for mechanical integrity. However, the high-gain values also tell us that cutting 
formulas are dangerous in beam design, since the loop perimeter will vary with 
we element spacing as well as with the other variables in quad design. Of 

course, the values for k that emerge also vary with the goals of the design, with 
considerable differences in dimensions between the wide-band and the high-gain 
designs. | should not need to note that the values for k developed from actual 
designs in these notes are themselves next to useless. They appear only for the 
contrast with the classically received and very wrong cutting formulas that sil 
populate some antenna articles and texts 


A Yagi Case 


Advances in quad design are less well known than enhancements to the design 
of Yagi arrays over the last quarter century. Hence, | was surprised to find a set 
of cutting formula values for a 3-element Yagi beam in one text that | explored. 
The magic numbers are as follows. 


Reflector: 492 
Driver: 478 
Director: 461.5 
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ig. 7 shows the application of these numbers in terms of the Yagi structure. 
Note that the spacing applies equally to the reflector-driver spacing and to the 
driver-director spacing. As usual, the resulting dimensions are in feet for HF use. 


Yagi Cutting Formulas 


келей 
over 


| 4 


Fi 


At 14 MHz, these formulas result in the following element lengths and element 
spacing. 


Reflector: 34.173" 
Driver: 35.143" 
Director: 32.964* 


Boom Length: 20.286" 
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To test these cutting formulas, | construct a NEC-4 model of the Yagi, using 1" 
diameter aluminum elements. The feedpoint impedance was so low that | 
gradually reduced the element size until the array showed a resonant feedpoint 
impedance. The successful element diameter was 3/16" (0.18757). The 
performance values for the two versions of the antenna--using the exact element 
lengths and spacing specified by the cutting formula magic numbers--appear in 
the following table. 


Cutting-Formla Vagi For 14 miz: меса Fres-Spate Performance Reports 
Elenent cain реса Impedance 
pee 5 E оми 
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Fig. 8 shows the azimuth patterns of the 2 versions of the Yagi 


Free-Space Patterns пав 
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The 1" version of the antenna comes closest to the element diameter that a 
builder might actually use. However, despite its higher gain, it shows a mediocre 
front-to-back ratio compared to most current designs, and the feedpoint 
impedance is far lower than current design use to minimize power loss at 
mechanical junctions and similar lossy parts of construction. The thin-element 
version is not realistic at 20 meters, but does show better front-to-back and 
feedpoint impedance values. 


Now let's add a third factor into the mix. Most HF beam elements use nested 
tubing in several sizes. The tapered diameter of the resulting elements will call 
for length adjustments to take this factor into account. The amount of adjustment 
"wil vary with the total amount of taper and the relative lengths of each size of 
tubing used for parts of each element. No simple cutting formula can account for 
all of the variations possible in developing the element taper for an HF beam. 


As a result of these considerations, cutting formulas for HF beams using tubular 
elements are completely useless. The prospective builder must eilher adhere to 
a published design in ай the details of element structure or the builder must. 
redesign the beam to the materials that he wishes to use. That task has no. 
cutting formulas. However, there are antenna modeling software packages that 
can eliminate most of the field trials and failures on the road to a successful 
design 


Conclusions. 


We have explored the world of cutting formulas and found them to be more of a 
hindrance than an advantage. The best of them--for example, the dipole formula- 
vis at most a very crude approximation of required wire length based on equally 
crude assumptions about the necessary shortening effects of real-world wire 
antennas. It failed to account for element diameter and for ground effects on the 
resonant length of a 1/2-wavelength dipole. 
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‘Some classic cutting formulas have proven to be simply wrong by wide margins, 
as in the case for the magic value of k normally given for 1-wavelength closed 
loops. The value of 1005 emerged long ago in a certain context and, by continual 
repetition and editorial truncation of the context, it came to be viewed as an 
absolute--an absolutely wrong absolute. 


Cutting formulas for mali element arrays are also useless. Most value sets 
originate in outdated designs of yesteryear and fail to account for more recent 
design developments~especially those developments that now routinely allow us 
to create multiple versions of a design type, each version optimized to feature a 
subset of the total performance parameters of the antenna. 


As long as cutting formulas remain a staple of handbooks, texts, articles, and 
"what we teach to new hams, they will continue to create more misunderstanding 
about antennas than their absence wil create troubles getting started with the 
first amateur band antenna. While itis not possible to eliminate the classic dipole 
cutting formula from handbooks, since it has sacred status emerging from the 
mists of the long-ago era of early radio, perhaps we can make some progress by 
eliminating all other cutting formulas. All of the rest of them are attempts to apply 
a blunt instrument where a precision tool is both required and available. 
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Chapter 5: Antenna Bandwidth 


antenna will exhibit a less than 2:1 SWR. We usually measure bandwidth 

at the transmitter output, and hence put a large pile of variables on top of 
the basic idea of SWR bandwidth. So lets begin again and see how the concept 
actually works. 


F: most о! us, the antenna's bandwidth is the number of Hz for which the 


‘An antenne. lor example, a resonant half-wavelength dipole operated on its 
fundamental frequeney--has a natural feedpoint impedance. For a lossless wire 
dipole in free space, that figure is just about 72 ohms. In fact, NEC-2 models of 
just such an antenna using wire diameters from #30 to over 2.5" show less than 1 
‘ohm variation in the 72-ohm feedpoint impedance. 


Relative to that impedance, a 2:1 SWR will occur as the feedpoint impedance (off 
resonance, a complex of resistance and reactance) reaches about 144 ohms at 
points higher or lower than resonance. The number of Hz (of kHz or MHz) 
between those frequencies is the 2:1 SWR bandwidth of the antenna, The 
bandwidth will vary with the diameter of the antenna element in a regular but 
nonlinear manner. 


2:1 SWR bandwidth is approximately (but again, nonlinearly) proportional to 
frequency. For a given wire size, a resonant dipole at 28 MHz will have (about) 
twice the bandwidth of a resonant dipole at 14 MHz. 


Below is a typical frequency vs. bandwidth plot for a free space lossless thin-wire 
dipole, plotted against a 72-ohm resonant feedpoint impedance. 
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A Typical Plot of 
VSWR vs Frequency 
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NEC-Win Pro 


To help you gain a reasonable expectation of the 2:1 SWR bandwidth of 
resonant half-wavelength dipoles, | am attaching a Small BASIC utility program 
that will produce bandwidth tables for any HF frequency for wires from #30 (0.01" 
diameter) to 2.5" diameter. It is roughly calibrated to NEC-2 models for lossless 
"wire resonant dipoles in free space and to 72 ohms. The algorithms are generally 
accurate to about 5%, with some matrix-center variations reaching about 10%. 
The figures are roughly applicable also to resonant quarter-wavelength vertical 
antennas. 


Table 1 summarizes a few data points for thin, medium, and thick antenna. 
elements on 80, 40, 20, and 10 meters. The increase of bandwidth with 
frequency for a given wire size is evident, Notice also that it takes nearly a 100:1 


Chapter 5 


Antennas Made of Wire - Volume 1 


wire size increase to double the bandwidth of the antenna on any given 
frequency. 


‘Table 1: Selected 2:1 SWR Bandwidths in MHz for Wire Antennas 
Frequency 35MH: [әми [амне 20 MH 
#sawc 0017) [o7 [оз [олз [1з 
елм (aos) [з [ою [oss 151 
#awc (0204) [oz (ов oss [zie 
а ою — [oss [з 305 


The degree of error in the program is of no concern, since real antennas and 
antenna systems wil introduce larger variations that no table can account for in 
advance. Hence, the program is only for setting some reasonable expectations, 
not for predicting bandwidth wit precision. The bandwidth you actually measure 
will vary with the following variables: 


1. Antenna type: Low impedance antenna types will generally (but not always) 
have wider bandwidths than high impedance antennas. 


2. Antenna material: Copper and aluminum have losses that affect antenna 
bandwidth, especially with small diameter wires (less than #20). 


з. Antenna environment: Placing an antenna some height above ground less 
than about 2 wavelengths will alter both the natural feedpoint impedance and the 
bandwidth at that impedance. Ground clutter in the near field of the antenna will 
affect both in ways that are for practical purposes unpredictable. 


Chapter 5 


Antennas Made of Wire - Volume 1 


4. Feedline mismatch: Feeding a 72-ohm antenna with our common SO-ohm. 
coax starts us out at 1.4:1 SWR, hence decreasing the 2:1 SWR bandwidth. As a 
rule of thumb, the reduction is approximately the same as the ratio of feedpoint. 
impedance to the feedine impedance-.or the inverse of the lowest SWR. 
obtainable. Hence, we should expect about 70% of the program's estimated 
bandwidth when feeding the dipole with SO-ohm coax. (This fact explains why 
some claim a slightly wider band width for inverted Vee configurations: being 
closer to 50 ohm natural feedpoint impedance, Vees introduce less bandwidth 
narrowing due to the slight mismatch), 


5. Feedline losses: Even well-matched transmitter-feedline-antenna systems 
introduce some losses in the feedline. The effect of these losses is to reduce the 
SWR at the transmitter end of the line, thus giving a wider 2:1 SWR bandwidth 
"This wider bandwidth is usable, so long as we understand and evaluate the. 
acceptability of the power losses involved. 


в. Antenna shortening and loading: Although antenna loading for the sake of 
shortening reduces the feedpoint impedance, it introduces components that raise 
antenna © and narrow the bandwidth. As a rule of thumb, bandwidth is reduced 
by the percentage of shortening of the antenna. For example, a 38 vertical on 80 
meters is about half size, and its bandwidth is about 70 kHz for most common 
loading schemes-just about half the bandwidth of a full size quarter-wave 
vertical 


Understanding these bandwidth-altering factors along with the basic output of the 
program can give us reasonable expectations for antenna bandwidth for the 
various bands, If our antenna system is more than about 20% off the mark, then 
we begin to search for possible problems. 


Remember that these notes do not apply to antennas fed with parallel feedline 
and an ATU: those we always tune for 1:1 SWR and maximum power output to 
the line and antenna, 


Chapter 5 


Antennas Made of Wire - Volume 1 


Finally, if you do not like typing BASIC programs or converting them to C, a 
version of the program appears in VEERP s HAMCALC collection. 
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Chapter 6: Effective Height of an Antenna 


somewhat a mystery to many amateurs. We know some basic facts about 
the antenna, like its height in feet or meters. But many of us fail to realize 
what the physical height implies about performance. So let's spend some time 
looking ata couple of standard cases-where the antenna is all at one height-t0 
find out what height means to performance. Then, let's look at a few antennas 
that have multiple heights of interest. For example, the inverted-V has a peak 
height at the center and an end height. The quad beam has an upper and lower 
height. Finally, a stack of two or three Yagis has a top beam and a bottom beam 


T: question of antenna height in the HF region mysteriously remains 


Notice that our discussion will involve only antennas that are essentially 
horizontal, The height of vertical antennas is another discussion entirely, and we 
shall reserve it for another occasion. 


The 1-Height Antenna 


The basic height of an antenna is only indirectly connected with the physical 
height. The more important question is how high the antenna is as measured in 
wavelengths at the operating frequency. We can perform an easy approximation 
Take the height in feet and convert it to meters by multiplying the height by 
0.3048. Now check the operating band. If your height works out to 10 meters and 
you are using the antenna on 20 meters, then the height is roughly 12 
‘wavelength. 1 сай the value "rough" because the band designators for amateur 
allocations are only approximate. But the exercise will get you started in the right 
direction. 


The next stage is to figure out what the antenna height in wavelengths tells us 
that might be important. Basically, the antenna height tells us what the angle will 
be for our elevation pattern. Since the elevation pattern determines the skip 
angle for our antenna, we shall soon discover whether the antenna is good for 
DX or only for local and/or regional communications. (Remember that 
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propagation can do funny things, and even an antenna that s mostly useful for 
Shorter range contacts can sometimes let us contact the rare DX station.) 


There is an equation for determining the elevation angle of each lobe in the 
pattern of a horizontal antenna: 


A, = асап 
зт 


Ам the elevation of the lobe or null above the horizon. We count for this 
equation by assigning lobes odd numbers (N). So the first lobe is 1, while the. 
second lobe (I it exists) is 3. (Nulis get even numbers, and ground level--0-is the 
first null.) The antenna height (п) is in wavelengths or fractions of a wavelength. 
Table 1 lists the values for the ideal firstlobe elevation angle based on the 
equation. 


Table 1. Equation-based elevation anglas 
fa the fist obe of a horizontal antenna 


Height] Elevation angle (A) 
n degrees 

05 300 

10 145 

20 72 


We shall discover that these values are a bit too high. The equation presumes 
perfect ground and a simple dipole. Real ground and the antenna structure will 
slightly modify these values. However, as a rule of thumb, these values are good 
ones to memorize as an easy reference. Note, of course, that as we raise the 
height of the antenna, the first elevation labe has its peak gain at a lower angle 
Since propagation angles for long-distance communication tend to favor lower 
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angles, we can see the wisdom of the old advice that with a horizontal antenna, 
height comes before almost any other concern 


Lets start our survey of real antennas with a 1/2-wavelength dipole made from 
wire, and lets place it over average ground. Our main modeling tests will be at 20 
meters (14.175 MHz), which is about in the middle of the amateur НЕ region. 
Lets see what happens when we run a dipole with heights or 0.5, 1.0, and 2.0 
wavelengths, Fig. 1 shows the antenna and the elevation patterns, while Table 2 
provides the numerical data. 


zsz көл 
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Table 2. Fitstlote elevation angle of a 20-meter ciple at various heights. 


Height) Max Gain Elevation ange  Beamwidih 
^ dBi Aud degrees degrees 
05 730 A 331 

10 7.54 137 147 

20 E 63 72 


First, we notice that the elevation angle of the first lobe is lower than predicted by 
the equation for each of our sample heights. Second, there is no magic in the 
exact number for that angle. Terrain will make a difference to its real value. As 
well, I have recorded the vertical beamwidth value for the lobe to illustrate that 
there is a span of angles (and not simply a single angle) that marks the range of 
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angles of strong radiation (and egually strong sensitivity for reception). Third, 
take note of the fact that as we raise the antenna, we obtain slightly more gain. 


To establish that these phenomena are quite general, lets substitute a 10-meter 
dipole for our original 20-meter antenna. The 10-meter dipole will have half the 
physical height of the longer antenna in order to establish our test heights from 
0.5 wavelengths to 2 wavelengths. Fig. 2 and Table 3 provide the patterns and 
the data. 


p mi 
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Table 3. f rer labs elevation angle of a 10-meter dipole st various heights, 


Height fh) Max. Gain Elevation ange Beamwidth 
à 


= ui decrees degrees 
05 720 25 335 
10 780 133 148 
20 784 63 72 


The values for the elevation angle of the first lobe and the lobe's vertical 
beamwidth are virtually identical to those for the 20-meter dipole. Almost 
incidentally, we can note the slight differences in the maximum gain values. The 
lower the antenna, the lower the 10-meter gain is relative to the 20-meter gain. 
The amount is far too low to make an operational difference, but the fact that the 
lower gain shows up is a function of the fact that ground losses increase with 
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frequency. As we raise the antenna farther from ground, it has less effect on a 
horizontal antenna. By a height of 2 wavelengths, the effect is nearly completely 
gone. 


Many amateurs (erroneously) believe that making a horizontal antenna longer 
may improve the radiation angle. To test this belief, let's create a 20-meter 1- 
wavelength center-fed wire. It is twice as long as the original 20-meter dipole. If 
length does make a difference to the elevation angle, the effect should show up. 
Now lets examine Fig. 3 and the data in Table 4. The representation of the. 
antenna carries the current distribution curves to establish that it is not just. 
another 1/2-wavelength dipole. 
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Table 4. First-lobe elevation angle of а 2J-meter 1-A center-fed wire at various heights. 


Height hj Max Gan Elevation ande Beamwcth 
^ dBi (Ал) degrees degrees 
05 902 273 31 

19 9.28 138 147 

20 ац ва 72 


We can easily see the added gain that the 1-wavelength wire gives is. As with all 
horizontal antennas, the gain increases slowly with increasing antenna height. 
However, we do not find any difference in the elevation angle or the vertical 
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beamwidth. (The decimal place in the values for the angles is not operationally 
significant. It will only play a role a bit later on in this discussion, when we look at 
antennas having more than one height of interest to us.) 


While we are looking at antennas that have only one height, lets see what we 
obtain for values from antennas having gain in a favored direction, We can begin 
with a 3-element Yagi of fairly standard design. Fig. 4 and Table 5 tell the 
essential story. 


Eaton ates ora 20 Meter 3 Element Yagi at Various Heights 
Table 5. Firstinbe elevation angle nf a -mater 3-elemert Yagi at various heights 


Haight th) Мәх, Gain Elevation nde Bearrwidth 
^ dBi (Ады) degrees degrees 
05 1220 245 Be 

10 12.40 E 15 

20 13.83 70 тл 


тһе gain increase with increasing height once more shows ир. In fact, the 
phenomenon is so universal to horizontal antennas that we shall only mention it 
опе more time from this point forward. More significant is the elevation angle 
behavior. It we look at the table from the bottom up, which means fram the 
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highest level down, we see that the numbers gradually depart from the dipole 
values. The lower that we place the Yagi, the lower its elevation angle becomes 
relative to the standard values for the dipole. Again, we have the ground to thank 
for the variation. A Yagi radiates from its entire structure, not just from the drive. 
Each element has a set of "rays that intercept the ground at very slightly 
different angles due to the physical displacement of the elements from each 
other. The closer to the ground we bring the antenna, the more these differences 
show up in the antenna's radiation pattern. The complex interactions show up as. 
a lower elevation angle at the lowest sample height. As we move the antenna 
upward, the effect grows less noticeable. By a height of 2 wavelengths, the effect 
is virtually gone. 


А the same time, note the vertical beamwidth of the lowest lobe generally tracks 
with the elevation angle. At lower mounting heights, the beamwidth is slightly 
greater than the elevation angle of the lobe. The difference decreases as we 
raise the antenna and lower the elevation angle of the lowest lobe. For VHF 
antennas that we normally mount quite a few wavelengths above ground, we can 
equate the two numbers without fearing any error. 


Lets increase the antenna size and forward gain a bit more. A 5-element Yagi at 
20 meters often serves as a big antenna for the DXer. Fig. 5 and Table 6 show 
us what happens. 
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tation Pate for 20 Molar 5 Element vanitas Heights 
Table B. Fitst-lobe elevation angle rf a -meter 5-element Yagi at various heights 


Height(n] Мәх, Gain Elavstion ange Bearrwidth 
n dBi (Am) degrees degıees 
05 1388 23 282 

10 1548 131 143 

20 1601 70 TA 


The long-boom Yagi shows a further lowering of the elevation angle when we 
‘mount it at ће unlikely height of 1/2 wavelength above ground. Ground effects 
still show up--although not to an operationally significant degree--when the 
antenna is 1 wavelength above ground. However, by the time we move the 
antenna to 2 wavelengths above ground, those effects have completely 
disappeared, 


Our last mention of the antenna gain-vs.-height situation requires that we look at 
the tables for all of the 20-meter antennas. For the single wire antennas, the total 
gain difference between heights of 0.5-wavelength and 2.0 wavelengths is only 
about 0.5 dB. That difference grows to about 1.5 dB for the 3-element Yagi and 
to 2.1 dB for the S-element Yagi. The difference Is becoming not only noticeable, 
but also significant. For this reason, many DXers like to mount their long-boom 
Yagis as high as they can safely maintain 
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Our small survey gives us a fairly good foundation in knowing what to expect 
from a horizontal antenna at any height above ground, when we measure the 
height in wavelengths. More significant to the rest of our work in these notes is 
the fact that the demonstrations show what significance we place on the height of 
horizontal antennas in terms of our anticipations of performance for long-distance 
communications. Height correlates to the elevation angle of the lowest lobe, and 
that factor relates to ће propagation angles that most usually come into and go 
out of our antenna. (Note that in many circumstances, incoming and outgoing 
angles of propagating signals may differ with respect to the ionospheric 
conditions between my antenna and yours.) 


The net result is this: we may equate the height of two antennas if they have the 
same elevation angles for the lowest lobe іп the pattern. The equation cannot be 
exact, since-as we have seen-the antenna may have some structural factors 
that affect the elevation angle at lower mounting heights. However, we can come 
close. 


‘Six Sample Multi-Level Antennas 


The equation for estimating the elevation angle of the first lobe of a horizontal 
antenna applies only when the elements are linear relative to the ground and 
when we have only one X-Y plane for the elements. The equation does not guide 
Us when we have sloping elements, such as the ones we find in an inverted-V. 
As well, the equation fails us when we have an antenna with multiple X-Y planes, 
that is, when we have a vertical stack of antennas. 


There is a rule of thumb: the effective height of an antenna with multiple height 
considerations is about 2/3 of the distance between the lowest height and the 
highest height for the antenna. Like the human thumb, which varies in size and 
shape from one person to the next, this rule of thumb varies in its accuracy 
depending on the type of antenna and the actual lowest and highest heights. If 
ме look at several types of antennas and place them at various heights above 
ground, we might be able to refine the rule. Of course, once we run the exercise, 


Chapter 6 


Antennas Made of Wire - Volume 1 


we likely shall no longer need the rule, since we shall have some data that will 
allow more precise interpolations. 


Case 1: the Inverted-V 


Inverted-V antennas are less common on 20 meters than they are on 160, 80, 
and 40 meters, However, to be consistent in our comparisons, we shall use a 20- 
meter wire inverted-V as the subject antenna. We shall seek out the effective 
height of an inverted-V to see if it corresponds with the lowest point, the highest 
point, or some other point between the two. Fig. 6 shows the outline of our 
project. 


The Imertec-¥ ШЇ] 
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Опе useful way to find an effective height is to compare the inverted-V to a linear 
dipole. The V is simply a sloping version of the dipole, although the slope does 
modify the antenna's performance characteristics. Suppose that we take the TO 
angles for the dipole and move the V up and down until it yields about the same 
TO angle (within a few tenths of a degree). Then the lowest and highest points of 
the V wil tell us something about how the 2 antennas are related. However, 
inverted-Vs come in many angles of slope, where the angle of slope is the angle 
of each half element relative to flat ground, We cannot cover every possible 
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angle, but we can sample inverted-Vs with slope angles of 30 degrees and 45 
degrees. 


The 30-Degree V: The data for the 30-degree V appear in Table 7, while the 
patterns are in Fig. 8 
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Table 7. Firstlobe 


vation angle cf a Z0-meter 30° invertedV at various heights. 


Effective © Bottom Top Max Gan Elevation angle Beamwidth 
Height) Height HeightA dBi (An) degrees degrees 
05 94% 024 701 76 EH 

10 089 097 706 148 159 

20 17 139 750 74 74 


In the table, note that the left-most column shows the effective height, that is, the 
physical height that most closely approximates a linear dipole at 0.5, 1.0, or 2.0 
wavelengths above ground. The next 2 columns list the lowest and upper heights 
of the 30-degree V. The remaining data provides a basis for making comparisons 
"with Table 2, the data for the linear dipole. We may instantly notice that the 30- 
degree V has slightly less gain than a linear dipole at the same effective height 
but not enough less to be operationally noticeable. As well, if we compare the 
pattern in Fig. 7 with those in Fig. 1, we can see some small differences, but 
again, not sufficient to worry us in the least. 
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Perhaps the most interesting fact to emerge from the data is that the 30-degree V 
has an apex that is above the dipole height only for the lowest version. As we 
increase the V's height, the apex height and the effective height come together 
(The very slight differences between the top height and the effective height are 
well within the boundaries for calling them equal, since the TO angles do not 
change fast enough to allow for greater precision.) Therefore, the rule of thumb, it 
it applies at all, works only for inverted-Vs with top heights below 1/2 wavelength. 
Of course, most 30-degree inverted-Vs for 160 through 40 meters tend to be well 
below 1/2-wavelength at the top, and their ends are much closer to the ground as 
a fraction of a wavelength. Hence, the 2/3-rule is more likely to be accurate for 
Уз on the lower HF bands. Higher Vs tend to act almost exactly like linear dipoles 
with respect to their TO angle. 


The 45-Degree V: For smaller spaces, amateurs often give the inverted-V a 
slope angle of up to 45 degrees. What happens with this version of the inverted- 
8 and in Table 8. 
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Table 8. Firstlobo elevation angle cf a 20.motor 45° inverted at various hei ght. 


Effective Bottom То Max. Gain Elevation enge Bearnwidth 
Height Ih) Heghti Height — cEi ud degrases degrees 
05 0382 0% ев 25 336 

10 0825 10 682 148 157 

20 165 201 722 71 72 
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Since the 45-degree inverted-V patterns are for their effective heights relative to 
the TO angle of a comparable dipole, they show virtually no difference from the 
30 degree V patterns. The clues to the effects of the higher slope angle appear in 
the numerical data, especially in the gain column, Relative to a dipole, the 45- 
degree V loses the better part of a dB of gain al every height. The lost gain would 
reappear in radiation along the axis of the wire. Otherwise, the 45-degree V 
replicates what we discovered for the 30-degree V. If the height is low, then the. 
apex of the V is above the effective height. The lower the height as a function of 
a wavelength, the higher the apex will be with respect to the effective height. 
However, if we raise the 45-degree V to a wavelength, then the apex and the. 
effective height are just about equal. Once more, the 2/3-rule of thumb is 
applicable only to those low inverted Vs for 160 through 40 meters that we see in 
backyards 


Мое that we are separating the TO angle from the overall pattem shape for the 
inverted Vs. The maximum gain value is an indicator that an inverted-V's azimuth 
pattern is likely to be more oval than the azimuth pattern for a linear dipole when 
both patterns have the same TO angle, that s, are at the same effective height. 
In a different exercise, we might easily confirm this fact. However, the direction of 
radiation at the TO angle does not itself effect (and is not affected by) the TO. 
angle to any significant degree. With very low inverted-Vs, the ground can get 
into the overall sum of influences, but for higher Vs, the TO angle is relatively 
independent of the gain 


In this exercise, we are working with inverted-V antennas used on their 
fundamental frequency, that is, when they are about 1/2 wavelength long and 
close to being resonant. Under these conditions, we see only small differences in 
performance between the 30-degree and the 45-degree V. Mult-band use of the 
inverted-V is another matter. In this application, the slope angle may make a big 
difference in performance on bands well above the fundamental operating 
frequency 
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Case 2: the Quad Beam 


^ quad loop consists of two dipoles that are in phase. Because they are only 1/4- 
wavelength apart, the ends can fold down and touch, forming a continuous loop. 
with a single feedpoint. A single quad loop has a gain advantage aver a linear 
dipole of about 1.15 dB. When we add one or more parasitic loops, we end up 
with a beam whose principles are the same as for a Yagi with the same number 
of elements. In this case study, we shall look at 2-element quad beams. 


The procedures will be the same as those used with the inverted-V. We need to 
make two adjustments. The firsts to add one more measurement to the list of 
heights with which we are concerned. Besides the lowest and highest paints of 
the quad loops, we shall also note the height of the boom or the hub. This point ls 
halfway between the upper and lower elements, See Fig. 9 for an outline of this 
situation, 


The Square Quad Beam EE 
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The square quad beam: Commonly we find two forms of the quad: the square 
shape and the diamond. (The delta is also а form of quad with 3 sides instead of 
4. As well, we can make many-side quad loops, including perfect-or imperfect 
circles.) In general, we shall follow the inverted-V procedure, but we also need a 
new comparator. A quad beam has front-to-back structure. Therefore, we shall 
Use the TO values for the 3-element Yagi as the most similar single-plane 
antenna. We shall move the quad beam up and down until the TO angle is about 
the same as we obtained from the Yagi. Fig. 10 and Table 9 show the results of 
our juggling. 
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Table o fist obe elevation angle of э 20 meter element square quad besm at various heights 


Еке Beam Huh Tap Mat Gan Elevation ende Besmuid 
por e eee degrees 
us ою шш шп пш Eu E 

%% оп osa — 108 1200 145 mos 
A Ti 73 


The patterns for the 2-element square quad resemble those for the 3-element 
Yagi, but not perfectly. Most of the differences are in the rear quadrants and at 
the highest angles. The maximum gain of the quad is a little more than 1 dB 
under the Yagřs capabilities. The physical height midpoint~the hub-is always 
below the effective height by a few per cent. Otherwise expressed, the effective 
height is a litle more than halfway up the distance between the lower and the 
upper wires. Had we used the dipole as the comparator for marking effective 
heights, the difference would have been greater-perhaps enough to approach 
the 2/3-rule of thumb. 
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The diamond quad beam: The most common alternative structure for a quad is 
the diamond, which gives us somewhat different upper and lower points for 
measurement. Stil, as shown in Fig. 11, the hub remains at the center of the 
structure and provides a good point to compare with the effective height. 


“no Diamond Quad Beam пант 


СЕ 
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In general, the performance of the square and the diamond quads are equivalent. 
The patterns in Fig. 12 and the data in Table 10 bear out this situation. The gain 
values for the two types of quads do not vary enough at any of the sampled. 
heights to be detected in operation. The patterns at each height are virtually 
identical to those in Fig. 10. 
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The relationship between the effective heights and the hub heights for the 
diamond quad also follow the pattem set by the square quad. Had we used a 2- 
element Yagi as the comparator, its TO angle at the lowest height would have 
been about midway between the TO angles for the dipole and for the 3-element 
Yagi. Finding the physical quad height for that slightly higher TO angle would 
have brought the hub height below 0.5 wavelength. Overall, the hub of the 
diamond quad is at or below the effective height of the antenna. The average 
distance from the lowest to the highest points for the effective height is about 56- 
57% of the total distance. The rule of thumb may use too large a value, but it 
Serves as an indicator that the effective height of a quad is somewhat higher than 
the hub. 


Stacked Yagis 


in the past, stacked Yagis gave a misimpression. Two identical Yagis in a vertical 
array with both antennas fed in phase certainly yielded more gain than a single 
Yagi. Some folks also believed that the stack had a TO angle that was lower than 
the TO angle of either antenna alone. In fact, the TO angle is always lower than 
the bottom Yagis solitary TO angle, but is it always higher than the TO of the top 
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Yagi when used alone. Where in the middle the TO angle lies is what we wish to 
know. To sample the field, lets stack Yagis at 1/2-wavelength vertical intervals 
and feed them in phase. The 1/2-wavelength spacing does not yield the highest 
possible gain. However, itis а convenient height for our work. Once we know the 
TO angle of the stack, we can set up a single Yagi of the same general type and 
find the height at which it has the same TO angle as the stack, 


A stack of 2 3-element Yagis: The 2-stack is perhaps the simplest place to begin 
A 2-stack of 3-element Yagis will add a bit more than 2-dB to the array gain over 
а single Yagi. Fig. 13 outlines the stack as a reference. 
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Fig. 13 


The tables for our Yagi stacks will differ from preceding ones by listing the. 
heights of the Yagis in the stack. In this case, we shall set the Yagis at 0.5 and 
1.0, 1.0 and 1.5, and finally 1.5 and 2.0 wavelengths above ground. The height at 
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which a single Yagi yields the same TO angle registers the effective height of the 
атау. Fig. 14 and Table 11 record the results of our work. 
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The use of 1/2-wavelength spacing between Yagis changes the appearance of 
the elevation patterns relative to those for a single Yagl in Fig. 4. Hall 
wavelength spacing tends to suppress very high-angle radiation, Therefore, the 
highest lobes of the patterns in Fig. 14 are “under-developed” relative to those in 
Fig. 4 


The most notable aspect of the tabular data is the height of the single Yagi that 
produces the same TO angle as the stack and its distance from the lowest to the 
highest beam in the stack. The closer the stack is to the ground, the higher the 
effective height as measured by the TO angle. With stack heights of 1 and 1.5 
wavelengths, the distance just about matches the rule of thumb, 


А stack of 3 3-element Yagis: A 3-stack is a major structural undertaking for апу 
amateur, but 3-stacks are quite common among avid DXers and contesters. 
15 outlines the 3-stack situation 
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Fig. 18 


| 


Vag sasing 
ПЁ] 


| 


Yan spano 
ШП 


| 


v xe of Element Yagis 


1 shall follow the same procedure for the 3-stack that I used for the 2-stack. The 
only difference in the tabular data is that the basic height column wil ist 3 values. 
The bottom heights will be 0.5, 1.0, and 1.5 wavelengths, with corresponding 
middle and top heights at 0.5-wavelength intervals. Once we know the stack TO 
angle, we can set a single 3-element Yagi at a height that produces the same TO 
angle and call that the effective height of the stack. Fig. 16 and Table 12 provide 
the patterns and the numerical data. 
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The 3-stack patterns show relatively greater suppression of higher-angle lobes 
than for a single Yagi or for a 2-stack. The most significant data in the table (with 
respect to this exercise) is the range of effective stack heights. The range runs 
from 69% of the distance from the lowest to the highest antenna in the Stack for 
the lowest array dawn to 55% for the highest set of 3 Yagis. The distances are 
slightly lower than for the 2-stack when measured as a percentage of the. 
distance from stack bottom to top, but stil close enough to the rule of thumb to 
make ita useful quick estimate, 


Conclusion 


We have looked at the basics of antenna height and its relationship to the 
elevation angle of the lowest lobe--the one that we tend to presume is doing most 
of the work in long-distance amateur communications in the HF range. Because 
antennas having horizontal polarization but a vertical physical dimension present 
complex situations, we examined a number of typical antennas in this very 
general class. The lower that we place an inverted-V, the closer it comes to 
meeting the rule of thumb, but as we raise the V, the more its TO angle 
corresponds to the angle for a linear dipole. Quads and Yagi stacks respond in a 
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different manner. The effective height of these types of arrays is always above 
the mid-point between the lowest and the highest points in the array. While the 
rule of thumb is inadequate to precisely characterize the effective height of these 
types of antennas, itis rarely much off the mark to say that the effective height is 
about 2/3 the way from array bottom to array top. If you have a special interest in 
any one of the antenna types in our little survey, the tabular data wil provide a. 
more accurate means of estimating the effective height for the antennas that you 
encounter. 
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Chapter 7: Most Popular Multiband Wire Antenna 


he most popular multiband wire antenna is the 80-meter dipole fed with 
parallel transmission line and an antenna tuning unit (ATU). It goes under 
many names. Likewise, it has many recommended lengths. We shall 
somewhat arbitrarily use 135' as our length. The models will assume #14 copper 
wire over average earth. Figure 1 illustrates the antenna. 


135° 


Figure 1. The 135' multiband doublet 


itis important to understand that the pattern of lobes and nulls varies with each 
band. This information is useful for orienting the antenna and for properly 
anticipating performance. The precise length of the antenna between 130' and 
140 will have litle effect on the individual band patterns. 


Changes of length will have a more profound effect upon the feedpoint 
impedance, as will changes of height. In contrast, changes of wire diameter 
between AWG #18 and #10 will have little noticeable effect. 


The pages to follow are designed to allow the antenna builder to have some 
reasonable expectations both for antenna patterns and for impedances 
presented to the ATU by the antenna and its feedline. Each column in the 
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following pages is devoted to the performance of the antenna on one of the HF 
bands from 80 to 10 meters. For each band there is a composite pattern plot and 
a pair of tables. 


The patterns show NEC-2 plots of the antenna at heights of 35 and 50. The 38 
pattem is always the inner or weaker of the two patterns. If the angle of 
maximum radiation is greater than 45°, then the azimuth pattern is taken at ап 
elevation angle of 45°. If the angle of maximum radiation is less than 45°, then 
the take-off angle is used. The elevation patterns are taken at the azimuth angle 
of the strongest lobe. Therefore, interpreting the patterns requires that you 
consider azimuth and elevation together. 


The tables list, in highly rounded numbers, the impedance presented along 
parallel transmission lines every 20° (electrical) for a half wavelength. Standard 
450-оһт (Velocity Factor = 0.95) and 300-ohm (VF = 0.80) lines are given. Note 
that each electrical degree represents a different length in feet and meters for 
each band and line type. Values are for lossless lines from the 50' high antenna. 


Since impedance values repeat themselves every 180° along a feedline, you 
may estimate (very broadly at best) the impedance presented to your ATU. 
Divide the length in feet or meters of your transmission line by the length of a 
hatf-wavelength (180°) of the same line. Ignore the integer and multiply the 
fraction of a half wavelength by 180 to arrive at the value in degrees to check 
against the applicable table. 
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80 meters: 3.6 MHz 
AZ plots: Elevation angles = 45° 
EL plots: Azimuth angles = 90" 


Feedpoint 2 (R * jX): 75 + 55 ohms 


TL = 450 ohm; VF = .95 
Deg Feet Meters R + jX (ohms) 
0 0 о 75+55 

20 14.4 4.4 95 + 220 

40 28.8 ВВ 155 + 455 

60 43.3 13.2 420 + 890 


2 
80 57.7 17.6 2450 + 770 

100 72.1 22.0 680 - 1107 

120 86.5 26.4 200 - 555 

140 101.0 30.8 105. 280 

160 115.4 35.2 80 - 100 

180 129.8 39.6 75 + 55 

TL - 300 ohm; во 

Deg Feet Meters 'R + jX (ohms) 


0 0 % 75+ 55 
20 12.1 3.7 95 + 165 
40 24.3 74 170 + 315 


60 36.4 11.1 450 + 540 
80 48.6 14.8 1220 - 55 
100 60.7 18.5 415 - 525 
120 72.9 22.2 160 - 305 
140 85.0 25.9 95 - 155 
160 97.1 296 75 - 45 

180 109.3 33.3 75 + 55 
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40 meters: 7.15 MHz 
AZ plots: EL. Angle = 45° 8 35'; 

39° 6 50" 
EL plots: Az. Angles = 90° 


Feedpoint 2 (R * jX): 4760 - 1270 ohms 


450 ohms; VF = .95 
Feet Meters В + jX (ohms) 
ө e 4760 - 1270 
7.3 2.2 285 - 1085 
14.8 4.4 90 - 500 

21.8 66 5% - 245 

29.0 8.9 4% 70 

36.3 11.1 40 + 90 

43.6 13.3 55 + 270 

50.8 15.5 100 + 550 

58.1 17.7 365 + 1240 
65.3 19.9 4760 - 1270 


TL = 300 ohms; VF = -80 
Deg Feet Meters R + jX (ohms) 


0 % „ A760 - 1270 
20 6.1 1.9 135 - 765 

40 12.2 3.7 40 - 345 

60 18.3 5.6 25 - 165 

80 245 7.5 20 - 50 

100 30.6 9.3 18.3 + 60 
120 36.7 11.2 25 + 180 

140 42.8 13.0 45 + 365 

160 48.9 14.9 160 + 840 
180 55.0 16.8 4760 - 1270 
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30 meters: 10.125 MHz 
AZ plots: El. Angle = 39° û 35"; 

27" @ 50" 
EL plots: Az. Angles = 90° 


Feedpoint 2 (R * jX): 95 - 330 ohms 


450 ohm; VF = .95 
Feet Meters R ғ jX (ohms) 
o o 95 - 330 

5.1 1.6 65 - 135 

10.3 3.1 60 + 20 

15.4 4.7 70 + 185 

20.8 6.3 110 + 405 

25.6 7.8 270 + 805 

30.8 9.4 1805 + 1645 
35.9 10.9 910 - 1445 
41.0 12.8 195 - 655 

46.1 14.1 95 - 330 


TL = 300 ohms; VF = -80 
Deg Feet Meters R + jX (ohms) 


o 0 „ 95-330 
20 аз 1.3 55-165 
40 8.6 26 40 - 45 
60 13.0 40 40 + 55 
80 173 5.3 55 + 175 
100 21.6 6.6 100 + 350 
120 25.9 7.9 330 + 730 
140 30.2 9.2 2160 - 230 
160 34.5 10.5 290 - 685 
180 38.9 11.8 95 - 330 
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20 meter: 


14.15 MHZ 


AZ plots: El. Angle = 27° 6 35'; 


EL plots: Az. Angles 


Feedpoint 2 (R + jX): 4270 - 1005 ohms 


450 ohm; VF 
Meters 


Feet 


; VF 
Meters 


1 
2 
з 
4 
s. 
s 
7 
3 
E 


19° 6 50. 
52° 6 35! 
55° 6 Ба’ 


.95 
R + jX (ohms) 

4270 - 1005 

405 - 1215 

115 - 550 

60 - 270 

45 - 90 

45 + 70 

60 + 240 

100 + 500 

320 + 1070 


.1 4270 + 1005 


во 

R + јх (ohms) 
4270 - 1005 
180 - 830 


150 + 760 
4270 - 1005 


Chapter 7 


Antennas Made of Wire - Volume 1 


Chapter 


Antennas Made of Wire - Volume 1 


17 meters: 18.1 MHz 
AZ plots: El. Angle = 19° 8 35'; 
14° 6 50. 
EL plots: Az. Angles = 29° @ 28. 
30° 6 56' 


Feedpoint 2 (R £ jX): 125 + 5 ohms 


TL = 450 ohm; VF = -95 


Deg Feet Meters R+ jX (ohms) 
o o 0 125+5 
20 2.9 0.9 145 + 155 
40 57 18 205 + 335 
60 8.6 26 420 +585 
80 11.5 3.5 1210 + 645 
100 14.3 4.4 1155 670 
120 17.2 5.2 400 - 575 
140 20.1 6.1 205 - 325 
160 22.9 7.0 140 - 145 
180 25.8 79 125+5 
TL = 300 ohm; VF = „80 

Deg Feet Meters u + jX (ohms) 
o o „ 125+5 
20 2.4 0.7 140 + 90 
40 ав 15 195 + 185 
60 7з 22 340 * 280 
80 9.7 2.9 635 + 195 
100 12.1 3.7 610 - 215 
120 14.8 4.4 320 - 275 
140 16.9 5.2 190 - 180 
160 19:3 59 140 - 85 
180 21.7 66 125+5 
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15 meters: 21.15 MHZ 
AZ plots: El. Angle = 18° @ 35'; 
13° 6 50. 
EL plots: Az. Angles = 41° 6 28. 
аз" p 50 


Feedpoint 2 (R * jX): 2330 + 1435 ohms 


TL = 450 ohms; VF = .95 
Deg Feet Meters R + jX (ohms) 


0 © 0 2330 + 1435 
20 25 0.8 735 - 1300 
40 4.9 15 185-605 
60 74 2.2 90 - 305 
во 9.8 3.0 65 - 120 
100 12.3 3.7 65 + 40 
120 14.7 45 75 + 205 
140 17.2 5.2 125 + 435 
160 19.6 6.0 320 + 870 
180 22.1 6.7 2330 + 1435 


TL = 300 ohm; VF = .80 
Deg Feet Meters R+ jX (ohms) 


o © © — 2330 + 1435 
20 2.1 0.6 310 - 905 
40 41 13 75 - 395 
60 6.2 19 40 - 195 
80 вз 2.8 30-70 
100 19.3 3.2 30 + 35 
120 12.4 3.8 35 + 150 
140 145 44 60 + 310 
160 16.5 5.0 170 + 660 
180 18.6 5.7 2330 + 1435 
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12 meters: 24.95 MHz 
AZ plots: El. Angle = 14° @ 35'; 
10° @ 50. 
EL plots: Az. Angles = 23° @ 25. 
24° @ 50" 


Feedpoint 2 (R * jX): 130 - 180 ohms 


Deg Feet Meters n + jX (ohms) 


o © © 130 - 180 
20 2.1 0.6 110-25 

40 42 — 1.3 120 + 130 
60 62 1.9 170 + 305 
во вз 25 325 + 565 
100 10.4 3.2 1020 + 855 
120 12.5 3.8 1490 - 675 
140 14.6 44 440 - 670 
160 166 5.1 200 - 375 
180 18.7 5.7 130 - 180 


TL = 300 ohm; VF = 80 
Deg Feet Meters R + jX (ohms) 
o о © 130 - 180 


20 1.8 0.5 100 70 
40 35 11 95 «25 

60 53 16 110 + 125 
80 7.0 2.1 170 + 250 
100 8.8 27 370 + 410 
120 10.8 3.2 920 + 205 
140 12.3 3.7 575 - 440 
160 14.0 4.3 230 - 320 
180 15.8 4.8 130 - 180 
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10 meters: 28.5 MHz 
AZ plots: El. Angle = 13° 8 35'; 
10° @ 50. 
EL plots: Az. Angles = 36° @ 35' 
37° @ so 


Feedpoint 2 (R + jX): 2070 + 1225 ohms 


TL = 450 ohms; VF = .95 
Deg Feet Meters R + jX (ohms) 


o © © — 2070 + 1225 
20 1.8 0.6 835 - 1230 
40 3.6 11 215 - 605 
60 55 1.7 105 - 310 
80 7з 22 75 - 120 
100 9.1 28 70+ 35 
120 10.9 з.з 85 + 200 
140 12.8 3.9 135 + 420 
160 14.6 4.4 345 + 825 
180 16.4 5.0 2070 + 1225 


TL = 300 ohms; VF = „80 
Deg Feet Meters В + jX (ohms) 


o © © 207 + 1225 
20 1.5 0.5 360- 895 
40 3.1 өз 90 - 395 
60 46 14 45 - 195 
80 6.1 1.9 35-70 
100 7.7 2з 30+ 35 
120 9.2 2.8 40 + 145 
140 10.7 3.3 65 + 305 
160 12.3 3.7 190 + 640 
180 13.8 4.2 2070 + 1225 
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Chapter 8: Multiband Dipole for Small Yards 


will fit. 102 is about 3/8 wl at BO meters, which is about as short as you dare 

go for decent feedpoint impedances and minimal gain. (In dire circumstances, 
of course use what you have, even if shorter. It wil work, but just not as well as 
something longer.) 


| you cannot fit а 135' dipole in your yard, perhaps an antenna about 102 long 


We shall feed the 102 wire with parallel transmission line al the way to the ATU. 
With this feed system, the exact length is not critical 25' or so. The patterns will 
һе mostly unaffected, but variations in length and height will change the 
feedpoint resistance and reactance more significantly. 


100 flattops or doublets have been used as long as any old timer remembers. 
‘The precise 102 length became famous when GSRV developed a feed system 
that he hoped would allow hams to use the antenna on harmonically related 
bands with about 33 of 450-ohms line or 29 of 300- ohms line, and the rest 50- 
ohms coax. Two problems changed fame into controversy. First, the WARC 
bands opened, adding nonharmonically related frequencies to the multiband 
antenna wish list. Second, on the low bands, small changes of length and height 
alter the feedpoint impedance, thus disrupting the low SWR match effected by 
the parallel line lengths. 


But the 102 doublet (= any center-fed wire) does work well with parallel ine all 
the way to the ATU. However, its patterns and impedances along parallel 
transmission line differ from those of the 135 dipole. Therefore, the 102' antenna 
deserves a data compendium of its own. 


‘See the preceding installment ofthis series for instructions on interpreting the 
patterns and the feediine impedance tables, along with the method for calculating 
the ballpark impedance presented to your own ATU. 
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The line impedances are calculated from the feedpoint impedance of the NEC- 2 
model of the antenna at a 50 height. For intermediate values at 5 deg. intervals, 
See the transmission line performance program in HAMCALC. If you need values 
that account for line loss, ARRL's NSBV has written a fine program, but it 
calculates one value at a time. 


The impedance values are intended only as indicators of the magnitude of 
resistance and reactance and the rising or falling direction of those magnitudes. 
along the line. The accuracy of the values for any given ham installation, with its 
typical domestic "clutter" is no more than about 20%, considering variations in 
height and antenna length. At most, they can tell you that a longer or a shorter 
line might be better for a given band. In other words, they can suggest why your 
tuner may be having difficulties in matching the antenna on a given band. Iis 
usually cheaper to add а Ийе line length than to add a new tuner to the system. 
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80 meters: 3.6 MHz 
AZ plots: Elevation angles = 45 deg. 
EL plots: Azimuth angles = 90 deg. 


Feedpoint 2 (R х jX): 35 - 420 ohms 


TL = 450 ohms; VF = .95 


Deg Feet Meters R + jX (ohms) 
о о 0 35 420 
20 14.4 4.4 20 - 190 
40 28.8 8.8 20 - 25 

60 43.3 13.2 20 + 135 

80 57.7 17.6 30 + 335 
100 72.1 22.0 50 + 685 
120 86.5 26.4 350 + 1870 
140 101.0 30.8 1165 - 3330 
160 115.4 35.2 эв - вво 
180 1298 39.6 35 - 420 
TL - 300 ohns; 

Deg Feet R £ jX (ohms) 
о о D 35 - 420 
20 12.1 3.7 15 - 205 
40 24.3 7.4 15 - 80 

60 36.4 11.1 10 + 30 

80 48.6 14.8 15 + 140 
100 60.7 18.5 25 + 305 
120 72.9 22.2 70 + 650 
140 85.0 25.9 1475 + 3010 
160 97.1 29.6 165 - 1065 
180 109.3 33.3 35 - 420 
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40 meters: 7.15 MHz 
AZ plots: EL. Angle = 45 deg. û 35'; 

39 deg. û 50° 
EL plots: Az. Angles = 90 deg. 


Feedpoint Z (R * jX): 450 + 1045 ohms 


TL = 450 ohms; VF = .95 


Deg Feet Meters R + jX (ohms) 
o 0 в 450 + 1045 
20 7.3 2.2 3260 + 150 
40 14.5 n 480 - 1075 
60 21.8 6.6 150 - 520 
80 29:0 8.9 85 - 255 
100 36.3 11.1 65 - 80 
120 43.6 13.3 65 + 75 
140 50.8 15:5 80 + 250 
160 58.1 17.7 145 + 505 
180 65.3 19.9 450 + 1045 
TL = 300 ohms; 

Deg Feet R £ jX (ohms) 
o о 0 450 + 1045 
20 6.1 1.9 1380 - 1500 
40 12.2 3.7 145 - 580 
60 18.3 5.6 55 - 280 
80 245 7.5 35 - 130 
100 30.6 9.3 30 - 20 
120 36.7 11.2 30 + 85 

140 42.8 13.0 45 + 215 
160 48.9 14.9 95 + 435 
180 55.0 16.8 450 + 1045 


Chapter 8 


Antennas Made of Wire - Volume 1 


m roca 
AN 


Chapter 8 


Antennas Made of Wire - Volume 1 


30 meters: 10.125 MHz 

AZ plots: El. Angle = 39 deg. @ 35'; 
27 deg. û 50 

90 deg. 

2220 - 3200 ohms 


EL plots: Az. Angles 
Feedpoint 2 (R * jX) 


TL = 450 ohms; VF = .95 


Deg Feet Meters R + jX (ohms) 
о 0 D 2220 - 3200 
20 5.1 1.6 155 - 925 
40 10.3 зл 60 - 440 
60 15.4 n 35 - 205 
80 20.5 6.3 30 - 35 
100 25.6 7.8 30 + 125 
120 30.8 94 45 + 320 
140 35.9 10.9 90 + 645 
160 41.0 12.5 435 + 1625 
180 46.1 14.1 2220 - 3200 
R £ jX (ohms) 
2220 - 3200 
80 - 680 
30 - 315 
15 - 150 
15 - 35 
15 + 75 
20 + 200 
35 + 405 
160 + 995 
2220 - 3200 
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20 meters: 14.15 MHZ 
AZ plots: El. Angle = 26 deg. @ 35'; 
19 deg. @ 50. 
EL plots: Az. Angles = 37 deg. @ 35' 
40 deg. @ 50° 
Feedpoint 2 (R & jX): 100 - 50 ohms 
TL = 450 ohms; VF = .95 


Deg Feet Meters — R + jX (ohms) 
o о D 100 - 50 
20 3.8 11 105 + 100 
40 7.3 2.2 140 + 275 
60 11.0 3.4 60 - 270 
80 14.7 n 780 « 930 
100 18.3 5.6 1920 - 485 
120 22.0 6.7 500 - 790 
140 25.7 7.8 200 - 430 
160 29.4 9.0 120 - 215 
180 33.0 10.1 100 - 50 
E 

20 3.1 9.9 100 + 45 
40 62 1.9 125 + 145 
60 9.3 2.8 200 + 275 
80 12.4 3.8 450 + 410 
100 15.5 m 925 + 25 
120 18.5 5.7 475 - 40 
140 21.6 6:6 210 - 285 
160 24.7 7.5 125 - 155 
180 27.8 8.5 100 - 50 
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17 meters: 18.1 MHz 
AZ plots: El. Angle = 21 deg. @ 35'; 
15 deg. @ 50. 
EL plots: Az. Angles = 54 deg. @ 35' 
54 deg. û 50° 


Feedpoint Z (R + jX): 2040 + 1640 ohms 
TL = 450 ohms; VF = .95 


Deg Feet Meters R + јх (ohms) 
o о D 2040 + 1640 
20 2.9 9.9 815 - 1400 
40 57 1.8 185 - 635 
60 8.6 2.6 90 - 320 
80 11.5 3:5 65 - 130 
100 14.3 4.4 60 + 30 
120 17.2 5.2 70 + 195 
140 20.1 61 110 + 415 
160 22.9 7.0 285 + 835 
180 25.8 7.9 2040 + 1640 
R £ jX (ohms) 
2040 + 1640 
20 2.4 9.7 325 - 955 
40 ав 1.5 75 - 405 
60 7.3 2.2 40 - 200 
80 9.7 2.9 30 - 75 
100 12.1 3.7 25 + 30 
120 14.5 4.4 30 + 145 
140 16.9 5:2 55 + 305 
160 19.3 5.9 155 + 640 
180 21.7 6.6 2040 + 1640 
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15 meters: 21.15 MHz 
AZ plots: El. Angle = 18 deg. @ 35'; 
13 deg. @ 50. 
EL plots: Az. Angles = 60 deg. @ 35' 
61 deg. 0 50° 
Feedpoint 2 (R * jX): 375 - 1135 ohms 
TL = 450 ohms; VF = .95 


Deg Feet Meters R In (ohms) 
o о 0 375 - 1135 
20 2.5 9.8 115 - 525 
2 4.9 1.5 65 - 255 
60 7.4 2.2 50 - 80 
во 9.8 3:0 50 + 80 
100 12.3 3.7 65 + 255 
120 14.7 n 110 « 520 
мө 17.2 5:2 370 + 1125 
160 19.6 6.0 4300 + 75 
180 22.1 67 375 - 1135 
R £ jX (ohms) 
375 - 1135 
20 2.1 9.6 75 - 445 
4 41 1.3 35 - 220 
60 6.2 19 25 - 90 
80 8.3 218 20 + 20 
100 10.3 3.2 25 + 130 
120 12.4 3.8 40 + 280 
140 14.5 m 110 « 585 
160 16.5 5.0 1215 + 1830 
180 18.6 5.7 375 - 1135 
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12 meters: 24.95 MHz 
AZ plots: El. Angle = 15 deg. @ 35'; 
11 deg. @ 50. 
EL plots: Az. Angles = 34 deg. @ 35' 
35 deg. @ 50. 
Feedpoint Z (R * jX): 205 + 335 ohms 
TL = 450 ohms; VF = .95 


Deg Feet Meters R + jX (ohms) 
o 0 D 205 + 335 
20 2.1 9.6 415 + 590 
40 4.2 1.3 1215 + 660 
60 6.2 19 1160 - 685 
80 8.3 218 400 - 575 
100 10.4 3.2 200 - 325 
120 12.5 3.8 140 - 145 
140 14.6 а 125 + 5 
160 16.6 5.1 140 + 155 
180 18.7 57 205 + 335 
R £ jX (ohms) 
205 + 335 
20 1.8 9.5 560 + 515 
40 3.5 11 1050 - 240 
60 5з 1.6 360 - 460 
80 7.0 21 155 - 270 
100 8.8 2.7 100 - 135 
120 10.5 3.2 80 - 30 
140 12.3 3:7 85 + 70 
160 14.0 4.3 115 + 180 
180 15.8 4.8 205 + 335 
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10 meters: 28.5 MHz 
AZ plots: El. Angle = 14 deg. @ 35'; 
10 deg. @ 50. 
EL plots: Az. Angles = 44 deg. @ 35' 
44 deg. û 50° 


Feedpoint 2 (R + jX): 3235 - 65 ohms 
TL = 450 ohms; VF = .95 


Deg Feet Meters R + jX (ohms) 
o о 0 3235 - 65 
20 1.8 9.6 460 - 1050 
40 3.6 11 145 - 510 
60 55 1.7 80 - 250 
80 7.3 2.2 65 - 75 
100 9.1 2.8 65 + во 
120 10.9 EE 85 + 255 
140 12.8 3.9 150 + 515 
160 14.6 4.4 475 + 1065 
180 16.4 5.0 3235 - 65 
R £ jX (ohms) 
3235 - 65 
20 1.5 9.5 220 - 765 
40 31 0.9 65 - 350 
60 4.6 1.4 35 - 170 
80 6.1 1:8 30 - 50 
100 7.7 2.3 30 + 55 
120 9.2 2.8 35 + 170 
140 10.7 3:3 65 + 350 
160 12.3 3.7 225 + 770 
180 13.8 a2 3235 - 65 
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Chapter 9: The Versatile Sloper for Small Yards 


perennial question | receive is about the sloper. This antenna has 
become very popular for amateurs with limited space under certain 
conditions. Hence, it seems to deserve some kind of treatment, For 
reasons that will become clear as we proceed, these notes are about the best I 
can da in terms of the antenna's basic operating characteristics. 


Опе of the most common sloper installations uses an existing tower that supports 
а beam at the top as the upper-end support for a sloper. Other amateurs string 
them from trees or other existing structures. While we can begin by looking at the 
sloper as if it stood free and clear of everything, reality intrudes its multi-faceted 
set of interactions that will prevent us from drawing too neat a set of conclusions 
about sloper performance. 


In these notes, we shall work with a sloper made from AWG #12 copper wire. 
The test frequency will be 7.1 MHz, since the 40-meter band is the lowest band 
for the common use of a sloping dipole, otherwise known as a full sloper. (A 
sloper fed at the upper end, nearest the support, has been dubbed a half-sloper.) 
We shall pose a number of fundamental questions first, such as when a sloper 
becomes а sloper and not just a vertical with a slight tit, and what may be the 
best (rough) angle for a sloper. 


Ош second set of questions will involve the sloper and its support. We shall 
begin by contrasting true vertical dipoles and nearby vertical objects with a 
roughly preferred slope and the vertical abject that supports the upper end. 
Those questions will very quickly become too complex in terms of installation 
variables for us to give anything like a systematic set of answers. Ultimately, it 
will become the responsibility of the installer and the user to evaluate whether the 
sloper is the right antenna for a particular job. 
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Vertical and Sloper Basics 


Lets begin in the abstract world in which we can construct an antenna that is free 
and clear of all supports. The world is antenna-modeling software, of course, 
where we may support an antenna wire simply by specifying its coordinates. This 
‘world is limited, but it does offer us the opportunity to contrast true vertical 
dipoles with slopers having various tit angles. | all cases, we shall specify a 
slopers tit by its departure from a true vertical orientation. Fig. 1 shows the 
range of sloper madels that we shall consider. 


General Outlines: 40-Meter 
Independent Yerical 
апа sloping Dipoles 


Vetiel Ses Er 48 


Base Helgt above Ground 


Gra не! 


As the sketch suggests, опе of the variables that we сап work with within 
modeling software is the base height of the sloper above ground. Base height 
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simply means the height of the antenna element's lower end above the surface of 
the ground. A second variable that we can use in the evaluation of basic 
performance is the ground quality. We shall use 3 types of ground. At one 
extreme is very poor ground with a conductivity of 0.001 s/m and a permittivity ог 
dielectric constant of 5. More the norm is the so-called average ground with а 
conductivity of 0.005 sim and a permittivity of 13. A few fortunate amateurs live. 
above very good soil with a conductivity of 0.0303 s/m and a permittivity of 20. As 
we shall see, for any degree of slope from 0 through 45 degrees, both the base 
height above ground and the ground quality wil make a difference in the. 
anticipated performance. 


1. The True Vertical: A 40-meter vertical dipole is a very useful antenna for 
amateurs who desire a very low elevation angle and very little radiation at (or 
reception from) very high angles. Table 1 catalogs the modeled performance of 
7.1-MHz vertical dipoles with base heights from 1 to 20 over each of the three 
soil types. We can draw a few immediate inferences from the data. First, the 
greater the base height (up to only the limit of the table), the lower will be the TO 
angle (take off angle or elevation angle of maximum gain). Second, the better the 
soil, the higher will be the antenna's gain for any given base height. However, 
note that over very good soil, the gain peaks with a base height of 10, but over 
worse soils, the gain continues to increase to the sampled limits. We might also 
note in passing that the gain variation from the lowest to the highest base level 
decreases as we improve the soil quality. 
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Table 1. Vanicaldicole at various halchte above ground and 
over cifferont ground oualtise 


Very Poor Sal (0.001, 8) 


Base бап ' TO Angle VonBW Feodpoirt Z 

Heght 48, degrees degrees FINO 

1 от ^ E] EN 

2 Qs 2 з EE 

E 035 m x Lan] 

10 ше в E] таар 

15 TE- E] 5+8 

a us 18 = ms 

Average Soll (0.005, 13) 

Base am TO Angle Vet BW Feedpointz 

Heght dBi degrees degrees RING 

1 0M ie E] 10 8 

2 0n {8 E] 97 + jio 

5 Q5 [7 5 B+ 

D UE в E] ERE 

15° 027 15 2 Tesi 

a 4% is 2 ep 

Verr Docd Sal 0 0303.20) 

Base Dan TO Angle Vet BW Feesipoint Z 
Г degrees ВКО 
191 z 104 +119 
IE 2 10 +3 
20 2 +p 
206 2 м 
207 a 7-0 
[EJ 18 ae 


Notes: Antenna = AWG #12 copper wire: length = 67.7" 
Test Frequency 71 MHz 

TO angle = elevation angle of maximum gain 
Var EW = vertical beamwidth in degrees 
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The feedpoint impedance entries simply give us an idea of how the impedance 
changes of over each soil type as we change the base height. The model was 
resonated (approximately) over average sol with a base height of 10. The data 
change as a body as we change the soil type. Within each зой type, we find a 
range of impedance variation that is interesting. The values are always within the 
range of our ability to prune the dipole length 


The table also lists a vertical beamwidth, the angular distance between the half- 
power points. To gain a sense of what those values mean to operation, we 
Should examine the gallery of sample patterns in Fig. 2. At very low base 
heights, the pattern shape does not vary much as we change soll types. 
However, as we increase the base height, we find the emergence of secondary 
lobes at high elevation angles. Ata height of 10, the secondary lobes are not 
significant, although we should note that as the soil quality improves, the lobes 
are much more distinct. At a height of 20 at the lower end of the vertical dipole, 
the secondary high-angle lobes are becoming stronger. This factor may play a. 
role їп planning a vertical dipole installation in terms of a compromise between 
obtaining the lowest TO angle possible and the strength of high-angle noise that 
ме are willing to handle during operation. 
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р 


Sample Elevation Pates of venia! easter Dipole 
‘ih iter’ Base Hol and over Diferent Ground Сиве. 


We have reviewed the basic properties of vertical dipoles because these are the 
antennas against which we measure the potential advantages and 
disadvantages of a sloper. 


2. The 15-Degree Sloper: Fortunately, vertical dipole properties do not change 
тарійу as we tit the antenna from its initial position. In fact, а 15-degree sloping 
vertical dipole (using the same base height and ground quality variations) shows 
Very litle change in its performance values relative to the vertical dipole. As. 
shown in the data in Table 2 the maximum gain and TO-angle values are only 
marginally higher than those we encountered with the true vertical antenna, The 
feedpoint impedance values are almost identical. 


Chapter 9 


Antennas Made of Wire - Volume 1 


Table 2. 169 sloping dipole at various heights above ground 
апа over different ground qualities 


Very Poor Scil (0001,5) 


Base Can TOANge Vet BW Feedpoin Z 

Haight dBi degrees degrees RF jk. 

т" 05 2 a" sa 1 

2 Dis Хх а EN 

5 бе 2 а 8 

10 101 a а 8 11 

15 18 21 з 5+ 

а 1 m a їз+й 

Average Sol (1.005, 13) 

Hase Сап TO Ange Wert BW Feedpoint Z 
dBi degrees degrees БРО 
пй 2 E] 401 +В 
op a = op +! 
oa в E! 9-6 
no 15 2 = 
ne р 2 7 
09 6 m maj 


Vary Good Soil 00303, 20) 


Base Can TOAnge Vet BW Feedpoint Z 
Haim dal ares боз ВО 
1 204 ge El 104 +20 
z 207 n 30 101 +14 

E 24 а 28 34j 

10 im а E! 8541 

15 2% а E] 19-Й 

a n 12 a nep 


Notes: Antenna 


WO #12 copper wire; length = 67.55 


Test Frequency 71 MHz 
ТО angle = elevation angle of maximum gain 
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Sarnola ln and cm Pates 1768 Degree Sloping A0-Meler Dione 


The most noticeable increases occur in the vertical beamwidth entries. To 
Understand how these values grow, we may examine Fig. 3. In all cases, the 
antenna is set so the its lower end is right of its upper end relative to the 
elevation patterns. The 15-degree tilt is sufficient to increase the vertical 
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beamwidth of the lobe away from the angle and to shrink the beamwidth of the 
lobe included by the antenna. In the direction of maximum gain, the lobe is strong 
enough to admit considerably more higher angle radiation and noise than we 
obtain with the true vertical dipole, and we lose a little bit wth respect to our 
desire for a very low TO angle. 


The elevation pattems alone might be misleading, since they appear similar to 
the elevation patterns of 2-element beams with a poor front-to-back ratio. 
Therefore, I have included a set of representative azimuth patterns-all at the 
listed TO angles in the table--or 15-degree slopers with a 10 base height, 
‘Although the rearward (or left) portion of the pattern has a smaller beamwidth 
the overall azimuth pattern is simply a distorted circle. Whether the small 
changes in pattem shape justify a 15-degree sloper is a question that we shall 
hold open until we complete our survey. 


3. The 30-Degree Sloper: 30 degrees is a handy angle for a sloping dipole, since 
it parallels the angle of typical guy wires or ropes stabilizing typical amateur 
tower-and-beam installations. As we examine the data on 30-degree slopers in 
Table 3, we can see that the trends started with the 15-degree version continue. 
The maximum gain and TO angle values continue to rise, at least over very poor 
and average зой. Over very good зой, the gain values decline. Moreover, the 
gain values over very poor soil are now systematically higher than the values. 
over average ой. For a home installation, soil quality does make a difference in 
the final decision on whether to install a true or nearly true vertical or whether to 
move to a 30-degree tit angle. 
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Table g 30° sloping dipole at various heights above ground 
and over diferent ground qualities 


Very Poor Бай (0.001, 5) 


Esse Gan TO Angle Feed point Z 
Height dal degrees вео 

т от sm EM 

2 oa 20 meg 

5 103 28 Beg 

io ia B EM 

15 їз 5 2 —1 

20 149 % = 
Average Sol (0.005, 13) 

Esso Gain TOAnye Von BW Fesdpcintz 
Height dai degrees degrees RO, 

1 üm 2 7 101 epo 
2 oa 2% n EB 

5 om 23 Юю 3+ 

to o 2 в B+ 

15 no 2 т m-p 

27 089 Ж п т-р 
Very Good Бай 0.0303, 20) 

Base Gan TO Angle VetBW Feodpoint Z 
Height dBi degrees degrees RAO 

т Tez 18 73 1034128 

2 162 18 © 100 +9 

5 le 15 = +p 

10 168 1 5 EMI 

15 18! 15 78 8 
% и 72 B+ 


Notes: Antenna = AWG #12 copper wir, length = 67.5" 
Test Frequency: 7.1 MHZ 
TO angla = elevation angle of maximum gain 
Чеп BW = vertical beamwidth n degrees 
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‘ah Dor Ease нама ала av Dior Ground e 


The vertical beamwidth angles in the table alert us to the fact that we should 
expect some very different patterns in the gallery in Fig. 4. The additional tit of 
the antenna produces strong radiation (and reception sensitivity) at quite high 
angles, As we improve the soil quality, we begin to see that the very large vertical 
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beamwidth is a function of 2 elevation lobes that essentially merge at an angle 
where we might expect to find a null 


With the increased tit angle, we begin to see a more distinct potential for a 
Usable front-to-back ratio. The sample azimuth patterns for a base height of 10 
show that the potential is highest over very poor soil, with an 8-9-dB difference 
between the forward and rearward directions. The ratio decreases to about 2-48 
by the time we use very good soil. Indeed, over very good soil, we find in the 
elevation patterns very litle difference between the forward and the rearward 
direction, with a consequent decrease in the maximum gain that we can obtain 
from the antenna. 


The 45.Degree Sloper: I have included the 45-degree sloping dipole to show that 
there is a limit to how much we can tilt a dipole from the vertical and stil gain 
some advantage. As shown by the data in Table 4, there is very litle difference 
among the maximum gain values for equal base heights over the different soil 
types. Moreover, the TO angles have increased to values that we normally do not 
associate with long-distance communications. Indeed, these values resemble 
more the TO angles we might expect from a horizontal dipole at a relatively low 
highest (as a fraction of a wavelength). 
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Table 4 45° sloping dipole st various heights above ground 
and aver different round qualities 


Very Poor Sol (0.001, 8) 


Base бап Jo Angle Vert ERY Feed point Z 
E dages deseos RAF Xn 
12 а E) ES 
3 а a +8 
ов 85 2 EN 
178 а a EM 
IE s BE 
i а a 7 — 


Average Зо! @ 005, 15) 


Base Cam TO Angle Veit EN Feed point Z 
Height dBi degrees degrees RAF xn 
r та в 105 EIS 
2 TAD 8 107 PE 
5 178 70 105 0+8 
10 20 е 105 ES] 
E 2761 107 EM 
2 23 6 107 EN 
Very Good Sul m 005,2 
Pase Gan TO Ange Vert EX Feed pint Z 
Height dBi degrees degrees x 
17 79 125 
15 8D 125 
з в 122 
20 т 120 
и n 122 
FE 124 
Notes: Antenn 


Test Frequency: 7.1 MHz 
TO angle = elevation angle ef maximum gain 
Vari BW = vertical beamwidth in degrees 
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Sólo and cmm Patios ofa 46 Degree Sloping Abeer go 


A further alert that we may be exceeding the boundaries of good sloper tit angles 
appears in the vertical beamwidth column. All of the versions of the 45-degree 
sloper show strong radiation straight upward, a trait that we normally associate 
with antenna expressly designed for NVIS operation. The pattern gallery in Fig. 5 
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confirms this suspicion. Over very poor soil, we stil obtain a good frontto-back 
ratio, despite the vary high TO angle, but as we improve the soil, the TO angle 
continues to climb, while the difference in radiation forward and aft disappears. 


The 45-degree sloper is, in general, a good NVIS antenna. In fact, many 
amateurs who do not have ready-made support points for a level dipole make 
use of this form of sloper, even though they set out to install а horizontal dipole. 
However, most amateurs who consciously wish to instal a sloper are seeking 
long-distance communications. The 45-degree version of the slope offers 
perhaps the worst ofall options, with the combination of a high TO angle and 
very strong sensitivity to high-angle radiation and noise. 


In the abstract, then, the 30-degree sloper is the best in show. The 15-degres 
version acts much like a true vertical, while the 45-degree version acts like a 
horizontal dipole (over most soils). The 30-degree sloper provides some 
directivity, a litte front-to-back ratio, and finally the primary ingredient in sloper 
installations: convenience. It needs only one high support point and a ground 
anchor of some sort, Remember that our survey has used 15-degree increments, 
so all angles are approximations. Plus or minus 5 degrees from a target angle 
will make litle or no difference to performance. In fact, other installation 
considerations will create much greater performance variations and mess up our 
seemingly systematic progressions. 


‘The Support Question 


‘The realities of 40-meter true verticals and full slopers is that they often depend 
upon a nearby structure to support the upper end. We usually acknowledge that 
a nearby vertically oriented object may have "Some" effect on performance 
‘without fully appreciating the extent of the effect. Therefore, I ran a series of 
modeling tests to gauge the general parameters of the effect. Precision is nat 
possible in this realm. Support objects may range from masts to towers to trees, 
Masts and towers vary in diameter from a little over an inch to towers with faces 
Up to 24", but more normally, 12" or 18°, with some crank-up towers using а 
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graduated face width. Moreover, these supports may be ungrounded, poorly. 
‘grounded, or well grounded. 


Tree supports are even more variable, since they may differ in both diameter and 
in the resistivity of the material. A single tree may vary its resistivity according to 
the current weather, the season, and numerous other environmental variables, 
Trees are not insulators, but at best semi-conductors. Experiments have shown 
that we can even use trees as antennas, although very lossy ones. 


As a consequence, we cannot be as systematic in looking at verticals and 
slopers plus their supports as we managed to be with slopers in the abstract. 
However, we can perform a few tests to obtain a general idea of the interaction 
between verticals and slopers on the one hand and their supports onthe other. 
Lets begin by using a 40-meter antennas with its base 10 above ground. The 
suppor will be a vertical object that is 90'tall and 12" in diameter. The 12" 
diameter is a compromise between the circular equivalent of towers with a face 
width of 12" and a face width of 18". The AM BC industry uses (and has 
confirmed by both models and measurements) а simple set of equivalence 
equations. The diameter of a circular element is 0.74 times the face width of a 
triangular tower (relevant here) and 1.12 times the face width of a square tower. 
A 12" 3.sided tower face cals for an 8.88" diameter, while а 12" tower face 
requires a 13.44" element diameter 


To preserve a reasonable segment length to diameter ratio, the 90' support. 
object uses 31 segments. In raw NEC, I might have used the LD2 or LD3 
command to continuously load the tower at various levels to simulate the range 
(but in no case the specific value) of a lossy support object. Since only spot loads 
are available within the software used (EZNEC), | simply placed a load on each 
Segment of the support tower or object. The values in the next two tables will 
show the load value per segment, and the total resistance across the length of 
the object is that value times 31. There is no magic in the selection of resistance 
values except for one. I stopped the progression when the performance of the 
antenna came close to suggesting that the support object was RF transparent, 
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We shall create two sets of tests using a true vertical antenna, one with the 
support tower ungrounded (that is, separated from the ground by 0.1), and the 
other with the tower grounded by a tower extension of 9' below the ground 
surface. We shall repeat these tests for the 30-degree sloper. 


1. The True Vertical: Since we have set up a true vertical dipole as a baseline 
against which to compare and contrast various sloper angles, we might as well 
use itin our first test series. Indeed, | often receive the question of how far from 
ап existing structure, such as a tower or a tree, to place a vertical antenna, 
‘Assuming that "the next county" is not a usable answer, lets see what the 
spacing should be between a vertical dipole and a support object that has 
Various levels of resistance. Remember that we are working with only one object 
height and one configuration (truly vertical with no taper and no branches), so the 
data can only be suggestive at a first-order level. We shall begin with the 
ungrounded tower. 


Table 5 shows the results of the initial tests for spacing values of 1, 2, 5, 10, and 
17 feet. (The last entry is roughly 1/8 wavelength at 40 meters.) Just above the 
Notes are the modeled performance values of the same vertical dipole when free 
and clear of ай surrounding objects. As the feedpoint impedance entres indicate, 
the closer the vertical dipole is to a support object, the more profound is the 
effect on performance. Likewise, as we increase the resistance of the support 
object, the interaction weakens. With 1000-Ohms per segment, the interaction is 
minimal with a spacing of at least 5 between the antenna and the object. 
However, lesser values of resistance show significant interaction across the 
entire range of spacing values used in the sampling. 
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Tae, бизе veical dipole a a 10° base height pus a 12" hater ungrounded 
A ica abject a малою distances ard wih various wsistintes 
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Florence: Vanizal aniy wih 10' bate b 
Gan  TOAmb Ven BW essbar 
ae, demees degrees рро 
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Notes: Anteana= ANG #2 coppar wire; lenat 

etica ce 01 to 30112 дате 

Tont fonte, 7.4 MES 

TO angle = elevation angle of mazmun gain, values above 30 
indeate a man bbe toward object values below SU" паса 
2 main cbe away fm object 

— n degrees of main bbe 

Resistance resistance per segment, or 31 segments toa vertical 
Obec resistance = teac аме fra 31 


15 


With very low resistance values, the interaction can be significant at least up to 
1/8 -wavelength and possibly farther. A resistance value of zero in these tests 
does not indicate a perfect conductor. The load value is in addition to the material 
loss assigned to the antenna element and its support object. Increasing the 
resistance in the object, especially at relatively close spacing values (for 
example, 2 or а! 40 meters) results in power absorption and dissipation by the 
Support object. The table shows a consistent reduction in the elevation lobe 
strengths as we move from zero Ohms to about 10 Ohms or more. These are 
Values that we might expect from trees or uncoated wooden structures used to 
support a vertical dipole. The numbers in the table do not hide the emergence of 
strong lobes at 90 degrees to the elevation pattern, which is in а line from the 
tower to the dipole. Fig. 6 overlays elevation and azimuth patterns for a spacing 
of 1' using zero and 10 Ohms added resistance per segment. As the patterns 
show, when we use the 10-Ohm value, some energy is simply missing from the 
far-field radiation pattems, relative to zero Ohms. Also note that as we exceed 
100 Ohms per segment and move toward 1000 Ohms per segment, the support 
Object becomes virtually RF transparent. 
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For spacing values less than 10 and depending upon the lossiness of the 
Support, the vertical dipole gain can be significantly lower than when the antenna 
is free and clear. Moreover, some combinations of tower height and spacing 
between the tower and the dipole can result in parasitic element effects from the 
tower. Fig. 7 overlays elevation patterns for a tower and a dipole at various 
spacing values, ranging from 2 10 17. Note that the 17 spacing--about 1/8- 
wavelength at 40 meters--resulls in a directional pattern with about 2-dB forward 
gan and 5-dB front-to-back ratio relative to a freestanding vertical dipole. Not all 
combinations of support tower and dipole spacing wil yield this result. 
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To use this effect, the individual installer must establish that the right relationship 
exists between the support tower and the dipole element, a task that might be 
difficult if the tower also supports a beam for the upper HF region. To preserve 
omni-directional coverage, one suggested vertical dipole support system seems 
1o have merit, assuming that the antenna builder wishes to preserve the omni- 
directional pattern. That system uses two supports at a considerable distance 
from each other, with a non-conductive support rope between them. The wire 
dipole extends downward from a point midway between the distant support 
objects. The alternative to this method of support is to create a wire dipole that is 
freestanding. 


The numbers, of course, apply only to a 90' support object with a 1' diameter. 
Other support lengths will yield different results using the same tests. As well, the 
tests used only a single base height and did по! account for any other possible. 
Objects near to either modeled object. Therefore, the results are in no Way 
exhaustive or definitive. However, they do show the potential for interaction 
between a vertical dipole and one kind of support object 


Before we leave the true vertical and its nearby support tower, let's consider an 
additional factor: how well the tower is grounded. I repeated the same series of 
tests that we found in Table 5, but extended the tower 9' below ground. We may 
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compare the modeled performance values by examining Table 6. For the 
particular tower that we are using for the tesis, improved grounding results in 
lower gain values, less directionality, and higher TO angles, as a general rule. 
However, with high values of resistance per segment, the support object 
becomes just about as RF transparent as the ungrounded tower. Generally, the. 
region af about 10-Ohms per segment shows the greatest absorption and 
dissipation af energy. 
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How well a supporting tower (or simply a nearby tower) is grounded suffices to 
significantly alter the verticals pattern. Thus it adds one more variable to our 
growing collection. We shall see this variable at work again as we turn to the 30- 
degree sloper. 


The 30-Degree Sloper: The most usual form of ful-sloper installation supports 
the upper end of the antenna near a tower or other tall vertical abject. The wire 
then extends away from the support object toward is base. With a 10 base 
height (to be roughly comparable to the vertical dipole tests), the remaining 
distance to the ground is normally а non-conductive line to a ground anchor of 
Some sort. Because the sloper has a 30-degree tit angle, the lower end is about 
35 from the support object, and the dipole feedpoint is about 17 from the 
support. Since the dipole is slightly less than 70' long, the upper end will be about 
0.75 (or about 9) away from the surface of the 12" diameter support abject. 


Опе consequence of the necessary conditons of installing a 30-degree 40-meter 
sloper is that we need only one test sequence to test the effects of varying the 
support object resistance. However, we shall run two tests, one with a support 
object that is 70 tall, and the other with a 90 tall object. These heights 
correspond to two heights of towers in wide amateur use. Our goal is to see 
whether support-object height makes a difference to the sloper's performance. 
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We shall again use ungrounded and grounded support objects for each tower 
height. Table 7 provides some interesting tabular data for the 70' support object. 
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айса! object 077 [surfaca o surare] distant нот upper end of hoger 
eth vana roots 


eser 
Selene ош dee Чаа kee,  Feedpeint Z 
a Фет тт eee RO 
D зш 7 n тех [5 
1 FE а d mak 
5 1 m E] p epe 
m iom F4 ne Pain 
m 1а 2 E] ib [2 
E [- 2E т am wen 
Grounded 
Ней, Gan  TOAge VelEW Fitch  Feedpoint Z 
a e degrees days юш RO 
3 mom Г тз БЕД 
1 i 2 E 18 dose 
5 mon m 18 EN 
v ia B n 18 ia 
m o 2 a 18 fan 
a aa 2 a Е 3 
oteronce . slopar only wih 10 baeo height 
Cam Oane ee, аловак Feed Z 
e, degrees degrees ee Rw 
us 2 s Кз [27] 


Notes Алуа = AWG #12 copper wire, length = 57 5' 


‘Vee BN = verica beans п cages а main leba 
Resitence es arta pat same Par] sements total enen 
obec asistance = std valus imes i 


The 70' support object shows significant directionality in the sloper pattern with 
both ungrounded and grounded supports up to loss levels of 10 Ohms per 
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segment. The ungrounded tower acts more like a parasitic reflector than the 
grounded version, but the data show that both versions increase the front-to-back 
Tatio over the natural values of an independent full sloper with the same 10 base 
height. The relatively high front-to-back ratios for the ungrounded tower also 
accompany more radical changes in the sloper feedpoint impedance and lower 
values of vertical beamwidth until the tower loss approaches RF transparency. 


It we replace the 70' tower with a 90' tower, the numbers change, as shown in 
Table 8. There is litle difference in the gain values between the two grounding 
states for the 90 support, although the ungrounded tower yields higher front-to- 
back ratios. We do find a differential effect on the feedpoint impedance values, 
with the ungrounded suppor (at low-loss assignments) yielding impedances that 
are lower than a free-standing sloper and the grounded version providing 
impedance values that are higher. 
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Fig. 8 reveals part of the reason for the numerical differences by showing the 
current magnitude distribution along each of the tower situations (with zero 
additional loss). Grounded and ungrounded towers show different points along 
the height at which the current is maximum. As well the peak current оп all four 
tower models shows different values. (The curves for the sloper itself have been 
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equalized to the degree possible within the graphical system used by EZNEC. 
These same limits also do not allow the 4 model outlines ta be in exact scale with 
each other.) 
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‘Some of the far-field radiation pattem differences among the 4 variations of a 
Support tower do not become evident from the tabular data alone. Fig. 9 shows 
the elevation pattems that accompany the current magnitude distribution curves 
in Fig. 8. The shape of the main forward lobe is one significant area of interest, 
since it largely determines the vertical beamwidth. Both ungrounded towers yield 
smaller vertical beamwidth values with less sensitivity to very high-angle 
radiation and noise. Unfortunately, falling to ground a tower tends to raise serious 
safety issues. 
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Although our survey so far has introduced us to a number of variables that have 
consequences for full sloper performance, we need to add a final variable that 
generally affects only highly conductive towers. 


The Tower Support with a Beam on Top: Many slopers use an existing tower as 
the support for the top of a 30-degree full sloper. Normally, the tower has ап 
appurtenance at the top, namely, an upper-HF beam. The beam may be simple 
ог complex. At the small end, we might find a 10-meter 2-element Yagi. At the 
large end of the scale might be a 16-element tri-band array on a 30' boom-or 
something even larger. 


The beam at the tower top usually has an electrical connection to the tower, 
although that connection may or may not include the driven element. It we treat 
the tower as a vertical element, the beam becomes a form of "top" or end 

loading, that is, an irregularly shaped extension of the element with its structure 
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at right angles to the tower. Normally, such structures on active elements lower 
the resonant frequency of the element without altering the current distribution. 
along the element. Essentially, the beam-hat plays little or no role in the radiation 
from the tower itself. However, the sloper antenna to which we supply energy has 
both a vertical and a horizontal component to its radiation, and the horizontal 
component is more than incidental. Therefore, the top section of the beam-hatted 
tower may interact directly with the sloper antenna. 


In this space, we cannot sample every possible combination of beam and tower. 
We can look at two simple cases: a 3-element 20-meter Yagi with a 24' boom. 
and a 6-element 20-meter Yagi on a 48 boom. We can place each antenna оп 
either a 70 or a 90 tower to which we have attached our 7.1-MHz AWG #12 
copper-wire 30-degree sloper. Of course, given our recent modeling, we can 
have each tower in an ungrounded condition or a well-grounded condition. As 
well, we can align the Yagi Боот with the tower-sloper line or set the beam 
cross-wise to that line (or at any intermediate angle). Since our variations аге 
already numerous, we shall set the sloper with a base height of 10 above 
average зой as fixed values, even though we might easily vary both the base 
height and the soil quality. Even within these restrictions, we end up with the 2- 
column data set on Table 9. For reference, the table includes values for each 
tower with no beam on top. 
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The tabulated data show no clear trends in the numbers. Changing the beam 
orientation does affect the values, as does changing the beam size. Iis likely the 
even changing the beam design with the same general boom length and the 
same number of elements might occasion changes in the modeled values. For 
the 3-element beam, at least, we do find a greater difference in pattern shapes 
between ungrounded and grounded 70 towers than for the same grounding 
states for 90 towers. Fig. 10 shows the overlaid azimuth patterns for the two 
tower heights. 
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Nevertheless, the 4 variations on the 3-element aligned Yagi do have significant 
consequences that appear in the elevation patterns shown in Fig. 11. Grounding 
either tower reduces the vertical beamwidth dramatically, but perhaps more 
radically with a 70 tower than with a 90 version. Both models of the 70, tower 
show the appearance of a secondary lobe (which most NEC software 
implementations would identify by a definite reversal in the progression of gain 
values in the trace progression, regardless of the size of that variation). At least. 
three of the sloper installations modeled would be useful for NVIS 
communications. 
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Our graphic sampling so far has used the 3-element Yagi aligned with the tower- 
sloper ine. Fig. 12 provides a sample using the G-element beam crosswise to the 
tower-sloper line. If we contrast grounded and ungrounded 90' support towers, 
we find very different current distribution curves. Not only do the current 
‘magnitude values on the tower differ in placement and value, but as well we find 
differences in the current magnitudes on the beam elements. The result а set 
of quite diferent elevation patterns for the two situations, with the ungrounded 
tower and beam yielding the greatest change from the pattern we would expect 
of a free-standing full 30-degree sloper. 
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We cannot extrapolate from these cases any general conclusions. Even 
monoband beams for 20 meters come in different element configurations, and. ot 
course-the beam on top of the tower might be of any design that has appeared 
commercially or been developed as strictly a personal project. All that our simple 
demonstration can show is that a top beam can and often does make a 
difference to the performance of the sloper attached at its upper end to the tower. 
supporting the beam. 


Conclusion. 


As soon as we pass from the abstractions of independent element performance 
to the realm of actual installations, both the true vertical antenna and the 30- 
degree sloper fall into a realm of almost innumerable variables for which no set of 
calculations or models can provide much usable guidance. The utility of the. 
exercise has been to show that any one or more of these variables can alter the. 
actual performance of the sloper. Moreover, we saw that even true vertical 
antennas are subject to interaction with both highly conductive and lossy nearby 
objects, whether or not they play an active role in support the antenna. in the 
case of the sloper, such objects are unavoidable in a real installation. 
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The performance of a sloper results from the totality of the property variables, 
including the sloper position, the diameters of the materials, the lengths of the 
elements (sloper and tower), the base height of the sloper above ground, the 
ground quality, the quality of support tower grounding, and the loading effects of 
ап indefinitely large variety of beams that might be on top of the tower. This list 
does not include other nearby objects that may also affect especially the vertical 
‘component of the slopers radiation and potential interactions. 


For most antennas, we can work with the basic antenna design in isolation and 
then make adjustments for the installation environment. The sloper differs in 
having а necessary upper support point in proximity to an existing structure, 
Under these conditions, the data about the antenna in isolation holds far less 
guidance than it does for most other types of antennas. In the end, no sloper is a 
textbook case. Rather, each one is an experiment that combines differing values 
for each of the many variables. The sloper builder can only make his best 
estimate and then proceed by operating tests and measurements to find, within 
the real limitations of the installation site and available materials, the adjustments. 
that yield as clase as possible to optimal operation. 
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Chapter 10: The GSRV on 20 meters 


Louis Vameys "GSRV" was and is not an antenna, that is, an array of elements. 
itis an antenna system including a radiating element and a length of 
transmission line designed to present "correct" impedance at a design frequency. 


The 1984 RADCOM Version of the Antenna System 


The most familiar part of the system is the wire: a center-fed doublet 102 long. 
Actually, Varney calculated the length to be 3/2 wavelengths long at 14.15 MHz 
using a long standing equation: 


o 


492(n-0.05) 
— D^ 


инг 


The letter n. is the number of half wavelengths in the antenna, The result is 
10257 or 31.27 m. Itis interesting that Varney notes in his 1984 article in 
RADCOM that he can shorten the wire to 102 or 31.1 m, since the entire system. 
will be handled by an antenna tuning unit (or ASTU-antenna system tuning unit- 
as Varney preferred). 


(The entire 1984 article has been reprinted in Erwin David, GALQI, HF Antenna. 
Collection, published by КСВ in 1991. In the GSRV article, the author makes 
reference to his intial 1966 presentation of the basic idea. An adapted version 
appears in The ARRL Antenna Compendium, Vol. 1, 1985.) 
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However, we conventionally sketch the GSRV antenna system as in Fig. 1. The 
center-fed doublet has a section of parallel transmission line extending from the 
radiating wire feedpoint to a junction with the "main" feedline. 


Curiously, Varney specifies the length of the matching section as 34.0' ог 10.36 
m. Using the same constant for а halt-wavelengih (492), the section is a half 
wavelength at 14.47 MHz. The prescribed length assumed a velocity factor (VF) 
in the line section of 0.98-hence the final length, 
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Many folks presume that the original impedance of the matching section line 
used in the GSRV is 450 Ohms. However, Varney specifies home-made open 
wire feeder composed of AWG #16 copper wire spaced 2" (5 cm) apart. The 
characteristic impedance of such line by standard calculations is closer to 525 
(Ohms. At 14.15 MHz, the line is 1/2-wavelength long, thus replicating the 
feedpoint impedance. Hence, the line Zo is-at 20 melers-0f litle consequence. 


А SI2-wavelength wire-if properly cut~should present a feedpoint impedance 
slightly higher than a 1/2-wavelength resonant dipole: about 90 Ohms. Hence, 
the impedance at 14.15 MHz at the base of the matching section should also be 
about 80 Ohms. Thus did Varney design the GSRV antenna system for a 75- 
Ohm "twinlead" or coaxial feeder? 


There seemed to be an instant misunderstanding of the 1/2-wavelength line used 
by Varney in his antenna system, since recommendations immediately began to 
appear for the use of twinleads other than the home-made open- wire feeder 
used in the original. At 14.15 MHz, 300-Ohm solid ribbon twinlead with a VF of 
0.82 (using numbers from the RADCOM article) requires 28.5' or 8.69 m of line 
for the matching section. However, the recommended length is 28 or 8.5 т. This 
latter value is closer to but not identical with applying the ribbon VF value to 
'Vameys 34 lengih-which already has а VF of 0.98 built into its length. Likewise 
300-Ohm ribbon with windows has a VF (in the article) of 0.90. Calculating its 
length using the 492 constant yields 31.29" or 9.54 m. However, the. 
recommended length of such line is 30.6’ or 9.3 т, the values one would arrive at 
by applying the 0.90 VF value to Vamey's 34 length. 


With so much confusion built into the basic accounts of the GSRV, there can be 
litle wonder that the antenna has become the subject of endless variations, 
Some being serious attempts to arrive at an ideal antenna of its type, others 
being generated simply to sell commercial versions of the antenna. 


We have not yet tried to place the antenna on bands other than 20 meters. It is in 
pursuit of this goal that the GSRV has been taken well past its original intent. 
Remember that, even though Varney thought the GSRV would provide а good 
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match on 20 meters for a 75-Ohm main feedine, he believed in using an ATU at 
the rig end of the line. 


‘Some Small Facts about Wire Antennas 


Before we take the plunge into other bands, we should pause to review the 
methods by which the GSRV antenna system emerged and how well they play in. 
the 21st century. The review will not be simple, because many of the notes are 
partially accounted for by the developer of the system. However, those same 
Rotes may be at odds with common but erroneous interpretations of the antenna. 
This feature will hold true without ever leaving 20 meters or straying very far from 
the design frequency, 14.15 MHz. 


The equation for calculating the length of an antenna consisting of multiple hall 
wavelengths has a long and honored history when well used. In fact, itis very 
well used when calculating non-resonant antennas or antennas for which 
resonance is not at all crucial. Where we require some degree of precision in 
determining the length of a resonant antenna, the equation turns out to be quite 
off the mark. 


Since Louis Varney stated that he intended to use the antenna system with an 
antenna tuner, he effectively implied that the equation used to determine the 102" 
length was sufficiently accurate for that method of operation. As well, his 
estimate of the feedpoint impedance, repeated at the end of the 34° matching 
section of parallel transmission line, was also within the limits of accuracy 
necessary for using the system with an ATU. However, 102 is not a resonant 
length of wire at 14.15 MHz, and its resistive impedance component is nat 90 
Ohms. 


These latter facts, which we shall embellish shortly, would not be a problem if the 
general conception of the GSRV antenna system included the use of an antenna 
tuner. However, the antenna has acquired a reputation for being able to provide 

Under 2:1 SWR on more than one band-without qualifications needed to confine. 


the claim to a reasonably clear arena of truth. So the following notes аге тоге 
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applicable to understanding why the general conception -rather than Varneys-is 
off base. 


We should note two facts about wire antennas. First, in the HF region, we have 
tended to blithely ignore the fact that changes of wire diameter have an effect 
upon the resonant length of a wire antenna and upon the feedpoint impedance. 
We tend to use “cutting” formulas as if they were wholly unrestricted in scope 
and always accurate, regardless of the wire we select. For HF wire antennas in 
the U.S., we tend to Use wires as small as AWG #18 (0.0403" diameter)--such as 
copperweld--and as large as AWG #12 (0.0808" diameter) hard drawn copper, 
notio mention the common sizes in between. The wire diameter is small 
compared to a wavelength (about 834.5" at 14.15 MHz); nevertheless, a 2:1 
change of wire diameter will have a recordable affect on the wire's resonant 
length and feedpoint impedance. 


‘Second, as we move a horizontal wire antenna to varying heights below about 1 
wavelength, we shall find a second source of variation in the resonant length and 
feedpoint impedance of a wire antenna. Unlike variations due to wire diameter, 
which are quite regular, the variations due to height tend to follow cyclical 
patterns that repeat every half-wavelength. 


We can sample some of these variations from the tables that follow. In each 
сазе, | modeled 102 copper wires from AWG +18 through AWG #12, using NEC- 
4, which is more than adequate to provide accurate data. The models used 101 
‘segments with a source centered on the wire. The test models were intially 
modeled in free space and then at two different heights above average ground 
(conductivity: 0.005 sim; permittivity: 13). The upper height was 65.62 or 20 m, 
close to 1 wavelength above ground. The lower height was 32.81' or 10 m above 
ground. Lets see what the models report. 
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The SWR numbers are overly precise relative to the rounded impedance values. 
The intent is to show clearly the general trends. The thinner the copper wire, the 
higher the resistive component of the impedance, despite the fact that the wire is 
ever shorter of resonance. As well, although the impedance values at a 1- 
wavelength antenna height are very close to the free-space values, the 
impedance figures at a 1/2-wavelength height show some departure from the 
free-space values. 


Finally, the wire is well short of resonance at the design frequency. Otherwise 
put, for precision of resonant length, the traditional equation simply will not do. 


1 replicated the exercise when | added in а 34' or 10.36-m length of 525-Ohm. 
feedline with a velocity factor of 0.98. This provides an electrical half-wavelength 
of line, that is, the equivalent of 34.77 or 10.60 m at 14.15 MHz. Remember that 
the intent of this line section on the design frequency is to replicate the wire 
feedpoint impedance at the end of the so-called matching section 
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For this exercise, it is unnecessary to model the parallel transmission line with 
physical wires. One may use the TL facilty within NEC-4 software to provide a 
non-radíating mathematical model of a perfect (lossless) transmission line. Since 
Varney's writings anticipate that the antenna builder will respect the requirement 
of parallel transmission line to sustain its balance, the non-radiating aspect of the 
NEC TL facility is within the bounds of the exercise. Because the line is relatively 
short, the difference between a lossless line and a real line constructed 
according to Varney's specifications will almost too small to notice. On the other 
hand, because we are using a physical length that is only close to but not exactly 
a hall-wavelength at the design frequency, we should expect to see small 
variations in the resulting impedance and SWR values. The following table 
records the results ofthis exercise. 


Soirée‘ needs of û ied! wire and eî ie ai 14118 hae 
Free Space 
wi oua beet; Impedance 


There are only slight differences between the two tables and the bulk of those 
differences result from the fact of choosing a physical approximation of a 1/2- 
wavelength line rather than using an exact 1/2-wavelength line. However, itis 
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likely that the modeled line is closer to 1/2 wavelength than will be mast lines cut 
for a physical implementation of the GSRV antenna System 


At the design frequency, we need not explore the consequences of using 
something other than the line specified for the antenna. The use of 300. 400. 
and 450-Ohm ines f each is an electrical half-wavelength--will result in virtually 
Identical tables for 14.15 MHz. 


А more important question concerns the antenna length. As intially specified, the 
Wire is too Short to be resonant at 14.15 MHz, But what length might seem more 
resonant? The spread of impedance figures suggests that we might use a 
compromise between the resonance at a 20-m height and resonance at a 10-m 
height. In fact, I used this compromise to arrive at a length of 103.35 or 31.5 m. 


The compromise does not represent an ideal situation, only a convenient one. 
The change of impedance and resonant length does not follow a simple 
progression with decreases in height. Instead, the values change cyclically in 
halfwavelength increments (ignoring height below about 0.2 wavelengths above 
ground). The sample heights used here do not necessarily represent the 
extremes that might appear at other heights. 


"With these qualifications, we can examine the data reported by NEC-4 for the 
revise wire length with the 34 line attached. Since the free-space values and the 
20m height values are so similar, | have omitted the free-space portion of the 
exercise. 
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Increasing the length of the wire toward resonance, of course, increases the 
resistive component of the source impedance. Hence, there is a limit as to how 
low the 75-Ohm SWR can go by this strategy. As well, as the wire thins, the 
resistive component goes up. 


We seem to have gained a usable 75-Ohm SWR at the design frequency, but 
obviously the 50-Ohm SWR would be well above 2:1. In the days before fixed- 
tuned output circuits in transmitters, the old pi-network amplifier output circuits- 
with variable "tune" and "load" contrals-would have easily provided a match to 
these impedance values in 20 meters. As well they fall well within the range of 
almost any ATU, even the limited range versions incorporated into some modern 
transceivers. 


However, an SWR value at a spot frequency does not tell the entre story about 
antenna performance. We are as interested in the SWR bandwidth as we are in 
the particular value at some given frequency. So | ran frequency sweeps of the 
{wo versions of the GSRV antenna, both with the 34 line attached. 
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me Fig.2 


75-Ohm SWR Curves: 
Initia 102 Length Non -Resonant at 14.15 MH) 
А103 Length (Resonant at 14.15 MHz) 


10 


AWG #12 Wire; 65.5"20.m Height 
Over Average Ground 
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Fig. 2 shows the curves for the short and the long antennas. Clearly, the longer 
length favors the lower end of 20 meters, while the 102 length favors the upper 
end of the band. The impedance level of a GSRV is high enough that we cannot 
obtain full band coverage from the wire and line combinations. In addition, the 
1/2-wavelength line section is 1/2 wavelength only at the design frequency. 
Hence, it contributes to a narrowing of the SWR bandwidth. 


We may note in passing that а common resonant 1/2-wavelength dipole of any of 
the wire sizes sampled in this exercise would easily cover the 20-meter band with 
under 2:1 SWR. Moreover, an ATU would free us from concern about the 2:1 
SWR that marks the limit of full output from most modern transceiver designs. 
Nonetheless, it is interesting to note that the 3/2-wavelength wire tends to show a 
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narrower SWR bandwidth than the shorter half-wavelength dipole. The narrower 
operating bandwidth will, of course, be a matter of concern for anyone who tries 
to use а GSRV antenna system without an intervening ATU. Unfortunately, this 
latter mode of operation seems to be the rule rather than the exception--at least 
until one experiences firsthand the limitations of the system. 


A Side-Note on Height vs. Feedpoint Impedance. 


1 have noted that for апу single-wire doublet, the source impedance varies with 
the height above ground. The variation is most significant in the region below a 1- 
wavelength height. The differences in the GSRV feedpoint impedance reflected 
this variation, but perhaps not as convincingly as it ought to do. 


Lets begin with a common center-fed dipole at 14.15 MHz. We shall make it from 
AWG #12 copper wire. Our model will be resonant in free-space. A length of 
33.727" or 10.28 m satisfies this requirement within +/-j 1 Ohm reactance. The 
Wire's impedance in free space is 72.9 + j 0.7 Ohms. 


hen set the antenna over real average ground, beginning at 0.2 wavelengths 
and continuing in 0.05-wavelength increments to 1.2 wavelengths. The effects of 
the height changes on the feedpoint resistance and reactance appear in Fig. 3. 
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1/2-Wavelengih Dipole @ 14.15 MHz D 
Height vs. Resistance & Reactance 
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As noted earlier, the resistance and reactance cycles peak at 0.5-wavelength 
intervals of height. However, the resistance and reactance curves are nat 
synchronized, The reactance peaks occur about 0.15-wavelength higher than 
their closest resistance peaks. 


The reactance swings allow us to re-interpret the data in this way: The resanant 
length of a 1/2-wavelength dipole changes with height, especially within the 
range of heights shown in Fig. 3. But, even if we resonate the dipole at each 
height, the feedpoint impedance wil still show cyclical changes as we increase 
the height throughout the range that we have sampled. 
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А 3/2-wavelength doublet exhibits the same sort of impedance swing. Lets 
construct a 14.15-MHz resonant 3/2-wavelength doublet from the same AWG 
#12 copper wire. If we resonate it in free space, it will be 103.117 or 31.43-m 
long. Its free-space feedpoint impedance will be 108.1 + | 0.2 Ohms. Now we are 
ready to perform the same set of exercises that we performed on the dipole. 


SI2-Wavelengih Doublet © 14.15 MHz ma 
Height vs. Resistance & Reactance 


Resistance in Ohms 
Reaclance in Ohms 
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ig. 4 shows the results of our test runs. Once more, the resistance and 
reactance vary considerably as we change heights. The reactance reaches its 
peaks about 0.15-wavelength higher than height at which the resistance values 
реак. Perhaps the most notable differences between the dipole and doublet 
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graphs are two: First, the doublet peaks and dipole peaks do not occur at the. 
Same heights above ground, although the impedance components for both 
antennas show 1/2-wavelength cycles. Second, the feedpaint impedance of the 
longer doublet smoothes out rapidly above 1 wavelength, while the 1/2- 
wavelength dipole impedance components continue to show noticeable cycles. 


Not only does the impedance show differences with height, but so too do the. 
elevation and azimuth patterns. Here, we may illustrate by taking the elevation 
and azimuth patterns of the 3/2-wavelength doublet at 20-m and at 10-m heights 


above ground. 


E пав SU ав. Az 


Elevation 8 Azimuth Patterns 
3/2 Wavelength Doublet at 20-m Height 


The elevation pattem in Fig. 5 shows the typical double lobe structure of any 
horizontal antenna just below 1-wavelenath above ground. The azimuth pattern 
presumes that the antenna wire is stretched horizontally across the graphic and 
is taken at the antenna's take-off (TO) angle (the elevation angle of maximum 
radiation), namely, 14 degrees. It shows 6 lobes, just as we would expect of any 
wire antenna half-way between 1- and 2-wavelengths long. Note the distinctness 
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of the angular lobes; that is, note the depth of the null off the ends of the. 
antenna. 


в. D [LS 
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Elevation 8 Azimuth Patterns 
3/2 Wavelength Doublet at 10-m Height 


ig. 6 shows the equivalent patterns when the antenna is half the height of the 
first model, At just below a half-wavelength in height, we have only a single 
elevation lobe, just as would any horizontal single-wire antenna at the same 
height. The azimuth pattern uses a TO angle of 28 degrees and is clearly kin to 
the one taken at 20 m above ground. However, note the shallower null off the 
ends of the antenna wire. Radiation off the ends of the wire is down only about 4 
dB compared to radiation at the maximum gain angles, compared to a 12-08 
differential for the higher version of the antenna. 


Like any other wire antenna, the 3/2-wavelengih doublet-the heart of the GSRV 
antenna system at 20 meters-requires reasonable careful orientation if the user 
has in mind any particular target areas for communications. Likewise, height will 
always benefit a single-wire antenna, at least to the point where the vertical 
beamwidth matches as best possible the typical variations in the skip angles on 
20 meters. 
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We have reviewed some of the design elements that went into the GSRV 
antenna system at its design frequency of 14.15 MHz, including some apparent 
confusion surrounding alternative "matching section" lengths when using different 
parallel transmission lines. As well, we have shown some of the limitations within 
the simplified design procedure used to develop the basic GSRV length. 


Perhaps of equal or greater significance has been our foray into understanding 
some of the factors that influence the operation of wire doublets that are usually 
absent from simplified cutting formulas. Every change that we make from a 
design that we use as a starting point has consequences for how well the 
antenna performs compared to the original. The importance of these changes 
сап range from negligible to monumental, depending upon our operating 
circumstances and our expectations. 


Louis Vamey expected to use his GSRV antenna system with an ATU on many 
bands without much regard for where on each band his strongest lobes were 
pointed. Consequently, the antenna worked very well for him. However, much of 
the indirect reputation of the GSRV has to do with operating on at least some 
bands without an ATU. As well, expectations of lobe direction have largely been 
silent, leaving each user to bring his or her own expectations to the table. As a 
result, many users have been overjoyed, while many other have been 
disappointed, 


Since we have extracted about as much useful data as we can for the basic 
design frequency--the 20-meter band ue may next turn to trying to use the 
GSRV on other bands, 
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Chapter 11: The G5RV on all HF Bands 


wire plus a 34 length of apen-wire 525-Ohm feeder. Louis Varney, the 

antenna systems developer, intended two other features. First, the main 
feeder that we connect to the base of the open-wire section should be 75-Ohm 
twinlead or coaxial cable. Second, the main feeder should go to an antenna. 
tuning unit (ATU) and not directly to a transceiver. 


T: original GSRV antenna system consists of a center-fed horizontal 102" 


In Part 1 (Chapter 5), we examined some of the basic properties of the GSRV 
antenna system at its basic design frequency, 14.15 MHz. We explored some of 
the variations created by varying the height of the antenna above ground and by 
Using different wire diameters. While none of these variations has much of an 
effect if we use an ATU between the main feeder and the transceiver, they 
become important if we attempt to use the antenna system without a tuner. With 
the physical dimension selected by Varney, the system provides only a partial 
coverage of 20 meters with a 75-Ohm SWR under 2:1, although a tuner would 
easily permit full band coverage. 


Somewhere along the line of time, the GSRV antenna system has acquired a 
false aura: namely, that сап cover many amateur bands in the HF region 
"without the use of an antenna tuner. Since almost any rudimentary analysis of 
the antenna system can show this reputation to be false-and not consistent with 
what Varney wrote about his antenna system--we shall not dwell on that matter. 
We shall, of course, present some modeling data that confirms the inaccuracy of 
the reputation. However, there is a much more interesting question to investigate. 


If the antenna system will not provide the desired coverage without an antenna. 
tuner, why use the matching section at all? Why not simply run a feedine of one 
impedance all the way from the antenna wire to an antenna tuner? Varney 
recognized that this mode of operation is quite feasible. Nevertheless, he 
believed that his matching section offered some advantages оп most amateur 
bands. Let's see if we can uncover them, 
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The 102 Wire Doublet 


In Vameys 1984 RADCOM article, he noted that whatever feed system the user 
might provide, the patterns on each of the HF amateur bands depended solely on 
the radiation from the antenna wire itself. Over the years, | have discovered that 
many mult-band wire-antenna users remain unaware of the patterns produced 
by their antennas on different bands. Therefore, it may be useful to review the 
pattern situation for the 102 wire that is the radiating portion of the GSRV. 


A single center-fed linear element (regardless of the element diameter) will have 
а pattern that is broadside to the element from a length of about 1/3-wavelength 
(about the shortest practical doublet length) to a length that is a bit over 1 
wavelength. The electrical length of a fixed length physical doublet will increase 
аз we increase the operating frequency. A 3/2-wavelength doublet at 14.15 MHz 
is 1/2-wavelength at one third that frequency, or about 4.7 MHz. Obviously, the 
102 wire is well under 1/2-wavelength in the 80-meter band. At 3.75 MHz, the 
wire is about 0.39-wavelength. 


As we increase the operating frequency, the wire becomes electrically longer. 
When it is about 1.25 wavelengths, we obtain the typical extended double Zepp 
pattern with the strongest broadside main lobes that we can achieve from a 
single element, but with "ears." The ears are emerging new lobes that are part of 
the natural process of pattern evolution. As we increase frequency--that is, as we 
make the wire electrically longer-the lobes will evolve in a regular fashion. 


At Lwavelength, we have 2 lobes-one on each broadside to the wire, At 2 
‘wavelengths, we have 4 lobes, each at quartering angles relative to the wire 
orientation. At З wavelengths, we obtain 6 lobes. In fact, the total number of 
lobes for any wire that is an integral number of wavelengths vill simply be twice 
the length as measured in wavelengths. 


However, lobes do no simply pop into and out of existence. As we pass any 
integral wavelength marker in making our wire electrically longer, the ald lobes 


will gradually diminish and the new lobes associated with the next integral 
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wavelength marker will emerge and increase in size. At the 1.25-wavelength 
Point of the extended double Zepp, the 1-wavelength broadside lobe have 
reached their peak and are ready to diminish, while the new lobes-associated 
"with a 2-wavelength wire-have made their appearance. As we move the wire 
closer to 1.5 wavelengths, the lobes reach a point af roughly equal strength, 
Since we have both the 1-wavelength and the 2-wavelength lobes, our lobe total 
is 6. We can apply similar counting methods to any wire that is x5 wavelengths, 
where x is any integer. 


So for any wire of any electrical length, we can predict the lobe structure. With 
that fact in mind, let's survey the patterns that we can obtain from a 102' wire. For 
the sake of brevity I shall select only one of the 102 wires and one of the heights 
that we examined in Part 1. Let's use AWG #12 copper wire and place it 20 m or 
65.62 above average ground. 


‘The fixed physical height above ground, of course, will have a bearing upon the 
pattern by changing the take-off (TO) angle, or the elevation angle of maximum 
radiation as we change frequency. As we increase frequency and shorten the 
length of a wave, the antenna will be electrically higher. Hence, the TO angle will 
be lower. As a rule of thumb-although calculation equations exist in the 
handbooks~the TO angle of an antenna at 1/2 wavelength height is about 25-26 
degrees. At 1 wavelength, the TO angle is 14 degrees. At 2 wavelengths, the 
angle drops to the 7-8-degree mark. One of the benefits of using a single multi- 
band wire antennas is that the TO angle tends to correlate with skip properties. 
‘As we increase frequency, the dominant skip angles decrease, matching our wire 
antenna TO angles, if we have it high enough in the first place. 


ig. 1 shows the anticipated azimuth patterns of the 102 wire at a height of 20 m 
above ground-about 1 wavelength high at 20 meters. Unlike the patterns for a 
leng-boom Yagi, which might change across the span of a single amateur band, 
the patterns of a single wire antenna are stable and change slowly. Hence, there 
will be no significant difference in the 15-meter patterns from one end to the other 
of this 450-kHz wide band. 
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Azimuth Patter GSR with 
347904 Окт Matching Section 
Haight: 20 m 
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Each pattern in Fig. 1 shows the frequency at which it was taken, along with the 
TO angle. 102 represent a litle over 1 wavelength at 10.125 MHz, and so we 


Chapter 11 


Antennas Made of Wire - Volume 1 — [ ЕШ 


see two broadside lobes. The antenna is about 2 wavelengihs long at 17 meters, 
revealing a 4-lobe pattern. At 10 meters, the antenna is close to 3-wavelengths 
long and shows 6 distinct lobes. 


At 20 meters, where the wire is 3/2-wavelengths, we also find 6 lobes, but these 
are the product of the 1-wavelength and the 2-wavelength lobes, one set 
enlarging and the other set diminishing. The other bands shows lobes in various 
states of emergence or disappearance because the 102' wire in somewhere 
between the convenient marker lengths that we have designated. 


With any malt hend single-wire antenna, the user has some decisions to make. If 
һе has some latitude in orienting the antenna, he can choose a favorite band and 
orient the wire so that a major lobe points in the direction or directions of favored 
target communications areas. Or he can spend nights of pencil and paper 
planning trying to figure out the best orientation that will yield the best possible 
results on all favored bands. 


Before we try to feed this wire, ets examine one other feature of the lobe 
structure of the 102 wire. The following table provides the maximum gain and TO 
angle of the 102 wire as we installed it at 20 m above ground. Maximum gain is 
the strength of the most major lobe (of which there may be more than one). 


1 e aie is Copper Wire chin and fo angles 


max cain ло angle 


Mote: Antenna height = 20 a. Maximan gain 
TO angle = elevation angle of maxim 
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There is a general trend toward higher gains in the major lobes as we increase 
the electrical length of the wire by increasing frequency. This property applies to 
any horizontal wire antenna, regardless of any special name we might give it. 
However, increase major lobe gain is accompanied by a disadvantage: the width 
of the major lobes decreases as we electrically lengthen the antenna wire and 
place more lobes into the pattern. Hence, the higher the frequency of our 102" 
wire, the more finicky becomes the aim at a target area. 


You may also note another trend in the number, most clearly revealed Бу 
examining the numbers of 30, 20, and 17 meters. Note that the maximum gain on 
20 meters is less than the values for 30 and 17 meters. One of the phenomena of 
lobe emergence is that, in general, when we are at the x 5-wavelength region, 

the emerging and diminishing lobes will have a bit less strength, because we are 
combining two lobe structures. 


The final feature that we want to notice is the feedpoint impedance of the 102° 
wire as taken at the center point of the wire itself. These values will give us some 
clue as to the rationale behind the GSRV antenna system, 
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Mote: Antenna height = 20 m 


Notice the large range of the resistive components of the impedances on the HF 
bands--all the way from 46 to 2600 Ohms. (The resistive component at 3.5 MHz 
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would be even lower than 46 Ohms.) As well, note how many of the bands 
present relatively high values of reactance--some inductive, others capacitive. 


To feed this antenna with a single transmission line, we would normally select a 
characteristic impedance somewhere in the vicinity of the geometric mean 
between the extremes. Something in the 400-600-Ohm vicinity should prove 
usable. However, the impedance at the antenna tuner terminals depends upon 
three general factors--ignoring line losses for the moment: the feedpoint 
impedance, the characteristic impedance of the feedline, and the electrical length 
of the feedline. Unless there is a perfect match between the antenna feedpoint 
impedance and the characteristic impedance of the transmission line, the line 
itself will continuously transform the impedance components along each half- 
wavelength of line at the frequency of operation. It is not at all unusual to 
encounter values of resistance andlor reactance at the tuner terminals that fll 
outside the matching range of the tuner. The most ready cure is often to insert an 
additional length of line to see if we cannot arrive at resistance and reactance 
values within the tuners range. If we are lucky, the insertion may allow matching 
at ай used frequencies. If we are not so lucky, then we may need to develop a 
‘switching system to insert the added line length on the bands for which we need 
n 


Now we are ready to understand part of the rationale behind the GSRV antenna 
system, with its 34 of 525-Ohm transmission line. 


The GSRV Antenna System and Some Variants on All HF Bands 


Varney performed a rudimentary standing wave analysis for his antenna system 
in his 1984 article. Let's begin by reviewing his results in tabular form. Remember 
that he is analyzing the likely impedance that wil appear at the lower terminals of 
the matching section. 
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This sort of information style makes it difficult for us to directly compare the 
results with the matching section with the modeled results that we obtained 
without the matching section. Therefore, let's do some NEC-4 modeling, using 
the same TL facility matching section construct that we used in Part 1. As we did 
initially, we shall confine ourselves to a 20-m height for the 102 AWG #12 copper 


While we are at the task, we can also examine some slight variations in the. 
SRV antenna system. All of the variations represent slight modifications in the 
matching section transmission line, 


Version 1: the original GSRV with 34 of 525-Ohm 0.98 VF open wire line. 


Version 2: the common U.S. implementation of the GSRV using 34’ of 450-Ohm. 
0.91 VF viny-covered window line. 


Version 3: a second common implementation using 28' of 300-Ohm 0.82 VF TV- 
type ribbon or solid vinyl covered line, noted in the 1984 article. 
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Version 4: 300-Ohm 0.9 VF windowed vinyl-covered TV-type ribbon line (in the 
U.S., available from The Wireman in SC, but check his specification for ће VF). 


Allowing for the possible confusion of the VF attached to the original open-wire 
line by those who suggest alternative line for the matching section, the sections 
are all cut to be about 1/2-wavelength al 14.15 MHz. Hence, we should see 
about the same impedance values in al versions as we obtained for the wire 
alone. 


The following table shows the modeled impedance values at the hase of the 
matching section for each version on each of the test frequencies spread across 
the HF region. As well, for reference, the tables also provide the 75-Ohm SWR 
values in keeping with Varney's intent that the remaining transmission line to the 
ATU be 75-Ohm twinlead or coaxial cable. 
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Lets intially look at a couple of bands in the whole range. Although all of the 
‘matching sections show similar impedances at 14.15 MHz, we cannot be 
assured that the 20 meter SWR curves will be identical forall 4 versions. 
Therefore, Fig. 2 shows the 75-Ohm curves for the 4 versions. 
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75.0hm SWR Curves: 20 Meters 
4 Versions of the GSRV Antenna System 
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Versions 1, 3, and 4 show similar curves, since they were cut close to a half 
wavelength for the line used. However, the common US implementation of the 
GSRV simply replaces one line with another without allowing for the difference in 
velocity factor. Hence, the impedance transformation undergoes more than 1/2 
wavelength, and the resulting impedance away from the design frequency differs 
from the other versions. The lesson is that if one wishes to replicate the СРУ 
system at 20 meters with a different matching section line, one must use some 
care in accounting for differences in the velocity factor. 


Of all the bands, 12 meters shows the greatest promise for avoiding the need for 
ап ATU. Fig. 3 presents the SWR curves for this narrow ham band, 
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75-0hm SWR Curves: 12 Meters 
A Versions of the GSRV Antenna System 
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As may be evident, the two 300-Ohm systems provide a good 75-Ohm SWR, 
"while the two higher-impedance matching sections do not. The unsuspecting 
novice builder of а GSRV may wonder why. 


The matching section is 1/2-wavelength long at 14.15 MHz. However, it has a 
different electrical length at every other frequency across the amateur bands. 
Lines having different characteristic impedances wil yield diferent impedance. 
transformations. 


We are likely familiar with the fact by now that a transmission line of апу 
characteristic impedance wil replicate the wire feedpoint impedance if the line is 
electrically 1/2 wavelength. We may also be familar with the fact that if a line is 
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electrically an odd number of quarter-wavelengths, then the impedance at the 
base or "sending" end will be the square of the line's characteristic impedance 
divided by the load impedance-in this case the wire feedpoint impedance. 


However, these simplified relationships derive from a much more complex 
equation describing the transformation of the load impedance for any length of 
line whatsoever. The following equation shows the transformation, but still 
simplified by omitting the calculation of line losses. As noted in Part 1, the. 
modeling software uses a lossless-line model for its calculations, and the losses 
in the short parallel ine composing the matching section are almost small 
enough to be negligible. 


2562) jones 7) 
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The terms / and lambda are in the same units, where / is the electrical length of 
the transmission line, while lambda is a wave length. Zo is the characteristic 
impedance of the ine; ZL is the load impedance, and Zs equals the impedance 
at the sending end of the line. This particular version of the impedance 
transformation equation comes from page 186 of Terman's Radio Engineers’ 
Handbook. Of course, ZL may be complex (R +/- X), and so, too, may be Zs. 
There are a number of utility computer programs that wil calculate the 
impedance transformation--with or without losses--including the resistive and 
reactive components. 


The message of the equation for this context is that the complex transformation 
of impedance along a transmission line, when the load impedance and the line's 
characteristic impedance are not a perfect match, depends an the line length and 
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the line's characteristic impedance. The transformation оп all bands for which the 
line is not a nearly exact multiple of a half wavelength will differ as we change the 
Characteristic impedance of the line. Therefore, as we develop alternative types 
of transmission line for the matching section of a GSRV, we should not expect to 
replicate the impedance values of Vamey's original version on bands other than 
20 meters. 


We can see the effect of moving from the 450-t0-525-Ohm region down to 300 
Ohms by looking at the impedance values for the bands below 20 meters. The 
higher impedance lines yield resistive components between 35 and 95 Ohms, 
"while the 300-Ohm lines produce values in the 20-30-Ohm range. These values 
are also a good reason not to run the feedline to the 4:1 balun that inhabits so 
many network tuners in common use today. We do not need an already low 
resistive component further reduced. 


However, the 300-Ohm line has a small advantage. It yields impedance values 
оп more bands with 75-Ohm SWR values under 10:1. Although there is no 
guarantee, given the very wide variety of components used in today's tuners, the 
lower the overall SWR value, the more likely it is that the feedline from the 
matching section to the tuner will provide values within the tuning range of the 
ATU. 


Indeed, it is now time to perform one more comparison: between the overall 
impedance values in the table for the 4 versions of the GSRV and the impedance 
values for the feedpoint of the 102 wire alone. In general, the matching section 
yields lower values of both resistance and reactance. Therefore, with a 75-Ohm 
line from the matching section to the ATU, we are likely to be able to effect a 
match. We would only be able to achieve this goal with parallel transmission line. 
all the way from the wire to the ATU-and might have to insert some line on some 
bands, 


The final question in this series in inquiries is simple: why do the job in the GSRV 
manner? 
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Setting Up a GSRV Antenna System 


For a GSRV antenna system--at least as indicated by both Varney himself and by 
the modeling results--we shall need several components: 


102 of strong copper or copperweld wire--along with sundry end rope, insulators, 
and a center-junction piece. 


A length of parallel transmission line cut to 1/2-wavelength at about 14.15 MHz, 
accounting for the line's velocity factor. 


A length of feediine from the matching section to the ATU. For network tuners, 
we might as well use 75-Ohm or even 50-Ohm cable. However, since the line will 
be subject to considerable SWR and hence voltage and current excursions along 
its length, we should use the shortest possible length to minimize losses. As well, 
we should use the fattest, lowest loss line that we can obtain (RG-213 or better) 
Because 75-Ohm transmitting twinlead is no longer made in the U.S., we can 
only implement the GSRV using coaxial cable, unless we are willing to build our 
own low-impedance parallel line. 


А choke to place at the junction of the matching section and the coaxial cable, as 
noted in the 1984 RADCOM article. 


A wide-range network tuner. 


Fig. 4 sketches the essential ingredients of the antenna from the wire down is 
the network tuner. 
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102 of Copper or Goppenvel Antenna Wire 
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When used with a wide-range tuner, there is little to choose among the versions 
of the matching section illustrated in these notes--or among a large lot of other 
potential sections. Each should be 1/2-wavelength at about 14.15 MHz. Perhaps 
the only general rule involved is that the higher the characteristic impedance of 
the matching section transmission line, the higher the impedance that is likely on. 
the bands below 20 meters. However, 300-Ohm line (the transmitting variety, for 
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lowest losses) offers fewer bands with very high SWR values relative to either 
50- or 75-Ohm cable. 


Perhaps the only other component of the system calling for comment is the 
choke. Very often we hear such devices being called choke-baluns or simply 1:1 
baluns, Such devices have two functions that are inter-related. They provide a 
transition between balanced line on the one side and unbalanced line on the 
other. They also tend to attenuate common-mode currents on the braid of the 
coax. In fact, these two functions are one and the same, for the only reason for 
needing a transition device where we effect no impedance transformation is to 
suppress common-mode currents. 


Newcomers to antenna work are sometimes confused by calling these current 
common-mode currents and also saying that they appear on the coax braid. 
Normal transmission line currents are ideally equal in magnitude but opposite in 
phase anywhere along a transmission line. Common-mode currents have the 
same phase оп both conductors. On parallel line, such currents are of equal 
magnitude on each line. However, on coaxial cable, due to the skin effect which 
tends to cancel currents at the center of a conductor and place all current at the 
surface, the current is most measurable on the braid. 


Louis Varney warned against the use of transformer-wound 1:1 baluns because 
many designs shaw considerable losses when the load reactance is significant. 
Indeed, Jerry Sevick, W2FMI, who has published the most material on 
transmission-line transformers, recommends that all reactance compensation 
оссиг on the load side of the balun, 


In place of such baluns to suppress common-mode currents, Varney 
recommends a 6" diameter coil of about 8 to 10 turns of the feedline coaxial 
cable at the junction of the matching section and the main feedline. I have found 
that W2DU-type ferrite bead chokes also perform well in this function. 


Опе recommendation that | have seen from vendors of commercially prepared 
GSRV kits is to use as long a run of coaxial cable as possible. Coaxial cable is 
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inherently lossier than parallel transmission ine. Any SWR factor acts as a 
multiplier on the basic matched-line loss of a cable at a given frequency. Hence, 
the only reason that 1 can think of for using a very long run of coaxial cable--other 
than one of necessity for extending from the shack to the antenne s to use the 
line losses to mask ће SWR at the shack end of the line. If the measured SWR 
at the shack end of the line is very significantly lower than the sorts of figures. 
produced by these models--or models customized to the system proposed by a 
user--then they result from line losses. And the only purpose for accepting such 
losses would be to operate the system without a tuner. 


With a wide-range tuner, one achieves the lowest feasible loss level with the 
shortest possible coaxial cable run, 


Conclusion to Part 2 


From Louis Varney's own writings, we can derive and confirm with NEC-4 models 
the fact that the GSRV antenna system is suitable for multi-band operation, just 
ав any wire from about 88 to 140 feet might be. The matching system comes into 
play, not to do away with the need for an ATU, but to permit the use of a coaxial 
cable as the main feedline with SWR values that are considerably lower than 
they would be without the matching section on most HF bands. Nevertheless, the 
ATU remains an essential part of the GSRV antenna system. 


The use of coaxial cable for the main feedline has some advantages in the 
modern home. Contemporary homes have walls, ceilings, and floors that are 
rampant with wiring and other metallic conductors associated with heating and alr 
conditioning systems. Hence, indoors, the chances of a parallel ine encountering 
environments that would disrupt the line balance have multiplied with time. A 
coaxial cable main feedline properly immunized from common-mode currents 
with a suitable choke offers some isolation from the conductive contents of the 
modern home with only small losses as the cost. 


50-Ohm cable has come to rule the field of amateur feedlines. As well, the ATU 
remains among many folks a suspect device, since it adds to the number of 
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boxes on the operating desk. As a result, after the appearance of the GSRV. 
antenna system, a search ensued for a combination of antenna wire length and 
matching section that would yield the highest number of amateur bands offering 
ATU-less operation on a 50-Ohm cable. We shall devote a final part to this series 
to explore a GSRV variant, perhaps the most successful effort to reach the S0. 
‘Ohm cable goal. 
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Chapter 12: The Almost-No-ATU GSRV-Type Antenna 


quest left as a nearly mythical heritage of the GSRV antenna system: to 
develop an antenna system that, for the maximum number of HF bands 

possible, would permit no-ATU operation of the system with a 50-Ohm coaxial 
Cable as the main feedline. There had been other cousins of the GSRV, such as 
the WSANB transmission-line translation featured in OST for November, 1981 
(pp. 26-27). Serious researchers traced the overall design concept to the 300. 
Ohm based Collins version of the 1930s. However, virtually all of these cousins 
satisfied themselves--as did Varney--with moderate impedances that would fall 
easily in the range of the average antenna tuner. They did not seek to free the 
user completely from the ATU in mau bana operation 


I: the mid-1980s, Brian Austin (then ZS6BKW, now GOGSF) addressed the 


The ZSSBKWIGOGSF Antenna System 


Austin's amateur developments appear in RADCOM for August, 1985, and in 
Radio ZS for June 1985, with professional efforts reported in Elecktron for 
June/July, 1986, and the Journal of IERE (UK) for July/August, 1987. G3BDQ's 
Practical Wire Antennas volume reports on the amateur version of Austin’s 
antenna on p. 22. Essentially, his task was to find a length and characteristic 
impedance for a matching section that will transform the impedance at the center 
of a wire of a given length to something close to 50 Ohms. So we have several 
variables (using Austin’s notation) in combination: 


L1: the length of the horizontal wire; 
12: the length of the matching section; 
Z2: the characteristic impedance (Zo) of the matching section; and 


Z4: the characteristic impedance of the main feedline, which is 50 Ohms for most 
amateur applications. 
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By computer calculation, Austin arrived at a workable set о! relationships that 
permitted the largest number of bands to arrive at a direct 50-Ohm feed with an 
acceptable SWR value. Let L1 approximately equal 204/Flow meters or 
669.3/Flow feet, where Flow is the lowest frequency to be used. For a Zo of 400 
Ohms, let L2 approximately equal 92/Flow meters or 301.8/Flow feet. Of course, 
L2 must be adjusted according to the velocity factor of the actual parallel 
transmission line used. (A 400-Ohm Window line is available from The Wireman 
of SC), 


it is interesting that the sum of the two lengths is about 196 under 1 wavelength, 
More significant than this accidental result is the fact that the combination of LL 
and L2 provides a good 50-Ohm match in the following progression of ratios: 1 
2.02 : 2.57 : 3.54 : 4.14, etc. If we let the lowest used frequency be about 7 MHz, 
then we may have acceptable matches on 20, 17, 12, and 10 meters. 5 bands 
with one doublet and no ATU is no mean feat 
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Fig. 1 shows the outline for a ZS6BKW/GOGSF antenna system for 40 through 
10 meters. The wire length is 28.4 m or 93.18' The matching section uses 400. 
Ohm parallel line and a length of 13.6 m or 44.62. We shall examine various wire 
sizes for L1 later, but for the moment we may note the following small table of 
values for constructing 400-Ohm open wire transmission line using common 
copper wire sizes, 


КА Spacing inches) ме Spacing inches] 


There are some commercially available viny-covered windowed lines that are 
closer to 400 Ohms than our expected 450-Ohm value. Therefore, if you do not. 
wish to make up the 45' of 400-Ohm line, you may wish to check with vendors 
Obtain the velocity factor to determine how much to physically shorten the line to 
achieve the required electrical length in Fig. 1. However, do not rely on the. 
report. Whether you build or buy the match-section line, measure its velocity 
factor. 


The Hayes volume reports the Austin results in the following manner with respect 
to SWR at the junction of L2 and the main Sb. Ohm feedine. 
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Austin used a free-space calculation of the impedance of L1 as the basis for his 
‘matching section calculations. It is not clear that the equations factor in either the 
effects of height or wire size on the quality of 50-Ohm match. As well, the spot 
checks of the match do not provide us with a good portrait of the operating 
bandwidth potential for each band, 


Consequently, it may be useful to subject the ZS6BKWIGOGSF antenna system 
to the same sorts of NEC-4 modeling that we used for the GSRV. We shall begin 
with a basic model using AWG #12 copper wire, placing itin free space and then 
at heights of 20 т and 10 т (65.62 and 32.81) above average ground. The 
models produce the following results. 
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The modeled values for the spot frequencies coincide quite closely with Austin's 
initially charted SWR reports. 80, 30, and 15 meters are essentially non-usable. 
17 and 12 meters show 50-Ohm SWR values near the limits of where modern 
transceivers begin to reduce power. However, with most coax runs, the SWR. 
values shown at the transceiver will be reduced as a function of line losses on 
these bands. The SWR values for 40, 20, and 10 meters are highly promising, 


Side note: Examine the SWR values for the free-space and the 20-m models. In 
both cases, the reactance is identical and high. However, the free-space resistive 
‘component is lower than the 20-m value, but the SWR is higher. Newcomers 
often believe that higher impedance values automatically produce higher SWR 
values and fail to appreciate the role played in the complex SWR calculation 
equations of the ratio of reactance to resistance in yielding the final result. 


Lets look a bit further into the usable bands by taking 50-Ohm sweeps at each 
height across the bands. This exercise will give us a bit of insight into the. 
operating bandwidth for the antenna system, 
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Fig. 2 provides us with a triple sweep of 40 meters. Only the curve for the 20-m 
height covers the entire band with an acceptable (less than 2:1) 50-Ohm SWR. 
(On 40 meters, that height is about 1/2 wavelength up, while the lower 10-m 
height is only a quarter wavelength. 
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The 20-meter curves, shown in Fig. 3, coincide more closely, since the heights 
are 1/2 and 1 wavelength, The SWR bandwidth favors the low end of the band 
and is narrower than would be the SWR curve for an AWG #12 copper dipole 


resonated somewhere in the middle of the band. 
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The 17-meter band is marginal with respect to a 2:1 SWR bandwidth, as shown 
in Fig. 4. With a length of 50-Ohm coax between the matching section and the 
Tig, the measured SWR near the transmitter would be a bit less, allowing the use 
of this band without triggering most power-reduction features associated with 
solid-state final amplifiers. 


Chapter 12 


Antennas Made of Wire - Volume 1 


me 


n 


42 Meter S0.Ohm SWR Curves 
ZSSBKW/GUGSF Mali Band HF Antonna 
Free: Space/20 Meters Meters Up 


218 Freq Mi ET 


12 meters (Fig. 5) shows a similar phenomenon where the 50-Ohm SWR passes 
ihe 2:1 mark within the band. However, for most heights, the SWR is a bit lower 
than on 17, and the same length of coax would show a bit more loss and hence a 
bit lower SWR at the transmitter end of the Ine. Hence, the 12-meter band might 
prove a bit less problematical relative to triggering power reduction circuitry. 
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Because the "goad-match’ frequency ratios are not harmonically related, the 
ZS6BKW/GOGSF antenna system favors the upper end of the first MHz of 10 
meters, as shown in Fig. 6. The window is small, but quite usable. If the 
transceiver has a built-in narrow range tuner, of course, the entire band would be 
usable, and the marginal and narrow band conditions on other bands would по 
longer be a problem. 


The ZS6BKW/GOGSF antenna system is also somewhat sensitive to the wire. 
diameter. To show this fact, | modeled the antenna using AWG #8, #12, and 418. 
"wire. The #8 selection is fatter than almost all amateurs would use, but-in 
conjunction with the other wires-- provides a reasonably graphic ilustration of 
the effects of wire diameter on the performance of the antenna system. The 
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following tables provide the spot frequency data for the runs. For this set of 
models, the height is 20 т above average ground. The unusable bands have 
been omitted, 
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Like all other small adjustments to the ZSSBKWIGOGSF antenna system, 
including changes of wire length, match section length, and match section Zo, 
the 17-meter match and the 12-meter match tend to show opposite effects. An 
Improvement to one is accompanied by a degradation of the other. 


For the wider usable bands, we might again look at comparative 50-Ohm SWR 
sweeps using the three vire sizes for an antenna wire at 20 m above average 
ground. 
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Fig. 7 shows the effects of changing wire diameter across the 40-meter band. 
#18 through #12 wire seem to show the best promise of ful band coverage, 
although a wire as large as #8 is usable with an in-rig tuner. 
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See Fig. 8: оп 20 meters, as the operating bandwidth narrows, the thinner end of 
the wire scale offer fuller band coverage, with the #18 wire favoring the upper 
end of the band. Those who use only the low end of the band for CW or digital 
work might prefer a larger diameter wire for the antenna. 
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Оп 10 meters, thinner is defintely better in terms of total operating bandwidth, as 
demonstrated by Fig. 9. However, all three curves miss the popular 28.3 to 28.5 
MHz window of major 10-meter activity, along with the "CW" end of the band. In 
these regions, there is litle to choose among the wire sizes, and an in-ig tuner 
would likely provide the necessary match, 


Of the unusable bands-80, 30, and 15 meters--a wide range external ATU would 
likely provide a usable match on 80 and 75 meters. Since the losses of coaxial 
cable are low in this band and the SWR loss multiplier for the 10:1 to 13:1 range 
is moderate, the band might prove to be feasible, The higher losses at 30 and 15 
meters, accompanied by very high SWR values, do not bode well for effective 
use of these bands with the ZSGBKW/GOGSF antenna system. Cable losses 
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may show a lower measured SWR at the transceiver end of the line, and a tuner 
may effect a match of some sort, but the losses in the cable will remain. As well, 
the tuner network may operate in a high-loaded-Q condition, further adding to 
overall losses. 


have not shown azimuth patterns for Austin's antenna system, since those 
patterns are a function of the radiating wire length. Patterns for a 93' wire and a 
107 wire are too similar to need repetition. So you may refer to the pattems in 
Part 2 for a good idea of where the lobes will go on each usable band with the 
ZS6BKWIGOGSF system, 


Conclusion to Part 3 


Of ай the GSRV antenna system cousins, the ZS6BKWI/GOGSF antenna system 
has come closest to achieving the goal that is part of the GSRV mythology: a 
multi-band HF antenna consisting of a single wire and simple matching system to 
cover as many of the amateur HF bands as possible. From 80 to 10 meters, 
‘Austin’s system provides an acceptable match on 5 out of the В bands under 
most conditions without an antenna tuner. This is the best result that has been 
achieved of any of the systems that has come to my attention, 
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WADZZINENK Mult-Band Trap System 
3 Alternative Multi-Band Doublet Systems for Coaxial Cable Feed 


There are at least three other classic horizontal wire antenna designs that are 
proven performers in terms of using a coaxial cable as the feedine and in 
requiring no ATU. They are illustrated in Fig. 10. One is the trap doublet. One 
can make a dipole for as many bands as one wishes by using traps to terminate 
the wire at the desired length for a given band, Of course, the traps between the 
feedpoint and the termination for the band in use provided loads, so the antenna 
‘would be shorter than full size on the lowest band in use. How shor it would be 
depends on the number of bands for which the builder installs traps. 


Since the trap dipole or doublet is a semi-true dipole for each band used, it 
provides a resonant feedpoint impedance close to optimal for 50- or 75-Ohm. 
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cable. The exact feedpoint impedance depends in part on a. the terminating trap 
design and b. the amount of element loading provided by the interior traps 
relative to the band in use. The patterns will be broadside oval, peanut, or figure- 
8 shapes~depending upon antenna height in wavelengths above ground, 
However, when the ratio of the highest to lowest frequencies is greater than 3:1, 
there may be significant radiation from the outer portion of the antenna at the. 
higher frequencies, resulting in odd lobes relative to dipole expectations. 


The advantages that accrue to the trap dipole or doublet are a 50-75-Ohm 
feedpoint impedance and mostly true dipole patterns. However, the loading of 
interior traps creates user worries about losses. As well, the L-C traps are 
weighty and complex compared to the simple light structure of a single-wire 
doublet, As well, the bandwidth tends to be narrower than for a simple dipole 
using the same diameter wire. 


The second classic design for direct coax feed on multiple bands is the fan of 
dipoles. One can support in the normal way a dipole for the lowest band to be 
used, Then, from the same feedpoint, one can run other dipoles suspended 
beneath the longest one. The more one allows the higher-band dipoles to droop 
beneath the longest ane, the less the interaction of elements and the greater the 
ease of trimming each dipole to resonance, 


As опе adds bands to a single fan structure, the heavier it becomes, with more. 
area to intercept the wind. Hence, durability becomes a significant issue relative 
to a simple doublet. As well, the initial trimming of the dipole lengths tends to 
become more finicky, and the operating bandwidth narrows relative to a single 
dipole for the same band. 


A third system, pioneered by C. L. Buchanan, W3DZZ, uses a single trap each 
side of the feedpoint to provide mulli-band coverage. Al Buxton, WBNX, extended 
the technique. The required traps demand careful construction and placement, 
and band coverage is not complete. Moreover, the pattems on all bands are not 
completely predictable by reference to the wire length, since interactions may 
exist between the inner and outer sections of the wire. Nevertheless, such 
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antennas are capable of covering several bands with acceptable SWR levels оп 
a single coaxial cable feedline. 


These classic one-coax-feedline antennas provide part of the rationale for 
pursuing the GSRV myth of a single doublet for many bands with a single coax 
feedline and no ATU. A single doublet is mechanically simple for good durability. 
Operation without an АТ removes one box from the operating desk or field 
table, The belief that the GSRV antenna system itself could attain these goals 
which it could not--literally invented the demand for an antenna that could. And 
that created the pursuit of techniques that would find a combination of wire length 
and matching section characteristic impedance and length to come closet to the 
goal. 


These notes are not designed to recommend a particular multi-band wire 
antenna system to the potential user. There are too many situational variables for 
me to do much more than mislead someone. Instead, these notes are designed 
to clarify to some degree the capabilities of the GSRV and the ZSGBKW/GOGSF 
antenna systems so that you can have reasonable expectations of them. 
Understanding an antenna system is one way of overcoming the mythology that 
spreads itself in truncated conversational claims and in advertising. 


The GSRV antenna system comes in many commercial packages, simply 
because it is cheap and easy to produce in a kit. A length of wire, a length of 
parallel feedline, a few insulators, and a couple of junctions form a low vendor 
cost high profit item. If ай vendors were both honest and knowledgeable, they 
would label such kits with a warning to use with an ATU. If they wish to sell kits 
for use without an ATU, they might well consider packaging the ZSEBKW/GOGSF 
system instead. But even then, they should clearly identify the non-usable bands. 
(A commercial version of the ZSSBKW/GOGSF antenna system is available from 
The Wireman of SC.) 


Antenna systems using a wire and matching system are but one route to HF all 
band antenna service. A simple doublet, parallel transmission line, and an ATU is 
still an effective system, although truly balanced ATUS are difficult to find. For 
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coaxial feedlines, we have briefly noted three alternative systems that move the. 
complexity of a tuner to the antenna end of the line in the form of traps or multiple 
dipoles. Selecting the al-band wire antenna system, in the end, depends on the 
User's careful definition of his needs, limitations, and desires. Some 
understanding of the requirements of each competing system also goes a lang 
way to assisting the decision-making process. These notes hope to have added 
a bit to understanding the single-wire-and-matching-section system of achieving 
‘multiband HF operation. 
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Chapter 13: A G5RV or a ZEPP? 


sensibly: What is the best 10-meter antenna? The answer might be about 4 

stacked long-boom, many-element Yagis from about 70 on up on a rotatable 
tower on a one-hil island surrounded by ocean. Even that answer might get an 
argument. However, for most of us, the simple question of what the best 10- 
meter antenna might be is an exercise in irelevancy. 


| twe had unlimited money and space, we could ask the following question 


A more sensible question is usually this one: which of two alternatives is the 
better antenna? Each alternative might fit our yard and bank account. However, 
по general answer is possible. Even И one antenna does outperform another, 
there are always a number of other factors that affect the final decision. Can | 
‘maintain this antenna? What will my neighbors say when they see it? Is it 
compatible with the rose garden? 


With those qualifications in mind, let's compare two antennas on performance 
alone just because people have asked a certain question: which is better: a 
multiband wire antenna like a GSRV or a center-fed Zepp on the ane hand, or а 
dipole cut for 10 meters on the other hand? And lets presume you have the room 
and supports for both antennas to make this a real comparison. 


It you like to work all of the НЕ ham bands and are limited to a single antenna, 
then the multiband wire is certainly an antenna to consider. An "BO-meter" 135° 
center-fed Zepp, а GSRV 102 dipole, and a "40-meter 67' center-fed Zepp are 
all long doublets, center-fed with parallel transmission lines and differ only in 
length. All require an antenna tuner, although some antennas show a low 
impedance on some bands. The 135 Zepp obviously works better on 80, 
although the 102 center-fed antenna does quite wel there, and all three 
antennas can show respectable performance from 40-10, 


In fact, some folks praise these longer antennas because they show some gain 
over a 10-meter dipole оп 10-10's favorite band, Unfortunately, that kind of claim 
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is like preferring $10 bills over $5 dollar bills. 1 take the 85s if you give me 
enough more of them than the $10s. The bill size is not relevant unl you know 
how many of each are at stake. 


When comparing any of the longer multiband wires with a 10-meter dipole, the 
extra gain is not relevant until we answer the question of where it goes and, 
equally, where it does not go. A lot of variables go into the answer to the "where" 
question, but we can give a glimpse into the answer with Figures 1, 2, and 3. 
Each shows the azimuth pattern of 3 antennas (2 dipoles and one multiband 
antenna) modeled at a height of 35' (a typical amateur backyard installation) over 
real ground at a 14-degree angle of maximum radiation at 28.5 MHz. 


Think of these patterns as looking down on the antenna from overhead. The 
dipoles are the simple figure-8 double loops. For the loops reaching out to 0 and 
180 degrees, the antenna runs up and down the page through the center of the 
diagram. For the loops reaching maximum at the top and bottom of the diagram, 
the antenna runs left and right across the page. Each multiband antenna also 
runs left and right across the page. 


Chapter 13 


Antennas Made of Wire - Volume 1 


Figure 1 Ld 
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Figure 1 shows the 135° Zepp. It has four lobes that exceed the dipole limit by a 
good bit. However, notice how narrow they are. Notice also the nulls in the 
pattern. with some careful planning and some good luck in where your yard trees 
go, you might align the antenna so that one or more of the lobes points right 
where you find the stations you like to work most. Then again, you might end up 
aligning the antenna so that nulls point at your second and third favorite spots. 
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Figure 2 shows the dipoles with а GSRV. Again, there are higher-gain narrow 
lobes, but aimed more al the 45-degree point on the pattern. The shorter antenna. 
creates fewer lobes. Again, you might use this information to hit one or more of 
your targets, and possibly miss a few desirable targets. 
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Figure 3 shows the same data for the 67' Zepp, about the length of a 40-meter 
dipole. There are only 4 lobes for this shorter antenna, but, of course, 4 nulls as 
well 


Each of these antennas has its place in some ham's yard, especially for working 
the lower HF bands (and each antenna will show a different pattern on each 
band). But is any really significantly better than a dipole on 10 meters? Gain is 
nice, but those nulls can drive you crazy. 
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Well, the dipole also has nulls off each side, so it too is limited. However, with an 
overal length of between 16 and 16.5' (depending on the element diameter), it is 
not too difficult to put up a rotatable dipole. You can hand-rotate the antenna 
mast or use a TV rotator. Then the nulls disappear. More correctly, they go. 
where you put them, as you broadside the antenna to the desired signal. Hence, 
you only have to rotate a dipole less than 180 degrees to get full 360-degree 
coverage. 


A stack of TV masting with a house clamp only roughly tight or guys in guy rings 
would permit you to hand turn the mast. You can attach a short level rod to the 
mast to make turning easier. Except in odd late afternoon shorter skip conditions, 
where signals seem to come from every direction, you wil likely only have to 
change the antenna orientation every few hours. 


Am I "pushing" the rotatable dipole? Not really. Part of my point is that gain is not 
everything, especially if it does not point anywhere useful. Part of my point is that 
pointing is more simply done on 10 meters than many people believe, especially 
if they only look at monster 20-meter beams. Part of my point is that a multiband 
wire antenna is a very useful antenna for working all the bands. And part of my 
point is that, with a little ingenuity, a 10-meter dipole can do a lot of useful work 
for us without being unduly noticeable or expensive. Even if you already have 
that long wire, you might also consider adding a rotatable dipole to the antenna 
"farm." Now, if itis simple enough, you might even take it apart, toss it in the. 
truck or trunk, and go portable with it-and put it back up when you get home. 
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Chapter 14: Vertically Radiating Horizontal Antennas 


hall wavelength dipole, the inverted Vee variant, and a host of similar 

antennas. Recently, it was discovered that we could use versions of 
MININEC and NEC-2 to model what might happen if, in addition to the horizontal 
wire, a portion of the feedline also radiated. The general modeling procedure was 
to drop a quarter-wavelength vertical wire down from the normal feedpoint (braid 
side) to simulate radiation from the outer surface of the braid. The physical 
analog to this model has been the installation of a line isolator У. wi down the 
coax 


H orizontal antennas include such old friends as the center-fed resonant 


Unfortunately, the model wire antennas emerging from these exercises appear to 
have gathered more acronyms and callsign labels than careful analysis. Full 
‘modeling details have rarely been given, and results are hardly replicable. 
However, even if the models can be replicated, there remain strong questions 
about whether the models are adequate representations of the realities of 
antenna construction and installation. їп short, itis dubious whether anything 
near the modeled performance can be achieved with real wire antennas. It may 
be instructive to examine some of the madeling techniques involved in promoting 
vertical radiation concepts, 


Bad Models Make Bad Antenna Theory 


Lets begin with dipoles and inverted Vees. Figure 1 illustrates the supposed 
difference between standard and vertically radiating dipoles and Vees. The 
standard horizontal antenna consists of а halt-wavelength of horizontally or 
sloped wire fed by a coaxial transmission line. An isolating balun installed at the 
feedpoint is optional, although many experts recommend опе as а means of 
preventing the outer surface of the coaxial cable from carrying antenna currents 
and consequently radiating in unpredictable ways. Many users of these antennas 
have found no balun to be necessary. 
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Figure 1 


Vertically radiating horizontal antennas presume that the current originating on 
the inner surface of the coaxial cable braid will divide between the antenna wire 
attached to the braid and the outer surface of the braid. Also presumed is the 
idea that this outer surface is somehow floating, being too distant from an earth 
ог system ground to be considered grounded, but having no other currents on it 
other than those developed as a result of the antenna-feedine Junction. This 
permits the outer surface of the braid to act as another antenna wire. A line 
isolator--usually a device similar in principle to a W2DU ferrite-cores-over-a- 
length-of-coax~is installed % wl down the coax braid and terminates the radiating 
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section of braid. The result is a current of full strength along the antenna wire. 
Connected to the coaxial cable center conductor and a divided current from the 
inner surface of the braid, part traveling along the antenna wire and part along 
the outer surface of the braid 


Since the outer surface of the braid is vertically oriented, the dominant 
polarization of its radiated field is vertical, with a consequential lowering of the 
overall radiation angle of the antennas total pattern and a reduction in the front- 
to-side ratio of the antenna. If a wire dipole or inverted Vee exhibits something 
like a figure-8 or a peanut-shaped pattern, the vertically radiating versions of the 
same antennas are reported to exhibit ovál or nearly round azimuth patterns, 


If we accept all the premises of this scenario for the moment, it is possible to 
model both standard and vertically radiating dipoles and Vees using common 
materials and conditions, and to make a comparison between the resultant 
antennas patterns taken under identical modeling conditions. Let us choose 
Copper wire, perhaps #14 as a commonly used size. Let us also select average 
earth as the soil under the antenna with a conductivity of 0.005 Siemensimeter 
and a dielectric constant of 13. These initial choices reflect haw such antennas 
"wil actually be used, since few, in any, hams have access to lossless wire and 
perfect ground beneath the antenna, 


In constructing our models, we may choose either MININEC or NEC-2 (since 
NEC-4 is just now becoming available, but at a price beyond the means of most 
amateurs). NEC-2 has some limitations in this exercise, since it requires a 
separate wire to which one applies the source, which is centered in the added 
segment. This short segment must meet adjacent segment length requirements 
of the program, which enlarges the number of segments in the total model if the 
feed wire is to be kept short. However, to reduce the number of segments, one 
may taper the segment lengths shorter toward the feed wire to maintain 
recommended ratios of adjacent wires. Additionally, the vertical wire must be 
about the same diameter as the antenna wire, since NEC-2 outputs became 
unreliable when wires of different diameter are joined in many modeling 
situations. However, NEC-2 includes a higher quality ground analysis system. 
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MININEC can handle wires of diferent diameter, but it is not without its own. 
restrictions. First, for reasonable accuracy, segment lengths should be tapered 
when wires join at tight angles, and a right angle qualifies. Second, one must be 
careful with the placement of the source, MININEC sources are applied at one or 
the other end of a segment, which end must attach to another segment ог wire. 
The end of the first wire is not a permitted source point if multiple junctions are 
present. Likewise, the junction end of the down wire is not a permitted source 
point, since it does not reflect the series connection of the coaxial cable to the 
horizontal wire, but instead treats the down wire as one side of the antenna and 
both sides of the horizontal portion as the other side of the antenna. One solution 
is to add a 2-segment wire as a feed point, placing the feed at the end of one 
segment within the wire. Additionally, one may also taper segment lengths within 
the wires as they approach the feed wire to ensure that adjacent wires mest 
program rules. Since MININEC has only a limited accuracy ground system, 
dropping the vertical wire below 0.2 w above ground without creating a true 
ground-mounted vertical antenna may strain MININEC limits. 


Figure 2 illustrates some of the salient points of NEC-2 and MININEC models of 
a vertically radiating dipole. 
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Figure 2 


The next question concerns the frequency of operation, which has implications 
for wire length and the height of the assembly above ground. With a quarter 
wavelength of vertically oriented coaxial cable setting a minimum height, 1 
decided against 80 meters, The antenna would have to be a minimum of 68-70 
above ground. More typical amateur heights range from 35 to 50 above ground. 
Therefore, the test frequency selected was 7.15 MHz. Antenna heights for 
models could then range from 35' to SO for the horizontal section, with the. 
bottom of the vertical section ranging from about 1° to 15' above ground. 


Chapter 14 


Antennas Made of Wire - Volume 1 


Elevation patterns provide a general indicator of an antenna's gain when directed 
in the azimuth bearing of maximum radiation. Since low angle radiation has been 
опе of the claimed hallmarks of the vertically radiating horizontal antenna, an 
elevation angle of 20 degrees has been chosen for the azimuth patterns. Figure 
3 shows comparative patterns between a standard dipole and a vertically 
radiating version at a 35' height. These patterns happen to be taken with NEC-2, 
but are not significantly dissimilar to patterns taken with MININEC. 
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Figure 3 
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Table 1 below compares three models at heights of 35, 40, 45, and 50:: one is a 
NEC-2 model with #14 copper wire as the vertical element; the Second is a. 
MININEC model using the same constraint; and the third is a MININEC model 
using a 0.5" copper vertical element in combination with the #14 horizontal wire 
Although gain, elevation angle of maximum radiation, and feedpoint impedance 
vary, there is no significant change in the overall antenna pattem among any of 
the models or heights. 


A Comparison of Three Modeled Vertically Radiating Dipoles 


MIMIMEC model: all #14 copper wire over average MININEC ground; with 
tapered segments to a short 2-segeent feed wire. Horizontal length: 67"; 
vertical length: 38.8. 


Gain at 20° Azimuth angle Maximum Take-off Foedpoint 

in dai Gf maximum © gain-dBi angie Impedance 
radiation (R % jX) 

3.05 E] LT 

2:35 75 КЕП 

173 66 СТЕН 

1 47 75 457 61 $ jas 


MIMIEC model: #14 horizontal copper wire with 0.5" vertical copper wire 
over average MININEC ground; with tapered segsenis to a short 2-seguent 
Feed wire. Horizontal length: 67'; vertical length: 33° 


Weight Maximum Take-off Foedpoint 
(feet) gain-dsi angle Impedance 
(R %. 1%) 
s 5.07 87 55 
45 as БЕ 
20. 26 BED 
a 4:8 62 ja 
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MEC-2 model: all #14 copper wire over average Sommerfeld ground; with 
tapered segments to a short feed wire. Horizontal length: 67"; vertical 
length: 33:5" 


Weight Gain at 20° Azimuth angle Maximum Take-off Foedpoint 


(feet) in dei Gf maximum” gain-dBi angle © Impedance 
radiation (R % jX) 
E 3.51 L3 ваг me 57 ja 
as 276 тв. sis at 60-37 
20 Ed 7 2% ав 231 
EJ ЕЕ m aise s 86 5 


Note: NEC-2 and MININEC models using short segments rather than tapered 
Segment lengths do not differ significantly from the figures presented for 
these models. ALI models at all heights exhibit the sane kidney-shaped 
azimuth pattern 


Table 1. A comparison of three modeled vertically 
radiating dipoles. 


Obvious in Figure 3 is the displacement of the narrowed portion of the azimuth 
pattern toward the horizontal arm connected to the braid, relative to the overlaid 
pattern for a dipole. Overall gain in the most favored direction of the antennas is 
similar to that of a dipole, as is the overall gain to the sides (off the antenna 
ends). The latter is simply displaced. Nowhere does there appear the grand ovals 
and circles of omnidirectonality advertised for the vertically radiating antennas. 
Indeed, there seems to be a misconception about low standard dipoles, to the 
effect that they are exclusively horizontally polarized antennas. To dispel this 
misconception, Figure 4 compares the field components of a standard and a 
vertically radiating dipole azimuth pattern. Although the vertically radiating 
version shows naturally significantly greater vertically polarized radiation, the 
standard dipole has a significant amount that contributes to the broadening of the 
free space Figure 8 into the mere shell of a peanut, 
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Within these modeling strictures, which attempt to use modeling program 
features to replicate reality to the degree to which the programs are capable, 
there appears litle to choose between the standard and the vertically radiating 
versions of the dipole. The displacement differential off the ends of the antenna. 
would be difficult to detect in actual operation, even using antenna range А-В. 
testing techniques. However, that differential might prove marginally useful to 
someone with certain QRM problems. 


Why do these patterns differ so radically from some which claim oval or nearly 
circular radiation patterns for vertically radiating antennas? The answer lies in 
certain dubious modeling practices. One of these is the assumption of perfect 
ground under the antennas. (Some claims for 80-meter VRDS use the almost as 
rare very good or excellent ground.) This assumption permits the vertical portion 
of the antenna to seemingly radiate with much greater efficiency in models than a 
user is ever likely to achieve, even with a radial system under the antenna. 
Another is the use of lossless wire. A third is the selection of some precise 
distance of the vertical wire abave ground, thereby optimizing conditions as no 
real user is likely to be able to replicate. These factors do not include obvious 
violations of the modeling constraints of the available programs, as noted earlier. 
Figure 5 shows what illusions may be wrought from unrealistic modeling 
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When modeled as close to reality as MININEC and NEC-2 will permit and within 
program constraints, vertically radiating dipoles and Vees do not constitute 
тайса! departures from standard versions of these antennas. Rather, they 
represent predictable pattern distortions that may be of some use to some 
operators under some conditions, However, questions about modeling adequacy. 
are only one aspect of the inquiry. There аге some significant questions to be 
raised about the physical means be which a vertically radiating dipole or Vee is to 
be implemented. 
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1 fear that many an investigator pursuing vertically radiating horizontal antennas. 
has been fooled by antenna modeling possibilities into accepting uncritically the 
reality, regularity, and reliability of what adding an extra wire to a dipole seems to 
show under tenuous modeling assumptions. Until there emerges a more 
adequate analysis of the reported and modeled phenomenon, the vertically 
radiating horizontal antenna likely deserves to be set aside as an interesting 
example of unsatisfactory antenna modeling 
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Chapter 15: The L Antenna 


iversity-polarization reception is often handy, especially on 10 meters. We 
use the same antenna for bath horizontally polarized SSB locals and 
vertically polarized FM repeaters and whip-equipped mobiles. And when 
the band is really open, we can work distant stations about as well as we might 
"with a vertical or horizontal dipole. All we need is the right antenna. 


Actually, the antenna itself is simplicity personified. Lets design it from two. 
different angles. 


From the Inverted Vee. . Y 3 


Fig. A 


to the L-antenna 


First, consider the common inverted Vee, shown in Figure A. When the legs 
make a 45-degree angle with the landscape or with a vertical line drawn between 
them, the impedance drops from the usual dipole value of 70 Ohms to about 50 
Ohms. Lets imagine such a Vee with the apex about 30' in the air. Place a pin in 
the center feedpoint and start rotating the antenna until one leg is horizontal and 
the other points straight up. What happens to the convenient feedpoint 
impedance? Nothing. It remains in the 50-Ohm ball park. 
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From the “ 
Ground Plane 
Vertical... 


Lets try that again, but this úme, begin with а 1/4 wavelength ground plane 
vertical with the base at the 30 mark, as shown in Figure В. This vertical antenna 
is actually a special type of dipole, one where опе of the legs consists of 4 wires 
arranged symmetrically and at right angles to the vertical part. The radiation from 
the four horizontal legs cancels ош, so the antenna has a vertically polarized 
pattern. We could have used any number of ground plane legs greater than 1, so 
long as they form a symmetrical arrangement to insure cancellation of 
horizontally polarized radiation, 


Fig.B 


But what happens if we have only one ground plane leg. There is no opposite 
member to cancel out the radiation. So, we have not only the vertically polarized 
radiation from the vertical leg, but also the horizontally polarized radiation from 
the horizontal leg 
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10-Meter L-Antenna 


Elements: 3/8" dia. al. 
Resonant Fr.: 28.85 MHz 


ga" 


What has happened is that the rotated Vee and the 1-legged vertical have turned 
into the same antenna, which ls simply the L-Antenna. Figure 1 shows a sketch 
of how to build one from 3/8" diameter aluminum tubing. | claim no originality for 
the antenna, since a version of it has appeared in Moxon's Antennas for All 
Locations. Apparently, the first commercial version appeared in the 1950s, 


Actually, you can build such an antenna out of any good antenna materials you 
have handy. Tubing from 3/8" to 17 diameter will work for the vertical element. 
Tubing or wire wil do fine for the horizontal element. Spar- varnished wood, 
PVC, or other materials will make a good center mount. 
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With the version of the antenna shown, the design center or resonant frequency 
was set at 28.85 MHz. The feedpoint impedance is about 45.5 Ohms at that 
frequency. I you use larger diameter tubing, expect to shorten the elements a bit 
and find a slightly lower feedpoint impedance. If you use wire for some or ай of 
the antenna, then expect to use longer dimensions and have a slightly higher 
feedpoint impedance. 


Notice in the sketch that ће vertical portion happens to be a litle shorter than the 
horizontal portion. All that this means is that the antenna is fed very slightly off 
center and has a very slightly higher feedpoint impedance than if fed at the exact. 
center. 


Now consider that the usual hardware store tubing comes in 8 lengths. If you use 
a larger diameter vertical tube that is & long, then the horizontal section will have 
to be increased in length to resonate the antenna. The further distance off-center 
for the feedpoint will slightly raise the feedpoint impedance to offset the use of 
fatter tubing, atleast in the vertical portion of the antenna. 


The horizontal section can be tubing, especially if it runs off into thin air. It you 
‘mount this antenna on your roof, then you can run the horizontal wire or tubing 
along the ridge-top and support the opposite end. 


Before deciding just how you want to run the antenna, consider the azimuth 
pattern for the antenna. The one shown in Figure 2 is modeled at a height of 30° 
above average ground where the elevation angle of maximum radiation is about 
15 degrees. 
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Notice that the vertically polarized circle of radiation is slightly offset from being 
truly symmetrical around the antenna. That shift is due to the presence of the 
horizontal leg. The horizontally polarized radiation shows the typical dipole figure- 
В pattern, but not as strong as it would be if both halves of the antenna were 
horizontal, 


The total pattern is a mild kidney beam, with unequal side rejection amounts (-5 
dB for the side with the leg and - 8 dB for the side without the leg), This total 
pattern is important only for skip communications. For local point-to-point 
communications, think about each of the sub- patterns. In planning an 
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installation, try to orient the antenna so that the horizontal radiation covers the 
local areas of greatest communications interest. The vertical pattern will largely 
take care of itself 


The reason for taking such care in laying out the antenna is that cross- 
polarization of local radiation results іп a large drop in signal strength. Skipping 
radiation through the ionosphere largely (but sometimes nat completely) skews 
the polarization. So local coverage is the chief concern for laying out the L- 
antenna. 


L-Antenna. e. заш, 
Elevation Pattern 122 outer Ring = 4.98 dni 
Az, Angle: 


86 degrees 


100 9 dey 


Figure 3 shows the elevation pattern of the antenna, again at 30 feet up. The 
pattern is taken through the axis of maximum gain, which is~for the total field-- 
about 5 degrees off а true perpendicular line drawn to the horizontal element. 


Опе of the advantages of the antenna for local work-or as a back-up for a more 
complex 10-meter antenna-is it broad operating bandwidth. By setting the 
resonant frequency up somewhat in the 10-meter band, the 2:1 SWR operating 
bandwidth of the antenna is the entire 10-meter band from 28.0 to 29.7 MHZ. It 
may appear to be even wider, if readings are taken at the end of a length of coax. 
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For the record, here are the modeled impedance readings for the antenna across 
the band: 


Frequency Feedpoint Impedance 
(инг) (R /. jX Ohms) 
28.00 41.1 - j 31.0 
28.25 42.4 - j 21.7 
28.50 43.6 - j 12.5 
28.75 485.0 - j 3.2 
29.00 46.3 * j 6.1 
29.25 47.7 + j 18.4 
29.50 49.1 + j 24.7 
29.75 50.5 + j 34.1 


Figure 4 shows the same information graphically. You should be able to obtain 
similar results across the band by judicious choice of materials and the feed 
point. Changing the lengths of the elements a litte bit in either direction produces 
по significant change in performance. 


SWR Sweep: L-antenna 


28 Freq MHz 29.75 
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Since materials and mounting positions vill vary so much from one installation to 
another, | shall leave the construction details to you. | do recommend a height of 
over 25 for the base of the antenna, with a least a foot ог two between the 
horizontal portion and any non-conductive rook top it might rest over, The greater 
the separation of the horizontal portion from other objects, the better the 
performance. 


This antenna is not designed to compete in gain or directionality with any other 
type of antenna. Rather, it is designed to be simple, to provide both horizontal 
and vertically polarized radiation, and to have a feedpoint impedance that is 
compatible with common coaxial cable. As such, it can fl a useful niche in the 
array of ham antennas available for various purposes. The L-antenna is likely 
easy to scale to 12 meters as a utility antenna, but beyond that, may require 
Some special effort to make it mechanically sound. 


ıf you need a simple means to test the waters on 10 or to keep track of all the 
local operation, the L-antenna just might do the job for you--cheap and easy. 


6-Meter Versions 


Feedback has resulted in a number of implementations for 6-meters, where local 
SSB nets, band openings, and some FM work are a common mix of activities. 
For either 3/8" or 1/2" tubing, each leg can be about 4.75 (57"), with slight 
trimmings for the best SWR curve. 1 cut the antenna for 51 MHz, which is slightly 
above most SSB work. However, with either of the 2 tubing sizes, the antenna 
shows а 50-Ohm SWR curve that is under 1.5:1 from 50.52 MHz. 


As with а common dipole, bandwidth will be a function of the element diameter. 
Hence, the sizes listed--or a combination of the two-are recommended. Of 
course, if you have а pair of collapsible whips that each extend to 60 inches, you 
сап use those for a field version of the antenna. 
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For 6-meter work, rooftop or higher mounting is useful to maximize the coverage. 


You may make variants for almost any band by simply scaling all of the antenna 
dimensions, including the element diameter. To adjust the antenna to resonance, 
increase the leg lengths if you new diameter is smaller than the original and 
decrease the leg lengths if the new tubing is larger than the original (with the 
word "original" meaning the diameter after scaling). 


The hub and feedpoint will always be the section of the antenna calling for the 
‘most ingenuity and adaptation of local materials. As you move the antenna 
upward in frequency, the legs grow lighter. Hence, you can more easily adapt 
hardware center plastics to the job. Be sure to seal the coax connector-to-leg 
junctions with something like Plasti-Dip to keep weather out of your coax. 
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Chapter 16: Explaining the Inverted-L 


has been around almost that long is the inverted-L. It has passed through 

phases of love and hate, honor and denigration, use and disuse. However, 
it has never been through a phase of understanding. At most, it is just a simple 
wire whose properties are known only by the testimony (both prosecution and 
defense) of its successful and unsuccessful users, 


CZE via radio is over a century old. One of the antennas that 


ı shall now dare a claim, The inverted-L is among the very best inexpensive wire 
field and small backyard antennas for multi-band general communications work. 
itis not a rotating or stationary beam. It is not a phased broadside, end-fire, or 
collinear array. Hence, it will never be the strongest signal in the band (if more 
than one station is active). However, И will in all of ts simplicity put a usable. 
signal in more places on more bands than almost any other contender, bath in 
the field and in the typical small modern backyard. 


All that we need to do to lay a foundation for this claim is to understand the. 
invertedeL--both how it works and what to expect from typical installations. In the 
course of these notes, we shall look at the electrical properties of the inverted-L 
to understand and befriend it. However, the main body of these notes will be 
devoted to a tabular and graphical compendium of what inverted-Ls of various 
forms will produce by way of performance on the HF amateur bands. By picking 
the material most closely aligned with your installation, you will have a general 
idea of what to expect from the inverted-L that you build. 


О! course, you will build your own. All you need are a length of vire (#12 or #14 
copper or copperweld will do nicely), а set of insulators, some transmission lines, 
and an antenna tuner. If | kit up the wire and insulators and sell them to you for 
$45 to $50, then I have swindled you. And I could not live with myself for the. 
hype it would take to make the kit seem like it wil do everything short of slicing 
bread. Everything else that you need for an effective and safe instalation will 
tend to be site specific, so you will need to visit your hardware depot. Before we 
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close, we shall examine some ideas for making the installation both effective and 
safe. 


What is an Inverted-L? 


The simplest answer to this question is electrically wrong. The simplest answer 
is that an inverted-L is any antenna that looks ike an upside-down L. (You may 
have to walk to the other side of the antenna to make a correct upside-down L.) 
The answer is defective in two ways. First, there are many antennas that do not 
look like an upside-down L, but that perform electrically just like an inverted-L. 
‘Second, if we could get the antenna high enough, there would be no significant 
difference in performance from an inverted-L and an erect l. In fact, a few years 
ago, | suggested the L-antenna as a workable simple solution to needs on 10, 6, 
and 2 meters to communicate with stations using antennas that are horizontally 
and that are vertically polarized. Of course, it is easy to raise an antenna 1 to 
several wavelengths over the ground at these frequencies, but much harder to 
push an 80-meter wire up that high. 


We are not interested in looks, but in performance. If an antenna performs like 
an inverted-L, then it belongs to the same family of antennas, whatever family 
пате we might concoct. However, we shall have to think in terms of an 
extended family, since we are speaking of a complex antenna in terms of ts 
frequency coverage. Two inverled-Ls may perform similarly on the lowest band 
used, but show differences when used at much higher frequencies. Where we 
feed the antenna and what proportions we use may make a difference in that 
performance. 


Fig. 1 shows some of the members of the family. The upper family branch 
form distinctly L-shaped antennas. The center-fed doublet type normally uses 
a center feedpoint relative to the overall wire length. However, the base-fed 
types may bend over at almost any point along the way. We might even curl 

the horizontal portion. The DDRR car-rooftop antenna of past years is a variety 
of inverted-L. 
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The sloping wires seem a strange addition to the group of inverted-Ls, because 
they lack a definite bend. However, as a first attempt to imagine why they belong 
to the family, imagine one of the upper antennas being stretched slowly by the far 
end of the horizontal wire. The angle would become shallower as we continued 
pulling the antenna until it formed a straight line. However, in the process, it 
would not lose the basic electrical properties that made it an inverted-L in the first 
place. 


The property that makes the inverted-L what itis as a mult. band antenna is the 
fact that it has visible or virtual horizontal and vertical paris that give the radiation 
pattern both vertical and horizontal components. As we change frequency, one ог 
the other component may dominate, but both will be present. Except for wholly 
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negligible remnant components created by ground reflections, a true horizontal 
dipole has only a horizontal component to its field, while a vertical monopole has 
only a vertical component to йв field. The inverted-L and its cousin, the sloping 
wire, have both. 


You may instantly cry out that the inverted-V also has both components, 
especially when the sides droop 45 degrees downward from the horizontal line of 
a standard dipole. You would be correct. In fact, the inverted V (and the erect V) 
as well as the inverted (and erect) L belong to the same even more extended 
family. Not a member of this family is the quadrant antenna, one that bends in 
the middle on a 90-degree angle but remains parallel to the ground. That 
antenna has only a horizontal component. 


In the HF region, where most communications involve ionospheric reactions, the 
vertical and horizontal components join and skew so that what comes down is 
randomly polarized. However, that does not make the intial components 
meaningless. They play an important, if not determinant role in the transmitting 
and receiving patterns of the antenna. And those patterns make up the care of 
ту starting claim about the utility of the inverted-L for general communications. 


The Center-Fed Inverted-L Doublet 


We may feed an inverted L almost anywhere, but the most common places are at 
the end or the center. To lay out some foundations of inverted-L operation, the 
center-fed version is a bit more straight forward. Fig. 2 shows the main parts of 
the center-fed inverted-L doublet. 


The legs of the L are equal to each other. Hence, the total height of the horizontal 
leg must be the length of the vertical leg plus an additional length that | сай the 
base height above ground. For these notes, | shall place the base of each 
center-fed antenna 10 above average ground for family and visitor safety. Since 
we shall operate the antenna on many bands, we shall need to use parallel 
feediine and an antenna tuner (ATU). Ideally, the feed line should depart the. 
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antenna at right angles, which would mean directly into or out of the page. 
However, approximating a 45-degree angle will also work in minimizing 
unwanted coupling between the wires and the line. 


Horizontal Length Fig. 2 
(12 of Total Length) 


Foodpoint 


Transmission 
Lino 
Vertical 
. Length 

Above Ground (2 of 
Toral 
Length) 

Basic Parts of A Center Fed 


InvertedL Doublet 


Base Height Above Ground 
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The inverted-L derives its special properties as a general communications 
antenna from the pattern components of the vertical and horizontal portions of 
the antenna. Fig. 3 shows the total pattern and its component parts for two. 
frequencies for a center-fed inverted-L that is cut for 40 meters. On bath bands, 
the horizontal leg of the antenna would point straight up the page. Hence, the 
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vertical component of the pattern leans away from the horizontal leg. The 
horizontal component in both cases has the figure-8 look that we associate with a 
horizontal dipole. The vertical component is a distorted circle. 


When we operate the 40-meter wire on 20 meters, we notice that the horizontal 
component becomes more dominant. The total pattern reduces from a circle with 
a depression into a distinct oval. Nevertheless, the radiation off the ends of 
antenna remains only 6 dB down from a true circle. It does not have the deep. 
nulis that it might have if we were using a horizontal dipole. As well, the total 
radiation field is considerably stronger than we might derive from a standard 
‘monopole, thanks in part to the highly elevated feedpoint and thanks in part to 
the contribution of the horizontal component of the pattern. The total pattern on 
each band will always be a compromise, but a highly usable compromise. 
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Do not expect such neat patterns for every band. If all of the patterns were neat, I 
could stop here. However, as we continue upward in frequency, the patterns 
become more complex, but avoid the large collection of narrow lobes that we 
associate with long center-fed horizontal doublets. As well, the vertical 
component, even though weaker at higher frequencies, does fil in the nulls of a 
typical center-fed horizontal doublet. 


To complicate matters a bit further, there are 4 typical lengths for center-fed. 
inverted-Ls: the short 44 version for 40 to 10 meters, the 67-70" version for the 
Same coverage, the short 88' version for 80-10meter coverage, and the 120-140" 
longer version for the same set of HF bands. Each version of the antenna 
deserves its own data so that we do not inadvertently introduce misleading 
performance ideas. However, the patterns and data that we shall show will 
presume two things, one important, the other not. The less important fact is that 
ме shall use average ground as the soil beneath the antenna. Since we are not 
connecting the antenna to the ground, soil quality will not make much of a 
difference. The more important fact is that we shall presume level ground with 
по immediate obstructions to alter the patterns. You will have to make 
adjustments in your thinking about the patterns to account for both terrain tilting 
and yard clutter. 


Every pattern presented-and the tabular data behind it-will use the elevation 
angle of maximum radiation. The tables will show the azimuth heading of 
maximum radiation. Along this axis, the table wil list the vertical beamwidth. 
Although not precise, you may estimate that half the beamwidth is above and half 
below ihe elevation angle of maximum radiation. This calculation will give you a 
general idea of the lowest angle for a usable signal from the antenna. The tables 
will also list the maximum gain in dBi, and from that number, you can estimate 
the gain at other azimuth angle from the plot. Finally, the tables wil list an 
approximate feedpoint impedance at the antenna terminals. 1 the antenna has a 
transmission line between those terminals and the ATU, the value at the ATU will 
be a function of the line's transformation properties that depend upon the length 
and characteristic impedance as they interact with the antenna terminal 
impedance, 
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Because the inverted:L is non-symmetrical with respect to the earth's surface, 
some of the values will have limited use. In other words, we should not assume 
that the elevation pattern is similar all around the azimuth circle. Fig. 4 shows a 
typical azimuth pattern for a center-fed inverted-L antenna at 21.05 MHz. Beside 
itare three elevation patterns. The first one is along the heading for maximum 
gain on the azimuth plot, a heading of 35 degrees (and its 180-degree opposite, 
215 degrees). The next two plots are at O (and 180) degrees, that is, broadside 
to the horizontal wire and at 90 (and 270) degrees, that is, along the horizontal 


(т) 
BED 
СТЯ Soon BR 


Note that all three patterns have very different shapes. In some cases, although 
not in this one, the vertical beam width may differ along different headings. The 
elevation angle of maximum radiation certainly is different at 90 degrees. 
Although the patterns fil the rings, if you relate each one to the azimuth pattern, 
each has a quite different gain value, How the patterns relate to each other 
appears in Fig. 5. 


In general, but perhaps not universally, the lower the gain along a given azimuth 
heading line relative to the maximum gain heading, the more divergent the 
elevation pattern will be from the maximum gain heading values given in the 
tables. Despite these limitations, you may use the azimuth patterns and 
tabulated data in the compendia to follow to get a reasonably good idea of how 
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well each antenna will perform on each band, All sample antennas use AWG 
#12 copper wire, 
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1. 44' Center-Fed Inverted-L for 40- to 10-Meter Use 


The first version of the antenna (Fig. 6) varies in height from a base at 10' to 32" 
above ground. Higher mounting will tend to result in slightly more gain and 
slighty lower elevation angles of maximum gain, especially on the higher. 
amateur bands. The total length of the antenna varies from 1.25 wavelengths at 
10 meters to a litle over 0.31 wavelength on 40 meters, the lowest frequency of 
operation (but with possible matching difficulties). Attempts to use the antenna on 
60 or 80 meters will result in very low feedpoint resistances, with very high levels 
of capacitive reactance. Antenna is oriented as in Fig. 5. 
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Frequency Maximan cain Angles Vertical Bean- 
Ё zam (oc) ву ШШ oe] 


A very wide vertical beamwidth, such аз 150 degrees, indicates that the gain 
does not vary by more than 3 dB across the entire arc of the sky from about 15 
degrees above each horizon. Very high values of resistance or reactance may 
indicate а dificult match unless the feedline length is chosen carefully. A purely 
horizontal version of this antenna at 42' above ground would have bi-directional 
patterns broadside to the wire with lobes that became very narrow on the highest 
bands. The inverted-L version has a lower maximum gain, but better gain in 
most directions. On the lower bands, the elevation angle of maximum radiation 
is lower using the inverted-L version. 
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2. 69' Center-Fed Inverted-L for 40-10 10-Meter Use 


The 69 inverted-L has a top height of 44.5' with the standard 10 base height. 
The horizontal leg is 34.5 long. It is also too short for effective use below 40 
meters. However, the added overall length begins to show up in the 12- and 10- 
meter band patterns. See Fig. 7. Stil, the lobes are fewer and broader than for a 
69’ horizontal doublet, and the nulls are not so deep. As usual, very high 
resistance or reactance values may foretell matching difficulties. Lower elevation 
angles relative to the 44' inverted-L are a function of the added top height of the 
horizontal wire. 


Frequency Mariman Gain Angles Vertical Bean- быз Iapedance 
Ё Arme (Ses) Elevación (ds) Шик ош 
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3. 88' Center-Fed Inverted-L for 80- to 10-Meter Use 


The 88' center-fed inverted.L is about the shortest recommended length (with 
marginal matching capabilities) for service down to ВО meters. The patterns omit 
the 60-meter band, although you can easily infer its shape from the 80- and 40- 
meter patterns plus the tabular data. By Fig. 8, you should be able to see the 
gradual evolution of the patterns as the antenna graws longer. For example, the 
17-meter pattern of Fig. 7 is similar to the 20-meter pattern for the longer 
antenna in Fig. 8. 10 meters shows the emergence of 2 additional lobes. As 
well, the tabular data shows slightly higher average gains as the antenna grows 
both longer and higher above ground. You may wish to imagine in advance the 
pattern shapes for the 136' center-fed inverted-L, the next antenna in the series, 
and then check Fig. 9 to see if you are tracking well. The fact that patterns 
evolve rather than change suddenly with frequency will let us use fewer pattern 
Samples in later exercises. 
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Frequency enim cain Angles Vertical вам Impedance 
L^ REIS (dep) Elevacion (deg) th (de) 


4. 136 Center-Fed Inverted-L for 80- to 10-Meter Use 


The 136 center-fed inverted-L doublet has a 68 top wire and a vertical wire that 
extends from 10 to 78' above ground. Although this antenna calls for a height 
that few may reach, itis useful to show the continued evolution of the azimuth 
patterns. See Fig. . 
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Frequency паза Cain Angles Vertical nem- cain | Impedance 
EA ШЕ des Elevacion (aeg) Miles м лие 
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Although the added height and length of the 136' inverted-L continues to lower 
the elevation angle and raise the maximum gain, the longest of our doublets 
raises two question marks. First, note the number of bands on which we have 
either very high resistance or very high reactance~or both. Second, nate the 
Increasing unevenness of coverage of the azimuth patterns on the upper bands. 
For some installations (but not forall) where this antenna is feasible, it may not 
be the best choice. For example, if we can install the 88' version at the 78 top 
level, we would gain most of the improvement їп elevation angle and a bit of the 
gain, but have fewer matching challenges. 


Before we turn to the next antenna, let's make a comparison of azimuth patterns. 
The sample in Fig.10 uses the 88" inverted-L and an 88 doublet, both at the 
‘same top height and both on the 12-meter band. 


The doublet has 10 lobes on this band, 4 of which are stronger than the inverted- 
L major lobes. However, for a very large portion of the horizon, the inverted-L 
shows a higher gain, with more even coverage of the entire horizon. For 
penetration in specific directions, the doublet may be better, but for general 
Communications with an installation dictated by available supports (trees), the 
Inverted-L is likely to make a very good showing of itself. 
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Fig. 10 
‘The Center-Fed Sloping Doublet 


At the start of this exercise, | noted that a simple center-ted sloping wire shares 
most of the main characteristics of an inverted-L. The time has arrived to 
demonstrate that fact. The first step is to note the presence in a sloping wire of 
both vertical and horizontal pattern components. Our sample antenna will be a 
68 AWG #12 wire sloping at a 45-degree angle with its base 10 above ground. 
Just as the inverted-Ls that we have examined start with their vertical legs in the 
pattem centers, with the horizontal leg pointed upward on the page, so the sloper 
will also point upward on the page and in the patterns. 


Compare Fig. 11 with Fig. 3. In both cases, we can see for the sample bands the 
vertical component along with the horizontal component. The total patterns are 
very similar, but it is clear that the sloping doublet tends to concentrate the 
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vertical component on the antenna end that approaches the ground. This fact 
does not disable the sloping doublet from operating as a good general 
communications antenna. However, it does simplify construction somewhat, 
since we now need only 1 very tall support for the high end of the wire. For a 68" 
45.degree sloping doublet, the top point is 58 above ground. If we lower the 
angle, we lose some of the advantages of the vertical component and raise the 
elevation angle. Hence, it may be wiser to restrict band coverage and use a 
shorter wire at a high angle than to use a longer wire at a much lower angle. 
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The sample sloping center-fed doublet that we shall examine on a band-by-band 
basis is a 68 long AWG #12 wire extending vertically from 10 to 58' above 
average ground. The slope is 45 degrees. The inverted-L with which to compare 
this antenna is the 69' version whose patterns appear in Fig. 7. As Fig.12 
reveals, when we compare the patterns with those of Ihe 69 true inverted-L, we 
бо not achieve the same smooth evolution of patterns. The vertical component. 
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of the total pattern is better suppressed in the direction from the low to high end 
of the wire much more thoroughly than when the wire forms an L. The 20 and 
17-meter patterns are elongated broadside to the wire, while the 12-and 10- 
‘meter patterns have relatively deep nulls in the broadside directions. See the 
data table for this antenna to uncover two more ways in which the antenna is not 
just like an inverted-L. Despite these differences, the antenna still covers а good 
portion of the horizon on almost all bands with moderate gain. 


Frequency Maximum Gain Angles Vertical Beam- ^ Gam Impedance 
p Azimuth (deg) Wath (deg) dBi ех бте 
тов 197 182 24 2697 
10305 197 m 2% morso 
14 05 тав. з 54 4600-11300 
1812 лас z e2 170-730 
2105 E! м 30 110780 
2495 49 м 45 йү 
2205 40 т 50 310051500 
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The starred entries in the elevation angle column represent cases in which the 
main lobe is straight up, and the indicated angle is for a secondary lobe. The 
gain difference between lobes is not significant on 12 meters, but is sizable on 15 
meters, Most of the other values, including the feedpoint impedances, are quite 
comparable to those for the corresponding inverted-L. 


Does Ground Quality Make a Difference? 


There may be some concern that because the center-fed inverted-L or sloping 
doublet has one end close to the ground, the ground quality may make a 
significant difference in performance. As the following short table shows, the 
difference is only about as much as Variation in soil type would make for a 

rizontal antenna at the same average height in wavelengths above ground. 
ond" means conductivity in Sim and "Perm" means the permittivity or dielectric 
constan The listing for each combination of soil quality and frequency shows 
the maximum gain followed by the elevation angle of maximum radiation 


Frequency — SolQuaity | VeryGood ^ Average Poor Very Poor 
MH CondiPerm 0.030370 000513 0002002 00015 

705 29 эз 26 з 25 31 22 3 
1405 55 л &ы 2 50 n аз 2 
2105 55 „% 51 15 50 18 94 15 
205 59 п вт п 67 п ез n 


The differentials are small. The variations are functions of the reflection of 
radiation off the different soil qualities at a distance from the antenna itself. 
Therefore, a radial system under the antenna or other measures to improve soil 
quality directly under the antenna will have no significant effect on the radiated 
signal. 
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The Base-Fed Inverted-L 


Because it has a physically convenient feedpoint~at ground level--the base-fed 
inverted is considerably more common than the center-fed L. Fig. 13 outlines 
the most basic parts of the base-fed inverted-L. Of course, we have the vertical 
and horizontal sections of wire that together make up the total length, However, 
since the feedpoint is no longer at the vire's center, we find considerable 
variation among installations, ranging from those that use more vertical and less 
horizontal wire to those that do just the opposite. The base-fed version of the 
antenna differs from the center led version also in the fact that its vertical wire 
must reach the ground, rather than terminating at some safe height above 
ground. Therefore, for any given antenna total length, the base-fed version will 
be about 10 lower at its top height. 


Because the base-fed inverled.L is fed at its end, it requires a good RF ground 
when its length is at least % wavelength. If used as a Y-wavelengih monopole 
on its lowest frequency, then it also requires radials to complete the antenna. 
Ideally, for monopole use, the antenna requires the same ground radial treatment 
аз any other ground-mounted monoband monopole. However, most backyard 
builders use only as many radials of whatever length they can squeeze into the 
available space. A scant, small, and short radial system can provide the good RF 
ground needed by the feedpoint, but it may fall short of an ideal radial system. 
ig. 13 shows only a few radials. 
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Until recent years, feeding a base-fed inverted-L was somewhat of a challenge. 
As a field antenna, the L and its sloping cousin, tended to terminate at the 
operating table, using a manual ATU. However, we now have access to 
wealher-sealed automatic tuners with remote tuning heads. Hence, we may 
mount the tuner directly at the feedpoint and use a length of coax rated for 
ground burial for the run to the operating position. However, the older methods 
will work perfectly well. 


an inverted-L that is near resonance as a monopole on 80 meters is about 69° 
overall. Because we have so many variations on the basic L to consider, we 
shall largely focus on this length antenna, with only a few alternatives considered 
toward the end of ins part of our exploration. As always, the wire will be AWG 
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#12. However, before we can examine the antenna on a band-by-band basis, 
ме need to consider some of the alternatives to see how much weight they carry. 


How Many Radials and How Long? 


Lets begin with a 69" long inverted-L with 34.5' horizontal and 34.5 vertical. One 
option available to us is simply to place a ground rod into the soil to use as the 
remote ATU ground terminal. Although this technique will work to some extent, a 
system of at least short radials will provide a superior RF ground. For a sample 
exercise, | created models with radials buried 1' deep, although the exact depth 
from 6" to 2 is not at all critical. | started with 1 radial, then increased the system 
size to 4, 16, and 32 radials. All tests initially used average soil with a 
conductivity of 0.005 Sim and a dielectric constant of 13. 


On bands from 40 meters upward, the antenna wire is % wavelength, On 7.05 
MHz, | obtained the following results using 15' long radials, 


Short айан: 7 05 MHz 


No.of Maximum Gain Angles Verical Beam. бап Impedance 
Radials Azimuth (deg) Elevation (deg) Width (deg) «8 ВК Ohms 
1 196 47 147 18 4200-1970 
4 E a 138 49 4100-950 
16 198 47 138 20 100-980 
2 198 48 146 20 4100-1980 


1 then increased the length of the radials to 69' each to see if 80-meter monopole- 
length radials would make a significant difference in 40-meter performance. 


Long Radals: 7.05 MHz 


No.of Maximum Gain Anges Vertical Веат- Gan impedance 

Radas Azmuth (deg) Elevaton (deg) Width (deg) ы ech Ohms 
1 198 47 146 18 4100 -j 1000 
4 100 46 146 19 4000 -3 1000 
16 199 47 147 21 3900-1100 
2 198 а 147 za зоо -11200 
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ın practical operating terms, the size of the radial field and its length makes very 
litle difference to the antenna's performance when itis at least % wavelength. 
However, we cannot make the same claim for the operation of the antenna as an 
80-meter %wavelengih monopole. 1 repeated the same modeling experiment 
using 3.55 MHz. 


Short Radials: 3.55 MHz 


No.of Maximum Gain Angles VericalBeam- бап Impedance 
Radals Azmuth (deg) Elevation (deg) Width (deg) dB Rex Ohms 
1 2m ж E „ segs 

4 am 2 5 2 sun 

16 270 2 E 1 40937 

2 270 2 E A4 Gs 
Long Radals: 3.55 MHZ 

Na af Maximum Gain Angles Vertical Beam: бап Impedance 
Radals Azimuth (deq) Elevation (deg) Width (deg) dBi RIX Ohms 
1 2m 28 E % 12 750 

4 2m 2 E 25 3713 

10 2m E] E 04 — mem 
32 270 2 54 6 cen 


Fig. 14 shows the elevation patterns for 3.55 MHz using the short radials on the 
left and the long radials on the right. The 4-radial patterns are of equal strength. 
‘Obviously, using the longer radials and more of them provides a significant 
improvement in 80-meter gain--almost 2 dB for the 32-radial system. Hence, the 
advice is this: install as many radials as possible-even up to 64 ¥4-wavelength 
radials~if circumstances permit. However, most backyard inverted-L users are 
likely to have room only for a smaller set of shorter radials--and their lengths and 
paths may vary according to what is already in the yard. Note that there is litle 
difference between the 16- and 32-radial systems when using 15 radíals-enough 
for a good RF ground and litle тоге. Therefore, for the remainder of our 
sampling work, we shall adopt that system as the standard. However, if you plan 
to use the inverted-L аз a monopole on the lowest band, strive for the largest, 
most complete, and most symmetrical system of radials that you can manage. 
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Does Soil Type Make a Difference to the Base. fed Inverted-L? 


The answer to our next question is simple: yes and no. Which answer you. 
choose depends on the band of concem. For the lowest or monopole Бапа, the. 
soil quality makes a considerable difference. However, for bands on which the 
antenna is at least © wavelength, Soil quality makes only a small difference. The 
following table compares 3.55-MHz and 7.05-MHz model reports for the soils we 
previously classified as Very Good, Average, Poor, and Very Poor under the 
center-fed version of the antenna. The listing for each combination of soil quality 
and frequency shows the maximum gain followed by the elevation angle of 
maximum radiation. 


Frequency Soll Quality Very Good Average Poor Very Poor 
MHz CondiPerm 0080300 0200513 000213 00016 
355 11 ك‎ % 2 22 м аз м 
105 26 4 20 a 20 4 1 Мм 


Fig. 15 graphically portrays the differences for each band in terms of elevation 
patterns along the axis of maximum gain. Clearly, soil quality makes a. 
considerable difference to the performance of the 80-m monopole, even with the 
short radials used in the test. The range of gain values is nearly 5.5 dB across 
the soil types. On 40 meters, the range of gain differences is just over 1 dB, not 
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dissimilar to the differences we might see with a horizontal antenna at the same 
top heights at the base-fed inverted-L. However, remember that the models use 
the same soil type both just below the antenna and at the distances responsible 
for ground reflections, So treating the local soil will have only a limited effect on 
improving antenna performance. 


Does the Ratio of Vertical Wire to Horizontal Wire Make a Difference in 
Performance? 


Base-fed inverted-Ls of any selected total length tend to vary in proportions. 
according to how many convenient supports may be available. It is not possible 
to explore every possible variation, and even if it were possible, we could not 
include every yard or field clutter scenario. However, we can sample at least 
three variations on the 69' L. The basic version places 50% of the wire 
horizontally and 50% vertically. Next comes a short version, with 33% of the wire 
vertical and 67% horizontal. Finally, we can reverse the proportions, with 67% of 
the wire vertical and the remaining 33% horizontal. The most general conclusion 
that will aid you in keeping the tables that follow straight is that the low elevation 
angles at lower frequencies result from the vertical portion of the antenna. The 
higher the frequency that we reach before encountering a jump in the elevation 


Chapter 16 


Antennas Made of Wire - Volume 1 


angle, the more of the antenna that is vertical. In al cases, we shall use the set 
of 16 15 radials. 


1. The 69' Base-Fed Inverted.L for 80- to 10-Meter Use, with 50% Vertical and 
50% Horizontal 


As the following table shows, the antenna functions essentially as a monopole on 
80 and 60 meters. Above that frequency, operation becomes much more like an 
end-fed horizontal wire with a minimum length of Y wavelength. See Fig. 16 for 
sample patterns (with 60 meters omitted to save space). As a reminder, the 
vertical part of the antenna is at the pattern center, and the horizontal part 
extends vertically, that is, up the page. 


Frequency Maximum Gain Angles Verical Beam- бап impedance 
MHz Azimuth (deg) Elevation (deg) Width (deg) dài — RejXOhms. 
E 20 % 5 EN NO 
E 257 2 та 102 16031680 
тов 198 am 146 20 4100-0980 
10105 a 40 E Бе 75-j130 
мов 4 2 a5 53 1500+1470 
1812 2 E] 38 4% 190100 
2105 м 21 2 46 140 1620 
2495 за 16 E] 58 — 180+j40 
2805 за 18 51 50 770 350 
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The symmetrical division of the 69 base. led inverted-L gives it performance 
Values similar to those of the center-fed inverted-L of the same general length, 
The base-fed model has higher elevation angles in the upper HF region because 
itis lower overall compared to the center-fed version, with its 10 base height. 
However, the shapes of the patterns are quite similar to those of the center-fed 
model. Even when the pattem begins to form multiple lobes, they are broad, and 
the nulls are not fatally deep. In exchange for small deficits relative to the center- 
fed inverted-L, we gain operation on 80 and 60 meters. 


The starred elevation angle entry indicates that the table uses a lower lobe when 
maximum gain belongs to a higher angle lobe. However, оп 10 meters, the 
difference in strength between the two lobes is very small. See Fig. 17 for a 
comparison between a “normal” upper HF elevation pattern and the worst case, 
which occurs on 10 meters. Starred entries generally were unnecessary with the 
center-fed inverted-L because its greater overall height tended to ensure that the 
lowest elevation lobe was the strongest. However, such entries will be common 
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in our survey of base-fed inverted Ls. The "^" indicates the band where the 
elevation angle increases rather then decreases. 


p] mue 88 


Lowest Lobo Stronger. Highor Lobo Stronger 


12- and 10-Meter Elevation Patterns 
59° Base Fed Invortod.L, Equal Logs 


Fig. 17 


1. The 69 Base-Fed Inverted-L for 80- to 10-Meter Use, with 33% Vertical and 
67% Horizontal 


The "short version of the 69' base-fed inverted-L uses a 23' vertical wire and a 
46 horizontal wire. Hence, we should expect some performance differences from 
the version just sampled. A lower overall antenna height (23) will produce higher 
elevation angles when the horizontal component becomes the dominant 
Contributor to the total pattern. Even the feedpoint impedances will differ, but not 
so far from the initial values that we cannot recognize the relationships. Fig. 18 
supplies the pattems to go with the tabular data. 
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Frequency Maximum Gan Angles Vertical Beam- бап Impedance 
MHz Azmuth (deg) Elevaton (deg) Width (deg) dBi Бе Ohms 
355 20 5 72 21 SIT 
EE E p 129 as 130 +)500 
705 20 м 110 44 3900-1800 
10.105 1 81. EJ 52 05 ¡0 
1405 в E] n as 2000 7450 
1812 E] E] 2 56 130+)70 
2105 7 25 35 58 8B0+j450 
2495 45 2 El КИЗ 
805 ” 2 п 64 800+j570 


The short version of the 69' inverted-L has no stronger upper lobes per se, but 
the overall decrease in height yields some entries marked with a plus sign. Note 
the very high angles for 60 through 30 meters, and see Fig. 19. These angles 
are generally well above normal skip angles, especially on 40 meters. At 7.05 
MHz, the signal strength at normal skip angles for that band is considerably lower 
than indicated by the maximum gain value. Also note that by the 60-meter band, 
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the antenna has lost the low elevation angle advantage to compensate for a 
lower maximum gain value. Even on the upper HF bands, the elevation angle of 
‘maximum radiation is 7-8 degrees higher than itis with the evenly divided version 
of the inverted-L. The longer horizontal length shows up in the fact that on 10 
meters, we find the emergence of Z more lobes to the overall azimuth pattern 
structure. Although this version of the antenna is perfectly usable, it approaches 
perfection far less closely than the basic antenna with equal vertical and 
horizontal legs. 


Very High Angle 40- and 30 Meter Elevation Patterns 
'99 Base Fed Inverted.L, Short Vertical Leg 


Fig. 19 
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1. The 69' Base-Fed Inverted.L for 80- to 10-Meter Use, with 6796 Vertical and 
33% Horizontal 


Frequency Maximum Gain Angles Vertical Beam- бап Impedance 
Maz Azimuth (deg) Elevation (deg) Width (ded) dBi Ке Ohms 
355 270 25 47 та 497110 
EE ЕД x а. 4 20011570 
705 227 E] 45 05 360-660 
10105 104 EJ 45 5 40-1120 
1405 2 т 27 45 2000 1650 
1812 з т 20 50 140+170 
2105 3 15 52 4% 1000+j420 
2495 à m 15 Зв 1804150 
2805 40 EN 24 52 880+480 


The final version of the 69' base-fed inverted-L reverses the vertical and 
horizontal proportions. itis 46' tall by 23' horizontally. Fig. 20 presents the 
azimuth patterns that coincide with the data in the table. 


Стенд ња 
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The tall version of the 69 inverted-L retains its vertical component domination 
through 40 meters. However, on 15 and 12 meters, the lowest elevation lobe is 
not the strongest, although it is not far behind the higher-angle main lobe. See 

ig. 21 for a picture of how the elevation pattern evolves with increasing 
frequency. On 10 meters, the lowest lobe is somewhat diminutive, making the 
high angle (39-degree) lobe the major lobe worth notice. The 10-meter pattern in 
Fig. 20 may be somewhat misleading: although coverage is wide, itis at an 
angle well above mast signals on the band, 


Low Lobs Dominates  LowMigh Lobos Nearly Equal High Lobo Dominates 


Evolution of Elevation Pat 
Y Base Fed Inverted, Long V 


Le 
a ныл 


Of the three variations on the 69' inverted-L, the first version, with balance 
between the horizontal and vertical legs, offers the best combination of patterns 
and elevation angles. The others are usable, but tend to have 2 or more bands 
with lesser performance. 
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А 100' Base-Fed Inverted-L for 80- to ic. Meter Use, with 50' Vertical and 50" 
Horizontal 


А second typical length for a base-fed inverted-L is about 100". Although it is 
equally subject to variations in proportions, we shall examine only the version 
using equal lengths for the vertical and horizontal lengths. From that data, you 
can easily infer the likely performance variations for other ratios of vertical to 
horizontal legs. With a greater top height (50' rather than 34.5), we might expect 
slightly higher gain values and slightly lower elevation angles than for the 
corresponding 69' model. However, inverted-L antennas are in fact fairly 
complex in the interactions between vertical and horizontal components of the 
total pattern. So the antenna may offer a few surprises. See Fig. 22 for a 
selection of representative azimuth patterns for the 100" inverted-L. 


Frequency Maximum Gain Angles Vertical Beam- can Impedance 
MHz Azimuth (deg) Elevation (deg) Width (deg) dBi Кес Ohms 
355 270 E 70 оз 130+j400 
5368 180 [2 141 36 430-1400 
705 o E] 60 56 76-1120, 
10105 5 E] зз 58 1300-1830 
1405 2 2 з 44 670 1550 
1812 E] d E] 51 200 4250 
2105 E] w 18 $0 260-1270 
2495 El an 19 75 580-1380 
2805 EI 10 10 53 22011280 


The 100 inverted-L offers fairly easy matching on all bands, with the possible 
exceptions of 60 and 30 meters. However, Ihe spectrum from 17 through 12 
meters is subject to wasting energy at very high angles relative to the normal skip 
angles on those bands. On 17 and 15 meters, the lower lobe is nearly as strong 
as the higher main lobe, but on 12 meters, the high angle lobe dominates. 

Hence, the high gain for 12 meters may be more ilusory than real in practical 
operation. On 10 meters, we find 6 well-developed lobes and nulls. For general 
HF communications, the 100 length may not be as satisfactory as the 69' version 
of the antenna, Greater length of an antenna does not ahvays mean that itis a 
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better antenna for a particular situation or task. Nor does it always mean better 
gain, И we think about general communications and the need for some gain all 
across the horizon, 


"Verc v tn oe Rois Cl тып 


Is There A Perfect But Realistic Inverted-L Length? 


The practical inverted-L builder has two considerations to balance in answering 
the lead question. Lets consider versions of the antenna between 69' and 100° 
оп the premise that one of those considerations- pattern properties--is 
satisfactory at both ends of the progression. Since patterns evolve, you can infer 
the small changes in pattern shape with each step by reviewing the patterns for 
the 69' base-fed inverted-L and those for the 100 version. As well, we shall 
restrict ourselves to antennas in which 50% of the wire is horizontal and 50% is 
vertical. Again, you can review the variations presented for the 69'inverted-L to 
infer both pattern changes and impedance changes as we alter the ratio of 
vertical to horizontal sections. 
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The consideration that may override perfection of pattern is the impedance at the 
antenna feedpoint. We shall use the 16-short-radial antenna model as a basis for 
seeing if there is a probable ideal length in a 50-50 inverted L by looking at the 
impedance on all HF bands from 80 through 10 meters. The table of 
impedances provides approximate values and does not take into consideration 
variations created by the actual radial system available or by the effects of 
nearby objects. However, the data may be useful for intial planning, assuming 
that available supports will cooperate. Each data entry lists the resistance plus or 
minus the reactance in abbreviated form. All modeled values are rounded to 2 
significant digits. 


Freq, Total Length of the Inverted, With Най Vertical and Най Horizontal 
ME eg LANE L3 97 ES] 100" 

355 40 аә 5вел50 70220 859300 — 110990 150.400 
gasa 160-080 200800 520+1300* 1700+2K* 4400-610" 130025 430-1400" 
795 4100.980" 580-1500" 210.800 110530 82380 73240 76.120 
10105 75125 гып 1405220 240410 520000 1400+650" 1300-830" 
Mus 1800+470" 520740 170350 11002 130-120 2205380 370-080 
18142 190580 2805430 12009630" 610-740 170270 150-1 270-250 
2105 11405620" 310500 15077 2309190 900380 900270 250270 


2495 18039 430370 920-200 2230900 190-140 490440 960380 
2805 770380 280230 200-150 550470 660460 18040 529-260 


To use this intial guidance chart, evaluate two factors in addition to the maximum 
size of inverted-L that you can install. First, what length provides the most easily 
matched impedances on the bands that you wish to work-using long-range 
thinking rather than just short term habits. The chart stars entries in which either 
the resistance or the reactance exceeds 1,000 Ohms, and those bands might be 
difficult to match well. The goal is to select an antenna length that minimizes 
starred entries next to bands you may wish to use, Compare the 75 and 85° 
versions of the antenna. Both star only one entry, but the 78 antenna shows a 
high impedance on one of the most popular general communications bands, 


‘Second, consider the matching range of your tuner. Most automatic tuners 
placed at the antenna feedpoint have somewhat restricted ranges of reactance 
Compensation, but resistance matching may also be somewhat more limited than 
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for other antenna tuner types. If we eliminate 60 meters, then the 85' and 90° 
versions of the antenna may provide a satisfactory match on al of the other HF 
bands. Ifthe tuner will handle 60 meters and its reduced power levels with under 
2:1 SWR at the rig end of the line, then we can use that band also, However, 
remember that your backyard may have enough clutter to alter the listed values 
significantly. As well, changing the ratio of vertical to horizontal sections of the 
wire may also change the impedance at the feedpoint. 


Nevertheless, the chart gives you some idea of what to expect. The modeled 
ideal length range of about 85' to 90 is not usually recommended, most likely 
because few folks have surveyed what inverted-L length means to the matching 
problem. Now that you have some initial guidance, as limited as it might be, you 
сап also use the chart as a suggestive start in knowing whether to lengthen or 
shorten an installation that presents а matching problem on one or more desired 
bands. Shortening is usually no problem. If you have to add a few feet of wire, 
do not be afraid to let is hang down so long as no one can touch it 


‘The Base-Fed Sloping Wire 


We covered the center-fed sloping doublet earlier because, like the inverted-L. 
doublet, it included bath vertical and horizontal components in the formation of its 
total patterns on each band. A sloping base-fed wire shares that property with 
base-fed inverted-Ls, so we should briefly check out its potential performance. 
Lets use а 69! wire sloping at an angle of 45 degrees. In all patterns, the wire 
"wil extend from the pattern upward on the diagrams, just like the horizontal leg of 
the inverted Ls. The top height of the AWG #12 wire will be at 48.8' above. 
ground. Fig. 23 shows the patterns that go with the tabular data. 
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Frequency Maximum Gain Angles Verical Beam- бап Impedance 
мн Azimuth (deg) Elevation (deo) Width (deg) dB R+ Ohms 
Er 2m 30 вз, 14 459118 

5368 zm EJ 108 ao 230+680 
105 203 FI 150 14 2100-41500 
10105 2 40 ва 2% тюй 

1405 El з ne 25 2200-1820 
1812 47 10 109 2% 170140 
2105 ва 16 El aa 18001100 
2495 © w 25 БАД 
2805 т > 25 39 1400 7820 


“egw Saa, op Hag Ost Rata ume nen 


The sloping wire is similar in performance to, but по! just like, the corresponding 
inverted-L. On the lowest 2 bands, performance is as good as, if not a tiny bit 
better than, the L. However, all of the gain values from 40 meters through 10 
meters are lower than the L values by a noticeable amount, that is, by 2 dB or 
mare. Most of the gain reduction stems from the very wide vertical beamwidths. 
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Even though the elevation angle of maximum gain is low, the gain remains 
considerable even at high angles well above normal skip angles on each band. 
Оп 12 and 10 meters, there is a high-angle lobe that is stronger than the low 
angle lobe listed. 


Аз а consequence, a true inverted-L is more likely to give satisfactory 
performance than the sloping wire. However, where there is only 1 high support, 
the sloping wire will provide communications across most of the horizon, As well, 
for emergency communications work in the HF region, the sloping base-fed wire 
is a proven performer, and one that you can easily replace should it break due to 
weather conditions, 


‘Some Notes on Building an Inverted-L 


The performance of an inverted-L or its sloping cousin will depend as much upon 
using sound mechanical and electrical installation techniques as upon the wire 
itself. Therefore, in our effort to straighten out the inverted-L, we should close 
with a potpourri of building ideas. Not all of them will apply to a given backyard 
or field situation, but the general principles involved will rigger more specific 
ideas for actual antenna sites 


Lets begin at the far end of the antenna, the elevated wire end that is common to 
both an inverted-L and a sloping wire. Fig. 24 encapsulates a number of sound 
practices for both temporary and permanent installations. 


ın the field, throwing a rope over a high and handy limb is a time-proven method 
of securing a wire end. The rope should be both UV and abrasion resistant, ог 
else it requires replacement after every few field exercises. Since these antennas 
are useful for HF emergency communications, it never pays to use cheap 
materials that Гай їп the midst of public service activity. Of course, with this end 
of the antenna and all other parts, inspection before taking to the field is not 
merely recommended: it is mandatory. 
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‘wright ane 
around 


‘You may secure the lower end ofthe rope by several wraps round the tree or 
with a weight. If you use a counter-weight, be certain that it is low to the ground 
for safety. With a long-term (sometimes miscalled a permanent) installation, a 
boat or pick-up truck cleat is a superior way to lock down the extension tope to 
the wire and the insulator. In long-term installations, an insulator usually provides 
smoother surfaces around which to wrap the wire on one side and the rope on 
the other, thereby reducing the chance of cutting the rope with the wire as the 
two bounce in the breezes. Use a nautical wrap around the cleat for а no-knot, 
secure, termination, 


The near end of an inverted-L presents the builder with the greatest challenges. 
Fig. 25 shows some ways to achieve a satisfactory installation of the vertical 
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wire. First and foremost on the list of necessities is to set the vertical wire as far 
from any vertical support or other object as possible. Tree trunks and house 
sides will change conductivity with the weather and the season, and houses have 
all manner of hidden metal in their walls. The sketch shows the vertical wire 
spaced many feet from a tree trunk. Increase that spacing if you use a tower or а 
house as the support. If the vertical portion of the antenna does litle other than 
to irradiate a tree trunk or house wiring, the antenna performance will range from 
poor to pathetic. 


Fig. 25 Side Views Face View 


[Rope = Instant epe 


posle 


Ae Temporary wrap 
8 Langer cicat 
‘an wap 


At the upper end, the antenna wire will make a right-angle turn. Support it with a 
non-conductive ring. Do not use a metal ring, and do not drape the wire directly 
aver a limb or other support. Trees and other wood supports are not true 
insulators, At best, they are semi-conductors capable of dissipating a good bit of 
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power over their surfaces. Even in the 1920s, amateurs used wood insulators 
only after soaking them in boiling paraffin. Since that practice is not applicable to 
a limb that is stil on the tree, some variant of the rope and ring system is 
necessary for proper support of the L. At the base, you may use either the field 
or long-term techniques of Fig. 24 to secure the горе. 


For a center-fed inverted-L doublet, replace the suspended ring with an insulator 
ог a commercial doublet centerpiece designed for use with parallel feediine 
(either ladder line or vinyl-covered transmission line). Use care to design the. 
center support of the junction of transmission line and antenna wire for the type 
of support that you wil use. A tree limb will require a flexible support. However, if 
you use a tall wooden post or similar structure, then you may wish to devise a 
mare rigid extension to the doublet center insulator to reduce movement. 

Parallel feedines show their greatest weakness where they emerge from the 
junction fixture. 24-hour a day wind movement wil gradually Пех the wires to the 
breaking point. 


Fig. 25 does not show any particular means of mechanically terminating the. 
lower end of a sloping or vertical wire. The base-fed and center-fed terminations 
require different treatments. Fig. 26 is only a starter set of ideas, designed to 
show what is necessary by way of installation, but not necessarily what specific 
hardware you will need. What both systems have in common is the need to pin 
down the end of the vertical assembly without creating so much tension that the 
system breaks in the middle or at the far end, 


With the base-fed inverted-L, the wire descends all of the way to near-ground 
level. Even in a field operation, do not connect it directly to an ATU terminal. The 
diagram shows a non-conductive plate with terminals. On one side, the terminal 
connects to a ground stake or rod, and to that rod, we connect the radials. The 
other terminal secures the antenna wire. Then, leads from the ATU connect with 
по stress to the plate terminals. In permanent installations, waterproof ай 
connections. In fact, consider adding a secondary weatherproof housing to the 
commercial remote antenna tuner as an added layer of protection. Do not place 
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the ATU directly on the ground. In fact, keep it above the level of water that even 
the worst yard flooding might produce. 


nae End 
mS me] 
tro (P) 
бесе ew 
кы» 


The center-fed doublet requires an extension rope (and insulator) between the 
эмге and a ground anchor. Unless the installation is very heavy or undergoes 
extreme stresses, a guy-wire screw anchor is usually not necessary. There are 
pet chain anchors that will secure AWG #12 wire and rope ends quite well. 
However, be certain that the device is non-rusting. 


The diagram lists a height of 8 to 10 as the distance between the ground and 
the element end. A better way to determine the minimum height above ground for 
the antenna wire end is to consider the highest level a family member or visitor 
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(or pet) might jump (with arms extended) and then add 2' to that level. The goal 
is to ensure that no one can reach the wire under any normal circumstance. 
Doublet wire ends can carry considerable voltage, even at low power levels. 
Safety is the first concern in all antenna installations. 


Adding Family, Visitor, and 
Pat Safety to the Near Ground 
End of the Inverted. 


Secondary 
le non-conductive 
fonca 


Non conductive safety 
tube or drainage conduit. 


Secondary weather 
s and safoty cover 


110. 27% 


The base-fed inverted-L is not amenable to the safety height that we сап build 
into the center-fed inverted-L. Therefore, we must take other steps to keep 
family members, pets, and visitors from accidental contact with antenna wires 
and terminals. Fig. 27 shows essentially a 2-tier safety arrangement for the 
casual backyard installation 
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The first line of safety defense consists of a non-conductive tube placed over the 
wire and extending high enough that no one can jump and touch the wire 
emerging from it. For HF, rigid PVC drainage pipe is usable by cutting a slot 
along the ATU side to pass the leads from the tuner. The plate and the ground 
rod go inside the tube. Less rigid but equally usable are section of ABS or similar 
drainage pipes designed to carry downspout water away from a house. By lightly 
sanding the surface of either type of protective pipe, you may prime and paint the 
pipe to a yard-compatible color, so long as you use a paint with no metallic 
content. Note that this first line of defense also contains a safety cover for e 
ATU to prevent unwanted contact. This same cover may also act as the 
recommended secondary weatherproof shield for the unit. 


The second line of defense consists of a non-conductive fence, such as а set of 
PVC or similar pickets. This fence adds a radius of a few feet from the central 
tube and tuner (ifthe antenna is base-fed). Adding a flowerbed inside the fence 
but away from the antenna itself further discourages the inquisitive from entering 
the area just to see what the end of an antenna really feels like. Similar 
techniques have long been used around the bases of towers to discourage 
potential climbers. 


Inthe field, you are unlikely to use any of these safety measures. However, do 
not presume that everyone at the site will be on the watch for your antenna wires. 
Add flags to all wires, and if they slope, add several to make the angle obvious. 
Use construction perimeter flags to mark the route of any cable. And never set 
any wire in a position that it might catch a passerby just under the chin. 


These precautions take some of the excitement out of antennas. But all antennas 
must have a mixture of excitement and responsibilty, with a heavy dose of the 
latter. 


In the end, either the center-fed or the base-fed inverted-L has a number of 
properties that make it а good candidate for the amateur seeking multi-band 
general communications in as many directions as possible. The vertical and 

horizontal components combine to produce moderate gain in most directions, 
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The lobes tend to be fewer and broader--and the nulls shalower-ihan they are 
when using a horizontal doublet. The antennas are not perfect, But they are 
cheap and relatively easy to build from locally available parts. If they do not merit 
first place among your antennas, they make very good back up antennas for the 
main system. However, for many field operations and small backyards, they may 
be the best choice for a simple, mull: band wire antenna. 
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Chapter 17: The All-Band Inverted-L 


hen | wrote on "The L-Antenna' for 10-meters in the previous Chapter 
13,1 noted that Ihe antenna was not likely new. I have since learned 
that the basic idea seems to have originated with УКЗАМ in the early 
19505 and is described in L. A. Moxon's (G6XN) classic HF Antennas for All 
Locations (pp. 154-156 of the first edition). This antenna is a standing L, 
although Moxon has no problems with viewing it inverted. Ralph Holland, 
VKLBRH, includes the L in his computer study of several antennas, including an 
interesting variant of the L: the 1/2 wl inverted-L. (VKIBRH's interesting modeling 
studies, published in Amateur Radio, the journal ofthe Australian Wireless 
Association, can be found at his web site 
up: wz dynamite.com au/vkabrh/Antsím htm) 


Perhaps the earliest article on the inverted-L as an all-band antenna may have 
been "The ‘inverted L' Ham Antenna, by Bob See, WSLTD, which appeared in 
Radio and ТУ News, January, 1959, pp. 64-65. Bob used base feeding to 
operate the antenna as a standard inverted-L monopole with a ground plane оп 
80 and as an end- or voltage-fed longer wire above 80, as his measured 
impedance figures attest. The 1/2 wl inverted-L can also be center-fed using 
parallel feedline and an ATU. We shall focus on the center-fed version: it is an 
antenna with excellent potential as an al. hand substitute for the 135 center-fed 
doublet. 


The 1/2 wl inverted-L which we shall examine differs from standard 1/4 wi 
inverted-Ls in 2 ways: First, it is longer, of course. Second, it is normally current 
fed at the center (although end- or voltage-feeding is always possible, even if not 
always convenient). Hence, it can be viewed as an inverted Vee tited over by 45 
degrees. Alternatively, it can be viewed as a 1-leg-ground-plane 1/4 wl vertical 
upside down. 


If the upside-down vertical had a second leg going in exactly the opposite 
direction, the result would be-- a large degree--cancellation of the horizontally 
polarized radiation. Lets call this antenna the T. 
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Both the L and the T differ from the standard 1/4 wi ground plane vertical by 
being complete antennas--dipoles as it were. Hence, neither requires a ground 
plane beneath them. For some situations, this fact can simplify construction. The 
figure below shows the structural differences among the three antennas for 
models set at 3.7 MHz. The L and Т models were set at a top height of 70, with 
the vertical arm terminated 4.5 off the ground 


1 M. 
Vertical 


with 64.4 
Ground Plane 


45 Of 
Ground 


Feedpoint 


Three 80-Meter 


65.5" 
Antenna 

Genter-Fed Inverted 555' possibilities 
2.7 MHz 


4.5' Off Ground 
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Each antenna was modeled using #14 copper wire and average ground 
throughout. Note that the inverted-L and the T present challenges to the builder 
in terms of routing the parallel feedline to the top feedpoint. We shall do some 
comparisons, but first, let's become a bit more familiar with the inverted-L basic 
pattern. 


Far-field Elevation oan 99 
Pattern Components 120 © quier Ring = 1-33 a 
Center-Fed 37 MHz 
Inverted. 

Broadside 


‘Horizontal 


0 deg. 


The elevation pattem above shows the vertical, horizontal, and total field 
components of the inverted-L radiation pattern taken broadside to the horizontal 
arm of the antenna, where radiation is strongest. In the plane off the ends of the 
horizontal arm, horizontally polarized radiation is somewhat weaker, but the 
vertically polarized radiation remains at full strength, with some pattern bending 
away from the horizontal arm, 


A fair comparison might be made among elevation patterns for the L, T, and 
vertical. Since the total pattem of the L is a broad oval, lets take the strongest 
direction also of the T, which happens to be off the ends of the horizontal arms, 
The vertical is truly omni-directional, so lets set at least 20 radials beneath it. 
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Comparative Elevation oan Г 
Patterns of Maximum 120 Vadit бө Inter Ring = 133 ABI 
Gain: 114 WL e 
Vertical, Tee, and 
Inverted. 
150 » 
189 + 0 de 


The comparative pattern above shows the rough equality of the T and the 
ground-plane-vertical patterns under the specified conditions. Surprisingly, the 
inverted-L comes close to both antennas in low angle radiation. It also has. 
stronger high angle radiation-without becoming a cloud burner--which is useful 
for shorter skip contacts. In other words, the inverted-L has potential as an all- 
purpose low-band antenna. 
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‘Comparative Azimuth кона 
Patterns et 242 129 60 
Degrees Elevation: Inverted. 
114 WL Vertical, 
Tee, and Inverted, 
E] 


150 


Vertical 


100 9 deg 


Vertical 


зю 


Vertical 


Outer Ring = 4.36 dBi 


The azimuth patterns of the three antennas~taken at elevation angles between 
24 and 28 degrees-show the slight oval of the T and the slightly more radical 
oval of the inverted-L. The L's azimuth pattern also shows the slight displacement 
Inthe direction away from the horizontal arm. However, these effects are small 
enough not to stand in the way of using the antenna for general operating 


purposes. 
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The Ground-Plane Question 


ın principle, as a complete 1/2 w antenna, the inverted-L requires no ground 
plane, Likewise, the T should require none. In contrast, the 1/4 w vertical 
requires a ground plane to complete the antenna. To test the relative need and 
utility of a ground plane, I modeled all three antennas with ground planes, first 
using 4 wires and then using 20 wires. | set each ground plane first at 1' below 
ground, then at the surface, and finally at 1° above ground. The vertical's source 
‘Segment touches the ground, which gives erroneous results in NEC-4. Therefore, 
the surface ground plane for the vertical was set 0.1' above ground. The radial 
‘wires were the same length as the vertical radiators, which means slightly shorter 
radials for the vertical than for the L or T. 


The following table summarizes results for the three antennas with 4 and 20 wire 
ground planes. 


Antenna/GP level Gain To angle Source 
Impedance 
des degrees R +/- jX ohms 
1.93 44 66.1 + j 3.8 
1.07 45 66.1 + j 4.5 
1.96 44 66.0 + j 4.0 
2.03 46 65.6 + j 4.5 
0.56 28 42.7 - 35.2 
0.61 28 42.1 - j 4.6 
9.60 28 42.7 - j 5.0 
GP +1' 0.58 28 42.3 - 35.2 
Vertical 
No GP -9.78 24 48.2 + j 0.2 
Өр -1' -2.38 25 68.5 + j 8.1 
бр в" 1979 25 45.5 + j32.5 
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op +1 "0.2124 39.6 - j 9.3 
20-radial tests 

Inverted-L 

No GP 1.93 44 66.1 + j 3.8 
Өр -1' 2.44 45 65.4 + j 6.5 
GP 0. 1.99 44 66.3 + j 4.4 
rd 2.10 46 64.5 + j 4.7 
т 

No GP 28 42.7 - j 5.2 
eP 4. 28 41.9 - j 3.0 
GP 0. 29 42.9 -j 4.7 
GP +1 28 41.3 3 5.2 
Vertical 

No GP 24 j 0.2 
бр 4. 25 jos 
GP 0. 24 jas 
rd 24 j14.6 


Although the tables give the most data, comparisons are more difficult than with 
a graph. 
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L, T, and Vertical Gains 
Various Ground Planes 
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The antenna gains are compared in the graph above. The line connections 
between points are not real connections, but only let the eye tell which data 
points go together. As is evident, NEC-4 modeling strongly suggests that the 
addition of a ground plane adds virtually nothing to antenna performance for the 
inverted-L and the T, both of which we have described as complete antennas. In 
contrast, the vertical is dependent upon the most extensive (up to 60-100 radials) 
that a builder can install (The vertical antenna data point for "No Ground Plane" 
should be used for reference and does not represent accurate data relative to a 
real antenna.) | further modeled the vertical with 64 radials. AL a depth of 1, the 
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antenna gain increased to 0.19 dBi, while setting them 1' above ground yielded a 
gain of 0.02 dBi. Modeling has consistently suggested that for perfectly 
symmetrical ground planes above ground, more than 6-8 radials may be 
superfluous. This conclusion does not necessarily apply to ground planes that. 
are not perfectly symmetrical. 


An alternative to high-altitude center feeding of the inverted-L is to base feed it at 
the low end of the vertical. Models of this made of feeding the antenna show 
patterns quite consistent with those for center feeding, with a source impedance 
in the neighborhood of 5000 Ohms. Once more, the addition of a ground plane 
does not aid antenna performance in any way, as the following elevation plot 
shows, 


ences 


Three Inverted.Ls 
% uter Ring = 1.33 Di 


‚Семегей es 


“Radials 


100 г o deg. 


However, the absence of need for a ground plane should not be mistaken for an 
absence of a need for a good RF ground. In turn, we should not presume that the 
ground rod near the shack, which provides AC and DC power grounding for 
Safety, also provides an adequate RF ground. Army tests established a couple of 
decades ago that a good RF ground needs periodic short (<2) rods connected 
by a perimeter wire or strap that essentially surrounds the entire station location, 
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Installation Variations 


Knowing that not everyone tempted to use the inverted-L vill have ай of the 
space needed, | checked some variants that represent typical construction 
compromises or changes. Since the antenna will be fed with parallel transmission 
line, matching is not a major problem. However, changes of gain and elevation 
angle may indicate that some variations are better than others. 


1. Height: elevating the inverted-L is a route to slightly more gain and a lower 
take-off angle broadside to the horizontal arm. Here is a table of values modeled 
with top heights at every S from 70 to 100 feet up. 


Top Ht. Bottom ut. Gain ТО Angle Feed Impedance 
feet beet dei degrees 

70 1.93 аа 

25 22 a2 

20 243 а 

25 26s 38 

эө 283 37 

95 32 за 

100 322 зз 


Nothing drastic happens between any two levels, but the trends are clear. Gain 
increases and take-off angle decreases. The antenna plays shorter, the higher 
we go. However, unless one plans to use а monoband coax feed system, the 
precise dimensions are not at all critical. 
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100 


109 ө den 


The elevation pattems in the figure compare the antenna at 70' and at 100 and 
add visual confirmation of the conclusion drawn from the table. 


2. Sloping and Bending: The more normal problem for home installation is too 
litle vertical or horizontal space. As the figure below shows, there are a number 
of installation "tricks" we might use. The question at hand is how much each will 
hurt performance. 
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Sloped Bent Down 
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Installation Variations on the 1/2 wi Inverted-L. 


Bending the vertical at the bottom: The first way to save vertical space or to 
protect family members from the high voltage at the antenna element end is to 
bend the lower end of the vertical to the side. The upper horizontal arm remains 
65.5 long. The overall length of the vertical is also 65.5', but part is now vertical 
and part horizontal. | tested three scenarios, listed in the table below: 
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Max. Ht Vert. Wire Low Hor Gain TO Angle Feed Impedance 
fect fest feet dBi degress R +/- JK Ohms 
766 s 20445 562 4 aa 
7 55 10.5 24% ат бав jus 
E Ed des 12 а 643 32.7 


The chief effect of the bend is о raise the high angle radiation strength a small 
bit and to raise the elevation angle of maximum radiation. The latter figure. 
Indicates a slight loss in the lowest angle radiation, which опе would anticipate 
from shortening the vertical length. None of these Small changes in dimension 
affect the usableness of the antenna. 


‘Sloping the horizontal arm down: One might wish to use the antenna where there 
is only one truly tall support and the support for the far end of the horizontal arm 
is lower. The results a sloping horizontal arm. Using a peak height of 70 and 
keeping the dimensions of each wire at 65.5, I tested 2 scenarios, representing 
wo degrees of slope, against the standard installation. 


Max. Vert HE Hor. End не To Angle 
feet feet degrees 
76 (no slope) E 


Gain increases are at high angles of radiation, with some loss of low angle 
radiation strength. Although a true horizontal is perhaps the best compromise for 
maximum low and high angle performance, the patterns with a modest slope to 
the horizontal arm do not make the antenna unusable by any means. 


Bending the horizontal arm far end down: И horizontal space is limited, a 
common practice is to bend (or dangle) the outer ends of a dipole downward. 
since the region is the high voltage and low current portion of the antenna, the 
radiation pattern is least affected by modifying the geometry. Again, | compared 2 
scenarios to the full-length horizontal arm configuration 


Max. Mt Ног. Arm Lth Bent Length Gain TO Angle Feed Impedance 
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feet feet feet ami degrees 4/- jx ohms 
„% 055 D Tus 45 66.1 + 3.8 
тв 58.5 10.0 1% ав 62.7- j 5.9 
7% ass EX) їю аз ses 32 


Low angle radiation remains essentially constant, since the vertical arm has not 
been altered, Further shortening of the horizontal arm would show a gradual 
further reduction in maximum gain and in the take-off angle. Higher-angle 
radiation is decreased, although the antenna remains eminently usable. 


Like many wire antennas, the inverted-L will tolerate moderate alterations of 
geometry to fi the space available and stil yield good, if not peak, performance. 


Multi-Band Use of the Inverted-L. 


One disadvantage of the 135' horizontal doublet when used on the upper HF 
bands is that the pattern breaks into a collection of fairly narrow lobes with deep 
nulls between them. Since the nulls change position from band- to-band, the user 
is often surprised to discover that signals from certain directions are weaker than 
expected. 


The inverted-L, when fed with parallel transmission line and an antenna tuner, is 
not wholly exempt from this phenomenon. However, since one arm is fully 
vertical, the nulls tend to be much shallower. At the same time, gain peaks are 
less pronounced, 


The following table provides a rough guide on what to expect from each of the 
amateur HF bands: 


Frequency To angle Feed Impedance pattern shape 
жнг degrees d. JX Ohne (approximate) 
зл n See 4 Broadside oval 
Ti 25 +3 300 Broadside oval 
EH 20 ME Square 
ма 14 + 32300 4 lobes 
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pes ва 
EH 7.55 


E 
ЕЯ 
E 


3 258 
1200 
J 520 
31000 


Square. 
lobes 
6 lobes 
8 lobes 


Even harmonics of the antenna's fundamental frequency show high impedances, 
in some cases with a high reactive component. The WARC bands show more 
moderate impedances at the antenna feedpoint. Use of 450-Ohm ог 600-Ohm 
parallel feedline is recommended in order to provide reasonable values of 
Impedance at the antenna tuner terminals. As with al such antennas, If a tuner 
seems unable to effect a match on a given band, adding a short section of 
feedline between the existing line and the tuner output terminals will often correct 


the situation, 
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‘Azimuth Pattern 120 oe Р шшш 
Inverted 
ШТА 


100 


E 


Elevation Апа 
Outer Ring = 6.99 ant soo aa degrees 


The annotation "square" to describe the azimuth pattern is illustrated by the 18.1 
MHz pattern. On this band, the strongest signal occurs at the second elevation 
lobe. There is a usable but less strong lobe at about 16 degrees elevation. Note 
the absence of sharp nulls and lobes. 


Chapter 17 


Antennas Made of Wire - Volume 1 


Azimuth Patterns: . 
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‘Maximum Height: Doublet deo Elevation Angl 
70" 300 Mdegrees 


Even where lobes and nulls do occur, both are much less pronounced than they 
are with a standard doublet. The figure shows the differences for Ihe 20-meter 
band. Doublet nulls exceed -25 dB relative to the lobes, whereas inverted-L nulls 
are under -10 dB relative to the lobes, which are also broader than those of the. 
doublet. Of course, peak gain of the lobes is about 4 dB less than for the doublet 
lobes. For some types of operation, but certainly not for all, the absence of strong 
nulls can be more advantageous than a few extra dB of gain in very specific 
directions. 
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Many hams who cannot erect a full 135' long inverted-L can often manage a 100 
version of the antenna. This length would require 50 of horizontal run and about 
ББ of height to place the vertical section at least 5 off the ground. As we have 
seen, higher installations will yield better results, but the present values will 
provide a kind of worst-case scenario for modeling that antenna. Since the 
Sketches for this shortened version of the inverted-L, which is about 70% full size 
at 80 meters, would be the same as those for longer versions, we can jump. 
directly to a table of values for malt band use of the antenna. Note the cases in 
which the ratio of reactance to resistance is very high: these conditions tend to 
increase line losses and to challenge tuners in finding satisfactory and high: 
efficiency matching settings. 


Frequency To angle Feed Impedance — Pattern shape 
жнг degrees b. JX Ohms (approximate) 
37 Ei зе + j 425 Broadside oval 
Ti E зов + 310 Broadside oval 
EH El 2150 7 32100 Broadside oval 
144 E] 120 - j 185 Square 

E El зев + jazas ‘Leaf clover 

az a 478 "31300 Leaf clover 

24.9 19 160 +3 95 © lobos 

255 E 3P + 3900 5 lobes 


As one might expect, the shorter antenna breaks into multiple lobes more slowly 
with increases in frequency. Moreover, the pattern of high and low feedpoint 
impedances differs greatly from the pattern for the 135' version. Given the lower 
top height, the elevation angles of maximum radiation are somewhat higher, 
especially on the lowest bands of operation. (Note that the band on which an 
Unexpected high angle of maximum radiation occurs for both versions also 
shows a lobe of nearly the same strength at a lower angle-just about 20 degrees 
lower. Hence, useful radiation occurs on that band-in this case 17 meters.) 
‘Shorter antennas--down to about 90' overall wire length can be built and used оп 
80 meters. Below about 90' overall wire length, the antenna becomes essentially 
a 40-meter-and-up inverted-L. 
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Conclusion 


The center-fed inverted-L has the potential to be a quite satisfactory all-band wire 
antenna suited to certain environments. The length can be almost anything about 
3/8 wl or longer for the lowest frequency of intended operation. Although the 
overall gain will be lower for each band than the gain of a horizontal doublet 
using the same overall wire length, the elevation angle of maximum radiation for 
the L will be lower than for a doublet with the same top height. 


There is litle evidence, despite the vertical position of one arm of the antenna, 
that the inverted-L would benefit from a ground plane beneath the antenna. The 
actual low-angle gain of the inverted-L will, however, vary with the quality of the 
soil їп the region of reflection at a distance from the vertical arm. All patterns. 
were taken over average soi, and soils that are either poor or better than 
average will tend to show a higher gain and lower take-off angle, at least on the 
fundamental frequency. 


The electrical lineage of the center-fed inverted-L is from the dipole by way of the 
inverted-Vee. For the amateur yard that is short on horizontal space but long on 
tall supports, the inverted-L may be the antenna of choice as an all-band wire- 
‘whether used as the primary station antenna or as the back- up for more 
complex arrangements. 
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Chapter 18: The Multi-Band Inverted-V 


he smaller the backyard, the less room that we have to construct a full-size 

135 level center-fed doublet as an al. hand HF antenna. As a work-around, 

many amateurs try the inverted. V configuration. It requires only one very 
tall center support, with lower supports for the wire ends. Handbooks reassure us 
that the inverted-V will perform quite well, with only a small reduction in gain and 
a slight expansion of the radiation pattern off the ends of the wire. So we dutifully 
build the inverted-V and then wonder why neighboring hams are doing so much 
better at hearing stations. We rationalize that perhaps our antenna is broadside 
in the wrong direction. We may think that we have to grow taller trees to raise the 
feedpoint of the antenna even higher. Possibly, we need to buy a new rig. We 
пемег stop to think that the basic antenna may be at fault, especially on the upper 
bands. After al the handbooks have reassured us that the all-band inverted-V is 
а good general purpose antenna. 


Lets back up a step and make a plan to study the situation, The first step is to 
review what we can expect from a level doublet with the same feedpoint height 
аз our inverted-V. We cannot possibly survey every feedpoint height in this 
exercise. So I shall set the feedpoint at 80' above average ground. That level is 
somewhat high for the average backyard, but | have reasons for picking it, and 
they will appear in а moment. 


The second step is to replace the level doublet with an inverted-V, keeping the 
same feedpoint height. The immediate problem that we face is selecting an angle 
at which to slope the wires relative to the doublet. Again, we cannot possibly 
survey every sloping angle. However, we likely only need to look at two angles. 
Опе is a slope of 30 degrees down from the doublet. The other angle is 45 
degrees down from the doublet. The difference is only 15 degrees, but-as we 
shall see-what a big difference those 15 degrees wil make. Fig. 1 sketches the 
3 antennas that we shall include in our survey. 
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ıf we start on the right in the figure, we can see why I chose the 60° feedpoint 
height. The wire ends are between 11 and 12' above ground. Letting inverted-V 
ends go any lower is an invitation for someone to receive an RF burn, since the 
wire ends will carry a high voltage when we transmit. Hence, safety dictates that 
ме keep the inveried-V ends at least 10' above ground, and higher, if feasible. 


‘The inverted-V sketches show the length of the legs, with the total wire length in 
parentheses. All three antennas are resonant at 3.5 MHz (using AWG #12 or 
0.0808" diameter wire). As we slope the wires into the inverted-V configuration, 
we need slightly more wire to achieve resonance at the baseline frequency, 


We can also see the important reason for using an inverted-V instead of a 
doublet. Every addition degree of slope reduces the required end-to-end span for 
the antenna. The 45-degree slope allows the antenna to fit a yard with a 
maximum dimension of 100, For this exercise, then, I shall assume that the. 
backyard has one mighty оак--ог Douglas fir-or ancient magnolia--hat is 


precisely positioned to let us construct an inverted-V to use on all of the HF 
bands. 
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The next question is simple: what can we expect from our antenna. To create a 
basic answer and set up some reasonable expectations, we should survey all of 
the НЕ amateur bands. Therefore, | shall sample each amateur band, jotting 
down some basic information and creating both elevation and azimuth patterns 
for the antennas. For each band, | shall use the lowest frequency in the band, 
since the patterns will not change much within a given band. The one exception 
is TS meters, where I used 4.0 MHz to allow us to see how much the very wide 
80/75-meter ham band changes antenna performance. 


My procedures will be fairly simple, but there will be a twist or two along the way. 
T shall collect information on the gain level of the strongest lobe(s) in the pattern. 
In the azimuth patterns, | shall record the first maximum -gain lobe away from the 
broadside direction to the wire, unless the strongest lobe is exactly broadside to 
the wire. | shall also record the take-off (TO) angle, that is, the elevation angle of 
strongest radiation. Wherever the strongest lobe is not broadside to the wire, | 
shall make my elevation pattern using the direction of the strongest lobe. If the 
elevation angle of maximum radiation is above 45 degrees, | shall create the 
corresponding azimuth pattern at 45 degrees. Under these conditions, you must 
assume that the azimuth pattern has a maximum strength that is lower than the 
‘maximum possible gain, since that gain value is for another elevation angle. 


For reference, | shall also record the modeled feedpoint impedance as a series 
resistance and reactance--rounding just a bit. This impedance will be at the 
antenna feedpoint. However, you will undoubtedly use a parallel transmission 
line--probably with an impedance between 300 and 600 Ohms~-to connect your 
antenna to an antenna tuner in the shack. Since the transmission line impedance 
wil rarely-if ever--match the antenna feedpoint impedance, the line will become 
an impedance transformer. The impedance that appears at the antenna шпег 
terminals will be a function of the antenna impedance, the line impedance, and 
the length of the line. Since | cannot cover every possible type of line and every 
possible line length, the antenna feedpoint impedances will have to do for our 
information collection. 
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For each antenna, we shall create two graphical documents. The first is a table of 
information gathered from the antenna model. The second is a page of elevation 
and azimuth patterns. My reason for creating both the tables and the patterns as 
graphics is simple, You may be keeping a notebook of what you learn about 
antennas. You can copy and save the graphics from these HTML notes as 
separate files. Then, you can import them into a word processing program, such 
as Word. The program's importation feature should size the galleries of patterns 
to fit the margins of your paper. Printing the gallery and its associated tables of 
data wil let you store the information nearly in your notebook. That way, you can 
omit the commentary that | weave around the tables and the patterns. 


‘The 135' Center Ted Doublet 


Although our main topic is the inverted-V, we need a point of reference in order 
to make sense of the data that we gather. The doublet is the root antenna, of 
which the inverted-V is one variation. Therefore, reviewing what happens lo the 
patterns of a center-fed doublet is critical to our overall understanding. The 
doublet that we shall use is 135° long, just long enough to be a resonant dipole at 
3.5 MHz, at least when we place the antenna 60' above ground and build it from 
AWG #12 copper wire. 60 is not very high if we measure the distance as a 
fraction of a wavelength. In fact, the height is less than 1/4-wavelength at the root 
frequency. I we lower the height of the antenna, then the 80-meter TO angle will 
be higher, whereas if we raise the antenna, the TO angle will be lower. To really 
obtain good DX results from a horizontal dipole or doublet, we should increase its 
height to 3/8-wavelength--and much more if possible. But 3/8-wavelength on 80. 
meters is close to 100, and so we may have to settle for mostly regional contacts 
on that band. Of course, as we raise the operating frequency, the antenna height 
increase as measured in wavelengths. By 40 meters, the antenna is getting close 
to 1/2-wavelengih above ground. For ай higher bands, 60 is not a significant 
problem for a general purpose antenna, even though the old saying that higher is 
better still applies to this or any other horizontal antenna (but not necessarily to 
HF vertical antennas), 
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Lets see what we derive from our 135' doublet on the amateur HF bands. Table 
1 provides the tabular data, while Fig. 2 presents the gallery of patterns. 


Table 1. Modeled Date for an AWG #12 Copper Wire Level 136" Center Fed 
Doublet BC' above Average Ground 


Band Frequency Max. Gain Lobe Azimuth TO ange Impedance 


Motors MHz dBi Anglo dagrooo degrees RKO 
D 35 ват 0 вз 75-0 

75 2D 6.29 0 65 130 250 
6 530 665 0 44 600 + 1070 
D 70 ва 0 32 5150 + gs 
a 101 90 0 2 06 - 925 

D 140 894 36 16 3580 + yon 
17 1088 um E] 12 125 -ja 

15 210 9.36 47 11 2140 + 270 
12 2489 979 66 3 125-195 
10 вй п а в 1460 + 1240 


Notes: 1. Frequencies are at the low end of each band except for 75 meters. 
2 Maximum gain is for the strongest lobe at the TO ar alavation angle of 
maximum strength. 3. Lobe azimuth angle is the bearing ofthe strongest. 
lobe, where C^ is broadside to the wire and any other angle is a departure 
from braadeide, 
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We can begin with the table and immediately jump to the feedpoint-impedance 
column. The values seem to be all over the place, with some very high values 
and some fairly low values of resistance, The reactance also shows very wide 
Swings. To make sense out of the column, we have to think about the antenna 
length. At 3.5 MHz, the antenna is 1/2-wavelength, and so we expect and receive 
a lower impedance with almost no reactance. At 7, 14, 21, and 28 MHz, the 
antenna is close to 1, 2, 3, and 4 wavelengths, respectively. At these lengths, we 
expect very high impedances--and get them. At 10.1, 18.068, and 24.89 MHz, 

the antenna is 3, 5, and 7 hall-wavelengths, respectively-or thereabouts. Since 
these bands dov not have a direct harmonic relationship to 3.5 MHz, we cannot 
expect precision. But can can expect and obtain fairly low impedance values with 
relatively modest reactance values. So the impedance values in the table do 
make sense after all 


мое in both the table and the gallery that on 80 and 75 meters, the TO angle is 
higher than 45 degrees, and that requires azimuth pattems at 45 degrees. There 
is nothing magical in my selection of 45 degrees. It is too high for good DX work 
and too low for most МУЛ work. Its one claim to fame is that it gives us a 
reasonably good picture of the azimuth pattern shape at that angle and below. 
Hence, we can clearly see the gradual narrowing of the beamwidth up through 40 
meters, although the azimuth pattern remains broadside to the wire. 


From 30 meters through 10 meters, we find that the pattern is breaking into many 
lobes. For a center-fed double, lers measure the antenna length in wavelengths 
For lengths that are near an integral multiple of a wavelength (that is, 1- 
wavelength, 2-wavelengths, etc.), the number of lobes will be twice the antenna. 
length in wavelengths. Hence, at 20 meters, the antenna is 2 wavelengths and 
ме find 4 lobes, The situation changes for lengths that are odd multiples of 1/2- 
wavelength (that is, 3/2 wavelengths, 5/2 wavelengths, etc.). Now the number of 
lobes will be twice the number of hall-wavelengths. So at 24.89 MHz, we have 
close to 7 halfwavelengths, and we find 14 lobes. Since lobes do nat simply pop. 
into and out of existence, we find оп odd frequencies а mixture of lobes emerging 
or decaying. Note that when the antenna length is closer to an odd multiple of 
1/2-wavelength, we not only see more lobes, but the strongest lobe is further 
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away from a direction that is broadside to the wire and closer to the axis of the 
wire. Hence, the tabular data shows an up-and-down swing to the azimuth angle 
of the strongest lobe as we check out the bands from 20 through 10 meters. 


The elevation angle of maximum radiation or TO angle of a doublet is almost 
wholly a function of the height of the antenna above ground. An antenna that is 
about 1/2 wavelength up will show a TO angle of about 25-26 degrees. When 1 
wavelength up, the angle drops to about 14 degrees. If we physically raise or 
lower the entire antenna, we can change the elevation angle, but the lobe 
structure of the azimuth patterns will remain intact. 


You can use the table and the gallery when planning an all-band doublet 
installation, assuming that you have some room to maneuver. Pick your favorite 
bands and see where the lobes go. Then align the antenna wire so that the lobes 
are in the direction of your choice communications targets. Is likely that you will 
have to compromise--not only in terms of lobe direction, but also in terms of the 
limitations of your yard. However, be careful of making to strict of a compromise, 
ог your lobes may miss all of your targets. 


1 you shorten the antenna--perhaps making it resonant at 4 MHz instead of 3.5 
MHz--then you will have to create your own gallery of pattems. You will not find 
much trouble on most bands, but the highest 2 or 3 bands may be a good bit 
away from the antenna lengths that produced these patterns. Hence, the exact 
directions of the lobes may differ enough to make a difference. | recommend that 
you obtain a rudimentary antenna modeling package and master it enough to 
plan an effective all-band doublet. 


A 30-Degree 135,6 Inverted-V 


The level doublet provides a touchstone for the results that we receive from any 
inverted-V antenna. We shall first look at a modest inverted-V, one with legs that 
slope downward 30 degrees from the horizontal. With a 60 feedpoint, the ends 
are about 26 above ground. 30-degree slopes on each side of the feedpoint 
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mean that the angle between wires is 120 degrees (instead of the 180-degree 
Value that applies to the level doublet). This version of the inverted-V is perhaps 
typical of amateur installations, although the exact top height may change from 
опе location to another. 


Without further ado, lets see what kind of performance we can expect from the 
30-degree inverted-V. Table 2 provides the tabular data, and Fig. 3 gives us a 
gallery of patterns. 


Tablo 2. Modeled Data for an AWO #12 Capper Wire 135' Center Fed 
30° Inveried-V’ with а Feadpcint EO abova Average Ground 


Band Frequency Max Gain Lobe Azimuth TO Angle Impedance 


Meters. MHz dBi Angle degrees degrees RHXO 
[E 540 a E] 50-10 

75 40 548 9 85 105 +255 
0 532 542 0 а 460 +]1145 
40 70 Bat 0 16 4808 880 
a 101 731 a 125 - pon 
14.9 845 ЕЯ 20 3270 +j1435 
17 100 517 E] 13 130. ps 
15 20 748 53 13 1940 +1958 
12 28 385 т E) 16-158 
10 280 711 а 10 1160 +11550 


Notes: 1. Frequencies are at tha low and of each band except for 75 meters. 
2. Maximum gain is forthe strongest lobe at the TO cr elevation angle of 
maximum strength, 3. Lobe azimuth angle is the bearing of the strangest 
lobe, where 0° is broadside to the wire and any other angle is a departure 
from broadside 
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We shall not find very significant changes in the impedance column. Since the 
antenna is resonant at 3.5 MHz, is electrical length is similar to the length of the 
doublet on every band. The sloping wires do interact a bit, and the vire ends are 
closer to the ground. But the changes to the feedpoint impedance are moderate 
to modest. 


If we look at the column of TO angles, we find that they are typically higher than 
the TO angles for the doublet. In fact, the azimuth patterns for 80 through 30 
meters require a default 45-degree elevation angle for the azimuth patterns due 
to the higher TO angles. (The doublet required this treatment only on 80 and 75 
meters.) Even though the inverted-V has the same feedpoint height, itis lower at 
every other point along the wire. In general, the effective height of an inverted-V 
is about 2/3 of the way upward between the lowest point and the highest point 
along the wire. Hence, our inverted-V is effectively lower than the doublet at 
every operating frequency. 


We can easily compare the two tables and see that the inverted-V yields a lower 
value for maximum gain than the doublet. The lower effective height is partially 
responsible. In addition, there is some radiation off the ends of the wires, since 
they now slope and have a vertical as well as a horizontal component. That 
energy has to come from somewhere, and a good part of it comes from a 
reduction of the gain of the main lobe o lobes. Nevertheless, the amount of 
reduction is not enough to disquality the 30-degree inverted-V as a good general- 
purpose all-band HF antenna. 


We should also compare with some care the gallery of patterns for both the 
doublet and the 30-degree inverted-V. From 80 through 40 meters, we notice 
seemingly small changes. For example, the inverted. V 40-meter pattern is an 
oval that has lost the "peanut" waist of the doublet. However, from 30 meters 
upward, the pattern changes are much more pronounced. For example, the 
doublet on 30 meters had 6 lobes, but we can only identify 4 in the inverted. У 
pattern for the same band. As we continue to increase the operating frequency, 
the sharply defined doublet azimuth lobes give way to less defined undulations, 
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especially on 17 and 12 meters, two bands in which the patterns have many 
lobes. 


Do not forget to review the two galleries with respect to the elevation patterns. 
On the highest bands, note the growth of the high-angle lobes relative to the 
much more modest development of the same lobes with the level doublet. 
Energy that goes almost straight upward is not available at the lower angles 
more favorable to making contacts, As a result, the maximum gain values of the 
inverted-V shows a greater high-band deficit relative to the doublet than the gain 
values for the lower bands. What is more important, perhaps, is that these high- 
angle lobes foreshadow what is to come with our next inverted-V. 


А 45-Degree 136.6' Inverted. V 


ıf we add only 15 degrees to the slope of each inverted-V leg, can anything 
harmful happen? The legs now slope downward by 45 degrees relative to the. 
horizontal, The angle between the legs is 90 degrees. Since the antenna will fit 
inside my 100' lot, itis a tempting construction project. 


To find the answer to our question, we need only examine the information. The 
changes in patterns and performance that we saw between the doublet and the 
30-degree inverted-V suggest that we might see some further evolution in key 
properties. However, I wonder if we are prepared for some surprises. Table 3 
supplies the tabular dala, while Fig. 4 gives us the associated pattern gallery. 
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Table 3. Modeled Data fer an AWG #12 Con per Wire 135 CenterFed 
48° Inverted.V with a Fasdpoirt 60 skove Averaga Ground 


Bend Frequency Max. Gain Lobe Azimuth TO Angle impedance 


Meters MHz dBi Angle бересе degrees RHK0 
[E 108 0 87 50-0 

5 an 419 n E 85 +j2e0 

е0 532 399 0 66 410 +j1230 
4 70 376 0 E] 4480 - ¡1980 
a di E ü BE 150 - 285 
2 un 819 0 78 4400 +615 
17 igoa — 029 0 90 100 +345 

15 20 ГЕЯ 0 84 2295 +1780 
12 мз вз 0 ЕД 175-195 

0 280 856 0 90 1340 + 1550 


Notes: 1. Frequencies ara at the low end of each band except for TE meters, 
2. Maximum cam is for the strongest обе at the TO or elevation ange of 
maximum strength. 3. Lobe azimuth angle is the bearing of the strangest 
lobe, where O° is broadside to the wire and any other angle is a departure 
fiom broadside. 
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(Once more, the impedance column in the table gives us no clues to revolutionary 
changes, since the values show only a small evolution in the progressions of 
values that began with the doublet. As well, the gain column seems a bit odd, 
with lower values for the lower bands and higher values for the higher bands. 

The most meaningful changes occur in the two columns that ist the azimuth 
angle of the strongest lobe and the TO angle. All TO angles are very high, 
indicating that on all bands, the predominant energy focus is straight upward or 
nearly so. The gain values shown аге all for frying clouds and litle else. 


As a result of the very high TO angles, all azimuth patterns are at 45 degrees 
elevation, The azimuth pattems show some lobe development at this angle. 
However, the maximum number of lobes is 6. Up to 14 MHz, we find only 2 

lobes. At 28 MHz, the old lobes that are broadside to the wire have finally 
disappeared, leaving only the 4 lobes that emerged around 18 MHz. In effect, the 
45-degree inverted-V shows only half the number of lobes that we find in a 
doublet of the same overall wire length. Moreaver, these lower-angle labes are 
considerably weaker than the very-high-angle main lobe. As the elevation 
patterns suggest, the 45-degree inverted-V provides relatively weak radiation at 
angles suitable for long-distance communications. 


Although the 45-degree inverted-V might be useful for NVIS or regional 
communications through about 30 meters, it is not a desirable antenna for use 
above that band. In effect, the added 15 degrees of slope to each leg 
transformed the performance of the inverted-V. Given the normal desire for 
lower-angle radiation, the transformation has indeed been harmful. There is a 
limit to the slope of an inverted-V if we intend to use it for an all-band НЕ 
antenna. That limit is not much beyond a 30-degree slope. 


Conclusion 


By reviewing the properties of а 135 level doublet on all HF bands, we have 
been able to watch the evolution of inverted-V patterns as we increased the wire 
slope from 30 degrees to 45 degrees. While the 30-degree inverted-V gave 


Chapter 18 


Antennas Made of Wire - Volume 1 


useful general purpose performance, the 45-degree version of the antenna. 
became generally useless on most bands for normal НЕ skip communications. 


Had we begun with a set of antennas with a resonant 40-meter length, the results 
would not have ultimately changed. However, the complete degradation of 
patterns would not have occurred until about 20 MHz with a 45-degree inverted- 
V. If we had started with an antenna whose length was suitable for 160 meters, 
the patterns would have gone to pot at around 5 MHz. Indeed, the 45-degree 
inverted-V yields such poor performance that one might well do better by 
eliminating one leg and feeding the remaining leg at its center as a sloping 
doublet. Alternatively, an inverted-L-either base or center fed--might also yield 
better performance. The lesson is simple: if you must use an inverted-V as an all 
band HF antenna, do not make the V too sharp. 
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Chapter 19: The Turnstile - an Omni-Directional Antenna 


have received a number of inquiries over the last year or so concerning the 
best way to get omni-directional radiation from a horizontally polarized 
antenna on the HF bands. We have often tried to use the inverted Vee, but 
that antenna only turns the dipoles peanut-shaped pattern into an oval. The 
radiation off the ends of the wire is usually down by 8 to 12 d8--depending on the 
slope of the Vee legs-relative to the maximum gain broadside to the wire. 


If you are truly serious about having an omni-directional horizontally polarized 
pattern, try the turnstile antenna. The turnstile was often used on VHF, especially 
in the days before repeaters, that is, when horizontal polarization was stil 
standard. The antenna has dropped out of sight, but may have a new home on 
the HF bands for those who must use a fixed antenna but who also wish to have 
roughly equal radiation in ай directions. The basic outlines are shown in Fig. 1. 
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The turnstile consists of two resonant dipoles at right angles to each other and 
crossing in the center. The two antennas do not touch. The main feediine (the 
usual 50-Ohm coax, with a 1:1 balun) goes to one dipole's feedpoint connections. 
А 90-degree phasing line of 72-Ohm coax goes from the main feedline 
connections to the other dipole feedpoint connections. The 90-degree phasing of 
the two dipoles is crucial in obtaining an omni-directional pattern. 


The phasing line length will depend on the velocity factor ofthe line you use. 72- 
Ohm coax comes with either solid or foam insulation. The solid insulation usually 
gives the line a 0.66 velocity factor, while foam lines have a velocity factor of 
about 0.78, 


Use the velocity factor as a multiplier on the basic 1/4 wavelength calculated 
from the frequency and wavelength of use in order to determine the physical. 
length of the line. Lets use 10-meters as an example. 1/4 wavelength is about 
8.63 at 28.5 MHz. A 0.66 VF line will be about 5.69 long, while a 0.78 VF line 
will be about 6.73 long. As with any antenna, be sure to weatherproof all 
connections to prevent rain from entering the coax line. Technically, coax is not 
necessary, but 72-Ohm parallel ine is almost impossible to obtain in the U.S. 
Although the example is for 10 meters, the turnstile concept is relevant to any 
frequency whatsoever, from LF to UHF, 


ro build a turnstile, first build a single dipole and trim it to resonance. Then. 
construct the second dipole to exactly the same dimensions. The construction 
details wil depend on the band and materials. Add the phasing line, calculated 
for the band in use. Finally add the main feedline. 


Let the phasing line hang down from the dipole junction. You can tape the "down' 
and "up" halves of the line together to control erratic swaying in the wind, 
However, itis best to space the line a bit from any metal mast you might use to 
support the antenna center. 


Now the big question: what do we get for our efforts? The turnstile azimuth 
pattern for nearly any antenna height appears in Fig. 2. 
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Fig.2 


The pattern is nearly circular. The maximum flattening along the sides is 2 dB or 
under for most common heights. The following table will give you some idea of 
the gain of the lowest lobe and the degree of "fattening" of the circle for various 
heights above ground in terms of wavelengths. 
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Weight Max. Gain To Angle Flattening  Feedpoint 2 
e dei "degrees. ds ‘ohne 

в за 45 (arbitrary) © EN 

$ 242 Ei 2.5 зто 


For lower HF use, a wire turnstile will rarely reach above а 1/2 wavelength in 
height. Since there is only a single elevation lobe at this height, the antenna 
might be viewed as operating under the most optimal conditions. See Fig. 3. 
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Despite having a single elevation lobe, the maximum gain will still be about 2 dB. 
lower than the maximum gain of a single dipole. However, the single dipole has 
only 2 lobes, whereas the turnstile has 4 overlapping lobes that form its omni- 
directional pattern. To fil the dipole "gaps," power has to come from somewhere, 
andit is from the maximum lobes of each dipole. Hence, slightly less gain for the 
turnstile, but gain in every direction around the compass. 
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The starred () gain entries list the gain at the lowest elevation lobe. However, 
these lobes are not the strongest in the antenna pattern. It has long been known 
that between 3/4 and 7/8 wavelength of height, a dipole actually exhibits a 
reduction in gain from its lowest lobe. This phenomenon is due to the formation 
о! a new second lobe at very high radiation angles. 


The turnstile shows the same phenomenon, but somewhat more extremely. The 
situation is shown in Fig. 4, the elevation pattern for a turnstile at a height of 3/4 
wavelengths. 
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The strongest lobe is straight up. However, the lower lobes are still usable, being 
only 1.25 dB weaker than the upper lobe. 
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As the antenna is raised further to about 1 wavelength in height, the upper lobes 
decrease their angle and equalize with the lower lobes. See. Fig. 5. The 1 
wavelength height might be considered a dual-purpose antenna, with lawer lobes 
for DX and higher lobes for short skip. 


As you raise the antenna further~to the 1.25 to 1.5 wavelength region-a new 
third lobe makes its appearance. Again, the new lobe is initially straight up. A. 
simple dipole at this height would show its major strength in its lowest lobe. 
However, the dual dipole arrangement of the turnstile places maximum gain in 
the new lobe, although the difference in strength among labes is much less than 
at the 3/4-wavelength height. 


The lobe formation characteristics of the turnstile are simply one of its limitations. 
For lower HF use, most wire dipole arrays will be 1/2 wavelength or lower, a fact 
that eliminates the limitation, Heights up to about 5/8 wavelength tend to be ideal. 
For upper HF use, a height of just about 1 wavelength may be best: that height 
‘ill equalize the lobes and provide dual skip performance. 


‘The turnstile has other limitations as well. It is essentially a monoband antenna, 
since the phasing line is specific to a narrow frequency range. Operating the 


Chapter 19 


Antennas Made of Wire - Volume 1 


antenna on other bands is possible with a parallel feedine and an antenna tuner. 
However, with the phasing line in place, the patterns will be erratic. 


Опе possible solution to this problem is to install a relay switching system at the 
feedpoint for bands other than the fundamental frequency to which the dipoles 
are cut. One can remove the phasing line and use either dipole to provide fairly 
standard patterns on frequencies higher than the fundamental. One more switch 
position for the relay system might permit switching from one wire to the other to 
obtain the strongest signal. 


In fact, this system might also be useful at the fundamental frequency. Having 
omni-directional reception would allow you to hear signals that would disappear 
in the end-nulls of a single dipole. Then, switching whichever dipole provides the 
strongest signal might improve contact ease by up to about 2 dB (or nearly half 
ап S-unit as meters are usually calibrated) 


Construction of the turnstile will be largely a matter of the materials used. Wire 
construction will require special attention to the weight of two coax lines at the 
junction. For this kind of application, copperweld strength is recommended. For 
upper HF use, aluminum tubing becomes a possibilty, and this type of 
construction usually involves a central mast. To mount the antenna elements, 
you can use a plywood or Lexan plate--or even crossed 2x2s (weather sealed, о! 
course). Dipoles can be mounted on opposite sides of the plate or cross--or they 
can go on one side И the feedpoint ends are separated to prevent contact. 


‘Adding a relay box requires attention both to securing it well and to 
weatherproofing the box. Of course, a set of control ines to activate the relays 
will be needed as an added cable weight to the pair of coax lines already noted. 


Tuning up the turnstile system requires some care. Begin by adjusting a single 
dipole for resonance and then add a second dipole of identical construction 
There is an important reason for this procedure, based on the properties of the. 
two dipoles when phased by 90 degrees, 
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The feedpoint impedance of properly adjusted turnstile dipole pairs із just about 
36 Ohms. This value yields an SWR between 1.3:1 and 1.4:1 at the feedpoint, 
Normally, we try to reduce the SWR to the lawest possible value. Do NOT use 
this procedure with the turnstile. 


The turnstile exhibits a very broad stable feedpoint impedance. When properly 
adjusted, the antenna will easily cover any of the ham bands, including all of 10 
meters. So SWR is only an indicator that you have made all of your connections 
properly. 


What becomes unstable as the antenna is operated at frequencies up to 3% or 
4% away from the design frequency is the omni-directional pattern. Itis possible 
to lower the operating frequency until you obtain the lowest 50-Ohm SWR. 
Equivalent to this move is shortening ihe dipole elements unti you get the same 
result. Unfortunately, in the process, you will have lost the omni-directional 
pattern--as well as the ability to operate each dipole independently at a low SWR. 
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Fig. 6 shows the azimuth pattern of a turnstile adjusted for the lowest possible 
50-Ohm SWR. The side nulls are now deeper than 6 dB, partially cancelling the 
advantage for which we wanted to use a turnstile. (If one reverses the 
connections at one end of the phasing line, then the pattern wil tit in the other 
direction.) Unfortunately, this condition yields no significant added gain to the. 
main lobes, so it is not a substitute for the suggested switching system for using 
the dipoles independently after locating a desired signal 


The best procedure for constructing the turnstile is the one recommended, 
starting with a single dipole. When both are in place, carefully cut the phasing 
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line, and then add the main feedine--plus any desired switching system, This 
procedure will prevent inadvertent loss of the antenna's omni-directional 
properties. 


There are other temptations to avoid. One prominent one is to bend the outer 
ends of the dipoles to form an incomplete square along the perimeter--i an effort 
to save space, Moves like this will also ruin Ihe omni-directional pattern, since the 
radiation from the bent wire ends will partially cancel the necessary radiation 
balance. Once more, the pattern will degrade into something like the one in Fig. 
6. Ifa bi-directional pattern is what you need, a single simple dipole will do the 
job better. 


Likewise, avoid making the turnstile into an inverted Vee. At downward angles 
between 30 and 45 degrees, you would need to use a 50-Ohm phasing line, and 
the feedpoint impedance will drop into the 20-25-Ohm range. As well, the gain 
from the antenna will decrease. If some shortening о! the elements is necessary 
to fit а given space, the best procedure appears to be to equally fold down the 
ends of each dipole. 


The turnstile is not a magic answer to every horizontally polarized antenna need. 
Instead, itis one answer to a special need for omni-directional patterns for either. 
transmitting or receiving in a specific frequency band. Among all of the schemes 
designed to achieve omni-directional radiation with maximum efficiency, the. 
turnstile has one of the very best patterns, along with the simplest construction. 
Perhaps we have consigned it to the annals of VHF history too long and have 
forgotten that itis a design that is equally adept at fulfiling HF needs as well 


Improving the Match 


Since the appearance of the turnstile note, 1 have received suggestions for 
improving the match of the antenna from the present 36-Ohm value encountered 
by the 50-Ohm coax line. One system came from Leland Scott, KCBLDO, in the 
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form of a useful MathCAD worksheet. See 
scheme. 
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The "short cable” will be 1/8 wi long for a pair of resonant dipoles. The "long 
cable" will be 3/8 wl long. (If the antenna feedpoints presents some reactance, 
the requisite lengths will be offset from the 1/8 and 3/8 wi figures used for 
resonant individual dipoles.) Both are RG-62, a 93-Ohm cable with a velocity 
factor of 0.86. The differential in cable length maintains the 1/4 wl phasing 
between dipoles. In addition, it provides a pair of impedances at the junction 
between the two cables and the main line of about 100 Ohms. The 1/4 wl 
differential in length yields conjugate reactances which cancel when connected in 
parallel. The resulting impedance presented by the parallel cables is 
exceptionally close to 50 Ohms resistive. The short cable is 3.71' and the long 
cable is 11.13 for a 28.5 MHz design frequency. Models of the antenna using 
this system show a maximum SWR of about 1.16:1 over the span from 28 to 29 
MHz. Relative to the version using a single 72-Ohm phasing line, the only 
drawback to the system that the models suggest is a slightly higher non- 
circularity to the patterns. The maximum to minimum gain span averages about 
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3.34 dB, compared to 2.12 dB for the 72-Ohm phase-line model. It is unlikely that 
the degree of increased non-symmetry would be operationally noticeable, 


AH WL Section 
Parallel Ga? 
405 Ohms) Main. 
beende 


90 Degree 
Phasing Line 
72 Ohm 


Improved Match. 
Turnstile Antenna 


itis also possible to improve the match of the original model without disturbing 
the phasing or the pattern by using a 1/4 w section composed of paralleled 
pieces of RG-62, as shown in Fig. 8. The 7.42 section of parallel RG-62 has an 
impedance of about 46.5 Ohms. The impedances presented to the main 50-Ohm 
feediine range between 56.5 and 60 Ohms, with virtually no reactance, for a 
maximum SWR of 1.2:1 in the 28 to 29 MHz range. 
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Further possibilities exist for improving the match of a turnstile to a 50-Ohm cable 
without upsetting the near-circularity of the pattern, for example, the series 
matching techniques described by Regier and outlined in another note in this 
collection. Whatever scheme is used, It is first crucial to establish correct phasing 
for the mast circular pattern possible and then to become concerned with 
matching the unit to a given main feedline characteristic impedance, For non 
symmetrical pattems, there are likely better antenna choices available. 
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Chapter 20: 1/2-Length 40M-Dipoles - Full Length Standard 


dipole) present space problems. For many amateurs, such antennas are 

simply tao long to fit within the modern urban and suburban yards. So the 
antenna builder begins to think of ways to shorten the dipole. The questions 
surrounding shortened antennas are complex. Some involve performance levels 
compared to the full-length dipole. Others concern the relative efficiency of 
antennas that use different means of shortening. Another group of questions 
focus on the mechanical issues created by various methods of shortening, 
Moreover, there are auxiliary matters, such as matching the shortened antenna 
to one of the standard feedlines in common use. 


B= 20 meters, fullength dipoles (and other antennas based on the 


To explore these questions in a somewhat systematic manner, we shall pick a 
single antenna length on a single amateur band, 40 meters (7.0 to 7.3 MHz in the 
U.S.) is handy, since the average dipole length is in the vicinity of 67, just on the. 
verge of fitting or not fitting a typical back yard. Let's use a half-length dipole and 
set Ив length at a fixed value of about 33 for our explorations. Our antennas will 
se AWG #12 (0.0808" diameter) copper wire, although we shall occasionally 
look at fatter elements for special purposes. With these simple premises, we can 
examine a mytiad of ways of shortening dipoles, including but not limited to, 
folding back the elements, using inductive loads at the dipole center ог along the 
element length, using end “hat” loads or element extensions, and employing U 
shapes. Each alternative method of shortening the length of a dipole has its own 
cluster of variations, its own set of issues, and its own set of consequences. 


Ultimately, we shall want to be able to make a set of comparative evaluations of 
the different methods of shorten a dipole to about half-length. To make sense of 
the comparisons, we shall need a standard against which to measure the 
changes that we encounter. The logical standard for assessing a halt-length 
dipole is a full-length dipole. This first episode in our journey will deal solely with 
fulLlength 40-meter dipoles. The more we understand the practical electrical and 
physical properties of a full-length dipole, the easier it will become to understand 
‘what we gain or lose by shrinking the length by halt. 
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The Basic Properties of a Full-Length 40-Meter Dipole 


What we loosely label as а dipole is actually a special version of the dipole. A 
dipole is any antenna that has a current distribution that shows a single peak 
value at is center. Conversely, there are two voltage peak values, one at either 
end of the antenna. This condition can exist only for antennas that are 
electrically % A or shorter. Once the antenna length exceeds % A, we find 
muliple current peaks along its length. 


A second special feature of what we call a dipole is that the feedpoint is at the. 
element center. There are ways of feeding elements of the same length off 
center or even at the end. But our common notion of a dipole includes the idea. 
that it is center fed. A third feature is that the antenna be resonant, in other 
words, that the feedpoint impedance at the design frequency be purely resistive. 
In the models that we shall use, we may define a resonant condition as a 
feedpoint impedance with less than 1-0 of reactance (either inductive ог 
capacitive). We shall use the arithmetic mid-band point of 40 meters (7.15 MHz) 
as the design frequency throughout. 


As a result of these considerations, what we simply call а dipole is actually a 
center-fed resonant % A dipole. Fig. 1 shows a typical dipole as installed. In one 
ог another form, we find end insulators to isolate the element from its supporting 
structure. As well, we find a gap at the element center. We connect the feedline 
(usually but not necessarily a coaxial cable) in series with the element, with one 
line conductor going to one side of the element, and, of course, the other feediine 
conductor going to the other side of the element. A full installation might include 
other features, such as a lightning protection device or a common-mode current 
attenuator. However, the sketch includes only the essential electrical elements to 
set up the dipole. 
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Key Dimensions 


Basic Practical Properties of Dipole Antenna 


We specify a dipole in terms of its length and the element diameter. To 
appreciate the importance of how these two facets of a resonant dipole interact, 
let's set up in a free-space environment resonant dipoles using various diameter 
elements. Table 1 shows some typical examples, ranging from relatively thin. 
AWG #14 copper wire to very heavy 2" aluminum tubing. Operationally, any of 
these dipoles would give equivalent service, but the fine shades of numerical 
difference among the entries have a story to tell. 
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Table 1. — The relationship hatwean a resonant dipole's length and diameter 
in Fee space 


Material Diameter Length FeedpoiniZ Mac Gain 
Fest Inches БУП dBi 

Copper #4 006219 3632 8030 735+02 295 

Copper #12 00808) 3687 8024 732-00 207 


Aluminum 05 38.33 7950 722-01 212 
Aluminum 10 36.00 7920 720-01 213 
Aluminum 20 35.60 7872 720-05 213 


An electrical halfwavelength at 7.15 MHz is actually 68.78 (825.377. All of the 
entries are shorter than this value. Two factors contribute to the shorter lengths 
required of real dipoles to achieve resonance at the design frequency. The major 
factor in most cases is the phenomenon called end effect that results from the 
slight alteration of fields due to the area that forms the wire end. A second factor 
is the conductivity of the element (ог Из resistivity). All common metals have a 
finite conductivity. The lower the conductivity, the shorter becomes the length of 
a resonant dipole. Copper and aluminum in the common diameters that we use 
for dipole elements have very high conductivity values and thus contribute litle to 
antenna shortening. 


However, the actual conductivity of the element is also a function of the element 
diameter. Increasing the diameter increases the surface area of the element. 
Skin effect forces currents to exist near the surface of the antenna at RF 
frequencies. The higher the frequency, the thinner the region of the element in 
which we find significant current. Hence, hollow tubing functions just as well as. 
solid wire for the same material and diameter, Copper-bonded wire has a steel 
соге for strength, but the соге does not enter into the electrical operation of the 
wire in antenna applications. The surface layer of copper is thick enough in 
quality versions of the wire to contain virtually all ofthe electrical activity 
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End effect tends to dominate the factors influencing the resonant length of a 40- 
meter dipole. Therefore, as we increase the element diameter, we find a 
decrease in the resonant length. Physically shorter antennas also show lower 
feedpoint impedance values, and we see this phenomenon at work in the table's 
entries. Fatter elements have less loss than thinner ones, and so we find that the 
free-space maximum gain figure increases as we increase the element diameter. 
However, note that the gain value levels off. Gain also decreases as we shorten 
a resonant dipole, so we have a balance between the element diameter with 
lower losses and the element length with its natural variation in gain. The gain 
numbers in the table are noticeable, but would not result in any detectable 
difference in operational performance. 


Free-spsce Pates 


sete Dipole 
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ig. 2 shows the free-space E-lane and H-plane patterns for the dipole in free 
space. An E-plane pattern for a linear antenna element isin the plane of the wire, 
while the H-plane looks at the antenna element from its end. In free space, with 
no ground reflections, the Н-ріапе pattern is perfectly circular. A % A dipole has. 
almost no far-field radiation off its ends, so we obtain an E plane pattern with the 
familiar figure-8 shape. The reduction in radiation off the element ends and the 
increase in radiation broadside to the wire give the antenna its gain value over an 
isotropic source of radiation. We measure the gain in dB relative to an isotropic 
source that radiates equally well on all possible directions, hence, the values in. 
dai. 


The figure also shows the SWR curves for the free-space version of the dipole. 
The 75-0 curve uses a reference value close to the resonant impedance of the 
antenna, so the minimum SWR value goes down to 1:1. As we add either 
inductive reactance (above the center frequency) or capacitive reactance (below 
the center frequency) to the feedpoint impedance, the SWR goes up. The 
resiste component of the impedance is also changing: it increases as the 
frequency increases. However, the rate of change о! resistance for a common 
dipole is usually much less than the rate of change of the reactance. So the 
reactance tends to play a greater role in the dipole's SWR increase away from 


The SWR reference impedance represents the value of the source impedance, in 
most cases, the characteristic impedance of the feedine that we attach to the 
antenna feedpoint. Since most amateurs will connect a 50-0 coaxial cable to the 
dipole, the figure also shows the SWR with a 50-0 reference. Note that the curve 
has a minimum value that is greater than 1:1. The curve barely manages to stay 
"within the common amateur limit of 2:1 across the band. However, most 
amateurs do not measure the SWR at the antenna terminals. Instead, they 
measure the SWR at the equipment end of a length of feedine. We shall 
eventually look at that situation, 


The feedpoint SWR and the resonant condition of the antenna do not affect the 
element's ability to radiate. The element length —and to some degree, its 
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diameter determine the radiation pattern strength and shape, Having a 
resonant feedpoint impedance and a low SWR are merely conveniences that 
allow the antenna builder to create a simple but effective basic antenna 
installation. There are many other types of linear antenna elements, such as the 
1.25 A extended double Zepp, that operate efficiently with a feedpoint impedance 
far from resonance and with a relatively high SWR on a low-loss parallel feedline. 


The feedpoint gap shown in the dipole sketch calls for special attention. The gap. 
is par of the overall length of the element. A practical feedpoint insulator might 
range from ¥4" to perhaps 6" on 40 meters. The actual gap is simply the spacing 
between the two conductors of the feedline. Whatever the mechanical gap that 
ме create, we run leads from each side to the feedline conductors. These leads 
are properly part of the antenna element. All antenna specifications include the 
feedline gap as part of ће length figure for the total element. 


From this point forward in this part, we shall work only with the AWG #12 copper 
wire version of the dipole. We shall retain its free-space resonant length of 66.87 
(802.47), but we shall next change the environment. We shall place the antenna. 
Over ground, more specifically, "average" ground with a conductivity of 0.005 Sim 
and a permittivity or relative dielectric constant of 13. Fig. 3 shows the general 
situation for a dipole above real ground. Note that the sketch shows the antenna 
height and the ground quality as significant factors, but initially, we shall work 
only with the middle level of ground quality using the antenna that we set to 
resonance in free space, 
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Dipole Height and Ground Quality 
as Performance Variables 


The maximum gain and the feedpoint impedance of a dipole systematically 
change as we change the height of an antenna above ground, measuring the 
height in terms of a wavelength, Table 2 shows the changing values for heights 
of 0.05 kup to 1.0 Aon 0.05 A increments. For easier reference, Fig. 4 graphs 
the pattern of resistance and reactance values, while Fig. 5 traces the changes 
in the dipole's gain and its take-off (TO) angle. 


Chapter 20 


Antennas Made of Wire - Volume 1 


Dipole Performance аз a Function of Height above Ground 
AWO #12 Copper Wire Average Ground — 7.6 MHz 
Haight wl | Height A Gain dBi ТО deg | Resici React 


005 E 031 E 132 
00 1375| 440 ES 170 
015 206l 58 © 225 
020 274 612 © 217 
05 3432 552 E 164 
om 1122 580 a EA 
0% вш 610 3 39 
UA) 549 Б5й 3 10.2 
045 6182 ТШ EN 412 
Os @@ 751 2 -100 
05 7556 7% 25 -49 
080 8242 797 E 12 
DEB 8830 7% 21 En 
D/D IE 780 2 82 
075 103.03 734 18 73, 
og 1090 718 17 38 
0@ MEI! 716 16 05 
090 12364 728 15 42 
0% 13050 749 15 &i 
100 %, 174 14 En 


Notes: Gain dBi: maximum gain in dBi at teke-of (TO) angle 
TO бей. slevetion of maximum gain n degrees 
Resist. feedpoint resistance in Ohms 
React feedpcint reactance in Ohms Table2 
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For a fixed dipole length, the resistive and the reactive components of the 
impedance at the test frequency will change in a cyclical manner as we change 
the antenna height abave ground. The resistive and the reactive component 
peaks do not occur at the same heights. Rather, the resistance reaches a peak 
value at a height where the reactance is close to zero. The curves repeat 
themselves at approximately half-wavelength intervals in height. As the antenna 
height increases, the curves flatten out, eventually dwindling to an insignificant 
variation at a height well above 1 A. We need not trace the curves beyond the 
table and graph limits since few amateur install 40-meter dipoles much above Y 


The TO angle, or the elevation angle of maximum field strength, undergoes a 
continuous decrease once we elevate that antenna to at least %۸ above ground. 
‘The angle for the lowest (sometimes the only) elevation lobe in the pattern 
decreases ever more slowly as we continue to raise the antenna height. Note 
that the angle is about 28° when the antenna is 0.5 A high and 14° when the 
antenna is at 1 A. We might expect an antenna that is 2 A high to show a TO 
angle of about 7°. 


The gain curve is fascinating because it also shows cyclical changes in is value, 
although at normal heights, we could not notice the changes operationally. We 
find gain minimums approximately where we also find peak values of the 
resistive component of the feedpoint impedance. The cycle repeats itself 
approximately every half wavelength, but like the impedance undulations, the 
range of values diminishes as we increase the antenna height. 


Horizontal antennas of all types do not change their performance properties by a 
very large amount as we change the quality of ground without altering the 
antenna height. Table 3 provides an indication of the amounts of change from 
very good to very poor ground. Over very good ground, the portion of the 
radiated energy that reflects from the ground is stronger than over less ground. 
qualities. Ground quality also has a minor but noticeable affect on the TO angle, 
with better ground qualities producing higher TO angle values. 
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Note that there seems to be no strict pattern to two factors in the table. The 
differential between the gain over very good ground and very poor ground does 
not follow a pattern that tracks height. The differential at 0.6 A is greater than the 
differential at the other two heights. As well, we find a reversal in the relationship 
between ground quality and the feedpoint impedance. At 0.3 A and 0.9 A, very 
good ground shows the highest impedance value, but at 0.6 A, the highest 
impedance occurs over very poor ground 


Fig. 6 shows both elevation and azimuth patterns for the dipole at each height 
over each type of ground. Besides showing the relative gain values over each 
type of ground—with very good ground showing the marginally highest gain 
values—the patterns also give us samples of the growth of higher-angle 
elevation lobes as we increase the antenna height above any quality of ground. 
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The azimuth pattern shapes show not only the slightly greater gain of the dipole 
over very good ground, but also an equally slightly greater gain off the ends of 
the dipole. In contrast to the deeper azimuth nulls over very poor soil, the 
elevation patterns show deeper nulls between lobes when the soil is very good. 
Perhaps more significantly, the high-angle elevation lobes change their relative. 
proportions as we change soil and simultaneously raise the antenna. The pattern 
for 0.3 A shows essentially two lobes (accounting for the slight reduction in gain 
at 90° elevation), both at high angles. At 0.9 A, the second lobes have grown very 
large, encompassing more area than the lower lobes. As well, we can see the 
considerable difference in high-angle lobe strength as we move from very poor to 
very good зой. At both levels, the impedance is higher over very good soil than 
over ће lesser ground qualities. 


AtO.6 A, some aspects of the patterns reverse. The high angle lobe is just 
emerging, with not much difference in strength regardless of the зой quality. Over 
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all three soil types, we find that the maximum gain is higher than at 0.9 A, and the 
gain differential across the three ground quality levels is the greatest. In addition, 
the impedance is highest for the worst sol rather than for the best. In other 
words, as we change both the height and the ground quality of an antenna, there 
аге complex cycles of behavior involved. 


Before we set aside the current question, we should note the antenna behavior at 
lower heights, specifically between heights of 0.15 A and 0.25 A. This height 
range serves near vertical incidence skywave (NVIS) operation. Fig. 7 shows а 
special set of elevation patterns. We had noticed that as we reduce the antenna 
height, the azimuth pattern becomes less of a figure-8 and more of an oval 
Hence, at the very high TO angles, we find significant radiation both broadside 
and endwise to the dipole element. Therefore, for evaluating the NVIS potential 
for the dipole on 40 meters, we look at both broadside and endwise elevation 
patterns. 


1t we use the pattern angular ines—the hall power points—as a guide, then the 
pattern at 0.15 A (about 27) has the greatest circularity for nearly equal omni- 
directional coverage. Moving the antenna up to 0.2 А (about 28) yields higher 
gain, ut the broadside pattern now show two peaks, although the gain 
depression between peaks is almost invisible. At a height of 0.25 A (about 34), 
the broadside pattern has two widely separated peaks, but the widest possible 
elevation beamwidth. The endvise pattern does not change very much over the 
NVIS-preferred range. 


For minimum-range omni-directional coverage, a height between 0.15 A and 0.2 
Als best. However, f the NVIS station also doubles for communication with other 
station at medium distance, the 0.25 А height may be best, with the 0.2 A height 
coming in second. NVIS operation represents a special application for full-length 
dipoles, and the proper height depends on the operational needs of the NVIS 
station 
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For general usually long-distance—communications, the general rule that 
applies to the dipole's situation also applies to all horizontal antennas: strive for 
the greatest height commensurate with antenna durability and periodic 
maintenance. A practical minimum height is about 0.35 A (about 48). Although a 
height between 0.5 A and 0.65 A (69'to 89') is superior, the vertical beamwidth of 
the low elevation lobe has enough energy at the slightly lower height to allow 
long-distance communications. 


Virtually no amateur 40-meter station places the transceiver at the antenna 
feedpoint. Therefore, we employ a transmission line to guide energy in both 
directions between the transceiver and the antenna, Although we can specify a 
parallel transmission line with a high impedance and use an antenna tuner at the 
transceiver end of the line, we normally install a coaxial cable. Most amateurs will 
use a 50-0 coaxial cable in preference to a 70-75-0 cable. There is a reason for 
this practice, even though the impedance values at the antenna feedpoint at 
most heights above ground tend to favor the higher-impedance cable for the. 
closest match between the antenna and feedline impedance values. Feedines of 
апу sort have losses, and that fact tends to favor the use of 50-0 cable. The 
SWR graph in Fig. 2 shows that we almost obtain a very usable SWR curve with 
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50.0 cable before factoring in the losses, and the losses directly assignable to 
the SWR will not be significant with a 2:1 value at the band edges. 


When we factor in the cable losses, we discover a benefit. Let's assume that we 
require 100 of coaxial cable to reach between the transceiver and the antenna. 
Table 4 provides some data on what we can expect from three types of 50-0 
cables using three sample antenna heights: 0.3 A, 0.6 A, and 0.9 A. 


Tabled. Dpol bremse with 10] of 50-0 coaxial celo sched 
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The table lists values for the hypothetical case of placing the transceiver at the 
antenna terminals. The three cables are RG-58A, RG8X, and RG-213. RG-58A 
is among the cheapest, lightest, and most readily available cables around. RG- 
8X is only slightly heavier, but has considerably lower losses, as indicated by the 
listings below the table itself. RG-213 is a standard post World-War-l improved 
version of RG-8 that uses a solid dielectric. The other cables use a foam 
dielectric, as indicated by the higher velocity factor (VF) values. The differences 
in losses per 100 of cable appear in the revised antenna gains in the table. The 
difference in each case between the listed gain and the "no-cable” gain 
represents the losses in the cable itself. Al values are for 7.15 MHz. Obviously, 
for the very best results, one should use the cable with the lowest loss, and there 
are relatively new cables with very low lasses indeed, but with a higher price tag. 
For the antenna builder, the selection of cables is a balance among system 
efficiency, cost, and weight. 
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The benefit of using a 50-0 cable that has some loss is that the losses tend to 
reduce the SWR (relative to a 50-0 standard) along the length of the line, moving 
from the antenna toward the transceiver. Fig. 8 shows the 50-0 SWR curves for 
the no-cable situation and for the situation in which we insert 100 of RGSB when 
the antenna is 1 A above average ground. The resulting 50-0 SWR curve is 
perfectly satisfactory for most operational needs, (An exception is the use of a 
high-power amplifier with a sensitive fold-back circuit that cuts off with SWR. 
values higher than 1.5:1. Such amplífers would require the use of cables with 
higher power handling capabilities than RG-58A.) 
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There is a misimpression that, if we replace our full-length dipole with a folded 
dipole for 40 meters, we shall achieve better performance. As shown in Fig. 9, a 
folded dipole uses two long wires connected at the ends. We feed the antenna at 
the center of only one of the two long wires. If the two wires of the folded dipole 
have the same diameter, then the distance (up to a point) is not critical and the 
antenna shows а 4:1 impedance ratio compared to a comparable single-wire 
dipole. The impedance, but not the performance, of the folded dipole will change 
if опе wire is fatter than the other one. 


Chapter 20 


Antennas Made of Wire - Volume 1 


паз 
Single Me Dipole 
— Ьа. 
Feedpont 


койейррое 


| = 


Fecebari 
A Choice: The Single-Wre orthe Folded Dipole 


As shown by the data in Table 5 for both a single-wire and a folded dipole in free 
space, the gain does not change significantly. Both antennas use AWG #12 
copper wire. The folded dipole uses a 2" spacing between long wires. 
Hypothetically, the folded dipole impedance should be almost 293 Q. However, 
let's note a few fine points about the antennas. The two wires of the folded dipole 
simulate a single wire that is somewhat fatter than the AWG #12 wire in the 
single-wire version. Fatter wires call for reduced length for resonance. So the 
folded dipole is noticeably shorter than the single-wire dipole. Shorter antennas. 
generally show lower impedance values, and so the sample folded dipole has a 
feedpoint impedance slightly under the theoretical 4:1 ratio. Fatter wires—up to a 
point—show slightly higher gain values, and the folded dipole is no exception, 


Table. Dimensions and free-space performance of AWG #12 sing eure and folded doles 


Due Length een Feedpoint Z Mar Gain dBi 
Type Feet от рро — TOM JISMH 73MH 
5з 868 80и — 752-00 205 20 208 
Fale Dipole êê — 7530 8% % 20 20 212 


The comparison between the single-wire and the folded dipoles presents an 
‘opportune point to note that for any dipole, the gain values does not change 
significantly across the 40-meter band. In fact, the range of the gain change is 
the same for both antennas: 0.04 dB, a value that we can only detect in models 
but never measure by an instruments accessible to amateur radio stations. In 
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fact the difference in gain between a single-wire dipole and a folded dipole does 
по even show up in overlaid polar plots for the two antennas. Fig. 10 presents 
just such a plot, and the overlapping lines are clearly apparent for their lack of 
detectable difference. 


The figure also presents SWR curves for both types of dipoles. The single-wire. 
dipole uses a 75-0 reference, while the folded dipole uses a 288-0 standard 

The folded dipole curve is slightly broader, not as a function of the folded 
configuration, but rather as a function of the simulated fat wire created by the 2° 
Separation. Had we used a fat element for the single wire version, it, too, would 
show a broader curve. Likewise, altering the spacing between folded dipole wires 
(and readjusting the length for resonance) would yield slight changes in its SWR. 
curve. Essentially, the single-wire dipole and the folded dipole are virtually 
radiation behavior twins. 
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The % А dipole holds a special place in amateur radio antenna technology 
because it forms a building block for other more complex antennas. Fig. 11 
sketches some of the most соттоп forms of antennas that use the dipole as a 
foundation. 
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We normally think of a vertical monopole as half a dipole, that is, as a A 
radiating elements. However, the radials create in a distributed form the other 
half of the dipole. When we elevate the total antenna, as we do in VHF 
applications, the length of the radials becomes a critical dimension in setting the 
feedpoint to resonance at a desired impedance value. The current on the vertical 
element reappears on the radials, with a magnitude that is divided by the number 
of radials. The symmetry of the radials effectively cancels the potential horizontal 
radiation from these elements. Without the radials, the % A vertical element will 
not operate properly. 


The second sketch shows two horizontal dipole elements witha phasing 
(dashed) ine between them. We can use various methods to set the relative 
current magnitude and phase angles on the two elements in order to achieve 
Various directional patterns to enhance communications. An alternative to the 
use of phasing lines or networks appears in the third sketch of a 3-dipole element 
Yagi-Uda (usually shortened to Yagi) beam. Careful selection of element length 
and spacing values can yield highly directional radiation patterns without the use 
of connecting lines. Among directional antennas used in amateur radio, parasitic 
arrays are most common 
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The last antenna, a 1 A loop, may seem surprising. Such loops are used 
Independently as bi-directional antennas with gain over a single dipole or with 
other loops in parasitic arrays called quad beams. A 1 A loop actually consists of 
two % A dipoles with the ends bent to meet each other to create a continuous 
wire. The dipole current distribution repeats itself on both the upper and lower 
halves of the loop, even though we use only a single feedpolnt. 
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In Fig. 12, we see even larger arrays, with a sample from each of the three main 
апау categories: end-ire, broadside, and collinear. The W8JK array places two 
horizontal elements in a line with each phased 180° opposite to the other. The 
result is a bi-directional pattern in line with the two elements with increased gain 
over a simple dipole. The Lazy-H array arranges its wires in a vertical plane, 
although the main patter is bi-directional and broadside to the plane formed by 
the wires. We feed the elements in phase to achieve considerable gain over a 
single dipole, 
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The last sketch shows three %; A element stretched end to end, that is, 
collinearly. Between each element, we place a phase reversing network or line. 
that sets all three elements in phase with each other. The result is increased bi- 
directional gain relative to the %; A building block out of which we created the 
array. We can string together any number of element sections and use a wide 
variety of phase-setting techniques in order to end up with very high gain in a 
very narrow beam. 


Although most of these arrays are incidental to our man project of exploring 
shortened dipoles, they are fundamental aspects of our understanding and 
appreciation of the basic % A dipole. 


Conclusion and Preface 


We have examined the full-size % А center-fed resonant dipole in some (but not 
exhaustive) detail to set the stage for what comes next as we prepare to tackle 
hallHength dipoles. The tables, graphs, and patterns shown in these initial notes 
will form a background against which the shorter dipoles and the techniques of 
making them work wil take center stage. The data that we have surveyed gives 
Us clues as to what properties may be important to consider and what 
adjustments we may have to make in order to create a working short dipole. In 
addition, the data values give us a baseline against which to measure the half- 
length dipoles. The numerical comparisons may require some interpretation 
along the way, but at least we have some basic values to use as touchstones. 
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Chapter 21: 1/2-Length 40M-Dipoles - Shorter & Reshaped 


length 40-meter dipole. The data in those notes provides both background 

information on dipole properties in general and specific entries with which we 
сап compare the performance of some shortened antennas. Now the time has 
соте to begin the shortening process. 


| n the previous Chapter, we reviewed in practical depth the properties of a full 


ın this Chapter—with others yet to come—we shall tackle two significant 
questions. First, what happens when we simply cut an initially resonant full-length 
dipole to shorter lengths? Second, can we obtain a shorter length while stil 
having at least some of the properties of a full-length dipole? The first question is 
almost self-explanatory. The second one involves various forms of folding, 
spindling, and mutilating the linear dipole form to squeeze a full dipole into halt- 
dipole space. We shall evaluate a number of possibilities, even though amateurs 
are adept at finding news ways to accomplish the task, 


As we did in the earlier Chapter, we shall adopt AWG #12 (0.0808" diameter) 
wîre as our standard antenna material. As well when we set a halt-length value 
for our shortened dipole, we shall use a length of 33.33 (400.0) due to ts 
numerical convenience. A free-space resonant % А dipole using AWG #12 
copper wire actually requires 66.87 (802.4), so our rounding is very slight 


Shortening the Copper Wire Dipole 


The process of discovering the properties of shortened dipoles is very 
straightforward. As shown in Fig. 1, we simply trim the dipole ends while 
retaining the center feedpoint position. To create a finite task, let's trim the. 
initially resonant % A dipole in 10% increments down to a final length that is 100% 
of the original. We can use a free-space environment for convenience, since the 
properties would transfer easily to any height over any ground that we might use 
in practice, The information will take both tabular and graphical forms. 
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‘Table 1 provides the numerical overview of the progressions of values for the 
essential performance characteristics, including maximum bi-directional gain, 
beamwidth between the half-power points, and the feedpoint impedance, given in 
the usual series terms of R +/-X О. The general progression contains no major 
surprises, since the gain shows a continuous downward trend, while the 
beamwidth shows a small but steady progression upward. The feedpoint 
resistance moves downward from the resonant 73-0 value, while the short 
versions of the dipole show ever-increasing values of capacitive reactance, 
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Dipole Performance vs. Length as Percentage of 1/2 Wavelength 


AWG #2 Copper Wire Fies Space 7.16 Metz 

Length % Length in Gain dBi BW deg | Resist Heart 
o| 8024) 20r 782, 738 0 
© 7222199 804 5382 159 
б б бз 19 84 WA 32 
m 1845422806 49r 
e 178 856 ош 894 
а 1 870 12% 9m 
an 155 — 880 Єз AW 
3 1\7 BB да A703 
2 144 — 894 200 2512 
10 112 898 052| -4695 


Notes Sein dBi: maximum gain in dBi 
EW dag: E-plane beamwidth in dagraes 
Resist: feedpoint resistence in Ohms 
React. feedpoint reactance in Ohms. Table 1 


To view more clearly how the progressions proceed, we may graph the results. 
Fig. 2 shows the track of the maximum free-space gain and the beamwidth in 
degrees. Be certain to attend to the values along the proper Y-axis. For 
example, the beamwidth curve appears very steep, but the axis informs us that 
the range of values is quite limited: 78° to 90° 
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The gain curve is interesting because it shows a nearly (but not quite) linear 
decrease in value per increment of length change until we reach the 30% mark. 
For shorter lengths the curve becomes steeper with each change of length. 
Contrary to the intuitive guesses of many new amateurs, the gain of the dipole 
holds up very well, even at a length that is only 10% of the resonant length 
(80.24" compared to 802.4"). The gain is only about 1 dB lower at the very short 
length than it is at full length. Over ground, the same differential would appear. 
At some height over some ground quality, а full-length dipole might show a. 
maximum gain of 7.0 dBi. The 10% dipole would show a gain of about 6 dBi. 


The major practical problem facing users of shortened dipoles is usually not 
basic performance. Rather, both the resistive and reactive components of the 
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feedpoint impedance take tums for the worse, as revealed both by the numbers 
and by the curves in Fig. 3. The resistive component drops very rapidly so that 
lengths below the 70% mark begin to present very difficult matching situations 
regardless of the value of reactance at the feedpoint. 


TEER j 
ч. Ет T eme 
i = k 1 
: Н»: 
i The! 
айыммын: SS 
EE ва 


Оп its own, the feedpoint reactance shows an increasingly steep curve as the 
capacitive reactance grows with our dipole trimming. The curve may seem 
Initially shallow, but the scale covers a very wide range. A dipole that is 70% of 
full length has a reactance of nearly -¡500 O. Reactance conditions grow more 
troublesome for most types of installations as the antenna length becomes 
shorter. 
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Our target length of 50% of ful length presents us with a very low resistive 
component—less than 13 Q—and a very high reactive component—more than — 
900 Q. Under these conditions, even the losses of parallel transmission line. 
become very high. Working with such impedance values will become а daunting 
challenge for the short antenna builder. 


Fig. 4 shows perhaps the major reason why antenna builders with very limited 
space tend to try their luck with shortened dipoles. The polar plot shows patterns 
for dipoles that are 100%, 70%, 40% and 10% of full size. The differences in gain 
and in beamwidth shown in the table turn out not to make a very large difference 
in performance, if we read the polar plot as a measure of potential performance, 
In the end, the key task will be to supply power to the antenna while holding 
losses to a minimum in the process. Energy that is lost in the transmission line. 
and any matching networks that we might use reduces the gain shown in the 
ideal plots that contain no lines or networks. 
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Before we turn to any technique that might let us use a halt-length dipole, we 
should first confirm that the antenna performs over ground in a satisfactory 
manner. So we should pause to repeat an exercise that we performed with the 
full-length dipole in Part 1. We shall set the antenna over average ground at 
different heights and check its performance values. We shall repeat the 
progression used in the earlier exercise of raising the height from 0.05 A up to 1.0 
Ain 0.08 A increments. The new dipole is 33.33' or 0.242 A long physically. In. 
free space, it shows a gain of 1.71 dBi, with a beamwidth of 87.0”. The feedpoint 
impedance is 12.9 — 936.2 0. 
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Table 2 provides the numerical information on the hal-length dipole at the listed 
heights above ground. We can establish that the short dipole has many of the 
same characteristics as the long one by graphing the feedpoint resistance and 
reactance values, as shown in Fig. 5. Like the ful size dipole, the feedpoint 
resistance and reactance ofthe 50% version show cycles that vary the values as 
a function of the height above ground, The resistance reaches peak values at 
height of about 0.3 and 0.85 A (close to the 3/8 A and 7/8 A points that are 
separated by % A) Because the reactance is always very capacitive, we have 
nothing corresponding to a zero-value to coincide with those peaks, as we did 
with the full-length dipole. However, careful reading of both the numbers and the 
graph show the reactance to be close to the average value of its swings at peak 
resistance values. 


‘The graph has a limitation because it cannot show clearly at least wo complete 
cycles of resistance and reactance. As the antenna moves very close to the 
ground, the feedpoint impedance values show much greater changes than we 
found to be the case with the full-length dipole. Nevertheless, the tracks are 
sufficiently parallel at most heights to confirm that the general trends in 
impedance behavior of a dipole is independent of dipole length, 
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The take-off (TO) angle of any horizontal single-wire antenna is a function of 
height. Therefore, except for the very lowest heights for our half-length dipole, 
the TO angles are the same for both the present and the past dipoles. More 
interesting is the comparison of gain curves for ful-and half-length dipoles shown 
in Fig. 6. For ай heights, the average gain difference between the two dipoles of 
0.47 dB. The value would be slightly less had we excluded the somewhat larger 
differences at heights of 0.1A and less. 
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The half-length dipole, then, promises adequate gain and reliable or predictable 
performance at all practical heights above ground. The sample elevation patterns 
In Fig. 7 for various heights above ground show that we can scarcely distinguish 
between the short and the long dipole. All elevation lobes that apply to the full- 
size dipole reappear in the plots for the half-length dipole, with no significant 
changes in proportions. Performance is the least of the problems that we 
encounter when trying to work with short dipoles. 
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The most prominent challenge is to be able to supply energy to the antenna with 
‘minimal loss, a task that we often characterize as matching the antenna to a 
standard feediine, such as 50-0 coaxial cable. (We shall also encounter some 
adjunct difficulties along the way.) In most cases, the high capacitive reactance 
at the feedpoint presents more problems than just converting the resistive portion 
of the impedance. In fact, the challenge is so great that there are a number of 
techniques sometimes used to avoid the problem altogether. We may call these 
“reshaping” strategies. 


Reshaping the Full-Length Dipole 


Ош basic premise is that we have room in our installation area only for a 40- 
meter antenna that is about 33.33" long, far short of the size of a full-length 

dipole. However, a dipole is a linear element with no significant lateral dimension. 
‘Suppose that we could reshape a full size dipole so that its longest dimension is 
33.33, even if it requires "some" space that gives the antenna an area. There are 
numerous ways to achieve this goal—some more promising than others. 
Therefore, lets take another important detour to examine at least some of the 
major possibilities, 


1. The Zigzag Dipole: One way to obtain a full size dipole in a smaller space is to 
Create а zigzag shape. The sample antenna shown in Fig. 8 uses 33.33' of the 
total as the longest dimension of a rectangle. The center wire Section runs fram 
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corner-to-corner of an S (or a Z) shape. The end pieces essentially fold back a bit 
to create a rectangle that is 27.3 by 19.2". Because the end pieces are not linear 
extensions of the center wire section, they must be longer than usual. Thus, the 
total amount of wire is close to 72, compared to the 66.9" required by the 
resonant free-space linear dipole. 


Outline and E-Flane Pattern 
Full-Length Zigzag Dipole 


Pattern 


каз 


The orientation of the pattern produced by the zigzag dipole is not broadside to 
the central wire section. Rather it is canted at an angle that is almost parallel to 
the end wires. Therefore, the zigzag user needs to plan carefully if he has target 
areas that he wishes to place along the axis of maximum gain. Because the 
antenna makes use of alternating fold-backs, the maximum gain is only 
equivalent to the gain of a 30% linear dipole, as shawn by the free-space values 
in Table 3. Unlike the 30% dipole, with its low resistance and high capacitive 
reactance, the zigzag version has a resonant impedance of just above 25 0. 
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Table g Performance ofa zigzag dipole with a 33:3 center section 


Conditions. Max. Gan Beamwidh ^— FeodpontZ 
Frae Staca dBi degrees RH pen 
de merh 154 88.6 55-й2 
Post-match 132 BBE 812 
Height Max. бап TOange Feedpaint Z 
05A dBi degrees RH KO 
Pre-ma:ch 598 2 250-38 
Past-maich 582 E 28 50 


Noto: Zigzag dipolo formo a rectangle 27.3' by 19.2" 
Match consists of a % A section 2135-0 cable. Postmarch 
dale includes matching section lasses. 


The table shows both pre-match performance values that assume no 
transmission line at all and post-match values. The latter assume a % A section 
of 35-37-0 transmission line to transform the 25-0 feedpoint impedance to a 
value close to 50 0 for compatibility with a 50-0 coaxial cable. Fig. 9 shows the 
basic elements of the simple series matching system. Although a 35-0 cable 
does exist, most amateurs simply parallel two lengths of 70-75-0 cable, such as 
RG-59, to obtain the required low impedance. As shown in the sketch, the two 
center conductors join at both ends, as do the two braids for the cable. Although 
losses are very low, the numbers in the table show that the gain with the 
matching system in place does incur some loss, but no more than it would with 
almost any transmission line of the same length. 
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Although the matching system produces a very low SWR at the design frequency. 
(7.15 MHz) it cannot significantly increase the operating bandwidth of the total 
antenna. Fig. 10 provides the 50-0 SWR curve for the antenna and matching 
line. The 2:1 SWR span is about 180 kHz or a itle under 2/3 of the band. The 
narrow operating bandwidth is not a function of the matching system, but of the 
antenna configuration. Virtually any bent, folded, or otherwise distorted version of 
a normally linear antenna will show a narrow bandwidth compared to the antenna. 
when laid out in a straight line. 
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As well, lie the zigzag version of the dipole, bending usually results in one or 
another degree of reduced gain and reduced feedpoint impedance. The two 
reductions do not track with the succession of reductions in Table 1, which 
shows the values associated with shortened dipoles. The zigzag dipole has the 
gain of the 30% dipole, but the feedpoint resistance of a dipole closer to 70% of 
full size. 


2. Fold-back Dipoles: Some amateurs try more radical fold-back schemes, such 
аз the two sampled in Fig. 11. One version folds the elements back at a 30° 
angle. Any fold-back requires longer tallpieces than we would expect from a 
linear dipole. The two end pieces—with the standard 33.33" center section—yield 
a total element length of 71.2. At the crossing point, the two wires require a few 
inches of separation, 
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1f we try to run the talipieces parallel to the center section wire, then they grow 
even longer. The parallel fold-back version of the antenna requires about 76.2 of 
wire. In both cases, the interaction between the center section and the tailpieces, 
with opposing current directions, yields a reduced far field as well as longer 
elements overall. Table 4 shows the free-space performance numbers for the 
fold-back dipole samples. The numbers should discourage use of this method of 
bringing a short-space dipole to resonance. 


Table . Free-space performance often fold-back dianlss with 


333" lengths 
Type of Mex o Beamwidth  Feedpoint Z 
Fold Beck ав degrees RKO 
30° апе 1.00 902 107 0 
Parallel 0.18 E 43-03 
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For a fixed center section length, closer spacing of the tailpieces to the center 
wire yields lower gain and reduced feedpoint resistance values. The combination 
of the two reductions suggests that there may be better ways to obtain a short 
dipole. Moreover, the radical folding further reduces the operating bandwidth. 

Fig. 12 shows the free-space SWR curves for the two samples, each using the 
resonant impedance as the SWR reference value. In both cases, the region in 
which the SWR is less than 2:1 is so narrow as to require very careful initial 
adjustment. Even with such care, wind and weather may move the usable 
frequency span in the normal course of the seasons. 
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The sample fold-back dipoles function mainly as references, in this case for 
configurations that are not recommended. However, they do provide vivid 
examples of the general principle that folding an intially linear structure reduces 
gain, feedpoint resistance, and operating bandwidth. 


з. The U-Shaped Dipole: Both the zigzag dipole and the fold:back dipole bent 
their ends inward beyond the 90° point. A potentially more useful shape is a U in 
which the tail sections of the dipole form 90° angles with the center section. Fig. 
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13 shows the general idea of the U shape, along with two common versions. In 
fact, the vertical form of the antenna gives the antenna its name, usually 
preceded by the term “inverted.” The horizontal form retains the name, although 
We might see itas а С or something else. We may note in passing that the 
sketch shows a single set of dimensions that we may use for either the vertical or 
the horizontal versions of the antenna. 


Like all bent forms, the total length of wire required to form the U is greater than 
the length of a linear dipole. The U's wire total is about 68.8", compared to the 
linear dipole length of 66.9: The reduction in length of the U compared to the 
previous sample bent dipoles that required over 70' of wire promises potential 
improvements in gain, feedpoint impedance, and bandwidth. Which, if any, of 
these potentials realizes itself is part of our investigative task. 
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‘Table 5 provides a sampling of antenna performance in both free-space and over 
(average) ground. The figures are remarkably similar for both orientations of the 
antenna. The feedpoint impedance is close to the value for the 90% linear dipole 
in Table 1. However, the maximum bidirectional gain corresponds to a 30% 
length in the same table. The lower gain is a function of the bent portions of the 
antenna, since they contribute mainly to the beamwidth. As the tabular values 
show, the beamwidth is greater than any of the values for the shortened linear 
dipoles, 
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Table 5, U-shaped dipoles with a333 center section 


Vortica otiontation, ondo downward 


Fies Space 


Height above 
Average Ground 
D3A 113 
DBA 825 
09^ 1238 


Max Gain 
E] 
151 
Max Gain 
E] 
8 
741 
672 


Bearwidth 
тере 
518 
TO angle 
degrees 
в 
2 
15 


Note: wire ends 17 75' below listed height 


Horizontal nrientatinn 


e Space 


Height above 
Average Ground 
DIA 413 
OBA 825 
09А 1238 


Max Gain 
Æi 
151 
Мах Bain 
E] 
542 
734 
E74 


Beariidih 
degrees 
E 

TO angle 
degiess 
ar 

з 

15 


Foadpoint Z 
выха 
207-3 
Feadpoint Z 
вхо 
E21 -р2 
53-15 
15-80 


Feedpoint Z 
ры KO 
407-03 
Feedpaint Z 
вып 
400-27 
59-03 
43-23 


Опе advantage of the U, however oriented, is the nearly perfect match of the 
feedpoint impedance with a standard 500 coaxial cable. At some heights, the. 
impedance may by slightly low. The simplest way to increase the impedance is 
to lengthen the center section slightly, with corresponding decreases in the 


length of tailpieces. 
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Fig. 14 shows the wisdom of lengthening the center section to more closely 
approximate a 50-0 impedance at the center frequency of the SWR sweep. The 
SWR does not quite remain below the standard 2:1 limit if we insist upon Using 
the 33.33 center section. Since the impedance fluctuates just like it does for a 
full-length dipole as we change the height above ground when measured as a. 
fraction of a wavelength, the required amount of lengthening will vary with each 
specific installation 


Of the modified full-length dipoles with 33.33' center section that we have so far 
surveyed, the U version may be the mast promising in terms of operating 
bandwidth and ease of matching. The beamwidth offsets the somewhat lower 
gain. In fact, one might set up crossed inverted-U (vertically oriented) antennas 
and obtain virtually full horizon coverage with a remote switch, 


4. The Square “Interrupted-Loop" Dipole: A more extreme form of the U shape is 
the so-called interrupted loop configuration. As shown in Fig. 15, it provides 
perhaps the most compact form of a full size dipole at only 18' per side. The total 
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size is comparable to a 1 A quad element оп a 20-meter beam, but laid on its 
side. 


B versene ue ANO 1202001 wre: и» 
que fae 2r vean 
fiis Sro Versin Fass pae vasc 


General tiro ard Dimension ara Bavaro ruat Loop Doo fo 40 Meters 


The idea of an interrupted loop is something of a misnomer, since the gap. 
between ends is so wide. Although there is a modicum of interaction between 
ends, the antenna is stil a dipole and uses about 69.3' of wire for the single- 
element version. The sketch provides dimensions for a folded-dipole version of 
the antenna using а 3" separation of the upper and lower wires. Besides using 
twice as much wire and needing a slightly wider gap (or a shorter total tip-to-tip 
length), the key reason for considering the folded version appears in the data in 
Table 6. 
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Tables. — Square dipole (intornuptod loop) 13" por sido 


Single AWG #2 wire version, 2.86" gap 


Free Suave Mar Gain Beamwidth  FeedrolnlZ 
dBi deg 20 Rar 
081 1314 127-03 
Height above Ма. Gain TOsrge  FeedpaniZ 
Average Ground dEl degres R HKO 
03^ 43 483 45 1444-09 
OBA 825' 640 з 118-4 
USA 128 607 15 134 107 


Folded dipole (AWG 4817 wire, 3" separation} version; 275" gap 


Free Soace Мах Gain Beamwidth ^ FosdpointZ 
dBi degres Re KO 
101 1346 480-1 
Height shave War Gam  TOsrge  Feedpantz 
Average Ground dBi degres вро 
ОЗА 4% 480 © 4 4 405 
ОБА 825 651 з 437-Ю1 
094 1238 6% 15 24-4 


The free-space impedance of the single-wire squared dipole is about 12.5 0. 
Опе way to obtain a better match with a 50-0 coaxial cable is to install a 1:4 
balun at the feedpoint. Transmission-line transformer baluns with a 4:1 
impedance ratio are designed for antenna impedance values close to 200 Q and 
тау not be efficient when reversed. The folded version of the antenna provides a 
4:1 step-up of the feedpoint impedance within the antenna design and requires 
по further impedance matching. 
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The gain and beamwidth numbers for the antenna extend the progression of 
values that we encountered for the U antennas. Gain decreases, but beamwidth 
increases, as shown at the top of Fig. 16. It is possible to use a Single version of 
the squared dipole in a fixed mounting and to obtain reasonable result in all 
directions. In fact, it is possible to nest squared dipoles for several bands with a 
single support system. Commercial versions of this antenna do exist in both 
mono bang and mult-band forms. 


Опе of the key limitations of the squared dipole is the operating bandwidth. The 
SWR sweeps in Fig. 16 show the curves for each version of the antenna in free- 
Space, with each curve referenced to the resonant impedance of the antenna. 
Neither version of the antenna covers a full 50% of the 40-meter band. (Any 
commercial version of the single-wire version of the antenna that advertises a. 
wider bandwidth is most likely relying upon impedance transformer losses and 
possible transmission-Ine losses to broaden the bandwidth, with a consequential 
reduction in available gain.) The folded version of the antenna shows marginally 
higher gain values in the tabular data and a wider SWR bandwidth in the sweep. 
аз a result of its wo-wire construction. Relative to radiating currents, the double 
wire simulates a single fat wire from which we expect a slightly shorter overall 
length and a wider operating bandwidth. 
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For a home-built version of the squared dipole, the folded version may be 
preferable. Despite its operating bandwidth limitation, the squared dipole 
Interrupted loop is perhaps the most compact 40-meter dipole design available. 


5. The Helical Dipole: The helical dipole, sometimes called a slinky after a tay of 
the same name, consists of many turns of wire in an Archimedes (uniform pitch) 
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spiral. Normally, we place the feedpoint at the center. In practice, amateurs 
obtain a pre-made spiral of springy wire and stretch the assembly until it arrives 
at resonance at a desired frequency. For our preliminary assessment, we shall 
constructa free-space model with about 12 segments per turn, a & diameter, 
and a 400 (33.33) total length to meet our hal-length standard while remaining 
well within NEC limitations. The wire wil be AWG #12 copper, although actual 
slinkys used in practice are often composed of spring stee! having relatively 
indeterminate properties 


As shown in Fig. 17, the resonant helical dipole requires 65.2 turns for the 
specified wire, length, and diameter. The antenna acts ike a closed loop rather 
than like a linear wire. Therefore, increasing the wire diameter has the effect of 
reducing the electrical length, and the dipole requires more turns within the same 
length to achieve resonance. Doubling the wire diameter from 0.08" to 0.16" 
requires 70 turns for resonance at 7.15 MHz. The greater the number af turns in 
a helical dipole with a fixed diameter, the more wire we need to achieve the 
overall length. As specified, the sample helical dipole requires about 106.5' 
(1278") of wire, over 1.5 times the wire needed for a full-size % A dipole. 
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Like any shortened dipole, the helix has lower gain than а full-length dipole: 
about 1.48 dBi or the equivalent of a 20% dipole. The resonant impedance is 
about 21.6 Q, with an SWR bandwidth of 125 kHz or only 40% of the total 40- 
meter band. The efficiency of the sample helix is based upon the large loop. 
diameter and the highly conductive wire. Actual toy slinkys pressed into antenna 
service tend to have smaller loop diameters and use less conductive material. 
Hence, the figures given for the sample are operationally optimistic. Users of toy 
slinkys often find that the feedpoint impedance is close to 50 Q, an indication of 
the greater losses of using the smaller diameter spring-steel devices. Perhaps 
Service as an emergency field antenna remains the best use of the helical dipole. 
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Conclusion and Preface 


We have included only some of the major variations on folding up a dipole to stuff 
itinto a small linear space. For example, we have omitted the center-fed 
inverted-L antenna, although itis a feasible alternative if we stretch our basic 
orientation to include vertical antennas. Nevertheless, the samples have shown 
the general trends of what is possible in the avoidance of directly tackling the 
impedance matching problems associated with the use of a half-length dipole. In 
the next episode, we shall look at several techniques of compensating for the 
very high capacitive reactance of a linear 33.33' wire dipole. 
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Chapter 22: 1/2-Length 40M-Dipoles - Ei. Loading 
for Dipole Resonance 


at 33.33 (400). which ls within 1% of the modeled free-space length for 
such and antenna. We discovered that the precise length of a half-size 

dipole will actually vary with the height of the element above ground. So our 

arbitrary limit is useful in giving us a ready reference throughout these notes. 


W: have set the half-length 40-meter dipole (using AWG #12 copper wire) 


The first set of attempts to deal with this length involved reshaping a full-length 
dipole to fit this linear dimension. Of the distorted dipoles, the U shape proved 
most promising, since it provided usable gain and a feedpoint impedance value 
close to 50 O. However, the zigzag and the square interrupted loop versions may 
also have applications if we apply appropriate impedance matching techniques. 
However, only the U (in either an inverted vertical position or a horizontal 
orientation) held promise of covering the entire 40-meter band with less than a 
2:1 SWR value. 


In this episode, we shall examine the linear half-length element as a one- 
dimensional abject, that is, one having only length without vertical or horizontal 
width. The challenge is to deal with the low feedpoint resistance (less than 13 0) 
and the high capacitive reactance (more than 900 0). The two operations are 
normally separate. We have noted—and shall note again— methods of 
transforming the feedpoint resistance to a usable (normally 50-0) value, First, 
we must compensate for the high reactance. The common expression for the 
techniques used reduce the reactance to zero and to thereby achieve resonance 
at the design frequency (7.15 MHz in this exercise) is element loading. If we 
Introduce into the element a reactance of the same effective value, but of the 
opposite type, as the problematical reactance we measure at the feedpoint, the 
net effect will be a purely resistive feedpoint impedance, at least at the design 
frequency. We shall survey some of the variables associated with loading 
elements. In fact, before we close, we shall look at an additional method that also 
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bears the name of loading, but which is in principle an entirely different technique 
altogether. 


Inductive Loading 


As we shorten the length of a dipole, the feedpoint reactance increases, slowly at 
first, but at an increasing rate with each additional increment of length reduction. 
Our hall-length dipole intercepts this curve at a challenging point, just where the 
rate of reactance change begins to increase very rapidly with only small length 
changes. For reasons that will become very apparent, for most amateur 
installations half-length is about the limit of shortening. 


Fig. 
Halt-Lencth Dole (33:33) 
50% 30% 10% 10% 20% 50% 
mude | | | | | | 


posers | | | | | 
40% 20% ть 20% 40% 


Potential Load Pasitons along 
HalfLangth Dipole Element 


Fig. 1 gives us a bit of important information. We may place the opposite type of 
reactance (inductive) at the element center, or we may place it in the form of two 
equal inductances away from the element center. For tubular elements, the 
center position is often mechanically convenient, but outer positions or mid- 
element loading is often used. If we think of the center inductance as actually two 
solenoid inductors (coils) in series with the feedpoint at their junction, then we 
discover that mid-element loading is simply an extension of center loading. Fig. 2 
provides a glimpse into the process. 
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A. 
rt Losa st Gorter to Show Feeopont Laso 
N 


Current Ditton 


— — 
= E 
— 


Eu 


Mid-Bemeni Loaded c) 
وی‎ P, 
A p 


Curent Distikuton 


Efect of Load Розйог on Current Distributicn 
along HateLenah Digole Element 


With a center-loading coil, the current is at peak value only at the very center of 
the element. A full-length dipole would show a broad region of high current 
before the current tapers to the element-end value of zero. A center loading coil 
substitutes for the part of the antenna that is normally at high current. Since the 
coil has almost no radiation, we lose much of the radiation that the high current 
would yield, with a resulting gain reduction. In contrast, if we place the coils 
further away from the feedpoint, we retain part of the element with the high 
current level. The lower part of the figure shows the current distribution with the 
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loading coils at the middle or 50% point of each half element on either side of the 
feedpoint. 


Unfortunately, we do not gain as much as the current distribution curve might 
suggest. Let's install loading coils at various points along the dipole in 10% 
Increments, where 10% means a distance away from the feedpoint toward the 
element end. Initially, we shall treat the сой as pure inductances with no. 
resistive losses. The results of our small experiment in modeling appear in Table 
1. Inthe table, we treat the center-loading сой as a series combination of two 
Coils so that the progression of required inductance values is clear. The farther 
outward from the center that we place the loading coils, the higher must be the 
individual inductance values. At the 50% mark, each individual сой has an 
inductance that is almost double the series center coil. The rate of inductance 
increase rises steadily as we move away from the center position. For this 
reason, the 50% mark represents a practical limit to loading inductor placement. 


Half Length Dipole wih ge Loading Table d 
Load Postion and еді Reactance and inductance 
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Fig. 3 graphs the progression of required inductive reactance and inductance 
values that apply to the loads in the table. The chart allows us to sense more 
vividly the rate of increase in values with increasing distance between the loading 
component and the feedpoint. 
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‘Surprisingly, the element gain does not increase significantly as we move the 
loading coils outward from the center position (0%). (Mobile vertical monopole. 
antennas have special circumstances that may call for loading-coil placement 
away from the feedpoint, but our horizontal dipole—here in free space—does not 
share in those circumstances.) The net difference in gain between center loading 
and 50% mid-element loading is only 0.03 dB, far short of a difference that we 
could detect in operation. 
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The table does reveal a different reason why some antenna builders prefer mid- 
element loading over center loading. As we move the coil outward, the resonant 
impedance rises. The center loading value of under 13 Q calls for some form of 
impedance transformer at the feedpoint if we use a 50-0 cable. In the previous 
set of notes, we noted some limitations of 1:4 transmission-ine transformers. 
Before such transformers became readily available, antenna builders would 
employ second сой so that the turns-ratio of the two closely coupled coils created 
а 1:4 impedance transformer. The 50% mid-element coil placement yields a 
resonant impedance of about 25 Q. We examined in the earlier notes a single 
series transformer composed of transmission line sections for converting this 
impedance to 50 0. 


Regardless of the coil placement, inductive loading has one very negative 
consequence: very limited SWR bandwidth. Fig. 4 provides curves for a center- 
loading coil and for a pair of mid-element loading coils. Coils at all other positions 
would yield curves that fit between these two limiting cases. The 2:1 SWR. 
bandwidth of the inductively loaded is less than 1/5 of the entire band. (Longer 
elements with less loading would show wider SWR bandwidth values.) 
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In our examination of the basic properties of inductive loading with solenoid coils, 
we have purposely set aside an important aspect of loading: coil Q. The © of a 
solenoid coil is simply the coll inductive reactance divided by the series 
resistance, as shown by the equivalent circuit in Fig. 5. Since coil wire is subject 
to skin effect, the RF resistance of a сой is higher than the simple DC resistance 
of the wire. As well, the value of Q and the resulting resistive losses depend on 
the coil shape. 
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Equivalant Cirult for an Inductive Load 


Let's begin with the center loading сой, which has a total inductance of over 20 
ШН to obtain a reactance of over 900 0. Practical values of О may range from а 
low of 100 to perhaps 600 for a cal with a high ratio of diameter to length. Most 
practical coils tend to fall in the range of 250 to 350. Table 2 shows the 
сопвециепсев for performance for Q values between 600 and 100 in steps of 
100. 
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ConterLoadod Half Length Dipole: A Table 2 
Reactance 929 7 Orms inductances: 2159 uF 
G Ind Bes Cam ze, Resist Read 
iit o im — (7 009 
Wü 18 A 13 00d 
mu 18 112 M8 003 


400 — 232 gos 15 003 
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20 465 0% WA 003 
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Notes: © Loading col 
Ind Fes: Loading col series resistence 
бап dBi: Fes specs gan n dB 
Resist Feedpoint resistance in Ohm 
React: Feedpcint reactance in Ohms 
Values for a single solenoid inductor 


Аз we lower the value of O and thereby increase the resistive losses, we 
discover a further reduction in dipole gain. The values аге stil usable, if we 
remember that the free-space gain of a full-length AWG #12 copper wire dipole is 
only about 2.05 dBi. However, for low values of Q, the difference is operationally 
noticeable, In the process of lowering the gain due to resistive losses in the 
loading coil, we rediscover the resistance in the feedpoint impedance, which is 
now the sum of the radiation resistance and the loss resistance. By itself, the 
impedance with a © of 100 seems promising until we remember that nearly half 
of it represents lost energy. 
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Mid Elemmort Loadod Half Length Dipole: © Tablo 3 
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React: Fesdpcint reactance in Ohms 
Value for each of bwo soleroid Inductors 


We can repeat the exercise with loading coils placed at the mid-element (50%) 
position. When separated from the feedpoint, neither the coil inductance nor its 
impedance impact the feedpoint resistance directly. Therefore, we find a small 
variation in the feedpoint reactance column that was absent from the center-load 
table. However, the trends are identical. The lower the value of coil Q, the lower 
will be the overall antenna gain, but with a rise in feedpoint resistance that 
reflects the increased losses in the coils. The gain values may seem to be higher 
for the mid-element loading case than for the center loading situation, but Fig. 6 
shows just how little that difference is. Moreover, the curves almost exactly 
parallel each other across the sampled span of Q values. 


The trends for the resonant feedpoint resistance show a comparable set of 
parallel curves, even though the initial values for the curves are more widely 
separated. Fig. 7 shows the two data sets. A high-Q loading coil set for mid- 
element loading provides a matchable situation relative а 50-0 transmission line. 
The low-Q situation may in fact allow a direct match to the cable, although at the 
cost of considerable gain from the antenna element. 
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О! course, the mid-element loading coils, with their high inductive values, also 
present special support problems not fully shared by the center-loading coil. 
Each mid-element сой is nearly the same weight (given a fixed construction 
method for a fixed level of Q) as the single center-loading сой. For а wire 
element, such as our copper wire half-length dipole, the coils can create. 
Significant sag. In antennas using tubular aluminum as the desired material, a 
center-ading coil is in line with the normal single support for the element. In 
contrast, mid-element loading coils place the weight away from the supporting 
mast, increasing gravitys stress on the element and also increasing Ihe. 
element's wind load. The use of mid-element loading coils for a 33' aluminum 
element (about the length of a 20-meter full-length dipole) may cal for increased 
tubing sizes, with some sections doubled, to support the coils effectively for the 
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same all-weather, all-season survivability as a single center-loading coil, The 
knowledgeable antenna builder will take these factors into consideration long 
before actual antenna construction begins. 
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Loading coil © has an affect upon the SWR bandwidth of a halt-length dipole. 
However, the broadening of the bandwidth does not become significant until the 
© drops below about 300. Fig. 8 shows the SWR bandwidth (referenced to the 
resonant impedance of each sample) of a center-loaded dipole for Q values of 
600, 300, and 100 Only in the last case do we find a bandwidth that approaches 
100 kHz, at the cost of appreciable gain, of course. For the two higher values of 
©, we find bandwidths ranging from a litle under 50 kHz to a litle over 50 kHz. 
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Moving the loading coils outward to the mid-element (50%) position does not 
improve the bandwidth beyond the very slight advantage shown by the initial 
lossless coils, as revealed by the SWR curves in Fig. 9. High values of Q yield a 
bandwidth of about 70 KHz, while а © of 100 yields a 100-kHz bandwidth. One of 
the severe limitations of inductive loading is always the limited coverage of an 
amateur band as wide as 40 meters compared to a full-length dipole, however, 
we may implement the required element loading, 
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Linear Loading 


In the history of amateur radio's experimentation with loaded elements, beyond 
the range of direct recall, an altemative system of loading emerged. Called 
"linear loading’ by its early users (and some present-day users), the scheme 
used lengths of wire, usually paralleling the main element, to effect the required 
loading. Because the scheme did not use inductors with known loss sources, 
early proponents claimed that linear loading was lossless. Once we began to 
understand exactly what was going on—besides adding a set of wires to an 
element—the claim of no losses began to disappear. As shown in Fig. 10, the 
wires actually form shorted transmission line stubs that replace solenoid 
inductors as the source of loading reactance for an element. Unfortunately. 
shorted transmission line stubs do exhibit losses. 
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The calculation of stub length requires a two-step process. First, we can 
calculate the likely characteristic impedance (Zo) of the stubs by knowing the 
wire diameter and the spacing (center-to-center) between wires, using any of 
several utility programs or a calculator. Then the inductive reactance of a 
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shorted stub that is less than % A long is simply the product of the Zo times the 
tangent of the electrical length of the stub in degrees (or radians). If we know the 
desired reactance, we can always back out the electrical length in degrees and 
then the physical length as a fraction of a wavelength, and finally, the physical 
length in inches or feet. 


There are two general implementations of linear loads for an element, both of 
which are applicable to our 40-meter half-length dipole. Fig. 11 provides an 
outline of both forms. First, in both cases, the linear load or transmission-line 
stubs do not hang at right angles to the element, although the hanging 
configuration is possible, however impractical. Instead, we parallel the stubs, one 
оп each side of the feedpoint, to the main element. In the first case, the shorted 
stub lines are equidistant from the element and form a triangle when taken 
together with the main element. Under these conditions, the lines act most ike a 
pure transmission-line stub, since coupling with the main element is equal on 
both lines. 
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The second case that places the stubs in a linear row beneath the main element 
is mare common to home built wire antennas than to commercial 
implementations of linear loading. In this scheme, the differential coupling 
between the two wires and the main element creates a small imbalance in the 
currents in the load lines. The system will still work perfectly well, but usually 
requires a longer stub length on each side of the feedpoint. 
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Unfortunately, if we restrict ourselves to a main element with a total length of 
200 the stub lengths will slightly exceed the element length. The antenna will 
Stil Work, but for the sake of aesthetics, | set each type of linear load so that the 
load lengths and the element length were all the same. All AWG #12 wires in 
each scheme are two inches apart. Table 4 shows the differences in the free- 
space models. The table also includes a special entry that uses NEC 
transmission lines with the same total length as the element. I assigned the lines 
a typical ladder-ine loss factor of 0.06 dB/100' at 10 MHz to sample potential line 
losses 


Table 4 Linear loading using shorted transmission Ine stubs 


Modal Helflengh Mas Gain  Feedpoiat Z 
Туре kee d RARA 
NEC Xmen Lines 2042 086 368-02 
TenguerWWes 2050 ов 171 +3 
Lines Wires 204 077 170-04 


Notes: Transmission-line stubs and main laments ara the sare length 
Total dipole len this twice the length shown 
Each of two shorted stubs is the lengh shown: 
A wire assemblies use AWG #12 copet wire 
Wie Spacing 2° 
Model envirsnmert tee space 


The first notable item in the table is the similarity of antenna lengths when using 
non-interactive NEC transmission lines and when constructing the Ines from 
copper wires in a triangular formation allowing equal interaction of the main 
element with each stub wire. The gain suggests an overly optimistic assignment 
of losses to the NEC lines. The triangular version of the wire loads shows. 
increased gain if we move both stub wires farther from the main element. At a 
distance of 4", the level of the lowest wire in the linear system, the gain rises to 
about 0.7 dBi. The gain is similar to the value that we obtain from the linear 
system, which requires about S of additional length at both ends of the element- 
stub combination, 
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The gain values are consistent with a center-loading system with а © of about 
300. Since the loads are electrically about 1% to 2% off center, the feedpoint 
impedance values are also consistent for Q values of about 300. We may note in 
passing that all three impedance values are sufficiently alike to confirm the 
‘equality of the three schemes shown, 
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As shown in Fig. 12, the SWR bandwidth of a linear loaded system is only 
marginally broader than the curves for the center-loaded dipole with а Q ог 300. 
The linear system is slightly broader than the triangular system, but again in the 
margins of significant improvement. The curves also establish the limited Q- 
equivalence of linear loading, since a very high Q or very low loss value for the 
linear loads would yield a narrower SWR operating bandwidth. 


Perhaps the chief reason for using linear loading has litle to do with the 
performance of the element. Rather, by distributing the weight of the loading 
element along the entire length of the antenna, we generally remove many of the 
support problems that accompany the use of coils in a wire antenna that we 
intend to support only at ће ends, Linear loads in some circumstances offer a 
‘mechanical advantage in antenna construction, 
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Опе perennial matter of perspective sometimes clouds the eyes of less 
experienced antenna builders. Suppose that we intend to use a tubular main 
element, with wires or rods for the linear loading elements. We might end up with 
ап assembly like the upper half of Fig. 13, shown in linear form for pictorial 
clarity. The feedpoint clearly goes to the pair of transmission-line stubs. 

However, numerous commercial linear-loaded elements (usually for 20 meters 
and higher) bring the feedpoint to the tubular element and use a set of wires or 
rods that seem to begin at a point further outward on the element. It appears that. 
the antenna is using a form of linear loading that is a version of mid-element 
loading. For whatever reason, the antenna builder has bent the linear loading 
stubs back toward the center of the element. Unfortunately, this view of the lower 
element sketch can deceive us, 
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The lower sketch is electrically identical to the upper sketch. In this case, the 
loading element is composed of two wires with different diameters, a situation 
that slightly complicates the calculation of the stub characteristic impedance. 
The main element employs one of the thinner lines as part of lts structure until 
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that line intersects with the tubular material beyond the end of the stub. (There 
are cases in which one may employ mid-element loading with a transmission tine 
stub, but they require elements longer than the half-length dipole that we have 
set as our project limit. With element lengths about 70% of full size, one may 
install a mid-element stub and bend it outward toward the element end—or let it 
hang in the wind.) 


Linear-loading, then, is simply a form of inductive loading that makes use of 
shorted transmission-line stubs to create the necessary inductive reactance to 
bring an element to resonance. The stubs are substitutes for the solenoid 
inductors that we most commonly think of when the subject of loading arises. 


End-Hat Loading 


For many decades, an alternative form of bringing a shortened element to 
resonance has gone under a misleading label: end capacity-hat loading. The 
пате derives from an early method of approximating the hat size on low and 
medium frequencies. The calculation scheme breaks down in the HF region into 
а complex of factors that include the relative sizes of the wires making up the hat 
and the main element, and capacity has litle if anything to do with the method of 
resonating a short element. The "hat" portion of the name has some visual 
validity, since the system requires the installation of a symmetrical set of wires оп 
and at right angles to the ends of the shortened main element. It is dubious 

nether the system of resonating а short element even deserves the name 
ading." 


Fig. 14 shows the outline of a simple short dipole. On each end, we find a set of 
four equal length wires symmetrically arranged. Under these conditions—using 
the correct lengths for the spokes in the hat wheels—we can obtain resonance 
and the current distribution pattern shown in the sketch. Up to the point at which 
the hats begin, the shortened dipole shows a current distribution curve that is 
virtually identical to one that would occur over the same central length of a full- 
length dipole. 
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The Basle Conceptor"End Loading 


At the junction of the main element and the hat wires or spokes, the current 
divides equally into four branches. It continues to decrease toward the spoke 
tips, just as it would in а full size dipole. However, any radiation from a given 
spoke is offset by the radiation from the other spokes so that there is virtually no 
far-field radiation from the spoke assembly. Hence, the central section of the. 
dipole controls the far-field pattern with respect to both the pattem shape and 
strength, 


There are two general forms of constructing end hats that provide resonance in a 
shortened dipole of some specific central length. One system uses only radial 
spokes. The other system uses spokes plus a perimeter wire. Fig. 15 shows the 
relative sizes of such assemblies with 4 spokes and applied to the half-length 
(33.33) dipole with which we have been working. With a perimeter wires, we can 
reduce the spoke length significantly (by 4096 or more). In the spoke+perimeter 
wire system, we can think of the spoke length as consisting of the spoke itself 
plus half the length of the perimeter wire that connects one tip to the next. 
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Fig. 18 
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The two systems are electrically equivalent. Adding intermediate wires circling 
the spokes generally adds almost nothing electrically to the hat, although such 
wires might be useful in large hats to help brace the spokes. For our 400" AWG 
#12 copper wire dipole with hats composed of the same material in alternative 
Spoke-only and spoke perimeter wire configurations, we can sample the free- 
space performance in Table 5. 
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Title Performance hellength dipole with o types of end hate 


не Spoke Length Wax Gan  Feeipaint Z 
Type [o 155 веха 
Spokes any 35 155 ЕП 
holas plus porota wira 485 180 ШЕП 


Notes: Element length 400" (53.3) 
Element and hat wares: ANG #2 compar wire 
Samples use 4 spokes per ела hat 


The table establishes the electrical identity of the two systems. We can further 
shorten the length of the spokes in either system by adding more spokes, Fig. 16 
provides a sample of modeled systems using 4 through 32 spokes and records 
the relative spoke length using the shortest spoke as the base line. As we 
Increase the number of spokes, the two curves gradually converge. Somewhere 
inthe vicinity of 60 spokes or more, the two lines come together as the assembly 
effectively simulates а solid or a wire-mesh surface, 


We should not pass over the data in Table 5 only noticing the similarity of the 
numerical entries. The gain of the hatted half-length dipole does not shaw the 
decrease that marked all forms of inductive loading, since the primary radiating 
portion of the element has no loss other than the resistivity of its copper wire. In 
fact, the gain values are up (by less than 0.1 dB) because the hat structure does 
narrow the dipole beamwidth by about 2°. Despite its mechanical inconvenience, 
a hatted short dipole delivers ай of the gain possible from an element of the given 
length. 
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ın addition, the hatted dipole shows the highest resonant impedance of any of the 
versions of the half-length dipole where the impedance is not artificially raised by 
loss resistance. The test frequency value of 39 O would increase to a value 
closer to 50 © without much further lengthening of the main element (along with 
accompanying shorter spoke lengths in the hat). 
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The feedpoint impedance shows a further advantage of hat loading: the SWR 
curve is virtually as broad as the curve for a full-length dipole. The sample. 
antenna offers ful-band coverage with less than a 2:1 50-0 SWR even though 
the test frequency impedance is a bit lower than optimal. Despite all of these 
advantages, the physical difficulty of implementing end hats on shortened 
elements tends to discourage the use of this technique, especially in the lower 
HF region. 


There are many variations on the hat theme. Among true (symmetrical) hats, 
perhaps the most promising is the double concentric spiral that can include a. 
considerable quantity of wire in a smaller space than even the spoke+perimeter 
wire system. A light single spiral works well, but due it its asymmetry, the SWR. 
bandwidth tends to be smaller. 


Fig. 18 provides a sample of a half-length dipole equipped with end extensions 
composed of single spirals. All parts of the assembly are AWG #12 copper wire. 
Like the hat-loaded dipole, the main element is 400" (33,33). The spirals consist 
of 5 equally spaced turns of wire with an outer of limiting diameter of 46.46" 
(3.87), This value is virtually identical to the spoke length required for the hats 
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that used a perimeter wire. Hence, the spiral would require about half the space 
of the 4-spoke hat, although we might shrink he hat by adding more spokes. 


The single spiral, however, is not a true hat with virtually complete cancellation of 
radiation from the end assembly. There is a small component of radiation at right 
angles to the main element. The free-space gain is 1.73 dBi, a small amount 
below the level of the hatted assembly (about 0.07 dB). This diference is 
operationally insignificant. The feedpoint impedance at the test frequency 
(7.15MHz) is 40.0 + j0.9 О, almost identical to the value derived from the hatted 
half-length dipoles. 


The shortcoming of the single-spiral end extension shows up in the 40-0 SWR 
sweep in the lower portion of Fig. 18. The true end hat allowed full band 
coverage with an SWR of 2:1 or less. In contrast, the single spiral provides the 
same level of SWR performance over only about 60% of the band, for the 
Sample, from about 7.06 to 7.23 MHz. In addition, the support requirements for 
the spiral may prove to be more complex than those needed by the hat. 


Nevertheless, for some applications, the single spiral may be an attractive 
alternative to a true hat. As a further alternative, one may create a double 
opposed spiral on each end of the dipole and achieve the symmetry required for 
true hat performance. 
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Conclusion and Preface 


In one sense, we have completed our task of examining the half-length dipole 
and the main ways of utilizing the antenna, Among reshaped full-length dipoles, 
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the U form proved most promising. Turning to loaded elements, the hat system 
preserved the greatest performance and operating bandwidth of the full-size 
element. These conclusions do not overrule the use of other techniques as 
circumstances dictate. 


Perhaps we should consider one more episode before we close the book on the 
halflength dipole. There are many antenna arrays based on the dipole, most 
notably the parasitic array that we call the Yagi-Uda (or Yagi for short). We might 
find something interesting in exploring that antenna—and variants—using our 
half-length copper wire 40-meter element. 
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Chapter 23: 1/2-Length 40M-Dipoles - 
Basic Loaded-El Parasitic Beams 


Ihe two major strategies that we have used in shortening the linear span of 
T a 40-meter dipole have been reshaping the full-length dipole and loading 
the half-length version. Of the various shapes used, ће U configuration 
may have some application to more complex antenna arrays. Since the loaded 
elements are stil essentially linear, they may have more direct application 
Nevertheless, both reshaping and loading have significant consequences for the 
performance of more complex multi-element antennas. 


Ош final exercise in this series of notes will examine some of the consequences, 
The focal array will be a 2-element Yagi-Uda parasitic beam composed of a 
driver ог driven element and a reflector element. We shall begin with a review of 
a full-size Yagi and then proceed to various alternatives that use shortened 
elements that we have previously explored. As in past episodes, we shall employ 
AWG #12 copper wire throughout, even though the 400 (33.33) main elements 
lend themselves to construction using aluminum tubing in sizes similar to those 
used in full-size 20-meter beams. 


A Full-Size 40-Meter 2-Element Yagi 


Two-element driver-reflector Yagis may use a variety of element spacing values. 
‘Although peak front-to-back ratio tends to occur with a spacing of 0.125 A, the 
feedpoint impedance tends to be only about half the value at resonance (about 
35 0) as the impedance of a single dipole (about 70 0). However, we may 
increase the spacing between elements to raise the impedance to a desirable 
level (usually 50 О) with only a few tenths of а dB loss in gain and less than 1 dB 
loss in front-to-back ratio. The exact spacing value depends upon the element 
diameter and the resulting level of mutual coupling between the two elements in 
the array. 
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Fig. 1 shows the outline of a full-size 2-etement Yagi with a spacing of 270", 
about 0.145 А. The element lengths reflect values necessary for relatively peak 
front-to-back performance and resonance at 7.115 MHz, slightly below the center 
of the band. We shall soon discover the reasons for moving the resonant 
frequency downward from the value used for single dipole elements. The overall 
performance of the Yagi in terms of free-space gain and front-to-back ratio 
appears їп Fig. 2 


Like all 2-element driver-reflector Yagis, the gain shows a continuously 
decreasing value across the passband. Fatter elements decrease the rate of 
descent, but the trend is endemic to this element configuration, In contrast, the 
front-to-back curve shows only modest value decreases as we move away from 
the peak value. Note that the front-to-back ratio decreases more rapidly below 
the design frequency than above it. With closer element spacing, the overall 
curve would be steeper: wider spacing tends to increase the operating bandwidth 
of the antenna in terms of basic performance parameters. 
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We find a similar pattern in the 50-0 SWR sweep for the full-size Yagi. At 7.115 
MHz, the impedance is 50.5 = j0.3 0. The impedance is about 70% of the value 
for a single dipole and handy for directly matching the antenna feedpoint 
impedance to the characteristic impedance of 50-0 coaxial cable. Using a design 
frequency lower than the arithmetic band center allows the antenna to achieve a. 
2:1 SWR or better across the entire band. Like the front-to-back curve, the SWR 
Curve is steeper below the design frequency than above it. Wider spacing would 
raise the resonant impedance and broaden further both the SWR and the front- 
to-back ralio curves. 
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The full-size Yagi provides relatively even performance across the entire band, 
as suggested by the free-space E-plane pattern in Fig. 4. The only exception, of 


course, is the forward gain, which decreases by a total of about 1.5 dB across 
the 300 kHz of the 40-meter band, 
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The 2-element full-size driver-reflector Yagi is a very serviceable array on almost 
any amateur band. The front-o-back ratio is never outstanding in this 
configuration due to limitations of how the relative element geometry affects the 
current magnitude and phasing on the rear element for spacing values greater 
than 0.1 A. We may obtain better results with closer spacing or by using a driver- 
director configuration, but the feedpoint impedance tends to drop to very low 
values and the operating bandwidth for al the performance parameters becomes 
very narrow. 


‘The full-size Yagi provides a baseline of data to which we compare 
corresponding data for short-element Yagis that use опе or another form of 
loading. Specifically, we shall examine Yagis with half-length elements that use 
center loading, mid-clement loading, and hat loading. One general error that is 
common to less experienced attempts to create short-element Yagis is the 
tendency also to shrink the element spacing. The basic rules of element spacing 
do not change when we shorten elements. Wider spacing increases operating 
bandwidth, especially with respect to the front-to-back ratio and the SWR. 
coverage. As well wider spacing yields higher feedpoint impedance values than 
closer spacing. Since many of our loaded dipoles already show low impedances, 
sustaining a usable feedpoint impedance value is significant to a successful. 
shortelement beam. 


A Halí-Size 40-Meter 2-Element Yagi with Center-Loaded Elements 


The first of our Yagis using half-length (4007) elements employs center loading. 
The outline, roughly in scale to the sketch of the fullsize Yagi, appears in Fig. 5. 
The first notable feature is the fact that neither element is precisely 400" long. In 
general, we can usually obtain slightly better performance from a center-loaded 
pair of elements by setting the load values at the same level on each element 
and then making small adjustments to the element length. This practice also 
corresponds to actual antenna construction. We can usually more easily change 
the two element lengths than we can change the loading inductors, The required 
loading inductors for the sample beam are close to but not identical with the 
inductors used in the preceding episode with a single dipole element. When 


Chapter 23 


Antennas Made of Wire - Volume 1 


constructing a 2-element driver-reflector heam—with or without loading—fine 
adjustment is а normal procedure, 
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Center loading severely reduces the operating bandwidth of a Yagi, even with 
loads with O values of 300, as used in the sample array. The performance sweep 
for the center-loaded Yagi extends only from 7.05 to 7.25 MHZ, but the operating 
range is even more restrictive, At the low end of the gain and front-to-back graph 
in Fig. 6, we see a pair of minimum values for gain and for the front-to-back ratio 
At the frequency of minimum value, we find a pattern reversal, 


Like the full-size Yagi, the center-loaded Yagi with halt-length elements shows 
much steeper curves for both gain and front-to-back ratio below the design 
frequency (7.115 MHz) than above it. As well, the peak values of both curves 
аге notable. Element loading with a finite value of Q (and hence with losses 
associated with the loading element resistance) reduces the maximum gain that 
ме can achieve from the array. The full-size Yagi obtains a peak gain of well 
over 6 dBi, but the maximum gain for the center-loaded short-element Yagi is 
about 4.15 dBi. By the upper end of the frequency sweep, the gain has 
decreased to simple dipole levels 
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In contrast, the peak front-to-back ratio improves with element loading. The full 
size Yagi achieves a peak front-to-back ratio of slightly less than 11 dB, but the 
center-loaded version reaches almost 15 dB, The 4-d8 difference is operationally 
noticeable and has led new beam users to mistake rearward quieting for forward 
gain. The front-to-back ratio aids reception by attenuating signal strength away 
from the desired communications target, but only forward gain provides that 
target with a stronger signal from one's transmitter. 


Many af the points about gain and front-o-back ratio at frequencies away from 
the design frequency become moot when we examine the SWR curve in Fig. 7. 
‘Assuming that we have a suitable low-loss means of transforming the 15-0. 
resonant feedpoint impedance to match the impedance of our feedline, the SWR 
bandwidth remains very narrow. The center-loaded short-element Yagi covers 
only about 70 kHz with less than а 2:1 SWR referenced to the resonant 
Impedance. 
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The free-space E-plane patterns in Fig. 8 are also revealing. The set includes a 
pattern for 7.05 MHz, a frequency below the minimum gain and front-to-hack 
Values that we saw in Fig. 6. The pattern direction reversal is very evident, 
indicating a useless portion of the band for this particular beam design. The 
remaining patterns include an optimal pattern at the design frequency. Both 
above and below the design frequency, the patterns quickly degrade. The 
normalized plots show the rapid reduction in the front-to-back ratio, as the 
rearward lobe quickly grows. To see the reduction in forward gain, read these 
plots in conjunction with the gain and front-to-back graph. 


In practical terms, adjusting this type of beam so that the most significant 
performance parameters (gain, front-to-back ratio, and SWR) roughly coincide in 
frequency can be a somewhat daunting task, since small changes of dimension 
сап yield large changes in the peak frequency for a given performance 
specification. Designing and constructing a center-loaded short-element Yagi is 
not task for the newer antenna builder. 
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А Halt-Size 40-Meter 2-Element Yagi with Mid-Element-Loaded Elements 


With adjustments to the feedpoint impedance, the mid-element loaded dipole 
performance is similar to the center-load version. Therefore, we would expect 
that a short-element driver-reflector Yagi using mid-element loading should 
perform similarly to is center-loaded counterpart. Our expectation will not be 
disappointed. 
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Fig. 9 outlines the sample mid-element loaded Yagi. The element lengths are 
identical to those used with the center-loaded antenna. As a result, the required 
load values are slightly higher than those used in the dipole that we examined in 
the preceding episode. The present beam also retains the same 22.5' element 
spacing as the full-size and center-load Yagi beams. The element spacing 
results in a beam that is, with shortened elements, still under square by a ratio of 
3:2. (A version of the beam using tubular elements might have slightly wider 
spacing, but not to a significant degree that would change the ratio of element. 
length to element spacing.) 
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The performance of the mid-element loaded Yagi follows the trends set by the 
center-loaded version, although some details differ. Fig. 10 graphs the free- 
space gain and the front-to-back ratio from 7.05 to 7.25 MHz. The gain exceeds 
that of the center-loaded Yagi by a few hundredths of a dB, obviously a trivial 
amount. Contrarily, the front-o-back ratio does not quite reach the same peak 
values, but again, not by an amount that would register operationally. The gain 
and front-to-back ratio reach minimum values near the lower limits of the 
frequency sweep. As well, the upper end of the sweep shows values that 
decrease nearly to simple dipole levels 
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The resonant feedpoint impedance of the sample mid-element loaded Yagi is 
very close to 30 Q. The SWR curve referenced to this value appears in Fig. 11. 
The 2:1 SWR passband extends from about 7.09 to 7.16 MHz, a 70-kHz span 
that matches the narrow passband of the center-loaded Yagi. Nevertheless, a 
matching system designed to transform 30 © to 50 Q, rather than going from 15 
to 50 О, might show lower losses under most circumstances. However, the 
exact results would depend in part on the precise matching system used. 
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Further evidence for the practical operational equivalence of the center-loaded 
and the mid-element loaded short-element Yagis appears in the collection of 
free-space E-plane patterns in Fig. 12. The pattem for the low end of the. 
frequency sweep shows a clear direction reversal. For both loaded Yagis, the 
front-to-back ratio at 7.05 MHz is in the vicinity of 2 dB. The remaining three 
patterns replicate those of the center-loaded Yagi, with differences only in minor 
detail. As the gain graph shows, the forward performance for 7.08 and 7.19 MHz 
is well below the peak value at the design frequency. The mid-element loading. 
Yagi is a performance twin to its center-loaded brother in every category except. 
the basic feedpoint impedance. 


Mid-element loading of the half-length elements does add a structural 
complication to the beam structure. It not only offsets the weight of the loading 
solenoids from the support boom, but as well multiplies by 2 the numbers of 
loading elements that may one day suffer from the effects of daly and seasonal 
weather. In addition, mid-element loading precludes the use of inductively link 
coupling between the driver element and the feedline, 
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A Half-Size 40-Meter 2-Element Yagi with Hat-Loaded Elements 


One interesting feature of both inductively loaded Yagis is the fact that their 
respective feedpoint impedance values are very close to the values obtained 
from single dipole antennas with the same systems of loading. The impedance. 
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values stand in contrast to the full-size 2element Yagi, which showed a feedpoint 
impedance about 20 O below the value we would obtain from a single full-length 
resonant wire dipole. Our interest in this difference emerges as we turn to a hat- 
loaded short-element Yagi 


For a sample hat or end-loaded Yagi, lets use elements that employ a 
Spoke+perimeter wire. The outline of the sample array appears in Fig. 13. The 
hat spokes are 46.5" long (93.0" from tip to tip). We can reduce the length of the 
spokes by adding more of them, although the performance of the resulting beam 
would not change. The change from inductive loading to the use of end hats also 
requires different element dimensions, with a shorter driver and a longer 

reflector. The reflector-to-driver length differential is 22", compared to 4.5" for the 
loaded Yagis and to 35" for the fullsize Yagi. As was the case for the inductively 
loaded Yagi elements, the hat size remained constant, and the element lengths 
underwent adjustment to bring the array to its peak performance. The model 
used 7.115 MHz as the design frequency. 
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Despite being somewhat ungainly, the use of end hats on the shortened 
elements increases the operating bandwidth of both the gain and front-to-back. 
curves, as shown in Fig. 14. However, the curves do not match those of the full 
size Yagi. For example, the fullsize Yagi peak gain occurs below the lowest 
frequency in the sweep. For the hatloaded Yagi, the peak gain is within the. 
passband, although near the low end. As well, the hat-loaded Yagi gain curve is 
steeper, with the gain at the upper end about 0.7 dB lower than for the full-size 
Yagi. Ai the design frequency (7.115 MHz), the gain is about 5.9 dB, only about 
0.1 dB less than we obtained from the full-size version and far above the values 
that emerge from the inductively loaded Yagis. 


" 


The SWR curve also is much steeper on both sides of the peak value. The peak 
value is close 15.5 dB and occurs close to the design frequency. This value 
exceeds the peak value of the full-size Yagi by over 4.5 dB. However, the band- 
ейде values are between 6 dB and 9 dB, while the full-size Yagi yield values 
close to 8 dB at both ends of the band. Even though the hatted Yagi does not 
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fully match the performance of the fullsize Yagi, it exceeds the performance of 
the inductively load Yagis with similar element length by a wide margin, 
especially when we move away from the design frequency. 
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The resonant impedance of the hatted short-element Yagi is just over 30 O. The 
hatted dipole showed a value close to 50 0. Hence, the feedpoint behavior of the 
hatted Yagi is similar to that of ts full-size counterpart. In fact, the loadless driver 
element might be amenable to the use of a gamma match, as well as beta and 
series matching techniques to transform the antenna impedance to the usual 50- 
О value. Fig. 15 displays the SWR sweep for the Yagi design. The 2:1 SWR 
passband extends from about 7.04 to 7.25 MHz, a 210 kHz spread that ls three 
times wider than for either inductively loaded Yagi. As usual, the SWR curve 
below the design frequency is steeper than above it, but both partial curves are 
steeper than the corresponding segments of the SWR curves for the full-size 
Yagi. 


‘As we would expect, the sample free-space E-plane plots in Fig. 16 do not show 
the uniformity of the comparable plots for the fullsize Yagi. Nevertheless, they 
are far superior, especially at the band edges, to the plots for the inductively 
loaded vagis. The hatted short-element Yagi provides the improved front-lo-back 
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ratio at the design frequency without the severe reductions in gain and operating 
bandwidth suffered by the inductively loaded versions. 
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О! all the half-length element Yagis, the hatted version holds the highest 
performance potential. At the same time, it offers the greatest mechanical 
challenge: the requirement for substantial structures at the element ends. As a 
consequence, the history of amateur Yagi design contains many examples of 
inductively loaded Yagis (and the counterpart linear-loaded Yagis), but few 
examples of hatted element versions. 


А най-5їге 40-Meter 2-Element Yagi with . Shaped Elements 


While reviewing the methods of reshaping full-length dipole element to fit the 
linear space of a half-length installation space, we noted the potential of the U- 
shaped element. It supplied fairly good gain and maintained a feedpoint 
impedance close to 40 O. The element might be useful as an alternative to the 
low-impedance inductively loaded elements and present fewer structural 
problems than end hatting the elements of a beam. 
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I we use our standard element spacing of 270", we can form a U-shaped Yagi in 
two ways. As sketched on the left in Fig. 17, we can maintain 400" center 
horizontal sections and allow the driver-reflector length variations to show up in 
the length of the vertical legs. Alternatively, as shown on the right, we сап 
maintain equal vertical leg lengths and vary the length of the horizontal center 
section, In both cases, the total driver wire is 821" (68.42), while the total 
reflector length is 8467 (70.8). 


Two Versions of a UShaces Element Yagi 


Regardless of which technique we use, the performance of the resulting 2- 
element Yagi is virtually identical. Fig. 18 graphs the gain and the front-lo-back 
ratio across the entire 40-meter band. Between the two versions of the beam, the 
maximum difference in gain is less than 0.1 dB. The variation in front-to-back 
Tatio is less than 0.4 dB. Both of the maximum variations occur at band edges. At 
the design frequency, the reported gain values are 6.06 and 6.08 dBi, with front- 
to-back values of 10.6 and 10.7 dB. 


In many ways, the gain curve resembles the corresponding curve for the hatted 
Yagi. The peak gain value occurs just within the 40-meter band, The slope is also 
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similar as we increase the operating frequency. The key difference is that the 
average gain across the band is about 0.5 dB lower with the U-shaped elements. 


With the U-shaped Yagi elements, the front-to-back ratio is 3 to 4 dB lower than 
with end hats. The peak value is only about the same as for the full-size Yagi. 
However, unlike the full-size Yagi, the U-shaped Yagi shows front-to-back values 
that decrease relatively rapidly both above and below the peak frequency. 
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The vertical legs of the U-shaped elements provide the key reason why the Yagi 
does not reach the peak toni io back values of the other beam with shortened 
main elements. In the end-hatted Yagi, there is almost no radiation fram the end 
assembly. However, the vertical legs of the U-shaped Yagi show considerable 
current. The legs therefore radiate to some degree endwise to the element center 
sections, reducing both the front-to-side nulls and the overall beam front-to-back 
ratio. 
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To confirm the electrical identity of the two versions of the U-shaped Yagi, Fi 
19 overlays the 30-0 SWR sweeps for both versions. The curves are very similar 
to those for the end-hatted Yagi, but the 2:1 SWR passband extends only from 
7.0510 7.225 MHz. This 175-kHz span covers about 58% of the band, as it is 
defined for U.S. operation. The passband is certainly wide enough to cover the 
smaller European version of the 40-meter band. 


The consequences of radiation from the vertical legs of the U-shaped Yagi 
appear clearly in the gallery of free-space E-plane patterns in Fig. 20. As we 
increase the operating frequency across the band, the front-to-side ratio steadily 
decreases from about 22 dB down to barely 12 dB. There is no significant 
difference between the pattem shapes for the two different versions of the array, 
since the differences in leg length are relatively small. 
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Although limited in performance relative to the end-hatted Yagi, the U-shaped 
parasitic array has a key advantage: structural simplicity. The vertical legs 
require some form of pinning to hold them in position and their tips must be well 
above a height that anyone can reach under any circumstances. Nevertheless, 
they add no support requirements, since the single-wire legs add very little 
weight to the two elements. 


The VK2ABQ Square 


There is a way to employ U-shaped elements horizontally and to remain close to 
the specified hal-length center sections. The Moxon rectangle has become one 
ofthe standard monoband 2-element parasitic beams over the last 2 decades. 
The Moxon has, when properly designed, a direct 50-0 feedpoint and would 
cover 40 meters with less than a 2:1 SWR ratio. The Moxon consists of two 
elements folded so that the tails of each element point toward a соттоп point, 
with a precise gap between the ends of the tails. It makes use of the parallel 
(inductive) coupling between the long sections of the elements and the tip-to-tip 
(capacitive) coupling between the ends of the tails. While a Moxon rectangle is 
always a useful wire beam to consider, it violates our basic requirement that 
restricts us to elements about half as long as a linear full-size element. Moxon 


Chapter 23 


Antennas Made of Wire - Volume 


elements are about 70% of full-size when measured from one side of the beam 
to the other, 


Outline: 2480 
square 


ser 
ANG 12 Copper 
ire етет DE 


Fig. 21 presents an alternative to the standard Moxon rectangle in the form of a 
beam that actually provided the foundation for the rectangle. The VK2ABQ 
square uses the same general principles as the Moxon, but with a shape that is 
more nearly square. The dimensions show the imperfection of the square shape 
necessitated by the process of optimizing the array for maximum performance. 
The foundation of the array in wo U-shaped elements is clearly apparent. 
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Like any 2-element driver-reflector array, the square shows a descending gain 
curve, traced in Fig. 22. The square shape yields less gain than the rectangular 
Moxon shape in which the parallel high-current sections of the elements are 
тоге closely spaced. Like the Moxon, the square exhibits the very high peak 
front-to-back ratio at the design frequency. Although the values fall sharply both 
above and below the design frequency, the values are fairly good at both ends of 
the band 


The SWR sweep in Fig. 23 provides two 50-0 curves. One line tracks the SWR. 
at the antenna feedpoint, which shows a 95-0 impedance at the design 
frequency. However, the square shape demonstrates one of its key advantages, 
‘The impedance does not change significantly from one end of the band to the 
other. Hence, the curve is very flat. The lower curve results from adding a 75-0 
matching section that transforms the somewhat high antenna feedpoint 
impedance to a lower value. At the 7.15-MHz design frequency, the transformed 
impedance is about 60 © using a 'Y A section of 75-0 cable. Any odd multiple of 
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a quarter wavelength (accounting for the line's velocity factor) will perform the 
necessary transformation 
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ig. 24 provides a selection of free-space E-plane pattems across the 40-meter 
band. The evolution of the rearward labe structure is clearly apparent. In all 
cases, radiation from the tails of the horizontal U-shaped elements is apparent. It 
shows up in the displacement of the side null. Even inductively loaded Yagis 
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show a side null at about 90° to the main forward direction, However, the side 
nul for the VK2ABQ square is closer to 120° away from the main forward 
heading of the array. Be certain to read the patterns in conjunction with the graph 
of gain levels, since each pattern is normalized 


Although the VK2ABQ square has lesser gain than either the hatted Yagi or the 
U-shaped Yagi, it offers full-band coverage with significant directivity and a very 
tame SWR curve. It requires 4-corner support, but a similar requirement attaches 
to virtually all of the wire beams that we have examined in these notes, 


Conclusion. 


We have explored a fair sample—but certainly not ай possible—parasitic beams 
using a driven element and a reflector that meet our basic requirement of 
needing only about half the linear space of a full-size Yagi. Each version has 
some advantages and disadvantages, but the weight that we assign them 
depends upon our operating needs and desires. More significantly, as we varied 
the technique for forming a directive beam, we discovered that we could 
overcome many limitations of using half-length elements. Unfortunately, we 
cannot overcome all of the limitations within a single design. The more familiar 
that we are with the variations, the better chance that we have to make the 
correct selection for our particular installation site and operating goals. 
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Chapter 24: Lower HF Wire Beams 


from 40 through 160 meters, However, I am not certain we always make 

the right and patient choices in selecting and building wire beams. We tend 
to treat them as Field Day temporary antennas rather than really building them to 
do a job, 


F: position wire beams stil have a place in amateur communications 


The 


Yagi 


Consider the 2-element wire 40 meter beam. It is an improvement over the dipole 
in several ways. 1. It provides forward gain; 2. It provides rear attenuation; and 3. 
It lowers the elevation angle of maximum radiation by a few degrees. Most of 
these advantages are captured in the elevation plot below: Gain = 9.5 dBi; Front- 
to-back ralio = 14 dB; TO angle = 35 degrees; Feedpoint Z = about 50 ohms, all 
at a height of 50 over average ground, centered at 7.15 MHz. 
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For reasons that appear below, let me give the performance figures for an. 
elevation angle of 18 degrees, near the lower -3 dB point. Gain = 7.5 dB; F-B = 
12.7 dB. 


Here are the dimensions that will yield this performance. Driven element = 66: 
reflector = 70; spacing = 20 with #12 or #14 copper wire. However, the 2:1 SWR 
bandwidth of the antenna covers only about 2/3rds of the 40 meter band, 
Moreover, especially on the low end of the band, the pattern goes to pot. 


Lets redesign the antenna by making one simple change: increase the wire size 
to 2" in diameter. The dimensions for this fat wre Yagi are these: Driven element 
= 64 reflector = 70; spacing = 20. Now the 2:1 SWR bandwidth of the beam 
exceeds the limits of 40 meters, as the following table demonstrates: 


Frequency cain Front-to-Back Feedpoint Impedance swr 
[3 dei as JX ohas 

70 Dr ua y m 

тз тз ЕК] 62.2 + 32.0 iau 


О! course, 2° wire is impractical, and 2" diameter tubing is too heavy for апу 
installation. So the antenna is impracicl-unless we remember that we can 
Simulate fat wire with an array of thin wires spaced apart The simplest scheme 
to achieve most of the benefits is to use two wires making а flat wire about vice 
the diameter of the wire used in the model. This 21 rule of thumb is not precise, 
but adequate for most simple design cases. Take two wires and a bunch of 
spacers (2^ thin wall CPVC is an adequate substtute for varnished or 
parafinmed wooden dowels) and make lengths of flat 4* wide wire. Not only 
Connect the ends, but as well solder shorts across the wire periodically. Now we 
have the material for a wide-band 40-meter beam 
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Revers 


le Wire Beams 


Carrol Allen, АА2ММ, has allowed me to share a pair of designs that take the 
wire beam process one step further. He developed 40-meter models of reversible 
wire Yagis and Moxon rectangles using a sound technique of employing identical 
elements and loading the reflector with a length of transmission line. He modeled 
his beams at 55' over medium earth to fit his location, but his designs are widely 
applicable. 


Below are outlines of the two beams. Taking the Yagi first, he uses 2 65 long 
#12 wires, spaced 21' apart. From each, he hangs a length of 50-ohm 
transmission line (9914 with a velocity factor of 0.78). The lines go to a switch, 
whose common terminal goes to the coax coming from the shack. Carrol 
Switches in one direction, making the hanging line in that direction an extension 
of the shack coax and hence, the line to the driven element. The remaining line is 
not connected and becomes the load for the reflector. 
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Fead and load 
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Reversible wire beams by AA2NN 


For this Yagi design, to maximize the performance pattern, the reflector needed 
an inductively reactive load of about 75 ohms. Transmission lines between O and 
30 degrees long, when shorted, provide inductive reactance. Between 90 and 
180 degrees, transmission lines provide inductive reactance when open circuited. 
Carrol chose open-circuit 146-degree lines (43 4" to suit his situation. However, 
you can also use shorted lines of 56.5 degrees (16 8.7") to do the job. If you 
need to bring the line near the ground for switching, you can add 180 degrees 
(63 2.3") for a total shorted ine length of 70: If you use shorted Ines, just be 
sure that the "unused" switch or relay positions go to ground; if you use open 
circuit lengths, leave the contacts open. 


The next figure provides azimuth and elevation patterns of the beam at its 
projected 55' height. 
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Note the gan- a Ийе over 10 dBi--and the front-to-back ratio~a litle over 14 dB. 
Although not astounding when compared to highly elevated many-element 20 
meter beams, the antenna will enhance 40 meter operations very nicely-and in 
two directions, 


Searching for а litle better front-to-back ratio, AAZNN adapted the Moxon 
rectangle for reversible operation. The sketch provides the dimensions of Carrols 
#12 copper wire model. Because the equalized Moxon rectangle optimized for 
front-to-back ratio has a slightly higher feedpoint impedance, Carrol used 70-75 
ohm cable as his projected feedline. The "hanging" feed-load lines are 75-ohm, 
0.83 velocity factor coax. Carrol used 42' 7" lengths of open circuit line for this 
antenna, although corresponding shorted lines might also have been used. 
‘AA2NN does remind us that coax loading lines are not lossless and may be 
lower in Q than we may initially think, especially when we use them in longer 
lengths for convenience. The resistive losses will decrease gain by a small 
amount, 
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The projected performance of the Moxon version of the reversible beam shows 
clearly the enhanced front-to-back ratio and the reduced gain relative to the 
reversible Yagi. Which of these two very usable antennas one might select will 
depend both on the needs of one's operating situation and on how much high 
horizontal space one can give to the antenna. The Moxon is almost 20° shorter 
than the Yagi 


My thanks to AAZNN for letting me add these antennas to this note. 
‘The Parasitical Half-Square 


The wire Yagi is the ultimate in simplicity for a directional antenna, but тау not 
be the best forall types of operating goals. We often forget that we can add 
parasitical elements to almost any wire antenna, Parasitical extended double 
Zepps were known back in 1938. More practically, a half square will fit the half 
‘wavelength horizontal space of our Yagi, with vertical wires dangling from the 50° 
high point to about 12 to 14 feet or so above ground. Can we add a reflector 
about 20 or so behind a half square and change the bi-directional pattem to a 
mono-directional one? Yes, as the plot below demonstrates. The operating 
performance of a #12 wire parasitical half square is given by these numbers: 
Gain = 6.6 dBi; Р.В = 23 dB; TO-angle = 18 degrees; Feedpoint impedance 
56.9 + 3.4 ohms. The reason for giving the 18-degree performance figures of the 
Yagi is now apparent. 


The dimensions of this wire parasitical half-square are these: Horizontal length of 
both elements = 68; driven element vertical length 34.8; reflector vertical 
length = 35.9; spacing = 20.4. 


The advantage of the hall-square is that at elevation angles below 18 degrees, 
its gain drops off much more slowly than does the Yagi gain. In addition, it lacks 
significant gain above 35 degrees, reducing incoming high angle ORM and QRN. 
‘These are, of course, advantages to the DX operator; the Field Day and 
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‘Sweepstakes operator may prefer the Yagi precisely because of its higher angle 
radiation patter. 


Опе distinct disadvantage of the wire parasitical half-square is narrow bandwidth- 
about 100 kHz on 40 meters. To increase the bandwidth both in terms of 2:1 
SWR and pattern retention, we must increase the wire size to about 6" in 
diameter. Then we obtain these dimensions: horizontal length of both elements 
68; driven element vertical length = 35.2; reflector vertical length = 37.6" 

spacing = 20.4. Some may find it odd that we increase the element lengths as 
we fatten the wire of the half-square. However, remember that the half square 
belongs to the family of 1 ul loop antennas, and like a quad, lengths grows with 
wire diameter. 


With these dimensions, we can achieve the elevation plot below. 
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Here is a chart of performance checkpoints through the 40-meter band: 


Frequency Front-to-Back 
[3 um 

та 21.2 

72 EH 


The design center of the fat-wire half square was 7.07 MHz. Selecting this lower 
frequency was necessary to preserve a directional pattern across the band with a 
reasonable SWR figure at both band edges. 


Like the fat-wire Yagi, the fat-wire parasitical hall-square requires construction of 
the antenna wires using the same principles, but this time with a spacing of about 
12". The figure below compares the shapes of the two antennas and summarizes 
both #12 and fat-wire dimensions. 
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The Parasitical Right-Angle Delta 


‘As with the hall-square, itis also possible with delta loops to derive well above 3 
В forward gain (relative to a single loop) and a front-to-back ratio of 10-15 dB by 
placing two vertical loops about 0.15 w apart. The result а parasitica 2 
element beam with the same low TO angle. The beamwidth wil be falrly wide: 
80-90 degrees, without the side nulls we are used to with upper HF high altitude 
Yagis. Feedpoint impedance will be to the 60-65 ohms range at resonance. 


Expect both the driven loop and the reflector to be a bit shorter than a resonated 
single loop, with the driven element shorter than the reflector. 


If you care to scale some numbers from 7.15 MHz, here is a right angle delta 
loop and its 2-element counterpart. Given are the baseline and height (one is 
twice the other), and the sides are about 1.414 the height. This model had a 
maximum height of 60.4 which was held constant for the 2-element version to 
achieve comparable TO angles (17 degrees for the model) 


Antenna. Baseline spacing 
Single ra delta 60.8" 30.4 = 
Ziel га delta 

driv. el EE 29.65" 

reflector 60.6" Ed EX 


When made into a parasitical beam, the deltas also show reduced 2:1 SWR. 
bandwidth (relative to their resonant impedance). At 40 meters, both SWR and 
pattern begin disintegrating somewhere around +/- 50 kHz from the design point 
"with #12 wire. Widening that bandwidth depends upon using truly fat wires with 
equivalent diameters of about 6" at 40 meters for full band coverage with 
reasonable gain and F-B (arbitrarily defined here as 3 dB gain over a single loop, 
greater than 10 dB F-B, and less than 2:1 SWR). 


K1KP uses a simplified version of the ON4UN feed for his 80 meter delta loops, 
which have their apices up at 70 feet and base legs about 8 feet off the ground. 
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V.H.F. ANTENNAS - CONSTRUCTION AND USE 


INTRODUCTION 


“A station is only as good as it's antenna”. This is an 
unalterable truth which applies to any radio station 
irrespective of frequency of operation, kind of service or 
any other parameter. 


The antenna launches electromagnetic energy into space 
from a transmitter or intercepts energy from a passing 
wave for further processing by a receiver. The antenna is 
the vital link between the station equipment and space 
Which is the medium through which the signal is conveyed. 
Without a suitable and properly installed antenna, the best 
of equipment is of no use. 


Antennas come in many shapes and sizes - from a simple 
dipole to very complex arrays - but all of them irrespective 
of shape, size and complexity follow the some basic 
principles. An understanding of the principles involved leads 
to a better understanding of the working of antennas. 
There is no one antenna system which can be considered 
as best for all purposes but if one is armed with the 
necessary information, one should be able to - within the. 
available resources - lake the right steps to а successful 
antenna installation. 


What then is the information required to choose an antenna 
intelligently, construct it properly so that it can weather the. 
elements for a reasonable period of time before it requires 
ап overhaul and install it successfully so that it gives you 
satisfactory performance? Without delving into the areas 
of antenna theory, wave propagation and transmission line. 
mathematics, the following steps should enable you to 
reach the above goal. It should be noted however that 
since this discussion is restricted to VHF antennas the 
observations and statements are generally valid for the 2 
meter band and above, 


Step No.1 


Determine what are the properties that you need in the 
antenna which you wish to install. We need to examine the 
following proerties. 


а) Polarization : The aim of any 2 meter operator is see 
that his signals are received by other operators in his 
area and vice versa. Owing to the random location of 
stations it is essential to have an antenna with От 
directional radiation properties. Besides, because of 
the widespread mobile use of 2 meter FM and the 
‘ease of mounting a vertically polarized antenna on a 
vehicle, the use of vertical polarization for 2 meter FM. 
use has now become universal. Therefore the antenna 
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under discussion would necessarily have to be 
vertically polarized, 


b) Gain : The antenna should preferably have gain. There 
is no antenna magic by which the total energy radiated 
сап be increased. However by narrowing the radiated 
pattem of the antenna to concentrate. the radiated 
‘energy in а desired direction, the effective radiated 
Power available ‘at a desired point can be improved. 
‘This is how the gain of an antenna can be increased. 
In the case of the vhf band, normal propagation takes 
place by way of the ground wave and the space wave. 
Hence, our choice of antenna should be one that has 
maximum radiation at right angles to the vertical 
radiating element and none along it. We do not want 
our signals going vertically up into outer space - we 
want it to intercept the antennas dotted all around us. 


c) Bandwidth : This is a measure of the ability of the 
antenna to perform without any deterioration of 
performanos within a given band of frequencies. 


d) Impedance : With the universal use of flexible co- 
axial transmission lines, the input impedance of the 
antenna should match the characteristic impedance of 
these lines viz 50 Ohms. 


Now that we have defined the properties that we need in 
the antenna that we wish to install, let us now lock at the 
different types of antennas that have some or all these 
properties. 


Step No. Il 
Choosing the antenna : 


The following are some of the vertically polarized antennas 
that one can buy or build. 


4. The 1/4 wave ground plane : This is the simplest of 
all the antennas and consists of a vertical radiating 
element which is a 1/4 wave length long at the 
operating frequency. There are a minimum of 3 radials 
which are 5% longer than the radiating element and 
Positioned at equal distances around the radiating 
‘element. The radials are normally bent al 45° degrees 
below the horizontal to ensure a better match for 50 
‘ohms cable. The gain of the antenna is unity 


2. The 5/8 lambda vertical : This is a very popular 
antenna and widely used. The radiating element is 
5/8 of wavelength long at the operating frequency. 
‘The radials are 5% longer than a quarter wavelength. 
‘An impedance matching network is required to match 
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the radiating element to 50 ohms co-ax cable. This 
antenna has an approximate gain of 3 db over a 
dipole and a reasonably low angle of radiation, It is 
Possible to stack more than one 5/8 element in a 
collinear array with a proportional increase in gain. We 
shall discuss the construction of a single 5/8 lambda 
antenna in detail. 


‘The J Pole : This is another very popular antenna 
which has the added advantage of not requiring а 
ground plane for its proper operation. 


This antenna however has the disadvantage of having 
а rather high angle of radiation. А variation of the J 
pole is the Slim Jim antenna which has a lower angle 
of radiation and hence a better radiation pattern. 


Vertically stacked dipoles : The antenna consists of 
4 dipoles stacked one on top of the other and separated 
from each other by a wavelength at the frequency ог 
operation. This antenna exhibits an omnidirectional 
pattem И the dipoles are positioned at 909 to each 
other on the mast and has a gain of 6 db in this 
configuration. It exhibits a cardioid pattern when 
stacked one on top of the other and a gain of 9 db 
when assembled in this manner. This antenna is very 
Popular for repeater installations, 


Collinear arrays: This antenna consists of 2 or more 
half wave lengths operated in phase. When mounted 
vertically, this antenna has an omnidirectional pattern. 
It is not very popular as it becomes very unwieldy 
when more than 2 elements are used and because of 
difficulties in mounting the antenna vertically. 


The choice of a particular antenna from among the 
above would depend upon the individuals ability to 
build any one of them or the availabilty of commercially 
manufactured antennas. 


As far as simplicity, good performance, ease of building 
and low cost is concerned a 5/8 lambda antenna 
would be the best choice for both base station and 
mobile use. 


STEP 3. 


‘Transferring power form the transmitter to the antenna. 
With the universal use of commercially made equipment, 
the most convenient way of transferring power from the 
transmitter to the antenna is by using co-axial cable. The 
output impedance of all rigs being 50 ohms, the co-ax type 
to be used is either the RG 58, RGB or RG213. All these 
types use solid polyethylene insulation between the centre 
conductor and the shield. Unfortunately the lower loss 
types using foam or airspaced insulation are not yet 
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manufactured in this country. 


The loss figures per 100 feet at 144 MHz for the types 
mentioned above are as follows. 


RGS8  6db/100 feet 
RG8/RG213 39/100 feet 


These figures would increase with age and also if the 
inner insulating material is exposed to moisture or 
chemicals. From the foregoing statements it is important 
to seo that :— 


a) The co-ax run from the transmitter to the antenna 
should be kept io te minimum possible to restrict the 
line losses. 


Lower loss cables like RGB/RG213 to be used 
especially on the 2 meter band, 

с) Connectors especially at the antenna or exposed end 
to be fitted correctly and precautions taken to water 
proof the joint to prevent entry of moisture into the 
cable. 


The procedure to be adopted to fit various types of 
connectors to different types of cables is illustrated in 
every Amateur Radio Handbook and it would be worth 
every body's while to follow these instructions strictly for 
Proper connection. 


STEP No.4: 


Installation: Now that we have chosen the antenna we 
wish to install and have either built or bought one, have 
acquired the right type of co-axial cable and have 
connected the right type of connectors at the ends, we are 
ready to install our antenna and fire the rig. 


The higher the better within safety limits is the rule to be 
followed when instaling an antenna. The best and the 
most convenient antenna mast is a full 20 feet length of 
C.I. water pipe which is readily available at all plumbers. 
A 3/4" or 1" diameter pipe of the smallest wall thickness 
viz A class should do the job admirably. Try and locate the 
antenna mast at the point where your cable would have 
the shortest run into the shack. Wherever possible use 
G.I. hardware for fixing your mast as they do not corrode 
like unprotected hardware and there is no danger of your 
installation coming crashing down at a later date. Provide 
strain relief for your cable by taping the co-ax down on to 
‘the mast so that the weight of the cable does not tug at 
the connector at the antenna end, Now that your antenna 
installation is over, connect up your cable to the rig and 
fire away! Happy hamming. 


Practical 
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VHF and UHF antennas differ from their HF counterparts in that 
the diameter of thelr elements are relatively thick in relationship 
to their length and the operating wavelength, and transmission 
line feeding and matching arrangements are used in place of 
lumped elements and ATUS. 


THE (VHF) DIPOLE ANTENNA 


AL VHF and UHF, most antenna systems are derived from the 
dipole or its complement, the slot antenna, Many antennas aro 
based on half-wave dipoles fabricated from wire or tubing. The 
feed point is usually placed at the centre of the dipole, for 
although this is not absolutely necessary, it can help prevent 
asymmetry in the presence af other conducting structures. 

The input impedance is a function of both the dipole length and 
diameter. А radiator measuring exactly one half wavelength from 
end to end wil be resonant (е wil present a purely resistive imped: 
ance) ata frequency somewhat lower than would be expected from 
is dimensions. Curves of ‘end correction" such as Fig 46.4 show by 
how much a dipole should be shortened from the expected hatf 
wavelength to be resonant at the desired frequency. 

The change af reactance close to half-wavelength resonance 
as a function of the dipole diameter is shown in Fig 16.2. 

In ts simples form, dipole antennas for 2m and 70cm can be 
constructed from 2mm diameter enamelled copper wire and fed 
directly by a coaxial cable as shown in Fig 16,3. The total ele- 
ment length (pto tip) should be 992mm for 145MHz operation 
and 326mm to cover the band 432 to 438MHz. The impedance 
Wil bo around 70 ohms for most installations, so that a 50-ohm 
спама! cable would present a VSWR of around 14:1 at the 
transceiver end. 

A more robust construction can be achieved using tubing for 
the elements and moulded dipole centre boxes, available fram a 
number of amateur radio antenna manufacturers апа at radio 
тайез. The dipole length should be shortened in accordance 
with Fig 16.1 to compensate for the larger element diameters. 
Construction ideas and UK sources of materials can be found at 
ui 

Note that this simple feed may result in currents on the out 
side of the cable, and consequently a potential to cause intr 
ference to other electronic equipment when the antenna is used 
for transmitting. This can be reduced or eliminated by using а 
balun at the feed point. 
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Fig 164: Length correction factor for half-wave dipole as a func- 
tion of diameter 
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Fig 162: Tuning and reactance chart for half-wave dipoles as a 
function of diameter 


Fig 16.3: Simple dipole construction for an and 70em 
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THE YAGI AND ITS DERIVATIVES : 


The Yagi Antenna 
The чар antenna was original investigated by Uda and subse- 
quently brought to Wester attention by Yagi in 2928 in a form 
similar to that shown in Fig 16,4. It consists of a driven element 
combined with an irine parasitic array. Tere have since been 
many variations of the basic concept including its combination 
with log periodic and backward-wave techniques. 

To cover all variations of the Yagi antenna is beyond the scope 
of this handbook, A great number of books and many articles 
have been published on the subject, and а wide range of theo- 
retical and practical pages can be found on the Internet with a 
simple search. 

Mary independent investigations of mul element Yag anten- 
nas have shown that the gain of а Yag в directly proportional to 
the array length. There is a certain amount of latitude in the 
position of the elements along the array. However, the optimum 
resonance of each element wil vary with the spacing chosen. 
With Greenblum's dimensions [2], in Table 16.1, tne gain wil 
mot vary more than 148 from the nominal value. The most cii 
cal elements are the reflector and first director as they decide 
the spacing for all other directors and most noticeably affect the 
matching. Solutions may be refined for the materials and con 
struction methods available using one of the many software 
tools now freely available from the Internet, and discussed eise- 
where in this handbook. These tools сап be used о assess the 
Sensiity of a Even design to alternative diameter elements 
апа dimensions. 

The optimum director lengths are normally greater the closer 
the particular director is to the driven element. (The increase of 
capacitance between elements is balanced by an increase of 
inductance, ie length through mutual coupling) However, the 
length does not decrease uniformly with increasing distance 
from the driven element. 


Fig 165: Length of director position in the array for various 
ment thicknesses (ARRL Antenna Book) 


Fig 18.5 shows experimentally derived element lengths for 
various material diameters. Elements are mounted through a 
cylindrical metal boom that is two or three diameters larger than 
the elements 

‘Some variation in element lengths will occur using different 
materials or sizes for the support booms. This wil be increas- 
ingly critical as frequency increases. The water absorbency of 
insulating materias wil also affect the element lengths, partic- 
мапу when in use, although plastics other than nylon aro usual 
ly satisfactory. 

Fig 16.6 shows the expected gain for various numbers of ele 
ments if the array length complies with Fig 16.7. 
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Fig 166: Gain over a halfavave dipole (48d) versus the number 
‘of elements of the Yagi array (ARRL Antenna Book) 


Number of 
elements ae peor 0102 

2 015.020 

2 оот ол 

з 035-023 — 046 019 

4 048.022 олз оп оола 
s 048.022 — 044 Q1; 014-020 
6 036-020 ом Qi? обоз 
a 016 00 014-016 048.025 
ET 036-020 — 044 046 018-025 


paps ban4 75 Dene 
047.023 

022.030 025.032 

025-035 027-032 027033 030.040 
025-035 027-032 027.032 035 042 


(DE = driven element, R = reflector and D = director. N = any number Director spacing beyond Dê should be 0.350.42 


Table 16:1: Greenblum's optimisation for multielement Yagis 
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Fig 16.7: Optimum length of Yagi antenna as a function of num- 
ber of elements (ARRL Antenna Book) 


‘The results obtained by GBCKN using the centro spacing of 
Greenblumis optimum dimensions shown in Table 16.1 pro 
duced identical gains to those shown in Fig 168. Almost identi- 
cal radiation patterns were obtained for both the E and Н planes 
(V or H polarisation). Sidelobes were at a minimum and a fair 
frontto back ratio was obtained. 

Considerable work has been carried out by Chen and Cheng 
оп the optimising of Yagi by varying both the spacing and reso- 
nant lengths of the elements [3]. 

Table 16.2 and Table 163 show some of their results 
obtained in 1974, by optimising both spacing and resonant 
lengths of elements in a six element array. 

Table 16.3 shows comparative gain of a six element array with 
conventional shortening of the elements or varying the element 
lengths alone. The gain figure produced using conventional 
shortening formulas was 8.7768 relative to a 1/2 dipole (dB). 
Optimising the element lengths produced а forward gain of 
10484. Returning to the original element lengths and optimising 
the element spacing produced a forward gain of 10.6848. This 
is identical to the gain shown for a sixelement Yag) in Fig 16.6. 
Using a combination of spacing and element length adjustment 
obtained a further 0.57080, giving 11.2БаВа as the final for 
кага gain as shown in Table 16.3. 
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Fig 168: Radiation pattern for a four element Yagi using 
Greenblun's dimensions 


A publication of the US Department of Commerce and 
National Bureau of Standards [4], [5] provides very detailed 
experimental information оп Yagi dimensions. Results were 
obtained from measurements to optimise designs at 400MMz 
using a model antenna range. 

The information, presented largely in graphical form, shows 
very clearly the effect of different antenna parameters on real- 
isable gain. For example, it shows the extra gain that can be 
achieved by optimising the lengths of the different directors, 
rather than making them ай of uniform length. It also shows just 
what exta gain can be achieved by stacking two elements, or 
from a two werte атау. 

‘The paper presents: 

(a) Тһе effect of reflector spacing on the gain of a dipole. 
(6) Effect of different equattength directors, their spacing and 
number on realisable gain. 


Directly 
(toring 
ren сат 
һд e hy мА мА мА әв 80) 
intial array 0255 0245 0215 0215 0215 0215 тыа 878 | Table 162: Diectiviy opt 
Lengórperubedamey 0236 0228 0210 0222 0216 0202 10012 1000 | misation of six element 
эл = 02501, D2 = 0.310). 13, 4, 5, 6, а = 00033691 Yagi-Uda array (perturba- 
tion of element lengths) 
онаму 
(string 
2 Gan 
MUA ben MAA M/A NSA тї BINA bee ыз ым DIB/A pole) (380), 
intial атау 0255 0245 0215 0218 0215 0215 0250 озю 0310 озю озю 754 втв 
Array aer spacing 
0255 0245 0215 0215 0215 0215 0250 0289 0406 0323 0422 11687 1068 
Optimum array 
ater spacing 
and langin 
perubellons 0238 0226 0218 0215 027 0215 0250 0289 0406 0323 0422 15356 1126 
таме 16:3: Directivity optimisation for six-element Yagi-Uda array (perturbation of element spacings and element lengths) 
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Length of 
VAGO) ол ов 120 22 s2 az 
Length ot 

Tee) 0.482 0482 0482 0482 0482 0475 
Lena of 

directors (AY: 

ast сам 0428 0428 0432 0428 0424 
E - 0424 0420 0415 0420 0424 
am - 0428 0420 оа? 0407 0420 
am 8 0428 0388 озов 0407 
5m i 0390 0394 0403 
en Е 0390 0390 0398 
tm б 0300 oase 0394 
an i 0390 0386 0390 
2n Е 0398 oase 0390 
m- олот oase 0390 
W 0386 0390 
n 0386 0300 
am- bass 0300 
m- 0386 - 
FO bas 
Director 

мыо) 020 020 025 020 оз 0308 
ann c 7: o2 102 1228 134 142 
Element diameter 00085). Reflector spaced 0.21 behind arien 
element. Measurements are for 400MH by P P Мелас. 


Table 164: Optimised lengths of parasitic elements for Yagi 
antennas of six different boom lengths 


le) Effect of different diameters and lengths of directors on 
realisable gain. 

a) Effect of the size of a supporting boom on the optimum 
length of parasitic elements. 

le) Effect of spacing and stacking of antennas on gain. 

(The difference in measured radiation pattems for various 
Yagi configurations. 

Te highest gain reported for a single boom structure is 

34.2dBd for а 15-element array (4.23 long reflector spaced at 

020, 13 graduated directors). See Table 16.4. 

Tt has been found that array length is of greater importance 
than the number of elements, within the liit of maximum 
element spacing of just aver 0.4). Reflector spacing and, to a 
lesser degree, the first director position affects the matching of 
the Yagi. Optimum tuning of the elements, and therefore gain 
and pattern shape, varies with different element spacing. 

Nearoptimum patterns and gain can be obtained using 
Greenblum's dimensions for upto six elements. Good results for 
а Yagi in excess of six elements can stil be obtained where 
round reflections need to ве minimised. 

Chen and Cheng employed what is commonly called the long 
Yagi technique. Yagis with more than six elements start to show 
an improvement in gain with fewer elements or a given boom 
length when this technique is employed. 

As greater computing power has become available, it has 
been possible to investigate the optimisation of Yagi antenna 
gain more extensively, taking into account the effects of mount- 
ing the elements on both dielectric and metalic booms, and the 
effects of tapering the elements at lower frequencies. Dr J 
Lawson, МОРУ, cared out an extensive series of calculations 
and parametric analyses, collated im reference [6], which 


Table 16.5: Typical dimensions of Yagi antenna components. 
Dimensions are in inches with metric equivalents in brackets 


= 
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Dimensions are in inches with malmetre equivalent in bracket. 
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THREE ELEMENT YAGI 


TEN ELEMENT YAGI 


: 55 


and gain 


although specifically addressing HF Yagi design, explain many of 
the disappointing results achieved by constructors at VHF and 
above. In particular, the extreme sensitivity of some designs to 
minor variations of element length or position are revealed in a 
series of graphs which enable the interested constructor to 
Select designs that will be readily realisabie. 

The keen constructor with a personal computer may now also 
take advantage of modeling tools specifically designed for opt 
misation of Yagi antennas and arrays, eg [7] although some 
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for conventional dimensions and the dotted lines for optimised results discussed inthe text. 


care is needed in their use if meaningful results are to be 
assured. The Interet is a good source for Yagi antenna design 
and optimisation programmes, many of which can be obtained 
free of charge, ог for а nominal sum. 

From the foregoing it can be seen that several techniques can. 
be used to optimise the gain of Yagi antennas. In seme circum- 
‘stances, minimisation of sidelobes is more important than max 
imum gain, and a different set of element spacings and lengths 
would be required to achieve this. Optimisation with so many 


Antennas Made of Wire - Volume 1 —— EN 


The apices are spaced 20 feet apart, with the bases spread to a distance of 
about 50 feet. He reports that the feedpoint impedance is close to 100 ohms. 
Each feedpoint runs to a central switch, roughly as sketched in the drawing. (Not 
shown in the drawing are baluns at each loop feedpoint to isolate each antenna. 
Also not shown is the tit of each loop toward the other.) 


(Antennas actually aligned 
flat face to lat face] 


50. ou coax to shack 
Teoh coax: € 
‘The K1KP Parasitical Delta Feed System 


Coax sections A and B to the switches are lengths of RG-11/U foam (with a 
higher velocity factor than non-foam coax) coax, 36 feet long. The switch is a 
relay that selects one feed as the driven element. 16 more feet of RG-11/U foam 
coax adds to the 36 feet on the driven element to form a quarter wave matching 
section, yielding a 50-ohm impedance for the coax to the shack. 


The relay also shorts out the end of the other line forming the reflector. The 
shorted 36 foot coax line functions as a loading inductance to lengthen the 
electrical size of the loop in use as a reflector. 
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independent variables is difficult, even with powerful computing 
methods, as there may be many solutions that yield comparable 
results. 

Techniques of ‘genetic optimisation’ have been developed 
and widely adopted, which can result in surprising, but viable 
designs [B 19]. The technique requires the use of proven com- 
puter based analysis tools such as NEC, MININEC or their дегу. 
atives. The required parameters (gan, sidelobe levels, input 
impedance) are described and weighted according to their 
importance to the designer, together with tne permitted var- 
ables. 

A fiure of meri is defined, which incorporates the weighting 
of the desired parameters. An initial structure is input, which is 
then analysed, its performance recorded, and an incremental 
change made to ane of the variables. The process is repeated 
whist the figure of merit continues to improve, However, unlike 
Conventional optimisation methods, where local optimisation 
тау obscure a better result that may also be available, a an: 
(dom process selects the variable(s) to be changed until a rea- 
sonably large seed population has been generated. Selection, 
crossover and mutation processes are then used to filter out 
poor designs and retain better ones, with each successive gen- 
eration possibly containing better designs than the preceding 
one, if the selection algorithms have been well constructed. This 
technique is readily available Lo amateurs with home computers 
10], 231, 12] 

Dimensions for Yagi antennas for 70, 145 and 433MMz are 
shown in Table 165. The table also includes dimensions for 
feeding two stacked Yagi antennas with а skeleton slot food, 
described later in this chapter. 

Typical radiation pattems, gains and VSWR characteristics for 
a range of different Yagi antennas are shown in Fg 16.9. The fig- 
ure also contains information on skeleton slot Yagis, discussed 
later in this chapter, 


Long Yagi Antennas 
The NBS optimisation described above has been extended by 
American amateurs [13]. Tapering of the spacing was studied by 
WZNLY and WEQKI who found [14] that, if the spacing was 
Increased up to a point and thereafter remained constant at 
03:4), another optimisation occurred. Both these are single 
‘optimisation designs 

Günter Hoch, DLEWU, looked at both techniques and decided 
that they could be applied together. The director spacing was 
increased gradually unti it reached 0.4 and the length was 
tapered by a constant fraction from one element to the next. The 
result is а highly successful doubly optimised antenna [15], 
1151 


Fig 16.1: Twin reflec- 
tor details 


WMumberoeemens 10 їз м 19 23 


Gain (aBa) 417 i$ зз в 16 
Horizontal beamwidth 372 305 30" 285“ 24“ 
Vertical beamwidth a, 387 32 28. м 


Table 166: Performance of 10/3/14/19723 element 435MHz 


Fig 1610. Element 
пона and spacings 

for 40340 

ment 435MHz Yagi 


Great care is required in constructing these antennas if the 
predicted gain is to be realised. This means following the dimen- 
sions and fing methods exactly as laid out in the designers 
instructions. Details for buiding а number of long Yagi antennas 
for VHF and UHF can be found through links at G3SEK's website 
um 

FSJIO Long Yagi for 435MHz 

Thi antenna can be built with 10, 13, 14, 19 or 23 elements 
according to the space available (Fig 16.10). Is performance is 
shown in Table 16.6. 

An extra 0.208 gain and some reduction of backlobes can be 
obtained by fitting twin reflectors (Fig 16:11) but note that the 
Spacing between the driven element and the reflector is reduced 
fom 130mm to 120mm, 

The 23 element version requires a boom length in excess of 
5010mm, and must be solidly constructed and supported. 
The boom is made from 20 x 20mm square aluminium tubing, 
and ай elements from 8mm diameter (round) tubing. Al ele 
ments except the driven element must be Insulated from the 
Boom and mounted so that their centres are Smm above its 
Upper surface, Dimensions forthe driven element and cable 
balun construction to provide a feed impedance of 50 ohms 
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Fig 16.12: 435MMHz long Yagi driven 


— balun zu С 
Ju жө, = tee 


Table 167: Balun cable length c 
culation 


уугөаз5ын: =300000/435x2 = 34mm (nal) 
In URMAL1: 16mm of stripped end (av=0.9) 18m (electrical) 


Cuting lengh = 34SmaviSmm (@v=0.72 (PTFE insulation) 
= 235mm nee 
Note: Use v-0 86 for Penne insulation 


are shown in Fg 16.12. Balun cable lengths and calculations. 
are shown in Table 16.7. The cable should be a 75-ohm 
miniature PTFE insulated type, such as URM111 or equiva 
lent. А small weatherproof box should be fitted over the ends 
af the element, inside which the balun cable may also be 
coiled. The driven element may be made from 9.5 x 1.6mm 
flat aluminium bar which is easier to bend and dril. 


Quad Antenna 
The Quad antenna can be thought of as a Yagi antenna com. 
prising pairs of vertically stacked, horizontal dipoles with their 
ends bent towards each other and joined, Fg 16.13. The anten- 
па produces horizontally polarised signals, and in spite of its re- 
‘atively small physical size а forward gain of 5.5 o 6dB can be 
obtained with good frontto back ratio. Additional quad or single 
element directors can be added to the basic two element array 
in the same manner as the Yagi. 

Typical dimensions for lightweight wire 51, 71 and 145MHz 
Quad antennas are given in Table 16.8, and а photograph of the 
145MHz version is shown in Fig 16.14. Ths variant has equal 


w 


Fig 16:13: Quad antenna structure and electrical dimensions 


‘size loops and uses a stub to tune the reflector. The boom is 
made from 15mm copper tubing with a T-piece in the centre or 
fixing to the mast ог rotator. The element supports are made 
from 10 or 12mm square wooden doweling fixed to square 
pieces of plywood using nuts and bolts. The plywood centres are 
fixed to the boom using Lbrackets and hose clamps. A 50-ohm 
coaxial cable can be connected directly to tho driven element. А 
1:1 balun will minimise currents on the outer of the cable, pre 
venting distortion of the radiation pattern and potential EMC 
problems. 

Quads may be stacked or built into а four square assembly in 
the same way as the basic Yagi (seo below) 


Bana Батат арази mm Rafecoredes mm Driven lament aides, mm 
in во 1560 1500 
SMH: 600 1210 1080 

таме 16.8: Design dimensions for 51, | авина 294. Eis = 

TO and 144MHz quad antennas 
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Fig 1614: Wire quad antenna for tabu 


Multi-element quad (Quagi) 

The multiple element quad antenna or Quagi can offer a better 
performance with reduced sidelobes compared with the average 
Simple Yagi, whist retaining а simple robust form of construction. 
(Fig 16.15). Dimensions for a four element, 145MHz antenna. 
are gien in Table 16,9. Generally the maximum number of ele- 
ments used is five. Where more gain is needed, a pair may Бе 
Stacked vertical or horizontally, although for maximum 
mechanical strength the vertical arrangement is to be preferred, 

The whole structure may be made up of aluminium tube (or 
sold red for the elements). The only insulator necessary is at the 
feed point of the driven element. In construction, it is best to 
make each element from one piece of material. A 3/8in alu 
minium red wil bend to form corners much more readily than 
tube that would also need a filer. The corner radius should be 
kept small, and allowance must be made for the resultant short- 
'ening of element length, ie side of the quad element. 

For mechanical simplicity (and appearance) it is а good idea 
to arrange for ай the element heights to bo the same, and vary 
the width 

Fig the elements to the boom and the boom to the mast is 
conveniently done with standard TV antenna fittings. Although 


Fig 1615: General arrangement or a muli clemont quad antenna 


suitable blocks or clamping arrangements can be made by the 
Constructor, they often tend te be unnecessarily heavy. 
Purchased TV fittings can be more cost-effective than obtaining 
raw materials and there is also much less effort involved in con- 
struction. There are also several antenna manufacturing com- 
panies catering for the radio amateur who sell tubing. mast 
clamps and small components for securing elements to booms. 
They can often be found at rallies and amateur radio events, or 
advertise in the pages of Radom. 

"f preferred, the reflector may be mado the samo size as the 
driven element, and tuned with a suitable stub. I vertical polar- 
isation is required, instead of horizontal, then the feeder can be 
attached to the centre of one of the vertical sides of the driven 
element. (The same side must always bo used for correct phase 
relationship within stacked arrays.) 

The relative performance of mulielement quad and Yagi 
antennas is shown in Fig 16.16, demonstrating that the shorter 
uad structures can provide gains comparable with longer vag 
antennas. This may be of benefit if turning space is limited (eg 
inside a loft). However, there is по such thing as a free lunch, 
and in general, the weight and wind leading of the mult element 
{quad antenna will be slighty greater than its Yagi counterpart. 


m ms A a n 
Wem reactor WR 24384622) ми мє 24% 
Dien WDe 2OY(520) 204 — 20» 204 
Director WDA asus) 18 ав 
Director 2 WD2 à 161406) 16 
Director 303 < 5 14 (356) 
Spacing 

ReflctarioDmen 7 (178) — 191483) 20/508) 20 
Driven to Director 1 12 (305) ti (388) 10% 
Director 110 

Directora : ми m 
Director 210 

Director 3 2 + E 
Approx gan (ûêd) 5 1 108 — 125 
Bement dameter al З/8 (835mm). Feed impedance in all ases la 
75. Dimensions are In inches with milimetre equivalents In races. 


Table 16.9: Dimensions for a mulelement quad antenna for 
Ip 


erty enter „шомы, 


Fig 16-16: Comparative directivity of the Yagi and Quad as а 
function of overall array length. Although measured with circu- 
lar loops, performance with square loops is comparable (ARRL 
Antenna Book). Note the gains are in dB, not Bd 
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Fig 1617: Four element quad loop Yagi for 435MHz 


The Loop Yagi 

AL frequencies above 433MHz, the construction of multiple 
quad antennas can be considerably simplified by bending the 
elements into circular loops. High gains can be achieved by 
using large numbers of elements, and the relatively simple con- 
struction allows gains up to around 2008i to be realised with 
manageable boom lengths [18]. 

A practical horizontally polarised four element loop Yagi anten- 
na for 435MHz is shown in Fig 16.17. 2mm diameter enamelled 
copper wire elements are fired to а tubular metal boom using 
hose clamps. A three terminal, plastic mains power connector 
Block is used lo connect the coaxial cable and provide the 
method for fastening the driven element to the boom. the oram. 
el insulation i removed from the ends of the driven element ta 
a distance of 20mm at one end and 50mm at the other. Te 
Bomm end is folded into а loop and passed back into the con- 
nector block. The parasitic elements should be made 40mm 
longer than the dimensions shown, and the enamel removed 
om the last 20mm at each end. These ends should be bent at 
right angles and the remaining wire formed into a loop. The bent. 
fends should be soldered together to simplify assembly. The 
boom and mast can be connected together using thick wire 
loops as shown, or the boom could be made from copper water 
pipe with а Tpiece to connect to the support mast i referred 
A gain of around 9481 should be achieved. 


ANTENNA ARRAYS 
Array Principles 


Tho gain achievable with any antenna structure is ultimately ln 
ited by the fundamentals of its operation. However, higher gains 
сап be achieved by using several antenna elements in an array. 
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Tho атау can comprise antennas stacked vertically above each 
other ar arranged side by side in bays, ога combination of both, 
These are broadside arrays, where most of the radiated power is 
Projected at right angles to the plane in which the атау olo- 
ments lie. An array can also be formed where the main beam is 
projected along the array of elements; these are endfre arrays, 
f which the HB9CV and Yagi antennas are examples. 

An array of elements has a narrower beamwidth, and hence а 
higher gain than the individual antennas. The maximum achiev- 
able gain could be N times greater than one element fed with 
the same power (10log,; N decibels) i there are N elements in 
the атау. However, more complex feed arrangements can 
reduce the VSWR bandwidth and introduce lasses, reducing the 
array gain. Arrays need care in construction and attention to 
detail, especially at UHF and above, but the result reward the 
effort expended. 

Antenna array theory can be found in almost any book devat- 
ed to antennas. However, a good treatment with many radiation 
pattern examples can be found in Refs [19] and [20]. 


Disadvantages of Multi-element Arrays 
High gain cannot be achieved by simply stacking many elements 
Close together. If we consider a dipole collecting power rom an inci- 
dent fieid for delivery to a load (receiver). t can be thought of as 
havinga collecting area or effective aperture that is somewhat larg: 
er than the dipole itself. The higher the directivity of the antenna, 
the larger the effective aperture, as given by the relationship: 


here D is the directivity of the antenna 
A is the working wavelength 
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If the effective apertures of adjacent antennas overlap, the 
incoming RF energy is shared between them, and the maximum 
possible directivity (or gain) of the elements cannot be attained. 

The generalised optimum stacking distance is a function of 
the half power beamwidth of the elements in the array, and is 


whore ¢ is the half power beamwidth and Syq Is in wave- 
lengths. Note hat this is usual different for the E and H planes, 
so that the spacing of the elements is also usually different in 
each plane. 

Also, when antennas are placed close together, mutual cou- 
pling between elements occurs. This leads to changes in the cur- 
Tent distribution on the elements, changing both the radiation. 
pattern and the feed point impedance of each element, The 
changes to the feed impedance often result in unequal powers 
being fed to the elements о! the array, with consequential loss 
of gain. 

Optimum stacking rules are based on the assumption of min- 
imum mutual influence, which can be difficut to predict for can 
plex antennas such as Yagis. However, antennas with low side- 
lobe levels are less susceptible than those with high sidelobes, 
as might be expected intuitively. 

Tho coupling and effective aperture overlap problems cannot 
simply be solved by arbitrarily increasing the separation of the 
elements. As tho element spacing increases beyond one half 
wavelength, grating sidelobes appear, which can reduce ће for- 
ward gain. The grating lobes are duo solely to the array dimen: 
sions, and can be seen by plotting the array factor for the cho- 
sen configuration. 


Arrays of Identical Antennas 
A parasitic array such as the vag can be stacked either vertica 
ly or horizontally to obtain additional directivity and gain. This is 
often called collinear and broadside stacking. 

In stacking it is assumed that the antennas are identical in 
pattern and gain and will be matched to cach other with the cor- 
rect phase relationship, that is, Yed in phase. tis also assumed 
that for broadside stacking the corresponding elements are par- 
allel and in planes perpendicular to the axis of the individual 
arrays. With vertical stacking it is assumed the corresponding 
elements are collinear and ай elements of the Individual arrays 
эге in the same plane. 

The combination of the radiation patterns сап add but can 
also cancel. The phase relationships, particularly from the 
side of the Yagi, are very complex. Because of this complexity 
the spacing to obtain maximum forward gain does not coin. 
cide with the best sidelobe structure. Usually maximum gain 
is less important than reducing signals to the sides or behind 
the array. 

If this is the case, ‘optimum spacing is one that gives as 
much forward gain as possible ав long ав the sidelobe structure 
does not exceed a specific amplitude compared with the main 
lobe. There wil be different ‘optimum’ spacings according to the 
acceptable sidelobe levels. 

Fig 16.18 gives typical optimum spacing for two arrays under 
three conditions: 

(a) optimum forward gain with sidelobe down 1048, 
(b) sidelobe 2048 down and 
(e) virtually no sidelobe. 


The по sidelobe case can correspond о no additional forward 
gain over a single antenna. Fig 16.19 shows the optimum stack- 
ing spacing for fournit arrays. 

The maximum forward gain of two stacked arrays is theoreti- 
cally «3d8, and +648 for four stacked arrays. More complex 
arrays could produce higher gain but losses in the matching and 
phasing links between the individual arrays can outweigh this 
improvement. 

When stacking two arrays, the extra achievable gain is 
reduced at close spacing due to high mutual coupling effects. 
With tuo seven olement arrays a maximum gain of about 2508 
сап be achieved with 1.6% spacing: with two 15-element arrays 
it is also possible to achieve the exta 2.548 but the spacing 
needs to be 2h. 

The use of four arrays, in correctly phased two-overtwo sys- 
tems, can increase the realisable gain by about 5.248, Using 
seven element Yagis produced a total gain of 14.208. With 15- 
element optimised Yagis a total gain of 19.648 was obtained. 
(This was the highest gain measured during the experiments by 
Viezbicke [41) The effects of stacking in combination with the 
physical and electrical phase relationship can be used to reduce 
directional interference, 

An improvement in опо back ratio can be accomplished in 
vertical stacking by placing the top Yagi а quartorwavolength in 
front of the lower vag as shown in Fig 16.20. The top antenna is 
fed 90° later than the bottom antenna by placing additional 
cable in the upper antenna feed run. The velocity factor of the 
cable must be taken into account. 


We 


Fig 16.18: Optimum stacking spacing 
‘spacing for no sidelobes, espec 
result in no gain improvement over a 
(ARRL Antenna Handbook) 


r two-unit arrays. me 
Deamwidths, may 
ingle array element 
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Fig 16:19: Optimum stacking spacing for fourunit 
‘Antenna Handbook) 


rays agel 
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Fig 16:20: Improving front to back rato of stacked Yagi 
antennas with offset vertical mounting 


Fig 16.21: Four Yagi antennas stacked and bayed 


А Coaxial Cable Harness for Feeding 
Four Antennas 

Four identical antennas such as Yagis can be mounted at the 
comers ога rectangle ав a stacked and bayed array as shown in 
Fig 16.21, with separations determined by their beamwidths аз. 
described above, Whist feed harnesses can be purchased with 
the antennas, they can also be constructed using standard coax 
ial cables and connectors, as shown in Fig 16.22. Each antenna 
and ай cables must have an impedance of 50 ohms. The two 
feeders L1 and L3 connected in parallel result in 25 ohms at 
Point A. This в transformed to 100 ohms by the cable between 
Aand В, which must be an odd number of quarter wavelengths 
long. The two 100-ahm impedances connected in parallel at 
point B result in a 50-ohm impedance presented to the trans- 
ceiver feeder. Feeders 114.4 may be any convenient length, pro- 
vided that they are ай identical. 


Skeleton Slot Feed for Two Stacked Yagis 
A serious disadvantage of the Yagi array is that variation of the 
element lengths and spacing causes interrelated changes in the 
feed impedance. To obtain the maximum possibi forward gain 
‘experimentally is extremely difficut. For each change of element 
length it is necessary to readjust the matching either by moving 
the reflector or by resetting a matching device. 

However, a method has been devised for overcoming these 
practical disadvantages. It involves the use of a radiating ele- 
ment in the form of a skeleton slot. This is far less susceptible to 
the changes in impedance caused by changes in the length of 
the parasitic elements. A true siot would be a slot cut in an infi- 
"ite sheet of metal. Such a st, when approximately 3/2 long, 
‘would behave in a similar мау to a dipole radiator. In contrast 
with a dipole, however, the electric field produced by a vertical 
Slt в horizontally polarised. 
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Fig 1622: Coaxial feed hame 
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Fig 16.23: Development of the skeleton-slot radiator 


Table 16.10: Dimensions for six-over-six slot fed Yagi antenna 
for 148M 

The skeleton slot was developed during experiments to find 
how much the infinite! sheet of metal could be reduced with- 
ош the slot antenna losing its radiating property. The limit was 
found to occur when there remained approximately 1/2 of 
metal beyond the slot edges. However, further experiments 
showed that a thin rod bent to form a skeleton slot (approx 
mately 53/8 by 53/24) exhibited similar properties to those of 
a true siot. 

The way a skeleton slot works is shown in Fg 18.23. Consider 
two 1/2 dipoles spaced vertically by 5 /8. Since the greater part 
of the radiation from each dipole takes place at the current mar 
imum (ie the centre) the ends of the dipoles may be bent with. 
ош serious effect. 

These 'ends' are joined together with a high-impedance feed- 
er, so that 'end feeding’ can be applied to the bent dipoles. To 
radiate in phase, the power should be fed midway between the 
two dipoles. 

The high impedance at this point may be transformed down to 
that of the feeder cable with a tapered matching section/trans- 
mission line бе a delta match). Practical dimensions of a skele- 
ton slot radiator aro given in Fig 1.5.24. 


не radiation character 


Both S and W may be varied experimental, and wil not change 
stios of the slot greatly. See text 


Element Length, in (mm) 


Element spacing in (mm) 


А за 864) A-B, 1425 (362) 
в 34 (864) B-C, 1425 (362) 
c 34 (864) C-D, 14.25 (362) 
o за (864) D-E, 34.25 (870) 
E 40 (1016) D- Slot, 145 (368) 
Boom TO(1720) 


These dimensions are not critical, and may be varied over a 
modest range without affecting the radiating characteristics of 
the slot However, the feed impedance is very sensitive to dimen- 
sional changes, and must be properly matched by altering the 
length and shape of the delta section after completing all other 
adjustments 

"ts important to note that two sets of parasitic elements are 
required with a skeleton sot radiator and nat one set as with a 
true slot. One further property of the skeleton slot is that its 
bandwidth is greater than a pair of stacked dipoles. 

Radiation patterns and VSWR data for some typical slot fed 
чар antennas are shown in Fig 16.9 earlier in this chapter. 

Details of a practical'sbxoversir skeleton slot Yagi antenna 
are shown in Fig 16.25 with essential dimensions isto in Table 
16.10. 


Skeleton Slot Yagi Arrays 
Skeleton-slot Yagi arrays may be stacked to increase the gain 
but the same considerations of optimum stacking distance as 
previously discussed apply. The centre-to-centre spacing of a 
pair of skeletoslot Yagi arrays should typically vary between 


Matening Section 


Fig 1625: A shooversix 
skeleton slot fed Yagi anten 
па for 145MHz 
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Fig 16.26: A high gain 432MHz antenna consisting of four 
over slotfed Yagi antennas arranged in а square formation 
1 and 3A depending on the number of elements in each 
Yagi array. A typical 4 x 4 array of Sover siotfed Yagis for 
432MHz is shown in Fig 16.26. 


Quadruple Quad for 144MHz 
This collapsible antenna was designed for portable use [21], but 
is equally useable as а fied antenna for use indoors or in alot, 
and can achieve gains of between 10 and 1148 (8 - 9486) on 2 
metros. I is effectively a stacked quad using mutual coupling 
instead of a phasing hamess to excite the outer elements. 
Constructinal details are shown in Fig 16.27. 

Each section has a circumference of around 104 wave 
lengths, which is not as would be expected for conventional 
‘quads. The dimensions are the result of experiments to obtain 
the best font to back ratio and least sensitivity to adjacent 
objects, which can be important for portable ог loft operation, 
ensuring that the antenna will work without extensive adjust 
ment. 

Note that the antenna was designed for low-power (1 watt) 
operation: the ferrite bead must not be allowed to saturate mag- 
nelically, or harmonie generation may occur. The bead may also 


become hot and shatter. For higher power operation, ferrite rings 
could be considered for the balun transformer, ога sleeve balun 


constructed as appropriate. 


Yagi Antenna Mounting 
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Arrangements 


The performance of Yagi antennas can 
bo greatly degraded if they are по cor- 
rectly installed and the feeder routed 
to minimise unwanted interaction with 
the antenna. Many commercial 
designs have fixed clamping positions 
"which have been optimised to min- 
imise coupling into the support mast. 
However, there are a number of pre- 
cautions that can be taken when 
instaling any Yagi antennas, whether 
Operating in the same band as an 
апау, or operating in several different 
bands. 

‘Antenna performance may be com 
pletely destroyed if the mast is installed 
parallel, and through the Yagi antenna 
as in Fig 16289. The mast should be 
mounted at right angles to the antenna 
elements to minimise coupling between 
"ho elements and the mast, Fig 16.286. 
И the antenna is to provide vertical 
polarisation it should be offset from the 
main support mast with a stub mast if 
possible, Fig 16.28. Mechanical bal 
ance can be restored (and the Yag 
mast separation increased) by using а 
symmetrical stub mast and a second 
Antenna for the same band (bayed 
array), ог for another frequency. 


Fig 1627: Quadruple Quad. The match | "С 
point x should be found experimental- 
ly and will be approximately 200mm 
fom the open end (VHF 
Communications} 


The Radio Communication Handbook 


16: PRACTICAL VHFIUHF ANTENNAS 
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Fig 16.28: Yagi mounting methods (a) the 
wrong way, antenna couples strongly with the 

'stoyimg performance (b) best 
arrangement for vertically polarised anten- 
паз, offset from the mast at least A4 with a 
horizontal tube (c) mast should be fastened 


mid way between elements, but not next to 


I 


(a) 


the driven element (d) put highest frequency. 
antenna at top of a multi band stack 


these effects, and is generally mechanically 
‘adequate to Support higher frequency anten- 
The feed cable should be arranged to ie in a 
plane at right angles to the Yagi elements, or. 
be taped below and along the boom until it сап 
be run dawn the support mast. 
In the case of circularly polarised antennas, 


for example, crossed Yagi antennas fed in 
phase quadrature, the elements should be 
arranged at 45 degrees to the support mast 


[7] 


when the antenna is viewed along its Боот. 
There wil be some degradation of circularity, 
but it can be minimised if the support mast is 
nat an odd multiple of quarter wavelengths 
long. The feed cable should be taped to the 
boom and dressed on to the support mast with 
the minimum bend radius for which the cable 
is designed. 


@ 


Element өл 


= 


Fig 16.29: Typical log-periodic antenna. Note that the bottom 
transmission line is fed from the coaxial outer while the top line 
is fed from the centre conductor (Ham Radio) 


The mounting lamp should be placed mid-way between ele- 
ments, and well away from the driven element. This is usually 
achieved by clamping near the mechanical balance point of the 
antenna, 

However, it is more important to keep the mast and clamp 
away from the adjacent elements than to mechanically balance 
the antenna. In theory, the mast could be clamped to the anten- 
na behind the reflector elementis). This is rarely done with 
antennas operating at wavelengths greater than 23cm because 
of mechanical constraints. 

AL 230m and above, a 50mm (2in) pipe mast running through 
the antenna wil seriously degrade its performance, even if the 
elements are at right angles to the pipe. Performance wil not be 
зо badly affected ifthe (horizontally polarised) antenna is right 
at the top of the mast, with the minimum amount of pipe 
required for clamping projecting through the elements. A smal 
er diameter pipe, eg 25mm (tin) for the mount vál also ге 


6.14 


‘Stacking Yagi Antennas for Different 
Bands 

The optimum spacing between identical antennas to create 
higher gain arrays is discussed earlier in the chapter. However, 
in many cases, it may be desired to put several antennas for dif. 
ferent bands on a common rotating mast. 

"f the antennas are ай pointing in the same direction on the 
mast, they should be separated sufficiently to ensure that their 
effective apertures do not overlap (seo formula earlier in this 
chapter) to avoid interaction and mutual degradation of their 
radiation patterns. To a first approximation, the antenna gain 
‘may be used in place of the directivity in the formula, Yagi anten- 
nas may be stacked more closely together if alternate antennas 
point in directions at 90 degrees to each other. The separation. 
may then be reduced so that the effective aperture of the lowest 
band antenna of any pair is not physically encroached by be 
higher frequency antenna, Closer spacings may be possible 
without excessive interaction, but need to be investigated on a 
сазе by case basis using antenna modeling software or careful 


THE LOG PERIODIC ANTENNA 


The log periodic antenna Fig 16:29 was originally designed and 
proven at the University of Ilinois in the USA in 1955 elne 
Properties are an almost infinite bandwidth, governed only by 
the number of elements used and mechanical limitations 
together with the directive qualities of a Yagi antenna [23]. 
Table 16.11 and Table 16.12 show typical dimensions or ele- 
ment spacing and length for logperiodic arrays. These are 
derived from a computer aided design produced by W3DUQ [24] 
Other frequency bands can be produced by scaling ай dimen- 
The tabulated parameters have а 5% overshoot of the working. 
frequency range at the low end and а 45% overshoot at the high- 
frequency end, This is done to maintain logarithmic response 
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21 86Mz атау 


He Length Diameter з Leg 
те & ту dm mm O тт MM 
1^. 12240 Sisi 150 381 3444 10 526 1602 
2 11100 3411 125 ма зою 945 4730 444 
3 ne 3073 125 ма 2789 859 4 2 1303 
4 9067 270 125 318 250 75 386 105 
Б ёлю 2496 125 38 2259 69 3479 1060 
6 7383 2250 100 254 2033 60 3140 957 
7 6857 200 100 254 180 558 285 864 
в боз 180 075 191 1647 50 25 78L 
9 Бам 1650 075 191 1482 452 2213 705 
10 4885 1480 075 191 1334 407 209 637 
4i 4400 isi 075 191 1200 Э 18и S76 
12 3080 1213 050 127 1080 3% 17m 52 
їз aso 1085 ою 127 0000 ise 472 
m 1403 428 
в 1272 388 
16 

Bom 250 тю 20 508 os 127 167 500 


0 150МН: атау 140 450МН: array 
Diameter Spach Length Diameter Spacing 
m Om) ту m mm (0) тт) т 
100 254 2066 630 1755 635 025 67 0738 225 
400 254 4860 567 150 479 025 67 0664 202 
100 254 4674 БШ 1304 зт 025 67 0598 182 
075 191 1506 450 1255 383 025 67 0538 164 
078 191 1356 413 1420 3 025 67 0484 148 
075 191 122 372 0050 34 025 67 0438 133 
075 191 1008 35 0800 21 025 67 0392 119 
050 127 0988301 0792 28 025 67 0353 108 
050 127 ose 271 0704 215 025 67 0318 97 
ою 127 озю 24 osa 190 025 67 0286 87 
ою 127 0720 219 0863 169 025 67 0257 18 
0375 05 osa 198 oss mo 025 67 02% 10 
035 as oss US 043 1% 025 67 0208 63 
035 as 0525 ders s 025 67 0187 57 
035 05 ooo 0332 1m 025 вт ош 52 

озо в 025 67 0000 
15 381 ов 152 598 193 15 38105 152 


Table 16.11: Spacing and dimensions for log-periodic VHF 


Bement Lengh Diameter Spacing 

т тш о т тт m тт 
a ова ив оз 21 ов 75 
2 0623 i59 0083 21 0221 6 
3 043 i33 оз 21 о 64 
4 ода i27 оз 21 оз 55 
5 osa sa O3 21 0161 49 
6 033 i01 оз 21 0145 M4 
т OMT оп ож 21 os 40 
e оза s 0083 21 ома 3 
9 ов 72 0083 21 0406 32 
10 0208 63 0083 21 ооз 29 
и oase se оз 21 оов ж 
12 о so оз 21 оот 23 
з ом 44 0083 21 ooo 2 
м 0126 38 оз 21 оо 19 
в ош 34 0083 21 оов 47 
16 ою 20 0083 21 000 0 
Bem їз so as 127 


Table 16.12: Spacing and dimensions for log-periodle UHF 
antenna (420-1350MHz) 


a el Ee 


Fig 16:20: Log-periodic antenna mast mounting and feeder 
arrangements (Hem Radio) 
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‘over the complete frequency range specified as the log periodic. 
cell is active over approximately four elements at any one spe- 
cific frequency. The logarithmic element taper (в) is 28" for all 
thee antennas. They have a forward gain of 6.55486, with a 
fronttoback ratio of typically 1548 and a VSWR better than 
8:1 over the specified frequency range. 

Construction is straightforward. The element lengths for the 
highest frequency antenna allow for the elements to be inserted 
completely through the boom, ie flush with the far wal. The two 
lowerfreguency antennas have element lengths calculated to 
butt flush against the element side of the boom, and a length 
correction factor must be added to each element if through: 
boom mounting is used. 

The supporting booms are also the transmission line between 
the elements for a log periodic antenna. They must be support- 
ed with a dielectric spacer from the mast of at least twice the 
boom toboom spacing. Feediine connection and the arrange 
ment to produce an "infinite balun’ is shown in Fig 16.30. Any 
change in the boom diameters wil require а change in the 
boom o-boom spacing to maintain the transmission ine imped- 
ance. The formula to achieve this is: 


Zo" 273 logo D/d 


where D is the distance between boom centres and d the 
diameter of the booms. Mounting arrangements are shown in 
Fig 16:30. The antenna can be oriented for either horizontal ог 
vertical polarisation if а non-conductive mast section is used. 
The horizontal hal power beamwidth wil be typically 60° with а 
vertical half power beamwidth of typically 100°. 


THE AXIAL MODE HELIX 


The axial mode helix antenna provides a simple means of 
obtaining high gain and a wideband frequency characteristic. 
When the circumference of the helix is of the order of one wave- 
length, axial radiation occurs, ie the maximum field strength is 
found to lie along the axis of the hel. This radiation is circular 
ly polarised, the sense of the polarisation depending on whether 
the helix has a right or left hand thread. The polarisation can be 
determined by standing behind the antenna. If a clockwise 
motion would be required to travel along the helix to its far end, 
the helix will generate and receive Right Hand Circulariy 


Antennas Made of Wire - Volume 1 ——————— 


KIKP reports reasonable flat SWR and detectable gain over the single loop with 
this system, which is fairly close-spaced (average distance = about 1/8 wl) as 
parasitical systems go. It represents an ingenious way to switch beam directions 
and simplify feedine requirements without sacrificing performance from the wire 
array. 


Incidentally, models of the half square and the single loop DMS (otherwise 
known as a side-fed rectangle) show about а dB gain advantage over the delta 
loops, and this gain also transfers to parasitical arrays of them. Of the antennas 
investigated, the half-square has the highest gain and frontto-back potential at 
more than 6.5 dBi and more than 23 dB respectively. The side-fed rectangle 
shows nearly comparable figures, but is among the most narrow-banded of the 
‘SCV configurations in parasitical application, The side-fed rectangle should be 
Used in a single-loop configuration for parasitical use, since the feedpoint 
impedance reaches about 40 ohms at a spacing of 25' on 40 meters, while the 
double loop variety has a feedpoint impedance of over 120 ohms at the same 
spacing, 


Moreover, it is feasible to electrically tune the reflector of any of the SCV 
parasitical arrays with no significant change of beam performance. This fact 
makes it possible to design two identical loops/half squares for resonance in the 
beam configuration and lengthen the reflector with a coaxial stub. The stub can 
become part of the feed cable when the loop serves as a driven element and can 
function as an inductive reactance when the loop is a reflector. Using a switching 
system similar to the one used by K1KP, but designed for direct 50-ohm feed and 
reflector stub, a reversible beam results with excellent front-to-back ratio and 
about 3.2 dB greater forward gain than a single loop/half square. Remember that. 
if the required reactance is low, calling for a short stub that will not reach the. 
Switch in the center of the two loops, you can use at least two means of getting a 
longer stub. First, you can add a hall wavelength of coax (remembering velocity 
factor) to the stub. Second, an open ended stub, which is capacitive at less than 
1/4 wi become inductive over 1/4 wi. This latter technique wil likely be the most 
Useful for these applications. 
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Fig 16.21: The axial mode helix antenna. The plane reflector may 

take the form of a dartboard type wire grid or mesh. The dimen- 
ions given in Table 13 are based on a pitch angie of 12 

degrees. The helix tube or wire diame 

must be supported by low loss insulators 


Fig 16:32: Krauss theoretical gain and realisable gain for a helix 
antenna of diferen lengths. The antenna has a circumference 
of t0Ghand a= 13" 


A helix may bo used to receive plane or circularly polarised 
waves. When signals are received from a transmitting helix care 
must be taken to ensure that the receiving пей has a thread 
with the same hand of rotation as the radiator, or significant sig- 
nal will be lost due to polarisation mismatch. 

The properties of the helical antenna are determined by the 
diameter of the helix D and tho pitch P (see Fig 16.31). It is also 
dependent on radiation taking place all along the helical con- 
ductor. The gain of the antenna depends on the number of turns 
in the hei 

The diameter of the reflector R should be at least 2/2, with 
the diameter of the helix D about 3/3 and the pitch P about 
0.24). А detailed description of the way in which the antenna 
radiates, and tho relationships between pitch and diameter for 
different antenna characteristics are described by its inventor, J 
D Kraus in [25 

A hel of this design will have а termination / feed impedance 
of about 140 ohms. A 50-chm impedance can be obtained by 
shaping the last quarter turn from the feedpoint to lie close to 
the reflector by reducing the pitch of the helix over the last tum. 
Gain ofthe antenna is proportional to the number of tums in the 
helix, and may be enhanced slighty by tapering the open end 
towards the centre. 

AL higher frequencies an additional 198 can be obtained by 
replacing the Nat reflector with а cup that encloses the first turn. 
However, tho theoretical gains published by Kraus and others 
are optimistic. (Fig 18.32) Maximum realisablo gains are given 
by following formula for helix lengths between 2 and 7 wave- 
lengths. 


Gem = 10.25 + 1.221 - 0.072642 dBi 


where L is the length of the antenna in wavelengths. 
A typical antenna with a seven turn helix has а gain of approx- 
imately 120Bi over a 2:1 frequency range. To fully utilise this 
ain it в necessary to use a circularly polarised antenna (eg а 
helix of the same sense) for both transmission and reception. If 
а planepolarised antenna, such as a dipole, is used there wil 
be an effective loss of 34B due to polarisation mismatch. 
General dimensions for helx antennas are shown in Table 


16.13. 
Band Dimensions 

o R P ` E A Practical Helix Antenna for 
кен 032 Ов 022 012 144MHz 
14AMMr 2542 (648) 64 (1628) 1734 450) Bava 1222) s2 (12.7) The greatest problem to be overcome with this type of 
JJ 2269) 61152) 3076) 39693148127) | antenna for 144MHz operation, with a helix diameter. 
J 2050) аса гае | „2, is the provision of a suitable support struc- 
Tame 6 в „ „ 2 НЕ; 
Čo мй Z зыш, зм зн Fig 16.33 shows a general arrangement in which 
Bemweh 47° dr 3 a 2e 


Dimensions in inch 
of me nell antenna 
Sanwa 


0751013 
circumference 
140% 


Feed impedance КА 


lentes are меп п brackets. he gain and веат. 
г dependent upon the ttl number of turns as shown 


three supports per turn (120* spacing) aro used. 
Details of suitable driling of the centro boom are 
given in Fig 16.34. 

The helix may be made of copper, brass, or alumini- 
um tube or rod, or coaxial cable. This latter alternative 
is an attractive material to use, being flexible with the 
braid ‘conductor weatherprooted. If coaxial cable is 
used the inner conductor should be connected to the 
outer at each end, and the jacket well sealed to pre- 
vent moisture ingress and corrosion. 

The reflector is located at a distance a behind the 
чап of the first шт, and is supported by crossed sup- 
ports from the central Boom. Material for the reflector 


can be any kind of metal mesh such as chicken net- 
ting. Radial spokes alone are not sufficient апа wil 
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Fig 16:33: General arrangements of support structure for а five- 
tum helical antenna for 144MHz. The antenna is right hand ci 
шапу polarised 


(a) 
E 
© 


re 


first side drilling dimensions 
drilled at right angles; (b) and (c) a 
E ‘of 120 and 240 degrees respectively from 
(a). (d) cutting and filing dimensions for the element stand- 
E 
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reduce tho gain by 1-248, unless connected together with wires 
in darthoard fashion. 

itis not essential that the central boom should be construct 
fed af non conductive material. Metal booms may be used pro 
vided that they are centrally placed along the axis of the helix. 
This can lead to а simple construction using square aluminium 
tubing, as sold for sell construet shelving in some DY centres. 
Corners and end fixtures can also be used to fasten the boom 
rigidly to the reflector without having to resort to machining or 
fabricating brackets. A square section also simplifies the mount- 
ing of the insulators, which сап be made from Delrin ог other 
plastic rod, and secured through the boom by a long screw or 
bolt with а singe hole at the far end through which to thread the 
helix. The number af Insulators will depend upon the rigidity оГ 
the heli material. AL 433MHz, supports every 1.25 turns are 
adequate for a helix made from copper tubing. 

Although probably too heavy for 144MHz designs, copper tub. 
ing for smaltbore central heating is suitable for 433MHZ 
helices. tis readily obtainable in DIY centres in malleable coils 
that can be easily shaped over a suitable former. Draw a line 
with а wax pencil or paint along adjacent turns whist they are 
stil on the former, which if sized correctly, wil allow the tums to 
be drawn out to the correct positions whilst the marks remain in 
а straight line. This helps considerably when ensuring the turns 
diameter and pitch are maintained along the length of the helix. 
The ends of the tube should be hammered flat and soldered up 
to prevent the ingress of water. 

‘The last fractional turn of the helix closest to the reflector 
should be brought very close to the reflector as it approaches 
the connector, to bring the impedance of the helix to 50 ohms. 
Helix antennas for higher frequencies are easier to construct 
than Yagi antennas of comparable gain and require little adjust- 
ment. Detailed instructions for building 435MH and 1296MHZ 
helix antennas for satelite communications have been pub 
shed in 126] and 271 


HAND-HELD AND PORTABLE ANTENNAS 


Normal Mode Helix 


The normal mode helix antenna comprises a length of spring 
wire wound such that the diameter of the spring is less than 
0.1). and typically of order 0.014. Such antennas become reso- 
nant when their axial length is around 0.12, and can be 
designed to offer manageable impedances at 

the base. The resonance occurs over a rela- 
tively narrow band, and is heavily influenced by 
any jacket or sleeve fitted aver the helix, and by 
the nature of the groundplane (if any) against 
which it is fed. The current distribution along 
the length of the hol is Similar to that of a 
whip antenna, but compressed into the much 
Shorter length of the helix. 

For hand hei radios, the length of the helix 
is dimensioned such that the current distribu 
tion is similar to that expected on a 5/82. whip, 
ie the current maximum occurs about one third 
of the overall height above the feed point, This 
helps to maximise the radiation efficiency of 
the antenna, whist also minimising effects of 
the variability of the ground plane (hand held 
radio) and body proximity on both the input 
impedance and radiating efficiency 


Fig 16:5: A typical commerci 


па with screw mounting facility e 
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Fig 1636: Detalls of а home-made helical whip for 145MHz. A 
BNC plug could also be used 


A 3/42 whip over a moderate ground plane has a resistive 
match very close to 50 ohms. If this whip is cole into a helical 
spring it wil match to approximately 50 ohms and resonate at a 
lower frequency, party due to capacitance between the col 

Ifthe spring is trimmed to the original frequency the result wil 
be an antenna of about 0-1 overal height. The actual length of 
wire is between 1/23. and 5/84. at the working frequency. 
Electrically iti stil a resonant 3/42. antenna. Nearbase capac- 
itance also modifies the matching under certain frequency and 
round plane conditions. 

If the tums are very lose together, the helical antenna wil 
resonate at a frequency approaching the axial length, because. 
of strong coupling between the turns. There is an optimum 
"spacing between turns for best performance. A 145MHz helical 
antenna typically has a spacing between tums equal to twice the 
"diameter of the wire use. 

The helical whip is very reactive off-resonance. tis very impor. 
tant that it is resonated for the specific conditions that prevail in 
its working environment. 

Fortunately, it is often only necessary to change the number 
of turns to resonate the spring over such diverse conditions, ie a 
largo ground plano or no ground plane at all The resistive part 
of the Impedance can vary between 30 and 150 ohms at the 

Under typical ‘handheld conditions (Fig 16,35). although toa 
small extent depending on the frequency of operation, the 
spring can offer something close to а 50-chm impedance 
match. Fig 16.36 shows the number of turns required for a typ- 
ical 9mm diameter helix or 3/41 resonance. 

As the helical is reduced in length two effects occur. First, the 
radiation resistance is lower than the equivalent linear whip so 
the choice of a good conducting material is important to reduce. 
resistive losses. А plain steel spring compared with a brass or 
copperplated helix can waste 30B of power as heat. Second, 
the physical aperture of the helical whip is around one third that 
of a }/4 whip, which would imply a loss of 4.7708. 

Results obtained from copper pated, Neoprene-sheathed het 

ical antennas, correctly matched to а handheld transmitter at 
145MHz, provided signals at worst 308 and at best +148 com- 
pared with a 3/4 whip. A 3/4 whip with minimal ground plane 
would offer signals about 648 compared to а 1/2 dipole. 
A helical antenna, resonant and matched, on а 4% square 
ground plane can give results 2308 below a 1/2 dipole. An 
alternative arrangement using а bifilar wound helix gives ident 
cal results (within 0.248) to а 3/2 dipole. 


A Vertical Dipole for Portable Operation 
A practical dipole for portable operation on in either the 2m ог 
(6m band [28] is shown in Fig 16.37. The upper and lower sec 
tions together form a centr fed half wavelength dipole. The feed 
cable is wound into а resonant choke to present a high imped: 
anco to the lower ond of the dipole to reduce currents on the 
outside of the feed cable. Constructed from RGSBCU cable or 
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similar, the antenna can be rolled up into а small space for trav- 
el, then unrolled and suspended from a suitable support for 
operation. 

2870mm of FGACU cable is required for 145MHz operation. 
470mm of the outer sheath and braid is stripped of, leaving the 
Insulator and inner core o form the upper radiator. Measure out 
the length of the lower radiator from where the insulator is 
‘exposed to mark the starting point of the choke. Wind 4.6 turns 
оп 32mm diameter PVC pipe to from the choke. Feeding the 
cable through holes in the centre of end caps on the pipe allows 
the antenna to hang tly A ring terminal or solder tag soldered 
to the tip may be used for hosting the antenna on wien line or 
similar. 

Tuning should be done outdoors, with the antenna positioned 
well away from objects that could affect the resonant frequency. 
Trim short pieces from the tip of the antenna to obtain a VSWR 
better than 1.3: (in 50 ohms) across 144 - 146MHz If a longer 
feeder is required, the length below the choke should be a mu- 
tiple of one half wavelength (680mm to compensate for the 
velocity factor of the dielectric) to minimise detuning. 

A 6m variant can be constructed using 7280mm of RGBSBCU 
cable. 118 turns of cabie should be wound on a SOmm diame- 
Ter PVC tube to form the choke. Any additional feeder should be 
а multiple of 1980mm. 


HB9CV Mini Beam 
The HBACV minibeam, because of its compact and straight 
ward construction, is suitable for both base station and 
portable use, and can be particularly useful in confined spaces 
Such as lofts. Similar antennas are the lazyH and ZL Special 
often used on the HF bands, The НВ9СУ version has one or two 
mechanical advantages that make it particularly suitable for 
VHF portable use. 


2 


. | Fig 16.37: The Чеейїле verti- 


саг antenna 
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Fig 16.40: HBOCV antenna 
above ground 


lation patterns. Antenna 10m 


Fig 16.38 [29] and Fig 16.39 show two methods of construc 
tion for the HBOCV antenna. Note that a series capacitor of 3 
15pF is required о adjust the gamma mateh/phasing combina 
tion to a VSWR of about 1.3:1 referred to 5012. The element 
spacing, and in particularly the transmission line spacing (Smm. 
in this case), is critical for optimum impedance matching and 
phasing and therefore gain and front o-back ratio. 

The principle of operation is ав follows. If two dipoles are cose 
‘spaced typically 0.1-0.2) and fed with equal currents wih a phase 
diference corresponding to the separation of the dipoles, onde 
radiation wil occur along the line between the poles in ono direc- 


(УНЕ Communications) 


Fig 1638 A collapsible HB9CV antenna for the 144MHz band 


tion, and almost по radiation wil occur in the reverse direction as 
explained carr in this chapter in the section оп arrays. 

‘The different element lengths found on most HB9CV antennas 
improve the VSWR bandwidth, not the directivity as might at first 


| Jretecor rer 
اس ت‎ 


be thought by comparison with a two element Yagi antenna. 
"The end at which the beam is fed defines the direction of 
radiation. A theoretical gain in excess of 6dBd should be possi- 


a 
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Fig 16.39: Alternative boom and feed 
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Fig 41: HB9CV antenna radiation pattems. Antenna handheld, 
12 metres above groune 
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Fig 16.42: Construction details of lightweight HB9CV antenna 
УЧ 


ble. Depending on construction techniques, gains of 4 to 548d 
with frontio-tack ratios of 10 to 2048 tend to be obtained in 
practice. The radiation patterns shown in Fig 1640 and Fig 
1641 are for the antenna of Fig 16.38. This antenna has a typ 
ical gain of 5dBd. Note the difference obtained when mounted 
at 10m (301) above the ground compared with hand held meas- 
urements 1-2m above the ground. The latter height is typical for 
the antenna being used for direction finding. 


Lightweight HB9CV for 144MHz 


The compact size of the HBSCV design makes it eminently sult- 
able for direction finding contests, EMC or interference probing, 
and portable work. The need far a very lightweight directional 
antenna for EMC investigations led to the design shown in Fig 
1642. 

The boom and stub elements are made from thin walled brass 
tubing. soft soldered or brazed together. The removable ele- 
ments are made from an old 12mm wide spring steel measuring 
tape soldered on to 4mm ‘banana’ plus, although replacement 
tapes without housings can be purchased пот good tool shops. 
The sharp ends must be protected by at least one layer of PVC 
tape or similar material. The feedine insulator where it passes 
through the boom can be made from Delrin or a scrap of solid 
polythene insulator from coaxial cable. The seres matching 
сарасйог in the example shown is 13pF, but should be adjusted 
for minimum VSWR, and the end of the coaxial cable and 
exposed connection to the capacitor should be sealed with si 
cone rubber compound if outdoor use is envisaged. The anten- 
па can be supported on a simple wooden mounting using small 
Terry spring clips to grip the boom. 


MOBILE ANTENNAS: 
The choice of an antenna for mobile VHF and UHF use is 
dependent on several factors. As the frequency increases the 
aperture of the antenna decreases, and propagation losses 
Increase. This means that higher antenna gains are required for 
UHF than VHF to overcome the losses of both aperture and path 

Considerable reduction of beamwidth in the vertical plane is 
needed to achieve gain whilst retaining an omnidirectional pat- 
tern in the horizontal plane. A compromise has to be made to 
obtain maximum gain in the best direction that gives minimum 
disruption of signals when mobile. 


@ 


16.43: Two ways of feeding a helical antenna on a ground- 
(a) shunt feed, (b) series feed 


Far example an omnidirectional antenna of 6484 gain wil 
have a typical haltpower beamwidth in the vertical plane of 
under 30°. The narrow disc shaped beam that is produced can. 
result in considerable variation in transmitted and received sig- 
nal strength as the vehicle or antenna tits. This is particularly 
the case where signals are reflected trom nearby objects. 

The choice af polarisation is not only dependent on compati- 
bili with stations being received and the optimum for the prop- 
‘agation path. The aesthetics, mechanical complexity, safety and 
the mounting position of the antenna on the vehicle must be 
considered. 

High gain, relatively largo, antennas suffer gain reductions 
with probable loss of omnidirectionality if the antenna is not root 
mounted. Tho difference in mounting an antenna on tho wing or 
boot of a car compared with mounting it оп the tap dead centre 
of the car roof can be at least 348. Variation of the radiation pat- 
tem can occur due to closein reflections and surface-wave 
effect across the vehicle, as well as restriction of the line of 
E 


Normal Mode Helix on a Groundplane 
The normal mode helical (spring) antenna, when vehicle mount. 
ей, offers а gain approximately 2 to 3d8 less than a dipolo, but 
the overall height is reduced to the order of 02. An acceptable 
match to 50 ohms can often be obtained by simply adjusting its 
resonant length. Aternatively, a small inductance or capacitor 
across the base ог an input tapping on an ‘earthed! helical, as 
Shown in Fig 1643, wil provide the required matching. The 
design and imitations of the normal mode helix were discussed 
earlier in this chapter under the heading of hand-held antennas. 
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Fig 16.44: The N2 
antenna and its 


"EU 
‘rounded à i 


‘counterpart. The "m 
missing N4 can be | A 

considered to be | T Ground 
Supplied by te pu 
image in ground of Pam VA 

‘dood conductivity iy а 


Fig 16.45: Decibel radiation pattern of a i monopole over a N2 
‘square groundplane at 145MHz 


Quarter-wave Whip 


This is the simplest and most basic mobile antenna. The image 
of the vertical 4/4 section is elected in the ground plano, pro 
‘ducing an antenna that is substantially the same as a dipol 
provided that the ground plane is infinitely large and made of a 
perfectly conducting material (Fig 16.44). n this case, all of the 
radiation associated with the lower hal of the dipole is radiated 
by the top half, resulting in a 348 improvement in signal strength 
ina given direction for the same power input to the antenna. 

In practice the size of the ground plane and its resistive los 
ез modify the pattern. The full 30B is never realised. 
Measurement of a BGHZ monopole on an aluminium ground 
plane of 40 wavelengths diameter showed a gain of 2.63084, 
Fig 16.45 and Fig 16.46 show optimum patterns of a 2/4 whip. 
measured on a ground plane of 1/2 sides and 12. sides. 
Although the patter is raised from the horizontal, on a medium 
Sized ground plane the loss of horizontal gain is relatively small 
(20° and 148 at 0° in Figure 45, but 40° and 648 at O° in Fig 
16.46), However, as the groundplano size increases, tho main 
lobe continues to rise unti the situation of Fig 16.47 pertains. 

"When a vertical radiator is mounted over а ground plane as 
described, the input impedance is typically halved. For the 1/4 
whip or monopole, the input impedance is typically 3602 N. that 
isto say approximately half the resistance of the dipole but with 
ап additional reactivo component. With 50 ohm cable imped: 
ance this would produce a standing wave ratio at the antenna 
base of about 15:1. 

The simplest way to overcome this mismatch is to increase the 
length of the whip to produce an inductive reactance to cancel 
the capacitive reactance normally obtained. In practice an 
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Fig 1646: Decibel radiation pattern of a la monopole over ath 
‘square groundplane at 145MHz 


Fig 1647: Radiation 
pattern of whip on 


large groundplane 
showing elevation of 
the main lobe 


increase in length also raises the resistive value of the whip and 
а close match can usually be obtained to a 50-ohm cable. 

At VHF (LASMH) the 1/4 whips simplicity and limited height 
(about 49em/29in is often an accepted compromise. At TOMHZ 
the physical dimensions (about 102em/40in) are such that size 
is the usual limit, making a 1/4 whip preferable to a ‘gain’ 
antenna. The effective aperture of the antenna at this frequen- 
cy is compatible with path loss conditions, and the ground plane 
size, when roof mounted on a vehicle, is such that the radiation 
ange is fairly low. However, the shape of the radiation pattern 
сап result in a gain reduction of 3dB to each side of the vehicle. 


Half-wave and Five-eighths-wave Antennas 
Ground plane techniques described for the 1/43. whip сап be 
used for vertical gain antennas. If the 1/22. dipole is extended in 
length, maximum forward gain (before the pattern divides into 
several lobes) is obtained when the dipole is about 1.2). This 
corresponds to а maximum length of 5/82. for а ground plane 

А natural extension to the 1/42, whip is the 1/2) whip. 
However, such a radiator fed against a ground plane has a high 
input impedance, On the other hand, a 3/44 radiator fed against 
а ground plane has a resistive input close to 50 ohms. 
Unfortunately, the resultant radiation pattern in the elevation 
plane is less than optimum. 

If the 1/2 whip could be made to ook like a 3/42. radiator 
then it would bo possible to obtain a 50.0hm resistive input. А 
‘series coil at the ground plane end of a 1/2 radiator can be 
used to resonate at 3/4), but the input is still of fairy high 
impedance and reactive. I, however, the сой is shorted to the 
ground plane, tapping up the col wil provide the required 
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Fig 16.48: A home-built mobile antenna and mount 
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Fig 16.49: A typical 


вА 


match/input point. The addition of a capacitor in series with the 
input wili compensate for the remaining reactive component. Fig 
16.48 shows details of such an antenna. 

As the aperture of the antenna has been doubled compared 
with the 1/4. whip, the gain over the whip approaches 308. 
Achievement of this figure requires minimum losses in the radi 
ating element, ie it must be copper plated or made from а good 
conducting material 

The maximum radiator size of 5/82 for a singe lobo pattern 
сап also make use of the impedance characteristics of the 3/4. 
radiator. 

Construction is simpler than for a 1/22 antenna. If the radiat- 
ing element is mado 5/8 long, and a series coil is placed at the 
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Fig 16:50: The reactance-sleve 584 monopole (Ham Radio] 


ground plane end, an input impedance very close to 50 ohms 
сап be obtained, With correct materials a gain close to 4dBd can 
Be achieved fram the further increase in effective aperture. The 
radiation pattern is raised more than that of a 1/2, antenna, so 
the improved gain of the 5/84. may not always be realised. 
However, tho simplicity of construction is an advantage. 

Fig 16.49 ges details of the series 5/8) whip. One other acan- 
tage of this antenna is that over а wide range of mounting and 
ground plane conditions t wil self compensate for impedance and 
resonance changes. I is preferable for both the 1/2 and 5/81, 
antennas to be hinged, particulary if rot mounted, to enable fold: 
ing or knock бошт by obstructions, eg trees and garages. 

Various gain figures have been reported for the 5/8 whip 
antenna. Unfortunately not all antennas use optimum materiais. 
Resistive steel wires or rods produce heating loss, and the use 
of a glass fibre-covered wire changes the resonant length by as 
much as 20%. The radiator therefore has to be cut shorter than 
8/84, with an accompanying loss of aperture. 

Thé construction of the series coil is important. Movement of 
the coll turns will change the antenna's resonance, giving appar- 
ем flutter. Some transceivers with VSWR activated transmitter 
close-down will be affected by change of resonance of the 
antenna. This can make the power output of the transmitter con- 
tinuall turn down or be switched off, producing what appears as 
extremely severe "Nutter on the transmission. 

Several of the 5/8). ground plane antennas! discussed in var- 
ious articles are in fact not truly antennas of this nature. 

(One of these devices worth considering for its own merits is 
that shown in Fig 16.50. It consists of а 5/8) vertical element 
with a reactive sleeve of 0.2, at the ground plano end. The gain 
obtained from this antenna is typically 1.8484. As can bo seen, 
the actual radiating element A-A is shorter than a 1/2 antenna. 

Another antenna family, with similar properties but different in 
construction, includes the `F and Sim Jim. These are described 
later in this chapter 


Seven-eighths-wave Whip 
This mobile antenna is derived from the Franklin collinear shown 
later in this chapter. It consists of two 1/22 elements coupled by 
a series ‘phasing capacitor. Опе effect of the capacitor is to res- 
‘nate the combined elements at a lower frequency than that of 
а single 1/21. element. However, reducing the length of the top 
element tunes the arrangement back to the original frequency. 
The base impedance above а perfect ground plane is 300- 
400 ohms with some capacitive reactance. A series loading col 
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Fig 16.51: The IBA whip antenna. This is effectively two short- 
ened half-wave elements їп series with a seres phasing capac- 
йог between them. The assembly shown is that of a commercial 
form of the antenna. The dotted lines show the approximate. 
current distribution 


in combination with an L matching section gives a good match to 
Ohm comal feeder. The match is maintained with quite 
modest ground plane size (1/47. radials or 1/22. diameter metal 
surface). This makes the 7/8. whip suitable for vehicle mount- 
Ing or for use as a basestation antenna, 

"The final length of the two radiator elements is somewhat 
dependent on their diameters апа the design of the series 
capacitor and matching unit. Fig 18,51 shows the general 
appearance and dimensions of a commercial version of the 
TÀ/8 whip, together with typical circuit components and current 
distribution in each element. 

Tho theoretical gain of this antenna is 4.9548 (2.8484) over 
а perfect ground plane. The professionally measured gain, with 
the whip on a 1m ground plane, was slightly over 4.705 for the 
full 144MHz band. The radiation pattern in the E (vertical) plane 
was predominantly a single lobe (trus/dougnnut) peaking at 4° 
above the horizon and with а Зав beamwidth af 38.5". 


Fig 16.52: The mechanical construction of the Omnl-V (dime 
sions are in millimetres) 
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Omni-directional Bi-directional 
(a) 3 


Fig 16.53: Formation of the Omni antenna 


Fig 16:54: The horizontal radiation patterns for an Отту 
antenna and Ив bi-directional counterpart 
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Fig 16.55: Chart showing gain and VSWR as a function of fre- 
‘quency for the Omni and the bi-directional antenna 


OMNIDIRECTIONAL BASE STATION 
ANTENNAS: 


Omni-V for 144MHz (Horizontally 
Polarised) 


This antenna consists of a pair of 1/2 dipoles. The centres of the 
dipoles are physically displaced to produce quadrature radiation 
withthe ends of each dipole supported on a 3/4 shorted stub. 
A pair of Q-bars are tapped down the stubs o a point where the 
impedance is 6000 as shown in Fig 16.52. When the two units 
aro fed in рагай, they produce an impedance of 3000 at the 
centre. А 4:1 balance-to-unbalanee coaxial transformer is fitted 
to the centre point of the -bars to enable a 7502 свака! feeder 
cable o be used. А 500 feed can be arranged by repositioning 
the Q bars on the antenna stubs to provide a tap at 40002 on the 
stubs. This can be achieved by monitoring the VSWR on the 
coaxial feeder whilst adjusting the Q bar position by small but 
equal amounts on both stubs. The balun should, of course, be 
constructed from 500 coaxial cable (transforming from 2000 in 
the balanced section) fora match to 500. The general arrange- 
mentis shown in Fig 16.83 showing how the antenna may be 
arranged to give either an omnidirectional or b directional radi- 
‘ation pattern, and typical radiation patterns for either case are 
shown in Fig 16.54. Fig 16.55 shows the gain and VSWR of 
these antennas as a function of the centre frequency. 


Quarter-wave Groundplane Antenna 


‘This is one of the simplest omnidirectional antennas to construc and 
usual yields good results. However, some unexpected effects may 
occur when the antenna is mounted оп a conducive mast, ori RF 
‘current is allowed o Пон on the outside of the feeder. 

їп its simplest form, the ground plane antenna comprises a 
quarterwavelongih extension to the inner of a сваха! cable, 
with several wires extending radially away from the end of the 
outer of the coaxial cable, Fig 16 S6(g) The input resistance wil 
be aute low, in the order af 20 ohms, although this may be 
transformed o а higher impedance by using а folded monopole 
radiator as shown in Fig 16.56). Equal diameter elements pro- 
vide a 4:1 step-up ratio to around ВО ohms, and a smaller diam- 
eter grounded leg can reduce the input impedance to 50 ohms. 
The feedpoint impedance can be modified by bending the 
roundpiane rods downwards trom the horizontal, Fg 16.561). 
If the radiating element and the groundpane rods are ай 2/4 in 
length, the input resistance is approximately: 

R= 18[1+sinê) ohms 

where û is the groundplane rod angie below the horizontal, in 


È w (b) [2] 


Fig 16.56: Quarter wave groundplane antennas. 
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Fig 1657: Radiation patterns of quarter-wave groundplane 
antenna, (a) with and (b) without a metallic mast 


degrees. A 50 ohm resistance is achieved when dis 42 degrees. 

The ends of the groundplane rods are sometimes joined 
together with a conductive ring to provide additional mechanical 
stabilty. The ring increases the electrical size of the ground: 
plane, and the length of the radials сап be reduced by about 5%. 

Tho few rods forming the groundplane usualy do not prevent 
current flowing on any conductive supporting mast, or on the 
outside of a coaxial feeder. The mast or feeder can become а 
long radiating element which may enhance or destroy the radia- 
tion pattern of the antenna, dependent upon the magnitude and 
phase of the mast currents relative to that on the antenna. An 
ample of ths в shown in Fig 165708), where the monopole 
and groundplane is mounted on а 5A mast (about 10 metres). 
The corresponding radiation pattems without mast or cable 
influences are shown in Fig 16.57). The effects of ground 
reflections have been ignored in both cases. 

Some antenna designs make use of these currents to 
(enhance the gain of the monopole, and sometimes have a sec 
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Fig 16.59: Matching section and reso- 
nant groundplane radials 
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опа set of groundplane rods further down the mast, tuned to 
present a high impedance to reduce currents flowing below that 
Paint The mast currants can be reduced а litle by using more 
radials in the groundplane or extending their length to around 
оз. 

"An open circuited choke sleeve can be more effective than 
radial wires for mast current control. This technique в used in 
the skirted antenna described later in this Chapter. 


A Dual-band Whip for 145/435MHz 

This base station antenna, devised by Bert Veuskens, PAOHMV 
acts аз an end fed antenna on 145MHz witha gain of OdBd, and 
two stacked 51/8 radiators with a gain of about 5080 at 
аз5мнг [30]. The radiator is made from 2mm copper wire. 
formed as shown in Fig 16.58. The сой at the base and а series 
capacitor provides the matching network at 145MMHz. The folded 
stub section at the centre ensures the upper and lower 5/8. 
sections radiate in phase at 435MHz. A groundplane comprising 
four short radials resonant at 435MHz is fixed to the input con- 
nector, sec Fig 16.59. No groundolane is required for operation 
at 145MHz, although the coaxial feed can be coiled close to the 
connector to choke off any current on the outside of the саве. 
Tho whole assembiy is fitted inside a section of PVC tube for sup 
port and protection from the weather. 

Assembly 

A list of materials is given in Table 16.14. The corners of the 
Coaxial socket are fled off to make it a snug fit in the 28mm 
copper pipe, and a hole is required for the earthy end of the 
matching сой as shown in Fig 18,60. The radials should be cut 
slightly too long to allow for trimming after assembly A igo hold 
the radials and connector in place during soldering is essential, 


Antennas Made of Wire - Volume 


Yagi vs. SCV заз id а = 
beam elevation 

atterns 
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As the figure shows, a 2-element wire Yagi may give the same or slightly more 
gain at 17 degrees elevation when mounted at the apex height of the delta. 
However, its elevation angle of maximum radiation is about double that of the 
SCV group, and the SCVS have higher gain below the 17 degree mark, with 1/2 
power points ranging from 7-10 degrees elevation, depending on the actual 
antenna height. Hence, the choice of antenna types depends on the user's 
operating goals. 


The 70 by 21' rectangular area necessary for these antennas is about the same. 
Ifthe concept of a fixed position wire beam is useful, then the decision as to 
which antenna to build may rest on which performance characteristics one 
prefers relative to one's operating goals. However, whichever you build, itis wise 
to take the added pains of fattening the wires to give good performance across 
the band. 
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Capper or brass mounting tube, 28mm OD x 220m. 
JN tube, 32mm OD, 28mm Ix 12m 

Jubilee сїр, 32mm, preferably stainless steel 

Муре 500 socket, PTFE delete, with square ange. 
"Brass ro or tubing, 3mm 00 x 720mm or radials 
Bare or enamelled copper wire, 2mm 4890) 16m 


Conper/brass tube or Inner rom connector block ta ut joint radlat- 
"ng elements (сала sera) 


f or RGSS cati per Figure 61. Ensure 
‘thatthe сараслог can handie the transmite power safely. 


Silicone rubber sealing compound r bathroom sealant 


Table 16.14: Materials required for 1451435MHz omnl antenna 


Fig 160: 
Details of ihe 
coaxial socket 
and attachment 
of radials 


Fig 1661: ROSS coaxial 
cable capacitor, Note that 


7 the length may need to 
y R be adjusted for best 
s match. 


Fig 1602: Phasing stub 
bending detal 


and can be mado from a piece of chipboard. After soldering, 
each radial should be trimmed to 173mm measured from the 
centre of the socket 

The rotor terminal of the trimmer capacitor, or the centre con 
ductor of the RGSS coaxial cable capacitor (Fig 16,81) should be 
soldered to the centre pin of the connector next. Prepare the 
matching сой by straightening and stretching GOcm of the 
antenna wire. enamelled wire is used, старе af the enamel 
at one end and at the capacitor tapping point before winding up 
and shaping on a 19mm former of tube, rod or dowel as shown 
"n Fig 16.59. Solder the end of the co into the hole riled in the 
flange of the coaxial socket and connect the free end of the 
matching capacitor to the сой, four turns above the soldered 
end. Approximately 200mm of the lower radiator should be pro- 
Jecting upwards, coaxially with the сой 

With the remaining wire, shape the phasing section as in 


Fig 16.62 using a 9.5mm drill bit as a former. Trim the lower 
wire end so that it makes up the 450mm length shown in Fig 
16.58 with the wire on the coil when the ends are butted 
together. Prepare a polystyrene foam disc to centre the wire 
within the PVC support tube and slide onto the radiator wire 
below the phasing stub. Butt splice the two wires together by 
soldering them into a short piece of copper tubing or the 
inner part of a small cable connector with the screws 
removed. 

Cut the top wire to 460mm. Fit a second foam centreing disk 
on to the top wire. Four slots, 90 degrees apar, 7mm беер and 
mm wide are cut at one end of the copper pipe lo clear the 
roundplane radials. This pipe wil be used to clamp the finished 
antenna to the top of its mast with belts and saddles. 

Tuning 

F Pass a short 50-ohm cable 
through the copper pipe and con 
nect it to the N socket. Push the 
Т pipe over the socket unti tho 
groundplane radials are resting 
in the bottom of the four slots in 
the tube. Set up the antenna 
| without its cover tube well clear 
| f objects that could делиле it, 
but low enough for the top to be 
accessible, Tim the top element. 
Ч for minimum VSWR in the 70cm 
band ata frequency 3MHz higher 
than required, eg 438MHz for 
435MHz operation. The РУС 
cover tube wil reduce the tre- 
‘quency by this amount when it is 
installed. Fix the two centreing 
discs in place with a drop of 
реу glue, at 170mm below the 
end of the top wire and halfway 
between the top of the сой and 
the bottom of the phasing stub 

for the lower wire. 
Side the PVC cover tube (Fig 
38.63) over the antenna until the 
radials are fully seated in the 
slots, check that the minimum 
VSWR is below 1.5: and at the 
desired frequency in the TOcm 


Fig 16.63: Mounting tube and 
© PVC cover details showing slots 
to clear radials. 
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Figure 15.64: Photograph of 
finished antenna installed on 
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band. Raise the PVC tube just enough to allow access to the 
timmor/cable capacitor and adjust for minimum VSWR at 
A4BMHz. Push the PVO tube down again and secure with the 
Jubilee сїр below the radials. Cap and seal the top and weath- 
‘erproot the slots with sealant to keep rain out, whist leaving a 
hale to prevent condensation from being trapped. The finishes 
‘amntenna is shown in Fig 16.64. 


The Skirted Dipole Antenna 


The skirted dipole antenna (Fig 16.85) does not require ground- 
plane radials, and can be mounted in a cylindrical radome for 
better appearance and lower wind induced noise. The skirt 
forms the lower part of а half wave dipole, and being one quar- 
ter wavelength long, presents а high impedance at its lower end, 
reducing unwanted currents on the mast. The current is further 
reduced by a second choke, with its орап, high impedance end 
placed one quarter wavelength below the dipole skirt or best 
affect. Tho radiation pattern of this antenna closely resembles 
that of а haltave dipole in free space. 


Gain sleeve dipole 


The gain sleeve dipole (Fig 16.66) is derived from the 1.5486 
shuntfed 5/8). antenna described in the section on mobile 
antennas. 

The radiating element BB is a 1 element fed part way along 
ив length with а 0.23 series short circuited stub to provide the 
transformation to 50 ohms and phasing. The impedance of 
asymmetrical antennas was investigated by R W P King [31] 
and has a number of applications in the design of grounaplano 
antennas with elevated foedpoints. Having approximately twice 
the aperture of the 1/2 dipole, a gain of typically 2.53080 is 
achieved 

Mechanical construction is open to interpretation but ‘beer 
сап or plastic water pipe formats offer two solutions. Note that 
the mounting peint should be at АА and not on the 025A 
sleeve. 


The Discone 


‘The discone is often used where a single omnidirectional anten- 
па covering several VHF/UHF bands is required. A single anten. 
па is capable of covering the 70, 144 and 432MHz bands or 
144, 432 and 1296MHz. However, аз the antenna can operate 
over roughly a 10:1 frequency range, it wil more readily radiate 
harmonies present in the transmitter output. itis therefore 
important to use a suitable fiter to provide adequate attenua- 
tion. The radiation angie tends to ise after the first octave of fre- 
quency and this is the normal acceptable working range. I cor- 
rectly constructed, а VSWR of less than 2:1 can be obtained over 
the octave range. One characteristic of the basie discone is a 
very sharp deterioration of the VSWR at the lowest frequency of 
operation, 

The discone consists of a disc mounted above a cone, and 
Ideally shouldbe constructed from sheet material. However, with 
опу litle loss of performance the components may be made 
at rods oF tubes as illustrated in Fig 16.67. At least eight or 
preferably 16 rods are required for the disk and ‘cone! fr rea 
sonable results. Open mesh may be used as an alternative to 
‘sheet metal or rods. 

The important dimensions are the end diameter of the cone 
‘and the spacing of this from the centre of the dise. These are 
Instrumental in obtaining the best termination impedance, ie 50 
ohms [32] 

Fi 16.68 shows the key dimensions, which must satisfy the fol- 
lowing requirements: 
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Fig 16.67: General 


rangement of skeleton form of discone 


A The length of the cone elements are 1/4 at the lowest 
operating frequency (2952/f MHz inches) 

2 The overall dise diameter should be 70% of 1/4. 

C Tha diameter of the top of the cone is mainly decided 


by the diameter of the coaxial feeder cable. For most purposes 
Оп will be suitable. 


D Spacing between top disc and the cone top is 20% of 
Cor dan for 50 ohms. 

The detail given in Fig 16.69 of the hub’ construction vill bo 
suitable for any design using a 50-ohm feeder cable and may be 
taken as an example. A suitable insulator can be made with a 
potting resin or turned from nylon, PTFE or other stable low loss 
material. 

The low frequency coverage can be extended by fitting а whip 
antenna to the centre of the disk. The antenna then operates 
like a quarter wave whip on a skeleton groundplane (the cone 
providing the groundplane). The VSWR can be optimised at a 
particular frequency below discone cutoff by adjusting we 
length of the whip, or several whips can be fitted, resonating at 
differen frequencies, in the style of multiband dipoles. This can 
be useful if the antenna is used fr other purposes in addition to 
amateur band coverage. Fig 18.70 shows the calculated eleva 
tion radiation pattems for a conventional discone at 145, 435 
and 1296MHz, together with those of a discone of the same 
dimensions fitted with а 860mm whip to provide TOMMz cover- 
age. 


Collinear Dipole Arrays 

Communication with mobile stations is best achieved with a 
vertically polarised omnidirectional antenna, as there is no 
need to point the antenna in the direction of the mobile. 
However, a fixed station is not as constrained by mechanical 
considerations as a mobile, and can thus be fitted with longer, 
higher gain antennas. 


Fig 16.68: Key dimensions 
of discone antenna 
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Fig 16.69: Details of discone hub assembly 


This can be achieved by stacking dipoles vertically above one 
another in a collinear array, and feeding them with cables of 
equal lengths, as shown for the GB2ER repeater antenna later 
in this chapter. Another method of achieving gain with simpler 
feed arrangements is discussed below. 

The current on a length of wire several wavelengths long wil 
be distributed as shown in Fig 16.71(8). The wire shown is 2A 
long. Radiation at right anges to the wire will be poor, as the 
successive half wavelength current maxima are in Opposite 
phases, and if the currents were equal, there would be perfect 
cancellation of the radiation from the oppositely phased pairs of 
current maxima. However, if all the current maxima were in 
phase, the radiated fields would add, and a high gain could be 
achieved. Fig 16.716). 

There are several ways of achieving this phase reversal. The 
simplest is to insert ап antiresonant network or a non-adiating 
halfwavelength of transmission line as a phasing section 
between the half-wave radiating elements, Fg 16.7). The half 
wavelength transmission line can be realised as а quarter wave- 
length of ribbon cable, which can be wound around the insula- 
tor between the radiating elements (see the section on mobile 
antennas) 
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Discone alone 


Discone with 850mm whip 
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Fig 16.70: Discone elevation radiation patterns, with and without whip for low-frequency operation. Top 
s 915mm and whip 850mm in length. The whip length was not optimi 
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A more subtle approach uses radiating elements that are 
a little longer or shorter than one half wavelength. This 
helps the feeding arrangements, as end feeding a half wave 
dipole is difficult because of its very high impedance. The 
self reactance of the longer or shorter dipole is then used in 
the design of the phasing network between the elements to 
achieve the desired overall phase shift. The non-radiating 
transmission line can then often be replaced by a capacitor 
огап inductor in series with the residual element reactance, 
Figs 15.72(a) and (b). Again, a transmission line stub can be 
used to synthesise the required reactance, which may be 
тоге convenient or cheaper than a lumped component if 
significant RF power handling is required, Fig 16.72(0). 
Sometimes a parallel tuned circuit is realised as an inductor 
resonated by the self-capacitance of the insulator separat- 
ing the radiating elements, and upon which it is wound. 

А technique devised by Franklin that has been attractive to 
VHF antenna manufacturers folds parts of the radiating element 
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Fig 16.72: Realisation of collinear antennas 


to provide the phasing section as shown in Fig 16.7349. 
Provided that the folded sections are significantly shorter than 
the radiating elements, the gain is not significant degraded, 
although the whole structure s sensitive to capacitive loading by 
агу housing and insulators required. The radiation pattern is fre- 
{quency sensitive, and the main lobe will squint upwards or 
downwards as the frequency changes from the nominal. Whilst 
these folded element designs look attractive for home construc 
tion, adjustments to optimise both the radiation pattern and 
input impedance are very difficult without proper measuring 
facilities. Poor gain and broken radiation patterns result if the 
Sections are not propery excited and phased 

Al these designs are ended, which have practical disadvan- 
tages for longer, mult-element arrays. If identical sections are 
used, the end elements carry less current than those close to 
the feed, reducing the overall efficiency of the antenna. Whilst 
different length radiators and phasing elements can be used to 
equalise the current distribution, the design and adjustment is 
lengthy, and definitely requires good radiation measurement 
Taciities tfo array can be centre fed, any residual phasing 
errors tend to cancel out, and for a given length, the perform- 
ance tends to be better because of a more uniform current dis- 
tribution. Fig 18.736) shows one means of achieving contre 


(a) (by 60 — 


Fig 1673: Franklin collinear antennas, ended and centre fed 


Fig 16.74: The J antenna 
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feeding with a Franklin array. Note the use of the quarter wave 
choke Section at the base of the array, which is essential to pre- 
vent current flowing down the outer of the coaxial cable and 
destroying the performance of the antenna, The practical gain 
limit of the sing od collinear antenna is around 10481. 

Practical collinear antennas in radio amateur use tend to use 
variations on Fig 16.72. The radiating elements may comprise 
combinations of lengths up to 5/82, with or without ground 
planes. The presence of a good groundplane increases the gain 
as the image or reflection effectively doubles the length of the 
array (see also the section on mobile antennas). However, good 
results can be achieved with colinear antennas directly mount- 
е on pipe masts, especialy if care is taken to minimise иман! 
оа currents flowing on tho mast. 


The J Antenna 


Colinear antennas, by virtue of their operation as ended struc: 
tures, have high feed point impedances. A good feed arrange 
ment, valid for both ground plane and mast mounted antennas, 
is the use of a uarterwave short-circuited transmission line, as 
described in the chapter on antenna fundamentals. 

Fig 16.74 shows such an arrangement to end feed a hal wave 
dipole mounted over a groundplane. The matching section 
should not radiate, and the overall effect is that of а half wave 
radiator raised 2/4 above the groundplano. Either leg of the 
‘quarter wave section can be fed, leading to the structure in Fig 
116.74, which is identical to Fig 16.74(a in terms of current 
distribution, and hence radiation performance. The evolution 
сап be taken a stage further by removing the groundplane and 
feeding either leg of the quarter wave section as in Fig 16.74(0); 
this is the ‘J or pole antenna, which may use different diam. 
«ег of tubing for the radiator and stub. 

The ‘Slim Jim antenna provides an elegant solution for a 
simple, mechanically robust antenna made from а singe piece 
of tubing as shown in Fig 16.75. This antenna, described in 
183] comprises a folded, open circuit 1/23. radiator above a 
1/42 transformer section, and is a derivative of the J anten- 
па. The folded stub characteristics of the radiator provide. 
Some control over the reactive element of the input imped: 
ance, The two ends of the tube can be joined by an insulator, 
ова piece of stiff plastic tubing, to provide weather proofing 
and enhanced mechanical rigidity. Either balanced or unbal 
anced feeds can be used, tapped on to the 1/4) transformer 
section at the point that provides the best match to the feed: 
ıer. Coaxial feeders should be strapped or bonded to the quar- 


Fig 16.75: The basie 
Sim Jim, showing | 4 
direction of current | $ 


flow and phase \ 
reversal (Practical | 4 Fe [m 
Wireless) 
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ter wave section to reduce unwanted currents on the outer of 
the cable. The antenna has a maximum gain of around 2.8481 
(0.6484) in free space, although the main lobo is tited up 
about 10 degrees. The main lobe can be brought to the hori- 
zontal by reducing the length of the upper section to about 0.4 
wavelengths. This reduces the peak gain to around 2.5881 
(0.3484), and can make the feed impedance capacitive. 

Phasing sections and additional elements can be combined to 
produce а collinear form for the as shown in Fg 16.76(8) This 
antenna and that of Fig 16.76) have been used successfully to 
produce low-angleracation for the 6ВЗ5М 144МН repeater. 

Avariation of the techniques described, using coils as with the 
original Marconi concept, is shown in Fig 18.771) for 432MHz 
апа Fig 16.77) for 144MHz. The expected gain is between 6 
and тава. 

Materials required for Fig 16.77 a) аге as follows: 

* One 25em diameter 10cm long glassfibre tube. 

+ Опе 4.0mm diameter 1.2m long gasstibre rod. 

* Four 2.0mm diameter 20cm long glassfibre rods. 

* Length of braiding from Junk large coaxial or multicore 

cable. 

+ Length of 12mm wire for matching cols 

+ Approximately Bem square of singled sided PCB. 

First, adjust the bottom 5/8). element to give minimum VSWR 
by moving the tapping point on the bottom сой (approximately 
four tums). A fine adjustment can be made by altering the length 
of the first 5/8. element. 


| | DE z 
| | 


Fig 16.76: A collinear form of ‘J’ antenna. (a) the addition of NA 
sections as suggested by Franklin. (b) Use of a coaxial short- 
circuit M4 transformer to give an unbalanced input. The tap- 
ping point of the matching transformer is approximately 015A 
from the earthy’ end. (c) A variant of (b) with radials, With both 
(B) and (с) the Vt phasing transformer has been wound up' as 
A biflar coil (each сой being wound in the opposite hand). While 
the inductivo component is cancelled, the mutual capacitance 


ofthe windings makes them physically shorter than 4 
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Next fit the centre matching сой and the top element. To 
obtain the best results, both elements should be the same 
length and approximately 5/8. Further improvement in VSWR is 
obtained by adjusting the centre matching col the сой is spread 
over 1/42} 

The matching coll provides the phase change necessary to 
feed the top element and so adjustment is quite critical. If the 
matching сой has to be ‘squeezed up! to obtain a good VSWR, 
the сой has too many turns. The opposite is true if the сой has 
to be greater than 1/2. for a good VSWR. 

To prevent the collinear going 'off une once set up, the ele- 
ments are secured to the centre giassfibre rod and the match- 
ing сой taped with self amalgamating tape. Provided care is 
taken in setting up, а VSWR close to 1.1-1 can be obtained 

Materials required for Fig 167715 are as follows 

+ Two 12.7mm diameter by 1206 «12mm, 5/84 elements 

(adjustable). 

+ Four 495mm rods for the ground plane. 

+ Ono 6.4mm diameter by 762mm insulated rod. 

* Ono 25mm diameter insulated tube (а cotton reel can be 

used). 

+ 1.6mm wire for matching and phasing сой. 

The diagram shows extra insulated tubing over the matching 
and phasing coils to give more mechanical strength and weath- 
erproofing. 

Setting up is carried out as follows. First, adjust the length of 
the bottom 5/8 element to give minimum VSWR. 

‘Secondly, fit the phasing сой and the top element. The top ele- 
ment must be the same length as the setup, bottom element. 
Next obtain the best VSWR by ‘adjusting the tums of the phas- 
ing сой. 
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Fig 16.77: (a) A 432MHz collinear antenna (b) A 144MHz collinear 
antenna (UK Southern FM Journal) 


The col provides the phase change necessary to feed the top 
element. It consists of a length of 1.6mm wire, (about 1), coiled 
up to give 70-72 turns on a 6.4mm diameter former. The 1/4 
spacing between the two elements is more critical than the 
number of turns. 68 turns gave a satisfactory VSWR with the 
prototype. 

Some difficulty may occur in setting up the phasing coil. If 
more than seven turns have to be removed, go back to the first 
adjustment stage to ensure the bottom 5/8) element is co 
rectly matched. f the bottom element is not correctly set up the 
collinear wil not tune up. Careful adjustment should produce а 
VSWR of 1.1-1 at the chosen operating frequency 

A technique, widely used for commercial systems, combines 
0/2 dipoles fed in phase from a single source, or alternatively 
with an appropriate variation of feeder cable length between 
dipoles to provide phasing. 

The disadvantage with this form of antenna array is that some 
interaction occurs between cables and radiating elements. 
However, the disadvantage is balanced by the ability to modify 
the radiation pattem shape by simple adjustment of dipole spac- 
ing or phasing cable length. 

The example given in Figs 15.78, 15.79 and 15.80 is proba- 
bly the simplest to set up and was devised for the GB3ER 
432MHz band repeater. f the cables are made to be an odd 
number of quarter wavelengths long, an equal current food to 
each dipole is assured. 


outed through ле кобот, 
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Fig 16.78: Mechanical details of GB3ER collinear 
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Fig 16.80: Matching unit layout for GB3ER collinear 


ANTENNAS FOR SATELLITE COMMUNI- 
CATION 

For the radio amateur, satelite ground station antennas fall into 
‘wo groups. The first group comprises steerable antennas, which 
enable the passage of the satelite to be tracked across the sky. 
The second group consists of fred antennas, which have essen- 
tially hemispherical radiation patterns to receive the satelite sig 
"als equali from any direction. These antennas do not need to be 
‘steered to receive signals during the satellite's passage. The track 
ing antennas are usually of high gain, while the fixed antennas are 
usually of low gain, due to their hemispherical coverage. 
Fortunato, signal losses between ground and the satelite in tne 
of sight are relatively low. With no obstructions, low gain antennas 
‘ofthe ied variety are often acceptable for reception of amateur or 
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Fig 16.81: A crossed dipole antenna for 14SMHz 


weather satelites, helped by the higher radiated powers available 
from current low earth orbiting amateur satelites. 

As many satelites rotate or change their orientation with 
respect to the ground station, both groups of antennas are 
designed to provide circular polarisation. Amateur convention 
calls for the use of RigntHand circular polarisation for 
sarth/space communications. However, the downlink may have 
either Left or Right handed polarisation according to tho satel- 
te and frequency in use. 

Of the highor gai tracking antennas, the crossed Yagi and the 
helix antenna are the main ones used. The crossed Yagi is prob 
аву the easiest to construct and most readily available com: 
mercially. Construction details for these antennas were 
described earlier, and polarisation switching schemes are dis- 
cussed at the end of this chapter. 


Crossed Dipole or Turnstile Antenna 

Ве 16.31 shows a simple arrangement of crossed dipoles above 

а ground plane for 145MHz. This type of antenna can be scaled 

for use at 29, 145 or 432MHz. Mechanical problems may make 

the reflectors inadvisable in a 29MHz version. The height above 

(round can be about 2m for 145MMz and 3m for 20MHz 
Typical dimensions are: 


29MHz йеп elements 0% 188m 4775mm 

A45MHz driven elements (4/2) 38m 9б5тт 
reflectors 405in 1030mm 
spacing (030) 245in 622mm 


The phasing line comprises 1/4 of 72-0hm coaxial cable. The 
matching section for a T2-ohm feed is 1/4 of S0 ohm cable 
When calculating the length of the 1/4 sections, the velocity ac 
lor of the cable must be taken into account. Typically this is 08 
for celiular and semi-airspaced cables, and 0.66 for solid dielec- 
їс cables, but verification of the figure for tho particular cable 
used should be obtained. As an example, a matching section of 
RGS9/U would be 13in (330mm) in length. Omit the transformer 
‘section for 50-ohm operation. This will result in an input VSWR 
of less than 14:1. 

For a centrefed crossed dipole, it is advisable to have a 1:1 
balun to ensure a consistent pattern through 360° of azimuth, 
Dependent on the spacing between the dipoles and ground 
plane, the radiation pattern can be directed predominantly to 
the side, for satelites low on the horizon, or upwards for over 
head passes. 
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Fig 16.82: Elevation radiation pattern for a whip antenna sloping 
30 degrees on a large groundplane. The pattern for a vertical 
whip is also shown for comparison, 


By drooping the dipole elements at 45°, with a spacing of 
approximately 0.4. between the dipole mounting boss and the 
round plane/refiectors, better coverage towards the horizon 
сап be obtained. As ground reflections affect horizontal and ver- 
tical polarisation diferent,Iow-t horizon Night paths wil not 
produce circular polarisation. This is due to ground scatter’ of 
the satelite signal when it is low on the horizon, and ground 
reflections locally at the ground-based antenna. 

Circular polarisation is normally produced by feeding one dipole 
90" out of phase to the second dipole, and can be achieved by 
having an era 1/4 of cable on one side of a combining hamess. 

An alternate approach to this method of phasing isto use the 
phasing properties of a capacitive or inductive reactance. 

Suppose, for example, that the length and diameter of the 
dipoles are set to pie a terminal impedance of 7002-7700 
(capacitive). Ia second, crossed dipole is set to be 7002 +700 
(inductive) the combined terminal impedance of the arrange- 
ment becomes 3842 + JO, ie 35 ohms resistive. As the two 
dipoles are connected in parallel, the current in each dipole is 
equal in magnitude. However, due to the opposite phase differ- 
ences of 45° produced by the capacitive and inductive reac- 
tances, the radiated fields are in phase quadrature (a 90" 
phase difference) which results in circular polarised radiation. 


Fig 1683: Construction of 435MHz hairpin antenna and groundplane 


Hairpin or Sloping Antennas 
As technology has advanced, so has the radiated power from low 
earth orbiting amateur radio satelites increased, to the extent 
trat communications can be established using handheld radios 
if the satelite is well above the horizon. According, icon be 
worth constructing very simple antennas to get started with 
satelites. 

A vertical whip on a ground plane produces a nul along the 
ani of the whip. However i the whip is bent over by about 30" 
"he overhead пи! is filed without degrading the azimuth pattern 
too severely (Fig 16.82). For 145MHz operation, the whip should 
be around 480mm in length, and adjusted for best match 
according to the size of the groundpane. 

AL 435M2, a hairpin construction from 2mm diameter wire 
(or even a wire coat hanger) is somewhat more rugged, and can 
offer wider bandwidths because of the transforming action of 
the folded dipole. The connectr/fee point joint should be pot- 
ted or sealed wih silicon rubber or flexible epoxy resin if the 
antenna is to be used outdoors, to prevent moisture entering the 
cable (Fig 16,83). The antenna can be tuned, without seriously 
degrading the radiation pattem, by adjusting the spacing 
between the wires or by changing he slope of the hairpin a few 
degrees, or a combination of both. 


Eggbeater Antennas 


This omnidirectional antenna produces excellent circularly 
polarised signals over a wide range of elevation angles if 
carefully constructed. It comprises a pair of crossed circular 
loops, slightly over one wavelength in circumference, and 
fed in phase quadrature. The опу disadvantage is the high 
terminal impedance 

of each loop (approx >, 
imately 140 ohms, 2 
which requires а 

transformer section > 
to maten to БО ohms 

14 

Performance 
been further opt 
mised for satelite 
‘operation by K3OE by 
using square loops 
and adding tuned | | 
reflectors asa ground. 
Plane [35L This 
antenna can be built 
with ап excellent 
match to 50 ohms 
without recourse to | | 
special Impedance 
cables, 

The general arrange- 
ment is shown in F 
1684. The loops are 
constructed of rod, tub- 
ing, or 2mm enamelled Y Ne 
copper wie for TOcm, 

‘ltd to a 22mm pias- 
tie water pipe couple 
Critical dimensions | | 
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Fig 16.85: Feed point construction detail and phasing line con- 
nections for Eggbester antenna 
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Fig 16.86: Elevation radiation pattern for 70cm Eggbeater ante 
ma. The azimuth pattern is essentially omnidirectional. Note the 
figures are in dBi 


Design ж м L h2 loop Phasing 
frequency wire cabe 
da benen 
i3;MH: 540 665 1065 1080 5 — 390 
dA&5MMz 510 625 1000 1010 5 370 
435MHz 170 210 335 330 2 124 


Table 16.15: К5ОЕ Eggbeater antenna critical dimensions in 
тт. Phasing cable lengths are for solid PTFE dielectric, and 
‘should be measured between where the inner dielectric clears 
the braided coaxial outer 
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Fig 1687: KSOE 
Eggbeater П without 
weatherproofing 


‘are shown in Table 16.15. The tops of the oops are supported 
bya section of (plastic) water pipe that fits into the coupler, and 
‘capped to prevent water ingress. One loop should be set 5 
10mm higher than the other so that the top of the loops can 
‘ross without touching. Instead of the es ehm RGG2 cable 
described by КОЕ, the phasing section can be made from two 
pieces of 50-ahm cable, each one quarter wavelength long, with 
the outers connected together at each end. Tis makes а 100. 
‘ohm balanced wire transmission ine, which can be coiled or 
folded up i required. Al four braids can be connected together 
И the connections are conveniently close together (eg. the 
Тост variant). The antenna is Left Hand Circular Polarised 
(LCP) if the connections are as shown in Fig 16,85 when we 
antenna is viewed from below. To change the polarisation to 
RHCP, transpose the two phasing cable connections at оле end 
опу. 

For many purposes, а 50-ohm coaxial feeder can be connected 
rectly as shown. Five or six turns of feeder closely wound can 
provide a balun and choke against current оп the outside of the 
‘cable if required. А ferrite bead fited on the feed cable close to 
the connection can be effective, апа there is space for a low noise 
ampifierinside the water pipe Between the coupler and the tuned 
reflectors if the antenna is to be used only for reception. 

Calculated radiation patterns for the 435MMz variant are 
shown at Fig 16.86. Fig 16.87 shows the antenna construction. 


Quadrifilar Helix or Volute Antenna 
‘The quadrifiar helix (QFH) or volute is a fourelement helical 
antenna which can be used to give either directional gain or 
hemispherical circular polarised coverage as originally 
described by Kilgus [36]I37]. The general form of a QFH is 
‘shown in Fig 16.88. 

Radiation patterns produced for several combinations of turns 
and resonant lengths are shown in Fig 16.89(a) to (d) and gen- 
erally produce better circularly polarised signals at ом elevation 
“angles than a turnstile with drooping arms. А range of dimen- 
‘sions and resulting radiation patterns is discussed in | 38] 
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Chapter 25: A Starter Antenna for 160 
The following notes rest on a small set of assumptions. 


1. You want to get on 160 meters for the first time (or perhaps, for the first time in 
a long time). 


2. You want to set up the simplest possible effective antenna using ай wire 
construction. In fact, all of the antennas will be made from AWG #14 or AWG #12 
wire. 2-mm (0,0787) diameter wire falls right between these sizes, so al of the 
data will use that value, However, nothing much changes by reducing the 
diameter to AWG #14 (0.06417) or increasing the diameter to AWG #12 

(0.0808, 


з. You do not have unlimited vertical space for your antenna. In these notes, the 
limit wil be about 70". In fact, I shall use 21 m (68.9) as the standard top height 
for all antennas. 


1 have set these limits so that we can compare the performance of a collection of 
relatively simple antennas. 


For all comparisons, we shall use average ground with a conductivity of 0.005 
‘Sim and a relative permittivity (dielectric constant) of 13. For vertical antennas 
especially, you should expect lesser performance from worse ground and better 
performance from better ground--but not radically worse or better. Horizontal 
antennas are less affected by ground quality, but the top height is so low (about 
1/8 wavelength) that the ground will influence performance much more than for 
the antennas you place 1 wavelength above ground for the upper HF region, 


160-meter antennas are naturally much larger (longer, taller than antennas for 
the other HF amateur bands. Therefore, be prepared to spend a little more 
money for quality wire and insulators to durably bear the antenna weight. 
Copperweld is desirable. Supporting structures~whether natural or constructed- 
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Fig 16.88: A quarter turn volute with split sheath or slot balun 
(Microwave Journal) 


The ОРН can make use of a phasing line or the reactance 
method (as previously discussed for the turnstile antenna) to 
produce circular polarisation. The number of turns or part turns 
of the radiating elements combined with their length can be 
used to produce various radiation patterns. Elements that are 
multiples of 2/4 have open-circuit ends, while the elements that 
are multiples af 1/2 сап be shorteircuited to the mounting 
structure 

Good radiation pattems for communication with low earth 
orbiting satellites (LEOS) can be produced by QFHs with diame- 
ters less than 0:1. and one quarter turn рег loop. This makes 
antennas for ЗАБМН possible without large support structures 
or incurring high wind load penalties [39] [40]. Both these 
designs make use of the reactance method (as previously dis- 
cussed for the turnstile antenna) to produce circular polarisa 
tion, and constructional details must be followed exactly if 
impedance measuring test equipment is not available to adjust 
the element lengths. 

The radiation pattern of a quarter tum ЕН antenna is shown 
in Fig 1690. 

‘Long’ ОРН with multiple turns can produce even better low 
ange coverage, but are generally only suitable for 435MHz or 
above because of their length. 


CONTROL OF ANTENNA POLARI- 
SATION 


Vertical polarisation is the most popular for FM and mobile oper- 
ation in the UK. This means that a fixed station with antennas 
‘optimised for horizontal polarisation can only operate effective- 
ly if two antennas or a means of changing polarisation is avail- 
able. 

Space communication, where control of polarisation at the 
spacecraft end of the link сап be difficult, has stimulated the 
use of circular polarisation. ts fundamental advantage is that, 
since reflections change the direction of polarisation, there сап 
be far less fading and "uter from reflections. 

The use of circular polarisation at only one end of the link, with 
horizontal ог vertical linear polarisation at the other end of the 
link, will result in а loss of 348. However, changes of polarisation 


Fig 16.89: Volute radiation patter 
co. and crose- circular polarisation 
(a) 314 turn AJ volute. (b) 3/4 tum М? 
volute. (e) 34 tum 314) volte. 44 
turn 1) volute (Microwave Journal) 


Fig 1690: Quarter turn slim quadrifi- 
lar helix antenna and elevation radi- 
ation pattern. Each loop is approxi- 
mately thin circumference. Support 
pole not shown 
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Fig 16.91: General arrangement of a crossed Yagi antenna 


caused by propagation often result in better reception af linearly 
polarised signals with a circularly polarised antenna. Conversely, 
if circular polarisation в used at both ends of the link, but the two 
stations use oppositely polarised antennas, the loss of signal due 
to polarisation mismatch can be 1048 or more. 

Ithas been usual to standardise on RightHand Circular polar- 
isation (RHCP) in the northern hemisphere for fixed communi- 
cations. Space communications may use either Right or Left 
Hand Circular polarisation according to the frequency used and 
the satelite of interest. The handedness of circular polarisation 
is defined by the direction in which the electric vector rotates as. 
‘the wave travels away from the observer. Thus, fin following the 
conductor of a helix antenna along йв length анау from the 
observer, the motion is clockwise, the antenna polarisation is 
Said to be Right Handed. 

The helix antenna produces Right or LeftHanded cicular 
polarisation dependent upon whether the antenna element is 
wound clockwise or anti clockwise. Horizontal ar vertical linear 
polarisation is also possible from helix antennas by using two 
helices and suitable phasing arrangements. 

A compromise arrangement for receiving circular polarisation. 
signals is to use slant polarisation. To obtain this, a singe Yagi 
is sot at an angie of 45°. This enables horizontal and vertical 
Signals to be received almost equally. At first sight one would 
‘expect a loss of 308 for H and V polarised signals compared with 
an appropriately aligned Yag. However, longterm practical 
measurements have shown when averaged that this arrange- 
ment gives а GdB improvement with typical mixed polarised sig 
nals. In addition this arrangement it is only a ише affected by 
"ho mounting mast, unike a vertical polarised Yagi. 

The simplest way af being able to select polarisation is to 
mount a horizontal Yagi and a vertical Yagi on the same boom, 
giving the welLknown crossed Yagi antenna configuration (Fig 
16:91). Separate feeds to each section ofthe Yagi brought down 
to the operating position enable the user to switch to either hor- 
izontal ог vertical. it is perhaps not generally realised that it is 
quite simple to atter the phasing of the two Yagis in the shack 
and obtain six polarisation options. These are two slant posi 
tions (45° and 135°), two circular positions clockwise and ant 
clockwise) and the original horizontal and vertical polarisation. 

The presence of the mast in the same plane as the vertical 
elements оп а Yagi considerably detracts trom performance, but 
A simple solution is to mount the antennas at 45° relative to the 
Vertical mast. With appropriate phasing, vertical and horizontal 
polarised radiation patterns can be obtained that are 
unchanged by the presence of the mast. 
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Ifa crossed Yag is mounted at 45°, with individual feeders to 

the operating position, the polarisation available and the phas- 

Ing required is as follows: 

(a) Зат position 45° and 135°. Antennas fed individual, 

ib) Crcularpostions clockwise and anticlockwise. Both antennas 
fed 90°+ or 90° -phase relationship respective. 

(6) Horizontal and vertical polarisation. Both antennas fed 
with 0° or 180° phase relationship respectively. 

Phasing is simply the alteration of the length of the feeders of 
огол crossed Yagi to change the polarisation. Where а 90" phase 
‘hits required, 1/4 of cable is inserted and, where a 180" phase 
hit is required, 1/2 cable is inserted. The polarisation switch 
must switch in the appropriate 1/4 impedance transformer and 
correct phasing by connecting the appropriate lengths) of cable. 


Mast-head Multiple Polarisation Switch 
for 145MHz 

There are several disadvantages in locating the polarisation switch 
in the shack. Two feeders are required from the antenna to the 
equipment, and RF losses may be significant if the antennas are 
Positioned on a mast. Whilst it is technical feasible to improve sig 
nal to noise performance by instaling twin preamplifiers at the 
antennas, the problems of equalising gain and ensuring relative 
phase stabilty are formidable. An alternative solution i fo place 
the polarisation switch close o the antennas, which minimises the 
feeder lasses, and to use a single preamplifier (with transmitter 
bypass arrangements if required) immediately after the switch to 
Improve the system signal to noise ratio before despatching the sig 
also the receiver via а single feeder. 

The polarisation switching circuit (Fg 1692) offers a fair com- 
promise between cost, complexity and performance. A pair of half 
crystalcan double pole changeover relays (Table 16.16) insert 
ега lengths of ine into the feeds of а 50 ohm crossed Yagi anter- 
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Fig 1632: Masthead antenna polarisation switch 
Character prov 
Insertion oss <02 «зв 
Mematch snosi аза 
Isolation between normaly open 
‘and moving contact anas E 
Isolation between moving contacts 39dB E 


Table 16.16: Half crystal can relay measured characteristics 
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Fig 1633: Rear view of crossed antenna with polarisation tabi 
The radiated wave propagates Into the paper. 


Fig 16.94: Relay and phasing/matching cable mounting details 


Fig 1695: Simple switch and phasing line to produce reversible 
circular polarisation 


na mounted at 45 degrees to is support mast, to provide four 
polarisations (Fig 18:93) The antenna cable lengths must be cut 
fo compensate for ary phase differences between the antennas 
due to physical offset in the direction of propagation. Under ideal 
conditions with perfectly matched antennas, the our main polar 
sations wil be achieved. If the antennas are not well matched to 
'SO.ohm, the power division will not bo equal, and mixed polarsa- 
"ion wil result for each relay setting If the VSWR is less than 1.2, 
"ne depolarisation wil not bo serious. 

The relays are mounted on 1.6mm double sided copper clad 
lass fibre PCB with 50.0hm microstrip tracks for the RF circuits 
(Fig 16.94). RF interconnection and phasing lines are made 
from 3mm PTFE cable (URM 111 and T3264) which provides а 
ood trade-off between losses and size for coling up within a 
diecast weatherproof box. Polythene dielectric cables could pos- 
Sibly be used if soldered very quicky, but this is not recom- 
mended. The cable ends must be kept as short as possible as 
shown in Fig 16.94. The polarisation unit wil handle 100 watts 
of CW or FM, provided that the antenna system VSWR at the 
‘olay is better than about 15:1. 

fa transient suppression diode is to be fitted across the relay 
сой, it should be bypassed with a 1nF capacitor, ог rectified RF 
pickup during transmission may cause the relay to change state. 
Experience has shown that itis better to dispense with the diode 
atthe relay altogether if high transmitter powers are involved. 


Circular Polarisation Feed and Reversing 
Switch 

The following simple arrangement generates remotely selec- 
table Right or Left hand circular polarsation from a crossed Yagi 
antenna, ог two separate, identical Yagi antennas with their ele- 
ments set at right anges lo each other. It will work well provided 
that both antennas are closely matched to 50 ohms, and it uses 
readily obtainable cables, adaptors and connectors throughout 
(Fig 16.96). I should be mounted close to the antennas. 

The electrical length of the two antenna cables must be an 
odd number of quarter wavelengths. 1/4 should be sufficiently 
топа to make the connections for 2m operation, and 3/4 for 
тост, Higher multiples of 4/4 will reduce the VSWR and polari- 
sation bandwidths of the antenna. If longer antenna cables are 
necessary, equal lengths of SOohm cable should be used to 
connect the antennas to the 1/4 75-ahm sections at the relay. 

The 50.0hm impedance of the antenna is transformed by the 
quarter wave sections to 100 ohms at the Tplece. A quarter 
wavelength of RG62 (95-ohm) cable provides the phasing need- 
ей to produce circular polarisation, and the common relay con- 
tact, in either postion, 'sees' two 100-ohm loads in parallel, ie 
50 ohms, for presentation to the downlad 

Suitably weatherproofed PL239 connectors will work for 2m 
operation, but type N connectors should be used for 70cm. The 
electrical length of the connectors and tee pieces must be taken 
Into account whan cutting the quarter wavelength cables. 

For 13GHz and above, use separate circularly polarised antennas 
‘anda change-over relay selectable polarsations are required, 
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VESCFE's Vintage Station Vintage Rigs Early Ham Stations Resources 


Homebrew Vintage Gear 


‘Those are some of the Spark Gap and 1920's era rigs built by other vintage amateur radio 
enthusiasts. 


Send us your Rig! 
Ifyou would like to have your 1920's vintage Ham Transmitter or Receiver 
featured here please send a picture and short description to "radio @ vintageham. com" 


Check out the these Spark Gap Transmitters! 


Here's Carl Nord's (WA1KPD) Homebrew 
TNT Transmitter. It runs a 45 tube and 
has coils for 160, 80 and 40. This design 
came out of the 1932 handbook and was 
replicated as closely as possible. The rig 
has been on the air in the Dec 99 AWA 
contest. See Сап Nord's site 


WOW! Another Homebrew transmitter 
by Сап Nord. This one is from а 1930's 
ОЗТ. Uses a 46 driving a 10 driving a 
203 


See more at WATKPD BOATANCHOR 
COLLECTION 


Niel Wiegand, WOVLZ's Tuned-plate-Not- 
Tuned-grid or TNT transmitter using a 
pair of 48's. This rig was built for 40 and 
80 meters CW running about 10 watts. 
‘See WOVLZ's 616 Transmitter or visit his 


web site at WOVLZ's web page. 


The next few pictures highlight some of 
the rigs my friend Eddy Swynar - VE3CUI 
has built. 


This one is a 2x245 amplifier. 


Hartley Transmitter 


Regenerative Receiver. 


Rick Weber, W9QZ has built this 
beautiful 1929 vintage transmitter 
utilizing a Hartley oscillator and '45 
vacuum tube. See more at Rick's 
Amateur Radio Station Site. 


Another great looking rig by Rick Weber, 
WSQZ. This one is a 1929 vintage 
regenerative receiver built from plans in 
an old ARRL Handbook. Chassis 
components of bakelite and aluminum 
are new. Almost all electronic 
‘components are from the 1929 ега. 


Pete Sables sends us information on his 
receiver known as the Distance Getter. 


The idea of a Distance Getter receive 
goes back to 1932. If you were lost on a 
desert island, could you build a radio to. 
get news. The only thing you had was a 
selection of valve. You did also have wire 
but only for the сой. The valve used in 
this project is the PM2 and only 2 volts 
for the heater. Perhaps one could get 
that voltage from a crate of lemons.) 
But then you only needed 65volts for the 
plate! 


Here's a 1930's TNT by K@LKC using a 
@SN7. The circuit from the 1930 radio 
handbook calls this a single control 
transmitter. 


VESBBN's Spark Gap Transmitter 


(Click here for more) 


N4GG's Beautiful Spark Gap Transmitter 
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need to be stronger and taller than the average sorts of things that populate a 
backyard. How you handle the support structures | shall leave to you, since every 
yard is different, as are the locally available materials and the construction skills 
at hand. 


With those qualifications, lets get started in our work, starting with some vertical 
antennas. 


160-Meter Wire Verticals 


We shall begin with an antenna that violates the upper height limit of our task: the 
full-size 1/4-wavelength vertical monopole. A wire version of this antenna needs 
to be about 39 m (128) tall. The convenience of the vertical monopole is that we 
can feed it at the base~at or near ground level. The inconvenience is that we 
must install radials. The radials should be about 1/4-wavelength long and placed 
аз symmetrically as the yard space allows. To see how many radials we might 
need, | modeled the vertical using 4, 16, and 64 1/4-wavelength radials, each 6 
(0.15 т) below the surface. Fig. 1 shows the outlines of the 3 models 


N = 
oe b^ SS 


Fa 


The following table shows the anticipated results, assuming that the vicinity of the 
antenna is not filed with RF-eating ground clutter. Conductive objects--even 
semi-conducting trees and shrubs--can distort antenna patterns and absorb. 
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« How to Child Proof a Treadmill а Cassette Tape Adapter » 


DIY HDTV TV Antenna (Bowtie) 


[Build your own HDTV TV Antenna to cut the cord from your cable provider and save $1000 a year. 
his DIY antenna is very easy to build with just a few basic tools and a few supplies available from 
е hardware store. 


\fter being disappointed with the current channel offerings and ever increasing price of our local 


able provider, we recently decided to disconnect our cable TV service and go for over the air 
broadcasts as well as the many online services available now. | built this ОВА antenna, also called а 
[bowtie antenna, to increase the rang of signals | could pick up over the basic rabbit ears antenna. 


his is the first of two antenna designs I've built. Subscribe or come back soon to see the second 
ersion of the DIY HDTV TV antenna. 


Parts Needed: 
13 feet of 12 gauge Electrical wire 

10x Wood Screws (I actually used 6 x 1/2" metal screws) 
10x #10 Washers 

Matching transformer (balun) 


1×3 or similar size board around 22 inches long 
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Start by cutting the 1x3 to length and marking the spots for the holes. Make the first set about 2 inches from the top and 
then measure 5 1/4 inches to the next set and and continue down making each set of holes 5 1/4 inches арап. The 
holes for each set will be centered on the board and 1 inch apart. 
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Drill out the spots you marked for the screws with a 1/16 drill bit. This may be unnecessary, but I like to do it to keep the 
wood from spitting, 


© Azega.com 


Cut 8 pieces of wire about 15 inches long. They only need to be 7 inches after folding in half, but | like to add a little 
extra and cut them to length later. I bought electrical wire off the spool by the foot. You can also get romex type 12-2 or 
12-3 house wire with three or four wires in a sheath (hot, neutral, ground). Romex is a couple cents cheaper per foot, 
but requires more work to split the sheath and separate the wires. 
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some RF energy, so keeping the antenna area as clean as possible is important 
то getting the most aut of any vertical antenna. 


1/4-Mavelength Vertical Monopole with Variable Radial systens 
Average Ground 


Ws. of Maximum то Angle Feedpoint z 
Radials Gain dBi degrees ROS jX ohms 
n 72 з 7 74 
a ов E! 2 3 7 
“ ГЕЛ ES 37 - jaz 


Note that we gain about 1.2 dB by increasing the radial field from 4 to 16 wires, 
with another increase of about 0.7 dB by raising the count to 64. Fig. 2 shows the 
relative radiation pattern strengths. The radiation plot also shows that a vertical 
antenna is best for lower-angle long-distance skip signals, but almost unusable 
for NVIS (Near Vertical incidence Skywave) very short distance communications. 
Many vertical users also find a vertical less noisy that a horizontal antenna in 
terms of QRN from lightning, but more susceptible to local man-made noise. 
sources. As well, as we increase the number of radials, the impedance 
decreases, indicating a reduction in energy lost to the ground. 
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1 couldn't find any bare wire, so | needed to strip the insulation off the areas where the connections needed to be made. 
used a wire stripper to score both ends of the area to be stripped then used a utility knife to split the insulation and peel 
пой. 
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Bend the wires into "V" shapes then cut two more pieces of wire about 17 inches long to connect the bowties. Strip the 
ends and three spots on those wires to make contact with the center nodes and the center tap. (only the two nodes are 
shown stripped in the picture below) 


hitter. azega comi hdtvt-antenna bowtie! таз 
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Next put everything together with the screws and washers. Make sure everything is snug and all the bare areas of wire 
are touching. Measure from the screw to the tips of each "V" and cut them off at 7 inches. Then spread the tips apart 3 
inches. 
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This is the only kind of balun (matching transformer) | could find at the hardware store when | was getting the other 
supplies. It isn't exactly what | was looking for, but it will work with a litle modification. This matches the high impedance 
of the antenna to the lower impedance of the receiver. 
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This is what it looks like on the inside. 


twin azaga. comldháttvantenna-bowol 1023 
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1 cut a hole in the side of the balun then cut the end off a piece of coax cable | had and soldered it to the contacts of the 
coax connection. 
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Зо it looks like this. 
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вїзлтв DIY НОТУ TV Antenna (Bowie) | Azega 


1 cut, stripped, and bent two short pieces of wire to attach the balun to the back of the antenna. 
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1 screwed the connections for the balun to the front and wrapped the wires around to the back so | could attach it to the. 
back. 
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Here | screwed the cover for the balun to the back of the antenna to hold it in place, then attached it and secured the 
wires with the pigtail hanging down. 
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пое ee Wire Vertical 
with 4,16, and G4 Buried Sal. 


[LH 


As the impedance decreases due either to the number of radials or ground 
Quality, a number of operators use a simple means of obtaining a good match for 
coaxial cable. By making the vertical longer, they increase the resistive 
component of the impedance and the reactance moves from being slightly 
capacitive to being more definitely inductive. Adding a series capacitor at the 
feedpoint between the cable center conductor and the feedpoint itself allows 
them to compensate for the reactance, leaving a nearly perfect match for the S0. 
Опт cable. A fixed capacitor may work if you have a specific operating 
frequency, but a remotely tuned variable is necessary for obtaining a low SWR 
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‘And here's the end product. | used some scrap wood to build a base for it. What you do here would depend on where 
you plan on mounting it. | just wanted to set it on a shelf for testing, so a simple base worked for me. | will eventually 
‘mount it permanently in the attic for better reception. 


Results: 


Here are the results | achieved after switching from a normal set of rabbit ears to the bowtie antenna. 
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I'm using an HDHomeRun connected to my windows media center as the TV tuner. Below is the software that came 
with it showing the signal strength. 


‘As you can see, the signal strength went down, but the signal quality went up, which I think is the more important 
number. 


Update: 


While, the reception was better, it wasn't what | was expecting, especially since | live just a few miles away from several 
TV stations. | finally found a diferent kind of balun (matching transformer) at Radio Shack and decided to give ita try. 


At wonazega com/dhyhahetwantennabovreí таз 
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Results Round #2: 


As you can see here, switching to the better balun made a significant improvement. The signal strength is stil lower. 
than the original rabbit ears antenna, but the signal quality is noticeably higher. 


Update #2: 


р.н azaga. comlly-hi-t-antenne-bowil таз 


ОЛ DIY HDTV TV Antenna (Bowie) | Azega 


(m still not happy with the results, and after doing some research, I think the issue is signal reflection. Basically, since 
Tm зо close to the source and the signal is so strong, I'm getting reflections of the same signal from different directions 
al slightly different times. These out of sync signals are interfering with each other and causing the signal to drop out 
often. 


To solve this all | need to do is to add a reflector to block the signals coming from behind the antenna. | didn't discover 
this until after | had built a different design. To see my new design based on the Gray-Hoverman Antenna and the 
reflector | added to it, stay tuned to this blog by subscribing to the RSS feed or the email newsletter at the top of this 
page and you will be informed as soon as | have posted it 


Let me know if you have tried this design and what your results were in the comments below. 


You may also like: 


How to Child Proof a 
‘Treadmill 


Controlling a Stepper 
Motor with an Arduino Inter 
Part 2 


zeg 


zeg zeg 


Тор 10 Reasons Arduino Servo Motor Playlists on MythVideo Hacker Space in Tulsa, 
“Hackers” is a Good Part 1 using Mplay ‘Oklahoma? 


Hacker Movie 


Related posts: 


1. DIY Brewing Stand 
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4. Mako Your Own Mash Paddle 
5. Converting a Cooler into a Mash Tun 
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bushidoka 
g 121628 am 

Hey there, I'm looking for good instructions on building a gray-hoverman, but cannot seem to find any. The original 

plans | found of course, over on digital home. But that is not really a how-to guide and it looks like | need a PhD in 

antenna design to do anything with what they have there. 


Did you ever get around to documenting your build? 


Tammy 
December 7, 2011 at 1:27 am 


1 made two of these. One from coat hangers. The other from a spool of thin aluminum wire. They both are working 
fantastic. Am getting loads of channels. 


Motsco 
June 17, 2012 at 10:33 pm 


The red X wires are supposed to be kept at least an inch apart. That's not electricity youre playing with, but rather 
Radio Frequency Energy. Terribly common mistake on almost ALL Internetinspired antennas. 


Send me an e-mail and I'll send you a picture or two of a cool one | built with stuff from the dumpster. | live 20 
minutes outside the BIG CITY. 


Put HDTV ANTENNA or something similar in the SUBJECT so | don't trash it as SPAM, thanks. 
Motsco. 


Edmonton, Canada 


Kirby 
October 14, 2012 at 12:12 am 


1 wonder if the lower signal strength of your homemade antenna is due the frequency of the channel you were 
testing. Channel 8, at around 180 MHz, is in the high VHF range. The rabbit ears would be receiving this station on 
the long elements. | think your bowtie antenna is sized primarily for UHF reception. Admittedly, | know next to nothing 
about antenna design, but maybe some longer elements are needed in order to improve reception of channel 8 


Wally 
November 3, 2012 at 7:53 pm 


Uh... think your problem is your using а uhf antenna to try to bring in a vhf channel. From your software, it looks like 
your trying to bring in channel 8, which is VHF, whereas the four bay bow tie antenna you bulit is pretty much only. 
good for ОНЕ, channels 13 through 60 го 70 or something really high that | don't have to worry about in my area. It 
looks like you did everything right, although the dimensions are somewhat small... hat would mean that your 
antenna would do even better at the higher end of the UHF...say, channels 40 and up, although it should do fine for 
13 and up. 
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If you are just using it indoors, hard to say anything. There are so many potential problems with an indoor antenna. 
А kinds of reflections, noise, refractions, etc. You should try putting it in a window facing some towers with UHF 
channels. it should be fine, 


Greg 
March 24, 2013 at 9:40 pm 


| also made two of these antennas. The first was from wire coat hangers. The second was from wire that | bought at 
Lowes. 


1 received ай [30+] of my local channels. I actually locked some out. 


I've since moved to a different address. I'm going to build a larger version [with either 8 or 10 bays] and mount it 
outside above my roof. 


My Name 
August 6, 2013 at 2:41 pm 


I've made several of these. My latest has 10 inch elements, 5 inches spread at the V, with 9.5 inch spacing between 
elements. It gives better gain at upper VHF frequencies, 189 Mhz, but performs well at 630 Mhz. 


Bill Maybery 
December 14, 2013 at 7:12 pm 


have made two of your design (with some modifications) and the results are great. Even the channel that is 62 
miles away in very hilly country. The design seems to have a very narrow signal pattem with only 10 or 15 degrees 
from no usable signal to max signal. The problem I'm having is rf channel 38 is on the same tower as rf channels 31 
and 48 but channel 38 has no signal even though that station is stronger (1000 kW) than either of the other two (700. 
KW and 960 KW). Is there any way that a block of channel 38 could have been built into the antenna? 


have been testing these antennas outside. Will putting them under the roof attenuate the signals enough to keep 
the strong signals for overwhelming the signals from the strong stations? 

| mount the back of the board on a 3/4 PVC with plastic clamps and then mount the PVC to the side of the upper 
deck vertical support. That give me the opportunity to loosen (slightly) the PVC and turn to tune the direction. plan 
to do the same in the crawl space above the garage with the PVC extending through the ceiling of the garage for any 
necessary further directional tuning, 


Lam considering using glue to hold the wires in place and soldering the points of contact. Do you see any problems 
with this method? 


petes 
January 26, 2015 at 11:44 pm 


I'm wondering if 12 gauge wire is really necessary, if you see the wire from the adapter is really thin. 


Lucas 
February 4, 2016 at 11:31 pm 

Solder all connections will not cure multipathing however will significantly lower the resistance of connection thus will 
lower the impedance and put much closer to 300Ohms thus increasing gain and decreasing VSWR & overall gain 
rated in dbd any other? Contact me via FB 

738 

Lucas KBOMEJ 


Lucas 
February 4, 2016 at 11:38 pm 


The thicker the wire the more sturdy and more broad banded the antenna will be | used GAWG solid find wire and 
soldered all connections and all the different sizes | made work fantastically also if mounting outside use stainless 
steel hardware and weatherize all connections find to mast if possible will preform better coax shield is find BTW 
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738 
Lucas KBOMEJ 


Lucas 
February 4, 2016 at 11:45 pm 

Clarification to 1st reply will INCREASE gain way originally worded as would decrease gain NOT TRUE sorry for fat 
finger mixup friends 

Radio and electronics And teaching is what | do and I'm broke | make EVERYTHING!!! especially when I can use 
scrap or leftovers 

738 

Lucas KBOMEJ 


Ben 
March 7, 2017 at 3:21 pm 

| want to build a DYI HDTV Antenna but | need a good booster and likely some sort good HDTV Signal Filter 
because | live about 80 miles from any major city. This will Бе my first try at building the HDTV antenna the 
mechanics of building the Antenna are simple to me. But the electronic | will have to depend on the experts. | did fine 
the HDHomeRun Type: HDHR3-4DC DVB-C (unencrypted digital cable TV)/ and the SlliconDust-HDHomeRun 
PRIME TV Tuner ~ 3 Tuners Modell HDHR3-CC however | need more understanding about how these will help me 
with the DYI HDTBV ANTENNA, 


Bob Hays 
April 28, 2017 at 10:36 pm 


I've built 2 of these. They work better then th square ones I've bought. 


loading 
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DIY patch antennas for longerrange ЕР\/ 


A photo of Adam Adam write this on April 12, 2016 


LogPer, Hom, Biconical, Omni & Directional Wideband Antennas from 1Hz to ADGHz 


Pre-compliance Antennas - EMC/RF/EMI Test Antennas © E 


Rubber duck vs Patch: 


When first getting into the wonderful world of FPV (first person view) you often start off with two 
monopole “rubber duck” antennas that are provided with your setup. These antennas are very 
inexpensive to manufacture as they often are made out of the coaxial wire itself with a small bit of the 
shielding removed at the end, forming the antenna, What you will discover is that these antennas 
produce an omnidirectional signal pattern roughly in the shape of a toroid (kind of like a doughnut) 
and have a signal that is linearly polarized. In Layman's terms, you have to have your antenna receive 
(Rx) in the same orientation as your transmitter (Tx) in order to get the clearest signal, While your Rx 
is sensitive enough to not really care about antenna orientation when your Tx is close by, the farther 
away you get, or the more obstacles you have between you and your Tx, the more loss you have. 
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(a) Dipole Antenna Model бы Dipole 3D Radiation Pattern 


(© Dipole Azimuth Plane Pattern (8) Dipole Elevation Plane Pattern 


Dipole antenna pattern (similar to monopole) - Antenna Patterns and Their Meaning, Cisco 2007 


Now, if you take all of that RF energy and point it in one direction (directional), rather than in all 
directions (omnidirectional) you can extend the range or permeability of your setup. A good analogy to 
this effect is talking through a plastic megaphone, or using one to listen through. You don't change 
how much energy is used to create your voice, you just change how it's transmitted. 
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over а wider operating bandwidth. Since we want the antenna to be at least 
slightly inductively reactive at ай operating frequencies, setting up the antenna for 
the low edge of the band is the usual practice. 


The full-size vertical monopole is useful as a reference for comparing other 
vertically polarized antenna candidates, With that data, we can see what we gain 
or lose from each one. We shall look at 2 candidates, each no more than 70 tall 


The Tee-Vertical: If we must limit the height to a certain level--70' in our case--but 
siil desire a perfectly circular pattern, we need to create a shorter vertical 
antenna. Many vertical users opt for inductively loading the vertical either at its 
base or higher up on the wire. However, inductive loading has two 

disadvantages. First, the inductor always has a series resistance that reduces 
the radiated energy. Second, inductive loading reduces the feedpoint impedance 
faster, the closer the inductor is to the feedpoint 


Опе of the simplest and most efficient ways to shorten a vertical monopole is to 
create a hat at the top. The usual vision of a hat consists of several hat wires 
radiating from the top of the vertical wire. However, we actually need only 2 wires 
to effect a hat. (The more wires that we have in a symmetrical arrangement, the 
shorter that each must be to set the antenna at resonance. However, any wires 
notin the same line as the supports for the top of the vertical section require 
additional supports.) 


We shall look at 3 versions of a Tee-vertcal: with 4, 16, and 64 radials. Fig. 3 
shows the relative complexity of each version. The vertical wire is 21 m (68.9), 
and each leg of the Tee is 11.6 т (38) long. 
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(e) Patch Antenna Моде! (6) Patch Antenna 30 Radiation Pattern 


ل 


(c)Patch Antenna Azimuth Plana Pattern oi Patch Antenna Elevation Plano Pattern 


Patch antenna pattern (similar to monopole) - Antenna Patterns and Their Meaning, Cisco 2007 


So why is a patch antenna the best for FPV you ask?... Well it's not necessarily the BEST. There will be 
situations where you are flying and the antenna gets pointed away from you and you lose signal 
altogether. Trust us e tried. So all in all, its best to use an omnidirectional antenna on your Tx side, a 
patch on your Rx and simply reposition the antenna by moving your head to optimize the signal. The 
big bonus about using a patch antenna is that they are quite easy to make and the results are pretty 
stunning. What | mean by this is that because the patch antenna "focuses" the signal more along one 
axis than the other, there are situations where you lose signal completely if you do not have the 
antennas aligned. This fact limits the usefulness of a patch antenna on the Tx side since you cannot 
really control it's orientation. Enter polarization 


Antenna polarizatioi 


The monopole antenna we discussed earlier produces a waveform that is only on one axis, or linearly 
polarized (LP). You will notice the effect of this quite clearly with your RC Tx Rx where you can 
improve the range of your Tx simply by changing the orientation of your transmitter until the antennas 
align. An alternative to this linear polarization is to add a small instability to the means in which the 
signal is generated and the result is a waveform that travels in a circular pattern, or circularly 
polarized. This polarization can be clockwise (right hand - RHCP) or counterclockwise (left hand - 
LHCP) and is determined by the design of the antenna. For best results, you will want to use a Tx and 
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Rx antenna with like polarization. Luckily for you, our calculator can produce all three LP, RHCP and 
LHCP. 


йт px Circular 
AD 


Classification of Polarization - hyperphysics.phy-ast-gsu edu 


Patch antenna design: 


While patch antennas are easy to make and have very low physical profiles, their design is very 
sensitive to the materials used, polarity required and location of the signal feed. Rather than leave the 
design of these antennas up to the manufacturers we decided to create a calculator and make our 
own. Because, you know, buying things is for suckers. You can now make one too by simply inputting 
your frequency, dielectric constant, material thickness and ground plane scale factor into our 
calculator and watch the magic happen. 


hombres giubiolantennasiDIY Patch. Antennas E 


tot DIY patch antennas for 


Homebrew patch ready for testing 
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Ready to build your own? Awesome. We here at KempBros have done all of the hard work for you and 
created a complex patch antenna calculator for all of your coaxial-fed patch antenna needs. Just hit 
"Generate" to design your frequency specific LP or CP antenna. Enjoy! 


http://kempbros.github.io/antennas/Patch Antenna Generator/ 


References: 


http://www.everythingrf.com/rf-calculators/microstrip-patch-antenna-calculator 
https://www.pasternack.com/t-calculator-microstri 
http://ijates.com/images/short_pdf/1408805121_P378-384.pdf http://www.jecse.org/wp- 
content/uploads/2012/06/Volume-3Number-2PP-159-166x.pdf http://ijettjournal.org/volume- 
Alissue-4/1JETT-V414P340.pdf 
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You need to put up a temporary antenna for Field Day or a ORP 
backpacking trip. Rope supports are essential, and keeping the ropes 
taut can be a challenge ... unless you know what kinds of les to use 
and how to tie them. KAEOR offers a primer. 


Four Knots Every Ham 
Should Know 
BY GEORGE AVERILI 


* K4EOR 


‘easier. They are knots every ham should know, and 

‘every Boy Scout has been taught for decades! These. 
knots will withstand the passage of time. | have used them 
for permanent installations lasting several years. | also use 
them whenever I need to quickly erect a temporary field 
antenna. Not only are they secure knots, they can be eas- 
ily untied. 

There are many more knots, but knowing just these four 
will make your life as a ham much more enjoyable. Knowing 
these knots is so important that perhaps this should be part 
of our licensing requirements. Now go practice them, (This 
might be a good program for your next club meeting. 

To leam totie a knot it's usually easier to just look ata dia- 
gram of the knot than to follow instructions. I have, howev- 
er, added a few instructions to help you along. It would prob- 
ably be best to refer to the photos as well as the written 
instructions. 


Е: simple knots make putting up an antenna much 


Two Half-Hitches 
This simple knot (Photo A) allows a горе to be tightened 
securely to one end of an antenna insulator. Begin by pass- 
ing the guy line through the hole in the insulator. Then wrap 
the loose end around the guy line and through the loop you 
just made. Continue in the same direction, and make anoth- 
er loop below the frst one and pass the end through this loop 
you just made. Now tighten everything up. 


Photo A. Two hal-hiches (Photos by the author) 


Square Knot 
The square knot (Photo В) allows two ropas of about the 
same size to be tied together. A typical ham use would be 
adding more length to the rope connected to the end of your 
antenna, 

To бе this knot, first place the right rope end over the left 
rope end and encircle the left rope. Then place the left rope 
end over the right rope end and encircle the right rope end. 
Now tighten everything up. 


Double Sheet Bend Hitch 
This knot, shown in Photo C, allows two ropes of different 
sizes to be joined together especially when one is much 
smaller than the other. | use it when connecting the small 
fishing line shoot over a limb to a larger line | use to pull up 


"email: <averil@mchsi com> Photo B. Square knot 
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ту antenna. | used a larger red rope in the photo for demon- 
stration purposes; fishing line is much smaller. A completed 
nylon fishing ine is shown at the bottom of the photo. 

To tie the knot, make a loop with the large guy горе. Run 
the small fishing line up through the loop then around the 


Photo С. Double sheet bend knot 


Photo D. Taut-line bitch 
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loop to the right and then back beneath itself. Do this a sec- 
fond time and then pull everything taut. Now, going in the 
‘same direction, loop the end of the fishing line around the 
Quy rope above the other two turns and back beneath itself. 
ul the two ends taut. 


Taut-Line Hitch 
The taut-ine hitch (Photo D) allows you to tighten the rope 
that connects the end of your antenna (the guy line or anten- 
па support line), to an object such as a stake or a tree limb. 
It can also be used for tying support lines for a small mast. 
You can loosen your rope or tighten it up. The taut-ine hitch 
holds tight under tension, but сап be easily adjusted. I's 
perfect for securing and adjusting antenna supporUguy lines. 

To tie this knot, first run the end of your guy line around the 
stake or other item to which you chose to бе the line. Then 
cross over the guy line attached to your antenna and, going 
in the same direction, bring the end through the lower loop 
made between the stake and the guy line. Do this a second 
time so that there are two loops over the guy line inside the 
loop. Now go above the two loops you made, going in the 
same direction, and tuck the end under itself making опе 
loop above the other two loops. Pull the knot taut 

If you ted it correctly, you should be able to pull the knot 
up the main guy line and down the main guy line, making the 
line longer or shorter as needed to tighten up your antenna. 


Notes: 
Y Handbook for Boys. 1951. Boy Scouts of America North Brunswick 
NJ (Yes, his was my Boy Scout Handbook when | fest learned code.) 
2 For addtional reading about knolssee cwiwanimatedinots com> 


Young Ladies’ Radio League, Inc. 
Since 1939 


For 75 years the Young Ladies’ 
Radio League, Inc. (YLRL) has 
helped women find their voice 
in Amateur Radio with members 
of all ages and interests. 

The YLRL sponsors a number 
of certificates for both YLs and 
OMs. Members can eam special VL Certificates. 

YL-Harmonies is our bi-monthly publication 
highlighting what women are doing in 
Amateur Radio. 

YIRL gives out scholarships to YLs each year. 
For more information on the YLRL, the current 
dues amounts, weekly YL Net locations or how to 

join please go to our website at www.ylrlorg or 
contact the Publicity Chairwoman, Cheryl Muhr. 
NOWBV at nOwbv@earthink net, All Officer 
information is also listed both on the 
website and in each edition of the 
magazine and you may contact any 
Officer as well 

With thanks fo the OMs who 
‘encourage and support us, 
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For the same set of conditions used to model the fullsize vertical monopole, the 
shortened Tee-vertical shows the following performance values. 


Shortened Tee-Vertical Monopole with Variable Radial Systems 
Average Ground 


то. of Maximum то Angle Feedpoint z 
Radials ain dai degrees 27 jX ohms 
n кк 25 i232 
10 9 20 El 29.5 
“ Ең 25 ERE 


The fewer the radials, the more that Tee-vertcal performance lags behind the 
performance of the full-size vertical monopole. With 64 radials, there is almost no 
difference in performance with respect to gain. The Shorter vertical section of the 
Tee version does show a 2-degree increase in the TO angle. As well the 
impedance at the feedpoint is only about 70% of the value for the full-size 
vertical. Fig. 4 shows the relative radiation patterns. We do not need azimuth 
patterns because, Ike the full size vertical, the Tee-vertical provides virtually a 
perfect circle of radiation (assuming that there are no nearby objects to distort 
that pattern), 
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With a pair of receives to his cars, an amazed visitor to a certain radio station heard a high- 
toned hum which changed to a low grow, then skied to the upper reaches of the musical scale 
ina 


faint, very faint buzz, as if some microscopic mosquito had had his song made audible. The operator rapidly 
rapidly turning the knobs on his couplers and condensers, raised his hand: suddenly, through the changing 
radio signals which were clamoring for attention together in the receivers came his voice; "There — the 
loud, easily heard one is New Brunswick; the fainter, lower one is Nauen, in Germany". 


IF all this had taken place in the great Arlington station one would not have wondered, save perhaps at the 
inability to tune out all radio but Nauen. But it was а little portable house erected in thick woods near the 
edge of the District of Columbia and the signals were received through an oak tree for an antenna, 


It is not a joke nor a scientific curiosity, this strange discovery of Gen. George O. Squire, Chief Signal 
Officer, that trees --- all trees, of all kinds and all heights, growing anywhere --- are nature's own wireless 
towers and antenna combined. The matter first came to his attention in 1904, through the use of trees as 
grounds for Army buzzer and telegraph and telephone sets, which, in perfectly dry ground and in a dry 
season, functioned poorly or not at all with ordinary grounds. Right then he began experiments with a view 
to seeing what possibilities, if any, the tree had as an aerial. But in 1904 radiotelegraphy was far more 
undeveloped than at present, and vacuum amplifying tubes were not thought of. 


During the war the Signal Corps established a chain of special receiving stations in different localities to 
copy and record enemy and allied radio messages. Some of those stations were instructed to test the 
efficiency of growing trees as receiving antennae. 


With the remarkably sensitive amplifiers now available, it was not only possible to receive signals from all 
the principle European stations through a tree, but it has developed beyond a theory and to a fact that a tree 
is as good as any man-made aerial, regardless of the size or extent of the latter, and better in the respect that 
it brings to the operator's cars far less static interference. 


This is a rather broad statement, yet there beyond the Capital of the nation stands a little portable house, the 
oak tree, a small receiving set and a couple of enlisted men and an officer on duty; and the curious may, 
with permission, hear for themselves that the signals so received are neither faint not interrupted, but strong, 
full-toned dots and sashes even when they come from far-off Nauen. Page after page is copied daily from 
the propaganda material which Nauen sends out by the ream. Lyons, Poldhu, ships at sea, even the NC-4 on 
her way, are heard plainly. As for New Brunswick or nearby Arlington --- they deafen the listener if he is 
unwise enough to try to "take" them otherwise than with the phones lying on the tables. 


It will puzzle the amateur as it has puzzled the experts, how a tree, which is certainly well grounded, can 
also be an insulated aerial. The method of getting the disturbances in potential from treetop to instrument is 
so simple as to be almost laughable. One climbs a tree to two-thirds of its height, drives a nail a couple of 
inches into the tree, hangs a wire therefrom, and attaches the wire to the receiving apparatus as if it were а 
regular lead-in from a lofty copper or aluminum aerial. Apparently some of the etheric disturbances passing 
from trectop to ground through the tree are diverted through the wire -— and the thermionic tube most 
efficiently does the rest. 


It is interesting to learn that the tree behaves very much like any other aerial; it receives better in dry clear 
‘weather than in muggy, damp weather. It plucks messages from the ether more clearly at night than in the 
day. It is affected very little by rain. It is affected not at all by the presence of other trees; so far as has yet 
been ascertained it makes little difference whether one drives his nail in a tree in the forest or a lone tree on 
the plain. Certainly it makes no difference that amounts to anything whether the tree be just an ordinary tree 
ога giant; it was a 60-001 oak over which the very awe-struck correspondent heard Nauen telling a waiting 
world what good people the Germans really are. And to prove that it made no particular difference what 
kind of tree was used the officer in charge switched to a pine tree, which received equally well. 
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А dead tree will not do, and a tree not in leaf is not so sensitive as one in full foliage. It makes much 
difference where the nail is driven. General Squier calls the proper place the optimum point, and 
experimentally it has been determined that two-thirds of the distance from ground to top is the best place 
їп a 60-foot tree, 40 feet from the ground. 


‘One nail is sufficient, and it may be any kind of nail; but copper is preferred as not rusting. In practice, if a 
tree station is to be at all permanent, several nails would be driven and connected to the same wire, each 
additional nail up to 6 or 8 making the diverted current a little stronger. But 40 nails apparently produce no 
clearer signals than half a dozen. 


The tree may serve as a receiving station for several sets, cither connected in series with the same material 
or from separate terminals, 


Some skeptics have expressed the belief that it was not the tree, but the wire leading to the nail in the tree. 
which was the real aerial. The absurdity of thinking a 40-foot wire could receive the widely differing wave 
lengths which come through the tree station is obvious, but to set any doubt at rest, the wire to the troc has 
been hung to the nail by means of an insulator, when the signals immediately cease, only to come in as 
strong as over just as soon as the connection is again established. 


Just what will the tree do as a transmitting station for radio telegraphic messages has not been determined in 


the Signal Corps Experimental Laboratory. As those in charge express it, "The fact has been demonstrated, 
but the matter is still in laboratory stage only. What remains to be done now is to develop the best methods 
of using the demonstrated fact" 


But it has already been shown that the tree can be used in wireless telephony and for short distances it has 
been shown that two-way telephonic communications is easily established through trees with remarkably 
low values of transmitting antenna current 


Ifa tree may be used to send wireless telephonic waves it seems not unreasonable to suppose that it will do 
зо as easily with the telegraphic waves. At present the Signal Corps is at work on apparatus to test the 
possibilities of the tree as a transmitting station. 


Just what this development of the art of radio telegraphy may mean has not yet been worked out. It is the. 
history of most discoveries that their potentialities are hardly dreamed of when they are first made ~- for 
instance the telephone, the electromagnet, the vacuum tube amplifier. But it seems fairly obvious that in 
‘war, at least, the tree receiving station opens up great possibilities. 


‘True enough there are few trees which remain intact under shell fire, and doubtless with this possibility in 
mind the armies of the future (if there be such) will in action consider all trees as dangerous enemy aerial 
stations. But there will always be trees behind the lines and not all actions will be fought on bare ground. 
What would it have meant to the "lost battalion" to have had a tree wireless set along by which it could 
have heard that every effort was being made to find and relieve it, or by which it might have sent back 
messages supplementing that carried by the pigeon? 


‘The greatest development, however, of the tree as the foundation for a receiving and possibly a sending 
station will come in peace uses. General Squier has written: 


"In view of what has been accomplished in space telegraphy, it is difficult to predict to what extent this 
means of communication may ultimately be developed. If, as indicated in these experiments, the earth's 
surface is already generously provided with efficient antennae, which we have but to utilize for such 
communication, even over short distances, it is a fascinating thought to dwell upon in connection with the 
future development of the transmission of intelligence. 


"Since a transmitting station is a central point for electromagnete waves sent out in all directions over the 
surface of the earth, a large class of information, such as meteorological reports, crop reports, and general 
news items of interest to all, may in time be sent from central points, to be received in many places within 
the radius of influence of the signal station, and this, too, by the simplest form of apparatus.” 


p rexresearch.comlsquerfequerhim 


элә 


опоо George O. Squier = Trees as Antennas (Scientific American, June 14, 1919 & reh 


tent Specification # 149,917) 
The amateur wireless world will unquestionably take an intense interest in the tree radio work. At present, 
while the government has lifted the ban upon amateur aerials, it has not removed the structures against. 
sending. 


The aerial is always the greatest problem for the amateur. Lack of both money and material prevents him. 
from erecting anything very large or of very great capacity. Ifany lad with a receiving set and some 
thermionic tubes can hook to a tree and take in any wavelength he can tune to, will not tree radio vastly 
increase the devotees of this particular variety of indoor sport? The matter is one of some importance, 
inasmuch аз many valuable recruits to the radio world have come from amateur ranks, and many a radio 
engineer had got his first taste for the fascinating art through a homemade tuning coil and detector, under 
the attic roof. The greater the amateur wireless world, the quicker the development of the art as a whole. 


Explorers, discoverers, engineers in far places, the forest service, the woodsman, all have use for the new 
development. Moreover the tree as an antenna offers unusual possibilities for the investigation of 
atmospheric phenomena and for what may be called the physics of botany (or the botany of physics) and 
perhaps is the road by which the unsolved puzzle of growth may be studied, 


Meanwhile, it is a thought not without great power to move the sensitive imagination that every tree, 
growing everywhere, is a wireless tower and antenna and that, as General Squier says, "It is significant that 
a tree, possessing utility and natural strength, architectural beauty of design and endurance far superior to 
artificial structures prepared by man, should be able yet further to minister to his needs". 


Electrical Experimenter ( July 1919 ), р. 204 
Talking Through The Trees 
by 


Major-General George O. Squier 


(Chief s 


al Officer, US Army) 
How Transatlantic Radio messages Are Copied Via Tree Antenna 


As long ago as 1904, the author conducted some experiments with a view to utilizing growing trees as 
antennae for radio-telegraphy and discovered the efficacy, in a general way, of using a direct metallic 
contact to certain trees (principally Eucalyptus) to increase the audibility of radio signals. My attention was 
first called to this phenomenon during the course of summer maneuvers of the Army at Camp Atascadero, 
CA, where, due to the prevalence of the dry season of the зой, it was found that the regular Army buzzer 
telephone and telegraph sets were inoperative with any ordinary ground or earth but became operative when 
connected to a metallic nail driven in the trunk or roots of a live tree. This incident led the author to pursue 
the subject experimentally in the autumn of 1904 continuing the experiments to the range of frequencies 
than employed in radio-telegraphy. 


Tree Antennae 


In connection with the organization and development of Transatlantic radio reception, which was carried 
‘out during the period of the war to provide against the possibility of the interruption of the submarine cable 
system, the Signal Corps established a chain of special receiving stations in different parts of the United 
States to copy and record enemy and Allied radio messages from European stations for the information of 
our Army General Staff 


In the prosecution of this work, directions were given to the Signal Corps Laboratory at Camp Alfred Vail, 
Little Silver, NJ, and also to the experimental staff in Washington to test the efficiency of growing trees as 
receiving antenna, in connection with this service, using the vastly superior technique and facilities now 
represented in the radio Art as compared with the crude apparatus with which the discovery was made in 
1904. With a collection of apparatus representing the most advanced state of the radio Art, the problem, as a 
war measure, was attacked anew and has now reached a point where a very brief outline of some of the 
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physical results obtained should be presented in the interests of the development of the Art їп general. Since 
the phenomena involved embrace a variety of physical problems rather than strictly engineering ones, these 
data are presented in the hope that our scientists may see in the experiments some points of departure for 
further research, 


It was immediately discovered that with the sensitive amplifiers now in use it was possible to receive 
signals from the principal European stations by simply laying а small wire netting on the ground beneath 
the tree and connecting an insulated wire to a nail driven in the tree well within the outline of the tree top. 
See Figure 1. Messages having been received from England, France, Germany and Italy 


‘This encouraging first result justified а more careful examination of the phenomena and the most suitable 
arrangement of circuits for the purpose. 


And Now For the Floraphone 


‘The messages carried over this tree telephone and telegram system have been named by the writer. They are 
to be ‘floragrams’. The tree telephone is to be a “floraphone’; the tree telegraph а “floragraph. 


‘The discovery is now announced after experiments covering 15 years, beginning in California and 
continuing intermittently until the outbreak of the war, when they went forward with vigor as an emergency 
means of communication. The system was utilized during the war in listening-in on the German radio 
‘communication. 


‘The final development took place in a small portable laboratory, purchased from a mail order house, 
capable of being carried to any place in the woods. A group of soldiers, taking turns at copying messages, 
assisted the writer in the development of the apparatus. 


Without entering into the details of these preliminary experiments here it may be said that one fo the best. 
receiving arrangements is found to be an elevated tree earth-terminal in the upper part of the tree top, and 
ап earth consisting practically of several short pieces of insulated wire, sealed at the outer end, radiating out 
from a common center, and buried a few inches beneath the surface of the ground in the neighborhood of 
the tree. See Figure 2 


It was soon found that a trec-antenna could be used efficiently as a multiple radio receiving set over widely 
different wavelengths, see Figure 3A, receiving either from separate terminals at the same (shown dotted i 
Figure 3A) or different heights of the tree, or in series from the same terminal. See Figure 3B. 


This same type of circuit was employed in an inverse manner for radio-telephonic transmitting purposes, 
although the experiments thus far have been limited to short distances. It was found that 2-way radio- 
telephonic communication was easily established with remarkably low values of transmitting antenna 
current. Sec diagram of this test illustrated at Figure 4. 


The flexibility of this arrangement is very striking. The linking up of wire and wireless methods was found 
to be both convenient and efficient. Radio-telephonic messages from airplanes were readily received by the 
‘ree-antenna arrangement and transferred thence to the wire system of the city of Washington and finally 
received at any point desired, 


Furthermore, radio-telephonic transmission through the tree-antenna was received by another tree-antenna, 
and automatically returned to the sender on a wire system, thus making a complete circuit. Illustrated at 
Figure б. 


Long distance reception on any wave length from all the larger European stations and from our ships at sea 
was easily accomplished and traffic copied оп a 24 hour schedule by the regular enlisted operators of the 
Signal Corps. A small portable house serving as а field laboratory was erected in the midst of the forest area 
оп Grant Road, Washington DC, and here was assembled a collection of amplifiers from the Army, navy, 
the British and French, and American manufacturers. With these facilities it was a matter of a few days to 
test out, at least in a superficial manner, a large number of proposed arrangements using trees as antenna, 


Fi 


ге 7 shows how a number of trees can be connected up to give the effect of one large antenna. 
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In France officers of the Signal Corps, by the simple device of driving a spike into a tree-trunk to which 
connect the audion set which wireless operators use to make up wireless messages, it was found possible to 
listen in on communications between German airplanes and the German lines. Messages were thus 
intercepted in spots into which it would have been impossible to transport a field wireless apparatus. See 
Figure 8, 


‘The Physics of Tree 


less 


We may regard the metallic electrode rigidly driven into the living organism of a tree, as described above, 
as a potential carth-terminal for the study of the potential distribution on the surface of the earth itself. It has 
been shown in these experiments that this metallic terminal intimately connected to the earth itself and a 
part thereof is subject to changes of potential representing the innumerable frequencies required by modern 
radio-telephony and telegraphy, as well as any other electrical disturbances which may occur on the surface 
ol the earth or the atmosphere above the earth. 


It has also been shown, as expected, that we can select from this composite one or more of the different 
frequencies by tuned electrical loop circuits suitably connected to this electrode and study each in turn, at 
will, just as color screens can select a particular component of white light. We may, indeed, by means of a 
highly insulated conductor bring this terminal directly to the laboratory and connect it immediately to the 
modern thermionic tube and amplify almost at will the particular effects we are studying, 


We can consider that trees have been pieces of electrical apparatus from their beginning and with their 
manifold chains of living cells are absorbers, conductors and radiators of the long electromagnetic waves as 
used in the radio Ап. 


For our present purpose we may consider, therefore, a growing tree as a higly organized piece of living 


earth, to be used in the same manner as we now use the earth as a universal conductor for telephony and 
telegraphy and other electrical purposes. 
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British Patent Specification # 149,917 
Improvements in & Relating to Radio Communication Systems 
George O. Squier. 


This invention relates to radio communication systems. More particularly, the invention relates to radio 
transmission and reception through the use of living vegetable organisms such as trees, plants, and the like. 


As disclosed in the Specification of my prior Letters Patent No. 25,610 (1904), I have discovered heretofore 
that tall trees and like growing vegetation possessed electrical conductivity of a certain nature adapted for 
the reception of signaling electromagnetic waves and capable of forming a part of an antenna or serial with 
the use of a direct earth "ground" or equivalent point of connection with the tree, in the potential node 
region. 


1 have recently discovered that living vegetable organisms generally are adapted for transmission and 
reception of radio or high frequency oscillations, whether damped or undamped, with the use of a suitable 
counterpoise. I have further discovered that such living organisms are adapted for respectively transmitting 
ог receiving a plurality of separate trains of radio or high frequency oscillations simultaneously, in the 
‘communication of either or both telephonic or telegraphic messages. 


In such use of an antenna comprising living vegetable organism and a counterpoise, I have discovered that 
‘optimum results are obtained upon arranging the point of connection of the transmitting or the receiving set 
within a certain range of the tree, or other living vegetable organism; for trees indigenous in the temperate 
zones, I have discovered that such optimum point of connection is in a region approximately two-thirds of 
the height of the tree above the exposed surface of the earth, 


In accordance with my invention for receiving radio trains of telephonic or telegraphic high frequency 
oscillations, a plurality of receiving sets attuned respectively to any desired frequency, may be connected by 
the same leading-in wire to the same tree, whereby such tree serves as the common receiving antenna for 
the respective individual receiving sets; and, similarly, for transmitting radio trains of telephonic or 
telegraphic high frequency oscillations, a plurality of transmitting sets respectively resonant to any desired 
frequency may be connected by a common lead-in wire to the same tree serving as the common antenna. 


In the more preferred forms of my invention, I have devised suitable means for selective directional 
reception of radio oscillations of any desired definite frequency, by the use of a coil having the turns of its 
windings disposed in substantial parallelism and mounted to be rotated in a horizontal plane, whereby the 
received oscillations are restricted to the direction coincident with or parallel to a plane lying normal to any 
plane passing through any turn of the windings of the coil 


‘The counterpoise comprises preferably a suitable extent of conductor in the form of one or more lengths of 
wire disposed below the surface of the earth and suitable insulated therefrom; it is desirable to arrange a 
number of individual counterpoises, cach extending rectilincarly in different directions to one another and 
to employ in directional selection the particular counterpoise extending substantially in the selected 
direction. 


Further features and objects of the invention will be more fully understood from the following description 
and the accompanying drawings, in which: 


Figure 1 is a diagrammatic vertical elevation of a preferred form of the invention; 
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The Tee-vertical is amenable to the use of lengthening techniques to raise the 
feedpoint impedance with a series capacitor to compensate for the inductive 
reactance. Lengthening the Tee legs (in equal amounts to preserve symmetry) 
saves you the trouble of increasing the height. However, you will need more 
horizontal space for the increased Tee-top. If you use a Series capacitor at the 
base of the antenna, | recommend a double waterproofing case system, along 
with regular preventive maintenance. As well, be sure that you use a beefy 
capacitor able to handle the high current level at a 50-Ohm impedance. 
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diagrammatic view of one preferred form of an arrangement of receiving sets, 


Figure 2 i 
‘embodying my invention; and 


Fig! 
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Figure 3 is a diagrammatic view of a preferred form of an arrangement of transi 
‘embodying my invention. 


Referring to Figure 1, the circuit designated 1 represents any approved form of resonant receiving circuit 
comprising the variable condenser 2, and detector, rectifier or amplifier 3, arranged with a telephone or any 
suitable recording device in the usual manner. Such attuned receiving circuit 1 is suitably coupled through 
transformer windings or otherwise with proper regulatable reactance with the tree or other living vegetable 
organism and in Figure 1 I have indicated the location 4 as representing the location of a metallic nail, or 
equivalent, affixed to and extending within the body of such tree. I have discovered that optimum results for 
апу particular tree are dependent upon the physical contour of the space occupied by the branches and 
leaves as well as the subterranean portions of the tree such as the roots and that generally the optimum 
results are attained by affixing the nail 4 within the region of the tree substantially two-thirds of the height 
of the tree above the surface of the earth. 


To such nail 4 is connected one end of the lead-in wire 5, preferably enclosed in suitable insulation, and 
connected at its other end with the resonant circuit 6 comprising the adjustable inductance coil 7 and the. 
adjustable condenser В. The lead 9 connects the circuit 6 with the counterpoise 10, preferably comp 
‘one or more metallic wires, 11, extending substantially rectilinearly and electrically insulated from the earth 
12 by means of suitable insulation 13, as by enclosing such wire or wires 11 within a suitable insulating 
coating. Such coating 13 extends preferably an appreciable distance above the surface 14 of the earth 12. In 
the use of my invention with living antennae, I have arranged the counterpoise 10-13 extending in the 
rectilinear direction substantially parallel to the plane passing through the transmitting station, the receiving 
station and the center of the earth. It is advantageous to arrange a plurality of individual counterpoises 10 


d 
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radiating in different rectilinear directions, with a suitable switching device for connecting the lead 9 with 


the particular counterpoise parallel to or most closely parallel to the selected direction. 


Such coil 7 is preferably a primary coil suitably spacially coupled with an adjustable secondary сой 15 
connected in the circuit comprising the variable condenser 2 and 3. In the specific form of the invention 
shown in Figure 1, such secondary coil 15 is provided with the lead wire 16 connected to the terminal 17 of 
the reversing switch 18 (shown diagrammatically) the other end of the secondary coil 15 being connected 
by the cross wire 20 of the reversing switch 18. Such terminal 17 is connected by the cross wire 21 with the 
terminal 24, The pivoted knife blades 25, 26, having the handle 27, are mounted in the usual manner on the 
central terminals 28, 29. The coil 30 represents diagrammatically a coil comprising a desired number of 
windings or successive tums of exposed or insulation covered wire, each tum lying substantially in a 
common vertical plane and the coil indicated at 31 represents a similar plurality of turns of windings 
mounted in substantially a common vertical plane. One terminal of the coil 30 is connected with one of the 
central terminals of the reversing switch 18, say terminal 28, and one terminal of the coil 31 is connected 
with the other central terminal 29, of the reversing switch 18. The other terminal of the coil 30 is connected 
by the wire 32 with the leads of the variable condenser 2 in shunt with the detector or amplifier 3, while the 
other terminal of the coil 31 is connected by the wire 33 to the opposite lead of the variable condenser 2 and 
the detector or amplifier 3. 


Such set of coils 30, 31 are suitably mounted to be rotated horizontally, whereby all turns of the coils 30, 
31, at any given position lie substantially in a common vertical plane. Such coils 30, 31 may be arranged on. 
a common wooden or like insulating frame of cylindrical, rectangular or other desired contour on cross 
section, 


By virtue of such an arrangement, the primary and secondary circuits are respectively directly exposed to 
and simultaneously electromagnetically acted upon by the incoming oscillations, and by means of the 
reversing switch 18 the oscillations generated in the coil 30 may be neutralized or accumulated relatively to 
the oscillation generated in the coil 31 to produce either the "barrage" or the "amplifying" effect. 


By means of such "barrage" effect, the oscillations of any given wavelength directed in any absolute 
direction are cut out from the detector or amplifying circuit and enable oscillations of similar or the same 
wave length received in any definite direction to be conducted to the detector or amplifying circuit. By 
means of such accumulating effect of the coils 30, 31, and the switch 18, the waves of any definite 
wavelength received in any definite absolute direction are amplified and enable long distance reception at 
any wave length, 


In practice, I have carried out the invention for reception by the use of either a single receiving set or a 
plurality of receiving sets. Such receiving set or sets may be arranged either to receive damped high 
frequency oscillations or undamped high frequency oscillations. 


In Figure 2 I have illustrated diagrammatically one form of the application of the invention for the 
simultaneous reception of a plurality of different trains of high frequency oscillations. 


The nail 4 is indicated as located in electrical connection with the tree 35 at an optimum point 36, the lead- 
in wire 37 being connected at its upper end with the nail 4 and at its lower end with the incoming connector 
bar 38. The connector 38 is provided with the individual switches 39-40-41, etc., corresponding to the 
number of individual receiving sets. The outgoing connector bar 42 is connected by the lead 43 with the 
counterpoise 10, preferably constructed and arranged as set forth hereinabove. 


In suitable relation with the incoming connector bar 38 and outgoing connector bar 42 and the switches 39, 
40, 41 are arranged the respective primary coils 44, 45, 46, ete., respectively coupled in any approved. 
arrangement with the secondary coils 47, 48, 49. 


‘The receiving set 50 is arranged for the reception of undamped waves and is shown of the vacuum tube 
valve type. The terminals of the secondary 47 are suitably connected in the input circuit including the 
filament cathode 51 of the vacuum valve 52 and the grid 53 and comprises the variable condenser 54 in 
shunt with the secondary 47, the condenser 55 and the grid leak resistance 56. The output circuit comprises 
the battery 58, the filament cathode 51, and the telephone receiver or other audible, or any visual indicator 
57. The heating circuit of the filament cathode includes the battery 60 and the variable resistance 61 
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The receiving set 62 is shown of a similar undamped oscillation receiving type and like elements аге 
designated by like reference numbers. 


The receiving set 63 is indicated of the damped oscillation receiving type and comprises the additional 
inductance turns 64 having one terminal connected to one terminal of the filament cathode 51 and its other 
terminal connected to the variable condenser 65 in shunt with the telephone receiver 57 and the storage 
battery 58. The remaining elements of the receiving set 63 correspond to like elements of the receiving set 
50 and are designated by like reference numbers. 


In Figure 2 I have shown the switch 39 in closed position with the primary inductance 44 of the receiving 
set 50, the switch 40 in closed position with the primary inductance 45 of the receiving set 63 and the 
switch 41 in open position with the primary inductance 46 of the receiving set 62, and accordingly enabling 
the reception and detection of undamped oscillations of the frequency to which the receiving set 50 is tuned 
and simultaneously the reception and detection of damped oscillations of the frequency to which the 
receiving set 53 is tuned. 


Figure 3 shows one form of practical application of my invention for transmitting simultaneously radio 
oscillations, either telephonic or telegraphic, either damped or undamped, or both. The nail 4, lodged at an. 
‘optimum point 36 in the tree 35, is connected by the lead 70 to the connector bar 71, and the counterpoise 
10 is connected by the lead 72 to the connector bar 73. 


The transmitting sets 74, 75, etc., of the desired number, are suitably arranged for single or multiple 
transmission, for which purpose the switches 76, 77, etc., are provided. The transmitting sets 74, 75 are 
shown of any approved type, such as the oscillating vacuum tube type comprising the filament cathode 78, 
the grid 79 and anode 80, arranged in the vacuum tube 81, suitably connected with the primary inductance 
84, 85. The primary inductances 84, 85 are suitably connected to the connector bar 73 and the connector bar 
71 through the respective switches 76, 77. The battery or other source of electric current is indicated at 86. 
‘The adjustable heating circuit of the cathode filament 79 is shown comprising the battery 87 and the 
variable resistance 88. 


In Figure 3, the switch 77 is in closed position thus placing the transmitting set 75 in operative connection 
with the tree serving as the antenna. Upon closing the switch 76 the transmitting set 74 is similarly placed 
in operative connection with the tree antenna 35. Upon closure of both switches 76, 77 the tree serves as the 
antenna for the transmission of simultaneous trains of oscillations emitted by the respective transmitting 
sets 74, 75, modified by a key or telephone transmitter, or other suitable modulator, for the transmission of 
telegraphic or telephonic messages as desired 


In the use of trees or other living vegetable organisms serving as the antenna or a art thereof, I have 
discovered from tests that such tree possess impedance consisting of two components, resistance and 
reactance, the latter being usually condensive, for oscillation within the range of present day wavelengths. 
‘The tests also show that the apparent capacity of a tree serving as an antenna is substantially proportional to 
the height of contact of the lead wire connecting the transmission set with the tree. 


The tests also show that the apparent resistance of a tree serving as an antenna is appreciably greater than 
the resistance of the ordinary metallic antenna, and it is accordingly desirable to modify the resistance or 
alter the design of the receivers, if it desired to increase the effectiveness of the energy of the 
electromagnetic radiation impinging on the tree; however, the ordinary receivers of present design may be 
used and are responsive to any wave length of radiation employed in present day practice. 


Whereas I have described my invention by reference to specific forms thereof, it will be understood that 
many changes and modifications may be made without departing from the spirit of the invention as defined 
by the appended claims, 


An alternative electric power generating system that draws energy from a seemingly unlikely yet abundant, 
‘eminently renewable and virtually free power source has been submitted for patenting by MagCap 
Engineering, LLC, Canton, Mass., in collaboration with Gordon W. Wadle, an inventor from Thomson, Ill. 
Wadle has invented a way to capture the energy generated by a living non- animal organism --- such as a 
tree. 
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tent Specification # 149,917) 


"Unlimited Electric Energy from the Environment?" 


Chris Lagadinos, president of MagCap, developed circuitry that converts this natural energy source into 
useable DC power capable of sustaining a continuous current to charge and maintain a battery at full 
charge. 


"Аз unbelievable as it sounds, we've been able to demonstrate the feasibility of generating electricity in this 
manner," said Wadle. 


"While the development is in its infancy, it has the potential to provide an unlimited supply of constant, 
clean energy without relying on fossil fuels, a power generating plant complex or an elaborate transmission 
network." 


Wadle likened the invention to the discovery of electricity over 200 years ago when charged particles were 
harnessed to create an electric current. "Now we've learned that there is an immense, inexhaustible source 
ol energy literally all around us that can be harnessed and converted into usable electric power," he said. 
Ultimately, it should prove to be more practical than solar energy or wind power, and certainly more 
affordable than fuel cells, he added. 


Wadle said he got the original idea of harnessing a tree for electrical energy from studying lightening, more 
than 50 percent of which originates from the ground. This prompted him to develop the theories resulting in 
a method to access this power source. 


Lagadinos then designed circuitry that filtered and amplified these energy emanations, creating a useable 
power source. 


Basically, the existing system includes a metal rod embedded in the tree, a grounding rod driven into the 
ground, and the connecting circuitry, which filters and boosts the power output sufficient to charge a 
battery. 


In its current experimental configuration, the demonstration system produces 2.1 volts, enough to 
continuously maintain a full charge in a nickel cadmium battery attached to an LED light. "Think of the 
‘environment as a battery, in this case," said Lagadinos, "with the tree as the positive pole and the grounding 
rod as the negative." 


Lagadinos said the system could be enhanced enough to generate 12 volts and one amp of power, "a 
desirable power level that could be used to power just about anything," he said. It is enough power to 
charge batteries for any type of vehicle, including hybrids and electric cars, or to use with an AC converter 
to produce household power, he added. The LED industry is a prime example of a potential user of this 
power source. 


While the basic concept of this invention -- using a tree to generate electric power — seems too incredible to 
be true, Lagadinos said it can be demonstrated quite simply. "Simply drive an aluminum roofing nail 
through the bark and into the wood of a tree -- any tree — approximately one half inch; drive a copper water 
pipe six or seven inches into the ground, then get a standard off-the-shelf digital volt meter and attach one 
probe to the pipe, the other to the nail and you'll get a reading of anywhere from 0.8 to 1.2 volts of DC 
power,” he said. 


"You can't do anything with it in that form because it is 'dirty' -- i.e. highly unstable and too weak to power 
anything," he added. In order to properly harness this potential energy source, MagCap devised two test 
circuits: one with three capacitors that were connected in parallel by means of a switch and charged to 0.7 
volts each, 


When fully charged they are switched to a series mode, multiplying the voltage to 2.1 volts and flashing an 
LED to show that sufficient power could be generated to produce a useable result. The second circuit 
included a filtering device to stabilize and "clean" the current so it could be used to charge and maintain a 
NiCad battery. 
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‘The battery then could be connected to the LED to keep the LED lit continuously. Wadle pointed out that 
there seems to be no limit to the amount of power that can be drawn from an individual tree, no matter how 
many "taps" are inserted -- each produces the same amount of energy, an average of 0.7 - 0.8 volts. Size of 
the tree also seems not to matter. 


Interestingly, while conventional wisdom would seem to indicate that the tree draws much of its energy 
from photosynthesis via its leaves, the voltage output actually increases to 1.2-1.3 volts in the winter after 
the leaves have fallen, 
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The 1/4-Wavelength Inverted-L: A second alternative for our 70” height limitation 
is the inverted-L. As shown in Fig. 5, the L does not worry about symmetry, but. 
simply uses a horizontal extension of the vertical wire to reach resonance оп 160 
meters. Because the top is not symmetrical, the horizontal wire radiates, 
However, the current is lower in the horizontal part of the antenna and the pattern 
is not seriously distorted on 160 meters. In the model for 1.85 MHz over average 
ground, the horizontal wire is 19 m (62.3) for the same vertical wire used in the 
Tee-vertical 
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The performance of the inverted-L is not significantly different from the Tee, as 
shown by the following performance figures. 


shortened Tee-Vertical Monopole with Variable Radial systems 
Average Ground 


то. of Maximum то angle Feedpoint z 
Radials Gain des degrees R +7- jX ohms 
n ES 25 aya 
a К 2 30-36 
“ o: 2 2.321 


Due to the small horizontal component of the radiation patterns, the elevation 
angle has increase by another degree. However, the impedance values are 
almost identical to the corresponding values for the Tee-vertical. Fig. 6 shows 
the elevation and the azimuth patterns for the inverted-L. Note that the presence 
of a non-symmetrical horizontal section does not allow the pattern overhead to 
до to nearly zero, although the level is not strong enough for effective NVIS 


communications, The azimuth pattern shows a sight push in the direction of the 
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Regulations & Policies 


Lesson One 


1-1) Radio Licences, Applicability, Eligibility of Licence Holder 


“Authority to make "Radiocommunication Regulations" is derived from the 
Radiocommunication Act 


“Authority to make "Standards for the Operation of Radio Stations in the Amateur 
Radio Service" їв derived from the Radiocommunication Act 


“The Department that is responsible for the administration of the 
Radiocommunication Act is Industry Canada 


“The "amateur radio service" is defined in the Radiocommunication Regulations 


Industry Industrie 
Canada Canada 


Canad а 


Regulations & Policies 


Lesson One 
1-2) Licence Fee, Term, Posting Reguirements, Change of Address 


+ The Amateur Radio Operator Certificate should be retained at the address notified 
to Industry Canada 


* Whenever a change of address is made Industry Canada must be advised of any 
change in postal address 


+ An Amateur Radio Operator Certificate is valid for life 

* The fee for an Amateur Radio Operator Certificate is free 

+ The holder of a radio authorization shall, at the request of a duly appointed radio 
inspector, show the radio authorization, or a copy thereof, to the inspector, within 48 


hours after the request 


+ Out of amateur band transmissions are prohibited - penalties could be assessed to 
the control operator 
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1-2) Licence Fee, Term, Posting Requirements, Change of Address 


Ser ОШО ees | маа 
Certificate of Proficiency in Amateur Radio 
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Lesson One 


1-3) Licence Suspension or Revocation, Powers of radio Inspectors, 
Offences 8 Punishments 


If an amateur pretends there is an emergency and transmits the word "MAYDAY," 
this is called False or deceptive signals 


A person found guilty of transmitting a false or fraudulent distress signal, or interfering 
with, or obstructing any radio communication, without lawful cause, may be liable, оп 
summary conviction, to a penalty of: a fine, not exceeding $25 000, or a prison 
term of one year, or both 


The Minister may suspend or revoke a radio authorization WITHOUT NOTICE: where 
the holder has failed to comply with a request to pay fees or interest due 


ev 
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Regulations & Policies 


Lesson One 


El ity, Equivalents, 


here are по age limit on who can hold an Amateur Radio Operator Certificate with 
Basic Qualificat 


A basic examination must be passed before an Amateur Radio Operator Certificate 
is issuer 


The holder of an Amateur Digital Radio Operator's Certificate has equivalency for 
the Basic and Advanced qualifications 


After an Amateur Radio Operator Certificate with Basic qualifications is issued, the 
holder may be examined for additional qualifications in any order 


One Morse code qualification is available for the Amateur Radio Operator Certificate. 
itis: 5 мрт 


The holder of an Amateur Radio Operator Certificate with Basic Qualification is 
authorized to operate the following stations: а station authorized in the amateur 
service 
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Lesson One 


Apparatus On Behalf of 
Other Persons 


Radio apparatus may be installed, placed in operation, repaired or maintained by the 
holder of an Amateur Radio Operator Certificate with Advanced Qualification on 
behalf of another person: if the other person is the holder of a radio authorize 
to operate in the amateur radio service 


The holder of an Amateur Radio Operator Certificate may build transmitting 
equipment for use in the amateur radio Service provided that person has the: 
Advanced qualification 


Where a friend is not the holder of any type of radio operator certificate, you, as а 
holder of an Amateur Radio Operator Certificate with Basic Qualification, may, on 
behalf of your friend: not install, place in operation, modify, repair, maintain, or 
permit the operation of the radio apparatus 


A radio amateur with Basic and 5 w.p.m. Morse qualifications may install an amateur 
station for another person: only if the other person is the holder of a valid 
‘Amateur Radio Operator Certificate 


Regulations & Policies 


Lesson One 


1-6) Operation of Radio Apparatus, Terms of Licence, Applicable | Standards, 
Exempt Apparatus 


‘An amateur station with a maximum input to the final stage of 2 watts: must be licensed at all 
locations 


Ап amateur station may be used to communicate with: similarly licensed stations 
A radio amateur may not transmit superfluous signals (su-per-flu-ous [soo-pur-fioo-uhs])* 


A radio amateur may not transmit profane or obscene language or mess: 


te, or permit to be operated, a radio apparatus which he knows 


A radio amateur may not oper 
adiocommunication Regulations 


is not performing to the 


No person shall possess or operate any device, for the purpose of amplifying the output power of 
a licence-exempt radio apparatus 


Unnecessary or needless 
‘Obsolete. possessing or spending more than enough 
ог necessary; extravagant 

"Being more than is sufficient or required; excessive, 
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Lesson One 


1-7) Content Restrictions — Non-Superfluous, Profanity, Secret Code, 
Music, Мо! i 


Business planning CANNOT be discussed on an amateur club net. 
А radio amateur is Never allowed to broadcast information to the general Public. 
False or deceptive amateur signals or communications may Never be transmitted? 


‘An amateur station in two-way communication may Never transmit a message in a 
secret code in order to obscure the meaning of the communication? 


Regulations & Policies 


Lesson One 


The holder of an Amateur Radio Operator Certificate operate an amateur radio station 
anywhere in Canada. 


А Beacon station Only may transmit one-way communications. 


In order to install any radio apparatus, to be used specifically for receiving and 
automatically retransmitting radiotelephone communications within the same 
frequency band, a radio amateur must hold an Amateur Radio with a minimum of 
Basic and Advanced qualifications 


In order to install any radio apparatus, to be used specifically for an amateur radio 
club station, the radio amateur must hold an Amateur Radio Operator Certificate, with 
а minimum of the following qualifications: Basic and Advanced 


In order to install or operate a transmitter or RF amplifier that is not commercially 


manufactured for use in the amateur service, а radio amateur must hold an Amateur 
Operators Certificate, with a minimum of Basic and Advanced 
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Regulations 8 Policies 


Lesson One 


1-9) Participation in Communications by Visitors, Use of Station by Others 


Both the control operator and the station licensee is responsible for the proper 
operation of an amateur station 


The owner of an amateur station may: permit any person to operate the station under 
the supervision and in the presence of the holder of the amateur operator 
certificate. 
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Regulations & Policies 


Lesson One 
1-10) Interference, Determination, Protection from Interference 


+ You may Never deliberately interfere with another station's communications. 


+ Ifthe regulations say that the amateur service is a secondary user of a requency 
band, and another service is a primary user, Amateurs are allowed to use the 
frequency band only if they do not cause interference to primary users 


* What rule applies if two amateur stations want to use the same frequency? Both 
station operators have an equal right to operate on the frequency 


+ Where interference to the reception of radiocommunications is caused by the 
operation of ап amateur station: the Minister may require that the necessary 
steps for the prevention of the interference be taken by the radio amateur 


+ Radio amateur operations are not protected from interference caused by another 
service operating in the fall 928 MHz 
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Lesson One 


1-11) Emergency Communications (Real or Simulated), Communications 
with Non-Amateur Stations 


* Amateur radio stations may communicate: with any station involved in a real or 
simulated emergency 


+ In the amateur radio service, business communications: are not permitted under 
any circumstance 


+ Ifyou hear an unanswered distress signal on a amateur band where you do not have 
privileges to communicate: you should offer assistance 


+ Inthe amateur radio service, it is permissible to broadcast: radio communications 
required for the immediate safety of life of individuals or the immediate 
protection of property 


An amateur radio station in distress may use: any means of radiocomm! 
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Lesson One 


1-11) Emergency Communications (Real or Simulated), Communications 
with Non-Amateur Stations 


During a disaster, when may an amateur station make transmissions necessary to meet 
essential communication needs and assist relief operations? When normal 
communication systems are overloaded, damaged or disrupted 


There are no power limitations during an emergency. 


During a disaster: most communications are handled by nets using predetermined 
frequencies in amateur bands. Operators not directly involved with disaster 
‘communications are requested to avoid making unnecessary transmi 


near frequencies being used for disaster communications. 


Messages from recognized public service agencies may be handled by amateur radio 
stations: during peace time and civil emergencies and exercises, 


T 
К permissible to interfere with the working of another station if: your mende 4 
involved with a distress situation 


Regulations 8 Policies 


Lesson One 


1-12) Non-remuneration, Privacy of Communications 


No payment of any kind is allowed for third-party messages sent by an 
‘Amateur Station 


Radiocommunications transmitted by stations other than a broadcasting 
station may be divulged or used: transmitted by an amateur stat 


The operator of an amateur station: shall not demand or accept 
remuneration in any form, in respect of а radiocommunication that the 


person transmits or receives. 
e 
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Lesson One 


1 


An amateur station must identify: At least every thirty minutes, and at the beginning 
and at the end of a contact. 


ion, Callsigns, Prefixes 


3) Station Iden! 


You must transmit your call sign to identify your amateur station. 


When may an amateur transmit unidentified communications? Never, except to control 
a model craft. 


What language may you use when identifying your station? English or French 


The call sign of a Canadian amateur radio station would normally start with the letters: 
VA, VE, VO or VY de ees 


Regulations & Policies 


One 


1-13) Station Identification, Call signs, Prefixes 


Gall Sign Prefix | Province or Territory 
сү Sable Island (Nova Scotia) 

сүз St-Paul Island (Nova Scotia) 

VAL, VET Nova Scotia 

VA2, VEZ Quebec 

VAS, VES Ontario 

ум, VES. Manitoba 

VAS, VES Saskatchewan 

VAS, VES Alberta 

VAT, VET British Columbia. 

VEB North West Territories 

VES Now Brunswick 

vot Newfoundland 

voz Labrador 

vyo Nunavut 

vi Yukon 

vyz Prince Edward Island 17 


л ae | 
NT 302 
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top section of the L. However, the differential is not large enough to be noticed 
during operation. 


The 160-m 1/4-wavelength inverted-L has another advantage. With a wide-range 
tuner at the feedpoint (perhaps one of the remote tuners on today's market), the 
antenna is usable for general communications on virtually all of the amateur 
bands. Above 160-meters, the radial system acts ike a good RF ground between 
the operating position and the antenna base, since the antenna is 1/2- 
wavelength or longer on all bands above 160 meters. If you choose to use a 
remote tuner for such an inverted-L system, add another layer of water-proofing 
аз an additional guard against weather penetration of the tuner and the 
connection. 


There is one temptation to avoid with the 160-meter 1/4-wavelength inverted-L. 
Many operators obtain rather poor results because they place the vertical section 
of the antenna too close to a natural or man-made support. The vertical section 
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Regulations & Policies 
14) Foreign:Amateur Oj ынет сап ida, Banned Countries, Third. 
Party Messages 


If a non-amateur friend is using your station to talk to someone in Canada, and a 
foreign station breaks in to talk to your friend, what should you do? Have your friend 
wait until you find out if Canada has a third-party agreement with the foreign 
station's Government. 


If you let an unqualified third party use your amateur station, what must you do at your 
station’s control point? You must continuously monitor and supervise the 


party's participation. 


A person operating a Canadian amateur station is forbidden to communicate with 
amateur stations of another country: when that country has notified the 
International Telecommunication Union that it objects to such communi 


Third-party trafic is: a message sent to a non- amateur via an amateur station 
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Lesson One 


1-15) Frequency Bands & 


If you are the control operator at the station of another amateur who has additional 
qualifications to yours, what operating privileges are you allowed? Only the privileges 
allowed by your qualifications. 


In addition to passing the Basic written examination, what must you do before you are 
allowed to use amateur frequencies below 30 MHz? Advanced test or attain a mark of 
80% on the Basic exam. 


The licensee of an amateur station may operate radio controlled models: on all 
frequencies above 30 MHz 
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Lesson One 


5) Frequency Bands & Qualification Requirements 


In Canada, the 160 meter amateur band corresponds in frequency to: 1.8 to 2.0 MHz 
In Canada, the 75/80 meter amateur band corresponds in frequency to:3.5 to 4.0 MHz 

In Canada, the 40 meter amateur band corresponds in frequency to: 7.0 to 7.3 MHz 

In Canada, the 20 meter amateur band corresponds in frequency to:14.000 to 14.350 MHz 
In Canada, the 15 meter amateur band corresponds in frequency to:21.000 to 21.450 MHz 


In Canada, the 10 meter amateur band corresponds in frequency to:28.000 to 29.700 MHz 
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1-15) Frequency Bands & Qualification Requirements 
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Lesson One 


imum Bandwidth by Frequency Bands 


1 


в) 


The maximum authorized bandwidth within the frequency range of 50 to 148 MHz 
shall not exceed 10 times that of a CW emission 30 kHz 


The maximum bandwidth of an amateur station's transmission allowed in the band 28 to 
29.7 MHz is: 20 kHz 


Only one band of amateur frequencies has a maximum allowed bandwidth of less than 6 
kHz. That band is: 10.1 to 10.15 MHz 


Single sideband is not permitted in the band: 10.1 to 10.15 MHz. A 


The bandwidth of an amateur station shall be determined by measuring the frequency 
band occupied by that signal at a level of 26 dB below the maximum amplitude of that 


Signal. 
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Regulations & Policies 


Lesson One 
1-17) Restrictions on Capacity & Power Output by Qualifications 


What amount of transmitter power must radio amateurs use at all times? The minimum 
legal power necessary to communicate 


What is the most FM transmitter power a holder of only Basic Qualific 
147 MHz? 250 W DC input 


ion may use on 


Atwhat point in your station is transceiver power measured? At the antenna terminals of 
the transmitter or amplifier 


What is the maximum transmitting power an amateur station may use for SSB operation on 
7055 kHz, if the operator has Basic+ qualifications: 560 watts PEP output. 


The DC power input to the anode or collector circuit of the final RF stage of a transmitter, 
used by a holder of an Amateur Radio Operator Certificate with Advanced 
Qualification,shall not exceed: 1000 watts 
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Regulations 8 Policies 


Lesson One 


What kind of amateur station automatically retransmits the signals of other stations? 
Repeater station 


An unmodulated carrier may be transmitted only: for brief tests on frequen 
30 MHz 


Radiotelephone signals in a frequency band below 29.5 MHz MHz cannot be 
automatically retransmitted, unless these signals are received from a station operated by 
a person qualified to transmit on frequencies below the above frequency: 
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2% MODULATION 
'SIDEBANOS 40 4B DOWN 


Regulations 8 Policies 


Lesson One 


n, Frequency Sta 


Measurements 


When operating on frequencies below 148 MHz: the frequency stability must be 
comparable to crystal control 


‘An amateur station using radiotelephony must install a device for indicating or preventing: 
overmodulation 


The maximum percentage of modulation permitted in the use of radiotelephony by an 
amateur station is: 100 percent 


All amateur stations, regardless of the mode of transmission used, must be equipped with: 
a reliable means of determining the operating radio frequency 


Regulations & Policies 


1-20) International Telecommunication Union (ITU) Radio Regulations, 
Applicability 


What type of messages may be transmitted to an amateur station in a foreign country? 
Messages of a technical nature ог personal remarks of relative unimportance 


‘The operator of an amateur station shall ensure that: communications are limited to: 
messages of a technical or personal nature 


In addition to complying with the Act and Radiocommunication Regulations, Canadian radio 
amateurs must also comply with the regulations of the: International Telecommunication 


Union 


In which International Telecommunication Union Regi 


is Canada? Region 2 
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Regulations 8 Policies 


Lesson One. 


1-21) Operation Outside Canada, ITU Regions, Reciprocal Privileges. 
International Licences 
A Canadian radio amateur, operating his station 7 kilometers (4 miles) offshore from the 
coast of Florida, is subject to which frequency band limits? Those applicable to US radio 
amateurs 


Australia, Japan, and Southeast Asia are in which ITU Region? Region 3. 


Canada is located in ITU Region: Region 2 


PRI Regions s 
ELLE Cr Tea 


Regulations 8 Policies 


Lesson One 


inations, Department's Fees, Delegated Exam! 
Disabled Accommodation 


The fee for taking examinations for amateur radio operator certificates by an accredited 
volunteer examiner is: to be negotiated between examiner and candidate 


The fee for taking amateur radio certificate examinations at an Industry Canada office is: $20. 
per qualification 


E] 


Regulations & Policies 


Lesson One 


23) Antenna Structure Approval. Neighbour and 
Consultation 


ise Author 


Before erecting an antenna structure, for which community concerns could be raised, a 
radio amateur must consult with: the land-use authority, and possibly the neighbors 
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Regulations & Policies 


Lesson One 


24) Radiofrequency Electromagnetic Filed Limits 


What organization has published safety guidelines for the maximum limits of RF energy 
near the human body? Health Canada 


What is the purpose of the Safety Code 6? It gives RF exposure 
human body 


According to Safety Code 6, what frequencies cause us the greatest risk from RF 
energy? 30 to 300 MHz 


Why is the limit of exposure to RF the lowest in the frequency range of 30 MHz to 300 
MHz, according to Safety Code 6? The human body absorbs RF energy the 
most in this range 


Regulations & Policies 


Lesson One 


4) Radiofrequency Electromagnetic Filed Li 


The permissible exposure levels of RF fields: increases, as frequency is increased 


above 300 MHz A DANGER 


Don't touch tower! 

Serious RF burn hazard! 
Maintain adequate clearance 
Fala to obey all posted signs ana site 


зз 


. m 


Environment could result in serious Injury. 


Regulations 8 Policies 


Lesson One 


1-25) Criteria for Resolution of Radio Frequency Interference Complaints 


In the event of interference to a neighbor's FM receiver and stereo system, if the field 
strength of the amateur station signal is below 1.83 volts per meter, it will be deemed that 
the affected equipments lack of immunity is the cause: 


Which of the following is defined as "any device, machinery or equipment, other than radio 
apparatus, the use or functioning of which is, or can be, adversely affected by 
radio communication emissions"? radio-sensitive equipment 


Which of the following types of equipment is NOT included in the list of field strength criteria 
for resolution of immunity complaints? broadcast transmitters 


OPERATING AND PROCEDURES 


AGENDA 


1. PHONETIC ALPHABET 
2. NUMBERS 

3. VOICE OPERATING PROCEDURES 

4. HF/UHF/VHF/ BAND PLANS 

5. TUNEUPS, TESTING, DUMMY LOADS 

6. CW OPS, PROCEDURAL SIGNS / PROWORDS 

7. o SIGNALS 

в. f. Sr. CODES - READABILITY, STRENGTH, TONE 
9. EMERGENCY OPERATING PROCEDURES 


10. RECORDING KEEPING, CONFIRMATION, MAPS, CHARTS, 
ANTENNA ORIENTATIÓN 


PHONETIC ALPHABET 


= Use words to represent letters 
= First letter corresponds to the letter 


a Prevents confusion on a radio, “В” can 
sound much like “D” 


VICTOR 
ECHO 
3THREE 
ECHO 
MIKE 
OSCAR 
THIS IS A CALL SIGN 


""B" “BRAVO” 
D“ ."DELTA" 
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needs as much clearance from other objects as the corresponding part ofthe full 
size and the Tee verticals, 


160-Meter Wire Horizontal Antennas 


We have examined the main candidates for vertical wire antennas, although 
there are manmy variations on the basic designs that we have used as 
examples. We should also look at some horizontal basic wire antennas. Any 
horizontal antenna will be severely limited by the 70 height restriction that we 
placed on the exercise. 70 is only about 1/8-wavelength above ground, a height 
that is even below optimum for NVIS operation-although it will work quite well in 
this service. One advantage of the horizontal wire is that it does not require апу 
radials. A second advantage~at least for our work-is that horizontal wires do not 
change performance characteristics very much as we change ground quality. 
Therefore, the use of average ground provides a good indication of operation 
over any зой type. Finally, there are only 2 important horizontal variations that 
аге possible within our height restriction: linear wires and closed horizontal loops. 


The 1/2-Wavelength Dipole: There is no magic about the 1/2-wavelength dipole 
except that at resonance, itis a reasonably good match for coaxial cable. If we 
wish to use parallel feediine and a tuner, we can be less спіса! about the exact 
length without changing the pattern in any detectable way. Fig. 7 shows the 
details of our model set-up. The wire is 78 m (256) long. 


DEI 
d Wire Dipole 70'Above Average Ground 


Feedpont | 
mem 


rouna | 
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PHONETIC ALPHABET 


A Alpha В Bravo С 
D Delta E Echo F 
G Сон H Hotel І 
Juliet K Kilo L 
M Mike N November 
O Oscar P Papa а 
R Romeo S Sierra Т 
U Uniform V Victor W 
X X-Ray Y Yankee Z 
NUMBERS 


= Spell out numbers greater than 9 


Charlie 
Foxtrot 
India 
Lima 


Ouebec 
Tango 
Whiskey 
Zulu 


= Some numbers are pronounced differently to 


avoid confusion 


0 ZEE-ROE 6 SIX 

1 WUN 7 SAY-VEN 

2 TOO 8 ATE 

3 THU-REE 9 NINER 

4 FOWER 10 МОМ - 2ЕЕ-ВОЕ 
5 FIFE 11 WUN- WUN 


VOICE OPERATING PROCEDURES 


UHF / VHF CHANELIZED 
Main purpose of repeaters is to increase the range of mobile and portable stations 


Two frequencies involved: #1 for Receive, #2 for Transmit. Or, you receive on one frequen 
and transmit ош on the second frequency ie. "DUPLEX" Y с 


Calling via repeater say the call sign of the desired station and then yours 
ie. VESEOT THIS IS VA3SUG 


Pause between transmission to listen to or allow anyone else who wants to use the 
repeater 


Transmissions should be short to allow for emergency use of repeaters (don't tie them up) 
switch to a simplex frequency (f distance or time ows: * ji 


To break into a conversation (non-emergency) on a repeater, wait for a pause and sa 
your cali sign. "contact" although used le NOT proper procedure “Р ú 


"AUTOPATCH" a device to allow telephone calls via a station or radio (repeater) 


Repeater “TIME OUT" timer limits the amount of transmit time via a repeater 


An Autopatchis a feature of a repeater to access an 
go eenrone connection, Usera th а vanacaver 
Capable of producing Dual tone mul frequency or touc 
Totes (DTMF) can make a telephone cal va рид 
telephone system 


VOICE OPERATING PROCEDURES 


‘Continuous Tone-Coded Sauelch System” CTCSS or “Private Line” PL 
Tone, a sub-audible tone added to a carrier which causes a repeater to 


accept a signal 


2 Meter FM Repeaters use one frequency for transmit and one for receive 
(duplex operation), The difference between the frequencies (or offset) 
usually 600 kHz. 


Le. if the repeater output was on 146.940 MHz, then an operator could 
reliably assume that setting the input frequency 600 KHz lower to 146.340 
MHz would allow him to communicate on this frequency. 


BAND OFFSET 
10 meters 100 KHz 
2 meters 600 KHz 
222 MHz темне 
70 centimeters SMe 
эз centimeters 12MHe 
23 centimeters 12MHe 


To properly ask some ones location, you simple ask them “what is your 
location, where are you” 


CONTINUOUS TONE-CODED SQUELCH SYSTEM" CTCSS (OR PL PRIVATE LINE) TONE 


Ontanu 


VOICE OPERATING PROCEDURES 


НЕ / UHF / VHF SIMPLEX 


"SIMPLEX" operation is transmiting and receiving on the samo frequency. 
‘Switch to simplex from repeaters when possible or if distance and situation permits 


Local communications should use VHF and UHF to reduce and free up interference on HF 
Bands 


Do not to up repeaters unnecessary 


Il you can hear the station you are taking о on "reverse" or the "Input" frequency of the 
transmitter, you could and should use simplex 


1 operating simplex on a repeater frequency don't try lo change the repeater Irequency 
because you can't, change to another frequency 


To find out if band conditions are open in a specifie area ог distant location, you should listen for. 
а Beacon signal from that area, a foreign broadcast, or TV station on a nearby frequency 


To calla station, Say "CQ" Three times and then your call Le. СОСОСО This is VASEOT, 
УАЗЕОТ, VA3EOT 


To answer, say the other stations call sign once followed by your own Phonetically 
Le. VASEOT this VICTOR ALPHA THREE SERIA UNIFORM GULF (VA3SUG) 


BEACONS LOCATIONS WORLDWIDE 


P 


SION 


CANADIAN BAND PLAN 


Lower side band is 
Used for 3755Khz 
phone 

(CW & DIGITAL MODES ONLY 


Upper side band is used 
for 20 meters phone 


ENOUGH BW TO HAVE FM PHONE] 


The HF Band Plan is a voluntary, 
gentleman's agreement, 
intended for the guidance of and 
observation by Canadian Radio 
Amateurs. 


А guideline for using different 
operational modes within an 
amateur band. 


CANADIAN HF BAND PLAN 


— SAMA VFA BAND PLAN 


eu Ыы m- Do шш шш 

С m = 

e i н? — 
CCN: 


HE Band Plans 
á I E Irim. їп чы. 
COMMUNICATIONS i iriz. ыш. 


— 1 


During a wide area 


will use 3742 MHz and 
7.153 MHz, adjusted 
for ORM, for province. 
wide voice 
communications 


TUNE UPS, TESTING, DUMMY LOADS 


A dummy load is a device used to simulate an electrical load, 
usually for testing purposes in place of an antenna 


Tuning into a dummy load will shorten transmitter tune up 
time on air and avoid interference to stations on freguency. 


On air interference can be avoided by using a dummy load 
to test transmissions, or loading up procedures. 


Using a dummy antenna will allow tuning without causing 
interference 


TUNE UPS, TESTING, DUMMY LOADS 


The "dummy load" is an 
indispensable accessory 
for any radio amateur. 
Using a dummy load, 
transmitter adjustments 
can be made "o he-ar^ 
зо that no unnecessary 
interference is generated 
оп the ham bands. 


Dummy loads are an 

A dummy load capable of easy useful project that 
Cantenna dummy load dissipating four times jst about anyone wih 
Suitable up o 30 MHZ moderate soldering skils 
and up to KW and legal imit (1500 watts) an buld. 


A very simple and 
afecilve dummy load 
can be made from 
several resistors, a 
Connector, and a small 
metal plate or piece of 
PC board stock 


25 Walt dummy Load 
'HOME BREW- 


TUNE UPS, TESTING, DUMMY LOADS 


If propagation or band conditions change during a contact 
and you notice increasing interference you should move 
to a different freguency 


Before transmitting you should always listen to ensure 
the freguency is not occupied, you should also ask if the 
freguency is in use. 


During a contact you find you have a extremely strong 
signal into your contact station, one adjustment you might 
consider is to turn down your output power to the 
minimum necessary. 


TUNE UPS, TESTING, DUMMY LOADS 


When selecting a single side band (SSB) phone 
transmitting freguency, the minimum separation between 
you and a contact in progress is 3 kHz to avoid 
interference. 


If your a net control station on a daily HF net and your 
normal frequency is occupied you should conduct the net 3 
to 5 KHz away from the normal net frequency 


If a net is about to begin on the frequency your on, as a 
courtesy to the net, you should move to another 
frequency 


CW OPS, PROCEDURAL SIGNS / PROWORDS 


LISTEN FIRST to ensure the freguency is NOT in use 


CW or Morse code is sent at any speed you can reliably 
receive. 


CW Transmitting freguency should be be between 150-500 
Hrz for minimum interference 


Full Break-in Telegraphy = incoming signals received 
between transmitted Morse code “signals" (or dots) 
(This enables the other station to “break-in” while you are 
still sending) 


CW OPS, PROCEDURAL SIGNS / PROWORDS 


СО = Calling any station 
СО CQ СО DE VE3EMO VE3EMO VE3EMO" 
-CQ Three time your call sign three times 


To answer or reply 
-NESEMO VE3EMO DE VA3SUG VA3SUG К” 


DE = from (like the French “from” or “of”) 

p ———ÁÁáÁáÁ 

К = any station transmit, or go ahead, or over to 
you 


CW OPS, PROCEDURAL SIGNS / PROWORDS 


DX = Long distance 
73 = Best wishes / Good Bye (not 73's) 


AR = End of message 

BT = (or TV), Break in the text 

SK = End of transmission 

RST = Readability, Strength, Tone - Signal 
report 


“О” SIGNALS 


The -code are a list of signals abbreviating a detailed 
question or answer. 


The © code is a standardised collection of three-letter 
message encodings, all starting with the letter "Q", 


Agreed upon by the International Telecommunication 
Union (ITU), is used worldwide on radiotelegraph. 


Abbreviations are given the form of a question when 
followed by a question mark. i.e. "ОТН?" what is your 
location? 
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Since we have only a single model with which to deal, our performance table is 

simplified 

A/2-Navelength Horizontal Dipole 70 
Maximum "To Angle 


ain dBi degrees 
ГЕЯ 50 


Theta E erator Paten Comparison 
Dipole a/v. енә vatn Io Rata 


sereno 


ња pena 


Note that the horizontal wire provides the strongest radiation (and receiving 
sensitivity) straight up. Fig. 8 compares the elevation pattern of the dipole with 
the elevation pattern for the inverted-L with 16 radials. The horizontal wire is 
superior for NVIS service, but inferior for long-range, low-angle service. The 
horizontal wire is likely to be more susceptible to lightning noise, but less 
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“О” SIGNALS 


ORL "Is this frequency in use?" (or are you busy?) 
ORM “I'm being interfered with" Man Made (e.g. jamming) 
ОВМ “I'm troubled by static" Non Man Made interference 
QRS “Send more slowly” 

QRX “I will call you again” 

QRZ "Who is calling me?" 

QSO “A contact is in progress" (i.e. thanks for the QSO) 
QSY "Change frequency" (QSY to 14.210) 

QTH “My location is” My OTH is Toronto 

OSL "I acknowledge" / understand, Roger... 

ОАТ “Stop sending" I'm QRT for the day (finished, done) 


RST SIGNALS 


Readability, Strength, Tone 
A short way to describe or give a signal or reception report 
(i.e. radio check) based upon your "S" meter reading and 
what you actually hear. 


An "S" meter is used to measure relative signal strength in 
a receiver 


SIGNAL LEVEL 


Poor Good 


RST = READABILITY 15 
SINGNAL STRENGTH 19 
TONE 19 


RST SIGNALS - READABILITY 


A qualitative assessment of how easy or difficult itis to 


correctly copy the information being sent 


1 Unreadable 

2 Barely readable, occasional words 
distinguishable 

3 Readable with considerable difficulty 

4 Readable with practically no difficulty 

5 Perfectly readable 


RST SIGNALS - STRENGTH 


An assessment of how powerful the received 
signal is at the receiving location 


1 Faint signal, barely perceptible 
2 Very weak 

3 Weak 

4 Fair 

5 Fairly good 

6 Good 

7 Moderately strong 

8 Strong 

9 Very strong signals 


RST SIGNALS - TONE 


Used only in Morse code and digital transmissions 
therefore omitted during voice operations 


1 Very rough and broad 
2 Very rough, very harsh and broad 

3 Rough, tone, rectified but not filtered 

4 Rough note, some trace of filtering 

5 Filtered rectified, but strongly ripple-modulated 

6 Filtered tone, definite trace of ripple modulation 

7 Near pure tone, trace of ripple modulation 

8 Near perfect tone, slight trace of modulation 

9 Perfect tone, no trace of ripple or modulation of any kind 


RST SIGNALS 


AN RST OF 599 BEST READING i.e. “you're 59" 


11 = Unreadable and barely perceptible 
57 = Perfectly readable, moderately strong 

33 = Readable, some difficulty, weak in strength 

59 plus 20db = Signal strength is 20 db's over strength 
9 ie. "your 20 over 9" 

RST of 459 = Quite readable, fair strength, perfect tone 
(tone is usually used for CW) 

RST of 579 = Perfectly readable, moderately strong, 
perfect tone 

An increase of power 4 times will raise you “S” meter by 
ONE “S” unit 

Thus to raise the meter from S8 to S9 you power оп а 
transmitter would need to increase power 4 times 


EMERGENCY OPERATING PROCEDURES 


MAYDAY or SOS precedence over all calls!!! 
REAL EMERGENCIES ONLY, IT IS ILLEGAL TO 
KNOWENLY TRANSMIT A FALSE DISTRESS 
SIGNAL! 


URGENCY (PAN-PAN) Say three time, safety for a 
person, vehicle, aircraft, vessel, residence etc is 
threatened. "Pan-Pan, Pan-Pan, Pan-Pan this is 
VE3EOT with ....." 


SECURITY (Securitay) Weather warnings, aids to 
navigation, used mostly in or by maritime situations. 
"Sécurité, Sécurité, Sécurité. All ships, all 
ships, all ships this is VA3XMJ" 


EMERGENCY OPERATING PROCEDURES 


If you need immediate emergency assistance, the appropriate voice 
signal is "MAYDAY" and the appropriate Morse code signal is “SOS” 


Used only in a life threatening situation to you or some one else 


Derived from the French venez m'aider, meaning "come [to] help me, 
venez" is dropped, thus MAYDAY. 


The Proper way to say is to say "MAYDAY" several times 
LE. "MAYDAY MAYDAY MAYDAY this is VANSC" 


For CW SOS 
If your using a repeater and you want to interrupt a conversation with a 


distress call, you say "BREAK" twice and then you call sign ie. break 
break this is VA3SUG with emergency traffic 


EMERGENCY OPERATING PROCEDURES 


During a contact you hear a distress call or break in, you: 


А. ACKNOWLEDGE THE STATION IN DISTRESS 
B. DETERMINE THEIR LOCATION "ОТН" 
© ASK WHAT ASSISTANCE IS NEEDED 


If you hear a distress call and can not assist, you maintain watch on the 
frequency until certain that assistance is forthcoming to the caller 


If you are in contact with a station and you hear a emergency call, on 
your frequency you 

A. STOP YOUR CONTACT 

B. TAKE THE CALL 


EMERGENCY OPERATING PROCEDURES 


= HAVE BACK UP POWER TO USE YOUR 
STATIONS IN AN EMERGENCY AND 
NOT BY COMMERICAL AC LINES 


= HAVE SEVERAL SETS OF BATTEIRS 
FOR HANDHELDS 


= DIPOLE ANTENNAS ARE A GOOD 
CHOICE FOR PORTABLE AND OR 
EMERGENCY HF STATIONS 


RECORDING KEEPING, CONFIRMATION, 
MAPS, CHARTS, ANTENNA ORIENTATION 


QSL CARDS & STATIONS LOGS 


QSL CARD IS WRITTEN PROOF OF COMMUNICATIONS BETWEEN TWO 
AMATEURS, TODAY THERE IS ALSO E-QSL VIA THE INTERNET. 


QSL CARDS ARE A SIGNED POST CARD LISTING THE DATE TIME 
FREQUENCY MODE AND POWER 


С] fy x 


RECORDING KEEPING, CONFIRMATION, 
MAPS, CHARTS, ANTENNA ORIENTATION 


STATION LOGS AND OSL CARDS ARE ALWAYS 

KEEP IN UTC (UNIVERSAL TIME COORDINATED / 

FORMERLY GREENWICH MEAN TIME - GMT. GMT 

15 BASED ON THE LOCATION / MERIDIAN THAT 

RUINS THROUGH GREENWICH ENGLAND. RECORDING CONTACTS AND KEEPING 
STATION LOG BOOKS IS NO LONGER 

REQUIRED BY INDUSTRY CANADA 


то SET YOUR CLOCK TO GMT TIME 
LISTEN TO EITHER CHU CANADA, WWV 
Он WWVH TIME SIGNALS IN THE 
UNITED STATES 


AZIMUTHAL MAPS 


THE MOST USEFUL MAP TO USE WHEN 
ORIENTING A DIRECTIONAL HF ANTENNA 
TOWARDS A DISTANT STATION CONTACT 
18A AZIMUTHAL MAP 


AZIMUTHAL MAP IS PROJECTED OR 
CENTRED ON A SPECIFIC LOCATION AND 
IS USED TO DETERMINE THE SHORTEST 
PATH BETWEEN THE CENTRED AND 
DESIRED LOCATIONS OF CONTACT. 


WILL ALSO SHOW A 


LONG PATH 


A DIRECTIONAL 
ANTENNA POSITION 
180 DEGREES 
(REVERSE BEARING) 

THE SHORTEST 
PATH IS REFEREED 
TO LONG PATH. 


IF LISTENING TO. 


THE DX STATION, TRY | 
POINTING YOUR 
ANTENNA IN A LONG 


LISTEN FOR 
INCOMING STATIONS. 


OUESTIONS ???? 


Block Diagrams Definitions 
a Safety 


Regulated Power Supply 


кол Гэ] Transformer Rectifier 


ter 


y 


Output 


PI 


Regulator 


Power supply 


+ A power supply (sometimes known as a 
power supply unit or PSU) is a device or 
system that supplies electrical or other 
types of energy to an output load or group 
of loads. The term is most commonly 
applied to electrical energy supplies, less 
often to mechanical ones, and rarely to 


others. 


Transformer 


* A transformer is a device that transfers electrical 
energy from one circuit to another through a 
shared magnetic field. A changing current in the 
first circuit (the primary) creates a changing 
magnetic field; in turn, this magnetic field 
induces a changing voltage in the second circuit 
(the secondary). By adding a load to the 
secondary circuit, one can make current flow in 
the transformer, thus transferring energy from 
one circuit to the other. 


Rectifier 


A rectifier is an electrical device that converts 
alternating current to direct current, a process 
known as rectification. Rectifiers are used as 
components of power supplies and as detectors 
of radio signals. Rectifiers may be made of solid 
state diodes, vacuum tube diodes, mercury arc 
valves, and other components. 


A circuit which performs the opposite function 
(converting DC to AC) is known as an inverter. 
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susceptible to man-made noises. The patterns for the two types of antennas 
cross at about the 23-degree elevation mark. 


Despite the low height of the dipole when registered as a fraction of a. 
wavelength, the azimuth pattern at almost any elevation angle is stil bi- 
directional and broadside to the wire. Fig. 9 shows the azimuth pattern at a lower 
angle (25 degrees elevation). Radiation (and reception) off the ends of the wire is 
about &-dB or about 1.5 S-units weaker than broadside to the wire. 


Prato Petre ctDipoe at 70" 
Eaton angie 25 Degrees overage uverical Atene] 
нова 


Linear wires with open ends сап build considerable levels of static charge unless 
we take measures to bleed it off as it develops. One technique is to place either a 
high-value resistor or an RF choke across the antenna feedpoint, ensuring that 
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5559 


Teen, 


Filter 


Electronic are electronic circuits which perform signal processing 
functions, specifically intended to remove unwanted signal 
components and/or enhance wanted ones. 


Low-pass filter - Low frequencies are passed, high frequencies are 
attenuated. 


High-pass filter - High frequencies are passed, Low frequencies are 
attenuated. 


Band-pass filter - Only frequencies in a frequency band are passed. 


Band. stop filter - Only frequencies in a frequency band are 
attenuated 


Attenuated or Attenuation is the reduction in amplitude and intensity 
of a signal 


Filters 


ER 


HIGH PASS 


TNA 


BAND STOP 


Regulator 


* A voltage regulator is an electrical 
regulator designed to automatically 
maintain a constant voltage level. 


Voltage-Regulator-IEC-Symbol 


Regulated Power Supply 


MN Transfers Remove 
electrical tk unwanted signal 
energy from current to components 
120 or 240 volt AC one circuit to direct andlor onhence 
L another current wanted ones 
F В, [Г 
k a * 
кол (>| тошто Rectifier > há 
ouput | Reguator 


|| [| 


^ Wellregulated lower Automatically 
voltage DC 12v constant voltage 
level 
Frequency Modulation Receiver 
Radio 
Antenna кы С) Mer >| яе 
(RF Ampifler) 
mm eade 
Осо! rd 
(FO) ofen 
Audio 
‘Speaker D 5 
ando | eee eee, тег 
Amplifier. Discriminator 
женше (Ж 


Heterodyning 


+ Heterodyning is the generation of new frequencies by 
mixing two or more signals in a nonlinear device such as 
a vacuum tube, transistor, diode mixer. 


The mixing of each two freguencies results in the 
creation of two new freguencies, one at the sum of the 
two freguencies mixed, and the other at their difference. 


A heterodyne receiver is a telecommunication receiver 
which uses this effect to produce freguency shifts. 


Superheterodyne Receiver 


The word heterodyne is derived from the Greek 
roots hetero- "different", and -dyne "power". 


A Superheterodyne Receiver converts any 
selected incoming frequency by heterodyne 
action to a preselected common intermediate 
frequency, for example, 455 kilohertz or 10.7 
megahertz, and provides amplification and 
selectivity, or filtering. 


The term heterodyne is sometimes also applied 
to one of the new frequencies produced by 
heterodyne signal mixing. 


Superheterodyne Receiver 


incoming radio frequencies from the antenna are made to mix (or multiply) 
with an internally generated radio frequency from the VFO in a process 
called mixing. 


The mixing process can produce a range of output signals: 


* at al the original frequencies, 
* at frequencies that are the sum of each two mixed frequencies 


* at frequencies that equal the difference between two of the mixed 
frequencies 


* at other, usually higher, frequencies. 


If the required incoming radio frequency and the VFO frequency were both 
rather high (RF) but quite similar, then by far the lowest frequency produced 
from the mixer will be their difference. 


In very simple radios, it is relatively straightforward to separate this from al 
the other spurious signals using a filter, to amplify it and then further to 
process it into an audible signal. In more complex situations, many 
enhancements and complications get added to this simple process, but this 
mixing or heterodyning principle remains at the heart of it. 


Amplifier 


amplifier is any device that will use a small amount of 
energy to control a larger amount of energy. 


The relationship of the input to the output of an amplifier 
is usually expressed as a function of the input frequency 
and is called the transfer function of the amplifier, and 

the magnitude of the transfer function is termed the gain. 


gain is a measure of the ability of a circuit to increase the 
power or amplitude of a signal. It is usually defined as 
the mean ratio of the signal output of a system to the 
signal input of the same system. It may also be defined 
as the decimal logarithm of the same ratio. 


Мїхег 
* mixer is a nonlinear circuit or device 
that accepts as its input two different 
freguencies and presents at its 
output a mixture of signals at several 
frequencies: 


+ the sum of the frequencies of the 
input signals 

oupa 

3v" the difference between the 
frequencies of the input signals 


* both original input frequencies — 
ia these are often considered parasitic 
ce and are filtered out. 


+ The manipulations of frequency 
performed by a mixer can be used to 
move signals between bands, or to 
encode and decode them. One other 
application of a mixer is as a product 
detector 


Local Oscillator 


+ Alocal oscillator is a device used to generate a signal 
which is beat against the signal of interest to mix it to a 
different frequency. 


* The oscillator produces a signal which is injected into the 
mixer along with the signal from the antenna in order to 
effectively change the antenna signal by heterodyning 
with it to produce the sum and difference (with the 
utilization of trigonometric angle sum and difference 
identities) of that signal one of which will be at the 
intermediate frequency which can be handled by the IF 
amplifier. 


+ These are the beat Frequencies: Normally the beat 
frequency is associated with the lower sideband, the 
difference between the two. 


Limiter 


* a limiter is a circuit that allows signals 
below a set value to pass unaffected, as in 
a Class A amplifier, and clips off the peaks 
of stronger signals that exceed this set 
value, as in a Class C amplifier. 


Removes all traces of AM from the 
received signal, improves S2N ratio, 
removes static crashes 


Demodulator 


* A demodulator is an electronic circuit used to 
recover the information content from the carrier 
wave of a signal. The term is usually used in 
connection with radio receivers, but there are 
many kinds of demodulators used in many other 
systems. 


* Another common one is in a modem, which is a 
contraction of the terms modulator/demodulator. 


Freguency Discriminator 


The frequency discriminator controls the varicap. A 
varicap ls used to keep the intermediate frequency (IF) 
stable. 


Gives our a faithful reproduction of the original audio 
Converts frequency variations to voltage variation 


varicap diode, varactor diode or tuning diode is a type of 
diode which has a variable capacitance 


Capacitance is a measure of the amount of electric 
charge stored 


Intermediate Frequency 


An intermediate frequency (IF) is a frequency to 
which a carrier frequency is shifted as an 
intermediate step in transmission or reception. 


It is the beat frequency between the signal and the 
local oscillator in a radio detection system. 


IF is also the name of a stage ina superheterodyrie 
receiver. It is where an incoming signal is amplified 
before final detection is done. There may be several 


such stages in a superheterodyne radio receiver. 


Freguency Modulation Receiver 


heterodyne action to a 
pre-selected common 
intermediate frequency, 
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Envelope Detector 


+ An envelope detector is an electronic circuit that takes a high- 
frequency signal as input, and provides an output which is the 
"envelope" ol the original signal. 


* The capacitor in the circuit stores up charge on the rising edge, and 

releases it slowly through the resistor when the signal falls. The 
diode in series ensures current does not flow backward to the input 
to the circuit. 


+ Most practical envelope detectors use either half-wave or full wave. 
rectlication of the signal to convert the AC audio input into a pulsed 
signal. 


* Filtering is then used to smooth the final result. This filtering is rarely 
perfect and some "ripple" is likely to remain on the envelope follower 
output, particularly for low frequency inputs such as notes from а 
bass guitar. More filtering gives a smoother result, but decreases the 
responsiveness of the design, so real-world solutions are a 
compromise. 


Envelope Detector 


T ШТ He 


A signal and йв envelope marked with red 


simple envelope demodulator circuit. 
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опе side is connected to the coax braid-and the coax braid is well grounded. 
Inserting a transmission-line transformer type of balun at the feedpoint will defeat 
this measure by physically isolating the feedpoints from the cable braid. 

However, using a W2DU-type ferrite-bead choke as the balun will allow the 
bleed oi component to do its work, 


‘The 2-Wavelength Horizontal Loop: A closed loop antenna is more immune to 
static charge build-up, but has some special requirements. To understand why 
the heading specifies a 2-wavelength circumference for the loop horizontal 
antenna, we should proceed a step at a time. Lets begin with a simple square 
loop, like the one shown in Fig. 10. Our initial exercise will place the loop in free 
space and vary the circumference from 1.0 to 2.5 wavelengths. 


Horizontal Loop Fig. 10 


were Form ч. 
Focdpotnt 

Top View 

Ground Below 


The following table lists the free-space performance values for the loop. The 
column marked "Horizontal Gain" lists the gain in the plane of the loop. The 
column labeled "Vertical Gain" shows the gain broadside to the face of the loop. 
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Product Detector 


+ A product detector is a type of demodulator used for AM 
and SSB signals. Rather than converting the envelope of 
the signal into the decoded waveform like an envelope 
detector, the product detector takes the product of the 
modulated signal and a local oscillator, hence the name. 
A product detector is a freguency mixer. 


+ Product detectors can be designed to accept either IF or 
RF freguency inputs. A product detector which accepts 
an IF signal would be used as a demodulator block in a 
superheterodyne receiver, and a detector designed for 
RF can be combined with an RF amplifier and a low- 
pass filter into a direct-conversion receiver. 
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Receiver 


* Receiver is an electronic circuit that receives its 
input from an antenna, uses electronic filters to 
separate a wanted radio signal from all other 
signals picked up by this antenna, amplifies it to 
a level suitable for further processing, and finally 
converts through demodulation and decoding 
the signal into a form usable for the consumer, 
such as sound, pictures, digital data, 
measurement values, navigational positions, etc. 


Beat Frequency Oscillator or BFO 


A beat frequency oscillator or BFO in radio 
telegraphy, is a dedicated oscillator used to 
create an audio frequency signal from carrier 
wave transmissions to make them audible, as 
they are not broadcast as such. 


The signal from the BFO is then heterodyned 
with the intermediate frequency signal to create 
an audio frequency signal. 


Variable Freguency Oscillator 


+ A variable freguency oscillator (VFO) is a 
component in a radio receiver or 
transmitter that controls the frequency to 
which the apparatus is tuned. 


* Itis a necessary component in any radio 
receiver or transmitter that works by the 
superheterodyne principle, and which can 
be tuned across various frequencies. 


Single-Sideband Transmitter 
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Placement of Component in a HF 
Station 


Yagi-Uda Three-Element 
Directional Antenna 
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SAFETY 


Building and operating a “ham” radio station is a 
perfectly safe pastime. 


However, carelessness can lead to severe 
injury, burns or even death by electrocution. . 


Antenna Safety — Look Up and Live! 


SAFETY 


+ Assume all overhead power lines are energized and dangerous. They 
are not covered! This includes the service drop, which typically runs from 
the power pole to your home or shack. 


+ Look for power lines which can be hidden by trees and buildings. 


* Plan the work and work the plan. Before you put up or take down an 
antenna, assess the job; discuss the project's activities with your helpers 
and agree on specific assignments. Ask yourself... "at any time can arms, 
legs, head, the antenna, wires or tools come in contact with power lines?” 


+ Use a safety spotter. Nobody can do the work alone and assess safety 
distances. A safety spotter's only job it to keep people and equipment safely 
away from power (ines. 


+ Remember the 10-foot rule. Keep all equipment, tools, your antenna, guy 
wire and tower at least 10 feet away from power lines. 


SAFETY 


Never use metal ladders or long-handled metal tools 
when working near power lines. 


Make sure the antenna cannot be rotated into power 
lines. Or that it cannot fall into a power line if the guy 
wires fail and the tower falls. 


Use non-conductive guys. 


Have a solid earth ground for your antenna and 
operating equipment. This helps reduce the risk of 
electrical shock and also provides a low-impedance path 
to ground for stray RF. 


SAFETY 


Outdoor antennas should be grounded with an approved lighting arresting 
device. Local codes may apply. 


The radio should also be grounded to an earth ground to help protect both 
the radio and its user 


Antenna mast, cable, and guy wires are all excellent conductors of electrical 
current. 


If the tower assembly starts to drop . . get away from it and let it fall 
DO NOT use hot water pipes or gas lines as a ground source. 


DO NOT place antennas where People or Animals are likely to run into or 
encounter 


DON'T BE AFRAID TO ASK QUESTSION OR ASK FOR ASSISTANCE 


"Safety Code 6" 


* The rules and guidelines covering the 
subject of RF Safety, are published by the 
Federal Government in a document 
entitled "Safety Code 6" 


* Limits of Human Exposure to 
Radiofreguency Electromagnetic Fields in 
the Freguency Range from 3 KHZ to 300 
GHZ - Safety Code 6 


"Safety Code 6" 


+ RF energy has thermal effects (i.e., it 
can cause body heating) if the power 
density is high enough. 


* The thermal effects of RF energy can 
include blindness and sterility, among 
other health problems 


Good practices to follow when 
putting up your antenna's 


At least two people to do the job. Three is better. 


Equipment 
Safety Belt 


Safety Rope / use of it while climbing No Mold inside ( 
twist open to inspect it ) Proper Length 


Tool Pouch: Roomy, not packed full 


Clothing 
Close fitting, not sloppy, not tight 

Gloves ( for protection and warmth ) 
NO Sneakers, Hard Soles, Good fit 


Safety belt 


For your safety it is of the uttermost importance that you 
borrow or buy a safety belt. 


This is in fact a generic term that we must divide in 2 
elements : first, the leather belt, at least 5 cm wide or 2", 
which length is adjustable to the perimeter of the tower 
like an ordinary belt. 


Itis independent of the security hardness (but has to be 
attached on it). Then you need either of a strap snap or 
a safety belt with seat harness that you will attach 
around your waist. This is a 10 cm wide (4") belt 
including a leather belt and some fasteners to attach 
various steel loops or tools. 


Safety belt 


What is a gin pole? 


* A gin pole, or raising fixture. provides this safety by giving the tower 
climber the needed heavy lifting ability the ground person provides. 


+ A gin pole consists of 3 basi : (D) а pulley assembly to provide 
mechanical advantage when lifting, (2) a pole to gain height needed for 
the lift, and (3) the clamp assembly to attach everything to the tower. 


* Typically the ground person does the heavy lifting, while the tower 
person above has the freedom to guide and fasten the tower and 
antenna components together. 


* Proper use of a gin pole provides a controllable and safe method to 
erect and maintain a tower and antenna assembly, use it! 
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The 1-wavelength loop is most useful in parasitic beams called quads, where the 
individual loops are set up vertically to take advantage of the stronger radiation 
broadside to the plane of the loop. However, when we place the loop horizontally 
over ground, the radiation from the edge of the loop-1he plane of most interest- 
is much weaker. As the table shows, the edge, in-plane, or "horizontal" radiation 
is strongest when the loop is about 2 wavelengths in circumference. For our test. 
model, that length is about 340 m (1115). Since the loop is not resonant, we 
shall need parallel transmission line and a tuner. Hence, the exact length is not at 
all critical. Any total circumference around 1100 will work fine. 
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Circuit Components 


Lesson 4 
4.1 Amplifier Fundamentals 


The role of a amplifier is to produce an output which is an enlarged 
reproduction of the features of the signal fed into the input. The increase in 
signal by an amplifier is called gain. We can amplify voltage, current, or 
power. Note: Resistance IS NOT amplified by a amplifier. 


A device with gain has the property of amplification. 


Vacuum Tube Transistor Integrated Circuit (IC) 
Eu 5 5 2 
2 QQ P 
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Lesson 4 


4.1 Amplifier Fundamentals 


Audio frequency or AF amplifiers are used to amplify AC signals in the 
audio frequency spectrum, from about 20 Hz to 20 kHz. 


To increase the level of very weak signals from a microphone you would 
use a audio (AF) amplifier. 
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Lesson 4 


4.1 Amplifier Fundamentals 


Radio frequency or RF amplifiers are used for signals above 20 kHz. 
You will encounter both types of amplifiers when you deal with receivers. 
and transmitters. 


To increase the level of very weak radio signals from an antenna, you 
would use a RF amplifier 


Circuit Components 
Lesson 4 
4.2 Diode Fundamentals 


The electrodes of a semiconductor diode are known as anode and 
cathode. 


In a semiconductor diode, electrons flow from eathode to anode. In order 
for a diode to conduct, it bust be forward-biased. 


= = I = 


anode cathode 
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Lesson 4 
4.2 Diode Fundamentals 


If alternating current is applied to the anode of a diode, at the cathode of 
the diode you would expect to see pulsating direct current. 


The action of changing alternating current (AC) to direct current (DO) is 
called rectification. 


AC Voltage Input 


Diode bridge rectifier output voltage 


Equivalent 
V OC level 
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Lesson 4 
4.2 Diode Fundamentals 


Zener diodes are used to maintain a fixed voltage. They are designed to 
‘breakdown’ in a reliable and non-destructive way so that they can be used 
in reverse to maintain a fixed voltage across their terminals. The diagram 

shows how they are connected, with a resistor ín series to limit the current. 


Resistor to 
Emit current 
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4.2 Diode Fundamentals 


‘One important application for diodes is recovering information from 
transmitted signals. This is referred to as demodulation. 


The AM detector or demodulator includes a capacitor at the output. Its 
purpose is to remove any radio frequency components of the signal at the 
output. 


T Rectified signal 
Rea frequency The capacitor removes 
signal the racio frequency element 
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Lesson 4 
4.2 Diode Fundamentals 
Light Emitting Diodes (LEDs) are solid- p 
state semiconductor devices that convert 
electrical energy directly into light. LED - 
"cold" generation of light leads to high 
efficacy because most of the energy 


radiates within the visible spectrum. Im a " 
Because LEDs are the solid-state RE 

devices, they can be extremely small and т | | es 
durable; they also provide longer lamp life. eee 


than other sources. 


LEDs are made of various semiconducting compounds, depending on the desired 
colour output. Infrared and red LEDs generally use a galium, aluminum, and 

arsenide compound. Orange and yellow LEDs most often use galium, aluminum, 
and either indium or phosphorus. Green and blue LEDs typically use either silicon 
and carbon, or galium and nitrogen. 
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Lesson 4 
4.3 Bipolar Transistor Fundamentals 


The basic semiconductor amplifying device is the transistor 


A Bipolar Transistor essentially consists of a 
pair of PN Junction Diodes that are joined 
back-to-back. 


This forms a sort of a sandwich where one 
kind of semiconductor is placed in between 
two others. 


There are therefore two kinds of Bipolar 
sandwich, the NPN and PNP varieties. The 
three layers of the sandwich are conventionally 
called the Collector, Base, and Emitter. 
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4.3 Bipolar Transistor Fundamentals 


In a bipolar transistor the base compares closest to the control gr 
Vacuum tube 


ota triode 
In a bipolar transistor the collector compares closest to the plate of a triode 


vacuum tube 


In a bipolar transistor the emitter compares closest to the cathode of a triode 


vacuum tube 
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Lesson 4 
4.3 Bipolar Transistor Fundamentals 


A PNP transistor can amplify a small signal using low voltages. If a low level 
signal is placed at the input to a transistor, a higher level of signal is produced at 
the output lead. This effect is known as amplificati 


“n 
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4.4 Field Effect Transistor Fundamentals 
A field effect transistor has only two layers of 1 
semiconductor material, one on top of the other. Electricity kr 
flows through one of the layers, called the channel. А 
voltage connected to the other layer, called the gate, 
interferes with the current flowing in the channel. Thus, the 1 
voltage connected to the gate controls the strength of the 

current in the channel. There are two basic varieties of field sm» 
effect transistors-the junction field effect transistor (JFET) 

and the metal oxide semiconductor field effect transistor 

(MOSFET). 


In a field effect transistor, the gate controls the conductance of the channel, the 
source is where the charge carriers enter the channel and the drain is where the 
charge carriers leave the channel. 


12 
The control element in a field effect transistor is the gate. 
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4.5 Triode Vacuum Tube Fundamentals 


A vacuum tube consists of arrangements of гөн lenoe) 
electrodes in a vacuum within an insulating, cia 
temperature-resistant envelope. татем eben 


The electrodes are attached to leads which pass 
through the envelope via an air tight seal. 


When hot, the filament releases electrons into the. 
vacuum: a process called thermionic emission. 


The resulting negatively-charged cloud of electrons is called a space charge. These 
electrons will be drawn to a metal plate inside the envelope, if the plate (also called 
the anode) is positively charged relative to the filament (or cathode). The result is а 
flow of electrons from filament to plate. 
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4.5 Triode Vacuum Tube Fundamentals 


Vacuum Tube verses 


Transistor 


-triode vacuum tube can be used instead of a transistor to handle higher power 
vacuum tube can amplify small signals but must use high voltages. 
- both tubes and transistors can amplify signals 


In a vacuum tube; 


- the electrode that is operated at the highest positive potential 


-the electrode that us usually a cylinder of wire mesh is the grid. 
-the electrode that is farthest away from the plate is the filament. 
-the electrode that emits electrons is the cathode. 
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Black Brown 


Red Orange Yellow Green 


Blue Violet Gray White 
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4.6 Resistor Colour Codes, Tolerances, Temperature Coefficient 
The color code chart is applicable to most of the common four band and five band 
resistors. Five band resistors are usually precision resistors with tolerances of 1% 
and 2%. Most of the four band resistors have tolerances of 5%, 10% and 20%. 


The color codes of a resistor are read from left to right, with the tolerance band 
oriented to the right side. Match the color of the first band to its associated number 
Under the digit column in the color chart. This is the first digit of the resistance 
value. Match the second band to its associated color under the digit column in the 
color chart to get the second digit of the resistance value. 


Match the color band preceding the tolerance band (last band) to its associated 
number under the multiplier column on the chart. This number is the multiplier for 
the quantity previously indicated by the first two digits (four band resistor) or the 
first three digits (five band resistor) and is used to determine the total marked value 
of the resistor in ohms. 
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4.6 Resistor Colour Codes, Tolerances, Temperature Coefficient 
To determine the resistor's tolerance or possible variation in resistance from that 
indicated by the color bands, match the color of the last band to its associated 
number under the tolerance column. Multiply the total resistance value by this 
percentage. 


For example, the first resistor shown at the top of this page has a resistance of (47 
X 100) = 4700 ohms. The tolerance is plus or minus (10% X 4700) = plus or minus 
470 ohms. The second resistor has a resistance of (470 X 1) = 470 ohms. The 
tolerance is plus or minus (2% X 470) = plus or minus 9.4 ohms. 
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Basic Electronics & Theory 


Lesson 5 
5.1 Metric Prefixes 
Metric prefixes you'll need to know ... 


1 Giga (б) = 1 bilion = 1,000,000,000 
1 Mega (M) - 1 milion - 1,000,000 

1 kilo (К) = 1 thousand = 1,000 
‘one-hundredth = 0.01 
one-thousandth = 0.001 
000001 


апа а few you might want to know ... 


1 Tera (T) = ttilion = 1,000,000,000,000 
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Fig. 11 compares the elevation and azimuth patterns for 1 and 2 wavelength 
loops 70 above average ground. Note that due to the low height, even the 2- 
wavelength loop has a relatively high TO angle. However, the 2-wavelength 
radiation strength (and reception sensitivity) at lower angles is considerably 
greater than the L-wavelength loop. The advantage at lower angles appears 
clearly in the azimuth patterns on the right. The "ult of the pattern follows the. 
placement of the feedpoint, shown in Fig. 10. Note that the 2-wavelenglh loop. 
does not produce a circular-or even an oval- pattern. Rather, it has four wide 
major lobes. The following table completes the equivalent data for all of the loop 
sizes that we tested in free-space. Note that the impedance reports change 
relative to the free-space values~as a function of the low height of the antennas 
above ground. The resistive component is lower, while the reactive component is 
тоге inductive. 


Performance of Horizontal Loops of Various Sizes 70" above Average Ground 


Circumference то Angle Feedpoint 2 
м degrees 


The pattern shapes and TO angles for a horizontal loop change as we change 
the shape of the loop. They also change if we move the feedpoint, say, from a 
comer to the middle of a side. As samples of the sort of changes that we might 
encounter with relatively symmetrical simple structures, I modeled triangular, 
square, and hexagonal loops, feeding each structure both at a corner and in the 
middle of a side. The following table summarizes the results. It adds a column 
listing the maximum gain at a "standard" 30-degree elevation angle, since the TO 
angle is considerably higher in most cases and varies from case to case, 
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Basic Electronics 8 Theory 


Lesson 5 
5.1 Metric Prefixes 


The prefix enables us to reduce the amount of zeros that are used in writing out 
large numbers. 


For example... instead of saying that the frequency of my signal is 1,000,000 Hz 
(Hertz or cycles per second) I can say that it is 1,000 kilohertz (kHz) or even 1 
Megahertz (MHz). The prefix enables us to write the number in a shorter form. This 
especially becomes useful when we need to measure VERY large or VERY small 
numbers. 
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5.4 Metric Prefixes Mega- (one million; 1,000,000) 


Just to make certain that this stuff makes sense, lets go back and look at large 
frequencies again. 


1,000 Hz = 1 kHz 
"One thousand Hertz equals one kilohertz" 
1,000,000 Hz = 1 Mhz 


"One million Hertz equal one megahertz’ 
Зо how many kilohertz are in one megahertz? 1000 kHz = 1 MHz 
"One thousand kilohertz equals one megahertz" 


Зо if your radio was tuned to 7125 kHz, how would you express that same 
frequency in megahertz? 


1000 kHz = 1 MHz || 7125 kHz = 7.125 MHz 


(It takes 1000 kilohertz to equal 1 megahertz, so 7125 kilohertz would equal 7.125 
megahertz.) 
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5.4 Metric Prefixes Mega- (one million; 1,000,000) 


Lets do another frequency problem. This time, your dial reads 3525 kHz. What is the 
same frequency when expressed in Hertz? This should be simple. 


1 kHz = 1000 Hz || 9525 kHz = 


525,000 Hz 


(Notice that since we have to add three zeros to go from 1 kHz to 1000 Hz, we must 
also do the same to go from 3525 kHz to 3,525,000 Hz.) 


Now, let's work another frequency problem, except we're going to do it backwards. 
Your displays shows a frequency of 3.525 MHz. What is that same frequency in 
kilohertz? 


1 MHz = 1000 kHz || 3.525 MHz = 3525 kHz 


(See how the 1 became 1000? To go from megahertz to kilohertz, you multiply by 
1000. Try multiplying 3.525 MHz by 1000 to get your frequency in kilohertz.) 


Basic Electronics & Theory 


Lesson 5 
5.1 Metric Prefixes Giga- (one billion; 1,000,000,000) 


Now we're going to deal with an even larger frequency. Remember, kilo equals one 
thousand, and mega equals one milion. What equals one bilion? There is a prefix 
for one bilion - Giga. One bilion Hertz is one gigahertz (GHz). What if you were 
transmitting on 1.265 GHz? What would your frequency be in megahertz? How. 
many millions equals one bilion? 1 bilion is 1000 milions, so 1 gigahertz (GHz) is 
1000 megahertz (MHz) 


1 GHz = 1000 MHz || 1.265 GHz = 1265 MHz 
As you begin to see how these metric prefixes relate to each other, it will become 


easier to express these large and small numbers commonly used in radio and 
electronics. 
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5.1 Metric Prefixes 


(one one-thousandth; 0.001) 


If you were to take an ammeter (a meter that measures current) marked in amperes 
and measure a 3,000 milliampere current, what would your ammeter read? 


First, what does milli- mean? Mili might be familiar to those of you who were already 
familiar with the ever popular centimeter. 


The millimeter is the next smallest measurement. There are 100 centimeters in 1 
meter... there are also 1000 milimeters in 1 meter. 


So milii must mean 1 one-thousandth, 


If your circuit has 3,000 miliamps (mA), how many amps (А) is that? 


1,000 mA = 1 A || 3.000 mA = 3A 
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5.1 Metric Prefixes 


Now lets say, on a different circu, you were using a voltmeter marked in volts (У), 
and you were measuring a voltage of 3,500 millivolts (mV). How many volts would 
your meter read? 


1,000 mV = 1 V || 3,500 mV = 3.5 V 
How about one of those new pocket sized, micro handheld radio you're itching to 
buy once you get your license? One manufacturer says that their radio puts out 500. 
milliwatts (mW) , while the other manufacturer's radio will put out 250 miliwatts 
(mW). How many watts (W) do these radios really put out? 

1000 mW = 1 W || 500 mW = 0.5 W 


1000 mW = 1 W || 250 mW = 0.25 W 
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5.1 Metric Prefixes Pico- (one one-trillionth; 0.000000000001) 


Capacitors are devices that usually have very small values. A опе farad capacitor is 
seldom ever used in commercial electronics (however | understand that they are 
sometimes used when a lot of stored up energy is needed for an instant). 


Usually, your run of the mill capacitor will have a value of 1 thousandth of a farad to 
1 trilionth of a farad. 


This is the other end of the scale compared with kilo, mega, and giga. Now we'll 
learn about micro and pico. 


If you had a capacitor which had a value of 500,000 microfarads, how many farads 
would that be? 


Since it takes one million microfarads to equal one farad. 


1,000,000 uF = 1 F || 500,000 uF =0.5 F 
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5.1 Metric Prefixes 


0- (one one-trillionth; 0.000000000001) 


What if we had a capacitor with a value of 1,000,000 picofarads? Pico is a very, very 
small number, so to have 1 milion pico farads is saying that the value is just very 
small instead of very, very small. One picofarad is one trilionth of a farad. One 
picofarad is also one millionth of a microfarad. So it takes one million picotarads 
(pF) to equal one microfarad (uF). 


1,000,000 pF = 1 uF 
By the way, just so you get a grasp of just how small a picofarad really is, 
remember, it would take one trilion (i.e. one milion-milion) picofarads (pF) to equal 
one farad (F), ог. 


1,000,000,000,000 pF = 1 F 
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5.2 Concepts of Current, Voltage, Conductor, Insulator, Resistance Current 


Water flowing through a hose is a good 
way to imagine electricity Water is like 
Electrons in a wire (flowing electrons 
are called Current) 


Pressure is the force pushing water 
through a hose — Voltage is the force 
Pushy scan r a wine 
Friction against the holes walls slows 
ihe flow of water - Resistance is an 


impediment that slows the flow of 
electrons 
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* There are 2 types of current 


— The form is determined by the directions the current 
flows through a conductor 


* Direct Current (DC) 


— Flows in only one direction from negative toward 
positive pole of source 


* Alternating Current (AC) 


— Flows back and forth because the poles of the source 


alternate between positive and negative 
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5.2 Concepts of Current, Voltage, Conductor, Insulator, Resistance 
Conductors and Insulators 


There are some materials that electricity lows through easily. These materials are 
called conductors. Most conductors are metals. 


Four good electrical conductors are gold, silver, aluminum and copper. 
Insulators are materials that do not let electricity flow through them. 


Four good insulators are glass, air, plastic, and рогсе!ай 
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5.3 Concepts of Energy & Power, Open & Short Circuits 


The Open Circuit 


Tho open огош! is a very basic circuit hat wo should al be 
very familar with. Itis the circuit in which no curent flows 
because there is an open in the circuit that does not allow 
current to flow. A good example is a light switch. When the 
light is turned off, the such creates an opening in the 
icut, and current can no longer flow. 


You probably figured that since thoro are “open circuits that there are probably also “closed 
circuits”. Well, а closed circuit is when the switch is closed and current is allowed to low 
"rough the circuit. 


A fuso is а device that is used to create an open circuit when too much currant is flowing. 
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5.3 Concepts of Energy & Power, Open & Short Circuits 


The Short 


ircuit 


A short circuit can be caused by Incoming power 
"wires (wires that are normally insulated and kept 
separate) coming in contact with each other. Since a 
circuit usually has resistance, and the power wires 
"hat “short out" have very litle resistance, ho current Broken Insulation 
wil ond to flow through the path of least ‘Allows Wires to 
resistance... the short. Less resistance at the same 

amount of voltage will result in more current to flow. 


Therefore а short circuit wil have too much current flowing through it. What's ho best way to stop 
а short circuit rom doing damage (because itis drawing foo much power from the source)? By 
Using a fuse. Fuses aro designed to work up fo а certain amount of current (e.g. 1 amp, 15 amps, 

). When thal maximum current is exceeded, then the wire within the fuse burns up from the heat 
Of the current flow. With the fuse burnt up, there is now an "open circu and no more current 
Sows. 
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53 Concepts of Energy x Power, Open & Short Circuits 


Power 


Every circuit uses a certain amount of power. Power 
describes how fast electrical energy is used. A good 
‘example is the light bulbs used in each circuit of your 
done When you turn on a light bulb, ight (and heat) aro 
produced. This is because ofthe current flowing through 
A resistor buit into the bulb. The resistance tums the 
electrical power into primarily heat, and secondary ight 
{assuming an incandescent bulb). 


Each ight bulb is rated at a certain power rating. This is how much power tho bulb will use in a normal 
110 Volt house circuit. Three of Ihe most popular power values for inside light bulbs are 60, 75, and 
100 Watts (Power is measured in Watts). Which of these light bulbs uses the most power? Tha 100 
Watt bub uses the most power 
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+ 5.4 Оһт'ѕ Law 


E = electromotive force (a.k.a. Voltage) 
intensity (French term for Current) 


n J 
ү 


(Amps) 
=E/1 (Ohms) 
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5.4 Ohm's Law Calculating Voltage and Current and Resistance 
Current? 
There is a very easy way to determine how much current will low through a circuit 
when the voltage and resistance is known. This relationship is expressed in a simple 
equation (don't let the word scare you... this is going to be easy as "pie 
Lets start with the "pie 


This circle will help you to know how to figure out the answer to these electrical 
problems. The three letters stand for. 


E = electromotive force (a.k.a. Voltage) 


tensity French term for Curent) CEN 
NB 
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5.4 Ohm's Law Calculating Voltage and Current and Resistance 
Current? 


Lets say you have 200Volts hooked up to a circuit with 100 Ohms of resistance, 
How much current would flow? 


Since our "unknown" value in this problem is the current, then we put our finger over 


the "I". What you see is "E over А". This means you take the Voltage and divide it by 
the Resistance. This is 200 Volts divided by 100 Ohms. The result is 2 Amps. 


lectromotive force (a.k.a. Voltage) 
tensity (French term for Current) 


R = resistance EY 


E 
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5.4 Ohm's Law Calculating Voltage and Current and Resistance 
Voltage? 

What if we wanted to find out the voltage in a circuit when we know the current and 
resistance? Go back to the "pie" and cover up the E. You're now left with | times R. 


How much voltage would you need in a circuit with 50 ohms and 2 amps? E-bxR. 
2x50... E-100 Volts. 


E = electromotive force (a.k.a. Voltage) CE 
intensiy (French term for Curren) 


Basic Electronics 8 Theory 


Lesson 5 


5.4 Ohm's Law Calculating Voltage and Current and Re 


Resistance? 


Finally, if you had a circuit with 90 Volts and 3 amps, and you needed to find the 
resistance, you could cover up the R... the result is E over | (Volts divided Бу 
Current). R-E/L... R=90/3... R=30 Ohms. This circuit would have 30 Ohms of 
resistance if it was hooked up to 90 Volts and 3 amps flowed through the circuit 


Ohm's Law 
This relationship between voltage, current, and resistance is known as Ohm's Law. 
This is in honour of the man who discovered this direct relationship (his last name 
was Ohm). The relationship described in Ohm's Law is used when working with 
almost any electronic circuit 
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Memorizing Ohm's law. 


Memorizing Ohm's law may sound like a time consuming and daunting task, but if remember 
this little story you'll have it committed to memory for life within a few minutes! 


An old Indian was walking across the plains one day and he saw an eagle soaring high in the 
sky over a rabbit 


Now, picture things from the Indian's stand point - he sees the Eagle flying over the Rabbit: 
Soy to yourself Indian equals Eagle over Rabbit. 


Now just use the first letter of each word: 1 = E over R, which is this formula: 


E |4 EUM 2 ED) Voltage: E=1xR (Vots) 
= З 18. (Amps) 
R «| NB 


= Е/1 (Ohms) 


Antennas Made of Wire - Volume 1 


Performance of 2-Mavelength Horizontal 70° above Average Ground 


Wii To Angle Gain at 307489 Eeedpoint 2 
degrees ар ur 


The wires of a 2-wavelength loop interact with each other to produce distinctive. 
patterns for each combination of overall shape and feedpoint placement. Fig. 12 

shows the azimuth patterns for the two triangles, with plots taken at the TO angle 
atata standard 30-degree elevation angle. The insets show the loop outline and. 
the feedpoint placement relative to the pattern for each version of the triangle. In 

all of the plots of 2-wavelength horizontal loops, the feedpoint will be at the top or 
O-degree azimuth direction 
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Memorizing Ohm's law. 


However, from the Rabbit's point of view, he sees things a little differently. The Rabbit looks 
out and sees the Eagle flying over the Indian. 


Say to yourself Rabbit equals Eagle over Indian. 
Now just use the first letter of each word: R = E over 1, which is this formula: 


Е м xR (Volts) 
T E E/R (Amps) 
I P 7 R= E/| (Ohms) 
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Memorizing Ohm's law 


Finally, the Eagle up in the sky sees both the Indian and the Rabbit standing on the ground 
together. 


Say to yourself Eagle equals Indlan and Rabbit together. 
Now just use the first letter of each word: E = IxR, which is this formula: 


ЕТЕ 9 


Now И you simply remember the story of the Indian, Eagle and Rabbit, you will 
have memorized all three formulae! 


Voltage: E=IxR (Volts) 
Current: | = E/ R_ (Amps) 
Resistance: R = E / | (Ohms) 
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Memorizing Ohm's law. 


So now we have 3 different ways that we can algebraically express Ohm's Law. 


or E. E IxR (Volts) 
РН "ELI" [EL ^R. (Amps) 
R I ЕЛ1 (Ohms) 


But of what significance is it? Here Is the gist of It. If we know 2 out of the 3 factors of the 
equation, we can figure out the third. Let's say we know we have a 3 Volt battery. We also. 
know we are going to put a 100 W resistor in circuit with it. How much current can we expect 
will flow through the circuit? 


Without Ohm's Law, we would be at a loss. But because we have Ohm's Law, we can 
calculate the unknown current, based upon the Voltage and Resistance. 


__3 Volts 


100 09 Amperes 
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Power calculations CPX 


The unit used to describe 


electrical power is the Watt. 


- The formula: Power (P) equals 
voltage (E) multiplied by current 


@. 
P=IxE E 
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* Power calculations (cont) CPX 


- How much power is represented by a voltage of 
13.8 volts DC and a current of 10 amperes. 
"P=IxE P=10x13.8= 138 watts 


- How much power is being used in a circuit when the 
voltage is 120 volts DC and the current is 2.5 
amperes. 

*P=IxE P=2.5x120= 300 watts 
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+ Power calculations (cont) 


- You can you determine how many watts are being 
drawn [consumed] by your transceiver when you 
are transmitting by measuring the DC voltage at the 
transceiver and multiplying by the current drawn 
when you transmit. 


- How many amperes is flowing in a circuit when the 
applied voltage is 120 volts DC and the load is 1200 
watts. 


=P/E 1-1200/120- 10 amperes. 
МЕД» 
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Memorizing Ohm's law 
Power Formula P= 1x E 
Lets try some examples we are familiar with; 
P= 60 watt light bulb 


E=120 volts 
T= S amps 


з 


P=100 watt light bulb. 
E=120 volts 
15.83 amps 


Electric Kettle consumes, 
P=900 watts E = Electromotive Force aka Volts 
Е-120 volts T= Intensity aka Current 


15 7.5 amps 


Electric Toaster 
P= 1200 watts 
E=120 volts 
1510 amps 
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5.5 Series & Parallel Resistors 
sores cota 


resistance of the circuit is found by simply adding up the resistance values of the 
individual resistors: equivalent resistance of resistors in series : R = R1 + R2 + R3 + 
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5.5 Series & Parallel Resistors 


Series circuits 


A series circuit is shown in the diagram above. The current flows through each 
resistor in turn. If the values of the three resistors are: 


Fi=80, Po=80, andña=40, tetotalresistance is 8 +8 +4= 200. 


With a 10 V battery, by V = I R the total current in the circuit is: 
1= VR = 10/20 = 0.5 A. The current through each resistor would be 0.5 A. 


E] 
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5.5 Series & Parallel Resistors 


Series circuits. 


Н=в1+н2+н3+ 


В1=100 ohms 
В2=150 ohms 
R3=370 ohms 


RT= ? ohms y 


ar 
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5.5 Series & Parallel Resistors 


Series circuits 


R=R1+R2+R3+ 


R1=100 ohms 
R2=150 ohms v 
R3=370 ohms 


RT= 620 ohms y 
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5.5 Series & Parallel Resistors 


Parallel circuits 


A parallel circuit is a circuit in which the resistors are arranged with their heads 
connected together, and their tails connected together. The current in a parallel 

circuit breaks up, with some flowing along each parallel branch and re-combining 
when the branches meet again. The voltage across each resistor in parallel is the. 


The total resistance of a set of resistors in parallel is found by adding up the 
reciprocals of the resistance values, and then taking the reciprocal of the total: 
equivalent resistance of resistors in parallel: 1 /R = 1 / RT + 1/ R2 + 1 / R3 +. 
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5.5 Series & Parallel Resistors 
Parallel circuits 


A parallel circuit is shown in the diagram above. In this case the current supplied by the 
battery splits up, and the amount going through each resistor depends on the 
resistance. If the values of the three resistors are: 


RI =8, йз=Вп, end Fs Ihe total resistance в found by: 


-e 104-112, de ges- 2а, 
With a 10 V battery, by V = I R the total current in the circuit is: | = V/R = 10/2 = 5 A. 


The individual currents can also be found using | = V / R. The voltage across each 
resistor is 10 V, so: 
25А 
25А 


Note that the currents add together to SA, the total current " 
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5.5 Series & Parallel Resistors 
Parallel circuits. 


ї/В=1/В1+1/В2+1/В3+.. 


R1=100 ohms 
R2=100 ohms 
R3=100 ohms 
RT- ? Ohms 


з 
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5.5 Series & Parallel Resistors 


Parallel circuits 


1/100 + 1/100 + 1/100. 


01 + 01 +.01 =.03 


1/.03= 33.33 ohms 


зв 
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5.5 Series & Parallel Resistors 


A parallel resistor short-cut 


И the resistors in parallel are identical, сап bo very easy to work out the equivalent resistance. 
In this case the equivalent resistance of N identical resistors is the resistance of one resistor 
divided by N, the number of resistors. So, two 40-ohm resistors in parallel are equivalent o one 
20-ohm resistor; ve 50-ohm resistors in parallel are equivalent to one 10-ohm resistor, etc. 


When calculating the equivalent resistance of а set of parallel resistors, people often forget to fip 
the 1/R upside down, putting 1/5 of an ohm instead of 5 ohms, for instance. Here's a way to 
check your answer. you have two or more resistors in parallel, look forthe one with the 
smallest resistance. The equivalen resistance wil aways be between the smallest resistance 
divided by the number of resistors, and the smallest resistance. Here's an example. 


You have three resistors in parallel, with values 6 ohms, 9 ohms, and 18 ohms. The smallest 
resistance is 6 ohms, so the equivalent resistance must be between 2 ohms and 6 ohms (2 =6 
13, where 3 is the number of resistor) 


Doing the calculation gives 1/6 + 1/12 + 1/18 = 6/1. Flipping this upside down gives 18/6 = 3 


ohms, which is certainly between 2 and 6 
a 
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5.5 Series & Parallel Resistors 
— aparto component 


with a single equivalent resistance forthe circuit. This allows the current lo be determined easily. The 
current lowing through each resistor can then be found by undoing the reduction process 


General rules for doing the reduction process include: 
Two (or more) resistors with their heads directly connected together and their tails directly connected 
together are in parallel, and they can be reduced to one resistor using the equivalent resistance 
equation for resistors in parallel. 


Two resistors connected together so that the tall of one is connected to the head of tho next, wth no 
other path lor the current lo take along the Ine connecting them, are in series and can be reduced lo 
‘one equivalent resistor. 


Finally, remember that for resistors in series, the current is the same for each resistor, and for 
resistors in parallel, the voltage is the same for each ono. 


зв 
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5.7 AC, Sinewave, Frequency, Frequency Units 
What is frequency? 


The number of cycles por unit ol time is called the frequency. For convenience, frequency is 
most offen measured in cycles per second (cps) or the interchangeable Hertz (Нг) (60 cps 
60 Hz), 1000 Hz is often referred o as 1 kHz (kilohertz) or simply "1K in studio parlance. 


The range of human hearing in the young is approximately 20 Hz to 20 kH2—the higher number 
tends to decrease with age (as do many other things). Il may be quite normal for a 60-year-old lo 
hear a maximum of 16,000 Hz. 


We call signals in the range of 20 Hz to 20,000 He audio frequencies because the human ваг 


сап sense sounds inthis range 
з 


The Relationship of Freguency 
and Wavelength 


The distance a radio wave travels in 
one cycle is called wavelength. 


One Wavelength 
AAA 
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Names of frequency ranges, types of waves 


+ Voice frequencies are Sound waves in the range between 300 and 3000 
Hertz. 


- Electromagnetic waves that oscillate more than 20,000 times per second as 
they travel through space are generally referred to as Radio waves. 


“ 


Antennas Made of Wire - Volume 


The two triangle patterns are similar, although there is a small displacement of 
the pattern toward the long-wire side and away from the triangle point. More 
significant is the fact that in both cases, the pattem is significant stronger (by 
about 3 dB) along a line from the feedpoint through the center than from side to 
side. Otherwise, there is not much to choose between the two versions of the 
triangle. 


The patterns in Fig. 13 confirm what the data in the table suggest: the feedpoint 
position makes a much more important difference to performance with a square 
loop than with any other form. With a comer feed, we obtain nearly circular 
patterns, but at lower strength. With a side-feed, we obtain more gain, but the 
patterns take on the 4-lobe shape. The lower the elevation angle, the more 
distinct that the lobes become. Whether the pattern shape and gain provide an 
advantage may depend on the possibilities for laying out the antenna relative to 
desired communication targets. 
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Relationship between frequency and wavelength 


Frequency describes number of times АС flows back and forth per second 
Wavelength is distance а radio wave raves during one complete cycle 

+ The wavelength gets shorter as the frequency increases. 

- Wavelength in meters equals 300 divided by frequency in megahertz 


- A radio wave travels through space at the speed of light. 
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Identification of bands 


The property of a radio wave often used to identify the different bands amateur 
radio operators use is the physical length of the wave. 


The frequency range of the 2-meter band in Canada is 144 to 148 MHz. 
The frequency range of the 6-meter band in Canada is 50 to 54 MHz. 
The frequency range of the 70-centimeter band in Canada is 420 to 450 MHz. 
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5.8 Decibels 


The decibel is used rather than arihmeti ratios or percentages because when certain 
types ol circus, such as amplifers and silenvalors, are connected in seras, expressions 
of power level i decibels may bo arthmeticaly added and subtracted. 


In radio electronics and telecommunicalions, the decibel is used to describe the ratio 
between twa measurements ора асса power 


Decibels are used to account forthe gains and losses of а signal from a transmiter o a 
receiver through some medium (ree space, wave guides, coax, fiber optics, ec. 


^ 
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5.8 Decibels 


-A two-time increase in power results 
in a change of 3dB higher. 


р; 


-You can decrease your transmitter's 
power by 3d8 by dividing the 
original power by 2 a 


-You can increase your transmitters 
power by 6dB by multiplying the 
original power by 4 
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5.8 Decibels 


Ia signal-strength report is "1008 over 59°. 
if the transmitter power is reduced from 
1800 watts to 150 watts, the report should — 


now be 89 
aj 


Ia signal-strength report is "20dB over 597 
if the transmitter power is reduced from. 
1800 watts to 150 watts the report should 
now be S9 plus 1008 


Tho power output rom a transmitter increases from 1 watt to 2 walls. This is а dB increase of 3:3 
‘The power output rom a transmitter increases form 5 watts to 50 жай by а linear amplifier. The 


power gain would be 10 dB. 
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5.9 Inductance 
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* There are two fundamental principles 
of electromagnetics: 
1. Moving electrons create a magnetic field. 
2. Moving or changing magnetic fields 
cause electrons to move. 


An inductor is a coil of wire through 
which electrons move, and energy is 
stored in the resulting magnetic field. 
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The Inductor 


+ Like capacitors, 
inductors temporarily 
store energy. 

Unlike capacitors: 

— Inductors store energy 
in a magnetic field, not 
an electric field. 

— The magnetic field is 
proportional to the 
current. When the 
current drops to zero 
the magnetic field also 
goes to zero. 
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* Inductors are simply 
coils of wire. 
— Can be air wound 
(just air in the middle 
of the coil) 


— Can be wound W> 
around a permeable 5 
material (material that 


8 MET 
Os AMC 


form (toroid) E 


The Inductor 


The rate at which current through an inductor changes is 
proportional to the voltage across it. 

A coil (or inductor) has a property called its 

inductance. The larger the inductance, slower the rate at 
which the current changes. 

The unit that measures the size of the inductance is the 
Henry. 

Typical inductor values used in electronics are in the 
range of several Henrys down to microhenrys 
(1/1.000,000 Henry) 
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* The amount of 
inductance is 
influenced by a 
number of factors: 


— Number of coil 
turns. 


— Diameter of coil. 

— Spacing between 
turns. 

— Size of the wire 
used. 

— Type of material 
inside the coil. 


а 


Inductor Performance With DC 
Currents 


When a DC voltage is applied to an inductor the current starts to 
build, The increasing current produces an increasing magnetic field 
that causes a (back) ЕМЕ that opposes the applied voltage . 

"їп a real inductor the wires (and, perhaps the voltage source) have 
resistance. Ultimately, this resistance prevents the current from 
rising any higher. 

In an ideal inductor (one where the wires have no resistance) the 
current would flow round and round forever. In order to cause the 
current to slow down and stop, a voltage in the opposite direction 
would have to be applied. 

If the circuit is actually broken (a switch is opened) the current is 
forced to stop immediately. Since the current does not ant to stop 
suddenly, a large voltage will be generated, often with the 
production of a spark. 


sa 


Inductor Performance With АС 
Currents 


+ When AC voltage is applied to an inductor the current 
rises when the voltage is positive; it holds constant when 
the voltage is zero, and it decreases when the voltage is 
negative. This gives rise to the rather counter-intuitive 
situation that, for part of the cycle, a negative current will 
be associated with a positive voltage — and vice versa. 


Unlike the case of a resistor, the current does not follow 
lock-step along with the voltage. Although the AC current 
does tend to do the same thing as the voltage, it doesn't 
do it at the same time; it does it later in the cycle. 
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+ Because the magnetic 
field surrounding an 
inductor can cut across 
another inductor in 
close proximity, the 
changing magnetic field 
in one can cause 
current to flow in the 
other ... the basis of 
transformers 
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5.9 Capacitance 


The Capacitor 


The Capacitor 


Defined 


A device that stores 
energy in electric field. 
Two conductive plates 
separated by a non 
conductive material. 
Electrons accumulate on 
one plate forcing 
electrons away from the 
other plate leaving a net 
positive charge. 

Think of a capacitor as 
very small, temporary 
storage battery. 
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The Capacitor 
Physical Construction 


* Capacitors are rated 


by: 
— Amount of charge 
that can be held. 


— The voltage handling 


capabilities. 
— Insulating material 
between plates. 


Nos 
ČSL 


The Capacitor 
Ability to Hold a Charge 


+ Ability to hold a charge I 
depends on: 
— Conductive plate 
surface area. 
— Space between plates. 
— Material between 
plates. 


= 


Charging a Capacitor 
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Antennas Made of Wire - Volume 1 


As we make the loop more circular, the exact shape and feedpoint make less 
difference to performance. The hexagon patterns appear in Fig. 14. Neither the 
pattern shape nor the gain change very much as we re-orient the loop and the 
feedpoint. As well, the corner-fed and side-fed versions of the loop exhibit 
feedpoint impedance values that are much closer together than for either the 
triangle or the square. 


The most desirable version of a 2-wavelength horizontal loop would be а circle, 
However, the realities of antenna construction will not only require simpler forms, 
but as well, they may dictate somewhat irregular shapes. Nonetheless, virtually 
апу horizontal loop will provide very reasonable performance. In addition, unlike. 
а dipole, they will provide a null overhead, much like the nulls of vertical 
antennas. Therefore, if NVIS operation is the goal, you much either create a 1- 
wavelength loop or a dipole. For operation in the 20-30-degree elevation range, 
the 2-wavelength loop will usually provide as much or more gain than a wire 
vertical. Fig. 15 compares the elevation patterns of the corner-fed hex loop and 
the inverted-L with 16 radials. The maximum gain limits of the loop are similar to 
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The Capacitor 
Behavior in DC 


When connected to a DC source, the 
capacitor charges and holds the charge as 
long as the DC voltage is applied. 

The capacitor essentially blocks DC 
current from passing through. 


e 


The Capacitor 
Behavior in AC 


When AC voltage is applied, during one half of 
the cycle the capacitor accepts a charge in one 
direction. 

During the next half of the cycle, the capacitor is 
discharged then recharged in the reverse 
direction. 

During the next half cycle the pattern reverses. 
It acts as if AC current passes through a 
capacitor 


вз 


The Capacitor 
Capacitance Value 


* The unit of capacitance is the farad. 


— A single farad is a huge amount of 
capacitance. 


— Most electronic devices use capacitors that 
are a very tiny fraction of a farad. 


* Common capacitance ranges are: 
* Micro HA 106 


« Nano n 109 


* Pico p 10-12 


64 


The Capacitor 
Capacitance Value 


+ Capacitor identification 
depends on the capacitor 
type. 

+ Could be color bands, dots, 
or numbers. 

* Wise to keep capacitors 
organized and identified to 
prevent a lot of work trying 
to re-identify the values. 


Capacitors in Circuits 


Three physical 
factors affect u 
capacitance values. Charged plates 
— Plate spacing far apart 
— Plate surface 

area pam 
— Dielectric material 
In series, plates are C = CC, 
far apart making E 
capacitance less С, + C, 


es 


Capacitors in Circuits 


In parallel, the Y—1 
surface area of the * 


plates add up to be 
greater. AE 
This makes the total 

capacitance higher. s 


Basic Electronics 8 Theory 


Lesson 5 


5.11 Magnetics & Transformers 


The transformer is essentially just two (ог moro) inductors, sharing а common magnetic path. 
Any two inductors placed reasonably lose to each other wil work as a transformer, and the 
more closely they are coupled magnetically, the more efficient they become. 


When a changing magnetic Heli in the vicinity of a сой of wire (an inductor), a voltage is 
induced into he coil which is in sympathy with the applied magnetic field. A static magnetic field 
has no effect, and generates no output. Many of tho same principles apply to generators, 

alternators, electric motors and loudspeakers, although this would be a very long article indeed i 


I were to cover ай ho magnetic ей! devices that exist. 
When an electric current is passed through a coll of wire, a magnetic field is created - this works 
with AC or DC, but with DC, the magnetic field is obviously static. For this reason, transformers 
‘cannot be used directly with DO, for although a magnetic ен exists, it must be changing to 
induce a voltage into the other coll. 
Tho ау of a substance to сапу a magnetic fld is called permoabil and different materials 
have differing permoabillis. Some are optimised in specific ways for a particular requirement 
for example the cores used or a switching transformer are very diferent rom those used for 
Normal 50/60Hz mains transformer. 

вв 


Basic Electronics 8 Theory 


Lesson 5 


5.11 Magnetics 8 Transformers (Continued) 


1 yl 
© m а 
[ Al 
Figure 1.1 - Essential Workings of a Transformer 


Figure 1.1 shows the basics of all transformers. A col the primary) is connected to an AC voltage 
‘source - typically the mains for power transformers. Tho lux induced into the core is coupled through 
tothe secondary, a voltage is induced into the winding, and a current is produced through the load 


ө 


Basic Electronics 8 Theory 


Lesson 5 
5.11 Magnetics & Transformers (Continued) 


How a Transformer Works Al no load, an ideal transformer draws virtually no current ram the 
mains, since itis simply a large inductance. The whole principle of operation is based an induced. 
magnetic Пих, which not only creates a voltage (and current) in the secondary, but the primary as 
wel! I is this characteristic that allows any inductor to function as expected, and the voltage 
‘generated in the primary is called a "back EMF" (electromotive force). The magnitude ol this 
voltage is such that almost equals (and is aflecively in the same phase as) he applied EMF. 


When you apply a load to the output (secondary) winding, a curent is drawn by the load, and 
this is reflecled through the transformer lo the primary. As a resul, the primary must now draw 
тоге current rom the mains. Somewhat intriguingly perhaps, the more current that is drawn from 
the secondary, the original 90 degree phase shit becomes less and less as the transformer 
approaches ul power. The power factor ol an unloaded transformer is very law, meaning that 
although there are volis and amps. here i relatively litle power. The power factor improves as 
loading increases, and at ul load wil be clase lo unity (Ihe deal) 


‘Transformers aro usually designed based on the power required, and this determines tho core 
size fora given core material. From this, the required "rns per vol” figure can be determined, 

Based on the maximum Пих density hal the coro material can support. Again, this varies widely 
with core materials. ES 


Basic Electronics 8 Theory 


Lesson 5 


Multimeters will measure 
Voltage, Current and 
Resistance. 


Be sure it is set properly to 
read what is being 
measured. 


If it is set to the ohms 
setting and voltage is 
measured the meter could 
be damaged! 


Basic Electronics & Theory 


Lesson 5 


Potential difference (voltage) is measured with a voltmeter, the voltmeter is connected to 
а circuit under test in parallel with the circuit. 


Poner S3 
Supply 


Basic Electronics & Theory 


Lesson 5 


The instrument to measure the flow of electrical current is the ammeter. An ammeter is 
connected to a circuit under test in series with the circuit 


Power 
Supply 


Radio and electronic fundamentals 
T4A 


The instrument to measure resistance is the ohmmeter. An ohmmeter is 
connected to a circuit under test in parallel with the circuit. 
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Antennas 


A good antenna works 

A bad antenna is a waste of time & money 

Antenna systems can be very inexpensive and simple 
They can also be very, very expensive 


Antenna Considerations 


—The space available for an antenna 
—The proximity to neighbours 

—The operating frequencies you will use 
—The output power 

—Money 


Antenna Types 


High Freguency 
1.6 - 30 Mhz + 50 Mhz 
160 - 6 metres 
An antenna's size/length depends on the freguency 


It's functionality largely depends on the height above 
ground, as well as the polarity and it’s configuration 


Nm 


Some Math 


Velocity of propagation 300,000,000 m/sec 
For I wavelength, above 30 MHz 
Frequency (f) = 300 / wavelength течно mex in mesa 


Wavelength (0) = 300 / frequency 


300/ metres or 984/F feet 
50/f metres or 49277 feet 
86/f metres or 936/f feet (including the velocity factor Of 0.95) 
| 43/f metres or 468/f feet 


Fora half wave 


‘The length of a half wave dipole for 3.65 MHz 


The length of a half wave dipole for 3.65 MHz 


L = 143/f = 143/3.65 = 39.18 metres 


‘The higher the frequency the shorter the antenna 
‘The lower the frequency the longer the antenna 


Types of Antennas 


Simple wire 
Dipole 

- Folded dipole 

= Trap dipole 

- Offset or Windom antenna 
— Phased dipoles 

= Vertical or horizontal (both) 


Beverage wave antenna 


Types of Antennas 


-Metal 
-Vertical 

-Yagi 

-Trap Yagi 

-Phased arrays 

-Loops 

-Vertical or Horizontal 

-Horns for super ultra high frequencies 
-Mobile antennas 
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those of the dipole at the same 70 height, but the pattern is nearly circular rather 
than being bi-directional 


“eta E erator Patan Comparison 
eee Hex agp al 7008 ner мт 18 Rails 


Af 
{5 
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вы- Loop 
rats EI eae inves 


Both the 160-meter dipole and the 2-wavelength loop are useful as mut hend 
antennas И we feed them with parallel transmission line and employ an antenna 
tuner to achieve a match with the transceiver. A number of other items at this site 
address the kinds of patterns that we can expect from а 250+' doublet and from 
horizontal loops (HOHPLs) of various shapes across the HF region. 
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Antenna Polarization 


"Vertical or horizontal 


«Electrical vs Magnetic radiation 
(Diagram) 


"Vertical waves travel @ 90° to the earths surface 
"Horizontal waves travel parallel to the earth's surface 


"Usually wire antennas are horizontal but an inverted "У? dipole has a vertical 
component. 


*Yagi type antennas can be either vertical or horizontal 
Circular antennas can be both 


* Usually, horizontally polarized antennas hear less noise 


Isotropic Antenna 
"The isotropic 


antenna is a hypothetical point source. 


"It does not exist in reality but is considered as an important 
starting point considering different 


"antennas from the theoretical to the practical 


"The pattern is a Cardioid - a donut shape or a sphere 


Dipole Radiation 
Pattern 


Polarization - Practica 


Antennas radiating a vertical polarization are best received 
by an antenna of like polarization 


Cross polarization reduces reception by as much as 30 db 
Bouncing DX signals probably have both polarizations 


Designing antenna polarization usually depends on the 
frequency being used - at 70 cm in th eUHF band the 

elements are very short so either polarization is possibl 
Usually vertical is used as repeaters are vertically pola 


Resonance 


Antenna length is dependant on frequency 


The lower the frequency the longer the antenna elements 


Examples 
80 metres 3.750Mhz 124 fl 
40 7.055 66 
10 28.5 164 
6 52 9 


2 145 32 


Isotropic Source 


Polarization by Element Orientation Page 48/9 


An isotropic antenna is a: hypothetical point source 


What is the antenna radiation pattern for an isotropic radiator? A 
sphere 


Polarization of an antenna is determined by: the electri 


field 


What does horizontal wave polarization mean? The electric lines 
of force of a radio wave are parallel to the earth's surface 


What does vertical wave polarization mean? The electric lines of 
force of a radio wave are perpendicular to the earth's surface 


Polarization by Element Orientation e 


What electromagnetic wave polarization does a Yagi antenna have when its 
elements are parallel to the earth's surface? Horizontal 


What electromagnetic wave polarization does a half-wavelength antenna have 
when it is perpendicular to the earth's surface? Vertical 


VHF signals from a mobile station using a vertical whip antenna will normally 
be best received using a: vertical ground-plane antenna 


A dipole antenna will emit a vertically polarized wave if it is: Parallel with the 
ground mounted vertically 


If an electromagnetic wave leaves an antenna vertically polarized, it will arrive. 
at the receiving antenna, by ground wave: vertically polarized 


Compared with a horizontal antenna, a vertical antenna will receive a vertically 
polarized radio wave: at greater strength 


Wavelength vs Physical Length М 


The speed of а radio wave: is ће вате as the speed of light 


The velocity of propagation of radio freguency energy in free space 
is: 300 000 kilometres per second 


If an antenna is made longer, what happens to its resonant 
freguency? It decreases 


If an antenna is made shorter, what happens to its resonant 
frequency? It increases 


The resonant frequency of an antenna may be increased by: 
shortening the radiating element 


Wavelength vs Physical Length ES 


To lower the resonant frequency of an antenna, the 
operator should: lengthen it 


Adding a series inductance to an antenna would: 
decrease the resonant frequency 


Wavelength vs Physical Length ; 


* The wavelength for a frequency of 25 MHz is: 
12 metres (39.4 ft) 


* The wavelength corresponding to a frequency of 2 MHz is: 
150 m (492 ft) 


* At the end of suspended antenna wire, insulators are used. 
These act to: limit the electrical length of the antenna 


*One solution to multi-band operation with a shortened 
radiator is the "trap dipole" or trap vertical. These 
"traps" are actually: a coil and capacitor in parallel 


Gain, Directivity, etc 


* What is meant by antenna gain? The numerical ratio relating the radiated signal 
strength of an antenna to that of another antenna 


* The gain of an antenna, especially on VHF and above, is quoted in dBi. The "i" in this 
expression stands for: isotropic 


= Approximately how much gain does a half-wave dipole have over an isotropic radiator? 
2.1 dB 


* What isa parasitic beam antenna? An antenna where some elements obtain their 
io energy by induction or radiation from a driven element 


y from an HF dipole 
‘major lobe will 


* If a slightly shorter parasitic element is placed 0.1 wavelength aw: 
antenna, what effect will this have on the antenna's radiation pattern 
develop in the horizontal plane, toward the parasitic element 


* Ifa slightly longer parasitic element is placed 0.1 wavelength away from an HF dipole 
antenna, what effect will this have on the antenna's radiation pattern? A major lobe will 
develop in the horizontal plane, away from the parasitic element, toward the dipole 


Gain, Directivity, etc. а 


* In free space, what is the radiation characteristic of a half-wave dipole? 
Minimum radiation from the ends, maximum broadside 


= The front-to-back ratio of a beam antenna is: the ratio of 
the maximum forward power in the major lobe to the 
maximum backward power radiation 


* The property of an antenna, which defines the range of frequencies to which it 
will respond, is called its: bandwidth 


* What is meant by antenna bandwidth? The frequency 
antenna may be expected to perform well 


range over which the 


* How can the bandwidth of a parasitic beam antenna be increased? Use larger 
diameter elements 


Vertical Antennae З 


* To calculate the length in metres (feet) of a quarter wave vertical antenna you 
would : Divide 71.5 (234) by the antenna's operating frequency (in MHz) 


* If you made a quarter-wavelength vertical antenna for 21.125 MHz, how long 
would it be? 3.6 metres (11.8 ft) 


* If you made a half-wavelength vertical antenna for 223 MHz, how long would 
it be? 64cm (25.2 in) 


* Ifa magnetic-base whip antenna is placed on the roof of a car, in what 
direction does it send out radio energy? It goes out egually well in ай 
horizontal directions 


* What is an advantage of downward sloping radials on a ground plane 
antenna? It brings the feed point impedance closer to 50 ohms 


Vertical Antennae = 


What happens o the feed point impedance of a ground-plane antenna, when its 
radials are changed from horizontal to downward-sloping? И increases 


Which of the following transmission lines will give the best match to the base of a 
‘quarter-wave ground-plane antenna? 50 ohms coaxial cable 


The main characteristic of a vertical antenna is that it will: receive signals equally 
well from all compass points around it 


Why is a loading coil often used with an HF mobile vertical antenna? To tune out 
‘capacitive reactance 


What is the main reason why so many VHF base and mobile antennas are 5/8 of a 
wavelength? The angle of radiation is ow 


Why is a S/8-wavelength ver 
antenna for УНЕ or UHF mobile operations? A 5/8-wavelength antenna has more 


gain 


Yagi Antennae ана 


How many directly driven elements do most Yagi antennas have? One 


Approximately how long is the driven element of a Yagi antenna for 14,0 MHz? 1021 
metres (33 feet and 6 inches) 


Approximately how long is the director element of a Yagi antenna for 21.1 MHz? 6.4 
metres (21 feet) 


Approximately how long isthe reflector element of a Yagi antenna for 28.1 MHz? 5.33 
metres (17.5 feet long) 


‘The spacing between the elements on a three-element Yagi antenna, representing the best 
overall choice, is 0.2 of a wavelength, 


What is one effect of increasing the boom length and adding directors to a Yagi antenna? 
Gain increases 


What are some advantages of a Yagi with wide element spacing? High gain, less critical 
tuning and wider bandwidth 


Үар1 Ашеппае 


What are some advantages of a Yagi with wide element spacing? High gain, 
less critical tuning and wider bandwidth 


Why is a Yagi antenna often used for radiocommunications on the 20-metre 
band? It helps reduce interference from other stations off to the side or 
behind 


What does "antenna front-to- back ratio" mean in reference to a Yagi antenna? 
‘The power radiated in the major radiation lobe compared to the power 
radiated in exactly the opposite direction 


What is a good way to get maximum performance from a Yagi antenna? 
Optimize the lengths and spacing of the elements 


If the forward gain of a six- element Yagi is about 10 dB, what would the 
gain of two of these antennas be if they were "stacked"? 13 dB 


Wire Antennae a 


If you made a half-wavelength dipole antenna for 28.550 MHz, 
how long would it be? 5.08 metres (16.62 ft) 


What is the low angle radiation pattern of an ideal half- 
wavelength dipole HF antenna installed parallel to the earth? It 
is a figure-eight, perpendicular to the antenna 


The impedances in ohms at the feed point of the dipole and 
folded dipole are, respectively: 73 and 300 


Wire Antennae ы 


A dipole transmitting antenna, placed so that the ends are 
pointing North/South, radiates: mostly to the East and West 


How does the bandwidth of a folded dipole antenna compare 
with that of a simple dipole antenna? It is greater 


What is a disadvantage of using an antenna equipped with traps? 
It will radiate harmonics 


What is an advantage of using a trap antenna? 
It may be used for multi- band operation 


What is one disadvantage of a random wire antenna? You may 
experience RF feedback in your station 


Quad / Loop antennae m 


What is a cubical quad antenna? Two or more parallel four-sided wire loops, each 
approximately one-electrical wavelength long 


‘What is a delta loop antenna? A type of cubical quad antenna, except with triangular 
elements rather than square 


"The cubical "quad" or "quad" antenna 
element has an approximate overall k 


sists of two or more square loops of wire. The driven 
‘of: one wavelength 


"The delta loop antenna consists of two or more triangular structures mounted on а boom. The 
overall length of the driven element is approximately: one wavelength 


Approximately how long is each side of а cubical quad antenna driven element for 21.4 MHz? 
354 metres (11.7 feet) 


Approximately how long is each side of а cubical quad antenna driven element for 14.3 MHZ? 
5.36 metres (17.6 feet) 


Approximately how long is each leg ofa symmetrical delta loop antenna driven element for 28.7 
MHz? 35 metres (115 feet) 


Quad / Loops ө 


‘Which statement about two- element delta loops and quad antennas is true? They compare 
favorably with a three element Yagi 


Compared to a dipole antenna, what are the directional radiation characteristics of a cubical quad 
antenna? The quad has more directivity in both horizontal and vertical planes 


Moving the feed point of a multi-element quad antenna from a side parallel to the ground to а 
side perpendicular to the ground will have what effect? Tt will change the antenna 
polarization from horizontal to vertical 


‘What does the term "antenna front-10 back ratio” mean in reference to a delta loop antenna? The 
power radiated in the major radiation lobe compared to the power radiated in exactly the 
‘opposite direction 
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Conclusion. 


We have surveyed some of the simplest antennas used on 160 meters. They are 
simple in principle, but require а lot of wire, whether used in the element or in 
radials. insulation on the wire makes virtually no difference to performance. As 
noted early on, element wire should be strong, and copperweld is desirable, 
However, radials may use virtually any wire available. If a sale on wire allows you 
to add more radials to a vertical system, then itis worth the price. However, 
exposed elements require good strength ог additional supports. As well, use 
good non-conductive insulators wherever an elevated wire terminates or changes 
direction. Do not lay a wire directly over a tree limb or wood support. High voltage 
has been known to gradually sever limbs or to set dry limbs ablaze. Suspend an 
insulator below the support and run the wire through the insulator. Likewise, use 
a strain relief fixture for any connection between the element and parallel 
transmission line. 


We have not examined a number of excellent antenna systems, such as phased 
or parasitic verticals. 160-meter wire Yagis and LPDAs are also possible. These 
are advanced projects, and our mission was to set out and compare some basic 
antennas. However, eventually, you wil wish to purchase a copy of ONAUNS 
book on Low-Band DXing. It is possibly the best collection of 160-meter (and 80- 
and 40-meter) antenna ideas availabe. 
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FEEDLINES 


Perfect Feedline (ya, really) 


A perfect feedline will have: 
— No radiation from the feedline itself 
No loss of signal while passing along the line 


— Constant electrical characteristics throughout 
Such a feedline will pass 100% of the RF energy 
through it. 


NOTE: This situation does not ever exist! (yet)!! 


Feedline (transmission line) 
— 
2 CONDUCTORS 


—Сарасйапсе because of 2 parallel ines (plates) Inductance because 
of the length of the lines and their proximity to each other. 


-Resistance in the metal itself slowing the flow 


-Therefore a feediine is a circuit which has reactance to the passage of 
AC current and which varies inversely as the operating frequency which 
means the value stays approximately the same over any given length. 
This value is called the characteristic impedance of the circuit. (Z,) 


-At HF frequencies, the signal passes through the conductor while at 
frequencies above 10 MHz, the signal passes along the surface, or skin 
of the wire. This is known as ‘skin effect’ where the losses increase with 
the frequency 


Balanced feedlines 


Open wire feedlines 


Characteristic impedance of 200 — 600 О depending on the 
diameter of the wire and the distance between them. 


3 = 
Z,= 276 log 2(S/D) = — 


S: Distance between and ^ 
D=diameter 


Unbalanced feedlines 


One side to ground 

Other side carries 

RF to antenna 

Coaxial cable is waterproof 


Hardline or Heliax is best for 
VHF/UHF and up (Heliax uses 
copper not braid for the shield) Z,=138/Ve log D/d 
— hard to bend - e=delectio constant 


D-diameler of the outer conductor 


D-diameter of Ihe inner conductor 


Feed Lines 


س 


Feedlines connect a radio to an antenna 


They must be matched to the radio system - they should have 
like impedence 


Radios usually have a 50 ohm output 


Antenna feedpoints have a very wide impedence range 


Velocity factor .66 - .95 


Feed Lines E 


——————— —— — 


Feedlines can be easily made 


The two favourite for amateur radio are the coaxial cable 
and open wire feedlines 


Feed Line Questions жене 


What connects your transceiver to your antenna? 
Feed Line 


What kind of feed line can be buried in the ground for 
some distance without adverse effects? Coaxial Cable 


A transmission line differ from an ordinary circuit or 
network in communications or signal devices in one 
important way. That important way is Propagation 
Delay 


Feed Line Questions E 


The characteristics of a transmission line is determined by the 


Physical dimensions and relative positions of the 
conductors 


The characteristics of a transmission line is equal to the Pure 
Resistance which, if connected to the end of the line, will 
absorb all the power arriving along it 


Think of the paper towel absorbsion advertisment 


The characteristic impedence of a coaxial antenna feed line is 
determined by the Ratio of the diameter of the inner 
conducter to the diameter of the braid 


Feed Line Questions cont 
‘The characteristic impedance of a parallel wire transmission — 


line does not depend on the velocity of energy on the line 


What factors determine the characteristic impedance of a 
parallel-conductor antenna feed line? The distance between 
the centres of the conductors and the radius of the 
conductors 


Any length of transmission line may be made to appear as an 
infinitely long line by: Terminating the line in its 
characteristic impedance 


The characteristic impedance of a 20 metre piece of 
transmission line is 52 ohms 


Feed Line Questions E 


The impedance of a coaxial line: 
can be the same for different diameter line 


Balanced & Unbalanced Feed Lines 
س‎ 
A balanced transmission line: is made of two parallel wires 


What is parallel-conductor feed line? Two wires side-by-side held apart by 
insulating rods 


What kind of antenna feed line is made of two conductors held apart by 
insulated rods? Open-conductor ladder line 


What kind of antenna feed line can be constructed using two conductors which 
are maintained a uniform distance apart using insulated spreaders? 600 ohm 
open-wire 


Balanced & Unbalanced Feed Lines - 2 


e 
What is an unbalanced line? Feed line with one conductor connected to ground 


What is a coaxial cable? A center wire inside an insulating material which is 
covered by a metal sleeve or shield 


A flexible coaxial line contains: Braid and insulation around a central 
conductor 


What device can be installed to feed a balanced antenna with an unbalanced feed 
line? A balun 


What does the term "balun" mean? Balanced to unbalanced 


ES ш. 


Balanced & Unbalanced Feed Lines - 3 


Where would you install a balun to feed a dipole antenna 
with 50-ohm coaxial cable? Between the coaxial cable 
and the antenna 


A 75 ohm transmission line could be matched to the 300 
ohm feedpoint of an antenna: by using a 4 to 1 balun 


Popular Antenna Feed Lines 


Why does coaxial cable make a good antenna feed line? It is 
weatherproof, and its impedance is higher than that of most amateur 
antennas 


What is the best antenna feed line to use, if it must be put near grounded 
metal objects? Coaxial cable 


What commonly available antenna feed line can be buried directly in the 
ground for some distance without adverse effects? Coaxial cable 


If you install a 6 metre Yagi antenna on a tower 50 metres from your 
transmitter, which of the following feed lines is best? RG-213 


What are some reasons not to use parallel-conductor feed line? It does not 
work well when tied down to metal objects, and you must use an 
impedance-matching device with your transceiver 


TV twin-lead feed line can be used for a feed line in an amateur station. 
The impedance of this line is approximately: 300 ohms 


Connectors 
سسس‎ ͤ ͤ — 
What common connector usually joins RG-213 coaxial cable to an HF 
transceiver? A PL-259 connector 


What common connector usually joins a hand-held transceiver to its 
antenna? A BNC connector 


Which of these common connectors has the lowest loss at UHF? A type-N 
connector 


Why should you regularly clean, tighten and re-solder all antenna 
connectors? To help keep their resistance at a minimum 


Line Losses 


Why should you use only good quality coaxial cable and connectors for a 
UHF antenna system? To keep RF loss low 


In what values are RF feed line losses expressed? 
dB per unit length 


Losses occurring on a transmission line between transmitter and antenna 
results in: less RF power being radiated 


If the length of coaxial feed line is increased from 20 metres (65.6 ft) to 40 
metres (131.2 ft), how would this affect the line loss? It would be 
increased by 100% 


What are some reasons to use parallel conductor feed line? It 
operate with a high SWR, and has less loss than coaxial cable 


Line Losses E 


— Û 
If your transmitter and antenna are 15 metres apart, but are 
connected by 65 metres of RG-58 coaxial cable, what should 
be done to reduce feed line loss? Shorten the excess cable 


The lowest loss feed line on HF is: 300 ohm twin- lead 


As the length of a feed line is changed, what happens to signal 
loss? Signal loss increases as length increases 


As the frequency of a signal is changed, what happens to signal 
loss in a feed line? Signal loss increases with increasing 
frequency 


Standing Waves төт 


Ifthe characteristic impedance of the fsedine does not match the antenna input impedance 
then: standing waves are produced in the feedline 


The result of the presence of standing waves on a transmission line is: reduced transfer of 
RF energy to the antenna 


What does the standing wave ration means? ratio of maximum to minimum voltages on a 
feed line 


What does an SWR reading of 1:1 mean? 
The best impedance match has been attained 


What does an SWR reading of less than 1.5:1 mean? А fairly good impedance match 


А resonant antenna having a feed point impedance of 200 ohms is connected to a feed 
line and transmitter which have an impedance of 50 ohms. What will the standing wave 
ratio of this system be? 4:1 


What kind of SWR reading may mean poor electrical contact between parts of an antenna 
system? А jumpy reading 


Standing Waves en 


What does a very high SWR mean? The antenna is the wrong length, or 
there may be an open or shorted connection somewhere in the feed 
line 


If your antenna feed line gets hot when you are transmitting, what might this 
mean? The SWR may be too high, or the feed line loss may be high 


The type of feed line best suited to operating at a high standing wave ratio 
is: 600 ohm open-wire 


SWR meter measures the degree of match between transmission line and 
antenna by: comparing forward and reflected voltage 
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Chapter 26: A Great Backup Antenna for 80-20 


 veryone needs a back-up antenna in case one or more of the main arrays. 
at the antenna farm becomes inoperative. The requirements for the back- 
up antenna are very straightforward: 


1. It should be a simple, muli-band design-in order to replace any one or тоге 
of the main systems. We shall accept the need for an antenna tuner (ATU). 


2. it should also be mechanically simple-to make maintenance а relatively easy 
mater, 


3. It should cover all bands of main interest--here defined arbitrarily as 80 
through 20 meters. 


For this exercise, | shall confine myself to horizontal antennas, with the proviso. 
that they be as high as possible. 70' is not very high on 80 meters for a horizontal 
antenna, and I shall use that as my minimum height. However, if the back-up is 
to replace wounded high-altitude horizontal beams, 100 is not unrealistic. If you 
live inthe right kind of forest, these heights can be attained using trees instead of 
towers as the end support points, 


These notes do not imply that a vertical does not make a good back-up for the 
main antenna systems. In fact, | use a multi-band vertical myself for just such 
purposes. However, itis too dificult to cover both vertical and horizontal 
possibilities in one small article, so | shall confine the discussion to horizontal 
antennas. 


The "Best" Single Wire 


It we begin with a single horizontal wire, placed as high as we can achieve, only 
опе question remains: how long? Figure 1 suggests the answer I would give, 
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Impedence Matching E 


What device might allow use of an antenna on a band it was not designed 
for? An antenna tuner. 


What does an antenna matching unit do? It matches a transceiver to а 
mismatched antenna system 


What would you use to connect a coaxial cable of 50 ohms impedance to 
ап antenna of 35 ohms impedance? An impedance-matching device 


When will a power source deliver maximum output to the load? When the 
impedance of the load is equal to the impedance of the source 


Impedence Matching E 


What happens when the impedance of an electrical load is equal to the internal 
impedance of the power source? The source delivers maximum power to the 
load 


Why is impedance matching important? So the source can deliver maximum 
power to the load 


To obtain efficient power transmission from a transmitter to an antenna requires: 
matching of impedances 


If an antenna is correctly matched to а transmitter, the length of transmission line: 
will have no effect on the matching 


If the centre impedance of a folded dipole is approximately 300 ohms, and you are 
using RGBU (50 ohms) coaxial lines, what is the ratio required to have the line and 
the antenna matched? 6:1 


Impedance A reading (for interest only) 


DEFINITIONS 


Impedance, denoted Z is an expression et me орровйоп hat an electronic component cect, or system otters 10 
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Impedance 


In series circuits, resistances and reactances add together independently. Suppose a resistance of 
100.00 ohms is connected п a series circuit with an inductance of 10.000 7H At 4.0000 MHz, the 
complex impedance is: 


ZAL = R n- 10000 251.35 


Ia capacitor of 0.0010000 2F is put in place ot the inductor, 


е resulting complex impedance at 4.0000 MHz Is: 
ZC = A (XC = 100.00- рала 

Ital мге components are connected in seres, then the reactances add, yielding a complex impedance ol 
ZRLC 100 « 251.5. 00.780 = 100 4 1211.5 


"This is the equivalent ol a 100-ohm resistor in series with an inductor having «211.5 ohms of 
reactance. Al 4.0000 MHz, this reactance is presented by an inductance of 8.415 2H, as determined by 
plugging the numbers into the formula for inductive reactance and working backwards (See the 
definition of tor this formula, and for the corresponding formula for capacitive reactance.) 


Parallel RLC circuits are more complicated to analyze than are seres circuits. To calculate the effects 
of capacitive and inductive reactance in parallel, the quantities are converted to inductive susceptance 
and capacitive susceptance. Susceptance is the reciprocal о! reactance Suscoplance combines with 
conductance, which is the reciprocal of resistance, 1o form complex admittance, which is the reciprocal 
©! complex impedance. 


Appendix 


Impedance matching 


Levers do it. 
Pulleys do it. 

Ramps, transformers, gears, megaphones, and wheelbarrows do it. 
Even screws do it. 


Match impedance, that is. 


Impedance is the opposition to the flow of energy. 


If you try to lift your refrigerator, you will experience an opposition to the flow of energy. 
The refrigerator wil just sit there, and you wil get tired. The ability of your muscles to lift 
the weight is not matched to the weight 


There are a number of ways you can И! а 500 pound refrigerator by matching the. 
impedance of your muscles to the impedance of the load. You could push the load up а 
ramp. You could use a lever, or a block and tackle, or a hydraulic jack, or a screw jack. 
Each of these devices allows you to trade lifting the 500 pound load for lifting a smaller 
load, say 50 pounds. You generally trade off time, pushing 50 pounds for ten seconds 
instead o 500 pounds in one second. The samo amount of energy is expended, but at a 
much lower power level 


Appendix 


When impedances are mismatched, energy put into the system is reflected back. I you jump on a see- 
. end, you will bounce back olt as Il you were on a diving board. But 
if you move the fulcrum closer to the retigerator, you can jump onto the see-saw, and your end wil 
move down, ing the heavy load at the other end. 


You can line up a row of biliard balls, and hit the row withthe cue ball, and the ast bal in the row wil. 
shoot ой down te tabe. But if опе ol the balls is made ol steel, fe cue ball wil simply bounce off of it 
and most of ће energy wil be relected. 


We can match the impedances to get the steel ball to move. We put а row of balls in font of it, each. 
опе made of а slighty lighter weight material than tha last, until the ball nearest us is almost the same 
mass as the cue Бай. Now the speeding cue bal wil stop dead when 1 hits the row ol balls, and the 
‘Stee ball wil slowly move о! down the table, having absorbed al of Ie energy. 


When you shout to а friend who is underwater in а swimming pool, tho sound from your voice bounces 
ой the water, and very litle sound anergy gets to your friend's ears. But take a trafic cono and put the 
батон end ûf into the water and shout into he large end. Now your friend can hear you, because 
the low pressure sound waves over а largo area аге converted into high pressure waves over a small 
area, and the water moves from the high pomer sound. Here we are not trading timo. Instead, we are 
trading а large area for a smaller ono. 


An electrical transformer also matches impedance. It takes high voltage, low current energy, and 
matches to a load the needs low voltage, high current. It also works the other way around. Without 
the transformer, most of ihe energy is reflected back to ihe source, and Ме work gets done, 


A water nozzle is an impedance matcher. So is cupping your hand behind your ar. A telescope is an 
impedance matcher. So is a magnifying glas, or a winding mountain road, or the gears on your 
bicycle. Now that you are aware of impedance malchors, you wil start to see them everywhere. 
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PROPAGATION - INTRO 


Propagation: how radio waves get from point A to point B. 
The events occurring in the transmission path between two 
stations that affect the communications between the stations. 


When the electrons in a conductor, (antenna wire) are made to 
oscillate back and forth, Electromagnetic Waves (EM waves) 
are produced. 


These waves radiate outwards from the source at the speed of 
light, 300 milion meters per second. 


Light waves and radio waves are both EM waves, differing only 
in frequency and wavelength. 


PROPAGATION - INTRO CONT'D 


EM waves travel in straight lines, unless acted upon by some 
outside force. They travel faster through a vacuum than through 
any other medium. 


As EM waves spread out from a point they decrease in strength in 
what is described as an "inverse square relationship". 


A signal 2 km from the source will be only 1/4 as strong as that 1 
km from the source. A signal 3 km from the source will be only 1/9 
that at the 1 km point. : 


ee 


HOWEVER 
Modern receivers are very sensitive f, 
and extremely small powers provide usable ѕісйаі8° 


Waves can be received many thousands of kilometers from the 
transmitting station. Voyager 2 transmitted signals over many 
billions of kilometers from outer space with only 25 W of power. 


RADIO WAVES 


Electric 
Field, E 


Propagation 
— 


+ Electromagnetic radiation comprises both an Electric and a Magnetic 
Field 


+ The two fields are at right-angles io each other and the direction of 
propagation is at right-angles to both fields. 
+ The Plane of the Electric Field defines the Polarisation of the wave. 


RADIO WAVES CONT'D 


Two types of waves: 
Transverse waves and Longitudinal 


Transverse waves: 
vibration is from side to sid 
right angles to the direction in which they travel 


Guitar string vibrates with чер 
transverse motion. 

EM waves are always 
transverse. O 
айка 


RADIO WAVES CONT'D 


* Longitudinal waves: 

* Vibration is parallel to the direction of 
propagation. Sound waves, Pressure waves are 
longitudinal.Oscillate back and forth, vibrations 
along or parallel to their direction of travel 


A 


A wave in a "slinky" is a good visualization. 


POLARIZATION 


The polarization of an antenna is the orientation of 
the electric field with respect to the Earth's surface 
and is determined by the physical structure of the 
antenna and by its orientation 


Radio waves from a vertical antenna will usually 
be vertically polarized. 


Radio waves from a horizontal antenna are 
usually horizontally polarized. 


оюн On 
Maximum Radiation, Ге 
А 
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Direction of Propagation 


Vertically polarized omnidirectional Horizontally polarized 
dipole antenna directional yagi antenna 


RADIO WAVES CONT'D 


RADIO WAVES 


М. Ј 


LINE OF SIGHT, GROUND WAVE, 
SKY WAVE 


Ground Wave is a surface wave that propagates close to the surface of the 
а 


Line of Sight (Ground wave ог Direct Wave) is propagation ої waves 
Taveling 1n a Straight ne. The rays or waves are deviated or reflected by 
obstructions and cannot travel over the horizon or behind obstacles. Most 
common of the radio propagation modes at VHF and higher frequencies. At 
higher frequencies and in lower levels of the atmosphere, any obstruction 
between the transmitting antenna and the receiving antenna will block the 
Signal. just ike the ight that the eye senses 


Space Waves: travel directly from an antenna to another without reflection 
on the ground. Occurs when both antennas are within line of sight of each 
another, distance is longer that line of sight because most space waves 
bend near the ground and follow practically a curved path. Antennas must 
display a very low angle of emission in order that all the power is radiated in 
direction ofthe horizon instead of escaping in the sky. A high gain and 
horizontal polarized antenna is thus highly recommend 


Sky Wave (Skip/ Hop/ lonospheric Wave) is the propagation of radio waves 
Bent (retracted) back to the Earth's surface by the ionosphere, HF radio 
communication (between 3 and 30 MHz) is a result of skywave propagation. 


Antennas Made of Wire - Volume 1 


125'- 135° 


A E 
=_=: T. 
The "Best" Length for an 80- 20 Meter Back-Up Antenna 


Notice that | have by-passed the standard multi-band doublet lengths of 135' and 
102 (or thereabouts). The reason is simple, As we increase frequency, the 
azimuth patterns for these antennas break into many lobes, with much reduced 
radiation broadside to the wire. | shall take the following condition to be desirable 
for a back-up antenna: we know where the main lobes of the pattem go. The best 
‘way to guarantee consistency for ай the bands we wish to cover with the back-up 
antenna is to ensure that the lobes on every band are broadside to the wire. 


88'-plus or minus a non-critical bit--is the longest wire we can use to ensure 
broadside lobes on 20 meters, The antenna length is about 1.25 wavelengths on 
20, which makes it an extended double Zepp. Al ће same time, the chosen 
length is between one- third and three-eighths wavelength on the low end of 80. 
meters. With care, that length is usable at a lower level of performance than for 
the other bands. 


Chapter 26 


LINE OF SIGHT, GROUND WAVE, 


SKY WAVE 


E 


, A 


LINE OF SIGHT, GROUND WAVE, 
SKY WAVE CONT'D 


The range of sky-wave propagation is much longer than ground-wave propagation. васе: 


When a signal is returned to earth by the ionosphere, this s called sky-wave propagation, 
Racó 


УНР signals are propagated within the range of the visible horizon by direct wave. алсаз 


Line-of-sight propagation usually occurs from one hand-beld VHF transceiver to another 
nearby. dee as 


"That portion of the radiation which is directly affected by the surface of the earth is called 
ground wave. касат 

A line of sight transmission berween two stations uses mainly the ground wave, каса: 

‘The distance travelled by ground wave is less at higher frequencies, ac з 


‘The dis wave which flows а path om the transmiter fo the ionosphere and back 10 earth 
is known correctly as the ionospheric wave, касез 


Reception of high frequency (HF) radio waves beyond 4000 km is generally possible by 
ionospheric wave. deer 


Skywave is another name for ionospheric wave. rac 62 


IONOSPHERE REGIONS 


* The ionosphere is the uppermost 
part of the atmosphere, it is 
ionized by solar radiation. 


lonization is converting an atom or 
molecule into an ion by light 
(heating up or charging) from the 
sun on the upper atmosphere. 


exosPHERE 
Creates an horizontally stratified." ` 
medium where each layer has , ™™omene 

a peak density and a definable 

width, or profile. 


Thus, it influences radio 
propagation 


IONOSPHERE REGIONS CONT'D 


Solar radiation ionizing the outer atmosphere causes the ionosphere to for 
Ultraviolet solar radiation is most re 

The ionosphere is most ionized at midday. rac: 

The jonasp st ionized shortly before dawn. 


The D ionos 


othe earth, м 


teur bands tend to be use 
ht hours is because of D-regi 


ly for shor 
on absorption. 


ionosphere is below the F layer. rac 


one of the ionospheric layers splits into two pans called FI & F2, sac 
and F2 sub-regi 


teo xist only in the daytime. вас е 


sance radio-wave propagation 
because it is the highest ionospheric ace 


PROPAGATION, HOPS, SKIPS 
ZONES 


Multihop: via the F2-layer can reach ОХ stations in 
goin several hops communicating on the other side of 
the Earth. 


It's subject to fading and attenuation each time the radio 
wave is reflected or partially refracted at either the 
ground or ionosphere results in loss of energy signals, 
can also be stable with few attenuation if the ionospheric 
absorption is very weak. 


HF SIGNAL PROPAGATION 
A SWALFED VIEW 


20 and 15m are the best for 
this type of traffic. In these 
bands you can work stations 
A0 f over 10000 km away, 
ind, from Europe. 


PROPAGATION, HOPS, SKIPS 
ZONES 


Attenuation: when the distance doubles, the signal becomes half less 
‘strong. obstacles placed between emitter, receiver, and travelling around 
the earth; radio waves lose their energy as they forced to bend to follow the 
earth curvature. 


Reflection: similar to its optical counterpart as wave enters in contact with а 
‘Surface. Long wavelengths, from 80 meters long and above don't practically 
"see" small obstacles like cars, trees or buildings. These objects are 
proportionally too small cant reflect ts energy. The long waves pass thus 
across these materials without be reflected. Due to its large surface, long 
waves are however reflected by the ground and can penetrate it up to some 
meters depth. VUE waves (2m and 70 cm long) are on the contrary very 
sensitive to small obstacles. Depending of their thickness metal objects can 
be used as reflectors. 


Refraction: the bending of waves that occurs when they pass through a 
medium (air or ionosphere) produce variation in the velocity of waves that 
tend to go further or dropping sooner that expected, For example, the wave 
refracts and bend gradually given the appearance that the path is curved. 


PROPAGATION, HOPS, SKIPS 
ZONES 


Diffraction: due to its high frequency bends around the edge of the object 
and tends to make the borders of it lighter. That means that some light 
reaches well some places that we considered as plunged into darkness. 

The same effect applies to radio waves. A spot located out of sight from a 
transmitter, say behind a hill, can receive weakly its emissions because its 
Signals are bending gradually by dffracion and can reach the remote 
receiver. This effect has practically no influence in HF because waves arrive 
usually to the receiver by many other means such as refraction or reflection 
in the upper atmosphere, including sometimes ground waves if the 
transmitter is not too far (say 150-200 km away). 


Skip Zone: the region between the furthest transmission points and the 
nearest point refracted waves can be received. Within this region, no signal 
can be received as there are no radio waves to receive. 


Skip Distance: the least distance between point of transmission and the 
point of reception 


INCOMING 
WAVE 


REFLECTED 
WAVE 


Attenuation is the reduction in amplitude 
and intensity of a signal. Can also be 
understood to be the opposite of 
amplification. Attenuation is important in. 
determining signal strength as a function 
of distance 


Diffraction refers to various. 
phenomena associated with wave 
propagation, such as the bending, 
spreading and interference of waves 
passing by an object or aperture that 
disrupts the wave 


PROPAGATION, HOPS SKIPS 
ZONES 
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PROPAGATION, HOPS SKIPS 
ZONES CONT'D 


The maximum distance along the earth's surface that is normally covered in one hop using the 
F2 region is 4000 Кт (2500 miles). 


The maximum distance along 
E region is 2000 Km (1200 mil 


earth's surface that is normally covered in one hop using the 


The distance to Europe from your location is approximately 5000 Km. Multihop propagation 
is most likely o be involved. 


THE IONOSPHERIC LAYERS 


The D layer: is the innermost layer, 50 km to 90 km above the surface of the Earth. when 
ihe suns ative with 50 or more sunspots, During the night cosmic rays produce а 
residual amount of ionization as a result high-frequency (HF) radio waves arent reflected 
by the D layer. The D layer is mainly responsible for absorption of HF radio waves, 
particularly aL 10 MHZ and below. with progressively smaller absorption ав the frequency 
Sets higher. The absorption is small at night and greatest about midday. The layer 
Feduces greatly after sunset. A common example of the D layer in action is the 
disappearance of distant AM broadcast band stations in the daytime. 


The E layer: is the middle layer, 90 km to 120 km above the surface of the Earth. This 
(ayer can only reflect radio waves having frequencies less than about 10 MHz. thas a 
negative effect on frequencies above 10 MHz due to its partial absorption of these waves. 
‘At night the E layer begins to disappear because the primary source of ionization ls no 
longer present. The increase in the height of the E layer maximum increases the range lo 
which radio waves can travel by reflection from the layer. 


The F layer: or region, is 120 km to 400 km above the surface of the Earth Itis the to 
most ayer o} the ionosphere. Here extreme ultraviolet (UV) (10-100 nm) solar radiation 
ionizes atomic oxygen (O). The F region is the most important part of the ionosphere in 
terms of HF communications. The F layer combines into one layer at night, and in the 
resence ol sunlight (during daytime), t divides ino two layers, the ЕТ and Р2 The F 
yers are responsible for most skywave propagation of radio Waves. and ате thickest 


and most reflective of radio on the side of the Earth facing the sun. 


PROPAGATION, HOPS SKIPS 
ZONES CONTD 
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THE IONOSPHERIC LAYERS 
CONT'D 


lonospheric Storms: Solar activity such as flares and coronal mass ejections produce 
ge electromagnetic radiation incident upon the earth. It leads lo disturbances of the 

ionosphere and changes the density distribution, electron content, and the ionospheric 

current system. Gan disrupt satelite communications and cause a loss of radio 

Frequencies prevously rellecing о he lonosphere.lonespheri storms can last typically 
га day or £o. 


When the ionosphere is strongly charged (daytime, summer, much solar activity) longer 
waves will be absorbed and never return to earth. You don't hear distant AM broadcast 
stations during the day. Shorter waves will be reflected and travel further. Absorption 
occurs in the D layer which is the lowest layer in the ionosphere. The intensity of this 
layers increased ав the sun climbs above the horizon and Is greatest at noon. Radio 
waves below 3 or 4 MHz are absorbed by the D layer when itis present. 


When the ionosphere is weakly charged (night time, winter, low solar activity) longer 
waves wil tavel considerable date bul shore waves may pass [os ne 
Ionosphere and escape into space. УНЕ waves pul his tiek al he lime, hence their 
Short range and usefulness for communicating with satelites. 


Faraday Rotation: EM waves passing through the ionosphere may have their 
polarizations changed to random drectons. Waves decomposed irto two crulaly 
Polarized rays which propagate at dierent speeds. The rays can re-combine upon 
emergence kom the fonasphere, however owing tothe difference in propagation speed 
they do so win a net phase offset, resulting ina rotation of the angle o near 
polarization 


THE IONOSPHERIC LAYERS 
CONT'D 


Solar radiation, acting on the different compositions of the 
atmosphere generates layers of ionization 


Studies of the ionosphere have determined that there are at 
least four distinct layers of D, E, FI, and F2 layers. 


The F layer is a single layer during the night and other periods 
of low ionization, during the day and periods of higher ionization 
it splits into two distinct layers, the F1 and F2. 


There are no clearly defined boundaries between layers. These 
layers vary in density depending on the time of day, time of 
year, and the amount of solar (sun) activity. 


The top-most layer (F and F1/F2) is always the most densely 
ionized because it is least protected from the Sun. 


ABSORPTION AND FADING 


Fading of signals is the effect ata receiver do fo a disturbed propagation path. A local station 
wil come in clearly, a distant station may rise and fal in strength or appear garbled. Fading may 
фе caused by a variety of factors: e O x 


A reduction of the ionospheric ionization level near sunset. 


Multi-path propagation: some of the signal is being reflected by one layer of the ionosphere 
and some by another ayer. The signal gets to the receiver by two diferent routes The received 
Signal may Be enhanced or reduced by the wave interactions. In essence, radio signals 
reaching the receiving antenna by two or more paths. Causes include atmospheric ducing, 
ionospheric reflection and retraction, and reflection from terrestrial objects, such as mountains. 
and Buildings. 


Increased absorption as the D layer builds up during the morning hours. 


Difference in path lengths caused by changing levels of ionization in the reflecting 
layer. 


E layer starts to disappear radio waves will pass through and be reflected by the F layer, thus 
causing the skip zone to fall beyond the receiving Station 


Selective fading: creates a hollow tone common on international shortwave AM reception. The 
Signal artes at fe receiver by two diferen path, and at feast ono o the paths Is changing 
(lengthening or shortening). Ths typcaly happens in he early evening or early morning as he 
Varius layers in the lonosphere move, separate, and combine. The two paths can both be 
Skywave or one be groundwave. 


ABSORPTION AND FADING 


The ionization of the D region causes the ionosphere to absorb radio waves. кас 
The D region of the ionosphere absorbs lower-frequency HF signals in the daytime. aac + 


Two or more parts of the radio wave follow different paths during propagation and this may 
result in phase differences at the receiver. This "change" at the receiver is called 
fading. касе 

A change or variation in signal strength at the antenna, caused by differenc 
is called fading. cies 

When a transmitted radio signal reaches a station by а one-hop and two-hop skip path, small 
changes in the ionosphere can cause variations in signal strength. rac оз 


in path le 


‘The usual effect of ionospheric storms is t0 cause a fade-out of sky-wave signals. rac о 


(On the VHF and ОНЕ bands, polarization of the receiving antenna is very important in 
relation to the transmitting antenna, yet оп HF bands it is relatively unimportant. This is 
because the ionosphere can change the polarization of the signal from moment to 
moment. 

Polarization change often takes place on radio waves that are propagated over long distances. 
Reflections, passage through magnetic fields (Faraday rotation) and refractions all 
cause polarization change. 


ABSORPTION AND FADING 


Phase differences between radio wave components of the same transmission, as experienced 
atthe receiving station cause selective fading. 


Selective fading is more pronounced at wide bandwidths. 


Reflection of a SSB transmission from the ionosphere causes 
little or no phase-shift distortion. 


Different paths 


Transmission signal Received signal 
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Fig.2 


Figure 2 shows the free-space azimuth patterns for the back-up antenna for 80 
through 20 meters. You may correlate the patterns with the data in Table 1. 


Chapter 26 


SOLAR ACTIVITY AND SUN 
SPOTS 


+ The most critical factor affecting radio propagation is solar activity and the sunspot 
cycle. Sunspots are cooler regions where the temperature may drop to a frigid 
4000K. Magnetic studies of the sun show that these are also regions of very high 
magnetic fields, up to 1000 times stronger than the regular magnetic fiel. 


+ Our Sun has sunspot cycle of about 22 years which reach both a minima and 
maxima (we refer to a 11 year low and high point or cycle). When the sunspots 
are at their maximum propagation is at its best. 


* Ultraviolet radiation from the sun is the chief (though not the only) source of 
ionization jn the upper atmosphere. During periods of low ultraviolet emission the 
ionization level of the ionosphere is low апа radio signals with short wavelengths will 
passthrough and be lost to space. During periods of high ultraviolet emission higher 
levels of ionization reflect hig 
much longer distances, 


er frequencies and shorter wavelengths will propagate 


SOLAR ACTIVITY AND SUN 
SPOTS CONT'D 


Emission of larger amounts of ultraviolet radiation 
Corresponds to increased surface activity on the 


Length of a solar cycle can vary by one or two. 
years in either direction from the 22 and 11 year 
Average but it has remained near this value 
throughout geologic бте. 
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Solar Flux (Index): is a measure of the radio 
Energy emitted Tom the sun, The solar flux value is 
considered to be one of he best ways of eatin 
Solar actly lo propagation. When sun spot cycles 
Bi iheir peaks the solar lux may have a value over 
200. Wien the sun spot cycle is at ts lowest point 


the solar flux values can be as low as 50 or 60. The| 
higher the solar flux value ino better propagation 


SOLAR ACTIVITY AND SUN 
SPOTS CONT'D 


+ Electromagnetic emissions and particle emissions hit the Earths ionosphere 
at various speeds with different energy levels. Effects of their impact varies 
accordingly but mainly with sky waves. The particles emitted are 
accompanied by a tiny pulse of electromagnetic radiation. Electromagnetic 
and particle radiations can potentially modify the ionosphere and affect its 
properties. 


+ Electromagnetic emissions hit first the F-layer of the ionosphere increasing 
its ionization; atoms and molecules warm up and free one or more electrons. 
The higher the solar activity, the stronger the ionization of the F-layer. А 
strong ionization of the F-layer increases its reflecting power. Stronger the 
ionization, the higher the maximum usable frequency (MUF), exceeding 
regularly 40 or 50 MHz in such occasions. 


+ Particle emissions are constituted of high-energy protons electrons forming 
solar cosmic rays when the sun releases huge amount of energy in Coronal 
Mass Ejections (CME). These particles of protons and heavy nuclei 
propagate into space, creating a shockwave. The pressure created by the 
particles clouds is huge and has a large effect on the ionosphere 
communications are interrupted. 


SOLAR ACTIVITY AND SUN 
SPOTS 


All communication frequencies throughout the spectrum are affected in varying degrees by 
the sun, Races 

Solar activity influences all radio communication beyond ground-wave or line-of-sight 
ranges. RAC té 


Solar flux isthe radio energy emitted by the sun. 
"The solar-lux index is a measure of solar activity that is taken at a specific frequency. 
mm 


‘Two types of radiation from the sun that influence propagation are electromagnetic and 
particle emissions, sacies 

‘The ability of the ionosphere to reflect high frequency radio signals depends on the 
‘amount of solar radiation. sace 

‘The greater the ionization of the atmosphere the more sunspots there are. 

‘An average sunspot (propagation) cycle is 11 years long. ac вв 


When sunspot numbers але high, frequencies up to 40 MHz or higher are normally usable 
fue lonc-distanee eommnnteation iris 


MF, HF CRITICAL FREQUENCIES 


Critical Frequency: the penetrating frequency and the highest frequency at which a radio 
Wave I directed vertically upward, wil be reracted back lo earih by ап ionized layer 
Radio waves at a Tequency above The Сайса! Frequency wil not be reftactodrellected 
This will create a zone around the transmitter that will nol receive signals known as the 
Skip Zone. The size of this zone will vary with the layer in use and the frequency in use. 


Maximum Usable Frequency (MUF): the highest frequency that will be reflected back to 
E ULIS aaa ud i Iregueney ner end recon and hus no sp 
МОР depends on he layer nat is responsible la reracton reflection and so contact 
Between wo stations relying on skip ͤ the amount of sunspot дей уйу. the time 
of day. and the time of year latitude of the two stations an le 
The MUF is not significant affected by transmitter power 


Usable frequency (МОЕ). The POT is usually the mast effective frequency for ionospheric 
тёйесйоп ot radio waves between two speciled ponis on Ear =" " 


The lowest usable high frequency (LUF): the frequency in the HF band at which the 
e cien rv Were be ee poii e required aret rose rata, The amount 
of energy absorbed by the lower regions of the ionosphere (D region, primarily) direct 
impacts the LUF ae s Ua 


Angle of incidence: is a measure of deviation of something from "straight on", for 
example in the approach of a ray lo a surface. 


MF, HF CRITICAL FREQUENCIES 


Above Critical Frequency 


Maximum Useful Frequency 
(MUF) 


Frequency of optimum 
transmission (FOT) /Optimal 
Working Frequency (O 


Lower Absorption Frequency 
(ALF) / The lowest Usable 
frequency (LUF) 


MF, HF CRITICAL FREQUENCIES 


ranger). 
Range (em) 
waves of the same frequency at 
incident angle and refraction transmission angle is higher "several diferent bewegen 


Е (and incident) angles 


+ Earth's Geomagnetic Fields: Activity in this field caused by 
interaction with charged particles from the sun can affect 
propagation. 


BEACONS - 10 METERS 


Operated by Amateur operators to determine propagation conditions. Ten meter 
beacons can be found between 28.175 and 28.300 MHZ. Beacons usually identity 
their location and power output by CW. Amateur operators can use this information to 
determine if favorable conditions exist between their location and the beacon's 


NODXFIIARU International Beacon Network 


нню 4 


BEACONS (HF)1.8170 - 24.9860 MHZ 
(THERE ARE MANY MORE!!!!) 


CALLSIGN FREQUENCY GRID LOCATION POWER — ANTENNA 
pm лато cles Plettenberg Bay m NA 
eber ию NA NA NA NA 

BKOWCY — 3570 doe Scheggerott 30 dipole 
ЕД 3505 Sies Plettenberg Bay NA NA 
окен 36000 — 2070АС Kam Zehrovice asom age 
zsiacl 70850 KFiGEA George Airport 1 pote 
Zee 101225 КР16РЕ Plettenberg Bay NA NA 
OkoeF 10120 — 30708C Kladno som dipole 

HPHCPR 104% FJOSHD testing intermittant. 2 vereal 
PYaPSE 101400 GF49KX Porto Alegre, 85m аз! 2 dpoleNS 
нс юм NA off (ausser Betrieb) мА NA 

okowcY 10140 504% Scheggerott 20 Horizioop 
Luane мм NA South Atlantic NA NA 

HPIAVSIS 180800 FJOSHD Cerro Jefe M. 
кн» 210 NA он (Kihel/ Maul, HI) „ verte AVEO 

WESSEAB 211455 uss Crabbe Mtn, NB. zom NA 
pyapsi cams ағаокх Porto Alegre, 85m аз! 4 slope dipole 
IKSBAK ты 2мезкя NA „ гараа 

an 20920 — JNSAOK  Bologna(Marconi Memorial) 2 oP 
DKOHHH stete 3OS3AM  Hamburg-Rothenburgsort „% poles 
Jena zasao омол Fukushima NA NA 


MF, HF CRITICAL FREQUENCIES 


The maximum usable frequency is the highest frequency signal that will reach is 
intended destination. xac:ss 

The amount of radiation received from the sun, mainly ultraviolet, causes the maximum. 
usable frequency to vary. Rsc-68 

One way to determine if the Maximum Usable Frequency (МОР) is high enough to support 
28-MHz propagation between your station and western Europe is to listen for signals 
on the 10-metre beacon frequency. 4c:66 

If we transmit a signal, the feequescy of which is so high we no longer receive reflection 
from the ionosphere, the signal frequency is above the maximum usable frequency 
(МОР), suce 

Radio waves with frequencies below the Maximam Usable Frequency (MUF) when they are 
sent into the ionosphere are Бем back to the earth. fte es 

The Optimum Working Frequency provides the best long-range HF communication, 
Compared with the Maximum Useable Frequency (MUF), it is usually slightly lower. 
hen) 

Signals higher in frequency than the critical frequency pass through the ionosphere. 


MF, HF CRITICAL FREQUENCIES 
CONT'D 


During а sudden ionospheric disturbance an amateur station may be ble w continue HF 
communications i i wies a hlgher frequency. taces 


During summer daytime the 160 and 80 metre bands are the most difficult for 
‘communications beyond ground wave, RAC:69 

Communication on the 80 metre band is generally most difficult during daytime in summer. 
юса 

At any point in the sola cycle, the 20-mete bard usally supports worldwide propagation 
during daylight hours. ces 


UHF, VHF, SPORADIC E, AURORAS 
DUCTING 


Pro above 30 MHz is normally not affected by conditions of the ionosphere. 
‘These rado waves pass rough the ionosphere without refraction and escape to space. 
These frequencies aro useful for Direct Wave communication and for working Amateur 
satellites (ARISS / OSCAR) and moon-bounce (EME). The 6 metre band is an 
exception as under condilons of high sunspot activity it acquires some of he 
characteristics of the 10 metre band. 


The VHF band and above use direct waves and line of sight communications, The range 
of propagation can be slighty greater at mes by a factor of 43 due to refraction effecis 
in he Troposphere. This means under the ight conditons, you can make contact with 
Slations beyond the horizon. The effects diminish as the frequency increases. In certain 
favorable locations, enhanced troposphere propagation may enable reception signals u 
10 800 miles or more. Other conditions which affect the propagation of УНЕ signals (and 
above) aro 


Sporadic-E: strongly ionized clouds can occur in the "E" layer of the ionosphere and 
VET signals wil bo retracted back to earth extending the range to a few thousand 
kilometers, Conditions occur prima in the spring and at fal, Url recently 50 MHz (6 
metre band) was considered lo be the highest frequency useable for Sporadic-E. 
operation. Increased 2 metre activity in the last decades show several DX records have 
been set using suspected Sporadic-E propagation and the highest frequency at which 
this propagation mode can be used must be considered to be as yet unknown, 


UHF, VHF, SPORADIC E, AURORAS, 
DUCTING 


Temperature Inversion / Troposphere Ducting: Certain weather conditions 
produce a layer of air in the Troposphere that will be at a higher temperature 
than the layers of air above and below it. Such a layer will provide a "duct" 
creating a path through the warmer layer of air which has less signal loss than 
cooler layers above and below. These ducts occur over relatively long 
distances and at varying heights from almost ground level to several hundred 
meters above the earth's surface. This propagation takes place when hot days 
are followed by rapid cooling at night and affects propagation in the 50 MHz - 


450 MHz range (6 meter, 2 meter, 1 1/4 meter and 70 centimeter bands). 
Signals can propagate hundreds of kilometers up to about 2,000 kilometers 
(1,300 mi 


EARTH 


UHF, VHF, SPORADIC E, AURORAS, 
DUCTING 


Northern Lights is evidence of 
strong ionization in the upper 
atmosphere and can be utilized to 
reflect signals. Requires a relatively 
high power transmitter and both 
stations point their antennas north 
toward the aurora. The preferred 
mode when working VHF aurora is 
CW although SSB can be used at 
50 MHz. The received tone quality 
when using CW is very different 
than what you may be used to. 
Characteristic buzz, echo, very 
raspy and garbled tones can be 
expected. 


The reason auroral signals sound different is they are being reflected by changing and 
rapidly-moving reflector (the ionised gases in the aurora). This results in multi-path 
reflections and the introduction of doppler shift into the signals. 


UHF, VHF, SPORADIC E, AURORAS, 
DUCTING 


Hilly Terrain: mountainous area signals tend to be much shorter than those in open. 
Gourry, Signals are reflected off mountains and are also absorbed by them. Ia signal 
passes over the top of a hil it may bend or refract back down the other side. 


The Concrete Jungle: Propagation in the city i sinlar to the eects found in 
mountainous erai A city wil often be plagued by "mobilo utter, caused by multiple 
feñecionsl fe sional ol linge. A tens of 2 cm or o can mako ай be lors in 


{he world. Working through a repeater can be complicated by he fac that you are usi 
{wo different frequencies (some imes called fence picketing) "9 


Equatorial E-skip: a regular daytime occurrence over the equatorial regions and is 
Соттоп in the temperate latitudes in lale spring, early summer and, to a lesser degree, in 
early winter. For receiving stations located within +- 10 degrees of the geomagnetic 
quator, equatorial E-skip can be expected on most days throughout he year, peaking 
around midday local time. 


loon — Earth (ЕМЕ) ladio amateurs have been 
experimenting Г] UHF signals off the moon 
Between any two points that can observe the moon at a common time. Distance from earth 
means path losses are very high. The resulting signal level is often just above the noise. 


UHF, VHF, SPORADIC E, 
AURORAS, DUCTING 


"The E ionospheric region most affects sky-wave propagation on the 6 metre band, 


"That portion ofthe radiation kept close to the earth's surface due to bending in the 
‘mosphere is called the tropospheric wave. 

‘Tropospheric ducting of radio waves is caused by a temperature inversion. nac 610 

‘Tropaspheric ducting is responsible for propagating а VHF signal over 800 kM (500 miles) 


"Tropospheric bending affects 2-metre radio waves by letting you contact stations farther 
away илсе 


Excluding enhanced propagation modes, the approximate range of normal VHF tropospheric 
Propagation is 800 KM (500 mile), 


A sporadie-E condition occurs when there are patches of dense ionization at E-regicn 
height. aac s10 

The extended distance propagation effect of sporadic-E is most often observed on the 
G metre band. асан 


In the northern hemisphere, a directional antenna should be pointed North to take maximum 
advantage of auroral propagation. mac 610 

In the ionosphere, auroral activity occurs at E-reglon height. aac: s10 

CW and SSB emission modes are best for auroral propagation, васе 


SCATTER, HF, VHF,UHF 


Scatter : A propagation type which occurs on a frequency very close to the maximum usable 
dec ee а weak and distorted signal when heard wi in a Skip zone since ony 

aris of ihe signal is being recovered. lonosphon scatter lakes place as a resul of anomalies 
Inthe propagating layer of the ionosphere Dat is being used for а particular path. Patches of 
intense lonisation, or local variations in height, can cause abnormal retraction o take place 
Differences in Ine angles of incidence and retraction occur allowing aver the-horizon 
communication between stations as far as 500 miles (800 km) аран. 


Tropospheric scatter (or troposcatter) : Signals via the troposphere travel farther than the 
Teor Suit isis becas oie ekk a UNICA Scand takes place the арпа ОГ 
the received signal depends on the number of turbulences causing scatter in the desired 
direction and the gain of Ine receiving antenna. The signal take- o angle (ransmiting 
antenas ange of radiator) determines the height le cater volume and he а ofthe 
Scatter angle: The tropospheric region that contibules most strongly о troposphere scatter 
Propagation lies near the midpoint between the transmitting and receiving antennas апа just 
Above tn ado horizon of he antennas. This effect sometimes alows reception of stations up 


SCATTER, HF, VHF,UHF 


Rain Scatter: A band of very heavy rain (ог rain and һай) can scatter or even reflect 
signals. Distances are typically around 160 km. though up to 650 km (400 mi) is 
theoretically possible. (Note that heavy snow is not an useful reflector). Ice Pellet 
Scatter (called Sleet Scatter in the US). is similar to Rain Scatter but is caused by 
bands of Ice Pellets in the wintertime. — 


Trans-Eguatorial Scatter: it possible for DX 
recepton of Television and řadio stations 
between 3000-5000 miles or 4827-8045Km 
across the eguator on frequencies as high as 
432MHz.. DX reception of lower frequencies in. 
the 30-70MHz range is far more common. For 
this mode to work both transmitting and 
receiving stations should be almost the same 
distance from the equator. 


Aircraft Scatter (Tropospheric Reflection): s: 
reflection off aircraft, (reflections off of flocks of 

birds are also possible). A rare form of reflection is 

"Chaf Scatter (strips of metal foil sent out by the ¿EEx 
military during training exercises). Chat helps to 79 — 
confuse enemy radars. but also helps to produce 

DX. Maximum distances for all reflection modes 

аге again up to 800 km (500 mi) 


SCATTER, HF, VHF,UHF 


Meteor Scatter: as Meteors bum up entering the atmosphere it creates a quantity 
of ionized particles which reflect VHF radio waves. CW or SSB can make several 
rapid contacts during the brief openings that do occur. These openings may last 
from a few seconds to a minute ог so. 


EM —— 


Lightning Scatter: there is litte documentation on it but the theory is that 
lightning strikes produce ionized trails a mode that is very hard to distinguish and 
rarely reported. 


SCATTER, HF, VHF,UHF 


‘Scatter propagation would best bo used by two stations within each others skip zone on a certain frequency. 


Il you receive a weak, distorted signal rom a distance, and close to maximum usable frequency, scatter 
propagation is probably occuring. 


A wavering sound is characteristic of HF scatter signals 


Energy scattered into the skip zone through several radio-wave paths makes HF scatter Signals оеп 
sound distorted 


НЕ scatter signals are usually weak because only a small part of the signal 
skip zone. 


ergy is scattered into the 
‘Scatter propagation allows a signal to be detected at a distance o far for ground. wave propagation but to near 
for normal ky wave propagation. 


‘Scatter propagation on the HF bande most otten occurs when communicating on frequencies above the 
‘maximum usable frequency (MUF) 


Side, Back, and Forward, Meteor, lonospheric, and Troposphoric are а! scatter modes. 
Inverted and Absorption are NOT scatter modes. 
In the 30 — 100 MHz lrequency range, meteor scatter i the most affective lor extended-range communications. 


Meteor scatter is he most fective on the 6 metre band. 
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Table i. free-space Performance of ап 88' #12 Copper Wire Doublet 
Freq Fes Gain Horizontal Feedpoint 2 


p EN Baw (deg-] xr 
3. m as 257) 615 
E] ian 84 30 - j 500 
5:37 2195 E] 71 - j 20 

Ts 238 n 185 43 510 
102 22 вз 3360 + jazas 
EH 593 2 155 - j 805 


О! course, these NEC-4 modeling numbers are more precise than would be 
operationally significant. However, they do clearly show the trends in 
performance. An often overlooked figure of merit is the beamwidth, which gives. 
Us a measure of relative coverage for an antenna. Note that the 60-meter values 
place the antenna at close to resonant-dipole length on this band. 


No one has ever decreed that we cannot make an 88 doublet out of aluminum 
tubing. Before we dream of rotating such an antenna, let's examine the free- 
space performance figures for a version with an average effective diameter of 1" 
Table 2 tells the story. 


Table 2. free-space Performance of an 88' 1" Aluminum Tubing Doublet 
ES Gain ^ Horizontal Feedpoint Z 


в/н (deg-] пут jk ohms 
E 247-7) am 
Я 29-330 
E] 2.2 

n 197 +3 385 
эз 2560 + j 220 
a 125 - j ass 


There are some interesting differences between the numbers in the two tables. 
First, the trend with the fatter element is higher (but not significantly higher) gain- 
except for 20 meters. Here, the gain actually decreases (although insignificantly), 
because the fatter wire more closely approaches an electrical length where the 
EDZ ears come to dominate the azimuth pattern. At an electrical length of 1.5 
wavelengths, the antenna would show 6 nearly equal lobes. 
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Sample Questions From The IC Question Bank 


A To medium which elects HF ai waves back to the ars surco ct: 
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INTERFERENCE 


Interference 8 Suppression 


Front-End Overload, Cross-Modulation 
What is meant by receiver overload? Interference caused by strong signals trom a 


nearby transmitter 


«What is one way to tell if radio frequency interference to a receiver is caused by front-end 
overload? It the interference is about the same no matter what frequency is used for 


the transmitter 
«if a neighbour reports television interference whenever you transmit, no matter what band 
you use, what is probably the cause of the interference? Receiver overload 


«What type of filter should be connected to a TV receiver as the first step in trying to prevent 
RF overload from an amateur HF station transmission? High-pass 


«When the signal from a transmitter overloads the audio stages of a broadcast receiver, the 
iransmitted signal: can appear wherever the receiver is tuned. 


Front-End Overload, Cross-Modulation от 


— — — 
+Cross-modulation of a broadcast receiver by a nearby transmitter would be 

noticed in the receiver as: the undesired signal in the background of the 
desired signal 


'odulation interference? Modulation from an unwanted signal i 
п to the desired signal 


+What is the term used to refer to the condition where the signals from a very 
strong station are superimposed on other signals being received? Cross- 
modulation interference 


+What is the result of cross-modulation? The modulation of an unwanted signal 
heard on the desired signal 


«if a television receiver suffers from cross-modulation when a nearby amateur 
Then bass operating at 14 MHz. which of the folowing cures might be effective? 
A high pass filter attached to the antenna input of thé television 


«How can cross-modulation be reduced? By installing a suitable filter at the 
receiver 


Audio Rectification etc. pa 


What sound is heard from a public address system if audio rectification of a 
nearby single-sideband phone transmission occurs? Distorted speech 
from the transmitter's signals 


What sound is heard from a public address system if audio rectification of a 
nearby CW transmission occurs? On-and-off humming or clicking 


How can you minimize the possibility of audio rectification of your 
transmitters signals? By ensuring that all station equipment is properly 
grounded 


An amateur transmitter is being heard across the entire dial of a broadcast 
receiver. The receiver is most probably suffering from: cross-modulation 
or audio rectification in the receiver 


Cross-modulation is usually caused by: rectification of strong signals 


Audio Rectification etc. con 


What devices would you install to reduce or eliminate audio- 
frequency interference to home entertainment systems? 
Bypass capacitors 


Stereo speaker leads often act as antennas to pick up RF 
signals. What is one method you can use to minimize this 
effect? Shorten the leads 


Stereo amplifiers often have long leads which pick up 
transmitted signals because they act as: 


receiving antennas 


Audio Rectification etc. m 


What device can be used to minimize the effect of RF pickup by audio 
wires connected to stereo speakers, intercom amplifiers, telephones, etc.? 
Ferrite core 


One method of preventing RF from entering a stereo set through the. 
speaker leads is to wrap each of the speaker leads around a: ferrite core 


What should be done if a properly operating amateur station is the cause of 
interference to a nearby telephone? Ask the telephone company to install 


RFI filters 


\ 


Intermodulation 8 Key Clicks —€— 


If someone tells you that signals from your hand-held 
transceiver are interfering with other signals on a frequency 
near yours, what may be the cause? Your hand-held may be 
transmitting spurious emissions 


If your transmitter sends signals outside the band where it is 
transmitting, what is this called? Spurious emissions 


What problem may occur if your transmitter is operated 
without the cover and other shielding in place? It may 
transmit spurious emissions 


A parasitic oscillatioi 


is an unwanted signal developed in 
a transmitter 


Intermodulation 8 Key Clicks E 


Parasitic oscillations in the RF power amplifier stage of a transmitter may be 
found: at high or low frequencies. 


Transmitter RF amplifiers can generate parasitic oscillations: on either side of the 
transmitter frequency 


In Morse code transmission, local RF interference (key-clicks) is produced by: the 
making and breaking of the circuit at the Morse key 


Key-clicks, heard from a Morse code. transmitter at a distant receiver, are the 
result of: too sharp rise and decay times of the carrier 


How can you prevent key-clicks? By using a key-click filter 


In a Morse code transmission, local RF interference (key-clicks) is produced by: 
Sparking at the key contacts 


Key-clicks can be suppressed by: inserting a choke and a capacitor at the key 


Harmonics, Splatter etc. тн 


——Є 
If a neighbour reports television, interference оп опе or two channels only when 


{рш transmit on 15 metres, what is probably the cause of the interference? 
larmonic radiation from your transmitter 


What is meant by harmonic radiation? Unwanted signals at frequencies which 
les of the fundamental (chosen) frequency 


Why is harmonic radiation from an amateur station not wanted? It may cause 
interference to other stations and may result in out-of-band signals 


What type of interference may come from a multi-band antenna connected to a 
poorly tuned transmitter? Harmonic radiation 


It you are told your station was heard on 21,375 kHz, but at the time you were 
operating on 7,125 kHz, what is one reason this could happen? Your transmitter 
was radiating harmonic signals 


Your amateur radio transmitter appears to be creating interference to the television 
оп channel 3 (60-66 MHz) when you are transmitting on the 15 metre band. Other 
channels are not affected. The most likely cause is: harmonic radiation from the 
transmitter 


Harmonics, Splatter etc. 


One possible cause of TV interference by harmonics from an SSB 
transmitter is from "flat topping" - driving the final amplifier into non-linear 
operation. The most appropriate remedy for this is: reduce microphone 
gain 


In a transmitter, excessive harmonics are produced by: overdriven 
stages 


‘An interfering signal from a transmitter is found to have a frequency of 57 
MHz (TV Channel 2 is 54 - 60 MHz). This signal could be the 
transmission of the second harmonic of a 10 metre transmission 


Harmonics may be produced in the RF power amplifier of a transmitter if: 
excessive drive signal is applied t 


What causes splatter interference? Over-modulation of a transmitter 


Use of Filters, etc. эе 


What type of filter might be connected to an amateur HF transmitter to cut down on 
harmonic radiation? A low pass filter 


In order to reduce the harmonic output of a high frequency (HF) transmitter, which 
of the following filters should be installed at the transmitter? Low pass 


To reduce harmonic output from a transmitter, you would puta . in the 
transmission line as close to the transmitter as possible: А low pass filter 

Why do modern HF transmitters have a built-in low pass filter in their RF output 
circuits? To reduce harmonic radiation 


What should be the impedance of a low pass filter as compared to the impedance 
of the transmission line into which itis inserted? About the same 


A low pass filter suitable for a high frequency transmitter would: 
attenuate frequencies above 30 MHz 


A high pass filter would normally be fitted: at the antenna terminals of the TV 
receiver 


Use of Filters, etc. p 


+ When considering filters remember 
High pass filters go on the receiver end 


Low pass filters go on the transmitter 


Use of Filters, etc. m 


What circuit blocks RF energy above and below a certain 
pass filter 


A band pass filter will: allow only certain frequencies through 


A band reject filter will: pass frequencies each side of a band 


-END- 
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OPEN COMMUNICATION 


How Phased Array Antennas Work 


One of these exotic antennas is 
in your future. 


hat do you think of when you hear the term antenna? Do you 


icture a cell phone 


tower, an old TV antenna, a vertical whip antenna used for CB radio, or a wire 
antenna used by hams? Or, something else completely? 


Antennas come in a wide range of forms 
depending on the application, service, and 
frequency of operation. Some antennas you 
can't even see - like the four or five units in your 
smartphone. These antennas are single element 
devices, a metal structure, or printed circuit 
board (PCB) pattern that are connected to a 
receiver or transmitter by a transmission line, 


Now, another type of antenna is emerging to address 
the forthcoming exotic 5G cellular systems and other 
advanced wireless products like Wi-Fi routers. This antenna 
is the phased array: a group of antennas that work together 
to provide some significant benefits and capabilities not 
available with the simple antennas we know, 

Phased arrays have been used for years in military 
radars for long range detection of missiles. They're also 
widely used in military and commercial aircraft radars and 
some satelites, These phased arrays are expensive, but 
today thanks to new technology and higher frequencies, 
phased arrays are smaller and more affordable making. 
them practical for new wireless devices. This article is an 
introductory tutorial on this special antenna type you need 
то knaw about 


Antenna Types 


Different types of antenna elements are used to make 
up an array. Those commonly used in phased arrays are the 
dipole and patch; refer to Figure 1. The dipole is a basic 
half wavelength conductor fed at the center. A patch is 
usually a half wavelength copper square on а PCB. Other 
antenna types have been used. The spacing between the 
antenna elements varies with the design but is generally а 
litle more or less than a half wavelength. 

Remember the relationship between frequency (f) 
and wavelength ( 


f= 300. 
A= 300/1 
Here, Aisin meters and fis in MHz. 
For example, a frequency of 1,296 MHz has a 
wavelength of 


A= 300/1296 = 023 meters or 23 cm 


A half wavelength is: 


М2 = 11,5 cm or about 4.5 inches 


(NOTE: There are 2.54 em per inch.) 


Also keep in mind that the length of an antenna 
depends on the frequency of operation. A half wavelength 
is generally computed with the expression: 

1= 492/1 
where fis the frequency in MHz and the length L is in feet, 
This formula can also be used where L is in meters 


DET 


The higher the frequency, the smaller the antenna. At 
* 


Feed lines 


M2 


(a) Dipole (b) Paren | 


Figure 1. Common antenna types: (a) half wave dipole; (b) patch, 
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‘Second, the fatter wire tends to reduce the feedpoint impedance, especially the 
reactive components. This effect can be very useful in easing the burden on the 
ATU. On 80 and 75, there is a disproportionately high ratio of reactance to 
resistance in the feedpoint impedance. Hence, even with very high efficiency 
parallel lines, expect line losses to add to the reduced performance from the 
already short antenna length (about 1/3 wavelength). That is an important reason 
why I call this antenna a back-up rather than a prime station antenna. 


Опе of the limiting factors for every ATU is the range of reactance it is able to 
compensate for at any given frequency. Of course, if we choose the "wrong" line. 
length, we may encounter such cases due to the impedance transformation 
properties of every transmission line. One easy solution is to change the line 
length until we reach the best compromise setting. This technigue--plus tuning up 
using very low power--can be critical on the lowest band (80/75 meters). 
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Figure 2.The radiation patterns of a dipole (a) and a patch (b). 


the lower frequencies, the antennas are just too large to 
be practical, For example, at 30 MHz, a halí wavelength is 
about 16.4 feet long. A multiple array would be enormous. 
However, at 5 GHz or 5,000 MHz, a half wavelength is 
опу: 

% = 150/5000 = 0.03 meters or 1.18 inches 


Bigger arrays at the higher frequencies are smaller and 
more practical 

Many of the new SG cellular systems will operate in 
the millimeter wave bands; 28 GHz is an example. One 
half wavelength at this frequency is only 


2/2 = 150/28000 = 0.00536 meters or 0.21 inches. 


A ball wavelength at 60 GHz (a popular unlicensed 
frequency band) is only: 


3/2 = 150/60000 = 0.0025 meters or roughly 0.1 inches. 


At these frequencies, large arrays can be packaged in a 
small space. The antenna array may even be small enough 
to integrate on a semiconductor chip along with the 
related circuitry. This translates into phased arrays inside 
smartphones and other portable equipment. 

Figure 2a shows the radiation pattern of a basic dipole. 
lis figure 8 pattern causes most power to be radiated 
broadside from the antenna element and also some in 
other directions, except in those directions at the ends of 
the antenna elements. By using multiple antennas in an 
array, the radiation pattern can be shaped into a narrower. 
beam as shown in Figure 2b, This pattern or lobe is 
made up of multiple signals from multiple antennas in the 
array. The signals are focused, making them stranger and 
allowing the beam to be pointed in a desired direction, 


Phased Array Defined 


A phased array is two or more antennas used together 
to provide some desired characteristic or feature not 
available with a single antenna, An array is usually a 
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Figure 3. А 16-patch array оп a PCB. The back of the 
board is а solid copper backplane that serves as a 
reflector. Feed lines are not shown, 


collection of multiple antennas arranged in a matrix of rows 

and columns or some other pattern 
Figure 3 shows an example using 16 square patch 

antennas on a PCB. The antennas in the matrix are 
individually fed units, but collectively they work together 
as a single antenna, The backside of the PCB has a copper 
backplane that acts as a reflector, Feed lines are not shown, 
The whole idea of the phased array is to achieve some 
features. These key features are: 

ation, Some types of 

antennas boost the signal level or effective radiated 
power (ERP) as if greater signal power is used. Gain 
applies to both transmitting and receiving, 

+ Directivity = Directvity implies that the antenna 
is тоге effective in ane direction or another. 
Directivity means that the signal is narrowly focused 
in one direction. This focusing of the signal is what 
creates the antenna gain. Figure 2 showed the 
broad radiation pattern of а standard dipole and the 
radiation pattern or lobe) of a phased атау, 

+ Interference Minimization = Pointing the antenna. 
in a particular direction means that is less effective 
in the other directions. This feature helps eliminate 
‘or reduce interference for signals coming in (rom. 
‘ther directions. Nulls can be created to take out 
undesirable signals. 

+ Steerable - Phased arrays can be adjusted to 
reposition a lobe on-the-ly. The direction of the signal 
сап be changed electronically to optimize the gain. 
This allows them to scan horizontally and/or vertically. 


Phase 
shifter 


Attenuator 


Power divider 


Transmitter 
power amplifier 
[2] 


Phased Array Operation 


Phased arrays implement what we call beamforming, 
This is done by taking the radiation patterns of each of 

the antennas in the array and adding them together in 
such a way that they concentrate the energy into a narrow. 
beam or lobe. The individual antenna signals are said to 
be interfering with one another either constructively or 
destructively. Some signals combine to form a stronger 
‘composite signal, while others partially cancel one anather 
out 


Antenna 
element 


signal level and phase to each 
antenna element 
Phase shifters introduce a 
short delay that can be varied. 
These phase shifters and 
attenuators can be adjusted 
electronically so that changes can 
bbe made quickly as needed, 
Figure 4 shows how the 
phase shifters influence the 
composite signal. The red curve 
represents the wave frant fram 
each antenna. With no delay 
оп the top antenna and equal 
incremental delays on the lower 
elements, you can see that the 
delayed waves occur further out 
in time to the right, Then, they 
combine to create a composite. 
wave front that is shifted upward at an angle. 
This older method used separate 
attenuators, phase shifters, and other 
components. A newer approach is modular 
That is, the antenna element and related 
transmit and receive amplifiers, shifters, attenuators, and 
switches are packaged together as a module; refer to 
Figure 5. In transmit mode, the signal from the transceiver 
passes through the attenuator, phase shifter, and T/R 
switch to the power amplifier and then to the antenna 
In receive mode, the signal from the antenna passes 
through the T/R switch to the low noise amplifier and 
through the phase shifter and attenuator to the receiver 
section of the transceiver. 


Combined 
wavefront 


The radio signal to be transmitted is a sine 
wave. When you algebraically add two sine 
waves of the same frequency but different 
phases, you get another sine wave of the 
same frequency but with a different amplitude 
and phase. By manipulating the phase and 
amplitude of the signal at each antenna, the 
composite beam can be varied in both width 
and length (power level). Plus, the beam can 
be steered to point in а desired direction. 
There are several ways to implement 
the phased array. The older analog method. 
is shown in Figure 4, The RF signal from the 
transmitter power amplifier (РА) is sent 
Хо a power divider that splits the RF into 
‘equal amounts of signal, creating multiple 
paths to the antennas. The signals pass 
through attenuators and phase shifters 
that allow individual adjustment of the 


Attenuator 


тонот 
transceiver 
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TransmitterPA 
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Antenna 
element 
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T/R switch. 
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These modules can be packaged 


together as an array as needed, 56 Active Antenna Array Formation 
ur | ышт TVs Plenar Antenna 


commercial product available to Forming 
implement phased arrays is the 

Anokiwave family of milimeter wave | [MIMO 
phased array frontends. The AWMF- [Encoder] 
0139 operates in the 24 to 26 GHz 

band allocated to the coming 5G мимо 
cellular networks It encapsulates [Decoder] 
four modules per IC. Figure 6 shows 

how 64 of these chips can be used 


1o make а 4 x 64 = 256 element 


array. Another similar IC is Analog Anokiwave 
Devices ADAR1000. Quad Core IC 
MIMO 

Phased array antennas can also. Courtesy of Anokiwave, Inc. 
be used for multiple input multiple 
‘output (MIMO). MIMO is a technique Figure 6.The Anokiwave AWMF:0139 IC contains four antenna modules. 
that transmits the same data with multiple | Thesa ICs are mounted on the back of the PCB with the patch array on the 

front. 


antennas over the same path in the same 
bandwidth. This does two things 
First, each signal takes а slighty different route lo the | For example, the 256-element array could be arranged 


receiving antennas, The result is less fading and greater to provide four 64-element arrays or sixteen 16element 

data reliability. Second, MIMO multiplies the data rate by | arrays. With beam steering capability, the signal path can 

а factor that is determined by the number of transmit and | be optimized for best performance 

receive antennas. Common configurations are 2 x 2, 4 x 2, Also, 5G cellular radios operating in the millimeter 

4 x 4, and В x В, where the first number is the number of | wave bands will use MIMO to give gigabit data rates, The 

transmit antennas and the second number is the number of | big hurdle is putting a phased array into a smartphone. 

receive antennas. handset. Initially, two antennas will be used and later will 
A multielement phased array can be partitioned into | be increased to four. MIMO is also widely used in WiFi 

sections making it suitable for some MIMO applications. — | routers, NV 


Learn About Charlieplexing LEDs 
Build The 


Analog Style 


LED Clock 


Get the kit from the Nuts & Volts Webstore 
store.nutsvolts.com 
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Technology, and Silent Broadcast Tools 


For experimental use in the research of 
Silent Broadcasting of Freguencies, Energy Imprinting, 
Vortex Science, Scalar Wave Energy, Quantum Entanglement, 
Hyper-Dimensional Action and what Albert Einstein referred to as 
"Spooky Action at a Distance." 


These Imprinting Plates are especially useful in generating Scalar Waves and Scalar Wave research. 
In physics, a scalar is a simple physical quantity that is not changed by coordinate system rotations 
or translations. A Scalar Wave propagates through the dimensional time, but not through the 
dimensional space. Scalar Waves form nonlocal potential energy, carry information and have fractal 
structure, and do not decay over distance. Scalar Waves store energy and information in a dimension 
“outside of our 3D space“ and the stored energy can be released by "closing the circuit” in our 3D 
dimension. 


Wikipedia states: Scalar waves are produced when two electromagnetic waves of the same frequency 
are exactly out of phase (opposite to each other) and the amplitudes subtract and cancel or destroy 
each other. The result is not exactly an annihilation of magnetic fields but a transformation of energy 
back into a scalar wave. 


This technology is based on "Bell's Theorem" and the work of Cleve Baxter whose experiments 
proved the existence of Quantum Entanglement and non-local particle interaction or what Albert 
Einstein called "spooky action at a distance." 


An RLC circuit in electronics is able to tune into the ambient radio waves if it is in harmony with the 
frequency. Our DNA is more than a data storage unit. It's a quantum antenna able to send and receive 
data. The DNA has access to a vast pool of information outside of our 3D dimension and creates 
Scalar Waves and receives them if they are in tune with the "frequency". No information gets lost 
through this super advanced technology inside our cells. Our brain is such a tuning machine. 
Information is not stored in our brain. Our brain is a "interface" or "modem" creating a connection to 
a higher dimension. The EM-Field created by our brain makes all cells in our body resonate. Each 
DNA structure reinforces this field. 


Water is affected by Scalar Waves and resonates with the Scalar Waves when micro-clusters are 
formed. 70% of our planet is covered by water, and our body is also made of 70% water. Humans have 
а collective consciousness and a collective memory. Experiments and empirical data proves that we 
are all connected to each other. The tools presented on this page enable one to access this amazing 
non-local dimensional space. 


Increases the capability and usefulness of: 


iPods, Smartphones, MP3 and CD Players 

~~ Computers and Home Stereo Systems -- 

requency Generators such as the GB-4000 

= BioPhoton Instruments such as the ABPA A2 — 
— Radionic Instruments -- 

— Homeopathic Remedy Makers — 
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QS-12 QUANTUM SCALAR 
THE QS-12 IS OUR MOST POPULAR, VERSATILE, AND POWERFUL UNIT! 
Copper Tracings, 12 Gold-plated Triangular Neodymium Magnets 
Stand alone, Universally Device-connectable 


12 Divisions on 4 Layers for Maximum Vortex Energy 


Medium size: Н 6.9" (175 mm) -W 5.2! 


$270 


(133 mm) 
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DESCRIPTION: This is our exclusive QS-12 designed to take an input signal from your source device (such 
as iPods, Smartphones, MP3 and CD Players and others listed below) and channel it through the precisely- 
designed, geometrically-coherent pattern. The input signal will follow a complex current path of layers and 
angles which form nodes or vortex points (tiny tornadoes) designed to greatly enhance whatever you are 
playing through your source device. The QS-12 is a powerful Imprinting Plate and Silent Broadcasting Device 
(SBD), made simple to use. 


As the input signal travels from your source device through the geometrically designed circuitry of the QS-12, 
the signal oscillates at numerous frequencies simultaneously and is multiplied as a result of the vortex action 
at the node points (where the copper tracings intersect each other on all four layers). Fortunately, the resulting 
frequencies and harmonics are not audible; instead, they are silently broadcast as harmonious energy to the 
surrounding environment. 


The QS-12 includes 12 precisely-placed, gold-plated, high-power, neodymium magnets on the surface of the 
geometric array which greatly amplify the broadcasting capability of this design. The 12 magnets are carefully 
Polarized with the negative north (-N) side of the magnets facing up. 


TO USE: The 05-12 has 2 sets of connectors on the face and using either Set 1 or Set 2 will imprint or 
broadcast the harmonic frequency pattems generated by your source device. Set 4 (black jack and red switch 
at the bottom center) receives a male connector fram your source device and the switch selects stereo or 
mono mode; Set 2 (black banana jack at bottom left and red banana jack at bottom right) receives 2 male 
connectors from your source device. 


Set 1 is a standard 3.5mm jack which can be switched to either stereo or mono operation. When the mode 
switch is set to STEREO, it universally connects to the headphone or output jack of iPods, Smartphones, 
MP3 or CD players, and Notebook and Desktop Computers. When the mode switch is set to MONO it 
connects to mono devices such as radionic machines, homeopathic imprinters, homeopathic remedy makers, 
and many frequency instruments such as the F165. Set 2 has two standard banana jacks for easy connection 
to many frequency instruments which use banana plug output connectors such as the GB-4000 and SR-4 
Amplifier. 


HOW OUR CUSTOMERS ARE USING IT: 1) SILENT BROADCASTING: Plug the 05-12 into a source 
device (iPod, Smartphone, MP3 or CD Player, PC or Mac Computer) to silently broadcast Hertz frequencies 
of music, tones, and other sounds. 2) IMPRINTING: Plug the QS-12 into a source device (iPod, Smartphone, 
MP3 or CD Player, frequency generator, or homeopathic remedy maker) and place objects to be imprinted (a 
glass of water, jewelry) in the center array of the QS-12, and imprint with your source device for at least 5 
minutes. 3) BOOSTING: Plug the OS-12 into a source device (iPod, Smartphone, MP3 or CD Player, 
frequency generator, radionic instrument, or homeopathic remedy maker) and place objects to be boosted 
(vitamins, supplements, food, homeopathic remedies and tinctures), and boost with your source device for at 
least 5 minutes. 


QS-30 QUANTUM SCALAR 


Copper Tracings, 12 Gold-plated Triangular Neodymium Magnets 


Stand alone, Universally Device-connectable 
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saa 821 AM Vortex Imprinting Plates, Experimental Hyper-Dimensional Scalar Wave Antennas 
12 Divisions on 4 Layers for Maximum Vortex Energy 


Large size: Н 10.5" (267 mm) - W 8.25" (209 mm) 


$370 
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This is the largest and most powerful Universal Vortex Imprinting Plate and Hyper-Dimensional Antenna. It 
has been designed with extra-wide copper tracings to make it capable of handling more power. It is both 
stand-alone and universally device connectable to most any source with a standard 3.5mm output jack. It 
connects easily to CD players, iPods, mp3 players, notebook and desktop computers, radionic instruments, 
homeopathic imprinters, homeopathic remedy makers, and frequency instruments such as the GB-4000. 


GS-72 GOLDEN SECTION STAR SCALAR 
This is the most powerful accessory for the GB-4000 and SR-4 
Exquisitely Designed Copper Tracings with Massive Backplane Technogy 


Designed to connect to the GB-4000 Frequency Generator 
ог SR-4 Amplifier 


5 Divisions on 2 Layers for maximum Vortex Energy 


Designed specifically for broadcasting frequencies to the local environment, 
to specific areas of concern without having to use hand cylinders and foot plates, 
and imprinting frequencies into water, juices, supplements, wine, and jewelry using intricate golden 
ratio circuitry design 


Large size: Н 11" (278 mm) - W 8.4" (213 mm) 


$259 


or 


$90 


when purchased with a GB-4000 Frequency Generator 
and SR-4 Amplifier 


TOP VIEW 
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Antennas Made of Wire - Volume 1 —— ————— ! 


Double Wire 


Fatter Wire Possibilities Spacers 


Fig. 8 Cage 


For those who would like the benefits of tubing but the low cost and lighter weight 
of wire, Figure 3 offers a couple of the many alternatives. We can simulate the 
diameter of any size tubing with a pair of wires spaced by a certain distance. The 
spacing would have the value that allows the antenna to be naturally resonant on 
the same frequency at which the tubular antenna is resonant. This is an easy 
modeling task that takes the work out of field adjustment. 


Ап alternative to the paired wire arrangement (shorted at both the outer end and 
at the feedpoint) is the old-fashioned cage. Since everything old becomes new 
again, cage antennas for low-band dipole use have gained a certain popularity, 
especially as the newer polycarbonate plastics have become generally available, 
As these figures suggest, the cage may also have some utility for mat hand 
doublets, 
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BOTTOM VIEW SHOWING FINELY DETAILED CIRCUITRY 
AND MASSIVE COPPER BACKPLANE 
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GS-72 with Vitruvian Man Overlay (not printed on actual board) 
showing beautiful Golden Ratio Geometry 
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TEX |MPRINTING PLATE 
ONAL ANTENNA 


This is our exclusive GS-72 Vortex Imprinting Plate and Scalar Wave Antenna designed specifically for the 
98-4000 Frequency Generator, SR-4 Amplifier, and other frequency generators. The GS-72 is universally 
device-connectable using either a standard BNC connector or banana plugs. 


‘Mounted to the top side is a standard BNC connector, which makes it universally connectable to most any 
audio source. 


most modem frequency instruments such as the GB-4000, F-165 
and many others. The GS-72 can also connect to many frequency instruments using the attached banana 
plug jacks. 
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Universal Scalar Imprinting Plate & Broadcast Antenna with BNC 
and Banana Plug Connections 
$270 
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This is the Universal Scalar Imprinting Plate & Broadcast Antenna with BNC and Banana Plug Connections 


and Hyper-Dimensional Antenna used worldwide by energy researchers, farms, ranches, agricultural 


operations, and radionic practitioners for geometrically coherent transmission and/or imprinting of energy, 


frequencies, and patterns. 


Connects universally to frequency generators and other instruments that use either a BNC or standard 


banana plug connectors. 


How are the Quantum Scalar Wave signals and mood tones generated and emitted without a speaker? 
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state technology. The electronic signals are delivered from a source device (such as a frequency generator or 
audio device) to the Universal Scalar Imprinting Plate & Broadcast Antenna with BNC and Banana Plug 
Connections (our proprietary design which is an improved version of the bifilar coil first patented by the father 
of modern electricity - Nikola Tesla - in 1894.) The resulting output is a powerful scalar wave, hyper- 
dimensional field that generates a feeling of calm, relaxed awareness to permeate a space without interfering 
with normal conversations or activities. 


Beautiful copper tracings. Amazing precision. Ours exclusive! 
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2022 Ouantum Radionic System, Consciousness Interface, 
Psychotronics Manifest Device 
$159 
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Quantum Radionic System - Consciousness Interface - Psychotronics Manifestation Device 
‘Symbolic Radionics Machine 


Incredibly precise nickel/gold-plated radionic array for maximum energy capability. 
Made in the USA 


New for 2022. Now available after years of careful research and design experimentation. The Quantum 
Radionic System was designed to be simple, economical, and powerfull 


What is Radionics? 


Radionics (sometimes called Psychotronics) is a science using a force or frequency pattern to identify and 
analyze a subject and then change that frequency pattern by means of broadcasting an energy (sometimes 
called Scalar Wave Technology) to the subject, regardless of distance. Radionics works in higher levels of the 
mind that may involve higher dimensions of reality and consciousness, possibly inter-dimensional. In other 
words, we transfer an energy to a subject to change a frequency. The easiest and most effective way to do 
this is by using a radionics instrument such as the Quantum Radionic System. 


Radionics Theory: 


Everything in the universe vibrates at a given or unique frequency. All forms of matter, whether organic or 
inorganic, and whether animate or inanimate, exist in and are connected by a vast field of energy that emits 
various pattems or wave forms. This force field exists around all forms of matter and touches all other fields. 
‘The more complex the system, the more complex the wave form. Living things, like humans and animals, 

emit a complex wave spectrum associated with the various organs and functions of the body. By tuning into 
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that unique frequency, you can affect the entire organism, object, or system. This is the foundation of holistic 
medicine. Albert Einstein, working with Boris Podolsky and Nathan Rosen, showed that in an entangled mass 
of atoms, you cannot affect one particle without immediately affecting all the particles of the entangled mass. 
This principle, which Einstein referred to as "spooky action at a distance”, is known today as "Quantum 
Entanglement’. “In this world, classical concepts like elementary particles, material substance or isolated 
objects have lost their meaning. The whole universe now appears as a dynamic web of inseparable energy 
patterns." (Research physicist Dr. Fritjof Capra, The Tao of Physics) 


‘The Quantum Radionic System combines all of the above radionic knowledge into a single instrument which 
can be thought of as an interface with higher dimensions of reality and consciousness. 


Using the Quantum Radionic System makes it easy for beginners, advanced users, and practitioners to 
achieve remarkable results because itis the instrument that does the work, not the operator. 
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Using the Quantum Radionic System: 
- Place a photograph, or a biological sample (fingernails, hair, saliva, etc.), or a handwritten name of the 
subject on the center Pyramidal Target Area 

- Place objects or samples of booster items to be sent to the subject on any or all of the 8 Sensor Booster 
Discs. These objects or samples may consist of vitamins, minerals, herbs, homeopathics, tinctures, or even 
small notes containing words such as: vibrant health, prosperity, abundance, happiness, vitality, love, 

balance, gratitude, longevity, immune system boost, safety, security, quick sale of real estate, etc. 

= Additional optional uses: the nickel/in/gold-plated rectangular Interface/Stick Plate can be used several 
ways. One way would be for the operator to place the fingers of the right hand on the Plate with the thought of 
sending intent into the system. Another way to use the Interface/Stick Plate would be as a classic "Stick 
Plate". The stick plate is operated by dragging one's fingers across this plate while placing objects on the 
‘Sensor Booster Discs. As the most beneficial object or substance is placed on the Disc, there is a point where 
the fingers stick more firmly to the plate than at any other settings. This is referred to in classic radionics 
literature as “getting the stick." This point of greatest sticking is an indication that itis the most beneficial 
energy for the subject. 


The Quantum Radionic System is made out of a durable and highly energetic, multi-layered resin material for 
years of regular use. The radionic design array which consists of the center Pyramidal Target Area, the 8 
‘Sensor Booster Discs, and the Rectangular Interface or Stick Plate are all nickel/tin/gold plated for maximum 
energy capability and consistent, stable results. 


‘The Quantum Radionic System board measures approximately 7 inches wide (18 centimeters) by 10 inches 
tall (25.5 centimeters). 
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SP-3 SCALAR VORTEX IMPRINTING PLATE 


Copper Tracings 


Stand alone, Device-connectable 
4 Equilateral Triangles on 4 Layers for Maximum Vortex Energy 


Medium size: Н 3.5" (90 mm) - W 3.5" (90 mm) 


$149 
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produce millions of miniature energetic vortices. 


‘pss quantumbalancing com/mprintingpla 


€“ ORDER NOW 


E 


This is a Vortex Imprinting Plate and Hyper-Dimensional Antenna that is both stand alone and device- 
connectable. The SP-3 is one of our most powerful and popular compact designs. It is a Silent Broadcasting 
Device. It incorporates incredibly detailed and complex circuitry to produce vortex energy as the energy 
passes through 4 layers of equilateral triangles forming 12 divisions. These precise geometrical pathways 
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Antennas Made of Wire - Volume 


Even more significant are the figures for the doublet's performance over ground. 
Table 3 and Table 4 list the figures for heights of 70 and 100. Added to the table 
is the TO angle (the take-off angle or elevation angle of maximum radiation) and 
the vertical beamwidth. Together, these figures give us a view of the range of 
incoming and outgoing skip angles over which we may effect communications. 
Like the horizontal beamwidth, the vertical beamwidth is a much overlooked 
valuable piece of data. 


Freq To Angle 0 Vertical Horizontai Feedpoint Z 
[^ (deg-) B/N (deg.) в/м (deg. R 2% jx Ohms 
3.6 E] 190 180 FEE 
33 ES im 180 35 2) aos 
5.37 E] 51 27 во - j за 

Ts 28 E E] 185 + J aas 
Es E] а 56 atio + 32160 
EH м is эз 155 - j 820 


Table 4. 100" Performance of an 88' #12 Copper Wire Doublet 


Freq "To Angle © Vertical” Horizontal Foedpoint Z 
mz (deg-) B/W (deg.) B/W (deg.) R +/- JX Ohms 
3-6 зв 57 197 30 3620 
E] Ed a 102 35 © j sos 
5:37 25 E] as FEES 
то 20 а Pi 185 + 3 53 
10.4 u 24 ša adis + ге 
EH 10 E] 32 165 - 3 mo 


The feedpoint impedances at the two levels fall well within the margins of rough 
equality. The most important differences show up in the gain and TO angle 
columns. Although usable, the 70 model shows very high TO angles and lower 
gain on 80 meters. The 180-degree beamwidths on 80 meters indicate nearly 
circular patterns. In contrast, the TO angles and vertical beamwidths for 80 
meters in the 100' model promise significantly better DX performance, with much 
more oval patterns. On 40 through 20 meters, the gain differentials disappear, 
but the higher model shows the expected lower TO angles. 
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Mounted to the top side is a standard 3.5 mm output jack which connects to most any audio source. It 
connects easily to CD players, iPods, mp3 players, notebook and desktop computers, radionic instruments, 
homeopathic imprinters, homeopathic remedy makers, and frequency instruments such as the GB-4000. 


Gold Tracings 
Stand alone 


Powerful Lakhovsky Multi-Wave Oscillator (MWO) Design 


‘Small size: Diameter 2.2" (54mm) 
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The ultimate tool for re-balancing natural cellular oscillating rhythm. 


Our most inexpensive, yet highly effective energy tool! 


The Quantum Polarizer is a Longitudinal/Scalar wave antenna designed according to the well-researched 
energy principles of Georges Lakhovsky, Nikola Tesla, and Tom Bearden's "Energy From The Vacuum" 
discoveries. The Quantum Polarizer is an improved and miniaturized, personal version of the Multi Wave 
Oscillator Antenna developed by Georges Lakhovsky for the purpose of rejuvenating unhealthy cells by 
causing them to oscillate at a healthy vibrational rate. 


The Quantum Polarizer is an experimental gold-plated disk for self healing which captures natural cosmic 
energy from the environment thereby enabling cells to regain "healthy" molecular oscillation, which aids and 
promotes self-healing. The Quantum Polarizer may be placed on painful areas of the body, acupuncture 
points, or chakra points for helpful pain reduction, stress relief, and re-balancing of energy pathways. 


The Quantum Polarizer may also be carried on your person in a pocket or purse to assist їп relief from 
harmful electro-magnetic frequencies such as WIFI, cell phones, smart meters, and microwave transmission 
towers. 


The Quantum Polarizer is also effective for many other uses around the home. 


* Plant Growth Stimulation: placing the plate under a plant helps to promote healthy plant growth 
+ Energize water: Users have reported that placing the Quantum Polarizer beneath a glass of drinking water 
is an excellent way to energize, polarize, and detoxify the water 

+ Energize food: Users have reported that placing the Quantum Polarizer under a plate of food improves the 
taste and energy of food 


ABPA Sensor Energy Concentrator 
Copper Tracings 
Stand alone 
Powerful Toroidal Vortex Design 


Medium size: Diameter 4.0" (102 mm) 


$79 
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This unique Flanagan Sensor design incorporates the most powerful spiraling vortex based mathematics 
principals. This design is truly the template of our universe and the energetic essence of creation. 


QB-SENSOR 
Gold Tracings 
Stand alone 
Powerful Classic Flanagan "Sensor" Design 
Small size: Diameter 3.1" (80 mm) 


$49 
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This powerful "Sensor" symbol of pyradmid evolution was used by Dr. Patrick Flanagan in the 1970's and 
1980's for his experimental work in dowsing, radionics, and pyramid energy experiments and was the basis of 
design for many products including the Flanagan Sensor Pendant. This Sensor plate can be used for a 
variety of energy experiments including charging water, food, suppliments, vitamins etc by placing the 
substance on the Sensor Plate for a period of time, usually several hours. It can also be used for body work 
by placing the Sensor Plate on various body meridians and acupuncture points during massage and healing 
sessions. 


QB-NUCLEAR 
Gold Tracings 


Stand alone 
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Powerful Classic Toroidal Design 


‘Small size: Diameter 3.1" (80 mm) 


$49 


( ORDER NOW 
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This powerful totoidal symbol of nuclear evolution was used by Dr. Christopher Hills їп the 1970's and 1980's 
for his experimental work in dowsing, radionics, and supersensonics as shown by the symbols to the right. 
You can read more about this powerful symbol in the books "Nuclear Evolution Discovery of the Rainbow 
Body" and "Supersensonics" by Dr. Christopher Hills. 


PWM-050 QUANTUM SCALAR 
Copper Tracings 
Stand alone, Universally Device-connectable 
5 Divisions on 2 Layers for Vortex Energy 


Medium size: Н 3.5" (88 mm) - W 3.6" (92 mm) 
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$90 
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This is a Vortex Imprinting Plate and Scalar Wave Antenna. The PWM-050 is both stand alone and universally 
device-connectable. The PWM-050 does not have a 3.5 mm output jack on the board so connecting wires 
must be soldered to the board by the end user. 


CD players, iPods, MP3 Players, and Smartphones. It also connects easily to notebook and 
desktop computers, radionic instruments, homeopathic imprinters, homeopathic remedy makers, and 
frequency instruments such as the GB-4000. 
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PRYAMID PLATE 
Gold Tracings 
Stand alone 


Ideal for Pyramid Energy Experiments 


Small size: Н 3.0" (76 mm) - W 3.0" (76 mm) 


$54 
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This is a Pyramid Energy Plate. The Pyramid Plate is ideal for experimenting with the effects of Pyramid 


Energy using a two dimensional design. This is the same design that Christopher Hills used on the top of his 
Pi-Ray Coffer 


USEFUL FOR: Pyramid Energy experiments or building your own Christopher Hills Pi-Ray Coffer. 


MWO-50 LAKHOVSKY PLATE 
Copper Tracings 
Lakhovsky Multi-Wave Oscillator Device-connectable 
9 Lakhovsky Designs on 2 Layers for True Multi-Wave Oscillator Applications 


Medium size: 


Diameter 5.0" (127 mm) 


$90 
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This is a compact sized Lakhovsky Multi Wave Oscillator Antenna designed precisely to Golden Ratio 
proportions. 


PLUGS INTO: Lakhovsky Multi Wave Oscillator instruments and devices. Can also be used with many other 


high voltage Tesla-type devices. 
СЕ 


All Imprinting Plates are energetic in design and use and therefore cannot be returned. 
m: 2108 
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Elevation Pattern: 0 ea Diter Ring = 10.81 dbi 
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be Doublet: #12 Copper 120 


In order to get a better perspective on the significance of these figures, examine 
Figure 4 and Figure 5. They show the elevation patterns of the antenna at the 
{wo heights: 100 and 70, respectively. Besides illustrating the notes just given, 


Chapter 26 


My Home Page 
Amateur 
Radio 
Operating 
Conditions 


Antennas 


Accessories | 
Projects 


RSGB Ltd 
Links 
ORM 

Bits n Bobs 
contact 
weak Sonal 


Propagation 
Reporting 


PORTABLE 


ANTENNAS & AERIALS 1 - The Aerials Used by MØMTJ - i 


MOMTJ | Operating Condiions | Antennas | Aerials | IP Portable Operating | Accessories | Projects & Kits | 
Useful Information 
Contact MØMTJ | Contact M6ORS | Links to Amateur Radio Sites | RSGB | OSL | The Amateur Radio 
Mini Site Мар 
News, Developments, Events, Photographs and other Bis y Bobs! | WSPR Weak Sianal Propagation Reporter 


AERIALS ( ANTENNAS ) 4 


"Success is 90% antenna and 10% rig. Hobby is 90% listening 10% transmitting" - MMOHDW. 
AERIALS used by MOMTJ 


(This page shows some the antennas that I have used over the course of ima. 


Index To Other Antenna Pages: 
Atenas 1 Aerials use by MONT 

Antennas 2: Including ideas for compact aerials or Top Band /160 metres 
ntes d. Fabr Stor! VIF UG docusoos Loo Агын. Elis, mast & оће antenna robta topes 
‘Antennas : Many antenna ideas from various sources particularly for mull-band operation & also gives 
Information about 
antenna trimming, knots for wire antennas and useful aerial riaging accessory ideas. 
‘Anionnas 5 - Half Wave (physically end fed) aerials or 144 MHz VHF 7 430 MHz UHF and 50 MHz 6 Metre band & 
“Pola Aerials 
‘Antennas û : Simple and effective H.F. Aerial ides 
Aerial 
Antennas 7 : Omni-Directional - Circula (Mixed) Polarized Aerial for VHF / 2 Meters. 


‘The All Band Double, an All Band Sloper & a Ground Plane 


2014 : Current Set Up - as at September 2014: 


“The Summer of 2014 has seen a few changes of aerials. The 
'0ту40т Inverted L was removed and replaced with a newly 
‘constructed Doublel Antenna fed with ladder Ino via a 4:1 G-Whip 
¿current balun and an LDG "ATU". The Tecadi support pole originally 
“Used for the Inverted L is now used to support опе end af the 
Doubiet You have probably read this elsewhere, but | can confirm 
thatthe Al Band Doublet (fed with ladder Ino not coax) is a superb 
all round HF aerial. Highly recommended, 


‘The SGC-230 Automatic Antenna Coupler was moved from the 
‘original feedpoint of the inverted L antenna to the second feed-point 
(on the other sido of tho garden. This now feeds a sloping wire of 
‘approximately 20 meters length to ensure that the 80 Meter Band 
and Top Band (160 meters) remain avaliable. This antenna wil also 
‘tune’ on most other bands, so remains a very useful second 
antenna, though the All Band Doublet is often considerably better, particulary on the higher frequencies. The old 
(SGC-230 was also faulty and | replaced it with a new CG-3000 auto coupler from Marlin Lynch and Sons. 


‘The -Pole for 4 Meters (70 MHz) was removed since it wasnt used much, being only connected lo а 4m hand- 
hold radio - I seemed to be a waste of precious antenna space. This was replaced with a newly constructed Half 
Wave "CFR" Antenna (Coaxial Dipole) for 6 Meters (50 MHz) connected to the main HF radio via Westlex 103 
(coax. The DK7ZB dual band Yagi antenna remains, as does the 10m / 6m Fan Dipole in the loft space. Also 
remaining in place at the apex of the house is the home-brew 2m / 70cm "CFR" Antenna (Coaxial Оро) for 
\VHE/UHF FM operation - this has been a particular! effective antenna 


то sumaris: 


1) A 20 meter long doublet antenna fed with balanced ladder ine for 40 meters to 6 meters. The ‘od timers realy 
‘knew their stuff, this an excellent all round antenna that is easy and cheap to make and should be quite easy to 
‘accommodate and install. See photograph below and read moro here 


2) A Sloper Antenna consisting of wo parallel wires - ona wire being 20 meters long with a second parallel wire 
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wih thats 10 meters in length. The frst 25 meters (approx) of wire 

TOP QUALITY runs vertically up а nan matalie post then the remainder slopes MOMTJ 

BRITISH back towards the house being finished of wit an insulator which ^ Stopes Antes 
GWHP is attached lo a Рага. Сог lanyard that runs through a pully on | 


ANTENNAS a pole al the apex of the roof. The antenna wire can therefore i — 
easily be let down for maintenance or adjustment whenever 
required. For lowest possible los, the antenna is fed via a 
(GC3000 automatic antenna coupler located at the bottom of the 
arden. The antenna is primarily for lower НЕ bands including 
160 meters, 80 meters and and 40 meters, but it also works very 
well on some higher bands. The GC3000 itself is mounted in a 
waterproof IPS6 rated enclosure near ground level at the bottom == 
‘ofthe garden. Grounding is achieved from two 4 foot long copper ground stakes and several radial grounding. 
wires. 


Read more about the Sloper Antenna and the CG3000 here. 


3) A home-brew omnidirectional, vertical dual band, end fed antenna for 2 matres and 70em. This is of the 
(Controlled Feeder Radiation design (CFR) by VK2201; effectively an end fed half wave dipole on 2m with an 
aluminium sleeve dipole section to achieve 7Oems witha few extra dB's of дай. Itis mounted оп ап aluminium 
mast Its feed-point is about 11 metres 291. read more here 


4) A DKTZB design dual band Yagi antenna, with 5 elements for 2 metres and В elements for 70cms, mounted 
horizontally for SSB. A lightweight antenna rotator is employed and uses a push-up talescopic mast. Height above 
‘round level is again approximately 7 metres. The DK7ZB is an excellent twin band Yagi antenna. read more here 


5) A Half Wave End Fed / Controlled Feeder Radiation (CFR) antenna for 6 meters / 50 MHz. Supported by а 3 
meter long telescopi Abregíass fishing pole attached lo the lop of the aluminium push up mast hal support Ihe 
DKTZB dual band yagi and rotator. 


в) Dual Band Fan Dipole, made from thick loudspeaker wire, mounted horizontally in the loft space for 10 motors 
an 6 metres. Cheap & quit effective. 


Tüems Yagis, Оо. 
P 


S Poles here and also here on Antenna page 5 


в) Compact Loaded Top Band Antenna, based on a design idea by Stuart Craigen GAGTX more 


94 10) G Whip End Fed Zepos (EFZ') for either 20m, 18m or 17m or the G-Whip "WideBander" which is an 
“UnTenna' style antenna that can be used for 20m through to 10m using good quality G Whip 9:1 UnUn useful 
addons for antenna flexibly. mare 


^) NSTAX Dual Band Slim Jim (4-Pole) antenna mounted in the loft as а back-up antenna for 2m and 7Oems. Very 
(good. more 


12) Delta Loop Antenna - 16 metre loop of wire in triangular Delta shape, hung from the top of the pale supporting 
the inverted L antenna and fed via RG213 coaxial cable via a 4:1 balun. The loop s really a single band antenna 
‘cul for one wavelength on the band of interest, however it also can be pressed into service for some higher bands - 
(à good, cheap and easy to instal aerial; Often works better than the inverted L on the higher bands, but оп 10 
metres the tuned 10 metre dipole in the loft is sometimes better. more 


Knots: Knots for securing wire aerials and other things more 


H.F. ANTENNAS used by MOMTJ 


All Band Doublet Antenna 


The Doublet Antenna consists of two 10 meter long top wires to form the 20 meter long ‘dipole’ section. The centre 
is fed with Ladder Line rather than coaxial œ A dipole fed with coaxial cable is essentially a single band (mono 
band) antenna. Feeding such an aerial with ladder line, or open wire twin feeder makes a much more effective 
mult-band antenna. 


The ladder line runs down to a high effciency 4:1 Current Balun (G-Whip) which is connected to an LDG AT-200 
‘automatic antenna matching unit via a very short RG213 patch lead to ensure lowest losses. The Antenna tuner 
and balun are housed in a box which Is Itself contained In a small garden shed to protect it fom the weather. The 
LOS antenna matching unit is then connected back to the ‘shack via a run of RG-213 coaxial cable. Read moro 
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‘about the All Band Doublet Antenna 


ANTENNAS FOR VHF and UHF - 2 m & 70 cms 


‘The main antennas are as follows: 


Home-Brew dual band end (physically end fed) half wave "Coaxial Dipole” for 2m 8 70cm 


For 2m and 70cm ЕМ I use a mounted on a lightweight aluminium telescopic pole on the apex of tho hose. The 
азе of the antenna (the bottom of the radiating element) is approximately 11 metres above ground level. This 
antenna is based on the Controlled Feeder Radiation principle (CFR) and is described by VK2201. Read more 
(about its constructon here. Also seen inthe photograph below are the ropes that support the H.F. wire aerials. 
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MOMT] 


lome brew dual band vertical antenna for 2 metres and 70 cms, 
Read more about it construcion have 


Dual Band Yagi for 2m & 70cm 


For 2 metres and 70cms SSB there is a horizontal DKTZB design dual band Yagi antenna. This has 5 elements for 
2 metres and 8 elements for 70 cms. A lightweight antenna rotator is employed and uses the same push-up 
lelescopi mast that the Home-Brew 7OMH2 J-Pole Is mounted on. Height above ground level s again 
‘approximately 7 metres. The ОК72В is an excellent twin band Yagi antenna, 
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Te DITZB 5+ 8 lament ua band vau Tor 2m and 70 om -designed by Mariin Steyer DK7ZB 
"Avalatl rom Arthur MOPLK (SOZPLK) at Ham Radio Shop: 
—̃ — 
8 
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(2 Meter J-Pole Antenna for the garden shed - and other a. pol 
(10 metres : 


antennas for 6 metres and 


While experimenting with antennas in the garden in the summer of 2012 | thought that it would be good to have a. 
hand-held radio inthe shed to do some monitoring and make a few contacts. To Improve upon the performance of 
(tho rubber duck antenna | quickly made a J-Pole antenna forthe 2 metre band. 


his made from a 47cm length of 450 ohm Wireman ladder line as the 1/4 wave matching section, plus a 97m 
length of stranded wire as the 1/2 wave radiator. is fed with 3 metres of MI spec RGS8 clu coaxial cable that is 
‘soldered to the 1/4 wave matching section's impedance matching point at 3.5 cm from the bottom. The coax feeder 
B wound around some PVC tube to form a choke. The completed antenna is taped to а 2.2 metre long fibreglass 
fishing pole that | purchased кот Poundland (or £1.00) I took about 20 minutas to make followed by soma 
testing and adjustment wilh the antenna analyser. The fishing pole is lashed lo the shed with some cable as. 


“This simple antenna works pretty wel, but being so low down signal strengths are not huge, but ts pleasing о get 
(om the air with something so simple and cheap! 


Eind out how easy ti to construct J-Pole Anter 


Now, iit was at the top of my 10 metre long fishing рде...) 
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"The Shed Antenna -a 2m J-Pole by MONT 
ite the simple choke balun at ils base made by winding 8 tums 
ind out how easy i to сопан Pole Aniannas here ^ 
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More Antennas . 
Inverted L Antenna for 80m and 40m (and some other HF Bands from 80m to 10m) 


The basic layout of the Inverted L Antenna (Practical Wireless) 


The first antenna that installed was for HF. | decided on an Inverted L that incorporates a 7MHz rap so that it can 
be used on both 7MH2 (40 metres) and 3.5 MHz (80 metres) 


“The design of this Inverted L is well known and a good design has been published previously in Practical Wireless 
by Len Paget GMOONX. It is based on one half of the famous W3DZZ tapped dipole antenna 


t can be made entirely from scratch as a DIY project, ог the 7MHz trap could be purchased commercially as a 
ready made kem, or whole antenna can bought as a complete kit кот Tony Nailer, G4CFY, at Spectrum 
Communications. 1 opted to buy the 7MHz trap from Spectrum Communications, as | already had most of the other 
materials required - rope, egg insulaor plastic box, and some good aerial wire. The Spectrum Communications 
ap is solid and well made and potted to protect against the elements. 


‘This antenna is tuned for 40 metres and 80 matres, but the VSWR is acceptable on several olher bands being in 
the region of 2:1 to 5:1. The designer anticipated that this antenna would be usable on five of the HF. bands 
between 80т and 10m. 


1 have found that with the use of the Antenna Tuning Unit сап be used on all of the Н.Р. bands. However the 
polar radiation pattem may very well be less predictable on bands other than the intended 40 and 80 metres, and it 
may wel be loss effective than might be desirable - but it does wark! 


‘The antenna is in the back garden, while the shack (radio room) is in a bedroom at the frant of the house. Itis fed 
Буа 30 metre length of RG213 coaxial cable (it is not possible o use twin feeder for this type of antenna as the 
Inverted L is an UN-Balanced aerial, whereas twin feeder is balanced). With this length of cable | estimate the loss 
in the feeder alone to be about 14B at 7MHz, The feed point of the aerial is located at the base of a 16 foot high 
¡wooden pole near the bottom of the garden. The horizontal tap wire retums to а fibreglass pole installed at the 
apex of the roof. 


+47 + 160: I have since added a separate sloping wire element for the 17 Metre Band and a switchable loading 
col for Top Band - see notes below. 
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Photograph showing the wooden support post and termination point of the Inverted L antenna 
The post is coloured green with green fence treatment to mast it somewhat. I have also placed 
it near the bush to provide further camouflage. 
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The low loss RG213 coaxial cable runs from the shack at the front of the house up into the loft and 


exits into the back garden down the rear wall through some garden hose to offer some protection 
along the flower bed to the bottom of the garden where it is connected to the base of the Inverted L 
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they also reveal the growth of secondary lobes at the upper frequencies as we 
raise the antenna by 30' or so. 20 meters has grown a third elevation lobe. The 
high dome pattern gravitates from 10.1 MHz down to 7 MHz in the move from 70 
to 100. The shape difference at the two heights in the 80/75 meter patterns is 
self-evident. 


1 have not added the azimuth patterns, since they resemble too closely the 
patterns in Figure 2. The key difference is that as we reduce the frequency of 
Use, the side rejection decreases. The decrease is тоге radical atthe lower 
height, where it disappears almost completely at 80 meters. In addition, the high 
XR ralio at 80 meters tends to yield higher line losses that do not appear in the 
basic antenna patterns. The gain of the antenna along remains unchanged, 
although a high-loss line situation means that less power will reach the antenna. 


Although it is not likely to be true, let me assume that | have convinced you that 
an 88 doublet is the best single-wire back-up antenna for 80 through 20 meters. 
(Once we have gone this far for the sake of the argument, we can pose the 
question of how to derive the best world-wide coverage with such a wire antenna. 
The answer is as simple as the triangle. 


Actually, | want to explore two versions of the triangle: a Y-array and a true 
triangle. For no particular reason, | shall begin with the Y-array, shown in Figure 
6. 
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The suspended Inverted L aerial with 7 MHz trap. 
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he Inverted L antenna - lower section now nicely camouflaged, 
‘Support post is some 6 metres long. 
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The photograph above shows the Dacron ropes supporting the ends of the inverted L and Dipole antennas are 
held in place atthe top of ihe fibreglass support mast by a pulley -one pulley for each support rope. This faciltates 
rapid lowering of other antenna for adjustment or replacement. This photograph also shows a second rope and 
pulley system thal was originally used to support he 20m dipole and is now used for he top band inverted L wire 
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1 needed a good reliable knot for securing ropes when installing wire antennas and have found the Bowine to be 
(one ofthe most useful, s strong and easy to һе. A Bowline will not slip in any circumstances and, usefully, the 
‘more load that is put on it, the tighter it gets- 


The Bowline Knot ~ 


А Bowline can be used to е two ropas together and should be used to tie a support горе toa pulley, dipole centre 
and other antenna tems. 


Its important to use the correct knot for the job when fixing up wire antennas. | find the Bowne s a very useful for 
fixing end, egg and dog.bone insulators o the ends of tha wire and/or ropes. The Round Tum & Two Hiches, 
Anchor Band (Anchor Hitch) and Bunting Hitch knots are very good for tying a горе to a pole or a mast. A Double 
‘Sheet Bond can join two places of rope together - even И they aro of unequal size. ‘Animated Knots wil show you 
howto do them: ho www animatedknols com 
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Photo showing pulley fixed to the top of the wooden support post and the aerial support 
rope that it holds in place. 


The Spectrum Communications Trap 


ирнен. mds075.co.ukiContentamateur. radio antennas himi E 


1002017 ANTENNAS & AERIALS 1 - The Aerials Used by MØMTJ - MOMTJ 


View of trap showing that the joints have been thoroughly sealed against the weather with 
self amalgamating tape and silicone sealant. 


Just for good measure | sealed the Internal side of the machine screw that forms the connection 
terminal against the weather with Watson sealant putty. 


Adding Top Band to the 80 / 40 metre Inverted L Antenna: 


Due to an aborted house move in 2010 | had removed all the antennas. While re-establishing the aerials in 2011 
and considering space limitations, 1 decided to experiment with adding а loading col to the 40m / 80m Inverted L: 
‘arial. The loading col has a ink wire to short И out of circuit when using the aerial for ВО metres and 40 metres. 

The link wire is removed when Tap Band is require. 


1 also took the opportunity to replace the original wooden post with a strong 6 metr tall fbreglass pole 


The coll consists of approximately 37 tums of PVC covered antenna wire wound an a short piece of PVC pipe. 
Once the required points of resonance were set for 40 metres and 80 matres, the link wire was removed and 
‘number of tums on the col were adjusted unl the required point of resonance was found on the 160 metr band. | 
sel it lo around 1900 kHz - the bandwidth is quite narrow. 
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(Once the work was done, the Joints and connections were sealed with ether Liquid Electrical Tape or self 
amalgamating tape, then the connecting box, V bolts and white PVC pipe were sprayed with green paint to help it 
all blend in with the surroundings a litte better. 


‘Adding the 17 Metre (18 MHz) Band to the 80 / 40 metre Inverted L Antenna: 


“The Inverted L is not too good for the WARC bands so o obtain better performance on the 17 Metre band | added 
а single slightly sloping wire element cut for that band. The lower end ol the wire is permanently connected to the 
feed terminal on the junction box, the other end is ed to a small dog bone insulator. This dog bone s then 
“supported by a length of thin para-cord which is led tothe horizontal wira of Ihe main Inverted L element. (N.B. 
‘The 17 metro modification is not currently shown in the photographs below.) 
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MØMTJ 


fon 
Reconfiguring Inverted L with addtional Top Band Loading Сой for 160 metres. 
A strong 6 metre tall fibreglass pole replaces the original heavy wooden post 


pz ſoun mog couk Cont 


amateur. radio antennas him p 


1002017 ANTENNAS & AERIALS 1 - The Aerials Used by MØMTJ - MOMTJ 


i ing colto the à 
The loading col has а link wire to short it out of circult when using the aerial for 80 metres and 40 metres, 
The link wire is removed when Top Band is required. 

Tho сой consists of approximately 37 turns wound on a piace of PVC pipe. 
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The loading сой has а iink wire to short t out of circu when using the aerial for BO metres and 40 metres 
The link wire is removed when Top Band is required. 
Tho сой consists of approximately 37 turns wound on a piece of PVC pipe. 
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ond co ee ane Fig. 6 
Y-Array of Three 
88" Back Up 
Doublets " 
120 Dogroos 
12 
or 
Ant. A Ant. B 


As the figure shows, the ends of the wires are set 12" from a center-point for the. 
атау. The array would require a rectangle about 100 by 175 for implementation. 
А 4- post construction method seems most obvious (1 at the center and three on 
the perimeter). However, those with special skills in high-strength wire trussing 
might manage with only the perimeter posts. A slight dip in antenna height 
toward the center point would create no significant performance problems 


There is no special magic to my choice of element separation from the center 
point. The goal was to minimize interaction between the active element and the 
inactive ones. 18' between adjacent ends is sufficient to achieve this goal, as. 

evidenced by the modeled data in Table 5. The data are for a 100 array height. 
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Inverted L wire. 


X 


Delta Loop wire 


Para Cord to 
hoist second 
wire elemen! 


Para Cord to hoist 
Delta Loop 


Second wire 
element, 


AN "Fibreglass pole 


MOM}. 


TRAPPED INVERTED L ANTENNA 


1947" Tam 


enan 
80-10 Es, АЙ. a omalll garden. ‘STAKE 
The commercial version of the basic 80m - 10m Inverted L is 
available from Tony Nailer at Spectrum Communications 
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Important notes on effective Grounding by Jim ao 


Mika - | was reading about your work on the 160 meter Inverted L, and it makes me want to go out and build 
Some more antennas! Congratulations. Your story is fascinating, and very well documented. 


The only thing | can offer as a suggestion is o get as much radial wire along the edge af your property as 
possible (assuming your XYL wil nat alow you to bury radial wire all over your yard). Even if you can only run 
‘multiple wires 18th of ameter арап from each other, and parallel to each other, your losses wil be reduced. 
‘The ground lossses have quite an impact on your transmitted signal, so any wire you can "hide" along the edge 
of your property wil help improve your signal strentgh - Ийе, by itle... (It may also affect your resonant 
FT 


Good luck ОМ, and keep up the refinements on your antenna system. You're doing great! 73, 


Jim, koz 
‘Albuquerque, NM 


Delta Loop Antenna - Tuned for the 17 metre band but also usable as a multi-band 
operation 


м. 
/ \ 
= X 


— trop 


A typical Deita i "antenna - diagram by Ives muli-band operation with minimal cost. 


Му Delta Loop is fed near the bottom comer - It cannot be fed at the top, as in the diagram 
above, due to unwanted interaction with the antenna wire of ће Inverted L antenna 
‘which is supported on the same pole 


My Delta Loop is fed near the bottom at one comer - ! cannot be fed at the top, as in the diagram above, due to 
unwanted interaction with the antenna wire of the Inverted L antenna which is supported on the same pole. 


It consists of a 16 metre long loop of wire in triangular Delta shape, hung from the top of the pole supporting the 
inverted L antenna and fed via RG213 coaxial cable via а home-brew 4:1 balun. А loop is really a single band 
“antenna cut for one wavelength on the band of interest, however it can also work on higher bands with an ATU - as 
а good, cheap and easy to instali muli-band H.F. aerial. Performance is a Ише better than the inverted Lon the 
higher bands but on 10 metres the tuned 10/6 matre wire tan dipole in ihe loft can sl be better. 
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Inverted L wire. 


Loop wire 


MOMTJ 


"Apex of Delta Loop by MOMTJ 
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Ladder line ofa 
different antenna 


Delta Loop wires 


4:1 Balun’ 


Short imber support post MOMT] 


d point of the Delta Loop at 


Bottom right hand corner 
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ор 
"The Antenna ls fed via a home brew 4:1 balun by МОМТЫ 


Below are the VSWR measurements fr the 16 metre long loop which has been measured an с for resonance in 


the 17 metre band. For comparison are the measurements for the 12 metre lang loop (which has nol been 
(oplimised) and an 18 metre long loop which is of arbitrary length: 


[ 16 metre long loop of wire for the 17 Metre Band (opimised for 17m band) 


BAND VSWR 


En ЕГ 


[ 
[ 
[ 
[Г тт 
[ 
[ 
[ 


Tm 
Tam EA 
Ton e 
[ 12 metre long loop of wire for the 12 Matre Band (NOT optimised) 
[. BAND | VSWR I VSWR 
(| ПЕШТЕ [ MET 
— — 1807 MAE =ва [ ILE 
— I 210МН; =50 [ ZAS MHz T46 
[m I E ji 250 Wie =20 
[3m I 25.0 MH = 50 I 29 SMHZ=6T 
[ 18 metre long loop of wire (An arar length between 20m & 17m) 
[Bano] VSWR VSWR 
—— TOM: EET 
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| m | 1807 MHz = 2.6 П 1816 MHz 
— T 
— T 
—— 


Many users claim that loop aerials are quieter han typical vertical antennas. There are many plans available in the 
internet and given a suitable support or pole and а 4:1 balun It can take only a few minutes lo install a loop 
antenna. 


Arthur MOPLK (SQ2PLK) at Ham Radio Shop supplies an interesting lightweight self supporting Delta Loop. 
“antenna: hlipi/am-adio.urbasketeu- see Ihe review on the Polonia DX Award here 
рда one planicies pho?aricie idel7 


(LOOP ANTENNA LINKS: See lots more links to Loop Antennas on my links page here 


Dipole or Doublet Antenna for 20m and 10m. 


This в an antenna trapped dipole for 20m and 10m. Currently itis fed by 75 ohm twin feeder to a 1:1 balun in ho. 
fof, then on o the ATU (AMU) via a short RG213 coaxial cable. Although it was initially installed horizontally. Its 
now installed with one leg supported уөпїсайу on a 7 metre fibreglass ‘Sola’ pole withthe other leg supporter 
horizontally about 2 metres above the ground. This в a rather unorthodox arrangement for a balanced dipole, but i 
‘seems lo work ok and was inspired by another radio amateurs idea - although | don't recommend balanced feeder 
Mor this arrangement! 


It oaks much neater than the horizontally strung dipole and offers а more omnidirectional radiation pattem too. 


Removable end support method for wire dipole using a plastic antenna insulator, 
Snap-hook and Dacron rope. 
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Photo showing how the wooden support posts are heid in the ground by the steel Met Post. 
This Met Post and wooden pole now supports the 7 mete high fibreglass Sota Pole (fishing pole) 


‘The ‘deformed dipole 
A Dipole for 20m and 10m. 


(One log is vertical, giving a more omnidirectional pattem and supported by the 7 metre long fibreglass fishing polo, 
while tho other leg runs off horizontally at about 2 metres above the ground. 


(This antenna is fed by 75 ohm twin feeder. 
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Compact Antenna for Top Band 
A Shortened Inverted L for 160 Metres 


Despite the dreadful noise on top band caused by modem electronic gadgets and the difficulty in accommodating a 
necessarily large aerial in a small garden, I was keen to гу o get on to top band. | experimented with some 
differant ideas during 2009, some of which are shown on this page. 


Eventually | settled on the design shown below. It is an Inverted L type aerial, shortened by the use of a loading 
‘coil. It uses a fibreglass telescopic fishing pol to allow it to be easly lowered out of sight when not in uso. Road 
‘more on Antennas page 2 here> 


a evr sing polo- ig 


Top Band Aerial by MOMT] 
Shortened Base Loaded Top Band Antenna For Small Gardens 
uses a fibreglass telescopic fishing polo to allow it to be easily lowered out of sight when not in use. 


id more about Top Band Antennas on Antennas page 2 > 


Other Antenna: 


End Fed Zepp Antennas for 20m / 17m and 15m : 
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y 
tp Av quhip co.uk! 


Above is а high efficiency, high aualty commercial built Zepp style antenna using a half wave radiator: However 
thero is a difference - unlike the traditional Zepp antennas, G4ICD's design dispenses with ho long trailing 14 
wave twin feeder matching section and counterpoise and, instead, usos a G-Whip's helical tuned unit. 


The ond fed Zapp is extremely versatile - it can simply be hung from the fascia board or guttering just outside one's 
window: The 1/2 wave wire radiator made of high strength Kevlar is easily sloped down the garden and is a 
‘camouflage green in colour so as to be almost invisible. The G-Whip Zapp is supplied with a fascia board insulator, 
га throwing line with plus cable strain relief and fittings, the IP65 waterproof resin potted box fitted with UHF 
‘connectors (50239) for coax feeder. The Zepp can be mounted vertically (e.g. using a telescopic fibreglass pale), 
horizontally or sloping and can be ready in a matter of minutes. 


1 then decided to ty an excellent new design developed by Geoff GAICD -an End Fed Zepp antenna with a 
‘diference. The G-Whip End Fed Zepps are high efficiency. resonant mono band antennas ullising a half wave 
‘radiator, however this new G-Whip design by G4ICD dispenses with the long trailing 1/4 wave twin feeder 
‘matching section and counterpoise and, instead, uses a helical tuned uni. Using versions for 20m, 17m and 15m 
¡vil enable me o get on the ar with ta minimum of tuss since the G-Whip end fed Zepp can simply be hung from 
the facia board or guttering just outside one's window. The high-strength Kaviar, camouflage green 1/2 wave wire 
radiator is easily sloped down the garden to be almost invisible. 


G-Whip Widebander 
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Table 5. 100° performance of a Y-Array of 88* #12 Copper Wire Doublets 


Freq F-s Gain To Angle — Vertical Horizontal Feedpoint Z 
ES E (deg-] BIN (deg.) B/W (deg. A +7- JX Ohms 
3.6 pers зв se E EET 
E] БЕЗ 36 a 104 35 J 505 
sar зле 26 29 135 130-330 

76 7:87 E] El 73 185 +] 535 
Er ла 18 E 5s 5420 32470 
EH 10.36 ЕЧ E] ES 165 - 3 810 


The data are insignificantly different from those of Table 4, which gives modeled 
values for an independent 88 doublet. 60 meters is the exception. On that band, 
the near-resonance of the elements yields a beam pattern with an 11-08 fronto- 
back ratio. The main lobe is away from the inactive elements, which form a. 
composite parasitic reflector. The significantly different feedpoint impedance. 
relative to the value for a single 88' wire at the same height is another indicator of 
the odd behavior on this band, Whether that odd behavior is an advantage or a 
disadvantage depends upon operating needs. 
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Using the popular idea of feeding a large but non resonant antenna with an impedance converting 9:1 unun 


The G Whip wideband antenna consists of a 9:1 unun of GWhip's customary high quality for best efficiency. two 
— wire for the radiator and counterpoise which provide operation from 3 MHz to SOMHz. 
Food with good quality low loss coax and use an ATU to match. The 20 metre radiator wira can be used as a 
sloper, ог supported by convenient supports such as poles or trees in a straight line or dog lagged. | use a shorter 
radiator wie run up а telescopic fibreglass pole for operation on 20 metres an above. 


Dual Band J-Pole 
There is a dual band vertical J-Pole antenna in the loft as a back up for the 2m and 70cm bands. 


=- 


The excellant Dual Band АТАХ Slim Jim antenna that use inthe Toft as а reserve antenna. 


More information from Jos NOTAX at: www.n9tax.com 
www abay co uklim/VHE.UME.-Slim.Jim-J-Pole-Dual-Band-2m-70cm-Antennaipole 


Kg Awwmds076,00kContenVamatsur radio antennas himi эш 


1002017 


ANTENNAS & AERIALS 1 - The Aerials Used by MØMTJ- und 
Previous Antenna installations: 


(2011 - 2013) 


41) A trapped Inverted L for 80m and 40m with an SGC-230 auto antenna coupler at its feed-point at the bottom of 
the garden. RG213 coaxial cable is used to feed the output of the auto-couplor back to the shack. This can be 
used on all bands from 160 through to 10 metres. The support post is installed at the bottom of the garden with the 
(end of the antenna wire being supported by Dacron rope that is attached to а pulley on a pole at the apex of tno 
‘oof. A simple, single sloping wire element provides use on the 17 metre band. Although too short to be really 
‘effective оп 160 metres, Top Band can be tuned by the SGC coupler. A pretty good all-round antenna. more 


2) A half wave Wire J-Pole fixed to a telescopi fibreglass fishing pole for 10m. Cheap and effective. more about 
Poles 


З) A 'home-brow omnidirectional, vertical dual band, and fed antenna for 2 metres and 70cm. This is of the 
(Controlled Feeder Radiation design (CFR) by VK2ZOI, effectively an end fed half wave dipole on 2m with an 
“aluminium sleeve to achieve 70ems with a few extra dB's of gain. Itis mounted on an aluminium mast 10 metres 
agl. more 


4) A DKTZB design dual band Yagi antenna, with 5 elements for 2 metres and B elements for 70cms, mounted 
horizontally for SSB. A lightweight antenna rotator is employed and usos а push-up telescopic mast. Height above 
‘ground level is again approximately 7 metres. The DK7ZB is an excelent twin band Yagi antenna. mora 


15) Dual Band Fan Dipole, made from thick loudspeaker wire, mounted horizontally in the loft space for 10 meters 
an 6 metres. Cheap & effective. 


6) (Installed late September 2013) Wire J-Pole antenna for 4 Matres (70 MHz) supported on a 3 matre long 
‘telescopic fibreglass pole to be attached to the top of the aluminium push up mast thal supports the DK7ZB dual 
апа yagi and rotator, 


(Other Options that can be deployed on an ‘as required basis 
7) Compact Loaded Top Band Antenna, based on a design idea by Stuart Cralgen G4GTX more 


18:49) G Whip End Fed Zepps (EFZ's) for either 20m, 15m or 17m or the G-Whip "WideBander" which is an 
"UnTenna' style antenna that can ba used for 20m through to 10m using good quality G Whip 9:1 UnUn; useful 
additions for antenna flexibly, more 


10) NSTAX Dual Band Slim Jim (J-Pole) antenna mounted in the loft as a back-up antenna for 2m and bene Very 
good. mora 


11) Delta Loop Antenna - 16 metre loop of wire in triangular Delta shape, hung from the top of the pole supporting 
the inverted L antenna and fed via RG213 coaxial cable via a 4:1 balun. The loop is really a single band antenna 
¿cut for опе wavelength on the band of interest, however it also can be pressed into service for some higher bands- 
(à good, cheap and easy to instal aerial; Often works better than the inverted L on the higher bands, but on 10 
metres the tuned 10 metre dipole in the loft is sometimes better. more 


(2011) 


In mid 2011 1 experimented with an excellent NSTAX designed dual band Sim-Jim (J-Pole) antenna for 2m and 
Тост. This ls made from lightweight 450 Ohm ladder ine which can ba fied lo the top of a 10m tal fibreglass, 
telescopic, fishing polo. The NOTAX works extremely well indeed. More information from Joe NSTAX at: 

www. tas. com and buy at: wwwebay.co uklim/VHĚ-UHF-Slim=Jim-.Pole-Dual Band-2m-70cm-Antonna bola 


NB. I tried to home-brew the DJB-1 dual band J-Pole antenna using plans published by the ARRL in QST 
‘magazine. | wanted a neat antenna that could be enclosed in a protective tubo to minimise weathering effects. 
However tying to luno this antenna at UHF frequencies proved to be frustratingly difficult to do and after two full 
days work could not get the thing resonate accurately at the correct frequency. Sadly, for this reason, I cannot 
‘recommend the Dual Band J-Pole as a home-brew project 


‘The NSTAX antenna on the other hand works very wal. However it cannot be enclosed in а tube due to the 
velocity factor effect de-tuning the antennas resonant frequencies. 

(Late 2011) 

Due to difficulties with the stability of a lightweight fishing pole as a support moved back to using the lightweight 


‘aluminium telescopic mast, with stays, to support a Watson W-60 vertical dual band colinear for 2 metres and 70 
ems FM. 
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(The excellent МӘТАХ dual band Slim Jim is now installed in the loft. 


(Antennas used up until 2010) 


1) A trapped inverted L for Вот and 40m fed by RG213 coaxial cable to the LDG 2-11 Pro antenna matching unit 
їп the shack. This can be used on ай bands from 80 through to 10 metres. The support post is installed at the 
‘bottom of the garden with the end of the antenna wire being supported by Dacron горо that is attached to a pulley 
(on a pole at the apex of the roof. This excellent antenna is stil use. more 


2) A trapped dipole for 20m and 10m. This was fed by 75 ohm twin feeder to a 1:1 balun then on to the AMU via 
RG213 coaxial cable. It ,, but more latterly installed with one log supported 
%% the other leg supported horizontally about 2 metres above the 
ground. A rather unorthodox arrangement for a balanced dipole, but it seemed to work ok, it looked much neater 
than а horizontally slung dipole and also offered a mare omnidirectional radiation pattern. more 


4) A compact Inverted L for the 160 metro band - Top Band - shortened with a loading сой. more 


5) As МӘТАХ Dual Band Slim Jim (J-Pole) antenna for 2m and 70cms. This was fixed near he top of a 10m 
teloscopic fibreglass fishing pole that I pushed up whenever it was required. more 


(2008) 


W-2000 - Vertical Collinear mounted on a temporary 10m telescopic pole: 
1 no longer have the Watson W-2000 but this is how it was used previously: 


(The Watson W-2000 covered VHF (2 metres / 144 MHz) and UHF (70 cms / 430 MHz) and also, rather usefully, 6 
metres (50 MHz) too. The W-2000 is 2.5 metres long and enclosed in white fibreglass with three radial elements at 
the base, 


Unfortunately | had nowhere practical to instal а separate mast for tha VHF / UHF antenna, во this was mounted 
(on top of a 30 foot (10 metre) high telescopic aluminium mast in the back garden. The base of the mast was 
placed in a handy metal sleeved hole that was already present in a small wall in the garden. Very fortunato indeed! 


The antenna is connected to the radio via the very low loss Westlox 103 coaxial cable. The cable was lft n place 
permanenti, running from the shack in the front bedroom, up into the loft and out of a small hole in the back of the 
house, down a drain pipe into the back garden. From there the aerial can be connected as an when required 


(When VHF or UHF operation is required | have lo connect the coaxial cable to the Watson W-2000. fix it to the top. 
(of the telescopic mast, which is very quick using two V bolts and 4 wing nuts, put the mast in the hole and raise i 
lo a good height. | tend to extend isa that tha bellom of the antenna is at about 24 feel in the air, the height of he 
ape of the house, so itis in fairly clar space. 


(A VHF and UHF aerial needs to be as high as possible since at these frequencies communication is essentially 
local and "ine o sight - unless heightened propagation conditions, such as Sporadic E or a Temperature Inversion. 
is prevailing at the tme. 


Even at 24 feet tho mast is rather wobbly, во it was tied down using three nylon guy ropes. 
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teloscopic pole -about 8 or metres 
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MORE ANTENNAS 


Our good fiend in Australia Felix Scerri, VKAFUA, uses Inverted V antennas but also highly recommends 
the Quad Loop style antenna for HF work, These are well worth investigating. and you сап read more 
hare: Antennas 3 with more antenna deas оп Antennas 2 and Antennas 4 and the Links Page here and here 


KNOTS FOR SECURING WIRE ANTENNAS 


1 have found the Bowino to be one af the most useful, Itis strong and easy to le. A Bowine wll not slp in any 
‘circumstances and, usefully, the more load that is put on t, the tighter It gets. Read more about qood knots for 
amateur radio aerials here. 


ирнен. mds075 co uklContentlamateur_radio_antennas himi ET 


10202017 ANTENNAS & AERIALS 1 - The Aerials Used by MØMTJ- MOMTJ 


The Bowline Knot - Read more about knots here 


‘Antenna Trimming Chart and useful Antenna Rigging Accessory ideas 


(On Antennas 4 | have included a helpful Antenna Trimming Chart and somo useful ideas for Antenna Rigging 
‘Accessories 


More project ideas here> 
n 


Mike, MOMTJ 2011/2012 


Links to further reading: 


Introducing Tho All Band Doublet: blto/umwiceblkcomicontentledu/aduÉ himi М.В. Create a free account at 
itp van ceblccom 


(The All Band Double - hti cobi соту е/а him 
(The ALL Band HF Doublet on Ham Universe - Бурун hamuniverse eonvivdoublat him 


Mult Band Dipoles Compared - by ARRL on QST and DX Zone: 
htlpiNwwwarrkoralislinfalpdtIS6TIO73. pdf — hltp/unww zone. com/cg-bin'dirump? cgi?ID=7499 


PDF Document - The W3DZZ Antenna - 
bt un users ioscotand.net-len,page/GMOONX%201rap%20dpole pdf (“M But dont use coaxial cable with 
ıa ‘choke balun at the centre of the dipole! Use twin feeder wilh te Choke Balun at the other end. Less power 


(Seo Practical Dipole Antennas Compared: Hpi/jvavasi nettatdhlamoloriracical dipole antenna him 


Practical Antenna For 180 Metres - hip www Bad comham-radio/7a-practical-antenna-fr-160-melres.32 
(hain nelid202 him 


The website of GMOONX hien. cmüoni co uk 
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(The Inverted L - POF document: htp:llwww.users escolland.net/-len pagels%20band%20inverted 201 ваї 


‘Adding Top Band To The Inverted L - PDF Document: 
to www users icecotand пе Чеп paqeinveried 420L ¢20adding%.20te0%20band pal 


(The All Band inverted L - ld Нз antennex.comiprovwfarchivedivhim 


атн. Move in 2010 Ist'?"*tot 


We decided that weld like to move house in 2009, we found a now property in early 2010. My amateur radio aerials 
were duly taken down and the ham shack packed away. However after months of delays we stil had nol moved by 
August 2010, but we were stil hoping о move. However aller months ef messing about and stringing us along our 
buyer pulled out the very day before we were to exchange contracts later in August 2010. 


(This cost us allot of time and a great deal of wasted money. Thank you Mrs оох 


(Aer a wasted year we decided to stay whore we were and take the house of the market. Instead we spent tho. 
‘next eight months remodeling and redecorating. No ime for playing radio of course and besides everything was 
‘sl all packed away in boxes! 


In mid 2011 | was geting frustrated that | had no radio. So | suppose Its time lo think about re-establishing the 
‘station and lo start planning the installation of some antennas, Of course Jules, my XYL, understandably questions 
ту antennas and experiments! 


Due to time constraints | il probably start again with a somewhat temporary antenna. | was thinking along tho 
lines of an "Untenna' -so | installed a 7.2 ish long wire supported on a vertical fibreglass pole with a horizontal 
“counlerpolse’ connected Ма а 9:1 balun to tha coax back to the shack. Of course iis a fairy low efficiency muli 
‘band (wideband) antenna, bul easy to get going quickly. The GWhip Widebander antenna by бео! Brown GAICD 
is possibly the highest quality antenna of this type available. using a very high efficiency, top quality 9:1 UnUn with 
17 meter wire radiator and 10 metre long counterpoise - a very useful, versatile al stations antenna. 


Аз Uma progressed | re-established my full size rapped Inverted L antenna for SOmelres and 40 metres and added 
а switchable loading со! а! its base for use on 160 meters, as described above. 


‘Thon | gradually re-established the 2 metres and 70 cms antennas with the vertical W-50 and horizontal dual band 
DKTZB Yagi -as detailed above. 


Index To Other Antenna Pages: 
Antennas 1 : Aerials used at MOMTJ 

Antennas 2 : Including .. Ideas for compact aerials for Top Band /160 metres 

Antennas 3 : Felix Scerri VKAFUO discusses Loop Antennas, baluns, masts & other antenna related topics 
Antennas 4 : Including ..... Many antenna ideas from various sources particularly for mull-band operation & also 
{ives information about 

antenna trimming, knots for wire antennas and useful antenna rigging accessory ideas 

Antenna: а Indo -x Haf Wave End Fed aerias for 144 MAE VHF 1430 MHZ UHF and 50 MHz 6 Metre 
band à J-Pole Aerials 

‘Antennas 6 : Including .... Simple and effective H.F. Antenna ideas - Ground Plane and Al Band Doublet 


„Antenna 
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Geot Brown GACD aters a mul oa aay au fo parabla, noble and erm 
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GWhip ese 
Antenna 
Nows 


Tipe. quip co uk? 


Just For Fun: 


A tower that we may like to have о attach our antennas lo - but | don't think that Health And Safely was taken 
into account here: 


http: mds075 co uklContentlamateur_radio_antennas himi ET 
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Antennas Made of Wire - Volume 1 —— Fc 


To effect world wide-communications, we should understand how the patterns for 
the triangle overlap. As well we should examine the nulls in the pattern. AS 

ге 7 attests, on 80 meters, there is no significant null (<1 dB). On 40 meters 
(Figure 8), the nulls are only about 2 dB, which is likely small enough not to 
occasion any repositioning of wires. 


Chapter 26 
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Amateur Radio vu 


ing | Accessories | Projects & Kits | 


MyHome Page | MOMTJ | Operating Conditons | Antennas / Aerials | (P Portable Ope 
‘Useful Information 
ET Contact MOMT) ß | RSGB | OSL | The Amateur Radio 
Mini Ste Map 


Radio Мар as й в 
ората ЕЕРЕЕ Bts A 
Conditions "Everything should be made as simple s possible, but not simpler." - Albert Einstein 


Antennas 
ГОРИ AERIALS (ANTENNAS) 4 - Notes and Queries 


Projects Antennas 1 | Antennas 2 | Antennas 3 | Antennas 5 | Antennas 6 | Antennas 7 


Index To Other Antenna Pages: 
Antennas 1 Aerials used by MOMTS 

Antennas 2: Including ideas for compact aerials ог Top Band /160 metres. 

Antennas 3 : Рейх Scerri VKAFUO discusses Loop Antennas, baluns, masts А other antenna related topics 
Antennas 4 : Many antenna ideas from various sources particulary for Mull-Band operation & also gives information 
about. 

antenna rimming, knots for wire antennas and useful antenna rigging accessory ideas. 

Antennas 5 Hall Wave End Fed antennas for 144 MHz VHF / 430 MHz UHF and 50 MHz 6 Metre band & J-Pole 
‘Aerials 

Antennas 6 : Simple and effective H.F. Antenna ideas - Ground Plane and All Band Doublet 

OSEA] Arenas? : Omni-Directional - Crcularly (Mixed) Polarized Antenna for VHF / 2 Meters. 


Î tut! Band лы Options | Useful Aerial Rigging Accessories | Aerial Trimming Chat | Usetu Knots | A few 
сам | mmm 


[ITE ETE] as саго notes: An antenna may have two of the attributes: Small; Efficient or Broadband (works over a 
wide frequency range without retuning) but never all three. 
Contact 


Marconi spins in his grave every time а ham buys an aerial instead of building it (меен) 


WSPR 
‘Weak Signal — THE QUEST FOR MULTI - BAND OPERATION - In A Limited Space 
Propagation 
‘Reporter ^ Tho aerial is arguably the most important part of any station. No matter what transceiver is being used it is the aerial 
that is the last and most vital link in the chain and needs to be efficient and effective to radiate the signal ta best best 
effect, Some amateurs are quite content to operate оп one or two bands while others might want to be able to 
PORTABLE aparate on many or even all of the amateur HF bands. When I gained my licence | definitely fell into the latter camp! 


SiteMap seems, then, that the holy grail of many amateurs is the perfect mull-band aera 


MDS975 Home 
Luckily NAUJW has designed a now limited space 160m through to 70cm marvel antenna the plans of which 
Feedback can be found her 

bib vw hamunivorse com/antwish him! 


ORM from PLT 


Having experimented with various types of antenna | am of the opinion that, perhaps along with many other 
amateurs, for simplicity a resonant dipole is the most efficient and effective of aerial. А resonant dipole itis only а 
Single band aerial of course, but is extremely cheap and very simple to make - and Its a very efficient radiator. So 
‘one could make a dipole for every band of interest and simply swap aerials to work diferent individual bands. 
Unfortunately the aerial described by NAUJW does not exist and compromises, such as lack of Bandwidth or poor 
radiation efficiency, have to be made. 


‘The principal of lowering a dipole cut for one band, removing it and hosting another dipole cut for a diferent band 


in to place sounds pretty straightforward, but would the process become frustrating after a while. I think It could, во 
what about an antenna that wil allow operation on several bands? 
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The Quest For A Multi - Band Aerial 


Неге is a collection of commercial and home brew (DIY) antenna ideas that wil allow mult-band operation, many of 
which could also be used in a location that offers limited space. Perhaps this only scratches the surface, but 
hopefully wil provide a good starting point and fuel the mind In a quest for a good muli-band HF aerial. Do check 
out he manufacturer and supplier websites given on ths page for lots more options and details. 


Home Brew! It has been said that no radio amateur should ever buy an aerial - especially a wire aerial! Jos 
Tyburczy WB1GFH also comments about suitable antenna installing weather on his web pages: 


"When you put up your antenna is also crucial. I must mention here the importance of what many early hams called 


= antenna weather” That s, snow, sleet, freezing rain, or combination of ай ho above. 1 has been proven time and 


time again that any antenna installed in conditions better than abysmal wil not function worth a dam. Or, put another | 
way, it takes bad weather to put up а decent antenna. Dark and cold Now England winter days are ideal Tor this 
activity. Any antenna erected on such a day wil inevitably produce miracles.” Joe Tyburczy WB1GFH 


Most of what is available commercially could be 'home-brewed If one has 
the ime and a few suitable mechanical skills. 


Its worth bearing in mind that Joo Tyburczy's $4.00 Special may well be 
more effective tan a commercial antenna costing $400.00. Perhaps the 
equally inexpensive 2арр Antenna could produce far greater Value For 
Money than shelling out EShundrads on a commercial antenna? 


1 give no particular recommendation here, but a good rule of thumb is not 
to believe the marketing hype of any commercial company supplying 
antennas. 


A good place to startis, | think, the classic All Band Doublet Antenna, which is mentioned several times below. 
Plenty of links are also provide futher down this page. 


As important as not believing any ofthe marketing hype is remembering the words of the Star Ship Enterprise's 
Chief Engineer Mongomery Scott: (paraphrasing) You cannae chango the laws of physics! - Size matters. А coll 
loaded 5 foot long aerial probably won't be that much good on the H.F. bands. Indeed, а a 5 meter long antenna 
тау bo perfect for the 10 matre band but it won't be a great antenna on 20m, and certainly ever loss effective on 
(40m and 80m 


So, before faling for ай the marketing hyperbole its wise lo read up on a Ие antenna theory and do some lengthy 
research into the antennas being considered before making an expensive decision. 


Below are a few clues and ideas listed in no particular order - some of the antennas wil be great while some of the 
commercial designs shown below may promise great things but fall о meet high expectations. 


‘There is no "miracle antenna". If one understands the theory and the compromises made with shortened, under- 
sized, muli-band (and often very expensive) antennas there may nol be so much disappointment, However most 
willbe compromised in one way or another, so if one is happy lo Ive wilh ose compromises, understand what they 
mean, and are happy lo have a lighter bank balance then that's fine! 


Low SWR across all the bands does not indicate a good antenna. My dummy load has very low SWR across all the 
Bands but it is most certainly not a good antennal 


‘Someone telling you that the antenna that they're using is great and that they've worked the world doesn't mean it 
really Isa good antenna - its just hearsay’. One could quite possibly work around the globe on a coat hanger inthe 
Fight conditions - it doesn't suddenly make a coat hanger the great antenna thal should be widely heralde 

‘The best way to leam about antennas ls to go out and make somo - well actually go out and make many antennas. 
Неге are а few ideas. Some that are easily homo brewed! and some commercial ideas that could be adapted to 
"home brewing’. I don't have any particular recommendation, but | hope that this list wil provide some good food for 
thought. (Some of the commercial antennas may be okay, some may be awful). 


Remember; Marconi spins in his grave every time a radio amateur buys an aerial instead of building it! 


The Doublet Antenna - the classic all band / multi-band Aerial 


‘The Doublet Antenna is my favourite Mult-Band aerial. The main benefts of a Doublet Antenna are that it can be 
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used on whatever frequency it is cut for, and higher frequencies. Useful, there can be some useful gain on higher 
frequencies, although there wil be some petal shaped lobes on the higher frequency bands, 


In fact my 20 mater long Doublet for the 40meter band to the 6 metre band also works quite well on 80 meters! Not 
опу a very good starter antenna for those looking to work as many bands as possible, but also an aerial that would 
be иве and efficient far years and years to como. 


Ladder ine or open wire feeder must be used (NOT coaxial cable). Ladder Line or open wire ensures low loss at 
High Frequencies so that as much of your precious transmitter power as possible wil be radiated. Likewise receive 
'eficiency should be maximized. Assuming that the aerial is successfully balanced, the feeder should not radiate, 
(ven when there is (inevitably) high SWR. 


High SWR s not an especially bad thing and wil not reduce the aeriařs performance, but note that high SWR on the. 
balanced feeder does increase feeder loss compared to a when matched - but the losses wil be a lot loss significant 
then if coaxial cable were to be used. This ensures that efficiency should be better so that all the power that reaches 
the antenna wires wil be radiated - save for any losses in the antenna tuning unit (АМИ) or the balanced feeder 
cable 


Remember; Ladder Line = Lower Loss - Read more about my МОМТ Doublet Antenna HERE >> and more 
potes on this page here >> 


MOMT] Doublet Antenna 


Pulley Puey, 
Insulator 
N 
\ — 
Aluminium 
Pole Fibreglass support pole 
E 
науы 
IP piod 
N «озше 


не Support take" 


The Classic AN Band DOUBLET ANTENNA - Read More about my MOMTJ All Band Doublet Aerial Here >>> 


The GSRV and more about Doublets & Dipoles 
‘The GSRV eeuc imeat it Dat rout be beter) 


Why the G5RV continues to remain popular is a mystery. The legendary name, perhaps? That lt can be ‘thrown up! 
without too much thought? The fact that it cheap and cheerful? Wel, cheap anyway. There has been much writen 
About the GSRV and the overall conclusion is that ifs not а very good mult-band antenna. Certainly It will work quito 
Well on, perhaps, a couple of bands, but there are better allematives, especial when one considers the wide 
availabilty of remote automatic antenna matching units (remote auto a.Lu's) that wil greatly assist in minimizing 
antenna feeder losses. 


ог, better than that, dont buy а GSRV in the frst lace and simply make (home brew) a true All 
Band HF Balanced Double! Antenna. 


The GSRV and its derivatives such as the Western HF-10 and the ZSBBKW are а bodge. In fact, Louis Varney 
(GSVA himseld stated that a much better alternative to any of these 'GSRV designs is to run the open-wire ine from 
the center of a dipole al the way lo a balanced antenna tuner! This aerial arrangement wil work оп ANY band from 
80 metres through lo 10 meters 
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‘The GRY s, therefore, not the most efficient aerial and, as users report, may not always be the easiest to use, but 
because it is coax fed, i remains an ever popular choice because Is easy lo feed the coax cable from the antenna's 
location back to the shack. Unfortunately this easy (lazy?) approach means lols of loss due to high SWR on the 
coaxial cable. 


(One may say, Oh wel, there's perhaps only 2 or S points in it. (Coughl). A difference of 3 S points is the 
difference between radiating 100 watts or only radiating 1.6 walls. Um,- m sure we'd soon complain I our shiny, 
пен 100 walt transceiver only produced 1.6 мае! 


(ORP and lower power portable operators should bo especially keen to minimize antenna system losses so that as 
much power as possible is radiated. Losing 3 S рогіз from а 5 watt FT-817 results in only 0.08 walls. ORP 
‘operators may likely favour resonant, single band antennas for greatest efficiency. 


Coaxial Cable is only ow loss! when the antenna impedance is similar to the cable's designed Impedance of 50 
Ohms, or near 1:1 SWR (or at least less than 2:1). Coax cable is therefore fine for a Dipole antenna that is 
designed to be resonant on ono band of choice, which wil have a reasonably low SWR across that band, but coax’ 
is entirely unsultable when one wants to use the aerial оп several bands. The GSRV wil be used an multiple bands 
апа wil therefore present widely varying impedance values (and SWR) depending on the band of operation and so 
the power losses wil be significant 


Note: The antenna’s true impedance (SWR) must be measured at the antenna's feed point (Le outside and up in the 
'air) not at the radio end of the cable, in the shack, where the coaxial cable's losses wil mask the true SWR reading 
Unfortunately 50 Ohms, ora near 1:1 match, wil hot be encountered on any band on a GSRV. The best band will bo 
20 metres at typically 21 (100 Ohms), but on any other band the impedance willbe very much higher. One might 
expect rorsuls ie these: BO metras 3:1 to 5:1, 40 meters 5:1, 30 metres 20:1 or moro, 17 metres 15:1 or mor, 

15 metres 6:1 to 12:1, 12 meters 3:1, 10 meters 10:1 to 20:1 


11000 Ohms into 50 Ohm coaxial cable wil result in a massive dumping of your power - lost as heat in the coaxial 
cable instead о! being radiated as a useful signal. However, high SWR is not in ise a bad thing - it's just that the 
correct type of feeder and impedance transformation method needs to be used. The incorrect feeder is coaxial cable 
“the correct type of feeder is balanced Line or Ladder Lina feeder. This can be the typical slotted 300 Ohm lype or 
the 450 Ohm window line! which are commercially available. Even better, make your own open wire, balanced Ine 
feeder. Spacers can be bought commercially or home brewed’. The spacing for this paralel ine should be about 2 
1o 3 inches (50 o 80 mm) - the width of the spacing is not particularly critical, but whatever width is chosen should 
be maintained as accurately as possible along the length of the feeder - Le. it should be parallel. 


‘The Doublet can taka more time and effort to tuno, prune and adjust. It wil also need a good antenna matching unit 


(so-called "ATU") and low loss balun, but the reward wil be more effective performance due to the much reduced 
loss inthe balanced line feeder system. 


Doublet Aerials - a better alternative to a GSRV 


(Check out the The classic All Band Doublet and the NorCal Doubiet for very simple, effective and versatile antennas 
for mull band operation: 


‘The ALL BAND Doublet Antenna 


‘This could very well be the fist antenna that one should try in order to get on at least one band very efficiently but 
also several oher bands with the use of a good ATU. 
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Ай Band Double - htip://www.hamuniverse.com 
See My All Band Doublet Antenna here 


The all band Doubiet antenna is nothing more than a 1/2 wave dipole cut for your lowest operating frequency and 
fed with twin lead, ladder line, open wire, etc to a tuner that wil accept a balanced ine connection. IT MUST NOT 
ВЕ FED WITH COAXIAL CABLE! 


t can bo designed for use from 160 through to 10 meters very easly using the standard 1/2 wave dipole formula: 


468/freq MHz = total length % 
The exact length is not critical! 


I there is insufficient room for a lower frequency version (160m or Вот), then the Doublet can be designed to the 
shorter wavelength af the 40 metre band and used up to the 10 metre band. (Do not attempt o operate on a lower 
frequency than 7 MHz in that case since his could damage the a.Lu.) It may be possible to connect the ands 
together and lune it against ear If you have а good enough earth - and use lower frequency bands. For best 
results a doublet should be mounted as high as possible (as with many aerials) and can be erected as a flat top or 
Inverted V. 


А Doublet Antenna needs a good antenna matching unit with a wide impedance matching range (obviously not the 
(one in the radi!) Preferably his should be a balanced antenna matching unit. but an unbalanced matching unit can 
also be used together with a good low loss curent Guanella balun, such as the extremely high quality tems 
avaliable тот G-Whip Antennas. 1 use a 4:1 G-Whip guanalla current balun with my Doublet, bul many users 
recommend using a 1:1 ratio current balun - again, this is a case for individual experimentation. 


(A more detailed description of the Doublet Antenna can be found here >> 


тке Al Band HF Doublet ean also be found оп Ham Universa: ip hamuniverse comio 


CCC 
NE Create а тее account at ee 


The Norcal Doublet 
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The Norcal Doublet Antenna: hip/wvewnorcalarp org/norcaldoublel him. 


‘The Norcal Doublet is a simple antenna that is 44 feet (13.4 metres) long, 22 fot (6.7 metres) por side. The Norcal 
pagas report "that the antenna would have basically ће same radiation patterns оп all bands from 40 - 10 meters. 
‘This would be very handy to have far field operation... You wil need the following materials: 50 foot of 4 core 
stranded computer cable; 1 40 Fishing Swivel; 1 Cable le; 2 places of fishing cord." 


‘The antenna can be hung from trees or cheap telescopic roach’ Sota poles. Doubling the size would allow 
‘operation on 80 metres and even 160 metres by shorting to twin feed together at the transmitter end and feeding it 
‘against a good earth as a Marconi type antenna. 


An effective multi-band "4 Dollar Special" by Joe Tyburcy - WIGFH (An Inverted Veo Doublet Antenna - super 
cheap - super effective mullcband) 


oe Tyburezy, WIGFH provides some sensible insight and advice, he writes: “| am a big fan of ‘balanced line" (twin 
load, open wire line, etc.) vs. coax. By using balanced ino and a tuner you can have one, single-olomont antenna. 
that works wall on ай bands. You cant do that as easily with coax. Tho basic "W1GFH $4 SPECIAL" shown below is 
а variation on tho type of , using for yoars...Naw а! this point, some of you may bo. 
%% Joo, that's just a dipole fed with twin lead and used with a tuner". Well of 
%%% sides") in some form or another. This one ust happens to 
Бо mado from low-cost materials... won't go into tho theory here, but trust me: balanced feed ine, properly used, 
does not "leak" RF and is less lossy than coax. [vo td the commercial 450-ohm ladder lino, but prefer 300-ahm 

TV twi lead, and the cheaper tha better. Radio Shack TV twin lead is ideal. Homo Depot has some good stuff, too. 
Forgot all tho obsessive junk about standing waves, impedance and velocity factor. What you really need to 
‘concentrate on i getting an interesting set of antenna insulators." 


Read Joe's excellent article In йв entirety here: itp www д5 newb tofh/antenna html 
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4 Dollar Special by WIGFH 
кр. netiwetofh/antenna mi 


Inverted L - 80 metres to 10 metres 


‘Atypical Inverted L antenna will be trapped for 40m/80m using а 7.1 MHz trap. It is essentially one half of а W3DZZ 
‘dipole so can be accommodated very much more easily into a small plo or garden - especialy as par of the 
antenna is running vertically up a wooden or fregiass (non conductive) pole. This should allow tto bo fitted Into 
uite a small garden such as mino. Ifs a very useful antenna inthis respect, and because there is а good length of 
wire in the ar i radiates quite well 


The inverted L is also a very effective aerial because it has the benefit of both vertical and horizontal radiation. 
While Inverted L's might make good TX aerials, Ike ground mounted vertical aerials they do have the potential to be 
a litle пову on RX. This will depend upon local circumstances and noise sources. However the fact that the feed 
point will generally at the bottom of the garden, well away from the house may help o keep ORM to a minimum. 


‘The Inverted L is extremely easy to home brew. Spectrum Communications can also supply the completo aerial as 
shown below. It should give excellent performance on 80m and 40 metres, with 20 metres also being good but also 
allowing use on 15m and 10m and possibly one or two of the WARC bands. 


I you fancy home-browing the completo antenna, except for the 7 MHz trap, traps are availabe to buy commercially 
from suppliers such as Spectrum Communications and Solabsams who supply very neat and lightweight devices, 


Use a Remote Automatic Antenna Coupler: The use of a good Automatic Antenna Coupler, such as the CG 
Antennas CG-3000, at the foed-point with а simple inverted L wire wil provide a very good Mull-Band aerial that 
саша be used on ай bands between 160m and 10m and should be very simple lo deploy 
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TRAPPED INVERTED L ANTENNA 


19" ami 


20-10 mala, tll a mah gala Re 
Spectrum Communications Inverted L bul trom both vertical and horizontal radiation 
oir 


More about Inverted L Aerials: 
The inverted L for 4Om/80m is shown below Is essential ona half of a W3DZZ dipole fed against ground using one 
1.1 MHz trap. its а very compact antenna and is simple to construct. Itis most efficient, of course, on 80 metres and 
40 metres, but can also ba used, with an a Lu, on 20m, 18m and 10m. 


Find out how to make one here: hilp/vavw users Jescolland nel-lan paget/Stk20band*t2OInvertedtt20L. 


‘The basic layout of the Inverted L Antenna by Len Paget GMOONX (Practical Wireless) 


Adding 160m / Top Band to an Inverted L 
Tho 160 metra Top Band can ba added to his aerial by connecting a 3.5 MHz trap at the end of the 80 metre wire 
(where to monofilament joins the 6.55m section of wire below) with another length of wire on the other side, 
increasing the overall length of the antenna. 


Find out how to do it here: hilo Jw users jcscotland na/slen pagoVinverieg201 %20adding%420t10p%420band.pd 


вә 
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By Lon Past GMGONK 


Adding Top Band to an inverted L by Len Paget GMOONX (Practical Wireless magazine) 


160m Top Band Inverted L' Wire Antenna 


{At the time of writing | am using a 40m/80m Inverted L aerial and in an attempt to get оп Tap Band I have also been 
‘experimenting with a shortened 160m antenna in an inverted L configuration that uses a wire about 19 metres long 
“about half the size of a ful size inverted L for 160 Metres. 


A Top Band aerial of this type also needs a very good ground / counterpoise and can suffer the disadvantage, ike 
¡ground mounted vertical aerials, of being rather noisy on RX . The drawing below shows the general idea. Read 
more hare > 


Egg hevar 


Kor pole -5m tigh 


E adio vocdon pot 
— 
. пына conection at bs 
Top Band Aerial by MOMT] 5 


General layout of Top Band Aerial with fibreglass pole retracted to а height of 2 metres 
Wire lengths are approximate: Inductor Sem día with approx 40 tums of enamelled copper wire 


Full Wave Loops and Delta Loops - An easy to install and effective antenna for multi band 
operation 


Easy and low visual impact - а full wave loop: With a larger garden a full wave loop could be easily 
‘accommodated horizontally without the neighbours even noticing. A garden with a perimeter of 40 metres would 
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easily accommodate a full wave loop for the 40 metre band and would work up to 10 metres or even 6 metres with 
ап ATU". A garden with a perimeter of 80 meters would accommodate a full wave loop for the 80 matre band and 
wouid work up o 10 metres. 


‘Small Loop for 20 metres to 10 metres: A loop for 20 metres or 17 meters ls relatively compact and could easily 
be installed In small postage stamp’ sized gardens, A loop antenna could bo triangular, square (Quad) ог cirolar, 
But a square loop (and indeed circular loop) would need more supporting points than a deita (triangular) loop, з а 
Delta vap is Ikel to be the easier option. 


‘The loop is really a single band antenna cut for ono wavelength on the band of interest, however It can also work 
quite well as a cheap and easy to install mull-band H.F. aerial. A loop consisting of а 17 metre length of thin 
antenna wire, for example, will work well оп 17 metros but may also give 15m, 12m and 10m with an ATU. My own 
loop is made from an 16 metre length of wire, tuned for the 17m band, but can work on higher bands. A 40 metre 
loop wil be considerably larger, but it might stil possible to accommodate in many faly compact gardens. 
Performance wil depend on height and orientation. 


Feeding the loop at the top or bottom wil give horizontal polarisation, while placing the feed point on the side wil 
{ve vertical polarisation. The apex can be at the top or the bottom, but performance should be better with the apex 
‘at the bottom with the flat wire across the lop - however for ease li may be more convenient to support a Delta Loop 
оп a single polo, meaning that te apex would be at the top. 


Ideally а loop should be fod with balanced line back to the shack, connected to a balanced line ATU or other ATU via 
'a 4:1 balun. Alternatively usa а 4:1 balun а! the antenna end and run 50 ohm coax back o the ATU / bevr - though 
losses wil be greater doing it by this method Ifthe coaxial cable is quite опо. 


f one can install a separate antenna for the lower frequency bands of say 160m, 80m and 40m, then a Loop. 
‘Antenna could be a good partner o allow operation on the higher bands of 20 metres to 10 meters or even ê 
metros. 


A loop should be real very easy to Install using a single support pole and vary cheap too! All that's needed is the 
supporting polo, some cheap wire, а 4:1 balun which can be home brewed! and some thin cord and insulators which 
should not be an eyesore either. 
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SUPPORT ROPES SUPPORT ROPES 
RANDOM DELTA LOOP 
ORCUMEERENCE COVERAGE GREAT FOR DX! 


75 20 METERS a UP 
E DO METERS а! 


THIS ANTENNA MUST ве USED WITH 
A TUNER LIE YOU HAVE A TRUE BALANCED 
TUNER, YOU CAN ELIMINATE THE 4:1 BALIN 
AND RUN BALANCED LINE ALL THE WAY TO 
THE TUNER, 


Aso они BALANCED une 
ANY LENGTH NEEDED 


WORKS WELL AT LOW HEIGHTS | 
сан BE INSTALLED HORIZONTAL 
коң OMNI DIRECTIONAL COVERAGE 


тиг RANDOM DELTA LOOP ‘OR MOUNTED LOW AND HORIZONTAL 


IS A DIRECTIONAL ANTENNA FOR IIS WORK 
WITH RADIATION BROADSIDE 
TO THE LOOP, ORIENT FOR 
DESIRED DIRECTION OF шаны 
COVERAGE 
солк er: on SHORTER kema amt 


A Multi Band Wire DX Loop Antenna by KCBAON 
lw tuerlnkradio comvanlyperchrlOfenavet82T him 


Available at para urbaskeLeu and Rp ern 
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Using fibreglass fishing poles (Sota Poles) two 7 metre long poles can be erected in an inverted V shape and used 
бо support a 20 metre delta loop which will be usable on 20m to 10m and also adaptable for use on the 40 metro 
band. 


The two serial wires used are connected directly to а 4:1 balun which is, in шт, connected to an ATU such as the Z- 
11 Pro or Z-100 via coaxial cable. See this page which » 
what will be achieved. The finished aerial wil Бе very much like tho commercially avallablo ProAntennas DMV.Pro. 


W620 Delta Loop - fed with 4:4 Balun - 40m to 10m 
Low ros cormIKIOGU!wêzodeita. ntm 


The Loop Antenna. Ideal - cheap, easy, multi-band, simples! - 
Lots of links to other Loop Antenna information on the inks pago here 


Omni Directional Multi-Band Horizontally Polarized Delta Loop 


I all that can be erected is а single pole, masts or telescopic polo, hero is an option that wil provide a horizontally 
polarized signal on 20 / 17 / 15 / 12 / 10 metres - the Sandpiper Aerial Technology GM3 (designed by GM3VLB). A 
similar idea, providing omni-directional horizontaly polarized signals, is the G3TPW Cobwebb Antenna from Stove 
Webb. 


‘These look ike good ideas, though | have yet to make one to test. 
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Sandpiper GM3VLB Antenna. 
nun sandpiperaerials co ukt 


'G3TPW Cobwebb Antenna from Steve Webb - photo by G3TXQ 
. hip we kariya neta. 


Resonant Vertical Antennas 


Low SWR: Having a low vs.wr. across the whole of HF may seem, at fist glance, to be a good thing - but my 
dummy load has а very low v.s.w.r. from HF to ИНЕ, it does nat make ita good antennal As far as aerial systems are 
‘concerned, having a ow vw. across the whole of HF is probably not the bast way to judge an antenna -a wide 
band low vs ar could indicate а fault with the aerial or feeder system -or just that lossy matching transformer that 
is gently heated up by the power applied from the transmitter! 


A low va is a good thing in а resonant antenna, It will help demonstrate the antennz's point of resonance - but 
the vs wir. wil rise either side of resonance. So: 
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‘The next commercial option is an antenna that is truly resonant on a number, but perhaps not ай, 
bands. The Hustler and Butternut varieties aro very well known and offer well reported good 
performance. 


‘Some vertical antennas use traps to achieve mull-band performance and as such are essentially 
опе half of a rap dipole, fed against ground. A consideration is that the traps themselves, 
particularly if тре taps are used, wil introduce losses to the antenna system. It should also be 
noted as an additional consequence of using traps on a ground mounted vertical antenna, Is that 
the highest frequency element wil inevitably be positioned at the lowest position on the aerial - not 


а good position lo be, especial for local ground wave radiation whore signals wil more easly Бе ~ — 
screened by local structures. Ground conductivity also needs to ba good for verticals to operate 
efficiently < 


‘The Hustler .BTV, S-BTV 8 6-BTV aerials aro examples of mult-band verticals hat use tape: — 
many amateurs report great success with Hustler aerials - and it is very low profile oo, Indeed an 
amateur friend of mine uses a Hustler with great success and has even modifed an additional top 
resonator so thal the aerial can be used оп 160 metes. 


Other manufacturers of resonant vertical antennas. using varying design methods, include GAP, 
Cushcraft Diamond, HyGain, and the well known Bish names Moonraker and Sandpiper. 


‘Advisory: These are perhaps a good idea for limited space situations, but the shorter versions wil 
ol work wel оп ће lower HF bands. A 6 metre tall antenna cannot possibly work terribly well п 

(40m or ВОт, but may work well on the 20 melre band and above, However one could easly home 

brew an equally effective antenna fora fraction of the cost of a commercial antenna. к 


‘Sandpiper Aerials 


‘Sandpiper Aerial Technology offer an enormous range of amateur radio antennas from HF to UHF. For HF working 
‘Sandpiper offer numerous options including simple multi band resonant antennas supported on fibreglass telescopic 
poles using either changeable or plug-in сойз for diferent bands to the famous V range and shorter and more 
Compact MV range and the Portable MV antenna on its own pod base. The V and MV ranges use а rather 
Innovative design, soon above right. The V and MV antennas are available in versions that cover all the HF bands - 
ог as cheaper versions that just cover the particular bands of interest. tw sandpiperaeriale co.uk) 


Vertical antennas wili be quite short when compared to the wavelengths of some of the longer wavelength bands. 
(particularly 40m, 80m and 160m) and so wil nol radiate as efficiently as а ful size resonant aerial. The bandwidth 
Wl also be aule narrow. Setting up a mull band antenna to be resonant al the required portion of each band can 
‘sometimes be a itla time consuming, but for the convenience I might be a price worth paying. А vertical antenna. 
wil generally have a low angle of radiation which is a good thing for long distance DX but verticals сап be very noisy 
оп RX compared to a balanced dipole and as previously alluded to, radiation efficiency wil be very low when 
‘Compared о a full size single band resonant antenna. Allractve options? 


‘Alternatives: My favourite way of experimenting with aerials is using a 10 metre long fibreglass telescopic fishing 
polo as tho support. These fibreglass poles аге lightweight and easy to carry, put up and take down, ideal for 
Supporting ightweight vif. and u-h f. yagis, wire dipoles and doublets and also for supporting vertical wire aerials. 


‘The telescopic pole must be made from fioroglass, not carbon fibre which is electrically conductive. 


Опе great design is by Dave G4AON who writes on his web page: "There seams to be a myth among many newly 
licensed radio amateurs that an antenna works better iit costs a lot of money... The antenna shown hare costs 
around one tenth the price of a commercial vertical, yet it wil perform as well as (and in many cases better than) a 
trapped vertical antenna. This antenna is based on a 10 Metre long fibreglass fishing pole... he poles wil colapso 
Inside the sections unless each joint s secured with PVC tape, for more permanent Instalaiions glue could bo used. 


The wire lengths are calculated from the formula L = 234/F, where F is the frequency in MHz and L is the wire 
length in feet. Those lengths work out o around 33 3". 23 2" and 16 7" for tha 7, 10 and 14 MHz bands. The 
lengths for 7 and 10 MHZ were more or less correct, however probably duo to interaction between the wires the 14 
MHz wire needed lengthening by around 4* for minimum SWR. Wire size is not споса, but itis probably better lo 
‘avoid the thinnest hookup” wire. Note, ground conductos and elevated/buried radials make a significant 
Impact on both the performance and tuning of a ground mounted vertical. In tho case of buried radiais the vertical 
may resonate significantly lower in frequency than expected.” 


‘The antenna shown on the right is made for tiple band operation on 7 MHz, 10 MHz and 14 MHz by the use of 
parallel wires, but an aerial based on а fibreglass pole could be single dual, tiple or even - at push - quadruple 
Band. 


The more bands included tha mora dificult will be able to im to tune for resonance (as with a fan dipole) sa to 
keep interaction to a minimum the wires should bo quite well spaced. Like ай quarter wave verticals aerials a good 
ground plane wil be needed. 
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‘See G4AON's excellent full article here: урум asl neviotacnivertica/ 


Horizontal Resonant Wire Aerials 


The great advantage of a vertical antenna is that they have a very small footprint, Le. they 
сап be installed in the corner of many small plots and gardens. True resonant verticais 
сап properly cover many, if not all, the HF bands. However to be reasonably effective а 
Vertical needs a very good ground and also must be quite tall, inthe order of 6 la 9 meters 
in many cases (about 18 to 30 feel). This may cause objections from the XYL. Another 
disadvantage might be thal a vertical has V 
NVIS), a consideration forthe lower НЕ bands, so atr the local ground wave coverage. 
there wil be ile or no signal unti after about 800 miles, not good for inter G working. (ref. 
G&JNJ) - So ry some Dipole Antennas: 


Dipole Antennas 


‘The dipole antenna is possibly the simplest and cheapest antenna to make. It it cut for 
‘single band operation where it should make а very efficient radiator. The simple wire 
dipole should be quit discrete, though not entirely Invisible, bul should not rase too many 
‘objections from the XYL or neighbours. 


For some dipole ideas see this page: 
hllp/iwwasinetiatdxlamatedgractcal dipole antenna him 


How to make a basic dipole by Marshall NTFN : Брамы morsex.com/dipolaindex. him 


‘Also see this detailed and useful page: hit: vw dzone. com/ca-bidirlumo? cal? 
1027499 


Calculator: 
ll Jw. sean1226 pen blueyondar co ukidesian your own antennas14201.htm 


TRAP Dipoles: 


The next type of antenna to consider might, then, bo a horizontal ог sloping wire antenna. 
Perhaps the most familar mull band wire aerial s the rap dipole. The tape, in simplest 
terms, divide a wire dipole Into two or mare resonant sections so that Iwo or more bands can be covered. 


As far as commercial options go then there are quite a number. Tony Nailer of Spectrum Communications produces 
а great deal of useful equipment and accessories including some well designed and wall made trapped dipole 
aerials based on the vary effective W3DZZ design. In particular the Full Size G4CFY resonant on 80m and 40m and 
also allowing operation on 20m, 15m and 10m, also the Half Size GACFY resonant on 40m and 20m and 
additionally allowing operation on 15m and 10m. 


Vist how spectrumeomme.co Ui G2DYM.hlm for more information. 


GACFY Trap Dipole 80 - 10 metres 
Based on WSDZZ design. Side view. 


70,090, or 108, 
or 128, oF 140 ft 
750 twin feeder. 
Spectrum Communications GACFY Trapped Dipole 
ib rw soectrumcomens. co uk. 
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Spectrum Communications G4CFY Trapped Dipol 
. 


More about Coaxial Trapped Dipoles 


A trapped dipole for 40m and Вот offers the advantage of being somewhat shorter than a ful size single band 80m 
resonant dipole plus it offers 40m as a resonant band plus the possibly of working on 20m, 15m and 10m. There 
аге several designs available on the web for this type of aerial so Google W3DZZ. One of the most comprehensive 
Sets of instructions is by Lon Paget GOONX. Fine ош more hero: 

lb wiser icscotand neli-len page GMOONX%20irap%.20dipole pdf 


‘This would be my choice i| had the space, though since a dipole is а balanced aerial it would make more sense lo 
use balanced twin feeder (as in the Spectrum Communications implementation af this design) rather than coaxial 
cable which is an un-balanced and more lossy feeder. 


v ГТ 
ma tH m к 


Fig 1: The overall layout of the 
W3DZZ antenna. 


The W3DZZ Trapped Dipoi 


a balanced acral, во use balanced twin feeder! 


Here в a variation on the W3DZZ 
(28MHz) resonant element as a an 


by the Maidstone Amateur Radio Society that adds a dedicated 10 meter 


Kg Awwmds076.2.k/Conteni/amateu radio antennas 04 htm лев? 


10202017 ANTENNAS & AERIALS 4 - Notas and Queries - Amateur Radio by MOMTJ, Antenna Designs, Mul-Band 


W3DZZ МКП 


32.9M Top 


1645m 


Mhz Trap Mhz Trap 


28 Мы: Twigs NO ~ team 
wire 8 fishing line supports 


Several dozen боша fene 777. 
beads 


our er TV coe 


30 chm cons tate 


WSDZZ Dipole Aerial 
nto wn inter 


ign by the Maidstone Amatour Radio Society 
com-<haun scannellcubiwSdz2 him 


Moonraker supply a whole range of wire гар dipoles covering from 2 to § HF bands (MTD1; MTD2; MTD3: MTO4; 
MTDS; МТОВ). Diamond also produce trapped wire antennas, the W-721, W-728 and W736. Comet and Diamond 
each produce similar interesting 5 band wire dipoles that иге both traps and а fan arrangement - the Diamond 
\WB010 and the Соте! CWA-1000. If space really i ented then ок out for KZ) Communications (dongo1950 on 
ebay) - ho produces ‘Limited Space Inductive Dipales’ These aro inductively loaded and shortened dipoles so they 
wil have reduced efficiency, of course, but are vary nicely mado, so might be very useful in a tight spot. 


(Alpha Delta Communications produce a couple of substantial parallel dipole models: Һарун alchadoltacom.com 


To obtain good efficiency and achieve a low angle of radiation, desirable for longer distance DX. a horizontal dipole 
reeds to be installed ala good height - over 20 feet would be desirable and iis quite common l install horizontal 
dipoles al around 30 to 40 feet above ground level. This might bo a problem at some СТН, it certainly is at mine! 


Allan Copland, GM1SXX comments: "The dipole wil operate well an the band it has been sized for , if placed at a 
‘suitable height, but wil also operate as a thres-hall-wave’ aerial at three times the frequency and sû on, so it's not 
‘strictly a single band aerial. An 80M dipole (132 feet typical) wil work nicely on 30 metres (three half waves) but 
пог on 40m (two half waves)... because on 40M the feed-point іс at a voltage node and not at a current node, for 
easy feeding. Most aerials are current fed. 


‘The radiation pattem changes when a dipole is not used on its design frequency. The pattern wil break up into 
тире ‘petals. This can be ether a disadvantage or an advantage depending on what you expect from IL. Since 
most of us use co-ax, an UN-BAL should realy be used to connect he unbalanced feeder to tho balanced aerial 
but how many people actually bother? Not many | suspect. It's possible of course to use a balanced feed-ine 
system instead wih a dipole and just have a delta match (no centre insulator... none needed). There are many 
choices and permutations, but in general, dipoles are centre fed at a point of current maximum (and minimum 
Voltage), 


A normal dipole is current fed but of course can be voltage fed instead. This is what's done in the EFHWA or Fuchs 
aerial where a resonant half wave wire is fed at one end (max voltage min current) from an LIC tank, against a very 
short counterpoise wr. 


Fan Dipoles (a.k.a. Parallel) Dipole: 


‘Another design of multi band wire dipole is the fan dipole, or parallel dipole A fan (or parallel) dipole will have, 
perhaps, two, three or four individual resonant dipoles win the arms arranged in afan shape. 


(A fan dipole is a very handy way of using а dipole that wil be resonant on several bands - typically three ог four. The 
fan dipolo (a.k.a. Parallel Dipole) 


‘See MOWYM's page for a ORP Fan Dipole design: tp;/Awiawsadiowvmsey.org/FanDioolo/fandipioe him 
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Seo this page for construction details: t. har арок 


—€——— 


F 
ly ope dv on suport hn eas reach, N ak апа тиса SAR. 
шуен ам пе amano в тиге postion 


estatales 
‘sere 
“hese lens are not exact Some uning may te recurar. Use tho 
nari Toma 48 rom er toto fo fr ach bana ro а 
"tore aut pach onthe r chori ac co. 

"Fan Dipole shown on Ham Universe 


KIANRH built a realy neat fan dipole shown in the photograph below: 


Fan Dipole by kinrh 
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Link Dipoles 


Link Dipoles (aca Jumpored Dipole) facilitate mult band operation by simply connecting the jumpers (one on each 
sido of the aerial) to achieve the desired resonant band. Perhaps a bit bothersome for frequent band changes, but a 
very simple and effective aerial and very handy for portable operation, not to mention efficient for ORP. 


Bond 3 
(oven Frequency) 
Bona 2 

4 
Inner Jumpers Coses (Outer Open) Nansonauctive 
"er Operation en Bara 2 ‘Support Live 

еса) 
ce 00 


Link Dipole -ref ARRL. 


Sloper Aerials 
‘Alternatively а dipole can be installed ав a sloper; one and fixed o a high point on the house or building, or a tall 


post maybe 8 to 10 metres high, with the other end attached to a lower point such as a post maybe 3 or 4 metres 
high. This wil give the aerial some directivity. 
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Inverted V Aerials 


‘Another option maybe to support the dipole at ts centre on a tall pole, o гоо! apex, with each end sloping 
‘downwards to lower fixing points. This wil give the aerial an upside down V shape. As with a saper, the Inverted V 
arrangement wil give the aerial somo directivity - a different radiation pattern compared to а straight horizontal, 
dipole. 


GACFY Inverted V 


Side view. 
we ERN 
2 or 128, oF 140 A >. 
750 twin feeder 
Spectrum Communications GACFY Trapped Dipole in "Inverted V" configuration. 
Eto ww soectrumcom ms co uk 


‘The Classic Doublet Antenna Again. This me in an Inverted V formation 
Using an inverted V can help i a dipole into a slightly restricted space. The Inverted V arrangement can be used for 


single band resonant dipoles, rapped dipoles and fan dipoles. The Doublet must bo fed with Ladder Lino or Open 
Wire balanced feeder for efficient Mull-Band operation. 
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go ter Riny = 9.14 ani 
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Panes: 104 MHz 


100 


E E 


The first band on which we discover nulls deep enough to cause concern is 30 
meters (Figure 9). The nulls become very much deeper on 20 meters (Figure 
10), where the EDZ narrow beamwidth becomes quite significant in antenna. 
planning. 
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(ALA, details for an inverted V fed with open-wire line for mult-band HF operation. A Transmateh is shown at B, 
‘suitable for matching the antenna to the transmitter over a wide frequency range. The included angle between the 
two lags should be greater than 90° fr best performance. rf: QSL nel) 


Vee Configuration 


(Comet and Diamond produce Vee antennas that can be mounted on the side of a building at roof height, or on a 
pole, telescopic pole or other suitable support. These are trapped dipoles in an upright V configuration, not made of 
Wire but of aluminium tubing for sold construction. Typically covering 40m, 20m, tém and 10m. The Comet model is 
H-422V, The Diamond Model is HFVS which also covers 6m. 


‘These aro shortened antennas so cannot bo expected to have high performance on the lower HF bands, but if 
space ls restricted the RF compromise may one thal has to be taken. 
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Diamond HFVS Antenna. 
Diamond HFVS Antenna 


Thoughts from Martin GBJNJ on multi-band wire antennas: 


Multiband Wire Antenna by Martin G8JNJ — 
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Linear Loading 


Linear loading а dipole can reduce the length o help fit a ling dipole ino a shorted space by essentially folding back 
‘some of the dipole elements. Неге is а design by KAVX for a 7MHz Linear Loaded Dipole: 
Hato vw art.orafiesle/Technologvlsinlo/od170207040. 


End Loaded Dipole 


End loading can also help reduce the size of antennas, particularly useful for dipoles used on the 80m and 160m 
bands. 


An end loaded dipole wil produce an antenna tat is Н shaped. There are several commercial designs available 
produced in designs hat cover a single band and olhers that cover multiple bands. The version shown below is only 
3 metres tal so wil be suitable for very unobtrusive, low prole use. It is the ProAniennas Mult-band I-PRO: 20m 
17m 18m 12m tim & 10m which uses a capacity hat with some loading at the cente. 

Bio nv proantennas. co u 


Other similar antennas were available from Force12 Antennas in the form of, amongst others, ha Sigma 5 and 
‘Sigma GTS, The Sigma design used T-bars at each end of the vertical dipole for loading technique and off-center 
loading сой. htp/wvew/orcet2inc.com This was supplied supplied in the UK by Vine Antennas at one time 
ионами пасот co uk . Transworld Antennas also have produce antennaa using a similar concept - the TW2010 
‘Adventurer and Backpacker ito /ransworldantennas.com 


KAY Notes that: "I have come to the conclusion from my experiments, readings and observations, that a capacity 
hatted vertical dipole, a few feet over ground, is less compromised than a 1/4 wi vertical of the same height fed 
against less than perfect ground. Let's face it, most amateur ground systems are mediocre at bas. Also, the 
dipole is easier and cheaper to rig, and is two dimensional. Very importan in my situation, as | cannot run out radials 
оп my neighbours property. Or, o quote WARNL. "Since only a handful of hams can ever have 160-meter antennas 
high enough to yield a low angle DX signal, moro practical are vertical arrays such as yours. Vertical dipoles with 
hats (or Tees) save a plethora of wire needed by monopoles” hitp www dxzone com/cg-binidiclump? cai? 

1406 


оров 


End losded dipole 


Of centre fed End loaded dipole 


Information by KAY 


httpifhunwwmds075.ca.uklContentlamateur_radio_antennas_O4. f- EI 


Torsootr ANTENNAS & AERIALS 4 - Notas and Queries - Amateur Radio by MOMTJ, Antenna Designs, MultiBand 


n у = 480" 


1 The smaller the radiating 


element, and the larger 
ess than se he capacty hat, the 
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Tesonant length 
{compared to 458m 
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Interesting concepts from K9AY 


End Fed Half Wave Antenna 


‘The End Fed Half Wave Antenna (EFHWA) is fed at a voltage node via a parallel resonant circu against a short 
counterpoise, iis a favourite of backpackers and outdoor types. It can be considered as a half wave dipole that's 
'end-fed at a voltage node rather than the current nade, as is more usual. This is а very handy arrangement for 
portable QRP work. 
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EFHWA Link: hp ath сопуећа him! 


FFF 
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p 
= 

AASTB Ideal End Fed Half Wave Length Antenna 


End Fed Half Wave Antenna by AASTB 
hip www. 251 convetha himi 


"I suspect that nothing new or radical has happened in tho feld of radio aerials in a VERY long time, Ike at least 
many tens of decades. Most of the new wonder aerials are really a con. Choke off the feed-ine and then see how 
{good they real are. Prime among the baddies is the CFA. It doesnt realy work, at least if you place a choke in 
the feed-ine. With any real aerial, there should be minimal radiation from the feed system... зо а choke should 
really make no diference at al, but for the CFA it does! The CFA is not alone, there ara others. The popular GSRV 
is another design with a radiating feed, deliberately so, but of course GSRV planned it that way. He wasn't 
cheating... merely being a bit devious, to make it то Һалк". 


"Lots of шї to pass on to my fellow radio club members, most of whom are of the “fits not expensive, it can't be 
any good! school of thought when it comes to aerials. Nothing of course could be further from tha truth! Aerials are 
‘one area where it makes a lot of sense to bulle our own." : Website of GMISXX - 


‘Thanks for your email Alan. I's a good idea to point out that an antenna could be pressed into use on add multiples 
of ts resonant frequency, hance а 3.6MHz antenna for 80m could be useful near the 30 metre, 10 1МН2, band - 
‘ear to the third harmonic of 3.5 MHz although, as you observe, the radiation pattem may bo quite distorted from. 
%% and be mora petal shaped. The same goes fora 7.1 MHz antenna for 40m 
being usable on t third harmonic of 21.3 MHZ for the 15m band - a 40m dipole being ree half waves an the 21 
MHz band. 


1 have not experimented with a ful size 80m dipole, but | would guess that it might be useful at 5 times 3.6Mhz in the 
18 MHz 17m band? 


‘The point made about feeding a familiar dipole at tho current nodo rather than the voltage node is obviously very 
Important and, I imagine, sometimes overlooked. 


PLANS: Download the pdf plans produced by GOKYA here> Moro from GOKYA here: 
hl la0kva blogspot com 


W3EDP Antenna 


a3 © 


counterpoise 


Frank, G3YCC comments on his website: Tho W3EDP needs a simple matching unit is needed to couple the wire 
le tha rig and a counterpoise is required for some bands, however there is room for experimentation. It has been 
shown that diferent lengths or removal of the counterpoise altogether, can improve performance, as described in 
RadCom, August 1996 by GaLCK. 

Kg Awwems076.0.k/Conteni/amateur radio antennas 04 h, EI 


10202017 


ANTENNAS & AERIALS 4 - Notes and Queries - Amateur Radio by MOMTJ, Antenna Designs, Mul-Band 


‘The Tuning capacitor in the AMU can be a 365 - soo f broadcast type or a miniature version is OK for ORP use. 
CCounterpoise lengths: 3.5 & 7. OMhz - 171; 14Mhz 6 Sf; 28Mhz - none 


Tuning Unit: Values for colis in the unit, based on a 2 inch former and is swg wire: 
ee 21 tums: 7.0Mhz 7 turns ; 10.ÓMhz- 5 turns. 


K3HRN Noles: “Some folks have told me the modifications below make the antenna something other than a 
\WSEDP. | can tell you that t works very well with 5 walls. Create a bundle” of counterpoise wires, 1/4 wave length 
for each band you wil use. Attach the bundle to the tuner in place of the counterpoise pictured above. Be cautious, 
1/4 wave length elements can have high RF voltages present, even at ORP power levels. Iva been able to work 
160-10, including WARC bands with this type of antenna". 


W3EDP or Zepp ? 
Its he antenna favoured by VA3QV for all band Portable ORP operating! 


\VA3QV uses this home-brewed antenna with a small LDG 2100 antenna tuner for portable ORP work 


Homebrew antenna by VA2QV 


Ivadqv wordpress.com 


Ye Olde Zepp 
Marconi spins in his grave every time а ham buys an aerial instead of building it! (warn) 


Неге is a wonderful olde woride style cartoon from WB1GFH that certainly inspires antenna experimentation with 
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antenna designs: 


Ye Olde W BIGFH 


FOUR-DOLLAR SPECIAL 


7. JUNKY 300 OHM 
TWINLEAD 


WORKS!" 


bamn 6000 GROUND 


Superb. Ilove u 


‘See moro inspiration from Јов Tyburczy, WIGFH, here: http vww.hamuniverse comi/fourdollarspeciaiwi ath himi 


End Fed Zepp "Zepp" 


‘The End Fed Zepp consists of a 1/2 wavelength horizontal radiator wire connected to ono conductor of a length of 
parallel open wire feeder, 300 ohm ог 450 ohm twin feeder. Tha fesder is alten quoted as being 1/4 wavelength 
long. 


Basic design of an ond fed Zepp 


(G Whip Antenna Products manufacture and supply a version of the Zepp antenna. Geoff GAICD explains: "The end 
%% just а tuned circuit in the feedpoint plus а half wave radiator. This is а 
most interesting antenna and can be Used on other bands withthe use of an Antenna Matching Unit” 
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‘high quality End Fed Zepp sive antenna: Ths varaton uses a 
tuned circuit rather than a tuned twin feeder. 
Supplied by G Whip Antenna Products of the UK 


wow quip co uk 


‘The end fed герр is a popular antenna often used to save space and gets its name from the fact that twas used as 
ап end fed wire тайпа ош rom the rear of Zeppelin arships. It consists of а 1/2 wavelength horizontal radiator wire 
connected to one conductor of a length of parallel 300 ohm or 450 ohm twin feeder, often quoted as being 1/4 
wavelength long. 


-em LOS 
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— wave — 


i wave 


60 N feed point 


drawing by Hot 


Zepp Antenna by K4EFW 
Бирча hamuniverse com/diaantennabook him! 


KAEFW notes: А hall-wave resonant antenna can be fed from its end. When fed this way, iis also known as an 
'end-fed zepp. An end-led zepp wii work on its fundamental frequency and on odd and even harmonie frequencies. 
The end of a half-wave antenna has very high impedance, and an antenna fed this way is sad to be voltage fed. 
Feeding a half-wave resonant dipole in tho contar means itis current fed. The normal way of feeding the end-fod 
antenna is with ladder-ine. One side ol the ladder-ine is connected o one end of the antenna and the other side of 
the ladder-jine is connected o nothing. To secure tho unconnected sido of the ladder-ine, itis connected to a short 
wire running between two insulaors. Since the antenna is connected at йв high impedance point. no current avs 
into an antenna, but there wil bo a large current in the center of this antenna. No current lows from the open sido of 
the feed-ine because itis at a zero current point. The end-lad zepp can be matched by cutting the ladder.ine lo a 
quarter wavelength with the bottom and of the ladder-ine shorted. A certain distance above the short is а 50-ohm. 
Tee point and it сап be fed direct with coax. You wil have lo find the 50-ohm point by trial and error. This method 
of food makes а single band antenna’. Quoted from KAEFW. 


Неге в a commercial product made by G-Whip Antennas of tho UK offering thelr version of a Zepp antenna design: 
lion awhio. co uid 

Martin GBJNU highlights a very interesting antenna designed by Mike G7FEK here:- 

‘The G7FEK antenna goes several stages further han the simple single band End Fed Zepp. G7FEK has produced 


а design for Muli-Band operation claimed to offer much improved performance over a hal sized GSRV or Windom 
antenna while additionally providing access ta the 80 Меге Band. 
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G7FEK Limited Space Antenna 


тєк Mut bana "Nested Marconr Antenna 2008 Version (rev 5) 


А 46 ft multi band antenna for small gardens that works well on 80 meters 
Main bands (@~50 ohm) are 80m / 40m / 30m / 17m / 15m / 12m 
Other bands (see text): 20m / 10m 


Eme 


G7FEK Limited Space Multi-Band Antenna 


нег нг 
Lom 


‘aia а ему: ми ainara on opor see 
‘Adding 14MHz to the G7FEK Limited Space Multi-Band Antenna 


‘The G7FEK design will allow operation on 80m / 40m / 30m / 17m 15m / 12m with the possibility to add the 20m 
band, 


GEEK Plans: Download the plans for the G7FEK antenna from G7FEK's website hare o from this website here, 


Tuner Design For Half Wave Vertical and Similar Length End Fed Antennas by car od 


byw radioaficion. com/HamNews/articles/821 8-tuner-desin-for-halwave-verticat-a-similar-length-end-fed- 
anlennos him 


Off Centre Fed Dipole (OCFD) - so called ‘Windom’ Antenna 


‘The "Windom Antenna" was described by Loren G. Windom W8GZ It could be an ideal wire aerial for use in 
restricted spaces for mai bang operation. It may also be an good candidate for portable work 


lis a wire antenna, similar to а dipole, but unlike a dipole or doublet which is fed at the exact centr, a Windom or 
О Centre Fed Dipole, as the name suggests, has the feed point off center 


Current versions of the Windom are not actually Windom antennas at al - instead they are fed with coaxial cable 
‘and have a balun placed al the feed point. These are Off Centre Fed Dipole antennas - OCFD. They are similar in 


Ft: win mós975 co uk Contentamateur radio antennas 04 f. sus? 


Antennas Made of Wire - Volume 1 


Outer Ring = 10.39 ani 
o 


Y Spread: 100" EI ig 0 
Composite Azimuth 
Баните 14 Мн; 
E E] 
100 des, 
гю эю 


In modeling exercises, no negative effects resulted from warping the Y array from 
its perfect 120-degree separation. Changes up to 20 degrees appear not to 
create any noticeable consequences for the radiation patterns from the individual 
antenna wires. Consequently, the array designer can position the three wires in. 
an approximate Y, with each wire broadside to the most favored contact 
directions, whether those are domestic or DX. 


It would be incorrect to say that the wires do not interact at all. Figure 10 shows 
the very slight interaction by the manner in which the secondary lobes of the 


Chapter 26 
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appearance to a rue wire Windom, but they are different. 

As with all aerials the aerial should be as high as possible. With the feed point at between 20 and 40 feet above 
ground the typical claimed impedance wil be somewhere in the region of 200 Ohms so a 4:1 balun will typically be 
required. At greater heights, and depending upon the exact position of the feed point, the impedance may be higher 
and a 5:1 or 6:1 balun might be a better choice although balun losses wil be greater. 

‘The point at which a Windom is fed in the original design, which used an open wire to feed the aerial, was 15 
percent off-centre. The current designs, which are fed with coaxial cable, are typically fed about 33 percent off 
centre, so one leg is 67 percent of the tota! length and the ather leg is 33 percent of the overall length of he aerial. 
‘The bands thal are covered depends upon the overall length of the aerial: 

17 metres long (approx) should cover 20m, 15m and 10m and the WARC bands with a tuner. 

21 metres long (approx) should cover 40m, 20m, 15m and the 10m bands and WARC witha tuner. 

al metros long (approx) should cover 80m, 40m, 20m, 15m and 10m and WARC with a tuner 

80 metros long (approx) should cover 160m, Вот, 40m, 20m, 15m and 10m and WARC with a tuner. 

Cut the aerial for the lowest band to be used. In imperial measurements using a familiar formula: 


The longer leg wil be 468 divided by the frequency and multiplied by .67 = length in feet 
‘The shorter leg wil be 468 divided by the frequency and multiplied by 33 = length in feat 


оско Formulas: 


The ofset proportions differ according to which sources one refers. Some sources suggest 33% / 67% but other 
dimensions are also to be found: 


62.2% for one side and 37.8% for the other lag. So: 
The longer leg wil bo 468 divided by the frequency and multiplied by 622 = length in feet 
‘The shorter leg wil be 468 divided by the frequency and multiplied by 378 = length in feet 
[Sourca: Now Caroline Windom - tp ww hamuniversa com/káiwinewwindom him | 


Other ideas: 


The proportions of 69% / 37% are used by Buxcomm who say that “One third plus two thirds wil not work. Use 
the formula below. as в: Do not be concerned with the offset of the feed point, as this formula takes inta 
consideration, the correct off-set for feeding the (BUXCOMM) Windom. for the other leg." So: 

The longer leg will be 468 divided by the frequency and multiplied by 69 = length in feet 

Tho shorter log will be 468 divided by the frequency and multiplied by 37 = length in fect 

[Source Buxcom: ht www buxcomm com/windom fies WINDOM him ] 


(Given the fairly simple formula it should be quite easy to make an OCFD Windom - however a Windom can bo. 
purchased al very reasonable cost commercially, for example from MOCVO al hito ndevoantennas webs com 
altemalively G-Whlo Antennas of the UK supply extremely high quay high efficiency 4:1 baluns (and other baluns) 
thal could be used at the centre of any Off Centre Fed Dipole - just add the correct wire lengths to each side. 


Geoff GAICD / GJ4ICD of GWhip highlighted his website which has an interesting page with comments concerning 
the quality and construction of balun products. This feature on the G-Whip site can be seen here: 
hip vw cdicd co uidbaluns him 


Неге в a photograph of the very high quality G-Whip OCFD antenna product www.qwhip.co.uk 
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Whip Antennas - www.gwhip.co.uk 


HW-20HP Off Centre Fed Dipole - produced by MOCVO. 
6.76 metros long one side and 3.38 metres on the other side. 
lip imDevoantennas, webs com 


MOCVO produces а couple of off centre fed dipoles, the HW-40HP and the HW-20HP. Both antennas handie 400 
Watts - the HP designation refers to high power 


‘The MOCVO HW-20HP is 10.14m in length and covers 6 bands - 20, 17, 15, 12, 10 & 6m, no ATU, and is said to 
‘also work on 30m 8 40m with an ATU. Can be mounted as a horizontal, inverted vee ora sloper, VSWR is sad to 
be 14 on 20m, 2.8 on 17m, 1.1 on 15m. 10 оп 12m, 1.0 оп 10m and 1.5 on 6m. The antenna is6.7 metres long on 
опе side and 3.38 matres long on the other side. This uses a 66.6% / 33.3% formula 


‘The HW-20P was reviewed by Steve Nichols, GOKYA, in the January 2012 edition of RadCom. 


‘The HW-AOHP is 20.28m in length and wil operate on 40, 20 and 10m without an ATU and 80, 60, 15, 6 and WARC 
Bands with an ATU. (Presuably one leg is 13.52 metres long and the other 6.76 metres fi follows the same 66.6% / 
33.3% formula as the HW.20HP), 
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| à ie 


BUX COMM, "WINDOM" 


or off-center fed atop. 
E wire antenna 


Fact: Antenna feetpoint impedance increases 
as arterna heigth above ground increases; 


HEE йок ua oS ERA 


When ordering, please specify BALUN rato, 


Visit: www Wîneomantema com. 
or www HamRacioEprass.com 


Typical BUXCOMM B02134 or 802134 "HP" 
en ‘Windom installed as an inverted V. 


вп 
1C) 1992 BUXCOMN 


Windom total length is 134 ft, when instated as an Inverted V, distance required is 118 ft. 
Bp www boom com 


E 31 


[mm 


10 Vorccal Radiator 


Line lector. 


RIO 


Carolina Windom for 20 metres to 10 metres 


Bo www radioworks comlecwcover inl 
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NEW CAROLINA WINDOM 


By Len Carlson КАМА. 
j Assam d 
—e ZÁ و‎ 
I e "— 


oben 
| Line stato fd 
= cons To Transceiver 
Motto scale 
Windom design for 40m 20m 15m and 10m by Kan 


http://www hamuniverse conv/kdiwinewwindom him! 


More information on this general subject at BucksCom: ht www packelradio comwindom him or 
ҮЧ comlpdlzipsiwindom pdf 
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Commercial Suppliers: 


GWHIP Antennas (UK) : ito cui. co.uk 


MOCVO OCFD Antennas (UK) : hl/mücyoantennas webs com 


inthe 


Вих Comm Windom Antennas : hito ww buscommn com 
Buck Master OFC Dipole Antennas : http:/mamcal.net 


(Alpha Delta hits www aphadoltacom.com 


Carolina Windom > ht www radioworks comiccucover him 


‘See some Windom - Off Centre Fed Dipole - designs at th 


TTT 


FFF 
ib forwwradioelectroncschoo! netlesdownloadslocfdpole pat 


lb fon hamuniverse com/kaivinewwindom him 
FF 
itv bud comiCarolna WindomvIndex pho. 


Semi-Permanent Antenna Installations 


If it impossible to install а permanent aerial, then another option is to use an antenna designed for portable or mobile 
work deploying it only as and when necessary in tho back yard or garden - perhaps supported witha portable ipod 


andlor guy ropes. 


From the ideas above It should be possible to rig up a semi-permanent or removable antenna for low visual impact 


There аге also very many portable antenni 


produced commercially that might be very useful to utilize on a semi- 
permanent basis. Commercially bought antennas can be very expensive indeed, especially when compared to 


"home brew’ aerias, but examples that immediately spring to mind for consideration include: The DMV-Pro, Pro, G 
Whip or G Whip Backpacker, the TW2010 from Transworld Antennas, the Sigma from Force 12 and aerials from. 
‘SuperAntennas. Sandpiper Aerial Technology offer a very good choice of aerials such as the MV and MV-Portable, 


Bulle or Walkabout mk11 al very atractive prices. hio waw- sandolperaerials.co uk There are very many other 


compact and portable antenna systems thal are widely available. Check out al the amateur radio dealers for moro. 


ideas. 
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‘The DMV-Pro Antenna from ProAntennas (shown above) could be used in а back garden whenever required as 
could the company's -Pro antenna. The DMV-Pro uses wo fbregiass arms that allow he wire aerial to be 
Supported in a number of different Configurations such a "V" shaped, "L" shaped, "M shaped and Della. The aerial 
elements are fed to а 4:1 balun using low loss twin feeder, the balun is then connected to an auto ATU, such as the 
LDG 2-11 Pro, which is connected to the transceiver using coaxial cable. A versatile idea that could also be 
Implemented on a DIY basis witha litle experimentation!” hitp//www peoantennas.co uk 


Geoff GAICD / GMICD mentions the orginal design, the JJ1 VKL published in СО ham radio Sep’ 2000 in Japan. 
"This one goes back to 2000 and is now copied by several antenna manufacturers in the UK" It Is an HF mult-band 
Delta loop antenna for 3.5-50MHz 

wv geocities vosků jadeltae htm. 


ү 


ta Loop Goslar 
Read mora here: htp7iwww.goociies;piyoshik jaldaltae.htm 
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ja Loop SQzPLK 
Details at ио Лоба one plaricies pho?ariele ld=17 
Available at hip /ham-radio urbaskeleu and hüpilavaripa-systems oll 


STEALTH | COVERT / HIDDEN or DISGUISED ANTENNAS: 
ideas from АЦО - Stealth Antennas: itp ww gdl. comvístecl html 


| VKQZOI - “Flowerpot” Antennas 


‘Some ideas by VK2ZOI about producing inconspicuous antennas - perhaps disguised as a plant in a flower pot 
| There aro ideas for 6 metre, 2metre and 70cm antennas including a dual band 2,70cm design. 


All Band HF Vertical Antennas (non resonant) - 'Untennas" 


‘So this is where the search for a mult-band antenna begins. I's a dificult task especially if space is limited. First 
considerations might le with the commercially avalable options that are available. Commercially manufactured 
aerials are available at widely varying price points - perhaps кот under £100 to many many £100s 
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(One of the frst commercial mult-band antennas that many keen new amateurs come across is 
something like the Comet CHA250B, or the Diamond BB7V or Moonraker GP2500 (pictured right) 
‘These are broad-band antennas and look Ike largo CB antennae with a matching network al the 
base. Such antennas claim to allow operation of ай bands between 80 metres and 6 metres with 
‘acceptably low vs wr. Sounds lke the perfect mult-band solution, especially as Comet and 
Moonraker are well known names thal make excellent products. 


‘These mult-tand antennas have thelr rc though: Sure enough, they exhibit a seemingly 
acceptably low vs. across the whole of HF, but low v.w; isnt everything. Cies do, in fact, cal 
these types of broadband antennas glorified dummy loads - a bit unfair possibly, but maybe they 
have a point when most of your transmita precious power is wasted as heat rather than radiated 
аз a useful RF signal! 


The only way a simple, single vertical radiator can be made to work on across such a wide range of 
frequencies is by having a broad band matching transformer at the base of the radiator. This wil 
Inevitably result in the absorption of some - or much of the ransmitter's power - the power loss 
represented by the healing up of te coistransformer rather than actually being radiated as а useful 
signal by the antenna's vertical element. 


‘Such antennas could present а loss of around 6 - 12 dB compared o a resonant antenna - how do 
Чо fancy putting ай 100 of your precious watts in to the antenna and only getting 6.31 watts of 
effective power radiated? 


Maybe that's a bi simplistic, so Martin GBJNJ has many superb articles analyzing the CHA2508 and 
similar antenna designs here: htp;/gBni webs comcometcha2500 htm 


‘The article Anatomy Of The Comet CHA2508 by VKSZBD can be found here: 
hp Рим radiomanual.nfo/schemi/ACC anlenna/Comet CHA-2508X2, anatomy pdf 
(Forman found at this sto пир www vk8zdh.com/CHAZSDBXILhtm) 


G&JNJ is also developing a better version of this typo of antenna hare: 
ll a8 webs comibroadbandhfverical him 


| admit that, due Lo limited space, | considered this type of antenna when first starting out- but in the 
end dismissed them due to the extreme inefficiency and power loss problems. Thay should not be 
entirely discounted however, because if this really is ай that can be accommodated at one's OTH 
then at least such an aerial wil at get you on the alr - and on ай bands - at least in some sort of. 
fashion. Many amateurs use these aerials with success, so they do have a place. Have a look and 
‘decide for yourse. 


Other similar types of broad-band antenna 


‘There aro a number af very similar designs (Le. longish vertical radiator, with a transformer / unun at the base) 
available from some other Briish suppliers 


CCC 
The ProWhip Portable Antenna — uk J; 

‘Snowdonia Radio Company (SRC) - varous types of wideband antennas (see htto:/lwww snowdonia-radio- 
‘company.co uk ) 


All these antennas appear to be based around an UNUN (typically 9:1) matching transformer at the base of the 
aerial. Those aerials cost considerably loss than those previously mentioned. The G Pro Whip and Pro Whip 
Portable offer particularly convenient portable operating opportunities as they are based on one of my favourite 
methods of antenna support - a long telescopic fibreglass (fishing) pole. Really neat! 


For the "ishing pole types, essentially there is a vertical radiating wire of about 7 о 10 meters long, a 10m long 
horizontal counterpoise wire and the 9:1 unun at the base. This makes for a simple and attractive instalation 
Proposition (but remember the penalty of power losses) - all these aerials will be easy to install for permanent, semi- 
permanent use and easly removable or portable operating. 


Considering the 10 meter vertical type, the performance on 40 meters (1/4 wave) should be quite reasonable, with 
reduced performance on other bands. 
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ene Gro Whip antennas (now discontinued) 
by Geoff Brown GAICD 


2011/2 - See G-WHIP'S WideBander Antenna as an alternate 


hien chip co ud 


Buy (or build) a 9:1 UNUN and Make Your Own: 


It you already have a 10m telescopic fibreglass fishing pole and some ийге, then you could easily wind a 9:1 unun. 
ог even buy ane from suppliers such as G WHip Antenna products for a reasonable cost. So, you could make your 
‘own aerial with 10m vertical radiator working against the 10m counterpoise and fed to the ATU via the 9-1 unun at 
the aera's baso - just or fun, for experimentation, analysis or for permanent Installation or portable work. (The 
telescopic pole must be fibreglass not carbon fibra) 


Marin GBJNU, suggests that a slightly better way to home-brew a broadband HF aerial might be to cut a vertical 
aerial for about 8.5 MHz, i.e. not a resonant 1/4 wave on any amateur band, bul optimised to present a moderate 
impedance on as many bands as possible. In which case the vertical wire would be about 8.8 metres long, working 
‘against the counterpoise, and fed to the аи. via an unun - perhaps 6:1 or 9-1 - this is all open to further research 
and experimentation! Ses htip:/alin webs com/currentpreets him 


(GOKYA has also written lots of interesting articles about antennas and several pieces about using a 9:1 unun and a 
length of wire. He found that a wire length of 19.8 matres offered a good compromise for a mull and aerial. Read 
GOKYA's blog here: ht aka blogspot com/search'labellantennas. 


More: hip /gOkya blogspot co-uksearch/labellantannas 
Interestingly 2WOSAK of Snowdonia Radio Company recommended an antenna wire length of 7.13 metres with 


thei 9-1 unun - ог for better efficiency a wire that is 19.8 metres long which would be run ош horizontally. Both the 
7.13 m and 19.8 metro lengths should cover the 80m to 10m bands. 


Freq Coverage Wire Length ory 
7-28 (60) MHZ тат am 
35-29 (50) Mhz Tam SEm or Em 
38-28 (60) MZ . N 
38-28 MHz 280m 209m 
18-29 (60) MHZ 386m 368m 


High Quality Baluns and UnUns Available From ww qutip.co.uk - ether boxed and ready lo use or just the core 
‘and quality windings suitable to put into own box or project 
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 HULTIBAND RANDOM WIRE инин (UNBALANCED TO UNBALANCED) 
FOR USE WITH RIGS WITH BUNT IN AUTOTUNERS 


RANDOM WIRE ANTENNA 
e L0NG FOR 10 THRU 0l COVERAGE 
‘SP LONG FOR 10 THRU D0 METER COVERAGE. 


[GROUND CONNECTION 


‘SHORT COAX TO CONNECT UNUN 
TO 50218 CONNECTOR 


ETT 
To 00 


iS 73 


15 1949 BILAR ринги A WEATHERPROOF 


TURNS INSULATED 
тек PLASTIC ENCLOSURE 


‘Above is a neat design for an “Untenna" KOBAON - Link: hipfwwangelfro comielectronic2iarplunun. html 
Fora jack of al trades try a high quality GWhip Widobandar Antenna" 


 GOKYA writes a very useful piece in his blog: 
Г realizara 


In the next round of tests | used te same 91 Un-Un wound using PVC. 
covered cable and a 12002 rot Note in he photograph a Be PVC tape 
Soniy шей о көер те шта nesly arranged. 


1 you want bud your own ftw hese instructions: 


pee 
prr ent es 
eee 
eee. 
e 
Se 
erregter 
eee 

eee eee, 

TERESI se mae ty олет 

Soa tome om moa Sea 

EM 

proe 

e conato . 
. ares te esoo 

ESSE goa ine a A p GNU 
F 

eee rm аккын sl arge 
FEC 
E 
eee ee eee 
2 шс шс 
ыо ш erent с сс с 
nd niet DTE E 
S 


The tno t erected а 10m oh hing pol and atacted а Et quarter wave antenna tor Bm in an verte L fashion. Tati 10m up 
and en Sim out те estates, 


This was arranged away trom he house and ed w 12m of RG coax, a single cat tke эла wo 20 radials at the fed pon. 


Here ме he SWR cage al the end of he со: 


Titus SWR 1361 
HOHE SR 251 
тарин: SHR 331 


dus2 


Antennas Made of Wire - Volume 1 


three patterns overlap in slighty irregular ways. In fact, the main lobes depart 
from the true broadside by about 1 degree in the direction of the other wires. 
These facts, however, do no more than complete the record, Their operational 
significance is negligible, and the three wires may be considered as aiming in a 
"rue broadside direction for all practical purposes. As well, the wires more. 
severely interact on 60 meters so that the result is a directional pattern with an 
11-48 front-to-back ratio. The interaction level is a function of the near-resonant 
length of the wires in the triangle. 


The Y-array presumes that al of the parallel feediines will be brought to a central 
switching point, from which a single parallel feedline wil proceed to the shack. 
‘Switching would be by a remote system (unless the shack is located 
approximately under the center-point of the array. Figure 11 provides the basic. 
elements of such a remote switching system. 


Chapter 26 
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ze e SWR 181 
диа SWR AAT 
эмн: -SWR 191 
азун: SWR 121 


From his you can sea tat by shortening the wira to ES om he orginal BS you gain 80m, but lase drn: The rig (T2000) would qu 


apply шде seven bands wi e иеп ATU. Her е е quick Corpo rel against my Bóm Won ed paralel ode n 
theo сат, 20m. 17, and 10m. 


Р 
oras good around the UK as me Windom - probably due to the maximum curent being in the vertical secon, Modeling shows the 
antena o De doun about 1048 оп alow dp. 


ЕЗ 
an итш. Other EU and ау det Bulgara down 25 points 

тт 

arc vat L nas шан edge at тел. Shy nosier 

Bete than Windom by about 1 8 pol 

‘an 

‘Much better тап Windom, ре and mag oop around Europe Ма Es, by about 2 S points. Spy more noise + 1 S point) 

‘From ths can soe ati need to do mere tests, especialy on 20m, but for an an co for е antenna af about E1520 shows. 
%%% r ока qul боой. А way lo get 40m back would Be 1o puta dim ap. 
[the wee atthe Tom mark I you don aney making your own UnLn you сап buy De whale eterna om he Soowdona Rao, 
Company fr £35 ne PRP see huma аналы таа company co sept nd | Fm colecten of exelent aries 
den GOKYAJ акло SRC: hip.neusnowions-adoconpanyco uk 


(Sg Antennas, and Pro Antenna al supply e уре of antenna as a commercial tam. 


CONCLUSIONS? 


‘Arguably the most effective, simplest and, indeed, cheapest way to attain mull-band operation is by using a fll size 
resonant dipole for each band of interest - perhaps having a couple suspended at any ono time and swapping 
‘aerials when other bands are needed, 


(As mentioned in the introduction this is a itle Inconvenient which is why the holy gral of so many amateurs is one 
antenna that that wil do everything - perfectly. As we have seen such an aerial doas not exist, and never will due to 
those pesky laws of physics. Compromisos мі! always have to bo mado; compromises of efficiency, size, number of 
bands and bandwidth per band ete - nevertheless there are enough options avalabl to be able to choose a 
configuration of antenna or antennas that should be able to make he best use of precious transmitter power fora 
particular circumstance, 


My two key criteria аге tat the antenna should be truly resonant on the band(s) of interest and that the radiating 
elements should be as near to ful size as possible relative to the ̃ being used, to ensure the best 
possible efficiency (Le. lowest loss of power). This means ful size quarter wave vertical or full size half wavelength 
long trapped dipole. 


1 don't especially like aerials that are shortened by using a loading сой, but accept that such an arrangement is 
Sometimes necessary for the longer wavelength bands. Top Band is а real prablem in average size gardens. Where 
the is а col, а rap, ог lransfermer there wil be some loss or reduced efficiency introduced ino tne antenna system. 
1 во find that using a trap is an excellant compromise - the 80m / 40m Inverted L and the 20m / 10m trapped dipole 
work especially well. I I could not use the Inverted L, my next favourite option is the Loop or a fan (Parallel) dipole. 


Ali tha pros and cons have to be weighed up о find the bast compromise for particular operating circumstances. I 
hope thal his page has given new operators some ideas to take away and mul over, but remember those words 
from Joe Tyburczy WB1GFH that this page started with: 


"When you put up your antenna is also crucial. I must mention here the importance of what many early hams called 
"antenna weather. That is, snow, sleet, freezing rain, or combination of all the above. It has been proven timo and. 
time again that any antenna installed in conditions better than abysmal wil not function worth а дат. Or, put another | 
Way, ¡takes bad weather to put up а decent antenna. Dark and cold Now England winter days are idea for his 
(activity. Any antenna erected on such a day wil inevitably produce miracles.” 


Some Further Reading: 
Understanding Antennas For The Non-Technical Ham 
“A Book By Jim Abercrombie, NAJA 
basicantennas pal 


Moro Antenna ideas by ather amateurs doc] 
ARRL document Mull Band Dipoles Compared Ld) 
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High Ошайу Baluns and UnUns Available From www сий сок 


Useful Aerial Rigging Accessories 


Line-Lok guy runners from ClamCleats - fantastic for guying antenna masts quickly and successful 
[ТҮНҮ 
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Reusable Nylon Hose Clip / Reusable Circular Clamps 
Useful for securing telescopic fibreglass poles - e.g. holding each 
section in place in windy weather or to use as a guying ring (spider) 
(Herbie Clips) (Kaf-tex Nylon Clamps) 
to www malpasonin co.uk 
hp news thomasneLcom 


TTT 


towa cheapham comlproducis/SV31-Replacement-Clemos him! 
ito осоп. homestead com/shoponine2 himí 


OTHER THINGS THAT MAY BE NEEDED: 
POLE(S) Aluminium, fibreglass or wood ; POLE TO POLE CLAMPS ; MET POST(S) ; 

NYLON CORD or PARA CORD : SPIDERS / 3 or WAY GUY RINGS ; PULLEYS ; SNAP HOOKS i 
DEE SHAGKELS ; GROUND STAKES for anchoring guy ropes ; DOG BONE or EGG INSULATORS, 

DIPOLE CENTRES ; EARTHING STAKE ; V BOLTS ; ROPE GRIPS ; THIMBLES ; 

SLEEVE JOINER(S) ; ТАК BRACKETS ; TRIPOD or other GROUND MOUNTING HARDWARE ; 

STAINLESS STEEL M6 Nuts Bolts and Washers ; SPADE and / LUG TERMINALS 

SELF AMALGAMATING TAPE ; HEATSHRINK ; WEATHERPROOFING SEALANT 
STAINLESS STEEL JUBILEE CLIPS, 


TRIMMING AERIALS 


‘Antenna Trimming Chart 


‘This following information below could be very useful indeed when constructing aerials and is compiled by DX Zone 


| Radio Works from the web page at: itp www. dzono comcottn/di Jump? cai7ID=13444 


Use this chart as an aid in rimming the length of your antenna. It gives you an idea of the change in wire length 
needed lo move antenna resonance a specific number of KHZ. 


* Dimensions are for each leg of a halwavo dipole 
* For quarter-wave antennas ,, dimensions directly from this chart 


= Full wavelength antennas (oops) - multiply the chart dimensions by four (4) and change the overall length of the 


antenna by that amount 


Lengths are estimates. Many factors wil affect their exact value. 


Tomove esm | am] Wm | m | 0m | 
тон | 383 | 3E Lu = GES 
оке | 388 [т | 368 es) 
ORE 39 ио + | 
юке [+з | 38e | 3329 | 128 | 389] 
оок [эт | 39 | ns | mF 338 ] 

[1:3 T T T LN 
100 T EE 35] 
50 E Er —.— 
300 KE F T] 
OE FE Eri —. 
0M | EE = 15] 


Example: 


You have measured the SWR of your 40 meter dipole at various frequencies across the band. You have determined 


thatthe SWR is lowest at 7.00 MHz. You actually want the lowest SWR to occur up in the sideband portion of the 


band, so you need to move resonance up in frequency about 200 KHz. 


According o the chart, o move +200 KHz on 40 meters, you wil have to shorten each log of the dipole 107 (107) 


‘The overall length of the antenna Is shortened a total of 20 inches. 


Lengthening or shortening the antenna is done at tho end insulators. To shorten the antenna, unwind the antenna 


wire as it wraps around itself at the end insulator. Move the insulator several Inches toward the center of the 
antenna. Re wrap the antenna wire to secure the end insulator. Do not cut the wire. Wrap it back around the 
antenna wire. You may need to increase the antenna late. [From Radio Works / DXZone] 
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KNOTS FOR SECURING WIRE ANTENNAS 


1 have found the Bowino to be one of the most useful, tis strong and easy to tie. A Bowne will not slip in any 
‘circumstances and, usefully, te more load that is put on IL the lighter А gets. 


‘The Bowline Knot ~ 
(A Bowiine can be used to tle two ropes together and should be used to tie a support rope to а pulley, dipole centre 
and other antenna tems. 


Its important to use the correct knot for the job when fixing up wire antennas. I find the Bowline is a very useful for 
fixing end, egg and dog-bone insulators to the ends of the wire and/or ropes. 


‘The Buntine Hitch is an excellent knot as is the Round Turn & Two Hitches, Anchor Bend (Anchor Hitch) knots 
which are very good for tying а rope to а pole or a таз. 


"The Bowine в most useful for fixing end, egg and dog:bone insulators to the ends of the wire andlor ropes. 
A Double Shoot Bend can join wo pieces о! rope together - even hoy are of unequal size. 

"Animated Knots wil show you how to do them. Visit ham animaledknots com 

Moro websites with knot information  htio:Jwuwnetknotscom! Врум =ош comnolslindox htm 


The correct knot wil ensure that the antenna wil be as strong as possible. 


LINKS 
Understanding Antennas Far The Non-Technical Ham - A Book By Jim Abercrombie, NAJA. 
FEC 

HTML page: eee com/ndjaantennabook him! 

ВАО - Stealth Antennas: ир Ам ado con/steath him 


(AI Band Doublet Antenna by МОМТЈ 
lio mds975 co uk/Contentamateur radio antennas O6.htmi¥All Band Doublet Antenna 


(AI Band Doublet Antenna : hp www hamunivorse com/hídoublet html 


Al Band Doublet Antenna by Al4JI + http://www al com/Projects/antonnasidoublot htm 
w Awwems076,0.k/Conteni/amateur radio antennas 04 html изә 
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(AI Band Doublet Antenna by G3RWE: htlosi/sars flos wordpress com/2013/01/80-10m-doublet-antenna-qärwf- 


Tipat 
(AI Вапа Doublet Antenna by WANEQ: hitp-wáneq comfhlmidoubleL him 


A Band Doublet Antennas and Baluns by G4POP: htip:/igápop.blogspot.co.uk/2008/10/doublat-antennas-and- 
baluns-mv-ftend htm 


(AI Band Doublet Antenna by VKSYSF: htlIvkGyst convalbandhfdipolo Mi htm 
/Al Вапа Doublet Antenna by МОРАО : http: es dolbovoniine.co.uk/módad/doublo ай band antenna him 
Introducing the "Al-Band" Doublet: What the Student and the Instructor Should Көөр in Mind by L. B. Cebik, 
WARN 


CC 
Band 20Doutiet him 


MOWYM - QRP Fan Dipole: ht: /hwunwradicwmsewora/FanDipolellandipica. htm 


Мий Band Dipoles Compared: ию: ar oralisántolpd/9811073 pdf http Љум dxzone.camnleal- 
bividiriump2.cal?ID=7499 


Practical Dipole Antennas Compared: hip: млн. asi neta 1dxlamatorlpracleal dipole antenna ht 
What Antenna For НЕ? by Wrexham ARS: hitos netiwarelconstrcti anthim 
Mutiband Loft Diples: Һир eee noVgokya/mulibandciole pf 

My Top Five Backyard Mult Band Wire HF Antennas by L. В. Cebik, WARNL: 

hien users on nel -berllaslbackvard20wire%20anlannaes pdf 

More Links 

Loop Antennas - Delta Loops and Square (Quad) Loops and more: 


Delta Loops for HF - “Youll love lower noise and relative gain over a dipole" 
ll ssd nevdela loop for bin 


(One Stealthy Delta - This HF antenna keeps a low visual profile while attracting plenty of attention en the at 
‘An excellent and amusing article by Stove Ford, WBBIMY 
hilo: saoword.com/PubicalionslArtles/7379s10802 pdf 


Random length mult-band delta loop antenna — A good antenna for whan a dipole isn't enough by KOBAON 
Hato vw. twarlinkradio.com/aniypeieh 0íchiave1827 him 


An Easy to Install Vertical Loop for 80-6 Meters by John Relsenauer, Je KLTIR. 
Blow hamuniverse com/ki7ireasyvertioop himi 


(40m-10m DELTA LOOP ANTENNA - GU3WHN 
Blow rsars ora uk/ELIBRARY/ANTENNAS%20DOCS/40m- 
FFF 


MOPLK Multiband Delta Antenna - By Arthur MOPLK (SO2PLK) 
hip ipdxa.one pllaricles php?article ld=17 available at hitpham-radio мазна! ви and hltpi/wwewvas 
systems pl 


HSANX Mká Della Loop Design by Sajid Rahim 
bito eham nelarcies/10738 


Multiband H.F. Delta Loop by SEDI 
liv hwSedi comam-radio/?dl2hcb-mulliand-delta-onp 28 


SGC Stealthy H.F. Delta Loop: 
lp vw. sqeword.com/Publications/Articles/237qs10502. 


KLTIR Easy НЕ Dalla Loop: 
lp wan hamuniverso comi reas vertoop htm 


HF. Loop Antenna from Radioworks: 
hip wn radioworks com/nlaop himi 
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WEZDO Portable H.F. Delta Loop Projet: 
lp ww fros com KIOGUMBzodelta htm. 


Loop Antenna Notes by "Yukon John" KLZJR 
Hato rw hamuriverse com/ki7rloopnotes-htmi 


Bull a Mult-Band Mono Delta Loop for 40, 30, 20 and 15 Meters by Jose 1. Calderon (DUTANV) 
Alon para ora phmemberearicles/DUTANV/Mull-Band?20Mono%20Delia%s20L 90p%20ant pdf 


DL2HCB Muliband Delta Loop 
FFF 


‘The Delta Loop (Skywire) Antenna - Legends, Theory and Reality 
hip idee de/delaloop-eng him 


Loop Antenna notes and ideas from Radioworks 
lp vw radioworks,com/nloop himi 


Delta Loops by GWIAAV. 
Ftp /trwtcano.co.uk/2009 08 Di archive him! 


More Delta Loop links: 
blown 1warlinkradio comvantypeldelta loop him! 


Magnetic Loops: 


¡Small Transmitting Loop Antennas (Magnetic Loop Antennas) by Steve Yates - AASTB 
Ftp laa. comlaop him! 


Fibreglass Telescopic Fishing Poles. 
ou sotabeams co uk 
gin skybuelisure co uacatalogTelescopie Poles hind 
sos: Bowmanarcher on ebay 


Line-Lok guy runners for support pole guy ropes by ClamCloats (excellent) 
Eto wi. clameleat comlcleats/cleats, asp? menu 


Other Aerial Supports 


blown tecadi dol 


Commercial Antennas 
(GWh Antenna Products: hitp-Jhuww-gwhio ca uk? 

‘Spectrum Communications: ho snectumcomms ca uk 

‘Sandpiper Aerial Technology: ht: rw sandpiperaerals co.uk. 

SOTA Beams: hito un sotaboams co.uk! 

WH. Westlake - for wire, cable, feeder, conector & components: Нирмала co.uk! 
Moonraker: izan moanrakoruk com 

[AERIAL PARTS Of Colchester: Мирали aeria pars co.uk 

SRC - Snowdonia Radio Company: haznesmoudonia adio companyeo uk 

Cobwebb Antenna: ht: gto co.uk 

ProAntonnast how proantennas; co. uk 

ProWhip Antennas: hows prowipantennas co.uk! 
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Hustler Antennas from DX Engineering. 4-BTV, 5-BTV A 6-BTV compact antennas: htp:/wnwdxencineerna com 
Butternut Antennas rom Bencher Inc: hits www bencher comhar! 

CCusheraft Antennas from MFJ: ВАв /wawcusherattamatour com 

Comet Antenna: htphuwwcomotantanna.com 

Diamond Antenna: Бир Nuun diamond:an.c plenalst/amatouriantenna/ama antennas htl 

Hygain Antennas from MEJ: ир Алам уа com 


[Alpha Delta Communications - Dipole and Parallel (Fan) Dipole Mult-Band Antenna Designs. 
hil enw alphadeltacam, com 


МАМО Antennas and Accessories: hipi/wwwimo comlcai-binvertaller. l Puriswireantennas a html 
GAP Antennas: tom capantenna com 

True Ladder Lines and Wire Antennas: ht: truotadderine comindex html 

Radio Wave - uide range of amateur radio antenas: ht radiowavz com 

Radio Works - amateur radio antenna manufacturer and supplier: hitp:/wwadiowarka.comí 

Force 12 Antennas Ses) p.f vlorcet2nc com. 

Transworld Antennas (TW2010 Adventurer) : ht ransucróantennas com 

Superantenas: hito www superantennas.com 


‘Amateur Radio Suppliers 
RADIOWORLD hour radioworld ca ukl 

ROCKET RADIO htpJiwavrocketrada.co.uk! 

SPECTRUM COMMUNICATIONS hip ww spectumcamms co ukl 
MOONRAKER lito hvunw maonrakeruktld com 

HAYDON COMMUNICATIONS http wu havdon inf! 


KZ) Communications (DaeComm) (Haydon West Midlands) a good shop on EBAY at 
lp istores.ebav.co uizicommunicatons 


WATERS & STANTON itp uie соту 
MARTIN LYNCH а SON hit hanvadio co uk 

DIODE COMMS hil: ueidlodecomms co uk 

NEVADA RADIO hip nevadaradio co.uk! 

LAM COMMUNICATIONS hip lamcommunicaons nat 
ANCHOR SUPPLIES itp wav anchorsupplies com 

VINE ANTENNAS: ht vinecom co ukt 


Projects and Information 


Flower Pot Antenna - http:/lvk2zoicom - and interesting link lo an interesting antenna design that was very kindly 
sent lo me by Phil MOMRP 


GAILO- Stealth Antennas: ир Аы ado con/steath him 
MOWYM - QRP Fan Dipole: htpvewradiewymsay.or/Fanbipole/fandiploo him 
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‘See Muli Band Dipoles Compared: Бируни zone. comvcai-binidilumo?.co/?10=7499 
‘See Practical Dipole Antennas Compared: hl asl oblatdilamatar/raclical digole antenna htm 
‘The ALL Band HF Doublet on Ham Universe: hllp/awehamuniverse comhfdoubieLh inl 


Mult-band Inverted V $4 Special by Joe Tyburczy, WIGFH: hlip/vwasLnetivbtafh/antenna himi 
iioi hamuniverse.comlourdollarspeciahwhih html 


The Norcal Doublet Antenna: hit: narcalarp.org/nercaldoublet him 


МАТЕ - 6 Band Ribbon Dipole by NAJTE 
ирене blogspot com2009/D4/ndite-6-band-ribhon-antenna-35 him 


Eto fail webs com! 
tout asoman. co ukvedical 

hte hamuniverse com/mulidipola html 

Hrou hamuniverse comfourdolarspociahwath hil 

itte blogspot corv2009/04/n4j--band-ibon-antenna-5 himi 

hoi dzone. comicntinidiiumo?.coi?ID=20420 

itp 10005a8964 ¿up blueyondercoukibratiadio,O7/adancedmathequat hm. 


hloh dar rgfibrary/Techlopies/tech22 html 
bliohowwirsgb.orgtutorsladvanceddipdmalhs primera 
p/w users вооот neti-len pagel/Min 20quad.pd 


hip: users icscoland ne/slon pagov6%20baned%20lnvartad%20L pal 


bou user escola nel/-len pagotinverted3í20L %20dding%2010p%20band pdf 
itp bintemelconm/-shaur scanneliciubiwsdzz him 

bit homepage nord comacihomi7dems him 

hip mudd co uk/2mPortPockBeamGWOVMW. htl. 

ben dzone. com 

tau ar aratis/inlo/pdO207040 of 

ihe dzone. опса ныгу йыт. eai? T468. 


W2BLC - Amateur Radio Antenna Ideas: btp: w2be звања him 


End Fed Antennas 


GWhip End Fed Antennas: 
liom guhip.co uk 


Cross Country Wireless designed and manufactured End Fed Antenna. 
. nevend fed antenna htm 
itp www crosscourinniireless ne CCW. End Fed Antenna Operating Manual 1.1.001 


Hy End Fad antennas - single and mult band end fad antennas by РАЗЕКЕ. 
Falo few hyendfedantemna ni to paeko nl 
Review of Hy End Fed antenna by PCAT: hp /dutchhanvadio blogspol.com/2010/09/v-ond-led-antenna hi 


Par End Fedz Antennas - now manufactured and supplied by Lary, AE4LD of LNR Precision End Fedz: 
Hato vw inrprociion. com 
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W3EDP and Other Antenna Links 


pad wordpress comvtagiw3edp-antenna! 
vado wordpress com/2009/10/18qood-rasuts:with-re-worked-w3adot 
Et vc blogapol.com/2011/01/dado-antenna hind 
Etoo io comlantend fed hım 

hgiham-antannas blogspot eomi201V/2idohcb-muliand.delta-oop hmi 


beds g blogspot.com/2008/11sloper.Zmhz him! 


Back to Aerial Types. 


Moro “thinking out loud” notes and queries which I intend to edit and condense (honesty! 


Multi Band HF Antennas 


Covering ALL the HF bands with separate antennas dedicated to each band would take up a large amount of space 
which many of us dont have. Either we must decide on a limited number of favourite bands and pul up a specie 
antenna for these or tyto find a multi band antenna that covers al the bands of interest. 


‘The perfect HF mull band is many an amateur radio operator's holy grall. If you haven't already seen it you can 
read more about ап Al Band Antenna Marvel covering 160m to 70cms on this external link: Hamuniverso ALL 


BAND NAUJW Antenna 


o, mult-band antennas necessarily involve compromisos which usually translate nto lower efficiency Lo. the 
antenna wil nol effectively radiate all the power that is fed o it. There will be losses, some largo and some not so 
larga depending on the design and the number of bands that the antenna s attempting o cover. The 80m / 40m 
Inverted L, mentioned above, is down by about 248 on 80m when compared lo à full size Om inverted L. That's 
mol oo bad, but it does stil mean a theoretical best case scenario of about a 40% loss of power! So 100 watts of 
power arves al the antenna (disregarding additional feeder losses) then only 63 watts wil be radiated - actually 
less duo to any feeder and other losses. 


If these compromises аге accepted thon there aro a number of diferent mult-band antennas that can bo 
considered. Having a small plot have had to consider many such designs, some are verical antennas some are 
horizontal wires, some are commercial products and some can be home brewed. 


Home brewing a wire antenna is relatively straightforward since wire fs easy to obtain and work with. А wire antenna. 
is typically installed horizontally above the ground, although I may also be installed as an Inverted V or as a Sloper. 


(A wire antenna is easy to adjust for resonance and often reasonably straightforward о suspend in the air using 
existing structures, buldings, trees or simple wooden posts 


Home brewing a vertical antenna might present slighty more dificult mechanical and engineering challenges to 
produce a stable and, perhaps, visually acceptable device. 

Standard Wire Dipole 

In my own circumstances | could probably ft а couple of dipoles up to about 15 metres (46 feat) in length, For a 
straight dipole, such a shart length would preclude 160m, Bom and even 40m. So dipoles that could fit in a fairly 
small space would give two of the bands between 30m and 10m. 

Loaded Dipole 

Loading a dipole with a centre or end inductor оп each arm would maintain йв electrical length while reducing the 
antennas physical length. This would allow the antenna Lo be resonant on the required band and enable the longer 
wavelength bands to be used even though efficiency will be less than a ful size, un loaded, dipole. 

A loaded dipolo will be relatively easy to construct, the most time consuming part being the winding of the inductor 


calls and their subsequent adjustment to obtain the desired physical length at the correct resonance. An antenna 
analyzer в а very useful piece of test equipment for speeding up these adjustments. 


Trapped Dipole 
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The use of traps can effectively split the antenna into two or more resonant sections. Using one trap on each arm of 
ıa dipole wil transform a single band dipole into а dual band dipole. Using two traps on each arm wil enable the 
‘dipole to be resonant on three bands. A four band trapped dipole would use three traps etc. Traps also shorten the 
‘overall physical length of the dipole which might be seen as an advantage, however traps tend to bo lossy and short 
antennas obviously do not radiate as efficiently as thelr full size counterparts. Once again the compromise for 
‘covering more bands, and in less space is effective radiated power los. 


Traps can be quite tricky to home brew, though it is entirely possible. As an alternativo traps can be purchased pre- 
mado from some amateur radio suppliers such as Spectrum Communications. The other time consuming part of 
«y construction a trapped dipole wil be adjusting the antenna wires so that ihe aerial is at resonance on each 
band. Again an antenna analyzer is a very useful plece of test equipment for speeding up these adjustments. 


Fan or Parallel Dipole 


Ап alternative to using traps is to use the fan dipole (parallel dipole) method. This essentially connects tuo or more 
{ull size dipoles together at the centre feeder point. For example, whereas a single band dipole would have one pair 
of ‘arms a four band fan dipole wil have four pairs of ‘arms arranged in a fan Ike pattem. The fan dipole wil be very 
straightforward to physically construct although it wil be quite tricky to get each dipole to the correct resonance for 
(ach band since each arm wil interact with its close neighbour. Again an antenna analyzer is a very useful piece of 
test equipment for speeding up these adjustments 


‘The Fan / Parallel dipole should be a very efficient and effective radiator since al the dipole elements aro ful size, 
however its bandwidth on each band might be be narrower than a trapped dipole, though t should be less lossy 


Most designs of Fan / Parallel Dipole (oven commercial ones) seem to opt for coaxial feeder. Personally I dont think 
thal this is a good idea. I would use twin feeder to feed this type of design (probably 72 ohm twin or similar) for three 


1. Twin feeder is far and away less lossy than coax, so when an antenna has reduced bandwidth and one is forced 
16 operate with a higher vewr than might be considered ideal, the subsequent feeder losses in coax wil be very high 
indeed compared to to losses in win feeder which wil be much lower. 

2. A dipole is a balanced antenna, and coaxial cable в an un-balanced feeder - not a good match. 

3. Using un balanced coax with a balanced antenna would customarily demand the use of a balun atthe centre of 
the dipole which is another point that could induce power loss. 


For ай those three reasons twin feeder seems to be the better, more efficient option. 


Combination of Trap, Inductive Loading and Fan arrangement 
‘There is no reason why a combination of a techniques might not be employed to produce a mulli band dipole. Just 
аз one example, a fan dipole with two pairs of arms could be made to cover four bands by using a pair of 7.1MHZ 
traps in one pair of arms to create a 80m / 40m dipole and load the end of the dipole an inductor lo shorten its 
physical length. A second trapped dipole could be added to cover 20m and 10m using a 28MHz thereby making a 
fan dipolo with two pairs of ‘arms. 

Loop / Delta Loop. 

A loop antenna is remarkably easy to make and install and in my experience very easy to match using a good ATU. 
A relatively small loop mado up of an 17 or 18 meter length of thin wire is ight weight and should bo visually 


inconspicuous and will work from the 30 metre to the 10 or even 6 metre band. A neat mull band solution that could 
bo put up and taken down, as required, reasonably quick. 


Commercially Manufactured Options: Just a few designs that may be attractive for uso on a small plot. 


Wire Dipoles: 
Interesting parallel dipole with end loading: 


Alpha Delta Model DX-EE Parallel Dipole (40-20-15-10) - A Fan Dipole only 12 metres long. Reasonable design, 
though fed with coax. (d build one and use twin feeder.) 


‘Similar design from Alpha Delta, but too big for my plot: 
Alpha Delta Model DX.CC Parallel Dipole (80-40-20-15-10) - Fan Dipole design, 25 metres long. 


Some 


Interesting rap dipole designs: 
Diamond W8010 - Trapped Fan Dipole for 80m, 40m, 20m, 15m and 10m only 19.2 metres long. 
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Possible Y-Array 
Switching Syster 


Ka 


Parallel Transmission 
Line 


Optional Line Short 
for Inactive Antennas 


Parallel Transmission 
Line 


Remote 


Strack | | x bk А jh 
Fig. 11 Aru P 


The system shown can be considered a "bare-bones" version that can be 
embellished in innumerable ways. Since the array shows no significant 
differences between open and closed centers for the inactive antennas, shorting 
the transmission lines of the unused antennas can serve useful functions. For 
example, you might want to add RF chokes to the shorted contacts with a 
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(Comet CWA-1000 - Trapped Fan Dipole far 80m, 40m, 20m, 15m and 10m Similar to Diamond W8010 19.8 m long. 


[Thinking outloud: Could take the Вот segments and 7MHz traps of the ends of both the W8010 or CWA-1000 to 
produce a shorter antenna covering 40m, 20m, 15m and 10m that would only be about 13.6 matres long? ] 


KZJ - Restricted Space Inductive Dipole (trapped?) Straight - For Bûm, 40m, 20m and 10m only 16.5 metres long. 
KZJ - Restricted Space Inductive Dipole (trapped?) Straight - For 160m 80m, 40m, 20m and 10m 22.3 metres long. 


Top quality designs: 
‘Spectrum Communications 80m + 40m Dipole fed with twin feeder and will caver other bands up to 10 meters 
‘Spectrum Communications 40m + 20m Dipole fed with twin feeder and wil cover other bands up to 10 meters. 
‘Spectrum Communications 80m + 40m Inverted L. Will cover other bands up to 10 meters. 


Verticals: 


Usually very short when compared to the wavelength being used so power loss may well ba very high. Might be 
useful in very restricted spaces where nothing else really wil fit in. A vertical antenna can provide batter low angle 
radiation which can provide better long distance DX. 


(G Whip G Pro wide band whip antenna - perfect resonance on the 40m band and 80m to 10m with А.Т. 
‘Sandpiper V10 and derivatives. Depending on bands covered, between 4.2 m and 6 metres tll 
‘Sandpiper MV10 and derivatives. Depending on bands covered, between 2.5 m and 4.2 metres tall. 
‘Butternut НРУ covers Вот, 40m, 30m, 20m, 17m. 15m, 12m and 10m. - 7.9 metres tal 

Diamond СРВ covers 80m, 40m, 20m, 15m, 10m and бт. - 4.6 metres tal 

Diamond CP5-H covers 40m, 20m, 15m, 10m and 6m. - a mare 3.6 metres tall. 

(Comet  Maldol HVU-8 Вот, 40m, 20m, 15m, 10m, 6m, 2m, 70cmg, - liny at only 2.6 metres tall. 

GAP Eagle DX 40m, 20m, 17m, 18m, 12m, 10m. - 6/4 metres tal, 
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Geoff G4ICD offers а multitude of high quality solutions for 


MOMTJ | Operating Conditions | Antennas / Aerials | [P Portable Operating | Accessories | Projects & Kits | Useful Information 


Contact MOMTJ | Contact MGORS | Links to Amateur Radio Sites | RSGB | OSL | The Amateur Radio Mini Ste Map 


WSPR Weak Signal Propagation Reporter 


News, Developments, Events, Photographs and other Bis E. Bobs! 


MDSG75 Home 
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| Amateur Radio ww 


Home Page  MOMTJ | Operating Conditions | Antennas / Aerials | IP Portable Operating | Accessories | Projects & Kits | 


Useful information 


Amateur F | Contact MGORS | Links to Amaleur Rado Sites | RSGB | OSL | The Amateur Radio 
Radio Mini Ste Мар — 
PRESEA | ness. Developments, 


Conditions 
Antennas 


AERIALS (ANTENNAS) 5 


Accessories Antennas 1 | Antennas 2 | Antennas 3| Antennas 4 | Antennas | Antennas 7| 


Ргојесіѕ index To Other Antenna Pages: 
Antennas 1 ` Aerials used by MOMTJ 
Antennas 2: Including ideas for compact antennas for Top Band /160 metres 
VVV 
vienne 
about 
antenna rimming, knots for wie antennas and useful antenna rigging accessory ideas. 
Half Wave End Fed antennas for 144 MHz VHF | 430 MHz UHF and 50 MHz 6 Metre band A J-Pole 


inna related topics 
Many antenna ideas from various sources particulary for malt Babe operation & also gives information 


Antennas 6 : Simple and effective Н.Е. Antenna ideas - Ground Plane and Ай Band Doublet 
Antennas 7 : Omn-Directonal - Circularly (Mixed) Polarized Antenna for VHF / 2 Meters. 


[CER The VK2Z0 “Flowerpot Antenna" -A physically end fed Half Wave “Coaxial Dipole” for 2 metres and 70 


‘centimetres 

ШШ 2m and 70cm FM uso , telescope pole on the арек өг the hose. The base 
^f the antenna (ће bottom of its radiating element) is approximately 11 metres above ground level. This antenna is 

[M based on the Controlled Feeder Radiation principle (CFR) and is described by VK2ZOI an his website. Also known 

ав a "Coaxial Dipole". My version is described below. 


Bits 'n' Bobs| 
(Also seen in the photograph are the ropas that support the H.F. wire aerials. 
Contact 


WSPR 

Weak Signal 

Propagaton 
Reporter 


PORTABLE 
Site Мәр 
MDS975 Home 


Kg Awwems076.2.k/Conteni/amateur radio antennas 05 himi 


10202017 


РАА 
dra 
ТОР QUALTY 
BRITISH 
Ej 
ANTENNAS 


Antennas and Aerials 5 by MOMTJ, CFR Flowerpot Antennas, Pola Antennas 


MOMT] 


fore brew dual band vertical antenna for 2 metres and 70 ems 
(Coaxial Dipole / Controlled Feeder Radiation Antenna / Flowerpot Antenna) 


VK2ZOI has produced some extremely interesting and potentially very useful dipole antenna designs. The designs 
could form the basis for a great home-brow antenna projec since itis physically end fed and can also be made into 
а dual band aerial for 2 metres and 70 centimetres, so forming the basis of a viable alternative to buying an 
expensive commercially manufactured white stick antenna. 


The final dual band version works very well and can form the basis of a viable allrnative to commercially made 
‘while stick antennas, because there's nothing better than using your own home-brew antennal 


Physically, the feeder cable enters the antenna at the bottom end, so it looks like an end fed aeria, VKSTWO / 
УКБТИО describes as a "Coaxial Dipole”. "Electrical is a simple dipole. The RF Is traveling inside the bottom 
‘element and doesnt Jace the antenna until where the coax is cu in tha centre of the antenna, as shown In tha 
diagram below. Where the outer braid is cut (electrically the centre feed point, the RF then radiates lke a simple 
dipole, via the top radiator (coax core), and via the outside of the coax - tne bottom half of he dipole. The top 
radiator is thinner than the lower radiator (hence why tha lower radiator is sgh shorter than the upper radiator) 
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‘The coling of the coax is simply forming an RF choke (high impedance paint), to stop the RF continuing down the 
‘outside of the braid, thus electrically it'appears to be the end of the radiating element. 


+ UPVC conduit cap 


Top of radiator element 


i 
{ + Fishing ine 
i 

i 

i 

[ 


em es mm conduit 
457 mm шо 
Coax inner 
235mm = (+ Sleeve on outside of conduit 
447 mm 
324 mm 
| ay €— cone 
Top of cal 


http:/ivk2z01.comlarticles/half-waveclower-pot! 


1 purchased a 3 mete length of 25mm diameter condit from B&Q, our local DIY centro and ordered some 26mm. 
% already had somo good quality RGS for the feeder and main 2 metre 
radiating element and some aluminium foll for the 7Dcm sleeve dipole. 


‘First of all I cut the RGSS cable to form the 2m radiating section and choke coll Because the UK's 2m allocation of 
144 1o 146 MHz Is narrower than the 144 to 148 MHz available in Australia, | varied slightly rom the design shown, 
The centre ofthe UK's 2m band is about 1% longer in wavelength, so | decided to make both the top and botom 
measurements 1% langer. 


I therefore stripped 460 mm af the outer sheath and braid from the cable to form the top 1/4 wave element ofthe 
dipole. | than measured down 450 mm and marked the point where the lower 1/4 wave element would finish and the 
choke сой would start 


Next I attached a thin nylon cord to the top of the top radiator, the coax inner 


| then cut the 3 meter length of 25 mm conduit down to about 2:3 metres and drilled а hole where the сой would 
start wound 9 turns of RGSS cable from that hole and marked the position of the lower hol. | then removed the 
Coaxial cable and drilled the second, lower, hale. 


| then pushed the radiating section of RGSB into the top hole and fed it up towards the top of the tube, stopping 
when the marker tape reached the hol, | than wound Ine coll and pushed the remainder of the RGSB rough to 
lower hole and ftted а PL259 plug on the end, 


1 pulled the top of the radiator wire tight using the nylon cord and pushed the end cap on. The antenna was then 
ready to be tested on the 2 metre band. I found that the resonant frequency was rather loo high, just above 146 
MHz, so | pushed an additional 10 mm of coaxial cable inta the upper section ofthe tube -thecefore making the 
lower 1/4 wave section of the dipole 460 mm lang - the samo as the top section. | lightened up the choke coll 
winding again and performed another test. 


‘This time the resonant point was just over 145.000 MHz - near enough the centre If the UK's 2 metre band. That 
was perfect, so the 70 cm sleeve element was then added - inis is a 235 mm long tube of lichen fol positioned 
exactly at the contre (feed) point of the 2 meter dipole within the tube. 


‘The SWR was tested and found to be acceptable across both the 2m and 70ст bands. 
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| then fitted the end cap, applied tho heatshrink to the сой and to the aluminium fol sleeve. I noticed that when the 
antenna tube was moved around the cable inside rattled around making a noise that may be rather annoying lo 
anyone near its final location. 


To help hold prevent the cable from ratting I pushed up 4 or 5 small pieces of foam material up the tube from the 
bottom to rest at various positions along ls length. With these pieces in place the cable was certainly silenced, 
however it may have had a deleterious effect on the SWR. 


\With the antenna now In is finished physical state | naturally checked the SWR again to compare against the 
performance in йв semi-complete state. I was pleased to find that the SWR was stil fine across the 2m band, in fact 
the SWR was a ite lower. However the SWR at the edges of the 70cm band was considerably higher - 1.8 at 440 
MHz and about 22 at 430 MHz. 


1 conjectured that the heatshrink covering the foil sleeve dipole may have caused the change in response so | 
removed it, but the SWR was lle different and the bandwidth on 70cm was now disappointingly narrower than 
expected and hoped for 


‘Although I cannot say for certain, because they cannot now be easily removed, but it may bo possible that the 
pleces of foam may be the culprits Tor the diference, 


\While the bandwidth could not ba improved, | decided to move the centre point of resonance down a tio by 
increasing the length of the sieeve element from 235 mm to 245 mm. With that adjustment the SWR was now 
‘approximately 1.6 at 430 MHz but rising to 2.0 at 440 MHz. (Unfortunately I forgot to note the exact figures down in 
ай cases) 


When the antenna was connected to the 20 meter length of Westlex-103 back to the shack, the SWR reading were 
as follows: 


2 Metros -SWR Tücms -SWR 


‘The SWR readings in the shack for 2 meters are lower than at the feed point, which is presumably due the losses ln 
the feeder. The SWR readings for 70 cms look rather erratic, wiih a strange peak al 435 MHz, while the 430 MHZ 
figure is lower than at the feed point of the antenna, and the 439 and 440 MHz figures are disappointingly higher 
than hoped for. The peculiar readings are likely due lo feeder effects. 


However the SWR at 433.4, in the FM simplex portion of the band, is very low. 


‘The completed antenna was mounted to the aluminium mast by ullising brackets of the Watson W50 antenna. Tha 
brackets had o be reversed so that the narrower diameter of the 25mm lube could be held in place by the V Вой, 
while the circular section that previously fitted over the base of the WSO now sid over the mast, which was 
coincidentally a similar diameter. 


I made a small addition to the design in the form of a second small 150mm length of of the 25 mm conduit glued to a 
coupler section. This i slid Into place at the bottom of the antenna to provide additonal weather protection to the 
int between the W-103 feeder and the RGSS of ihe antenna - which tsel is covered in self amalgamating tape. 


'Shown in the table below are some signal comparisons with the Watson W-50 antenna; both were mounted on the 
same mast in the same position and at a height of approximately 7 metres above ground level. Becuase the S-Meter 
‘of the transceiver is not calibrated in absolute values, the figres are for relative comparison oniy - also bear in mind 
tha a typical S Point represents 648 - therefore the accuracy ofthese readings wil be coarse and might be 
considered to be +348 - that's a rather wide variation. 


Despite the relative crudeness of these comparisons, the results do seem to indiacte that the VK2ZOI antenna is 
marginally or sight better than the W-50 on 2 metres and marginally worse on 70cms. | am quite pleased with this 
гези! and beleive that this antenna really could replace the need to buy an expensive commercially manufactured 
antenna. 
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My only concem with this type of antenna is that there is no path to ground from tho top element, as there would be 


with a folded dipole or a -Pole type antenna. This may be a cause for concern as far as static build up is 
concemed. 


Signal compari 


Watson WSO 
2Merres 
Station A 87 59 
Staton 8 55 ES 
Staton C s E 
Staten D s so 
Staton E EI E 

Selen so si 

Е 2 ES 
Staton H s2 эз 
Staton! EI E 
70 cms 
Staton J E] s 
Staton k ss ss 
‘Staton L E E 
Staton M so so 
Staton N se s 
Staion O 56 s 
Staton P s E 


Please see the photographs below for a visual explanation of this project. Mike, MOMTJ. 05/03/2013 


M@MT] 


First stage of construction af the 2m/ Ост dual band antenna 
Cutting tha 25mm diameter conduit to the desired length and cling 
tha two holes allowing the coll o be wound. MOMTJ 
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ME b Mm TT UL Wu 
D cung um сы isl 


pol o 
tape added to mark the bottom of the dipole where the coll starts. MØMTJ 


— beser of coaxial cable 


Thin nylon cord 


вне Û 


мт) 


Edge of rad markar tape just visible through hole 
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The line isolator choke ls formed by winding 9 tums of the RGSB 
coaxial cable around the 25mm diameter conduit tubing. MØMTJ 


te Tin cord that holds the 1/4 wave radiator in place s located in he 
notch and wil be trapped in place when the end cap is filed. MØMTJ 


OMT] - www.mds975.co uk = 
‘er ea е col was covered in nesshnnk to prevent water ete te pes ubo 


"The fal sleeve dipole or 70cms is covered in healstrink 
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Oops. Lesson learned. When appiying heat tothe healshrink held Ine tube above tne ground and he plaste of the 
tubo started о go soft and bend out of shape. The buckle in the tube can be sean in this photograph. 
Lesson: When applying heat, keep the tubo fat on the ground or work bench and гой the tube along as the 
heatshrink shrinks into place ensuring that the tube does not distort or bend. 


25 mm end cap sealed In place by heatshvink 
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subsequent lead to ground. The result will be to bleed off any static charges on 
these wires. 


In fact, you may wish to add a fourth "Off" position to the switching system, for 
use when the array is wholly inactive. This option would simply remove all power 
from the relays and bleed all three wires of static charges that may build up from 
winds and other weather forces. (I shall assume that there will be provisions 
nearer to the shack for a total disconnect and grounding of both the relay power 
lines and the parallel transmission line coming from the switching unit. Add other 
safety features as the spirit moves you.) 


In addition to safety features, it also pays to decouple the relay power lines from 
RF right at the switching unit. You may add rf chokes and by-pass capacitors to 
each power lines inside the weatherproof relay box. Alternatively, you can place 
ferrite cores over each power lines. Be sure to include the соттоп in this 
treatment. Although shown with a ground connection at the shack, this line at the 
remote switching units ripe for RF pick-up and distribution. Additional 
decoupling at the shack end of the line is also a wise precaution. 
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Completed antenna 


The completed antenna in place, mounted at fne top of my aluminium push-up mast. The fixings used are the 
brackets from the Watson W80 antenna which have been reversed so that ihe smaller diameter PVC tube 
is heid in place by the V Bolts. 


Bracket re-used from Watson antenna 


Short actiona length of cond tube 
push on to main antena tubo with joinar” 
lo prolact PL259 coaxial connectors 


Weston 103 en 


Photograph detailing the the fixings: The brackets are brackets are от the Watson W250 antenna which 
have been reversed so that the smaller diameter PVC tube is held in place by the V Вой. 


For further detailed information and reading, please visit the excellent website of John Bishop VK2ZOI here: 
hit: vi2e0\.comlariclesthall wave-ower-pot 
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6 Metre Half Wave Coaxial Dipole - An end fed CFR Dipole antenna supported by a 3 metre long fibreglass 
fishing polo for 50 MHz 


In 2014 | decided to remove the 4 Metre J-Pole antenna from my push-up mast due to the fact that the band is 
relatively quiet and that I only have tho 5 watt Wouxon handheld transceiver for 70 MHz. 


| decided that having a good, full size antenna, ortho 6 Metre band would be more useful and potentially more 
rewarding since It can be used with а 100watt HF radio that covers 60 MHz. 


‘The choice of antenna was an easy опе. With the great success of the flowerpot antenna", | decided to build а 
version for 6 Metres: 


Similar designs of Coaxial Dipole antennas had also bean featured in recent editions of the RSGB publication 
RadCom during 2012 and 2013. The antennas in RadCom are described as Controlled Feeder Radiation (C.F.R) 
Dipole antennas - the tuned choke at the feed: point controling, ог choking of, ine common mode current that would 
otherwise flow down the outside of the coaxial feeder cable causing E.M.Č. Issues on transmit high S.W.R. reduced 
efficiency and noise on receive. See references beiw 


‘The advantage of this design is that сап be physically end fed, so there is no feeder cable to route away from the 
centre of the dipole. Electrically, however, the feed point is at tha contra of this dipole aerial, as explained earlier. 


Rather than ft the antenna inside a PVC pipe, as with tho previous dual band 2m / 70cm antenna described above, I 
‘decided to use a lighter weight and less conspicuous 3 metre long fibreglass fishing pole as the support. The 
completed radiating element simply being taped to the fishing pol, 


1 cut a length of MIL spec RGSS cable, about 4.5 metres long, to form the bottom half of the radiating section and 
the chake cail, leaving enough to form a short length (about 30 em) of cable below the choke coll on o which is 
soldered a PL259 plug. 


The choke consists of 15 tums of the RGSS coaxial cable wound on a 50mm diameter plastic former cut rom the 
empty tube of a cartridge gun that previously contained silicone sealant- allowing a 30cm tall on Lo which the PL259 
plug is fixed on one side and and about 1.31 metre length on the other side that wil form part of the radiating 
element. 


‘The half wave radiator therefore consists of quarter wave bottom section of the RGS cable and a quarter wave 
top section consisting of a length of mult-strand (single conductor) PVC. covered antenna wire. 


А quarter wavelength at the mid point of the 6 Меге band is: 300 + 51 MHz = 5.88 metres + 4 = 1.47 metres 
Duo to velocity factar the actual length of the quarter wave sections will be shorter. With the materials that I used, I 
found that a factor of about 87% was about right, the 1/4 wave length being 1.29 metres. 


The top tip of the bottom 1/4 wave section of the coaxial cable is stripped of about 2 cm of outer sheath and braid 
leaving the length of braided section, measured from whore It exits the сой, 129 cm long. The inner conductor s 
then stripped of tem of insulation. This s effectively the centre point of the dipole. To this points soldered the 129 
em length af the PV.C. covered aerial wire to form the top half of the antenna. In practice, use a slightly longer 
length of wire, and then fold over the excess to for the 129 cm length - this can then be used to adjust for lowest 
SWR at 51 MHz. 


‘The length of the radiating section was therefore about 260 centimetres, plus about 13 centimeters for the сой 
former giving a total length of 273 em. This allows about 27 em of he bottom section of а 3 metre fishing pol to be 
used o fx 10 a supporting pole or mount = e.g to he top of ап aluminium mast 


‘Dril four small holes in the choke former so that when tho fishing pole is placed through the centre of the former it 
сап bo fixed to the polo using мо cable les. 


‘The radiating section (coax and PVC covered wire) is fixed to the top section of the fishing pole with good quailty 
insulating tape. 


The aerial can now be temporarily fixed to the mounting pole using suitable brackets - taking care not to crush the 
delicate fibroglass! Connect the PL259 plug to the antenna feeder cable using an 50239 back-to-back coupler and 
test the SWR with an antenna analyzer or SWR bridge. The lowest SWR should be centred on 51MHz and be low- 
less than 1.5. My reading was 1.2. 


Ifthe point of lowest SWR is significantly away from 51 MHz andlor the SWR al the band edges is too high (Le. over 
2) then length of the radiator wil need to be adjusted. Ifthe points oo low in frequency, the antenna i too long and 
wil need to be shortened. If the point is too high in frequency, the antenna is too short and will need to be 
lengthened. 


‘Adjustment can be achieved by pulling the coax through the сой to make lt longer, or pushing the coaxial cable back 
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Into the сой to make it shorter. Also ensure that the coil winding are adjusted to that thay remain tight and neat. The 
op PVC covered wire section will also need to be lengthened ог shortened accordingly by adjusting tho folded over 


Noto that in practice, to obtain the very lowest SWR, the top PVC covered wire section may need to bo slighty 
longer by perhaps 1 or 2 centimetres. This is probably due 1o the fact that the velocity factor of the PVC covered 
antenna wire is а Ийе greater han the coaxial cable. 


(Once the antenna is adjusted correctly, ensure that the wires are securely taped to the fishing pole. Connect the 
permanent antenna feeder to the aerial using the S0239 coupler and weatherproof the joint thoroughly using sell 
amalgamating tape. Use the very best quality coaxial cable possible o ensure lowest loss. | use Westlox 103, but 
consider MIL Spec RGB or RG213 as the minimum standard 


во MHz Coaxial Dipole | Controled owerpot Antenna 
A physically end fed fed hal wave dipole antenna for 6 Metres 


Kg Awiwmds076,00kConten/amatsur radio, antennas 05 fun mne 


1002017 


Antennas and Aerials 5 by MOMTJ, CFR Flowerpot Antennas, ¿Pole Antennas 


"Choke Col - 15 turns of tne RGSE coaxial cable on a 50mm diameter former 


VHF Band U Broadcast Band antenna for 88 to 108MHz - 
Physically end fed, Coaxial Dipole | Controlled Feeder Radiation Antenna (CFR Dipole) for VHF broadcasts 


used a 2 metre long length of 25mm white plastic pipe, strengthened with with a 2 metre length of 21.5mm 
overflow pipe pushed up the inside. 


The radiating element is mado from good quality 75 Ohm coaxial cable. Since VHF/FM broadcast tuners are 
‘designed to be fed with 75 Ohm coaxial cable, use high quality, low loss double shielded satelite grade coaxial 
cable for the feed between the aerial and the radio tuner. Use satelite F type connectors and joiners for lowest loss. 


The top half of the radiating section is 670mm of the centre conductor (or a length of multi-strand PVC covered 
vra). The bottom half of the dipole ls 650mm of the complete coaxial cable - choked off at the bottom by tha coll 
section. The top partis heid in place by a a short length of thin nylon cord, rapped in place by the top PVG сар. 
‘The cap itself is sealed on the outside by some self amalgamating lape. 


The choke coll is 22 turns of the 75 Ohm coax wound around the 25mm pipe. Tightly spacing the windings of the со! 
will minimize the bandwidth covered but provide the lowest SWR at the centre point. A looser winding of the сой wil 
widen the bandwidth covered, bul lowest SWR achived wil bo a Ме higher- 


(Once the tuning of the radiating elements, сой winding and band coverage has been checked with an Antenna 
‘Analyzer the coil section should be covered with heat shrink, taking great care not to overheat and deform the 
Plastic pipe. 


The actual final dimensions (as shown below) may well need some adjustment in length due to differences in cable 
nd type of pipe used. However, with the dimensions shown, | achieved a minimum SWR of 1.3 at 97.4 MHz. The 
nd edges at BBMHZ and 108MHz were al ап SWR of around 3.8 to 4.0 - which ls probably OK for broadcast band 


5 
reception. The frequency of lowest SWR can can be changed, f desired, by changing the lengths of the radiating 
‘sections - slighty longer for a lower frequency and sigh shorter for a higher frequency. 
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Thin nylon cord 


| 25mm diameter white PVC pipe 


670mm 
Coaxial Dipole 
for Band II VHF 
88 to 108 MHz 
FM Broadcast 
650mm Band 


ea tums of 75 Ohm coax 


Coaxial Dipole for the 88 to 108 MHz Band li Broadcast Band 
An effective, cheap and simple vertical antenna that is fed at its base 


RSGB RadCom Articles: 
‘The Controlled Feeder Radiation Dipole. Peter Dodd. RadCom, September 2012, page 22. 
More On The CFR Dipole and Coax Chokes. Peter Dodd. RadCom, October 2012, page 54. 


УНЕ CFR Dipoles and More on Common Modes Chokes. Peter Dodd. RadCom, January 2013, page 24. 


‘The HAK Chokes Coaxial Dipole. Encouraging results from 2m to 20m. Peter Grant RadCom, Apri 2013, page 2. 


‘Join the RSGB to receive your monthly RadCom magazine: hp:/sab ora!main/oublcaions-archves!radcom/ 


VK3TWO / VKSTWO Comments: 


Many years ago when | was working for a Service Centra, by accident we broke a commercial white stick antenna 
whilst Using it for a task it wasn intended for. | found that Inside the fairy expensive commercial antenna the basis 


for the design was very similar to the coaxial dipole (as cal them). 


Our local repeater club calls hem "pogo sticks", which | can only assume is due to the coax coil resembling the 
spring of a pogo stick. This design had RG213 being fed inside an aluminium tube (the bottom radiator), and the 


‘outer braid was then terminated to this. The inner of he coax, then terminated to an identical aluminium tube which 


Was of course the top radiator. Where this design largely differs, is that hore was also a 1/4 wave stub of coax 


Tunning parrall wih the bottom radiata (note that this was for single band operation, nat dual band). The whole lot 


then sid inside the typical white tapered fibreglass housing. | didn't cut open the bottom mounting section to see 
how it was choking the RF, but assume it had a handful of ferrites inside the metal base (an allemalive way of 


making the RF choke). 


‘The repeater group has bult probably hundreds of those and sells them for $40 at local hamfosts. Wo had a ‘Jig’ 


‘made so that all of the measurements were 'pre-marked' etc, and allowed us to mass manufacture them. Last year, 
wa had planned the typical working bee to make about 30 of them, but this ime we had а very expensive Anritsu 


‘Sitemaster at our disposal. We discovered that tha whilst the design we'd used for decadas had a qood SWR, I 


actually was far from optimal. With a heap of tal and error (and with excellent visibility of what was really going on. 


ма the Anritsu - not ust SWR) we were able to fine tune the design. 
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From memory, we actually needed more tums of the coax than we had been using (10.5 tums from memory), and 
ur cutting measurements altered slightly. As la be expected, he number of turns was largely dependent on ihe size 
‘of tho conduit being used, even changing from 28mm to 30mm etc. 


We took several screenshots of the final SWR plots etc. These showed that the bandwidth of this antenna as VERY 
wide Кот an SWR point of view. ll see if I can dig some of them up for you if you'd Ike. 


73, Heath, VK3TWO | VK6TWO 
MEngSc, GDipCompSc, DipEE 
ves Spookech not 


blioi/hovwsowara org au - The West Australian Repeater Group Inc (WARG) is the largos! amateur radio club in 
езет Australia (VK) 


D.LY. J-Pole Antennas - A really simple, quick and very cheap "home brew project J-Pole 
Antennas 


J-Pole antennas for 2 meters, 4 metres, 6 metres and 10 metres 


While experimenting with antennas in the garden in the summer of 2012 | thought that It would be good to have а 
hand-held radio in the shed to do soma monitoring and make a few contacts. To improve upon the performance of 
the ‘rubber duck antenna | quickly made a -Pole antenna for the 2 metre band. 


Itis made from a 47em length of 450 ohm Wireman ladder tine as the 1/4 wave matching section, plus a 97cm 
length af stranded wire as ће 1/2 wave ᷣ i fed with 3 metres of Mil spec RGS clu coaxial cable that is 
soldered to ho 1/4 wave matching section's impedance matching point at 3.5 cm from the bottom. The coax feeder 
is wound around some PVC tube to form a choke. The completed antenna is taped to a 2.2 metre long fibreglass 
fishing pole that | purchased from Poundland (for £1.00) It took about 20 minutes to make followed by some testing 
and adjustment withthe antenna analyser. The fishing pole is lashed to tho shed with soma cable ties. 


‘This simple antenna works pretty well, but being so low down signal strengths are not huge, but is pleasing to get 
оп the air with something so simple and cheap! 
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mom 


"The Shed Antenna -a 2m J-Pole by MOMTJ 
Note he simple choke balun at iis base made by winding 8 tums 


of the coaxial cable around a small off cul of white PVC water pipe. 
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) 


he feed point of a J-Polo antenna made from Wireman 480 ohm ladder line. 
or the 145 MHz antenna this feed point is 3.5 cm from the bottom of the ladder Ine section which 
is on he right hand sido in this photograph. The coaxial cable used in this case was МІ spec 
RGSS cju. But any good quality, low loss 50 ohm coaxial cable could be used. The wire 
radiator section is connected to the same conductor of the ladder ine as the coaxial cable's 
tro conductor. For my antenna, fixed to а Abroglass fishing pole, the radiator wire was 
oem in length 


Top of 1/4 wave matching section 


Wire radiator section. 


450 ohm ladder line 
Soldered joint MØMTJ 


Photograph showing the point where the PVC covered wire that forms the half wave radiator section 
is soldered onto the top of the 450 ohm ladder line that forms the quarter wave matching section. 


Inspired by DKTZB. The J-Pole is a very effective antenna and being made of wire it is very light weight making I 
quito easy to fx in different postions. If you have problems installing a permanent antenna thon making a wire 
antenna that can be easily supported on a lightweight push up telescopic fishing pole can make an ideal atemative. 


The formulas lo make a J-Pole antenna fram 450 Ohm Wireman ladder ine in this way are: 


Length of 1/4 wave impedance matching section (450 ohm ladder ine) Wavelength x 0.223 
Length of 1/2 wave radiator (any reasonably strong PVC covered stranded wire) Wavelength x 0.471 

The point at which the coax is connected tothe 480 ohm ladder ine wil be about 5 to 10% of the length of the 
ladder line section up from the Боот. 


‘The wavelength at mid point of the 2 metre band (145.00 MHz) is found by the quick calculation 300 + 145 = 2.068 
melos 


So, to make a practical antenna: 


The 1/4 wave section of 450 ladder iine will be 2.07 x 0.223 = 0.47 metres long 
The 1/2 wave wire radiator will be worked aut as 2.07 x 471 = 0.975 metres long 

The connecting point of the coax wil ba about 3.5 cm from the bottom af he 1/4 wave section. The optimal point 
may have to bo found by some experimentation - as wil tha best length for the wire radiator. 


The length f the wire radiator wil be affected by surroundings. For example | fired the wire to а fishing pole. The 
proximity of the fishing pole has the effec of electrically lengthening the wire; so using а 97.5em length of wire fixed 
lo а pole I found that it resonated (as expected) at a lower frequency, I therefore had to be shortened unl the point 
of resonance (indicated by lowest SWR) was around 145.00 MHz. This should be done inthe antonna's expected 
final position since the J-Pol is quil sensitive to its surroundings, во И these checks are done near the ground, 
once it is raised into йв final position the SWR wil have changed and the adjustments will have to be dono again. 


Mound that 3.5 cm was good for tho 2 metre band antenna, but for the 10 metre band version of the antenna a tio 
more experimentation was required 


‘The VSWR reading may not be espacial low, even though the point of resonance forthe wire radiator may have 
ben found. For tha 10 metre band antenna at this this stage was about 1.7 indicating that the connection point of. 
the coaxial cable to the 450 ladder ̃ to be adjusted. The ladder lino is used as an impedance transformer, 
transforming the vary high Impedance (hundreds of ohms) af tho hal wave wire radiator down to the 50 ohms 
required by the transceiver and the coaxial feeder cable. This connection point therefore affects the impedance of 
the antenna, the higher up the matching section It isthe higher the impedance wil be, and visa versa. 
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(Once the length of the wire radiator has been set, he connection paint can be moved up and down the ladder line. 
шй lowest SWR is achieved. A few centimetres of the PVC insulation has to be carefully scraped away from the 
capper conductor on each side of the ladder line Using a craft knife. The Inner conductor of the coaxial cable ls 
quickly tack soldered on the side that is connected o the 1/2 wave wire radiator. The coaxial cable's braid is quickly 
tack soldered to the opposite side of the ladder Ino at this paint, ensuring that both points are equal distance from. 
the bottom. At this point temporary croc clips could be used, but | preferred а quick solder joint. 


With radiator trimmed or resonance, the connection paint of the coaxial cable can then be moved up or down the 
ladder ine Ише by Ito un-soldering and re-soldering the coax to the ladder line until а lowest possible SWR is 
achieved, indicating that the antenna is near the ideal 50 ohm impedance. 


(Once the ideal point is found the coaxial cable can be properly and permanently soldered to the ladder line. 


MFJ HF/VHF SWR ANALYZER 
MODEL MFJ-2598 


IMPEDANCE 


Меге Band y Pale on the antenna analyser їз geting close! 
Each J-Pole took about 20 minutes to physically make ош of the wire components. However the testing and 
‘adjusting took a bit more time. I used an antenna analyser which saved having to key the mike every time when 
Using a Basic VSWR bridge and causing unnecessary ORM, but even so, hoisting tho fishing polo up and down 
numerous times took а little more lime: 


10 Motor J-Pole. For the 10 metre band J-Pole antenna this took perhaps another 20 ог 30 minutes unti I was 
satisfied with the adjustments. It may take a Ше longer i using an SWR meter. 


6 Meter J-Pole. For the 6 metre band antenna the radiator wire had to bo trimmed а Ме and the feed point 
adjusted to 6 cm, taking about 10 addtional minutes to complete. 


4 Metre . pelo. For the 4 metre band, centred on 70.37 MHz 


2 Meter J-Pole. For the 2 metre band antenna the wire radiator took a couple of attempts to get it to the correct 
length when attached to a fishing pale, but the feed point was spot on first time al 3.0 cm, again taking about 10 
‘addtional minutas to complete 


Неге are some suggested dimensions for the 2 metre, 6 metre and 10 metre band versions, when supported by a 
fibreglass fishing polo: 


ON, Wave Radiator | 1/4 Wave Section | Feed Point 
Г 2 Metre Band Antenna | 0975 т T 047m em 
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E E | 08m [mm 
EEE ES T E 


[To Metre Band Antenna | 245m Bem | 


NB. Tho 1/2 wave wire radiator section wil be shorter than calculated when fixed to a fibreglass pole or other 
object. 


To re-cap, the 1/2 wave section should be adjusted for resonance and the feed point position adjusted for minimum 
VSWR. 


Sealing and waterproofing. Once the antenna is completo and has been checked and tested ail the bare joints 
should be sealed against ће weather with liquid electrical tape and self amalgamating tape. The coax should also 


bo secured against the ladder ine with a nylon cable tie as а strain relief to prevent the soldered feed point joints 
бот breaking. 


‘These J-Pole Antennas меге inspired by DKTZB - htip-Jvaw.qsl netidk7zbiJ Pololviremanipole him 
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Triangular Array of Three ёё" 
Back-Up Doublets 


4% 


Inactive Foodpoints Ороп 
or Closed: Soo Text 


Fig. 12 


Support Post 


The same switching unit can be used with the second configuration of the array: 
the true triangle shown in Figure 12. This arrangement requires only 3 posts, 
about 112 apart. The outer dimensions allows for a 12 spacing of the vire from 
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ANTENNA 
TUNING UNITS 


(ATUs) 


Home | Contact | Site Map | Links 


Radio Stations & Memorabilia | Loop & Frame Aerials | Copper Tube Antenna 
DXing 8 Short Wave | Make A Signal Meter | Riding On A Radio Wave 


ATUs - ANTENNA TUNING UNITS 


THE ATU 


‘An Antenna Tuning Unit 


For good Short Wave reception long aerial really is required to dig those distant stations out 
of the ether. To effectively couple such an aerial to a radio a matching unit called an ATU 
(Antenna Tuning Unit) can often be extremely helpful. An ATU is relatively straightforward to 
construct and uses simple parts that are quite easy to obtain. The ATU shown above is of 
my own construction and is used with a Lowe HF-150 receiver. 


Typical Aerial Installation 


AERIALS [or ANTENNAS] 
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AERIAL п. & adj. > п. a metal rod, wire or other structure by which signals are transmitted or 
received as part of a radio or television transmission or receiving system. > adj. 1. by or from 
or involving aircraft (aerial navigation; aerial photography). > 2 a existing, moving or 
happening in the air. b of or in the atmosphere, atmospheric. 3 a thin as air, ethereal. b 
immaterial, imaginary. с of air, gaseous 


For the purpose of this page we'll choose the noun, I think. So the ae 


can be: 


A Random Length Of Wire Strung As High As Possil 
OR- 

A Carefully Designed Structure Whereby The Element (Or Elements) Is (Are) Tuned To 
Resonate At The Reguired Operating Wavelength (Freguency) Of The Station Or Waveband 
Being Received 


е 


(What??) 


The advantage of a long random wire aerial to a listener is that it is easy to install in a loft or 
around a garden. Many Short Wave Listeners’ (SWL's) aerials consist of such a long end fed 
wire of a random length perhaps between 10 and 50 meters, i.e. not cut to resonate at a 
specific wavelength. The disadvantage is that it is not tuned to a specific wavelength and 
therfore may not be particularly efficient at gathering the signals from a desired station. This 
is because a random wire aerial system will not present an even impedance’ to the input of 
the radio receiver. This should generally be around 50 Ohms. 


[Impedance 


the resistance to the flow of an alternating current (AC) - in this case a radio wav 


The impedance of a random wire aerial could swing from a few Ohms up to several thousand 
1g on what frequency is being used. This will present a serious mis-match to 
eiver, which would prefer to 'see' a nice constant 50 Ohm load. This mismatch of 
impedance between aerial and radio can detrimentally effect the amount of signal transferred 
from the aerial to the radio, and therfore weaken reception of stations at some wavelengths. 


An Antenna Tuning Unit (ATU) can help match the impedance of the aerial to the 50 Ohm 
impedance required by the radio. Once the impedance of the aerial matches the impedance at 
the input of the radio (after being tuned by the ATU) the greater the chance of the RF energy 
being effectively transferred. 


Using an ATU will not always improve reception. If, by pure chance, the random wire aerial 
presents a 50 Ohm impedance to the radio on, say, the 41 meter band then no further 
improvement in signal strength will be obtained. But then if the radio is tuned to the 25 meter 
band, for instance, the aerial may have a 500 Ohm impedance and on this band the ATU will 
help to transfer more signal and improve reception. 
WAVELENGTHS AND FREOUENCIES 
This is the mathematical formula to calculate the wavelength of a particular freguency: 
VIF = wavelength 
E.G: VIF = 300,000,000/1,875,000Hz = 300/1.875MHz = 160m 


The velocity of a radio wave when travelling through space is the same as the spped of 
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300,000,000 meters per second (186,000 miles per second). V = Velocity, F = Frequency in 
Hz. The result of the calculation is the wavelength in meters. 


Once the wavelength of the radio wave is known, the relationship with the length of the aerial 
can be determined. An aerial that is 1/4 wavelength or an odd multiple of 1/4 wavelengths e.g. 
5/8th or 7/8th wavelength, the impedance presented to the receiver will be quite low. If the 
aerial is a full or half wavelength long then the impedance will be much higher. 


LOWE, JOHN WILSON AND THE SIX BAND SAGGER 


Have a little look at the bottom of the LOWE HF-150 page since it includes an interesting 
article by John Wilson, formerly of Lowe Electronics, about aerials, specifically the "Six Band 
Sagger’ 


ATUs AND FILTERING 


The ATU acts as an Impedance Matching Transformer with the ability to accept a wide range 
of input impedances and match them to the 50оһт that is required by the receiver. It also 
has the bonus of providing an certain amount of filtering, which can help overcome receiver 
overloading, by letting through the required frequency while attenuating the higher and lower 
frequencies. There are two types of ATU circuits described further down this page, the Pi 
type and the T type. The T type is particularly effective as а ‘high pass filter, and is very 
useful for filtering out interference on Short Wave caused by high power Medium Wave 
transmitters that can overload a short wave radio. 


The graph below shows the effect that can be acheived: 


° 
b 3 7 | 
EC - 
as / 
dB = 
-20 
ost 
ни ORAZ БООНУ TOOoKH2 
SU 4. ene 14Hz 24MHz 
Centre 


Frequency 


The solid line shows the filtering effect of an ATU at shortwave frequencies, while the broken 
line shows the filtering performance at medium wave frequencies 


MAKE YOUR OWN ATU 
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The circuit diagram below shows the circuit for a typical Pi type ATU which seems to be a 
popular arrange ment for many ATUs. | have built ATUs using this Pi arrangement and 
although they work quite well and are certainly a useful improvement over no ATU at all, | 
have found in my own experience that the 'Т' arrangement in the next circuit works even 
better, matching more easily over a wide range of frequencies and also seemingly offering 
improved filtering in my own circumstances. 


Each aerial arrangement is different and you may find that this circuit performs best of all in 
your circumstances: 


соп. To Radio 


— 
AERIAL 


17 Way 
Switch 
7500 pF 


EARTH Ground 


Pi type circuit - Very popular for many ATUs 


Below is the circuit diagram for my preferred choice of a T type circuit which includes a 
variable attenuator and which could not be simpler to construct. This circuit, with the coil 
described, covers from 500kHz medium wave to 30MHz short wave. Tuning capacitor VC1 is 
adjusted to match the aerial side while tuning capacitor VC2 is adjusted to match the 
receiver side. This circuit is often referred to as a TRANSMATCH, particularly in the USA. 
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vct ус? 


AERTAL 


1 85 Ground 


T type circuit, which I have found to be more effective than the Pi type at my listening post, 
possibly because this design acts as a ‘high pass’ filter, and is therefore very useful for 
filtering out interference to short wave reception caused by high power medium wave 
transmitters that can overload the short wave radio 


All that is needed is: 


1 [Self wound coil with 12 tapping points. See below 
1 [Reel of 22 s.w.g enamelled copper wire for сой 


1 [Coil former, eg the inside of a fax roll (30 mm diam 
lapprox) 


1 [I2 way switch to select tapping pints on coil 


2 [500рЕ tuning capacitors (200pF or 365pF can also be 
used) 


1 k ohm linear potentiometer for attenuator 
[Red terminal posts 
[Green terminal posts 


[Coaxial socket, e.g. 3.5mm jack (as used here) or 
50239 


1 [Case 150 x 100 x 60 mm + with rubber feet 
See additional notes below > 


Уы 


SOURCES FOR TUNING CAPACITORS 


Old broken radio sets - but don't smash a nice one up for the sake of a capacitor! Old radio 
sets, especially the old 'valved' wirelesses are very interesting and often sound superb and 
could be quite rare. 


J BIRKETT RADIO COMPONENTS,. 25 THE STRAIT, LINCOLN, LN2 120. telephone 
(uk) 01522 520767 http:/www.zyra.org.uk/birkott.htm 


e 
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MAINLINE GROUP http://www.mainlinegroup.co.uk/jacksonbrothers/index.htm 


COIL WINDING DETAILS 


The coils that | have made for my ATUs have been wound around formers made from the 
plasic tube found inside a typical fax roll. This can be cut to a suitable length to fit inside the 
enclosure, in this case 150mm long with a 30mm diameter. If a plastic fax roll is not available 
then a strong cardboard tube could be used instead. 


‘Two small holes can be drilled at each end of the tube to feed the start and finish portions of 
the 22 swg wire through in order to secure it. Then wind the required number of turns, 
putting a tight twist in the wire at each tapping point, taking care to scrape off the enamel so 
that the connecting wire can be soldered into place. 


Alternatively, as 1 did in my first coil, | inserted printed circuit board (PCB) terminal pins into 
the tube to secure the wire to at the start and finish points of the coil and at each tapping 
point, as you can see in the photograph below. This involved drilling a hole in the soft plasic 
of the tube slightly smaller than the PCB pin and forcing the first for a tight fit. The 
enamel must be scraped of the wire, wrapped arount the pin with a single turn and then 
soldered in place - quickly to avoid melting the plastc! Then the first turn of the coil is made, 
another hole drilled and pin inserted and wire scraped clean of enamel and soldered to the 
pin. Proceed until all the turns and tapping points have been made according to the 
diagram. 


The diagram below shows the number of turns between each tapping point: 


ШО 


& S Та 


Grown Tane 
Corre ions 


Once the coil is complete the tapping points can be wired to the 12 way switch by using 
short lengths of hook-up wire (e.g. 7/0.2mm pvc covered), being careful to wire the into the 
circuit exactly as in the diagram. 
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The Mk1 ATU using the T type circuit 


The rear panel of the Mk1 ATU showing the aerial input and output terminal posts. 
A 3.5mm jack socket is also included as an alternative output socket for convenient connection to a 
portable radio via a length of flexible 50 ohm coaxial cable 
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Internal view of the Mk 1 Antenna Tuning Unit showing the coil and its 12 tapping points, the range 
switch and two space-saving Jackson type solid dielectric tuning capacitors. The potentiometer that 
forms the variable attenuator is hidden from view by the range switch. 


The Mark 2 Aerial Tuning Unit 


AERE LEME HE m 


B0060 


The Mark 2 Antenna Tuning Unit 
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The Mark 1 ATU described above was initially made using the Pi match circuit and when | 
made this, the Mark2, | used the T match circuit design and when | found that it worked even 
better | modified the Mark 1 to also use the T match circuit layout. 


The Mark 1 is used for a portable radio and therefore is more compact, the Mark 2 is used for 
the HF-150 so can be a bit larger. It is housed in an aluminium case and uses the larger air- 
spaced tuning capacitors and also has S0239 sockets are fitted for the input and output. 


The coil is larger too, using the same former made from the centre of a fax roll but longer at 
220mm to accommodate additional windings to enable coverage of long wave frequencies. 
An additional switch is also included to give plenty of adjustment while including the long 
wave range. 


vci ус? 


TO RADIO 


our 
Coax 
Socket Coax 
ket 
EARTH Ground 
e -0 


The circuit diagram showing the coil and the 12 way switch to adjust the Short Wave ranges and the 
additional 3 way switch to change to Medium Wave and Long Wave coverage*. The attenuator is 
simply a 1k ohm potentiometer. 

* Position 1 is Long Wave; 2 Medium Wave; 3 Short Wave ranges - adjusted with 12 way switch 


Tuning Capacitors: In these circuits, as is the general rule of thumb with radio projects, the 
moving vanes of tuning capacitors - and therefore the spindles/shafts - are connected to the 
earthy side of the circuit. Ensuring that the moving vanes are connected to the earthy side 
minimises 'hand capacitance' effects when touching the adjustment knobs. The fixed vanes 
are therefore connected to the ‘hot' (top) side of the circuit 


You will have to determine which terminals on your particular capacitor are connected to the 
fixed vanes and which are connected to the moving vanes. It should be able to determine 

this visually from the physical construction of your particular component, but if you are 
unsure always use the continuity tester function of your multimeter. 


With dual gang variable capacitors with smaller values per gang, it may be desirable to 
connect the two fixed sets of vanes together in parallel to increase maximum capacitance. 
For many metal framed air-spaced variable capacitors the moving vanes will effectively be 
connected together via the brass spindle to the main frame of the capacitor body. The fixed 
vanes and their associated terminals will be isolated from the metal frame by ceramic, 
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the post, which results in 12' of separation between adjacent wire ends. The true 
triangle requires less space than the Y-array. A rectangle about 112 by 97" will 
Contain all of the wires. Like the V. array, I shall assume that the feediines are 
brought to a central point for switching among the antennas. 


The true triangular array in theory shows more tendency toward interaction 
between the active antenna and the inactive wires. Hence, there is likely to be a 

тоге significant difference in performance based on whether the center points of 
the inactive wires are open or shorted. 


The interaction does not greatly affect the overall performance of the antenna, as 
shown in Table 6 and Table 7. With the unused centers closed or shorted, there 
is a very slight front-to-back ratio. It is never greater than 0.3 dB and the 
"stronger" lobe is in the direction of the unused wires. With the unused wire 
centers open, the front-to-back effect drops to less than 0.1 dB on all but 30 
meters. 


Table 6. 100° Performance of a Triangle-Array of 88" #12 Copper Wire 
Doublets 


(Unused centers closed) 


Freg F-S Gain To Angle — Vertical Horizontal Feedpoint Z 
[^5 ES (deg-) B/N (deg. B/W (deg.) R 74 jx Ohms 
3-6 0.25 ЕЯ ss E m jus 
Er 9487 3s 25 103 32 - j 500 
то те 20 a 7 185 : J 525 
10 4 1 їз 24 56 3320 + 12858 
EH 10:22 ЕЧ E] E 165 - j 820 


Table 7. 100° Performance of a Triangle-Array of 88' #12 Copper Wire 


(Unused Centers Open) 


Freq To Angle ‘Vertical Horizontal Feedpoint 2 
[^ (4607) B/N (deg. B/W (deg. R +/- JX Ohms 


Chapter 26 


nazore AERIALS 2- ATUS - Antenna Tuning Units for bettar reception 
paxolin, or similar, insulators. 


PARTS REQUIRED 


[Self wound coil with 13 tapping points 


[Reel of 22 swg enamelled copper wire 


[Reel of 30 swg enamelled copper wire (for longwave part) 


[Coil Former 220mm long & approx 30mm diameter 
12 way switch 
3 way switch 


IBOOpF tuning capacitors (200pF or 365pF can also be 
lused) 


[1 k ohm linear potentiometer 

[Red Terminal posts 

[Green terminal posts 

[50239 sockets 

[Aluminium case 220 x 130 x 65 mm + rubber feet 
See additional notes below > 


SEES 


SOURCES FOR TUNING CAPACITORS 

Old broken radio sets - but don't smash a nice one up for the sake of a capacitor! Old radio 
sets, especially the old 'valved' wirelesses are very interesting and often sound superb and 
could be quite rare. 


J BIRKETT RADIO COMPONENTS,. 25 THE STRAIT, LINCOLN, LN2 1JD. telephone 
(uk) 01522 520767 http:/www.zyra.org.uk/birkett.htm 


MAINLINE GROUP http://www.mainlinegroup.co.uk/jacksonbrothers/index.htm ] 


COIL WINDING DETAILS 


The coil is essentially the same as the coil described above being wound on the centre of a 
fax roll or any similar former approximately 30mm in diameter, but slightly longer at 220 mm 
long. In this case 1 secured the start and the finish of the windings by simply looping the 22 
swg enamelled copper wire through two small holes at each ends of the former to secure it 
in place. The taps are formed by simply twisting the wire into a loop at each specified 
interval, to form the connection points to the range switch, making sure that all the enamel is 
scaped off so that the connecting wires to the switches can be properly soldered in place. 


One difference with this coil is that it is designed to cover the Long Wave band too, and the 
final 110 turns are wound from slightly thinner 30 swg enamelled copper wire, this was done 
simply to save space. Inside the tube at this end are placed a couple of short lengths of 
ferrite rod, no longer than 50mm. These are then adjusted, once the ATU is functioning, to 
give the required tuning range. Alternatively more windings could be added to the final 
winding to increase its inductance until the desired range is achieved. 
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Detail of tapping point intervals and how the coil is wired into the circuit 


The rear panel. Оп the left the input terminal posts for the aerial and earth wires, with the 
addition of a S0239 socket for the connection of coaxial cable. On the right the 50239 
coaxial output socket for connection to a radio with a coaxial input socket also provided are 
the alternative terminal posts for single wire output and ground connections to the radio. 


Photo showing the relatively straightforward internal construction of an ATU. 
2 large air-spaced tuning capacitors, range switches, potentiometer, and coil with 14 tapping points. 
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Photo showing how two 2 inch lengths of ferrite rod are put inside the coll at the longwave end of 
the coil to provide coverage of these low frequencies 


ADDITIONAL NOTES: 
Thank you to Dr Paul S Crawford who e-mailed us with this additional useful advice: 


"You have basically have a capacitor input system connected to the antenna, my own 
preferance is always to put a 100K Ohm 'bleeder' resistor to GND on such an input just to 
stop any static build up on hot dry days, etc. Of course, you might also want to include a 
neon lamp across the input as a crude (but cheap) induced lightening surge arrestor as well. 


Regards, 
Paul" 


Thanks Paul for taking the trouble to get in touch. The lightning arrestor is certainly an 
excellent safety feature, and if you are troubled with noise caused by a build up of static on 
the aerial wire, then the 100k resistor is a good tip. 


A Question About The Daiwa CL-22 antenna coupler 


Dear Sir, I hope you can answer a few questions for me, if you can help me, it will be gratefully 
appreciated, firstly i am 11 years old, and have just started SWL listening with a DX 394 radio, been 
using a end fed long wire about 25m long into back of radio. 


Recently bought a Daiwa cl-22 coupler(atu) at a car boot sale for £3, it looks in mint condition, but 
didn't come with any operating instructions, and scoured the internet for some with no effect. 

the ATU, has З controls on the front... one marked Receiver, one marked Antenna, both theses are 
variable controls, and one marked band (A to G), i understand the Band control, also the Antenna 
control, what is mystifying me, is the variable control marked Receiver ?. 
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Also on the rear of ATU is 4 screw terminals, grouped in pairs, one marked Receiver, and the other 
marked Antenna, the Antenna screw terminals are coloured ,one black and one red, and the same 
for the Receiver terminals, they are very small screw terminals, looks like they only for very thin 
wire, my question is how do i connect my long wire to the ATU, and to which terminal? 


1 really hope you can help me with this, as your web site seems to be the only one, on the internet, 
which seems to want to help anyone like myself, looking forward to hearing your reply. 


Thanking you, Ashley Griffiths. May 2012 


Hi Ashley, | am not familiar with this particular unit, but most antenna matching units are similar in 
operation. One pair of terminals on the rear will be used to connect to the antenna and the other 
pair to the receiver. 


Use RG58 coaxial cable to connect between the a.m.u. and receiver. The red to the centre 
conductor of the RG58 coaxial cable and the other terminal to the outer shield. Some antennas use 
coaxial cable to feed to the receiver or a.m.u., but in your case you are using a single random wire 
as an aerial, so simply connect this to the red terminal 


Often connecting the other (ground / GND) terminal to an earth / grounding stake driven in to soft 
damp soil outside can help reception. Possibly reducing interference or increasing signal strength. 
It's worth trying, but it does not always help in every case. | don't know without seeing the physical 
circuit what the actual circuit topography will be. It could be what is known as a "T" match or 
perhaps a 

"Pi" match. Nevertheless the controls on your a.m.u. will perform the same functions and will likely 
be as described below. 


All three controls will tend to interact with each other. The band control is most likely to be a multi 
way switch that selects tapping points on an inductor (coil). This sets the general band of operation - 
usually from around 3MHz at the longer wavelength end of the short wave (H.F.) bands up to 
around 30MHz at the shortest wavelengths of the short wave (H.F.) band. 


'A' will correspond to one end of the HF band (maybe the shortest wave / highest frequency end) 
and 'G' the other end (maybe the longest wave / lowest frequency end) - or the other way around. 
You will determine this by experimentation. The other two controls will normally be variable 
capacitors. One of these will be on the antenna side of the circuit, while the other will be in the 
output (receiver) side of the matching circuit. 


All the controls have to be adjusted to provide the best impedance match between the receiver 
which always requires a 50 Ohm antenna impedance and the antenna which will present a complex 
and varying impedance of just several ohms to (perhaps) many hundreds of Ohms dependent on 
frequency being used. 


For example if you want to listen to a radio station in the 31 metre band and your particular random 
wire antenna presents 50 Ohms to the receiver's antenna input socket then conditions are well 
matched and you will not need to use the matching unit, indeed it may have little or no effect and 
may even induces losses that actually weaken reception! 


However if on the 31 metre band your random wire antenna presents an impedance (resistance to 
an alternating current) of several hundred Ohms or more, or a lot less than 50 Ohms then matching 
will be poor and some of the signal will be lost. This is when the matching unit can help. By 
adjusting the controls correctly better impedance matching can be achieved so that more of the 


Ft: ond mesofg co uk Contantaerial him 


tanos AERIALS 2- ATU's - Antenna Tuning Units for better reception 
signal is ransferred from the random antenna to the radio receiver. 


Each band will be different and will need different amounts of matching. You will need to experiment 
with the controls and determine the best position of all three that produces the highest signal 
strength. Make a note of their positions for each HF band on a paper chart so that you can easily 
and quickly set the correct positions in the future as you hop from band to band on the receiver. 


1 think that's as much as I can tell you without knowing or seeing the actual a.m.u., but these basic 
principles are the same for any a.m.u. - I hope that helps! 


73 
Mike 
MOMTJ 


Hi Mike, Thanks for sharing your expertise and 
experience! 


am an American living in Mexico and want to use a 
longwire antenna of about 130 feet for shortwave 
listening. Ат thinking to bring the signal into the house 
with a 9:1 unun and RG8x coax, then fine tune with your 
ATU MK II into my Yaesu FT-847. 


I don't understand the use of the two ferrite rods.... do 
they simply enhance the effect of the wiring in the fax 
tube or do the rods have wires wound around them as 
well? For the alternative of more windings around the 
fax tube (1 assume that eliminates the need for the rods), 
about how many more windings? 


If | cant find a fax paper tube (30 mm = 1.1811 inches) 
can I use pvc plumbing pipe that is either 3/4 nominal 
= 1.315 inch outer diameter? 


.050 inch outer diameter or 1 inch nominal 


1 cant find 500 pf tuning capacitors so will use 365pf instead...do you know which frequencies I will 
not be able to tune as a result? 


I understand the longwire is directional, pointing toward the far end. Will it likely cover at least 22.5 
degrees to each side of its direction? 


Is a plastic enclosure just as good as metal, or is shielding an issue? Your photo seems to be of a 
plastic box, and I can source a plastic enclosure locally. 


1 wish I could find people like you here where | live in Mexico to share ideas, and passion for 
whatever hobby it might be, SWL, amateur radio, and so forth. 


My great grandparents are British but | haven't visited your country, but will someday. am envious 
because you have so many enthusiasts for many interesting activities in your country. I even have 
the idea that all your countrymen have amazing gardens in their backyards... 

When | know what to order so can start to collect the parts... 


Thank you Mike, Ransom Peek in Patzcuaro, Michoacan Mexico. (November 2014) 
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Hi Ransom, 
Thanks for your email, it's nice to hear from you. 


Using a long wire’ (I prefer to use the term random wire’) antenna fed via a 9:1 UnUn is a popular 
antenna to use at present. It's certainly not the ideal antenna for all circumstances, but as a 
compromise ‘all around’ antenna it is probably a pretty good choice. 


The two ferrite rods are plain - no additional windings. | simply used them to increase the 
inductance of that section of the coil windings, therefore allowing use on the lower frequency bands. 
Their size and position within the tube will dictate the actual frequency range of that section. So - 
nothing critical, but you may need to experiment a little. 


The same applies to the tube. The size is not critical, but it will effect the inductance and hence the 
frequencies that are covered. Anything (card / paper / PVC) of about 25 to 30 mm (i.e. about 1 inch) 
will be fine - but again you may need to experiment with the final tapping positions to ensure that 
your obtain the frequency coverage that you require. | cannot give you absolutes - but the rule is; 
the larger the diameter of the coil the higher the inductance and hence the lower the frequency - 
similarly the greater the number of turns on the coil the higher the inductance and hence the lower 
the frequency - and obviously the converse is true. 


365pF caps are fine and are, in fact, commonly used in ATU's. Naturally the frequency coverage 
will be a bit different using smaller value cap's, but this can likely be compensated for by adjusting 
the tapping points if necessary. Lower value cap's may need a few more turns on the coil to 
compensate. 


A straight wire will have some directionality, but depending on the frequency of operation, the 
pattern will tend to break up into lobes causing some nulls in certain directions. As a rule of thumb, 
however, the deepest nulls will tend to be off the ends of the wire, while the greatest signal pick ир 
will broadside to the wire. 


Please also note that this is a receiving ATU, it has not been rated for transmitting, although it might 
be ok ORP operation (i.e. < Swatts). 


If you have not already done so - just try the 9:1 fed antenna straight into the radio. It may be fine 
for your swi needs as it is. Then, if you feel that you need a bit of impedance matching, you could try 
making the ATU. Of course - there can be endless experiments with antennas! 


A plastic case should be fine for a receiving ATU. 
Itis interesting to learn that your great grandparents were from the UK! 
As for back gardens here - well they can be of all shapes and sizes, or, indeed, non existent! 


Our garden is quite small - but the gardens of many older (1930's) suburban houses could be 100 
feet long, or much more. The back gardens of newer houses tend to be very compact - even for 
larger houses - due to the VERY high cost of land nowadays. Small gardens are called "Postage 
Stamp" gardens. Of course, many people live in flats and apartments, some of which have 
shared/communal gardens, and some have no gardens at all. The radio enthusiast therefore has to 
devise all sorts of compact or ‘stealthy’ methods of installing an antenna! Maybe а wire aerial 
supported on a fibreglass fishing pole fixed to the balcony, perhaps. 


1 hope that helps! Good luck with your projects. 
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73 
Mike 
MOMTJ 


More about Components / Aerials / UnUns and Baluns 


Simplification: If do not need cover the long wave or medium wave bands then you can omit those 
windings, This will make construction and wiring simpler. 


Variable Capacitors: The variable capacitors can be anything over 200pF in value - just bear in mind 
that smaller values will not give as much adjustment range as larger values. Using a smaller value 
capacitor, such as 200pF, should nat be a problem but it may require some experimentation with 
different tapping spacings, or perhaps using a greater number of tapping points, to obtain the 
required band coverage. 


The use the miniature polyvaricon cap's which have a value of around 200pF will help keep costs 
low and will work perfectly well in receiving ATU's. You might also find these in old junk pocket 
transistor radios that can be salvaged for these sorts of projects. 


Aerials and Feeder arrangements 


This will be a case of experimentation to find what provides the best reception - whether that be 
best signal strengths from stations of most interest, or lowest noise - i.e. best Signal to Noise ratio 
(SIN). 


Try a ‘long wire' aerial to begin with. Actually the expression Random Wire' is a more accurate and 
better terminology. Connect the aerial wire directly to the ATU. This may give good signal strengths 
but may also be noisy. 


If you are troubled with noise: 


Try connecting coaxial antenna cable to the ATU with shield to the ground terminal and centre 
conductor to input terminal. Take the coax to the outside the house and connect the the inner 
conductor to the random (long) wire aerial. This may lower noise - or may just lower signal 
strength! It is important to attempt to judge whether the Signal to Noise ratio has improved. It might 
be found that actual strengths have been lowered, but that the noise level may have reduced by a 
greater extent, so as long as the signals are still resovable the overall noise should be lower. 


Further experiments: Experiment with connecting the far end of the coax inner conductor to the 
random aerial wire but also connect the shield of the coax to an earth stake in the back yard or 
garden. This will change the aerial system - possibly reducing local noise pick up - possibly not! 


Also experiment with a matching transformer at the far end of the coax, The use of an UNbalanced 
to UNbalanced transformer would be the most appropriate for this purpose - so try winding a simple 
4:1 ratio UNUN or perhaps try a 9:1 UNUN which may work even better. 


There are numerous UNUN designs on the web often using a toroid core, while some designs also 
use a 10mm ferrite rod. The wire used to make the windings might be enamelled copper wire or 
even p.v.c. covered wire. Either method would be good for these experiments. Here are some links 
for constructing UnUns and BalUns: 


UnUn designs 
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MOUKD - 9:1 Unun (so-called magnetic longwire balun): 
IW. Lc tic Long Wire UnUn/index; 


How To Build an UNUN by G7LRR: 
http:/Iwww.pcsystems-ss.co.uklg7lrweb/index. php? 
jodule=pagemaster&PAGE user op-view page&PAGE id=! 


IW7EHC - Unun Design for Longwire antennas: 
http:/lw7ehc.altervista.org/ununEN, htm 


Balun designs 
Build An Air Wound 1:1 Choke Balun For HF: http://www.hamuniverse.com/balun.html 


1:1 Balun for balanced dipole aerials : http://www.mOukd.com/ito1 HF Balun for dipole/index.php. 
itp //wargatime, blogspot 10/07/balun-11-14.ht 


Cost Effective 1:1 Current Mode Balun: 
htto://www.arising.com.au/ land/Ralph/cmbalun.htn 


Inexpensive 1:1 Balun: http://oz jux. dk/balun.htm. 
Build a 1:1 Coaxial Balun: http;//www.iwSedi.com/ham-radio/7a-1-1-coaxial-b; 


Broadband Balun Design: http://www.qsl.netíta1dx/amator/broadband baluns.him. 


Step-By-Step Construction of a 4:1 Ситепі-Туре (Guanella) Balun: 
www.nOss.net/arp 4-1 quanella-type balun.pdf 


Making Baluns 1:1 and 4:1 Baluns - Swindon and District Amateur Radio Club: 
http:/lwww.sdarc.net/wp-content/uploads/pdfs/Making. Ball 14 


Air Wound 4:1 balun: http;//www.combot rojects/balun14/balun14.html 


Home brew a 4:1 balun: http://www.rason.org/Projects/balun/balun.h 


4:1 balun for 160 to 10 meters by Clay Wynn: http:/www.hard-core- 
.com/nordicdx/antenn: /4_1balun html 


4:1 and 1:1 Balun ideas by PD7BZ 
http: /www.pd7bz.com/radioprogs/manuals/balun transformer.htm 


Balun Winding: http://users.catchnet.com.au/-rjandusimports/balun winding.html 
4:1 and 1:1 Balun construction by MOSCG: http://www.m0scg.org.uk/Projects/?p=207 
QRP 4:1 Balun for 160 to 10m : http;//www.dxzone.com/cgi-bin/dir/jump2 cgi?1D- 16753. 
UK Source for Silver Plated PTFE (Teflon) covered wire for winding higher power baluns: 


We altes co.uk/acatal .covered.h 
14awg / 16 swg or 0.16 mm dia wire. 12awg / 14swg 0.2mm dia wire and larger toroid for higher 
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1 hope you enjoy building one of these useful devices, and enjoy even more the benefits that 
an ATU can bring to your listening post with minimal expense. 


73 
Mike 
MOMTJ 
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ın reality, a noticeable difference in pattern shape occurs only on 30 meters. 
Figure 13 compares the 30-meter patterns for a. the Y-array (which is virtually 
identical to the pattern of the independent doublet) b. the triangle with the 
unused centers closed, and c. the triangle with the unused centers open. | chose 
a different orientation for each antenna, since the key pattern alteration occurs 
near pattern center. The side "bulges" in the 30-meter patterns for the true 
triangle do not materialy affect the gain of the main lobes. However, the open 
condition does yield a front-to-back ratio of 0.6 dB, which can be noticed on 
patterns, but nat in operation. 
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Amateur Radio хом 


My Home Page — MOMT | Operating Conditions | Antennas. Aeris | [P Portable Operating | Accessories | Projects & Kits | 
Useful information 


ENT) Conlact MOMTJ | ContactMGORS | Links to Amateur Radio Sites | RSGB | OSL | The Amateur Radio 
Radio Min Site Мар 


News, Developments, Events, Photographs and other Bits . Babs! | WSPR Weak Signal Propagation Reporter 


Operating 
Conditions 


SEO AERIALS ( ANTENNAS ) 1 


Antennas 2 | Antennas 3 | Antennas 4 | Antennas 5 | Antennas 6 | Antennas 7 


Accessories 


Projects "Success is 90% antenna and 10% rig. Hobby is 90% listening 10% transmitting" - MMOHDW. 


AERIALS used by МОМТЈ 
‘This page shows some the antennas that I have used over the course of time. 


Index To Other Antenna Pages: 
‘Antennas 1 Aerials used by MOMTJ 
Antennas 2 Including ideas for compact aerials for Top Band /160 metres 
Antennas 3 : Felix Scerri VKAFUQ discusses Loop Aerials, baluns, masts & other antenna related topics 
Antennas 4 : Many antenna ideas from various sources particularly for mull-band operation & also gives 
Information about 
ETT enna rimming, p 

‘Anionnas 5 - Half Wave (physicaly end fed) aerials for 144 MHz VHF 7 430 MHz UHF and 50 MHz 6 Metre band & 
7 ‘Pole Aerials 
[MM Antonnas 6 : Simple and effective HF. Aerial de 

Aerial 

QRM Antennas 7 : Omni-Directonal - Circula (Mixed) Polarized Aerial for VHF / 2 Meters. 


The All Band Doublet, an А! Band Sloper & a Ground Plane 


E H.F. ANTENNAS used by MOMTJ 


Contact 


s 70cms FM are taken care of by my home-brow end fed hall wave dipole (CFR - 
WSPR ¡Controlled Feeder Radiation Antenna "fowerpot antenna"). This dual band vertical aerials mounted on a 10 foot 
Weak Signal ^ aluminium pole mounted near the apex of The house. The feedpoint is approximately 11 meters above ground 
Propagalon — level It cost me about £6.00 lo make and works beer than an expensive, commercial white slick antenna that | 
Beporing had previously and cost only a tenth of the price! 


| also have a couple of roll-up Wireman dual band Stim Jin’ J-Pole aerials for 2m and 70cm. One is hanging in the 
PORTABLE [oft as a back up and one is ready for portable use if required. These handy aerials are available from NOTAX at 
(ebay and hiv 2wayelectronixcom! 


HF. Aerials : | have limited space and also aim for as low a profile as possible (stealth) - во these days my aerials 
‘consist of the following: 


[1] End Fed Half Wave wire 20 metres lang to cover 40m to 10m using a GWhip high impedance matching 
transformer (ralio approx 42:1 | estimate) tis installed in an inverted L configuration. 


Find {214 Sloping 15 metre long wire, parallel with а second wire of approximately 10 metres in lang fed with S 
S Unus. 


[3] A home-brew Fan Dipole for 6m and 10m strung up on the oft, mado from some cheap PVC covered wire. 


(ORM fom PLT 


[4] Lam experimenting with a 'home-brew coaxial dipole for the mot / SOMHz band. 


[5]! also hope to again experiment with а Doublet antenna; This time, | wil ry 3/8th wavelength for the 40 m band, 
о about 16 meters total span, perhaps adding a fan dipole element for other specific bands e.g. 10m 20m, To 
фе fed with 300 Ohm adder пе and a 1:1 current balun... but that's for the futuro, but 1 have started to construct. 
а couple of 1:1 current baluns. 


А Doublet can be a vary good mult-band aerial. Other potential aerials for experimentation might be a half size 
(GSRV and a Off Centre Fed Dipole. Read more about Doublet aerials here 
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Get on he air wih 
TOP QUALITY 
BRITISH 
GMHP 
ANTENNAS Previous Aerial Installations: 


‘September 2014: 


“The Summer of 2014 has seen a few changes of aerials. The 
‘80nv/40m Inverted L was removed and replaced with a newly 
‘constructed Doubiel Antenna fed with ladder Ino via a 4:1 G-Whip 
current balun and an LDG "ATU". The Tecadi support pole originally 
used for the Inverted L is now used to support one end of the 


Doubiet You have probably read this elsewhere, but | can confirm 
that the All Band Doublet (fed with ladder Ino not coax) is a superb 
all round HF aerial. Highly recommended, 


‘The SGC-230 Automatic Antenna Coupler was moved from the 
‘original feedpolnt of the inverted L antenna to the second feed-point 
(on the other side of the garden. This now feeds a sloping wire of | 
‘approximately 20 meters length to ensure that the 80 Motor Band 
and Top Band (160 meters) remain avaliable. This antenna wil also 
‘tune’ on most other bands, so remains a very useful second 
antenna, though the All Band Doublet is often considerably better, particulary on the higher frequencies. The old 
(SGC-230 was also faulty and | replaced it with а new CG-3000 auto coupler from Martin Lynch and Sons. 


‘The -Pole for 4 Meters (70 MHz) was removed since it wasnt used much, being only connected to a 4m hand- 
hold radio - I seemed to be a waste of precious antenna space. This was replaced with a newly constructed Half 
Wave "CFR" Antenna (Coaxial Dipole) for 6 Meters (50 MHz) connected to the main HF radio via Westlex 103 
(coax. The DK7ZB dual band Yagi antenna remains, as does the 10m / 6m Fan Dipole in the loft space. Also 
remaining in place at the apex of the house is the home-brew 2m / 70cm "CFR" Antenna (Coaxial Dipole) for 
\VHE/UHF FM operation - this has been a particularly effective antenna 


a ^ Tesumars 


htweichL2 mito & 
pois C 


"Ser knew their stuff, is an excellent ll round antenna that is easy and cheap to make and should be quite easy lo 
со. accommodate and instal. See photograph below and read more here 


2) A Sloper Antenna consisting of two parallel wires - опе wire 
‘being 20 meters long witha second paralel wire hats 10 MOMTJ 
meters in length. The first 2.5 meters (approx) of wire runs CE жота 
Verically up а non metalic post, hen tha remainder slopes back | =T 


towards the house being finished off with an insulator which is 
attached to а Para-Cord lanyard thal runs through a pulley on a 
polo at the apex of the roof. The antenna wire can therefore. 
‘easly be lt down for maintenance or adjustment whenever 
required. For lowest possible loss, the antenna is fed via a 
1503000 automatic antenna coupler located at the bottom of the 
garden. The antenna is primarily for lower HF bands including 
160 meters, 80 meters and and 40 meters, but it also works very 777 
чөп оп some higher bands, The GC3000 itself is mounted in a waterproof IPSS rated enclosure near ground level 
lathe bottom ofthe garden. Grounding is achieved from Iwo 4 foot long copper ground stakes and several radial 
grounding wires. 


mora about the Sloper Antenna and the C3000 here 


3) A home-brew omnidirectional, vertical dual band, end fed antenna for 2 metres and 70cm. This is of the 
Controlled Feeder Radiation design (CFR) by МК2201; effectively an end fed half wave dipole on 2m with an 
‘aluminium sleeve dipole section to achieve 70ста witha few extra B's of gain. Itis mounted on an aluminium 
‘mast. I's feed-point is about 11 metres 291. raad more here 


4) A DKTZB design dual band Yagi antenna, with 5 elements for 2 metres and В elements for 706ms, mounted 
horizontally for SSB. A lightweight antenna rotator is employed and uses a push-up telescopic mast. Height above 
‘ground level is again approximately 7 metres. The DKTZB i an excellent twin band Yagi antenna. read more here 


'5) A Half Wave End Fed / Controlled Feeder Radiation (CFR) antenna for 6 meters 50 MHz. Supported by a 3 
meter long telescopic Abregiass fishing pole attached lo the lop of ha aluminium push up mast thal support the 
(DK7ZB dual band yagi and rotator 


в) Dual Band Fan Орой 
ап 6 metes. Cheap & qui 


mado from thick loudspeaker wire, mounted horizontally in the loft space for 10 motors 
fective 
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(Other Options that сап be deployed on an fs required basis" 


7) A halt wave Wire J-Pole fixed to a telescopic fibreglass fishing pole for 10m. Cheap and efective. more about J- 
Poles hare and also here on Antenna page $ 


8) Compact Loaded Top Band Antenna, based on a design idea by Stuart Craigan GAGTX more 


{9 & 10) G Whip End Fed Zepps (EFZ') for either 20m, 15m ог 17m or the G-Whip "WideBander" which is an 
“UnTenna’ style antenna that can be used for 20m through to 10m using good quality G Whip 9:1 UnUn useful 
additions for antenna flexibly. mare 


1) NSTAX Dual Band Slim Jim (4-Pole) antenna mounted in the loft as а back-up antenna for 2m and 7Oems. Very 
(good. more 


12) Delta Loop Antenna - 16 metre loop of wire in triangular Delta shape, hung from the top of the pale supporting 
the inverted L antenna and fed via RG213 coaxial cable via a 4:1 balun. The loop s really a single band antenna 
(cul for one wavelength on the band of interest, however it also can be pressed into service for some higher bands - 
(à good, cheap and easy to install aerial; Often works better han the inverted L on the higher bands, but on 10 
metres the tuned 10 metre dipole in the loft is sometimes better. more 


Knots: Knots for securing wire aerials and other things more 


All Band Doublet Antenna 


‘The Doublot Antenna consists of two 10 metar long top wires to form the 20 meter long ‘dipole’ section. Tho contro 
is fed with Ladder Line rather than coaxial cable. A dipole fed with coaxial cable is essentialy a single band (mono 
band) antenna. Feeding such an aerial with ladder line, or open wire twin feeder makes a much more effective 
тив апа antenna. 


(The ladder iine runs down to a high efficiency 4:1 Current Balun (G-Whip) which is connected to an automatic 
“antenna matching unit Ма a very short RG213 patch lead to ensure lowest losses. The Antenna tuner and balun 
are housed in a box which is itself contained ina small garden shed to protect it from the weather. The automatic 
“antenna matching unit is then connected back to the shack via a run of RG-213 coaxial cable. 


А Note About Baluns - | used a 4:1 ratio Guanella Current Balun for my original design, and this is 
often recommended by ether users. However, It may be betler lo use а 1-1 Current Balun, 


A 1:1 current balun should have lower losses and be more efficient. so that the arial system radiates 
more effective power. Additionally a 1:1 current balun may present a more easily matched load to the 
matching unit ("ATU") - this is because, for example, ifthe antenna presents a very low impedance at a 
certain frequency or frequencies, the 4:1 transformation ratio will make tat Impedance even lower 
{even worse) and might bo impossible to match for some matching units 


Steve б3ТХО has an excellent article explaining why the use of a 1:1 current balun would be 
preferable: 
Arata Radio (GSTA) -Tuner Balun: d:t or 1:1 7 tuipdiwuwkarinya ынды balun 


Whatever type of balun and whatever the overall length of the aerial top-wie, If you have difficulty in 
matching some bands, ty adjusting the feed Ine length, by adding, or removing a Меге or wo. 


Noto also that the internal "ATU found in transceivers wil be entirely unsuitable to use for this type of 
aerial. You will need a good extemal matching unit, either manual or automatic that can match at least 
10:1 SWR or beter. Internal transceiver "ATUS" сап only match 25:1 of 3:1. There are some MFJ 
“ATUS" а сап match a very wide range, - for example the MFJ MFJ-993BRT, MFJ-939Y and MFJ- 
929 can match a range ol 6 о 1600 Ohms (an SWR up lo 32:1). I have nol tied these yet, but I am 
keen to take a look. At the moment (Dec 2017) use ап MEJ 849E manual tuner which seems to be 
abla to match almost anything. 


Read more about the All Band Deublet Antenna here. 
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ANTENNAS FOR VHF and UHF - 2 m & 70 ems 


(The main antennas are as follows: 


Home-Brew dual band end (physically end fed) half wave "Coaxial Dipole” for 2m 8 70cm. 


For 2m and 70cm FM | use a mounted on a lightweight aluminium telescopic pole on the apex of the hose. The 
base of the antenna (the bottom of tne radiating element) is approximately 11 metres above ground level. This 
antenna is based on the Controlled Feeder Radiation principle (CFR) and is described by VK2201. Read more 
about Its construction here. Also seen inthe photograph below are the ropes that support tha H.F. wire aerials. 
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MOMT} 


lome brew dual band vertical antenna for 2 metres and 70 cms, 
Read more about it construcion hare 


Dual Band Yagi for 2m & 70cm 


For 2 metres and 70cms SSB there is a horizontal DKTZB design dual band Yagi antenna. This has 5 elements for 
2 metres and 8 elements or 70 cms. A lightweight antenna rotator is employed and uses the same push-up 
{elescopie mast that the Home-Braw 7OMH2 J-Pole Is mounted on. Height above ground levels again 
‘approximately 7 metres. The DKTZB is an excellent twin band Yagi antenna, 
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Tre DITZB 5 + 8 lament ua band vau Tor 2m and T0 om -designed by Mart Steyer DKTZB 
"Avalatl rom Arthur MOPLK (SOZPLK) at Ham Radio Shop: 
— — 
8 
Also avai tom ура SVŠTENS by SG: — 
К avaiable Кол NUXCON de: Np ISRO Antio 


(2 Meter J-Pole Antenna for the garden shed - and other a. pol 
(10 metres : 


antennas for 6 metres and 


While experimenting with antennas in the garden in the summer of 2012 | thought that it would be good to have a. 
hand-held radio inthe shed to do some monitoring and make a few contacts. To Improve upon the performance of 
(tho rubber duck antenna | quickly made a J-Pole antenna forthe 2 metre band. 


his made from a 47cm length of 450 ohm Wireman ladder line as the 1/4 wave matching section, plus a 97m 
length of stranded wire as the 1/2 wave radiator. is fed with 3 metres of MI spec RGS8 clu coaxial cable that is 
‘soldered to the 1/4 wave matching section's impedance matching point at 3.5 cm from the bottom. The coax feeder | 
B wound around some PVC tube to form a choke. The completed antenna is taped to a 2.2 metre long fbreglass 
fishing pole that | purchased кот Poundland (or £1.00) I took about 20 minutas to make followed by soma 
“testing and adjustment wilh the antenna analyser. The fishing pole is lashed lo the shed with some cable as. 


“This simple antenna works pretty wel, but being so low down signal strengths are not huge, but ts pleasing to get 
(om the air with something so simple and cheap! 


Eind out how easy itis to construct -Pole Anter 


Now, iit was at the top of my 10 metre long fishing роб... (1) 
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"The Shed Antenna -a 2m J-Pole by MONTI. 
ite the simple choke balun at ils base made by winding 8 tums 
off cut of white PVC water pipe 
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More Antennas . 
Inverted L Antenna for 80m and 40m (and some other HF Bands from 80m to 10m) 


‘The basic layout of the Inverted L Antenna (Practical Wireless) 


The first antenna that installed was for HF. | decided on an Inverted L that incorporates a 7MHz trap so that it can 
be used on both ZMHz (40 matres) and 3.5 MHz (80 metres). 


“The design of this inverted L is well known and a good design has been published previously in Practical Wireless 
by Len Paget GMOONX. It is based on one hall ofthe famous WIDZZ rapped dipole antenna 


t can be made entirely from scratch as a DIY project, or the 7MHz trap could be purchased commercially as a 
ready made kem, or whole antenna can bought as a complete kit кот Tony Nailer, G4CFY, at Spectrum 
Communications. I opted to buy the 7MHz rap from Spectrum Communications, as | already had most of the other 
materials required - rope, egg insulaor plastic box, and some good aerial wire. The Spectrum Communications 
ap is solid and well made and potted to protect against the elements. 


This antenna is tuned for 40 metres and 80 metres, but the VSWR is acceptable on several aber bands being in 
the region of 2:1 to 5:1. The designer anticipated that this antenna would be usable on five of the НЕ bands 
‘between ВОт and 10m. 


1 have found that with the use of ’ ай of the Н.Р. bands. However the 
polar radiation pattem may very well be less predictable on bands other than the intended 40 and 80 metres, and it 
may well be less effective than might be desirable - but it does work! 


‘The antenna is in the back garden, while the shack (radio room) is in a bedroom at the front of the house. Iis fed 
Буа 30 metre length of #6213 coaxial cable (it is not possible o use twin feeder for this type of antenna as the 
Inverted L is an UN-Balanced aerial, whereas twin feeder is balanced). With this length of cable | estimate the loss 
in the feeder alone to ba about 188 at 7MHz, The feed point ofthe aerial is located at the base of a 16 fool high 
¡wooden pole near the bottom of the garden. The horizontal tap wire retums to a fibreglass pole installed at the 
apex of the roof. 


+17 + 160: I have since added a separate sloping wire element for the 17 Mette Band and a switchable loading 
col for Top Band - see notes below. 
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Photograph showing the wooden support post and termination point of the Inverted L antenna 
Tho post is coloured green with green fence treatment to mast it somewhat. I have also placed 
it near the bush to provide further camouflage. 
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Antennas Made of Wire ~ Volume 


In the end, then, you may take your choice of open or closed unused elements. 
Since the choice is so close in performance, my own preference would be to opt 
for the safest choice: ines closed at the remote switching center. Whether that 
choice results in electrically closed or open feedpoints for the unused elements 
depends on the exact length ofthe line used between the elements and the 
switching box. Quarter-wavelength lines will result in open centers, while hall- 
wavelength lines will yield shorted centers. Shorted lines that are longer than 1/4 
wavelength will add capacitive reactance to the wires and possible increase the 
directive effect in the direction of the unused wires. Shorted lines shorter than 1/4 
wavelength or longer than 1/2 wavelength will likely add inductive reactance to 
the unused wires, converting them into reflectors of sorts. The effect, of course, 
will vary from band-to-band, since the line length to the switching box will change 
its electrical length with changes of frequency. 


For many applications, minor directive and reflective effects may be no 
hindrance, and the smaller footprint of the true triangle will be the overriding 
consideration. For some applications, maximum isolation of each antenna will be 
the dominant concern: in such cases, the Y-array should be the configuration of 
choice. Before making this decision, it would likely be wise to model the system 
with the proposed feedline as part of the model--to gain a better view of actual 
effects. 


‘The “Expanded” Lazy-H 


Before leaving the field of back-up wire antennas that are about 88' long and that 
cover 80 through 20 meters, we should take note of the expanded lazy-H, which 
likely first appeared in print in CQ in an article by W2EEY. Figure 14 shows the 
essential elements of the array: wires vertically spaced 44 apart. Although there 
are monoband schemes for bottom feeding the array, muli-band use tends to 
require balanced in phase feeding of the system, as shown in the sketch. 
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The low loss RG213 coaxial cable runs from the shack atthe front of the house up into the loft and 


exits into the back garden down the rear wall, through some garden hose to offer some protection 
along the flower bed to the bottom of the garden where it is connected to the base of the Inverted L 
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The suspended Inverted L aerial with 7 MHz trap. 
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he Inverted L antenna - lower section now nicely camouflaged, 
‘Support post is some 6 metres long, 
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The photograph above shows the Dacron ropes supporting the ends of the Inverted L and Dipole antennas aro 
held in place atthe top ofthe fibreglass support mast by a pulley - one pulley for each support rope. This facitales 
rapid lowering of either antenna for adjustment or replacement. This photograph also shows а second rope and 
pulley system that was originally used to support the 20m dipole and s now used Tor the top band inverted L wire 
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‘aerial 


I needed a good reliable knot for securing ropes when installing wire antennas and have found the Bowine to be 
(one ofthe most useful, itis strong and easy to һе. A Bowline will not slip in any circumstances and, usefully, the 
‘more load that is put on i, the tighter it gets- 


The Bowline Knot ~ 


А Bowline can be used to е two ropas together and should be used to tie a support горе toa pulley, dipole centre 
and other antenna tems. 


Its important to use the correct knot for the job when fixing up wire antennas. | find the Bowne s a very useful for 
fixing end, egg and dog.bone insulators o the ends of tha wire and/or ropes. The Round Tum & Two Hiches, 
Anchor Band (Anchor Hitch) and Bunting Hitch knots are very good for tying a горе to a pole or a mast. A Double 
‘Sheet Bond can join two places of rope together - even И they aro of unequal size. ‘Animated Knots wil show you 
howto do them: ho www animatedknols com 
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Photo showing pulley fixed to the top of the wooden support post and the aerial support 
rope that it holds in place. 


‘The Spectrum Communications Trap 
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View of trap showing that the joints have been thoroughly sealed against the weather with 
self amalgamating tape and silicone sealant. 


Just for good measure | sealed the Internal side of the machine screw that forms the connection 
terminal against the weather with Watson sealant putty. 


Adding Top Band to the 80 / 40 metre Inverted L Antenna: 


Due to an aborted house move in 2010 | had removed all the antennas. While re-establishing the aerials in 2011, 
and considering space limitations, 1 decided to experiment with adding а loading col tothe 40m / 80m Inverted L 
‘arial. The loading col has a ink wire to short И out of circuit when using the aerial for 80 metres and 40 metres. 

The link wire is removed when Tap Band is require. 


1 also took the opportunity to replace the original wooden post with a strong 6 metr tall fbreglass pole. 


The coil consists of approximately 37 tums of PVC covered antenna wire wound an a short piece of PVC pipe. 
Once the required points of resonance were set for 40 metres and 80 matres, the link wire was removed and 
‘number of tums on the col were adjusted unl the required point of resonance was found on the 160 mete band. | 
sel it lo around 1900 kHz - the bandwidth is quite narrow. 
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(Once the work was done, the joints and connections were sealed with ether Liquid Electrical Tape or self 
‘amalgamating tape, then the connecting box, V bolls and white PVC pipe were sprayed with green paint to help it 
all blend in withthe surroundings a ite better. 


‘Adding the 17 Metre (18 MHz) Band to the 80 / 40 metre Inverted L Antenna: 


“The Inverted L is not too good for the WARC bands so o obtain batter performance on the 17 Metre band | added 
а single slightly sloping wire element cut for that band. The lower end of the wire is permanently connected to the 
feed terminal on the junction box, the other end is ad to a small dog bone insulator. This dog bone s then 
supported by a length of thin para-cord which is led tothe horizontal wira of Ihe main Inverted L element. (N.B. 
‘The 17 metro modification is not currently shown in the photographs below.) 
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MOMTJ 


fon 
Roconfiguring Inverted L with addtional Top Band Loading Сой for 160 metres. 
A strong 6 metre tall fibreglass pole replaces the original heavy wooden post. 


Ft: win mog соц Соте 
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i ing colto the 8 
The loading col has а link wire to short It out of circult when using the aerial for 80 metres and 40 metres, 
The link wire is removed when Top Band is required. 

Tho сой consists of approximately 37 turns wound on a piece of PVC pipe. 
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#12 - #14 AWG Copper Wire 


Phasing Line 
300 to 600 Ohm Zo 


ja ͤ—— 
ig. 14 WZEEY "Exparrded Lazy-H Antenna 


As we did with the independent doublet and the triangular arrays, let's place this 
antenna at a top height of 100", with the lower wires at 56. For the data in Table 
8, 1 used a 450-Ohm phasing line and took that feedpoint impedance readings 
from the junction of the two 22 lines. 


Table В. 100° Performance of an Expanded Lazy-H of 8 


жзг Copper Wire 
Doublets 


Freq F-8 Gain To Angle vertical Horizontal Feedpoint 2 
ES ES (дер) в/м (deg. B/W (deg.) R +7 JX Ohms 
3.8 5.95 46 138 131 10-398 
E] 6.08 з за ма 1573 60 
5.37 за E] a 137 a50 © j 115 
Ta 3:02 2 п 76 455 < j aas 
EE 11:88 E is 56 20- 4s 
E m u a 2 50+ j aas 


We should divide our discussion of the performance between the lower bands 
and the upper bands for this antenna. The lower bands show lesser gain and 
higher TO angles than the independent doublet. This phenomenon results from 
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Te loading сой has а iink wire to short t out of circu when using the aerial for BO metres and 40 metres 
The link wire is removed when Top Band is required. 
Tho coll consists of approximately 37 turns wound on a piece of PVC pipe. 
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Inverted L wire, 


Delta Loop wire 


Para Cord to 
hoist second 
wire element 


Para Cord to hoist 
Delta Loop 


Second wire 
element, 


AN "Fibreglass pole 


МӨМ: 


TRAPPED INVERTED L ANTENNA 


1947" Tam 


enan 
80-10 male, А. a omalll garden. ‘STAKE 
The commercial version of the basic 80m - 10m Inverted L is 
available from Tony Nailer at Spectrum Communications 
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Important notes on affective Grounding by Jim KBOZ 


Mike - | was reading about your work on the 160 meter Inverted L, and it makes me want to go out and bulk 
Some more antennas! Congratulations. Your story is fascinating, and very well documented. 


The only thing сап offer as a suggestion is o get as much radial wire along the edge of your property as 
possible (assuming your XYL will nat allow you to bury radial wire all over your yard). Even If you can only run 
%%% and parallel to each other, your losses wil be reduced. 
The ground lossses have quit an impact on your transmitted signal, so any wire you can “hide” along the edge 
of your property wil help improve your signal strentgh ß 
C 


Good luck ОМ, and keep up the refinements on your antenna system. You're doing great! 73, 


Jim, koz 
‘Albuquerque, NM 


Delta Loop Antenna - Tuned for the 17 metre band but also usable as a multi-band 
operation 


м. 
/ \ 
= X 


— trop 


A typical Deita i "antenna - diagram by Ives muli-band operation with minimal cost. 


Му Delta Loop is fed near the bottom comer - It cannot be fed at the top, as in the diagram 
above, due to unwanted interaction with the antenna wire of ће Inverted L antenna 
‘which is supported on the same pole 


My Delta Loop is fed near the bottom at one comer - ! cannot be fed at the top, as in the diagram above, due to 
unwanted interaction with the antenna wire of the Inverted L antenna which is supported on the same pole. 


It consists of a 16 metre long loop of wire in triangular Delta shape, hung from the top of the pole supporting the 
inverted L antenna and fed via RG213 coaxial cable via а home-brew 4:1 balun. А loop is really a single band 
“antenna cut for one wavelength on the band of interest, however it can also work on higher bands with an ATU - as 
а good, cheap and easy to instali mult-band H.F. aerial. Performance is a Ише better than the inverted Lon the 
higher bands but on 10 metres the tuned 10/6 matre wire tan dipole in ihe loft can sl be better. 


Kg Awwmds076,20kConten/amataur radio antennas himi ETT 


влади 


[ANTENNAS & AERIALS 1 - The Aerials Used by MOMTJ - MONT 


Inverted L wire. 


Loop wire 


MOMT] 


"Apex of Delta Loop by МОМТЈ 
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Ladder line ofa 
different antenna 


Delta Loop wires 


4:1 Balun’ 


Short timber 


Feed point of the Delta Loop at the bottom right hand corner 
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ор 
"The Antenna ls fed via a home brew 4:1 balun by МОМТЫ 


Below are the VSWR measurements or the 16 metre long loop which has been measured an с for resonance in 


the 17 metre band. For comparison are the measurements for the 12 metre lang loop (which has nol been 
optimised) and an 18 metre long loop which is of arbitrary length: 


[ 16 metre long loop of wire for the 17 Metre Band (opimised for 17m band) 


BAND VSWR 


En ЕГ 


[ 
[ 
[ 
[Г тт 
[ 
[ 
[ 


Tm 
Tam EA 
Ton e 
[ 12 metre long loop of wire for the 12 Matre Band (NOT optimised) 
[. BAND | VSWR I VSWR 
(| ПЕШТЕ [ MET 
— — 1807 MAE =ва [ ILE 
— I 210МН; =50 [ ZAS MHz T46 
[m I E ji 250 Wie =20 
[3m I 25.0 MH = 50 I 29 SMHZ=6T 
[ 18 metre long loop of wire (An arar length between 20m & 17m) 
[Bano] VSWR VSWR 
—— TOM: EET 
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pom | 1807 MHz = 26 П 18.16 MHz 
— T 
— T 
[m T 


Many users claim that loop aerials are quieter than typical vertical antennas. There are many plans available in the 
internet and given a suitable support or pole and а 4:1 balun It can take only a few minutes lo install a cop. 
antenna. 


Arthur MOPLK (SQ2PLK) at Ham Radio Shop supplies an interesting lightweight sol supporting Delta Loop. 
“antenna: hlipi/am-adio.urbasketeu - see Ihe review en the Polonia DX Award here 
рда one planicies pho?aricie idel7 


(LOOP ANTENNA LINKS: See lots more links to Loop Antennas on my links page here 


Dipole or Doublet Antenna for 20m and 10m. 


This в an antenna trapped dipole for 20m and 10m. Currently It is fed by 75 ohm twin feeder to a 1:1 balun in ho 
топ, then on o the ATU (AMU) via a short RG213 coaxial cable. Although it was initially installed horizontally. Its 
‘now installed with one leg supported уөпїсайу on a 7 metre fibreglass ‘Sola’ pole withthe other log supporter 
‘horizontally about 2 metres above the ground. This is a rather unorthodox arrangement for a balanced dipole, but i 
‘seems lo work ok and was inspired by another radio amateurs idea - although | don't recommend balanced feeder 
Mor this arrangement! 


It oaks much neater than the horizontally strung dipole and offers а more omnidirectional radiation pattem too. 


Removable end support method for wire dipole using a plastic antenna insulator, 
Snap-hook and Dacron rope. 
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Photo showing how the wooden support posts are heid in the ground by the steal Met Post. 
This Met Past and wooden pole now supports the 7 mete high fibreglass Sola Pole (fishing pole) 


‘The ‘deformed dipole 
A Dipole for 20m and 10m. 


(One log is vertical, giving a more omnidirectional pattem and supported by the 7 metre long fibreglass fishing polo, 
Ме tho other log runs off horizontally at about 2 matres above the ground. 


(This antenna is fed by 75 ohm twin feeder. 
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Compact Antenna for Top Band 
A Shortened Inverted L for 160 Matres 


Despite the dreadful noise on top band caused by modern electronic gadgets and the difficulty in accommodating a 
necessarily large aerial in a small garden, | was keen to try o get on to top band. | experimented with some 
differant ideas during 2008, some of which are shown on this page. 


Eventual I settled on the design shown below. It is an Inverted L type aerial, shortened by the use of a loading 
(ol. It uses а fibreglass telescopic fishing pole to allow it to be easly lowered out of sight when not in use. Road 
‘more on Antennas page 2 here> 


a evr sing polo- ig 


Top Band Aerial by MOMTJ 
Shortened Base Loaded Top Band Antenna For Small Gardens. 
uses a fibreglass telescopic fishing polo to allow it to be easily lowered out of sight when not in use. 


id more about Top Band Antennas on Antennas page 2 > 


Other Antenna: 


End Fed Zepp Antennas for 20m / 17m and 15m : 
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the fact that the elevation angle at any frequency is а composite angle of the 
Upper and lower wires. The lower wire at 56 significantly increases the 80/75- 
meter TO angle. The vertical beamwidth is very wide, which may compensate to 
а degree by offering low angle performance not far down from maximum. 
However, on the lowest band, the high angle reception is likely to increase the 
overall noise in relationship to signal strength. Hence, for 80 and 75 meters, 
finding a way to disable the lower wire and using only the upper wire would make 
good operating sense. On 40 meters, the added gain compared to a single 
doublet may more fully compensate for the slightly higher TO angle. 


The performance on 60 meters is similar to the performance of a single wire 
triangle, The front-to-back ratio is 13 dB and the main forward lobe is in a 
direction away from the "inactive" reflector wires. 


Upper band performance of the Lazy-H is marked by very significant increases in 
gain over a single doublet without decreases in the horizontal beamwidth. Where 
the gain comes from appears in Figure 15, an elevation plot for 30 meters. 
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Above is a high efficiency, high aualty commercial built Zepp style antenna using a hal wave radiator: However 
thero is a difference - unlike the traditional Zepp antennas, G4ICD's design dispenses with ho long trailing 14 
wave twin feeder matching section and counterpoise and, instead, usos a G-Whip's helical tuned unit. 


The ond fed Zapp is extremely versatile - it can simply be hung from the fascia board or guttering just outside one's 
window: The 1/2 wave wire radiator made of high strength Kevlar is easily sloped down the garden and is a 
‘camouflage green in colour so as to be almost invisible. The G-Whip Zapp is supplied with a fascia board insulator, 
га throwing line with plus cable strain relief and fittings, the IP65 waterproof resin potted box ied with UHF 
‘connectors (50239) for coax feeder. The Zepp can be mounted vertically (e.g. using a telescopic fibreglass pale), 
horizontally or sloping and can be ready in a matter of minutes. 


1 then decided to ty an excellent new design developed by Geoff G4ICD -an End Fed Zepp antenna with a 
% efficiency. resonant mono band antennas ullising a half wave 
‘radiator, however this new G-Whip design by G4ICD dispenses with the long trailing 1/4 wave twin feeder 
‘matching section and counterpoise and, instead, uses a helical tuned uni. Using versions for 20m, 17m and 15m 
¡vil enable me to get on the ar with the minimum af tuss since the G-Whip end fed Zepp can simply be hung from 
the facia board or guttering just outside one's window. The high-strength Kaviar, camouflage green 1/2 wave wire 
radiator is easily sloped down the garden to be almost invisible. 


G-Whip Widebander 
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Using the popular idea of feeding a large but non resonant antenna with an impedance converting 9:1 unun 


The G Whip wideband antenna consists of a 9:1 unun of GWhip's customary high quality for best efficiency. two 
20metre lengths of kevlar wire for the radiator and countarpoise which provide operation тот 3 MHz to SOMHz. 
% an ATU to match. The 20 metre radiator wire can be used as a 
sloper, ог supported by convenient supports such as poles or trees in а straight line or dog lagged. I use a shorter 
radiator wire run up a telescopic fibreglass pole for operation on 20 metres an above. 


Dual Band J-Pole 
There is a dual band vertical J-Pole antenna in the loft as a back up for the 2m and 70cm bands. 


=- 


The excellant Dual Band АТАХ Slim Jim antenna that use inthe Toft as а reserve antenna. 


More information from Jos NOTAX at: www.n9tax.com 
www abay со uklim/VHE.UME.-Slim.Jim-J-Pole-Dual-Band-2m-70cm-Antennaipole 
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Previous Antenna installations: 


(2011 - 2013) 


1) A trapped Inverted L for 80m and 40m with an SGC-230 auto antenna coupler at its feed-point at the bottom of 
the garden. RG213 coaxial cable is used to feed the output of the auto-couplor back to the shack. This can be 
used on all bands from 160 through to 10 metres. Tho support post is installed at the bottom of the garden with the 
(end of Io antenna wire being supported by Dacron rope that is attached to a pulley on a pole at the apex of he 
fool. A simple, single sloping wire element provides use on the 17 metre band. Although too short to be really 
‘effective on 160 metres, Top Band can be tuned by the SGC coupler. A pretty good all-round antenna. more 


2) A half wave Wire J-Pol fixed o a telescopic fibreglass fishing pole for 10m. Cheap and effective, more about 
Poles 


З) A homebrew omnidirectional, vertical dual band, and fed antenna for 2 metres and 70cm. This is of the 
(Controlled Feeder Radiation design (CFR) by VK2201; effectively an end fed half wave dipole on 2m with an 
“aluminium sleeve to achieve 70cms with a few extra dB's of gain. Itis mounted on an aluminium mast 10 metres 
agl. more 


4) A DKTZB design dual band Yagi antenna, with 5 elements for 2 metres and B elements for 70cms, mounted 
horizontally for SSB. A lightweight antenna rotator is employed and usos a push-up telescopic mast. Height above 
‘ground level is again approximately 7 metres. The DK7ZB is an excelent twin band Yagi antenna. more 


15) Dual Band Fan Dipole, made from thick loudspeaker wire, mounted horizontally in the loft space for 10 meters 
an 6 metres. Cheap & effective. 


6) (Installed late September 2013) Wire J-Pole antenna for 4 Matres (70 MHz) supported on a 3 matre long 
‘telescopic fibreglass pole to be attached to the top of the aluminium push up mast thal supports the DK7ZB dual 
апа yagi and rotator, 


(Other Options that can be deployed on an ‘as required basis 
7) Compact Loaded Top Band Antenna, based on a design idea by Stuart Cralgen G4GTX more 


18:49) G Whip End Fed Zepps (EFZ's) for either 20m, 15m or 17m or the G-Whip "WideBander" which is an 
"UnTenna' style antenna that can ba used for 20m through to 10m using good quality G Whip 9:1 UnUn; useful 
‘additions for antenna flexibly. more 


10) NSTAX Dual Band Slim Jim (J-Pole) antenna mounted in the loft as a back-up antenna for 2m and bene Very 
good. mora 


11) Delta Loop Antenna - 16 metre loop of wire in triangular Delta shape, hung from the top of the pole supporting 
the inverted L antenna and fed via RG213 coaxial cable via a 4:1 balun. The loop is really a single band antenna 
(cul for опе wavelength on the band of interest, however it also can be pressed into service for some higher bands -. 
(à good, cheap and easy to install aerial; Often works better than the inverted L on the higher bands, but on 10 
metres the tuned 10 metre dipole in the loft is sometimes better. more 


(2011) 


In mid 2011 1 experimented with an excellent NSTAX designed dual band Sim-Jim (J-Pole) antenna for 2m and 
Тост. This ls made from lightweight 450 Ohm ladder line which can ba fixed lo the top of a 10m tal fibreglass, 
telescopic, fishing pole. The NOTAX works extremely well indeed. More information from Joe NSTAX at 

www. tas. com and buy at: wwwebay.co uklim/VHF-UHF-Slim=Jim-J-Pole-Dual Band-2m-70cm-Antonna bola 


NB. I tried to home-brew the DJB-1 dual band J-Pole antenna using plans published by the ARRL in QST 
‘magazine. | wanted a neat antenna that could be enclosed in a protective tube lo minimise weathering effects. 
However tying to luno this antenna at UHF frequencies proved to be frustratingly difficult to do and after two full 
¡days work could not get the thing resonate accurately at the correct frequency. Sadly, for this reason, I cannot 
recommend the Dual Band J-Pale as a home-brew project 


(The NSTAX antenna on the other hand works very wal. However it cannot be enclosed in а tube due to the 
velocity factor effect de-tuning the antennas resonant frequencies. 

(Late 2011) 

Due to difficulties with the stability of a lightweight fishing pole as a support moved back to using the lightweight 


‘aluminium telescopic mast, with stays, to support a Watson W-60 vertical dual band colinear for 2 metres and 70 
ems FM. 
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(The excellent МӘТАХ dual band Slim Jim is now installed in the loft. 


(Antennas used up until 2010) 


1) A trapped inverted L for Вот and 40m fed by RG213 coaxial cable to the LDG 2-11 Pro antenna matching unit 
їп the shack. This can be used on ай bands from 80 through to 10 metres. The support post is installed at the 
‘bottom of the garden with the end of the antenna wire being supported by Dacron rope that is attached to a pulley 
(on a pole at the apex of the roof. This excellent antenna is stil use. more 


2) A trapped dipole for 20m and 10m. This was fed by 75 ohm twin feeder to a 1:1 balun then on to the AMU via 
RG213 coaxial cable. It was айу installed horizontally, but more latterly installed with one log Supported. 
V% other leg supported horizontally about 2 metres above the 
ground. A rather unorthodox arrangement for a balanced dipole, but it seemed to work ok, it looked much neater 
than а horizontally slung dipole and also offered a mare omnidirectional radiation pattern. more 


4) A compact Inverted L for the 160 metro band - Top Band - shortened with a loading сой. more 


5) As МӘТАХ Dual Band Slim Jim (J-Pole) antenna for 2m and 70cms. This was fixed near he top of a 10m 
teloscopic fibreglass fishing pole that I pushed up whenever it was required. more 


(2008) 


W-2000 - Vertical Collinear mounted on a temporary 10m telescopic pole: 
1 no longer have the Watson W-2000 but this is how it was used previously: 


(The Watson W-2000 covered VHF (2 metres / 144 MHz) and UHF (70 cms / 430 MHz) and also, rather usefully, 6 
metres (50 MHz) too. The W-2000 is 2.5 metres long and enclosed in white fibreglass with three radial elements at 
the base, 


Unfortunately | had nowhere practical to instal а separate mast for tha VHF / UHF antenna, во this was mounted 
(on top of a 30 foot (10 metre) high telescopic aluminium mast in the back garden. The base of the mast was 
placed in a handy metal sleeved hole that was already present in a small wall in the garden. Very fortunato indeed! 


The antenna is connected to the radio via the very low loss Westlox 103 coaxial cable. The cable was lft n place 
permanenti, running from the shack in the front bedroom, up into the loft and out of a small hole in the back of the 
house, down a drain pipe into the back garden. From there the aerial can be connected as an when required 


(When VHF or UHF operation is required | have lo connect the coaxial cable to the Watson W-2000. fix it to the top. 
(of the telescopic mast, which is very quick using two V bolts and 4 wing nuts, put the mast in the hole and raise i 
lo a good height. | tend to extend isa that tha bellom of the antenna is at about 24 feel in the air, the height of he 
ape of the house, so itis in fairly clar space. 


(A VHF and UHF aerial needs to be as high as possible since at these frequencies communication is essentially 
local and "ine o sight - unless heightened propagation conditions, such as Sporadic E or a Temperature Inversion. 
is prevailing at the tme. 


Even at 24 feet tho mast is rather wobbly, во it was tied down using three nylon guy ropes. 
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teloscopic pole -about 8 or metres 
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MORE ANTENNAS 


Our good fiend in Australia Felix Scerri, VK4FUO, uses Inverted V antennas but also highly recommends 
the Quad Loop style antenna for HF work, These are well worth investigating. and you ean read more 
hare: Antennas 3 with more antenna deas оп Antennas 2 and Antenas 4 and the Links Page here and here 


KNOTS FOR SECURING WIRE ANTENNAS 


1 have found the Bowiine to be one ofthe most useful, tis strong and easy o le. A Bowine wll not slp in any 
‘circumstances and, usefully, the more load tha is put on t, the tighter It gels. Read more about qood knots for 
amateur radio aerials here. 
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‘The Bowline Knot - Read more about knots here 


‘Antenna Trimming Chart and useful Antenna Rigging Accessory ideas 


(On Antennas 4 | have included a helpful Antenna Trimming Chart and somo useful ideas for Antenna Rigging 
‘Accessories 


More project ideas here> 
n 


Mike, MOMTJ 2011/2012 


Links to further reading: 


Introducing Tho All Band Doublet: lto/umwiceblkcomicontentledu/aduÉ himi М.В. Create a free account at 
itp van ceblccom 


(The All Band Double - hti cobi соту е/а him 
(The ALL Band HF Doublet on Ham Universe - Бурун hamuniverse comhfdoubleL html 


Mult Band Dipoles Compared - by ARRL on QST and DX Zone: 
to how arrorořisifoipo/9611073,p81 — hltp/unww zone. comvcatbinidirjump2.cal?ID=7499 


PDF Document - The W3DZZ Antenna - 
bt www users ioscotand.net-len,page/GMOONX%201rap%20dpole pdf (“M But dont use coaxial cable with 
ıa ‘choke balun at the centre of the dipole! Use twin feeder wilh the Choke Balun at the other end. Less power 


¡Sos Practical Dipole Antennas Compared: htp-/www.asi nettatdhlamolorlracial dipole antenna him 


Practical Antenna For 180 Metres - hip www uBodl comham-radio/7a-practical-antenna-for-160-melres.32 
(hain nelid202 him 


The website of GMOONX hien. cmüoni co uk 
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(The Inverted L - PDF document: hii /Wwww.users escolland.net/-len pagels%20band%20inverted 201 ваї 


‘Adding Top Band To The Inverted L - PDF Document: 
to www users icecotand пе Чеп pagevinverted%20L %%20adding’4 2010p 4% 20band pd 


(The All Band Inverted L - ize antennex comipreview/archivestvhim 


атн. Move in 2010 е?" ч?! 


We decided that we'd like to move house in 2009, we found a now property in early 2010. My amateur radio aerials 
чеге duly taken down and tha ham shack packed away. However altar months of delays we sill had nol moved by 
August 2010, but we were stil hoping lo move, However aller months of messing about and stringing us along our 
buyer pulled out the very day before we were to exchange contracts later in August 2010. 


(This cost us a lot of time and a great deal of wasted money. Thank you Mrs оох 


Айг a wasted year we decided to stay where we were and take the house of the market. Instead we spent the 
‘next eight months remodeling and redecorating. No time for playing radio of course and besides everything was 
‘sl all packed away in boxes! 


In mid 2011 | was geting frustrated that | had no radio. So | suppose Its time lo think about re-establishing the 
‘station and lo start planning the installation of some antennas, Of course Jules, my XYL, understandably questions 
ту antennas and experiments! 


Due to time constraints 1 il probably start again with a somewhat temporary antenna. | was thinking along tho 
lines of an "Untenna" -so | installed a 7.2 ish long wire supported on a vertical fibreglass pole with a horizontal 
“counlerpolse’ connected Ма а 9:1 balun to tha coax back to the shack. Of course iis a fairy low efficiency muli 
band (wideband) antenna, bul easy to get going quickly. The GWhip Widebander antenna by бео! Brown GAICD 
is possibly the highest quality antenna of this type avalable, using a very high efficiency, top quality 9:1 UnUn with 
17 meter wire radiator and 10 metre long counterpoise - a very useful, versatile al stations antenna. 


Аз Uma progressed | re-established my full size rapped Inverted L antenna for SOmelres and 40 metres and added 
а switchable loading со! а! its base for use on 160 meters, as described above. 


‘Thon | gradually re-established the 2 metres and 70 cms antennas with the vertical W-50 and horizontal dual band 
DKTZB Yagi -as detailed above. 


Antennas 2 | Antennas 3 | Antennas 4 | Antonnas 5 | Antennas 6 


Index Te Other Antenna Pages: 
Antennas 1 : Aerials used at MOMTJ 
Antenna петр. вве for compac aerials or Top Band 180 motos 
%%% baluns, masts & other antenna related topics 
Жа Inc. Many antenna ias fom vara ne partes fr mo bond opora leo 
{ives information about 
antenna timmina, Anats for wre antenas and useful antena icing accessory ideas. 
nas © ташап => Hall Wave End Fed aerials for 144 MHZ ОНЕ 430 MHz UHF and 50 MHz 6 Melre 
т ыч 


Antennas 6 : Including .... Simple and effective H.F. Antenna ideas - Ground Plane and Al Band Doublet 


nter. 
ко 


Geoff Brown GAICD offers а multitude of high quality solutions for portable, mobile and 
installations 
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GWhip ese 
Antenna 
Nows 


Tipe. quip co uk? 


Just For Fun: 


A tower that we may like to have о attach our antennas lo - but | don't think that Health And Safely was taken 
into account here: 
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Compare this plot to the 30-meter trace in Figure 4. That plot shows a very 
strong second elevation lobe at about a 45-degree elevation angle, along with 
the "dome" that indicates the development of third lobes. The expanded Lazy-H 
(which is alittle under 1 wavelength long on 30 meters) shows strong first 
elevation lobes with second lobes about 10 dB lower in strength. The 20-meter 
elevation pattern would show a similar plot, with more ripples but no added 
strength above the first lobe. The added gain in the lowest lobes comes from the 
reduction in high angle gain--a very nice trade indeed. 


The impedances of the triangle of lazy-H arrays suggest the use of a lower- 
impedance parallel ine. Due to the variation in values from band to band, you 
сап expect some tuning difficulties with common tuner designs. You may use 
inserts of added line length to arrive at the best set of impedance values for each 
band. On any band where the tuning is very sharp at the recommended low- 
power initial tune-up point, raise the power level slowly, checking for any 
necessary returning as you go. 20 and 80 meters may present the most 
difficulties due to the relatively high ratio of reactance to resistance, 


1 have not modeled a Y-array of three expanded lazy-Hs, but | would suspect that 
the end-to-end isolation of the antennas would be similar to that of the doublets, 
If we have three (or 4) tall poles, towers, or trees for the support of a doublet 
атау, we might wish to think about the expanded lazy-H as an alternative--at. 
least forall of the bands except 80/75 meters. 


Updating the Expanded Lazy-H for 80-20 Meters 


‘Some of the impedance values for the feedpoint junction of the phasing lines to. 
the elements show similarities to those of the basic 88 doublet, although with a 
somewhat smaller X-R ratio. The most troublesome feedpoint impedance values 
occur when the resistive component is very low and the line impedance is quite 
high. The result is en exceptionally high SWR that even the low-loss reputation of 
parallel ines cannot overcome. That is, the line losses will be very considerable 
and in some cases prohibitive. 
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My Home Page | MOMTJ | Operating Conditons | Antennas / Aerials | (Р Portable Operating | Accessories | Projects 4 Kits | 
Useful Information 


Amateur Contact MOMTJ | Contact MGORS | Links o Amateur Rado Sites | RSGB | OSL | The Am 
Mini Site Мар 


Radio rr 
operating | += о e . 
Conditions 


ГСО AERIALS (ANTENNAS) 2 


Antennas i | Antennas 3 | Antennas 4 | Antennas 5 | Antennas 6 | Antennas 7 


y Radio 


Accessories 
Index To Other Antenna Pages: 
Projects Antennas 1: Aerials used at MOMTJ 
Antennas : Including deas for compact aerkals for Top Band /160 metres 
Anlennas 3  Folx Scerri VKAFUO discusses Loop Antennas, baluns, masts A other antenna related topics 
plenas Many antenna ideas от various sources particulary for тый ага operation & also gives information 
about 
antenna rimming, knots for wie antennas and useful antenna rigging accessory ideas. 
Antennas 5 Hall Wave End Fed aeras for 144 MHz VHF / 430 MHz UHF and 50 MHz 6 Меге band A J-Pole 
‘Aerials 
Antennas 6 : Simple and effective Н.Р. Antenna ideas - Ground Plane and All Band Doublet 
Antenas 7 ! Omni-Directional - Circularly (Mixed) Polarized Aerial for VHF / 2 Meters. 


[CT IHM compact Top Band Antenna - An Inverted L for stealth with low(ish) visual impact 


ТЕ With a small back garden there по way that | could accommodate an aerial for the 160m band that would be 
anything approaching ful size, A full size dipole would be about 65 metros long and would need о be mounted at a 
Very good height to be at its most effective. A ful size vertical 1/4 wave would be about 37 5 meters tall Impossible 

[M Sending a 1/4 wave wire into an inverted L would stl resul in a very long wire - say 10 metres vertically and 27.5 


metres horizontally. Sil too large. 


Bits 'n' Bobs 


Full size top band antennas are big, far too big for my small plot, so | have tried а few diferent shortened 160m 
contact acris. | really would prefer to use a balanced dipole not опу for the radiation efficiency, but ust as important for 

the lower noise on receive - ке a ground mounted vertical aerial an inverted L can be rather noisy оп RX. However 
1 have to settle for a compromise, so shown in the drawings and photographs below is my current top band aerial, 


WSPR aeg with some previous experiments and ideas further down the page. 

Weak Sianal 

Eropagalon тма incamation of my Top Band aeria! takes two forms. A compact Inverted L and, in its lower position, a less 
‘Reporter —_canspleuous sloping wire, shown below: 


fe tirer 
Site map Amin ole X 

05975 Home SN — 

"hem p 


Тор Band Aerial by MOMT] 
Cetera stn E 
— General layout of Top Band Aerial vith fibreglass pole retracted to a height of 2 metres 
Buc ... Sc da wih approx 40 шта о O mm e c. 
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My frst experiments wera with a baso loaded sloper which worked okish for local ground wave, but could have 
been better. The first weak link that i wanted to change was moving the base loading сой further up the aerial wire 
so that it would be positioned on the more horizontal section, 


It was also vary low, so could surely benefit from some additional vertical height However | could not realistically 
erect another permanent pole in the garden for fear of upsetting the XYL! 


‘Therefore | decided that | needed a design that could be semi-permanent and offer two sight diferent 
configurations: Tho idea is that, as a sloping wire, tho aerial can be left in place at all times for RX and e 
‘operable on TX. Since it is essential just a wire sloping from fence height (2m) up to the roof apex it has fairly 
minimal visual impact. Alternatively, when required - al night- the telescopic pole can be extended to transform the 
aerial into the larger Inverted L. 


‘The Earth and Radials: Tho aerial is fed against ground, so the ground needs to be as good as possible. At he 
base ofthe aerial a copper earth rod is driven into the ground. Additional ground radial wires are also added to 
provide a counterpoise and help reduce earth loss. The more the merer. 


Tho Support: A 10 metre long ̃ fibreglass fishing pole is used as part of the support. A wooden post was 
‘driven ino the ground, adjacent to the earth rod. The connector box is screwed on to the post and the fisting pole 
was fixed to the post using nylon straps. 


Since the top sections of a fishing pole are too thin to support the aerial wire, the last four sections were removed, 
leaving the pola 6 metres I length, which is a respectable height in a small back garden, though being even talier 
wouid be better. 


A small lightweight pulley is fixed to the top of the fibreglass pole using two nylon ties - as seen in the photograph. 
‘Asa sloping wire, the fishing pole is collapsed to 2m in height while being extended to 6 metres when being used as 
the Tul Inverted L. The pole is quite flexible and во wil lend lo bend quite noticeably when 6 metres long withthe 
wire attached to the top. This could be remedied by adding a back guy rope of required. 


The far end of the aerial wire is Ved to а egg type insulator and nylon halyard which is suspended through a pulley 
оп a pole attached near the apex of the root. The nylon halyard is led off on а cleat hook near ground level to 
‘enable easy raising and lowering of the aerial wire. 


The Wire: Aerial wire ls PVC covered stranded wire of about 16/18 swg htt-vwvewhwestlake.co uk. The wires 
were cut for the maximum length that could be fitted ito the avallabla space - so ав much wire was in the air as 
possible. This was about 3.5 matres from the feed point to inductor and around 12 o 13 metres from the inductor to 
the far end. 


(if you make one of these got the vertical portion as high as possible and the horizontal section as long as possible 
and reduce the colls inductance accordingly). 


The Inductor and Resonance: 


‘The resonance of the aerial system was adjusted not by altering the length of the wires, but by changing the 
Inductance of the loading col. 


1 had some 0.9mm (20 swg.) enamelled copper wire on a гөө, во | used that to wind the сой. The сой former is 
Sem in diameter and about 15 cm long, cut from an empty tube of silicone bath sealant (the ‘gun’ type). Two holes 
are dile in the former for the fixing Boks and wing nuts that secure the aerial апа col wires. 


1 used an MFJ antenna analyzer to check resonance and adjust the number of turn. Initially the coll was wound 
with 60 tums, but the resonance was well below 1800 KHz. Turns were gradually removed unti resonance was 
around 1940 kHz, leaving 39 turns on the сой. (Thicker e. wa might have been better, | would have preferred to 
use something like 18.sw 1.2mm diameter and this may possibly get changed inthe future) 


When the adjustments were finished the aerial wires and сой wires are terminated with lugs and fixed in place with 
the bolts and wing nuts. The winding was also covered in duck tape. Al exposed connections should be suitably 
protected against the weather for a permanent instalation. 


When setting up any aerial an antenna analyzer is extremely useful - allowing all the measurements to be done in 
the garden or back yard thereby simplifying and speeding up the process considerably. These simple 
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measurements can be made using the transceiver and VSWR meter, though that is obviously less convenient апа 
Wil involve transmitting regular short burst of carrier, so I's very important o ensure that the power used is the 
absolute minimum and that the frequency being used is clear. 


p 
fd won он 


Eog noo 


Top Band Aerial by MOMT] С 


General layout of Top Band Aerial with а fibreglass pole extended to a height of 6 metros 
"Wire lengths are approximate: Inductor Sem dia with approx 39 tums of 0mm e.c 


To transform the aerial to the Inverted L format (shown in the above diagram) | envisaged that changing the fst 
length of wire, from a 3.5 metre length to 6.5 metre length, and the inductor would be necessary. | had assumed that 
а coll with less inductance (fewer tums) would be required due to the longer length of aerial wire used inthe 
Inverted L arrangement 


| was, however, proved wrong. On first attempt lef the original сой їп place, just adding the longer wire section 
(from connection box to сой) and raising the pole to its full 6 metres. The point of resonance was only about 20 KHZ 
анау from where it was as а sloper. 


This, think, can be explained by the fact that in the sloper configuration, the wire is close to the ground, other 
‘objects and vegetation which wil in effect add loading Lo the aerial, Consequently a loading сой with less inductance 
than might otherwise be expected is required. So, by happy coincidence, the same coil is also suitable for the 
longer wire thats at a greater height (and therefore ls influenced lass by ground loading). 


This, quite by chance, made the swap from Sloper to Inverted L a Ше easier since there was no need to wind а 
second col - ho change being made by merely adding the longer frst wire section and pushing up the polo to its full 
б metre height. 

IL there aro no concerns or objections to installing а tall pola at tho bottom of the garden, then the inverted L 
‘arrangement could be lef as a permanent installation, In that case the pole need nat Бе a ibraglass fishing pole, 
although is stl! an atractivo lightweight method, instead a couple of 3 metre long sections of treated timber could 
be joined together to form a 6 metre high post - the higher and longer the better though! 

‘These links may bo useful in helping to calculate loading cols 

Antenna Loading Сой Calculator: ht owob chomang ed ac ukfackiradioicofivareJoading him. 

Coll winding design program : hilecosse.org/acklradioisofware/naucoli html 

Loaded dipole calculator by К7МЕМ : Һр зз KTmem comElactronic Notebooklantennas/shortant html 


Ring Core Calculator: httpvww.diSswb.de/htmlimini ring core calculator htm. 
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MØMT] 


telescopic pole attached with connection box, cables and earth rod. 
‘The cable entering from the left is the earthing strap which ls connected 
to ground rods and radial wires. The coaxial feeder cable exits from the 
bottom right of the box and is wound around a length of white plastic pipe 
to form a simple RF Choke. 
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Box 


RG213 сой 


Antenna Wire 


y Choe Block 
‘connectors 


-Earth Cable 


ToTXVR To Sem Spike 


му original implementation which used 'choc block’ 
connectors. The final design has all soldered joints 
With a stainless steel bolt and wing not at the top. 


we Awwemds076.0.k/Conteni/amateur radio antennas 02 himi 


‘of the connecting box. 


M@MT] 


sar 


влада ANTENNAS & AERIALS 2 - COMPACT TOP BAND AERIAL - Antena for 160 Metres by MOMTJ" Bands 


Top Band Inverted L - pullay on top of the 6m telescopic pole 


MOMTI 


Чор Band Inverted L- loading inductor. 


This is the unfinished сой, the connections on the left are properly finished off using lugs, but the connections on 
the right are unfinished o allow adjustment of the number of turns, When that is sold the final lug is soldered lo 
the and of the enamelled copper wire and held in place withthe bolt and wing nut. Tho сой s 38 turns of O Sm 
есми, wound on а Sem diameter formar made ош of an amply icone bathroom sealant tube, (| would have 
preferred to uso slightly ticker a cw. of about 18 swg 1.2тт diameter, so hal may gel changed in the future) 


Enamollod copper wire: 


Top Band Inverted L - pulley, rope and insulator supporting the wire at the far ond. 
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‘The photo exaggerates the band a Ito, but its not enough to worry about. The bend could 
adding а back guy lo pul the pole back towards the vertical position, but for this [ob its fine 


ЦА 


DOES IT WORK? 
Yos! This aerial does work, | am glad to say! 
It works better han my initial short sloping wire shown further down this page, which is what one would expect! 


Rather tan merely setting for a local ground wave signal was vary pleased to contact Top Band enthusiast Steve 
GIKLI on my first attempt Steve is 170 miles distant from me and te night lime sky wave provided а prey good 
result G7KLJ gave me a 5/ 8 with my 100 watts оп 1843kcs using my small aerial. gave G7KLJ 5 / 9+10 with 
‘Steve's large doublet and 400 watts lovely audio оо Steve). 


‘Admittedly thats potentially а 164B difference, which is pretty huge, but G7KLJ had the benefit of 300 more watts - 
that's а GdB advantage. I also depends on how tha individual S meters compare. Slave seemed о indicate that his 
S meter was a bit on the lazy side - 1 S Point pessimistic? Bul maybe my S meter similarly pessimistic? 


Compared to a ful size inverted L my loaded aerial is less than half the size and is obviously going to lose out. but 
by how much? Half the size, half the effective power - 348 down? Probably a lat more - 648 There's one S point 
lost already (Who wants to bet that its alot more than that?) Since | have а ground system that is far from ideal 
there's another few d8' lost - another 648? That would be 2 S Points lost before taking into account anything else. 
‘This is all pure guesswork and speculation admitediy and probably quite groundless (almost Мегайу in my case), 
апа might best be described as pointless ramblings! (Where did the delete key go?) The pessimist? The realist? 


‘The only thing proved by this single event is that my aerial radiates at least something useful - and that G7KLJ has a 
great station! Wow gk com. 

Droitwich 

Ок so Its not Droitwich, but it does work and gets me on Top Band when otherwise there would be no chance. 

| ат happy - but as with anything improvements can always be made. The aerial could be taller perhaps. though | 
cannot make it any longer. The earth system could bo far far botar though | would struggle to accommodate any 


improvements at the present OTH. I could use better coaxial cable and also (importantly) attempt 1 lower the 
received noise by experimenting with chokes or burying tho feeder to reduce common moda currents. 
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Plenty to think about and plenty to play with! 


Important notes on effective Grounding by Jim KB 


Mike - i was reading about your work on the 160 meter Inverted L, and lt makes me want to go ош and build some 
‘more antennas! Congratulations. Your story is fascinating, and very well documented. 


The only thing I can ofr as a suggestion is to get as much radial wire along the edge of your property as possible 
(assuming your XYL wil not allow you to bury radial wire all over your yard). Even if you can only run multiple 
%%% and paralel to each other, your losses will be reduced. The ground 
losses have quite an impact on your transmitted signal, во any wire you can "hide" along the edge of your property 
Will help improve your signal strength - itie, by Ita. 1 (It may also affect your resonant frequency sight, but 
thats easy to deal with by adjusting with an antenna tuner or slightly changing the loading col.) 


Good luck OM, and keep up the refinements on your antenna system. You're doing great! 73, 


Jim, KBOZ 
Albuquerque, NM. 


‘Top Band Antenna by Mark, GOMGX and Vince GOORC 
Mike, Ivo been reading With interest your musings on top band antennas and have tried to build a replica of yours 


today with а fellow ham GOORC. Thanks very much for the information and tha link. You can sae the results of my. 
attempts here: 


Construction: hl Lco ukI20127 nd-what-happens-hera-then,himl 
1t Works! hie //g0mex blogspot co,uk/201: jso band- dto 
‘Mark. GOMGX. 

Mike, 


1 know you have been in contact with my good friend Mark GOMGX but | felt 1 needed to say thanks and 
acknowledge your work on a 160m ворог 


It works very well hera and, thanks to Mark who built several inductors uni one gave us an SWR of 1.1 on the CW 
‘end of tho band and also braised several copper rods together fr form a reasonable earth under a large pine 

toe. He has passed on to me details of the website of K7MEM which may wall inspire ma to ну a sloper for oom 
aswell 


Ive always wanted a top band antenna but felt that | didn't have the room - but thanks to your idea and Mark's 
enthusiasm for the project I now have what | wanted -Im being heard (and can hear) into European Russia with lt 
soit certainly works! 


Thanks again - enjoyed your website very much, (Just heard ABSBP as well) 
73, Vince GOORC ie dees comidb/GüORC. 


Further Developments of this antenna. 


Another Top Band Aerial by MØMTJ 


After reading the article "Top Band in a Small Garden" in the August 2012 edlion of Practical Wireless Magazine 
(PW), I investigated further development of my Top Band Sloper / Inverted L Antenna (shown above). 


Tho article by Stuart Craigen GAGTX described a compact wire antenna for top band thal could be accommodated 
in small gardens. The antenna is shunt fed atthe base, the coax being connected across a 7 шт col (wound оп an 
fut of an empty silicone sealant cartridge), with the braid connected to the earth stake and radial ground wires. 
‘The centre conductor is connected to the aerial wire. 


1 could not quite accommodate the shape that Stuart suggested for the aerial wire, but is very similar: For my 

version the feed point is at the bottom of the garden near the fence immediately adjacent the earth stake, The frst 

¡section of aerial is about 9.14 metres long - the wire rises 3.5 metres vertically up the 6.5 metre tall telescopic pale, 
ho 3.5 теге point the wire is held in place on the mast by a small bungee and then folds over almost horizontally 


Kg Awwems076.2.k/Conteni/amateu radio antennas 02 himi aa 


Antennas Made of Wire - Volume 1 


The are several strategies to lower the line losses. One route is to lower the 
impedance of the feedine to the lowest practical level while maintaining an open- 
wire construction to preserve the very low level of matched-Ine loss. 300-Ohm 
lines will go a long way toward reducing line losses to a more (but not 
completely) acceptable level when the feedpoint resistance is very low and the 
reactance is significant, Viny-coated lines are most common in his category, 
although we must use two precautions with them. First, the loss level of a vinyl 
coated line is higher than for open wires. Second, we must use ine that is rated 
for transmitting duty and not the inexpensive low-power TV reception line. 


We may also use other techniques to modify the arrangement of the antenna 
(including phase lines), One relatively easy technique is to raise the impedance 
of the phase line to the highest practical level, perhaps 600 Ohms. Table 9 
compares the 38 lazy-H at a top height of 100 for 450-Ohm and 600-Оһт 
phasing lines with respect to the feedpoint impedance. 


Table 9. Feedpoint Impedance of an Expanded Lazy-H of 88' 
#12 Copper Wire Doublets at 100* 


450-0hm Line 600-0hm Line 
Feedpoint Z Feedpoint Z 
R +/- jX ohms в +/- jX ohms 
10 j 95 15- j 98 
15- j 60 20- j 50 
150 - j 115 90 + j 215 
455 - j 445 990 J 260 
20 j 45 40 - j 100 
50 + j 385 во + j 450 


Chapter 26 
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and runs for a further 5.64 matres where lt connects to the loading inductor. 


The inductor consists of 36 tums of 18 swg (1.2mm diameter) enamelled copper wire on a 50mm diameter, 
lightweight plastic former (again made from an ой-о of an empty slicone sealant cartridge). Afler the inductor thera 
is a further 6 metres (approx) of wire rising to а dog-bone insulator, fed to the end of a length of para cord that 
runs up to tho pulley shown in a previous photograph. From the dog-bone insulator the aora wire runs back, in the 
‘opposite direction, for about 12 metres, ̃ o the top of the / metra tall mast at the bottom of the garden, 
tid off to an ogg insulator which is itself fixed to the top of tho mast by a very short length of para-cord fixed о the 
mast by a thick nylon cable tie. 


i tho wire dimensions are changed, the number of turns on the inductor will have to be changed accordingly. 
Simlarly my antenna is located quite near the 80m/40m Inverted L and the interaction of the antenna affects the 
tuning and hence the numberof turns required onthe loading co 


какын 


EM 
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Another compact Top Band Aerial by MOMTI МР; 
Another Top Band Aerial (drawing rol o scale) 
The inductor is 36 tums of 1.2mm diameter (18 swg) enameled copper wire on a 2 inch former 


With that arrangement there is about 27 metres of wire in tha alt. The point of resonance is 1900 kHz, but this can 
be adjusted by altering the number of turns on the inductor. As expected bandwidth is quite narrow. As with any 
antenna fed against ground the earthing needs lo as extensive as possible - ав noted previously, above. | suspect 
that it may be batter that he top wire should be horizontal, or sloping slightly upwards, however with the available 
space and materials available the best that | could achieve had the top wire sloping sight downwards to the post. 
Lowering the position of the dog-bone Insulator or using а taller post could overcome this. 
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Photograph of Ine feed- antenna showing The 
T turn shunt fed coil in the weatherproof housing. Nuts and bolts aro stainless steel 


First Test: A brief on air test on 8th September 2012 between 2100 and 2130 UTC on 1.933 MHz brought in two 
prizes: Peter EI7JM near Malin Head and Tony M3LTD in Naseby. Leicestershire. EI7JM was a rue 5/9 to ma and 
he gave me a report of a true 5/9. M3LTD was 5/7. Many thanks to both stations for the useful contacts. 


For different sized gardens the best idea might be to get as much aerial wire into the air and then make adjustments 
to the point of resonance by simply adjusting the number of turns on the inductor. 


Obtain the article "Top Band in a Small Garden” by Stuart Craigen G4GTX fram 


Stuart Craigen G4GTX comments: 


Hi Mike, I have ust been looking at your fascinating antenna page on top band antenr 


Glad о see that you had a 
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оо at building my shunt fed wire vertical that I did for Practical Wireless! | found It tremendous. A few weeks ago | 
was talking to G3YFN in Newcastle at about 4pm when I was called by G4BIM in the Isle of Wight! I aiso got a QSL. 
519 кот Luxembourg! Have fun мі t 


‘Thanks for the nice comments about my shunt fed 160m aerial. | enclose some OSL cards which you might find 
Interesting to look al! Note the times of the QSO's and the reports! At night | have been tod that | sound ike the 
ВВС from some European stations 


Noto G4BIM Isle of Wight 5/7 from Sunderland at 4.30 pm and Aberdeen at night. It certainly works for me. | think 
thal the shunt feeding is the answer as it taps into the aerial at the 50 ohm point Putting the loading сой away from 
the base should increase efficiency hence approx midway. A chap near Newcastle bull one of these a few years 
‘ago and his groundwave signal was 5/9420 here in Sunderland 12 miles away! 

73 


Stuart бабтх 


моге деге... 
Adding Top Band to the 40m / 80m Inverted L antenna using a switchable loading coil 


Due to an aborted house move in 2010 | had removed ай the antennas. While re-establishing Ihe aerials in 2011, 
апа considering space imitations, | decided to experiment with adding a loading col to the 40m / 80m Inverted L 
serial. The loading со! has a link wire to short it out of circuit when using the aeria for 80 metres and 40 matres. 
Tho link wire is removed when Top Band is required. The со! consists of approximately 37 turns wound on a piece 
of 68mm (2.8 inch approx) diameter PVC pipe: 
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y е Вот 40m Inverted L Aera 
The loading сой has a ink wire to short I out of circult when using the aerial or 80 metres and 40 metres. 
The link wire is removed when Top Band is required 
The сой consists of approximately 37 tums wound on a piece of 68mm (2.7 inch approx) diameter PVC pipe. 


More about the 80 / 40 metre Inverted L Aerial on Antennas Page 1 > 


‘Simple Vertical Top Band Aerial Using A Fibreglass Telescopic Fishing Pole (Roach Pole)? 


If there realy is no space to accommodate a top band dipole, inverted V or even the inverted L above, then another 
option could be a simple vertical. Again based on a 10 metre lang fibreglass roach pole, his could be installed as a 
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permanent aerial, or only deployed as and when required on a temporary and stealthy basis. 


‘The 10 metro long fishing pole would be erected by standing it on the ground, using three ог four nylon guy ropes as 
support, or tying It to a wooden ground stake driven into the ground. The vertical radiator would consist of about 9.5. 
metres of PVC covered wire fixed at the top of the pole and with а loading col at the centre. As withthe design 
above, the loading сой could be wound on a 5 cm diameter using 1.2 mm diameter enamelled copper wire. To make 
the former as light weight as possible, once again, the tube from an empty bathroom sealant (or silicone sealer etc] 
¡gun could be used. They are, conveniently, Smm in diameter. 


1 have not experimented with the number of tums required for the centre loading сой, but from experience with the 
above aerial, the figure may lie somewhere between 50 and 100 turns. 


‘The aerial would be fod with coaxial cable and would need a good earth rod at ts base and a good number of 
ground radials, as along as possible. 


Previous Top Band Aerial Experime 
Top Band Inverted V 


‘This is a considerably shortened dipole for 160 matres, using loading cols to reduce the length о! each leg to about 
7.5 metres length. Each сой в wound on a 5 ст diameter farmer and consists of approximately 120 turns of 1 2mm 
diameter enamelled copper wire. The dipole was arranged in an inverted V configuration. 


Being as а dipolo is a balanced aerial, it was fed at is contro using balanced twin feeder for lowest loss and, being 
balanced, lowest naise. 


In this configuration it was very quiet, but did also appear to receive very мей. At my OTH the noise on top band 
generally ranges from S7 to SS, on this inverted V the noise was 54 to S6. However it did not transmit wellat all- | 
elleve this to be not only because the dipole is very short (only 15m) but because the angle at which the wires at 
the top of the V was far too acuta - only about 45 degrees. The angie at the top of the V really should be over well 
90 degrees - maybe something ike 110 degrees would be best. Clearly this seems to bo a problem. 


1 had not got the space to separate the wires any further, but it was an interesting experiment that appeared to 
demonstrate that a balanced dipole fed with balanced twin feeder could help reduce noise. If moro space was. 
available this is an antenna that | would wish to pursue further. 
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Short Base Loaded Sloper -a first attempt at a top band antenna 


160m metres is probably the noslost band, but wanted o give ita go anyway even though space at my OTH is at 
а premium and fiting in a suitable antenna is quito challenging. The most promising candidato that Initially found, 
арап from small commercially available antennas, was the "Practical Antenna For 160 metres" described by Frank 
(G3YCC and featured on the website of WSEDI and linked to on the pages of ww.dxzone.com 


Lr 


mount ow moe 
mase { 


G3YCC Top Band Antenna 
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‘This Top Band antenna consists of 140 feet of ro, 70 feet space wound around a non-conductive (Rbreglass) pole 
or tube about 6 feet long, with remainder forming а sloping wire falling back to near ground level. The antenna is 
'UN-Balanced and is therefore fed with unbalanced coaxial cable, withthe braid connected to a ground stake atthe 
base ofthe aerial 


‘The above design is intended lo have the call section mounted on top of a mast or pole with the wire running 
downwards. | could not accommodata thal arrangement, so | adapted the design to produce the antenna shown 
below: 


Nylon halyard & pulley 


/ Б 


Pulley, 


Nylon Loading Col y 
halyard E 


= 


‘The drawing above shows the loaded Top-Band Antenna - a first attempt at an aerial for 160m - consisting of the 
radiating top wire, a base loading col, earth stake and additional earth radials that act as a counterpoise: The top 
wire is about 10 metres long and slopes down tothe loading сой which consists of 64 turns of fne aerial cable 
wound around a 4" diameter PVC pipe and then falis vertically for about 1 metre where it enters the connection box. 
‘The halyard arrangement allows the antenna wire to be quickly dropped for adjustment and then raised back nto 
poston. There is ап earth rod at the base ofthe antenna connected to several ground radials and a second earth 
rod a few matres away After performing some tests | бп that does work reasonably well for local contacts ground 
Wave contacts around the town, but it could be bettar and is certainly very disappointing for longer distance work. 


— мө 


X 


Choc Block 
‘connectors 
RG213 cosi 
-f Earth Cable 
ToTXVR To Earth Spike 
Above: The Connection Box 


Read more developments here> 
Efficiency 


‘The aerial shown above is obviously very much shortened and therefore is very inefficient when compared to a full 
size resonant quater wave аена A shorlened aerial sll needs to make bast use of the space - во the antenna wire 


Kg Awwemds076.2.k/Conteni/amateur radio antennas 02 himi p 


6 ante 


ANTENNAS & AERIALS 2 - COMPACT TOP BAND AERIAL - Antenna for 160 Metres by MONTA" Bands 


needs to be as long as possible. Resonance s adjusted by varying the Inductance of the leading col. Also itis 
necessary to use the largest earth system as is practicable to obtain the best possible efficiency. 


Performance 


In my configuration described above it is admitedly a very low efficiency antenna - but at least it gets one on Top 
Band t's ok for local working around a town or a cty, but i's certainly nol a DX aerial by any stretch of the 
Imagination. | could hear many stations 100 to 200 miles away, but they could not read my signals. For local ground 
wave work й was adequate. 


1 suspect that f the orginal design by G3YCC was employed, e. the col mounted at the top of a pole and the 
loading wire running down, that it may ̃ better than my implementation. The problem that my 
Implementation has is that the loading col is at the bottom of the aerial, near the ground. Better efficiency may be 
acheived with centre loading. The longer the radiating wire the better too. 


More Details 


The antenna was fed by coaxial ̃ the shack in the bedroom at the front of the house to the feed point at 
the base of the fence at the bottom of the back garden. The coaxial cable enters a small plastic box, screwed tothe 
fence post, where itis terminated: The outer conductor of the coax is connected to the earth cable with a ‘chock 
block’ connecter, the earth cable going to a four foot long earth rod hammered into the ground near by. The centre 
‘conductor of Ie coax is connected 1o the antenna cable also using a hoc block’ connector. 


The antenna wire runs vertically up the fence for about 1 matre to the loading сой which consists of 64 tums of the 
antenna wire wound around a piece of 4 inch diameter PVC pipe. About 32 tums a close wound and the other 32 
tums space wound: The inductance, and therefore the point of resonance could be easily adjusted by altering the 
spacing ofthe windings. Once set al the required point of resonance the windings can be heid in place with duck 
tape 


‘The antenna wire exits the col at the top and passos through a pully secured о the top of the fence and than slopes 
upwards for about 10 metres to the fixing point at a convenient point оп the house, in vs case the eaves. The end 
ofthe wire is tied of to a plastic ‘agg Insulator. The egg insulator is tied to a nylon halyard wich passes through а 
‘second pul al the fixing point. This allows the antenna wire to be quickly dropped for adjustment and then raised 
back into position. 


Tho earth system should be as extensive as possible for better offilency: e.g. earth stake and a number earth 
radials, as long as possible around the garden to provide a counterpoise. 


Link: 


Visit vea? com - the website of 160 matre entusiast Steve G7KLJ 


OTHER THINGS 
‘Antennas for HE 


‘There aro dozens, f not hundreds, of antenna designs from which to choose. All have thelr own proponents. Some 
fare genuinely good while others might be considered as nothing more than glorified dummy loads! The key thing for 
(me was to choose the most effective an antenna that could ft within the constrains of my small back garden and 
also one that would nol be loo ugly 


1 decided that wire antennas, made from PVC covered stranded wire, would be least objectionable on visual 
‘grounds. After all they look like glorified washing Ines and almost everyone has a washing linet 


Knots to use when fixing Wire Antennas. 


Its important o use the correc knot for the job. | find that the Bowne is very useful for fing end, agg and dog- 
bone insulators o the ends of the wire andlor ropes. The Round Tum & Two Hitches, Anchor Bend and Buntine 
Hitch knots are very good for tying a rope lo a pole or a mast. A Double Sheet Bend can join two places of rope 
together - even if they are of unequal size. “Animated Knots’ will show you how to do them: 

lie animatedknats com 


‘The antenna or antennas realy are the key о an effective amateur radio station. The most expensive radio wil be of 
lie value unless it is used with he best possible and most effective antenna; so | had o set about finding the best 
‘antennas that | could accommodate for HF and VHF work 


The dilemma facing most radio amateurs is that antennas for HF are often large and dificult to accommodate in 
modern small back gardens. Additionally there may be objections on the grounds of visual impact Some people do 


Kg Awwems076.2.k/Conteni/amateur radio antennas 02 himi ттт 


6 aste 


ANTENNAS & AERIALS 2 - COMPACT TOP BAND AERIAL - Antenna for 160 Metres by MONTA" Bands 
nol regard antennas as the beautiful creations that radio enthusiasts dol 


Cables and Feeders 


As | have leamed by experience and from the tutorials | have studied as part of the licensing exam process, a vary 
Important consideration concerning the antenna system is the loss incurred in the cable thal connects the radio to 
the antenna. A loss of 34B sounds like a small amount when you say it quickly, but that equates to only HALF of 
your transmitter power reaching the aerial! We'd soon complain I our new 100 watt transceiver only produced 50 
watts - so why stand the chance of losing this much power in the feed line? 


Staring off as an M3 licensee | could only use 10dBw (10 watts) power at the antenna termination, so IfI had а 
feeder with a loss of 3dB | would have о run the transmitter at 20 Watts to get 10 watts lo he aerial! 


Coaxial Cables 


For HF using a single band resonant antenna, а dipole for example, Mini 8 or even RGB is probably fine since the 
ЗИ should be between 1:1 and 2:1. ̃̃ one was o consider using the antenna on non resonant 
frequencies the VSWR wil be higher, maybe very much higher, and the consequential losses in coaxial cable willbe 
greatly magnified and power losses very significant. | did not want o run such an Inefficient station. 


For this reason | chose to use low loss RG213 coaxial cable for my inverted L since | may need to use it on bands 
voller than the 40 matre and 80 metres that is intended for and where the SWR may be 4:1 or 5:1. RG213 wil help 
keep feedine losses to a minimum. No lossy RGSS on Ме for me! Westlex 103 would be even better, of course. 


For VHF and UHF | now consider Westlex103 as the minimum standard of cable o use, Its half the loss of even 
RG213. Losses at VHF are much higher than HF and at UHF they are even higher, so Wesifex 103 helps preserve 
аз much of thal precious transmitter power as possible. 


‘See more about Coaxial Cable Losses here > 


Balanced Feeders = Low Noise 


its dificult to feed a contre fad wire dipole with RG213 or Westflx 103, both cables are really too thick and heavy. 
RGSB or Mini В are lighter and therefore moro suitable for suspended wire dipoles, but to match the unbalanced 
coaxial cable to the balanced dipole would need a 1:1 ‘choke balun’ at ts centre, as | have learned. However, as 
‘mentioned above, when attempting to usa the dipole at non-resonant frequencies the VSWR wil bo higher and the 
losses in the coaxial cable will be very much larger too, and hence much less ofthe precious transmitter power will 
bo actually radiated by the antenna. Not an ideal situation 


1 have learned that the only really sensible way to feed dipole type antennas, which are ‘balanced’, is to use а 
balanced feeder such as 300 ohm ribbon cable, 450 ohm ladder Ine or the best option, it seams, might be 76 ohm. 
‘Twin Feeder. Al such win feeders are extremely low loss, much much lower than any coaxial cable, so low that it 
could almost be considered lossless by comparison. Of course nothing is lossless, but twin feeder is as near аз 
{youl get. во that's how | will feed my dipoles from naw on! See the note on Doublet antennas below. 


Tony Nailer of Spectrum Communications notes that: "75 ohm twin feeder is lower loss than coax. It allows the 
‘aerial to be properly balanced and the very close spacing of the wires prevents pickup or radiation from the feeder. 
it does not need to be spaced of, unlike ribbon feeder. Use of twin feeder makes this aerial much lower noise than 
‘one fed with coax. Also mporanily generates less TVI 1 Note thal the [rapped dipole] aerial is generally 72 
‘ohms, and will need to bo used with an ATU with ransistorised rigs which are unforgiving about SWR mismatches." 


‘Spectrum Communications are now supplying a new design of top quality, very low loss, twin feeder. It is rated at 
ZKW al 100 ohms. сап be supplied by 100 metre reel or by the meter. or in various lengths with the ends expertly 
terminated and made off. | can confirm the superior quality of this product and ts low noise properties. 


‘Spectrum Communications also supply a vary high quality, well mado 1:1 Balun that is perfect for connecting the 
twin feeder to the unbalanced input of an A T'U. of transceiver. 


Doublet or Dipole (Horizontal or Sloper) 


1 have also experimented with a second HF antenna - the "double! style antenna. fed this with low loss twin feeder 
апа cut it forthe lowest frequency of operation, in my case 20 metres (14 MHz) 


‘Some initial experiments have shown that tis vary effective on 20 metres, better than my inverted L - which is 
designed essentially for 80m and 40m. 


In theory a doublet antenna, when fed by twin feeder (NOT coaxial cable) and matched at the transmitter end via a 
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41:1 balun and an ATU (or to use a more correct term, Antenna Matching Uni) at the transceiver should be able ta 
work on all bands with a higher frequency than the band that it is cut for. 


(On other bands such as 17m (18 MHz), 15m (21 MHz), 12m (24 MHz) and 10m 28 MHz) the doublet showed 
generally lower VSWR than the Inverted L ........ however (and here is a nice lesson) it is actually not quite as. 
effective as the Inverted L I think that size may matter hero - the overall length of the Inverted L is much longer. 


‘This short 14 MHz doublet is only about 10 metres in total length and was suspended at about 25 fot high at one 
lend from the same fibreglass pole fixed at the apex of the roof and taken down to another 16 foot high wooden pole 
Installed on the other side of the back garden in somewhat of a 'lopor style. 


‘Trapped Horizontal Dipole or Vertical Antenna for 20m / 10m 


1 also experimented with a rapped wire dipole cut to be resonant for 20 metres and 10 metres, again fed with twin 
feeder and matched at the radio end ма а 1:1 balun and the ATU (AMU 1) 


1 may also try an antenna for 20m / 15m and 10m in a Vertical ground plane’ arrangement which should give a lower 
‘angle of radiation than a horizontal dipole - therefore better for longer distance DX. 


At the moment ат using the 20m / 10m trapped dipole in а rather unorthodox arrangement. have installed а 
fibreglass fishing pole, mounted vertically оп a stake on one side of the garden. Most of the wire dipole is fixed to 
the vertical pole, but being as the dipole is somewhat longer than 7 metres, a portion of the wire runs away from the 
pole horizontally along а fence panel about 1.5 meters above ground level. its vaguely L shaped, but mostly vertical 
which should help withthe angle of radiation. It seems to work very well indeed - Ike the mosty vertical idea. 

The antenna can be seen on ths page > 


Other Di 


‘Spectrum Communications can supply а ful size W3DZZ style antenna with a 7MHz trap for use on 40m and 80m 
апа usable оп 20m, 15m and 10m. A half size version with a 14 MHz гар for use on 40m and 20 metres, plus 15m 
апа 10m is also available. As а special order an even shorter version using a 28 MHz trap is available for 20 metres 
апа 10 metres. ht-/wav.spectrumcomms co u/G2DYM him AI versions designed to be used with balanced Ine 
feeder - ince they are balanced aerials - for low noise and lowest los. 


PDF Document - The W3DZZ Antenna - 


Ci!!! 20dipale df (But rather than using coaxial cable 
wih a choke balun at the centre of ihe dipole, ry using twin feeder wilh the Choke Balun at the radio end for less 
power loss!) 


Links 


Enamelled copper wire suppl 


Ede est co uklelectronis/cabie-copperhtm 
Loading coll calculators: bito:/wwwk7mom.comElectonic Notobogklantonnas/shorant htm! 
Ring Core Calculator: hip/wvavdiSswb do/imimipi ring core calculatorhtm 


Vertical Antenna For 50 MHz, 144 MHz and 430 MHz 
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In most cases, the ratio between the resistance and reactance changes very 
litle, but the BO- and 75-meter resistance values do rise slightly. 


‘An alternative is to use a slightly longer element length. Chuck Gerarden, 
WODLE, has constructed a lazy-H of the present type on a tall tower using 92° 
elements, Chuck's elements use an interesting techniques of employing. 
aluminum tubing for the inner sections and thin-wall fiberglass tubing with 
aluminum wire inside for the outer sections. Fig. 16 shows the antenna. At 
present, only the upper element rotates, although һе will add a rotator for the 
lower element. He also has the ability to switch between upper-only, lower-only, 
and both elements in phase. For the present, he has the array aligned for bi- 
dirctional coverage of both coasts, but can rotate the upper element on the lower 
bands where the single element gain exceeds that of the combination of upper 
and lower elements. When he activates only the upper element, he can use the 
tower as a top-hat loaded vertical for 160 meters. 


Chapter 26 
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Û on Telescopic Mast atthe lowest positon 
more on this page 


OTHER ANTENNAS 


(Our good friend in Australia Felix Scerri, VK4FUQ, uses Inverted V antennas but also highly recommends the Quad 
Loop style antenna for HF work. These are well worth investigating, and you can read more here: Antennas 3 see 
the antennas atthe МОМТЈ OTH here with many more antenna ideas on Antennas 4 and the Links Page bere. 


and here 


Anlennas 1 | Antennas 3 | Antenas 4 | Antenas 5 | Antennas | Antennas 7 
Gi 
Antenna 


Gp Antenna Products 
Geoff GAICD offers а multitude of high qualty solutions for portable, mobile and permenant base Installations 
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MOMTJ | Operating Conditions | Antennas / Aerials | Р Portable Operating | Accessories | Projects & Kis | Useful Infomation 
Contact МОМТ | Contact MOORS | Links to Amateur Radio Stes | RSGB | OSL | The Amateur Radio Mini Ste Mao. 
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My Home Page | MOMTJ | Operating Conditons | Antennas / Aerials | (Р Portable Operating | Accessories | Projects 4 Kits | 
Useful Information 
Amateur Contact MOMT) | Contact MORS | Links o Amateur Rado Sites | RSGB | OSL | The Amateur Radio 
Radio Mini Site Маг 
operang e ] 1 Bobs! | WSPR Weak Sianal Propagation Reporter 


Conditions 
Antennas 


AERIALS (ANTENNAS) 3 


Accessories 


Projects index To Other Antenna Pages: 
a Кис antenna: 1 Aerials used by MOMTJ 
Antennas 2 : Including deas for compact aerials ог Top Band /160 metres. 
С Antena: : Foix Scem VKAFUO discusses Loop Antennas, baluns, masts & other antenna related topics 
Antennas 4 : Many antenna ideas from various sources particularly for mull-band oparalion & also gives information 
Information та 
antenna Winning, knots for wire antennas and useful antenna rigging accessory ideas. 
portable Antenas 5 : Half Wave End Fed antennas for 144 MHz VHF / 430 MHz UHF and 50 MHz 6 Metre band A J-Pole 
‘Antennas 
Antennas 6 : Simple and effective H.F. Aerial ideas - Ground Plane and Al Band Doublet 
СО Anionnas 7 : Omni-Directional - Сєсшалу (Mixed) Polarized Antenna for VHF / 2 Meters. 


RSGB Ltd 
Links 


FELIX SCERRI VK4FUQ DISCUSSES HIS ANTENNA EXPERIENCES 


Delta Loop Antennas | To err is human | History ОГ The Cubical Quad 
Опе Wavelength Quad Optimization & Evaluations | Unwanted Mast Antenna Interactions 


QRM Radiation Angle | More Loop Experiments | The Effects Of A Metal Mast | Delta Loop undate 
The Use OF A Non Conductive РУС Mast | Baluns | The End Of The Loop Saga? | [NEWI] 20 Metre antenna 
Bits 'п' Bobs comparisons. 
Balun Discussions | More and WBJI | Metal Poles & The Quad Loop 
Contact 
WSPR a Faulty Patch Lead! 
Weak Sanal 
Propagation А change from my usual antenna stuf, but stil related! The other day after some years of ‘suspected’ issues where 
‘Reporter everything else but the real cause was identified, | conclusively proved thal the short RG213 patch cord between 


my IC-718 and station ATU had an intermittent open braid issue at one of the PL259 connector ends. Grr. 


PORTABLE it's taken some years to identify the true cause of occasional SWR ‘Jumps’ on tune up, hum on transmit and other 
unexplained ‘erratic behaviour! Al caused by that luly patch cord. Oh well al least t has been (inal) resolved, 
‘Site Map ¡as 40 m and 80 m inverted V dipoles are now working very well, and my 20 m Quad loop is superb! It seems that 
the tally path cord even whe apparel WOKING was conrbulg ater a otf ranní oss! 


MDS975 Home 
тз Felix vkáfug, 1807/13. 
Feedback 
PLT ORM 
My Renewed Love Affair With The Quad Loop Antenna, 
A recent chain of 


rents has led me back to the beginning in a sense! Going back to the “early days (the mid to lale 
11980'),| was a huge fan of one wavelength оор antennas ike the Delta Loop and the lke, however over the years 
the simple half wave inverted V has become my favourite antenna for НЕ use for various reasons. Recenty 
however a number of unusual events has seen mo re- erect my old fixed wire Quad loop for 20 m. Itis currently 
working very well Lis an antenna with some endearing features and virtues. 


1 suppose that many Amateurs would know of the story of the Quad's beginnings ] broadcast station HCJB in 


Em Ecuador where owing to high transmitter power and high altitude, the yagi antenna in use was slowly destroying 


йе! duo to destructive coronal discharge and arcing. One of the stabons engineers, Clarence Moore WOLZX thus 
‘conceived the idea of a ‘pulled open folded dipole with no ‘ends’ as a possible solution. It worked! A lt later on 
Moore realised that this ‘Quad’ antenna was also а petty good antenna and thus the Quad mystique was bom! 


ions S c ukContentamateur radio = 


Yennas 03 him 1128 
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‘The original version of the Quad as used at HCJB was a two element design, reflector and driven element, and 
subsequent HF designs also included directors. Each element contains approximately one wavelength of wire in a 
closed loop except for the driven element. Tha parasitic elements are tuned in a similar fashion to yagi antenna 
parasitic elements. At this OTH | use one single loop resonant midband on 20 m as a bidirectional radiator (n and 
ош of the loop). I use the formula, length in fet = 1005) frequency which appears to be sufcenily accurato. A 
heck witha loosely coupled GDO at the feedpoint can be used to check the resonant frequency. Even on its own it 
is an excellent antenna. Why is I such a good antenna? 


Over tho years despite the true excellence of the Quad design, many ‘myths’ regarding the operation ofthe Quad 
have abound. One of these involves the inherent gain of the Quad element. | have seen writen in many older but 
Well regarded antenna texts a quoted a figure of 2 db inherent gain over a dipole forthe Quad element. This is 
Incorrect. Whilst a single Quad element has some sight gain over a dipole i s probably closer to 1 db, not 2 db. 
Regardless of the real truth itis a very efficient radiating system. Its general radiation pattem is similar to а 
horizontal dipole but with deeper nulis off the ends". 


In my own installation, my loop is erected as a diamond shaped loop hung off а 33 ft pipe mast. It looks’ to the 
North and South and is fed at the bottom, horizontal polarized with high quality 300 ohm feeder as a tuned line, 
and of course a good quality 4:1 balun and ATU is necessary. One aspect of the Quad Loop's operation that | find 
particularly valuable is ts low noise receive profile, As a person who has been plagued at his ОТН by RF noise ог 
‘many kinds, but mainly power line sizzle over many years. the low noise profile of the loop is much appreciated and 
the apparent cancellation of power line sizzle has lo be heard a be believed! Its much ‘quieter than dipole type 
antennas. Although operating well out of its resonant frequency rango, it is also an excellent low noise receive 
antenna for general short wave listening applications, where the low noise pickup is also evident and appreciate. 


Practical considerations: As one wavelength of wire is used in any given loop design, available space is a limiting 
factor and indeed 20 m is the only band where available space allows its construction al this OTH. It does require a 
fair bit of space. People who successfully bul targe rotatable Quad arrays have my complete respect! Thankfully 
though the diamond shape is easly supported off a simple pipe mast and Installation is quite straightforward 
assuming sufficient space is avaliable. | used 2.5 mm plastic covered ‘garth wire to make up my 20 m Quad Loop. 
апай works fine. According to various references the actual loop ‘gai’ is somewhat dependant on loop shape, with 
а circle giving the highest gain and the ‘dita’ tangle shape the lowest. The square or related diamond shape fs not 
too far off tho circle in terms of inherent maximized gain. That's nice to know! 


‘The Quad Loop in operation: 


1 guess this part gets a Ilo subjective but there is something a tia unique about even а single Quad Loop, in my 
ороп. As was mentioned earlier the low noise receive pick up profil is a major plus, п my opinion. Interestingly 
enough this aspect hasn't been mentioned too much in the antenna books based on my observations. The 
experience that has led me back to the loop was the realisation of matters pertaining to directivity. Although а 
‘Simple dipole, inverted V or Quad Loop is braadish in s radiation pattem there are nule off the ends which are 
‘actually somewhat more pronounced with a Quad Loop. Thanks to some compass checks | finally realised why my 
inverted V was nat performing as well as expected. It was not actually painting inthe correct intended direction. It 
was in fact almost in the nulls of te antenna. Earlier evaluations with my Quad Loop suffered from the same 
positional law, and owing to the deeper nulis of the Quad Loop ‘ef the ends this actually showed the Quad Loop 
up worse than the inverted V! This basic error took many years to realise! D'oh, as a certain TV cartoon character 
might exclaim! 
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In actual operation the Quad Loop is one of those highly dependable and consistent performing antennas ‘puting 
¿ut a signal much batter than it should, based on the minimal complexity of the design! S moter readings are 
always well up on the meter and 1 feel ihis is a HF antenna ideal for ORP НЕ duties. A highly recommended HF 
antenna! 


73, Feli 
ма. 20/2108. 


"To Err is Human’ or "When One Can't See the Forest for the Trees!" 


Yos there is an aspect of humble ple to this story but | have decided to tell it anyway, a simple story of nol boing 
able ta ‘sae the forest or the reas or the inability o realize a very basic long term error! For some years | have had 
Weekly skeds with an Amateur rand of mine in КЗ on 20 m. Over he years ме have had many excellant skods 
with good signals in both directions despite both of us using basic single element antennas. However in recent 
times this 'path has becoma poor and many of aur weekly contacts have been essentially non- existent! 


(As a consequence | hava been giving much thought to improving my 20 m antenna set-up. One recent Saturday 
‘aller lunch whist having a doze and staring at the Amateur Radio Map of Ihe Word in front of me, It occurred to ma 
that perhaps my inverted V dipole was not really looking at the vid area at ай, as | had previously thought that it 
was. Well it wasn't! It was fring essentially to the SE and NW from this location in Northern vk and was skirting 
the adge cf tha vk3 area, a long way away from the intended target area in vk confirmed by a couple of basic 
compass bearing checks! | quickly ventured down to the backyard and reoriantated the direction of the inverted V to 
"ook due south and due north. Before | did so | noted the signal strength of Radio Australia on 15.240 MHz from 
the Shepparton transmiter with the 20 db attenuator in circuit as a reference” signal. It was 5 db over S9. When | 
returned o the shack a few minutos later after repositioning my inverted V, ће Radio Australia signal was now at 15 
db over 89, а definite Improvement 


| sat there for a few minutes as the significance of this sank in. in a flash of inspiration | decided to pul my wire 20 m 
Quad loop back up again as now in this new positon it was completly clear of obstructions unlike its previous 
positon in the same location as the inverted V in йв original position when i was used for comparison testing with 
ту inverted V. where it had a frequent unfortunate tendency to get caught up in our familys clothes hoist! The Quad 
loop was hauled up the mast їп a few minutos (Murphy was obviously away for the day), and | did more receive 
tesis. Radio Australia was stil al around 15 over Sê on the Quad loop. | mada a quick phone call о my friend in 
МЗ and arranged a contact an 20 m. 


Tho result Despite poor and disturbed propagation (a index of 5), a good solid contact at the 100 watt SSB 
power level with no problems resulted with the S meter indication at boh ends well up’ on the meter throughout the 
lengthy contact. 1 was quite happy, as one might expect! The whole incident has been a real eye opener as | had 
ot properly appreciated the importance of correct aiming, even of a basic single element antenna. One does not 
ordinary think of a single element antenna as a direcivo атау. An array. perhaps not, but directive, yes! | had 
always assumed that a single element antonna's radiation pattem was broad enough to be relatively non critical! 
Well, yes itis but there Is a limit! The Quad loop actually does have a slightly sharper pattern with deeper nulls ‘lf 
the ends! than a dipole making optimised positioning even more important 


In the time since that fateful day | have rethought many aspects of this general situation and why | had not properly. 
appreciated it before. My other antennas for HF are separate inverted V dipoles for 40 m and 80 m. As they are 
physically quite long, in this ОТН they fitin the backyard pretty wel as dictated by the available space. For this 
reason thay run essentially in the N 10 NE and S to SW directions, fring broadside о the wires, yet they give 
excelent coverage to the desired vk coverage area as evidenced by my weekly 40 m Sunday moming WIA news 
broadcasts. This, despite being positioned poorly and fring mostly E (out o sea) and W, in theory anyway. Why? 
Well itis worth remembering that Inverted V antennas tend to have a somewhat more omnidirectional pattem than 
true horizontal dipoles, and combined with the fact that dipoles on low HF frequencies and close to real Earth tend 
1o exacerbate this tendency! A big blob of radio frequency energy going lust about everywhere and up is the main 
тезш. 20 mis а band where perhaps these 'amnidirectonalising ofects are substantially absent, making тоге 
precise positioning more important and practically mandatory. Well it certainly works out thal way in practico at this 
атн. 


Well my 20 m Quad loop is sl up and whilst Em sll not totally convinced that Itis noticeably better than my half 
Wave inverted V for various reasons, such as effective height consideration, Lis working very well п practice and | 
have to concede that t does have some other unique virtues such as excellent noise cancellation on 20 m and also 
when used as a general coverage tecelva' antenna which as a көеп SWL, | ind a most desirable quality! 
%% and the AM medium wave broadcast band this noise cancellation 
and the resultant improvement in listening S/N ratio has to be heard o bo believed! For this reason as well as de 
боой performance on 20 m, | think might leave it up! 1 admit to having a considerable aversion o noise of ай kinds! 


‘Although in some ways Im a litle annoyed at how sily this error was, thankful the antenna stil worked quite well 
‘despite its non: oplimum positioning Into the vii area. Sometimes I ihink that ¢ might be preferable И things simply 
dian work at all when things aren right rather than ‘sort of working, after a fashion But perhaps | shouldn't ba too 
annoyed as this sor of thing happens in Ме ай the time, or so fm told. Hi 
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Felix Scart 
ма. 677/2208. 


History of The Cubical Quad 
As reported by WESAI and W2LX in "AI About Cubical Quad Antennas", Radio Publications Inc. 1972 


In the year 1939 a group of radio engineers from the United States travelled to the South American republic of 
Ecuador to install and maintain the Missionary Radio Station HCJB. al Quito, high in the Andes mountains. 
Designed to operate in the 25 metre short-wave broadcast band witha carrier power of 10.000 modulated watts, the 
mission af HCJB was to transmit the Gospel to the Northern Hemisphere, and to tall of the missionary work in the 
vids of Ecuador. To insure the best possible reception of HCJB in the United States а gigantic four element 
parasitic beam was designed, buit and 

erected with great effort and centered upon the heartland of North America. 


The enthusiasm of the engineers that greeted the first transmission of Radio HCJB was dampened after а few days 
cof operation of the station when it became apparent that the four element beam was slowly being destroyed by an. 
unusual combination of circumstances thal were not under the control of the worried staff of the stabon. It was rue 
thal the big beam imparted а real "punch" to the signal of HCJB and that listener reports in the path of the beam 
Were high in praise of the signal from Quito. his result had been expected, Totally unexpected, however, was the 
%% in the thin evening air of Quito. Situated at 10,000 feet alttude in the 
‘Andes, the beam antenna reacted in a strange way to the mountain atmosphere. Gigante corona discharges sprang 
full-blown from the tips ofthe driven element and directors, standing out in mid-air and buming with a wicked hiss 
апа crackle. Tha heavy industrial aluminum tubing used for the elements of tho doomed beam glowed with the heat 
Of the arc and tumed incandescent at tho Ups. Large molten chunks of aluminum dropped tothe ground as the 
inexorable fro slowly consumed the antenna. 


‘The corona discharges were so loud and so intenso that they could be soon and heard singing and burning a 
{quarter-mile away from the station. The music and programs of HCJB could be clearly heard through the quiet night 
аг of the ойу ав the г energy gave fuel 1o the crowns of fre clinging to the lips of the antenna elements. Tha joyful 
tones of studio music were transformed into а dirge of doom for the station unless an immediato solution to the 
problem could be found. 


It fell to the lot of Clarence C. Moore, WSLZX, one of the engineers of HCJB to tackle this problem. It was obvious to 
him that the easily ionized ir at the wo mile elevation of Quito could not withstand the high voltage potentials 
developed at the tips of the beam elements. The awe-inspiring (to the natives) corona discharges would probably 
disappear if it were possible lo operate HCJB at a sea leve location. This, however, was impossible. Tha dia was 
cast, and HCJB was permanently settled in Оо. 


What o do? Moore attacked the problem with his usual energy. He achieved a partial solution by placing sócinch 
diameter copper balis obtained from sewage Mush tanks on the tps of each element. An immediate reduction in 
corona trouble was noted, but the copper orbs detuned the beam, and stil permitted а nasty corona ta spring forth 
оп the element tips in damp weather Cleary the solution o the problem lay in some new, diferent approach lo he 
antenna installation. The whole future of HCJB and the Evangelistic effort seemed to hinge upon the solution of the 
antenna 

problem. The staton could not be moved, and the use of a high-gain beam antenna to battle the interference in the 
crowded 25 metre inlemational short-wave broadcast band was mandatory. It was distressingly apparent to Moore 
thal the crux ofthe matter was at hand. 


Tho Birth of the Quad 


In tho words of WOLZX, the idea of the Quad antenna slowly unfolded to him, almost as a Divine inspiration. "Wo. 
took about ono hundred pounds of engineering reference books with us on our short vacation to Posoraja, Ecuador 
during the summer of 1942, dotminod that withthe help of God we could solve our problem. There on tha floor ol 
‘our bamboo collage we spread open all the reference books we had brought with us and worked for hours on basic 
antenna design. Our prayers must have been answered. for gradually as we worked the vision of a quad-shapad 
antenna gradually grow with the new concept of a loop antenna having no ends to the elements, and combining 
relatively high transmitting impedance and high gain." 


А Quad antenna with reflector was hastly built and erected at HCJB in tho place of the charred four element beam. 
Warly, he crow of red builders watched the new antenna through the long operating hours of the station. The viai 
‘continued during the evening hours as the jungle exhaled ts moisture collected during the hat daylight hours. The 
tension of the onlookers grow as а fim of dew collected on the antenna wires and structure, bul not once did the 
пен Quad antenna flash over ог break into а deadly corona flame, even with the full modulated power of the 
Missionary station applied to the wires. The problem of corona discharge seemed Lo be solved for ай lime. 


‘The new Quad antenna distinguished itself in a short time with the listeners of HCJB. Reports flooded the station, 
attesting 1o the efficiency of the simple antenna and the strength of the signal. In his spare time, Moore built a 
‘Second Quad antenna, this one to be used n the 20 metre band at his ham station, HC1JB, in Quia. 
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(Ata later dato, afier Moore had retumed to the United States, ho applied for a patent covering the new antenna. the 
fact tat the Quad-type antenna radiated perpendicular tothe plane of the loop was deemed by the Patent Office lo 
be of suficient importance to permit the issuance of a patent to Clarence C. Moore covering the so-called Cubical 
Quad antenna. 


Te understand the characteristics of the antenna, itis convenient to borrow the description of the Quad element 
given by WSLZX "a pulled-open folded dipole.” 


‘This interesting account is taken from Wiliam |. Ors book, "Al about Cubical Quad Antennas" In It, technical 
‘details are addressed at length. However, hora are only vio pages devoted to tho four element, full sized quad. Orr 
calls ithe "Monster Quad". We know why. 


‘One Wavelength Quad Loop Optimisation 


Initial Investigation: in previous articles Ive writen on the single Quad loop antenna | mentioned possible 
concerns about the ‘effective height of loop antennas compared о dipole or inverted V types of antennas. This is 
эп unfortunate fact! Sadly this has been confirmed by many ̃ contact signal strength observations between my 
Diamond Quad loop antenna and a test half wave inverted V dipole cut for 20 m at the same top mast height over 
recent months. 


On transmit anyway, the simple inverted V dipole was the superior antenna by several S' points! Not wishing to 
ive up on my beloved Quad loop I've been embarking on а long series of tials, tests and evaluations ай aimed at 
improving the general vansmit capabilities of the loop antenna at lonlst' mast heights. 


‘Those observations are ongoing, but some improvement has indeed been achieved. The modifications involve 
shifting the feedpoint from the bottom to the ор of the loop in an attempt to optimise the oop ‘effective height, along 
with the inclusion of a home brew 1:1 choke (or current mode) balun at the feedpoint, whilst feeding the antenna 
with 300 ohm balanced feedine as a tuned ine, 


In tho past I have been somewhat impressed with the quasi- magical properties of those choke baluns in forcing’ 
‘equal currents into a load and this, combined with "op feeding seems to have improved the general transmit 
performance of the loop possibly through improved ‘decoupling’ of the foadino from the actual radiating system! (he 
loop) 


The use of a choke balun may seem unnecessary when balanced feadiin is being used, however the choke balun 
is useful in compensating for ‘incidental unbalance and asymmetry in the antenna system and | suspect this is also 
the reason for the improved noise cancellation noted. Although in this пем feedpoint position the loop polarisation 
remains horizontal, 1 have noted an unmistakeabie reduction in noise pick up over an already low пове receive 
pickup as mentioned а moment ago. 


‘These so called ‘choke! or current mode! baluns have many interesting applications in unconventional duties. Apart 
from this application in conjunction with balances" Teedine | have also used them inthe past to feed a ‘groundplane’ 
antenna being fed with coax, another application where it è thought that the use of a balun (or unun) was 
unnecessary, however lis use was necessary in order lo stop the brad of the coax interacting withthe resonant. 
radial system used. 


Further Investigations: This investigation just keeps getting more Interesting! It has often been my personal 
‘observation that one discovery thon makes other things possible, and as such has been the case with this 
Investigation. One slighty disturbing thing noted with Yop’ feeding through a 1:1 choke balun was that under ‘soma! 
conditions power Ine noise pick up was actually quite bad depending on local weather conditions, Indicating that a 
particular local power pole mast probably had faulty or electrically ‘leaky pole ‘hardware’. This noise pick up made 
reception dificult, yet at other imos the noise pick up was very low as was expected with loops generally. 


Further thinking inspired me to try опе other experiment, that of feeding the loop at one side resulting in nominally 
"vertical! loop polarisation. | had tried this in the past with sight disappointing and generally inconclusive results 
Overall there was no real improvement compared to feeding at the bottom as originally arranged (horizontal 
polarisation), along with othar strange observations such as a significant narrowing of tha SWR bandwidth and 
‘detectable mast ‘interaction’ despite using the same length of feedline and all ese being the same, when fed in ono. 
side and vertically polarised! 
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шаа loop for 20m and side Teed postion wih choke balun 


However his time there was a difference, feeding through the 1:1 choke balun. So | tried it, and the difference was 
massive! Despite the loop now being vertically polarised, the general power line noise pick up was much reduced 
under all conditions, making reception of even weak signals easy and a pleasure! DX performance seems 
Improved. Indicating a lower radiation angle in this feed position and most interesting of al, the narrowed" SWR 
bandwidth and the mast Interaction noted on previous occasions did nol materialise. 


All of these changes seem entirely due to the inclusion of the 1:1 choke balun, thus showing the great value of ite 
inclusion. Those devices have quasi - magical properties! Overal am very happy with these improvements. 
Actually, | am quite delighted. 


Quad loop for 20m and side feed postion with choke balun 
The choke balun itself couldnt be easier to make! I made mine simply by winding about ten turns of 1.25 mm 
enamelled winding wire as a tight bifilar winding on a small plece offerte rod leaving a small space between each 
‘adjacent bifilar turn (super glue type adhesives help keep things in place!) This type of balun is not ‘polarity 
conscious" as such, simply connect the feedine to one end and the antenna feedpoint о Ia other. 
| simply covered the balun in self amalgamating tape to provide some protection for the winding, but as is obvious in 
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the photos that is how it is mounted inthe alr along with a It silicon sealant applied to ай connections. 


тз. Felix Scart кама. 26/4/09. 


Evaluations 


For the sako of ‘completeness’ it occurred to me that perhaps | should do one more experiment with my Quad loop, 
‘shitting to feedpoint position back to the original bottom (horizontal polarised) position, this time feeding through a 
1:1 choke balun. | am currently evaluating this configuration although a number of diferent things aro already 
apparent. 


‘The operational SWR is definitely widest in this feedpoint positon although the SWR bandwidth widened in all 
feedpoint positions tried, due to the use of the 1:1 choke balun. Noise pick up (again due to the effect of the 1:1 
choke balun) is again impressively low, but ongoing evaluations over a longer time frame wil indicate the best 
feedpoint position for optimal noise cancellation. Its worth remembering at every ОТН (location) may give 
differing results in this respect as every ОТН is highly individual alang with thelr respective noise sources! 


‘The one very obvious result of this series of experiments is the great value of the feedpoint 1:1 choke balun 
regardless of whether coax or (tuned line) balanced feeder is being used. There is litle or no doubt tha ts addition 
has been highly beneficial regardless of the feedpoint positon used, in terms of reduced noise pick up and generally 
Improved antenna efficiency both on transmit and receive within the 20 m band. Alied with this, I've noticed that the 
resonance of this antenna has become more ‘apparent’ after the inclusion of the 1:1 choke balun. 


‘Tuning on ether side of the 20 m band it is now more readily noted that the general noise pick up has become (just 
noticeably) greater, something that I had not noticed previously, although tho loop remains low noise! on receive. 
From а speculative viewpoint his appears o be additonal confirmatory evidence Inat the choke balun is very. 
effective in decoupling’ the feedline from the antenna, allowing the loop to function as intended as a truly resonant 
апа independent antenna element. 


As an aside, itis interesting to observe that baluns do not appear to have been regularly used with Quad antennas. 
From memory I can only recall seeing one Quad article in the past that recommended the use of a feedpoint balun 
| have often seen the recommended use wth 50 ohm coax, of a quarter wave matching section of 75 ohm coax as a 
means of providing an impedance ‘step up! to the nominal 120 ohm resonant impedance of a Quad loop, but по 
Balun. Given the improvement Ive personally winessed through the use of a feedpoint choke 1:1 balun, perhaps 
its ime we did so more routinely! 


Conclusion: This has been a fascinating exercise! Clearly the performance of a Quad loop antenna is affected (lo a 
greater or lesser extent) by Its feedpoint positon. The main alteration here is polarisation and this has implications 
(n several things. namely noise pickup and signal radiation angie. As touched on earlier, every ОТН (locaton) is a 
itte diferent and therefore so wil be the results. If ane is in the mood to investigate the possiblities then a wire 
Quad loop with insulators at each comer is probably the way o go', as then tha loop's polarisation can be shifted 
easily by the simple exercise of physical rotating the loop. Tho other important conclusion to come out of this 
research as mentioned carter, has been the great value of a feedpoint 1:1 choke balun. Ihave praised these 
‘devices numerous times. Tha reduction in general noise pick up with the balun in use is unmistakeable and most 
welcome, and in addition the loop just seems to work better regardless of he feedpoint position with а feedpoint 1:1 
choke balun in use. 


29/04/09 - 215109 


¡Since the last update to this discussion, although | had wanted to go no further with my research, indeed this has 
happened helped along by the discovery of an interesting article on the so called ‘hybrid balun. Before | discuss 
this interesting balun, a couple of words on my Quad Loop. | have settled on side feed that is, vertical polarisation. 
In this OTH vertical polarisation gives me a least two and a half S points less power Ine noise pickup than 
horizontal polarisation, and sometimes the diference is even more dramatic! Yes | know thal seems to go against 
‘conventional thinking" on the subject of noise pick up but at least at this OTH, tis a fact! Other QTH's, of course 
may be the opposito! 


Back to the 'hybrid' balun. Information on this unique type of balun can be found at 
%% pdf tis simply a Series connected 1:1 choke (current mode) balun with a 
voltage mode 4:1 voltage balun. The combination is said to represent "ho best of both worlds’, as i were. My 
extensive testing with this type of balun appears to confirm the claims for this type of balun when used with a station 
ATU. So much so that по longer recommend the use of a separate feedpoint 1:1 choke balun, at least when the 
loop is being fed with balanced line as a tuned feeder. | now advocate the use of this hybrid" balun in conjunction 
with a good station ATU with direct feed to the loop feedpoint with balanced Ino as a tuned feeder. 


Extensive on air testing with this type of balun being fed from my T match tuner has been excellent in practical use 
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with very low apparent loss and excellant current balance at the antenna load. The really good (and easy) thing 
‘bout this type of balun is that It can be easily tetrofiad lo existing voltage mode only 4:1 balun arrangements that 
аге normally incorporated into commercially made АТЫ. 


Оп other ше changes, another interesting thing Im evaluating at the moment is the placement of a half wave 
‘counterpoise' beneath my Quad loop at around 1.5 metres above the ground, as a means of reducing potential 
"earth loss. This experiment falows on from another interesting article [ve also recanlly read ап old copy of the 
Australian ‘Amateur Radio" magazine (November 1996). The original article used this half wave counterpoise below 
ıa dipole for 160 m however I see no reason why it cannot be used on other (higher) frequencies as well. Certainly 
the counterpoiso does have an effect of Ine loop as noted by a detectable tighlening in the SWR bandwidth with the 
counterpoise in place as explained in the original article. Evaluation of this counterpolse is ongoing. It is my 
thought that with vertical polarisation of the loop, earth loss may become more of an issue so this counterpoise may 
have real value i reducing earth losses and improving overall antenna efficiency. 


Digressing on to the performance of loops in general terms, also in recent times it has become apparent that on 
Some ionospheric paths the loop may be o good given the inherent lower angle tendencies of loops compared to 
dipoles, inverted V's and the ike especially at lower heights, where a higher overall radiation angle may Indeed be 
‘advantageous over a more local path eg across vk (Australia). The various graphs supplied by the IPS In Australia 
аге somewhat enlightening as ionospheric propagation is indeed a complex ting... Interesting though, a bit ike Ifa 
Itself! пирин ре дох ашн Systoms/t/1/1 73. 


көшк ука. 01/07/09 


Unwanted Mast/ Antenna Interaction 


‘This is an issue that | consider very much underestimated in its possible negative impact an antenna performance- 
In previous installations af this article | have commented on interaction between the mast (about 33 ft in langth) and 
ту Quad loop antenna, especially when the loop has been vertically polarised. As 33 ftis essentially a worse case 
situation (a resonant half wave length), | have frequently wondered I he loop performance has been compromised 
by a metal pipe mast of this length and If so, what are possible ways around И? | did not set out the make a pipe 
‘mast ofthis particular length, but sadly things just turned out that way! 


Very recently уе been giving the whole matter a great deal of thought and a solution was found through a rather 
unrelated matter, that of lightning protection! In the end | drove a five foot length of a copper plated steel 
electicians earth stake into the ground near to the base of the metal pipe mast and electrically bonded the two 
together with a shor length of braid material 


‘After driving the earth stake ino the ground it was determined that although in the ground through a piece of water 
pipe cemented in the ground, no measurable electrical connection to earth was found al the mast, possibly 
‘exacerbating the coupling between the loop and mast as a Hoating һа wave element. 
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In the time since installation of the earth stake, 20 m contacts have indicated clear improvement in strength, 
Sometimes dramatically. To , analysis of the mechanism involved is dificult lo come up 
with but purely on the basis of signal reports there is по doubt that things have definitely improved. A bit of a 
revelation actualy. 


Interestingly enough in my very old copy of the ARRL Antenna Book, there is a very interesting table on ‘guy wire’ 
lengths to avoid In the various Amateur Radio bands and the length of my (electrically floating) metal pipe mast was 
Fightin the middle of the range to avoid in the 20 m Amateur Radio band. No, fm not surprised that there was 
undesirable interaction between the mast and loop antenna! Vertical polarisation would be the worst possible case, 
but horizontal polarisation is stil not ideal all things considered. Even more interesting in this table is the statement 
that grounded wires wil exhibit resonance at odd multiples of а quarter wavelength’, effectively, in my case anyway, 
shifing the resonance out of the 20 m band, as understand It anyway. This is certainly consistent with my own 
(observations of improved performance. 


Possibly a loop antenna ls more badly affected by mast interaction as wire exists in all geographical directions 
‘despite ‘defined polarisation unlike say, a dipole or similar antenna. Be that as it may be, I love my 20 m Quad loop 
antenna lo bits.. and now its even better. The possibilty of antennal mast interaction is definitely a point to watch 
оп your own antenna instalation, and as an aside | now (hopefully) have better lightning protection! 


73 Fel 
маис. 17109009 


Ina brand new discovery allied with the general subject of unwanted interaction, а seres of interesting observations 
and chance! discoveries In this shack and OTH have made me aware of yet more examples of unwanted 
interaction. Is ime between diferent antennas! Specifically between my 20 m Quad loop and ‘one’ leg of my 80 m 
dipole which runs past my quad loop although nol at a particularly close distance, but close enough it would seem 
Judging by my observations! 


It would appear that (powerline) noise is being picked up and 're-radlatedî by one leg of my 80 m dipole (fed with 
balanced ine directly as a tuned ̃ my quad loop causing a large increase in apparent noise pickup on the 
loop. This was proven whist listening on 20 m with the loop and simply grounding one particular leg of the ВО m. 
feediine here in my radio shack. It is quite ᷣ but simply amazing to observe an at least 2 S point drop п noise 
plk up on the loop when ane leg of tho 80 m dipole s grounded with ho negative effects оп received general signal 
Strength! It makes general listening a lot easier as ono might expect, and as an added bonus the noise blanker then 
works mora effectively at reducing the remaining nois 


Why he i happening в ficut to explain but the effect в quita rol yet and despite ho obvious coup beeen 
the Iwo separate antennas there is no apparent sit In the transmit SWR or other deleterious effects on the loops. 
general performance when one leg of the 80 m dipole is grounded to reduce the noise pickup. Strange but very 
welcome! Anlannas... don you love them? With antennas, the general possiblities are seemingly endless, Yes! 


73 Fel. 
майа 18/10/09, 
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Radiation Angle - The forgotten factor in antenna performance 


(Over the last few months as a consequence of various evaluations with diferent ono wavelength single loop. 
antennas, [ve come to realize that there is one very important, yet seemingly forgotten or at least underestimated 
factor in overall antenna performance, that of the antenna radiation angie. Everybody seams to be ‘chasing! 
antenna ‘gain’ as a matter of some priority whist my most recent research suggests that optimised radiation angle 
for the path desired is atleast as important as ga if not more зо. 


The analogy I use to define antenna gain is that of bright spotlight with higher gain being represented by a brighter 
spotlight. n a way | see this as somewhat of a brute force solution. Obviously a brighter spotight wil be seen al a 
‘greater distance however my observations indicate that optimised antenna radiation angle is a more elegant. 
approach and if combined with appreciable antenna gain, the results can be most impressive Indeed! 


Опе of the realy nice things about one wavelength loop antennas is that polarisation, and as а direct consequence 
radiation angle can be changed at wil by а simple change of feedpoint position even with thei 

height. This does not seem lo have been much realised in the past as the traditional way to fe 
was always at the bottom and as a consequence, horizontal polarised and a reasonably high radiation angle. In 
contrast, a simple horizontal dipole type of antenna needs to ba placed high above the ground in order to reduce the 
radiation angle when horizontally polarised (ho usual situation). For very low angie performance from a yagi on 20 
ım, I have seen written that the optimum height is roughly 1.5 wavelengths (105 A or thereabouts). Considerable 
mast and tower engineering is needed as a result! 


An optimised one wavelength loop at low height can easily produce low angle vertically polarised radiation at around 
20 degrees. a much easier engineering achievement! The type of actual polarisation of sky wave propagation 
through ionospheric refraction is essentially unimportant given the polarisation scattering that inevitably lakes place, 
however what is important is low angle take off. 


My long time interest in general short wave listening has shown me the value of low angle radiation at least "on 
receive’ as when listening on the loop up on the 19 metre broadcast band, some greater distance stations aro much 
better copy on the loop when comparing a 20 m Inverted V dipole and a Delta Loop vertically polarised for low angle 
radiation both looking in the same directions, (me signal station WWVH in Нама and the BBC World Service 
relayed from somewhere in Asia, on 15.310 MHz) as shown in ho audio fle. "Reciprocy’ applies on transmit 
applications as wel. Alied with this Is the realization that for much inter VK working, at least for the higher HF 
frequencies, low radiation angles are actually a distinct disadvantage, rosuling п poorer apparent signal levels. 


This neatly explains why Quad loops used at this ОТН in the past have been frequently Tess than ideal for more 
local working. The are also other relevant factors of course, but too low a radiation angle isthe predominant ane in 
ту opinion. Indeed | have found that for local working on the higher НЕ bands, traditional (bottom feed) horizontal 
loop polarisation resulting in higher radiation angles , working relay switching of 
altcmalivo feedpoints in order to optimise working conditions. Tho possibilis are amazing. 


Listen to the BBC World Service audio fle 


Felix villa 
18414108 


More Loop Experiments - October - November 2008 


ve recently embarked on a whole now seres of loop experiments, this timo with a Delta Loop (3 sided equilateral 
triangle) one wavelength loop. In actual fact Delta Loops were my first loop antennas many years ago and a 
number of interesting articles recently found on the nat have been most inspiring. Indeed my experiments with my 
Delta Loop have made me realize how very litle | knew! My Della Loop is of the ‘apex up variety and my 
‘experiments have centred around the possibilis afforded by altered feed position. 


Although the SMSJAS article is based on а loop designed for 30 m, my loop scaled for 20 m as shown in reference 
2 confrms the practical observations in the SMSJAB article. Switching feedpain is essentially like using а 
‘completly diferent antenna! The low angle! DX performance with vertical polarisation at this 1/4 wavelength 
feedpoint position Is extremely impressive 1o ће detriment of mora oca! working where higher radiation angles are 
тога sulted (around the general VK area, for example). Effective height appears nol to be overly important in this 
configuration, making the Delta Loop an excellent performer at lowish mast heights. 


Interestingly enough, for reasons that | cannot quite understand my vertically polarised Deita Loop outperforms my 
Quad Loop when also vertically polarised in low angle DX coverage! Why, | dont know although | suspect that the 
. position possibly results in a more defined iow angle vertically polarised lobo 
Whatever the rue reason, k works superbly! Specifically for DX working, this simple antenna is very highly 
recommended! 


Essential a Delta Loop folows the same length formula as all ono wavelength loops in general of 1008/ = length 
In feet, but a loosely coupled GDO or antenna analyser can be used to check for the resonant frequency. | am using 
balanced feder all the way to the feedpoint as а tuned line using a ‘hybrid balun’ and ATU for matching down to 50 
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ohms ‘unbalanced’, This feedine system works very wall 


References: 
Fatal se-m HAMJANT/nabia.htmi 
Alpin hebrowns елен co.uk 20mdelta-htm, 


1 have to admit that the last month ог so of intensive loop research has been rather exciting, almost like those early 
days in 1985 when | first gained my full cal" Amateur Radio licence, and discovering the magic of one wavelength 
loops for the first timet 


‘This latest research dealing with altered feedpoint position and the Implications on radiation angle has been 
Incredibly enlightening! Ive since placed my diamond Quad loop back up vertically polarised (side feed), and I'm 
le gratiled lo say inat the low angle! DX results [ve oblained have been identical to my vertically polarised Delta 
Loop and if anything the diamond Quad оор should have ‘slightiy' more gain by virtue of slightly increased internal 
enclosed area. 


Another interesting change has bean the re-inclusion of a feedpolnt 1:1 choke balun. In the past after discovering 
the so called hybrid balun, 1 no longer recommended а feedpolnt balun however | now think that its inclusion is a 
(good idea, even with balanced foedine feed as a ‘tuned line. 


Certainly the use of a feedpoint 1:1 choke balun is recommended in the excellent SMSJAB Delta Loop article, and 
ater placing it once again in both my earlier Delta Loop and present diamond Quad Loop, a very significant 
widening (without any additonal loss) in SWR bandwidth was noted indicating much improved decoupling Between 
the foodino and the loop antenna sal 1 ат using a simple ferrite rod cored 4:1 vollage balun in my shack 
following my T match ATU in conjunction with the 1:1 choke balun at the feedpoint of the loop and fed with high 
quality balanced 300 ohm as a tuned Ino". This overall feedino system works very well with very litle loss. if using 
all coax feed with a ‘quarter wavelength matching section of 75 ohm coax then the 1:1 choke balun is mandatory! 


| think Ivo finalised things now, more or less (maybe). In general terms vertically polarising my 20 m loop has been 
a bit of a revelation to be ренасіу honest, now that vo finally worked out and realised the implications on radiation 
angle! 1 am hearing just so much more compared to previous horizontal polarisation (and high angie) radiation, 
especially during the nighttime hours where previously the band would appear quite dead. Although ‘closer in 
working may be less than optimum with vertical polarisation, it probably is't quite as bad as | first though. atleast 
here in vk! don't fool that fm losing out much at ай with vertical loop polarisation! 


73 Feix v 
маһа 
23/10 & 27/11 2009. 


The Effects of a Metal Mast or a (very) Stupid Mistake! 


‘Although | consider myself quite ok with HF antennas, very recently І realised a basic (very stupid) long erm error 
Га made that prevented optimum operation from my favoured HF antenna type, one wavelength wire loops. In 
recent years they just never seemed to perform as well as they should have and despite many, many investigations 
the mystery was never actually Solved and | guess the expression D'oh, might apply now! 


Very recently as a general test, a simple half wave ‘sloping’ dipole was erected for 20 m and his simple antenna 
performed much better than any of my various loop antennas. | simply had lo work out why and slowly but surely, 
апа with a litle guesswork, the true reason was finally revealed! My 34 ft motal pipe mast! All of my loops were 
‘symmetrically ung off this mast and although over the years | had often wondered if this arrangement might not be 
а good idea especially given that the length of the metal mast was very созе Lo the resonant hall wave on 20 m and 
Tan right through the active radiating area of the loop, | had considered the possibilty of undesirable interaction, but 
then discounted it! 


In any case, the loops seamed to work well enough, but my ‘gut feeling’ was that they should have been better. My 
‘orginal Della Loop constructed back In the 1980's was mounted between two metal masts! The experience with 
ту sloping dipole now made ma sure that that something very basic was seriously amiss. On a hunch, and using 
the ‘Sherlock Holmes! approach to fault finding, the metal mast was considered the most ikely suspect, so after my 
(40 m WIA Amateur Radio news broadcast one Sunday moming recently, | was inspired to shit things around to take 
the metal pipe mast ош of the radiating area of the cop as much as | could and soe if that improved things. 


‘Space was restricted, but managed to put up my pre- existing one wavelength Delta Loop mounted ‘on its side as 
it wore, strung up between my 34 ft metal pipe mast and a shorter 15 ft metal pipe mast and fed at the junction of 
the sida mounted two sloping sides, giving I think, vertical polarisation. A general immediate improvement was 
noted and signals reports, both transmitted and on receive, were much better than previously (and betler than the 
sloping dipole). 
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Several other distinct changes were noted and it seemed to me that the mast was interacting very adversely with the 
loop in several ways. Firstly by direct absorption of transmitted RF. Secondly, pattem distortion, and thirdly 
increased noise pick up. In the time following since the repositioning of my Delta Loop, power ine noise pick up 
(always a long term problem on any of my loops at this ОТН, in whatever ‘shape they were), ts now markedly 
reduced and my HF transceivers noise blanker actually works when i did nothing before! 


‘The pattern distortion aspect is interesting as in the past had noted that vertical loop polarisation was best for DX. 
апа horizontal loop polarisation was best locally. Now the Delta Loop performs equally well оп both DX and local 
signals, despite being nominally vertically polarised. | have to think about that one! In the past, a friend had 
presented me with some IPS data that suggested that low angie radiation was best for "al paths. As the loop is now 
Working so well vertically polarised, perhaps this is another indication that the Delta Loop is now working as it 
should, аз vertically polarised loops inherently produce excellent low angle radiation! 


Needless to say, Lam quite delighted at this tum of events! Perhaps | should have realised my error years ago, 
however a recent internet search found only one article (out of many found), expressly suggesting that metal within 
the radiating area of loop antenna was a bad idea! Well, Ive certainly leamed my lesson! | suspect that the self 
resonant length of my mast was also a big factor, however the lesson is, whenever erecting a one wavelength loop 
antenna, keep any or appreciable lengths of metal out of the area of the loop, completely if possible. Then youll 
see how good a one wavelength loop antenna really is! I cannot emphasise this point strongly enough? 


73 Fel. 
май. 30/12/2010, 
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Toop offset 


‘The photograph above is ofthe reconfigured Delta Loop. | wish it was a Ие nealar and a bit more ‘separation’ but 


Its much better regardless, and an article from one of my antenna books that I've read a thousand times, but 
somehow I never noticed the note about a ‘nan metalic pale 


Felix wald 
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„ PRACTICAL WIRE ANTENNAS 
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‘The grounded half-delta antenna 
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Delta Loop - Practical Wire Antennas 


Metal Masts & Loop Antennas - 


again 


Yes, | might be getting old or maybe senile because some me ago in this seres | mentioned the great Importance 
of keeping metal out of the loop as much as possible. Well mainly due lo mast rearrangement I resumed doing the 


wrong thing, albeit In a fairly minor way that I thought would be inconsequential. 


Aer reading an article on the ntomat regarding tho construction aspects of full wave loop construction, it was 


's spacing should be kept between the wire loop and any conductive mast 
‘material, which is pretty well what | recommended in the earlier mentioned ink. 


mentioned that at least twel 


wasnt. 


In my set up there was only close contact between my loop with my metal mast through heavy capacitive coupling at 
опа of the loop corners when it was hard up against the mast. In ай honesty | thought the small contact here would 


be inconsequential. Well It wasn't! As did previously, I rearranged the lop to Include twelve inches spacing 


between the loop and my metal mast. It really makes а difference, especially оп transmit. 


Even though my horizontally polarised ful wave square loop antenna isn't mounted as high as I wish it was, | am 


Very happy with its present level of performance. Iti a truly fine antenna, and vary quiet on receive ао. 
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Regards, Рейх Scerri укай. 
09/04/2014. 


DELTA LOOP UPDATE - February 2011 


‘Sometimes the most unexpected things happen and great discoveries! happen by accident. This is one of them 
(more or less)! In the previous instalment [see articles below] of the ongoing loop adventure | mentioned the 
Improvement arising fram removing ta metal mast from the internal radiating area of my ful wavelength Dalla 
Loop. Well a few weeks ago our general location was badly damaged by a very largo tropical cyclone (Severe 
Tropical Cyclone Yasi). hilp//en.wikipedia orawikl/Tropical Cyclone Yasi 


Apart from all the other damage, most of my Ham Radio masts and antennas were either badly damaged ог 
‘destroyed in the 250 plus kph wind gusts. Ive since rebuilt most of my antennas and masts (one to go!) but the 
really interesting thing is that at last for my 20 m Della Loop, I've had to shorten the mast quite a bit due to 
available undamaged mast material, from around 34 fat to about 25 to 27 feel, and believe I or not my Delta Loop 
is now working much better as a resul! The improvement on ‘alî signals (оса! and DX) s unmistakable! 


In the past have often read the anecdotal comment that HF Della Loops seam to work better at lower heights. 1 
can't really explain this phenomenon as observed at this OTH (location) but itis real. When I look out my window 
and observe how low the antenna looks now wit the lowest comer only a couple of feet above the ground, i seems 
ridiculously low, but it does work very well indeed! Perhaps that previous longer (resonant length) metal mast, 
although now ‘outside’ of the loop, was stil sufficiently cose to and adversely interacting with the loop | don't really 
know! 


IL is my feeling that this observed result may not necessary happen in others’ OTH, but it does give hope to those 
with only limited height avaiable. I've been very pleasantly surprised! As things stand now, I might even be able to 
put up a fixed parasitic element for a bit moro ‘gai, but even as a single element antenna li couldn't be any better in. 
Terms of general performance! 


тз Ромка 19-24 Fab 2011. 


And now it's even better! 


1 guess | really should pul an end to these ongoing loop experiments, however ve just made another chango which 
is most interesting. Yes, another change in feedpoint positon, now to the Боот corner, giving | think a mixture of 
low angle vertically polarised radiation but also an appreciable high(er) angle horizontal polarised component as 
well. At least at this QTH this comer feed position appears о give the best overall resul between local and DX 
coverage, in fact DX coverage seems essentially unchanged, however local coverage within the general VK / ZL 
area ls markedly improved. This Is not without some penalty though. Comer feeding does introduce a strange 
‘asymmetry In the sides’ of the polar pattern of the Delta Loop but this appears to be of Ме real disadvantage in 
practico, 


Опе other te change relates t feeding the antenna. I use the ‘hybrid voltage! choke balun design as mentioned 
previously, however after some recent reading and online discussion on this type of balun it was suggested the two 
. interchanged in their positions. This does make sense to me as the 1:1 choke balun is 
then kept to lower impedances which is preferred. Anyway, | have tried this and | think it is better. One more thing 
to ty anyway. 


73 Felix vkäfuq 15 03 2011 


Further to the interesting ‘possiblities’ afforded by differing feedpoint postion, my friend Mick SMSJAB has run 
several antenna modelling simulations for me on the ‘on is side 20 m Delta Loop | use at this OTH showing that 
with differing feedpaint position, the same physical antenna becomes very diferent! 


1 use tho lower comer feed positon giving horizontal polarisation with high angle radiation for laca working around 
‘Australia (vk) wilh excellent results, and my other feed position giving vertical polarisation with low angle radiation 
for purely DX working, 

The same results are achieved with the more aditional apex up or down Delta Loop by feeding in the appropriate 
positon, ether 14 wave along one of the sloping sides for low angle voricaly polarised radiation, or the middie of 
the horizontal side or (equivalent position), for horizontally polarised high angie radiation. 
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Regards, Felix, 
ащ. 17052011 


‘The Use Of A Non Conductive РУС Mast 
Further 20 m Delta Loop experiments involving а new mast! 


Well its been aute a while since my last instalment and this latest round of experiments was prompted by a desire 
to install a new non metalic mast to hold up my 20 m Deita loop in order to finally conclusively determino И a 
metalic mast was as detrimental to the loop's performance as | had suspected. So, just this last Monday moming 
ater my usual вану morning 50 minuto walk (oh, the things ono needs to do to manage type 2 dlabetesl) my 
walking partner (a fellow local Radio Ham), and | decided to erect a mast entirely built of sturdy РУС pipe. 


1 had absolutely no experience with this material, however my fend comes from a engineering/ tradesman 
background and he assured me that such a structure was entirely feasible. So off we wert to а local hardware store 
bought two lengths of PVC pipe, PVC glue and lucky, transport was provided free for me to this residence only a 
relatively short distance away! The two lengths were quickly glued together making an overall height of about forty 
foot. We knew that some guying would be required, however we had seriously underestimated this aspect and our 
first attempt 1o raise wilh new PVC pipe mast was a disaster. 


Vie needed to cut the mast back to about thirty one feet (a more manageable length), and stil slightly higher than 
the ald metalic mast and we decided to enlist the assistance of another adult helper and obtain more guy rope. The 
‘erection’ was thon set for the following morning. The following morning arrived and our improved preparedness 
proved effective, and the mast was indeed successfully raised and ance the quying was completed t looked a 
Substantial and solid enough assembly, but that guying is спіса! The Della Loop was successful Installed and 
‘experiments and observations began. | was secretly hoping for a large improvement in general performance 
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Well, the results so far have been interesting and experiments are ongoing, however it is quite apparent that the 
metal mast was indeed affecting the electrical performance af the loop! The first thing | noticed was the SWR. 
bandwidth had broadened very considerably, being only about 1.381 at both band edges (through the station ATU 
and direct balanced feed). instead of rising steeply at the band edges with the loop vertically polarised at the 1/4 
wavelength feed position on the loop withthe metal mast, (as previously discussed elsewhere In this page). 
However testing over a few days indicated that the general level of performance was similar o previous! 


Wele that got me thinking and further experiments today involving past ideas has yielded positive results. Readers 
may recall my pas! experiments involving the use of a feedpcint current mode or choke balun as a means of 
providing effective feedine! antenna decoupling. So early this morning | made up a simple 1:1 choke balun wit ten 
Bila tums on a short length of ordinary loapstick ferrita material wound with 1.25 mm copper winding wire and | 
installed it atthe feedpont. 


ve tended to change my mind frequently on the value of this feedpaint balun however after installing it, | noticed 
something quite Interesting that suggests that itis indeed acting to effectively ‘decouple’ the fascina от the 
antenna. The measured SWR with the balun in circuit do not noticeably change, however twas apparent that the 
АТО ‘tuning’ had become much less critical and touchy, suggesting a generally lower Q situation inferring that the 
"effect ofthe feedine was greatly reduced! Further evidence of greatly reduced faedina effect was observed when 
a 'birdle' evident on my main HF transceiver, produced by another receiver in in this shack was much lower in 
strength than usual. Itis thought that feedine unbalance’ was mostly picking up this annoying Birdie" This also 
suggests improved feedine ‘balance’ as well as effective ‘decoupling. As of now, things look promising! 


More to follow! 


73 Fel. 
VKaFUO 
зан October 2011. 


BALUNS: A Rethink, Observations and Unexpected Results! 


‘This update might also be entiled Was | wrong? Maybe! as recent experiments and observations have yielded very 
Unexpected results! As | mentioned in the last instalment, ve never been quite sure about the use of a feedpoint 
1:1 choke balun with balanced feedlines. As of now, | say don't use ono! As an experiment | installed feedpoint 1:1 
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If we combine the higher-Z phase-line with the longer element, we obtain the 
probable feedpoint impedances shown in Table 10. Note that the table does not 
account for the fatter elements used in Chuck's antenna, 


Table 10. Feedpoint Impedance of an Expanded Lazy-H of 92" 
#12 Copper Wire Doublets at 100' 


600-ohm Line 
Freq. Feedpoint Z 
мна R % jX Ohms 
2.6 153 75 
3.9 25 -j 30 
5.37 125 + j 265 
7:0 а65 - j 505 
10.1 40 -j 75 
14.0 130 + j 670 


We can extend both technigues-raising the phase-line impedance and extending 
the element length--and effect some further small improvements. We might try for 
100 elements and check phase -lines of 600 Ohms and 800 Ohms for this type of 
lazy-H. Table 11 provides the results of this experiment. 


Table 11. Feedpoint Impedance of an Expanded Lazy-H of 
100" 
#12 Copper Wire Doublets at 100' 


600-0hm Line 800-0hm Line 
Freq. Feedpoint Z Feedpoint Z 
MHZ R +/- jX ohms R /. jX ohms 
3.6 25- j 20 20 +ј 26 
3.9 3543 35 д0 +3 92 
5.37 320 + j 435 295 + j 585 
7.0 240 - j 450 555 - j 745 
10.1 30 +3 30 55+] 45 
14.0 320 - j 810 225 - j 895 


Chapter 26 
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choke baluns on ай my HF dipoles as well, and general testing indicated poorer signal reports and in conversation 
with a friend knowledgeable in transmission ne matters, he also suggested that the use of a feedpoint 1:1 choke 
balun with balanced ine was i advised and lossy 


| t cannot see why this might be the case, but the observations seem to confirm this. So don't use one, (at least 
with balanced ine)! Interestingly enough, further investigations with an ATU hybrid balun as originally designed 
and mentioned їп earher instalments, with the 1:1 choke balun on the "output side, appears to work extremely well 
апа signal reports are good. 


More interesting were the observations and comparisons made between a simple 4:1 voltage balun and this 4:1 
"hybrid balun’ showing a full 'S point reduction in received (power Ine) noise in favour of the 4:1 hybrid balun, 
suggesting massively improved foadine balance and common mode noise rejection. This result was totally 
unexpected! This hybrid balun’ gets my define tick of approval. 


73, Fele 
alda 2nd November 2011 


‘The End Of The Whole Loop Saga? 


Hopefully this is the end of the whole Loop saga, but really ova my 20 m Quad loop again! This week | had a real 
breakthrough, In a previous instalment | mentioned incorrect positioning of my loop, wall even after ‘repositioning’ 
It stil wasn" right! Another unexpectedly poor signal report very recently forced me to check his again, thankfully. 


1 have а shocking sense of direction, even with a compass in hand! | even enlisted the help of an older bushle' 
friend whois very familar with correctly using a compass, and he confirmed that | now have my lop firing North and 
‘South (broadside directions o the ine of the loop 


‘And what a diference it makes. Now when | cal a station, | now get answered...every time, unlike previously. 
‘Analysis of compass bearings indicate that | was firing in nul directions and this leads me to another interesting 
‘observation. In tech school years ago we were taught that a ‘three decibel level diference was about the minimum. 
discernable level change. Don't you believe it! It all depends on prevailing signal levels. 


A three decibel level difference can (and does) make a potentially massive difference. Null in the ‘ends’ of a ful 
Wave loop when horizontally polarised can be up to 12 decibels. Aiming that loop correctly very important. So 
пон have my 20m Quad loop up (in а slightly diferent position in my backyard) and ‘looking’ ruly North and South 
fed with balanced line as а tuned Ino" direct into my shack and Into a 41 hybrid balun and T match ATU, and | 
couldn't be happier. No, ifs not a beam and its not rotatable, but or what | want | couldn't be happier! 


73 Fel. 
Karu 
09032012 


Fascinating observations with two 20 m antennas or the value of comparing two antennas side by side 


Gay all, had a fascinating afternoon recently comparing two separate 20 m antennas. Readers wil know of my 
constant experiments with simple 20 m antennas. so on this aftemoon | put up two separate antennas- My beloved 
20 m Quad loop (horizontal polarised), looking North and South at a top height of 28 feet (quite low in absoluto 
lerms), and a separate 20 m vertical ground plane with the base al about 15 feet above ground with two elevated 
quarter wave resonant radials with a 1:1 choke balun at the feedpoint. Two elevated radials are all you need, not 
three or four, as lang as they are some distance off the earth, or ground loss will be a problem. There is almost no 
eccentricity in the radiation pattern despite the use of only two nine radials. Both antennas were fed with balanced 
lino as tuned lines and are sufficiently distant from each other to avoid Interaction. 


Both antennas were fed into two separato receivers which were reasonably well matched on receive with closely 
JJ and S meter calibrations. | listened to various signals, both local and DX, during the 
IARU contest on 20 m between 0400 and 0600 hours UTC. The results on receive were absolutly fascinating and 
itis great when theory agrees with tho observed reality! 


Across VK (I am in Northern УКА) the Quad loop, in the broadside directions, was the clear winner with very low 
позе on receive and about 2 to 3 S points better than the vertical. However on ай DX signals (America and 
Europe), the vertical was very superior by on average 3 to 5 S points! With the vertical the noise level was sightly 
higher ($2), but по obtrusive. These results were absolutely amazing to observe. The S meters dont le! There 
seems lo be an interesting transition zone around the ZL region, as the Quad loop and the vertical were 
approximately equal 


‘Conclusions: The Quad loop was/ clearly the best antenna for working across VK in the broadside directions. Into 
VK (nulls on the loop), the vertical was about 1 S point better (varying somewhat). The books say that a low Quad 
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loop horizontally polarised radiates at very high angles and | agree. Although the higher radiation angles are clearly 
better for local working across VK. Tha ̃ angle of the vertical ground plane is low and DX performance is 
superb, he expected result. Al tests were receive lasts, but | would expect simlar results for transmission 100. 


Regards, Felix 
VELO, 
2007/2012 


"Thanks Folie, 


1 myself have been comparing my antennas on RX over the last couple of азу. I have been comparing my Invert 
La smal fan dipole that | have in tha loft for 10m and бт and a Delta Loop that | have recently hung up. The оор 
wiro is about 16 metres in length, but | also have another wire handy that is 12 metres in length to orm а smaller 
loop for the 24 MHz band that! can easily hoist in to postion. 


Tho Inverted L has the addition of an extra sloping wire element tuned for 17 metres. 


ı/ have mainly done RX comparisons on 20m, 17m and the local 11 metre CB band. I's quite amazing how switching 
between antennas can produce entirely diferent results. Far example while monitoring the local CB band (which 
isn't in itself very edifying!) І could hear strong signals оп the horizontal 10m dipole in the lof, but switching fo the 
Delta Loop produced an entirely diferent transmission on the same channel and almost equal strong signal. This 
is a product ofthe delta оор being fed atthe bottom comer which should give polarisation somewhere between 
horizontal and vertical (mixed) and its position firs roughly north east / south west, whereas tho dipole is 
horizontally polarised and fires east / west. 


‘Similar, but less spectacular, differences have been observed on 20m and 17m. Га say that overall the loops 
antennas aro better compared to the Inverted L for their particular bands, but differences in directionality wil 
‘Sometimes favour tha Inverted L in both cases. 


1 installed the loop to try o Improve access to the higher frequency bands. The horizontal fan dipole in the loft for 
10m and 6m while baing extremely efficient does suffer with quite high nois pick up and | fear that using 100 watts 
тау cause EMC issues for neighbours - anyway i's a useful and cheap aerial! 


As for my loop experiments then lam quite encouraged so far. 


While tho 80/40 Inverted L tunes up easily on 20m, 18m and 10m, with 20m being fine, results are not especially 
‘amazing on 15 and 10 - acceptable when conditions are above average, but nat as good as dedicated antennas. 
This prompted me to try some loop antennas. While loops are supposed to be single band antennas, | have read 
thal a number of people have used them as muli-banders with some success, so | thought 1 try ane out for 
‘Timetres and upwards and the other for 12 metros. 


Initial results are good and | am certainly tempted to leave the loop as a permanent itur, bul while | dont find 
either the 12m or the 16m loop to be noticeably quieter than the Inverted L they are, however, quieter han the lolt 
‘dipala for obvious reasons! 

Al very interesting! 


73, Mike. MOMTS 
20072012 


Balun Discussions 


The other morning after feeling a bit negative about aspects of balun performance, | started this thread on the 

% ⁵m;mm . зош ват 

The whole thread is definitely worth reading! 1 started out questioning whether the current mode! baluns were rally 
ind of he thread | had moro or less changed my mind after running а couple of impromptu 


‘The so called hybrid balun that | have mentioned before is actually quite remarkable in the way it reduces noise 
pick up over a standard 4:1 voltage balun. Thal 1:1 choke (current mode) balun in the hybrid assembly does the 
‘magic! I makes one realise that in ho ‘real world things are never even remotely close to tho perfect, but the 
hybrid balun has a quasi magical way of bringing things closer to the ideal through enforcing equal currents and 
choking of common mode noise. As | mentioned //, V dipoles are now ав 
‘quiet as my beloved loops, thanks to the hybrid balun! Others have also noted larga reductions in ‘apparent noise 
pick up when using a current made balunline isolator. 


In many cases the transmission line is picking up more noise than the antenna and this is greatly reduced through 
proper balancing”. Itis ай quite involved when one thinks about it. Here are two another aute interesting and. 
though provoking aricles..htip/laudiosystemsaroup.conv/REL-Ham, 

lb ivi. vece oro/ArtctesW IHISICommonModeChokes W 1HIS2006Apr0ê nd 
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T3 Feix, 
wearua 
15/0812 


Moro thoughts, and Ml 


In recent times, things have been ‘coming together’ as tere, when it comes to antennas and the jigsaw puzzle is 
staring to come together nicely. IL appears fo me that a lot of quite Important yet slightly intangible’ things are now 
being seen for thelr real importance. 


Things like feedine unbalance and the generally unrecognised results of this Ике increased noise pickup which are 
(tan ‘blamed’ оп the antenna itself (incorrect) when noise picked up on the feedine is actually (mosty) 
responsible! Current mode (Le. choke) baluns are close lo magical in what they can da In Improving feedine 
(current balance. In recent imos | have proven this conclusively to тузе. 


In tho past I have always regarded loops are having this magical reduced noise pickup advantage, however simple 
dipole type antennas if feed through a well-constructed choke balunfeedlino system, whether it be coax or 
%% as appropriate (al the antenna feadpoint when using coax and at 
the shack/ATU end if using balanced foediino), are equally good in this respect and do have the advantage of 
inherently greater ‘effective height’ which is always helpful! 


Proper attention to the tl things often does make a very large difference, even when one may not think so! This 
Website has an enormous amount of very useful and interesting information, 


Click on the ‘antenna’ tab and you might be reading for weeks! Me www wêlî com 
тз Fele 


ee, 
18/09/2012 


Metal Poles and The Quad Loop 


‘Aller more work and experiments | have concluded that the reason or the apparent degraded ‘transmit loop 
performance that I have frequently reported in these pages is the way that I used a metal mast as the supporting 
Structure. 


1 had actually identified this earlier, however a recent opportunity o re-mount my single Quad loop in between! two. 
metal masts (at not very great height, transformed the performance of my loop. The loop is sll looking inthe 
same directions, by the way! Given that am somewhat physically disabled, it was a challenge to successfully do 
this by myself but | persevered and succeeded! Thankfully aluminium makes for a light and manageable mast, but it 
is expensive ш! 


1 now have negligible noise pick up, compared o a solid and constant S7 as previously mounted around: my main. 
‘metal mast, and the loop is now both radiating and receiving very wal. Mounting a loop in ‘dlamond! fashion off a 
metal mast is very convenient, but it seems lo mess up antenna performance. 


An interesting thing is that modeling done by others for me using EZNEC showed very little negativa effect of a 
‘metal mast running through the middle of а full wave loop. However, practical results appeared to show that the 
modeling was wrong or perhaps ß 1 am stl! using balanced tuned’ feedine with a hybrid balun at 
the shack end which | think al helps, but the ullmate lesson is 1o use two masts and keep any metal out of һе loop! 
Yos, it complicates assembly but that is а small price to pay for excellent antenna performance. 


73 Feli Soon 
VKAFUQ 
08102012. 


Mosty for convenience reasons more than anything else now have a 20 m Delta Loop mounted on is side and 
fed for vertical polarisation (at the ‘side’ positioned apex), 


‘Although the Delta Loop has slightly less gan than a Quad Loop, Ive found the Delta Loop every bit as good as 
the Quad loop in practice, and is much easier to mount, requiring only one ‘high’ mast at one end and an 
‘approximately hal size’ mast at the other ‘apex’ ond, 
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Lam actually surprised that this usual arrangement is not known of andlor used more as its ease of mounting is a 
very significant advantage, and of course feeding at the ‘apex’ ond wil yield vertical polarisation. For local working 
with horizontal polarisation, fed at the lower corner, works vary well and of course all metal masts are kept outside 
of the boundary ofthe loop. 


кек 
varua. 
12/01/2013. 


Antenna ‘effective height revisited 


I've recently ‘gone back to the start in a sense, as l'm once again using an inverted (apex down) Delta Loop for 20 
т. This is the loop antenna shape | used when | was first licensed in 1985. | am using it again for a number of 
reasons including sonimentalt/nostalgi but it does work well although its inherent gain is ‘slighty’ down on a 
{Quad Loop, in theory anyway. 


You'd never notice the ‘gain diference, to be honest. However the “apex down Delta Loop does have one real 
advantage, that of maximised ‘effective antenna height. as defined by the positon of the current maxima points, 
(about 16 feet 5 inches along the wire ether side ofthe feed-point on 20 m, assuming bottom apex’ feed). It is 
(Slightly) higher than a square Quad Loop as defined by the same сепа. A horizontal dipole is better stil, in 
terms of effective height, but an ‘apex down Delta Loop is nearly as good! 


‘The ‘apex up' Delta Loop has the lowest effective height of all! So it ane wishes to use а full wave loop (especialy 


оп tho higher HF frequencies), the “apex down’ Delta Loop’ is highly recommended! It does require two high 
‘supports, but is worth it for the improved performance! 


LT e 


T3 Fel. 
VKAFUQ. 

10/10/2013. 

More about Full Wave Loops 


‘The other day with not much better to do, | decided to replace my existing Quad loop for 20 m with a new Delta 
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Loop, hung apex down. | decided to do this because my old loop was ful of various soldered joins, the result of 
countless experiments over the years! 


| was actually prepared for slightly degraded performance as a Delta Loop has slightly less loop gain than a single 
Quad loop (by about 5 db), yet aflar erecting the new Delta Loop (thankfully Mr Murphy stayed away), 1 was rather 
amazed to find ‘no’ apparent degradation in performance and if anything, as confirmed in following days, an actual 
Sight improvement, bath on transmit and receive! That had me scratching my increasingly bald head for a few 
minutes. Why, | wondered? 


‘This is just speculation, but | suspect improved effective height is the reason. Ive mentioned this subject 
frequently many times inthe past and there seems to be a sort of ‘threshold height effect in effect at low loop 
heights where effective height optimisation is more important in practice, than actual loop gain. The inverted Delta 
clearly does have an effective height advantage over a Quad Loop however | didnt think it overly significant. 


Well maybe itis... and a Delta Loop is easier to mount too! Mmmmm. 


Folx VK4FUO, 20/05/2014. 


Full Wave Loop Antenna Comparisons 


Over recent months I've been comparing a single full wave loop against other comparable single element antennas 
like inverted V'shorizontal dipoles and vertical ground planes (al or 20 m). Much of this research has been 
inspired’ by imminent changes in my backyard (oss of trees as antenna supports), and thus the need for easy to 
(rect antennas with good performance. 


‘Somebody | think once said that ай single element antennas have a similar performance and maybe this is basically 
rue, however there ‘are’ clear differences and thankfully loops wi for а number of reasons (at least at this OTH 
‘The loop shape that now use is of the Delta Loop ‘on its side’ variety as I've mentioned previously, with horizontal 
polarisation fed at the ‘lower comer. 


Compared to the inverted Vihorizontal dipole, the loop despite slightly lower effective height, delivers (and receives) 
а slightly stronger signal, ай things being equal, and exhibits a much beter listening signal to noise ratio (also 
useful for general SWLing as Ivo always known and appreciated). One curiosity is that although horizontal 
polarisation results in mainly high angle radiation (depending on height), DX performance is actual not that bad 
‘Compared to the other antennas and especially the vertical ground plane which inherently produces good low angle 
radiation, and of course horizontally polarised high angle radiation is better for more оса} working 


Horizontal polarisation as well, at least at this ОТН has one ‘bi advantage of reduced powerline noise pick up. All 
vertical polarised antennas that | have tested (loops included) are (very) noisy when vertically polarised. "Nothing 
takes the pleasure out of listening moro than bad power line noise! There are indeed other factors that influence the 
level of power line noise pick up such as feed ine balance etc, but polarisation seems o be the greatest 
determinant, with horizontal polarisation being preferred for this reason! 


In tho end, both the loop and the inverted Vihorizontal dipole have some unique advantages and might be 
recommended ‘depending’ on the local situation. If one is not interested in general SWLing, then the inverted 
% however at this particular ОТН, the full wave Delta Loop wins out 
overall and of course please remember that al horizontally polarised antennas such as the horizontally polarised 
loop and inverted Vhorizontal dipole exhibit some directivity, so hang! them accordingly! 


тз Felx укакиа 07/01/2015. 


A 20 m antenna system that works', and | really don't know why! 


In recent weeks I've noticed that my noise level seemed ta have mysteriously dropped signifcanty and | assumed 
Some work by our local electrical utlty was responsible. However it now seems that although he nose level has 
indeed dropped the rue reason appears to be rather diferent and to be perfect honest its а bit of a mystery! 


At one point decided to take advantage of this reduced noise level and put up a 20 m vertically polarised full wave. 
loop antenna as normally in the past, although a superb low angie radiator, any attempt o use a loop in the 
configuration resulted in a solid and unvarying S9 noise level! However on this occasion | was stunned (and 
pleasantly surprised) to note а very юм noise level, not quite zero but varying between zero and S6, basically not 
troublesome at all... nd oven my radios noise blankor worked quite wel to reduce to noise level further! In the past 
the noise level remained at its maddening SO regardless! 


‘Seeing al this, | really wondered what had changed and ‘eventually’ | worked it ош! The balun! As | have a number 
о! different baluns | occasionally ‘rotate’ different baluns into use and on this occasion my 4:1 hybrid balun’ was 
connected into service. In the past | had noted that this balun would occasionally give me much less noise pick up 
than any other balun | have (voltage or choke types), but never ever considered using this balun with a vertically 
polarised loop unti now. 
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‘This ‘hybrid balun’ which I've mentioned before is a 4:1 vollago/1:1 choke balun combination and for reasons that 
are not fly clear to me is particularly effective al suppressing presumably ‘common mode noise pick up. This 
article gives a ‘hint of what may be happening with this balun combination: 

da ee atspace.comfbalun/balun.him (as explained in the final paragraphs). It works and frankly im 
delighted! 


Regards, Felix VKAFUO 03/03/15. 
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Amateur Radio vu 


My Home Page | MOMT | Operating Conditons | Antennas / Aerials | (Р Portable Operating | Accessories | Projects & Kis | 
Useful Information 


Amateur Contact MOMT) | Contact MGORS | Links to Amateur Radio Sites | RSGB | OSL | The Amateur Radio 
Mini Ste Map 


Radio Map à í 
орегабпо | neus Dovelooments, 
Conditions "Everything should be made as simple as possible, but not simpler" - Albert Einstein 
Antennas 


ГОРУ AERIALS (ANTENNAS) 4 - Notes and Queries 
Projects Antennas 1 | Antennas2 | Antennas 3 | Antennas 5 | Antennas 6 | Antennas7 


& Киз 
Index To Other Antenna Pages: 
Data Моде Antenna 1 Aerial used by MOMTA 
Antennas 2 : Including ideas for compact aerials for Top Band /160 metres 
Information 3: Рейх Scerri КАРОО discusses Loop Antennas, baluns, masts A other antenna related topics 
Antennas 4 : Many antenna ideas from various sources particularly for Multi-Band operation & also gives Information 
about. 
Portable о knots ——— ideas. 
FEM nas Hai wave Ena Fec antennas lor 144 Mie VHF 1450 MHZ UHF and 50 MHz в мөге band & Pole 
Aerals 
Antennas 6 : Simple and effective НЕ. Antenna ideas - Ground Plane and Al Band Doublet 
СЕИ ое. Omni-Directional - Creula (Mixed) Polarized Antenna for VHF / 2 Meters. 


is tutora Aerial Options | Useful Aral Rigging Accessories | Aerial Trimming Char | Useful Knot | A aw 
сам fm 


[ITI n Bob саго notes: An antenna may have two of the attributes: Small; Efficient or Broadband (works over a 
wide frequency range without retuning) but never all three. 


Contact 


Marconi spins in his grave every time a ham buys an aerial instead of building it ! (меен) 


WSPR 
Weak Sianal ТНЕ QUEST FOR MULTI - BAND OPERATION - In A Limited Space. 
Propagation 
‘Reporter ^ Tho aerial is arguably the most important part of any station. No matter what transceiver is being used it is the aerial 
that is the last and most vital link in the chain and needs to be efficient and effective to radiate the signal ta best best 
effect, Some amateurs are quite content to operate on one or two bands while others might want to be able to 
PORTABLE operale on many or even all of the amateur HF bands. When I gained my licence | definitely fell into the latter camp! 


SiteMap seems, then, that the holy grail of many amateurs is the perfect muli-band aera 


MDS975 Home 
Luckily NAUJW has designed a new limited space 160m through to 70cm marvel antenna the plans of which 
Feedback can be found her 

bb wi hamunivorse com/antvish him! 


(ORM from PLT 


Having experimented with various types of antenna | am of tha opinion that, perhaps along with many other 
amateurs, for simplicity a resonant dipole is the most efficient and ̃ of aerial. А resonant dipole itis only а 
Single band aerial of course, but is extremely cheap and very simple to make - and Its a very efficient radiator. So 
опе could make a dipole for every band of interest and simply swap aerials to work diferent individual bands. 
Unfortunately the aerial described by NAUJW does not exist and compromises, such as lack of Bandwidth or poor 
radiation efficiency, have to be made. 


‘The principal of lowering a dipole cul for one band, removing it and hoisting another dipole cut for a diferent band 


Into place sounds pretty straightforward, but would the process become frustrating after a while. I think It could, во 
what about an antenna that will allow operation on several bands? 
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‘The Quest For A Multi - Band Aerial 


Неге is a collection of commercial and home brew (DIY) antenna ideas that wil allow mult-band operation, many of 
which could also ba used in a location that offers limited space. Perhaps this only scratches the surface, but 
hopefully wil provide a good starting point and fuel the mind In a quest for a good muli-band HF aerial. Do check 
out he manufacturer and supplier websites given on ths page for lots more options and details. 


Home Brew! It has been said that no radio amateur should ever buy an aerial - especially a wire aerial! Jos 
Tyburczy WBIGFH also comments about suitable antenna installing weather on his web pages: 


"When you put up your antenna is also crucial. I must mention here the importance of what many early hams called 


= antenna weather” That s, snow, sleet, freezing rain, or combination of ай ho above. It has been proven time and 


time again that any antenna installed in conditions better than abysmal wil not function worth a dam. Or, put another | 
way, it takes bad weather to put up а decent antenna, Dark and cold Now England winter days are ideal Tor this 
‘tity. Any antenna erected on such a day wil inevitably produce miracles. Joe Tyburczy WB1GFH 


Most of what is available commercially could be 'home-brewed If one has 
the time and a few suitable mechanical skills. 


Its worth bearing in mind that Joo Tyburczy's $4.00 Special may well be 
more effective tan a commercial antenna costing $400.00. Perhaps the 
equally inexpensive Zeop Antenna could produce far greater Value For 
Money than shelling out EShundrads on a commercial antenna? 


1 give no particular recommendation here, but a good rule of thumb is not 
to believe the marketing hype of any commercial company supplying 
antennas. 


A good place to startis, | think, the classic All Band Doublet Antenna, which is mentioned several imes below. 
Plenty of links are also provide futher down this page. 


As important as not believing any of he marketing hype is remembering the words of the Star Ship Enterprise's 
Chief Engineer Mongomery Scott: (paraphrasing) You cannae chango the laws of physics! - Size matters. А coll 
loaded 5 foot long aerial probably won't be that much good on the H.F. bands. Indeed, a a 5 meter long antenna 
тау bo perfect for the 10 matre band but it won't be a great antenna on 20m, and certainly ever loss effective on 
(40m and 80m 


So, before faling for ай the marketing hyperbole its wise lo read up on a Ие antenna theory and do some lengthy 
research into the antennas being considered before making an expensive decision. 


Below are a few clues and ideas listed in no particular order - some of the antennas wil be great while some of the 
commercial designs shown below may promise great things but fall о meet high expectations. 


‘There is no "miracle antenna". If one understands the theory and the compromises made with shortened, under- 
sized, muli-band (and often very expensive) antennas there may nol be so much disappointment, However most 
willbe compromised in one way or another, so if one is happy lo Ive wilh ose compromises, understand what they 
mean, and are happy lo have a lighter bank balance then that's fine! 


Low SWR across all the bands does not indicate a good antenna. My dummy load has very low SWR across all the 
Bands but it is most certainly not a good antennal 


‘Someone telling you that the antenna that they're using is great and that they've worked the world doesn't mean it 
really Isa good antenna - its just hearsay’. One could quite possibly work around the globe on a coat hanger inthe 
Fight conditions - it doesn't suddenly make a coat hanger the great antenna thal should be widely heralde 

‘The best way to leam about antennas ls to go out and make somo - well actually go out and make many antennas. 
Неге are а few ideas. Some that are easily homo brewed! and some commercial ideas that could be adapted to 
"home brewing’. I don't have any particular recommendation, but | hope that this list wil provide some good food for 
thought. (Some of the commercial antennas may be okay, some may be awful). 


Remember; Marconi spins in his grave every time a radio amateur buys an aerial instead of building it! 


The Doublet Antenna - the classic all band / multi-band Aerial 


‘The Doublet Antenna is my favourite Mult-Band aerial. The main benefts of a Doublet Antenna are that it can be 
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used on whatever frequency it is cut for, and higher frequencies. Useful, hera can be somo useful gain on higher 
frequencies, although there wil be some petal shaped lobes on the higher frequency bands, 


In fact my 20 mater long Doublet for the 40meter band to the 6 metre band also works quite well on 80 meters! Not 
опу a very good starter antenna for those looking о work as many bands as possible, but also an aerial that would 
be useful and efficient for years and years to como. 


Ladder ine or open wire feeder must be used (NOT coaxial cable). Ladder Line or open wire ensures low loss at 
High Frequencies so that as much of your precious transmitter power as possible wil be radiated. Likewise receive 
efficiency should be maximized. Assuming thal the aera is successfully balanced, the feeder should not radiate, 
(ven when there is (inevitably) high SWR. 


High SWR s not an especially bad thing and wil not reduce the aeriařs performance, but note that high SWR on the 
balanced feeder does increase feeder loss compared о a when matched - but the losses wil be a lot loss significant 
then if coaxial cable were to be used. This ensures that efilency should be better so that ай he power that reaches 
the antenna wires wil be radiated - save for any losses in the antenna tuning unit (АМИ) or the balanced feeder 
cable 


Remember; Ladder Line = Lower Loss - Read more about my МОМТ Doublet Antenna HERE >> and more 
potes on this page here >> 


MØMTJ Doublet Antenna 


Pulley Pulley 
Insulator 
N 
\ — 
Aluminium 
Pole Fibreglass support pole 
E 
науы 
IP piod 
N «озше 


не Support stake" 


The Classic Al Band DOUBLET ANTENNA - Read More about my MOMT. All Band Doublet Aerial Here >>> 


The GSRV and more about Doublets & Dipoles 
The GSRV ento o imeat it — 


Why the G5RV continues to remain popular is a mystery. The legendary name, perhaps? That lt can be ‘thrown up! 
without too much thought? The fact that it cheap and cheerful? Wel, cheap anyway. There has bean much writen 
About the GSRV and the overall conclusion is that it's not a very good mult-band antenna. Certainly It will work qulle 
well оп, perhaps, a couple of bands, but there are better llemalives, especial when one considers the wide 
availabilty of remote automatic antenna matching units (remote auto a.Lu's) that wil greatly assist in minimizing 
antenna feeder losses. 


ог, better than that, dont buy а GSRV inthe frst lace and simply make (home brew) a true All 
Band HF Balanced Doublet Antenna. 


The GSRV and ts derivatives such as the Western HF-10 and the ZSBBKW are а bodge. In fact, Louis Varney 
(GSVA himseld stated that a much better alternative to any ofthese 'GSRV designs is to run the open-wire ine from 
the center of a dipole all the way lo a balanced antenna tuner! This aerial arrangement wil work on ANY band from 
80 metres through lo 10 meters 
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The effects are small, but may make the difference between whether a tuner can 
handle the resulting impedance at the shack end of the line. Of course, for tower- 
mounted elements, the user can mount a remote weatherproofed tuner at the 
feedpoint and eliminate all line losses except a. the small losses in the phase 
lines and b. the matched ine losses of coax running from the feedpoint to the 
equipment in the shack, 


Extending the length of the element has a drawback on 20 meters. Remember 
that the premise of the 88' back-up antenna was to have the main labes of the bi- 
directional pattern broadside to the element. Fig. 17 shows that about 100 Is the 
absolute limit of an element length that will cover the 20-meter band in this 
fashion. Even so, the sidelobes that we see at the 88' length grow until they are 
about equal in strength to the broadside lobes. As well, the broadside lobes 
suffer further reduction in their beamwidth. 


iuter re 20 Met komu Patern satn пиела Element Leng 
‘tenses ан at 100 ard Stat 14 OMHE Fait 


These alternatives to the 88 lazy-H for 80-10 meters with a standard 450-Ohm 
line prove the old saying that there may be no such thing as a perfect antena--or 
at least a perfect simple antenna. As we squeeze out a slightly more convenient 
feedpoint impedance at 80 meters, we begin to see a decay of the desired 20- 
meter performance. 


Chapter 26 
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‘The GSRV s, therefore, not tho most efficient aerial and, as users report, may not always be the easiest to use, but 
because itis coax fed, i remains an ever popular choice because Is easy to feed tha coax cable from the antenna's 
location back to the shack. Unfortunately this easy (lazy?) approach means lols of loss due to high SWR on the 
coaxial cable. 


(One may say, Oh well there's perhaps only 2 or 3 S points in it. (Coughl). A difference of 3 S points is the 
difference between radiating 100 watts or only radiating 1.6 watts. Um,- m sure we'd soon complain I our shiny, 
пен 100 walt transceiver only produced 1.6 мае! 


(ORP and lower power portable operators should bo especially keen to minimize antenna system losses so that ав 
much power as possible is radiated. Losing 3 S points from а 5 watt FT-817 results in only 0.08 walls. ORP 
‘operators may likely favour resonant, single band antennas for greatest efficiency. 


Coaxial Cable is only ow loss! when the antenna impedance is similar to the cable's designed Impedance of 50 
Ohms, or near 1:1 SWR (or at least less than 2:1). Coax cable is therefore fine for a Dipole antenna that is 
designed to be resonant on ono band of choice, which wil have a reasonably low SWR across that band, but coax’ 
is entirely unsultable when one wants to use the aerial оп several bands. The GSRV wil be used an multiple bands 
апа wil therefore present widely varying impedance values (and SWR) depending on the band of operation and so 
the power losses wil be significant 


Note: The antenna’s true impedance (SWR) must be measured at the antenna's feed point (Le outside and up in the 
'air) not at the radio end of the cable, in the shack, where the coaxial cable's losses wil mask the true SWR reading 
Unfortunately 50 Ohms, ora near 1:1 match, wil hot be encountered on any band on a GSRV. The best band will bo 
20 metres at typically 21 (100 Ohms), but on any other band the impedance willbe very much higher. One might 
expect rorsuls ie these: BO metras 3:1 to 5:1, 40 meters 5:1, 30 metres 20:1 or moro, 17 metres 15:1 or mor, 

15 metres 6:1 to 12:1, 12 meters 3:1, 10 meters 10:1 to 20:1 


11000 Ohms into 50 Ohm coaxial cable wil result in a massive dumping of your power - lost as heat in the coaxial 
cable instead о! being radiated as a useful signal. However, high SWR is not in isifa bad thing - it's just that the 
Correct уро of feeder and impedance transformation method needs to be used. The incorrect feeder is coaxial cable 
“the correct type of feeder is balanced Line or Ladder Lina feeder. This can be the typical slotted 300 Ohm lype or 
the 450 Ohm window line' which are commercially available. Even better, make your own open wire, balanced Ine 
feeder. Spacers can be bought commercially ог home brewed’. The spacing for this paralel ine should be about 2 
1o 3 inches (50 to 80 mm) - the width of the spacing is not particularly erica, but whatever width is chosen should 
be maintained as accurately as possible along the length of the feeder - Le. it should be parallel. 


‘The Doublet can taka more time and effort to tuno, prune and adjust. It wil also need a good antenna matching unit 


(so-called "ATU") and low loss balun, but the reward wil be mora effective performance duo to the much reduced 
loss in the balanced line feeder system. 


Doublet Aerials a better alternative to a GSRV 


(Check out the The classic All Band Doublet and the NorCal Doubiet for very simple, effective and versatile antennas 
for muli band operation: 


‘The ALL BAND Doublet Antenna 


‘This could very well be the fist antenna that one should try in order to get on at least one band vary efficiently but 
‘also several other bands with the use of a good ATU. 
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Ай Band Double - htip://www.hamuniverse.com 
See My Al Band Doublet Antenna here 


The all band Doublet antenna is nothing more than a 1/2 wave dipole cut for your lowest operating frequency and 
fed with twin lead, ladder lino. open wire, etc to a tuner that wil accept a balanced line connection. IT MUST NOT 
ВЕ FED WITH COAXIAL CABLE! 


It can be designed for use from 160 through to 10 meters very easly using the standard 1/2 wave dipole formula: 


468/freq MHz = total length % 
The exact length is not critical! 


iL there is insufficient room for a lower frequency version (160m or 80m), then the Doublet can be designed to the 
shorter wavelength of the 40 matre band and used up to the 10 metre band. (Do not attempt o operate on a lower 
frequency than 7 MHz in that case since this could damage the atu.) It may be possible to connect the ands 
together and lune it against earth -I you have a good enough earth - and use lower frequency bands. Far best 
results a doublet should be mounted as high as possible (as with many aerials) and can be erected as a flat top ог 
Inverted V. 


А Doublet Antenna needs a good antenna matching unit with a wide impedance matching range (obviously not the 
‘one in the radi!) Preferably his should be a balanced antenna matching unit. but an unbalanced matching unit can 
also be used together with a good low loss current Guanella balun, such as the extremely high quality tems 
avaliable тот G-Whip Antennas. 1 use a 4:1 G-Whip guanalla current balun with my Doublet, bul many users 
recommend using a 1:1 rato current balun - again, this is a case for individual experimentation 


(A more detailed description of the Doublel Antenna can be found here >> 


“a Al Band HF Doublet ean also be found on Ham Univer: ip hamuniverse comio 


Inducing The Al Band Doubt by he late LB. Cabic WARNL: itp vew cebik comloontentiagu'edus hind 
NE Create а тее e at hip vw bi eom 


‘The Norcal Doublet 
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The Norcal Doublet Antenna: itp www.norealarp org/norcaldoublel him 


‘The Norcal Doublet is a simple antenna that is 44 feet (13.4 metres) long, 22 feat (6.7 metres) per side. The Norcal 
pagas report "thatthe antenna would have basically the same radiation pattems on all bands from 40 - 10 meters. 
‘This would be very handy to have fr field operation... You wil need the following materials: 50 foot of 4 core 
stranded computer cable; 1 40 Fishing Swivel; 1 Cable le; 2 places of fishing cord." 


‘The antenna can be hung from trees or cheap telescopic roach’ Sota poles. Doubling the size would allow 
‘operation оп 80 metres and even 160 metres by shorting the twin feed together at the transmitter end and feeding it 
‘against a good earth as a Marconi type antenna. 


An effective multi-band "4 Dollar Special" by Joe Tyburcy - WIGFH (An Inverted Veo Doublet Antenna - super 
cheap - super effective mullcband) 


oe Tyburezy, WIGFH provides some sensible insight and advice, he writes: “| am a big fan of ‘balanced line" (twin 
load, open wire line, etc.) vs. coax. By using balanced ino and a tuner you can have one, single-olomont antenna. 
that works wall on ай bands. You cant do that as easily with coax. Tho basic "W1GFH $4 SPECIAL" shown below is 
а variation on tho type , . а! this point, some of you may bo. 
ooking at the diagram and muttering, “Jeez Joo, that's just a dipole fed with twin lead and used with a tuner". Well of 
%% "wo sides") in some form or another. This one just happens to 
Бо mado from low-cost materials... won't go into tho theory here, but trust me: balanced feed ine, properly used, 
does not "leak" RF and is less lossy than coax. [vo td the commercial 450-ohm ladder lino, but prefer 300-ahm 

TV twin lead, and the cheaper tha better. Radio Shack TV twin lead is ideal. Home Depot has some good stuff, too. 
Forgot all tho obsessive unk about standing waves, impedance and velocity factor. What you really need lo 
‘concentrate on i getting an interesting set of antenna insulators." 


Road Joe's excellent article In йв entirety here: ito /uwnw д6 newb 1gfh/antenna htm 


Kg Awwemds076.2.k/Conteni/amateu radio antennas 04 htm СЯ 


Baan ANTENNAS & AERIALS 4 - Notes and Queries - Amateur Radio by MOMTJ. Antenna Designs, Mut-Band 


Ranan for wara. (Cort 6) 
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4 Dollar Special by WIGFH 
кр. netiwetofh/antenna mi 


Inverted L - 80 metres to 10 metres 


‘Atypical Inverted L antenna will be trapped for 40m/80m using а 7.1 MHz trap. It is essentially one half of а W3DZZ 
‘dipole so can be accommodated very much more easily into a small plo or garden - especialy as par of the 
antenna is running vertically up a wooden or fregiass (non conductive) pole. This should allow tto bo fitted Into 
uite a small garden such as mino. Ifs a very useful antenna inthis respect, and because there is а good length of 
wire in the ar i radiates quite well 


The inverted L is also a very effective aerial because it has the benefit of both vertical and horizontal radiation. 
While Inverted L's might make good TX aerials, Ike ground mounted vertical aerials they do have the potential to be 
a litle пову on RX. This will depend upon local circumstances and noise sources. However the fact that the feed 
point will generally at the bottom of the garden, well away from the house may help o keep ORM to a minimum. 


‘The Inverted L is extremely easy to home brew. Spectrum Communications can also supply the completo aerial as 
shown below. It should give excellent performance on 80m and 40 metres, with 20 metres also being good but also 
allowing use on 15m and 10m and possibly one or two of the WARC bands. 


I you fancy home-browing the completo antenna, except for the 7 MHz trap, traps are availabe to buy commercially 
from suppliers such as Spectrum Communications and Solabsams who supply very neat and lightweight devices, 


Use a Remote Automatic Antenna Coupler: The use of a good Automatic Antenna Coupler, such as the CG 
Antennas CG-3000, at the foed-point with а simple inverted L wire wil provide a very good Mull-Band aerial that 
саша be used on ай bands between 160m and 10m and should be very simple lo deploy 
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TRAPPED INVERTED L ANTENNA 


197% ine 


20-10 wal, Will a атаб galon. ‘STAKE 


‘Spectrum Communications Inverted L - benefits from both vertical and horizontal radiation 
. 


More about Inverted L Aerials: 
The inverted L for 4Om/80m is shown below Is essential one half of a W3DZZ dipole fed against ground using one 
7.4 MHz trap. its а very compact antenna and is simple to construct. Itis most efficient, of course, on 80 metres and 
40 metres, but can also ba used, with an a Lu., on 20m, 18m and 10m. 


Find out how lo make one here: hilp!/vsvw users Jescolland nella paget/Stk20band*t2OInverted*t20L. 


LI 


"The basic layout of the Inverted L Antenna by Len Paget GMOONX (Practical Wireless) 


Adding 160m / Top Band to an Inverted L 
Tho 160 metra Top Band can ba added to this aerial by connecting а 3.5 MHz trap at the end of the 80 metre wire 
(where to monofilament joins the 6.55m section of wire below) with another length of wire on the other side, 
increasing the overall length of the antenna. 


Find out how to do it here: Egge users jcscotland ne/slen pagoVinveriec"20L%20addno%k20t0p%20band.od 


вә 
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By Lan Past MONK 


‘Adding Top Band to an Inverted L by Lon Paget GMOONX (Practical Wireless magazine) 


160m Top Band ‘inverted L' Wire Antenna 


{At the time of writing | am using a 40m/BOm Inverted L aerial and in an attempt to get on Top Band I have also been 
experimenting with a shortened 160m antenna in an inverted L configuration that uses a wire about 19 тегез long 
“about half he size of a ful size inverted L for 160 Metres. 


A Top Band aerial of this уре also needs a very good ground / counterpoise and can suffer the disadvantage, ike 
¡ground mounted vertical aerials, of being rather noisy on RX . The drawing below shows tho general idea. Read 
more here > 


Egg hevar 


Kor pole -5m tigh 


E adio vocdon pot 
— 
. пына conection at Ж 
Top Band Aerial by MOMT] 5 


General layout of Top Band Aerial with fibreglass pole retracted to а height of 2 metres 
Wire lengths are approximate: Inductor Sem día with approx 40 tums of enamelled copper wire 


Full Wave Loops and Delta Loops - An easy to install and effective antenna for multi band 
operation 


Easy and low visual impact -a full wave loop: With a larger garden a ful wave loop could be easily 
‘accommodated horizontally without the neighbours even noticing. A garden with a perimeter of 40 metres would 
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easily accommodate a full wave loop for the 40 metre band and would work up to 10 metres ог even 6 metres with 
ап АТО. A garden with a perimeter of 80 meters would accommodate a full wave loop for the 80 matre band and 
would work up to 10 metres. 


‘Small Loop for 20 metres to 10 metres: A loop for 20 metres or 17 meters is relatively compact and could easily 
%%% gardens, A loop antenna could be angular, square (Quad) or circular, 
But a square loop (and indeed a circular loop) would need more supporting points than a delta (triangular) loop, з а 
Delta loop is Ikel to be the easier option. 


‘The loop is really a single band antenna cut far one wavelength on the band of interest, however It can also work 
quite well аз а cheap and easy lo install mull-band H.F. aerial. А loop consisting of а 17 metre length of thin 
antenna wire, for example, will work well on 17 metros but may also give 15m, 12m and 10m with an ATU. My own 
loop is made from an 16 metre length of wire, tuned for the 17m band, but can work on higher bands. A 40 metre 
loop wil be considerably larger, but t might sill possible to accommodate in many fairy compact gardens. 
Performance will depend on height and orientation. 


Feeding the loop at the top ог bottom wil give horizontal polarisation, while placing the feed point on the side wil 
{ve vertical polarisation. Tha apex can bo at the top or tha bottom, but performance should be better withthe apex 
‘at the bottom with the flat wire across the lop - however for ease li may be more convenient to support a Delta Loop 
оп a single polo, meaning thal the apex would bo at the top. 


Ideally а loop should be fod with balanced line back to the shack, connected to a balanced line ATU or other ATU via 
а 4:1 balun. Alternatively usa a 4:1 balun al the antenna end and run 50 ohm coax back o the ATU / bevr - though 
losses willbe greater doing it by this method Ifthe coaxial cable is quite опо. 


(опа can install a separato antenna for the lower frequency bands of say 160m, 80m and 40m, then a Loop. 
“Antenna could be a good partner o allow operation оп the higher bands of 20 metres to 10 meters ог even ê 
metros. 


A loop should be real very easy to Install using a single support pole and vary cheap too! All that's needed is the 
supporting polo, some cheap wire, а 4:1 balun which can be home brewed! and some thin cord and insulators which 
should not be an eyesore either. 


E 
sme ур zm 
"ion е >, 


= 


wack S 


mel * 


a RS aa E, fom the excellent article by 


Abs nevdelta loop for htm. 


Tength of antenna wire at 
Band ‘mid band in metres. 
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SUPPORT ROPES SUPPORT ROPES 
RANDOM DELTA LOOP 
ORCUMEERENCE COVERAGE GREAT FOR DX! 


75 20 METERS a uP 
E DO METERS а! 


THIS ANTENNA MUST ве USED WITH 
A TUNER LIE YOU HAVE A TRUE BALANCED 
TUNER, YOU CAN ELIMINATE THE 4:1 BALIN 
AND RUN BALANCED LINE ALL THE WAY TO 
THE TUNER, 


ер они BALANCED UNE 
ANY LENGTH NEEDED 


WORKS WELL AT LOW HEIGHTS | 
сан BE INSTALLED HORIZONTAL 
коң OMNI DIRECTIONAL COVERAGE 


“THE RANDOM DELTA LOOP ‘OR MOUNTED LOW AND HORIZONTAL 


IS A DIRECTIONAL ANTENNA FOR VIS WORK 
WITH RADIATION BROADSIDE 
TO THE LOOP, ORIENT FOR 
DESIRED DIRECTION OF |е лаци 
COVERAGE 
солк er. OR SHORTER conan amt 


A Multi Band Wire DX Loop Antenna by KC8AON 
kiwi iwgrinkradio com/aniype/ch Ořehave1827.him 


Available alamo urbaskeLeu and Ipsos sestems pli 
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Using fibreglass fishing poles (Sota Poles) two 7 metre long poles can be erected in an inverted V shape and used 
бо support a 20 metre delta loop which will bo usable on 20m lo 10m and also adaptable for use on the 40 metro 
band. 


The two aerial wires used are connected directly to a 4-1 balun which is, in шт, connected to an ATU such as the Z- 
11 Pro or Z-100 via coaxial cable. See this page which shows the WEZO delta loop о gel for the general idea of. 
what will be achieved. The finished aerial wil be very much like the commercially avalable ProAntennas DMV.Pro. 


W620 Delta Loop - fed with 4:4 Balun - 40m to 10m 
ilu ros ene dss ntm 


The Loop Antenna. Ideal - cheap, easy, multi-band, simples! - 
Lots o links to other Loop Antenna information on the inks pago here 


Omni Directional Multi-Band Horizontally Polarized Delta Loop 


I all that can bo erected is а single polo, masts or telescopic pole, hero is an option that wil provide a horizontally 
polarized signal on 20 / 17 / 15 / 12 / 10 metres - the Sandpiper Aerial Technology GM3 (designed by GM3VLB). A 
similar idea, providing omni-directional horizontal polarized signals, is the G3TPW Cobwebb Antenna from Steve 
Webb. 


‘These look ike good ideas, though | have yet to make one to test. 
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Antenna Products 


Scl Manufacture 


Site Search. 
— Sandpiper GM3VLB Antenna. 
i nun sandpiperaarile co ukt 

ponencia, 


'G3TPW Cobwebb Antenna from Steve Webb - photo by G3TXQ 
o yw e co.uk hip Awkarnya nella 


Resonant Vertical Antennas 


Low SWR: Having a low vs.wr. across the whole of HF may seem, at fist glance, to be a good thing - but my 
dummy load has а very low v.s.w.r. from HF to ИНЕ, it does nat make ita good antennal As far as aerial systems are 
‘concerned, having a ow vw. across the whole of HF is probably not the bast way to judge an antenna -a wide 
band low vs ar could indicate а fault with the aerial or feeder system -or just that lossy matching transformer that 
is gently heated up by the power applied from the transmitter! 


A low va is a good thing in а resonant antenna, It will help demonstrate the antennz's point of resonance - but 
the vs wir. wil rise either side of resonance. So: 
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Antennas Made of Wire - Volume . 
Conclusion 


The horizontal wire back-up antennas and arrays I have described depend on 
height for good performance оп all bands. If you have the structures in place--or 
if you are thinking about how to place towers for a major antenna farm for the 
lower bands, you might seriously consider setting them up so as to support one 
ог more of the suggested antennas as the system back-up. They offer to take up 
the slack in operations when the main systems are down. 


However, if you only have the trees or poles with no present antennas, you may 
wish to give one of these arrays another kind of serious consideration. Although | 
have called the 88' doublet (and its variations) а good back-up antenna relative to 
larger systems, there is no reason that it cannot form the basis of a very good 
main system on its own, at least from 60 meters on up through 20. Itis at least 
worthy of thoughtful investigation during the planning stages of a low-band 
antenna farm, 


The key to the system is the property of the 88' doublet to have true b. 
patterns on all of the bands from 80 through 20 meters. (We can do--and | have 
elsewhere done--a similar exercise with a 44° doublet to cover 40 through 10 
meters.) Pattern control is a key element in serious operation, and the 88' doublet 
offers flexibility and reliability if we are wiling to dust off that old link-coupled 
tuner and invest in some high quality parallel transmission line. Whether you 
keep it simple with an independent doublet, get bold with a Y-array or triangle, or 
до totally wild with the expanded lazy-H--alone or in an array--the performance is 
likely to be surprisingly good. However, do not develop high expectations from 80 
and 75 from the short wire element and possible line losses. However, as a back- 
up antenna or array, the 88 length may prove serviceable as a single 
compromise length with determinate pattern directions. 
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‘The next commercial option is an antenna that is truly resonant on a number, bul perhaps not ай, 
bands. The Hustler and Butternut varieties aro very well known and offer well reported good 
performance. 


‘Some vertical antennas use traps o achieve mull-band performance and as such are essentially 
опе half of a rap dipole, fed against ground. A consideration is that the traps themselves, 
particularly if тре taps are used, wil introduce losses to the antenna system. It should also be 
noted as an additional consequence of using traps on a ground mounted vertical antenna, Is that 
the highest frequency element wil inevitably be positioned at the lowest position on the aerial - not 


а good position to be, especially for local ground wave radiatlon whore signals wil more easly Бе ~ — 
screened by local structures. Ground conductivity also needs to ba good for verticals to operate 
efficiently < 


‘The Hustler .BTV, S-BTV & 6-8TV aerials aro examples of mult-band verticals hat use паре: — 
many amateurs report great success with Hustler aerials - and it is very low profile oo, Indeed an 
amateur friend of mine uses a Hustler with great success and has even modified an additional top 
resonator so thal the aerial can be used оп 160 metes. 


Other manufacturers of resonant vertical antennas. using varying design methods, include GAP, 
Cushcraft Diamond, HyGain, and the well known Bish names Moonraker and Sandpiper. 


‘Advisory: These are perhaps a good idea for limited space situations, but the shorter versions wil 
ol work wel оп ће lower HF bands. A 6 metre tall antenna cannot possibly work terribly well п 

(40m or ВОт, but may work well on the 20 melre band and above, However one could easly home 

brew an equally effective antenna fora fraction of the cost of a commercial antenna. к 


‘Sandpiper Aerials 


‘Sandpiper Aerial Technology offer an enormous range of amateur radio antennas from HF to UHF. For HF working 
‘Sandpiper offer numerous options including simple multi band resonant antennas supported on fibreglass telescopic 
poles using either changeable or plug-in сойз for diferent bands to the famous V range and shorter and more 
Compact MV range and the Portable MV antenna on its own pod base. The V and MV ranges use а rather 
Innovative design, soon above right. The V and MV antennas are available in versions that cover all the HF bands - 
ог as cheaper versions that just cover the particular bands of interest. tw sandpiperaeriale co.uk) 


Vertical antennas wili be quite short when compared to the wavelengths of some of the longer wavelength bands. 
(particularly 40m, 80m and 160m) and so wil nol radiate as efficiently as а ful size resonant aerial. The bandwidth 
Wl also be aule narrow. Setting up a mull band antenna to be resonant al the required portion of each band can 
‘sometimes be a itla time consuming, but for the convenience I might be a price worth paying. А vertical antenna. 
wil generally have a low angle of radiation which is a good thing for long distance DX but verticals сап be very noisy 
оп RX compared to a balanced dipole and as previously alluded to, radiation efficiency wil be very low when 
‘Compared о a full size single band resonant antenna. Allractve options? 


‘Alternatives: My favourite way of experimenting with aerials is using a 10 metre long fibreglass telescopic fishing 
polo as tho support. These fibreglass poles аге lightweight and easy to carry, put up and take down, ideal for 
Supporting ightweight vif. and u-h f. yagis, wire dipoles and doublets and also for supporting vertical wire aerials. 


‘The telescopic pole must be made from fioroglass, not carbon fibre which is electrically conductive. 


Опе great design is by Dave G4AON who writes on his web page: "There seams to be a myth among many newly 
licensed radio amateurs that an antenna works better iit costs a lot of money... The antenna shown hare costs 
around one tenth the price of a commercial vertical, yet it wil perform as well as (and in many cases better than) a 
trapped vertical antenna. This antenna is based on a 10 Metre long fibreglass fishing pole... he poles wil colapso 
Inside the sections unless each joint s secured with PVC tape, for more permanent Instalaiions glue could bo used. 


The wire lengths are calculated from the formula L = 234/F, where F is the frequency in MHz and L is the wire 
length in feet. Those lengths work out o around 33 3". 23 2" and 16 7" for tha 7, 10 and 14 MHz bands. The 
lengths for 7 and 10 MHZ were more or less correct, however probably duo to interaction between the wires the 14 
MHz wire needed lengthening by around 4* for minimum SWR. Wire size is not споса, but itis probably better lo 
‘avoid the thinnest hookup” wire. Note, ground conductos and elevated/buried radials make a significant 
Impact on both the performance and tuning of a ground mounted vertical. In tho case of buried radiais the vertical 
may resonate significantly lower in frequency than expected.” 


‘The antenna shown on the right is made for tiple band operation on 7 MHz, 10 MHz and 14 MHz by the use of 
parallel wires, but an aerial based on а fibreglass pole could be single dual, tiple or even - at push - quadruple 
Band. 


The more bands included tha mora dificult will be able to im to tune for resonance (as with a fan dipole) sa to 
keep interaction to a minimum the wires should bo quite well spaced. Like ай quarter wave verticals aerials a good 
ground plane wil be needed. 
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‘See G4AON' excellent full article here: урум asl netlotaan/vertical 


Horizontal Resonant Wire Aerials 


The great advantage of a vertical antenna s that they have a very small footprint, Le. they 
сап be installed in the corner of many small plots and gardens. True resonant verticais 
can properly cover many, if not al the HF bands. However to bo reasonably effective а 
Vertical needs a very good ground and alsa must be quite tall, inthe order of 6 la 9 meters 
In many cases (about 18 to 30 feel). This may cause objections from to XYL. Another 
disadvantage might be thal a vertical has litle VVV 
(NVIS), a consideration forthe lower HF bands, so atr the local ground wave coverage. 
there wil be ile or no signal until after about 800 miles, not good for inter G working. (ref. 
G&JNJ) - So ry some Dipole Antennas: 


Dipole Antennas 


‘The dipole antenna is possibly the simplest and cheapest antenna to make. It it cut for 
‘single band operation where it should make а very efficient radiator. The simple wire 
dipole should be чийе discrete, though not entirely invisible, bul should nol rase too many 
‘objections from the XYL or neighbours. 


For some dipole ideas soe this page: 
Ftp www asi nella 1dNamatoclpracllcal dipole antenna him 


How to make a basic dipole by Marshall М1ЕМ : http:/www.morsex com'dipoloindex him 


Also see this detailed and useful раде: hit: /imww dzone, com/ca-bidirlumo? col? 
1027499 


Calculator: 
losen soan1226 pen blueyondar co ukidesian your own antennas14201.htm 


TRAP Dipoles: 


The next type of antenna to consider might, then, be a horizontal or sloping wire antenna. 
Perhaps the most familar mull band wire aerial is the rap dipole. The laps, in simplest 
terms, divide a wire dipole ino two or mare resonant sections so that Iwo or more bands can be covered. 


As far as commercial options go then there are quite a number. Tony Nailer of Spectrum Communications produces 
а great deal of useful equipment and accessories including some well designed and wall made trapped dipole 
aerials based on the vary effective W3DZZ design. In particular the Full Size G4CFY resonant on 80m and 40m and 
also allowing operation on 20m, 15m and 10m, also the Half Size GACFY resonant on 40m and 20m and 
additionally allowing operation on 15m and 10m. 


Vist how spectrumeomme.co Ui G2DYM.hlm for more information. 


GACFY Trap Dipole 80 - 10 metres 
Based on WSDZZ design. Side view. 


70,090, or 108, 
or 128, oF 140 ft 
750 twin feeder. 
Spectrum Communications GACFY Trapped Dipole 
ib rw soectrumcomens. co uk. 
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Spectrum Communications G4CFY Trapped Dipol 
. 


More about Coaxial Trapped Dipoles 


A trapped dipole for 40m and Вот offers the advantage of being somewhat shorter than a ful size single band 80m 
resonant dipole plus it offers 40m as a resonant band plus the possibly of working on 20m, 15m and 10m. There 
аге several designs available on the web for this type of aerial so Google W3DZZ. One of the most comprehensive 
Sets of instructions is by Lon Paget GOONX. Fine ош more hero: 

Fito wiser icscotand net-en. page GMOONX%20irap?.20dipole od 


‘This would be my choice if had the space, though since a dipole is a balanced aerial it would make more sense lo 
use balanced twin feeder (as in the Spectrum Communications implementation af this design) rather than coaxial 
cable which is an un-balanced and more lossy feeder. 


v ГТ 
ma IH m ж. 


Fig 1: The overall layout of the 
W3DZZ antenna. 


The WaDZZ Trapped Dipoi 


a balanced arial, во use balanced twin feeder! 


Here в a variation on the W3DZZ 
(28MMz) resonant element as a "an 


by the Maidstone Amateur Radio Society that adds a dedicated 10 meter 
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W3DZZ МКП 


32.9M Top 


1645m 


Mhz Trap Mhz Trap 


28 Мы: Twigs (27М) ~ Ln 
wire Па ine supports 


Several dozen боша feme 777. 
beads 


5 oben Sar TV come 


30 chm cons tate 


WSDZZ Dipole Aerial 
nto wn inter 


ign by the Maidstone Amatour Radio Society 
com-<haun scannellcubiwSdz2 him 


Moonraker supply a whole range of wire гар dipoles covering from 2 to § HF bands (MTD1; MTD2; MTD3: MTO4; 
MTDS; МТОВ). Diamond also produce trapped wire antennas, the W-721, W-728 and W736. Comet and Diamond 
each produce similar interesting 5 band wire dipoles that иге both traps and а fan arrangement - the Diamond 
\WB010 and the Соте! CWA-1000. If space really i ented then ок out for KZ) Communications (dongo1950 on 
ebay) - ho produces ‘Limited Space Inductive Dipales’ These aro inductively loaded and shortened dipoles so they 
wil have reduced efficiency, of course, but are vary nicely mado, so might be very useful in a tight spot. 


(Alpha Delta Communications produce a couple of substantial parallel dipole models: Һарун alchadoltacom.com 


To obtain good efficiency and achieve a low angle of radiation, desirable for longer distance DX. a horizontal dipole 
reeds to be installed ala good height - over 20 feet would be desirable and iis quite common l install horizontal 
dipoles al around 30 to 40 feet above ground level. This might bo a problem at some СТН, it certainly is at mine! 


Allan Copland, GM1SXX comments: "The dipole wil operate well an the band it has been sized for , if placed at a 
‘suitable height, but wil also operate as a thres-hall-wave’ aerial at three times the frequency and sû on, so it's not 
‘strictly a single band aerial. An 80M dipole (132 feet typical) wil work nicely on 30 metres (three half waves) but 
пог on 40m (two half waves)... because on 40M the feed-point іс at a voltage node and not at a current node, for 
easy feeding. Most aerials are current fed. 


‘The radiation pattem changes when a dipole is not used on its design frequency. The pattern wil break up into 
тире ‘petals. This can be ether a disadvantage or an advantage depending on what you expect from IL. Since 
most of us use co-ax, an UN-BAL should realy be used to connect he unbalanced feeder to tho balanced aerial 
but how many people actually bother? Not many | suspect. It's possible of course to use a balanced feed-ine 
system instead wih a dipole and just have a delta match (no centre insulator... none needed). There are many 
choices and permutations, but in general, dipoles are centre fed at a point of current maximum (and minimum 
Voltage), 


A normal dipole is current fed but of course can be voltage fed instead. This is what's done in the EFHWA or Fuchs 
aerial where a resonant half wave wire is fed at one end (max voltage min current) from an LIC tank, against a very 
short counterpoise wr. 


Fan Dipoles (a.k.a. Parallel) Dipole: 


‘Another design of multi band wire dipole is the fan dipole, or parallel dipole A fan (or parallel) dipole will have, 
perhaps, two, three or four individual resonant dipoles win the arms arranged in afan shape. 


(A fan dipole is a very handy way of using а dipole that wil be resonant on several bands - typically three ог four. The 
fan dipolo (a.k.a. Parallel Dipole) 


‘See MOWYM's page for a ORP Fan Dipole design: tp;/Awiawsadiowvmsey.org/FanDioolo/fandipioe him 
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Seo this page for construction details: i. har арок 


—€——À 


Tension pes nal o pulty rape n picture: is ей еы location of 
ly ope бинт on support within елу ac eee апа d SR 
"sinon ane antenna ве пва postion 


‘Suggest tta lg 
e e 
T7 
nari Toma 48 rom tbl fo fr ach anto а 
"tort ast each onthe r Sharm ac aint 

"Fan Dipole shown on Ham Universe 


KIANRH built a realy neat fan dipole shown in the photograph below: 


Fan Dipole by Kanth 
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Link Dipoles 


Link Dipoles (aca Jumpered Dipolos) facilitate mult band operation by simply connecting the jumpers (one on each 
Sido of the aerial) to achieve the desired resonant band. Perhaps а bit bothersome for frequent band changes, but a 
very simple and effective aerial and very handy for portable operation, not to mention efficient for ORP. 


Bond 3 
(oven Frequency) 
Bona 2 

4 
Inner Jumpers Coses (Outer Open) Nansonauctive 
"er Operation en Bara 2 ‘Support Live 

еса) 
ce 4% 


Link Dipole - rof ARRL. 


Sloper Aerials 
‘Alternatively а dipole can be installed ав a sloper; one and fixed to a high point on the house or building, or a tall 


post maybe 8 to 10 metres high, with the other end attached to a lower point such as a post maybe 3 or 4 metres 
high. This wil give the aerial some directivity. 
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Inverted V Aerials 


(Another option maybe to support the dipole а! ts centre on a tall pole, o гоо! apex, with each end sloping 
‘downwards o lower fixing points. This wil give the aerial an upside down V shape. As with а sloper, the Inverted V 
arrangement wil give the aerial somo directivity - a different radiation pattern compared to а straight horizontal 
dipole. 


GACFY Inverted V 


Side view. 
we ERN 
2 or 128, oF 140 A >. 
750 twin feeder 
Spectrum Communications GACFY Trapped Dipole in "Inverted V" configuration. 
Eto ww soectrumcom ms co uk 


‘The Classic Doublet Antenna Again. This me in an Inverted V formation 
Using an inverted V can help i a dipole into a slightly restricted space. The Inverted V arrangement can be used for 


single band resonant dipoles, rapped dipoles and fan dipoles. The Doublet must bo fed with Ladder Lino or Open 
Wire balanced feeder for efficient Mull-Band operation. 
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D 
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(ALA, details for an inverted V fed with open-wire line for mult-band HF operation. A Transmateh is shown at B, 
‘suitable for matching the antenna to the transmitter over a wide frequency range. The included angle between the 
two lags should be greater than 90° fr best performance. rf: QSL nel) 


Vee Configuration 


(Comet and Diamond produce Vee antennas that can be mounted on the side of a building at roof height, or on a 
pole, telescopic pole or other suitable support. These are trapped dipoles in an upright V configuration, not made of 
Wire but of aluminium tubing for sold construction. Typically covering 40m, 20m, tém and 10m. The Comet model is 
H-422V, The Diamond Model is HFVS which also covers 6m. 


‘These are shortened antennas so cannot bo expected to have high performance on the lower HF bands, but if 
space ls restricted the RF compromise may one thal has to be taken. 
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Diamond HFVS Antenna. 
Diamond HFVS Antenna 


Thoughts from Martin GBJNJ on multi-band wire antennas: 


Multiband Wire Antenna by Martin G8JNJ — 
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Linear Loading 


Linear loading а dipole can reduce the length o help fit a ling dipole ino a shorted space by essentially folding back 
somo of the dipole elements. Неге is а design by KAVX for a 7MHz Linear Loaded Dipole: 
Hib vw. ап} orgfies/e/Technolooyis/nio/ca(/0207040. 


End Loaded Dipole 


End loading can also help reduce the size of antennas, particularly useful for dipoles used on the 80m and 160m 
bands. 


An end loaded dipole wil produce an antenna that is Н shaped. There are several commercial designs available 
produced in designs hat cover a single band and olhers that cover multiple bands. The version shown below is only 
3 metres tal so wil be suitable for very unobtrusive, low prole use. It is the ProAniennas Mult-band I-PRO: 20m 
17m 18m 12m tim & 10m which uses a capacity hat with some loading at the cente. 

Bio nv proantennas. co u 


Other similar antennas were available from Force12 Antennas in the form of, amongst others, ha Sigma 5 and 
‘Sigma GTS, The Sigma design used T-bars at each end of the vertical dipole for loading technique and off-center 
loading сой. htp/wvew/orcet2inc.com This was supplied supplied in the UK by Vine Antennas at one time 
ионами пасот co uk . Transworld Antennas also have produce antennaa using a similar concept - the TW2010 
‘Adventurer and Backpacker ito /ransworldantennas.com 


KAY Notes that: "I have come to the conclusion from my experiments, readings and observations, that a capacity 
hatted vertical dipole, a few feet over ground, is less compromised than a 1/4 wi vertical of the same height fed 
against less than perfect ground. Let's face it, most amateur ground systems are mediocre at bas. Also, the 
dipole is easier and cheaper to rig, and is two dimensional. Very importan in my situation, as | cannot run out radials 
оп my neighbours property. Or, o quote WARNL. "Since only a handful of hams can ever have 160-meter antennas 
high enough to yield a low angle DX signal, moro practical are vertical arrays such as yours. Vertical dipoles with 
hats (or Tees) save a plethora of wire needed by monopoles” hllg/www dxzone com/cg-binidiclump? cai? 

1406 


оров 


End losded dipole 


Of centre fed End loaded dipole 


Information by KAY 
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Other Publications 


We hope you've enjoyed this first Volume in a series of books of the Antennas. 
Made from Wires. Watch for Volumes 2 to be released soon. Youll find many other 
very fine books and publications by the author L B. Серік, W4RNL and others in the 
antenneX Online Magazine BookShelf at the web site shown below. 


A Publication by 
antenneX Online Magazine 


http://www.antennex.com, 
POB 271229 
Corpus Christi, Texas 78427-1229 
USA 


Copyright © 2009 by antenne x Online Magazine. Al rights reserved. No part of 
this book may be reproduced or transmitted in any form, by any means (electronic, 
photocopying, recording, or otherwise) without the prior written permission of the 
publisher. 


ISBN: 1-877992-85-2 


бег Publications 
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Interesting concepts from K9AY 


End Fed Half Wave Antenna 


‘The End Fed Half Wave Antenna (EFHWA) is fed at a voltage node via a parallel resonant circu against a short 
counterpoise, itis a favourite of backpackers and outdoor types. It can be considered as a half wave dipole that's 


'end-fed at a voltage node rather than the current nade, as is more usual. This is а very handy arrangement for 


portable QRP work. 


Kg Awwems076.2.k/Conteni/amateur radio antennas 04 htm 


2452 


вїзлтв ANTENNAS & AERIALS 4 - Notes and Queries - Amateur Radio by MOMTJ, Antenna Designs, Mu-Band 
EFHWA Link: toun comlofha him! 


FFF 


Corti tes 
p 
= 

AASTB Ideal End Fed Half Wave Length Antenna 


End Fed Half Wave Antenna by AASTB 
hip www. 251 convetha himi 


"I suspect that nothing new or radical has happened in tho feld of radio aerials in a VERY long time, Ike at least 
many tens of decades. Most of the new wonder aerials are really a con. Choke off the feed-ine and then see how 
{good they real are. Prime among the baddies is the CFA. It doesnt realy work, at least if you place a choke in 
the feed-ine. With any real aerial, there should be minimal radiation from the feed system... зо а choke should 
really make no diference at al, but for the CFA it does! The CFA is not alone, there ara others. The popular GSRV 
is another design with a radiating feed, deliberately so, but of course GSRV planned it that way. He wasn't 
cheating... merely being a bit devious, to make it то Һалк". 


"Lots of шї to pass on to my fellow radio club members, most of whom are of the “fits not expensive, it can't be 
any good! school of thought when it comes to aerials. Nothing of course could be further from tha truth! Aerials are 
‘one area where it makes a lot of sense to bulle our own." : Website of GMISXX - 


‘Thanks for your email Alan. I's a good idea to point out that an antenna could be pressed into use on add multiples 
of ts resonant frequency, hance а 3.6MHz antenna for 80m could be useful near the 30 metre, 10 1МН2, band - 
‘ear to the third harmonic of 3.5 MHz although, as you observe, the radiation pattem may bo quite distorted from. 
%% and be mora petal shaped. The same goes fora 7.1 MHz antenna for 40m 
being usable on t third harmonic of 21.3 MHZ for the 15m band - a 40m dipole being ree half waves an the 21 
MHz band. 


1 have not experimented with a ful size 80m dipole, but | would guess that it might be useful at 5 times 3.6Mhz in the 
18 MHz 17m band? 


‘The point made about feeding a familiar dipole at tho current nodo rather than the voltage node is obviously very 
Important and, I imagine, sometimes overlooked. 


PLANS: Download the pdf plans produced by GOKYA here> Moro from GOKYA here: 
hl la0kva blogspot com 


W3EDP Antenna 


a3 © 


counterpoise 


Frank, G3YCC comments on his website: Tho W3EDP needs a simple matching unit is needed to couple the wire 
le tha rig and a counterpoise is required for some bands, however there is room for experimentation. It has been 
shown that diferent lengths or removal of the counterpoise altogether, can improve performance, as described in 
RadCom, August 1996 by GaLCK. 
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‘The Tuning capacitor in tho AMU can be a 365 - 800pF broadcast type or a miniature version is OK for ORP usa, 
Counterpolse lengths: 3.5 & 7.0Mhz - 1711; 14Mhz - 6.51; 28Mhz - none 


Tuning Unit: Values for colis in the unit, based on a 2 inch former and is swg wire: 
e 21 tums: 7.0Mhz T turns ; 14.0Mhz -6 turns. 


K3HRN Noles: “Some folks have told me he modifications below make the antenna something other than a 
\WSEDP. | can tell you that t works very well with 5 walls. Create a "bundle" of counterpoise wires, 1/4 wave length 
for each band you wil use. Attach the bundle to no tuner in place of the counterpoise pictured above. Be cautious, 
1/4 wave length elements can have high RF voltages present, even at ORP power levels. Ive been able to work 
160-10, including WARC bands with this type of antenna". 


W3EDP or Zepp ? 
Its he antenna favoured by VA3QV for all band Portable ORP operating! 


\VASQV uses this heme-brewed antenna with a small LDG 2100 antenna tuner for portable ORP work 


Homebrew antenna by VA2QV 


Ivadqv wordpress.com 


Ye Olde Zepp 
Marconi spins in his grave every time а ham buys an aerial instead of building it! (warn) 


Неге is a wonderful olde woride style cartoon from WE1GFH that certainly inspires antenna experimentation with 
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antenna designs: 


Ye Olde W BIGFH 


FOUR-DOLLAR SPECIAL 


7. JUNKY 300 OHM 
TWINLEAD 


WORKS!" 


bamn 6000 GROUND 


Superb. Ilove u 


‘See moro inspiration from Јов Tyburczy, WIGFH, here: http vww.hamuniverse comi/fourdollarspeciaiwi ath himi 


End Fed Zepp "Zepp" 


‘The End Fed Zepp consists of 1/2 wavelength horizontal radiator wire connected to ono conductor of a length of 
parallel open wire feeder, 300 ohm ог 450 ohm twin feeder. Tha feeder is alten quoted as being 1/4 wavelength 
long. 


Basic design of an ond fed Zepp 


(G Whip Antenna Products manufacture and supply a version of the Zepp antenna. Geoff GAICD explains: "The end 
%% just а tuned circuit in the feedpoint plus а half wave radiator. This is а 
most interesting antenna and can be Used on other bands withthe use of an Antenna Matching Unit” 
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high quality End Fed Zepp siye antenna: Ths varaton uses a 
Tuned circuit rather than a tuned twin feeder. 
Supplied by G Whip Antenna Products of the UK 


wow quhip co uk 


‘The end fed герр is a popular antenna often used to save space and gets its name from the fact that twas used as 
ап end fed wire тайпа ош rom the rear of Zeppelin airships. It consists of а 1/2 wavelength horizontal radiator wire 
connected to one conductor of a length of parallel 300 ohm or 450 ohm twin feeder, often quoted as being 1/4 
wavelength long. 


-em LOS 
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— in wave 


60 N feed point 


пөй by tot 


Zepp Antenna by K4EFW 
Alpi hamuniverse com/diaantennabook him! 


KAEFW notes: "A hall-wave resonant antenna can be fed from its end. When fed this way, itis also known as an 
'end-fed zepp. An end-led zepp wil work on its fundamental frequency and on odd and even harmonie frequencies. 
The end of a half-wave antenna has very high impedance, and an antenna fed this way is sad to be voltage fed. 
Feeding a half-wave resonant dipole in tho contar means itis current ĩ The normal way of feeding the end-fod 
antenna is with ladder-ine. One side of the ladder-ine is connected o one end of the antenna and the other side of 
the ladder-jine is connected to nothing. To secure the unconnected side of the ladder-ine, itis connected fo a short 
wire running between two insulators. Since the antenna is connected at йв high impedance point. no current laws 
into an antenna, but there wil be a large current in the center of this antenna. No current lows from the open sido of 
the feed-ine because itis at a zero current point. The end-fed zepp can be matched by cutting the ladder.ine lo a 
{quarter wavelength with the bottom and of the ladder-ine shorted. A certain distance above the short is а 50-ohm. 
feetpoint and it сап be fed direct with coax. You wil have lo find the 50-ohm point by trial and error. This method 
of feed makes it a single band antenna’. Quoted from KAEFW. 


Неге в a commercial product made by G-Whip Antennas of the UK offering thelr version of a Zepp antenna design: 
lp wn chip. co uid 

Martin GBJNU highlights a very interesting antenna designed by Mike G7FEK here:- 

‘The G7FEK antenna goes several stages further than the simple single band End Fed Zepp. G7FEK has produced 


а design for Muli-Band operation claimed to offer much improved performance over a half sized GSRV or Windom 
antenna while additionally providing access ta the 80 Меге Band. 
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G7FEK Limited Space Antenna 


тєк Mu Bana "Nested Mareonr Antenna 2008 Version (rev 5) 


А 46 ft multi band antenna for small gardens that works well on 80 meters 
Main bands (@~50 ohm) are 80m / 40m / 30m / 17m / 15m / 12m 
Other bands (see text): 20m / 10m 


> 


G7FEK Limited Space Multi-Band Antenna 


нег fanz 
Lom 


‘aia а ему: ми ainara on opor see 
‘Adding 14MHz to the G7FEK Limited Space Multi-Band Antenna 


‘The G7FEK design will allow operation on 80m / 40m / 30m / 17m 15m / 12m with the possibility to add the 20m 
band, 


GEEK Plans: Download the plans for the G7FEK antenna from G7FEK's website hare o from this website here, 


Tuner Design For Half Wave Vertical and Similar Length End Fed Antennas by car od 


byw radioaficion. com/HamNews/articles/821 8-tuner-desin-for-halwave-verticat-a-similar-length-end-fed- 
anlennos him 


Off Centre Fed Dipole (OCFD) - so called ‘Windom’ Antenna 


‘The "Windom Antenna" was described by Loren G. Windom W8GZ It could be an ideal wire aerial for use in 
restricted spaces for mai bang operation. It may also be an good candidate for portable work 


lis a wire antenna, similar to а dipole, but unlike a dipole or doublet which is fed at the exact centr, a Windom or 
О Centre Fed Dipole, as the name suggests, has the feed point off center 


Current versions of the Windom are not actually Windom antennas at al - instead they are fed with coaxial cable 
‘and have a balun placed al the feed point. These are Off Centre Fed Dipole antennas - OCFD. They are similar in 


Ft: win mós975 co uk Contentamateur radio antennas 04 f. sus? 
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appearance to a rue wire Windom, but they are different. 

As with ай aerials tho aerial should be as high as possible. Wilh the feed point at between 20 and 40 feet above 
ground the typical claimed impedance wil be somewhere in the region of 200 Ohms so a 4:1 balun wil typically be 
required. At greater heights, and depending upon the exact position of tho feed point, the impedance may be higher 
and a 5:1 or 6:1 balun might be a better choice although balun losses wil be grater 

‘The point at which a Windom is fed in the original design, which used an open wire to feed the aerial, was 15 
percent off-centre. The current designs, which are fed wilh coaxial cable, are typically fed about 33 percent off 
centre, во one leg is 67 percent of the lota! length and the ather leg is 33 percent of the overall length of te aerial. 
‘The bands thal are covered depends upon the overall length of the aerial: 

11 metres long (approx) should cover 20m, 15m and 10m and the WARC bands with a tuner. 

21 metres long (approx) should cover 40m, 20m, 15m and the 10m bands and WARC witha tuner. 

al metros long (approx) should cover 80m, 40m, 20m, 15m and 10m and WARC with a tuner 

80 metros long (approx) should cover 160m, Вот, 40m, 20m, 15m and 10m and WARC with a tuner. 

Cut the aerial for the lowest band to be used. In imperial measurements using a familiar formula: 


The longer leg wil be 468 divided by the frequency and multiplied by .67 = length in feet 
‘The shorter leg wil be 468 divided by the frequency and multiplied by 33 = length in feat 


оско Formulas: 


The ofset proportions differ according to which sources one refers. Some sources suggest 33% / 67% but other 
dimensions are also to be found: 


62.2% for one side and 37.8% for the other lag. So: 
The longer leg wil bo 468 divided by the frequency and multiplied by 622 = length in feet 
‘The shorter leg wil be 468 divided by the frequency and multiplied by 378 = length in feet 
[Sourca: Now Caroline Windom - tp ww hamuniversa com/káiwinewwindom him | 


Other ideas: 


The proportions of 69% / 37% are used by Buxcomm who say that “One third plus two thirds wil not work. Use 
the formula below. as в: Do not be concerned with the offset of the feed point, as this formula takes inta 
consideration, the correct off-set for feeding the (BUXCOMM) Windom. for the other leg." So: 

The longer leg will be 468 divided by the frequency and multiplied by 69 = length in feet 

Tho shorter log will be 468 divided by the frequency and multiplied by 37 = length in fect 

[Source Buxcom: ht www buxcomm com/windom fies WINDOM him ] 


(Given the fairly simple formula it should be quite easy to make an OCFD Windom - however a Windom can bo. 
purchased al very reasonable cost commercially, for example from MOCVO al hito ndevoantennas webs com 
altemalively G-Whlo Antennas of the UK supply extremely high quay high efficiency 4:1 baluns (and other baluns) 
thal could be used at the centre of any Off Centre Fed Dipole - just add the correct wire lengths to each side. 


Geoff GAICD / GJ4ICD of GWhip highlighted his website which has an interesting page with comments concerning 
the quality and construction of balun products. This feature on the G-Whip site can be seen here: 
hip vw cdicd co uidbaluns him 


Неге в a photograph of the very high quality G-Whip OCFD antenna product www.qwhip.co.uk 
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Whip Antennas - ww. qwhlp.co uk 


HW-20HP Off Contre Fed Dipole - produced by MOCVO 
6.76 metres long one side and 3.38 metres on the other side. 
lip imDevoantennas, webs com 


MOCVO produces а couple of off centre fed dipoles, the HW-40HP and the HW-20HP. Both antennas handie 400 
Watts - the HP designation refers to high power. 


‘The MOCVO HW-20HP is 10.14т in length and covers 6 bands - 20, 17, 15, 12, 10 & 6m, no ATU, and is said to 
‘also work on 30m 8 40m with an ATU. Can be mounted as a horizontal, inverted vee ora sloper, VSWR is sald to 
be 14 on 20m, 2.8 on 17m, 1.1 on 15m. 1.0 оп 12m, 1.0 оп 10m and 1.5 on 6m. The antenna 56.76 metres long on 
опе side and 3.38 matres long on the other side. This uses a 66.6% / 33.3% formula 


‘The HW-20P was reviewed by Steve Nichols, GOKYA in the January 2012 edition of RadCom. 


‘The HW-AOHP is 20.28m in length and wil operate on 40, 20 and 10m without an ATU and 80, 60, 15, 6 and WARC 
Bands with an ATU. (Presuably one leg is 13.52 metres long and the other 6.76 metres fi falows the same 68.6% / 
33.3% formula as the HW.20HP), 
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BUX COMM, "WINDOM" 
or off-center fed atop. 
E wire antenna 


Fact: Antenna feetpoint impedance increases 
as anterna heigth above ground increases; 


HEE йок ua oS ERA 


When ordering, please specify BALUN rato, 


Visit: www Wîneomantema com. 
or www HamRacioEprass.com 


Typical BUXCOMM B02134 or 802134 "HP" 
en ‘Windom installed as an inverted V. 


вп 
1C) 1992 BUXCOMM. 


Windom total length is 134 ft, when insabed as an Inverted V, distance required is 118 ft. 
Eno wn buxcomm.com 


E 31 


[mm 


10 Vorccal Radiator 


Line lector. 


RIO 


Carolina Windom for 20 metres to 10 metres 


Bo www radioworks comlecwcover inl 
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Volume 2 


Simple & Effective 


А 


A Collection from the Works 
of L.B. Cebik, W4RNL 
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NEW CAROLINA WINDOM 


By Len Carlson, КАМА. 
j дшш Û 
— ZA و‎ 
Ie мна 


| —1o reer rosa 
Jin stato the 
| Cone To Transceiver 
Motto scale 
Windom design for 40m 20m 15m and 10m by Kal 


hlle fw hamuniverse conv/kdiwinewwindom html 


More information on this general subject at BucksCom: htzJwww.packelradio compindom him or 
vw comlpdlzipsiwindom pdt 
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Commercial Suppliers: 


GWHIP Antennas (UK) : to dee quip co.uk 


MOCVO OCFD Antennas (ШК): hl/mücyoantennas webs com 


inthe 


Bux Comm Windom Antennas : hto-www,buxcomm.com 
Buck Master OFC Dipole Antennas : һр./патсай лей 


(Alpha Delta ht www aphadoltacom.com 


Carolina Windom > ht www radioworks comiccucover him 


‘See some Windom - Off Centre Fed Dipole - designs at th 


TT 


FF 
Pito waw radioelectroncschoo netlesidewmloadeloefpole pdf 


FTT 
FFF 
Fito мнн bud comiCarolina WindomvIndex pho. 


Semi-Permanent Antenna Installations 


If it impossible to install а permanent aerial, then another option is to use an antenna designed for portable or mobile 
work deploying it only as and when necessary in tho back yard or garden - perhaps supported witha portable ipod 


ander guy ropes. 


From the ideas above It should be possible to rig up a semi-permanent or removable antenna for low visual impact. 


‘There are also very many portable antenni 


produced commercially that might be very useful to ийге on a semi- 
permanent basis. Commercially bought antennas can be very expensive indeed, especially when compared to 


"home brew’ aerias, but examples that immediately spring to mind for consideration include: The DMV-Pro, Pro, G 
Whip or G Whip Backpacker, the TW2010 from Transworld Antennas, the Sigma from Force 12 and aerials from 
) Technology offer a very good choice of aerials such as the MV and MV-Portablo, 


Butte or Walkabout mk11 at very atractive prices. hio wn sandolperaerials.co uk There are very many other 


compact and portable antenna systems thal are widely available. Check out al the amateur radio dealers for more 


ideas. 
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‘The DMV-Pro Antenna from ProAntennas (shown above) could be used in a back garden whenever required as 
саша the company's -Pro antenna. The DMV-Pro uses wo fibreglass arms that allow the wire aerial to be 
Supported in a number of different configurations such a "V" shaped, "L" shaped, "M shaped and Della. The aerial 
elements are fed to a 4 balun using low loss twin feeder, the balun is hon connected to an auto ATU, such as the 
LDG 2-11 Pro, which is connected to the transceiver using coaxial cable. A versatile idea hat could also be 
Implemented on a DIY basis with a Ийе experimentation! hitp//www proantennas.co.uk 


Geoff GAICD / GMICD mentions the orginal design, the JJ1VKL published in СО ham radio Sep’ 2000 in Japan. 
"This one goes back to 2000 and is now copied by several antenna manufacturers in the UK? It ап HF mult-band 
Delta loop antenna for 3.5-50MHz 

F 


ү 


ta Loop Goslar 
Read mora here: htp7iwww.goociies;piyoshik jaldaltae.htm 
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ta Loop by Art зок 
Details at пр rd, one plaricies pho?ariele ld=17 
Available at hip /ham-adio urbaskeleu and hUpi/wwawvoa-systems pl, 


STEALTH | COVERT / HIDDEN or DISGUISED ANTENNAS: 
ideas from АЦО - Stealth Antennas: itp /ww adio comístealh htm! 


|VK2Z01 - "Flowerpot" Antennas 


‘Some ideas by VK2ZO about producing inconspicuous antennas - perhaps disguised as a plant in а flower pot! 
| There aro ideas for 6 metre, 2metre and 70cm antennas including a dual band 2,70cm design. 


All Band HF Vertical Antennas (non resonant) - 'Untennas" 


‘So this is where the search for a mult-band antenna begins. I's a dificult task especially if space is limited. First 
considerations might le with the commercially avaliable options that are avaiable. Commercially manufactured 
aerials are available at widely varying price points - perhaps кот under £100 to many many £100s 
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(One of the fist commercial mult-band antennas that many keen new amateurs come across is 
something Ike the Comet CHA250B, or the Diamond BB7V or Moonraker GP2500 (pictured right) 
‘These are broad-band antennas and look Ike largo CB antennas with a matching network al the 
base. Such antennas claim to allow operation of al bands between 80 metres and 6 metres with 
‘acceptably low vs wr. Sounds lke the perfect mult-band solution, especially as Comet and 
Moonraker are well known names thal make excellent products. 


‘These mult-tand antennas have thelr critics though: Sure enough, they exhibit a seemingly 
acceptably low us dt across the whole of HF, but low v.s.w isnt everything. ilies do, in fact, call 
these types of broadband antennas glorified dummy loads - a bit unfair possibly, but maybe they 
have a point when most of your transmita precious power is wasted as heat rather than radiated 
аз a useful RF signal! 


The only way а simple, single vertical radiator can be made to work on across such a wide range of 
frequencies is by having a broad band matching transformer at the base of the radiator. This wil 
Inevitably result in the absorption of some -or much of the ransmitter's power - the power loss 
represented by the healing up of he coistransformer rather than actually being radiated as а useful 
signal by the antennas vertical element. 


‘Such antennas could present a loss of around 6 - 12 dB compared to a resonant antenna - how do 
do fancy putting ай 100 of your precious walls in to the antenna and only getting 6.31 watts of 
effective power radiated? 


Maybe that's a bit simplistic, so Martin GBJNJ has many superb articles analyzing the CHA2508 and 
similar antenna designs here: itp /a8ini webs comcometcha2500 htm 


‘The aricle Anatomy Of The Comet CHA2508 by VKSZBD can be found here: 
hp hwo radiomanual nfo/schemiACC_antenna/Comet CHA-2508X2, anatomy pdf 
(Forman found at this ste niip:/iwww.vkSzdb.com/CHAZSOBXILIm) 


ӨВ is also developing a better version of this type of antenna here: 
ll 1/8 webs comibroadbandhfverical him 


| admit that, due Lo limited space, | considered this type of antenna when first starting out- but in the 
end dismissed them due to the extreme inefficiency and power loss problems. Thay should not be 
‘entirely discounted however, because if this really is ай that can be accommodated at one's OTH 
then at least such an aerial wil at get you on the alr - and on ай bands - at least in some sort of. 
fashion. Many amateurs use these aerials with success, so they do have a place. Have a look and 
‘decide for yoursel. 


(Other similar types of broad-band antenna 


‘There aro a number af very similar designs (Le. longish vertical radiator, with a transformer / unun at he base) 
available from some other Briish suppliers: 


CCC 
The ProWhip Portable Antenna (see http Auras prowhipantennas.co uk J; 

‘Snowdonia Radio Company (SRC) - various types of wideband antennas (soo htto:/lwww snowdonia radio 
сотрапу солк} 


„All these antennas appear to bo based around an UNUN (typically 9:1) matching transformer at the base of the 
aerial. Those aerials cost considerably loss than those previously mentioned. The G Pro Whip and Pro Whip. 
Portable offer particularly convenient portable operating opportunities as they are based on one of my favourite 
methods of antenna support - a long telescopic fibreglass (fishing) pole. Really neat! 


For the "ishing pole types, essentially there is a vertical radiating wire of about 7 о 10 meters long, a 10m long 
horizontal counterpoise wire and the 9:1 unun at the base. This makes for a simple and attractive instalation 
Proposition (but remember the penalty of power losses) - al these aerials will bo easy to instal! for permanent, semi- 
permanent use and easly removable or portable operating. 


Considering the 10 meter vertical type, the performance on ad meters (1/4 wave) should be quite reasonable, with 
reduced performance on other bands. 
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G-whip Gro Whip antennas (now discontinued) 
by Geoff Brown GAICD 


2011/2 - See G-WHIP'S WideBander Antenna as an alternative 


lp vnc co.uk 


Buy (or build) a 9:1 UNUN and Make Your Own: 


It you already have a 10m telescopic fibreglass fishing pole and some wire, then you could easily wind a 9:1 unun. 
ог even buy ane from suppliers such as G WHip Antenna products for а reasonable cost. So, you could make your 
‘own aerial with 10m vertical radiator working against the 10m counterpoise and fed to the ATU via the 9-1 unun at 
the aera's baso - just or fun, for experimentation, analysis or for permanent Installation or portable work. (The 
telescopic pole must be fibreglass not carbon fibra) 


Marin GBJNU, suggests that a slightly better way to home-brew a broadband HF aerial might be to cut a vertical 
aerial for about 8.5 MHz, | е. not a resonant 1/4 wave on any amateur band, bul optimised to present a moderate 
impedance on as many bands as possible. In which case the vertical wire would be about 8.8 metres long, working 
‘against the counterpoise, and fed to he a.Lu. via an unun - perhaps 6:1 or 9-1 - this is all open to further research 
and experimentation! Ses hti:/alin webs com/currentpreeets him 


(GOKYA has also written lots of interesting articles about antennas and several pieces about using a 9:1 unun and a 
length of wire. He found that a wire length of 19.8 matres offered a good compromise for a mull and aerial. Read 
GOKYA's blog here: hp//adkva blogspot com/search'labellantennas. 


More: http /igokya blogspot co-uklsearch/labellantannas 
Interestingly 2WOSAK of Snowdonia Radio Company recommended an antenna wire length of 7.13 metres with 


thei 9-1 unun - ог for better efficiency a wire that is 19.8 metres long which would be run ош horizontally. Both the 
733 m and 19.8 metro lengths should cover the 80m to 10m bands. 


Freq Coverage Wire Length ory 
7-28 (60) MHZ тат am 
35-29 (50) Mhz Tam SEm or Em 
38-28 (60) MZ . N 
38-28 MHz 280m 209m 
18-29 (60) MHZ 386m 368m 


High Qualty Baluns and UnUns Available From www gwhip. co.uk - ether boxed and ready lo use or just the core 
‘and quality windings suitable to put into own box or project. 
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 HULTIBAND RANDOM WIRE UNUN UNBALANCED TO UNBALANCED) 
FOR USE WITH RIGS WITH BUNT IN AUTOTUNERS 


RANDOM WIRE ANTENNA 
15 L0NG FOR 10 THRU DM COVERAGE 
"SI LONG FOR 10 THRU D0 METER COVERAGE 


[GROUND CONNECTION 


‘SHORT COAX TO CONNECT UNUN 
TO 50218 CONNECTOR 


ETT 
To 00 


iS 73 


15 TO 10 BILAR ринг A WEATHERPROOF 


TURNS INSULATED 
du PLASTIC ENCLOSURE 


‘Above is a neat design for an Untenna* KCBAON - Link: hipfwwangelfro comiolectronic2iarplunun. html 
Fora jack of al trades try a high quality GWhip "Àidebandor Antenna" 


 GOKYA writes a very useful piece in his blog: 
Г realizara 


In he next round of tests | used te same 91 Un-Un wound using PVC. 
Омеей cable and a 1200-2 киса Note ın he photograph a Be PVC tape 
Soniy шей о көер те tus nesly arranged. 


1 you want bud your own ftw теве instructions: 


pee 
prr ocean nta ess 
eee 
ee. 
ee 
Se 
a rt 
eee 
ee eee tap. 
een 
N 
EM 
proe 
БР con rat tg ee . 
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F 
ee eee te ni ter arge 
FCC 
E 
O rt nt eed at 
a шо шс 
ыо erent с сс с 
nd AS 
3 


‘This ите! erected a 10m oh hing pol and attached a 651 quarter wave antenna tor Bûm in an ved L taston. That 10m up 
and en Sim out те estates, 


This was arranged away trom he house and ed wilh 12m of RGA coax, a single cat tke эла wo ZON radials at the fed pon. 


Here ме he SWR cage al the end of he со: 


Titus SWR 1361 
HOHE SR 251 
тарин: SHR 331 


dus2 
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зезамне SWR 181 
Ex n 
2 змн: -SWR 191 
as sura SWR 121 


From his you сап see Dat by shortening the ике to ES om he orginal BS you gain 80m, but lose арп The ig (T2000 weld Qule 


apply шде sven bands wih eter ATU. Here е е qui нрава rel against my om Widon rd paralelos n 
theo сат, 20m 17, a 10m. 


Р 
‘N's good around the UK as me Windom - probably due to he maximum curent being in the vertical secon, Modeling shows the 
antena tota doun about 1048 оп a oa po. 


ES 
an siis Other EU and Hay sina Bulgara down 25 points 

тт 

arc vat L nas шан edge es Shy nosier 

Bete than Windom by about 1 8 pol 

‘an 

‘Much better тап Windom, ре and mag oop around Europe Ма Es, by about 2 S points. Spy more noise + 1 S point) 

‘From ths can soe ati need to do mere tests, especialy on 20m, but for an an co for е antenna af about E1520 shows. 
%%% r ока qul боой. А way lo get 40m back would Be 1o puta dim ap. 
[the wee atthe Tom mark I you don aney making your own UnLn you сап buy De whale eterna om he Soowdona Rao, 
Company fr £35 ne PRP see huma аналы таа company co sept nd | Fm colecten of exelent aries 
den GOKYAJ акло SRC: hip.neusnowions-adoconpanyco uk 


(Sg Antennas, and Pro Antenna al supply e уре of antenna as a commercial tam. 


CONCLUSIONS? 


‘Arguably the most effective, simplest and, indeed, cheapest way to attain mull-band operation is by using a fll size 
resonant dipole for each band of interest - perhaps having a couple suspended at any ono time and swapping 
‘aerials when other bands are needed, 


(As mentioned in the introduction this is a itle Inconvenient which is why the holy gral of so many amateurs is one 
antenna that that wil do everything - perfectly. As we have seen such an aerial doas not exist, and never will due to 
those pesky laws of physics. Compromisos мі! always have to bo mado; compromises of efficiency, size, number of 
bands and bandwidth per band ete - nevertheless there are enough options avalabl to be able to choose a 
configuration of antenna or antennas that should be able to make he best use of precious transmitter power fora 
particular circumstance, 


My two key criteria аге tat the antenna should be truly resonant on the band(s) of interest and that the radiating 
elements should be as near to ful size as possible relative to the ̃ being used, to ensure the best 
possible efficiency (Le. lowest loss of power). This means ful size quarter wave vertical or full size half wavelength 
long trapped dipole. 


1 don't especially like aerials that are shortened by using a loading сой, but accept that such an arrangement is 
Sometimes necessary for the longer wavelength bands. Top Band is а real prablem in average size gardens. Where 
the is а col, а rap, ог lransfermer there wil be some loss or reduced efficiency introduced ino tne antenna system. 
1 во find that using a trap is an excellant compromise - the 80m / 40m Inverted L and the 20m / 10m trapped dipole 
work especially well. I I could not use the Inverted L, my next favourite option is the Loop or a fan (Parallel) dipole. 


Ali tha pros and cons have to be weighed up о find the bast compromise for particular operating circumstances. I 
hope thal his page has given new operators some ideas to take away and mul over, but remember those words 
from Joe Tyburczy WB1GFH that this page started with: 


"When you put up your antenna is also crucial. I must mention here the importance of what many early hams called 
"antenna weather. That is, snow, sleet, freezing rain, or combination of all the above. It has been proven timo and. 
time again that any antenna installed in conditions better than abysmal wil not function worth а дат. Or, put another | 
Way, ¡takes bad weather to put up а decent antenna. Dark and cold Now England winter days are idea for his 
(activity. Any antenna erected on such a day wil inevitably produce miracles.” 


Some Further Reading: 
Understanding Antennas For The Non-Technical Ham 
“A Book By Jim Abercrombie, NAJA 
basicantennas pal 


Moro Antenna ideas by ather amateurs doc] 
ARRL document Mull Band Dipoles Compared Ld) 
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High Ошайу Baluns and UnUns Available From лум сий сок 


Line-Lok guy runners from ClamCleats - fantastic for guying antenna masts quickly and successfully 
[ТҮНҮ 
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Reusable Nylon Hose Clip / Reusable Circular Clamps 
Useful for securing telescopic fibreglass poles - e.g. holding each 
section in place in windy weather or to use as a guying ring (spider) 
(Herbie Clips) (Kaf-fex Nylon Clamps) 
to wau malpasonline. co.uk 
hp news ihomasneL сот 


hilpywwhelfasieners.6oukfacalalog/Herbe-Cilp htm! 


now, cheapham comlproducis/SV31-Replacement-Clemos him 
ito осоп. homestead com/shoponine2 himí 


OTHER THINGS THAT MAY BE NEEDED: 
POLE(S) Aluminium, fibreglass or wood ; POLE TO POLE CLAMPS ; MET POST(S) ; 

NYLON CORD or PARA CORD : SPIDERS / 3 or WAY GUY RINGS ; PULLEYS ; SNAP HOOKS i 
DEE SHAGKELS ; GROUND STAKES for anchoring guy ropes ; DOG BONE or EGG INSULATORS, 

DIPOLE CENTRES ; EARTHING STAKE ; V BOLTS ; ROPE GRIPS ; THIMBLES ; 

SLEEVE JOINER(S) ; ТАК BRACKETS ; TRIPOD or other GROUND MOUNTING HARDWARE ; 

STAINLESS STEEL M6 Nuts Bolts and Washers ; SPADE and / LUG TERMINALS 

SELF AMALGAMATING TAPE ; HEATSHRINK ; WEATHERPROOFING SEALANT 
STAINLESS STEEL JUBILEE CLIPS, 


TRIMMING AERIALS 


‘Antenna Trimming Chart 


‘This following information below could be very useful indeed when constructing aerials and is compiled by DX Zone 


| Radio Works from the web page at: itp www. dzono comcottn/di Jump? cai7ID=13444 


Use this chart as an aid in rimming the length of your antenna. It gives you an idea of the change in wire length 
needed lo move antenna resonance a specific number of KHZ. 


* Dimensions are for each leg of a halwavo dipole 
* For quarter-wave antennas ,, dimensions directly from this chart 


= Full wavelength antennas (oops) - multiply the chart dimensions by four (4) and change the overall length of the 


antenna by that amount 


Lengths are estimates. Many factors wil affect their exact value. 


Tomove esm | am] Wm | m | 0m | 
тон | 383 | 3E Lu = GES 
оке | 388 [т | 368 es) 
ORE 39 ио + | 
юке [+з | 38e | 3329 | 128 | 389] 
оок [эт | 39 | ns | mF 338 ] 

[1:3 T T T LN 
100 T EE 35] 
50 E Er —.— 
300 KE F T] 
OE FE Eri —. 
0M | EE = 15] 


Example: 


You have measured the SWR of your 40 meter dipole at various frequencies across the band. You have determined 


thatthe SWR is lowest at 7.00 MHz. You actually want the lowest SWR to occur up in the sideband portion of the 


band, so you need to move resonance up in frequency about 200 KHz. 


According o the chart, o move +200 KHz on 40 meters, you wil have to shorten each log of the dipole 107 (107) 


‘The overall length of the antenna Is shortened a total of 20 inches. 


Lengthening or shortening the antenna is done at tho end insulators. To shorten the antenna, unwind the antenna 


wire as it wraps around itself at the end insulator. Move the insulator several Inches toward the center of the 
antenna. Re wrap the antenna wire to secure the end insulator. Do not cut the wire. Wrap it back around the 
antenna wire. You may need to increase the antenna late. [From Radio Works / DXZone] 
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KNOTS FOR SECURING WIRE ANTENNAS 


1 have found the Bowline to be one of the most useful, tis strong and easy to tie. A Bowlino will not slip in any 
‘circumstances апа, usefully, he more load that is put on IL the lighter it gets 


The Bowline Knot ~ 
(A Bowine can bo used to tle two ropes together and should be used to tie a support rope о а pulley, dipole centre 
and other antenna tems: 


Its important o use the correct knot for the job when fixing up wire antennas. I find the Bowline is a very useful for 
fixing end, egg and dog-bone insulators to the ends of the wire and/or ropes. 


‘The Buntine Hitch is an excellent knot as is the Round Turn & Two Hitches, Anchor Bend (Anchor Hitch) knots 
which are very good for tying а rope to a pole or a таз. 


"The Bowine в most useful for fixing end, egg and dog:bone insulators to the ends of the wire andlor ropes. 
A Double Shoot Bend can join wo pieces of rope together - even if they are of unequal size. 

"Animated Knots wil show you how to do them. Visit htm animaledknots com 

Moro websites with Knot information  htio:Jwuwnetknotscom! Врум =ош comnolslindox htm 


The correct knot wil ensure that the antenna wil be as strong as possible. 


LINKS 
Understanding Antennas Far The Non-Technical Ham - A Book By Jim Abercrombie, NAJA. 
FEC 

HTML page: eee com/ndjaantennabook him! 

ВАО - Stealth Antennas: ир Ам ado con/steath him 


(AI Band Doublet Antenna by МОМТЈ 
lio mds975 co uk/Contentamateur radio antennas O6.htmi¥All Band Doublet Antenna 


(AI Band Doublet Antenna : hp www hamunivorse com/hídoublet html 


Al Band Doublet Antenna by Al4JI + http://www al com/Projects/antonnasidoublot htm 
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(AI Band Doublet Antenna by G3RWE: Hips /rsars flos wordpress com/2013/01/80-10m-doublet-antenna-qärwf- 


тра 
(AI Вапа Doublet Antenna by WANEO: Mid edges comfhlmidoubleL him 


All Band Doublet Antennas and Baluns by G4POP: hti:ligpop blogspat.co.uk/2008/10/doublet-antennas-and- 
baluns-mv-ftend him 


(AI Band Doublet Antenna by VKSYSF: http:llvkêyst convalbandhfdipolo Mi htm 
"Al Band Doublet Antenna by МОРАО : ilg delboyoniine.co.uk/modaddoublel al band antenna him 
Introducing the "Al-Band" Doublet: What the Student and the Instructor Should Көөр in Mind by L. B. Cebik, 
WARN 


Hato Mp unpad ac islorariibraryilborary-sw-hwľamateur-radiojantdocsiintroducing%420the%%20All- 
Band 20Doutiet him 


MOWYM - QRP Fan Dipole: hitpu/wwaweadiowymeay org FanDipoleliandiploe htm 


Мий Band Dipoles Compared: ию: ar oralisántolpd/9811073 pdf http Љум dizono comicai- 
bividiriump2.cal?ID=7499 


Practical Dipole Antennas Compared: hip: млн. asi neta 1dxlamatorlpracleal dipole antenna ht 
What Antenna For НЕ? by Wrexham ARS: hitos netiwarelconstrcti anthim 
Mutiband Loft Diples: Һир eee noVgokya/mulibandciole pf 

My Top Five Backyard Mult Band Wire HF Antennas by L. В. Cebik, WARNL: 

hien users on nel -berllaslbackvard20wire%20anlannaes pdf 

More Links 

Loop Antennas - Delta Loops and Square (Quad) Loops and more: 


Delta Loops for HF - “Youll love lower noise and relative gain over a dipole" 
ll ssd nevdela loop for bin 


(One Stealthy Delta - This HF antenna keeps a low visual profile while attracting plenty of attention en the at 
‘An excellent and amusing article by Stove Ford, WBBIMY 
hilo: saoword.com/PubicalionslArtles/7379s10802 pdf 


Random length mult-band delta loop antenna — A good antenna for whan a dipole isn't enough by KOBAON 
Hato vw. twarlinkradio.com/aniypeieh 0íchiave1827 him 


An Easy to Install Vertical Loop for 80-6 Meters by John Relsenauer, Je KLTIR. 
Blow hamuniverse com/ki7ireasyvertioop himi 


(40m-10m DELTA LOOP ANTENNA - GU3WHN 
Blow rsars ora uk/ELIBRARY/ANTENNAS%20DOCS/40m- 
FFF 


MOPLK Multiband Delta Antenna - By Arthur MOPLK (SO2PLK) 
hip ipdxa.one pllaricles php?article ld=17 available at hitpham-radio мазна! ви and hltpi/wwewvas 
systems pl 


HSANX Mká Della Loop Design by Sajid Rahim 
bito eham nelarcies/10738 


Multiband H.F. Delta Loop by SEDI 
liv hwSedi comam-radio/?dl2hcb-mulliand-delta-onp 28 


SGC Stealthy H.F. Delta Loop: 
lp vw. sqeword.com/Publications/Articles/237qs10502. 


KLTIR Easy НЕ Dalla Loop: 
lp wan hamuniverso comi reas vertoop htm 


HF. Loop Antenna from Radioworks: 
hip wn radioworks com/nlaop himi 
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WEZDO Portable H.F. Delta Loop Projet: 
Into forros com KIOGUMBzodelta htm. 


Loop Antenna Notes by "Yukon John" KL74R 
Hato vw hamuriverse comíkl7ioopnotes html 


Bull a Mult-Band Mono Delta Loop for 40, 30, 20 and 15 Meters by Jose I. Calderon (DUTANV) 
Blow para ora phmemberearicles/DUTANV/Mull-Band?20Mono%20Delia%420L o0p%20ant pdf 


DL2HCB Multiband Delta Loop 
FFF 


‘The Delta Loop (Skywire) Antenna - Legends, Theory and Reality 
hip idee de/deltaloop- ena him 


Loop Antenna notes and ideas from Radioworks 
lp vw radioworks,com/nloop himi 


Delta Loops by GWIAAV. 
Ftp /trwtcano.co.uk/2009 08 Di archive him! 


More Delta Loop links: 
blown 1warlinkradio comvantypeldelta loop him! 


Magnetic Loops: 


‘Small Transmitting Loop Antennas (Magnetic Loop Antennas) by Steve Yates - AASTB 
Ftp laa. comlaop him! 


Fibreglass Telescopic Fishing Poles 


Alpin sotabeams co uk 


blown skyblueleisure co uklacatalogrTelescapie Poles rm 
see: Bowmanarcher on ebay 


Line-Lok guy runners for support pole guy ropes by ClamCloats (excellent) 
Eto wi. clameleat comlcleats/cleats, asp? menu 


Other Aerial Supports 


blown tecadi dol 


Commercial Antennas 
(GWh Antenna Products: hitp-Jhuww-gwhio ca uk? 

‘Spectrum Communications: ho snectumcomms ca uk 
‘Sandpiper Aerial Technology: ht: rw sandpiperaerals co.uk. 
SOTA Beams: hito un sotaboams co.uk! 


WH. Westlake - for wire, cable, feeder, connectors 8 components: hltp-hawiwhwwestlako co uk! 


Moonraker: izan moanrakoruk com 
[AERIAL PARTS Of Colchester: Мирали aeria pars co.uk 

SRC - Snowdonia Radio Company: haznesmoudonia adio companyeo uk 
Cobwebb Antenna: ht: gto co.uk 

ProAntonnast how proantennas; co. uk 

ProWhip Antennas: hows prowipantennas co.uk! 
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Hustler Antennas from DX Engineering. 4-BTV, S-BTV & 6-BTV compact antennas: htp:/wnwdxoncineerna com 
Butternut Antennas fom Bencher Inc: his Jaw bencher comhar! 

CCusheraft Antennas from MFJ: hito /wawcusheratamateur com 

Comet Antenna: tp Jhwi.cometantanna com 

Diamond Antenna: http Nuun dlamond-ant.coplenalshamatwulantenna/ama antennas htl 

Hygain Antennas from MEJ: tween com 


[Alpha Delta Communications - Dipole and Parallel (Fan) Dipole Mult-Band Antenna Designs. 
hil enw alphadeltacam, com 


МАМО Antennas and Accessories: hipi/wwwimo comlcai-binvertaller. l Puriswireantennas a html 
GAP Antennas: tom capantenna com 

True Ladder Lines and Wire Antennas: ht: truotadderine comindex html 

Radio Wave - uide range of amateur radio antenas: ht radiowavz com 

Radio Works - amateur radio antenna manufacturer and supplier: hitp:/wwadiowarka.comí 

Force 12 Antennas Ses) p.f vlorcet2nc com. 

‘Transworld Antennas (TW2010 Adventurer) tp iranaworidanlennas.cam 

Superantenas: hito www superantennas.com 


‘Amateur Radio Suppliers 
RADIOWORLD hour radioworld ca ukl 

ROCKET RADIO htpJiwavrocketrada.co.uk! 

SPECTRUM COMMUNICATIONS hip ww spectumcamms co ukl 
MOONRAKER town moonrakorutd.comí 

HAYDON COMMUNICATIONS http wu havdon inf! 


KZ) Communications (DaeComm) (Haydon West Midlands) a good shop on EBAY at 
lp istores.ebav.co uizicommunicatons 


WATERS & STANTON itp uie соту 
MARTIN LYNCH а SON hit hanvadio co uk 

DIODE COMMS hil: ueidlodecomms co uk 

NEVADA RADIO hip nevadaradio co.uk! 

LAM COMMUNICATIONS hip lamcommunicaons nat 
ANCHOR SUPPLIES itp wav anchorsupplies com 

VINE ANTENNAS: ht vinecom co ukt 


Projects and Information 


Flower Pot Antenna - http:/lvk2zoicom - and interesting link lo an interesting antenna design that was very kindly 
sent lo me by Phil MOMRP 


GAILO- Stealth Antennas: ир Аы ado con/steath him 
MOWYM - QRP Fan Dipole: htpvewradiewymsay.or/Fanbipole/fandiploo him 
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‘See Muli Band Dipoles Compared: hw dizone comveg-binidfumo? edi?ID-T499 
‘See Practical Dipole Antennas Compared: loas noblatdilamatar/raciical dipole antenna him 
The ALL Band HF Doublet on Ham Universe: hllp/awehamuniverse comdoubieLh tnl 


Mult-band inverted V $4 Special by Joe Tyburezy, WIGFH: hllp/vasLnetivbtafh/antenna htm 
lb vw hamuniverse.comyfourdalarspeciahv1o/h.himl 


The Norcal Doublet Antenna: hito:/wwwnorcalgr org/norcaldoublet him 


МАТЕ - 6 Band Ribbon Dipole by N4JTE 
itid blogspot com2009/D4/ndite-6-band-ribhon-antenna-35 him 


to fail webs com! 
tout atromag.co.ukvedteal 

Машинем hamunivorse com/mulidipoo html 

Hrou hamuniverse comfourdolarspociahwath hm! 

itte blogspot corv2009/04/n4j--band-ibon-antenna-5 himi 

hoi dzone. comicntinidiiumo?.coi?ID=20420 

itp 10005a8964 ¿up blueyondercoukibratiadio,O7/adancedmathequat hm. 


hloh dar rgfibrary/Techlopies/tech22 html 
bliohowwirsgb.orgtutorsladvanceddipdmalhs primera 
p/w users вооот neti-len pagel/Min 20quad.pd 


hip: users icscoland ne/slon pagov6%20baned%20lnvartad%20L pal 


bou user escola nel/-len pagotinverted3í20L %20dding%2010p%20band pdf 
itp bintemelconm/-shaur scanneliciubiwsdzz him 

bit homepage nord comacihomi7dems him 

hip mudd co uk/2mPortPockBeamGWOVMW. htl. 

ben dzone. com 

tau ar aratis/inlo/pdO207040 of 

ihe dzone. опса ныгу йыт. eai? T468. 


W2BLC - Amateur Radio Antenna Ideas: btp: w2be звања him 


End Fed Antennas 


GWhip End Fed Antennas: 
liom guhip.co uk 


Cross Country Wireless designed and manufactured End Fed Antenna. 
. nevend fed antenna htm 
itp www crosscourinniireless ne CCW. End Fed Antenna Operating Manual 1.1.001 


Hy End Fad antennas - single and mult band end fad antennas by РАЗЕКЕ. 
Falo few hyendfedantemna ni to paeko nl 
Review of Hy End Fed antenna by PCAT: hp /dutchhanvadio blogspol.com/2010/09/v-ond-led-antenna hi 


Par End Fedz Antennas - now manufactured and supplied by Lary, AE4LD of LNR Precision End Fedz: 
Hato vw inrprociion. com 
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МЗЕРР and Other Antenna Links 


p азды wordpress com/tagiwSedp-antennal 
vado wordpross.com/2009/10/18o0d-tsult-wlro-worked0ado! 
ade esel Бодро сопуд011/01/иЗавр-агіоппа hind 
Etoo io comlantend fed hım 

hham-antonnas blogspot eomi201V/2idohcb-muliband.delta-oop hmi 


tato: fsváaublogspol.com/2009/11loper-7mhz him! 


Back to Aerial Types. 


Moro “thinking ош loud” notes and querias which I intend to odit апа condense (honesty! 


Multi Band HF Antennas 


Covering ALL the HF bands with separate antennas dedicated to each band would take up a large amount of space 
which many of us dont have. Either we must decide on a limited number of favourite bands and pul up a specie 
antenna for these or tyto find a multi band antenna that covers al the bands of interest. 


‘The perfect HF mull band is many an amateur radio operator's holy grall. If you haven't already seen it you can 
read more about ап Al Band Antenna Marvel covering 160m to 70cms on this external link: Hamuniverso ALL 


BAND NAUJW Antenna 


o, mult-band antennas necessarily involve compromisos which usually translate nto lower efficiency Lo. the 
antenna wil nol effectively radiate all the power that is fed o it. There will be losses, some largo and some not so 
larga depending on the design and the number of bands that the antenna s attempting o cover. The 80m / 40m 
Inverted L, mentioned above, is down by about 248 on 80m when compared lo à full size Om inverted L. That's 
mol oo bad, but it does stil mean a theoretical best case scenario of about a 40% loss of power! So 100 watts of 
power arves al the antenna (disregarding additional feeder losses) then only 63 watts wil be radiated - actually 
less duo to any feeder and other losses. 


If these compromises аге accepted thon there aro a number of diferent mult-band antennas that can bo 
considered. Having a small plot have had to consider many such designs, some are verical antennas some are 
horizontal wires, some are commercial products and some can be home brewed. 


Home brewing a wire antenna is relatively straightforward since wire fs easy to obtain and work with. А wire antenna. 
is typically installed horizontally above the ground, although I may also be installed as an Inverted V or as a Sloper. 


(A wire antenna is easy to adjust for resonance and often reasonably straightforward о suspend in the air using 
existing structures, buldings, trees or simple wooden posts 


Home brewing a vertical antenna might present slighty more dificult mechanical and engineering challenges to 
produce a stable and, perhaps, visually acceptable device. 

Standard Wire Dipole 

In my own circumstances | could probably ft а couple of dipoles up to about 15 metres (46 feat) in length, For a 
straight dipole, such a shart length would preclude 160m, Bom and even 40m. So dipoles that could fit in a fairly 
small space would give two of the bands between 30m and 10m. 

Loaded Dipole 

Loading a dipole with a centre or end inductor оп each arm would maintain йв electrical length while reducing the 
antennas physical length. This would allow the antenna Lo be resonant on the required band and enable the longer 
wavelength bands to be used even though efficiency will be less than a ful size, un loaded, dipole. 

A loaded dipolo will be relatively easy to construct, the most time consuming part being the winding of the inductor 


calls and their subsequent adjustment to obtain the desired physical length at the correct resonance. An antenna 
analyzer в а very useful piece of test equipment for speeding up these adjustments. 


Trapped Dipole 
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‘The use of traps can effectively split the antenna into two or more resonant sections. Using one trap on each arm of 
ıa dipole wil transform a single band dipole into а dual band dipole. Using two traps on each arm wil enable the 
dipole to be resonant on three bands. A four band trapped dipolo would use three traps etc. Traps also shorten the 
overall physical length of the dipole which might be seen as an advantage, however traps tend to bo lossy and short 
antennas obviously do not radiate as efficiently as thelr ful size counterparts. Once again the compromise for 
‘covering more bands, and in less space is effective radiated power los. 


Traps can be quite tricky to home brew, though it is entirely possible. As an altemative traps can be purchased pre- 
mado from some amateur radio suppliers such as Spectrum Communications. The other time consuming part of 
dy construction a trapped dipole wil bo adjusting the antenna wires so that ihe aerial is at resonance on each 
band. Again an antenna analyzer is a very useful plece of test equipment for speeding up these adjustments. 


Fan or Parallel Dipole 


Ап alternative to using traps is to use the fan dipole (parallel dipole) method. This essentially connects tuo or more 
{ull size dipoles together at the centre feeder point. For example, whereas a single band dipole would have one pair 
of ‘arms a four band fan dipole wil have four pairs of ‘arms arranged in a fan Ike pattem. The fan dipole wil be very 
straightforward to physically construct although it wil be quite tricky to get each dipole to the correct resonance for 
(ach band since each arm wil interact with its close neighbour. Again an antenna analyzer is a very useful piece of 
test equipment for speeding up these adjustments 


‘The Fan / Parallel dipole should be a very efficient and effective radiator since al the dipole elements aro ful size, 
however its bandwidth on each band might be be narrower than a trapped dipole, though t should be less lossy 


Most designs of Fan / Parallel Dipole (oven commercial ones) seem to opt for coaxial feeder. Personally I dont think 
thal this is a good idea. I would use twin feeder to feed this type of design (probably 72 ohm twin or similar) for three 


1. Twin feeder is far and away less lossy than coax, so when an antenna has reduced bandwidth and one is forced 
16 operate with a higher vewr than might be considered ideal, the subsequent feeder losses in coax wil be very high 
indeed compared to to losses in win feeder which wil be much lower. 

2. A dipole is a balanced antenna, and coaxial cable в an un-balanced feeder - not a good match. 

3. Using un balanced coax with a balanced antenna would customarily demand the use of a balun atthe centre of 
the dipole which is another point that could induce power loss. 


For ай those three reasons twin feeder seems to be the better, more efficient option. 


Combination of Trap, Inductive Loading and Fan arrangement 
‘There is no reason why a combination of a techniques might not be employed to produce a mulli band dipole. Just 
аз one example, a fan dipole with two pairs of arms could be made to cover four bands by using a pair of 7.1MHZ 
traps in one pair of arms to create a 80m / 40m dipole and load the end of the dipole an inductor lo shorten its 
physical length. A second trapped dipole could be added to cover 20m and 10m using a 28MHz thereby making a 
fan dipolo with two pairs of ‘arms. 

Loop / Delta Loop. 

A loop antenna is remarkably easy to make and install and in my experience very easy to match using a good ATU. 
A relatively small loop mado up of an 17 or 18 meter length of thin wire is ight weight and should bo visually 


inconspicuous and will work from the 30 metre to the 10 or even 6 metre band. A neat mull band solution that could 
bo put up and taken down, as required, reasonably quick. 


Commercially Manufactured Options: Just a few designs that may be attractive for uso on a small plot. 


Wire Dipoles: 
Interesting parallel dipole with end loading: 


Alpha Delta Model DX-EE Parallel Dipole (40-20-15-10) - A Fan Dipole only 12 metres long. Reasonable design, 
though fed with coax. (d build one and use twin feeder.) 


‘Similar design from Alpha Delta, but too big for my plot: 
Alpha Delta Model DX.CC Parallel Dipole (80-40-20-15-10) - Fan Dipole design, 25 metres long. 


Some 


Interesting rap dipole designs: 
Diamond W8010 - Trapped Fan Dipole for 80m, 40m, 20m, 15m and 10m only 19.2 metres long. 
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(Comet CWA-1000 - Trapped Fan Dipole for 80m, 40m, 20m, 15m and 10m Similar о Diamond W8010 19.8 m long. 


[Thinking outloud: Could take the 80m segments and 7MHz traps of the ends of both the W8010 or CWA-1000 to 
produce a shorter antenna covering 40m, 20m, 15m and 10m that would only be about 13.6 matres long? | 


KZJ - Restricted Space Inductive Dipole (trapped?) Straight - For 80m, 40m, 20m and 10m only 16.5 metres long. 
KZJ - Restricted Space Inductive Dipole (trapped?) Straight - For 160m 80m, 40m, 20m and 10m 22.3 metres long. 


тор quality designs: 
‘Spectrum Communications 80m + 40m Dipole fed with twin feeder and will caver other bands up to 10 meters 
‘Spectrum Communications 40m + 20m Dipole fed with twin feeder and wil cover other bands up to 10 meters. 
‘Spectrum Communications 80m + 40m Inverted L. Will cover other bands up to 10 meters. 


Verticals: 


Usually very short when compared to the wavelength being used so power loss may well be very high. Might be 
useful in very restricted spaces where nothing else really wil fit in. А vertical antenna can provide batter low angle 
radiation which can provide better long distance DX. 


(G Whip G Pro wide band whip antenna - perfect resonance on the 40m band and 80m to 10m with & TU. 
‘Sandpiper V10 and derivatives. Depending on bands covered, between 4.2 m and 6 metres tall. 
‘Sandpiper MV10 and derivatives. Depending on bands covered, between 2.5 m and 4.2 metres tall. 
Butternut НРУ covers Вот, 40m, 30m, 20m, 17m. 15m, 12m and 10m. - 7.9 metres tall 

Diamond СРВ covers Вт, 40m, 20m, 15m, 10m and бт. - 4.6 metres tal 

Diamond CP5-H covers 40m, 20m, 15m, 10m and 6m. - a mare 3.5 metres tall. 

Comet ! Maldol HVU-8 Вот, 40m, 20m, 15m, 10m, 6m, 2m, 70cms, - liny at only 2.6 metres tall 

GAP Eagle DX 40m, 20m, 17m, 18m, 12m, 10m. - 6/4 metres tall. 


Antennas 1 | Antennas 2 | Antennas 3 | Antennas | Antennas | Antennas 7 


Geoff G4ICD offe а multitude of high quality solutions for 


MOMTJ | Operating Conditions | Antennas / Aerials | /P Portable Operating | Accessories | Projects £ Kits | Useful Information 


Contact MOMTJ | Contact MGORS | Links to Amateur Radio Sites | RSGB | OSL | The Amateur Radio Mini Ste Map 


WSPR Weak Signal Propagation Reporter 


News, Developments, Events, Photographs and other Bis ч Bobs! 


MDSG75 Home 


aback 
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MyHome Page  MOMT | Operating Conditons | Antennas / Aerials | (Р Portable Operating | Accessories | Projects & Kits | 


Useful Information, | 


Amater | Contact MOMTY | Contact M6ORS | Links to Amateur Rado Sites | ВСВ | OSL | The Amateur Radio 
Radio К-ту ИЮ 
КЕЗЕЙ e Events, Phaloarashs and omer 1 Boby | WSPR Weak Sianal Pracagalon Reporter 
Conditions | 
Antennas 
AERIALS (ANTENNAS) 5 
Accessories Antennas 1 | Antennas 2 | Antennas 3 | Antennas 4 | Antennas 6 | Antennas 7 | 


Projects index To Other Antenna Pages: 
DESSEN antenas 1 Aerials used by MOMTJ 
Antennas 2 : Including ideas for compact antennas for Top Band /160 metres 
Data Hodes Antenna: : Foix Scem VKAFUO discusses Loop Antennas, baluns, masts & other antenna related topics 
ntennas  : Many antenna ideas from various sources particularly for mull-band operation & also gives information 
Information 
antenna rimming, knots for wire antennas and useful antenna raging accessory ideas. 
portabie Acionnas6: Half Wave End Fed antennas for 144 MHz VHF / 430 MHz UHF and 50 MHz 6 Metre band & J-Pole 
‘eras 
Antennas 6 : Simple and effective НЕ. Antenna ideas Ground Plane and All Band Doubiet 
QSL Antennas 7 : Omni-Directional - Circularly (Mixed) Polarized Antenna for VHF / 2 Meters. 


LOTE] The VK2201 “Flowerpot Antenna" -A physically end fed Half Wave "Coaxial Dipole" for 2 metres and 70 | 


limetres 
uns en, , ꝓ ↄ аре өг the hose. The base | 

‘of the antenna (the bottom of its radiating element) is approximately 11 metres above ground level. This antenna is 
QRM based on the Controlled Feeder Radiation principle (CFR) and is described by VK2ZOI on his website. Also known. 
as a "Coaxial Dipole". My version is described below. 


Bits 'n' Bobs 
(Also seen in the photograph are the ropas that support the H.F. wire aerials. 
Contact 


WSPR 

Weak Signal 

Propagaton 
Reporter 


| PORTABLE 


Site Мәр 
MDS975 Home 
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MOMT] 


ome brew dual band vertical antenna for 2 metres and 70 ems 
(Coaxial Dipole | Controlled Feeder Radiation Antenna / Flowerpot Antenna) 


УК2ЛО! has produced some extremely ũ and potentially very useful dipole antenna designs. The designs 
could form the basis for a great homo brow antenna projec since itis physically end fed and can also be mado into 
а dual band aerial for 2 metres and 70 centimetres, во forming the basis of a viable alternative to buying an 
expensive commercially manufactured white stick antenna. 


The final dual band version works very well and can form the basis of a viable allarnative to commercially made 
‘while stick antennas, because there's nothing better than using your own home-brew antennal 


Physically, the feeder cable enters the antenna at the bottom end, so it looks like an end fed aeria, VKSTWO / 
УКБТИО describes as a "Coaxial Dipole”. "Electrical is a simple dipole. The RF Is traveling inside the bottom 
‘element and doesnt Jace the antenna until where the coax is cu in tha centre of the antenna, as shown In tha 
diagram below. Where the outer braid is cut (electrically the centre feed point, the RF then radiates lke a simple 
dipole, via the top radiator (coax core), and via the outside of the coax - tne bottom half of he dipole. The top 
radiator is thinner than the lower radiator (hence why tha lower radiator is sgh shorter than the upper radiator) 
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‘The coling of the coax is simply forming an RF choke (high impedance paint), to stop the RF continuing down the 
outside of the braid, thus electrically it'appears to be the end of the radiating element. 


+ UPVC conduit cap 


тор of radiator element 


í 
{ + Fishing ine 
i 

i 

i 

[ 


Pm es mm conduit 
457 mm шо 
Coax inner 
235 mm = (+ Sleeve on outside of conduit 
447 mm 
324 mm 
| ay €— cone 
Top of cal 


http:/ivk2z01.comlarticles/half-waveclower-pot! 


1 purchased a 3 mete length of 25mm diameter condit from B&Q, our local DIY centro and ordered some 26mm. 
% already had somo good quality RGS for the feeder and main 2 metre 
radiating element and some aluminium foll for the 7Dcm sleeve dipole. 


‘First of all I cut the RGSS cable to form the 2m radiating section and choke coll Because the UK's 2m allocation of 
144 1o 146 MHz Is narrower than the 144 to 148 MHz available in Australia, | varied slightly rom the design shown, 
The centre ofthe UK's 2m band is about 1% longer in wavelength, so | decided to make both the top and botom 
measurements 1% langer. 


I therefore stripped 460 mm af the outer sheath and braid from the cable to form the top 1/4 wave element ofthe 
dipole. | than measured down 450 mm and marked the point where the lower 1/4 wave element would finish and the 
choke сой would start 


Next I attached a thin nylon cord to the top of the top radiator, the coax inner 


| then cut the 3 meter length of 25 mm conduit down to about 2:3 metres and drilled а hole where the сой would 
start wound 9 turns of RGSS cable from that hole and marked the position of the lower hol. | then removed the 
Coaxial cable and drilled the second, lower, hale. 


| then pushed the radiating section of RGSB into the top hole and fed it up towards the top of the tube, stopping 
when the marker tape reached the hol, | than wound Ine coll and pushed the remainder of the RGSB rough to 
lower hole and ftted а PL259 plug on the end, 


1 pulled the top of the radiator wire tight using the nylon cord and pushed the end cap on. The antenna was then 
ready to be tested on the 2 metre band. I found that the resonant frequency was rather loo high, just above 146 
MHz, so | pushed an additional 10 mm of coaxial cable inta the upper section ofthe tube -thecefore making the 
lower 1/4 wave section of the dipole 460 mm lang - the samo as the top section. | lightened up the choke coll 
winding again and performed another test. 


‘This time the resonant point was just over 145.000 MHz - near enough the centre If the UK's 2 metre band. That 
was perfect, so the 70 cm sleeve element was then added - inis is a 235 mm long tube of lichen fol positioned 
exactly at the contre (feed) point of the 2 meter dipole within the tube. 


‘The SWR was tested and found to be acceptable across both the 2m and 70ст bands. 
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| then fitted the end cap, applied tho heatshrink to the сой and to the aluminium fol sleeve. I noticed that when the 
antenna tube was moved around the cable inside rattled around making а noise thal may be rather annoying to 
anyone near its final location. 


To help hold prevent the cable from rating I pushed up 4 or 5 small pieces of foam material up the tube from the 
bottom to rest at various positions along ls length. With these pieces in place the cable was certainly silenced, 
however it may have had a deleterious effect on the SWR. 


Wih the antenna now In is finished physical stale | naturally checked the SWR again to compare against the 
performance in йв somi-comploto state. | was pleased to find thatthe SWR was stil fine across the 2m band, in fact 
the SWR was a ite lower. However the SWR atthe edges of the 70cm band was considerably higher - 1.8 at 440 
MHz and about 22 at 430 MHz. 


1 conjectured that the heatshrink covering the fol sleeve dipole may have caused the change in response so | 
removed i, but the SWR was litle different and the bandwidth on 70ст was now disappointingly narrower than 
expected and hoped for 


‘Although | cannot say for certain, because they cannot now be easily removed, but it may bo possible that the 
pleces of foam may be the culprits Tor the diference, 


\While the bandwidth could not ba improved, | decided to move the contra point of resonance down a tio by 
increasing the length af the sleeve element from 235 mm to 245 mm. With that adjustment the SWR was now 
‘approximately 1.6 at 430 MHz but rising to 2.0 at 440 MHz. (Unfortunately I forgot to note the exact figures down in 
ай cases) 


When the antenna was connected to the 20 meter length of Westlex-103 back to the shack, the SWR reading were 
as follows: 


2 Metros -SWR Tücms -SWR 


The SWR readings in the shack for 2 meters are lower than at the feed point, which is presumably due the losses ln 
the feeder. The SWR readings for 70 cms look rather erratic, with a strange peak al 435 MHz, while the 430 MHZ 
figure is lower than at the feed point of the antenna, and the 439 and 440 MHz figures are disappointingly higher 
than hoped for. The peculiar readings are likely due io feeder effects. 


However tho SWR at 4334, in the FM simplex portion of the band, is very low, 


‘The completed antenna was mounted to the aluminium mast by ullising brackets o the Watson W50 antenna. The 
brackets had o be reversed so that the narrower diameter of the 25mm lube could be held in place by the V Boll, 
while the circular section that previously ited aver the base of the WSO now sid over the mast, which was 
coincidentally a similar diameter. 


| mado a small addition to the design in the form of a second small 150mm length of of the 25 mm conduit glued to a 
coupler section. This i slid Into place at the bottom af the antenna to provide additonal weather protection to the 
int between the W-103 feeder and the RGSS of ihe antenna - which self is covered in self amalgamating tape. 


‘Shown in the table below are some signal comparisons with the Watson W-50 antenna; both were mounted on the 
same mast in the same postion and at a height of approximately 7 metros above ground level. Becuase the S-Motor 
of the transceiver is not calibrated in absolute values, the figres are for relative comparison oniy - also bear in mind 
tha a typical S Point represents 648 - therefore the accuracy ofthese readings wil be coarse and might be 
considered to be +348 - that's a rather wide variation. 


Despite the relative crudeness of these comparisons, the results do seem to indiacte that the VK2ZOI antenna is 
marginally or sight better than the W-50 on 2 metres and marginally worse on 70cms. | am quite pleased with this 
гези! and beleive that this antenna really could replace the need to buy an expensive commercially manufactured 
antenna. 
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My only concem with ttis type of antenna is that there is no path to ground from the top element, ав there would be 


with a folded dipole or a -Pole type antenna. This may be a cause for concern as far as static buld up is 
concemed. 


Signal compari 


Watson WSO 
a ene 
‘Station A 87 59 
Staton 8 ss ES 
Staton C s s 
Staton D s s 
Staton E EI E 
Е so si 
E E ES 
Staton H s2 эз 
‘Staion EI E 
70 cms 
Staton J E] s | 
Staton k ss ss 
‘Staton L ss E 
Staton m so so 
Staton N se s 
Station O 56 s 
Staton P s E 


Please see the photographs below for a visual explanation of this project. Mike, MOMTJ. 05/03/2013 


MeMT] 


First stage of construction af the 2m/ Ост dual band antenna 
Cutting tha 25mm diameter conduit to the desired length and cling 
tha мо holes allowing the сої o be wound. MOMTJ 
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D cung SB сы r 


pol o 
tape added to mark the bottom of the dipole where the coll starts. MOMTI 


— Inner of coaxial cable 


Thin nylon cord 


Blobofgue Û 


Edge of rad marker tape just visible through hole 
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The ine isolator choke ls formed by winding 9 tums of the RGSB 
coaxial cable around the 25mm diameter conduit tubing. MOMTJ 


MOMTJ] 


le in cord that holds the 1/4 wave radiator in place е located n he 
notch and wil bo trapped in place when the end cap is fited. MOMTJ 


OMT] - www.mds975.co uik = 
‘er teing. е col was covered in nesshnnk to proven water ente te pas ubo 


“The all sleeve dipole for 7Ocms is covered in healstrink 
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Oops. Lesson learned. When appiying heat tothe heatshrink I held Ine tube above fe ground and he plaste of the 
tubo stated o go soft and bend out of shape. The buckle in the tube can be sean in this photograph. 
Lesson: When applying heat, Keep the tubo flat on the ground or work bench and гой the tube along as the 
heatshrink shrinks into place ensuring that the tube does not distort or bend. 


25 mm end cap sealed in place by heatshvink 
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Completed antenna 


The completed antenna in place, mounted at fne top of my aluminium push-up mast. The fixings used are the 
brackets from the Watson W-80 antenna which have been reversed so thal the smaller diameter PVC tube 
is heid in place by the V Bolts. 


Bracket re-used from Watson antenna 


Short addtional length of cond tube 
push on to main antenna tubo with joiner 
lo protect PLZS9 coaxial connectors 


Weston 103 en 


Photograph detailing the the fixings: The brackets are brackets are fram the Watson W250 antenna which 
have been reversed so that the smaller diameter PVC tube is held in place by the V Bolts. 


For further detailed information and reading, please visit the excellent website of John Bishop VK2ZOI here: 
hit: vi2e0\.comlariclesthall wave-ower-pot 
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6 Metre Half Wave Coaxial Dipole - An end fed CFR Dipole antenna supported by a З metre long fibreglass 
fishing polo for 50 MHz 


In 2014 | decided to remove tho 4 Metre J-Pole antenna from my push-up mast due to the fact that the band is 
relatively quiet and that only have tho 5 watt Wouxon handheld transceiver for 70 MHz. 


| decided that having a good, full size antenna, far the 6 Metre band would be more useful and potentially more 
rewarding since it can be used with а 100watt HF radio that covers 60 MHz. 


‘The choice of antenna was an easy ono. With the great success of the flowerpot antenna", | decided to build а 
version for 6 Metres: 


‘Similar designs of Coaxial Dipole antennas had also bean featured in recent editions af the RSGB publication 
RadCom during 2012 and 2013. The antennas in RadCom are described as Controlled Feeder Radiation (C.F.R) 
Dipole antennas - the tuned choke at the feed: point controling, ог choking of, ine common mode current that would 
otherwise flow down the outside ofthe coaxial feeder cable causing E.M.Č. Issues on transmit high S.W.R. reduced 
efficiency and noise on receive. Ses references beiw 


‘The advantage of this design is that сап be physically end fed, so there is no feeder cable to route away from the 
centre of the dipole. Electrically, however, the feed point is at tha contra of this dipole aerial, as explained earlier. 


Rather than ft the antenna inside a PVC pipe, as with tho previous dual band 2m / 70cm antenna described above, I 
‘decided to use a lighter weight and less conspicuous 3 metre long fibreglass fishing pole as the support. The 
completed radiating element simply being taped to the fishing pol, 


1 cut a length of MIL spec RGSS cable, about 4.5 metres long, to form the bottom half of the radiating section and 
the chake cail, leaving enough to form a short length (about 30 em) of cable below the choke coll on o which is 
soldered a PL259 plug. 


The choke consists of 15 tums of the RGSS coaxial cable wound on a 50mm diameter plastic former cut rom the 
empty tube of a cartridge gun that previously contained silicone sealant- allowing a 30cm tall on Lo which the PL259 
plug is fixed on one side and and about 1.31 metre length on the other side that wil form part of the radiating 
element. 


‘The half wave radiator therefore consists of quarter wave bottom section of the RGS cable and a quarter wave 
top section consisting of a length of mult-strand (single conductor) PVC. covered antenna wire. 


А quarter wavelength at the mid point of the 6 Меге band is: 300 + 51 MHz = 5.88 metres + 4 = 1.47 metres 
Duo to velocity factar the actual length of the quarter wave sections will be shorter. With the materials that I used, I 
found that a factor of about 87% was about right, the 1/4 wave length being 1.29 metres. 


The top tip of the bottom 1/4 wave section of the coaxial cable is stripped of about 2 cm of outer sheath and braid 
leaving the length of braided section, measured from whore It exits the сой, 129 cm long. The inner conductor s 
then stripped of tem of insulation. This s effectively the centre point of the dipole. To this points soldered the 129 
em length af the PV.C. covered aerial wire to form the top half of the antenna. In practice, use a slightly longer 
length of wire, and then fold over the excess to for the 129 cm length - this can then be used to adjust for lowest 
SWR at 51 MHz. 


‘The length of the radiating section was therefore about 260 centimetres, plus about 13 centimeters for the сой 
former giving a total length of 273 em. This allows about 27 em of he bottom section of а 3 metre fishing pol to be 
used o fx 10 a supporting pole or mount = e.g to he top of ап aluminium mast 


‘Dril four small holes in the choke former so that when tho fishing pole is placed through the centre of the former it 
сап bo fixed to the polo using мо cable les. 


‘The radiating section (coax and PVC covered wire) is fixed to the top section of the fishing pole with good quailty 
insulating tape. 


The aerial can now be temporarily fixed to the mounting pole using suitable brackets - taking care not to crush the 
delicate fibroglass! Connect the PL259 plug to the antenna feeder cable using an 50239 back-to-back coupler and 
test the SWR with an antenna analyzer or SWR bridge. The lowest SWR should be centred on 51MHz and be low- 
less than 1.5. My reading was 1.2. 


Ifthe point of lowest SWR is significantly away from 51 MHz andlor the SWR al the band edges is too high (Le. over 
2) then length of the radiator wil need to be adjusted. Ifthe points oo low in frequency, the antenna i too long and 
wil need to be shortened. If the point is too high in frequency, the antenna is too short and will need to be 
lengthened. 


‘Adjustment can be achieved by pulling the coax through the сой to make lt longer, or pushing the coaxial cable back 
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Into the сой lo make it shorter. Also ensure that the coil winding are adjusted to that thay remain tight and neat. The 
op PVC covered wire section will also need to be lengthened ог shortened accordingly by adjusting tho folded over 


Noto that in practice, to obtain the very lowest SWR, the top PVC covered ийге section may need to be slighty 
longer by perhaps 1 of 2 centimetres. This is probably due 1o the fact that the velocity factor of te PVC covered 
antenna wire is atte greater han the coaxial cable. 


(Once the antenna is adjusted correctly, ensure hat the wires are securely taped to the fishing pole. Connect the 
permanent antenna feeder to the aerial using the S0239 coupler and weatherproof the join thoroughly using sell 
amalgamating tape. Use the very best quality coaxial cable possible o ensure lowest loss. I uso Westhex 103, but 
consider MIL Spec RGB or RG213 as the minimum standard 


50 MHz Coaxial Dipole Controle owerpot Antenna 
A physically ond fed fed hal wave dipole antenna for 6 Metres 
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About the Author 


L. B. Cebik, WARNL, passed away in April 2008. He had written extensively 

about antennas and antenna modeling (as well as 
other electronics subjects) in most of the U.S. ham 
journals, including QST, CQ, Communications 
Quarterly, QEX, Ham Radio, 73, ORP Quarterly, 
Radio-Electronics, and QRPp. Besides the continuing 
series of antenna modeling columns he does for 
antenneX (continues through 2010), he also wrote a. 
column for 10-10 News (An-Ten-Ten-nas) and another 
for Low Down (Antennas from the Ground Up). A Ме 
member of ARRL, he served as both Technical and 
Educational Advisor. Several years ago, LB joined the 
position as Technical Editor for antenne 


L. B. has published over two dozen books, with works on antennas for both the 
beginner and the advanced student. Among his books are a basic and 
intermediate tutorial in the use of NEC antenna modeling software and 
compilations of his many shorter pieces. Some 30 of these books have been 
published by antenneX and listed in the BookShelf at our website. 


He was a ham since 1954 and also a life member of QCWA and of 10-10 
International. He also maintained a web site ( http://www.cebik.com ) on which he 
has placed a large collection of entries from his notebooks and publications 
sponsored by antenneX. A PhD and a teacher for over 30 years, he retired as 
professor emeritus of philosophy at the University of Tennessee, Knoxville. 
antenneX isiwas very fortunate, indeed, to have had LB as a member of its 
‘writing team and Tech Editor for some 12 years. 


Hor one, lament daily at the tragic loss of one of my closest friends. 
— Jack L. Stone, Publisher 


About the Author 
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"Choke Col - 15 turns of tne RGSE coaxial cable on а 50mm diameter former 


VHF Band Il Broadcast Band antenna for 88 to 108MHz - 
Physically end fed, Coaxial Dipole / Controlled Feeder Radiation Antenna (CFR Dipole) for VHF broadcasts 


| used a 2 metre long length of 25mm white plastic pipe, strengthened with with a 2 metre length of 21.5mm 
overflow pipe pushed up the inside. 


The radiating element is mado from good quality 75 Ohm coaxial cable. Since VHF/FM broadcast tuners are 
designed to be fed with 75 Ohm coaxial cable, use high quality, low loss double shielded satelite grado coaxial 
cable for the feed between the aerial and the radio tuner. Use satelite F type connectors and joiners for lowest loss. 


The top half of the radiating section is 670mm of the centre conductor (or a length of mult-strand PVC covered 
vra). The bottom half of the dipole ls 650mm of tho complete coaxial cable - choked off at the bottom by tha coll 
section. The top partis heid in place by a a shor length of thin nylon cord, trapped in place by the top PVG cap. 
‘The cap itself is sealed on the outside by some self amalgamating lape. 


The choke collis 22 turns of the 75 Ohm coax wound around the 25mm pipe. Tightly spacing the windings of the со! 
will minimize the bandwidth covered but provide the lowest SWR at the centre point. A looser winding of the сой wil 
widen the bandwidth covered, bul lowest SWR achived wil be a litle higher- 


(Once the tuning of the radiating elements, сой winding and band coverage has been checked with an Antenna 
Analyzer, the col section should bo covered with heat shrink, taking great care not to overheat and deform the 
Plastic pipe. 


The actual final dimensions (as shown below) may well need some adjustment in length due to differences in cable 
nd type of pipe used. However, with the dimensions shown, | achieved a minimum SWR of 1.3 at 97.4 MHz. The 
nd edges at 8&MHz and 108MHz were al an SWR of around 3.8 to 4.0 which ls probably OK for broadcast band 


5 
reception. The frequency of lowest SWR can can be changed, f desired, by changing the lengths of the radiating 
‘sections - slighty longer for a lower frequency and sigh shorter for a higher frequency. 
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Thin nylon cord 


|a 25mm diameter white PVC pipe 


670mm 
Coaxial Dipole 
for Band II VHF 
88 to 108 MHz 
FM Broadcast 
650mm Band 


ea tums of 75 Ohm coax 


Coaxial Dipole for the 88 to 108 MHz Band li Broadcast Band 
An effective, cheap and simple vertical antenna that is fed at its base 


RSGB RadCom Articles: 
‘The Controlled Feeder Radiation Dipole. Peter Dodd. RadCom, September 2012, page 22. 
More On The CFR Dipole and Coax Chokes. Peter Dodd. RadCom, October 2012, page 54. 


УНЕ CFR Dipoles and More on Common Modes Chokes. Peter Dodd. RadCom, January 2013, page 24. 


‘The HAK Chokes Coaxial Dipole. Encouraging results from 2m to 20m. Peter Grant RadCom, Apri 2013, page 2. 


‘Join the RSGB to receive your monthly RadCom magazine: hp:/sab ora!main/oublcaions-archves!radcom/ 


VK3TWO / VKSTWO Comments: 


Many years ago when | was working for a Service Centra, by accident we broke a commercial white stick antenna 
whilst Using it for a task it wasn intended for. | found that Inside the fairy expensive commercial antenna the basis 


for the design was very similar to the coaxial dipole (as cal them). 


Our local repeater club calls hem "pogo sticks", which | can only assume is due to the coax coil resembling the 
spring of a pogo stick. This design had RG213 being fed inside an aluminium tube (the bottom radiator), and the 


‘outer braid was then terminated to this. The inner of he coax, then terminated to an identical aluminium tube which 


Was of course the top radiator. Where this design largely differs, is that hore was also a 1/4 wave stub of coax 


Tunning parrall wih the bottom radiata (note that this was for single band operation, nat dual band). The whole lot 


then sid inside the typical white tapered fibreglass housing. | didn't cut open the bottom mounting section to see 
how it was choking the RF, but assume it had a handful of ferrites inside the metal base (an allemalive way of 


making the RF choke). 


‘The repeater group has bult probably hundreds of those and sells them for $40 at local hamfosts. Wo had a ‘Jig’ 


‘made so that all of the measurements were 'pre-marked' etc, and allowed us to mass manufacture them. Last year, 
wa had planned the typical working bee to make about 30 of them, but this ime we had а very expensive Anritsu 


‘Sitemaster at our disposal. We discovered that tha whilst the design we'd used for decadas had a qood SWR, I 


actually was far from optimal. With a heap of tal and error (and with excellent visibility of what was really going on. 


ма the Anritsu - not ust SWR) we were able to fine tune the design. 
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From memory, we actually needed more turns of the coax than we had been using (10.5 tums from memory), and 
ur cutting measurements altered slightly. As to be expected, he number of tus was largely dependent оп ihe size 
ofthe conduit being used, even changing from 26mm to 30mm etc. 


We took several screenshots of the final SWR plots etc. These showed that the bandwidth of this antenna as VERY 
wide Кот an SWR point of view. Ill see if | сап dig some of them up for you i you'd Ike. 


73, Heath, VK3TWO / VKBTWO 
MEngSc, GDipCompSc, DipEE 
ves Spookech not 


blioi/hovscwara org au - The West Australian Repeater Group Inc (WARG) is the largos! amateur radio club in 
езет Australia (VK) 


D.LY. J-Pole Antennas - A really simple, quick and very cheap "home brew project J-Pole 
Antennas 


J-Pole antennas for 2 meters, 4 metres, 6 metres and 10 metres 


While experimenting with antennas in the garden in the summer of 2012 | thought that It would be good to have а 
hand-held radio in the shed to do soma monitoring and make a few contacts. To improve upon the performance of 
the ‘rubber duck antenna | quickly made a -Pole antenna for the 2 metre band. 


Itis made from a 47em length of 450 ohm Wireman ladder tine as the 1/4 wave matching section, plus a 97cm 
length af stranded wire as ће 1/2 wave ᷣ i fed with 3 metres of Mil spec RGS clu coaxial cable that is 
soldered to ho 1/4 wave matching section's impedance matching point at 3.5 cm from the bottom. The coax feeder 
is wound around some PVC tube to form a choke. The completed antenna is taped to a 2.2 metre long fibreglass 
fishing pole that | purchased from Poundland (for £1.00) It took about 20 minutes to make followed by some testing 
and adjustment withthe antenna analyser. The fishing pole is lashed to tho shed with soma cable ties. 


‘This simple antenna works pretty well, but being so low down signal strengths are not huge, but is pleasing to get 
оп the air with something so simple and cheap! 
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"The Shed Antenna -a 2m J-Pole by MOMTJ 
Note he simple choke balun at iis base made by winding 8 tums 
af the coaxial cable around a small off cut of white PVC water pipe. 
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he feed point of a J-Polo antenna made from Wireman 450 ohm ladder line. 
or the 145 MHz antenna this feed pont is 3.5 cm from the bottom of the ladder Ine section which 
is on the right hand sido in this photograph. The coaxial cable used in this case was МІ spec 
%%% cable could be used. The wire 
radiator section is connected to the same conductor of the ladder ine as the coaxial cable's 
tro conductor. For my antenna, fixed to а Abroglass fishing pole, the radiator wire was 
oem in length. 


Top of 1/4 wave matching section 


Wire radiator section. 


450 ohm ladder line 
Soldered joint MØMTJ 


Photograph showing the point where the PVC covered wire that forms the half wave radiator section 
is soldered onto the top of the 450 ohm ladder line that forms the quarter wave matching section. 


Inspired by DKTZB. The J-Pole is a very effective antenna and being made of wire it is very light weight making I 
quito easy to fx in different postions. If you have problems installing a permanent antenna thon making a wire 
antenna that can be easily supported on a lightweight push up telescopic fishing pole can make an ideal atemative. 


The formulas lo make a J-Pole antenna fram 450 Ohm Wireman ladder ine in this way are: 


Length of 1/4 wave impedance matching section (450 ohm ladder ine) Wavelength x 0.223 
Length of 1/2 wave radiator (any reasonably strong PVC covered stranded wire) Wavelength x 0.471 

The point at which the coax is connected tothe 480 ohm ladder ine wil be about 5 to 10% of the length of the 
ladder line section up from the Боот. 


‘The wavelength at mid point of the 2 metre band (145.00 MHz) is found by the quick calculation 300 + 145 = 2.068 
melos 


So, to make a practical antenna: 


The 1/4 wave section of 450 ladder iine will be 2.07 x 0.223 = 0.47 metres long 
The 1/2 wave wire radiator will be worked aut as 2.07 x 471 = 0.975 metres long 

The connecting point of the coax wil ba about 3.5 cm from the bottom af he 1/4 wave section. The optimal point 
may have to bo found by some experimentation - as wil tha best length for the wire radiator. 


The length f the wire radiator wil be affected by surroundings. For example | fired the wire to а fishing pole. The 
proximity of the fishing pole has the effec of electrically lengthening the wire; so using а 97.5em length of wire fixed 
lo а pole I found that it resonated (as expected) at a lower frequency, I therefore had to be shortened unl the point 
of resonance (indicated by lowest SWR) was around 145.00 MHz. This should be done inthe antonna's expected 
final position since the J-Pol is quil sensitive to its surroundings, во И these checks are done near the ground, 
once it is raised into йв final position the SWR wil have changed and the adjustments will have to be dono again. 


Mound that 3.5 cm was good for tho 2 metre band antenna, but for the 10 metre band version of the antenna a tio 
more experimentation was required 


‘The VSWR reading may not be espacial low, even though the point of resonance forthe wire radiator may have 
ben found. For tha 10 metre band antenna at this this stage was about 1.7 indicating that the connection point of. 
the coaxial cable to the 450 ladder ̃ to be adjusted. The ladder lino is used as an impedance transformer, 
transforming the vary high Impedance (hundreds of ohms) af tho hal wave wire radiator down to the 50 ohms 
required by the transceiver and the coaxial feeder cable. This connection point therefore affects the impedance of 
the antenna, the higher up the matching section It isthe higher the impedance wil be, and visa versa. 
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(Once the length of the wire radiator has been set, he connection point can be moved up and down the ladder ina 
шй lowest SWR is achieved. A few centimetres of the PVC insulation has to be carefully scraped away from the 
capper conductor on each side of the ladder line Using a craft knife. The inner conductor af the coaxial cable ls 
quickly tack soldered on the side tha is connected to the 1/2 wave wire radiator. The coaxial cable's braid is quickly 
tack soldered to the opposite side of the ladder ine at this point, ensuring that both points are equal distance from 
the bottom. At this point temporary croc clips could be used, but | preferred а quick solder joint. 


With radiator trimmed or resonance, the connection paint of the coaxial cable can then be moved up or down the 
ladder ine Ише by Ito un-soldering and re-soldering the coax to the ladder line untl a lowest possible SWR is 
‘achieved, indicating that the antenna is near the ideal 50 ohm impedance. 


(Once the ideal point is found the coaxial cable can be properly and permanently soldered to the ladder Ine, 


MFJ HF/VHF SWR ANALYZER 
MODEL MFJ-2598 


IMPEDANCE 


Меге Band y Pale on the antenna analyser - fs gelling close! 
Each J-Pole took about 20 minutes to physically make out of the wire components. However the testing and 
adjusting took a bit more lime. I used an antenna analyser which saved having to Key the mike every time when 
Using a basic VSWR bridge and causing unnecessary ORM, but even so, hoisting the fishing polo up and down 
numerous times took а йе more lime: 


10 Motor J-Pole. For the 10 metre band J-Pole antenna this took perhaps another 20 or 30 minutes unti | was 
satisfied with the adjustments. It may take a litle longer fusing an SWR meter. 


6 Meter J-Pole. For the 6 metre band antenna the radiator wire had to be trimmed а Ме and the feed point 
adjusted to 6 cm, taking about 10 addtional minutes to complete. 


4 Metre . pelo. For the 4 metre band, centred on 70.37 MHz 


2 Meter J-Pole. For the 2 metre band antenna the wire radiator took a couple of attempts to get it to the correct 
length when attached to a fishing polo, but the feed point was spot on first time al 3.0 cm, again taking about 10 
‘addtional minutes to complete 


Неге are some suggested dimensions for the 2 metre, 6 metre and 10 metre band versions, when supported by a 
fibreglass fishing polo: 


ON, Wave Radiator | 1/4 Wave Section | Feed Point 
Г 2 Metre Band Antenna | 0975 т T 047m em 
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SEE ни E E 


[to Metre Band Antenna | 245m em | 


NB. Tho 1/2 wave wire radiator section wil be shorter than calculated when fixed to а fibreglass pole or other 
object. 


To re-cap, the 1/2 wave section should be adjusted for resonance and the feed point position adjusted for minimum 
VSWR. 


Sealing and waterproofing. Once the antenna is completo and has been checked and tested ail the bare joints 
should be sealed against the weather with liquid electrical tape and self amalgamating tape. The coax should also 


bo secured against the ladder ine with a nylon cable tie as а strain relief to prevent the soldered feed point joints 
from breaking. 


‘These J-Pole Antennas were inspired by DKTZB - htip-Jvaw.qsl netidk7zb/J Pololviremanipole him 
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My Home Page MOMTJ | Operating Conditions | Antennas / Aerials | /P Portable Operating | Accessories | Projects & Kits 
RSGB | QSL | The Amateur Radio Mini Site Map | Pholocraphs and Bis 17 Babs" 
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Conditions 
Antennas 


AERIALS (ANTENNAS) 6 


Accessories Айша 1 | Antenas | Antennas 3 | Anlemas4 | Antenas 5. | Antennas 7 


Projects index To Other Antenna Pages: 
Antennas 1 ` Aerials used by MOMTJ 
Antennas 2: Including ideas for compact antennas for Top Band /160 metres 
Antonnas 3 : Felx Scerri VKAFUO discusses Loop Antennas, baluns, masts A other antenna related topics 
inlennas 4 : Many antenna ideas from various sources particularly for mull-band operation & also gives information 
about 
antenna rimming, knots for wie antennas and useful antenna rigging accessory ideas. 
Half Wave End Fed antennas for 144 MHz VHF | 430 MHz UHF and 50 MHz 6 Metre band A J-Pole 


‘Antennas 6 : Simple and effective Н.Р. Antenna ideas - Ground Plane and All Band Doublet 
Antennas 7 ! Omn-Directonal- Circularly (Mixed) Polarized Antenna for VHF / 2 Meter. 


RSGB Ltd 


Links 


КЩ Te AllBand Doublet Antenna - An Efficient Multi-Band Aerial (Dipole fed with Balanced 
Line (Not Coax) 


"Everything should be made as simple as possible, but not simpler." - Albert Einstein 


Edd i 2014 I installed a newly constructed Doublet Antenna. The top wires are 20 metes in otal length - perfect for he 


(40 Meter Band, but because It is fed with balanced line / ladder line back to the antenna matching unit (ATU) It wil 


contact M on most bands between 40 Meters to 6 Meters. It even works pretty wall on 80 mates. The old 
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(par of amenna shown) 


Main Benefits of a Doublet as a true Multi-Band Aerial - Perhaps your ideal single, mull-band antenna 


А Doublet can be used on whatever frequency it is cut for, and higher frequencies. Useful, there can bo some 
useful gain оп higher frequencies, although Ihare will be some petal shaped lobes on the higher frequency bands. 


Balanced ladder line or open wire balanced feeder must be used (NOT coaxial cable). Ladder-Ine or open wire ine 
ensures lowest loss at High Frequencies so that as much of your precious transmitter power as possible wil be 
radiated by the aerial itself an not lost as heat in a coaxial cable. Likewise receive efficiency should be maximized 
Assuming that the aerial Is successfully balanced, the feeder should not radiate, even when there is (inevitably) high 
SWR: 


For those operators coming from CB, high SWR is not necessarily а bad thing, its just the way you handle it that 
matters. Use good quality low loss feeder (ie not coaxial cable) and proper impedance transformation and 
matching, and antenna system efficiency wil be maximised. 


Зо, high SWR is not an especially bad thing and will not reduce the aeríal performance, but do note that high SWR 
оп the balanced feeder does increase feeder loss compared to a when matched - but the losses wll be a lot less 
‘significant then if coaxial cable were to be used. This ensures that efficiency should be better so that all the power 
thal reaches the antenna wires will be radiated - save for any losses in the antenna tuning unit (AMU) or the 
balanced feeder cable. 


Remember: 
Balanced Line = Lower Loss = More Power Transmitted = More Signal Received 
Balanced Line = Less Noise On Receive (coaxial cable can suffer common mode currents, particularly on un- 


balanced aerials, that increases noise from local ORM, but if properly installed and balanced, open wire balanced 
line feeders can exhibit lower noise on receive while also increasing received signal strengths loo) 


Feeder Types 
(Use open wire Ine if possible for lowest oss. This сап be any convenient spacing, such ав 2inch (25mm) 3 inch 
(75mm) or 4 inch (100mm) and can bo made up using home brew or commercially avaiable ladder Ino spacers. 
‘Alternatively the standard commercial 300 Ohm ог 480 Ohm ladder line feeder could be used. 

Description 


The All Band Doublet can be a very good all-round antenna with particularly good performance on the band that itis 
‘cut for -in this case the 40 Meter Band where It acts as a Half Wave Dipole. However, f you have the space, cut it 
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Antennas Made of Wire - Volume 2 —— ЕШ 


PREFACE 
"it's not just wires anymore, it's an antenna!" 


le numerous ances and books have described various wie antenna 
W e sees ot rew oat rom e койа nema 

master LB. Cebik, WARN (SK). He is known the word over for his 
unique ideas bou new ways о "bend wes 10 get the most out of hem Wih 
LBS guidance, your success В practically guaranteed, It would be a rare 
occasion indeed that any desig recommended by s author wil not work as 
described. One can proceed wih ha confidence n mind. 


This book is dedicated to the design, construction and use of antennas of various 
types of wire. The reader can save a lot of ime and effort by reading these 
books. Then, experiment to your heart's content with an aim toward the goal of 
achieving the best signal for your unique environment, 


With wire, antennas are very simple and easy to build at a very lowest of cost to 
achieve one's goal. This book will demonstrate a number of designs from 
conventional antenna wisdom. How satisfying is it to twist and bend wires 
together and make connections only to suddenly discover, it's not just wires 
anymore, it's an antenna! 


Опе book is not enough to describe al of the best-known and LB's unique 
designs, but we shall continue with this second Volume picking up where Volume 
1 left off and progress toward the more complex designs. Volume 3 to follow. 


Along with some recommended wires, a pair of gloves and simple hand tools, 
wonders will sprout from your efforts quickly. And, with wires, such designs can 
be made to fit within the closest of environments. Many tips are suggested about 
how to make cramped spaces an asset rather than a liabilty—and keep your 
neighbors friendly as well 


We know the reader, newbie or advanced, will enjoy this book by one of the 
masters and have fun in the process! 


eface 


вїзлтв 
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for the lowest possible band. 


‘Approximate half wavelengths would therefore be: 40 Matre Band: 21 metres; 80 Metre Band: 42 metres; 160 
Metro Band: B1 metres 


It you dont have the horizontal space to instal an aerial cut for half wave at the lowest frequency, its perfectly 
feasible hat a 34 wavelength lop wire could be used instead and probably stil be about 95 o 38% efficient. The 
matching may be a litle more dificult however. 


‘Approximate 3/8th wavelengths would therefore be: 40 Metre Band: 16 metres; 80 Metre Band: 32 metres; 160 
моге Band: 60 metres. 


The Doublet (a Balanced Dipole) в not fed with coaxial cable, instead Balanced Open Wie Line; Ladder Line or 
Balanced Twin Feeder must be used. | chose 300 Ohm Ladder Line for my first Doublet aerial, but 450 ladder line 
could also be used. | later experimented with wide spaced home constructed balanced open wire ladder ine which 
Works vary wall 


Coaxial cable must not be used for this antenna due Lo that fact that on many bands the SWR wil be very high and 
losses in coaxial cable wil become unacceptably high with consequential large losses of transmitted power and 
larga losses in received signal strength. The longer the run of coax. the larger the losses will become. Therefore 
‘open wire feeder or ladder ine must be used la feed the aerial into а Balanced Matching Unit ATU") or a standard 
Antenna Matching Uni ("ATU") via a high quality low loss current balun. 


(When using 300 Ohm or 450 Ohm ladder line, or open wire line, should be installed so that it does not run near 
metalic objects (pipes, cables, wires, metal window frames etc) otherwise the balance wil be disturbed, thereby 
negating йв benefits - е. t wil become Un balanced with the RX interference and TX ЕМС problems that that 
impies. 


ING: Spectrum Communicatons ael 100 Ohm Tuin Feeder hich is aser to work win than typical 300 Ohm or 450 Ohm Ladder Line 
JJV 
CC 
— — 


When using balance feeders, ether a balanced Antenna Matching Unit ("ATU") or an 'ATU with a good, low loss 
Balun at ts input wil be required. A 1:1 Currant Balun would be ideal but try а good low loss 4:1 Current Balun if 
you have one. A 1:1 current balun may work better 


The aerial can be designed for use from 160 through to 10 meters very easly using the standard 1/2 wave dipole 
formula. However, the exact length ls not critical, you can у simply cutting the two top wire to be simply as long as. 
long as your space allows. Ideally a minimum of 378th wavelength at the lowest frequency of operation, but perhaps 
more ideally a half wavelength at the lowest frequency of operation. 


Instaling the antenna as an upside down vee (Inverted V) with a central support will mean that the antenna takes up 
less horizontal space than II ware installed as a fat op aerial. An Inverted V may also have an advantage of being 
sight less directional than a Flap Top aerial 


А Note About Baluns - | used a 4:1 ratio Guanella Current Balun for my original design, and this is often 
recommended by other users. However, it may be better to use a 1:1 Current Balun. 


A 1:1 current balun should have lower losses and be more efficient, so that the aerial system radiates 
more effective power. Additional а 1:1 current balun may present a more easily matched load lo te 
matching unit ГАТЫ") - this is because, for example, f he antenna presents a very low impedance at a 
certain frequency or frequencies, the 4:1 transformation ratio will make thal impedance even lower (evan. 
worse) and might be Impossible to match for some matching units. 


‘Stove GATXA has an excellent article explaining why the use of a 1:1 current balun would be preferable: 
‘alee Radio (GSTXQ)- Tuer Bai! ал 0:17 hai rato Sta une ban 


Whatever type of balun and whatever the overall length of the aerial top-Wra. if you have difficulty in 
matching some bands, ry adjusting the feed line length, by adding. or removing а Metre ог two, 


Note also thatthe internal "ATU" found in transceivers wil be entirely unsuitable to use for this type of 
aerial. You wil need a good external matching uni, either manual or automatic that сап match at least 
%% only match 2.5-1 or 3:1. There are somo MFJ 
"ATUS" that can match a very wide range, - for example the МЕЈ MFJ-B0GBRT, MFJ-939Y and MFJ-929 
сап match a range of 6 to 1600 Ohms (an SWR up to 2:1). | have not red these yet, but ат keen to 
take a look. At the moment (Dec 2017) uso an MFJ 949E manual tuner which seems to be able to 
match almost anything. 


Examples: The All Band (Balanced) Doublet Antenna cut or 20 meters will have an overall length about 10 metres 
Lo a 1/2 wavelength on the 20 Meter Band. With a good balun and 'ATU' this antenna should cover 20 metras to 6 
metres 
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The 20 to 10 Metre Band Doublet : 300 > 14.175 MH: 
‘Therefore each leg wil be about 5 metres long. 


1.16 metres + 2 = 10.58 less 5% = 10.05 mares - 


For an 80 to 10 Мере Band Doublet : 300 + 3.65 MHz = 82.19 metres + 2 
‘Therefore each log wil be about 19.5 mates long. 


41.09 less 5% = 39.04 metres - 


му 40m to 6m Doublet Antenna: 


300 + 7.00 MHz = 42.85 metres + 2 = 21.42 less 5% = 20.35 metres - Therefore each lag wil be about 10.2 
meters iong. 


‘Tho overall length is therefore about 20 metres long - a 1/2 wavelength on the 40 Meter Band. With a good GWhip 
balun and and LOG 'ATU' my antenna covers 40 metres, 20m, 17m, 15m, 12m, and 6 metres. 10 metres presents a 
problem because the ATU wil not match to а low enough SWR, however this could be improved or cured by 
trimming the balanced feeder cable. Please refer to “Trimming The Feedline Length” below. 


1 have also found that the aerial puts out a creditable signal on 80 metres for inter-G despite is relatively small 
dimensions for the band and the fact that itis only 7 meters above ground level: 


Height Above Ground 


(A horizontal aerial that i installed at 3/4 of a wavelength above ground will have a radiation angle of about 20 
degrees which is good for DX. When the height above ground is only 1/2 a wavelength the radiation angle increases 
lo about 40 degrees. For low horizontal aerials that are only about 1/4 above ground level the radiation angle is 
higher sil so much of transmitted energy goes upwards - "NVIS" - whieh will reduce DX possibiites, but may prove 
(good for local contacts - "Inter G" - this is caused by the radio waves being reflected upwards from the ground when 
ап aerial is installed at low heights compared to the wavelength in uso, 


Construction: 


‘Building a home brew Doublet Antenna could not be easier. First. here is a list of the components that vill be 
needed. 


Components Required: 


Most ‘seasoned! Radio Amateurs wil already have most of the necessary materials in the junk box but here's a list 
anyway: 


Antenna Wie: 
Stay trong wires such as the antenna wees rom W H Weste or Spdeeam CO-532 antenna wire or 
Dipole Centre 
“This an be home brewed trom suitable insulaton males һе а commercial tem ag, rom W Н Westlake 
End insulators for the end of each dipol 
‘These can be home brewed of commercially bought dogbone ce eg insultos rom WH Westako 
Feeder 
‘Tris can be home constructed Open Was Lt lowest asees, e.o. usino Бур open wiee spacers (Hn 30025 
Ring Terminals 
To terminate ва and of the fed апа antenna wire 
‘Self Amaigamating Tape 
To wap sound joints protecting поп weather aille iom W H esta 
Саца Electrical Tapa. 
‘alate tom SOTABeams -excelent tor ensuring at à the joints realy are waterproof 
Support Rope 
1 use strong high pakt sata Cord, but oer gh quay UV авале оре or cord could te изе 
Puleys 
Pulley ued to un he support tope roug at each еа s that the antenna can be easy raised and lowered 
Can be сапой om chanderysupples or search ebay “stas sce pulley" 
‘Support Poles 
Firegass or ood ples or existing stucures (al hed to house, pole in garden ar ree ete) 
Sele 
‘Strong stake to support he pole I used а теш MetPo to hold a 2 metre lang wooden post l he feqlaes poe aed ntis, 
Cals 
“wo cleats to te asc end of he support ropes 
‘Current Balun 
Use a high quality low iss 1:1 curent ba, b f you have a good low ез 4:1 current balun, ty that 
ATU 
have used an LOG 211 Pro but consider he MF. O8SERT, cso or MF.-S29 wich can match much wider impedance 
‘anges of semeen 5 o 1600 Orme (an SWR up to 32 1) 
P Rated Enclosure 
A dust and weater resistant вох о protect 1e remotely located tomate ATU 
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Antenas Par Supl: ist / Sandpiper Aeril Technology GW Antenna Prats Nevada Rao | Wino adn 


ардантат СО-532 amenna wire (ANG 18) very tong and dura mullvaad Copperweid 
ушу їз; nd date antenna wire Hutatohd capper lod ste wire Comba ho hc 
tengin of sie! wae wih te excelent conducit ... very good НЕ properties low es) 
Ol “Wireman CO 532 mustand Copper sky wee, back РЕ nulas, UY restant ut and 
ге ameter = 1 an (AWG 18) 
эле later (eluding PE insulation) = 22m 
edo затон = SONO 
ehe fom 
hepate eam com 


Planning Your Antenna Installation. 


Decide on the lowest frequency on which you need to operate and then cut the top wires accordingly, bul make 
them about 1 mater longer than calculated to allow for connection at the dipole centre (T piece) and also for tuning 
adjustment I necessary. Attach a 'dogbone" or ‘egg! insulator to tho ends of each leg. The extra length is simply 
folded back on ise at each end. 


Attach an appropriate length of support rope to each end insulator, ensuring that it wil be long enough to let the. 
aerial down and sl ties off securely to the cleats if necessary in the future. 


(Connect the wires to the ladder line using the dipole centre "T piece and seal ай joints with self amalgamating tape 
апа / or liquid electrical tape to ensure that I is waterproof. The aerial can now be hoisted into position. The position 
сап be as а traditional Flat Top supported al each end or as an Inverted V with tha T piece supported at he 
centre: 


Flat Top: Each end is supported by a pole, tree or a support pole on the house, with the feeder dropping down 
Vertically from the centre. 


‘Inverted Veo": The centra feed point supported by one pole, as high as possible, leaving the two arms sloping back 
(down towards the ground. This method wil need less horizontal space than the flat top version. Tha ends should not 
touch the ground and ideally should be several feet above it If the support pole is metal the twin feeder or ladder. 
line will need o be spaced several inches from it to avoid the feeder becoming unbalanced which would induce 
unwanted losses and RFI problems. It may be easier to use a non metallic pole such as wood, or ideally strong 
fibreglass polos. | use Tecal poles 


| installed my doublet as a at top however because | had not quite got the full 20 meter length required for the full 
length of the antenna, a few meters of one wire leg at the far ond of ho aerial are vertically run down the fibreglass 
Support pole at the bottom of the garden. ( you haven't quite got enough space the antenna can certainly be 
Installed as an upside down U, with each end dropping down a few metres). 


From the centre feed-point of my doublet, the ladder line drops down roughly vertically into a garden cabinet (ATU 
Building). The feeder is connected to the GWWhip current balun which Is sol then connected to the LOG antenna 
matching unit via a very short RG213 patch lead (about cm long). 


Now that the ATU has matched the impedance to 50 Ohms, coaxial cable can bo used to feed back to the radio in 
the shack with minimal losses. Therefore from the ATU In the shed, I ran a length of RG213 coaxial cable back o 
the radio. 


For bes! results а doublet should be mounted as high as possible, as is the case with most aerials. As noted, the 
aerial can be erected as a Nal top ог an inverted Vas. 


‘Trimming The Foedlino Length 


Depending upon the matching range of the particular ATU and balun combination, it may not be possible to achieve 
а match on all bands due to the SWR being oo high and outside the matching range. Since the high SWR points 
wil repeat at half wavelength intervals along the feeder, It should be possible to correct a certain dificult band by 
trimming (or extending) the length af ho feeder. Try making adjustments at 0.1 wavelength at a time for the band 
that is causing a problem. 


WBJ notes : "The optimum length for a multiband dipole is near 1/2 wi on the LOWEST band, and the optimum. 
'open-wire feedine length is any odd multiple of 1/81) wavelength on the lowest band. This means an optimum 80- 
%% and the feedline would bo 25-301, 75-90, or 125-1501 long. The longer tho 
feeder, the mare likely you are to having o trim it for optimum tuner 

performance" itp /wwavwBi.com/short dipoles and problems htm 
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MOMTJ 


MØMTJ 


теппа‏ نن 
Detailing the Dipole Centro "T" Piece and 300 Ohm Ladder Line‏ 


(2015 Update: | now use 80mm spaced home-brew Open Wire Line and have added a 
"second Tan dipole element for better matching on 10m and 6m.) 
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MØMTJ Doublet Antenna 


Polley ere Pulley, 
— — К, = 
Insulator الالو‎ E 
Y Cui woda 
N T pisar 
\ —taaderine Е 
Aluminium P 
Pole Fibreglass support pofa 
| - 
IP rated 
enclosure 
X 


Comia Cable 


ing Tie of 
val Cable ‘ATU Building aft 


en shed Support stake — 


Above: Diagram of the MOMT. Doublet Antenna 
‘The Automatic ATU is protected inside an IP Rated enclosure. 
The IP rated enclosure and the Current Balun are inside the "ATU Винд" 


The Improved All Band Doublet Antenna 


(As mentioned above, it may not be possible to achieve а match on all bands due to the SWR being too high and 
outside tho matching range of the automatic antenna matching unit. The standard practica would be to trim the foo- 
Ine sight, as described. However an alternative method, if one ofthe shorter wavelength bands did nat match, 
could be t add a second dipole element for the band affected This might be described as a Fan Dipole element. 


1 found that my Doublet antenna, with the 4:1 G-Whip current balun and the LDG 211-Pro antenna matching unit, 
would match on all bands from BOmetros to 6metres with the exception of 10 metres. Rather than immediately 
trimming the feeder, | thought that 1 would be very interesting lo add a second dipole element for the 10 metre band. 
Each leg of this second element is about 2.5 metres long and Is simply connected to the centre T placa in the usual 
way. The wires are held in place, under the main doublet top wires, with ladder 80mm line spacers (WS-2580 or 
Wimo 30028). The end af the wire of each arm dangles down freely by about 20 centimeters. 


Once in place, | rimmed the ends of tho 10 mater-band dipole wires until a good match was obtained across the 
whole ofthe band. 


Briliant! However, there was a problem: It was not then possible to achieve a match across the whole of 6 meters. 


My immediate idea was to create a virtual dipole for the 6 metre band by adding a "tail" at the 50 MHz quarter wave 
point оп each of the 10 metre dipole arms. Each "ta is simply a loop of vire pulled ош of each of the 10 meter 
dipole arms and twisted up to form a single wire that dangles down, about 20cm in length. The position of each tall 
is about 14 meters ош rom the conte, 


With those refinements in place, it was then possible to obtain а match on every band from 80 meters to 6 metres. 


The advantages of using this additional element (Tan dipole" arrangement) are, | believe, greater efficiency on 10 
metors and 6 metres due to better matching and perhaps more significant, tat tha radiation ранет wil be a more 
predictable dipole figure of aight pattern, rather than breaking up inta labes as happens when using higher 
frequencies on a long wavelength а 


Worth a ty! 


Here's tho updated diagram. I am now using open wire balanced feeder made from BOmm ladder line spacers / 
spreaders (WS-2580 ог Wima 30025) 
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MGMTI Improved Doublet Antenna 


LadderLine Spacers Paley 
‘Insulator = 
X пашы 
^ 50 MHz tai" | 
\ | жас -Open Wire Feeder 
Aluminium <] 
Polo Fibreglass support pofa 
| A 
нуч 
IP rated 
NM enclosure 
\ 
Comte ATU Building Tie of 
To Shack E e.g. shoc 2 
‘Shack Verear [>] k ма рй 
The Improved Doublet Antenna with added Fan Dipole element or 6 Metres and 10 Metres 


(August 2015) 
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¡Soo the diagram below and visit the ink for much more information from other websites: 


60 Meter Multiband Doublet 
With Open Wire Feed 
Covers 80 Thru 10 Meters 


ot rg nit o теши, оя. 
Fe wn he tom 
spent ype) 
ay fun a a е 
ie oem be 


Ali Band Doublet - hp /Awwew hamuniwerse corvhidoublet htm 
The Al Band Doublet antenna is nothing more than а 1/2 wave dipole cul for your lowest operating frequency and 
Ted with ladder line or 
balanced open wire, etc o a tuner that wil accept a balanced line connection. IT IS NOT FED WITH COAX! 
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Кына (Gene 6) 
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4 Dollar Special by WIGFH 
blew csinetwstafantenna hin 


More useful information hore: Introducing The All Band Doublet by ho late L B. Cobik WARNL: 
blown себі comicantenl/edu/aduS him! 
МВ. Create a free account at hpi/wvnvcebik com 


Also find tho article introducing The А! Band Double! by LB. Cobik WARNL here: 


BBC Radio Shropshire - Jim Hawkins talks to me about Amateur Radio and tho Doublet Antenna: 
Jim invited а discussion on things that listeners had built, either from scratch or from а kit I 
‘emailed my stories of building various projects and antennas to Jim and he rang me back. Here's 


а recording of the short conversation about the magic of radio communication on BBC Radio © masc 
Shropshire on July 14th 2015: p 


Listen to the Audio - Jim Hawkins talks to Mike Smith MØMTJ about Amateur Radio on BEC Radio 
ge 


All Band Sloper Antenna for 160 Meters (Top Band) to 10 Meters. 


Оп my visit to the National Hamfest in 2014 | bought a new CG Antennas CG-3000 Remote Automatic Antenna 
Coupier. 


The CG3000 


Although the unit is weatherproof and designed to bo used outside, | decided to install it inside a dedicated IP56 
rated electrical Junction box enclosure, to prevent rain fling directly on o tha CG-3000. 


‘The CG-3000 urit is described as being an affordable and easy solution for you to construet a full band antenna. It 
cavers al amateur bands rom 1.6 MHZ to 30 MHZ continuously. 


An antenna wire as short as 8 meters can be used - though it won't be very efficient or effective on the longer 
wavelength bands - so usa as long a wire as possible. 


‘The CG3000 can feed a Tong wire, mobile whip, vertical antenna or dipole antenna (without balun), etc. Power 
handing is 200W PEP, it is quick and easy to une using 200 memory channels. The casing is solid, robust and 
waterproof, and compact in size and light in weight. 
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Installation 


| installed the CG3000 unit onto a short, treated, wooden post at the bottom af the garden. The post also supports а 
short, telescopic fibreglass pole - the total height is around 3.5 metres. 


(As mentioned above, | took the addtional precaution о! fiting the CG3000 inside an IPS6 rated (dust and water 
resistant enclosure). The enclosure measures 380mm x 300mm x 120mm. | obtained it rom At Electrics on ebay- 


I fied waterproof glands to the bottom of the enclosure о feed the RG213 coaxial cable, power/remota control 
cable and the earth wire tothe CG3000. On the top of the enclosure | filed a stainless steel machine screw, nut and 
wing nut, connected via a very shor, thick wire to the CG3000's antenna connection. The antenna wire would be 
Connected to this 


‘The RG213 coaxial cable and the powerremote control cable run around the edge of garden back to the shack. 
The earth cable is kept as short as possible and connects to an earth rad directly below the CG3000. Additional 
counterpoise wires run around the garden, 


My Antenna Wire 


{nal | installed a single 20 meter long sloping wire. This ran vertically up the 3.5m tal fbroglass pole, then ran 
Баск, sloping upwards, o a fixing point on a short pole mounted on ће side ofthe house, using a small "egg' 
Insulator, Paracord lanyard and pulley, as shown inthe diagram below. 


The CG-3000 could tune most bands in this configuration except 40 Meters. This is due to the fact that the 20 metre 
wr length is half a wavelength long on the 40 Meter Band, so the impedance at the and of the wire would obviously 
bo very high - too high an impedance in fact for an automatic antenna coupler o transform. 


‘The solution seemed simple. I decided to add an additional parallel wire of 10 meters in length. This would present a 
lower impedance al the end feed-point on the 40 metre band. | attached the second 10 metre lang wire to the 20 
‘meter wire using 80mm ladder line spacers, as shown in the diagram below, so hat the two wires run in paralel. 


With the two wires in place, the aerial system is now able to be used on ай bands from 160 meters (Top Band) to 10 
metres. The CG-3000 is working well. The simple remote control unit is very useful. 
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Sloper Antenna 


Z Pulley 
< Eng Insulator 


i ama 
Aluminium АСА 
Pole ы. + 

\ 20 aer oog antenna wire 
\ 10 meter long antenna wird 
Counterpoise Wires 


160m to 10m using two paralel sloping wires & remote auto antenna coupler 
MOMTJ Sloper Antenna using two sloping wires, one 20 meters in length and another parallel wire of 10 metres in 
length. 
The aerial wires aro fed at the far end of tho garden via а CG Antennas CG-3000 Remote Automatic Antenna 
Coupler, 
The CG-3000 coupler is fed back to the shack using RG213 coaxial cable (not shown). 


‘The Sloper Aerial definitely radiates, as can be seen from a selection of my WSPR maps and logs for various bands 
below: 


2 
dE T M 
a ясы у> " 
.. sone аш к WSPR mode 
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The CG Antenna model CG-3000 remote automatic antenna coupler, 


shown as supplied by Martin Lynch and Son with the remote control uni 


CG3000 from Martin Lynch and Sons 
MLAS - ho Tmava hamradio.co uki 


‘The CG Antennas web page explains: "The CG-3000 is designed with PI matching network. t provides more wide 
tuning range and covers whole HF band. Using 9 solid inductors, the total inductance ranges from 0 o 32 ин. They 

сап give 258 combinations with a solution of 0.25 uH. 5 capacitors are used at the Input side, the total capacitance 
ranges from 0 to 6300 pF with 31 combinations. Other 5 capacitors aro used at the output side, the total capacitance. 


‘anges from 0 o 755 pF with 31 combinations. So totaly they give 245055 tuning combination 


Manual 


Specifications 


unablo frequency: 


3-30 MHz WIR Tong wire antenna Wom 
ters 


W mpedarce: cg 
input power: 0- 200W PEF: 
BWR: T 

ower supply voltage: [I2V 1710% 
Current consumption: FOBA 


шо tuning time: 


VVV 
hi second (ratum to memory frequency) 


lemon channels 


D0 


fight 


BKE 


Hümm X AO XTZmm (C= W= A 


Inward S c uklContentlamateur_radio_antennas_O6 htm 
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The Сб Antenna model CG-3000 remote automatic antenna coupler 
hit ни. coantenna.com/eg3000 him 


simple HF Antennas 


After some enquiries regarding different types of antennas from MIAH and MÖCOC and a complaint of noise on his 
(Off Centre Fed Dipole from МБСОС, | suggested investigating ihe use of a "Choke Balun to reduce common mode 
‘currents that may be causing noise on the OCFD antenna and also “home brewing" a couple of alternative antennas 
that may have different and perhaps better performance - hopefully a lot better than the 27MHz Antron 99 CB 
antenna that had also been pressed into service on the 20 metre band. 


‘First, a couple of anten 


that are very effective, very simple to home brew and extremely cheap: 


Simple 1/4 Wave Ground Plane Antenna for 20 Metres 
Although those details and my (very) rough sketch below describe a 1/4 Wave Ground Plane Antenna for the 20 
Metre band, the formula shown can be used to produce an antenna for 10 metres, 12 metras, 15 metres, 17 metres, 
30 metres or even 40 metres given a long enough fibreglass fishing pole or support 


Ifa fishing pole is used as the support it must be fbre-glass rather than carbon fibre as carbon fibre is an electrically 
conductive material which wil degrade tho antenna's performance. 


My rough drawing of the simple but effective 1/4 Wave Ground Plane Antenna shows the radiator wire and the radial 
ground planes are а! 1/4 wavelength long. 
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Simple 1/4 wave ground plane antenna for 20 metres 


Abg ttn 
gi 


20 mee gla ab pole 


peret 


Ы Р 
Droop a8 pr seen o 
dorsi Ohm rde 


Ste эы ЫН 
— E, 
ООШ 

— 


— 


d 


Simple 1/4 Wave Ground Plane Antenna. s 
Ideal tho 4 radial wires should slope down at an angle of 45 degrees from horizontal 
Wavelength is calculated thus: 
‘Speed of Light + Frequency in Hertz = Wavelength in Metres. 
Centre of 20 metre band is 14,175,000 Hertz 


Зо: 300,000,000 + 14,175,000 = 21.614 metros 


(Or. fora simpler calculation use this method: 300 + Frequency in MHz Le, 300 = 14.175 MHz = 21.614 metres 


So: 21.614 metres +4 = 5.29 metres = Quarter wavelength at 14.175 KHZ 
My rule of thumb is that you can reduce that length by about 5% - that would be 5.02 metres for the radiator wire, 
but the effect on velocity factor that the fibreglass support has on the antenna could reduce this length further. 
Construction 


‘The vertical support is an inexpensive fibreglass telescopic fishing pole. | have shown a 10 metre pole in the 
diagram, but a shorter 7 matre опе could be used i итий height s a consideration 


Cut the radial ires to about 5.2 metres each - they should ай be equal length. 
¡Start withthe vertical radiator wire rather longer than necessary - say 5.5 metres. 

Thon, using an SWR meter or antenna analyzer, find the frequency that has the lowest SWR. This point of minimum 
SWR wil no doubt be found at a lower frequency than the bottom of the 20 metre band (ie. lower than 14.0 MHz) - 


that’s because the wire radiator Isto long, so its wavelength is too long and therefore Ив frequency too low. Next 
"rim i ite by lite ипи! the lowest SWR is în the centre of the 20 metre band al about 14.175 MHZ. 


‘All measurements should be made with the wire fixed in Ив final position on the support otherwise tho SWR readings. 
willbe misleading 


‘The radial wires should not ba trimmed. 
NOTE: Ideally the radial wires should droop away from the feed point at an angle of 45 degrees from horizontal - 
this ensures that tho fead-point impedance wil be around 50 Ohms, which is what is required by tha 50 Ohm coaxial 
cable and the transceiver. However this angle may be loss f using a shorter support pole. 


Опе method of feeding the antenna and connecting the radial wires and the vertical radiator: 
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Ground plane antenna detail 


i wire 


е 


= 
sons 


chassis socket 
Соса on ойе here 


эы fond plane ir 


A temporary feed-goint arrangement of tha simple 1/4 Wave Ground Plane Antenna 
For a permanant installation this should be housed in a weather proof enclosure, 
The coaxial cable's PL259 plug and 50239 socket should be protected with self amalgamating tape. 


It may also be wise to connect a 470.000 Ohm Static Bleed Resistor from the radiator to ground (the radials) 
‘and ground the coaxial feeder to an earth stake. 


Ideally the 4 radial wires should slope down at an angle of 45 degrees from horizontal 


The four radial wires can be soldered to the four corner holes of an S0239 chassis socket, or have a terminal lug 
soldered on to the end of each wire, and then the lugs fixed to the chassis socket using small stainless stee! 
machine screws. For a permanent installation everything should be weather-proofed 


Depending on the angle of the ground plane wires, ho feed-point impedance should be somewhere between 48 
‘Ohms and 72 Ohms at resonance, a reasonable enough match. Ideally а coaxial choke (15 tums of RGS8 coaxial 
cable on a 80mm PVC pipe) or a few clamp on ferrites should be included at the feed-point on the coaxial cable. 
‘The antenna is fed with the 50 Ohm coaxial cable back to the shack. If the bandwidth proves to be wide enough the 
whole of the band may be usable without an Antenna Matching Unit "A. T.U). If designed for other bands such as 
the narrower 30m, 17m or 12m band the bandwidth wil almost certainly be sufficient to use without an antenna 
matching unit. 

Antenna Whe 


For antenna experiments, get a big reel of "PVC COATED AERIAL WIRE... Medium. about 16/18 sug. 
PRICE. 18p por Mere" from W Н Westlake: 


tp dase wnwidnet comwestlake-pdflcable-wire. pdf 


hloh whwestlake co.uk 


USEFUL KNOTS FOR ANTENNAS 
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The Bowline Knot — 
‘See More Good Knots for Wire Antennas here 


NOISE and Unbalanced antennas 


Unbalanced antennas and feeders can often be subject to "Common Mode" currents - essentially unequal currents 
flowing down the coaxial cable on the outside of the feeder. Common Mode problems will cause more noise on 
receive than would otherwise ba the case, and also be potentially problematical when transmitting - causing nearby 
equipment to suffer interference or EMC problems - (Lines on TV and computer screens, blocking of TV signals, 
picture break up, naise coming through nearby radio or audio equipment, or causing PC's to crash, for example) 


With so many electronic gadgets in use, the potential far receiving large amounts af locally produced ORM (man 
mado radio interference) can pose real problems causing m( high noise levels. Just think about 
all those switch mode power supplies for ай the nearby iPads, MP3 players, iPhones, iPods, XBoxas, Laptops, PC's 
Rechargable shavers and toothbrushes, TVS, especially ‘plasmas’ all spewing out wide band noise! 


I excessive noise pickup ls caused by common mode issues then the use of an effective choke can help improve 
maters: 


Half a dozen сїр оп ferrite rings ( tipJ/wwa.nevadaradio co uklamateur-radialrtfiters/?0ag0=2 ) could be put on to 
the coaxial antenna feeder cable, in a tight row, near the feed point of the antenna, Or. 


Buld the “Ugly Balun" - I's not a "Balun at all. It is simply a "choke". If enough tums of coaxial cable are wound 
around a cylindrical former (e.g. a short length of PVC drain pipe) hen there will ba enough Impedance lo radio 
frequencies above a certain frequency to ‘Choke Off the common mode currents that would otherwise flow down 
the outside of the coaxial cable causing unwanted noise and possible EMC issues. 


Here is a good article: htip-www.hamuniverse.com/balun.himi 


Antennas 1 | Antennas 2 | Antannas 3 | Antennas 4 | Antennas $ | Antennas 6 | Antennas? 
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14 Wave Ground Plane Antenna, GSRV 
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Amateur Radio u 


My Home Page MOMTJ | Operating Conditions | Antennas / Aerials | /P Portable Operating | Accessories | Projects & Kits 
ЕБВ | OSL | The Amateur Radio Mini Sile 
e o, 30.3477: 2 a Rance 


Operating 
CUBRA AERIALS (ANTENNAS) 7 


Antennas Antennas 1 | Antennas 2 | Antennas 3 | Antennas 4 | Antennas 5 | Antennas 6 | Antennas 7 


Accessories To Other Antenna Page: 

Antennas 1 : Aerials used by МОМТЈ 
Projects 2 : Including ideas for compact antennas for Top Band /160 metres 

Anlennas 3  Folx Scerri VKAFUO discusses Loop Antennas, baluns, masts A other antenna related topics 

Antennas 4 ! Many antenna ideas from various sources particulary for muli-band operation & also dives information 

about 

antenna rimming, knots for wire antennas and useful antenna rigging accessory ideas 

Antennas 5 : Half Wave End Fed antennas for 144 MHz VHF / 430 MHz UHF and 50 MHz 6 Metre band & J-Pole 


‘Simple and effective HF. Antenna ideas - Ground Plane and the Al Band Doublet Aerial 
Antennas 7 : Experimental Omni-Directional - Circular (Mixed) Polarized Antenna for VHF / 2 Meters. 


"Everything should be made as simple as possible, but not simpler." - Albert Einstein 
RSGB Ltd 
ПО MOMTJ - Experimental (Almost) Omni-Directional - Circularly (Mixed) Polarized Antenna 
for 144 MHz | VHF 1 2 Meters. 
ORM 
Bits w Bobs introduction and Background E 


‘This is an experimental project that may lead to further development inthe 
contact but even as presented below, t does work and may prove very Useful 


wspR | ане therefore included this page of information so that you may can construct 
WetkeStinal the aerial and develop these ideas further - either just out of Interest and for tho 
‘Beak Sana! ақа good oid radiional Amateur Radio experimentation or for more permanent 
Pronagalion апа practical uses! 


‘The idea was sparked by the fact that had been toying with the idea of removing tha rotator and dual-band 
horizontal Yagi кот my lightweight push-up aluminium mast to reduce mass and visual impact. | certainly did not 
PORTABLE Want to lose access fo the horizontally polarized portions of the 2 Metre (144 MHz) ог 70ств (432 MHz) bands, so 
PORTABLE decided upon tying an Omni-Directional, horizontally polarized aerial. 
s 


‘The question was which antenna would | use to replace the rotatable dual-band Yagi? 
MDS975 Home 

Due to the weight of the rotator, tha lightweight aluminium mast could not safely be pushed up higher than about 6 
„ Yagi on the stub mast was never much higher than 6 or 7 metres above the ground. А fighter 
Feedback weight omnidirectional aerial, without the heavy rotator, would allow the past to bo pushed up to, perhaps, 8 or 9 
PLTORM Meters. Maybe even to its ful 10 meters on a fine day! 


My thinking is that this additional height may compensate slighty for the loss of gain from the Yagi. The additional 
height would also benefi my vertical Coaxial Dipole for 6 Meters (50 MHz) which sits at the top of this mast. A small 
bonus. 


| decided that | would by simple Halo antennas (HAI wave LOop) and Big Wheel antennas for 2 Meters and 70cms, 


Circularly Polarized, Omnidirectional Antenna for VHF 2 Motors / 144 MHZ 


However, before embarking on those particular experiments and possible future changes, | wanted to experiment 
with mixed polarization, or more correct in this case, Circular Polarization - the subject of this project and article. 


Why? - Wall, when the IBA (Independent Broadcasting Authority) began building transmitters for their Independent 
Local Radio (ILR) in 1973, they specified that mixed polarized aerials should be used used at each of thelr VHF/FM 
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transmitter sites, stating with Croydon for LBC and Capital Radio in London, than Black НИ! for Radio Clyde in 
Glasgow and Lichfield for BRMB in Birmingham and the many other stes that followed. The aerial systems were 
‘either described as "Mixed", "Slant or "Circular. 


‘The reason that mixed polarization was chosen was to improve reception оп car radios and portable radios that 
generally used a vertical ог slanted telescopic rod aerial. The BBC, at the te, used horizontal polarization for 
VŘIPJEM radio which was good for permanent installed roof-top receiving aerials, but provided poorer reception for 


listeners with portable sets and car radios. Some years later the BBC followed the IBA and began converting that 
таюу of ther transmitter sites to mixed polarization lo improve reception and reduce mobile utter effects, 


| thought that | would lke o experiment with mixed polarisation and took some inspiration from some of the more 
recent, and simpler, antennas that have been installed at commercial radio (ILR”) transmiter stes. Two examples 

EWE, are shown below, both from the Radio Wave transmiter site at Blackpool Tower. The original aerial and its more 
recent replacement. 


pond | 


"Beton he air wih 
TOP QUALITY 
‘BRITISH 
WHIP 
ANTENNAS \ 


ginal SBS vansmting aerial for 
Radio Wave Blackpool 96.5 MHz 


The newer antenna viewed from below 


What's Ne 


led 


4 x 500mm lengths of 4mm diameter aluminium rod 
2 x Dipole Centres 
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Chapter 27: About the Folded Dipole 


acquired something of a complex web of correct and incorrect 

information surrounding it. The points of this note is to sort 
out some of the information, with an emphasis upon what it is 
correct to say about the folded dipole. 


T folded dipole is a simple antenna to build. However, it has 


d2 


— o 


M 
Feedpoint ba 


The Basic Elements of a Folded Dipole Fig. 1 


Fig. 1 shows the essential elements of a folded dipole. It consists of 
two parallel wires having a constant spacing, S. Each wire has a 
certain diameter, 41 and 42. The ends of the parallel wires are 
connected to form a continuous loop. The feedpoint is at the center 
of the wire having the diameter d1. 


Chapter 27 
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6 x Solder Tags with 3mm diameter hole 
2 x Dipole Mounting Boxes - ag. IP54 85 x 45 x 40mm 

2 x Stainless Steel Nuts, Bolis and Washers МА x 20mm 

2x Stainless Steel Nuts, Bolts and Washers МА x 14mm 

4 x Stainless Steel Self Tapping Screws No. 4 (29mm) diameter by 9.5mm long 

1 meter of 20mm of 25mm Diameter PVC Pipe 

8 x Pipe Clamps о sult diameter of boom and diameter of supporting mast 

4 х Stainless Stee! Nuts, Bolts and Washers 

2x End Caps lo sult diameter of PVC boom (Le. either 20mm or 25mm) 

1 80239 Chassis Mount Socket 

‘500mm length of small diameter coaxial cable, e.g. RG188 A / U - 50 Ohms PTFE coaxial cable 
1 x piece of PVC lube for choke balun - 16mm diameter x 30mm long 

1 x length of coaxial cable for phasing section 

‘Some small self tapping screws to fix the pipe clamps to the boom. 


‘These items wil be available from many and various sources, but Nuxcom is а good supplier - 
to shop nuxcom del 


‘The antennas essentially comprise of two Crossed Dipolos, set а 90 degrees from each other. in the fest photo, the 
antenna can be seen lo have one dipole positioned vertically and the other horizontally. Tha second photograph 
shows that the to dipoles are again sot at ight angles, but one slopes 45 / 225 degrees and the other at 315 / 138 
degrees. 


The two dipoles are connected to each other, but have to be fed with the current to each dipole 90 degrees out of 
phase. This is called phase quadrature. It is а very common method used for other types of antenna, such as the 
“Turnstile Which s often used for communication wilh satelites where circular polarization must be used. 


Опе dipolo is connected directly to the coaxial cable. (I used Westllex 103 coaxial cable, far lowest loss, to feed the 
antenna). The second dipole has to be fed via а 1/4 wave (80 degrees) matching section. I had an ofl-cut of RGSS, 
so used this for my initial experiment. 


(A quarter wave at 145.00 MHz is 300 / 145 = 2.068m/4 = 51.7 cm. However the Velocity Factor (VF) of the cable 
has to be taken into account because radio waves travel more slowly through transmission lines than the do through 
free space. 


ideally | should have measured the VF with my antenna analyzer, however | took the typical VF of RGSS as being 
(066. So 51.7cm X066 = 34.1ст. 1 cut the cable to 34.1 ст and used this to connect the two dipoles together. 


Ina | cut the 4mm diameter aluminium rod into four 50cm long pieces and mounted them into tho two dipole 
mounting boxes using the Nuxcom Dipole Centres. A small hole has lo be very carefully driled into the end of each 
rod to align with the fixing hole of the dipole centre. Then very carefully screw tho 2.6mm stainless steel seif tapping 
screws ino each hole being sure not break off the head of the screws. When tapping these holes itis best lo ваза 
Back and forth unti the hole i successful tapper 


‘The dipole centres and pipe clamps aro fixed to the box with the 20mm diameter M4 hex bolts, washers and nuts. 
‘The second pipe clamp is fixed to the box with the 14mm long МА stainless steel hex boll, washer and nut. 


Each mounting box is fixed to the boom by clipping on the pipe clamp. The two dipoles are mounted at right angles 
(90 degrees) o each other, approximately 335mm apart. Once the final adjustments have been made and the 
positions along the boom are decided, tha clamps are held firmly in place by screwing them lo the boom, ав can be 
been in the photographs below. 


Each dipole is then carefully bent into a semi-circle. 
The S0239 socket is then filed lo the box and the choke balun is wound and one end of the coaxial cable soldered 


to the socket and the other end filed withthe solder tags. The small 2.9mm x 9.5mm stainless steel self tapping 
screws are then used о fix the tags to the dipole centre. 


Now connect this dipole to an antenna analyzer (or SWR mater) and check the point of resonance. | decided to 
centra the aerial on 144.3 MHz. Almost certainly the dipole wil be too long. | had to cut off 1mm of rod from each. 
end. 


(Once complete, do the same for the other dipole so that they are exactly the same size. 
Next, the phasing cable is prepared, as mentioned above. A suitable diameter hole is dile in the end of the box 
opposite те S0239 socket and tha phasing cable passed through this and soldered on o the two tags, as can be 
‘seen in the photograph below. 

А similar small hole is then drilled into the other dipole mounting box and the other end of the phasing coaxial cable 
is passed through this, two solder tags are soldered on to the end and then fxed into place on the dipole centre 
Using the smal self tapping screws. 


Kg Awwems076.2.k/Conteni/amateur radio antennas 07 htm an 


811372018 Amateur Radio Antennas 7 by MONTA - Ноте Brew MONTI - Experimental Omni-Directional - Circular (Mixed) Polarized Antenna for VHF / 2. 


Now connect the antenna analyzer again, using а few metres of low loss coaxial cable, and mount the antenna in 
some free space, preferably outside on а pole about twa or three metres above the ground a. И wil almost certainly 
be found that the point of resonance is now two low, so each dipole will now need to be carefully trimmed, cutting 
‘small and equal amounts off each ofthe four ends ntl the point of resonanca is around 144.3 MHz. 


Wt should be possible to obtain an SWR of 15:1 or less across the 2 Meter band - to achieve this it may be 
necessary to move one of the dipole mounting boxes further away, or closer together to the other. Also, it may be 
necessary o bend the dipole rod of each dipole element inwards, or outwards slightly. I was able to achieve an 
SWR of 1:1 with an impedance of 50 Ohms according o the antenna analyzer. 


Once the adjustment were completo, | used 20 meters of Westlox 103 to connect the antenna to the Icom IC-706 
mk2g. A similar length of the same cable is used to connect the 5 element horizontal Yagi lo the radio. A low loss 
coaxial switch was used to make instand comparisons between each antenna, 


1 raised the experimental antenna to 8 meters above ground level on the telescopic pole and began to make some 
comparisons. 


му guess was that the experimental omni-directional circular polarized antenna would be noticeably inferior to the 
much higher gain, horizontal, directional Yagi- 


The Yagi has a quoted gain of 8 AdDBd (Le. gain with reference to a standard dipole - not dB) 


(A standard straight dipole has a gain of O В. However iit used horizontally and is bent into а circle to produce а 
roughly omni-directional radiation pattern, then the gain must be reduced, so | assumed that the ‘gain’ must now be 
negative, perhaps -1 or -2 Ва. 


‘Additionally, being as this is a circularly (mixed) polarised antenna, the power is essentially divided in half across the 
horizontal plane and the vertical plane. Le. another loss of 3dBd. 


Therefore the gain of the antenna may be assumed to be -5dBd (minus 5 dBd), i.e. about S point dawn on a 
simple straight linearly polarized aerial and about 13 Ва dawn compared to tne Yagi- Le. about 2 or 3 S pois 


Неге, at my OTH in Staffordshire, the Kent beacon on 144.430MHz on my 5 element Yagi i just audible, although 
there is no S Meter reading. | therefore did not expect to be able to hear i on the experimental antenna as tis so 
Weak, bul to my surprise, the beacon маз sil there - obviously a bit weaker, but stil audible. That was an 
encouraging start! 


| therefore went ahead and made some QSO's with other stations who were using both vertical and horizontal 
polarization and also made soma comparisons purely on receive. 


| therefore went ahead and made some QSO's with other stations who were using both vertical and horizontal 
polarization and also made some comparisons purely on receive. 


1 haven't recorded enough data to draw truly meaningful conclusions. I's not scientific either. However, my 
Impression from what | have recorded and from other general use is that the performance is broadly inline with my 
expectations l.a. about 2 ar 3 S points, or around 1248, down on the Yagi. 
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With particular thanks for John G3XEV and Steven 2WOJYN for their assistance with these initial tests! 


1 hope this information is useful and may encourage you to experiment further and make somo much better scientific 
comparisons! 


Kyou have any comments, pease do emaii them o те via the contact pago here. 
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Detail snowing the inside of the fst dipole mounting box with S0239 socket and choke balun 


Nuxcom Dipole Centre for 4 mm dipole rods 
10 mm space between dipole rods 
‘Three holes: One in the middle for fixing the box on the boom. The other two for connecting the cable to the dipole 
tods. 
Length: 36 mm. 
Space in the between rods: 10 mm 
‘Outer diameter: 8.4 mm 
Inner diameter: 4,1 mm 
Material: Polyamid 
dle nuxcom.del 
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беа showing the тае ofthe second dipole mounting box 


etal showing how the dipole mounting box i fed tothe plaste pipe wih pipe camps and 
firmly Secured in place with small self tapping Screws. 
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ight angled mast to boom clamp made from four plastic pipe Camps 


Right angled mast o boom clamp made from four plastic pipe clamps 
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The coaxial cable is low loss Westlex 103. 
id with open wira balanced Ine can be seen in the background on the left) 


(My HF Doublet antenna, 
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{81312018 Amateur Radio Antennas 7 by MOM - Home Brew MONTA - Experimental OmniDiraconal - Сисшалу (Mixed) Polarized Antenna for VHF / 2... 
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Free Space Azimuth Pattern 
Folded Dipole at Fundamental Frequency 


We can construct a folded from common materials ranging from 
house wire to parallel transmission line. With such materials, we 
сап obtain the pattern shown as a free-space azimuth pattern in 
Fig. 2--the same pattern as a single-wire dipole. The folded dipole 
is a reliable antenna, meaning that we can get it to work without lots 
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811372018 Amateur Radio Antennas 7 by MOMTJ - Ноте Brew MONT] - Experimental Omni-Directional- 


J | 


Circiary (Mixed) Polarized Antenna or VHF / 2. 


a а 
telescopic pole with the antenna mounted approximately 8 meters... 


If you have any comments, please do email them to me via the. 


Antennas | Antennas | Anlennas | Antennas 4 | Antennas 5 | Antennas 6 | Antenna 


PR v 


SOTA 


Beams 
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COPPER TUBE ANTENNA and Other Things by John G Hackett... 


Hallicrafters Radio 


I have been dabbling in simple radio for the last 4-5 years, іп dribs and drabs as time permits. Mostly 
| browse the internet looking for insights, but a ham radio friend of mine has been helping me. We did 
some troubleshooting on an All-American-Five AM/SW Hallicrafters radio from 1952 that my father 
gave me decades ago, using an RF generator and a nice scope that I've had for awhile. | replaced 
the tubes with known good ones, and the problem turned out to be that after the old wax caps had 
been replaced c1980, the coils hadn't been re-tuned. It took me days and days to finally figure that 
out, with the help of the good schematics that came with it. Even ret-uned the radio was marginal — 
stations back then transmitted with more power than today. So | added a Ramsey SA7 broadband 
pre-amp kit (+16db) and that made a considerable difference! 


The Regenerative Radio 


My friend's basement is a debris field of old radio parts and gadgets, so he gave me this long-ago 
completed radio kit to tinker with. | thought | might renovate it into something classy, in a new 
cabinet. A nice wooden box perhaps? 
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I started out by adding the vernier tuning dial and a 10-turn pot for regeneration (not bend Spread as 
shown on the faceplate, which is fixed internally). These improvements made the tuning and 
regeneration much easier to control, but reception was just so-so with a temporary 10 wire antenna. 
The regeneration amplification is very touchy, but | can hit it so precisely now that | don't need to 
fiddle with it. 


s 


If any of your readers are curious, here is the regen detector circuit and description of function: 


1975 Graymark 511 Tristar Regenerative radio: 

R9 = 2.2M, R10=300 (now 10-turn), R8=47K, 

C10-470 pF, C9 tuning=0-269 pF, C8 trimmer=0-20pF, C7=100pF, C6-.0047uF, 

turns enameled wire on 1.125" core , L2=95 tums (no inductance values were given). 
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— REGENERATIVE DETECTOR — he 


When a RF signal flows in the L1 winding, it creates а 
Varying magnetic field around winding L2 (tuning wind- 

ing), which is positioned very close to L1. This Causes а 

current to be induced into L2 by transformer action. 12 

couples the signal to the control grid of tube УЗ. This 
signal is then detected and amplified, and causes а Пис- 
tuating de current to flow in the plate circuit of V3. 
Winding L3 (tickler winding) is. connected in the plate 
circuit, and is also positioned very close to L2. The fluc- 
tualing dc current in the plate circuit induces a current 
back into winding L2, thatis in-step,or in-phase, with the 
current induced by L1. This condition is known as regen- 
eration. This regenerated current is added to the original 
Current and has the effect of increasing the strength of the 
RF signal to the grid of V3. K this regeneration current 
becomes toa great, the circuit will go into oscillation, 
which will be heard in the speaker as a loud squeal. 
Potentiometer R10 is used to control this regneration 
current. 


bus win mog eo ukiContenaerils hmi 


эв 


tragos AERIALS 3- Copper Tube Antenna 
Copper Tube Antenna 


Based upon the work done by htto://www.am-dx.com/loopanthtm and others, | decided to 
experimentally build a copper tube antenna for DX-ing. The antenna needed to sit on a table and be 
rotatable by the simple expedient of grabbing its handle and maneuvering it around on its felt pads. 
This required that the width be limited, but height wasn't a problem... up to an 8' ceiling level from a 
table top, of course. | designed and tested the antenna with the radio piece by piece, trying every 
variation 1 could think of and observing the volume change of my strongest stations. | stopped at 
three loops because | didn't want to narrow the bandwidth of the antenna too much (AM-DX used 
опе loop for this reason). My prior experience with a purchased tuned-loop antenna (30-50 loops?) 
showed wonderful gain but extremely narrow bandwidth — 1 had to tune the All-American Radio to the 
station first by wire antenna, then switch in the loop and tune it, otherwise 1 could never align both 
tuners to the same station. | didn't want to deal with that complexity. 


The toroid is the same Amidon FT-240-77 that AM-DX recommends. Ай of the solder joints were 
done with cleaned copper, flux, and silver solder. Note the copper tubes near the toroid do not touch, 
4 loops of 8-gauge wire complete the connection. The secondary is 9 loops of 14-gauge wire. 
Everything was live-optimized on and for this radio — the length of the copper, the number of loops, 
their tightness-looseness around the toroid, the number of loops of the primary and secondary, 
twisted-wire post-secondary (not a factor), the absence of a tuning capacitor at top, bottom, mid-loop, 
cross-ways, whatever — it made no discernible difference. This antenna easily outperformed a 40° 
long wire antenna run along the ceiling of my basement in the same plane of the loops. 


For display purposes (antenna as art’) | hand-sanded the 1/2" copper with 400-grit paper after final 
assembly and sprayed it with clear gloss acrylic so that it wouldn't tarnish. Three vertical oak dowels 
in the base support the copper. The oak cross pieces keep the copper tubes aligned, and short #6 
stainless steel screws attach them into the back side of the copper. 


Now the little regenerative radio strongly (allowing for its 1/2 watt audio amp) picks up 4-5 stations, 
and perhaps a half-dozen more passably well. A few more stations are very faint. Again, this is in my 
basement fully below ground level. The antenna appears to work equally well across the entire AM 
spectrum, but | have no way to measure that and stations are not equally distributed. | can't judge the 
noise level, but it seems reasonably quiet. 
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I'm going to dress up those loose secondary leads someday, but | haven't decided what would look 
best. Gray 5-way posts, probably. 


1 can't even guess at the impedance of this antenna, and 1 don't know how to measure it. 1 don't have 
a LCR meter, although I'd like one someday. | am confident that this antenna+radio system is 
mutually well-optimized, but | have no idea why it is. | have a Kenwood R-1000 radio | want to try out 
with it -- that's my next step, in fact. It has a signal strength meter and an attenuation switch which 
should give me a clue as to gain relative to a long wire. 


| assembled a second Ramsey SA7 pre-amp kit this past weekend to try to improve reception. That's 
cheating, | know, but I was curious. Unfortunately this one is behaving oddly and | can't see anything 
amiss, 1 MHz in (confirmed by scope) is producing 70 MHz out. Weird. Ramsey hasn't replied to my 
inquiry and scope trace photos. Is 10mV an outrageously large test signal into a pre-amp? | was 
getting 200mV out. 


A plea to readers : Overall impressions? Suggestions? Thoughts? Tests to perform? Magic words? 
Would an ATU be useful? Etc.? - email here 


Thanks! 


John Hackett 
(April 2015) 
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Thank you for your email and fascinating descriptions. To be honest, | cannot add a lot to your 
copper tube antenna project as I have never made an antenna quite like that. 1 will say that you have 
made a very neat and impressive job! 

1 am quite surprised that it works so well, being an un-tuned device and so not resonant on the 
required frequency. I suppose that this would be compensated for if the pre-amp could be included. It 
would be an interesting solution. 

1 cannot be certain as to why you get 70MHz out for a 1MHz input, but maybe there is some parasitic 
/ self-oscillation occurring? Perhaps some ferrite beads in strategic places could help - e.g. on input 
and output leads and on the semiconductor leads too. 10mV is a strong signal, but perhaps not as 
strong as you may expect to encounter, but nevertheless, maybe it is overloading the preamp circuit? 
You could try an attenuation pad. Perhaps some passband filtering between the aerial and the amp 
could help - but that's getting rather complex. 


Thanks again for the super information - | hope someone will read the page and be able to offer us 
some additional comments! 


Best wishes, Mike. 
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Kikusui variable DC power supply PAD 35-101. 0-35V 10A 
Tektronix 2445A 150Mhz Oscilloscope 

Tektronix 466 100Mhz Oscilloscope 

Leader LAG-120B Audio Generator 

Electrical Hand Drill 


Soldering Iron 
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My DC Variable Power 
‘The most important equipment that is required for electronics 
project. If you are looking into buying some equipment for 
doing electronics stuff, this should be the first one you should 
invest in. A good power supply can help you detect problem 
circuit quickly. 

‘Some good must have features in a power supply, 

+ able to support high current and wattage. 

- current and voltage meter. 

- current limiting function. 

OF course there are more high tech advance features, but 
these are the 3 most important function that I cannot live 


without, 


With a higher current/voltage or wattage rating, you can 
power up wider range electronics devices, 


Voltage | Current 


[Туре of Usage Range | Range 
v| (л) 

small scale electronics circuit " 
dem 3-15 | 1-2 
small to medium size motor, oF 

large scale electronics circuit | 3-24 | 3-6 
testing 

[motor and halogen Bulb: 17-24] 6-17 


Before connecting any load to the power supply, it is a good 
practice to adjust the current limit to a range which you think 
the load consume. When connecting to any unknown load or 
load that you suspected may have problem, itis a must to set 
а current limit, to prevent over drawing of current from the 
power supply. If there are short circuits in the load, current 
limiting can prevent huge current from flowing through and 
therefore reducing the chance of burning the whole circuit 
down. With proper limit, a short circuit wire could be warm 
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of finicky adjustments. Something about the ease of building an 
antenna seems to go hand-in-hand with not getting a firm grasp on 
why it works. 


In calling the antenna a folded dipole, we should note that the term 
"dipole" is important to our discussion. "Dipole" is a term that we 
use as shorthand for а longer characterization of a single wire 
antenna. The 1-wire antenna described is a 1/2 wavelength long, 
resonant, 2-pole antenna. The reference to length is obvious. Being 
resonant means that the feedpoint impedance will have negligible 
reactance and hence be purely or close to purely resistive. Having 
2 poles means having two transitions from maximum to minimum 
current--in this case stating at the current maximum located at the 
center of the antenna. 


Now all that we need to deal with is the folded aspect of the 
antenna. Folding refers not only to the visual appearance of the 
antenna, but as well to what folding does. Folding a single wire 
antenna (and thereby doubling the amount of wire needed) creates 
а combination of an antenna element and an impedance 
transformer. The same principle has been used with other antenna 
types. For example, the side-fed rectangle-a good vertically 
polarized performer for the lower HF bands--has a low feedpoint 
impedance. Doubling the loop with a crossover at the far end from 
the feedpoint raises the impedance of the antenna. 


Using antenna transformer techniques to raise the impedance of an 
antenna does not reduce any losses inherent in the antenna. 
operation. Loss resistances will also be transformed. These losses. 
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rather than burning with red hot fire. A lot of the problem can 
be detected by observing the amount of current being drawn. 


KIKUSUI ELECTRONICS 
CORP 
Regulated DC Power Supply 


Model: PAD 35-101. 0-35V 10A. 


Voltage range: 


OVde - 35Vdc. 


Current range: 


OA to 10A. 


Function. 


<1> adjustable current limit 


‘To limit the current up to a value. If he current drawn is greater than the value 
set. The power supply will seize further current supply, such that the current 
supplied will not exceed the limit. With some voltage adjusted, press current 
limit button <5>, and turn, <1> to the required current limit. 


<2> adjustable voltage 


Adjusting the open terminal voltage to the requirement. This also sets the 
voltage limit of the power supply. 


<3> over current indicator (C.C) 


LED lights up if current drawn is greater than the limit set 


<A> over voltage indicator (C.V) 


LED lights up if voltage at the terminal is greater or equal than the voltage 
setting. With open terminal (not connecting any load/circuit), the C.V LED 
should be lighted up. When loaded, the C.V LED should be off. 


<5> current/Voltage limit button 


Press the button to see the current limit being set. 


<6> OVP function (over voltage 
protection) 


Adjust a limit to the voltage, such that if the system's voltage exceed the setting 
the own power supply equipment will be shut down, and OVP LED will be 
lighted up. A reset (ОЙ?Оп) will be required to reset the power supply to normal 
working conditions. This is a safety feature in case the voltage at the terminal is 
greater than expected unintentionally 


<7> voltage meter zeroing 


see voltage calibration 


<8> current meter zeroing 


see current calibration 


<9> VES (voltage full scale) 


see voltage calibration 


<10> A.FS (current full scale) 


see current calibration 


<11> vos (voltage offSet) 


see voltage calibration. 


<12> LOS (current offset) 


see current calibration 


<13> Voltage display 


see voltage calibration 
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<14> Current display see current calibration 
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jetting up the power supply for u 
1) Always turn current voltage knob to minimum (anti- 
clockwise) before switching on the power supply: 

2) Switch ON the power supply. 

3) Adjust the voltage knob to the voltage required. It is 
important to verify the voltage using а multi-meter. Do 
not rely solely on the voltage reading on the power 
supply equipment. 

4) Press the current limit button <5>, and turn the 
current limit knob to the maximum current allowed. 
Always keep the current limit as low as possible to 
prevent over driving faulty circuit, which may result in 
burning fire 

5) Switch OFF the power supply. 

6) Connect up your circuits. 

7) Switch ON the power supply. 

В) Ifthe voltage and current when switched on is not of 
expected, switched off the equipment and think over 
what is happening. 


Calibrating the voltage display <13>: 


Calibrating the current reading <14>: 


1) Make sure the power supply is switch OFF. 
2) Adjust the OVP <6> to maximum, to prevent the 
protection mode from activating. 

3) Adjust the voltage knob to minimum (anti- 
clockwise). 

4) Switch ON the power supply. 

5) Insert a digital VOLTAGE-meter and it should read 
OV across the +ve -ve terminal 

6) If it does not read zero volt, adjust VOS «117 until 
the digital multi-meter reads OV. adjustment should be 
small and slow as the reading needs about a minute to be 
stable, 

7) After the digital multi-meter reads OV, it means that 
the output voltage at OV has been tuned, Check the 
power supply voltage display OV too. If the display does 
not show OV, adjust the voltage meter zeroing <7> to OV 
reading on the power supply equipment. 

8) Adjust to increase the voltage to exactly 30V shown 
‘on the multi-meter. The voltage display on the power 
supply may not shows the 30V. Adjust V.FS <9> to 
adjust the voltage display to show the 30V on the 
‘equipment. Note that adjusting V.FS do not change the 
voltage output from the power supply equipment. 


1) Make sure the power supply is switch OFF. 
2) Adjust the voltage/current knob to minimum (anti- 
clockwise). 

3) Insert a digital CURRENT-meter and it should read 
ОУ across the +ve -ve terminal. Make sure the priority is 
correct or else your meter will be damaged. +ve probe 
connected to the +ve terminal, while the -ve probe to the 
negative. This forms a short circuit across the power 
supply terminal as a amp-meter is 0 ohm, 

4) Switch ON the power supply. The C.C <3> indicator 
will light up to indicate over current. This is because the 
current limit knob is turn minimum, limiting the current. 
5) Increase the current knob by a bit. This should turn 
off the C.C indicator. 

6) Increase the voltage knob by a bit. The C.C indicator 
could be lighted up, with a current reading on the 
display <14>. The display reading should reads the 
same as your digital CURRENT-meter. Adjust to varies 
current limit to check if they are of the correct reading. 
7) If the reading is incorrect, A.FS <10> and LOS <12> 
will need to be adjusted as it is done for the voltage 
calibration. The procedure will be slightly more 
complicated as current measurement is not as direct as 
voltage measurement, however the priciple is still the 
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9) The equipment should be calibrated, Adjust to varies | same. Tuning the offset first followed by the meter 
voltage to check if the voltage display tally the reading | zeroing, and lastly the full scale tuning. 
shown on your multi-meter, 
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My Tektronix 2445A 150Mhz Oscilloscope 


Features 
Volts measurement cursors Specification 
Time measurement cursors Form Factor Benchtop 
Cursor tracking Bandwidth 150 Mhz 
Alphnumeric Readouts Rise time 233 ns 
Time Measurement Number of Channels ach 
Voltage Measurement Min. Vertical Sensitivity 2mVidiv 
CRT Readouts Maximum Vertical Sensitivity 5 V/div 
Vertcal(or Deflection Factor) 2% 
Accuracy 
Input Coupling AC,DC,GND 
Input Impedance 1 MOhm 
Input Impedance (alternate) 0 Ohm 
Maximum Input Voltage 400 V(de+p) 
Maximum Input#2 (for 5 Vrms 
Impedance #2) 
Main time base - lowest 10 ns/div 
Main time base - highest 1 sidiv 
В Sweep Time Base (low) 10 ns/div 
B Sweep Time Base (high) 50 ms/div 
Time base Magnification factor x10 
(x) 
Timebase accuracy 06% 
Trigger Source External Internal 
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Trigger Modes AC,Auto,DC,HF-REJ,LF- 
REJ Normal Single 

Display Type. Color CRT 

Display Size 127cm 

User Interface. Proprietary 

Ош of Production Nov-01-2000 

CE Compliance Not on file 

UL Compliance Not compliant 

Power Requirements, Input Universal (Auto Sense 

Power and Switch) 

Physical Dimensions Width: 330 mm 
Height: 190 mm 


Length: 434 mm 
Weight: 9.3 kg(20.5 Ib) 


For more information regarding the use and operation of an oscilloscope, you can refer to the following document, the 
XYZ's of Oscilloscopes from Tektronix. 


XYZs of Oscilloscopes, Tektronix 03W_8605_2.pdf 


My Tektronix 466 100Mhz Analog Storage Oscilloscope 


scan version of the manual for tektronix 466 oscilloscope is available in *.pdf format. 
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email: mailgsiongboon.com 
website: httpi//wwwisiongbcon.com 
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RF power harvesting: a review B 
on designing methodologies and applications 


Le-Giang Tran! HyoukeKyu Cha? and Woo-Tae be 


[ Abstract. 
Wireless power transmission was conceptualized neatly a century ago. Certain achievements made to date have 
made power harvesting a reality, capable of providing alternative sources of energy This review provides a summ. 
ary of radio frequency (RF) power harvesting technologies in order to serve as a guide for the design of AF energy 
harvesting units Since energy harvesting circuits are designed to operate with relatively smal voltages and currents, 
they rely on state-of-the-art electrical technology for obtaining high efficiency. Thus, comprehensive analysis and 
discussions of various designs and their tradeoffs аге included. Finally, recent applications of RF power harvesting are 


outlined. 


| Keywords: Wireless power harvesting, Radio frequency, Impedance matching network, Voltage multiplier, 


Antenna, Wireless sensor networks 


Background 
Motivation for wireless energy harvesting 
An early definition of а wireless power transmision 
system portrays a unit that emits electrical power from 
опе place and captures it at another place in the Earths 
atmosphere without the use of wires or any other sup- 
porting medium [1]. The history of RE power scavenging 
in free space originated in the late 1950s with а micro- 
wave-powered helicopter system [2]. Later, the concept of 
power harvesting or energy scavenging was explained as 
a technique for reaping energy from the external environ- 
ment using different methods including thermoelectric 
conversion, vibrational excitation, solar energy conver- 
sion, and pressure gradients. This technique promises 
tremendous scope for the replacement of small batter- 
ies in low power electrical devices and systems. Figure 1 
introduces the structure of an RE energy harvesting sys- 
tem and factors that contribute to the performance of the 
whole system. 

ЕР wireless power harvesting (WPH) holds vast poten- 
tial for replacing batteries or increasing their lifespans, 


A) Springer Open 


Currently, batteries power a majority of low-power 
remote sensor devices and embedded equipment. In 
fact, batteries have finite lifespans and require periodic 
replacements. By applying power harvesting technolo- 
gies, devices and equipment can become self-sustaining 
with respect to the energy required for operation, thereby 
obtaining an unlimited operating lifespan. Thus, the 
demand for power maintenance will become negligible. 

"The sources for WPH are available in many forms, such 
as solar power [2-5], wind energy [6-8], thermal energy 
[9-11], electromagnetic energy [12-14], kinetic energy 
[15-17], ete. Among them, electromagnetic energy is 
abundant in space and can be retrieved without limit. 
Electromagnetic waves come from a variely of sources 
such as satellite stations, wireless internet, radio stations, 
and digital multimedia broadcasting. A radio frequency 
power harvesting system can capture and convert elec- 
tromagnetic energy into a usable direct current (DC) 
voltage. The key units of an RF power harvesting system 
are the antenna and rectifier circuit that allows the RF 
power or alternating current (AC) to be converted into 
DC energy 

"The processing of battery wastes is a critical prob- 
lem. A majority of batteries end up in landfills, leading 
to the pollution of the land and water underneath. The 
most effective solution for reducing battery wastes is to 
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avoid using them. Applying WPH technology will help 
to reduce the dependency on batteries, which will ulti- 
mately have a positive impact on the environment. More- 
over, the process of harnessing electromagnetic energy 
will not generate wastes as it is a clean energy source. 

A summary of the present sources of energy available 
for power harvesting is shown in Table 1. The data in 
‘Table 1 was collected from references [18, 19]. In com- 
parison with thermal or kinetic energy, electromagnetic 
energy is not limited by space or time, The RF wave is 
available both indoors and outdoors, in rural and urban 
areas, throughout the day. Despite its low power den- 
sity in the environment, an intentional source can be 
added for more efficient power transmission and а 
boosting circuit can be built to suit the requirements of 
the load application. This feature promotes research to 
realize RF WPH technology through applications such 
as wireless sensor networks (WSNs) and Internet of 
"Things (loT). 


Fundamentals of RF transmission 
Understanding electromagnetic waves is important to 
design an RF WPH system. The behavior of electromag- 
netic waves varies according to the distance, frequency, 
and conducting environment. Depending on the require- 
ments of the application, the designer needs to select 
suitable parameters for electromagnetic waves to obtain 
best results. 

"The loss of power ín space can be characterized by free 
space path loss (FSPL), which is the loss of signal power 
during propagation in free space. Calculating FSPL 
requires information about the antenna gain, frequency 
of transmitting wave, and distance between the transmit- 
terand receiver, 

"The behavior of electromagnetic waves depends upon 
the distance from the transmitting antenna, These char- 
acteristics are categorized into two segments: far-field 
and near-field [20]. While the electromagnetic wave pat- 
tern at the far-field is relatively uniform, in the near-field, 


Table 1 Overview of alternative sources of energy to replace batteries. 
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are not significant with the standard horizontal folded dipole, but 
have been a major misunderstanding of its cousin, the folded 
monopole. 


The Folded Dipole as an Impedance Transformer 


Our understanding of the folded dipole has been stunted in part by 
our use of only a special case within the range of possible 
transformations. By using the same diameter wire for both d1 and 
d2, we always end up with a 4:1 impedance transformation relative 
to a single-wire dipole. However, we usually have no idea why this 
is so. Let's start with the general transformation properties and work 
our way back to the special case with which we are familiar. 


Relative to a single-wire dipole, the feedpoint impedance will be 
transformed upward by the ratio R according to the following 
equation: 


where the terms S, d1, and d2 have the meanings shown in Fig. 1. 
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where dis the Fraunhofer’s distance, D is the maximum 
dimension of the radiator (or diameter of the antenna), 
and A is the wavelength of the electromagnetic wave. 
Although the Fraunhofer creates a boundary region, the 
actual transition between regions is not distinct. Inside 
the near-field, the space from the antenna to a distance of 


YE is a non-radiative/reactive near-field region, where 


E and H fields are not in phase, creating energy distor- 
tion, As we propagate forward in this region towards the 
far-field, we encounter a radiative near-field or Fresnel 
region, where the reactive behavior of electromagnetic 
waves is not dominant but the phases of E and Н fields 
stil vary with distance. 

For a transmitter -receiver antenna in the far-field free 
space, the power propagation at the receiver antenna can 
be expressed as 

PrGrGai? 


еа" 


a 


where Pj is power at the receiver antenna; бд is receiver 
antenna gain relative to the isotropic source (dBi); 2 is 
the wavelength of the electromagnetic signal, which is 
equal to the speed of ight in vacuum divided by the sig- 
mal frequency, 2 = f and k = 2n/h is the wave number. 
From the above formula, the FSPL, Р, for far-field can be 
inferred as 
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Health Organization (WHO). To date, there have been 
mo consistent reports corroborating that lasting expo- 
sure to EME shortens ones life span or induces adverse 
health conditions. However, for safety issues, RF emis- 
sion power and frequency must be considered catefully 
to avoid unwanted damages. 


less power harvesting evaluation metri 
"There are various parameters that need to be evaluated, 
which decide the performance of a WPH design. Evalu- 
ation merits change depending on different applica- 
tions. Nevertheless, critical values such as efficiency, 
sensitivity, operation distance, output power are defined 
as standards to make comparisons, However, tradeoffs 
exist between these values such as operation distance 
and overall efficiency, Moreover, besides this merit, other 
manufacturing auxiliary factors like low cost, maturity of 
fabrication process, and bulk manufacturing availablity 
are also paramount. 


Operation range 
Operation distance is mostly related to operation fre- 
quency. In fact, transmission at high frequencies is 
attenuated by atmospheric conditions more than at 
low frequencies while low frequency penetrates deeper 
through matter. Therefore, ifthe application of WPH is 
for implantable devices, then the transmitting frequency 
should not exceed the megahertz range. 


RF-DC power conversion efficiency (PCE) 
"This is the ratio between the amount of power applied to 
the load and that retrieved by the antenna. Generally, the 
RE-DC PCE covers the efficiency of the rectifier, voltage 
multiplier, and storage elements. PCE can be simply cal- 
culated as the ratio of power delivered to the load to the 
retrieved power. RF transmission loss in space is not con- 
sidered in this term. 


2 


"er © 


Fan 
where Pg is power delivered to the load and P, ii 
harvested power at the antenna, Factors that determine 
the value of PCE include parasitic effects, leakage in the 
circuits, design topologies, and nonlinear thresholds of 
electrical components. 


Resonator Q factor. 
"The Q factor is generally defined as a dimensionless value 
that describes how strong the resonance is and the band- 
width of resonance [22]. In electric circuits, the Q factor 
represents how much the peak voltage increases when 
the system resonates at resonant frequency. From this 
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concept, the equation of Q factor ean be express as the 
formula below [23]; 

x Energy stored 
<" Energy dissipated per cycle" 


o о o 


-5 

From the equation above, it is inferred that a high Q 
factor comes with a narrow resonant bandwidth, but high 
voltage gain is obtained at resonance. Further, this equa 
tion also indicates that the Q factor is inversely propor- 
tional to the energy dissipated per cycle. The specific Q 
factor for capacitor C and inductor L at frequency c is 
given by 


1 ķ 


ese د‎ =, 
s 2 a ORC Re © 
— 01 = SE = E = 


m 
where Re is the series resistance of capacitor and Ri is 
the series resistance of inductor: From the equations of 
Qu and Qj, we note that resistive component is the cause 
of power dissipation. Additionally, in an electrical circuit 
energy loss can be reduced by adding reactive compo- 
ments such as capacitors or inductors and minimizing 
resistive components. Since obtaining a high Q factor 
is a usual consideration in designing WPH systems, this 
feature is typically included in the impedance matching 
network design 


Sensitivity 
Sensitivity of a WPH system is defined as the mini- 
‘mum limit of incident power that is required to trigger 
the operation of the system, Sensitivity is quantified as 
follows: 


Sensitivity (dBm) = 191084 ( 


P 
mv): 
where P is the minimum power the system requires to 
perform a task. 

"The threshold voltage of CMOS technology affects 
sensitivity. A lower threshold CMOS is more sensitive 
but comes with more leakage current, which reduces the 
overall efficiency. 


Output power 
Usually, the outcome of a WPH system is DC power, 
which is characterized by load voltage Vp and current 
Ino Measuring open-load voltage demonstrates the per- 
formance of WPH in general since Voy and Inp depend 
оп load impedance. If the load is а sensor, Уш, is more 
important than Inn while in applications like electrolysis 
or LED, current is the dominant parameter 
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Recent advances in wireless power harvesting 
Antenna/rectenna design 

Gain, resonance frequency, bandwidth are parameters 
that characterize the performance of an antenna. Assam- 
ing an unobstructed space and isotropic transmitting 
source, the spreading of the waves in all directions is uni- 
form. Thus, the power per unit area at a distance from 
the source is inversely proportional to the square of the 
distance: 

Pr 


Pas‏ ی 
TE ay‏ 


where R is the distance from the source, S is power per 
unit area at the distance R, and Pr is the transmitted 
power 

However, it is important to note that antennas do not 
always transmit power spherically (isotropic antenna), 
they also transmit energy in some specific directions 
according to their designs. The ratio between the maxi- 
mum power density of an antenna at a given distance to 
the power density of an optimal omnidirectional or iso- 
tropic antenna at the same distance, radiating the same 
power is known as antenna gain (G). This parameter rep- 
resents the directivity of an antenna. Since power density 
(5) is non-directional the definition of S was developed 
as a function of direction Le. S (8, ¢). Consequently, the 
gain of the antenna is a directional function as well. It 
is defined as the ratio of the antennas power density in 
a given direction to the power density of an isotropic 
antenna as formula below 


E 


Ge) 


Soa E vu» 
Thus, the power density at a distance R from am 
antenna in generalis given by. 


PrGr 
prn a» 
where Py is the transmitted power by the antenna and Gy 
is the transmitting antenna gain. It is known that an ideal 
isotropic antenna has Gy = 0 dBi. The aforementioned 
formula is also applicable to receiving antennas. Spe- 
cifically, for power harvesting applications, a receiving 
antenna, which constitutes а rectifier, is called а rectenna. 

Preference for а high gain antenna depends on the 
application requirements. In case of RF transmission, 
if the positions of source and receiving antennas are 
known, then a high gain rectenna is advantageous, On 
the other hand, if the positions of the source and receiv- 
ing antenna are relatively uncertain, a low gain antenna is 
preferable in order to collect signals [rom various direc- 
tions simultaneously. 
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Every antenna has its own optimal operation fre- 
quency known as resonance frequency (Fig. 3). The 
resonance frequency is determined by the capacitance 
and inductance characteristics of the antenna. As fre- 
quency increases, inductive behavior becomes dominant 
and capacitance decreases, The frequency at which the 
inductance and capacitance nullify each other, minimiz- 
ing the impedance of the antenna, is called the resonance 
frequency, 

"The capacitance and inductance are functions of the 
frequency and physical size of the antenna, The larger 
the dimensions of the antenna, the lower the resonance 
frequency, Therefore, transmitting and receiving low fre- 
quency waves requires a large aperture, which is not suit- 
able for small device applications, The antenna designed 
їп [24] has a sensitivity as low as —35 dBm (032 pW), 
but the tradeoff is а large size aperture measuring up to 
6468 em’ (7 x7 x 132 cm). 

"The bandwidth of an antenna is the range of frequen- 
cles in which the antenna ean operate efficiently, A wide 
bandwidth antenna can collect signals from a wider range 
of frequencies than а narrow bandwidth antenna. Hence, 
a wide bandwidth antenna is advantageous in retrieving 
incident energy but presents a high risk of interference by 
noise through unwanted frequencies (Table 2) 

Communication antennas have been studied for dec- 
ades. However, power-harvesting antennas аге currently 
in the developmental stage, At first, antenna classification 
was based on design characteristics and applications, lt 
originally included wire antennas, aperture antennas, 
printed planar antennas, and reflector antennas, Ап illus- 
tration of some examples of antennas is shown in Fig. 4 
"To date, the growth in technology has paved the way for 
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a variety of antenna design and fabrication methods for 
‘making it more compact and mature. 

The plate antennas are popular and have many appli- 
cations [27, 34, 38); on-chip antennas are preferred 
for small and compact applications. Recently, many 
publications addressed wide-band and multi-band 
antennas. It has been proven that narrow-band anten- 
mas offer high energy conversion efficiencies but can 
only retrieve a limited amount of energy. On the other 
hand, wide-band or multi-band frequency antennas 
сап retrieve more RF energy in space. However, the 
tradeoffs are low overall efficiency and large aperture, 
In [32], antennas with a resonance frequency of 4.9 and 
59 GHz were designed with PCEs of 652 and 64.8%, 
respectively. Further work by Lu et al. [26] on polari- 
zation antennas supports the assertion that expanding 
the bandwidth of an antenna leads to increasing the 
amount of power harvested. In this work, the demon- 
stration of broadband polarization antennas with three 
separate modes allows the antenna to operate ina wider 
range of frequencies. One common mechanism in the 
aforementioned works is the control of the antenna 
configuration by switching the diodes on and of, thus 
altering its resonant frequencies. However, since it uses 
separate modes for different frequencies, this antenna 
is not able to simultaneously resonate at two frequen- 
cies. On the other hand, the antenna presented in [39] 


is capable of operating at 2.45 and 5.8 GHz, simultane- 
ously, providing 2.6 V output with a PCE of 65% and 
power density of 10 mW em. 

"The main purpose of aligning antennas in arrays is to 
enhance the antenna gain and obtain high voltage/cur- 
rent, Array antennas are preferred over large aperture 
antennas because they do not require large breakdown 
voltage diodes to operate. Antenna arrays сап be соп- 
nected before or after rectification. The first configura- 
tion enhances the retrieved power at the main beam 
while the second configuration expands the ability to 
retrieve power from various angles away from the main 
beam [40]. In case the RF waves are combined before rec- 
tification, the rectifier requires a large breakdown diode. 
ТЕВЕ waves are combined after rectification, combining 
DC current becomes problematic. Antenna arrays can be 
connected in series or parallel to obtain high voltage or 
large current, Nonetheless, expanding the arrays yields 
better output but this might cause a deduction in conver- 
Чоп efficiency [33] 

For demonstrating antenna arrays, Sun et al [35] 
invented a T-junction to connect four quasi Yagi anten- 
nas together. The advancement in this work was that the 
‘T-junction was flexible in changing from 1 x 4 array to 
2 x 2 array topologies. Consequently, the system was able 
to operate at an ambient power level as low as 455 / 
cm? while obtaining 40% PCE. 
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Impedance matching network 
In low-power consumption electrical systems, power 
leakage during transmission may lead to energy insul- 
ficiency. In these circumstances, adding an impedance 
‘matching network (IMN) ensures that the maximum 
power transfers between the RE source and load. For 
WPH applications, the receiving antenna is considered 
as the source while the rectifier/voltage multiplier is 
considered as the load. It is acknowledged that in DC, 
power transfer is optimum when the resistances of the 


source and load are indistinguishable. In an RF circuit, 
the impedance is referred to instead of resistance, An 
impedance mismatch between the source and load cre- 
ates reflected power flow in the circuit that lowers the 
efficiency of the system. As its name indicates, the IMN 
ensures that the impedance of the source and load are 
identical by adding reactive components in between, 
"There are three basics matching configurations Le. 1, 
T and s matching networks (Fig. 5). The L matching is 
commonly used since it typically has two components, 
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Fig. 5 Configuration of common impedance m 
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which simplifies the designing and controlling process 
Additionally, the L matching networks do not alter the 
quality factor (Q) of the circuit. 

The T and п matching configurations are more com- 
plex than the L network. Furthermore, organizing the T 
and п configurations into multiple stages will retain the 
final matching results but will change the Q factor. This 
strategy is useful in improving voltage boost. 

There are tradeoffs between the attributes of an IMN, 
which include frequency, bandwidth, adjustability, and 
complexity. For instant, in [41], the suboptimal imped- 
ance matching and multiport ladder matching methods 
жеге introduced ta enhance the matching performance 
and harvested power of antennas, respectively. However, 
the tradeoff was that implementation of these configu 
tions required more components than traditional match- 
ing networks, thus, escalating the circuits complexity. 

Ног et al. [42] designed an IMN for THz frequencies 
applications using transmission lines and self-designed 
‘metal-insulstor- metal diodes instead of lumped com- 
ponents, Moreover, fixed IMN and tunable IMN [13-45] 
жеге introduced as а technique for better matching with 
wide-band and multi-band antennas. 


Rectifier/voltage multiplier 
RE energy extracted from free space usually possesses 
low power density since the electric field power density 
decreases at the rate of 1/d?, where d is the distance from 


the RF source [46]. Therefore, a power amplifier circuit 
is required that yields enough DC energy from the elec- 
tromagnetic waves to drive the loads, This gives rise to 
two possibilities, if the power consumption of the load is 
lower than the average power harvesting, the electronic 
devices atthe load may work continuously; otherwise, if 
the load consumes more energy than the power harvest- 
ing circuit can generate, the devices cannot work contin- 
тошу [47]. 

Rectifying is the most popular application of diodes, 
which refers to the conversion of AC current to DC cur- 
rent. In terms of power harvesting application, the RF 
signal retrieved in the antenna has sinusoidal waveform. 
"The signal after transformation through IMN would be 
rectified and boosted to meet the power requirements of 
the application. 

The most fundamental topology of the rectifier is the 
half-wave rectifier that comprises of a single diode DI 
(Fig. ба). When AC voltage transfers through DI, only 
the positive cycle remains and the negative cycle is cut- 
ой; thus, it diminishes half of the AC power. Moreover, 
the output Vn is discontinuous since the negative cycle 
is cutoff. Despite its simplicity, а half-wave rectifier is 
usually inadequate for common applications. Hence, а 
full-wave rectifier is more preferable. The circuit design 
of the full-wave rectifier is shown in Fig. 6b. During the 
first negative cycle of AC input, diode DI is conductive 
and capacitor C1 is charged to the corresponding energy 
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level of V, of the input. Then, at the next positive 
cycle, diode DI is blocked, diode D2 is conductive so that 
capacitor C2 is also charged. In consequence, the output 
Уш Would see two capacitors in seres (each one is stor- 
inga voltage of V, Thus, Vay is twice Vee Therefore 
this topology is more stable and efficient than the half- 
wave rectifier. There is also a bridge rectifier that recti- 
fies both positive and negative cycles of the AC input 
but retains Va = Vy. by alternatively blocking pairs o£ 
diodes D1, D4 and D2, D3 (Fig. 6c) 

Voltage multiplier is a special type of rectifier circuit 
that converts and boosts AC input to DC output. In 
some case where the rectified power is inadequate for 
the application, there is a need for boosting the output 
DC by stacking single rectifiers into seres, forming the 
voltage multiplier [48]. Several configurations of the volt- 
age multiplier are shown in Fig. 7. The most fundamental 
configuration is the Cockeroft- Walton voltage multiplier 


(Fig, 79). This circuits operational principle is similar to 
the full-wave rectifier (Fig. 6b) but has more stages for 
higher voltage gain. The Dickson multiplier in Fig. 7b is 
a modification of Cockcroft- Walton's configuration with 
stage capacitors being shunted to reduce parasitic effects. 
"Thus, the Dickson multiplier is preferable for small volt- 
age applications. However, it is challenging to obtain high 
PCE due to the high threshold voltage among diodes cre- 
ating leakage current, thus reducing the overall efficiency. 
Additionally, for high resistance loads, output voltage 
drops drastically leading to low current supply to the 
load, A summary of recent works related to voltage mul- 
tiplier is shown in Table 3. 

"The MOSFET (metal-oxide-semiconductor field effect 
transistor) technology is overcoming the limitations of 
diodes and becoming an alternate solution for rectifying 
and boosting. Owing to MOSFET technology, Dickson. 
multiplier can be integrated together in integrate circuits 
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(IC) by replacing diodes with NMOS as shown in Fig. 7, 
Relatively law threshold voltages and high PCEs are fea- 
tures of this design. Moreover, differential drive voltage 
multiplier (Fig. 7d) is widely used because of its low leak- 
age current and potential for further modification for 
specific applications. A detail explanation and analysis is 
presented in [49,50] 

There is a strong relationship between the number of 
stages of a voltage multiplier and its sensitivity and effi- 
dency. As the number of stages increase, there is more 
loss across each added stage. However, the tradeoff is 
higher voltage multiplication and small threshold voltage 
at the first stage. On the other hand, a voltage multiplier 
with a few stages has less voltage drop between its stages 
but requires higher threshold voltage for all stages to 
work simultaneously. For this reason, a voltage multiplier 
becomes more sensitive when a large number of stages 
are present and becomes more efficient at fewer stages. 
"This tradeoff feature was analyzed in several researches 


153, 58]. Therefore, the optimal number of stages should 
be considered depending upon the application targets 
Pros and cons of Schottky diode and CMOS 
technology 

Rectifying elements such as diodes or transistors are 
indispensable components of the rectifier/voltage mul- 
tiplier block, which determine operation frequency and 
power-conversion efficiency. Traditionally, a Schottky 
diode was used because of its low threshold voltage. 
Moreover, there are also Esaki (tunnel) diodes, metal- 
insulator-metal (MIM) diodes, and spin diodes with 
recent technology enhancements that make it more 
mature. Particularly, the Esaki diode can operate at very 
high frequency with fast response because of its low 
parasitic elements, Moreover, the MIM diodes technol- 
ogy makes integration with CMOS process possible, 
which is a limitation of Schottky diodes, Spin diodes 
offer lower threshold voltages than Schattky diodes, 
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There are several parameters that need to be considered 
when choosing a diode for designing a voltage multiplier: 
"These include RF to DC power conversion efficiency, 
parasitic efficiency, and matching efficiency. When it 
comes to microwatt applications, Schottky diodes face 
some limitation in RE-DC conversion efficiency because 
of their high zero-bias junction resistance |59], How- 
ever, owing to recent developments in technology, if the 
retrieved power is less than ~30 dBm (1 pW), then the 
low-barrier SMS7630 and VDI W-Band ZBD diodes are 
recommended due to their low parasitic power losses and 
low power dissipation in the matching network [60] 

Recently, many publications have moved toward 
CMOS processes, since they not only assist in custom 
designing in electronics but are also more sensitive to 
low operation voltages than traditional Schottky diodes. 
Many researches focus on modifying present recti- 
fier and voltage multiplier topologies to achieve higher 
gain, sensitivity, efficiency [52, 55-57, 61]. For instance, 
the voltage multiplier achieved maximum 11% PCE at 
—24 dBm (4 pW) in [62] and 41% PCE at —206 dBm 
(87 pW) input power in [57]. While the majority of pub- 
lications utilized 018 um CMOS technology in their 
work, [52] applied commercial 40 nm CMOS process 
to build a low-voltage operation voltage multiplier that 
reached 44% PCE at 390 mV input. Hwang et al, [54] 
applied reducing reverse loss to minimize the reverse 
leakage loss in the rectifier, thus increasing the overall 
efficiency, 

Similar to Schottky diodes, the number of stages directly 
dictates the performance efficiency in the task of design 
ing a custom CMOS voltage multiplier A basic assump- 
tion when using transistors is that the retrieved RE signal 
from the antenna must be high enough to trigger the tran- 
sistors on and ой. Different voltage multiplier topologies 
possess diferent features and characteristics. However, as 
longas transistors are used in the design, there is consider- 
able amount of voltage drop among transistors It has been 
observed that the major cause of rectified voltage drop is 
the threshold los, If the number of stages increases, the 
threshold voltage at the transistors also adds up, requir- 
ing the higher amplitude RF signal to trigger the transis- 
tors [62]. Therefore, the number of stages in the majority 
‘of publications usually does not exceed 10. 
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Designing and optimizing the WPH system 
‘The efficiencies of individual modules and the integration 
of all modules together constitute the total efficiency of 
a WPH system. As a consequence, the only way to opti- 
mize the total efficiency is to maximize efficiencies of 
each module and consolidate them in harmony. Come 
monly, several tests and adjustments need to be done 
to obtain an optimized WPH system. The work flow of 
designing a WPH system is described in Fig. 8. 

Firstly, choosing the appropriate operation frequency 
to the application's requirement critically dictates the effi- 
ciency of the WPH system. Secondly, the operation range 
also need to be specified. Long range (far-field) power 
harvesting or transmission requires high frequency such 
as 245, 5:24 GHz, whereas short range (near-field) appli- 
Cations requires electromagnetic waves at frequencies in 
the megahertz range. Additionally, for power harvest- 
ing in dense environment different fom ай, very low 
frequency (KHz) is preferable. Besides the operation 
frequency and distance, the required output power and 
voltage determines the suitable topology of the voltage 
multiplier. 

Based on the operation and application, the antennas 
design has to match the gain, frequency and size. Choos- 
ing the right rectifying element is also critical. For rec- 
for and voltage multiplier modules in general, the 
dependence of RF-DC PCE on frequency and output load 
was discussed in [50]. In addition, it is obligated to have 
а correct-tuned IMN for maximum power transfer inside 
the WPH circuit. 

Detailed features of individual modules of the WPH 
system are explained and discussed in the previous sec- 
tions. The problem of optimizing the WDH system 
becomes the game of defining the goals and integrating 
individual modules in harmony to archive the goal. 


Applications 
RF power harvesting in medical and healthcare 

In order to deploy WPH in the real world, power con- 
sumption rate of the device should be less than the har- 
vested power. Since retrieved power is unstable and 
difficult to predict, an energy storage module is highly 
recommended to enhance its consistency. If the WPH is 
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integrated to the device as а single system on chip, the 
total size of the system would be reduced significantly. 

The first wireless battery-free bio-signal processing sys- 
tem on chip [63] was introduced by [64]. This system was 
able to monitor various bio-signals via electrocardiogram 
(ECG), electromyogram (EMG), and clectroencepha- 
logram (EEG). The total size of the chip was 825 mm. 
"This chip only consumed 19 pW to measure heart rate. 
"The power module of this system comprised an RE WPH 
that was supported by a thermoelectric generator, which 
together supplied a voltage of 1.35 V. Table 4 presents 
the performance of several health monitoring system on 
chips (SoCs). The majority of chips have the advantages 
of small size, low voltage supply and low power con- 
sumption which is applicable to be integrated with WPH 
technology 

It is a fact that a considerable amount of TV broadcast 
signals never reach the TV. Fortunately, WPH technol- 
ogy can harness this wasted energy without causing any 
effect on the TV broadcasting quality. In this context, 
Nishimoto et al. [71] have explored this potential source 
of energy to remove batteries from temperature moni- 
toring WSNs. Since the power density of TV broadcasts 
is relatively weak, an array antenna was designed to col- 
lect multi-frequency waves. Compared to the antenna 
array designed in [72], the antenna rectifying efficiency 
obtained was higher by 50% in the frequencies between 
15 and 800 MHz, This design is reported to successfully 
measure and transmit data every 5з. 

In some research experiments where free movement 
is unavoidable, stimulation signal and response data has 
to be delivered and collected wirelessly, In these circum- 
stances, RF WPH isa superior choice in comparison with 
inductive coupling transmission technology to power 
the wireless system. Cobo et al. designed an implant- 
able micro-pump that is powered by inductive coupling. 
coils Even though this work has obtained high efficiency 
power transmission, the operation range is limited to 
a few centimeters from the source. On the other hand, 


Table 4 Power consumption of published Soc devices 
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in [73], the RF electromagnetic waves were deployed to 
power optogenetic microneedles to be wirelessly injected 
into mice, The design of WPH in this work was able to 
retrieve 408 mV power at a distance of 1 m from the 
79 W source at a frequency of 910 MHz. Another rect- 
enna was built for mounting on the mice’ heads for deep 
brain stimulation (DBS) devices [31]. In this system, 
the power-harvesting module retrieves 0254 mW DC 
power at a maximum operation distance of 20 cm. With 
this available power, the DBS device generates 200 pA 
pulses at 130 Hz, The above results show that RF WPH 
technology offers a better operation range than tradi- 
tional inductive coupling power transmission technol- 
озу. It is now possible to harvest sufficient power to run 
low-power consumption devices in the range of meters 
‘The noninvasive bio-telemetry system for monitoring 
and investigating various health indexes is а promising 
field for WPH technology. Cheng et al. [74] introduced 
а power harvesting design that included a loop antenna 
to be attached to the pig eye with 31% PCE and output 
power up to 210 mW. Additionally, in vivo experiments, 
using WPH technology to supply medical devices for 
implantation in rapid eyes was demonstrated without 
recorded side effects (63, 75) 


Wireless power harvesting network (loT/WSN) 
Along with the development of the micro-clectro- 
‘mechanical systems (MEMS) technology, wireless sensor 
networks have gained widespread popularity in recent 
years. This field has achieved several milestones and is 
still developing further. WSNs applications widespread 
from smart house, healthcare to industry and military. In 
addition to the issues of sensing reliability, communica 
tion protocol, and network services, energy is a critical 
concern in WSNs [76]. Sensor nodes of WSNs are low 
power devices, and minimization af energy consumption 
and application of WPH to replenish power storage ele- 
ments are two concurrent schemes to maximize the net- 
work lifespan. Recently, several researches were done to 
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The log of 25 divided by a wire diameter is a complex quantity that 
hides some of the consequences of the equation. However, 
consider that if d1 and d2 are equal diameters, then the division of 
one log by the other log results in a value of 1. Since 1 plus this 
value is 2 and the square of 2 is 4, then for wires of equal diameter, 
the impedance transformation ratio is always 4:1 relative to the 
impedance of a single wire resonant half-wavelength dipole. 


In free space the impedance, the resonant impedance of a single 
wire resonant half-wavelength antenna that is center-fed is between 
71 and 72 Ohms for highly conductive materials like copper. Hence, 
a folded dipole using equal wire diameters for both wires will be 
about 284 to 288 Ohms. 


Now let's note some other aspects of the equation. There are no 
rules against using wires of different diameter for d1 and d2. The 
wire diameter values always occur as divisors (below the division 
line). Hence, the larger the diameter, the smaller will be the 
resulting log term. Therefore, we get the following guidelines 
(remembering that @1 is the diameter of the fed wire): 


+ 1 If d1<d2, then R is always >4. 
+ 2. If d1>d2, then R is always «4. 


However, R must always be >1. That is, 1 is the limit of R as the 
ratio of the two log values goes to zero, which would imply an 
immensely large value for de or an infinitesimally small value for d1. 
The result is that a folded dipole cannot be used to reduce the 
feedpoint impedance relative to a single-wire dipole. 


chapter 27 


Tan etal Маоапановозунцеп (2017) 5:14 


find optimized approaches to power WSNs including RE 
power harvesting [77-81]. 

Energy is the greatest challenge im deploying WSNS 
1621. Applying RF energy to recharge the batteries is 
опе approach to enhance the lifespan of WSNs [83, 84] 
Lee et al. [85] is an example of an RF charger utiliz- 
ing WPH technology. The system was able to work with 
а minimum input power of —10 dBm (0.1 mW) in the 
frequency range from 196 to 198 GHz to charge a 5 V 
supcr-capscitor. Maximum RF to DC power conversion 
efficiency is 81% at 6 dBm (398 mW). Gudan et al. [86] 
also designed a WPH system to charge a NiMH battery 
using either ambient Wi-Fi or Bluetooth signals. With the 
sensitivity down to ~20 dBm, this system was capable of 
charging battery to 53 p after 1 h. 

Table 5 lists some low-power consumption sensor 
applications that can be integrated with a WPH module. 
"The majority of these sensors were powered by battery 
with limited lifetime. Once WPH technology is imple- 
mented with these applications, it could be used in as a 
wireless sensor node. In particular the work presented in 
[81] utilized RE power harvesting into WSNs for build- 
пуз structure monitoring. In this work, far-field RE pow- 
ered wireless sensors were developed with novel data 
transmission approach to detect humidity, temperature 
and light inside a building, Results show at а distance of 
1 m from 3 W source, the sensor node received 3.14 mW 
power through air, 1.53 mW of power through 2 inches 
of brick, 288 mW through wood and 0.7 mW through 
2 inches of steel. This amount of power is sufficient for 
the sensors presented in [88-91]. This result indicates the 
applicability of RE WPH toward WSNs. 

Furthermore, placement of power transmitters and 
sensor nodes in WSNs also play a critical role in the 
efficiency of the system [94-96]. To enhance directivity 
of RF transmissions, Shao et al. [97] proposed a beam- 
steered antenna array to direct its main beam toward 
energy harvesting units, By controlling the length of 
transmission line to each antenna unit in an array, the 
phase radiating difference between units created shift in 
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the main beam. By this way, the harvesting unit remains 
fed with energy even it was misaligned with the source by 
35°. Using the harvesting unit presented in [98] as a dem- 
fonstration, within 1 min, this system was able to harvest 
687 y] at апа 13.6 y] at 35° at a distance of 2 m from 
the beam-steered source antenna array. 


Conclusion 
‘This paper summarized the state-of-the-art of RF power 
harvesting technology in recent years. This technol- 
ogy will play a key role in replacing batteries in the near 
future. Some applications of RF power harvesting have 
been practically realized. A basic RE power-harvesting 
unit includes three main modules: the antenna, IMN, 
and voltage multiplier. The total efficiency of the system 
is dictated by the harmony in the integration of all the 
modules. The designs and principles of each module were 
also discussed in the paper 

The RE electromagnetic waves are harmless, abun- 
dant in space, and is able to penetrate through soft tis- 
sues. Those are properties that make RF electromagnetic 
waves an alternative source of energy to replace batteries 
in many applications, Particularly, RE power harvesting 
supports low-power medical and healthcare devices and 
facilitates the development of WSNs and IoT by provid- 
ing mobility of use, Additionally, the progress in integrat- 
ing RF power harvesting circuits into CMOS technology 
creates a completely wireless SoC. 

Besides progressive accomplishment in recent years, 
there are still а variety of rooms to further optimize the 
RE power harvesting technology such as increasing oper- 
ation range, reducing transmission loss, optimizing PCE, 
and minimizing system dimensions are the targets of RE 
power harvesting research. Furthermore, research focus- 
ing on harsh working environments for RF WPH such as 
implantation conditions or underwater zones is attract- 
ing much attention to extend the capabilities of this tech- 
nology. A fine manufacturing and packing process with 
cost-effective production is necessary to make this tech- 
nology mature. 
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In short, the RF WPH technology is gradually 
becoming a reality. Although this technology still faces 
many issues, overcoming these challenges can lead the 
power industry into a new era of clean and sustainable 
energy. 
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INTRODUCTION 


This book is one of a series designed to help anyone who wants to construct 
antennas for radio transceivers but who has only a basic knowledge in radio- 
‘communications technology. The approach applied in this book is similar to the 
do-it-yourself methods of trade books and theories are kept to a minimum. 
Detailed illustrations are extensively used throughout the whole process of 
antenna construction to simplify the otherwise difficult to comprehend technical 
jargon. 


The antenna designs presented here are specifically cut to the dimensions 
necessary for proper operation in 140-150 MHz VHF band. Each chapter deals 
with a particular design and an extra chapter at the last part is added to help the 
constructor in converting the given antenna dimensions for other frequencies. 
However, the formulas for conversion give only a generalized information and 
much of the fine-tuning of the new dimensions is left to the actual 
experimentation of the constructor. A highly detailed no-guessing antenna 
dimensions for other frequency bands are described in other books in this series 
written by the author. 


The choice of a certain design for a particular application is left to the decision of 
the constructor. In selecting a design, certain factors like portability, ruggedness, 
‘compactness, signal gain versus size, weight, wind loading and availability of 
materials must be taken into account to realize an optimum performance from a 
particular antenna. 


The author assumes that the interested constructor has already some 
experience in basic construction techniques related to radiocommunications 
equipment installation like soldering VHF connectors to coaxial cables, making a 
pig tail, cutting aluminum tubes and using an SWR meter. Obviously a 
knowledge in operating a VHF transceiver is the most important. 


Here is one rule of a thumb in installing VHF antennas: If you use an RG-58/U 
coaxial cable to feed the antenna, do not use more than 20 meters or 60 feet 
long. More than this length, much of the signal (almost half) is lost in the cable 
and will substantially degrade your antenna's performance. If it is unavoidable to 
extend this length, use the larger RG-8/U cable instead. Although this cable is 
about four times more expensive than RG-58/U cable, this is the only way you 
can avoid signal losses in the cable. 


Itis the author's hope that this book will provide adequate information to anyone 
wishing to build his own antennas for VHF tranceivers. 
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So far, we have ignored S. Before taking a log for the numerator 
and for the denominator of the fraction in the equation, we must 
divide twice the wire spacing by the wire diameter(s). This results in 
a different value in the numerator and denominator for each 
different wire spacing we choose. Hence, the impedance 
transformation ratio will also change with every change of spacing. 


There is one exception to this consequence of spacing. If the two 
log values result in a value of 1 when we divide one by the other, 
then the result will always be 4, regardless of the spacing. Hence, 
for the case where both wires have the same diameter, the 
feedpoint impedance transformation relative to a single-wire dipole 
will be 4:1 for any reasonable wire spacing. 


There is a limit to how far apart we can place the wires and still 
have a folded dipole. That limit, however, is considerably farther 
apart than the limit for having an effective transmission line with 
confined fields. It also can be a tiny spacing--just enough to prevent 
a short circuit between the wires. 


Modeling the Folded Dipole 


With exceptions that I shall later note, we can use modern antenna 
modeling software to calculate the properties of folded dipoles of 
many sorts. For folded dipoles using wires of equal diameter, both 
MININEC and NEC will yield very accurate results. Remember that 
the term "modeling" is used in the mathematical sense of 
calculating antenna properties using equations derived from. 
Poynting Vectors. Hence, the results are very much more accurate 
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1 GROUNDPLANE ANTENNA 


Model FA-2 


Relable commünicalons in 
fado. systems depends upon 
the overal etocivenese ot 
boh e base salon and 
mobile "unt antennas, The 
fadalon pattem of me 
transmited А 
втеу проба, since ıt 
must be Vanemlled and 
received in densely populated 
areas ав wol as over long 
distances. 1 you ae slated 
inthe center of a town ora 
у, omnidirectional patem is 
besl sled for you. Omni 
atr is also tho best choice 
hen you do not know the 
tract direcion or location of 
W Pd 
Communicating wil Direcive 


alter is practical only if you Y 
in order lo maximize the A — 
pedes 


discussed in later chapters. 


radiator element 


Generally, antennas for VHF bands are mounted as high off the ground as practical to 
overcome the limitations of the so called line-of-sight transmission and reception. An 
artificial ground must then be used since the antenna is well above the ground in this 
сазе. This is not a problem in automobiles since this artificial ground is provided by 
either the metal roof or body of the car. For tower installations however, some means 
must be provided to simulate this artificial ground. This is accomplished by the 
groundplane radials which are usually made of thin metal rods or tubes each cut to 
quarterwavelength long and mounted at the base of the antenna. The rods sometimes 
bend downward at an angle of about 45 degrees below the horizontal. This angle is 
important to maintain the correct impedance match of the system. 


The ease of construction and low cost of a groundplane antenna makes it an ideal choice 
or VHF operators. The unit described in this chapter uses bronze rods for the radiating 
‘element because of their availablity and a bronze rod is the easiest to connect to the 
center pin of the coaxial connector. 

The groundplane radials are made of cheaper aluminum tubes. Obviously, the antenna is 
not easy lo disassemble once completed so its use is commonly confined to fixed 
installations requiring litle maintenance. 


The operational frequency bandwidth of FA-2 is from 140 MHz up to 150 MHz exhibiting 
ап SWR response of less than 1.5:1 over the entire bandwidth. It has a gain of 1 dB 
(unity gain) compared to a real dipole. Its signal pattern is omni-directional. 


Figure 1.1 — Groundplane antenna Model FA-2. 


Quantity — Specification/Description Dimensions. 
4 Aluminum Tubes 3/8 id x 20" each 
1 Brass Rod - the brass rod for 1/8" diameter. 


acetylene welding is recommended 


1 SO-239 VHF female connector 
without flange 
8 Stove bolts - brass or stainless. 1/8" x 3/4" 
8 Lockwashers - brass, stainless or IM 1/8" id 
a Hex nuts - brass, stainless or GI 1/8" id 
1 Aluminum plate gauge 14 or 16 x6" 


2 U-bolts with accompanying hex nuts 
and lockwashers 


та nse diameter 


Construction 


First of all construct the antenna mount. It is made from a 1/8" thick aluminum 
plate cut to 2" x 6". Drill a hole in the plate big enough for the 50-239 VHF 
connector to insert into (about 5/8" or 15.8 mm). Drill the hole at the point about 
1" away from one end (see Figure 1.2) 


e slightly oversized 


r m 1 


jure 1.2 Antenna mount and hole Dimensions, 


Next drill four holes at the other end of the plate following Figure 1.3 for the 
proper dimensions. Make sure that the distance between one pair of holes 
perpendicular to the length of the metal sheet must be the same with the 
distance of both ends of the U-bolt that will be inserted into it 


EE 


igure 1.3 Hole dimensions for the U-bolts. 


Next, drill eight holes (1/8* diameter) around the large hole following Figure 1.4 
for the proper dimensions. 


Figure 1.4 Hole dimensions for the radial elements around large hole. 


Bend the aluminum plate down to a 90° angle (see Figure 1.5). Follow the 
illustration for the exact point to bend. 


Figure 1.5 — Bending the aluminum mounting plate. 
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Insert the 50-239 VHF connector facing downwards into the mounting plate and 
fix it permanently with its nut (see Figure 1.6). Discard the grounding ring/lug 


igure 1.6 Mounting the SO-239 into the plate. 


Cut the brass rod to 
a length of 19° 
(48.26 ст) and 


insert one ofits end A 
into the center pin ^ 
of me 50-239 

Connector (see 


Figure 17) The 
brass rod may or 
may not fit into the 
center pin | 
immediately, so you N 

may need to file NES 
away а small 

portion at the end 


of the rod to reduce ü 
it to a smaller 
diameter. 


Figure 1.7 ^ Preparing one end of the brass rod to fit inside the SO-239. 


u 


Gut four aluminum tubes to a length of 20" each and drill two holes (1/8 " 
diameter) at one end (see Figure 1.8). 


| P | 


їй Gtrraugh a eier 


aet E 


Figure 1.8 Preparing the tubes. 


Bend the aluminum tubes to a 45 degree angle at the point 1 inch away for the 
end with two holes. The direction of the bend must be parallel with the axis of 
the drilled hole (see Figure 1.9). 


direction ot bend. 


Figure 1.9 — Bending the tubes 


Mount the four aluminum tubes into the angled plate by bolting each element 
with 1/8" x 3/4" stove bolts (see Figure 1.10). The stove Бойз must be made of 
rust resistant material such as stainless steel, brass or Gl. 


1/8" X 314 " d 
stove bolt 


igure 1.10 — Mounting the tubes on the metal plate. 


Finally , you сап mount the antenna to the mast using the two U-bolts 


Figure 1.11 Mounting the antenna to the mast. 


2 GROUNDPLANE ANTENNA 


Model FQ-2 


The antenna model FO-2 is 
a development from the 
basic configuration of a 
groundplane. This unt 
features quick-detach 
elements to facilitate for 
easy and fast disassembly 
of the antenna. The total 
size of the antenna is much 
reduced when disassembled radiator element 
and becomes convenient to = 
сапу in transport. It is also a 
lot easier and faster to 
construct compared to the 
FA-2 design. 


поз 


This particular version of the 
groundplane was evolved in 
an emergency | situation 
where there were very few wertes 
tools available. The place 

was aboard a fishing boat 
and there was no drilling tool 
around, so a groundplane 
design was created which 
did not require drilling of 
holes. 


If you рап to use a 
groundplane in — mobile 


operations, then this design is recommended. It can be easily inserted inside your 
backpack while you are traveling. Assembly or disassembly takes only a couple of 
minutes. The antenna elements are made of durable bronze materials so it can survive. 
the stresses caused by the regular mounting and dismounting of the antenna. If you have 
accidentally bent an element, just straighten it and it is again functional. A slight bend or 
kink in the elements has no negative effects on the performance of the antenna. Ilis so 
durable that you have to intentionally cut it to pieces lo destroy it. Experience has proven 
its reliability in the rugged life of mobile operations. 


The electrical characteristics of this antenna are the same with those of model FA-2. The 
only difference between the two models is the mechanical construction and type of 
materials used. 


Materials List 


Quantity — Specification/Description Dimensions 

5 Brass rods - the brass rod used 1/8" diameter 
for acetylene welding is recom- 
mended 

2 PL-259 VHF male connectors 

1 PL-258 VHF straight connector 

1 Aluminum plate gauge 14 or 16 2x6" 

2 U-bolts with accompanying hex nuts 


and lockwashers 


1 Plain washer GI or stainless steel 
1 short length of coaxial cable 2" long 
Construction 


Reduce one end of a brass rod to a smaller diameter enough to be inserted into the 
center pin of the PL-259 connector. File also a notch at its end as shown in Figure 2.16. 
Insert the rod into the PL-259 and solder it to the center pin (see Figure 2.10). File away 
апу excess solder that is bulging out of the center рїп. 


reduce 22 


diameter 


a 


flle a notch X 


solder here 


Figure A Figure B 
Figure 2.2 Preparing the end of a brass rod and soldering it to PL-258, 
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than the small rules of thumb formulae we find in many antenna 
books. 


The trick to modeling folded dipoles is to use many segments. The 
end wires connecting the parallel wires are a limiting factor. In NEC, 
we want the segment lengths in the parallel wires to be less than a 
2:1 ratio in length to the segments in the end wires. In MININEC, 
we want to use many segments so that the end corners are not 
mathematically "cut off" in the calculation. So for the models in this 
exercise, | shall use a frequency of 28.5 MHz with 110 segments 
along the length of each parallel wire in MININEC to allow a 
perfectly centered feedpoint. 111 segments is required in NEC. 
These models will fall well within the calculation constraints of each 
program type. However, in all cases, the results will apply to bare 
wire. 


As a test case, let's look once more at the question of spacing. We 
shall use 0.1" diameter copper wires throughout for our initial tests. 
This diameter is between #12 and #10 AWG wire. | shall present 
both NEC-2 and MININEC results for comparison. (For reference, 
the NEC-2 results are from NEC-Win Plus and the MININEC results 
are from AO 6.5.) 


Let's compare the performance of folded dipoles having 3 different 
spacing values. A 1" spacing corresponds to the use of ladder line 
of common commercial sorts. A 4.14” spacing corresponds to one 
recommendation that we use a spacing of 1/100 wavelenath. 
Finally, a spacing of 13.8" corresponds to another recommendation 
that we use a spacing of 1/30 wavelength. In the table below, 
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After soldering the rod into the PL-259 cut it to a length of 19° (48.26 ст) 
following Figure 2.3. 


brass rod cut here 


Trimming the rod to its proper length. 


Cut а small piece of coaxial cable (about 2 inches) and remove its inner 
conductor and braid (shield). You will only need the vinyl outer jacket. Insert the 
vinyl jacket into the rod all the way inside the PL-259 (see Figure 2.4). Cut any 
protruding portion of the jacket. The vinyl jacket serves as an insulator between 
the brass radiator rod and the body of PL-259. 


insert 
vinyl jacket 
vinyl outer jacket of 
RG-58 coaxial cable 
— 
F289 


Figure 2.4 Inserting the vinyl insulator into the PL-259. 


* 


Prepare a small amount of epoxy glue and place it over the protruding portion of 
the vinyl insulator. The epoxy glue must cover the gap between the rod and the 
PL-259 to avoid the seepage of rainwater inside the connector. (Figure 2.5). 


igure 25 Sealing the gap with epoxy glue. 


Next prepare the radial elements. Bend one end of each brass rod to an eye- 
hook shape as shown in the following illustration (Figure 2.6). The diameter of 
the eyehook form must be dimensioned in such a way that the straight con- 
nector can be easily inserted into or pulled out of it 


SL 


straight connector 


Figure 2.6 Shaping one end of the brass rods to an eyehook form. 
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After bending one end of all four brass rods into the necessary shape, measure 
19 inches from the point where the rod starts to bend into the eyehook form. 


Mark the measured point at the other end and cut the brass rod at this point 
(see Figure 27) 


igure 2.7 Trimming the radial rod to its proper length. 


Next, bend the brass rods to a 45 degree angle (see Figure 2.8). Bend the rods 
at the point 1-1/4 inches away from the center of the eyehook form. The 
direction of the bend must be perpendicular to the plane of the eyehook end. 


Figure 2.8 Bending the brass radial rod 
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Solder me RG-58/U coaxial cable to the remaining PL-259 following the 
illustrated steps (see Figures 2.9 and Figure 2.10). 


outer sleeve 


£ A е 


solder bra 
tn adaptor 


Figure 2.9 Connecting the coaxial cable to the PL. 288 


insert 


Figure 2.10 Assembling the PL-258. 


The mounting bracket for Model FO-2 is similar to that used for Model FO-2, The only 
difference between the two is that the eight small holes around the 5/8" size hole are 
absent in the bracket for Model FO-2 (see Figure 2.11). 


Assembly 


Figure 2.17 Mounting bracket for Model FG 


‘Attach the radiator element into the straight connector. Next, attach 
(5/8" diameter) into the straight connector (see Figure 2.12). 


“= eh 
cy 


so 


Figure 2.12 Assembling the radiator portion. 
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the plain washer 


Insert the straight connector into the eyehook ends of the brass radial elements. The 
other ends of the elements must be slooping downwards (see Figure 2.13) 


radial elements 


Y 


fo 
/ х 


Figure 2.13 Assembling the radial elements Into the antenna base portion. 


Insert the remaining portion of the straight connector into the mounting bracket you made 
earlier sandwiching the radial elements between the bracket and the plain washer (see 
Figure 2.14). Secure the whole assembly by connecting the other PL-259 connector into 
the protruding part of the straight connector. 


mounting 
bracket 


Figure 2.14 Assembling the antenna into the mounting bracket. 


Installation 


Figure 2.16 Mounting the groundplane antenna Model FC 


Spread the radial elements around with equal spaces between them and tighten 
the PL-259 to fix the assemby firmly (see Figure 2.17). 


radial 
elements 


ANTENNA VIEWED 
FROM THE ТОР 


Figure 2.17 Spreading the radials. 


3 GROUNDPLANE ANTENNA 
Model FC- 


The antenna is a vital link 
in the chain of 
radiocommunications and 
numerous designs have 
come ой the drafting 
boards in a never ending 
search for improved 
performance. Experience 
shows that one major 
factor influencing the 
overall design ol 
antennas is the 
particularity ol the 
Situation where it will be m 
used. For example, the „ 
situation around fied 

installations allows the 
antenna to be constructed 
with durable and heavy 
materials to make it 
mechanically strong. High 
power gain can also be 
easily attained һу 
stacking a number of 
identical antenna. 
However, in ` mobile 
operation the situation 
drastically changes and 
using antennas designed 
primarily for — fixed 
installations becomes 


connector rod 


radiator element 


erase 


connector red 


bracket 


sgroundlene 
тайа! 


impractical Mobile 
operation imposes limitations on the design of an antenna regarding its weight, size, 
ruggedness, easiness in assembly and disassembly, and power gain. The operator has to 
choose a type of antenna which is highly portable and at the same time functionally 
efficient in mobile operations. 


The groundplane antenna described in this chapter is another development from the FO- 
2 model. It is actually the same antenna just "compacted" further to make its total size 
‘smaller and more portable when disassembled. This antenna was designed by a mobile 
radio operator several months after constructing his frst groundplane antenna similar to 
Model FQ-2. Perhaps being unhappy about the bronze rods protruding out of his small 
knapsack he cut each гой in half and devised an ingenious way О! connecting the 
‘elements together during assembly. That is how the FC-2 antenna was evolved, 


The electrical characteristics of this antenna is similar to those of Model FO-2. It also 
retains the mechanical durability of the earlier full length version. Being more compact it 
has become very popular among mobile radio operators. 


Construction 


Fabricate a complete Model FO-2 antenna following the construction methods 
described in the preceeding chapter. After you have constructed the Model FO- 
2 disassemble it and cut the radiator and each radial element into two equal 
lengths (see Figure 3.2). 


cut atthe middle length, 


radiator element 


icm 


a 


E 


radial element 
(ona of four) 


Figure 3.2 Cutting the elements into two equal lengths. 
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length refers to the resonant length of the folded dipole, while gain 
is the free-space gain in dBi. The feedpoint impedance is given in 
standard series R +/- jX Ohms terms. 


spacing Length ain Feedpoint z 
inches dei R %. jX ohms 
ng 2 196.03" таг 


Note that the two calculating systems yield resonant lengths within 
about a half inch of each other. As well, the predicted gain is never 
more than 0.02 dB apart--a truly insignificant amount. Even the 
resonant resistance values diverge by less than 1.5 Ohms. The 
systems are certainly consistent with each other. 


Nothing in the spacing of the wires of folded dipoles could produce 
a difference that would be discernable to the most accurate field 
measuring equipment available today. There is no aspect of 
antenna theory that can justify a claim that one spacing value will 
perform better than another. 


Private experience might result in other claims. However, private 
experience is fraught with many variables of construction and 
maintenance, as well as antenna location variables. However, 
equivalently well-constructed folded dipoles of different spacing 
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Next, take the 3/16" diameter brass rod and cut five 3/4 inch pieces from it. 
These short pieces of brass rod will be used to connect the two equal lengths of 
each element (see Figure 3.3). 


E x нв чо brass rod 


YP PP 


Figure 3.3 Preparing the connecting rods 


Drill a hole about 1/8 inch diameter at one end of each connector rod. The hole 
must be about half the length of the connector rod deep (see Figure 3.4) 


= portable ші 
=” 


Figure 3.4 Drilling holes in the connector rods 


Next, drill another hole about 3/32 inch diameter at the other end of each 
connector rod - the same deepnes with the first hole (see Figure 3.5). Repeat 
the procedure for all five connector rods. 


Figure 3.5 Drilling a 3/32" hole in the other end of the connector rods. 


Next, secure the connector rod in a table vise and make a thread inside the 
‘smaller hole (the 3/32 inch hole to be sure) with a 1/8" gauge NF hand tap (see 
Figure 3.6). Repeat the same procedure for the remaining connector rods. 


= tap wench 


BNF top — AY 


ea) 


Figure 3.6 Making a thread in the smaller hole. 
EI 


Insert the inner half rod of the radial element (the half part with the eyehook 
end) into the larger hole of the connector rod (1/8 " diameter hole unthreaded) 
and solder the two parts together. Do the same with the other radial elements 
(see Figure 3.7). 


conectar 
ша 80 


insert 


radial 
element 


igure 3.7 Coupling the connector rods to the radial elements. 


Insert and solder the top half of the radiator element into the larger half of the 
remaining connector rod (see Figure 3.8). NOTE: The purpose of this 
arrangement is to avoid the mistake of connecting the top half of the 
ог to any of the radial elements. 


insert & solder 
— 


top halt of 
ractator element 


Figure 3.8 Coupling the top half of the radiator element to a connector rod. 
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Next step is to make a thread around one end of the outer half of the radial 
element. Use a manual threading die to make the thread. Secure the rod firmly 
in a table vise while threading. The thread must be at least 3/8 inch long. See 
Figure 3.9. 


outer half rod 
ot racial element 


igure 3.9 Making a thread at one end of the outer radial element. 


After you have succesfully made the threads, screw each outer half into its 
respective connector rod (see Figure 3.10). 


E O 
5 ^D 
O 


———ъ 
treated ent = 


igure 3.10 Assembling the radial elements. 


outer half rod 
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Next, make a thread at the end of the lower half of the radiator element similar 
to what you have done to the radial elements (see Figure 3.11). Join the two 
halves of the radiator element together. 


ipharr rod 
connector rod 


ower half rod 


Figure 3.11 Assembling the radiator element together. 


The final assembly of the Model FC-2 is similar to the Model ЕО-2. 


Figure 3.12 Final assembly and mounting of FC-2. 


a 


Mobile Installation 


In mobile installations, the aluminum mounting bracket is not necessary and may 
be discarded and substituted with a 5/8" id“ plain washer to hold the radial 
elements assembly. The antenna is then mounted by tying a горе at its base 
and hanging it under a tree ог a makeshift post (see Figure 3.13a). An 
alternative method of hanging the FC-2 is to bend tip of the radiator element into 
a small hookform and a nylon горе is then tied to this hook to hang the antenna 
(See Figure 3.130), 


sting + 
eye nec 


washer 


Figure 3.13 Mobile operation installation techniques. 


4 J-FED HALFWAVE ANTENNA 


Model JF-2 


This antenna is specifically 
designed to satisfy the need 
for a simple but effective 
vertical antenna which does 
по! require апу grounding 
system. It is one version of a natwave 
monopole antenna that carries 3 radiator erin 
its ‘ground’ along with it. The 
unit is comprised of a halfwave 
radiating element and а 
quarterwavelength matching 
section. The combination of 
these two elements provides 
the transformer action that 
matches the | impedance. 
Although it is actually a 


quarterwave antenna, its quarter 
radiation pattem and — — пасо arm 
characteristics are very similar 

to those of a halfwave vertical i iJ 

antenna. It also exhibits a 

slight gain compared to a feedpoint 
quarterwave groundplane Cm clamps 
antenna 


This antenna radiates its 


signal in an omni-directional 
pattern like most vertical antennas do. Its operational bandwidth is 140 - 150 
MHz and exhibits an SWR response of less than 1.5:1 over the entire band. 


The unit described in this chapter is designed for fixed installation. If you intend 
to use it for mobile operation it would be better if you modify the design to adapt 
it to the rugged environment it will encounter. Aluminum tubes in general are thin 
and soft and will easily crack if handled roughly so you must substitute it with 
brass, bronze or copper tubing. These materials are more expensive but they 
are more durable. They are also resistant to corrosion. 


эз 


The elements must be cut in two or three sections and some means must be 
provided to join the pieces of tubing together in assembly (similar to FC-2 
technique). You must also devise a method of mounting the antenna in a much 
simpler fashion than the one described here. Hanging the antenna under a tree 
ог post will do, but there might be some other way that you can think of. One 
word of caution though, never use any metallic material to mount the antenna, 
All points in the antenna element are electrically active so it must be insulated 
from ground. 


Materials List 


Quantity Specification/Description Dimensions 
1 Aluminum or Brass tube 3/8” od“ 1" long 
2 Aluminum strips - see text to make ½ x 1-1/2" 


a strip out of a short length of 
aluminum tube 


1 Plastic plate 1/2" thick see text par 
for details 

1 О-ой with accompanying hex 
nuts and lockwashers 

4 Stove bolts - brass or Gl with ve" 1" 
accompanying hex nuts and lock- 
washers 

2 Stove bolts - brass or GI 1/8" x 3/8" 

2 Eye terminals - vinyl insulated 

4 Plain washers - 1/8" id** 

1 Hose clamp - enough to hold 1° 


diameter tube 


Miscellaneous: Epoxy glue 


Tod ele diameter 77 1d- nse diameter 


Construction 


Cut the tube to a length of 81 inches using a suitable tube cutter. Next, starting 
from one end measure about 55 inches and starting at this point bend the tube 
to а U-shape. The two гате’ of the bent tube must be spaced 2-1/8" apart 
from each other (see Figure 4.2). 


81 nenes 1 


b 


start bending here 


Bending one end of the tube. 


Trim each arm of the tube to their proper lengths measuring from the extreme 
edge of the bend (see Figure 4.3). This method is employed to give an 
allowance for possible errors in bending the tube. 


56-34 


C 


jure 4.3 Trimming the tube to its exact length. 


Drill four holes near the bend of the tube (see Figure 4.4). Each hole must be 
1/8" in diameter. 


== ue 


Figure 4.4 Drilling holes in the tube. 


After driling the holes, seal off both ends of the tube with an epoxy glue to avoid 
the entry of rainwater inside (see Figure 4.5). First, insert a substantial volume 
of cotton inside to act as a stopper for the epoxy. Then follow it up with epoxy 
glue levelling it to the edge of the tube. Let the epoxy set and dry before 
proceeding, 


Figure 4.5 Sealing off the open ends of the tube with epoxy glue. 
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values will perform equally well when placed in identical antenna 
settings. 


Of course, the actual feedpoint impedance encountered by the 
builder will vary with the height above ground, just as the feedpoint 
impedance of a single-wire dipole varies with height. The two 
curves will show а 4:1 ratio in value, but otherwise be congruent. 


Before we leave these folded dipoles, let's note the differences in 
antenna length. Each antenna was brought to resonance by 
adjusting its overall length. The wider the spacing, the shorter will 
be the resonant length. The shortening has two major sources. 
First, the classic impedance transformation equation does not take 
into account the end wires. With wide spacing, these wires begin to 
take up a small part of the antenna length. Second, a 2-wire folded 
dipole simulates a fat single wire. Just as single-wire dipoles 
become shorter at resonance with increasing diameter values, so 
too do folded dipoles with increases in wire spacing, 


The handy "468/f" rule of thumb that we use for dipoles is actually 
only a crude and often inaccurate guide for wire cutting. The 
resonant length of single-wire and folded dipoles will vary with wire 
size, spacing (for folded dipoles), and height above ground. If we 
turn the matter around and cut the antenna according to the old 
guide, then we can expect different impedance values-including 
differences in both the resistive and reactive components--as we 
change wire diameter, spacing, and/or height above ground. 
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While you are waiting for the epoxy glue to dry, prepare the plastic plate for the 
antenna mount, Drill holes in the plastic plate following the dimensions shown in 
Figure 4.6. The larger hole (3/16 " diameter) is intended for the U. bots so their 
dimensions must coincide with the actual U-bolt used. 


Distance A must conform to 
the size of tie О-ро used. 
Preparing the plastic mounting plate. 


igure 4.6 


Fabricate а metal strip out of a short length of aluminum tube (about 5 inches 
long) by pressing it in a table vise until the tube is flattened (see Figure 4.7). 


aluminum tube 


igure 4.7 Fabricating a metal strip out of a short aluminum tube. 
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Out of this strip cut two short pieces (about 1-1/2" long). Bend the two strips to a 
form of a clamp to fit tightly around the antenna tubing (see Figure 4.8). These 
clamps serve as the feedpoint terminals of the antenna. 


fatten the tube peng P i 
finished 
feedpoint clamp 


Figure 48 Fabricating the clamps. 


Next, drill a hole about 1/8" diameter through the flattened end of each feed- 
point clamp (see Figure 4.9), 


18" z 


Figure 49 A feedpoint clamp with a drilled 1/8" diameter hole. 
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Assembly 

First, attach the J-shaped tube to the plastic mounting plate with 1/8" x 3/4" 
‘stove bolts made of corrosion proof materials such as brass or stainless steel. 
Do not forget to include the necessary lockwashers in the attachment (see 
Figure 4.10). Be careful in tightening the nut because the tube is hollow inside 
and it might collapse damaging the tube. Apply torque to the nuts just enough to 
hold the tube rigidly. 


igure 4.10 Securing the J-shaped tube to the mounting plate. 
Attach the feedpoint clamps into both arms of the the tube. Attach one clamp on 


the shorter arm of the tube and attach the other clamp on the longer arm (see 
Figure 4.11) 
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Figure 4.11 Feedpoint clamps attached to the antenna. 
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Attach a plain washer and an eye terminal into a stove bolt (1/8" x 3/16") then 
insert the bolt into the hole in the feedpoint clamp sandwiching the eye terminal 
inbetween (see Figure 4.12). Place a lockwasher and a hex nut at the other end 
of the bolt then tighten the clamp lightly. Repeat the same procedure for the 
other clamp. 
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jure 4.12 Assembling the feedpoint terminals. 


Next step is to connect the coaxial cable to the feedpoint terminals. Prepare one 
end of the coaxial cable by separating the braid/shield from the inner conductor 
(see Figure 4.13). 


coaxial cable 


À 


braid 


Figure 413 — Making a pig tail 
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Insert and solder the two conductors (braid and inner conductor) to the eye 
terminals attached in the feedpoint clamps. The braid must be connected to the 
shorter arm of the tube and the inner conductor must be connected to the longer 
erm (see Figure 4.14) 


shorter ame a longer arm 


Figure 4.14 Connecting the coaxial cable to the feedpoint clamps. 


Mount the antenna to the mast you intend to use. It is best to tune the antenna 
to resonance right at the mast where it will be installed permanently. Connect 
the coax cable to an SWR meter. The coaxial cable must be furnished with the 
right connectors for the particular type of SWR meter you use. Connect a 
transceiver to the input connector of the SWR meter (usually marked 
"transmitter. Set the transceiver to 145.00 MHz and key the PTT to transmit. 
Note the SWR reading on the meter. While the transceiver is on standby , move 
both feedpoint clamps higher or lower than the initial setting until you get a low 
SWR response over the entire frequency range (140.00 MHz to 150.00 MHz) 
specifically). Move the clamps about 1/4" at a time (see Figure 4.15) 


Figure 4.15 Adjusting the position of the clamps to tune the antenna. 


After you have tuned the antenna to resonance, tighten the nuts holding the 
feedpoint clamps permanently and fix the coaxial cable to the mounting plate 
with plastic clamps (see Figure 4.16) 
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Figure 4.16 Final mounting of the J-fed antenna. 
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5 COAXIAL DIPOLE 
Model CD-2 


The coaxial dipole described here has the advantage of having lower resistance 
to wind compared to the groundplane designs. It has also a narrow form which 
some radio operators find beautiful. The following illustrations in Figure 5.1 show 
how the coaxial dipole was evolved from a basic dipole antenna. 
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Figure 5.1 Evolution of the coaxial dipole from a basic dipole antenna. 


As you can see in the illustration, one of the elements is enlarged to form a 
tube. The coaxial transmission cable is then inserted through this tube, with the 
inner conductor of the coaxial cable connected to the radiating element and the 
shield connected to the tube. The tube functions as a groundplane. 


The CD-2 coaxial dipole has an operational bandwidth of 140-150 MHz. It 
exhibits an SWR response of less than 1.5:1 over the entire band. It has a 
power gain of 1 dB (unity gain) compared to a standard dipole reference. The 
RF signal radiates from the antenna in an omni-directional pattern. Likewise, it 
recieves signal equally well from all directions. This unit is designed to be 
installed primarily in base stations but it could be used for mobile applications 
too. The radiating element must be detached when transporting the antenna. 
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Figure 5.2 


Materials List 


Quantity — Specification/Deseription 


1 Aluminum tube 

1 Aluminum tube. 

1 PL-259 VHF male connector 

2 SO-239 VHF female connector 

1 Brass rod 1/8" od“ - the brass rod for 


acetylene welding is recommended 


2 Aluminum bushing - see main text for 
exact dimensions 

4 U-bolts - with accompanying hex nuts 
and lockwashers 

1 Aluminum Plate or GI 

9 Self tapping metal screws 

1 Short length of coaxial cable RG-58/U 


Dimensions 


x18" 


i'x36 


ae 
118" x 1/2" 


37" long 


“оз олче diameter 


Construction 


First prepare the two aluminum tubes of different diameters. Cut the tubes to 


their proper lengths as shown in Figure 5.3 
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Figure 53 Cutting the tubes to their proper lengths. 


Next, drill three holes (1/" diameter) at both ends of the longer tube. The holes 
must be equally spaced from each other (see Figure 5.4). 
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Figure 5.4 Drilling three holes at both ends of the long tube. 


Drill three holes (1/8" diameter) at one end of the shorter tube. The holes must 
be 1/4" away from the edge and equally spaced from each other (Figure 5.5). 


F 1/4 " away from tube's end 
5 
© 


1/8" equally spaced from each other 


Figure 5.5 Driling a hole at one end of the short tube. 
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Wire Size 


Let's sample what happens with different wire sizes. We shall keep 
d1 and d2 the same, but change both wire diameters together. For 
this set of tests, let's use a spacing of 3" between wires. Again, we 
shall look at both NEC-2 and MININEC results. 


Wire Size Length sain Feedpoint z 


inches ав RO x ohms 
192.547 20 288.0 + 30.0 
195.00“ Bed 2063 36.6 


E 


195.31" Bed 287.2 36.6 
195.26" 2.10 209.0 + јо 
105.51 2 22 287.6 + 30.6 
105.63" 2.09 + 30.0 
105.88" 23 288.5 + 30.0 


All values remain within 0.5% of each other for each set of wire 
sizes between the two calculating systems. More significantly, there 
is no perceptible difference in performance predicted for the range 
of wire sizes. 


Although there is a change of resonant length as we change wire 
size, itis considerably less than the length changes required by 
differences of wire spacing in the folded dipole. The range of 
spacing in our tests was 13.8:1, while the range of wire sizes was 
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Machine the smaller bushing from a thick aluminum slab or rod to its proper size. 
Follow the dimensions in Figure 5.6. 
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Figure 5.6 Smaller bushing dimensions. 


Next, machine the larger bushing from similar material. Follow the dimensions 
shown in Figure 5.7. 
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Figure 5.7 Dimensions of the larger bushing. 
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File away a small portion at one end of the brass rod reducing it to smaller diameter 
‘enough to fit inside the center pin of PL-259 connector. Solder the brass rod into 
the center pin of the PL-259 connector (see Figure 5.8). 


PL-259 


` 


х 


Y 


reaucta ameter / 


solder here. 


jure 5.8 Soldering the radiator element to the PL-259, 


Cut a small length of coaxial cable (about 2 inches) and remove its inner conductor 
and braid/shield. You need only the vinyl outer jacket. Insert it into the brass rod all 
the way inside the PL-259 connector. Cut away any protruding vinyl portion. The 
jacket serves as an insulator between the brass rod and the body of PL-259 (see 
Figure 5.9). 


insert 
vinyl Jacket 


Lee" 


vinyl outer jacket of 
RG-58 coaital cable 


PL-259 


Figure 5.9 Inserting the insulating jacket into the PL-259. 
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Mix equal amount of epoxy glue and place it over and around the protruding part of the 
vinyl jacket (see Figure 5.10). The epoxy serves as a sealant to avoid the seepage of 
rainwater inside the PL-259 connector. Let the epoxy set and dry. 


Figure 5.10 Sealing the PL-259 with epoxy glue. 


Assembly 
First attach the two 80-239 connectors into the two aluminum bushings as shown in 
Figure 5.11. Don't forget to include its grounding ring or solder lug. 


50-239 


ШЕР 
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larger bushing smaller bushing 


igure 5.11 Mounting the SO-239 into the larger bushing, 
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Cut а 36 inches long coaxial cable (RG-58/U) and solder its conductors at one end to 
the SO-239 connector attached to the larger bushing (see Figure 5.12). 
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jure 5.12 Soldering the coaxial cable to the 50-239. 


Lay the coaxial cable and the longer tube side by side as they would be when they 
are finally assembled together. Trim the free end of the coaxial cable at the point 3 
away from the end of the longer tube (see Figure 5.13). 


ve —| 


T longer tube 


Figure 5.13 Trimming the coaxial cable to the proper length. 


Solder the free end of the соах cable into the remaining SO-239 connector attached 
to the smaller bushing (see Figure 5.14). 


Figure 5.14 Soldering the other end of coaxial cable to the other 50-239. 


Insert the smaller bushing, coaxial cable and the large bushing all the way inside 
the longer tube until the holes in the two bushings are aligned to the holes in the 
tube itself. If in your first try you did not manage to align the holes then maybe а 
slight retrimming of the coax cable is needed or the SO-239 connector must be 
repositioned or resoldered. After a few trials you should have done it right (see 
Figure 5.15), 
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` longer tube 


igure 5.15 Inserting the feeder coaxial cable into the long tube. 
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Secure the two bushings permanently into the tube using self-tapping metal screws 
(see Figure 5.16) 


self tapping screws 
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Figure 5.16 Securing the bushings and the tube together. 


Insert the longer tube and the large bushing inside the shorter tube (see Figure 
5.17). Align the holes in the large bushing to the holes in the shorter tube and place 
self-tapping screws through the holes to fix the bushing firmly inside the short tube. 


insert 


short tude 7 


igure 5.17 Assembling the two tubes together. 


Attach the radiator element to the SO-239 connector in the upper larger bushing 
(see Figure 5.18) 


radiator element — 
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Figure 5.18 installing the radiator element into the antenna base. 


Installation of Model CD-2 
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Figure 5.19 


6 GROUNDPLANE ANTENNA 
(gamma fed) 


Model DP-2F 


This parücuar design of а 
dipole antenna is very popular 
in VHF applications because of 
its capabiliy to be fine-tuned 
img tuning procedures. 
Tuning is actomplshed by а 
socaled датта matcing 
System connected near the 
conter of the dipole element gamma maten 
Gamma matching is based on E 

the principle of dela match jE 

System where the transmission К 

Ме can be directly connected + 
near the center of a conimous 

haitwave conductor and fanned 
Out and tapped atthe point of 
most efficient power transfer. 


+ — — radator element 


mounting 
The middle of a halhwave channe! 
dipole is electrically neutral - 
meaning there is no RF voltage 
present so the outer conductor 
of the coax cable can be 
connected directly lo the 
‘element al this point. The inner 
conductor of the coaxial cable 
carries an RF current so it is 
tapped into the dipole element 
at the matching point. 


After a careful observation of this design you will notice that the center conductor of the 
coax cable is not directly connected to the dipole element but instead coupled via a short 
lube called "gamma tube". The combination of the short tube and the coaxial cable 
inside it provides the capacitance needed to cancel the inductance of the dipole element 
to attain an electrical balance. The gamma match therefore achieves two functions at the 
‘same time, that is to match the impedance of the transmission line to the impedance of 
the antenna and to couple the unbalanced coaxial cable to the symmetrical dipole 
‘element. This method makes it unnecessary to use a separate balancing transformer. 
Fine tuning of the antenna can be done by adjusting the shorting bar thal connects the 
gamma tube to the dipole element until the lowest SWR response is achieved. 


55 


Моде! DP-2 is also used as a basic driven element for high gain Yagi and collinear 
antenna designs. Because the middle of the dipole element is electrically inactive, it 
does not require to be insulated from its mounting boom thereby simplifying the 
mechanical construction. Lightning protection for this antenna system is also improved 
because all the metallic parts of the antenna are grounded via its mast or tower. 


The dipole design described in this chapter is designed to operate in the frequency band 
of 140-150 MHz. If properly tuned it exhibits an SWR of less than 1.4:1 over the entire 
band. It radiates its signal in an omni-directional pattern. It has a gain of 1 dB (unity gain) 
compared to a standard dipole reference. 

This antenna is intended primarily for fixed installations. However, some radio operators 
were able to use it succesfully in mobile operations by modifying its mechanical 
construction. 


Some antenna constructors choose to build this antenna because it presents them 
deeper understanding of the electrical principles of antennas compared to olher simpler. 
designs like groundplanes or coaxial dipoles. If you are the experimenter type of radio. 
‘operator then this design is for you. 


Dimensions 

1 Aluminum tube 3/ 38" long 

1 Aluminum tube 3/8" id* 6" long 

1 Aluminum sguare channel ** A. 

1 Aluminum strip - see text for 14 
fabrication 

1 Coax cable RG-58/U e 

1 BNG female connector 

2 Stove bolts - brass or GI 1/8" x 3/8" 

2 Hex nuts - brass or GI 1/8" id 

1 U-bolt with accompanying hex 
nuts and washers 

3 Self tapping metal screws лив" x 1/2" 


Miscellaneous: Epoxy glue 


“a inside dameter 
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12.4.1. comparable ranges. However, the length range was only 
about 1.5" for the wire size differences, but 4.5" for the spacing 
differences. 


With respect to length and performance, a folded dipole acts very 
much like a single fat wire. In fact, a single wire dipole will have a 
length of about 199.8" using 0.1" diameter copper wire to be 
resonant and have a free space gain of about 2.10 dBi. All of our 
folded dipoles are shorter, since all are effectively much larger in 
diameter. To have a resonant length equal to that of the #18 AWG 
wire folded dipole above (about 195.8"), a single copper wire would 
need to be just about 1" in diameter. (Reminder: all tests are at 28.5 
MHz for consistency throughout this exercise.) 


Antenna Currents and What They Tell Us 


Опе very unhelpful conception of a folded dipole is to think of it 
solely as some kind of transmission line. As we shall see, there are 
currents within а folded dipole that we can call "transmission line” 
currents, but this notion has a very limited application and has 
misled any number of antenna builders. We have already seen that 
folded dipoles will perform normally with wire spacing values 
considerably larger than is optimal for а transmission line (13.8" at 
10 meters). That condition will neither void nor abet the interesting 
currents that we shall later call transmission line currents. 


At first glance, a folded dipole operates in ways distinctly unlike a 
transmission line. For example, in a properly functioning 
transmission line, at any point along the line, the current. 
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Construction 


The radiator element is made from 3/8 od aluminum tube cut to a length of 38 
inches. Drill a hole (1/16" diameter) through and through at the middle of its 
length (see Figure 6.2) 
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Figure 6.2 Drilling a hole through the middle point of the radiator element. 


Next prepare the mounting channel by driling a hole at one end (see Figure 
6.3). The diameter of the hole must accomodate the aluminum tube that will be 
inserted into it. The hole is 3/8" and slightly oversized so that the tube will not be 
scratched upon insertion but not too loose as to sacrifice rigidity. 
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igure 6.3 Preparing the mounting channel 
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Next, dril two small holes (1/16" diameter) at one side of the channel 
perpendicular to the axis of the bigger hole (see Figure 6.4). 
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igure64 Drilling holes for the gamma mounting bracket 


Drill another pair of holes (3/16" diameter) at the same side but at the opposite 
end of the channel (see Figure 6.5). Drill the hole through and through. The 
size of the holes and the distance between them must conform to the 
dimensions of the U-bolt used. 
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igure 6.5 Drilling holes for the U-bolt at the opposite end 
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Drill a single 1/8" diameter hole at the other side opposite to the two small holes (1/16" 
diameter). See dimensions in the following illustration. 
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Figure 6.6 Drilling a single hole 


Insert the aluminum tube through the large hole and align the hole at is middle part to 
the 1/8" diameter hole at the side of the channel (see Figure 6.7). 


aluminum tube 
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Figure 6.7 Inserting the aluminum tube into the mounting channel 
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Insert a self tapping screw through the sidehole and forcibly screw it into the 
smaller hole of the tube inside (see Figure 6.8). Tighten the screw until the 
aluminum tube is rigidly held in the aluminum channel. 


ser tapping sc o 


Figure 6.8 Locking the tube with a self tapping screw. 


Prepare the feedpoint angle bracket. The bracket is cut from a small strip of 
aluminum and bent into a right angle. An alternative method is to saw off a 
portion of a 1" x 3" rectangular aluminum channel. This will give you a more 
durable bracket with a near perfect angle. 
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jure 6:9 Preparing the feedpoint bracket (gamma mounting bracket). 


60 


Drill two small holes (1/8" diameter) at one side of the angle bracket. Drill 
another hole at the other side of the bracket. This lone hole must be large 
‘enough to accomodate the BNC female connector (see Figure 6.10) 


me in Hole ciametar large 
A eneon to accomodate 
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Figure 6.10 Drilling mounting holes in the bracket. 


Attach the bracket into the mounting channel by screwing it with small self 
tapping screws (see Figure 6.11) 
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Figure 6.11 Fixing the feedpoint bracket on the mounting channel 
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Insert the BNC female connector in ап upside down position into the large hole of the 
feedpoint bracket and secure it with its nut (see Figure 6.12). 


n | P 
m e 
m 


Figure 6.12 Installing the BNG connector into the feedpaint bracket. 


Next step is to prepare the tuning clamp and the gamma matching tube. First, fabricate 
a flat strip from a scrap tube (about 4 inches long) by pressing it in a table vise until it is 
completely flattened. Cut about 4 inches of the flat strip and form both ends to a ring 
clamp by bending it around an aluminum tube. The ends must be formed to fit around 
the tube (see Figure 6.13). 


Figure 6.13. Preparing the tuning clamp. 
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Drill two holes (1/8" diameter) in the tuning clamp (see Figure 6.14). 
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igure 6.14 Drilling holes in the tuning clamp. 


Insert the 6 inch long tube into one loop of the clamp and secure the clamp with 
а 1/8" x 3/8" stove bolt. Attach a nut to the bolt and tighten it lightly (see Figure 
6.15). Don't tighten this bolt too much at this time! 


6" датта tube 
stove bolt 
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Figure 6.15 Inserting the 6 inch long gamma tube into the tuning clamp. 
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Waterproof the top end of the 6 inch gamma tube by inserting a substantial 
volume of cotton wad inside the open end. The cotton wad serves as a stopper 
for the epoxy. Place epoxy glue over the cotton wad inside. Let the epoxy set 
and dry (see Figure 6.16) 


spony 


Figure 6.16 Sealing the top end of the gamma tube. 


While the epoxy is drying, prepare the gamma match from a short length of RG- 
8/U coaxial cable. Cut a piece 6 inches long and remove its vinyl outer jacket 
and its braid. Cut away a small portion of the PE inner insulator exposing the 
‘copper conductor inside (see Figure 6.17). 


inner conductor 


=, 
M PE inner insulator 


Figure 6.17 Preparing the gamma match from a short length of RG-8/U. 


Solder the exposed copper conductor of the gamma match directly into the center pin of 
the BNC connector attached to the mounting channel 


_— gamma match 


BNC socket 


Figure 6.18 Soldering the gamma match into the BNC connector. 


Next, carefully insert the free end of the tuning clamp into the radiator element (long 
tube) starting at the top end. As the tuning clamp is lowered down along with the gamma 
tube attached to it, insert the gamma match into the gamma tube (see Figure 6.19). 


Stop the gamma tube just about 1/2 inch above plane of the angle bracket or just enough 
for the gamma tube to cover the whole PE insulator. Insert a bolt into the tuning clamp. 
attached around the radiator element and tighten it lightly enough to hold the gamma 
matching assembly in place. The antenna is already mechanically ready at this point, it 
‘only needs to be tuned to resonance for proper operation, 


gemma tube 


igure 6.19 Assembling the gamma tube into the gamma match 


In tuning the antenna to resonance, install it to the mast or tower following Figure 6.1 
Connect the coaxial cable to the BNC connector in the angle bracket and connect the 
other end to a suitable SWR meter. Connect a VHF transceiver to the SWR meter 
(usually marked transmitter) and set its frequency to either the center or extreme 
frequencies of the band. Key the PTT to transmit and read the SWR response. 
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magnitudes will be egual, but the current phases will be opposite, 
that is, 180 degrees apart. If a resonant folded dipole acted as a 
transmission line, we should expect to see the same pattern of 
current values between the two wires. 
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To tune the antenna: move the tuning clamp and find the position where you сап get the 
lowest SWR response for the center frequency and a relatively flat response curve over 
the entire band. Move the tuning clamp either lower or higher about 1/4 inch at a time 
(see Figure 6.20), 


Figure 620 Raising or lowering the tuning clamp to find the best match. 


If you have finally found the right position (after several trials) then you have 
succesfully tuned the antenna to resonance. Tighten the nuts at the tuning 
clamp permanently and place a moderate amout of silicone sealant (RTV 
compound) around the open lower end of the gamma matching tube to seal it 
off from moisture and rainwater (see Figure 6.21). 
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7 QUADLOOP ANTENNA 


Model QA-2F 


In preceeding chapters all of the various antenna designs presented are 
assemblies of linear halwave (or approximately halfwave) dipole elements. On 
the other hand other element forms may also be used to effectively function as 
an antenna. One example is the quad antenna described in this chapter. This is 
the type of antenna with a radiating element made of a loop having a perimeter 
of one wavelength and used in much the same way as a dipole. 


арт Fulwav loop radiator 


Figure 7.1 А quad loop antenna model QA-2F. 


[1] 


The quad antenna was originally designed in the late 1940's. Since then it has been the 
subject of controversy whether it performs better than a dipole. The debate continues but 
alter some years several facts have become apparent. It was found out that the quad 
has a slight gain of approximately 2 dB over a dipole. It is also said to cover a wider area 
in the vertical plane and exhibits broadband characteristics, 


‘The quad antenna model QA-2F is specifically designed to operate in the frequency 
band of 140-150 MHz. It displays a bidirectional radiation pattern with maximum 
radiation in the direction perpendicular to the plane of the loop. By carefully following the 
instruction for constructing this antenna you should be able to get an SWR response of 
less than 1.5:1 over the entire band, 


Materials List 


Quantity Specification/Description Dimensions 
ü Aluminum tube 3/8" id* 82" long 
i Plastic plate 1/2 " thick 32" long 
2 Stove bolts - brass or GI 1/8" x 3/8" 
3 Stove bolts - brass or GI exin 
4 Stove bolts - brass or GI ane" . 
2 U bots with accompanying hex 

nuts and lockwashers 
1 Plastic C-clamp - enough to 
hold a 3/8" cable. 
1 Self tapping metal screw 1/8" x 3/8" 
2 Eye terminals - vinyl insulated 
4 Plain washers - 1/8" id* 
ü Hose clamp - enough to hold a 
1-1/2" tube 
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Construction 


First, prepare the plastic mount with dimensions shown in Figure 7.2. 
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igure 7.2 Plastic mount dimensions 


Next, prepare the metallic mast adaptor. As shown in the following illustration. 
the distance between one pair of 3/16" holes at the extreme ends is equal to 
the distance between the threaded ends of the U-bolt used (see Figure 7.3) 
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Figure 7.3 Mast adaptor dimensions 
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Join the two plates together using four 3/16" x 1" stove Бойз made of rust 
resistant materials (e.g. brass or stainless steel). Do not forget to include a 
lockwasher in each bolt (see Figure 7.4). 
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Note 
Drawing not to scale 


jure 7.4 Joining the two plates together with stove bolts 


Bend the aluminum tube into a square loop with equal sides using а suitable 
tube bender (see Figure 7.5). Cut away the excess tube. 
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Figure 7.5 Forming the tube into a square loop. 


Flatten a small portion at both ends of the tube апа drill a hole (1/ 
each flattened end (see Figure 7.6) 


diameter) in 


igure 7.6 — Flattening and drilling the ends of the tube. 


Drill additional holes (1/8" diameter) in the tube as shown in the following 
illustration (Figure 7.7). The holes must be drilled through and through. Be 
careful in drilling the holes to avoid deforming the tube. 
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jure 7.7 Drilling additional holes in the tube. 
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Insert two stove bolts (1/8" x 3/ 
and attach the necessary hardware as shown in Figure 7.8, 


) through the holes at both ends of the loop. 
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jure 7.8 Installing the necessary hardware at both ends of the tube. 


1/8" diameter holes as shown in the following illustration. Use 1/8" x 1 
bolts (brass or stainless steel). See Figure 7.9. 


Attach the prepared loop into the plastic mounting plate by bolting it through the 


" stove 


Note: 


Drawing not to scale 


igure 7.9 — Fixing the loop on the plastic mount. 
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Ргераге one end of the соах cable by separating the inner conductor from the 
copper braid. Solder the two conductors to the two eye terminals in the loop. 
The braid is costumarily connected to the lower terminal (see Figure 7.10) 


Drawing not to scale 


Figure 7.10 Connecting the coaxial cable to the loop element. 


Clamp the coaxial cable to the plastic mounting plate (see Figure 7.11). 


Drawing not to scale 


Installation of QA-2F 


Figure 7.12 — Installing the QA-2F to the mast. 
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To demonstrate this, we can use the model on the lower half of Fig. 
3 to derive the currents along the transmission line. A sample every 
2096 of the way of a line nearly, but not quite, 1 wavelength long is 
instructive. We shall present two sets of current phase figures for 
wire #2: onset derived from the modeling convention of 
continuously developing the model from left to right, the other from 
using the dipole junction as the starting point for both wires. 


Currents wire a wire 2 
Distance Magnitude Phase Magnitude Phase 

Ej Hos Tel Hos e, 100.8 
2m ПЕЧ E 3:218 38:1/-162.8 
EA 9.758 inis 0.758 173.57- 615 
Sox pe E pe EN 
am pe TA 8:270 D 148.8 
Е 8.558 $2 De] 3:2/ 170.8 


The modeling convention that runs the transmission line wires in 
opposite directions shows essentially the same values for each 
point on the line. The convention that starts and ends them in the. 
same direction shows the 180-degree out-of-phase condition. 


To illustrate what we actually encounter with a folded dipole, let us 
turn to the upper portion of Fig. 3. The markers represent 
percentages of distance from the outer end of each wire inward 
toward the center. If we plot the current magnitudes and phases for 
a typical folded dipole, we end up with an interesting chart. Lets 
use our #18 bare copper wire folded dipole with 3" spacing as a test 
case. Current magnitudes are relative to a maximum value of 1.0, 
while current phases are relative to a feedpoint value of 0.0 
degrees. The first current phase figure for Wire 2 is for continuous 


Chapter 27 


8 DISCONE ANTENNA 


Model CD-2W 


Most of the antenna designs described in the preceeding chapters are all 
suitable for VHF work requiring omni-directional pattern of radiation. Also in the 
mechanical viewpoint, these designs are simple and easy to construct which 
makes them very popular among radio operators. However all of them have a 
limited bandwidth of 140-150 MHz. If one attempts to operate his transceiver 
outside these frequency limits (assuming he has a wideband transceiver) the 
signal response becomes weaker as the operating frequency of the transceiver 
is moved farther away from the operational bandwidth of the antenna. At the 
same time the SWR in the transmission line increases and can reach ап 
intolerable point which may cause damage to the transceiver. Although this 
handicap can be avoided by using a different antenna tuned to a different 
frequency band, the process of changing antennas everytime the operator 
changes his operating band becomes time-consuming and cumbersome. This 
problem can be solved by using a discone antenna described in this chapter. 


The discone antenna is a broadband antenna. Meaning it can operate over а 
wide range of frequencies. Theoritically, a properly designed discone antenna 
can operate up to a frequency 10 times the value of its lowest operational 
frequency. Specifically speaking, if a discone antenna is designed to operate 
with a lowest operational frequency of 140 MHz, then it can be conveniently 
used up to 1.4 Gigahertz! The lowest operational frequency is called cut-off 
frequency. Below this frequency the SWR will increase rapidly. 


Amazing! Well, a discone antenna can achieve that because it functions more 
like a transformer than а conventional antenna. It couples the low impedance 
transmission line to the higher impedance of free space. Its signal pattern is 
similar to that of a quarterwave groundplane antenna. Radiowaves from the 
transmission line emerge at the feedpoint (cone apex) and travel along the 
antenna surface to the edges of the cone and disc. In designing the discone, the 
dimensions of the antenna are carefully computed so as to make the impedance 
at its edges similar to that of free space. Naturally the discone radiates a signal 
because there is a maximum transfer of energy when impedances are matched. 


The discone antenna described in this chapter is made of wirescreen mesh. This 
material is purposely used to minimize the effect of wind to the antenna. The 
thin metal strips used to clamp the two overlapping edges of the cone is for 
mechanical reasons only- the RF waves travel down to the cone edge and по! 
around it, so an electrical connection is not important. 
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This unit has an operational freguency bandwidth of 140 MHz up to 14 
Gigahertz although best results can be obtained if its use is limited up to 1 
Gigahertz only. SWR is measured to be less than 2:1 over the entire 
bandwidth. Power gain is 1 dB (unity gain) and its installation is fixed. The 
discone antenna does not need tuning after construction. It is also popular for 
use in automatic scanning wideband monitors 
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Figure 8.1 
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Materials List 


Quantity 


1 


Specification/Description 
Aluminum or Gl wire screenmesh 
medium gauge - enough to support 
itself without reinforcement 
Aluminum tube 1" id* 

PL-259 VHF male connector 
PL-258 VHF straight connector 
Coaxial cable RG-58/U 


Eye terminals 1/8" 


Washer - aluminum (customized 
dimensions see text) 


Plastic bushing (customized 
dimensions see text) 


Stove bolt - brass or GI 
Hex nut 1/8" id* 

Hose clamp - stainless steel 
Metal plate 1/8" thick 
Aluminum strip gauge 14 or 16 


О-ой with hex nuts and lock- 
washers 


Dimensions 


25" long 


30" long 


118" x 1. 


1-1/2" diameter 
aer 


12° x 22" 


Fi raide ameter 


Tm 


Construction 


First, prepare the customized aluminum washer to be used as a disc holder. 
Machine it from a thick aluminum plate or rod following the dimensions shown in 
Figure 8.2. 


— 144 — 


igure 8.2 Customized aluminum washer dimensions. 


Next, prepare the plastic bushing from a small piece of engineering plastic rod 
with the required diameter. Machine it according to the dimensions shown in 
Figure 8.3. 


a = 1/18" Ø and 1/4" deep 


jure 8.3 Plastic bushing dimensions. 
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Next, prepare the aluminum mounting tube. The tube must be 1” in diameter and 25 
inches long. Drill three holes (1/8" diameter) around one end of the tube with the 
holes equally spaced between each other (see Figure 8.4). 


Figure 8.4 Drilling holes at one end of the mounting tube. 


Drill a single hole (1/8" diameter) at the same end but slightly lower than the first 
three holes (see Figure 8.5). This hole will accomodate the screw to hold the coaxial 
braid inside the tube as described later in the final steps. 


[EN - 


Figure 8.5 Drilling the hole which accomodates the coaxial braid lockscrew. 
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Preparing the disc and cone 


Cut the disc element from the aluminum screen mesh using a suitable tinsnip 
(see Figure 8.6) 


wire mesh 


jure 8.6 Disc element dimension. 


Next, prepare the cone element from a similar material. Follow the dimensions 
shown in Figure 8.7. 


| 
m 
: 
3 


the edges 


igure 8.7 Cone element dimensions. 


Prepare the aluminum strips according to the dimensions shown in Figure 8.8. These two 
strips will be used to clamp the two overlapping edges of the cone permanently. 


igure 6.8 — Preparing the clamping strips. 


Place one strip along the overlapping edges under the cone and place the other strip over 
the overlap outside the cone. Align the holes in both strips and rivet the two pieces together. 
‘The rivet must pierce through the two overlapping edges (see Figure 8.9). The riveted strips 
must sandwich the screen mesh and hold the cone form rigid 


cone olernant 


jure 8.3 Riveling the clamping strips. 
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By using a tinsnip, make crossculs on the apex of the cone lo make a hole large enough for 
the mounting tube to go through. Follow the Illustration in Figure 8.10 carefully . The cuts 
must result to an opening equal to the diameter of the tube - around 1 inch. 


Crosscuts must create 


niet T" diameter opening 
N when bent upward. 


igure 8.10 Making crosscuts at the apex of the cone. 


Assemble the top disc elements following the illustrated steps in Figure 8.11. 


4-314" brass 
stove bot 


a custom wascher 


T 


disc 
«— plastic bushing 


S < eye terminal 


== 4 lovhwasner 


TI 4 hex nut 


Figure 8.11 Assembling the top disc hardware. 


Cut a 30 inches long RG-S8/U coaxial cable and solder the inner conductor at one of its 
(ends inlo the eye terminal held by the bolt below the plastic spacer. Attach a vinyl 
insulated eye terminal into its braid (see Figure 8.12). 


Figure 8.12 Connecting the coaxial cable to the top disc element. 


Insert the free end of the coaxial cable into the mounting tube starting from the tube's 
‘end with sideholes (see Figure 8.13). 


> ) 


comisl cable 


тошт tube 


= 
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igure 6.13 Inserting the coaxial cable into the mounting tube. 


Insert the plastic spacer/bushing holding the top disc element inside the tube and align its 
hole to the tube's sideholes. Fix the bushing to the tube per-manently using metal screws 
(see Figure 8.14). 


sel tapping screws 


igure 6.14 Securing the top disc element to the tube. 


‘Align the lower hole to the eye terminal of the braid inside the tube. If it is not aligned 
yet, insert a slender stick inside the tube and remotely move the eye terminal until you 
‘can see it through the hole outside. Insert a metal screw into the hole and turn it until it 
catches the eye terminal inside. Tighten the screw to hold the terminal firmly (see Figure 
8.15). This procedure is the main reason why you should use an eye terminal with a 
1/16" diameter eye. 


olf tapping screw 


NOTE: 
The disc element is 
purposely omitted in 
e | this drawing for clarity 


Figure 8.15 Securing the braid inside the mounting tube: 
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modeling so the end 2 of one wire becomes end 1 of the next. The 
second value presumes a model with both parallel wires starting at 
the same end of the assembly. 


Currents wire 1 ware 2 
Distance Magnitude phase Magnitude Phase 

ох (end) 0.256 1.5 0.244 106.4/ 73.6 
10% 9:463 13218 9.42 482.5, 27.0 
29% 0.682 20.2 9.558 166.5/ 13.5 
E Dr за ped 172.67 74 
E 9:964 1762 9:968 Mens aa 
sex 1.66 Di 1.000 am £i 


The chart ends at the antenna center point because the opposite 
side of the antenna shows virtually identical current values at the. 
prescribed points. Although the current magnitudes are comparable 
(and would be closer had the wire been without any loss at all), the 
Current phase values show a curious pattern. Corresponding points 
along the wires show similar absolute current phase values, but 
they are opposite in sign when both wires are modeled from the 
same point (e.g., left to right). The pattern is distinctly unlike a 
transmission line that is acting like a transmission line, even with 
the far end a short circuit. 


А phase pattern similar to the one shown is necessary if the folded 
dipole is to radiate. Radiation is simply the ability of the fields that 
result from the current levels at each point along the antenna to 
expand without limit. This condition is unlike that in a transmission 
line, where the fields are confined such that radiation is negligible. 
For that condition to exist, the current magnitudes would have to be 
equal, and the phase values must be exactly opposite. So we have 
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Solder а PL-259 to the free end of the coax cable and connect a straight connector (PL- 
258) into it prior to the final installation of the antenna (see Figure 8.16). 


igure 8:16 Connecting the PL-259 and PL 258 10 the coaxial cable, 


Finally, insert the PL-259, coaxial cable and the mounting tube into the cone starting 
from the top until the apex of the cone reaches just a tiny fraction of an inch below the 
lastic bushing holding the top disc element (see Figure 8.17). 


4 insert 


igure 8.17 Inserting the mounting tube into the cone element. 
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Attach the stainless clamp around the upturned portion of the wiremesh just 
Under the disc. Tighten the clamp to hold the cone in place. Trim the excess 
wiremesh protruding above the edge of the tube clamp (see Figure 8.18) 


NOTE 

The disc element is 
omitted in this 
drawing for the 
purpose of clarity 


hase clamp 


— cone element 


Figure 8.18 Clamping the apex of the cone element to the mounting tube: 
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Installation of CD-2W 
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igure 6.18 Mounting the CD-2W to the mast. 
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9 DISCONE ANTENNA 
Model CD-2P 


The  discone antenna 
model CD-2P described in 
this chapter is functionally 
similar in most respects to 
the discone antenna in 
chapter 8. The only and 
obvious difference. 
between the two models is 
the utilization of a metal 
plate for the disc and cone. 
elements of CD-2P (P for 
plate) 


top disc 
piate 


core 
element 


The choice of using a 
теа! plate becomes 
evident when the antenna 
is intended to be installed 
in areas with less than 
excellent weather 
conditions - meaning it 
your area is regularly 
visited by heavy rainfall or 
strong winds, then you 
must opt to construct and 
install this more robust model than the wire-screen version. Metal plate is more 
durable than a wire-screen. The only trade-off is the total cost of the antenna 
because metal plate is more expensive, In most occasions, a GI metal plate is 
satisfactory but you can also use a more expensive aluminum plate if you desire 
so. Aluminum is less susceptible to corrosion so it is highly recommended if you 
plan to use the antenna near seashores or in places where there is a high level of 
salt present in the surrounding moisture. 


mounting 
ae 


< ноз 


Paint has a negligible effect on the RF signal so if you decide to paint the antenna 
to make it look attractive, just do it - but dont paint the aluminum mounting tube 
Under the cone element to ensure adequate grounding connection of the antenna 
to the mast or tower. This is a precautionary measure to avoid a lightning striking 
your antenna and possibly causing damage to your transceiver or to you. 
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Construction 


In constructing most of the parts of CD-2P, follow the instructions for the Model 
CD-2W except those for the disc and cone elements. Cut the cone and disc 
elements out of the thin metal sheet following the dimensions shown in Figures 
9.2 and 9.3. 


top disc plate 


ri 


78 2 


М, 


15° 


Figure 9.2 Disc element dimension. 
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Figure 9.3 Cone plate dimensions. 


overlap edges, 
dril holes and rivet 


Unlike the wire mesh cone of CD-2W, the cone for CD-2P must have a metal 
sleeve soldered to the opening at the apex. Cut a metal sheet and shape it to a 
form of a ring as shown in Figure 9.4. 


Figure 9.4 Preparing the sleeve. 


Solder this sleeve to the rim of the apex opening leaving а small gap between their ends 
(see Figure 9.5). If you are using an aluminum plate for the cone and sleeve, you need to 
electrically weld the two pieces together using a special technique for welding aluminum 
with protective gas. 


- plate ring 


p 


solder 


cone 
element 


jure 9.5 Soldering or welding the sleeve to the apex opening of the cone. 


The assembly of CD-2P is similar to 
the steps for assembling the CD-2W 
(see Figure 9.6) 


а 


Figure 97 Assembled CD-2P. 
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10 DISCONE ANTENNA 


Model CD-2T 


In mobile operations the problems related to antenna installation are much 
greater than those encountered in fixed stations. The problems are worse 
particularly for a one-man-mobile-station which travels on foot Those 
seemingly small items like portable transceiver, spare batteries, coaxial cable, 
myriad of wires, solar panels, charging box, log books, scanning monitor, etc. 
could easily total up to more than 20 kilos of deadweight if cramped together 
inside a single backpack. Add to it the supply of food and few personal 
belongings and it will surely feel like a nightmare when travelling across a 
rugged terrain. 


The over-all bulk of the load is another problem. Just imagine travelling while 
lugging a full-size metal plate discone at your back! Because of this, the 
tendency of mobile operators is to bring only the most important piece of 
equipment and is usually a portable and lightweight version to tim down the 
total weight and bulk of the load. 


The antenna model described in this chapter is specially designed to satisfy the. 
need for a lightweight and transportable discone antenna. The cone and disc 
elements are replaced with retractable telescopic rods so that the antenna can 
be collapsed into a small unit and conveniently stored inside a backpack. The 
actual length of a packed discone is merely 8 inches! When the telescopic rods 
are extended to their maximum length and set in the proper angle, they appro: 
mate the function of a full disc and cone elements. Theoritically the more 
elements used the better. Experience showed however that three elements for 
each disc and cone function are enough on most occasions. 


This portable version of a discone antenna has the same electrical charac- 
teristics with the two full-sized models described in chapters 8 and 9. The only 
difference is in the mechanical construction. The chrome plated telescopic rods 
are quite expensive so the total cost of this antenna is higher than the two 
preceeding models. 


If this antenna will be used solely for mobile operations, then the U-bolts 
intended for mounting may be discarded. Instead, the antenna can be tied with 
a thin nylon rope on its mounting tube near the feedpoint and hung under a post 
or branch of a tree. Never use a metallic wire to hang the antenna because it will 
distort the radiation pattern of the signal or short out the disc and cone 
elements. 


Scaled down appearance 


dise elements 


cone elements 


mounting tube 


igure 10.1 


Materials List 


Quantity 


3 


Specification/Description 


Telescopic antennas - with 
swiveling threaded base 


Telescopic antennas - with 
swiveling threaded base 


Aluminum disc base mount 
see text for exact dimensions 


Plastic spacer - see text for 
customized dimensions 


Aluminum cone base mount 
see text for exact dimensions 


PL-259 VHF male connector 
PL-258 VHF straight connector 
Aluminum plate 1/8" thick 

Eye terminals - no insulation 


U-bolts with accompanying hex 
nuts and lockwashers 


Stove bolt - brass or GI 
Self tapping metal screws 
Self tapping metal screw 


Hex nut - brass or б! 


Dimensions 


lly extended 
retracted 


22" fully extended 
5-6" retracted 


axe 


11 


x2 


1/8" x 3/8" 


1/8" x 3/ 


1/8" id* 


e aide ameter 
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a mystery: how can we make sense out of the current magnitudes 
and phases along a folded dipole? 


The Transmission Line Inside the Folded Dipole 


The pattern of current magnitudes and phase angle hides a small 
tale, one about the fact that a folded dipole has two sets of 
currents. It is the combination of these two current sets that results 
in the readings. One set is the radiation currents (Ir), which should 
be (if the tale is correct) quite similar to those on a standard dipole. 
The other set is comprised of what some call "transmission line" 
currents (It). From the modeled current readings, we can separate 
the two sets. All we need to do is take half the sum of the currents 
at corresponding points along the folded dipole and we get the 
value of Ir. If we take half the difference of the currents on each 
wire, we arrive at It. Kuecken pointed this out in his book Antennas 
and Transmission lines. 


The following table provides the modeled values for a bare-wire 
folded dipole resonant at 28.0 MHz. The values given are for the 
fed wire (Wire 1), the "other wire” (Wire 2), It (transmission line 
current), Ir (radiation current), and the corresponding current value 
for a single wire resonant dipole at the same relative distance from 
the end. The sampled positions are 10, 30, 50, and 80 percent of 
the distance from one end of the antenna toward the feedpoint in 
the center. For each entry, the format is current magnitude/phase 
angle, where the magnitude is relative to a feedpoint current of 1.0, 
and the phase angle is in degrees relative to a feedpoint phase 
angle of 0.0 degrees. 
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Construction 


First, prepare the top disc elements base mount by machining an aluminum rod to the 
necessary dimensions. Follow the dimensions shown in the ilustration (Figure 10.2). The 
size of the holes (holes marked with a) and their thread gauge must conform to the 
dimensions of the short telescopic antenna you intend to use. 


1102" 


ра 


jure 10.2 Disc base mount dimensions. 


Second, prepare the plastic spacerbushing from a piece of an engineering plastic. 
Machine it to the form and dimensions shown in Figure 10.3. This plastic spacer 
insulates the disc base mount from the cone base mount. 


— 3/8 —}+—1/2—) 


4 ate Aer 
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ineo 
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igure 10.3 Plastic spacer dimensions. 
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Next step is to prepare the cone elements base mount from an aluminum гой with the 
necessary size. Machine it to the form and dimensions shown in the following illustration 
(Figure 10.4). The size, thread gauge, and deepness of the holes at the side (holes 
marked with a) must conform to the base dimensions of the particular type of telescopic 
antenna intended for the cone elements. 


see tet 
Veo 
eines 


Figure 10.4 Cone elements base mount dimensions. 


Assemble the disc base mount, the plastic spacer and the cone base mount together 
following the arrangement shown in Figure 10.5. Secure the assembly with self tapping 
‘screws lo the appropriate holes as illustrated. 


4/0 x2 brass bell 


]-— — Alec base mount 


| plastic bushing 


—— seiftapping screw 
cone base mount 


eye terminal 


Figure 10.5 Assembly of the elements base mounts. 
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Attach the remaining eye terminal to the lone hole at the rim of the cone base 


mount (see Figure 10.6) 


self tapping 


eye terminál 


igure 10.6 Eye terminal attached to the rim of the cone base mount. 


Solder one end of the coax cable to the two terminals at the base 


braid must be soldered to the eye terminal at the rim (see Figure 10.7) 
interchange the connection. 


braid 


comico o 


igure 10.7 Connecting the coaxial cable to the terminals. 
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mount 


assembly. The inner conductor must be soldered to the center terminal and the 


Never 


Next step is to prepare the aluminum mounting tube by cutting it to a length of 6 
inches. Drill three holes (1/8" diameter) at one end (see Figure 10.8). The holes 
must be egually spaced from each other. 


zl = 


mete 
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зб > 
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Figure 10.8 Preparing the mounting tube. 


Insert the free end of the coax cable inside the aluminum tube starting at the 
end with sideholes. Insert the aluminum base mount assembly into the tube and 
align the holes at the sides. Place screws through the holes to permanently 
attach the base mount assembly into the tube (see Figure 10.9) 


self tapping screw 


LLE 36 |= 


Figure 10:9 Fixing the base mount assembly into the tube. 
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Solder the PL-259 to the free end of the coaxial cable and attach a straight connector 
(PL-258) into it (see Figure 10.10) 


jure 10.10 Connecting the PL-259 and PL-258, 


‘Attach the three short telescopic antennas into the disc base mount (see Figure 10.11). 


thread hase 


nto tha mount 


igure 10.11 Telescopic antennas attached to the disc element mount. 
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Next, attach the three long telescopic antennas into the cone base mount under the first set 
of antennas (see Figure 10.12). 


= 


Figure 10.12 Attachment of long antennas to the cone element mount. 


Attach the assembled antenna to the mast by 
using the aluminum mounting plate and one 
U-bolt. Extend the top telescopic antennas to 
their full lengths maintaining them in 
horizontal position. Similarly, extend the three 
long telescopic antennas to their full lengths 
but they must be bent to about 60 degrees 
angle drooping downwards to the ground. See 
Figure 10.13. 


Figure 10.13 — Mounting the completed 
antenna to the mast. 
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To carry the CD-2T їп collapsed form for transportation, retract all the telescopio 
elements and bend them towards the mounting tube (see Figure 10.14). 


Figure 10.14 Antenna CD-2T in collapsed form. 
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11 5/8 WAVE ANTENNA 


Model WA-2 


Probably one of the most popular vertical antennas for both mobile and fixed 
station installations is the 5/8 wavelength vertical because it has some gain over 
a dipole. It is omni-directional and can be used either with radials or a solid- 
plane body (such as the one afforded by a car) 


A version of a 5/8 vertical with radials is presented in this chapter. It is designed 
for fixed station installations. The common practice of radio operators is to install 
this antenna atop a tower with rotatable Yagi arrays positioned a few feet below 
it. The two antennas are connected to a common transceiver via a switching 
box. Only one antenna is active at one moment. The 5/8 wave vertical is used 
as a monitoring antenna because of its omni-directional characteristics. Once а 
contact has been established during operation, the operator quickly switches 
over to the Yagi antenna and beams it towards the other station to optimize 
‘communications. When the contact is finished the transceiver is again switched 
back to the 5/8 wave vertical antenna. This does not mean however that the 
average radio operator who cannot afford to erect a tower and a Yagi array 
should refrain from installing а 5/8 wave vertical. A properly constructed 5/8 
wave vertical antenna if used singly works perfectly well! 


Perhaps one advantage of constructing this antenna by the radio operator 
himself is the over-all cost of the unit. All of the materials used in this model are 
readily available at hardware stores and can be bought cheap. In comparison, a 
‘commercial version of this antenna costs more than a thousand pesos! 


This antenna model WA-2 is designed to operate in the 140-150 MHz VHF 


band. It exhibits an SWR of less that 1.5:1 over the entire band if properly 
tuned. It has a gain of 1.8 dB over a standard dipole reference. 
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Scaled down appearance: 


58 wavelength 


7— — radiátor element 


=< matching coil 
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Figure 11.1 


Materials List 


Quantity 


2 


Specification/Des 


tion 


Brass rods 1/8" diameter 
the brass rod for acetylene 
welding is recommended 

Brass rods 3/16" diameter 


Engineering plastic rod 
see text for dimensions 


PL-259 VHF connector 
PL-258 VHF straight connector 


Aluminum bushing - see text 
for dimensions 


Aluminum tube 
Copper wire gauge no. 14 
Aluminum plate 1/8" thick 


U-bolts with accompanying hex 
nuts and lockwashers 


Coaxial cable RG-58/U 
Stove bolt - brass or GI 
Self tapping metal screws 
Eye terminal vinyl insulated 


Short hook-up wire 


Dimensions 


28" long 


Trid x 
20" long 


8x6" 


12" long 
1/8" x 3/8" 
1/8" x 3/8" 


1/6" id* 


4" long 


id -inside diameter 
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There is a very good correlation between the folded-dipole radiation 
currents as derived by the simple summing method and the single- 
wire dipole currents at the corresponding points along the antenna 
length. The correlation cannot be perfect, because the simple 
summing method does not take into account the currents on the 
end wires of the folded dipole. They are short, but significant. The 
current magnitude and phase angle both undergo part of their 
continuing change in those wires. Nevertheless, the differences 
between the folded-dipole radiation currents and the corresponding 
currents on a single-wire dipole are small enough that we should 
expect to discover any difference in the radiation strength or pattern 
between the two antennas, And, of course, we do not. 


Ideally, the transmission line currents should all show a phase 
angle of -90 degrees. The very slight offset is due both to the end 
wire phase angle changes and to the resistance of the copper wire 
used in the test model (composed of AWG #18 wire with a diameter 
of 0.0403" along with a wire spacing of 1"). Also ideally, the 
magnitudes should be the same at each point, but are not for 
similar reasons. 


The key element in the transmission line currents is their relative 
phase angle--almost perfectly -90 degrees out of phase with the 
source current. Hence, the transmission line currents represent 
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Construction 


First prepare the plastic coll form by machining the engineering plastic rod to the 


dimensions shown in Figure 11.2. 


aom 


tread e 1 


se у 
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jure 11.2 Coil form dimensions. 


Figure 11.3. 


Next, prepare the bushing by machining the aluminum rod to the dimensions shown in 


15/18 
* 
/ \ 
3322 E LI 
threaded 


igure 11.3 Aluminum bushing dimensions. 
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‘Assemble the plastic сой form and the aluminum bushing together. Secure the 
assembly with metal screws. Screw only through the two holes and temporarily 
leave the third hole unscrewed (see Figure 11.4) 


—— self tapping screws 
a we 


temporarily leave this unscrewed 


Figure 11.4 Assembling the coll form and the bushing together. 


Prepare the radiator element. File a notch at one end of each 1/8" diameter 
brass rod. Join and solder the two notched ends together to make a long single 
rod (see Figure 11.5). 


4 


alder tho twa rede together 


Figure 11.5 Joining the two brass together to make the radiator element. 
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Insert one end of the radiator rod into the top hole in the plastic col form. Screw forcibly 
the 1/8" x 3/8" stove bolt through the hole at the side of the plastic сой form pressing the 
brass rod inside to hold it firmly (see Figure 11.6] 


insert the 
radiator rod 


lock wen 
a screw 


Figure 11.6 Securing the radiator element into the coil form. 


Cut the brass rod to a length of 46 inches measuring from the point where it emerges 
from the plastic form (see Figure 11.7) 


Figure 11.7 Cutting the radiator element to its proper length. 
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Wind the Мо. 14 copper wire around the сой form. Wind 10 and 1/2 turns evenly spaced 
and distributed to cover most of the length of the plastic form. Solder the top end of the 
‘copper wire to the base part of the brass rod (see Figure 11.8) 


solder 
here 


insert 


igure 11.8 Winding the coll around the coil form. 


Solder an eye terminal to the lower end of the copper сой. The eye terminal must be 
positioned in such a way that ts eye is aligned with the unscrewed hole in the aluminum. 
bushing. After you have soldered the eye terminal, attach it into the aluminum bushing 
with a metal screw (see Figure 11.9), 


eye terminal 


luminum 
bushing 


igure 11.8 Securing the coil to the aluminum bushing 


no 


Cut a short length of stranded hook-up wire (about 3 inches). Insert it into the hole in the 
plastic coil form until it protrudes from the center hole at the bottom. Solder the upper end of 
the hook-up wire to approximately 6 and 1/2 turns counting from the coils lower end 
connected lo the aluminum bushing (see Figure 11.10). This connection is temporary only 
and it may be necessary to move the wire during tune-up procedure. 


Figure 11.10 Tapping the coil for feedpoint. 


Cut 12" length of coaxial cable RG-58/U and separate the braid from the inner conductor at 
‘one end (make a pig tail. Solder the inner conductor into the hanging end of the hook-up 
wire at the bottom of the plastic form. After joining the two wires, insulate the joint either 
with a shrinking tube or just a plain vinyl tape. Solder an eye terminal into the braid of the 
coax cable (see Figure 11.11) 


Figure 11.11 Connecting the coaxial cable to the hook-up wire. 
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Next step is to prepare the mounting tube. Cut 1" diameter tube to a length of 
12 inches and drill three holes at one end. The holes must be 1/8" in diameter 
and equally spaced from each other. Drill a single hole at the same end but 
slightly below one of the first 3 holes (see Figure 11.12) 


ues 
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Figure 11.12 Preparing the mounting tube. 


Next, insert the free end of the coaxial cable into the mounting tube starting at 
the end with sideholes. When the aluminum bushing and tube meet, insert the 
bushing inside the tube and align the holes at their sides. Secure the bushing 
into the tube by screwing self tapping screws into the holes (see Figure 11.13). 


mounting tube 


Figure 11.13 Securing the aluminum bushing into the mounting tube. 
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Secure the braid by inserting а self tapping screw into the lone hole and tapping 
into its eye terminal inside the tube. Tighten the screw to hold the eye terminal 
against the wall of the tube (see Figure 11.14). You may need to use a wooden 
to the tube to position the eye terminal exactly under the hole. 


CUTAWAY VIEW 


igure 11.14 Securing the braid inside the tube with a metal screw. 


Next, prepare the groundplane radials. Cut three lengths of 3/16" diameter brass 
rods. Note that these rods are larger than the radiator rod. Each rod must be 28 
inches long and threaded at one end (see Figure 11.15). 


28" 


سے 


thread at one end 


igure 11.15 Cutiing the radials and threading one of their ends. 


Final assembly and installation 

Attach the three groundplane radials into their mounting holes at the aluminum bushing, 
Mount the antenna to the mas! by using a metal plate adaptor similar to one described in 
the preceeding chapters (see following illustration). 


Figure 11.16 Mounting the WA-2 to the mast. 
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Tuning WA-2 to resonance 


Mount the antenna to the mast as previously described. Connect a coaxial cable into the 
PL-258 connector of the antenna and attach the other end into the output of an SWR meter 
(marked with antenna). Attach also a short coaxial feeder into the input of the SWR meter 
(usually marked ransmiter) and the other end of the feeder must be plugged into the 
output connector of your transceiver (see Figure 11.17) 


Figure 11.17 Preparing the antenna for tuning to resonance. 


Set your transceiver's frequency to the center of the band and key the PTT. Read the SWR. 
response and write it down to a chart similar to the one shown in Figure 11.18. 


+ 
140 145 Frequency 1 


Figure 11.18 SWR chart. 


Resolder the hook-up wire to another point in the copper coil to get the lowest 
SWR response in the center frequency and a relatively flat response over the 
entire band similar to the charted response shown below (see Figure 11.19) 


+ 
140 145 Frequency 


Figure 11.19 A sample of a charted SWR response. 
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stored energy rather than expended energy, except for the minute 
offset from a perfect -90 degrees. As a result, the radiation currents 
consume all of the RF energy supplied to the antenna in the form of 
its transformation into indefinitely large expanding electromagnetic 
fields. Despite energy storage, there is none left over at the end of 
a transmission. 


The existence of transmission line currents within a folded dipole 
has resulted in a number of erroneous practices based on the use 
of transmission lines as transmission lines. For example, some 
folks have proposed that we short the folded dipole at a position 
equal to a quarter wavelength from the feedpoint outward times the 
velocity factor of the parallel line used to form the folded dipole. 
This practice remains to be modeled in NEC-4, which permits the 
modeler to provide each wire with an insulating sheath with a 
specified conductivity and dielectric constant. 


The first step in considering antennas made from insulated wire is 
to consider the normal range of velocity factors that apply to 
antennas (in contrast to those that apply to transmission lines). | 
began with a 28-MHz dipole that was 204" long and fed in the 
center of the bare AWG #14 (0.0641" diameter) wire. Then | 
modeled an identical antenna, but added an insulated sheath with a 
dielectric constant of 2.5 (about in the middle of the plastics 
materials range used for wire) and a conductivity of 1e-10 
Ohms/meter (a very good insulator). | made the insulation about 
047" thick--a goodly insulation. Then | re-resonated the dipole at a 
length of 195.66". This yielded a velocity factor for the insulated 
wire of 0.959, a typical value for heavily insulated wire. Thinner 
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You can move the soldered point or tap either way - left or right - depending оп 
how the SWR responses. If you have moved the tap to the right and the SWR 
went higher then obviously you must move the tap to opposite direction - to the 
left. You must check the SWR reading over the entire band everytime you move 
the tap. Move the tap only about 1/4 inch farther each time. After you have 
found the best point їп the copper coil, solder the hook-up wire permanently (see 
Figure 11.20). 


Figure 11.20 Resoldering the tap to a different point to find the best 
SWR response. 


m7 


Dismount the antenna from the mast and remove its three groundplane radials. 
Place the heat shrinking tube into the antenna wrapping the entire coil form and 
heat it over a flame or with a blow drier. The coil form and shrinking tube must be 
rotated continously over the heat to result to an even shrinking of the tube (see 
Figure 11.20). If you are heating the tube over the flame, dont let the flame touch 
the tube directly 


Figure 11.21 Heating the shrinkable tube. 
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12 5/8 WAVE ANTENNA 


Model WD-2 


This antenna is an improvement of the 
basic design of 5/8 wave vertical with 
radials. As can be clearly seen in the 
following illustration, it has two metallic 
cones attached to a long tube which 
doubles as support for the radiator 
element. The cones are not intended for 
novelty but serves a very important 
purpose for а more efficient 
performance of the entire antenna 
system. Its function is to nullity the 
unbalanced coupling between {һе 
transmission and the antenna feedpoint 
and prevent the unwanted current from 
flowing on the outside of the coaxial 
cable. 


Why is this о?. Well, let us first go back 
to some basics to understand this 
phenomenon. in a perfectly balanced 
antenna the electrical current within 
each leg of the element is symmetrical. 
There will be no problem in coupling the 
RF signal to its feedpoint when a 
balanced feedline is used. However, if a 
coaxial cable is used to feed the 
antenna, the coupling action is 
inherently unbalanced because of the 


a radiator 


x matching 
col 


mounting 
iube 


decoupling 
\ Seeves 
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physical construction of the coaxial cable. Stated simply, the outside part of the 
outer conductor is not coupled to the antenna in the same way as its inner part 
is coupled to the inner conductor. The overall result is that current will flow on 
the outside of the outer conductor. This current is negligible in the HF 
frequencies but must not be ignored in VHF or UHF frequencies. This problem is 
remedied by the metal cones described in this particular model - it detunes the 
system for stray currents present on the ouside of the line. The cones are also 


called " detuning sleeves" or "decoupling sleeves". 
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Ап antenna system with a properly decoupled line is commonly used in repeater 
systems because by the very nature of its design, a repeater station is very 
sensitive to any kind of stray RF signal. A repeater station has both receiver 
and transmitter units simultaneously operating when used. Although the 
frequency of the transmitter unit is different from the frequency of the receiver 
unit, the very close proximity of the two units tends to blank out the generally 
weak signals from distant stations. This results to a phenomenon called 
"desensitation" or "desense" where the repeater cannot receive the signals from 
the user stations. 


Feedback also results to loud squeal heard by the users. The entire system 
ceases to function as a repeater then. Desense and feedback is avoided by 
using high-Q cavitly filters inserted in the transmission line for the transmitter or 
receiver antenna or both. 


Additionaly, the automatic switching electronics of the repeater is also 
protected against picking up unwanted RF by enclosing it in a metal box and by 
extensive use of decoupling circuits in all the leads going in and out of the box. 
However all of these efforts could fail if the stray current that travels along the 
outside part of the transmission line is so strong that it penetrates all filters 
installed in the repeater system. Using a decoupled antenna system such as the 
опе described in this chapter will save you from the trouble. 


The model WD-2 is specifically dimensioned to operate in the 140-150 MHz 
band. It exhibits an SWR response of less than 1.5:1 over the entire band. The 
radiation pattern is omni-directional. It has a gain of 1.8 dB compared to a 
standard dipole reference. 


120 


Construction 


Construct the antenna following the procedures described for the model WA-2 in 
chapter 11 except for the length of the mounting tube which is 104 inches long 
for the model WD-2. Also skip the procedure for preparing the groundplane 
radials, you don't need them for this antenna anyway. Furthermore, before you 
tune the antenna to resonance, construct the decoupling sleeves and attach 
them to the mounting tube following the procedures described here. 


Cut the cone form from a metal plate (GI sheet or aluminum) following the 
dimensions shown in Figure 12.2. In forming the cone, overlap its edges and drill 
holes along the edge. Rivet the ovelapping edges through these holes. 


1° Ø opening 
atthe apex 


blind rivet 


4—6' Dune 


Figure 12.2 Fabricating the decoupling sleeve (or ‘decoupling skirt). 
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Cut a narrow strip out of a similar material and form it to a ring with a diameter of 
1 inch as shown. Leave a small gap between the two ends. This ring will serve 
as a mounting sleeve so that the decoupling sleeve or skirt can be securely 
clamped to the mounting tube (see Figure 12.3) 


Figure 12.3 Preparing the metal ring 


Solder the ring to the apex of the cone (see Figure 12.4). If you use an 


aluminum plate you must electrically weld the two pieces together using a 
special welding technique with protective gas. 


Figure 12.4 Soldering the ring to the cone. 
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Attach the two decoupling sleeves/skirts into the mounting tube following the 
distances shown in Figure 12.5. Place a tube clamp over each cone and tighten 
itto secure the cones firmly to the mounting tube (see Figure 12.6) 


Figure 125 Mounting the decoupling sleeves to the antenna. 
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deccuping sleeve 
(one of twa) 


jure 12.6 Securing the cone to the mounting tube with a hose clamp. 


Tuning the antenna to resonance 


The tuning procedure for this antenna is the same with the procedure for tuning 
the antenna model WA-2. Just follow the procedures described in chapter 11 
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INSTALLATION 


WD2 


portable repeater 


igure 12.7 Mounting the WD-2 to the mast. 


13 5/8 WAVE ANTENNA 


Model PF-2C 


Most mobile operators use portable handheld transceivers because these are 
lightweight and small. There are also available models today that egual the 
capabilities of their base station versions in terms of frequency coverage, 
sensitivity, computerized funtions, PLL stability and many other unique features. 
However, portable transceivers in general have low power transmitters because 
of obvious limitations in the type of batteries practically allowable for mobile 
operations. The average transmitting power of handheld units range from 0.5 
watts to 5 watts maximum. Because of this, most antennas used for portable 
sets are of gain type to increase the effective radiated power. 


— 


telescopic antenna 


M 
— 


col soring 


NC connector 


Figure 13.1 5/8 wave antenna model PF-20. 
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insulation would have yielded higher values or longer resonant 
dipoles. This little exercise gives us something against which to 
compare a folded dipole composed of insulated wire. 


1 went through the same exercise with the folded dipole which we 
examined in its bareness: 2 AWG #18 wires separated by an inch 
center-to-center. The original folded dipole was 198" long at 
resonance. Then | covered the wires with insulation that was also 
0.47" thick and re-resonated the assembly. The new folded dipole 
was 191.5" long, for a velocity factor of 0.968, slightly higher than 
our single wire dipole. In both cases--the single-wire and the folded 
dipoles, the feedpoint impedance decreased due to the shortening 
of the wires. The single wire dipole went from 72.8 Ohms bare to 
67.7 Ohm thickly covered. The folded dipole dropped from 289.2 
Ohms bare to 274.1 Ohms thickly covered. 


1 next took down the current readings on both wires so that | could 
calculate the radiation currents (Ir) and the transmission line. 
currents (1) to see if they corresponded to those in the bare wire 
folded dipole. The calculations yielded the following table. 


Nothing in the new table distinguishes the currents in the insulated 
folded dipole from those of the bare wire version, with the possible 
exception of a nearly uniform 2-degree displacement of the 
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The antenna described here is a portable version of a 5/8 wave vertical 
antenna. As stated earlier, an antenna of this length has a slight gain over a 
dipole. Approximately, a gain of 1.8 dB can be attained with this type of 
antenna. The radiator element of this model is made of telescopic rod so that 
the overall length of the antenna can be reduced if desired. It is loaded at the 
base by a coil that doubles as a flexible spring supporting the telescopic rod. 
The telescopic element may be used while retracted or collapsed and will 
function like an ordinary “rubber ducky" antenna that comes as a standard 
accessory for portable transceivers. Gain can only be realized if the antenna is 
used while the radiator is extended to full length. 


Sometimes it is desirable to raise the height of the antenna to increase its effective 
range. Installing the antenna to a higher position clears it from most obstructions such as 
houses or trees and extends the horizon farther away thereby increasing the area 
covered or "seen" by the antenna. This can be accomplished by using a length of coaxial 
cable to connect the antenna to the transcelver. The antenna is then mounted high up in 
а post or lower. It can also be hung under a tree by using a non-metallic material such 
as nylon or bine. 


This particular model is dimensioned to operate in the frequency band of 140-150 MHz. 
It exhibits an SWR of less than 1.5:1 over the entire band if properly tuned. Tuning is 
easy as described in this chapter. The materials used for this model can be bought cheap. 
and constructing it can save a lot of money. The total cost of the antenna is a теге 
fraction of the price of its commercial version. Furthermore an invaluable knowledge can 
be gained during the actual construction ofthis antenna, 


Materials List 


Quantity — Specification/Description Dimensions 

1 Telescopic antenna - approx 46" fully extended 
7/16" od" of the base tube 6" 107' retracted 

1 Brass wire no. 26 or approx. 24" or 60 ст 
3/32" diameter 

1 BNC VHF male connector 

1 10 pF/150 Volts capacitor 
glass type 

1 Hook-up wire по. 22 stranded long 

1 Heat shrinkable tube 518" or 3/4" od" 


x 4" long 


Miscellaneous: Epoxy glue 


* od outside diameter 
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Construction 


Wind the brass wire into a spring like сой form. Wind 13 turns of the wire with а 
pitch of approximately 4 turns per inch. The total length of the finished coil is 
approximately 3 inches (see Figure 13.2). The inside diameter of the coil spring 
must be force fit to the outside diameter of the BNC connector or approximately 
3/8" id" 


ED 


| _ es as 


jure 13.2 Constructing the spring coil 
"id-inside diameter 


Solder about 2" long hook-up wire to the center pin of the BNC connector. 


hookup 
wire 


+ needle 


Figure 13.3 Soldering the hook-up wire to the center pin of BNC. 
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Place a moderate amount of epoxy glue around the soldered part of the needle. 
Avoid coating the epoxy around the body of the center pin. Insert the needle into 
the BNC connector and cover the empty space inside with a liberal amount of 
epoxy (see Figure 13.4). Let the epoxy cure and harden. 


epoxy 


Figure 134 Fixing the center pin to the BNC connector with epoxy glue. 


When the epoxy hardens insert the BNC connector into one end of the spring 
сой. Solder the part of the сой that wraps around the body of the BNC connector 
(see Figure 13.5) 


Figure 13.5 Assembling the BNC connector and the spring coll together. 
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Pry out the free end of the hook-up wire inside the coil spring and solder it to the 
point of the coil which is 1 and 1/2 turns counting from the ungrounded portion 
of the сой (see Figure 13.6) 


тар wire here 


М ROR 


Figure 13.6 Soldering the hook-up wire to a temporary tap point. 


Insert the 10 pF capacitor inside the spring coil and solder its lower lead to the 
grounded portion of the coil (see Figure 13.7) 


TEN 


tap wire here 


igure 13.7 Soldering one lead of the capacitor to the grounded portion. 


Next, solder the upper lead of the capacitor to the 6th turn of the coil spring 
counting from the ungrounded portion. See Figure 13.8, 


R ҮҮ 


X 
> solder here 


Figure 13.8 Soldering the upper lead of the capacitor. 
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Next step is to insert the base of the telescopic antenna into the open end of the 
coil spring. Let 2 turns of the coil hold the base of the antenna and solder it to 
secure the two pieces together (see Figure 13.9). At this point the construction 
of the antenna is already finished, it only needs to be tuned to resonance for 
proper operation. 


\ 


telescopic antenna 


jure 13.9 Final assembly of the antenna. 
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Tuning the antenna to resonance 


Attach the antenna directly to the output connector of the SWR meter using the 
necessary adaptors. Similarly, connect the SWR meter to the transceiver using 
а short length of coaxial cable (see Figure 13.10). 


Figure 13.10 Preparing the PF-2C for resonance tuning 
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Set the transceiver to the center frequency and key the РТТ. Read the SWR 
response and note it on a chart similar to the one shown in Figure 13.11 


10 
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igure 13.11 A sample chart for SWR readings. 


Read all the SWR responses from the lowest frequency up 
frequency in the band and mark all the results on the chart 
response curve similar to the one shown in Figure 13.12. 


to the highest 
until you get à 
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igure 13.12 A sample of an SWR curve. 
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Resolder the capacitor lead to a different point or tap either to the left or right 
of the original tap. If you have moved the tap to the right and the SWR went ир 
then obviously you must move the tap to the left. Key again the PTT and mark 
the SWR responses once again on the chart. Move the tap about 1/8" farther at 
a time (see Figure 13.13). 


Figure 13.13 Resoldering the capacitors lead to find the right tap. 


Repeat the whole process until you find the point їп the coil that results to a very 
low SWR reading on the center frequency and relatively balanced responses on 
the extreme ends of the band. If you have followed the instructions in 
constructing this antenna carefully, it is possible to get an SWR response of 1.1 
at the center frequency and 1.5 at extreme ends of the band similar to the 
response curve shown in Figure 13.14. 
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Figure 13.14 A sample of a good SWR response. 


After you have found the right tap, solder it to the coil spring permanently. Insert 
the spring coil into the heat shrinkable tube and heat the tube over a flame or 
with a blow drier. Rotate the antenna and the tube continously while being 
heated to get an even shrinking of the tube (see Figure 13.15). 


( heat source 


igure 13.15 Heating the shrinkable tube. 
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COLLINEAR ANTENNA 


Model SD-22 (2 stacked dipole) 


A collinear antenna is made up of a 
multiple number of dipoles mounted in 
а common structure with their axis 
arranged in one straight line. The 
dipole elements are always driven in 
phase otherwise the array simply 
becomes a harmonic type antenna. A 
collinear array is a broadside radiator, 
meaning the direction of maximum 
radiation is at right angles to the line 
of the antenna, 


When mounted vertically, it radiates 
an omni-directional pattern. Опе 
advantage of this design is its ability 
to attain high gain. When dipole 
elements are stacked collinearly, the 
power gain increases in direct 
proportion to the number of dipoles 
used. Obviously, this type of antenna 
is limited to fixed instalation only 
because of is mechanical 
construction. 


An actual working design of a 
collinear array is presented here. It 
has two identical dipoles fed with a 
coaxial phasing line or 'hamess. 
Each dipole element is tuned by a 
gamma matching system similar to 
that described in chapter 6. In fact, it 
is the same design of dipole just 


— 
> 


phasing harness 


= 


dipola elemart 


— 
‘mounting channel 
or boom 


doubled and fed simultaneously. This 


configuration gives a gain of 3 dB compared to a single dipole. 


This model is dimensioned to operate in the frequencies of 140-150 MHz band. 


It has an SWR response of less than 
procedure is similar to that described for di 
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radiation currents. Allowing for the fact that the technique of 
calculation is approximate--due to reason noted earlier--nothing in 
the table suggests that we should treat an insulated folded dipole 
any differently from a bare-wire folded dipole once each is brought 
to resonance. In fact, both the bare and insulated versions of the 
antenna show the same gain. 


Indeed, the current progression in the insulated wires shows only a 
single set of curves each side of the feedpoint position, just like the 
progression in the bare wire version. The upshot is that we need 
not treat a resonant folded dipole made of insulated parallel 
transmission line like a transmission line. We can ignore the 
"transmission line” velocity factor and simply adjust the overall 
antenna length according to the antenna velocity factor created by 
the line insulation. The practice of shorting out a folded dipole at the 
point indicated by the transmission line velocity factor has never 
shown any evidence of doing anything but shorting out the wires at 
that point. Finding the resonant length of the folded dipole will be 
challenge enough. 


Other Impedance Values 


The folded dipole is ultimately simply a dipole with an impedance 
transformation mechanism built into its structure. As a dipole, on its 
fundamental frequency, it provides all of the performance we 
expect from a dipole--no more and no less. It tends to have а 
slightly wider SWR operating bandwidth (when transformed to our 
feedline value) than a single wire dipole because it acts like a fat 
wire. But it remains in performance simply a dipole. 
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Materials needed 


Most of the materials needed to build the antenna model SD-22 are the 
[same with those needed for antenna model DP-2 except for the mounting 
channel. The mounting channel for SD-22 is shorter being only 8 inches 
long and has slits on two sides instead of two holes. 


Additionally, another long square channel is needed to mount the two 
dipole elements into a single mast. Also, a system of phasing harness made 
lof coax cable is required to feed the two dipoles simultaneously. In short 
the additional materials needed for SD-22 are as follows: 


Quantity Description Dimensions 
2 pes. square aluminum channel xx 
1pc. Square aluminum channel 1'x 1" x 115" 
2 pes. Hose clamp. 2-12" 
clamping 
capacity 
6 pcs. BNC VHF male connector 
2 pcs. BNC 'T' connector 
Construction 


Follow the procedures for constructing the dipole antenna model DP-2 and 
make two identical dipoles. The mounting channel for model SD-22 is slightly 
different and is described in the following illustration (see Figure 14.2). 
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Those holas are 
identical to those 


descibed in 
model DP-2. V 


igure 14.2 Mounting channel dimensions. 


Saw shallow slits at two sides of the channel using a hacksaw. A hose clam 
will be inserted into these slits for the purpose of mounting the channel to th 
supporting mast (see Figure 14.3). 


igure 14.3 Saw slits at two sides of the channel 
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‘Assemble the two dipole elements following the procedures described for antenna model 
DP-2. Alter the dipoles are completed, insert the hose clamps through the sits in the 
channel (see Figure 14.4) 


hose clamp 


igure 14.4 Assembled dipole element with hose clamp, 


Mount the two dipales to the aluminum supporting mast following the dimensions shown in 
Figure 14.5. Wrap the two hose clamps around the body of square channel mast and tighten 
the clamps to hold the dipole elements rigidly. 


[^] 


Figure 14.5 Mounting the dipoles to the aluminum mast. 
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Next, construct the phasing hamess using RG-S8/U coaxial cables and the 
appropriate connectors (see Figure 14.6) 


e BNC T-connector = 


А 


T 


Figure 14.6 Constructing the phasing harness. 


Finally connect the phasing harness to the two dipole elements and secure it to the 
support mast with plastic binders (see Figure 14.7) 


М, 
beste binder 


Figure 14.7 Connecting the phasing harness to the antenna. 


Tuning the antenna 


The tuning procedure for the antenna model SD-22 is similar to the procedure for 
tuning the antenna model DP-2. In tuning the SD-22 however, the two dipoles have 
to be tuned simultaneously. You have to do a lot of shuttling back and forth 
between the two dipoles before you can achieve a good match. If itis not practical 
to tune the antenna right in the main mast, then it can be tuned on the ground by 
placing it in a horizontal position with the dipoles facing upward. The antenna must 
be elevated to not less than 1 meter above the ground supported by non-metallic 
materials like wooden benches for example. 
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15 STACKED DIPOLE ARRAY 


Model SD-24 (four stacked dipole) 


This model demonstrates the 
capability of a simple dipole to т 
attain high power gain by simply 

stacking identical units into a 
single structure and feeding 
them all simultaneously with a 
phasing harness. This 
arrangement is also called 
collinear array. 


As stated earlier in chapter 14, 
power gain in a collinear array 
increases in direct proportion to 
the number of dipole elements 
used. However, in order to 
construct a practical phasing 
harness, the number of dipole 
elements installed cannot be 
simply dictated by personal 
choice. The correct method is to 
double the original number of 
dipole units - meaning, it the 
original array has two dipole 
elements installed, then the 
next атау must have four 
dipoles and the next must have. 


eight dipoles and so on. boom 
Everytime the number of dipole 

elements used is doubled, the go 

power ratio is also doubled. dipole element 
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NOTI 
The power ratio is not numerically the same with the dB 
figure. For accurate computations refer to Appendix. 


The particular four-element array presented here has a power gain of 6 dB. A 
collinear array having eight dipole elements will have a power gain of 9 dB. An 
array with elements in excess of eight is rarely constructed because of the 
inherent mechanical problems encountered in erecting structures of this size. 
Most collinear antennas are mounted vertically to effect an omni-directional 
pattern of radiation. 


The model SD-24 is specifically dimensioned to operate in the frequencies of 
140-150 MHz band. If properly tuned, this array exhibits an SWR of less then 
1.5:1 over the entire band. The procedure for tuning this antenna to resonance 
is similar to the procedure for model SD-22. 


Materials List 


The necessary materials in building this antenna are the same with those 
needed for SD-22 being its extended version. The square channel used to 
mount the four dipoles is larger and twice longer than the one used for SD- 
22. Additional set of phasing harness is also needed to feed the four dipole 
elements simultaneously. 


| Additional materials for Model 50-24 are as follows: 
1pe. Square aluminum channel 4-1/2" x 1-1/2" x 235" 
a pes. ВМС male connectors 


2pes. BN T connectors 
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Construction 


Construct the four dipoles following the procedures described for models DP-2 and 
SD-22. Mount the four dipoles to the aluminum supporting channel by using hose 
clamps. The antenna elements must be attached to the mast with the proper 
distances from each other (see Figure 15.2) 


ry r1 ү] : 


igure 15.2 Mounting the four dipole elements on the mast. 


Construct the phasing harness as shown and attach it to the four dipoles in similar 
fashion to model 50-22 antenna (see Figure 15.3) 


Figure 15.3 Constructing the phasing harness. 


Tuning SD-24 to resonance 


Tuning the antenna model SD-24 to get a good match is similar to procedures for 
tuning antenna model SD-22. 
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16 YAGI-UDA ANTENNA 


Model YG-23 (3 element beam) 


A yagi-uda antenna is a type of an array having one active dipole and two or 
more parasitic elements. It was named after the two Japanese physicists who 
invented it. The basic yagi is one of the highest gain antennas yet developed. 
Several factors affect the performance of a Yagi. Among these are the number 
of elements used, their diameter, and the spacing between them. 


A basic hafwave dipole is cut to resonance at the center of the frequency band 
and is utilized as the driven element. High gain is attained by the addition of 
parasitic elements positioned either in front or behind the driven element. These 
parasitic elements are called directors and reflectors depending on their length 
and positioning with respect to the drive element. The reflector is longer by 
approximately 5 % and is positioned behind the driven element. The director оп 
the other hand is cut shorter by approximately 5% and is positioned at the front 
of the driven element. The combination of these elements produce the directivity 
of the radiated signal thus resulting to higher power gain. However, the radiation 
pattern becomes uni-directional and the much desired omni-pattern is 
completely lost. 


Maximum radiation of signal is now concentrated at the front of the antenna and 
there is only minimum radiation at the back. The ratio between the radiated 
signal at the front and the radiated signal behind it is called ‘front to back ratio’. 
Radiation is weakest at the sides of the yagi and these points are called ‘null 
points’. The ratio between the radiated signal at the front and the radiated signal 
at the sides is called front to side ratio’. 


This highly directive and uni-directional characteristics of a yagi antenna 
necessitates the use of a rotator device in order to beam it to the direction of 
the station in contact. If a rotator device is not used, the high gain character of a 
yagi becomes useless unless the antenna is intended to be permanently 
beamed to a single direction such as in the case of fixed point-to-point 
‘communication. 


The dimension of model YG-23 is specially cut to resonate in the frequency 
band of 140-150 MHz. If properly tuned, it exhibits an SWR of less than 1.5:1 
over the entire band. It has a gain of approximately 7.3 dB compared to a 
standard dipole reference. This is only a basic configuration of a yagi and its 
gain and directivity can be increased by adding more directors at the front. 
Detailed information for the exact dimensions of additional director elements and 
their spacing is given in chapter 17. These yagi dimensions are based on the 
information published by the National Bureau of Standards, 


‘Scaled down Appearance 


a boom 


reflector 


— 
— driven olomont 


TU diner 


jure 16.1 Yagi antenna model YG-23 


Quantity Specification/Description ^ Dimensions 


1 Aluminum tube 3/8" od* 3 feet 4" 

1 Aluminum tube 3/8" od* 3 feet 2-3/16" 

1 Aluminum tube 3/8" ой" 3 feet 7/8" 

1 Aluminum square channel 1" x 1" x 2 feet 
and 32-1/4" 


Other materials used in constructing the antenna DP-2 are also needed for 
this yagi antenna except for the mounting channel. 


Tad outside diameter 


Construction 


Cut me three tubes to their exact lengths and drill a hole (1/8" diameter) thru and 
thru at its middle length. The shortest tube will be used as a director element, 
the longest tube will the reflector element and the medium length will be the 
driven element (see Figure 16.2) 


116°@ — 


REFLECTOR ELEMENT 


igure 16.2 Preparing the reflector element. 
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The impedance transformation possibilities, however, should not be 
overlooked. The rules of thumb for transformation ratios that are 
more than or less than 4:1 can be useful in some contexts. Before 
looking at potential applications, let's first look briefly at the levels of 
departure from 4:1 as we systematically vary the element 
diameters. We shall use the 3" spacing from earlier samples, but 
this time, we shall run each wire through a range of 0.1 to 0.5 
inches in diameter-with one wire increasing as the other 
decreases. 


To perform the modeling for this task, we shall set aside NEC-2. 
МЕС has a known difficulty in dealing with closely spaced wires of 
different diameters. Fortunately, MININEC has no such limitation 
and handles the calculation task with ease. We shall list the 
impedance ratio calculated by the equation, the resultant feedpoint 
impedance, and then the modeled values. This should give us а 
quick view as to whether the calculations and models reliably 
coincide. 


. Calculated ~- Р Modeled -~ 
Diameter Diameter Z Ratio Feed Z Length Gain Feed Impedance 


E až RZ ohms inches — dB 1% JX Ohms 
et as та 058 їз 200 4038 
ea вз 4.00 28а 193.10 210 2888 
Wa ae 323 m 19248 200 2208 


Given that the calculations do not account for the end wires, the 
coincidence of models and calculations is excellent. Incidentally, in 
all models, the end wires were sized to match the smaller of the two 
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3.2010" 
|———— 193/82" 


116" 7 
DRIVEN ELEMENT 


78 J 


— tene ——3À 


116" @ — 
DIRECTOR ELEMENT 


jure 16.3 Preparing the driven and director elements. 


Cut the aluminum mounting tube or boom to 2 feet and 11 inches long and drill 
three holes thru and thru at one side. The holes must have a diameter of 3/8" or 
enough to accomodate the diameter of the tube that will be inserted into it. 


Follow the dimensions shown. Drill also three 3/8" diameter holes at the 


same 


point where the larger holes are but at one side. The axis of the smaller holes 


must cross the axis of the larger holes (see Figure 16.4) 


wy 1618 1548 


3A", diameter through & through 
140" diameter ai one side only 


E == р 


igure 16.4 Preparing the boom. 
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Insert the aluminum tubes to the boom following the illustration for the proper arrangement 
of the elements. Secure the tube to the boom by placing the screws through the holes at the 
sides similar to the method of attaching the dipole element of the antenna model DP-2 (see 
Figure 16.5) 


a 


metal screw 


reflector [T dien 


igure 16.5 _ Assembling the antenna elements to the boom. 


Complete the attachments of the driven element following the procedures described for 
model DP-2. All other materials and dimensions (e.g. gamma, bracket, connector, clamp, 
etc.) are similar to those used for the dipole elements of DP-2 (see Figure 16.6). 


driven element 


= 


— ес: 


igure 16.8 — Complete assembly of the driven element. 
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Installation of YG-23 


ШТ] 


mast 


Figure 16.7 — Installing the YG-23 to the mast. 


Tuning YG-23 to resonance 


The tuning procedure for the antenna model YG-23 is similar to the procedure 
or tuning antennas model DP-2, SD-22 or SD-24. The most important 
instruction to keep in mind is to tune the antenna while directly attached to the 
mast where it will be permanently installed whenever practical 


149 


17 MULTI-ELEMENT YAGI-UDA 
ANTENNA ARRAY 


The Yagi-Uda antenna or simply 'yag! model YG-23 described in the preceeding 
chapter gives a fairly high gain figure in a very compact and easy to construct 
antenna. By adding more director elements at the front and extending the boom 
length of the yagi, you can achieve a very high gain figure from this type of 
antenna. 


The following table shows the exact element lengths and dimensions for various 
yagi antennas based on the NBS standard. Two sets of dimensions are given, 
опе set for the type of yagi antenna with elements that are insulated from the 
boom and another set for the yagi antenna with elements directly attached to 
the metal boom. The latter is widely popular among the antenna constructors 
because it is easier to construct and eliminates the need for individual 
insulators 


The construction of the reflector, driven element, gamma match, director 


elements, assembly of the whole antenna and tuning procedures are basically 
the same with the model YG-23, 
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NBS YAGI STANDARD DIMENSIONS 


Boom Length Boom Element Insulated Reflector Driven Diri  Dir2 ОЗ Dira Dir 
Diameter Diameter Elements. 
55.916" (08) 1" a8 YES 34 32346" 378 31116" 378 E 4 
NO 3458" do BA 3138" MA - ы 
825/6" (1.2) ' a8 YES 34 do 376, 8716" 37/16" 3718" = 
NO 3458" do gA зы SIME зым - 
1914 (22A) 1-10" З8"ой" YES 34 do. 3118" 3546 2111336" 211147 — 210916" 
2130-1/16(32A) 1-1/2" З8"ой" YES 34 do. 378 3916 211-34 211-08" 21078" 
NO 351/16" do 371-1516" 31-38" 31316 — 3916 E 
289-8 (42%) 1-10" a. YES 33:38" -do 3916 3916 338 21158 2042 
NO 34.12. do 388. 31-58 31716 — 31018" 39/16" 
Dir.& Dir.7 Di.8 0кө or. 10 Diii — Diri2 — Diri3 — Diri4 or 18 
210-916" 210916" 210916" 2711-14" 211-1316" - м а 
21-38 211-38 21138 3 35% = i 2 
210-916" 210-5167 210516" 210-516" 210-516" 210-546" 2105/16" 210-516" 210-516" 210-516" 
211-58" — 210.98" 211-308" 21038" — 211-308 21138 2113 21138" 211-38 2711-3/8" 
248“ 210-1346" 2109/6" 2109/6" 2109/6" 210916" 2109/06 210-916" — - Е 
Sane" 244-718" — 2058 21058" — 21058 21058 211-58" 211-58 — - = 


Fod- outside diameter 
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ELEMENT SPACING WITH RESPECT 
TO BOOM LENGTH 


18 STACKING YAGI ANTENNAS 


Stacking yagi antennas means multiplying the number of yagi antennas and 
feeding them all simultaneously. If a number of the yagi antennas is doubled, it 
will add an additional 3 dB to the original gain figure of the yagi. For example, if 
you feed two identical 3-element yagi which has a gain of 7.3 dB, it will give you 
a total gain figure of 10.3 dB. Similarly, a 17-element yagi with a gain of 13.4 dB 
will give a whooping 19.4 dB if stacked to four identical pieces! 


In stacking yagis, the spacing between the antennas is important. The distance 
between two yagis stacked side by side must not be less than 1 wavelength or it 
must be approximately 77 inches. The distance between the tips of the elements 
in vertically stacked yagis must not be less than one-half wavelength or it must 
be approximately 38 inches (see Figures 18.1 and 18.2). 


зв" 


— 


igure 18.1 2 stacked yagis viewed at their boom ends. 


= 


mast 


Figure 18.2 4 stacked yagis viewed at their boom ends. 


Al the yagis must be fed in phase with a phasing hamess. For example, the 
Configuration of a phasing harness for the 4 stacked yagis shown above is described in 
the following illustration, 


Figure 18.3 


al lengths of Fc. S 


equal паз 1 any length to 
transceiver 
[c 


¢ = BNC connactar. 
T = T connectar 


Phasing harness for a 4-stacked yagi antenna. 
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Mechanical Construction 


metal plate 


стоззапп 


boom 


Figure 18.4 Attachment of the boom to cross-arm. 


— mast 


„> metal plate 
— P 


Figure 18.5 Attachment of the cross-arm to mast. 
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FORMULAS FOR CONVERTING 


19 ANTENNA DESIGNS FOR 
OTHER FREOUENCY BANDS 


The dimensions of the antenna elements are generally derived from the 
antemna's electrical wavelength. The electical wavelength of a certain 
frequency is slightly different from its wavelength in free space, where the 
former is the wavelength of the signal present in the physical conductor of the 
antenna and is somewhat shorter. 


The formula to get the electrical wavelength of a frequency is: 


In feet: In meters: 
936 286 
= À (feet) — = A (meters), 
be (MHz) Fc (MHz) 


% FL is the center frequency of the band expressed in Megahertz. 


W Lambda A is the symbol for the wavelength expressed either in feet 
or meters depending on the particular units used. 


For example, the wavelength of 145 MHz is: 


936 


145 6.46 feet or 77.52 inches 


Other symbols of wavelength 


X2 or (0.5)A = haliwavelength 
Ма ог (0.28. quarterwavelength 


Antennas Made of Wire - Volume 2 —————— Fi 


diameters involved. Moreover, the absence of any perceptible 
change of gain in the series of models is notable. However we size 
the wires in our folded dipole, it gives us dipole performance. To at 
least some degree, this convention accounts for the very small 
differences in resonant lengths of the models. 


In many beams using the dipole as a driven element, the feedpoint 
impedance will be far less than 70-72 Ohms. Values from 10 to 50 
Ohms are common, although values above 20-25 Ohms are 
preferred in order to reduce power losses from the accumulation of 
small resistances at connections. Using a folded dipole with 
"designer" values for element diameters and spacing, it is possible 
to raise the impedance to match almost any value higher than the 
initial feedpoint impedance. One option is to use a low 
transformation ratio to arrive directly at 50 Ohms. A second option 
is to use a higher value to arrive at 200 Ohms and then to use a 4:1 
balun at the feedpoint to return to 50 Ohms with an accompanying 
reduction on possible common mode currents on the coax. 
Although HF use of folded dipole drivers is rare, at VHF they are 
stil very popular. 


The Folded Dipole as a Doublet 


Before departing the land of folded dipoles, we should at least 
glance at the potential of the folded dipole as a multi-band doublet. 
Аз a sample, we can look at the performance potential of an 80- 
meter folded dipole. | resonated a 132.85' version at 3.5 MHz. Wire 
spacing is about 2' and the wire are about 0.3" in diameter. | then 
checked the patterns and performance on other amateur bands. 
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Groundplane elements 


[The formula to get the length of each element of a groundplane antenna is: 
468 


E (ее) = Ес or E (feet) = 0.254 
2 


= То convert E (feet) to inches multiply it with 12. 


m Example: Find the length of one groundplane element intended for 


220 MHz. 
Solution: 
468 

E (feet) = 220 substituting the value of 

2 frequency 
E (fee) = 2127 

2 
E (feet) = 106 this is the length of the element 


expressed in feet 


To convert the result to inches: 


E (feet) x12 = E (inches) 


1.06 x12 = 1272 


E = 1272inches this is the length of the element 
expressed in inches 


Coaxial dipole elements 


Formulas to find the elements of a coaxial dipole: 


468 


E (feet) = Fc or E(feet) = 0.252. 
2 


m Example: Find the length of the element for a coaxial dipole intended 
for 110 MHz (also known as aircraft band). 


Solution: 
468 

E (feet) = Fc 

2 


468 
E (feet) = 110 substituting the value 
2 of frequency 


2.125 feet this is the length of the 
coaxial element 
expressed in feet 

Convert the result to inches: 

E (feet) x 12 = E (inches) 
2.125x 12 = 25.5 


E = 25.5 inches this is the final value 
expressed in inches 


Quad loop antenna element 
The formula to get the length of each side of 
the loop element for the Ouad loop antenna: 


s (feel) = Fc 
or 
S(fee) = 0251 


m Example: Find the length of one side of the quad loop intended for 
155 MHz (VHF commercial band) 


Soluti 


468 
S(feet)= Ес 
2 


468 
s (eh 155 substituting the value 
2 of frequency 
s (feet) = 302 
2 
S 151 feet this is the length of one side 


of the loop element 
expressed in feet 


Convert the result to inches: 
S (feet) x 12- S (inches) 


151 x12= 1812 


S 48.2 inches this is the final value 
expressed in inches 


Dipole element 


The formula to get the length of the dipole element for the antennas DP-22, 
SD-22, and SD-24: 


D (feet) = Fc or D (feet) = 05% 


D 
с 


Find the length of the dipole element intended for 195 MHz. 


D (fest) = 468 
Fo 

D (fest) = 468 
195 

D (fest) = 24 feet this is the length of the 


dipole element 
expressed in feet 


Convert the result to inches: 


D (feet) x 12 = D (inches) 


this is the final value 
expressed in inches 
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Spacing between dipoles' ends 


The formula to get the correct spacing between the ends of two dipoles in a 
collinear array such as SD-22 or SD-24: 


468 


s (fee) = fe 
2 


07 


S (feel) = 0.254 


ү 


m Example: Find the spacing between two dipoles designed for 220 MHz. 


Solutio: 


468 
Steet) = Fc 


S (feet) = 220 


S (feet) = 2.127 
2 


S = 1.053 feet 


Convert the result to inches: 


S (feet) x 12 = S (inches) 


1.053 x 12= 12.45 
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this is the length of the 
dipole element 
expressed in feet 


S = 12.45 inches this is the final value 
expressed in inches 


Discone dimensions 


То get the exact lengths and dimensions of the discone antenna, first compute 
the wavelength of the lowest targeted frequency by using this formula: 


A (wavelength in feet) = 936 
Fo 


Formulas for dimensions: 
The disc element diameter is 0.19 of the wavelength. 
The cone element length is 0.29 of the wavelength. 
The spacing between the disc element and the apex of the cone 
element is 0.0077 of the wavelength. 


The diameter of the mounting tube is not critical. 


rom 
Ned 
ioon 


(029%) 


m Example: — Find the dimensions of a discone antenna with a cut-off fre- 
quency of 120 MHz (upper portion of the aircraft band). 
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First find the wavelength of the frequency by using the formula 
below and convert the result to inches. 


936 = A (wavelength in feet) 
Fe 
936 = 78 
120 
78feet = А this is the wavelength of the frequency 
in feet 
Convert it to inches: 
78x12 = 836 
A (inch) = 83.6 inches wavelength of the frequency in inches 


From the result above you can proceed to compute the dimensions: 
DISC ELEMENT DIAMETER: 
Formula: 0.19x A (inch) = disc diameter 


(substitute value of A) 
0.19x 836 = 15.384 


15.382 inches diameter of the disc 


LENGTH OF CONE ELEMENT: 
Formula: — 029x A (inch) = length of cone element 


(substitute value of A) 
0.29x 836 = 24.44 


24.44 inches length of the cone 
element 
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SPACING BETWEEN DISC AND CONE'S APEX: 
Formula: 0.0077 x (inch) = spacing 


(substitute value of A) 
0.0077x 836 = 0.64 


0.64 inches spacing between 
disc and cone's apex 


5/8 Wave radiator element 


[The formula to get the length of the radiator element of a 5/8 element 
wavelength antenna such as in WA-2 and PF-2C: 


L (ее) = 0.68% A or L (feet) = (5x) 
8 


m Example: Find the length of the radiator element intended for 160 MHz 
(VHF commercial band). 


Solution: 


First find the wavelength of the center frequency by using the 
formula below and convert the result to inches. 


936 = A (wavelength in feet) 
Fe 
936 = 585 
160 
5.85 feet = A this is the wavelength of the freguency 
in feet 


Convert it to inches: 


5.85x 12 = 702 


A (inch) = 70.2 inches wavelength of the frequency in inches 


Finally, find the length of the 5/8 radiator element by u: 
wing formula: 


ıg the follo- 


L (inch) = 0.65 x A (inch) 


L (inch) = 0.65 x 70.2 


L 


45.6 inches length of the radiator element 
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POWER RATIO TO DECIBEL CONVERSION 


01 


041 
322 
491 
613 
708 
785 
851 
908 


10 10001004 1 


Ratio 00 
1 0.00 
2 3.01 
3 4.77 
4 602 
5 699 
6 778 
7 845 
8 903 
x0 +10 
x100 +20 
x1000 +30 
x10.000 +40 
x100,000 +50 


The decibel value is read from the body of the table for the desired ratio, 
including the decimal increment. For example, a power ratio of 1.8 is equivalent 
to 2.55 dB. Value from the table may be extended as indicated at the lower left 
in each section. For example, a power ratio of 16 which is the same as 10 x 1.6 
2.04 dB. 


02 


0.79 
342 
505 
623 
716 
702 
857 
914 
009 


is eguivalent to 10 + 2.04 


Decimal Increments 


03 


144 
3 6 
519 
634 
724 
799 
863 
919 
10.13 


04 


146 
380 
532 
644 
732 
806 
869 
924 

1047 


05 


176 
3.98 
544 
653 
740 
813 
875 
929 

1021 


06 


204 
415 
556 
663 
748 
820 
881 
934 

1025 


How to use this chart: 


07 


230 
431 
568 
672 
756 
826 
886 
940 

1029 


08 


255 
447 
5.80 
681 
763 
833 
892 
944 

1033 


09 


2.79 
462 
591 
690 
771 
839 
898 
949 

1037 


Power loss in relation to the SWR figure in the transmission line: 


SWR 


Power lost in % 


% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
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Numbers are rounded, since we are looking only for suggestive 
results. 


Frequency Max. Gain Feed Impedance Pattern 
mir 5% JX Ohms No. of lobes 
as 2 2% 1 2 

T8 2 5 — 766 2 

ш 3 зе} 750 6 

ale à 25 - j зза H 

EN asot j 18 ав 

E pers 85 - J 530 6 

24.9 n 550 - J s10 u 

EH 8.64 225 780 a 


The gain figures and the number of pattern lobes coincide with 
numbers we would obtain from a single-wire dipole pressed into 
multi-band doublet service. What differs is the impedance value set. 
The difficulty of using a folded dipole on an even harmonic of the 
band for which it is initially resonated lies in the very low resistive 
component of the feedpoint impedance. By the sixth harmonic, we 
have a value that, while low, is well within the capabilities of most 
ATUS. In contrast, the second harmonic impedance of 5 Ohms is 
likely beyond the reach--or at least the efficient range--of most 
ATUS. The 4th harmonic (20 meters in this sample) might well be 
matchable, depending upon ATU design. 
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METRIC EQUIVALENTS 


Most of the antenna dimensions described in this book are in English units. If 
the constructor wants to use the metric system, he can convert all the 
[dimensions by using the following conversion guide: 


English to Metric 


Inch = 25.4 millimeters 
Inch = 2.54 centimeters 
Foot = 0.305 meter 
Yard = 0.914 meter 


Metric to English 


Centimeter = 0.3937 inches 
Meter 39.37 inches 
Meter 3.28 feet 
Meter = 1.094 yards 
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GLOSSARY OF ANTENNA TERMS 


Actual ground 


Antenna 


Apex 


Apex angle 


Bandwidth 


Band 


Coaxial cable 


Collinear array 


Conductor 


Counterpoise 


Dielectrics 


Dipole 


The point within the earth's surface where effective ground 
conductivity exists. The depth of this point varies with the 
frequency, the condition of the soil and the geographical 
region 


An electrical conductor or array of conductors that radiates 
signal energy (transmitting) or collects signal energy 
(receiving). 


The feedpoint region of a discone antenna. 


The enclosed angle in degrees inside the cone element of а 
discone antenna and similar antennas. 


The group of frequencies where the antenna functions 
efficiently. 


A group of frequencies. 


Any of the coaxial transmission lines that has the outer shield 
(either solid or braided) in the same axis as the inner or 
center conductor. The insulating material can be air, helium, 
or solid dielectric compounds. 


A linear array of radiating elements (usually dipoles) with their 
axis arranged in a straight line. Popular in VHF and higher 
frequencies. 


А metal body such as tubing, rod or wires that permits current 
to travel continously along its length. 


A wire or group of wires mounted close to ground, but 
insulated from ground, to form a low impedance, high 
capacitance path to ground. Commonly used at medium 
frequency and high frequency to provide an effective ground 
for an antenna. 


Various insulating materials used in antenna systems, such 
as found in insulators and transmission lines. 


An antenna that is split exactly at the middle for connection to 


a feedline. Usually a halfwavelength in dimension. Also called 
a doublet. 
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Directivity 


Director 


Direct ray 


Doublet 
Driven array 


Driven element 


Efficiency 


Feeders 


Feedline 


Front to back 


Front to side 


Gain 


Gamma match 


Groundplane 


Groundscreen 


The property of an antenna that concentrates the radiated 
energy to form one ог more major lobes. 

A conductor placed in front of a driven element to cause 
directivity. Frequently used singly or in multiples with Yagi or 
cubical quad beam antennas. 


Transmitted signal energy that arrives at the receiving 
antenna directly rather than being reflected from the 
ionosphere, ground or man made reflector. 


see Dipole 


Ап array of antenna elements which are all driven or excited 
by means of a transmission line. 


The radiator element of an antenna system. The element to 
which the transmission line is connected 


The ratio of useful output power to input power, determined in 
antenna systems by losses in the system, including in nearby 
objects. 


Transmission lines of assorted type that are used to route RF 
power from а transmitter to an antenna, or from an antenna 
to a receiver. 


see Feeders 


The ratio of radiated power off the front to the back of a 
directive antenna. A dipole would have a ralio of 1 for 
example. 


The ratio of radiated power between the major lobe and the 
null side of a directive antenna. 


Increase in effective radiated power in the desired direction of 
the major lobe. 


A matching system used with driven antenna elements to 
effect a match between the transmission line and the feed- 
point of the antenna. It consists of an adjustable arm that is 
mounted close to the driven element and in parallel with it 
near the feedpoint. 


А man made system of conductors placed below an antenna. 
to serve as an earth ground. 


A wire mesh groundplane. 


Impedance 


Lambda 


Line loss 


Line of sight 


Load 


Loading 


Lobe 


Matching 


Null 


ic array 


Quad 


The ohmic value of an antenna feedpoint, matching section 
or a transmission line. An impedance may contain reactance 
as well as resistance components. 


Greek symbol for L used to represent a wavelength with 
reference to electrical dimensions in antenna work. 


The power lost in a transmission line, usually expressed in 
decibels. 


Transmission path of a wave that travels directly from the 
transmitting antenna to the receiving antenna. 


The electrical entity to which the power is delivered. The 
antenna is a load for a transmitter. A dummy load is a 
nonradiating substitute for an antenna. 


The process of transferring power from its source to a load. 
The effect of a load has on a power source. 


A defined field of energy that radiates from a directive 
antenna 


The process of effecting an impedance match between two 
electrical circuits of unlike impedance. One example is 
matching a transmission line to the feedpoint of an antenna. 
Maximum power transfer to the load (antenna system) will 
occur when a matched condition exists. 


A condition during which an electrical property is at minimum. 
The null in an antenna radiation pattern is that point in the 
360 degree pattem where minimum field intensity is 
observed. An impedance bridge is said to be 'nulled' when it 
has been brought into balance. 


A directive antenna that has a driven element and 
independent directors or reflectors or both. The directors and 
reflectors are not connected to the feediine. A yagi antenna is 
one example. See also driven array. 


Sections of transmission line that are used to ensure correct 
phase relationship between the bays of an array of antenna. 
Also used to effect impedance transformations while 
maintaining the desired array phase. 


Rectangular or diamond shaped fullwave loop antenna. Most 
often used with a parasitic loop director and a parasitic loop 
170 


reflector to provide approximately 8 dB of gain and good 
directivity. Often called the ‘cubical quad" 


Radiation pattern The radiation characteristics of an antenna as a function of 


Rac 


tor 


Reflector 


Source 


Stacking 


SWR 


Velocity factor 


VSWR 


Wave 


Wave front 


space coordinates. Normally, the pattern is measured in the 
far field region and is represented graphically. 


A discrete conductor in an antenna system that radiates RF 
energy. The element to which the feedline is attached. 


A parasitic antenna element or a metal assembly that is 
located behind the driven element to enhance forward 
directivity. Large man made structures may reflect radio 
signals. 


The point of origination (transmitter or generator) of RF power 
supplied to an antenna system. 


The process of placing similar directive antennas atop or 
beside one another forming a ‘stacked array’ 


Standing wave ratio on a transmission line in an antenna 
system. More correctly, ‘VSWR’ or voltage standing wave 
ratio. The ratio of the forward to reflected voltage on the line. 
and not the power ratio. A VSWR of 1:1 occurs when all 
parts of the antenna system are matched correctly to one 
another. 


That which affects the speed of radio waves in accordance to 
the dielectric medium they are in. A factor of 1 is applied to 
the speed of light and radio waves in free space, but the 
velocity is reduced in various dielectric mediums such as 
transmission lines. When cutting a transmission line to a 
specific electrical wavelength, the velocity factor of the 
particular line must be taken into account. 


Voltage standing wave ratio. See SWR. 


A disturbance thatis a function of time or space or both. 
A radio wave for example. 


A continous surface that is the locus of points having the 
same phase at the same instant. 


m 


Yagi A directive, gain type of antenna that utilizes a number of 
parasitic directors and a reflector. Named after one of the 
inventors (Yagi and Ида). 
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Killed by a drunk driver 
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Introduction to 
the fourth edition 


IT WAS WITH GREAT PLEASURE THAT I WROTE THIS FOURTH EDITION OF PRACTICAL 
Antenna Handbook. The original intent when the first edition was planned was to 
provide the reader with a practical, yet theoretical, book that could be used with 
ошу a minimal effort to actually design and install radio antennas. It was assumed 
that the readership would possess a wide range of levels of antenna sophistication, 
from the novice "newbie" to the professional engineer. That assumption proved to be 
correct as I have received letters from a wide variety of people. 

The success of the three previous editions of Practical Antenna Handbook has 
been most gratifying. Clerks in radio stores told me that this book was outselling 
other titles 2:1. They confirmed that the types of people who buy the book meet the 
profile above. It was with surprise and delight that I noted that clerks in one radio 
store could cite the McGraw-Hill catalog number from memory, when they could not. 
do that for other antenna books, 

While the sales are deeply appreciated (they are an honor), there was опе com- 
ment that stood ош. The salesman at one radio stare introduced me to an instructor 
from a U.S. Government communications school. He typically bought twenty copies 
of Practical Antenna Handbook at a time for use by his students ina training class- 
Не told me that the reason why he selected my book over others was *. 15 the only 
book on the market that people can give to a secretary, or clerk-typist, and expect 
them to be able to put up a working half wavelength dipole two hours later." And, he 
stated, in his business that could literally happen any time, 
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Antennas have changed a lot over the years. Figure 1-1 shows how antennas 
were between 1913 and 1940. This facility was the first U.S. Navy radio station. 
(NAA) in Arlington, VA. Those two 600- and 400-1 towers were taken down in 1940 
to make room for National Airport (Washington, D.C.). The towers were reassem- 
bled in Annapolis, MD, where they lasted ший recently. 

Antenna technology has changed since 1940. In preparing this fourth edition of 
Practical Antenna Handbook all previous material was reviewed for accuracy and 
relevance. Additional material was added for the following topies: 


= Wire antenna construction methods 

+ Antenna modeling software (miniNEC, WinNEC, and EZNEC for Windows) 

* Antenna noise temperature 

* Antennas for radio astronomy 

+ Antennas for Radio Direction Finding 

Thope that you find this fourth edition as useful аз the previous three editions, 
And thank you very much for honoring me by spending your hard-earned money on 
my book, 

Joseph J. Carr, MSEE 


Te NAA callsign has since been reassigned to the VLP statin at Cutler, ME. 
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LA Massive antenna towers at Navy "Radio Arlington” (1913-1040). (Cour 
the NAA) 
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CHAPTER 


Introduction to 
radio broadcasting 
and communications 


RADIO BROADCASTING AND COMMUNICATIONS SEEMS TO HOLD A STRANGE KIND OF 
magical allure that attracts а wide variety of people and holds them for years. There. 
is something fascinating about the ability to project yourself over vast interconti- 
mental distances, 

Radio communications have been with us now for the entire twentieth century 
andino the twenty-first. Experimenta are on record as early as 1867, and by the turn. 
of the century "wireless telegraphy” (as radio was called then) sparked the imagina- 
tions of countless people across the world. Radio communications began in earnest, 
however, when Guglielmo Marconi successfully demonstrated wireless telegraphy as 
а commercially viable entity. The "wireless" aspect to radio so radically changed com- 
munications that the word is still used to denote radio communications in many coun- 
tries of the world. Marconi made a big leap to international fame on a cold December 
day in 1903, when he and a team of colleagues successfully demonstrated trans- 
atlantic wireless telegraphy. Until that time, wireless was a nelghborhood—or cross- 
town at best—endeayor that was of limited usefulness, OF course, ships close to 
shore, or each other, could summon aid in times of emergency, but the ability to com- 
municate over truly long distances was absent. All that changed on that fateful day in. 

А when Marconi heard the Morse letter S. tickle his ears. 
з telegraphy was pressed into service by shipping companies because it 
Immediately provided an element of safety that was missing in the prewireless days. 
Indeed, a ship that sank, leaving its crew and passengers afloat on a forbidding sea, 
was alone, Any survivors often succumbed to the elements before a chance en- 
counter with a rescue vessel. Some early shipping companies advertised that their 
ships were safer because of wireless aboard. lt was not until 1909, however, that 
wireless telegraphy proved its usefulness on the high seas. Two ships collided in the 
foggy Atlantic Ocean and were sinking. АШ passengers and crew members of both 
ships were in imminent danger of death in the icy waters, But radio operator Jack 
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2 Introduction to radio broadcasting and communications 


Binns became the first man in history to send out a maritime distress call. There is 
some debate over which distress call Binns transmitted, but one thing is certain: It 
was not “SOS” (today’s distress cal), because SOS was not adopted until ater. Binns 
probably transmitted either “CQD” ог "СОЕ," both of which were recognized in 
those days before standardization. Regardless of which call was sent, however, it was 
received and relayed from ship to ship, allowing another vessel to come to the aid of 
the stricken pair of ships. 

All radio prior to about 1916 was carried on via telegraphy (Le. the on-off keying of 
а radio signal in the Morse code). But in 1916 some more magic happened. On a litle 
hillin Arlington, Virginia, on asite that now overlooks the Pentagon and the U.S. Marine 
Corps base called Henderson Hall, there were (and still are) a pair of two-story brick 
buildings housing the naval radio station NAA (callsign since reassigned to the VLF sta- 
tion at Cutler, ME). On a night in 1916, radio operators and monitors up and down the 
Atlantic seaboard—from the midwest to the coast and out to sea for hundreds of 
‘les heard something that must have startled them out of their wits, for crackling out 
of the “ether,” amidst the whining of Alexanderson altemators and "ZZZCHHT" of 
spark-gap transmitters, came a new sound—a human voice. Engineers and scientists at 
the Naval Research Laboratory had transmitted the first practical amplitude-modulated 
(АМ) radio signal. Earlier attempts, prior to 1910, had been successful as scientific 
experiments, but they did not use commercially viable equipment. 

Although radio activity in the early years was unregulated and chaotic, today it 
is quite heavily regulated, Order was brought to the bands (don't laugh, ye who tune. 
the shortwaves) that was lacking before. Internationally radio is regulated by the In- 
ternational Telecommunications Union (ITU) in Geneva, Switzerland through the 
treaties arising from World Administrative Radio Conferences (WARC) held every 
10to 15 years. In the United States, radio communications are regulated by the Fed- 
eral Communications Commission (FCC), headquartered in Washington, D.C, 

Amateur radio has grown from a few thousand “hams” prior to World War 1 to 
‘more than 900,000 today, about one-third of them in the United States. Amateur op- 
erators were ordered off the air during World War 1, and almost did not make a come- 
back after the war. There were, by that time, many powerful commercial interests 
that greedily coveted the frequencies used by amateurs, and they almost succeeded 
in keeping postwar amateurs off the air. But the amateurs won the dispute, at least. 
partially. In those days, it was the frequencies with wavelengths longer than 200 m 
(Le. 20 to 1500 kHz) that were valuable for communications. 

"rhe cynical attitude attributed to the commercial interests regarding amateurs 
was, "put ‘em on 200 meters and below . . . they'll never get out of their backyards 
there!” But there was a surprise in store for those commercial operators, because the 
wavelengths shorter than 200 m are in the high-frequency region that we now call 
“shortwaves.” Today, the shortwaves are well-known for their ability to communicate 
over transcontinental distances, but in 1919 that ability was not suspected. 

1 once heard an anecdote from an amateur operator "who was there.” In the 
summer of 1921 this man owned a largo, beautiful wire "flattop" antenna array for 
frequencies close to 200 m on his family’s farm in southwestern Virginia. Using 
those frequencies he was used to communicating several hundred miles into eastern 
Ohio and down to the Carolinas. But, in September 1921 he went to college to study 
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electrical engineering at the University of Virginia in Charlottesville. When he re- 
turned home for Thanksgiving he noticed that his younger brother had replaced the 
Jong Mattop array with a short dipole antenna, He was furious, but managed through 
great effort to contain the anger until after dinner. Confronting his brother over the 
incredible sacrilege, he was told that they no longer used 150 to 200 m, but rather 
‘were using 40 m instead. Everyone "knew" that 40 m was useless for communications. 
over more than a few blocks, so (undoubtedly fuming) the guy took a tum at the key. 
He sent out a “CQ” (general сай) and was answered by a station with a callsign like 

IX." Thinking that the other station was in the Sth U.S. call district (WV, OH, MI) 
‘he asked him to relay a message to a college buddy in Cincinnati, ОН. The other sta- 
tion replied in the affirmative, but suggested that *. . . you are in а better 
position to reach Cincinnati than me, Lam FRENCH XX." (Callsigns in 1921 did not 
have national prefixes that are used today.) The age of international amateur com- 
munications had arrived! And with it came a new problem —te national identifiers in 
call signs became necessary (which is why American call signs begin with K, W, or N). 

During the 1930s, radio communications and broadcasting spread ike wildfire 
as technology and techniques improved. World War If became the first war to be 
Tought with extensive electronics. Immediately prior to the war, the British devel- 
oped а new weapon called RADAR (radio detection and ranging; now spelled radar) 
"This tool allowed them to see and be forewarned of German aircraft streaming across 
the English Channel to strike targets in the United Kingdom. The German planes 
were guided by (then sophisticated) wireless highways in the sky, while British fight- 
ers defended the home island by radio vectoring from ground controllers. With night. 
fighters equipped with the first "centimetric" (Le, microwave) radar, the Royal Air 
Force was able to strike the invaders accurately—even at night. The first kill oc- 
‘curred one dark, foggy, moonless night when a Beaufighter closed on a spot in the 
sky where the radar in the belly of the plane said an enemy plane was Dying. Briefly 
thinking he saw a form in the fog, the pilot eut loose а burst from his quad mount of 
20mm guns slung in the former bomb bay. Nothing. Thinking that the new toy had 
failed, the pilot returned to base—only to be told that ground observers had re- 
ported that a German Heinkle bomber fell from the overcast sky at the exact spot 
‘where the pilot had his ghostly encounter. 

Radio, television, radar, and а wide variety of services, are available today under 
the general rubrie “radio communications and broadcasting.” Homeowners, and 
other nonprofessionals in radio, can awn a receiver system in their backyard that 
picks up television and radio signals from satellites în geosynchronous orbit 23,000 mi 
‘out in space, Amateur operators are able to communicate worldwide on low power, 
and have even launched their own "OSCAR" satellites, 

Some people had written off the HF radio spectrum in recent years, citing satel- 
lite technology as the reason. But the no-cade license for amateur radio operators, 
Which does not carry HF privileges, has proven to be a stepping stone to higher- 
class licenses, which do, Also, the shortwave broadcasting market received a 
tremendous boost during the Gulf War. When the troops of Operation Desert 
Shield and Desert Storm were assembling to take back Kuwait from the Iraqis, the 
sales of shortwave receivers jumped dramatically, And, following January 16, 1991, 
when the forces started pouring across the border into the actual fight, the sales 
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skyrocketed out of sight. One dealer told me that he couldn't keep receivers in 
‘stock, and that he had sold out most models, That interest seems to have matured 
into long-term interest on the part of a significant number of listeners and new 
ham operators, 

‘The antenna is arguably one of the most important parts of the receiving and/or 
transmitting station (Fig. 1-1). That is what this book is all about. 


1-1. This AMIEM broadcast antenna 
lower bristles with two-way 
antennas 
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Radio-wave propagation 


THE PROPAGATION OF RADIO SIGNALS 18 NOT THE SIMPLE MATTER THAT IT SEEMS AT 
first glance. Intuitively, radio signal propagation seems similar to light propagation; 
after all, ight and radio signals are both electromagnetic waves, But simple inverse 
square law predictions, based on the optics of visible light, fall down radically at ra- 
dio frequencies because other factors come into play. In the microwave region of the 
spectrum, the differences are more profound because atmospheric pressure and 
water vapor content become more important than for light. For similar reasons, the 
properties of microwave propagation differ from lower VHF and HF propagation. In 
the HF region, solar ionization of the upper reaches of the atmosphere causes the 
kind of effects that lead to long-distance "skip" communications and intercontinental 
broadcasting. This chapter examines radio propagation phenomena so that you have 
a better understanding of what an antenna is used for and what parameters are im- 
portant to ensure the propagation results that you desire, 


Radio waves 


Although today itis well recognized that radio signals travel in a wave-like manner, 
that fact was not always so clear. It was well known in the first half of the nineteenth, 
century that wires carrying electrical currents produced an induction field sur- 
rounding the wire, which is capable of causing action over short distances. It was 
also known that this induction field is a magnetic feld, and that knowledge formed. 
the basis for electrical motors. In 1887, physicist Heinrich Hertz demonstrated that 

dio signals were electromagnetic waves, like ight. Like the induction field, the 
electromagnetic wave is created by an electrical current moving ina conductor (e-4, 
ıa wire). Unlike the induction field, however, the radiated field leaves the conductor 
and propagates through space as an electromagnetic wave. 
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‘The propagation of waves is easily seen in the "water analogy.” Although not 
а perfect match to radio waves, it serves to illustrate the point. Figure 2-1 shows a 
body of water into which a ball is dropped (Fig. 2-1A). When the ball hits the water 
(Fig. 2-1В), it displaces water at its point of impact, and pushes a leading wall of wa- 
ter away from itself. The ball continues to sink and the wave propagates away from, 
it until the energy is dissipated. Although Fig. 2-1 shows the action in only one di- 
‘mension (a side view), the actual waves propagate outward in all directions, forming 
concentric circles when viewed from above. 

"The wave produced by a dropped ball is not continuous, but rather is damped 
(Le. it will reduce in amplitude on successive crests until the energy is dissipated 
and the wave ceases to exist). But to make the analogy to radio waves more realis- 
tie, the wave must exist ina continuous fashion. Figure 2-2 shows how this is done 
а ball is dipped up and down in a rhythmic, or cyclic manner, successively rein- 


TA 
e object 


Leading wave forms at instant 
abject strikes water 


Surface of waler 
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Leading wave moves radially outward 


Notes: A Amplitude of leading wave 
B Corresponds o 1 eycle of oscillation 


2-1 A ball dropped into water generales a wavefront that spreads out fram the point of orig- 
inal disturbances, 
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forcing new wave crests on each dip. The waves continue to radiate outward as 
long as the ball continues to oscillate up and down. The result is a continuous 
wave train. 

‘There are two related properties ofall waves that are important to radio waves 
as well: frequency (f) and wavelength (A). The frequency is the number of oscilla- 
tions (or cycles) per unit of time. In radio waves, the unit of time is the second, so 
frequency is an expression of the number of cycles per second (eps). If the period 
of time required for the leading wave to travel from point “A” to "B" is one second 
(1 5), and there are two complete wave cycles in that space, then the frequency of 
the wave created by the oscillating ball is 2 cps. 

AL one time, radio frequencies (along with the frequencies of other electrical 
and acoustical waves) were expressed in eps, but in honor of Heinrich Hertz, the unit 
was renamed the hertz (Hz) many years ago. Because the units are equal (1 Hz 
1 cps), the wave in Fig. 2-2 has a frequency of 2 На. 

Because radio frequencies are so high, the frequency is usually expressed in 
kilohertz (kHz—1000s of Hz) and megahertz (ME2—1,000,000s of Hz). Thus, the 
frequency of a station operating in the middle of the AM broadeasting band can be 
properly expressed as 1,000,000 Ha, or 1000 kHz, or 1 MHz, all of which are equiva- 
lent to each other, Radio dials in North America are usually calibrated in kHz or MHz, 
in Europe and the rest of the world, on the other hand, it is not uncommon to find 
radio dials calibrated in meters, the unit of wavelength, as well as in frequeney. In. 
most equations used in radio antenna design, the proper units are hertz, kilohertz, 
and megahertz 


22 Bobbing ball ona 
string demonstrates 
‘generation action. n 
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‘The wavelength ofany wave is the distance between like features on the wave 
form. In the case of Fig, 2-2, the wavelength (A) is the distance between successive 
positive peaks. We could also measure the same distance between successive nega- 
tive peaks, or between any two similar features on successive waves. In radio work, 
the wavelength of the signal is expressed in meters or its subunits 

‘The wavelength is proportional to the reciprocal of the frequency. The wave- 
length of any wave is related to the frequency so that fA =v, where fis the frequency 
in Ha, his the wavelength in meters, and v is the velocity of propagation in meters. 
per second (m/s). Because radio waves propagate at the speed of light (which is also 
an electromagnetic wave), approximately 100,000,000 m/s in both free space and 
the earth's atmosphere, the lowercase letter £ is used to represent velocity (rather 
than v), so you can rewrite this expression in the form 


0,000,000 
W Аш еч 
‘These equations are sometimes abbreviated for use with the units kHz and Mit 
anno 
Fy, = Bade La 
-a 
12.31 


You can get an idea of the order of length of these waves by solving Eq. 2:3 for 
several different frequencies: 100 kHz, 1 MHz (in the AM broadcast band), 10 MHz 
(im the shortwave bands), and 1000 MHz (microwave bands). If you work the 
equations, then you will find that these wavelengths are 3000 m (100 KHz), 300 m. 
(1 MHz), 30 m (10 MHz), and 0.8 m, or 30 em (1000 MHz). You can see from these 
‘numbers why 1 MHz is in what is called the medium-wave band, 10 MHz is in the 
short wave band, and 1,000 MHz is in the microwave (“very small wave) band. At 
100 kHz, which is 0.1 MHz, the wavelength is 3000 m, so this frequency is in the long- 
wane band, 

‘The place where the water analogy falls down most profoundly is in the nature of 
the medium of propagation. Water waves move by moving water molecules; water 
is said to be the medium in which the wave propagates. At one time, scientists could 
not conceive of the “action at a distance” provided by radio waves, so they invented 
а hypothetical medium called ether (or aether) for propagating electromagnetic 
waves (such as radio waves and light). lt was not until the late nineteenth century 
that American physicists Michaelson and Morley proved that the ether does not exist 
Nonetheless, radio enthusiasts still refer to the “stuff” out of which radio waves arrive 
аз the “ether.” This terminology is merely an archaic, linguistic echo of the past. 


The electromagnetic field: a brief review 


А great deal of heavily mathematical material can be presented about electromag- 
netic waves. Indeed, developing Maxwell's equations is a complete field of study for 
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specialists. In this section, you will not use this rigorous treatment because you can 
refer to engineering textbooks for that depth of information. The purpose here is to 
present a descriptive approach that is designed to present you with a basic under- 
standing of the phenomena, The approach here is similar to the learning of a “con- 
versational” foreign language, rather than undertaking a deep study of its grammar, 
syntax, and context, For those whose professional work routinely involves electro- 
magnetic waves, this treatment is hopelessly simplistic. For that I make no apology, 
because it serves a greater audience. The goal here is to make you more comfortable 
‘when thinking about the propagation of electromagnetic fields in the radio portion of 
the electromagnetic spectrum. 

Radio signals are transverse electromagnetic (TEM or EM) waves exactly like 
light, infrared (IR), and ultraviolet (UV), except for frequency. Radio waves have 
‘much lower frequencies than light, IR, or UY, hence they have much longer wave. 
lengths, The TEM (EM) wave consists of two mutually perpendicular oscillating 
fields (see Fig. 2-3) traveling together in phase. One of the fields is an electric field 
and the other is a magnetic field. 


Radio-wave intensity 
"The radio wave is attenuated (Le. reduced in apparent power) as it propagates from 
the transmitter fo the receiver. Although at some very high microwave frequencies, 
there is additional path loss as а result of the oxygen and water vapor content of the 
аш. At other frequencies other lasses exist. Radio waves at all frequencies suffer 
losses due to the inverse square law. Lets take a look at that phenomenon. 

‘The electric field vector falls off in direct proportion to the distance traveled, 
‘The E field is measured in terms of volts per meter (V/m), or in the subunits mil- 
livolts per meter (mV/m) or microvolts per meter lux. That is, if an E field of 


LE 


v consists of right angle electric and magnetic fields 
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10 V/m crosses your body from head to toe, and you are about 2 m tall, then an 
electrical voltage is generated of (2 m)x(10 V/m), or 20 V. The reduction of the E. 
field is linearly related to distance Le. if the distance doubles the E-field voltage 
vector halves). Thus, a 100 mV/m E field that is measured 1 mi from the tr 
mitter will be 50 mV/m at 2 mi. 

‘The power in any electrical system is related to the voltage by the relationship 


E 
T 124] 


where 
Pis the power in watts (W) 


Ris the resistance in ohms (©) 
Eis the electrical potential in volts (V) 


Inthe case ofa radio wave, the R term is replaced with the impedance (Z) of free 
which is on the order of 377 Q. Ifthe E field intensity is, for example, 10 V/m, 
them the power density of the signal is 


26.5 mn 125] 


"The power density, measured in watts per square meter (W/më), or the subunits 
(eg, Wier’), falls off according to the square of the distance. This phenomenon is 
shown graphically in Fig. 2-4, Here, you can see a lamp emitting a light beam that 
falls on a surface (A), at distance L, with a given intensity. At another surface (В), 
that is 2L from the source, the same amount of energy is distributed over an area. 
(B) that is twice as large as arca A. Thus, the power density falis off according to 
Val, where d is the difference in distance. This is called the inverse square law 


Isotropic sources 
In dealing with both antenna theory and radio wave propagation, a theoretical 
construct called an isotropic source is sometimes used for the sake of compari- 
son, and for simpler arithmetic. You will see the isotropic model several places in 
this book, An isotropic source assumes that the radiator (Le., an “antenna”) is a 
very tiny spherical source that radiates energy equally well in all directions. The 
radiation pattern is thus a sphere with the isotrapie antenna at the center. Be- 
cause a spherical source is uniform in all directions, and its geometry is easily de- 
termined mathematically, the signal intensities at all points can be calculated 
from basic geometric principles. 

For the isotropie case, you can calculate the 
sphere from 


extended 


erage power in the 
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24 As a wave propagales, it spreads out according lo the inverse square law, e, the area 
af is times that of А because ii twice as far from the suree. 


P, is the average power per unit area 

Pris the total power. 

d'is the radius of the sphere in meters (Le, the distance from the radiator to the 
point in question) 


The effective aperture (A,) of the receiving antenna relates to its ability to col- 
leet power from the EM wave and deliver it ta the load. Although typically «паде 
than the surface area in real antennas, for the theoretical isotropic case A, = Alx 
‘The power delivered to the load is 


P, 


PA, 1271 


ву combining the two previous equations, the power delivered to а ай at dis- 
tance d is given by 

РУ 
E 


P, 1281 


Р, ia the power to the load 
As the wavelength (ci) of the signal 


From these expressions, there can then be derived an expression for ordinary 
path losses between an isotropic transmitter antenna and a receiver antenna: 
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Free-Space Azimuth Pattern: Folded Dipole 
3.5 MHz ЕЛ, at 18.1 MHz 


Fig. 6 


180 


Fig. 4 shows the free-space azimuth pattern for 14 MHz, with its 
typical 2-wavelength 4-lobe pattern. Fig. 5 presents the 6-lobe, 3 
wavelength pattern for 21 MHz. The point of these figures shows up 
in Fig. 6, the pattern for 18.1 MHz. At about 2.5 wavelengths long, 
the antenna shows both the growing lobes for the 3-wavelength 


Chapter 27 


wee face 4/26/01 1:38 JM Rage 17 2 


12 Radio-wave propagation 


or, by rearranging to account for individual terms: 


1, 


ч = [20 10g d] + [20 low Fg, + k 1240] 


where 
Ly is the path loss in decibels (dB) 
is the path length 
Fy, is frequency in megahertz (MHz) 
‘kis constant that depends on the units of as follows: 


k 


Aif d in kilometers 
58 if d in statute miles 
80 if d in nautical miles 
37.87 if d in feet 

55iEd in meters 


"The radiated sphere of energy gets ever larger as the wave propagates away from. 
the isotropic source. If, at a great distance from the center, you take a look at a small 
slice of the advancing Wavefront you can assume that it is essentially а flat plane, as in 
Fig. 2-5. This situation is analogous to the apparent flatness of the prairie, even though 
the surface of the earth is nearly spherical. You would be able to "see" the electric and 
magnetic field vectors at right angles to each other in the fat plane wavefront. 

"The polarization of an EM wave is, by definition, the direction of the electric 
field. Figure 2-6A shows vertical polarization, because the electric field is vertical 
With respect to the earth, If the fields were exchanged (as in Fig. 2-6B), then the EM. 
wave would be horizontally polarized. 

‘These designations are especially convenient because they also show the type 
of antenna used: vertical antennas produce vertically polarized signals, while hori- 
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25 When viewed а plane, the 
Kel appear at right angles to 
each other. 
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Direction of travel э 


i hy 


2-6 Wave polarization is determined by the direction of the electric field lines of force 
(A) vertical polarized electromagnetic wave; (B) horizontally polarized wave, 


zontal antennas produce horizontally polarized signals. 
neously states that antennas will not pick up signals or the opposite polarity. Such 
is not the case, especially in the high-frequency (HF) and lower very high 
frequency (VHF) regions. At VHF, ultrahigh frequency (UHF), and microwave fre 


quencies a loss of approximately 20 to 30 dB can be observed due to cross- 
polarization. 


AL least one text erro. 


An EM wave travels at the speed of light, designated by the letter c, which is about 
300,000,000 m/s Cor 186,000 mis). To put this velocity in perspective, а radio signal 
originating on the sun's surface would reach earth in about 8 minutes, A terrestrial ra- 
dio signal can travel around the earth seven times in one second. The velocity of the 
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wave slows in dense media, but in air the speed is so close to the "free-space" value 
ofc, that the same figures are used for both air and the near vacuum of outer space in. 
practical problems. In pure water, which is much denser than air, the speed of radio. 
signals îs about one-ninth that of the free-space speed. This same phenomenon shows 
Up in practical work in the form of the velocity factor (V) of transmission lines. In 
foam dielectric coaxial cable, for example, the value of V 0.80, which means that the 
signal propagates along the line at a speed of 0.800, or 80 percent of the speed of light. 

"This coverage of radio propagation considers the EM wave as a very narrow "ray" 
or "pencil beam” that does not diverge asit travels. That is, the ray remains the same 
width all along its path. This convention makes it easy to use ray tracing diagrams. 
Keep in mind, however, that the real situation, even when narrow-beamwidth mi- 
crowave signals are used, is much more complicated. Real signals, after all, are slop- 
pier than textbook examples: they are neither infinitesimally thin, nor nondivergent. 


The earth’s atmosphere 
‘The electromagnetic waves do not need an atmosphere in order to propagate, as 
‘you will undoubtedly realize from the fact that space vehicles ean transmit radio 
signals back to earth ina near vacuum. But when radio wave does propagate in the 
earth's atmosphere, it interacts with the atmosphere, and its path of propagation is 
altered. A number of factors affect the interaction, but itis possible to break the 
atmosphere into several different categories according to their respective effects 
on radio signals 

"The atmosphere, which consists largely of oxygen (0,) and nitrogen (N) gases, 
is broken into three major zones: troposphere, stratosphere, and ionosphere (Fig, 
2-7). The boundaries between these regions are not very well defined, and change 
both diumally (over the course of a day) and seasonally. 

"The troposphere occupies the space between the earth's surface and an altitude 
of 6 to 11 km (4 to 7 mi. The temperature of the air in the troposphere varies with 
altitude, becoming considerably lower at greater altitude compared with ground 
temperature. For example, а +10% surface temperature could reduce to -55°C at 
the upper edges of the troposphere. 

"The stratosphere begins at the upper boundary ofthe troposphere (6 to 11 km), 
and extends up to the ionosphere (=50 km). The stratosphere is called an isothor- 
mal region because the temperature in this region is somewhat constant, despite al- 
titude changes, 

"The ionosphere begins at an altitude of about 50 km (31 mi) and extends up to 
approximately 300 km (186 mi). The ionosphere is a region of very thin atmosphere. 
Cosmic rays, electromagnetic radiation of various types (including ultraviolet light 
from the sun), and atomic particle radiation from space (most of these from the sun 
also), have sufficient energy to strip electrons away from the gas molecules of the 
atmosphere. These freed electrons are called negative ions, while the O, and N mol- 
ecules that lost electrons are called positive ions, Because the density of the air is 
so low at those altitudes, the ions can travel ong distances before neutralizing each 
other by recombining, Radio propagation on some bands varies markedly between 
daytime and nighttime because the sun keeps the level of ionization high during 
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daylight hours, but the ionization begins to fall off rapidly after sunset, altering 
the radio propagation characteristics after dark. The ionization does not occur at 
lower altitudes because the air density is such that the positive and negative ions are 
numerous and close together, so recombination occurs rapidly 


EM wave propagation phenomena 


Because EM waves are waves, they behave in a wave-like manner, Figure 2-8 illus- 
trates some of the wave behavior phenomena associated with light and radio waves: 
reflection, refraction, and diffraction- All three play roles in radio propagation. 

Reflection and refraction are shown in Fig. 2-84. Reflection occurs when a 
wave strikes a denser reflective medium, as when a light wave strikes a glass mir- 
ror. The incident wave (shown as a single ray) strikes the interface between less 
dense and more dense mediums at a certain angle of incidence (a, ). and is re- 
flected at exactly the same angle (now called the angle of reflection (a, ). Be- 
cause these angles are equal, a reflected radio signal can often be traced back to 
its origin. 

Refraction occurs when the incident wave enters a region of different density 
and thereby undergoes both a velocity change and a directional change. The amount. 
and direction of the change are determined by the ratio of the densities between the 
two media, If Zone B is much different from Zone A, then bending is great. In 
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systems, the two media might be different layers of air with different densities. It is 
possible for both reflection and refraction to occur in the same system. Indeed, more 
than one form of refraction might be present. These topics will be covered in great 
depth shortly 

Diffraction is shown in Fig. 2-ВВ. In this case, an advancing wavefront encoun- 
ters an opaque object (e.g. a steel building). The shadow zone behind the building 
is not simply perpendicular to the wave, but takes on a cone shape as waves bend 
around the object. The "umbra region" (or diffraction zone) between the shadow 
zone (“cone of silence") and the direct propagation zone is region of weak (but not 
zero) signal strength. In practical situations, signal strength in the cone of silence 
rarely reaches zero. A certain amount of reflected signals scattered from other 
sources will fll in the shadow a litle bit. The degree of diffraction effect seen in any 
given case isa function of the wavelength of the signal, the size of the object, and its 
‘electromagnetic properties 


Propagation paths 
"There are four major propagation paths: surface wave, space wave, tropospheric, 
and ionospheric, The ionospheric path is important to medium-wave (MW) and HF 
propagation, but is not important to VHF, UHF, or microwave propagation. The space 
wave and surface wave are both ground waves, but they behave differently enough 
to warrant separate consideration. The surface wave travels in direct contact with 
the earth's surface and it suffers a severe frequency-dependent attenuation caused 
by absorption into the ground. 

‘The space wave is also a ground-wave phenomenon, but it is radiated from an 
antenna many Wavelengths above the surface. No part of the space wave normally 
travels in contact with the surface; VHF, ОНЕ, and microwave signals are usually 
space waves. There are, however, two components of the space wave in many eases: 
direct and yeftected (see Fig 

‘The tropospheric wave is lumped with the direct space wave in some texts, but it 
‘has properties that actually make it different in practical situations. The troposphere 
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"Tropospheric path 


200 Space wave propagation. 


is the region of earth's atmosphere between the surface and the stratosphere, or 
about 4 to Т mi above the surface. Thus, most forms of ground wave propagate in the 
troposphere. But because certain propagation phenomena (caused mostly by 
weather conditions) only occur at higher altitudes, tropospheric propagation should 
be differentiated from other forms of ground wave. 

"The ionosphere is the region of earth's atmosphere that is above the strato- 
sphere. The peculiar feature of the ionosphere is that molecules of air gas (O, and N) 
can be ionized by stripping away electrons under the influence of solar radiation and. 
certain other sources of energy. In the ionosphere, the air density is so low that ions 
can travel relatively long distances before recombining with oppositely charged 
ions to form electrically neutral atoms, Asa result, the ionosphere remains ionized for 
long periods of the day—even after sunset. At lower altitudes, however, air density 
is greater and recombination thus occurs rapidly. At those altitudes, solar ionization 
diminishes to nearly zero immediately after sunset, or never achieves any significant 
levels even at local noon. 

Ionization and recombination phenomena in the ionosphere add to the noise 
level experienced at VHF, UHF, and microwave frequencies. The properties of 
the ionosphere are important to microwave technology because of the noise con- 
tribution. In satellite communications, there are some additional transionos- 
pheric effect 


Ground-wave propagation 
"The ground wave, naturally enough, travels along the ground, or at least in close 
proximity to it, There are three basic forms of ground wave: space wave, surface 
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wave, and tropospheric wave. The space wave does not actually touch the ground. 
Asa result, space wave attenuation with distance in clear weather is about the same 
as in free space (except above about 10 GHz, where H,O and O, absorption increases 
dramatically). Of course, above the VHF region, weather conditions add attenuation. 
not found in outer space. 

‘The surface wave is subject to the same attenuation factors as the space wave, 
but in addition it also suffers ground losses. These losses are caused by ohmic re- 
sistive losses in the conductive earth. In other words, the signal heats up the 
ground. Surface wave attenuation is a function of frequency, and it increases 
rapidly as frequency increases, Both of these forms of ground-wave communica- 
tions are affected by the following factors: wavelength, height of both the receiv- 
ing and transmitting antennas, distance between the antennas, and the terrain and. 
‘weather along the transmission path. Figure 2-10 is a nomograph that can be used 
to calculate the line of sight distances in miles from a knowledge of the receiver 
and transmitter antenna heights. Similarly, Figs. 2-11A and 2-118 show power at 
tenuation with frequency and distance (Fig. 2-11A) and power attenuation in 
terms of field intensity (Fig. 2-11B). 

Ground-wave communications also suffer another difficulty, especially at VHF, 
UHF, and microwave frequencies. The space wave is like a surface wave, but itis ra- 
diated many wavelengths above the surface. It is made up of two components (see 
Fig. 2-9 again): the direct and reflected waves. If both of these components arrive at 
the receiving antenna, they will add algebraically to either increase or decrease sig- 
mal strength. There is always a phase shift between the two components because the 
two signal paths have different lengths G e. D, is less than D, + D,). In addition, 
there may possibly be a 180° (к radians) phase reversal at the point of reflection 
(especially if the incident signal is horizontally polarized), as in Fig. 2-12. The fol- 
loving general rules apply in these situations: 


+ A phase shift ofan odd number of half wavelengths causes the components to 
add, increasing signal strength (constructive interference). 

+ A phase shift of an even number of half wavelengths causes the compo- 
nents to subtract (Fig. 2-12), thus reducing signal strength (destructive 
interference) 

+ Phase shifts other than half wavelength add or subtract according to relative 
polarity and amplitude. 


‘You can characterize the loss of signal over path D, with а parametric term y that 
is defined as follows: 


naz pan 


where 


ıı is the signal loss coefficient 
S, is the signal level at the receiver in the presence of a ground reflection com- 
ponent 


Sis the free-space signal strength over path D, if no reflection took place. 
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Power in 

Free-space field 

1 Watt radiated 

received on 
half-wave antenna 

For 1,000 watts radiated add +30 dB 
For 10,000 watts radiated add +40 dB 
For 100,000 watts radiated add +50 dB 
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‘The reflected signal contains both amplitude change and phase change. The 
phase change is typically x radians (180°). The amplitude change is a function of 
frequency and the nature of the reflecting surface. The reflection. coefficient сап be 
‘characterized as 
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pattern and the diminishing lobes for the 2-wavelength pattern--for 
a total of 10 lobes. 


Using a folded dipole as a multi-band doublet--with parallel feedline 
to an antenna tuner-thus becomes a matter of matching rather 
than of pattern development. Very low impedances may also be 
lossy, thus reducing performance even if a match can be obtained 
from a given ATU and feediine length. 


For multi-band use, a folded dipole offers no advantage over a 
single-wire doublet of the same approximate length. Indeed, in the 
final analysis, perhaps the only reason for using a folded dipole is 
Where the impedance transformation is of special interest, that is, 
where it may resolve an antenna design challenge. A secondary 
use would be to offer a path to discharge static charge build-up and 
thus to reduce one (of the many) noise sources. However, there are 
other means to this same goal. 


Otherwise, the folded dipole performs just like a fat single-wire 
dipole. 


Two Variations on the Folded Dipole 


In its standard form, we normally feed a folded dipole at the center 
of one of its two long wires. Which wire we select for the feedpoint 
matters only if the antenna performs a “non-standard” impedance 
transformation, that is, has two wires with unequal diameters. There 
are variations on this feedpoint position, if the impedance 
transformation is unimportant. For example, if we are creating a 
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yis the reflection coefficient 
Dis the amplitude change 

bis the phase change 

jis the imaginary operator (V-T) 


For smooth, high-refleetivity surfaces and a horizontally polarized microwave 
signal that has a shallow angle of incidence, the value of the reflection coefficient is 
close to -1 
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‘The phase change of the reflected signal at the receiving antenna is at least a ra- 
Чапа because of the reflection. Added to this change is an additional phase shift that 
is a function of the difference in path lengths. This phase shift can be expressed in 
terms of the two antenna heights and path length. 


e 
"+ 


А category of reception problems called multipath phenomena exists because 
of interference between the direct and reflected components ofthe space wave. The 
form of multipath phenomena that is, perhaps, most familiar to many readers is 
hosting in off-the-air television reception. Some multipath events are transitory in 
nature (as when an aircraft ies through the transmission path), while others are 
permanent (as when a large building, or hill, reflects the signal). In mobile commu- 
nications, multipath phenomena are responsible for reception dead zones and 
“picket fencing.” A dead zone exists when destructive interference between direct 
and reflected (or multiply reflected) waves drastically reduces signal strengths, This 
problem is most often noticed at VHF and above when the vehicle is stopped; and 
the solution is to move the antenna one-half wavelength (which at VHF and UHF is 
a matter of a few inches). Picket fencing occurs as a mobile unit moves through suc- 
cessive dead zones and signal enhancement (or normal) zones, and it sounds like а 
series of short noise bursts. 

AL VHF, UHF, and microwave frequencies, the space wave is limited to so-called 
line-of-sight distances, The horizon is theoretically the limit of communications dis- 
tance, but the radio horizon is actually about 15 percent farther than the optical hori- 
zon (Fig. 2-13). This phenomenon is caused by refractive bending in the atmosphere 
around the curvature of the earth, and it makes the geometry of the situation look as 
ifthe earth's radius is # the actual radius. 

The refraction phenomenon occurs at VHF through microwave frequencies, but. 
not in the visible light spectrum, because water and atmospheric pressure (which re- 
lates to the effects of atmospheric gases on microwave signals) become important. 
contributors to the phenomenon. The K factor expresses the degree of curvature 
along any given path, while the indez of refraction п measures the differential 
properties between adjacent zones of air. 

‘The K factor, also called the effective earth's radius factor, is defined according 
to the relationship of two hypothetical spheres, both centered at the exact center of 
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the earth, The first sphere is the earth's surface, which has a radius у, (3440 nmi or 
6370 km). The second sphere is larger than the first by the curvature of the signal 
“ray path,” and has a radius y, The value of K is approximately 


* 12.16] 


A value of K = 1 indi 14); a value of K > 1 indicates 
а positively curved path (refraction); and a value of K < 1 indicates a negatively 
curved path (subrefraction). The actual value of K varies with local weather condi- 
tions, so one can expect variation not only between locations, but also seasonally. In. 
the arctic regions, K varies approximately over the range 1.2 to 1.34. In the “lower 
48" states of the United States, K varies from 1.25 to 1.9 during the summer months 
(especially in the south and southeast), and from 1.25 to 1.45 in the winter months. 
‘The index of refraction n can be defined in two ways, depending on the situation. 
When a signal passes across boundaries between adjacent regions of distinctly dif 
ferent properties (as occurs in temperature inversions, ete), the index of refraction 
is the ratio of the signal velocities in the two regions. In a homogeneous region n 
van be expressed as the ratio of the free-space velocity c to the actual velocity in the 
atmosphere V: 


Ban 


At the surface, near sea level, under standard temperature and pressure condi- 
tions, the value of » is approximately 1.0008, and in homogeneous atmospheres it 
will decrease by 4 x 107 per mile of altitude. The units of are a bit cumbersome in 
equations, so the UHF/microwave communities tend to use a derivative parameter 
N, called the efractivity of the atmosphere: 


N=(n-1)x10° 12181 


2-14 Refraction changes path length, 
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‘The value of N tends to vary from about 280 to 320, and both v and N vary with 
altitude. In nonhomogeneous atmospheres (the usual case), these parameters will 
vary approximately linearly for several tenths of a kilometer. All but a few microwave 
relay systems can assume an approximately linear reduction of and N with in- 
creasing altitude, although airborne radios and radars cannot. There are two meth- 


ods for calculating N: 
sy — 

ur 2.19) 
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Pis the atmospheric pressure in millibars (1 torr = 1.3332 mbar) 

Tis temperature in kelvins 

e, is saturation vapor pressure of atmospheric water in milli 
Js the relative humidity expressed as a decimal fraction (rather than a 

percentage) 


Hs 


Ray path curvature (К) can be expressed as a function of either or N, provided 
the assumption of a linear gradient d, /d, holds true: 


12210 


1222] 


Cp au, 
1157 
For the near-surface region, where d, d, varies at about 3.9 x 10 m, the value 
of Kis 1.33, For most terrestrial microwave paths, this value (k. 13) is called 
a standard refraction, and is used in calculations in the absence of additional 


data. For regions above the linear zane close to the surface, you can use another ex 
pression of refractivity: 


N, = ا‎ 1223] 
where 


N, is the refractivity at 1 km altitude 
hı, is the height of the receiver antenna 
Jis the height of the transmit antenna 
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LANIN) 
з the refraetivity at altitude 
is the reactivity at the earths surface 


For simple models close to the surface, you can use the geometry shown in 
Fig. 2-15. Distance d is a curved path along the surface of the earth. But because 
the earth's radius r, is about 4000 statute miles, and it is thus very much larger than 
а practical antenna height A, you can simplify the model in Fig. 2-15A to that in. 
Fig. 2-158, The underlying assumption is that the earth has a radio radius equal to 
about # (K = 1.33) of the actual physical radius of its surface, 


Barth's surface 


ЗАЗА Geometry for caleusting radio distances 


| 2-158 Simplified geometry. 
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The value of distan 


4 is found from the expression 
V 12:24] 
where 


dis the distance to the radio horizon in statute miles 
r, is the normalized radius of the earth 
h is he antenna height in feet 


Accounting for all constant factors, the expression reduces to 


амм, 1225] 
all factors being the same as defined above. 


d= 


Example 2-1 A radio tower has a UHF radio antenna that is mounted 150 feet 
above the surface of the earth. Calculate the radio horizon (in statute miles) for this 


system. 
Solution: 
d= 1414 (дг 
=алмуавопу' 
(419/0235) 


1032 mi 


For other units of measurement: 
Aa = 123 VÀ, шш 1226] 
and 


ty, =130 Vî, km mam 


Surface-wave communications The surface wave travels in direet contact 
‘with the earth's surface, and it suffers a severe frequency-dependent attenuation be- 
‘cause of absorption by the ground. 

"The surface wave extends to considerable heights above the ground le 
though its intensity drops off rapidly at the upper 
to the same attenuation factors as the space wave, but in addition, it also suffers 
ground losses. These losses are caused by ohmic resistive losses in the conductive 
earth, and to the dielectric properties of the earth. In other words, the signal heats 
up the ground. Horizontally polarized waves are not often used for surface wave 
communications because the earth tends to Short. che ut the E-field component, On 
vertically polarized waves, however, the earth offers electrical resistance to the 
E-field and returns currents to following waves (Fig, 2-16). The conductivity of 
the вой determines how much energy is returned. Table 2-1 shows the typical con- 
ductivity values for several different forms of soil. 


A, al- 
id. The surface wave is subject 


ыза 34998 вое AE 


28 Radio-wave propagation 


Direction af travel 


JU Ш) ДУ, 


round currents 


246. Distortion of vertically polarized electric eld by lossy ground resistance. 


Table 2-1. Sample soil conductivity values. 
Dielectric Conductivity Relative 

‘Type of soil constant (siemens/meter) — quality 

Salt water 5 Best 

Fresh water ow Very poor 

Pastoral hills 043-101 Very good 

Marshy, wooded бошт Average/poor 

Rocky hills 10 Poor. 

Sandy m Poor 

Cities [rt Very poor. 


The wavefront ofa surface wave is tilted because of the losses in the ground that 
tend to retard the waveftont's bottom (also in Fig. 2-16). The tilt angle is a function 
of the frequency, as shown in Table 2-2 


‘Table 2-2. Tilt angle as a function of frequency 


Frequency (kHz) Tit angle ratio  Earth/seawater (degrees) 


m зит 130.08 
200 104 154013 
2000 m mans 
20000 25 EE 


Surface-wave attenuation is a function of frequency, and inereases rapidly аз fre- 
quency increases. For both forms of the ground wave, reception is affected by these 
factors: wavelength, height of both the receiving and transmitting antennas, dis- 
tance between antennas, and both terrain and weather along the transmission. 
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path, In addition, the surface wave is affected by the ground losses in Table 2-1. Be- 
‘cause of the ground loss effects, the surface wave is attenuated at а much faster rate 
than the inverse square law, 

Ground-wave propagation frequency effects The frequency ofa radio signal 
in large measure determines its surface-wave behavior. In the very low-frequency 
(VLE) band (<300 kHz), ground losses are small for vertically polarized signals, 
so medium-distance communications (up to several hundred miles) are possible. 
in the medium-wave band (300 to 3000 kHz, including the AM broadcast band), 
distances of 1000 mi are possible with regularity—especially at night. In the high- 
frequency (HF) band, ground losses are more considerable, so the surface-wave 
distance reduces drastically. It is possible, in the upper end of the HF band (3000 
to 30,000 KHz) for surface-wave signals to die out within a few dozen miles, This 
phenomenon is often seen in the 15- and 10-m amateur radio bands, as well as the 
11m (27-MHz) Citizens Band. Stations only 20 mi apart cannot communicate, 
but both can talk to a third station across the continent via ionospheric skip. 
‘Thus, the two stations close together must have a station more than 2000 mi away 
relay messages between them. 

‘Tropospheric propagation The troposphere is the portion of the atmosplu 
between the surface of the earth and the stratosphere (or about 4 to 7 mi above the 
surface). Some older texts group tropospheric propagation with ground-wave prop- 
gation, but modern practice requires separate treatment. The older grouping over- 
looks certain common propagation phenomena that simply don't happen with space 
or surface waves. 

Refraction is the mechanism for most tropospheric propagation phenomena. 
‘The diclectrie properties of the ай, which are set mostly by the moisture content 
(Fig, 2-17), are a primary factor in tropospheric refraction. Recall that refraction 
occurs in both light or radio-wave systems when the wave passes between mediums 
of differing density. Under that situation, the wave path will bend an amount pro- 
portional to the difference in density. 

‘Two general situations are typically found—especially at UHF and microwave 
frequencies. First, because air density normally decreases with altitude, the top of 
a beam of radio waves typically travels slightly faster than the lower portion of the 
beam. As a result, those signals refract a small amount. Such propagation provides 
slightly longer surface distances than аге normally expected from calculating the 
distance to the radio horizon. This phenomenon is called simple refraction, and was 
discussed in a preceding section. 

A special case of refraction called superrefraction occurs in areas of the world 
‘where warmed land air goes out over a cooler sea (Fig. 2-18). Examples of such areas 
have deserts that are adjacent to a lange body of water: the Gulf of Aden, the southern 
Mediterranean, and the Pacifle Ocean off the coast of Baja California are examples. 
‘VHF/UHF /microwave communications up to 200 mi are reported in such areas. 

‘The second form of refraction is weather-related, Called ducting, this form 
of propagation (Fig. 2-19) в actually а special case of superrefraction. Evaporation of 
sea water causes temperature inversion regions to form in the atmosphere—that is, 
layered air masses in which the air temperature is greater than in the layers below it. 
(Note: air temperature normally decreases with altitude, but at the boundary with an 
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2-17 Refraction in the troposphere. 


inversion region, it increases.) The inversion layer forms a "duct" that acts like a 
waveguide. In Fig, 2-19, the distance D, is the normal "radio horizon” distance, and 
D, is the distance over which duet communications can occur 

Ducting allows long-distance communications from lower VHF through mi- 
erowave frequencies, with 50 MHz being a lower practical limit and 10 GHz being an 
ill-defined upper Innit. Airborne operators of radio, radar, and other electronic 
equipment can sometimes note ducting at even higher microwave freque 

Antenna placement is critical for ducting propagation. Both the receiving and 
transmitting antennas must be either (1) inside the duct physically (as in airborne. 
cases) or (2) able to propagate at an angle such that the signal gets trapped inside 
the duct, The latter isa function of antenna radiation angle, Distances up to 2500 mi 
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2-19 Ducting phenomenon. 


or во are possible through ducting. Certain paths where frequent ducting occurs 
have been identified: the Great Lakes to the Atlantic seaboard; Newfoundland to the 
Canary Islands; across the Gulf of Mexico from Florida to Texas; Newfoundland to 
the Carolinas; California to Hawaii; and Ascension Island to Brazil. 

Another condition is noted in the polar regions, where colder air from the land 
mass flows out aver warmer seas (Fig. 2-20). Called subrefraction, this phenomena 
bends EM waves away from the earth's surface—thereby reducing the radio horizon 
by about 30 to 40 percent. 
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VHF or UHF J-pole using parallel transmission line as our material, 
we need not do away with the seemingly unused wire that we 
separate from the matching section. Instead, we may connect one 
or both ends to the radiating element that is continuous with the 
matching section. 


There are also two interesting variations of the folded dipole, as 


suggested in Fig. 7. We may call them the end-gapped version and 
the center-short version. 


Stands 0 7 


center Shorea 


Variations en the Standard Folded Dipole 


The end-gapped version of the folded dipole simply omits the end 
wire, but only one end-wire. A folded dipole is actually two linear 
dipoles in close proximity--close enough that the wires show 
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All tropospheric propagation that depends upon air-mass temperatures and hu- 
midity, shows diurnal (Le, over the course of the day) variation caused by the local 
rising and setting of the sun, Distant signals may vary 20 dB in strength over a 24- 
hour period. These tropospheric phenomena explain how TV, FM broadcast, and 
other VHF signals can propagate great distances, especially along seacoast paths, at 
some times while being weak or nonexistent at others 

Diffraction phenomena Electromagnetic waves difract when they encounter 
a radio-opaque object. The degree of diffraction, and the harm it causes is frequency- 
related. Above 3 GHz, wavelengths are so small (approximately 10 em) compared to 
object sies that large attenuation of the signal occurs. In addition, beamwidths 
(а function of antenna size compared with wavelength) tend to be small enough 
above 3 GHz that blockage of propagation by obstacles is much greater 

Earlier in this chapter, large-scale diffraction around structures (such as build- 
ings) was discussed. The view presented was from above, so it represented the hori- 
zontal plane. But there is also a diffraction phenomenon in the vertical plane. Terrain, 
or man-made objets, intervening in the path between UHF microwave stations (Fig 
2214) cause diffraction, and some signal attenuation. There is a minimum clearance 
required to prevent severe attenuation (up to 20 to 30 В) from diffraction. Calcula- 
tion of the required clearance comes from Huygens-Fresnel wave theory 

Consider Fig. 2.218 A wave source A, which might be a transmitter antenna, 
transmits a wavefront to a destination C (receiver antenna), At any point along path 
A-C, you can look at the wavefront as a partial spherical surface (B...) on which ll 
wave rays have the same phase. This plane can be called an isophase plane. You can 
assume that the d 0, refraction gradient over the height extent of the wavefront is 
small enough to bé considered negligible, 

Using ray tracing we see rays r, Incoming to plane 188, and rays r, outgoing. 
from plane [B2]. The signal seen at C is the algebraic sum ofall rays r The signal 
pattem will have the form of an optical interference pattern with wave cancellation 
occurring between r, waves that are a half-wavelength apart on |. The r 
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2-214 Terrain masking of VHF and higherrequer 


y signals. 


pact points on plane If E. form radii R, called Fresnel zones, The lengths of the 
radii are a function of the frequency and the ratio of the distances D, and D, (see 
Fig, 2-21B). The general expression is 


R,=M 1228] 


A, is the radius of the nth Fresnel zone. 
Кв the frequency in GHz 

Dy is the distance from the source to plane A. 
D, i the distance from destination to plane А, 
Nis an integer (1,2,3, ..) 

Ма constant of proportionality equal to 


ITSF R, isin meters and D,, D, are in kilometers and 


7.1 ICR, isin feet and D,, D, are in statute miles 


Jr you first calculate the radius of the critical first Fresnel zone (t), then you 
сап calculate the nth Fresnel zone from 


12.29] 


Example 2-2 Calculate the radius of the first Fresnel zone for a 2.5-GHz signal 
at a point that is 12 km from the source and 18 km from the destination. 
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a ND 
17.9) (2.88) = 29.4 m. 


For most terrestrial microwave systems ап obstacle clearance of 0.6R, is required 
to prevent diffraction attenuation under most normal conditions, However, there are 
conditions in which the clearance zone should be more than one Fresnel zane, 

Fading mechanisms Fading is defined as a reduction in amplitude caused by 
reduced received signal power, changes in phase or polarization, wave cancellation, 
or other related problems that are not caused by a change in the output power level or 
other parameters associated with either the transmitter or its antenna system, You 
would not ordinarily think that line-of-sight radio relay links would experience 
fading, but that is not true. Fading does, in fact, occur, and it can reach levels of 30 dB 
in some cases (20 dB is relatively common). In addition, fading phenomena in the 
VHF-and-up range can last several hours, with some periods being reported of sev 
eral days in duration (although very rare). There are several mechanisms of fading, 
and these will be dealt with in this section. HF fading caused by ionospherie mecha- 
nisms will be covered later 

Any or all of the mechanisms shown in Fig. 2-22 can occur in а given system. In all 
cases, two or more signals arrive at the receiver antenna (ft). Ray A represents the 
direct path signal that is, ideally, the only signal to reach the destination. But it is also 
possible that a signal, in an elevated layer or other atmospheric anomaly, will cause 
refraction or subrefraction of the wave creating a second component, 2. If this second 
signal arrives out of phase with A, then fading will occur (signal reinforcement — 


layer 


с e 


222. Multiple paths for signal to take between transmitter and receiver 
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in phase—can also occur). It is also possible to see subrefraction fading, as in D. The 
classical multipath situation represented by ray C and its reflected component C is 
also a source of fading. 

These mechanisms are frequency-sensitive, so a possible countermeasure is to 
use frequency diversity. Hopping over a 5 percent frequency change will help 
eliminate fading in many cases. In cases where either system constraints, or local 
spectrum usage prevents a 5 percent delta (change), then try for at least 2 or 
3 percent. 

Over ocean areas or other large bodies of water there is a possibility of encoun- 
tering fair weather surface ducting as a cause of fading, These ducts form in the mid 
latitudes, starting about 2 to 3 kun from shore, up to heights of 10 to 20 mi; wind. 
velocities are found in the 10 to 60 km range. The cause of the problem is a com- 
bination of power fading, due to the presence of the duct, and surface reflections 
(see Fig. 223). Power fading alone can oceur when there is a superrefractive duct. 
elevated above the surface. The duct has a tendency to act as а waveguide and focus 
the signal (Fig. 2-24). Although the duct shown is superrefractive, it is also possible 
to have a subrefractive duet. 

Attenuation in weather Microwave communications above about 10 GHz suf- 
fer an increasingly severe attenuation because of water vapor and oxygen in the а 
‘mosphere. Figure 2-25 shows the standard attenuation in dB/km for microwave 
frequencies. Note that there are several strong peaks in an ever-increasing curve. Set- 
ting a system frequency in these regions will cause poor communications or will re- 
quire а combination of more transmit power, better receiver sensitivity, and better 
antennas on receiving and transmitting locations. The curves shown in Fig, 2-25 
assume certain standardizing conditions. Rain and other weather conditions can 
severely increase the attenuation of signals. In addition to attenuation, radar exhibits 
severe clutter problems when signals backscatter from rain cells 
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224 Wave interference 


lonospherie propagation 

Nos let's turn your attention to the phenomenon of skip communications, Tonos- 
pherie propagation is responsible for the ability to do intercontinental broadcasting 
and communications. Long-distance radio transmission is carried out on the high- 
frequency (HF) bands (3 to 30 MHz), also called the shortwave bands. These fre- 
‘quencies are used because of the phenomenon called skip. Under this type of prop- 
agation, the earth's ionosphere acts as though it is a “radio mirror.” Although the 
actual phenomenon is based on refraction (not reflection, as is frequently believed), 
the appearance to the casual observer is that shortwave and low-VHF radio signals 
are reflected from the ionosphere. The actual situation is a little different, 

‘The key lies in the fact that this radio mirror is produced by ionization of the upper 
atmosphere, The upper portion of the atmosphere is called the ionosphere because it 
tends to be easily ionized by solar and cosmic radiation phenomena, The reason for the 
ease with which that region (30 to 300 mi above the surface) ionizes, is that the air den- 
sity is very low Energy from the sun strips away electrons from the outer shells of oxy- 
gen and nitrogen molecules. The electrons become negative ions, while the remaining 
portion of the atom forms positive ons. Because the air is so rariied at those altitudes, 
those ions can travel great distances before recombining to form electrically neutral 
atoms again. As a result, the average ionization level remains high in that region. 

‘Several sources of energy will cause ionization of the upper atomosphere, Cos- 
mic radiation from outer space causes some degree of ionization, but the majority of 
ionization is caused by solar energy. 

‘The role of cosmic radiation was noticed during World War I, when British radar 
operators discovered that the distance at which their equipment could detect Ger 
man aircraft was dependent upon whether or not the Milky Way was above the hori- 
zon, Intergalactic radiation raised the background microwave noise level, thereby 
adversely affecting the signal-to-noise ratio. 
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Events on the surface of the sun sometimes cause the radio mirror to seem to be 
almost perfect, and this situation makes spectacular propagation possible, At other 
times, however, solar disturbances (Fig. 2-26A) disrupt radio communications for 
days at a time 


There are two principal forms of solar energy that affect shortwave communica- 
tions: electromagnetic radiation and charged solar particles, Most of the radia 
tion is above the visible spectrum, in the ultraviolet and x-ray/gamma-ray region of 
liation travels at the speed of light, 
events that release radiation cause changes to the ionosphere about В minutes 
Charged y 
ably slower velocity. They require two or three days t 
Vari 
release huge amounts of both radiation and particles. 


the spectrum, Because electromagnetic г 


ticles, on the other hand, having a finite mass must travel at a consi 
reach earth. 


t on the sun, Solar flares can 


us sources of both radiation and particles ex 


These events are 


oradic. Solar radiation also varies over an approximately 27-day pe- 
same source of radiation will face 
the earth once every 27 days, and so events tend to be somewhat repetitive 

Solar and galactic noise affect the reception of Weak signals. Solar noise can also 
affect radio propagation and act as a harbinger of changes in propagation patterns. 
inary radio receiver and a direc 


riod, which is the rotational period of the sun. 


ır noise can be demonstrated by using an ог 
onal antenna, preferably operating in the VHF/UHF regions of the spectrum (150 to 
MH frequently is used). Aim the antenna at the sun on the horizon at either 
ckground noise will be noted as the sun 


sunset or sunrise, A dramatic change in b 


slides across the horizon, 


GA. Solar event thal can affect radio propagation on earth 
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eelally the periodic forms, is 
"0,000 to 80,000 miles in diame 
varies over a period af 
approximately 11 years, although the actual periods since 1750 (when records were 

aily as 
atistically massaged Zurich Smoothed Sunspot Number, or Wolf Numi 


Sunspots A principal source of solar radiatio 
sunspots (Fig. 2-268). Sunspots can be as large as 


ter, and generally occur in clusters. The number of sunspo 


first kept) have varied from 9 to 14 years. The sunspot number is reported 


The number of sunspots greatly affects radio propagation via the ionosphere. The 
low was in the range of 60 (in 1907), and the high was about 200 (1958). 
Another indicator of ionospheric propagation potential is the solar 
(SED. This me 

2.8 GHz), at 1700 UTC at Ottawa, Canada, TI 
tute for Standards and Technology (NIST) radio 

and WWVH (Маш, Hawai 
‘The ionosphere offers different properties that affect radio propagation at dif 
ferent times. Variatio Чу over the 11 year sunspot cycle, but also diur- 
nally. Obviously, if the sun affects propagation in a significant way 
jetween summer and winter 


x index 


sure is taken in the microwave region (wavelength of 102 em, or 
SFI is reported by the National Inst 
stations WWV (Fort Collins, CO) 


then differences between nighttime and daytime, and 
must cause variations in the propagation phenomena observed. 


"The ionosphere is divided, for purposes of radio propagation studies, into various 
layer 


that have somewhat different properties. These layers are only well defined 
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їп textbooks, However, even there you find a variation in the precise altitudes of the 
layers above the earth's surface. In addition, the real physical situation is such that lay- 
ers don't have sharply defined boundaries, but rather fade one into another instead. 
"Thus, the division into layers is somewhat arbitrary. These layers (Fig. 2-27) are des- 
ignated D, E, and F (with F being further subdivided into F1 and F2 sublayers), 

D layer The D layer is the lowest layer in the ionosphere, and exists from 
approximately 30 to 50 mi above the surface. This layer is not ionized as much as the 
higher layers, because all forms of solar energy that cause ionization are severely 
attenuated by the higher layers above the D layer. The reason for this is that the 
D layer is much more dense than the E and F layers, and that density of air molecules 
allows ions to recombine to form electroneutral atoms very quickly. 

‘The extent of D layer ionization is proportional to the elevation of the sun, so it 
will achieve maximum intensity at midday. The D layer exists mostly during the 
‘warmer months of the year because of both the greater height of the sun above 
the horizon and the longer hours of daylight. The D layer almost completely disap- 
pears after local sunset. Some observers have reported sporadic incidents of D layer 
activity for a considerable time past sunset. The D layer exhibits a large amount of 
absorption of medium-wave and shortwave signals (to such an extent that signals 
below 4 to 6 MHz are completely absorbed by the D layer). 

E layer The E layer exists from approximately 50 to 70 mi above the earth's 
surface, and itis considered the lowest region of the ionosphere that is important to 
radio communications. Like the D layer, this region is ionized only during the day- 
light hours, with ionization levels peaking at midday. The ionization level drops oif 
sharply in the late afternoon, and almost completely disappears after local sunset. 

During most of the year, the E layer is absorptive and it will not reflect radio 
signals. During the summer months, however, E layer propagation does occur. A 
phenomenon called “short skip” (i.e, less than 100 mi for medium wave and 1000 mi 
Tor shortwave signals) occurs in the E layer during the summer months, and in equa- 
torial regions at other times, 

A propagation phenomenon associated with the E layer is called sporadic E 
propagation. This phenomenon is caused by scattered zones of intense ionization 
in the E layer region of the ionosphere, The sporadic E phenomenon varies sea- 
sonally, and it is believed to be caused by the bombardment of solar particles. Spo- 
тае E propagation affects the upper HF and lower VHF region. It is observed 
most frequently in the lower VHF spectrum (50 to 150 MHz), but it is also some- 
times observed at higher frequencies. The VHF bands occasionally experience 
sporadic E propagation. Skip distances on VHF can reach 500 to 1500 miles on one 
iop—especially in the lower VHF region (Including the 6-m band). 

F layer The F layer of the ionosphere is the region that is the principal cause of 
long-distance shortwave communications. This layer is located from about 100 to 
300 mi above the earth's surface, Unlike the lower layers, the air density in the 
F layer is ow enough that ionization levels remain high all day, and decay slowly af- 
ter local sunset. Minimum levels are reached just prior to local sunrise. Propagation 
in the F layer is capable of skip distances up to 2500 mi on a single hop. During the 
day there are actually two identifiable and distinct sublayers in the F layer region, 
and these are designated the Fl and F2 layers. The FI layer is found approximately 
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transmission-line as well as radiation currents. The dipoles meet at 
high-voltage, low-current points as each end. We may open опе of 
the high-voltage region contacts with very little effect on the basic 
antenna properties, that is, on the radiation pattern and the 
feedpoint impedance. We might have to readjust the total length of 
the antenna if a resonant feedpoint impedance is important to a 
given antenna installation. But we would not change the 
performance as a radiating element. 


The version of the folded dipole with the center short from one long 
Wire to the other has a special application. Suppose that we feed 
the antenna (very slightly off-center, of course) with a transmission 
line for which one conductor forms a common or ground lead. We 
might connect the common lead to the short and the other lead to 
the long wire. In the process, we do not change the essential 
performance properties of the folded dipole. However, we do obtain 
а means of connecting the structure to the support mast in the VHF 
and UHF ranges. That configuration reduces the likelihood that 
surges from electrical storms will be conveyed to the equipment. 


Although 1 have run both types of folded-dipole variants through 
numerous models at VHF, let's set them up using our 10-meter 
model. The standard version uses two AWG #18 wires spaced 1" 
apart. With a total length of 198", the model uses 199 segments per 
long wire. The model of the end-gapped folded dipole simple omits 
one of the 1-segment end wires, but is otherwise identical to the 
standard model. The center-short version requires а small set of 
changes. The long wires each become two wires that meet at the 
center. Each of these wires has 99 segments. | added a new wire 
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100 to 150 miles above the earth's surface, and the F2 layer is above the F1 extend- 
ing up to the 270- to 300-mi limit. Beginning at local sundown, however, the lowe 
regions of the FI layer begin to deionize because of recombination of positive and 
negative ions. At some time after local sunset, the F1 and F2 layers have effectively 
merged to become а single reduced layer beginning at about 175 ni. 

‘The height and degree of ionization of the F2 layer varies over the course of the 
day, with the season of the year, and with the 27-day sunspot cycle. The F2 layer be- 
gins to form shortly after local sunrise and reaches maximum shortly before noon. 
During the afternoon, the F2 laver ionization begins to decay in an exponential man- 
ner until, for purposes of radio propagation, it disappears sometime after local sun- 
set. There is some evidence that ionization in the F layer does not completely 
disappear, but its importance to HF radio communication does disappear. 


Measures of ionospheric propagation 

‘There are several different measures by which the ionosphere is characterized at. 
any given time, These measures are used in making predictions of radioactivity and 
long-distance propagation, 

"The critical frequency and maximum usable frequency (MUF) are indices 
that tell us something of the state of ionization and communications ability. These 
frequencies increase rapidly after sunrise and international communications usually 
begin within 30 minutes. 

Critical frequency E, The critical frequency, designated by F, is the highest 
frequency that can be reflected when a signal strikes the ionosphere as a vertical 
(90° with respect to the surface) incident wave. The critical frequency is determined 
from an fonogram, which is a cathode-ray tube (CRT) oscilloscope display of the 
height of the ionosphere as a function of frequency. The ionogram is made by fring 
a pulse vertically (Fig. 2-28) at the ionosphere from the transmitting station, The 
critical frequency is that frequency that is just sufficient to be reflected back to the 
transmitter sie. Values of F can be as low as 3 MHz during the nighttime hours, and 
as high as 10 to 15 MHz during the day. 

Virtual height Radio waves are refracted in the ionosphere, and those above a 
certain critical frequency are refracted so much that they return to earth. Such 
waves appear to have been reflected from an invisible radio “mirror” An observer on 
the earth's surface could easily assume the existence of such a mirror by noting the 
return of the "reflected" signal, The height of this apparent “mirror” is called the vir- 
tual height of the ionosphere. Figure 2-29 shows the refraction phenomenon by 
‘which a radio wave is bent sufficiently to return to earth. Virtual height is deter- 
mined by measuring the time interval required for an ionosonde pulse (similar to 
that used to measure critical frequency) to travel between the transmitting station. 
and a receiving station (Fig. 2-30). A radio signal travels at a velocity of 300,000,000 
ув (the speed of light). By observing the time between transmitting the pulse and 
receiving it, you can calculate the virtual height of the ionosphere. 

‘Maximum usable frequency (MUF) The marinum usable frequency is the 
highest frequency at which communications can take place via the ionosphere over a 
given path. The MUF between a fixed transmitter site and two different, widely sepa: 
rated, receivers need not be the same. Generally, however, the MUF is approximately 
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times higher than the critical frequency. Both the MUF and the critical frequency vary 
geographically, and they become higher at latitudes close to the equator 

risa general rule that the best propagation occurs at frequencies just below the 
МИЕ. In fact, there is a so-called frequency of optimum traffic (FOT) that is ap- 
proximately 85 percent of the MUF. Both noise levels and signal strengths are im- 
proved at frequencies near the FOT. 

Lowest usable frequency (LUF) At certain low frequencies, the combination 
of ionospheric absorption, atmospheric noise, miscellaneous static, and/or receives 
signal-to-noise ratio requirements conspire to reduce radio communications. The 
lowest frequency that can be used for communications, despite these factors, is the 
lowest usable frequency. 

Unlike the MUF, the LUF is not totally dependent on atmospheric physics. The 
LUF ofa system can be varied by controlling the signal-to-noise ratio (SNR). Although 
certain factors that contribute to SNR are beyond our control, the effective radiated 
power (ERP) of the transmitter can be changed; a 2-MHz decrease in LUF is available 
for every 10-18 increase in the ERP of the transmitter. 


Tonospherie variation and disturbances 
"The ionosphere is an extremely dynamic region of the atmosphere, especially from a 
radio operators point of view, because it significantly alters radio propagation. The 
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dynamics of the ionosphere are conveniently divided into two general classes: regular 
variation and disturbances. This section covers both types of ionospheric change 

lonospheric variation There are several different forms of variation seen on a 
regular basis in the ionosphere: diurnal, 27-day (monthly), seasonal, and 17-year 
cycles. 

Diurnal (daily) variation The sun rises and falls on a 24-hour cyele, and be- 
cause it is the principal source of iononization of the upper atmosphere, you can ex- 
pect diurnal variation. During daylight hours the E and D levels exist, but these 
disappear at night. The height of the F2 layer increases until midday, and then it de- 
creases until evening, when it disappears or merges with other layers. As a result of 
higher absorption in the E and D layers, lower frequencies are not useful during day- 
light hours. On the other hand, the F layers reflect higher frequencies during the 
day. In the 1- to 30-MHz region, the higher frequencies (>11 MHz) are used during 
daylight hours, and the lower frequencies (<11 MHz) at night. 

27-day cycle Approximately monthly, this variation is caused by the rotational 
period of the sun. Sunspots are localized on the surface of the sun, so they will face 
the earth only during a portion of the month. As new sunspots are formed, they do 
not show up on the earthside face ШИЙ their region of the sun rotates earthside. 

Seasonal cycle The earth's tilt varies the exposure of the planet to the sun on. 
a seasonal basis. In addition, the earth's yearly orbit is not circular; i is elliptical. As 
а result, the intensity of the sun's energy that ionizes the upper atmosphere varies 
With the seasons of the year. In general, the E, D, and F layers are affected 
although the F2 layer is only minimally affected, Ion density in the F2 layer tends to 
be highest in winter, and less in summer. During the summer, the distinction between. 
Fland F2 layers is less obvious. 

11-year cycle The number of sunspots, statistically averaged, varies on an ap- 
proximately 11-year cycle, As a result, the ionospheric effects that affect radio prop- 
‘gation also vary on an 11-year cycle. Radio propagation, in the shortwave bands, is 
best when the average number of sunspots is at its highest. 

Disturbances Disturbances in the ionosphere can have a profound effect on. 
radio communications and most of them (but not all) are bad, This section will 
briefly examine some of the more common forms 

Sporadic E layer A reflective cloud of ionization sometimes appears in the 
E layer of the ionosphere; this layer is sometimes called the Е, layer. It is believed 
that the E, layer forms from the effects of wind shear between masses of air moving 
in opposite directions, This action appears to redistribute ions into a thin layer that. 
is radio-reflective 

Sporadic E propagation is normally thought of as a VHF phenomenon, with most. 
activity between 30 and 100 MHz, and decreasing activity up to about 200 MHz. How- 
ever, about 25 to 50 percent of the time, sporadic E propagation is possible on fre- 
quencies down to 10 or 15 MHz. Reception over paths of 1400 to 2600 mi are possible 
in the 50-MHz region when sporadic E is present. In the northern hemisphere, the 
‘months of June and July are the most prevalent sporadic E months. On most days 
when sporadic E is present, it lasts only a few hours, 

Sudden ionospheric disturbances (5105) The SID, or Dellinger fade, mech- 
anism occurs suddenly, and rarely gives any warning, The SID ean last from a few 
minutes to many hours. It is known that SIDs often occur in correlation with solar 
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‘ares, or "bright solar eruptions,” that produce an immense amount of ultraviolet ra- 
diation that impinges the upper atmosphere. The SID causes a tremendous increase 
in D layer ionization, which accounts for the radio propagation effects. The ionization 
is so intense that all receiver operators on the sunny side of the earth experience pro- 
found loss of signal strength above about 3 МН. ts not uncommon for receiver own- 
ers to think their receivers are malfunctioning when this occurs. The sudden loss of 
signals on sunny side receivers is called Dellinger fade. The SID is often accompa- 
nied by variations in terrestrial electrical currents and magnetism levels 

lonospheric storms The ionospheric storm appears to be produced by an 
abnormally large rain of atomic particles in the upper atmosphere, and is often pre- 
ceded by SIDs 18 to 24 hours earlier, These storms tend to last from several hours, 
to a week or more, and are often preceded by two days or so by an abnormally large 
collection of sunspots crossing the solar disk. They occur, most frequently, and with 
greatest severity, in the higher latitudes, decreasing toward the equator. When the 
ionospheric storm commences, shortwave radio signals may begin to Mutter rapidly 
and then drop out altogether. The upper ionosphere becomes chaotic; turbulence in- 
creases and the normal stratification into layers, or zones, diminishes. 

Radio propagation may come and go over the course of the storm, but it is 
‘mostly dead, The ionospheric storm, unlike the SID, which affects the sunny side of 
the earth, is worldwide. It is noted that the MUF and critical frequency tend to re- 
duce rapidly as the storm commences. 

An ionospheric disturbance observed in November 1960 was preceded by about 30 
minutes of extremely good, but abnormal, propagation. At 1500 hours EST, European 
stations were noted with S94 signal strengths in the 7000- to T300-kHz region of the 
spectrum, which is an extremely rare occurrence. After about 20 minutes, 
the bottom dropped out and even AM broadcast band skip (ater that evening) was 
nonexistent. At the time, the National Bureau of Standards” radio station, WWV, 
жаз broadcasting a “WZ” propagation prediction at 19 and 49 minutes after each hour 
(which is terrible). It was difficult to hear even the Б-МНа WWV frequency in the early 
hours of the disturbance, and it disappeared altogether for the next 48 hours. This sig- 
nas fade-out occurred during the weekend ofthe annual ARRL "Sweepstakes" contest. 


Tonospheric sky-wave propagation 
Skywave propagation occurs because signals in the ionosphere are refracted so 
much that they are bent back toward the earths surface. To observers on the sur- 
face, it looks like the signal was reflected from a radio mirror at the virtual height of 
the ionosphere. The skip distance is the surface distance between the transmite 
point (A in Fig. 2-81) and the point where it returns to earth (point C in Fig, 2-31). 
"The ground-wave sone is the distance from the transmitter site (A in Fig, 2-31) to 
where the ground wave fades to a low level, below usefulness (point В in Fig, 2-31). 
‘The skip zone is the distance from the outer edge of the ground-wave zone to the 
skip distance, or the distance from Z to C in Fig. 2-31 

It is possible for the sky wave and the ground wave to interfere with each 
other at some frequencies, under some circumstances, When this happens, the 
sky wave las a relative phase that depends on its path length (among other 
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things), so it will arrive at some seemingly random phase relative to the ground 
wave, Thus, the sky wave сап selectively strengthen or cancel the ground wave, 
giving rise to a type of fading. 

Incident angle One of the factors that affects the length of the skip distance is 
the incident angle of the radio wave. This angle is partially a function of the fre- 
quency, and partially a function of the natural radiation angle of the antenna (а). 
The frequency effects are seen asa function of the ionization level and how much a 
given frequency is refracted. 

"The antenna radiation angle is the angle of the main vertical obe with respect to 
the earth's surface; it is partially а function of its design, and partially of its installa- 
tion configuration’ For example, a %-wavelength vertical antenna tends to have 
lower angle of radiation than a wave vertical antenna. Similarly, the dipoles angle 
of radiation is a function of its height above ground. 

Figure 2-32 shows how the angle of radiation affects skip distance. Low-angle-of- 
radiation signals tend to travel farther with respect to the earth's surface before 
fracting, so they produce the longest skip distances, Higher angles of radiation have 
shorter skip distances because they tend to return to earth more rapidly. In summer- 
time, some high-frequency bands (eg, the 1-m—27 MHs—Citizens Band) ofer high- 
angle "short skip” during the summer, and longer skip during the other months. At 
higher angles of radiation, there will be a critical angle wave and escape angle waves 
that are not returned to earth. These waves are not used for terrestrial communica- 
tions or broadcasting. Figure 2-33 shows the difference between singl-hop skip and 
multihop skip, as а function of incident angle. It is generally true that a multihop trans- 
missionis more subject to fading, and is weaker, than a single-hop transmision 


Using the ionosphere 
"The refraction of high-frequency and some medium: wave radio signals back to earth 
via the ionosphere gives rise to intercontinental HF radio communications. This phe- 
nomenon becomes possible during daylight hours and for a while after sunset when 
the ionosphere is ionized. Figure 2-34 reiterates the mechanism of long-distance 
skip communications, The transmitter is located at point Т, while receiving stations 
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2-32 Skywave propagation asa function of antenna radiation angle 


Ionosphere 


2-33 Single-skip and multihop-skip communications, 


are located at sites R, and R, Signals 1 and 2 are not refracted sufficiently to be re- 
fracted back to earth, so they are lost in space. Signal 3, however, is refracted enough 
to return to earth, so it is heard at station At, The skip distance for signal 3 is the dis- 
tance from 7 to A,- At points between T and Р, signal 3 is inaudible, except within 
ground-wave distance of the transmitter site (7). This is the reason why two stations 
40 mi apart hear each other only weakly, or not at all, while both stations can com- 
municate with a third station 2000 mi away. In amateur radio circles, it is common for 
South American stations to relay between two U.S. stations only a few miles apart. 
For an example of this problem, listen to the Inter-American and Halo Missionary 
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2-34 Effects of radiation angle on distance, 


Nets on 21.290 MHz (15 m) daily from about 17002 to 21002 (ending time depen- 
dent upon traffic). 

Multihop skip is responsible for the reception af the signal from transmitter T at. 
site R The signal reflects (not refracts) from the surface at R,, and is retransmitted 
into the ionosphere, where it is again refracted back to earth. 

Figure 2-35 shows a situation where skip signals are received at different dis- 
tances depending upon the angle of radiation of the transmitting antenna. A high 
angle of radiation causes a shorter skip zone, but a lower angle of radiation results in 
a longer skip zone, Communication between any particular locations on any given 
frequency requires adjustment of the antenna radiation angle. Some international 
shortwave stations have multiple antennas with different radiation angles to ensure 
that the correct skip distances are available. 

Great circle paths А great circle is a ine between two points on the surface of a 
sphere, such that it lays on a plane through the earths center and includes the two 
points. When translated to “radiospeak,” a great circle is the shortest path on the sur- 
face of the earth between two points. Navigators and radio operators use the great cir- 
ele for similar, but different, reasons. The navigator reason isin order to get from here 
to there, and the radio operators is to get a transmission path from here to there. 

"The heading of a directional antenna is normally aimed at the receiving station 
along its great circle path. Unfortunately, many people do not understand the con- 
cept well enough, for they typically aim the antenna in the wrong direction. For ex- 
ample, Hive near Washington, D.C., which is on approximately the same latitude as 
Lisbon, Portugal. If Leateh a Ш on Superman's back, and he flies due East, we'll have 
dinner in Lisbon, right? Wrong. If you head due east from Washington, DC, across the 
Atlantic, the first landfall would be west Africa, somewhere near Zaire or Angola, 
Why? Because the great circle bearing 90° takes us far south. The geometry of 
spheres, not flat planes, governs the 
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Figure 2-36 shows a great circle map centered on the Washington, D.C. area. 
"These maps, or computer tabulations of the same data, can often be purchased for 
your own location by supplying your latitude and longitude to the service company 
that does the job, By drawing a line from your location at the center of the chart to 
the area you want to hear, and then extending it to the edge of the chart, you will 
obtain the beam heading required, 

Long path versus short path The earth is a sphere (ar more precisely, an. 
oblate spheroid), so from any given point to any other point there are two great c 
Че paths: the long path (major are) and the short path (minor arc). In general, the 
best reception occurs along the short path. In addition, short-path propagation is 
more nearly “textbook,” compared with long path reception. However, there are 
times when long path is better, or is the only path that will deliver a signal to a spe- 
cific location from the geographic location in question. 

Gray line propagation The gray line is the twilight zone between the nighttime 
and daytime halves of the earth. This zone is also called the planetary terminator 
(Fig. 2-37). It varies up to 423° either side of the north-south longitudinal lines, de- 
pending on the season of the year (it runs directly north-south only at the vernal and 
autumnal equinoxes). The D layer of the ionosphere absorbs signals in the HF region. 
‘This layer disappears almost completely at night, but it builds up during the day. Along 
the gray line, the D layer is rapidly decaying west of the ine, and has not quite built up 
east of the line, 

Brief periods of abnormal propagation occur along the gray line. Stations on ei- 
ther side of the line can be heard from regions, and at distances, that would other- 
wise be impossible on any given frequency. For this reason, radio operators often 
prefer to listen at dawn and dusk for this effect, 


Scatter propagation modes 
Jonospherie scatter propagation occurs when clouds of ions exist in the atmos- 
phere. These clouds can exist in both the ionosphere and the troposphere, although. 


Antennas Made of Wire - Volume 2 


from one center junction to the other. | then placed the feedpoint or 
source on the first segment of the wire extending from the short to 
the end. If my descriptions have been correct, we should expect 
virtually identical performance from the three folded-dipole 
variations. 


modeled performance of 3 folded-dipole variations in a free-space 


Version Gain Feedpoint Impedance 
Lo R77 jx ohms 

Standard 2.19 280.133 2:6 

End- Gapped 2198 287.8 +J 1.4 


Center-Shorted 2.19 288.9 + j 9.3 


The only way to tell the antennas apart-besides the obvious visible 
differences--is to perform a current-sorting exercise on the 3 
versions. | did this for some VHF folded dipoles. Fig. 8 shows the 
radiation currents along the standard and the end-gapped version 
of 2-meter folded dipoles. Because the center-short version has 
connections at both ends, the currents do not drop as close to zero 
in the end segments as they do with one end of the end. gap 
version. (Of course, NEC current reports never go quite to zero in a 
linear wire end segment because the effective position for the 
current is at the center of the last segment, not its outer end.) 
Therefore, the center-short and the standard versions of folded 
dipole have the same radiation-current curves (within limits that are 
too small to show up in these kinds of graphs). 
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2-36 Azimuthal map centered on Washington, D.C, (Courtesy of The ARRL Antenna Book ) 


the tropospheric mo shows the 


mechanism for scatter propagation, Radio signals from the transmitter are reflected 


4 is more reliable for communications. Figure 2-3 


from the cloud of ions to a receiver location that otherwise might not receive it. Scat- 
ter propagation occurs mostly in the VHF region, and it allows communications over 
extended paths that are not normally available 

"There are at least three diferent modes of scatter from ionized clouds: backseat- 
ter, side scatter, and forward scatter. The backscatter mode is a bit like radar, in that 
the signal is returned back to the transmitter site, or to regions close to the transmitter. 
Forward scatter occurs when the reflected signal continues in the same azimuthal di- 
rection (with respect to the transmitter), but is redirected toward the earth's surface 
Side scatter is similar to forward scatter, but the azimuthal direction might change 

Unfortunately, there are often multiple reflections from the ionized cloud, and 
these are shown as “multiple scatter” in Fig. 2-38, When these reflections are able to 
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reach the receiving site, the result а rapid, nutten fading that can be of quite pro- 
found depths. 


Auroral propagation 
"The auroral effect produces a luminescence in the upper atmosphere resulting from 
bursts of particles released from the sun 18 to 48 hours earlier The light emitted is 
called the northern tights and the southern lights. The ionized regions of the a 
mosphere that create the lights form a radio reflection shield, especially at VHF and 
above, although 15 to 20 MHz effects are known, Auroral propagation effects are 
normally seen in the higher latitudes, although listeners in the southern tier of states 
in the United States are often treated to the reception of signals from the north be- 
ing reflected from auroral clouds, 


Meteor scatter propagation 

When meteors enter the earth's atmosphere, they do more than simply heat up to 

the point of burning. The burning meteor leaves a wide, but very short duration, 

transient cloud of ionized particles in its path. These ions act as а radio mirror that. 

permits short bursts of reception between sites correctly situated. Meteor scatter. 

ception is not terribly reliable, although at least two companies offer meteor scatter 
ions services for users in the higher latitudes. 


Other propagation anomalies 
‘The ionosphere is a physically complex place, and even the extensive coverage in 
this chapter is not sufficient to do it justice. Indeed, entire books are available on the 
‘subject, and it is a valid engineering subspecialty. It is therefore not surprising that a 
‘number of propagation anomalies are known. 

Nenreciprocal direction If you listen to an amateur band receiver on the East 
Coast of the United States, you will sometimes hear European stations-— especially 
in the late afternoon, But when you try to work those stations there is no reply wi 
socver, They simply dont hear you! This propagation anomaly causes the radio wave 
to travel different paths dependent on which direction it travels; Le., an eastwest 
signal is not necessarily the reciprocal of a west reast signal. This anomaly can occur 
when a radio signal travels through a heavily ionized medium in the presence of a 
magnetic field, which is exactly the situation when the signal travels through the 
ionosphere in the presence of the earth's magnetic field. 

Another anomaly seen in the radio literature of the 1930s is the Radio Lu- 
emboury effect. It is named after the radio station where it was first noticed. In a 
nonlinear ionosphere, it is sometimes noted that the modulation of superpower 
(Le., > 500,000 W) shortwave broadeasters will be transferred to the carrier of a 
weaker signal in the same or nearby band. The interchange noted in the 1930s 
when this phenomenon was first discovered was between Radio Luxembourg and 
Britain’ British Broadeasting Corporation (BBC) overseas outlets 
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Propagation predictions 
Propagation predictions for the УШР through low VHF bands are published each 
month in several magazines. Ham radio operators often use those in QST magazine 
(Fig. 2:19), while SWLs and others tend to prefer those published in magazines such 
as Monitoring Times. These charts relate the time of day in Universal Coordinated 
‘Time (UTC, formerly, GMT) and the frequency for transmission to different parts of 
the world. 


Fading 
Skip communications are not without problems. One phenomenon is fading G. a 
variation in signal strength as perceived at the receiver site). This problem can 
sometimes be overcome by using one of several diversity reception systems, Three 
Torms of diversity technique are used: frequency diversity, spatial diversity, and 
polarity diversity. 

In the frequency diversity system (Fig. 2-40), the transmitter will send out two 
‘or more frequencies simultaneously with the same modulating information, Because 
the two frequencies will fade differentially, one will always be strong 

‘The spatial diversity system (Fig. 2-41) assumes that single transmitter fre- 
quency is used. At the receiving site, two or more receiving antennas ate used, 
spaced one-half wavelength apart. The theory is that the signal will fade at ane an- 
tenna while it increases at the other. A three-antenna system is often used, Three 
separate, but identical, receiver, often tuned by the same master local oscillator, are 
connected to the three antennas. Audio mixing, based on the strongest signal, keeps 
the audio output constant while the radio-frequency (RF) signal fades. 

Polarity diversity reception (Fig. 2-42) uses both vertical and horizontal po- 
larization antennas to receive the signal, As in the space diversity system, the 
outputs of the vertical and horizontal receivers are combined to produce a con- 
stant level output. 

Another form of fading, selective fading, derives from the fact that fading is a 
function of frequency. The carrier and upper and lower sidebands of an AM signal 

ve slightly different frequencies, so they arrive out of phase with each other. Al 
though this type of fading is lessened by using single-sideband (SSB) transmission, 
that does not help AM users. In those systems, some people use a filtering system that 
eliminates the carrier and one sideband it then reconstitutes the AM signal with a 
product detector 

SSB receivers with stable local and product detector oscillators, and a sharp. 
Intermediate-frequency (IF) bandpass fter, can be used to reduce the effects of dif- 
{erential fading of AM signals because of the phasing of the lower sideband (LSB), 
upper sideband (USB), and carrier components. Carefully tune the receiver to only 
опе sideband of the signal, and note when the heterodyne beatnote disappears, The 
correct pont is characterized by the fact that you can then switch among USB, LSB, 
and continuous-wave (CW) modes without changing the received signal output. 


EM wave propagation phenomena 57 


XIRT 
= 
arma 
Fi 
ГА 
Fleer 


240. Frequency diversity reduces fading 


Antenna 1 


RCVRL MN 
TELS Compo 
7 


нсукз 


Antenna 3 


Taser 
local 
m 


241 Spatial diversity: 


58 Radio-wave propagation 
Horizontal 
Haudio 
movi 
Composite 
adio 
output 
Vertical pm V adio 


242 Polarization diversity 


3 


CHAPTER 


Transmission lines 


TRANSMISSION LINES AND WAVEGUIDES ARE CONDUITS FOR TRANSPORTING RE SIGNALS 
between elements of a system, For example, transmission lines are used between an. 
exciter output and transmitter input, and between the transmitter input and its out- 
put, and between the transmitter output and the antenna. Although often erro- 
neously characterized as a "length of shielded wire,” transmission lines are actually 
complex networks containing the equivalent of al the three basic electrical compo- 
nents: resistance, capacitance, and inductance. Because of this fact, transmission. 
lines must be analyzed in terms of an RLC network, 


Parallel and coaxial lines 


‘This chapter will consider several types of transmission lines. Both step-function 
and sine-wave ac responses will be studied. Because the subject is both conceptual 
and analytical, both analogy and mathematical approaches to the theory of trans- 
mission lines will be used. 

Figure 3-1 shows several basic types of transmission line, Perhaps the oldest and 
simplest form is the parallel tine shown in Figs. 3-1A through 3-1D. Figure ЗЛА. 
shows an end view of the parallel conductor transmission line, The two conductors, 
of diameter d, are separated by a dielectric (which might be air) by a spacing 5, 
‘These designations will be used in calculations later. Figure 3-18 shows a type of 
parallel line called nuin load, This is the old-fashioned television antenna transmis- 
sion line. It consists of a pair of parallel conductors separated by a plastic dielectric 
‘TV-type twin lead has a characteristic impedance of 300 Q, while certain radio trans- 
mitting-antenna twin lead has an impedance of 450 Q. Another form of twin lead is 
‘open line, shown in Fig. . ic. In this ease, the wire conductora are separated by an 
air dielectric, with support provided by stiff (usually ceramic) insulators. A tie wire 
(only one shown) is used to fasten each insulator end to the main conductor. Some 
users of open line prefer the form of insulator or supporter shown in Fig. 8-1D. This 
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form of insulator is made of either plastic or ceramic, and is in the form of a U. The 
Purpose of this shape is to reduce losses, especially in rainy weather, by increasing 
the leakage currents path relative to spacing 5. 

Parallel lines have been used at VLF, MW, and HF frequencies for decades, Even. 
antennas into the low VHF are often found using parallel lines. The higher impec 
ance of these lines (relative to coaxial cable) yields lower loss in high-power appli- 
cations. For years, the УНЕ, ОНЕ, and microwave application of parallel lines was 
limited to educational laboratories, where they are well suited to performing exper- 
iments (to about 2 GHz) with simple, low-cost instruments. Today, however, printed 
circuit and hybrid semiconductor packaging has given parallel lines a new lease on 
lite, if not an overwhelming market presence. 

Figure 3-18 shows а form of parallel line called shielded tuin lead. This type of line 
uses the same form of construction as TV-type twin lead, but ît also has a braided shield- 
ing surrounding it. This feature makes it less susceptible to noise and other problems, 

‘The second form of transmission line, which finds considerable application 
microwave frequencies, is coaxial cable (Figs. 8-1F through 3-11). This form of 
line consists of two eylindrical conductors sharing the same axis (hence “coaxial"), 
and separated by a dielectric (Fig. 3-1F). For low frequencies (in flexible cables) 
the dielectric may be polyethylene or polyethylene foam, but at higher frequencies 
‘Teflon and other materials are used. Also used, in some applications, are dry air and 
dry nitrogen. 


Outer Dielectric 
shield 
31E Shielded twin-lead transmission line. 
pm 
conductors 
Outer, 
conductor 
ЗААР. Coaxial cable (end view). 
Inner 
Dielectric conductor 


Antennas Made of Wire - Volume 2 ————————————— Em 


Folded Dipole Ra 
Current Fed: Cl 


) 


ВЕ; 


A 


Radiator Segment Hunter 


LN 


1 


"—— 
M 
rai я 


€———— — 
prd пов 


Where the currents for the 3 antennas show significant variation is 
in the pattern of transmission line currents. Essentially, for all three 
versions of the folded dipole, the current phase ¡s 90 degrees from 
the phase of the current at the source or feedpoint. However, the 
transmission-line current magnitude for the standard folded dipole 
shows a symmetrical pattern with its minimum at the long-wire. 
center and maximum values at the long-wire ends. Fig. 9 shows 
this pattern for the standard folded dipole, using a VHF model. 
Interestingly, both the end-gapped version and the center-short 
versions show virtually identical patterns that vary from the 
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Several forms of coaxial line are available, Flexible coaxial cable is perhaps the 
most common form. The outer conductor in such cable i made of either braid or foil 
(Fig. 3-16). Television broadeast receiver antennas provide an example of such cable 
rom common experience, Another form of flexible or semiflexible coaxial line is hel 
cal line (Fig, 2-1H) in which the outer conductor is spiral wound, Hardline (Fig. 
3-11) is coaxial cable that uses а naval! pipe as the outer conductor, Some hardline 
coax used at microwave frequencies has a rigid outer conductor and а solid dielectri 

Gas-filed line isa special case of hardline that is hollow (Fig. 3-14), the center 
is supported by a series of thin ceramie or Teflon insulators. The dielec 
trie is either anhydrous (Le. dry) nitrogen or some other inert gas. 

Some flexible microwave coaxial cable uses a solid “airarticulated” dielectric 
К), in which the inner insulator is not continu 
ved dielectric losses increase the usefulness of the 


(Fig 
ductor, but rather is ridged. Redi 
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Inner 
conductor 


3-16 Coaxial cable (side view). 
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Transmission line characteristic impedance (Z,) 
o it has a characteristic 
Network analysis wil 


‘The transmission line is an RLC network (see Fig. 3-2), 
impedance Z, also sometimes called a surge impedance 
show that Z, isa function of the per unit of length parameters resistance R, con- 
and capacitance C, and is found from 


ductance G, inductance L 


13:1] 


where 
Z, is the characteristic impedance, in ohms 
His the resistance per unit length, in ohms 
G is the conductance per unit length, in mhos 
L is the inductance per unit length, in henrys 
C is the capacitance per unit length, in farads 
(is the angular frequency in radians per second (2F) 
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In microwave systems the resistances are typically very low compared with the 
reactances, so Eq. 3.1 can be reduced to the simplified form: 


n 
Е 121 


Example 3-1 A nearly lossless transmission line (t is very small) has a unit 
length inductance of 8.75 nH and a unit length capacitance of L5 pF. Find the char- 
acteristic impedance Z, 

Solution: 


V25x10 50 


‘The characteristic impedance for a specific type of line is a function of the cor 
ductor size, he conductor spacing, the conductor geometry (see again Fig. 3-1), and 
the dielectric constant of the insulating material used between the conductors. The 
dielectric constant e is equal to the reciprocal of the velocity (squared) of the wave 
‘when a specific medium is used: 


13.31 
гыш) 
ЕЕ [3.4] 
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where 
Z is the characteristic impedance, in ohms 
es the dielectric constant 
‘Sis the center-to-center spacing of the conductors 
dis the diameter of the conductors 


(b) Coaxial tine 


13.5] 
where 
Dis the diameter of the outer conductor 
d is the diameter of the inner conductor 
(©) Shielded parallel tino 
2, 13.6] 
where 
(4) Striptine 
[8.74] 


where 


e, is the relative dielectric constant of the printed wiring board (PWB) 
Tis the thickness of the printed wiring board 
Wis the width of the stripline conductor 
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ves (mm) 


w-wa 


235 


In practical situations, we usually dont need to caleulate the characteristic im- 
рейапсе of a stripline, but rather design the line to fit a specific system impedance 
(ед, 50 0). We can make some choices of printed circuit material (hence dielectric 
constant) and thickness, but even these are usually limited in practice by the avail- 
ability of standardized boards. Thus, stripline width is the variable parameter. Equa- 
tion 3.2 can be arranged to the form: 


13.781 


‘The impedance of 50 © is accepted as standard for RF systems, except in the 
cable TV industry. The reason for this diversity is that power handling ability and low 
loss operation dont occur at the same characteristic impedance, For example, the 
maximum power handling ability for coaxial cables oceurs at 30 £2, while the lowest. 
loss occurs at 77 0: 50 Q is therefore a reasonable tradeoff between the two points, 
In the cable TV industry, however, the RF power levels are minuscule, but lines are 
long. The tradeoff for TV is to use 75 0 as the standard system impedance in order 
to take advantage of the reduced attenuation factor 


Transmission line characteristics 

‘Velocity factor 

In the section preceding this section, we discovered that the velocity of the wave (or 
signal) in the transmission line is less than the free-space velocity (ie, less than the 
speed of light). Further, we discovered in Ba. 3.3 that velocity is related to the di- 
electric constant of the insulating material that separates the conductors in the 
transmission line. Velocity factor » is usually specified as a decimal fraction of c, 
the speed of light (3 x 10* nis). For example, ifthe velocity factor of transmission 
line is rated at "0.66," then the velocity of the wave is 0.86, or (0.68) (3 x 10* пу) 
= 1.98 10 mus. 

Velocity factor becomes important when designing things like transmission line 
transformers, or any other device in which the length of the ine is important, In most 
«ases, the transmission line length is specified in terms of electrical length, which 
can be either an angular measurement (e.g., 180° or r radians), or a relative measure. 
keyed to wavelength (e.g, one-half wavelength, which is the same as 180"). The 
physical length of the line is longer than the equivalent electrical length. For exam. 
ple, let's consider а 1-GHz hall-vavelength transmission line. 

A rule of thumb tells us that the length ofa wave (in meters) in free space is 0.30, 
where frequency F is expressed in gigahertz; therefore, ahalf-wavelength line is 0.18/F" 
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At 1 GHz, the ine must be 0.15 nv/l GHz = 0.15 m. If the velocity factor is 0.80, then the 
physical length of the transmission line that will achieve the desired electrical length 
is [(0.15 m) (VF = [60.15 m) (0.80)Y1 GHz = 0.12 m. The derivation of the rule of 
umb is “eft as an exercise for the student." (Hint: It comes from the relationship be- 
tween wavelength, frequency, and velocity of propagation for any form of wave.) 

‘There are certain practical considerations regarding velocity factor that result 
from the fact that the physical and electrical lengths are not equal, For example, in 
а certain type of phased-array antenna design, radiating elements are spaced a hall- 
wavelength apart, and must be fed 180" (half-wave) out of phase with each other 
‘The simplest interconnect is to use a half-wave transmission line between the 0° 
element and the 180° element. According to the standard wisdom, the transmission 
line will create the 180" phase delay required for the correct operation of the a 
tenna. Unfortunately, because of the velocity factor, the physical length for a one- 
half electrical wavelength cable is shorter than the free-space half-wave distance 
between elements, In other words, the cable will be too short to reach between the 
radiating elements by the amount of the velocity factor! 

Clearly, velocity factor is a topic that must be understood before transmission 
lines can be used in practical situations. Table 3-1 shows the velocity factors for sev- 
eral types of popular transmission line, Because these are nominal values, the actual 
velocity factor for any given line should be measured. 


‘Table 3-1. Transmission line characteristics 


Velocity factor 
bye of line Z, (ohn, e 

Жап. ТУ parallel Ше (air dielectric) m m 

Lin, TV parallel line (air dielectric) E 045 

Тү twin lead m p 

HE TV twin lend. 500 
Polyethylene coaxial cable Н 006 
Polyethylene foam coaxial cable * ото 
Airspace polyethylene foam coaxial cable * 086 

Teton B оло 


ari pace dependa spen catie yp 


Transmission line noise 
‘Transmission lines are capable of generating noise and spurious voltages that are 
seen by the system as valid signals. Several such sources exist. One source is the 
coupling between noise currents flowing in the outer conductor and the inner con- 
ductor. Such currents are induced by nearby electromagnetic interference and other 
sources (e.g. connection to a noisy groundplane). Although coaxial design reduces 
noise pickup, compared with parallel line, the potential for EMI exists. Selection of 
high-grade line, with a high degree of shielding, reduces the problem, 

Another source of noise is thermal noises in the resistances and conductances. 
‘This type of noise is proportional to resistance and temperature. 
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‘There is also noise created by mechanical movement of the cable. One species 
results from the movement of the dielectric against the two conductors, This form of 
noise is caused by electrostatic discharges in much the same manner as the spark 
created by rubbing a piece of plastic against woolen cloth. 

A second species of mechanically generated noise is piezoelectricity in the di- 
electric. Although more common in cheap cables, one should be aware of it, Me- 
chanical deformation of the dielectric causes electrical potentials to be generated. 

Both species of mechanically generated noise can be reduced or eliminated by 
proper mounting of the cable. Although rarely a problem at lower frequencies, such 
noise can be significant at microwave frequencies when signals are low. 


Coaxial cable capacitance 
A coaxial transmission line possesses a certain capacitance per unit of length. This 
capacitance is defined by ie a 


Jog (Did) m 


13.8A] 


A long run of coaxial cable can build up a large capacitance. For example, a 
common type of coax is rated at 65 pF/m. A 150-m roll thus has a capacitance of 
65 pF/m x (150 m), or 9750 pF. When charged with a high voltage, as is done in 
breakdown voltage tests at the factory, the cable acts like a charged high-voltage 
capacitor. Although rarely (if ever) lethal to humans, the stored voltage in new 
cable can deliver a nasty electrical shock and сап irreparably damage electronic 
components. 


Coaxial cable cutoff frequency F, 
"The normal mode in which a coaxial cable propagates a signal is as a transverse. 
electromagnetic (TEM) wave, but others are possible—and usually undesirable 
‘There is a maximum frequency above which TEM propagation becomes a prob- 
lem, and higher modes dominate. Coaxial cable should not be used above a fre 
quency of 


wens ot 13.8B] 


where 
Fis the TEM-mode cutoff frequency 
Dis the diameter of the outer conductor, in inches 
dis the diameter of the inner conductor, in inches 
e is the dielectzie constant 


When maximum operating frequencies for cable are listed, it is the TEM mode 
that is cited, Beware of attenuation, however, when making selections for microwave. 
frequencies. A particular cable may have a sufficiently high TEM-mode frequency, 
Dut still exhibit a high attenuation per unit length at X or Ku bands. 
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Transmission line responses 


In order to understand the operation of transmission lines, we need to consider two 
vases: step-function response and the steady-state ac response. The step-function. 
сазе involves a single event wh ie at the input of the line snaps from zero 
(ora steady value) to a new (or nonzero) value, and remains there until all action. 
dies out. This response tells us something of the behavior of pulses inthe line, and in 
fact is used to describe the response to a single-pulse stimulus. The steady-state ac 
response tells us something of the behavior of the line under stimulation by a simu- 
soidal RF signal. 


Step-function response of a transmission line 
Figure 3-3 shows a parallel transmission line with characteristic impedance Z, con- 
nected to a load impedance Z,. The generator at the input of the line consists of a 
voltage source V in series with a source impedance Z, and a switch S, Assume for 
the present that all impedances are pure resistances (Le., R +0). Also, assume 
that Z, =Z, 

When the switch is closed at time 7, (Fig. 3-4A), the voltage at the input of the 
line (V) jumps to V/2. In Fig. 2-2, you may have noticed that the LC circuit resem- 
bles a delay line circuit. As might be expected, therefore, the voltage wavefront 
propagates along the line at a velocity v of: 


13.9] 


where 
W is the velocity, in meters per second 


Lis the inductance, in henrys 
Cis the capacitance, in farads 


s 


3-3 Schematic example of transmission Ше, 
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34, Step-tunction propagation 
along transmission line at 5 
tree points, 


d, 


0 L 


AL time 7, (Fig. 3-48), the wavefront has propagated one-half the distance L, 
and by T, it has propagated the entire length of the cable (Fig. 3-4C). 

I the load is perfectly matched (Le., Z, = Z,), then the load absorbs the wave 
and no component is reflected. But in а mismatched system (Z, is not equal to Z), 
a portion of the wave is reflected back down the line toward the generator, 

Figure 9-5 shows the rope analogy for reflected pulses in a transmission line. A 
taut rope (Fig, 3-5A) is tied to a rigid wall that does not absorb any of the energy in 
the pulse propagated down the rope. When the free end of the rope is given a verti- 
cal displacement (Fig. 3-5B), a wave is propagated down the rope at velocity v (Fig. 
3-50). When the pulse hits the wall (Fig. 3-50), it is reflected (Fig. 3-5E) and prop- 
gates back down the rope toward the free end (Fig. 3-5F). 

Ira second pulse is propagated down the line before the first pulse dies out, then 
there will be two pulses on the line at the same time (Fig. 3-64). When the two 
pulses interfere, the resultant will be the algebraic sum of the two. In the event that 
а pulse train is applied to the line, the interference pattern will set up standing 
waves, an example of which is shown in Fig. 2-68, 


Reflection coefficient 
‘The reflection coefficient T of a circuit containing a transmission line and load im- 
pedane is a measure of how well the system is matched. The absolute value of the re- 
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standard version. From the feedpoint toward the open end of the 
end-gap version or from the shorting bar away from the feedpoint, 
the transmission-ine currents decrease from their feedpoint region 
value toward zero. At the same time, the current magnitude 
distribution on the feedpoint side toward the closed end (to the right 
on the graph) result in higher current magnitudes-in fact about as 
much higher than the standard version as the low end is lower than 
the standard version. However, at the center of the antenna, the 
transmission-line currents have very comparable values. 
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36B Standing waves, 


ection coefficient varies from -1 to +1, depending upon the magnitude of reflection; 
T = 0 indicates a perfect match with no reflection, while -1 indicates a short-cireuited 
load, and 41 indicates an open circuit. To understand the reflection coefficient, let's 
start with a basic definition of the resistive load impedance Z = R + jo 


.Y 13.10] 


f, is the load impedance R + 70 
Vis the voltage across the load 
Tis the current flowing in the load 


Because there are both reflected and incident waves, we find that Vand are ас 
tually the sum of incident and reflected voltages and currents, respectively, There 
fore: 


[311A] 


1.118] 


V, is the incident (Le., forward) voltage 
Ич is the reflected voltage 
1, the incident current 
Tsis the reflected current 


© 
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Because of Ohm's law, you can define the currents in terms of voltage, current, 
and the characteristic impedance of the ine: 


13.12] 
and 
13.13] 
(The minus sign in Eq. 3.18 indicates that a direction reversal has taken place.) 


nd 3. 


"The two expressions for current (Eqs. 3.12 
Eq. 3.11 to yield 


may be substituted into 


‘ow + Veet 


[3.14] 


7 


‘The reflection coefficient Fis defined as the ratio or reflected voltage to incident 
voltage: 


12.15] 


Using this ratio in Eq. 


14 gives 


c5 
2,12, 


13.16] 


Example 3.3 A 50.0 transmission line is connected to a 3 
Calculate the reflection coefficient Г. 


10-0 resistive load. 


Z-z, 
2+2, 


508) - (300) 
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Example 3-4 In Example 3-3, the incident voltage is 3 V rms. Calculate the re- 
ected voltage. 

Solution: 

и 


then 


v. 


barer Ving 


= (0.25) GV) = 0.75 V 


‘The phase of the reflected signal is determined by the relationship of load im- 
pedance and transmission ine characteristic impedance. For resistive loads (Z = R + 
JO) iE the ratio Z,/Z, is 1.0, then there is no reflection; Z,/Z, is less than 1.0, then. 
the reflected signal is 180" out of phase with the incident signal; if the ratio Z,/Z, is 
greater than 1.0 then the reflected signal is in phase with the incident signal 
In summary: 


Angle of 
Ratio reflection 
p No reflection 
Z IZ <1 ав 

Zi d 


‘The step-function (or pulse) response of the transmission line leads to a power- 
ful means of analyzing the line, and its load, on an oscilloscope. Figure 3-7A shows 
(Gn schematic form) the test set-up for time domain reflectometry (TDR) mea- 
surements. An oscilloscope and a pulse (or square-wave) generator are connected in 
Parallel across the input end of the transmission line. Figure 2-7B shows a pulse test. 
jig built by the author for testing lines at HF. The small shielded box contains a TTL 
‘square-wave oscillator circuit. Although а crystal oscillator can be used, an RC timed. 
circuit running close to 1000 KHz is sufficient, In Fig. 3-7B, you ean see the test pulse 
generator box is connected in parallel with the cable under test and the input of the. 
oscilloscope. A closer look is seen in Fig. 3-TC. A BNC "tee" connector and a double 
male BNC adapter are used to interconnect the bos with the ‘scope. 

Ifa periodic waveform is supplied by the generator, then the display on the 08- 
«Шозсоре will represent the sum of reflected and incident pulses, The duration of 
the pulse (Le, pulse width), or one-half the period of the square wave, is adjusted so. 
that the returning reflected pulse arrives approximately in the center of the incident 
pulse. 

Figure 3-8 shows a TDR display under several circumstances. Approximately 
30 m of coaxial cable, with a velocity factor of 0.66, was used in a test setup similar 
to Fig. 2-7. The pulse width was approximately 0,9 microseconds (ps). The hori- 
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7C Close-up of RF 


38A Шейше! TDR pulse, Small "pi 
on tops reflected signal 
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09 ps- 


zontal sweep time on the Scope was adjusted to show only one pulse—which, in this 
case, represented one-half of a 550-kHz square wave (Fig. 3-8B). 

The displayed trace in Fig. 3-8B shows the pattern when the load is matched to 
the line (2, = 7,). A slight discontinuity exists on the high side of the pulse, and this 
represents а small reflected wave. Even though the load and line were supposedly 
matched, the connectors at the end of the line presented a slight impedance discon- 
tinuity that shows up on the Scope as a reflected wave. In general, any discontinuity 
in the line, any damage to the line, any too-sharp bend, or other anomaly, causes а 
slight impedance variation, and hence a reflection, 
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The differences in transmission-line current distribution between 
standard and variant versions would make a difference only if we 
end-feed the folded dipole, as in the many variations on the J-pole, 
and then only in the impedance at the end feedpoint. However, the 
center-short version of the antenna is normally fed at the center or 
as close to it as may be feasible. Hence, we would not be able on 
range tests to tell the difference between the center-short version 
and a standard version. Equally, the construction difference used 
for the end-gap version would hide itself in range test, which would 
show only the radiation patterns and field strengths for any tested 
version. 


You might note that these notes on the folded dipole do not have a 
section entitled "conclusion." There have been multiple updates to 
these notes. Each time that | think these notes should end, | learn 
something new and interesting (at least to me) about folded dipole 
behavior. I have no good reason to think that my latest additions 
and revisions should be any different. More on this topic in the next 
Chapters. 
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where 
V, is the voltage received at the far end of the line 
Vis the applied voltage 
Lis the length of the line 
y isthe propagation constant of the line 


"The propagation constant y is defined in various equivalent ways, each of which 
serves to illustrate its nature. For example, the propagation constant is proportional 
to the product of impedance and admittance characteristics of the line: 


„ 13.20] 


or, since Z = R + J ta L and Y = G + j w C, we may write 


y= VEO G 1321] 


You can also write an expression for the propagation constant in terms of the 
ine attenuation constant а and phase constant В: 


у=а+јв 1322] 


If you can assume that susceptance dominates conductance in the admittance 
term, and reactance dominates resistance in the impedance term (both usually true 
at microwave frequencies), then we may neglect the R and G terms altogether and 
write: 


v=je VIG 1323] 


We may also reduce the phase constant to 


1524 
B-azc 18.25) 

and, of course, the characteristic impedance remains: 
ме 13.26) 


Special cases 
‘The impedance “looking into" а transmission line (Z) is the impedance presented to 
the source by the combination of load impedance and transmission line characteris- 
tic impedance. Below are presented equations that define the looking-tn impedance. 
seen by a generator (or source) driving a transmission line. 
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"The case where the load impedan 
matched is defined by 


ind line characteristic паре 


R,+j0=Z, 

In other words, the load impedance is resistive and equal to the characteristic 
impedance of the transmission line. In this ease, the line and load are matched, and 
the impedance looking in will be a simple Z = Z, = 2, In other cases, however, we 
find different situations where Z, is not equal to Z, 


1. Z, is not equal to Z, in a random-length lossy line: 


Za + Z, tanh (00) 


2,22, шй (yb n 


2-0) [ 
where 
Zis the impedance looking in, in ohms 
Z, is the load impedance, in ohms 
Z, is the line characteristic impedance, in ohms 


Tis the length of the line, in meters 
1 the propagation constant 


2. Z, not equal to Z, in a lossless, or very low loss, random-length line: 


Z, +, tan (B) 


RATIO 


Equations 427 and 3.28 serve for lines of any random length. For lines that are ei- 
ther integer multiples ofa half wavelength, or odd-integer (Le, 1, 3, 5, 7, ete.) mul- 
liples of  quarter-wavelength, special solutions for these equations are found and 
some of these solutions are very useful in practical situations. For example, consider 


3. Hali-wavelength lossy lines: 


+Z, tanh (al) 
лаш (al) 


e) | 13:29] 


Example 3-5 A lossless Б0- (Z,) transmission line is exactly one-half wave- 
length long and is terminated in a load impedance of Z = 30 + JO, Calculate the input. 
impedance looking into the line. (Note: in а lossless line a = 0.) 

Solution: 
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zwo 30 + 50 tanh [(0) (D1 } 


50 + 30 tanh [(0) ©] 


30 + 50 tanh (0) 
50 + 30 tanh (0) 


ва (3222) 
50+0 


(60:2) (30/50) =30 а 


„co 


In Example 3-5 we discovered that the impedance looking into a lossless (or 
very low loss) half-wavelength transmission line is the load impedance: 


z-z, 13:10] 


"The fact that ine input impedance equals load impedance, is very useful in cer- 
tain practical situations. For example, a resistive impedance is not changed by the 
line length. Therefore, when an impedance is inaecessible for measurement pur- 
poses, the impedance can be measured through a transmission line that is an integer 
multiple of a half wavelength. 

Our next special case involves a quarter-wavelength transmission line, and those 
that are odd integer multiples of auarter-wavelengths (of course, even integer mul- 
tuples of a quarter wavelength obey the half-wavelength criteria) 


4. Quarter-wavelength lossy lines 


Z, + Z, coth (al) 
| AA 13:11 


2= 2 [7 12, cath (al) 


and 


5. Quarter-wavelength lossless or very low loss lines: 


1232] 


From Eq, 332, you can discover an interesting property of the quarter-wave 
length transmission line. First, divide each side of the equation by Z, 


1333] 
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The ratio 20 
another wa 


shows an inversion of the load impedance 


ию Z,/Z,, or, stated 


2 T 
Z5 13.35] 


Again, from Eq. 
‘transmission lines: 
u 


13.36] 
then 
1337] 
which means 
13.38] 
Equation 3.38 shows that a quarter-wavelength transmission line ean be used as 


an impedance matching network. Called a © section, the quarter-wavelength 
transmission line used for impedance matching requires a characteristic impedance 
ZL is the source 
Example 3-6 A 50-0 source must be matched to a load impedance of 36 Q. 
Find the characteristic impedance required of a Q section matching network. 
Solution: 


Viso) GID} 
VOE 


2o 


6. Transmission line as a reactance: Reconsider Eq. 3.28, which related im- 
pedance looking in to load impedance and line length: 


„ | tm am on 
= | e tan ED ا‎ 


Now, for the case of a shorted line (Le, Z, = 0), the solution is 


13.40] 


P e| (0) 42, tan BD ] 


JO tan (FD 
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j£, tan (B 
zem] ini 
23%, an (BD 13421 

Recall from Eq. 2:25 that 
51 13431 

Substituting Ba, 3.43 into Eg. 9.42 produces 

Z=jZ, tan (oZ CD) [3.44] 
2 l un (212,00) 13.45] 


Because the solutions to Eqs. 3.44 and 3.45 are multiplied by the j operator, the 
impedance is actually a reactance (Z = 0 + jX). It is possible to achieve almost any 
possible reactance (within certain practical limitations) by adjusting the length of 
the transmission line and shorting the "load" end. This fact leads us to a practical 
‘method for impedance matching, 

Figure 3-10А shows a circuit in which an unmatched load is connected to a 
transmission line with characteristic impedance Z,, The load impedance Z, is of the 
form Z = R + jX, and, in this case, it is equal to 50 — 720. 

А complex impedance load can be matched to its source hy interposing the com- 
plex conjugate of the impedance. For example, in the case where Z = 50 — 720, the 
‘matching impedance network will require an impedance of 50 + J20 £ The two im- 
pedances combine to produce a result of 50/0. The situation of Fig. 3-10A shows a 
‘matching stub with a reactance equal in magnitude, but opposite in sign, with. 
spect to the reactive component of the load impedance. In this case, the stub has a 
reactance of 4/20 Q to cancel a reactance of -j20 © in the load. 

A quarter-wavelength shorted stub is a special case of the stub concept that. 
finds particular application in microwave circuits, Waveguides (Chap. 19) are based. 
on the properties of the quarter-wavelength shorted stub. Figure 3-10B shows a 
quarter-wave stub and its current distribution. The current is maximum across the 
short, but wave cancellation forces it to zero at the terminals. Because Z = Vil, when 
1 goes to zero, the impedance becomes infinite. Thus, a quarter-wavelength stub has 
an infinite impedance at its resonant frequency, and redundant acts as an insulator 
‘This concept may be hard to swallow, but the stub is a "metal insulator.” 


Standing wave ratio. 
‘The reflection phenomenon was noted earlier during the coverage of the step- 
function and single-pulse response of transmission line; the same phenomenon also 
applies when the transmission lineis excited with an ac signal. When a transmission 
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Transmission ЫЗ 


line (Z, =50 0) 


0-00 


Shorted 
stub (A = +200) 


3AQA Stub matching system. 


ine is not matched to its load, some of the energy is absorbed by the load and some 
is reflected back down the line toward the source. The interference оГ incident (or 

forward”) and reflected (or "reverse") waves creates standing waves on the trans- 
mission line. 

Ifthe voltage or currentis measured along the Jine, it will vary, depending on the 
load, according to Fig. 3-11. Figure 3-11А shows the voltage-versus-length curve for 
a matched line (Le., where Z, = Z,). The line is said to be "fat" because the voltage 
(and current) is constant all long the line. But now consider Figs. 3-1 1B and 3-11C. 

Figure 3-118 shows the voltage distribution over the length of the line when the 
load end of the line is shorted ͤ at the load end the voltage is 
zero, which results from zero impedance. The same impedance and voltage situa- 
tion is repeated every half-wavelength down the line from the load end toward 
the generator, Voltage minima are called nodes, and voltage maxima are called 
amtinodes 

‘The pattern in Fig. 3-110 results when the line is unterminated (open) (Le., 
Z, = œ). Note that the pattern is the same shape as Fig. 3-118 (shorted line), but 
the phase is shifted 90". In both eases, the reflection is 100 percent, but the phase 
of the reflected wave is opposite. 

Figure 3-11D shows the situation in which Z, is not equal to Z, but is neither 
zero nor infinite. In this case, the nodes represent some finite voltage, V, rather 
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than zero, The standing wave ratio (SWR) reveals the rel 
and line 

Ifthe current along the line is measured, the pattern will resemble the patterns 
of Fig, 9-11, The SWR is then called ISWR, to indicate the fact that it came from a 
current measurement, Similarly, ifthe SWR is derived from voltage measurements it 
is called VSWR. Perhaps because voltage is easier to measure, VSWR is the term. 
most commonly used in most radio work. 

VSWR can be specified in any of several equivalent ways: 


lationship between load 


1. From incident voltage (У) and reflected voltage (V J: 


13.46] 


1347] 
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3. From load and tine characteristic impedances: 


(2, >Z) VSWR = 2/2, 1348] 
(8, <2 VSWR = 2/2, 18.49] 


4. From incident (P,) and reflected (P. ) power- 


1+VEJE, 
VEP 19.50] 
5. From reflection coefficient (Г): 
узун = HE 13.511 
i-r 


It is also possible to determine the reflection coefficient Г from a knowledge of 
узуун: 


УЗУН -1 
SWR + 1 


13.52] 


‘The relationship between reflection coefficient Fand VSWR is shown in Fig. 
Em 

VSWR is usually expressed as а ratio. For example, when Z, is 100 Q and Z, is 
500, the VSWR is 2,/2, = 100 9150.0 = 2, which is usually expressed as VSWR = 2:1. 
VSWR can also be expressed in decibel form: 


VSWR = 20 log Û 


WR) 18.53] 


Example 3-7 A transmission line js connected to a mismatched load. Calculate 
both the VSWR and VSWR decibel equivalent if the reflection coefficient T is 0.25, 
Solution: 


(a) VSWR 
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3-11 Voltage versus electrical 


ong: (А) Matched impedances, (В) 
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3-11 Continued: (D) Z, not equal to Z, 


‘The SWR is regarded as important in systems for several reasons. The base of 
these reasons is the fact that the reflected wave represents energy lost to the load, 

For example, in an antenna system, less power is radiated if some of its input power 
is reflected back down the transmission line, because the antenna feedpoint imped- 
ance does not match the transmission line characteristic impedance, The next sec- 

tion covers the problem of mismatch losses. 


‘Mismatch (VSWR) losses 
‘The power reflected from a mismatched load represents а loss, and will have impli- 
cations that range from negligible to profound, depending on the situation. For ex- 
ample, one result might be a slight loss of signal strength at a distant point from an 
antenna, A more serious problem can result in the destruction of the output device 
in a transmitter. The latter problem so plagued early solid-state transmitters that 
designers opted to include shutdown circuitry to sense high VSWR, and turn down. 
‘output power proportionally. 

In microwave measurements, VSWR on the transmission lines (that intercon- 
nect devices under test, instruments, and signal sources) ean cause erroneous read- 
ings—and invalid measurements. 

Determination of VSWR losses must take into account nuo VSWR situations. 
Figure 3-9 shows a transmission line of impedance Z, interconnecting a load imped- 
ance Z,, and a source with an output impedance Z, There is a potential for imped- 
ance mismatch at both ends of the line, 

In the case where one end of the line is matched (either Z, or Z,), the mismatch 
loss caused by SWR at the mismatched end is 


NL 13.54] 


SWR-1 Y] 
some (a) 
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Chapter 28: The Terminated Wide-Band Folded Dipole 


of smaller urban and suburban yard, hams have begun to 
turn to 1-antenna solutions to their operating needs, Among 
the choices for a horizontal antenna that operates on all of the HF 
amateur bands, the wide-band “folded dipole” (WBFD) has been 
gaining popularity. | thought that it might be useful to do some 
comparative studies using this antenna as a base-line. 


А: space for antennas continues to shrink in the present era 


The basic WBFD looks something like Fig. 1. 


90 Typical. 


eiue Resa, УУ 000000 Ohne Bre 
Typical Wide-Band E RF Transformer 
ee geg S тл 


The antenna design appears to be a folded dipole. However, а 
folded dipole is a resonant antenna, while the WBFD is designed to 
operate with a low feedpoint impedance across a wide range of 
frequencies, Moreover, the WBFD contains a non-inductive 
terminating resistor usually located at the point in the loop directly 
opposite the feedpoint. Normally, the resistor is in the 800-900 Ohm 
range. This impedance is roughly replicated at the feedpoint. 
Therefore, builders install a 16:1 RF transformer (either of 
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10 log (1-1) 13.55] 


Example 3-8 A coaxial transmission line with a characteristic impedance of 50 
Qis connected to the 50-2 output (7,) of a signal generator, and also to а 20-W load 
impedance Z,. Calculate the mismatch loss, 

Solution: 

(a) First find the VSWR: 


VSWR = 22, 
= (50 0) 


(0) Mismatch loss: 


10 og [1 - (0.49) 
=-10 og [1 = 0.185] 
10 log [0815] 
C10) (0.089) 


ова 
When both ends of the line are mismatched, a different equation is required: 
ML = 20 log l1» T, «TJI 19.56] 
where 
T, is the reflection coefficient at the source end of the Ше, 
(VSWR, — DICVSWR, +1) 


T, is the reflection coefficient at the load end of the line, 
(VSWR, УЗИ, + 1) 


Note that the solution to Eq. 3.56 has two values: [1 + rr. and [1 — (F,r). 

The equations reflect the mismatch оза solution for low-loss or “lossless” trans 
mission lines. This а close approximation in some situations; however, it is insuffi- 
cient when the line is lossy. Although not very important at low frequencies, loss 
becomes higher at microwave frequencies, Interference between incident and re- 
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ected waves produces increased current at certain antinodes which increases 
ohmic losses—and increased voltage at certain antinodes—which increases dielec- 
tric losses. It is the latter that increases with frequency. Equation 3.57 relates re- 
ection coefficient and line losses to determine total loss on a given line 


Los 


о (5) - 


where 
Loss is the total line loss in decibels 
T is the reflection coefficient 
is the quantity 106 
A is the total attenuation presented by the line, in decibels, when the line is properly 
matched (Z, = Z,) 


Example 3-9 A 50- transmission Jine is terminated in а 30.0 resistive imped- 
ance. The line is rated at a loss of dB/100 ft at 1 GHz. Caleulate (a) lossin 5 ft ofline, 
(b) reflection coefficient, and (с) total lass in a 5- line mismatched per above, 


Solution: 
зав 2 

az 248. x5 = 015 dB 

0 

[T 


100 
NT 


104 


Loss 


soe [gts] 
TO - (1.04) (0963) 
1019 
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vov (18) 


Dor 
= 10 log (1.046) 
= (10) (0.02) = 02 dB 

Compare the matched line loss (A = 0.15 dB) with the total loss (Loss = 0.2 dB), 


which includes mismatch loss and line loss, The difference (Le., Loss — A) is only 
0.05 dB. If the VSWR was considerably larger, however, the loss would rise. 
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CHAPTER 


The Smith chart 


THE MATHEMATICS OF TRANSMISSION LINES, AND CERTAIN OTHER DEVICES, BECOMES 
‘cumbersome at times, especially in dealing with complex impedances and "nonstan- 
dard” situations. In 1989, Phillip Н. Smith published a graphical device for solving 
these problems, and an improved version of the chart followed in 1945. That graphic 
aid, somewhat modified over time, is still in constant use in microwave electronics, 
and other fields where complex impedances and transmission line problems are 
found. The Smith chart is indeed a powerful tool for the RF designer, 


Smith chart components 


‘The modern Smith chart is shown in Fig. 4-1. It consists ofa series of overlapping or- 
thogonal circles (le. circles that intersect each other at right angles). This chapter 
will dissect the Smith chart, so that the origin and use of these circles is apparent. 
‘The set of orthogonal circles makes up the basic structure of the Smith chart 


The normalized impedance line 

A baseline is highlighted in Fig. 4-2, and bisects the Smith chart outer circle. This 
line is called the pure resistance line, and forms the reference for measurements 
made on the chart. Recall that a complex impedance contains both re 
reactance, and is expressed in the mathematical form: 
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Zs the complex impedance 
Ris the resistive component of the impedance 
X is the reactive component of the impedance 


‘The pure resistance line represents the situation where X = 0, and the imped- 
ance is therefore equal to the resistive component only. In order to make the Smith 
‘chart universal, the impedances along the pure resistance line are normalized with 
reference to system impedance (e.g. Z, in transmission lines); for most microwave 
RF systems the system impedance is standardized at 50 £2. In order to normalize the 
actual impedance, divide it hy the system impedance, For example, if the load im- 
pedance of a transmission line is Z,, and the characteristic impedance of the line is 
Z, then Z = ZZ,. in other words, 


1421 


‘The pure resistance line is structured such that the system standard impedance 
is in the center of the chart, and has a normalized value of 1.0 (see point А in Fig. 4- 
2), This value derives from the fact that 22, = 1.0. 

To the left of the 1.0 point are decimal fraction values used to denote imped- 
ances less than the system impedance. For example, in a 50-0 transmission line sys- 
tem with а 25-0 load impedance, the normalized value of impedance is 25 0/50 Q or 
0,50 (*B"in Fig. 4-2). Similarly, points to the right of 1.0 are greater than 1 and de- 
note impedances that are higher than the system impedance. For example, in a 50- 
A system connected to a 100-0 resistive load, the normalized impedance is 100 0/50 
0, or 2.0; this value is shown as point C in Fig. 4-2. By using normalized impedances, 
you can use the Smith chart for almost any practical combination of system, and load 
“and/or source, impedances, whether resistive, reactive, or complex, 

Reconversion of the normalized impedance to actual impedance values is done 
by multiplying the normalized impedance by the system impedance. For example, if 
the resistive component of a normalized impedance is 0.45, then the actual imped- 


G d из 
= (0.45) (50.2) 1441 
250 из 


The constant resistance circles 
"The isornsistance circles, also called the constant resistance circles, represent 
points of equal resistance. Several of these cireles are shown highlighted in Fig. 4-3, 
"These circles are all tangent to the point at the righthand extreme of the pure resis- 


“According tothe standard sign convention the induetiye reactance CF, posto (+) and the capaci- 
ше reactance (F) is negative (-) The term ln Eq, 4.1 above the difference between the то reac 
tances (X =X, X, 
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tance line, and are bisected by that line, When you construct complex impedances 
Gor which X = nonzero) on the Smith chart, the points on these circles will ll have 
the same resistive component. Circle A, for example, passes through the center of 
the chart, so it has a normalized constant resistance af 1.0, Note that impedances, 
that are pure resistances (Le., Z = R + JO) will fall at the intersection of a constant 
sistance circle and the pure resistance line, and complex impedances (Le., X not 
equal to zero) will appear at any other points on the circle, In Fig. 4-3, circle A 
passes through the center of the chart, so it represents all points on the chart with a 
normalized resistance of 1.0. This particular circle is sometimes called the unity 
resistance circle. 


‘The constant reactance circles 
Constant reactance circles are highlighted in Fig. 4-4, The circles (or circle seg- 
ments) above the pure resistance line (Fig. 4-4A) represent the induetipe reac- 
tance (+X), and those circles (or segments) below the pure resistance line (Fig. 
4448) represent capacitive reactance (=X), In both cases, circle A represents а 
normalized reactance of 0.80, 

One of the outer circles (i, circle A in Fig. 4-4C) is called the pure reactance 
circle. Points along circle A represent reactance only; in other words, an impedance 
of = 0 =X = 0), 

Figure 44D shows how to plot impedance and admittance on the Smith chart. 
Consider an example in which system impedance Z, is 50 Q, and the load impedance 


is Z, = 95 + J55 Q. This load impedance is normalized to 
2. 4.61 
2. 1461 
_ +A 
20 f 14.7] 
=19+j11 14.8] 


An impedance radius is constructed by drawing a line from the point repre- 
sented by the normalized load impedance, 1.9 + j1.1, to the point represented by the 
normalized system impedance (1.0) in the center of the chart. A circle is con- 
structed from this radius, and is called the VSWR circle. 

Admittance is the reciprocal of impedance, so it is found from 


1 


bo 


149] 


Because impedances in transmission lines are rarely pure resisive, but rather 
contain a reactive component also, impedances are expressed by complex notation: 


КГЗ 14.10] 


Chapt Fake 4/1/01 1433 MM Page 101 © 


Smith chart components 101 


IMPEDANCE OR ADMITTANCE COORDINATES 


Antennas Made of Wire - Volume 2 


transmission-line transformer or normal transformer design) at the 
feedpoint. The result is a low SWR value for 50-Ohm coaxial cable 
across the entire frequency range. 


For receiving use, such as in SWL service, the terminating resistor 
can be a low wattage carbon type. For transmitting service, the 
resistor must have a power value capable of dissipating a fair share 
of the applied power. The exact amount will vary with frequency, 
but commercial versions of the antenna are often rated for reduced 
power at the low end of the operating range, where power 
dissipation is highest. 


Commonly, WBFD antennas аге offered in а 90 to 100 foot length 
(27-28 meters) for service between 2 and 30 MHz. However, one 
can build WBFD antennas in almost any length. Only the effective 
operating range of frequencies will change. 


Since we may also construct doublets of the same length and feed 
them with parallel transmission line to an antenna tuner, it seemed 
fair to compare the gain of such a doublet with that of a WBFD of 
the same length across the 2-30 MHz range. The model | chose for 
the WBED is 27.2 m (89.24) long, with the wires separated 0.2 m. 
(7.8"). The terminating resistor is 820 Ohms, a standard value used 
in some commercial models. (Other commercial units use 900 
Ohms, often composed of 3 2700-Ohm resistors in parallel.) The 
wire is #14 AWG. The doublet is a simple length of #14 copper wire 
exactly as long as the WBFD. 
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Z is the complex impedance 
Ris the resistive component 
X is the reactive component. 


In order to find the complex admittance, take the reciprocal of the complex im- 
pedance by multiplying the simple reciprocal by the complex conjugate of the im- 
pedance. For example, when the normalized impedance is 1.9 + 1.1, the normalized 
admittance will be: 


uu 


[4.12] 


1413] 


00 Non 14.141 


One of the delights of the Smith chart is that this calculation is reduced to a 
‘quick graphical interpretation! Simply extend the impedance radius through the 1.0 
center point until ît intersects the VSWR circle again. This point of intersection rep- 
resents the normalized admittance of the load. 


Outer circle parameters 
"The standard Smith chart shown in Fig. 4-4C contains three concentric calibrated 
circles on the outer perimeter of the chart, Circle A has already been covered and it 
is the pure reactance circle. The other two circles define the wavelength distance 
(B) relative to either the load or generator end of the transmission line, and either 
the transmission or reflection coefficient angle in degrees (С). 

‘There are two seales on the wavelength circle (B in Fig 4-40), and both have 
their zero origin on the left-hand extreme of the pure resistance line. Both scales 
represent one-half wavelength for one entire yevotution, and are calibrated from 
O through 0.50 such that these two points are identical with each other on the circle, 
In other words, starting at the zero point and travelling 200" around the circle brings 
‘one hack to zero, which represents one-half wavelength, or 0.5 А. 

Although both wavelength scales are of the same magnitude (0 - 0.50), they are 
opposite in direction. The outer scale is calibrated clockwise and it represents wave- 
lengths toward the generator; the inner scale is calibrated counterclockwise and 
represents wavelengths toward the load. These two scales are complementary at 
all points. Thus, 0.12 on the outer scale corresponds to (0.50 — 0.12) or 0.38 on the 
inner scale, 
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"The angle of transmission coefficient and angle of reflection coefficient 
scales are shown in circle C in Fig. 440. These scales are the relative phase angle be- 
tween reflected and incident waves. Recall from transmission line theory (see Chap. 3), 
that a short circuit at the load end of the line reflects the signal back toward the gen- 
erator 180° aut of phase with the incident signal; an open line (Le., infinite imped- 
ance) reflects the signal back to the generator in phase (Le., 0°) with the incident. 
signal. These facts are shown on the Smith chart by the fact that both scales start at 
0° on the right-hand end of the pure resistance line, which corresponds to an infinite 
resistance, and it goes halfway around the circle to 180° at the Û end of the pure re- 
sistance line. Note that the upper half-circle is calibrated 0 to +180", and the bottom 
half cirole is calibrated 0 to -180*, reflecting indictive or capacitive reactance situa- 
tions, respectively. 


Radially scaled parameters 
There are six scales laid out on five lines (D through G in Fig, 4-4C and in expanded 
form in Fig. 4-5) at the bottom of the Smith chart. These scales are called the radi- 
айу seated parameters-—and they are both very important, and often overlooked. 
With these scales, we can determine such factors as VSWR (both as a ratio and in 
decibels), return loss in decibels, voltage or current reflection coefficient, and the 
power reflection coefficient 

"The reflection coefficient Fis defined as the ratio of the reflected signal to the 
incident signal, For voltage or current: 


25 4.15] 
E. н 
and 
= 11:16 
D мла 
Power is proportional to the square of voltage or current, so: 
же uan 
P 
тые ила 


Example 10 W of microwave RF power is applied to a lossless transmission 
line, of which 2.8 W is reflected from the mismatched load, Calculate the reflec- 
tion coefficient. 
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"The voltage reflection coefficient Г is found by taking the square root of the 
power reflection coefficient, so in this example it is equal to 0.529. These points are 
plotted at A and B in Fig, 4-5. 

Standing wave ratio (SWR) can be defined in terms of reflection coefficient: 


14r 


sun 122 
г 
M 14 Mr 
VSWR = I- f. 1423] 
or, in our example, 
1+ VORB 
vswe= L028 124 
1428] 
1426] 
or in decibel orm, 
VSWR = 20 log (VSWR) n 
20 log (20) 1428] 
0) (0510) 1429] 


"These paints are plotted at C in Fig, 4-5. Shortly, you wil work an example to 
show how these factors are calculated in a transmission line problem from a known. 
complex load impedance. 

Transmission loss is a measure of the one-way loss of power in a transmission 
line because of reflection fram the load. Retzrn loss represents the two-way loss, so 
itis exactly twice the transmission loss. Return loss is found from 


Loss, = 10108 Ty) 14.30] 
and, for our example in which T = 0.28, 

Loss, = 10108 (0.28) изп 

= (10) (0.558) = -5.53 dB 11321 
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‘This point is shown ав Din Fig. 4-5. 
The transmission loss coefficient can be calculated from 


m iu 
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The TLC is а correction factor that is used to calculate the attenuation caused. 
by mismatched impedance in a lossy, as opposed to the ideal “lossless,” line. The 
‘TLC is found from laying out the impedance radius on the loss coefficient scale on. 
the radially scaled parameters at the bottom of the chart. 


Smith chart applications 


One of the best ways to demonstrate the usefulness of the Smith chart is by practi- 
cal example. The following sections look at two general cases: transmission line 
problems and stub matching systems. 


Transmission line problems. 
Figure 4-6 shows a 50-0 transmission line connected to a complex load impedance 
Z, оГ 36 + HO Q. The transmission line has a velocity factor v of 0.80, which means 
that the wave propagates along the line at % the speed of light (с = 300,000,000 mu). 
"The length of the transmission line is 28 cm. The generator V, is operated at a fre- 
‘quency of 45 GHz and produces a power output of 1.5 W See what you can glean 
from the Smith chart (Fig. 4-7) 

First, normalize the load impedance, This is done by dividing the load imped- 
ance by the systems impedance (in this case, Z, = 50 0): 


14.36] 


1437] 


‘The resistive component of impedance Z is located along the 0,72 pure resistance 
circle (see Fig, 4-7). Similarly, the reactive component of impedance Z is located by 
traversing the 0,72 constant resistance circle until the 4/08 constant reactance cir- 
de is intersected. This point graphically represents the normalized load impedance 
Z = 0.72 + j0.80. A VSWR circle is constructed with an impedance radius equal to the 
line between 1.0 (in the center of the chart) and the 0.72 + 08 point 
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4-6 Transmission line and load circi 


Ata frequency of 4.5 GHz, the length of a wave propagating in the transmission 
line, assuming a velocity factor of 0.80, is 
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28-cm line is 28 env5.3 cm, or 5.28 wavelengths long, A line drawn from the center 
(1.0) to the load impedance is extended to the outer circle, and it intersects the cir- 
cle at 0.1325. Because one complete revolution around this circle represents one- 
half wavelength, 5.28 wavelengths from this point represents 10 revolutions plus. 
0.28 more. The residual 0.28 wavelengths is added to 0.1325 to form а value of 
(0.1325 + 0.28), or 0.415. The point 0.413 is located on the circle, and is marked. A 
line is then drawn from 0.413 to the center of the circle, and it intersects the VSWR 
circle at 0.49 — 0.49, which represents the input impedance Z, looking into the line. 
‘To Пий the actual impedance represented by the normalized input impedance, 
you have to “denormalize” the Smith chart impedance by multiplying the result by Z 
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27.2 Meter Wide Band FD vs. Doublet 
Free-Space Gain 
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Fig. 2 compares the free-space gain of the мо antennas at 1 MHZ 
intervals from 2 to 30 MHz. Since the elevation angle of maximum 
radiation will be the same for both antennas for any height above 
ground and for any ground conditions, any differences that show up 
in the free-space model will also show up in actual antennas at any 
height above ground. 
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Za = (0.49 04) (50 0) 1442] 
-ms-psn 14431 


It is this impedance that must be matched at the generator by а conjugate match- 
ing network. 

"The admittance represented by the load impedance is the reciprocal of the load 
impedance, and is found by extending the impedance radius through the center of 
the VSWR circle until it intersects the circle again. This point is found, and repre- 
sents the admittance Y = 0.62 — 0.69, Confirming the solution mathematically: 


1 


14.44) 
1 072-080 
072755080 * 072-080 та 
080 _ 4 69 
080 L 962 — 0.69 1446] 


"The VSWR if found by transferring the "impedance radius" of the VSWR circle to 
the radial scales below. The radius (0.72 — 0.8) is laid out on the VSWR scale (top- 
most of the radially scaled parameters) with a pair of dividers from the center mark, 
and we find that the VSWR is approximately 2.6:1. The decibel form of VSWR is 8.3 
dB (next scale down from VSWR), and this is confirmed by 


VSWR = 20 log (VSWR) 1447] 
(20) log 27) 1448] 
= (20) (0431) = 83 dB. 14.49] 


‘The transmission loss coefficient is found in a manner similar to the VSWR, us- 
ing the radially scaled parameter scales. In practice, once you have found the VSWR 
you need only drop a perpendicular line from the 28:1 VSWR line across the other 
scales, In this case, the line intersects the voltage reflection coefficient at 0.44. The 
power reflection coefficient, i found from the scale, and is equal to T*. The per- 
 pendicular line intersects the power reflection coefficient line at 0.20, 

"The angle of reflection coefficient is found from the outer circles of the Smith 
chart, The line from the center to the load impedance (2 = 0.72 + j0.8) is extended 
to the angle of reflection coefficient in degrees circle, and intersects it at approxi- 
mately 84". The reflection coefficient is therefore 0.44/84" 

‘The transmission loss coefficient (TLC) is found from the radially sealed para- 
„meter scales also. In this case, the impedance radius is laid out on the loss coeffi- 
cient scale, where it îs found to be 1.5, This value is confirmed from: 
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‘The return loss is also found by dropping the perpendicular from the VSWR 
point to the RETIN LOSS, dB line, and the value is found to be approximately 7 dB, 
which is confirmed by 


Loss, = 10108 (T, dB. 1453] 
0 log (021) an 1454] 
10) (0.677) di 1455] 


TT dB = -6.9897 dB 14.56] 


"The reflection loss is the amount of RF power reflected back down the trans 
mission line from the load. The difference between incident power supplied by the 
generator (1.5 W in this example), А, — Р = Po, and the reflected power, is the ah- 
sorbed power (P); or in the case of an antenna, the radiated power, The reflection 
ossis found graphically by dropping a perpendicular from the TLC point (от by la 
ing out the impedance radius on the REFL. LOSS, dB scale), and in this example 
(Fig. 4-7) is 1 05 dB. You can check the calculations: 
“The return ossis -7 dB, so 


di = 1010 ( 2 4.571 
“Fa = 1010s | 7 14.57] 
0د‎ с) изи 
( Ba ) 
l 1459] 
14.60] 
14 61 
OYA5W =P, 14.621 
[p 1463] 
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‘The power absorbed by the load (P, is the difference between incident power 

and reflected power P. . If 0.3 W is reflected, then that means the absorbed 
s (1.5-0.3), or 12. 

"The reflection loss is -1.05 dB, and can be checked from: 


1,0 af = 10 log ( 75 4.64 
1,08 dB = 10 log zx) [4.64] 
5 1465] 

oan m 

0785= m 

(159) x (0785) =P, 1468] 
12W=P, 14.69] 


Now check what you have learned from the Smith chart. Recall that 1.5 W of 4.5- 
GHz microwave RF signal was input to a 50-0 transmission line that was 28 cm long. 
"The load connected to the transmission line has an impedance of 36 + j40, From the 


Smith chart: 
Admittance (load) ЕТ 
VSWR 261 
VSWR (dB): 8348 
Reflection coefficient (E) 044 
Reflection coefficient (Р) 2 
Reflection coefficient angle S degrees 
Return loss тав 
Reflection loss -105 dB 


"Transmission loss coefficient 18 


Note that in all cases the mathematical interpretation corresponds to the graph- 
ical interpretation of the problem, within the limits of accuracy of the graphical 
method. 


Stub matching systems 

A properly designed matching system will provide a conjugate match to a complex 
impedance. Some sort of matching system or network is needed any time the load 
impedance Z, is not equal to the characteristic impedance Z, of the transmission 
line, In a transmission line system, it is possible to use a shorted stub connected in. 
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parallel with the line, at a critical distance back from the mismatched load, in ordes 
to effect a match. The stub is merely a section of transmission line that is shorted at 
the end not connected to the main transmission line. The reactance (hence also sus- 
ceptance) of a shorted line can vary from -À to +A, depending upon length, so you 
can use a line of critical length Ly to cancel the reactive component of the load im- 
pedance. Because the stub is connected in parallel with the line it is a bit easier to 
‘work with admittance parameters, rather than impedance. 

Consider the example of Fig. 4-8, in which the load impedance is Z = 100 + j60, 
which is normalized to 2.0 + 1.3. This impedance is plotted on the Smith chart in 
Fig, 4-9, and a VSWR circle is constructed. The admittance is found on the chart at 
point Y = 037-022 

In order to provide a properly designed matching stub, you need to find two 
lengths. L, is the length (relative to wavelength) from the load toward the generator 
(see L, in Fig. 4-8); L, îs the length of the stub itself. 

The first step in finding a solution to the problem is to find the points where the 
unit conductance line (1.0 at the chart center) intersects the VSWR circle; there are 
two such points shown in Fig. 4-9: 10 + 1.1 and 10 — 1.1. Select one of these 
(choose 1.0 + 1.1) and extend a line from the center 1.0 point through the L0 + 1.1 
point to the outer circle (WAVELENGTHS TOWARD GENERATOR). Similarly, a 
line is drawn from the center through the admittance point 0.37 — 0.22 to the outer 
circle, These two lines intersect the outer cirele at the points 0.165 and 0.461. The 
distance of the stub back toward the generator is found from: 


L, = 0.165 + (0500-0460 А ило 
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Matching stub 
Conditions 
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448 Matching stub length and position 
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=0.165 + 0.030 ил 
=0204% илз 


‘The next step is to find the length of the stub required, This is done by finding 
two points on the Smith chart, First, locate the point where admittance is infinite 
(far right side of the pure conductance line); second, locate the point where the ad- 
mittance is 0 — 1.1. (Note that the susceptance portion is the same as that found 
‘where the unit conductance eirele crossed the VSWR circle.) Because the conduc- 
tance component of this new point is 0, the point will lay on the -j1.1 circle at the in- 
tersection with the outer circle. Now draw lines from the center of the chart through 
each of these points to the outer circle. These lines intersect the outer circle at 0.368 
and 0.250. The length of the stub is found from. 


L, = (01068 — 0.250). илз 


=0.118% тала 


From this analysis you can see that the impedance, Z = 100 + j80, can be 
‘matched by placing а stub ofa length 0.118 at a distance 0.204 back from the load, 


The Smith chart in lossy circuits 
"Thus far, you have dealt with situations in which loss is either zero (Le., ideal trans- 
mission lines), or so small as to be negligible. In situations where there is apprecia- 
ble loss in the circuit or line, however, you see a slightly modified situation. The 
VSWR circle, in that case, is actually a spiral, rather than a circle. 
Figure 4-10 shows a typical situation, Assume that the transmission Jine is 
0,602. long, and is connected to a normalized load impedance of Z = 1.2 + 1.2. An 
ideal” VSWR circle is constructed on the impedance radius represented by L2 + 
312. Aline (4) is drawn, from the point where this circle intersects the pure resis- 
tance baseline (В), perpendicularly to the ATTEN, 1 dB/MAJ. DIV. line on the ra- 
dially scaled parameters. A distance representing the loss (3 dB) is stepped off on 
this scale, A second perpendicular line is drawn, from the — dB point, back to the 
pure resistance line (C). The point where line C intersects the pure resistance line 
becomes the radius for a new circle that contains the actual input impedance of the 
line. The length of the line is 0.602, so you must step back (0.60 — 0.50) or 0.14. 
‘This point is located on the WAVELENGTHS TOWARD GENERATOR outer circle. 
‘Aline is drawn from this point to the 1.0 center point. The point where this new line 
intersects the new circle is the actual input impedance (Z, ). Tie intersection 
occurs at 0.76 + J0.4, which (when denormalized) represents an input impedance 
of 38 + J20 Q. 


Frequency on the Smith chart 
A complex network may contain resistance, inductive reactance, and capacitive reac- 
tance components. Because the reactance component of such impedances is а func- 
Чоп of frequency, the network or component tends to also be frequency-sensi 
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‘You can use the Smith chart to plot the performance of such a network with respect 
to various frequencies, Consider the load impedance connected to a 50-0 transmis- 
sion line in Fig. 4-11. In this case, the resistance is in series with a 2.2-pF capacitor 
which will exhibit a different reactance at each frequency. The impedance of this net 
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-10- LLL 1478] 
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14.791 


Or, converted to gigahertz, 


14.80] 


"The normalized impedan 


s for the sweep of frequencies from 1 to 6 GHz are. 


therefore 
Z-10-j145 из 
Z=10-J072 14.82] 
210-9048 14.83] 
2 10 [4.84] 
2=10-J029 14.85] 
2210-3 14.86] 


"These points are plotted on the Smith chart in Fig. 4-12. For complex networks, 
in which both inductive and capacitive reactance exist, take the difference between 
the two re Xo). 
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Several instructive notes emerge from the comparison of gain in 
Fig. 2. First, the overall average difference in gain between the two 
antennas is nearly 6.3 dB, with the advantage going to the doublet. 
If we neglect frequencies below 7 MHz, the average difference 
diminishes to 5.0 dB. For most of the range of use of the WBFD, 
then, there is about a 1 S-unit deficit in gain relative to a standard 
doublet of the same length in the same position. 


Second, the WBFD gain curve displays a significant knee-a 
frequency below which its gain deteriorates rapidly. In the case of 
the current model, that frequency is about 6 MHz. At or below the 
knee-frequency, the terminating resistor dissipates more and more 
of the power. The result is not only a large decrease in gain and 
higher temperature stresses on the resistor, but as well, very low 
SWR values at the feedpoint. The knee-effect as the WBFD 
becomes significantly short relative to the length of a resonant 
dipole easily accounts for the need to de-rate the antenna relative 
to transmitting power below a certain frequency. 


The deficit in gain is not necessarily a disadvantage for receiving 
purposes. Modern receivers tend to be equipped with receiving pre- 
amplifiers that the user can switch in as desired. The gain may 
range from 10 to 20 dB, depending upon design, and in some 
receivers may be stepped or variable. Therefore the gain deficit can 
be largely made up in the lower HF range. Moreover, the basic 
receiver, apart from pre-amplification, already has excess gain that 
is rarely used in the lower HF region. 
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CHAPTER 


Fundamentals 
of radio antennas 


AN UNFORTUNATE OVERSIGHT IN MANY BOOKS ON RADIO ANTENNAS IS A LACK OF 
Coverage on the most basic fundamentals of antenna theory. Most books, including 
the first draft of this one, start with a discussion of dipoles, but overlook that certain. 
physical mechanisms are at work. An antenna is basically a transducer that converts. 
electrical alternating current oscillations at a radio frequency to an electromagnetic 
wave of the same frequency. This chapter looks at the physies of how that job is ac- 
complished. 

‘The material in this chapter was adapted from a US. Army training manual on 
antennas and radio propagation. Although unfortunately no longer in print, the man- 
ual contained the best coverage of basies the author of this book could find. Given 
that US, government publications are not protected by copyright, this information 
can be brought to you in full 


Antenna fundamentals 


‘The electric and magnetic fields radiated from an antenna form the electromagnetic 
field, and this field is responsible for the transmission and reception of electromag- 
netic energy through free space. An antenna, however, is also part of the electrical 
circuit of transmitter (or a receiver); because of its distributed constants, it acts as 
a circuit containing inductance, capacitance, and resistance. Therefore, it can be ex- 
pected to display definite voltage and current relationships in respect to a given in- 
put. А current through it produces a magnetic field, and a charge on it produces an 
electrostatic field. These two fields taken together form the induction field. To gain 
a better understanding of antenna theory, a review of the basic electrical concepts of 
voltage and electric field and of current and magnetic field is necessary. 
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Voltage and electric field 
When a capacitor is connected across a source of voltage, such as a battery (Fig. 
5-1), it is charged some amount, depending on the voltage and the value of capaci- 
tance. Because of the emf (electromotive force) of the battery, negative charges 
flow to the lower plate, leaving the upper plate positively charged. Accompanying 
the accumulation of charge is the building up of the electric field. The flux lines are 
directed from the positive to the negative charges and at right angles to the plates. 
If the two plates of the capacitor are spread farther apart, the electric field 
must curve to meet the plates at right angles (Fig. 5-2). The straight lines in A 
become ares in B, and approximately semicircles in C, where the plates are in a 
straight line. Instead of flat metal plates, as in the capacitor, the two elements can 
take the form of metal rods or wires, The three-dimensional view in Fig, 5-3 de- 
picts the electric field more accurately. In A of Fig. 5-3, the wires are approxi- 
mately 30° apart, and the Пих lines are projected radially from the positively 
charged wire to the negatively charged wire. In В of Fig. 5-8, the two wires Ше in a 
straight line, and the Пих lines form a pattern similar to the lines of longitude 
around the earth. To bring out the picture more clearly, only the lines in one plane 
are given, 
ume that the sphere marke 
ergy. The two wires then сап serv 


Ein Fig. 5-38 isa transmitter supplying RF en- 

the antenna for the transmitter, RF energy is 
radiated from the antenna and charges move back and forth along the wires, alter- 
nately compressing and expanding the flux lines of the electric field. The reversals 
in polarity of the transmitter signal also reverse the direction of the electric field. 
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5-1 Charges on plates of a capacitor 
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trie field is set up between its plate 
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сап be used as a source of emf since it stores energy in the form of an electric field. 
‘This is the same as saying that ал electric field indicates voltage. The presence of 
an electrie field about an antenna also indicates voltage, Since the polarity, and the 
amount of charge, depend on the nature of the transmitter output, the antenna volt- 
age also depends on the energy source. For example, if a battery constitutes the 
source, Ше antenna charges to a voltage equal and opposite to that of the battery. I 
ВЕ energy is supplied toa half-wave antenna, the voltage across the antenna lags the 
current by 90°. The half-wave antenna acts as if it was a capacitor, and it can be 
described as being capacitive. 


Current and magnetic field 
A moving charge along a conductor constitutes а current and produces a magnetic 
field around the conductor. Therefore, the low of charge along an antenna also will 
be accompanied by a magnetic field. The intensity of this field is directly propor- 
tional to the ow of charge. When the antenna is uncharged, the current flow is max- 
imum, since there is no opposing electric field. Because of this current low, а charge 
accumulates on the antenna, and an electric field builds up in increasing opposition 
to the emf af the source. The current flow decreases and when the antenna is fully 
charged, the current no longer flows. 

The magnetic field in the space around a current-carrying device has a specific 
configuration, with the magnetic Пих lines drawn according to a definite rule (Fig 
5-4). Whereas, in the electric field, the electric lines are drawn from a positive 
change to a negative charge, in the magnetic field, the Пих lines are drawn according 
to the left-hand rule. The direction of current flow is upward along both halves of 
the antenna. The lines of magnetic Пих form concentric loops that are perpendicu- 
tar to the direction of current flow. The arrowheads on the loops indicate the direc- 
tion of the field, I the thumb of the left hand is extended in the direction of current 
flow and the fingers are clenched, then the rough circles formed by the fingers indi- 
cate the direction of the magnetic field. This is the left-hand rule, or convention, 
which is used to determine the direction of the magnetic field- 


Combined electric and magnetic fields 
When RF energy from a transmitter is supplied to an antenna, the effects of charge, 
voltage, current, and the electric and magnetic fields are taking place simultane- 
ously: These effects (Fig. 5-5) have definite time and space relationships to each 
fe antenna is used, the relations between charge and current flow 
сап be predicted, because of the capacitive nature of this antenna. The voltage will 
lag the current by 90°, and the electric and magnetic fields will be 90° out of phase. 
With no electric field present (no charge), the current flow is unimpeded, and the 
magnetic Held is maximum. As charge accumulates on the antenna, the electric field 
builds up in opposition to current flaw and the magnetic field decreases in intensity. 
When the electric field reaches its maximum strength, the magnetic field has de- 
vayed to zero. 
A reversal in polarity of the source reverses the direction of current flow as well 
as the polarity of the magnetic field, and the electric field aids the flow of current by 
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Direction of 
curent flow 


54 Magnetic field about a 
halt wave antenna 
(ef -handi rule). 


Direction nf magnetic 
held 


discharging. The magnetic field builds up to a maximum, and the electric field dis- 
appears as the charge is dissipated. The following half-cyele is а repetition ofthe first 
half-eyele, but in the reverse direction. This process continues as long as energy is 
supplied to the antenna. The fluctuating electric and magnetic fields combine to 
form the induction field, in which the electric and magnetic Пих maximum intensi- 
ties occur 90” apart in time, or in time quadrature. Physically, they occur at right 
angles to each other, or in space quadrature. To sum up, the electric and magnetic 
fields about the antenna are in space and time quadrature. 


Standing waves 
Assume that it is possible to have a wire conductor with one end extending infinitely, 
‘withan RF transmitter connected to this wire. When the transmitter is turned on, an. 
ЕР current in the form of sine waves of RF energy moves down the wire. These 
waves of energy are called traveting waves. The resistance of the conductor gradu- 
ally diminishes the amplitude of the waves, but they continue to travel so long as the 
Tine does not come toan end. 

"The antenna, however, has some finite length, Therefore, the traveling waves 
are halted when they reach the end of the conductor, Assume that the RF transmit- 
ter is tumed on just long enough to allow опе sine wave of energy to get on the line 
(Fig. 5-6). This traveling wave is moving down the antenna toward the end. When 
the wave reaches the end of the conductor, the current path is broken abruptly. With 
the stoppage of current Dow, the magnetic field collapses- A voltage is induced at the 
end of the conductor that causes current to flow back toward the soure, as in Fig, 
5.68, The wave is reflected back to the source, and, if a continual succession of 
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5.5 Electric and magnetic fields 90° out of phase 


waves is sent down the line, waves will be reflected in the same continual pattern. 
‘The wave moving from the transmitter toward the end is called the incident wave 
and its reflection is called the reflected wave. 

A continuous flow of incident waves results in a continuous flow of reflected 
waves, Because there is only one conductor, the two waves must pass each other 
Electrically, the only current that actually flows is the resultant of both of these 
waves, The waves can reinforce or cancel each other as they move. 

When they reinforee, the resultant wave is maximum; when they cancel, the re- 
sultant wave is minimum. In a conductor that has a finite length, such as an antenna, 
the points at which the maxima and minima of the resultant wave occur (Fig. -6C) 
аге stationary, In other words, the maximum and minimum points stand still, 
though both the incident and reflected waves are moving. The resultant wave stands 
still on the line, only its amplitude being subject to change. Because of this effect, the 
resultant is referred to as a standing wane. 

"The development of the standing wave on an antenna by actual addition of the 
traveling waves is illustrated in At the instant pictured in A, the incident and 
reflected waves just coincide. The result is a standing wave having twice the ampli- 
tude of either traveling wave. In B, the waves move apart in opposite directions, and 
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o antenna and a typical resultant wave: 


the amplitude of the resultant decrea 
do not move. 

When the traveling waves have moved to a position of 180" phase difference, the 
resultant is zero along the entire length of the antenna, as shown in C. At this instant, 
there can be no current flow in the antenna. The continuing movement of the trav 
eling waves, shown in D, builds up a resultant ina direction opposite to that in A. The 
in-phase condition of the traveling waves results in a standing wave, in E, equal in 
amplitude, but 180° out of phase with the standing wave in A. 

Ifthe progressive pictures of the standing wave are assembled on one set of axes, 
the result is asin Fig. 5-8. The net effect of the incident and reflected waves is appar- 
ent. The curves are lettered with reference to Fig. 5-7. As the traveling waves move 
past each other, the standing wave changes only its amplitude. The fixed minimum 
points are called nodes, and the curves representing the amplitude are called loops 

‘The concept of the standing wave can be applied to the half-wave antenna with 
reference to either current or voltage distribution at any instant, This application is 
possible because there are traveling waves of both voltage and current. Because volt 
age and current are out af phase on the half-wave antenna, the standing waves also 
эге found to be out of phase. 


в, but the points of maximum and minimum 
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5-8 Standing waves 


‘Voltage and current distribution on half-wave antenna 

When an RF transmitter is feeding a half-wave antenna, positive and negative charges 
‘move back and forth along the antenna (Figs. 5-9 and 5-10). The first picture shows 
the position of the charges at some arbitrary time, J, The RF charges being observed 
are at the ends of the antenna, and there is a maximum difference in potential be- 
tween the ends, A and В. The remaining illustrations show the instantaneous positions 
of the charges at regular intervals of 22.5° throughout a complete cycle 

"To the right of each instantaneous position of the charges are curves rej 
ing the current and voltage at that particular time for any point on the antenna, 
For example, at time T, the positive and negative charges are at points А and В on 
the antenna. The voltage between these points represents a maximum difference of 
potential. The current, being 90* out of phase in respect to the voltage, is every- 
where zero, These distribution curves are standing waves derived in the same man- 
ner as those covered in the previous paragraph. 

‘The next illustration shows the position of the charges at time 7,, The standing 
wave of current is а relative maximum at the center of the antenna. This current loop 
has nodes that remain at the ends of the antenna, and it is, therefore, 90° out of 
phase with the standing wave of voltage. 

ALT, and T,, the charges move closer together, and the standing wave of voltage 
slowly decreases in amplitude. Conversely, the current loop increases in magnitude. 
When the charges meet after 90° ofthe RF cycle (71), the effect is that of having the 
positive and negative charges cancel. The voltage loop accordingly is zero every- 
where on the antenna, and the current loop rises to its maximum value, unimpeded 
by any charge on the antenna. 

At time Т, the charges have passed each other, each charge having moved past 
the center point of the antenna. The polarity of the voltage loops is reversed, and 
they build up in the opposite direction, keeping the node always at the center point. 
ofthe antenna. The reversal of polarity is shown in the charge positions at 7, Т, and 
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In addition, one of the major problems in reception in the lower HF 
range, especially with respect to SW broadcast stations, is front- 
end overload from excessive signal strength. The overload also 
tends to produce spurious products within the receiver. Hence, 
reduced gain of the antenna can be in some circumstances an 
advantage rather than a disadvantage. Combined with the RF 
attenuator built into many receivers--which may be a single 
reduction value or stepped--the WBFD offers a potential for 
excellent lower HF reception, free of some of the problems that 
occur with higher gain antennas. 


Because the WBFD is also a closed loop with a terminating 
resistor, many users claim quieter reception relative to doublets for 
a given receiver input signal strength. The degree to which this is 
both true and separable from the freedom from front-end overload 
is difficult to determine. Nonetheless, SWLs have found the WBFD 
a very useful tool for their efforts. 


їп order to establish that the WBFD has the same pattern as а 
doublet of the same length for any given frequency and height 
above ground, let's look at a couple of sample free-space patterns. 
For example, see Fig. 3. 
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Тү. The separation of the charges also is accompanied by a decrease in the amplitude 
ofthe current loop. 

From T, to Ty the charges move out to the ends of the antenna. During this time, 
the voltage loops increase and the current loops decrease in amplitude. At time 7, 
Which occurs 180° after Т, in the RF cycle, the charges have moved to opposite ends 
ofthe antenna, Compare the picture in 7, to the picture in 7, Itis seen that the ne 
alive charge is now at point A and the positive charge at point В. Because the posi- 
tions ofthe charges have been reversed from 7, to T, the voltage loops in are 180° 
ош of phase, compared with the loops in 7, 

From T, to 7, in Fig. 5-10, the movement of the charges is shown in the oppo- 
site direction, the current loop reaching а maximum at J., When the entire RF cy- 
cle is completed at time 7, the charges have returned to the positions that they 
occupied at Ту The distribution curves of voltage and current also are in their origi- 
nal conditions. The entire process then is repeated for each RF cycle. 

Standing waves of voltage and current The distribution curves of the current 
and voltage are standing waves, This means that they are the resultants obtained by 
adding two traveling waves. The two traveling waves are associated with the positive 
and negative charges, The wave caused by the negative charge can be called the in- 
cident wave and the wave caused by the positive charge the reflected wave. This, 
however, is clearer when the concept of negative and positive charges is used, 

"The positive charge, taken at time 7, in Fig, 5-9, produces a traveling wave of 
voltage, shown by the dashed line in Fig. 5-114. The negative charge at the opposite 
end of the antenna produces an identical traveling wave (dash-dot curve). These 
two add together to produce the Т, voltage distribution curve, which is the resultant 
wave of Fig. 5A. Both of these waveforms are identical, being the standing wave 
of voltage at time Ty; АШ of the following distribution curves of Fig. 5-11 are pro- 
duced in the same manner. They are the standing wave resultants caused by the 
traveling waves accompanying the charges. 

In Fig, 5-11B, each of the traveling waves has moved 45°, the positive traveling 
wave moving to the right and the negative traveling wave moving to the left. This 
time corresponds to Ty in Fig. 5-9. The standing wave produced corresponds to the 
voltage distribution curve at F. The standing waves of current are produced in the 
same manner. The current curves at D, E, and F of Fig. 5-11 correspond to times Т, 
T, and T, of Fig. 5-0 

Standing waves of voltage In Fig. 5-12A, voltage standing waves occurring at 
different times are brought together on one axis, AB, representing a half-wave an- 
tenna. Essentially, these are the same curves shown progressively in Figs. 5-9 and 
5-10 as voltage distribution curves. They ean be used to determine the voltage at any 
point on the antenna, at any instant of time. For example, iit is desired ta know the 
variations of voltage occurring at point Y on the antenna over the RF cycle, the vari 
ations are graphed in respect to time, as shown in Fig. 5-12В. At 7, the voltage at Y 
is maximum, From 7, through 7, the voltage decreases, passing through zero at 7 
‘The voltage builds up to a maximum in the opposite direction at Ty, returning 
through zero to its original postion from 7, to 7, 

Between Т, and 7, therefore, an entire sine-wave cycle, Y, is reproduced. This 
is also true of any other point on the antenna, with the exception of the node at X 
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5-12. ®шиһи waves of voltage at a point on the antenna. 


The peak amplitude of 
on the antenna. The nearer the point is to either end, the greater its peak amplitude 
Standing waves of current The standing waves of current occurring at vari- 
ous times through the RF cycle are assembled on a single axis in Fig. 5-13. This axis, 
AB, represents the half-wave antenna. If the current variations at point Y from 7, to 
T, are graphed in respect to time, the result is the sine wave in Fig. 5-13B, This is 
ia the antenna with the excepti s at the ends. The 
current has its greatest swing at X, the center of the m of the 
voltage variation curve (Fig. 5-124) with the current variation curve (Fig. 5-134) 
shows the voltage curve leading the current curve by 90° at Y. This relation can be 
expected on any half-wave device 


ine wave produced at any point depends on its position 
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З Standing waves of current at a point on the antenna. 


Measurement of standing waves In Fig. 5-14, the standing waves of voltage 
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5-14 Standing waves measured 
with a meter, 


because the antenna has a dielectric constant greater than that of free space. Because 
the dielectric constant of free space (air or vacuam) is approximately 1, а dielectric 
constant greater than 1 retards electromagnetic-wave travel. 

Because of the difference in velocity between the wave in free space and the 
we on the antenna, the physica! length of the antenna no longer corresponds to 
its electrical length. The antenna is а hall-avelength electrically, but somewhat 
shorter than this physically. This is shown in the formula for the velocity of electro- 
magnetic wave 

= fh Ba 


Where Vis the velocity, f is the frequency, and À is the wavelength. Since the 
quency of the wave remains constant, a decrease in the velocity results In a decrease 
in the wavelength. Therefore, the wave traveling in an antenna has a shorter wave- 
length than the same wave traveling in free space, and the physical length of the an- 
tenna can be shorter. 

‘The actual difference between the physical length and the electrical length ofthe 
antenna depends on several factors, A thin wire antenna, for example, has less effect 
fn wave velocity than an antenna with a large cross section. Ав the circumference of 
the antenna increases, the wave velocity is lowered, as compared with its free-space 
velocity. The effect of antenna circumference on wave velocity is illustrated in the 
graph of Fig. 5-15. 

Other factors are involved that lower wave velocity on the antenna. Stray capaci- 
tance, for example, increases the dielectric constant and lowers wave velocity. This ca- 
расйапсе can be caused by the ine connecting the antenna to the transmitter, the 
insulators used to give physical support to the antenna, or nearby objects made of 
‘metalic or dielectrie materials. The change in velocity resulting from stray capacitance 
is called end effect because the ends of the antenna are made farther apart electrically 
than they are physically. End effect is counteracted by making the physical length 
about 5 percent shorter than the electrical length, as expressed in the formula 


"(7) 


152] 


where L is the physical length in feet and f is the frequency in megahertz. This for- 
‘mula is accurate for all practical purposes in determining the physical length of a 
halt-wavelength antenna al the operating frequency. 
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The capacitive end effect also slightly changes the standing waves of voltage and 
current. When the standing waves are measured, it is found that the nodes have some 


value and do not reach zero, because some current is necessary to charge the stray ea 


pacitance. The standing waves measured in Fig. 5-16 show the results of end effect 
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Resonance, resistance, and impedance 
‘The antenna is a circuit element having distributed constants of inductance, capaci- 
tance, and resistance, which can be made to form a resonant circuit. The half-wave 
antenna is the shortest resonant length of antenna. However, antennas which are 
two or more half-wavelengths can also be resonant. Such antennas are said to oper- 
ate on harmonics. И an antenna is four hall-wavelengths at the transmitter fre- 
quency, itis being operated at the fourth harmonic of its lowest resonant frequency. 
їп other words, this antenna is a half-wavelength at one-quarter of the frequency 
of operation, An antenna operating on the third harmonie is shown in Fig. 5-7. 

Resistance А current flowing in the antenna must contend with three kinds of 
resistance. With the antenna considered asa radiator of energy, the power expended 
in the form of radiation can be thought of as an 1°, loss. R, is called the radiation 
resistance. With the antenna considered as a conductor, a certain amount of energy 
is dissipated in the form of heat. In this , loss, R is the ohmic resistance. There 
is also an 7R loss because of the leakage resistance of dielectric elements, such as 
insulators. This usually is included in the ohmic resistance 

"The purpose of the antenna is to dissipate as much energy as possible in the 
form of radiation. The energy dissipated by the radiation resistance, therefore, is 
the useful part of the total power dissipated. Because the actual power loss depends 
om the ohmic resistance, this resistance should be kept as low as possible. In the half- 
wave antenna, the radiation resistance is large compared to the ohmic resistance, 
and most of the available energy is radiated. The half-wave antenna is, therefore, a 
very efficient radiator for most purposes. 

For a half-wave antenna fed at the center point, the radiation resistance is equal 
to 73 Q. The reference point is the center of the antenna at the time of peak current 
flow. Ohmic resistance is referred to this point. The total resistance is of importance 
in matching the antenna to a transmission line. 

Impedance Because the half-wave antenna has different conditions of voltage 
and current at different pointa, and because impedance is equal to the voltage across 
а cirenit divided by the current through it, the impedance will vary along the length 
of the antenna. If Æ is divided by [at each point of the voltage and current curves in 
Fig, 5-16, the result is the impedance curve, Z. The impedance is about 73 Qat the 
center point and rises to a value of about 2500 Q at the ends. 

"The impedance of the half-wave antenna usually is considered to be the imped- 
ance as seen by the transmitter at the input terminals. This impedance consists of 
both resistance and reactance. If the antenna is cut t a length of exact resonance, 
the reactance is zero and the impedance is purely resistive. However, if the antenna 
is longer or shorter than resonance, reactance is present. When the antenna is made 
shorter, capacitive reactance is present; when the antenna is made longer, inductive 
reactance is present. 

"The impedance at the antenna input terminals is important in terms of power ef- 
ficiency: If the transmitter is feeding a nonresonant antenna, a power loss is caused 
by the reactive component of the antenna impedance, Conversely, if the frequency 
of the transmitter is changed, the electrical length of the antenna also changes. If the 
frequency is made somewhat higher, the electrical length is made greater, and in- 
ductive reactance is added to the impedance. If the frequency is lowered, the elec- 
trical length is shortened, and capacitive reactance is added to the impedance. 


High-freguency 
dipole and other 
doublet antennas 


A MYTH AROSE IN RADIO COMMUNICATIONS CIRCLES SOME TIME AGO. PEOPLE CAME TO 
believe (especially in the ham and CB communities) that large antenna arrays 

psolutely necessary far effective communications, especially over long distances. 
Overlooked, almost to the point of disdain, were effective (but simple) antennas that 
can be erected by inexperienced people and made to work well. The simple dipole, 
ог doublet, is a case in point. This antenna is also sometimes called the Hertz, or 
hertzian, antenna because radio pioneer Heinrich Hertz reportedly used this form 
in his experiments. 

"The half-wavelength dipole is a balanced antenna consisting of two radiators 
(Fig. 6-1) that are each а quarter-wavelength, making a total of a half wavelength. 
‘The antenna is usually installed horizontally with respect to the earth's surface, so i 
produces a horizontally polarized signal 

In its most common configuration (Fig. 6-1), the dipole is supported at each end 
by rope and end insulators. The rope supports are tied to trees, buildings, masts, or 
some combination of such structures, 

"The length of the antenna is a half-wavelength. Keep in mind that the physical 
length of the antenna, and the theoretical electrical length, are often different by 
about 5 percent. A free-space half-wavelength is found from 


16.1] 


Ina perfect antenna, that is self supported many wavelengths away from any ob- 
ject, Eq. 6.1 will yield the physical length, But in real antennas, the length calculated 
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The 27.2 meter WBFD and its comparison doublet exhibit a bi- 
directional pattern at 10 MHz. The shape of the pattern is identical, 
with only the 6 dB gain differential separating the two antennas. 
The -3 dB beamwidth points are also virtually identical. Since the 
take-off angle (elevation angle of maximum radiation), the reflection 
from a given set of ground conditions, and other such factors are 
not dependent upon signal strength, the two antennas would also 
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les 


= Insulator — I5 g Coaxial cable. 


6-1 Simple half-wave dipole antenna. 


above is too long, The average physical length is shortened by up to about 5 percent 
because of the velocity factor of the wire and capacitive effects of the end insulators. 
A more nearly correct approximation (remember that word, it's important) of a 
half-wavelength antenna is 


аа 
E (62 
Fu al 


where 


Lis the length of a hal-wavelength radiator, in feet 
F, is the operating frequency, in megahertz 


Example Calculate the approximate physical length for a half-wavelength di- 
pole operating on a frequency of 7.25 Mi 
Solution: 


ans 


n 


РЕТТЕП 


or restated another мау 
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Itis unfortunate that a lot of people accept Eq, 62 as a universal truth, a kind of 
immutable law of The Universe. Perhaps abetted by books and articles on antennas. 
that fall to reveal the full story, too many people install dipoles without regard for 
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reality. The issue s resonance. An antenna is a complex RLC network, At some fre- 
‘quency, it will appear like an inductive reactance (X = +X, and at others it will 
appear like a capacitive reactance (X = -jX,). At a specific frequency, the reac- 
tances ате equal in magnitude, but opposite in sense, so they cancel each other out 

F, -Xy = 0. At this frequency, the impedance is purely resistive, and the antenna is 
‘sid to be resonant. 

"The goal in erecting а dipole s to make the antenna resonant at a frequency that is 
inside the band of interest, and preferably in the portion of the band most often used by 
the particular station. Some ofthe implications of this goal are covered later on, but for 
the present, assume that the builder will have to custom-tallor the length of the an- 
tenna, Depending on several local factors (among them, nearby objects, the shape of 
the antenna conductor, and the lengthvdiameter ratio of the conductor) it might prove 
necessary to add, or trim, the length a small amount to reach resonance, 


The dipole feedpoint 

"The dipole isa half-wavelength antenna fed in the center. Figure 6-2 shows the volt 

age (V) and current (I) distributions along the length of the half-wavelength radia- 

tor element. The feedpoint is at a voltage minimum and a current maximum, so you 
сап assume that the feedpoint is a current antinode. 


At resonance, the impedance of the feedpoint is R, = Vil. There are two resis 
tances that make up A,- The first is the olunie losses that generate nothing but heat 
when the transmitter is turned on, These ohmic losses come from the fact that con- 
ductors have electrical resistance and electrical connections are not perfect (even 
‘when properly soldered). Fortunately, ina well-made dipole these losses are almost 
negligible. The second contributor is the radiation resistance R, of the antenna, 
‘This resistance is a hypothetical concept that accounts for the fact that RF power is 
radiated by the antenna. The radiation resistance is the fictional resistance that 
would dissipate the amount of power that is radiated away from the antenna. 
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For example, suppose we have a large-diameter conductor used as an antenna, 
and it has negligible ohmic losses, 111000 W of RF power is applied to the feedpoint, 
and a current of 3.7 A is measured, what is the radiation resistance? 


163] 
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It is always important to match the feedpoint impedance of an antenna to the 
transmission-line impedance. Maximum power transfer always occurs (in any sys- 
tem) when the source and load impedances are matched. In addition, if some applied 
power is not absorbed by the antenna (as happens in a mismatched system), then 
the unabsorbed portion is reflected back down the transmission line toward the 
transmitter, This fact gives rise to standing waves, and the so-called standing wave 
ratio (SWR or VSWR) discussed in Chap. 3. This isa problem to overcome. 

Matching antenna feedpoint impedance seems to be simplicity itself because the 
free-space feedpoint impedance of a simple dipole is about 73 Q, seemingly a good 
match to 75-0 coaxial cable. Unfortunately, the 73-0 feedpoint impedance is almost 
a myth. Figure 6-3 shows a plot of approximate radiation resistance (f) versus 
height above ground (as measured in wavelengths). As before, we deal in approxi- 
‘mations in Fig. 6-2; in this case, the ambiguity is introduced by ground losses. 

Despite the fact that Fig. 6:2 is based on approximations, you can see that radi- 
ation resistance varies from less than 10 Q, to around 100 Q, as a function of height. 
At heights of many wavelengths, this oscillation of the curve settles down to the free- 
space impedance (72 0). At the higher frequencies, it might be possible to install a 
dipole at а height of many wavelengths, In the 2-m amateur radio band (144 to 148 
(MHz), one wavelength is around 6.5 ft (ie, 2 mx 3.28 m), so "many wavelengths" 
is relatively easy to achieve at reasonably attainable heights. In the &0-m band (3.5 
to 40 MHz), however, one wavelength is on the arder of 262 ft, so "many wave- 
lengths” is a practical impossibility. 

"There are three tactics that can be followed. First, ignore the problem alto- 
gether. In many installations, the height above ground will be such that the radiation 
resistance will be close enough to present only a slight impedance mismatch to a 
standard coaxial cable. The VSWR is caleulated (among other ways) as the ratio: 


LZ,>R; 
VSWR = 22 16.6] 


2.2, <R; 
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l-cable characteristic impedance 
diation resistance of the antenna 


Consider an antenna mounted at a height somewhat less than a quarter-wave- 
length, such that the radiation resistance is 60 2. Although not recommended as 
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good engineering practice (there are sometimes practical reasons) itis nonetheless 
necessary to installa dipole at less than optimum height. So, U that becomes neces- 


sary, what are the implications of feeding a 60-0 antenna with either 52- or 75.0 
standard coaxial cable? Some calculations are revealing: 
For 75-0 coaxial cable: 
168] 
169] 
For 52-0 coaxial cable: 
VSWR 16.10] 
16.11] 


In neither case is the VSWR created by the mismatch too terribly upsetting, 

"The second approach is to mount the antenna at a convenient height, and use an. 
impedance matching scheme to reduce the VSWR. In Chap. 23, you will find infor- 
‘mation on various suitable (relatively) broadbanded impedance matching methods 
including Q-sections, coaxial impedance transformers, and broadband RF trans- 
formers. "Homebrew" and commercially available transformers are available to cov 
‘most impedance transformation tasks. 

"The third approach is to mount the antenna at a height (Fig. 6-3) at which the 
expected radiation resistance erosses à standard coaxial cable characteristic imped- 
ance. The best candidate seems to be a height of a half-wavelength because the ra- 
diation resistance is close to the free-space value of 72 О, and is thus a good match 
for 75-0 coaxial cable (such as RG-11/U or RG-59/U), 


The dipole radiation pattern 


‘The radiation patterns of various antennas are covered in this book. Some baste the- 
огу of patterns is repeated at each section, not Lo fill space, but rather to drive home 
а point and refresh reader memories, We keep harking back to the concepts direc- 
tivity and gain (which are actually different expressions of the same thing). 
Antenna theory recognizes a point of reference called the isotropic radiator 

‘This device is a theoretical construct consisting of a spherical point source of RF ra- 
diation in all directions (see Chap. 2). It is truly omnidirectional (“all directions”) 
because it creates an ever-expanding sphere as the RF wavefront propagates out- 
ward. Antenna gain is a measure of haw the antenna focuses available power away 
from a spherical wavefront to a limited number of directions (two, in the case of the 
dipole). Thus are related the concepts directivity and gain. 
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8° that exhibits bidirectional radiation. Two main "lobes" contain the RF power from the 
transmitter, with sharp nulls of little or no power off the ends of the antenna axis. This. 
pattern is the classical dipole pattem that is published in most antenna books. 

Also shown, however, is the vertical plane pattern for a dipole antenna in free 
space. Note that when sliced in this aspect the radiation pattern is circular (Fig. 6-4B). 
When the two patterns are combined in the round, you ean see the three-dimensional 
‘doughnut-shaped pattern (Fig, 6-40) that most nearly approximates the true pattem, 
ofan unobstructed dipole in free space. 

When a dipole antenna is installed close to the earth's surface, not in free space, 
аз is the case at most stations, the pattern is distorted from that of Fig, 6-4. Two ef- 
fects must be taken into consideration. First, and most important, is the fact that the. 
signal from the antenna is reflected from the surface and bounces back into space. 
‘This signal will be phase-shifted both by the reflection and by the time required for 
the transit to occur. At points where the reflected wave combines in phase with the 
radiated signal, the signal is reinforced; in places where it combines out of phase, the 
signal is attenuated. Thus, the reflection of the signal from the ground alters the pa 
tern from the antenna. The second factor is that the ground is lossy, so not all of the 
signal is reflected; some of it heats the ground underneath the antenna. Thus, the 
signal is attenuated at a greater rate than the inverse square law, so it further alters 
the expected pattern, 

Figure 6-5 shows patterns typical of dipole antennas installed close to the earth's 
surface. The views in this illustration correspond to Fig. 6-48, in that they are look- 
ing at the vertical plane from a line along the antenna axis. Therefore, the antenna is 
represented by R in each case shown. Figure 6-5A shows the case for a dipole 


65 Vertical extent of dipole antenna al (A) X wavelength, (B) % wavelength, and (С) % wavelength 
have ground. 
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installed at 1/8 wavelength above the surface. For this antenna, most of the RF en- 
ergy s radiated almost straight up (not very useful). This type of antenna is basically 
limited to ground wave and very short skip (when available). The second case (Fig, 
5B) shows the pattern when the antenna isa quarter wavelength above the earths 
surface. Here the pattern is flattened, but it still shows considerable energy in the 
vertical direction (where it is useless). Finally, you can see the pattern obtained 
when the antenna is installed а half-wavelength above the surface. In this case, the 
pattern is best for long-distance work because energy is redirected away from 
straight-up into lobes at relatively shallow angles. 


Tuning the dipole antenna 
‘There are two Issues to address when tuning an antenna (any antenna, not just the 
dipole): resonance and impedance matching. Although frequently treated in the 
literature as the sa ıe, they are not. This section deals mostly with the process 
of tuning the antenna to resonance, Although not all forms of antenna are resonant, 
the dipole îs an example of a resonant antenna. 

‘There is a lot of misinformation abroad concerning the tuning of antennas. Per- 
ips much of what is believed comes from the fact that VSWR is used as the indi- 
cator of both impedance matching and resonance. Quite a few people honestly, but 
‘erroneously, believe that the VSWR can be "tuned ош” by adjusting the length of 
the feedline. That myth probably derives from the fact that voltage or current sens- 
ing instruments are used for VSWR measurement, and these are affected by trans- 
mission line length. But that fact is caused by a weakness in the instruments, not by 
radio physics. 

‘There is only one proper way to tune a dipole antenna: adjust the length of the 
antenna elements, not the transmission line. It was in order to make these adjust- 
ments that we purposely did not initially tell you to solder the electrical connections 
at the center insulator. 

Resonance The indicator of resonance is the minimum point in the VSWR 
curve. Figure 6-6 shows a graph of VSWR vs. frequency for several different eases, 
Curve A represents а disaster: a high VSWR all across the band. The actual value of 
VSWR can be anything from about 35:1 to 10:1, or thereabouts, but the cause is 
nonetheless the same: the antenna is either open or shorted; or it is so far off reso- 
mance as to appear to be open or shorted to the VSWR meter. 

Curves В and C represent antennas that are resonant within the band of inter- 
est. Curve B represents a broadbanded antenna that is relatively Nat all across the 
band and does not exhibit excessive VSWR until the frequency is outside of 
the band. Curve C is also resonant within the band, but this antenna has a much 
higher Q than curve В. In the naive sense, the broadbanded antenna is best, but 
that statement is true only if the broadness is not purchased at the expense of 
efficiency. Losses tend to broaden the antenna, but also reduce its effectiveness. 
So, if broad bandedness is purchased at the risk of increased loss, then it is less 
than desirable. 

Curves D and Е are resonant outside the band of interest, The curve marked D 
is resonant at a frequency on the low side of the band, so the dipole is too long. In 
this case, you need to shorten the antenna a bit to raise the resonant point inside 
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66 VSWR versus frequency for several cases. 


the band. Curve E represents an antenna that is resonant outside the upper limit 
of the band, so this antenna is too short, and must be lengthened. Because this sit- 
uation is possible, the antenna elements are typically made longer than needed 
when they are first cut, 

How much to cut? That depends on two factors: how far from the desired fre- 
quency the resonant point is found, and which band is being used. The latter re- 
quirement comes from the fact that the "frequency per unit length” varies from. 
one band to another. Look at an example of how to calculate this figure. The pro- 
cedure is simple: 


1. Calculate the length required for the upper end of the band. 

2. Calculate the length required for the bottom end of the band. 

3. Calculate the difference in lengths for the upper and lower ends of the band. 

4. Calculate the width of the band in kilohertz by taking the difference between 
the upper frequency limit and the lower frequency limit 

5. Divide the length difference by the frequency difference; the result is in kilo- 
hertz per unit length, 


Example 6-1 Calculate the frequency change per unit of length for 80 and 
for 15m, 
Solution For 80 m (35 to 40 МЫШ). 
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3. Difference in length: 1337 ft - 117 п = 16.7 f. 
4, Frequency difference: 4000 kHz — 3500 kHz = 500 kHz 

frequency — 500 kHz 
unit length 1670 
For 15 m (21.0 — 2145 MHz) 


5. Caleulate зону 


PETI 


2. Difference in length: 22.29 ft - 21.82 n = 0.47 ft 
A. Convert to inches: 0.47 ftx 12 in/ft = 5.64 in 
В. Frequency difference: 21 450 kHz - 21,000 kHz = 450 kHz 
frequency — 450 kHz 
unit length ` 564m 
ALSO m, the frequency change per foot is small, but at 15 m small changes can 
result in very large frequency shifts. You can calculate approximately how much to 
айа (or subtract) from an antenna under construction from this kind of calculation. 
If, for example, you design an antenna for the so-called "net frequency" on 15 m. 
21,390 KHz), and find the actual resonant point is 21,150 kHz, the frequency shift 
required. 0 kHz. To determine how much to add or subtract 
(as a first guess) 


6. Calculate 80 latein 


1. The factor for 15 m is 80 kHz/in, which is the same as saying 1 in/&O kHz. 
2. The required frequency shift is 240 kHz. 
3. Therefore: 
lin 
Boz 


Length change = 240 kHz x 16.12] 


16.13] 


Each side of the antenna must be changed by half of the length calculated above, 
or 15in. Because the first resonant frequency is less than the desired frequency, the 
length should be shortened 1.5 in, Once the length is correct, as proven by the VSWR 
‘curve, the connections at the center insulator are soldered and made permanent, 
and the antenna rehoisted to the operating level 

Impedance matching The difference between resonance and impedance 
‘matching is seen in the value of the VSWR minimum. While the minimum indicates 
the resonant point, its value is a measure of the relationship between the feedpoint 
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show elevation patterns for any equal antenna height that are 
likewise congruent. 
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Fig. 4 shows comparative free-space azimuth patterns for the two 
antennas at 25 MHz. The WBFD pattern is simply a "mini" version 
of the doublet pattern, with about a 6 dB difference in strength. 
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impedance of the antenna and the characteristic impedance of the transmission line. 
Earlier in this chapter you learned that. 


LZ, >R; 
D 1614] 
22, <k: 
wn . 1615] 
2, 
where 


Z, is the coaxial-cable characteristic impedance 
is the radiation resistance of the antenna 


Although knowledge of the VSWR will not show which situation is true, you ean 
know that there is а high probability that оле of them is true, and you can experi- 
‘ment to find which is the case. Of course, if the VSWR is less than about 1.Б:1 or 2:1, 
then forget about it—the improvement is not generally worth the expense and cost. 
When coupled to a transmitter that is equipped with the tunable output network 
(most tube-type transmitters or final amplifiers), then it ean accommodate а rela- 
tively wide range of reflected antenna impedances. But modern solid-state final am- 
pliñers tend to be a little more picky about the load impedance. For these 
transmitters, a coax-to-coax antenna tuning unit (ATU) is needed. 


Other dipoles 


"Thus far, the dipoles covered in this chapter have been the classic form, in which a 
half-vavelength single-conduetor radiator element is connected to a coaxial trans- 
mission line. This antenna is typically installed horizontally at a half-wavelength 
above the earth's surface (or wherever convenient if that is impossible). This section 
looks at other forms of the dipole. Some of these dipoles are in every way the equal 
of the horizontal dipole, and others are basically compensation antennas in that they 
are used when a proper dipole is not practical, 


Inverted-vee dipole 
‘The inverted-vee dipole is half wavelengih antenna fed in the center like а dipole 
By the rigorous definition, the inverted-vee is merely a variation on the dipole 
theme. But in this form of antenna (Fig. 6-7), the center is elevated as high as possi- 
Ме from the earths surface, but the ends droop to very close to the surface. Angle a 
сап be almost anything convenient, provided that a > 90 degrees; typically most in- 
verted-vee antennas use an angle of about 120 degrees. Although essentially a com- 
pensation antenna for use when the dipole is not practical, many operators believe 
that itis essentially a better performer on 40 and 80 m in cases where the dipole can- 
not be mounted at a hall-wavelength (64 ft or o). 

By sloping the antenna elements down from the horizontal to an angle (as shown. 
in Fig. 6-7), the resonant frequency is effectively lowered. Thus, the antenna will 
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need to be shorter for any given frequency than a dipole, There is no absolutely rig- 
orous equation for calculation of the overall length of the antenna elements. Al- 
though the concept of "absolute" length does not hold for regular dipoles, it is even 
less viable for the inverted-vee. There is, however, a rule of thumb that can be fol- 
lowed for a starting point: Make the antenna about 6 percent shorter than a dipole 
for the same frequency, The initial cut of the antenna element lengths (each quarter 
wavelength) is 


16.16] 


After this length is determined, the actual length is found from the same cut 
an try method used to tune the dipole in the previous section 

Bending the elements downward also changes the feedpoint impedance of the 
antenna and narrows its bandwidth, Thus, some adjustment in these departments is 
in order. You might want to use an impedance matching scheme at the feedpoint, or 
an antenna tuner at the transmitter 


Sloping dipole (“sloper” or “slipole”) 

"The sloping dipole (Fig. 6-8) is popular with those operators who need a low angle 
of radiation, and are not overburdened with a large amount of land to install the. 
antenna. This antenna is also called the stoper and the slipole in various texts. The 
author prefers the term "slipole" in order to distinguish this antenna from a sloping 
vertical of the same name. Whatever it is called, however, it is a half-wavelength di- 
pole that is built with one end at the top of a support, and the other end close to the 
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en “ро” or “sloper: 


ground, and being fed in the center by coaxial cable, Some of the same comments as 
obtained for the inverted-vee antenna also apply to the stoping dipole, so please see 
that section also. 

Some operators like to arrange four sloping dipoles from the same mast such 
that they point in different directions around the compass (Fig. 6-9). A single four- 
position coaxial cable switch will allow switching a directional beam around the com- 
pass to favor various places in the world 


Broadbanded dipoles 
One of the rarely discussed aspects of antenna construction is that the lengthidiame- 
ter ratio of the conductor used for the antenna element is a factor in determining the 
bandwidth of the antenna. In general, the rule of thumb states that large cross-sec- 
tional area makes the antenna more broadbanded, In some cases, this rule suggests 
the use of aluminum tubing instead of copper wire for the antenna radiator. On the 
higher-frequency bands that is a viable solution. Aluminum tubing сап be purchased 
for relatively small amounts of money, and is both lightweight and easily worked with 
ordinary tools, But, as the frequency decreases, the weight becomes greater because 
the tubing is both longer and (for structural strength) must be of greater diameter 
On 80 m, aluminum tubing is impractical, and at 40 m it is nearly so. Yet, 80 mis sig- 
nificant problem, especially for older transmitters, because the band is 500 kHz wide, 
and the transmitters often lack the tuning range for the entire band. 

Some other solution is needed, Here are three basic solutions to the problem of 
wide-bandwidth dipole antennas: folded dipole, bowtie dipole, and cage dipole. 
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: 69 Directional antenna made 
(op view) of four slopers (lop view), 


Figure 6-104 shows the folded dipole antenna. This antenna basically consists 
af two half-wavelength conductors shorted together at the ends and fed in the mid- 
Фе of one of them, The folded dipole is most often built from 200-0 television an- 
tenna twin-lead transmission line. Because the feedpoint impedance is nearly 300.0, 
the same type of twin lead сап also be used for the transmission line. The folded di- 
pole will exhibit excellent wide-bandwidth properties, especially on the lower bands, 

A disadvantage of this form of antenna is that the transmitter has to match the 
300-0 balanced transmission line. Unfortunately, most modem radio transmitters 
эге designed to feed coaxial-cable transmission line, Although an antenna tuner can 
be placed at the transmitter end of the feedline, it is also possible to use a 4:1 balun 
transformer at the feedpoint (Fig. 6-108). This arrangement makes the folded dipole 
a reasonable match to 52- or 75-0 coaxial-cable transmission line- 

Another method for broadbanding the dipole is to use two identical dipoles fed 
from the same transmission line, and arranged to form a “bowtie” as shown in Fig. 6-11. 
"The use of two identical dipole elements on each side of the transmission line has the 
effect of increasing the conductor cross sectional area so that the antenna has a slightly 
improved lengtlvdiameter ratio. 

‘The bowtie dipole was popular in the 19808 and 1940s, and became the basis for 
the earliest television receiver antennas (TV signals are 3 to 5 MHz wide, so they require 
A broadbanded antenna). It was also popular during the 1950s as the so-called Wonde 
Bar antenna for 10 m. It still finds use, but it has faded somewhat in popularity. 

‘The cage diople (Fig. 6-12) is similar in concept, 17 not construction, to the 
bowtie, Again, the idea is to connect several parallel dipoles together from the same 
‘transmission line in an effort to increase the apparent cross-sectional area. In the 
case of the cage dipole, however, spreader disk insulators are constructed to keep 
the wires separated, The insulators ean be built from plexiglass, lucite, or ceramic 
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6-12 Cage ipae 


"They can also be constructed of materials such as wood, if the wood is properly 
treated with varnish, polyurethene, or some other material that prevents it from be- 
coming waterlogged. The spreader disks are held in place with wire jumpers (see in- 
set to Fig, 6-12) that are soldered to the main element wires 

‘A tactic used by some builders of both bowtie and cage dipoles is to make the el- 
ements sligluly different lengths. This “stagger tuning" method forces one dipole to 
favor the upper end of the band, and the other to favor the lower end of the band. 
‘The overall result is a slightly flatter frequency response characteristic across the 
entire band. On the cage dipole, with four half-wavelength elements, it should be 
possible to overlap even narrower sections of the band in order to create an even 
Matter characteristic 


Shortened coil-loaded dipoles 

‘The half-wavelength dipole is too long for some applications where real estate is at a 
pretium, The solution for many operators is to use a cell landed shortened dipole 
such as shown in Fig. 6-13, A shortened dipole (ie, one which is less than a half- 
wavelength) is capacitive reactance. There is no reason why the loading сой cannot. 
beany point along the radiator, but in Figs. 6-134 and 6-138 they are placed at 0 per 
cent and 50 percent of the element length, respectively. The reason for this proce: 
dure is that it makes the calculation of coil inductances easier, and it also represents 
the most common practice, 

Figure 6-136 shows а table of inductive reactances as а function of the per- 
centage of a half-wavelength, represented by the shortened radiator. It is likely that 
the percentage figure will be imposed on you by the situation, but the general rule 
is to pick the largest figure consistent with the available space, For example, sup- 
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6-13 Shortened or loaded dipole. (A) inductors al foedpoint; (B) inductors midway slong elements; (C) 
chart of reactances for coils; (D) commercially available roils, (E) homemade сой based on commer- 
cil сой stock, 


© 


4/10/01 2:52 PM Page 159 © 


Other dipoles 189 


pose you have about 40 ft available for a 40-m antenna that normally needs about. 
65 ft for a half-wavelength, Because 39 ft is 60 percent of 65 ft, you could use this 
value as the design point for this antenna. Looking on the chart, a 60 percent an- 
tenna with the loading coils at the midpoint of each radiator element wants to see 
an inductive reactance of 700 £ You can rearrange the standard inductive reac- 
tance equation (X, = 6.28 FL) to the form 


N. x10! 
гета 


ы 1617) 


Li the required inductance, in microhenrys 
„Fis the frequency, in hertz (Hz) 
X, is the inductive reactance calculated from the table in Fig. 6-13С. 


Example 6-2 Calculate the inductance required for a 60 percent antenna op- 
erating on 7.25 MHz. The table requires a reactance of 700 Q fora loaded dipole with 
the coils in the center of each clement (Fig. 6-158). 


Solution: 
хш ПОЯ 
628F вз 

700) u^ 
` (6.28) (7,250,000) зәң 

Txo 

4710 16.20) 
mi 1621] 


‘The Inductance calculated above is approximate, and it might have to be altered 
by cut-and-try methods, 

‘The loaded dipole antenna isa very sharply tuned antenna, Because of this fact, 
you must either confine operation to one segment of the band, or provide an antenna 
tuner to compensate for the sharpness of the bandwidth characteristic. However, ef- 
ficiency drops, markedly, far from resonance even with a transmission line tuner. 
"The function of the tuner is to overcome the bad effects on the transmitter, but it 
does not alter the basic problem. Only a variable inductor in the antenna will do that 
trick (at least one commercial loaded dipole once used a motor-driven Inductor at 
the center feedpoint) 

Figures 6-19D and E show two methods for making а coil-loaded dipole antenna, 
Figure 6-13D shows a pair of commercially available loading coils especially designed 
for this purpose. The ones shown here are for 40 m, but other models are also avall- 
able. The inductor shown in Fig. 6-13E is a section of commercial coil stock con- 
nected to a standard end or center insulator. No structural stress is assumed by the 
сой—ай forces are applied to the insulator, which is designed to take it. 


apace 4/10/01 2152 MM Page 160 © 


160 High-frequency dipole and other doublet antennas 


Inductance values for other length antennas can be approximated from the 
graph in Fig. 6-14. This graph contains three curves for coil-loaded, shortened 
dipoles that are 10, 50, and 90 percent of the normal half-wavelength size. Find 
the proposed location of the сой, as a percentage of the wire element length, along 
the horizontal axis. Where the vertical line from that point intersects with ane of the. 
three curves, that intersection yields the inductive reactance required (see along 
vertical axis). Inductances for other overall lengths can be "rough-guessed" by in- 
terpolating between the three available curves, a validated by cut and try. 


Tunable dipoles 
Dipoles are resonant antennas, so they naturally tend to prefer one frequency over the 
others. The VSWR will be quite low at the resonant point (assuming no feedline mis- 
‘match problems), and will rise at frequencies above and below resonance. If the а 
tenna is a high-Q model, then the effect is quite profound, and it might render the 
antenna nearly useless at frequencies on the other end of the same band (especially 
where modern transmitters equipped with VSWR shutdown circuitry are used). Figure 
6-15 shows a method for overcoming this problem. Here is how it works. 

An antenna that is too long for the desired resonant frequency will act induc- 
tively Ge., it will show a feedpoint impedance of the form Z = R + jX, ). To count 
act the inductive reactance component «jX, itis necessary to add a bit of capacitive 
reactance -jX, This approach is taken in tuning certain antenna forms and it can be 
used with dipóles to make the antenna tunable over a range of about 16 percent of 
the frequency. 

"The tunable dipole of Fig 
length of 


-15 is longer than other dipoles and it has an overall 


Note that the velocity constant is 505, rather than the 468 that is used with or- 
inary dipoles. 

"The required capacitive reactance, which is used to electrically shorten the an- 
tenna, is provided by С, In one effective design that ve tested, the capacitor was a 
500-pF transmitting variable type. When the Heath Company was making kits, they 
offered an antenna tuner based on this idea. It was a motor-driven 500-pF variable 
capacitor inside of a weather-resistant metal-shielded case. The Heath tuner can be 
used on inverted vees and dipoles (i a center support is provided). A low-voltage 
(which is necessary for safety reasons) de motor drives the shaft of the capacitor to 
tune the antenna to resonance. 


Stacked dipoles 
Figure 6-16 shows a double dipole (Le, two halfwavelengih dipole antennas 
‘spaced a half-wavelength apart). The transmission lines are connected in parallel at 
the receiver. This antenna provides about 3-dB gain aver а single dipole, and it adds 
a bit of fade protection because two side-by-side antennas provide a bit of space di- 
versity (see the end of Chap. 2 for information on diversity reception), 
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There is an additional point in displaying these patterns. The exact 
pattern of lobes and nulls in the azimuth readings for a WBFD is 
identical to that of a doublet. As the length of the antenna exceeds 
1.25 wavelength and approaches 1.5 wavelength, the bi-directional 
pattern at lower frequencies will break up into a collection of lobes 
and a collection of nulls. Therefore, the antenna is variably 
selective in its favored directions of good signal strength as one 
changes frequency. Those who contemplate installing either a 
doublet or a WBFD antenna need to consider well the patterns at 
key frequencies of interest in order to orient the antenna for 
maximum effectiveness. 


The antenna type has also been used vertically to provide omni- 
directional coverage. However, in this orientation, when the 
antenna exceeds 1.25 wavelength in over length, the pattern 
begins to show primarily high angle radiation-exactly the opposite 
of what one normally desires from the upper HF band. As a result, 
some installations may use a pair of vertical WBFDS for full low- 
angle HF coverage. 


A Note on Knees and Length 


The knee of our 27.2-meter wide-band folded dipole occurs at 
about the frequency at which a center-fed doublet of the same 
length would be self-resonant, that is about 1/2-wavelength. We 
know that a doublet that is shorter than 1/2 wavelength exhibits a 
feedpoint resistance that declines with length and a capacitive 
reactance that increases with length. 
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6-16 Phased dipoles provide a 3-В gain over single dipole, 

‘The two dipoles are supported by a common structure consisting of ropes (R) 
and end insulators (T) to support masts on the ends, In the center, a half-wavelength, 
space is taken up hy a rope so that the structure is maintained. The space is deter- 
mined by 


492 
Space, = 222. 6.28 
PAC Fe 1623] 
and, for the dipoles, 
Length, gt 16:24] 


‘The stacked dipole gets a bit lengthy on low-frequency bands, but is easily 
achievable by most people оп the upper HF bands. 
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‘The feedlines for the two dipoles can be connected directly in parallel and fed 
from the transmitter, provided that the antenna tuning unit will support one-half the 
normal expected impedance. Alternatively, a box can be provided that includes a 
‘matching transformer for 1:2 ratio. These can be built like a balun transformer on a 
toroidal core. A triflar winding is used, Alternatively, a phasing box сап be built that 
will allow altering the directionality of the antenna by 90°. This is done by using the 
switching circuit to reverse the sense of L. 
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Off-center-fed full-wave doublet (OCFD) antennas 


An antenna that superficially resembles the Windom is the off-center-fed doublet. 
(OCFD) antenna of Fig. 6-17. It is a single-band antenna, although at harmonies it 
will begin to act as a resonant, standing wave, longwire antenna, The overall length 
is one wavelength long 
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‘This antenna works best at heights of at least V2 above ground, so practical con- 
siderations limit it to frequencies above about 10 MHz (Le., 30-1 band). The feed. 
point of the antenna is placed at a distance of 4/4 from one end, and is a good match 
Tor 75-0 coaxial cable, A 1:1 balun transformer at the feedpaint is highly recom- 
‘mended, The pattern of a 14 antenna is а four-lobe "cloverleat" with the major lobes. 
being about 53 from the wire. The gain is about 1 dB. 
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6-17 Offcentorfed wire antenna, 


eee 4/20/01 


164 High-frequency dipole and other doublet antennas 


Off-center-fed nonresonant sloper (OCFS) 


Perhaps more viable for many people is the nonresonant off-center-fed sloper 
(OCFS) antenna of Fig. 6-18, This antenna consists of a wire radiator that must be 
longer than 3A/2 at the lowest frequency of operation. The feedpoint is elevated at 
least 3/4 above ground at the lowest operating frequency. The antenna is fed with 
75-0 coaxial cable. The shield of the coax is connected to a 2/4 resonant radial 
(counterpoige ground). There should be at least one radial (more is better) per band. 
of operation, 

‘The far end of the radiator element is sloped to ground, where it is terminated in 
a 27042 noninductive resistor, The resistor should be able to dissipate up to one- 
third of the power level applied by the transmitter 


Double extended Zepp antenna 


‘The double extended Zepp antenna (Fig. 6-19) provides a gain of about 2 dB over a 
dipole at right angles to the antenna wire plane. It consists of two sections of wire, 
each one of a length 
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6-18 Terminated sloper antenna, 
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6-19 Double extended Zepp antenna. 


"Typical lengths are 20.7 ft on the 10-m band, 28 ft on the 15-m band, 42 ft оп the 


‘The double extended Zepp antenna can be fed directly with 450-0 twin lead, es- 
pecially if a balanced antenna tuner is available at the receiver. Alternatively, it can 
be fed from a quarter-wavelength matching section (made of 450-0 twin lead, or 
equivalent open air parallel line), as shown, and a balun if coax is preferred. The 
length of the matching section should be 


1627] 


‘The double extended Zepp will work on several different bands, For example, a 
20-m-band double extended Zepp will work as a Zepp on the design band, a dipole on 
frequencies below the design band, and as а fourlobed eloverleaf antenna on fre 
‘quencies above the design band. 


Collinear “Franklin” array antenna 


Perhaps the cheapest approach to very serious antenna gain is the collinear Franklin 
array shown in Fig. 6-20. This antenna pushes the dipole and double extended Zepp 
concepts even farther. It consists of a half wavelength dipole that is eenter-fed with a 
4:1 balun and 75-0 coaxial cable. At each end of the dipole, there is a quarter-wave- 
length phase reversal stub that end-feeds another half-wavelength element, Each el- 
ement isa half-wavelength (2/2) long, and its length can be calculated from. 
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"The phase reversal stubs are a quarter wavelength long, or one half the length caleu- 
ated by Eq. 6.28, 
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6-20 Wire collinear antenna, 


‘The version of the "Collinear" shown in Fig. 6-20 has a gain of about 3 dB. There 
is no theoretical reason why you can't extend the design indefinitely, but there is a 
practical limit set by how much wire can be held by your supports, and how much 
real estate you own. A 4.5-dB version can be built by adding another half-wavelength, 
section at each end, with an intervening quarter-vavelength phase reversal stub in 
between each new section, and the preceding section. Once you get longer than five. 
Dalf-wavelengths, which provides the 4.5418 gain, the physical size becomes a bit of 
A bother for most folks. 


The TCFTFD dipole 


The tilted, centered, terminated, folded dipole (TCFTFD, also called the ТРТ or 
TTFD) is an answer to both the noise pickup and length problems that sometimes af- 
feet other antennas. For example, a random-length wire, even with antenna tuner, 
will pick up considerable amounts of noise. A dipole for 40 m is 66 ft long. 

"This antenna was first described publicly in 1949 by Navy Captain C. L. Coun- 
ушап, although the U.S. Navy tested it for a long period in California during World 
War Il. The TCFTFD can offer claimed gains of 10 6 dB over a dipole, depending on 
the frequency and design, although 1 to 3 dB is probably closer to the mark in prac- 
tice, and less than 1 dB will be obtained at some frequencies within йз range (espe- 
cially where the resistor has to absorb a substantial portion of the RF pawer). The 
‘main attraction of the TCFTFD is not its gain, but rather its broad bandednoss 

In addition, the TCFTFD can also be used at higher frequencies than its design 
frequency. Some sources claim that the TCFTFD can be used over a 5 or 6:1 fre- 
queney range, although my own observations are that 4:1 is more likely. Nonetheless, 
а 40-m antenna will work over a range of 7000 to 25,000 kHz, with at least some de- 
cent performance up into the 11-m Citizen's Band (27,000 KHz), 

‘The basic TCFTFD (Fig. 6-21) resembles a folded dipole in that it has two pa 
allel conductors of length L, spaced a distance W apart, and shorted together at the 
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ends. The feedpoint is the middle of one conductor, where a 4:1 balun сой and 
71542 coaxial-cable transmission line to the transceiver are used. A noninductive, 
300-0 resistor is placed in the center of the other conductor. This resistor can be a 
carbon-composition (or metal-film) resistor, but it must not be a wirewound resistor 
or any other form that has appreciable inductance. The resistor must be able to dis 
sipate about one-third of the applied RF power. The TCFTFD can be built from or- 
шагу no.14 stranded antenna wire. 

Fora TOFTFD antenna covering 40 through 11 m, the spread between the con- 
ductors should be 19% in, while the length L is 27 ft. Note that length L includes 
‘one-half of the 19-in spread because it is measured from the center of the antenna 
element to the center of the end supports. 

‘The TCFTFD is a sloping antenna, with the lower support being about 6 ft off the 
ground. The height of the upper support depends on the overall length of the an- 
tenna, For a 40-m design, the height is on the order of 50 ft 

‘The parallel wires are kept apart by spreaders. Atleast one commercial TOFTED 
antenna uses PVC spreaders, while others use ceramic. You can use wooden dowels 
of between Lin and %in diameter; of course, a coating of varnish (or urethane 
spray) is recommended for weather protection. Drill two holes, of a size sufficient to 
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pass the wire, that are the dimension W apart (19 in for 40 m). Once the spreaders 
are in place, take about a foot of spare antenna wire and make jumpers to hold the 
dowels in place. The jumper is wrapped around the antenna wire on either side of 
the dowel, and then soldered. 

‘The two end supports can be made of 1 x 2 in wood treated with varnish or ure- 
thane spray, The wire is passed through screw eyes fastened to the supports. A sup- 
port rope is passed through two holes on either end of the 1 x 2 and then tied off at 
an end insulator. 

The TCFTFD antenna is noticeably quieter than the random-length wire an- 
tenna, and somewhat quieter than the half-wavelength dipole. When the tilt angle is 
around 30°, the pattem is close to omnidirectional. Although a little harder to build 
than dipoles, it offers some advantages that ought not to be overlooked. These di- 
‘mensions will suffice when the "bottom end" frequency is the 40-m band, and it will 
work well on higher bands, 


Vee-sloper antenna 


‘The vee-sloper antenna is shown in Fig. 6-22. It is related to the vee beam (covered 
in Chap. 9), but it is built like a sloper (Le., with the feed end of the antenna high 
above ground). The supporting mast height should be about half (to three-fourths) 
of the length of either antenna leg. The legs are sloped downward to terminating 
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resistors at ground level. Each wire should be longer than 1 at the lowest operating 
frequency. The terminating resistors should be on the order of 270 Q (about one-half 
of the characteristic impedance of the antenna), with a power rating capable of dis- 
sipating one-third of the transmitter power, Like other terminating resistors, these 
should be noninductive (carbon composition or metal film). 

‘The advantage of this form of antenna over the vee beam is that it is vertically 
Polarized, and the resistors are close to the earth, so they are easily grounded. 


Rhombic inverted-vee antenna 


A variation on the theme is the vertically polarized rhombic of Fig. 6-23. Although 
sometimes called an inverted vee—not to be confused with the dipole variant of the 
same name—this antenna is half a rhombic, with the missing half being "mirrored" in. 
the ground (similar to a vertical). The angle at the top of the mast (©) is typically 
290°, and 120 to 145° is more common. Each leg (A) should be 24, with the longer 
lengths being somewhat higher in gain, but harder to install for low frequencies. A 
requirement for this type of antenna is a very good ground connection, This is often 
accomplished by routing an underground wire between the terminating resistor 
ground and the feedpoint ground. 


Multiband fan dipole 


"The basic halr-wavelength dipole antenna is а very good performer, especially when 
cost is а factor. The dipole yields relatively good performance for practically no in- 
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vestiment. A standard half- wavelength dipole offers a bidirectional figure-8 pattern 
on its basic band (Le, where the length is a half-wavelengti), and а four-lobe clover- 
leaf pattern at frequencies for which the physical length is 3/2, Thus, a 40-m half- 
wavelength dipole produces a bidirectional pattern on 40 m, and a fourlobe 
loverleaf pattern on 15 m. 

"The dipole is not easily multibanded without resorting to traps (covered in 
Chap. 8). One can, however, tie several dipoles to the same center insulator or balun 
transformer. Figure 6-24 shows three dipoles cut for different bands, operating from 
a common feedline and balun transformer: AL-A2, B1-B2, and C1-C2, Each of these 
antennas is a half wavelength (te. Lys = 468/F yy). 

‘There are two points to keep in mind when building this antenna. First, try to 
keep the ends spread а bit apart, and second, make sure that none of the antennas 
is cut as a half wavelength for a band for which another is 39/2, For example, if you 
make AL-A2 cut for 40 m, then don’t cut any of the other three for 15 m. If you do, 
the feedpoint impedance and the radiation pattern will be affected, 


The counterpoise longwire 


‘The longwire antenna is an end-fed wire more than 2 long. 1t provides consider- 
able gain over a dipole, especially when а very long length ean be accommodated. Al- 
though 75- to 80-m, or even 40-m longwires are a bit difficult to erect at most 
locations, they are well within reason at the upper end of the HF spectrum. Low-VHF 
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band operation is also practical. Indeed, 1 know one fellow who lived in far southwest 
Virginia asa teenager, and he was able to get his family television reception for very 
low cost by using à TV longwire (channel 6) on top of his mountain. 

‘There are some problems with longwires that are not often mentioned, Two 
problems seem to insinuate themselves into the process. First, the Zepp feed is a bit 
‘cumbersome (not everyone is enamored of parallel transmission line). Second, how 
do you go about actually grounding that termination resistor? I it is above ground, 
then the wire to ground is long, and definitely not at ground potential for RF. If you 
want to avoid both the straight Zepp feed system employed by most such antennas, 
as well as the resistor-grounding problem, then you might want to consider the 
counterpoise longwire antennas shown in Fig, 6-25 
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The knee we observed in the gain of the 27.2 meter WBED is 
interesting, since it suggests that we may vary the low frequency 
gain by changing the length of the antenna. Altering the length, of 
course, will also change the frequency at which the antenna 
transitions from a bi-directional pattern into a multi-lobed pattern. 


To examine this question, | recreated the 27.2-m antenna model to 
perform frequency sweeps on both longer and shorter versions. As 
а sample, | ran a 50-m version and a 15-m version. All of the 
models used 820-Ohm terminating resistors, #14 AWG copper wire 
and a spacing of 0.2 meters. 
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A counterpoise ground is a structure that acts like a ground, but is actually elec- 
trically Doating above real ground (and itis not connected to ground). A groundplane 
of radials is sometimes used as a counterpoise ground for vertical antennas that are 
‘mounted above actual earth ground. In fact, these antennas are often called ground 
plane verticals. In those antennas, the array of four (or more) radials from the shield 
of the coaxial cable are used as ап artificial, or counterpoise, ground system. 

In the counterpaise lnngwire of Fig, 6.254, there are twa counterpoise grounds 
(although, for one reason or another, you might elect to use either, but not both). 
One counterpoise is at the feedpoint, where it connects to the "cold" side of the 
transmission line. The parallel line is then routed to an antenna tuning unit (ATU), 
and from there to the transmitter. The other counterpoise is from the cold end of the. 
termination resistor to the support insulator. This second counterpoise makes it 
possible to eliminate the earth ground connection, and all the problems that it might 
entail, especially in the higher end of the HF spectrum, where the wire to ground is, 
of substantial length compared with 14 of the operating frequency. 

A slightly different scheme used to adapt the antenna to coaxial cable is shown. 
in Fig. 6-25В. In this case, the longwire is a resonant type (nonterminated). Nor- 
mally, one would expect to find this antenna fed with 450-0 parallel transmission 
line, But with a АА radial acting as a counterpoise, a 4:1 balun transformer ean be 
used to effect a reasonable match to 75-2 coaxial cable, The radial is connected to 
the side of the balun that is also connected to the coaxial cable shield, and the other 
side of the balun is connected to the radiator element. 
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CHAPTER 


Vertically polarized 
HF antennas 


IN PREVIOUS CHAPTERS, YOU HAVE FOUND THAT THE POLARITY OF AN ANTENNA IS THE, 
direction of the electrical (E) field, Because the transmitted signal is an orthogonal 
electromagnetic wave, the magnetic field radiated from the antenna is at right angles 
to the electric field. The direction of the electric field, which seta the polarity of the 
antenna, isa function of the geometry of the radiator element. Ifthe element is ver- 
tical, then the antenna polarity is also vertical, The signal propagates ош fror the ra- 
diator in all directions of azimuth, making this antenna an “omnidirectional” radiator. 

Figure 7-1A shows the basic geometry of the vertical antenna: an RF genera- 
tor (transmitter or transmission line from a transmitter) at the base of a radiator of 
length L. Although most commonly encountered verticals are quarter-wavelength. 
(L = УА), that length is not the only permissible length. In fact, it may not even be 
the most desirable length, This chapter covers the standard quarter-wavelength. 
vertical antenna (because it is so popular), and other-length verticals (both 
greater and less than quarter-wayelength), 

"The quarter-wavelength vertical antenna is basically half of a dipole placed ver- 
tically, with the “other half” of the dipole being the ground. Because of this fact, 
some texts show the vertical with a double-line ghost radiator, or image antenna, in. 
the earth beneath the main antenna element. Figure 7-18 shows the current and 
voltage distribution for the quarter-wavelength vertical, Like the dipole, the quarter- 
wavelength vertical is fed at a current loop, so the feedpoint impedance is at a mini- 
mum (typically 2 to 37 Q, depending upon nearby objects and design). As a result, 
the current is maximum and the voltage is minimum at the feedpoint. As you will 
see, however, not all vertical antennas are fed directly at the current loop. As a 
result, some designs require antenna tuning units to make them match the antenna. 
Impedance to the transmitter output impedance. 

Figure 7-1C and 7-1D show the two basic configurations for the HF vertical 


na. Figure 7-1C shows the ground-mounted vertical antenna. The radiator 
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element is mounted at ground level, but it is insulated from ground. Because the 
antenna shown is a quarter-wavelength, it is fed at a current loop with 52-0 coaxial 
cable. The inner conductor of the coaxial cable is connected to the radiator element, 
and the coaxial cable shield is connected to the ground. As you will see shortly, 
the ground system for the vertical antenna is critical to йз performance. Normally, the 
Feedpoint impedance is not 52 Q, but rather is somewhat lower (37 О). As a 
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result, without some matching there wil be a slight VSWR, but in most eases, the 
VSWR is a tolerable tradeoff for simplicity. If the antenna has a feedpoint impedance 
0187 Q, which is the value usually quoted, then the VSWR will be 520/37 Q, or 141:1. 

A vertical mounted above the ground level is shown in Fig. 7-10. This anten 
is equally as popular as the ground mounted. Amateurs and CB operators find it 
easy to construct this form of antenna because the lightweight vertical can be 
‘mounted at reasonable heights (15 to 60 ft) using television antenna slip-up tele- 
scoping masts that are reasonably low in cost. А problem with the non-ground-level 
vertical antenna is that there is no easy way to connect it to ground. The solution to 
the problem is to create a counterpoise (artificial) ground with а system of quarter- 
wavelength radials. 

In general, at least two radials are required for each band, and even that number 
is marginal. The standard wisdom holds that the greater the number of radials, the be 
ter the performance. Although that statement is true, there are both theoretical and. 
practical limits to the number of radials. The theoretical limit is derived from the fact 
that more than 120 radials returns practically no increase in operational effectiveness, 
and at more than 16 radials, the returned added effectiveness per new radial is less 
than is the case for fewer radials, That is, going from 16 to 32 radials (doubling the 
number) creates less of an increase in received field strength at a distant point than 
going from § to 16 radials (both represent doubling the density of the radial system) 
‘The practical limit is 16 radials. 

‘The radials of the off-ground-level vertical antenna can be at any angle. In Fig. 
TAD, they are “drooping radials” (Le., the angle is greater than 90° relative to the ver- 
tical radiator element). Similarly, Fig 7-LE shows a vertical antenna that is equipped 
With radials at exactly 90° (no common antenna has radials less than 90°). Both of 
these antennas are called ground plane vertical antennas. 

The angle of the verticals radials is said to affect the feedpoint impedance and 
the angle of radiation of the vertical antenna. Although those statements are un- 
doubtedly true in some sense, there are other factors that also affect those para- 
meters, and they are probably more important in most practical installations. 
Before digging further into the subject of vertical antennas, take a look at the sub- 
jects of angle of radiation and gain in vertical antennas. 


Angle of radiation 


Long-distance propagation in the HF region depends upon the ionospheric phe- 
nomena called "skip." (See Chap. 2 for a more extensive explanation.) In this type 
of propagation, the signal leaves the transmitting antenna at some angle a, called 
the angle of radiation, and enters the ionosphere where it is refracted back to 
earth at a distance D from the transmitting station. The signal in the zone between 
the outer edge of the antenna ground-wave region and the distant skip point is 
weak or nonexistent. 

"The distance covered by the signal on each skip i a function of the angle of radi- 
ation. Figure 7-2 shows a plot of the angle of radiation of the antenna, and the dis- 
tance to the first skip zone. The angle referred to along the vertical axis is the angle 
of radiation away from the antenna relative to the horizon. For example, an angle of 
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7-2 Effect of radiation angle on skip communications 


10° js elevated 10° above the horizon, Shorter distances are found when the angle of 
radiation is increased. At an angle of about 30°, for example, the distance per skip is 
only a few hundred miles. 

Although you might expect on first blush to see a single ine on the graph, there is 
actually a zone shown (shaded). This phenomenon exists because the ionosphere 
is found at different altitudes at different times of the day and different seasons of 
the year. Generally, however, in the absence of special event phenomena in the 
ionosphere, you can expect from 1500 to 2500 mi per bounce in the НЕ bands for low 
angles of radiation, Note, for example, that for a signal that is only a degree or two. 
above the horizon the skip distance is maximum, 


«nans 


2:49 PM Page 179 © 


Gain in vertical antennas 179 


At distances greater than those shown in Fig, 7-2, the signal will make multiple 
hops. Given a situation where the skip distance is 2500 mi, covering a distance of 
7500 mi requires three hops. Unfortunately, there is a signal strength loss on each 
hop of 3 to 6 dB, so you can expect the distant signal to be attenuated from making 
multiple hops between the earth's surface and the Ionosphere. For maximizing dis- 
tance, therefore, the angle of radiation needs to be minimized. 

‘So what is the ideal angle of radiation? It is standard—but actually erroneous— 
wisdom among amateur radio operators (and even commercial operators, it turns 
out) that the lower the angle of radiation, the better the antenna. That statement is 
only true if long distance is wanted, so it reflects a strong bias toward the DX com- 
‘munity. The correct answer to the question в: “It depends on where you want the 
signal to go." For example, 1 live in Virginia. If 1 want to communicate with stations 
in the Carolinas or New England, then it would behoove me to select a higher angle 
of radiation for radio conditions represented in Fig. 7-2 so that the signal will land 
in those regions. But if I wanted to work stations in Europe or Africa or South Amer- 
ica, then a low angle of radiation is required. Because of the difference between 
Performance of high and low angles of radiation, some stations have two antennas. 
for each band: one each for high and low angles of radiation. 

Figure 7-3 shows a signal from a hypothetical antenna located at point 0, in or- 
der to show what angle is meant by "angle of radiation." The beam from the antenna 
is elevated above the horizon (represented by the horizontal “tangent to horizon" 
line). The angle of radiation a is the angle between the tangent line and the center 
of the beam. This angle is not to be confused with the beamwidth, which is also an 
angle. In the case of beamwidth, we are talking about the thickness of the main lobe 
of the signal between points where the field strength is 3 dB down from the maxi- 
лоша signal (which occurs at point P); these points are represented by points X and 
Yin Fig, 7-3. Thus, angle b is the beamwidth, and angle a is the angle of radiation, 


Gain in vertical antennas 


Vertical antennas are considered omnidirectional because they radiate equally 
‘well in all directions, "Gain" in an antenna is not the creation of power, but rather a 
simple refocusing of energy from all directions to a specifie direction; gain therefore 
infers directivity. According to the convention, then, the vertical antenna cannot 
ive any gain because it radiates in all directions equally . . . gain infers directivity. 
Right? No, not really. Let's develop the theme more carefully 

Again consider the idea of an isotropic radiator (the word isotropic means 
‘equal power in all directions), Consider a spherical point source radiator located at 
point O in Fig. 7-4. Whatever the level of power available from the transmitter, it will 
be spread equally well over the entire surface of the sphere as it radiates out into 
space away from point O. If you measure the power distributed aver some area A at. 
a distance R from the source, then the power available will be a fraction of the total 
power: 


total available power xA 
‘ul ~ “Total surface area of sphere 
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or, in math symbols: 
PE 
Po mo 
where 
P, is the power available per solid degree 
зв the total radiated power, in watts 
ris the radius of the sphere (Les, the distance from О to Р). 


A practical rule of thumb for this problem is to calculate from the surface area of the 
sphere. If you perform the right calculations, you will ind that there are approximately 
41.253 square degrees on the surface ofa sphere. By calculating the surface area of the 
beam front (aso in square degrees), you can find the power within that region, 

Now for the matter of gain in a vertical antenna. The vertical is not gainless be- 
cause it does not, in fact, radiate equally well in all directions. In fact, the vertical is 
quite directional, except in the horizontal (azimuth) plane, Figure 7-5 shows the ra- 
diation pattern of the typical free-space vertical radiator. The pattern looks like a gi- 
ant doughnut in free space (see solid pattern in Fig. 7-5). When sliced like a bagel, 
the pattern is the familiar circular “omnidirectional” pattern. When examined in the 
vertical plane, however, the plane looks like a sliced figure-8, The “gain” comes from 
the fact that energy isnot spread over an entire sphere, but rather it is concentrated 
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74 Spherical or "isotropic" radiation pattern. 


to the toroidal doughnut-shaped region shown. Therefore, the power per unit area 
is greater than for the isotropic (truly omnidirectional) case 


Non-quarter-wavelength verticals 


"The angle of radiation for a vertical antenna, hence the shape of the hypothetical 
doughnut radiation pattern, is a function of the length of the antenna. (Note: Length 
n terms of vertical antennas is the same as height, and is sometimes expressed in 
degrees of wavelength, as well as feet and/or meters.) Figure 7-6A shows the ap- 
proximate patterns for three different-length vertical antennas: quarter-wavelength, 
halfwavelength, and X-wavelength. Note that the quarter-wavelength antenna 
has the highest angle of radiation, as well as the lowest gain of the three cases, 
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Fig. 5 compares the gain of the three antennas from 2 through 30 
MHz in 1 MHz steps. As suspected, the 50-m antenna reduces the 
knee frequency to about 3 MHz. In contrast, the 15-m version 
increases the knee frequency to about 10 MHz. In general, a home 
builder may interpolate values for the knee frequency for other 
lengths in the overall range. 
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‘The %wwavelength antenna is both the lowest angle of radiation and the highest gain 
(compared with isotropic). 

‘The patterns shown in Fig. 7-64 assume a perfectly conducting ground under- 
neath the antenna, However, that is not a possible situation for practical antennas; 
all real grounds are lossy. The effect of ground losses is to pull in the pattern close 
to the ground (Fig. 7-68). Although all of the patterns are elevated from those of 
Fig. 7-6A, the relationships still remain: the %-wavelength radiator has the lowest. 
angle of radiation and highest gain. 

‘The feedpoint impedance of a vertical antenna is а function of the length of the 
radiator. For the standard quarter-wavelength antenna, the feedpoint radiation re- 
sistance is a maximum of 37 Q, with only a very small reactance component. Figure 
7-7 shows the approximate feedpoint impedances for antennas from nearly zero 
effective length to 120° of length. 

Antenna length expressed in degrees derives from the ct that one wavelength 
is 360°. Thus, а quarter-wavelength antenna las a length of 360°/4 = 90°. To convert 
any specific length from degrees to wavelength, divide the length in degrees by 360. 
"Thus, for а 90° antenna: 90°/960° = % wavelength. The graph in Fig. 7-7A shows the 
antenna feedpoint impedance, both reactance and radiation resistance, for antennas. 
from 60 to 120°; Fig. 7-78 shows the radiation resistance for antennas from near zero 
to 60", Note that the radiation resistance for such short antennas is extremely small 
For example, an antenna that is 30° long (4. = 0082 wavelengths) has a resistance 
of approximately 3. It is generally the practice on such antennas to use a broadband 
Impedance-matehing transformer to raise the Impedance of such antennas to a higher 
value (Fig. 7-8). 


7-68, Accounting fr ground losses. 
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The ground system for the vertical antenna 


‘The vertical antenna works well only when placed over a good ground system, Chap- 
ter 28 gives details of proper ground systems for all radio antennas, verticals 1 
cluded, so only certain specifies are included here. The reader should also examine 
Chap. 28, however, in order to get a firmer grasp of the problem. 

‘The usual way to provide a good ground for a vertical is to use a system of radi- 
als such as Fig. 7-9A, This case shows view (from above) of 16 quarter- wavelength 
radials arranged to cover the full circle around the antenna. Each radial is a quar- 
terwavelength, so it will have a length (in fact) of 246/F,,,,. All of the radials are 
connected together at the base of the antenna, and the ground side of the trans- 
mission line is connected to this system. The radials can be placed either on the sur- 
face or underground. One friend of the author built an extensive radial system on 
the bare dirt when his house was built, so when the sod was installed he had a ve 
high-quality underground radial system. 
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Ifyou decide to use an aboveground radial system, however, be sure to prevent 
people from tripping over it. There might be liability implications for people who 
trip and injure themselves, even when the person is an intruder or trespasser. 

Some experts prefer to place a copper wire sereen at the center of the radial 
system. The minimum size of this sereen is about 2m square (8 x 6 ft). Connect it 
to the radials at the points shown using solder, Other experts will drive ground 
stakes into the ground at these points. Still another method is shown in Fig. 7-98. 
This case shows a "spider web” of conductors shorting the radials at points a meter 
or two from the antenna. Again, some authorities recommend that ground rods be 
driven into the earth at the indicated points, 

"The exact number of radials to use depends in part on practical matters (how 
many сап you physically Install). Use at least two radials per band, with four per 
band preferred for simple, low-cost systems. However, even four is considered a 
compromise case, The general rule is: the more the better. But it's also true that 
there is a law of diminishing returns as the number of radials is increased. Figure. 
7-40 shows the approximate field intensity (mV/m) as a function of the number of 
radials, Notice that the feld intensity does not increase as rapidly with the number 
of radials above 20 or so. Note that the Federal Communications Commission re- 
quires AM band (550 to 1700 kHz) stations to use 120 radials, but that number is not. 
necessary for amateur stations, A practical upper limit of 16 radials is usually ac- 
cepted for amateur radio work, and four radials work quite well. 
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7-9A Comprehensive ground system for vertical antenna, 


For vertical antennas mounted above ground, there is an optimum height above 
ground for the base of the antenna. This height is a quarter-wavelength above the 
actual ground plane. Unfortunately, that distance might not be the height above 
the surface. Depending upon ground conductivity and groundwater content, the 
height can be exactly a quarter-wavelength above the surface or slightly lower. The 
point s found from experimentation, and will, unfortunately, vary over the year if 
climatic changes are usual 


Variations on the vertical antenna theme 


Thus far, he vertical antennas have been standard quarter- or wavelength models 
‘This section looks at several variations on the theme. Consider Fig. 7-10. This antenna. 
is the vertical Dal wavelength dipole. The vertical dipole is constructed in exactly the 
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same manner as the horizontal dipole, but is mounted in the vertical plane, In general, 
the section of the radiator that is closest to the ground 
shield end of the coaxial cable tran 

Like the horizontal dipole, the approximate length of the vertical dipole is cal- 
culated from 


hould be connected to the 


mission line 


468 


172] 


L, is the length, in feet 
Fig, 15 the operating frequency, in megahertz 


Example Calculate the length of a halfwavelength vertical dipole for opera- 
tion on а frequency of 14.250 MHz in the 20-m amateur radio band. 
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Note: The 0.8 ft part of this calculated length can be converted to inches by 
‘multiplying by 12: 0.8 x 12 = 9.6 in. 
Each leg of the vertical dipole 


is one half of the calculated length, or 


En 


=1640 


‘The vertical dipole antenna is used in many locations where it is impossible to 
properly mount a horizontal dipole, or where a roof- or mast-mounted antenna is 
impossible to install because of logisties, a hostile landlord, and/or a homeowners? 
association. Some row house and town house dwellers, for example, have been suc- 
cessful with the vertical dipole. In the 1950s and 1960s, the vertical dipole was pop- 
ular among European amateurs because of space restrictions found in many of 
those locations. 

‘The construction of the vertical dipole is relatively straightforward. You must 
find or build a vertical support structure, In the case shown in Fig. 7-10, the support 
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740. Vertical hal-wavelength dipole 


— antenna. 


Support. 


NI 


is a wooden or PVC mast erected for that purpose. Ropes and insulators at either 
end support the wire elements from the ends and keep the antenna taut. If the 
neighbors are a problem, then try to find some white PVC pipe that will make a fine 
flagpole and be patriotie with a vertical dipole hidden inside of the pipe. In other 
cases, if your home is not metal-sided, and if it is high enough, then a support from. 
the roof structure (or solfits) will make a proper mount. 
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One problem with the vertical dipole, and one that liability-conscious people 
need to consider, is that a high-impedance current node is found at the ends of a 
half wavelength dipole. Anyone touching the antenna will likely receive a nasty RF 
burn (or shock) from this antenna. 

A coaxial vertical is similar to the vertical dipole (and, in fact, it can be argued 
that itis a form of vertical dipole) in that it uses а pair of vertical radiator elements, 
In the case of the coaxial vertical antenna, however, the radiator that is closest to 
the ground is coaxial with the transmission line and the main radiator element, An 
example is shown in Fig. 7-11A. An insulator at the feedpoint separates the two 
halves of the radiator, in most cases, it is of smaller diameter than the coaxial sleeve 
(also called the shield pipe in some publications). The reasons for this arrange- 
‘ment are not entirely electrical, for the most part, but mechanical, The coaxial ca- 
ble transmission line passes through the sleeve, and is itself coaxial to the sleeve. 

‘The overall length of the coaxial vertical antenna is a half-wavelength, which 
consists of two quarter-wavelength sections, Both the radiator and the sleeve a 
‘quarterwavelength, The length of each is found (approximately) from 


E 
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You should recognize these ав similar to the equation used previously to calculate 
hhalf-wavelength antennas, but reduced by a factor of 
The coaxial vertical antenna was once popular with CB operators, and as such 
was called the collinear antenna. In some cases, you сап find hardware from these 
antennas on the hamfest or surplus markets, and the pieces can be modified for 
amateur radio use. In the situation where a 10-m-band antenna is being built, it is a 
simple matter to cut the 11-m CB antenna for operation on a slightly higher fre- 
‘quency. In the case of the lower-frequency bands, however, it is а little more diffi- 
cult and it is likely that only the insulator and mounting assembly are salvageable, 
Keep in mind, however, the fact that adjacent sizes of aluminum tubing are de- 
signed such that the inside diameter (1D) of the larger piece isa slip-fit for the out- 
side diameter (OD) of the smaller piece. You can, therefore, connect adjacent sizes 
of aluminum tubing together without the need for special couplers, ete. With that in 
mind, salvaged insulator assemblies can be cut off with just 6 to 10 in of the former 
radiator and sleeve, and new radiators from "adjacent size” tubing installed. 

‘The configuration shown in Fig. 7-11A is the manner of construction used by 
‘commercial antenna manufacturers for VHF and CB collinear vertical dipoles, but is 
a little dificult for amateurs (unless they happen to own a machine shop) to make 
the center insulator. For those people, some other method is indicated before this 
antenna is practical 
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The longest of the antenna models shows a mere -10 dBi gain at 2 
MHz, a value easily made up by the receiver and only about 1.5 to 
2 S-units below the average gain of the antenna. Hence, itis likely 
to be more satisfactory as a transmitting antenna in the lower HF 
region. In contrast, the 2 MHz performance of the 15-m version is 
more than 30 dB lower than the average antenna performance, 
making it more suitable for higher HF transmitting. 


The variations in gain among the curves in the relatively flat region 
of performance are a function of lobe formation. Maximum gain 
tends to attach to the major lobes of patterns taken at just higher 
than integral multiple of a wavelength, relative to antenna length. 
Minimum gain levels tend to be associated with antenna lengths 
near the "x+.5" wavelength (where x is an integer) points. When an 
antenna is 1.5, 2.5, 3.5, etc. wavelengths long, its pattern consists 
of a combination of emerging and disappearing lobes, all of 
relatively equal strength. For example, a 1-wavelength wire has 2 
strong lobes that are 180 degrees apart and a 2 wavelength wire 
has 4 strong lobes that are roughly 90 degrees apart. A 1.5 
wavelength wire has 6 lobes, as the 1 wavelength lobes diminish 
and the 2 wavelength lobes grow. Hence, coverage is wide, but at a 
reduction in maximum strength. 


The number of peaks and valleys in the three gain curves is a 
function of length. The 50-m antenna passes through many more 
transitions from x wavelength to x.5 wavelength (where x is an 
integer) across the frequency span than do either of the shorter 
antennas. Hence, we should expect more highs and lows in the 
gain pattern. 
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Figure 7-118 shows a construction method that has been used by amateurs 
with good results. The ra 
lating piece of thick-wall PVC plumbing pipe, Lucite, or plexiglass tubing; 6 to 10. 

in of tubing are needed. 
A gap of about 2 in is left between the bottom end of the radiator pipe and the 


liator and shield pipe (sleeve) are joined together in an in 


top end of the shield pipe in order to keep them electrically insulated from each. 
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other, and to allow the coaxial cable to be pas 


hole in the insulator pipe is drilled for this purpose 
‘The aluminum tubing pieces for the radiator and the sleeve are fastened to the 
insulator with at least two heavy machine serews each. One of the machine screws on 


Radiator 


Insulator 


Sleeve 


193 


d through to the outside world. A 


‘each ean be used as the electrical connection between the coaxial cable and the pipes, 
provided that a larger hole is cut in the insulator at that point to admit the washer 
that provides the electrical pathway between the screw head and the aluminum pipe 
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Ifyou depend upon the machine screw touching the pipe at the edges of the hole cut. 
for it, then there will probably be intermittent connection and all of the aggravation 
that ensues 

Mounting of the homebrew coaxial vertical antenna са xin in the neck.” 
Normally, this antenna is mounted high in the air above ground, so some form of sup- 
portis needed, Fortunately, you ean use small-area metal supports connected to the 
sleeve for this purpose. Figure 7-11C shows one method for mounting that is popu- 
lar, A pair of television antenna standoff mounting brackets are used to support the 
sleeve. Those brackets can be bought in sizes fram 6 to 24 in. Note that а 2x 4 piece 


bea* 


ot lumber is used between the building wall and the brackets. This wood serves as an. 
Ton 
radiator 
Center 
insulator 
Coax, 
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Bottom vnc Mast mounting system for verticals. 
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insulator, so it should be varnished or painted. It is held to the wall with lag bolts, 
wing bolts, or some other effective method of anchoring. Keep in mind that the 
forces on the brackets increase tremendously during wind storms! 

It is possible for the two vertical antennas shown previously to become a shock 
hazard to anyone who touches them. Both of these antennas are hall-wavelength. 
radiators and are of the dipole form of construction. The center point is used for 
feeding the antenna, so it forms the low-impedance point in the antenna, As a 
result, the ends of the antenna, one of which is close to the ground, are the high- 
impedance points—hence the voltages at those points within reach of prying hands 
playing in the yard can be high. It is wise to either mount the antennas so far above 
the ground that they cannot be reached, or build a small nonconductive fence 
around the bottom end of the antenna. 


Vertical antenna construction 


‘There are two general cases for installing vertical antennas: ground-leve-mounted and. 
 non-ground-mounted. This section takes a brief look at both forms of mounting. We will 
concentrate on installation of homebrew verticals rather than commercial, because it is 
assumed that the vendors of such antennas will provide their own instructions, 

‘The ground-level-mounted vertical is shown in Fig. 7-12. The typical vertical an- 
tenna is 8 to 40 M high. Thus, although the actual weight of the antenna is small, the 
forces applied to the mounting structure (especially during windstorms) can be quite 
high, Don't be footed by the apparent light weight of the antenna in this respect. 

‘The mounting structure for the vertical antenna can be a metal or wooden 
fence post buried in the ground. At least 2 ft of the fence post should be above 
ground. In the case of Fig. 7-12, a 4 х 4 wooden fence post is used as the mount- 
ing, but the principles are similar for all forms of post. A fence post hole is pro- 
vided that is at least 2 ft deep. In some cases, it might be possible to use a 
1-R-deep gravel fill topped with back-flled dirt. In other cases, especially where 
a steel fence post is used, a concrete plug is placed at the bottom of the hole 
over a 4-in layer of gravel 

‘The antenna radiator element is installed onto the fence post using standoff 
insulators. Unfortunately, these insulators are difficult to find, so they might have to 
be omitted. Given that varnished or painted wood is not a terribly good conductor, 
it is not unreasonable to bolt the radiator directly to the 4 x 4 fence post. Use %-in 
(or larger) bolts, and make them long enough to fit completely through both the an- 
tenna element and the 4 x 4 post. Thus, 6-in-, T-in- or &in-long¥-in bolts are the 
candidates for this job. Use at least two bolts, one at the bottom of the antenna 
radiator element, and one near the top of the fence post, A third bolt, halfway be- 
tween the other two, would not he out of order. 

Ifthe antenna is quarter-wavelength, then no matching is generally necessary. 
Although the feedpoint impedance is not exactly 62 Q, it is close enough (37 Q) to 
form a reasonable match for 52-02 coaxial cable (with VSWR = 14:1). The center 
‘conductor of the coaxial cable is connected to the radiator element, while the shield 
is connected to the ground system. In the example shown in Fig. 7-12, two ground 
methods are used, First, an 8-1 ground rod is driven into the earth at the base of the 
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antenna; second, a system of quarter-vavelength radials is used. Remember that. 
the ground systern is absolutely essential. 

A method for installing a vertical antenna above ground is shown in Fig. 7-13. 
In this case, a wooden support (2 x 4 or 4x 4) is installed in a manner similar to Fig 

12, but with a deeper hole to counter the longer length, Alternatively, the wooden. 
support is affixed to the side of a building wall, shed, or other preexisting structure. 
Once the support is arranged, however, the method of attachment of the radiator 
element is the same for the previous case, so that will not be repeated here. 

Electrical connections to the antenna are also shown in Fig. 7-13. Because the 
antenna is above ground level, an electrical counterpoise ground consisting of a sys 
tem of radials is absolutely essential; at least two radials per band must be provided. 
A small L bracket is used to support the radials and to provide an 50-299 coaxial 
connector for the coax. This connector is а chassis-mounted type with its center 
conductor connected to the radiator element. The shield of the connector is con- 
nected to the bracket, so it is also connected to the radial system. 

In some installations, the antenna support structure will require guy wires to. 
keep the structure stable. Do not use the radials as guy wires. The type of wire that 
normally works well for radials is too soft, and too easily stretched, for guy wire ser- 
vice. Use regular steel guy line, available where TV antenna supplies are sold, for 
this antenna. Make the lengths nonresonant, and break the guy lines up with egg in- 
sulators, if necessary, to achieve the nonresonance, 
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Figure 7-14 shows the configuration for the %-wavelength vertical antenna. Such an. 
antenna generally gives a lower angle of radiation than the more common quarter- 
‘wavelength radiator, so presumably it works better for long distance, 

‘The radiator of this antenna is made from 0.5- to 1.5-in aluminum tubing. 
Again, remember that adjacent sizes fit together snugly to form longer sections. 
"The physical length of the X-wavelength radiator is found from 
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‘The radials are the usual quarteravavelengih, and are made of no. 12 or no, 14 
copper wire, These lengths are found from: 
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or in meters, 
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ЗЕ: 
of the wavelength antenna is about 16000, not а 


The feedpoint impedan 
good match for the ordinary coaxial cables that are routinely available on the ama- 
teur market. Some form of impedance matching is needed 
One option is to use a broadbanded RF transformer, These transformers will 
work throughout the HF spectrum, and match a wide variety of impedances to the 
50-0 standard system impedance 
Another option, especially for a single-band antenna, is to use a coaxial cable 
impedance transformer, such as shown in Fig. 7-14. The transformer consists af two 
her, shown as L. and L in Fig, 7-14. The 


sections of coaxial cable joined to 
lengths are found from 
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17.10] 
and 
тап 
17.121 
Grounded vertical antennas 
"The vertical antennas presented thus far in this chapter are called seriesfed verti- 


cals, because the generator is essentially in series with the radiator element, Such 
an antenna must be insulated from ground. The other class of vertical is the shunt- 
fed vertical, which is grounded at one end (Fig. 7-15). There are three methods of 
‘shunt-feeding a grounded vertical antenna: delta, gamma, and omega. All three 
‘matching systems have exactly the same function: to form an impedance transfor- 
mation between the antenna radiation resistance, at the feedpoint, and the coaxial 
cable characteristic impedance, as well as cancelling any reactance in the system. 
"The delta feed system is shown in Fig. 7-18A. In this саве, a taut feed wire is con- 
nected between a paint on the antenna, which represents a specific impedance on 
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the antenna, and an antenna tuner. This method of feed is common on АМ broadcast 
antennas (which are usually—perhaps always—verticals). Although you would 
think that the sloping feed wire would distort the pattern, that is not the case. The 
distortion of the pattern, if any, is minimal, hence it can be neglected. 


‘The gamma feed system is shown in Fig. 7-15B. This method is commonly used 
by amateurs to feed Yagi beam antennas, so it is quite familiar in the amateur radio 
world, The feed system consists of a variable capacitor to tune the system, and à 
‘matching rod that parallels the antenna radiator element. It îs important that the 
rod not be anywhere ne 

ante 


a quarter-wavelength, or it would become a vertical 

na in its own right, and in fact would resemble the so-called J-pole antenna. 

ew of the gamma match is given in Chap. 12. The omega feed (shown in Fig. 
similar to the gamma match except that a shunt capacitor is used. 


Conclusion 


The vertical antenna is a viable alternative for many situations, especially where 
real estate is at a premium. Contrary to popular opinion, the vertical antenna works 
‘well when installed properly and when due consideration has been given to matters 
such as the grounding and angle of radiation desired. 
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15 Meter WBFDs: 0.2 & 045 M Spacing 
Free-Space Gain 


Free Space Gah p 
>. 


-| 


Pasa a am y nen 


One question posed by various recommended wire spacing in past 
literature is whether wire spacing makes a difference to 
performance. Fig. 5a provides something of an answer as it 
compares the gain values for models of a 15-meter long version in 
0.2-m and 0.45-m spacing. The gain values are insignificantly 
different, ranging from 0.2 to 0.4 dB. 
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Multiband and 
tunable-wire antennas 


MOST COMMUNICATIONS OPERATORS REQUIRE MORE THAN ONE BAND, AND THAT MAKES 
the antenna problem exactly that—a problem to be solved. Amateur radio, commer- 
cial, 'ars are especially likely to need either multiple antennas for 
differ „ ог a multiband antenna that operates on any number of different 
bands. This situation is especially likely on the high-frequency (HF) bands from 3.5 
to 29.7 MHz. 

Another problem regards the tunability of an antenna. Some amateur bands are 
very wide (several hundred kilohertz), and that causes any antenna to be highly vari- 
able from one end of the band to another. It is typical for amateurs to design an an- 
tenna for the portion of the band that they use most often, and then tolerate a high. 
VSWR at the other frequencies. Unfortunately, when you see an antenna that seems 
to offer a low VSWR over such a wide range, itis almost certain that some problem 
exists that reduces the Q, and the antenna efficiency, to broaden the response. How- 
ever, it is possible to tune an antenna for a wide band. It is also possible (now that 
amateurs have new HF bands) to use а single antenna between them, and then tune 
the difference out. For example, designing a single antenna for 21/24 MHz, 14/18 
Miz, or 7/10 MHz should prove possible, 

In this chapter we will take a look at both problems: the multiband and the tun- 
able antenna. 


Multiband antennas 


Although а triband Yagi or quad beam antenna will undoubtedly work better than a 
Wire antenna (when installed correctly, the low-budget amateur operator need not 
lament any supposed inability to "get out” on wire antennas. To quote an ald saying: 

"Better is the enemy of good enough." Or, to put it in terms of Сату lau: "IL its 
"good enough? then don't waste a lot of energy fretting over making it better unless. 
you really want to make it a Tot better 
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Trap dipoles 


Perhaps the most common form of multiband wire antenna is the trap dipole 
shown in Fig. 8-LA. In this type of antenna, one (or more) pairs of parallel resonant 
traps аге placed in series with the quarter-wavelength elements of the dipole. The 
purpose of the traps is to block their awn resonant frequency, while passing all 
other frequencies 

In the example of Fig. 8-1A, a 10-m trap isolates the first 8 ft or so (quarter- 
wavelength on 10 m) so that the antenna resonates on that band, A 40m or 15-1 
signal, on the other hand, passes through the traps and uses the whole length of the 
antenna. (Note: A half-wavelength 40-m dipole works as а 8/2-wavelength antenna 
on 15m) 

‘The overall length of the trap dipole will be a little less than the natural “non- 
trap” length for the lowest frequency of operation. At the low frequencies, the 
traps add a little inductance to the circuit so that the resonant point is lower than. 
the natural resonant frequency. In general, most trap dipoles are just а few per- 
cent shorter than nontrap dipoles at the same band. The actual amount of short- 
ening depends upon the values of the components in the traps, so consult the 
data for each trap purchased. Where more than one pair of traps is used in the 
antenna, make sure they are of the same brand and are intended to work 
together. 

Another solution to this problem is shown in Fig. 8-1В. This type of antenna 
tually has two or more half-wavelength dipoles fed from the same transmission line. 
In this illustration, a total of three dipoles are fed from the same 75- transmission 
line, There is no theoretical limit to how many dipoles can be accommodated, al- 
though there is certainly a practical limit, For one thing, there is a mechanical limit 
to how many wires are supportable (or desirable) hanging from any given support. 
There is also an electrical limit, although it is less defined. Having а lot of dipoles in- 
creases the possibility of radiating harmonics and other spurious emissions from. 
your transmitter. 

"The 75-62 coaxial cable is connected to the center feedpoint of the multidipole 
either directly or through a 1:1 balun transformer, as shown in Fig. 8-18, Each an- 
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in Multiband dipole consists of several dipoles fed from a comman foedline 


tenna (A-A, B-B, or C-C) isa halfwavelength, Therefore, the overall length is found. 
approximately from the standard dipole expressions: 


Overall length (А +А,В +В, or C + С). 


468 
D 184] 


or, for each element alo 


e (A,B, or С): 
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As always, close to the earth's surface, these equations are approximations, and 
are not to be taken too literally. Some experimentation will probably be necessary to 
‘optimize resonance on each band. Also, be aware that the drooping dipoles (B and C 
inthis case) may aet more like an inverted-vee antenna (see Chap. 7) than a straight 
dipole, so the equation length will be just а few percent too short, In any event, a lit- 
Пе spritzing with this antenna will yield results 

‘Some amateurs build the multiple dipole from four- or fve-wire TV rotator lead. 
"That type of vire is used to control antenna rotators, and has either four or five par- 
allel vires in a Bat arrangement similar to lamp cord. Cut each wire to the length re- 
‘quired for a band, and strip off any unused portions. 

Another possibility is the link-tuned dipole shown in Fig. 8-16, In this situation, a 
single conductor is used for each half of the dipole, or actually inverted vee. The con- 
ductors are broken into segments A, B, and C (or more, if desired), Each segment is 
separated from the two adjacent sections by inline insulators (standard end insula- 
{ors are suitable). Segment A is a quarter wavelength on the highest frequency band 
of operation, А + Bis а quarter- wavelength on the next highest band of operation, and 
A +B + C is a quarteravavelengtl on the lowest frequency band of operation. 

Theantenna is "tuned" toa specific band by either connecting, or disconnecting, 
a similar wire (see inset) jumper across the insulator that breaks the connection be- 
tween the segments. Either a switch or an alligator clip jumper will short out the in- 
sulator to effectively lengthen the antenna for a lower band. Some amateurs use 
single-pole 110-Vac power line switches to jumper the insulator. Although I have not 
tried this method, it should work. 
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SAC. Multiband inverted vee uses shorting links to change bands, 


A big disadvantage to this type of multiband antenna is tat you must go out into 
the yard and manually switch the inks to change bands, which probably explains 
why other antennas are a lot more popular, especially in northern latitudes, 


Tuned feeder antennas 


Figure 8-2A shows the tuned feeder type of antenna. This antenna can be used from. 
80 through 10 m, but it requires a special tuner and a length of parallel transmission 
line, There are two ways to get parallel transmission line: make it or buy it. Using no. 
14 or 12 wire, and specially made insulators (also called spreaders), you can make 

lel transmission line. But that's a pain in the ptusch be- 
cause you can also buy parallel line rather cheaply. I paid $16 for 100 ft of 450-0. 
line recently. 

Опе form of parallel line is ordinary TV-type twin lead, which has an impedance 
01300 Q. This line will take up to about 250 W, although some people use it at higher 
powers (not recommended). The antenna of Fig. 8-2A uses 450-0 parallel line. You 
can buy insulated 450-0 twin lead (see Fig. 8-28) that can be handled as easily as TV 
twin lead —and a lot more easily than open (uninsulated) parallel line. 


The G5RV multiband dipole 


Figure 8-3 shows the popular GSRV antenna. Although not without some problems, 
this antenna is very popular. It can be used either as a horizontal dipole, а sloper, or 
an inverted-vee antenna (Which is how I used it). The dipole elements are each 51 ft 
long. The feedline can be either 300- or 450-0 twin lead. For 300-0 cases, use 29 ft 
of line, and for 450-0 line, use 34 ft. One end of the parallel transmission line is con- 
nected to the antenna, and the other end is connected to a length of 50-0 coaxial 
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cable. Although most articles on the GBRV claim that any length of 50-0 line will 
work, J. M. Haerle (HP Antenna Systems: The Easy Way) recommends that the 
50-Q segment should be at least 65 ft long. 

Haerle is a little caustic in his comments on the GARV, but his criticism is well 
taken. Ifyou don't have a parallel transmateh, then the G5RV will work (especially if 
your rig can tolerate a 3:1 VSWR on some selected frequencies). Otherwise, use the 
antenna of Fig, ВЗА (or a transmatch with the GV) 
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Figure 8-4 shows the once-popular end-fed Zepp antenna, This antenna is a 
“monopole” in that it uses a half-wavelength radiator, but it is fed at voltage loop. 
rather than a current loop (Les, the end of the antenna rather than the center). A 
450- or 600-0 parallel transmission line is used to feed the Zepp antenna. Although 
the line can theoretically be any length, practicality dictates a quarter-vavelength 
because of the fact that the antenna is fed at à high RF voltage point. 

"The Zepp (as shown) is а single-band antenna unless the transmission line is fex 
with a good, widerange transmatch, or other antenna tuner unit. The antenna tuner 
required is a balanced type, although а standard transmatch with a 4:1 balun trans- 
former at the output will also work well. Using the Zepp on many bands is easy, but 
keep in mind that it is voltage-fed, and (at frequencies for which the parallel line is 
not an odd integer multiple of a quarter-wavelength) there will be a high-voltage 
node at the transinatch, That raises the possibility of "RF in the shack'"— "hot" snip- 
pets of RF on the grounded chassis of station equipment (including microphones, 
where it is uncomfortable when touched to the lips) 


Feeding parallel transmission line 


Parallel transmission line is balanced with respect to ground, but coaxial cable is 
unbalanced to ground (ie, one side of the coax ia usually grounded). As a result, 
the standard amateur transmitter output will not drive parallel (balanced) feedline 
properly. You need to do one of two things: (1) buy (or build) an antenna tuner that. 
is balanced on the output and unbalanced on the input or (2) convert a standard 

'oax-to-coax' transmatch or other form of antenna coupler to "coas-to-balanced" 
configuration. In some cases you ean use а 4:1 balun transformer at the output of the. 
coaxial cable tuner. Keep in mind, however, that some tuner manufacturers recom- 
mend against this practice. Ifyou use the standard tee-network (or SPC) transmateh 
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then it Is possible to make a balun for this purpose from some no.12 formvar- or 
enamel-covered wire and either a ferrite toroid or a short piece of PVC plumbing 
pipe, Figure 8-5 shows a balun coil construction project. Use 12 turns of no.12 form- 
var or enameled wire over a 1-in outside diameter piece of PVC pipe or tubing, 

Next, we have the so-called longwire antenna. I use the term so-called because 
not all long wire antennas are truly longwires. A true longwire is longer than two 
wavelengths at the lowest frequency of operation. In Fig, 8-6 we see a longwire, or 
“random-length,” antenna fed from a tuning unit. I the antenna length Z is greater 
than a quarter-wavelength, then the tuner consists of a single series capacitor (see 
below); and i itis shorter than a quarter-wavelength, the tuner is a series inductor. 
‘The standard tuner for this type of antenna, regardless of length, ia a simple L-sec- 
tion coupler (also shown), which ean be selected for L-seetion, series-L or series-C 
operation, 

‘The Windom antenna (Fig, 8-7) has been popular since the 1920s. Although 
Loren Windom is credited with the design, there were actually a number of contrib- 
tors. Coworkers with Windom at the University of Ilinois were John Byrne, E. F. 
Brooke, and W. L. Everett, and they are properly cocredited, The designation of Win- 
dom as the inventor was probably due to the publication of the idea (credited to Win- 
dom) in the July 1926 issue of QST magazine. Additional (later) contributions were 
rendered by G2BI and GMIIAA (Jim Macintosh). We will continue the tradition of 
crediting Loren Windom, with the understanding that others also contributed to this 
antenna design. 

‘The Windom is a roughly half wavelength antenna that will also work on even 
‘harmonies of the fundamental frequency. The basic premise is that the antenna ra- 
diation resistance varies from about 50 £2 to about 5000 0, depending upon the 
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86 Random-length (aka, if erroneously, “langwire") antenna. 


selected feedpoint. When fed in the exact center, a current loop, the feedpoint im- 
pedance will be 50 0; similari, end feeding the antenna finds a feedpoint impedance 
of about 5000 Q. In Fig. 8-7A the feedpoint is tapped away from the center at a point 
that is about one-third the way from one end, at a point where the impedance is 
about 600 2. 

"The Windom antenna works well—but with some caveats, For example, the an- 
tenna has a tendency to put "RF in the shack" because of the fact that it is voltage- 
fed. Second, there is some radiation loss from the feedline, Finally, the antenna 
works poorly on odd harmonics of the fundamental frequency. 

"The antenna tuning unit can be either a parallel resonant, link-coupled LC tank 
circuit (see inset to Fig. 8-7A); or a reversed pi network. In the case of the Windom, 
the pi network is turned around backward from the usual configuration: С, is at the 
low-impedance end of the network, so it is lager than Ci, Design a pi network (see 
programs at end of book) to match 50 Q on the transmitter end and 600.2 on the an- 
tenna end. 

A reasonable compromise Windom that reduces fe 
shown in Fig. В-ТВ. In this antenna а 4:1 balun transform 
point, and this in turn is connected to 
milter, A transmateh, or similar ante 
miter and the transmission line. 
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We find that the curve of SWR relative to the value of the 
terminating resistor will also show similar transitions according to 
WBFD antenna length. Fig. 6 shows the SWR pattern for the three 
antenna models. If we look at the most dramatic fluctuations-in the 
case of the 50-m antenna, we discover SWR peaks at х+2/3 
wavelength points (where x is an integer). In contrast, we find SWR 
minimum values at the x+1/6 wavelength points (where x is an 
integer). The frequency span between points relative to the antenna 
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Longwire 
directional antennas 


YOUVE HEARD IT DOZENS OF TIMES. THE RANDOM-LENGTH LONGWIRE ANTENNA 15 THE, 
“perfect” solution to awkward antenna problems. Whether its a lack of real estate, 
cranky landlords, ora profound lack of dollars, the random-length longwire will do the 
Job for you. Right? Well, now, that depends on who you ask, and what they did to make 
it work or not work. One person says the longwire is not worth a plugged nickel; 
another is very ho-hum about it because his "kinda works”; still another is enthusias-. 
tic because hers is installed correctly and it works better than anything "since sliced 
pickle and liverwurst sandwiches." Over the years my various living arrangements 
have forced me to use longwires at many QTHs, as well as on Field Day. Why does the 
random-Jength longwire have such a varied reputation? Before we answer that ques- 
tion let's find out (for those who came in late) just what is a longwire antenna. 

As an aside, let me point out that random-length wire antennas (less than 2) 
are not true longwire antennas. However, common (if erroneous) usage compels 
the inclusion of both types. 


Longwire antennas 


Longwire antennas are any of several types of resonant and nonresonant antennas. 
Any given longwire antenna may be both resonant and nonresonant, depending upon 
the operating frequencies used. In the "old days,” when I was first starting in amateur 
radio, most resonant longwires were resonant over all HF bands because those bands. 
were harmonically related to each other: But with the addition of the 10-, 18-, and 
24-MHz band segments, that relationship no longer holds true for all cases. 

Figure 9-1 shows the classic random length, nonresonant longwire antenna. It 
consists of a wire radiator that is at least a quarter-wavelength long, but is most of- 
ten longer than a quarter-wavelength. The specific length is not critical but it must 
be greater than a quarter-wavelength at the lowest frequency of operation an- 
ticipated. If you have a 90-f wire, it will work on all HF bands above 3.5 MHz. In 
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9-1 Random-length antenna. 


most. installations, the wire is no.12 and 10.14 copperweld, or hard-drawn copper 
wire. I have successfully used both no.12 and no.14 house wire, but because it is 
solid (not stranded) it is not the best material, Stranded wire lasts longer in the 
wind, because solid wire fatigues and breaks quicker 

‘The longwire antenna is capable of providing gain over a dipole and a low angle 
of radiation (which is great for DX operators!) But these advantages are only found 
when the antenna is several wavelengths long, so it occurs only on typical HF anten- 
nas in the 21- through 29-MHz bands. 

"The longwire is end-fed, and therefore has a high impedance, except in those 
vases where the radiator happens to be quarter-wavelength. Because of this fact, it 
is necessary to use an antenna tuner between the low-impedance transmitter out- 
put (usually limited to 50- to 75-Q impedances) and the antenna. You can buy апу 
of several commercial antenna tuners, or make one yourself. Figure 9-2 shows a 
typical antenna tuner for longwires. It is an L-section coupler consisting of a series 
inductance and a shunt capacitance, both variable. The inductor can be home- 
‘made, or it can be made from a B&W miniduetor (3020 is suitable). Alternatively, 
you can buy a used roller inductor from a hamfest. If you opt for the homemade or 
miniductor alternatives, then an alligator clip lead (short!) connected to one end 
ofthe сой ean be used to short out unneeded turns when adjusting the inductance. 
1 prefer the roller inductor method, because it allows the whole “shootin match” to 
be installed inside a shielded cabinet, helping the TVI/BCI (television interfer- 
ence/broadeast interference) situation. 
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‘The capacitor (also available from the same sources) should be 150-pF to 2: 
pF maximum capacitance high-voltage variable. So-called transmitting variables а 
‘usually ok if the plate spacing is at least % in, 

‘Tuning of the longwire is simplicity itself. If the tuner does not have a built-in 
VSWR meter, then install one in the line between the transmitter output and the 
tuner input, Adjust both L, and C, (they are a bit interactive so do it several times) 
for the lowest VSWR. If you use the alligator clip method, turn off the darn trans- 
miter before adjusting the clip position —RF burns are nasty! 


So what's the problem? 

Ok, во we have decided to install а longwire. How do we make it work? First, make 
sure that it is long enough. The bare minimum lengths for HF bands are 70 ft for 
3,5 MHz and up, 34 ft for 7 MHz and up, and so on. In general, the longer the better, 
"The second problem isa good ground. The importance of a good ground cannot be. 
underestimated, and it accounts for about 99 percent of the difference in reported. 
performance of longwires. 

A good ground consists ala short wire to either one very long ground rod or mul- 
tiple ground rods spaced a couple feet apart. An important factor is the length of 
the ground wire. It must be considerably less than a quarter-wavelength. Use no.10 
stranded wire (several parallel lengths) or braid. 

When 1 was in college 1 lived on the second floor of a whacky student boarding 
house in Norfolk, VA. The ground was 24 ft away, and that made “short ground wire" 
а joke—and my longwire nearly inoperative. But 1 figured out a way around the 
problem, A quarter-wave radial was dropped out the window (see Fig. 9-2). Use 
‘more than one radial if possible. In one case, when the landlord was particularly 
‘cranky, I tacked the radial to the baseboard of my room (insulated on standoffs at the 
far end to protect against the high RF voltages present). It worked well! 
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A new product also comes to the rescue of tho: 
а good longwire. The MFJ Enterprises (Box 494, Mississippi Stat 
547-1800) model MFJ-931 artificial RF ground is installed in the ground line (see Fig, 
9-4) and is used to tune the ground wire. Adjust the capacitance and inductante con- 
trols for maximum ground current as shown on the built-in meter. Be sure to follow 
the instructions, however, because high RF voltages can appear on a nonresonant 
ground wire. 1 wish I'd had one of these when 1 was in that whacky boarding house; 
discussing existentialist poetry can't hold a candle to DXing. 
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When is a long wire a longwire? 
For many years, the longwire has been a popular form of antenna, It is cheap, iis 
easy to construct, and—although reports vary—it has the potential to perform well 
Properly constructed, it has a lot of utility: But what is a reat longwire antenna? In 
past columns, 1 have used the term to mean an antenna such as Fig. 9-1- This form of 
antenna is popularly called a longue if it is more than a quarter-wavelength. Land. 
other authors have used the term longwire to mean this antenna, but that's not rig- 
úorousty correct. A true longwire is an antenna that is many wavelengths long, ог to 
be a litle more rigorous, an antenna that is more than two wavelengths long. Al- 
‘though 1 will still use the term fongwie for both forms of longwire antenna, proper 
rigor requires Fig. 9-1 to be called a “random-ength antenna. 


True longwire antennas 


Figure 9-5 shows the true resonant longwire antenna, It is а horizontal antenna, and. 
it properly installed, it is not simply attached to a convenient support (as is true with 
the random length antenna). Rather, the longwire is installed horizontally like a di- 
pole. The ends are supported (dipole-like) from standard end insulators and rope, 
‘The feedpoint of the longwire is one end, so we expect to see a voltage antinode 
where the feeder is attached. For this reason we do not use coaxial cable, but rather 
| either parallel transmission line (also sometimes called open-air line or some such 
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name), or 450-0 twin ead. The transmission line is excited from any of several types 
of balanced antenna tuning unit (see Fig. 9-5). Alternatively, a standard antenna 
tuning unit (designed for coaxial cable) can be used if a 4-1 balun transformer is 
used between the output of the tuner and the input of the feedline 

What does “many wavelengths" mean? That depends upon just what you want 
the antenna to do, Figure 9-6 shows a fact about the longwire that excites many 
users of longwites: It has gain! Although a two-wavelength antenna only has a slight 
gain over a dipole; the longer the antenna, the greater the gain. In fact, it is possible 
to obtain gain figures greater than a three-element beam using а longwire, but only 
at nine or ten wavelengths. 
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9.6, Antenna length versus gain over dipole. 
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What does this mean? One wavelength is 984/F, ft, so at 10 m (29 MHz) one 
‘wavelength is about 34 It; at 75 m (2.8 MHz) one wavelength is 259 ft long. In order 
to meet the two-wavelength criterion a 10-m antenna need only be 68 ft long, while 
a 75.m antenna would be 518 ft long! For a ten-wavelength antenna, therefore, we 
‘would need 340 ft for 10 m; and for 75 m, we would need nearly 2,800 f. Ah me, 
now you see why the ongwire is not more popular. The physical length of a nonter- 
minated resonant longyire is on the order of 


492(N - 0.025) 


19.1 


M Fus 


(Vis number of half-wavelengths in the radiator elements.) 


Of course, there are always people like my buddy (now deceased) John 
‘Thorne, KANFU, He lived near Austin, TX on а multiaere farmette that has a 1400- 
ft property line along one side, John installed a 1300 ft longwite and found it 
‘worked excitingly well. He fed the thing with homebrew 450-0 parallel (open-air) 
line and a Matchbox antenna tuner, John’s longwire had an extremely low angle of 
radiation, so he regularly (much to my chagrin on my small suburban lot) worked 
ZL, VK, and other Southeast Asia and Pacific basin DX, with only 100 W from a 
Kenwood transceiver. 

Oddly enough, John also found a little bitty problem with the longwire that text- 
books and articles rarely mention: electrostatic fields build up a high-voltage de 
charge on longwire antennas! Thunderstorms as far as 20 mi away produce serious 
levels of electrostatic fields, and those fields can cause a buildup of electrical charge 
on the antenna conductor. The electric charge can cause damage to the receiver, 
John solved the problem by using a resistor at one end to ground. The "resistor" is 
‘composed of ten to twenty 10-М0 resistors at 2 W each. This resistor bleeds off the 
‘charge, preventing damage to the receiver, 

A common misconception about longwire antennas concerns the normal radia- 
tion pattern of these antennas. Ihave heard amateurs, on the ай, claim that the max- 
imum radiation for the longwire is. 


1. Broadside (ie. 90°) with respect to the wire run or 
2 Inline with the wire run 


Neither is correct, although ordinary intuition would seem to indicate one or the 
other. Figure 9.7 shows the approximate radiation pattern of a longwire when 
viewed from above. There are four main lobes of radiation from the longwire (А, B, 
С, and D). There are also two or more (in some cases many) minor lobes (E and F) 
in the antenna pattern. The radiation angle with respect to the wire run (G-H) is a 
function of the number of wavelengths found along the wire, Also, the mimber and 
extent of the minor lobes is also a function of the length of the wire. 
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Nonresonant single-wire longwire antennas 


‘The resonant longwire antenna is a standing wave antenna, because it is untermi- 
nated at the far end. A signal propagating from the feedpoint, toward the open end, 
will be reflected back toward the source when it hits the open end. The interference 
between the forward and reflected waves sets up stationary standing current and 
voltage waves along the wire, 

A nonresonant longuire is terminated at the far end in a resistance equal to its 
characteristic impedance. Thus, the incident waves are absorbed by the resistor 
rather than being reflected. Such an antenna is called a traveling wane antenna. 
Figure 9-8 shows a terminated longwire antenna. The transmitter end is Uke the feed 
system for other longwire antennas, but the far end is grounded through a termi- 
nating resistor R, that has a resistance R equal to the characteristic impedance Z, of 
the antenna (Le. Ё =Z,). When the wire is 20 to 30 £ above the ground, Z, is about 
500 to 600 û 

"The radiation pattern for the terminated longwire is a unidirectional version of 
the multilobed pattern found on the unterminated longwires. The angles of the 
lobes vary with frequency, even though the pattern remains unidirectional. The di- 
rectivity of the antenna is partially specified by the angles of the main lobes. It is in- 
teresting to note that gain rises almost linearly with nA, while the directivity 
function changes rapidly at shorter lengths (above three or four wavelengths the 
rate of change diminishes considerably). Thus, when an antenna is cut for a certain. 
low frequency, it will work at higher frequencies, but the directivity characteristic 
will be different at each end of the spectrum of interest. 

А two-wavelength (24) pattern is shown in Fig. 9-7. There are four major lobes 
positioned at angles of 236" from the longwire. There are also four minor lobes— 
the strongest of which is -5 dB down from the major lobes—at angles of +75" from. 
the longwire. Between all of the lobes, there are sharp nulls in which litle reception. 
is possible. As the wire length is made longer, the angle of the main lobes pulls in 
tighter (Le, toward the wire). As the lobes pull in closer to the wire, the number of 
minor lobes increases. At 5A, there are still four main lobes, but they are at angles 
оГ «32° from the wire. Also, the number of minor lobes increases to 16. The minor lobes. 
are located at 247°, 262", 2727, and 283° with respect to the wire. The minor 
lobes tend to be -5 to -10 dB below the major lobes. When the longwire gets very 
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9-8 Longwire (greater than ЗА) antenna is terminated ina resistance (typically 400 to 800 0) 
adials under the resistor improve the grounding of the antenna. 


much longer than 53, the four main lobes begin to converge along the length of the 
wire, and the antenna becomes bidirectional. This effect occurs at physical lengths 
greater than about 204, 

In general, the following rules apply to longwire antennas: 

+ On each side of the antenna, there is at least one lobe, minor or major, for each 
halfwavelength of the wire element. For the overall element, there is one lobe 
for every quarter-wavelength. 

+ DE there are an even number of lobes on either side of the antenna wire, then 
half of the total number of lobes are tilted backward, and half are tilted for. 
‘wand; symmetry is maintained, 

+ DE there are an odd number of lobes on either side of the wire, then one lobe 
‘on either side will be perpendicular to the wire, with the other lobes distrib 
шей either side of the perpendicular lobe. 


‘Vee beams and rhombic beams 

Longwire antennas can be combined in several ways to increase gain and sharpen 
directivity. Two of the most popular of these are the vee beam and the rhombic а 
tennas. Both forms can be made in either resonant (unterminated) oF nonresonant 
(terminated) versions. 

Vee beams The vee beam (Fig. 9-94) consists of two equal-length Iongwire 
elements (wire 1 and wire 2), fed 180" out of phase with each other, and spaced 
to produce an acute angle between them. The 180° phase difference is inherent in 
connecting the two wires of the vee to opposite conductors of the same parallel con- 
ductor feedline. 
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length is 1/2 wavelength. The shorter antennas show the same 
pattern. However, the pattern is less evident because there are 
fewer maximum and minimum values to sample. 


We may also note that the longer the WBFD, the higher the SWR. 
excursions for a given value of terminating resistor. However, if we 
examine the lowest values of minimum SWR and exclude the 
region below the gain knee of the curve, the corresponding low 
points in the curve show the longest antenna also to exhibit the 
lowest minimum value of SWR. In other words, for a given wire 
size, spacing, and terminating resistor, longer WBFDS will exhibit a 
larger range within any given SWR cycle. As we approach the 
upper HF range, the values may exceed the desired 2:1 SWR limit. 


The amount by which a long WBFD exceeds a 2:1 SWR is not 
great, but itis noticeable. For receiving applications, mild 
excursions beyond the 2:1 limit have virtually no affect on the 
received signal strength for any length of 50-Ohm coax. Some 
transmitters use automatic power reduction circuitry as the SWR 
approaches 2:1 (using an internal reverse voltage sensor), and 
some linear amplifiers begin reducing power at lower levels of SWR 
in order to protect expensive transmitting tubes. 


There are two means of overcoming the potential problems of 
"high" SWR. Some manufacturers recommend the use of very long 
coaxial cables. Since the losses in the line increase with frequency, 
the SWR observed at the station end of the line will be lower at. 
higher HF frequencies than at lower HF frequencies for any given 
value of SWR at the antenna end of the cable. The result of using 
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99A. Radiation pattern ol vee beam antenna consists of the algebra sum of the two longwire 
patterns that make up the antenna. 


‘The unterminated vee beam (Fig. 9-94) has a bidirectional pattern that is created. 
by summing together the patterns ofthe two individual wires, Proper alignment of the 
main lobes of the two wires requires an included angle, between the wires, of twice 
the radiation angle of each wire. If the radiation angle of the wire is В, then the appro- 
priate included angle is 28. To raise the pattern a few degrees, the 2B angle should be 
‘slightly less than these values. It is common practice to design a vee beam for a low 
frequency (e.g, 75-80- or 40-m bands), and then to use it also on higher frequencies. 
that are harmonies of the minimum design frequency. A typical vee beam works well 
over a very wide frequency range only ifthe included angle is adjusted to a reasonable. 
‘compromise. It is common practice to use an included angle that is between 35° and 
90", depending on how many harmonie bands are required. 

Vee beam patterns are based on an antenna height that is greater than a half- 
wavelength from the ground. At low frequencies, such heights will not be practical and 
yon must expecta certain distortion af the pattern because of ground reflection effects. 

Gain ona vee beam antenna is about 3 dB higher than the gain of the single-wire 
Jongwire antenna of the same size, and it is considerably higher than the gain of a 
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dipole (see Fig. 9-98). At three wavelengths, for example, the gain is 7 dB over a di- 
pole. In addition, there may be some extra gain because of mutual impedance 
feffeets—which сап be about 1 dB at 5A and 2 dB at 8. 

Nonresonant vee beams Like the single-wire longwire antennas, the vee beam 
сап be made nonresonant by terminating each wire in a resistance that is equal to 
the antenna's characteristic impedance (Fig. 9-10). Although the regular vee is a 
standing wave antenna, the terminated version is a traveling wave antenna and is 
thus unidirectional. Traveling wave antennas achieve unidirectionality because the 
terminating resistor absorbs the incident wave after it has propagated to the end of 
the wire. In a standing-wave antenna, that energy is reflected backwards toward the 
source, so it can radiate oppositely from the incident wave. 

Rhombic beams The rhombic beam antenna, also called the double vee, 
consists of two vee beams positioned end-to-end with the tips connected. The uni 
directional, nonresonant (terminated) rhombic is shown in Fig. 9-11. The unterm. 
mated resonant form gives approximately the same gain and directivity as a vee 
"beam of the same size, The nonresonant rhombic has a gain of about 3 dB over a 
vee beam of the same size (see Fig, 9-9 again). 

Two angles are present on the rhombic antenna, One-half of the included an- 
ale of the two legs of one wire is the tilt angle (0), while the angle between the 
two wires is the apex angle (8). A common rhombic design uses a tilt angle of 
10°, a length of GA for each leg (two legs per side), and a height above the ground 
of l in. 


нотыг 8 Vee Seam Gain over Dipole 


—— 


9:98. Gain versus length of vee beam and rhombiz beam antennas. 
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9-10 Nonresonant yee beam antenna. 


"The termination resistance for the nonresonant rhombic is 600 to 800 Q, and. 
‘must be noninductive, For transmitting rhombics, the resistor should be capable of 
dissipating at least one-third of the average power of the transmitter. For receive- 
only rhombies, the termination resistor can be a 2-W carbon composition or metal- 
film type. Such an antenna works nicely over an octave (21) frequency range. 


Beverage or “wave” antennas 
‘The Beverage ог wave antenna is considered by many people to be the best receive 
antenna available for very low frequency (VLF), AM broadcast band (ВСВ), medium. 
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9-11 Terminated rhombic antenna, 


wave (MW), or tropical band (low HF region) DXing. The Beverage was used by RCA 
at its Riverhead, Long Island (NY) station in 1922, and a technical description by Dr. 
H. H. Beverage (for whom it is named) appeared in OST magazine for November 
1922, in an article titled "The Wave Antenna for 200-Meter Reception,” In 1984, an 
edited and updated version of the 1922 article appeared in the same magazine. In 
1921, Paul Godley, under sponsorship of the American Radio Relay League, joumeyed 
to Scotland to erect a receiving station at Androssan, His mission was to listen for am- 
ateur radio signals from North America. As a result of politicking in the post-World 
War era, hams were consigned to the supposedly useless shortwave (û, < 20010), and 
it was not clear that reliable international communications were possible. Godley went. 
to Scotland to see if that could happen; he reportedly used a wave antenna for the task 
(today, called the Beverage), 

‘The Beverage antenna is a longuire of special design, more than one wavelength 
(12) Jong (Fig. 9-12), although some authorities maintain that 20.54 is minimally su 
ficient. The Beverage provides good directivity and good gain, but is not very efficient 
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As а result, it is preferred for receiving, and Is less useful for transmitting, This js an 
example of how different attributes of various antennas make the Law of Reciprocity 
an unreliable sole guide to antenna selection, Unlike the regular longwire, which is of 
A different design, the Beverage is intended to be mounted close to the earth's surface 
(typically < 0.12); heights of 8 to 10 feet is the usual prescription, 

Figure 9-12 shows the basic single-wire Beverage antenna, It consists of a single 
conductor (no.16 to no wire, with no.14 being most common) erected about 8 to 10 it 
above ground, Some Beverages are unterminates (and bidirectional), but most of them. 
are terminated at the far end ina resistance R equal to the antenna’s characteristic im- 
pedance Z, The receiver end is also terminated in its characteristic impedance, but 
generally requires an impedance matching transformer to reduce the antenna imped- 
ance to the 50-0 standard impedance used by most modern transmitters. 

The Beverage works best in the low-frequency bands (VLF through MW), 
although at least some results are reportedly relatively easy to obtain up to 25 m 
(11.5 MHz). Some questionably successful attempts have been made at making 
Beverage antennas work as high as the 11-m Citizens Band or the 10-m ham band. 
(297 MHz) 

"The Beverage antenna works on vertically polarized waves arriving at low angles of 
incidence, Those conditions are normal in the AM BCB, where nearly ай transmitting 
antennas are vertically polarized. In addition, the ground- and sky-wave propagations 
found in these bands (VLE, BCB, and low HF) are relatively consistent. As the fre- 
quency increases, however, two factors become increasingly dominant, First, the likeli- 
hood of horizontal polarization increases because of the size of a wavelength at those 
frequencies. The polarization ofthe received signal not only changes in those bands, but. 
does so constantly when conditions are unsettled. I is the strong dependence or the 
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Beverage on relatively constant vertical polarization that makes me suspect the claims 
al Beverage-like performance above the 25- or even 31-m banda. 

‘The Beverage depends on being erected over poorly conductive зой, even 
though the terminating resistor needs a good ground. Thus, one source claimed that 
sand beaches adjacent to salty mashes make the best Beverage sites (a bit of an 
overstatement). Figure 9-15 shows why poorly conductive вой is needed, The E-field 
vectors are launched from the transmitting antenna perpendicular to the earth's sur- 
face. Over perfectly conducting sol, the vertical waves would remain vertical, But 
over imperfectly conducting soil, the field lines tend to bend close to the point of 
contact with the ground. As shown in the inset of Fig. 9-13, the bending of the wave 
provides a horizontal component of the E-field vector, and this provides the means 
of generating an RF current in the conductor wire. 

A debate among Beverage antenna fans regards the best length for the antenna, 
Some sources state that the length can be anything greater than or equal to 0.54, yet 
others say greater than or equal 07А is the minimum size. One camp says that the 
length should be as long as possible, while others say it should be close to a factor 
called the mazimun effective length (MEL), which is 


where 


MEL is the maximum effective length, in meters. 
Ais the wavelength, in meters 
Kis he velocity factor, expressed as a percent 


Misck, who may well be the leading exponent of the Beverage antenna, uses 
numbers like 1.6 to 1.74 over the L8- to 7.3-MHz region, and 0.53). to 0.562 an fre- 
‘quencies lower than 1.8 MHz. Doctor Beverage was once quoted as saying that the 
optimum length is 12 

Like the longwire antenna, the Beverage needs a termination resistor that is 
connected to a good ground. This requirement might be harder to meet on Beverage 
antennas because they work best over lossy ground, which doesn’t make a very good 
ground connection. As in the longwire case, insulated or bare wires, a quarter-wave- 
length Jong, make the best radials. However, a substantial improvement in the 
ground is possible using just bare wires measuring 15 to 20 ft long (whieh is much 
less than 2/4), buried in the soil just below the surface (far enough to prevent ero- 
sion from bringing it to the surface). Many articles and books on Beverages show 
ground rods of 2 or 3 ft long, which borders on the ridiculous. Poor soil requires 
longer ground rods, on the order of 6 to 8 ft. Copper-clad steel makes the best rods. 

In addition to the radials and ground rod, Misek also recommends using a wire. 
connection between the ground connection at the termination resistor, and the 
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around connection at the receiver transformer (see again Fig. 9-12). According to 
Misck, this wire helps to stabilize the impedance variations at higher frequencies. 

Installation of the Beverage antenna is not overly critical if certain rules are fol- 
lowed. The antenna should be installed at a height of 6 to 10 f off the ground, and it 
should be level with the ground over ita entire length. If the ground is not fat enough 
to make a level installation possible, then try to use а height that is 6 to 10 ft above the 

ie terrain elevation along its run. A popular installation method is to erect 16-1 
4 x 4 lumber, such that 3 to 4 ft are buried in a conerete-filled posthole, Use lumber 
that is treated for outdoor use (Le, pressure-treated lumber sold for decks and 
porches, The wire can be fastened to the 4 x 4 posts using either ceramic standoff 
C'beehive") insulators or electric fence insulators (which same people deem prefer- 
able). Try to use one contiguous length of wire for the antenna, if possible, in order to 
avoid soldered splices and joints. 

Опе of the Beverage installation difficulties shared with the longwire is the need 
to slope down to à point where a termination resistor can be easily installed close to 
the ground. While the longwire can be sloped over a large portion of its length, the 
Beverage should be sloped downward only over the last 60 ft or so. 
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Steerable notch Beverage antennas 
A Beverage erected with two wires—parallel to each other, at the same height, 
spaced about 12 in apart (Fig. 9-14), with a length that is a multiple of a half-wave 
length—is capable of mut steering. That is, the rear null in the pattern can be 
steered over a range of 40° to 60". This feature allows strong, off-axis signals to be 
reduced in amplitude so that weaker signals in the main lobe of the pattem can 
be received, There are atleast two varieties of the steerable wave Beverage (SWB). 
If null steering behavior is desired, then a phase control circuit (РСС) will be 
required —consisting of a potentiometer, an inductance, and a variable capacitor in 
series with each other. Varying both the "pot" and the capacitor will steer the null 
You can select the direction of reception, and the direction of the mull, by using a 
switch to swap the receiver and the PCC between port A and port В. 
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ONE OF THE MOST SIGNIFICANT IMPEDIMENTS TO AMATEUR RADIO OPERATORS, CB. 
operators, and shortwave listeners is the space available for their antennas. In 
many thousands of other cases, the limitation is less one of space, but of regula- 
tors. More and more subdivisions are built with covenants on the deed that pro- 
hibit the buyer from installing outdoor antennas. Once limited to townhouse 
developments, where that breed of contemptible vermin (called the Homeowners. 
Committee) routinely intruded on the affairs of people who mistakenly think they 
"own" their townhouse (ownership implies right of use, which is limited by the 
covenants). These onerous covenants аге now routinely placed on single-family 
dwellings as well. In fact, it is the single most serious threat to amateur commu- 
nications people in the country today. Other homeowners are no longer angered. 
by the restriction on antennas because their television reception is now carried to 
them via cable systems in most parts of the county. Even where cable is not avail- 
able, most users can install a moderately sized television antenna in their atte, or 
use rabbit ears. In other cases, the townhouse community will instal a single mas- 
ter TY antenna and then distribute signals to each unit. The result is that the am- 
ateur radio operator, CB operator, and shortwave listener are left to fend for 
themselves without assistance from neighbors, 

In this chapter we will examine some of the alternatives available to those read- 
ers who have either а limited space situation (such as а small city lot), or are unable 
to move out of a subdivision where there are stupid rules against outdoor antennas, 
‘The suggestions contained in this chapter are not universal, and indeed the author 
recommends that you adapt, as well as adopt, these recommendations, and come up 
with some of your own. Creativity within the constraints of the laws of physics gov- 
erning radio antennas is encouraged, 
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longer coaxial cable runs will then be an SWR curve at the 
transmitter output that never exceeds 2:1. Compared to the 
reduced gain already inherent in WBFD design, the added losses of 
along cable run are not considered excessive when totaling the 
overall system gain. 


Alternatively, modern amateur transceivers (and those in other 
services) are routinely (but not universally) equipped with automatic 
antenna tuner circuitry. Although limited in range compared to a 
wide-range external antenna tuner, these tuners are certainly 
adequate to handle the modest SWR values presented by even the 
longest WBFDs. Hence, the transmitter output circuitry prior to the 
tuner will show a very low SWR. 


Construction 


The decision to use a WBFD involves an evaluation of one's goals 
in operating or listening. Only with a set of specifications of this 
order can one decide whether the WBFD will meet the needs. The 
description of the antenna's advantages and limitations must be set 
against the operating specifications and along side other potential 
antennas that are candidates. Then selection becomes a matter of 
choosing the antenna that does most of the jobs well enough. 


If you do decide to use a WBFD, you can purchase one of the 
commercially made types. B&W (USA), Giovannini (Italy), and 
others produce these antennas in a variety of lengths. Alternatively, 
you can build your own. 
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Hidden antennas 


A hidden antenna is one that is either completely shielded from view or disguised as 
something else, Alternatively, you could also include in this category antennas that. 
are in semiopen view, but which are not too obvious (except to the trained and dili- 
gent eye). Some people have opted for “hidden” longwires made of very fine wire 
(no. 26 enameled wire is popular). The user will install the wire in the open, high off 
of the ground (аз in an apartment installation), and operate without anyone know- 
ing the difference. One chap used no, 22 wire suspended between two 16-story 
apartment house buildings that were 100 yards apart, He had one of the best work- 
ing Jongwires in town until а windy day when the whole thing came dawn, No one 
was injured; but had someone been hurt, there might have been a lawsuit. Hidden 
antennas must be designed with an eye toward causing others no harm. It is neither. 
ethical nor smart to place others at risk in enjoying our hobbies. 

"The dipole is a popular antenna with both shortwave listeners and amateur ra- 
dio operators. Indeed, for the CB operator who wants to get on the air from an apart- 
ment or townhouse (or restricted single-family home), the dipole can represent a 
respectable alternative 

As you learned in Chap. 6, the dipole is a horizontal wire (or pipe) antenna that. 


is a half-wavelength long and fed in the center (ideally) with 79-0 coaxial cable, In 
the “townhouse” dipole, it is possible to build the antenna entirely inside the attic of 
the building, The length of the dipole is given approximately by 

EE пол 


Ifyou do some quick calculations you will ind that antennas for the 10, 13-, 18. 
and (possibly) even 18- and 20-m bands, will ft entirely inside the typical townhouse 
attie. This statement is also true of the 11-m citizen's band antenna: It will fit inside 
the standard townhouse attic. But what about the lower frequency bands? 

Figure 10-1 shows a possible solution to the use of the lower frequencies in the 
townhouse situation. The two quarter-wavelength arms of the dipole are ideally 
stalled in line with each other, as was shown in the chapter on horizontal antennas. 
But in a sticky situation we can also instal the dipole with the artos bent to accom- 
modate the space available. In this example, only one of many possible methods for 
accomplishing this job is shown. Here each quarter-wavelength section is composed. 
of two legs, AB and CD, respectively. Ideally, segments B and С are the longest di- 
‘mensions. Also, if possible, make segments A and D equal lengths. Another method 
is to reverse the direction of one end leg, say for example D, and run it to the other 
corner of the building over the peak of the roof, 

‘The author is almost hesitant to offer only one drawing, despite space con- 
straints, in the fear that readers will take the offered pattern as the only authorized 
version, or solution. In reality, you might not be able (for a variety of reasons) to use 
the exact pattern shown (во ad lib a little bit). 

How about performance? Will the constrained dipole of Fig, 10-1 work as well as 
a regular dipole installed a wavelength or two off the ground and away from objects? 
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Ina word: no, But that is not the problem being solved; getting on the ай at allis the 
present problem. You will find that the pattern of the constrained dipole is distorted 
‘compared with that of the regular dipole. In addition, the feedpoint impedance is not. 
going to be 73 Q (except if by Пике), so you will be required to use an antenna tunes 
of some kind. You are well advised to read the chapter on antenna instruments and 
‘measurements so that you ean be prepared to figure out any feed problems that crop 
‘up—as well they might. 

‘The wire used in the constrained dipole (or other forms of attic antenna) should 
be mounted on TV-type serew-in standoff insulators. Almost any outlet that sells TV 
antennas, or installation parts, will have them. These standoff insulators are also 
available in many hardware stores, and department stores that sell TV antennas or 

иту and Harriet Homeowner" supplies, in addition to electronics parts suppliers 
Do not simply tape the wire to the wooden underside of your roof, The reason is sim- 
pile: in a poorly tuned antenna, voltages ean get high enough at the ends to produce 
corona effects; arcing could be a fine hazard. Also, use insulated wire to avoid acci- 
dental contact in the event that someone is in the attic when you are operating. Be 
aware that the insulation might affect the propagation velocity of signals in the wire, 
soit will slightly alter the required length. 
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Another alternative for the attic antenna, and one that avoids some af the prob- 
lems of corona effects, is the nonresonant loop shown in Fig. 10-2. Although speci- 
fied as a top view, the loop ean be installed in the configuration that best uses the 
space. In fact, the best performance will be bidirectional when the loop is installed 
vertically. In this case, a large loop (as large as can be accommodated in the space 
available) is installed in the attic. Again, use standoff insulators and insulated wire. 
for the installation. 

"The giant loop is fed with parallel line, and is tuned with a balanced antenna t 
ing unit. As was true with the constrained dipole, the performance is not to be 
equated with the performance of more regular antennas; but, with the prospect of 
not being on the air at all... Once again we have a compromise antenna for a com- 
promising situation. 

Another ploy is the old "flagpole trick” shown in Fig, 10-3. Some developments al- 
low homeowners to vent their patriotism by installing flagpoles—and flagpoles can be 
disguised antennas. In the most obvious case, you can install a brass or aluminum Mg- 
pole and feed it directly from an antenna tuning unit. For single-band ope 
cially on the higher frequencies, you can delta-feed the “flagpole” unobtrusively, and 
call your flagpole a vertical antenna. But that is not always the best solution. 

Figure 10-3 shows two methods for creating a flagpole antenna, and both de- 
pend on using white PVC plumbing pipe as the pole. The heavier grades of PVC pipe 
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are self-supporting to heights of 16 to 20 ft, although lighter grades are not self- 
supporting at all (hence are not usable). 

Figure 10-3А shows the use of a PVC flagpole in which a no. 12 (or no. 14) wire is 
hidden inside. This wire is the antenna radiator, For some frequencies, the wire will be 
resonant, and for others, it will surely be nonresonant, Because of this problem an an- 

ng unit is used either at the base of the antenna or inside at the transmitter. 
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Ifthe wire is too long for resonance (as might happen in the higher bands), then place 
а capacitor in series with the wire. Various settings may be required, so use a multi- 
section transmitting variable that has a total capacitance selectable to more than 1000 
PF. Alternatively, use а vacuum variable capacitor of the same range. 

In cases where the antenna is too short for resonance, as will occur in the lower 
bands, insert an inductance in series with the line to “lengthen” it. Another alterna- 
tive is to use an L-section tuner at the feedpoint. 

А good compromise situation is the use of a 16- length of “flagpole” pipe with a 
16-foot wire embedded inside. The 16-foot wire is resonant at 20 m, so it will perform 
like a vertical antenna at those frequencies. The tuner will then accommodate fre- 
quencies above and below 20 m. 

Another alternative is the version shown in Fig. 10-88, In this case the wire ra- 
diator is replaced with a section of aluminum tubing. A wooden or plastic insert is 
fashioned with a drill and Ше to support the aluminum tubing inside the PVC tubing. 
One way to make the support is to use a core bit in an electric drill to cut ош a disk 
that fits snugly inside the PVC tubing. Rat out the center hole, left by the core bit 
lot, to the outside diameter of the aluminum tubing. The support can be held in place 
with screws from the outside, or simply glued in place. 

"The problem of operating with a hidden antenna isa serious challenge. But with 
some of these guidelines and a little creativity, you can get on the air and enjoy your 
amateur radio hobby. 


Limited-space antennas 


Many people live in situations where it is permissible to install an outdoor antenna, 
but it is not practical to install a full-size antenna. 1 once lived in a house that was 16 
ft wide and 37 ft long, on a 33 x 100-1 lot, Very few full-sized antennas could be in- 
stalled on that lot because of the space constraints. Beam antennas were out because 
county laws required that the antenna not hang over the property line. Although ver 
tical antennas were possible, there was a period of time when 1 used other antennas. 
that were easier to install In this chapter, you will examine some of the options open 
to those with limited space for amateur radio, CB, or SWL antennas. 

Once again we return the simple dipole as the basis for our discussion. In Fig 
10-4, you see several alternatives for installing an outdoor antenna ina limited space. In 
Fig, 10-4, the slanted dipole (or slipole) antenna uses the standard dipole configura- 
tion, but one end is connected to the high point of the building, while the other is a 
chored near the ground. The coaxial cable is connected to the midpoint of the antenna 
in the usual manner for regular dipoles. If the end of the dipole is within reach of peo- 
ple on the ground, then they may get а nasty RF burn if the antenna is touched while 

ing. Take precautions to keep people and pets away from this lower end. 
method is the vee dipole shown in Fig. 10-48. In a regular dipole in- 
stallation, the ends of the antenna are along the same axis (in other words, at an 
angle of 180°). In the example of Fig. 10-48, however, the angle between the ele- 
ments is less than 180°, but greater than 90°. In some cases we might want to bend 
the elements, rather than install them in a vee shape. Figure 10-40 shows an an- 
gled dipole with four segments. For the best performance (but not as good as that 
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of a regular dipole), make A = D and В = С. In all three examples, Figs. 10-4A 
through 10-40, you can expect to find the length needed for resonance varies 
somewhat from the standard 468/F y, value, and that the feedpoint impedance is 
other than 73 0. Also, the pattern will be distorted with respect to the regular di 

pole, Although these antennas do not work as well as a properly installed dipole 

the performance is sufficient to allow successful operation, 
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Another limited -space wire antenna is the (so-called) half-slope shown in Fig, 
10-4D, Although single-band versions are often seen, the example in Fig, 10-4D is a 
‘multiband version, Resonant traps separate the different band segments. This an- 
tenna operates like the vertical, but it is not omnidirectional. Also, the feedpoint im- 
pedance will be different from the regular vertical situation. If the impedance varies 
too much for comfort, insert an antenna tuner, such as the Transmateh, in the coax- 
ial line between the transmitter and the antenna, 

Figure 10-5 shows another antenna that's useful or limited-space situations. Al- 
though it is easily constructed from low-cost materials, the antenna is also sold by 
several companies under various rubries including’ “elif-dweller,” "apartment 
house,” "townhouse," or "travelers" antennas. The antenna consists of a 4- to 16-Rt 
section of aluminum or copper tubing. Some of the commercial antennas use a tele- 
‘scoping tubing that can be carried easily in luggage. As was true with the longwire, 
the window-sill antenna is tuned to resonance with an L-section coupler. 

"The L-section coupler must be tuned to produce the lowest possible VSWR, so 
either an RF power meter ora VSWR meter must be installed in the coaxial cable be- 
tween the transmitter and the tuner. Again, a good ground (or radial system) will 
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greatly improve the operation of this antenna. The performance should be consider- 
ably less than that of a good longwire, but it will work DX for you even on lower fre- 
‘quencies, Once again it is not the best antenna made, but it will get you on the ай, 

Figure 10-6 shows the use of mobile antenna for a fixed or portable location. 1 
used this type of antenna at one OTH to good effect. Mount a mobile antenna, such 
as the Hustler, on the window sil, or other convenient mount (at least one amateur 
radio operator uses опе mounted on the roof of the house). Grounding is essential 
for this antenna, as was also true for the longwire and window-sill antenna (Fig. 
10-5). The operation of this antenna is improved by installing at least two radials per 
band as a counterpoise ground. My installation worked well, even though only two 
radials were present. 

‘A directional rotatable dipole is shown in Fig. 10-7. This antenna is made from a 
pair of mobile antennas connected “back-to-back” on a horizontal length of х 2 
lumber and fed in the center with a coaxial cable. The end pieces of the mobile an- 
tenna set the resonance, and you must recognize that adjusting one requires a coun- 
tervalling adjustment of the other as well. 

"Two examples of helically wound antennas are shown in Fig. 10-8. In this type 
of antenna, an insulating mast is wound with a half-wavelength of antenna wire. The 
overall length of the antenna is considerably less than a half-wavelength, except at 
the highest frequencies. In order to dissipate the high voltages that tend to build up 
at the ends of these antennas, a capacitance hat is used. These "hats" are either disks 
(pie tins work well) ог rods of conductor about 16 to 24 in long. The version shown, 
in Fig. 10-8A is a vertical antenna, and like other verticals, it must be Installed over 
either a good ground or a counterpoise ground. The version shown in Fig. 10:88 is hor 
‘ontally polarized. 
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The antenna proper uses standard techniques of wide-spaced 
folded dipole construction. You will need twice the length of wire as 
you determine the antenna length to be. There is nothing critical 
about the exact length, although the general length will be a 
function of where you decide to place the frequency that forms the. 
knee separating relative even performance at higher frequencies 
from diminishing gain at lower frequencies. 
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Fig. 7 shows just 2 of many ways to space the wires along their 
length. In the 19305, we might have used wood dowels boiled in 
paraffin. Today, we have access to a variety of better materials. 
Part A of the sketches shows fiberglass rods, with holes drilled to 
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THE VERTICAL ANTENNA IS A PERENNIAL FAVORITE WITH RADIO COMMUNICATIONS 
users. The vertical is either praised, or cursed, depending upon the luck of the 
owner. "DXabilty" is usually the criterion for judging the antenna's quality. Some 
amateurs can't get out of their backyards wiih a vertical, and they let everyone 
within earshot know that such and such a brand is no good. Yet, another person rou- 
tinely works New Zealand or Australia on 15 m using exactly the same brand of ver- 
tical. The proper installation of vertical antennas is dealt with in another chapter, so, 
for the present, let's look at another problem attributed to vertical antennas. 

"That problem is that vertical antennas are omnidirectional in the azimuth aspect; 
that is, they send out and receive equally well from all directions. Some people moan 
that this pattern dissipates their power, and gives them a weaker signal “out where it 
counts” (true). However, the main disadvantage of the omnidirectional pattern is noise. 
(QRN and ORM). "QRN" is natural noise from thunderstorms and other sources, 
“QRA is man-made noise, and ean consist of other stations or the many assorted forms 
of electrical filth that pollute the airwaves. All forms of noise, however, have one thing 
in common: they are directional with respect to the station. In other words, if you could 
null signals coming from the direction of the noise source (or undesired station), you. 
would be able to hear desired stations much better. A directional antenna performs this. 
task, во let's look at some vertically polarized directional antennas. 

“Although most amateurs seem to think that the effective radiated power (ERP) in- 
crease that the directional antenna gives them is the real reason to own one, the main. 
benefit is actually on receive. Think about it for a moment. With anywhere from 100 to. 
1500 W available, the increase or decrease in signal strength (due to the directivity of 
the antenna) results in a minimal difference on the receive end, especially during good, 
DX conditions. If we rotate the directional pattern, to null out interference, then we 
"usually find that the change in our signal strength perceived by the other guy is small 
the S meter reading of the desired station is minimally affected; but the amplitude of 
the interference source is greatly attenuated! The overall effect isan apparent increase: 
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in the other guy's signal, even though the В meter tells slightly diferent story. The im- 
provement of signal-to-noise ratio (SNR) is tremendously improved. 


Directivity and phasing 

So, howdoesa vertical antenna owner get the benefit of directivity without the kilobuck 
investment that a beam or quad costs? The usual solution is to use phased verticals, AM 
broadcast stations, with more than one tower, are using this type of system (although 
for diferent reasons than hame). The idea is to place two or more antennas in clase 
proximity and feed them at specific phase angles to produce a desired radiation pattem. 
A lot of material is available in the literature on phased vertical antenna systems, and it 
is far too nuch to be reproduced here, There are “standard patterns? dating from be- 
fore World War I that are created with diferent spacings and diferent phase angles of. 
feed current. In this chapter, we will consider only one system. 

Figure 11-1 shows the patterns fora pair of quarter-wavelength vertical antennas 
spaced а half- wavelength (180°) apart. Without getting into complex phase shifting 
networks, there are basically two phasings that are easily obtained: 0° (antennas in 
phase) and 180° (antennas out of phase with each other 

When the two antennas (A and В) are fed in phase with equal currents (Fig, 11- 
1A), the radiation pattern (shown somewhat idealized here) is a bidirectional figure S 
that is directionally perpendicular to the line of centers between the two antennas; this 
pattern is called a broadside pattern. A sharp null exists along the ine of centers (A-A). 

When the antennas are fed out of phase with each other by 180° (Fig. 11-18) 
the pattern rotates 90° (a quarter way around the compass) and now exhibits direc. 
tivity along the line of the centers (A-B); this is the “end fre" pattem, The interfer- 
ence canceling null is now perpendicular to line A-B. 

It should be apparent that you can select your directivity by selecting the phase 
angle of the feed currents in the two antennas. Figure 11-2 shows the two feeding 
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systems usually cited for in-phase (Fig. 11-24) and out-of-phase (Fig. 11-2) sys- 
tems. Figure 11-2A shows the coax [rom the transmitter coming to a coax tee con 
nector, From the connector to the antenna feedpoints are two lengths of coax (L, 
and L.) that are equal to each other, and identical, Given the variation between 
sasial cables, I suspect that it would work better if the two cables were not merely 
the same length (L, = L,), but also that they came from the same гой 
The second variation, shown in Fig. 11-28, supposedly produces a 180° phase 
shift between antenna A and antenna B, when length L. is an electrical half-wave 
length. According to a much-publicized theory, the system of Fig. 11-28 ought to 


248 Directional phased vertical antennas 


в 


La 


11-28 Feeding а phased array antenna ош of phase. 


produce the pattem of Fig 1-18 yet experience shows this chim is false. It seems 
that there are several problems with the system in Fig 1-28, 

First, cox has a property called ̃ ⅜ęm§ꝑ is the fraction of the 
speed ot ight at which signals in the cable propagate. Tae Y decimal traction on | 
the order of 0.66 to 0.90; depending upon the туре of cos aed. Unfortunately the 
physical эрии between А and B sa rel паш ebam 492), but tic cr. 
bie lena is shorter by the velocity factor f= (Vp 492) IF 

Consider an example. A 18-8 phased vertical antenna system will have two 
%%% depending upon exact Ire- 
quency). If we use foam coax, wilh Vp = D80, the cable length is 08 x 22, or 
TE fin other words, despite lots of publicity, the cable wont fit between the 


Second, the patterns shown in Fig. 11-1 are dependent upon one condition: the 
antenna currents are equal. If both of them are the same impedance, and are fed 
from the same transmitter, then it is reasonable to assume that the currents are 
equal—right? No, wrong! What about coax los 
increases at higher frequencies, the power available to antenna B in Fig. 11-1B is less 
than the power available to antenna A. Thus, the pattern wil be somewhat distorted, 
because the current produced in B is less than the current in, when they should be 
equal 
"The first problem is sometimes fixed by using unequal lengths for cables L, and 
L, (Fig. 11-2A), and using it for the out-of-phase case. For example, if we make L, 
one-quarter wavelength and L, three-quarter wavelength (Fig, 11-20), antenna A is 
d with а 90" phase lag (relative to the tee connector signal), while antenna A is fed 
with a 270° phase shift. The result is still a 180" phase difference. Unfortunately, we 
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11-20 Corrected feed for a phased array antenna, 
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have not solved the current level problem, and may has made it worse by 
adding still more lossy cable to the system. 

‘There is still another problem that is generic to the whole class of phased verti- 
cals. Once installed, the pattern is fixed. This problem doesn't bother most point-to 
point commercial stations, or broadcasters, because they tend to transmit in only опе 
direction. But amateurs are likely to need a rotatable pattern. Neither the antennas in 
Fig. 11-1А nor that in Fig. 11-18 is rotatable without a lot of effort like changing the 
coax feeds, or physically digging up the verticals and repositioning them. 

Fortunately, there is a single solution to all three problems. Figure 11-8 shows à 
two<port phasing transformer made from a toroidal balun kt, Use the kind of kit that 
makes а 1:1 balun transformer. Although we are not making a balun, we will need 
‘enough wire to make three windings, and that is the normal ease for 1:1 baluns. Ami 
don Associates and others make toroidal balun kita. 

Wind the three coils in triflar style, according to the kit instructions. The dots in. 
Fig, 11-3 show the "sense" of the coils, and they are important for correct phasis 
call one end the “dot end” and the other end the “plain end” to keep them separate 
Ifthe dot end of the first сой is connected to J, (and the transmitter), then connect 
the dat end of the second coil to the 0° output (Л, which goes to antenna A). The 
third coil is connected to a DPDT RF relay or switch. In the position shown, 5, 
causes the antennas to be 180° out of phase. In the other position, the "sense" of the 
third сой is reversed, so the antennas are in phase 

Another phasing method is shown in Fig. 11-4. In this scheme, two convenient 
but equal, lengths of coaxial cable (L, and Z,) are used to carry RF power to the an- 
tennas. One segment (L) is fed directly from the transmitter's coaxial cable (L, 
while the other is fed from a phasing switch. The phasing switch is used to either by 
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11-34. Phasing transformer circuit 


pass or insert a phase-shifting length of coaxial cable (L,). For 180° phasing use the 
following equation to find the length (L): 


amv, 


шш 


where 
Lis the length of L, in feet 
Vp is the velocity factor (a decimal fraction) 
Faw is the operating frequency, in megahertz 


Some people use a series of switches to select varying amounts of phasing shift 
from 45° to 270". Such а switch allows them to select any number of other patterns 
for special stu 


360° directional array 


‘The phased vertical antenna concept can be used to provide round-the-compass 
control of the antenna pattern. Figure 11-5 shows how three quarter-vavelength 
verticals (arranged in a triangle that is a half-wavelength on each side) can be used 
to provide either end-fire or broadside patterns from any pair (А-Я, A-C, or £C). 
Any given antenna (A, В, or C) will be grounded, fed at 0”, or fed with 180°. The 
table in Fig. 11-5B shows the relative phasing for each direction that was labelled in. 
Fig. 11-5A Either manual phase changing or switch-operated phase changing can be 
used, although the latter is preferred for convenience. Some international showcase 
broadcasters use antenna arrays formed into two or more concentric circles of verti- 
cal elements, with one element at the center. Selection of elements and phasing de- 
termines directivity and gain. 
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pass the size wire we decide to изе. #12 to #14 AWG copper wire 
(0.06-0.08" or 1.5-2.0 mm) is likely to be the most common choice. 
The end post can be longer to hold tie-off ropes for the assembly. 
Fiberglass rods can be purchased from mail order sources. 
However, local home improvement centers often carry adaptable 
materials. For example, | recently spotted some 1/2" diameter 
fiberglass rod under the guise of chimney flue brush extension 
handles. 


Alternatively, | have also had good luck using 1/2" diameter CPVC, 
a thin-wall form of PVC tubing that replicates copper tubing sizes, 
shown in Part В of Fig. 7. A hacksaw cut in each end leads to a 
hole drilled to pass the chosen wire size. The wire press fits down 
the slot and into the hole. If the holes are not deburred, the wires 
stay put, although the spacers can be repositioned with fair ease. 


These are simply two of many ways to make the required spacers. 
Narrow strips of polycarbonate, acrylic, or Plexiglas would also 
work. Polycarbonate likely has the best UV resistance of this group. 
When adapting materials to a new use and environment, itis wise 
to check the structure every so often to ensure that it is wearing 
well under the influence of sunlight, precipitation, and temperature 
excursions. Of course, cut any spacers that you use to the desired 
length--about 8" (0.2 m) between wire holes for the models 
examined here. However, this spacing is not very critical. 


Locating a non-inductive resistor of sufficient power dissipation is 
likely to be the chief problem for WBFD builders who intend to 
transmit with the antenna. Unless you can find a suitable resistor at 
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CHAPTER 


Directional beam 
antennas 


"THE DIRECTIONAL REAM ANTENNA DOES SEVERAL JORS. FIRST, IT PROVIDES AN APPARENT 
increase in radiated power, because it focuses available transmitter power into a sin- 
dle (or at worst limited) direction. For this reason, a bidirectional dipole has a gain 
of approximately 2 dB over an isotropic radiator. Add one or more additional ele 
ments, and the focusing becomes nearly unidirectional, which increases the effec- 
tive radiated power (ERP) even more. Second, the beam increases the received 
signal available at the inputs of the receiver. Antennas are generally reciprocal, so 
they will work for receiving as they do for transmitting, Finally, the directivity of the 
beam antenna allows the operator to null interfering stations. In fact, iis the last at- 
tribute of the beam that is most useful on today's crowded bands. АШ in all, if your 
funds are too little to provide both increased RF power and a good antenna system, 
then spend what is available on the antenna—not on the power. 

In this chapter we will focus on directional antennas that can be built relatively 
easily. It is assumed that most readers who want a triband multielement Yagi will 
prefer to buy a commercial product, rather than build a homebrew model. The ma- 
terial herein concentrates on homebrew projects that are within the reach and 
capabilities of most readers, The first of these is not a beam antenna at all, but 
rather a rotatable dipolo. 


Rotatable dipole 


‘The dipole is a bidirectional antenna with a figure-8 pattern (when viewed from 
above). The dipole is a half-wavelength and is usually installed horizontally, although 

ertical hall-wavelength dipoles are known. Although the length of the dipole is too 
great for rotatability at the lower bands, itis within reason for the higher band. For 
example, the size of the halfwave dipole is approximately 16 ft on 10 m and 22 ft on 
15 m. Even the 33-ft length on 20 m is not unreasonable for amateur constructors, 
‘The length of the dipole is found from. 
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"This length is approximate because of end effects and other phenomena, so. 
some "cut and try” is required, 

Example 12.1 Find the length of a dipole antenna for a frequency of 24.930 
MHz in the 12m amateur radio band, 

Solution: 


паш 


E 


24930 MHz 

"The half-wave dipole is fed in the center by coaxial cable, Each element of the 
dipole is one-half of the overall length (or, in the example given, about 9.4 ft). 

Figure 12-1 shows a rotatable dipole that can be designed for use on 15, 12, and 
10 m. The radiator elements are made from 10-ft lengths of Yin aluminum tubing. 
‘The tubing is mounted on “beehive” standoff insulators, which in turn are mounted 
ona 4ft length of 2 X 2 lumber. The lumber should be varnished against weathering. In. 
areal pinch, the elements can be mounted directly to the lumber without the insulators, 
but this is not the recommended practi 

‘The mast is attached to the 2 X 2 lumber through any of several means. The pre- 
ferred method is the use of a Lin pipe flange. These devices are available at hardware 
stores under the names floor flange and right-angle flange 

"The 10-1 lengths of pipe are the standard lengths available in hardware stores, 
so it was selected as being closest to the required 22 ft for 15 m. A 0.14-pH loading 
coil is used at the center, between the elements, in order to make up for the short 
length. The dimensions of the сой are 4 to 5 turns, 05-in diameter, 4-in length. For low 
power levels, the coil can be made of no. 10 (or no. 12) solid wire—and, for higher lev- 
els, in copper tubing. 

There are two basic ways to feed the antenna, and these are shown in details 
A and Bin Fig. 12-1. The traditional method is to connect the coaxial cable (in parallel) 
across the inductor. This method is shown in Fig. 2-1, detail A. A second method is to 
link couple the сой to the ine through a one- to three-turn loop (as needed for imped- 
ance matching). This is the method that would be used for a toroidal inductor, 

Lower frequencies can be accommodated by changing the dimensions of the 
coil. The coil cannot be scaled, simply because the relative length of the antenna 
changes as the frequency changes. But itis possible to cut and try by adding turns to 
the сой, one tum at a time, and remeasuring the resonant frequency. Adding induc- 
tance to the coil will make the antenna usable on 17 m and 20 m, as well аз on 15 m. 

Another method for building a rotatable dipole for lower frequencies is to in- 
crease the element lengths. On 17 m, the overall length is approximately 27.4 ft, so 
each element length is 13.7 ft long. This length can be achieved by either of two. 
‘methods. First, adjacent sizes of aluminum tubing are designed so that the smaller 
Will bea slip-fit inside of the larger. What constitutes "adjacent sizes” depends on the 
Wall thickness, but for one common brand, the vent to the Jan size. You 
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12-1 Rotatable dipole antenna, Inset А shows conventional eed inset B shows transformer feed. 


‘can use two smaller lengths to make the larger lengths of pipe, and cut it to size. This 
method is only available to those readers who have a commercial or industrial met 
als distributor nearby, because the 16-f1 lengths are not generally available fro 
hardware stores 

Bands higher than 15 m (Le., 12 and 10 m) can be accommodated by using the 
101 lengths of tubing, but without the inductor. The tubing is cut to the desired 
halt wavelength size 


Yagi beam antennas 


A Yagi antenna is one member of a class of directional beam antennas that are pop- 
ular in the HF bands, Figure 12-2 shows the pattern (viewed from above) typical of 
the beam antenna. The antenna is located at point P and fires signals in the direction 
shown by the arrow. The beamwidth of the antenna is the angle а between the points 
‘on the main lobe that are —3 dE down from the center point С. 
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A perfect beam antenna will have only the main lobe, but that situation occurs anly 
in dreams. Al real antennas have both sidelobes and backlobes, also shown in Fig. 12-2. 
‘These lobes represent wasted power transmitted in the wrong direction during trans- 
mission and interference opportunities while receiving. The goal of the antenna 
designer is to increase the main lobe while decreasing the sidelobes and backlabes. 

Figure 12-3 shows, schematically the basic Yagi-Uda antenna (usually called 
simply Yagi). The driven element is а simple half-wavelength dipole fed in the 
center. There are two additional elements: reflectors and derectors. These are 
called parasitic elements because they are not directly excited by RF, but rather, 
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they receive energy radiated from the driven element and then reradiate it, The 
reflector is placed behind the driven element, and is typically about 4 percent 
longer than the driven element, The director is placed in front of the driven ele- 
‘ment (relative to the direction of propagation). The director is typically about 4 
percent shorter than the driven element. Although there is no fixed rule regard- 
ing the number of either reflectors or directors, it is common practice to use a sin- 
gle director and a driven element for two-element beams, and a single reflector 
and a single director, in addition to the driven element, for three-element beams. 
‘Again, additional reflectors ean be added for four- and more element beams, but 
standard practice calls for addition of directors instead. 
‘The length of the elements is given by 


n 1221 


where 
Lis the length, in feet 
F, the frequency, in megahertz 
а constant 
‘The spacing of the elements is typically from 0.15 to 0.308 wavelengths, al- 
are the most common values. 
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123 Basie Yagi-Uda antenna. 
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Example Calculate the approximate element lengths for a three-el 
m beam designed to operate on a frequency of 21.89 MHz. 
Solution: 


1. Driven element (K = 478) 


492 
2139 MHz 
enn 


3. Director (К = 461.5): 


4. Element Spacing (К = 142): L 

142 
2139 MHz 

-6sin 


а 


"The elements ofa rotatable beam antenna can be built in à manner similar to the 
rotatable dipole described earlier, In the beam antenna, however, a boom is needed 
between the elements to support them. The boom can be made of metal or wood. In. 
the ease of a metal boom, the driven element must be insulated from the boom, even 
though the parasitic elements can be mounted directly to it. In general, it is usually 
better to use wood asa matter of convenience. Metal boom antennas can be obtained 
from commercial sources. The wood boom is easy to build and maintain, even though 
a little less durable than a metal boom. 

The feedpoint impedance of a dipole is on the order of 72 Q in free space, al- 
though the actual impedance will vary above and below that figure for antennas 
close to the earth's surface. In addition, adding parasitic elements reduces the im- 
pedance even more. The feedpoint impedance of the antenna is too low to be 
directly fed with coaxial cable, so some means of impedance matching is needed. 
‘Some people feed the antenna through an impedance matching balun transformer 
Figure 12-4 shows the gamma match system. The driven element of the Yagi is not 
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broken in the center, as in the case of the simple dipole. The outer conductor, or 
shield, of the coaxial cable ia connected to the center point or the driven element 
‘The center conductor is connected to the gamma match element. The dimensions of 
the gamma mate are 


1. Gamma mateh length: 2/10 
2. Gamma match director: D/3 
3. Spacing of gamma match from driven element: L/70. 


where 
Lis the length of the driven element 
Dis the diameter of the driven element 


‘The capacitor in series with the center conductor of the coaxial cable has a value 
of approximately 8 pF per meter of wavelength at the lowest frequency in the band 
of operation, or approximately, 


pF 1231 


‘The capacitor must be a high-voltage transmitting variable type. In general, the 
gamma match capacitors are either air or vacuum variables. 

‘There are three aspects to the adjustment of the Yagi antenna. Resonance is de- 
termined by the length of the element. The length is increased or decreased in order 
to find the resonant point. This point can be determined by the use of a noise bridge, 
VSWR meter or other means. The capacitor, and the shorting bar/clamp, are ad- 
Juste to match the impedance of the antenna to the transmission line impedance, 
For the dimensions shown, the coaxial cable should be 52 0 (RG-58 or RG-$). 

itis not necessary to use tubing or pipes for the antenna elements in order to obtain 
the benefits of the Yagi beam antenna. An example of a wire beam is shown in Fig. 12-5. 
"The wire beam is made as if it were two half-vavelength dipoles, installed parallel to and 


about 0.2 to 0.25 wavelengths apart from each other. Although multielement wire beams 

are possible, the two-element version is the most common. Perhaps the most frequent 
i 
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one of the surplus outlets, purchasing an antenna may prove 
economical in the long run, if we add both cost and parts-searching 
time together. Any value in the 800-900 Ohm range--or even 
"thereabouts," if a bargain appears-will serve. 


Manufacturers use different methods of packaging the resistor into 
the antenna assembly. Some prefer a total enclosure to 
weatherproof and bug-proof the resistor. However, one might have 
to de-rate the resistor's power handling capability under these 
circumstances. To maximize power dissipation, the resistor can be 
placed within a tube that is about twice the diameter and about 1.5 
times the resistor's length. Air passing through the tube provides 
cooling, while the tube itself protects against immediate weather 
impacts. Since the antenna wire and resistor terminals will attach to 
strips of metal bonded to the tube, the resistor itself is relieved of 
strain. The down side of this technique is the need to clean out 
bugs and others debris on a regular basis. However, semi-annual 
inspection and antenna maintenance is always a good policy. 


For receiving-only applications, the resistor problem is much 
simplified. A series-parallel combination of carbon resistors with a 
net value of about 820 Ohms is easy to arrange. 1 to 5 watt non- 
inductive resistors provide the sturdiest construction. The assembly 
should be mounted in a UV-resistant plastic housing with strong 
terminals for connecting the antenna wires. 


The other challenging component is the 16:1 RF transformer. The 
builder has two general types of transformers to use: a 
transmission-line transformer or a standard wide-bandwidth 
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ве of the wire beam antenna оп the lower bands (e.g, 40 m and 75/80 m) where ro- 
tatable beams are more difficult to build. 


20-m ZL-special beam 


‘The antenna shown in Fig. 12-6 is a close relative of the Yagi beam. It consists of a 
pair of folded dipoles, mounted approximately 0.12 wavelengths apart, The elements 
are 305 ft in length, and the spacing is 7.1 fl. The elements can be built from alu- 
minum tubing if the antenna is to be rotatable. Alternatively for a fixed antenna, the 
elements can be made of 300-0 television-type twin lead. IF the tubing type of con- 
struction is selected, then make the size of the tubing, and its spacing, sufficient for 
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where 

Z, isthe impedance of the line (300 0) 

‘Sis the center-to-center spacing of the pa 

dis the diameter of the conductors. 

‘The two halt-vavelength elementa of the ZL-special are fed 135° out of phase 
with each other, The feedline is connected to one of the dipoles directly; and then to 
the other through a length of 300-0 twin lead that has an electrical length of about 
45° (М8) 

‘The feedpoint impedance is on the order of 100 to 150 Q, so it will make а good 
match to either 52- or 75-0 coaxial cable if a 2:1 impedance matching transformer is 
used. 


rallel conductors on the elements 


Cubical quad beam antenna 


"The cubical quad antenna is a one-wavelength square wire loop. t was designed in 
the mid-1940s at radio station HCJB in Quito, Ecuador, HCJB is a Protestant mis- 
sionary shortwave radio station with worldwide coverage. The location of the station 
is at a high altitude. This fact makes the Yagi antenna less useful than it is at lower 
altitudes. According to the story, HCJB originally used Yagi antennas. These ant 
nas are fed in the center at a current loop, so the ends are high-voltage loops. In the 
thin air of Quito, the high voltage at the ends caused corona arcing, and that arcing 
periodically destroyed the tips of the Yagi elements. Station engineer Clarence 
Moore designed the cubical quad antenna (Fig. 12-7) to solve this problem. Because 
it is a full-wavelength antenna, each side being a quarter wavelength, and fed at a 
‘current loop in the center of one side, the voltage loops accur in the middle of the 
adjacent sides—and that reduces or eliminates the arcing. The elements can be fed 
in the center of a horizontal side (Figs. 12-7A and 12-8A), in the center of a vertical 
side (Fig. 12-88), or at the comer (Fig. 12-80), 

‘The antenna shown in Fig. 12-7A is actually а quad loop rather than a cubical 
quad. Two or more quad loops, only one of which needs to be fed by the coax, are 
used to make a cubical quad antenna. If only this one element is used, then the an- 
tenna will have а fgure-8 azimuthal radiation pattern (similar to a dipole). The quad 
loop antenna is preferred by many people over a dipole for two reasons. First, the 
‘quad loop has a smaller "footprint" because it is only a quarter-wavelength on each 
side (A in Fig, 127A). Second, the loop form makes it somewhat less susceptible to 
local electromagnetic interference (EMD. 

‘The quad loop antenna (and the elements of a cubical quad beam) is mounted 
to spreaders connected to a square gusset plate. At one time, carpets were wrapped 
around bamboo stalks, and those could be used for quad antennas, Those days are 
gone, however, and today ît îs necessary to buy fiberglass quad spreaders. A nube: 
of kits are advertised in ham radio magazines, 

‘The details for the gusset plate are shown in Fig. 12-78. The gusset plate is made 
of a strong insulating material such as fiberglass or Y-in marine-grade plywood. It is 
‘mounted to а support mast using two or three large U bolts (stainless steel to pre- 
vent corrosion). The spreaders are mounted to the gusset plate using somewhat. 
smaller U bolts (again, use stainless steel U bolis to prevent corrosion damage). 
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12-8 Feed options for the quad. 


‘There is а running controversy regarding how the antenna compares with other 
beam antennas, particularly the Yagi. Some experts claim that the cubical quad has 
a gain of about 1.5 to 2 dB higher than a Yagi (with a comparable boom length be- 
tween the two elements). In addition, some experts claim that the quad has a lower 
angle of radiation. Most experts agree that the quad seems to work better at low 
heights above the earth's surface, but the difference disappears at heights greater 
than a half-wavelength. 

‘The quad can be used as either а single-element antenna or in the form of a 
beam. Figure 12-9 shows a pair of elements spaced 0.13 to 0.22 wavelengths apart. 
Опе element is the driven element, and it is connected to the enaxial-eable feedline 
directly. The other element is a reflector, во it isa bit longer than the driven element. 
A tuning stub is used to adjust the reflector loop to resonance. 

Because the wire is arranged into a square loop, one wavelength long, the actual 
length varies from the naturally resonant length by about 3 percent. The driven 
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vent is about 3 percent longer than the natural resonant point. The overall 
lengths of the wire elements are 
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One method for the construction of the quad beam antenna is shown in 
Fig, 12-10. This particular scheme uses a -in wooden plate at the center. 
bamboo (or fiberglass) spreaders, and a wooden (or metal) boom, The construc- 
tion must be heavy-duty in order to survive wind loads, For this reason, itis prob- 
ably a better solution to buy a quad Kit consisting of the spreaders and the ce 
structural element, 
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More than one band can be installed on a single set of spreaders. The size of the 
spreaders is set by the lowest band of operation, so higher frequency bands can 
be accommodated with shorter loops on the same set of spreaders. 

‘This quad antenna isan example of a multielement, large loop antenna. Additional 
information on large loops, but not in à beam antenna array, is found in Chap. 14. 


Inverted bobtail curtain (Thorne array) 


‘The bobtail curtain antenna is a fixed array consisting of three individual quarter. 
wavelength elements spaced a half-wavelength apart, and fed from the top by а 
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shorting element or wire. The inverted bobtail curtain, or Thorne array, consists 
ofan upside down bobtail curtain as shown in Fig. 12-11. The radiator elements are. 
each а quarter wavelength long. Their lengths are found from 


E 


12.81 


"The lengths of spacing between the elements are exactly twice above the value, 
am 


D" 


129 


"The antenna is fed at the base of the center element, through а parallel resonant. 
tuner. The capacitor is a 100- to 200-pF transmitting variable, while the inductor is 
set to resonate at the band desired (with the capacitor at half to three-quarters full 
capacitance). A loop or link coupling scheme connects the tuner to the transmission 
line 


An alternate feed method (Fig. 12-12) worked out by the late J. H. Thorne. 
(KANFU/5), feeds the end elements from the shield of the coaxial cable, and the cen. 
ter element of the array is fed from the center conductor of the coaxial cable. А coax- 
ial impedance-matehing section is used between the cable transmitter and the 
antenna feedpoint 


12-11 Inverted bobtail curtain. 
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CHAPTER 


Antennas for 
shortwave reception 


HOUGH MOST OP THIS BOOK ADDRESS THERE IS A 
certain body of material that pertains purely to receiving antennas. This material 
also needs to be addressed, and that is the function of this chapter. There are two 
readers in mind for this chapter. First, and foremost, is the shortwave listener 
(SWL). Second, however, is the amateur radio operator who wants to either use a 
separate receiving antenna on the main station receiver or use an ancillary receiver. 
(common among DXers). 


The law of reciprocity 


Antennas possess a property called reciprocity, That isa fancy way of saying that. 
antenna works on reception the same way it does for transmission. Although articles 
occasionally appear in the literature claiming an HF or VHF design which violates the 
law of reciprocity, to date all have depended on either variable definitions, false 
premises, or faulty measurements. There is even a school of thought that falsely 
argues against antenna reciprocity based on an ionospheric anomaly in which prop- 
agation depends on the direction traveled (see the end of Chap. 2). The bottom line 
of reciprocity, for the SWL, is that every antenna described in this book can be also 
used with equal results on receive. For example, a half-wavelength dipole works 
equally well as a receiver antenna, or as a transmitter antenna. 


Which properties are important? 


Selecting а receiver antenna is a function of several factors, Assuming that you. 
want more than a simple longwire (which we will deal with shortly), you will want 
to home in on the properties desired for your particular monitoring application, Is 
the antenna to be fixed or rotatable? Do you want omnidirectional or directional re- 
ception? In which plane? What about gain? 
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transformer using a toroidal core. Transmission-line transformers 
are slightly more efficient for transmitting purposes, although they 
prefer purely resistive loads. Jerry Sevick, W2FMI, has written 
extensively on these units, with instructions on how to build them 
for many impedance transformation ratios. In a pinch, one might 
place two 4:1 baluns in series. 


There are proponents of standard RF transformers using toroidal 
cores. Doug DeMaw, W1FB, has written on their use, including 
calculating the power-handling capability of various cores. For 
receiving-only applications, small cores can be used, and the basic 
requirements and calculations are described in recent editions of 
the ARRL Handbook, Chapter 6. 


Whatever form of RF transformer you use, package it to withstand 
weather. A sealed UV-resistant plastic box with a correctly placed 
"weep" hole for moisture drainage is a good choice. Obviously, you 
will need connections for the antenna wires as well as a coax 
connector. 


A 3-Wire Version of the WBFD 


The WBFD has many variations, and from time to time--as | 
encounter and model them--I shall add a few notes on them. The 
first addition to the list is a 3-wire WHFD, outlined in Fig. 8, with the 
2-wire version shown for contrast. 


Chapter 28 
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What about gain? What is gain, for that matter? The concept of antenna gain de- 
rives from the fact that directional antennas focus energy. Two kinds of gain figure 
are often quoted: gain referenced to a dipole antenna on the same frequency, and 
ваш relative to a theoretical construct called an isotropre radiator: In the isotropic 
сазе, the reference radiator to which the antenna is compared is a spherical point. 
source that radiates equally well in all directions. The dipole exhibits a figure-8 radi- 
ation and reception pattern, 

"The gain of an antenna is merely the ratio (usually expressed in decibels) of the 
power radiated in a given direction by two antennas (Le, the reference antenna and 
the test antenna). I an antenna gain is listed as °8-dB gain over isotropic,” this 
‘means that, in the ditection specified, the power radiated is 8 dB higher than the 
‘same total power applied to an isotropic radiator, 

So, of what use is antenna gain? Two answers immediately present themselves. 
First, by accumulating more signal, the antenna essentially makes your receiver 
‘more sensitive. Note that the gain of the antenna does not create a higher powered 
signal, it merely increases the apparent signal power by focusing energy from a given 
direction. And, note well that guén implies directivity, Any antenna that claims to 
provide gain, but that is truly omnidirectional in all planes, is a fraud. The funda- 
‘mental assumption is that gain implies directivity. 

‘The concept of directivity (hence also of gain) is often taken to mean Aorizon- 
tal directivity, which is the case of a dipole antenna, But all forms of antenna radi- 
ate in three-dimensional space. Azimuth angle of radiation, and elevation angle of 
radiation, are both important. Certain 2-m vertical antennas are listed as "gain a 
tennas,” yet the pattem in the horizontal direction is 360" implying omnidiee 
tional behavior. In the vertical plane, however, lost energy is compressed into a 
smaller range of elevation angles, so gain occurs by refocusing energy that would 
have been radiated at a higher than useful angle. 

‘The second application of directivity is in suppressing interfering signals. On 
the regular AM and FM broadcast bands, channelization permits receiver selectiv- 
ity to overcome adjacent channel interference in most cases, But in the HF amateur 
radio and international broadcast bands, channelization is either nonexistent, 
poorly defined, or ignored altogether: In these cases, interfering "adjacent" channel 
signals can wipe out a weaker, desired station. Similarly, with cochannel interfer- 
ence (ie, when both stations are on the same frequency), two or more signals 
compete in a “dog fight” that neither will ever totally win. Consider Fig, 13-14. As- 
sume that two 9540-kHz signals, S, and s, arrive at the same omnidirectional ver- 
tical antenna, Either both signals will be heard, or the stronger signal will drown 
out the weaker signal. 

Now, consider Fig. 13-18, Here, a dipoleis used as the receiving antenna, soa lit- 
tle directivity is obtained. The main lobes of the dipole are wide enough to provide 
decent reception of signal S, even though the antenna is positioned such that S, is 
not along the maximum line (dotted). But the positioning shown places the interfer- 
ing cochannel signal (S,) in the null off the ends of the dipole, so it weakens it con- 
siderably. The result will be enhanced reception of S, In Fig. 13-18, the idea is not 
to exploit the ability of the gain antenna to increase the level of $. Indeed, by plac- 
ing the antenna as shown, we are not getting S, levels as high as might otherwise be 
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possible. The idea here is to place the unwanted signal (S,) into the “notch” in order 
to make it considerably weaker. Note that the notch is sharper than the peak of the 
main lobe. If the dipole is placed on a mast, with an antenna rotator, this ability is in- 
creased even more. 

Another antenna parameter, of considerable interest, is angle of radiation û, 
Which (by reciprocity) also means angle of reception, Because HF propagation over 
Jong distances is created by skip phenomena, the angle at which the signal hits the 
ionosphere becomes extremely important. Figure 13-2 shows two situations from 
the same station, Signal S, has a high angle of radiation (o), во its skip distance (D,) 
is relatively short. On signal S, however, the angle of radiation (a, is low, o the skip 
distance (D.) is much longer than D, 

So which situation do you want in your antenna? The impulsive answer would be 
the long distance angle of radiation (a), but that is often wrong. The correct answer 
is: "It depends!" The desired angle of radiation i а Function of whether you want to 
receive a station from point А or point B. 

"The angle of radiation of the antenna is fixed by its design, that is, by antenna 
physics, The desired angle is а function of the ionospherie properties at the time of 
interest, and the operating frequency. For this reason, some well-equipped radio 
hobbyists have several antennas, of differing properties, to enhance their listening 


Connection to the receiver 


It’s simply too naive to state, 1 suppose, but lets do it anyway: An antenna must be 
properly connected to the receiver before it can be effective. If your antenna uses 
coaxial cable, and the receiver accepts coax, then no discussion is needed: Attach 
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the proper coax connector and plug in. But in other cases, no 
as are used. 

‘There are two major forms of antenna input connector used on shortwave re- 

ers, One form uses two (or three) screws intended for either wrapped wire leads 
‘or spade lugs, while the other is one or more varieties of coaxial connector. This sec- 

tion cavers how each type is connected to а single-wire antenna lead-in. 

Consider first the screw-type connector (Fig. 13-34), Depending upon the de 
sign, there will be either two or three screws. If only two screws are found, then. 
one is for the antenna wire and the other is for the ground wire. These serews will 
be marked something like “A/G” or "ANT/GND,” or with the schematic symbols for 
antenna and ground, 

Türec-screw designs are intended to accommodate balanced transmission lines 
such as twin lead, or parallel ladder line, Shortwave listeners can sometimes use or- 
dinary ae line cord (called 2ipcord) as an antenna transmission line, Zipeord has an 
impedance that approximates the 75-2 impedance of a dipole. When parallel lines of 
any type are used, connect one lead to A1 and the other to A2. Of course, the ground 
terminal (G) is connected to the earth ground, 

For single-lead antenna lines connect a jumper wire or bar (Le, a short piece of. 
bare no. 22 solid hookup wire) between A2 and G. This jumper converts the bal- 
anced input line to unbalanced. The A2/G terminal is connected to earth ground, 
while A1 is connected to the single-lead antenna wire. 


coaxial-cable anten- 
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Оп receivers that use an S0. Alb coaxial connector, we can use either of two tech- 


niques to connect a single-lead wire. First, we ean obtain the mating PL- 


59 plug, and 


solder the antenna lead to the center conductor pin. The PL-259 connector is then 
screwed into the mating 50-239 chassis connector. Regardless of the type of coaxial 


connector, howeve 


the mate ean be used for the antenna lead wire. But for 80-230. 


connectors another alternative is also available. Figure 13-98 shows a "banana plug" 


attached to the lead wire and inserted into the receptacle of the SO-239. 


DANGER! 


V RF pot 


itive re 


tance of C, is about 2.7 МО for 60-Hz ac, so at least 


the most to expect is а fire, and your possible electrocution. 


13 
Such a transformer is standard practice in 
dard practice in your house, 


Certain low-cost receivers, especially older vacuum-tube models, have a so-called. 
ac/dc or transformerless internal de power supply. On most receivers, the de com- 
mon is the chassis, which also serves as the RF signal common. But on ac/de mod- 
els the neutral wire of the ac power line serves as the do common, and it is kept. 
floating as a "counterpoise" ground above the chassis ground used by the RF sig- 
nals. A capacitor (C, in Fig, 13-4) sets the chassis and counterpoise ground at 0- 
itil, while keeping the counterpoise isolated for de and 60 Hz 
danger exists if either the ac plug is installed backwards or someone plugs the 
socket in the wall incorrectly (often happenst). Even if C, is intact, a nasty shock 
сап be felt by touching the antenna ground (G or GND) terminal, The capac- 


happen. But if that capacitor is shorted, which is likely on older receivers, then. 
the bite is considerably worse, and might even prove fatal. The problem, in that. 
b case, is that reversed ac line polarity will set the hot line from the ac socket on the 
Т ground lead. The least to expect is massive fireworks and a possible fire hazard; 


"The usual advice given to owners of such radios is to make sure that C, is in- 
fact before using the radio. 1 prefer a better solution: buy, install, and use a 
0:120 Vac isolation transformer to isolate your receiver from the ac power lines. 
repair shops, and it should also be stan- 
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Wire antennas 


"This section reviews simple wire antennas that are suitable for the reception of 
shortwave signals, although not necessarily for transmitting, Once again, you are re- 
minded that the law of reciprocity permits you to use any transmitting antenna 
found in other chapters for receiving also. 

Figure 13-5 shows the common receiving longwire. The antenna element should 
be 30 to 150 ft in length. Although most texts show it horizontal to the ground (and 
indeed, a case can be made that performance is better that way), it is not strictly 
necessary. If you must slope the wire, then ît is doubtful that you will notice any re- 
ception problems. 

‘The far end of the wire is attached to а supporting structure through an insulator 
and a rope, The support structure can be another building, a tree, ог а mast installed 
especially for this purpose, Chapter 28 deals with antenna construction practices. 

Wind will cause motion in the antenna wire and its supporting structure. Over 
time, the wind movement will fatigue the antenna wire and cause it to break. Also, if 
a big enough gust of wind (or a sustained storm) comes along, then even a new a 
tenna can either sag badly or break altogether. You can do either of two things to re- 
duce the problem. First, as shown in Fig. 13-5, a door spring can be used to provide 
a little variable slack in the wire. The spring tension is selected to be only partially 
expanded under normal conditions, so wind will increase the tension, and stretch 
the spring. Make sure that the spring is not too strong to be stretched by the action 
of wind on the antenna, or no good is accomplished. 
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13.5 Longwire SWL antenna, 


Another tactic is to replace the spring with a counterweight that is heavy enough 
to keep the antenna nearly taut under normal conditions, but not so heavy that it 
fails to move under wind conditions. In other words, the antenna tension should cx- 
actly balance the counterweight under normal conditions, and not be too great that. 
it stretches the antenna wire excessively 

‘The antenna wire should be either no. L2 or no. 14 hand-drawn copper, ot Copper 
weld stranded wire. The latter is actually steel-core wire, but has a copper coating 
on the outside, Because of skin effect, RF signals flow only in the outer copper coa 
ing. Soft-drawn copper wire will stretch and break prematurely, so it should be 
avoided. 

"The downlead of the antenna must be insulated, and it should also be stranded 
wire (which breaks ess easily than solid wire). Again, no. 12 or no. 14 wire should be 
used, although no. 16 would be permissible, The point where the downlead and an- 
tenna are joined should be soldered to prevent corrosion of the joint. Mechanical 
strength is provided by proper splicing technique (see Fig. 13-6). Do not depend an 
the solder for mechanical strength, for it has none. 

There are several ways to bring a downlead into the building. First, if you can 
tolerate a slight crack in the junction of the sash and sil, then run the wire under- 
neath the sash and close the window, Alternatively, you can buy a fat strap connec- 
tor to pass under the window. This method is electrically the same as running the 
lead, but is mechanically nicer. Chapter 28 deals with several methods, and should 
be consulted. 


Grounding 


‘The ground lead should be a heavy conductor, such as heavy wire or braid. The 
shield stripped from RG-8 or RG-11 coaxial cable is suitable for most applications. 
For reception purposes only, the ground may be a cold-water pipe inside the house. 
Do not use the hot-water pipes (which are not well grounded) or gas pipes (which 
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13-6 Construction details. 


are dangerous to use). Also, be aware that residential air conditioner liquid lines look 
like copper cold-water pipes in some cases. Don't use them, Chapter 29 deals with 
grounding, 

"The lightning arrester is a safety precaution, and it must be used! Its purpose is 
to supply an alternative path to ground in the event of a lightning strike. Although at 
least one text calls the arrester optional, it is not. Besides the obvious safety reasons 
(which are reason enough), there are also legal and economie reasons for using 
the arrester, Your local government building and/or fir codes might require a light- 
ning arrester for outdoor antennas, Also, your insurance company might not honor 
your homeowner's policy if the lightning arrester (required by local code) is not. 
used. The antenna lightning arrester is not optional, so use it. 

WARNING! DO NOT EVER ATTEMPT TO INSTALL AN ANTENNA BY CROSS- 
ING A POWER LINE! EVER! NO MATTER WHAT YOU BELIEVE OR WHAT YOUR 
RIENDS TELL YOU, IT'S NEVER SAFE AND IT COULD KILL YOU. 

"The rest of this discussion touches on antennas, other than the receiver long- 
wire. Because construction details are similar, we will not repeat them, You are, by 
the way, encouraged to also read Chap. 28 to glean more details on antenna con- 
struction methods. 


The flattop antenna 
‘The “Пайор” antenna is shown in Fig, 13-7. This antenna isa relative of the Iongwire, 
with the exception that the downline is at the approximate center of the antenna. 
section. The flattop should be at least a half-wavelength (492/F y.) at the lowest fr 
quency of operation. The advantage of the Mattop is that it allows the maximum use 
of space in the configuration shown. 


Vertical antennas 


It is also possible to build shortwave listener antennas in vertical polarization. 
Figure 13-8 shows one version of this type of antenna. The support (which could. 
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be a tree or building) should have enough height to be at least a quarter- 
wavelength on the lowest frequency of operation. The antenna is fed at the base 
with coaxial cable, The center conductor of the coax is connected to the antenna. 
element, and the shield is connected to the ground rod at the base of the structure. 
You are encouraged to see Chap. 10, which deals with limited space and hidden an- 
tennas, for a different version of this antenna. It is possible to install the wire (or 
multiple wires of different lengths) inside of a length of PVC plumbing pipe. The 
pipe serves as the support structure, and the conductors are placed inside. 

Different lengths of eonductor are required for different bands of operation. You. 
сап calculate the length (in feet) required for quarter-wavelength vertical antennas. 
from L,-246/F,,. Figure 13-9A shows how several bands are accommodated from. 
the same feediine on the same support structure. In this particular case eight differ- 
ent antenna elements are supported from the same tee bar. Be sure to insulate them. 
from each other, and from the support structure. Again, PVC piping can be used for. 
the support. Another method for accommodating several different bands i to tie the 
upper ends of the wires to a sloping rope (as in Fig. 13-98) 


Wire directional antenna 


A directional antenna has the ability to enhance reception of desired signals, while re- 
Jecting undesired signals arriving from slightly different directions, Although 
directivity normally means a beam antenna, or at least a rotatable dipole, there are cer- 
tain types of antenna that allow fixed antennas to be both directive and variable. See 
Chap. 7 for fixed but variable directional antennas and Chap. 11 for fixed and non-vari- 
able directive arrays. Those antennas are transmitting antennas, but they work equally 
жей for reception, This section shows a crude, but often effective, directional antenna 
that allows one to select the direction of reception with pin plugs or switches 

Consider Fig. 13-10. In this case, a number of quarter-wavelength radiators are 
fanned out from a common feedpoint at various angles from the building. At the near 
fend of each element is a female banana jack, A pair of balanced feedlines from the 
receiver (300-0 twin lead, or similar) are brought to the area where the antenna el- 
ements terminate. Each wire in the twin lead has a banana plug attached. By select- 
ing which banana jack is plugged into which banana plug, you can select the 
directional pattern of the antenna. If the receiver is equipped with a balanced an- 
tenna input, then simply connect the other end of the twin lead direction to the 
receiver. Otherwise, use one of the couplers shown in Fig, 13-11. 

Figure 12-11A shows а balanced antenna coupler that is tuned to the frequency of 
reception. The сой is tuned to resonance by the interaction of the inductor and the ca- 
расйог. Antenna impedance is matched by selecting the taps on the inductor to which the 
feedline в attached. A simple RF broadband coupler is shown in Fig, 13-118, This trans- 
former is wound over a ferrite core, and consists of 12 to 24 tums of no. 26 enameled 
wire, with more turns being used for lower frequencies, and fewer for higher frequen- 
cies. Experiment with the number of tums in order to determine the correct value. Al- 
-mativel, use a 1:1 balun transformer instead of Fig, 13-118; the type intended for 
amateur radio antennas is overkill powerwise, but it wil work nicely. 
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For comparative purposes, I have made each antenna 27.2-m long, 
with a 0.2-m separation between wires. The 3-wire version places 
the terminating resistor in the "center" wire and parallel feeds the 
two "outer" wires. Although the arrangement is shown as a flat 
configuration, one can, as a variation, create a triangle of wires. 


‘With two parallel-fed wires, the terminating resistor needs to be 
about 1.5 times the anticipated center feedpoint impedance. Hence, 
the model uses a 900-Ohm resistor, with 600-Ohms as the 
expected feedpoint impedance. Of course, the feedpoint 
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13-10 Directional SWL antenna (view from above) 


‘The antenna of Fig. 13-10 works by phasing the elements so as to null, or en- 
hance (as needed), certain directions. This operation becomes a little more flexible 
if you build a phasing transformer, as shown in Fig. 13-11C and 13-11D. Windings L, 
L., and L, are wound "uriflar” style onto a ferrite core. Use 14 turns of no. 26 enami 
eled wire for each winding. The idea in this circuit is to feed one element from coil 
L, in the same way all of the time, This port becomes the 0° phase reference. The 
ther port, B is fed from a reversible winding, so it can either be in phase or 180* out 
ot phase with port A. Adjust the DPDT switch and the banana plugs of Fig. 13-10 for 
the best reception. 
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Large wire loop antennas 


THERE ARE TWO BASIC FORMS OF LOOP ANTENNAS: SMALL AND LARGE. THESE TWO TYPES 
have different characteristics, work according to different principles, and have dif- 
ferent purposes. Small loops are those in which the current flowing in the wire has 
the same phase and amplitude at every point in the loop (which fact implies a very 
short wire length, e, less than 0.24). Such loops respond to the magnetic field com- 
ponent of the electromagnetic radio wave. A large loop antenna has a wire length 
greater than 0.2%, with most being either 1/2, 1A, or 2А. The current in a large loop 
varies along the length of the wire ina manner similar to other wire antennas. 


M2 large loops 


‘The performance of large wire loop antennas depends in part on their size. Figure 14-1 
shows a half-wavelength loop (1e, ne in which the four sides are cach M long). There 
ше two basic configurations for this antenna: continuous (S, closed) and open 
(S, open). In both cases, the feedpoint it the midpoint of the side opposite the switch 

The direction of the main reception, or radiation lobe (Le, the direction of max- 
imum reception), depends on whether S, is open or closed. With $, closed, the main 
lobe isto the right (solid arrow); and with S, open, itis to the left (broken arrow). Di- 
rection reversal can be achieved by using a switch (or relay) at S, although some 
people opt for unidirectional operation by eliminating 5, and leaving the loop either 
open or closed 

"The feedpoint impedance is considerably diferent in the two configurations. In 
the closed-loop situation (Le, 5, closed), the antenna can be modeled ав if it were a 
hale wavelength dipole bent into а square and fed at the ends. The feedpoint (X, X.) 
impedance is on the order of 2 kQ because it occurs at a voltage antinode (current 
node). The current antinode (Le, fy) il 5, on the side opposite the feedpoint. An 
antenna tuning unit (ATU), or RF impedance transformer, must be used to match the 
lower impedance of the transmission lines needed to connect to receivers 

"The feedpoint impedance ofthe open-loop configuration (5, open) is low because 
the current antinode occurs at X-X,- Some texts list the impedance as "about 50 7 
but my own measurements on several test oops were somewhat higher (about 700) 
In either case, the open loop is a reasonable match for either 52- or 7-02 coaxial able. 
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14-1 Half-wave square loop antenna with reversal switch 


Neither М2 loop configuration shows gain over a dipole. The figure usually 
quoted is —1-dB forward gain (Le., a loss compared with a dipole), and about 6-dB 
front-to-back ratio (FBR). Such low values of FBR indicate that there is no deep 
notch (null) in the pattern. 

A lossy antenna with a low FBR seems like a born loser, and in most eases it is. 
But the M2 loop finds a niche where size must be constrained, for one reason or 
another. In those cases, the M2 loop can be an alternative. These antennas can be 
considered limited-space designs, and can be mounted in an attic, or other limited- 
access place, as appropriate 

A simple trick will change the gain, as well as the direction of radiation, of the 
closed version of the N2 loop. In Fig. 14-2, a pair of inductors (L, and L) are m. 
serted into the circuit at the midpoints of the sides adjacent to the side containing 
the feedpoints. These inductors should have an inductive reactance X, of about 360 
am the center of the band of operation. The inductance of the coil is 
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36x10 
DN 


naa] 


where 
Lis the coil inductance, in microhenrys (HH) 
Fi is the midband frequency, in hertz (Hz) 


Example Find the inductance for the coils in a loaded half-wavelength closed- 
Joop antenna that must operate in a band centered on 10.125 MHz. 

Solution: 

Note: 10.125 MHz = 10,125,000 Hz] 


3x 10° 
Ze (10,125,000 Hz) 


ин 


‘The coils force the current antinodes toward the feedpoint, reversing the direc- 
tion of the main lobe, and creating a gain of about +1 dB over a half-wavelength 
dipole. 

‘The currents flowing in the antenna can be quite high, so when making the 
coils, be sure to use a size that is sufficient for the power and current levels antici- 
pated. The 2- to 3-in BAW Air-Dux style coils are sufficient for most amateur radio 
‘use. Smaller coils are available on the market, but their use is limited to low-power 
situations, 


Maximam, 
reception 4  — — yy 


15 
x= 3700 


14 Use of inductive loading 19 reduce the size of antena, and make the pattern more 
uniform 


plá Care 4/20/01 3:30 PM Page 200 


290 Large wire loop antennas 


1A large loops 


If size is not forcing you to а A/2 loop, then а 1А loop might be just the ticket, It 
produces a gain of about +2 dB over a dipole in the directions that are perpen- 
dicular to the plane of the loop. The azimuth patterns formed by these antennas 
are similar to the figure-8 pattern of the dipole. Three versions are shown: the square 
loop (Fig. 14-3), the diamond loop (Fig. 14-4), and the delta loop (a.k.a. D-Inop and. 
triangle—Fig. 14-5). The square and diamond loops are built with N/ on each 
side, and the delta loop is АЗ on each side. The overall length of wire needed to 
build these antennas is 


1005 


F 


[m 


‘The polarization of the three loop antennas is horizontal, because of the location 
of the feedpoinis, On the square loop, moving the feedpoint to the middle of either 
vertical side will provide vertical polarization. Similarly, on the diamond loop vertical 
polarization is realized by moving the feedpoint to either of the two adjacent apexes. 
On the delta loop, placing the feedipoint at either of the two other apexes produces 
а diagonal polarization that offers approximately equal vertical and horizontal polar- 
ization components. 


> 
—— 


14-8. Quarter-wavelength square loop (single-element quad). 
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impedance is a nominal value, since the actual resistive component 
of the impedance will fluctuate continuously above and below that 
value as we move across the operating span. 


In general, the 3-wire version of the WBFD is capable of about 1-3 
dB (depending upon frequency) gain advantage over the 2-wire 
version. The following brief table provides a glimpse at the 
fluctuations for the 27.2-m antennas. All gain values are for free- 
space. 


Frequency эмге aire awire 


ps баїп dai Gain dai Advantage as 
E EH п ias 
15 EX E] pei 
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Despite these fluctuations, the gain curves for the two versions of 
the WBFD are remarkable congruent, as shown in Fig. 9. The dual 
or parallel feed system of the 3-wire WBFD increases gain by 
feeding 2 wires, but it does not change the main characteristics of 
the antenna. Besides the congruence of gain curves, the patterns 
yielded by the 3-wire antenna differ from those of the 2-wire version 
only in peak gain, but not їп strength. Since the gain increase is 
marginal, both antennas have patterns that replicate those of a 
simple doublet (with its widely varying impedance with changes in 
frequency), but remain smaller, that is, have much lower peak gain 
values. 
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The feedpoint impedance of the ТА loop is around 100 Q, so it provides a slight 
mismatch to 75-0 coax and а 2:1 mismatch to 62-0 coax. A very good match to 5242 
coax can be produced using the scheme of Fig. 14-6. Here, a quarter-wavelength 
coaxial cable matching section is made of 75-0 coaxial cable. The length of this ca 
ble should be 


246V 
= 114.31 
where 
Lowe is the length, in feet (В) 
Vis the velocity factor of the coax 
Бу. the frequency, in megahertz (MHz) 
‘The impedance Z, of the cable used for the matching section should be 
2. 11441 


ToX, and Xa 


D con) 
a 
1 
146 Quarter ravelength 
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where 
Z, is the characteristic impedance of the coax used in the matching section, in 
ohms 
Z, is the feedpoint impedance of the antenna, in ohms 
7 is the source impedance (Le, the 52-Q characteristic impedance of the line to 
the receiver in standard systems) 


When Eq. 14,4 is applied to this system, where Z, = 52 0, Z, = 1000: 


VOTO EE 145] 


‘This is a very good match to 75-0 coaxial cable. 


Demiguad loop antenna 


‘The demiquad is a single-clement 1X quad antenna. The length of the antenna 
like the cubical quad beam antenna (see Chap. 12), one wavelength. Figure 14- 
shows a type of demi-quad based on the tee-cross type of mast 

‘The impedance-matching section is a quarter-wavelength piece of 75-0 coaxial 
cable (RG-58/U or RF-11/U). The length of the matching section is determined from: 


2461 


114.6] 


where 
Lis the overall length, in feet 
F, is the frequency, in megahertz 
VI the velocity factor of the coaxial cable (typically 06 


0.70, ог 0.80) 


Delta loop 


‘The delta loop antenna, like the Greek uppercase letter "delta" (A) from which it 
draws its name, is triangle-shaped (Fig, 14-8). The delta loop is a full wavelength, 
with elements approximately 2 percent longer than the natural wavelength (like the 
quad). The actual length will bea function of the prosimity and nature or the unde 
lying ground, so some experimentation is necessary. The approximate preadjust- 
ment lengths of the sides are found from: 
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‘The delta loop antenna is fed from 824 coaxial cable through a 4:1 balun trans- 
former. The delta loop can be built in a fixed location, and will offer a bidirectional 
pattern. 
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148 Delta loop antenna. 


Half-delta sloper (HDS) 


"The half-delta sloper (HDS) antenna (Fig, 14-9) is similar to the full delta loop, ex 
cept that (like the quarter wavelength vertical) half of the antenna is in the form of 
ап "image" in the ground. Gains of 1.5 to 2 dB are achievable. The HDS antenna 
‘consists of two elements: а N3-wavelength sloping wire and a M6 vertical wire (on. 
ап insulated mast), or а M6 metal mast. Because the ground currents are very im- 
portant, much like the vertical antenna, either an extensive radial system at both 
ends is needed, or a base ground return wire (buried) must be provided. 

‘The HDS will work on its design frequency, plus harmonics of the design 
frequency. Fora fundamental frequency of 5 MHz, a vertical segment of 33 ft and a 
sloping section of 66 ft is needed. The lengths for any frequency are found from 


EE 
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and 


114.10] 


‘The HDS is fed at one corner, close to the ground. If only the fundamental 
frequency is desired, then you can feed it with 52.0 coaxial cable, But at har- 
monics, the feedpoint impedance changes to as high as 1000 Q. If harmonic oper- 
ation is intended, then an antenna tuning unit (ATU) is needed at point A to 
match these impedances, 


Bisquare loop antenna 


‘The bisquare antenna, shown in Fig, 14-10, is similar to the other large loops, ex- 
cept that it is V2 on each side, making a total wire length of two wavelengths. This 
antenna is built like the diamond loop shown earlier (Le, it is a large square loop fed 
at an apex that is set at the bottom of the assembly). In this ease, the loop is fed ei- 
ther with an antenna tuning unit (to match a 1000-0 impedance) or a quarter-wave- 
length matching section made of 300-0 or 450-0 twin-lead transmission line. A 1:1 
balun transformer connects the 75-0 coaxial cable to the matching section, 
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14-9 Halfdlella loop antenna, 
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Each side is 


square loop 


14-10 Bisquare 


$ Matching section 
14 BALUN 
transformer 
52 Соза 
cable to receiver 
‘The bisquare antenna offers as much as 4-48 gain broadside to the plane of the 
antenna (le. in and out of the book page), in a Bgure-8 pattern, on the design fre 
‘quency, It is horizontally polarized, When the frequency drops to one-half of the de- 
2 dB, and the antenna works like the 


sign frequency, the gain drops to about 
diamond loop covered previously 
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Chapter 


Small loop 
receiving antennas 


Radio direction finders and people who listen to the AM broadcasting bands, VLF, 
mediumavave, or the so-called low-frequency tropical bands are all candidates for a 
small loop antenna. These antennas are fundamentally different from large loops and 
other sorts of antennas used in these bands, Large loop antennas have a length of at 
least 0.5, and most are quite a bit larger than 0.3X, Small loop antennas, on the other 
hand, have an overall length that is less than 0.22, with most being less than 0.10, 

‘The small loop antenna responds to the magnetic field component of the electro- 
magnetic wave instead of the electrical field component. One principal difference be- 
tween the large loop and the small loop is found when examining the RF currents. 
induced ina loop when a signal intercepts it. In a large loop, the current will vary from. 
one point in the conductor to another, with voltage varying out of phase with the cur- 
rent. In the small loop antenna, the current is the same throughout the entire loop. 

"The differences between small loops and large loops show up in some interest- 
ing ways, but perhaps the most striking is the directions of maximum response—the 
main lobes—and the directions of the nulls. Both types of loops produce figure-8 
Patterns but in directions at right angles with respect to each other. The large loop 
antenna produces main lobes orthogonal, at right angles or “broadside,” to the plane 
of the loop. Nulis are off the sides of the loop. The small loop, however, is exactly the 
‘opposite: The main lobes are off the sides of the Joop (in the direction of the loop. 
plane), and the nulls are broadside to the loop plane (Fig. 15-1A). Do not confuse. 
small loop behavior with the behavior of the loopstick antenna. Loopstick antennas. 
are made of cols of wire wound on a ferrite or powdered-iron rod. The direction of 
maximum response for the loopstick antenna is broadside to the rod, with deep nulls 
off the ends (Fig. 15-18). Both loopsticks and small wire loops are used for radio di- 
rection-Gnding and for shortwave, low-frequency medium-wave, AM broadcast 
band, and VLF listening, 

‘The nulls of loop antenna are very sharp and very deep. Small changes of point- 
ing direction can make a profound difference in the response of the antenna. If you. 
point a loop antenna so that its null is aimed at a strong station, the signal strength of 
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15-1. Large loop antenna. 


the station appears to drop dramatically at the center of the notch. Turn the antenna. 
ошу а few degrees опе way or the other, however, and the signal strength increases. 
sharply. The depth of the null ean reach 10 to 15 dB on sloppy loops and 30 to 40 dB 
оп well-built loops (30 dB isa very common value). I have seen claims of 60-dB nulls 
for some commercially available loop antennas. The construction and uniformity of 
the loop are primary factors in the sharpness and depth of the null 
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15-18 Loopstick antenna. 


At one time, the principal use of the small loop antenna was radio direction-find- 
ing, especially in the lower frequency bands. The RDF loop is mounted with a соль 
pass rose to allow the operator to find the direction of minimum response, The null 
was used, rather than the peak response point, because it is far narrower than the 
peak. As a result, precise determination of direction is possible. Because the null 
ds bidirectional, ambiguity exists as to which of the two directions is the correct 
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The cost for the small increase in gain is a wider fluctuation in the 
impedance about a central impedance value. The reactance tends 
to be somewhat higher than for the 2-wire WBFD. Fig. 10 shows 
the comparative SWR curves for the two antennas, with each опе 
using its own reference value: 820 Ohms for the 2-wire version and 
600 Ohms for the 3-wire version. 
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direction. What the direction-finder “finds” is a line along which the station exists, If 
the line is found from two reasonably separated locations and the lines of direction 
are plotted on a map, then the two lines will cross in the area of the station, Three or 
more lines of direction (a process called triangulation) yields a pretty precise 
knowledge of the station's actual location. 

"Today, these small loops are stil used for radio direction-finding, but their use 
has been extended into the general receiving arena, especially оп the low frequen- 
cles. One of the characteristics of these bands is the possibility of strong local inter- 
ference smothering weaker ground-wave and sky-wave stations, As a result, you 
cannot hear cochannel signals when one of them is very strong and the other is 
weak. Similarly, if a cochannel station has a signal strength that is an appreciable 
fraction of the desired signal and is slightly different in frequency, then the two sig- 
nals will heterodyne together and form a whistling sound in the receiver output. The 
frequency of the whistle is an audio tone equal to the difference in frequency be- 
tween the two signals. This is often the case when trying to hear foreign BCB signals. 
on frequencies (called split froquencies) between the standard spacing, The direc- 
tional characteristics of the loop can help ifthe loop null is placed in the direction of 
the undesired signal, 

Loops are used mainly in the low-frequency bands even though such loops are 
either physically larger than high-frequency loops or require more turns of wire. 
Loops have been used as high as VHF and are commonly used in the 10-m ham band 
for such activities as hidden transmitter hunts. The reason why low frequencies are. 
the general preserve of loops is that these frequencies are more likely to have sub- 
stantial ground-wave signals. Sky-wave signals lose some of their apparent directiv- 
ity because of multiple reflections. Similarly, VHF and UHF waves are likely to reflect 
from buildings and hillsides and so will arrive at angles other than the direction or 
the transmitter As а result, the Joop is less useful or the purpose of radio direction- 
finding. If your goal is not RDF but listening to the station, this is hardly a problem. 
A small loop can be used in the upper shortwave bands to null а strong local ground- 
wave station in order to hear a weaker sky-wave station. Finally, loops can be useful 
in rejecting noise from local sources, such as  "leaky" electric power Ше ora neigh- 
bons outdoor light dimmer, 

Let's examine the basic theory of small loop antennas and then take a look at 
some practical construction methods. 


Grover's equation 


Grover's equation (Grover, 1946) seems closer to the actual Inductance measured in. 
empirical tests than certain other equations that are in use. This equation is 
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а is the length of a loop side, in centimeters (em) 
b is the loop width, in centimeters (em) 
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ıı is the number of turns in the loop 
K, through К, are shape constants and are given in Table 15-1 
In is the natural log of this portion of the equation 


Air core frame loops (“box” loops) 


A wire loop antenna is made by winding a large coil of wire, consisting of one or more 
tums, on some sort of frame. The shape of the loop can be circular, square, triangu- 
lar, hexagonal, or octagonal. For practical reasons, the square loop seems to be most 
Popular. With one exception, the loops considered in this section will be square, so 
уой can easily duplicate them. 

"The basic form of the simplest loop is shown in Fig. 15-2. This loop is square, 
with sides the same length A all around. The width of the loop (E) is the distance 
from the first tur to the last turn in the loop, or the diameter of the wire if only one 
turn is used. The turns of the loop in Fig. 15-2 are depth wound, meaning that each 
turn of the loop is spaced in a slightly different parallel plane. The turns are spaced 
evenly across distance В. Alternatively, the loop can be wound such that the turns 
are in the same plane (this is called planar winding). In either case, the sides of the 
loop (4) should be not less than five times the width (В). There seems to be little dif- 
ference between depth- and planar-wound loops. The far-field patterns of the differ- 
ent shape loops are nearly the same if the respective cross-sectional areas (më for 
circular loops and А“ for square loops) are less than 100, 

‘The reason why а small loop has a null when its broadest aspect is facing the sig- 
nal is simple, even though it seems counterintuitive at first blush. Take a look at Fig 
15-3. Here, we have two Identical small loop antennas at right angles to each other 
Antenna A is in line with the advancing radio wave, whereas antenna В is broadside 
to the wave. Each line in the wave represents a line where the signal strength is the. 
same, Le, an “Isopotential line.” When the loop is in line with the signal (antenna A), 
there isa difference of potential from one end of the loop to the other, so current ean. 
be induced in the wires. When the loop is turned broadside, however, all points on. 
the loop are on the same potential line, so there is no difference of potential between 
segments of the conductor. Thus little signal is picked up (and the antenna therefore 
secs a null). 

"The actual voltage across the output terminals of an untuned loop is a function. 
of the angle of arrival of the signal a (Fig. 15-4), as well as the strength of the signal 
and the design of the loop. The voltage V, is given by 


Table 15-1. Shape constants 


Shape K, E 
Tangle 0000 1155 0055 018 
Square 0008 1414 0308 033 
Hexagon 0012 200 0055 0130 
Octagon 0016 2613 0794 00715 
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18:2. A simple loop antenna 


2mANE cos (a) 
x 


where V is the output voltage of the loop. 

А is the area of the loop, in square meters (n) 

Nis the number of turns of wîre in the loop 

E, is the strength of the signal, in volts per meter (V/m) 

a is the angle of arrival of the signal 

A is the wavelength of the arriving signal 

Loops are sometimes specified in terms of the effective height of the antenna. 

‘This number is a theoretical construct that compares the output voltage of a small 
loop with a vertical piece of the same kind of wire that has а height of 


m. 


Ifa capacitor (such as C, in Fig. 15-2) is used to tune the loop, then the output 
voltage V, will rise substantially: The output voltage found using the first equation is 
multiplied by the loaded Q of the tuned circuit, which can be from 50 to 100: 

ANE,Q cos (a) 
n 


Even though the output signal voltage of tuned loops is higher than that of un- 
tuned loops, itis nonetheless low compared with other forms of antenna. As a result, 
a loop preamplifier usually is needed for best performance. 
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15-3 Two small loop antennas at right angles to cach other. 
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15-4 An untuned loop antenna 
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Transformer loops 


It is common practice to make a small loop antenna with two loops rather than just 
one. Figure 15-5 shows such a transformer loop antenna, The main loop is built ex- 
actly as discussed above: several turns of wire оп а large frame, with a tuning capac- 
itor to resonate i to the frequency of choice. The other loop is a one- or two-turn 
coupling loop. This loop is installed in very close proximity to the main loop, usually 
but not necessarily) on the inside edge not more than a couple of centimeters away. 
"The purpose of this loop is to couple signal induced from the main loop to the re- 
ceiver at a more reasonable impedance match. 

"The coupling loop is usually untuned, but in some designs a tuning capacitor 
(C.) is placed in series with the coupling loop. Because there are many fewer turns. 
‘on the coupling loop than on the main loop, its inductance is considerably smaller. As 
A result, the capacitance to resonate is usually much larger. In several loop antennas 
constructed for purposes of researching this chapter, I found that a I5-turn main 
loop resonated in the АМ BCB with a standard 385-pF capacitor, but the колит 


MULTETURN 
TUNING LOOP" 


1 OR 2 TURN 
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e 
15-5 A transformer loop antenna, 
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‘coupling loop required three sections of a ganged 3 х 365-pF capacitor connected in 
parallel to resonate at the same frequencies, 

In several experiments, I used computer ribbon cable to make the loop turns, 
‘This type of cable consists of anywhere from 8 to 64 parallel insulated conductors 
arranged in а Mat ribbon shape. Properly interconnected, the conductors of the rib- 
‘bon cable form a continuous loop. It is no problem to take the outermost one or two 
conductors on one side of the wire array and use them for a coupling loop. 


Tuning schemes for loop antennas 


Loop performance is greatly enhanced by tuning the inductance of the loop to the 
desired frequency. The bandwidth of the loop is reduced, which reduces front-end 
overload. Tuning also increases the signal level available to the receiver by a factor 
of 20 to 100 times. Although tuning can be a bother if the loop is installed remotely 
from the receiver, the benefits are well worth it in most cases. 

‘There are several different schemes available for tuning, and these are detailed 
in Fig, 15-6. The parallel tuning scheme, which is by far the most popular, is shown 
in Fig. 15-64. In this type of circuit, the capacitor (C,) is connected in parallel with 
the inductor, which in this case is the loop. Parallel resonant circuits have а very high. 
impedance to signals on their resonant frequency and a very low impedance to other 
frequencies. As a result, the voltage level of resonant signals is very much larger than. 
the voltage level of off-frequency signals. 

‘The series resonant scheme is shown in Fig. 15-68, In this circuit, the loop is 
connected in series with the capacitor. A property of series resonant circuits is that 
they offer a high impedance to all frequencies except the resonant frequency (ex: 
actly the opposite of the case of parallel resonant circuits). As а result, current from 
the signal wall passthrough the series resonant circuit at the resonant frequency, but 
off-frequency signals are blocked by the high impedance. 

‘There isa wide margin for error in the inductance of loop antennas, and even the 
precise-looking equations to determine the required values of capacitance and in- 
Auetance for proper tuning are actually only estimations, The exact geometry of the 
Joop “as built” determines the actual inductance in each particular case. As a result, 
it is often the case that the tuning provided by the capacitor is not as exact as de- 
sired, so some form of compensation is needed. In some cases, the capacitance re- 
{quired for resonance is not easily available in a standard variable capacitor, and some 
means must be provided for changing the capacitance. Figure 15-8C shows how this 
is done. The main tuning capacitor can be connected in either series or parallel with 
other capacitors to change the value. If the capacitors are connected in parallel, then 
the total capacitance is increased (all capacitances are added together). Ifthe extra 
‘capacitor is connected in series, however, then the total capacitance is reduced. The 
extra capacitors ean be switched in and out of a circuit to change frequency bands, 

‘Tuning of a remote loop сап be a bother if it is done by hand, so some means 
must be found to do it from the receiver location (unless you enjoy climbing into the 
attic or onto the roof). Traditional means of tuning called for using а Iow-rpm de mo- 
tor, or stepper motor, to turn the tuning capacitor. A very popular combination was 
the little 1- to 12-rpm motors used to drive rotating displays in retail store show 
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‘windows. But this approach is not really needed today, We can use varactor voltage- 
variable capacitance diodes to tune the circi. 

‘A varactor works because the junction capacitance of the diode is a function of 
the applied reverse-bias voltage. A high voltage (such as 30 V) drops the capaci- 
tance, whereas а low voltage increases it. Varactors are available with maximum ca- 
pactances of 22, 33, 60, 100, and 400 pF. The latter are of most interest to us 
because they have the same range as the tuning capacitors normally used with loops 

Figure 15-7 shows how a remote tuning scheme can work with loop antennas. 
‘The tuning capacitor is a combination of a varactor diode and two optional capaci- 
tors: a fixed capacitor (Cj) and а trimmer (C,). The de tuning voltage (V) is pro- 
vided from the receiver end from a fixed de power supply (V+). A potentiometer 
(Ris used to set the voltage to the varactor, hence also to tune the Joop. A de block- 
ing capacitor (С) keeps the de tuning voltage from being shorted out by the receiver 
input circuitry. 


The sports fan's loop 


OK, sports fans, what do you do when the best game of the week is brondeast anly 
on а low-powered AM station and you live at the outer edge of their service area 
where the signal strength leaves much to be desired? You use the sports fan's loop. 
antenna, that's what! I first learned of this antenna from a friend of mine, a profes- 
sional broadcast engineer, who worked at a religious radio station that had a pip- 
squeek signal but lots of fans. It really works—one might say č а miracle, 

"The basic idea is to build a 16-turn, fh. cr tuned loop and then place the AM. 
portable radio at the center so that its loopstick is aimed such that its null end is 
broadside of the loop. When you do so, the nulls of both the loop and the loopstick 
are in the same direction. The signal will be picked up by the loop and then coupled. 
to the radio's loopstick antenna. Sisteen-conductor ribbon cable can be used for 
‘making the loop, For an extra touch of class, place the antenna and radio assembly 
ona dining room table lazy Susan to make rotation easier. А 385-рЁ tuning capacitor 
is used to resonate the loop. Ifyou listen to only one station, then this capacitor can 
be a trimmer type. 


Shielded loop antennas 


‘The loop antennas discussed thus far in this chapter have all been unshielded types. 
Unshielded loops work well under most circumstances, but in some cases thelr pat- 

sm is distorted by interaction with the ground and nearby structures (trees, build- 
ings, ete). In my own tests, trips to a nearby field proved necessary to measure the 
depth of the null because of interaction with the aluminum siding on my house. Fig- 
‘ure 15-8 shows two situations. In Fig. 15-8A we see the pattern of the normal "free 
space" loop, Le. а perfect figure-8 pattern. When the loop interacts with the nearby 
environment, however, the pattern distorts, In Fig. 15-8B we see some filling of the 
notch for a moderately distorted pattern. Some interactions are so severe that the 
Pattern is distorted beyond all recognition. 
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15-8A A normal “free space“ loop. 


LOOP, 


15-48 Filling of the notch. 


‘The solution to the problem is to reduce interaction by shielding the loop, as in 
Fig, 15-9. Loop antennas operate on the magnetic component of the electromagnetic 
wave, so the loop сап be shielded against voltage signals and electrostatic interac- 
tions. In order to prevent harming the ability to pick up the magnetic field, а gap is 
left in the shield at one point. 

‘There are several ways to shield a loop. You 
adhesive-backed copper-foll tape. Alternatively, 
toil and hold it together with tape. Another method is to ins 
per or aluminum tubing frame. Or—the list seems endless. 


n, for example, wrap the loop in 
you can wrap the loop in aluminum. 
t the loop inside a cop. 


Using a loop antenna 


Most readers will use a loop for DXing rather than hidden transmitter hunting, navi- 
sation, or other RDF purposes. For the DXer, there are actually two uses for the 
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Fig. 10 Comparative SWR Curves: 2.30 MHz 
‘and З Wire Wide Band Folded Dipoles 
Length: 27-2 m; Wire Spacing: 0.2 m 


600 Ohm Reference 


In addition to having higher peak values in the 2-30-MHz span, the 
3-wire version curve slopes differ from the corresponding 2-wire 
slopes. The shallower parts of the curves are on opposite sides of 
the peaks. 


The construction of a 3-wire WBFD can generally follow the same 
set of techniques used for the 2-wire antenna, with the separators 
enlarged to handle the broader plane. The additional wire will 
increase the weight of the antenna proper by nearly 50%, and 
center support of the terminating resistor and the feedpoint area is 
advisable. Short sections of 600-Ohm (or thereabouts) open-wire 
feediine can create the feedpoint junction. Like the 2-wire WBFD, 
the 3-wire version requires a balun system or a wide-band 
transformer to match a 50-Ohm coax feediine. 
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SHIELD GAP 


COAX TO 
RECEIVER 


15-9 Shielding the loop. 


loop. One is when you are a renter or ive in a community that has routine covenants 
against outdoor antennas. In this situation, the loop will serve as an active antenna 
for receiving АМ BCB and other low-frequency signals without the neighbors or 
landlord becoming РЕЈ (“purple-faved jerks"). 

"The other use is illustrated by the case of a friend of mine. He regularly tunes in 
clear channel WSM (650 kHz, Nashville) in the wee hours between Saturday evening 
(Grand Ole Opry” time) and dawn. However, this “clear” channel of WSM is not re- 
ally so clear, especially without a narrow filter in the receiver. He uses a loop antenna 
to null out a nearby 630-kHz signal that made listening a bit dicey and сап now tape 
his 19408-19505 vintage country music 

I is not necessary to place the desired station directly in the main lobes off the 
ends of the antenna but rather to place the nulls (broadside) in the direction of the 
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offending station that you want to eliminate. So what happens if the offending sta- 
tion and the desired station are in a direct line with each other and your receiving lo- 
cation is in the middle between them? Both nulls and lobes оп a loop antenna are 
bidirectional, so а пш on the offending station also will null the desired station in the 
‘opposite direction, 

One method is to use a sense antenna to spoil the pattern of the loop to a car- 
diaid shape. Another method is to use a spoiler loop to null the undesired signal The 
spoiler loop is а large box loop placed 1 to 3 ft (found experimentally) behind the re- 
ception loop in the direction ofthe offending signal. This method was first described 
by Levintow and is detailed in Fig. 15-10. The small loopstick may be the antenna in- 
side the receiver, whereas the large loop is а box loop such as the sports fanis loop. 
"The large box loop is placed about 38 to 100 em behind the loopstick and in the di- 
rection of the offending station. The angle with respect to the Ше of centers should 
be 60" to 90°, which also was found experimentally. It is also possible to use twa air 
core loops to produce an asymmetrical receiving pattern. 


Sharpening the loop 
Many years ago, the Q-multiptier was a popular add-on accessory fora communica 
tions receiver, These devices were sold as Heathkits, and many construction projects 
could be found in magazines and amateur radio books, The Q-multiplier has the ef 
{ect of seeming to greatly increase the sensitivity of a receiver, as well as greatly re- 
ducing the bandwidth of the front end, Thus it allows better reception of some 
stations because of increased sensitivity and narrowed bandwidth 

‘A G-multiplier is an active electronic circuit placed at the antenna input of a re- 
ceiver. It is essentially an Armstrong oscillator, as shown in Fig. 15-11, that does not 
‘quite oscillate, These circuits have a tuned circuit C/C ) at the input ofan amplifier 
stage and a feedback coupling loop (L,). The degree of feedback is controlled by the 
coupling between L, and L The coupling is varied by varying both how close the 
two coils are and their relative orientation with respect to each other. Certain оће 
circuits use a series potentiometer in the L, side that controls the amount of feed- 
buck 

"The Q-multiplier is adjusted to the point that the circuit is just on the verge of 
oscillating, but not quite. As the feedback is backed away from the threshold of os- 
«Шайоп, but not too fa, the narrowing of bandwidth occurs, as does the increase in 
sensitivity. It takes some skill to operate a Q-multiplier but it easy to use once you 
get the hang oft and is a terrific accessory for any loop antenna 


Loop amplifier 

Figure 15-12 shows the circuit for a practical loop amplifier that can be used with ei- 
ther shielded or unshielded loop antennas. It is based on junction field effect tran- 
sistors (JFET) connected in cascade. The standard common-drain configuration is 
used for each transistor, so the signals are taken from the source terminals. The 
drain terminals are connected together and powered from the +12-V de power 
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1541 A Q-multplier. 


supply. A 22 uh bypass capacitor is used to put the drain terminals of Q, and Q, at 
ground potentia for ac signals while keeping the de voltage from being shorted out. 

"The two output signals are applied to the primary of a centertapped trans 
former, the center tap of which is grounded. To keep the de on the source terminals 
from being shorted through the transformer winding, a pair of blocking capacitors. 
(C, C.) is used. 

"The input signals are applied to the gate terminals of ©, and Q, through de 
blocking capacitors C, and С, A pair of diodes (D, D.) is used to keep high-ampli- 
tude noise transients from affecting the operation f thie amplifier. These diodes are 
connected back to back in order to snub out both polarities of signal 

"Tuning capacitor C, is used in lieu of the capacitor in the loop and is used to res- 
‘nate the lop toa specifie frequency: Its value can be found from the equation give 
earlier. 

"The transistors used for the push-pull amplifier (9, Q.) can be nearly any ge 
eral-purpose JFET device (MPP-102, MPF-104, tc.. A practical approach for many 
people is to use transistors from service replacement lines, such as the NTE-312 and 
NTE-316 devices. 
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Special problem for VLF/LF loops 


A capacitance is formed whenever two conductors are side by side. A coil produces 
‘capacitance as well as inductance because the turns are side by side, Unfortunatel 
with large multiturn loops, this capacitance can be quite large. The "distributed ca- 

sel-resonance with the inductance, The loop does. 
at frequencies above the self-resonant point, so it is sometimes impor- 
the self-resonance to a point where it does not affect operation at the 
desired frequencies. 

Figure 15-13 shows a solution that raises the self-resonant point. The turns are. 
broken into two or more groups and separated by a space, This method reduces the 
effective capacitance by placing the capacitances of each group of wires in series 
with the others. 


SPACE 


oe gt 


4 A a 


WINDINGS 
16-13 Raising the selfresonant point. 
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Coaxial-cable loop antennas 


One of the more effective ways to make a shielded loop is to use coaxial cable. Fig- 
ше 15-14 shows the circuit of such a loop. Although only a single-turn loop is shown, 
there can be any number of turns. One reader made a 100-kHz LORAN (a navigation 
system) loop using eight turns of RG-59/U coaxial cable on an 8-1 diameter. 

Note the special way that the coaxial cable is connected. This method is called 
the Faraday connection after the fact that the shield of the coax forms a Faraday 
shield. At the output end, the center conductor of the coaxial cable is connected to 
the center conductor of the coaxial connector. The coax shield is connected to the 
connector ground/shicld terminal. At the other end of the loop, the shield is left 
Tioating, but the center conductor is connected to the shield. Note very carefully that 
the center conductor at the far end is connected to the shield at the connector, not 
at just any conven 


nt point 


RECEIVER 


15-14 A coaxial-cable shielded loop. 
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Chapter 


Small transmitting 
loop antennas 


Small transmitting loops are those which are less than one-third wavelength (МЗ) 
according to Hart (1986) or between 0.04۸ and 0.10) according to Beltose (1993), 
Other sources claim that loops up to about 0.20) are small. The key characteristic is 
that the current is equal in all points of the loop rather than varying with loop length 
the way the current in a large loop (or other antenna) does. 

One of the parameters of the small loop antenna is a very low radiation resis- 
tance (it is a function of the area of the loop). The radiation resistance of the small 
loop antenna is less than 1 £ and often considerably less than this figure (e.g., 0.05 
2). This means that the copper or aluminum losses of the antenna must be kept 

y, very low. For such reasons, it is common to assemble the small transmitting 
loop antenna from 1- to 4-in copper or aluminum pipe. For this reason, the square 
(Fig. 16-14) or octagon (Fig. 16-18) shapes are preferred. The reason this is true is 
purely mechanical: The square loop ean be built with 90° elbow joints, and the octa- 
gon can be built with 45° elbow joints. For antennas whose circumference is greater 
than MB, standard */-in copper pipe ean be used in construction, but for smaller- 
sized loops, anger-sized copper piping is used. 

"The small transmitting loop tends to be highly inductive in its reactance. Values 
of inductive reactance to 1000 £2 are not unusual, although closer to 100 £ is the 
norm. Because of this inductive reactance, the small transmitting loop antenna is 
tuned by one or more series capacitors. 

A sample loop was modeled by Belrose (1993). It was 1 m in di 
made of 2.54-em (l-in) copper pipe. For this loop, the gains 


ameter and was 


10MHz — 288 dBi 
14MH 022.481 
21MH2 1.14 dBi 
30MHz 142 аві 


Note that the gains were all less than that of a dipole (12.15 dBi) but in the up- 
por regions of the frequency spectrum were quite decent. Even at 10 MHz, the 1-m 
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16-1 Small transmitting loop antennas: [A] square, [B] octagon, 


small lop antenna was only —5.03 dBi less than the dipole. The loop probably would 
show similar gains up to the paint of sell resonance, 

Calculations of the current and voltage within the loop are substantial. The loop 
impedance at 10 MHz is 0,088 1 161 Q. This means that a 150-W transmitter, cer- 
tainly modest for these frequencies, would produce 41 A circulating inside the loop 
and a voltage across the tuning capacitor of 6600 V. As Belrose (1993) warns: "Don't 
touch your loop when transmitting!” 

‘The tuning capacitor in Belrose's loop should be rated for at least 10,000 V to 
guard against anyone using more than 150 W. Keep in mind that à power of 500 W will 
produce potentials across the capacitor of 30,000 V, so you will need a capacitor with 
at least Ап spacing. A Lin spacing is good for about 75,000 V. It is probably best to 
sea vacuuum-variable capacitor for the tuning capacitor ofa small loop antenna if you 
сап afford one. Regardless, the loop power should be kept under control! 

‘The © of the antenna at any given resonant frequency is very, very high. For the 
1-m loop antenna described earlier, the Q at 10 MHz was 1824, which resulted in a 
bandwidth of 5.5 kHz (although in practice it is twice this amount before VSWR tol- 
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erances on the transmitter are exceeded). Regardless, the bandwidth of the 
resonated loop is tiny, so some means must be provided for retuning the loop as 
you shift frequency. IF you do not shift frequency, then the loop сап be tuned and 
Torgotten, but for the rest of the radio fraternity, perhaps a remotely tuned capacitor 
is in order. Getting a large capacity variable in the voltages that are required for op- 
eration with a good power level is a bit tricky. 


Design equations 
"The design equations developed by Hart (1986) are 


Radiation resistance (t): 


38 x 10 (FA) 116.1) 
Loss resistance (t) 
э хов VF 


16.2 
7 162 
Efficiency б 
ku 
m m 
W 1631 
Inductance (y 
= 19 x 10'S (1358108, ЭЁ” - 6.386) пва 
Inductive reactance (X) 
1651 
Tuning capacitance (O): 
Quality factor (©) 
16.7 
5 пол 
Bandwidth (АРУ 
a= nesi 
Distributed capacitance (€) 
пову 
Capacitor voltage (Уд 
„ VEO поло 


© 


Antennas Made of Wire - Volume 2 


WBFDs can be used in inverted-Vee configurations. However, 
expect a decrease in the broadside gain and some vertically 
polarized radiation off the ends of the array--just as you would find 
їп а simple doublet. The steeper the angle of the two side of the 
antenna, the greater will be the radiation off its ends. As the 
antenna length exceeds 1 wavelength, the patterns may 
increasingly differ from those of the antenna used horizontally. 


А Common Mistaken View of the Wide-Band Folded Dipole 


We may look at the wide-band folded dipole from another 
perspective, one encouraged by a 1983 B&W patent (4,423,423). 
The patent sketch shows shorting wires close to the center of the 
array. The wires connect the feedpoint to the terminating resistor. In 
addition, they also connect the inner or feedpoint ends of each wire 
pair. 


The result of this variation is an antenna that is NOT a WBFD. 
Instead, as revealed by the sketch portion of Fig. 11, the new 
configuration places the resistor in a simple parallel connection with 
the feedpoint. The wires extending from the junctions of this parallel 
connection form virtual "fat" single wires to complete what amounts 
to a center-fed doublet. 
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where 
A is the area of the loop, in square feet (112) 
S is the length of the loop conductor, in feet (1) 
Dis the diameter of the conductor, in inches (m) 
Pis the applied transmitter output power, in watts (W) 


Some sample loop antennas 


‘The Patterson (1967) loop antenna is shown in Fig. 16-2. It is made from 1.5-in cop- 
per tubing, Segments are cut and are joined together by eight 45° elbow joints, giv- 
ing the octagon shape. Each segment is 0.5 ft long, The tuning is accomplished by 
three capacitors, two of which are a split-stator unit (two capacitors on the same 
shaft). The tuning control is the split-statar capacitor, whereas the loading control is 
a single capacitor. 


16-2 A Patterson loop antenna 
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Another loop antenna is shown in Fig. 16-3. This antenna has a Faraday feed sys- 
tem rather than a capacitor-coupled feed system, as did the Patterson loop. The tun 
ing is accomplished by C, the series tuning capacitor. The requirement must be met 
that D/D, = 5 

Still another loop is shown in Fig, 16-4. This loop relies on magnetic coupling to 
perform the coupling of the transmitter. In this loop antenna, the coupling is via a 
‘mall coupling loop and 50-1 coaxial cable to the transmitter. Capacitor C, is used to 
resonate the loop, whereas capacitors C, and C, serve the purposes of loading and 
resonating the coupling loop. According to Mozzochi (199), the voltages and еш 
rents with respect to the capacitors are 


Va = 1800 VP po 
18 VP 116.12] 
17 V 116.01 
1,722 M 116.141 
1 d 116.15] 


162 A loop antenna with a Faraday feed system. 
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e 


16-4 A loop antenna with magnetic coupling. 


1,- 018 VP [16.16] 


na are shown in 


за. 16-5. Note that 


ation patterns for the loop ant 
four elevations are given (0°, 20°, 45°, and 60°). 

‘The bottom line is that small transmitting loop antennas are not very good for 
those who сап afford to put up a better antenna, but for those whose tight quarters 
permit only а small transmitting loop, they are quite viable. 
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CHAPTER 


Antenna modeling 
software 


One of the significant contributions of computer technology to antenna design is the 
improvement of modeling and simulation. Modeling and simulation are used in a 
wide variety of applications, including management, science, and engineering. We 
сап now model just about any process, any device, or any circuit that сап be reduced. 
mathematically. The purpose of modeling, at least in engineering, is to do the design. 
cheaply on the computer before "bending metal” The old "eut and try” method. 
works, to be sure, but it is costly in time and money (two things perpetually in short 
supply). f performance issues and problems can be solved on a computer, then we 
are time and money ahead of the game. Also, modeling and simulation make it pos- 
sible to look at more alternatives and to gauge the effect of a change in an antenna 
design before the change is made. 

Modeling is used not just in engineering but also in other processes. Organiza- 
tions and management consultants use modeling and simulation to study their oper- 
ations and find the most efficient way of doing things. I saw an example where an 
Inefficient truck terminal and warehouse operation was improved significantly by 
modeling on a Windows desktop computer. The operators modeled the existing sys- 
tem and several alternative systems, and found that one particular rule (involving 
bulk deliver trucks such as tankers and dry bulk carriers) was jamming up the nor- 
mal package deliveries at the warehouse dock, They could have tried different sets 
of rules aver a couple of years, collected lots of data, presented scores of viewgraphs 
to management committees, and still have overlooked the actual cause af the prob- 
lem. The model showed the problem in only a few minutes, however 


What is a model? 


Models are no big mystery. If you have fingers and can count, then you can make 
models. In fact, you probably do make models mentally, e. when you look at how 
much cash you have in your pocket when confronted with several different purchase 
choices but cannot afford all of them. The "model" is the "what iF considerations 
that lead to your selection, 
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Youngsters in the schools are learning that the equations and formulas they 
cara in algebra and trigonometry are "models." This designation was not used when 
1 was in school, but itis an apt description in most cases. 

One of the earliest modeling methods for the masses was the computer-based 
spreadsheet program. Software such as Microsoft Excel сап be used to test various 
scenarios by entering different values into the cells, 1 have seen spreadsheets used 
for the originally intended business applications, as well as engineering applications 
including antenna design). 

Antenna modeling software tends to use the "method of moments,” in which 
each wire in the system is broken into 1 to N segments, and the current in each seg- 
ment is calculated, 


Some common programs 


‘Some years ago an antenna modeling program came on the scene. Developed by the 
Navy, this program used numerical methods to perform the complex calculations 
needed to modelan antenna. Called the Numerical Electromagnetic Computation 
(NEC) program, a smaller version soon became available known as miniNEC (which 
runs on PCs). You can download miniNEC-3 from several sources in the amateur ra- 
dio newsgroups in the United States or United Kingdom, or from the Navy Postgrad- 
uate School Web site, A miniNEC-4 version is also available, but 1 understand that it 
requires a license to use and cannot be exported without a permit from the U.S. ov- 
ernment. 

There are also a number of private vendors who offer the miniNEC at a price. 
Some ofthe better vendors offer their own versions, based on the miniNEC concept, 
but with some value added to make it worthwhile to buy theirs instead of using the 
“freebie” version, 

"The miniNEC programs model wire antennas using the coordinate system 
shown in Fig. 17-1. This is a standard three-dimensional Cartesian coordinate sys- 
tem in which the у axis is horizontal, the 2 axis is vertical, and the ır axis is orthogo- 
nalto both the у and > axes. The idea is to specify the starting and ending points ог 
the wires making up the antenna in terms of the хуг coordinate system. Figure 17-2 
shows asingle-wire antenna laid out in the z axis. This axis is in the horizontal plane. 
but orthogonal to the y axis. The antenna designer will specify X, and X,, which are. 
the starting and ending points of the wire. 

‘The antenna can consist ofa large number of wires, although the larger the nun- 
ber, the longer is the processing time, Each wire is broken into a number of different. 
segments for calculation purpose 


МЕСА 
‘The NEC-4 software is the latest in the NEC series and is proprictary to the Univer- 
sity of California, from whom a license must be obtained to use it. Because of na- 
tional defense considerations, an export license is required to take NEC-4 overseas. 
‘The NECA software wil produce modeling of underground radials, elements of 
varying diameter, and carefully constructed close-spaced parallel wires. 
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17-1 XYZ coordinate system for NecWin modeling software. 


EZNEC Professional 
Roy Lewallen, W7EL, provides the EZNEC Pro software. This software has an option 
for NEC-4, provided that the license is obtained from the University of California 
(again, export restrictions apply). 


GNEC 
Nittany-Sclentifie makes a version of NEC-4 known as GNEC. It permits the use of 
catenary wires, helices, networks, and other possibilities. Outputs include 3-D, polar 
plots, and rectangular plot graphs, as well as a large array of tabular reports. 
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000 


x: 


x 
172 Example of a single wire laid out om XYZ coordinate system. 

NEC-2 

‘This is a high-capability version of the NEC software, and it îs in the public domain. 


It is limited to antenna elements of constant diameter, although some software 
providers who base their wares on NEC-2 provide corrections for multidiameters. It 
is fitted with the Sommerfield-Norton ground model for modeling horizontal wires 
close to the earth's surface. 


NECWin Plus 
‘This software is provided by Nittany-Scientific. It features true spreadsheet geome- 
пу. The software also offers stepped-diameter corrections, a gain-averaging test, a 
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CAD Ше C. he. 2-D and 3-D plots, 2-D and 3-D antenna views, and certain graphic 
‘outputs. There are two versions, NECWin Pro and NECWin Basic (NECWin Baste is 
reviewed in this chapter), 


EZNEC for Windows 

Roy Lewallen’s EZNEC for Windows is available in both NEC-2 and NEC-4 versions, 
although the NEC-4 version requires a license from the University of California to 
operate. It offers 2-D and 3-D plots, 3-D plots with 2-D slicing, ground-wave output, 
stepped-diameter correction, and various shorteuts to antenna modeling. Th 

dard EZNEC is limited to 500 segments (the Pro version handles a much larger num- 
Der of segments), 


Expert MiniNEC 
‘This new version of MiriNEC can handle sharp angles їп antenna geometry directly 
and handles antennas close to the ground much more accurately than MiniNEC. Sev- 
eral versions of Expert MiniNEC are available from EM Scientific. These are 
MiniNEC for Windows and MiniNEC Broadcast Professional 


MiniNEC 

MiniNEC Version 3.13 is the latest of the public-domain MiniNEC code. It runs on a 
PC in the DOS mode. 1t handles element lengths of changing diameter. Horizontal 
antennas must be at least 0.24 above ground for accurate results to occur. 


NEC4Win95 

Orion (Canada) offers a Windows 95/98 version of MiniNEC known as NEC4Win95, 
It offers spreadsheet antenna geometry input, pull-down boxes for all other antenna 
parameters, and a pattern-plotting routine that includes lobe identification and 
bandwidth. 


NECWin Basie 
Many amateur and professional users have been increasingly dissatisfied with the 
‘commercial miniNEC-based antenna modeling programs on the market (mostly be- 
cause they only run in the DOS environment and are clumsy to use). A low-cost Win- 
dows-based modeling program is NeeWin Basic for Windows. This program appears 
to bea DOS-based NEC engine run with a Windows graphic user interface written in 
Visual Basic 3.0. The vendor offering NecWin Basic for Windows is Nittany Scientific 
Inc. [Airline Highway, Suite 361, Hollister, CA, 95023-5621; phone: (408) 634-0573 
Web site: шил. nittany-scientific.com]. The baste version (which I test drove and 
now use) costs less than $100, and there is a professional version for a higher price, 
NecWîn Basie for Windows allows you to specify the geometry of the antenna in. 
the туг coordinate system. This process is made a lot easier by the fact that it uses 
а "spreadsheet-like" grid (Fig. 17-3). Once the geometry is entered, you can select 
from several different ground situations (including "none" for free-space calcula- 
tions), the operating frequency, and units of measure used for the antenna wires 
(meters is default). You also can customize the ealculations using the "Output" but- 
ton. Once the geometry and parameters are entered, you can visualize the geometry 
in “stick form” using the "Eye" button on the toolbar. The “Traffic Light” button 
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The sketch shows a 900-Ohm resistor in parallel with the feedpoint 
of the 27.2-m antenna. The SWR curve that accompanies the 
sketch reveals a property that is unlike the true WBFD antenna: а 
resonant feedpoint at about 5.2 MHz. The actual reported resonant 
impedance is about 63 Ohms. The parallel combination of 900 
Ohms (the resistor) and 70 Ohms (the typical resonant dipole 
resistance) is about 65 Ohms. 
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performs the NI 
elevation and azimuth pattern graphics. When you 
you will produce a bitmap (*.bap) file of the pattern. 

‘The particular geometry entered in Fig. 17-3 is for a long-wire antenna (Fig 
-4) that is two wavelengths long and has a quarter-vavelength radial used as a 
counterpoise ground. There are no wires in the y and > planes, so the values of Y, 
Y, Z, and Z, are zero. The antenna is described with the coordinates X, = 0.000 and 
X7 = 14.56 m. The operating frequency is set to 25-MHz on another screen. When 
the NEC calculations are made and the patterns displayed, the azimuth (Fig. 17-5) 
and elevation (Fig. 17-6) patterns can be printed out. 


‘ulations, whereas the “Polar Coordinates" button creates the 
re Screen” in the "File" menu, 
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17-4 Off-center fed doublet antenna. 
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(meters, feet, ete), plot type (azimuth, elevation), elevation angle, step size, a ref- 
erence level, and an alternate SWR. 

"There are command buttons to the left of the main window. These include Open, 
Save As, Currents, Sto Dat, Load Dat, FF Tab, NF Tab, SWR, View Antenna, and FF 
Plot. The "View Antenna” button provides a view of the гус coordinate system along 
with the wires (Fig. 17-9). The "FF Plot” button plots the far field of the antenna, 
and the “ВЕ” button plots the SWR curve based on parameters you give it (starting 
frequency, stopping frequency, frequency step) 

The “View Antenna” window is shown in Fig, 17-9. This antenna view provides 
the хиз coordinate system, along with the wires. There are seroll bars to the left of 
the main window where the antenna appears that are used to vary the image 
to better see it. A series of three “Reset” buttons resets the image to the initial 
setting, 

If you wish to plot the radiation pattern (azimuth or elevation) of the antenna, 
then press "FF Plot” in the main window. The result wil be as shown in Fig. 17-10, 
Some data appears in the lower window on the plot. The data in this case are eleva- 
tion angle, outer ring gain, slice gain maximum, front-to-side ratio, beamwidth, side- 


17-9 View Antenna window of EZNEC for Windows. 
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17-10 Result of pressing “FE Plot" button in main window of EZNEC for Windows. 


lobe gain, front/sidelobe, cursor azimuth, and gain. You can print out the plot of the 
radiation pattern with either the data present or the data hidden. 

One of the really nice things about EZNEC for Windows is the availability of 
VSWR plots without going to the professional edition. Figure 17-11 shows the plot 
for the dipole under consideration. Note that the data given include the starting fre- 
‘quency, the SWR at the starting frequency, the impedance at the starting frequency, 
the reflection coefficient at the starting frequency, and the source impedance. 
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CHAPTER 


VHE/UHF transmitting 
and receiving antennas 


Tus VHF/UHF SPECTRUM 1 COMMONLY ACCEPTED ТО RANGE FROM ЗО MHz TO 900 MHZ, 
although the upper breakpoint is open to some differences of opinion. The VHF 
spectrum is 30 MHz to 300 MHz, and the UHF spectrum is 300 MHz to 900 MHz, 
Above 900 MHz is the microwave spectrum. These bands are used principally for 
local “line-of-sight” communications, according to the standard wisdom. However, 
with the advent of OSCAR satellites, the possibilty of long-distance direct commu- 
nications is a reality for VHF/UHF operators. In addition, packet radio is becoming 
common; this means indirect long-distance possibilities through networking, For the 
low end of the VHF spectrum (e g. 6-m amateur band), long-distance communica- 
tions are a relatively common occurrence, 

In many respects, the low-VHF region is much like the 10-m amateur band and 
11m Citizens Band: skip is not an infrequent occurrence. Many years ago, I recall an 
event where such skip caused many а local police officer to skip a heart beat. In those 
days, our police department operated on 88.17 MHz, which is between the 6-m and 
10-m amateur bands. They received an emergency broadcast concerning a bank rob- 
bery at a certain Wilson Boulevard address. After a race to the county line, they dis- 
covered that the reported address would be outside of the county, and in fact did not 
exist even in the neighboring county (a number was skipped). The problem was 
traced to a police department in a southwest city that also had a Wilson Boulevard, 
and for them the alarm was real, 

‘The principal difference between the lower frequencies and the VHF/UHF spec- 
trum is that the wavelengths are shorter in the VHF/UHF region. Consider the fact 
that the wavelengths for these bands range from 10 m to 1 m for the VHF region, and 
from 1 m to 33 em for the UHF region. Mast antenna designs are based on wavelength, 
so that fact has some implications for VHF/UHF antenna design. For example, be- 
cause bandwidth is a function of length/diameter ratio for many classes of antenna, 
broadbanding an antenna in the VHF/UHF region is relatively easy. If, say, 25-mm. 
Ge., Lin) aluminum tubing is used to make a quarter-wavelength vertical, then the 
approximate L/D ratio is 790 in the 8-m band and 20 in the 2-m band. This feature is 
fortunate, because the VHF/UHF bands tend to be wider than the HF bands, 
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Another point to make is that many of the mechanical chores of antenna design 
and construction become easier for VHE/UHF antennas. One good example is the 
delta impedance-matching scheme. At 80 m, the dels watch dimensions are ap- 
proximately 36 x 43 1, and at 2 m they are 9.5 x 12 inches, Clearly, delta matching 
is a bit more practical for most users at VHF than at HF, 


Types of antennas usable for VHF/UHF 


‘The concept “VHF/UHF antenna” is only partially valid because virtually all forms 
of antenna can be used at HF, MW, and VHF/UHF. The main limitations that distin- 
guish supposedly VHF/UHF designs from others are mechanical: there are some 
things that are simply much easier to accomplish with small antennas. Besides the. 
delta match mentioned previously, there is the ease of construction for nultiele- 
ment antennas. A L-element 20-m beam would be a wonderful thing to have in a 
QItM-laden DX pile-up, but is simply too impractical for all but а few users because 
of its size. If you look on embassy rooftops around the world you will see many- 
element Yagi and log periodic HF antennas supported on massive tawers...and 
some of them use a standard Size 25 tower (common for amateur use) as the 
antenna boom! A l-element 80/75-m Yagi approaches impossibility. But at 2 m, a 
-element Yagi beam antenna can be carried by one person, in one hand, unless 
the wind is acting up. 

Safety note Large array beams, even at VHF/UHF, lave a relatively high 
"windsail area,” and even relatively modest winds сап apply a lot of force to them. 1 
once witnessed a large, strong technician blown off a ladder by wind acting on a mod- 
est, "suburban? sized, TV antenna. /t can happen to you, too. So always install an- 
tennas with a helper, and use hoists and other tools fo actually handle the array 


Lower band antennas on VHF/UHF 


Between 1958 and 1962, a friend and I had access to a radio club amateur radio st 
tion ina Red Cross chapter house in Virginia. The "antenna farm” consisted of a 14- 
element 2-m beam, a three-element triband НЕ beam (10, 15, and 20 m), and а 
five-band (80 to 10 m) trap dipole. АШ of the coaxial cables came into the station 
through a wall; they were kept disconnected and shorted out when not in use be- 
cause of the senior Red Cross officials concern over lightning. 

Опе night, attempting to connect the 2-m beam to the Gonset “доопеу box" 2m. 
AM transceiver, my friend accidentally used the cable from the five-band trap dipole in- 
stead. We worked alot of stations that contest weekend, and scored lots of points. Lat 
we discovered the error, and asked a more technically eompetent adult (we were 
teenagers), "Why the good reports?" He then gave usa lesson in langwire antenna the- 
ory. A good longwire is many wavelengths long. Consider that a half-wave antenna on 2 
mis 80 пи m or 40 wavelengths shorter than an 80-m half-wave antenna. Thus, the 
80-m antenna, counting foreshorteriüng of physical lengths because of the traps, was on. 
the order of 35 to 38 wavelengths long on 2 m. We had a highly directional, but multi- 
lobed, pattern. 
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Similarly, 40- to 10-m and 80- to 10-m trap verticals are often usable on 
VHF/UHF frequencies without any adjustments. Similarly, Citizens Band 11-m an- 
tennas, many of which are У wavelength (18 ft high), will sometimes work on VHF 
frequencies. Check the VSWR of an HF antenna on 2 m with a reliable VHF/UHF 
VSWR meter (or RF wattmeter) to discover the truth about any particular antenna. 
Always use the low-power setting on the transmitter to limit damage in cases where 
the specific antenna is not usable on a specifie frequency. 

"The lesson to be leamed is that antennas are often usable on frequencies much 
higher than the design frequency, even though useless on nearby bands. Care must be 
exercised when initially checking out the antenna, but that is not an inordinate difficulty. 


VHF/UHF antenna impedance matching 


The VHF/UHF antenna is no more or less immune from the need for impedance rate! 
ing than lower-frequency antennas. However, some methods are easier (coax baluns, 
delta match, ete.) and others become either difficult or impossible, An example of the 
latter case is the tuned LC impedance-matching network. At 6 m, and even to some 
limited extent 2 m, inductor and capacitor LC networks can be used, But above 2 m 
other methods are more reasonable, We can, however, mimic the LC tuner by using 
stripline components, but that approach is not always suited to amateur needs. 

"The balun transformer makes an impedance transformation between balanced 
and unbalanced impedances. Although both 1:1 and 4:1 impedance ratios are possi- 
ble, the 4:1 ratio is most commonly used for VHF/UHF antenna work. At lower fre- 
quencies it is easy to build broadband transformer baluns, but these become more of 
a problem at VHF and above. 

For the VHF/UHF frequencies, a 4:1 impedance ratio coaxial balun (Fig. 18-14) 
is normally used. Two sections of identical coaxial cable are needed. One section (A) 
has a convenient length to reach between the antenna and the transmitter. Its char 
acteristic impedance is Z, The other section (B) is a half-wavelength long at the 
center of the frequency range of interest. The physical length is found from 


sov 


usa‏ ا 
where‏ 


Lis the cable length, in inches 
Fg, i5 the operating frequency, in megahertz 
Vis the velocity factor of the cu cable 


"The velocity factors of common coaxial cables are shown in the following table, 
Coaxial cable velocity factors 
Regular polyethylene 006 


Polyethylene foam 080 
rellen om 
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Fig. 12 provides a set of SWR curves across the 2-30-MHz span 
that we have used in the examination of the true WBFD. Since the 
increment between readings is 1 MHz, the 50-Ohm curves do not 
necessarily show the best SWR values possible. However, the 3 
SWR minimum points show that the antenna acts completely 
normally when treated as a center-fed doublet. The 3 low 50-Ohm 
SWR values occur at the fundamental, the 3rd harmonic, and the 
5th harmonic frequencies for the wire. 


The 900-Оһт SWR curve, of course, shows the opposite trend 
relative to the 50-Ohm curve. Minimum SWR values occur at the 
2nd and 4th harmonic frequencies of the wire (between 10 and 11 
MHz and again between 20 and 21 MHZ). At these frequencies, the 
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18-14 Coaxial 4:1 balun transformer 


Example 18-1 Calculate the physical length required of a 146-MHz 4:1 balun 
made of polyethylene foam coaxial cable 
Solution: 
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104) (0.80) 
146 MHz 
47232 
db MHz = 


24in 


A mechanical method of joining the coaxial cables is shown in Fig. 18-1В. In this 
example, three 50-239 coaxial receptacles are mounted an a metal plate. This arrange- 
‘ment has the effect of shorting together the shields of the three ends of coaxial cable. 
"The center conductors are connected in the manner shown. This method ia used es- 
pecially where a mounting bracket is available on the antenna. The lengths of coaxial 
able need PL-250 coax connectors installed in order to use this method. 

‘The “delta match” gets its name from the fact that the structure of the matching 
element has the shape of the Greek letter delta, or a triangle. Figure 18-2A shows the 
basic delta match scheme. The matching element is attached to the driven element 
of the antenna (symmetrically, about the center point of the antenna). The width 
(A) of the delta mateh is given by 


p 118.2] 


11831 

"The transmission line feeding the delta match is balanced line, such as parallel trans- 
mission line or twin lead. The exact impedance is not terribly critical because the dimen- 
sions (especially A) can be adjusted to accommodate differences, In general, however, 
either 450- or 600-0 line is used, although 300-0 line can also be used. Figure 18-28 
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18-185 Practical implementation of 4:1 balun using connector 
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shows а method for using coaxial cable with the delta match. The impedance is trans- 
formed in a 4:1 balun transformer (see Fig. 18-1А). The elements of the deka match can 
be made from brass, copper, or aluminum tubing, ar a bronze brazing rod bolted to the 
main radiator element 

A stub-matching system is shown in Fig. 18-3. In this case, the impedance trans 
formation is accomplished despite the half-wavelength shorted stub of transmission 
line. The exact impedance of the line is not very critical, and is found from 


пва 


‘The matching stub section is made from metal elements such as tubing, wire, or 
rods (all three are practical at VHF/UHF frequencies). For a Yin rod, the spacing 
is approximately 2.56 in to make a 450-Q transmission line. А sliding short circuit is 
sed to set the electrical length of the half-wave stub. The stub is tapped at a distance 
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from the antenna (eedpoint that matches the impedance of the transmission ine. In the 
example shown, the transmission line is coaxial cable, so a 4:1 balun transformer is used 
between the stub and the transmission line. The two adjustments to make in this sys- 
tem are: (1) the distance of the short from the feedpoint and (2) the distance of the 
transmission line tap point from the feedpoint. Both are adjusted for minimum VSWR. 

‘The gamma match is basically a half delta match, and operates according to sim- 
ilar principles (Fig, 18-4). The shield (outer conductor) of the coaxial cable is con- 
nected to the center point of the radiator element. The center conductor of the 
coaxial cable series feeds the gamma element through a variable capacitor. 


VHF/UHF antenna examples 


Although itis probably not necessary to reiterate the point, VHF/UHF antennas are not 
‘substantially diferent from HF antennas, especially those for the higher bands. How- 
ever, for various practical reasons there are several forms that are specially suited, or at 
east popular, in the VHF/UHF bands. In this section we will take a loak at same of them. 


Coaxial vertical 
‘The coaxial vertical is а quarter-wavelength vertically polarized antenna that is pop- 
ular on VHF/UHF. There are two varieties. In Fig. 18-5A we see the coastal antenna 
made with coaxial cable. Although not terribly practical for long-term installation, 
the eoax-coas antenna is very useful for short-term, portable, or emergency applica- 
tions. For example, a boater found himself adrift, and in dire trouble, after a storm. 
damaged the boat. The mast-top VHF antenna was washed away, leaving only the 
end of the coaxial cable dangling loose. Fortunately, the boat operator was a two-way 
radio technician, and he knew how to strip back the coaxial cable to make an im- 
promptu coaxial vertical, 

"The coax-coax antenna shown in Fig. 18-5A uses a quarter- wavelength radiator 
anda quarter-wavelength sleeve. The sleeve consists of the coax braid stripped back 
and folded down the length of the coax cable, The maximum length js found from the 
equation below (actual length is trimmed from this maximum) 
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‘The antenna is mounted by suspending it from above by a short piece of string, 
twine, or fishing line. From a practical point of view, the only problem with this form 
of antenna is that it tends to deteriorate after a few rainstorms. This effect can be 
reduced by sealing the end, and the break between the sleeve and the radiator, with 
either silicone RTV or bathtub caulk. 

A more permanent method of construction is shown in Fig. 18-5B. The sleeve is 
a piece of copper or brass tubing (pipe) about 1 in in diameter. An end cap is fitted 
over the end and sweat-soldered into place, The solder is not intended to add me- 
chanical strength, but rather to prevent weathering from destroying the electrical 
contact between the two pieces. An SO-239 coaxial connector is mounted on the end 
сар. The coax is connected to the 50-239 inside the pipe, which means making the 
connection before mounting the end cap. 
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‘The radiator element is a small piece of tubing (or brazing rod) soldered to 
the center conductor of a PL-259 coaxial connector. An insulator is used to pre- 
vent the rod from shorting to the outer shell of the PL-259. (Note: an insulator sal- 
vaged from the smaller variety of banana plug can be shaved a small amount with 
a fine file and made to fit inside the PI- 259. It allows enough center clearance for 
Winch or inch brass tubing.) 

Alternatively, the radiator element can be soldered to a banana plug, The normal 
size banana plug happens to fit into the female center conductor of the SO-239, 


Collinear vertical 
байи in antennas is provided by directivity. In other words, by taking the power radi- 
ated by the antenna, and projecting it into a limited direction, we obtain the appear- 
ance of higher radiated power. In fact, the effective radiated power (ERP) of the 
antenna is merely its feedpoint power multiplied by its gain. Although most antenna 
patterns are shown in the horizontal dimension (as viewed from above), it is also pos- 
sible to obtain gain by compressing the vertical aspect. In this manner it is possible to 
havea vertical antenna that produces gain. Figure 18-6 shows a collinear gain antenna, 
with vertical polarization and a horizontally omnidirectional pattern. Incidentally, 
When mounted horizontally the pattern becomes bidirectional. 

‘The collinear antenna shown in Fig. 18-6 is basically a pair of stacked collinear 
arrays. Each array consists of a quarter wavelength section A and a half-wavelength 
section C separated by a quarter-vavelength phase reversing stub В. The phase re- 
versal stub preserves in-phase excitation for the outer element (referenced to the 
inner element), 

‘The feedpoint is between the two elements of the array (Le, between the A sec- 
tions). The coaxial-cable impedance is transformed by a 4:1 balun transformer (see 
Fig. 18-14). Alternatively, 300-0 twin lead can be used for the transmission line. If 
this alternative is used, then the use of UHF shielded twin lead ia highly recom- 
‘mended, If the transmitter lacks the balanced output needed to feed twin lead, then 
‘use a balun at the input end of the twin lead (ie. right at the transmitter) 


‘Yagi antennas 
"The Yagi beam antenna is a highly directional gain antenna, and is used both in HE 
and VHF/UHF systems. The antenna is relatively easy to build at VHF/UHF. In fact, 
it is easier than for HF systems, The baste Yagi was covered in Chap. 12, so we will 
only show examples of practical VHF devices. A 6-m Yagi antenna is shown in Fig, 
18-7. This particular antenna is a four-element model. The reflector and directors 
сап be mounted directly to a metallic boom, because they are merely parasitic. The 
driven element, however, must be insulated from the metal boom. 

‘The driven element shown in Fig, 18-7 is а folded dipole. While this is common 
practice at VHF, because И tends to broadband the antenna, it is not strictly neces- 
sary. The dimensions of the driven element are found from Eg. 18.4. Set the equation 
equal to 300 0, select the diameter of the tubing from commercially available 
sources, and then ealeulate the spacing. 

Example 18-2 Calculate the spacing of a 300-0 folded dipole when 
ing is used in йз construction. 


n tub- 
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Solution: 


Using 0.75-in pipe results in 


S=45in 
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antenna feedpoint impedance would show very high values of 
resistance and reactance (except for a tiny frequency region where 
the reactance passes through zero as it changes type). Under 
these conditions, the 900 Ohm resistor dominates the parallel 
combination. 


We may compare the gain performance of this "faux" WBFD with a 
true WBFD of the same length. Construction would be identical 
except for the use or non-use of the shorting wires. At the 
fundamental and the odd harmonic frequencies, as shown in Fig. 
13, the new antenna shows higher gain. However, at the 2nd апа 
4th harmonics, the gain values are virtually the same for both 
antennas. 
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Figure 18-8 shows the construction details for a six-element 2-meter Yagi beam an- 
tenna. This antenna is built using а 2 X 2-in wooden boom and elements made of either 
brass or copper rod. Threaded brass rod is particularly useful, but not strictly neces- 
sary. The job of securing the elements (other than the driven element) is easier when 
threaded rod is used, because it allows а pair of hex nuts, one on either side of the 
2 x Zin boom, to be used to secure the element. Nonthreaded elementa can be se- 
cured with RTV sealing a press-fit. Alternatively, tie wires (see inset to Fig, И 
be used to secure the rods. A hole is drilled through the 2 x 2 to admit the rod or tub- 
ing. The element is secured by wrapping а tie wire around the rod on either side of the 
2 x 2, and then soldering it in place. The tle wire is no. 14 to no. 10 solid wire 
Mounting of the antenna is accomplished by using a mast secured to the boom 
with an appropriate clamp. One alternative is to use an end-flange clamp, such 
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Js sometimes used to support pole lamps, ete, The mast should be attached to the 
boom at the center of gravity, which is also known as the balance pout. If you try 
to balance the antenna in one hand unsupported, there is one (and only one) 
point at which it is balanced (and wont fall). Attach the mast hardware at, or 
near, this point in order to prevent normal gravitational torques from tearing the 
mounting apart. 

‘The antenna is fed with coaxial cable at the center of the driven element. Or- 
dinarily, either a matching section of coax, or a gamma match, will be needed be- 
cause the effect of parasitic elements on the driven element fcedpoint impedance 
is to reduce it 


%-wavelength 2-m antenna 
"The %wavelength antenna (Fig. 18-9) is popular on 2 m for mobile operation be- 
cause it is easy to construct, and it provides a small amount of gain relative to a di- 
pole. The radiator element is %-wavelength, во its physical length is found from: 


118.61 


"The wavelength antenna is not а good match to any of the common forms of 
coaxial cables. Either a matching section of cable, or an inductor match, is normally 
used. In Fig, 18-9 an inductor match is used. The matching coll consists of 2 to 3 
tums of no. 12 wire, wound over a in OD form, Yin long. The radiator element can 
be tubing, brazing rod, or a length of heavy “piano wire." Alternatively, for low-power 
systems, И can be a telescoping antenna that is bought as а replacement for portable 
radios or televisions. These antennas have the advantage or being adjustable to res- 

опапсе without the need for cutting. 


J-pole antennas 
The J-pole antenna is another popular form of vertical on the VHF banda, It can be 
used at almost any frequency, although the example shown in Fig. 18-10 s for 2 m. 
The antenna radiator is J wavelength long, so its dimension is found from 

вызв 


1 


m 18.7] 
= 118 71 
and the quarter-wavelength matching section length from 


"m [n 


"Taken together the matching section and the radiator form a parallel trans 
mission line with a eharacteristic impedance that is 4 times the coaxial cable im- 
pedance. If 50-2 coax is used, and the elements are made from 0.5 in OD pipe, 
then a spacing of 1.5 in will yield an impedance of about 200 2. Impedance match- 
ing is accomplished by а gamma match consisting of a 25-pF variable capacitor, 
connected by a clamp to the radiator, about 6 in (experiment with placement) 
above the base. 
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Groundplane 
‘The groundplane antenna is a vertical radiator situated above an artifici 
ground consisting of quarter-wavelength radiators. Groundplane antennas ean be 
ther wavelength or %wavelength (although for the latter case impedance match- 
ing is needed—see the previous example). 

Figure 18-11 shows how to construct an extremely simple groundplane an- 
tenna for 2 m and above. The construction is too lightweight for б-т antennas 
(in general), because the element lengths on 6-m antennas are long enough to 
make their Weight too great for this type of construction, The base of the an- 
tenna is a single 50-229 chassis-type coaxial connector, Be sure to use the type 
that requires four small machine screws to hold it to the chassis, and not the 
single-nut variety. 

"The radiator element is a piece of in or 4-rnm brass tubing. This tubing can be 
bought at hobby stores that sell airplanes and other models. The sizes quoted just 
happen to fit over the center pin of an 50-239 with only a slight tap from а light- 

eight hammer—and 1 do mean stight tap. If the inside of the tubing and the con- 
nector pin are pretinned with solder, then sweat soldering the joint will make a good 
electrical connection that is resistant to weathering, Cover the joint with clear lac- 
‘quer spray for added protection. 

"The radials are also made of tubing, Alternatively, rods can also be used for this 
purpose. At least four radials are needed for a proper antenna (only one is shown in 
Fig, 18-11). This number is optimum because they are attached to the 80-239 
‘mounting holes, and there are only four holes. Flatten one end of the radial, and drill 
a stall hole in the center of the flattened area. Mount the radial to the 50-239 using 
small hardware (4-40, et.) 

"The 50-239 can be attached to metal L bracket. While ii easy to fabricate such 
а bracket, it is also possible to buy suitable brackets in any well-equipped hardware 
store. While shopping at one do-it-yourself type of store, 1 found several reasonable 
candidate brackets. The bracket is attached to a length of 2 x 2-in lumber that serves 
as the mast. 


RF 


Halo antennas 
Опе of the more saintly antennas used on the VHF boards is the halo (Fig. 18-12). This 
antenna basically takes half wavelength dipole and bends it into a circle. The ends of the 
dipole are separated by a capacitor. In some cases, а transmitting-type mica “button” ca- 
pacitor is used, but in others (and perhaps more commonly), the halo capacitor consists 
of two in disks separated by a plastic dielectric. While air also serves as a good (and per- 
haps better) dielectric, the use of plastic allows mechanical rigidity to the system. 


Quad beam antennas 
‘The quad antenna was introduced in the chapter on beams. It is, nonetheless, also 
emerging as a very good VHF/UHF antenna. It should go without saying that the an- 
tenna is a Iot easier to construct at VHF/UHF frequencies than it is at HF frequen- 
cies! Figure 18-13 shows a modest example. 

‘There are several methods for building the quad antenna, and Fig. 18-13 repre- 
sents only one of them. The radiator element can be any of several materials, 
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Peedpoint 


18-12. Halo antenna. 


including heavy solid wire (no. 8 to no. 12), tubing, or metal rods. The overall 
lengths of the elements are given by 


Driven element 


118.9) 

Reflector 
[18.10] 

Director: 
пв 


‘There are several alternatives for making the supports for the radiator. Because 
of the lightweight construction, almost any method can be adapted for this purpose. 
In the case shown in Fig. 18-13, the spreaders are made from either Lin furring 
strips, trim strips, or (at above 2 m) even wooden paint stirring sticks. The sticks are 
cut to length, and then half-notched in the center (Fig. 18-18, detail B). The two 
spreaders for each element are joined together at right angles and glued (Fig. 18-13, 
detail C). The spreaders can be fastened to the wooden boom at points 5 in detail C. 
‘The usual rules regarding element spacing (0.15 to 0.31 wavelength) are followed. 
See the information on quad antennas in Chap. 12 for further details. Quads have 
been successfully built for all amateur bands up to 1296 MHz. 
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VHF/UHF scanner band antennas 


‘The hobby of shortwave listening has always had a subset of adherents who listen ex- 
lusively to the VHF/UHF bands. In those bands are found a rich variety of services 
from commercial two-way radios, police and fire systems, and others. Many of these 
people are serious DXers, but others have a little of the voyeur in them (they like to lis- 
ten to whats going on in the community by monitoring the police frequencies). As long. 
аз they neither respond to the scene of a police or fire action, nor use the information 
gained from monitoring in an ilegal manner, they are perfectly free to listen in. 

A few people have an unusually practical element to their VHF/UHF listening. At 
east one person known to the author routinely tunes in the local taxicab companys 
frequency as soon as she orders a cab. She then listens for her own address. She 
knows from that approximately when to expect the cab. 

In the early 1960s, when all VHF monitor receivers were crystal-controlled (and 
relatively expensive), the listener had a very limited selection of frequencies to 
choose from. Having worked in various shops that sold those receivers, I сап rec: 
that most of our customers tended to be police officers, fire fighters (or volunteers), 
ог journalists covering the local crime news. However, modern scanners operate on 
both major VHP bands (low and high), plus UHF bands and others 


Scanner-vision antennas 
‘The antennas used by scanner listeners are widely varied, and (in some cases) over- 
priced, Although it is arguable that a total coverage VHF/UHF antenna is worth the 
‘money, and it probably is, there are other possiblities that should be considered. 

First, dont overlook the use of television antennas for scanner monitoring! The 
television bands (about 80 channels from 54 MHz to around 800 MHz) encompass 
‘most of the ordinarily used scanner frequencies. Although antenna performance is 
not optimized for the scanner frequencies, it is also not "zero" on those frequencies. 
Ifyou already have an “all channel” TV antenna installed, then it is a simple matter 
to connect the antenna to the scanner receiver. (Note: if the antenna uses 300-0 
twin lead, then install a 4:1 balun transformer that accepts 300 ( in and produces 
O out, These transformers are usually available at TV shops, video shops—inchuding 
videotape rental places—and Radio Shack stores.) 

‘The directional characteristic of the TV antenna makes it both an advantage 
and a disadvantage to the scanner user. If the antenna has a rotator, then there is 
по problem. Just rotate the antenna to the direction of interest. However, if the an- 
tenna is fixed, and the station of interest is elsewhere than where the antenna is. 
pointed, then there js a bit of a problem. Nevertheless, some reception is possible 
for at least three reasons. One is that the main beam of the antenna is not infinitely 
thin, so the station of interest might well be within the beam—even if off the point. 
a little bit. Second, there are always sidelobes on an antenna. These are areas out- 
side of the main beam that offer reduced, but nonzero, reception characteristics. 
Finally, the sidelobes and main lobe of the antenna are optimized for the TV bands, 
and may not obtain the same directivity on certain scanner frequencies. It is, 
therefore, possible that a TV antenna will have an unusual obe in the direction of 
interest for the scanner channel. 
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‘The TV antenna also offers other possibilities. The hardware and electronics, 
normally found useful on TV antenna systems, an 
"The use of the mounting hardware is obvious, but less obvious is the use of compo- 


also useful for scanner antennas, 


nents such as multiset couplers, impedance transformers, and wideband amplifiers. 
For example, Fig, 18-14 shows two scanner antennas joined together into a single 
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The dominant problem with the faux WBFD is the changing 
feedpoint requirement as we alter the frequency of operation. A 
direct coaxial feed is applicable in only 3 narrow frequency regions 
of the spectrum. Likewise, the 16:1 balun treatment shows equally 
limited application. Given the feeding limitations, one might well use 
а simple center-fed doublet with a parallel feedline and a wide- 
range antenna tuner. Fig. 14 overlays free-space E-plane (azimuth) 
patterns for 5.2, 10.4, 15.6, and 20.8 MHz to provide a better 
performance comparison among the doublet, the WBFD, and the 
faux WBED. 
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transmission line using a two-set coupler. Although intended to allow two television 
sets to receive a signal from the same antenna, the device also works to combine two 
antennas into a single transmission line. Two popular TV uses include two antennas 
for different directions and VHF and UHF antennas that share the same dowalead, 
Be sure to buy a weatherproof model if you intend to mount the coupler on the 
antenna mast (the correct place for it) (Fig, 18-15). 

‘TV antenna amplifiers are used to increase the weak signal from a distant station 
to a level compatible with the TV receiver. Because these amplifiers are wideband 
designs, they will also work well for the scanner bands that are inclusive within the 
54- to 800-МН2 TV bands, Some models are intended to be part of the antenna, while 
others are mounted indoors, some distance from the antenna, The basie rule of 
thumb is to place the amplifier as close as possible to the "head end” of the system. 
where the antenna is located. This situation will permit signals to be built up to a 
level considerably above the noise level before being attenuated in the transmission 
line losses, 

TV/FM receiver folded dipoles made of twin-lead transmission line also work 
well at other VHF/UHF frequencies. Figures 18-16A and 18-168 show the details of 
their construction, 


Scanner skyhooks 
Other antennas not to be overlooked are the CB, or amateur radio, high-frequency 
(shortwave) antennas, Many amateur radio operators use their 80-m dipole antenna 
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en 2 m (144 to 148 MHz) and find that it has the gain and directivity characteristics 
ofa longwire antenna, Similarly, with vertical "ham" and CB antennas, they have ap- 
parent gain on some VHP frequencies and will at least perform to some extent 
on others, 

Even the lowly “random length” wire antenna used for your shortwave re. 
ceiver ought to tum in decent performance as a VHF/UHF longwire antenna, 
"These antennas are simply a 30- to 150-f length of no. 14 wire attached to a dis 
tant support. 

Figure 18-17 shows two variants to an antenna that is popular with VHF/UHF re- 
ceiver operators: the drooping dipole. These antennas are similar to the inverted. 
vee dipole, in that they consist of two quarter-wavelength radiator elements. Unlike 
the ordinary dipole, the ends of the radiators, in the single-band drooping dipole of 
Fig. 18-17A, are lowered. The drooping dipole can be made using an 80-239 UHF 
‘coaxial connector as the support for either stiff wire, brass hobbyist tubing, or braz- 
ing rod elements cut to ХА each, The antenna can be made into a multiband, or very 
wideband, antenna by connecting several pairs of drooping dipoles in parallel 
Fig, 18-178, 
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1848A Vertical dipole 
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"The vertical dipole (Fig. 18-18А) also finds use in the VHF/UHF region. Each 
element is А long, and its physical length can be found from 


118.12) 


‘This antenna can be built with the same types of materials as the drooping dipole. Al- 
though several different construction techniques are popular, the method of Fig. 18- 
18В is probably the most popular with homebrew builders. 

А groundplane antenna for VHF/UHF frequencies is shown in Fig. 18-19. The 
antenna sits on an L bracket mounted to a 2 X 4-in wooden mast or support, The L 
bracket can be manufactured for the purpose, or purchased at Happy Harry's hard- 
ware emporium. The base of the antenna is а chassis-mount 50.229 UHF coaxial 
connector. A quarter-wave radiator element is made from Yin brass tubing, or 
brazing rod, soldered to the center conductor pin of the 50-239. Similarly, radials 
can be made from the same type of material, but soldered directly to the body of the 
50-239 (this action connects it to the coaxial cable shield), The four mounting 
holes of the 80-239 make reasonable anchors for the radials, Solder them for elec 
trical integrity 
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А coaxial vertical ean be made from 1-in brass tubing or copper plumbing pipe, 
and either brazing rod or brass tubing (Fig. 18-20). The sleeve is fitted with an end. 
сар that has an 80-239 mounted on it (see inset). The radiator element can be made 
with a mate to the 50-239, namely the PL-259 coaxial plug, The radiator element is 
soldered to the center conductor, and it is insulated from the shield. You can buy 
coaxial whips with this type of construction, so you may not have to actually build 
the radiator ek 

Additional gain, about +3 dB, can be achieved by stacking VHF/UHF antennas to- 
gether. Figure 18-21 shows a typical arrangement in which two half-wavelength dipole 
antennas are connected together through a quarter-wayelength hamess of RG-5YU 
coaxial cable. This harness is shorter than a quarter wavelength by the velocity factor of 
the coaxial cable: 
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where 
Lis the length, in inches 
Vis the velocity factor (typically 0.66 or 0.80 for common coax) 


F p, 15 the frequency, in meg 


‘The antennas can be oriented in the same direction to increase gain, or orthag- 
onally (as shown in Fig. 18 

Because the impedance of two identical dipoles, fed in parallel, is one-half 
that of a single dipole, it is necessary to have an impedance-matching section 


21) to make it more omnidirectional. 
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made of RG-S8/U coaxial cable. This cable is then fed with RG-59/ coax from, 
the receiver 

‘There is nothing ma 
antenna that is significantly different from other VHF/UHF antennas, 
designs might be optimized for VHF or UHF, these antennas are basically the same 
as others shown in this book, As a matter of fact, almost any antennas, from any 
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CHAPTER 


Microwave waveguides 
and antennas 


"THE MICROWAVE PORTION OF THE RADIO SPECTRUM COVERS FREQUENCIES FROM ABOUT 
900 MHz to 300 GHz, with wavelengths in free-space ranging from 33 em down to 
1mm Transmission lines сап be used at frequencies from de to about 50 or 60 GHz, 
although, above 5 GHz, only short runs are practica, because attenuation increases 
dramatically as frequency inereases. There are three types of lasses in conventional 
transmission lines: ohmic, dielectric, and radiation. The ohmic losses are caused 
by the current flowing in the resistance of the conductors making up the transmis- 
sion lines. Because of the skin effect, which increases resistance at higher fe- 
‘quencies, these losses tend to increase in the microwave region. Dielectric losses 
are caused by the electric fleld acting on the molecules of the insulator and 
thereby causing heating through molecular agitation. Radiation losses represent 
loss of energy as an electromagnetic wave propagates away from the surface af the 
transmission line conductor 

Losses on long runs of coaxial transmission line (the type most commonly used) 
cause concern even as low as the 400-МН2 region. Also, because of the Increased 
losses, power handling capability decreases at high frequencies. Therefore, at higher 
microwave frequencies, or where long runs make coax attenuation losses unaccept- 
able, or where high power levels would overheat the coax, waveguides are used in. 
lien of transmission line 

What is а waveguide? Consider the light pipe analogy depicted in Fig. 19-1. A 
fashlight serves as our "RF source,” which (given that light is also an electromag- 
netic wave) is not altogether unreasonable. In Fig, 19-1A the source radiates into 
free space and spreads out as a function of distance. The intensity per unit area, at 
the destination (a wall), falls off as a function of distance (D) according to the br 
verse square law (UD) 

But now consider the transmission scheme in Fig. 19-18. The light wave still 
propagates over distance D, but is now confined to the interior of a mirrored pipe. 
Almost all of the energy (less small losses) coupled to the input end is delivered 
to the output end, where the intensity is practically undiminished. Although not 
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perfect, the light pipe analogy neatly summarizes, on а simple level, the operation 
of microwave waveguides, 

‘Thus, we can consider the waveguide as an “RF pipe” without seeming too 
serenely detached from reality. Similarly, fiber-optic technology is waveguidelike at 
optical (IR and visible) wavelengths. In fact, the analogy between fiber optics and 

weguide can withstand more rigorous comparison than the simplistic light pipe 
analogy. 

‘The internal walls of the waveguide аге not mirrored surfaces, as in our optical 
analogy, but are, rather, electrical conductors. Most waveguides are made of alu- 
minum, brass, or copper. In order to reduce ohmic losses, some waveguides have their 
internal surfaces electroplated with either gold ог silver, both of which have lower re- 
istivities than the other metals mentioned above. 

Waveguides are hollow metal pipes, and can have either circular or rectangular 
cross sections (although the rectangular are, by far, the most common). Figure 19-2 
shows an end view of the rectangular waveguide. The dimension a is the wider di- 
mension, and b is the narrower. These letters are considered the standard form of 
notation for waveguide dimensions, and will be used in the equations developed in 
this chapter. 


Development of the rectangular 
waveguide from parallel transmission lines 


One way of visualizing how a waveguide works is Lo develop the theory of waveguides 
from the theory of elementary parallel transmission lines (see Chap, 3). Figure 10.3 
shows the basic parallel transmission line which was introduced in Chap. 3. The line. 
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consists of two parallel conductors separated by an air dielectric. Because air wont 


support the conductors, ceramic or other material insulators are used as supports 
There are several reasons why the parallel transmission line per seis not used at 


microwave frequencies, Skin effect increases ohmic los 
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In all cases, the center-fed doublet exhibits the highest maximum 
gain. On the fundamental and the odd harmonics, the faux WBFD 
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lossy at microwave frequencies than at lower frequencies. Finally, radiation losses, 
increase dramatically. Figure 19-38 shows the electric fields surrounding the con- 
ductors, The fields add algebraically (either constructively or destructively), result- 
ingin pinching of the resultant field along one axis, and bulging along the other. This 
geometry increases radiation losses at microwave frequencies, 

Now let's consider the quarter-wavelength shorted stub. The "looking-in" im- 
рейапсе of such a stub is infinite. When placed in parallel across a transmission line 
(Fig. 19-44) the stub acts ike an insulator. In other words, at its resonant frequency, 
the stub is a metallic insulator, and can be used to physically support the transmis- 
sion line. 

Again, because the impedance is infinite, we can connect two quarter- 
wavelength stubs in parallel with each other ‘across the same points on the 
transmission line (Fig. 19-48) without loading down the line impedance, This 
arrangement effectively forms a half-wavelength pair. The impedance is still infi- 
nite, so no harm is done. Likewise, we can parallel a large number of center-fed 
hhalf-wavelength pairs along the line, as might be the case when a long line is sup- 
ported at multiple points. The waveguide is analogous to an infinite number of 
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contorged “half-wave pairs" of quarter-wave shorted stubs connected across 
the line. The result is the continuous metal pipe structure of the common rectan- 
gular waveguide (Fig. 19-4C). 

On first glance, relating rectangular waveguide to quarter-wavelength shorted 
stubs seems to fall down, except at the exact resonant frequency. It tums out, how- 
fever, that the analogy also holds up at other frequencies, so long as the frequency is 
higher than a certain minimum cutoff frequency. The waveguide thus acts like а high- 
‘pass filter, There is also a practical upper frequency limit. In general, waveguides sup- 
port a bandwidth of 30 to 40 percent of eutolf frequency. As shown in Fig. 19-5, the. 
center line of the waveguide (which represents the points where the conductors 
are in the parallel line analogy) becomes а “shorting bar" between segments, and that 
"bar" widens or narrows according to operating frequency. Thus, the active region is 
ЭШ а quarter-wavelength shorted stub. 

Below the cutoff frequency, the structure disappears entirely, and the wave- 
guide acts like a parallel transmission line with a low-impedance inductive reactance 
shorted across the conductors. When modeled asa pair of quarter-wavelength stubs, 
the a dimension of the waveguide is а half-wavelength long. The cutoff frequency is 
defined as the frequency at which the a dimension is less than a half-wavelength. 


Propagation modes in waveguides 


‘The signal in a microwave waveguide propagates as an electromagnetic wave, not as 
a current, Even in а transmission line, the signal propagates as a wave because the 
‘current in motion down the line gives rise to electric and magnetic fields, which be. 
have as an electromagnetic field. The specific type of field found in transmission 
lines, however, is a transverse electromagnetic (TEM) field. The term transverse 
implies things at right angles to each other, so the electric and magnetic fields 
are perpendicular to the direction of travel. In addition to the word 

these right-angle waves are sald to be "normal" or "orthogonal" to the direction of 
travel—three different ways of saying the same thing: right-angleciness, 
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Boundary conditions 

‘The TEM wave will not propagate in a waveguide because certain boundary condi- 
tions apply. Although the wave in the waveguide propagates through the air (or in- 
ert gus dielectric) ina manner similar to free-space propagation, the phenomenon is 
bounded by the walls of the waveguide, and that implies certain conditions must be 
met. The boundary conditions for waveguides are 


1. The electric field must be orthogonal to the conductor in order to exist at the 
surface of that conductor 
2. The magnetic field must not be orthogonal to the surface of the waveguide. 


In order to satisfy these boundary conditions the waveguide gives rise to two 
types of propagation modes: transverse electric mode (TE mode), and transverse 
magnetic modo (TM mode). The TEM mode violates the boundary conditions 
because the magnetic field is not parallel to the surface, and so does not occur in 
waveguide 

‘The transverse electric feld requirement means that the E field must be per- 
pendicular to the conductor wall of the waveguide. This requirement is met by use 
ofa proper coupling scheme at the input end of the waveguide. A vertically polarized 
‘coupling radiator will provide the necessary transverse field. 

One boundary condition requires that the magnetic (Н) field must not be or 
thogonal to the conductor surface. Because it is at right angles to the E field, it will 
meet this requirement (sce Fig. 19-8). The planes formed by the magnetic field are 
parallel to both the direction of propagation and the wide dimension surface, 

As the wave propagates away from the input radiator, it resolves into two com- 
ponents that are not along the axis of propagation, and are not orthogonal to the 
walls. The component along the waveguide axis violates the boundary conditions, so 
it is rapidly attenuated. For the sake of simplicity, only one component is shown in 
Fig, 19-7. Three cases are shown in Fig. 19-7: high, medium, and low frequency. Note 
that the angle of incidence with the waveguide wall increases as frequency drops. The 
angle rises toward 90° as the cutoff frequency is approached from above. Below 
the cutoff frequency the angle is 90°, so the wave bounces back and forth between the 
walls without propagating. 
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Coordinate system and dominant mode in waveguides 
Figure 19-8 shows the coordinate system used to denote dimension: 
'ussions. The a and b dimensions of the waveguide correspond to 
he ır and y axes of a cartesian coordinate system, and the 
wave propagation. 
їп describing the various modes of propagation, use a shorthand notation as 
follows: 


ıd directions 


in microwave dis 


axis is the direction of 


те 


where 
x is E for transverse electric mode, and M for transverse magnetic mode 


»n is the number of half-wavelengths along the a axis (.e. a dime 
n is the number of half-wavelengths along the y axis (Le. b dimen 
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The ТЕ, mode is called the dominant mode, and is the best mode for tow atten- 
uation propagation in the г axis. The nomenclature TE, indicates that there is 
опе half-wavelength in the a dimension and zero half-wavelengths in the b dimen- 
sion. The dominant mode exists at the lowest frequency at which the waveguide is a 
Palt wavelength. 


Velocity and wavelength in waveguides 
Figures 19-9 and 19-98 show the geometry for two wave components, simplified 
for the sake of illustration, There are three different wave velocities to consider with 
respect to waveguides: free-space velocity c, group velocity V, and phase veloc- 
ity V, The free-space velocity is the velocity of propagation in unbounded free space 
(Le, the speed of light c = 3 х 10" nus). 
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1998 Wave propagation in waveguide 


"The group velocity is the straight line velocity of propagation of the wave dawn, 
the center line (г axis) of the waveguides. The value of V, is always less than c, be- 


cause the actual path length taken, as the wave bounces back and forth, is longer 
than the straight line path (Le., path ABC is longer than path AC). The relationship 
between cand V, is 
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V, is the group velocity in meters per second 
cls the free-space velocity (3 x 10" m/s) 
ais the angle of incidence in the waveguide 


‘The phase velocity is the velocity of propagation af the spot on the waveguide wall 
Where the wave impinges (e.g., point В in Fig, 19-98). This velocity, depending upon 
the angle of incidence, can actually be faster than both the group velocity and the speed 
of light. The relationship between phase and group velocities can be seen in the beach. 
analogy. Consider an ocean beach, on which the waves arrive from offshore at an angle 
other than 90°. In other words, the arriving wavefronts are not parallel to the shore. 
‘The arriving waves have a group velocity V, But as a wave hits the shore, it will strike a 
point down the beach first, and the "point df strike" races up the beach at a much faster 
hase velocity V, that is even faster than the group velocity. In a microwave waveguide, 
the phase velocify can be greater than c, as can be seen from Eq. 1 


W 19.2] 


Example 19-1 Calculate the group and phase velocities for an angle of inci- 
dence of 
Solution: 


(a) Group velocity 


= (8 X 1009(0.5446) = 16 x 10 m/s 
(b) Phase velocity 
Y, = china. 
(8 X 10" wsy/sin 33° 


(8 x 10* mis) ((0.5446) 


51 x 10" m/s 
For this problem the solutions are 

x 10 ms 

BL X 10 mys 


5 x 10" ms 


We can also waite a relationship between all three velocities by combining Eqs. 
19.1 and 19.2, resulting in 
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In any wave phenomenon the product of frequency and wavelength is the ve- 
locity, Thus, fora TEM wave in unbounded free space we know that: 


PA 194] 


Because the frequency F is fixed by the generator, only the wavelength can 
change when the velocity changes. In a microwave waveguide we can relate phase 
velocity to wavelength as the wave is propagated in the waveguide: 


Axe 


119.5) 


where: 
V, is the phase velocity, in meters per second 
els the free-space velocity (3x 10" nis) 
A is the wavelength in the waveguide, in meters 
A, is the wavelength in free space (c/F), in meters (see Eq. 19.4) 


Equation 19,5 can be rearranged to find the wavelength in the waveguide: 
VA 
hr 118.6) 


Example 19-2 A 5.6-GHz microwave signal is propagated in a waveguide. 
Assume that the internal angle of incidence to the waveguide surfaces is 42 degrees, 
Calculate (a) phase velocity, (b) wavelength in unbounded free space, and (c) wave- 
length of the signal in the waveguide. 

Solution: 


(a) Phase vetocity 


3x 10 ms 
na 


ES 


Sao 5 X10 ms 


(0) Wavelength in free space 
„ er 


= (8 x 100/56 x 10" Ha) 


0.054 m 
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gth in waveguide 
VA, 


4.5 X 10 nis)(0.054 т) 
-£ SOM) L hoem 
B10 ms 


Comparing, we find that the free-space wavelength is 0.054 m, and the wave- 
length inside of the waveguide increases to 0,08 m. 


Cutoff frequency (F) 


"The propagation of signals in a waveguide depends, in part, upon the operating 
frequency of the applied signal. As covered earlier, the angle of incidence made by 
the plane wave to the waveguide wall is a function of frequency. As the frequency 
drops, the angle of incidence increases toward 90”. 

"The propagation of waves depends on the angle of incidence and the associated 
reflection phenomena, Indeed, both phase and group velocities аге functions of the 
angle of incidence. When the frequency drops to а point where the angle of inci- 
dence is 90°, then group velocity is meaningless. 

We can define a general mode equation based on our system of notation: 


GG) m 


A, is the longest wavelength that will propagate 

а, bare the waveguide dimensions (see Fig, 19 

m, n are integers that define the number of half-wavelengths that will fit in the a 
and b dimensions, respectively 


Evaluating Eq, 197 reveals that the longest TE-mode signal that will propagate 
in the dominant mode (TE, ) is given by 


2 20 119.8] 


from which we сап write an expression for the cutoff frequency: 
E 119.9] 


7 is the lowest frequency that will propagate, in hertz 
îs the speed of light (3X 10" m/s) 
ais the wide waveguide dimension 
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is nearly as strong, and the true WBFD is considerably weaker. On 
even harmonics, the doublet's gain is very significantly higher than 
both versions of the folded antenna with a resistor. The consistent 
aspect of the patterns is their shape. They are perfectly congruent 
throughout, differing only in the gain value. 


The faux WBFD turns out to be a simple center-fed doublet with а 
resistor that parallels the feedpoint terminals. Unless one needs an 
antenna that operates only on even harmonics of the antenna's 
fundamental length, it offers no useful advantages over the single- 
wire doublet without the resistor. At many frequencies, its gain 
deficit can be a distinct disadvantage. 


What Kind of Antenna is the True WBFD? 


We have been exploring the behavior of the WBFD so intenlly, that 
we have overlooked an interesting and significant question: What. 
kind of antenna is the WBFD? We have already shown some 
reasons why itis not a true folded dipole. But, we have not placed 
the WBFD into an appropriate category of antennas. 


The answer to our question is both easy and difficult: the 
terminated folded is a variety of traveling-wave antenna. Entire 
books have been devoted to traveling wave antennas. See, for 
example, C. Н. Walter, Traveling Wave Antennas (1965): a classic 
and very thorough text on traveling-wave fundamentals for all 
relevant types of antennas. More commonly recognized traveling 
wave antennas are terminated long-wires, V-beams, and rhombics. 
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Example 19-3 A rectangular waveguide has dimensions of 3 5 em. Caleu- 
late the TE, mode cutoff frequency. 


Solution: 


(sex en 
3 x 10 m/s 
= (230.05 m) idu 
(ej usao 
scr 
119.117 


"To determine the cutoff wavelength, we can rearrange Eq. 19.10 to the form: 


119.121 


One further expression for air-filled waveguide calculates the actual wavelength 
in the waveguide from a knowledge of the free-space wavelength and actual operat- 
ing frequency: 


119.181 


where 
A, is the wavelength in the waveguide 
X is the wavelength in free space 
£ is the waveguide cutoff frequency 
Fis the operating frequeney 
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Example 19-4 A waveguide with a 45-GHz cutoff frequency is excited with a 
Hz signal. Find (a) the wavelength in free space and (b) the wavelength in the 


D 


waveguide. 
Solution: 
(a) 
Im 
3x IU n 
+ TET 
[2] 


0.0448 m. 
1-067 


00448 
035 


= 0.136 m 


‘Transverse magnetic modes also propagate in waveguides, but the base ТМ, 
‘mode is excluded by the boundary conditions. Thus, the TM, mode is the lo 
‘magnetic mode that will propagate, 


Waveguide impedance 


All forms of transmission line, including the waveguide, exhibit a characteristic im- 
pedance, although in the case of waveguide it is a little difficult to pin down concep- 
tually. This concept was developed for ordinary transmission lines in Chap. 3. For a 
waveguide, the characteristic impedance is approximately equal to the ratio of the 
electric and magnetic fields (ЕЛ), and converges (as a function of frequency) to 
the intrinsic impedance of the dielectric (Fig. 19-10). The impedance of the wave- 
guide is a function of waveguide characteristic impedance (Z, ) and the wavelength 
in the waveguide: 
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* 
n 


ПУ 


- >r 
Frequency 
19-10 Impedance versus frequency 
119.141 
Ог, for rectangular waveguide, with constants taken into consideration: 
119.151 


X 


"The propagation constant B for rectangular waveguide is a function of both 
cutoff frequency and operating frequency 


ГАС 


119.16] 


from which we can express the TE-mode impedance: 


anapa 


нар NM Rage 389. © 


Wavoquide terminations 385 


119.17] 


and the TM-mode impedance: 
[19.18] 


Waveguide terminations 


When an electromagnetic wave propagates down a waveguide, it must eventually 
reach the end of the guide, If the end is open, then the wave will propagate into free- 
space. The horn radiator is an example of an unterminated waveguide. If the wave- 
guide terminates in a metalli wall, then the wave reflects back down the waveguide, 
from whence it came. The interference between incident and reflected waves forms 
standing waves (see Chap. 3). Such waves are stationary in space, but vary in the 
time domain. 

In order to prevent standing waves, or more properly, the reflections that give 
rise to standing waves, the waveguide must be terminated in a matching imped- 
ance, When a properly designed antenna is used to terminate the waveguide, it 
forms the matched load required to prevent reflections. Otherwise, a dummy load 
must be provided. Figure 19-11 shows several types of dummy load 

‘The classic termination is shown in Fig. 19-114, The "resistor" making up the 
dummy load is a mixture of sand and graphite. When the fields of the propagated 
wave enter the load, they cause currents to flow, which in turn cause heating. 
Thus, the RF power dissipates in the sand-graphite rather than being reflected 
back down the waveguide. 

А second dummy load is shown in Fig. 19-118, The resistor element is a car- 
bonized rod critically placed at the center of the electric field. The E field causes 
currents to flow, resulting in 7f losses that dissipate the power 

Bulk loads, similar to the graphite-sand chamber, are shown in Fig, 19-110, D, 
and E. Using bulk material such as graphite or a carbonized synthetic material, these 
loads are used in much the same way as the sand load (Le, currents set up, and Je 
losses dissipate the power), 

‘The resistive vane load is shown in Fig. 19-11F. The plane of the element is or- 
thagonal to the magnetic lines of force. When the magnetic lines cut across the vane, 
currents are induced, whieh gives rise to the FR losses, Very little RF energy reaches 
the metallic end of the waveguide, so there is little reflected energy and a low VSWR, 

‘There are situations where it isn't desirable to terminate the waveguide in a 
dummy load. Several reflective terminations are shown in Fig, 19-12. Perhaps the 
simplest form is the permanent end plate shown in Fig. 19-12A. The metal cover 
must be Welded or otherwise affixed through a very-low-resistance joint. At the sub- 
stantial power levels typically handled in transmitter waveguides, even small resis- 
tances сап be important 

‘The end plate (shown in Fig. 19-128) uses a quarter-wayelength cup to reduce 
the effect of joint resistances. The cup places the contact joint at a point that is a 
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Sand & graphite 
Bled chamber. 


© Wedge 


Absorptive pyramid wedge 


Waveguide 
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^ < 


point ot | uj 
N 


Removable 
Mwave end piece 


Thumb 


Removable short геш! 


Achil short here 


c 


Hal wave channel 


Adjustable plunger 


quarter-wavelength from the end. This point is a minimum-current node, so DR 
losses in the contact resistance became less important 

‘The adjustable short circuit is shown in Fig, 19-126. The walls of the waveguide 
and the surface of the plunger form а hal wavelength channel, Because the metallic 
end of the channel is а short circuit, the impedance reflected back to the front of the 
plunger is zero ohms, or nearly so. Thus, a virtual short exists at the points shown, 
By this means, the contact (or joint) resistance problem is overcome. 


Waveguide joints and bends 


Joints and bends in any form of transmission Ше or waveguide are seen as imped- 
ance discontinuities, and so are points at which disruptions occur. Thus, improperly 
formed bends and joints are substantial contributors to a poor VSWR. In general, 
bends, twists, joints, or abrupt changes in waveguide dimension can deteriorate the 
VSWR by giving rise to reflections. 

Extensive runs of waveguide are sometimes dificult to make in a straight line 
Although some installations do permit a straight waveguide, many others require di- 
rectional change. This possibility is especially likely on shipboard installations. 
Figure 19-13A shows the proper ways to bend a waveguide around a corner. In each 
vase, the radius of the bend must be at least two wavelengths at the lowest fre- 
quency that will be propagated in the system 

"The “twist” shown in Fig. 19-198 is used to rotate the polarity of the E and H 
fields by 90°. This type of section is sometimes used in antenna arrays for phasing 
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the elements, As in the ease of the bend, the twist must be made aver a distance of 
at least two wavelengths. 

When an abrupt 90° transition is needed, itis better to use two successive 45° 
bends spaced one-quarter wavelength apart (see Fig. 19.130). The theory (behind 
this kind of bend) is to cause the interference of the direct reflection of one bend, 
with the inverted reflection of the other. The resultant relationship between the 
fields is reconstructed as if no reflections had taken place. 

Joints are necessary in practical waveguides because it simply isn't possible to 
construct a single length of practical size forall situations. Three types of common 
joints are used: permanent, semipermanent, and rotating, 

To make a permanent joint the two waveguide ends must be machined 
extremely Bat so that they can be butt-fitted together, A welded or brazed seam 
bonds the two sections together. Because such a surface represents a tremendous 
discontinuity, reflections and VSWR will result unless the interior surfaces are milled 
Tat and then polished to а mirror-like finish. 

А semipermanent joint allows the joint to be disassembled for repair and main- 
tenance, as well as allowing easier on-site assembly. The most common example of 
this class is the choke joint shown in Fig. 19-14, 

One surface of the choke joint is machined flat and is a simple butt-end planar 
Mange. The other surface is the mate to the planar flange, but it has a quarter 
wavelength circular slot cut ata distance of one-quarter wavelength from the wave- 
guide aperture. The two flanges are shown in side view in Fig. 19-144, and the 
slotted end view is shown in Fig. 19-148. The method for fitting the two ends to- 
gether is shown in the oblique view in Fig. 19-14C. 


Atleast 24 


19-13 Bends in waveguide must be gentle 
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Short circuit 


Flanges 


19-14 Choke joint. 


Rotating joints are used in cases where the antenna has to point in different 
directions at different times, Perhaps the most common example of such an applica- 
tion is the radar antenna, 

"The simplest form of rotating joint is shown in Fig. 19-15, The key to its opera- 
tionis that the selected mode is symmetrical about the rotating axis. For this reason, 
A circular waveguide operating in the TM,, mode is selected. In this rotating choke 
Joint, the actual waveguide rotates but the internal fields do not (thereby minimizing 
reflections). Because most waveguide is rectangular, however, а somewhat more 
complex system is needed. Figure 19-16 shows a rotating joint consisting of two cir- 
cular waveguide sections inserted between segments of rectangular waveguide. On 
each end of the joint, there is а rectangular-to-circular transition section. 

In Fig, 19-16, the rectangular input waveguide operates in the TE, mode that is 
‘most efficient for rectangular waveguide. The E-field lines of force couple with the 
circular segment, thereby setting up a TM,, mode wave. The TM,, mode has the re- 
quired symmetry to permit coupling across the junction, where it meets another 
transition zone and is reconverted to TE, mode. 


Waveguide coupling methods 


Except possibly for the case where an oscillator exists inside a waveguide, it is nec- 
essary to have some form of input or output coupling in a waveguide system. There 
are three basic types of coupling used in a microwave waveguide: capacitive (or 
probe), inductive (or loop), and aperture Cor slot). 

Capacitive coupling is shown in Fig. 19-17. This type of coupling uses a vertical 
radiator inserted into one end of the waveguide. Typically, the probe is a quarter- 


ds 301 


uide coupling met 


wavelength in a fixed-frequency system. The probe is analogous to the vertical an- 
tennas used at lower frequencies. A characteristic of this type of radiator is that the 
E field is parallel to the waveguide top and bottom s 


faces. This arrangement satis 
Ties the first boundary condition for the dominant ТЕ, mode 


The radiator is placed at a point that is а quarler-wavelength from the rear 
wall (Fig, 19-17B). By traversing the quarter-wave distance (90° phase shift), be 
ing reflected from the rear wall (180* phase shift), and then retraversing the 
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т Mode 


Choke 1946 
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joint 
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Mo 
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However, many types of traveling wave antennas require no 
resistive or other termination. 


For our very limited purposes, we may contrast standing-wave and 
traveling-wave antennas in an over-simplified manner. Consider a 
transmission line that is lossless or perfect. If we leave the load end 
of the line without a load in an open condition, the entirety of the 
energy from the source returns to the source. In a transmission line, 
we usually view this condition as a system fault, since we obtain no 
useful work from the source energy. However, if we separate the 
transmission-line wires to create a doublet, something else 
happens. We have the energy reaching the line ends and returning. 
The result is a set of standing waves along the wire. Since the 
separate-wire situation creates a transducer, we obtain useful work 
in the conversion of the energy into into a field that expands without 
limit. An ideal antenna would show standing waves that reach the 
same peak value (however measured) at every peak. As well, all 
wave minimums would go to zero. 


There is no such thing as a perfect standing-wave antenna. 
Consider a 5-wavelength center-fed doublet composed of lossless 
wire. It will show a feedpoint current minimum value that is limited 
by the impedance at the feedpoint. As well, other current minimum 
points will not reach zero except at the very ends of the antenna. 
Likewise, the peak values will not be identical along with wire, with 
the highest peaks occurring closest to and farthest from the 
feedpoint. The top portion of Fig. 15 shows a typical (imperfect) 
standing wave current pattern. 
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waved 1917 
Probe (capacitive) coupling. 
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power 
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Broadband probes 


quarter-wavelength distance (another 90° phase shift), the wave undergoes a to- 
tal phase shift of one complete cycle, or 360", Thus, the reflected wave arrives 
back at the radiator in phase to reinforce the outgoing wave. Hence, none of the 
excitation energy is lost 

Some waveguides have an adjustable end cap (Fig. 19-17C) in order to accom- 
modate multiple frequencies. The end cap position is varied to accommodate the dif 
ferent wavelength signals 

Figure 19-17D shows high- and low-power broadband probes that are typically 
not a quarter-wavelength except at one particular frequency. Broadbanding is ac- 
complished by attention to the diameter-to-length ratio. The degree of coupling c 
be varied in any of several ways: the length of the probe can be varied; the position 
of the probe in the E field can be changed; or shielding can be used to partially 
shade the radiator element 

Inductive, or loop coupling, is shown in Fig, 19-18. A small loop of wire (or other 
conductor) is placed such that the number of magnetic flux lines is maximized. This 
form of coupling is popular on microwave receiver antennas, in order to make a 
waveguide-to-coaxial cable transition. In some cases, the loop is formed by the pig- 
tail lead of a detector diode that, when combined with a local oscillator, dawneon- 
verts the microwave signal to an IF frequency in the 30- to 300-MH region. 

Aperture, or slot coupling, is shown in Fig, 19-19. This type of coupling is used 
to couple together two sections of waveguide, а 


‘on an antenna feed system. Slots 
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сап be designed to couple either electric, magnetic, or electromagnetic fields. In 
Fig. 19-19, slot А is placed at a point where the E field peaks, so И allows electrical 
Field coupling. Similarly, slot B is at a point where the H field peaks, so И allows 
magnetic field coupling. Finally, we see slot C, which allows electromagnetic field 
coupling. 

Slots can also be characterized according to whether they are radiating ornon- 
radiating. A nonradiating slot is cut at a point that does not interrupt the flow 
of currents in the waveguide walls. The radiating slot, on the other hand, does inter 
rupt currents flowing in the walls. A radiating siot is the basis for 
antenna, which аге discussed at the end of this chapter 
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Microwave antennas 


Antennas are used in communications and radar systems at frequencies from the 
very lowest to the very highest. In both theory and practice, antennas are used until 
frequencies reach infrared and visible light, at whieh point optics becomes more im- 
portant. Microwaves are a transition region between ordinary "radio waves" and *op- 
tical waves,” so (as might be expected) microwave technology makes use of 
techniques from both worlds. For example, both dipoles and parabolic reflectors are 
used in microwave systems, 

‘The purpose of an antenna is to act as а transducer between either electrical 
oscillations or propagated "guided waves" (Le., in transmission lines or waveguides) 
and a propagating electromagnetic wave in free space. A principal function of the a 
tenna is to act as an impedance matcher between the waveguide, or transmission 
line, impedance and the impedance of free space. 

‘Antennas can be used equally well for both receiving and transmitting signals 
because they obey the law of reciprocity. That is, the same antenna ean be used to 
both receive and transmit with equal success. Although there might be practical or 
mechanical reasons to prefer specific antennas for one or the other mode, electri- 
cally they are the same. 

In the transmit mode, the antenna must radiate electromagnetic energy. Por this 
Job, the important property is gain G. In the receive mode, the job of the antenna is 
to gather energy from impinging electromagnetic waves in free space, The important. 
property for receiver antennas is the effective aperture A, which isa function of the 
antennas physical area, Because of reciprocity, a large gain usually infers a large el- 
fective aperture and vice versa. Effective aperture is defined as the area of the im- 
pinging radio wavefront that contains the same power as is delivered to a matched 
resistive load across the feedpoint terminals. 


The isotropic "antenna" 


Antenna definitions and specifications can become useless unless a means is pro- 
vided for putting everything on a common footing. Although a variety of systems cx- 
Ist for describing antenna behavior, the most common system compares a specific 
antenna with a theoretical construct, called the tsotropie radiator: 

An isotropic radiator is a spherical point source that radiates equally well in all 
directions. By definition, the directivity of the isotropic antenna is unity (1), and. 
all antenna gains are measured against this standard, Because the geometry of the 
sphere and the physics of radiation are well known, we can calculate field strength 
and power density at any point. These figures can then be compared with the actual 
values from an antenna being tested. From spherical geometry, we can calculate 
isotropic power density at any distance R from the point sour 


A 119.191 
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P, is the power density, in watts per square meter 
P's the power in watts input to the isotropic radiator 
Ris the radius in meters at which point power density is measured 


Example 19-5 Calculate the power density at a distance of 1 km (1000 m) 
from a 1000-W isotropic source. 
Solution: 


— 
Td 

_ созу 
2 ак (10000) 


= 7.05 х 107 Wn 


‘The rest of this chapter covers antenna gains and directivities that are relative 
to isotropic radiators. 


Near field and far field 

Antennas are defined in terms of gain and directivity, both of which are measured 
by looking at the radiated field of the antenna. There are two fields to consider: near 
field and far field. The patterns published for an antenna tend to reflect far-field 
performance. The far feld for most antennas falls off according to the liese 
square taw. That is, the intensity falls off according to the square of the distance 
CUR”), as in Eq, 19.18. 

"The near field of the antenna contains more energy than the far field because of 
the electric and magnetic fields close to the antenna radiator element, The near field 
tends to diminish rapidly according to a 1 function. The minimum distance to the 
edge of the near field is а function of both the wavelength of the radiated signals and 
the antenna dimensions: 


119.20] 


7, Is the near-field distance. 
бв the largest antenna dimension 


As the wavelength of the radiated signal (all factors in the same units) 


Example 19-6 An antenna with a length of 6 em radiates a 12-cm wavelength 
signal. Calculate the near-field distance. 


Chapt ferr 4/10/01 X138 PM Page 396 Ө 


396 Microwave waveguides and antennas 


Solution: 
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Antenna impedance 
Impedance represents the total opposition to the flow of alternating current 
(ea, RF), and includes both resistive and reactive components. The reactive com- 
ponents can be either capacitive or inductive, or a combination of both. Impedance 
can be expressed in either of two notations: 


19211 
2= ± 119.22) 


Of these, Eq. 19.22 is perhaps the more commonly used in RF applications. The 
reactive part of antenna impedance results from the magnetic and electrical fields 
(close to the radiator) returning energy to the antenna radiator during every cycle. 
‘The resistive part of impedance consists of two elements: ofemic losses R, and ma- 
diation resistance R, The ohmic losses are due to heating of the antenna conduc- 
tor elements by RF current passing through, as when current passes through any 
conductor 

"The radiation resistance relates to the radiated energy. An efficiency factor k 
compares the loss and radiation resistances: 


11923] 


"The goal of the antenna designer is to reduce R, to a minimum. The value of R, 
is set by the antenna design and installation, and i$ defined as the quotient of the. 
voltage over the current at the feedpoint, less losses 


Dipole antenna elements 
"The dipole isa two-pole antenna (Fig. 19-20) that сап be modeled as either a single 
radiator fed at the center (Fig. 19-20A) or a pair of radiators fed back to back 
(Fig. 19-208). RF current from the source oscillates back and forth in the radiator el- 
ement, causing an electromagnetic wave to propagate in a direction perpendicular 
to the radiator element. The polarity of any electromagnetic field is the direction 
of the electrical field vector (see Chap. 2). In the dipole, the polarization is parallel 
to the radiator element: a horizontal element produces a horizontally polarized sig- 
vertical element produces a vertically polarized signal. 
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19-204. Basie dipole antenna showing propagation 


19-208 Basic dipole antenna. 


Figure 19-21 shows the radiator patterns for the dipole viewed from two per- 
spectives. Figure 19-21A shows the pattern of a horizontal half-wavelength dipole as 
viewed from above, This plot shows the directivity of the dipole: maximum radiation. 
ds found in two lobes perpendicular to the radiator length. The plot in Fig, 19218 
shows the end-on pattern of the dipole. This omnidirectional pattern serves for a 
vertically polarized dipole viewed from above. The end-on pattern of а horizontal di- 
pole would be similar, except that it is distorted by ground effects unless the antenna. 
is a very large number of wavelengths above the ground. 
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Dipale 
Z 19214 
Dipole pattern (horizontal), 
19218 


Dipole patter (vertical). 


A microwave dipole is shown in Fig. 19-22. The antenna radiator element con- 
sists of a short conductor at the end of a section of waveguide, Although most low- 
frequency dipoles are a half-wavelength, microwave dipoles might be either a 
half wavelength, less than a halfwavelength, or greater than a half-wavelengh, de- 
pending upon application. For example, because most microwave dipoles are used to 
illuminate a reflector antenna of some sort, the length of the dipole depends upon 
the exact illumination funetion required for proper operation of the reflector, Most, 
however, will bea helf wavelength. 


Antenna directivity and gain. 
"The dipole discussed illustrated a fundamental property of the type of antenna gen- 
erally used at microwave frequencies: directivity and gain. These two concepts are 
different but so interrelated that they are usually discussed at the same time. Be- 
cause of the directivity, the antenna focuses energy in only two directions, which 
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means that all of the energy is found in those directions (Fig. 19-214), rather than 
being distributed over a spherical surface. Thus, the dipole has a gain approximately 
2,1 dB greater than isotropic, In other words, the measured power density at any 
point will be 2.1 dB higher than the calculated isotropic power density for the same 
RF input power to the antenna. 

Directivity The directivity of an antenna is a measure of its ability to direct 
RF energy in a limited direction, rather than in ай (spherical) directions equally. As 
shown in Fig. 19-214, the horizontal directivity of the dipole forms a bidirectional 
figure-8 pattern. Two methods for showing unidirectional antenna patterns are 
shown in Fig, 19-23. The method of Fig, 19-234 is a polar plot viewed from above. 
"The main lobe is centered on 0”. The plot of Fig, 19-258 is а rectangular method for 
displaying the same information. This pattern follows a (sin % function or, 
for power, [sin ea 


Directivity D is a measure of relative power densities: 
p= Te 19.24] 
я 119.24] 

Or, referenced to isotropic, 
119.25] 


Dis the directivity 

P,,, is the maximum power 

Pig the average power 

¿is the solid angle subtended by the main lobe 


] nh 
Microwave dipolo radiator. 


Dipole 


Waveguide 


ap19_Carr 4/10/01 3:39 PM P. 


je 400 2 


400 Microwave waveguides and antennas 


Degrees 


завви 


Main le 19-234 


Directional antenna pattem (lop 
view), 


DA Sidelohe 


Backlobe 


a= 1AB beamwidth 


‘The term © is a solid angle, which emphasizes the fact that antenna patterns 
must be examined in at least two extents: horizontal and vertical 

A common method for specifying antenna directivity is beanuidth (BW). The 
definition of BW is the angular displacement between points on the main lobe (see 
Figs. 19-23А and 19-298), where the power density drops to one-half (A dB) ofits 
‘maximum main lobe power density. This angle is shown in Fig. 19-234 as a. 

In an ideal antenna system, 100 percent of the radiated power is in the main 
lobe, and there are no other lobes. But in real antennas certain design and installa- 
tion anomalies cause additional minor labes, such as the sidelobes and backlobe 
shown in Fig. 10-23A. Several problems derive from the minor lobes. First is the loss 
of usable power. For a given power density required at a distant receiver site, the 
transmitter must supply whatever additional power is needed to make up for the mi- 
nor lobe losses, 

‘The second problem is intersystem interference. A major application of direc- 
tional antennas is the prevention of mutual interference between nearby cochan- 
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nel stations. In radar systems, high sidelobes translate to errors in detected tar- 
gels. If for example, а sidelobe is large enough to detect a target, then the radar 
display will show this off-axis target as if it was in the main lobe of the antenna, 
‘The result is an azimuth error that could be important in terms of marine and aero- 
nautical navigation, 

Gain Antenna gain derives from the fact that energy is squeezed into a limited 
space instead of being distributed over a spherical surface. The term дабл implies 
that the antenna creates a higher power when, in fact, it merely concentrates the 
power into a single direction that would otherwise be spread out over a larger area, 
Even so, it is possible to speak of an apparent increase in power. Antenna-transmitter. 
systems are often rated in terms of effective radiated power (ERP). The ERP is the 
product of the transmitter power and the antenna gain. For example, if an antenna 
has a gain of +3 dB, the ERP will be twice the transmitter output power. In othe 
‘words, a 100-W output transmitter connected to a +3-dB antenna will produce a 
ower density at a distant receiver equal to а 200-W transmitter feeding an isotropic. 
radiator. There are two interrelated gains to be considered: directivity gain G, and 
power gain Gy 

‘The directivity gain is defined as the quotient of the maximum radiation int 
sity over the average radiation intensity (note the similarity to the directivity defini- 
tion). This measure of gain is based on the shape of the antenna radiation pattern, 
and can be calculated with respect to an isotropic radiator (D=1) from: 
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Standing-Wfave and Traveling: Wave Current Distribution 


The lower portion of Fig. 15 shows the current distribution along a 
terminated end-fed long-wire, one of the simplest traveling-wave 
antennas. Since we have a terminating impedance, the ideal 
situation would show a constant current magnitude all along the 
wire. The termination impedance prevents the return of energy 
necessary to create standing waves. For a variety of reasons, 
terminated wires fail to achieve a perfect traveling-wave status. The 
termination is normally and for highly practical reasons a non- 
inductive resistor. However, the required impedance turns out to be 
both complex and finicky. So we only approximate a traveling wave, 
a basic current level with superimposed standing waves that are 
small but detectable. (The example shown uses a technique for 
setting up a traveling-wave long wire described by E. A. Laport in 
Radio Antenna Engineering, pp. 55-58, 301-339 (1950).) 
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where 


G, is the directivity gain 
Pis the maximum power radiated per unit of solid angle 
Pis the total power radiated by the 


menna 


"The power gain is similar in nature, but slightly different from directivity gain; it 
includes dissipative losses in the antenna. Not included in the power gain are losses 
caused by cross-polarization or impedance mismatch between the waveguide (or 
transmission line) and the antenna. There are two commonly used means for deter- 
mining power gain: 


19.271 


and 


119.28] 


where 


is the maximum radiated рег unit solid angle 
P is the net power accepted by the antenna (ie. less mismatch losses) 

P. is the average intensity at a distant point 

Pis the intensity at the same point from an isotropic radiator fed the same RF 
power level as the antenna 


(Equations assume equal power to antenna and comparison isotropic source.) 
Provided that ohmic losses are kept negligible, the relationship between direc- 
tivity gain and power gain is given by: 


119.291 


(Al terms as previously defined.) 

Relationship of gain and aperture Antennas obey the law of reciprocity, 
which means that any given antenna will work as well to receive as to transmit. The 
function of the receiver antenna is to gather energy from the electromagnetic field 
radiated by the transmitter antenna, The aperture is related to, and often closely ap- 
proxitnates, the physical area of the antenna, But in some designs the effective aper- 
ture A, is less than the physical area A, so there is an effectiveness factor n that must 
be applied. In general, however, a high-gain transmitter antenna also exhibits a high 
receiving aperture, and the relationship ean be expressed as. 
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A, is the effective aperture 
ıt is the aperture effectiveness (=I for a perfect, lossless antenna) 
Mis the wavelength of the signal 


Horn antenna radiators 
‘The hom radiator is a tapered termination of a length of waveguide (see Fig. 19.24 
(A-C) that provides the impedance transformation between the waveguide imped- 
ance and the free-space impedance. Horn radiators are used both as antennas in 
their own right, and as illuminators for reflector antennas. Horn antennas are not a 
perfect match to the waveguide, although standing wave ratios of 1.5:1 or less are 
achievable. The gain of a horn radiator is proportional to the area A of the flared 
open flange (4 = ab in Fig. 19-248), and inversely proportional to the square of 
the wavelength: 
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Ais the flange area 
Mis the wavelength (both in same units) 
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-AB beamwidth for vertical and horizontal extents can be approximated 
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where 


Ф is the vertical beamwidth, in degrees 
4, is the horizontal beamwidth, in degrees 
a, b are dimensions of the flared flange 
xis the wavelength 


A form of antenna, related to the horn, is the cavity antenna of Fig. 19-25. In this 
type of antenna, a quarter wavelength radiating element extends from the wave- 
guide (or transmission line connector) into a resonant cavity. The radiator element 
is placed a quarter-wavelength into a resonant cavity; and is spaced а quarter- 
wavelength from the rear wall of the cavity. A tuning disk is used to alter cavity di- 
‘mensions in order to provide a limited tuning range for the antenna. Gains to about 
6 dB are possible with this arrangement. 


Reflector antennas 
At microwave frequencies, it becomes possible to use reflector antennas because of 
the short wavelengths involved. Reflectors are theoretically possible at lower fre- 
quencies, but because of the longer wavelengths, the antennas would be so large 
that they become impractical, Several forms of reflector are used (Figs. 19-26 and. 
19.27). In Fig. 19-26 we see the corner reflector antenna, which is used primarily in 
the high-UHF and low-microwave region. A dipole element is placed at the "focal 
point" of the comer reflector, so it receives (in phase) the reflected wavefronts from 
the surface, Either solid metalli reflector surfaces or wire mesh may be used. When. 
mesh is used, however, the holes in the mesh must be ¥,-wavelength or smaller. 
Figure 19.27 shows several other forms of reflector surface shape, most of which 
are used in assorted radar applications, 


Parabolic “dish” antennas 
‘The parabolic reflector antenna is one of the most widespread of all the microwave 
antennas, and is the type that normally comes to mind when thinking of microwave 
systems. This type of antenna derives its operation from physics similar to optics, 
and is possible because microwaves are in a transition region between ordinary radio 
waves and infrared/viible light. 

‘The dish antenna has a paraboloid shape as defined by Fig. 19-28. In this figure, 
the dish surface is positioned such that the center is at the origin (0,0) of an x-y co- 
ordinate system. For purposes of defining the surface, we place a second vertical 
axis called the directriz (y”) à distance behind the surface equal to the focal length 
(и). The paraboloid surface follows the function y* = dyer, and has the property that. 
а line from the focal point F to any point on the surface is the same length as a line 
from that same point to the directrix (in other words, MN = МЕ). 

Ifa radiator element is placed at the focal point F; then it will illuminate the 
reflector surface, causing wavefronts to be propagated away from the surface in 
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phase. Similarly, wavefronts, intercepted by the reflector surface, are reflected to 
the focal point 

Gain The gain of a parabolic antenna is a function of several factors: dish di- 
ameter, feed illumination, and surface accuracy. The dish diameter D should be large 
compared with its depth. Surface accuracy refers to the degree of surface irregular 
ities. For commercial antennas, Y-wavelength surface accuracy is usually sufficient, 
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although on certain radar antennas the surface accuracy specification must be 
tighter 

‘The feed illumination refers to how evenly the feed element radiates to the re- 
fector surface, For circular parabolic dishes, a circular waveguide feed produces op- 
timum illumination, and rectangular waveguides are less than optimum. The TE,, 
‘mode is desired. For best performance, the illumination should drop off evenly from 
the center to the edge, with the edge being 210 dB down from the center. The diam- 
eter, length, and beamwidth of the radiator element (or horn) must be optimized for 
the specific £/d ratio of the dish. The cutoff frequency is approximated from 


175,698 
س د‎ 119.34] 
where 
Losa is the cutoff frequency. 
iis the inside diameter of the circular feedhorn 
‘The gain of the parabolic dish antenna is found from. 
g- Dy 119.35] 
W 


Where 
G is the gain over isotropic 
Dis the diameter 
A is the wavelength (same units as D) 
K is the reflection efficiency (0.4 to 0.7, with 0.55 being most common) 


MIN = MF 
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‘The —3-4В beamwidth of the parabolic dish antenna is approximated by 

BW = A 119.36] 

D 

and the focal length by 

— 119.371 

164 


For receiving applications, the effective aperture is the relevant specification: 
andis found from 


A 


* 119.38] 


‘The antenna pattern radiated by the antenna is similar to Fig, 19-238. With horn 
illumination, the sidelobes tend Lo be 23 to 28 dB below the main lobe, or 10 to 15 dB. 
below isotropic. It is found that 50 percent of the energy radiated by the parabolic 
dish is within the —3-1В beamwidth, and 90 percent is between the first nulls on ei- 
ther side of the main lobe 
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1га dipole element is used for the feed device, then a splash plate is placed 
Yewavelength behind the dipole in order to improve illumination. The splash plate 
must be several wavelengths in diameter, and is used to reflect the backlobe back 
toward the reflector surface. When added to the half-wave phase reversal inh 
ent in the reflection process, the two-way quarter-wavelength adds another half- 
wavelength and thereby permits the backwave to move out in phase with the front. 
lobe wave. 

Parabolic dish feed geometries Figure 19-29 shows two methods for feed- 
ing parabolic dish antennas, regardless of which form of radiator (horn, dipole, ete.) 
is used. In Fig. 19-294 we see the method in which the radiator element is placed at 
the focal point, and a waveguide (or transmission line) is routed to it. This method. 
is used in low-cost installations such as home satellite TV receive-only (TVRO) 
antennas, 

Figure 19-298 shows the Cassegrain feed system. This system is modeled after 
the Cassegrain optical telescope. The radiator element is placed at an opening at the 
center of the dish. A hyperbolic subreflector is placed at the focal point, and it is 
used to reflect the wavefronts to the radiator element, The Cassegrain system re- 
sults in lowernolse operation because of several factors: less transmission line. 
length, lower sidelobes, and the fact that the open horn sees sky instead of earth 
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19-298 Parabolic antenna Cassegrain feed, 


(which has lower temperature); on the negative side, galactic and solar noise might 
be slightly higher on a Cassegrain dish. 

Figure 19-30 shows the monopulse feed geometry. In this system, a pair of ra- 
diator elements are placed at the focal point, and fed to a power splitter network that 
‘outputs both sum and difference signals (Fig. 19-208), When these are combined, 
the resultant beam shape has improved ~3-dB beamwidth as a result of the alge- 
rad summation of the two, 


Array antennas 
When antenna radiators are arranged in a precision array, an increase in gain occurs. 
An array might be a series of dipole elements, as in the broadside array of Fig. 19-31 
(which is used in the UHF region), ora series of slots, horns, or other radiators. The 
overall gain of an array antenna is proportional to the number of elements, as well as 
the details of their spacing. In this, and other antennas, a method of phase shifting 
is needed, In Fig. 19-31, the phase shifting is caused by the crossed feeding of the el- 
‘ements, but їп more modern arrays, other forms of phase shifter are used. 

"Two methods of feeding an array are shown in Fig, 19-32. The corporate feed 
‘method connects all elements, and their phase shifters, in parallel with the source. 
The branch feed method breaks the waveguide network into two (or more) separate 


id-state array antennas Some modern radar sets use solid-state array a 
tennas consisting ora large number of elements, each of which is capable of shifting 
the phase of a microwave input signal. Two forms are known: passive (Fig. 19-834) 
and active (Fig. 19-338). In the passive type of element, a ferrite (or PIN diode) 
phase shifter is placed in the transmission path between the RF input and the radia- 
tor element (usually a slot). By changing the phase of the RF signal selectively, it is 
possible to form and steer the beam at will. A 3-bit (Le., three discrete state) phase 
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shifter allows the phase to shift in 45° inerements, while а 4-bit phase shifter allows 
22.5" increments of phase shift. 

The active element contains, in addition to a phase shifter, a transmit power am- 
Pier (1 or 2 W) and a low-noise amplifier (LNA) for receiving. A pair of transmit 
receive (Т/Н) switches select the path to which the RF signal is directed, The total 
‘output power of this antenna is the sum of all output powers from all elements in the 
array. For example, an array of one thousand 2-W elements makes а 2000-W system, 


Slot array antennas 
A resonant slot (eut into a wall of a section af waveguide) is somewhat analogous, if 
not identical, toa dipole. By cutting several slots in the waveguide, we obtain the ad- 
vantages of an array antenna in which the elements are several slot radiators. Slot ar- 
ray antennas are used for marine navigation radars, telemetry systems, and the 
reception of microwave television signals in the Multipoint Distribution Service 
(MDS) on 2.145 GHz. 

Figure 19-34 shows a simple slot antenna used in telemetry applications. A slot 
ted section of rectangular waveguide is mounted to а right-angle waveguide lange. 
An internal wedge (not shown) is placed at the top of the waveguide and serves as a 
‘matching-impedance termination to prevent internal reflected waves. Directivity is 
enhanced by attaching flanges to the slotted section of waveguide parallel to the di- 
rection of propagation (see end view of Fig. 19-24), 

Figure 19-35 shows two forms of flatplate array antennas constructed from. 
slotted waveguide radiator elements (shown as insets). Figure 19-35A shows the 
rectangular array, and Fig, 19-368 shows the circular array. These flatplate arrays 
are used extensively in microwave communications and radar applications. 

‘The feed structure for a Matplate array is shown in Fig. 19-350. The antenna el- 
ement is the same sort as shown in Figs. 19.35A and 19-58. A distribution wa 
guide is physically mated with the element, and a coupling slot is provided between 
the two waveguides. Energy propagating in the distribution system waveguide is 
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The relevance of these notes to the WBFD and related antennas is 
straightforward: we may use the current distribution along an 
antenna to determine in a general way whether an antenna is a 
standing-wave or a traveling-wave antenna. Fig. 16 shows the 
current distribution at 10.4 MHz of several antennas, all 27.2 т 
long. 10.4 MHz is the second harmonic of the 5.2-MHz fundamental 
frequency. The arbitrary feedpoint current for all of the antennas is 
1.0 (A) with a 0.0-degree phase angle. All current values are 
relative to this convenient value. 
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ntenna radiator element through this slot. In some cases metallic 
hifting stubs are also used in order to fine-tune the antenna ra 


Microwave antenna safety note 


Microwave RF energy is dangerous to your health. Anything that can cook a roast. 
beef can also cook you! The U.S. government sets a safety limit for microwave ex. 
posure of 10 mW/em averaged aver 6 minutes; some other countries use a level 
one-tenth of the U.S. standard, The principal problem is tissue heating, and eyes 
seem especially sensitive to microwave energy. Some authorities believe that 
cataracts form [rom prolonged exposure. о believe that genetic 
damage to offspring is possible as well as other long-term effects as a result of eu 
mulative exposure. 

Because of their relatively high gain, microwave antennas can produce hazardous 
eld strengths in close proximity—even at relatively low RF input power levels. At 


Some authorities a 
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least one technician ina TV satellite earth station suffered abdominal adhesions, solid 
matter in the urine, and genital dysfunction after servicing a 45-m-diameter 3.5-GHz 
antenna with RF power applied. 

Be very careful around microwave antennas. Do not service a radiating an- 
tenna. When servicing nonradiating antennas, be sure to stow them in a position 
that prevents the inadvertent exposure of humans, should power accidentally be 
applied. A Radiation Hazard sign should be prominently displayed on the an- 
tenna, Good design practice requires an interlock system that prevents radiation in 
such situations. “Hot” transmitter service should be performed with a shielded 
dummy load replacing the antenna. 
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temperature 


RADIO RECEPTION 18 ESSENTIALLY A MATTER OF SIGNAL-TO-NOISE RATIO (SNR). SIGNALS 
must be some amplitude above the noise Noor of the system in order to be received. 
properly, All electronic systems (receivers and antennas included) have inherent 
noise, even if there is no power flowing in them. One of the goals of the antenna. 
designer is to minimize the noise so that weak signals are not obscured. One of the 
basic forms of noise seen in systems is the thermal noise. Even if the amplifiers in 
the receiver adel no additional noise (they will), there willbe thermal noise at the input 
Ifyou replace the antenna with a resistor matched to the system impedance that is 
totally shielded, there wil still be noise present. The noise is produced by the random 
motion of electrons inside the resistor. At all temperatures above absolute zero (about 
16°C) the electrons in the resistor material are in random motion. At any given in- 
stant there will be a huge number of electrons in motion in ай directions. The reason 
why there is no discernible current flow in one direction is that the motions cancel each 
other out even aver short time periods. The noise power present in а resistor i: 


P, =KTBR 120.1] 


where 
Px is the noise power, in watts 
T'is the temperature, in kelvins (K) 
Kis Boltzmann's constant (1.38 x 10 K) 


Bis the bandwidth, in hertz 
Ris the resistance, in ohms 


Note: By international agreement T is set to 290 K. 
Consider a receiver with a 1-MHz bandwidth and an input resistance of 50 £2, The 
noise power is (1.38 x 107 K) x (290 К) x (1,000,000 Hz) x (500) = 2 x 107" W, 
‘This noise is called thermal noise, thermal agitation noise, or Johnson noise. 
А resonant antenna can be modeled as an impedance consisting solely of a resis- 
tor with a value equal to the feecipoint impedance. Ifan antenna has a 50-0 feedpoint 
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impedance, then it will generate exactly the same amount of thermal noise as a re- 
sistor of the same value. 


Noise factor, noise figure, and noise temperature 


‘The noise performance of a receiving system can be defined in three different, but 
related, ways: noise factor F , noise figure (NF), and equivalent noise tompera- 
ture T; these properties are definable as a simple ratio, decibel ratio, or kelvin tem- 
perature, respectively, 


Noise factor (F,) 
For components stich as resistors, the noise factor is the ratio of the noise produced 
һу a real resistor to the simple thermal noise of an ideal resistor. The noise factor of 
а radio receiver (or any system) is the ratio of output noise power Р, to input noise 
power P; 


120.2] 


In order to make comparisons easier, the noise factor is usually measured at the 
standard temperature (T) of 290 К (standardized room temperature), although in 
some countries 299 K or DO K is commonly used (the differences are negligible) 

Tt is also possible to define noise factor F in terms of output and input signal-to- 
noise ratios: 


120.3] 


where 


SS, isthe input signal-to-noise ratio 
S, isthe output signal-to-noise ratio 


Noise figure (NF) 

‘The noise figure is a frequently used measure of a 
parture from “idealness.” Thus, it is a figure of merit. The noise figure is the noise 
factor converted to decibel notation: 


NF 


ТА 120.4] 
where 
NF is the noise figure, in decibels 


F isthe noise factor 
LOG refers to the system of base 10 logarithms 


Noise temperature (Т) 


‘The noise “temperature” is a means for specifying noise in terms of an equivalent 
temperature. Evaluating the noise equations shows that the noise power is directly 
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proportional to temperature in kelvins, and also that noise power collapses to zero at 
the temperature of absolute zero (0 K). 

Note that the equivalent noise temperature 7, is not the physical temperature 
of the amplifier, but rather a theoretical construct that is an equivalent temper 
ture that produces that amount of noise power, The noise temperature is related to. 
the noise factor by 


12051 
and to noise figure by 


120.6] 


Noise temperature is often specified for receivers and amplifiers in combination 
with, or in йеп of, the noise figure. The noise temperature concept is also applied to 
antennas where it is related to the amount of thermal noise generated by the resis- 
live component of the antenna feedpoint impedance, 

‘The antenna-receiver system will be afflicted by three different noise sources 
external to the receiver, The first is the thermal noise temperature of the feedpoint 
impedance (T, ). The sky exhibits a noise temperature that depends on where the 
antenna main lobe is pointed. Similarly, the ground has a noise temperature that 
consists of components reflected from the sky as well as components of its own 
caused by whatever thermal agitation exists. In a typical system (Fig. 20-1) the 
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‘main lobe will be pointed toward the sky noise source, while the sidelobes will pick 
"up noise rom the ground, The total noise temperature of the antenna is 

Tyg = MX Tyg) + EO = MYT + Ty pom 
where 


Tis the equivalent noise temperature of the antenna 
Тув the noise temperature of the sky 

Тв the noise temperature of the ground 

T, is the feedpoint resistance noise temperature 

M is the fraction of the total energy that enters the main lobe 

Eis the fraction of sidelobes that are viewing the ground (only one of several 
sidelobes is shown in Fig. 20-1) 


an 


Antennas for radio 
astronomy 


FOR CENTURIES ASTRONOMERS HAVE SCANNED THE HEAVENS WITH OPTICAL TELESCOPES, 
But today, astronomers have many more tools in their bag, and one of them is radio 
astronomy. The field of radio astronomy emerged in the 1930s and 1040s through the 
work of Grote Reber and Carl Jansky. Even during World War Il, progress was made 
as many tens of thousands of operators were listening to frequencies from de to near 
daylight (well, actually, the low-end microwave bands). British radar operators noted 
during the Battle of Britain that the distance at which they could detect German air- 
craft dropped when the Milky Way was above the horizon, 

Although there is a lot of amateur radio astronomy being done, most of it re- 
uires microwave equipment with low-noise front ends, However, there are several 
things that almost anyone ean do, 

"The topic of antennas for radio astronomy can include nearly all forms of direc- 
tional gain antenna. It is common to see Yagis, ring Yagis, cubical quads, and other an- 
tennas for lawer-fequency use (18 to 1200 MHz). Microwave gain antennas can be 
used for higher frequencies, Indeed, many amateur radio astronomers appropriate TY 
receive-only CTVRO) satelite dish antennas for astronomy work. In this chapter we will 
over some antennas that are not found in other chapters, at least not in this present 
context 


Jupiter reception 

Jupiter is а strong radio source (next to the sun, its the strongest in the sky). It pro- 
duces noiselike signals aver the spectrum 5 to 40 MHz, with peaks between 18 and 
24 MHz One source claims that the radio signals come from massive storms on the 
largest planetis surface, apparently triggered by the transit of the jovian moons 
through the planet's magnetic field. The signals are plainly audible on the HF band 
any time Jupiter is above the horizon, day or night. However, in order to eliminate 
the possibility of both local and terrestrial skip signals from interfering, Jupiter DX- 
ers prefer to listen during the hours after 2100 for whenever the maximum usable 
frequency (MUF) drops significantly below 18 MHz] and local sunup. Listen to the 
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The center-fed single-wire doublet, a prime example of a standing- 
wave antenna, shows peak current values about half-way between 
the feedpoint and the wire ends. The peak currents are over 5 
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amateur 17- or 15-m bands. If you hear zilch activity, then it's a good bet that the 
MUF has dropped enough to make listening worthwhile. Even during the day, how- 
ever, it is possible to hear jovian signals, but differentiating them from other signals. 
or solar noise is difficult 

So what do you need to DX Jupiter? It would help to have a decent radio receiver 
that works well over the range 18 to 24 MHz. Some cheaper radio receivers are not 
desirable, but most modern communications receivers are fine, The radio signals are 
rising and falling “swooshing” noises, The chances of receiving a signal from Jupiter 
are about 1 in 6, according to several radio astronomes 

‘The antenna can bea simple dipole cut for the middle of the 18- to 24-MH band, 
Which happens to bea 15-m amateur radio band antenna. The antenna should be in- 
stalled in the normal manner for any dipole, except that the wire must run east-west 
in order to pick up the southerly rising planet. 

Figure 21-1 shows a broadband dipole that covers the entire frequency region of 
interest (18 to 24 MHz) by paralleling three different dipoles: one cut for 18 MHz, 
опе cut for 21 MHz, and one cut for 24 MHz. The dimensions are 


А 05а мш 
в 2220 шмш 
соз SMe 


‘There are several approaches to making this type of antenna, One is to use 
three-conductor wire, and cut the wires to the lengths indicated above. Another is to 
use a homemade spacer to spread the wires apart. 


Ring antenna 


Another popular jovian radio antenna is the ring radiator, two versions of which are 
‘shown in Fig. 21-2, This antenna is made of a 5-ft-diameter loop of %-in-diameter soft- 
drawn copper plumbing pipe. The single-ended version is shown in Fig. 21-24. In this 
antenna the loop is open-ended. The center conductor of he coaxial cable feedline is 
connected to one end of the ring radiator, while the coax shield is connected to the 
chicken wire ground plane. The balanced version (Fig. 21-28) has an RF transformer 
(T at the feedpoint 

The ring radiator antenna should have a bandpass preamplifier. The preamp is 
needed because of the low pickup ofthis kind of antenna, and that preamp should 
be mounted as close as possible to the antenna. The bandpass characteristic is ob- 
tained by filtering. The idea is to get rid of terrestrial signals in the adjacent bands. 
‘The typical preamplifier is brondbanded (which is what we want), so will pick up 
‘not only the desired signals but others as well (which is what we dont want). Even 
а 5-W CB transmitter a few blocks away can drive the preamplifier into saturation, 
so it's wise to eliminate the undesired signals before they get into the preamplifier. 
In the case of the single-ended amplifier, a single-ended preamplifier is used. But 
for the balanced version (Fig. 21-28) a differential preamplifier is used. 

‘The loop (both versions) is mounted about 7 or 8 in above а groundplane made of 
chicken wire, metal window screen, copper sheeting, or copper fl. The copper sheeting 
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21-28 Ring radiator: balanced. 


or os best, but costs a lot of money, and tums ugly green after a couple weeks in theel- 
ements. Ifyou use sercen, make sure that it is a metallic sereen. Some window and porch, 
screening material is made of synthetic materials that are insulators. 

Figure 21-3A is a mechanical side view of the ring radiator antenna, while Fig. 
21-3B is a side view. The antenna is mounted above the sereen with insulators, These 
can be made of wood, plastic, or any other material. The frame holding the ground- 
plane screen (Fig. 21-3B) can be made from 1 % 2-in lumber. Note that the frame has 
interior crosspieces to support the antenna, as well as the outer perimeter. The 
larger outer perimeter is needed because the sereen groundplane should extend be- 
yond the diameter of the radiator element by about 10 to 15 percent. 


DDRR 


‘The directional discontinuity ring radi 
while a side view showing the mounting scheme is shown in 


or (DDRR) antenna is shown in Fig. 21-44, 
la. 214, Its typically 
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214A DORR antenna. 


TE m 


21-405 DORE antenna: side view 


mounted about 1 ft off the ground (H—12 in). The DDRR consists of two sections, 
one vertical and one horizontal, The short vertical section has a length equal to the 
height A of the antenna above the ground. One end of the vertical segment is 
grounded. The horizontal section is a loop with a diameter D. 

"The conductor diameter Е is at least 0.5 in at 28 MHz, and 4 in at 4 MHz. Because. 
of the loop, some people call this the hula hoop antenna. One author recommends 
using a 2-in automobile exhaust pipe bent into the correct shape by an auto muller 
dealer. The far end of the loop is connected to ground through a small-value tuning 
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capacitor б. The actual value of C, is found expe 
the antenna to a particular operating frequency. 

‘The feedline of the DDRR antenna is coaxial cable connected such that the 
shield is grounded at the bottom end of the vertical section, The center conductor is 
connected to the ring radiator a distance F from the vertical section. The length F 
is determined by the impedance that must be matched. The radiation resistance is 
approximated by 


mentally and is used to resonate 


Ta 
* 


R, 


[ЖЕП 


where 
R, is the radiation resistance, in ohms 
His the height of the antenna off the ground 
Ais the wavelength 


(Both H and А are in the same units.) 
"The approximate values for the various dimensions of the DDRR are given below 
їп general terms, with examples in Table 21-1 


D оов 

H блр 

F 025 

E osten 

G  SeeTable 21-1 
Table 21-1. Examples of dimensions for DDRR 

Band (MHZ) 

Dimension 18 а 78 15 22 WM 50 18 
аш) w 7 з 2 18 1 
ЖОЛ 150 100 a ш в 
Fim) шов 6 15 1 05 
Hn) зом on б 15 1 
bm 818.945 14 
Em & eee ee 05 


‘The construction details of the DDRE are so similar to those of the ring radiator 
that the same diagram can be used (see Fig. 21-3 again). 


‘The normal attitude of the DDRR for communications is horizontal. However, for 
Jupiter radio reception, the antenna groundplane screen can be tilted to 
{ace Jupiter's point in the sky. 


Helical antennas 


"The helical antenna (Fig, 21-5) provides moderately wide bandwidth and circular 
polarization. Because of the polarization some people find the helical antenna to be 
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particularly well suited to radio astronomy reception. The antenna (of diameter D) 
Will have a circumference C of 0.75 to 1.34, The pitch of the helix (5) is the axial 
length of one turn, while the overall length L=NS (where N is the number of turns). 
‘The ratio S/C should be 0.22% to 0.281. At least three turns are needed to produce 
axial-mode main lobe maxima. 

‘The diameter or edge of the groundplane G should be on the order of 0.8X to 
1.1) if circular and/or square, respectively. The offset between the groundplane and 
the first turn of the helix is 012. 

‘The approximate gain of the helical antenna is found from 


Gain = 118+10 log (CNS) dBi 12121 
"The pitch angle ф and turn length y for the helical antenna аге given by 
* e) 1213] 
s 
and 
Y 1214] 
"The beamwidth of the helical antenna is 
e-L 1215] 


VAS 


where 
iis the beamwidth, in degrees 
Nis the number of turns 
S is the pitch, in wavelengths 
© в the circumference, in wavelengths 
Kis 52 for the —3-4В beamwidth and 115 for the beamwidth to the first null 
in the pattem 


"The short section between the helix and the groundplane is terminated in a 
coaxial connector, allowing the antenna to be fed from the rear of the geoundplane. 
The feedpoint impedance is approximately 140 O. 


Multiple helical antennas 


Stacking helical antennas allows a radiation pattern that is much cleaner than the 
normal one-antenna radiation pattern, It also provides а good way to obtain high gain 
with only a few turns in each helix. If two helixes are stacked, then the gain will be 
the same as for an antenna that is twice the length of each element, while for four 
stacked antennas the gain isthe same as for a single antenna 4 times as long. Figure. 
21-6 shows a side view of the stacked helixes 

‘The feed system for stacked helixes is а little more complex than for a single he- 
lix. Figure 21-7A shows an end view of a set of four stacked helical antennas. Ta- 
pered lines (TL) are used to carry signal from each element and the coaxial 
connector (B). In this ease, the coaxial connector is a feed-through "barrel" 50-239 
device at the center of the groundplane (B). A side view of the tapered line system. 
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is shown in Fig, 21-7B. The length of the tapered ines is 1.064, while the center-to- 
center spacing between the helical elements is 15A. The length of each side of the 
groundplane is 25A. In the case of Fig. 21-7, the antenna is fed from the front of 
the groundplane. 


Interferometer antennas 


‘The resolution of an antenna is set by its dimensions а relative to the wavelength А 
of the received signal. Better resolution can be achieved by increasing the size of the 
antenna, but that is not always the best solution. Figure 21-8 shows a summation 
interferometer array. Two antennas with aperture a are spaced S wavelengths 


apart. The radiation pattern isa fringe pattern (Fig. 21-9). This pattern consists ofa 
series of maxima and nulls. The resolution angle ta the first nullis 
Sta 


875 12161 


"The interferometer can be improved with additional antennas in the array. Pro- 
fessional radio astronomers use very wide baseline antennas. With modern commu- 
nications itis possible to link radio telescopes on different continents to make the 
widest possible baseline. 


2L Interferometer array. 
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times the feedpoint value, a typical situation for a 1-wavelength 
doublet. The second antenna is a folded dipole operated at its 
second harmonic. It gain is low due to the very low value of the 
feedpoint resistance (about 7 Ohms). Hence, even the copper wire 
construction removes almost 3 dB of the antenna's theoretical gain 
if made from lossless wire. Nevertheless, within these restrictions, 
the antenna shows the folded-dipole version of a standing wave. 
Relative to the single-wire doublet, the standing wave is displaced 
by a quarter-wavelength along the wire due to the fact that folded 
dipoles show a combination of radiation and transmission-line 
currents. (For more on this subject, see the preceding Chapter 27.) 
Note that the current minimums are very close to zero (actually 
about 0.02 to 0.03 relative magnitude). 


The next two antennas shown in Fig. 16 are alternative narrow- 
spaced and wide-space versions of the true WBFD. The narrow 
version spaces the wires by 0.2 m; the wide version uses a spacing 
of 1.0 т. In the wide version, each current curve is relative in height 
to the distance from its associated wire. In both cases, the 
antennas exhibit a standing-wave property, but overlaid on a 
traveling-wave current value of about .75 relative magnitude. The 
standing-wave component is about +/-0.30 relative magnitude. 
Hence, the minimum current level is a bit over 0.45 relative to the 
feedpoint value. (Values for the 2 versions of the antenna may vary 
by about 0.03 in relative magnitude from the listed values or about 
5%.) The fact that we see the overlaid standing-wave component in 
current graphs may obscure the basic traveling-wave component of 
the current distribution until we realize that the current magnitude 
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Adjusting, installing, 
and troubleshooting 


antennas and 
transmission lines 


ANTENNA AND TRANSMISSION LINE MEASUREMENTS SHOULD BE MADE WHEN THE ANTENNA 
is first installed and periodically thereafter, If some difference in operation is noted, 
the same measurements should be repeated, Many antenna measurements are dii 
cult to make with any degree of accuracy. There are some things about antennas that 
can and should be measured, however, regardless of the difficulty. For example, 
VSWR and the resonant frequency of the antenna are readily accessible. П also pos- 
sible to measure the impedance of the antenna feedpoint. You can measure the 
VSWR either with a special VSWR meter (often built into transmitters or antenna 
tuning units), or by using an RF wattmeter. 

By frequency stepping through the band and testing the VSWR at various fre- 
quencies, one can draw a VSWR curve (Fig. 22-1) that shows how the antenna per 
Torms across the band, The resonant frequency is the point where the VSWR dips to 
а minimum (which may or may not be the much sought-after 1:1). 

You can use the resonant frequency to figure out whether the antenna is too long 
(resonant frequency lower than the hoped-for design frequency), or too short (reso- 
Tant frequency above the design frequency). Figure 22-2 shows all three situations. 
Curve A represents the desired or ideal curve that is centered on the desired fre- 
quency F, Ifthe antenna is too long, however, the resonant frequency will be shifted. 
downward towards F, and curve B will be observed. Similarly, if the antenna is too. 
short, curve C will be found as the resonant frequency shifts upband to F 

But resonant frequency and VSWR curves are not the entire story because they 
dont tell us anything about the impedance presented by the antenna. One cannot 
get the VSWR to be 1:1 unless the antenna impedance and transmission line imped- 
ance are the same, For example, а dipole has a nominal textbook impedance of 73, 
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221 Vile frequency plot 


222 VSWR-vs-requency plot for three frequencies 


so it makes a very good match to 75-0 coaxial cable. But the actual impedance of a 
real dipole may vary from a few ohms to more than 100.0. For example, if your an- 
tenna exhibits a feedpoint impedance of (say) 25 Q, using 75-02 coaxial cable to feed 
it produces a VSWR=75/25=3:1. Not too great, Measuring the feedpoint impedance 
is therefore quite important to making the antenna work properly. 

‘There are any mimber of instruments on the market that will ald in making an- 
tenna measurements. Some of them are quite reasonably priced (or can be built), 
While others are beyond the reach of all but the most ardent and well-endowed en- 
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thusiasts. In this chapter we will lok at а newer breed of more universal instrument 
called the SWR analyzer 


VSWR analyzers 


One basic premise in this chapter is that the instruments used for measuring VSWR 
must be accessible to people who don't have a commercial or ham operators license, 
as well ав those who do (we must remember our SWL and scanner friends). Some of 
the instruments used by hams meet that requirement, but a relatively new breed 
of instrument called the SWR analyzer provides a lot of capability to the SWL, scan- 
ner operator, and ham radio operator alike. It uses a low-power RF signal generator 
and some clever circuitry to measure the VSWR of the antenna, One model also mea- 
‘sures the feedpoint resistance. 

‘The МЕЈ-259 VSWR analyzer (MFJ Enterprises, Inc., P.O. Box 494, Mississippi 
State, MS, 29762) is shown in Fig. 22-3. This instrument combines a VSWR analyzer 
with a digital frequency counter, and operates over the range 1.8 to 170 MHz. A band 
switch is set to the desired band, and then the гине control is set to the desired fre- 
‘quency. The meter will then read the VSWR at the design frequency. Alternatively, 
уоп сап adjust the tune control until the minimum VSWR is found. This frequency is 
the actual, versus the desired, resonant frequency of the antenna. The front panel 
of the MEL25 has two meters, SWR and RESISTANCE. The SWR meter is cali- 
brated up to 3:1, witha little uncalibrated scale to indicate higher SWRs. 

‘The resistance meter is calibrated from 0 to 500 0, which is consistent with the 
SWR range. Two controls on the front panel are tune and frequency (a band 
switch). The MFJ-259 has a digital frequency meter to measure the operating fre- 
‘quency of the internal oscillator. This frequency counter can also be used to measure 
the frequency of external signal sources. (Do not connect the counter to the output 
ofa transmitter; the instrument will be destroyed.) The top end of the МЕЈ-259 has 
a number of controls and connectors. An SO-239 UHF-style coaxial connector is pro- 
vided for the antenna connection. A BNC coaxial connector is provided to apply ex- 
ternal signal to the frequency counter, while a push button input switch is available 
to switch the counter from internal to external signal sources. Another push button 
switch is used to set the gate timing of the counter (a red LED on the front panel 
blinks every time the gate is triggered). The tuning is from 1.8 MHz to 174 MHz, 
‘while the counter will measure up to 200 MHz. 

The MEJ-259 will work from an external 12-Vde source, or from an internal bat- 
tery pack consisting of eight size-AA standard cells, МЕЛ recommends that either 
alkaline or rechargeable batteries, rather than ordinary zine-carbon cells, be used in 
order to reduce the possibility of leakage that can damage the instrument (this is 
‘ood practice in ай battery-powered instruments). 

Unlike many lesser SW meters, this instrument is not fooled by antennas that 
have impedances consisting of both resistance and reactance elements. An example 
in the manual demonstrates an impedance 0£25+/25 Q (Le, R is 25 Q and reactance 
X is also 25 0). When connected to а 50-2 load one might be tempted to think 
the VSWR is 1:1, and some cheaper meters will so indicate. But the actual SWR is 
2,61, which is what the MFJ-259 will read 
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The resistance measurement assumes a resistive load (te, the measurement is 
quency), and is referenced to 50 @. The VSWR 
and resistance measurements should be consistent with each other. If the VSWR i 
then the resistance should be either 100.2 (100/50 = 2:1) or 25.0 (50/25 = 2:1). 
I the resistance is not consistent with the VSWR reading, then you should assume 


made at the antenna's resonant fr 


that the impedance has a significant reactive component and take steps to tune it 
out 
In addition to antenna measurements, the MF 


9 is equipped to measure a 


wide variety of other things. It will measure the velocity factor of transmission line 
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help in tuning or adjusting matching stubs or matching networks, measure capaci- 
tance or inductance, und determine resonant frequency of LC networks, 


Doping out coaxial cable 


When yon install an antenna, or do a bit of preventive maintenance, or find the an 
tenna is not working properly, one thing to check is the transmission ine, Two ba 
sic measurements are popular. Figure 22-4 shows how to make ohmic checks. The 
cable consists of an inner conductor and an outer conductor (shield). With temi. 
nals Aand B open there should not be any resistive path across the input terminals. 
(as shown). Ifa high resistance is seen, then there might be some contamination 
in the system, or the insulation has failed, permitting a current path. A low resis- 
tance indicates a short circuit. If the cable has been cut, or an abject passed 
through, or the connector is messed up, then a short can result 

I terminals A-B are shorted together, a low resistance should be noted. If not, 
then it is likely that the center conductor is open. Of course, if connectors are on the 
line, either the shield or center conductor could be at faul 

"The other issue is loss of the transmission line. Cable losses get higher as cables 
эңе, so low loss on installation does not guarantee low loss later on. Losses in new ca- 
bles run from 0.2 dB/100 ft at 4 MHz. At 30 MHz the losses are 0.7 48/100 ft to 
2.6 dB/100 f. At VHF/UHF frequencies the losses rise considerably. 

Figure 22-5 shows a test setup for coaxial cable. It is necessary to know the 
length of the piece of coax under test. For ease of caleulations a 100-f section 
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should be used, Two RF power meters (M, and A) are used to mensure the input 
power to the Ше (MJ and the delivered power (М5) The difference in power deter- 
mines the loss. The loss is 


1221 


where 


J£ the cable length is 100 ft, then you already have the loss in dB/100 ft. But if 
length Lis anything other than 100 ft, then you need to make the following calculation: 


x 100 1222] 
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Antennas for radio 
direction finding (RDF) 


RADIO DIRECTION FINDING IS THE ART AND PRACTICE OF EITHER LOCATING YOURSELF OR A 
radio station by using a directional radio antenna and receiver. When the FCC wants 
to locate an illegal station that is transmitting, they will use radio direction finders to 
triangulate the position. If they find the bearing from two stations they will locate the 
station at the intersection. However, there is a fair degree of ambiguity in the mea- 
surement. As а result, radio direction finders typically use three or more (hence 
“iriangulate”) sites. Each receiving site that can find the bearing to the station ге 
duces the overal error. 

At one time aviators and seafarers relied on radio direction finding. Iris said that 
the Japanese air fleet that attacked Pearl Harbor, Hawaii, on December 7, 1941 
homed in on а Honolulu AM radio station. During the 1950s and early 1960s AM ra- 
dios came with two little circled triangle marks at the 640-kHz and 1040-ЕНа points. 
on the dial. These were the CONALRAD frequencies that you could tune to in ease 
ofa nuclear attack (right before you kissed your butt good-bye, I suspect). АШ other 
radio stations were off the air except the CONALRAD stations. The enemy was pre- 
vented from using these frequencies for RDF because the system used several sta- 
tions that transmitted in a rapidly rotating pattern. No one station was on the air long 
enough to allow a “Ax” The result was а wavering sound to the CONALRAD station. 
(which we heard during tests) that would confuse any enemy who tried to DX his 
way into our cities with nuclear weapons. 

Radio direction finders based on the AM broadcast band (BCB) looked a bit like 
Fig, 23-1. A receiver with an S meter (which measures signal strength) is equipped 
with а rotatable ferrite loopstick antenna to form the RDF unit. A degree scale 
around the perimeter of the antenna base could be oriented toward north so that the 
bearing could be read. 

Loopstick antennas have a figure-8 reception pattern (Fig, 29-24) with the max- 
ima parallel to the loopstiek rod and the minima off the ends of the rod. When the an. 
tema is pointed at the signal, maximum reception strength is achieved. 
Unfortunately, the maxima are so broad that itis virtually impossible to find the true. 
point on the compass dial where the signal peaks. The peak is too shallow for that 
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234 Radio direction finding (RDF) receiver using а loopstic antenna. 
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28.28 Pattern of loopstick antenna: oriented towards signal 


purpose. Fortunately, the minima are very sharp. You can get а good fix on the di- 
reetion of the signal by pointing the minima toward the station. This point is found 
by rotating the antenna until the audio goes to zip or the S meter dips to a minimum. 
(Fig. 23-28). 

"The loopstick is a really neat way to do RDF.—except for one little problem: The 
darn thing is bidirectional. There are two minima because, after all, the pattern i a fig- 
ure & You will get exactly the same response from placing either minima in the direc- 
tion ofthe station. As a result, the unassisted loopstick ean only show you a line along 
which the radio station is located, but can't tell you which direction it is. Sometimes. 
this doesn't matter, Ifyou know the station isin а certain city, and that you are gener- 
ally south of the city, and ean distinguish the general direction from other clues, then 
the line of minima of the loopstick will refine that information. A compass helps, of 
course. Shortly we will take а look at an impromptu radio direction finder using a 
portable radio, 

"The solution to the ambiguity problem is to add a sense antenna to the loopstick 
(Pig. 23-3). The sense antenna ia an omnidirectional vertical whip, and its signal is 
combined with that of the loopstick in an RC phasing circuit. When the two patterns 
are combined, the resultant pattern will resemble Fig. 23-4, This pattern is called a 
cardioid because of the heart shape it exhibits. This pattern has only one null, so it 
resolves the ambiguity of the loopstick used alone. 
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never approaches zero and remains well above zero throughout the 
antenna structure. 


All traveling-wave antennas that use terminations dissipate energy 
in the resistive portion of the termination. Although "sound-bite" 
wisdom about terminations uses a dissipation value of 50%, we 
should generally ignore that figure. The actual dissipation in the 
termination depends on the antenna configuration and frequency of 
operation. The actual value may be over or under that value by a 
considerable amount. However, any energy dissipated is 
unavailable for the radiated field, and hence, we obtain the WBFD 
gain levels that fall considerably short of comparable fields from the 
center-fed doublet. 


The bottom current distribution pattern in Fig. 16 completes the 
survey by including the curves for the faux WBFD. The curves have 
the general shape of those for the center-fed single-wire doublet 
and the minimum values approach zero. The parallel resistor does 
not change the antenna's classification as essentially a standing- 
wave antenna. 


Although the last antenna is indeed a faux WBFD, since is has по 
relationship except physical appearance to a folded dipole of any 
sort, | have avoided calling the WBFD a faux folded dipole. The 
WBFD is not a true folded dipole because it is a traveling-wave 
antenna. Nevertheless, it retains more than vestigial traces of its 
folded-dipole origins in the overlaid standing wave pattern on the 
baseline traveling-wave current level. 
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Field improvisation 


Lets suppose you are out in the woods trekking around the habitat of lions, tigers, 
and bears (plus a rattlesnake or two for good measure). Normally you find your way 
with a compass, a Geological Survey 7.5-min topological map, and a Global Position: 
ing System (GPS) receiver. Those little GPS marvels can give you real good latitude 
and longitude indication. But what happens if it breaks or a bear eats it? The answer 
to your direction finding problem might be the little portable AM ВСВ radio (Fig, 23- 
5) that you brought along for company. 

Open the back of the radio and find the loopstick antenna. You will need to know 
‘which axis it lies along, In the radio shown in Fig. 23-5 the loopstick is along the top 
of the radio, rom left to right. In other radios it is vertical, from top to bottom. Once 
you know the direction, you can tune ina known AM station and orient the radio un- 
til you find a null. Your compass can give you the bearing. If you know the approxi- 
mate location of the station, then you can reverse the compass direction from it and. 
mark the line on the topo map. Of course, it's still а bidirectional indication, so all you 
know is the tine along which you are lost 

But then you tune into a different station in a different city (or at least wide 
‘enough from the line to the other station to make a difference) and take another 
reading, Your approximate location is where the twa lines cross, Take a third, fourth, 
and fifth reading and you will home in pretty tight. If you were smart enough to plan 

$ ahead, you will have selected candidate stations in advance and located their lati- 


tude and longitude. Alternatively, you would have bought the topo map that covers 
their location as well as where you want to hike, and from those maps you can find 
the latitudes and longitudes of the distant stations. 
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Regular loop antennas 


Regular wire loop antennas (Fig. 23-6) are also used for radio direction finding. In. 
fact, in some cases the regular loop is preferred over the loopstick. The regular loop. 
antenna may be square (as shown), circular, or any other regular “n-gon” (e. 
hexagon), although for practical reasons the square is easier to build, The loop has 
pretty decent inductance even with only a few tums. One loop 1 built was 24 in 
square (A in Fig. 23-8) and had, if recall correctly, about 10 turns of wire spaced 
over a Lin width (B in Fig. 23-8). It resonated to the AM ВСВ with a standard 365- 
pF “broadcast” variable capacitor. 

When you use a regular loop antenna be aware that the antenna has a figure-8 
pattern like the loopstick, but it is oriented 90° out of phase with the loopstick an- 
tenna. In the regular loop the minima (nulls) are perpendicular to the plane of the 
loop, while the maxima are off the sides. In Fig. 23-6 the minima are in and out of 
the page, while the maxima are left and right (or top and bottom). 


Fox hunting 


An activity popular with ham radio operators in the 1960s was "fox hunting” A 
fiendishly clever ham (the Чох”) would go hide with a mobile or portable trans- 
miter (usually on either 10 or 75 m). The “hunters” would then RDF the Гоху brief 
transmissions and try to locate the transmitter. If you could locate the antenna, 
you located the station (according to the most common set of rules). Sometimes 
The hunt got a little wild as hunters raced each other (a no-no) in the final stretch. 

One friend of mine had an interesting experience. He drove a 1949 Plymouth that 
was painted hideous dark green with fire-engine-red hub caps. lt looked just plain aw- 
ful (especially since the paint looked like it was put on with a whisk broom!), He used. 
а Gonset converter linked to the AM BCB receiver installed in the car, The antenna. 
was a wire loop on the end of a broom handle, similar to Fig. 23-7. The antenna was 
‘mounted about where you would expect the left-side rear view mirror to be located. 
He could reach his hand out the window and rotate the antenna while listening for the 
minima on the receiver. Worked rather well, and he won some fox hunts. 

"The fox hunts in his area were usually held on Saturday or Sunday morning, and 
after it was all over the whole crew would get to a restaurant for brunch or beer or 
something. One morning, however, my buddy with the hideous green ear was racing 
down a residential street to be the frst to the transmitter. Others were in the area, 
and the end game was in motion. Unfortunately, a litle old lady called the police. 
complaining about a *...nut racing up and dawn the street in a strange ear waving a 
cross out the window.” Breakfast had to wait that morning, I bet. 


Shortwave and AM BCB “skip” RDF 

Radio direction finding is most accurate over relatively short distances. If you can 
use the ground wave, then all the better (which is what you use during daylight 
hours for nearly all АМ BCB stations). Skip rolls in on the AM ВСВ after local 
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sundown, so you can hear all manner of stations ай up and down the dial. You can RDF 
distant stations, Some rather interesting sites have turned up when SWL DXers RDFed 
some of the infamous "numbers stations.” Those stations transmit either CW or voice 
‘numbers groups, and are believed to be sending messages to spies around the world. 
RDFing by DXers has located some of these transmitters at, well, “interesting” sites. 

Unfortunately, there are some problems with skip RDFing. When we look at 
propagation drawings of skip in textbooks we usually see a one plane view. The cur- 
vature of the earth shows, as does the transmitter and receiver site. A "pencil beam 
radio signal travels at some angle up the ionosphere, where it is "reflected" (actually, 
it’s a refraction phenomenon but looks like reflection to an observer on the surface) 
back to earth. We сап tell from the drawing that the angle of incidence equals the an- 
dle of reflection, just like they told us in high school science classes. Oops! The real 
world is not so neat and crisp, however 

In the real world the wave might encounter a different ionization density along its 
path of travel and therefore be deflected from its original path. It might return to 
earth at a location offset from the direction it appears. If we look at the true bearing 
from the receiver site to the transmitter site, and then note the azimuthal angle of ar- 
rival of the signal, we note that something is amiss, 

Actual reflection also causes some problems, especially when RDFing a station in. 
the high end of the HF band or the VHF/UHF bands. Radio waves wil reflect from ge- 
logical features such as mountains, as well as man-made structures (e.g, buildings). 
Ifthe reflection is strong enough it might appear to be the real signal, and cause a se- 
vere error in RDFing. Be wary of RDF results when the "skip is in." 


Sense antenna circuit 


Figure 23-8 shows a method for summing together the signals from an RDF antenna 
(Such as a loop) and a sense antenna. The two terminals of the loop are connected to 
the primary of an RF transformer. This primary (L, is centertapped and the center 
tap is grounded. The secondary of the transformer (2, is resonated by a variable ca- 
расйог C, The dots on the transformer coils indicate the 90* phase points. 

The top of Ly, is connected to the sense cireuit, and to the receiver antenna in- 
put. The phasing control is a potentiometer (R). The value of this pot is usually 10. 
to 100 KO, with 25 k being а commonly seen value. Switch 5, is used to take the 
sense antenna out of the circuit. The reason for this switch is that the nulls of the. 
loop or loopstick are typically a lot deeper than the null on the cardioid pattern. The 
‘null is first located with the switch open, When the switch is closed you can tell 
by the receiver S meter whether or not the correct null was used. i not, then reverse 
the direction of the antenna and try again. 


Adcock antennas 


‘The Adcock antenna has been around since 1919 when it was patented by Е. Adeock. 
Figure 23-9 shows the basic Adcock RDF array. This antenna consists of two cent 

fed nonresonant (but identical) vertical radiators. Hach side of each element is at 
least 0.14 long, but need not be resonant (which means the antenna can be used 
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over a wide band). The elements are spaced from ОЛА to 0.75۸, although the exam- 
pile shown here is spaced 0.125. 

‘The Adcock antenna is vertically polarized, so it will respond to the vertically 
polarized wave very much like loop or phased array antennas of similar size. The hor 
izontally polarized wave, however, affects all elements the same, so the currents are 
essentially cancelled, resulting in no pattern. This characteristic makes the Adcock 
antenna suitable for high-frequency shortwave RDFing 

‘The pattern for an Adcock antenna is shown in Fig. 29-10. This pattern was 
generated using the NecWin Basie for Windows program (Chap. 17). The example 
antenna is a 10-MHz (30-m band) Adcock that uses 1.455-m elements (total 2.91 
‘mon each side), spaced 4 m apart. The pattern is a traditional figure-8 with deep 
nulls at 0° and 180°, The antenna can be rotated to find a null in the same manner 
as a loop. 


Watson-Watt Adcock array 


Figure 23-11 shows the Watson-Watt Adcock RDF array. It consists of two Adcock 
arrays arranged orthogonally to each other. It is common practice to arrange one Ad- 
cock in the east-west direction and the other in the north-south direction. These are 
{ed to identical receivers that are controlled by a common local oscillator (LO). The 
outputs of the receivers are balanced, and are used to drive the vertical and hori 
zontal plates of a cathode-ray oscilloscope (CRO). Figure 29-12 shows the patterns 
achieved by signals of various phases arriving at the Watson-Watt array. The patterns 
of Figs. 212A and 23-128 are made from signals 180° out of phase, while the 
signal of Fig. 23-12C has a 90° phase difference. 
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Doppler RDF antennas 


nws the basic concept of a Doppler RDF antenna. The Doppler ef- 
ed in the nineteenth century. A practical example of the Doppler 
when a wailing ambulance siren is approaching you, and then passes 
is away from you. The wailing pitch will rise as the sound source ap- 


Figure. 
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where 
‘Sis the Doppler shift, in hertz 
Ris the radius of rotation, in meters 
«is the angular velocity of the antenna, in radians per second 
F is the carrier frequency of the incoming signal, in hertz 
cis the velocity of light (8 x 10° m/s) 


In theory this antenna works nicely, but in practice there are problems. One of 
the big problems is getting a large enough Doppler shift to easily measure. Unfortu- 
ely, the rotational speed required of the antenna is very high—too high for prac- 

tical use. However, the effect can be simulated by using a number of antennas, 
arranged ina circle, that are sequentially scanned, The result is а piecewise approx: 

imation of the effect seen when the antenna is rotated at high speed. 


Wullenweber array 


One of the problems associated with small RDF antennas is that they have such a small 
aperture that relatively large distortions of their pattern result from even small anom- 
alies. Follow that? What it means is that the pattern is all messed up by small defects. 
И you build а wide-aperture direction finder (WADF), however, you can average the 
signals from a large number of antenna elements distributed aver a large-circumfer 
ence circle. The Wullenweber array (Fig. 23-14) is such an antenna. It consists of a cir 
‘le of vertical elements, In the HF band the circle ean be 500 to 2000 ft in diameter. 

A goniometer rotor spins inside the ring to produce an output that will indicate 
the direction of arrival of the signal as a function of the position of the goniometer. 
"The theoretical resolution of the Wullenweber array is on the order of 0.19, although 

ical resolutions of about 2.8" are commonly seen. 
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Conclusion 


A WBFD antenna is not for everyone. However, gaining some 
Understanding of its operation, its nature, its advantages, and its 
limitations may be useful in the process of choosing an antenna--or 
even simply learning more about what various antenna types can 
do. The WBFD has its niche among amateur, 
governmental/military, and SWL antennas, but that niche is 
certainly not universal. The government and the military find the 
antenna useful for ALE (very rapid frequency excursions), and 
some amateurs are experimenting with these techniques. Within 
more normal time periods allowed for frequency changes, antenna 
tuner automation is generally fast enough for most contest 
environments, and manual tuning suffices for other 
communications--using a single-wire doublet. 


Receiving versions of the antenna can be home built for not much 
more than the cost of the wire, since the materials necessary for 
low-power terminating resistors and wide-band RF transformers are 
low. However, building a transmitting version of the antenna at 
home may be much more problematical, since parts may be hard to 
find or hard to fabricate. The alternative, of course, is one of the 
commercial versions, in an exchange of bucks for bother. 


Chapter 28 
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Time difference of arrival (TDOA) array 


Ifyou erect two antennas with distance d apart, then arriving signals can be detected 
by examining the time-of-arrival difference. Figure 23-18A shows an example signal. 
If the advancing wavefront is parallel to the line between the antennas, then it will 
arrive at both antennas at the same time. The ТРОА is zero in that case. But if the. 
signal arrives at an angle (as in Fig. 23-154), it will arrive at one antenna first. From 
the difference between the time of arrival at the two antennas we can discern the di- 
rection of arrival. 

"There is an ambiguity in the basie TDOA array in that the combined output will 
be the same for conjugate angles, Le. at the same angle from opposite directions. 
This problem can be resolved by the system shown in Fig, 29-158, The signals from 
ANTI and АМТ? are designated V, and V,, respectively. These signals are detected 
by receivers (RCVRI and RCVR2), and are then threshold detected in order to pre- 
vent signal-to-noise problems from interfering with the operation, The outputs of the 
threshold detectors are used to trigger a sawtooth generator that contrals the hori- 
zontal sweep on an oscilloscope. 

"The two signals are then delayed, and one Is inverted, The reason for inverting 
one signal is to allow the operator to distinguish them on the CRT screen. The rea- 
son why this is necessary is the ambiguity. If the antennas in Fig, 23-15A are arrayed 
east to west, then the Jine perpendicular to the line between them is north to south. 

If we designate north as 0°, then the signal shown arrives at an angle of 330°. 
That means it will arrive at ANTI before it arrives at ANT2. A signal arriving from a 
bearing of 30° will produce the same output signal, even though it arrives at AN 
before ANTI. Al signals of bearing Û < < 180° will arrive at ANT? first, while all 
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signals 180 < к < 360° will arrive at ANTI first. Yet both will produce the same blip 
on the oseilloscope screen. The solution to discerning which of the two conjugate an- 
gles is intended is to invert the ANTI signal. When this is done, the ANTI signal falls 
below the baseline on the CRT screen, while the ANTZ signal is above the baseline. 
By noting the time difference between the pulses, and their relative position, we can. 
determine the bearing of the arriving signal 


Switched-pattern RDF antennas 


Suppose we havea unidirectional pattern such as the eardioid shown in Fig. 23-16. It we 
van rapidly switch the pattern back and forth between two directions that are 180" 
арап, then we can not only discern direction, but also we can tell whether an off-axis 
‘signal is left or right. This feature is especially useful for mobile and portable direction 
finding. 

In Fig, 29-16 we have three different positions for a signal source. When the sig- 
mal source is at point A, it will affect the pattern to the left more than the pattern to 
the right, so the meter will read left. If the signal source is at point B, on the other 
hand, the signal affects both pattern positions equally, so the meter reads zero, 
nally, i the signal arrives from point C, it affects the right-hand pattern more than 
the left-hand pattern, so the meter reads right. 

Figure 23-17 shows how such a system can be constructed. This system has 
been used by amateur radio operators with “rubber ducky” VHF antennas and a sin- 
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28-17 Double-ducky RDP system based on the switched-paltern system. 


ale receiver, where it is commonly called the double-ducky direction finder 
(DDDF). The antennas are spaced from 0.25 to 1А apart over a good groundplane 
(such as the roof of car or truck). If no groundplane exists, then a sheet metal 
groundplane should be provided. 

In Fig. 23-17 we see the antennas are fed from a common transmission to the re- 
ceiver, In order to keep them electrically the same distance apart, а pair of identical 

alf-vavelength sections of transmission line are used to couple to the antennas 

Switchingis accomplished by using a bipolar square wave and PIN diodes, The bipo- 
lar square wave (see inset to Fig. 23-17) has a positive peak voltage and a negative peak 
Voltage on opposite halves of the cycle. The PIN diodes (D, and. D, ) are connected in op- 
posite polarity to each other. Diode D, will conduct on negative excursions of the square 
‘wave, while D, conducts on positive excursions. The antenna connected to the conduct- 
ing diode:is thi one that is connected to the receiver, while the other one is parasitic. The 
active antenna therefore switches back and forth between ANTI and ANT2, 
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‘This antenna is coupled to the receiver through a small-value capacitor (C,) so. 
that the square wave does not enter the receiver. This allows us to use the transmis- 
sion line for both the RF signal and the switching signal. An RF choke (КРС) is used. 
to keep RF from the antenna from entering the square-wave generator. 

‘The DDDF antenna produces a phase modulation of the incoming signal that has 
the same frequency as the square wave. This signal ean be heard in the receiver out- 
put. When the signal's direction of arrival is perpendicular to the line between the 
two antennas, the phase difference is zero, so the audio tone disappears. 

"The pattern of the DDDF antenna is bidirectional, so there is the same ambigu- 
ity problem as exists with loop antennas. The ambiguity can be resolved by either of 
two methods, First, a reflector can be placed M4 behind the antennas. This is at- 
tractive, but it tends to distort the antenna pattern a little bit. The other method is 
to rotate the antenna through 90° (or walk an L-shaped path). 


Conclusion 


Radio direction finding can be very useful for locating RF noise sources, ilegal sta- 
tions, and other RF sources. It can also be used to locate yourself if you can get bear- 
ings on at least two stations. The lines of bearing will cross at a location approximately 
where you are standing—try it, youll like it. 
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CHAPTER 


Impedance matching 
in antenna systems 


ONE OF THE FIRST THINGS THAT YOU LEARN IN RADIO COMMUNICATIONS AND 
broadcasting is that antenna impedance must be matehed to the transmission line. 
impedance, and that the transmission line impedance must be matched to the out- 
put impedance of the transmitter. The reason for this requirement is that maximum 
power transfer, between а source and a load, always occurs when the system imped- 
ances are matched. In other words, more power is transmitted from the: 

the load impedance (Ihe antenna), the transmission line impedance, and the trans- 
mitter output impedance are all matched to each other. 

Of course, the trivial case is where all three sections of our system have the same 
impedance. For example, we could have an antenna with a simple 75-0 resistive 
feedpoint impedance (typical of a half-wave dipole in free space), and a transmitter 
with an output impedance that will match 75 £2 In that case, we need only connect. 
а standard impedance 75-0 length of coaxial cable between the transmitter and the 
antenna. Job done! Or so it seems, 

But there are other cases where the job is not so simple, In the ease of our "stan 
dard” antenna, for example, the feedpoint impedance is rarely what the books say it 
should be. That ubiquitous dipole, for example, is nominally rated at 73 Q, but even. 
the simplest antenna books tell us that value is an approximation of the theoretical 
free-space impedance. At locations closer to the earth's surface, the impedance 
could vary over the approximate range of 30 to 130 t and it might have a substantial 
reactive component 

But there is a way out of this situation. We can construct an impedance-match- 
ing system that will marry the source impedance to the load impedance. This chap- 
ter examines several matching systems that might prove useful in a number of 

na situations, 
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Impedance-matching approaches 


Antenna impedance can contain both reactive and resistive components. In most 
practical applications, we are searching for a purely resistive impedance (Z =), but 
that ideal is rarely achieved. A dipole antenna, for example, has a theoretical free- 
space impedance of 73 Q at resonance, As the freguency applied to the dipole is var- 
ied away from resonance, however, a reactive component appears. When the 
frequency is greater than resonance, then the antenna tends to look like an inductive 
reactance, so the impedance is Z = R + JX. Similarly, when the frequency is less than 
the resonance frequency, the antenna looks like a capacitive reactance, so the im- 
pedance is Z = R — jX. Also, at distances closer to the earth's surface the resistive 
component may not be exactly 73.0, but may vary from about 30 to 130 Q. Clearly, 
whatever impedance coaxial cable is selected to feed the dipole, it stands a good 
chance of being wrong. 

"The method used for matching a complex load impedance (such as an antenna) 
to a resistive source (the most frequently encountered situation in practical radio 
work) is to interpose a matching network between the load and the source (Fig 
24-1), The matching network must have an impedance that is the complex conj 
‘gate of the complex load impedance. For example, if the load impedance is R + JX, 
then the matching network must have an impedance of R — JX; similarly, if the load 
is R jX then the matching network must be Ё + jX. The sections to follow look at 
some of the more popular networks that accomplish this job. 


L«section network 

"The L-section network is one of the most used, or at least the most published, an- 
tenna matching networks in existence: it rivals even the pi network. A circuit for the 
Lesection network is shown in Fig. 24-2A, The two resistors represent the source 
(R) and load (R, impedances. The elementary assumption of this network is that 
R, <R. The design equations are 


f, <R, and 1<Q<5 има! 
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26-1 Transmitter, matcher, and antenna system. 
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24-2 (A) Lesection network; (B) reverse L section; (C) inverted Lesoction network 


628FL=OxR, 1242] 
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also, 


1245] 


You will most often see this network published in conjunction with less- 
than-quarter-wavelength longwire antennas, One common fault of those books and 
articles is that they typically сай Tor a "god ground" in order to make the anten- 
nas work properly. But they don't tell you (1) what a “good ground" is and (2) how 
you can obtain it. Unfortunately, at most locations a good ground means burying а 
lot of copper conductor—something that most of us cannot afford. In addition, it is 
often the case that the person who is forced to use a longwire, instead of a better 
antenna, cannot construct a "good ground” under any circumstances because of 
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landlords (and/or logistics) problems. The very factors that prompt the use or a 
longwire antenna in the first place also prohibit any form of practically obtainable 
"good ground.” But there is a way out: radials. А good ground can be simulated 
with a counterpoise ground constructed of quarter-vavelength radials, These radi- 
als have a length in feet equal to 246/F,,,,, and as few as two of them will work 
Wonders. Another form of L-section network is shown in Fig. 24-28, This circuit 
differs from the previous circuit in that the roles of the Land C components are re- 
versed. As you might suspect, this role reversal brings about a reversal of the im- 
pedance relationships: in this circuit the assumption is that the driving source 
impedance R, is larger than the load impedance R, (Le., R, > R). The equations 
are shown below: 


DE 124.6] 
1471 
124.8] 
Still another form of L-seetiom network is shown in Fig. 24-20, Again, we ate as- 


suming that driving source impedance R, is larger than load impedance R, Ge. > 
R). In this circuit, the elements are arranged similar to Fig. 24.2, with the excep- 
tion that the capacitor is at the input rather than the output of the network. The 
equations governing this network are: 


and 1 <Q <5 12491 
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"Thus far, we have considered only matching networks that are based on induc- 
tor and capacitor circuits. But there is also a possibility of using transmission line 
segments as impedance-matching devices, Two basic forms are available to us: qua 
ter-wave sections and the series matching section. 
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Pi networks 

"The pi network shown in Fig, 24-3 s used to match a high source impedance to a low 
load impedance. These circuits are typically used in vacuum tube RF power ampli- 
fers that need to match low antenna impedances. The name of the circuit comes 
from its resemblance to the Greek letter pi. The equations for the pi network are: 


o» Rand 5 <Q <15 [24.14] 


[24.15] 


12416] 


[24.17] 


Split-capacitor network 
‘The split-capacitor network shown in Fig, 24-41 used to transform a source impedance 
that is less than the load impedance. In addition to matching antennas, this circuit is 
also used for interstage impedance matching inside communications equipment. The 
equations for design are. 


R,<R, [24.18] 
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Chapter 29: Wide-Band Multi-Wire Folded Dipoles 


N Chapter 28, | briefly touched on the 3-wire version of the 

antenna. In this Chapter, I want to expand a bit on that antenna 

as part of a larger look at multi-wire “folded dipole” antennas 
using a terminating resistor to extend the SWR bandwidth. In fact, 
we shall review and expand coverage of 4 antennas: the standard 
single-wire doublet, the most familiar 2-wire terminated version, the 
sometimes mis-drawn 3-wire version, and a 5-wire version of the 
antenna. The goal is to enlarge our understanding of how these 
antennas work and what features count as advantages and 
disadvantages of them. 


In the process, we shall examine some interesting properties of 
models of wide-band multi-wire terminated antennas based on 
idealized models. There are some techniques of model formation 
that are very useful under certain circumstances. However, if 
inappropriately relied upon, they can mislead us. As well, we may 
sometimes collect only partial data from an antenna model and be 
equally led astray. In this first part of the exercise, let's allow 
ourselves to be led and see where the path may wind. 


The basic antenna will be 27.2 m (89.14? long. Fig. 1 outlines the 
single-wire doublet and the common 2-wire version of the 
terminated antenna having the same length. The sketch does not 
specify any particular spacing between wires of the terminated 
antenna. Any reasonable spacing will work from very close to some 
larger spacing that is still only a small percentage of the total 
length. The models for this antenna use a spacing of 0.2 m (6.5"), 
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Transmatch circuit 


One version of the transmatch is shown in Fig, 24-5. This circuit is basically a com- 
bination of the split-capaeitor network and an output tuning capacitor (C,). For the 
HF bands, the capacitors are on the order of 150 pF per section for C, and 250 pF 
Tor C. The collar inductor should be 28 pH. The transmateh is essentially a coax- 
to-coax impedance matcher, and is used to trim the mismatch from a line before it 
affects the transmitter, 


24-5 Spli-capacitor transmatch network. 
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Perhaps the most common form of transmateh cireuit is the tee network shown in 
Fig. 24.6, This network is lower in cost than some of the others, but suffers a problem. 
Although it does, in fact, match impedance (and thereby, in a naive sense, "tunes out" 
VSWR on coaxial lines), t also suffers a high pass characteristic. The network, there- 
fore, does not reduce the harmonie output of the transmitter. The simple tee network 
does not serve one of the main purposes of the antenna tuner: harmonie reduction, 

‘An alternative network, called the SPC transmatch, is shown in Fig. 24-7. This 
version of the circuit offers harmonie attenuation, as well as matching impedance. 

Figure 24-8 shows commercially available antenna tuners based on this trans 
‘match design. The unit shown in Fig. 24-84 is manufactured by МЕЈ Electronics, Inc. 
It contains the usual three tuning controls, here labeled transmitter, antenna, and. 
inductor. Included in this instrument is an antenna selector switeh that allows the op- 
erator to select a coax antenna through the tuner, to connect input to output (coax) 
"without regard to the tuner, select a balanced antenna, or connect an internal dummy 
load. The instrument also contains a multifunction meter that ean measure 200 W or 
2000 W (full scale), in either forward or reverse directions. In addition, the meter op- 
erates ав а VSWR meter. 


24-6 Toc-netyork transmatch. 
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24-7 Improved ;nsmatch offers 
harmonie attenuation 
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14-88 through 24-8D show an imported tuner from the United Kingdom. 
led the Nevada model, is a low-cost model, but contains the three 
basic controls. For proper operation, an external RF power meter, or VSWR meter, is 
required. The tuner is shown in Fig. 24-88; also shown is a Heathkit transmatch 

tenna tuner, The rear panel of the Nevada instrument is shown in Fig. 24-8C, There 
are 80-239 coaxial connectors for input and unbalanced output, along with a pair of 
posts for the parallel line output. A three-post panel is used to select which antenna. 
the RF goes to: unbalanced (coax) or parallel The internal circuitry of the Nevada is 
shown in Fig. 24-8D. The roller inductor is in the center and allows the user to set the. 
tuner to a wide range of impedances over the entire З- to 30-МНа HF band. 


Figur 
‘This instrument, е 


248A MFJ antenna tuner. 


24-61 Authors Heathkit antenna 
inner and the Nevada 
tumer from the United 
Kingdom. 


ТААС Rear of Nevada tuner. 
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2480 Inside of Nevada tuner. 


Coaxial cable BALUNS 
A balun is a transformer that matches an unbalanced resistive source impedance 
(such as a coaxial cable), to a “balanced” load (such as a dipole antenna). With the 
circuit of Fig. 24-9, we can make a balun that will transform impedance at a 4:1 ratio, 
with Ё, = 4 x Ri The length of the balun section of coaxial cable is 


any 


12423] 


Fu 


where: 
Ly is the length, in feet 
Vis the velocity factor of the coaxial cable (a decimal fraction) 
Fu, E the operating frequency, in megahertz 


Matching stubs 
A shorted stub can be built to produce almost any value of reactance. This fact ea 
be used to make an impedance-matching device that cancels the reactive portion of. 
а complex impedance. If we have an impedance of Z = + J30 Q we need to make 

stub with a reactance of -j30 Qo match it. Two forms of matching stub are shown in 
Figs. 24-10 and 24-108. These stubs are connected exactly at the feedpoint of the 
complex load impedance, although they are sometimes placed farther back an the 
line at a (perhaps) more convenient point. In that case, however, the reactance re- 
‘quired will be transformed by the transmission line between the load and the stub, 
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o Coaxial balun transformer. 
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24-104. Stub match scheme 
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Quarter-wave matching sections 
Figure 24-11 shows the elementary quarter-wavelength transformer section connected 
between the transmission line and the antenna load, This transformer is also some- 
times called a © section. When designed correctly, this transmission line trans- 
former is capable of matching the normal feedline impedance 2 to the antenna 
feedpoint impedance Z,- The key factor is to have available a piece of transmission 
Tine that has an impedance Z, of 


2 = VEZ, 124.241 


Most texts show this circuit for use with coaxial cable. Although it is certainly pos- 
sible, and even practical in some cases, for the most part there is à serious flaw in us- 
ing coax for this project. It seems that the normal range of antenna feedpoint 
impedances, coupled with the rigidly fixed values of coaxial-cable surge impedance 
available on the market, combines to yield unavailable values of Z, Although there are 
certainly situations that yield to this requirement, many times the quarter-wave sec 
tionis not usable on coaxial-cable antenna systems having standard impedance values, 

Оп parallel transmission line systems, on the other hand, it is quite easy to 
achieve the correct impedance for the matching section. We use the equation above 
to find a value for Z, and then calculate the dimensions of the parallel feeders, Be- 


© 
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Lond 
impedance 


M ech 24-11 Quarterswavelenuth Q section, 


cause we know the impedance, and can more often than not select the conductor di- 
ameter from available wire supplies, you can use the equation below to calcu 
conductor spacing: 


Dx qaom 12425] 


where 
Sis the spacing 
Dis the conductor diameter 
Zis the desired surge impedance 
From there you can calculate the length of the quarter-wave section from the 
familiar 2464F p, D and $ are in the 


Series matching section 
‘The quarter-wavelength section, covered in the preceding section, suffers from 
drawbacks: it must be a quarter-wavelength and it must use a specified (often non- 
standard) value of impedance. The series matching section is a generalized case of 
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the same idea, and it permits us to build an impedance transformer that overcomes 
these faults. According to The ARRL Antenna Book, this form of transformer is ca 
pable of matching any load resistance between about 5 and 1200 Q. In addition, the 
transformer section is nat located at the antenna feedpoint 

Figure 24-12 shows the basie form of the series matching section. There are 
three lengths of coaxial cable: L, Ly, and the line to the transmitter, Length L, and 
the line to the transmitter (which is any convenient length) have the same charac 
teristic impedance, usually 75 Q. Section L, has a different impedance from L, and 
the line to the transmitter. Note that only standard, easily obtainable values of im- 
pedance are used here. 

‘The design of this transformer consists of finding the correct lengths for L, and 
Ly. You must know the characteristic impedance of the two lines (50 Q and 75 © 
given as examples), and the complex antenna impedance. In the case where the an- 
tenna is non resonant, this impedance is of the form Z = R = jX, where R is the re- 
sistive portion, X is the reactive portion (Inductive or capacitive), and is the 
so-called imaginary operator (Le., square root of minus one). If the antenna is reso- 
nant, then X = 0, and the impedance is simply R. 

‘The first chore in designing the transformer is to normalis: 


the impedances: 


124.26] 


124.271 


12428] 


‘The lengths are determined in electrical degrees, and from that determination 
we ean find length in feet or meters. If we adopt AREL notation and define А = tan 
L; and В = tan Ly, then the following equations can be written: 


RX, 


24-12. Series matching section. 
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12120] 
124.30] 
where: 
4 
z 
R, 
UR 
х 
z 
Constraints: 
д>, VER 124.311 
Ут 124.32) 
IL, <0, then add 180° 
ИН < 0, then Z, is too close to Z, 
2, not equal to Z, 
Z SWR < СУУБУ 
Physical length in feet: 
12433] 
124.84] 
where 
984 x velocity factor 
Trequency in megahertz 12435] 


"The physical length is determined from arctan A and arctan B, divided by 300 
and multiplied by the wavelength along the line and the velocity factor 

Although the sign of B сап be selected as either — or +, the use of + is preferred 
because a shorter section is obtained. In the event that the sign of A tums out nega- 
tive, add 180° to the result. 

"There are constraints on the design of this transformer. For one thing, the im- 
pedance of the two sections L, and L, cannot be too close together. In general, the 
following relationships must be observed: 
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Ferrite core inductors 


The word ferrite refers to any of several examples ofa class of materials that behave 
similarly to powdered iron compounds, and are used in radio equipment in the form 
of inductors and transformers. Although the original materials were of powdered 
iron, and indeed the name ferrite still implies iron, many modern materials are com- 
posed of other compounds. According to the Amidon Associates literature, ferrites 
with а permeability u of 800 to 5000 are generally of the manganese-zine type of ma- 
terial, and cores with permeabilities of 20 to 800 are of nickel-sinc. The latter are 
useful in the 0.5- to 100-MHz range. 


Toroid cores 
A toroid isa doughnut-shaped object, so one can reasonably expecta toroidal core to be 
an inductor (or transformer) form, made of a ferrite material, in the general shape of a 
doughnut. The type of core must be known for application purposes, and is given by the 
type number. The number will be of the form: FT — zx — пи, where FT means ferrite 
toroid and describes the shape, ce indicates the size, and ven indicates the material type. 
"The F in FT is sometimes deleted in parts lists, and the core defined ав a "Tacna." 

А chart is provided by Amidon that gives the dimensions, and a description of the 
properties of the different types of material, along with a lot of other physical data, 
Some of these data are also available in the annual ARRL publication The ARRL Hand- 
book for the Radio Amateur (the same material has appeared in earlier editions also), 

‘Tables are derived in part from both Amidon and ARRL sources. From these ta- 
bles, you сап see the sizes and properties of various popular toroids. These tables, 
incidentally, are not exhaustive of either the variety of toroids available, or all of the 
properties of the toroids mentioned. Using the nomenclature mentioned, a T-50-2 
core refers to а core that is useful from 1 to 30 MHz, has a permeability of 10, is 
painted red, and has the following dimensions: OD = 0.500 in (1.27 cm), ID = 0.281 
in (0.714 cmi) and a height (Le, thickness) of 0.188 in (0.448 cm). 


‘Toroidal transformers 
A magazine reader once asked a question of this author concerning the winding pro- 
tocol for toroidal transformers as seen in textbooks and magazine articles. My corre- 
spondent included a partial circuit (Fig. 24-19A) as typical of the dilemma. The 
‘question was “How do you wind it?" and a couple of alternative methods were pro- 
posed, At first 1 thought it was a silly question because the answer was “obvious,” 
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Which is well under 1% of the antenna's length. However, before we 
close, we shall explore the effects of using the relatively narrow 
spacing of our initial models and using wider element spacing. 

Single Wire Doublet fi. 


— —e— НЕЦ 


m epi 
‘Terminated ‘Folded Орав" TF = Terminates 
Resistor 

ORI 

mm. 


+ 


Basic Outines: Equal Length 
Single-/re Doublet and wc ani Terminated "Folded Dipcle 


The TR (terminating resistor) element in the 2-wire wide-band 
antenna is 820 Ohms in this model. However, values between 800- 
900 Ohms are most common, and versions exist with resistors 
ranging from 400 Ohms to 1200 Ohms. The resistor must be non- 
inductive, ruling out wire-wound power resistors. The resistor 
inductance would count as a loading coil, adding very significant 
reactance. In fact, the reactance would climb with frequency and 
eventually form an effective RF choke. To overcome the problem of 
finding a desired resistance power value that will not over-weight 
the center of the antenna, many builders use higher value resistors 
in parallel. For receiving only, the resistors can be of any power 
value. However, for transmitting, the terminating resistor must be 
capable of dissipating about one half of the anticipated power 
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24-13 Broadband RE transformer. 


and then I realized that perhaps 1 was wrong, and to many people the answer was not. 
at all that obvious. 

‘The answer to the question is that all windings are wound together in a "multifi- 
lar” manner. Because there are three windings, in this ease we are talking about “tri- 
filar” windings. Figure 24-138 shows the triflar winding method. For the sake of 
clarity, have patterned all three wires differently зо that you сап follow them, This 
practice is also a good idea for practical situations. Since most small construction 
projects use 10.26, 10.28 or no.30 enameled wire to wind coils, I keep three colors 
of each size on hand, and wind each winding with a different color [Note: for trans 
mitting antenna transformers use no.16, no.14, no.12, or no.10 wire]. Otherwise, la- 
bel the ends with adhesive labels 
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‘The dots in the schematic, and on the pictorial, are provided to identify one end 
of the coil windings. Thus, the dot. and no-dot ends are different from each other, 
and it usually makes a difference to circuit operation which way the ends are con- 
nected into the circuit (the issue is signal phasing). 

Figure 24-14 shows two accepted methods for winding a multifilar coil on a 
toroidal core. Figure 24-144 is the same method as in Fig. 24-13B, but on an actual 
toroid instead of a pictorial representation. The wires are laid dawn parallel to each 
other as shown previously. The method in Fig. 24-148 uses twisted wires. The three 
‘wires are “chucked up” in a drill and twisted together before being wound on the 
core. With one end of the three wires secured in the drill chuck, anchor the other end 
of the three wires in something that will hold it taut. Some people use a bench vise 
Tor this purpose. Turn on the drill at slow speed and allow the wires to twist together 
ший the desired pitch is achieved. 

Be very careful when performing this operation. If you dont have a variable 
speed electric drill (so that it ean be run at very low speed), then use an old-fash- 
опей manual hand drill. If you use an electric drill, then wear eye protection. If the 
wire breaks, or gets loose from its mooring at the end opposite the dril, it will whip. 
around wildly until the drill stops. That whipping wire will cause painful welts on the 
skin, and can easily damage eyes permanently 

Of the two methods for winding toroids, the method of Figs, 24-13B and 24-144 
is preferred, When winding torolds, at least those of relatively few windings, pass the 
‘wire through the "doughnut hole” until the toroid is about in the middle of the length 
of wire. Then, loop the wire over the outside surface of the toroid, and pass it 
‘through the hole again. Repeat this process until the correct number of turns is 
‘wound onto the core. Be sure to press the wire against the toroid form, and keep it 
tant as you wind the coils. 

Enameled wire is usually used for toroid transformers and inductors and that type 
of wîre can lead to a problem. The enamel can chip and cause the copper conductor to 
contact the core. On larger cores, such as those for antenna-matching tranformers (and. 
Daluns used at kilowatt power levels), the practical solution is to wrap the bare toroid 
core in a layer of fiberglass packing tape. Wrap the tape exactly as if it was wire, but 
‘overlap the turns slightly to ensure covering the entire circumference of the core. 

On some projects, especially those in which the coils and transformers use very 
fine wire (e.g, 10,30), you may experience a tendency for the wire windings to un- 
Tavel after the winding is completed. This problem is also easily curable. At the ends 
of the windings, place a tiny dab of rubber cement or RTV silicone sealer 


24-14 Winding a toroidal transformer y 
A) paralel wound, 
B) ist wound. 
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Mounting toroid cores Now that you have a properly wound toroidal inductor 
or transformer, it is time to actually mount it in a circuit being constructed. There 
are three easy ways to do this job. First, you might be able to ignore it. If the wire is 
heavy enough, then just use the wire connections to the circuit board or terminal 
strip to support the component. But if this is not satisfactory, and in mobile equip- 
ment (or wherever else vibration is а factor) it won't be, then try laying the toroid fat. 
on the board and cementing it in place with silicone seal or rubber cement. The third 
‘method is to drill a hole in the wiring board and use a screw and nut to secure the 
toroid. Do not use metalic hardware for mounting the toroid! Metallic fasteners will 
alter the inductance of the component and possibly render it unusable, Use nylon 
hardware for mounting the inductor, or transformer. 

How many turns? Three factors must be taken into consideration when mak- 
ing toroid transformers or inductors: toroid size, core material, and number of 
turns of wire.The toroid size is selected as a function of power-handling capability, 
or for convenience of handling, The core material is selected according to the fre- 
quency range of the circuit. The only thing left ta vary is the number of turns. The 
size and core material yields а igure called the A, factor. The required value of h. 
ductance and the A, factor are used in the following equation: 


к= [Pat 12438] 
nde number of turns 


4% 8 the inductance in microhentys 
A, ls the core factor, in mierohenrys per 100 turns 


where: 


Example Calculate the number of turns required to make a Б-Н inductor on 
аТ.50-6 соте. The A, factor is 40, 


Solution: 
КЕК ДЗ 
p 


عل 100 
40 


=100 „. 
= (100) (0.35) =35 


Don't take the equation value too seriously, however, because it is my experience 
that a wide tolerance exists on amateur grade ferrite cores. Although it isn't too much 
ofa problem when building transformers, it can be critical when making inductors for 
a tuned circuit. When you find that the tuned circuit takes considerably more (or 
ess) capacitance than called for in the standard equation, and all of the stray capac- 
itanee is properly taken into consideration, then it may be that the actual A, value ot 
your particular core is different from the table value. 
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Ferrite rods 
Another form of ferrite core available on the market is the rod, shown in Fig, 
-15A. This type of core is used to make RF chokes, such as the RFC used in the 
‘vacuum tube filament lines of a linear amplifier power tube (Fig. 24-15B). They are 
algo used for baluns by some people. The two windings are wound in a bifilar man- 
ner over the ferrite rod. Of course, the wires used must be heavy enough to carry the 
‘lament current of the tube. As was true in the toroidal transformer, I use two dif- 
Terent wire colors in order to make it easy to identity windings. 

Ferrite rods are also used in receiving antennas, Although the amateur use is not 
extensive, there are places where а ferrite rod antenna (or "loopstick") is used. For 
‘example, in radio direction finding antennas, it is common to see the ferrite loop. 
Also, some amateurs report that they use a loopstick receiving antenna when oper 
ating on crowded bands, such as 40 and 75 m. The small loopstick has an extremely 
directional characteristic, so itis capable of ruling out interfering signals. Of course, 
you would not want to use the loopstick for transmitting, so some means must be 
Tound for transferring the antennas over between the transmit and receive functions, 

‘Mounting ferrite rods Ferrite rods can be mounted in several ways, two of which 
are analagous to the methods used on toroids. We can, for example, mount the rod using 
‘ther its own wires for support or by using а dab of cement or silicone sealer to fasten it 
tothe bourd. Although we cannot use simple nylon screws the way we can on toroids, we 
‘can use insulating cable clamps to secure the ends of the rod to the board. 


Toroid broadbanded impedance matching transformers 
"The toroidal transformer forms a broadbanded means for matching antenna imped- 
ance to the transmission line, or matching the transmission line to the transmitter, 
"The other matching methods (shown thus far) are frequency-sensitive, and must be 
readjusted whenever the operating frequency is changed even a small amount. Al- 
though this problem is of no great concern to fixed-frequency radio stations, itis of 
critical importance to stations that operate on a variety of frequencies. 

Figure 24-16A shows a trifilar transformer that provides a 1:1 impedance ratio, 
but it will transform an unbalanced transmission line (e, coaxial cable) to a 


B 


|f estne RE choke 


A Filaments 


24-15 Ferrite rod inductor (A) construction, (B) use in amplifier. 
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balanced signal required to feed a dipole antenna. Although it provides no imped- 
‘ance transformation, it does tend to balance the feed currents in the two halves of 
the antenna. This fact makes it possible to obtain a more accurate figure-8 dipole ra- 
diation pattern in the horizontal plane, Many station owners make it standard prac- 
tice to use a balun at the antenna feedpoint, 

‘The balun shown in Fig. 24-168 is designed to provide the unbalanced to balanced 
transformation, while also providing a 4:1 impedance ratio, Thus, a 900 Q folded dipole. 
fecdpoint impedance will be transformed to 75.2 unbalanced. This type of balun is oen. 
included inside antenna tuners, including all three models shown in Figs. 24-84 and 2 
B. A variable (or at least settable) broadbanded transformer is shown in Fig. 24-16C. In. 
this case the output winding is tapped, and the operator selects the correct tap needed 
to provide the desired impedance ratio. The usual tums ratio criterion applies 

Another multiple-impedance transformer is shown in Fig, 24-16D. In this case, 
the operator can select impedance transformation ratios of 15:1, 41, 9:1 or 16:1, A 
commercial version of this type of transformer is shown in Fig. 24-168, It is manufac- 
tured by Palomar Engineers, and is intended for vertical antenna feeding in the HF 
bands. It will, however, work well on antennas other than simple verticals. A top view 
of the vertical antenna feeding transformer is in Fig, 24-16F 
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24168 BALLIN 11 
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24168 Balun 14 
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24-16C Tapped BALLIN. 
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CHAPTER 


Mobile, emergency, 
portable, and 
marine antennas 


MOBILE OPERATION OF RADIO COMMUNICATIONS EQUIPMENT DATES BACK TO ONLY A 
little later than "base station” operation. From its earliest times, radio buffs have at- 
tempted to place radio communications equipment in vehicles. Unfortunately, two- 
way radio was not terribly practical until the 1930s, when the earliest applications 
were amateur radio and police radio (which used frequencies in the 17-10 20-MHz 
region). Over the years, the land mobile and amateur radio mobile operation has 
moved progressively higher in frequency because of certain practical considerations, 
‘The higher the frequency, for example, the shorter the wavelength; and, therefore, 
the shorter a fullsize antenna. On the 11m Citizens Band, for example, a quarter 
wavelength whip antenna is 102 in long, and for the 10-m amateur band only 96 in. 
long. At VHF frequencies, antennas become even shorter, As а result, much mobile 
activity takes place in the VHF and UHF region. 

"The amateur 144-, 220-, and 440-MHz bands are popular because of several 
factors, not the least of which is the ease of making #- and ¥-wavelength anten 
Because low-cost commercial antennas are available for these frequencies, how 
ever, we will not examine such antennas in this chapter. Rather, we will concen- 
trate on high-frequency antennas. 


Mobile HF antennas 


High-frequency (HF) mobile operation requires substantially different antennas than 
VHF or UHF. Quarter-wavelength antennas are feasible only on the 11- and 10 

bands, with some argument in favor of 13 m as well. But by the time the frequency 
drops to the 21-MHz (15-m) band, the antenna size must be approximately 11 1 long, 
and that is too long for practical mobile operation. Because of practical considerations, 
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you must limit antenna size to В or 9 A; in the amateur radio bands the 8-8 antenna is 
‘most popular because it is resonant on 10 m. At all lower frequencies, the 8t whip 
becomes capacitive, and therefore requires an equal inductive reactance to cancel the 
capacitive reactance of the antenna, 

Figure 25-1 shows three baste configurations of coll-loaded HF antennas for fre- 
quencies lower than the natural resonant frequency of the antenna. In each case, the 
antennas are series fed with coaxial cable from the base; point A is connected to 
the coaxial cable center conductor, and point В is connected to the shield, and the car 
body (which serves as ground). The system shown in Fig. 25-14 is base-loaded. Al- 
though convenient, there is some evidence that the current distribution is less than 
optimum. The version shown in Fig. 25-18 is centerloaded, and results in an im- 
proved current distribution. This configuration is probably the most common among 
commercially available HF mobile antennas, although the coil is often located slightly 
above the center point. Finally, we see the top-loaded coil system in Fig, 25-18. In all 
three cases, the point is to use the inductance of the сой to cancel the capacitive 
reactance of the antenna. 

A modified version of the coll-loaded HF mobile antenna is shown in Fig. 25-24. 
in this configuration the loading inductance is divided between two individual colls, 
L, and Ly, Coil L, is adjustable with respect to the antenna, while L, is fixed; сой L, 
is tapped, however, in order to match the impedance of the antenna to the e 


25-1 Loaded mobile antennas, 
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252A. Practical mobile antenna 
for HE bands below 10 m; 
L, resonates, Ly matches 
impedance, 


COAX ta 
KIG or RCVR 


teristic impedance of the coaxial-cable transmission line. When tuning this antenna, 
two instruments are needed: а field strength meter and a VSWR meter, The field 
strength meter gives a relative indication of the amount of power radiated from the 
antenna, while the VSWR meter helps determine the state of the impedance match, 
A pair of relative field strength meter projects are discussed later in this chapter 

Variations on the theme are shown in Figs. 25-28 and 25-20, A helical whip is 
shown in Fig. 25-28, In this configuration, the inductor is distributed along the 
length of a fiberglass antenna rod. The conductor is а wire that is helically wound on 
the fiberglass shaft. An adjustable tip sets the antenna to ^ngth of 
this tip can be set by a local field strength meter, Fixed versions of this type of a 
tenna are very popular on the Citizens Band where they may be as short as 30 in, or 
as long as 48 in. There are also some amateur radio commercial antennas based on 
this concept. 

‘The other variant is shown in Fig. 25:20. In this case, the lower end of the radiator. 
consists of a metal tube topped with a loading сой. An adjustable shaft at the top end is 
‘used to tune the antenna to resonance, This form of antenna is popular among commer 
‘dal makers of HF mobile antennas, such as the Hustler. The fixed shaft tends to be uni 
versal for ай bands, while the сой and adjustable shaft form a separate "resonator" for 
each band, Multiband operation of this form of antenna can be accomplished by using a 
bracket such as shown in Fig. 25-2D. Although early versions of this scheme were home- 
brewed, several manufacturers currently make factory-bullt versions. The idea in Fig. 

5-2D is to mount two or more resonators to a common fixed shaft. 


Antennas Made of Wire - Volume 2 ————— ШШ 


applied to the antenna. Paralleled resistors must allow for air flow to 
carry away heat, while at the same time providing protection from 
the weather in which the antenna operates. Weight, heat, and 
weather are the three primary enemies of a terminated "folded 
dipole." 


The terminated "folded dipole” only looks like a folded dipole. The 
wire configuration does not perform an impedance transformation 
like an ordinary folded dipole without the terminating resistor. As 
well, the standard folded dipole is a narrow-band antenna, like the 
simple dipole. In a terminated 2-wire wide-band antenna, the 
impedance at the feedpoint is a function of the terminating resistor. 
In fact, the actual impedance at any frequency is a joint function of 
the termination and the antenna length in wavelengths. 


The chief reason for using a 2-wire wide-band terminated antenna 
is to obtain a satisfactory feedline SWR level across a wide range 
of frequencies. For the 27.2-m antenna, | shall sample 2 through 30 
MHz as a preliminary operating range. Fig. 2 outlines on the same 
graph the SWR of a single-wire doublet and of a 2-wire terminated 
antenna. The most common feedline used with a single wire 
doublet is parallel 450-Ohm transmission line. Therefore, the 
doublet SWR curve uses that reference impedance. For all 
frequencies, the SWR ranges from moderately high to very high. 
The doublet works by having low line losses, even with fairly high 
SWR levels, and an antenna tuner in the shack provides the 
impedance transformation to the 50-Ohm input/output of the 
transceiver or other equipment. The impedance at the antenna 
tuner terminals is unlikely to be the same as at the antenna 
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A common problem with ай coîl-loaded mobile antennas is that they tend to be 
very high Q antennas. In other words, they are very sharply tuned. The VSWR tends 
to rise rapidly as the operating frequency departs from the frequency to which the 
antenna is tuned; as little as 25-kHz change of operating frequency will detune the an- 
tenna significantly. Although an antenna tuner at the output of the transmitter will 
reduce the VSWR to a point that allows the transmitter to operate, that type of tun 
is merely a line fattener that does not fully address the problem. The actual problem 
is that the antenna is not resonant. The efficiency of the antenna drops off rapidly as 
the frequency changes. The only cure for this problem is to readjust the resonators 
adjustable shaft as the band segment is changed (not merely the band, but the bant 
segment). Unfortunately, this solution requires tools, and the operator must get out 
of the vehicle in order to do a good job of retuning. Another solution is to use a 
‘motor-driven variable inductor for the loading coil. Several manufacturers offer both 
base-loaded and center-loaded coils that are either motor-driven or relay-selectable 
to permit frequency changing from the operators seat. 


Tuning HF mobile antennas. 
Although the procedures for tuning certain specific antennas might be different. 
from those given below, the basic principles are the same, and can easily be adapted 
to any given situation. There are two situations to consider. First is the antenna in 
which there is either a single adjustable (or tap-selectable) loading сой, or а fixed 
loading сой and an adjustable shaft resonator. Second is the ease ( Fig. 25-24) where 
there is an adjustable or tapped coil in series with a tapped impedance-matching coil 
at the base 

Case no. 1. In this case, we assume that the antenna has a single adjustment, 
either a shaft resonator or adjustable сой. In this case we need to use a field strength 
meter (FSM) to measure the relative field strength of the radiated signal. The an- 
tenna resonator is adjusted until the radiated field strength is maximum. Of course, 
this procedure must be done in steps, keying the transmitter after each adjustment to 
see what happened. Alternatively, а VSWR meter can be used to set the resonator 
toa minimum VSWR, 

Case no. 2. Here, we have a сой at the base that is fixed with respect to the an- 
tenna radiator element, but is tapped with respect to the coaxial cable from the 
transmitter. A second сой is also used in the antenna (see Fig. 25-2A), which ean be 
either in the center or at the top, This coll is adjustable for setting resonance. Alter- 
natively, this coil may be fixed, and an adjustable resonator shaft may be used to set 
operating frequency. In this type of antenna the upper coil, ог resonator shaft, is ad- 
Justed to resonance by using a field strength meter. The lower сой is adjusted for 
minimum VSWR, Both adjustments are needed to complete the job. 


Field strength meters 
A field strength meter (FSM) is an instrument that measures the radiated field from. 
an antenna. Commercial engincering-grade instruments are calibrated in terms of 
either watts/square centimeter or volts/meter, and are used for jobs such as broad- 
‘ast station “proof-of-performance” tests and other professional jobs. For adjusting 
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antennas, however, a considerably different instrument is sufficient. This section. 
describes two simple, passive (which means no de power is required) field strength 
„meters usable for adjusting HF radio antennas, including both CB and amateur 
radio antennas, 

‘Two forms are shown in Fig. 25-8; both are basically variations on the old-f 
ioned “crystal set” theme. Figure 2Б-ЗА shows the simplest form of untuned FSM. 
In this circuit a small whip antenna (used for signal pickup) is connected to one. 
end of a grounded RF choke (RFC). The RF voltage developed across the RFC is 
applied to a germanium diode detector; either IN34 or INGO can be used. Silicon 
diodes are normally preferred in signal applications, but in this case we need the 
lower contact potential of germanium diodes in order to improve sensitivity (V, is 
0.2 to 03 V for Ge and 0.6 to 0.7, V for Si). A potentiometer is used both as the 
load for the diode and as a sensitivity control to set the meter reading to а conve- 
nient level. 

"The untuned version of the FSM is usable even at low powers, but suffers from 
a lack of sensitivity. Only a certain amount of signal ean be developed across the 
RFC, so tis limits the sensitivity. Also, the RFC does not make a good impedance 
‘match to the detector diode 0, An improvement is possible by adding a tuned cir- 
cuit and an impedance-matching scheme, as shown in Fig. 25-98. In this case a va 
able capacitor C, is used as a tune control. The tuning capacitor is parallel resonant 
with inductor L,. A tapped capacitive voltage divider (C/C) is used to provide im- 
pedance matching to the diode. Figure 25- gives values of capacitance and induc- 
tance for various bands. 

Operation of the tunable FSM is simple and straightforward, Set the sensitivity 
control to approximately half-seale, and then key the transmitter; adjust the tuning 
control (C; for maximum deflection of the meter pointer (readjustment of the sen- 
sitivity control may be needed). After these adjustments are made, the tunable FSM 
works just like any other FSM 


Small 
"whip 
antenna 


RFC, 
тан 


253A. Simple Bold strength meter. 


Antennas for emergency operations. 488 


Small 
whip 
antenna 


Tune 


Cy 
100 pF 


» 
Dt 

o К 

1 2 iho 


25.38 Tuned fold strength meters. 


Band a 
(meters) (n) 

253€ Values chart 100 
tor field E [3 
strength 30 ак 

mel 20 js 

17 E 

15 т 

13 29 

10 20 


Antennas for emergency operations 


Some time ago, I met an interesting character at a convention. As a medical doc 

a medical missionary working at a relief station in Sudan, Because of his 
unique business address, he was able to discuss mobile and portable antennas for 
communications from the boondocks. His bona fides for this knowledge includes 
the fact that he is licensed to operate on both the amateur radio bands, and as a 
Jandmobile (or point-to-point) station in the 6.2-MHz band. The desert where he 
travels is among the worst in the world. The path they euphemistically сай a "road" 
is occasionally littered with camel corpses because of the harsh conditions. The 
doctor's organization requires him to check in twice daily on either 62 MHz or 
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3.885 MHz (which some missionary hams in Africa use as an unofficial calling fre- 
quency). If he misses two check-ins in a row, then the search and rescue planes are 
sent up. Asa result of his unique "house calls,” he does а lot of mobile and portable 
operating in the lower-H region of the spectrum, His problem is this: How do you 
reliably get through the ORM and tropical ЕМ with only 200 W PEP and а stan- 
dard loaded mobile antenna? 

Another fellow I once met works in Alaska for a government agency. He faces 
many of the same problems as the doctor in Sudan, but at close to 100? colder. Не 
frequently takes his 100-W mobile rig into the boondocks with him in a four-wheel 
drive vehicle. Again, with only 100 W into a poor-efficiency loaded mobile antenna, 
how does one reliably cut through the interference to be heard back at the home- 
stead? 

An earthquake, or hurricane, strikes your community. Antenna towers collapse, 
tuibanders become tangled masses of aluminum tubing, dipoles are snarled globs of 
1014 Copperweld, and the rig and linear amplifier are smashed under the rubble 
of one corner of your house, Al that remains is the 100-W HF rig in your car. How do 
you reliably establish communications in “kilowatt alley" with a 100-W mobile driving 
a 75-W loaded whip? OF course, you always got through one way or another before, 
but now communications are not for fun—they are deadly serious. Somehow, the 
distant problems of a Sudanese missionary doctor and a KLT government forester 
dont seem too very far away. 

For these operators, communications often means life or death for someone, 
perhaps themselves. Given the inefficiency of the loaded whips typically used as mo- 
bile antennas in the low-H region, the generally low power levels used in available 
‘mobile rigs, and the crowded band conditions on the 80-, 75-, and 40-m bands, it be- 
comes a matter of more than academie interest how you might increase the signal 
strength from your portable (or mobile) emergency station. Anything we can do, 
easily and cheaply, to improve the signal is like having money in the bank. Fortu- 
nately, there are several tricks of the trade that will help us out in a pinch. 

Figure 25-4 shows a typical mobile antenna fora low-HF band. Because quart 
wavelength antennas on these frequencies are 30 to 70 It high, full-size vertical whip. 
antennas are not practical. In fact, at frequencies below 10 m, full-size whips are not. 
generally used. Short antennas exhibit capacitive reactance, so we add a loading coil 
(inductor L in Fig, 25-4) to the radiator to make up the difference (its inductive re- 
actance cancels the capacitive reactance of the antenna). The inductor in such a 
loaded antenna can be placed almost anywhere along the radiator, although base-, 
center, and top-loaded designs predominate. The actual inductance needed varies 
somewhat with сой placement, as does antenna performance. The “resonators? used 
оп commercial low-HF mobile antennas are loading coils encapsulated ina weathertight. 
housing, 

"The mobile configuration is inefficient by its nature, and little can be done to im- 
prove matters. OF course, an antenna-matching device or tuner will help in optimiz- 
ing the power transfer to the antenna, and should always be used in any event 
(especially with solid-state final amplifiers, which don't tolerate VSWR as easily as do. 
tube finals). In the portable configuration, however, we can both improve the per- 
formance of "mobile" antennas and look into antenna options hot open to the mobile 
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operator. We can make a basic assumption for these improvements: The operator 
needing emergency or urgent communications is not driving down the interstate 
somewhere, but is stopped in the back country and needs to call out. 

In cases of emergencies оп most highways, we are in range of some repeat 
we would use а VHF band (probably 2 m) to contact police or other emergency s 
vices through a repeater autopatch. In fact, with the wide availability of repeaters 
around the country it behooves any amateur, backpacking or four-whecling into re- 
‘mote areas, to be familiar with repeater locations and frequencies. From hilltops, 
especially, it is often possible to hit repeaters from a surprisingly long distance. 1 
have seen hand-held 2-m rigs trigger mountain top repeaters from the mountains of 
southwestern Virginia, and presume that other areas of the country are as well off 
repeatervise. This chapter deals with HF rigs, especially those operating in the 
lower end of the HF spectrum, in situations where a temporary antenna must be 
erected. 

Most amateurs, who have low-HF mobile rigs, will testify that getting out is a 
pain in the mike button. Antenna efficiencies are simply too poor. One factor in this 
dismal equation is that the vehicle body makes a very poor antenna ground system. 
One could, Lsuppose, carry a supply of b. or 8-8 copper-clad steel ground rods, and 
a ib sledge hammer to drive them into the earth wherever a portable station is 
needed. Somehow, that solution doesn't seem too appealing at this point! Besides, 
have you ever tried to remove an effective S-ft ground rod from the ground? Forget 
it, it's too much pain for too little gain. A better solution is to provide а counterpoise 
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groundplane, as shown in Fig, 25-5. In Fig, 25-5A we see the electrical situation and. 
connection, while in Fig. 25-38 we see the mechanical scheme for a specifie situa- 
tion: A groundplane consists of two or more (even one helps) quarter-wavelength ra- 
dials connected to the antenna ground point (Le., where the coaxial cable shield 
connects to the vehicle body). The radials are made of no. 14 wire, so are relatively 
easy to stow 

Figure 25-58 shows a workable system that will improve the performance of a 
mobile rig in stationary situations. The mobile antenna uses the normal base mount. 
attached to the rear quarter panel of the car adjacent to the trunk lid. An all-metal 
grounding-type binding post is installed through an extra hole drilled in the base 
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insulator (see Fig, 25-50). Radials for portable operation are attached at this point. Al- 
though the binding post is small, it easily accommodates two no. 14 radials. The owner 
used the vehicle for camping, and the radials were used to improve antenna efficiency. 
1dont believe the dramatic accounts enthusiastically reported by the owner of the car, 
but my own Field Day experience (and the testimony of the Sudanese missionary doc- 
tor) lead me to expect considerable improvement over the unaided loaded whip, 

A potential solution to the inefficiency problem is to replace the mobile antenna 
with a more efficient, but stowable, antenna that can be brought out and erected 
When needed. One candidate is a surplus military HF whip antenna, Intended for 
Jeeps and communications trucks, these antenna/tuner combinations are collapsi- 
ble and are as efficient as any on the market, Although my Alaskan friend could use 
such a surplus find, my Sudanese friend could not. He told me that Americans in the 
boonies, even (perhaps especially) missionaries, are always suspected by pin- 
headed local authorities of being agents of the dreaded "Cuban Invasion Authority." 
Showing up "out there” with obviously military radio equipment serves only to seal 
that belie? 

‘The common dipole is often looked down upon by the owners of massive array 
antennas, but those old-fashioned antennas are capable of turning in some impres- 
sive results. The dipole is made by connecting two quarter-wavelength pieces of wire 
to a coaxial-cable transmission line. One length is connected to the center conduc- 
tor, and the other is connected to the shield of the coax. In a pinch, zip (e, Lamp) 
cord and twisted pairs of hookup wire will do for a transmission line. Figure 25-6, 
shows the common dipole and the normal equation for determining approximate 
length. The actual length is found by trimming length until the VSWR drops to its 
lowest point, a nicety that might not seem altogether important in an emergency. 
‘The ends of the dipole must be supported on trees, masts, or some other elevated 
structure. Unfortunately, mounting points aren't easily found. My Sudanese friend 
doesn't see many trees! 

Figure 25-7 shows another alternative antenna that works well for portable op- 
eration. Based on the dipole, this inverted-vee dipole does not require two end sup- 
ports but rather a single center support. The length of cach leg is 6 percent longer 
than for a nominal dipole. Because the application is both emergency-related and 
temporary in nature, we can get away with construction methods that would be 
thinkable in more permanent installations. 
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Three problems present themselves. First, the antenna must be portable for 
backpackers, or stowable in the case of those people who motor into the back coun- 
try. Size and weight are major constraints in both cases, even though the vehicular 
case is a lot easier to work with than the backpacker. Second, what materials and 
means of construction are needed for the mast? Third, how is the mast supported? 
Because the answer to the third question depends in part on the answer selected for 
the second, we will deal with it first. The first question is avoided at this point be- 
cause [have selected the vehicular case. 

One alternative is to use a telescoping TV antenna mast to support your an- 
tenna. We can either mount a mobile whip and its associated radials at the top, or in- 
stall an inverted-vee per Fig. 25-7. These masts collapse to 6 or В ftin length, but can 
be slipped up to heights of 18, 25, 30, 40, or 50 ft, depending upon the type selected. 
Keep in mind, when shopping for these masts, that the larger models are consider 
ably heavier than shorter models, and they require two or more people to install 
them. Erecting a40- or 80-1 telescoping mast is not a single-person job, even though 
you might know someone who has done it. Гуе done it, and won't do it again! Even 
the 30-й models are а bit hairy to install alone 
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feedpoint terminals. When the feedpoint impedance and the 
characteristic impedance of the line are different, the transmission 
line acts as an impedance transformer for each electrical hall- 
wavelength. Hence, the tuner terminals show an impedance that is 
a joint function of the original feedpoint impedance, the line 
characteristic impedance, and the electrical length of the 
transmission line. 
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The wide-band 2-wire terminated antenna SWR curve uses 820 
Ohms as its reference impedance. The precise value is non-critical 
so long as itis close to the value of the terminating resistor. The 
curve in Fig. 2 shows only minor peaks above the 2:1 level, and 
those peaks tend to grow with increasing frequency. However, most 
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Another mast that ean be used for the inverted vee is made from PVC plastic 
plumbing pipe. I it ean be carried on or in the vehicle, then lengths up to 10 ft are 
available. Longer lengths are made at the site of erection by joining together 10-1 or 
shorter sections with couplings (also available at plumbing supply outlets). Be care- 
ful of using PVC pipe that is too small, however, PVC pipe is relatively thin walled, 
and it is therefore flexible. Sizes below 1.5-in diameter will not easily stand alone 
without guying. While a single 10-f section might be self-supporting, two or more 
sections together will not support themselves and the weight of the antenna. Guying 
can be accomplished with ropes, or on a temporary basis, heavy twine. 

Still another alternative is to carry steel TV antenna masts. Available in 5- and 10.0 
lengths, these masts are fared on one end and crimped on the other, so that they can 
be joined together to form longer lengths. In addition, the same sources that sell these 
‘masts also sell the guy wire rings that help support the mast when installed. There is 
alsoa variety of rooftop mounting devices that aid also in ground mounting the antenna. 

Tused the TV mast solution on Field Day expeditions for many years. The in- 
verted-vee antenna is, of course, а natural for this solution. Once, however, we used. 
а Hustler mobile antenna mounted at the top of a 20-ft mast, with four radials, and it 
worked surprisingly well with the 30- limit for extra points credit then available for 
Field Day contestants. 

"There are, then, several alternatives for masts that slip up, snap together, ar are 
otherwise easily unstowed and installed, Let's now turn our attention to base mount- 
ing schemes that can be used to support the mast. Of course, in a Ше or death pinch, 
you could always just pile rocks around the base, or hold the darn thing up as you 
transmit. But a litle forethought could eliminate those problems easily. 

Опе of the first solutions ГЇ deal with was seen on the Outer Banks of North Car- 
olina, and was provided to me by a CB operator. Surf fishers on the Outer Banks use 
four-wheel drive vehicles to get out on the beach (to the surf, where the big sea bass. 
Turk). Welded to either the front or rear bumper attachments are steel tubes (see 
Fig. 25-7) used for mounting the very, very long surf casting rods they use to catch 
fish. The CB operator had a 20-1. mast consisting of two 10-f TV mast sections 
‘mounted in one of the rod holders. At the upper end of the mast was his 11-m 
aroundplane antenna. The same method of mounting would also support similar am- 
ateur antennas, inverted-vee dipoles, or VHF/UHF antennas. 

Given that the antenna installation wil be temporary, lasting only a few hours or a 
couple of days in the worst case, we need not worry about long-term integrity, 
or the practicality of the installation. Mounting the mast to the back oa four-wheeler or 
pickup truck with a pair of U bolts is not terribly practical if you must move the vehicle, 
but works nicely if you plan to camp (or are stranded) for a few days. 

For lightweight masts, up to about 25 П, the base support could be an 
X-shaped base made of 2 X 4-in lumber (Fig. 25-84), or even a Christmas tree 
holder. Alternatively, a TV antenna rooftop tripod mount (Fig. 25-8B) is easily 
adopted for use on the ground. None of these three alternatives can be depended 
"upon for self-supporting installations, and must be guyed even if used for only a 
short period. Again, because of the temporary nature of the installation, aluminum 
ог wooden tent pegs can be used to anchor the guy wires. Although they are insuffi- 
cient for long-term installations, they work fine for the short run, 
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Another problem 


Field Day is a reasonably good training ground for people who anticipate operating 
radio equipment under primitive conditions. If you pay attention to the sometimes 
humorous foul-ups seen while getting on the air from atop High Peak Mountain in 
Goose Bump National Park, then you might avoid some of the same mistakes when 
foul-ups mean more than a quick drive to the nearest town. You will learn, for exam- 
pile, which simple tools are a must for constructing and repalring simple antennas 
(including the 12-Vde soldering iron that runs off the vehicle battery). You will also 
learn a bit about electricity needed to run the rig 

‘Two alternatives present themselves, Fist, you could use 12 Vde from the vehicle 
electrical system, which makes sense with the current crop of 12 Vde HF rigs on the 
‘market. Or, you could operate from 120 Vac generated by a light plant generator. 

When boondocking in a four-wheeler (or other vehicle), it is wise to use а dual 
battery system such as shown in Fig. 25-9. Two separate 12-Vde auto batteries 
(preferably high ampere-hour capacity) are connected essentially in parallel with. 
the alternative charging system. Diodes D, and D, are rated at 100 A, 50 V peak in- 
verse voltage (PVI), and are used to isolate the two batteries from each other. Diode 
assemblies such as this can be built, or purchased from van conversion and recreational 
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25-9 Diode pack allows charging two batteries from system charger. 


vehicle shops. Van and RV owners! use is the same as yours: Its a darn shame to run 
ddown the battery needed to start the vehicle just by operating your rig. You not only 
cannot start the vehicle in such a case, but cannot muster enough power to сай for 
the wilderness equivalent of "Triple A” 

One experienced boondocker I met in southern Arizona totes either a 450-W 
Kawasaki or 500-W Honda mini ight plant generator in the back of his Bronco. These 
models are surprisingly lightweight and quiet operating. One of the generators has a 
12-Vde, 8-A outlet that can be used to charge a dead battery. The other has only the 
110-Vac outlet, but can be used for battery charging if a small charger is provided. 
Simple 10-A battery chargers can usually be bought at auto parts or accessories 
stores, for about $60. 

Operating radio communications equipment successfully under primitive condi- 
tions depends upon two major factors: available electrical power and a proper, effi- 
cient, antenna system. Although dealing in detail with the means of obtaining power 
in remote locations is beyond the scope of this book, we have provided some ideas 
from which you can start planning your own "survival" radio system. 


Marine radio antennas 


Radio communications considerably lessened the dangers inherent in sea travel. So 
much so, in fact, that the maritime industry took to the new "wireless telegraphy” 
earlier than any other segment of society. In the early days of radio, a number of ex- 
citing rescues occurred because of wireless, Even the infamous 5.5. Titanic sinking 
might have cost less human life if the wireless operator aboard a nearby ship had 
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been on duty. Today, shore stations and ships maintain 24-hour surveillance, and 
vessels can be equipped with autoalarm devices to wake up those who are not on 
duty. Even small pleasure boats are now equipped with radio communications, and 
these are monitored around the clock by the U.S. Coast Guard, 

"The small shipboard operator can have a selection of either HF single-sideband 
‘communications or VHF-FM communications, The general rule is that a station must 
have the VHE-FM, and can be licensed for the HF SSB mode only if ҮНЕ-ЕМ is also 
aboard. The VHF-FM radio is used in coastal waters, inland waters, and harbors. These 
radios are equipped with a highvlow power switch that permits the use of low power 
(1 W typically) in the harbor, but higher power when under way. The HF SSB radios are 
‘more powerful (100 W typically), and are used for offshore long distance eommuniea- 
tions beyond the line-of radio-2ight capability of the VHF-FM band. 

‘The problems of antennas on boats are the same as for shore installations, but 
are aggravated by certain factors, Space, for one thing, is less on a boat so most HF 
antennas must be compensation types. Also, grounds are harder to come by on а 
fiberglass or wooden boat, so external grounds must be provided. 

A typical powerboat example is shown in Fig. 25-10. The radio is connected to a 
whip antenna through a transmission line (and a tuner on HF), while also being 
grounded to an externally provided groundplate. Over the years, radio grounds have 
taken allot of different forms. For example, the ground might be copper or aluminum. 
{oll cemented to the boat hull. Alternatively, it might be a bronze plate or hollow 
bronze tube along the center line of the boat, or along the sides just below the water 
line. The ground will also be connected to the engine. Careful attention must be paid 
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to the electrical system of the boat when creating external grounds to prevent elec- 
trolytie corrosion from inadvertent current flows. 

On sailboats the whip antenna (especially VHF-EM) might be mast-mounted as 
shown in Fig. 25-11. The same grounding scheme applies with the addition ofa metal 
keel or metal foil over a nonmetallic keel 

"The whips used for boat radios tend to be longer than land mobile antennas for the 
same frequency. The VHE-FM whip (Fig. 25-12) can be several quarter-wavelengths 
and take advantage of gain characteristics thereby obtained. Whips for the HF bands 
tend to be 10 to 30 f in length, and often look like trolling rods on power boats, You will 
also see Citizens Band radios on board boats, and the CB antennas are also whips, It is 
not a good idea to rely solely on CB for boat communications, because it is a lot less 
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likely to be useful in emergencies. Also, some boaters use amateur radio sels, often. 
illegally, for emergency communications in leu of a proper HF.SSB unit. 

Longwire antennas also find use in marine service. Figure 25-18 shows two instal- 
ations. The antenna in Fig. 25-13A shows a wire stretched between the stern and bow 
by way of the mast. The antenna is end-fed from an antenna tuner or “line flattener." 
‘The longwire shown in Fig. 25-138 is similar in concept, but runs from the bottom to 
the top of the mast. Again, a tuner is needed to match the antenna to the radio trans- 
mission line. Notice that the antennas used in this manner are actually not "longwires" 
in the truly rigorous sense of the term, but rather “random length" antennas. 

"The format of the tuner can be any of several designs, shown in Fig. 25-14. The 
reversed L-section coupler shown in Fig. 25-14 is used when the antenna radiator el- 
ement is less than a quarter wavelength, Similarly, when the antenna is greater than. 
а quarter-wavelength, the circuit of Fig, 25-148 is the tuner of choice. This circuit is a 
modified L-section coupler that uses two variable capacitors and the inductor. 
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140 the coupler used on many radios for random- 


Finally, we see in Fig 
length antennas. Two variable inductors are used; L, is used to resonate the antem 
and L, îs used to match the impedance looking back to the transmitter to the system 
impedance. In some designs, the inductors are not actually variable, but rather use 
switoh selected taps on the coils. The correct сой taps are selected when the opera- 
tor selects a channel. This approach is less frequently encountered today, when fre- 
‘quency synthesizers give the owner a selection of channels to use. In those cases, 
either the antenna must be tuned every time the frequency is changed, or an auto- 
matic (or motor-driven) preselected tuner is used. 
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‘The line fattener (Fig. 25-15) is a standard transmateh antenna tuner that 
шеп» conxial<cable transmission line for VSWR. This type of tuner is especially 
useful for transmitters with solid-state finals that are not "happy" with high VSWR. 
Some of those designs incorporate shutdown circuits that reduce (and then cut. 
off) power as the VSWR increases, The line flattener basically tunes out the VSWR 
at the transmitter. It does nothing to tune the antenna, but only makes the trans- 
miter operable. 
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Antennas for low- 
freguency operation 


LOW-FREQUENCY OPERATION dE d. 160- AND TS/SU-METER BAND) POSES CERTAIN 
difficulties for the antenna. OF course, the first thing that springs to mind is 
the large size of those antennas. A half-wavelength dipole is between 117 and 
133 ft long on 75/80 m, and on 160 m it îs about twice that length. On my own sub- 
urban lot, I cannot erect a half-wave 75/80-m band antenna and stay within the 
property lines. 

А similar situation is seen with vertical antennas. Although a 40-m vertical (39 1 
high) is not an unreasonable mechanical job, the 66 ft 75/80-m vertical (never mind. 
the 120-f 160-m vertical) is a nightmare. In addition, the local authorities might not 
require any special inspections or permits (check!) on the 38-1 antenna, yet impose 
rigid and very exacting requirements on the higher structure. On suburban or urban 
lots, a typical 40-m antenna might well be able to fall over and still not cross the 
property line—or come in close proximity to power lines. A longer antenna, how- 
ever, almost inevitably suffers one—or the other—problem when it falls. 


Grounding 


Still another problem involves grounding, The ground system of a higher-frequency 
ertical antenna can be installed using АА radials buried a few inches below the sur- 
face. But that same idea becomes problematic when the radials are 66 or 125 ft long. 
Burying half a dozen 125-1. radials might remind your neighbors of the Galloping 
Gung-Ho Gopher—and not to their amusement! 
"There are, however, some solutions to the problem without having you buy 
а farm in the flatter regions of the midwest. For example, the length problem can 
be solved by using one of the bent dipoles covered in Chap. 10. No, they are not 
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versions of the antenna employ 50-Ohm coaxial cable as the 
feedline. The reference impedance and the cable impedance show 
а 16:1 ratio. Although a 16:1 balun is possible, many builders 
employ 2 4:1 baluns (although one of them can be a "unun”). Many 
balun designs become lossy with rising reactance. Although those 
losses may be low compared to the power dissipated in the 
terminating resistor, some antenna makers use a standard 
transformer to effect the wide-band match. The key factor in any 
such transformer is to avoid core saturation. See the end of 
Chapter 6 of the ARRL Handbook for a brief characterization of the 
2 types of impedance transformers and the basic needs of each 
kind. A final alternative involving impedance transformation 
concerns the terminating resistor itself. | have heard of using a 50- 
Ohm resistor and placing a 16:1 transformer between it and the 
wire to create the effect of an 800-Ohm terminating resistor. 


To take care of any remnant SWR peaks that exceed 2:1 at the 
junction with the coaxial cable and the antenna and its impedance 
transforming devices, some wide-band antenna makers 
recommend very long lengths of coaxial cable. The rationale is 
simple, Coaxial cable losses are real, but will be relatively small-- 
even at 30 MHz--compared to the losses due to the dissipation of 
applied energy in the terminating resistor. Hence, the use of a long 
cable is operationally insignificant relative to antenna performance. 
Moreover, the long cable will usually prevent the triggering of fold- 
back circuitry that protects the final amplifier in the presence of 
excessive SWR values. 
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as effective as an antenna that is correctly installed, But they will serve to get you 
on the air. Some of them work surprisingly well 

‘The ground radial problem can be solved by bending the radial system around 
‘your property (Fig. 26-1). You will never have to cross your neighbors line, And, as 
for the gopher track appearance, itis not necessary to work sloppily, and you can in- 
stall radials so that nary an eye, practiced or otherwise, can see their location, 


Shortened vertical antennas 


‘The biggest problem for most low-frequency DXers, as you have seen, is the exces- 
sive size of antennas for those frequencies; it is “not for nothing" that those AM 
broadcast band (<1.6 MHz) towers are usually hundreds of feet tall. But there are. 
ways to shorten an antenna—not for free, because the TANSTAAFL principle still 
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applies—to a point where it becomes mechanically possible. Let me reiterate once 
again that these compensation antennas will not work as well as a properly installed 
full-sized antenna, but they will serve to get you on the air on frequencies where it is 
otherwise utterly impossible, Several different compensation configurations are 


papular, and these are shown in Fig. 26.2. 
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26-2 inductance loading of vertical antennas: (A) center; (B) top; (C) hase; 
(D) linear or lengti-loaded; (E) linear hairpla-loaded, 
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The basic foundation for these antennas is a very short vertical antenna. The 
“standard” vertical antenna sa auartersvavelength (A4) Ge., В electrical length), 
and it is unbalanced with respect to ground, 

Recall that a vertical antenna that is too short for its operating frequency (Le. 
less than 3/4) will exhibit capacitive reactance, In order to resonate that antenna, it 
is necessary to cancel the capacitive reactance with an equivalent inductive reac- 
tance, such as [X | = (х1. By placing an inductance in series with the antenna ra- 
ditor element, therefore, we can effectively “lengthen” it electrically. Of course, 
what is really happening is that the effects of the lower operating frequency are be- 
ing accommodated (ie. "cancelled out) of a too-short antenna. 

“An antenna that is eactance-compersated fora different frequency is said to be 
loaded, or in the case of very low frequency antenna, inductively loaded. Three 
basi forms of loading are popular discrete loading, continuous loading, and lin- 
var loading. 

Discrete loading means that there is а discrete, or lumped, inductance in series 
With the antenna radiator (Figs. 26-2A through 26-20). These antennas are so con- 
structed that a loading cili placed at the center (Fig 26-21), top (Fig, 26-28), or 
bottom (Fig, 26.20) of the radiator element 

You will recognize these configurations аз being the same as those found on mo- 
bile antennas. Indeed, loveband mobile antennas can be used in both mobile and 
fixed installations. Note, however, that although i is convenient to use mobile an- 
tennas for fixed locations (because they are easily available in "store bought" form); 
they are less efficient than other versions ofthe same concept. The reason is that the. 
mobile antenna, fr low frequencies tends to be based on the standard 96- to 102-in 
whip antenna used by amateur operators on 10 m or Citizens Band operators оп 11 m 
in fixed locations, on the other hand, longer radiator elements (which are more effi- 
cient) are more easily handled. For example, а 16- to 30- high aluminum radiator 
element can easily be constructed of readily available materias. The 16- element. 
сап be bought in the form of ane or two lengths of 1- to 15-1 aluminum tubing at 
do-it-yourself outlet. 

A problem seen with these antennas is that they tend to be rather high Q, so the 
bandwidth is necessarily narrow. An antenna might work in the center of a band, but 
present a high VSWR at the ends of the band, and thus be unusable This problem is 
Solved by making the inductor variable so that slighty diferent inductance values 
can be selected at different frequencies across the band. Fr the bnse-laded version 
(Fig. 26-20), thls is particularly cas: a rotary ductor (perhaps motor driven for re 
mote operation) сап be used. For the other configurations, a tapped fixed inductor 
сап be used instead. Each tap represents a diferent inductance value. Either clip 
connectors, ог relay connections, can be used to select which tap i used. 

‘continuously loaded antenna has the inductance distributed along the entire 
length of the radiator (Fig. 26-2D). Typical of these antennas is the helically wound. 
verticals in which about a half- wavelength of insulated wire s wound over an insu- 
tating form (such as а length of PVC pipe or a wooden dowel); the turns of the cil 
are spread out over the entire length of the insulated support 

“Linen loading (Fig. 26-28) is an arrangement whereby a section of the an- 
tenna is folded back on itself ke а stub. Antennas of this sort have been successfully 
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built from the same type of aluminum tubing as regular verticals. For 75/80.m 
(3.75-MHLz) operation a length of 30 П for the radiator represents 41°, while a nor- 
mal N4 vertical is 90°. The difference between 90° and 41° of electrical length is 
‘made up by the “hairpin” structure at the base. 


Shortened horizontal antennas 


"The same strategies that worked for vertical antennas also work for horizontal an- 
tennas, although in the horizontal case we are simulating a half wavelength (1807) 
balanced antenna—rather than a 2/4 unbalanced antenna, Figure 26-3 shows several 
different shortened, low frequency antennas that are based on the same methods as 
the verticals shown previously 

Figures 26-3A through 26-30 show discretely loaded dipole antennas. Figures. 
26-3A and 26-38 are center loaded versions, and Fig. 26-30 is а center (of each ele- 
ment) -loaded version. In each case, it is assumed that the radiator elements are the 
same physical length. In the example of Fig. 26-2, the coil is tapped to provide a 
match to either 52- or 75-Q transmission line. In some variants, the shield of the 
‘coaxial-cable transmission line is connected directly to the junction or the сой and 
‘one radiator element, and the coax center conductor is connected to the tap that 
best matches the impedance of the line 

‘The impedance matehing problem is solved a itle differently in Fig 26-3B. In this 
type of antenna, the coil is used to centeroad the dipole, but the transmission line is 
‘connected to а link wound on the same form as the loading inductor, The turns ratio be- 
tween the loading inductor and the coupling link determines the impedance match. 

A “hairpin” linear loading scheme ia shown in Fig, 26-3D. This design is basically 
the same as for the vertical ease, but itis balanced out of respect for the design of 
the dipole. This type of design is used for both the driven and parasitic elements on 
some commercial 40-m beam antennas. In addition, some “add-on” 40-m dipoles 
(designed for beam antennas that were intended for operation at frequencies in the 
20-m and higher bands) use this method. Such antennas are essentially rotatable 
dipoles. 

‘The continuously loaded dipole of Fig. 26-81 is constructed like the helical ver- 
tical (le. about a half wavelength of insulated wire is wound over the entire length 
of an insulated rod or pipe of some sort). The winding can be either broken at its 
center point to accommodate the feedline, or ink-coupled to the transmitter, ог re- 
ceiver, as shown in Fig. 26-3F. Of the two feed methods, the most popular appears to 
be the type that breaks the winding into two piece 

‘The form of continuously loaded dipole in Fig, 26-38 has a combination of the 
two methods of feed. The distributed loading coil is broken into two sections, as 
is often done on continuously loaded dipoles. But in this case, a portion of the 
overall inductance is made by using a discrete inductor that is part of a toroidal 
transformer T., The length of the wire used for the continuous loading coil is 
somewhat shorter (find by experimentation) than otherwise would be the case 
because of the inductance of the transformer secondary. Transformer Т, ean be 
wound using the same sort of toroidal ferrite or powdered iron core used for 
Balun transformers. 
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Loaded tower designs 


Many amateur radio stations and other services usea rotatable beam antenna on top 
ofa tower. Typical towers are from 30 to 120 ft in height. In my locality, towers to 30.8, 
er less than 3 ft above the roof line, whichever is taller, can be erected without a per- 
mit as long as they are attached to the house and will not fall onto a power line, or 
across the property line, in a catastrophic failure, Higher towers must be erected un- 
der a mechanical permit, and properly inspected by the county. These towers typl- 
cally support a two-element (or more, three is popular) Yagi/Uda beam antenna, or 
A quad, or some other highly directional antenna, But they can also be treated as a 
vertical antenna under the right circumstances: 

If the tower is close to 66 ft high (which is a popular height for amateur radio 
towers), then the tower (already 2/4) can be used as a resonant vertical on 75/80 m, 
"The same tower can also be used on lower frequencies if proper antenna tuning unit 
(ATU) components are provided. 

Figure 26-4 shows a situation in which an 80- to 110-f tower is insulated from. 
ground, and is considered а random-length vertically polarized Marconi antenna, 
Like other such antennas, it is fed by a simple L-seetion, or reverse L-section, ATU, 
Note the approximate values of the inductors and capacitors in each configuration, 
and also their relationships. On the 40- and 75/80-m versions, the tower is too long, 
зо a series capacitance and shunt inductance are used for the ATU (Le., Reverse L- 
section coupler). On the other hand, the tower is too short for 160 m, so the induc- 
tor and capacitor are reversed. 

‘There is only one small problem with the design of Fig. 26-4: Compared with 
grounded towers, insulated towers are expensive to buy and install. In addition, 
lightning protection is probably better in the grounded tower. So how do we work a 
grounded tower? See Fig, 26.5, In this antenna, the tower is grounded at its base. If 
the tower is mounted to a concrete pedestal (the usual arrangement), then а sepa- 
rate ground rod and ground wire adjacent to the pedestal must be provided. Con- 
erete is not a good insulator, but it is also not а good conductor. A delta feed system 
is used with this antenna, That is, a single wire from the ATU is connected to a point. 
on the antenna where an impedance match can be achieved. It is important that the 
ATU be spaced away from the tower base (as shown), and the wire must be run 
straight to the feedpoint on the antenna. This system is an example of several possi- 
ble shunt feeding systems. 


Random-length Marconi 


(One of the old standbys for all bands is the random-length Marconi antenna. Such an- 
tennas consist of a length of wire, typically (but not always) less than 3/4, and fed at 
опе end with coaxial cable and an L-section coupler (Fig. 26-6). The antenna radiator 

went can be angled in any direction as needed, but it works best if the radiator is 
either as horizontal, or vertical as possible (for pure polarization). The usual situa- 
tion, however, isto run the wire at an inclined angle, or with about equal portions hor- 
шиша] and vertical (see the inverted L) which yields complex polarization, 
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‘The L-section coupler shown in Fig. 26-6 is set up for the case where the an- 
tenna radiator element is less than 2/4 (Le, a series inductor and a shunt capacitor) 
Ifthe antenna is longer than 2/4 on some frequency, then reverse the positions of the 
capacitor and inductor 


Inverted-L antennas 

Another popular antenna for low frequencies is the 4/2 inverted-L (Fi 

this type of antenna, two sections are erected at a 90° angle with respect to each 

other; one vertical and the other horizontal. One way to think of this antenna is bent. 

УА vertical, although some people liken it to a top-loaded vertical. The feedline can. 
ог 75-1 coaxial cable. 

Iris generally the case that the sections of the inverted-L are equal in length (3/8 
each), but that is not strictly necessary. As the vertical section becomes longer (with 
overall length remaining at АА), the angle of radiation depresses. 

Опе popular method of construction is to use a tower for the vertical section, 
and а run of wire for the horizontal section. If you already have а 60-1 tower to ac- 
commodate the beam antenna used on higher frequencies, then it is relatively easy 
to build an inverted-L antenna for 160 m. 
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26-7 Lescction quatter-wavelength antenna. 
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The linearly loaded “tee” antenna 
A "tee" antenna consists of a horizontal radiator element fed at the center with a sin- 
fle conductor wire (not coax) that is a quarter wavelength long, and goes away from 
the radiator at a right angle. Such antennas were popular prior to World War IL in the 
United States, although popularity fell aff in the late 1930s as other types (and rea 
sonably priced transmission ines) became available. The tee is possibly one of the 
‘oldest forms of radio transmitting antennas. Like other antennas at low frequencies, 
however, it is far too lng for easy use in mast locations. 

We can, however, linearly load the tee by folding the ends of the radiator back on 
themselves to form the zigzag pattern of Fig. 26-8. Popular in Europe for some time, 
this antenna сап provide reasonable performance on the lower frequencies without 
using too much horizontal space. 

"The radiator element consists of three sections that are each about AG long. 
(L, 16%. and spaced 8 to 12 in apart; they are parallel to each other, The 

length transmission line is connected to the center point of the mid- 
ion of the radiator element. 
Figure 26-9 shows how the linearly loaded tee antenna could be built using wire 
for the radiator elements. Spreaders made of 24-in-long 1 x 2-in lumber (treated 
against the weather), plastic, or some other synthetic material can be used, Each 
spreader has three holes drilled in it spaced about 10 n apart. Spreaders А and E are 
end spreaders, and are identical except for being upside down with respect to each 
other. In each case, one of the radiator element conductor sections is terminated, 
‘while the other passes through to the back of the spreader to join the center radia- 
tor clement. The other spreaders are used either for center support, asin C (note 
the transmission Tine attachment), ог for interim support between the center insula- 
tor and the end insulators. 
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The 3-wire terminated wide-band antenna is an extension of the 2- 
wire version. The general claim associated with the 3-wire version 
is higher gain with equal or better SWR curves. We shall eventually 
examine the gain claim in some detail. For the moment, we may 
simply see the schematic outlines of the 3-wire wide-band antenna 
in Fig. 3. For the sample model, the terminating resistor is 900 
Ohms. 


General Layout Foudpolnt Comactons 


Dutine: o re Wide Sans ‘Folded Dipole ae 
The right side of the sketch shows the parallel connection of the 
antenna feedpoint terminals on the 2 non-terminated lines. This 
configuration yields proper connections for wide-band service. In 
some sketches (that do not pretend to be electrical schematic 
diagrams of the antenna), | have seen simplified connections that 
can mislead the home builder. The sketches seem to show the 
center point of each non-terminated wire as comprising each side 
of a proper series feedpoint. For normal installations with no special 
components, this system will not work. Fig. 4 shows why. 
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Measurements and 
adjustment techniques 


THIS CHAPTER EXAMINES SOME OF THE INSTRUMENTS AND TECHNIQUES FOR TESTING 
antenna systems, whether brand new installations, or in troubleshooting situations 
on older antenna. The basic radio system is shown in Fig, 27-1. We have several ele- 

ments in the system: transmitter, low-pass filter, impedance-matching unit, a coaxial 
relay if the receiver is separate from the transmitter, and the antenna. Connecting 
these elements are lengths of transmission line. In most modern radio systems below 
the microwaves, the transmission line is coaxial cable, 

fiter and matching unit may be considered optional by some, but 
signers regard them as essentially standard equipment, especially for HF 
and low-band VHF systems. The low-pass filter has the job of removing harmonies 
from the output signal that could interfere with other radio system or radio and TV 
broadcast reception. It will pass only those frequencies below a certain cutoff point 

‘The impedance matching unit is used to “tune out” impedance mismatches that 
cause the transmitter to see an excessive VSWR, These units are common in VLF, 
MN, and HF communications stations, as well as AM broadcasting stations. The 
matching unit also provides additional attenuation of the harmonics, soit makes the 
output even cleaner than is possible with the low-pass filter alone. 

Another reason to use the matching unit is to allow the radio transmitter to 
put out the maximum allowable RF power. Modern solid-state final amplifiers are 
not tolerant of VSWR. In addition, these units use fixed-tuned low-pass filters for 
each band rather than the wide-range рі networks common on vacuum tube 
transmitters. Solid-state transmitters usually include a feedback automatic load 
control (ALC) that reduces output power when a high VSWR is sensed, The 
VSWR cut-in knee begins around 15:1 and completely shuts off the transmitter 
when the VSWR gets high (typically above 2.5:1 or 9:1). The external T/R relay is 
not used on most modern systems because the receiver and transmitter are typi- 
cally housed inside of the same box. The coaxial relay was used in days past, when. 
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27-1 Basic communications radio station setup. 


а separate receiver needed to use the same antenna. In addition, many modern 
solid-state equipments use PIN diode T/R switching. 


Transmission lines 


‘The transmission line is not merely a wire that carries RF power to the antenna. It is 
actually a complex circuit that simulates an infinite LC network. There is a charac- 
teristic impedance , also called surge impedance, which describes each transmis- 
sion line. This impedance is the square root of the ratio of the capacitance and 
inductance per unit of length. When a load having а “resistive-only” impedance equal 
to the surge impedance of the transmission line is connected, then we will see max- 
imum transfer of power between the line and the antenna. 

We cannot deal extensively with transmission-line theory here, and refer the 
reader instead to previous chapters. We must, however, have at least some idea of 
what the circuit looks like. Figure 27-2 shows a model of a transmission line in which 
Z, is the surge impedance of the line, А, is the load impedance of the antenna, and 
R, îs the output impedance of the transmitter. In a properly designed system all 
tiree impedances either will be equal (Z, = R, = R,) or a matching network will 
make them equal. 

"We must consider the electrical situation along the transmission line in onder to 
understand the readings that we see on our instruments. Figure 27-3 shows several 
possible situations. These graphs are of the RF voltage along the line, with voltage on 
the vertical axis and transmission line length (expressed in wavelengths of the RF 
signal) along the horizontal axis. When the system is matched (Z, = А), the voltage 
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37-3 Equivalent circuit of transmission line. 


is the same everywhere along the line (Fig. 27-2). This line is sad to be "fat." But 
when Z, and Æ, are not equal, then the voltage varies along the line with wavelength. 
In mismatched systems, not all of the power is radiated by the antenna, but rather is 
reflected back to the transmitter. The forward and reflected waves combine alge- 
braically at each point along the line to form standing waves (Fig. 27-98). We can 
plot the voltage maxima (V,,,) and minima (V). Keep this graph in mind for a few 
minutes because you will refer again to it when we deal with VSWR. 

"Two special situations oceur in transmission line and antenna systems that yield 
similar results. The entire forward power is reflected back to the transmitter (none 
radiated) if the load (de, antenna) end of the transmission line is either open or 
shorted. The voltage plot for an open transmission line (R, is infinite) is shown in 
Fig, 27-30, and that for the shorted line is shown in Fig. 27.30. Note that they are 
very similar to each other except for where the minima (Vy, = 0) occur. The minima 


are offset from each other by 90° (Le., quarter-wavelength), 


Calculating standing wave ratio 

"The VSWR can be calculated from any of several bits of knowledge. Even if you don't 
havea VSWR meter, therefore, itis possible to determine VSWR. Ifthe antenna load im- 
edance (f) isnot equal to , then we can calculate VSWR from one of the following: 


IZ, is greater than Ry 


VSWR 127.11 
IZ, is less than Ry 


VSWR 
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We can also measure theforvard and reflected power, and calculate the VSWR 
"om those eas 
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Finally, if the forward and reflected voltage components at any given point on 
the transmission line can be measured, then we can calculate the VSWR from: 


12751 


where 


Vis the forward voltage component 
Vis the reflected voltage 


‘The last equation, based on the forward and reflected voltages, is the basis for 
many modern VSWR and RF power meters. 


Impedance bridges 


We can make antenna impedance measurements using а variant ofthe old-fashioned 
Wheatstone bridge. Figure 27-4A shows the basic form of the bridge in its most ger 
eralized form. The current lowing in the meter will be zero when (2/2,) = (ZZ). 
fone arm of the bridge is the antenna impedance, then we can adjust the others 
to make the bridge null to make the measurement. A typical example is shown in 
Fig. 27-48. The antenna connected to J, is ane arm of the bridge, while R, is a sec- 
ond. The value of R, should be 50 @ or 75 Q, depending upon the value of the 
expected antenna impedance. The choice of 68 £ is a good compromise for meters 
to operate on both types of antennas. The other two arms of the bridge are the reac- 
tances of C, and Cya, which is a single differential capacitor, Tune C, until the me- 
teris nulled, and then read the antenna from the dial. At least one instrument allows 
the technician to plug in a resistor element equal to system impedance, 

Calibrating the instrument is simple, A series of noninductive carbon composition 
resistors having standard values from 10 to 1000 0 are connected across Л, The meter 
is then nulled, and the value of the load resistor is inscribed on the dial at the point. 


Carr 4/10/01 4:03 PM Page 520 a 


520 Measurements and adjustment techniques 


© S 


27-4A Basie Wheatstone bridge. 


R, 


д ost » 
RE Antenna 
input m 
алы Nio 


м 
0-100 pA de 


27-48 SWR bridge 


4/20/01 


4:03 PM Page 521 Ө 


The RF noise bridge 521 


‘The basic circuit of Fig. 27-48 is useful only to measure the resistive component 
of impedance, We can modify the circuit as shown in Fig. 27-40 to account for the re- 
active component. An example of a commercial hand-held radio antenna impedance 
bridge is shown in Fig. 27.5, 


The RE noise bridge 


"This section explores a device that was once associated only with engineering labo- 
ratories, but turns out to have applications in general communications servicing as 
well: the RF noise bridge. lt is one of the most useful, low-cost, and often over 
looked test instruments in our armamentarium. 

Several companies have produced low-cost noise bridges: Omega-T, Palomar 
Engineers, The Heath Company, and, most recently, МЕЈ. The Omega-T and the 
Palomar Engineers models are shown in Fig. 27-5. The Omega-T device is a small 
cube with minimal dials, and a pair of BNC coax connectors (antenna and re- 
ceiver). The dial is calibrated in ohms, and measures only the resistive component. 
of impedance. The Palomar Engineers device is а little less eye appealing, but does 
everything the Omega-T does; in addition, it allows you to make a rough measure. 
‘ment of the reactive component of impedance. The Heath Company added their 
Model HD-1422 to the lineup. And the latest entry is the MEJ-2048 antenna bridge. 

Over the years, some people have found the noise bridge very useful for а vari- 
ety of test and measurement applications, especially in the HF and low.VHF regions. 
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The left side of the sketch shows the circuit path of the antenna if 
we join the center points and connect the source between them 
The path leads at any instant away from one connection and 
toward the other through 2 parallel paths. At the ends of the 
antenna (obviously not drawn to scale in Fig. 4), the junctions with 
the line carrying the terminating resistor at its center have equal 
voltage. The net voltage drop across the resistor is therefore zero, 
and that component has no function in the antenna, when set up in 
this way. In fact, models created using this system show no 
difference of pattern, impedance, or termination-line current for any 
value of resistor, from zero to very high. 
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"Those applications are not limited to the testing of antennas (which is the main job 
of the noise bridge). In fact, although the two-way technician (including CB) or am- 
ateur radio operator, will measure antennas, tuned circuits, and resonant cavities 
with the device, consumer electronics technicians will find other applications. 

Figure 27-6 shows the circuit of a noise bridge instrument. The bridge consists 
of four arms. The inductive arms (Li, and L, J form a trifilar wound transformer over 
a ferrite соге with Li, so signal applied to L, is injected into the bridge circuit, The 
‘measurement consists of a series circuit of a 200-0 potentiometer and a 120-pF vari- 
able capacitor. The potentiometer sets the range (0 to 200 Q) of the resistive com- 
ponent of measured impedance, while the capacitor sets the reactance component. 

; in the unknown arm of the bridge is used to balance the measurement 
capacitor. With C, in the circuit, the bridge is balanced when C is approximately in. 
the center of its range. This arrangement accommodates both inductive and capaci- 
tive reactances, which appear on either side of the “zero” point (Le,, the midrange 
capacitance of C). When the bridge isin balance, the settings of and C reveal the 
impedance across the unknown terminal. 

A reverse-biased zener diode (zeners normally operate in the reverse bas mode) 
produces à large amount of noise because ofthe avalanche process inherent in zener op- 
eration. Although this nose is a problem in many other applications, in a noise bridge it 
is highly desirable: the richer the noise spectrum the better the performance. The spec- 
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trum is enhanced because of the 1-EHz square-wave modulator that chops the noise sig- 
al An amplifier boosts the noise signal to the level needed in the bridge circuit. 

‘The detector used in the noise bridge is a tunable receiver covering the fre- 
‘quencies of interest. The preferable receiver uses ап AM demodulator, but both CW 
(morse code) and SSB receivers will do in a pinch. The quality of the receiver de- 
pends entirely on the precision with which you need to know the operating fre- 
‘quency of the device under test 


Adjusting antennas 
Perhaps the most common use for the antenna noise bridge is finding the impedance 
and resonant points of an HF antenna, Connect the receiver terminal of the bridge 
to the antenna input of the HF receiver through a short length of coaxial cable as 
shown in Fig. 27-7. The length should be as short as possible, and the characteristic 
impedance should match that of the antenna feedline. Next, connect the coaxial 
feedline from the antenna to the antenna terminals on the bridge, You are now 
ready to test the antenna, 

Set the noise bridge resistance control to the antenna feedline impedance (usu- 
ally 50 to 75.0 for most common antennas). Set the reactance control to midrange 
Gero). Next, tune the receiver to the expected resonant frequency (F) of the 
antenna. Turn the noise bridge on, look for a noise signal of about 89 (will vary on 
different receivers), and if—in the unlikely event that the antenna is resonant on the 
expected frequency—vou will find yourself right in the middle of the тиш. 

Adjust the resistence control Ron the bridge for a nul, Le, minimum noise as indi- 
‘ated by the S meter. Next, adjust the resistance control C fora пий. Repeat the adjust 
ments of the R and C controls for the deepest possible null, as indicated by the lowest 
noise output on the В meter (there is some interaction between the two controls). 
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A perfectly resonant antenna will have a reactance reading of zero ohms, and a 
resistance of BO to 75 Q. Real antennas might have some reactance (the less the b 
ter), and a resistance that is somewhat different from 50 to 75 €. Impedance-match- 
ing methods can be used to transform the actual resistive component to the 50- or 
75-0 characteristic impedance of the transmission line. The results Lo expect 


1. Ifthe resistance is close to zero, then suspect that there is a short circuit on 
the transmission line. Suspect an open circuit if the resistance is close to 200 
a 

2, A reactance reading on the X, side of zero indicates that the antenna is too long, 
while a reading on the X, side of zero indicates an antenna that is too short. 


An antenna that is too lang or too short should be adjusted to the correct length. 
"T determine the correct length, we must find the actual resonant frequency F To 
do this, reset the reactance control to zero, and then slow tune the receiver i the 
proper direction—downband for too long and upband for too short nti the null is 
found, On a high-Q antenna, the nullis easy to miss if you tune too fast. Don't be sur- 
prised if that nullis out of band by quite a bit. The percentage of change i given by 
dividing the expected resonant frequency F, by the actual resonant frequency Ё, 
and multiply by 100: 


x 100% 
F 


Change = 127.6) 


Connect the antenna, noise bridge, and receiver in the same manner as above. 
Set the receiver to the expected resonant frequency (Le., approximately 468/F for 
half-vavelength types and 234/F for quarter-wavelength types). Set the resistance 
control to 50 @ or 75 Q, аз appropriate for the normal antenna impedance and the 
transmission line impedance. Set the reactance control to zero. Turn the bridge on. 
and listen for the noise signal. 

Slowly rock the reactance control back and forth to find on which side of zero 
the null appears. Once the direction of the nullis determined, set the reactance con- 
trol to zero, and then tune the receiver toward the null direction (downband if null 
is on X, side and upband if it is on the X, side of zero. 

A less-than-ideal antenna will not have exactly 50- or 75-0 impedance, so some 
adjustment of R and C to find the deepest null isin order. You will be surprised how 
far off some dipoles and other forms of antennas can be if they are not in "free 
space,” (Le. if they are close to the earth's surface), 


Nonresonant antenna adjustment 
We can operate antennas on frequencies other than their resonant frequency if we 
know the impedance: 
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Now, plug “X” calculated from Eq. 27.7 or 27.8 into X, = X/F where F's the de- 
sired frequency ш MHz. 


Other jobs 
"The noise bridge can be used for а variety of jobs. We can find the values of capaci- 
tors and inductors, determine the characteristics of series- and parallel-tuned reso- 
nant circuits, and adjust transmission lines. 

‘Transmission line measurements Some antennas and non-noise measure- 
ments require antenna feedlines that are either а quarter-vavelength or half-wave- 
length at some specific frequency. In other cases, а piece of coaxial cable of specified 
length is required for other purposes: for instance, the dummy load used to service 
depth sounders is nothing but a long piece of shorted coax that returns the echo at 
A time interval that corresponds to a specifie depth. We can use the bridge to find 
these lengths as follows: 


1. Connecta short circuit across the unknoum terminals and adjust R and X for 
the best null at the frequency of interest. (Note: both will be near zero.) 

2, Remove the short circuit. 

3, Connect the length of transmission line to the unknown terminal —it should 
be longer than the expected length. 

4. For quarter-waelength lines, shorten the line until the nullis very close to 
the desired frequency. For half wavelength lines, do the same thing, except 
that the line must be shorted at the far end for each trial length. 


‘The velocity factor of a transmission line (usually designated by the letter V in 
equations) is a decimal fraction that tells us how fast the radio wave propagates 
along the line relative to the speed of light in free space. For example, foam dielec- 
tric coaxial cable s said to have a velocity factor of V = 0.80. This number means that 
the signals in the line travel at a speed 0.80 (or 80 percent) of the speed of light. 

Because all radio wavelength formulas are based on the velocity of light, you. 
need the V value to calculate the physical length needed to equal any given electri- 
cal length. For example, a lalf-wavelength piece of coax has a physical length of 
(492x VIF уы, feet. Unfortunately, the real value of Vis often a bit different from the 
published value. You can use the noise bridge to find the actual value of V for any 
sample of coaxial cable as follows: 


1, Select a convenient length of the coax more than 12 ft in length and install a 
PL-259 RF connector (or other connector compatible with your instrument) 
оп one end, and short-circuit the other end. 

2, Accurately measure the physical length of the coax in feet; convert the "re- 
mainder" inches to a decimal fraction ofa foot by dividing by 12 (e.g., 32 8 
32.67 ft because В in/12 in =0,67), Alternatively, cut off the cable to the nearest 
foot and reconnect the short circuit. 

3. Set the bridge resistance and reartance controls to zero. 

4. Adjust the monitor receiver for deepest null. Use the nul frequency to find 
the velocity factor V = FL/492, where Vis the velocity factor (a decimal frac- 
tion); F is the frequency in megahertz; and L is the cable length in feet. 
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‘Tuned circuit measurements An inductor/capacitor (LC) tuned “tank” cir 
cuit is the circuit equivalent of a resonant antenna, so there is some similarity be- 
tween the two measurements. You ean measure resonant frequency with the noise 
bridge to within +20 percent (or better if care is taken). This accuracy might seem. 
‘poor, but itis better than you can usually get with low-cost signal generators, dip me- 
ters, absorption wavemeters, and the like. 

A series tuned circuit exhibits a low impedance at the resonant frequency and 
a high impedance at all other frequencies. Start the measurement by connecting the 
series tuned circuit under test across the unknow terminals of the dip meter. Set 
the resistance control to а low resistance value, close to zero ohms. Set the reac- 
tance control at midscale (zero mark). Next, tune the receiver to the expected null 
frequency, and then tune for the null. Make sure that the null is at its deepest point. 
by rocking the R and X controls for best null. At this point, the receiver frequency is 
the resonant frequency of the tank circuit 

A parallel resonant circuit exhibits a high impedance at resonance and a low 
Impedance at all other frequencies. The measurement is made in exactly the same 
‘manner as for the series resonant circuits, except that the connection is different. 
Figure 27-8 shows a two-turn link coupling that is needed to inject the noise signal 
into the parallel resonant tank circuit. If the inductor is the toroidal type, then the 
link must go through the hole in the doughnut-shaped core and then connect to 
the unknown terminals on the bridge, After this, proceed exactly as you would for 
the series tuned tank measurement. 

Capacitance and inductance measurements The bridge requires а 100-pF 
silver mica test capacitor and а 4-7-uH test inductor, which are used to measure in- 
dluctance and capacitance, respectively. The idea is to use the test components to 
form a series-tuned resonant circuit with an unknown component. If you find a res- 
опа frequency, then you can calculate the unknown value. In both cases, the series 
tuned circuit is connected across the unknown terminals of the dip meter, and the 
series tuned procedure is followed. 


‘To noise 
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то measure inductance, connect the 100-pP capacitor in series with the un- 
known coil across the unknown terminals of the dip meter. When the null frequency 
is found, find the inductance from 


1279] 


Lis the inductance, in microhenries 
Fis the frequency, in megahertz 


Connect the test inductor across the unknown terminals in series with the un- 
known capacitance. Set the resistance control to zero, tune the receiver to 2 MHz, 
and readjust the reactance control for null. Without readjusting the noise bridge 
control, connect the test inductor in series with the unknown capacitance and re- 
tune the receiver for a null, Capacitance can now be calculated from: 


5389 
E 127.10] 


Cis in picofarads 
Fis in megahertz 


Dip oscillators 


One of the most common instruments for determining the resonant frequency of an 
antenna is the so-called dip oscillator or dip meter. Originally called the grid dip 
meter, the basis for this instrument isthe fact that its output energy ean be absorbed 
by a nearby resonant circuit (or antenna, which is an electrically resonant LC tank 
circuit). When the inductor of the dip oscillator (see Fig. 27-9) is brought into 


279 Dip meter 
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close proximity to a resonant tank circuit, and the oscillator is operating on the 
resonant frequency, then a small amount of energy is transferred. This energy loss 
shows up on the meter pointer as a slight "dipping" action. The dip is extremely 
sharp, and is easily missed if the meter frequency dial is tuned too rapidly: 


Antennas are resonant circuits, and can be treated in a manner similar to LC 
tank circuits, Figure 27-10 shows one way to couple the dip oscillator to a vertical 
antenna radiator, The inductor of the dipper is brought into close proximity to the 
base of the radiator. Figure 27-108 shows the means for coupling the dip oscillator 
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to systems where the radiator is not easily accessed (as when the antenna is still 
erected). We connect a small two- or three-turn loop to the transmitter end of the 
‘transmission line, and then bring the inductor of the dipper close to it. A better way 
is to connect the loop directly to the antenna feetpoint. 

‘There are two problems with dip meters that must be recognized in order to best. 
use the instrument. First, the dip is very sharp. It is easy to tune past the dip and not. 
y see it. To make matters worse, it is normal for the meter reading to drop off. 
gradually from one end of the tuning range to the other. But if you tune very slowly, 
then you will notice a very sharp dip when the resonant point is reached. 

‘The second problem is the dial calibration, The dial gradations of inexpensive 
dip meters are too close together and are often erroneous. Its better to monitor the 
‘output of the dip oscillator on a receiver and depend upon the calibration of the re- 
ceiver for data 


Selecting and using RF wattmeters 
and antenna VSWR meters 


A key instrument required in checking the performance of, or troubleshooting, radio 
transmitters is the RF power meter (or "wattmeter"). These instruments measure the 
‘output power of the transmitter, and display the result in watts, or some related unit. 
(Closely related to RF wattmeters is the antenna VSWR meter. This instrument also ex- 
amines the output of the transmitter and gives a relative indication of output power. It 
‘can be calibrated to display the dimensionless units of voltage standing wave ratio. 
Many modern instruments, a couple of which will be covered as examples in this chap- 
tex, combine both RF power and VSWR measurement capabilities. 


Measuring RF power 
Measuring RF power has traditionally been notoriously difficult, except perhaps in 
the singular case of continuous-wave (CW) sources that produce nice, well-behaved 
sine waves, Even in that limited ease, however, some measurement methods are dis 
tinetly better than others, 

‘The peak voltage of a waveform is 100 V (Le, peak-to-peak 200 V). Given that 
the CW waveform is sinusoidal, we know that the root mean square (RMS) voltage is 
0.707 V. The output power is related to the RMS voltage across the load by 


12711] 


Pis the power, in watts 
V, is the RMS potential, in volts 
Z, ia the load impedance, in ohms 


Ifwe assume a load impedance of 50 0, then we can state that the power in our 
hypothetical illustration waveform is 100 W. 
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We can measure power on urmodulated sinusoidal waveforms by measuring 
ther the RMS or peak values of either voltage or current, assuming that a constant- 
value resistance load is present. But the problem becomes more complex on modu- 
lated signals. The various power readings on a Bird model 4311 peak power meter 
the peak (РЕР) and average powers, vary markedly with modulation type. 

Опе of the earliest forms of practical RF power measurement was the thermo- 
couple RF ammeter (see Fig. 27-11). This instrument works by dissipating a small 
amount of power in а small resistance inside the meter, and then measuring the heat. 
generated with a thermocouple, A de current meter monitors the output of the ther- 
‘mocouple device, and indicates the level of current flowing in the heating element. 
Because it works on the basis of the power dissipated heating a resistance, a ther- 
mocouple RF ammeter is inherently ап RMS-reading device. Because of this fea- 
ture it is very useful for making average power measurements. If we know the RMS 
current and the resistive component of the load impedance, and if the reactive com- 
ponent is zero or very low, then we can determine RF power from the familiar ex- 


P=PXR, 12742] 


"There is, however, a significant problem that keeps thermocouple RF ammeters 
from being universally used in RF power measurement: those instruments are highly 
frequency-dependent. Even at low frequencies, it is recommended that the meters 
be mounted on insulating material with at least ¥-in spacing between the meter and. 
its metal cabinet. Even with that precaution, however, there is a strong frequency 
dependence that renders the meter less useful at higher frequencies, Some meters. 
are advertised to operate into the low-VHF region, but a note of caution is necessary. 
"That recommendation requires a copy of the calibrated frequency response eurve 
for that specifie meter, so that a correction factor can be added (or subtracted) from. 
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the reading. At 10 MHz and higher, the readings of the thermocouple RF ammet 
must be taken with a certain amount of skepticism unless the original calibration. 
‘chart is available. 

‘We can also measure RF power by measuring the voltage across the load resis- 
tance (see Fig, 27-12). In the circuit of Fig. 27-12, the RF voltage appearing across. 
the load is scaled downward to a level compatible with the voltmeter by the resistor 
voltage divider (R/R). The output ar this divider is rectified by CR, and filtered to 
de by the action of capacitor С, 

‘The method of measuring the voltage in a simple diode voltmeter is valid only if 
the RF signal is unmodulated and has a sinusoidal waveshape. While these criteria 
are met in many transmitters, they are not universal If the voltmeter circuit is peak 
reading, as in Fig. 27-12, then the peak power is 


vi 


Po 127.13] 


‘The average power is then found by multiplying the peak power by 0.707. Same 
meter circuits include voltage dividers that precede the meter and thereby convert 
the reading to RMS, and thus convert the power to average power. Again, it must be 
stressed that terms like RMS, average, and peak have meaning only when the input. 
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Antennas Made of Wire - Volume 2 


The system on the right provides the correct path for the 
terminating resistor to do its work. When 1 modeled the antenna, I 
used the terminating resistor line as a center point. Then | set up. 
the fed lines 0.2 m away from the center line. The need to connect 
the feedpoints in parallel presents an interesting geometry 
challenge if we model the antenna using only wire entries. 
However, there is a simple technique of connecting feedpoints in 
parallel that may be useful to newer antenna modelers, The 
following model description from EZNEC may illustrate the general 
technique. 
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RF signal is both unmodulated and sinusoidal. Othe 
less unless calibrated against some other source. 

It is also possible to use various bridge methods for measurement of RF power: 
Figure 27-13 shows a bridge set up to measure both forward and reverse power. This, 
circuit was once popular for VSWR meters. There are four elements in this quasi- 
Wheatstone bridge circuit: R,, А, R, and the antenna impedance (connected to the 
bridge at J.) IER, is the antenna resistance, then we know that the bridge is in bal- 
ance (Le, the null condition) when the ratios КЁ. and R JR, are equal. In an ideal 
situation, resistor R, will have a resistance equal ta А, but that might overly limit 
the usefulness of the bridge. In some eases, therefore, the bridge will use a compro- 
mise value such as 67 Q for R}. Such a resistor will be usable on both 50- and 75-02 
antenna systems with only small errors. Typically, these meters are designed to read 
relative power level, rather than the actual power 

An advantage of this type of meter is that we can get an accurate measurement af 
VSWR by proper calibration. With the switch in the forward position, and RF power 
applied 10.7, (XMTR), potentiometer R, is adjusted to produce a full-scale deflection on. 
meter M,. When the switeh is then set to the reverse position, the meter will read re- 
verse power relative to the VSWR. An appropriate VSWR scale is provided. 


wise, the readings are meaning- 
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27-13 A bridge arrangement to measure both forward and reverse power. 
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A significant problem with the bridge of Fig. 27-13 is that it cannot be left in the 
ircuit while transmitting because it dissipates a considerable amount of RF power 
in the internal resistances. These meters, during the time when they were popular, 
were provided with switches that bypassed the bridge when transmitting. The bridge 
‘was only in the circuit when making a measurement, 

An improved bridge circuit is the capacitor/resistor bridge in Fig. 27-14; this cir- 
cuit is called the micromatch bridge. Immediately, we see that the micromatch is 
improved over the conventional bridge because it uses only 1 Q in series with the 
line (R). This resistor dissipates considerably less power than the resistance used in 
the previous example. Because of this low-value resistance, we can leave the micro- 
match in the line while transmitting, Recall that the ratios of the bridge arms must 
be equal for the null condition to occur. In this ease, the capacitive reactance ratio of 
C/C, must match the resistance ratio К. For a 50- antenna, the ratio .f. and 
for 75-0 antennas it is % (or, for the compromise situation, .. The small-value 
trimmer capacitor (c.) must be adjusted for a reactance ratio with С, of a, %, OF Ys, 
depending upon how the bridge is set up. 

‘The sensitivity control can be used to calibrate the meter, In one version of 
the mieromatch, there are three power ranges (10, 100, and 1000 W). Each range 
as its own sensitivity control, and these are switched in and out of the circuit. 
as needed. 

‘The monomatch bridge circuit in Fig. 27-15 is the instrument of choice for HF 
and low-VHF applications, In the monomateh design, the transmission line is segment. 
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27-15 Moniomatch waltmeter, 


B, while RF sampling elements are formed by segments A and C. Although the origi- 
nal designs were based on а coaxial-cable sensor, later versions used either printed 
circuit foil transmission line segments or parallel brass rods for A, B, and С. 

"The sensor unit is basically a directional coupler with a detector element for 
both forward and reverse directions, For host accuracy, diodes CR, апа CR, should 
be matched, as should R, and Je, The resistance of R, and R, should match the trans- 
mission line surge impedance, although in many instruments a 68-0 compromise re- 
sistance is used. 

"The particular circuit shown in Fig, 27-15 uses a single de meter movement to 
‘monitor the output power. Many modern designs use two meters (one each for for- 
ward and reverse power). 

One of the latest designs in VSWR meter sensors is the current transformer as- 
sembly shown in Fig. 27-16, In this instrument, a single-turn ferrite toroid trans- 
former is used as the directional sensor, The transmission line passing through the 
hole in the toroid “doughnut” forms the primary winding of a broadband RF trans- 
former. The secondary, which consists of 10 to 40 turns of small enamel wire, is con- 
nected to a measurement bridge circuit (C, + C, + load) with a rectified de output. 

Figures 27-17 and 27-18 show instruments based on the current transformer. 
technique. Shown in Fig. 27-17 is the Heath model HM-102 high-frequency 
VSWR/power meter. The sensor is a variant on the current transformer method. This 
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16 Current transformer wattmeter. 


27-17 Amateur radio RF wattmeter. 


instrument measures both forward and reflected power, and it can be calibrated to 
measure VSWR. 

‘The Bird model 43 Thruline RF wattmeter shown in Fig. 27-18 has for years 
been one of the industry standards in communications service work. Although it is 
slightly more expensive than lesser instruments, it is also versatile, and itis accurate 
and rugged. The Thruline meter can be inserted into the transmission line of an 
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P waltmeter 


antenna system with so little loss that it may be left permanently in the line during 
normal operations. The Model 43 Thruline is popular with land mobile and marine. 
radio technicians. 

"The heart of the Thruline meter is the directional coupler transmission line as- 
sembly shown in Fig. 27-194; it is connected in series with the antenna, or dummy 
load, transmission line, The plug-in directional element can be rotated 180° to men- 
sure both forward and reverse power levels. A sampling loop and diode detector are 
contained within each plug-in element, The main RF barrel is actually a special coax- 
ial line segment with a 50.0 characteristic impedance. The Thruline sensor works 
due to the mutual Inductance between the sample loop and center conductor of the 
coaxial element. Figure 27-198 shows an equivalent circuit. The output voltage from. 
the sampler (е) is the sum of two voltages, e, and e,,. Voltage v, is created by the 
voltage divider action of R and C on transmission line voltage Æ. If is much less 
then X,, then we may write the expression for v, as 


127.14] 


Voltage e, an the other hand, is due to mutual inductance, and is expressed by 


ів) +M 127.15] 


We now have the expression for both factors that contribute to the total voltage 
e, We know that: 


127.16] 


во, by substitution, 
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At any given point in a transmission line, £ s the sum of the forward (E) and re- 
flected (E) voltages, and the line current is equal to 


je 127.18] 


where Z, is the transmission line impedance. 
We may specify е in the forms 
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"The output voltage e of the coupler, then, is proportio 
and frequency (by virtue of j 


al to the mutual inductance 
М). But the manufacturer terminates £ in a capacitive 
ce, во the frequency dependence is lessened (sce Fig. 27-19C). Each element is 
custom-calibrated, therefore, for a specific frequency and power range. Beyond the 
specified range for any given element, however, performance is not guaranteed, There 
area large munber of elements available that cover most commercial applications. The 
‘Thruline meter is not a VSWR meter, but rather a power meter. VSWR can be deter- 
mined from the formula, or by using the nomographs in Fig. 27-20. Some of the Thru- 
line series intended for very high power (Fig. 


9D) applications use an in-line coaxial 


cable coupler (far broadrast-style hardline) and a remote indicator. 
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Dummy loads 


A dummy toad is a substitute antenna for making measurements and tests. In fact, 
British radio engineers often refer to dummy loads as "artificial aerials.” There are 
several uses for these devices. Radio operators should use dummy loads to tune up 
оп erowded channels and (only then) transfer to the live antenna. 

The other use is in troubleshooting antenna systems. Suppose we have a system. 
in which the VSWR is high enough to affect the operation of the transmitter. You ean. 
disconnect each successive element and connect the dummy load to its output, IF 
the VSWR goes down to the normal range, then the difficulty is downstream (Le, to- 
ward the antenna). You will eventually find the bad element (which is usually the an- 
tenna itself 

Figure 27-21 shows the most elementary form of dummy load, which consists of 
опе or more resistors connected in parallel, series, or series-parallel so that the total 
resistance is equal to the desired load impedance. The power dissipation is the sum. 
of the individual power dissipations. Jt is essential that noninductive resistors be 
used for this application. For this reason, carbon-composition or metal-filrm resis- 
tors are used. For very low frequency work, it is permissible to use special counter 
wound wire low-inductance resistors. These resistors, however, cannot be used over 
а few hundred kilohertz. 

Several commercial dummy loads are shown in Figs. 27-22 through 27-24. The 
load in Fig, 27-224 is a 5-W model, and is typically used in Citizens Band servicing. 
‘The resistor is mounted directly on a PL-259 coaxial connector. These loads typically 
work to about 300 MHz, although many are not really useful over about 150 MHz. A 
higher-power version of the same type is shown in Fig, 27.298, This device works to 
the low VHP region, and dissipates up to 50 W. I have used this dummy load for ser- 
vicing high-VHF land mobile rigs, VHF-FM marine rigs, and low-VHF land mobile 
rigs. Very high power loads are shown in Fig. 27-23, These devices are Bird Elec- 
tronics “coaxial resistors,” and operate to power levels up to 10, 30, and 40 kW. 
These high-power loads are cooled by flowing water through the body of the resistor 
and then exhausting the heat in an air-cooled radiator. 

Our final dummy load resistor is shown in Fig. 27-24, The actual resistor is 
shown in Fig, 27-244, and a schematic view is shown in Fig. 27-248. The long, high- 
power noninductive resistor element is rated at 50 Q and can dissipate 1000 W for 
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27-23 Termaline RF wattmeter. 
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several minutes. If longer times, or higher powers, are anticipated, then forced air 
‘cooling is applied by adding a blower to one end of the cage. The device is modified 
by adding the BNC sampling jack. This jack is connected internally to either a two- 
turn loop, made of no.22 insulated hookup wire, or brass rods that are positioned 
alongside the resistor element. It will therefore pick up a sample of the signal so that 
it сап be viewed on an oscilloscope, or used for other instrumentation purposes, 
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Wire 1 is the terminated line, as indicated by the Load entry. Wires 
3 and 6 are the lines with the feedpoints shown in the original 
antenna sketch. Wires 2, 4, 5, and 7 are the end-connecting wires. 
Wire 8 is the feedpoint wire segments, as indicated by the Source 
entry in the description. The wire is only a meter away from the. 
main wires, but itis so short and thin (0.2 m by AWG #20) that it 
does not materially affect the performance figures of the main 
wires. 


Now note the 2 transmission-line entries. Each runs from the center 
of one of the fed wires to the new distant source wire. A 
transmission line is not a physical or radiating wire within a model. 
It is only a mathematical construct factored into the model after 
completion of basic matrix calculations. In fact, the physical ог 
geometrical distance between the source wire and the wire 
segment at the other end of the transmission line does not define. 
the line length. Instead, we specify the line's electrical length (as 
well as the characteristic impedance) when we enter the 
transmission line data, and calculations use this length. Note that 
the length for each of the 2 lines is 10 cm (about 4"). We could 
have made it even shorter (down to something like 1-10). But 4" 
effects virtually no impedance transformation down the line. In fact, 
the specified characteristic impedance (500 Ohms) is also non- 
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CHAPTER 


General antenna 
mechanical construction 
techniques 


ANTENNA INSTALLATION CHORES VARY IN COMPLEXITY FROM THE SIMPLE, WHICH А 
teenager, with no assistance, can execute properly and safely all the way up to larg 
scale projects that are best left to professional antenna riggers. If your only antenna 
Installation chore is a dipole handing between the peak of your house roof and a 
nearby tree, then little need be said besides "Be careful" 

‘The purpose of this chapter is to cover both wire and intermediate installation. 
Jobs that can be done by amateurs if instructed properly. Keep in mind when plan- 
ning an installation, however, that the information given herein is merely informal 
guidance. Always have your plans reviewed by a professional mechanical or stru 
tural engineer licensed to practice in your state. In many locales, there are good in- 
surance reasons for this step. Also, learn and abide by local mechanical, electrical, 
and building codes. It is simply not worth the pain, and risk, to skirt around local 
laws. 


Antenna erection safety 


Before dealing with the radio and performance issues, let's deal first with a few an- 
tenna safety matters. You do not want to be hurt either during installation or during 
the next wind storm. Two problems present themselves: reliable mechanical in- 
stallation and electrical safety 

Radio antennas are inherently dangerous to erect if certain precautions are not 
followed. It is not possible to foresee all the situations you might face in erecting an. 
antenna. 1 would ike to give you all possible warnings, but this is not even possible. 
You are on your own and must take responsibility for installing your own antenna. 1 
can, however, give you some general safety guidelines. Knowledge of what you face. 
and some hard-nosed, sound judgment, modulated by a little bit of common sense 
are the best tools on any antenna job. 
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Опе rule that is an absolute is that no antenna should ever be erected where the 
antenna, the feeline, or any part thereof crosses over or under a power line or pole. 
transformer—ever! This isa "no kidder"— don't do it. Every year we read sad news in. 
‘magazines or newspapers about a colleague being electrocuted while installing or 
working on an antenna. In all these tragic cases, the antenna somehow came into con- 
tact with an ac power line. Keep in mind one dictum and make it an absolute: 

‘There is never а time or situation when itis safe to let an antenna contact the elec- 
trical power lines! 

"This advice includes dipoles and other long wire antennas “thrown aver" sup- 
posedy insulated lines, as well as antennas built from aluminum tubing, The excuse 
that the power lines are insulated is hogwash. Old insulation crumbles on contact 
with even a thin wire antenna. Don't do it! The operant word is never! 

Power lines look insulated, but there are often small breaks or weakened spots 
(especially more than a couple days after installation) that can bring the antenna 
into contact—lethal contact—with a "hot" power line. Every year or so we hear 
about an SWL, scanner/monitor buff, or ham operator being Killed by tossing an an- 
tenna wire over power line. Avoid making yourself into a high-powered resistor— 
it might blow your "Ше fuse." 

And the same rule applies to situations where the antenna can fall onto a power 
line i it fails mechanically. You have to examine the situation to see if there is any 
possible way for that antenna or its support structure to fall onto a power line if it 
breaks in any way whatsoever. Figure 28-1 isa diagram of my lot in Virginia. A 23-1 
mast is erected at the back of the house, and its 23-ft “fall radius" is plotted. It should 
not intersect either the power lines or the cable TV line, even when it fails and is 
wind-whipped. 

Note that the antenna could fall over the property line onto the next lot to the 
rear. After consultation with the other landowner and the county mechanical in- 
spector, it was determined that my rear fence is sufficient protection for the other 
homeowner. Because it is technically on my land, the fence damage is my responsi- 
bility. However, should the other homeowner change his mind or a new homeowner 
buys the place, then my antenna may have to be moved, 

Another caution i that you must be physically fit to do the work, While the on- 
the-ground portion of the work is usually not too strenuous, any climbing at all, even 
оп ladders, can be taxing. Antenna materials are deceptively lightweight on the 
ground, but when you get up on even a small ladder, they are remarkably difficult to 
handle. Attempting to manhandle a 22-ft vertical once wiped my back out to the ex- 
tent that I needed 800-mg of ibuprofen three times a day for about a week—and 1 
consider myself lucky that the pain hit me after I had dismounted the ladder. Be- 
sides, if you could see me, you would wonder why a man my size was on any ladder 
in the frst place! 

Before using a ladder, learn how to use a Ladder, A lot of homeowners, whether 
putting up antennas or painting the upstairs windows, fall off ladders that were being 
used incorrectly. There is a right way and a wrong way to use each of the different. 
types of ladder; learn to use them correctly. 

Ifthe wind blows even a few kilometers per hour, the danger is magnified con- 
siderably. [recall a friend, who is a large, strong "bear oa man," attempting to install 
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а 26-clement television “all channel" rotatable antenna on the roof of his two-story 
beach house. He wanted to be able to pick up Richmond, VA; Norfolk, VA; Washing- 
ton, DC; and Baltimore, MD, on television, plus scanner bands, from his beach house 
on the Chesapeake Bay. The antenna was handled easily with one hand on the 
ground and with no wind blowing. But up on the roof, it was a different story! “Big 
AT was on the peak of the roof when an off-shore gust of wind came up suddenly and 
caught the antenna, It acted like a hang glider and pulled AL off the roof, plunging 
him down two stories to the patio below. He fractured his pelvis and busted a leg. 
‘Two months of orthopedic casts and a year of physical therapy followed—not to 
‘mention lost wages. Expensive TV antenna, I reckon. Be carefull 

One good rule is to always work under the "buddy system." Ask as many friends 
as are needed to do the job safely, and always have at least one assistant, even when 
you think you can do it alone. 

Always use quality materials and good work practices. Antennas, being poten- 
tially dangerous, always should have the best of both materials and workmanship in. 
order to keep quality high. It is not just the electrical or radio reception workings 

ity to stay up in the air and be safe. 
planning an antenna job, keep in mind that pedestrian traffic in your yard 
possibly could affect the antenna system. Wires are difficult to see, and if an antenna 
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Wire is low enough to intersect someone's body, then itis possible to cause very se- 
rious injuries to passersby. In the United States, even when the person isa trespasser 
(or even a burglar!), the courts may hold a homeowner liable for injuries caused by 
an inappropriately designed and installed antenna. Take care for safety not only of 
yourself but also of others 

Consider a typical scenario involving а four- or five-band trap vertical antenna 
(Fig. 28-2). It will be 18 to 26 ft tall, judging from the advertisements in magazines, 
and will be mounted on a roof or mast 12 to 30 f off the ground. Consider the ease 
of a 25-ft-tall trap vertical installed atop a 15-1-high telescoping TV antenna mast. 
"The total height above ground will be the sum of the two heights: 15 ft + 25 ft = 40 
f. The tip of the vertical is 40-1. above ground level. You must select a location at 
which a 404 aluminum pole can fit and fall. This requirement limits the selection 
of locations for the antenna, If this is done, then a wind storm cannot result in a 
shorted or downed power line if the antenna falls over. 

When installing a vertical antenna, especially one that is not ground-mounted, 
make sure that you have help, It takes at least two people to safely install а standard 
HF vertical antenna, and more may be needed for especially large models. f you are 
alone, then go find some friends to lend an arm or two, Wrenched backs, smashed 
antennas, erunehed house parts, and other calamities simply do not happen as often. 
оп a well-organized work party that has sufficient hands to do the job safely. 

‘The second issue pertaining to installing antennas is old-fashioned mechanical 
integrity. Two problems are often seen. First, you must comply with local building 


Antenna 
nom 
Lor 
282 Mast-mounted vertical antenna. 
espe 
(TN) 


er Gnd in 


© 


4/13/01 


11:20 AM Page 547 2 


Antenna erection safety 547 


codes, regulations, and inspections, The local government has a reasonable interest. 
and absolute right to impose reasonable engineering standards on the electrical and 
‘mechanical installation of radio antennas, The second issue is that it is in your own 
best interest to make the installation as good as possible. Consider the local regula- 
tions as the minimum acceptable standard, not the maximum. 

Both these mechanical integrity issues become extremely important if a prob- 
lem develops. For example, suppose that a wind or snow storm wrecks the antenna, 
plus part of your house. Your insurance company may not pay off if your local gov- 
ernment requires an inspection and you failed to get one. Make sure that the me- 
chanical and/or electrical inspector (as required by the law) leaves a certificate or 
receipt proving that the final inspection was done. It could come in handy when dis- 
puting the insurance company over damage. 

A quality installation starts with the selection of good hardware for the installa- 
tion. Any radio-TV parts distributor who sells TV antenna hardware will have what 
уоп need in most cases. I used Radio Shack standoff brackets, ground pin, and а 19- 
Tt telescoping mast in one installation. Wherever you buy, select the best-quality, 
strongest materials that you can find. Opt for steel masts and brackets over alu- 
minum, no matter what the salesperson behind the counter tells you. Keep in mind 
‘that although salespeople can be knowledgeable and even helpful, you, not they, are 
responsible for the integrity of the installation. 

Local government One necessary reminder is that your local government 
might have some interesting ideas—legal requirements, actually—concerning 
your antenna installation. The electrical, mechanical, and zoning codes must be 
observed. There is a great deal of similarity between local codes because most of 
them are adaptations (even adoptions) from certain national standards. But there 
are enough differences that one needs to consult local authorities. Indeed, you 
may need a license or building permit to install ап antenna in the first place. 

One problem that SWLs and seanner/monitor buffs face in the United States is 
that their antennas are not protected by the Federal Communications Comniissip 
эв аге ham antennas. Local governments have limited rights to regulate ham an 
nas—only "reasonable" mechanical and electrical standards can be imposed. It may 
be illegal for you to install any type of antenna. 

‘Save all paperwork regarding your building permit, including the inspection cer- 
tificates, decals, letters or papers, and the original drawings (with the local building 
inspector's stamps). [fa casualty occurs, then your insurance company may elect not 
to pay off if you have violated an electrical, mechanical, building, or zoning code. 
‘This advice may be averlooked by an enthusiastic antenna builder, but it could prove 
to bea costly oversight if something bad happens. 

In some jurisdictions, there might be another limitation on antenna location, 
Some local governments have a requirement that the antenna be able to fall over and 
land entirely on your own property. About 30 years ago, a Maryland county required 
that antennas be installed double their own length plus 50 ft from the nearest prop- 
erty line—until a local ham radio club sued on grounds that about 99,99 percent of 
the rooftop TV antennas in the county were noncompliant. In one humorous scene, 
A group of amateur radio operators went down to the county offices and asked for 
about 50,000 complaint forms. They filed out several thousand against homeowners 
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with TV antennas before they were stopped by the county officer, Before installing 
any antenna, check with the local building codes! 


Wire antenna construction 


Volumes have been written on wire antennas, Indeed, many of my antenna books 
spend a lot of space on the topic. What seems to be missing in many books is details. 
on the mechanical aspects of wire antenna construction and installation. Although 
some books cover the mechanical details, much is often missing. Let's take a look at 
some of the basics. 


The basic wire antenna 

Wire antennas come in a bewildering variety of forms, but for our purposes, the 
"standard model" в our old friend the half-vavelengih horizontal dipole (Fi. 28:3) 
‘The overall length (A) in meters is found from 144. Each element (B) is one- 
half the overall length, or 724, The antennas пов Ќа! feedpoint impedance at 
resonance is 736, soi is a good fateh to standard 75-0 coaxial cabe. Itis common 
practice to use а 1:1 balun transformer at the feedpoint in order to balance currents 
and keep the pattern according to textbook predictions. 


Center insulators 
It was once common (but poor) practice to strip a few centimeters of coaxial cable, 
part the braid and center conductor, and connect them to each side of the dipole. We 
could then wonder why the darn thing fell down in the next wind storm. Even if you. 
elect to not use the balun transformer, a ready-made center insulator is a must. Fig- 
ше 28-4A shows a common form of center insulator for use with dipoles and other 
Wire antennas, There is an 50-239 UHF coaxial connector on the bottom to accept 
the feediine and two eyebolts mounted with solder connectors for the antenna ele- 
ments on the sidewalls. At the top is a small eyebolt that is used to strain-relieve the 
system, or to hang it from a center support (as when inverted-V dipoles are built), 
A larger form of center insulator is shown in Fig. 28-48. The enlarged down sec- 
tion indicates that this device contains either a 4:1 or 1:1 impedance ratio balun 
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284A Center insulator 


transformer. The 1:1 size is recommended for ordinary dipoles, whereas a 4:1 unit is 
used for folded dipoles and certain other wire antennas. 

Connections to the device, whether straight center insulator or balun form, are 
shown in Fig. 28.5, For simplicity, only one side is shown (the other side is identical) 
The elements (В in Fig. 28-3) typically are made of no. 12 or no. 14 antenna wire. 
‘The best wire is stranded and is copper-clad steel core wire (Copperveld). 

“The end of the antenna wire is passed through the eyebolt and then doubled back 
and twisted onto itself 7 to 10 times. The remainder of the wire is then soldered to the. 
terminal. Some people prefer to use a separate “pigtail” wire to connect the antenna 
element to the solder terminal. tis fastened to the antenna element wire between the 
T- to 10-tur twist and the eyebolt. 

"When preparing the center connector/balun, itis good practice to use steel wool 
ог sandpaper on the solder lug to remove oxidation. Oxidation makes it hard to sol- 
der and forces you to use too much heat to make a good connection. Also, be sure to 
have a large pair of pliers to crimp the wings of the solder lugs onto the wire. 

Solder assists in making a good connection at the solder lugs, but the crimp 
should be good enough to do the job. The solder then provides corrosion protection, 
Also, tin the T- to 10-turn twist section with solder. This does not increase the 
strength or provide better electrical conneetion—it is protection against the corro- 
sion that will occur with copper wires, 

Note Use only resin-core solder for antennas! Typical solder is 50/50 or 60/40 
leadhin ratio and may be labeled "radio-TV" or “electronic” ог something similar 
Plumber's solder is acid core and will destroy your antenna within a short time after 
itis erected. 
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Figure 28-6 shows the dipole installed. The ends of the two wire elements are 
connected to end insulators, which are in turn supported by rope to a vertical sup- 
port (e.g, mast, tree, roofline of the house, ete.). Although shown nice and straight. 
here, the actual installation will droop a bit in the center due to the weights of the 
center insulator or balun, the coaxial cable, and the wire itself. Gravity! 

Note that the coaxial cable is formed into а 15- to 25-em loop just below the coax- 
ial connector to the center insulator or balun. This forms a species of RF choke to keep 
currents from flowing in the outer shield and improves the pattern. The coaxial cable 
loop is bound together with black electricians tape or some similar adhesive medium. 
and then fastened to the top eyelet with stout string or fishing line for strain reli 
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28-5 Center insulator/balun connections. 


Support rope 
"The support rope selected should be large enough to provide support but small 
‘enough to fit through the holes of the end insulators, Cotton rope is singularly un- 
suited to this task because it weathers poorly and will rot through in short order. Ny- 
lon rope, sail rope, and parachute rope are perhaps the best types, especially if a 
particular lot has been tested for high tensile strength, Remember, the wind loading 
of your antenna, even a short dipole, сап be tremendous! 


End insulators 
End insulators come ina large variety of shapes and sizes (I have even seen one chap. 
use old toothbrushes, suitably drilled, of course). The main categories, however, are 
represented in Fig, 28-7. The version in Fig, 28-7A is the standard form, whereas 
that in Fig. 28-7B is an "egg" insulator. The egg insulator has two sets of wire grooves 
and through-holes that are orthogonal to each other (only one set is shown). Wire 
asses through one hold and set of grooves, and the supporting rope passes through 
the other hole/groove set. 

‘The standard form shown in Fig. 28-7A has a number of grooves or ridges cut 
along the body. These grooves are intended to lengthen the electrical path between 
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critical, and changing it by a few hundred Ohms creates virtually no 
impact on the reported final feedpoint impedance. 


The technique of using near-zero lengths of transmission line to 
connect wires in parallel is very useful to many types of models that 
connect feedpoints in parallel. NEC-2 and -4 have some limitations 
with very shallow angles that are often involved in these kinds of 
connections. The wire surface can penetrate the center third of the 
other wire segment at the junction, creating errors in the current 
calculations. The transmission-line technique avoids those 
problems. As well--and especially apt to this case--the technique 
avoids involving us in extra wires, odd changes of wire direction, 
and the inevitable expansion of the model size as measured by the 
number of segments. Nevertheless, we must recognize that our 
models are idealizations. Any implementation of a 3-wire wide-band 
terminated antenna will necessarily have leads to the common 
feedpoint at which we find the impedance transformation device. 
Whether the ease of modeling with the TL-based parallel 
connections serves us well or ill we shall not determine until we 
explore Part 2 of the exercise. 


1 used a similar system to parallel. connect the feedpoints of 4 wires 
surrounding a terminating resistor wire. The 5-wire wide-band 
terminated antenna appears in schematic form in Fig. 5. The 
schematic does not attempt to replicate the modeled physical 
structure, but is handy to represent the 4 paralleled feedpoints. The 
sketch on the right gives an end-on view of the antenna. The two 
new wires are at right angles to the existing wires, forming a cage 
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ends of the Insulator and therefore serve to reduce losses in the insulator. Typical 
materials used to construct insulators include ceramic, glass, nylon, and plastics. 

Figure 28-8 shows the connections to the end insulator. The electrical connec- 
tions to the antenna wire are the same as for the center insulator. The only proviso 
here is that for transmitting antennas, it is wise not to leave any sharp points stick- 
ing up. The end of the dipole is at high RF voltages, so sharp points tend to cause 
corona sparking. Cut off any extraneous leads that form sharp points, and then 
smooth the whole affair down with tinning (Le., solder) 

‘The rope is treated in a similar manner as the wire, but it must be knotted in 
some manner that tends to pull together as the rope is pulled into tension. Same 
people use the “hangman's knot," but this seems a bit excessive. 


Strain relief of the antenna 
Figure 28-9 shows a method of strain relief for the center insulator or balun, This 
point is at the highest tension and probably is the weakest because of the number of 


n 


28 End insulate 


28 Connections to end insulators. 


fase 4/13/01 11380 MU Per 


—©— 


554 General antenna mechanical construction techniques 


SUSPENSION ROPE 


INSULATOR 
on 
> ALUN XFMR 
com 
toor 


28-9 Sirain relieving the center insulator or balun, 


connections and things that can break. A suspension rope is run between the an- 
tenna’s vertical supports, parallel to the antenna wire. It is tied to the top eyelet on 
the center insulator or balun by a short bit of rope about 15 to 20 em long, 


Special case of the folded dipole 


‘The folded dipole (Fig, 28-10) is a special case of the half-wavelength horizontal di- 
pole. It consists of two close-spaced conductors shorted together on the extreme 
ends. One of the conductors is split in the center and used as the feedpoint. The 
feedpoint impedance at resonance is around 280 0, so it makes а good match to 300. 
television antenna twin lead. The usual practice is to build the entire antenna and 
feedline out of twin lead. An alternative (as shown in Fig. 28-10) is to provide a 4:1 
balun transformer at the feedpoint to match 75-0 coaxial cable. Despite the fact that 
300-0 TV twin lead is disappearing from the market, the folded dipole maintains a 
certain following among SWLs and hams. 

"The problem is how to install the antenna such that the terribly weak 300-0 twin, 
lead wires do not break at the slightest provocation. Figure 28-11 shows a solution 
used by one fellow (admittedly a fine worker in plastics and other materials). He 
fashioned a center insulator and the end insulators from a piece of strong Lucite 
material, 

‘The 300-0 TV twin lead is prepared as shown in Fig, 28-11, The antenna ele- 
ment is notched in the center (break along the bottom) for about 1 to 1.5 cm. A hand 
punch is used to place two or three holes in the center insulation on either side of 
the break. Either a large-size leather punch or a paper punch ean be used to make 
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the holes. Ina test, I was able to make the required holes using a hand-operatec pa- 
per punch, but it required a large force (and turned my hand temporarily purple!) 

‘The center insulator is shown in Fig. 28-118. It is made from a piece of strong 
plastic, Lucite, or other insulating material, Two identical sections, front and back, 
are needed. A number of 5-mm holes are drilled into both pieces at the points shown, 
to clamp the twin lead. A pair of solder lugs is provided to make connections be- 
tween the antenna clement and the transmission line (either twin lead or leads from 
a balun). The screws and nuts used to fasten the two halves ofthe insulator are made 
of nylon to prevent interaction with the antenna. 

A side view is shown in Fig. 28-110. Note that the twin lead causes a gap that can. 
catch water. It also makes it possible to break one or both insulators by overtighten- 
ing the nuts. In order to prevent this, a gasket of similar material is glued into the. 
space as filer. The gasket material should be about as thick as the twin lead. 

Tf you opt for a balun transformer, then it can be wired to the downleg of the tee 
Insulator using the holes that normally would clamp the tvin-lead transmission line. 

An end insulator for twin-lead antennas is shown in Fig. 28-12. It is constructed 
ina similar manner to the center insulator. Two scenarios are possible. The first, and. 
that used ina test antenna, is to make the clamping fixture from metal such as 3- to 
6-mm brass or copper stock. The ends of the antenna wires are shorted, so this is not 
a great problem. 

An end insulator is then used witha rope in the normal manner. A chain-link sec- 
tion is used to fasten the clamping fixture and the end insulator. I attempted this 
with a nylon chain link, about 1.5 X 2.5 in, from a do-it-yourself hardware store. It 
was only with a bit of difficulty that the ends were pulled apart, slipped into both the 
end insulator and the clamping fixture, and then reclosed. 

‘The second approach is to make the clamping fixture out of the same material as 
the center insulator. It then becomes the end insulator, so the other end insulator and 
that cursed chain link can be ignored. If you opt for this approach, it is a good idea to 
smooth and polish the rope hole on the clamping fixture to prevent chaffing of the rope. 


Masts and other supports for wire antennas 


‘The end supports of the antenna can be anything that provides height: a mast, a tre, 
ог the roof line of a building. Figure 28-13 shows the use of a mast, but either of the 
other forms of support could be used as well. The support rope is not tied off at the 
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top, as is true in all too many installations, but rather is brought down to ground level. 
‘This approach facilitates raising and lowering the antenna for maintenance and tuning. 
Be sure to provide enough "dead slack” to make lowering the antenna feasible. 

"The antenna support rope is connected to a spring on one end and a counter- 
weight on the other end. The spring should be stout enough во that it is only slightly. 
extended when the full weight of the antenna places it in tension, I have used door- 
springs for this task, but only the stoutest varieties 

‘The counterweight should be just enough to balance the weight ofthe antenna 
and keep it not quite taut. As wind moves the antenna up and down, the countes 
Weight raises and lowers, thereby reducing the chances of straining the antenna 
Wires to their limit. Any number of counterweights can be used. I have seen a num- 
ber of types: drapery cord weights, a small bucket of rocks, a gaggle of fishing 
weights, and (in one case) a burned-out automobile starter motor (the mounting 
hole on the front boss of the motor was ideal for accepting the rope). 

Figures 28-14 and 28-148 show two methods for making the connections at the 
top of the mast. Although egg insulators are shown here for the sake of fairness (the 
alternate form was shown earlier), either form can be used, A pulley is mounted on 
the top of the mast with a link section and a stout eyebolt that passes through the 
‘mount, In the case of а tree, I have used а steel band of the type used to mount TV 
antennas to house chimneys. By making the down rope a closed loop, you gain the 
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24-14. Two alternate pulley systems for wire antenna mounting 


ability to raise and lower the antenna. But do not let a loose end slip, or you will be 
chasing the rope up the mast as it slips through the pulley. 

Pulleys work nicely, but they are mechanical contraptions that tend to faîl occa- 
sionally. When they fail, the rope gets stuck. Pulleys also ean corrode rather badly, 
With the same end result. Al in ай, a pulley is not the best solution for most people. 

Figure 28-15 shows a better way. In this approach, a U-bolt is fastened to the top 
of the support mast. If the U-bolt is made of brass, then all the better, for it will not 
corrode. The rope can be passed through the U-bol as in the pulley system but with- 
out the mechanical failure problem. Be sure to install the U-bolt all the way up to the 
threads so that the rope will not chafe against them. 

‘The method shown in Fig. 28-16 can only be used by a horse lover! This method 
uses a brass stirrup in place of the U-bolt, Ifyou have switched to cars or trucks and 
по longer need your horse stirrups, then perhaps this is а viable means of attaching 
the support rope to the top of the mast 
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Installing vertical antennas 


Despite continuous (and mostly untrue) stories of very poor performance, the fo 
or five-band commercially manufactured trap vertical antenna remains one of the 
most popular amateur radio “antlers” in the HF bands. They are economical com- 
pared with directional rotating beam antennas, easy to erect, and do not have to oc- 
сшру a lot of real estate (the "footprint" of the vertical can be very small, especially 
if you bury the radials). Unfortunately, a misinstalled vertical is both dangerous and 
a very poor performer. This section covers both problems in order to give you a good 
chance of success, 


Electrical installation 
Figure 28-17 shows the usual form of multiband trap vertical antenna, Each trap 
(TRI-TRS) is а parallel resonant LC tank circuit that blocks a certain frequency but. 
passes all others. In Fig. 28-17, TRI is the 10-m trap, ТЕ? is the 15-m trap, and ТЮЗ 
is the 20-m trap. No 40-m trap is needed because the antenna resonates the entire 
length of the tubing on 40 m. Each section (except perhaps the 10-m section) is ac- 
tually a little shorter than might be expected from the standard quarter-wavelength 
formulas. This is because the traps tend to act inductively and so lessen the length 
required to resonate on any given band. 

‘The vertical antenna manufacturer might give suggested lengths for the various 
segments between traps. Do not make the mistake of assuming that these are ab- 
solute numbers, They are only recommended starting points, even though the liter- 
ature packed with the antenna may suggest otherwise. Loosely (meaning de not 
tighten the clamps too much) but safely install the antenna, and then adjust each 
segment for resonance, Start with the 10m band, and then work each lower-tre- 
Queney band in succession: 10-15-20-40, ete. After each lower band is adjusted, 
recheck the higher bands to make sure that nothing has shifted, because there might 
be a itle interaction between bands, Once the antenna is properly resonant, tighten, 
the clamps, and make the final installation. I know this is a pain in the neck, and 
means putting the antenna up and taking it down a couple of times, but it pays divi- 
dends in the end. I failed to do this once and found that the 15-m band was useless; 
it resonated at 192 MHz. 

Radials make or break a vertical antenna; they form the ground plane for the an- 
tenna. AM broadcast stations typically use vertical antennas and must have 120 ra- 
dials for the ground plane, Antenna reference books usually contain a graph plotted 
to show the effectiveness of radials and demonstrate a decreasing return on invest- 
‘ment after about 82 radials. For amateur work, [recommend not less than 2 radials 
per band, and preferably 4, arranged so that they are equally spaced around the an- 
tenna. If you cannot space them correctly, never fear; they will work anyway. Оп a 
four-band antenna, this means 16 radials, which really is not alot. Of course, the gen- 
eral rule is that the more radials, the better is the antenna, at least up to the point. 
where diminishing returns are realized. 

‘The radials are made of no. 14 wire and must be a quarter wavelength 
CIF... Figure 28-18 shows how to mount the radials on a mast-mounted (or 


roo-munted) installation, and Fig. 28-19 shows radials in a ground-mounted situa- 
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та 28-17 Mounting commercial trap vertical 
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tian. 1 do not recommend radials on the surface for ground-mounted antennas. It is 
too easy for a guest or even a trespasser to tip over the radials, and this could land 
you in court, Wire radials can be buried using a spade tip to cut a 3- to 4in slit, and 
they even make for a better ground. 


Ground mounting verticals and masts 
In the preceding section, the essential assumption was that the antenna is mounted 
above ground, on а mast or other support, In this section you will take a look at the 
‘methods of ground mounting the antenna or its mast. The same mast ideas are also 
‘useful for erecting supports for dipoles and other wire antennas. 

Figure 28-20 shows a standard chain-link fence post used as а support for either 
a vertical antenna or a mast (which could be metal, PVC, or wood). The typical fence 
post is 1.25 to 2.00 in outside diameter and made of thick-wall galvanized steel, Thus 
such a pipe makes a tough installation. Some authorities believe that the pipe will 
last longer if painted its entire length (especially the underground portion) with a 
rust-inlibiting paint such as Rustoleum. 
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of sorts around the center wire. The square represents the 
terminating resistor at the center of the center wire. 
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As an alternative version, I modeled the 5-wire wide-band 
terminated antenna as a planar construct. The far right sketch 
shows the general idea, but not at all to scale. The fed wires lie in a 
single plane with the termination wire, 2 above and 2 below the 
terminating resistor. The model uses the same spacing--0.2 m-- 
between each wire. As well, the model uses the same short 
transmission-line technique to connect the feedpoints in parallel. In 
both versions of the 5-wire antenna, the terminating resistor is 800 
Ohms. The planar version seems to show slightly better 
performance than the square version, so 1 shall use it for the initial 
data-gathering exercise. 


We can now examine the SWR bandwidths of the 2 expanded 
versions of the wide-band terminated antenna. Fig. 6 shows the 
500-Ohm SWR curve for the 3-wire version and the 300-Ohm curve 
for the 5-wire version. The 3-wire antenna shows a very well- 
behaved SWR curve, with an excursion above 2:1 only between 3 
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28-19 Feeding the ground mounted vertical antenna, 


"The beauty of the fence post as an antenna support is that it is relatively easy to 
install, and supplies are obtained easily from hardware stores. The post is mounted 
ina concrete plug set at depth D in the ground (see again Fig. 28-20). The depth D 
is a function of local climate and local building codes. In the absence of local regula- 
tions to the contrary, make the hole at least 24 in deep (or more). The depth is de- 
termined by the 10-year depth of the frost line in your area, a figure well familiar to 
local building experts. Keep in mind, however, that shallower depths may be legal for 
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fence posts, but installation of a vertical antenna (or mast) on top of the fence post 
‘changes the mechanical situation considerably 

‘The hole can be dug with a post-hole digger tool or an earth-auger-bit tool, The 
latter often can be rented in either gasoline engine, electrical motor, or manual ver 
sions from tool rental stores. 

Once the hole is dug, place about 4 in (or local requirement) of gravel at the bot 
tom of the hole, This gravel can be bought in bags from hardware stores for small 
jobs. The post is installed at this point and made plumb (eit is made to sit vertical 
in the hole). Gravel can be used to force the post to remain upright as the job is fin- 
ished. On top of the gravel is а concrete plug that fills the hole to at least 4 in below 
the surface. The rest of the hole is backfilled with dirt, unless you want the plug to 
‘extend all the way to the surface. Do not put anything on top of the post for at least 
4 days or whatever period of time the concrete manufacturer recommends. Concrete 
needs time to cure, and 4 to 7 days seems to be the recommended period of time. I 
is probably a good idea to install the post one weekend and then complete the an- 
‘enna installation the following weekend. 
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Chain-link fence posts tend to be about 4 ft high, and this is sufficient for instal- 
lation of masts for inverted-V and dipole support. However, for vertical installation, 
make the height H of the post about 18 in (otherwise, the antenna tries to act dilfer- 
ently from the instructions) 

Ifthe antenna is a standard vertical with the usual form of offset base (as shown, 
in Fig. 28-20), then use either the mounting brackets that come with the antenna or 
U-bolts fastened around the fence post. Never use a single mounting point; always 
se at least two-point mounting to prevent the antenna from pivoting and shearing 
ff the mounting hardware. 

Figure 28-21 shows how to mount a 2 x 4 mast to а fence post. Good-quality 2 
X 4 lumber can be purchased in lengths up to 20 ft, although, 8-, 10-, 12. and 16-1. 
lengths are the most commonly available (in my area, 16- and 20.1 lengths have to 
be bought at professional “contractor” umberyards rather than those which serve 
homeowners). The 2 4 selected should be kiln-dried and pressure-treated. It also 
should be painted in arder to minimize the effects of weathering on the mechanical 
integrity of the installation. Good-quality 2 х 4 lumber 
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the less costly material (which is only marginally less costly than the best) will warp 
and ruin the installation within 1 year, 

The 2 x 4 is attached to the fence post using U-bolts. A 2 X 4 scrap is used asa 
wedge to take up the difference between the post and the mast. In some installations 
the U-bolt will go around the perimeter of the 2 х 4, whereas in others а pair of holes 
will be drilled in the 2 X 4 to admit the U-bolt arms. The U-bolt must be at least /- 
in no. 20 thread, and either а vin bolt or a еп bolt is highly recommend if the 
mast supports any significant weight. Some installers like to place a brick at the base 
ofthe 2 x 4. This support bears the static and dynamic loads lie. gravity and wind) 
that eventually would cause the mast to list because of the eccentric loading on the 
footer, The auxiliary purpose is to keep the butt end of the 2 x 4 off the ground and 
thereby prevent rot. Some additional mechanical stability might be afforded by re- 
placing the brick with a cinder block that is filled with concrete. Another approach is 
to install a pressure-treated 4 X 4 of the sort used to support decks (Fig. 28-23). 
Hardware stores and lumber yards sell the specially treated 4 x 4 posts and the con- 
crete for the footers. These footers are dropped onto a gravel bed at the bottom of a 
hole (see the preceding section for a discussion of how deep the hole must be). A 
typical deck footer has a plastic or heavy-duty metal mount to support the 4 4. Af- 
ter the footer and mount are installed, the hole is backfilled with soil. Some people 
prefer to backfil, at least to a point above the mount, with builders gravel (of the 
same sort as used beneath the concrete footer), or concrete can be used for maxi- 
mum stability. 


Installing towers 
Antenna towers are used extensively in amateur and commercial radio communica- 
tions systems for a very obvious reason: Antennas tend to work better “at altitude 
than on the ground. Amateur operators tend to install 30- to 100-ft towers, although 
the 40- and 50-f models probably predominate for practical (and in some areas 
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legal) reasons, Local laws vary considerably, from one area to another, Be sure to 
consult the bureaucracy before erecting a tower. 

In my own area, a 20-ft tower that is physically attached to a two-story house 
does not need a permit or inspection (but must be constructed according to certain 
regulations), although anything mounted away from the house (or at a height 
greater than 30 fi, if attached to the house) requires a permit and the usual me- 
‘chanical inspection. The law requires that an inspection be performed when the hole. 
Tor the footing is completed and 4 in of gravel is on the bottom. The inspector will 
take a yardstick and measure both the depth of the hole and the depth of the gravel, 
A final inspection is performed when the antenna is installed. Prior to ай this mess, 
а permit must be obtained (which means drawings submitted). 

Several different types of towers are used by amateurs. Some are square-base de- 
signs, and others are triangular-base designs. At least one commercial model is a 
round pipe that has а rotator at the base. In this model, the entire tower turns when. 
the antenna is rotated. Several tower configurations are seen commonly. Figure 28-23, 
shows the fixed form of tower. This type of tower casts the least, and a case can be 
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made for it also being the most stable. It is made of 104 sections and an 8- to 12-ft 
top section that contains the thrust bearing for the antenna mast and rotator mount 

ing platform. Some fixed towers are self-supporting up Lo a point, but the use of guy 
wires is always recommended unless а firm mounting point (against the side of a 
‘building, for example) is provided about 18 f above the surface. The fixed tower can 
bemade to tit over at the base by using a hinged baseplate on the mounting pedestal 

‘The tilt-over tower is shown in Fig, 28-24. This type of tower uses the same sort 
of construction as the fixed model but is hinged at a point between one-third and 
‘one-half the total height. A winch at the base drives a steel wire that is used to raise 
or lower the tower between fully extended and fold-over positions. 

Still another configuration is shown in Fig. 28-25. This type of tower is the slip- 
up variety. A wide base section supports a smaller movable upper section. A winch is 
used to lift the upper section into its fully extended position. Typical examples will 
raise from a low position of 20 ft, to a height of 40 ft or so when fully extended (or 
20/50 1). When the tower is fully extended, it is locked into place at the bottom of 
the upper section with steel bolts. A lot of shear force is applied to these bolts, о it 
is wise to use several very hard stainless steel bolts for the lockdown. 

‘There is a serious danger inherent in the design of the sip-up tower: the guillo- 
tine effect. If the upper section comes loose while you are working on it, it will come 
plummeting down the shaft formed by the lower section and shear off any arms, legs, 
ог other body parts that get in the way. Whenever you work on this form of tower, 
use steel fence posts (or similar pieces of metal) as a safety measure (Fig, 28-26); at 
least two should be used, and both should be attached securely at both ends with 
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rope. The purpose of the rope is to prevent the safety pipes from working loose and 
falling out. These pipes are used in addition to, not instead of, the normal bolt fas- 
teners that keep the antenna tower erect 

The antenna tower, regardless of its configuration, is typically installed on a 
buried pedestal made of concrete (Fig, 28-27). The construction must follow local 
laws, but there are some general considerations to keep in mind. The surface area of 
the pedestal is 242 to 362 in. The top surface is fitted with either a fixed or hinged 
baseplate (which must be installed before the conerete sets). The depth of the 
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pedestal and the depth of the gravel base tend to reflect the local frost ine. Regardless 
of how general local lav is, good advice ia to make the pedestal at least 28 in deep— 
even if local law permits less. 

Raising the tower can be accomplished by either of two methods, although, in 
my opinion, only one of them is safe. Figure 28-28 shows a method by which the 
tower is laid out on the ground and then raised with a heavy rope over a high support 
(such as the peak of the house roof). This method is dangerous unless certain pre- 
cautions are taken, For example, a support must be placed beneath the antenna as 
it is raised. This requirement means that a constantly increasing height of the tower 
demands a constantly increasing lower support. 

"The end-over-end method of raising a tower is shown in Fig, 28-29. A "gin pole” 
is required for this job. The gin pole is a length of pipe fitted with a pulley at the top. 
and a pair of clamps at the bottom. The gin pole is clamped onto the top end of the 
highest section so that it can be used to raise the next 10-ft section into place, where 
it can be bolted down. The gin pole is then raised to the top of the newly installed 
section, where the operation is repeated again, The end-over-end method is Pre. 
ferred by tower manufacturers and is the method recommenced by most of the 

The antenna tower will be most stable if guy wires are installed at appropriate 
places determined by the tower manufacturer, Although many people are inclined to 
install towers “free standing" and some towers are advertised as such, it is always 
good practice to use guy wires attached to at least one point (or more, for tall tow- 
ers), Use at least four guy wires on a square tower or three on a triangle tower (one 
in each direction). Figure 28-30 shows two methods for securing the guy wires to the. 
around. One approach is to bury a heavy concrete or metal "deadman" weight un- 
derground. Alternatively, use at least one 4- to 6-ft pipe (1 to L5-in in diameter) 
buried up to a length of 12 to 24 in (18 in is shown in Fig. 28-30), 

Note It is absolutely essential to use safety belts when climbing a tower. Use 
two belts that are completely independent of each other so that no “single-point fail- 
ше” can eliminate the belts function. Always keep one belt fastened to the tower: 
when climbing, unhook one belt and move it up on the tower, and then disconnect. 
the other only when the first is reattached, Be sure to inspect the belts prior to use. 
Leather and metal wear out and break, and you do not want to find that failure at 50 
f up. Also, do not buy cheap belts 


28-28 Dangerous method for erecting lower. 
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and 4 MHz, below the frequency that | shall eventually recommend 
as the minimum usable frequency for all of these 27.2-m antennas. 


However, note a change relative to the 2-wire antenna. For the 


smaller antenna, the center of the feedpoint impedance excursions 
occurs at about the same impedance as the terminating resistor. 
However, the SWR reference for the 3-wire antenna is only about 
55% of the value of the terminating resistor (500 vs. 900 Ohms). 
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Grounding the antenna: 
What is a good ground? 


THE SUCCESS OR FAILURE OF A RADIO ANTENNA SYSTEM OPTEN (PERHAPS USUALLY) 
hangs on whether or not it has a good RF ground. Poor grounds cause most anten- 
nas to operate at less than best efficiency. In fact, it i possible to burn up between 
50 and 90 percent of your RF power heating the ground losses under the antenna, in- 
stead of propagating into the air, Ground resistances can vary from very low values 
uf 5 Q, up to more than 100 Q (5 to 30 £2 ia a frequently quoted range). RF power is 
dissipated in the ground resistance. The factors that affect the ground resistance in- 
clude the conductivity of the ground, its composition, and the water content. The 
ideal ground depth is rarely right on the surface, and depending on local water table 
level might be a couple meters or so below the surface. 

ris common practice among some amateur radio operators to use the building 
electrical ground wiring for the RF antenna ground of their station. Neglecting to in- 
stall an outdoor ground that will properly do the job, they opt instead for a single 
connection to the grounded "third wire” in a nearby electrical outlet. Besides being 
dangerous to work with, unless you know what you are doing, this is also a very poor. 
RF ground, It is too long for even the low RF bands, and radiates RF around the 
house in large quantity. Stations that use the household electrical wiring as the radio 
ground tend to cause TV interference, broadcast interference, and other electro- 
magnetic interference both in their own building and in nearby buildings. 

Fortunately, there are some fixes that will help your situation. We ean reduce 
the ground resistance by either altering the composition of the earth surrounding the 
ground point, or by using a large surface area conductor as the ground point 

Figure 29-1 shows the traditional ground rod used on small radio stations, in- 
cluding amateur stations. Use either a copper (or copper-clad steel) rod at least 6 ft 
long (8 f preferred). Electrical supply houses, as well as amateur radio and commi- 
nications equipment suppliers, also sell these ground rods. Do not use the nonclad 
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"To transmitter 


лвл Sne ou rd worke— 
acc SŠ бн 


copper-clad 
Steel rod 


steel types sold by some electrical supply houses. They are usable by electricians 
when making a service entrance ground on your home or workplace, but RF appli- 
cations require the low skin resistance of the copper-clad variety. The rod need not 
be all copper, because of skin effect forcing the RF current to flow only on the outer 
surface of the rod. Try to use an 8-ft rod if at all possible, because it will work better 
than the shorter kind. Do not bother with the small TV-antenna 4-f ground rods; 
they are next to useless for HF radio stations. Drive the ground rod into the earth un- 
til only 6 in or so remains above the surface. Connect a ground wire from your 
station to the ground rod. 

‘The ground wire should be as short as possible. Furthermore, it should be a low- 
inductance conductor, Use either heavy braid (or the outer conductor stripped from. 
RG-8 or RG-1 coaxial cable) or sheet copper. You can buy rolls of sheet copper from 
‘metal distributors in widths from 4 in up to about 18 in. Some amateurs prefer to use 
T-in-wide foil that is rated at a weight of 1 Ib/inear ft. Sweat-solder the ground wire 
to the rod. You can get away with using mechanical connections like the electricians 
use, but you will eventually have to service the installation when corrosion takes its 
tall 1 prefer to use soldered connections, and then cover the joint with either 
petroleum jelly or acrylic spray lacquer 

Another alternative is to use a copper plumbing pipe as the ground rod. The pipe 
can be purchased in S-ft through 16-ft lengths from plumbing supply shops or hard- 
ware stores, The pipe selected should be % in or larger. Some people report using up 
to 2-in pipe for this application, The surface area of the hollow pipe is greater than. 
that ofa solid rod of the same diameter. Because of certain current flow geometries 
in the system, however, the ground resistance is not half the resistance of a rod of 
the same diameter, but is nonetheless lower. 

Driving a long pipe into the ground is not easily done. Unlike the copper-clad 
steel rod, the pipe has no compression strength and will deform when you hit it 
with a hammer or other driving tool. To overcome this problem (see Fig 
you can use a garden hose as а Water drill. Sweat solder a tee joint on the top end 
el the pipe, and then sweat-solder a faucet fitting that matches the garden hase 
end on one end of the tee joint. Cap off the other port of the tee joint. Use the tee 
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Joint as a handle to drive the pipe into the ground. When water pressure is ap. 
plied, the pipe will sink into the ground as you apply a downward pressure on the 
tee handle, In some cases, the pipe will slip into the ground easily, requiring only 
a few minutes. In other cases, where the soil is hard or has a heavy clay content, 
it will take considerably greater effort and more time. When you finish the task, 
turn off the water and remove the garden hose. Some people also recommend 
‘unsoldering and removing the tee joint. 


Altering soil conductivity 


"The conductivity of the sail determines how well, or how poorly, it conduets electri- 
cal current (Table 29-1). Moist soil over a brackish water dome conducts best 
(Souther swamps make better radio station locations), and the sand of the western. 
deserts makes the worst conductor. Figure 29-3 shows a method for reducing the 
soll electrical resistance by treating with one of two chemicals: copper sulfate or 
‘common rock salt. The rock salt is one of several salt materials used for snow and ice 
‘melting in snow-prone areas of the country. If you cannot locate rock salt in a hard. 
ware store, then look for a store that sells ice-cream-making supplies. Rock salt is a 
principal ingredient in the process (but not the product). 


29_Carr 4/10/01 3:58 PM Page 576 


576 Grounding the antenna: What is а good ground? 


Table 29-1. Sample soil conductivity values 


Dielectric Conductivity Relative 
‘ype of soll constant (siemens /meter) quality 
Salt water " 5 Best 

Fresh water E] rm Very poor 
Pastoral hills me 043-001 Very good 
Marshy; wooded 12 [3 Averago/pour 
Sandy 10 000 Poor. 

Cities x [rt Very po 


алова 
layer af 
rock salt or 


copper sulfate Ground rod 


29-34 Ground rod with 
Improved” ground. 


Trench 


29.88 ‘Trenching pattern. 


Figures 29:34 and 29-38 show side and top views (respectively) of a slit trench 
‘method of applying the chemical treatment. Dig а 6-to 10-in-deep trench, about 12 to 
24 in from the ground rod. ЕШ that trench with a 4- or S-in layer of rock salt or copper 
sulfate. Cover the remaining depth with soll removed when уоп dug the trench. Water 
the trench well for about 15 minutes. The treatment will need to be repeated every 13 
1036 months, depending upon local rainfall and soll composition. 

Figure 29-30 shows an alternative method: the salt pipe. Use either copper or 
PVC plumbing pipe, up to 4 їп diameter (although 2 to 3 in is easier to work). The 
overall length of the pipe should be at least 18 to 24 in, although longer is useful. 
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293C Slow release ground treatment Copper or PVC 
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copper sulfate 


1810240 


Bnd cap 


Drill a large number of small holes in the pipe (no hole over % in), sparing only the 
‘end that will be above the surface. ЕШ with rock salt or copper sulfate and сар off 
both ends. 

Install several salt pipes around the ground rod. Installation is best accom- 
plished with a fence posthole digger. Drop the salt pipe into the hole and backfill 
‘with water. Remove the top endeap and hose down for about 15 minutes. Refill the 
pipe occasionally to account for the salt leaching out. 


Multiple ground rods 


"The key to a low-resistance ground is the surface area in contact with soil. One means 
for gaining surface area, and thereby reducing ground resistance, is to use multiple 
ground rods. Although multiple 4-1 rods are better than a single L M ground rod, the 
use of 6- or Б-П rods is recommended even in cases where multiple rods are used. 

Figure 29-4A shows the use of three ground rods in the same system. The 8-ft 
rods are placed 12 to 18 in apart for low- and medium-power levels, and perhaps 
30 in for higher amateur power levels. An electrical connection is made between 
the rods on the surface using either copper stripping or copper braid. The con- 
nections are sweat-soldered in the manner described above, with the feedpoint at 
the center rod. 

Figure 29-48 shows a more complex system with a larger number of rods laid 
ош in an array, The rods are arrayed about 24 in apart. As in the previous case, the 
rods are electrically connected (by braid or foil) on the surface. Again, connection to 
the system is made from the rod at the geometrie center of the array, 


Radials/counterpoise grounds 


"The effectiveness of the ground system is enhanced substantially by the use of ra 
dials either above ground or buried under the surface. Figure 20-5 shows a vertical 
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29-4A Multiple ground rod system. 


Ground 
mode 


29-48 Connection scheme, 


antenna with three different forms of radials: aboveground, subsurface, and ground 
rod. It is not unreasonable to use both radials and a ground rod. Note (from Chap. 7) 
that vertical antennas are relatively ineffective unless provided with a good ground 
system, and for most installations that requirement is best met through a system of 
ground radials. 

Ап effective system of radials requires a large number of radials, Although as few 
as two quarteravavelengtl resonant radials will provide ап improvement, the best per- 
formance isto use more. Broadcasters in the AM band (550 to 1640 kHz) are advised 
to use 120 half-wavelength radials. Installing more than 120 radials is both expensive 
and time-consuming, but does not provide any substantial improvement. For amateur and 
small commercial stations, use a minimum of 16 quarter-wavelength radials. 

Above ground, the use of insulated wire is recommended, but not required. Be- 
low ground, noninsulated wire is preferred, Although some sources claim that any 
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Coax to 
2955 Combining shove growed XMTR 
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Ground Rod 


size wire from no. 26 up to no. 10 ean be used, ît is best to use larger sizes in that 
range (Le.,no. 14 through no. 10). Either solid or stranded wire can be used. 

"The layout for a system of radials in a vertical antenna system is depicted in a 
view from above in Fig. 29-6, Here, the radials are laid out in a uniform pattern around 
the antenna element. This coverage provides both the lowest resistance and the best 
radiation pattern for the antenna. Solder all radials together at a common point, 
Which might be the ground or mounting rod used to support the vertical antenna, 


Station grounding 


It does no good to provide a topflight ground system, such as those shown earlier in 
this chapter, ifthe connection between the station equipment and the ground sys- 

tem is substandard, Figure 20-7 shows a method used by the author to good effect 

On the back of the operating position is a sheet of copper, T in wide, running the 
length of the equipment platform. This form of copper, in the 1-lb/sq ft weight, is 
‘used on older houses for roofing flashing. Each piece of equipment is connected to 
the ground sheet through a short length of braid harvested from RG-8 or RG-11 
coaxial cable shield, RF accessories, such as the low-pass TV interference filter (if 
used—it should be) are mounted directly to the copper sheet. In one installation, the 
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author was able to drop the copper sheet dawn from the table to connect directly to 
the ground system outside the building. The run was less than 40 in. But in other 


hort length of braid wire will be more practical 
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tors use is the ground wire tuner. These instruments 


C network) in series with the ground line, You. 
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Conclusion j 


A high-quality, low-resistance ground might seem costly to install, but in reality it 
pays rich dividends in the functioning of your antenna. Don't overlook the quality of 
the ground, or you might be in the position of being penny wise and pound foolish, 
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The curve for the planar 5-wire version of the wide-band array is 
less well behaved, with 3 humps above the 2:1 SWR level. 
Although the terminating resistor is 800 Ohms, the reference level 
for the SWR is down to 300 Ohms, or under 40%. As we drop the 
necessary reference impedance, due to having more wire 
feedpoints in parallel, the reactance at any given frequency plays a 
larger role in determining the SWR. Hence, the lower the feedpoint 
reference level, the more likely we are to find higher SWR levels. 


The 3- and 5-wire antennas shows interesting parallels between the 
curves, with peaks near 3-4, 7-8, 14-15, 20, and 25-26 MHz. In this 
respect, the curves are only vaguely similar to the 2-wire version of 
the antenna, despite the similarities in the terminating resistor 
values (800-900 Ohms). For SWR bandwidth, either the 2-wire or 
the 3-wire versions of the antenna show the more promise. While 
the 2-wire antenna requires a 16:1 impedance transformation for 
use with 50-Ohm coaxial cable, the 3-wire antenna requires a 10:1 
transformation. The 5-wire version sets up a conflict: the reference 
impedance requires a 6:1 transformation, a value within 
construction limits for a single balun. However, the SWR excursions 
suggest a considerable reactive component that may induce higher 
losses in at least some balun designs. 


If SWR bandwidth were the only consideration, then the simplicity 
of the 2-wire antenna would dictate its use. The addition of more 
wires complicates the antennas structure and adds weight, 
especially in the separators needed to keep the antenna from 
corkscrewing in the wind. So our final question is whether we obtain 
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strain relief in, 555-064, 684 
support ropes for, 551 
three-dimensional deal) radia- 
tion pattern of, 147-148, 147 
tated, center Ted, terminated, 
"ded dipole (TCFTFD or T+ 
2+ FD, TTFD) in, 166-168 
transformers for, 140 
unable dipalesin, 100 
tuning of, 140-152 
vee dipoles, 236,239 
rer antenna in, 108-100, 
168 
vertical dipole scanner antenna in, 
301,364, 365 
vertical lane radiation patter ol, 
148-140, 146 
voltage in, 143-140, 148 
voltage standing wave ratio 
(SWR) in, 144, 140, 140-151, 
150, 100 
wavelength measurement of, 
14 4% 
wire antenna, basie design, 548, 
ыя 
Zepp antenna in, 164-105, 18, 
ИД 
rect у. reflected space waves, 
po 
lecti né radio waves, 54 
rectal атау, D-degree 
‘phased, 250-24, 
288, 2541 
retinal beam antennas, 
285-20 
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directional beam antennas (Cont) 
cubical quad beam antennas, 
261-307, 264, 266, 267 
directivity ol, 255 
‘effective radiated power (ERP) in, 
icromagneti intere 
(EMD, 203 
eedpoinis, 256-257, 257 
200-201, 261,203, 265 
fior fanges mounting hardware 
10,250 
amma math feed system tor, 
260-301, 261 
insulators, 206 
inverted bobtail curtain (Thorne 
array) antenna, 207-209, 268, 
209 
length of, 255-287, 250-200 
mounting of, 256 
‘quad loop antennas in, 263-267, 
264, 206, 267 
‘ght angle Mange mounting hard- 
ware in, 256 
rotatable dipole as, 255-257, 287 
Yagi antennas as, 257-202, 259, 
25 
Agia antenna as, 258 
‘special beam antenna, 20, 
о 210,262 
directional discontinuity ring га 
tar ПУРЕН) antenna, 424-17 
pr 
directional phased vertical antennas, 
245-254 
broadside radiation pattern 
КЕП 
current ш, 248 
(octy of, 246-250 
effective radiated power (ERP) in, 
245-24 
ecd phasing table tur, 254 
ecdpoint in, 247-248, 247, 248. 
Jeng of, variabile lengths in, 
pm 
noise in, 245 
miidirectonaliy of, 245 
phase-shifting circuit for, 28 
Phasing in, 246-250 
Phasing switch in, 249-250, 252 
dition patterns in, 246-250, 
246,247 
signal is ratio (SNR) in, 240 


directional phased vertical 
antennas (Сонг) 
all des direchonal arra, 250, 
289,954 
three-element, 250, 258 
transformers in, 240-250, 250, 
251 
torpor phasing transformer for, 
20-250, 250, 251 
velocity factor (VJ of coax in, 248. 
directional wire antenna, far short 
ave reception, 281-280, 284 
lecti 
in directional beam antennas, 255 
in directional phased vertical 
antennas, 246-250 
in high-frequency dipoles and 
‘doublets, 140-247 
in mcruwave waveguides and 
‘antennas, 295, 397, 398-403, 
400 
in horae reception antennas, 
ЕД 
in VHFIUHF аана 
antennas, 240 
directivity gain (G,) in microwave 
‘waveguides an antennas, 
Кел 
(director, ag antennas, 258-250 
directrix, parabolic "is antennas, 
p 
discreto loading in low-frequency 
Operation antennas, ВОЗ, 
BOLO 
dish antennas (See parabolic “dish” 
antennas) 
distance between antennas, 28 
‘stance ealeulatian, for ratio, 
26-27,26 
distress calls 2 
distributed capacitance, in loop 
antennas, small transmitter 
type, 221 
disturbance, ionospheric, 45-47 
diurnal (Soc пег йау 
variations) 
‘versity propagationeception, 
58,87, 58, 160, 
бааша modem nierowave 
‘waveguides and antennas, 
27677 
Doppler antennas, 450-451, 451 
dile dipoles, 100 
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double ducky direction finders 
(DDD), 455-450, 448 

double extended Zepp antenna, 
104-165, 165 

double vee longi antennas, 223 

‘double shielded coal, 63, 6 

doublet antennas (Seo high- 
едеу dipoles апа doublets) 

drooping dipole scanner antenna, 
E 

drooping dipole multiband 
antennas, 205 

“drooping radials,” in vertically po- 
orae HF antennas, 176,177 

ducting, 20-31, 31,35 

ummy loads 352-388, 386, 
540-542, 540, 541, 542 

DXing using loop antennas, small 
recenertype, 311-313 


E 
E layer ofionosphoro, 41, 42, 46 
fective aperture (АЈ, 11,504, 
aur 8 
effective Кап radius factar (K 
factor), 23-27 
посне hight o antennas, 304 
effective radiated power (ERP), 45 
in directional beam antennas, 
255 
in directional phased vertical 
antennas, 245-246 
inmucrowave waveguides and 
antennas, A01 
in ҮНЕЛЇНР transmiting/receiving 
antennas, HO 
menen in Loop antennas, small 
transmittertype, 321 
E-field components, 27 
electric field, 123, 124-126, 128, 
127, 126 
annere 210 
in microwave waveguides and 
antennas, 283, 05-300 
in vertically polarized HF antennas, 
їз 
electrical installation, vertical 
‘antennas, 00-301 
electrical ve. physical length, 
137-140, 139 
of high-frequency dipoles and 
doublets, 141-143, 149-151, 
100,162 
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electrical vs. physical length 
(Cont) 
impedance malehing and, 
re 
oflongwires, 213-214, 217-219, 
EN 
of transmission line, 67-08 
elctramagnete elas, 8-10, 0, 
122, 125-127 
electromagnetic interference 
(EMD, 263 
clectramasnetioradaion v prap- 
ation 39 
electromagnetic waves, 5 
electrostatic feldsídiseharge, in 
Iongwires, 219 
Чезеп-усш cycle of radin propaga- 
ion 40 
EM Saale 331 
‘emergency operations antennas 
deam 
battery packs for, 23-494, 494 
‘sounterpoase ground plane Пи, 
er e 488 
риев in, 00, 490 
‘rounding and ground systems 
ur 487-488 
increasing signal strength from 
апае stations fr, 
3 
inverted-yee dipole in, 490-491, 
am 
mobile antennas and, 480-487, 
E 
mounting of, on vehicles, 401-402 
multiple radials from vehicle- 
mounted antenna for, 488,489 
зайче mobile-antenna connec- 
tion detail in, 488,489 
repeaters and, 487 
telescoping antennas for, 40 
temporary antenna construction 
Tor 487-488, A88 
temporary mast mount far, 492, 
СЯ 
VHF band fr, 487 
end effect, 138-149 
(nd ar vga insulators, 551-563, 88 
fend platsfend terminators, in 
‘microwave waveguides and 
antennas, 285, 38, 388 
ended lunge, 217-210, 217 
ended Zepp antenna, 208, 208 


environmentalinatural noise 
(QRN), 246 

erecting antennas safely; 543-548 

escape angle, 48 

ether s 

Everett We, 200 

Expert MiniNEC modeling soft- 
ware 231 

EZNEC for Windows modeling son- 
ware; H1, 224-37, 296, 230, 
Ed 

EZNEC Professional modeling saht- 
ware, 329 


F 
F layer of ionosphere, 41-43, 42, 46 
fling, 35-36, 35, 55-58, 5 
Dellinger fade, 46-47 

tie fading, 55 


‘far field calculations in mierowave 
waveguides and antennas, 
205-395 

Faraday connection, 218 

Faraday shield, 218 

Federal Communications Commis 
sion (FCC), 2 

еей geometries far parabolic "t? 
antennas, 408-409, 408, 409 

feed iumination m patabolic “dish” 
antennas, 400 

feeding transformer, 470,477 

beachte 

A lange loop antennas, 287-288 
dipoles, 256-257, 257 
directional beam antennas, 
256-207, 287, 200-251, 261 
directional phased vertical 
antennas, 247-248, 247, 248 
high-frequency dipoles and 
doublets, 142-140 
оцат, 217-218 
multiband and tunable wire 
antennas, 204, 210 
one large loop antennas, 
quad beam antennas, 203, 26 
vertically polarized HF antennas, 
197, 198 
Yagi antennas, 200-261, 261 
fence post as supports for vertical 
antennas, 361-005, 583, 564. 
ferrite core шша, 171-177 


E] 


ferrite rds, 475, 478 
‘her optics, 370 
‘eld strength meters (FSM), for 
‘mobile HF antennas, 483-485, 
484, 485, 45% 
ей strength, 21, 22 
‘igure of meri, 418 
‘hers, 56,510 
‘Hve-ighths-wavelength antennas, 
107-200 
‘eer VHPUHF antenna, 25, 
зы 
vertical antenna, 181, 182 
‘agpote-installed antennas, 
204-200, 288, 207 
шше апау antennas, 411, 413, 
414,415 
atop antennas, shortwave recep- 
ion, 279,280 
floor Ranges mounting hardware, 
ЁЛ 
ик, magnetic, 26, 127 
FFM, marine radio antennas, 406 
{old-orhit-over tower, 567, 867 
folded dipole, 154-155, 156 
installation of, 04-656, 665, 556 
tilted, centerfed, terminated, 
"illod dipole (TCFTFD or 
TFD, ТТЕР) in, 106-108, 
167 
VHPIUHF antennas, 002, 268. 
forward power, 538,539 
forward scatter, 52 
Tox hunting” antenna, 444, 445 
"Franklin" array antenna, 165-166, 
166 
tee space, 14, 10,21, 67-08, 
137-138 
werber velocity (C) in micro- 
wave waveguides and antennas, 
77,050 
Frequency; 2, 7,9 
in mueran waveguides and 
antennas, 373, 374, 375,376, 
380, 381-484, зна 
using Sii charts, 117-121, 119, 
120 
шї angle vs, 28,28 
VHFIUHF census 
antennas, 229,141 
VSWR ve., 434-417, 435 
Jrequency diversity, 36, 55, 87 
frequency modulation (FM), 12 
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webu of optimum trafe 
(FO), 48 

Fresnel zones, 33-34, 84, 35 

fundamentals of radio antennas, 
што 


с 
GEI multiband dipole antenna, 
200 218,207 
sain 
în A2 lage lop antennas, 
255-389, 289 
in higî frequency dipoles and 
‘doublets, 140-147 
in longwires, 214, 218, 218, 223, 
"n oop antennas, smali transmiter- 
typo, 19-320. 
in mucrowave waveguides and 
antennas, 304-395, 198-403 
in microwave waveguides and 
antennas, va, aperture in, 
аш, 
in parabol "ls antennas, 
405-408, 
in shortwave reception antennas, 
E 
in vertically polarized HF antennas, 
Inrisr 
in VIP аланина 
antennas, 349 
galactic noise, 39,421 
amma mateh feed system: 
"n Yag antennas, 200-201, 
261 
n HEICHE transmitting'receiving 
antennas, 346, 46 
pasa rays, 30 
armed grounded vertical 
"antenna, 200-201, #01 
fled Ше, 62, 63 
Khost йш. vertically polarized 
HP an 
‘gm pale о raise towers, 570, S71 
{Global Positioning System (GPS), 
аат 
GNEC modeling software, 
30-30 
sraplite-sand dummy load in 
microwave waveguides and 
antennas, 385 
gras ine transmission, 51, 88 
great circle paths, 60-51, 52 
sh dip meter, 527-100, B28 


ground loses, vertically polarized 
HP antennas, 183 
round plane vertical antennas, 
172,176,177 
rou rods, 573-574, 874, 5, 
Бтр 577,578 
round stakes and guy wires, 570, 
СЯ 
ground wave, 17-29, 18, 47-48, 
d a02 
ground mounted vertical antennas, 
501-005, 562 
rounded vertical antennas, 
200-201 
grounding and ground systems, 
err u 
in Beverage antenna, 227-228, 
228 
copper plumbing pipes as ground 
rol, 574 
copper sulfate to alter soil 
conductivity in, 575-578 
counterpaise grounds, 577-570, 
ЕЛ 
in emergency operations antennas, 
Aedes 
aon rods fr, 573-574, 74, 
574-570, 878,577, 578 
in den ditu 
antennas, 238-239 
impedance matching and, 
те) 
interference and, 573 
length of ground wares in, 574 
in longwires, 215-216, 216 
in low-frequency operation anten- 
nas, 501-602, 502 
in marine radin antennas, 
"100 495, 496 
radials for, 577-570, 579, 880. 
sal pipe to apply chemical soil- 
conductivity inprovers, 
570-577, 877 
‘salt tø alter soil conductivity in, 
875-576 
in ahortwave reception antennas, 
270, 277, 278-270, 279. 
мй conductivity and, altering, 
‘875-577, OTO, 878, 877 
station grounding, 579-580, 61 
trenching to apply chemical soil- 
conductivity improvers, 
570,876 
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grounding and ground systems 
(Com) 
tuning ground wire, 580-581 
in vertically polarized HF ant 
таз, 170, 185-187, 195-107, 
196 
svouniplane VHF/UHF antenna, 
300,67 
aroumdpine scanner antenna, 364, 
E 
ron velocity (V in microwave 
des айа antennas, 


Grovers equatinn, fur loop anten- 
тав, small eceivertype, 
КЕ 

guy wares and ground stakes, 670, 
эт 


н 
“hairpin” loading scheme, 505, 506 
halla sloper (HDS), 205-206, 
206 
halEslope vertical antenna, 238, 
240 
ball n antennas, 126, 181, 182 
‘current distribution in, 131-107, 
132,123 
secre ws, physical length af 
antenna, 117-139, 129 
impedance matching in, 120-140, 
19 
standing waves and, 120 
Voltage distribution in 131-137, 
132,123 
haltvavclengih line, 83 
halo VHPIUHP antenna, 305, 208 
hardline, T2, 62 
harmonics, 140, 200,210,515, 
height of antenna, 10,20, 25,28 
‘distance calculation for, 26-27, 20 
in high-frequency dipoles and 
‘doublets у. radiation pat- 
tems ш, 148-140, l. 
in high-frequency dipoles and 
doublet, v resistance ш, 
145-140, 148. 
in loop antennas, smali гесе 
type, 304 
in vertically polarized HF antennas, 
181,187 
helical antennas, 427-428, 429 
helical ine, 62 


Antennas Made of Wire - Volume 2k; 
any advantage in turning to a more complex wide-band terminated. 


"folded dipole." 


The brief answer is a qualified "yes:" we obtain more gain from 
adding fed wires to the system. The following table illustrates the 
gain advantage of adding wires. 


Comparison of Marinum Free-Space Gain Values of 27.2-а Antennas at Selected Freq 


Antenna: Free space Gain doi 


For each of the selected frequencies in 6-MHz increments, the. 
larger the number of wires in the wide-band antenna, the higher the 
gain. In some cases, the 5-wire antenna comes within 0.9 dB of 
matching the non-terminated doublet, while in other instances, the 
differential is almost 4.2 dB. However, by the time we get down to 2 
wires in the terminated antenna, the gain differential can be as 
much as 6.7 dB. Fig. 7 provides maximum free-space gain curves 
for all 4 antennas from 2 through 30 MHz in 1 MHz intervals. 


Chapter 29 
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502 Index 
helical whip mobile antenna, 481, horizontal low-frequency operation impedance and impedance match- 
482 antennas, 505 "mg (Cont) 
helically wound antennas, 289,242,  horiznntal polarization, 12-19,18, matching stub systems for, 
E 27,55, 173 405-100, 466, 467 
hertz as unit of frequency, Т Beverage antenna and, 226-297 matching units for, 515 
Hertz or hertzian antenna (See helically wound antennas and, in microwave waveguides and 
1ай\-Тедиепеу dipoles and 239,242,243 antennas, 383-384, 884,394, 
doubleta) harn antenna radiators, 403-401, EJ 
Horta Heinrich, 5, 7 400 muliimpedance balun or, 76, 
heterodyning, 55 Huygens- Frosnel wave theory, 12 атт 
iden and rod space antennas, in bod and tunable-wire 
КЕЛ 1 antennas, 210 
angled or bent dipole, 236-237, Pitloaesim microwave waveguides nose and, 117-418 
240 and antennas, 385 normalization of impedance in, 
aticinstald, 292-24, 299 image antenna, vertically polarized m 
dipoles as, 232-234, 288, 230 HF antennas, 173 in 1А large loop antennas, 
Sagpole installation for, 234-230, Imaginary operator (), 22 202-293, 292 
235, 297 impedance and impedance match- pi networks for, 401, 461 
ground system for, 238-289 "ng, 140,433, 457-477, Arte wave matching (Q se 
halEslop vertical antenna as, 238, 525 поп) sections for, 407-468, 
240 antenna tuners for, 463-404,464, 468, 00 
helically wound antennas as, 289, des relais in 460 
EP in antennas, 120, 139 series matching setion for, 
Lseetion couplersin, 298-239 approaches о, 458-162, 458 pe 
lumited-space designs Го, 236-244 in Beverage antenna, 226 using Smith charts, 110-112, 111, 
longvires as, 232 capacitive reactance in, 468 tio, осш, 119 
Imobile antenna used as windowsill- characteristic impedance (Z,) of using Smith charts, impedance 
mounted, 230, 241 transmission Ше and, 64-47. radius in, 100 
mounting ot, 233 in coaxial cable baluns, 465,466 using Smith charts normalized 
nonresonant loop antennas as, complex conjugates in, 4 impedance Ше in, 95-07, 98 
prr in dipoles, 237 ‘SPC transmatch network in, 46, 
rotatable dipole antennas as, 230, electrical vs, physical length cal 405 
заз ‘ulations ш, 470-471 ани сараси networks fr, 
safety issues for, 33 feeding transformer fr, 476, mor 
sloping Csloper” or "spole" am stub matching systems for 115 
‘dipole as, 26, 238 Serte core inductors 471-477 tapped balun for, 476, 477 
vee dipoles as, 236, 289 bene rods in, 475,475 ледена transit for, 463, 
voltage standing wave ratio rounding and, 450-180. dés 
(VSWR) in, 298 în higî frequency dipoles and toroid broadband transformers 
window-sill antennas as, 238, 241 doublets, 143-140, 149, for, 475-477, 476 
һай frequency (HF), 3, 12, 17,20, 151-152, 155 огай cores and, 471, 472 
35, 37,41,48, fi, I70-I7L 309, impedance bridges in, GI9-521, torcida transformers and, 
amas 520,521 l- ATE 
dach knee dipoles and dou- impedance matching network in toners, 507, 508 
bles (See dipoles and doublets) (@ sections) in, 85 transmatch circuits for, 482-471, 
high-power RF wattmeters, S08, — mductiye reactance in, 458 462 
ES [section network for, 458-400, im transmission lines, 71,72, 
Jů dipoles and doublets, 100 E 2-88, 100, 110-112, 111, 112 
Hinged baseplate tower, 560-567, —— inAlargelopanlennas, in vertically polarized HF antn- 
ES 257-288 nas, 17A, 175-170, 189, 184, 
History of radio broadcasting ама inlongvires 214, 229 186, 195-2197, 299-200, 199 
communications, 1-4 in low-frequency operation in НЕЛЕ anne 
hopping, 30 antennas, BIS antennas, 341-346, 342 
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impedance and impedance match- installation and construction intensity of radio waves, 9-10 
ing (Cont) techniques (Сонг) interference, 19, 30, 36, 37, 573 
Wheatstone bridge, 510-521, folded dipole installation, electromagnetic interference 
520 554-506, 885, 566 (EMD, 263 
sn Yagi antennas, 260-201, 2% оша support posts for, 565, inlongsres 214 
impedance bridges, 519-521, 820, 565 їп loop antennas, small receiver. 
2 si pole to raise towers, 570,871. type, 302 
incident ange, 48 шаккан verticalantennas, im microwave waveguides and 
incident power (P) of transmission 561-565, 862 antennas, 400-401 
lines, 80 guy wires and ground stakes, 670, in shortwave reception antennas, 
incident waves, 128, 124 sm 272, 278, 174 
index of refraction, 23-24 tinged baseplate tower, 500-507, interferometer antennas, 431, 431, 
inductance, 526-527 E dal 
ere core inductors in, insulators, 548-560, 549, S80, intermediate frequency (I), 55 
anam 251-553, 881,883. International Telecommunications 
Grovors equation in, 302-30, mast-mounted vertical antenna Union (TU) 2 
"ar Зан, 560-561, 546,561, 862 inverso square law (UD), 9-10 
in langwires, 214 ‘masta and supports, 556-500, 11, 260-370 
în loop antennas, stil receiver- 357, 558 inverted bobtai curtain (Thorne 
‘ype, 307 pedestals for towers, 08-570, array) antenna, 267-209, 268, 
sloop antennas, smal transmitter 569 E 
type, 321 permits, zning, and regulations, insertodL antenna, S10, 510 
în transmission ines, 04 Ет] inverted_vee antenna, rhombi, 
Induction els, 5,133, 127 pulley system for mounting DX 
inductive (оор) coupling in 287-508, 588 inverted-x00 dipole, 152-153, 153 
microwave waveguides and raising towers, 570, 570, 871 emergency operations antennas, 
antennas, 390-301, 398 safety issus, 549-548 300-401, 491 
Inductive lang in low-frequency dab tower, 567-508, 868,869 multiband and unalicwire 
operation antennas, 508, wenn mounting andare antennas, 205, 206 
504-505 ET) ionization, 5, 14-10, 15, 15, 37, 41, 
inductive eactance, 140 strain relief, 553-554, BBA 46,47, 51, 52,54 
in high frequency dipolesand support ropes, 551 ionograms, 43 
‘doublets, 143, 157, 158, Suburban let installation plan, bas ionosphere, 14-16, 15, 18, 37, 
150-100, 161 tower installation, 565-572, 538 pamm 
impedance matching and, 458 Chott mounting hardware, 658, ionospherie disturbances, 
"m NZ large loop antennas, ЕЛ p» 
1255-389, 289 vertical antenna installation, ionospheric propagation, 17-18, 18, 
intop antennas, amall transmitter 560-572 37-44, 170 
туе, 319, 321 wire antenna, basie design, 548, ionospheric scatter propagation, 
using Smith charts, 100, 101, 117 ыз "Lo Ea 
infrared (IR) тайак, 9 insulators (or spreaders) 548-560, ionospheric storms, ar 
Installation and construction tech- 549, 880,881, 551-559, 84 innospheric variation, 45-37 
niques, 157-418, 4-572. in Beverage antenna, 228 вата! region af atmosphere, 
conter insulators, 548-550, 549, indipoles 250 14,15 
550,551 in directional beam antennas, 856. — isophase plane, 32 
есше installation, vertical in high-frequency dipoles and isopotentl line, loop antennas, 
antennas, 560-061 doublets, 141 ‘small ecsivertype, 303 
end or egg weulsors, 551-863, in microwave waveguides anal boresstance circles, using Stith 
568 antennas, 371-372 charts, 107-100, 09 
fence posts as supports for verti- in multiband and tunable-wie isotropic antenna waveguide, 
‘al antennas, 561-505, 669, antennas, 206 anas 
зи in vertically polí HF antennas, backiubesin, 400, 400, 401 
Пам or lar tower, 567, 687. 175,105 ешш, 400, 400, 401 
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isotropic antenna waveguide 
(Cont 
tipo antenna elements and, 
30608, 207, 300 
directivity in, 397, 308-403, 400 
p] 
gain vs aperture in, 402-403 
impedance in, 396, 
interference and, 400-401 
near eld and far Held calculations 
in. 106-200 
oli Loss in, 300 
radiation patterns and, 297, 398 
Facto resistance in, 296 
sidelobes in, 400, 400, 401 
воторіс radiation. 
in high-frequency dipoles and 
doublets, 140 
in microwave waveguides and 
antennas, 294 
in shortwave reception antennas, 
in vertically polarized HF antennas, 
17-181, 181 
isotropic sources, 10-14 
ISWR (Seo current standing 
‘wave ratio) 


, 


pole antennas, 201, 352-355, 
256 

Jansky, Сап, 421 

JFET ирег fur oop antennas, 
small receiver-type, 21-310, 
216 

Johnson noise, 417 

joints and bends in microwave 
‘waveguides and antennas, 
5800, 389, 290 

“Jupiter reception antenna, 
1 420 


K 
Кш, 22-27 


kilohertz ав unit of frequeney, 7 
Ku bands, 6 


L 

Lection coupler, 214, 208, 
238-230 

Lesection network or impedance 
matching, 458-400, 459 

lag voltage, 136 


A large loop antennas, 287-289, 
285,285 

МА шее, antenna, 510, 610 

Lav or Reciprocity, 220,271, 094 

LG lani circuit, 520, 826 

leakage resistance, 140 

ahne 120, 127 

length of antenna elements: 

"n coaxial cale, 438 

in dipoles, 141, 142-1 
100, 212, 256-256 

in directional beam antennas, 
255-257, 959-200 

in directional phased vertical an- 
tennas, variable lengths in, 
p 

high-frequency dipoles and 
‘doublets, 141, 142-143, 
140-151, 100, 232, 255-256, 

in langviros, 213-215 218-210, 
218,221, 223 

"n oselfequency operation 
antennas, B04 

in microwave waveguides and 
antennas, 302 

in multiband and tunable-wire 
antennas, 204 

in vertical antennas, 504 

in vertically polarized НЕ ante 
Tsn, 183, 184 

in VHF/UHF transnitting'receiving 
antennas, 199 

"m Yagi antennas, 250-200 

Lewallen, Ray, 120, 31, 334 

licensing 3 

light, speed, В, 9, 11-14, 10, 525 

Limited space antennas, 231-244 

line attenuation constant, 87 

line liber tuner for marine rocío 
anionnas, 500, 500 

line ght transmission, 19,20, 
20-24, 28, 35,299 

linear loading in low-frequency 
operation antennas, 504-505 

linearly aded tee antenna, 51, 
5 

Ink tuned dipole, multiband and. 
tumable-wire antennas, 205 

Loaded toner designs, 507 

loading, 808, 501-505, 506 

automatic ай control (ALC), 515 

in low-frequency operation anten- 
nas, 503, 504-305, 506 


i, 149-151, 


wating (Cont) 

in low-frequency operation anten- 
"us, ей tower designs for, 
ыт 

loading coils, dipoles and doublets 
"m, 157-180; 187 

Jong path transmission, SL 

Jong wave band, 8 

ongiires, 213-229 

angie of radiation in, 214 

antenna tuning unit (ATU) in, 
10,24 

apex angle in, 221 

balms in, 171, 171 

Beverage or "wave" antenna in, 
221205, 226, 228, 229 

capacitors fur, 215 

characteristic impedance in, 223, 
Е 

countespoiso, 170-172, 171 

‘double vee antennas, 24 

electrica vs. physical length of, 
213-214, 217, 218-210, zz 

electrostatic elds and electro 
‘charge in, 219 

endî longwire, 217-219, 217 

ївейриша in, 217-218 

"apo installation af, 234-230, 
295, 297 

Snin in, 214,218, 218, 221 

around plane verticals in, 172 

rounding of, 215-210, 216 

as hidden and lites spare 
antennas, 232 

impedance and impedance 
matching in, 214, 229, 226 

inductors for, 214 

interference and, 214 

[section coupler for, 214,218. 

gth of, 212-215, 218-219, 18, 

221.250 

as marine radio antennas, 407, 
“498 

maximum effective length (MEL) 

emen and amable 
antennas, 200,210. 

non-resonant single-wire longs 
antennas in, 220 

nonresonant vee beams, 
200, 224 

quarter wavelength, 214, 217 

ada fu, 215 
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лому (Сонг). Joop antenas, large design (Cont) оор antennas, stall receivertype 
radiation patterns 219,220, impedance and impedance maleh- (Conr) 
220-241, 222 nun, 202-2903. 20 preamplifiers fur, 304 

wenden eth type, 219-214, 214 impedance in, 287-288 alen for, 313, als 

resonant уя non-resonant types induetsereactaneeim 288-259, radiation patterns in, 209-300, 
PE E 300, 301, 303,313 

zombie beam, 221, 2-224, A largo Loop antennas in, тийп direction finding (RDF) 
225 287-250, 288, 289 using, 301 

safety sues in, 215 Ioas in, 285-280, 289 emote turing in, 07-309, 310 

fs shortwave reception antennas, rals in, 299-300, 300, 301 selfresonant point in, 317, 317 
277-278, 278 QA) large lop antennas, series resonant tuning in, 

as standing wave antennas, 220 200-200, 290, 201 307-309, 308 

Steerable notch Beverage antennas orthogonal lobes in, 290-300, 300, — shape constants in, 303, 308% 
ana, 29, 220 EN Sharpening o, 313 

terminated antennas as, 220, 221 radation pattems in, 287, shielded ор antennas as, 

Чї angle in, 23 200-300, 300,201 009-31, 311, 312 

transmission ше for, 217-218 square loop (14) large antenna, split frequencies in, 202 

traveling wave antennas in, 220, 200-205, 290 spoder loop for, 313, 314 
E "opantennas smalbreeeiwertype, sports anis nop as, 309 

true knen antenna, 217-210, Е) transformer loops in, 306-207, 306 
мт (вее also loop antennas, large triangulation of radio signal using, 

tuning af 214, 215, 215 design; oop antennas, small E 

we beam, 221-223, 222 ‘uansnuttersype) tuning of 304, 307-300, 908, 

VHF/UHF transnuting/oceiving dr care frame loops "eax" ops) 312313 
antennas, 340-341 im, 202-306, 204. он. 

voltage standing wave ratio amateur radin, 302 use of ALA 
(VSWR) in, 215 арос far, 313-116, 316 varactr tuning in, 300,310 

wavelengti-moasurement in, 217, angle of arrival signal in, volage VHF, 302 
218-219 per VLFAE loops, special problems in 

window antennas, 238, 24 Armstrong oscillator circu for, am 

wire used in, 214 312,316 voltage in, 203, 04 

Zepp antenna in, 104-165, 165 capacitance and capacitors in, keen antennas, small transmitter 

looking in" impedance, 2-86, 372204, 307-309, 317 type, 319-325 

Joop antennas, 129, 131 capacitance tuning uf, 307-300 ee also op antennas, large 

Loop antennas, large design, (osa able loop antennas, 18, designs Joop antennas, small 
287-207, 200 зів receivertypo) 

(See also loop antennas, small cochannel interference, 302 bandwidth al, 220-321 
Teceivertype; loop antennas, coupling loops in, 306-307, 306 capacitance and capacitors in, 
«mal transmitter type) current ш, 299 320-381 

antenna tuning unit (ATU) in, 287 depth wound loops in, 03 capacitar voltage in, 321 

bisquare loop Lange antena Xing using, 311-203 circular loop transmitter antenna 
200-207, 207 effective height of, 304 15,323,828 

current in, 289 Faraday connection and Faraday curent in, 320,324 

"lea loop (14) lange antenna, ‘held in, 318 "sign equations for, 321-322 
290-293, 291 Grover equation in, 303-303, 300 distributed capacitance in, 221 

delta loop large antenna, 29, 295 height of, 304 efficiency in, 321 

Чопай оор antenna, 299,294 inductance in, 307 sain in, 219-320 

‘amor nop (A) large antenna, isopotents ine in, 303 inductance in, 321 
20-200, 291 Joe frequency (LF), 302 inductive reactance in, 319, 321 

feedpoints in, 287-288, 292 nulls in, 299-300, 300, 901,003, loss resistance in, 321 

fain in, 288-289, 289 305 octagonal loop transmitter an- 

alle рег (HDS), 206-200, paralel tuning of, 307-309, 308 tenna in, 310,820, 372,322, 


206 lana windings in, 303 32,24 
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896 Index 
Joop antennas, small transmitter low-frequency operation uten matching stub ystems, 405-400, 
type (Cont) (Cm) 406, 407 
Patterson octagonal оор transmit- impedance matching in, oftowers, — maximum effective length (MEL), 
ter antenna as, 322, 322 тот. 508 эт 
quality actor (©) in, 320-321 inductance loading af vertical maximum usable frequency (MUF), 
radiation patterns in, 24, 325 antennas in, 508 1345,47 
radiation resistance in, 319,321 inductive loading in, 503, 504-606 Maxwells equations, 8-0 
resistance ш, 319,321 inyerted-Lantenna би, 510, 510 measurement and adjustment tech: 
square lop transmitter antenna —— A4 inverted antenna for, 510, niques, 483-438, 515-542 
in. 010, 220 510 antenna adjustment in, 523-524 
tuning capacitance in, 320-821 length of vertical antenna in, 504 auomati nad control (ALC) n, 
voltage in, 320, 323 linear angi, 508, 504-506 515 
voltage standing wave ratio nearly loaded tee antenna for, basie radio system in, 515, 516 
(VSWR) in, 320 511,512 bridge to measure RE power in, 
loss, 21-12, 19,27, 140 loaded lower designs for, 507 500,502 
in coaxial cable, 438 loading in, 503, 501-505, 506 capacitance measurement in, 
in high-frequency dipolesand raria layout for, 502, S02 Sarai 
doublets, 143-146 random length Marcom antenna current transformer wattmeter in, 
in А Large loop antennas for, 507-510, 509 534-508, 535, 536, 537 
288-289, 289 shortened horizontal antennas far, db oscilator/dip meter in, 
loss coefficient seale in, 109 bon 527-520, 527, 528 
in microwave waveguides and shortened te antenna, П, 513 —— dummyloads in, 540-542, 540, 
‘antennas, 396, shortened vertical antennas for, 541,542 
int and tunable-wire Зас о, 508 ters in, 515 
antennas, 210 shunt fed systems in, 507 forward power in, 508, 589 
in Smith charts, 108-109 lower sideband (LSB), 55 arid dip meter in, 527-529, 828 
in transmission lines, 83-84, lowest usable frequency (LUF), 45 harmonics in, 515 
1-04, a00 high-power RF waltmoters fot, 
in vertically polarized HF antes №. 528, 38 
nas, 183 magnetic elds, 129, 120, 127, 128, impedance bridges in, 519-521, 
losscoelücien seale, 100, 112-114 im microwave waveguides and 520,521 
Joss resistance in loop antennas, antennas, 275-370, 875,383, impedance in, 525 
‘val transmitter type, 221 Г inductance measurement in, 
lossy iru, Smith charts, 117, mage, fax, 126, 127 px 
ns man-made таве (ЧЕМ), 245 Lû tank огош in, 526, 826. 
low frequency (LF), 421 Marcon, Guglielmo, 1 matching unit in, 515 
Toop antennas, small receiver marine radio antennas, топы wattmeter in, 53), 
type, 302 301407, 407 523 
low-frequency operation anten- Citizens Band radios and, 400 тапш wattmeter in, 
nas, 501-513 rounding and ground systems B-S, 834 
VHF/UHF transmitingteceiing for, 495-496, 495, 496 nonresonant antenna adjustment 
antennas vs, 330 HF SSB mente in, 400 in, ba en 
borgen operation antennas, iin, Matlener tuner fur, $00, 800 ule resonant circuits in, 528 
БЕ ийге antennas, 407, 498 power in, 115, 531-592. 
continuous loading in, 03, tuners, 497-7 Power-requency calibration in, 
504-505, 808 УНЕР use in, 405 518, 58 
detta feed systems in, 507,509 whip antennas for, 400-207, 407 reactance testing/adjustment in, 
discrete loading in, 508, SOLUS  mast-mounted vertical antenna, E 
rounding and ground systems. 546,46, 500-561, 861, 862 reflected power in, 538, 530 
for, 501-502, 502 ‘masts and supports, 500-500, 67, resistance resting/adjustment in. 
hairpin” loading scheme in, 06, 886 p 
506 matching section, quarter resonance testing/adjustment in, 
impedance malehing in, 505 wavelength cas, 202 
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Index 597 
measurement and stent microwave waveguides and microwave waveguides and 
techniques (Cont): antennas (Cont) antennas (Con. 
RP noise bridge in, 521-822, Sl corporate feed systems far, A09, oluniclossin, 360, 371, 396 
RE power measurements in, au parabolic "dili antennas as, 
Lej coupling methods for, 390-303 404-400, 407, 408, 409. 
RF wattmters for 529-539, 881 cutoff frequency (F ) in, 381-383 ве shining in, 409, 412, 413 
series tuned cireuits in, TBS "lette Ios, 360 Phase velocity (V) in, 377, 379, 
surge impedance ( ) in, 510 "pol antenna elements and, 280 
thermocouple for RË ammeter in, 305-395, 397, 399 pipe analogy of, 69-370, 370 
500, 820 directivity gain (G Jin, 401-402 power gain (d,) in, 401-402 
‘transmission lines in, 516-517, 525 directivity in, 996, 397, 398-409, propagation cónstant (B) in, 384 
tuned бсш! measurements in, 400 propagation modes in, 373-281 
3 dominant mode in, 376-377 ‘quarter wavelength shorted stub 
tuning antennas in, 524 "anim loud ш, 385-388, 386 эз, 37-373, B72, 373, 314. 
voltage measurement in, 521 effective aperture (A, in, 394 radit v nonradiating slots in, 
Voltage standing wave ratio ‘effective radiated potter (ERP) in, 3 
515, 517-510,529, l radiation loss n, 360,972 
electric Hohe in, 389, 206-296 radiation patterns and, 107, 398 
Wheatstone brilge in, 510-521, end plate 1, 385, 388, 388 radiation resistance in, we 
520 Tatpiae array antennas, 411, 413, rectangular waveguide using 
mediam wave (MW), 8, 17, 0,45, 414, 415 paralel transmission lines and, 
01, 224-298, 226, 228, 229 free-space velocity (C) in, 377,380 370-373, 871 
meteor scatter propagation, 54 Frequency in, 373, 374, 375,376, reflector antennas, 404, 405, 40 
mücromalch wattmeter, 533,583 350, 283-384, 384 resistive vano dummy ай ш, 385 
microwave transmissions, 95,8, gain in, 304, 395, 398-400 rotating joints in, 20, 201 
1,17, 18, 19,22, 29, 29,20, 32, — gin vs. aperture in, 402-403 safety ees, 13-115. 
37.40, 61, 69,300 ‘aphitesand dum loadin, 385 — semipermanent joints m, 389 
microwave waveguides andanten- group velocity (V, ) in, 377, shielding in, 302 
mas 300-415, 421 зат ^ sidelobes in 00, 400, 401 
(Seo also parabolic ish hom antenna radiator in, skin effect in, 209,371 
antennas) "100-404, 402 slot атау antennas in, 411-413, 
“ajustable plunger or short-circuit Fk losses in, 385 m 
termination ш, 388, 388 impedance and impedance mateh- solid-state army antennas in, 
antenna design using, 304 “ng ш, 383-384, 191, 306 pm 
aperture (slot) coupling in, inductive loop) coupling in, 
90-300, 398 EC transducer actin of, 304 
aperture in, 402-403 insulators in, 971-372 transverse electric mode (TE 


array antennas ш, 409-411 interference and, 400-401 mode) in, 375 


attenuation in, 377 inverse square law (UD, transverse electromagnetic (TEM) 

backlobes in, 400, 400, 401 aoao fields in, 173 

beamwidth in, 400, 400, 401 isotropic antenna waveguide, transverse magnetic mode (TM 

boundary conditions ш, 375-370 om mode) in, 375 

branch feed systems fur, 400,442 isotope radiation in, 304 velocities ш, 377-381, 378 

capacitive (probe) coupling in, joints and bonds in, 388-300, ag, voltage standing wave ratio 
200-300, 392 390 (VSWR) in, 88 

cavity antennas, 404, 405 law of reciprocity and, 394 wavelength in, 177-381, 378 

characteristic impedance in, length in, 302 жейде dummy loads in, 385,886, 
Ern sos ш, 396, 387 

choke joints in, 389, 390 magnetic els in, 376-370, 375, military radio, панын and 

coordinate system to denote за, 95-190, tunable-wire antennas, 20 
dimensions in, 176-977, 977 materiale used in, 370 MiniNEC modeling software, 231 

comer reflector antennas, A04, near feld and far Beld calculations  miniNEC-VminiNEC-4 for model- 
405,406 in, 305-306 ing software, 38-320 
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598 Jude 
‘mirroring? of radio waves, 43,54 monthly variations in radio propa- — mulibund and tunable-wine 
mismatch (VSWR) losses, transmis- tion, 40 antennas (Cont) 
sion lines, 01-94 Morse ende, 1, 2 harmonics in, 210 
mixing. 55 mounting (Sev also construction impedance in, 210 
mobile HF antennas, 479-485 and installation techniques) insulators spreaders) in, 206 
. inverted-vee dipole for, 205, 206 
480,351 "lil, 233, 250 gth of, 201 
бий strength meters (FSM) for, directional beam antenna, 2356 Пашей pale for, 205 
483-450, 484, 485, 455: emergency operations antenna, on longwires for, 209, 210 
helical whip antenna as, 481, 482 ‘vehicles, 491-402 Testes in, 210 
multiband an landed antenna as, fence posts as supports for quad beam antennas for, 200 
481,482 ‘vertical antenna, 561-505, banden dal angie antennas 
A factor in, s 563, 561 in, 200, 210 
ridul-to-molale-sutenna connec: Door fanges in, 256 transformers for 210, 211 
tion etal, 488,489 hidden and lito pace antenna, transmatches in, 208-200, 209 
rezonance in, 483 E trap dipoles in, 204-206, 204, 208, 
tope loaded antenna 35,481,482 high-frequency dipole and tunability of, 203 
tuning of, 483-485 doublet, И tuned feeder antennas in, 206, 
voltage standing wave ratio mast-mounied vertical antenna, 207 
(узун), 483 D tuning of 205 
used as windowsil-mounted, 228, pulley system for, 557-558, 588 voltage standing wave ratio 
E gate ange hardware in, (VSWR) and, 203 
modeling software for antennas, E incom antenna as, 200-210, 214 
ains shortwave reception antenna, чый antennas as 203 
coordinate system used in, 228, 27-278, 278 ‘multiband fan dipole, 160-170, 170. 
329, 330 enen hardware in, 558,889 muliband пор акі mobile 
Espert MiniNEC, an temporary mast mount tor antenna, 481, 482 
ЕЛМЕС tor Windows, 31, emergency antenna, 402,498 mula windings in transformers, 
321537, 398, 336, 837 Tit hardware, 538, 889 anm 
EZNEO Professional, 129 vehicle mounted emergency mult communication, 23, 49, 
GNEC, 120220 antenna, 491-492 [e 
MaiNEC, 341 vertically polarized HF antenna, multihop interference, 36, 36 
dane dnnn REC. 228-120 186, 189-190, 104-195, 194, multiple helical antennas, 428-431 
NEC, am 195-107, 196, 560-505, 561 429,430 
NECIOS, 391 VHF/UHF transmittingeceiying multiple radials from vehicle- 
NECWin Basie, 231-334, as antenna, 347 mounted antenna, 488 489 
NECWîn Plus, 130-331 molti impodanco halun, 476, 477 
Numerical Electromagnetic Cam- multiband and tunable-wire N 
putatian (NEC) programs I, antennas, 200-212 NAA ralio station, 2 
Ej antenna tuning unit (ATU) fr, National Bureau of Standards (Sce 
radiation pattems displayed in EU National Institute of Standards 
EZNEC for Windows, 396-397, balanced transmision line and, and Technology) 
a 208 national identifiers in call signs, 3 
тирии pattems displayed in balancing ne, 208-200, 209 National Institute for Standards 
NECW Basie, 12,393,894 balun for, 208-209, 209, 210 and Technology (NIST), 40, 47 
Voltage standing wave ratio coaxial cable in, 208 Naval Research Laboratory 2 
(VSWR) modeling in, 339,885 dipoles in, 204-205, 20 near Пе! and ar field cacaos 
voltage standing wave ratio ued Zepp antenna in, 208,308 m microwave waveguides and 
(VSWR) modeling in, 337,838 feeding parallel transmission Ine antenas, 306-306 
monomatch wattmeter, 53-534, for, 208-212 NEC- modeling software, 330 
EN feedpoint ш, 204,210 ЕСТМ modeling software, 331 
‘monopulse eds, parabole "dish" GSRV пашам dipolo antenna NECWin Basie modeling sawar 


amenas, 409, 410 in, 200-208, 207 HILIM, 382 
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Index 599 
NECWin Plus modeling software, Numerical Electromagnetic Cam- parallel resonant circuits, 526 
zon ийиши (NEC) programs, 328 paralel turing in loop antennas, 
Nitany-Scentbe, 329, 330,331 EXE 
modes, 57, 120 o parasitic elements in Yagi antennas 
noise, 37, 68-60 TA lago loop antennas, 200-20, pen 
amenna noise temperature as, 290,291 paths, 17-18, 18 
arro octagonal loop transmitter antenna, Patterson octagonal lop transmit- 
contributors to antenna noise 10,320,322, 2, 323, 024 ter antenna, 122,822 
temperature and, 419-420, olřcemterámi full wave doublet pedestals for towers, 508-570, 868 
anm (OCFD) 169, 163 permit zoning, and regulations, 
environmentalinatur noise off-centered nonresonant sloper E 
(QRN) in, 245 IDCFS), 104, 104. hase, 126, 128 
‘igure of merit and, 418 hme Joss, 143-146, 300,971,996 — phase constant, 82 
impedance and, 417-418 шшс resistance, 19, 27,140 pase contral circuit (PCC), 220 
Johnson noise in, ALT neten coaxial cable test, phase reversal stubs, collinear 
man-made noise (QRM) in, 2 437-438, 437 “Franklin array antenna in, 
noise bridge in, 521-522, 521. dune Jaw, transmission lines, 74. 105-166, 166 
522,523 Ad grounded vertical antenna, phase shift, 19, 21-29, 129, 400, 
noise factor (F in, 418 200-301, 202 412, 413, 450-151, 451 
тоне figure (NF) in, 418 ominiirctionty hase velocity CV, ) in microwave 
noise temperature (T, ) m, in high-frequency dipoles and waveguides alid antennas, 377, 
18-420 ‘doublets, 140 EX 
‘audrey vs, 345 moie vs, 245 ase-sliting icit, directional 
euler, 00 in shortwave reception antennas, "phased vertical antennas, 252, 
[RF noise bridge in, 521-522, 522 273,278 252 
signal-to-noise ratio (SNR) in, in vertical polarized HF anten-_phase-switching antenna matchet, 
E nas, 178, 170-181 shortwave reception antennas, 


sky noise sources, 410-420 open ino, en ЕТЕ 


thermal agitation noise, AIT Onon, 331 plast box, shortwave reception 
thermal noise in, 417-420. ortkogonallobes in loop antennas, antennas, 284, 286 
în transmission lines, 68-00 205-300, 800, 301 phasing switch, directional phased 
"n Yag antennas, 201 OSCAR satelite communications, vertical antennas, 249-250, 252 
noise bridge, 521-522, 521, 522, 3,350 phasing transformer, 240-250, 250, 
524 out-of-phase waves, 22 E 
noise factor (Fy), 418 phasing, phased radials, directional 
noise figure (NF), 418 Р phased vertical antennas, 
таве temperature (T,), 414420 parabolic “dish” antennas, 404-409, 20-250 
nanreciprocat direction propaga- 407,408, 409, 121 Té networks, 401, 461 
ҮЛ апте ш, 407 picket fencing; 23 
nonresonant antenna adjustment, Cassegramecdim, 408-409, 409 piezoelectricity, 69 
524-525 ошо frequency in, 406 Tanar windings in Кор antennas, 303 
nonresonant loop antennas, directrix in, 404 planetary terminator, 51, 58 
ЕТЕН effective aperture in, 407 ger or short-eireuit termina- 
nonresonant single-wire longwire feed geometries for, 108-400, "non, microwave waveguides 
‘antennas, 220-220 408, 409 and antennas, 288, 388 
nonresonant vee beam longwise feed illumination in, 406 polarity, 126-127, 131, 194 
antenna, 223,224 заш ш, 405-408. reversal of, 120-127, 131, 134 
narmaleation of impedance, 05-97, monopulse feeds, 400, 410 polarization of radio waves, 12-13, 
m Tay tracing shovang operation of, 13, 27, 26 20,55, 173 
northern lights, 54 407 in Beverage antenna, 226-227 
nul steering, 229 splash plates in, 408 in directional phased vertical 
mul in Joop antennas, 200-300, ey coordinates in, 404 antennas (See directional 
300, 301, 305, 308 parallel ines, 59-63, 60, 65-06 Phased vertical antennas) 
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polarization af radio waves (Cont): 

in vertically polarized HE 
"antennas, 173-202 

polarization diversity, 55, 58 

power, 11,21, 140, 515, 531-532 

in RF power measurements, 
aa e 

in vertically polarized HE 
antennas, 150 

power densi 10 

power fading, 36 

Tower gin (Gp) m microwave 
‘waveguides and antennas, 
pe 

poyerdrequenc calibration in, 
E 

preamplifiers for loop antennas, 
E 

predictions ot propagation 55,80 

propagation constant (B), 8, 
EN 

propagation modes in microwave 
‘waveguides and antennas, 
anas 

propagation of radio waves, 8-58 

propagation predictions, 5, 88. 

pulley system for mounting, 
557-558, 508 

puro reactance circle, Smith chars, 
100, 103 

pure resistance ine, Smith charts, 
06-07, 08 


a 

multiple for lop antennas, 
mal recetveraspe, 113, 315 

QE nose, 245 

QN naise, 248 

quad beam VHF/UHF antenna, 36, 
EX 

uad beam antennas, 303 

uad Joop antennas, 263-207, 24, 
206, 207 

quali factor (G), 85, 10, 
20-121, 44 

‘quarter-wave matching (Q section) 
‘sections, В5, 140, 109-200, 19, 
157-165, 468, 469 

quarter waye vertical polarized HE 
antenna, 173 

‘quarter-wavelongt lonswires 214, 
217 


quastervavclengih ines, 84-85 


uarter-wavelength shorted stub 
poking in” impedance in, TZ 
microwave waveguides and anten- 
nas va., 79-370, 078, 373, 974 
transmission ines а, 86, 87, 88 
quarter-wavelength vertical 
antenna, 181, 182, 153, 157 


R 

radar 3,30, 52 

адалат Ња-а connection. 
"cai, 45, 489 

‘daly scaled parameters, Виш 
charts, 106-109, 107 

radials 

în grounding and ground systems, 
577-010, 579, 580 

in impedance matching, 460 

in langviros, 215 

low-frequency operation anten- 
mas, 502,502 

‘multiple, from vehicle mounted 
antenna for, 488, 489 

lia Чоно antenna connec- 
on detail in, 488, 489 

in vertically polarized HF anten- 
nas, 176, 180, 189, 500-561 

radiated le 

dating vs. nonradating slots, 
microwave waveguides and 
antennas, 393 

radiation angle, 30, 48-50, 80 

тааз loss, 300, 372 

‘dation patterns: 

în Adeoek antenna, 48 

în beam antennas, 207-258, 288 

atid, 441, 442 

in directional phased vertical 
antennas, 240-250, 246, 247 

ЕЛМЕС for Windows modeling of, 
(0-07, 887 

in high-frequency dipoles and 
‘doublets, 140-152, 147 

in isotropic antenna waveguide, 
LI 

in A? large Jop antennas, 287 

in langwires, 210, 220, 220-221, 
тз 

in 100p antennas, large designs, 
299-300, 800, 301 

snoop antennas, small receiver- 
type, 209-300, 300, 301, 303, 
an 


radiacion pattems (Cont) 
în loop antennas, small transmitter- 
туре, 324, 325 
în loopstck antennas, 430, 440, 
и 
 NECVin Base modeling of, 392, 
339, 334 
insense antennas, 431, 442 
in switched pattern RDF antenna, 
454-150, 464 
in vertically polarized HP anten- 
nas, 178-181, 181, 182 


in Yagi antennas, 257-258, 288 

radiation resistance, 140 

în high-frequency dipoles and 
Чо, 143-148 

in loop antennas, small transmitter- 
туре, 319,321 

in microwave waveguides and 
antennas, 306 

in vertically polariand HF antennas, 
150, 184, 186 

radicar, high-frequency dipoles 
ані doublets, 141 

radio astronomy antennas, 421-432 

sirechonal dene пш 
radiator (DDR) antenna in, 
424-427, 426, 4271 

helical antennas in, 427-428; 429 

interferometer antennas in, 441, 
431,432 

Jupiter reception antenna, 
421-422, 428 

‘multiple helical antennas in, 
428-431, 429, 430 

ring antenna, 422-424, 423, 424, 
uas 

summation interferometer array 
antenna, 411 431 

‘radio direction finding (RDF), 
09-306, 

et antennas far, 440-447, 
445, 449 

AM broadcast band (ВОВ) in, 439 

irdirectianality of loopstieks in, 
m 

Cardioid radiation pattem of sense 
antenna in, 441, 44 

CONALRAD station frequencies 
m 

Doppler antennas, 450-451, 81 
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adi direction finding (RDF) 
(Сонг), 

double ducky direction finders 
(DDDF) in, 455-456, 458 

"tox hunting? antenna in, 4H, 445 

Global Positioning System (GPS) 
and, 443 

improvisation of, using portatile 
AM radio receiver, 44, 44 

оор antennas in, smali receiver: 
type, 301 

Iopatick antennas in, 430-440, 
m 

measurements in, 433 

radiation patterns of loopsticks in, 
459, 440, 441 


“rubber ducky” VHP antennas in, 
454-450, 455 

5 meters in, 439 

sense antenna for, 441, 442, 140, 
ит 

shortwave and AM BUB “sip, 
per 

switched-pattern RDF antenna in, 
454-450, 454 

time difference af arrival (TDOA) 
array antenna in, 452-454, 
вз 

triangulation of radio signal in, 
am 

Watson Watt Adeock array anten- 
таз in 447-150, 449,450 

‘wide-aperture direction finder 
ТАРЕ), 451 

Wullenweber array antennasin, 
451,462 

Radio Lisemboung effect, 54 

radi system. 515, B16 

radi vectoring, З 

radi wave configuration, 5-0 

тишд! anges, 200,210, 
213-214, 214, 507-510, 500 

ray tracing, 32-13,407 

reactance, 140,524 

(See also сарае reactance; 
“inductivo reactance) 

in high-frequency dipoles and 
‘doublets, 14 

Smith chart, 109, 217 

Smith carts, capacitive reactance 
in, 100, 102 


reactance (Cont) 
Smith charts, constant reactance 
‘eves ш, 100-105 
‘Smith charts, inductivo reactance 
in, 100, 10 
Sith charts, pure reactance 
апе in, 100,108. 
in transmission lines, 85-56, 109, 
E3 
in vertically polarized HP antennas, 
150,184 
ober, Grote, 421 
receivers, 123 
теру, la, 220, 271, 304 
recombination phenomena, 18 
rectangular waveguide using paral- 
lel transmission lines, 370-373, 
am 
flected power ,) 89, 538, 838 
reflected waves, 128, 124 
reflection, 16-17, 21, 22, 50, 52, 
E 
reflection coeficient, 21, 22 
‘Suh charts, 108, 106, 100-109, 
[m 
transmision lines, 71-79, 89, 112, 
n 
reflection les, 113-114 
‘elector antennas, A04, 405, 406 
reflectors as antennas 
pr 
reaction, 10-17, 16, 23-24, 24, 
25 80.30 48 
activity of atmosphere, 24-27 
regalar wire оор antennas, 444, 
m 
‘emote tuning, loop antennas, small 
tecciver typo, 307-300, B10 
‘repeaters for emergency operations 
antennas, 487 
resistance, 27, 140,309, 424-437, 
[^ 
in high-frequency dipoles and 
‘doublets, 142-140, 145 
în Joop antennas, smal transmitter- 
‘ype, 19,321 
in Smith charts, constant ar isore- 
sistance cidos in, 97-100, 99 
in Smith charts, pure resistance 
nein, 95-97, 9! 
in Sith charts, unity resistance 
circo in, 100 
in transmission lines, 4,525 


Index 601 


resistance (Cont) 
in vertically polarized HE 
sienna, 183 
resistive vane dumny айп 
‘microwave waveguides and 
antennas, 285 
resonance, 140, 524 
in dipoles, 207 
in high-frequency dipoles and 
doublets, 143, 149-151, 150 
in mobile HP antennas, 483 
resonant frequency, 433 
resonant vs non-resonant lang- 
wires, 217 
retum loas, 108-109, 113, 114 
RF ammeter, 520, 530 
RF noise bridge, 121-322, 61 
RF power measurements, 
Sansa 
RE wattmeters 829-530, 581. 
Fhombic beam longwire antenna, 


om inverted vee antenna, 169, 
169 

right-ange flange mounting hard- 
wae, 256 

ring antenna, 422-424, 428, 424, 
чаз 

RLC networks, 59, 14 

rotatable dipole antennas, 239, 
242, 259-207, 207 

rotating joints in microwave wave- 
guides ad antennas, 390, 301 

rubber ducky” VHP antennas, 
404-106, 488. 


s 

S meters in RDP antennas, 439 

safety tau, 519-548 

burns or shocks from RE through 
vertical antennas, 191, 195 

hidden and mie space 
antennas, 233 

longsires, 215 

microwave waveguides and anten- 
та, 413-110 

shortwave reception antennas, 
276, 277, 270 

VHF/UHF transmitting'receiving 
antennas, 240 

“salt pipe” to apply chemical soil- 
conductivity improvers, 
576-577, 877 
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The curves show several items of interest. First, the more wires in 
the array, the greater the variability of maximum gain across the 
entire scanned range. Despite the higher variability of gain in the 5- 
wire curve, the gain curves for the 3 terminated antennas show а 
tight parallelism. On a few of the sampled frequencies (1-MHz 
increments), the 5-wire antenna comes close to equaling the gain 
of the doublet used as a standard. However, a 3-dB differential is 
more common. The Z ute antenna averages about 5-6 dB 
differential from the doublet values. Note that all of the models set 
up their wires parallel to the Z-axis, so the gain reports are taken in 
the X-Y plane or broadside to the plane of the wires. 
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salt to alter soil conduetivity, 
875-576 

satelite communications, 3,239, 421 

Scanner band VHF/UHF antennas, 
"368 

scanner skyhook VHEIUHF 
antennas, 902-208, 968 

scanner vision antennas, 200-302, 
E 

scatter propagation, 51-54, 58 

aesaonal variations in radio propa- 
ation, 24, 40,41 6, 51,178. 

selective fading, 6 

selEzesonant pnt, loop antennas, 
small eceivertype, 117,817 

semipermanent joints in microwave 
‘waveguides and antennas, 280 

sense antenna ш RDF, 441, 448, 
ui 447 

series matching section, 468-471 

series resonant tuning, loop anten- 
nas, small receiver type, 
зит лою, 208 

series tuned cireuits, 520 

acres ed vertical antennas, 200 

Shape constants, nop antennas, 
small eceivertype, 303, 303r 

slelded lop antennas, 309-311, 
E 

shielded parallel ine, characteristic 
impedance of, 66 

аше twin lead, 01, 61 

Sllding in microwave waveguides 
and antennas, 202 

shocks hazards from RF through 
‘antennas, 191, 196, 215, 235, 
270,270 

short path n, Б1 

prom 

shortcut termination, in 
‘microwave waveguides and 
antennas, 3885, 388 

shorted ines, ST 

shorted stubs, transmision lines, 
mi 

shorted stubs (Soe stub matching 
stems] 

shortened collated pales, 
157-100, 158 

shortened tee antenna, B11, 513 

Shortwave and shortwave reception 
antennas, 24, 8, 37, 41, 54-55, 
anos 


shortwave and shortwave reception 
antennas (Cont) 

angle uf radiation in, 274, 274 

antenna matching transformer in, 
pr 

antenna matching tuner in, 281 
E 
274-200, 278, 276 

dipole as, 272, 273, 274 

directional wire antenna in, 
281-280, 284 

directivity of, 272 

"atop antennas or, 279, 280 

fam in, 272 

rounding for, 276, 277, 278-279, 
279 

interference and, 272, 273, 274 

isotropic radiation in, 272 

aw of reciprocity in, 271 

ongiire antennas for, 277-278, 
278 

mounting tor, 277-278, 278 

‘multiband wire vertical antennas 
or, 281, 282, 283 

endeten din in, 272, 273 

phase-swithing antenna matcher 
in, 254, 288 

phasing box for, 284,286 

properties of importance i, 
т-а 

rali direction finding (RDF) 
antennas for, 444446 

safety issues ш, 270, 277, 270 

skip propagation and, 274 

transformers in, 281 

vertical antennas far, 279-281, 
280, 282, 283 

Shunt feed systems, 200, 507 

side scatter, t 

sidelobes in microwave wave- 
guides and antennas, 400, 400, 
101 

signal-to-noise ratio (SNR), 37,4, 
200 

simple refraction, 20 

single-sideband (SSE), 56, 495 

эш lec, 200, 371 

жар distance, 47-48, 48, 47 

skip propagation, б, 20,17, 41, 
47-48, 48,49, 51,55 

raio direction finding (RDF) 
antennas and, 444-446 


skip propagation (Cont) 

shortwave reception antennas 
ani, 274 

vertically polarized HF antennas 
and, 176-179, 178 

VEURE transmitting'receiving 
antennas and, 339 

skip zone, 47-48, 48 

sky nose sources, 419-420 

Жу wave, 47-48, 48, 49, 302 

took VHF/UHF antennas, 
162-108, 968 

p-up tower, 507-065, 568, 560 

sloping (sloper" or "sole? 
е: 153-154, 154, 158, 26, 
E 

half-delta sloper (HDS), 205-29, 
206 

affcentered nonresonant sloper 
(OCFS), 164, 164 

er antenna in, 108-160, 
168 

alot апау antennas, 411-413, 418 

Sith charts, 15-121, 96 

absorbed power (P in, 13-114 

admittance in, 100112, 14 

“angle of reflection coefficient 
оше in, 108, 100, 112 

angle of transmission coefficient 
“cl in, 103, 106 

applications for, 109-121 

capacitive reactance in, 100, 102, 
17 

complex admittance in, 105 

‘components of, 00-100 

‘constant reactance circles in, 
100-105 

constant resistance circles in, 
‘7-100, 99 

frequency in, 117-121, 119, 120 

impedance and impedance match- 
ing, 110-112, 111,115 
manns 

impedance radius in, 100 

inductive reactance in, 100, 101, 
ur 

isoresistance circles in, 97-100, 
Ej 

Jes cef 
nens 

лоху сташ and, 117, 118 

normalized impedance inen, 
"esas 


vale in, 109, 
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Index 603 
Smith charts (Cont) spoiler оор, оор antennas, small tub matching systeme (Cont) 
pure reactance circle in, 100,08. receivertype, 213,314 in VHFJUHF transmiting/teceiving 
pure resistance ine in, 95-07, 98 sporadi E propagation, 41, 40 antennas, 345-240, MS 
dal scaled parameters in, sort fanis loop antennas small Voltage standing wave ratio 
10-109, 107 тесеуеглуре, 309 (VSWR) in, 115, 117 
reactance ш, 109, 117 spreaders, mukiband and tunable- — wavelength calculation in, 115 
reflection coefficient in, 100-109, wie antennas, 206 subretraction, 31, 32 38 
111 square lop (1A) large antenna, sudden ionospheric disturbances 
reflection logs 112-114 290-253, 200 (Gib, 40-47 
retum losin, 108-109, 119, 114 square loop transmitter antenna, summation interferometer array 
standing wave ratio (SWR) in, 108 19,330 antenna, 41, 431 
stub matching systems problems stacked dipoles, 160-163, 162 sunspots vs. rado propagation, 
solved using, 109, 114-117, stagger tuning in high-frequency 0-41, 40,43, 46,47 
115, 116 "ils and doublets, 157 superefractin, 29, SL 26 
susceptance i, 117 standard refraction, 25 support posts, 505, 868. 
Transmission Ше problem solved standing wave antennas, 220 Support ropes, S51 
using, 100-114 Standing wave ato (SWR) 434 suburban ot installation plan, 545 
transmission han coeficient ‘mhigh-Hequency dipoles and surface waves, 17-10, 18, 27-20 
(TG) im, 112,114 ‘doublets, 144 Surge impedance (Seo character- 
transmission loss in, 108-109 in Smith charts, 104 etc impedance) 
unity resistance circle in, 100 in transmision lines, 80-91, 90 susceptance, Smith charts, 117 
voltage standing wave ratin standing waves, 87, 137-131, 180, switched-pattern RDF an 
VSWR) circle ш, 100, 104, E 454-450, A84. 
112, 114, 15, current, 134, 135, 130, 137,139 SWE analyzer, 434 
‘wavelength calculation in, 110, in high-frequency dipoles and 
из ‘doublets, 144 T 
wavelength circles in, 108, 105 measurement of, 137, 198 dl derne direcinal array, 25, 
Sith, Philip H, 95 in transmission lines, Т1, 78, 78 Е 
зой conductivity, 27, 28, 578-577, voltage, 194-130, 185, 186,139 tapped balun, 476, 427 
5701, 876,577 station grounding, 579-580, 881 toc antennas, 511,512, 618 
solar Mares уя. radio propagation, stationary waves, 128 tee-network: талата, 403, 469 
37,30, 0-47 steady-state ac response, transmis- Teflon, 61,62 
solar Пих index (SFD, 40 sion шев, 70, 70-82, 81 telegraph, 1,2 
solar storms, 37 steerable notch Beverage antennas, telescoping antennas, emen 
solid-state array antennas, 408-11 229,229 operations, 401 
505,2 step-function response, transmis- television, 1,22 
southern диз, 54 sion шев, 70-71, 70, 71 television intererence/broadeast 
space diversity, high-fequeney — strrup-end mounting hardware, Interference (TVYBCD 214 
dipoles and doublets, 160, EX Velesiion-scanner VHF/UHF 
space quadrature Beds, 127 storms, ionospheric, 47 antennas, 300-362, 361 
space waves, 17-10, 18 Strain relier, 059-504, 804 temperature effect on propagation, 
spark-gap transmitters, 2 stratosphere, 14, 15, 18 20-32, 32 
spatia) diversity 55, 87 stray capacitance, 138 temporary antenna construct, 
SPC ransmalch network, 463, 468 stripline or mierostripline, 63, 64, emergency operations, 
"spider web" ground system, 66-07 487458, 488 
‘vertically polarized HF antennas, stub matching systems, 114-117, temporary mast mount for emer- 
180, 144 105, 169-160, 466, 467 воку antennas, 492, 498 
splash plates, parabolic "dish" impedance matching in, 115 terminated Longer antennas, 220, 
‘antennas, 408 engil of stub calculation i, 221 
split frequencies, lop antennas, ит terminations for microwave wave- 
smali тесен shorted stubs, 114 uides and antennas, 285-288. 
Smuth charts fur, 109, 114-117, terrain effects, 28,32,38. 
115,116 thermal agitation nase, ALT 
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thermal noise, 68, 417-420 transformers (Cont) transmission lines (Cont): 
thermocouple for RP ammeter, 530, in directional phased vertical electrical vs. physical length of, 
зо antennas, 249-250, 280, 261 [23 
‘Thome array antenna, 267-200, feeding typo, 476,477, equivalent circuit for, 64, 516, 617 
208,269 ferte rods in, 475, 475 ‘fled neas 00,68 
three-dimensional (den radiation in high-frequency dipoles and halbvavelengih line as 81 
altern, dipoles and doublets, doublets, 140 hardline as, 02, 62 
147-148, 147 smulttampedance balun and, 476, helical ne as, 02 
tikt angle of surface wave, 28, 8 am impedance and impedance match- 
til angle, rhombic beam longwire, in multiband and tunable-wire ing, 71, 72, 82-56, 109-112, 
EJ antennas, 210, 211 nm 
tuted, centered, terminated, molar windings ш, 472 impedance matching network 
ked dipole (TCFTFD or in shortwave reception antennas, КО sect) ш, 5 
TFD, ТТЕР), 100-108, 167 ES incident power (E) in, 80 
time difference of arrival (TDOA) tapped balun and, 470,477 inductance in, 64 
array antenna, 492 454,488 toroid core mounting in, 471, 472, installation tips for, 439-438 
time domain reflectometry (TDR), du insulators i, 1 
75 50. 76. 77, 78,70, 80, 1 toroid broadbanded, forimped- Toad impedance in, 100-110 
time quadrature field, 127 ance matching, А75 477, 476 оез and, 217-218 
tameo day variations in radio toroidal type, 471-475, 472 Looking impedance of, 50-80 
‘propagation, 14, 16,32, 39-41, in transformer loop antennas, loss coeficient scale in, 112-113 
43,46,51, 178 306-307, 306 es in, 83-84, 91-04, 360 
top naked moble antenna, ASL, triflar windings in, 472 measurement and adjustment 
as tums in, 474 techniques for, 510-517, 525 
toroid broadband transformers, im VHF/UHF transmitting! mismatch (VSWR) losses in, 
r 476 receiving antennas, 341-346 т-м 
toroid cores 471, 472, 474 зиз, заз multiband and tumable-váro 
toroidal transformers, 471-475, windings in, 472-473, 478 antennas and, feeding, 
472 transmatch гий, 208-200, 209, pr 
towers, Ван, 505-572 402-471, 462 nodesin, 87 
fo- or n oe, 67, 867 transmission lines, 50-04, 516-517 пое and, 08-00 
an pale to raise, 570, 571. absorbed power (Pin, 113-114 ohmic losin, 200 
Kuy wires und ground stakes for, adjustments to, rt i38 Ohms law and, 74 
570, 72 ‘admittance in, 12, 114 open ше as, 50 
hinge baseplate, 538, 500-567 surartculaed line as, 62-859, 63 paralel lines as, 59-63, 60, 05-65 
impedance matching in, 507,808 angle of reflection in, 75 phase constant of, 82 
low-frequency operation anten- antinodes in, S7 propagation constan of, 82 
nas, loaded tower designs far, attenuation constant of, 82 Qsectionin, 85 
w Balanced transmission line and, quarter wavelength ines as, 84-85 
‘masts and supports for, 550-559. 208 quarter-vavelength shorted stubs 
587, 558 cable Ty 67 in, 80, 87,88, 
pedestals or, 568-570, 569 capacitance in, 64,00 radiation los in, 300 
raising af, 570, 870, 571 ‘characteristic impedance (Z) reactance ш, 5-86, 100, 525 
safety issues in, 543-548 al ren rectangular waveguide using 
slip-up, 507-568, 568, 569 coaxial cable, 59, 61-02, 61, 62, parallel type, 370-373, 871 
transducer action, microwave ê, 00,208 relicte power (P, ) in, 89 
waveguides and antennas, 304 (Soralsocuaxial cable) reflection coefficient in, 71-70, 89, 
tratare conductance in, 04 Tuna 
current standing wave ratio reflection loss in, 113-114. 
transformers, 199-200 (OSW) in, ва resistance im, 04, 525 
rore material in, 474 ошоп frequency (F,) in, 09 responses in, 70-94 
current transformer wattmeterin, dielectric Inss in, 300 return oss in, 113,114 
504-538, 885, 536,537 doubte-shielded coaxial as, 01,69 RLC networks and, 50 
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transmission lines (Cont) 
shielded parallel ine as, 66 
shielded twin leait as, 61, 61 
Shorted lines and, 87 
Shorted stubs, 86, 87, 114 
(Sev also stub matching systems) 
skin effect in, 360, 
Sith taris tor, 109-114 
standing wave ratio (SWR) in, 
pon 
standing waves in, 71,72, 78,87 
Steady-state ae response in, 70, 
[en 
step-function response in, 9-71, 
тот 
stripline or microstripline as, 63 
64, 00-07 
stu matehung systems (Se stub 
matching systems) 
surge impedance (7, ) in, 510 
"ime domain ellectmetry (TDR) 
measurements ш, 75-70, 76, 
71,78, 78,80, 81 
transmission Ioas coeficient 
(TLC) im, t2, 114 
troubleshooting tips for, 
duram 
twin lead as, 50,60 
velocity actor of, 67-68, 68, 525 
Voltage minima and maxima in, ВТ 
voltage standing wave ratin 
(VSWR) in, 88-04, 90,112, 
114,517,518 
waveguides vs, 80 
‘wavelength calculation in, 110 
benen loss, using Sith 
charts, 108-100 
transmission ines coefficient (TLC), 
112, 114 
transmitters, 123 
transmitting antennas, small loops 
(See loop antennas, small 
wander pe, 
transverse electric mode (TE 
ode) in microwave wave- 
(dos and antennas, 375 
transverse electromagnetic (ТЕМ) 
Teds, 9, 00, 373-375 
transverse magnetic mode (TM 
mode) in microwave wave- 
‘guides and antennas, 375, 
trap dipoles, 204-206, 204, 205 
traveling wave antennas, 220, 223 


traveling waves, 127, 125-120, 129, 
E 

trenching to apply chemical sail- 
conductivity improvers, 570, 
576 

triangle loop (14) large antenna, 
290-200, 291 

triangulation of rado signal, 302, 
am 

ria windings in transformers, 472 

tropical band, Beverage ог "wave" 

nain 221-218, 220, 228, 


troposphere, 14, 18, 20,51 
tropospheric propagation, 17-19, 
1829 
troubleshooting tips, 433-438 
true logre antenna, 217-210, 
тїт 
tubing construction of vertical 
‘ipo, 192-191, 198 
tunability, multiband and tunable 
"ir antennas, 209 
tunable dipoles, 100 
unable vire antennas, 202-212 
Tuned сисин measurements, 525 
tuned feeder antennas, 200, 207 
tuning, 524 
Antenna matching tuner in, 281, 
285 
ot ground res, 580-581 
ff high-fequercy dipoles and 
‘doublets, 140-152 
of longwares, 214, 215, 215 
‘flop antennas, small receiver 
Чуре, 304, 307-300, 308, 
uana 
of marine ralio antennas, 
"17-500, 409, 600 
of mobile HF antennas, 483-485 
af multiband and апае 
antennas, 203-205 
аг shortwave reception antennas, 
281 
tuning antennas, 203 
tuning capacitance and capacitors, 
‘op antennas, small transmitter- 
type, 40-421 
tums in transformers, 474 
TV receive-only (TYRO) satelite 
po 
twenty-seven day cycle af radio 
propagation 46 
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twin rad, 50,60 

someter Yagi VHF/UHF antenna, 
352-063, 368 

werben phasing transformer for 
directional phased vertical 
antennas, 249-250, 280, 351 


U 

‘hott mounting hardware, 58, 
EN 

ultrahigh frequency UHF), 13, 
17-19, 23 29, 32, 30, 61 

in loop antennas, small receiver 
type, 302 

in VHFIUHE transmitting 
receiving antennas, 339-308 

ultraviolet (UV) radiation, 9, 39 

"umbra region, 17 

unity resistance ciel, Smithi 
charts, 100 

Universal Coordinated Time (UTC), 

upper sid (USB), 55 


v 
eier tuning, in oop antennas, 
smal receiver-type, 309, 810 
тийиш, ionosphere, 45-47 
oe beam longwire antes, 
221-023, 222 
vee dipole, 210, 289 
vee-slnper antenna, 168-100, 168 
velocity factor (V), 1,828 
of coax, 248 
of microwave waveguides and 
antennas, 377-381, 378 
of transmission nes, 7-08, 8 
velocity af propagatin, 8, 13-14, 


vertical antennas (Seo vertically 
polarized HF antennas) 

vertical coax VHF/UHF antenna, 
зас і зат, 348 

vertical dipole scanner ante 
314, 364,205 

vertical extent radiation patter, 
vertically polarized HF antes 
nas, 170, 180 

vertica plane radiation patter, 
hagh-frequency dipoles and 
doublets, 148-149, 1 

vertical polarization, 12-13, 18, 27, 
28,355,173 
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vertical polarization (Cont vertically polarized HF antennas vertically polarized HF antenn 
Beverage antenna, 246-227 (Cm) (Cont), 
helically wound antennas, 299, half-wave vertical dipole in, shunt vertical antennas in, 200 
249, 243 187-191, 190 slap propagation and, 176-175, 
vertically polarized HF antennas, hal-wavelength antenna, 181,182 178 
inam height of antenna in, 181, 187 "spider web" ground system fr, 
vertically polarized HF antennas, helically wound antennas, 239, 185,1 
173-202, 174 ma 2 tower installation, 888, 565-572 
aboveground mounted, 197 image antenna in, 173 transformers in, 199-200 
angie of radiation in, 176-179, 178 impedance and impedance match- tubing construction of vertical 
antenna tuning units (ATU) in, IT) ng, 173, 175-176, 183, dipole 102-104, 198. 
coaxial vertical antennas in, 184,186, 195-197, 100-200, vertical coax VHF/UHF antenna, 
шут 102, 193 109 346-349, зит, зан 
саа vertical scanner antenna instalation of, 560-572 vertical dipole scanner antenna in, 
in, 106-169, 367, 368 insulstoa in, 175, 195 
cosa ed, 178 isotropic radiation in, 179-181, verücalextent radiation pattem 
collinear vertical me nnr E in, 170, 180 
antenna, 349, 350 pale antennas in, 201 VERE ianstitting/receising 
collinear vertical antennas in, length of, 181, 183, 184. antennas, 340-341 
191-194, 198, limited space designs, 238, 240 voltage 173, 174 
construction of, 195-197 osos in 183 voltage standing wave ratio 
current in, 173, 174 low-frequency operation antennas, (VSWH) in, 176, 105 
аана тн grounded vertical зас ee, 803 window-sill antennas, 238, 241 
antenna ш, 200-201, 200 mast-mounted, 178, 104-195, Yagi antennas and, 201 
directionally phased (See 194, 546, 560-561, $61, 562 very high frequency (VHF), 13 
directional phased vertical mounting, 180, 189-190, 14-197, 17-19,23, 29, 30,32, 20,41, 46, 
antennas) 104, 196, 500-565, 561 51,85 170-171 
drooping radials in, 17, 177 namgroundmouned 195, 107 emergency operations antennas 
electri Belden, 173 non-quarter wavelength verticals ‘an, AST 
electrical connections for; 197, in, 181-185 loop antennas, small receiversype 
лав 060-501 omegs-fod grounded vertical "me 
beben circuits for, 107, 198. antenna in, 200-201, 202 marine radio antennas and, 5 
fence pasts as supports for verti- cmnidirecinnalty in, 173, vertically polarized HF antennas 
al antennas, 501-565, 568, mas Кал 
зи power calculation in, 180 VHFIUHF trnsmttingieceiving 
Ave-cighuhewavolengih antenna, O-secions in, 109-200, 199 antennas and, 20-108 
181,182, 183, 107-200. dern antenna, 173, very law frequency (VLF), 29, 55, 
our support posts for, 6 151, 183, 183. 187 n 
ses тийс used in, 176, 180, 189, Beverage ог "wave" antenna in, 
finn, 170-181 560-561 224-228, 226, 228, 220 
amused grounded vertical radiation patterns in, 178-15), VHE/UHF transmitting/receiving 
antenna ш, 200-201, 201 181, 182 antennas, 139-308 
ghost radiator in, 173 ruin resistance in, 188, 184, baluns in, 331-240, 942, 43 
round loses in, 183 E hands ol, 330 
round plane vertical antenas in, reactance in, 189, 184 ‘beam antennas in, 49-352, 361, 
176,177 resistance in, 183 au 
beau nen, 176, 195-107, safety issues, burns or shocks “bowtie” dipoles ш, 81, 302 
106, 361-565, 562 Irom RF through vertical citizens" band antennas as, 41 
rounding and ground system far, амаи, 101, 195 Coaxial vertical antenna fr 
170, 185-187, 188, 195-197, series-fed vertical antennas in, 340-249, 347, 348 
196, 200-201 200 coaxial vertical scanner antenna 
half slope vertical antenna, 238, shortwave reception antennas, in, 305-308, 367, 368 
200 270-281, 280, 282, 283 colinas vertical antenna, 340, 38. 
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Index 607 
VHFIUHF transmittingteceiving VHF/UHF transmitinglreceving voltage (Cont). 
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Joe Carr was a military electronics technician and author. Along with the best-selling 
Practical Antenna Handbook, his other books with McGraw-Hill include Secrets of 
RF Circuit Design. Carr also contributed а monthly column to Nuts Volts maga- 
zine entitled "Open Channel 
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More significant is the fact that all 3 terminated antennas show a 
knee in their curves. Below the knee frequency, the gain drops very 
rapidly. The knee frequency occurs when the antenna passes 
below an electrical 1/2-wavelength at the operating frequency. 
Broadly speaking, the knee for the 27.2-m antennas occurs around 
5.5 MHz. The larger the antenna, the lower the knee frequency as 
the multitude of wires act like a fatter single wire. However, below 
the knee frequency, the 5-wire antenna loses gain faster than the 
simpler wide-band versions. Although the doublet exhibits quite 
reasonable gain below the knee frequency, at a certain point, the 
gain may be unobtainable in practical terms. As an antenna falls to 
3/8 wavelength ог shorter, the reactance climbs rapidly while the 
resistance sinks to a very low value. The combination will show 
considerable line loss, even using low-loss parallel transmission 
line, and the antenna tuner may have difficulties in effecting a 
match to the values that appear at its terminals. 


To obtain a better view of comparative gain with the recommended 
operating range, we may omit the region at and below the knee 
from our graph. Fig. 8 provides the same data as Fig. 7, but the 
frequency range restriction expands the Y-axis. With a knee at 
about 5.5 MHz, the recommended operating range for the 27.2-m 
antennas is about 6-30 MHz. For operation down to 2 MHz, | would 
suggest an antenna (of any of the 4 types) that is about 71-72 m 
(about 235). Since we are not seeking precise resonance, the 
exact length is not important so long as the antenna is at least 1/2 
wavelength at the lowest operating frequency. 
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WBORIO ORP Transmatch 
(c) 2003, G, Forrest Cook 


Introduction 


This circuit is for a ORP (low power) antenna tuner (transmatch) for use in the short wave amateur radio bands 
from 3-30 Mhz. It allows a wide variety of antennas to be connected to a low power transmitter. When the 
circuit is properly tuned, the maximum transmitter power will be delivered to the antenna, The tuner is normally 
is used in conjunetion with a standing wave ratio (SWR) meter. 


This is nor the most versatile antenna tuner circuit, it will not match any possible load. This tuner is efficient and 
it is very simple to build and use. It is small enough for backpacking applications and is useful for matching 
many of the types of antennas that one might throw up on a camping trip. 
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Theory 


The purpose of a transmatch is to match the impedance of a transmitter, typically 50 ohms, to an unknown 
antenna impedance. The circuit consists of a variable series inductor followed by a variable capacitor to ground, 
Most transmitter outputs consist of a PI low pass network. The transmatch is essentially an adjustable extension 
of that network, With the parts shown, maximum power through the unit is approximately 50 watts. 


Construction 


‘The tuner was built in an aluminum project box. Various holes were drilled in the box for mounting all of the 
components, When laying out the parts, leave plenty of room around the sides of the components fo prevent RF 
arcing. Be sure to keep both sides of the variable inductor insulated from the box, you may need to use insulated 
bushings (non-conductive washers) on the inductor's shaft. Use heavy hook-up wire to connect the various 
components together, I recommend 18 gauge tinned cooper wire, or thicker. Use the shortest wire lengths 
possible, I used a fairly small box for the components that I had, a larger box would make the project somewhat 
easier to build, 


Use 


Connect the transmitter output to an SWR meter, connect the SWR meter output to the input of the antenna 
tuner, and connect the antenna to the output of the tuner. Antennas with a coaxial feedline should be connected 
to the BNC output connector. Random wire antennas should be connected to the banana jacks, The transmitter 
should be connected to а good earth ground at its chassis, the ground can also be connected to the lower (black) 
banana jack on the tuner. 


With coax-fed antennas, the best location for an antenna tuner is where the coax feeds the antenna, Logistically, 
this may cause the tuner to be in a location that is difficult or impossible for the operator to tune so most people 
locate the tuner on the transmitter side of the coax. 


Set the capacitance switch to 0 (center), adjust the variable capacitor to the mid point. Adjust the inductor to near 
the minimum inductance, Briefly transmit a CW carrier and observe the SWR reading. If your transmitter has an 
adjustable output power level, start the adjustment with low power then increase the power and fine-tune when a 
good match has been found. 


Increase the inductance until the minimum reflected power and maximum forward power is observed. Adjust the 
capacitance for the best SWR reading. It is necessary to go back and forth on the adjustments to find the best 
match. If the best match is found with the capacitor at the max value, switch in either the 270pf or 510 pf 
parallel capacitors and re-adjust the variable capacitor and inductor. 


Be careful not to leave the transmitter on for too long in the unmatched condition, doing so can damage the 
transmitter’s output transistors. If your transmitter has a variable output power, tune up at low power then re- 
adjust the circuit at full power. Tube-based transmitters are generally more able to handle large output mis- 
matches, 


Caution: higher power transmitters can generate high voltages within this circuit, don't touch any of the wires 
when the transmitter is operating. If the roller inductors adjustment shaft is connected to the inductor's wiring, 
the shaft should be mounted so that it does not come in contact with the metal box. The set screw on the 


inductor's knob may be electrically hot during use, you may want to cover it with a drop of plastic glue or 
silicone after tightening, 


Parts 


* variable inductor (roller), approximately 0-50 uH 
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variable capacitor, 0-300pf or 0-360pf, can be scavanged from an old tube radio 
center off spdt switch 

270pf, 200V silver mica capacitor 

510pf, 200V silver mica capacitor 

two BNC connectors (or PL-259, the connector that won WWII, if you prefer) 
two banana jacks 

two insulated plastic knobs 

miscellaneous screws, nuts, and washers. 

solid hook-up wire, 18 gauge or similar 

aluminum box, big enough to easily contain all of the components 


The variable inductor may be difficult to find, the best places to look are at ham radio swap fests and surplus 
electronics parts companies, A fixed inductor with switched taps can be substituted. An air-core formed inductor 
will probably give the best results in this circuit, a toroidal ferrite core inductor will also work, but it may absorb. 
some of the available RF power. 


See Wikipedia's Antenna tuner article for more background information and Ulrich L. Rohde's (NIUL) antenna. 
tuner circuit which can tune a wider range of antenna impedances. Ulrich Rohde has also published а more 
detailed article (zip) in German. 


Back to FC's Ham Radio Circuits page. 
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A 40m through 17m Mini End Fed Half 
Wave Antenna Coupler 


Steve Yates - AASTB 


HOME 


E-mail 
Last Update: January 5, 2010 


A few years ago | built a little Rock-Mite transceiver for 40m. Since | enjoy using End Fed 
Half Wave antennas so much | built a small coupler to use with my Rock-Mite. The coupler 
converts the high impedance end of the End Fed Half Wave antenna down to 50 ohms. Since 
my unit was to be used in the field | wanted the option to forego using coax cable altogether. 
In the end, | ended up with a convenient little coupler that easily transforms the high 
impedance down to 50 and works from 40m all the way to 17m with only a single adjustment. 
It mounts directly to the rear of the transceiver. 


Аз you can see by the above photo | used an old Pomona enclosure that | had laying around. 
The Pomona box originally had a jack BNC connector on one end and a plug BNC on the 
other. For this application I removed the jack and installed a banana plug jack. The coupler 


mounts directly to the rear of the rig via the BNC plug and the End Fed Half Wave antenna 
connects directly to the banana jack. 


The circuit uses a 20 to 160 pF "polyvaricons" variable capacitor and a T-50-2 core wound 
with 28 turns of AWG 24 enameled wire for the secondary winding with one 3 turns of AWG 
24 for the primary winding and shown in this photo, This works out to an impedance 
transformation of 50 ohms to 4356 ohms. | was trying for а 10:1 turns ratio but | optimized the 
secondary's number of turns so that the parallel tuned circuit would resonate in a more 
centered part of the capacitors tuning range. It is hard to get 2.8 turns on the primary ;-) 


Using the my favorite adjustment method | marked on the dial with a resistive match should 
occur at every band. When connected to an antenna, if the lowest SWR (peak noise on 
receive) doesn't occur at the predetermined point on the dial then the antenna is either too 
short or too long. A low SWR can still be achieved but common mode current (RF on the rig, 
operator, etc.) will be probable and everything you touch will cause the SWR to change. 
When things are properly adjusted this will not occur. If you are nervous about it go ahead 
and attach your favorite "counterpoise" to this coupler but my experience is that if the coupler 
and antenna are adjusted properly a discrete "counterpoise" isn't required due to the return 
side of this coupler being connected to the rig and accessories. Little current flows through 
the "counterpoise" when the antenna is resonant unless the "counterpoise" approaches 1/2 
wave length itself. 


In regards to loss, | connected two similar couplers end-to-end at 20m and measured a loss 
of 0.97dB. This equates to less then 0.5dB per coupler. Here is how I did it: 


First, | connected the high impedance ends of the coupler on this page to those on my 20m 
coupler. | measured the transmitter power at 5W on 14.050 MHz without the couplers as 
‘shown here using my power meter and dummy load combo. Next, | inserted the two couplers 
into the line has shown here and measured the power again. This time | measured 4W. This 
calculates to a total of 0.97dB. Granted, my instruments are not lab grade or metrology 
calibrated devices but | am confident in the data based on comparisons that | have made in 
the past to such high grade instruments. 


Related Links 


+ A Portable Station for 30 Metres - VA3RR shares his experience with the End Fed Half 
Wave Antenna (EFHWA) and coupler losses at the bottom of his page. 

+ Mitsumi Polyvaricons 

+ Polyvaricon Caps - Hendricks ORP Kits 
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In the above schematic diagram, the Tayloe N7VE SWR kit from Hendricks ORP Kits 
http:lwww.qrpkits.com/swrindicator.html is connected between the transceiver and the Steve 
Yates AASTB end fed half wave antenna coupler http://www.aaStb.com/coupler2.html 
Moving from right-to-left in the circuit: 


* The half wave antenna wire is connected to the terminal labeled "БК ohm output 
(antenna)". This is the red banana jack located on the top end of the Altoids box. 

+ The counterpoise (from the black banana jack located on the bottom end of the Altoids 
box) is connected to the "triangle symbol" ground point of the coupler circuit. This 
same ground is shared by the LED SWR bridge. The enclosure is also grounded by 
the BNC connector to this point. 

* The 50 ohm output of the antenna coupler is connected to the "ANT" input of the LED 
SWR bridge circuit board. 

+ The points labeled "TX" on the LED SWR board connect to the BNC connector 
(located on the bottom end of the Altoids box). This is jumpered to the transceiver with 
a short piece of RG-58 coax with BNC connectors on both ends. 


On the 40m band, for operation on 7030 and 7040 KHz 
+ The antenna wire is 0.5 wavelengths long, or approximately 66 feet 6 inches long. 
+ The counterpoise wire is 0.05 wavelengths long, or approximately 7 foot 8 inches long. 


Note that these lengths are for bare (un-insulated wire) — insulated wire may have to be 
shortened by as much as 2% to be resonant. Connect a 4K7 resistor to the antenna/ground 
terminals and adjust coupler for proper match. Next attach antenna and counterpoise, and 
adjust length of antenna until a proper match is obtained (without touching the tuning 
capacitor). The length of the counterpoise is not as critical. 
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The expanded curves in Fig. 8 show more clearly the parallel 
structure of the 2-wire, 3-wire, and 5-wire gain values across the 
recommended spectrum. As well, Y-axis expansion shows the high 
variability of the 5-wire gain curve. It sometimes almost reaches the 
level of the doublet, but on other frequencies, it falls closer to the 
level attained by the 3-wire antenna. Of course, the exact structure 
of these curves is subject to variation with small changes in 
construction--either overall length or spacing--or in the exact value 
of the terminating resistor. Nevertheless, the most notable trends 
remain intact. 


Gain variations are NOT the result of any changes in antenna 
pattern as we move from one 27.2-m antenna to another. In fact, 
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This is one of the most all-around useful projects I've built. It came about when I decided I needed more than the 
single 40-meter vee. I threw up some other antennas, tested them, and decided l' like to keep them all around. I 
prefer balanced antennas that use open-wire feedline along with my trusty antenna match. It quickly got real 
tedious to swap out open-wire feeders on the rear of the antenna tuner every time I switched to another band. 
There had to be a better way!. I perused the internet and ham catalogs for a commercial antenna switch that 
would handle open wire feeders. 1 found lots of coaxial switches, but no open-wire or twinlead types... not one! 
Amazing! Am I the only one using open-wire feeders? (1 don't think so) 


This project grew out of the need for a convenient way to switch open-wire fed antennas. Intended for ORP 
levels only (10 Watts PeP and below), it provides for selecting any of three antennas to go to either (or both) of 
two antenna tuners/transceivers, Let me expound on that a little. Using three toggle switches, you can attach any 
one of the three antennas to Tuner "A", and any one of the other unconnected two antennas to Tuner "B" - and at 
the same time, You can also disconnect any or all of the antennas, leaving them floating. When floating 
(unconnected), resistors on each open-wire line to ground provide for static dissipation caused by wind. Two 
more toggle switches allow the antennas to pass through to the antenna tuners, or to be disconnected from the 
antenna tuners and grounded to earth, To enhance my version (but certainly optional for the builder), I added gas 
discharge tubes across the selected antenna, to provide at least a modicum of protection to the receiver front end. 
Cost? About $20 (not counting the gas-discharge tubes and wire, which I serounged) 


WARNING!! 


All antennas and antenna switching units carry some risk of personal injury or property damage, for several 
reasons, Here are some of the risks associated with this unit. The list is not intended to be all inclusive, Build 
and operate at your own risk. 1 am not a licensed Antenna or RF or Electrical Engineer. Here's the scoop: All 
antennas (and especially balanced ungrounded antennas) pick up much more than simply the desired RF energy. 
Wind, rain, and severe weather, even if not in the immediate vicinity, can build static (and not-so-static) charges 
that can find their way down the feedline. If these charges have enough energy or enough energy gradient, they 
can damage equipment, start fires, or injure (and even kill) people. If you do not understand the ways this can 
happen, DON'T BUILD THIS UNIT, AND DON"T PUT UP AN ANTENNA! Educate yourself, and minimize 
the risk! You owe it to yourself, your family, your neighbors, and the amateur radio community. Such charges, 
when they reach a threshold level, find a path to earth ground one way or the other. Sometimes, that path is not 
what you anticipate it to be. Such energy may decide to exit to ground through the insulation of the feedline, 
across an open switch contact, through the front end preamp or final of your transceiver, through your window 
sill, wall board, or furniture, or through your body if you happen to be close enough at the wrong moment in 
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time. Don't presume you know how it's going to happen; BE SAFE FIRST, so you won't have to be sorry. In this 
unit, the grounding wires are relatively small (AWG 18) and could fuse if a lot of current runs through them. 
They also have a fair amount of self inductance, which can lead to large voltages if the charge is able to develop 
large di/drs. To obtain what protection is afforded, the unit ground MUST be connected to a good earth ground. 
Also, this unit is not intended to operate with powers greater than 10 Watts PeP. To do so could stress the 
components, cause spurious emissions, and possibly cause the unit to catch fire 


The Switching Concept 


The switching concept can be seen in simplified form in the image below. Keep in mind that only one side of 
each feedline is shown in the simplified schematic. As you can see , each antenna's feedline, arrives at its own 
antenna switch and can be directed in one of three ways, via the double-throw-center-off switch: 


- connect to the "A" tuner's switch 
= don't connect at all (le. float) 
- connect to the "B" tuner's switch 


Once selected to go to the "A" or "B" tuner's switch, the double-throw "A" or "B" switch may then be thrown 
into either of two positions 


- ground the antenna 
= connect the antenna to the selected tuner 
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Click on the image above to see a larger, more readable image 
And look -here- for a complete wiring diagram. 


It's also very handy, when not using some or all of the antennas, to connect all the unused antennas to the the 
tuner not currently being used, and throw the tuner switch to "ground". When I walk away from the transceiver 
after an operating session, I make sure all the antennas are grounded. It only involves throwing a couple of 
switches. And as long as the weather's not severe, I don't worry too much about having one of the antennas 
disconnected. 1 Meg resistors placed from each feedline to ground bleed off slow static buildup caused by 
moderate wind, rain, and antenna movement. They are sized to cause less than 1% RF losses under most 
matching conditions. 


In my version, I added gas-discharge tunes across the feedline to each tuner switch, and from each feedline to 
ground. I scrounged these gas discharge tubes from old commercial modems, but you can buy them for around 
$8-12 each, I think they're worth it, for those times when I'm away from home, and I've forgotten to ground my 
antenna (Hey, it happens...) Rated at 280V, they are a reasonable compromise between protection and operation 
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without distortion. In a 1000-ohm antenna circuit, they should allow about 78 Watts Peak before limiting, and at 
5000-ohms, 16 Watts Peak. This is well above the operating specification of 10 Watts-PeP. 


Construction 


1 built my antenna switch in a compact Radio Shack project box, approximately 6 x 4 x 2 inches, and used 
heavy-duty 60-Hz AC rated toggle switches with large bat-handles. The project box is really easy to drill, and 
comes with a choice of metal or plastic panel. We used our PC to print lables on sticky-backed paper (obtainable 
from any office-supply store), which we then applied to the front and side panels. You can see a photo of the 
front panel at the top of this page. Here's a layout sketch of the main panel: 


marc 2000 


Click on the image above to see a larger, more readable imag 


Click -HERE- for a complete wiring diagram, annotating component part numbers, and showing both sides of 
the feedlines. [Make sure your browsers page or printer-setup is set for "landscape" mode to assure best 
printing] 


Lused AWG 18 solid bus wire inside the unit, and arranged it to minimize losses and minimize disturbing the 
natural SWR of the feedline. I have not actually measured losses. Likewise, grounds are arranged to minimize 
inductance. The barrier strips are of the "euro" variety, because they don't require you to prepare the mating wire 
(other than to strip it about 1/4 inch). A wire is fed from one side of the barrier-strip terminal through a 1/16-inch 
hole in the project box, to the inside, where it is routed to its connection point, Here's an image of the internal 
layout: 


image 


Installation 
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1 mounted my antenna switch upside-down under the first shelf at my operating station, as shown (and circled) 
in the image below. This is a very convenient place for me to swithch antennas when band-hopping or antenna 
comparing. 


And here's a close-up of my (operating) view of the antenna switch: 


v 
Click on the image above to see a larger image with more detail 


The ORP Open-Wire/Twinlead Antenna Switch is a great time-saver really easy to use, and I think you're going. 
to like it a lot. 


Enjoy! and 73! 
monty NSESE 


Return to NSESE home pag 


Overseer: Monty Northrup leave e-mail 
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Homebrew 5.8 GHz patch FPV antenna Ta] 


Posted on September 28, 2014 (Mp Mhz comhomehros e gute ue e Posted и FPV bub ghz coito multe — 
€ 


These 5.8 GHz PCB patch antennas come from Kent Electronics fp aas h сот) in Texas, USA. 


WASVJB 


‘Yu can download the product PDF from here B et 

(hti:www.waSuib.comipeb-pafsiss0oMHzPatcharrays pan. Vertical Polarization 
As Shown 

Tho quad patch array (pictured above) offers 1 — 1245 

вап, or 8.8 — 98 dB gain over a (unity gain) dipole. 


‘To put that into a simplistic terms, is almost 10 times better 


than your dipole. È —— 11-12 dBi 


Max Signal 


Along with some UT141 semi-tigid hardine coaxial cable, 
and a rightangle SMA (m) connector, both from RF Supplier 

(нир Менме sfeuppller coni) in Shenzhen, China, a low-cost Cone WASVIB 
patch antenna can be made for mutiotorFPV use. 


Another handy store for connectors and coax in Brisbane is The RF Shop (http:l/rfshop.com.aul), located in Oxley. 
RF Shop is more expensive than a Chinese online store, (and most of their product s better quality, кот Talwan), and operates ош of a 
home, but give them a сай first, as they dont mind if you drop in and pay & pick up. 


First step, prepare опе end of the 141 to be soldered to the SMA (m) connector. 


Working with 141 and SMAS is almost idiot proof. 
141 has a teflon dielectric, so unlike RGS type cable for CB or ham use, won't daform/molt with abuse from a soldering iron! 


‘Star by preparing one end to suit soldering to the SMA (m) RIA connector. 
‘Score the outer sheath wilh a blado, as you rotate the coax (being careful not to cut Into the dielectric): 


Using pliers, twist апа pull ой the outer sheath, iko so: 
(т cheating, using a picture from further down) 


P 


‘Coax ond prepared, ready to soldar to RIA SMA (m) connector 


===- 
— 


\ 


Coax inner soldered to centre pin: 


‘Add filet of solder around outer sheath/connector body: 


End cap screwed on 
‘Terminated! 


А nominal length of coax is chosen: 


| l oez dez ole dez osz obz oez oz 


| mm 10 20 5 60 70 8€ 
K publ O O dd 


Sorry Americans, in millimetres... about imo you adopted the metric system, ке everywhere else! $ 


By the way, nothing fancy in the soldering department... just a bog standard Waller: 


Coax soldered to the PCB antenna: 
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the antenna patterns are functions of the overall wire length, апа 
the presence of multiple wires and the terminating resistor does not 
affect any other property than lobe strength. (This statement. 
requires a bit of modification: the wire length is the electrical length 
of the antenna rather than its simple physical length. Multiple wires 
tend to act like a single fat wire, making the antenna longer by а 
wider margin than a single wire. Hence, if all the subject antennas 
from 1 to 5 wires are the same physical length, the larger the 
number of wires, the electrically longer the antenna. The planar 5- 
wire may further complicate the calculation of electrical length due 
to the end connecting wires. Fig. 9 overlays the patterns of all 4 
antennas at 12 MHz. Perhaps the only difference detectable is at 
the junction of the main lobe with each of the minor lobes. The 
more wires the softer the curve at the junction. It is likely that the 
need for end wires to connect the horizontal wires is the main 
reason for the softened junction. 
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Nolo the filet of solder that runs along the coax (on both sides), fastening the outer sheath to the ground plane of the PCB. 


Installed on the rear of the 5.8 GHz diversity receiverimonitr, set up for horizontal polarisation: 


‘A dual patch antenna was constructed as wall 
Same procedure: 


8-9 dBi 


Max Signal 


WASVIB 


Also on hand is а short in-line flexible “adapter”, with a male SMA at one end, a 30mm length of 141, and a female SMA, should a small 
angle be required: 


Аз al hams operating on the microwave bands know, when dealing with SMAs, a 5/16" spanner is always a handy tool to have: 


5/16” 


Super Cheap Auto often have a bargain $1 bin on various size spanners. 
Have a look for a 5/16" next time you're in SCA. 


SPANNER SINGLE 
VARIOUS SIZES 


$700 


«Hobby King T-Style CF Propellers review (htplvkéghz.comMhobby-kng-syle-ctropelars-eview) 


ва GHz patch FPV antenna gain (tp adhs cono quad plch-antanna-gaiv) » 
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Contents: Basics; Impedance Matching Methods ; Reactance vs. SWR; Inductive Matching; 
UNUN Matching; Capacitive Matching; Stub Matching; Odds & Ends; 


Basics 


Matching a mobile antenna to the requisite 50 ohms is a requirement for several 
reasons. For example, modern solid state radios are designed to reduce their output 
power when the input SWR reaches =2:1. Some will handle a little more, some a little | 
less. Once matched, the SWR doesn't have to be flat, so anything below 1.6:1 is close 
enough. Remember too, if the unmatched input impedance of your antenna, is less 

than 1.6:1 at resonance, you need a better antenna and/or mounting scenario. 


One very important point needs to be mentioned before proceeding, it you're using — | 
a remotely controlled HF mobile antenna like a Scorpion, the motor leads (and reed 
switch leads if used), and the coaxial feed must be properly choked. If they're not, 

you'll have terminal problems, and that's no pun! If you don't understand why 

choking is so important, read these articles: Antenna Controllers and Common 

Mode. 


Further, improper choking of the motor leads will also affect the input impedance of 
your antenna. Therefore, the motor leads should be disconnected at the antenna 
before attempting to adjust any matching method. Once matched, if reconnecting the 
motor leads changes the matching point and/or SWR (no matter how small the 


change is!), it is a good indication that the motor lead choke impedance is too low. 


Antenna manufacturers often tell their customers to cut their coax feed lines to a specifie length 
in order to get a good match. All this does is mask the problem, by moving the SWR node to a 
different position along the feed line. While this may appear to fix the problem, it doesn't fool 
most automatic controllers. The truth is, if the antenna is properly matched, it doesn't make any 
difference how long (or short) the feed line is. 


In the following sections, it is necessary to know the exact resonant point (Х=0) of the antenna 
we're trying to match, This fact alone, should not infer that exact resonance is a requirement; it 
isn't! Rather, in this case, it is only a means of arriving at the end point (wide-band match). Once 
the matching is complete, whatever the SWR is (assuming it is under =1.6:1) is irrelevant. 
However, it should be mentioned that measuring the SWR at the transceiver end of the coax feed 
line will usually result їп more overall loss, and may make matching nearly impossible to 
achieve, The reason is that any reactance (4) the antenna exhibits, will be transformed by the 
coax. While the SWR may be low at the transceiver end, it may be excessive at the antenna end, 
resulting in additional coax losses, and a possible increase in IMD. 


It should be noted that solid state transceivers can generate excessive IMD levels (the FCC 
mandated ones) when the SWR is over 1.8:1 or so—yet another reason to properly impedance 
match antennas. While most mobile operators seemingly don't care about IMD, they should! 
Especially so when using an amplifier which amplifies the IMD along with everything else. In 
other words, garbage in, garbage out! 


ht: long comimatch nimi w 
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Impedance Matching Methods 


Literally thousands of articles have been written about antenna impedance 
matching, Whatever method you choose to achieve an impedance match is 
fine, as long as the antenna element is DC grounded! This can be 
accomplished using a shunt coil (preferred method), ап UNUN, or stub 
matching, all covered below. There are several reasons why DC grounding 
is important. 


First, DC grounding helps control static discharges from the antenna, thus 
reducing some of the received hash we all put up with. Secondly it is a 
safety issue. If the antenna were to come into contact with a live overhead 
power line, DC grounding will help prevent damage to your equipment and 
perhaps to you as well. 


Another reason is lightning safety, because DC grounding the element reduces the likelihood 
equipment damage should a strike occur. 


Some amateurs are under the assumption that DC grounding an antenna (element) won't work, 
but this is not the case. Just because we DC ground the antenna element, doesn't mean it is RF 
grounded too! They also assume that grounding the antenna's mounting structure (bracket) will 
assure a low SWR and/or is a replacement for an adequate ground plane. Neither of these 
assumptions are true. 


Return a 
Reactance vs. SWR. 


Unfortunately, way too much emphasis is placed on achieving a low SWR. Adding insult to 
injury, the methodology most amateurs use to check (or set) their SWR is incorrect. A fact which 
will soon become glaringly evident. 


At resonance, the input impedance of a ber 
decent-quality, correctly-mounted, HF کڪ‎ 
mobile antenna will be about 25 ohms. By ^ 
definition, the resonance point is where the 
reactive component equals zero (X=G, or 
+0} it you prefer). Since the requisite 
impedance of our feed line is 50 ohms, the 
resulting SWR would be 2:1. However, if — 
you adjust the antenna to a frequency 

lower than the true resonant point, the 

indicated SWR will decrease, perhaps to 1.5:1. For this reason, you should use an antenna 
analyzer with a reactance readout, when adjusting any antenna matching coil or device, 


> 


one Po) [Logos SWR Rit 


Again, you should look for the lowest reactance (X=0), not the lowest SWR when adjusting any 
matching device. Once the matching device is properly adjusted, the minimum SWR point on 


каркы; andern 
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your transceiver (or external SWR meter) will be very close to the actual resonance point of the 
antenna. 


Just to make sure this point is as clear as possible... With respect to the input impedance of a 
mobile antenna that is lower than 50 ohms, when you adjust the antenna to a frequency lower 
than the rue resonant point, the resistive component will increases faster than the reactive 
component, which causes the indicated SWR to decrease! 


You can demonstrate this for yourself by adjusting 
your antenna analyzer to the lowest reactance 
(X=0, or as close as you can get to it), and noting 
the SWR. Then, adjust the analyzer's frequency 
until the SWR is at its lowest, and note the 
reactance. It will mimic the chart shown upper 
right (the reactance is shown in red, and the SWR. 


in blue). 


The two photos depict a 40 meter resonant antenna before (left), and after (right) proper 
matching, Please note that the right photo shows a few ohms of reactance. This is due to basic 
accuracy of the instrument in question (=+5%). Make note of the frequency shown on the 259B. 
This is indicative of what you'll see while you're in the process of of adjusting an antenna 
matching coil or device. It is included here, because (as noted above) adjusting a remotely tuned 
HE antenna's matching coil is the prime use for an antenna analyzer in a mobile scenario. 


‘The reactance readout on an antenna analyzer may be effected by a nearby broadcast 
transmitter. Here is how to check. With the MFJ-259B connected to your antenna, push the 
mode switch until the frequency counter displays, If the SWR meter significantly deflects, you 
probably have BCI. MFJ does sell an optional BCI filter unit for the 259B which eliminates the 
problem. 


Return 
Inductive Matching 


If you're planning on using a remotely tuned antenna, and an 
automatic antenna controller, then inductive matching is your only 
choice if you're seeking fully automatic operation. 


Inductive matching works by borrowing a small amount of 

capacitive reactance from the antenna (by tuning the antenna 

slightly above the actual transmitting frequency). This borrowed Sws: 
capacitance, and the shunt matching coil's inductance, form a ZW 
highpass, LC network which transforms the antenna's low 
impedance (typically 25 ohms or so) to that of the 50 ohm feed 
line. Installed and adjusted properly, shunt matching will provide a decent match (<1.6:1) over 
several octaves. Enclosing the matching coil, even in plastic, will affect the frequency versus 
reactance of the coil, effectively reducing its bandwidth. 


Further, the coil must be as clear of surrounding metal ав possible. For example, factory supplied 
shunt coils are often mounted against the antenna's mounting bracket. For best results, these 
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coils should be relocated. You should avoid commercial units which surround the mast, or ones 
which short out a portion of the coil to achieve a match, as this reduces the effective Q of the coil 
which increases overall losses. Obviously then, open air, shunt matching coils provide the best 
match, and least loss of any other matching methodology. 


At left is a photo of the MFJ-908 L match unit. Building one rather than buying 
one won't save you any money, but you might learn how they work if you do. The 
ARRL Antenna Handbook is a good place to start. 


However, you typically don't need a switched inductor like 
the aforementioned MEJ unit, unless you operate 160 meters (see Odds & 
Ends below). Instead a simple inductor, like the one shown in the right 
photo (or the upper right pictorial), will suffice. One end is attached to the 
antenna feed, and the other end is connected to ground. The ground end of 


the coil should be collocated with the coax shield ground. 


The coil at right has 9 turns, is 1 inch inside diameter, and wound with #14 

Thermalese? (enameled) wire. The coil's form factor should be kept close 

to 1:1 (length to diameter). Long skinny coils do not work nearly as well. 

You can also use building wire, but it is a little harder to work with. In actual use, the turns are 
spaced a little further apart to adjust the inductance. The coil needs to be about 1 uH, but in the 
real world, the value may be between .5 uH and 1.5 uli depending on the actual input impedance 
at resonance. 


There is a specific procedure which must be followed if proper adjustment of a shunt matching 
coil is to be achieved, and here it is: Antenna Coil Adjustment. 


Lastly, several commercial versions of the screwdriver antenna have machined-in matching coils 
which are fixed in value, and therefore cannot provide an ideal match over the entire resonant 
frequency span of the antenna. Although these antennas can be modified to use an adjustable 
coil, it's best to avoid the buying the problem in the first place. 


Return 


UNUN Matching 


You can also use an UNUN (UNbalanced to 
UNbalanced) RF transformer like the MFJ-907 unit 
shown at left. Like the LC network above, it provides 
a DC ground, and the requisite impedance match. If l 

you're using different length monobanders, then an UNUN is the 

preferred matching method. However, if you use a remotely 
controlled antenna, you will have to change taps between bands. In most cases, you can use one 
tap for 80 and 40, another for 20 and 17, and straight through for 12 and 10. If you don t like the 
idea of changing taps, then make one of the aforementioned inductors. 


If you want to built your own UNUN, the schematic is at right (click to enlarge). An F114-67 
ferrite core, a few feet of #14 enameled copper wire (enough for 9, bifilar turns), a small box to 
mount it in, and you're home free. I prefer to cover the core with 3M #27 glass tape as it makes 
winding easier, but it isn't a requirement. 
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Capacitive Matching 


Capacitive matching has a major shortcoming—the antenna is not DC grounded! Secondly, as 
the frequency increases, the reactance (in ohms) decreases, which means you have to use a 
different value capacitor for each band, and sometimes within a band. Obviously, if you're using 
an automatic antenna controller, this is a severe drawback! If you're using capacitive matching, 
you should give serious thought into replacing it with inductive matching. 


зошт 
Stub Matching 


Any of the above matching schemes can be used to match a monoband antenna. However, there 
is another way that not only performs a conjugate match, but extends the bandwidth as well! 
Enter the shorted 1/4 wave stub! The drawback to this type of match is the fact is it monoband in 
nature. While you can cascade (parallel) stubs in some cases, the mechanical considerations 
become a headache. If nothing else, it is a lot less complicated than using an internal or external 
auto-coupler with about the same results. 


Depending on a lot of factors not in evidence, the technique can extend the bandwidth by 2 or 3 
times, The reason this is so, is the reactance curve of a 1/4 wave shorted stub vs. frequency is 
opposite that of the antenna. If you want to know more about how they work, Chapter 11 of the 
ARRL Handbook is the place to go. 


Return u 
Odds 8 Ends 


Antennas with extended coverage down to 160 meters, may require an MFJ-908 L or similar 
switched inductor, The reason is, a 160 meter loading coil is about 5 times larger (in inductance) 
than an go meter loading coil. All else being equal, the coil losses will more than double, and 
therefore the input impedance will be close to 50 ohms (no matching needed). There's a hidden 
factor at work here too. A 160 through 10 meter remotely controlled antenna, will exhibit more 
coil loss at any frequency, than an 80 through 10 meter antenna. Potential purchasers should be 
aware of this fact. 


As an alternative, you can make your own switched shunt inductor. 
The one pictured at right is from Myron Schaffer, WVOH. The coil 
is similar to the one described above. The switch shorts out the 
bottom 4 turns, reducing the inductance from 2 uH, to .7 uH. This 
method costs less, and is just as effective as a purchased one, albeit 
requiring a bit of tweaking to get the correct inductances. 


Either an internal or external auto coupler may be used to match a 
mobile antenna's input impedance to 50 ohms. And, they can be used to extend the bandwidth of 
а monoband antenna. However, using one with a remotely tuned antenna presents some 
operational problems. If you use one, keep the following in mind. 
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The antenna in question should be adjusted to resonance (lowest SWR is close enough) before 
the auto coupler is turned оп, This is especially important with external couplers with their 
greater matching range. Under the right circumstances, failing to tune the antenna close to the 
operating frequency can cause the RF voltage to be high enough to are over most base insulators 


and/or the coil turns! 


Return 


Home 
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Fiee-Space E-Plane Patterns. 12 MHz 
Single-Wire Doublet 

and Multia 
Terminated 
Antennas 


m 
PN Fig. 
The pattern test is repeatable on any frequency. Fig. 10 provides a 
second sample of overlaid patterns at 24 MHz. Where lobes join (at 
pattern nulls), we once more find that if we have more wires and 
end wires in the antenna structure, the null points soften into 
curves. Other than that single phenomenon, the patterns are wholly 
congruent and vary only in lobe strength. 
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1. INTRODUCTION 14. Radiation Mechnasim 
dig) _ бф) 
A device for radiating and receiving of EM waves. piej = LD 
8 ing 40% qt) = a 


ies radiation experiment, 1. Henry 
| Improvement in telegapling (patent), M. Loomis 
+ 1873, Maxwell’ equations 

+ 1875, Communication system (patent), Т. Edison. 

+ 1886, Het experiment (2/2 dipole) 

+ 1901, Marconi success 

+ 1940, UHF antennas 

+ 1960, Modem antennas 


Before WW IL: Wire types 
During WW IL: Aperture types 


Before 1950: BW -Z, 2:1 
Inthe 1950 : BW 2. 40 = 1 (Frequency Independent) 
In the 1970 : Microstrip (or Patch antennas) 


ММ wave antennas (Monolithic forms) 
Arrays 


1.2, Antenna Types 


Electrically Small (Dipole, Loop) 
Resonant (HW Dipole, Patch, Yagi) 
Broadband (Spiral, Log Periodic) 
Aperture (Horn, Waveguide) 
Reflector and Lens 


Later 


+ Standing Wave (Resonant) Antenna: SWR pattern of v and i 
is formed by the reflection from open end of the wire 

+ Travelling Wave (Non-Resonant) Antenna: The proper 
termination of the antenna so that T is minimized. li has 
uniform pattern (surface wave (slow wave) and leaky wave 
(fast wave) antennas). 

Standing Wave Antennas may be analyzed as Travel 
Wave Antennas by thinking inverse individual currents 


1.3. Method of Analysis 
то obtain a closed form solution, antenna geometry must be 
described by an orthogonal curvilinear system. If not possible, 
the following methods are applied: 

* Geometrical Theory of Diffraction (GTD): Antenna system 
is many wavelengths. GO's disadvantage is overcome by 
including diffraction mechanism (high frequency). 

= Integral Equations (IE Unknown induced currents 
(explained by magnetic field) are solved by IE (Numerically 
MoM). EFIE (for all regions) and MFIE (for closed region) 
are based on the boundary conditions. 

* FDTD, FEM and Hybrid methods. 


here а is acceleration (m/s2). For radiation Time Varying 
Current (or Accelerated Charge) is necessary. The electrical 
charges are required to excite electromagnetic waves, but not 
necessary to propagate them. 


1.1. Fundamental Parameters 


1.11. Radiation Pattern & Radiation Power 


Normalized Field Paten 


BAE e / 


where 90, 0) is Element Factor. f(0, O is Pattern Factor. 
Radiation Power, Paa is calculated by Radiation Power 
Density for isotropic source is 


mky I/ 
A] 


In far field region, P, is real valued. Power pat 


(0,9) 


Раб = |F(0, O 

Since the magnitude variation of the power is 1/72, Radiation 
Intensity is defined as the power radiated in а given direction 
per unit solid angle (far field 


Р, 


aa = AnI 


read (0,0) /f 
Radiation Pattern is a function of coordinates given at 
constant radius in 2D or 3D forms. Reciprocal antennas have 
identical radiation раст as transmite & receiver antena 


+ Isotropic: A hypothetical, lossless antenna has equal 
radiation in ай direction. Not realized, but used as a reference 
+ Directional: Radiating or Receiving of electromagnetic 
waves more efficiently in some directions than in others. 

+ Omnidirectional: Having non-directional pattern in a given 
direction, a directional pattem in any orthogonal system. A 
special type of be directional antenna. 


The values of E or H field with maximum direction of 
radiation is known Principal Patterns. The paris of the 
Radiation Pattern are lobes (majar, minor, side and back). 
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Major Lobe (Main Beam): contains direction of maximum 
radiation (maybe more than one as in split beam antenna) 
Minor Lobe: any lobe except a major lobe. 

ide Lobe: other than intended lobe. 
«Back Lobe: 180" angle with respect to antenna beam, 


Minor lobes are undesired. Side lobes are the largest lobes of 
minor lobes. Side Lobe Level, SLL 


Side Lobe Level 


SLL = Major Lobe Level 


SSL = — 20 dB , not desirable 
SSL = —320 dB , desirable but difficult. 


Half Power Beam Width (HPBW): The angular separation of 
the points where the main beam of the power pattern equals to 
опе half of the maximum value. 


HP = [Buys — Ouerigal 


Beam Width between First Nulls (BWEN): A measure of the 
main beam for arrays. 


Endre Intermediate 


(5 


Broadside 


Rayleigh region: The reactive field region (dominant) 
Fresnel region: Angular distribution depends on range. 
Fraunhouler region: Angular distribution is independent on range. 


11 << 2, Fresnel region may not be exist. Some antennas such 
as multibeam reflector 212/A is not enough to determine 


borders. Plane angle is Radian (210) and Solid angle is 
Steradian (4m) 


Antenna Impedance & Efficiency 


Ru + [Ma = Read + Ёш + jXa : Antenna impedance 


R, 


rea Radiation resintance-Power lead from antenna not 
Russ: Conduction and dielectric losses 
converted to heat) 


Xy: Power stored in the near field region of antenna 


(Ohmic losses 


Z4 is affected by nearby object but assumed that isolated. Due 
10 reciprocity, Z, is same in reception and transmission 
antennas. Radiation resistance may be defined as 


RE 2 
Put = Prad Pes = ЗВАЛ = 5 (Read + Rios) al 


Je, ы R, 
Zell = Brae 


һы 


Раа Pas 


Pop 


assumed that Rags Ri then 


[GAS is surface resistance. For many antennas 
ı — % 100 but for all electrically small antennas y is lower. 


1.14. Directivity and Gain 
Directivit is ratio of radiation power in a given direction 10 
the ratio of radiation power averaged overall direction. 


LIA 
T Ф! 


These lecture notes are heavily based on the book ol Antenna Theory and Des by WL Stutzman and С. А. Tike For future version or any proposals, 


plese contact ih Dr Serkan Alay kov yt d 


Antennas - Lecture Notes Dr. Serkan Aksoy- 2016 

Where Ашы = АРСО РАА When ch. ) is quoted as a | 1.1.7. Antenna Factor and Calibration 

Single number, Ве maximum directivity can be considered Amas are affected by munal coupling wo their 
шл ашу dg [Environment Different type of antennas can give different 
ARIE AM HT answers for electric field strength for certain geometries, 
Frat ee, Revita | These are uncertainties in electi feld strength that should be 


‘Then D(0,9) = DIF (O, 9)[". If по direction is specified, the 
direction of maximum radiation is taken into account (For 
isotropic source Jr = Hf . For partial directivities 


+ Gain is ratio measure of input & output power of antenna, 


Paa _ CORO 


ká 


(0, 6) = D(0, 0) = 


m [m 


where y = РД /Prapue is Antenna Efficiency and Ira(0,0) 
is de radiation intensity. Gain сш be given as 


2010g(V/Vaipoe) where V is induced voltage at the input of | 
antenna. (dBd: reference is а half wave dipole, dBi: reference 
is an isotropic antenna (еш dipole » 


1.15. Antenna Polarization 


The main beam determines antenna polarization having the 
types of Linearly, Cireularly (RHS and LHS) and Elliptical. 
Side lobes can differ in polarizations. EM waves can have a 
monperiodical behavior, but antennas can not generate them 
(randomly polarized waves). 


111.6. Antenna Effective Length and Aperture 
Antenna Effective Length, leis the ratio of the open circuit 


Voltage at the terminals to the magnitude of the electric field 
strength in the direction of polarization 


Im] 


Antenna Effective Aperture, A, can be defined by using 
Antenna Efficiency, n as А, = п Am due to antenna losses 
Where the maximum antenna effective aperture, Aem 
(conjugate matching case) is the ratio between the power 
dissipated in the receiver resistance (W) and the power density 
(W/m?) of incident field as 


Ране 


а, 


Ima 


Il сап be proved that the relation between the directivity of an 
antenna and Aem [т] can be written as 


taken into account. The output voltage of an antenna is 
converted to electric field strength via its Antenna Factor by 
"which the output voltage of a receiving antenna would be 
multiplied to recover the incident electric or magnetic feld as 


Antenna Factor шт} 


types of antennas overlap in frequency; they must all 
give same electric field result at a given frequency within the 
antenna factor uncertainties for each type. The antenna factor 
needs to be taken into account when calibrating antenna, 


1.18. Beam Efficiency 


The ratio between the solid angle extend to the main beam 
| Arma relative to the entire pattern solid angle as 


Minas FO, PAA 
ЛЕ (O. фал. 


Пет. 


1.2. Antennas in Communication 
Using Friss transmission formula, the received power 


cet 


IT туз 


Аел: 
M 


The relation for physical dimension of aperture is A, 
NeAphysical Where Ne Aperture Efficiency. In practice, often 
polarization and impedance mismatches affect the delivered 
power be modeled as 


Pactiered = MeotaiPinpue 
Where Mesta = Mpoteriztionilempedence Show the polarization 
and impedance match efficiency. EIRP (Effective Isorropicullv 
Radiated Power) is defined as multiplication of gain and input 


power of a transmitting antenna as 


EIRP 


input = Amar 

EIRP (dBi) is given for a reference of the isotropic antenna, 
but ERP (dB) for a half-wave dipole. Balun (Balanced. 
Unbalanced) is used to stop for the connection to the ground. 
оГ one end of the antenna. 
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2. SIMPLE RADIATING SYSTEM 


These are generally electrically small systems whose 
dimensions are small compared to wavelength (УГЕ or AM. 
antennas). A radiation resistance of electrically small antennas 
is much less than reactance (input reactance of the short dipole 
is capacitive). The far-field pattern and directivity are 
independent of the antenna size, but radiation resistance and 
е not (It makes difficult the power transfer for 
и frequencies). Loading coil is used to tune the input 
impedance. The larger radiation resistance can be obtained by 
Capacitor Plate antenna, Another small antenna is TL loaded 
antenna and monopole form of it inverted L (or inverted F) 


+ Q of an Electrically Small Antenna 


Stored Energy 
Radiated Power 


The impedance bandwidth of electrically small antennas is 
= 1/0. The high Q (means Z,,, is very sensitive to 
frequency) and small bandwidth are the limitations of 
electrically small antennas, Electrically small antennas tend to 
be Superdirective means that a directivity that is greater than 
normal for an antenna of а given electrical 

Superdirectivity is measured by superdirectivity, SD ratio 


шша + Preset 


Pradiated ane 
Antennas greater in size than a wavelength, the directivity is 
proportional 1o L/A (or 42/7) 


2.1. Monopoles 


A monopole is a dipole divided in half at its center feed point 
against a ground plane. 


perle osx gg ponerse — 5 Rebe 


Done = 2 x рае 


The directivity will increased due to decrease in ам 
radiation intensity, not increasing the radiation intensity (the 
shorter monopole, the more directivity). The guy wires with 
insulators are used for longer monopoles. The radiation 
pattern of a monopole above a perfect ground plane is the 
same as а dipole for only over half space. 


2.2. Electrically Small Dipoles 


Al 


y 


‘The radiation pattern of all form of the electrically small 
antennas can be evaluated as sin(@). Because dipoles are 


resonate (X, = 0) type antennas, the bandwidth is low. 


These lecture notes ме heavily based on the book of Antenn Theory nd De 
plese conta with Dr. Serkan Alay (key iyi sd 


Bandwitdh is directly proportional to the thickness of the wire 
(construction from flat metallic strip also causes large 
bandwith). Dipoles can be form of Open, Closed Loops, 
Collinear, Log Periodic ete. The current distribution may be 
assumed as sinusoidal, but the current must be zero at the 
ends. The dipoles can be classified as given at below. 


2.24, Ideal (or Short) Dipoles 


L << A. the current distribution must be zero at then ends. 


The vector potential of a2 directed current density is 


ee а 


Then. the electric field in the far-field region is 


emm 


B, = +usino Arty 


The current of short (or ideal) dipole may be approximated 
triangle (ог constant) For uniform line source current 


ast 
nés) 


+ elsewhere 


The vector potential A, may be calculated as 


„e- sin (Host) 
Б or Мол. 


и 
pem 
эзне en (cost) = coso, den the potential is 


lol 
ат 


The normalized field pattern of ideal/short dipole 


Hendel 
dr 


= Р) = sin 


The directivity of idea/short dipole is 15 (17648) and % 50 
bigger than isotropic source. HPBW of ideal/short dipole is 90° 


Teal dipole Shor dipole 
Lem Sor (hz [AJ 20 (B272 
LAA DD 


In ideal dipole, all charges are accumulated at ends of antenna 
(means 4 times more radiation resistance than short dipole). 
Therefore electric dipole is used to represent it (R, 
NOTE) 
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222. Half Wave Dipole 3. ARRAYS 
The advantage of i is to resonate and present a zero input fis proposed in 1889, but appeared in 1906. High 


reactance eliminating the tuning of input impedance. The 
normalized field pattern of the Half Wave (HW) dipole 


os (Ecos) 


FO ‘sind 


The directivity of HW dipole D = 1.64 (215 dB). The 
HPBW of the HW dipole is 78°. The radiation resistance is 
Rraa=700 amd the ohmic loss resistance is Rotmic 
(#,/2ла) x (2/4). As Ш/А becomes small, HW dipole 
approaches to short dipole. 


2.3. Small Loop Antennas 


A closed loop having the maximum dimensions is less than 
about а tenth of a wavelength is called a Small Loop Antenna 
used as а receiving antenna at low frequencies in AM 
receivers. It is а dual of am ideal dipole. The horizontal small 
loop and short vertical dipole have uniform pattern in 
horizontal plane, but loop provides horizontal (Б) 
polarization, short dipole provides vertical (Ep) polarization. 
Although the ideal dipole is capacitive, the small loop is 
inductive. The radiation resistance of the small loop can be 
increased by multiple turns (but losses are also increased by 
multiple turns) and ferrite core (loop-stick antenna). When 
frequency decreases its radiation resistance decreases much 
faster (/79) than a short dipole (f=. 


a 


directivities, sharp (desired) or scanned radiation pattem. The 
large directivities can be achieved by increasing the antenna 
size without arrays. 


Advantages: 


+ Desired directional patterns, 

‘Scanned radiation pattern (no movement of the antenna with 
ıo mechanical difficulties), 

+ Track multiple targets. 


Disadvantages: 


+ Bandwidth limitations. 
+ Mutual coupling between elements, 
+ Complexity network to feed elements. 


Types of arrays: Linear, Planar, Conformal 


Collinear Array: Elements of an array are placed along a line 
and the currents in each element also flow in the direction of 
that line. Collinear arrays are in widespread use in base 
stations. Lengthening the array by adding elements causes 


- Narrows the beamwidth 
Increase the directivity 
- Extending the range. 

Array (or a simple antenna having same features) can be 
chosen in the applications according to following criteria: 


- Available space 
- Power handling 

- Cost 

= Scanning requirements. 


Array factor (AF) can give chance to calculate the array field 
by using the single element antenna. 


Array Pattern = AF x Single Element Pattern 


Array factor depends on the relative location of elements and 
relative excitation ofthe elements 


Nm 


where dad, = cos for collinear array, dud, = sinBcosó for 
others, e) bes- for cylindrical array. AF of a discrete 
array has form of Fourier series whenever pattern factor for a 
continuous current distribution has form of Fourier transform. 
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3.1. Uniform Excited & Equally Spaced One 


Consi 


only element phasing of a linear form for AF as 


arca arm 


‘This relation can be modified as 


i-em 


T- „кең“ (rb) 


sin ($) 


The maximum value is AF( oN. If the current has 


a linear phase progression as 


00 


then, the maximum value for AF occurs at the angle Op 


Vlarsmax = A lee, = a =—kdeos0, 
їп that case р = kd(cos0 — cos0,). Sometimes, a single 
pencil beam is required. The proper selection of array antenna 
elements or proper design of end fire antennas may yield a 
single pencil beam. To make main beam narrower (increasing 
directivity), inter-element phase-shifting should be increased. 


3111, Pattern Multiplication 


N short dipoles are equally spaced a distance d apart and have 
currents lo, lı, ..., fy In the fr field condition. 


mJ 


p 


Tar 


Where the field pattern can be rearranged as 
F (0,0) = deingie(0,0) X AF 


The process of factoring the pattern of an array into an 
element pattern and array factor is referred to as Pattern 
Multiplication 


312. Array Directivity 


Directivity is determined entirely from the radiation pattern. 
Array directivity represents the increase in the radiation 
intensity in the direction of maximum radiation over a single 
element. The directivity of a broadside array of isotropic 
elements 


9 


3.2. Nonuniform Excited & Equal Spaced One 


Although the main beam of the end wire antenna can be 
narrowed by chancing of phase as in previous chapter, shaping 
the beam and controlling the side lobes are also possible with 
апау current amplitudes. 


Where A, can be different for each element. If A's are equal 
то the coefficients of binominal series, all side lobes can be 
eliminated such as Dolph-Chebyshev polynomials. As the 
current amplitude is tapered more toward the edges of the 
array, the side lobes tend 10 decrease and the beamwidth 
increases. The following example is given for different current 
distributions of different patterns, 


de 


3.3. Mutual Coupling & Scan Blindness 


In reality, array elements interact with each other and alter the 
currents (impedances) and known as Mutual Coupling 
changes the current magnitude and phase and distribution on 
sach element. This will be clear in total array pattern in 
different frequency and scan directions relating to no-coupling 
сае. Network representation of coupling is shown as below. 


(One of the important effects due to mutual coupling is Scan 
Blindness manifested by a dramatic reduction of radiated 
power for certain blind scan angles. In that case, generator 
power is reflected rather than radiated (no radiation), which 
can damage the electronics parts. It may be considered for 
different reflection of angles because of matching is 
confirmed at a single angle (F(O,0) = 0). To avoid it, use 
spacing of a half wavelength or less (no grating lobes). 
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3.3.1. Impedance Effects of Mutual Coupling 


‘Three mechanisms are responsible for mutual coupling as 
Direct Space Coupling between array elements, Indirect 
Coupling cun occur by scattering from nearby objects and 
Feed Nenvorks (can be minimized with impedance matching) 
interconnects element can provide a path. In the case of 
coupling. the input impedance of mith element (Active 
Impedance or Driving Point Impedance) is given as 


[1 


dit inl Р í 
ده‎ e 


US 


ah Zt 
As general rules of the mutual coupling 


- The coupling strength decreases as spacing increases (1/3), 
The far field pattern of each element gives information about 
coupling strength. When elements are oriented such that 
illuminated by а patem maximum, then coupling Will be 
appreciable. If individual patterns exhibit null in the direction 
‘ofthe coupled antennas, the coupling will be small. 

“Elements with electric field orientations (ie, polarizations) 
that are parallel will couple more than when collinear, 

- Larger antenna elements with broadside patterns have lower 
coupling o neighboring elements 


332. Pattern Effects of Mutual Coupling 


Gain, polarization and far field pattem are also affected from 
the mutual coupling. To analyze the effect of far field pattern, 
two ways are proposed as 


- Isolated Element Pattern Approach: AU coupling effects in 
array pattern are accounted in the excitations. 

= Active Element Pattern Approach: Al coupling effects are 
accounted for through the active element 


3.4. Multidimensional Array 


Linear arrays have the following limitations: 


- Phase scanned in only a plane containing line of elements 
- Beamwidth in a plane perpendicular to the line of element 
centers is determined by the element beamwidth in that plane 
(limitation of realizable gain). 


Requiring a pencil beum, high gain or beam scanning in any 
direction, multidimensional arrays are used with classification 


- The geometric shape of surface on element centers located 
- The perimeter of the array 
= The grid geometry of the element centers 


The pattern multiplication and array factors are used for 
analysis of multidimensional array. The array factor of an 
arbitrary three dimensional array is given as below 


Ač = V ete 


10 


ЗАЛ. Phased Arrays and Scanning 


The scanning of main beum pointing direction is an important 
equest [rom arrays. A Phased Array is an array whose main 
beam maximum direction is controlled by varying the phase or 
time delay to the elements. The term Smart Antennas have 
been coined that includes control functions such as beam 
scanning. For a linear array with unequally spaced elements 


Where element spatial phase £, = K2,c050. The portion of the 
phase а, = —kz,cos0, varies linearly (Linear Phase) and 
responsible for sivering the main beam peak. The remaining 
part of the phase ôn is nonlinear and responsible for beam 
shaping. When spacing of several wavelengths is used, many 
grating lobes are visible and the array is called an 
Interferometer. To avoid grating lobes. the condition d< 
4/01 + [cost ) must be satisfied. 

The hardware connecting elements of an array are 
called Feed Network. To feed networks for beam scanning, 
Parallel, Series and Space netwarks are used. Especially fo 
‘multidimensional arrays hybrid-feed is used and recently 
Optical Feed is also issued. The construction of feed networks 
can be in the form of Brick and Tile. Another feed 
configuration is Sum Feed for course angular tracking and 
Difference Feed for fine angle tracking, The feed network 
‘combines the len or right halves of an array both in phase and 
‘out of phase creating these patterns 
Electronic scanning can be constructed with 


- Frequency scanning 
- Phase scanning 

- Time-delay scanning (overcomes instantaneous bandwidth 
limitation of phase shifters) 

= Beam switching (avoids use of variable shifters) 


Analog or digital phase shifters (ferrite or semiconductor 
diode) are also used for beam scanning. 
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Free-Space E-Plane Selene, pap 24 MHz 
ange Wire Doublet 

and Menne 
Terminated 
Antanas: 


doublet = kiask 
Sowia = blue 
Swie = red 
pel Fig 10 


Before we close this exploration, it may be wise to examine the 
effect of spacing between the wires in a terminated array. In а 
standard folded dipole, there is no significant difference in 
performance between narrow and wide spacing values, at least ир 
to the point where the distance exceeds a value that will support 2- 
wire transmission-line operation. However, as we have noted, the 
terminated arrays only look like folded dipoles. 
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4. LINE SOURCES 


Many antennas can be modeled as а line source (or its 
combinations). A Tine source along z axis has the far zone 
electric field as 


„0“ 
Ё = je sino J O 


This is similar to ап array s far zone electric field means that a 
line source is a continuous array. For the far Field pattern of 
arrays, a link may be found with Fourier transform. Because 
107) = 0 except — 1/2 < z < 1/2. the field pattern F (0) can 
be viewed as a Fourier transform of I(2") as 


According to that, the field pattern PCO) and spatial current 
distribution 70e) n can be related as a Fourier and Inverse 
Fourier transform of each other. This means that to obtain 
marrow field pattern (like narrow pulse). wide bund of spatial 
frequencies must pass [rom antenna related to 1(2’). This 
needs electrically large antennas. In this sense, the antenna can 
be viewed as a spatial filter. Line sources can also show super- 
directivity by controlling the variation oT phases. 


ал, Uniform Line Source 


The current 


lr 


The normalized pattern factor 


"— 


pu 
V cosa = cost) 


fw = 


The HPBW can be found by the solution of the equation 
sin(u)/u = 1/VZ. Depending on the broadside or endire 
uniform lime source, HP can be calculated, exactly. The 
largest side lobe is the first one (closest to main beam). The 
Pattern of the line source is given below, 


The broadside and endfire line sources patterns are evaluated 
in the sense of pattern factor and total pattern as follow, 


n 


The directivity of the uniform line source can be calculated if 
the element factor is assumed to have negligible effect on the 
patter as 

L 


piae. ob реше 


al 


The uniform line source has the most directivity in the case of 
а linear phase source of fixed length. The length increases, the 
beamwidth decreases and the directivity increases. The SLL 
remains constant with length variation. 


4.2. Tapered Line Source 


Many antennas сап be modeled by line sources designed 10 
have tapered current distributions, As an example, cosine 
aper current 


[o 


(me y ee +4 


o elsewhere 


With actual directivity 
pirssdsite 1.620 
= 16207 


Whenever current amplitude taper is increased (more severe), 
the sidelobes are reduced even more and beamwidth is further 
widened. In many applications, low side lobes (wider main 
beam) are necessary 
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5. RESONANT ANTENNAS 


A resonant antenna is a Standing Wave Antenna with zero 
input reactance at resonance and they have small bandwidths 
as % Bor % 16. 


5.1. Dipole Antenna 
+ Straight Wire Dipole: The assumed current distribution 


10 (8), Ae 
Tes, O) fra sg йе dipl i 


In case of a half wave straight wiredipole, 


ME) 


sing 


Different lengths of dipole produce different F(8) means 
different radiation patterns as below: 


D 


We can see that the dipoles longer than one wavelength, the 
currents on the antenna are not all in the same direction. Over 
a half wave section, the current is in phase and adjacent half 
Wave sections are of opposite phase will lead large canceling 
effects in radiation pattern. 


-L=ma/2 = X =0 Resonate (m odd number) 
<А = Xa <0 Capacitive 
% == Xa > D. Inductive 


+ Vee Dipole: Whenever the directivity is bigger than straight 
dipole, input impedance is smaller than straight one. 


+ Folded Dipole: The folded dipoles (FM receiving antenna) 
are two parallel dipoles connected at the ends forming a half | 
narrow loop with ease of rigidity reconstruction, impedance 
properties and wider bandwidth than ordinary HW dipole. The 
feed point is at the center of one side. It is an unbalanced 
transmission line with unequal currents (two closely spaced 
‘equal in one) and can be analyzed as transmission line (he 


12 


currents cancel each other) and antenna mode (current 
reinforce each other). 


Zaw таваа = А 


5.2. Yagi-Uda Antenna 


‘Yagi-Uda antenna is used for НЕ, VHF, UHF bands with the 
advantages of high gain, simplicity, low weight, low cost, 
relatively marrow bandwidth. Using folded dipole, Yagi-Uda 
will show higher input impedance. The gain may be increased 
by stacking. It is a Parasitic Array means that a few elements 
are fed directly. the other elements receive their excitation by 
пеш field coupling. The longer parasitic element behaves as а 
reflector and changes the pattern through feed. The shorter 
parasitic element behaves as а director and changes the pattern 
through the parasitic element. Metal boom is used at the center 
їп which the currents are zero. I is Travelling Wave Antenna 
supporting the surface wave of slow type. 


5.3. Corner Reflector Antenna 


A practical gain standard antenna at HE band having a gain of 
10 to 12 dB over a HW dipole. Method of Images and AF are 
used to analyze it. The finite extend of plates result broader 
pattern and feed driving impedance is negligible. 


5.4. Large Loop Antenna 


The large loop antennas have the loop's perimeter are sizable 
fraction of a wavelength or greater means that the current and 
phase of the loop are vary with position around the loop 
chancing the antenna performance. This also shows the similar 
effect whenever different frequencies are applied to the same 
loop antenna. 


5.5. Microstrip Antenna 


Microstrip antennas can be produced as a kind of printed 
antennas (patches) and were conceived in the 19505, These 
are popular because of low profile, low cost, specialized 
geometries, The main challenge in microstrip patch antenna is 
lo achieve adequate bandwidth in which conventional one has 
as low as a few percent. Because of resonance behavior of 
microstrip patches, they become excessively large below UHF 
and typically used from 1 to 100 GHz. They have loosely 
bound fields extending into space, but the fields tightly bound 
то the feeding circuitry. The patches geometry are generally 
rectangular but square and pentagonal patches are also 
possible for circular polarizations. Microstrip arrays сап also 
be constructed for using advantages of printed circuit feed 
network with microstrip on the same single layer, 


5.6. Wire Antennas above a Ground Plane 


+ Imperfect Real Ground Plane: Especially in low frequencies, 
electric field of an antenna penetrates into the earth causing 
the conductivity current due to the low conductivities. This 
gives rise of ohmic losses means increasing of input ohmic 
resistance lowering the radiation efficiency. Approximate 
pattern can be obtained using Method of Images combining 
the reflection coefficients. The pattern is different from free 
spice antenna pater, 
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6. BROADBAND ANTENNAS 


A broadband antenna can be defined as its impedance and 
pattern do not change significantly over about an octave or 
more, The bandwidths of the narrow and wideband broadband 
Antenna are generally calculated as 


Er И 
Виш, = lr 100 
pem 


BW, 


Tene 


The wire antennas are broadband, such as Traveling-Wave 
antennas, Helix and Log-Periodic. 


6.1. Traveling Wave Antenna, TWA 


The reflected wave is not a strongly present with guiding EM 
waves. TWA can be created using very long antennas (or 
matched loads at the ends). Their bandwidth is broader than 
Standing Wave Antennas (SWA) and distinguishing with no 
second major lobe in reverse direction like SWA. Longer than 
‘one-half wavelength wire antenna is one of the Travelling 
Wave Long Wire antennas. Using some assumptions, the 
current of TWA, 


10) = Ine 


TWA has real valued input resistance. Some types of TWA 


- Travelling Wave Vee Antenna 
= Rhombic Antenna, 
‘Antenna: On the imperfect ground plane. 


6.2, Helical Antenna 


u has a helical shape as an uncoiled form. As two limit ease, 
it reduces to loop or а linear antenna. Two forms of ils 
operation are possible as 


+ Normal Mode: The radiated field is maximum in a direction 
normal to the helix axis, Because the dimension of the helix. 
must be small compared to wavelength (electrically small 
antenna) for this mode, the efficiency is low (low radiation 
resistance) with emitting circularly polarized waves. The 
analysis may be done by using a small loop model with 
‘constant amplitude and phase variation, The depending оп its 
orientation (such as quarter wave length with higher radiation 
resistance), vertical polarization may be dominant. 


© Axial Mode: This mode is used when а moderate gain up to 
about 15 dB and circular polarization is required. Assuming 
the helix carries pure travelling wave, an approximate model 
сап be used for analysis. The amplitude and phase of the 
antenna are not uniform. 

6.3. Biconical Antenna 

The conductors of the wire antenna can be fared to form 
biconical structure. This extends to increase bandwidth. The 
types are 


эз 


- Infinite Biconical Antenna: The biconical structure is infinite 
and can be analyzed by Transmission Line Method. 

Finite Biconical Antenna: Practical one with less weight, 
less cost, Bow-Tie antenna is a favor example, 

- Discone Antenna: One of the finite biconical antenna is 
replaced with a discone. Omnidirectional pattern is obtained 


6.4. Sleeve Antenna 


The addition of a sleeve to a dipole or monopole antenna cun 
increase bandwidth more than one octave and the frequency 
sensitivity is decreased. Types are 


- Sleeve Monopoles 
matching network feed. 
= Sleeve Dipoles: VSWR is low over a wide bandwidth. 


VSWR may be 


gh and requires 


6.5. Frequency Independent Antenna 


A bandwidth of an antenna about 10:1 or more is referred to 
as a Frequency Independent Antenna. The impedance, pattern 
and polarization should nearly remain constant over a broad 
frequency range. The following properties yield broadband 
behavior 


- Emphasis on angles rather than lengths, 
- Self complementary structures, 
- Thick metal 


65.1. Spiral Antenna 


Either exactly or nearly self-complementary with a 
bandwidth of 40:1, Types аге 


- Equiangular Spiral: Yt has a bidirectional pattern with two 
¡vide beams broadside to the plane of the spiral. 

- Archimedean Spiral: Vt has a broad main beam perpendicular 
то the plane of spiral. Unidirectional beam can also be created 
by a cavity backed feeding. 

= Conical Equiangular Spiral: U has a single main beam is 
directed of the cone tip. 


Spiral antennas can also have different configurations such as 
Sinuous Antenna offering flexible polarizations. 


65.2. Log-Periodic Antenna 


Log-Periodic antenna has a structural geometry such that its 
impedance and radiation characteristics repeat periodically as 
the logarithm of frequency. Because of this variability is 
minor, it is considered as a frequency independent antenna, 
Using parallel wire segments, Log-Periodic Dipole Arrays can 
also be constructed of different types are 


Periodic Toothed Planar Antenna 
Periodic Toothed Wedge Antenna 

Periodic Toothed Trapezoid Antenna. 

Periodic Toolbed Trapezoid Wedge Antenna. 
Periodic Toothed Trapezoid Wire Antenna 
Periodic Toothed Trapezoid Wedge Wire Antenna 
Periodic Zigzag Antenna. 


These lecture notes are heavily based on the bok ol Antenna Theory and Design by W.L Stutzman and Q. А. Tike For future version or any proposals, 


plese contact ih Dr. Serkan Aly (uso yt d 


Antennas - Lecture Notes 


Dr. Serkan Aksoy - 2016 


7. APERTURE ANTENNAS 


These (Horns, Reflectors ee.) ae in common use at UHF and 
higher frequencies. These have very high gain increasing of 
f and nearly real valued input impedance. 


7.1. Rectangular Aperture 


Many born antennas and slots have rectangular apertures. Ir 
the aperture fields are uniform in phase and amplitude across 
the physical aperture, it is referred as a Uniform Rectangular 
Aperture having effective aperture equal to its physical 
aperture. Uniform excitation amplitude for an aperture gives 
the highest directivity. To reduce low side lobes, tapering the 
excitation of amplitude toward the edges of a line source 
(Tapered Rectangular Apertures) is a good way. 


7.2, Circular Aperture 


An antenna having a physical aperture opening with a circular 
shape is known as a Circular Aperture. lf the aperture 
distribution amplitude is constant, it is referred to Uniform 
Circiular Aperture, To reduce low side lobes at the expense of 
Wider bandwidth and reduced directivity, Tapered Circular 
Apertures such as parabolic taper (tapering the excitation of | 
amplitude) is a good way. 


7.3. Horn Antenna 


They ure popular at the frequencies above about 1 GHz having 
high gain, low VSWR, relatively wide bandwidth, low weight 
and easy 10 construct with theoretical analysis achieving to 
closing the experimental results. Types of the horn antennas as 


- E Plane Sectoral Hom. 
- H Plane Sectoral Horn 
- Pyramidal und Conical Horn 


These horns are fed by a rectangular waveguide oriented its 
broad wall horizontal. Horn antenna emphasizes traveling 
waves leads to wide bandwidth and low VSWR. Because of 
longer path length from connecting waveguide 10 horn ейге, 
phase delay across aperture causes phase error. Dielectric or 
metallic plate lens in the aperture are used to correct phase 
error. Those with metallic ridges increase the bandwidth, 
Horns are also used for a feed of reflector antennas. 


7.4. Reflector Antenna 


High gain for long distance radio communication and high 
resolution for radar applications need the reflector antenna. A 
Parabolic Reflector Antenna is а widely used one having a 
reflecting surface large relative to the wavelength with a 
smaller fed antenna, One of the fundamental problems is 10 
match the feed antenna to the patter of the parabolic 
reflector. GO/Aperture Distribution Method or PO/Surface 
Current Method are used to analyze the antenna with the 
principles of 


- All reflected rays are collimated at the focal point, 


- All path lengths are the same. Phase of the waves at the focal 
point is constant means constant phase center, 


1 


It is inherently a very wide band antenna. Bandwidth is 
limited to the size of the reflector (low frequency limit) or 
smoothness of the reflector surface (high frequency limit). The 
bandwidth of the feed antenna is also another limit for overall 
system, Types: 


© Awisymmetric Parabolic Reflector: Feed is located at the 
focal point. The main peak is directed toward reflector center. 


* Offset Parabolic Reflector: M avoids blockage caused by the 
hardware in feed region created by a cluster of the feed horn. 


+ Dual Parabolic Reflector: Using a hyperbolic sub-reflecior 
with parabolic main reflector (Gregorian or Cassegrain), the 
aperture amplitude and phase can be controlled by design. The 
advantages ofthis antenna 


Reduced support problem for feed hardware 
- Avoids long transmission line currents and losses 

- Fed radiation is directed toward the low noise sky region 
rather than more noisy ground region. 


The other types of the reflector antenna are 


- Parabolic Cylinder, 
- Parabolic Torus, 

- Non-Circular Parabolic, 
- Spherical Reflector at all 


These lecture notes are heavily based on the book ol Antenna Theory and Desig by WL Stutzman and Q. A Tike For tu version or any proposals, 


plese contact wih Dr. Serkan Aloy (abso yt ейи). 
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The Übermatch 
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Ф INPUT 200k marciano RAMS Owen OUTPUT (y 


Audio Matching Transformer for Sound Powered Phones 


A 


. АЎ gon chogo ans Î азнав) 


Hi Friends, Here is a little afternoon project that 1 am quite proud of. The main reason for all this pride is that I 
drilled all the holes correctly! 


Recently I introduced a new product, which I call the Uberformer aaohnéfunans). It is an auto-transformer that is 
custom manufactured for crystal radio applications. The input impedance is high enough to reduce the loading 
оп a crystal radio tank circuit, This makes your radio more selective. The power delivered to the headphones is 
greater when the circuit is matched, The picture below shows the five taps ranging from 600 to 10000 ohms. Just 
right for all kinds of headphones. 


The circuit is straight forward. The only unusual part of this circuit is that variable resistor and capacitor in 
parallel at the signal input. This is called a Benny, named after Ben Tongue арн епова com), a fellow 
crystal set hobbyist that knows what he is doing. Ben taught us that if a transformer is connected directly to the 


we /makenradia comimisc-stuft 
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diode, as the signal increases, there will be a de current flowing through the diode, tank and transformer. The de 
resistance of the transformer is much lower than it's impedance. As the signal increases, the low de resistance of 
the transformer will load the tank, causing distortion and bad selectivity. 


The Benny will restore the high de resistance to the detector circuit, The .1 uF capacitor across the resistor 
allows audio frequencies to pass with little loss. The resistor in this case is an audio taper (log taper) 
potentiometer. The pot is wired so that there is a short when the pot is turned fully counter-clockwise. This 
allows for a better adjustment at the lower resistance values. 


When I build a crystal set with the transformer built in, I generally start with a pot and listen to a loud station. 1 
adjust the pot for the lowest distortion, and measure that value. I replace the pot with fixed resistor. This is fine 
because the crystal set will be the same at all times. But in the case of this project, it will be moved from radio to 
radio and having the adjustment is nice. 


The box is a Hammond 1591TBG du www hanmondmfs aun lain um. Drilling is very easy and the parts are not 
crowded together. 


токе 
berformer — XTAL200K 
40d 12009 25000 
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‘500K audio (og) taper 


OUTPUT хта 200K Окетотпег 


Crystal Radio Matching Trenstormer 
(©) 2007, D. Behrnarder 


DetektorEmpfángerKopfhórerAnpaBÜbertrager 


Crystal Radio Headphone Matching Transformer 


1зше get a hoot out of those über long German words. This is a variation of the project shown above. The main 
difference is the transformer that I used. Gerd Reinhófer in Germany makes some really nice headphone 
matching transformers. This is a special one that was custom wound for a customer. The customer said it worked. 
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great, so Gerd added it to his catalog. The model number is $3.48 spez. (р-ка deta 4810) shown 
at the bottom of the page. They aren't exactly cheap as it takes Gerd a couple of hours to make one of these, 
including 90 minutes just to put the 14,000 turns of wire on the core. That with the crappy $ vs. Euro rate now 
days, might put it out of range for most of you, but I felt you should know about this fine product made for the 
crystal radio hobbyist. 


‘The usual "benny", which I called "Z-R Equalization" (impedance to resistance), which are found on many best 
modern crystal sets (well my sets anyway). It lowers distortion and improves loaded tank Q around strong 
stations 


Also on the box are two rotary switches. One to select the input impedance and the other for the output. By 
having everything variable, I can do a better job evaluating the transformer. 


The box is a the high quality, Canadian made Hammond 1591 DBG duis Бава comes? tum) ABS plastic 
box. This has become an international project, with parts made in the USA, Canada, Germany and China. 


Ном does it work? I don't know right now. I don't have a crystal set in the house. As soon as I have built one, ГЇЇ 
let you know. Of course, if you needed a very high impedance output from a low impedance input, this can be 
connected to operate in the other direction. 


Il you want one of these, transformers, contact Gerd Reinhófer by using the e-mail address on his ordering page 
utp www metrech dem eseltinucis wa. He'll gladly communicate with you in English, 


1 didn't put a schematic here as the technical drawings are on the transformer site. Just substitute his transformer 
in place of what I had used in the above project, 


Dave 


Simple Matching Transformer for Sound Powered Headphones 
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Audio Matching Transformer for Sound Powered Phones 


So far (up to set #26 eas hn), I have centered my designs around crystal and magnetic high impedance 
earphones. Now that the DX bug has bit and I want to do better in the next crystal set contesto дааныш, 1 
decided to use sound powered phones. Darryl Boyd itp: sss таны аљала інь shun has the best 
information about sound powered phones. Using sound powered headphones requires some extra circuitry when 
used with a crystal detector. Again, I went to the web and found Ben Tongue вар ононе con has some 
excellent information on matching headphones to crystal sets. Of particular interest is his document #5 

¿un/a estan ela рить Dnm. My thanks to these two dedicated crystal radio people for 
providing the technical materials so that 1 could build my matching box and offer the plans to the rest of you, 


1 used a pair of the Mouser TM-117 50,000:1000 ohm transformers in my matching transformer project. I wired 
it according to the circuit below. Along with this circuit, I have included some of the designs that I have used in 
my past sets. It is easy to compare one circuit to another. The high impedance magnet earphones will work with 
any of the circuits, while the crystal earphone will not work with the magnetic earphone circuit but will work 
with the sound powered circuit. 


Dave 
a 
BOK Audio, | ical 
ewa seams [ДЕ 
Жолы lle 
Schematic 


Audio Matching Transformer Box 
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"The Ouncer" 


Here is a little Saturday project that I whipped up. 2005 has been a slow start year for me. It is early March and I 
have only built two projects. Sorry. Between a little winter sickness, answering all your appreciated e-mails and 
filling a few orders, time has been a little short. 


1 call this project - The Quncer. This is named for the small UTC Ouncer transformer as part of this project. 
Unfortunately these are hard to come by as they aren't made any longer. I found mine on eBay. The impedance 
transformation is from Imeg ohm to 15k ohm. However the project did turn out well, I decided to show it off 
here, Besides you can find a substitute transformer. The other transformer is easy to buy. 


My dx erystal sets require a very high impedance audio transformer to reduce the loading on the tank coil. When 
the tank (main coil and variable capacitor) is loaded, the selectivity and sensitivity is reduced. Audio 
transformation from the diode output to the headphones is essential. 


There are two single pole, 3 position switches in this project. The first one selects which tap on the Bogen 
transformer is connected to the UTC. You could probably leave this switch off and connect the wire directly to 
the violet tap. I like to see what the effects of quickly changing taps are, so I don't mind the switch. The second 
switch selects which tap on the Bogen goes to the headphones. I chose the red and orange wires (600 and 1200 
ohms) and also the pink $ ohm secondary wire. I may want to experiment with low impedance speaker drivers 
[hip home hetnet dead If you have switches with additional poles available, you can connect all the 
taps you want. This is a flexible project. 


The "Benny" is a variable resistor in parallel with a fixed capacitor. This little network is named after Ben 
Tongue (ирле bene com), the person that brought the advantages of this to the crystal radio communities 
attention. A detailed discussion of the Benny is on Bens article #01 (p ww bestngue led. 
The value of the pot can be adjusted to equal the impedance of the transformer, This cuts down on some 
distortion and selectivity problems that occurs when tuning in loud stations. The pot can be replaced with a fixed 
resistor. 


The box is a Hammond 1591DBG ABS plastic box manufactured by Hammond in Canada, 


As I stated earlier, finding that UTC transformer will be nearly impossible, But check at the hamfests, eBay and 
your friend's junk boxes for something like it. 


Dave 
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All of the terminated antennas used so far are 27.2 m long with а 
spacing between wires of 0.2 m (about 7.9"). I revised the spacing 
for a series of test models to a value of 1.5 m (59"). Because initial 
tests using diamond and fan configurations proved unpromising, I 
maintained the parallel runs of AWG #12 wires. 


Fig. 11 compares the maximum free-space gain values for the 2 
versions of the 2-wire terminated array. The wider array shows an 
average gain increase of about 1 dB, although that increase does 
not appear at every frequency in the test range (using 6 MHz as a 
starting frequency). The original narrow version of the antenna 
used an 820-Ohm terminating resistor and a similar value for the 
SWR reference impedance. Widening the antenna required an 


Chapter 29 
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Inside View 
UTC 045 Bogen T725 
зт 
ы Pine 
“Benny 
HZ Input 7 Phones 
p — 
“Audio Matening Box "The Cuncer* 
(6) 2003, D. Schmtder 
Schematic 


Ultimatch Matching Tra: 
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After seeing the Select-To-Match transformer system on Darryl Boyd's erystalradio,net 


hit uu coss ne sondorcred marching index shimi site earlier this year, I knew that this is what I had to build. Steve 
Bringhurst just kicked it up a notch with a new design. I saw it this morning and this evening it is built! 


The circuit and description are shown in the UltiMatch and UltiMatch 2 


bit estado везано machins index snl Section towards the bottom of the page. This one is the UtiMateh 


lused one switch to combine the functions of switches SW4 and SWS. I added a few more capacitors in the 
output section as I had so many switch positions that 1 could use. Otherwise my unit is just as described in the 
article. 


1 need to label the panel and get used to how it works before I can offer any opinions, but I liked the circuit very 


much. Perhaps this will get me just one more station to move me up towards the top of the winners list in the 
crystal set contest, 
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Uti Match 2 by Stev 
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Audio Matching Transformer for Sound Powered Phones 


Here is a simple circuit for matching your higher impedance crystal sets to your headphones. I took some of the 
designs found on the crystalradio net hap vw crystalrsdio rescundoowensd matenine indes str) and adapted it to my own 
tes. I like building my crystal radio type projects on blocks of wood. In this case, a cover that was left over 
from one of my radio boxes. 1 made a couple of assumptions оп my use of this transformer. First I decided to 
have only one input impedance, which is the highest impedance of the transformer. I also assumed that once 1 
had this set up for a set of headphones, I was not likely to change the transformer tap. So instead of a multi 
position switch, I elected to use my favorite little thumb nuts. 


The transformer is the Bogen T725 speaker matching transformer which several crystal set builders have found 
to be a favorite. The input impedance is about 40000 ohms. I included a small RC network (also called in some 
places a "Benny") to make the de resistance about the same as the impedance (ac resistance) of the transformer. 
‘This cuts down the distortion that occurs when de loading of the detector in heavy. 


‘The output taps are connected to screw posts with thumb nuts. Wires can be connected between the common and 
any of the impedance taps, or a single wire that goes to the phone jack can be connected to one of the taps. 


The available taps are 40k, 20k, 10k, Sk, 2.5k, 1.2k, 600, 300, 150 and $ ohms. On the output side I used 20k, 
10k, Sk, 2.5k, 1.2k, 600, and 8 ohms (just in case I want to use my old stereo headphones). Of course you can 
use only the taps you want or put them all on. 


This is not a wonderful invention but it looks nice on the table, Try one il you get a chance. 
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Chirio Mini Whip 10khz - 30Mhz 
Antenna Attiva per banda HF e VLF 


Torej [venda on ine] 


"Radio Corner" di R.Chirio 


Agosto 2013 - Marzo 2017 


Antenna Attiva, di piccole dimensioni adatta айа ricezione di segnali in banda HF, navtex e meteofax a bordo di 
barche e anche per frequenze più basse VLF fino а 10K! 
Ottima ricezione per AM, e bande Radioamatori SSB e CW. Adatta per tutti i ricevitori per banda HF tipo ICOM, 
ALINCO, YUPITERU, YAESU, KENWOOD, 
La MiniWhip è ottima per le ricezione delle МАЕ sotto ai 100kHz dove da tutta l'Europa è stato possibile 
ricevere i segnali di GRIMETON RADIO/SAQ a 17.2Khz. 
La tipologia di funzionamento à quello di un'antenna capacitiva, elettrostatica. Le due armature sono 
rappresentate, la prima dalla piastra ricevente posta sulla basetta fornita, mentre la seconda armatura è riferita 
al Collegamento a terra, La sensibilità di ricezione ё data dalla distanza tra la piastra attiva е la terra. 
Allontanandos da terra migliora il se "ngresso come pure la banda passante verso (I basso. Sistemazioni a 
3-4 metri dal plano di terra danno già significativi risultati in ricezione. Non si ottengono vantaggi ad aumentare la 
superficie della plastra ricevente oltre al valore indicato 

disponibile semplice su circulo PCB, compatta per uso su scanner e le versioni per base fissa da 


montare all'esterno su palo in PVC con cavo separato come la SDR e la XP I. (In opzione la VLF) e la CX 


Disponibili modifiche e personalizzazioni per andare incontro alle esi ji appassionati delle ricezioni segnali 
radio. ( Mandate un'email con le vostre richieste. 


MINI-WHIP-PCB 
Versione SMD + basetta PCB + presa 9V e BNC 


[mom enpyrnzota © onem Cho 
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Baseta SMD montata sulla piastra antenna, completa di connettore BNC (femmina) e presa batteria 9V. 


Dimensioni totali 30 x 110mm, superficie sensibile 30 x 80mm 


Caratteristiche 


Con batteria SV l'assorbimento è di 4mA circa. Con 12V circa 6MA. 
Banda passante da 10khz a 30Mhz (-3048), a -ВО@В si riceve ancora fino a 150Mhz 
impedenza uscita à di 200 ohm adatta un po' per tutt gli ingressi ricevitore. 


Tutte le MiniWhip possono essere alimentate a 12V, la tensione accettata à da 3 a 15V, dove abbassando la 
tensione fino a 3V ё possibile ridurre il guadagno e ridurre cosi i segnali forti 


ale presente sulla Chirio Mini-Whip PCB (2013), si vedono tutte le 
uenze da 0 a 20Mhz. I segnale è più forte ed escono molte emittenti non 

ascoltabli con una antenna convenzionale flare. Moto presenti tutti i segnali fina 

а poche decine di Khz, Lantenna è stata montata esterno casa su un palo in PVC 


Posizione corretta per utilizzo della MiniWhip-PCB con scanner portatil 
va sempre posizionata più bassa del connettore per non interferire con il segnale 
entrante, inoltre la mano e il corpo dell'operatore ha Veffetto di terra per i piccolo 


Lo scanner posizionato da solo su un tavolo o un appoggio lontano dal corpo 
del'operatore pub non ricevere bene o con segnale attenuato. In questo caso 
prevedere una connessione di terra verso il BNC dellantenna/radio 


ıl migliore ascolto si ottiene in posizione eretta con scanner in mano e antenna 
innestata. 


MINIWHIP-SR. (Black cap) 
Versione connettore ВМС per Communications Receiver ICOM IC-R20 e tutti gli scanner portatili. 


Marzo 2015 


Questa nuova versione ё studiata per applicare la Mini-Whip direttamente al 
connettore BNC dell ICOM IC-R20, va bene comunque con tutti gli scanner, 
ricevitori per banda HF tipo ICOM, ALINCO, YUPITERU, YAESU, KENWOOD. 


= 


Il circulo è modificato per ridurre I rumore ed é stato ridotto per inserirlo a meta 
corpo di antenna 


1I robusto tubetto in ottone e il connettore BNC di buona qualità, permettono di 
maneggiare tranquillamente lo scanner, tenendo in mano la batteria. 


Per segnali bassi portare il GAIN dellICOM IC-R20 fino al valore MAX 


Ascolto molto buono su tutta la НЕ. Specialmente per le Onde Lunghe e Onde 
Media con significativi segnali anche durante le ore diurne. 


La parte ricevente attiva è protetta dalle scariche elettrostatiche in quanto ё stata 
inserte alfinterno del tubetto isolato, come già avviene per la Mini W 
base fissa. 

Alimentazione 9V consumo nom 4.0mA max 6mA 

Lunghezza 160mm, diametro 16mm peso 409 


Costruzione robusta per uso professionale della antenna. 


Non consigliabile fare ricezioni con RTX in quanto alcuni modelli all'accensione 
mandano un impulso RF in uscita, che pub bruciare й circuito dela MiniWhip. 


Posizione corretta per utilizzo con scanner portatili, la batteria va sempre 
posizionata più bassa del connettore per non interferire con il segnale entrante, 


incitre la mano ha l'effetto di terra per il piccolo scanner. 


Lo scanner posizionato da sola su un tavelo o un appoggio lontano dal corpo 
dellaperatore pub non ricevere bene о con segnale attenuata, In questo caso 
prevedere una connessione di terra verso il BNC dell'antenna/radio. 


1I migliore ascolto si ottiene in posizione eretta con scanner in mano e antenna 
innestata. Sempre in posizione aperta e lontana da ostacol. 
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Gennaio 2015 


in questa ultima versione, il circuito amplificatore e la 
piastra ricevente, sono protetti all'interno del tubo da. 
20mm. Il tutto viene completamente chiuso e sigillato con 
Tesina per resistere айе intemperie. 


Va posizionata a minimo 2-4 metri di altezza, tramite tubo 
РУС 32mm per uso elettrico. Eventualmente usare 3 cavi 
nylon per i fissaggio controvento. 


1 gruppo è completamente sigillato, о sfiato umidità 
avviene verso il basso attraverso il passaggio сам 


соп la XP II la discesa segnale avviene con cavo RGSB/U 
standard lunghezza mt. ed alimentazione separata con 
cavo schermato multiplo, soluzione questa adatta per 
arrivare fino a 30 - 50 metri di cavo discesa (a richiesta) 


па ottima sensibilità, su tutte le 


Sono facilmente ascoltabili segnali medi e forti fino a 
150Mhz, 


E consigliato alimentare con batteria 12V ricaricabile, 
tipicamente con una 12V 7Ah si ha oltre 1 mese di 
autonomia. Oppure mediante il cavo multiplo à possible 
portare l'alimentazione in casa, sempre usare solo batteria 
9-128 


Molto sconsigliato alimentare la MiniWhip con un 
alimentatore rete, del tipo lineare o switching, vengono 
introdotti troppi disturbi alla ricezione. 


Non consigliabile la connessione a RTX in quanto alcuni 
modelli all'accensione mandano un impulso RF in uscita, che 


Pub bruciare I circuito della MiniWhip. 


Questa à о spettro della MiniWhip XP I1, alimentata a 12V, rappresenta tutte le frequenza da 10Khz a 20Mhz, 
ogni divisione orizzontale rappresenta 2Mhz, mentre le divisioni verticali rappresentano l'intensità dei segnali, si 
nota un netto miglioramento su tutta la gamma ricevuta, inoltre II miglioramento ё pla marcato per le frequenze. 
sotto | Mhz. 


La ricezione è stata fatta alle ore 22:00 e si notano chiaramente tutte le gamme sotto i 20Mhz delle onde corte 
SW e la loro intensità. 


da 100khz a 2 Mhz MW e LW ricevute cen ottimo segnale. 
da 2a SHhz bande tropical 


1 picchi più altri rappresentano le bande dei 49 metri, 41 metri, 31 metri, 25 metri, 22 metri, 19 metri. Gli ultimi 
due picchi più piccoli rappresentano le bande dei 16 e 15 metri 


Non rappresentate dallo spettro possiamo ancora sentire bene le bande dei 21Mhz, 25 Mhz, la banda 27 Mhz dei 
CB е е 28 Mhz radicamotoriale. (Tutte bande più adatte ad essere ascoltate durante il giorno) 


somimini whip him 


Antennas Made of Wire - Volume 2 ——— U 


increase in both values to 900 Ohms. Fig. 12 compares the SWR 
curves for both 2-wire antennas on the assumption that each will 
use an optimized impedance transtormation device for any 
adjustment to match a coaxial cable. The SWR curves show no 
features that would dictate the use of one antenna version over the 
other. 


Compare SW Curves it trans Inpedance Valet) 
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The 3-wire version of the terminated array used the same 1.5-m 
spacing in the wide version. The result is an array that is 3-m wide 
overall, with the terminated line between the fed wires. Fig. 13 
shows the comparative gain curves for the two antennas. The wide- 
version curve shows similar characteristics to the corresponding 
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MHz 


Questa è о spettro della MiniWhip XP 11 VLF, con +2088 alimentata a 12V, rappresenta tutte le frequenze da 
10khz a 20Mhz, ogni divisione orizzontale rappresenta 2Mhz, mentre le division! verticali rappresentano l'intensità 
dei segnali, si nota un netto miglioramento su tutta la gamma ricevuta sotto ai 2M 


MINI-WHIP-XP-II Ascolto delle VLF 
Settembre 2014 


Con tutte le MiniWhip 2015 ё possibile ascoltare le VLF: 
Con La MiniWhip XP II è possibile richiedere il circuito con *20dB sotto ai 100khz. 
Download Software per ricezione VLF 

ELENCO STAZIONI VLF 


Un esempio di cosa si può ricevere sotto ai 25Khz utilizzando l'ingresso scheda audio del pC: 


Venerdi 13 febbraio 2015 appuntamento con il 
GRIMETON RADIO/SAQ 17.2Khz 


Segnale ricevuto dalle 14.44.44 UTC utiliza 
del programma Spectravue 3.28 


Segnale ricevuto anche con il programma Sad 
Panoramic VLF receiver 0.94 
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Traduzione del codice CW ricevuto 


Prova di ascolto HF e VLF con WANDEL & GOLTERMANN SPM 15 SELECTIVE LEVEL METER 


Segnali ricevuti in Banda 40 metri, e in VLF, antenna Chirio Mini Whip XP 11 montata all'esterno su canna da pesca 
10m, alimentazione batteria 12V, Discesa cavo RGSS/U lung. 35 metri: 


Segnale a 7.1555 Mhz 40 metri ricevuto il 18/03/2015 17:22 ( Video MP4 14MB 


Russian RSDN-20 Navigation System "Alpha" (*) 
Segnale -55 dam а 11.905 khz ricevuto il 29/03/2015 15:17 ( Video MP4 11MB ) 


Segnale -54 dm a 12.649 khz ricevuto il 29/03/2015 15:22 ( Videa Мра BMB) 
Segnale -58 dm a 14.881 khz ricevuto il 29/03/2015 15:37 (Video MP4 EMS 


ss/Ts (9) 


Segnale -68 dBm a 60.000 khz from UK ricevuto il 29/03/2015 15:47 ( Video мра BME, 
Segnale -52 dm a 77.500 khz from Germany ricevuto il 29/03/2015 15:50 ( video MPa 9MB 


(*) Con antenna ce MiniWhip XP 11 VLF il segnale può essere ricevuto con miglioramenti del +20 fina a 43068 
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Dallimmagine si indica come prelevare il segnale audio bassa frequenza, per portarlo ad un amplificatore esterno, 
im quanto lo speaker interno è molto sacrificato е vanifica la buona qualità della ricezione. 
їп questo caso oltre alle spine à stato inserito anche un potenziometro da 1K per la regolazione del volume. 


Prova di ascolto con Communications Receiver ICOM IC-R20 
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File audio (Wav) registrato direttamente con ICOM IC-R20 alle ore 15:10 del 19 ottobre 2013. 


Ottima ricezione in Banda 40 metri, 7.075Mhz da varie località del Nord italia, antenna Chirio Mini W 
montata all'esterno, alimentazione batteria 12V, 


Video: prova di ascolto con ICOM IC-RS 


(Video Avi 408 ) 


Settembre 2013. Ottima ricezione da 150Khz a 30Mhz, antenna Chirio Mini Whip, prototipo per scanner 
alimentazione batteria 9V. 


Come dare nuova vita alle radio lasciate nel cassetto. 


Molte radio economiche pur avendo bande di onda corta non hanno l'ingresso antenna esterna, ma solo lo stilo 
estensibile, 


Utilizzando la Chirio Mini-Whip posizionata sul tetto, si scende con cavo RG-SB, il cavo centrale si salda a un 
coccodrillo e lo si collega all'antenna a stilo, la calza schermata va collegata a una piastra di alluminio o гате 
delle dimensioni 20x30 che farà da base appoggio per la radio. 


Eventualmente si pub collegare il negativo della radio alla piastra con un condensatore da 0,Luř, però in pratica si 
ê visto che ё più che sufficiente П pano di massa. 


1I segnale a volte à parecchio forte che tende saturare l'ingresso, usando 
il deviatore DX/Local si puð riportare a valori normali, ottimo lascota dei 
CW a 7,020Mhz, la sintonia fine a passi di 1khz aiuta a centrare bene le 
stazioni. 
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Vista la possibiltà di ricevere le bande di 7 e 14Mhz si sente la mancanza 
della conversione SSB, 


Le stazioni commerciali vengono ricevute bene su tutte le bande, 
purtroppo le Onde Medie hanno antenna interna in ferrite © non possono 
beneficiare del buon segnale esterno. 


Anche qua le stazioni più forti hanno tendenza a saturare l'ingresso, 
usando i deviatore DX/Lacal si migliora la ricezione, 


Ottima radio anni 80 con sintonia manuale, buona ricezione su tutte le 
ELS male per Onde Medie non collegate allantenna. 


Questa radiolina dal costo di 9,9 
stupisce per l'otima qualità dell audio, e le 6 bande SW permettono una 
buona ricezione delle stazioni di onda corta. Bene per MW collegate 
alřantenna 


Saver Crest SWETOO 81 Purtroppo la sintonia ё paca demoltiplicata, non permette un preciso 
centraggi dell'emittente. 


Consigli per montare la MiniWhip: 


Posizionare l'antenna in alto, minimo 4 metri lontano da cavi e fonti 
elettriche, per discesa va bene il cavo 8658/0, anche per lunghezze di 
15-30metr, Anche can cavi TV 75 ohm о cavi schermati per audio si 
ottengono buoni risultati. 


Più si sale, più antenna recupera guadagno sul segnale 
indicabvomente una altezza di 10-12 wen dà un incremento а + 104a Ш 
Fapetto a 2 met 


Non ci sona grandi differenze ad usare un palo in ferro o in materiale 
Plastico, in quanto il cavo coassiale in discesa da le stesse 
Caratteristiche di un palo metalica... Importante che sia di piccolo 
diametro con cavi tiranti controvento di nylon 


Importante avere un buon collegamento di terra, ideale dedicato solo 
per questa antenna e non facente punto comune con impianto di 
Casa. Un pala di ferro lungo 1 metro piantato nella terra umida va 
benissimo, la connessione verso l'antenna deve essere i più corta 
possibile, evitare loop e lunghi giri di cava. 


Migliore Terra andrebbe realizzata con 4 paletti acciaio/rame piantati 
nella terra umida dove scolano le canaline dell'acqua piovana o del 
rubinetto del giardino, Unire i 4 pali соп cavo rame 16mm e portare. 
con un unico cava a una morsettiera comune, collegare tutto a terra 
comprese le strutture metalliche del tetto, grondaie in rame e pali in 
ferro. 


Evitare il più possibile fonti di disturbo nelle vicinanze dell'antenna, 
соте lampade neon/led, cavi elettrici, motori a spazzole. 


(Come da foto per tenere in posizione la MiniWhip XP П sul tubo PVC 
32 mm, utilizzare silicone trasparente, altre colle più tenaci potrebbero 
bloccare troppo la boccola per eventuali rimozioni. 


ıl silicone evita inoltre l'ingresso di acqua e pioggia allinterno del 
tubo PVC proteggendo i connettori BNC е alimentazione. 


E sempre consigliabile posizionare la MiniWhip in posizione verticale 
anche se il funzionamento ё buona anche in posizione orizzontale. 
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n questo ultimo periodo del 2015 С sono spesso condizioni di scarsa 
propagazione, dovuto alle "Macchie Solari" che potrebbero annullare | 
segnali ricevibili dalla MiniWhip, è consigliabile consultare il sito Snlar-Terrestrial Data 
per verificare le condizioni della 29 пег 2017 0046 бит 
Calculzted conditions 
Hemd ^ deg Wight 
reh: Fair 
m imi Fair Far 
1-1 
ПЯ 


propagazione per le varie bande. 


1I disegno ilustra come meglio posizionare la Mini Whip XP 11 can doppia discesa, 
1I palo in PVC deve essere posizionato lontano da ostacoli come тип, recinzioni ed alberi ad alto fusto. 
Usare cavi tiranti in Nylon tipo filo da pesca o treccia. 

Fare correre i cavi sul terreno per evitare ingressi di RF 

Collegando a Terra il cavo schermato di alimentazione, in genere si riducono i disturbi 


Per non bruciare il FET sullingresso, tutte le MiniWhip vanno tenute ad almeno 10 metri da una antenna 


Sulle onde corte una antenna direttiva ed accordata ha sicuramente un 
segnale pil centrato е pulito, ma vuoi mettere i costo e la 
dimensione. 


Stiamo parlando di una antennina che mio figlio usa con lo scanner 
per ascoltare le stazioni straniere... Н permette di ascoltare durante i 
giorno un 50-100 emittenti a fonda scala tra i 100kz e i 20Mhz mentre 
di sera/notte sono oltre 500 emittenti da tutto il mondo. 11 


Lunica accortezza è uscire di casa e allontanarsi da qualsiasi tipo dí 
struttura e cavi elettrici, pure gli alberi con foglie assorbono segnale, ci 
Va un posto aperto e in alto... e П cellulare spento! 


Questo antenna MiniWhip da la possibilità agli appassionati di ricevere 
segnali deboli senza montare tralicci sul tetto, o meglio fare una 
escursione in montagna ed ascoltare radioamator ed emittenti magari 
dalla New Zealand... tutto valorizzando una radiolina a onde corte 
rimasta nel cassetto che riceveva ben poco con il suo stín. 
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Le stazioni cinesi stanno aumentando la potenza di emissione sulle 
onde corte per portare notizie in tutt il mondo ai loro connazionali, 
una buona antenna compatta completa l'opera, 


MiniWhip SR 2016 note del costruttore. 


Dopo 4 anni dalideazione, continuo miglioramento e il raggiungimento del prodotto attuale, si pud affermare che 
Questa antenna si è rivelata un ottimo prodotto, è stata spedita un po in tutte le regioni del mondo, utilizzata da 
tecnici е Radioamatori in Oceania, America e Canada come pure in SudAmerica e Siberia, Una antenna à finita anche 
зи nave verso le basi del Pola Sud ed un po' in tuti gli stati Europei, 

La MiniWhip SR ha dimostrato di essere sempre all'altezza per dare soddisfacenti ricezioni su tutte le Bande HF, 
quando presenti le condizioni di propagazione. 

Di eccezionale robustezza non si sono lamentate rotture meccaniche come pure inconvenienti elettrici. 1 

funzionamento è ancora garantito con batteria scarica ino а 3V e con basse temperature esterne, L'autonomia reale 
di funzionamento è di oltre 200 ore con una batteria 9V Duracell. 

utilizo in montagna rappresenta la migliore soluzione per questa antenna, lontano da font di disturbo e accoppiata 
а ricevitori scanner portatil, permette delle ricezioni quasi impossibili con antenne filari posizionate nei centri abitati. 
Dificimente migliorabile è stata copiata da alcuni ma l'unica e originale e questa venduta su wwwchirio.com, 


Torino giugno 2016 by R.Chirio 


MiniWhip SR 2016 notes of the manufacturer. 


After 4 years from ideation, continuous improvement and the achievement of current product, it can be said that this 
antenna has proved to be a Great product, has sent to all part of the world, used by technicians and radio amateurs in 
Oceania, America and Canada as well as in South America and Siberia, An antenna is also finished on the ship 
towards some bases of South Pole and а bit n all European countries 


The MiniWhip SR has been shown to be always up to give satisfactory receptions on all HF bands, when present the 
propagation conditions. 

Highly robust did not complain mechanical failures as well as electrical problems, The operation is guaranteed even 
with discharged battery up to ЗУ and with low outdoor temperatures. The real authonomy of operation is over 200 

hours with a 9V Duracell battery, 

The use in the mountains is the best solution for this antenna, far away from interference sources and couple with 

portable scanners receivers, allows receptions almost impossible with wire antennas positioned in residential areas. 
Difficult to improve has been copied by some but the unique and original, this is sold directly on www.chilo.com 


Turin June 2016 by N ch 


Rac Juvon, аем кај 
Associazione Italiana Radioascolto radio. 

International Shortwave Broadcast Bands_htto://www.famuniverse.com/shortwavebandfreas html 
RADIO NEW ZEALAND INTERNATIONAL fıtt:// www. rz com /panes/isten php 
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WINDOM antenna 160/80/40/20/10 
metri, w 


OCED (off center fed dipole) 


Nel 1929 il Radioamatore Americano progetto un antenna dipolo alimentata 
fuori centro il che consente di ottenere una IMPEDENZA quasi costante su TUTTE le bande Ham 160, 
80, 40, 20 e 10 metri. Alimentando il dipolo "fuori centro" fa in modo che l'antenna possa essere 
utilizzata convenientemente, con ROS accettabile su tutte le bande, о meglio "armoniche pari" rispetto 
alla frequenza per cui e' stata calcolata. La WINDOM ha una impedenza tipica di 300 Ohm, adatta quindi 
ai TX operanti all'epoca, рег poterla utilizzare con i nostri moderni RTX con uscita 52 Ohm, si interpone 
un trasformatore di impedenza Balun 6:1 per una impedenza di 50 Ohm, oppure un Balun 4:1 per una 
calata in cavo coassiale a 75 Ohm. Anche in questo caso potete realizzare il BALUN nei modi a voi piu’ 
confacenti, in aria su supporto cilindrico plastico, su bacchetta di ferrite, oppure il classico arci conosciuto 
toroide rosso T-200-2. La WINDOM e' un classico nel mondo radioamatoriale, antenna facilissima da 
costruire ed ha il grosso vantaggio di poter operare tutte le BANDE RADIOAMATORIALI con un solo 
elemento RADIANTE, come radiatore, normalissimo filo elettrico da 1,5 mm. Software. 

Calculator per chi vuole calcolarsi da solo i BAL-UN o UN-UN con toroidi/ferriti/in ari 


Bande 60/80/40/,20/101metri 
OCFD (off center fed dipole) 


M l Мы пыт 


` OCFD (off center fed dipole): ` 


Antenna WINDOM ™ ==: "> 


e G 
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WINDOM antenna 160) 
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2% t 13,1 mt 


Z-300 Ohm 
versione 
80/40/20/10 metri 


coax 52/75 Ohm 
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53,1 mt 


ED 


BALUN 4:1 discesa CAVO 75 Ohm 
BALUN 6:1 discesa CAVO 52 Ohm 


qs" tt 


versione 
160/80/40/20/ 10 metri 


all RTX 
соах 52/75 Ohm 
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curve for the 2-wire antenna. However, the gain differential 
between wide and narrow antennas averages close to 1.5 dB. 
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The terminating resistor for both the narrow and wide antennas is 
900 Ohms. However, the best reference impedance for the wide 
version is about 450 Ohms, about 50 Ohms less than for the 
narrow version. Fig. 14 traces both SWR curves. The curve for the 
wider version of the antenna shows larger excursions, but remains 
below 2:1 across the entire test range. 
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ala WINDOM 
Ab spire filo diis 160-80-40-20-10 metri 
su tubo plastica G 2,5 
bilanciato 
© BALUN 
© pay 
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AYVOLGIMENTO BIFILARE 


50239 sbilanciato 
cavo RGSS 75 Ohm 


BALUN 4:1 


all'RTX 
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misure 80/40/20/10 
26,5 mt 13.1 mt 
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tubo plastica 2 cm 
filo elettrico 2 mm 
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Filo RAME SMALTATO 1mm. 


10282017 


z enna 
WINDOM Windom 


10282017 WINDOM antenna 160) 


Software for Radio Amateurs 


1€) Version 1.2 


UK 2 
P AW 2005-06 
"m M ш 


Copyright: Wilfried Burmeister, DL5SWB 


Freeware 
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Although the 5-wire array remains the same length, its area grows 
by a factor of 7.5. The inner fed wires are 1.5 m from the terminated 
center wire, while the outer fed wires are 3.0 m from center. Fig. 15 
provides one measure of whether the increased width is worthwhile 
in terms of the overall gain advantage of the wider antenna. The 
wide array provides almost 2-dB average gain over the narrower 
(0.8-m) version. Unlike the 2-wire and 2-wire arrays, where the gain 
lines cross at certain frequencies, the wide 5-wire antenna shows a 
gain advantage throughout the operating spectrum. 


(Remember that the gain measurements are for free space and are 
taken broadside to the plane of the wires. Part 2 in this exercise will 
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Understanding Antennas for the 
Non-Technical Ham 


A Book By Jim Abercrombie, МАЈА 
(Jim Abercrombie n4jaiz príenet.com) 


Mlustrations by Frank Wamsley, K4EFW 
Edited by Judy Haynes, KCANOR 
Copyright July 2005, Second Edition 


This is a book length web article provided by the author FREE for all hams. 


Note: This is copyrighted material and is the property of Hamuniverse.com and/or the 
article author and is to be used only for personal non-profit educational изе. 


Hamuniverse.com is Powered by Ham Radio! 
© 2000 - 2008 NAUJW Hamuniverse.com or article author! - All Rights Reserved. 


Ргеїасе 


‘One reason for writing this book is to educate you so you can make an informed choice 
concerning the best antenna for you. Another reason is to dispel the many antenna myths that 
circulate in the amateur community. The third reason is a desire to teach basic antenna theory 
to the average ham. Therefore, to achieve that goal, you should read this book from cover to 
cover. It was written primarily for the newcomer and the non-technical old-timer. 


This book is about common medium wave and high frequency (short wave) antennas, but the 
theory presented here relates to antennas of any frequency. It is in a condensed form and the 
antenna theory is explained so most hams can understand it. Realizing many hams are 
‘mathematically challenged, only simple mathematics procedures are used. If you can add, 
subtract, and divide using a calculator, you will not have trouble with this book. 


A few principles in here are based on conclusions drawn from the Laws of Physics. Everything 


else in this book can be found scattered through The 4.R.R.L. Antenna Book and nothing in 
here contradicts what is written there. 
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1. 
Why All The Fuss 
About Antennas 


Definition: An antenna is a piece of metal, a conductor of electricity, to which you connect the 
radio. It radiates your signal and receives the signals you want to hear. 


Definition: An antenna system consists of the antenna, the feed-line, and any matching unit. 
Most antennas are made of copper or aluminum, while most mobile antennas are made of 
stainless steel. A feed-line consists of two conductors that carry the signal to and from the 
radio and to and from the antenna. A matching unit can be an antenna tuner, a series matching 
section, or one of several different kinds of matching circuits at the feed-point 


Does the type of antenna make much difference? Here is an example: Once in 1959 two of us 
жеге involved in testing two antennas on 15 meters. The late R. Lynn Kalmbach, W4lW, using 
опе antenna received a 30-dB better signal report on his antenna from a station in England 
than we did on our antenna. (Decibel or dB will be explained later). Thirty dB means his signal 
appeared that he was running 1000 times more transmitter power than we were. At that time, 
we didnt live that far apart so we couldnt blame it on propagation. We both were running about 
equal power. Both antennas were at 50 feet. The comparison proved that a good antenna could 
make a difference. Lynn used a home-built G4 ZU mini-beam; we were using a 15-meter 
2-element Mosely Mini-Beam, which had short loaded elements. Evidently, it had a lot of loss. 


Another example: Today we hear people breaking in to our ragchews with signals almost level 
with the noise. Why is that? The reason is they are using the wrong antennas. Their signals are 
20 to 30 decibels below everyone elses. They are making contacts, but just barely. The first 
question our group asks, “What kind of antenna are you using?” Experienced amateurs know 
the antenna can make all the difference. The guy with the poor signal sometimes will blame 
his bad signal report on band conditions or his lack ofa linear amplifier. He is just sticking his 
head in the sand. 


What we are trying to prove is next to your radio, the most important part of your station is the 
antenna, Many years ago, an old-timer said, “For every dollar you spend on a radio, you 
should spend two dollars on your antenna.” That is also true today. You can do more to 
improve your signal strength with antennas than you can ever do by increasing your power. 
Having the ability to make contacts on a particular antenna doesnt mean it works well! Any 
antenna will make contacts, but your signals will be stronger on some antennas than on others. 
In addition, some antennas hear better than others. 
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2. 
How Antennas Work 


First ofall to work properly the antenna system must be matched to the transmitter. That is, all 
‘modern transmitters have an output impedance of 50 ohms. Antenna systems range in 
impedance of a few ohms to several thousand ohms. There are several ways to match them: 
pruning the length of the antenna, using an antenna tuner, matching the antenna with a length 
of transmission line called a matching section, or the use one of several matching systems at 
the antenna feed-point. Antenna matching is beyond the scope of the material found in this 
book and itis suggested you consult a more comprehensive antenna manual. Simple half-wave 
dipoles eliminate the need for a matching system because a resonant half-wave dipole has an 
impedance near 50-ohms. 


You must understand electromagnetism to understand how antennas work. If you attach the 
two poles of a direct current (DC) voltage source to the two ends of coil of wire, current will 
flow through the coil of wire and it will become magnetized. The magnetized coil is known as 
ап electromagnet. Its magnetism will extend out to infinity becoming weaker with distance. 
Remove the voltage and the magnetic field collapses back into the coil. If an alternating 
current (AC) is connected to the coil, the magnetism moves out and collapses into the coil in 
step with the frequency of the alternating current source. The north and south poles of the 
electromagnet reverse on each half.cycle of the AC voltage. 


If voltage and current can cause а coil to become magnetized, the reverse is true: A magnetic 
field can produce a voltage and a current in a coil. This is known as Faraday’ Principle of 
Magnetic Induction. A voltage will be produced at the ends of the coil of wire as you move 
апу permanent magnet close to and parallel to the coil. The difference in this case is the 
‘magnet must be kept moving. Move the magnet in one direction, and current will flow in one 
direction. Reverse the direction the magnet is moving and the current will flow in the opposite 
direction. Moving the magnet back and forth produces alternating current. An AC generator 
spins a coil of wire between the two poles of a magnetic field. It doesnt matter which one is 
‘moving. The coil or the magnet can be moving. Any moving magnetic field can induce current 
in anther coil. It doesnt have to be a piece of metal we call a magnet. Imagine a moving 
magnetic field produced by AC circulating in and out of a coil. If that moving magnetic field 
passes through a second nearby coil, it will induce an alternating current in the second coil. A 
transformer uses this method to work. Transformers have a continuous iron core running from 
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the inside of one coil through the inside of the second coil to confine the magnetism inside the 
iron core. This makes the transformer nearly 100% efficient since only a little of the magnetic 
energy escapes. 


A straight wire that has an AC current flowing through it also has a magnetic field surrounding 
it. But itis a weaker field than is produced by a coil. The magnetic field from the wire radiates 
ош into space and becomes weaker with distance. The radiating magnetic field from a wire is 
known as "electromagnetic radiation” and a radio wave is one type of it. The wire that radiates 
becomes the transmitting antenna. Some distance away, a second wire in the path of these 
‘waves has current induced into it by the passing electromagnetic waves. This second wire will 
be the receiving antenna. The voltage in the receiving antenna is many times weaker than the 
voltage in the transmitting antenna. It may be as weak as onc-millionth of a volt or less and 
still be useful. The receiving antenna feeds that voltage to the amplifiers in the receiver 
front-end where it is amplified many thousands or millions of times. 


‘The dipole antenna is made of a wire broken in the center and where broken, each half of the 
wire connects to an insulator that divides the wire in two. Two wires from the voltage source, 
which is the transmitter, are connected across the insulator. On one side of the dipole, the 
current in the form of moving electrons flows first from the voltage source toward one end of 
the dipole. At the end, it reflects toward the voltage source. The same thing occurs on the other 
half ofthe wire on the other half cycle of alternating current. An antenna that is the right length 
for the current to reach the far end of the wire just as the polarity changes is said to be 
resonant. Because electricity travels at 95% the speed of light in a wire, the number of times 
the polarity changes in one second (frequency) determines how long the wire has to be in order 
to be resonant. 
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3. 
Polarization Of 
Electromagnetic 


Waves 


Electromagnetic waves travel away from the wire in horizontal, vertical, slanted, or circular 
waves. If the antenna wire runs horizontal or parallel to the earth, the radiation will be 
horizontally polarized. A wire or conductor that runs at right angles to the earth produces 
vertical radiation. A slanted wire has components of both horizontal and vertical radiation, 
Crossed wires connected by proper phasing lines that shift the phase from one wire to the other 
wire by 90 degrees will produce circular polarization. Amateurs working orbiting satellites at 
УНЕ, UHF, and microwave frequencies use circular polarization, 


When your high frequency signals are reflecting off the ionosphere, it isnt important if the 
other stations antenna has the opposite polarization from yours (the polarization does matter 
for line of sight communication). The reflected polarized waves passing through the 
ionosphere are slowly rotated causing fading signals (QSB). The reason the polarization of 
antennas is most important is that it determines the angle of radiation. Horizontally polarized 
antennas at ordinary heights used by hams produce mostly high angle radiation and weaker 
low angle radiation, but this doesnt mean there is no low angle radiation. It is there but is 
weaker than high angle radiation. However, you must put a horizontally polarized antenna up 
more than one-wavelength high to get a strong low angle radiation. One wavelength is 280 feet 
оп 80 meters, 140 feet on 40 meters, and 70 feet on 20 meters. High angle radiation works 
nearby stations best and low angle radiation works distant stations (DX) best. A vertically 
polarized antenna produces mostly low angle radiation, with its high angle radiation being 
weak. For this reason, vertical antennas do not work as well as horizontal antennas do at 
ordinary heights for working stations less than about $00 miles away. 
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give us good reason to remember these limiting factors of this initial 
study.) 


Both versions of the 5-wire antenna use 800-Ohm terminating 
resistors. As well, the reference impedance for both SWR curves is 
300 Ohms. The average 300-Ohm SWR is lower for the wide 
antenna, although the specific value may vary at some selected 
frequencies. Unlike the narrow array, from 6 MHz upward, the wide 
array SWR makes only one excursion above the 2:1 level and 
remains below 2.2:1 at 13 and 14 MHz. 


Chapter 29 


4. 
Егедиепсу 


‘The number of times the polarity of an AC voltage changes per second determines its 
frequency. Frequency is measured in cycles per second or Hertz (Hz). A thousand cycles per 
second is a kilohertz (kHz). One million hertz is a Megahertz (MHz). The only difference 
between the 60 Hz electric power in your house and radio frequencies (RF) is the frequency, 
but 60 Hz electricity in a wire also produces electromagnetic radiation just like radio waves. 
Useful radio waves start at 30 kHz and go upward in frequency until you reach the infrared 
light waves. Light is the same kind of waves as RF except light is at a much higher frequency. 
Light waves are used like radio waves when they are confined inside fiber optic cable. Above 
the frequencies of light are found x-rays and gamma rays. 


‘The radio bands: The Long Wave Band (LW) stars at 30 kHz and goes to 300 kHz. The 
Medium Wave Band (MW) is from 300 KHz to 3000 kHz or 3 MHz. The High Frequency 
Band (HF) is from 3 MHz to 30 MHz. The Very High Frequency Band (VHF) is from 30 MHz 
1o 300 MHz. The Ultra-High Frequency Band (UHF) is from 300 MHz to 3000 MHz or 3 
(GHz. Above these frequencies are several microwave bands which are defined as the Super 
High Frequency Band (SHE). 
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5. 
The lonosphere апа 
Modes of HF Propagation 


In the upper air around fifty miles and higher where the air molecules are far apart, radiation 
from the sun strips electrons from oxygen molecules causing the molecules to become ionized 
forming the ionosphere. The ionized oxygen molecules and its free electrons float in space 
forming radio-reflecting layers. Ionization of the ionosphere varies by the time of day, seasons 
of the year, and the sunspot cycle. The strength of ionization also varies from day to day and 
hour to hour. Since the height of the ionosphere varies, the higher the ionized layer becomes, 
the farther the skip will be. 


5.1 The lonosphere 


‘The part of the earths atmosphere called the ionosphere is divided into three layers. The three 
layers are, from lowest to highest, the D layer, the E layer, and the F layer. Each layer has а 
different effect on HF radio propagation, 


Being at a lower altitude, the D layer molecules are squeezed closer together by gravity than 
those in higher layers, and the free electrons reattach to the molecules easily. The D layer 
requires constant radiation from the sun to maintain its ionization. Radio waves at lower 
frequencies such as the frequencies of the AM broadcast band cannot penetrate this layer and 
аге absorbed. The higher frequency signals are able to pass through the D layer. The D layer 
disappears at night causing AM broadcast stations to reflect from the higher layers. This is 
why AM broadcast signals only propagate by ground wave in the daytime and they can be 
received from great distances at night. Like the broadcast band, the D layer absorbs signals on 
160 and to a lesser extent 80 meters during the day making those bands go dead. During solar 
flares, the D layer becomes ionized so strongly that all high frequency radio waves are 
absorbed, causing a radio blackout, 


E-layer propagation is not well understood. Being at a lower altitude than F layer, the E layer 
is responsible for summertime short skip propagation on the higher high frequency bands. The 
skip zone is around 1000 miles, but at times when the E-cloud covers a wide arca in the 
summer, double hops can be seen. A double hop occurs when the signal reflects from the 
ionosphere, then returns to the ground, reflects from the ground back to the ionosphere where 
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itis reflected back to the ground. A double hop can propagate the signal 2000 miles or more, 
‘The E-layer forms mostly during the day, and it has the highest degree of ionization at noon. 
The E layer like the D layer disappears at night. Even so, sporadic-E propagation can and does 
form at night. There is a minor occurrence of sporadic E propagation during the wintertime. 
Оп rare occasions, sporadic E propagation can surprise you by occurring anytime regardless of 
the sunspot cycle or the season of the year. 


‘The F layer is the highest layer and it is divided into two levels: Fl and F2. At night the Fl and 
F2 merge into one layer. During the day, the Fl layer doesnt play a part in radio propagation, 
but F2 does. It is responsible for most high-frequency long distance propagation on 20 meters 
and above. However, the F layer makes it possible for you to work DX on the lower bands at 
night. Sunspots are responsible for the ionization layers and in years with high sunspot 
numbers, worldwide contacts can be made easily on 10-20 meters by F2 layer propagation. In 
years of low sunspot numbers, working distant stations is difficult on those bands. 
Consequently, 10 and 15 meters will be completely dead most days and 20 meters will go dead 
at night. In years of low sunspot numbers DX contacts are easily made at night on 160, 80, and 
40 meters. The sunspot numbers increase and decrease in 1 1-year average cycles. 


Since the curvature of the earth averages about 16 feet every 5 miles, an object 5 miles from 
you on perfectly flat earth will be 16 feet below the horizon. Because light travels in straight 
lines, you cannot see objects beyond the horizon. Radio waves travel in straight lines, but there 
are ways to get them beyond the horizon. This is referred to as propagation. 


Ground-Wave Propagation 


Ground wave works only with vertical polarization. One side of the antenna is the metal 
vertical radiator and the other side of the antenna is the earth ground. The surface wave in the 
air travels faster than the part of the wave flowing through the ground. The surface of the earth 
is curved like the curved part of a racetrack. On the curved track, a саг on the outside of the 
track has to travel faster than the car on the inside lane to stay even, and the two cars travel in 
a curved path. Although the wave in the air travels faster than the wave on the ground, the two 
parts of the wave cannot be separated. Because of this, the radio wave also travels in a curved 
path that follows the curvature of the earth, 


The AM broadcast stations use ground wave propagation during the day and skywave 
propagation at night. Since radio waves at lower frequencies conduct better through the 
ground, an AM broadcast station on 540 kHz will be many dB stronger than a station on 1600 
kHz, if both run the same power. This fact is important in understanding why ground mounted 
verticals do not work as well at high frequencies as they do on the broadcast band. 


Direct Wave or Line of Sight Propagation 

Antennas located on high structures can “look” over the horizon and “see” the receiving 
antennas, Because refraction is involved, direct waves travel 20% farther than light waves due 
to scattering of radio waves by the environment. Trees and other foliage are invisible to HF 
radio waves. Direct wave propagation is possible at all frequencies, but this mode of 
propagation is seldom used on our high frequency bands, but it is the usual propagation mode 
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used by repeaters and others on VHF and UHF. If you watch TV on an outside antenna or on a 
“rabbit ears antenna,” you are receiving the signal by direct wave propagation. 


Propagation by Refraction 


Refraction occurs when the lower part of a wave travels slower than the top part of the wave 
because the wave is passing through two media. These media can be two layers of air at 
different temperatures or they can be air and a solid. One form of refraction is caused by a 
radio wave passing over a hill or ridge being bent as it passes over the obstruction. This is 
known as “knife edge refraction.” Another form of refraction occurs when layers of air of 
different temperatures bend the radio waves around the horizon. This is called tropospheric 
ducting. This mode of propagation makes long distance contacts possible at VHF frequencies. 
‘Tropospheric ducting does occur on 10 meters and lower frequencies and is noticeable when 
other forms of propagation are absent. On high frequency bands, many hams mistakenly call 
tropospheric ducting and direct wave “ground wave." 


‘Skywave Propagation 


‘Skywave propagation occurs when radio waves are reflected from the ionosphere. Practically 
all HF communication is done by skywave. In the ionosphere, the waves are really refracted 
twice, and they just appear to be reflected. The reflections are frequency sensitive, meaning 
each ham band reflects differently from the others. Low frequencies, such as 80 meters, reflect 
mainly from the lower levels of the ionosphere and the reflected signal comes nearly straight 
back down. This causes 80 meters to propagate to points from local out to more than a few 
hundred miles in the daytime. At night, when the D layer and E layer are absent, signals. 
striking the ionosphere at lower angles may propagate many thousands of miles on 80 meters 
On the bands from 20 to 10 meters, high angle signals pass straight through the ionosphere and 
do not reflect back down to the nearby stations. The low angle signals on these higher bands 
reflect from the ionosphere near the horizon and return to the Earth some miles away. The 
in-between region cannot hear the transmitted signals nor can you hear signals coming from 
this region. The in-between region is called the “skip zone.” Only when the ionosphere is 
weakly ionized do you have a skip zone on 80 meters. 


Another interesting type of skywave propagation seen on the higher HF bands is called 
chordal hop propagation seen frequently in trans-equatorial (TE) propagation, which is 
propagation crossing the equator. When this occurs, signals entering the ionosphere are 
‘rapped inside the F2 layer then they are finally refracted back to earth across the equator 
thousands of miles away. There is no propagation between the signal entry point and the exit 
point. This is skip in the extreme. On many occasions, we have worked stations far away 
across the equator in the southern part of South America and stations in between could not be 
heard. We have frequently worked VQ9LA in the Chagos Archipelago located in the Indian 
Ocean. The path to The Chagos Archipelago is across Europe and the Middle East and finally 
across the equator to his location in the Indian Ocean. One time when he was working Europe 
and North America at ће same time, we could not hear the European stations because our path 
to him was via chordal hop propagation. Another way of describing chordal hop propagation is 
to call it ionospheric ducting. 
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‘Skywave propagation sometimes produces an effect called “backscatter.” What happens is the 
radio waves that strike the ionosphere, instead of only reflecting father away from the 
transmitting station, part of the signal reflects backwards toward the transmitting station. 
Stations that are too close to hear each other by direct wave can communicate by the backward. 
reflecting waves. Both stations that communicate by backscatter must point their directional 
beam antennas in the same direction although their direction toward each other may be at 
some other azimuth, Backscatter will confuse front-to-back measurements of directional beam 
antennas. This is because, when you turn the back of the antenna toward the station you are 
hearing, you may be able to hear him on backscatter from a direction opposite from him. You 
will be hearing him from the ionized atmospheric cloud in the opposite direction. During 
intense solar magnetic storms, when aurora occurs at high latitudes, stations are able to 
communicate by backscatter on VHF and UHF by both stations pointing their directional 
beams toward the aurora. This will be due north for stations in the Northern Hemisphere and 
due south for stations in the Southern Hemisphere. Audio from aurora backscatter will have a 
“wispy” sound, 


Greyline Propagation 


Greyline propagation occurs when the sun is low in the sky near dawn or dusk, although we 
have seen greyline propagation occur as early as two hours before sunset or as late as two 
hours after sunrise. It is often used to work stations on the other side of the world on 160 and 
80 meters. For example, at certain times of the year when it is approaching sunset here in the 
States, the sun will have just risen in Asia or Australia and vice-versa. At that time, radio 
‘waves propagate along the semidarkness path that encircles the Earth called the greyline. Both 
locations must be in the greyline in order to make 2-way contacts. The tilt of the Earth makes 
the position of the grey line change as the seasons change. Greyline propagation occurs 
between any two locations for a brief period of a few weeks. Afterwards, different places fall 
into the greyline, For several weeks in the fall of the year, an interesting example of greyline 
propagation occurs in the southeastern part of the U.S. On 3915 kHz, the BBC outlet in 
‘Singapore can be heard for about an hour before sunset coming in by greyline propagation. 
Stations to the east hear it before we do. Stations farther to the west can hear the fading signals 
aller it fades out here because the greyline moves as the earth rotates. For those hearing it, the 
signal fades in, it peaks, and it slowly fades out. 


Long Path Propagation 


Long path propagation occurs when signals propagate the long way around the world. It can 
‘occur on any band. It usually occurs from stations on the opposite side of the world from you. 
‘We have worked South Africa via long path by beaming northwest early in the morning on 20 
‘meters. When this happens, we are working him long path through the nighttime side of the 
еапһ. Since at all times half the Earth has daytime and half the Earth has night, long path 
propagation is determined by whether the signal is propagated through the nighttime path or 
daylight path. Sometimes the daylight path will bring in stations by long path propagation and 
at other times the darkness path provides long path propagation. One night on 20 meters, we 
heard a station in India coming in short path and long path simultaneously, but the short path 
was stronger. At the same time, California was working India by long path and they could not 
hear him short path. They were working him through the daylight path, and he was stronger 
here on the East Coast via the nighttime path. 
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160-Meter Propagation 


Each amateur band propagates signals differently. The 160-meter (1.8-2.0 MHz) band is our 
only MW band and it acts similar to the broadcast band. It is primarily a nighttime and 
wintertime band as it suffers from high summertime static (QRN). Most hams that use thi 
band for nearby contacts use horizontal dipoles or inverted-V antennas. Some hams use 
vertical antennas on this band to work distant stations (DX). These DX contacts are made in 
the fall and wintertime at night via F layer or greyline propagation when the static levels are 
low. Dipoles and inverted-V antennas do not work well for DX on this band. 


80-Meter Propagation 


‘The CW part of this band is called the zo. meter (3.5 4.0 MHz) band and the voice part of the 
band is known as 75 meters. Like 160 meters, eighty meters suffers from the same QRN in the 
summertime. Working DX on this band is a popular avocation during the fall and winter. 
However, 80 meters is used primarily for working nets and ragchewing. Eighty meters is 
primarily a nighttime band. This band can vary from being open most of the day in years with 
low sunspot numbers to being closed during the middle of the day in years with many 
sunspots. Many DX contacts have been made using dipoles and inverted-V antennas, but a 
vertical with many ground radials will be better. 


40-Meter Propagation 


‘The 40-meter (7.0-7.3 MHz) band has propagation that can act like either 80 meters or 20 
meters. It just depends on the stage of the sunspot cycle. During the years with high sunspot 
numbers, nearby contacts are possible all day. At night, the skip lengthens making contacts 
possible to those parts of the world where it is still dark. Working DX on 40 meters is a 
nighttime or greyline event. When the sunspots are low, 40 meters may have long skip during 
the day, and nearby contacts may be impossible or they may be very weak. During the time 
‘when we suffer from low sunspot numbers, many DX contacts are made during early morning, 
late айетооп, and at night 


If your primary interest on 40 meters is SSB, our ad. neter voice band is a broadcast band in 
Regions 1 and 3. Region 1 is Europe, North Asia, and Africa and Region 3 is the Pacific 
Southern Asia, and Australia. The top part of 40 meters is a voice band in Region 2, which is 
North and South America. To work SSB on 40 meters at night, you will have to find a 
frequency between broadcast stations. Strong broadcast stations heard at night begin to fade 
out slowly as the morning sun rises and moves higher in the sky. As the suns angle declines in 
the afternoon, the broadcast stations begin to break through the noise becoming stronger as the 
sun begins to set. It is only in the middle of the day when no broadcast stations are heard on 40 
meters, 


Since DX stations in region 1 and most of region 3 can only transmit below 7100 kHz, 
‘working DX оп 40-meter SSB is sill possible. Stations in those regions will have to transmit 
below 7100 kHz. (Australian and New Zealand amateurs can operate up to 7200 kHz.) They 
сай CQ and announce where they are listening in our voice band above 7150 kHz. This is what 
is called “working split” 
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30-Meter Propagation 


The 30-meter (10.1-10.15) band has such a narrow frequency that the only modes allowed 
here are CW and digital modes. That means no SSB. Propagation here is much like 40 and 20 
meters. Unlike 20 meters, this band stays open longer at night during years with low sunspot 
numbers. During the daylight hours, it has much shorter skip than 20 meters. In the United 
States, we are allowed only 250 Watts. 


20-Meter Propagation 


‘The 20-meter (14.0-14.35 MHz) band is the best DX band because it is open for long-skip for 
‘more hours than any other band and it does not suffer from ОКМ as the lower bands. In years 
of high sunspot numbers, short-skip and long-distance DX can be worked at the same time 
during daylight hours. Although DX is there most of the time, most of the DX worked is at 
sunrise, sunset, and all night during peak sunspot years. During the years of low sunspots, it is 
common to work into Europe and Africa during the day and into Asia and the South Pacific 
during the evening hours and early at night. Low sunspot numbers cause 20 meters to go dead 
for east to west contacts at night an hour or so after sunset, but there is some TE propagation. 
During periods of moderate sunspot numbers, the propagation on this band is a blend of 
propagation of low and high sunspot years 


17-Meter Propagation 


‘The 17-meter (18.067-18.167 MHz) band propagation acts much like 20 meters except itis 
affected more by low sunspot numbers than 20 meters. In periods of low sunspot numbers, this 
band does not stay open as late as 20 meters, fading out as the sun begins to set. Yet, the. 
17-meter band does stay open all night when the sunspot numbers are high. The propagation 
оп this band is like a blend of 20 meters and 15 meters, but it is closer to 20 meters. Most users 
of this band use dipoles and other simple antennas since triband beam antennas wont work 
here, 


15-Meter Propagation 


15 meters (21.0-21.45 MHz) is a fantastic DX band during the high sunspot years. This band 
may be open for 24 hours, and it is common to work more than 100 countries during a contest 
‘weekend on this band. Many have worked more than 300 different countries on 15 meters. In 
years of low sunspot numbers, 15 meters may be completely dead for several days in a row. 
When it opens during those years, you may hear only the Caribbean, South America, and on 
rare occasions the extreme southern part of Africa via TE propagation 


12-Meter Propagation 


‘The 12-meter (24.89-24.99 MHz) band is much like 15 meters, but it is affected more by 
sunspot numbers. Because this band is little used, many hours can pass without hearing any 
amateur signals. Occasionally you will hear South American Citizen Band “pirates” on lower 
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sideband, It is mostly a daytime band but openings to Asia and the South Pacific are common 
early at night during peak sunspot years. The reason this band is little used is that tri-band 
beam antennas don't cover this band. 


10-Meter Propagation 


‘The 10 meter (28.0-29.7 MHz) band that is most affected by the sunspot numbers. You may 
have noticed in this discussion, the higher the frequency, the more it is affected by sunspots. 
During peak sunspot years, 10 meters can be open some days for 24 hours. Mostly itis a 
daytime band. When they are at the peak, the sunspots enable you to work worldwide with 
power as low as 5 Watts. A 10-meter confirmed country total of over 250 is common. In the 
low sunspot years, the band can be closed for days. 10 meters can open for very short skip by 
sporadic E propagation during the summer months. Very short skip means contacts as close as 
200 miles out to 1000 miles. Sporadic E propagation can suddenly occur without regard to the 
Sunspot numbers 
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Standing Wave Ratio 


A standing wave ratio bridge is used to measure the standing wave ratio, or SWR. SWR is an 
indication of how well the radiating part of an antenna is matched to is feed-line or how well 
the tuner is matching the antenna system, Most amateurs рау far too much attention to SWR. 
An SWR reading below 2:1 is acceptable, because the mismatch is so small that the feed-line 
loss can be ignored. If you are using a modern transceiver, its power may fold back to a lower 
power output above this SWR level. 


When you have mismatch between the feed-line and the antenna, part of the power feeding the 
antenna system reflects back toward the tuner and the transmitter. The part of the power going 
toward the radiating part of the antenna system is called forward power. The part reflected 
back down the feed-line is called reflected power. The larger the mismatch the larger the 
reflected power will be. 


1f the feed-line and antenna are not matched, waves traveling toward the radiating part of the 
antenna system meet the waves being reflected back down the feed-line. The waves interfere 
with each other, and at certain points along the feed-line, the amplitudes of both waves 
combine. This will result in a current maximum to be found at that point; and at that point, the 
current will appear to be standing still. The length of feed-line and the frequency will 
determine where this point occurs. At another point, the forward and reflected waves interfere, 
and they subtract from each other. At that point, there will be a current minimum. If you could 
visualize this phenomenon, you would see a series of current maximums and minimums 
standing still along the feed-line. This is why we refer to them as standing waves. At different 
points along the feed-line, where you have high current, you will have low voltage, and where 
you have low current, you will have high voltage. At any point along the feed-line, multiplying 
the voltage times the current will equal the power in Watts. When the feed-line is matched to 
the antenna, current and voltage remain the same all along the feed-line because there is no 
reflected current to interfere with the forward current. 


As happens with the current, the voltage will also appear to be standing still. The voltage 
‘maximums and voltage minimums will not be at the same locations as the current maximums 
and minimums. SWR is the ratio of the maximum voltage to the minimum voltage on the line. 
Itis called Voltage Standing Wave Ratio or VSWR, but we shorten it to just SWR. There is 
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also a current SWR or ISWR, and it is the same value as the VSWR. For example, if the 
standing wave voltage maximum is 200 volts and the minimum voltage is 100 volts, the 
VSWR will be 2:1. Ifthe voltage maximum and voltage minimum are equal, the SWR will be 
1:1. Ifthe voltage minimum is zero, the SWR is infinite. 


In measuring SWR at the transmitter, you need to realize that feed-line losses affect the SWR. 
readings. Ifthe feed-line losses are high, much of the power reflecting back from the antenna 
will be lost, and the SWR reading on the meter will indicate it is lower than it actually is. Ifa 
feed-line is so lossy that it consumes all forward and reflected power, it will measure an SWR. 
efi 


When measuring SWR on an antenna having a small amount of reflected power, the length of 
the feed. ine between the bridge and the antenna may affect your SWR reading. An example 
of this is a 70-ohm antenna being fed with 50-ohm coax. Different lengths of fed. ine will 
give you small differences їп SWR readings because at certain lengths, the mismatched 
feed-line starts to act like a series matching section. In the case of a 70-ohm antenna fed with 
Sb. ohm coax, if the feed-line is a half wave long, the SWR will measure 14:1. At some 
particular length of feed-line and on one frequency, the SWR will measure 1:1 because that 
length of that feed-line transforms the impedance to make a match. Some hams have adjusted 
their feed line length to get a perfect match. This is called “tuning your antenna by tuning your 
feed-line." With other feed-line lengths, you will measure something different. Suppose the 
impedance of the feed-line and the antenna are perfectly matched. Then there is no reflected 
power. You will get a 1:1 reading on the SWR-bridge with any length of feed-line. 


There is a myth that reflected power is burned up as heat in the transmitter. The reflected 
power coming back down the feed-line sees an impedance mismatch at the transmitter or tuner 
and it reflects back up again. The reflected power does not get back into the transmitter. 
Because the reflected power reflects back and forth, the radiating part of the antenna system. 
absorbs most of the power being reflected back up each time. АП of it eventually is radiated 
except for the power lost in the feed-line. The losses in a real feed. ine will burn up some of 
the power on each pass. This is why the foed-line loss increases with SWR. 


Built-in tuners аге found in most modern transceivers. If yours doesnt have one, then you can 
use an outboard tuner to give the transceiver a proper load. The place you want a 1:1 SWR i 
between the output of a transceiver and antenna or between the transceiver and the input of a 
tuner in order for the transmitter to deliver its maximum power. Because built-in tuners are in 
most modem transceivers, many hams use them to match antenna systems having high loss. 
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The following short table samples some of these results in tabular 
form. For a few frequencies between 6 and 12 MHz, the table lists 
the maximum free-space gain of each of the 6 terminated arrays. 
For comparison, the table adds a 7th gain column, listing the 
maximum gain of a single wire 27.2-m doublet. 


The table makes clear that the narrow 3-wire array is superior in 
gain to the wide 2-wire antenna and that the narrow 5-wire array is 
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7. 
Real Antenna 
Systems 


In this book, we will be talking about the losses that rob an antenna of is maximum 
performance. The ideal antenna system will radiate 100% of your transmitter power on all 
bands without a tuner and in the direction you want to work. Such an antenna system does not 
exist. Many new hams succumb to antenna advertisements making claims that are 
exaggerated. No antenna will have low SWR, work all bands without a tuner, and radiate 
efficiently at the same time. A dummy load has a low SWR and will load up on all bands, but 
it will not radiate a signal. A resonant coax-fed dipole antenna will have a low SWR and will 
radiate efficiently on the band for which it is resonant, but it will not work well on all bands. 
For example, if the tuning range of your tuner has a sufficient range, you will be able to load 
up any antenna with it, but it will not necessarily radiate a signal efficiently. It may have high 
tuner and feed-line losses. 


When you choose an antenna, you must decide how much loss you can accept. DXers and 
hams that work weak signals at VHF frequencies try to eliminate as much loss as possible. If 
Your contacts are going to be made under good band conditions and without much 
interference, you can get by with high losses. In that case, coax-fed antennas used on bands 
where they are not resonant will allow you to make contacts. You can be greatly surprised by 
how little radiated power can be used to make contacts under ideal conditions. If you want to 
make contacts regularly under changing band conditions, you will want to eliminate as much 
loss as possible and use antennas with gain. Lower loss will enable you to hear weaker signals. 


Nothing will take the place of resonant half-wave dipoles, not because they radiate more 


efficiently, but because they dont require lossy tuners and dont have high coax losses. 
Remember that all antenna systems have compromises. 
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8. 
Half-Wave Resonant 
Dipole Antennas 


Most dipoles consist of two pieces of wire of equal lengths with one of the two ends connected 
together through an insulator. The far ends of the wires are also connected to insulators. The 
two conductors of a feed-line are separated and connected across the gap at the center 
insulator. The antenna is held up by rope that connects the insulated ends of the antenna to two 
supports. It is a "balanced" antenna, because equal currents flow on both halves of the antenna. 
Coax is an unbalanced feed-line. (The possible effect of using an unbalanced feed-line on a 
balanced antenna like a dipole will be discussed later.) The dipole that is stretched between 
two high supports is called a flattop dipole, distinguishing it from other configurations. 


The Half-Wave Flat-Top Dipole 


‘The simplest antenna system of al is the half-wave resonant dipole fed with coax and no tuner. 
‘The only reason for using a half-wave resonant dipole antenna is to eliminate the need for a 
‘matching device such as a tuner. The feed-point impedance will be near 50 ohms at ordinary 
heights and they can be fed directly with 50-ohm coax from the output of todays modern 
radios. The two halves of a dipole are fed 180 degrees out of phase, meaning when one side is 
fed positively, the other side is fed negatively. That is why a feed-line has two conductors. Of 
course, the sides swap polarity on each half cycle 


If you could visualize the current flowing on the half-wave dipole, the current will appear to be 
standing still. The maximum current will be seen at the center of the wire and no current will 
be at the ends. This occurs because the electrons flowing out to the ends reflect back toward 
the center where they meet the next wave and the current is reinforced there. The minimum. 
voltage occurs at the center and the maximum voltage occurs at the ends of the half-wave 
resonant dipole. If you were to measure the voltage and the current at any point on the dipole 
wire, the voltage times the current will equal the power in Watts. 
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Figure 8.1: Flat Top Dipole 


8.2 Inverted-V Dipole 


Another configuration for the half wave resonant dipole is one having one support in the 
enter and the ends stretched down toward the ground. The single support can be a tree, mast, 
or tower. The ends of a dipole have high RF voltages on them, and need to be at least 10 feet 
above ground for safety. This antenna is called an "inverted. V." because the shape of the 
dipole looks like a "V" turned upside down. Most dipoles illustrated in this book can be put up 
in the inverted-V configuration. This configuration works well because the current is 
concentrated on the middle two-thirds of the antenna at the apex. The current in an antenna is 
what is responsible for the radiation. The ends of the antenna have very little current in them 
and it doesnt matter if the ends are close to the ground. The middle of the antenna is up high 
where the radiation is taking place and that is the place you want the radiation to be. An 
inverted-V has an advantage that the horizontal space required for it is less than what is needed 
for a flattop dipole. The angle between the wires on an inverted-V needs to be greater than o 
degrees. The gain of an inverted -V is 0.2 dBd and it has a radiation pattern nearly 
‘omni-directional. Since it is easy to construct and works so well, the inverted-V is the most 
commonly used dipole. An explanation of the decibel will come later. 


Figure 8.2: The Inverted-V Dipole 
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In Figure 8.3: Radiation Pattern of Inverted-V for 80-Meters at 65 Feet on page 19, the top 
graph shows how the radiation would appear to you, if you were situated above the dipole and 
you were looking down on it. The plane of the antenna runs from side to side on the top graph, 
and that graph demonstrates only a 5-dB null off the ends of the antenna. Therefore, it is 
essentially omnidirectional. The bottom graph shows how the radiation would appear if you 
жеге looking at the antenna from the end of the wire. As you can see, the pattern shows no. 
radiation at the horizon and its maximum radiation is at about 40 degrees above the horizon, 
and the radiation straight up is only down 3 dB from its maximum. This antenna was modeled 
оп zo meters with the apex at 65 feet above ground and the ends at 35 feet. 


It is a myth that a horizontal antenna orientation makes a difference on 80 meters at heights 
used by most amateurs. I have heard many amateurs say on 80 meters, “The reason my signal 
is weak to you is because you are off the end of my dipole." The radiation pattern from a 
dipole is essentially non-directional until the dipole is elevated more than a half wave, that is 
about 125 feet on 80 meters, and it is 65 feet on 40 meters, The main reason it makes no 
difference regarding orientation is because propagation for signals closer than 500 miles (the 
distance of most 80 meter contacts) is essentially by high angle radiation nearly straight up and 
down. Only signals radiated and received at low angles make a difference in antenna 
orientation even at low heights above ground. At low heights, there are nulls about 3 to 4 dB 
olf the dipole ends. 
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Dipole Shape Variations 


‘The wire of a dipole doesnt have to be run in a straight line. A dipole does not have to be 
perfectly horizontal. Thats the way it is usually depicted in books and magazines, but you can 
bend the legs of the antenna up, down or sideways. 


1 


Figure 8.4: Two Dipole Shape Variations 


IF you make either wire one-half wavelength long and carefully prune it io resonance, you can 
use it without a tuner on and near its resonant frequency. Both antennas have the current part at 
the top where most of the radiation takes place. The vertical parts of these antennas radiate a 
‘weak vertically polarized wave. The only reason these dipoles are contorted this way is to 
make them full-sized and to fit in the available space. Other shapes are possible, and you can 
be creative at your location, 


‘There are many more dipoles than the ones just described. We explore the other kinds of 
dipoles in Section 8. Half-Wave Resonant Dipole Antennas on page 17. 


Calculating the Length of a Half-Wave Resonant Dipole 


‘The approximate length in feet of a half-wave resonant dipole is found by dividing 468 by the 
frequency in MHz, The actual length of it will be determined by several factors. Using larger 
diameter wire will make the dipole resonate lower in frequency. Therefore, to make it resonant 
at the higher desired frequency, 


8.5 


It must be shortened. Raising a dipole higher above ground will make it resonate higher in 
frequency. An insulated wire will make the dipole resonate lower in frequency than a bare 


Using the above formula, cut the antenna a little longer than the calculations say. Ifthe SWR is 
best at a lower frequency than you desire, the antenna will have to be made shorter by pulling 
the excess wire through the end insulators, folding the ends of the extra wire back on itself. 
‘Then wrap the ends of the overlapped wire on itself so it wont come loose. This causes the 
excess wire to "short" itself to the rest of the antenna. If you are using insulated wire, you will 
need to cut off the excess wire. The reverse is true if the antenna resonates too high in 
frequency. The extra wire can be let out to make it resonate on a lower frequency. This is why 
you originally cut the wire a little longer. 


The Decibel 

The decibel (dB) is a unit of measurement for comparisons of the ratio of power, current, and. 
voltage and is the term we will use in comparing antennas in this book. At one time, antenna 
comparisons were made using a dipole as a standard, but today most comparisons use the 
isotropic radiator as a reference. An isotropic radiator is an imaginary antenna that radiates 
equally well in all directions. It has no gain. The terms “dBi” and "dBd" are used to label 
which reference is being used. In this book, we will use the dipole as a standard for the most 
рап. 


How do you derive decibels from power ratios? The formula for power ratios is dB = 10 log 
P1/P2. For voltage and current, the values are doubled. Formulas of this type are beyond the 
scope of this book. Doubling the power will produce a 3 dB stronger signal. Double the power 
and double it again will equal a 4 times power increase and that gives 3 dB plus 3 dB or 6 dB. 
Double 4 and that is a power increase of 8 and that adds 3 more dB for a total of 9 dB. 
Increasing the power from 1 Watt to 10 watts or increasing it 10 times will give a 10-dB 
increase. Multiply 10-Watts times 10 give us 100 watts, which adds another 10 dB above 1 
‘Watt for 20 dB. Therefore, increasing the power another 10 times to 1000 Watts will produce a 
signal 30 dB stronger than 1 Wat 


Your receiver, if modern, will have a signal strength meter or "S Meter." That meter is 
calibrated in “S-Units" from one to nine and decibels over $-9. S-9 is usually calibrated using 
50 microvolts ( uV) from a signal generator. Each S-unit is approximately a difference of 5 or 
6 dB. Therefore, a reading of S-9 is about 6 dB stronger than 8-8. Therefore, from S-0 to S-9 is 
54 dB. On some low cost transceivers, the S-units and dB above $-9 are only relative signal 
readings and actually have nothing to do with decibels. 
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9. 
Antenna Basics 


Resistances and Reactance 


‘Two factors measurable in antenna impedance are resistance and reactance. When we refer to 
antenna resistance, we are referring to its radiation resistance. It is neither a resistance like the 
electronic component called a “resistor,” nor is it the same as the resistance found in all 
conductors. Those types of resistances, called “loss resistances,” change electrical energy into 
heat energy. Heat energy disappears by radiating out into its surroundings and it dissipates 
away to infinity. When we feed RF into the antenna, the energy put into the radiation 
resistance disappears from the antenna by radiation of electromagnetic waves, and that makes 
ап antenna appear to have a resistor init. Loss resistance robs power from the radiation 
resistance and lowers the efficiency of an antenna system, but the loss resistance in dipoles 
very low if the feed-line loss is low. The efficiency of any antenna system is found from a ratio 
of radiation resistance and loss resistance. We can either calculate the loss resistance by the 
loss in the feed-line from published tables and by estimating the loss in tuning units. Feed-line 
loss and tuning unit loss can be measured, but that is beyond the scope of this book. 


Antenna systems having reactance prevent the transmitter from delivering its full power and 
the reactance needs to be tuned out. There are two kinds of reactance: capacitive and 
inductive. Antennas have both. In antennas, reactance is a virtual reactance meaning the 
antenna acts as if there were a capacitor or an inductor in the antenna, but neither is there. You 
сап only measure the sum of both reactances but not a value for either one, Using an antenna 
analyzer, you can determine whether the sum of the reactance is inductive or capacitive. 
Inductive reactance is a negative number and capacitive reactance is a positive number. 


‘The reactance of an antenna forms the “J” factor in antenna impedance measurements. The “I” 
factor is measured in ohms and the reactance is expressed as + or “J” ohms depending on 
whether itis capacitive or inductive reactance. Capacitive reactance is expressed as +] ohms 
and inductive reactance is expressed as -J ohms. Capacitive and inductive reactance are 
‘opposite factors and one can cancel the other. An antenna having 6 ohms capacitive reactance 
ог + J 6 ohms and an inductive reactance of J 5 ohms will result in an antenna with a reactance 
of 1 ohm capacitive or + J 1. Since one term is positive and the other term is negative, you 
subtract smaller value from the larger. The answer has the sign of the larger one. In antennas, 
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the reactance and resistance together determine the overall impedance of the antenna. The J 
factor is mentioned here only because you may see it in other books and on the extra class 
examination, but it will not be used further here. 


A resonant antenna has equal amounts of inductive and capacitive reactance, and the sum of 
the reactance equals zero. As an example, when the inductive reactance equals S and the 
capacitive reactance equals +1 5, their sum equals zero. When the sum of the total reactance of 
an antenna is tuned to zero, its impedance is totally resistive. The use of an antenna analyzer 
will tell you ifthe antenna is too long or too short for resonance. The simplest way to tune out 
antenna reactance is to change its length. The sum of the reactance of a long antenna will be 
inductive, and the sum of the reactance ofa short antenna will be capacitive. If an antenna is 
short because it wont fit your property, it can be tuned to resonance by putting an inductor (coil 
of wire) in each leg. These coils are called "loading coils.” An equal amount of inductive 
reactance will cancel the excessive amount of capacitive reactance. An antenna with loading 
coils is described in section "X." When an antenna is too long, the sum of its reactance will be 
inductive, and a variable capacitor can be inserted in each leg to tune out the inductive 
reactance. This is seldom done because it is easier to shorten the antenna 


A resonant antenna may still have SWR if its radiation resistance is not exactly 50 ohms. Not 
‘many resonant antennas have a radiation resistance of exactly 50 ohms, and most real antennas 
have a small amount of SWR. An antenna is resonant only at one frequency per band. It will 
also be resonant on its harmonic frequencies, where its radiation resistance will range from 
high to very high. Hams talk about using resonant antennas. What is meant by this is they use 
ап antenna on its fundamental frequency close to resonance, the resistance is near 50 ohms, 
and the SWR without a tuner is near 1:1 


то calculate the impedance of an antenna with both resistance and reactance requires a 
‘mathematical procedure called the Pythagorean Theorem. That type of math is beyond the 
scope of this book. However, you should know how to use the Pythagorean Theorem to solve 
impedance problems on the Extra-Class test. Otherwise, you will have to memorize the 
answers from the question pool. 


Feeding Dipoles Efficiently 


For maximum power transfer from transmitter to the antenna, the antenna system must be 
resonant, and the resistance of the load (antenna system) has to be equal to the internal 
resistance of the source (transmitter). Notice we said an antenna system, not the antenna, must 
be resonant. As mentioned previously, an antenna system consists of the antenna, the 
feed-line, and any matching networks (tuners). A tuner at the input end of the feed-line can 
make a non-resonant antenna system resonant, and have a resistance of 50 ohms, and that. 
‘matches the internal resistance of the transmitter. A tuner will not change the SWR between 
the tuner and the dipole part of an antenna system, and will not remove the reactance from the 
dipole. 


When the load ofan antenna system does not match the source and the impedance is high, the. 
load will not draw power from the source and high RF voltages will be present at the output of 
the final transistors. In this case, high RF voltages can damage the output transistors of the 

transmitter. When the impedance of the load is low, too much of the power may be dissipated 
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across the intemal resistance of the transmitter possibly destroying the output transistors. 
These are the two reasons why transceivers “fold back" their power when the SWR is high. 


Itis a myth that the dipole part of an antenna has to be resonant to be efficient. When power 
reaches the radiating part of the antenna system, it obeys the "The Law of Conservation of 
Energy.” The Law of Conservation of Energy states, “Energy can neither be created пог 
destroyed. Only its form can be changed.” (What is important is to get the power to the dipole 
itself, because in some systems power is lost in the feed-line, especially when using coax with 
high SWR) The miniscule amount of power in the dipole that does not radiate is changed into 
heat, another form of energy. Because the dipole part of an antenna system is made of 
conductors with low loss resistance, 99% or more of the power reaching it will radiate 
regardless of its length if that length is reasonable. The loss resistance of the conductors of the 
radiating part of most antenna system is so low it can be ignored. (Short mobile HF antennas 
are an exception because they may be lossy because of the very high current flowing in them.) 


Not all the energy fed into an antenna system will reach the antenna itself. If the system has а 
tuner, part of the power is lost in the inductor of the tuner and pan is lost in the fecd-line. 
When properly tuned, tuners using T-networks lose about 10% of the power and L-network 
tuners lose about 5% of the power being fed to them. Notice we said properly tuned. However, 
improper tuning of the antenna tuner may cause you to believe the feed-line is matched, but 
when this happens there is a very high circulating current in the inductor causing it to get hot. 
This causes extremely high losses, and very little power reaches the radiating part of the 
antenna. In addition, so much heat is produced in the inductor that it сап be damaged. We 
‘melted the plastic insulation that forms the inductor on one tuner this way. For this reason, 
some hams dont like tuners, preferring to use resonant antennas. Read the instructions for your 
tuner for proper tuning or you may wind up with a poor signal and a damaged tuner. The 
resistive losses in the conductors of the feed-line and the dielectric losses in the feed-line also 
rob power from the system. These are the reasons for you to use the best tuners and feed-lines 
possible. 


Another loss to be considered is feed-line radiation. Any energy that radiates from the 
feed-line does not reach the radiating part of the antenna, and it may be absorbed by near-by 
objects and may not radiate in the desired direction. When coax radiates, it is called 
common-mode radiation. If the feed line can radiate, it can also receive signals. This can be 
detrimental because the coax can then pick up noise from near-by power lines, etc. Feed-line. 
radiation will also destroy the directional pattern of a beam antenna. The causes of feed-line 
radiation will be described in the next section, 


As we pointed out earlier, when you are using a half-wave resonant dipole fed with low-loss 
coax without using a tuner, almost all of the power coming out of the transmitter will radiate. 
Оп its resonant frequency, the dipole is one of the most efficient antenna systems a ham can 
use. However, a half-wave resonant dipole has a finite bandwidth. Why use a tuner with 
resonant antennas? On 160 and 80 meters the bands are wide compared to the percentage of 
frequency. The width of 80 meters is 500 kHz and its frequency is 3500 kHz. The width of 80 
meters is 14% of the frequency. The 350 kHz of 40 meters is 5% of the frequency and most of 
the band can be covered without a tuner. The 350 kHz width of the 20-meter band is 350. 
divided by 14000 kHz, or 2.5 % of the frequency, ete. The percentage of frequency for a band 
will determine if a resonant dipole will work the whole band without a tuner. If you are 
planning to move around on 160 or 80 meter bands, it makes sense to have a tuner, because the 
bandwidth of resonant dipoles on those two bands is narrow. For example, the normal 2:1 
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SWR bandwidth of an 80-meter dipole is less than 200 kHz and the band is 500 kHz wide. 
However, if you have an antenna resonant for the voice portion of the band, you can still use a 
tuner to work the CW part of the band without inducing more than a dB of loss. Except for 40 
and 10 meters, full-sized resonant dipoles on the rest of the HF bands will have enough. 
bandwidth for them to cover the whole band. 


‘The best place to insert a tuner is up at ће antenna feed-point. However, i it is placed there, 
You wont be able to reach the tuners controls. Therefore itis more practical to place it 
between the transceiver and the hack. end of the antenna feed. ine. A piece of 50-ohm coax 
connects the radio to the tuner. With the tuner located in the shack, adjustments can be made. 
Remote automatic antenna tuners can be placed at the antennas feed-point, but the 
disadvantage of them is that the ones available today will not handle high power. 


A coax-fed dipole and a tuner should not be used to feed an antenna on its even harmonically 
related bands. The even harmonics are 2, 4, 6, etc, times the fundamental resonant frequency. 
Ifan 80-meter antenna being fed with coax through a tuner is used on 40 meters, it will put out 
a weak signal because the SWR will be around a hundred to one. Coax has a tremendous loss 
with SWR this high. Only a few Watts from a hundred-Watt transmitter will reach the antenna. 
However, you will be able to make contacts with those few Watts. If you want to use any 
antenna having high SWR, ladder-line has much less loss than coax. If you feed an 80-meter 
dipole on 40 meters using ladder-line and a tuner, it will only be slightly less efficient than a 
half-wave 40-meter coax-fed resonant dipole. However, the SWR will still be high between 
the tuner and the antenna, but this doesnt matter since Indder-line has an insignificant loss. 
Since the feed-point impedance will be high, the SWR will only be about 9:1 in the ladder-line 
because ladder-line is a high impedance feed-line 


Extremely short antennas may not work at all because of the above mentioned reasons. To 
reiterate, the extremely high capacitive reactance may make it impossible for its reactance io 

be tuned out and reactance prevents a transmitter from delivering power to the antenna. Even 
if you are able to tune out the capacitive reactance, tuning it out requires an inductor and most 
of the power will be lost in the inductor. Do not take the statement about the Conservation o 

Energy to mean you can put up any piece of wire and it will radiate your entire signal. 


The Cause of Feed-Line Radiation 


Contrary to popular myth, SWR in a feed-line will not cause it to radiate, The cause of 
fecd-line radiation is unequal current in the two conductors of the feed-line. What are the 
causes of unbalanced current in a feed line? They are an unbalanced feed-line feeding a 
balanced antenna; the feed-line being brought away from and parallel to one leg of the 
antenna; the antenna not being fed in its center; and one leg of the antenna being close to metal 
objects. In coax, unbalance causes RF to travel on the outside surface of the coax shield, and 
the shield radiates. When everything is balanced, coax normally has current flowing on its 
center conductor and on the inside of its shield. The shield prevents it from radiating, 


Ladder line will also radiate when it is fed from the output of a tuner not having a balun, 
Baluns are discussed in the next section. Since the output of a transceivers tuner is unbalanced 
and feeding ladder-line directly from your transceivers tuner, the currents in the ladder-line 

will not be balanced. When balanced, ladder-line has equal currents with a 180-degree phase 
difference, which produce waves that null each other out, and no radiation takes place. Hams 
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superior in gain to the wide 3-wire antenna. However, each wide 
version is superior in gain to its corresponding narrow version. 
However, even the highest-gain terminated array (the wide 5-wire 
planar version) is deficient in gain by 0.5 to 2.0 dB relative to the 
single-wire unterminated doublet of the same length. 


These results emerge from exploring only the plane that is 
broadside to the axis of the multi-wire antennas. We have not 
looked at the plane that would be edgewise to the wires. Nor have 
compared patterns taken broadside and edgewise to the plane of 
the wires. Moreover, we have not explored the relative gain of the 
various antennas at some common height above a specified 
ground quality. 


Some Tentative Conclusions 


This initial attempt to take a fresh look at multi-wire terminated 
wide-band antennas seems to justify a few general conclusions. 
These conclusions rest on 2 features of the investigation. One is 
the use of idealized models for 3- and 5-wire arrays that use virtual 
zero-spacing between the wires forming the parallel connections at 
the feedpoint. The second feature is the use of only partial data 
from the collection available to us from the models. Nevertheless, 
the project appears to show high promise for potentially improving 
the multi-wire wide-band terminated antennas that we might build. 


1. All terminated wide-band folded dipoles have knee frequencies, 
below which the gain drops very rapidly. The recommended 
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mistakenly refuse to bring ladder-line into the shack because of a fear of feed-line radiation, 
but lader ine does not radiate when balanced. The simple cure for feed-line radiation is to 
use a balun at the antenna feed-point for coax and а balun at the output of the tuner when using 
ladder-line. 


“Balun” is a contraction of "balanced to unbalanced,” It is pronounced “bal un” like 
alanced and like "un" in “unbalanced”. Many hams mistakenly pronounce an “M' 
at the end of the word making it “balum.” A balun transforms the unbalanced transmitter 
‘output io а balance feed-line such as ladder-line. It is also used to connect an unbalanced 
fecd-line such as coax to a balanced dipole. In the later case, the balun is located at the 
antenna feed-point and is constructed so the balun takes the place of the center insulator, 


‘There are two kinds of baluns: voltage baluns and current baluns. They both accomplish the 
same thing. The difference in baluns is in the way they are wound. A voltage balun produces 
equal voltage with opposite polarity at its output, As its name implies, a current balun provides 
equal currents with opposite polarity at its output. 


Running the coax through ferrite beads can make a 1 to 1 current balun, In addition, you can 
build a 1 to Ichoke current balun by winding $ to 10 turns of coax around a two-liter soda 
bottle and placing the coiled coax at the antenna feed-point. Any balun is designed to 

divorce" your antenna from the feed line. It is used to prevent common mode radiation of 
coax, which makes the coax to be part of your antenna. You want it to be able to deliver all 
Your power to the radiator itself. A choke balun does this perfectly, without using any ferrite 
beads or toroids. In most cases common mode coax radiation does not occur when a balun is 
not used, but it is preferable to use one to be safe. 


Other baluns provide a step-up or step-down impedance transformation. A 4-to-1 balun steps 
up the impedance four times. It will transform a 50-ohm impedance to 200 ohms. This type of 
balun transformer is used at the output of tuners to increase the tuning range of a tuner 4 times. 
Ifa tuner without a balun can match 500 ohms, a 4-to-1 balun will increase the range of 
impedances it can match to 2000 ohms. Many hams think the 4-to-1 balun is used to match 50. 
ohms to 450-ohm ladder-line but itis not. It would take a 9-t0-1 balun to match 50 ohms to 
450 ohms, and it is not important to match the impedance to ladder-line 


A balun should always be placed at the input end of ladder-line or open wire feeders to prevent 
fecd-line radiation, When using ladder-line a step up balun is commonly used although a 1:1 
balun will work. 
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10.1 A Shortened Dipole Using Loading Coils 

Ifyou are unable to put up a full-sized dipole on your property, putting loading coils into the 
dipole could shorten the antenna. See Section 11.1 End-Fed Zepp. A short antenna has 
jcitive reactance and the capacitive reactance can be tuned out with a coil. The overall 
length of the shortened antenna will be determined by the amount of inductance in the coil 
Pre-tuned antennas ofthis type are available from at least one manufacturer. The main 
problem with loaded antennas is they are very narrow banded, Ifthe loading coils are wound 
with small diameter wire, the coils may introduce unwanted loss into the antenna, Loading 
coils can also be found in shortened vertical antennas for high frequency (HF) mobile use. 
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10.2 All Band Dipole 


10.3 


10.4 


In Figure 10.2: All Band Dipole, a dipole is cut to a half wave on the lowest band you want to 
operate. Feeding it with ladder-line and a tuner makes it possible for you to work all the other 
higher bands. The only losses in this antenna system are the loss in the tuner and the very 
small loss in the ladder-line. This system is more than 90% efficient. As mentioned above the 
balun in the tuner will be used, or if your tuner doesnt have a balun, an external balun can be 
connected between the tuner and ladder-line with a short run of coax. Four-to-one baluns are 
the most commonly used ones for this arrangement, 


The Sloping Dipole 


A lower angle of radiation can be achieved by tying one end of a half-wave dipole to a high 
support and the other end near the ground. It is fed with or without a balun with 50-ohm coax. 
‘The sloping dipole will show some directivity and have low angle gain in the direction of the 
slope. More directivity can be gained if the dipole is strung from a tower, and the tower is 
acting as a passive reflector. The sloping dipole is mostly a vertically polarized radiator and it 
works well for DX. Since the sloping dipole is fed in its center, it does not need to be grounded 
to the earth as a quarter-wave vertical does. Make sure the bottom end of a sloping dipole is at 
least 10 feet above ground because like all dipoles there is high RF voltage on its ends, 


Half-Wave Resonant Slo} 


g Dipole 


In Figure 10.2: All Band Dipole, the field of maximum radiation is in the direction of the slope 
or toward the right side of the picture. The formula for the length of a sloping dipole is the 
same for any half-wave resonant dipole. 
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10.5 The Folded Dipole 


‘The B&W Company makes a folded dipole that claims to have a good match on all bands and 
it does. However, on the low bands much of the power is burned up in the resistor that 
connects the two ends together. The power going toward the ends encounter the resistor and is 
consumed as heat. АП that power is lost and does not radiate, and no power is reflected back to 
the feed point making the antenna have low SWR. On the higher bands, a large part of the 
power radiates before it reaches the resistor and the antenna is moderately efficient on those 
bands. On 80 meters the 90 foot-long dipole model will produce a signal at least 10 dB lower 
than that from a resonant dipole. 


If you remember the single channel TV antennas used years ago, the driven element was a 
folded dipole. Folded dipoles are very broad-banded. That is the reason they were used for TV 
antennas since a TV channel is 4 MHz wide. 


When constructing a folded dipole, the formula for calculating the length of it is the same as 
for any dipole. The folded dipole consists of two parallel conductors with the ends tied 
together. The conductors can be spaced from less than an inch to more than two inches apart 
when made from TV ribbon or ladder-line. At the ends, strip the insulation back several 
inches, Twist the bare wires together, solder them, and run them through insulators. The 
feed-point is in the center of only one of the two parallel conductors. 


‘The feed-point impedance of a folded dipole at resonance is close to 300 ohms resistive and 
сап be fed directly with 300-ohm TV twin-lead ог a tuner with its balun. This antenna was 
very popular years ago when coax was expensive and 300-ohm TV twin-lead was relatively 
cheap. A length of 450-ohm can be substituted for the twin-lead. An alternate feed method is 
placing a 6:1 balun at the feed-point and then feeding it with 50-ohm coax. The folded dipole 
will not radiate its second harmonic, so it is not good for a multi-band tuner-fed antenna, 
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Another folded dipole type is the three wire folded dipole. We have seen this dipole only in 
books and do not know anyone who uses one. The feed-point impedance is 600 ohms resistive 
and is fed with home-built 600 ohm open wire feeders. 


\ 


Figure 10.3: Folded Dipole 


10.6 The Double Bazooka Dipole 


‘The double bazooka is claimed by its users to be broad-banded, a quality especially interesting 
for those hams operating on 75/80 meters. Tests done at the A.R.R.L. have shown the double 
bazooka is only slightly more broad-banded than a regular dipole, probably due to the use of a 
large conductor (coax) for the center part of the antenna. The double bazooka will not transmit 
its second harmonic, and its users say it does not need a balun. Other users say itis quieter than 
a regular dipole. 


‘The center of the antenna is made from RG-58 coax. To find the length of coax needed, divide 
325 by the frequency in MHz. The coax forms the center part of the double bazooka and a 
piece of number 12 wire on each end completes the antenna, The length of each of the end 
wires is found by dividing 67.5 by the frequency in MHz. To increase the bandwidth some 
builders use shorted ladder-line in place of the number 12 wire, which makes the end pieces to 
be electrically larger. 


‘The feed-point of the double bazooka is unique. At the center of the coax dipole, remove about 
3 inches ofthe plastic covering, exposing the shield. Cut the shield in the center and separate it 
into two parts. Do not cut the dielectric or the center conductor. Leave the center conductor 
with its insulation exposed. On the fecd-line strip off about 3 inches of outer insulation, 
Separate the shield from the center conductor, and strip about 1 inches of the insulation from 
the center conductor. To attach the feed-line, solder the two exposed feed-line conductors to 
the two pieces of the separated exposed shield of the dipole center. It goes without saying: seal 
the feed-point to prevent water from getting in. At each of the two ends of the coax forming 
the center of the antenna, the coax is stripped back and the center conductor and shield are 
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shorted together and soldered, The end wires are soldered to the shorted coax ends, run to 
insulators at the end of the antenna, and the soldered joints are sealed against the weather. 


p 
Pec „ШӘ, con 


Figure 10.4: Double Bazooka 


10.7 Broad-Banded Coax-Fed Fan Dipole 


A broad-banded dipole for 75/80 meters can be constructed by attaching two equal length 
dipoles to the center feed-point and spreading the ends about 3 feet apart using PVC water 
pipe to separate them. The completed dipole looks like a bow tie. This makes the antenna to 
appear electrically to have that of a large diameter conductor. Because of this, the overall. 
length will need to be shorter than a single wire alone. When we used the antenna, we found a 
length of 110 feet would cover most of the 75/80-meter band without a tuner. It is fed with 
So. ohm coax. The use of a balun is optional. The antennas for most of the higher bands have 
‘enough bandwidth so they do not need broad banding. 


10.8 Two-Element Collinear Dipole 


‘The 2-element collinear dipole is an antenna that is a full-wavelength antenna having a 2-dBd 
gain. lt can be fed with ladder-line and a tuner and used as a multiband antenna, or it can be 
fed with a quarter-wave-matching stub with 50-ohm coax cable to make it a single band array. 
In the stub matching system, a quarter wavelength of ladder-line is connected across the center 
insulator, and the opposite end of the ladder-line is shorted. A shorted quarter-wave piece of 
feed-line acts like an open circuit. Going from the shorted end of the ladder-line toward the 
dipole, there will be a point where a piece of 50-оһ cable will find a perfect match. The 

S0. ohm feed-point will have to be found empirically (trial and error) 
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Figure 10.5: Broad-Banded Fan Dipole for 80 Meters 


10.9 4-Element Collinear Dipole 


‘The 4-element collinear dipole array consists of four half-wave segments connected 
end-to-end with an insulator between each two adjoining segments. The feed-point is at the 
center of the array. The antenna is fed with ladder-line through a tuner. A quarter wave shorted 
Tadder-line stub hangs down vertically from the insulators between the inside and the outside 
half-wave segments. This stub provides a 180-degree phase shift so that all half-wave 
segments are fed in phase. This antenna has a 6-dBd gain and it radiates bi-directionally at an 
angle perpendicular or broadside to the plane of the wires. 


‘This antenna is too long for most hams to use on 80 and 40 meters, and the stubs hanging. 
vertically will be too close to the ground. For 20 meters, the four-element collinear array will 
be 97 feet long and the stubs will be 18 feet. To find the length of each half-wave segment, 
divide 468 by the frequency in MHz, and for the quarter-wave stubs, divide 246 by the 
frequency in MHz. 


МЕ) has begun marketing the four-element collinear monoband array. They have them for 20, 
17, and 15 meters. This antenna is so easy to build that you can do it yourself. All you need is 
5 insulators, antenna wire, and some lader. ine 


It will have no gain if you use it on bands for which it is not designed because the stubs are 
used as phasing lines. It is definitely not a multiband antenna. 


Itis possible to add more half-wave segments to the ends of this array to make it have 6, 8, 10, 


ete half wave segments. Adding more segments will add more gain and make the lobes 
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Figure 10.6: 4-Element Collinear Dipole 


10.10Coax-Fed Dipoles Operated on Odd Harmonic Freguencies 


Antennas fed with 50-ohm coax can be used on other bands for which they are not cut. An 
0-meter dipole will have a relatively low SWR and will be resonant at a single frequency on 
10 meters and not. 


much power will be lost in the coax even if operated off resonance. A ab. meier dipole will 
work the same way on 15 meters. Using coax, a dipole will work on its fundamental frequency 
and on odd harmonie frequencies and it is not necessary to use ladder-line. The fundamental 
frequency is the frequency for which the antenna is a half-wavelength long, and the odd 
harmonics are 3 times, 5 times, 7 times, etc. the fundamental resonant frequency. A frequency 
of 21 MHz is 3 times or the third harmonic of 7 MHz, and 28 MHz is the seventh harmonic of 
4 MHz. 


Antennas operated on their odd harmonics will be resonant a little higher in frequency than 
exact multiples of their fundamental frequencies. Since the odd harmonic antennas input 
impedance is higher than itis on its fundamental frequency, many amateurs use a series 
quarter-wave matching section of 70-ohm coax to give it a better match. The 80 meter 
inverted-V dipole in use here has a 2:1 SWR on 10 meters indicating it has an impedance of 
around 100 ohms. However, modeling the antenna for 10 meters shows the resonance to be 
below 28 MHz, probably because the antennas fundamental resonant frequency is 3920 
instead of 4000 kHz. A quarter wave 70-ohm matching section should bring the SWR down to 
a much lower level. 


As said earlier, if you try to use coax with a dipole on its even harmonic frequencies, the 
fecd-point impedance will be very high, the SWR will be extremely high, and the coax will 
absorb most of the power. In addition, when operating a coax-fed antenna on its even 
harmonies, the tuner may not be able to provide a match. Operating any antenna on any of its 
harmonic frequencies, odd or even, will work better if it is fed with ladder-line and a tuner. 


‘This antenna is matched by a quarter-wave 70-ohm series matching section. Three half waves 
will resonate higher than you would expect because the center half wave doesnt have to 
contend with end effects. To calculate the length of a three half-wave dipole, divide 1380.6 by 
the frequency in MHz. Five half waves is found by dividing 2316.6 by the frequency. 
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Figure 10.7: 3 Half-wave Dipole 


To use а 3 half-wave antenna on 15 meters, the 70-ohm matching section needs to be 7 feet 7 
inches and the antenna needs to be 64 feet long for a good match. It will be just a little long on 
40 meters. When using a 40-meter dipole with a 15-meter quarter-wave matching section, it 
will still have acceptable SWR on 40 meters 


Figure 10.9: Radiation Pattern of a 15-Meter Three Half-Wave Dipole at 65 Foot. 


‘The pattern shows 6 lobes, 4 major lobes and 2 minor lobes. The vertical radiation pattern 
shows low angle radiation. 
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10.11 All Band Random Length Dipole 


A random length of wire cut into two pieces can be used as a dipole, and it will radiate 
efficiently. It has to be at least a half-wave length on the lowest band you want to work. It 
looks the same as the all-band dipole and is the same, except it is not resonant on any band. 
‘The random length dipole is being described here to emphasize that the radiating part of an 
antenna doesnt have to be resonant, Because it will have a feed-point impedance that is 
unusual, it must be fed with ladder-line a tuner, and a balun. Since you are using a tuner, it can 
be used on multiple bands. If you make it very long, it can have gain over a dipole. For 
example, if it is four wavelengths long, it will have 3-dBd gain. As you move to higher bands, 
the electrical wavelength of the antenna increases, and each higher band will have more gain. 


‘A half-wave antenna radiates perpendicularly to the plane of the wire. As you move to higher 
bands, this antenna begins to show some gain, and instead of two lobes of radiation, the two 
lobes split into four lobes and the pattern resembles a 4-leaf clover. As you make the antenna 
longer, the four lobes move nearer the to the ends, the gain increases, and there are minor lobes. 
of radiation between the major lobes. These minor lobes make it possible to work in all 
directions. The longer the wire, the closer the antennas major lobes radiate bi-directionally 
toward its ends 


10.12AII Band Center-Fed Random Length Dipole 


‘The problem with using a random length of wire for this antenna is you may find that because 
of limitations of your tuner, you may not be able to tune a particular length of antenna on some 
bands. Certain lengths will tune all bands and one of those lengths is 135 feet. That particular 
length will be nearly resonant on all bands of 80-10 meters. Resonance only makes it easier to 
tune, but it has no effect on efficiency. A length of 260 feet will tune from 160-10 meters. 
Lengths of 260 and 135 feet have been used here successfully. Some hams use random lengths 
of wire without problems. Then some hams have had problems with other random lengths. 
‘The ones having the problems solved the tuner problems by changing the length of the dipole 
wire. Ifyou plan to put up this antenna using a random length of wire, you will need to 
experiment with various lengths until you find a combination that works. 


‘Tests were performed here using two towers of equal height and spaced 100 feet apart. On one 
tower, was an 80-meter inverted-V 120 feet long fed directly with coax, and running parallel to 
it on the other tower was а 135-foot long inverted-V fed with ladder-line and a tuner. At the 
resonant point of the coax-fed dipole and having tuned the ladder-line fed antenna, it was 
possible to switch antennas instantly and many hams were asked to look at their "S-meters" 
while the antennas were switched. All hams that participated in the test said the signals from 
both antennas were equal. The signals were measured on analog S-meters, not on segmented. 
LCD meters found on most of todays transceivers. 


10.13A 2-Band Fan Dipole 


А band dipole can be constructed by connecting together the feed point two dipoles for even 
harmonically related bands. It is fed with 50-ohm coax with or without a balun. The best 
example of this is 80 and 40-meter dipoles connected together. Both dipoles are cut for 
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operating range for any of the antennas is from an electrical length 
of about 1/2 wavelength upward in frequency. 


2. As we add more fed wires to a terminated antenna, we increase. 
its average gain over the operating spectrum. The gain increase 
never quite reaches the level of a single-wire doublet. 


3. As we add more wires to a terminated wide-band antenna, the 
center or reference SWR impedance decreases both intrinsically 
and with respect to the value of the terminating resistor. 


4. 2- and 3-wire terminated wide-band arrays show stable SWR 
curves through their operating ranges. However, adding further 
wires tends to produces curves with greater SWR excursions 
relative to the reference impedance. 


5. Terminated wide-band antennas show increased gain by 
widening the distance between wires. Spacing adjustments may 
require revision of the optimal terminating resistor value and the 
reference SWR impedance. 


Some of these conclusions are in fact generally true. Others may 
be only partially true or simply illusions based on the limiting factors 
of model formation and use in gathering data. Next, we shall 
explore the available data in greater detail and develop some all- 
wire models of the various arrays. That effort will allow us to sort. 
out which of the conclusions are useful as they stand and which 
require modification, revision, or deletion. 


Chapter 29 


10.14 Trapped Dipole for 75 and 40 Meters 


half-wave resonance on each of the two bands. They are fed together and the ends of the wires 
are spread apart. If the ends are close together, there will be interaction between the dipoles. In 
such an antenna system, both dipoles must be carefully pruned for lowest SWR one band at a 
time. The lower band will be tuned first since the shorter dipole will not interact with the 
longer one. Each dipole has a low antenna resistance on the band for which it is resonant. RF 
energy follows the path of least resistance, and it automatically selects which dipole will 
receive power. The remaining antenna will have a high impedance. High impedance will block 
RF. Such an antenna will have a narrower bandwidth than a single band dipole, but close to the 
resonant frequency of each dipole, a tuner will not be needed. To connect many dipoles for 
multiple bands is possible, but it is not recommended because multiple wires are prone to 
interact and it will be impossible to achieve a low SWR оп some bands. However, on the two 
band model, the 40-meter dipole will resonate close to 15 meters, the 80-meter dipole will 
resonate close to 10 meters, and working four bands with this set-up is possible. Some hams 
are using this antenna successfully with a tuner on all bands, although the signal on 20 meters 
suffers somewhat because of high SWR- 


Figure 10.10: Two-Band Fan 


10.14Trapped Dipole for 75 and 40 Meters 


A trap is constructed from a capacitor and an inductor connected in parallel. It acts as an open 
switch on the frequency for which it is resonant. A trap is placed on each side of the dipole. 
For a 75 and 40 meter trapped dipole, the traps must be resonant on 40 meters, and each trap 
should be placed a quarter wave from the center insulator. The center section between the traps 
is electrically isolated from the ends of the dipole by the traps on 40 meters, and the center 
section of the antenna becomes a full-sized half wave resonant dipole for that band. This 
antenna is fed with 50-ohm coax and an optional balun. Wires connected to the outside of the 
traps are run to the end insulators and are tuned so the entire antenna resonates on 75 meters. 
‘The 75 and 40 meter trapped dipole will be shorter than a 75-meter dipole because the inductor 
in the ac. meter trap acts as a loading coil on 75 meters. In addition, the ends of the antenna can 
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be tuned to operate on the 80-meter CW band instead of the 75-meter voice band. Several sets 
of traps can be inserted at the correct points in the dipole to make a multi-band dipole. 
Multi-band trapped dipoles are being sold, but in many cases they will require the use of a 
tuner. Ifa good match is found at a frequency on some bands, the bandwidth without a tuner 
will be very narrowThe antenna is only 108 feet long instead of 120 feet because of the 


Figure 10.11: Trapped 75- and 40-Meter Dipole 


loading effect of the traps on 75 meters. These dimensions are for antennas using the traps 
made by W2AU. If you use other brands of traps, the length of the end wires will have to be 
adjusted. What you do in that case is make the wire long, measure its resonant frequency on 75 
‘meters, and prune the ends to resonance at your favorite frequency. 


10.15 The Extended Double Zepp Dipole 


An extended double герр is a long dipole with 3-dBd gain. It is the longest dipole antenna, 
which will radiate at right angles to the plane of the antenna. To find the overall length of an 
extended double герр, divide 1197 by the frequency in MHz. Each leg of the antenna is 0.64 
wavelength long and the total length is 1.28 wavelengths. An extended double герр for 
75-meters at 3.8 MHz is 315 feet. Not many amateurs have space for that antenna. The 
extended double герр is mostly fed with ladder-line. Another method of matching an extended 
double герр is to use tuned lengths of 450-ohm ladder-line as a series matching transformer 
connected between the S0-ohm coax and the dipole. The length of the matching section of 
450-ohm ladder-line can be found by dividing 135 by the frequency in MHz. 


10.16 The G5RV Dipole 


An interesting antenna you can buy that will work somewhat on all high-frequency bands is 
the so-called GSRV antenna. It is named after the call letters of Louis Varney (SK) who 
designed it. It is а 102-foot long or three half-wavelength dipole antenna on 20 meters (14.150 
MHZ), and can be used with a tuner on other bands as well. In his original design, Vamey 
calculated the length to be 102.57 feet, but chose to make it an even 102 feet since a tuner was 
going to be used with it anyway. It was originally fed through а 34-foot 500-ohm homebrew 
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Figure 10.12: Extended Double Zepp Dipole 


open wire matching section from a 70-ohm coax or parallel conductor feed-line. The 34-foot 
open wire line is a half wavelength on 20 meters and at the end of a half-wave feed-line, you 
will see the antennas impedance repeated regardless of the feed-line impedance. The 
ladder-line helps partly to match the antenna on the other bands. 


‘The GSRV antenna is around 20 feet short of being a half-wave on 80 meters, and on bands on 
20 meters and up, it has theoretical gain. We believe that gain is negated by losses in the coax 
of the feed system, except for 20 meters. At the frequency of the best match, commercially 
made models of the GSRV are said to have a 1.8:1 SWR on 80 meters. Where the coax joins 
the open wire, Varney recommended using a choke made of 8 to 10 turns of coax. He advised 
against using a balun, because, as he says SWR of 2:1 or higher may cause the balun to heat 
апа possibly burn out. The SWR will be moderately high or high on bands other than 20 
meters. Varney recommends using the lowest loss coax available and as short a run as practical 
because of feed-line losses caused by high SWR. This recommendation is very important 
today, as it was when Varney designed it. Some GSRV antennas put out decent signals and 
some others have relatively weak signals. Without further investigating, the only way to. 
explain this is that some are using lossy coax and baluns while others are not, and the height 
above ground may play a part in how well it works. 


‘The GSRV antennas being made today use small diameter S0-ohm coax, 450-ohm ladder-line, 
and а balun between the ladder-line and the coax, contrary to Varneys suggestions. There are 
several variations of the GSRV antenna being sold today because many believe they can 
improve the original design. If you use a GSRV antenna, a tuner will be required. 


‘The GSRV shown in Figure 10.13: GSRV Dipole on page 39 is close to the original version of 
the antenna, This one pictured below is from an old article that KAEFW found somewhere. It 
is like the one he used. As you can see, it uses 300-ohm TV ribbon. The length of the parallel 
ТУ ribbon is 36 feet, but modern designs of this antenna use 34 feet of 450-ohm ladder-line. 
All these variations work equally well when they are used with a tuner. It is shown in the 
inverted-V configuration but it could be put up in the flattop configuration as is, with no 
modification, 


Understanding Antennas for the Non-Technical Ham a 


10.47 Of Center Fed Dipole 


Figure 10.13: GSRV Dipole 


Jeff, AISH, in Oxford, Georgia, had a pair of GSRV dipoles oriented in different directions. 
Recently he put up a 75-meter half-wave inverted-V. Being able to switch antennas, he ran 
AGB tests on 3902 kHz and the inverted. V was 10 dB stronger than the first GSRV and 15 dB. 
stronger than the other one. Now if we are saying the stronger signal is 40 dB over S-9 and the 
weaker signal is 25-30 dB over S-9, no one will notice the difference. Only under marginal 
band conditions will the difference be important. In addition, the GSRV antenna will work 
better on the other bands, 


10.17 Off-Center Fed Dipoles 


A long dipole consisting of multiples of equal half-wave segments is normally fed in the 
center using lader line. Dipoles do not necessarily have to be fed in the center. They can be 
fed in the center of any one of these half-wave segments, even fed off-center. A fair match will 
occur if coax is used. 


Figure 10.14: One Wavelength Off-Center Fed Dipole 
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‘The dipole shown in Figure 10.14: One Wavelength Off-Center Fed Dipole on page 39 is a 
one-wavelength dipole. It is nothing but two half waves end to end. It is being fed in the center 
ol one half-wave segment or a quarter wave from one end. It is possible to make it any number 
of half waves, and if it is fed a quarter wave from one end, it will have a fair match. The way it 
is shown above is an example of how to feed an antenna with even multiples of a half wave 
using coax. A 2:1 or 4:1 balun will improve the match on longer versions. 


‘The windom antenna is another example of an off-center fed antenna. The original windom 
was fed off center with a single wire. The other side of the transmitter was connected to 
ground. The feed-point impedance at the transmitter was reported to be 500 ohms on all bands. 
‘The antenna was designed by William L. Everett and J.F Byrne at Ohio State University. 
W8GZ, whose last name was Windom, described the antenna in the September 1929 issue of 
OST. 


A lot of research concerning the modem variations of the Windom antennas has been done, 
including the ones described by Fritzel, K4ABT, WARNL, The Carolina Windom, and 
ONABAA. The main differences in these variations are the slight differences in the position of 
the feed-point and the impedance of the baluns used for matching. The Windoms are sensitive 
to the height over ground, meaning the height above ground affects the SWR. The offset 
position of the feed-point will also determine the feed-point impedance. The one sold by 
KAABT is a variation of the Fritzel antenna, and the one sold by Radio Works, The Carolina 
Windom, (shown in Figure 10.15: Windom Dipole on page 41) claims it has a vertical radiator. 


‘There are two variations of Windoms, both claiming they have vertical radiators, The Carolina 
‘Windom and the one previously marketed by W4COX have two pieces of transmission line in 
series. The upper piece is connected to the dipole, and the lower piece is connected to the 
transmitter. The feed-point of the dipole is placed off center. In The Carolina Windom being 
‘marketed today, the upper transmission line is coax. The one made by W4COX had the upper 
piece made from ladder-line, but in either case, the principle is the same. The two pieces are 
connected together through a line isolator, a type of balun, The line isolator keeps the lower 
piece of transmission line from radiating. Because the antenna is fed off-center, the marketers 
ol The Carolina Windom claims it causes an unbalance of current in the upper piece of 
transmission line. This is doubtful because there is a balun at the feed-point, which should 
prevent the feed-line attached there from radiating. The main difference between The Carolina 
Windom and the one sold by W4COX is that 4:1 transformer is between the coax and the 
ladder-line, and a 1:1 line isolator is between the upper and lower coax cables. Both variations 
of this antenna show low SWR on several bands, but a tuner is used to match it 


Another unique variation of the Windom dipole is the Fritzel antenna, named after its inventor 
and manufacturer, Dr. Fritz Spillenger (SK), a German ham, call sign DJ2KY. Alpha Delta is 
now selling an almost exact duplicate of the original Fritzel antenna. Alpha Delta calls it an 
OCF antenna and it is made by Buckmaster Antennas. There are two models of the Alpha 
Delta antenna: one for low power and one for high power, the power rating of the balun being 
the limiting factor. The Fritzels short side is 0.18 wavelength long and its long side is 0.32 
wavelength long. It is fed with coax and a 6:1 balun. Theoretically, the feed point impedance is 
300 ohms, and the balun provides a 50 to 300 ohm impedance transformation. Modeling the 
antenna on its lowest resonant frequency at 35 feet, it shows about 120 ohms impedance. The 
original Fritzel antenna being used by KALMS reportedly will work all bands with a tuner, but 
it will work 40, 20, 17, 12, and 10 meters without a tuner with an acceptable SWR. The 
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Figure 10.1 


Windom being sold by K4ABT uses а 4:1 balun and the feed-point is at a slightly different 
location. That one is shown in Figure 10.16: Windom Dipole (Fritzel Type) 


Figure 10.16: Windom Dipole (Fritzel Type) 


‘The difference between the Windom antenna sold by K4ABT and the original Fritzel is the 
difference in the offset of the feed-point. Since the K4ABTversion uses a 4:1 balun, it appears 
his is fed at the 200-ohm point, and the original Fritzel is fed at the 300-ohm point. On any 
resonant dipole, the lowest feed-point impedance is found at the center. As you place the 
feed-point offset toward either end, the impedance gets higher. The highest feed-point 
impedance occurs at the end of the dipole. 
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11. 
End-Fed Antennas 


End-Fed Zepp 


A half-wave resonant antenna can be fed from its end. When fed this way, it is also known as 
ап end-fed герр. An end-fed zepp will work on its fundamental frequency and on odd and 
even harmonic frequencies. The name “Zepp” goes back to the days of dirigibles or Zeppelins, 
which used trailing wire antennas that had to be fed at one end. The end of a half-wave antenna 
has very high impedance, and an antenna fed this way is said to be voltage fed. Feeding a 
half-wave resonant dipole in the center means it is current fed. The normal way of feeding the 
end-fed antenna is with ladder-line. One side of the ladder-line is connected to one end of the 
antenna and the other side of the ladder-line is connected to nothing. To secure the 
unconnected side of the ladder-line, it is connected to a short wire running between two 
insulators. Since the antenna is connected at its high impedance point, no current flows into an 
antenna, but there will be a large current in the center of this antenna. No current flows from 
the open side of the feed-line because it is at a zero current point. (See Figure 11.1: End-Fed 
Zepp on page 43.) 


‘The end-fed герр can be matched by cutting the ladder-line to a quarter wavelength with the 
bottom end of the ladder-line shorted. A certain distance above the short is a 50-ohm feet-point 
and it can be fed directly with coax. MFI is marketing antennas of this type made for single 
bands, and they are selling the parts separately so you can build your own. You will have to 
find the 50-ohm point by trial and error. This method of feed makes ita single band antenna. 


End-Fed Random Length Antenna 


Figure 11.2: End-Fed Random length or Long Wire Antenna on page 43 shows another 
end-fed antenna made from a random length of wire connected to the back of the tuner. The 
wire then exits the shack and goes to a high support where it then runs horizontally to another 
high support. The tuners groundside must be connected to a good RF ground, since a poor 
ground causes high losses. This antenna is commonly called a "long wire.” Since the end or 
the antenna comes in the shack, you will be exposed to high levels of RF. In addition, this type 
of installation may cause RF to be picked up in the microphone, noted by distortion. The 
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Figure 11.2: End-Fed Random length or Long Wire Antenna. 


feed-point of the long wire being connected directly at the output of the tuner can have an 
impedance of a few ohms to a thousand ohms depending on the antennas length. If the wire is 
cut to a multiple of a half wave at the lowest frequency, the system will be efficient since it is 
fed at a voltage point and very little current flows into the ground. This antenna is really а 
variation of an inverted-L fed directly without a feed-line from the tuner. 
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The Half Sloper 


‘The half sloper shown in Figure 12.1: Half-Sloper Antenna on page 45 is an antenna that is 
hard to categorize, since it is not a sloping dipole and it is not a vertical. The half sloper is half 
ofa sloping dipole. To make one of these antennas, cut a quarter-wave radiator by dividing 
234 by the frequency in MHz and tie an insulator to both ends. One insulator is tied near the 
top of tower and the radiator wire is run down toward the ground. Coax is split into its center 
conductor and shield, and it connects across the insulator at ће tower. The center conductor of 
the coax is tied to the quarter wave radiator and the shield is grounded to the tower. This means 
the tower is acting as the missing half of the dipole. It is a difficult antenna to get a good match 
because the height above ground of the feed-point and the angle of the slope affect the 
impedance. Some users of this antenna say to mount the feed-point at 45 feet up on the tower 
and have a beam antenna on the tower above the feed-point to use as a counterpoise. Other 
users say you must find the 50-ohm point on the tower, which is a tedious task. It has also been 
said, “Some installations work super, while others do not work well at all.” The half-sloper is 
used almost exclusively on 80 and 160 meters. The Alpha-Delta half sloper was tried here and 
its performance was disappointing. The signal from it was down a least 10 dB below a dipole 
and the SWR wasnt low enough. The half sloper is mostly vertically polarized and it is 
directional toward the slope. 
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Figure 12.1: Half-Sloper Antenna 
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For the moment, we may simply allow ourselves to be enthusiastic. 
about the potential improvements that we have seemingly 
uncovered. 


Chapter 29 


13. 
Vertical Antennas 


13.1 Why Verticals Are Used 


Vertical antennas have the radiator mounted at right angles to the earth. The vertical is used 
whenever you desire to radiate your signals in all directions at a low angle. Low angle 
radiation is needed to work DX effectively. Radio waves traveling to the ionosphere where 
they are reflected need to hit the ionosphere at а point near the horizon in order to reflect. 
farther around the curvature of the earth, In order to get a dipole to radiate a strong signal at 
low angles, it has to be more than a wavelength above ground. A low dipole is not particularly 
a good DX antenna for 80 and 160 meters. However, the average dipole at modest heights will 
‘outperform any ground-mounted vertical having a poor ground system. Vertical antennas work 
very well at low frequencies such as the broadcast band, but the ground losses increase as we 
move higher and higher in frequency (Refer to Section 5.2 Ground-Wave Propagation 
concerning ground-wave propagation). It is very difficult to get a good ground for a 
‘ground-mounted vertical unless you live next to salt water, Vertical antennas, because they are 
unbalanced antennas, do not need baluns. They are normally fed with coax. 


Ifa ground mounted, quarter-wave vertical is all you can put up at your location (OTH), then 
use it. However, it will be a mistake to put up this antenna if you are not be able to have а 
round radial system and are able to put up a dipole. Most ground mounted quarter-wave 
verticals manufactured today are trapped in order to work multiple bands. 


‘The ground-mounted vertical also needs to be put out in the clear away from RF absorbing 
objects. These facts do not apply to half-wave verticals, which are in themselves different 
animals, nor do they apply to high quarter-wave verticals using elevated radials. 


‘The approximate length of a full-sized resonant quarter wave vertical can be found by dividing 
234 by the frequency in MHz. Note: 234 is half of 468, the number we used to calculate the 
length of a half-wave antenna. The actual length for resonance may be a little different from 
what you calculate, because of the diameter of the vertical element. Trapped verticals are 
physically short of a quarter wave in length because the traps load them. The vertical is fed at 
опе end at the bottom where it is insulated from the ground. The center conductor of the coax 
connects to the vertical element and the shield is connected to the ground system. 
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Figure 13.1: Ground Mounted Trapped Vertical 


13.2 Disadvantages of Using Quarter-Wave Verticals 


The most obvious disadvantage of using any vertical antenna is on 80 meters it has less than 
optimum high-angle radiation needed to work stations within a few hundred miles 
Ground-mounted quarter-wave verticals use a ground system for the other half of the antenna 
and the ground system losses can be very high. The ground wave signal should eventually 
radiate in space at angles at the horizon, but since there are very high losses in the ground 
wave at amateur frequencies, a ground-mounted vertical has almost no signal down near the 
horizon. At angles below 10 degrees, the signal will be greatly attenuated. 


A ground-mounted quarter-wave vertical with an ideal ground should have an impedance of 
35 ohms resistive. If you were to measure its impedance, and it measures 60 ohms resistive on 
an antenna analyzer, it means it has a loss resistance of 25 ohms. Moreover, that loss resistance 
is mostly in the ground system. Under these conditions, only 58 percent of the power will 
radiate as RF, although you will have a 1.3:1 SWR. 42 percent of the power will be turned into 
heat by the loss resistance. With the feed-point being at ground level, some more loss comes 
from the radiated wave being absorbed by power lines, trees, and buildings with its associated 
wiring. That loss does not show up in antenna analyzer measurements. 


‘The best ground system for a ground-mounted vertical is 120 wires, called “radials,* radiating 
from the feed-point like the spokes of a wheel. These radials need to be a quarter wave long. 
‘At the feed-point, the radials are bonded together and are fed from the shield side of a coax 
cable, Not many amateurs have the resources to build such a ground system. Many short 
radials will be more effective than a few long ones. When using a ground mounted vertical, 
‘many hams drive an 8-ft. ground rod into the earth for their ground system. The ground losses 
are very high in that case. Using a ground rod for the ground system of a vertical antenna 
confirms the old adage: “Verticals radiate poorly in all directions.” 
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то eliminate ground losses, you can use an elevated quarter-wave vertical with an elevated 
ground system called a "ground plane.” The ground plane vertical, as it is called, needs to be 
mounted high enough to prevent the return path from coming back through the earth ground. 
Ground plane verticals need to be mounted above nearby objects that absorb RF. They will be 
nearly 100% efficient if they are high enough. The ground plane consists of two or more 
radials, but most ground planes have three or four. The ground plane radials do not have to be 
resonant, but should be at least a quarter wave long. An elevated ground-plane vertical will be 
more effective for working DX than a dipole. 


Long and Short Verticals 


Verticals can be less than a quarter wave in length. They can be loaded by coils or linear 
loading sections or a short vertical can be fed directly with a tuning unit at the feed-point. The 
loss resistance in a short vertical may be appreciable. Since the radiation resistance is very low 
at the feed-point of a short vertical, the current at the feed: point will be very high. The more 
current that flows into loss resistance, the higher the loss will be. Any coils used in the tuning 
unit and for loading should be made of as heavy a conductor as possible, since these can cause 
appreciable loss when the current is high. This is also true for the ground system. The loss 
described here is called “I squared R loss", which means the loss in watts is found by 
multiplying the current times itself and then multiplying that answer by the loss resistance. 
‘That means if the current into a lossy antenna system is doubled, the power lost in watts is 
increased four times. Making a vertical very short and tuning it to resonance with an inductor 
will also result in an antenna with a very narrow bandwidth. 


А more subtle loss of energy in very short vertical antennas is coronal discharge from the tip 
end of the vertical. Corona occurs when the voltage is very high at the end and electrons flow 
ош into the air. This can be visible at night if the transmitter power is high and you are at a 
high altitude. Power is lost from the antenna when corona is produced because corona is a 
form of light and light is another form of energy, 


In 1973 while we were working for radio station WWNC in Asheville, North Carolina, a 
trapped vertical for 10 through 80 meters was erected. The length of the antenna was only 
about 25 feet. A loading coil near the top made it resonant on 75 meters. The ground system 
was the metal body of a 75-foot long mobile home. Fair reports were received from this set-up. 
‘The reports were not bad because of our having a good ground. One night, while working 75 
meter SSB, one of the neighbors came over and said, “You're tearing up my TV." Checking all 
ol the inside connections proved they were tight. Our wife keyed up the transmitter while we 
‘made a trip to the antenna to check the connection there. Before arriving there, looking up, we 
saw blue fire coming off the end of the vertical. The corona was responsible for the television 
interference ( TVI ). It was visible because Asheville is at a relatively high altitude and the 
transmitter was running 700 watts. An inverted-V was put up, the TVI disappeared, and better 
signal reports were received. 


You can realize up to a 1.5 Ва gain from a vertical antenna by making it longer than a quarter 
‘wave, but there is a limit to how long to make it and still get low angle radiation. That limit is 
5/8th-wave. To find the length of a S/Sth-wave vertical, divide 585 by the frequency in MHz. 
For example, to calculate the length of a 5/8th-wave vertical for 20 meters (14.000 MHz) 
divide 585 by 14.0. It equals 41.786 feet or approximately 41 feet 9.5 inches. A tuning unit 
will be needed at the fecd-point of this antenna, as the impedance of a S/Sth-wave antenna is 
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low and high current will flow into it. A tuning unit will usually have enough bandwidth to 
cover the entire band on each band of 20 meters and higher. A tuning unit is also called a 
matching network. It is similar to an antenna tuner, but has fixed inductors and capacitors. 
‘Tuning units for 80-and 160-meter verticals will cover only a portion of the bands. Outside the 
bandwidth limits of the tuning unit, you can use the tuner at the transmitter end. Radials or 
ground planes are needed for a 5/8th-wave vertical and they need to be a quarter wave long. 


‘The impedance of a half-wave antenna is high if fed at its end. An end-fed half-wave vertical 
will have a small amount of gain over a quarter-wave vertical. This antenna does not have the 
ground losses a quarter-wave vertical has because it is fed at a high impedance point and the 
current flowing into the ground is negligible. Commercially made resonant half-wave trapped 
verticals now on the market are end fed at the bottom. A built-in matching network is found at 
the base, and several very short radials are mounted below the feed-point to de-couple RF 
from the feed-line. These antennas should be mounted as high as possible away from RF 
absorbing objects. Because the ground losses are lower, the half-wave vertical will outperform 
а quarter-wave vertical by several dB and in many cases many dB. 


Unscientific Observations of Verticals 

At our home, an old Hy-Gain trapped quarter-wave vertical for 40-10 meters was erected in 
1961. It was mounted on the roof and had two quarter-wave radials for each band. It worked, 
but it was never compared to another antenna. It gave the impression it was a mediocre 
antenna. Other antennas replaced it. 


One time in 1964, a grounded 60-ft tower was shunt fed as a vertical on 75 meters. Without 
having any radials, the transmitted signal was 10 dB weaker on this vertical 650 miles away in 
New York than on the inverted-V. 


In 1969, a 4-band trapped vertical was put up on the top of a 60-ft tower. A 15-meter. 
L. element yagi under it was used for the ground plane. It was probably the best vertical 
installation we ever tried. It was good because it was high and in the clear and the iS: meter 
yagi made a good ground plane, 


While we are on 80 meters, a ham 200 miles away frequently joins in the roundtable. He uses 
a trapped quarter wave vertical with a chain link fence as the ground. Several of the others are 
also 200 miles away run the same power. His signal is 10 to 20 dB below everyone elses on the 
frequency. It is good there are no interfering signals or noise or he will not be copied. 


Another ham uses a Hy-Gain Hy Tower vertical with 3 ground rods as the ground system. 
‘According to our S-meter, his signal is 40 dB down below those of the other guys. 


Charlie, ADSTH, works 40 meters using a Hustler 5-BTV vertical ground mounted with 72 
quarter-wave radials. He has an outstanding signal for a ground-mounted vertical. His 
installation is out in the clear away from RF absorbing objects. He says, because of antenna 
restrictions at his location, it is the only antenna he can put up. 


Another ham friend, N2HGL, has both a dipole and a half-wave trapped vertical on 40 meters. 
‘Ata location 160 miles away, he is 10 dB stronger on the dipole, but he is equal in strength on 
both antennas in Indiana 600 miles away. This comparison shows the superiority of the half 
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wave vertical over the quarter-wave one because his signal with the half-wave vertical was 
equal to his signal from the dipole, If he were using a quarter wave vertical, we would expect 
his signal would be better on the dipole in Indiana. It also demonstrates the superiority of a 
dipole over a vertical for working short distances. 


Bill, WAZQL, runs a ground-mounted SteppIR vertical. He lives beside a salt-water river in 
Florida that he uses for a ground. He puts out a very good signal on 40 meters. No ground 
losses! 


The Inverted-L Vertical 


‘The inverted-L antenna is a wire vertical antenna with part of the top end bent horizontally. It 
resembles an “L” turned upside down. The inverted-L is used to reduce the height required by 
а vertical and still keep the antenna resonant and full sized. It is fed at the end at ground level 
the same way a ground mounted vertical is fed, and all the losses we described for a 
ground-mounted vertical apply here. Some current flows in the horizontal part of the 
inverted-L and for that reason, it has both strong vertical and weaker horizontal polarization. If 
you make ita half-wave antenna, you wont need a good ground because negligible current 
flows into the ground. A half-wave inverted-L antenna needs to be fed with 50-ohm coax and 
a tuning unit 


An inverted L for 160 meters is usually made of wire one-quarter wavelength long or about 
127 feet. It runs vertically from near ground level to the top of a support, perhaps 60 or 70 feet. 
‘Then the end runs horizontally and is tied to a nearby support. The antenna is coax fed at 
ground level between the vertical section and ground system across some type of insulator. A 
matching network at the feed-poimt will be required to match it if the impedance is not equal 
10 50 ohms. 


Figure 13.2: Inverted-L 
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‘The picture shows an inverted-L running up the side of a tower. The feed-point is at ground 
level with the center conductor of the coax attached to the bottom end of the wire. The coax 
shield connects to a ground system of radials. The total length of wire used in this antenna is 
half of what is needed for a dipole since the other half of the antenna is the radial ground 
system. The inverted-L is used mostly on 160 meters, but some have built them for 80 meters. 
‘The inverted-L antenna can also be cut for a half-wave to reduce ground losses. 


Vertical Mobile Antennas 


We have heard many good signals from mobiles, many being stronger than those from hams 
using ground mounted quarter-wave verticals. The mobile antenna, being so short, has a large 
capacitive reactance. A coil is inserted in the antenna to provide an equal amount of inductive 
reactance to make it resonant. As we said in the paragraph on short verticals, a coil of this type, 
carrying a large amount of antenna current, causes some loss resistance in the system. To 
reduce losses in the coil, wind it with a conductor as large as practical. (Thats exactly what 
Some mobile antenna manufacturers have done.) The sources of loss in mobile antennas are in 
the coil losses, losses in the conductors making up the radiating part of the antenna, corona 
discharge, and the ground loss from the vehicle on which its mounted. However, because of 
the large amount of metal in the body of the vehicle, the ground losses are not as high as the 
losses from ordinary ground mounted verticals, Matching transformers are now available that 
step down the impedance of 50-ohm coax to the very low impedance of the loaded vertical 
Good advice is to use the transformers rather than to rely on the internal tuner of the 
transceiver. 


Some low priced single-band mobile antennas are constructed by using a polymer shaft and a 
small gauge wire encapsulated in polymer material running beside the shaft. The loading coil 
‘made of the same wire is also encapsulated in the polymer. The small wire, because of its size 
and because it carries a large RF current, will lose a lot of power by becoming hot. This type of 
‘mobile antenna is rated for 200 watts. If the wire didnt get hot, there would be no power limit, 


All mobile antennas have corona loss and for such, there is no remedy. Most amateurs, 
because they cant see it, dont believe its there. Corona will not be visible unless you run high 
power and itis dark. 


Ground losses from the vehicles body diminish with increasing vehicle size. This is why 
18-wheeler hams have such big mobile signals. To diminish the ground losses on any mobile 
installation, you should use as large as a conductor as possible to bond the coax shield to the 
vehicle body. All metal parts of the vehicles body, fame, and drive system need to be bonded 
together with heavy ground straps. To make the mobile antenna system more efficient, use an 
antenna with an adjustable inductor and use as long a “stinger” as practical above the coil. You 
will increase the radiation resistance by using a longer stinger, and then the loss will be less 
because you will require less coil inductance. The ratio of radiation resistance to loss 
resistance becomes larger by raising the radiation resistance and reducing the loss resistance. 
As we said earlier, the efficiency of any antenna system is found from the ratio of radiation 
resistance to total resistance, or radiation resistance divided by total resistance times 100%. 
‘The total resistance is equal to all the loss resistances plus the radiation resistance. 


‘The latest development in HF mobile antennas is motor driven variable inductors. These 
antennas are known as "screwdriver antennas.” The name refers to the electric screwdriver 
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motors used to vary the inductance. A control cable is run from the motor to a switch at the 
operators position so it can be tuned from the operators seat in ће front of the vehicle. Because 
a mobile antenna has a very narrow bandwidth, you will have to tune it often as you move 
frequency (OSY). It hasnt been many years since we had to get out of the vehicle to make 
inductor changes or make changes in the length of the stinger when the frequency was 
changed. 


Mobile antennas for 20 through 10 meters do not require the care in installation that is needed 
for 160, 80, and 40 meters because the length of a mobile antenna becomes closer to a quarter 
wave as you move to higher bands. The radiation resistance increases on each higher band. 
While moving to higher bands, less inductance is needed to tune the antenna, and that lowers 
the loss resistance. A 96-inch mobile whip is just a couple of inches short of being a quarter 
wavelength on 10 meters and a loading coil is not needed there. The band that has the least 
mobile antenna efficiency is 160 meters. If you reach a radiation efficiency of 2% on 160 
meters on your mobile installation, you will be doing well. 


Below is some information concerning mobile antennas, which was received in an email 
‘There was а 75-meter mobile “shoot-out” in California. (A shoot-out is an event where a group 
of hams gets together and compares signals radiated from various antennas.) Supposedly, 
equal power was applied to each antenna under test. Apparently, some type of field strength 
‘meter was used. A screwdriver antenna and a bug catcher, both with top hats, were used as the 
standard by which other antennas were compared because they put out equal signals, The other 
antennas are measured in how many dB they were below the standard. Here are the results of 
that test, and because it is hearsay, the accuracy of these figures is not guaranteed, but they do 
compare to what we have observed. 


Table 13.1: Antenna Shoot Out Results 


Serowdriverbug catcher | O dB reference 
with top hats 

Screwdriverbugcatcher | -34B -50% 
Without top hats 

Hustler ERES 
Ouibacker ERE 
Hamstick 

Whip with autotuncr. 


‘The efficiency of the best 75-meter mobile antenna is from 5% to 10%. In using the best 
‘mobile antenna on 75 meters, a 100- Watt mobile rig will radiate 10 Watts at most. This means 
that a Hamstick being fed with 100 Watts will radiate only 0.6 watts, which is 6% of 10 Watts. 
Ninety-nine and four tenths Watts will be converted to heat. The person sending this. 
information said it was published on the Internet in some news group. Again with good band 
conditions, itis amazing how litle signal can be used to communicate. 


‘The things that increase the efficiency of mobile antennas аге: 
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+ Place the loading coil about half way from the feed-point to the antenna tip. Efficiency 
decreases if you put the coil above or below this point 


+ Mount the antenna as high up on the vehicle as possible. This reduces the ground losses 
because it reduces the capacitance of the antenna to ground. 


+ Use a loading coil with a Q as high as possible. See the ARRL Handbook for a discussion 
of coil O 


+ Make the antenna as long as possible. Note: long antennas are prone to strike tree limbs 
and bridge overpasses 


‘+ Increase the size of the mast between the loading coil and fe. point 


+ Puta capacity hat above the loading coil. The capacity hat reduces the number of coil 
turns needed to resonate the antenna 


+ Make the coil with as large a diameter wire possible. This decreases the coil loss, which 
isa large part of the total loss of a mobile antenna, 


Апу changes made in the antenna system that raises the radiation resistance will increase the 
efficiency 
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14.1 The Horizontally Oriented Loop 


To calculate the length in feet of any one-wavelength loop, divide 1005 by the frequency in 
MHz. Horizontally oriented one-wavelength loop antennas have become very popular on 160, 
80, and 40 meters and it is one type of NVIS antenna. (NVIS stands for “near vertical 
incidence skywave” because of its high angle radiation pattern.) It is claimed by its users that 
the loop antenna is quieter than other antennas. This is because it doesnt pick up the noise from 
power lines, thunderstorms, etc., coming in at low angles. These antennas radiate on their 
fundamental frequencies with a broad pattern straight up to put a strong signal for nearby 
contacts. Recently published articles on this type of antenna have called them “cloud 
warmers.” There are other types of antennas called NVIS antennas other than loops. They are 
dipoles at low heights or dipoles with parasitic reflectors placed under them to cause the signal 
to radiate mostly straight up. The NVIS antennas have an advantage in working nearby 
stations because you dont get the static noise and interference from far distances. They are 
definitely not DX antennas. An article on NVIS antennas appears in the December 2005 QST. 


On their fundamental frequencies, horizontally oriented loops take up half the horizontal 
distance as a half wave antenna for that band. Loops are two-dimensional antennas having. 
depth as well as breadth. There are two loop configurations: The square loop and the triangle 
loop. Some hams have pulled the loops out in irregular shapes to fit where the supports are 
located. The only advantage in using a rectangular loop instead of a square loop is to take up 
less horizontal space. This is true because the gain of a rectangular loop is diminished below a 
square loop. The area enclosed by the perimeter of the loop determines the gain of a loop. A 
circular loop has the most enclosed area, but it requires an infinite number of supports. The 
gain of a loop comes from the loop having two maximum current points separated by a 
distance of one-quarter wavelength. From here on we will call a horizontally oriented loop а 
horizontal loop. 


we also modeled the gain of the horizontal loop for the 80-meter band over real ground. The 
‘maximum gain occurs with the loop at 7 meters or about 25 feet above ground. Mind you, this 
gain is straight up from the loop. At that height, its gain is about 9.25 dBi and that equates to 
about 7 dBd in free space. The gain of the loop diminishes slightly as the antenna is raised, 
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‘The feed-point radiation resistance at 7 meters height is 35 ohms resistive and 0.0 ohms 
reactance and you do not need a matching section of 70-ohm coax. Ata height of 10 meters or 
about 33 feet, the radiation resistance rises to 63.5 ohms. There the SWR will be 1.27:1,ifit is 
fed directly with 50-ohm coax. At 15 meters or about 50 feet, the radiation resistance rises to 
118 ohms and a 70-ohm matching section will be in order. The gain drops to a little less than 7 
dBi at that height. These figures may or may not be applicable to your OTH, because your soil 
conductivity may be different from the soil we used to model it. As you can see from the above 
‘numbers, the feed-point resistance rises as the loop is raised. 


‘The horizontal loops also are used on their harmonic frequencies. The loop with more gain and 
a superior pattern is a two-wavelength loop. An 80-meter loop is a two-wavelength loop on 40 
meters. The two-wavelength loop has a lower angle of radiation, but is a very large antenna for 
80 meters. At 3800 kHz it has a perimeter of about 530 feet. A two-wavelength loop is not an 
IS antenna. Using coax with a tuner is not an ideal way for working a loop on its harmonic 
frequencies. This is because of the high SWR in the coax on some bands will cause high loss 
For example, an 80-meter loop fed on 40 meters will have an SWR of 8:1 and the SWR on 20 
meters will be 49.5:1. There will be some hams who will say they get satisfactory results this. 
way, however theory suggests they will have a stronger signal if they use a ladder-line because 
ladder-line has less loss. Feeding a loop antenna with ladder-line makes more sense when 
‘working a loop on harmonic frequencies, 


\ 


Figure 14.1: One Wavelength Horizontal Loop 


To realize maximum gain, make the square and triangle have equal sides. When the sides are 
‘equal, the loop has maximum enclosed area for whatever configuration you use. Other shapes 
will work, but the gain will suffer. 


‘To support a square loop, you will need four supports, one for each corner. We hope you will 
have trees or masts in the right places. A triangular loop will need three supports. Once you 
have cut the single piece of wire to the right length, run the wire through as many insulators as 
you have comers. At each comer of the loop, put an insulator and tie the comer to a support 
"with a rope from the insulator. To make the feed-point, connect both ends of the loop to an 
insulator. Strip the insulation from the outer part of the coax. Separate the shield from the 
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Chapter 30: More on Wide-Band Multi-Wire Folded Dipoles 


terminated wide-band antennas as a pathway to understanding 

better their performance. | replicated 2-, 3-, and 5-wire 
terminated arrays using idealized techniques of feeding the 
antennas and examining the free-space patterns taken broadside to 
the plane of the wires. The patterns were all tidy, and the data 
seemed to show improved performance as a. we increased the 
number of wires and b. we increased the spacing between the 
wires. 


| п Chapter 29, | developed idealized models of multi-wire 


In this follow-up episode, we shall try to rectify some of the 
shortcomings of the initial models. For the 3- and 5-wire antennas, 
we shall reform the models into all-wire versions for comparison 
with the idealized models. We shall also explore both the broadside 
and edge-wise patterns to see if we can find any differences of 
note. One of our goals is to improve upon the partial and 
sometimes faulty understanding offered by Chapter 29. Another 
goal is to stress the need for a full exploration of alternative ways of 
forming models and of the complete data set offered by modeling 
programs before declaring the work complete. 


One major departure from the models in the previous Chapter rests 
upon some of the data that we acquired. Although terminated wide- 
band antennas offer a good match when we use them at 
frequencies below the knee frequency, rapidly increasing losses to 
the terminating resistor render such operations marginal to useless. 
Therefore, | increased the antenna length to 250, the length 
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center conductor. The ends of the coax are connected to the ends of the loop across the 
insulator. Most hams do not feed loops with a balun at the feed-point. 


The Vei 


ally Oriented Single Loop for 40 and 80 Meters 


Vertically oriented loops radiate broadside to the plane of the loop. A horizontally polarized 
vertically oriented loop has both vertical and horizontal wires. From here on out, we will refer 
to a vertically oriented loop as just a vertical loop. When using this term, we are not referring 
to its polarization. Ifthe feed-point is on one of the horizontal wires, the loop radiates 
horizontally polarized waves. The vertical wires radiate weaker vertically polarized waves. If 
the feed-point is on one of the vertical wires, vertically polarized waves will be radiated. The 
radiation from a one-wavelength vertical loop has both high-angle and low-angle radiation. It 
isa good antenna for both nearby stations and for DX contacts. It is better than a dipole for DX 
because the vertical loop puts out a stronger low angle signal than a dipole does. 


‘The gain ofa vertical delta loop is 4.55 dBi or about 2.4 dBd. Its feed-point impedance is 
about 120.5 ohms. The square vertical loop has 5-dBi gain and about 2.85 dBd and the 
fecd-point resistance is 143 ohms. They both need to be fed with a series quarter-wave 
matching section of 70-ohm coax. 


Figure 14.2: One Wavelength Horizontal LoopSingle-Element Vertical Delta Loop 


‘Square vertical loops need two supports. The square vertical loop needs less vertical space 
than the delta loop. The vertical space needed for a square vertical loop for 80 meters is 92 
feet. For 40 meters the vertical space is half that, It is rare to find someone using the square 
vertical loop these days. The vertical delta loop is more common because it needs only one 
high support, The apex of a delta loop for 3500 kHz needs to be 102 feet high and on 40 
meters, it needs to be 62 feet. This assumes the bottom horizontal wire will be 20 feet off the 
ground. In order to make a vertical loop fit on a shorter support, the sides of the loop can be 
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reduced in length while making the horizontal wires longer. This will put the two maximum 
current points closer together, which has the effect of reducing the gain. 


Like the horizontal loop, the formulas for finding the length in feet of these loops are the same: 
1005 divided by frequency in MHz. In addition, because the feed-point resistance is nearly the 
same as horizontal loops, quarter-wave matching sections and other methods can be used to 
feed the vertical loops. The vertical loop is not as sensitive to height as the horizontal loop. 
Both vertical square loops and vertical delta loops can be operated on harmonically related 
bands. (See Figure 14.4: Radiation Pattern of a 30-meter Delta Loop on 15 Meters on page 
58). 


SWR: 2.0 (50.0 Ohm) 5.9 (800 Окту 
Elev: 198 dg (Real GND :18,00 m height 


Figure 14.3: Rax 


ion Pattern of a 30-Moter Delta Loop on 30 Meters 


‘The Bottom Wire is at 18 Meters above Ground. 
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‘The horizontal pattern shown above demonstrates that the 30-meter delta loop has a bi-lobal 
pattern broadside to the plane of the loop. The vertical patter below the horizontal pattern 
shows both high angle and low angle radiation. The angle of maximum radiation is at 35 
degrees above the horizon. The angle of radiation straight up is only down about 1.5 dB. This 
is pattern demonstrates the vertical delta loop is good for both nearby stations as well as DX. 


an 


ба 6.86 aBi = 0 dB (Horizontal polarization) 
F/B: 0.00 dB: Rear: Алт 120 dg, Elev. 60 dg 
Freq: 21.200 MHZ 

Z: 544.350 + ¡314.303 Ohm 

SWR: 14.5 (50.0 Ohm), 1.7 (600 Ohm 

Elev, 35.4 dg (Real GND :18.00 m height) 


Figure 14.4: Rax 


оп Pattern of a 30-meter Delta Loop on 15 Meters 
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Between 1926 to 1929, Shintaro Uda and Hidetsugu Yagi developed a beam antenna that had 
sharp directivity and high gain. Later, work was done primarily by Mr. Yagi and yagi was the 
name given to the antenna until finally recognition was given to Mr. Uda. Its proper name is 
the Yagi-Uda Array. Most hams call it a beam 


А monoband yagi is the name given to a yagi for a single band. The performance of any 
commercially made monoband yagi is touted to have its dimensions tuned for maximum 
performance. As you will see later, this is not always the case. Monoband yagis being sold 
today are much improved over older designs because of computer modeling programs 
available. 


‘The yagi is made of two or more aluminum elements mounted on and perpendicular to a 
boom. Hams use antenna rotors to turn the antenna in the direction of the station they want to 
work. However, there are wire beams, fixed in one direction, mainly on 80 meters, suspended 
between trees or other supports. Most high frequency beam antennas used by hams are in the 
horizontally polarized configuration, which means the elements are parallel to the ground. CB 
beam antennas and some 2-meter beams are vertically polarized with the elements at right 
angles to the ground (See Section 3. Polarization Of Electromagnetic Waves on page 5). 


Ag element yagi has a gain around 3 to 4 dBd. A two-element yagi will have a driven element 
with either a reflector or a director. The driven element is the only element receiving power 
directly from the transmitter. The reflector and directors are called parasitic elements because 
they receive power from the driven element by inductive coupling. 


‘The 3-element yagi will have a gain of approximately 5 to 7 dBd or 7 to 9 dBi depending on its 
boom length. A three-element yagi has one reflector, one driven element, and one director. 
Because the yagi has a low radiation resistance, a matching system is located at the driven 
element feed. point. The ratio of the radiation off the front compared to the radiation off the 
back is called front-to-back ratio, Front-to-back ratio and forward gain are factors to be 
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considered in choosing a yagi design, Both measurements are given in dB. All yagis have a 
good front-to-side ratio, with the signal off the side being 50 dB below the front. 


ga анаа 
EERE 
e. 


Figure 15.2: 3-Element Yagi Radi 
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‘The reflector ofa yagi is about 5% longer than the driven element. The reflector, being longer, 
will have inductive reactance. The inductive reactance shifts the phase of the re-radiated wave, 
which radiates and combines with the driven elements wave and reinforces it in the direction 
away from the reflector toward the driven element. A director is about 5% shorter than the 
driven element. The director, being shorter, has capacitive reactance, and this changes the 
phase of the reradiated wave to reinforce the wave away from the driven element opposite the 
reflector. 


‘The gain of a yagi is derived from radiation being concentrated in one direction at the expense 
ol the other directions. One hundred watts fed into a yagi with a gain of 6 dg will have an 
apparent power of 400 Watts in the main lobe. Because one hundred watts put into a yagi 
radiates only one hundred Watts, and because that one hundred Watts of power is concentrated 
in the main lobe, it is equal to the power from a dipole being fed with 400 Watts. This is 
referred to as effective radiated power or ERP, but a yagi is not any more efficient than other 
antennas, Because of the Principal of Reciprocity, an antenna having a 6 dBd gain on 
transmitting will also have a 6 dBd gain on receiving. 


Adding more directors and increasing the boom length will increase the gain of a yagi. 


‘The front-to-back ratio ranges from 18 dB for a 2-element yagi to over 25 dB for a 
mul element yagi, provided the parasitic elements are carefully tuned. The gain of a yagi is 
generally proportional to the boom length and not necessarily the number of elements. 
Doubling the boom length, while keeping the proper number of elements for that boom length, 
will add about three more dB of gain. 


‘Tuning the yagi for maximum gain makes the bandwidth very narrow, and it will have a poor 
front-to-back ratio. For these reasons, we dont recommend tuning a yagi for maximum gain, 
because you will only increase the gain by a fraction of a dB at the expense of front-to-back 
and feed-point impedance. Tuning the yagi for maximum front-to-back will help eliminate 
interference coming from the rear of the antenna. The building of any yagi involves 
compromise spacing and element tuning, 


As you make the yagi larger by adding directors, the main radiation lobe becomes narrower 
increasing the gain and ERP. The gain of a yagi with four elements is about 7 to $ dBd. You 
used to see 3 or 4 element yagis advertised claiming a gain of more than 10 dB, but they never 
said if that gain was referenced to an isotropic or a dipole. That gain also involves the gain 
derived from signals reflected from the ground adding to the direct wave. A more realistic gain 
figure is the "free space gain.” Some companies, who sell monoband yagis, inflate their gain 
figures. Beware! Increased spacing of the elements will increase the gain of a yagi up to a 
point. Increasing the spacing past that point will reduce the gain. The spacing of a reflector or 
director needs to be in a range of 0.1 to 0.3 wavelengths. With a 3-element yagi maximum gain 
‘occurs with both parasitic elements spaced at about a quarter wavelength. Second and third 
directors can have wider spacing. 


Most hams do not build yagis but buy them from the many companies who sell them. Ham 
catalogs are full of pre-cut and tuned yagis that come in boxes ready to be assembled in the 
back yard. Many of these are very good. However, there is а lot of satisfaction to be gained 
from building your own, 
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In 1971, we purchased, a 15-meter monobander being sold by a reputable company. Its 
performance was disappointing. It had only a 10-dB front-to-back ratio, That design is no 
longer being sold. After reading some books, we readjusted the antenna elements to some new 
dimensions and it performed much better. This was the beginning of our yagi building. 


During the last nearly 50 years, we built many yagis. During the period of 1979 until 1986, 
‘many multi-element yagis were constructed, gain measured, formulas derived for spacing and 
element length, and the radiation patterns plotted on graphs. In 1986, a computer program 
titled Yagi by Dean Straw, NÓBV, was bought. From that point on, that program was used to 
design and set the element lengths to their proper values. Not much difference in performance 
ol the new designs was seen over what was previously used, but tuning parasitic elements and 
running back and forth to the field strength meter was eliminated. There are many better 
computer programs available today for designing yagis and other antennas. 


‘The largest yagis we built were a 4 element 20-meter yagi on a 38-foot boom, a S element 15 
meter one on a 27-foot boom, and a 5 element 10 meter beam on a 24-foot boom. These are 
modest designs compared to some of the big antennas used by contest stations. All these yagis 
were stacked one above the other on a 20-foot mast coming out of the top of the tower. The 20 
meter one was on the bottom, next came the Is. meter, and the 10-meter yagi was on top. This 
method of stacking yagis for different bands one above the other makes what is called a 
"Christmas tree array.” These antennas worked well. Since retiring and moving back home, we 
use pre-tuned directional antennas because of the lack of a good place for an antenna range. 
Climbing is not now an option because of age and infirmity. 


IF you make the reflector 5% longer than the driven element and the director 5% shorter than 
the driven element, you will be pretty much in the ballpark. The beautiful part about a yagi is it 
will work reasonably well with the element lengths only in the ballpark. By carefully tuning, 
you will get a fraction of a dB more gain or a few more dB front-to-back, because the spacing 
and diameter of parasitic elements affect the length required for those elements. A yagi can be 
tuned for maximum forward gain, maximum front-to-back ratio, or best impedance, but you 
can achieve only one of these conditions at a time. Element tuning, at best, is a compromise. 


Most hams who are yagi builders do not tune their antennas at all, but use published 
dimensions for building them. Yagi builders who do tune, tune for either gain or front-to-back 
and then match the driven element with a gamma match, hairpin match, a series-resonant coax 
matching section, or a step down balun. The feed-point of a properly tuned yagi is close to 25 
ohms. 


Formulas for calculating yagi element lengths will not be given in this book. Because yagi 
elements are made from telescoping aluminum tubing, the elements will be tapered. The 
diameter of the elements and the taper determine the lengths required for tuning of the 
elements. A tapered element will resonate higher in frequency than one not tapered. The 
formula to calculate the length of the tapered elements is complicated, but there are computer 
programs to do that. 


Trapped Multi-Band Yagis 


‘Some yagis have traps in the elements to make them into a multi-band beam. Many of these 
commercially made antennas are available at ham radio stores or directly from the 
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‘manufacturers, In a 3-element, 3-band design, the spacing on the booms is a compromise. A 
3-band beam is known as a “tribander.” The spacing is close on 20 meters, optimum on 15 
meters, and wide on 10 meters. You cannot tune the trapped elements for maximum 
performance on three bands simultaneously and have a good match on all those bands. Since а 
good match is important to most hams, gain and front-to-back ratio are sacrificed for a good 
match on triband beams 


The inductors in the traps load the elements in triband beams. Therefore, the elements аге 
shorter than the elements of a 20-meter monobander. Regardless of the compromised design, a 
triband-trapped beam is much better for working DX than a dipole. Many hams have achieved 
working over 300 entities with tribanders having short booms. 


‘The radiation pattern from a yagi is at a lower angle than a dipole. This gives the impression a 
‘yagi has much more gain than it does. A dipole has unity gain, but that gain will be at a higher 
angle. The dipole puts out a weaker signal at the low angles needed to work DX, and a yagi 
puts a strong signal at low angles. In comparing a dipole to a yagi, the yagi may only have a 4 
Bd gain in its major lobe. The gain of the yagi at a low angle may be 10 dB or so better than 
а dipole at that same lower angle. The gain of any antenna is always measured in its major 
lobe, irrespective of where the angle ar which the maximum radiation lobe occurs. 


"d 


Figure 15.3: Trapped 3-Element Yagi 


Figure 15.3: Trapped 3-Element Yagi shows two sets of traps in two of the elements and one 
set in the rear element. The front element is the director with traps for 10, 15, and 20 meters (it 
takes two sets of traps to make the elements work three bands). Directly behind it is the driven 
element with traps also for 10, 15, and 20 meters, The rear element is trapped for 15 and 20 
meters (a single set of traps makes it work two bands). The entire lengths of the three longest 
elements are resonant on 20 meters. The short element is a reflector for 10 meters. Only the 
part of the antenna between the 10-meter reflector and the front director is used on 10 meters. 
‘The maximum signal is radiated in a direction coming out of the page toward you. Mosely 
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builds trapped antennas that have two traps in one enclosure and you сап not determine the 
bands from the traps as you can on Hy-Gain and Cusheraft beams. 


‘Some triband beam models as the one above are built with longer booms so they would have 
more gain on 20 meters, a good match on all bands, and optimum 3-band performance. They 
achieve this by interlacing extra monoband reflectors and directors on the boom placed 
between the 20-meter elements as is done with the antenna in Figure 15.3: Trapped 3-Element 
Yagi on page 63. The extra elements have no effect on 20 meters or any band for which they 
эге not resonant. Some amateurs mistakenly think the extra elements work on all bands, but. 
they dont. The Cushcraft A-4 shown is not a beam with four working elements on any band. 
‘The old Hy-Gain TH6DXX and Mosley Classic 36 had six elements on the boom. They both 
had three trapped elements and three monoband elements. They had three working elements 
оп 20 meters, three on 15 meters, and four elements on 10 meters. The trapped reflector 
worked on 15 and 20-meters. The trapped driven element worked on all three bands. The 
trapped director worked on 10 and 20 meters. On the boom was a resonant reflector for 10 
meters and one each resonant directors for 10 and 15-meters. When using one of them, we 
have often heard amateurs saying they were using a six-element beam, This gave the other 
station the mistaken idea they were working someone with an antenna with six working 
elements, Other beam antennas interlace additional elements of different lengths to make the 
tribander into a S-bander covering 20, 17, 15, 12, and 10 meters. Hy-Gain makes a S. band yagi 
for 20 through 10 meters that has 11 trapped and monoband elements. It is the Hy-Gain 
TH-11. Mosely makes a 6-bander that includes two elements for 40 meters. It is the Pro-67. 


In order to achieve better SWR curves over a wide bandwidth, some triband yagis have two 
driven elements spaced 3 to 5 feet apart. The front driven element is shorter than the rear 
driven element. Both driven elements are trapped. This double driven element scheme is 
called a log-cell. A log cell, by itself, has a small gain and may slightly increase the overall 
gain of the tribander. The KLM KT-34 and the HY-Gain TH-7 are examples of this kind of 
antenna, 


Is a monobander better than a tribander? We dont know if our tests can be duplicated and no. 
опе else has ever said he has actually compared the two antennas. Its “common knowledge”. 
that traps have loss. Therefore, the ham fraternity believes a monobander has to be better. 
From the tests we performed here, we believe itis a myth a monobander is significantly better 
than a tribander having an equal boom-length. We believe the traps do not have enough loss to 
make enough difference to matter. However, monobanders having very long booms and many 
directors will outperform any tribander. 


Having two towers, both having the same height and being 100 feet apart, made it possible for 
us to do the experiment described here. The result is useful information because it was made in 
a real world situation that would be comparable to the average hams location. Both antenna 
clement lengths were set to Hy- Gain specifications. The constants were terrain, antenna 
height, antenna boom length, frequency, coax length, and power level. The only variable in the 
tests was the two antennas being tested. The test was performed to see how much loss antenna 
traps have. Had there been more than one variable, the tests would not have been valid, 
because in any scientific experiment, the test is valid only when one variable is being tested. In 
addition, more than one test has to be made in order to average out the collected data errors. In 
this case, many tests were made. 
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Оп one tower was a 20-meter four-element Hy-Gain 204-BA monobander with а boom-length 
of 26 feet. This antenna is arguably not one of the best monobanders made, but it is what we 
had and it was about the same size as our tribander. On the other tower was a trapped 
6-clement Hy-Gain TH-6 DXX tribander having a 24-foot boom. The entire tribander 
boom-length was used on 20 meters, so both boom-lengths were comparable. 


‘The transmitted signal strength of the two antennas was compared on 20-meters. This test 
involved many DX stations and one local amateur 5 miles away. With both antennas pointing 
toward the receiving station, a carrier power of 10 watts was fed from the transmitter, and held 
constant while the antennas were “hot” switched several times. (The power level was 
unimportant as long as it was held constant on both antennas). None of the many DX stations 
involved in this test could see any difference in either antenna, and, yes, their analog meters 
could discern a difference of one dB. These tests by themselves were not conclusive because 
of the possibility of fading signals (OSB). A second series of tests was performed with a local 
ham when 20 meters was dead. Testing with him was done to eliminate OSB from spoiling the 
results, He could also measure no difference on his S. meier He could also see a one-dB 
difference on his analog S-meter. As a third series of tests, the antennas were switched while 
we looked at the signals on the S. meier from distant stations and the local station. No 
differences in received signals were noted. Maybe the difference was a monobander has only a 
few tenths of a dB less loss, such a small amount of difference no one was able to see it on 
receiver S-meters. Certainly, the difference in the two antennas was less than one dB. 


Conclusion: The Hy Gain TH6DXX and the 204-BA antennas perform equally well on 20 
meters at a height of 56 feet. 


The SteppIR Antenna 


‘The latest developments in yagi designs are found in the ones being sold by StepplR Antennas, 
‘There are two, three, and four element versions. All these versions are frequency agile and 
cover continuously from 13.5 to 54 MHz. The MonstIR adds three very long elements for 6.9 
to 13.5 MHz. The elements are made of fiberglass tubes with beryllium-copper ribbons inside. 
Each element has stepping motors to wind and unwind the copper ribbons to change their 
lengths inside the tubes. A multi-wire control cable connecting the control box to the stepping 
motors accomplishes this. The proper element lengths for all frequencies in its range have 
been calculated by a computer and stored in the control boxs computer. As you move from. 
frequency to frequency, the control box in the shack readjusts each element length. Thus, the 
antenna is configured into a properly tuned monobander for any frequency in its range. These 
antennas are expensive, but the hams who own them say they are worth the money. 


The Log-Periodic Array 


Another beam antenna that looks like а yagi is the log-periodic antenna. It is configured using 
‘many elements with each element being shorter than the one behind it. This means the longest 
element is at the rear of the array and the shortest element is at the front. All elements are 
divided in the center and insulated from the boom, and all elements are driven. On both sides 
of the insulator at the center of each element, wires run from the front element of the array to 
the rear element. Each wire criss-crosses the other ones but they do not touch. That makes a 
180-degree phase reversal from one element to the next one behind it. The feed-point is across 
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needed to ensure that the antenna was electrically at least 1/2- 
wavelength at the lowest test frequency: 2 MHz. A simple doublet 
of this length shows considerable inductive reactance at a center 
feedpoint. Hence, we can be assured that the new models operate 
completely above the knee frequency. | also increased the wire size 
to AWG #10 on the premise that this size is a relatively wise 
selection for a 250 span of wire. 


2-Wire Terminated Wide-Band Antennas 


The traditional 2-wire terminated wide-band antenna is a good 
starting point for our work. It does not require special treatment for 
the feedpoint, since we may place the modeling source at the 
center of the unterminated wire. Hence, we shall have only 2 major 
concerns, both of which apply to the models in Chapter 29. First, 
we shall look at the effects of taking patterns edgewise to the wire 
plane instead of taking them broadside to the 2 wires. See Fig. 1 
for an outline sketch of the two orientations. 
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the insulator at the shortest element. The feed-point impedance is about 200 ohms and a 4:1 
balun is used to feed it. 


‘The advantage of the log-periodic antenna is, it that it is very broad banded and it can cover all 
frequencies with an SWR below 2:lin its design frequency range. The disadvantage is the gain 
of a log-periodic antenna is lower than а yagi with an equal boom length. There are designs 
being sold today that cover continuously from 14 to 30 MHz. In Fort Gordon, Georgia, there 
used to be a monster log-periodic at the MARS station that covered from 2 to 30 MHz. The 
boom length was 120 feet and the antenna was rotatable. 


Directional Cubical Quad and Delta Loop Antennas 


We built a number of quads at various times and with them on the test stand and with the 
bottom wire a foot or so above the ground, worked many DX stations. When we built yagi 
and they were on the same test stand nine feet above the ground, we could hardly get a signal 
ош of the back yard. Since the vertical beam-width of a quad is narrower than a yagi and the 
radiation angle is lower, the quad will work better at low heights. Because of its lower angle 
radiation, many quad users claim a quad “opens and closes” the band. 


‘The two-element cubical quad is a square-or diamond-shaped loop antenna that has a second 
loop acting as a parasitic element. The quad configuration has all loops in the vertically 
oriented plane as Figure 13.3: Trapped 3-Element Yagi on page 63 demonstrates. Feeding it in 
опе of the horizontal wires results in horizontal polarization, and feeding it in one of the 
vertical wires makes it vertically polarized. Every two-element quad being sold today uses a 
reflector for the parasitic element, although it is possible for it to have a director. The theory of 
operation is the same as that of a yagi 


‘Some quad builders believe a diamond-shaped quad has more gain than a square-shaped one. 
‘Their logic is that since the maximum current points of both wires are spaced farther apart than 
with a square quad, the increased spacing of the current points should produce higher gain. To 
find out if this was true, we built both а diamond-shaped and a square-shaped quad for two 
meters. Using a commercial field-strength meter connected to a receiving antenna, we fed 
equal amounts of power to both antennas and measured the radiated field in each ones major 
lobe. Field strength measurements were made a few wavelengths away and many wavelengths 
away from the quads. No difference in the radiated field of either could be found. 


According to Bill Orr in his book about cubical quads, a tuo element cubical quad is equal to 
а pair of L element beams; one is stacked over the other a quarter-wavelength. The ends of the 
beams bottom driven element are bent up and the top element has its ends bent down where 
the ends of the top and bottom elements are joined together on the side. When they are joined, 
this forms the square we call a quad. The bottom element is then feeding the top element from 
its ends. The parasitic elements have the same configuration except the wire loop has the ends 
bonded together to form a continuous square. 


‘There are multi-element quad designs that use one or more parasitic directors in addition to the 
reflector. Adding a director will lower the feed point impedance. The wire of the reflector is 
about 3% longer than the driven element, and each director has about 3% less wire than the 
driven element. Adding directors to a two-element quad makes the horizontal beam width 
narrower, producing more gain, 
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Another quad design “the delta loop" uses triangular-shaped driven elements. One or more 
triangular-shaped parasitic elements make the antenna complete. Theoretically, the delta loop 
antenna will have slightly less gain than the cubical quad, because there is less enclosed area in 
the triangular loop. We believe that there are no instruments available to hams to be able to 
measure the difference. 


Figure 15.4: 


jingle Band Cubical Quad 


Most cubical quad and delta loop antennas that can be rotated are used on 20 meters and 
higher. A few ambitious hams have built rotatable quads for 40 meters. Others have made 
80-meter quads, supported between trees, fixed in one direction. 


In order to make the quad smaller, adding loading coils or linear loading sections in its wires 
has been suggested, but that will defeat the purpose of using a quad. Because the quads gain is 
produced by the enclosed area inside the loop, reducing the enclosed area will result in less 


gain, 


The wires for quads for 20 through 10 meters are strung around the perimeter of an "X shaped 
frame made of fiberglass poles or bamboo. Each element has its own X-shaped frame. A 
smaller X-shaped metal structure, called a “spider,” attaches the poles to the boom. The poles 
are referred to as “spreaders.” The four spreaders attached to the spider form the "X." The "X" 
сап be rotated 45 degrees on the boom to form a diamond-shaped quad instead of a square 
quad, A few have tried with limited success to make the spreaders out of PVC or aluminum. 


A wire is attached near the ends of the spreaders to form a loop around them. The two ends of 
the wire are connected to an insulator to attach the feed-line as is done on a dipole. The quad 
loop has a theoretical feed-point impedance of 100 ohms. To match it, you can use a 
{quarter-wave matching section of 70-ohm coax, a gamma-match, or a 2:1 balun. More on this 
is in another paragraph. The delta loop is made much the same way, but it requires only three 
spreaders to form an equilateral triangular loop. It is matched the same way since the 
feed-point impedance is about the same, 


‘The reflector and director are formed the same way as the driven element except the two ends 
эге shorted together to form a continuous loop. In order to get maximum performance from a 
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quad you need to tune the reflector for either maximum gain or best front-to-back ratio. For 
tuning purposes, the wire of the reflector is cut a little shorter than calculated and the ends of 
the loop are connected to an insulator. A shorted stub, consisting of two parallel wires, is 
connected to the loop ends and hangs down from the insulator. Another wire is shorted across 
the two parallel stub wires. The shorting wire is moved up and down the stub to tune the 
reflector. The stub is a means of adjusting the total length of the reflector. See Figure 15.4 
Single Band Cubical Quad on page 67. A field strength meter is needed to do this and you 
need a large area and two people. The field strength meter needs to be placed several 
wavelengths away from the antenna. Low power is fed into the antenna while it is tuned. One 
person tunes the reflector while the other person reads the field strength meter. Tuning the 
reflector involves tuning the stub for minimum signal off the back. Once the shorting wire has 
found its proper position, itis soldered in place. Quads made by the formulas work 
satisfactorily without tuning. Tuning for maximum front-to-back ratio instead of maximum 
gain will do more for the performance of the quad. 


Nan Er j 
Ga: 1336 dBi = 0 dB (Horizontal polarization) —— 
FIB: 17.62 dB; Rear: Azim. 120 dg. Elev. 60 dg 

Freq: 14.150 MHz 

Z: 88 586 j2.470 Ohm. 

SWR: 1.7 (60.0 Ohm). 6.9 (600 Ohm) 

Elev: 13.1 dg (Perfect GND :20.00 m height) 


Figure 15.5: Radiation Pattern of a Two Element Cubical Quad at 65 Feet 
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‘Some believe you cannot stack another antenna above a quad. They assume that because the 
quad has both vertical parts of the loop, a metal vertical mast will couple to the vertical part 
and detune the quad. We believe a vertical mast will have to be resonant at the operating 
frequency to detune a quad. Using MMANA, the quad was modeled with a metal vertical mast 
going through the plane of the quad. The only difference observed was that the resonant 
frequency was changed by a couple of kHz. The gain and front-to-back remained the same. 


‘The gain ofa two-element quad is nearly the same as an average f. element yagi. The best part 
of the gain of a quad is the vertical beam width, or H-plane of the major lobe logically should 
be narrower due to it being equal to two stacked beams. For this reason, the 2-element quad 
has a lower angle of radiation. A horizontally polarized quad should have a slight advantage 
over a yagi. A lower angle is better for working DX. While operating using both quads and 
yagis, we have noticed that the horizontal beam width or E-plane of a quads pattern is wider 
than a 3-element yagi. We believe the horizontal beam-width of the quad is the same as a 
two-element yagi. This is why the 2-element quad is not as directional as a 3-element yagi. 


Modeling our 2-element quad in free space on 20 meters, we found its gain to be 5.49 dBd. 
‘The boom-length of the quad is 8 feet. A three-element yagi with a boom-length of 16 feet will 
have 6.4-dBd free- space gain on 20 meters. The free-space gain of 20-meter optimum 
spaced monoband yagi on a 25-foot boom will only have slightly more gain, 


‘The compromise spacing for a 2-element multi-band quad for 20 through 10 meters is 8 feet. 
‘This spacing is 0.115 wavelength on 20 meters, 0.175 wavelengths on 15 meters, and 0.23 
wavelengths on 10 meters. These spacings are within acceptable limits. For a single-band 
20-meter quad, space the elements 12 feet apart. If you want to build a 12 and 17-meter dual 
band quad, the spacing will be 8 feet, the same as it should be for 15 meters. Eight feet is also 
а satisfactory spacing for a 10-meter quad, but it can be as close as four feet. 


With smaller perimeter requirements, loops for the higher bands can be strung inside and 
parallel to the lower band loops to make a multi-band quad. It is easier to make a multi-band 
quad than a multi-band yagi. Quad kits for triband and S-band quads are available. These kits 
cost less than а multi-band beam, 


In the construction of most quads, an insulator is put in the bottom horizontal part of the wire 
on the driven element so it can be fed like a dipole. A 2-to-L-balun transformer will match the. 
feed-point to 50-ohms, then you can tie all the feed-points of a multi-band quad together. The 
Lightning Bolt Antennas 32MCQ/WB quad feeds five loops this way and the SWR is 1.4:1 or 
less on all five bands. The person manufacturing the Lightning Bolt quad went out of business 
оп December 12, 2005. 


With other more complicated schemes, each quad loop is fed separately, and each loop uses а 
70-ohm odd multiple of a quarter-wave series matching section placed between the 50-ohm 
‘coax and the feed-point. Used this way, the quarter-wave matching section will match 50 ohms 
to 100 ohms. A remote antenna switch will have to be mounted close to the feed-point to select 
the desired loop. Other builders use a separate gamma-match on each driven element to get а 
perfect match to a 50-ohm coax but this method would also require a remote antenna switch. 
Without the switch, several pieces of coax, one for each band, would have to be run into the 
shack, 


Understanding Antennas for the Non-Technical Ham ө 


155 Directional Cubical Quad and Delta Lop Antennas 


If you are going to build a monoband quad, you need to use the following formulas to cut the 
wire loops to these approximate lengths: 


+ For the driven element, you divide 1005 by the frequency in MHz. 
+ For the reflector, you divide 1030 by the frequency in MHz. 
= For the director, you divide 968 by the frequency in MHz. 


+ Make any additional directors the same length as the first one 


‘These formulas were derived experimentally from tests run here. The exact measurements will 
be determined by the element spacing, but the lengths cut by these formulas will be very close 
for any reasonable spacing, 


After giving you the advantages of a quad, here are the disadvantages: The two-element quad. 
for 20 meters is large vertically and horizontally. When the 20-meter quad is on the ground, the 
boom is 8 feet high and most people arent tall enough to maneuver it by holding the boom. 
‘Some quads, which are made from lightweight materials, are flimsy, and they will suffer 
during wind and ice storms. The best-constructed quads have their spreaders made of heavy 
fiberglass. Those quads, although they are heavier, stand up well under adverse weather 
conditions. The Lightning Bolt quad used here has stood up very well during three ice storms 
in the past two winters, 


Here is some information we discovered after originally writing this book. The MMANA 
antenna-modeling program does not perform very well when modeling a quad. On 20 meters, 
the modeling program says the front-to-back ratio of our quad is at a maximum at 14525 kHz, 
but actually, it occurs at 14050 kHz. The measurements of actual front-to-back were made 
using a field strength meter. We reduced the power levels off the front to give the same field 
strength reading we got off the back. The front-t0-back ratio in dB was calculated from the two 
power levels. What was interesting was the maximum front-to-back ratio occurs at a single 
discrete frequency and the front-to back deteriorates somewhat on either side of that 
frequency. While looking at the radiated field off the front, the field strength does not vary one 
В across the whole band. Maximum gain and maximum front-to-back was very close to the 
same frequency. Not having tested them in this way, we believe yagi beams perform the same 
way regarding front-to-back ratio and gain. In working stations, the gain is the important 
parameter. Front to-back ratio is important in reducing interfering signals from behind the 
antenna, We decided to tune our quad for maximum front-to-back rather than for maximum 
gain. The next step is to lower the quad and carefully tune the reflector for each band. After 
running tests to determine the frequency where maximum front-to-back occurs, we found the 
‘maximum measured front-to-back ratio was 22 to 23 dB. 


Good news! After writing the above paragraph, we lowered the multi-band quad and reduced 
the reflector element lengths on the two-clement Lightning-Bolt Quad. The original reflector 
lengths were too long according to the field strength readings we made. The formulas that 
were originally used to cut the reflector lengths were anywhere from 1029 to 1036 divided by 
the frequency in MHz. We derived from field-strength measurements that the maximum 
front-to-back ratio occurred when the reflector length was cut by dividing 1022 by the 
frequency in MHz. While searching the Internet, we discovered EI7BA in Ireland used 1019 
divided by the frequency on his multi-band quad. We decided to use his formula and we could 
lengthen the reflector by adjusting the stubs if necessary. After cutting the reflectors to the new 
dimensions, we made new field strength readings. The front-to-back ratio occurred near the 
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frequency of our calculations. In addition, the frequency of maximum field strength from the 
front also occurred inside each band. As an example, today we were listening to GD4PTV on 
the Isle of Man on 17 meters. On the front of the quad, he was S7. With the quad 180 degrees 
from him, he was inaudible. We also found that other stations were down by at least si 

off the back. Originally, stations off the back of the quad were down only two S: nis 


Several months later it was discovered that a multi-band quad tunes differently from a 
single-band quad because the interlaced elements react to detune each other. That may be the 
reason we found the reflectors of a multi-band quad needed to be different lengths than the 
1030/frequency formula, 


Here are some words of wisdom about using a field-strength meter in trying to tune a quad: 


‘Tuning the quad reflector stubs can give you misleading data. If you look only for the 
minimum signal from the back of the quad, that may not be the point of best front-to-back 
because you may have detuned the quad so that the signal from the front may have also 
deteriorated. 


Using a field strength meter, keep the receiving antenna as short as possible to prevent the 
receiving antenna from being nearly resonant. Certain receiving antenna lengths seem to be 
frequency sensitive, that is, as you change frequency toward the receiving antennas resonant 
point, the field strength meter will give a false higher reading. The only problem with using а 
very short receiving antenna is the meter may not have enough sensitivity to make 
‘measurements from the back of the antenna, 


It will be impossible to achieve a high front-to-back ratio on certain bands on a 
multiband-quad because the reflector wires for adjacent bands affect the tuning by interacting 
with each other. When the Lightning Bolt Quad was designed, we are not certain which 
parameter was used in its design (gain, SWR, or front-to-back). From the field strength 
readings made with that design, it was impossible to draw any conclusions. If you are going to 
build a quad, what we said about designing a yagi is also is true for the quad: you can tune for 
best gain, best front-to-back, or best impedance match. You cannot tune for more than one of 
these parameters at a time. To tune a quad for maximum gain is relatively easy using a short 
antenna on the field-strength meter. 


While we were trying to measure the frequency of the highest forward gain on 17 meters, we 
found the maximum field strength occurred at the high end of the band on one receiving 
antenna, Subsequently, it was strongest on the low end of the band on another receiving 
antenna having a different length. No changes had been made to the dimensions of the quad in 
either case. Trying to move the frequency of the maximum field to the middle of the band, we 
adjusted the length of the reflector stubs and it made no difference to the frequency where the 
‘maximum field occurred. What caused the error was we were trying to measure the field 
strength 100 feet in front of the quad. The long receiving antenna connected to the field 
strength meter was acting like a parasitic element and was not accurately measuring the signal 
being radiated from the quad. 
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15.6 The Quagi 


A variation of the quad and the yagi is a marriage of the quad and the yagi called the quagi. 
‘The quagi has a quad driven element, quad reflector, and yagi directors. Hams who have built 
the quagi report the yagi directors work better than quad directors, but we have never 
compared the two types of directors. 


At one time we converted a 2-meter yagi to а quagi and compared the field strength readings 
from both configurations. By changing the driven element and reflector to quad loops, we 
‘measured a signal increase of 1.8 dB. We also experimented to see what effect the quad 
reflector had on the signal. While using the quad driven element we changed the reflector back 
to а yagi reflector. What was surprising to us was the configuration of the reflector had no 
affect on the radiated signal. Only by changing the driven element from a yagi element to a 
quad element made any change in the field strength. All these field strength readings were 
made using a commercially manufactured field strength meter. To insure our readings were 
valid, the power being fed to the antenna was measured and kept constant. 
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Gain Versus 
Front-to-Back 


As we have said before the front-to-back ratio of a multi-band cubical quad can be maximized 
by careful tuning to achieve about 18 to 20 decibels front-to-back ratio. A properly designed 
yagi can achieve a front-to back ratio of better than thirty decibels. A wo element quad has 
about the same gain as a three-element yagi. You can tune a yagi or quad to either maximum 
front-to-back or maximum gain. You can also tune them to compromise settings somewhere in. 
between. The question arises as to which maximum should either antenna be tuned? It is our 
opinion that either antenna should be tuned for maximum front-to-back ratio. In that case the 
‘maximum gain will be deteriorated by only a fraction of a decibel Let us explain why we 
reached that conclusion with an example, 


Today we were on 17 meters to work VPSTD on Pitcairn Island in the South Pacific Ocean. He 
is a visitor to the island and will be there for about two more months as of this writing. A 
resident of the island, VP6TC, Tom Christian hasnt been heard from in months. I suspect he is 
getting elderly and doesnt get on much anymore. Anyway VP6TD had an enormous pileup 
going. We were using a three-element SteppIR yagi up sixty-five feet on our tower. Also, the 
amplifier puts out about 1490 watts on 17 meters. We make up for a lack of antenna forward 
gain with the amplifier. We worked him with one call through the pileup. The Stepplk 
replaced the two-element Lightning Bolt Quad about 10 months ago. When VP6TD answered 
us I could hear him over the pileup. From the rear of the antenna were several very loud Italian 
hams calling him, one of which continued to call even when VP6TD answered someone. The 
Italians were 180 degrees from the front of our antenna, or directly off the back of where we 
were beaming. Because of the superior front-to-back of the yagi, I could hear the Pitcairn 
Island station over the Italians. Had we been using the quad, the Italians would have been at 
least 10 dB louder and we could have found it impossible to make the contact. 


Today, we were in contact with N4XPZ, Joe, on 75 meters while several more hams were 
talking about the VP6TD on 17 meters last evening. Joe said he tried to work the VP6TD 
station using a single wire antenna, He complained he could not copy the VP6 because of the 
Italians who continued to call even when the VP6 answered someone. That illustrated the 
point we are making in this section. The old adage is true: "You can't work “em if you can't 
hear em!" 
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Called Transmission Lines 


Always use the best feed-line you can afford. Resist the urge to be penny wise and 
pound-foolish. This is particularly true of coax. Better (less lossy) coax will cost more. This 
cable is carrying your precious RF signal to and from your antenna, 


‘The most common feed lines used by amateurs are 50-ohm coaxial cables. There are many 
types of $0-ohm coax such as RG-174, RG-58, RG8-X, RG-8, RG-213, RG-8 foam, and 9913, 
In this book we will only discuss these types. A suffix letter such as an “А” or “U” may be 
attached to the “RG” numbers such as RG-8U or RG-58A. All these cables have a center 
conductor surrounded by a plastic insulating material, called the dielectric, and a copper 
braided shield covering it. There is a plastic covering on the outside of the shield to protect the 
conductors from water. The center conductor and the shield carry RF currents 


‘These are the common 50-ohm cables: 


+ RG-174 has a very small diameter, 0.101 inches. This cable is used to carry small 
amounts of RF between circuits in equipment. RG-174 has the highest loss and the least 
power handling capability of any coax. It is useless as an antenna feed. ine because of its 
loss and low power handling ability. 


= RG-S8 is larger coax having a diameter of 0.195 inches. It can handle low power and can 
be used on the lower bands to feed antennas a one hundred feet or so away. It is not 
recommended to use RG-S8 on 10 meters because it has a loss of 34B per hundred feet on 
that band and half your power will be lost in the coax. 


+ The next larger cable is RG-8X, sometimes referred to as mini-8. Its diameter is 0.242 
inches. The dielectric surrounding the center conductor is foam rather than the solid 
dielectric used in the most coax. Making cables with foam insulation can reduce the loss. 
Some hams are successfully feeding a kilowatt of power into RG8-X on the lower bands. 
You will lose 2 dB of power by using one hundred feet of RG-8X on 10 meters. On 
80-meters the loss ofthis cable is negligible. 


You will want to use RG-8 or RG-213 if you are planning to use a kilowatt or more of power 
from 160 to 10 meters or for short runs on VHF and UHF. RG-213 is RG-8 made to military 


Understanding Antennas for the Non-Technical Ham м 


17, Feed es Commonly Сайы! Tomaso Lies 


standards. Both have diameters of 0.405 inches. This cable has lower loss and can handle 
higher power because it has larger conductors and a larger diameter dielectric. RG-8 can 
handle 4000 watts peak envelope power on the broadcast band. RG-8 has only about 1dB loss 
‘on 10 meters per 100 feet. The loss becomes greater and the power handling rating of any coax 
decreases as the frequency of RF is increased. 


‘There is a lower-loss version of RG-8. It is called RG-8 foam. Beldens number for this product 
is 8214. Because of the dielectric being foam, a larger center conductor has to be used to keep 
the impedance 50 ohms. The loss resistance of the larger conductor is less than the smaller 
conductor used in regular RG-8. In addition, the foam having many air pockets has less 
dielectric losses. Other manufacturers also make RG-8 foam. One hundred feet of RG-8 foam 
has a loss of 0.9 dB on 10 meters. Many amateurs will not use RG-8 foam because they 
mistakenly believe the foam will soak up water. Cut off a piece of this foam material and put it 
into a container of water. It will continue to float ad infinitum, because it doesnt soak up water. 
Most of the water seen in coax gets between the dielectric and the plastic outer covering and 
within the braid shield. Water has also gotten into the strands of the center conductor. Water 
will get into any coax if the ends are not properly sealed, 


Solid conductors have less loss at radio frequencies compared to stranded conductors. Braid 
has more loss than a solid conductor used for the coax shield. A much lower loss coax, 
especially for higher frequencies, is available. The Belden 9913 is this product. This coax has 
а solid center conductor and the shield consists of a coating of aluminum foil covered with 
braid. The aluminum foil is a solid conductor. The braid over the foil is used to make a good 
solder connection because you cant solder aluminum. The mostly air dielectric material used 
in this product requires the center conductor to be larger to make the impedance 50 ohms. Air 
dielectric also has less dielectric loss than solid. There are a few manufacturers making 9913 
look-alike products. One hundred feet of 9913 will have a loss of about 0.66 dB on 10 meters 
‘There is a coax that looks like 9913 but has a stranded center conductor to make it flexible. It 
has а little more loss. If you are going to use 9913 on an antenna that rotates, flexing the cable 
as the antenna turns will cause the center conductor to break. Run the 9913 to the top of the 
mast, and using a barrel connector, connect the 9913 to a short run of RG-8. Run the RG-8 
across the rotor to the antenna, 


Coax cables of other impedances are available such as 70-ohm cable. RG-59 and RG-11 are 
common 70 ohm cable. Hams, except to make quarter wave matching sections, do not use 
these cables much anymore. There are many other types of cable other than the ones described 
here, 


Open wire feeders, ladder-line, or window-line have much lower loss than coax. The three 
types are essentially the same except for the method of insulating the two wires from each 
other. When making open wire feed-line, you should use solid conductors, as large a conductor 
as possible, and as little dielectric as possible. These factors make open wire have less loss. 
‘There is so-called ladder-line for sale, which is really window line, which is made with 16 
‘gauge solid conductors. The solid conductors make for low loss. There is another grade of the 
same feed-line that has 14 gauge-stranded conductors, 
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Second, we shall review the effects of spacing the wires. We must 
increase the basic spacing in proportion to the scaling of the 
antenna that moved the knee from about 5.5 MHz down below 2 
MHz. | shall employ a simple set of spacing values that will apply to 
all models in this part. 


Spacing Standards for This Exercise Set 


category Spacing Between Parallel Wires (Fest) 
Мети H 
Wide E 


Most wide-band terminated antennas use a spacing between wires 
that is 1' or less. | chose 1' because it allows a reasonable narrow 
space for versions of the models scaled for higher frequencies and 
shorter lengths. At the other end of the line, 15' is a little under 5 
meters, the scaled value that emerges from the wide versions of 
the antennas in Chapter 29. (Compare 250:15 and 27.2:1.5) Of 
course, I rounded the new numbers for bookkeeping simplicity. 


For the new antennas, | also selected a single value for the 
terminating resistors in all versions: 900 Ohms. This value is 
especially useful, since one might create it from a parallel 
combination of 3 2700-Ohm non-inductive resistors. As noted in 
Chapter 29, there are other techniques for creating the terminating 
resistor. 


Regardless of spacing, the 250' 2-wire antenna shows a very 
usable 900-Ohm SWR curves from 2 to 30 MHz. Fig. 2 overlays 
the curves for the 3 spacing values. The SWR spikes occur at 


Chapter 36 


18.1 


18.2 
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18. 
Antenna Safety 


Erecting Antennas on Masts 


Erecting antennas pose some danger especially if they encounter power lines. Never erect an 
antenna near a power line. Make sure to leave enough clearance so if the antenna supporting 
structures fall they will clear the power lines. There are many cases of metal masts being 
raised accidentally encountering power lines, electrocuting the person or persons raising the 
masts. To raise a mast can expose you to а large force called leverage, which appears to 
increase the weight of the mast. Exerting oneself to raise а heavy mast can result in painful 
muscle and back injuries. Never try to raise a mast without sufficient help. 


Tower Safety 


A tower is a wonderful device for supporting wire and beam antennas, but a person who has 
never put up one should seek advice of people who have experience in erecting towers. The 
obvious danger is falling off the tower. It should never be climbed without a climbing belt. 
Most people falling off a tower do so because of some kind of equipment failure or the tower 
collapses because of overload. 


In erecting a tower, а gin pole strong enough to support the weight of the tower section being 
raised should be used. Do not use improvised gin poles, as the strength of them may not 
support the weight of the tower section and the force from the other end of the rope being 
pulled by the ground crew. To hold а 50-pound tower section stationary requires a hundred 
pounds of force, which is the weight of the tower section and 50 pounds of force of the ground 
crew. The ground crew must exert more than 50 pounds of force to cause the section to be 
raised. There would be no greater tragedy than the gin pole breaking dropping the tower 
section on the ground crew. Then there is the possibility of the person on the tower being 
knocked loose by the falling, broken gin pole 


Another problem can arise if under-sized guy cables and clamps are used to support the tower. 
We have seen tower failure when guy cables broke in a windstorm, or an insufficient number 
of clamps holding the guy cable allowed the cable to pull through the clamps. Professional 


tower people do not use cable clamps. They use “preformed tie-wraps" that grip the guy cables 
tighter as the force in the guy cables increases. Preformed tie-wraps are available from Texas 
‘Towers. Never tie the ground end of a guy cable to a tree. A tree swaying in a heavy 
windstorm can put enough force on the cable to cause it to break or to pull the tower over. 
Screw-in anchors available from mobile home suppliers make adequate anchors. Do not 
anchor a guy cable where a tree can fall across the guy cable. This could break the guy cable 
and cause the tower to fall. Never place a tower near a house, where if it falls, it could hit the 
house, Remember Safety First! 


These lengths are for coax having a solid dielectric with a velocity factor of 0.66 and foam 
dielectric with a velocity factor of 0.78. , You can use odd multiples like 3, S. 7, ete. of the 
lengths below if those lengths are too short for your installation 


Table 18.1: Quarter Wave Matching Sections of 70-ohm Coax 


Foam dielectric cable 
160 meters T ШТП 

RO Meters БҮТ Sion 

40 Meters 5 Due 

30 Meters den on ШҮ 

20 Meters їзїш ET) 

T7 Meters [m [TEE 

15 Meters тата rm 

12 Meters ee [rr 

10 Meters SAR SS in өө 


Questions? Email Jim Abercrombie n4ja(@pricnet.com, 
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Antenna (radio) 


In radio an antenna is the interface between radio waves propagating through space and electric currents moving in 
metal conductors, used with a transmitter or гесе 


«Їп transmission, a radio transmitter supplies an electric current to 
the antenna’ terminals, and the antenna radiates the energy from the current as electromagnetic waves (radio waves). In 
reception, an antenna intercepts some of the power of an electromagnetic wave in order to produce an electric current at 
its terminals, that is applied to a receiver to be amplified. Antennas are essential components of radio equipment, and are 
used in radio broadcasting, broadcast television, two-way radio, communications receives, radar, cell phones, satellite 
communications and other devices. 


An antenna is an array of conductors (elements), electrically connected to the receiver or transmitter. During 
transmission, the oscillating current applied to the antenna by a transmitter creates an oscillating electric field and 
magnetic field around the antenna elements, These time-varying fields radiate energy away from the antenna into space as 
‘a moving transverse electromagnetic field wave. Conversely, during reception, the oscillating electric and magnetic fields 
of an incoming radio wave exert force on the electrons in the antenna elements, causing them to move back and forth, 
creating oscillating currents in the antenna, 


Antennas can be designed to transmit and receive radio waves in all horizontal directions equally (omnidirectional 
antennas), or preferentially 
elemen 
pattern. 


а particular direction (directional or high gain antennas). An antenna may include parasitic 
parabolic reflectors or horns, which serve to direct the radio waves into a beam or other desired radiati 


‘The first antennas were built in 1888 by German physicist Heinrich Hertz in his pioneering experiments to prove the 
existence of electromagnetic waves predicted by the theory of James Clerk Maxwell, Hertz placed dipole antennas at the 
focal point of parabolic reflectors for both transmitting and receiving. He published his work in Annalen der Physik und 
Chemie (vol. 36, 1889). 
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Terminology 


"The words antenna and aerial are used interchangeably 
Occasionally the term "aerial is used to mean a wire antenna. 
"The origin of the word antenna relative to wireless apparatus is 
attributed to Italian radio pioneer Guglielmo Marconi. In the 
summer of 1895, Marconi began testing his wireless system 
outdoors on his father's estate near Bologna and soon began 

to experiment with long wire "aerias" In Italian a tent 
pole is known as l'antenna centrale, and the pole with the 
wire was simply called antenna. Until then wireless 
radiating transmitting and receiving elements were known 
simply as aerials or terminals. Because of his prominence, 
Marconis use of the word antenna spread among wireless 
researchers, and later to the general public INSI 


Antenna may refer broadly to an entire assembly including 
support structure, enclosure (if any), ete. in addition to the 
actual functional components. Especially at microwave 
frequencies, a receiving antenna may include not only the 
actual electrical antenna but an integrated preamplifier or 


Overview 


Antennas are required by any radio receiver or transmitter 
to couple its electrical connection to the electromagnetic 
field. Radio waves are electromagnetic waves which carry 
signals through the air (or through space) at the speed of 


‘Antenna (rai) - Wikipedia 


transmitting radio waves, showing the electric field 
lines. The antenna in the center is two vertical 
metal rods, with an alternating current applied at its 
center from a radio transmitter (not shown). The 
voltage charges the two sides of the antenna 
alternately positive (+) and negative (-). Loops of 
electric field (black lines) leave the antenna and 
travel away at the speed of light; these are the 
radio waves. 


Animated diagram of a half-wave dipole antenna 
receiving energy from a radio wave. The antenna 
consists of two metal rods connected to a receiver R. 
The electric field (E, green arrows) of the incoming 
wave pushes the electrons in the rods back and forth 
charging the ends altemately positive (+) and negative 
(-). Since the length of the antenna is one half the 
wavelength of the wave, the oscillating field induces 
standing waves of voltage (V represented by red 
Бала) and current in the rods. The oscillating currents 
(black arrows) Пом down the transmission line and 
through the receiver (represented by the resistance R). 


ıt with almost no transmission loss. Radio transmitters and receivers are used to convey signals in broadcast (audio) 


radio, television, mobile telephones, Wi-Fi (WLAN) data networks, and remote control devices among many others. Radio 
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waves are also used directly for measurements in radar, GPS, and radio astronomy. Transmitters 


and receivers require antennas, although these are sometimes hidden (such as the antenna inside 
an AM radio or inside a laptop computer equipped with Wi-Fi). 


Antennas can be classified as omnidirectional, radiating energy approximately equally in all 
directions, or Directional, where energy radiates more along one direction than others. (Antennas 
rocal, so the same effect occurs for reception of radio waves.) A completely uniform 
‘omnidirectional antenna is not physically possible. Many important antenna types have a uniform 
radiation pattern in the horizontal plane, but send little energy upward or downward. A 
"directional" antenna usually is intended to maximize its coupling to the electromagnetic field in the 


direction of the other station. 


‘One example of omnidirectional antennas is the very common vertical antenna or whip antenna 
consisting of a metal rod. A dipole antenna is similar but consists of two such conductors extending 
in opposite directions. Dipoles are typically oriented horizontally in which case they are weakly 
directional: signals are reasonably well radiated toward or received from all directions with the 
exception of the direction along the conductor 
itself, this region is called the antenna blind 
cone or null 


Both the vertical and dipole antennas are 
simple in construction and relatively 
inexpensive. ‘The dipole antenna, which is the 
basis for most antenna designs, is a balanced 
component, with equal but opposite voltages 
and currents applied at its two terminals 
through a ransmission line (or to a 
coaxial transn e through a so-called 
balun). The vertical antenna, on the other 
hand, is a monopole antenna. It is typically connected to 
the inner conductor of a coaxial transmission line (or a 
matching network); the shield of the transmission line is 
connected to ground. In this way, the ground (or any large conductive surface) plays the 
role of the second conductor of a dipole, thereby forming a complet Since 


Whip antenna оп car, 


common example of an 
omnidirectional antenna 


‘Antennas of the Atacama Large 
Millimeter submillimeter Array Bl 


Electronic 
symbol for an 
antenna 


monopole antennas rely on a conductive ground, a so-called grounding structure may be Наб маче dipole 


employed to provide a better ground contact to the earth or which itself acts as a ground antenna 


plane to perform that function regardless of (or in absence of) an actual contact with the 
earth. 


Antennas more complex than the dipole or vertical designs are usually intended to increase the directivity and. 
consequently the gain of the antenna. This can be accomplished in many different ways leading to a plethora of antenna 
designs. The vast majority of designs are fed with a balanced line (unlike a monopole antenna) and are based on the dipole. 
antenna with additional components (or elements) which increase its directionality. Antenna "gain" in this instance 
describes the concentration of radiated power into a particular solid angle of space, as opposed to the spherically uniform. 
radiation of the ideal radiator. The increased power in the desired direction is at the expense of that in the undesired 
directions. Power is conserved, and there is no net power increase over that delivered from the power source (the 


transmitter.) 
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For instance, a phased array consists of two or more simple antennas which are connected 
together through an electrical network. This often involves a number of parallel dipole 
antennas with a certain spacing. Depending on the relative phase introduced by the 
network, the same combination of dipole antennas can operate as a "broadside array" 
(directional normal to a line connecting the elements) or as an "end-fire array 
along the line connecting the elements). Antenna arrays may employ any basic 
(omnidirectional or weakly directional) antenna type, such as dipole, loop or slot antennas. 
‘These elements are often identical 


directional 


Diagram of the electric 
fields (blue) and 
magnetic fields (red) 


pa However a log-periodie dipole array consists of a number of dipole elements of different‏ چب ن 
i (ook rod) lengths in order to obtain a somewhat directional antenna having an extremely wide‏ 
during transmission. bandwidth: these are frequently used for television reception in fringe areas. The dipole‏ 

antennas composing it are all considered "active elements" since they are all electrically 

connected together (and to the transmission line). On the other hand, a superficially 
similar dipole array, the Yagi-Uda Antenna (or simply "Yagi"), has only one dipole element with an electrical connection; 
the other so-called parasitic elements interact with the electromagnetic fied їп order to realize a fairly directional antenna. 
but one which is limited to a rather narzow bandwidth. The Yagi antenna has similar looking parasitic dipole elements but. 
which act differently due to their somewhat different lengths. There may be a number of so-called "directors" in front of 
the active element їп the direction of propagation, and usually a single (but possibly more) "reflector" on the opposite side. 
ofthe active element. 


Greater directionality can be obtained using beam-forming techniques such as a par tor or а horn. Since high 
directivity in an antenna depends on it being large compared to the wavelength, narrow beams of this type are more easily 
achieved at ИНЕ and microwave frequencies. 


At low frequencies (such as AM broadcast), arrays of vertical towers are used to achieve directionality and they will 
occupy large areas of land. For reception, a long Bevel nna can have significant directivity. For non directional 
portable use, a short vertical antenna or small loop antenna works well, with the main design challenge being that of 
impedance matching. With a vertical antenna a loading coil at the base of the antenna may be employed to cancel the 
reactive component of impedance; small loop antennas are tuned with parallel capacitors for this purpose 


An antenna lead 


is the transmission line (or which connects the antenna to a transmitter or receiver. The 
antenna feed may refer to all components connecting the antenna to the transmitter or receiver, such as an impedance 
matching network in addition to the transmission line. In a so-called aperture antenna, such as a horn or parabolic dish, 
the "feed" may also refer to a basic antenna inside the entire system (normally at the focus of the parabolic dish or at the 
throat ofa horn) which could be considered the one active element in that antenna system. A microwave antenna may also 


be fed directly from a waveguide in place of a (conductive) transmission line, 


‘An antenna counterpoise or ground plane is a structure of conductive material which improves or substitutes for the 
ground. It may be connected to or insulated from the natural ground. In a monopole antenna, this aids in the function of 
the natural ground, particularly where variations (or limitations) of the characteristics of the natural ground interfere with 
its proper function. Such a structure is normally connected to the return connection of an unbalanced transmission line 
such as the shield of a coaxial cable. 


An electromagnetic wave refractor in some aperture antennas is a component which due to its shape and position 
functions to selectively delay or advance portions of the electromagnetic wavefront passing through it. The refractor alters 
the spatial characteristics of the wave on one side relative to the other side. It can, for instance, bring the wave to а focus or 
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alter the wave front in other ways, generally in order to maximize the directivity of the 
antenna system. This is the radio equivalent of an optical lens. 


An antenna coupling network is a passive network (generally a combination of inductive 
апа capacitive circuit elements) used for impedance matching in between the antenna and 
the transmitter or receiver. This may be used to improve the standing wave ratio in order 
to minimize losses in the transmission line and to present the transmitter or receiver with 
a standard resistive impedance that it expects to see for optimum operation. 


Reciprocity 


Itis a fundamental property of antennas that the electrical characteristics of an antenna 
described in the next section, such as gain, radiation pattern, impedance, bandwidth, 
resonant frequency and polarization, are the same whether the antenna is transmitting or 
receiving EI] For example, the “receiving pattern" (sensitivity as а function of direction) 
ofan antenna when used for reception is identical to the radiation pattern of the antenna when it is driven and functions 
asa radiator. This is a consequence of the reciprocity theorem of electromagnetics] Therefore, in discussions of antenna 
properties no distinction is usually made between receiving and transmitting terminology, and the antenna can be viewed 
as either transmitting or receiving, whichever is more convenient. 


Cell phone base station 


antennas 


A necessary condition for the aforementioned reciprocity property is that the materials in the antenna and transmission 
medium are linear and reciprocal. Reciprocal (or bilateral) means that the material has the same response to an electric 
current or magnetic field in one direction, as it has to the field or current in the opposite direction. Most materials used in 
antennas meet these conditions, but some microwave antennas use high-tech components such as isolators and 
circulators, made of nonreciprocal materials such as ferrite PI! These can be used to give the antenna a different behavior 
оп receiving than it has on transmitting," which can be useful in applications like radar. 


Characteristics 


Antennas are characterized by a number of performance measures which a user would be concerned with in selecting or 
designing an antenna for a particular application. Chief among these relate to the directional characteristics (as depicted 
in the antenna's radiation pattern) and the resulting gain. Even in omnidirectional (or weakly directional) antennas, the 
gain can often be increased by concentrating more of its power in the horizontal directions, sacrificing power radiated 
toward the sky and ground. The antenna's power gain (or simply gain: ) also takes into account the antenna's efficiency, 
and is often the primary figure of merit 


Resonant antennas are expected to be used around a particular resonant frequency; an antenna must therefore be built or 
ordered to match the frequency range of the intended application. A particular antenna design will present a particular 
feedpoint impedance. While this may affect the choice of an antenna, an antenna's impedance can also be adapted to the 
desired impedance level of a system using a matching network while maintaining the other characteristics (except for a 
possible loss of efficiency). 


Although these parameters can be measured in principle, such measurements are difficult and require very specialized 
equipment. Beyond tuning a transmitting antenna using an SWR meter, the typical user will depend on theoretical 
predictions based on the antenna design or on claims of a vendor. 
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Ап antenna transmits and receives radio waves with a particular polarization which can be reoriented by tilting the axis of 
the antenna in many (but not all) cases. The physical size of an antenna is often a practical issue, particularly at lower 
frequencies (longer wavelengths). Highly directional antennas need to be significantly larger than the wavelength. 
Resonant antennas usually use a linear conductor (or element), or pair of such elements, each of which is about a quarter 
of the wavelength in length (an odd multiple of quarter wavelengths will also be resonant). Antennas that are required to 
be small compared to the wavelength sacrifice efficiency and cannot be very directional. At higher frequencies (UHF, 
microwaves) trading off performance to obtain a smaller physical size is usually not required. 


Resonant antennas 


"The majority of antenna designs are based on the resonance 
principle, This relies on the behaviour of moving electrons, 


which reflect off surfaces where the dielectric constant 


changes, in a fashion similar to the way light reflects when 
‘optical properties change. In these designs, the reflective 


+ 


surface is created by the end of a conductor, normally a thin. 
metal wire or rod, which in the simplest case has a feed 
point at one end where it is connected to a transmission 
line. The conductor, or element, is aligned with the electrical 
field of the desired signal, normally meaning it is 
perpendicular to the line from the antenna to the source (or 
receiver in the case of a broadcast antenna) lid 


Vo 
— ona ha wave рде drven atts 
resonant quen The waves are shown graphically 
by brs of coo ed for voltage, Vand Blo Tr ture, 
‘whose vin is proportional to the ample fe 
апу a hat point on the atar 


"The radio signal's electrical component induces a voltage in 
the conductor. This causes an electrical current to begin flowing in the direction of the signal's instantaneous field, When 
the resulting current reaches the end of the conductor, it reflects, which is equivalent to a 180 degree change in phase. If 
the conductor is % of a wavelength long, current from the feed point will undergo 90 degree phase change by the time it 
reaches the end of the conductor, reflect through 180 degrees, and then another 90 degrees as it travels back. That means 
it has undergone a total 360 degree phase change, returning it to the original the element thus adds 
to the current being created from the source at that instant. This process creates a standing wave in the conductor, with 
the maximum current at the feed T 


ignal. The current i 


"The ordinary half-wave dipole is probably the most widely used antenna design. This consists of two ¥,-wavelength 
elements arranged end-to-end, and lying along essentially the same axis (or collinear), each feeding one side of a two- 
conductor transmission wire, The physical arrangement of the two elements places them 180 degrees out of phase, which 
means that at any given instant one of the elements is driving current into the transmission line while the other is pulling 
it out. The monopole antenna is essentially one half of the half-wave dipole, a single ¥,-wavelength element with the other 
side connected to ground or an equivalent ground plane (or counterpoise). Monopoles, which are one-half the size of a 
dipole, are common for long-wavelength radio signals where a dipole would be impractically large. Another common 
design is the folded dipole, which is essentially two dipoles placed side-by-side and connected at their ends to make a 
single one-wavelength antenna. 


"The standing wave forms with this desired pattern at the design frequency, fo, and antennas are normally designed to be 
this size. However, feeding that element with 4f, (whose wavelength is % that of fj) will also lead to a standing wave 
pattern. Thus, an antenna element is also resonant when its length is Э, of a wavelength. This is true for all odd multiples 
of % wavelength. This allows some flexibility of design in terms of antenna lengths and feed points. Antennas used in such 
a fashion are known to be harmonically operated. I'2 
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Current and voltage distribution 
"The quarter-wave elements imitate a series-resonant electrical element due to the standing wave present along the 
conductor. At the resonant frequency, the standing wave has a current peak and voltage node (minimum) at the feed. In 
electrical terms, this means the element has minimum reactance, generating the maximum current for minimum voltage 
‘This is the ideal situation, because it produces the maximum output for the minimum input, producing the highest 
possible efficiency. Contrary to an ideal (lossless) series-resonant circuit, а finite resistance remains (corresponding to the 
relatively small voltage at the feed-point) due to the antenna's radiation resistance as well as any actual electrical losses. 


Recall that a current will reflect when there are changes in the electrical properties of the material. In order to efficiently 
send the signal into the transmission line, it is important that the transmission line has the same impedance as the 
elements, otherwise some of the signal will be reflected back into the antenna. This leads to the concept of impedance 
hing, the design of the overall system of antenna and transmission line so the impedance is as close as possible, 
thereby reducing these losses. Impedance matching between antennas and transmission lines is commonly handled 
through the use of a balun, although other solutions are also used in certain roles. An important measure of this basic 
concept is the standing wave ratio, which measures the magnitude of the reflected signal. 


Consider a half-wave dipole designed to work with signals 1 m wavelength, meaning the antenna would be approximately 
50 em across. If the element has a length-to-diameter ratio of 1000, it will have an inherent resistance of about 63 ohms. 
Using the appropriate transmission wire or balun, we match that resistance to ensure minimum signal loss. Feeding that. 
antenna with a current of 1 ampere will require 63 volts of RF, and the antenna will radiate 63 watts (ignoring losses) of 
radio frequency power. Now consider the case when the antenna is fed a signal with a wavelength of 1.25 m; in this case 
the reflected current would arrive at the feed out-of-phase with the si the net current to drop while the 
voltage remains the same, Electrically this appears to be a very high impedance. The antenna and transmission line no 
longer have the same impedance, and the signal will be reflected back into the antenna, reducing output. This could be 
‘addressed by changing the matching system between the antenna and transmission line, but that solution only works well 
at the new design frequency. 


al, са 


"The end result is that the resonant antenna will efficiently feed a signal into the transmission line only when the source 
signal's frequency is close to that of the design frequency of the antenna, or one of the resonant multiples. This makes 
resonant antenna designs inherently narrowband, and they are most commonly used with a single target signal. They are 
particularly common on radar systems, where the same antenna is used for both broadcast and reception, ог for radio and 
television broadcasts, where the antenna is working with a single frequency. They are less commonly used for reception 
where multiple channels are present, in which case additional modifications are used to increase the bandwidth, or 
entirely different antenna designs are used. 


Electrically short antennas 
It is possible to use simple impedance matching concepts to allow the use of monopole or dipole antennas substantially 
shorter than the %4 or Уз wavelength, respectively, at which they are resonant, As these antennas are made shorter (for a 
given frequency) their impedance becomes dominated by a series capacitive (negative) reactance; by adding a series 
inductance with the opposite (positive) reactance — a so-called loading сой ~ the antenna's reactance may be cancelled 
leaving only a pure resistance. Sometimes the resulting (lower) electrical resonant frequency of such a system (antenna 
plus matching network) is described using the concept of electrical length, so an antenna used at а lower frequency than. 
its resonant frequency is called an electrically short antennal" 


For example, at 30 MHz (10 m wavelength) a true resonant %4 wavelength monopole would be almost 2.5 meters long, and 
using an antenna only 1.5 meters tall would require the addition of a loading coil. Then it may be said that the coil has 
lengthened the antenna to achieve an electrical length of 2.5 meters. However, the resulting resistive impedance achieved 
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will be quite a bit lower than that of a true % wave (resonant) monopole, often requiring further impedance matching (a 
transformer) to the desired transmission line. For ever shorter antennas (requiring greater "electrical lengthening") the 
radiation resistance plummets (approximately according to the square of the antenna length), во that the mismatch due to 
a net reactance away from the electrical resonance worsens. Or one could as well say that the equivalent resonant circuit of 
the antenna system has a higher Q factor and thus a reduced bandwith!" which can even become inadequate for the 
transmitted signal's spectrum. Resis 


ive losses due to the loading сой, relative to the decreased radiation resistance, entail 


a reduced electrical efficiency, which can be of great concern for a transmitting antenna, but bandwidth is the major factor 
that sets the size of antennas at 1 MHz and lower frequencies, 


Arrays and reflectors 
"The amount of signal received from a distant transmission source is essentially 
‘geometric in nature due to the inverse-square law, and this leads to the concept 
of effective area. This measures the performance of an antenna by comparing 
the amount of powe 


generates to the amount of power in the original signal, 
measured in terms of the signal's power density in Watts per square metre. A 
half-wave dipole has an effective area of олз А”. If more performance is 
needed, one cannot simply make the antenna larger. Although this would 
intercept more energy from the signal, due to the considerations above, it 
would decrease the output significantly due to it moving away from the 
resonant length. In roles where higher performance is needed, designers often 
use multiple elements combined together. 


Returning to the basic concept of current flows in a conductor, consider what 
happens if a half-wave dipole is not connected to a feed point, but instead 
shorted out. Electrically this forms a single % 


overall current pattern is the same; the current will be zero at the two ends, Rooftop television Yagi-Uda 
antennas like these are widely u 


at VHF and ИНЕ frequencies, 


wavelength element. But the 


and reach a maximum in the center. Thus signals near the design frequency 
will continue to create a standing wave pattern. Any varying electrical current, 
like the standing wave in the element, will radiate a signal. In this ease, aside 


from resistive losses in the element, the rebroadcast signal will be significantly similar to the original signal in both 
magnitude and shape. If this element is placed so its signal reaches the main dipole in-phase, it will reinforce the original 
signal, and increase the current in the dipole. Elements used in this way are known as passive elements 


A Yagi-Uda array uses passive elements to greatly increase gain. It is built along a support boom that is pointed toward the. 
signal, and thus sees no induced signal and does not contribute to the antenna's operation. The end closer to the source is 
referred to as the front. Near the rear is a single active element, typically a half-wave dipole or folded dipole. Passive 
elements are arranged in front (directors) and behind (reflectors) the active element along the boom. The Yagi has the 
inherent quality that it becomes increasingly directional, and thus has higher gain, as the number of elements increases. 
However, this also makes it increasingly sensitive to changes in frequency; if the signal frequency changes, not only does 
the active element receive less energy directly, but all of the passive elements adding to that signal also decrease their 
‘output as well and their signals no longer reach the active element in-phase. 


Tt is also possible to use multiple active elements and combine them together with transmission lines to produce a similar 
system where the phases add up to reinforce the output. The antenna array and very similar reflective array antenna 
consist of multiple elements, often half-wave dipoles, spaced out on a plane and wired together with transmission lines 
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intervals a little under 4 MHz, since the antenna passes integral full- 
wavelengths (electrically) at those points. The narrow version 
shows a few peaks just above 2:1 in the upper part of the overall 
passband. However, both wider versions manage to remain below 
the standard limit. In fact, the widest version shows a declining 
curve with increasing frequency. 
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Note that the SWR reference impedance is the same as the value. 
of the terminating resistor. This fact will become more interesting as 
we later look at the 3-wire and 5-wire antennas using the same 
900-Ohm terminating resistor. For the moment, we may classily the 
SWR behavior of the 2-wire antenna--in any width--as quite well 
behaved. 
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with specific phase lengths to produce a single in-phase signal at the output. The log-periodic antenna is a more complex 
design that uses multiple in-line elements similar in appearance to the Yagi-Uda but using transmission lines between the 
elements to produce the output. 


Reflection of the original signal also occurs when it hits an extended conductive surface, in a fashion similar to a mirror. 
effect can also be used to increase signal through the use of a reflector, normally placed behind the active element 
and spaced so the reflected signal reaches the element in-phase. Generally the reflector will remain highly reflective even if 
itis not solid; gaps less than % A generally have little effect on the outcome. For this reason, reflectors often take the form 
ol wire meshes or rows of passive elements, which makes them lighter and less subject to wind-load effects, of particular 
importance when mounted at higher elevations with respect to the surrounding structures. The с reflector 
perhaps the best known example of a reflector-based antenna, which has an effective area far greater than the active 
element alone. 


Bandwidth 


Although a resonant antenna has a purely resistive feed-point impedance at a particular frequency, many (if not most) 
applications require using an antenna over a range of frequencies. The frequency range or bandwidth over wl 
antenna functions well can be very wide (as in a log-periodie antenna) or narrow (in a resonant antenna); outside this 
range the antenna impedance becomes a poor match to the transmission line and transmitter (or receiver). Also in the 
case of the Yagi-Uda and other end-fire arrays, use of the antenna well away from its design frequency affects its radiation 
pattern, reducing its directive gain; the usable bandwidth is then limited regardless of impedance matching. 


Except for the latter concern, the resonant frequency of an antenna system can always be altered by adjusting a suitable 
matching network, This is most efficiently accomplished using a matching network at the site of the antenna, since simply 
adjusting a matching network at the transmitter (or receiver) would leave the transmission line with a poor standing wave 
ratio. 


Instead, it is often desired to have an antenna whose impedance does not vary so greatly over a certain bandwidth. It turns 
ош that the amount of reactance seen at the terminals of a resonant antenna when the frequency is shifted, say, by 5%, 
depends very much on the diameter of the conductor used. A long thin wire used as a half-wave dipole (or quarter wave 
monopole) will have a reactance significantly greater than the resistive impedance it has at resonance, leading to a poor 
match and generally unacceptable performance. Making the element using a tube of a diameter perhaps 1/50 of its length, 
however, results in a reactance at this altered frequency which is not so great, and a much less serious mismatch and effect 
оп the antenna's net performance. Thus rather thick tubes are often used for the elements; these also have reduced 
parasitic resistance (loss) 


Rather than just using a thick tube, there are similar techniques used to the same effect such as replacing thin wire 
elements with cages to simulate a thicker element. This widens the bandwidth of the resonance. On the other hand, it is 
desired for amateur radio antennas to operate at several bands which are widely separated from each other (but not in 
between). This can often be accomplished simply by connecting elements resonant at those different frequencies 
parallel. Most of the transmitter power will flow into the resonant element while the others present a high (reactive) 
impedance, thus drawing litle current from the same voltage. Another popular solution uses so-called traps consisting of 
parallel resonant circuits which are strategically placed in breaks along each antenna element. When used at one 
particular frequency band the trap presents a very high impedance (parallel resonance) effectively truncating the element 
at that length, making it a proper resonant antenna. At a lower frequency the trap allows the full length of the element to 
be employed, albeit with a shifted resonant frequency due to the inclusion of the trap's net reactance at that lower 
frequency. 
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"The bandwidth characteristics of a resonant antenna element can be characterized according to its О, just as one uses to 
characterize the sharpness of an L-C resonant circuit. A common mistake is to assume that there is an advantage in an 
antenna having a high © (the so-called "quality factor”). In the context of electronic circuitry a low © generally signifies 
greater loss (due to unwanted resistance) in a resonant t, and poorer receiver selectivity. However this 
understanding does not apply to resonant antennas where the resistance involved is the radiation resistance, a desired 
quantity which removes energy from the resonant element in order to radiate it (the purpose of an antenna, after all). The 
Q of an Lc R circuit is defined as the ratio of the inductor's (or capacitor's) reactance to the resistance, so for a certain 
radiation resistance (the radiation resistance at resonance does not vary greatly with diameter) the greater reactance off- 
resonance causes the poorer bandwidth of an antenna employing a very thin conductor. The © of such a narrowband 
antenna can be as high as 15. On the other hand, the reactance at the same off-resonant frequency of one using thick 
elements is much less, consequently resulting in a © as low as 5. These two antennas may perform equivalently at the 
resonant frequency, but the second antenna will perform over a bandwidth 3 times as wide as the antenna consisting of a 
thin conductor. 


Antennas for use over much broader frequency ranges are achieved using further techniques. Adjustment of a matching 
network ean, in principle, allow for any antenna to be matched at any frequency. Thus the loop antenna built into most 
AM broadcast (medium wave) receivers has a very narrow bandwidth, but is tuned using a parallel capacitance which is 
adjusted according to the receiver tuning. On the other hand, log-periodic antennas are not resonant at any frequency but 
сап be built to attain similar characteristics (including feedpoint impedance) over any frequency range. These are 
therefore commonly used (in the form of directional log- periodic dipole arrays) as television antennas. 


Gain 

Gain is a parameter which measures the degree of directivity of the antenna's radiation pattern. A high-gain antenna will 
radiate most of its power in a particular direction, while a low-gain antenna will radiate over a wider angle. The antenna 
gain, or power gain of an antenna is defined as the ratio of the intensity (power per unit surface area) y radiated by the 
antenna in the direction of its maximum output, at an arbitrary distance, divided by the intensity 7, radiated at the same 
distance by a hypothetical isotropic antenna which radiates equal power in all directions. This dimensionless ratio is 
usually expressed log ; these units are called "decibels-isotropic" (dBi) 


A second unit used to measure gain is the ratio of the power radiated by the antenna to ће power radiated by a half-wave 
dipole antenna шы; these units are called "decibels-dipole" (dB) 


10log 


G 
ab Taipote 


Since the gain of a half-wave dipole is 2.15 dBi and the logarithm of a product is additive, the gain in dBi is just 2.15 
decibels greater than the gain in dad 


Gapi = Сава + 2.15 


High-gain antennas have the advantage of longer range and better signal quality, but must be aimed carefully at the other 
antenna. An example of a high-gain antenna is a parabolic dish such as a satellite television antenna. Low-gain antennas 


have shorter range, but the orientation of the antenna is relatively unimportant. An example of a low-gain antenna is the 
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whip antenna found on portable radios and cordless phones. Antenna gain should not be confused with amplifier gain, a 
separate parameter measuring the increase in signal power due to an amplifying device. 


Effective area or aperture 
те rea or effective aperture of a receiving antenna expresses the portion of the power of a passing 
electromagnetic wave which it delivers to its terminals, expressed in terms of an equivalent area. For instance, if a radio 
wave passing a given location has a flux of 1 pW / m? (10-7? watts per square meter) and an antenna has an effective area 
of 12 m, then the antenna would deliver 12 pW of RE power to the receiver (30 microvolts rms at 75 ohms). Since the 
receiving antenna is not equally sensitive to signals received from all directions the effective area is a function of the 
direction to the source 


Due to reciprocity (discussed above) the gain of an antenna used for transmitting must be proportional to its effective area 
hen used for receiving. Consider an antenna with no loss, that is, one whose el wer is 100%. It сап be shown 
that its effective area averaged over all directions must be equal to 42/41, the wavelength squared divided by 4x. Gain is 
defined such that the average gain overall directions for an antenna with 100% electrical efficiency is equal to 1. Therefore, 
the effective area en in terms ofthe gain G in a given direction is given by: 


А 
Aue = EG 
4m 
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Radiation pattern 
"The radiation pattern of an antenna is a plot of the relative field strength of the 
radio waves emitted by the antenna at different angles. It is typically 
represented by a three-dimensional graph, or polar plots of the horizontal and 
vertical cross sections. The pattern of an ideal isotropic antenna, which 
radiates equally in all directions, would look like а sph 


Many 


nondirectional antennas, such as monopoles and dipoles, emit equal power in 
all horizontal directions, with the power dropping off at higher and lower 


angles; this is called an omnidirectional pattern and when plotted looks 
torus or donut, 


"The radiation of many antennas shows a pattern of maxima or "lobes" at 
various angles, separated by "nulls", angles where the radiation falls to zero. polar plots of the norton cross 
"This is because the radio waves emitted by different parts of the antenna sections of a (virtual) Yagi-Uda- 
typically interfere, causing maxima at angles where the radio waves arrive at — antenna. Outline connects point 
distant points in phase, and zero radiation at other angles where the radio Wilh 3db field power compared to an 
waves arrive out of phase. In a directional antenna designed to project radio IO emitter 

waves in a particular direction, the lobe in that direction is designed larger 
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than the others and is called the "main lobe". The other lobes usually represent unwanted radiation and are called 
idelobes". The axis through the main lobe is called the "principal axis" or " 


Field regions 


"The space surrounding an antenna can be divided into three concentric regions: the reactive near-field, the radiating near- 
field (Fresnel region) and the far-field (Fraunhofer) regions. These regions are useful to identify the field structure in each, 
although there are no precise boundaries. 


"The far-field region is are far enough from the antenna to neglect its size and shape. It can be assumed that the 
electromagnetic wave is purely a radiating plane wave (electric and magnetic fields are in phase and perpendicular to each 
other and to the direction of propagation). This simplifies the mathematical analysis of the radiated field. 


Impedance 


As an electro-magnetic wave travels through the different parts of the antenna system (radio, feed line, antenna, free 
space) it may encounter differences in impedance (Е/Н, V/I, ete). At each interface, depending on the impedance match, 
some fraction of the wave's energy will reflect back to the source "4 forming a standing wave in the feed line. The ratio of 
‘maximum power to minimum power in the wave can be measured and is called the standing wave ratio (SWR). A SWR of 
1:1 is ideal. A SWR of 1.5:1 is considered to be marginally acceptable in low power applications where power loss is more 
critical, although an SWR as high as 6:1 may still be usable with the right equipment. Minimizing impedance differences at 
each interface (impedance matching) will reduce SWR and maximize power transfer through each part of the antenna 
system. 


(Complex impedance of an antenna is related to the electrical length of the antenna at the wavelength in use. The 
impedance of an antenna сап be matched to the feed line and radio by adjusting the impedance of the feed line, using the 
feed line as an impedance transformer. More commonly, the impedance is adjusted at the load (see below) with an 
antenna tuner, a balun, a matching transformer, matching networks composed of inductors and capacitors, or matching 
sections such as the gamma match, 


Efficiency 


Efficiency of a transmitting antenna is the ratio of power actually radiated (in all directions) to the power absorbed by the 
antenna terminals. The power supplied to the antenna terminals which is not radiated is converted into heat. This is 
usually through loss resistance in the antenna's conductors, but can also be due to dielectric or magnetic core losses in 
antennas (or antenna systems) using such components. Such loss effectively robs power from the transmitter, requiring a 
stronger transmitter in order to transmit a signal of a given strength. 


For instance, if a transmitter delivers 100 W into an antenna having an efficiency of 80%, then the antenna will radiate 
Во W as radio waves and produce 20 W of heat. In order to radiate 100 W of power, one would need to use a transmitter 
capable of supplying 125 W to the antenna. Antenna efficiency is separate from impedance matching, which may also 
reduce the amount of power radiated using a given transmitter. If an 5 
of reflected power, that means that 100 W have actually been absorbed by the antenna (ignoring transmission line losses). 
How much of that power has actually been radiated cannot be directly determined through electrical measurements at (or 
before) the antenna terminals, but would require (for instance) careful measurement of field strength. The loss resistance 
and efficiency of an antenna can be calculated. 


VR meter reads 150 W of incident power and 50 W 
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loss resistance will generally affect ће feedpoint impedance, adding to its resistive component. That resistance will consist 
of the sum of the radiation resistance Ry and the loss resistance Rigs. If a current I is delivered to the terminals of an 
antenna, then а power of IR, will be radiated and a power of Haas will be lost as heat. Therefore, the efficiency of an 
antenna is equal to Re / (Re + Rios). Only the total resistance R; + Ross can be directly measured. 


According to reciprocity, the efficiency of an antenna used as a receiving antenna is identical to the efficiency as defined 
above. The power that an antenna will deliver to a receiver (with a proper impedance match) is reduced by the same 
amount. In some receiving applications, the very inefficient antennas may have little impact on performance. At low 
frequencies, for example, atmospheric or man-made noise can mask antenna inefficiency. For example, CCIR Rep. 258-3 
indicates man-made noise in a residential setting at 40 MHz is about 28 dB above the thermal noise floor. Consequently, 
ап antenna with a 20 dB loss (due to inefficiency) would have little impact on system noise performance. The loss within 
the antenna will affect the intended signal and the noise/interference identically, leading to no reduction in signal to noise 
ratio (SNR). 


Antennas which are not a good fraction of a wavelength in size are inevitably inefficient due to their small radiation 
resistance. AM broadcast radios include a small loop antenna for reception which has an extremely poor efficiency. This 
has little effect on the receiver's performance, but simply requires greater amplification by the receiver's electronics. 
Contrast this tiny component to the massive and very tall towers used at AM broadcast stations for transmitting at the very 
‘same frequency, where every percentage point of reduced antenna efficiency entails a substantial cost. 


"The definition of antenna gain or power gain already includes the effect of the antenna's efficiency. Therefore, if one is 
trying to radiate a signal toward a receiver using a transmitter of a given power, one need only compare the gain of various 
antennas rather than considering the efficiency as well. This is likewise true for a receiving antenna at very high (especially 
microwave) frequencies, where the point is to receive a signal which is strong compared to the receiver's noise 
temperature. However, in the case of a directional antenna used for receiving signals with the intention of rejecting 
interference from different directions, one is no longer concerned with the antenna efficiency, as discussed above. In this 
case, rather than quoting the antenna gain, one would be more concerned with the directive gain which does not include 
the effect of antenna (in)efficieney. The directive gain of an antenna can be computed from the published gain divided by 
the antenna’ efficiency. 


Polarization 


"The polarization of an antenna refers to ће orientation of the electric field (x plan) of the radio wave with respect to the 
Earth's surface and is determined by the physical structure of the antenna and by its orientation. This is distinct from the 
antenna's directionality. Thus, a simple straight wire antenna will have one polarization when mounted vertically, and a 
different polarization when mounted horizontally. As a transverse wave, the magnetic field of a radio wave is at right 
angles to that of the electric field, but by convention, talk of an antenna's “polarization” is understood to refer to the 
direction of the electric field. 


Reflections generally affect polarization. For radio waves, one important reflector is the ionosphere which can change the 
waves polarization. Thus for signals received following reflection by the ionosphere (a skywave), a consistent polarization 
cannot be expected. For line-of-sight communications or ground wave propagation, horizontally or vertically polarized 
transmissions generally remain in about the same polarization state at the receiving location. Matching the receiving. 
antenna's polarization to that of the transmitter can make a very substantial difference in received signal strength. 


Polarization is predictable from an antenna's geometry, although in some cases it is not at all obvious (such as for the quac 
antenna). An antenna's linear polarization is generally along the direction (as viewed from the receiving location) of the 
antenna's currents when such a direction can be defined. For instance, a vertical whip antenna or Wi-Fi antenna vertically 
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oriented will transmit and receive in the vertical polarization. Antennas with horizontal elements, such as most rooftop TV 
antennas in the United States, are horizontally polarized (broadcast TV in the U.S. usually uses horizontal polarization). 
Even when the antenna system has a vertical orientation, such as an array of horizontal dipole antennas, the polarization 
is in the horizontal direction corresponding to the current flow. The polarization of a commercial antenna is an essential 
specification. 


Polarization is the sum of the E-plane orientations over time projected onto an imaginary plane perpendicular to the 
direction of motion of the radio wave. In the most general case, polarization is ellipt 
the radio waves varies over time. Two special cases are linear polarization (the ellipse collapses into a line) as discussed 
above, and circular polarization (in which the two axes of the ellipse are equal). In linear polarization the electric field of 
the radio wave oscillates back and forth along one direction; this can be affected by the mounting of the antenna but 
usually the desired direction is either horizontal or vertical polarization. In circular polarization, the electric field (and 
‘magnetic field) of the radio wave rotates at the radio frequency circularly around the axis of propagation. Circular or 
elliptically polarized radio waves are as right-handed or left-handed using the "thumb in the direction of the 
propagation” rule. For circular polarization, optical researchers use the opposite right hand rule from the one used by 
radio engineers. 


ıl, meaning that the polarization of 


sign: 


It is best for the receiving antenna to match the polarization of the transmitted wave for optimum reception. Intermediate 
‘matchings will lose some signal strength, but not as much as a complete mismatch. A circularly polarized antenna can be 
used to equally well match vertical or horizontal linear polarizations. Transmission from a circularly polarized antenna 
received by a linearly polarized antenna (or vice versa) entails a 3 dB reduction in signal-to-noise ratio as the received 
power has thereby been cut in half 


Impedance matching 


‘Maximum power transfer requires matching the impedance of an antenna system (as seen looking into the transmission 
line) to the complex conjugate of the impedance of the receiver or transmitter. In the case of a transmitter, however, the 
desired matching impedance might not correspond to the dynamic output impedance of the transmitter as analyzed as a 
source impedance but rather the design value (typically 50 ohms) required for efficient and safe operation of the 
transmitting circuitry. The intended impedance is normally resistive but a transmitter (and some receivers) may have 
additional adjustments to cancel a certain amount of reactance in order to "tweak" the match. When a transmission line is 
used in between the antenna and the transmitter (or receiver) one generally would like an antenna system whose 
impedance is resistive and near the characteristic impedance of that transmission line in order to minimize the standing 
wave ratio (SWR) and the increase in transmission in addition to supplying a good match at the 
‘transmitter or receiver itself 


Antenna tuning generally refers to cancellation of any reactance seen at the antenna terminals, leaving only a resistive 
impedance which might or might not be exactly the desired impedance (that of the transmission line). Although an 
antenna may be designed to have a purely resistive feedpoint impedance (such as a dipole 97% of a half wavelength long) 
this might not be exactly true at the frequency that it is eventually used at, In some cases the physical length of the 
antenna can be "trimmed" to obtain a pure resistance. On the other hand, the addition of a series inductance or parallel 
capacitance can be used to cancel a residual capacitative or inductive reactance, respectively. 


In some cases this is done in a more extreme manner, not simply to cancel a small amount of residual reactance, but to 
resonate an antenna whose resonance frequency is quite different from the intended frequency of operation. For instance, 
a "whip antenna" can be made significantly shorter than 1/4 wavelength long, for practical reasons, and then resonated 
using a so-called loading coil. This physically large inductor at the base of the antenna has an inductive reactance which is 
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the opposite of the capacitative reactance that such a vertical antenna has at the desired operating frequency. The result is 


а pure resistance seen at feedpoint of the loading coil; that resistance is somewhat lower than would be desired to match 
‘commercial coax. 


So an additional problem beyond canceling the unwanted reactance is of matching the remaining resistive impedance to 
the characteristic impedance of the transmission line. In principle this can be done with a transformer, however the turns 
ratio of a transformer is not adjustable. A general matching network with at least two adjustments can be made to correct 
both components of impedance. Matching networks using discrete inductors and capacitors will have losses associated 
with those components, and will have power restrictions when used for transmitting. Avoiding these difficulties, 
‘commercial antennas are generally designed with fixed matching elements or feeding strategies to get an approximate 
match to standard coax, such as 50 or 75 ohms. Antennas based on the dipole (rather than vertical antennas) may include 
a balun between the transmission line and antenna element, which may be integrated into any such matching network. 


Another extreme case of impedance matching occurs when using a small loop antenna (usually, but not always, for 
receiving) at a relatively low frequency where it appears almost as a pure inductor. Resonating such an inductor with a 
capacitor at the frequency of operation not only cancels the reactance but greatly magnifies the very small radiation 
‘of such a loop. This is implemented in most AM broadcast receivers, with a small ferrite loop antenna resonated 
һу a capacitor which is varied along with the receiver tuning in order to maintain resonance over the AM broadcast band 


Antenna types 


Antennas can be classified in various ways. The list below groups together antennas under common operating principles, 
following the way antennas are classified in many engineering textbooks 19116117 


Isotropic: An isotropic antenna (isotropic radiator) is a hypothetical antenna that radiates equal signal power in all 
directions, It is a mathematical model that is used as the base of comparison to calculate the gain of real antennas. No real 
antenna can have an isotropic radiation pattern. However approximately isotropic antennas, constructed with multiple 
elements, are used in antenna testing. 


"The first four groups below are usually resonant antennas; when driven at their resonant frequency their elements act as 
resonators. Waves of current and voltage bounce back and forth between the ends, creating standing waves along the 
elements. 


Dipole 
"The dipole is the prototypical antenna on which a large class of antennas are based. A basic dipole antenna consists of two 
conductors (usually metal rods or wires) arranged symmetrically, with one side of the balanced fee 
transmitter or receiver attached to еаеһ 1918) The most common type, the half-wave dipole, consists of two resonant 
elements just under a quarter wavelength long. This antenna radiates maximally in directions perpendicular to the 
antennas axis, giving it a small directive gain of 2.15 dBi. Although half-wave dipoles are used alone as omnidirectional 
antennas, they are also a building block of many other more complicated directional antennas. 


from the 


+ Yagi-Uda — One of the most common directional antennas at HF, VHF, and UHF frequencies. Consists of multiple half 
wave dipole elements in a line, with a single driven element and multiple parasitic elements which serve to create a 
uni-directional or beam antenna. These typically have gains between 10-20 dBi depending on the number of 
elements used, and are very narrowband (with a usable bandwidth of only a few percent) though there are derivative 
designs which relax this limitation. Used for rooftop television antennas, point-to-point communication links, and long 
distance shortwave communication using skywave ("skip") reflection from the ionosphere, 
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periodic dipole array — Often confused with the Yagi- 
аай cones e талу pol eran ong а BOOM 
“. eS with gradually increasing lengths, all connected to the 


< transmission line with alternating polarity. It is a directional 
a > antenna with a wide bandwidth. This makes it ideal for use 


“Ap аз a rooftop television antenna, although its gain is much 
less than a Yagi of comparable size. 
Yagi-Uda television + Tumstle — Two dipole antennas mounted at right angles, 
antenna for analog fed with a phase difference of 90°. This antenna is unusual 


in that it radiates in all directions (no nulls in the radiation 


onen 47 pattern), with horizontal polarization in directions coplanar 


68 MHz 


receiving signals from satellites, as circular polarization is 
transmitted by many satellites. 


+ Comer reflector - A directive antenna with moderate gain of about 8 dBi often used at 
ОНЕ frequencies. Consists of a dipole mounted in front of two reflective metal screens 
joined at an angle, usually 90°. Used as a rooftop UHF television antenna and for 

point-to-point data links. 


+ Patch (microstrip) — A type of antenna with elements 
‘consisting of metal sheets mounted over a ground plane. 
Similar to dipole with gain of 6-9 dBi. Integrated into 
surfaces such as aircraft bodies. Their easy fabrication 
using PCB techniques have made them popular in modern 
wireless devices. Often combined into arrays, 


Two-element tumstile 
antenna for reception of 
weather satelite data, 
137 MHz. Has circular 
polarization. 


Monopole 
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with the elements, circular polarization normal to that plane, 
and eliptical polarization in other directions. Used for 


“Rabbit ears" dipole 
antenna for VHF 
television reception 


Log-periodic dipole 
array covering 140- 
470 MHz 


Corner reflector UHF TV 
antenna with "bowtie" 
dipole driven element 


1628 


1262017 Antenna (racio) - Wkpedia 
‘Monopole antennas consist of a single conductor such as a metal rod, mounted over the ground or an artificial conducting 
surface (a so-called ground plane) "®" One side of the feedline from the receiver or transmitter is connected to the 
conductor, and the other side to ground or the artificial ground plane. The monopole is best understood as a dipole 
antenna in which one conductor is omitted; the radiation is generated as if the second arm of the dipole were present due 
to the effective image current seen as a reflection of the monopole from the ground. Since all of the equivalent dipoles 
radiation is concentrated in a half-space, the antenna has twice (3 dB increase of) the gain of a similar dipole, not 
considering losses in the ground plane 


"The most common form is the quarter-wave monopole which is one-quarter of a 
wavelength long and has a gain of 5.12 dBi when mounted over a ground plane. Monopoles 
have an omnidirectional radiation pattern, so they are used for broad coverage of an area, 
and have vertical polarization. The ground waves used for broadcasting at low frequencies 
must be vertically polarized, so large vertical monopole antennas are used for broadcasting. 
in the MF, LF, and VLF bands. Small monopoles are used as nondirectional antennas on 


Quarter-wave whip portable radios in the HF, VHF, and UHF bands. 

antenna on an FM radio 

for 88-108 MHz + Whip Type of antenna used on mobile and portable radios in the VHF and UHF bands 
¡such as boom boxes, consists of a flexible rod, often made of telescoping segments. 


icky — Most common antenna used on portable two los and 
janes due to its compactness, consists of an ele wire helix. 
The helix adds inductance to cancel the capacitive reactance of the short radiator, 
making it resonant. Very low gain. 


+ Ground plane — a whip antenna with several rods 
extending horizontally from base of whip attached to the Rubber Ducky antenna 
ground side of the feedline. Since whips are mounted a ME: wal 
above ground, the horizontal rods form an artificial ground , 

Jane under the antenna to increase its gain. Used as base {ае with rubber cover 
Station antennas for land mobi ystems such as removed 
police, ambulance a 


itchers. 


МНЕ ground plane 
antenna 


» Mast radiator — A radio tower in which the tower structure itself serves as the antenna. Common form of transmitting 
antenna for AM radio stations and other MF and LF transmitters. At їз base the tower is usually, but not necessarily, 
mounted on a ceramic insulator to isolate f from the ground. 


mu ted L - Consist of a long horizontal wire suspended between two towers with insulators, with a vertical 
wire hanging down from it, attached to a feedline to the receiver or transmitter. Used on LF and VLF bands. The 
vertical wire serves as the radiator. Since at these frequencies the vertical wire is electrically short, much shorter than 
a quarter wavelength, the horizontal wire(s) serve as a capacitive "hat" to increase the current in the vertical radiator, 
increasing the gain. Very narrow bandwidth, requires loading coil to tune out any remaining capacitive reactance, 
Requires low resistance ground (electricity) 
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* Inverted F — Combines the advantages of the compactness 
Ofinveried-L antenna, and the good matching of the F-type 
antenna. The antenna is grounded at the base and fed at 
Some intermediate point. The position ofthe feed point 
determines the antenna impedance. Thus, matching can be 
achieved without the need for an extraneous matching 
network. 

+ Umbrella - Very large wire transmitting antennas used on 
VLF bands. Consists of a central mast radiator tower 


T antenna of amateur attached at the top to multiple wires extending out radially 
radio station, 80 ft high, from the mast to ground, ike a tent or umbrella, insulated 
used at 1.5 MHz atthe ends. Extremely narrow bandwidth, requires large 


loading сой and low resistance counterpoise ground. Used 
for long range military communicatio 


Mast radiator antenna of 
medium wave AM radio 
station, Germany 


Array 
Array antennas consist of multiple antennas working as a single antenna. ‘Typically they consist of 


arrays of identical driven elements, usually dipoles fed in phase, giving increased gain over that of a А 
single dipole iets 


+ Collinear - Consist of a number of dipoles in a vertical line. It is a high gain omnidirectional 
antenna, meaning more of the power is radiated in horizontal directions and less into the sky ог 
ground and wasted. Gain of 8 to 10 dBi. Used as base station antennas for land mobile radio 
Systems such as police, fire, ambulance, and taxi dispatchers, and sector antennas for cellular 


base stations. 


VHF collinear 
атау of folded 
dipoles 


+ Reflective array - multiple dipoles in a two-dimensional array mounted in front of a flat reflecting screen. Used for 
radar and UHF television transmitting and receiving antennas. 


+ Phased array - А high gain antenna used at UHF and microwave frequencies which is electronically steerable. It 

ists of multiple dipoles in a two-dimensional array, each fed through an electronic phase shifter, with the phase 
shifters controlled by a computer control system. The beam can be instantly pointed in any direction over a wide 
angle in front of the antenna. Used for military radar and jamming systems. 
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Antennas Made of Wire - Volume 2 


The remaining question is whether the patterns are as well 
behaved as the SWR curve. In Chapter 29, we could not fairly 
evaluate this facet of performance because we took the patterns 
broadside to the plane of the two wires. In practice, at least the 
narrow versions of the antenna twist and turn in the wind and 
weather and hence may wash out any difference that we might find 
between edgewise and broadside behavior. However, the wider 
versions of the antenna would likely have a fixed non-twisting 
installation set-up. Most likely, that set-up would place all of the 
wires parallel to the ground. Hence, it will be useful to look at the 
edgewise performance. 


The following brief table samples both the edgewise and broadside 
free-space gain values of the narrow, medium, and wide versions of 
the 280 2-wire terminated antenna. 


Despite its brevity and incompleteness, the chart generally confirms 
the trend noted in Chapter 29: as we increase the spacing between 
the conductors of a 2-wire terminated antenna, the gain generally 
rises. The rise does not occur for all frequencies at every widening, 
as shown by the move from 5' to 15' at 5 MHz, if we look at the 


Chapter 36 
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US Air Force PAVE 
PAWS phased array 


radar antenna for 
balistic missile 
detection, Alaska, The 


Reflective array UHF TV two circular arrays are 
antenna, with 8 bowtie each composed of 2677 
dipoles to cover the crossed dipole 

UHF 470-890 MHz band antennas. 


+ Curtain array - Large directional wire transmitting antenna used at HF by shortwave 
broadcasting stators, consists of a verical rectangular array of wre dps 
suspended in front of a flat reflector screen consisting of a vertical "curtain" of parallel 
wires, all supported between two metal towers. It radiates a horizontal beam of radio 
waves into the sky above the horizon, which is reflected by the ionosphere to Earth 
beyond the horizon 


Curtain array shortwave 
transmitting antenna, 
Austria. Wire dipoles 
suspended between 
towers 


+ Batwing or supertumstile - A specialized antenna used in television broadcasting 
‘consisting of perpendicular pairs of dipoles with radiators resembling bat wings. Multiple 
batwing antennas are stacked vertically on a mast to make VHF television broadcast 
antennas. Omnidirectional radiation patter with high gain in horizontal directions. The 
batwing shape gives them wide bandwidth, 


+ Microstrip - an array of patch antennas on a substrate fed 
by microstrip feedlines. Microwave antenna that can 
chiave largo gains in compact space. Ease of fabrication 
by PCB techniques have made them popular in modern 
wireless devices. Beamwidth and polarization can be 


actively reconfigurable. 


Flat microstrip array 
antenna for satelite TV 
reception 


Batwing VHF television. 
broadcasting antenna 
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Loop 
Loop antennas consist of a loop (or col) of wire "81221231 Loops with 

circumference of a wavelength (or integer multiple of the wavelength) are 

redouant and ant somewhat similatiy to the half-wave dipolo. However a 

Joop small in comparison tothe wavelcagta, alo called « magnetic loop, 

performs quite differently. This antenna interacts directly with the 

magnetic field of the radio wave, making it relatively insensitive to nearby [оор antenna for 
electrical noise. However it has a very small radiation resistance, typically "siting a ah 
much smaller than the loss resistance, making it inefficient and thus 


diameter 
ing. They are used as receiving antennas at low radio 


Separate loop 
antenna for AM 


undesirable for transmit 


frequencies, and also as direction finding antennas. 


+ Ferrite (loopstick) - These are used as the receiving antenna in 
constet А operating in the medium wave 
broadcast band ( frequencies), a notable exception being 
car radios. Wire is coiled around a ferrite core which greatly 


Ferrite loopstick antenna from an AM broadcast increases the coils inductance. Radiation pattem is maximum at 
radio, about 4 in (10 cm) long. The antenna is directions perpendicular to the ferrite rod. The null direction of 


e ar EN p aar i 

cova ston на bab R ag a аза acral te ere 

capacitor, forms the tuned circuit at the Input useful than the maximal directionality because the null direction 

stage of the receiver. can be used to reject unwanted signals from interfering stations, 
Preside mom tae lo vá vest b 
кыр e 


+ Quad - consists of multiple wire loops in a line with one functioning as the driven 
element, and the others as parasitic elements. Used as a directional antenna on А 
the HF bands for shortwave communication. 


A tworelement quad antenna 
used by an amateur radio 
station. 


Aperture 

‘Aperture antenas are не main type of directional antennan авй MÀ (€ MÀ 
and above 9129 They consist of a small dipole or loop feed antenna inside a three- 
dimensional guiding structure large compared to a wavelength, with an aperture to emit the aw“ 
adio waves Since tbe айван structure faci i nouressmant (he caa be wel over a wide 

frequency range by replacing or tuming the feed antenna, 


Dielectric lens 


+ Parabolic - The most widely used high gain antenna at microwave frequencies and 
above. Consists of a dish-shaped metal parabolic reflector with a feed antenna at the antenna used in 
focus. It can have some of the highest gains of апу antenna type, up to 80 dB, but the milimeter wave radio 
dish must be large compared to a wavelength. Used for radar antennas, point-to-point talescopa 


data links, satelite communication, and radio telescopes 
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+ Horn - Simple antenna with moderate gains of 15 to 25 dBi 
consists of a flaring metal hom attached to a waveguide. 
Used for applications such as radar guns, radiometers and 

as feed antennas for parabolic dishes. © 


Microwave hom antenna 
bandwidth 0.8-18 GHz 


NASA Cassegrain 
parabolic spacecraft 
communication antenna, 
Australia. Uses X band, 
8-12 GHz. Extremely 
high gain ~70 dBi. 


+ Slot- Consist of a waveguide with one or more slots cut in it to emit the microwaves, 
Linear slot antennas emit narrow fan-shaped beams. Used as UHF broadcast antennas 
and marine radar antennas. 


+ Dielectric resonator - consists of small ball or puck-shaped piece of dielectric material 
‘excited by aperture in waveguide Used at millimeter wave frequencies 


X band marine radar slot 
antenna on ship, 8 — 
12 GHz 


Traveling wave 
Unlike the above antennas, traveling wave antennas are nonresonant so they have inherently broad bandwidth 19029 
‘They are typically wire antennas multiple wavelengths long, through which the voltage and current waves travel in one 
direction, instead of bouncing back and forth to form standing waves as in resonant antennas. They have linear 
polarization (except for the helical antenna). Unidirectional traveling wave antennas are terminated by a resistor at one 
end equal to the antenna's characteristic resistance, to absorb the waves from one direction. This makes them inefficient 
as transmitting antennas. 

+ Random wire - This describes the typical antenna used to receive shortwave radio, 

consisting of a random length of wire either strung outdoors between supports or indoors 


nr in a zigzag pattern along walls, connected to the receiver at one end. Can have complex 
radiation patterns with several lobes at angles to the wire. 


+ Beverage - Simplest unidirectional traveling wave antenna. Consists of a straight wire one 
— === 10 several wavelengths long, suspended near the ground, connected to the receiver at one 


A typical random wire. ‘end and terminated by a resistor equal to its characteristic impedance, 400 to 8000 at the 
antenna for shortwave other end. Its radiation pattern has a main lobe at a shallow angle in the sky off the 
reception, strung terminated end. It is used for reception of skywaves reflected off the ionosphere in long 


between two buildings. distance "skip" shortwave communication 
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+ Rhombic - Consists of four equal wire sections shaped like a rhombus. Itis fed by a 
balanced feediine at one of the acute corners, and the two sides are connected to a 
resistor equal to the characteristic resistance of the antenna at the other. It has a main 
lobe in a horizontal direction off the terminated end of the rhombus. Used for skywave 

communication on shortwave bands. 


+ Helical (axial mode) - Consists of a wire in the shape of a 
helix mounted above a reflecting screen. It radiates 
;olarized waves in a beam off the end, with a 
(of 15 dBi. It is used at VHF and UHF 
frequencies. Often used for satellite communication, which 
uses circular polarization because itis insensitive to the 


Quadrant antenna, 
similar to rhombic, at an 
Austrian shortwave 


relative rotation on the beam axis. broadcast station 
Radiates horizontal 
+ Leaky wave - Microwave antennas consisting of a beam at 5-9 MHz 


‘waveguide or coaxial cable with a slot or apertures cut in it 


so it radiates continuously along its length. oy 


Атау of four ac ode 
helical antennas used 
for satellite tracking, 
France 


Effect of ground 


Ground reflections is one of the common types of multipath 25127123) 


"The radiation pattern and even the driving point impedance of an antenna can be influenced by the dielectric constant and. 
especially conductivity of nearby objects, For a terrestrial antenna, the ground is usually one such object of importance. 
"The antenna's height above the ground, as well as the electrical properties (permittivity and conductivity) of the ground, 
сап then be important. Also, in the particular case of a monopole antenna, the ground (or ап artifical ground plane) 
serves as the return connection for the antenna current thus having an additional effect, particularly on the impedance 
seen by the feed line. 


When an electromagnetic wave strikes a plane surface such as the ground, part of the wave is transmitted into the ground 
and part of it is reflected, according to the Fresnel coefficients If the ground is a very good conductor then almost all of the. 
wave is reflected (180° out of phase), whereas a ground modeled as a (lossy) dielectric can absorb a large amount of the 
wave's power. The power remaining in the reflected wave, and the phase shift upon reflection, strongly depend on the. 
wave's angle of incidence and polarization. The dielectric constant and conductivity (or simply the complex dielectric. 
constant) is dependent on the soil type and is a function of frequency. 


For very low freque (<30 MHz), the ground behaves as a lossy di 


characterized both by a 


to high freque 
induct 


ity! and permittivity (dielectric constant) which can be measured for a given soil (but 
is influenced by fluctuating moisture levels) or can be estimated from certain maps. At lower frequencies the ground acts 
mainly as a good conductor, which AM middle wave broadcast (.5 - 1.6 MHz) antennas depend on. 


At frequencies between 3 and 30 MHz, a large portion of the energy from a horizontally polarized antenna reflects off the 
ground, with almost total reflection at the grazing angles important for ground wave propagation. That reflected wave, 
with its phase reversed, can either cancel or reinforce the direct wave, depending on the antenna height in wavelengths 
and elevation angle (for a sky wave). 
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On the other hand, vertically polarized radiation is not well reflected by the ground except at grazing incidence or over 
very highly conducting surfaces such as sea water b However the grazing angle reflection important for ground wave 
propagation, using vertical polarization, is in phase with the direct wave, providing a boost of up to 6 db, as is detailed 
below. 


At VHF and above (>30 MHz) the ground becomes a poorer reflector. 
However it remains a good reflector especially for horizontal polarization aim 
and grazing angles of incidence. That is important as these higher " 
frequencies usually depend on horizontal line-of-sight propagation (except K a 
for satellite communications), the ground then behaving almost as a 1 

4 


тош 
"The net quality of a ground reflection depends on the topography of the 
surface. When the irregularities of the surface are much smaller than the 
wavelength, the dominant regime is that of specular reflection, and the Тһе wave reflected by earth can be 
receiver sees both the real antenna and an image of the antenna under the considered as emitted by the image 
ground due to reflection. But if the ground has irregularities not small antenna. 

‘compared to the wavelength, reflections will not be coherent but shifted by 

random phases. With shorter wavelengths (higher frequencies), this is 

generally the case. 


Whenever both the receiving or transmitting antenna are placed at significant heights above the ground (relative to the 
wavelength), waves specularly reflected by the ground will travel a longer distance than direct waves, inducing a phase 
shift which can sometimes be significant. When a sky wave is launched by such an antenna, that phase shift is always 
significant unless the antenna is very close to the ground (compared to the wavelength). 


"The phase of reflection of electromagnetic waves depends on the polarization of the incident wave. Given the larger 
refractive index of the ground (typically n=2) compared to air (n=1), the phase of horizontally polarized radiation is 
reversed upon reflection (a phase shift of y radians or 180°). On the other hand, the vertical component of the waves 
electric field is reflected at grazing angles of incidence approximately in phase. These phase shifts apply as well to a 
ground modelled as a good electrical conductor. 


"This means that a receiving antenna "sees" an image of the antenna but 
with reversed currents. That current is in the same absolute direction as 
the actual antenna if the antenna is vertically oriented (and thus vertically - 
Polarized) but opposite the actual antenna if the antenna current is 
horizontal. 


‘The actual antenna which is transmitting the orginal wave then also may 
receive a strong signal from its own image from the ground. This wil 
induce an additional current in the antenna element, changing the current The currents in an antenna appear as an 
at the feedpoint for a given feedpoint voltage. Thus the antennas image in opposite phase when reflected 
impedance, given by the ratio of feedpoint voltage to current, is altered 91970970 angles, The causes a phase 
. tothe ground. This can be quite a (NEAL wavos eme bY a 
significant effect when the antenna is within a wavelength or two ofthe posa vena polos anos 
ground. But as the antenna height is increased, the reduced power ofthe (center) 

reflected wave (due to the inverse square law) allows the antenna to 

approach its asymptotic feedpoint impedance given by theory. At lower 
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heights, the effect on the antenna's impedance is very sensitive to the exact distance from the ground, as this affects the 
phase of the reflected wave relative to the currents in the antenna. Changing the antenna's height by a quarter wavelength, 


then changes the phase of the reflection by 180°, with a completely different effect on the antenna's impedance. 


"The ground reflection has an important effect on the net far field radiati n in the vertical plane, that is, as a 


function of elevation angle, which is thus different between a vertically and horizontally polarized antenna, Consider an 


antenna at a height h above the ground, transmitting a wave considered at the elevation angle Ө. For a vertically polarized 
transmission the magnitude of the electric field of the electromagnetic wave produced by the direct ray plus the reflected 
ray ist 


[Ev] = 2184 |сов(Ж® ein) 


"Thus the power received can be as high as 4 times that due to the direct wave alone (such as when 9=0), following the 
square of the cosine, The sign inversion for the reflection of horizontally polarized emission instead results in: 


Eu 


2184] Е] 
чаа 


+ в is the electrical field that would be received Бу the direct wave if there were no ground. 
+ 615 the elevation angle of the wave being considered. 
+ xis the wavelength. 
+ his the height of the antenna (half the distance between the antenna and its image). 

For horizontal propagation between transmitting 


and receiving antennas situated near the ground 


reasonably far from each other, the distances 

traveled by the direct and reflected rays are nearly > NZ 

the same. There is almost no relative phase shift. = > 

If the emission is polarized vertically, the two 

ба (ct and reflected) add and there а Fda ate otantennas sn r magos refecied by he 
; ground. At left the polarization is vertical and there is always а 

жалан OF received signal 16 the maximum for #=0. If the polarization is horizontal as at right, there 

polarized horizontally, the two signals subtract Coup zero lorc 

and the received signal is largely cancelled. The 

vertical plane radiation patterns are shown in the 


ignal is 


image at right. With vertical polarization there is always a maximum for 


» horizontal propagation (left pattern). For 
horizontal polarization, there is cancellation at that angle. Note that the above formulae and these plots assume the. 
ground as a perfect conductor. These plots of the radiation pattern correspond to a distance between the antenna and its 
image of 2.5). As the antenna height is increased, the number of lobes increases as well 


"The difference in the above factors for the case of -0 is the reason that most broadcasting (transmissions intended for the 
public) uses vertical polarization. For receivers near the ground, horizontally polarized transmissions suffer cancellation. 
d. In some applications where the. 
phones, the base station antennas use mixed polarization, such 
tion at an angle (with both vertical and horizontal components) or circular polarization. 


For best reception the receiving antennas for these signals are likewise vertically pol 


receiving antenna must work in any position, as in mobil 
as linear pol 
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On the other hand, analog television transmissions are usually horizontally polarized, because in urban areas buildings 
can reflect the electromagnetic waves and create ghost images due to multipath propagation. Using horizontal 
polarization, ghosting is reduced because the amount of reflection in the horizontal polarization off the side of a building 
generally less than in the vertical direction. Vertically polarized analog televisi 
digital terrestrial television such reflections are less problematic, due to robustness of binary transmissions and error 
correction, 


have been used in some rural areas. In 


Mutual impedance and interaction between antennas 


Current circulating in one antenna generally induces a voltage across the feedpoint of nearby antennas or antenna 
elements. The mathematics presented below are useful in analyzing the electrical behaviour of antenna arrays, where the 
properties of the individual array elements (such as half wave dipoles) are already known. If those elements were widely 


separated and driven in a certain amplitude and phase, then each would act independently as that element is known to. 


However, because of the mutual interaction between their electric and magnetic fields due to proximity, the currents in 
ach element are not simply a function of the applied voltage (according to its driving point impedance), but depend on 
the currents in the other nearby elements, This now is a near field phenomenon which could not be properly accounted for 
using the Friis transmission formula for instance. This near field effect creates a different set of currents at the antenna 
terminals resulting in distortions in the far field radiation patterns; however, the distortions may be removed using a 


simple set of network equations 821 


‘The elements feedpoint currents and voltages can be related to each other using the concept of mutual impedance 5, 
between every pair of antennas just as the mutual impedance м describes the voltage induced in one inductor by a 
current through a nearby coil coupled to it through a mutual inductance М. The mutual impedance z between two 
antennas is defined! as: 
a 
21 2 


ü 


where 


is the current flowing in antenna i and v; is the voltage induced at the open-circuited feedpoint of antenna j due 
to iı when all other currents i are zero. The mutual impendances can be viewed as the elements of a symmetric square 


а 


impedance matrix Z. Note that the diagonal elements, Z, are simply the driving point impedances of each element. 


& 


Using this definition, the voltages present at the feedpoints of a set of coupled antennas can be expressed as the 


multiplication of the impedance matrix times the vector of currents. Written out as discrete equations, that means: 
т = úZu + 20 + c + Аһ 
w = úZa + iZ + © + dnem 
vn = ii Zi + im + 4 i Zan 

where 


+ «ys the voltage at the terminals of antenna i 
* is the current flowing between the terminals of antenna i 
+ 2, is the driving point impedance of antenna ĩ 


+ z is the mutual impedance between antennas { and j. 
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Spacinain wavelengths 
Mutual impedance between parallel 3 dipoles not staggered. 
Curves Re and Im are the resistive and reactive parts of th 


Asis the ease for mutual inductances, 
Zy = Яя. 


"This is a consequence of Lorentz reciprocity. For an antenna element # not connected to anything (open circuited) one can 
write z. = 0. But for an element # which is short circuited, a current is generated across that short but no voltage is 
allowed, so the corresponding v; = 0. This is the case, for instance, with the so-called parasitic elements of a Yagi-Uda 
antenna where the solid rod can be viewed as a dipole antenna shorted across its feedpoint. Parasitic elements are 
unpowered elements that absorb and reradiate RF energy according to the induced current calculated using such a system 
of equati 


With a particular geometry, it is possible for the mutual impedance between nearby antennas to be zero, This is the case, 
for instance, between the crossed dipoles used in the turnstile antenna. 


See also 


+ Category Radio frequency antenna types 
+ Category Radio frequency propagation 
* Cellular repeater 
+ DXing 
+ Electromagnetism 
* Mobile broadband modem 
+ Numerical Electromagnetics Code 
* Radial (radio) 
+ Radio masts and towers 
+ RF connector 
+ Smart antenna 
+ TETRA 
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broadside gain value. Nevertheless, the general gain trend is 
upward with wider element spacing. 


At the same time, sampling the edgewise gain values introduces a 
new dimension to 2-wire performance: a gain differential between 
the heading of maximum gain and a heading 180 degrees opposite. 
The chart calls this difference a front-to-back ratio. For narrow 
spacing, the differential is minuscule and operationally insignificant. 
Even at medium spacing (5' for a 250' antenna or 2%), only one of 
the listed values is potentially problematical. However, when the 
spacing reaches 15' (6%), the differential grows to troublesome 
proportions. At 15 MHz, the maximum gain in the favored direction 
is 3.28 dBi, but in the opposite direction the gain drops to -1.22 dBi. 
For modest front-to-back values, the front-to-back ratio is roughly 
twice the differential between the edgewise and the broadside gain. 
However, as we increase frequency and encounter higher 
differentials, the front-to-back ratio climbs at a faster rate. This 
phenomenon suggests that the pattern may undergo some serious 
distortion relative to the nearly perfect bi-directional patterns we 
expect from the narrow version of the antenna. 


Chapter 36 


Dummy Load Construction 


Building a Dummy Load 


and 


Measuring Power Accurately 
by Ken, KAEAA 


Building the Dummy Load 


This is a take-off on a Dummy load that I've built in many different forms over the years. It uses a number of non-inductive 
resistors in parallel to achieve 50 Ohms over a wide frequency range. It is submerged in oil to allow somewhat extended 
operation during tuning or repair procedures. The advantages are: (1) It's cheap, (2) It provides a very pure 50 Ohm 
resistive load through 30MHz and beyond, (3) You can easily add power measurement and rig testing capability. 


This one is conservatively designed for rigs that have power output levels up to 130W, such as the Kenwood hybrid lineup. 1 
built it into a one-quart paint can, readily available at Ace Hardware for about 89 cents. I've used it for about a year now. А 
few hundred of your service rigs that you have sent to me have been loaded up into this dummy, and it is still like the day it 
was built. | know, because | had to take it apart to take these photos! It still measures 49.9 Ohms, even after all those rigs, 
all that power! 


Note: The normal failure mode for resistors is to go UP in resistance value. If you think you have "fried your dummy," check it's 
resistance value - If it is much higher than 50 ohms, you have successfully cooked it. This dummy load will be very hard to destroy. 


The parts required to build it are the Ace Hardware one-quart paint can or similar, twenty 1K 3W metal film or metal 
oxide resistors, a small brass sheet, also available at Ace, and an SO-239 connector, preferably single hole mount. Mine 
was built with a BNC connector, because all my home-brew rigs use BNC, but you'd probably find it more convenient using 
the SO-239, for your PL-259 plugs. 


To add the optional power measurement capability, you'll also need a pair of red and black banana jacks or binding posts, 
and a BAV21 signal diode or similar, 7 cents quantity one at Mouser. 


Construction Details 


Drill a hole in the center of the paint can lid that will accomodate your connector. Cut out two pieces of brass sheet using tin 
snips to a size that will easily fit into the paint can. It's quick to just cut two squares and the snip the corners off, forming an 
approximation of an octagon. Stack these brass octagon sheets and drill 20 holes staggered around the periphery. Nothing 
is critical, you simply want to keep the resistors spaced apart a bit in the oil bath. After drilling the brass sheets, including а 
hole for your SO-239 connector in the center at the top, and a small hole for the lead for the center conductor on the bottom 
sheet, you can solder the resistors in place. 


Note on easy assembly - Solder all 20 resistors to one plate, and then, starting at one corner, and working toward the 
opposite corner, cut the lead lengths starting from your minimum length, to progressively longer as you work towards the 
opposite corner. This will allow you to insert a few leads at a time as you combine the two plates. If they are all the same 
length, it will be very hard indeed to thread the 20 resistor leads into the bottom plate! You can find the resistor kit for sale 
HERE 


Here is a photo of a completed assembly connected to the paint can lid. 


Here is another picture of the assembly, showing the connector and the optional binding posts. 1 used a BNC connector, but 
you probably want to use an SO-239. 


For those of you that wish to add power monitoring capabilities, you have to add two binding posts by drilling two additional 
holes, and mounting the posts. The following picture shows two 1N4148 signal diodes wired in series from the center 
conductor to the red binding post. | recommend the BAV21 250V signal diode. | used the two 1N4148' after checking their 
reverse breakdown, because I had lots of them. The "доор" around the base of the binding posts is some silicone bathroom 
caulk added to keep the oil from weeping through the mounts. The black binding post simply attaches to ground. 


Next, we fill the quart paint can with mineral oil, which is a safe (You can actually drink it! - No PCB's for our dummy!), 
inexpensive, and readily available. The mineral oil works very well for conducting heat away from our resistors - It enables us 
to use 60W worth of resistors safely with a 130W rig. 


Lastly, we complete assembly by attaching the lid to the mineral-oil filled paint can. 


Now welll find out how to use the optional diodes and binding posts that we've included in the dummy load.. 
Measuring Power Accurately 


The signal from your transmitter or transceiver is an almost perfect sine wave. We know this because the harmonics are at 
least 40 dB down from the carrier. When we measure the peak voltage from the detector (Ihe BAV21), we are measuring 
within one percent of the true peak value of our carrier, not including the diode drop; we will add that back in later. 


For power measurements, | recommend that a 0.01uf disk ceramic of at least 250V rating be connected between the binding 
posts. This will charge to the peak voltage applied to the 50-Ohm load, less the diode drop. You can then measure this 
voltage with your DVM. 


Let's assume you measure 99.6V with your DVM. Add 0.4V for the forward drop across the BAV21 for a total peak voltage 
reading of 100V. The diode drop is a constant, always add 0.4V to your reading! (This assumes you are using a DVM or 
scope with an input impedance of 10 Megohms. For 100V DC, the forward current will be 10ua, for a forward drop of 0.4V) 


Since this is a peak voltage, we need to divide by the square root of two to get RMS voltage. Take your calculator and divide 
by 1414. 


100 divided by 1.414 equals 70.72 Vrms. 


To calculate power, we take the RMS voltage, square it, and divide by the load impedance, which in our case is ALWAYS 50 
Ohms! 


(70.72)^2 / 50 = 100W 


So the output power, dependant on the accuracy of your DVM, is nearly 100W. If your DVM is accurate, say within 1% on 
DC voltage measurements, you have nailed your rig's output power within 2%, or 2W! 


That's good. Consider a Bird Wattmeter. Their specified accuracy, when new & calibrated, is 5.0% of full-scale when the 
measurement is at 1/2 scale. So, for example, a 200W element used to measure the 100W output of your rig can fall 

within 10W, so your 100W rig might measure 90w to 110W and still be within the calibrated accuracy specification. That's 
20W of ambiguity. On the other hand, when power is measured by looking at the peak voltage, accuracy is a function of your 
DVM accuracy, plus the distortion in your output signal, the total of which may be on the order of 296 - - That's a 98W to 102W 
measurement, substantially more accurate! 


One More Time 
We'll do this once more, just for drill. Assume you measure 49.6V across the 0.01uf capacitor. Add 0.4V for the diode drop, 
for a total of 50V peak. Divide by the square root of 2, or approx. 1.414. That gives us about 35.4Vrms. Square and divide 
by 50 Ohms, and we get 25W. Half the voltage, one-fourth the power. 

If you place your power meter inline while you are taking this measurement, you can then calibrate it to your calculated power 


output measurement. | use these measurements, together with a calibrated Fluke DVM, to calibrate my power meters, and 
then I know my power measurements into my dummy load, or any 50 Ohm resistive load, are quite accurate. 


Other Measurements 


Once you have the rectified output signal available from your dummy load, you can make other measurements. By selecting 
a filter capacitor and a parallel resistor across your binding posts to tailor your time constant, you can check the CW keying 
waveform across your binding posts, for instance. Here is the schematic for the load. 
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Introduction 


QAn antenna is an electrical conductor or 
system of conductors 
o Transmission - radiates electromagnetic energy 
into space 
o Reception - collects electromagnetic energy 
from space 
QIn two-way communication, the same 
antenna can be used for transmission and 
reception 


Radiation Patterns 


Radiation pattern 


о Graphical representation of radiation properties of an 
antenna 


о Depicted as two-dimensional cross section 
О Beam width (or half-power beam width) 
o Measure of directivity of antenna 
o Angle within which power radiated is at least half of that 
in most preferred direction 
О Reception pattern 
o Receiving antenna's equivalent to radiation pattern 


О Omnidirectional vs. directional antenna 


Types of Antennas 


О Isotropic antenna (idealized) 
o Radiates power equally in all directions 
О Dipole antennas 
о Half-wave dipole antenna (or Hertz antenna) 
о Quarter-wave vertical antenna (or Marconi antenna) 
О Parabolic Reflective Antenna 
o Used for terrestrial microwave and satellite applications 


o Larger the diameter, the more tightly directional is the 
beam 


Antenna Gain 


Antenna gain 
o Power output, in a particular direction, 
compared to that produced in any direction by 
a perfect omnidirectional antenna (isotropic 
antenna) 
ОЕхргеѕѕеа in terms of effective area 
o Related to physical size and shape of antenna 


Antenna Gain 


Relationship between antenna gain and effective 
area 


* G = antenna gain 

* A, = effective area 

e f= carrier frequency 

e c = speed of light (= 3 x 108 m/s) 
* A = carrier wavelength 


Propagation Modes 
О Ground-wave propagation 
OSky-wave propagation 
ALine-of-sight propagation 


Ground Wave Propagation 


signal 
propagation 


transmit 
antenna 


receive 
antenna 


Ground Wave Propagation 


UFollows contour of the earth 

UCan Propagate considerable distances 
Frequencies up to 2 MHz 

C Example 

о AM radio 
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Sky Wave Propagation 


Sky Wave Propagation 


О Signal reflected from ionized layer of atmosphere 
back down to earth 
О Signal can travel a number of hops, back and 
forth between ionosphere and earth's surface 
Reflection effect caused by refraction 
О Examples 
o Amateur radio 
o CB radio 
o International broadcasts 


Line-of-Sight Propagation 


signal 
propagation 


transmit. 
antenma 


Line-of-Sight Propagation 


О Above 30 MHz neither ground nor sky wave 
propagation operates 

О Transmitting and receiving antennas must be 
within line of sight 


o Satellite communication - signal above 30 MHz not 
reflected by ionosphere 


o Ground communication - antennas within effective line 
of site due to refraction 
О Refraction - bending of microwaves by the 
atmosphere 


о Velocity of electromagnetic wave is a function of the 
density of the medium 


o When wave changes medium, speed changes 
о Wave bends at the boundary between mediums 


Line-of-Sight Eguations 


optical line of sight 
а 23.574 h 


Effective, or radio, line of sight 


d 23.574 KA 


* d = distance between antenna and horizon 
(km) 

• h = antenna height (m) 

* К = adjustment factor to account for 
refraction, rule of thumb К = 4/3 


Line-of-Sight Eguations 


Maximum distance between two antennas 
for LOS propagation: 


s. KI, + Kh, ) 


Hi = height of antenna one 
e h, = height of antenna two 


LOS Wireless Transmission 
Impairments 


Attenuation 

o Free space loss 
distortion 
Dispersion 

Noise 

other effects: 

o Atmospheric absorption 
o Multipath 

o Refraction 


Attenuation 


Strength of signal falls off with distance over 
transmission medium 


Q Attenuation factors for unguided media: 
o Received signal must have sufficient strength so that 
circuitry in the receiver can interpret the signal 
o Signal must maintain a level sufficiently higher than 
noise to be received without error 
o Attenuation is greater at higher freguencies, causing 
distortion 


Free Space Loss 


О Free space loss, ideal isotropic antenna 


B (Ad) (ала) 
P X E c? 


r 


* P, = signal power at transmitting antenna 

e P, = signal power at receiving antenna 

* A = carrier wavelength 

* d = propagation distance between antennas 

* с = speed of light (= 3 x 108 m/s) 

where d and à are in the same units (e.g., meters) 


Free Space Loss 


Free space loss equation can be recast: 


P And 
Ly, =10log— = 2010; 
dB Sp : A | 


Е 


= -20log(A )+ 201og(d )+ 21.98 dB 


= 20102) SE) = 20log(/)+ 20log(d )-147.56 dB 
с 
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Fig. 3 provides a small demonstration by providing edgewise 
patterns for all three spacing values at 2, 5, and 15 MHz. In all 
cases, view the antenna as running up and down the page ог 
graph. The right side of the pattern is the direction toward the 
feedpoint and away from the terminating resistor. The left side of 
the pattern is the direction toward the resistor and away from the 
source. The 2-MHz patterns show a classical figure-8 pattern with a 
growing lobe toward the feedpoint side as we increase spacing. In 
contrast, the 5-MHz patterns show their growth toward the 
terminating-resistor side of the antenna. In addition, note that the 
widest spacing yields a difference in pattern shape. What we would 
call the main lobe on the higher-gain side becomes weaker on the 
opposite side, and the side lobes grow in strength to equal it. 


The 15-MHz plots show major distortions of the pattem established 
by the narrow version of the antenna. If you closely examine the 
medium-version pattern, you can see a very slight displacement of 
the lobes toward the higher-gain side of the antenna. When we 
reach the limits of our spacing exercise, the pattern is very 
seriously distorted relative to the narrow-spacing version. 
Moreover, we find extra lobes. Of course, the overall loop 
circumference at the widest spacing is about 5.5% longer than at 
the narrowest spacing. As well, the 15' end wires are 0.2 
wavelength. At that spacing, the mutual coupling between wires 
does not form a single element, but acts somewhat like a distended 
loop antenna that is about 530 in total circumference~about 8 
wavelengths overall. 
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Free Space Loss 


О Free space loss accounting for gain of antennas 


Р (nya) Qa) (аў 
P GG дА, ГАА 


gain of transmitting antenna 
r = gain of receiving antenna 
* A, = effective area of transmitting antenna 
* A, — effective area of receiving antenna 
o In the above formula, the powers correspond to that of 
the input signal at the transmitter and output at the 
receiver, respectively 


© © 


Free Space Loss 


Free space loss accounting for gain of 
other antennas can be recast as 


Ly = 20log(A)+ 20 log(d )-10log(4, A.) 


= -20log(/)« 20log(d )- 101og(4, A, )+ 169.54dB 


Path Loss Exponents 


Û The free space path loss model is idealized 


* Ade 


r 


Û Here the exponent a depends on the transmission 
environment 


o Urban vs suburban, medium-city vs large-city, 
obstructed vs unobstructed, indoors vs outdoors 


o Generally between 2 and 4 
o Obtained empirically 


О Two-ray, ten-ray, and general statistical models 


Distortion 


Signals at higher frequencies attenuate 
more than that at lower frequencies 


Shape of a signal comprising of 
components in a frequency band is 
distorted 

Ото recover the original signal shape, 
attenuation is equalized by amplifying 
higher frequencies more than lower ones 


Dispersion 


Electromagnetic energy spreads in space 
as it propagates 

О Consequently, bursts sent in rapid 
succession tend to merge as they 
propagate 

For guided media such as optical fiber, 
fundamentally limits the product RxL, 
where R is the rate and L is the usable 
length of the fiber 

O Term generally refers to how a signal 
spreads over space and time 


Categories of Noise 


Thermal Noise 

QO Intermodulation noise 
OCrosstalk 

Impulse Noise 


Thermal Noise 


CO Thermal noise due to agitation of electrons 


Present in all electronic devices and 
transmission media 


О Cannot be eliminated 
Function of temperature 


particularly significant for satellite 
communication 


Thermal Noise 


OAmount of thermal noise to be found in a 
bandwidth of 1Hz in any device or 
conductor is: 


N, = kT (W/Hz) 


* No = noise power density in watts per 1 Hz of 
bandwidth 


e k = Boltzmann's constant = 1.3803 x 10-23 J/K 
* T = temperature, in kelvins (absolute temperature) 


Thermal Noise 


О Noise is assumed to be independent of frequency 


Û Thermal noise present in a bandwidth of B Hertz 
(in watts): 


N = КТВ 


ог, in decibel-watts 


N =10logk +10logT +10log B 
= -228.6 dBW «101og T +10log B 


Other Kinds of Noise 


О Intermodulation noise - occurs if signals with 
different freguencies share the same medium 
o Interference caused by a signal produced at a 
freguency that is the sum or difference of original 
freguencies 
О Crosstalk - unwanted coupling between signal 
paths 


Û Impulse noise - irregular pulses or noise 
spikes 
o Short duration and of relatively high amplitude 


о Caused by external electromagnetic disturbances, or 
faults and flaws in the communications system 


o Primary source of error for digital data transmission 
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The 2-wire terminated wide-band antenna is notorious for its low 
gain relative to a simple doublet. The table lists maximum gain 
values for the listed frequencies. The doublet's patterns as virtually 
identical in shape to those of the narrow version of the antenna, but 
the gain differentials for just the listed values range from about 4 dB 
to over 7 dB. Hence, the temptation to widen the spacing to obtain 
higher gain is strong. As shown in Fig. 2, the wider versions of the 
antenna sustain the SWR curves. However, before embarking upon 
the widening process, one must closely examine all patterns to 
determine if they will satisfy the needs of the application for the 
revised antenna. For general skip communications, the medium (5) 
version might fulfil the need, although the gain increment is 
marginal relative to the increased complexity of construction. 


3-Wire Terminated Wide-Band Antennas 


The 3-wire terminated wide-band antenna is especially interesting 
by virtue of its symmetry. Two outer wires, equally spaced from the 
center wire that contains the terminating resistor, are fed in parallel, 
The balanced layout results in a symmetrical edgewise pattern. 
From this perspective, the 3-wire array eliminates the front-to-back 
problem that appears in wider versions of the 2-wire antenna. 
However, effectively modeling the 3-wire version of the wide-band 
antenna presents challenges. Fig. 4 outlines 2 ways to proceed 
with the modeling. 
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Expression Е, № 


О Ratio of signal energy per bit to noise power 
density per Hertz 


E, S/R Е 5 
№ N, КТК 
О The bit error rate for digital data is a function of 
E,/No 


o Given a value for F/ V to achieve a desired error rate, 
parameters of this formula can be selected 


о As bit rate R increases, transmitted signal power must 
increase to maintain required E,/N, 


Other Impairments 


Atmospheric absorption - water vapor and 
oxygen contribute to attenuation 

О Multipath - obstacles reflect signals so that 
multiple copies with varying delays are 
received 

ARefraction - bending of radio waves as 
they propagate through the atmosphere 


Fading 


variation over time or distance of received 
signal power caused by changes in the 
transmission medium or path(s) 

ln a fixed environment: 

o Changes in atmospheric conditions 

ln a mobile environment: 

o Multipath propagation 


Multipath Propagation 


О Reflection - occurs when signal encounters a 
surface that is large relative to the wavelength of 
the signal 

О Diffraction - occurs at the edge of an 
impenetrable body that is large compared to 
wavelength of radio wave 

Scattering - occurs when incoming signal hits an 
object whose size is in the order of the 
wavelength of the signal or less 


Figure 5.10 Sketch of Three Important Propagation Mechanisms: 
Reflection (R), Scattering (S), Diffraction (D) [ANDE95] 


Effects of Multipath Propagation 


Multiple copies of a signal may arrive at 
different phases 
o If phases add destructively, the signal level 
relative to noise declines, making detection 
more difficult 
UIntersymbol interference (ISI) 


o One or more delayed copies of a pulse may 
arrive at the same time as the primary pulse 
for a subsequent bit 


Types of Fading 


O Fast fading 
o Changes in signal strength in a short time period 
Q Slow fading 
o Changes in signal strength in a short time period 
Q Flat fading 


o Fluctuations proportionally equal over all frequency 
components 


Q Selective fading 
o Different fluctuations for different frequencies 
Q Rayleigh fading 
o Multiple indirect paths, but no dominant path such as LOS path 
о Worst-case scenario 
Q Rician fading 
o Multiple paths, but LOS path dominant 


o Parametrized by K, ratio of power on dominant path to that on 
other paths 


Error Compensation Mechanisms 


Forward error correction 
Adaptive equalization 
Diversity techniques 


Forward Error Correction 


О Transmitter adds error-correcting code to data 
block 


o Code is a function of the data bits 


Receiver calculates error-correcting code from 
incoming data bits 
o If calculated code matches incoming code, no error 
occurred 


o If error-correcting codes don't match, receiver attempts 
to determine bits in error and correct 


Adaptive Egualization 


О Can be applied to transmissions that carry analog 
or digital information 
o Analog voice or video 
o Digital data, digitized voice or video 

О Used to combat intersymbol interference 

О Involves gathering dispersed symbol energy back 
into its original time interval 

О Techniques 
o Lumped analog circuits 
о Sophisticated digital signal processing algorithms 
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The modeling scheme on the left uses the NEC transmission-line 
(TL) facility to create near-zero-length lossless leads to a remote 
source wire. | used this method of modeling in Chapter 29 as an 
initial assessment of the potentials for the antenna. For this 
exercise, 1 replicated the system with the 250' long 3-wire antenna, 
creating 3 variations. The narrow version uses a spacing of 1" 
between wires for an overall antenna width of 2. The medium 
version uses 5' spacing for a total width of 10. The wide version 
uses 15' spacing and results in a 30 maximum antenna width. 
Nevertheless, the leads from the wires to the combined parallel 
source remain very short electrically. Fig. 5 overlays the SWR 
curves for the 3 versions of the 3-wire antenna. 
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Diversity Technigues 


О Space diversity: 
o Use multiple nearby antennas and combine received 
signals to obtain the desired signal 
о Use collocated multiple directional antennas 
О Frequency diversity: 
о Spreading out signal over a larger frequency bandwidth 
о Spread spectrum 
О Time diversity: 
о Noise often occurs in bursts 


о Spreading the data out over time spreads the errors and 
hence allows FEC techniques to work well 


o TDM 
о Interleaving 


Center for Information Technology 


Chapter 02 
Radio Freguency 
& Antenna Fundamentals 


Objectives 


ХА 
Define and explain the basic concepts of RF behavior 


Gain and Loss, Reflection, Refraction, Diffraction, Scattering, 
Absorption, VSWR, Return Loss, Amplification and Attenuation, 
Wave Propagation, Free Space Path Loss, Delay Spread 


Understand and apply the basic components of RF mathematics 


Watts and Milliwatts; Decibel (dB), dBm, dBi, and dBd; SNR and 
RSSI; System Operating Margin (SOM), Fade Margin, and Link 
Budget; Intentional Radiators and EIRP * ** 


* 


Objectives 
ХС 
Identify RF signal characteristics, the applications of basic RF 


antenna concepts, and the implementation of solutions that 
reguire RF antennas 


Visual and RF LOS; The Fresnel Zone; Beamwidth, Azimuth, and 
Elevation; Passive Gain; Isotropic Radiators; Polarization and 
Antenna Diversity; Wavelength, Freguency, Amplitude, and Phase 


Explain the applications of basic RF antenna and antenna system 
types and identify their basic attributes, purpose, and function 
Omnidirectional, Semidirectional, Highly Directional, and Sectoriz 
Antennas; Multiple-Input Multiple-Output (MIMO) Antona Systems 


Fundamentals of 
Electromagnetic Waves 


кж 


Electromagnetic Waves 


An electromagnetic wave is a fluctuation of 
energy consisting of two fields: electric and 
magnetic. 


These fields oscillate or move back and forth at 
right angles to each other, and the wave moves 
out from the propagating antenna in a direction 
related to the shape of the antenna. 4 * 


* 


Waves 


A wave, in the realm of physics, can be defined as a 
motion through matter. 


An electromagnetic wave is an oscillation traveling 

through space. 

Electromagnetic waves can travel in a vacuum where all 

matter has been removed ® there is no need material 

medium to travel. 

Waves propagate through space through an relationshi 

between electric and magnetic fields. Ж 
* 


Electric Fields 


An electric field is the distribution in space of the strength and 
direction of forces that would be exerted on an electric charge at 
any point in that space. 


Positively charged objects attract negatively charged objects and 
vice versa. 


The electric field represents the space within which this attraction 
can be detected. 


Electric fields result from other electric charges or from changing 
magnetic fields. 


Electric field strength is a measurement of the strength of а 
electric field at a given point in space and is egual to eo f 
induced on a unit of electric charge at that point. * 


Magnetic Fields 


A magnetic field is a force produced by a moving 
electric charge that exists around a magnet or in free 
space. 


Magnetic fields extend out from the attracting center, 
and the space in which it can affect objects is considered 
the extent of the magnetic field. 


A changing magnetic field generates an electric field. 
х N 
* 


Electromagnetic Waves 


An electromagnetic wave is a propagating combination 
of electric and magnetic fields. 


The alternating current (AC) in the antenna generates a 
magnetic field around the antenna that generates an 
electric field that generates a magnetic field ad 
infinitum. 


The electric and magnetic fields are oscillating 
perpendicular to each other, and they are both 
perpendicular to the direction of propagation 


* 
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The idealized model provides very wel-behaved SWR curves for all 
3 versions of the antenna. Note that the reference impedance is 
450 Ohms, half the value used for the 2-wire antenna and half the 
value of the 900-Ohm terminating resistor. We obtained similar 
SWR curves in Chapter 29 with the shorter 27.2-m (89') 3-wire 
antenna. 


Although useful as a preliminary modeling venture, the idealized 
model does not represent structural reality for any of the 3 versions 
of the 3-wire antenna. For parallel feeding of the antenna, we must. 
use wires that reach from the outer element center to a common 
feedpoint. Therefore, I remodeled the antenna according to the. 
right-hand sketch. The limitation of this modeling method is the 
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А уегу specific form of these Electromagnetic wave propagation direction 
electromagnetic waves is used 


to communicate wirelessly in 
IEEE 802.11 networks. 


Electric field 


«— Magnetic field 


В t d Direction of propagation 
This form of wave is a radio 


frequency wave. 


4— Generating wire 


An RF-based system is a 
system that relies on the 
phenomenon of 
electromagnetic wave theory 
to provide data and voice 
communications wirelessly. 


RF Characteristics 


АП RF waves have characteristics that vary to define the wave. 
Some of these properties can be modified to modulate 
information onto the wave. These properties are wavelength, 


frequency, amplitude, and phase. 
ZE 


* 


Wavelength 


The wavelength of an RR 
wave is calculated as the 
distance between two 
adjacent identical points 
on the wave. 


Freguency 


Freguency refers to сет сез 
the number of wave 
cycles that occur in 
a second. 


The impact of frequency usage on WLANs is tremendous. By 
using different freguencies, you can enable distinct connections 
or RF links in a given coverage area or cell. For example, an 
IEEE 802.11g network using channel 1 can exist in the same 
cell as an IEEE 802.11g network using channel 11. Ts i 
because these channels use different freguencies * do not 
cancel or interfere with each other. 


+ 


Voltage 


Lower frequency 


Higher frequency 


Ап RF wave with greater 
amplitude is easier to detect than 
an RF wave with lesser 
amplitude. Realize that RF 
waves travel, theoretically, 
forever. This being the case, the 
detectability of the wave is 
greater at certain distances when 
the wave starts with a greater 
amplitude. A wave with a lesser 
amplitude may not be detectable 
due to the noise floor. The noise 
floor can be defined as a measure 
of the level of background noise. 


RF waves at different ampiituc 


Increased 
amplitude 


Original 
amplitude 


Decreased 
amplitude 


RF wave phases 


Primary RE clonal 


Phase is not a characteristic of a 
single RF wave but is a 
comparison between two RF 
waves. 


1607 out-of-phase signal 


When the waves are in phase, they strengthen each other, agg whi 
the waves are out of phase, they sometimes strengthen dnd 
sometimes cancel each other. * 

In specific out-of-phase cases, they only cancel each other. 16 


Modulation 


Carrier signal is a continuous electrical signal 
Carries no information 


Three types of modulations enable carrier signals to carry 
information: 


Height of signal (amplitude) 
Freguency of signal (freguency) 
Relative starting point (phase) 


кж 


Modulation can be done on analog or digital ошо: 


Analog Modulation 


Amplitude: Height of carrier wave 


Amplitude modulation (AM): Changes amplitude so that highest 
peaks of carrier wave represent 1 bit while lower waves 
represent 0 bit 


Frequency modulation (FM): Changes number of waves 
representing one cycle 


Number of waves to represent 1 bit more than number of 
waves to represent O bit 


Phase modulation (PM): Changes starting point of cycle — ¥ 


When bits change from 1 to 0 bit or vice versa * 


Атр 


itude 
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need for the center or Source wire to equal in length a segment on 
the outer wire and for the segments on the connecting wires to be 
аз equal in length as feasible to the other segment lengths. These 
requirements are not always well met, but the resulting models are 
adequate enough to detect general departures from the idealized 
model. 
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Fig. 6 shows the overlaid 450-Ohm SWR curves for the revised 
model. The all-wire model suggests that the narrow version of the 
array is usable above 28 MHz before the SWR seriously exceeds 
2:1. (We shall not consider impedance transformation losses and 
cable losses that might show a lower SWR at the operating 
position.) The medium version begins to show serious SWR. 
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Analog Modulation (cont”) 


Amplitude modulation (AM) 


Analog Modulation (cont?) 


Freguency modulation (FM) 


Analog Modulation (cont?) 


Phase modulation (PM) 


Digital Modulation 


Advantages over analog modulation: 
- Better use of bandwidth 
- Reguires less power 
- Better handling of interference from other signals 


- Error-correcting technigues more compatible with 
other digital systems 

Unlike analog modulation, changes occur in discrete 

steps using binary signals * 
Uses same three basic types of modulation x "mot 
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Amplitude shift keying (ASK) 


Freguency shift keying (FSK) 


Phase shift keying (PSK) 


RF Behaviors 
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RF Behaviors 


RF waves that have been m Gain 

modulated to contain m Loss 

information are called ш Reflection 

RF signals. These RF ш Refraction 

signals have behaviors щш Diffraction 

that can be predicted and ш Scattering 

detected m Absorption 
m VSWR 
m Return Loss 
п Amplification and Attenuation 
m Wave Propagation * * 
m Free Space Path Loss * 
m Delay Spread 


Саш 


Gain is defined as the positive relative amplitude difference 
between two RF wave signals. 


Amplification is an active process used to increase an RF signal's 
amplitude. = gain. 


There are two basic types of gain: active and passive. 


Active gain is achieved by placing an amplifier in-line between 
the RF signal generator and the propagating antenna. 


Passive gain is an increase in the amplitude of the signal, in a 
favored direction, by focusing or directing the output pěwe 
Passive gain can be either intentional or unintentional jy 
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excursions from about 22 MHz upward. The widest version starts to 
exceed the 2:1 SWR standard at about 15 MHz. These curves are 
based on a feedpoint 1' below the terminating resistor and may vary 
in detail with different positions. As well, the exact structure of the 
feed segment and the connecting wires may further alter the 
curves. Nevertheless, we can see that the idealized model gives us 
too optimistic a portrait of the SWR behavior of the 3-wire wide- 
band атау. 


The picture is not necessarily bleak, however. Many applications for 
а antenna of this sort do not require full spectrum coverage. As 
well, numerous receiving applications may use relaxed SWR 
standards, perhaps up to 3:1 relative to the reference impedance. 
So the 3-wire antenna remains a viable alternative to the 2-wire 
wide-band antenna, while offering freedom from the front-to-back 
differential that besets wider versions of the 2-wire array. The 
question is whether the promise of higher gain will justify the more 
complex 3-wire array. As a sampling, | have set up a table similar to 
the one used for the 2-wire array. 


In virtually every sampled case, the 3-wire gain exceeds the 2-wire 
gain, and often by a significant margin. The rough average of the 
gain differential between the 3-wire narrow antenna and the doublet 
is about 3 dB, just over half the deficit shown by the 2-wire array. 
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Peak amplitude after amplification 


Peak amplitude before amplification 


Loss 


Loss is defined as the negative relative amplitude difference 
between two RF signals. Loss can be either intentional or 
unintentional. 


Intentional loss may be necessary to decrease signal strength 
to comply with standards or to prevent interference. 


Unintentional loss can be cause by many factors. 


Loss = Attenuation 


al 
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RF signal amplitude gain and loss 


Original signal 
from the generator 


RF 
signal 
generator 


Signal after loss 
from RF cable 


Amplified signal 
from the amplifier 


RF 
signal 


amplifier * ж 


When ап RF signal bounces off of a smooth, nonabsorptive 
surface, changing the direction of the signal, it is said to reflect 
and the process is known as reflection. 


Refraction occurs when ап RF signal changes speed and is bent 
while moving between media of different densities. 


RF signal 


Refraction ` 


ay S 
2555337 
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Diffraction is a change in the direction and/or intensity of a wave 
as it passes by the edge of an obstacle. 


RF signal 


)))))))))))))) 


Diffraction occurs because the RF signal slows down as it encounters 
the obstacle and causes the wave front to change directions 4. 


Diffraction is often caused by buildings, small hills, apd other larger 
objects in the path of the propagating RF signal. 
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Scattering happens when an RF signal strikes an uneven surface 
causing the signal to be scattered. The resulting signals are less 
significant than the original signal. 

Scattering = Multiple Reflections 


RF signal 
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Absorption is the conversion of the RF signal energy into heat. 
Many materials absorb RF signals in the 2.4 GHz ISM 


spectrum. These include water, drywall, wood, and even 
humans. 


RF signal absorption 


Incoming RF signal 


Absorbed signal 
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VSWR 


Voltage standing wave ratio is a measurement of mismatched 
impedance in an RF system and is stated as an X:1 ratio. 


Cables, connectors, and devices have some level of inherent loss. 


If all cables, connectors, and devices in the chain from the RF 
signal generator to the antenna do not have the same impedance 
rating, there is said to be an impedance mismatch. 


Ex: using cables rated at S0ohms with connectors rated at 75ohms. 


Maximum power output and transfer can only be achieved whe 
the impedance of all devices is exactly the same. ¥ 
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VSWR Ratings 


1 One to one. Exact match. An ideal that cannot be accomplished 
with current technology. 


пе point five to one. Good match. Only 4 percent loss in power. 


Two to one. Acceptable match. Approximately 11 percent loss 
power. 


Six to one. Poor match. Approximately 50 percent loss in power. 
Ten to one. Unacceptable match. Most of the power is lost. 
nfinity to one. Useless to measure, as the mismatch is so great. 


a lower first number means a better impedance match. 


* 


* 
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From a raw gain perspective, the 3-wire array is attractive for 
applications committed to a wide-band terminated antenna. 


However, the 3-wire array is not immune to pattern distortion. One 
form is evident from the tabulated data. As we widen the spacing 
between wires and increase frequency, the broadside gain shows 
ever-larger values relative to the edgewise gain. The differential 
likely makes no great difference up through medium spacing. 
However, the wide-space version shows well over a 1-dB 
differential from the frequency mid-range upward. Note that the 
differential shows itself most vividly in the frequency region in which 
the wide-space version shows the largest SWR excursions. Аз well, 
the tabulated data does not show a clear gain advantage over 
medium and narrow spacing. 


A second form of pattern distortion appears in the wide version of 
the array within the upper frequency edgewise patterns themselves. 
Fig. 7 shows the 15-MHz patterns for both the broadside and 
edgewise planes of the wide version of the antenna. For the 
edgewise pattern, visualize the antenna as extending vertically 
within the plot. For the broadside pattern, orient the antenna 
horizontally with respect to the graph. On the right side of the figure 
are the patterns for the narrow version of the antenna. These plots 
follow the form of a single-wire doublet, but at lesser strength. The 
broadside pattem for the wide version of the antenna almost 
replicates the pattern for the narrow 3-wire antenna. However, the 
edgewise pattern for the wide version is significantly different. As 
well, the tabulated data shows this pattern to be not only weaker 
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Return Loss 


When there is VSWR greater than 1.0:1, there is some level of 
power loss due to backward reflection of the RF signal within the 
system. This energy that is reflected back toward the RF 
generator or transmitter results in return loss. 


Return loss is a measurement, usually expressed in decibels, of 
the ratio between the forward current (incident wave) and the 
reflected current (reflected wave). 


To minimize VSWR and return loss, we must avoid impedance 
mismatches. This means we will want to use all eguipment (RF 
transmitters, cables, and connectors) with the same ohm ing 
This rating is usually 50 ohms. * 


Amplification - Attenuation 


Amplification is an increase of the amplitude of an RF signal. 
Amplification is achieved through active gain and is 
accomplished with an amplifier. 


Attenuation is the process of reducing an RF signal’s amplitude. 
This is occasionally done intentionally with attenuators to reduce 
a signal’s strength to fall within a regulatory domain’s imposed 
constraints. 


Loss is the result of attenuation. 
Gain is the result of amplification. 


k 
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Wave Propagation 


The way RF waves move through an environment is known as 
wave propagation. 


Attenuation occurs as RF signals propagate through an 
environment. 


The signal cannot be detected after a certain distance, and this 
becomes the usable range of the signal. 


Some of the signal strength is lost through absorption by 
materials encountered by the RF signal. This is due to a 
phenomenon known as free space path loss. -- ¥ 


* 


Free Space Path Loss 


Free space path loss is a weakening of the RF signal due to a 
broadening of the wave front. 


A 2.4 GHz signal, such as that used by many IEEE devices, will 
attenuate by approximately 80 dB in the first 100 meters and then 
by another 6 dB in the second 100 meters. 


Free Space Path Loss in dB for 2.4 and 5 GHz Spectrums 


6 dB rule: for every doubling of distance, there is an, 
amplitude loss of approximately 6 dB 


Multipath and Delay Spread 


When signals bounce around in an environment through 
reflection, refraction, diffraction, and scattering, they create an 
effect known as multipath. 


Multipath occurs when multiple paths of the signal arrive at the 
receiving antenna at the same time or within a small fraction of 
a second (nanoseconds) of each other. 


The difference in time between the first and second signals 
arriving at the receiver in a multipath occurrence is known as 
the delay spread. 


xx 
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Outdoor multipath 


Reflected signals 


Main signal 


When the delay spread is greater, so that the signals arrive out of 


phase, the signal will either be downfaded, corrupted, Or nullified. 
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Introduction. 
Welcome to RF Communications 


As a trusted advisor for communications networks around the world, CommScope invests in 
people as much as our products and our industry. Our comprehensive training and education 
programs, participation in working groups on specs and standards, educational conferences, 


ond extensive research are long-standing traditions that benefit everyone in our industry. 


That's why we're pleased to present this book on the fundamentals of radio frequency (ВЕ) 
‘communications for the wireless industry. We hope this valuable information will help foster a ES 
greater understanding of, and appreciation for, the technology, science and business behind 


modern RF communications, 


The technologies and theories explored here аге technical in nature, so we have made every 
effort to make the science of radio systems more accessible for a wider audience - whether you 
are an engineer or simply someone who works in this industry and wants to learn more about 
the basics of how RF communication works, including the issues involved in the planning, 


deployment and maintenance of communication networks. 


let's start by taking a look at the storied history behind the technologies that have shaped our 


onthego, wireless world 
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than the broadside pattern, but also weaker than the edgewise 
pattern for the medium and narrow versions of the array. 


пав 


Fugewise 


Narrow оз 


15ME 


Free-Space Patterns: 31Wire Wide-Band Narrow and Wide Antennas 
Broadside and Edgewee to the Plana ofthe Wires, 
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RF systems, then and now 


Wireless communications systems have been in commercial use since the 
1940s. Some of the earliest implementations included community repeaters, 
Paging systems, pointtorpoint links and specialized mobile radio Itunked) 
systems. More recen! innovations and uses of ihe RF spectrum include cellular 
radio networks, which originated in the 19805 and now drive the cell phone 
and mobile device industry. Even тоге recent evalutions have given us 
familiar names like WiFi and WiMax, which let you connect lo a network 
anywhere in your house, ог virtually anywhere you go. 


The shared link 


This storied list of applications is incredibly diverse in purpose and design, 
yet every item shares at least one unique characteristic: hey all utilize radio 
frequencies between 30 MHz and 2.6 GHz to move information between 
base locations and remote users 


The chain of components required lo make this movement cf information 
possible is а complex ond varied оле. As а proud supplier lo the world’s 
communications networks, CommSeope i: uniquely able to explore and 
explain these components, how they work, and more importantly, how they 
work together 


Doing our part 
CommScope goes lo great lengths to provide the best possible solution for 
every application. For simple or complex RF communications systems, each 
part chosen by an engineer must fulfil а specifi role, determined by he 
expectations and limits placed on the installation itself. This book will explore 
several common components and how hey interac, including: 

* Antennas 

+ Coaxial cables 

* Files 

© Duplexers ond diplexers 

* Amplifiers 

* Remote radio heads. 

+ Enclosures 

* Power backups 


and many others 


1: Introduction 


RF communications: The early years 


While the full story of RF communications is far hom complete, he 
capabilities of modem RF technologies exceed the wildest dreams of the 
field's earliest pioneers, While we are al familiar with — and indeed, take for 
granted = living in а globally connected world, the early systems that laid the 
foundation for cur netwatked existence were much less powert 


The first RF systems featured a base radio using an omnidirectional antenna 
Ас communicate with ane or more mobile users. Then, аз now, the effective 
coverage radius of tha! base radio wos limited by certain characteristics, 
such as RF power, antenna height, and the sensitivity of mobile receivers 
that were vulnerable to thermal noise and other interference sources. These 
systems were also limited by the fact hot certain hequencies could only be 
used once in a particular geographical area. Once a mobile user leh hat 
ога, по communication was possible 


The engineers of АТАТ Bell Laboratories envisioned a future that would 
require much higher RF capacities to service thousands or millions af users 
at once, To deliver this future, they developed the cellular concept: а 
wireless network that uses lower antenna heights and transmission power 
levels to create limiechadius coverage areas that used and reused the 
same frequencies within its coverage area. Voice and data calls could be 
seamlessly handed aff to neighboring calls os ће user moved from ane 
coverage area — or cell - lo ће next. The close proximily reuse of radio 
channels is he fundamental concept of cellular telephones, and this is how 
today’s wireless networks carry enormous traffic loads in spite of limited 
spectrum. The data riding these RF frequencies could be voice, data, or 

a combination cf both; by intelligently managing and reusing the limited 
available bandwidth, the amount of available service increased by many 
orders of magnitude. 


The business case for technical expertise 


Cell providers monitor key performance indicators within their temores to 
identify coverage problems and assure customer satisfaction. These indicators 
include quality of service (QOS), dropped calls, failed access attempts, and 
oher criteria. Their engineers are on the front lines of his bate for quality 
and constantly optimizing network performance as trafic grows 

There ore sophisticated parameters and advanced setings that help 

the RF engineer optimize a wireless network, However, successful wireless 
network optimization requires а solid foundation of physical components 
across the RF path (figure 1.1), 


Self 
Optimizing 
Networks 


Advanced 
Fine Tuning 


Hond OF fees, eee 


Access Parameters 
Get on the network 
Physical Layer - RF Path 


Coverage Design 


The interconnection of technology, design and optimization 
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The tuning and optimization of parameters can never be maximized without a high-performance RF path implemented with top-quality RF components. 
Conversely, wireless systems with weak RF paths perform poorly, resulting in expensive problems on both the operational and customer service fronts. 
Once a network is active, taking down a part of a cell network for maintenance is a costy and disruptive interruption; and, in most cases, 

опе that could have been prevented by a better understanding ofthe site's requirements and the component choices available. 


The path begins 
Now that we understand the importance of 
modern RF communications network can come together. Thank you for joining CommScope on this journey. 
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vesight in planning = and insight in selection = we can begin this brief exploration of the many ways а 


CHAPTER 2 


Where RF theory meets best practices 
Cell Site Development and Construction 


Building a new cell site raises some of the same questions as building a new house, such as 
deciding what materials to use, who to entrust with the construction, and how to get the best results 


for your money. 


Of course, these problems are magnified when applied to cell site construction because there are 
so many different people, companies, municipalities and regulatory agencies involved, It takes a 
lot of experience to plan for every obstacle. Thats why CommScope offers the following proven Ф 


recommendations. 


These general guidelines are the result of decades of successful, practical field work. While no 
9 El P 
guide can cover every aspect of cell site development, we'll cover the most commonly experienced 


technical issues here. 
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Service Company You will work wilh several different companies and agencies in ће process of developing your new cel st. You must 
Beans be able to count on their competence and expertise. For each stage of development, you should become familiar 
pepe wih he challenges and requirements each partner will face. Knowing these factors will help you judge how well your 
че, eluding amerma partners ore doing their work = and the impact those factors will have on your network when the project is done. 

толеп, concrete lofts ond 

pod, zecuriy fencing, ond Step one: Choosing a service company 


мони йө». 
Es A service company wil help you buld the actual siuciure of your cell ite, This includes he lower, Ache, cabinets, 


cond other physical inrastucure to support е site's operation [figure 2.1). This can involve heavy, demanding 
constuction work = and the precision required by modem cell networks means a lat can go wrong at this stage. 


A services company building a cel site tower 
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As with building any stucture, it pays to research your construcion company 
in advance. Here are some of the key facts you should learn before selecting 
your services company: 


+ How long has the company been in business, and in the wireless field? 
This is one of he fist questions fo ask, Experience matters as much as, 
if not more than, expertise. 

+ How many employees do they have? Haw many of them work in the 
field and how many in their home offices? Their staffing levels can 
directly affect haw they handle your project 

* How financially sound is the company? For legal and logistical reasons, 
Из critical that they don't disappear in the middle of constuction 
Plus, they wil need to maintain a certain minimum cash flow and credit 
to procure materials 

+ What are their expected payment terms? Some require payment within 
30 days. Others may allow as many as 90 days, Make sure their terms 
work with your cash flow, fo. 

* What is heir recent bond history? For everyone's protection, all craftsmen 
in the field should be bonded. Looking at their bond history can give you 
а good picture of how well they perform 

+ What kind of insurance do they carry? The company should offer to 
share their certificates of insurance. з also smart lo request a report 
on their recent claims history. 


* How does their safety plan hold up? Unfortunately, some companies keep 
a generic plan оп fle simply as a token compliance effort. Speaking with 
the company’s safety manager wil tell you if hey really understand the 
writen plon. 

+ Whafs in their OSHA logs? The Occupational Safely and Health 
Administration (OSHA) monitors workplace safety; your potential services 
company should have a log of recent incidents, claims and actions 
Аз а minimum, he previous three years should be reviewed for diligence. 
and completeness 

+ Are their field employees properly certified? Al held employees should 
camry current certifications for first aid, CPR, the OSHA 10-hour taining 
course, Competent Climber and Tower Rescue operations 

+ ls their gear properly certified for safely? You should request copies of 
current climbing gear inspection cenficates 

+ How is their workplace recordkeeping? To ses what you could expect for Ф 
your project, ask to see their jab site analysis worksheets 

+ What kind of vehicles will they be using? F they use vehicles regulated by 
the Department of Transportation Po request a copy of ће DOT Carrier 
Safely Measurement System CS S rating. Prior la 201 1, this rating was 
called SofeStal, and same companies may sil refer to it by hat nome. 


In general, finding he answers to these questions is simply a mater oF 
thorough due diligence. With so many certifications and oher qualifications 
in play, you can see haw important itis fo know your services company 
partner as well оз possible. 
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Coaxial Cable 
А уре of cable featuring en 
inner conducive core, on 

+ conductive layer, ond 
lc, or insulating, 
space between hem. Cool 


cable connects antennas to 


Step two: Choosing coaxial cable and connectors 
Eflicien 


ell site operation п 
signed to 


оп the precise pairing of components. As we will discuss in detail in Chapter 3 
opfer 7, those cables must 


боме 2.2). 


with се 


ble types ore d 


е will explor 


interface with their systems and 


An cutafspecfication component or an improper installation of the core 


Forth 


component can cripple an entire system. 


reason, ifs wise to contract with skilled engineers for the installation. 


Coaxial cable examples; diferent types are available for diferent applications 
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Handling the cable and connectors during hese installations is a delicate 
business, In general, observing these tips con help assure a houblehee 
installation and dependable, long term operation: 


+ Use the right tool for the job. Using the appropriate cable prep tool = 
usually available from the cable's manufacturer = is he only way to cut 
опа prep cable ends for use in connections. Never use а saw; they 
leave metal flings behind, which cause poor electrical performance and 
problems with passive intermodulation (PIM) 

+ Watch those tricky curves. Different cable types have diferent degrees of 
allowable bend radii, or fexibiliy, so you must observe the manufacturer's 
prescribed bend radius for your particular cable. Bending too tightly can 
lead to poor electrical performance and failure in the RF path 

+ Keep your cables consistent. f at all possible, use RF jumper cables from 
the same manufacturer to make those tight connections. Doing so provides 
consistent electrical performance and guarantees PIM performance. 

+ Ensure proper cable support. Manufacturers publish specifications 
describing how to support lengths of cable, both vertically and 
horizontally. Your specific guidelines wil depend on your cable's 
constuction, size and weigh. Ё possible, use support clamps rom 
the same manufacturer to avoid damage to the cable and loss of 
performance. Using third porty clamps may also invalidate your warranty. 


+ Lift smart. Getting cables up an antenna tower is difficult. Fortunately, 
using the correct hoisting grip wil let you put that cable where it needs lo 
be without damaging it. Hoisting grips come in several types and sizes, 
so make sure yours matches your cable specifications. 

+ Goto ground, Grounding the cable is very importan! to prevent damage 
from lightning strikes. Best practices dictate at least three grounding 
points: at he top af the tower, at he bottom of the lower and just outside 
the entrance to the outbuilding, shelter or cabinet 

+ Put on the pressure, Air dielectric cables use an airfiled gap to insulate 
the inner and outer conductors af a coaxial cable (Chapter 7). This gap 
must be pressurized, like a bicycle tire, for the cable to hold is shape and 
prevent damage to the conductor inside. When installing air dielectic 
cable, it must be pressurized immediately = leaving it ovemight can lead 
te moisture condensation in the cable, which will degrade performance 
and is almost impossible to remove once introduced. 

+ Finish with the seal of approval. Connectors are particularly vulnerable 
to infiraton by weather and moisture. As soon as the connections are 
made, you should weatherproof hem. Вау tape is the preferred method, 
but in fight connection spaces, like those atop the antenna tower, you can 
opt for heatshrink tubing applied with a heat gun. 


By following these recommendations, you can help ensure that your cel site 
will operate al peak efficiency with minimal maintenance 
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Electrical Tilt Antenna 


Ап antenna fited wih actua 
hat can adjust ts l relati 

= Changing ti 
affects gain, cr performance, 


cf he antenna wihin defined 
geographical ar 


Step three: Setting and troubleshooting remote 
electrical tilt antennas 
Of the many ways you can improve performance from 


tive method is 


ile's antennas, a particular 


ically tiling the orientation of he 


Беат t involves ph 
W the horizon, placing its greatest gain 


its operational power = where ifs needed most 


[Chapter 3). 


Efficiently changing the orientation o! 


this benefit is a matter of using 


anisms, or actuators, which can be 


cation [figures 2.3, 2.4, and 2.5} 


se mechanisms are controlled by an Antenna. 


Interface Standards Group [AS] Remote 
IRE 


cell ste for adjustment (figure 2.5] 


An electrical it mechanism, or actuator, 
for a cell site antenna 


А Бозе station antenna (BSA) with 
integrated RET actuators 


‘An example of an AISG RET controller module 
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As precision equipment, these tilting antennas can be a challenge lo install 
and adjust properly. Geting the best resul is a mater of understanding the 
sofware just as much os the hardware, but there are several ways to avoid 
соттоп pitfalls: 


+ Install the software first. Before your crew goes lo he cell site, install 
the manufacturers software and become familiar wilh the controller's 
operation. This early training will help your team hit he ground running 
when they arrive 

+ Check for program updates. Driver software for your electronic tilt 
actuator system is constonly updated lo work with an evergrawing 
number of diferent antennas. Make sure your sofware із current by 
checking for updates on the manufacturer's Web site. 

+ Understand the naming conventions. To prevent onsite confusion, 
use conventions for the configuration of actuators that everyone 
will understand, 

+ Test before installing. For new installations, а litle uphant effort can 
prevent big headaches later. Test the actuators, cables and other 
components before installing hem on the tower. Is much easier to 
address problems when the components, and you, are on the ground 

+ Match antennas and tilts. Not every antenna has he same fl range, so 
be sure you select he correct ane Кот the database before adjusting i 
Each antenna's address is based on its product serial number, зо be sure 
to keep a written record. You should doublecheck your tits through tab 
reports generated by the controler. 

+ Keep a spare cable on hand. Bring a spare cable lo the site in case you 
need to troubleshoot a nonteparfing actuator. Ёз the fastest, surest way lo 
tel if he problem is a faully actuator or just a bad cable. 

+ Check before tiling, Before making any new tit adjustments, prescan the 
other antennas lo determine their il values 


+ Double-check your work. Afer making the adjustment, you should perform 
a postscan to confirm the new settings have been сопесіу applied 

+ Don't weatherproof cables and connectors. Using electrical tope won't 
keep moisture out = in fac, it gives water a place lo accumulate in he 
connector, where it can cause shorts 

+ Protect against lightning, ighining protection units should be installed at 
the base cf he tower, ог just before the cable enters the shelter or cabinet. 
Also, os slated above, it should be grounded in at least three locations: 
at the lop of he lower, al the botom of he tower, and just before entering 
the shelter or cabinet 

+ Don't splice in a ground lead. Cutting into the jacket to attach a ground 
to the thin foil tape inside will cause water migration, damaging the 
conductors below the fail 

+ Go right tothe source for cable. Is considered good practice Io 
purchase your cable directly from the manufacturer rather than obtaining Ф 
it fom a third pony. Each manufacturer's system requires specific electrical 
conductors, and using a mismatched cable may lead to actuator failure, 
voiding your warranty. 

+ Make the right connections. The home run cables male connector = 
the end with the pins = is the end that connects to the controller 
Also, be careful not o crossthiead actuator cables at ће controller 
or оп the actuator itself. They should be hanchightened only = never 
use а wrench 

+ Cycle the actuators when you're done. Alter addressing each actuator, 
cycle it fuly to confirm there cre no hidden problems. 

+ Check for cable stress. Al cables should be hee of sess and secured in 
intervals af 18 jo 24 inches. 


Thorough planning and clear procedures like these will ensure that your cel 
site reaches and maintains ils maximum potential while also allowing you to 


make the proper adjustments as your network evolves. 
ry 
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To establish that the 15-MHz pattern is not an isolated instance of 
more severe pattem distortion, Fig. 8 shows the patterns for 30 
MHz, using the same format. Once more, the patterns for the 
narrow antenna show little, if any, difference between broadside 
and edgewise views. However, the wide antenna shows changes to 
both patterns. The broadside patterns show a widening and 
shrinking of the peak values of the minor lobes. The edgewise 
pattern shows the opposite development, although some careful 
observation is necessary to see it. In the narrow edgewise pattern, 
careful scrutiny will show some very tiny minor lobes between the 
larger minor lobes--almost invisible without either a table of 
radiation pattern values or a gross enlargement of the pattern. In 
the edgewise pattern for the wide antenna, those lobes have grown 
to equal size with the other minor lobes to form a large and 
complex set of lobes. 
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Best practices always yield the best results 
Like building а house, here are countless ways for things to go wrong when building a cel ste — which makes i 
all the more important fo werk with a partner who has the expertise and experience you need lo da the jab right 
CommScope's long history of expertise can turn your next project into your nex! success 


Chapter 2 summary 
Cell site development and 
construction: 


+ Research and choose a. 
relable 


es company 

+ Knew your cables and connectors 

+ Maximize gain wih ] 
М antennas 


CHAPTER 3 


Getting the signal across. 
Base Station Antennas 


Today, ће quest for a stronger signal strength = or for some, any signal strength at all has 
become a routine part of our daily lives. We're always searching for a way to get more "bars" on 
our cell phones or faster WiFi connections on our computers. Whether you're at home, at work or 


‘on the go, you need good reception to communicate — and good reception depends on antennas. 


The antenna is one of the most critical parts of both transmitters and receivers, and often, it's often 

of the most visible. You can see big antennas mounted on tall towers, and small ones attached Ф 
to Wifi adapters or cell phones. Antennas come in all shapes and sizes because each one is 

built for a specific purpose. However, all antennas share a common link: they are the key to 


how well – and how far — communications can be shared. 


CommsScope invests significant research and resources in the development of reliable, 
high-performance antennas, technology and innovation to better support evolving networks 


around the world. 
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Antenna What is an antenna? 

Te Poř E 

ek dci Ko one A ts mast basic level, on antenna is the portion of a radio system that cen 

no seca ore coli on 

his E 1. Take radio energy kom e transmission line ond rodiate it inio space in a predicioble pattern, and 


2. Receive radio energy iom open space and feed it back down the transmission ine. 


Hees srg E: Antennas are surprisingly eficient in his Inetospace and spacetoline energy conversion process. In fact, when 
copia deco oe properly configured with the right components, antennas can yield BO percent efficiency or greater — a remarkably 
meas high figure in engineering terms. By way of comparison, consider the common incandescent light bulb, which yields 


only 20% efficiency = this means that, of ће amount of energy pul into a bulb as electricity, only 20% of that energy 
is put out as light, An important consideration to maintain an anlenna's extraordinary efficiency lies in he transmission 
cable that connects it to he капоті. 


‘Matching the line 
To get maximum efficiency from а radio transmission’s power, the antenna and cable must share certain characteristics 


lo avoid wasted energy, For example, # а radio system uses an industry standard coaxial cable fixed at 50 ohms to Ф 
connect the antenna and its transmite, he antenna itself must rate reasonably close lo 50 ohms as well 


Testing this configuration is a simple task. We connect he coaxial cable to е transmiter and place a SOchn 
"dummy load" on the other end to simulate an antenna. Using a watt meter will reveal two important factors hat 
measure the efficiency of the system 

1. The amount of power entering the cable from the transmitter, and 

2. The amount of power reaching the dummy load. 


The difference between these wo measurements represents the power lost in the line itself. The better matched the 
cable, the smaller the difference ~ and the more power reaches aur simulated antenna. 
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IF we reduce the simulated атеппа load from 50 ohms to just 25 ohms, 11 percent of the energy sent through he Мондо Standing Wave 
coaxial cable would be uselessly returned to the transmitter. That would yield very low efficiency = unless we were to CENE Lo NN 
replace the 50chm coaxial cable with one rated at near 25 ohms, thereby restoring the balance. However, the 25 Ee аара 
ohm cable would move mismatch to the source end where it connects to the transmiter. and aniema in a parent 
Ina that connect he wo. 
like water pouring through a funnel, he amount of throughput is dictated by the tightest portion of the roule. In a radio This ure yields he asters 


system, the excess energy bounces between the hansmiter and the antenna, which must reject all power above its bern en elicierey 


capacity. This endlessly elected power creates а measurable wave pattem in he cable, an effec! called the Voltage 
‘Sanding Wave Ratio (VSWR) 


VSWR is the measurement af how wellmatched а transmission line is to its antenna. Expressed as a ratio, a VSWR of 
1.0:1 indicates а perfect match. Likewise, a VSWR of 1.5:1 indicates a 4% power reflection, which is another way 
of describing 96% efficiency, where 96% of the power output from the transmiter actually makes it to the antenna 
(able 3.1 


Calculating Voltage Standing Wave Ratio [VSWR] 


VSWR Return Loss (dB) Reflected Power [%} Through Power (%) 
1.10 26.5 02 99.8 
125 194 12 98.8 
1.50 14.1 40 96.0 
175 né 74 926 
200 100 no 890 


SWR = [1 4 Погача — 10 ie 


Calculating VSWR, and some sample efficiencies 
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Velocity, frequency and wavelength Antennas are two-way streets 

Like ай forms of radiation, including visible light, radio waves tavel about їп theory, antennas transmit and receive in precisely the same way; he 
186,000 miles, or nearly a billion fest, per second, like other forms of same processes occur bath ways = only the direction ls reversed. In actual 
radiation, radio waves oscillate, ог lip back and forth, between plus and practice, however, a number of complicating factors, particularly on the 
minus at a predictable rate. Each complete fip is called а cycle, and cycles receiving end, can impact ће efficiency with which the antenna operates 


are expressed in hertz figure 3.2), Measuring how many cycles, or hertz, а 
signal oscillates per second gives us ts frequency = lteraly, how “frequently 
the signal oscillates in one second 


To demonstrate, it is perhaps easiest fo explore the most basic of antennas: 


the halfwave dipole. 


Knowing a signal's speed and is frequency, we can divide the first by the 
second la delermine its wavelength — the distance the signal travels while 
completing опе ful cycle. Wavelengths are usually measured in feet or 
inches, and are useful in understanding what it means ta be "in phase" or 
“out of phase,” which we'll explore later in this chapter 


A eyde completas al voveling The number of cycles n The рее dude by the hequerey 
om plus o mirus back ta plas one second gives he suene gives he dance the wove 
mel in one eyde 


This calle he wavelength, 


17 Relationship of ime, frequency, and wavelength 
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Hal wave dipole 
The halfwave dipole radiator antenna, often just called a "dipole," is he 
most basic one used in woway base station applications. It is essentially 
nothing more than a straight conductor made of wire, rad or tubing thet 
measures exactly hal of is assigned frequency’ wavelength. A rule of hum 
for determining the corect length is: 


Length (in feet) = 492 divided by the desired frequency in MHz 


As а result, dipole antenna length can be highly variable. | could be just 
2.4 inches in length for a hequency of 2500 MHz, or 20 feet lang for a 
frequency of 25 MHz. The table below provides more examples 

(table 3.3) 


Generally, he feeder ine is connected at the midpoint, so the antenna 
radiates at maximum intensity in the middle of the dipole, figure 3.4] 


30 196.8 800 


50 181 900 66 
74 79.8 1700 35 
150 394 1900 34 
220 268 2100 28 
450 131 2500 24 
750 79 3500 17 


Half wavelengths of woway frequencies 


Dipole 
терта 


a Wovelengh 


A Wovelengh 


Dipole antenna radiation pattern 
* Strangest at centar [near feeder) 


Dipole antenna construction and radiation pattern 
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Vertical and horizontal antenna radiation patterns 
All antennas, regardless of polarization, have three-dimensional radiation 
ранета I the patern is extended in all directions equally, the resuling 
shape would be a sphere, with the antenna at its center, The polarization of 


the antenna determines which portion of that sphere represents an antenna's 
actual pattern. Slicing he sphere vertically yields а vertical circle while a 
horizontal slice would reveal а horizontal circle. 

These theoretical descriptions of the wo polarization paterns appear to be 
omnidirectional within heir planes, but thats not quite he case. In practice, 


Dipole in center of 
ddoughnutshoped pattern 


there are no truly omnidirectional antennas. Cur example halfwave dipole 
antenna, for instance, reveals the tih figure 3.5). The patem appears 
circular, like а doughnut, on а horizontal plane, but forms а figure in the 


0) 3dimensenal view Ы Horizontal poter e Veco panem looks 
vertical plane, locks йе a for dougie locks Ike aede th We afar емее 
the dipole at he celer Meg onis side 
Аз we will see later in this section, most reahworld antennas consist of 
e : © 


a vertical апау of radiating elements and elevation pattern shaping hos 


become quite important for interference minimization [figure 3.18), Belgis es ker un ee 


jj- é — 
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Antenna gain 
Using ош halkwave dipole as our reference, we measure gain in decibels 
(dB). Decibels are used lo compare one quantity of power to another. So, 
taking our dipole as our starting point, we say it has a gain af one, or that 
it has a value of O dB, as it has “zero difference” from itself. I we have 
ап antenna with double the power of our reference dipole, we find that its 
power ratio of 2.00 yields 3 dB in gain (table 3.6 


Power Ratio de Power Ratio dB 
0.10 -10 1.00 0 
0.13 -9 1.26 1 
0.16 -8 1.58 2 
0.20 = 2.00 3 
0.25 -6 2.50 4 
032 ES 3.16 5 
0.40 -4 4.00 6 
0.50 = 5.00 Я 
0.63 E 6.30 8 
079 = 8.00 9 
1.00 20 10.00 10 


Deriving gain in dB from power ratios 


Boosting goin 
Theoretically, here are Wo ways lo increase antenna gan 


1. We can increase the power or current density in the antenna so it 
will radiate its patern with greater intensity. But as we discovered 
earlier, we cannot raise the power without fundamentally altering 
the mechanics of the antenna, cable and transmiter. 


2. Alternately, we can change the radiation pater, tightening its 
focus, so more of the existing power is directed where it will be 
used. This can be done without changing out hardware. 


Consider again the circular, doughnutshope pattem of our dipole antenna 
{figure 3.7]. By "squashing" the doughnut vertically, we produce a denser, 
Hater, rounder pattem. As a consequence, the circle also grows larger os 
vertical space is traded for horizontal space. Since vertically is rarely of 
importance, this is a very profitable exchange 


“Aperture of Dipoles Vertical Pattern Horizontal Pattern 
Single pole 


This figure illustrates how stacking four dipoles vertically in line changes the 
pattern shape (squashes he doughnut and increases бе gain over a single 
dipole. The area of he horizontal patter measures е goin. The small 
lobes in the lower center section are secondary minor lobes. 


-= Y 


Fou dipoles епсайу socked 
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In Phase 
Multiple antennas radiating 
together at precisely he same 
time and rale. 


Omnidirectional pattern gain antennas 

To achieve greater gain in his circular or omnidirectional] patern, we can stack multiple vertical dipole antennas 
above each other, as shown in figure 3.7. This increases the vertical size af he antenna. Then, we feed power lo he 
dipoles in such a way hat hey add together ata distant point = again, with transmission lines matching their radiation 
Power limits for greatest efficiency. By feeding equal amounts of power that arrive at each dipole at the some instan, 
the dipoles radiate “in phase,” ar in synchronicity, for improved gain by virtue of is patem. 


This type of antenna is called a vertical collinear phased array, and it is ће mos! commonly used type of bes 
station antenna, 


Aperture 
Aperture, or beam width, determines the gain cf an antenna, like ап adjustable nozzle on а garden hose, aperture 
describes the degree lo which the signal is focused: the tighter he focus, the greater the gain within hat area cf focus 


Spacing of dipole elements 
In a vertical collinear array, each dipole or subanay af dipoles is connected in parallel to ће common feed point 
by a separate transmission line. This means ifs possible to locate the dipoles sa that their vertical separation tightens 
overall aperture lo boost gain. This separation is usually something less than a single wavelength ofthe assigned 
frequency being transmitled. Anything less tends to reduce the improvements in gain. 
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Feeding the array 
In a vertical colinear array of wo or more dipoles, he most common means 
of feeding power via the coaxial transmission lines are 


Parallel (shunt) feed. Power is fed along individual lines to each each 
dipole or subaray of dipoles.. Using matching transformers and 
junctions, the cables connect to the line running down the lower. 

This allows the array to be fed hom the center, equalizing ће 
effectiveness of each атау element and preventing ће beam tlt 

that affects serisfed installations. 


In either application, the physical length of he aperture directly determines 
the amount cf gain. 


Directional gain antennas 

While omnidirectional gain antennas like the vertical collinear array achieve 
greater gain by compressing its vertical pattern into a later circular shape, 
there are other types of antenna that modify their horizontal patterns lo 
accomplish the same gain improvements 


Dipole and reflector 


As we've shawn, a vertical dipole antenna has a circular horizontal pater, 
However, f we position it in front of a metal screen ог wire mesh, we see 
‘hat radiation going to the rear will be blocked [figure 3.8). If his blacked 
radiation is reflected off this screen, the horizontal pattern will no longer be 
circular, but directional 


Еа dipole is positioned exactly one-quarter wavelength from this reflection 
screen, the radiation that would ordinarily go tothe rear is redirected lo he 
front to form what is called a directional lobe. I's he same effect os that 
ofthe reflective mirror behind а flashlights light bulb, which redirects the 
circular light pater into a single direction. The larger the screen, the greater 
the reflecion and the narrower the directional lobe becomes = and just as 
the omnidirectional antenna increases gain by compressing vertically, this 
directional antenna increases gain by compressing horizontally and directing 
all its power in a single direction. 


& 


(^. The omnidirectional pattern of a dipole сап be made directional 
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Edgewise 


Someta 


ртег-боасе Pattems: -Mira Wide-Band Narrow and Wide Antennas 
Broadside and Edgewise f the Plane of tha Wires 


Unlike the 2-wire wide-band terminated antenna, which showed a 
significant improvement of gain as we widened the space between 
wires, the 3-wire array does not show the same gain development 
when we model it using an all-wire configuration. Rather, we find 
the relative gain values of the 3 widths simply to vary across the 
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Corner reflector and parabolic reflector 


Comer releciors are rightangled V shapes, with 
their vertices spaced a certain distance Кот ће 
dipole [figure 3.9). The resulting reduced beam 
width = and the corresponding increased gain — 
is determined by the size, shape and distance of 
the screen from the dipole. 


‘Modifying this comer reflector into a rounded 
bowl shape creates a parabolic reflector, 
with the dipole placed at its focal paint. In 
either application, the reflector may be built 
of closely spaced rads instead of wire mesh, 
increasing he strength and reducing the wind 
drag of he reflector. 


Parabolic screen 
The parabolic scien focuses on he beam. 


Corner screen 
The seen behind бе pol cus off radiation to hê 
bock ond tlc I Forward fam a beam 


| 


Correr reflector 
пол rods replace he scree of he comer screen lo 
„oko a rect of sronger mechanical design 


Dipole antenna reflector shapes 


aana soran 
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‘The Yagi antenna веат Radler Yogi Antenna: 
Alo known as an Yagi 

Perhaps the mast commonly used directional antenna is antenna, бис isa common 

the Yagi antenna, The Yagi offers many variations and hype o directional antenna, 

forms, but it generally consists of three elements figure Fint created in Japon in 

rn DN erat кайа sereni ы с 1 1926 by Hidetsugu Yagi and 

219 Direction of beam. Shintaro Uda, 

1. Radiator 

2. Reflector 

3. Director 


кез П Raia 


These components are arranged such that the director 
is in the front, ће radiator behind that, and the reflector 

behind both, Generally, he director is ће shortest 

component, and the reflector the longest. The spatial г 
relationships between the three elements determine the 

power that goes into the Yagi's directional lobe, and 

therelore also determine the Yagís gain. Itis an efficient 

and flexible design, offering high gain, low weight, 


— 
Dieta o bean. 


Ф 


minimal wind drag and modest cost, resulting in its == 
popularity for woway radio communications directional arto 
The bandwidth factor 


Another consideration in antenna construction is hat of bandwidth, As we discussed in our description of he dipole, 
antennas must be built o lengths that are determined by their operating frequency wavelengths. As you may recall, 
the dipole antenna must be half he length of its assigned wavelength. However, it is possible to build on antenna that 
cavers a range of frequency bands = or bandwidth — centered around а particular hequency. 


Indeed, nearly every antenna in use today affords a fairly wide percentage of bandwidth, In fact, certain antenna 
designs in the 1900 MHz frequency range can offer over 45% bandwidth (1710-2690 MHz). These are known as 
ultawideband antennas. 


Ww 
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The bottom line of antenna design Figure 3.11 shows alder legacy sites using vertically polarized antennas 
We've just covered the basics of antenna design, but ifs important to keep in Rural sites typically used 90° horizontal beamwidth models, suburban sites 
mind that there ore no magic formulas or one “ideal” antenna configuration. Used 65° models and urban sites used models ranging from 33° to 65°. 
Improving one aspect of operation always comes at the expense of In these coses, two Rx antennas were required per sector to support Rx 
nother aspect. The best design is always one that із driven by the specific diversity. For modem sites, a single Duatpol (445° polarization] model with 
operational objectives ofthe antenna. the appropriate horizontal beamwidth supports Rx diversity. 


Cellular antenna concepts 
Now that you have а basic working knowledge of antennas and how 
specific configurations can help them perform even better = that is, by 
improving gain — lets look at a much more specialized and sophisticated 
category: the cellular antenna, 


Cellular antennas are a familiar feature in nearly every comer of he world. 
In many cases, these are cellular networks that bring new connectivity where 
it had never before been possible — and these connections depend on 
cellular base station antennas. 


In cellular base stations, there are hwo basic antenna types currently in use 
(igure 3.11) 


l. Omnidirectional antennas, which we defined previously as antennas 
that exhibit а circular radiation pattem and operate in virtually all 
directions, and 

2. Directional (or sector) antennas, which operate in а specific 
direction, mos! commonly covering an arc of 120 degrees cr less, 
depending on capacity requirements. 


‘Omnidirectional antennas Directional antennas 


ue мо types of commonly-used cellular base sation antennas 
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Cell reuse 


What makes cellular networks diferent from other types of communications 
is he principle of cell reuse. Cell reuse is а way of increasing network 
capacity by “reusing,” or reassigning, individual frequencies оп the Ву within 
а particular cell 


To see this process in action, consider the shape of cells and how hey fit 
together. Typically, cells are represented as interlocking hexagons, os seen 
below (figure 3.121. Depending on the density of the area served, these 
hexagons can be miles across or cover just a few hundred feet 


Аз а resul of this incredible flexibility, channel sensitivity is limited by 
extemal interference rather han noise issues, as alder rodio communications 
have traditionally been. The specialized palem shaping available with 
directional antennas, both in azimuth [horizontal direction] and elevation 
[vertical space), alows incredibly precise coverage that doesn't interfere with 
neighboring cells 


Antenna characteristics 


A cellular base station's antenna is the most critical consideration in an 
efficient cellular network, and it all depends an choosing the antenna with 
exactly he right physical characteristics for a specific application. These 
characteristics relate to radiation pater, antenna gain, kontoback ratio 
end a number of other critical factors. 


In the real world, defining, choosing and testing these characteristics 
requires a great deal of technical expertise and mathematical skill, so for 
the purposes of his discussion, we will cover he basics with a for more 
generalized approach than on engineer would use in an actual evaluation. 


Cell reuse in a sample mop. The entire map can be covered with just 7 unique cells and sl provide adequate channel isolation between cells 
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Radiation Pattern 
The thsedimensional shape of 
оп antennas ranges! signal 


Spherical Coordinate System 
А дестені polar coordinate 
system used o mathematically 
тар the radiation patem of 


Azimuth Coordinate System 
The polar coordinate system 
used in he field by RF 
engineers and surveyors 

фо map the radiation patem 
of antennas. 


Radiation pattern 

Perhaps the most obvious and important characteristic 
to understand ls an antenna's radiation pattem. Ёа 
particular application calls for coverage in all directions, 
you would choose an antenna with a circular or 
omnidirectional radiation pattern. If your installation 
requires а more focused signal, a directional antennas 
radiation pattem would satisfy your needs. 


Mapping an antenna’s radiation pattern is a fairly 
simple task. Connecting a probe antenna lo a receiver 
and moving it around your tested antenna at a fixed 
distance allows you see the variations in signal steng. 
Mapping these readings with polar coordinates yields a 
three-dimensional map showing in which directions the 
antenna transmits most strongly [figure 3.13). 


А Babe Artema 


Antena Under Test 


Moving o probe antenna around the tested antenne 
ata fixed distance yields а thrae-dimensionel map 
ofits radiation роет 
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At the same lime, а pattem сап also be expressed os a conventional rectangular plot with angular position on the 
Xaxis and signal strength on the Yaxis. Examples of bath are shown below. Depending оп the design of he antenna, 
the radiation pattern can display any number of shapes. The isotropic dBi reference is a theoretical “paint source” and 
thus generates a pattem covering all directions of a sphere, As seen previously, he Ye wave dipole dBd reference 
potem has nulls above and below the dipole and thus from a conservation af energy standpoint must have more goin 
оп the horizon than the dBi reference, The absolute difference of these two standards is 2.14 dB and today most 
manufacturers rate their products in both dBi and dBd. Since an antenna gain is determined by comparing it lo one 
of these standards, the dBi rating will always be 2.14 dB greater than the В rating. 


ee одак 


55 False dpole 


Absolute vologe love 


Elevation angle (1 


A system controller interface displaying voltage, amperage and alerts 
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Antenna gain 
As discussed earlier, an onlenno“ radiation pattern is directly connected to its 
gain, ог performance power. While we cannot improve gain by increasing 
tronsmiter power without rebuilding the system entirely, we can use radiation 
райета lo achieve the same objective. 


Gain is measured in decibels (dB) and rises os а function of increasing 
aperture size, which In most cases means increasing the physical size of ће 
antenna. As a general rule, a doubling of aperture results in а doubling of 
gain = hough, as а practical mater, larger antennas introduce efficiency 
reducing power losses that can diminish these improvements. 


Front-to-back ratio. 


The ratio of a directional antenna’s maximum directivity lo "roni" (where 
its main lobe appears] to its “back” where its reflector s located is called, 
Ф appropriately, the antenna's fronMo-back ralio (figure 3.17), 


eber representation of a directional anfenna's onte back ratio 


é заз аа‏ أ 
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Side lobes and nulls 


Apart hom a radiation pattem’ main lobe, there can also exist side lobes 
опа nulls. Side lobes are extraneous areas of song signal, and nulls ore ће 
low-energy spaces between them figure 3,18). Nuls may exhibit ЗО dB or 
more of attenuation, meaning signals found there can be as weak os one 
enerhousandh of the power cf the main lobe. 


There are ways of redirecting side lobe power back into the main lobe. 
This process, called nul fil, can resul in he widening of the main lobe and 
reduce gain accordingly. 


10 argu dvs 


Polarization 

Polarization is a property of the wave produced by an antenna that 
describes the way tha! wave varies in space over lime. In simpler terms, it 
describes the orientation of tha! wave, such os vertical or horizontal or slant 
45 degrees [Dualpol| 

Cross-polarization ratio 

This characteristic measures he performance cf a duaipolarized атау 

in distinguishing between orthogonal waves [hwo signals broadcast 
perpendicular to one another, such as horizontally and vertically). This figure 


is colculated as the ratio of copolarization lo crosspolarization occuring in 
the antenna main lobe (figure 3.19) 


А polar representation of a vertical pattern including side lobes and nulls 


Typical and directed dipole cross polarization ratios 
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Sector power ratio Cellular antennas on a practical level 
Basically sector power ratio is a comparison of signal power registered When we move beyond the drawing beard of heorefical antenna 
outside and inside а desired receiving area аз a consequence of an design to he real world, we soon discover hat the laws of physics are 
ontenna's radiation pattern (figure 3.20). The higher the ratio, he beet he nat he only limiting factors affecting an actual installation. These issues 
antennas interference performance include everything from tower weight and wind limits a local zoning 


board approvals for antenna size, shape, height and appearance. 
In mos installations, compromises are necessary lo satisfy all he 
competing interest. 


As а practical mater, particularly in cellular network applications, lower 
sector power ratios indicate a higher amount of interference between 
antennas in adjacent coverage areas, When competing signals overlap, 
interference can increase and reduce performance — such as dropping а cell 
phone call while moving fram one cell to another. Cellular networks require 
precise sectorized planning lo prevent this kind of problem, 


Beamtilt 


Аз capacity requirements increase, one solution s to split he hexagons 
shown in figure 3.12 allowing the addition cf more sites and reducing ће 
coverage radius of the original ste, Ta accomplish his, elevation beam 
downtl is commonly used to reduce the gain on the horizon land thus he 
coverage radius] os shown in figure 3.21. Mechanical downtil results 

in undesirable pattern distortion on the horizon while electrical downtilt 
maintains the desired pater shape. 


Early antennas incorporated fixed electrical down, bu this required muliple 
diferent models. Stateoftheart antennas today have adjustable electrical 
downtlt which can be adjusted remotely using the AISG Standards noted in 
Chapter 12. 


1990 Graphic and mathematical representations of an antenna’: 


sector power ratio 
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Mechanical it СЯ] 


Tiling the antenna changes the shape ofthe lobe at ground level, 
reducing gain 


(Most cellular antennas are produced in a variety f physical sizes to offer the bes! 
performance while conforming lo olher requirements. Chances are that you've 
seen cellular antennas mounted in а number of ways, featuring diverse sizes and 
designs, such as the commonly used lenghhs of 4, 6 and 8 feet. 


‘Materials and environment 


Cellular base station antennas are only as reliable as he materials that go into 
their construcion, and the construction of their arrays. When it comes to working 
with the physical limitations of an antenna’ location, matching the right materials 
to the environment is а critical consideration. Here are just a few examples. 

In the antenna array itself: 


© Aluminum alloys offer lightweight strength, but can be vulnerable to he 
elements 


+ Pressure саз! aluminum is well suited о bases, sockets, mounts and clamps, 
where ils hardness and resistance lo corrosion are critical e 


+ In circumstances where weight is not a serious factor, copper and brass are 
used for heir easy plating and conductivity properties 


Antenna radomes: 


+ Highstrength, low Floss materials such as fiberglass offer protection fram the 
elements 


+ Materials must offer UV protection lo prevent deterioration due lo sunlight 
exposure 


Tower appearance: 


* For purposes of appearance and zone compliance, nonmetallic paint can be 
applied to the entire structure 


+ For beter wear, smooth surfaces should be roughed prior to pointing 


These are just o few of the more obvious physical considerations. Other males 
in cable selection, connector choice and termination options demand close 


attention as well a 


IND 


Antennas Made of Wire - Volume 2 


spectrum. In some cases, the narrow version yields the highest 
gain; in others, it does not. When we add to this gain variability the 
fact that only the narrow version promises a stable SWR curve 
across the entire operating spectrum, we begin to approach a 
conclusion. Add in the absence of significant pattern distortion and 
a relative simplicity of construction and the conclusion becomes 
more solid, In a 3-wire wide-band array, the narrow version has 
perhaps the most potential of the 3 widths for actual use. 


The narrow 3-wire array holds the promise of higher gain by a 
significant margin over the 2-wire array, although the actual gain 
margin will change from one frequency to the next. However, even 
the 3-wire array falls significantly short of the gain offered by a 
single wire doublet that uses no termination. In amateur radio 
service, where the use of parallel transmission line and a wide- 
range antenna tuner in the shack may serve very well to handle 
frequency changes, the single-wire doublet is stil the antenna of 
choice. For short-wave reception--especially in Europe, where 
overloading signals are common--the 2-wire terminated system 
may be the antenna of choice, since the overall signal reduction 
may prevent or at least ease receiver overload and resultant 
spurious products. Only where a system needs both to transmit as 
well as receive and to be able to change frequencies without any 
equipment retuning does the 3-wire system come into its own--so. 
long as there is excess receiving gain to compensate for the loss of 
sensitivity and there is excess power available to make up for the 
losses within the terminating resistor. 
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More capacity with fewer antennas TwinBeam® 

As mentioned earlier, cellular antennas are directional, oen covering 120 One recent solution to this problem involves the TwinBeam® antenna from 
degrees, or onethid of a complete circle. Mounted together оп a triangular CommScope, which produces wo separate 35-dagree beams with 
tower, three sels of hese antennas con cover all directions. But in densely centers separated by 60 degrees. As the ilustation below shows, this 
urban areas that require more capacity, narrower facusantennas [called duntlobe approach provides excellent coverage and, unlike the sicsector 
a sixsector scheme] can handle additional naffic — along wih the cost af solution, only requires three antennas instead of sx (figure 3.22) 


adding more antennas. Having зо many antennas in a single location makes 
it mare likely to run afoul af local zoning codes 


‘Six Sector Sites 65" Antenna vs. Twin Beam Antenna 


‘win beam advantages 


+ Bockiobock ооган channel 
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SmartBeam® 


Another ype of antenna addresses growing capacity needs by inellgenly steering themselves for 

maximum efficiency. 

The GommScope solution is called SmarBeam®. In addition o electronic del, hese multiple 

degreeoffreedom antennas incorporate azimuth beam steering plus or minus 30 degrees and azimuth 

beam adjustment from 35 to 105 degrees figure 3.23]. Smartšeam Technology Video 
n 
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Shannon's Law 
Created by Claude Shannon 
and Ralph Harley this law 
establishes а theoretical limit to 
how much dala can be reliably 
pushed hucugh a given 
amount c bandwidth. 


Adaptive array 

A hird capacity boosting option incorporates several 
vertical elements that steer a beam toward each user on 
a tightly managed timedivision basis. In this application, 
each user owns a particular ime slot to move his or 

her traffic, 
number of users requires powerful and sophisticated 
digital processing, but it also holds the potential to 
elfecively "nul out” nearby interference for beter high- 
speed throughput figure 3.24). 


Of course, managing this system for a large 


The next evolution 


New technologies are being developed and deployed 
ata dizzying rate. The current field of cutingedge 
networks is collectively known as longterm evolution 
networks (TEJ. ПЕ has the potential o completely 
reshape how networks can perform, because it 
incorporates a concept called multiple input, multiple 
output (MIMO), which splits data transmission into 
multiple streams and sends them at the same lime on the 
same frequency using multiple deconelated RF ports 
The expression 2x4 MIMO means that there are 2 de- 
correlated paths in the downlink and 4 de-correlated 
paths in the uplink 


What makes this development so exciting is that MIMO 
fers а way around а classic limiting factor of RF 
communications known as Shannon's Law, which 
dictates how much throughput сап be delivered down a 
given amount of bandwidth. As figure 3.24 shows you 
сап only expect to get lo within 3 dB of a bond 
theoretical maximum in а practical application 
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MIMO circumvents this limit through digital signal processing [DSP], which can distinguish between the two split signal 
paths and reassemble them into the original data оп the receiving end. This workaround literally doubles the theoretical 
limits defined by Shannon's Law when applied in а 2x2 MIMO configuration with two transmit and wo receive antennas 
figure 3.25), It is quadrupled in а 4x4 MIMO configuration with 4 transmit and 4 receive antennas. Actual throughput 


improvements do not quite achieve this degree of volume, but that differential is to be expected in any practical 
application of theoretical performance. 
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This 2x2 MIMO system uses digital signal processing to circumvent theoretical throughput limits 
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The bosics of base station antennas Chapter summary 
Incredibly diverse and remarkably efficient, antennas are the most critical link in any communications network Antennas: 
Radiating radio energy ino space and collecting it бот space, they can connect a single network backbone or + Sueras hal подав ond 


thousands of individual users. receive rodio energy 


= Con achieve BOX eliciency or 
By virtue of heir design, antennas can cover virtually any desired area of any shape, But it takes a lot of insight, gearr 
knowledge and planning lo get the most out of every watt. It all comes dawn to understanding your application's * Directoral peca) or 
needs — and its limitations NT us 


With your new understanding of haw antennas werk, and how their performance is measured and compared, you + Radiation patem 

may think twice the next ime you ore searching for more “bars” on your cell phone cr a faster WiFi connection for cleanen 

your computer, Then look up at the next TV aerial ог cell phone tower you see and remember the complexiy of he + Gan 

invisible processes that make modem communications possible at home, at work and оп the go around the world = дреме 

everyday. Enhancements through design: 


«Vertical stacking 
+ Element spacing 

+ Horizontal patem shaping > 
+ Doumit 

Cellular baze sation antennas 


+ Secerised, grouped antennas 
‘commonly covering 120 degrees. 
or less 

+ MIMO ond UE technology 
represent пен step in speed 
‘and іру 


CHAPTER 4 


Working within the limits: 
Co-siting Solutions 


IF you've ever tried to get more use out of the space in your home 
by combining a home office with a guest bedroom, you may not 
have been entirely satisfied with the results. Sure, you've saved 
space by making one roam do the job of мо, but you probably 
found that it can't do either job quite as well as a dedicated space 


would have allowed. 


This tradeoff of space for utility is also the guiding principle behind 
cosiling a cellular installation. With space at a premium, there are 
real incentives to reducing your equipment footprint = but every 
square foot saved places new constraints on the way that base 
station operates. Since every site has unique limitations, it can be 


a challenge to identify and implement the best co-siting solutions. 


Whatever the specifics of a given cellular installation may be, 
commscope offers a wide range of solutions that meet virtually 
any installation requirement. It takes a combination of technology 


and insight to make the best of every situation. 


Costing Solutions 
The technology and 
techniques that alow 

celular base stations and oir 
Intertaces to share architecture 
опа operate within limiting 
Factor of heir locaton: 
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Dealing with the realities 

Just as it would be ideal to have an unlimited 
number of roams in your home for every possible 
purpose, it would be idea! for cellular base 
stations to be equipped wilh their own 
dedicated antennos and feeders al every 


cel ste figure 4.1) 

x x x 
i 

x > i 
H 

i x H 

э а 

SL. Mulibacd sector with separate feodors 


If such an arrangement were possible in every 
installation, the benefits could include: 


+ Individually optimized antenna potem, azimuth 
direction and downtilt angle 


© Minimal RF path loss and signal mismatch 

+ Reduced interference and intermodulation 
between systems 

+ The abiliy to perform maintenance on one 
system without impacting ће others 


Sadly, his arrangement isn't practical option for 
most tealwarld designs. When a celular base 
station makes the move fram ће drawing board to 
the tower installation, ils design becomes subject 
to an incredible number of variables and limiting 
factors, Some of he more common limits ore: 


+ Local zoning ordinances hat restrict quantity, 
size and location of antennas 

+ The tower’ structural weight limits and wind 
load restrictions 

+ Budget constraints that limit Бой the initial and 
ongoing costs 

+ Scheduling demands that require accelerated 
service rollouts 


Making the most of every watt 
To address these limits and wring greater 
performance Кот every watt of power, co 
sting solutions can help different technologies 
operate on a single architecture. Even networks 
operated by competing companies can realize 
mutual benefits by sharing site equipme! 
оз competing airlines will honor each other's 
tickets in he event of light cancellations. In fac, 
such sharing agreements are now the norm with 
consumers beneliing from the providers! reduced 
operational cost in the form of better transmission 
speeds and reduced cell phone and data bills 


much 


Corsiting solutions are usually based on specific 
equipment and configurations designed to 
improve performance within а defined set of 
circumstances under a defined set of limitations 
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Multi-Band Combining 


One frequently used technique is called тин be combining, а method of frequency multiplexing. It takes advantage cf 
the fact hat feeder cables ore natural well suited lo being shared by multiple frequency bands, In other words, multiple 
base station services сап be funneled ino a single feeder cable that runs up the tower to he antennas. Those services 
can then be split away from that one cable directly beneath the antennas. 


To visualize this concept, think of haw you bundle your home or office computers wires into a single plastic cable wrap; 
at one end, the cables separate into various ports on the back of your computer, On the other end, ће cables separate 
into your keyboard, mouse, network and printer connections. 


To achieve the benefits of hequency multiplexing, the feeder cable mus! be equipped with the correct combining devices 
Two or more frequency bands can be combined using muliband combiners, МШЕ опа combiners are often added fo a 
system as separate components, but they can also be built direct into other components such as antennas 


Widely known as crossband couplers, hese combiners may be referred Io as diplexers [wo frequencies, riplexers ree 
frequencies), and so forth according to he number of frequency paths involved figures 4.2 and 4.3) 


‘Shared feeders using diplex crossband couplers Shared feeders using triplex crossband couplers, with 


broadband antennas using diplex crosaband couplers 


Mult Band Combining 
A canfiguraon hat connects 
muliple base satan ser 
that operate in separate 
bands to multiple antennas 
ма a single feeder cable and 
its associated couples 
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The kind of crossband couplers required in а 
particular application is largely determined 

by the frequencies the system uses, and, more 
specifically, how far apart fram each other hose 
frequencies ore, In systems wih wide frequency 
separation — such as 700-1000 MHz, 1700- 
2200 MHz and 24002700 MHz = the needed 
crossband couplers are likely lo be lowcost, 
compact devices that introduce virtually no loss 
or mismatch, 


However, when dealing with Frequencies that 
are relatively clase to one another = such as 
700 MHz and 850 MHz = he appropriate 
crossband coupler grows more complex, bulky 
Ф and expensive figure 4.4) 


On the antenna side of he connection, additional 
efficiencies can be gained among broadband 
antennas that can accep! more than one 
frequency through a single port. This allows it to 
operate over a range of bands through one feeder 
cable, as shown in figure 4.3. 


Like the other circumstances involved in planning 
an efficient and compliant base station site, 
antenna selection and the base stations’ assigned 
frequencies сап play а large part in how a 
particular cositing solution comes together 


ee, амам 1222 
[^ [s [5 


Compact díplex and triplex crossbond couplers, with example frequency differentiation 
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Same-band combining 


In some instances, multiple services require the use ofthe same 
frequency band. When this happens, regular crossband couplers 
= which are designed to suit specific frequency separation = don't 
provide the solution we need. Instead, we can use а variety of 
someband combining (SBC) options, which can allow different 
services lo share the same space on the electromagnetic spectrum. 


In some applications, ne bend combining is even used for 
singleservice systems = not to allow other services, but to increase 
the channels available o the one operating sevice. In al cases, 
the idea is to combine transmit signals (TX) and divide receive 
signals (RX). The best way to achieve this depends on the specifics 
af the application 


Now lets look at some af the more commonly used techniques. 
Hybrid combining 
Hybrid combiners offer а lowcost means of combining TX signals 


and dividing RX signals [figure 4.5), but his advantage comes at 
the cost of other operational restrictions inherent in ils design, 


The main disadvantage of this technique isthe high rate of loss 
experienced in both directions. This loss increases with the number 
of ports involved, so hybrid combiners are generally used only in 
Моро applications 


Another consideration is the significan! heal it generates, which 
must be dissipated — adding costs and creating even more 

design limitations. These drawbacks limit the practicality of hybrid 
combining to inbulding coverage and similar uses. f is rarely used 
in cellular sites. 


Same Band Combining (SBC) 
A bose station configuration 
that allows тирі services ta 
share the some bands 


: 
H 
1 


A hybrid combiner, using cable load 
do lower passive intermodulation 
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5-Wire Terminated Wide-Band Antennas 


The 5-wire terminated wide-band antenna showed great promise of 
better approaching the level of gain performance achieved by the 
simple single-wire doublet while providing a possibly usable SWR 
curve. Of course, like all of the antennas їп our survey, the initial 
models checked only the broadside free-space patterns and used 
the idealized model for initial checks. The leftmost part of Fig. 9 
shows the end view of that modeling scheme. 


— ren — 
Mm. m — п 
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Converted to the scale used in this exercise, the antenna is now 
250 long and has a total width of 4° for the narrow version, 20' for 
the medium type, and 60' for the widest version, using parallel wire 
spacing of 1', 5, and 15. respectively. In addition, we shall orient 
the antenna so that the edgewise view is parallel to the ground, 
although we shall take interest in the differential between the 
edgewise and broadside patterns in free space. 


The antenna uses a 900-Ohm terminating resistor, the same value 
as used in all of the other wide-band antennas in this exercise, The 
required SWR reference impedance turns out to be 300 Ohms for 
all variations on the 5-wire antenna. We may note in passing that 
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Guard Bands 
Narrow gaps inserted into 
the bandwidths managed 
by he LIC lo distinguish 
derent signals riding on 
the same bands 


Low loss combiner-multiplexer 


The low loss combiner LIC] offers a diferent way lo combine base station transmitters. Commonly employed for 
combining TX signals, integrating  duplexer allows for distribution of RX signals os well figure 4.61 


like crossband couplers discussed earlier, he ЦС is а filer muliplexer. However, unlike a crossband coupler hat 
requires spaces between bands = усш?! recall hat ће bigger the spaces, he better he coupler operates — the LIC 
handles frequencies inside the same bandwidth 


This is possible due to the addition of guard bands, which act as very small gaps within the band. They create 
boundary spaces between the frequencies, allowing them to be distinguished from one another. 


Including these tiny guard bonds ohen requires those narrow hequencies to be left unused, which adds up o slight 
bandwidth loss. In ШС design, smaller guard bands incur greater cost, size and complexily, so an economical 
allemalive is to reuse the “lost” guard band space with a second feeder and antenna. 


LIC design significantly reduces insertion loss aver that of a hybrid combiner, but its reliance on filer multiplexing 
places significant restrictions on its scalability. As technology develops, networks require constant upgrading, adjusting 
and scaling = which often means the adjustment or replacement of the LIC component. Recent developments in 
remotely tuned LIC hardware have helped reduce this limitation, but it remains а significant drawback for many 
applications 


Several examples of UC realizations are shown in figures 4.7 and 4.8. 
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An ИС with integrated duploxer; 
RX distribution from GSM BTS 


An ИС combines o narrow portion of TX band 
into broadband path; includes duplexer for RX 
reinjection 


Filler multiplexer for downlink and uplink — 
a quadruplexer 
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‘Amplification * 
Another technology that makes cositing possible is amplification, There 

are several ways amplification can be used in support af he devices listed 

above, expanding their utliiy, power and range 


Single carrier power amplifier. You will recall hat one af the hybrid 
combiner’ drawbacks was # high rate of insertion loss for both ТХ and RX 
signals. One way to compensate for his is Io add a single carrier power 
amplifier [SCPA| (figure 4.9) 


The SCPA is highly efficient in regard to power consumption, but is m m 
only sulted to certain engineering standards, such as е Global System - 
for Mobile Communications (GSM established by the European 
Telecommunications Standards Institute (ETSI). Stil, in those applications 
where the SCPA is appropriate, the SCPA offers a lowcost means of 

% improving hybrid combiner performance (figure 4.10] 


An SCPA module amplifies and combines two transmitters ino one path 


dee 


Multi-carrier power amplifier. like he SCPA, the multicarrier power amplifier 
MCPA] is а highpower amplifier for carrier signals. Unlike he SCPA, 
however, Ihe MCPA can also combine multiple RF signals into a single 
output. lis input circuits can be expanded fo accommodate Кот wo lo eight 
ports, and sometimes even more (figure 4.11] 


Fl 


An SCPA installed between An MCPA with integrated 
radios and BTS duplexer RX distribution 
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The MCPA‘ strong suit is boosting transmit power to increase the coverage 
or capacity of a particular base station. | also offers complete hequency 
agility, allowing hee use cf all frequencies within a license band. This makes 
ita very easy system to interface о other technologies, Is design generally 
incorporates one or more amplifier “bricks” working in parallel to provide the 
necessary power [figures 4.12 and 4.13). 


‘An Mus demanding power consumption is its most notable drawback 
which leads to elevated implementation and operational costs 


Receiver multicoupler. As ils name implies, the receiver mulicoupler 
IRXMC] distributes RX signals from shared antennas to multiple receivers. 
By spliting the signal this way, a natural side effect is some loss cf power 
To compensate, the RX input frs crosses a low-noise amplifier ШЧА) which 
preserves signal strength, preceded by a preselector fille. Inclusion of an 
NA is recommended for most applications with more than wo receivers 


As a rule, ће RIMC distibutes the full RX frequency band to all outputs with 
the same degree cf gain across the board. To individuale distributions, he 
RXMC may allocate specific signal srength о each receiver by unequally 
dividing the gain. This is a useful option when dealing with different 
locations, or with a receiver that will further divide its signal to other receivers 
down the line. 


An MCPA for one sector with Wo duplexed inputs and two simplex inputs; 
three amplifier bricks are working in parallel 


An MCPA for three sectors, wo duplexed inputs and six simplex inputs per 
sector, one amplifier brick per sector, plus one ho! standby brick z 
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Other integrated configurations, The following 
figures ilustrate other same band combining 
technologies figures 4.14 through 4.18) 


nun 


Antenna sharing accomplished 
with a TX/RX quadruplexer 


RX distribution to simplex BTS using 
duplexers and RXMC 


Antenna sharing accomplished with 
integrated Duplex/RX SBC 
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= Tower-mounted amplifiers. Working with these other cositing solutions, 

a towermounted amplifier [TMA] improves the base station's sensitivity 
the some way a heating aid can improve diminished hearing, It works lo 
offset the losses experienced by RX signals as hey паме! to he receiver 
This improvement in signal clarity is seen in the cariertonoise ratio |C/NI, 
measured in decibels [dB]. Adding a TMA to the RX circuit on a cellular base 
station can yield а typical improvement of 56 dB. 


TMAs are a key part of RF path technology, Properly implemented and 
configured, they improve: 


Coverage. They boos! the effective service radius of a cell base station 
while improving signals in weak spots, such as indoors. 


They significant reduce failed access attempts 


Retainability, They improve a site's retainability or its ability to maintain 

connections within and across cells for fewer dropped calls. Ф 
Co-channel interference. They improve cal capacity in spread spectrum 

systems. 

Data throughput. They enable higher order modulations for increased 

тойс capaci, 

Handset battery life. Because less power is required from the cell 

phones transmitter, ТМА prevent unnecessary battery drain. 


With the right adjustments, TMAs offer all these advantages hat help 
operators enhance their network capacity and coverage. 
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TMA benefits 


To gain the maximum advantage, it is important to boos! the RX signal level 
before it becomes degraded by feeder loss between the lower and the bose 
slolan receiver. This is the reason the ТМА should be mounted at the tower 
top, as close lo the RX antenna as possible 


An LNA may also be installed at the ground level and is then called а 
groundmounted amplifier [GMA]. When it reaches Ihe GMA, the RX 
signal will already be weaker and noisier han it originally wos at the 
antenna. Therefore, the sensitivity improvement с GMA can provide is 
limited — is improving an already weakened signal. On the other hand, 
its main advantage is that it is easier o install han a TMA, and does not 
occupy precious lower space. Because it doesn't introduce the size and 
weigh! concerns of a towermounted TMA, the GMA design can focus 
оп performance, Superconductors and cryogenic cooling can be used to 
maximize perfomance and partially offset the disadvantage of its ground: 
level location. 


Many factors contribute to feeder loss, Smaller cable diameter, longer 
feeder runs, and higher operating frequency ol influence performance, 

ard the TMA offers a single method of offsetting all these factors with one 
remedial measure, You can see how ТМА and GMA implementations affect 
the noise levels in a system in figure 4.19. 


Feeder Length (fh 
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Noise figura in а system wilh no LNA, with а GMA and with a TMA; the 
superior performance cf he TMA is evident in its lowest noise figure 
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TMA configurations 


As explained in our earlier look at the receiver mulliceupler [RXMC], a lowermounted amplifier employs an LNA 
(with a preselector filer) to boost signal strength lo compensate for division loss, Since modern TMAs alien employ a 
dual duplex configuration = which allows the use of duplexed feeders = wo addtional filters are needed lo pass the 
signals between the BTS and antenna. 


Dualband TMÁs are essentially a pair of single band TMAs integrated into one device. Some types feature separate. 
RF paths for each band, while others diplex the bands into o single path at ће BTS port or at the ANT роп. 
Interestingly, diplexers can also be integrated into arg e bond TMAs to offer an additional, nonamplied path. 
These devices ore called bypass or passthrough configurations 


As a result of growing demand for reliable cellular network service = coupled with frequent restrictions on the amount 
of equipment permitted on а particular cell site = duatband ТМА спе becoming mare and more popular as a cositing 
solution. You can see examples of some different TMA architectures in figures 4.20 through 4.26 beginning on this 
page and continuing on page 14. 
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^ Singleband TMA 431 Twin singleband TMA 1125 TMA with integrated 


with AISG support diplexer, bypass path 


Bypass or PassThrough 
Configuration 
Asingleband towermounled 
‘antenna wih an integrated 
diplexer that adds a 
secondary, noramplted RF 
рой to he system. 
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Dualband TMA with AISG support O Diplexed dualband TMA with AISG support 
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^ Duel diplexed dualband TMA with AISG °°" Diplexed dualband TMA with 


passthrough and AISG 
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Enhanced features: AISG 


The Antenna Interface Standards Group [AISG] is comprised of representatives Кот the world’s leading wireless 
equipment manufacturers and service providers, including CommSeape. AISG’ standards have led to improvements 
in remote control and monitoring of antenna downiik, TMA alarms, and other important advances. Adoption of these 
protocol: has advanced performance and assured interoperability between various systems — а major boon for 
costing solutions like the ones discussed above. 


Contemporary costing components must accommodate AISG communication, whether hey process the signals 
or simply pass them along lo other devices. The AISG protocol currently includes procedures for monitoring and 
controlling TMAs, such as seting gain and reporting alarms. Additional procedures may be defined in the future lo 
support а wider range of “smart” casting devices that will help optimize performance, enable remote supervision cf 
the RF path, and reduce cost of ownership 


‘Antenna Interface Standards 
Group (AISG) 

Founded m 2001, the AISG 
represents mere han 40 tep 
manufacture and service 
providers Кот all over he 
world. AISG publishes 
universally accepted industry 
protocols for communications 
between base stations and 
Iowerbased equipment, such 
os antennas ond TMAs. 
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the decrease in the required SWR reference impedance undergoes 
a regular progression in its descent as we add wires to the array. 
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200 Om SWR Plats: 5 Hiro Wide Bard etam 
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Fig. 10 reviews the 2-30-MHz SWR curves for the narrow, medium, 
and wide versions of the 5-wire array. Even under the idealized 
feed conditions with near-zero-length leads for the parallel- 
connected wires, the SWR curve is somewhat limited. The narrow 
antenna provides the best curve, although the SWR is somewhat 
high at the low end of the operating spectrum. As we increase 
spacing, the curve improves at the lowest frequencies, but the wide 
version appears to be usable only up to the middle of the spectrum 
(about 16 MHz). 
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Making the most of available space and power Chapter 4 summary 
The design of a cellular communications system reflects many choices and compromises, The result is that no hwo Costing ойлоо: 
are exactly alike. Certain preferred characleristics came at Ihe expense of other characteristics; those choices are = The technology ond techniques 


always made with an eye toward conserving space, reducing costs and operating within constrains == 

+ Bren by mis on отолу. 
egit ond сой of base ond 
d 


form of lower cell phone bills, clearer and more reliable calls, and faster data downloads and Web surfing оп cur Multi band combining: 


By employing the kind of innovative solutions discussed in this chapter, wireless operators are able to improve 
service and reduce costs by working together o share infrastructure wherever possible, We see the benefits in he 
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CHAPTER 5 


A new kind of remote control. 
Remote Radio Heads 


In the innovation game, improvements often come in small steps. 
But, every now and then, a quantum leap takes place, changing 
our ideas of what's possible, In the case of cellular base station 
technology, an innovative and increasingly popular approach to 
its basic architecture means more performance for fewer watts. 


This innovation is the remote radio head, or ЁЁН. 


Remote Rodio Head (RR) 
A new design in base scion 
architecte that separates 

ıa cal ste base station's RF 
опа baseband functions for 
improved efficiency. 
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Traditional design of cellular Installations = antenna towers and their adjacent base stations = places the ronsmiting and receiving 
components in climatecontalled cabinets or shelters, connected to the antenna arrays via coaxial cable figures 5.1 and 5.2] 
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Typical cel site architecture, по RRH 17 Typical cel site application, no REH 
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In these configurations, equipment for mubiple sectors of antenna coverage 
share space in he site equipment racks, performing all the functions required 
lo operate а mulipleservice, mulisector cell site, such os: 


* line interfacing 
+ Bacthaul connectivity 

+ Baseband signal processing 
+ Power amplification 


+ Frequency filering 


As cellular technology hos grown more sophisticated in the ways voice 
and dala ore managed across the network, the overall power requirements 
for base stations have inched steadily downward. At the same time, 
advancements in amplifier technology have moved power efficiency for 
these stations upward, resuhing in fewer power stages required In a given 
base station, And, of course, netwark providers and service operators have 
always sought less expensive ways to deliver quality connectivity to their 


customers 


Ф 


The new thinking In base station design, embodied in he remote radic 
head, reflects ће emerging realities hat drive all of these trends, improving 

efficiency and reducing operational costs. The diference is in the “distributed = 
base station’ concept, which separates the baseband signal processing unit, 

or BBU, from the RF Frontend equipment, collectively called the remate radio 

head figure 5.3]. 


The RRH is compoct and rugged for versatile placement 
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The КАН contains all RF functionality, such as the transmit and receive functions, filtering, and amplification in a single weatherized outdoor module 
(figures 5.4 and 5.5} 


2 йез per sec 
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RH per 
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Typical RRH cell ss architecture Typical RRH cell site application 


5: Remote Radio Heads 


Аз а bonus, an RRH system can also provide advanced monitoring and 
control features hot allow operators to optimize performance hom o 

remote, centralized location. Il allows the operator to monitor and control 
the remote electrical tlt [RET] of antennas and other functions outlined by 

the Antenna Interface Standards Group (AISG). An RRH can also remove the 
need for towermounted amplifiers [TMAs) iFit is installed at the top of 

an antenna lower. 


Because they are passively cooled, RRHs don't require fans and blowers that 
can fail aver ime. And since they are connected to heir corresponding 
ВВИ via fiberoptic Interfaces, distance between the wo units і not а 
practical concern. This flexbiliy means the RRH solution offers several 
mounting alternatives, including 


+ Top ofthe antenna tower 
* Bottom of the antenna tower 

= Roofiop mounting 

= Wall and post mounting 

With the option af locating the RRH near the antenna, transmission line losses 
can be reduced. Plus, his degree of mounting Hexibiliy makes it easier lo 


implement, and offers more ways lo remain compliant wih local zoning 
ordinances = major advantages for this kind of deployment or upgrade 


In order to promote standardization and interoperability, major ВЕН 
manufacturers have jointly created а common protocol for communication 
between the BBU and RH. This protocol is known as he Common Public 
Radio Interface, or CPRI. This standard governs the BBLHOREH optical 
interface in RRH applications. 


Further standardization is achieved through the Open Base Station 
Architecture Initiative, ог ОВ5А!. The OBSA was originated in 2002 by 
Hyundai, Nokia, Samsung, and ZTE with the objective of creating an open 
market for standardized base station functional blacks. The standard defines 
four primary base station functions and designates them as Reference Points 
RP], RP2, RPS, and RPA as follows: 

RPT: Communication and control 

RP2: Transport to baseband interface 

ВРЗ: Baseband to RF interface [baseband to RRH for RRH applications) 


RPA: Power interfaces 


The reference point RP3 governs RRH interfaces and serves lo promote open 
standards and competition in the RRH market 
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Putting the power where its needed Chapter 5 summary 
In cur competitive cellular marketplace, every dollar and every watt count. And, as always, necessity has proven Remote radio heads rt 
to be the mother cf invention — or at least innovation. The remote radio head architecture represents a new way + A new way of configuring a cel 


silek base station еди 


of thinking about how power is used at thousands of cell sites across the world. Is an exciting step forward for 


CommsScope and everyone who takes а deep interest іп making the networks of today and tomorrow work SLI Ag 


‘and amelficaten айа 


even beter jie 
= ho oce cooling керен 
+ Lover overal waren 
cops 
= Naty miki rm cor 
+ Replacing соо cable wih REH 
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CHAPTER 6 


Talking and listening at the same time. 
Transmission and Receiving Isolation Systems 


Right now, millions of people around the world are downloading music, surfing the web, 
texting, talking and listening on their mobile devices. Is probably safe to say that they are 
not thinking about the science or technology that enables every download, text or conversation. 


Mobile devices are simply a way of life. 


Here at CommScope, we're continually fascinated by the technical innovation and principles 

behind wireless communication. Take transmission and receiving isolation systems, for example. + 
Unlike conventional landline phones, cell phones are actually radio receivers and transmitters, 

so maintaining simultaneous two-way communication = talking and listening during a call – 


is more complex than it appears. 


edles, 


é — 


ШШШ | © 


CommScope: Understanding the RF Path 


Dale Communicators An RF communications system that employs this simullaneous, hwowey flaw of voice, data or other information is 
e called a duplex system. Duplex communications systems combine multiple transmit and receive channels on a shared 


Bero. antenna, with information flawing both ways at ће same lime. 


Imagine the simultaneous low af tfi on a busy eway steel. You immediately see Ihe importance of keeping 


aset Же куо different directions of traffic separated. Just as vehicles on a busy, woway street require clear lane markings 
celer ihv бе io avoid collisions with oncoming vehicles, duplex RF channels also must be “isolated” rom each other to avoid 
comet s edere. 


duplex communication sym. 
3 In RF terms, isolation is measured as the loss between two channel ports, either ronsmitertotransmíte or transmiterto 


тает receiver ports. The higher the loss, or isolation, between the wo ports, he cleaner he signal 


To illustrate this concept, think about making а cell phone call Кот your car. This simplest of duplex systems = one 
onen er and receiver pair communicating with another hansmiter and receiver pair = requires that both the phone 
and receiving station be able la receive and transmit at he same time, allowing a normal telephone conversation lo 
take place (figure 6.11 Ф 


Telephone 
ine 


Duplex operation between two pairs of ransmiters and receivers 


aum | | + —— |) 


6: Transmission and Receiving beladen Systems 


To allow his communication to flow on а single antenna, a duplexer must be used with adequate isolation measures Duplexer 
(figure 6.2). Measured in dB, isolation is a critical consideration in the design of any duplex system. Without proper Е не 


а diplered спета and ls 
isolation, a transmitter will adversely affect ће performance cf its associated receiver, even hough they may operate 


sociale runter and 
en different heguencies receiver A duplexes function 


lee provide isolation between 
the signals 


Duplexer 


ELI 


Two solutions: Use two antennas, or a single antenna with a duploxer. & 


The specifications covering a particular receiver, for instance, may indicate that any RF signal outside the receiver's 
passband [which can be as narrow as 15 kHz] will be attenuated, or weakened, by as much as 100 dB. That 
means that the transmission’ power will be reduced to 1 /10,000,000,000th af is original strength, making the 
communication unintelligible and useless in most cases. 


You might think hat such a selective receiver would prevent interference from а transmiter operating on а frequency far 
outside the receivers passband, Aller all, f he interfering signal is 5 MHz away, haw could it create complications 
when just being 5 KHz of ће mark reduces the tronsmiters signal to virtually nothing? The answer lies in the 


characteristics of modern receivers, and the way they can step high frequency signals downward to achieve such 
precise freguency selectiviy. 


Antennas Made of Wire - Volume 2 


We may proceed in two general ways to create all-wire models with 
more realistic feed systems. The center sketch in Fig. 9 shows a 2- 
lead version (A). Wires extend from the inner fed element to the 
central feedpoint 1° below the terminating resistor. The outer 
elements simply connect to the inner elements to complete the 
overall feed system. In effect, the outer elements acquire extra 
length compared to the inner wires, with another increment of 
length added at the far end of the wires. Fig. 11 shows the resulting 
SWR curves for the 3 antenna widths. 


me 
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Note that the SWR curves begin to gyrate widely and somewhat 
wildly for the widest version. In common, the curves show 
increasingly high peak SWR values as we raise the operating 
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eras 1 a The first challenge: Receiver desensitization 
weten саши 
ke, Receiver desensitization is an inherent side effect of modem receiver design, which receives relatively hightrequency 


acaba paro signals (often between 700 MHz and 3500 MHz). These signals pass through frequencylowering stages in the 
passband. These erant 


poser receivers, which allow the receivers to feature such narrow, selective posshands figure 6.3). Once the signal has 
peres been lowered enough, only a small band remains and the circuitry can reject other bands within a margin measured 
receivers operation in dB. A receivers specification sheet will include this measurement of overall selectivity. 


— 
„ A 


In a receive, high-frequency signals are reduced in stages 


The vulnerability is not at the end of this reducing process, but at its beginning, Remember that the initial signal was of 
higher frequency, and only after muliple stages of reduction was it lowered to ће point where the receiver could use it 
The receiver's earlier, broader stages cannot completely reject errant signals, even those several MHz away from ће 
receivers operating frequency. 


6: Transmission ond Receiving beladen Systems 


For optimum performance, critical voltage and curent levels exist at certain points throughout the frontend slages of 
a receiver. I these levels change significantly, the performance of he receiver йет. This happens when o nearby 
ronsmilers offfrequency signal enters the frontend stoge. 


Such signals can be several MHz away Пот a receiving frequency, and radiate from sources several thousand feet 
away, and stil cause significant interference [figure 6.4). 


Unwanted frequencies (shown here as reflected arrows) can aler critical receiver voltage and current levels 
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Transmitter Noise 
Interference experencad 
bya receiver as a resul of 
transmission power "leaking" 
into oher nearby hequencies. 


The second challenge: Transmitter noise 


Transmiter noise is interference caused by canier signals just outside of a ronsmiter assigned frequency. In an ideal 
world, a transmiter would channel 100% of its signal power into ће narrow band of frequencies assigned to its 
transmission channel, In бе real world, however, this level of precision is simply not possible, and the resul is called 
transmiter broadband noise radiation, or more commonly, transmiter noise. While the vast majority of transmission 
power remains within the assigned channel, there remains a small fraction that "leaks" into channels above and below 
the intended carrier frequency. 


Modern transmilles are equipped with fiter circuits that eliminate a large portion cf these errant signals, but even with 
these measures in place, enough onsmiter noise escapes lo degrade the performance of a receive. As the chort 
below illustrates, this interference effect a most pronounced at frequencies closest to the hronsmiler corrier frequency 
ligure 6.5], but can also impact receivers operating several MHz away. 


i Hoke СС Transmiter interference iz most pronounced near the assigned frequency 
Г shown here as Tx frequency, located at zero оп horizontal axis) 
PNE SK сБ 


Ta reg. kr Freg, 
We hear transmitter noise in а receiver as "onchannel" noise Interference; Because it falls within the receiver's 
operating frequency, it competes with the desired signal and cannot be filered out. 


To illustrate this kind of interference, imagine having a conversation wih someone in а crowded roam. I everyone else is 
taking, you'll notice how hard it is to understand the cler person, even if he overall noise level in he room is relatively 
low, Thats because oiher voices = like unwanted transmitter noise — are similar fo he voice you're tying to hear 


This is a key distinction between transmiter noise and receiver desensitization, which you'll recall comes from signals 
far from the operating frequency of ће receiver. Consider again the illustration of having a conversation. Receiver 
desensitization is mare like loud, disruptive sounds coming from a constuction site nex! door. The interference is not 
similar to the voice you're trying to hear, but it still distracts you rom the other person's voice, 


6: Transmission and Receiving Isolation Systems 


How isolation helps duplex communications overcome both challenges 
In duplex RF systems, honsmiting and receiving frequencies are close lo 
each other. In addition, the antennas will also be physically close, ar even 
share а single antenna, Now that we understand the source and nature of 
Же two interfering elements = receiver desensitization and transmiller noise 

= how can we overcome these interfering influences and assure reliable 
operation of cur paired transmitters and receivers? 

The answer, os you may have guessed, is proper isolation 

Earlier in this chapter, we explored how a duplex RF system required 
isolation between transmiter and receiver using the example of a сай on 

а mobile device. But when applying that theory to practical application, 
adding isolation to the system requires some planning and a bit of math 
Remember that we have nat one but hwo sources of interference lo overcome 
= receiver desensitization and transmitter noise — and each requires ts own 
solution 


I boils down to мео simple questions: 


1. How much isolation is required to prevent receiver desensitization from 
the transmitier’s correr, and; 


2. How much Isolation is required to reduce transmitter noise to а lower, 
even negligible level? 

While these are simple questions, each one has many more questions built 

into il, such as, but nat limited to: 

© How close together are the transmitter and receiver frequencies? 

* What frequency band are we using? 

* What s the hansrillers power output? 


* What are the unique product specifications for Ihe particular ransmiter 
and receiver we're using? 


While each application will have very diferent answers for these and 
other considerations, you can usually find the answers in the equipment 
manufacturer's data, For the purposes of this discussion, we'l focus 
instead on he broader use of isolation in duplex systems 


Determining the amount o required isolation is а mater af examining 
both sources of interference and identifying he optimal isolation level 
As shown below (figure 6.6), we see the effect of frequency on 

both interfering influences, receiver desensitization (dotted line] and 
transmite noise [solid Jine] 


S 


kolation required -dB 
h 


Frequency separation in MHz. 


The efect of frequency separation on receiver desensitization 
‘and transmiter noise 


In short, the closer ће frequencies are to one another, ће greater Ihe need 
for isolation. For instance, the chart shows that reducing the frequency. 
separation from 5 MHz lo 1 MHz requires double the isolation to assure 
that the receiver wil not be sensitized and that tansmiter noise will be 
reduced to negligible levels 
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Horizontal Separation 
The practice of placing a 
weren tels antenna а certain 
distance hom the same 
device's receiving antenna 

te achieve he necessary 
— 


Achieving sufficient isolation 

Once we have determined the requisite amount of isolation by answering our specification questions and applying 
what we leamed from figure 6.6, we can implement he correct degree of isolation by one of o methods: 

1. Use two antennas, physically separated by a given distance, or; 


2. Use the appropriate duplever wih a singleantenna system 


lefs examine the frst option of wo physically separated antennas. Within this option, there are two ways af achieving 
the desired result: horizontal and vertical separation 


Method 1: Two antennas ~ horizontal separation 


If you've ever driven crosscouniry with the car radia on and heard a favorite sang fade to static in midchorus, you've 
experienced an effect called propagation loss. Propagation loss describes the way an RF signal loses intensity and 
weakens lor atenuates| os it travels across distance. This effect means that placing the wo antennas арап = creating 
horizontal separation = yields a certain amount of isolation, simply by virtue of signal attenuation in he space between 
them figure 6.7) 


& 


With enough distance, we can achieve virtually perfect isolation and total protection from both receiver desensitization 
end transmitter noise. However, even the most isolated RF system is vulnerable to interference from outside sources 


located nearby. 


© Horizontal antenna spacing and isolation 
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Method 1 alternative: Two antennas - vertical separation 


Alternately, one may achieve the same isolating effect by separating he transmitter and receiver vertically, a practice 
called vertical separation. In realworld applications, his option is more convenient and eficient as it allows both 
transmitter and receiver to be mounted on a single tower, one above the other, separated by the requisite distance to 
achieve sufficient isolation 


A secondary benefit of vertical separation is that his arrangement takes advantage of what is known as he 
"cone of silence” that exists between vertically stacked antennas [figures 6.84 and 6,88) 


The cone of silence is a dead zone [есћпісоћу known as a null or lack cf gain] that extends above and below 
communications antennas, allowing each to operate in the others shadow, зо lo speak 


Centerline 


mounted venicaly э 
800 MHz above one onoher 
Call Antenna 


Verica Spacing, aches 


1900 MHz 
PCS Antenna 


Vertical antenna separation and isolation The "cone of silence” isolates antennas 


directly above and below each other 


Vertical Separation 
The practice of placing a 
капоті and recever in 
separate locations on a single 
antenna, allowing the height 
diference to achieve the 
necessary isolation, 
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Comparing the characteristics of each quickly reveals he 
superiority of vertical separation in practical applications 


(igure 6.8C) 


I should also be noted, however, that ће effects of 
horizontal and vertical separation are not direcly 
additive = in other words, using both methods on the 
same system will not yield the ful, combined isolation of 
each, Antenna manufacturers can supply specific figures 
оп what you can expect rom combining methods in any 
particular application. 


Vertical Spacing O deg d/t 


5 10 deg d, 


Horizontal Spacing 0 deg d/t 


1777 Graphs at right describing attenuation in dB] 
against separation [in feet) for both horizontally 
and vertically separated antenna pairs 
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‘Method 2: One antenna with a duplexer 
The other method of achieving the required Isolation between hansmiter — == 


and receiver ls the use of a duplexer in а singleanlenna system. А duplexer 


replaces one cf he hwo antennas and two lengths of coaxial cable by „ 
allowing both transmitter and receiver to operate at ће some ime, on the каары Айнаш 
some antenna (figure 6.9) 

The cost benefits Кот this option can be significant, as a duplexer cuts the (a aca 
needed infrastuctue in half. But he cost benefits are secondary to the other Conte Cable caring 
advantages, including AE Block gral 


Сом Cable compi 


Isolation. A duplexer reliably isolates transmite and receiver, regardless FG Back uel 


of extemal cicumstances or terrain. 

Antenna pattern. Without a duplexer, wo separated antennas are 
required. Whether arranged in а horizontally or vertically separated 
configuration, they cannot occupy the same space. This separation means 
that the coverage area of ether the transmitter or receiver may be larger 
or smaller han ће ойе, a variable that а duplexer eliminates. 


Tower space. Leasing lower space is expensive and space on the lower 
ist premium, By building & leasing опу one tower hale of wo, 
оройо con reals lower total cost ої ownership 

These ate oll good reasons o opt for single canten wii a peer, 

bu, оз with every advaniage in engineering, here are drawbocks аз well 

We'll explore these considerations a bit further on, but, for now, let's examine Ea 

how o duleser осиу works ond how lo choose he right one fo a 

райда application 


^ A typical cll site duplexer configuration 


fa 
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Considerations in choosing a duplexer 
There are two distinct families cf duplexers used in eway RF 


communications: the bandpass duplexer and the bandreject duplexer 


To choose the tight option, its important to consider the requirements 


of the system and what the correct duplexer must do. For the best results, 


a duplerer must 


1 


رم دوم 


Be designed lo operate in the system's frequency band 

Be able to handle he transmíters power output 

Operate at or below the systems frequency separation 
Create minimal power loss to transmit and receive signals 
Provide at least a minimum level of transmitter noise rejection 


Deliver suficient isolation lo prevent receiver desensitization 


These last wo factors relate specifically to isolation and prevention of 


interference. In both cases, protection must mest a minimum threshold, 


but here is no hard upper limit, and no harm in exceeding specified 
isolation levels 


Losses through the duplexer 


As a mater of course, the signal strength of both the transmitter and the 


receiver are reduced slghly in the process of passing through the duplexer. 


These losses are called insertion loss: transmitter to antenna and insertion 


loss: receiver lo antenna. like losses caused by other forms of attenuation, 
these duplexer losses are measured in dB and lend to increase as frequency 


separation between transmiter and receiver decreases [figure 6.10) 


Insertion Loss: 
Transmitter to Antenna 


Insertion Reduced Power 
Loss (Watts) 

0.5 dà 1% 

1.0 dB 20% 

204 37% 


Insertion Loss: 
Receiver to Antenna 


Loss (Microvelts) 
05 dB 5% 
1.0.48 11% 
2.0 dB 20% 


Equivalent signal power loss at discrete duplexer insertion loss levels 
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Bee Emp enti Bandpass Cavity 
The distinguishing feature of the bandpass duplexars design is he bandpass cavity. The bandpass cavity works A hequency е” hat its he 
оз a filler of RF frequencies, allowing a narrow band of desired frequencies to reach the receiver and attenuating Sonnet hoi pon rong he 


frequencies outside this band, Energy is fed into he cavily by means af a coupling loop, This energizes he resonant 


filer o a select set of equences 
(ther hequercias are prevented 


circuit formed by the inner and outer conductors. A second loop couples energy from the resonant circuit to ће output ben posing. Most devices have 
figure 6.11), The loops determine the selectivity of he bandpass сомбу. 


mul stage bandpass caves hat 
filer out diferent frequences ot 
each stage. 


Resonant Frequency 
The nalura tendency of a system 


Ir Coupling Loops lo oscillate with larger amplitude 


al particular frequencies, At hese 
Frequencies, even small periodic 
diving forces con produce large 
‘amplitude oscilatons 


The operation of o coupling loop 


The narrow band of desired frequencies hat pass through the соу experience only slight loss and are all within а 
few thousand cycles of the caviy’s resonant frequency. The effect of muliple hequencies, transmitted at equal power, 
оп a bandpass cavity is illustrated below [figure 6.12). 


f 1 
Uu 


Power level 
Power Level 


Frequency Frequency 


Attenuation of undesired frequencies passing through a bandpass duplexer 
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frequency. The narrow version of the array is the only one usable 
for most of the operating spectrum, but only if we relax the 2:1 
SWR limit standard. 


As an alternative, 1 modeled the arrays with separate leads from 
each fed wire to the common feedpoint. The right-most sketch in 
Fig. 9 shows the general outline of the 4-lead model (B). The 
question was whether this feed system would alter the SWR curves 
relative to the 2-lead model. Fig. 12 shows the results of the trials. 
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Clearly, we do not gain anything by using the alternative feed 
method. Although the details differ їп terms of the exact frequencies. 
and values for SWR peaks, only the narrow version of the 5-wire. 
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The selectivity of a bandpass cavity is usually illustrated in a frequency 

response curve. This curve describes the degree of attenuation provided 

by the cavity al discrete frequencies above and below the cavilys resonant 

frequency. The curve also shows the insertion loss to the desired signal ot he 

cavity's resonant frequency (figure 6.13]. oo 


(dr) vs. FREQ (Hz) 


T n 
In cases where a single bandpass cavily cannot provide enough rejection to i 
undesired frequencies, the addition et more cavities in sequence can furher FE A 
refine selectivity. While this results in additional insertion los A handy 
be increased substantially. 45 2 
a — 
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The effect of bandpass filer on multiple frequencies 
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The bandpass duplexer 
Iris the combination of hwo or more af hese bandpass 
cavities = interconnected in a duplex configuration = that 
makes а bandpass duplexer work. One or more of the 
cavities are placed in the transmiter part of the duplexes, 
tuned lo allow only the narrow band of transmiting 
frequencies о pass freely. Similarly, hose cavities in the 
receiving part of the duplexer are tuned to the narrow 
band cf receiving frequencies figure 6.14] 


The transmitle's output signal is fihered through the 
Transmitter bandpass cavities of the duplexer an its way 
ta the antenna, with the desired frequencies experiencing 
very litle loss, At the some lime, undesired frequencies 
оге attenuated signlicanly, reducing the transmitter noise 
that could otherwise interfere with the signal 


Аз on added bonus, this reduced transmiter noise not 
only improves the signal lo cur own receivers, but those 
operating on different frequencies as well ~ by limiting 
errant frequencies, we reduce he likelihood af receiver 
desensitization for other users оп entirely different 
channels 


Bandpass Duplexer 
A duplener haus muliple 
bandpass cautes b separate 
transmiter and receiver signa 
allowing for simultaneous wo 
way communicators 


^ qe ^ шо, 


The effect of bandpass filler on multiple frequencies 


Similarly, he bandpass cavities an е receiver рап of he duplexer (again, usually two or more cavities in a duplex 
configuration) are resonant to receive only assigned frequencies. As with the transmitters bandpass cavities, here is 
a modest loss of power in the process of receiving, but unwanted frequencies are attenuated to negligible levels. 


The net effect is that offfrequency signals are virtually invisible to the receiver, protecting i Кот desensitization = 
nat only Кот is awn corresponding transmiter, bu Кот others operating on completely diferent frequencies. 
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Isolating the best solution Chapter 6 summary 
Modern woway communications networks must contend with the interfering effects of both receiver desensitization Duplex RF communications 
ond transmitter noise. While a weranlenna solution is one way lo address these factors, most practical applications + Allow simitanecus oway 


must contend with space, cost and antenna availability limits. In most coses, a bandpass duplexer provides he signal aie 


requisite isolation between nenen ef and receiver, even when operating on the same antenna Peklo 
With the isolating properties afforded by a bandpass duplexer, both transmitter and receiver can operate efficiently К dd 
while reducing transmitter noise and receiver desensitization. The result is а compact, efficient and reliable 
communications network that easily accommodates hwoway communication of voice and dala + Receiver desansitzation 


© Transmiter noise 


Sources of interference: 


Behind every simple call or text on milions of mobile devices at any given moment is a world of complex science and 


technology at work = and new you have a better understanding of the important role that transmission and receiving ia 


isolation systems play in RF communications eee nsan boli 


+ Measured in dB; the higher 
the dB loss, or attenuation, 
the dearer he signal 

Antenna solutions: 

+ Polarization separation 

+ Horizontal separaton 

+ Vertical separation 

+ Addition of duplerer 

Duplexer choices: 

- Bandpass duper 

+ Bondrejech dige. 


CHAPTER 7 


The many ways to connect: 
RF Transmission Lines 


Look around your home and office and you'll see wires, cords and cables everywhere. 
In your office, network cables connect your computer to the outside world. In your living room, 
coaxial cables bring in premium programming = and highdefinition video cables feed it to your 
flatscreen TV. In any room of the house, you may have a reliable landline telephone that can 


reach out to virtually any person on the planet, all through a slender phone line of twisted copper. 


Indoors and out, these connections manage the flow of information that drives our daily lives. & 
Сотт$соре is dedicated to the continuous improvement of cable technologies that have an 


impact on every life, every day. 


Different cables are made for an amazing variety of uses, but they all have one thing in common 
they transmit power and patterns from a transmitting source to a receiving destination. 
In RF applications, these cables are the hard links that connect antennas to base stations. 


They ore collectively known as transmission lines 
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transmi t of electrical energy. Mult 


or battery, lo a device that would 


юп lines were primarily used for the m x transmission 


Transmission Line Long ag 


ln RF applications, he physical lines could efficiently connect a power source, like a gener sume tha 


dium hat conduct RF 
ier rom опе point o 
s, usualy between a 


reate а small-scale version of it every time you use an. 


satan and an antenna 


hone technology emerged, the limitations of this techniq 
line, the signals proved hi 


w type o 


soon became apparent. When passing mulli 
ble 
ble in the 1930s. Il was a shielded cable 
du 


lernal interference. To o 


this problem, Bell 
consisting of an inner wire surrounded by пот 


nductive material called а dielectric. This ve material 
nd 


ver. F this design sounds familiar, i's because you've seen it befo 


1 


y, and the wh cased in an 


hope assembly was fin 


was then surrounded by ап outer 


insulating This was the first coaxial cable, 


essentially the same design used today for data transmission (figure 7 


"The basic constuction of a coaxial cable 
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In RF applications, coaxial cable is used as а transmission line for radio frequencies that only penetrate he outer layer 
of a solid conductor, а transfer known as he “skin effect.” The benefit o his arrangement is that it allows the outer 
surface of he outer conductor to be grounded 


Signals poss along а coaxial cable by riding the outer surface of the interior conductor = and the inner surface of 
the outer conductor = with а noncondictive dielectic layer between them. As а result, he only escape points for the 
energy carried on he line ore at either end = exaclly where they re needed for clear transmission, 


Coaxial Cable Types 


Modem coaxial cables used in RF transmission can be grouped into three main categories: solid dielectric, air 
dielectric and foam dielectric. The constuction of each category makes each of them suited to particular uses 


‘Advantages: 
Foibe 
Easy o install 


expensive 


No pressurization requi 


low signal oss 


High power and 
Frequency capacity 
lang operational lte 


Reduced power loss 
No pressurization quired 
Moderately priced 
lang operatonal le 


Enhanced crush resistance 


Disadvantages: 
High signal loss 
Prone о detection 


FF signal leakage 
through outer conductor 


High ino caste 


sizaton logit 


Vulnerability to moisture 


Sighly more lose 
than air dilechic 


Mere expensive han 
solid есе 


Solid dielectric cables employ а flexible inner conductor 
[sanded or woven, as opposed to a solid wire), covered by 
solid extuded polyethylene insulation. The outer conductor is 
braided, and muliple layers can be stacked with shielding foil 
between hem. The outer insulation is a polyethylene jacket. 
Air dielectric cables ore similar to he solid variety except that 
‘hey employ open space as the inner nonconductive layer. This 
cavity is supported with small insulating spacers that maintain 
‘he open channel and are pressurized lo keep out moisture. 


Foam dielectric cables employ а soli, as opposed to 
sanded, capper wire core. The outer conductor is generally 
smooth aluminum, conugated aluminum or corrugated copper. 
The inner nonconducive layer is made of polymer foam, which 
combines several key advantages Кот both solid and air 
dielectric cable varieties, Its power loss and cost characteristics 
lay between the two other options, but foam also offers 
practical advantages that make i the preferred choice in many 
modern woway RF applications. 


Coaxial Cable 
A transmission line bull o 
prevent interference while 
anying mulple signals 

IF consiste of an inner core 
conductor and an cuter sleeve 
conductor separated by a 
rnancanductva dialectic layer 


тетине з 
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The mechanical elements of coaxial cable 


Several material choices are available for boh the conductive and 
nonconducive elements af coaxial cable, The specific needs af a particular 
use determine which combination is most efficient and affordable. Below. 
you can see Мо examples of the many varieties available [figure 7.2]. Note 
how they feature diferent conductive components, but bath have the same 
solid dielectric insulator and outer jacket. 


Signal energy is carried along the inner and outer conductor. You will notice 
that, in both coses, the surface area of the outer conductor is much greater 

than that of 
inner condu 


copper is almost un 


inner conductor. Therefore, the conductive properties of the 


r must nt os possible. Thats why highly conductive 


ally preferred 


i 


= 


Corrugated copper (lef) and smaothwall aluminum right) coaxial cables 


Braided copper is the most commonly used outer conductor on solid 
dielectric cables. Copper is again chosen for its exceptional conductivity, 
and itis used in а braided form to improve is fexibiliy. Solid copper ог 
aluminum material, ether corrugated or smootwalled, is most cen used 
for foam or air dielectric cables. The choice between aluminum and copper 
offen comes down to cost = while aluminum is less expensive than copper, it 
also has lower conductivity. 


In RF transmission lines, he preferred dielectric material is polyethylene due 


to its low loss characteristics and lang lite span. This material can be used 


in either solid or foam dielectric constructions, or as 
dielectric design. For high-power applications, Telon® is substituted for 
its high melting temperature due to the higher operational temperatures. 


spacers in an air 


Teflon is more expensive, so there are various other materials with costs and 


temperature resistances between those of polyethylene and Teflon. 


The interconnect solution for LTE 


ellen 3.0 is the single-source solution with hybrid ber and 
coaxial options that deliver better performance for any network. 
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Electrical properties of coaxial cable Atenuation 
Measured n decibels (d 
ben he loss of power 
experienced by an FF signal 
ce moves hom one рот 


Signal loss, or attenuation, is a significant consideration in the design of a cable. The loss occurs in three ways 


1. Conductor loss is direct function of the conductive properties of he cable's materials. 


2. RF leakage is а measure of the eHectiveness of a cable's shielding, To another Transmision ine 
otenucňon is expressed in 
3, Insulation loss is a fixed degree of attenuation inherent in the material of he cable's dielectric layer ther decibels par 100 feet 
148/100 feel of cable length, 
Atenuotion is measured in decibels; in the specific cose of transmission lines, attenuation is expressed in either or decibels par 100 meters 
decibels per 100 feet of cable length or decibels per 100 meters of cable length {48/100 c cable length, 


How well hese losses are managed depends on such factors as the size and length of the cable, the conductivity of 
the materials used in the cable, the frequencies traveling along the cable and the effectiveness of its shielding. There 
оге general physical rules governing how these factors impact attenuation, such as 


Cable size. As a rule, a cable's conductor loss will decrease as its size increases. This is due to а larger cables 


broader crosssection and ils corresponding increase in conductive area Ф 


Cable design. Solid outer conductors allow less RF leakage than braided ones, though at he expense of 
Вехі. 


Dielectric material choice. By choosing any particular dielectric material, you can anticipate a predictable level 
cf insulation loss. As explained earlier, alr dielectric offers the lowest insulation loss, while solid dielectric comes. 
with the highest loss. 


Assigned frequency. All three types cl attenuation direc increase as a function cf the hequency cf he cables 


signal. The higher the frequency and the shorter the wavelength, the greater the lass in any given cable 


This complex balancing act of performance, easecfhandling and cost means no single transmision line design is 
ideal for all, or even mast, circumstances. Each design is an exercise in compromise between these factors 
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Ohm Characteristic impedance 

The unit of electienl resistance. 

еы Characteristic Impedance, commonly called cable impedance, is a measurement ofthe electrical resistance of an RF 
Iines, ohms rele o he transmission line as measured in ohms. The figure is derived by a complex formula Involving the rafio between the 


inherent, or characteristic, 


SENA cable's мо conductors. As o general rule ће industry slandard impedance for RF cable is usually 50 ohms (hough 


some applications require 75 ohms] 


This expected degree cf impedance can be affected by imperfections or damage in he cable itself. A deep dent in 
the outer wall of a coaxial cable can cause its impedance lo vary from is standard level. This disruption is called а 
discontinuly, or a change in the distance between the inner and outer conductors, os you might see fram a squashed 
cable. The signal refelects within the cable, creating the same loss of performance as a mismatch between cable and 
antenna [chapter 3). 


This is one reason that а cable's Hexibilty and crush resistance are such crucial factor 
a frequent source of discontinuity and can be expensive and imeconsuming lo remedy. 


damage during installation is 


Velocity of propagation 

Simply slated, the velocity of propagation within a coaxial cable is he speed at which a signal can travel along 

that cable. Velocity is govemed by the amount and type of dielectric used, and is expressed as a percentage of 

the speed of light. can range from 67 percent for solid dielectic cables up to 92 percent for air dielectric cables 
However, since the speed of light is more than 670 milion miles per hour, velocity is rarely a concern in itself, hough 
there are exceptions. For example, velocity becomes significant in cases where phasing is required (chapter 3) 
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Power handling capability 
The amount of power hat a particular transmission line can handle is 
dictated by two measurements af temperature: the ambien! temperature 
(he temperatura of he air surrounding the cable} and the temperature of 
the cable itself under ordinary operation. 


Аз we've seen, power loss is inherent in any cable design, and is dependent 
upon the kind of dielectric used in he line. This lost RF power translates 

to heat, зо the greater the attenuation within а cable, the more heat it will 
generale Кот hat lost energy, Likewise, the greater the frequency pasting 
along any given cable, the mare heat it will generate аз a function of loss, 


Heat resistance is a critical factor in cable design. For instance, foam 
dielectrics begin to зойеп near 180 degrees Fahrenheit, so an engineer 
choosing the right transmission line will need to be certain that he combined 
intemal and ambient temperatures won't exceed 180 degrees. If he cable 
exceeds its limit, the softened dielectric will allow Ihe inner conductor to shih, 
creating a discontinuity. Iit should contact the outer conductor, the resul 
would be а shorted cable. To help engineers make the right choice and 
prevent such омез, cable manufacturers like CommScope rate each type 
of cable for certain power levels at certain ambient temperatures. 


RF leakage 
As ils name suggests, RF leakage is a function of the physical ways an RF 
signal can "leak" out of a transmission line. In the case of a cable with a 


braided outer conductor, there are countless tiny openings in ће cable. 
As wih а leaky garden hose, he more power or pressure you apply, 
the more signficanlly those leaks affect performance, 


In addition to attenuation, RF leakage causes another challenge when 
several highpower braided coaxial cables are arrayed in close proximity 
te one another. The leakage can cause interference between the cables at 
their endpoints, such as when they connec! fo antennas, 

mullicouplers, duplexers and so forth (chapter 8). Fauly connections can 
make this problem worse. 


As wih power handling, RF leakage is included in a cable's specifications 
lo help engineers choose the best option for any particular configuration, Ф 
especially in circumstances where many cables terminate close together. 


Antennas Made of Wire - Volume 2 ———— 


antenna shows potential for extended frequency use. The medium- 
width version of the antenna is again usable up to about the middle 
of the spectrum, and the wide version shows a rapid decay of good 
SWR performance above about 7 MHz. Varying the reference 
impedance does not alter the performance significantly. The key 
problem in all versions of the 5-wire array is the presence of very 
significant reactance levels at most frequencies. 


Despite the initial optimism offered by the idealized model in terms 
of developing a 5-wire wide-band antenna, remodeling the array 
more realistically with wire leads to the center feedpoint presents 
serious obstacles to further development. Only the narrow version 
of the antenna has a bandwidth potential resembling the curves 
that we obtained for the 2-wire and 3-wire antennas-and then only 
if we relax the SWR standard. However, one feature that gave the 
basic idea of a 5-wire array its allure was the potential for 
significantly higher gain than either of the smaller antennas. 
Despite the SWR problems, we should explore this facet of the 
antenna. The following table of sample values parallels the one for 
the 3-wire antenna to provide for direct comparisons. As we did 
when checking maximum gain for the 3-wire antenna, we shall 
provide gain values for both the edgewise and broadside planes 
relative to the antenna. In addition, we shall examine values for 
both the 2-lead and the 4-lead versions of the array. 


Chapter 36 
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Environmental Factors Cable Ше expectancy 

The пове and seting of 

cable nsalañon does what The expected useful life span of a coaxial transmission line depends largely upon environmental factors. Since. 
kind of caba should be used engineers have litle control aver these factors, they must compensate by choosing the right design wih the right 


(Considerations include: 
* Sunlight UY exposure 
* Humidity and тоне 
+ Temperature extremes 


material o assure ће longest possible Ме span 


The composition of the cable's outer jacket is one of he more obvious considerations. Most flexible and semiflexible 
coaxial line jackets use polyethylene, polypropylene, or polyvinyl chloride (PVC). Al tres options are vulnerable ta 
longterm sun exposure, so manufacturers Incorporate carbon black into the resin o improve the jackets resistance lo 
aging under ultraviolet light, which can extend their operational lives up to 20 years of service. This improvement is 
why зо much coaxial cable you see in household use is black 


Moisture and humidity are importan! factors as well. While water can inilrate through tiny nicks, cuts or age cracks 
in the cable, the single most common form of moisture infilration is through improperly sealed connectors an the ends 
of the cable. Even humid air present inside the connector can condense as temperatures fll, resulting in liquid water 
that wicks deeper into the cable along the outer conductors braid, This can potentially corrupt the entire cable and 
short the inner and outer conductos, particularly in the connectors themselves. The resul is increased signal reflections 
> within the cable and degraded passive modulation performance ө 
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Connectors 


As the number of modern RF applications has grown, the technology used to 
connect a cable lo is terminus has evolved. The simple designs created in the 
1940s for military uses have diversified and improved into a variety o types such 
оз these (figures 7.3 through 7.8), 


UHF connectors are ће oldest and mos! popular type stilin use for eway 
communications. They are rugged, reliable and easy to instal, which is why hey 
ore the prefered choice for applications with hequencies up to 300 MHz. 

BNC connectors are small, guickdisconnect versions with a bayonetstyle locking 
coupling. These are often used on narrow cables connecting equipment. 

TNC connectors are similar to BNC connectors, but include threaded connections 
that keep them secure in environments where vibration is a concern, 

Туре М connectors ore an industry favorite for RF communications with hequencies 
above 300 MHz, where UHF connectors are not suitable. Туре connectors may 
be rated to perform at 10 GHz or even higher. 

EIA flanges cre used primarily on pressurized air dielectric cables operating above 
450 MHz. These connectors offer the standard 50 ohms of impedance and 
typically offer higher voltage characteristics than Туре connectors. 

DIN (Deutsche Industrie Normenausschuss) connectors ore available in several 
sizes and have came lo dominate the RF communication industry as a whole 

They have a larger crosssection than TypeN connectors, and better withstand the 
rigors of field installation 


For exceptionally congested installations with multiple service carriers operating 
inthe 700, 800, 900 and 1900 MHz bands, siverplated Type or DIN 
connectors are required. 


DIN coax connector. 


BNC coax connector 


TNC coax connector 


Type N connector 


НА flange coax connector 
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Voltage Standing Wave Ratio 
Sway 
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patear gr 
olay Nueno be amo 
ign moce bach 
long o onbe fo e 
Thc, pec operon 
yields a VSW value o 1.0, 
i wi! ač жне 
тоск 


Installation step 1: Cable choice 


As discussed above, choosing an appropriate cable 
depends on knowing 


+ Which frequencies twill сопу 
* How much loss is tolerable 

+ Where it will be installed 

+ What kind of budget limits exist 


In most cases, here will be more than one acceptable 
cable solution for any one of these four criteria, but 
the key is to get the greatest possible benefit against 
al four, For instance, if we lock at cost as he primary 
driver, we see that smallerdiameter cables cost less o 
purchase and install, but will need more upkeep and 
eventual replacement. We may also consider a less 
expensive option wilh a higher rate of las, intending 
lo compensate for that loss through greater RF power 
generation on one end of the cable or increased 
antenna gain on the other. 


Installation step 2: Field testing 

Once you have selected and installed the cable that 

best performs to your application’ priorities, he process 
cf finetuning that performance can begin, There are three 
tests you would likely perform: inner and outer conductor 
continuity, shorts between conductors, and a voltage 
standing wave ratio (VSWR| test. 


The first o tests are simple and direct measurements 
of impedance in the cable, performed wih an ohmmeter. 
Any physical disruption of the cables integrity would be 
revealed in a nonstandard level of impedance, and 

you could begin inspecting the cable for the source of 
the problem 


The third option, Ње VSWR test, i on indirect but 
ultimately mote revealing measurement of overall line 
performance. Basically, the VSWR test measures the 
amount of signal reflection taking place within the cable. 
Measuring bath forward and reflected power with a 
wattmeter, you can compare the values agains! the cable 
manufacturer's conversion chart for that particular type cf 
cable. f everyhing is functioning correctly, he observed 
amount of reflected energy should fall within expected 
limits. Poorly made connections or connections with 
mismatched impedance will quickly become obvious. This 
process is explained in more detail early in chapter three. 
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Installation step 3: Troubleshooting 


Reduced RF communication 
performance can be rooted in any 
number of problems, occurring 

in апу component in бе system 
When the antenna and transmitter 
hove been ruled out as potential 
trouble spots, ifs ime lo examine he 
transmission nes — because a lot of 
things con go wrong wih cables. 


Here are just а few things that can 
cause system performance to drop 
suddenly: 


Weather. A good place to start is to 
visit he sile itself and speak to those 
familiar wih recent weather trends 
A bad чот, lighting, hail ar high 
winds con damage cables and 
loosen connectors 

Local phenomena. їп addition to 
weather, other local events can 
impact performance. Explosions 
from nearby mining operations, 
small earthquakes, even a stay 
bullet from a hunter's gun have been 
identified as culprit. 


Water infiltration, As discussed 
earlier, water is perhaps а 
cable's greatest enemy. Checking 
connectors far signs of moisture, 
doublechecking their seals, and 
examining the cable itself for any 
new damage will help confirm or 
rule out water as a cause. 


In any event, once he damage 
has been identified, that section of 
cable cannot be taped or otherwise 
repaired. it must be replaced, 
Longterm system performance 
degradation can be just as serious, 
and is often caused by cable aging. 
While metalsheath cables are 
almost impervious lo aging when 
properly installed, inferior cables 
соп age and crack with extended 
‘exposure to the sun's UV rays and 
extreme temperatures. 


Locolizing the problem 
your VSWR measurements reveal 
a high level of reflection = say, 20 
percent above the level indicated by 
the manufacturers table = then, most 
likely, your cable is experiencing 

an open, a shart or а partial short 
somewhere along its langhh or in a 
connector. Ta confirm this, you could 
perform he following tests: 


3 


Open the top of he cable and 
short the inner and outer conductors 
(he cable ground should be 
removed for hi). Measure 
impedance between the conductors 
with an ohmmeler. An intact cable 
will show low impedance between 
the wo, while high impedance 

will reveal damage lo the outer 
conductor, This kind of damage 

is hard to locale. economically 
feasible, replacement may be he 
besl option 


Remove the short between the 
conductors and fest impedance 
again, In this instance, an intact 
cable will show high impedance, 
while low impedance may indicate 
damage la he inner conductor hat 
creates o short somewhere within 
the cable, The damage required to 
cause this kind of faul ohen leaves 
more obvious taces on the outer 
jacket and is easier to identify. 


Examine the connectors themselves. 
Type connectors are particularly 
vulnerable to misalignment and pin 
breakage, which con result in a 
short. Also, as ће primary source 
for any potential water inflation, 
ifs а good idea to examine any 


type of connector for signs of 
moisture. For best results, check. 
connectors during cool weather 
or at night, where any trapped 
vapor will have condensed ino 
more visible droplets 


Practice good preventative 
maintenance. Proper installations 
reduce the need for ongoing 
maintenance, but vigilance ls 
always to your benefit. Any 

time an installation is realigned 
or painted, it's smart to inspect 
the cables and connectors 
Identifying small problems before 
they become big problems 

can save а great deal of ime 
and money and minimize lost 
рейотогсе. 


In summary, а solid understanding 
of the constuction af cables 

helps you understand their best 
applications, where they may be 
vulnerable, and where to look when 
а foul is suspected. 
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Transmission lines connect the world Chapter 7 summary 
While so much of modem RF communication is comprised of radio energy radiated through the air, the critical links RF Transmission Lines 
оп either end depend on ће right kind of transmission line cable and the right connectors between base station + The bridge between bass station 


and antenna. and спета 


= Adopted Кот designs ence used 


As a physical link, these cables must be able to flex where they're needed, withstand the punishing elements, and 1o cany simple electricity 


faithfully carry the frequencies hat eventually reach you as your internet connection, landline call, or mobile phone Coaxial cable: 

cal virtually anywhere in he world. * Characterized by inated inner 
ond over condo 

You live among smallscale examples of he same technology at home. From the USB card en your computer mouse + Sold delecti 

to the century old design of your telephone wall cord, each cable is designed to carry specific hequencies over = Alec 

specific lengths, each one for a unique purpose. As a leading provider of coaxial and other transmision line ipsae 


products for networks all over Ihe world, CommSeope is at he forelron! of he race to develop innovative solutions 


that will address the future of technology tomorrow. ‘Mechanics and materials 


+ Copper wad for inner conductor 


+ Copper or aluminum used for 


© оше conductor Ф 


+ Polyethylene used for dielectric 
insulator 


+ Various connector for dierent 
applications 

Design considerations: 

+ Cable impedance 

® Veociy o propagation 

+ Powerhandlng capability 

+ Heat and frequency limits 

Measuring performance 

+ Conductor bss 

+ RF leakage 

Insulation loss 


+ VSWR testing and faul десіп 


CHAPTER 8 


Making every connection count 
е Intermodulation (PIM) Fundamentals 


Pas: 


lts a fact of life for electronic devices: when something isn't working 
correctly, we check the connections. From the most complex cellular 
transmission system to the simplest toaster, junctions between cables 


and components are the most likely place for problems to occur. 


But beyond the obvious culpris like poor connections, water 


infiltration or mechanical issues, a communications system's 


connections can also play host to other problems. One example is 
passive intermodulation (PIM), an inherent product of the system's 
freguencies and their associated harmonics. PIM can create 
undesirable sideband frequencies that interfere with the system's 
assigned frequencies. It takes a knowledgeable partner like 
CommScope to choose the right components and assist in the 


design and installation of a communications system 


Passive intermodulation (PIM) 
A potential side effect of 
having mere han оле 
highpowered signal operating 
on a passive device such аз а 
cable or antenna. PIM cecus 
й nandinear points in a system 
such as junctions, connections 
ог interfaces between dea le. 
melal conductors, creating 
werken frequencies hat can 
decrease ciency. The higher 
the signal amplituda, or power, 
the greater the efect 


незин 1 
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Intermodulation explained 

The growing demand for wireless services has 
increased the complexiy of system design and he 
resources to support that demand, As a resul, 
there are more RF components, configurations and 
spectrums uilize in he RF path Included in hese 
additional components are passive devices that can 
contribute to PIM. With а good understanding of 
these PIM contributors, we can proactively address 
PIM and its impact on the system noise foor. 


Because PIM will act аз a component of the overall 
noise Вост we wil frst discuss the components 

of system nalse and how noise impacts network 
performance, The system uplink noise fior is 
dynamic and affected by PIM and other factors. 

IN is also driven by the number cf active users, For 
every new user added tothe site, additional noise 
is added to ће network, causing a "noise rise" 

Аз new users raise he noise flor, each user must 
deliver a higher power transmit signal o overcome 
the increased noise, This means he user must be 
closer to ће receiving cell ower. Consequenty, he 
сей coverage area is reduced. 


There is a theoretical limit o "noise rise" and o 
consequent corresponding limit o he number of 
users that can be added, This theoretical maximum. 
number of users is referred to as ће “pole 
capacity ofthe network 


Uplink pole capacity is proportional to the system 
signaHtointerference /noise ratio [SIR] and several 
other variables and, for WCDMA networks, 

con be estimated using the following widely 
accepted formula: 


Np=(W / R)/((1+ f)*AF*TO^(EbNo/10]) 
where 
Np = Pole capacity 
W = Spreading bandwidh 
R = Users radio bitrate 
# = Войо of ohercell interference to 
incall interference 
AF = Activity factor 
Eb/No = Folia of energy per information 


bit to power spectal density of 
noise + interference 


Notes: 

1) Basically, Eb/No represents the amount of 
gain that must be provided above noise and 
interference for acceptable system performance 

2) Eb/No can be expressed as Eb/No = 
Processing Gain + SIR, where SIR is ће Signat 
folnterference /Noise ratio 

3) For 3G voice at a С512.2К data rate, the 
Eb/No requirement is typically 5 dB 


Ап example pole capacity calculation estimating 
the uplink capacity for a WCDMA cell site is 
shown as follows: 

Np = Pole Capacity 

W = 3.84 Mhz (value for 3G UMTS] 


R = 12,200 bis/second (value for 
C512.2K for 3G UMTS voice} 


f = 65% hp el network value) 
AF = 50% [ypical network value) 
Eb/No = 5 dB hen value for 3G UMTS) 


Np = (3840000 Mhz / 12200 bit/s) / 
((140.65) * 0.50 * 1045 / 10)) 


Np = 20.6 users maximum 


We can see from the above pole capacity 
equations hat increases in the system noise floor 
can degrade system performance, increase system 
power consumption and reduce cell coverage 
area. Because PIM, when по! mitigated, can be 
a significant contributor lo noise, it is clear now 
the serious impact it can have on wireless network 
performance, 


Now that we have developed an understanding 
of the system level impact af PIM, we will describe 
specifically how PIM is generated and how it can 
be mitigated. 
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em' receiving ard Calculating potential PIM 
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Calculating where PIM will occur; based on two exemple frequencies, A and B; in this example, PIM occurs at 2AB [a common 
rd order product and again ot 28À 
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‘Managing PIM 
Since we don't always have the freedom to select 
frequencies that avoid PIM issues, we need lo look 

at other methods of reducing its influence in cur 
communications system. Reducing PIM levels starts with 
reducing nonlinearity in the circuit 


Nonlinearity in a passive RF circuit typically results 
from current rectification at the conductor joints and 
mechanical junctions. Resclving nonlinearity generaly 
means improving connections throughout the RF path of 
the system. This means addressing problems such as: 


+ Improper connector attachment 


Poorly torqued connections with incorect contact 
pressure 


+ Contamination or corrosion of conducting surfaces 


Inadequate plating on rustprone ferromagnetic 
components 


© Poor connections due to cold solder joints 


The most common and visible contributors to high PIM 
levels in the system are associated with the mechanical 
ard physical integrity of the connections in the RF 

path. Therefore, those who deal directly wih he RF 
components in the field, such as installers, service 
technicians and tes! engineers ore integral in the batle 
against PIM. They will require taining in proper field 
installation, proper use of PIM test equipment and a 
fundamental understanding of PIM. 


In order to manage PIM, we alsa need to understand 
Же environment in which we are performing the PIM 
testing. For a manufacturer, it is now common for PIM 
to be tested in а controlled RF environment such os an 
anechoic chamber. This is done lo ensure the device 
under test has an isolated and “quiet” RF environment 
do confirm the PIM performance as it relates to he 
published manufacture specification 


Field testing presents an entirely different set of 
challenges if PIM performance testing is required. This is 
not an isolated or “quiet” RF environment. This noisy RF 
environment can negatively Impact PIM or provide false 
PIM levels that are а direct result of he environment, In 
other words, you may obtain PIM levels in your testing 
that are not reflective of the actual device under test, but 
rather the RF environment in which itis tested. Shown 

con the nex! page are some examples of base station 
antenna testing where the environment impacted the PIM 
measured in the field. 


Although conditions such as extemal RF signals or he 
test environment may not be controlled, the selected 
components installation practices and tesing are within 
cour contol. Education and awareness are ће fiat steps 
in managing the dificulies associated with field PIM 
testing 


System PIM Calculators 
Reducing PIM inthe RF Path 
is important and challenging. 
CommScope provides several 
PIM syslem calculators o support 
your RF Path analysis, 


Download the latest tools below. 
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PIM and VSWR 
System Calculator (Global) 


Band and Block Second and 
Third Order PIM Calculator 
(North America) 
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PIM Measurements - Field Observations 
+ Onsite antenna measurements with (GA200 portable PIM 
+ Clear sky RF field-ofview required to avoid ony secondary PIM sources which could cause false PIM failure 
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Аз expected, the wider the array and the higher the operating 
frequency, the greater differential that we find between edgewise 
and broadside maximum free-space gain values. In general, there 
is no significant difference between the gain behavior of the 2-lead 
and 4-lead versions of the 5-wire antenna. Both narrow versions 
show a good coincidence between the edgewise and broadside 
gain values. However, as we widen the antenna, the upper 
spectrum values actually show a decline relative to the narrow 
version of the antenna. As well, the differentials grow to 
considerable proportions, with one value set showing a 7-dB 
differential. Initially, then, the first order conclusion might be that 
only the narrow version of the array holds potential for wide 
frequency use. Interestingly, this conclusion from free-space gain 
data coincides with the conclusion suggested by the SWR data. 


The sampled gain values reveal another interesting pattern to 
antenna performance. Let's overlay a few patterns for the single- 
wire reference doublet and the 5-wire narrow antenna, using the 2- 
lead version. However, let's examine both the free-space values 
and the values 75' above average ground (conductivity 0.005 S/M, 
permittivity 13). Additionally, we shall restrict the frequency range to 
extend from 2 to 6 MHz. This last measure operates on the premise 
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Researching, testing and installing Chapter 8 summary 

The severity of PIM is direct related ſ signal amplitude, or power. Thats why PIM performance of diferent RF Passive intermodulation (PM: 

components specify power levels along with their other properties. Typically, this figure is calculated by applying hwo = K oné 

signals of close frequencies at 20 watts (+43 dBm), the industry standard for PIM testing. This standard helps assure and he homonics 

that comparisons between diferent products yield meaningful answers + Con couse transmission or 
teceiver hequencio lo noste 

Understanding the PIM properties cf components ike cables, connectors, combiners, filers, towermounted amplifiers wih each aber 

ard antennas allows you to design o system with minimal exposure fo potential PIM issues. lts а meticulous process, + Occurs asa byproduct ot 


nonlinearity in a circuit, such 


but ifs essential to preventing potentially crippling PIM problems later on: padel 


* Choose a knowledgeable provider hat has demonstrated experience in ће PIM specification of ther products = Ede conato n he 
‘one who can help you make the right component choices. CommScope makes this expertise freely available to 6 


cur customers. in on RF sem 
+ Test your component performance agains PIM specifications to assure troublefree operation later on. 
+ Use trained installers certified in preparation and installation techniques. Since they will be managing connections, 


Ф ‘and connections are ће source of PIM, their skill is your best guarantee against problems. & 


By following these recommendations, you can count on an RF system that will operate efficient, virtually hee of 
troublesome PIM effects. 


Pl 


best addressed at the planning stage 


In engineering, connections are perennial trouble spots. Each connection, junction and interface is an opportunity for 
something lo go wrong, Including passive intermodulation [PIM] 


The only way to design the system to mitigate PIM is to study and test the PIM specifications of the components 
comprising that system, which is why partnership with CommScope is so vial. We provide the experience and 
insight to spot potential rouble early in the process. Visit the Pldedicated portal af our website, to leam how we 
can assis! you wih awareness, prevention, identification, resolution and support 
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The infrastructure behind the connection 
Microwave Backhaul 


Imagine two kids, each standing in their own backyards, talking 
to each other on soup cans connected by a string. This is the 
simplest of connections, nothing more than two users on a direct, 
poinHo-point, dedicated line. This same simplicity applies if we 
replace the cans with walkietalkies — the communications system 


is still reliant on just two points of contact. 


Once the system becomes more complex, like modem distributed 
communications networks with millions of users, these simple 
connections are no longer practical or possible. A centralized 
processing point is needed to route many conversations 
simultaneously just to make the correct phone ring when you 


dial its number. 


This centralized processing is called backhaul and its the 
infrastructure behind the connection where you'll find many 


commscope solutions 


Backhaul 
The process of connecting e 
ends cha transmission rough 
ıa central routing point 


незин 1 
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To imagine backhaul in action, consider the classic image af an early 20 
century telephone operator, manually connecting calls at a switchboard. 

Аз more and more people call at ће same fime, the task soon grows very 
complex = eventual, too complex for humans to perform. 


Today's modern cell phone networks require much more complex 
connectivity - collectively called backhaul — than even ће fastest human 
operator could provide. The process of routing network traffic for a cell 
phone call requires many steps to complete, and looks something like this: 
Могу makes а call to John on her cell phone from her office 
Mary's outbound call is picked up by the nearest cell tower 

The tower routes Mary's call lo the ао regional network 

The regional network sends Mary's cal to he national network 
The national network routes Marys call to Bills regional network 


Srs pro 


The regional network broadcasts Mary’ call Кот the nearest 
call tower 

7. Bills cel phone rings, he answers and the call connects 
Backhaul ls the process of routing Marys cell call = and all network traffic 
= up lo, then down from = ће core processing backbone between the cell 
lower nearest lo Mary and the one nearest to Bill. While backhaul can be 
achieved over a number of diferent materials, such as Wisted pair copper 
cable, fer optics or coaxial cable, microwave backhaul offers a time- and 
costefficient backhaul link, ideally suited to cell phone networks hat move 
calls and dato across the county = and across ће world = milions of times 
every day. 


Microwaves and the electromagnetic spectrum 
The electromagnetic spectrum includes an incredible variety of radiation 
types, all expressed in Hertz [Hz], а measurement of a particular radiation 5 
frequency. Most frequencies used in electronics are expressed in thousands 
of Hertz, ar kilohertz (KHz); milions of Hertz, or megahertz MHz); bilions of 
Hertz, gigahertz: (GHz) or even trillions of Hertz, terahertz (THz). Some of the 
more familiar types are listed below (lable 9.1 


Wavelength ‘Application 


Mabile base station 


1550, 1300, 8500m Fiberoptic links 


Applications associated wih different radiation wavelengths within the 
electromagnetic spectrum 


жзг ene. 
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Microwave backhaul frequencies 

The International Telecommunications Union [TU] 
regulates the microwave spectrum available for 

backhaul applications. Each band is bes! sulted io 
particular situations of topography, climate, bandwidth 
requirements and cost, determined in large рап by their 
typical hop lengths, ог the distance each band can travel 
in open air between points (table 9.2]. 


You may notice that the table includes several 
“unlicensed” frequency bands. While most microwave 
frequencies are regulated to prevent interference during 
hops, unlicensed frequencies are unregulated, requiring 
cooperation between operators fo prevent interference. 
The highest bands, 60 GHz and 80 GHz, possess 
unique propagation characteristics, as shown in their 
very small maximum hop length, They serve a special 
purpose which we will discuss later in this chapter 


Frequency band 


ee 


Frequencies (GHz) 


127-1325 


177-197 


310-334 


7176/81-80/92-95 


Typical maximum 


hop length (km) 


Typical minimum 


hop length (km) 


Typical hop lengths for microwave frequency bands 


p 
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Duplex Communications 
A vansmiter and песали 
that work in diferent Ime 
slats or hequency slots on 
the same device. 


Microwave advantages 


The microwave band possesses characteristics ideal for 
radio transmissions, including those Кот cell phones: 


* They help directional antennas make hops from point 
lo point in narrow beams that don't interfere with 
each other 

+ The low end of the band [below 11 GHz] 
propagates over long distances, ideal for lang haul 
connections to users in remote locations 

+ The higher end of the band (above 11 GHz) 
propagates over shorter distances, ideal for short 
haul connectivity required in urban locations 


In addition ю their technical characteristics, microwave 
links also offer practical and financial advantages over 
cable solutions, which have made them the preferred 
choice for modem communications networks 

= Less expensive to establish and operate 

+ Faster deployment 


+ Greater bandwidth than twisted pair copper, critical 
to high-traffic applications like modem cell phone 
networks 


+ Readily scalable to handle more traffic as required 


* Very reliable to operate 


Microwave backhaul in action 


Lets revisit he process of making а cell phone call 
The user dials the call and the cell phone со 
with the nearest cell tower, operating on the networks 
radio frequencies (within he 700-2700 MHz part 
cf he spectrum). The call tower hands off the call to a 
microwave transmitter [ypically into one of he bands 
between 6-40 GHz] which directs it via directional 
beam - а hop = to a collection or aggregation 
center which, in tum, makes the connection to the 
mobile network's core network. The traffic is hen 


routed across the network to he region closest to the 
receivers location, where it will be transmitted again by 
microwave lo the nearest cell tower. 


The receiving cell tower station dowrrconvers he 
microwave signal back to ће network's radio frequencies 
fer ts final journey lo he target cell phone. The process 
is reversed for traffic moving in the opposite direction. 


This Wwoway microwave backhaul generally uses a 
Frequency Division Duplex (FDD) system that allocates 
frequency channel pairs for simultaneous eway, or 
duplex communication [figure 9.3] 


Another way to achieve duplex communication is Ма a 
TimeDivision Duplex (TDD), which achieves the same 
goal by switching the required direction af transmission 
in а very fast, precise manner [figure 9.4), While a more 
eficient option, TDD requires very careful timing contol 
cond is not the prefened system for microwave use 
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" Typical microwave deployments 
— Hop connections between microwave transmitters and receivers 
<_ usually require line-ofsight (LOS) clearance. LOS means both 


a ends can literally "see" one another without any obstructions in 
between = including the curvature of the Earl surface. For this 
reason, microwave antennas are cien тоште on towers or at 


нлар Dison Dupe (FDO) Sytem the top of high buildings for best LOS clearance. 


with separate go/ return Frequencies 


To maximize the value of these choice locations = and lo reduce 


the costs for leasing these locations = microwave backhaul 
| | — [ antennas are often mounted adjacent lo base station antennas, 
J : А Which also rely оп altitude for eficient operation [ligure 9.5) 


Time Division Duplex (TDD) System using 
just one go/return Frequency. 


Base Son Алема 


Misco bade 
‘Alanna ard 
Олко Unt h 


Typical microwave backhaul antenna integrated ino a base station antenna location 


Line of Sigh (LOS) 

The алои space 
between ransmiter and 
receiver, Longer hops must 
even account for he curve of 
the Ear as an obstruction 
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Split Mount Radio System. 
A hostage connection hat 
lets microwave radios located 
nan Indoor Unit (DU) receive 
ога ranami through an 
antenna fited with an Ouidoor 
Unit (ODU) 


Many shorthaul installations, typically operating above 11 GHz, use a splitmount radio system, which divides he 
radio into an Outdoor Unit IODU| and an Indoor Unit (IDU). The ODU houses the microwave circuitry, Including the 
0/relum microwave signal separating diplexer and the up/down frequency converters. It is mounted in an enclosure 
adjacent to the antenna, or more frequently integrated into the antenna assembly itself igure 9.6) 


The IDU contains е moduletor/demodulotor = more commonly known as а modem = and ће control circuitry 
necessary for harsloting the cell phone кайс nto a form suitable for microwave transmission. 


For highdensity traffic and longhaul hops, multiple radios are typically housed in a remote radio room adjacent to he 
base of he tower. Generally, these hops use larger antennas operating at frequencies under 11 GHz figure 9.7) 


Connections between the antenna and the radios are made by coaxial cable, elliptical waveguide or circular 
waveguide transmission Ines, depending on the hequencies involved figure 9.8]. Chapter 7 provides detailed 


information on transmission lines. 


pm Hex une Epica W 
E Ф 
F Cable некаму 
Indoor Unt Radio Boor 
= 


A typical lower Frequency. 
aggregation paint 


Typical splémount microwave radio 
system showing IDU and ODU 


Connections between remote 
microwave radios and a microwave 
‘antenna 
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Planning a microwave link 

When considering a new microwave backhaul poh, it is important lo 
consider potential Interference issues during the design process. The planned 
link must nat interfere with adjacent links or oiher operators in the area 

To prevent conflicts and other problems, you must consider: 

+ Frequency coordination with cher links in the vicinity 

+ Radio and radiation characteristics ofthe antenna 


+ Transmission power levels 


n Envelope for a 
hazy polarized 
p amenna IHH, HV 
3 
$ m 
i Envelope for a 
vesicaly poloze 
1 а КЕЛАТ 
Н o 


A ypical radiation pattern envelope (RPE) document 


To avoid these Issues, industry standard software tools such as i@Hink"XG 
from CommSeope can smooth the planning process and assist in regional 
overview. Antenna manufacturers offer assistance as well, providing planners 
with the radiation pattern envelope (RPE). An RPE document includes a 
performance summary and the key specifications related to antenna gain, 
beam width, cross polar performance and radiation patterns [figure 9.9) 


The chart describes the directional properties ofthe antenna by mapping 
it directionality lin В| agains its azimuth angle. As this chart shows, the 
envelope has а main beam area at zero degrees, corresponding lo the 

electrical axis ofthe antenna. This is ће Ineofsight direction, where the 
directionality is at its maximum. 


Away Кот the main beam, the directionality quickly decreases, This 
corresponds to a dropof in antenna sensitivity, whereby signals transmitted 
or received away from the omaxis direction reduce rapidly, The link planner 
uses this information lo determine how much oftheir new proposed link 
signal will deviate rom the intended direction and assess whether this is 
likely to present problems (e.g., interference, threshold degradation, etc 


Because of their importance in the planning process, RPE documents are 
strictly regulated. In Europe, the European Telecommunications Standards 
Institute ETSI) publishes several classes of envelope standards that all 
antennas must satisfy. A Class 2 antenna may be permissible in locations 
where interference is not an issue, but cannot be used where a Class 3 
antenna stricter standards are required. The importance of using Compliant 
Class З or better specification antennas is discussed in further detail in a later 
section 


Most regions across he globe have adopted ETSI standards with he notable 
exceplions of Canada, Australia and the United States, which have their 
own regulatory envelope minimum standards 
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Signal Polarization 
The crentaten af a signals 
electric field relative to he 

sound ay hice 


Protecting microwave systems from the elements 
Like every stage in the chain of communication, backhaul 
must be reliable and available at all times. Downtime 
means lost revenues, Irritated customers and expensive 
repairs. In practical terms, downtime is measured as 

a percentage, or in minutes per year [table 9.10). 

A detailed explanation of reliabiliy predictions and 
measurement can be found in Chapter 11 


5256 99.9000% 
— zum 
2628 99-9950% 
25 T 


A “Downtime in minutes par year and corresponding 
availabilty percentages 
This growing need for reliable communications within 
realistic budget constraints is partly what drives demand 
for microwave backhaul. However, due lo its open 
exposure to the elements, certain reliabiliylimiing 
factors are unavoidable: 


* Precipitation and moisture 
* High winds 


+ Temperature variances. 


Lightning strikes 


+ Atmospheric relacion 


Fortunately, each challenge to reliability has an 
available mitigating measure. 


Rain and snow 


As mentioned earlier, lowerkequency microwave 
bands propagate very well across long distances, 
allowing hops of 50 km or more, In fact, he most 
significant limiting factor s not distance itself, but 
atmospheric conditions. Rain folling through the 
signal path reduces signal skengh, an attenuating 
phenomenon known as "lade." 


In frequencies above 11 GHz, f induced attenuation 
becomes more pronaunced, reducing hop distances 
accordingly. Rain, and lo a lesser extent, snow, can 
seater signals in hese frequencies. The impact depends 
оп the rate of precipitation, the frequency involved and 
the signal polarization (lhe orientation of the signal 
wave, which may be horizontal or vertical]. 


Horizontal signals are more adversely affected by 
rainfall due lo the shape of raindrops as they fal, 

so vertical polarization isthe preferred choice for any 
Inkplanning. 


Fortunately, i is possible to mitigate these effects based 
con the calculations of rain outage models, building a 
solely margin into the ransmission’s power levels ta 
compensate for expected loss and assure a reliable 
hop between stations. Modem microwave radios will 
even adjust power on the fly when needed, using an 
‘automatic transmit power control |АТРС} system. 
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Precipitation also interferes with polarized transmissions through an effect called polarization rotation, which essentially 
tums a signals polarity enough fo interfere with other signals, To counter this effect, a cross polar Interference conceller 
(PIC) samples signals in bath polarities in order to produce a wave thal cancels out the interfering, rotated" part of the 
signal 

‘Adaptive modulation 

Another technique gaining widespread acceptance in microwave backhaul applications is called adaptive modulation. 
In addition to compressing, or modulating, network traffic into smaller bandwidths at higher signal levels, adaptive 
modulation adjusts he amount cf modulation in response lo any link impediments. The resul is that adaptive modulation 
can dynamically reduce traffic to compensate for the impaired signal level while stil maintaining the link, albeit with 
lower capacity. 


Mitigation methods сап also be bulk into link designs themselves. In muliplehop situations, mesh and ring topologies 
provide altemalive signal paths tha! bypass problematic hops by rerouting around them. Path selection is dynamic and 
adapts on the fly to changing conditions figure 9.11). 


Network topology with dynamic routing paths 


Automatic Transmission 
Power Control fre 

A system that dynamically 
raises ransmislon power 
lo overcame he effects cF 
Interference. 


‘Microwave Antennas wih specialized 
adaptive modulation schemes 


Ф 
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that not all applications of wide-band antennas reguire coverage of 
the entire HF spectrum. Instead, some operational needs require 
no-tune operation of some part of the spectrum. Fig. 13 provides 
the SWR curves for the 5-wire array using the 300-Ohm standard 
and for the single-wire doublet using a 75-Ohm standard. 


me — квз 


Bingi vir Doublet rs Ohm БҮ Cu 
Xt ise Bari 2 Lead elena 300 nm SYR CUNS 
= modeled Values or Foo Sparo ard 75 Ao frage Gun 


Upper Parr Bale vite Doutlet 


Lower Pale Site 21036 Band 


кнн: П 


The antenna height (75) is only а small fraction of a wavelength at 
the lower end of the spectrum. Hence, we find deterioration of the 
SWR curve for both antennas relative to the free-space model. The 
doublet curves clearly show that the antenna is longer than 1/2 
wavelength at the lowest operating frequency. As well, the doublet. 
curves show the need for extensive impedance matching efforts as 
we change frequency. Although the 5-wire SWR curves are not 


Chapter 36 


CommScope: Understanding the RF Path 


Radome Fog 
А wind ond waterprocked 
ver har Fog only presents a challenge to the highest microwave bands above 60 ©! 


ric or Unlike rain, snow and other 


an antenna hen precipitation, it presents no real obstacle lo lower, more commonly used microwave frequencies. 
element 

Temperature 

By itself, temperature has litle effect on microwave signals. However, if water vapor is present in transmission lines, 

it can condense there and impede pe ps. The effect is similar to the attenuation 

caused by rain 

The hardware effect 

In addition to climate effects on transmission, weather also affects a microwave installations physical integrity. Snow 

ar ice accumulation on an antenna introduces critical weight considerations for he antenna’s design, as well as for 

the components installed there. 

long-haul antennas generally employ a fabric enclosure, or radome, that protects sensitive components from wind 

ог moisture inflation. Ice shields offer additional protection from falling ice, either rom the antenna itself ог from 

positions above it 
Wind 
The force of wind on an antenna structure is called 
wind load, and it can present a serious threat lo lower 
mounted equipment. Wind speeds rise with altitude, 
so а breeze at ground level can become а gale a few 
hundred feet up. This is why antennas are design 
to ensure mechanical integrity under all anticipated 
environmental conditions, typically able to withstand 
180 km/h [112 mph] winds without moving on their 
mounts, Above this speed, some flexibility may be 
permitted, with а topmost survival rating approaching 
250 km/h [155 mph] wind speeds. 

© ке accumulation on а radome proteced instalation 
a 
10 
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Far below these extreme limits, an antenna will 
flex and move slightly, even in moderate winds, 
within its engineering standards. While his helps 
maintain he integrity of he structure, it introduces an 
obvious challenge to LOS transmissions that depend 
оп precise targeting between links. To ensure 

that this slight movement doesn't interfere with а 
successful hop between stations, these temporary 
misalignments must be factored into the antennas 
power budget 

Lightning strikes 

Installed in open, unobstructed locations, microwave 
antenna towers are natural targets for lighting 
stikes. а stike passed through the antenna itself, 
serious damage lo sensitive components would 
result. To avoid this danger, lowtesistance earth 
paths — in efec, lighting rods = ore installed 

lo direct lightning strikes away from critical 
components. For a full exploration of how to guard 
against lightning, see Chapter 13. 


Atmospheric effects 


Atmospheric effects can disrupt reception, 
particularly for lowerhequency signals. Under some 
circumstances, a signal may essentially be received 
twice, firs! by its intended LOS connection, and then 
again as a slightly delayed echo of itself as а result 
ol atmospheric teraction or ground reflection. The 
tiny timing diference can mean the signal arrives 
out of phase, in effect interfering with itself, This 
effect is known os mulipath fading or dispersive 
fading, as illustrated at he right figure 9.13). 


Dispersive fading creating outofphase signal 
echoes = delayed signals bounce off the ground and 
vertical obstacles, and olo refact in the atmosphere. 


Option 1: Space diversity 


To counter he effects of 
dispersive fading, we can add 
а second, uncorrelated parallel 
microwave transmission path, 
separated vertical figure 
9.14) ог horizontally, This 
separation, discussed in detail. 
in Chapter б, is called space 
diversi. 


Because the wo paths don't 
share exacly the same space, 
their signals don't encounter 
exadly the some fading effects 
The practical result is hat he 
receiver has the opion of 
accepting is signal from ће 
path that happens lo be less 
disrupted at he time 


Option 2: Angle diversity 
Another countermeasure i 
angle diversity, which requires 
only one antenna instead 

of he wo. However, that 
antenna requires two vertically 
separated feed systems. While 
a less expensive option, angle 
diversity is also less effective 
than space diversity and is 
used only where a second 
antenna cannot be added to 
the installation 


А typical vertical space 
diversity arrangement 


(Option 3: Frequency diversity 
Frequency diesiiy i kd 


another means of combating 
atmospheric or dispersive 
signal loss. A secondary, 
standby channel operates 

at a diferent hequency 

from the main channel 

Since differen frequencies 
propagate differently, wo 
signals of diferent frequencies 
don't experience the зате 
attenuation, doubling ће 
chances of clear reception 
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fot Fading Flat fading 

Toral эрла ls coed by 

E Flat fading is another atmospheric hazard for lawhequency signals. Unlike dispersive fading, the entre channel is 
the result cf asigna beng attenuated because refraction has disrupted the LOS connection over the hap, зо it misses ће receiver entirely. 
bent completely out of ts LOS A second, unconelated microwave path or increased power via ATPC can counter his effect. 


connecton wih ih receiver 
Improving network reliability 
Some of he reliabiltylimiing factors can be avoided by using compliant spec antennas from a reputable manufacturer 
Wi the pressure lo minimize total cost of ownership, it is tempting to purchase the lowest price antenna option, but 
you must also consider ongoing operations expenses in budget calculations. An inexpensive install may end up costing 
far more than а more expensive antenna with bater characteristics for your application 


Nencompliant antennas are no! simply identified by cheaper prices. They also include design problems that con spell 
trouble fram day one (figure 9.15). Generally, they are: 


+ Not tested and feature nontepeatable designs 
+ Prone ta deteriorate too quickly, resuling in RF leakage, moisture ingress and degrading metalic components 


Ф + Used with hie party addons far normal operation, which introduce new opportunities for corrosion, vibration and Ф 
ойе loss of теді. 


© Example of RF leakage in a noncompliant microwave antenna 


9: Microwave Backhaul 


The hidden costs of noncompliance 


CommScope recently conducted a study to measure the cost and benefits 
of using lowerqualiy, noncompliant antennas. In this study, we examined 
three types in the 15, 18 and 23 GHz bands. In actual operation, the true 
costs began to emerge: 


+ 19% of the backhaul network failed in the 15 GHz band 
+ 29% of the backhaul network failed in the 18 GHz band 
+ 21% of the backhaul network failed in the 23 GHz band 


Obviously, these failure rates are unacceptable to mos! modern applications. 


Choosing а compliant antenna, even a more expensive one, offers benefits 
that can save money and hassles once the antennas are in operation, 
such os 


+ less potential extemal noise 


© less RX threshold degradation 


Longer hops 


More link availability 

* More capacity 

* More efficient use of the spectrum 

In addition, there are other initial cost savings that aren't necessarily reflected 
in the antenna price itself, such as 


+ Smaller antennas with lower shipping coss 


lower landed cost 


* Lower lower leasing cost 


I all odds up to lower total cost of ownership, which makes good sense and 
means good business. There are a few commonsense steps you can lake 
lo avoid noncompliant antennas and assure your nehworks availability and 
reliability. They all start with choosing а reputable supplier. 


1. Take advantage of your suppliers resources lo demonstrate structural 
integrity under all anticipated environmental conditions 


2, Review the suppliers antenna interface design data and lest range 
facilite for each integration уре. 


Avoid third pany adn that don’t qualify at е integration level; 
the к parly supplier won't have this information, but your antenna 
supplier should. 


This basic due diligence will pay off in reliability, speed and total cost 
of ownership. 
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CoChannel DuolFolor. 
(CCDP] Operation 

Using bo horizontal ond 
werical poor of a single 
Frequency to double 
‘avaliable bandwith 


Network capacity and managing demand 
Simply put, capacity is а network's abiliy to handle 
transmission ойе, Inthe case of cell communications, 
this traffic means voice and data — often, a great deal 
of data. As capacity demands continue to rise with 

the spread of longterm evolution [LTE] and 4G mobile 
devices, smart planning becomes even more important 
io assure headroom for tomorow’ daterhungry 
applications 


Modulation. One way lo boost capacity along a 
microwave link is called modulation. By employing 
different modulation schemes, more traffic can be 
squeezed into the limited bandwidth available 
when needed. The tradeoff is that higher modulation 
schemes require higher signaltonoise performance 
o maintain the integrity of he data, boasting 
‘operating costs. Plus, any disrupt 
described above create bigger problems than they 
Чо for unmodulated trafic 

Adaptive modulation. Recently, adaptive 
modulation bas become a universally adopted 
technique lo help operators balance traffic and 
reliability needs. Adaptive modulation scales 

the amount of signal modulation employed as a 
function of the links condition = so, if rain or other 
factors are present, modulation is dialed down lo 
maintain епогЁее, if somewhat slower, traffic rates 
When the link condition improves, modulation 

is automatically increased lo toke advantage of 
prevailing conditions 


ffects like those 


Co-channel dual-polar operation. Another capacity 
boosting technique leverages the polarization 
characteristics of microwaves themselves, which 
allow two streams of hatie to travel the same 
bandwidth at the same fime — one vertically, one 
horizontally, This technique is called cochonnel 
duatpolar (CCDP| operation. 

CCDP is often used in shorthaul antenna syste 
where an integrated dual pclarized antenna 
created using an Orthormade transducer [OMT] E 
attach wo ODU radios to а single antenna. This 
arrangement maintains a high level cf isolation 
between the wo signals for maximum clarity [figure 
9.16]. 


An example of an integrated 
duahpolorized antenna 
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Microwave capacity 

Wih all these capacity boosting tools at our disposal, modem microwave 
backhaul date rates typically range between 32 and 155 Mbps {megabits 
of data per second, 


However, as technology and techniques continue ta improve, much higher 


data roles are becoming possible and economical. In the near term, | Gbps 


{gigabits of data per second] single-channel systems are coming online now. 


The future of microwave backhaul 


Explosive demand for mobile communications drives the need for cost 
effective microwave backhaul, which, in tun drives new innovations. Old 
technologies are replaced by new, more efficient ways of moving dala 
faster, more reliably and at less cost. Microwaves form 
these new technologies. 


backbone of 


For instance, legacy networks built on circutbased transmission protocols 
maintain their connection regardless of haw much, if any, trafic ls actually 
being transmitted at any given lime. This was once necessary lo сату 
voice communications, but he world has moved on and this technology 
isn't eficient in our ondemand data world, Packetbased microwave radios 
encode traffic Кот multiple sources and routes it through IP over Ethernet, 
so it only utilizes bandwidth as i's needed, reducing wasted energy ond 
capacity 

Capacity and coverage 

Improved network coverage is another critical requirement for emerging 
mobile technologies, such as longterm evolution [TE] and 4G mobile 
networks. Cuslomerlevel access is required in all regions if highspeed 
connectivity is 1o be available as а constant resource, and the ongoing 
rollout of base stations known as macrocelk] offers more and more 
coverage to broad geographical areas 


А the same time, the capacity available from these macrorcels diminishes 
with distance from the base stations, requiring the addition of smaller 
coverage microcell to sustain capacity. Picocell represent a further layer 
of coverage for bulkup urban areas. Bath micro- and picocels require 
backhaul connectivity, and Ва! means microwave links 


The techniques of tomorrow 


There are currently o number of studies researching which type of backhaul 
medium will be most suitable for hese new scenarios, and it seems likely 

that a mix ofthe various technologies will form the networks of tomorrow. 
Nanine-ofsight (NLOS| schemes using unlicensed bands offer one method 
of smalkcell backhaul, allowing signals to un corners and avoid obstacles in 
urban environments where LOS systems aren't as effective as hey cre In the 
open 


In other exciting developments, here seems lo be great promise in the 
recently opened 60 GHz unlicensed band. Ar these high frequencies, he 
oxygen in he air itself can absorb signal power, making i suitable for short 
hops, ofen less than a single kilometer. While this may seem like a limitation 
rather han on advantage, ап urban environment benefits from this shorthop 
option because they offer high date traffic rates and have such limited ability 
to interfere with one another from опе pico or microcell to another. 


Lasly, the recent opening of the Eband spectrum (71-76 GHz, 81-86 
GHz and 9295 GHz) promises to open new avenues for high capacity 
microwave backhaul. Operating under a lightlicensing regime, very wide 
channel assignments In x 250 MHz| are available lo operators, making 

1 Gbps data rates а real possibility without the restrictions of highevel 
modulation schemes. 


Wih зо many advances in recen! years = and so many stil to come = this is 
truly on exciting ime in communications 
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Backhaul makes modern communications possible Chapter 9 summary 
The everincreasing complexity of modem communications networks demands more efficient and innovative Microwave backhaul 
ways of managing backhaul. In our wireless age, microwave backhaul moves the information that moves the + Communications moving rough 
кн, о centalzed rating cele 

+ Accomplished van “hops” 
Though ап efficient ond costelfecive means of moving data through central processing, microwaves face бот soon solon 
challenges and limitations Кот weather, topography and interference from other nearby linis. Smart planning and Microwave deployments 
the right equipment can overcome these obstacles, allowing microwaves fo connect us to one another = wherever * Rely on Iineofsight between 


eee 
ves moy be. r 
слата Vi poll CDU 


As children, we fist experienced the idea of backhaul as a length of string between two soup cans or the scratchy 5 
leues affecting reliable 


sound of a walkietalkie. As adults, backhaul has become a key part of daily life as we depend on our cell s F 


+ Wind loads 
From sings to radio waves lo microwaves, backhaul is Ihe technology that keeps us all connected * ke buldup on antenas 


phones, computers and other devices ta connect with fiends, family, colleagues and the world at large. 


Lightning stiles 
Ф + Dispersive fading & 
Avoiding external interference 


+ Coordinate wih other Inks in 
veniy 


+ Use manufacturer RPE 1o choose 
spacticatone 

Avoiding trouble 

* Choose a reputable supper 


* Look at entire cost, nol just he 
purchase price 


Maximizing capacity 
+ Adaptive modulation 


+ Cochannel duolpolar operation 


СНАРТЕК 10 


The energy that connects the world: 
Powering Wireless Networks 


Every year, our reliance on alwayson technology grows. We expect to be able to place a call or 
surf the Internet with our cell phones at any time, under any circumstances. However, the electrical 
infrastructure that powers our networks has not kept pace with һе explosive growth of cellular 


access = and certainly hasn't kept pace with our expectations of 24/7 availability. 


In previous chapters, we have explored some of the intricate and complex ways different 

components in a cellular base station come together to work efficiently and reliably. So far, © 
the idea of powering these stations has been taken for granted. In real life, however, we don't 

have this luxury. Power supply connection is a very real challenge, and planning for the inevitable 

outages and interruptions is critical to keeping the network operating, no matter 


what complications may arise. 
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Direct Current (DC) 
Ап alectical curent hat 

uns continuously in а single 
direction, making t well 
suited for use In motors and 
elserenic components such as 
semiconductors. Batteries alo 
produce DC curent 


Alternating Curent (AC) 
Ап electrical curent hat 
changes polarity drecton] 

50 to 60 imes per second. 
ders significant eficiences 
when transmite across power 
lines, making it е standard 
curent for household use, 


DC vs. AC power 


The core technology that drives modern communications 
runs on direct current [DC] electricity. DC is different than the 
alternating current [AC] we use in our homes and offices. 
Since electrical power sent across transmission lines from 
power plants is AC, a device called a rectifier is needed lo 
convert the AC current to DC before it can be used by the 
communications equipment. 


The rectifiers’ ouput is connected lo bath the radio and is 
transmission equipment = he "lead! for the current - as well 
оз the backup batery equipment figure 10.1] 


C 


Basic power system diagram = arrows indicate 


the DC current direction 


Why go to the extra trouble of converting AC to ОС? There are several reasons. First, most communications 
equipment includes semiconductors and other integrated circuitry that are specifically designed to operate with DC, 


such as 
+ Telephone switches 

+ Microwave transmits 
+ Fiberoplictransmifers 


+ Mobile radio and cellular systems 


Another reason DC power is preferred for communications systems is its reliabiliy advantage. Even the most 
advanced electrical grid can fail from lime to fime, and no one is immune fo the possibilty of power interruptions 
that may last for hours or days, When the outage occurs at a cell station, shutting down is not an option. So battery 
or fuelcel backups are installed to allow continuous operation = and hese power sources produce DC power. This 
system ls used for bath cellular and conventional landline telephone service, which is why you sll get a dial lone. 


even when your home's AC power is out. 


Ф 
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DC power by the numbers 
Communication equipment requires specific voltages 
of DC current. Mast commonly, Ihe requirements are 
positive 24 volts (+24V and negative 48 vals -48V 
These high voltage values reduce their associated 
current = and lighter current requirements allow for 
smaller and less expensive fuses, circuit breakers 

and cables. 


The +24V value evolved from the early mobile radio 
industry, back when equipment was designed lo draw 
power fom a +12У automobile battery or +24V truck 
battery, he same kinds of batteries used today. 


Going beyond the basics 


As mentioned above, the basic core components 
of a communication system's power connection are 
the rectifier, which converts AC current to usable DC 
current, and the batteries which assume the load when 
extemal power is interrupted. Once DC is online, 
however, we must consider the specific power needs, 
or loads, of different equipment, We need a means 
to distibute the correct voltages to each piece of 


To make these adjusiments, devices called DCDC 
converters can modify the primary DC voltage to suit he 
needs of a piece of equipment that demands a different 
voltage. In the event that some equipment requires AC 
current, we can also include a device called an inverter, 
which changes DC back into AC. Because this all tokes 
place behind the station's main rectifier, this reconverted 
AC power isn't subject o interruptions from the extemal 
power supply. A sample diagram showing all these 
components appears below (figure 10.2) 


You may alsa notice an Important new element 
appearing in this diagram: the generator. Generators 
supply AC power for he station's rectifiers if external 
power is interrupted. This keeps all systems operating 
and the batteries fully charged. There are several kinds 
of bateries and generators in common use. Selecting 
the right generator often depends on space, budget and 
operational expectations. 


А measurement of electe 
potential difference between 
bos points in a path Voltage 
le sometimes referred to as 
“pressure,” because i shares 
толу characteristics wih 
pressure in a water pipe. 


equipment, + [a] fe] fo 
i i 
wy (JEL E | [n 
[ere] 
Block diagram ofa basic flacommunications 
power system 
p: © 
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perfect, they present far less of a matching challenge to 300 Ohms 
(апа from that value down to a coaxial cable value via a wide-band 
impedance transformer). 


Now let's compare the maximum gain values, letting ground- 
reflection phenomena settle any remnant differential between 
edgewise and broadside gain values that we encountered in free 
space. The following table tracks doublet and 5-wire narrow values 
every half-MHz for our reduced operating spectrum. 


Fatiman Gain шы) бм 48, Too Pio jor Ea dar Eeo Dos 
Elevation angle) е ш опо ю ш а ж ш ж 
Maximum был (das) 6.22 8077 ass зї 439 $20 бы кз fsa 


The table shows that at the low and high ends of the restricted 
operating range, the gain values for the 5-wire array virtually match 
those of the single-wire doublet. At the center of the range, from 3.5 
to 4.5 MHz, we find the greatest difference in values, with a 3.5-dB 
deficit. Fig. 14 provides a few sample patterns for both antennas, 
overlaid to show the degree of coincidence or difference. 
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The chemistry of batteries 


At its most basic, a batery is an electrochemical method of storing and 
releasing electrical energy. A battery contains chemicals hat react with 
one another, producing DC electrical current os а byproduct. The specific 
chemicals and processes may vary — we will examine some common 
varieties below = but, on a fundamental level, all batteries operate on this 
core principle. 


While the batery is receiving a charge from a fully operational system, it 
does not discharge any current. Rather, it consumes а small amount of DC 
from he power relayed by the rectifier. When this curent is inlerupled, 
natural processes kick in and the bateries discharge their stored DC power 
in accordance with the load placed on the circuit. Most importantly, this shit 


occurs seamlessly and leaves no interruption in curent. 


Reliable backup limes usually range fram two to eight hours, depending 
on the load. Since telecammunications providers must be able lo specily 
expected operational times, choosing ће best type and configuration of 
batteries is critical. 


Lead-acid batteries 


These are commonly used as backups for telecom power systems, They are. 
highly compact relative to heir output, and are the same kind you would find 
under the hood of your car. They are available in vented and valveregulated 
forms [figure 10.3) 


be (flooded) and valveregulated [VRLA] batteries 


Vented [also known as wet or flooded] batteries are a mainstay of telecom 
central offices and switching centers. They maintain a charge for up to 20 

years of longer. However, hey demand a great deal cf costly maintenance 
such as water treatment, spill containment and forcechoir ventilation. These 

drawbacks make them less suited to remote cell base stations 


Valve-regulated lead acid batteries (VRLAs] are recombinant bateries, 
which means oxygen and hydrogen can recombine to prevent water loss. 
Because they don't need added water and can therefore be built in 

spil proof containers wih pressure relief valve 
sealed leadacid batteries. They are easier 


these ore often called 
ip, maintain and install 
and cannal freeze like a flooded batery, making them the preferred choice 
for cell base station use. 
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Battery cell configurations 


Each battery is comprised of cells arrayed in electrical 
series. The number of cells used in а particular battery 
is determined by the overall required operating volage 
‘ond the voltage of each cell. For VRLA batteries, a 
standard voltage of 2V per cell is the norm зо, to power 
а +24V system, 12 such cells must be connected in 

а series, Likewise, а -48V system requires 24 cells. 
Often, УМА batteries are available in 12V blacks, 

like those seen in figure 10.4. 


The arrangement of these batteries in series determines. 
the voltage polarity. IF each of he 12V bateries shown 
above is rated for 100 amphours, then each series 
sting of bateries could be expected to produce 100 
amps of curent for ane hour. Capacity is directly related 
to the size of the battery, but rather han spending more 
on larger batteries, we can achieve the same boost 

to capacity by adding mare stings of batteries to he 
system In parallel as opposed to adding them in series 
This option also provides safeguards against he failure 
of an individual battery, which would remove is sting 
from the system altogether. By connecting in parallel, the 
spare capacity is already online and ready to maintain 
the current far its rated length of ime. A diagram cf 
sample paralel batery stings rated at 240 amprhours, 
appears below. Note that if a batery failed in any al 
the three series stings, the remaining hwo stings would 
continue to supply steady power at 160 amphours 
(figure 10.5] 


12у 12у эу у у у 
+24 Battery Sting -48V Batery Sting 


VLA batteries configured in series for 
24V and -48V applications 


-48V © 240 Ah 


ELLI] 
Шш рш йш ш 
KEE 


A mulisting batery configuration offering 
additional redundancy. 


This configuration also provides a convenient means of 
maintaining the batteries. Often, these stings will be 
installed with separate disconnection breakers, which 
make it easier to locate failures and isolate problems that 
could oherwise cripple the entire system. 


Voltage Polarity: Positive (+) 
‘and Negative .) Voltage. 
The + and - designations. 

of +24V and -48V refer o 
which polarity of the batery 
огой в measured, in terms ch 
cal power produced, he 
distinction is meaningless. 


ti 
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Generators: the first line of defense 


IF bateries are he las line of defense against service interruption, 
are the first. Since batteries 


lone can only maintain operations for a few. 
hours, longer AC service inferuptions require a longerterm solution = and that 
means generating our own power. 


Unlike batteries, generators provide power by burning fuel. Like batteries, 
there are diferent types and configurations available. Which ane you install 
depends on factors like space, cost and service expectations 


Since they operate outside the cell station's intemal DC system, generators 
aren't considered part of that system. Because they supply the DC system's 


rectifiers with the AC they need, however, they're a vital link in assuring 


reliable operation. In the event the station must switch from external to 
generatorsupplied AC power, an electrical device called а transfer switch 
shunts the load to the generator 


For stations with permanent installed standby generators, an automatic 
transfer switch (ATS) monitors extemal power levels and performs the 
changeover to generator power iF he voltage drops below acceptable 
levels. View an example cf AC generator. (Figure 10.6) 


AC permanent generator 


10: RF Control and Site Monitoring Systems 


Generator fuel sources 


You may have an emergency generator at home, ar use one for electrical 
service in a remote location, Chances are tha! your generator runs on 
ordinary gasoline. Larger generators may also use compressed natural gos 
or diesel fuel, but the optimal generator for a DC system like a cellular base 
station is hydrogen fuel cell technology, for several good reasons. 


Hydrogen fuel cells use proton electrolyte membrane |PEM) technology to 
generate DC power, We'll explore this lote, but Кот a practical standpoint, 
hydrogen fuel cells offer several key advantages over their penoluemfueled 


Hydrogen fuel cells: 


+ Run on inexpensive, readily available hydrogen 
+ Produce very litle heat, preventing damage lo other components 
+ Offer higher efficiency than typical diesel generators 

+ Operate in ambien! temperatures Кот -40°F to 122% 

+ Are more compact han other fuel cell ypes 

+ Are quiet and nonpalluing 

+ Have no moving parts, extending their operational life spans 

+ Require very shor! warmup periods so hey come online quickly 


Generators in general, and hydrogen fuel cell in particular, can provide 
large amounts of steady, predictable power for extended periods of ime. 


The science of fuel cells 

In a РЕМ fuel cel, hydrogen atoms are stripped cf heir negatively charged 
hydrogen atoms, 
giving them a positive charge. The liberated electrons provide the actual 


electrons at the anode end of the batery. This lonizes he 


DC ю the connected equipment. Meanwhile, at he cahode end cf the 
batery, oxygen combines with the hydrogen and electrons returning from 
the circuit, creating water figure 10.71. 


As long as the system is supplied with hydrogen and oxygen, the fuel cell 
will produce а predictable amount of curent. 


Water 


Basic operation of a hydrogen fuel cel 
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Hydrogen fuel cell installation 


Hyrdogen fuel cell installations include three main components: hydrogen 
storage, а fuel cell stack and power module, and an integrated bridge cn ! 
battery. A typical layout is shown in figure 10.8, along with a view of an { 
actual instalation in figure 10.9. 


Hydrogen storage 
Like many liquid or gaseous fuels, hydrogen is stored in tanks. For a fuel cell 


deployment at а cellular base station, this storage would usually comprise | 
8 to 16 cylinders of compressed hydrogen. 


Fuel stock and power module 


Because of the power demand: 


base station equipment, a single fuel 
cell cannot provide enough power by itself, so multiple cells, called a stack 
are linked together in a fuel cell power module [figure 10.10). This linked 


gurations discussed earlier. E Р 


$ arrangement is similar ka the multiple batery conl 


A PTE 


A typical layout for a base station's fuel call power plant 


The PEM fuel cell => The fuel cell module =3> Tho fel cell cabinet solution 


m 


Hydogen, |н) 


byproducts ае heat ard water 


Ап actual fuel cell and hydrogen storage cabinet installation The connection between fuel cel, fuel cell stack and fuel cell power module 
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Bridge batteri 
While hydrogen fuel cell generators warm up quickly and are ready for 
service shortly aher an AC power interruption, there is a brief bridging 
period when batteries must carry the load alone. These integrated batery 
backups provide the necessary power to caver the brief ime needed for a 
fuel cel to come online. 


Fuel supply and maintenance 
Hydrogen fuel cells are efficient, quiet, reliable and long lasting. But, like 
any generator, they require а supply of fuel ю operate. When the hydrogen 
supply dwindles, on automatic alarm alerts the system's operator that fresh 
supplies are needed, To preserve hydrogen, fuel cells are designed to shut 
down once external AC power has been restored. They are then ready to 
engage the next lime an inlerruption occurs. 


With no moving internal parts to wear out and very litle heat radiation, fuel 
cells require very infrequent maintenance, often amounting only to an annual 
inspection of heir oxygen intake fillers and radiator fuid levels 


AC Power Or 
©" 

4 

= 


Battery Charg: 


Rectifiers: the AC-DC interface 


Once beyond the extemal source of power, whether i's commercial AC 
electrical service or an AC generator, the rectifier Is the core of the system's 
DC power distribution needs. 


The rectifier is designed to provide an output DC voltage level that maintains 
the battery charge. This level is called feat volage, and it supplies the 
equipment load as well as а trickle charge to the battery. In the event af an 
AC power interruption, the rectfiers go afline and the batteries automatically 
kick in, providing the same level of power to the rest of the system, When 
extemol AC power is restored, the rectifiers reengage and the batteries 
tetum to their tricklecharging state (figure 10.11) 


In practical deployments, multiple rectifier modules are usually required 
1o supply power for the station's load. Rectifier modules are connected in 
parallel, leting each one shore an equal part of the load, a practice known 
оз load sharing. With load sharing, operators con design in a degree of 
redundancy to guard against individual rectifier module failures. 


AC Power Off 
O” 


-o 
Battery Charger 


+o 


Battery 


External AC power on (float mode) and off (discharge mode) 


CommScope: Understanding the RF Path 


How redundancy 
‘adds up to reliability 

For a ABV application 

wih 200 amps c load, an 
operator may choose la install 
five 50отр rectifiers. 

Why add a b, when four 
would provide he requiste 
200 amps? To ensure N+ 
redundancy, Arranging 
multiple rectas in parallel 
allows lead sharing to even 
‘ut and shi he ood 


Choosing the right rectifier 

The Fist consideration in deciding which rectifier will bes suit a given 
installation is he kind of AC power it will receive. Switchmade rectifiers are 
the preferred choice for cell and microwave ses since they can support 
mulíple AC inputs and have а broader operating range = from single phase 
to teephase inputs. This Вежу means fewer tectiers are required, saving 
money, space and maintenance. 


Another consideration is he required output voltage. As we've seen, the 
eller must be able to output he voltage required by the station's equipment, 
that is, +24V or -4BV. The amount of current must also be sufficient to power 
all the loads, such as the radio, transmission equipment and battery backup 


ВЗА Svtchmade 
КУЛИП 


Example of a typical rectifier 
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Distributing the power 

The rectfier is merely he frst stage in the DC power system. 
Once converted, the power must be distributed to the many 
component loads within the system. As mentionad above, 
these loads include core elements Ike the radio, ransmiter 
end battery backup, but hey can also include secondary 
systems like lighting, security networks and HVAC systems 
(igure 10.13) 


In he most complex installations here may be зо many 
components hat up to ВО circuit breakers ore required to 
manage бет. 


The most visible parts o he distribution system are the fuses 
or circuit breakers, which safely distribute DC power Кот 
the rectifier ю each individual load. Fuses and breakers are 
connected in series between the power system and their 
loads, protecting them Кот short circuits and damage from 
overload conditions. They also provide а sofe, simple way 
to manually shut down individual components or bateries for 
service, maintenance or replacement 


Chage lel 


recta helves 
М pool nod 


Chuge/dachare panel 
[emiral panel) 


А diagram of a typical +24V power distribution system 
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Fuses vs. circuit breakers 


While both fuses and breakers pr ion, they do it in 
nl ways, Fuses are designec currents, physically 
breaking the connection between the power source and the load. Circuit 


breakers have infernal switches that pop to the "off" position under unsafe 
conditions, again providing a physical break in the circuit 


Sensitive wireless equipment requires “fast blow” fuses ar short delaycurve 
breakers to pr erally used for 

lower loads and offer the advantages of lower cost, greater lexbilly and 
fast action, Circuit breakers are preferred for larger loads and do not require 
replacement every time they are tripped. Some typical examples are shown to 


the right figure 10.14) 


ide the needed protection. Fuses are 


Because complex cell stes can require from 24 to BO breakers of varying 
+ capacities, wireless carriers have adopted modular distibution structures that 
can accept a wide ra 


Common types of telecom fuses and circuit breakers 


of breaker sizes. 


Surge protection 
Typical variations in AC power are nol ће only threat to a cell sile. 
Electrical events like lighining can also produce excessive voltages and 

s (SPDs) 


currents, events known as electrical surges. Surge protection devi 


are incorporated lo reduce the effects of these surges on sensitive 
(figure 10.15) 


An SPD features a nonlinear vollagecurrent characteristic that reduces unsafe 


volta g ће conducted current, In this cose, a cell site's SPD 


s by in 
operates on the same principle as a surge protector does in your home, 
safeguarding expensive electronics from lighininginduced surges 


Typical surge protector devices [SPDs]; image courtesy of Raycap Corporation 
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Bus bar conductors 

The сей site's distibulion system is supported by the bus bar conductors, 
which physically connect he rectifiers to the batteries and DC loads. There 
ore two bus bar connectors: ће charge bus ond battery retum bus. 


The charge bus is а currentcarrying conductor that connects he 
rectifiers output o the batery sting. For instance, in а -48V system the 
negative recifier lead would terminate on the charge bus along with the 
corresponding negative lead af the batery. 


The battery return bus provides а common return point forthe loads 
connected to the power system, This common point is grounded fa 

provide a loveimpedonce path for rans 
ground reference lo all connected equipment 


The shunt 


In а distribution system, a shunt is а lowresistance resistor designed lo 


nts and noise, and offers а 


provide a specific voltage drap at a particular level of current. As the current 
passes through the shunt, it develops a small voltage proportional o the 
amount of that current. This vallage drop allows an operator to calculate the 
current Bow in the system. 


Battery disconnects 


Battery disconnects are switches installed on a battery sting hat allow 
easy disconnection for maintenance or replacement. Some disconnects 
incorporate safety measures such os overcurrent fusing or breakers. 


Load disconnects 


Lowvoltage disconnects b bo] are designed to respond to low voltage 
conditions in he circuit. Low-voltage load disconnects Ii D- can 
disconnect individual loads, while low-voltage battery disconnects |IVBDs) 
сап disconnect a fully discharged battery. 


Ds serve three main protective functions: 


1. They prevent damage lo sensitive electronics caused by lowvoltoge 
land hence, big euren conditions 


2. They prevent permanent damage lo Ihe battery Кот overdischorging 
3. They prioritize which components are disconnected, and in which order, 


preserving limited function when necessary 
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иеаз Аяти Palms: Single ro Doublet and Sr 2 Load 
Se and lenna 75 ehe broure 


Once the antenna passes the 1.25-wavelength mark in electrical 
length, it of course results in a pattern where the main lobes are no 
longer broadside to the wire, as shown by the 6-MHz pattern. 
However, we may also view a more fundamental correlation by 
jointly examining Fig. 13 and Fig. 14 (or the table). The doublet 75- 
‘Ohm SWR values-and hence, the general level of the feedpoint 
impedance--are lowest at or near those frequencies for which the 5- 
wire array shows a gain level that most closely matches the 
doubleťs gain. When the parallel combination of fed wires in the 
wide-band antenna would present a very low impedance, the 
terminating resistor absorbs (and dissipates) the least energy, 
resulting in the highest gain. When the resistor value is low relative 
to the feedpoint impedance without it, the resistor handles a 
proportionately higher percentage of the power, leaving less for 
radiation. This theory of operation applies to all multi-wire wide- 
band antennas using a terminating resistor. The 5-wire version of 
the antenna simply makes the process more graphically apparent. 


Chapter 36 


CommScope: Understanding the RF Path 


Supervision, monitoring and control 

Modem telecommunication power plants are 
equipped with electronic monitoring and control 
systems, generally called controllers. They keep 
track of system voltages, currents, temperatures 
and other key indicators. They also allow 
operators to make adjustments бот а central 
monitoring point, usually on the power plant itsel, 
оп the distibuion cabinet or In a rectifier slot 
(figure 10.18]. 


A system controller interface displaying 
voltage, amperage and alerts 


With a modem controller, there is very litle you соп 


system performance 


learn about your cell site's power 


This controller centralizes several key functions in a single, simplified interface, including 


Plant control. Control functions are extended 
from the supervisory panel o control other 
power system components, These panels 
communicate directly with the rectifiers, and 
in some cases can coordinate the sequenced 
testart of all rectifiers to prevent power surges 
during switchovers from external AC to a 
backup power source 


‘Manual equalizing, This allows a user to 

all rectifiers in equalize mode at 
once, This is useful for maintenance on 
МЕА batteries, equalizing cell voltage 
within a battery string. 

High-vollage shutdown/overvoltage 
protection (HSVD/OVP). Controllers can 
‘automatically shut down rectifiers when DC 
output оуегуойаде conditions are detected, 
avoiding costly damage to load components 


Low-voltage disconnect (LVD). IF a low 
vollage condition is detected in the backup 
bateries, the controller can open additional 
contacts to equalize voltage and close them 
again when levels equalize. 


engog 


Battery temperature compensation. 
The controller can adjust rectifier output to 
meet the temperaturectiven vallage needs 
cl he batteries. 


Charge current control. This feature limits 
the curent flow fo а battery when it begins 
recharging after a power interruption. 

By keeping the battery from recharging 
ico quickly, it prevents overheating and 
prolongs lie 


Battery diagnostics. The controller can 
estimate the “health” of the battery and 
predict how lang it will provide power 
based on its charge status 


Alarm monitoring. The controller monitors 

critical function like distibution and battery + 
fuse alarms, rectifier failures, converter 

failures and so forth. It reports these alarms 

by way of network backhaul Interfaces and 

LED indicators. Some units include audible 


alarms as well 


Status monitoring. The controller can 
measure and compare the batery charge 
lo the system load via an external shunt. 


Plant history. Controllers can log power 
system details over a span of time, 
including such statistics as thermal 
performance of outdoor enclosures, battery 
ог variations in АС 

ced by the recifiers 


Input exper 
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DC-DC power conversion Since а DCDC converter system does not have an associated battery 
connected fo is output, it isn't bound by a battery system's requirement for 
precise output voltage. However, since it is necessarily energized by the 
primary DC power system, that demand must be figured into the power 
system's initial design. 


Some wireless sites require multiple DC voltage outputs, such as +24 VDC 
and -48 VDC. One solution is to install a second rectifier plant, but doing so 
comes with the burden of including a second battery backup array as well 
which consumes considerable space and adds cost 


Another solution is to use a DCDC converter system, an electronic power Dual-voltage power plant using DC-DC converters 

conversion device that changes а DC input voltage to a different DC output Ordinarily, а DC power plants rectifiers and batteries supply consistent 
voltage. Below, you can see where a DCDC converter system is connected power fara single voltage requirement. If wo requirements exist at he ste 
in series between the main DC power system and the site's load (figure and the demand is heavily skewed toward one voltage or the other = either 
10.17). predominantly +24V or -48V — the secondary voltage may be supplied 


through the action ola DCDC converter system 
A DCDC converter system actually consists of muliple DODE converters e v 


arranged in parallel, k may also incorporate many of he same functions as Because the conversion lakes place between the recfiers/baterias and the 
the primary DC power system, such as distribution. | also has dedicated load, the secondary voltage will still receive all the backup support of the 
fuses or circuit breakers, Isolating it from the res of he system. primary voltage in the event af extemal AC service interruption = and only Ф 


опе set of backup batteries îs required figure 10.181 
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Supporting two voltages a a single site using one power plant and converters 
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А DCDC converter system connected in series to а cell site's power system 
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Integrated power systems 
Spacesaving combinations 
of related components, built 
into а single device for easy 
tation 


Advantages of converting voltage 


‘Modem Dc Dc converters are essentially "plug and 
play" devices that are designed to fit in the racks 
alongside rectifiers and other converters figure 10.19}. 


This approach offers communications providers 

the greatest flexibility in adopting next-generation 
technology, of 
older standards, As th 


ing new services while maintaining 


ployment 
technology grows, additional converters can be added 
lo the system lo increase the secondary vollage's share 
of the power supply. lt should be noted, however, that 
doing so may require upgrading the recifier capacity 
while making sure to maintain the usual 
redundancy margin 


Disadvantages of converting voltage 


Оп the downside, converting to a given voltage is 
inherent less efficient han drawing that voltage directly 


from the rectifiers, so losses increase as more and more 
DC power is converted away from the primary voltage. 


Also, many traditional power plants cannot support 
the direct addition of converters to their systems. 

To draw two voltages in hese instances, a separate 
converter plant must be installed. The converters draw 
power from the existing DC power plant via fuse — or 
breaker — positions in the distribution system, just like 
any other load device. This reduces the number of 
available distributions for the primary voltage 
equipment atthe site. 


e 
РЕНН, 


Converters and rectifiers occupying adjacent 
power shelf slots 


Mapping the positions 


Since a single power plant can generate varying 


amounts of bath primary and secondary voltages, 
the need arises to assign numbers to he distribution 
positions of each vatage. A selectable voltage 
distribution panel makes this organization possible 
(боме 10.20) 


A selectable voltage distribution panel, showing 


both «24V and -48V applications 
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Integrated power systems 

So far, we have focused on he individual 
components that comprise a cell site's power 
system, With so many components, you can 
imagine how quickly the space limitations of a 
site's shelter or cabinet become an obstacle. 


To address hese space limits, CommScope 
produces integrated power systems with several 
components Бий into a single device, and suited 
for installation in a single rack. This approach is 
increasingly соттоп in modem сей stes 


Atypical integrated cel site power system includes 
оге or more shelves of rectifiers along wilh one or 
more shelves of DCDC converters. This integrates 
power conversion and power distribution 
functions, connecting them with bus conductors. 
The distribution system contains an integrated DC 
bus, fuses or breakers and cabling tiedowns io 
distibute power to the load figure 10.21) 


Cell site power requirements range from 

100 отр» to several hundred amps of primary 
DC power In +24V applications, these systems 
are configured to deliver 1,000 to 1,200 amps 
of primary power; ~48V applications, about 600 
amps. This may seem like a great 

decl of capacity, but he actual power 
consumption is typically far less than the system's 
theoretical capaci. 


Since integrated power systems feature modular 
design, addtional power can ba added simply by 
plugging an additonal rectifier into а vacant rock 
slol. Likewise, f here are secondary loads that use 
diferent vallages = such as adding а +24V radio 
fo a -48V system — then DCDC converters can be 
added fo open slots to accommodate those needs 
This is particularly useful in on age where radio 
technologies evolve at a rapid расе. 

DC-AC inverter. 

Some of the equipment operating at a cell site may 
require АС curent hom batery backup supplies 
Since the entire system is built around DC power, a 
DCAC inverter is needed to provide ће necessary 
AC voltage (figure 10.22 


There ore two basic types of inverters: 


Offline inverters feature ап AC input and on 
AC output with a standby DC line connection 
available. This is he type generally used in cel 
site applications 


Online inverters feature а DC input and an 
AC output with an optional AC standby line 
available, 
like DCDC converters, he input for a DCAC 
inverter is supplied by the primary power plant. 
Like converters and reciliers, inverters are cen 
instale and configured for redundancy. A static 
switch maintains equalized voltage to ће load 
by switching automatically between external AC 
power and the inverters AC power. This switching 
is done instantaneously, assuring no interruption in 
operation. 


Along withthe stc switch, many systems also 

include а maintenance bypass switching panel 

in an inverter installation, which allows an operator 

о power down an inverter for servicing or + 
replacement without disturbing the system's load. 

During this pawerdawn fime, however, he system 

load is entirely dependent upon extemal 

AC power. 


An integrated rectifier, DC distribution and 
controller power system 


A DCDC converter system connected in 
serios to a cal site's power system 
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Remate Radio Head (RH) 
А recent design advance in 
base staton architecture that 
separates а call ste base 
station's RF and baseband 
functions for improved 
ficiency, 


AC power sourcing flexi 


With everincteasing у casts, the ability ta combine power from renewable sources with utility power is another 
aspect of power fexibiliy, To address his, some rectifiers ean accept AC power Кот attached solar panels or wind 
turbines just as easily os hey соп draw it Кот the utlity's transmission lines, An illustration of his Rexibily is shown 


below figure 10.23). 
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27 Power source flexibility lets rectifiers draw from conventional or renewable sources 
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Architectural improvements to power management 

Significant power losses occur as a signal moves from the rodio transmission 
equipment in а cell site's bose station shelter o the antenna up on the 

tower. These losses are a natural consequence of traversing long seiches 

of coaxial cable. However, the simple architectural change ef moving the 
transmite and amplifier ~ known collectively as the radio head — 
shelter to he tower eliminates these losses and reduces power requirements 
This design is called the remote radio head (КН). This innovation is 
discussed in more detail in chapter five. 


from the 


The baseband equipment remains on the ground and extemal AC power 
sill enters at the cabinet or sheher. But with the hansmiter amplifier mounted 
adjacent fo ће antenna оп the tower, more space is feed up and less heat 
management is required. 


Banery Ban 
ETT 


Traditional UPS 


— — 


Because ol its exposed location, the lower lop is not suitable for he 

batery backups, but other ВЕН equipment can be easily sealed agains! he 
elements, Instead of coaxial cable running up the tower, now only power 
‘ronsmission lines are needed. Below are Iwo possible methods of providing 
power to ће ЕН figure 10.24) 


As useful as his design i, it also introduces new challenges, For instance, 
since the batery backup ls now located far away from the critical 
components in he RRH, а heavier gauge of power transmission line is 
needed = unless the power is converted to a higher voltage down at ground 
level and then converted back to ће needed voltage [+24V or 48ү] at he 
RRH sel, 


This arrangement sometimes uses "line power" equipment, which is now. 
available for безе applications. With line power, he grouncHevel voltage 
is increased to +/-190 V DC, reducing the current and thereby reducing 
transmission lass (figure 10.25] 


dc powering options for remote radio heads (RRHs) 


Line power voltage conversion used for an RRH application 
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Cell site power system configurations 
Different cell sites store their power equipment in different ways. Some 
sites have equipment shelters ot he base of the cel tower, Inside these 
dimatecontraled enclosures, equipment is mounted in equipment racks, 
with оп integrated power system in one rack and battery strings in 
another, and radio equipment in stil another 


Other sites place integrated compact equipment in outside plant (OSP) 
cabinets, This approach offers less space and fewer opportunities for 
environmental management, so only components specifically designed 
for OSP cabinet environments can be installed. It is common practice 
to keep power and radio systems in separate cabinets. Because of 
their size, ofen batteries will have a dedicated cabinet as well. A few 
examples of OSP cabinets are shown in figure 10.26 and 10.27. 
Keeping the power — and communication — flowing 

A let af thought, planning and effort is required to deliver and support 
ош alwayson, 24/7 world cf communications. When power outages 
occur, оз they inevitably do, i falls to forword-hinking engineers and 


companies Ike CommScope to put efective, reliable contingencies 
in place, 


Many of the some systems that keep your home electronics in good 
working order = like battery backups, circuit breakers, DC converters 
and surge protectors = also keep our national cellular backbone in a 
state of constant readiness 


Interruptions in power shouldn't mean interruptions in cur lives, and with 
the technology and expertise of CommSeope and our partners in the 
communications industry, they don't have to. 


cabinet 


Integrated cell site power and 
battery cabinet 


Chapter 10 summary 


Powering wireless networks 

* DC vs. AC power 

+ Cell te equipment requires DC 
power 

+ Recnbers convert AC lo DC 

Batteries 


+ leodocid bateries are available 
on Восе and valveregulated 


+ Backup systems bult of batteries 
stringed in series and in parallel 


Generators 

+ Orste power generation 

+ Hydrogen hel cele 

Distribution 

+ Fuses, ccu breakers 

+ Surge protector 

+ Stunts 

+ ванну and load Часолпесв. 

Integrated power systems 

+ Combine тире elements in 
one device 


New efician 


+ Dusivologe power plans 
+ Remote radio heads 


+ "line power vologe conversion 
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Successfully planning against failure: 
Reliability in Wireless Systems 


Its simply a fact of life that items left out in the elements will become more susceptible to problems 
as a result of such exposure. Outdoor furniture ages more quickly than indoor furniture, the car 
parked at the curb shows more wear than the car kept in the garage. As a matter of necessity, a 
home's exterior paint will need refreshing more often than its interior. The elements, as a rule, 


оге harsh, 


Planning for environmental punishment is also а key concem for cell site operators, as new 
efficiencies that wring more work from every watt often mean placing components farther out into 
the network, and that means placing them outdoors, high on antenna towers. The same degrading 
effects that peel a house's paint work relentlessly against the sensitive electronics that drive modern 


cellular communications. 


The precise balancing act of increased component failure rates against operational efficiencies has 


led to a revolution in how cell towers — and cell systems — are developed and built 


CommsScope is at the forefront of this new network architecture and its impact on reliability. We 
offer the tools and expertise to help operators maximize redundancy, improve weatherizing and 


plan for system component failure and systems all over the world. 


Ж 
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Reliability 
The probability of dice 
working come over а defined 
lengh of ime, operating under 
specfied conditions 


Reliability, objectively defined 
In everyday conversation, reliability usually refers to your experience with a device or service. I's somewhat subjective 


in hat no wo people have exaciy he some experience, and they дсп" 


react in ће some way when a problem 


For instance, your home Inteme! service may occasionally go dawn for a few minutes in the middle of the night, but 
since you're not using the temet when it happens, you would refer to your service as highly reliable even though 

it occasionally fails. Another person might need a stable connection during a particular lime of day and experience 
оп Internet outage during that crtical moment. Even though the interruption may last only seconds, hat person would 
describe his connection оз unreliable 


In engineering terms, however, reliability takes on an entirely new meaning. It has an objective, empirical value based 
оп study, analyics and calculation. In his sense, reliability is defined as the probabiliy that a product ar service 

will perform as it should at any given time, under specific conditions. In engineering, "allure" is something lo be 
anticipated, controlled and compensated far via system redundancy. 


Generally, reliability rates can be defined with a classic bathtub curve, so named for its bool is shape [igure 11.1) 
As you con ses, it predicts higher foilure rates at he beginning and ending of a device“ life cycle, For any given 
device, his graph provides o general guide as to its rate of failure = decreasing inital, and increasing during end cf 
ie. 
Initial failure Constant failure {End of ie 
(early life) [steady-state] | месо) 
Кя 


оң ано ee 


The reliability “bathtub curve," showing е failure rate over the operational life of a device 
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The three stages of component life introduce three common causes of failure: 
1. Eorly-life initial 
Installation or damage during shipping. 


ilure may be due to manufacturing problems, incorrect 


2, Steady-state constant failure indicates random failure as a normal 
function of operation. This is the stage we are most concemed with 
in this chapter, 
3. End-of-life wear-out failure occurs when fatigue, corrosion or other 
foctors accumulate to the point where failure becomes more and 
more likely. 
Determining when а device's endoflle stage occurs depends on complex 
computations. For example, one must take into account known life 
expectancy of the device's main components, such as motors and fans with 
moving parts that are eventually subject to mechanical wear. 


Similarly, electronic components also have Ife expectancies. For example, 
elecholyic capacitors used in wireless electronics ore subject to degradation 
from high temperatures and AC ripple currents. 


Quantitative reliability predictions 

Аз you might expect from а complex wireless communications system, 
predicting likelihood of failure is a complicated process, but a necessary 
опе. There are several methods 

1, Collection of empirical field data from customers 

2, Accelerated life testing data 


3. Prediction models based on "ports count” method 


4, System availabilty models for large systems wih internal redundancy 


Each method offers different advantages. The "ports count” method, for 
instance, is particularly useful for new product desig 
product moves beyond its design stages, This method applies established 
life cycle information far he components used in the design ~ 

the steadystate failure rates indicated in figure 11.2 — o create an 
aggregated model of potential failures. 


, even before ће 


This computation relies on industry sofware reliability prediction tools such 
as Telcordia SR-332 Reliability Procedure for Electronic Equipment, 

I adds up individual component failure rates and applies designer specified 
multipliers accounting for specific temperature, electrical stress, production 
quality and environmental conditions to yield a final, steady-state failure 
vate for the component. The various sess parameters оге: 


© Stress factor for operation is devated from specified limits 
+ Temperature factor often adjusted up or dawn Кот a reference point 
of 40°C) 


* Quali factor accounting for supplier and process controls 


+ Environmental factor accounting for indoor vs. outdoor conditions 


From such prediction tools, a designer can compute a predicted failure 
rate with a 90 percent or greater confidence limit, which means at leas! 
a ooo chance that he actual failure rate will be no higher than 
predicted. These estimates usually reflect conservative numbers, making 
Жет highly reliable predictors 


Antennas Made of Wire - Volume 2 


With a restricted operating range, the antenna models make 
apparent the danger of simply taking an average value of gain 
deficit of a wide-band antenna relative to a doublet. The more 
pressing question facing a design engineer is whether the worst- 
case deficit falls above or below the level of acceptability relative to 
the intended application. 


Since we have explored the difference between the SWR curves for 
the 5-wire, 2-lead antenna over a limited range, we might also 
explore whether the differences apply to other parts of the overall 
operating spectrum. Fig. 15 shows the comparative plots for the 
narrow 2-wire wide-band antenna. The antenna is 75' above 
average ground for all comparisons. As the plots show, the SWR 
curves diverge until about 9 MHz. At that frequency, the antenna is 
about 0.7 wavelength above ground. Below that frequency, we find 
small differences in the curves that likely would not create any 
operational problems. 


Chapter 36 
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Stress factors 


О! the several stress parameters, perhaps the most critical factors in 
predicting reliability in the wireless communications indusly ате temperature 


90% cL 
Failure rote 


‘and environmental stress. 


Temperature factor, more specifically operating temperature, i he sum of 15,844, 6, 
ће ambien! temperature and the temperature of the heat produced by the #20 
component itself, In practice, a 10°C increase in operating temperature 
can double the likely failure rate. Likewise, reducing the temperature by a 
similar amount can reduce predicted failure rates by up to 50 percent. Neen 
Environmental factor is just as important as a predictive element. For 
example, an outdoor environment introduces a multiplier of 1.5 to 2.0, 
depending on the outdoor application. This factor accounts for variations 
in temperature, vibration and other environmental variables in an 
uncontrolled outdoor deployment versus е same equipment in a climate- 
controlled enclosure, Recent data sugges! hat а 1.5 factor is ypical 

for outdoor wireless equipment such as tewermaunted antennas and UR 
remote radio head (RRH) equipment. Much of this data was collected by 

monitored RRHs, which we discussed in chapter five. 

Water ingress protection starts withthe careful analysis of points of 
ingress, design considerations for protection of critical RF connection 
points, formulation of condensation and management of condensation 
‘Addressing each element oflen means tradeoffs between cost and 


eee dat тат ee er vom von 


The final product of he reliability prediction tool includes detailed, partby- 
part information such as that shown on the right lable 11.2] 


7501483 


* Example of a component reliability table 
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‘Measuring reliability 

As mentioned above, reliability is he probability 
that a device will perform correctly under defined 
operational conditions over a specific span of 
time. But supporting this general definition are 
several practical ways of measuring reliability in 
realworld applications 


Mean time between failure (MTBF) is the time 
between two consecutive failures. This is the 
most common definition for reliability. MTBF is 
expressed os the inverse cf ће failure rate. 


MTBF = 1 / Failure Rate = 10? / Fis. 


Mean time to repair (MTTR), sometimes called 
mean time lo restore, ls he fime needed lo repair 
or replace a falled component and restore its 
function. This includes procurement and travel 
time, so the figure is comprehensive in its scope. 


Availability (A) is he percentage cf time the 
system as a whole operates normally. When 
someone refers to "А nines of reliability," they 
mean "99.99% uptime” (table 11.3). Availability 
is a function not only af how often а component 
fails, but also how long it fakes lo restore service 
when it does fail, so it figures in both MTBF and 
MIR, 


А = MTBF / [MTBF + MTR] 


When describing the reliability of an entire 


system, availabilty is а more useful measurement. E 
That's because redundancies built into the design 
тау tolerate some individual failures without ох | 2Nines 
seriously compromising the function of the system 
ike red n 999% | Nines 
Unavailabiliy (U) is he flipside of availabilty, in | 9999% | &Nines 
that it expresses the percentage of time a system is 
not working properly. Also, like availability it can pao! нө 
be calculated as a function of MTBF and MTTR. 
U = MTIR / [MTBF + MTIR] Service qualiy ond ly uptime; more 

As you may expect, A + U always equals 100% 
Downtime (DT) is derived from unavailability and 

re DT. . ү Failures in time (FIT) © 


expressed as the average amount of me per year 
the system will be in on unavailable state. Since i 
measures failures that often last only minutes, and 
expresses them os a percentage of a full year, we 
simply multiply the unavailability percentage by 
the number of minutes in а year, or 525,600. 


The number of expected 
component falles per billon 
operating hours. 


DT = U x 525,600 


To illustrate, consider a system with 99.99% 
availability, or ^4 nines." That means its 
mathematical value is 9999, resuling in a 

U value of .0001. Multiplying -0001 by 
525,600 yields an expected annual downtime 
of 52.5 minutes per year, or less than a full hour 
This is a key indicator in overall service quality 
liable 11.3) 
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Availability on a systemwide scale 
Because of the vas! number of components that make up a wireless. 
communications system = each with their own failure rates, redundan 
and importance lo overall operation cf that system = predicting longterm 
performance of the system оз a whole con be quite а challenge. 


From a design standpoint, cos! constraints make it impossible to build 
components that are not subject fa some degree cf failure. Therefore, the 
design must incorporate redundant subsystems lo avoid complete system 
unavailability due to any single components failure. Properly implemented, 
these subsystems will allow the system lo continue functioning at full 
performance, even in its degraded stole, until repairs can be economically 
performed on the filed component 


Budgeting for failure 
Dividing a system's functionality ino subsystems allows a “reliability budget” 
1o emerge. By breaking down the complex whole into manageable 
segments, subsystem reliabiliy can be more easily modeled based on its 
parts count er by another appropriate method. Then, the likelihood of failure 
of the entire subsystem can be modeled to learn its effect on the overall 
function of the system ial 


In a practical example, consider the mass of electronic components mounted 
atop а cell site tower. The system can be broken down into subsystems 
involved in the transmit path, the receive path, he power system and other 
reloted functions, Each of these will have a maximum allowable failure rate 
assigned based on is importance lo fte operation ofthe system, So ће site's 
designers can plan accordingly, the overall reliability budget is split up and 
allocated where it is needed most 


In practical applications, these models are more concerned with the 
functioning state of a system or subsystem, rather than withthe actual 
hardware or sofware itself, At this level of planning, MTBF and MTR 
become more meaningful descriptors of reliability than failure rate alone 


Failure Mode, Effects and Analysis (FMEA) 


Given enough time, component failure is а certainly. Where and when it 
occurs, however, is a variable that must be modeled to be predicted. 
That means a lot of what scenarios, not only of component failure but 
the effect of that failure on its subsystem and the effect of that subsystem 
оп the system as a whole. For this kind of analysis, Failure Mode, Effects 
and Analysis (FMEA) is a simple, tablebased method of measuring these 
variables together. 


The FMEA for a particular system lists each failure made and its effect on 
overall system performance. Failures that resul in total loss of service are 
combined fo calculate the system's total availabiliy, while failures that 
cause only minor effects on service are combined to calculate the system's 
partial availabiliy. 
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Faul-tolerant design 


Redundancy is the key to boosting availability within a system without 
requiring the subsystems to be more reliable themselves. Redundancy 
schemes vary by application, bul hey ol have one thing in common: 
condemand access to a device ar service that can assume the function of o 
failed device until it can be repaired or replaced, Sometimes this includes 
a spate component; other fimes it means shifing load lo other systems. 
Common redundancy schemes include: 


+ Active/hot standby, o spare component built into he system hot 
operates oll he time ond can assume more load when needed 
due lo primary component failure 

+ Active/cold standby, а spare component bulk into he system, 
which only comes online in the event of failure, wih а possible 
interruption in service 

+ 1+1 load sharing, providing two active routes for communications 
зо one will be available in the even! hat component failure causes an 
outage in the other 

+ Nel load sharing, providing а standby alternate route for 
communications o assume the load in the even! that component failure 
causes an outage in any of he other routes 


The downside of adding redundancy is increased cost. Therefore 
redundancy should be added in circumstances where benefits 
outweigh costs 


The reliability block diagrams 


Another widely used approach to measuring system reliability is ће Reliability 
Block Diagram |RBD). Unlike the lists of the FMEA table, it graphically 

shows the interconnections between subsystems on a conceptual level and 
how redundancy measures are integrated. Also, unlike the FMEA table, 
these element "blacks" are described purely by function, nat by individual 
component; the system's reliability depends on how these blocks are 
connected. Arrows represent the direction of information flow, but may not 
necessarily correspond to the physical direction of current in he system 


How the RBD shapes up depends оп the kind of system architecture under 
consideration. A typical architecture may include both redundant and пот 
redundant subsystems, as shown in figure 11.4. 


An RBD is extremely useful in predicting system reliability, but it does have 
disadvantages. The main limitation is its static nature: it can only predict 
individual failures without accounting for cascading effects throughout the 
system оз it continues lo operate in a degraded stote. 


A simple RBD showing redundant power and non-redundant radio unit 
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State transition diagram (Markov Model) 


In nonredundant systems, there are wo states of being: working and not 
working. Transitions between these ho states are defined by failure rates 
(ТИМТВЕ) and repair rates |] /MITR]. Between these wo measurements, 
availability can be easily determined. 


However, more complex = and more faultolerant = systems have many 
levels of operational efficiency. We have refered lo systems operating in 
degraded states, or a state of partial failure. To measure the reliability of 
these complex systems, he Markov Model defines all possible degrees of a 
system operation and maps every sale transition involved in making those 
states occur 


To ilustate, consider a simple system with two subsystems, A and B, each 
with he same failure rate figure 11.5]. As you con ses, there are three 
possible operating states fully operational, partialy degraded and complete 
unavailability 


A basic Markov Model describing the three 
possible stes for a ve subsystem design 

The arrows indicate potential failure and repair transitons between states 
With the failure and repair rates for each. Different failure rates among 
subsystems naturally introduce additonal variables, but the computations 
remain he same. 


‘Markov Models can account for multiple combinations of failure conditions 
and the effect each has on system performance. This offers a better view 
of he comparative severity of different subsystem failures ond what kind of 
degraded performance can be expected 


Markov Models are very useful in calculating the cost/benefit analysis of 
steps designed fo reduce failure rales al various places within a system = 
essentially puting a “ime and trouble" cost on any possible subsystem failure, 
which is particularly valuable when considering how dificul it is to service 
fowermounted wireless communications equipment. li can also inform design 
decisions at бе planning stage, taking into account accessibility factors early 
in he process. The downside to the Markov Model, however, is that it cannot 
assign a single MTBF volve ог failure rate to he system as a whole. 


Reliability Factors 
Now that we are able to determine system reliability by muliple methods, 
же can examine what can be done to improve that reliabiliy. These 


measures start in he design phase and carry through to installation and 
maintenance practices 


Product complexity is à primary factor lo consider 

Simply put, adding more components means adding 

more opportunities for failure. Take he integrated 

remote radio head [RH] discussed in chapter five 

figure 11.6}. 

With thousands of electronic paris built into a single 

device mounted in an outdoor environment, he n 


== 
predicted failure rate may Ье аз high as 5 percent pesca 
per year. This rate takes into account ће ambient remote rodi 


temperature, internal temperature and the RRH's heat head 
dissipation features, as defined by Telcordia 58:322 

sofware. Reducing the number of components in this 

or any device will directly increase its reliably. 
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Redundant hardware improves reliably by 
increasing the number of states in which the 
system may operate, adding flexbily o address 
service levels and repair schedules. However, 
redundant hardware will nt reduce maintenance 
costs ond it requires a greater upfront investment. 


Heat dissipation is vital to ће longterm reliability 
of any electronic system or subsystem, whether 
mounted atop a tower or located in a ground 
enclosure. For instance, a O amplifier may 
generale an internal temperature rise of 25°C 

to 30°С, which, when added to an ambient 
temperature of 25°C, yields up to 55°C af heat, 
exceeding the default operating temperature of 
40°C found in the Telcordia 58-322. Recall that 
reducing operating temperature by just 10°C may 
reduce failure rates by 50 percent 


Thermal limitations relate to haw heat dissipation 
is handled in а device. In he example of the ЕН, 
front and rearmounted heat sinks arrayed in fins 
dissipate intemal temperature rise into the air. The 
larger the fins, the more heat con be transmitted 
away. Limitations appear in the form of mounting 
orientation, available space on Ihe mount and he 
physical size of the RRH sel 


Environmental issues аге a key factor when 
dealing with electronics mounted outdoors atop 
а cell tower. Temperature variations, moisture, 
lightning strikes and other local conditions 
all play а part in how reliability is measured 
and improved, Each consideration should be 
thoroughly qualification tested and take into 
account prevailing industry standards 
Thermal design considerations 
+ Robust margins for thermal tolerance 
+ Design lo conform to outdoor 
cabinet specifications 
+ Integrated thermal protection 
against overthermal conditions 
Mechanical considerations 
+ Resistance lo high winds and 
vibrations on rigid mounting 
+ Accommodation of expansion 
and contraction 
+ Mechanical changeinduced 
dift compensation 
Atmospheric considerations 
+ Resistance lo water inflation 
+ Resistance lo corrosion, 
fading and peeling 
+ Connectors, seals and gasket design 
+ Proper lightning mitigation 
(shielding and grounding) 


Installation practices аге just as important 
оз design factors when it comes lo ensuring 
reliability. As discussed in chapter two, ifs 

vitally important o work with a competent and 
experienced cell site services company with 
welldocumented safely records and tower climb 
certified technicians to handle both mechanical 
опа electrical services 

‘Qualified technicians will reduce the chances of 
improper lightning protection, poor connections, 
mishandled feeder cable and weatherproofing 
problems. Inthe long run, maintenance and 
troubleshooting are much easier and less 
disruptive to your network when rained 
professionals handle your werk 
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Reliability testing 

A number of reliabiliy test programs are designed lo improve product reliability hom early design prototype to deplapment, Such tests include the following 
Design Verification Testing (DVT) 

Products are tested to electrical and mechanical specifications contained in their product specifications. esting includes, but is not limited to: 


Ingres 
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Other tests include UV weathering effects Кот sun exposure: lightning protection: 


* UVA exposure with fluorescent lamps per IEC 60068-25, procedure Bat © Tes per IEC 6100045, 1.2/50ps Voltage 8/20ps Current 


55'C for a minimum 240 hours Combination Waveform, 10 repetitions © +64, «ЗА. 
+ Full spectrum UVA/B exposure with xenon arc lamps per ASTM G155 Sons examples of testing and analysis in action are shown below 
© Other multiyear outdoor weathering tests in urban environments (figures 11.7 through 11-10] 


Group 1, 1000 hours of corrosion Group 2, 1000 hours of corrosion ы 


Weathering and corrosion test of silver plated steel products 


‘Outdoor wireless cabinet | Remote rodio head 


11 UV and weather m ы thermol testing subassembly thermal 
‘and weathering test of bose station antenna assemblies saan 
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Robustness and Life Testing 
Accelerated life testing (ALT) 


АЙ is performed о demonstrate ће longterm reliability of a product 
During AIT, a sample of units is subjected to more severe thermal conditions 
Жап would normally be experienced in the field. This is implemented with 
а greater temperature excursion and an increased frequency of thermal 
cycles. Though product variable, a typical ALT includes high temperature 
dwells and thermal cycling to stress the unis electrical components as 

well as their mechanical attachments. The duration of the testing ls again 
product variable, but typical testing can last 60-100 days to evaluate he 
products longterm reliability. 


Highly accelerated Ше testing (HALT) 

НАП reveals latent defects in design components and manufacturing that 
would not otherwise be found by conventional test methods. НАТ shesses 
the products to failure in order о assess design robustness and marginally. 
Our regime includes: 


+ Step lemperatue stress 
+ Vologe stess 

Thermal dwell stress 

+ Rapid thermal cycling stess 

+ Random vibration stess 

+ Combined thermal cyclingvibration stess 

+ Other stress tests that may be product applicable 


Recent developments in reliability 

While ifs easy to establish areas of attack when it comes lo improving 
reliability tuming those Insights into reale design advances requires a great 
deal of experimentation and testing. For every theoretical opportunity, there is 
a practical obstacle, but CommSeope is dedicated to leading the charge 
for improved reliability on every available front 


Thermal design 

In the arena of thermal design, CommScope is always working lo 
develop new designs and alemative materials to make heat sinks hat 
more effectively transfer heat from components to ће alt. This approach 
means less reliance on costly and falureprone cooling fans. As mentioned 
earlier, every 10°C reduction in operating temperature doubles reliably 
Internal redundancy 

CommSeope is focused on loadsharing redundancy lo improve system 
availability. While not every single subsystem соп be built to ideal faul 
tolerances, we're making every elfor lo caver аз many subsystems as 
possible. 

Field data analysis 

commscope continuously monitors field returns and performs root 
cause analyses on hose returns, These analyses inform our design and 
manufacturing processes, so we con prevent potential problems at he 
source rather than on the tower = and field results prove hat he process 
works, showing continuous improvement over lime. We're building а 
whale new layer of reliabiliy right ino each product 

Industry forums 

In 2008, the International Wireless Packaging Consortium convened the 
Tower Top Reliability Working Group to address carrier concerns over ће 
reliability of towermounted equipment. 
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The best minds Кот carrier companies, equipment suppliers and other industry experts split Into subgroups in order to 
craft а comprehensive best practicas document, Results will be published ot future WPC proceedings and early resus 
suggest hat the study will become an ongoing fiture in he development of industry standards 


CommScope is proud lo share cur expertise, as we are welltepresented in several key subgroups and lead the 
team dealing with reliability prediction. 


Ensuring a reliable network 


In wireless communications, every design choice involves a tradeoff. In exchange for more efficient use of power and 
space in cel site deployments, there exists a greater risk of component failure. Such failures are a par ef life, but, hey 
have to be рап of he plan 


Predicting and measuring reliability can be a complex process with many competing aspects. Determining the 
reliability of a component, a subsystem or an entire cell ste depends heavily on what matters most: maintenance time, 
upkeep cost, fault tolerance and a host of other considerations. There ore ways lo improve reliability, but he tadeoff 
in cost may not always be worh it 


In modern communications, here are no “onesizetitall solutions.” Every step lo improve reliability represents а 
careful balancing act between performance expectations, installation, and maintenance budgets and risk tolerance. 
commscope helps make those decisions easier with he technology and insight that lets you choose the right 
solution from the best available options 


Chapter 11 summary 
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In Fig. 16, the graph compares SWR curves for free-space and 
over-ground versions of the narrow 3-wire wide-band antenna. The 
curves overlay each other very well down to just below 10 MHz. 
Again, the 0.7-wavelength (or perhaps the 0.75-wavelength) height 
marks the beginning of SWR curve divergence. Note that in this 
case, the modeled over-ground value for the all-wire antenna just 
exceeds 2:1 at 2 MHz. The actual test measurement for the 
antenna under these conditions would depend upon impedance 
transformation and line losses, as well as construction variables 
relative to the model. 
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СНАРТЕК 12 


On call or offsite: 
Control and Site Monitoring Systems 


A modern cell site is capable of accurately routing increible amounts of data, serving thousands 
of users around the clock. It may surprise you to learn that these technological marvels are usually 
serviced, maintained, adjusted and monitored in person and at the site itself — an expensive and 


time-consuming proposition. 


It may be counterintuitive, but these vital links in the world's communications networks have 
traditionally been limited in what they can communicate about themselves, their systems and their E 


efficiencies — and even more limited in what adjustments may be made remotely by their engineers. 


CommScope is working to break those limitations with cutfingedge technologies that promote 
full network visibility of vital cell site equipment and create a unified reporting structure for different 
kinds of alerts, Moreover, these solutions include the means to increase the efficiency and 
capabilities of those components through remotely managed controllers. We will explore these 


solutions in detail in this chapter. 
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“Antenne Interface 
Standards Group [AISG] 
Ап industry body formed in 
2001 to create and publish 
Standards defining interface 
and contol mechanisms 
between different pieces of 
RF equipment Кот diferent 
manufacturers 


Interoperability Testing OT) 
The practee of testing fer 
operational problems in а cal 
эле thot employs equipment 
From multiple manufacturers 


A new standard emerges 


Over the years, cell towers have grown more crowded with diferent equipment hom more and more operators 
I became clear that there was a critical need for comprehensive antenna standards. 


In 2001, the Antenna Interface Standards Group [AISG) was formed to create and publish а common standard for 
antennas using remote electrical tilt (RET) antennas and towermounted amplifiers [TMAs]. The standards also defined 


а common control mechanism to bridge these different types of equipment 


As an original member of AISG, GommSeope was an early contributor to the standards and sill plays an active 


role оз the standards for the future of technology are determined and defined. 


Testing the new standards 


Interoperability testing OT] is critical to assuring the smooth cooperation of different systems operating together at a 


single cell site under AISG standards. 


While there is no official test or IOT certification available under curent AISG standards, CommScope has 


placed itself among the leaders in the industry by establishing our awn IOT lab to assure successful deployments of 


CommScope products 
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This position of industry leadership is built on a record of passing both independent and customersponsared ЮТ evaluations covering key components Кот 
across the RF path: 

+ Connectors 

* Cables 

© Smart Bias Tees 

= RET antennas 

+ TMAs 

* Primary controllers 


By testing these components їп every possible combination with other major OEM equipment, CommSeope has established a detailed ЮТ Matrix 
(figure 12.1] 


E тє 
PA e Es 
PNE NE 
ЕЕ E x 2 
мешит | у т y v 2 

pee Ош N/A N/A N/A v N/A Na м DA 


The CommScope IOT Matrix, updated in June of 2011, describes interoperability across е RF path with equipment from other top 
manufacturers 

1 = This AISG controller does not support this function 

2 = This test was not attempted 
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Connecting and controlling 


Contaling the RF рай within a particular cel site depends on AISG 
compliant controllers linked to the site's critical systems. Generally, systems 
such as RET antennas are connected Ма dedicated АБО cables with 

multiple RETs connecting to а common AISG bus. However, AISG signals 


may also travel on RF cables at a frequency of 2.176 MHz. In this case, а 


modem interface with a Smart Bias Tee capability injects and receives 
AISG signal (figures 12.2 and 12.3) 


<= ter cool cable 


ATC200 ie usb 


Once AISG networking is integrated Ino a cell site, controlling the RF path is 
generally performed one of wo ways 


1. localized onsite contol performed by a technician 
through а portable, handheld device, ог 
2. True remote control via a control unit permanently 


installed at the cell síte 


In he later cose, it should be noted that CommScope controllers installed 
at cel sites inclu contol capabilities. 


„vse administration as well оз rem 


Bas ТМА 


Ороп Opten 


An example cf a col site using RF cable to carry AISG controller signals 
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CommScope's controller hardware 


Depending on the specific customer need, CommSeope can field а va 
of controller solutions. Current products include: 


ATC200 LITE-USB - А portable, handheld controller that provides 
localized, onsite control of AISG equipment figure 12.4) 


ATC300-1000 — A permanent, rackmounted AISG controller that allows 
remote control management of RF path components [figure 12.5) 


The CommScope ATC200 LITEUSB controller, allowing on-site control of 
AISG components 


424V or ABV 
пра power 


Alam relays 


e SMB Ports - AISG comm via RF link 


Elhemet port — emote communications 


The Comm Scope ATC300-1000 controller, permanent 
installed and able to remotely control RF path components 
(full specifications) 


ТАЕНЕ RET System Video 
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How monitoring and control systems work The ANMS Site Manager 
We've already explored а few of the basics, such as he site controllers In short, he ANMS Site Manager is a server/client architecture system. 
described previously. This is the first importan! link in ће chain of It works with the ATC200-1000 or ATC300-1 000 ta provide full network 


communication, These controllers, whether used remotely ar onsite, seve as  visibilily oF all monitored systems ot connected sites [ligure 12.6) 
connection points and aggregators; that is, hey collect, centralize and report — The key advantages of this architecture include: 
data hom multiple sources, then relay it to the technicians by conventional 


metro Hoc haul, such as microwave transmission. Воена te explored in * Mille сЇель allowed en the network 


more detail in chapter 82. + Automatic discovery of connected cell sites 

If monitoring is performed remotely, the network's operating center “Rechte! oli sedas and sen reporting 

management systems [such as the ANMS Site Manager from + Automatic archiving of system logs 

CommScope, which are discussed in more detail below) provide full * Onebuton downloading of software updates across the network 
network visibility of all monitored systems at any particular AlSGcompliant e 


Import and export of sites with current and requested movement 


call site, along with full control af whatever systems cre integrated into he piaia 
controller's functions. 


Scheduled antenna movements e 


* 


This is a very convenient and costelfective way for operators to observe 
and control network performance, since it can be performed via graphical 
user interface (GUI on any suitable computer wilh IP connectivity. А single 
monitoring system can realistically supervise the operation af up to 2,000 
individual cell ses 
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Since both the ATC200-1000 and the 

АТСЗ00-1000 are Му AISG 1.1 and 

AISG 2.0 compliant, a technician can contol 
and maintain a complete antenna network system, 

— ¥ including TMAs and oiher AlSGcomplian! devices 
connected via the controller to the ANMS Site 


ANMS Network Manager, allowing such actions as: 


* Quickly determining the state ofthe entire АБО 


network 

* Configuring “groupings” of stes for easier 
ň | management 
у A * Monitoring, measuring and optimizing 

| | antenna performance 

й 2 + Distributing sofware updates across he 

1 i entre network 
+ Executing tits across one, many ar all 
E diagram cf an ANMS Site Manager connected to muliple AISG conplant cll shes antennas = or precisely scheduling such ils fo 
An example of aggregated data report, revealing power usage patterns hat may yield more ecient occur at specific dates and limes 


da These powerful capabilities not only improve 


network efficiency, but they also reduce the 
number of onsite technician calls for routine tit 
adjustments or maintenance — and therefore 
reduce the costs associated with such sie visits 
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Off-site, but in charge Chapter 12 summary 
The emergence of new remote monitoring and control systems is changing how operators do business. With fewer cel site monitoring and control 
site visits and mass tiling of RET antennas, operators are able fo realize significant benefits on both sides of the + тойлопайу managed onsite 
balance sheet, By reducing maintenance costs and boosting network efficiency, the cell networks of today deliver Ге 


+ Increasing hend toward remote 
тоге performance for fewer watts. mondoring/contel capabilites 


Based on the standards established by AISG, commscope solutions ore designed to leverage efficiencies at а ре ааты 
every stage of a remotely monitored and controlled RF path. Оте and remotely, these solutions work together to едь 
give lechriclons the big picture as well ûs he tiny details lab collo donor 


+ CommScope wo: ond 


CommScope understands that better knowledge and control can only lead to better results for customers and т a senini 


wireless users. CommScope vill continue lo strengthen the world's networks while reducing costs = helping all of ohe gu 
us benefit om greater efficiency and improved performance. Interoperability testing (OT) 
* There вто established ASG 


‘esting een derten 


+ CommScope f lab ossures 
roduc interoperability & 


Onsite AISG network solutions 


= Can operate on dedicated 
ASG cable 


* Con use RF cable wih 
Smart Bios Tee 


Remote management product 
+ ANMS Sile Manager 
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Covering all the bases. 
Distributed Antenna Systems 


A population map of the United States illustrates what you already 
know: people are not evenly distributed across the country, or even 


across a particular state (figure 13.1] 


Since cell network service is driven in large part by the population 


Б А map of he United 
it serves, it makes sense that coverage must be denser in those States showing relative 
population density 


places where population is denser, While this map shows 


how population density changes from state to state and from 
Distributed Antenna System 


county to county, it doesn't show how density changes from one (DAS) 
e 
neighborhood to another, or even from one building to another, , 
а 
These localized differences mater in cell network planning, a 


defining cell size, shape and power requirements. A key part of ple раш 


that plan is the distributed antenna system [DAS], which serves 
geographical areas and buildings with the highest demands. 
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Fig. 17 expands the narrow 5-wire, 2-lead SWR curves shown in 
Fig. 13 to encompass the entire potential operating spectrum. Once 
more, the free-space and over-ground curves track each other very 
well from about 9.5- to 10-MHz and upward. Below the transition 
frequency area, the curves diverge, with the over-ground curve 
showing a higher SWR value at the lowest frequency in the 
spectrum covered. Lengthening the antenna might well move the 
SWR from 2 to 6 MHz below 2:1, but at the same time, it would 
reduce the frequency span over which we can obtain bi-directional 
patterns. The relative importance of each factor is an application- 
specific determination. 
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A DAS is а network of spatially separated antenna nodes = called micracells ~ arranged lo support cell network 
service in o particular place, ohen a single building or а campus of buildings figure 13.2] 


‘An overview of a typical DAS deployment 
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These nodes are compact, so they can be placed 
almost anywhere. DAS nades typically have smaller 
footprints than maciocells. You can see а diagram 
of DAS architecture in figure 13.3 


DAS systems can be used lo support an amazing 
variety of different communication and data 
network services, from analog to cutingedge 
ПЕ and WIMAX (roble 13.4) 


This flexibility, combined wih their small size and 
ability ta cover small, specific areas, makes DAS 
on ideal means to extend or improve celular 
service into locations that lack adequate coverage. 
Sometimes this need is a result of problematic. 
location or geography, and; other times by limited 
network capacity. In eller event, a DAS system 
can be а direct connection lo ће public network 
for locations unserviceable by macrocells 


Frequency range 


700 MHz 


А summary of DAS supported frequencies and network services 


Service урез 
Analog, GSM, ПЕ 


800-850 MHz | Analog, GSM, iDEN, CDMA 


900 MHz 
1700 MHz 
1900 MHz 
2600 MHz 


Analog, iDEN 
CDMA, W-CDMA, ITE 
‘Analog, CDMA, W-CDMA 
WIMAX 


А summary of DAS supported frequencies 
and network services 
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DAS can be deployed indoors, outdoors and even in places that are a 
combination ofthe two, such аз: 


Indoor 

+ Highrise apariment or condo buildings 

+ Large corporate offices 

+ Exhibition halls and shopping centers 

+ Hotels, hospitals and restaurants 

In these installations, nodes are arranged lo provide even coverage across 


each area ar each floor. An example of an indoor DAS layout appears 
below (figure 13.5). 


Outdoor. 

+ Open metropolitan areas. 

* Railways 

Outdoor deployments create service areas in the open, bu ће architecture 
remains basically the same аз an indoor DAS (figure 13.6). 
‘Combination 

+ Corporate campuses 

© Industrial parks 

* Airports 

® Stadiums 

+ Subways, tunnels and найт 


Combination DAS laycuts include elements of bath indoor and 
outdoor designs. 


Outdoor DAS layout - nodes create service areas outside 


1 + . 
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DAS components DAS in practice 
А DAS network layout is based en three core components Perhaps the best way to understand how a DAS can bring 


enhanced network service lo o specific area is ю lock at a few 


1. Master Unit. This is the DAS interlace lo the outside world, connected pom 


doa nearby mactocell base station that provides access to the larger 


network. Indoor DAS deployment: Rome Telecom Italia Mobile 

2. DAS Remotes. These distributed devices receive traffic from the master unit A corporate office building provides all he networking challenges 
via optical cable and relay RF transmission to and from the antenna via DAS was designed for. In general, these environments are 
coaxial cable. characterized by: 


3. DAS Antennas, These are the елку and exit points between the DAS and 


+ large, dense populations of users. The DAS must meet ond. 
Individual network users, They relay тае to and Кот the remote. ы a 


maintain reliable service in hightraffic situations, whatever 


Seen together, you'll notice that the entire system staris to resemble the the бена 


topology of an ordinary computer Ethemet network, in which a central server + Scaling needs for service. The DAS must be able to offer 
connects lo individual workstations as well as to any outside networks, such seamless coverage from one node lo the next and scale itself to Ф 
оз ће Internet figure 13.7). тее! he changing capacity requirements of users аз they move 
pa through the building 
ocu e, Cor + Ever-evolving service needs. As technology changes and future- 


Toles fed hom base son proofing becomes a necessity, ће DAS must be able to add 
or remove services without disrupting access or degrading 


performance, including those shawn above in table 13.4, 


Typical DAS components the antennas connect via coax to remotes 


B 
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A good example of a DAS that meets all these needs is he ЮМ system 
offered by CommSeope. The IONS series can manage multiple 
technologies over several bands simultaneously. Depending on the situation, 
a designer may choose singleband, dualband or ue bend versions wih 
wireless LAN [WLAN] on an auxiliary channel 


Rome Telecom loliaia Mobile [ПМ needed a reliable DAS solution that 


would link users at their headquarters аа 
Floor 5 
Floor 4 
Floor 3 
Floor 2 
Floor 1 
Floor 0| 


CommScope delivered o DAS network that met all hese requirements 
wilh а slim public proble 


The layout of the DAS reveals he structure of data flow throughout the Wo 
buildings, including in hardHoserve places lke the two underground parking 
levels and stairwells (figure 13.8). The system was installed and optimized in 


Floor- 
Floor 2 & 


р just four weeks and featured four IP-based base rranscever stations o support 
$ the high traffic requirements between the DAS and the outside network. 


Layout of the TIM HO system, connecting two buildings through 
a single DAS 
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‘Combination indoor/outdoor deployment: 
Dallas/Fort Worth International Airport 


Airports are hightraffic areas in more ways than one. In the dynamic world of air travel, expansion and evolution are 
inevitable. DAS serving on airporí's personnel and is travelers must be able lo expand and evolve os well. Like most 
indoor/outdoor installations, an airport DAS must ойе: 


+ Flexible service support. With so many diferent technologies on the airwaves, an indoor/outdoor DAS must support 
the standards of today and tomorrow. 


+ Broader coverage areas. By definition, indoor/outdoor deployments lend lo cover wider spaces and mare diverse 
terrain. Expanding the DAS range cannot come at he соз! of reliability or speed. 


+ Sleeper demands for on-the-fly scalability. Wider coverage areas have greater potential traffic needs. For efficient 
operation, ће DAS must be able io dynamically allocate capacity where and when it is needed 


Again, the ION series fam comms cope proved an effective solution for these challenges, as well as other specific 
circumstances related to cur DAS installation at ће Dallas/Fort Werth International Airport 


Dallas/Fort Worth 

International Airport: 

* A busy cargo and passenger 
hub for muliple comers 

+ 5 lage terminals dispersed over 
n area of 18,000 acres 

= More than 28,000 parting 
spaces in ramps ond lots 

* Over 56 milion passengers and 
630,000 fights ama 


The DAS solution would need to: 
* Cover vost spaces between 
terminals and parking areas 
* Include capaci for public 
saley тойс 
* Scale with орой growh 
* Allow feia leasing by 
airport management to multiple 
participating partners ES 
+ Be designed and installed 
el, wih minimal 
environmental impact 
* Not interfere wih other RF 
тойс in the ae 
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The CommScope Solution: CommScope provided the right solution in а IONB system with all he power and flexbility needed to meet the 


+ Phase 1 s 
airports present and anticipated future challenges. 
+ 128 remote uni ы s 


+ 218 ontemas To address the long distances between components, the optical links between remotes and maser units were rated for 
Mere signal integrity up to 20 kilometers, This meant remote unis could be placed literally anywhere on the property and 
е а sill communicate effectively with he master unit 
+ 30,000 moe c 
comal colle The IONS system is also transparent over its full operating bandwidth [from 800 MHz lo 2500 MHz) so each 
E kd user within the airport hierarchy could count on tap performance without interfering with other RF traffic in 
58 remote units the area. 


* 182 ontennas 


1 0 Cellular and other wireless signals from passengers, personnel and safely officials are distributed dawn hallways, into 
боры н alcoves ond through corridors. Intelligent network management also permits priority service for emergency responders. 


eo To contol maintenance and monitoring costs, he ION also allows remate, Web-based supervision by such 


+ 10,000 mers of common protocols as TCP/IP, SNMPV2, FTP or Telnet with its integrated Andrew Integrated Management and 
Ф composite cable Operating System a. . COS |. To date, four wireless providers have leased access lo the network P 


Andrew Integrate Management 
‘ond Operating System 
K 

The network management solution 
for al CommScope debates 
antenna systems. Part of our 
Andrew Solutions poro, i 
perform: configuration faut ard 
inventory via SNMP far alam 
forwarding, 
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Combination indoor/outdoor deployment: Alianz Are 

Allianz Arena Munich р ет 

While the instalation at Dallas, Worth Intemational р со ekg arch 
à nel 70,000 one 

Apa DPW) presented unique cholenges in regard о А 

area of coverage, stadiums and other indoor/outdoor EE Motl сек 

applications require special attention to matters of variable * Wil play hos o UEFA 


capacity, While meeting all the requirements of Ihe DFW Championship Finals in 2012 


example, a stadium installation must also deal wih the jog шы 


additional task of assuring QoS in hardtoserve indoor cis a il boma f 
spaces as well as open-air spaces above, This is not only ез ол overloading he 
dor the fons in the seats, but the enormous media presence Echo » 
е . Support miliple services such 
required lo broadcast he biggest events lo а global de 
audience. UMTS 
For the Allianz Arena in Munich, CommScope deployed the ION:M series precisely because it could address these The CommScope solution: 
specific requirements DEDE © 


* 350 antennas 


Because ће CommScope IONM series can transmit on several bands simultaneously = with no restriction оп the Юа нае 


number of carriers = it was the natural choice for his application 


50/Darse Wavelength 
The combination of higkpowered remates and a fiexble master uni clawed easy customization lo penetrole even F 


the hardesHoserve locations, Ta scale along with the significance of he events taking place, OM also supports DWDM) 


multiple configurations, like polnHorpaint, star and daisychain. Methods of duplexing signals in 
aky б ВЕБЕ Ий оп optical cable by using diferent 


colors cf laser light for increased 


If fiberoptic cable access is limited, both coarse wavelength division multiplexing [CWDM) and dense wavelength 
p a! plexing | 1 s capaci 


division multiplexing (DWDM) can be used to establish mulisectored sites with a single fiber connection. With all the 
maintenance and monitoring capabilites of A. .O. S., the system offers costelfective upkeep. 


Te date, four operators have signed contracts to use the system, which has proven equal o the task of keeping fans 
and the media connected = even for the most important tournaments 
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Swiss highspeed roll project 


Outdoor DAS deployment: 
* Route between Haitersberg and. 


‘Swiss Rail Corridor from Heitersberg to Däniken 


benlen covers 20 km 
* Highspeed rans may aval up Full outdoor deployments place unique demands on the 
Je 300 km/hr design of a DAS. It becomes even more challenging when the 
The OAS sae _ average network user is passing through your service area at 
© Accommodate seamless more than 300 kilometers ап hour, as they do on European 
bers byeen ale bullet rains. For passengers fo connect while they ride the 
$ 9 ااا‎ rails, they need a DAS that offers: 


~ Sot E * Seamless coverage ond capocily. Handaffs between cells is Меку when the user is moving through at bulet rain 


* Cost signiheanly less hon a speeds - yet dropped calls are not an option. 


mece! selon + Closed coverage. Clean connections to the macro network keep the signal clear no matter what kind of 


The e interference sources the hain is passing at the moment. 
EG + Remote administration and maintenance. When the DAS is miles long, remote management capabilites are critical 
e + Multiple carrier support. Ta keep development costs reasonable, the DAS must offer shared infrastructure to Ф 


support multiple carriers simultaneously. 


When the Swiss rail lines requested that CommSeepe build a DAS а! would keep their passengers os connected 
оз they were comfortable - even at he highest speeds - hese stringent criteria put us o the lest. 


The IONM system proved he best solution. By creating several radiation points along he length ofthe track, the cells 
comprising the DAS elongate and stretch in just he right direction fo perform reliable handoffs, even at ор speed. The 
coverage is dedicated and localized, keeping outside interference at bay and assuring enough capacity for he most 
crowded passenger trains 


All master unit equipment is concentrated in the BTS interface located in the middle of the hack, while remote units are 
spaced along the length cf the rack. By elongating the cells, CommScope was able lo achieve distances between 
remotes of up to 2 km, and with the integrated lO S capabilty, system monitoring and adjustment can be 
performed remotely. 
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Outdoor DAS deployment: 
The Moscow Metro underground 


When the same technology is applied to subterranean 
settings wih limited access, distances between remotes and 
master units become even more important. Both the ION 
ола IONM series guarantee signal quality for distances 

up lo З km, By applying the optical link option, theoretical 
distances of up to 20 km are possible, helping future proof 
the system against growing capacity needs. 


As users and thelr associated network найс move kom ane part of the DAS to another, the remotes must be powerful 
enough to manage dynamic changes in capacity while remaining small enough for safe installation in tight spaces 
found underground. In the case of he Moscow Underground, we find that reliable communications are much more than 
а mater of passenger convenience. They can make the diference in е event of an emergency situation as well 


The Russian government ordered а DAS system that 

would provide seamless communication through he vast 
underground network, both for passenger convenience and 
for emergency responders, due lo the threat of terrorist attacks 
This capability was also needed for mare commonplace 
emergencies such аз Мез, 
government directive, installation time was of the essence 


accidents and other injuries. As a 


CommScope designed ond installed a dedicated ONM 


to the legendary décor of ће Меко? elegan! stations, which 
оге often called "underground palaces" figure 13.9]. 


The ION deployment in he Moscow Maro 
underground 
Indoors, outdoors or both - the right solution makes the connection work 
All hese examples bring dedicated cellular services to locations that were not otherwise accessible, or at least not 
reliably accessible. A DAS network can achieve this primary objective by several methods, but the result is aways he 
some: better, more reliable coverage, indoors and ош. 


DAS using remote units that could be installed without damage 


Moscow Matra underground: 
12 lines with 182 stations and 
аюы! ral length of 301 km 

* 11 millon riders daly 
= A historically highprohile target 
for terror ato 


The DAS solution would need to: 

* Increase secun eficency 

© Provide highest reliably 

* Ofer fast access for emergency 
resp: 

* Present litle or no ушЫйу 

* Ве балеті on a very 
aggressive schedule 


The CommScope solution: 
* 260 remote units 
* 10 master units 
* 400 km of radiating cable 


* 
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Construction Variables 


The sensitivity of the multi-wire terminated antenna arrays to 
changes in width relative to various performance characteristics 
suggests that these notes inevitably fall far short of covering all 
possible design variations. However, length and width are not the 
only variables available for alteration. One significant variable may 
escape attention. The all-wire models place the common feedpoint 
1' below the terminating resistor and its element wire. We may vary 
that placement and see what might happen. To test the matter, I 
created a very narrow version of the 3-wire (all-wire) antenna using 
a spacing of 0.5' between wires. Then | set the feedpoint 1, 2, and 3 
feet below the antenna, using a free-space model. The key 


Chapter 36 


T © 


CommScope: Understanding the RF Path 


Capacity on demand, wherever i's needed Chapter 13 summary 
Ifthe world’s population were evenly distributed, designing the perfect cellular network would be as simple as Distributed antenna systems (DAS) 
drawing circles on a map, S When the Swiss rail lines requested ihat CommScope build а DAS о! would keep = Micecel solutons 

their passengers as connected os they were comfortable - even at he highest speeds - hese stringent criteria put us to * Compact, Rebe and scole 
the test. ince the real world is ful | of high-density and low-density population centers — + Suppo for muliple services 

оз well as variations in geography, government oversight and terrain = we need to adjust our methods. Ws he Best circumstances for DAS 

only way people can connect. no matier where they are. + Poor exiting coverage 


+ Variable copaciy requirement 
Аз more and more places are connected to accommodate our ondemand world, companies like CommScope 


* Exceponaly dense ofic oreas 
continue to innovate new ways o improve service while reducing visibly, bringing access without eyesores. 


+ No costaflectve macrocell 
solution 


Indoor deployments 
+ Ideal for ice buildings, shopping 


Distributed antenna systems help service operators reach their customers in crowded buildings, deep underground 
and even as they cross he countryside at hundreds of miles an hour. They can connect a stadium of diehard fans o 


their loved ones at home and let the whole word watch whats happening on the field below in real ime = one of the F 
many benefits of puting the right communication Infrastructure to work fetes ола hospice 
Outdoor deployments a 


+ Ideal for rays, metro areas 
ога other outdoor spaces 


Combo in/outdoor deployment 


+ Ideal for fice campuses, airports, 
stadiums, subways and moving 


DAS components 
+ Master units 
+ DAS remotes 


+ DAS antennas 


СНАРТЕК 14 


Going to ground 
Lightning Protection 


Even in the 21st century, the source of atmospheric lightning is the subject of scientific debate. 
Different theories assign different mechanisms to the creation of lightning: wind and friction, 


ice formation inside clouds — even the accumulation of charged particles from solar winds. 


Far better understood is the behavior and power of lightning. We've all been cautioned not to 
stand out in the open during a lightning storm — and for good reason. A lightning bolt can reach 
temperatures of 54,000° Fahrenheit, five times the temperature of the sun's surface and hot enough 
to fuse loose sand into hard glass in an instant. Superheated air around the bolt expands violently 


as it passes, creating the familiar deep rumble of thunder 


like any electrical discharge, lightning always seeks the path of least resistance to the ground. 
Often, this is through the tallest or most electrically conductive object available, which is why you 
don't want fo stand in an open field during a storm. The human body presents the shortest path into 
the earth, boosting conductivity by shaving five or six feet off the distance a bolt must travel through 


the air, 
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Lightning by the numbers 
Inthe 30 merasacands it 
exists, ап average lightning 
bal lat ts pack discharge. 
level can сату: 

* 30,000 amperes of curent 
+ eben wots of electricity 


+ 500 megajcules of energy 


But haw do we deal with sensitive electronics that can't take shelter rom the storm? One look at a cell antenna tower 
will tell you that = by virtue oF its metallic composition as well os its height = ifs a prime target for lightning strikes. 
А number of components are particularly atractive to lightning, including: 


* Antennas and thelr support structures 
+ Coaxial ines and waveguides 

+ Steel buildings, cabinets and other equipment housing 
+ Connected communication and power lines 


This exposure opens up the installation to expensive damage, maintenance and downtime, so its vitally important thot 
wee take protective measures lo minimize the risk of lightning damage. 


Understanding the risks 
Unfortunately for planners, most of ће risk factors for lighming strikes are the same characteristics that make for a 
good сей site: open land and high elevation. Since there is ile that can be dane about location, lightning mitigation + 


efforts must be directed elsewhere. lets lack fist at he two types of meteorological events tha! present the greatest 
risks: 


+ Convection storms are caused by he heating of alr near the ground and is Interaction with cooler alr above. 


These create the localized, shortlived storms we see most ohen in the summer months. 


+ Frontal storms are created by warm and cool fronts meeting. These storms con extend hundreds of miles and 
regenerate their strength over and aver again, allowing them to persist for days and affect enormous areas. 
Frontal storms present the greater lightning risk. 
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Electrical potential 
Measured in vols, siehe 
difference in electrical charge 
between мо poi 
The greater he 
the higher he potential - 
and therfore, he greater 


the моода 


The overall patem of hese storm types can be 
anticipated by season and location, Historical 

trends are accurate predictors of future activity. 

While government statistics don't include specific 
numbers regarding the number or severity cf lightning 
stikes, hey do provide overall counts af thunderstorm 
days in а given area figure 14.1) 


The nature of lightning 


lighting occurs in wo common forms 


mover 70 
8501070 


Cloud+to-cloud lightning discharges itself by ss 


equalizing its charge with ancther cloud, remaining Gude 10 cludes Alas and Немой) 
high above the ground in the proc 


А meteorological map showing the annual number 


Cloud to-ground lighting seeks discharge through the га 


‘earth, This is the kind that creates problems for objects 


Ф 


оп he ground, including cel sites. 


In both cases, he lighting occurs when a diference in electrical charge = he electical potential = exists. When his 
difference grows o а magnitude tha! overcomes the natural insulating properties of he air, ће electical difference 
seeks equilibrium by discharging itself along the path of least electical resistance, For cluchoground lightning, he less 
distance traveled in the ай, the easier it is to discharge = hats why it seeks а more conductive abject on the ground as 
is prefered path 


In most cases, this discharge represents a negative charge seeking a positive charge and may represent an electrical 
potential of as much as 100 milion vols, 
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Coaxial cable 


A ype of sable еол ап The birth of a bolt 


hen As we can see in the threeslep illustration below, clouchograund lighting begins as a faint or invisible “pilot leader" 
pois а ае 25 high in the cloud, As it progresses downward, it establishes the first phase of the stike path. This pilot leader is 
between hem. Cadel cable followed by the "step leader,” a surge in current following the new path. The step leader jumps in roughly 100foot 


ша эшите he bse increments, or steps, until it approaches the positively charged point on the ground. 


A his point, something incredible happens: a secondary discharge extends upwards from the ground, meeting ће 


bolt in midair and completing the circuit. It happens so fast that he human eye only sees the bolt descending Кот the 
sky, not he one reaching up from the ground (figure 14.2] 


The origination and path of a cloudiaground strike 
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The intense light of o lightning bolt is created by molecules of air energized by the current passing through them. The 
shape al he visible lightning сап help you identify is type: 


Streak lightning is he most commonly seen type, characterized by a single line running Кот cloud to cloud or 
cloud lo ground 


Forked lightning reveals the fll conductive channel as smaller tributaries branching off he main line 
Sheet lightning is a shapeless, wide-area illumination commonly seen in claucherclaud discharges. 


Ribbon lightning is а streak that seems to repeat itself in а parallel path. This is due to high winds moving the air 
in he midst ofthe stike. 


Beaded lightning, also called chain lightning, appears to break up into separate branches and persist longer 
than the main stike. 
Heat lightning is not truly а lightning type, but the rechinted appearance of other lightning types visible on a 
distant horizon. The coloration is due to atmospheric reflections and light scattering between the lightning and the 
observer, 
Dealing with lightning 
Now that we know a litle about he challenges we face, [es look at some of he ways we can guard agains! he 
damaging effects of lightning. 


The science of grounding 


Al electrical facilites are inherently connected to the ground, ether by design ог by circumstance. The earth itsel 
represents he common electical potential, or voltage, that other electrical sources naturally seek for equilibrium. By 
improving the way these discharges reach he earth, we can control the path and divert its damaging power away 
from equipment and structures that would otherwise be harmed. 


When you imagine an electrical grounding system, you may have an image of a simple lightning rod with a wired 
connection to he ground. In he case of cel sile installations, a grounding system is much more complex and serves 
purposes other than simply diverting lighting strikes; it also minimizes the chance of shock ham the equipment 
itself, reduces noisy voltages that interfere with signals and protects sensitive electronics fram damaging overvolage 
conditions from all sources. 


Grounding 
Measures taken to control and 
facilitate he path o on electical 
discharge from is source to 

the ground, avoiding patenta 
damage to sensitive equipment 
along he way. 
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Grounding limits 


As important as effective grounding is, i's ohen not enough by itself. Any 
рой you install to ground а discharge has а certain physical limit to the 
voltage it can handle. Even the most substantial methods, like water pipes 
and specially designed grounding rods, are restricted as to how much 
voltage they can pass to the ground. To address these limits, ifs wise to 
design in muliple paths зо the grounding system can dissipate he most 
voltage possible. 


Protecting the tower 


The antenna lower presents he most obvious electrical target, os well as he 
best opportunity lo protect е rest of the installation. Thats because drawing 
lightning to the tower for safe discharge also gains us valuable insurance for 
the harderto protect components down an the ground and those connected 
by transmission lines. 


By its very nature, а tall metallic tower can conduct lighining current into the 
ground, The danger arises when the voltage exceeds the structure's ability lo 
dissipate it and electical arcing occurs. This сштеп! can damage microwave 
antennas and, in particularly powerful strikes, fuse the dipole elements of 
woway radio antennas. 


To protect these and other components mounted on metallic towers, lighting 
rods should be affixed direcily to the tower above the components to assure 
safe interception cf the stike. Ifs also important to ensure that he tower's 
base, footings and any guy wires are also properly grounded. 


Additional protective measures include insulating gaps bull into the design 
and devices called shorting stubs that сап be added to allow a short circuit 
at lighining's natural frequencies. We'll dig deeper into these measures an 
the following poges. 


Wooden tower structures 


In wooden structures, conductive paths must be added o give stikes a 
direct roule to the ground. I wooden support poles provide a nonconductive 
obstacle Кот a metal tower, additional lightning rods should be affixed 
atop these poles to prevent them kom spliting under he force of a strike and 
Potentially collapsing the tower they support. 


Rods for this kind of application are typically #6 AWG bare copper stapled 
to the pole on the side opposite ће antennas transmission line. This ground 
line should be connected lo all equipment on top of he pole as well os any 
lines leading away lo a connected shed or cabinet figure 14.3) 


Merlie cool Ine shied 
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Twos radio antennas 'Quarteravave shorting stub 
id 5 

Conventional coaxial dipole antennas ore often fed wih a serrated washer that forms a physical gap between the connection between ronson 


line ard antenna that does not 


lici narmal requencies, but 
across the open space, creating a short circuit and dissipating the discharge. vil immedioey len- end 


вра energy = when lighining 
frequencies cross. 


dipole whip and its support. Should lightning strike this point, he gaps in the serrated washer force the current to arc 


Another protective measure is the insertion of a quarterwave shorting stub in he coaxial transmission line at ће base 
ofthe antenna. They're called quarterwave shorting stubs because their place in the circuit does nat impact normal 
operating frequencies of ће ste, and their length [a quarter of one wavelength), will cause an immediate short circuit 
for electrical frequencies associated with lighting. In this, hey act as a sort of electical “release valve" that will only 
divert а certain kind of dangerous current away from ће system. 


Other types of antennas lend lo be selfprotecting, such as folded dipoles, ground plane and Yagi antennas (chapter 
three for more information on different antenna configurations). These types are generally constructed cf materials 
capable of handling most strikes, and their transmission Ines are adequately shielded lo direct any lightning current to 
the ground by other, easier paths 


Microwave antennas 


Common types of microwave antennas, such as the paraboloid (dishshaped) and hom reflector varieties are 
generally rugged enough to sustain normal lightning strikes without damage. However, the warning lights visible atop 
these installations are not so durable, To protect these regulatorymandated devices, lightning rods are used to divert 
lightning discharges away from their more delicate wiring 


These protective systems may seem like а lot of expense lo protect what are essentially blinking red lights, bu he 
labor involved in replacing them after o lightning storm quickly becomes a costly maintenance situation. 


Two-way radio antenna support structures 


The buried end cf a ground line can fake several forms. Ideally, you would want the buried end lo extend deep 
info he earh, providing a mare reliable interface for dissipating the voltage. In some locations, such as rocky 
mountaintops, these depths aren't available. In these cases, the support structure con be protected by laying in 
muliple ground lines in a radial pattern to achieve horizontally what a single deep line would achieve vertically. 
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For antenna structures installed atop buildings = os is 
more Frequently the case these days = all equipment 
transmission lines and other conductive objects within 


dod 


Guy archa 


a sixfoot radius of the base should be commonly aaa 
connected. The entire array should attoch to a separate Sold copper 
conductor with a minimum of wo conductor systems BE 
integrated ino ће building itself. These conductors may bees — 


be water pipes, steel framing or other electrically sturdy 
materials having direct contact with the ground below. 


For those antenna structures mounted on metallic towers, 


grounding is а much simpler matter, since the tower 
structure itself provides a clear path lo ground in the 
event of a lightning strike. OF course, his all depends us 


А 1 : Support grounding installed in eren grounding achieved 
оп properly grounded base supports. Four methods of a 0 
Ф assuring this effect are shownto the right figures 14.4 P 
through 147] 
For ground lines terminating through concrete bases and Salad сорри conc 


guy wire anchors, good conductive continuity inside he 
concrete itself should be virtually immune lo any negative 
effects from lightning strikes. This is tue for lowers built 


on the ground as well as structures installed on top of p 
buildings. 


However, inadequate welds within the concrete may 
lead lo electrical discontinuity, which can cause electrical 
arcing within the support... wih potentially explosive 
results. For maximum safely, a secondary ground line is 
highly recommended 


Grand od 


Support grounding installed in а Support grounding for a freestanding 
tower's guy wire anchors tower nee 
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Coaxial transmission lines 

Coaxial cables are subject to hwo potential hazards Кот surge currents reaching he outer conductor layer: 

1, Damage to the insulating dielectric layer between he inner and outer conductors, which may destroy he cable 
опа damage any equipment connected o it. 


2, Mechanical crush forces that are associated with surge currents. While solid dielectric and larger cables (7/87 
cond up) are resistant to this effect, alr dielectic and smallerdiameter cables have been known to be physically 
crushed by the magnetic effects of lighininginduced surges 


Providing а shunt path Кот the antenna to the ground line will usually prevent both kinds of damage. This 
danger highlights the rationale for securing the cables at such frequent intervals = to prevent arcing between 
cable and tower. 


Protecting the DC power system 


As discussed in chapter 10, cell stes generally operate on DC power provided by й 


surge protectors. They work much Ike the consumergrade version you may have installed in your home to protect 
sensitive electronics like computers or televisions. 


Surge protector devices (SPDs) are inline devices that feature a nonlinear vollogeccuren! characteristic which 
mitigates high voltages by increasing he associated current (figure 14.8). 


^ Typical surge protection devices (SPDs) 


site's rectifiers. This energized 
part ofthe system presents an attractive target for lightning. The devices used to prevent cvervollage conditions are 


Dielectric layer 
The insulated, tubeshaped 
layer separating a coaxial 
cables iner and outer 
conductors. Dielectrics may be 
made of sold material, exible 
foam or open air channels 
supported by nonconductve 
spacers, I he dielectric 
becomes damaged, ha cable 
wil short 


Antennas Made of Wire - Volume 2 ———— 


question in this exercise focused on the effects of the 3 placements 
on the SWR curve. Fig. 18 shows the results. 


me 
na vne Bend Arena Narew eng 0 5) 2-00 . 
JJ 
Wort Cures Spesen. 
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The very narrow version of the 3-wire array shows the most 
acceptable SWR curve with the common feedpoint 3° below the 
terminating resistor wire, the limit of this particular exercise. The 
450-Ohm SWR does not exceed 2:1 until the operating frequency. 
reaches 29 MHz, and then not by much. To see whether the 
phenomenon is unique to the very narrow spacing or more general, 
1 repeated the test using the standard narrow 3-wire spacing (1). 
The results appear in Fig. 19. 
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SPDs are used to safeguard ol cell site components connected о the DC power system, but any devices connected lo an external metalic conductor will 
require separate protection 
The most vulnerable components connected to he DC power system are remote radio heads [RRH3), which we discuss in chapters five and len. Mounted 


оз they are atop the cell sle's tower and adjacent la ће antenna, he RRE and its copper power cable are natural targets for lightning, much like the power 
distribution equipment at he tower's base. Insertion of SPDs as close as possible to hese locations protects he ВАН unis hom cvervollage damage (figures 


14.9 and 14.10} 
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Ал SPD capable of withstanding not just one, but multiple lightning strikes 
must possess a robust resiliency lo avoid costly maintenance and downtime 
for replacement. A detailed look at the inner layout of a sample RRH surge 
protection module appears below ligue 14.11) 


Equipment at he base ofthe tower requires protection as well. Key 
components like the radio, the transmiter and backup batery systems, visible 
at he bottom of igure 14.9, are all vulnerable lo damage from lightning 
induced overvoltage. To prevent ihis, rackmounted SPD units safeguard the 
power distribution system's connections between the BRH power cables and 
the rest of the equipment installed at ће base (figures 14.12 and 14.13) 


ud an RRH surge protector modulo, cover removed 


= 


& 


An SPD assembly mounted in a DC power and batery enclosure The interior detail of an SPD unit designed to protect on RRH 


* 
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Other forms of overvoltage protection: fuses and breakers 
SPDs serve functions other than simply protecting components 
from lightning srkeinduced cvervollage situations. As we Charge el 
learned in chapter 10, SPDs also offer protection in the form 


of fuses and circuit breakers hat keep more common forms сі 


overvaltage from damaging components and bateries. 


In a cell site's DC power distribution system, as many аз 80 
Circuit breakers may regulate DC power from the recifier to all 
connected loads, both in the enclosure and on the tower 


ligure 14.14) Modo ctr shelves 
Net pole node 


Charge 


Both fuses and circuit breakers perform the same basic 
function, which is to interrupt power to the load when levels 
grow unsafe. Examples of each are shown below figure 


Ф 14.15 


— 
© Fuses incorporate conductors designed to mel under he Terminal panel 
stress of overcurrent conditions, breaking the circuit and 


protecting the load on the other and 


7 Block diagram of 424V power and distribution system, typical of a cell site installation 


© Circuit breakers incorporate shortdelay curve or "fostblow шейка: арды t 


fuses lo break the circuit and protect the load 


Because of the large number of circuit breakers required = 
ofen from 24 to 80 per cell site = wireless carriers have 
adopted modular distribution structures that accept a wide 
variety of circuit breaker sizes. You can learn mare about hese 
features in chapter 10, 
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TT Commonly used telecom fuses and circuit breakers 
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14: lightning Protection 
Taming lightning by controlling the current Chapter 14 summary 
No matter haw many times we witness i, the incredible power of lightning bolt can instil fear and awe. When Lighning protection 
lightning strikes exposed cellular installations, only careful planning can diver its devastating power away from the + өтә seks а ground 
sensitive components that keep modem networks operating + Providing sofe paths around 
equipment pole cl shes 
With he right components, design and experience, a cell site can become virtually immune to the damaging effects ees 
of lightning = as well as other electically dangerous situations. CommScope supplies networks withthe equipment « Сокс 
ола expertise required to harness lighting and direct it harmlessly away = keeping the world’s key communications = дободо 
systems operating safely Grounding an installation 
* Metal owes can besa 
onding 


+ Wooden strucurss require paths 


* Ground wire сал raval desp or 
radiate horizontaly 


Tower and base station protection 
+ Remote radio heads [Hs] 
+ Power distribution 


Ф 


+ Radio, weren hes batery 
backups 


DC power system 
* Surge protection devices 


+ Fuses and circuit breakers 
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Africa, AsiaPactic, 

Caribbean, Central America, 
Europe, Middle East, 
(Oceania, Souh America 


Andora, Burkina Faso, Burundi, Cameroon, China, Comoras, Cook Islands, 
Cuba, Djibout, East Timor, Fast Timer, Ehiopia, Falkland Islands, Faroe Islands, 
Fil, French Polynesia, Ghana, Gibraltar, Greenland, Guyana, Iraq, Kazakhstan 
Libya, Mali, Micronesia, Morocco, Myanmar, Niger, Norfolk Island, North 
Кога, Papua New Guinea, Rwanda, Saint Pane and Miquelon, Samoa, Sac 
Tome and Principal, Saudi Arabia, Senegal, Solomon islands, Swaziland, Tego, 
Tenga, Vanuatu, West Bank/Gaza Strip, Yemen, Zambia, Zimbabwe 


900 MHz 


Айса, AsioPactc, 
Caribbean, Europe, 
Маде East, Oceania. 


‘Aighanisian, Albania, Algera, Angola, Armenia, Aruba, Australa, Austria, 
Azerbaijan, Bahrain, Bangladesh, Belarus, Belgiom, Benin, Bhutan, Bosnia. 

‘ond Herzegovina, Bulgaria, Cameroon, Cape Verde, Central Arican Republic, 
Congo, Cole d'lvoire, Croatia, Cyprus, Czech Republic, Denmark, Баур, 
Eritrea, Estonia, Finland, France, French Guiana, French Westside, Gabon, 
Gambia, Gaza Stip/West Bank, Georgia, Germany, Greace, Guinea- 

Bissau, Guinea, Holy See, Hong Keng, Hungary, Iceland, India, Indonesia 

Iran, lard, г of Man, оов, Holy, Jamaica, Jersey, Jordan, Kenya, Kuwait, 
Kyrgyzstan, Laos, Lava, bara, Lechtensain, Lihuania, luxembourg, Macas, 
Macau, Macedonia, Madagascar, Malawi, Malaysia, Maldives, Mala, 
‘Mayet, Mongolia, Montenegro, Mazambique, Namibia, Nepal, Netherlands 
Antiles, Netherlands, New Zealand, Nigeria, Norway, Pakistan, Palau, 
Philippines, Poland, Portugal, Qatar, Reunion, Romania, Russia, San Marino, 
Serba, Seychelles, Siera leone, Singapore, Slovakia, Slovenia, Somalia, Souh 
Аксо, Spain, Sri lanka, Sudan, Suriname, Sweden, Switzerland, Syria, Taiwan 
Tajikistan, Tanzania, Tunisia, Tukey, Turkmenistan, Uganda, Ukraine, United Arab 
Emirates, United Kingdom, Uzbekistan, Vietnam 


900 MHz/ 1800 MHz 


Asia, Caribbean 


Anba, Barbados, Dominican Republic, Thailand 


900 MHz/ 1800 MHz 
1900 MHz 


Caribbean 


Antigua and Barbuda, Dominica 


00 МЕ: /850 MF 
1900 MHz 


Caribbean, South America. 


Brazil, Вина Virgin Islands, Cayman Islands, Dominican Republic, Jamaica, 
Saint Kits and Nevîs, Saint Lica, Turks and Caicos Islands 


900 MHz/B50 MHz/ 
1900 MHz/1800 MHz 


Island -Bash Channel 


Guemsey 


900 MHz/850 MHz/ 
1800 MHz 


Eurasia, Oceania 


Armenia, Croatia, Denmark, Estonia, Finland, Francs, Hong Kong, Poland, 
New Zealand, Romania, Slovenia, Sweden, Australia 


900 MHz/2100 MHz 


me 


1500 MHz 
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North America 16 Ghz 
ha Japon 17 Ghz v 
Asia, Nerh America Canada, Japan, USA 1700 MHz v 
North America USA 17 GHe/2.1GHe v 
Europa Poland 1800 MHz 
СонЬЬеап, Norh America, | American Samoa, Bahamas, Belize, Bermuda, Brazil, Chie, E Salvador 
Oceania, South America | Guatemala, Mexico 2 Y 

Algeria, Argentina, Aruba, Barbados, Bermuda, Brazil, Cayman Islands, 
Aca, Аша, Caribbean | Chie, Dominican Republic, Ecwador, El Salado, Guam, Guatemala, jamaica, | 1900 MHz v 

Philippines, Puerto Rico, Uruguay 
Ача, Caribbean, 
North Americo, Barbados, Canada, Indonesia, Mexico, Tinidad/Tebago, USA 800 MHs/1900 MHz v 
Souh America 
Arica Nigera zdmo2000 14/EVDO v 

Aaria, Andano, Argola, Armenia, Anka, Ausrala, Ausia, Azerbaijan, 

Bahrain, Bangladesh, Belarus, Belgium, Bosna, Bazi, Bune, Bulgaria, 

Cambodia, China, Croata, Cyprus, Czech Republic, Denmark, Egypt, Estonia, 

Finland, Georgia, Germany, Ghana, Сіло Greece, Guernsey, Hong Kang, 

Hungary land, Indio, ndenaso, og, beland, ble of Man, bral, kly, Japan, 
lica, Caribbean, Eurasia, | Jersey, Kenya, Kuwait, Las, lao, Laurus, Libya, Liechtenstein, Lihuania, 
Middle Fast, Oceanía, Luxembourg, Macau, Macedonia, Malaysia, Mala, Moldova, Monaco, 2100 MHz v 
Sch America Montenegro, Marocco, Namibia, Nepal, Netherlands, Nigeria, Norway, 

Pakistan, Pines, Poland, Portugal, Gator, Romania, Russia, Saudi Arabia, 

‘Serbia, Seychelles, Singapore, Slovak Republi, Slovenia, Sch Айтса, Sauh 

Koren, Spain, Sri lanka, Sudan, Sweden, Switzerland, Syria, Taiwan, Tajikistan, 

Tanzania, Thailand, Turkey, Uganda, Ukraine, United Arab Emirates, United 

Kingdom, Zimbabwe 

2 1 GHz/800 MH=/ = 

eee STEM, 2.6 GHe/1800 MHz 
Oceania mo 2.1 GHe/1800 MHz v 
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[Afica, Cental America, | Sou Айса, Argentina, Chile, Colombia, Hong Kong, Malaya, luno, f e = 
oso, Souh America | Uzbekistan, Ашна, Finland, Germany, Jersey, Netherlands, Sweden i | 
Europe Germany 2.6GHz/2.1GHz 

d m Indonesia 33GHe v 
Esopo Germany 34 GHz3 6 GHz v 
Акса, Fui, Тыў, Buga, Canada, Сарны, Ciesla, Dominican Republ Bhopa, 4 5 ce = 
чой America, Oceania | Macedonia, Malo, The Netherlands, New Zealand, Nigeria, Russia, 50 Lanka 
Е Estonia 35 Ghz — 36 GHz Y 
Oceana ‘sala Hmm v 
Ана, Corbbeon 
Me Cayman lands, Indonesio, Jamaica, бакі Arabia 802.164 v 
Alea, Conbbean, Eurasia, 
Re ea ^ [Cayman blands, Bangladesh, Canada, Indonesia, bye, Rusia 802.168 v 
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Robert is an invaluable resource lo CommScope 
cusomers, providing insight and training on the latest 


solutions and how best 1o implement them, He is 
‘also responsible for providing background technical 
information ond taubleshooting. He has spent the 


17 years in he RF industy, working in amplifier, 
antenna and RF system design. Roberts career began as pari cf an ambitious startup 
company, where he designed cellular network repeaters belore moving ino system 
design and project management to round ош his expertise. He has managed several 
high-profile projects, including the two stadiums where the Kansas City's Chiefs and 
Royals play football and baseball, respectively, as well as inbullding systems for 

the Library of Congress and the Ward Bank. He has also managed installations 

for he US military and several ley airports and large banks, Robert holds а B.S. in 
Electrical and Computer Engineering from Ohio Slate University, with а focus on RF 


Fred Hawley 

flincipal Raliabiliy Engines 

Fred has spent more than 35 years in 
telecammunications and miliary eliobiliy engineering 
Currently, ho focuses on reliability prediction and 
modeling for CommScape products. His expertise 
helps direct the development cf such diverse solutions 
оз power amplifiers, remote radio heads and other 
bose station- and towermounted wireless communication equipment. His work helps 
ensure superior performance from every solution CommScope builds. Fred holds а 
MSEE from Columbia University in New York, and is an active member of IEEE 


Now Product Development 
Mark is responsible for directing innovation efforts in 
wireless communications systems and modular data 
centers for CommScope, with particular focus on 


thermal design, power systems and other efficiency 
drivers. He brings 27 years cf expertise in electronic 
packaging, wih strong backgrounds in both defense 
electronics and telecommunications for such names as Texas Instruments, Fujitsu 
ond Xera Communications. Mark holds sight U.S. patents and is а registered 
Professional Engineer in е State of Texas. He holds a BS. in Mechanical 
Engineering Кот Clemson University, and an M S. in Mechanical Engineering from 
Souther Methodist Universi. 
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The results for the standard narrow spaced 3-wire array are less 
dramatic. The closest feedpoint spacing shows the widest 
excursions of SWR--both high and low--for most of the operating 
range. The widest feedpoint spacing appears to improve SWR. 
performance in the upper range, but not to the degree possible with 
very narrow spacing. 


Wide-band terminating-resistor arrays are subject to many 
construction variables, and these simple exercises provide only a 
sample. However, they do show that we cannot assume that any 
particular variable is either significant or insignificant until we 
examine it in detail. 
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Chris is an important part of CommScoge's Andrew 
Solutions team, offering leader field of 
microwave antennas ond апоу antennas and aligning 


hip in the 


new technology to marketplace conditions. In an earlier 
role as RF Engineering Manager lor Andrew, lid., Chris 
devoted neatly 20 years la advancing antenna design 
resulting in the development af ће highly successful Voluine family of antennas 


used the world aver for poinHo point communications, as well as other significant 
intelectual prapory. Chris earned his B.S. degree with Honors in Electronic and 
Electrical Engineering fom the Univesity of Surrey in the United Kingdom. He holds 
Multiple patents and serves as an active member of IEEE and ЕТ. 


Erik 
Applcat 
Wi 


helm 
Engineering Manager 
Network Solitons 


Eriks diverse background in Noth America's wireless 
communications indusry dates back to ће launch 

of he first cellular communications networks. He has. 
built his expertise with Allen Telecom, (GP Telecom 
and Ericsson. With more than 25 years in RF design 
product management and technical marketing, Erik provides спіса! leadership to 
CommScope' familias of wireless solutions, helping each product full s specific 
role ond customer need. He holds several patents in the field of RF filer technology 
Erik earned а Master of Science degree in Electical Engineering from the Royal 
Insituto of Technology in Slockholm, Sweden, and an MBA from the University of 
Nevada, Rena 


Meyer 


tor of Technical Marketing = RF Paih 


lovis 
D 


louis has spent a lifetime advancing RF technology, 
toking it от the drawing board to practical use 
Over he years in various roles with Alen Telecom, 
Andrew lid, and CommScope, Louis was responsible 
lor supporting the sales teams for such solutions as 
temole antenna contol systems, transmission lines, 
diplexers and other important components. Prior to joining Alen Telecom, Louis 
worked with Decibel Products as V.P. Antenna Design and V.P. Intemational OEM 
Relations. Earlier, Louis worked with Harris Corporation in RF communications and. 
Bendix Corporation in iheir missile systems division. Louis holds five patents and has 
been active as a chair and vicechoir of е TIAS TR. 11 Antenna Standards sub- 
committee. He eared his B.S. in Electrical Engineering from Marquette University in 
Milwaukee, Wisconsin and is currently o registered Professional Engineer in the stote 
of Texas, 


Larry Seper 


Director of Constuciion Service 


larry provides telecommunications installation solutions 
ыс 


sminScope’s customers, supporting products 

and systems such as antennas and transmission lines, 
power amplifier, remote radio heads and PIM/Sweep. 
tesing procedures. He alsa focuses on civil ste work 
helping establish he physical foundations of wireless 
communication as well as its technological foundations, Larry brings more than 36 
years of financial and operations management experience to bear for CommScape's 
customers, and is а key player in making certain thal every CommScope solution 

is the right solution. Lary holds а B.S. in Accounting fam Marquette University in 
Milwaukee, Wisconsin and is an active member of AICPA 


Biographies 


Tom Sullivan 

Director, Global New Product Inroducions 

Tom currently oversees new product introductions for 
CommScope, and he's served in many roles since. 
joining Andrew, lid. in 1982 as on antenna design 
engineer. In ihat position, Tom developed the antennas 
and supporting devices customers needed to build 
poinHopoin communications networks. He has also 
served as а Global Sales Manager far OEMs including Ericsson, Nokia, Lucent 
‘and Motorola. He also worked in qualiy control and product line management in 
support ol CommScope's successful НЕШАХ cable and connector solutions. Tom is on 
‘active member of EEE, and holds a B.S, in Electronic Engineering Technology fom 
Deli Institue of Technology, and on MBA in Intemational Business from SI Xavier 
Univers in Chicago, Ilinois 


Dr. Junaid Syed 
Electrical Engineering Manager, Microwave Systems 
Junaid directs new produci development far CammScope 
in the areas of microwave and millimeter wave 

antenna systems, flexi waveguides and waveguide 
components that support mobile backhaul systems 

He brings 26 years of Intemational experience in the 


tolecommunication and defense industies, He holds 
seven patents and is a curent member of SE Scotland IET and Technical commitees. 
He also represents CommScope as а technical commie member with ETSI. Junaid 
‘earned his B.S. in Aero Sciences from Punjab University wih Silver Medal honors, 
ond a Bachelor о} Engineering degree in Elecranics/ Avionics from NED Universty 
of Engineering and Technology with Gold Medal honor, bath in Pakistan. He 
earned his Ph D. in Microwave and Milimeler Wave from the University of London 
‘and conducted his postdoctoral research on reflect отау antenna design at Queen's 
University Belfast, both in the United Kingdom. 


Dr. Keith Toppin—In Memoriam 

Directoral Engineering, Microwave Systems 

I is wih heavy hearts hat we share ha news of Dr Keith 
Tappin's sudden passing. His agu f eon influence an this 
book is one of many posiive contributions Кей made 
ага роп oF the CommScopo family, He wos a fistate 
engineer, manager and leader—a worm man wih а 
great sens of humor and a genuine passion for his 
profession. Please jin us аз we offer aur condolences to Keith's family, fiends and 
calleagues—and our gratitude for the е he shared with us. 

Keih wos responsible for developing new products and processes related to 
advanced passive microwave applications for CammScope's Microwave Systems 
group. Keith built his expertise in microwave components and antenna design for 

15 years, focusing heavily on defense and commercial communications systems 
Piro joining CommScope, Keith conducted research at the University of Minois 
(U.S and The University af Birmingham [UK], where he investigated metallic radiation Ф 
interactions and developed hightemperature alloys for aerospace applications 

Көй, published mare han 20 technical papers and held twa patents. Не earned his 
degree in Metallurgy and Materials Science iom the University of Liverpool in ihe UK, 
where ha lator completed his Ph.D. 
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‘Alternating Current (АС) 

An electrical current that changes 
polariy lie, direction) 50 to 60. 

fimes per second, offers significant 
efficiencies when transmite across 
power lines, making it he standard 
curent for household use. See also: 
Direct Curent 

Andrew Integrated Management and 
‘Operating System (A.LM.O.S.) 

The network management sofware 
solution forall CommScope-distibuted 
antenna systems, Part ofthe Andrew 
Solutions porfelio, A LM.O.S. performs 
configuration faut and inventory via 
SNMP for olan forwarding 


Antenna 
The portion of on RF system that radiates 
radio energy into space and collects it 
liom space. 


Antenna Interface Standards Group. 
(А50) 

An industry group comprised of more 
than 40 юр manufacturers and service 
providers from ol over the world. ASG 
was founded in 2001 and publishes 
universally accepted industry protocols 
{for communications between base 
stations and iowerbased equipment, 
such as antennas and towermounted 
amplias, 


Attenuation 
‘Measured in decibels {dB}, atenuation 
isthe loss of power experienced by an 
RF signal as it moves from one point lo 
another. Transmission line cttenvation is 
expressed in cihor decibels per 100 
leot [48/100 feel) or decibels per 100 
meters das / 100m) of cable length 
‘Automatic Transmission Power 
Control (АТРО) 

A system that dynamically raises 
transmission power to overcome the 
effects of interference 

Azimuth Coordinate System 

The polar coordinate system used inthe 
field by RF engineers and surveyors io 
mop the radiation pattern of antennas, 
See also: Radiation Patten, Spherical 
Coordinate System 

Backhaul 

The process of connecting wo ends 
of a transmission through а central 
routing point 

Bandpass Cavity 

A "Frequency file that limits the 
channels that pass through the filer to a 
radio receivers select sel of frequencies. 
Oter frequencies are prevented Нот 
‘passing. Most devices have mulřstoge 
bandpass cavities that fiter out diferent 
frequencies at each stage. 


Bandpass Duplexer 

A duplexer that uses muliple bandpass 
cavities lo separate папзтїйег 

and receiver signals, allowing for 
simultaneous Woway communications 
See also: Duplexer, Duplex 
Communications, Bandpass Cavi. 
Bypass (Pass-Through) Configuration 
A single-band towermounted antenna 
with an integrated diplexer that adds 
a secondary, nanamplíied RF path io 
the system. 

Co-Channel Dual-Polar (CCDP] 
Operation 

Using both horizontal and vertical 
polarity of a single frequency to double 
available bandwidth. 

co Sung Solutions 

The technology and techniques that 
allow cellular base stations and air 
interfaces to share architecture and 
operate within limiting factors of 

their locations 


Coaxial Cable 
A transmission line bull to prevent 
interference while coming multiple 
signals, Coaxial cable consists of an 
Inner core conductor and an outer 
sleeve conductor separated by а 
nonconductive dialectic layer 

Соо! cable is ohen used lo 
connect antennas lo base stations. 

See also: Dielectic layer. 

Dielectric Layer 

The insulated, ubeshoped layer 
separating o coaxial cable's inner 
and outer conductors. Dielectrics may 
be mode of solid material, flexible + 
foam or open air channels supported 
by nonconduclive spacers. See also: 
Coaxial Cable. 

Direct Current (DC) 

Ап electrical current hat runs 
continuously in a single direction, 
making it well suited lor use in motors 
and electronic components such as 
semiconductors. Bateries alo produce 
DC currant. See also: Alemating 
Curent 


EP tinas 1 


"— 


|_| 


CommScope: Understanding the RF Path 


Distributed Antenna System (DAS) 
А network of nodes serving a speci 
place, area or building. They connect 
through а central base station for 
backhaul out to ће public network. 
Dummy Load 
A simulated power load applied ta an 
electrical system for testing purposes. 
Sce also: Voliago Standing Wave Ratio 
VSWR 
Duplex Communications 
A tansmiter and receiver that work at 
the some time оп the same RF device, 
allowing two-way communications 
‘See alio: Duplexer 

è Duplexer 
A device stuated between a duplexed 
antenna and is associated transmitter 
and receiver that provides isolation 
between the мо signals. See also 
Duplex Communications 
Electrical Potential 
The difference in electical charge 
between twa points in space, measured 
in volts. The greater he diference, the 
higher he potential — and therefore, ihe 
greater he voltage. See also: Vol 
Electrical Tilt Antenna 
An antenna filed with actuators that 
con adjust its tlt relative to he ground. 
These adjustmenis affect goin, ог 
performance, al he antenna within 
defined geographical areas, 


Environmental Factors 
Circumstances of temperature, sunlight 
exposure, humidity and other specific 
characteristics of an installation. 
Environmental factors play a large role 
in determining what lind af antenna, 
transmission line, power and other 
components ore ideal for use in o 
particular location 


Failures in Time (FI 

The number of expected component 
Failures per bilion operating hours 
See also: Reliabiliy. 


Flat Fading 
Total signal loss caused by atmospheric 
tehoctian. I is he result of o signal 
being beni completely ou сї its LOS 
connection wilh is receiver 

Frequency Multiplexing 

A configuration hat connects multiple 
base station services that operate in 
separate bands to muligle antennas 

via a single feeder cable and is 
associated couplers. 

Grounding 

Measures taken to control and facilitate 
the path of an electrical discharge 

om its source tothe ground, avoiding 
potential damage to sensiive equipment 
along the way. Grounding is а key 
element in protecting on installation from 
damage by lightning stike or 

ather hazards 


Guard Bands 
Narrow gaps inserted ino the 
bondwidihs managed by the low loss 
combiner ШС) to distinguish between 
diferent signals riding on the some 
bands. See alsa: kolation, low Loss 
Combiner, Transmiter Noise. 
Horizontal Separation 

The practice of placing a transmits 
antenna а certain distance from the 
some device's receiving antenna ta 
achieve the necessary isolation 

See also: Duplex Communications, 
Isolation, Vertical Separation 

In Phase 

A state of operation refering to multiple 
antennas radiating together at precisely 
the same time ond rate. 

Integrated Power Systems 
Spacesoying combinations of related 
components, bull into a single device 
for easy instalation 

Interoperability Testing 10T) 

The procice of testing for operational 
problems in a cell site that employs 
equipment Кот muliple manufactures, 


Isolation 
The amount of separation achieved 
Between the transmiter and receiver 
in а duplex communication system. 
In general, more isolation hanslates 
to less interference between the 

two functions, and correspondingly 
clearer communications. See oko 
Duplex Communications, Horizontal 
Separation, Vertical Separation. 


Line of Sight (LOS) 
The unobstructed space between 
\тапзтїйөг ond receiver Longer hops 
must even account for the curve of the 
Earth as an cbstuction 


Low Loss Combiner (LLC) 

A device in the RF path thot permits 
the simultaneous operation of muliple 
hansmitrs on а single antenna. I 
applies guard bands and bandpass 
cavities to provide the necessary 
isolation between signals. See also 
Bandpass Cavity, Guard Bands, 
Isolation 

Nonlinearity 

A location within an electrical circu 
where voliage does по! remain 
consistently proportional to power, 
generally caused by imperfect 
Connections between components and 
cables or damage lo а cable's structure. 
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Glossary 


Ohm 

The unit of measurement of a material's 
electical resistance. When applied 

to discussions of RF transmission 

lines, ohms refer tothe inherent, or 
characteristic loss of strength a signal 
encounters as it passes along a length 
of cable 


Pass-Through (Bypass) Configuration 
A singleband towermounted antenna 
wih an integrated diplexer that adds 
а secondary, norramplifed RF path to 
the system. 

Passive intermodulation (PIM) 

A potential side elfect of having 

more than one highgowered signal 
‘operating on а passive device such 
аза cable or antenna, PIM occurs at 
nonlinear points in a system such os 
junctions, connections ar interfaces 
benween dissimilar metal conductor, 
creating interfering frequencies that 
con decrease efficiency. The higher the 
signal amplitude, or power, he greater 
the effect. Seo also: Nonlinear 


‘Quarter-Wave Shorting Stub 

А device inserted into the connection 
between transmission line and antenna 
that does nat affect normal frequencies, 
bat will immediately short — and safely 
dissipate energy = when lightning 
Frequencies attempt ta cross. 

See also: Grounding 


Radiation Pattern 

The thiee-dimensional shape of an 
апіеплоз strongest signal transmision 
Radome 

A wind and waterproofed fabric or 
plastic cover that protects an antenna 
from the elements 

Receiver Desensitization 

Interference caused by unwanted 
frequencies enteing a receivers upper 
loge possbonds. These erant signals 
create electrical variances hat impede 
the receivers operation, See also: 
Bandpass Сому. 

Reliability 

The probably of a device working 
correctly over а defined length of ime, 
operating under specified condiions 
See ойо: Failures în Time [Fs 
Remote Radio Head (RRH) 

A recent advance in base station 
architecture that separates а cell 

site base station's RF and baseband 
functions for improved efficiency. 

RRH advantages include no active 
cooling requirement, lower overall 
power loss, less weight on the tower 
and compact size. 


Resonant Frequency 
The natural tendency of a system 

ıo oscillate with larger amplitude 

at particular frequencies, At hese 
frequencies, even small periodic diving 
forces con produce large amplitude 
oscillations. 


Same-Band Combining (SBC) 

A base station configuration that 
allows multiple services to share the 
some bands 

Service Company 

А cel site development pariner 
responsible for actual constuction on 
the site, including antenna towers, 
concrete footers and pads, security 
fencing, and equipment shelters. 
Shonnon's Law 

Created by Claude Shannon and 
Ralph Harley, this law esablishes а 
theoretical limit to how much data can 
be reliably pushed through a given 
amount of bandwidth 

Signal Polarization 

The orientation of a signals electric. 
field relative to the ground. It may be 
horizontal r verical 


‘Spherical Coordinate System 
A geometric polar coordinate system 
used fo mathematically map he 
radiation pattem of antennas. 

Ses also: Azimuth Coordinate System, 
Radiation Panem. 


Split-Mount Radio System 

A woslage connection that lets 
microwave radios located in an Indoor 
Unit IDU) receive and transmit through 
оп antenna filed with an Outdoor Unit 
(CDU 

Transmission Lines 

In RF applications, he physical medium 
that conducts RF power rom one point 
to another, usually between a base 
station and an antenna. 

Transmitter Noise 

Interference experienced by a receiver 
as a resul of transmission power 
“leaking” into other nearby keguencies 
Vertical Separation 

The practice of placing a fenen ten + 
and receiver in separate locations 

ов а singe antenna, allowing 

the height diference to achieve 

the necessary isolation. See айо, 
Duplex Communications, Horizontal 
Separation, Isolation. 

Volt 

A measurement of electric potential 
difference between two points in а 
path. Маде is sometimes referred 

lo as “pressure,” because it shores. 
many characteristics with pressure in 

в water pipe. 
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CommScope: Understanding the RF Path 


Voltage Polarity (+ and + 
The positive [s] and negative (+) 
designations of voltage refer 1o which 
polariy of a circuit îs measured; in 
terms of actual power produced, the 
distinction is meaningless. 

Voltage Standing Wave Ratio (VSWR) 
A key measurement of cable 
performance and signal quali I 
quantifies the amount of signal reflected 
backward along a cable to its source. 
Theoretically, perfect operation yields а 
VSWR value of 1.0, or “unity, 
zero reflections 
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Yagi Antenna 
Also known as a Yogitda antenna, 

& this lem common type of directional © 
‘antenna, fist created in Japan in 1926 
by Hidetwgu Yagi and Shimaro Uda 
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Small Antennas for High Freguencies 


Julian Rosu, YO3DAC / VA3IUL, http://sww.gsl.net/va3iul/ 


This is about Small Antenna types and their properties which can help choosing proper 
antenna for high-frequency wireless communications as: two-way radio, microwave short links, 
repeaters, radio beacons or wireless telemetry. 


Basic Antenna Theory 


+ Every structure carrying RF current generates an electromagnetic field and can 
radiate RF power to some extent. 

+ Atransmitting antenna transforms the Radio Frequency (RF) energy produced by a 
radio transmitter into an electromagnetic field that is radiated through space. 

+ A receiving antenna it transforms the electromagnetic field into RF energy that is 
delivered to a radio receiver. 


Most practical antennas are divided in two basic classifications: 
+ MARCONI Antennas (quarter-wave, which is the Monopole and derivates). 
- HERTZ Antennas (half-wave, which is the Dipole and derivates). 


Forming a radio wave 


+ When an alternating electric current flows through a conductor (wire), Electric-E and 
Magnetic-H fields are created around the conductor. 

+ Ifthe length of the conductor is very short compared to a wavelength (<< M4), the 
electric and magnetic fields will decrease dramatically within a distance of one or two 
wavelengths. 

+ However, as the conductor is lengthened, the intensity of the fields enlarges and part 
of the energy escapes into the space. When the length of the conductor approaches a 
quarter of a wavelength (M4) at the frequency of the applied alternating current, most 
of the energy will escape in the form of electromagnetic radiation. 


Antenna Radiation 


Ata given frequency, there is impossible to make a small antenna to radiate like a big antenna. 


A conductor once connected to a transmitter source, it begins to oscillate electrically, 
causing the wave to convert the transmitter power into an electromagnetic radio wave. 

The electromagnetic energy is created by the alternating flow of electrons impressed at the 
feeding end of the conductor. The electrons travel upward on the conductor to the top, where 
they have no place to go and are bounced back toward the feeding end. As the electrons 
reach the feeding end in phase, the energy of their motion is strongly reinforced as they 
bounce back upward along the conductor. This regenerative process sustains the oscillation. 
The conductor is resonant at the frequency at which the source of energy is alternating. 

+ The energy stored at any location along the conductor is equal to the product of the 
Voltage (V) and the Current (I) at that point. 


Radiation Resistance (R,) is defined as the value of a hypothetical resistor which 
dissipates a power equal to the power radiated (Р, by the antenna when fed by the same 
current (1), so in other words Radiation Resistance is defined as the resistance that would 
dissipate the same amount of power that is radiated by the antenna. 


R,=(P,/P) 


+ Radiation Resistance is that part of an antenna's feedpoint resistance that is caused 
by the radiation of electromagnetic waves from the antenna. 

+ The Radiation Resistance is determined by the geometry of the antenna, not by the 
materials of which it is made. It can be viewed as the equivalent resistance to a 
resistor in the same circuit. 

+ Radiation Resistance is caused by the radiation reaction of the conduction electrons 
in the antenna. When electrons are accelerated, as occurs when an AC electrical field 
is impressed on an antenna, they will radiate electromagnetic waves. These waves 
carry energy that is taken from the electrons. The loss of energy of the electrons 
appears as an effective resistance to the movement of the electrons, analogous to 
the ohmic resistance caused by scattering of the electrons in the crystal lattice of the 
metallic conductor. While the energy lost by ohmic resistance is converted to heat, 
the energy lost by radiation resistance is converted to electromagnetic radiation. 


Antenna Aperture (Aaperture), effective area, or receiving cross section, is a measure of 
how effective an antenna is at receiving the power of radio waves. 
+ The aperture is the area, oriented perpendicular to the direction of an incoming radio 
wave, which would intercept the same amount of power from that wave as is produced 
by the antenna receiving it. 


Aaporture Ir’) = Power Output гил / Power Field Density гит?) 


+ The larger an Antenna's Aperture is, the more power it can collect from a given field 
of radio waves. 


Radiated Fields 


When RF power is delivered to an antenna, two fields evolve. One is an Induction field (or 
Near-Field), which is associated with the stored energy; the other is the Radiated field. 

At the antenna, the intensities of these fields are large and are proportional to the amount of 
RF power delivered to the antenna. 

The Radiated Field is divided in three distinctive regions: 


+ Reactive Near-Field is the region close to the antenna where the Electric-E and 
Magnetic-H fields are not orthogonal and anything within this region which couple with 
the antenna will distort the radiated pattern. 

In this region Antenna Gain is not a meaningful parameter. 

+ Radiating Near-Field (transition region or Fresnel region) is the region between near 
and far field. In this region the antenna pattern is taking shape but is not fully formed 
In this region Antenna Gain will vary with distance 
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Conclusion 


At the end of Chapter 29, based on a limited exploration of 
terminated antenna properties, | reached a set of conclusions. We 
may now assess how well each holds up and what qualifiers we 
may have to place on some of them. 


1. All terminated wide-band "folded dipoles” have knee frequencies, 
below which the gain drops very rapidly. The recommended 
operating range for any of the antennas is from an electrical length 
of about 1/2 wavelength upward in frequency. 


The first conclusion remains correct, although we by-passed testing 
it in this exercise by using an antenna that was longer than the 
critical minimum length at the lowest test frequency. 


2. Аз we add more fed wires to a terminated antenna, we increase 
its average gain over the operating spectrum. The gain increase 
never quite reaches the level of a single-wire doublet. 


We must heavily qualify this statement. Although the average gain 
of the 3-wire array exceeds the average gain of the 2-wire version, 
and the 5-wire average gain is higher stil, average gain may not be 
the key factor in making design decisions. The gain will be highest 
wherever the equivalent doublet length shows the lowest 
impedance. However, we must keep a sharp eye out for the lowest 
gain levels within a proposed operating span to determine if the 
gain at critical frequencies is high enough for the proposed 
communications application, We may examine that gain as an 
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+ Far-Field (Fraunhofer region) is defined as that region of the field where the angular 
field distribution is essentially independent of the distance from the antenna. 
In this region Antenna Gain is constant with distance. 
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Antenna Radiated Field Regions 
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Radiation Patterns 


The radio signals radiated by an antenna form an electromagnetic field with a definite pattern, 
depending on the type of antenna used. This radiation pattern shows the antenna's directional 
characteristics. The pattern is usually distorted by nearby obstructions. 
+ The Directivity of an antenna is a measure of the antenne s ability to focus the energy 
in one or more specific directions. 
For example a vertical monopole antenna radiates energy equally in all azimuth directions 
(omnidirectional) and a horizontal dipole antenna is mainly bidirectional. 
The maximum directivity of an antenna depends upon its physical size compared to 
wavelength. 
+ The ratio between the amounts of energy propagated in particular directions and 
the energy that would be propagated if the antenna were not directional is known as 
Antenna Gain. 


The Antenna Gain is constant if the antenna is used either for transmitting or receiving. 


+ Measuring the radiated field of the antenna at one frequency, we can determine the 
radiation characteristics and the directivity gain of the antenna in a given direction. 

+ The directivity gain is equal to the power gain in the absence of conduction loss in the 
antenna structure. 

+ Ground losses affect radiation patterns and cause high signal losses for some 
frequencies. Such losses can be greatly reduced if a good conducting ground is 
provided in the vicinity of the antenna. 

+ To achieve an antenna gain higher than normal, we must sacrifice the bandwidth 

under the most favorable conditions. 

+ The Bandwidth is the antenna operating frequency band within which the antenna 
performs as desired. The bandwidth could be related to the antenna matching if its 
radiation patterns do not change within this frequency range. This is the case for 
small antennas where a fundamental limit relates bandwidth, size, and efficiency. 


+ For a certain cut through the main beam of the antenna where most of the power is 
radiating, the angular distance between the half power points (-3dB) is defined as the 
Beamwidth. 

+ There is no antenna able to radiate all the energy in one preferred direction. Some 
energy is inevitably radiated in other directions with lower levels than the main beam. 
These smaller peaks are referred to as Sidelobes, commonly specified in dB down 
from the main lobe. 

+ The performance of an antenna designed on the free-space basis will be modified by 
the presence of physical objects in the neighborhood. Currents will be induced on the 
objects. They will give rise not only to an additional scattered radiation field, but also to 
a modification of the original current distribution on the antenna structure. Both, the 
gain and Q of the antenna will be changed from their unperturbed values. 


8= 180° 
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Polarization 


+ Aradiated wave polarization is determined by the direction of the lines of making up 
the Electric-E field. 

+ Ifthe lines of Electric-E field are at the right angles to the Earth's surface, the wave is 
Vertically Polarized. 

+ Ifthe lines of Electric-E field are parallel to the Earth's surface, the wave is 
Horizontally Polarized. 

+ Avertical antenna receives vertically polarized waves, and a horizontal antenna 
receives horizontally polarized waves. 

+ Polarization is largely predictable from antenna construction, but especially in 
directional antennas, the polarization of the Sidelobes can be quite different from that 
of the main propagation lobe. 

+ Ifthe field rotates as the waves travel through space, both horizontal and vertical 
components of the field exist, and the wave is elliptically polarized. 


+ Circular Polarization describes a wave whose plane of polarization rotates through 
360° as it progresses forward. The antenna continuously varies the Electric-E field of 
the radio wave through all possible values of its orientation with regard to the Earth’s 
surface. The rotation can be clockwise or counter-clockwise. Circular polarization 
occurs when equal magnitudes of vertically and horizontally polarized waves are 
combined with a phase difference of 90°. 

Some antennas, such the helical antenna, produce circular polarizations. 
However, circular polarization can be generated from a linearly polarized antenna by feeding 
the antenna by two ports with equal magnitude and with a 90° phase difference between them 


+ Rotation in one direction or the other depends on the phase relationship. 
"Hand rules" are used to describe the sense of circular polarization. The sense is defined by 
which hand would be used in order to point that thumb in the direction of propagation and point 
the fingers of the same hand in the direction of rotation of the Electric-E field vector. 

For example, if your thumb is pointed in the direction of propagation and the rotation is 
counterclockwise looking in the direction of travel, then you have Left Hand Circular 


Polarization (LHCP). 


If the rotation is clockwise then you have Right Hand Circular Polarization (RHCP). 


+ Wave propagation between two identical antennas is analogous to being able to 
thread a nut from one bolt to an identical opposite facing bolt. 
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+ Axial Ratio is a parameter of Circular Polarization that describes the shape of the 
polarization ellipse (or how perfect the circle is). 
The Axial Ratio is the amplitude ratio of the major axis to minor axis of polarization, 


and always is > 1 (0dB) 


+ Polarization Loss occurs between linear antennas that are misaligned in orientation, 
between circular antennas that are not truly circular or use different polarization sense, 
or between linear and circular polarized antennas. 


Polarization Loss for Various Antenna Combinations 
Transmit Antenna Polarization | Receive Antenna Polarization | Theoretical Polarization Loss 

Vertical Vertical 0 dB. 
Vertical Slant (45° or 135) 3 d8 

Vertical Horizontal — dB (practical 2008) 
Vertical (Circular (RHCP or LHCP) 348 
Horizontal Horizontal 0dB 
Horizontal Slant (45 or 135) — 
Horizontal Circular (RHCP or LHCP) 3 dB 
Circular (RHCP) Circular (RHCP) 0 dB. 

Circular (RHCP) Circular (LHCP) = dB (practical 2048) 
Circular (RHCP or LHCP) Slant (45° or 135 -3dB 


The actual Polarization loss between a circularly polarized antenna and a linearly polarized 
antenna will vary depending upon the Axial Ratio of the circularly polarized antenna. 
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Electric Field of Linear, Circular, and Elliptical Antenna Polarizations 


In the real world there is no perfect Linear or perfect Circular polarized antennas. 
All antennas are more or less Elliptical polarized. 


Resonance and Impedance 


Antennas can be classified as either resonant or non-resonant, depending on their design. 

+ Ina Resonant Antenna, almost the entire radio signal fed to the antenna is radiated. 

+ If the antenna is fed with a frequency other than the one for which it is resonant, much 
of the fed signal will be lost and will not be radiated. 

+ Aresonant antenna will effectively radiate a radio signal for frequencies close to its 
design frequency. 

+ The antenna can be represented by an equivalent circuit of several lumped elements, 
as shown: 


+ Antenna Input Impedance Z, is defined as the impedance presented by the antenna 
at its terminals, or the ratio of the Voltage to Current at a pair of terminals, or the ratio 
of the appropriate components of the Electric-E to Magnetic-H fields at a point. 


Zn = Ra + [Xo 


The input impedance can then be used to determine the reflection coefficient (Г) and related 
parameters, such as voltage standing wave ratio (VSWR) and return loss (RL). 

+ Every antenna will present a certain amount of complex impedance to its source, 

impedance that may be a function of frequency. 

The impedance of the antenna can be adjusted through the design process to be matched with 
the feed line to get less reflection to the source. 

The real part (R) consists of the Radiation resistance (R,) and the Antenna losses (А). 
Radiation Resistance (А, tells us how much power is radiated, and Reactance (jX,) tells us 
how much power is reflected, or how much the Voltage (V) and Current (I) are out of phase. 


* Тһе Q-factor of the antenna is the ratio of the power stored in the reactive near field 
and the radiated power. 

* The Q-factor is commonly used to get an estimate of the bandwidth of an antenna. 

+ The reactance, jX, models the energy stored in the antenna reactive near field, just as 
in an ordinary Inductor or Capacitor. 


The difference between Resonators and Antennas is that a good resonator has a 
High Q-factor, whereas a good antenna has a Low Q-factor. 


Antenna Anna 
p 


ipee cis 


Frequency 


Resonant 
Frequency 


+ For minimum Power Loss, the transmitter output impedance should be matched to 
the antenna impedance. 

Sometimes to achieve this matching, loading coils or matching networks are used. 
Usually the lumped matching networks are narrow band, and in this case the frequency 
range where the antenna can be used will be narrow also. 

+ The various properties of an antenna apply equally, regardless of whether the antenna 
is used for transmitting or receiving. For example, the more efficient a certain antenna 
is for transmitting, the more efficient it will be for receiving the same frequency. 

The directive properties of a given antenna will be the same, whether it is used for 
transmission or reception. 

+ A large Impedance Mismatch at the antenna front-end transmission-line interface of 
a radio receiving system can cause a significant increase in the system Noise Factor. 
In the absence of a matching network, the limiting noise of the system which mainly is 
given by the front-end losses and receiver noise figure, this can be more than 20dB 
larger than the external man-made noise or atmospheric noise. With a matching 
network, the limiting noise is the external noise. 

+ Atantenna resonance, the waves travel back and forth in the antenna, reinforcing 
each other, and are transmitted into the space at maximum radiation. 

+ When the antenna is not at resonance, the waves tend to cancel each other and 
energy is lost in the form of heat. 

« Since the antenna must always be in resonance with the applied frequency, you must 
either lengthen it or shorten it to produce the required resonance. 

Changing the antenna dimensions physically is impractical, but changing them 
electrically is relatively simple. 

+ To change the electrical length of an antenna, you can insert in series with the 
antenna either an inductor (if the antenna is too short for the wavelength), or a 
capacitor (if is too long). 

+ The radiation characteristics of a linear antenna will be modified whenever the 
antenna is mounted on, or placed in proximity to a ground-plane. 


Therefore, either by proper design of the ground-plane where feasible (in terms of its size, 
shape and conductivity), or by choosing an appropriate location on the ground-plane, the 
radiation patterns with certain desirable properties can be achieved 

When the antenna is located at a height that is small compared to the skin depth of the 
conducting ground, the input resistance may be greater than its free space values. 

This leads to antennas with low efficiency and improvements can be obtained by placing radial 
wires or metallic disks on the ground. 


Antenna Efficiency is the measure of the antenna's ability to transmit the input power into 
radiation (radiated power). 
Aen = (Pradiatea / Pinpu) 


+ Antenna Efficiency (Aer) is the ratio of the power actually radiated (Pra) to the power 
input (Pu) into the antenna terminals. 
Antenna Efficiency is affected by the losses within the antenna itself, and by the reflection due 
to the mismatch at the antenna terminal. 
+ However, the IEEE standards state that “Antenna Gain does not include losses arising 
from impedance mismatches and polarization mismatches”. 


Small Antenna Types 
Monopole Antennas 


+ A Monopole Antenna is a ۸/4 whip placed over a ground. plane. 
The Ground-plane of this antenna can be the metal case of a radio, the body of a 
vehicle, the metallic roof of a house, or N4 radials. 

The pattern of this antenna corresponds to that of a М2 vertical dipole as a result of 
the image element posed by the ground-plane. 

Its input impedance is only half of the dipole (36.5 ohms). 

Since half of the radiating plane is cut-off by the ground-plane, the radiated power 
(and hence the radiation resistance) of a monopole is only half compared to the dipole 
with the same current; however, the directivity of a monopole antenna is doubled 

(3 dB larger) compared to a M/. pole since the power is confined only above the 
ground-plane. 
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For a finite-sized ground plane of radius r, the pattern will tilt upward (from the ground plans) 
and this tilt would vary inversely with H ratio. So the antenna need less ground dimensions 
for higher frequencies. 

+ Monopole elements with perfect ideal ground-planes have a radiation pattern that has 
its peak on the horizon and is omnidirectional in azimuth. The current on the exterior 
of the element feed cable is zero. For this case, the interference of the element and 
the image fields is totally constructive in the direction of the horizon, the feed cable is 


Radiation 


completely shielded from the element fields, and the current on the bottom surface of 
the ground plane is zero. 

+ For imperfect ground planes. the direction of peak directivity are at an angle above the 
horizon, and the current on the exterior of the element feed cable is nonzero because 
the feed cable is not completely shielded from the element fields. The current on the 
bottom surface of the ground plane at the feed cable is also nonzero. 


псу of the Monopole Antennas 
+ The power supplied to a quarter wave antenna is dissipated in three main ways: 

о in the ground resistance. 

о in the antenna radiation resistance. 

© in the actual and usually small ohmic resistance of the system. 

+ To achieve high efficiency the ground and ohmic resistances must be made as small 
as possible, and the greater proportion of the total power must be dissipated in the 
radiation resistance. 

n R 


Monopole Antenna Efficiency (n) can be defined as: R. +R, 


Where: R, is Radiation resistance, А; is Loss resistance, which includes ohmic loss of 
conductor, dielectric loss, corona loss, ground loss and loss due to loading coil if used. 


The low value of radiation resistance and high value of total losses results a poor efficiency: 
+ Longer antennas produce higher radiation efficiency. 
* Higher frequencies produce higher radiation efficiency. 
+ Lower ground loss resistances produce higher radiation efficiency 
* Higher © coils produces higher radiation efficiencies. High Q coils require a large 
conductor, air wound construction, large spacing between turns, and the best 
insulating material available. 


Sleeve Antenna 
A M4-stub with an outer conductor shaped in the form of a conical skirt, constitutes a typical 


ground-plane modified antenna. When the cone or skirt part of this antenna is degenerated 
into a sleeve (cylinder), the resulting radiator is popularly known as a Sleeve Antenna. 
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Usually, the sleeve is made of a center conductor of a coaxial cable connected to an 
element whose length is М4, and the outer conductor of the coaxial cable is connected to a 
cylindrical skirt (whose length is again equal to N/4). 


The coaxial (cylindrical) skirt behaves like a A/4-choke and prevents the RF current leaking into 
the outer surface of the coaxial feeder line. 

As a result, this structure exhibits almost the same radiation characteristics of a vertical 2 
Hertzian Dipole. 

Since this antenna has suppressed "ground-plane effects" by means of the RF-choke 
deployed, any related gain degradation and/or pattern distortion are minimal. 

The feeder is simple and is compatible with coaxial lines and standard connectors; this 
antenna is suitable for frequencies between 400MHz and 2.5GHz. 


5N8 monopole 


+ Ву increasing the height of the monopole from М4 to 5N8, the directivity of the antenna 
will increase facilitating a high-gain structure. 
< The antenna focuses more energy towards the horizon, thus not wasting any energy 
towards unwanted areas like the sky. 
Compared to а M ground-plane antenna 5\/8 has 3dB of gain. 
Because of the non-resonant length involved, a series inductor is used for impedance- 


matching purposes. 
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The pattern of the antenna with increased length will have some minor lobes. The main beam 
becomes narrower (yielding a higher directive gain), but the excess energy will spill out as side 
lobes. As long as such side lobes do not significantly influence the signal integrity (along the 
main beam), such minor lobes can be tolerated, in the context of higher directivity achieved 
along the major lobe. 
* Higher сой О sharpens the radiation efficiency curves, resulting in the coil position 
being more critical for optimum radiation efficiency 


Dipole Antennas 


+ A Half-wave Dipole antenna is a wire or conducting element whose length is half the 
transmitting wavelength and is fed at the center. 
+ In free-space a thin dipole at resonance presents an input impedance of 
approximately 73 ohms. 
This impedance is not difficult to match to 50 ohms transmission lines, and a number of 
convenient matching circuits have been designed to make the transition from various coaxial 
and other transmission lines. For example the mismatch of 50 ohm cable feeding a 75 ohm 
antenna is minimal with a resultant SWR of 1.5:1 This mismatch corresponds to roughly a 5% 
waste of power. 
+ A balun (BALanced to Unbalanced) allows the direct connection of a coax line to the 
dipole. 


Folded Balun 1:1 Sleeve Balun 1:1 Half-wavelength Balun 4:1 


+ The antenna pattern of a horizontal dipole over the ground resembles a figure eight 
(8). 
+ The radiation pattern of a thin, vertical half-wave dipole in free-space has the 
characteristic of a doughnut shaped pattern. 
+ The input impedance of a vertical dipole over a conductive ground changes compared 
to the impedance of a horizontal dipole placed to the same height from the ground. 
The distance between the dipole antenna and the conductive ground should be never lower 
than NA, and for best performance should be greater than 2A. 
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Current (I) distribution for various lengths of center-fed Dipole 


Y 


L<u2 =)? L=i 1 59/4 
Antenna Patterns for various Dipole lengths 


The antenna pattern of a 5N4 Dipole will have the same behavior as a 5A/8 Monopole, in 
terms of narrower beam-width and side lobes. 


To reduce the size of the dipole, several options exist: 
+ Replacing some of the wire length with loading coils 
+ Bending the dipole ends back on the dipole 
. Folding the dipole into a meander pattern 
- Hairpin or coil loading of the center 
+ Capacitive loading of the dipole ends 
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The Folded Dipole 


The folded dipole consists of two parallel dipoles connected at the ends forming a narrow 
loop with dimension d much smaller than Length (L) and much smaller than wavelength. The 
folded dipole has an impedance transforming feature that multiplies the antenna impedance by 
a number related to the diameter and spacing of the wires in the folded dipole. 
+ The input impedance of a half-wave folded dipole at resonance is four times of an 
ordinary dipole (~280 ohms) 
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Wideband Dipoles — Fan Dipoles 


Due to the shape of the antenna arms these types of dipole antennas provides a broad 
impedance bandwidth. 
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bowtie eliptical diamond 


A bowtie antenna is a type for a fan dipole antenna. By using triangular elements instead of 
rods, the bandwidth is greatly increased. The bowtie antenna has also a broad pattern with low 
gain similar to the pattern of a dipole. The gain could be increased by arraying several 
elements together and adding the reflecting screen. 


Microstrip Antennas 


Microstrip Antennas generally refer to printed antennas used for narrowband 
communication at high frequencies and microwave ranges. 
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intrinsic value or as a deficit relative to the single-wire doublet, 
depending on the frame of reference. 


3. As we add more wires to a terminated wide-band antenna, the 
center ог reference SWR impedance decreases both intrinsically 
and with respect to the value of the terminating resistor. 


Our extended exercises actually provided a bit more precision to 
this statement by standardizing the terminating resistor at 900. 
Ohms and watching the required SWR reference impedance. The 
criteria for setting the SWR reference impedance are not precise, 
since the setting requires a judgment call as to what counts as the 
smoothest obtainable SWR curve over a given operating region. 
Nevertheless, the 2-wire array showed its best curves when the 
SWR reference impedance matched the value of the terminating 
resistor. The 3-wire array gave the best results when the SWR 
reference impedance was 1/2 the value of the terminating resistor. 
With the 5-wire arrays, the best reference impedance was 1/3 the 
value of the terminating resistor. 


4. 2- and 3-wire terminated wide-band arrays show stable SWR 
curves through their operating ranges. However, adding further 
wires tends to produces curves with greater SWR excursions 
relative to the reference impedance. 


Once we modified the 3-wire and 5-wire antennas to provide all- 
wire model construction, the stability of even the 3-wire curves 
began to slip badly as we widened the array. The SWR 
performance for the 3-wire array showed wide SWR swings in the 
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There are three basic methods (models) of microstrip antenna designs: 
+ Transmission line model 
+ Cavity model 
+ Fullwave model 


Microstrip Antennas are classified based on their shapes. 
Some of the common shape types are the: Square, Circular disk, Disk with slot, 

Rectangular, Disk sector, Triangle, Circular ring, Quintuple, Dipole, Elliptical, but any 

continuous shape is possible and the most common type is the Rectangular Patch Antenna. 


Advantages of Microstrip Antennas: 
+ Light weight 
+ Low volume 
+ Low-profile planar configuration which can be easily made conformal to host surface 
+ Capable of dual and triple frequency operations 


Disadvantages of Microstrip Antenna: 

Microstrip antennas suffer from a number of disadvantages as compared to conventional 
antennas: 

+ Narrow Bandwidth. 

+ Low Efficiency. 

* Low Gain 

+ Extraneous radiation from feeds and junctions. 

+ Poor end-fire radiator except tapered slot antennas. 

* Low power handling capacity. 

+ Surface wave excitation 


Selecting the substrate of Microstrip Antennas may include the following: 
+ Surface-wave excitation. 
+ Dispersion of the dielectric constant and loss tangent of the substrate. 
+ Anisotropy in the substrate. 
+ Cost 


Feeding Techniques for Microstrip Antennas 
Microstrip patch antennas can be fed by various methods, these methods can be classified 
into two main categories namely: 
+ Contacting methods 
+ Non-contacting methods 


In the contacting method, the RF power is fed directly to the radiating patch using a connecting 
element such as a microstrip line, whereas in the non — contacting scheme, electromagnetic 
field coupling is done to transfer power between the microstrip line and the radiating patch. 


The four most popular feeding techniques used are: 
+ Microstrip line 
+ Coaxial probe feed 


+ Aperture coupling 
+ Proximity coupling 


While microstrip and coaxial probe feed are contacting schemes, aperture coupling and 
proximity coupling are non-contacting methods. 


Inverted-L (ILA) and Inverted-F Antennas (IFA) 


An Inverted-L antenna is an improved version of the monopole antenna. 

The straight wire monopole is the antenna with the most basic form, but Inverted-L brings 
some advantages as: reduced height, reduced backward radiation, and moderate to high gain 
in both vertical and horizontal polarizations. 

A disadvantage is that is a narrow band antenna. 

Its dominant resonance appears at around one-quarter of the operating wavelength. 


S Ground N 


The Inverted-F antenna (IFA) is a printed trace on a PCB that is essentially a quarter-wave 
vertical antenna, but that has been bent horizontally in order to be parallel with the substrate's 
copper ground pour, and then fed at an appropriate point that will supply a good input match. 
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+ The antenna/ground combination will behave as an asymmetric dipole, the differences in 
current distribution on the two-dipole arms being responsible for some distortion of the 
radiation pattern. 

+ In general, the required PCB ground plane length is roughly one quarter (M4) of the 
operating wavelength. 

= Ifthe ground plane is much longer than M4, the radiation patterns will become 
increasingly multi-lobed. 

+ Оп the other hand, if the ground plane is significantly smaller than NA, then tuning 
becomes increasingly difficult and the overall performance degrades. 

* The optimum location of the IFA in order to achieve an omni-directional far-field pattern 
and 500 impedance matching was found to be close to the edge of the Printed Circuit 
Board. 


+ IFA is an excellent choice for small, low-profile wireless designs, and is not as adversely 
affected by tiny, poorly shaped ground-planes as that of the monopole above. 

+ The IFA also supplies decent efficiency, is of a compact geometry, and has a relatively 
omnidirectional radiation pattern (with some deep nulls). 

+ IFA antennas do have somewhat of a narrower bandwidth than the average monopole. 


Planar Inverted-F Antennas - PIFA 


PIFA can be considered as a kind of linear Inverted-F antenna (IFA) with the wire radiator 
element replaced by a plate to expand the bandwidth. 

+ The shorting post near the feed probe point of usual PIFA types is good method for 
reducing the antenna size, but this results into the narrow impedance bandwidth. 
Bandwidth is affected very much by the size of the ground plane. By varying the size 
of the ground plane, the bandwidth of a PIFA can be adjusted. For example, reducing 
the ground plane can effectively broadened the bandwidth of the antenna system. To 
reduce the quality factor of the structure (and to increase the bandwidth), can be 
inserted several slits at the ground plane edges. 

Use of thick air substrate to lower the Q and increase the bandwidth. 

Using parasitic resonators with resonant lengths close to main resonant frequency. 
Adjusting the location and the spacing between two shorting posts. 

Excitation of multiple modes designed to be close together or far apart depending on 
requirements 

Using stacked elements it will increase the antenna Bandwidth. 
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The resonant frequency of PIFA сап be approximate with: 


L1 «L222/4 

when W/L1=1 then L1 + H 23/4 

when W=0 then L1 « L2 +H 22/4 

+ The introduction of an open slot reduces the frequency. This is due to the fact that 

there are currents flowing at the edge of the shaped slot, therefore a capacitive 
loaded slot reduces the frequency and thus the antenna dimensions drastically. The 
same principle of making slots in the planar element can be applied for dual- 
frequency operation as well. 


+ Changes in the width of the planar element can also affect the determination of the 
resonant frequency. 

+ The width of the short circuit plate of the PIFA plays a very important role in 
governing its resonant frequency. Resonant frequency decreases with the decrease 

in short circuit plate width, W. 

+ Unlike micro-strip antennas that are conventionally made of half wavelength 
dimensions, PIFA's are made of just quarter-wavelength. 

Analyzing the resonant frequency and the bandwidth characteristics of the antenna 
can be easily done by determining the site of the feed point, which the minimum 
reflection coefficient is to be obtained. 

+ The impedance matching of the PIFA is obtained by positioning of the single feed and 
the shorting pin within the shaped slot, and by optimizing the space between feed and 
shorting pins. 

+ The main idea designing a PIFA is to don't use any extra lumped components for 
matching network, and thus avoid any losses due to that. 

+ The radiation pattern of the PIFA is the relative distribution of radiated power as a 
function of direction in space. 

+ Inthe usual case the radiation pattern is determined in the far-field region and is 
represented as a function of directional coordinates. Radiation properties include 
power flux density, field strength, phase, and polarization. 

+ PIFA has very large current flows on the undersurface of the planar element and the 
ground plane compared to the field on the upper surface of the element. Due to this 
behavior PIFA is one of the best candidate when is talking about the influence of the 
external objects that affect the antenna characteristics (e.g. mobile operator's 
hand/head). 

+ PIFA surface current distribution varies for different widths of short-circuit plates. The 
maximum current distribution is close to the short pin and decrease away from it. 

+ Impedance bandwidth of PIFA is inversely proportional to the quality factor O that is 
defined for а resonator. 

+ Substrates with high dielectric constant (Er) tend to store energy more than radiate it. 
This is equivalent by modeling the PIFA as а lossy capacitor with high Er, thus leading to 
high Q value and obviously reducing the bandwidth. Similarly when the substrate thickness 
is increased the inverse proportionality of thickness to the capacitance decreases the 
energy stored in the PIFA and the Q factor decreases also. 

+ In summary, the increase in height and decrease of Er can be used to increase the 

bandwidth of the PIFA. 

* The efficiency of PIFA in its environment is reduced by all losses suffered by it, 
including: ohmic losses, mismatch losses, feedline transmission losses, edge power 
losses, external parasitic resonances, etc. 


Loop Antennas 


The Loop Antenna refers to a radiating element made of a coil of one or more turns. 


+ The dissipative resistance in the loop, ignoring dielectric loss, is depended by the 
Loop Perimeter, the conductor Width/Thickness, the Magnetic Permeability p, the 
Conductivity о, and by the Frequency. 

+ The loop's inductance is determined by the Circumference, the Enclosed Area, the 
conductor Width/Thickness, and the Magnetic Permeability. 


Loop antennas can be divided in three groups: 
1. Ful ve Loop antenna 
2. Half-wave Loop antenna 
3. Series-loaded, Small-loop antenna 


1. The Fullwave Loop is approximately one (A) wavelength in circumference. Resonance is 
obtained when the loop is slightly longer than one (A) wavelength 
The full wave loop can be thought of as two end-connected dipoles. Like any other loop, the 
shape of the full wave loop is not critical, but efficiency is determined mainly by the enclosed 
area. The feed impedance is somewhat higher than the half-wave loop antenna (approximately 
120 Ohms) 
The main advantage of the full-wave loop antenna is it does not have the air gap in the loop, 
which is very sensitive to load and PCB capacitance spread. 
2. The Half-wave Loop consists of a loop approximately V wavelength in circumference with 
a gap cut in the ring. It is very similar to a half-wave dipole that has been folded into a ring and 
most of the information about the dipole applies to the half-wave loop. Because the ends are 
very close together, there exists some capacitive loading, and resonance is obtained at a 
somewhat smaller circumference than expected. The feed-point impedance is also somewhat 
lower than the usual dipole, but all the usual feeding techniques can be applied to the half- 
wave loop. 
The half-wave loop is popular at lower frequencies but at higher frequencies, the tuning 
capacitance across the gap becomes very small and critical. 
3. The circumference of a Small-Loop antenna is smaller than M2. The radiation resistance of 
the Small-Loop antenna is extremely small. In addition, the resistance arising from the 
dissipative losses can be more than ten times the radiation resistance. 
The radiation resistance of a small-loop can be increased increasing the number of turns, or 
inserting within its circumference a ferrite core with high permeability. 
The radiated resistance (R,) of a Small-Loop antenna can be calculated with: 


R,= 31171*(А/А2)? 
where the number 31171 is 320°тт°, and A (loop area) and A (wavelength) in the same units. 


For example a №10 diameter loop would have A = п(А20)?, and the radiation resistance (Ry) is 
found to be 1.92 ohms. 
The actual feedpoint impedance will include the resistive loss of the conductor (with skin 
effect), plus the inductance of the loop, which will have a result in range of 3.0 4800 ohms. 

+ The radiation pattern and gain are similar to the A10 short dipole. 

+ Current distribution is nearly uniform on a Small-Loop antenna. 

Typically, a Small-Loop antenna may be able to radiate only a few percent of the power that 
comes from the transmitter. 


+ The radiation pattern of a Small-Loop antenna is identical with that of a small dipole. 
In the near-field the loop stores most of its energy in a Magnetic-H field and the short 
dipole stores its near-field energy in an Electric-E field, but the waves radiated by each 
have the same E/H; they are egually electric and magnetic. 
For matching a Small-Loop antenna, it is important to remember that its equivalent series 
impedance is an inductance with a tiny series resistance, which consists predominantly of loss 
resistance and an even smaller radiation resistance. The small-loop antenna's equivalent 
parallel impedance is an inductance with a large parallel resistance (5k to 50k). 
For matching network can be used “two split capacitors" or a тт (Pi) network. 


Examples of Matching Networks for Small-Loop Antennas 


Another option for matching Small-Loops is to use two series inductors and a capacitor: 


H 


The input impedance of small loop has a small resistive component and a large reactive 
component, which inevitably produce loss within the matching circuitry. 

Even with relatively high-Q, large-value reactive components will have significant resistance 
that contributes to system loss. 

Ignoring the smaller loss from the capacitor (C), the finite Q-factor of the two inductors (L1, L2) 
results in an additional loss resistance which can be up to 200 (lower for high-Q inductors). 


Patch Antennas 


The patch antenna is a popular resonant antenna used for narrow-band microwave wireless 
communications that require semispherical coverage. 

Some patch antennas avoid using a dielectric substrate and suspend a metal patch in the air 
above a ground plane using dielectric spacers; the resulting structure provides increased 
bandwidth. 


+ А rectangular Patch Antenna is defined by its Length L and Width W. 

< The rectangular patch antenna is approximately a one-half wavelength long section of 
rectangular microstrip transmission line. 

+ When air is the antenna substrate, the length of the rectangular microstrip antenna is 
approximately one-half of a free-space wavelength. 

+ Ifthe antenna is loaded with a dielectric as its substrate, the length of the antenna 
decreases as the relative dielectric constant of the substrate increases. 


+ The resonant length of the antenna is slightly shorter because of the extended electric 
fringing fields, which increase the antenna's electrical length slightly. 

+ The dielectric loading of a microstrip antenna affects both its radiation pattern and 
impedance bandwidth. 

+ As the dielectric constant of the substrate increases, the antenna bandwidth decreases. 

+ This increases the antenna's Q-factor and, therefore, decreases the impedance 
bandwidth. 

+ For a simple microstrip line the Width is much smaller than the wavelength, but for the 
patch antenna, the Width is comparable to the wavelength to enhance the radiation from 
the edges. 

+ The length L should be slightly less than A/2, where A is the wavelength in the dielectric 
medium. Here, А is equal to Ao / VEeff , where Ao is the free-space wavelength and Eeff 
is the effective dielectric constant of the patch 

+ The value of Eeffis slightly less than Er, because the fringing fields around the periphery 
of the patch are not confined in the dielectric substrate but are also spread in the air. 

< The electric field is zero at the center of the patch, maximum (positive) at one side, and 
minimum (negative) on the opposite side. 

+ The far-field radiation pattern is orientated orthogonal to the surface conductor. 

+ The surface conductor does not form the radiating element as it does in a dipole. 
Instead, radiation occurs from along edges L and W, and which edge depends upon the 
electromagnetic mode of radiation the antenna is operating in. 


Effect of Feed-Point Location: 
+ With an increase in frequency, the input impedance moves to the clockwise direction 
on the Smith chart. 
The width Wof the patch antenna has significant effect on the Input impedance, Bandwidth, 
and Gain of the antenna. 
+ With an increase in W, the input impedance decreases, so the feed point is shifted 
toward the edge to obtain input resistance Ain in the range of 50 ohms to 650hms. 


Effect of the height h (substrate thickness): 

+ With the increase in h, the fringing fields from the edges increase, this increases the 
extension in effective length L, however decreasing the resonance frequency. 

+ The input impedance plot moves clockwise (i.e., an inductive shift occurs) due to the 
increase in the probe inductance of the coaxial feed. 

+ The Bandwidth of patch antenna increases with height. 

+ The directivity of the antenna increases marginally with increasing height because the 
effective aperture area is increased marginally due to increase in AL. 


+ Generally, the antenna efficiency increases with an increase in the substrate thickness 
initially due to the increase in the radiated power, but thereafter, it starts decreasing 
because of the higher cross-polar level and excitation of the surface wave. 

The surface waves get excited and travel along the dielectric substrate (i e. between 
the ground plane and the dielectric-to air interface due to total internal reflection). 
When these waves reach the edges of the substrate, they are reflected, scattered, and 
diffracted causing a reduction in gain and an increase in end-fire radiation and cross- 
polar levels. 

The excitation of surface waves is a function of Erand h. The power loss in the 
surface waves increases with an increase in the normalized thickness io of the 
substrate. 


Effect of Er: 
+ Decreasing substrate Dielectric Constant (Er) the Bandwidth of the patch increases. 


Effect of Finite Ground Plane: 

+ In practice, the size of the patch ground plane is finite. 

+ When the size of the ground plane is greater than the patch dimensions by 
approximately six times the substrate thickness all around the periphery, the results 
are similar to that of the infinite ground plane. 

+ If the loss in the dielectric material increases the input impedance Zin of the patch 
antenna decreases. 


Patch Antenna Bandwidth: 


Patch Antenna Bandwidth can be increased using the following techniques: 
+ Using thick and low permittivity substrates 

+ Introducing closely spaced parasitic patches on the same layer of the fed patch 
(provides 15% BW) 

Using a stacked parasitic patch (multilayer, BW reaches 20%) 

Introducing a U-shaped slot in the patch (to achieve 30% BW) 

Aperture coupling (provides 10% BW and high backlobe radiation) 
Aperture-coupled stacked patches (40-50% BW achievable) 

Using L-probe coupling 


The size of the patch antenna can be reduced by using the following techniques: 
+ Using materials with high dielectric constants 
+ Using shorting walls 
+ Using shorting pins 

To obtain a small size wide-bandwidth antenna, these techniques can be combined. 


+ Modified feeding structures can enhance the impedance performance of Patch 
antennas. 


For instance, the coaxial probe excites the planar radiator via a U-shaped or inverted-E 
shaped transition which forms an impedance transformer for broadband impedance matching. 


Calculations of the Patch Antenna: 


1. Calculation of the Antenna Width (и) 


w= 


чы» 
where: c = velocity of the light, f, = the operation frequency, £,= dielectric constant of the substrate 


2. Calculation of the Effective Dielectric Constant (Ever) 


-05 
INC h 
کے‎ té (1 +12 2) 
2 [7 
where: h = height of the path in mm, w = width of the um in mm 


3. Calculation of the Effective Length of the patch (Lan) 


4. Calculation of the length extension (AL) 
(reff +03)( +0264) 


AL =0.412h 
(sraff-0.258)( +08, 


where: AL = patch length extension in mm, h = patch height in mm, w= patch width in mm 


5. Calculation of the Actual Length of the patch (L) 
Leff 


The radiator can theoretically be of апу shape. Figure below shows a variety о! shapes 
which have been used in planar antenna design. Among these, elliptical planar antennas are 
of importance to planar antenna design due to their broadband and high-pass impedance 
performance. The slots or apertures in annular and slotted planar antennas are often 
employed to improve the impedance bandwidth by changing the current distributions on the 
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The impedance-matching networks can be used to increase the BW of the Patch Antenna. 
Some examples that provide about 10% BW are the rectangular patch antenna with a coplanar 
microstrip impedance-matching network and an electromagnetically coupled patch with single- 
stub matching. 
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Matching networks for Patch Antennas 
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Circular polarized Patch Antennas 
Slot Antennas 


The basic slot antenna is a N2 wave slot cut in a conducting sheet of metal. The feed 
point is across the center of the slot and it is balanced. The feed impedance is high, typically 
several hundred ohms. 


к 


М2 slot antenna complementary M2 dipole 


Even if mechanically the slot antenna is the opposite of a dipole because is a non- 
conducting slot in a sheet of metal (compared to a wire in a free space), the slot antenna has a 
lot of similarities to a dipole. 
However, it does exhibit some differences as follows: 
+ The feed point is across the center instead of in series, so the feed point impedance is 
high instead of low. 
+ E апа Н fields are switched so that the polarity is opposite. 
+ When energy is applied to the slot antenna, currents flow in the metal sheet. These 
currents are not confined to the edges of the slot but rather spread out over the sheet. 
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wide version. The 5-wire all-wire model strongly suggested that it 
was useful only over restricted frequency ranges, and then only in 
the narrow version. 


5. Terminated wide-band antennas show increased gain by 
widening the distance between wires. Spacing adjustments may 
require revision of the optimal terminating resistor value and the 
reference SWR impedance. 


The final conclusion in the series requires the greatest modification. 
The initial models registered gain as a function of free-space 
patterns broadside to the plane of the wires. Hence, they could not 
show the growing differential of edgewise and broadside gain as we 
increased the spacing between wires. Our exploration of the 5-wire 
models in this extended exercise shows that the net gain of a wide 
model may not always exceed that of a narrow model. Moreover, 
the existence of any differential at all makes a strong 
recommendation for modeling a proposed design over ground at 
the anticipated height of actual use. At the low end of the operating 
range, we may fairly gauge the effects of the mounting height апа 
soil type on the SWR performance. As we move up the spectrum, 
the gain differentials increase, and modeling over ground allows us 
to arrive at a single gain value, whether we handle it independently 
or in comparison to the single-wire doublet that the wide-band 
antenna ostensibly replaces. 


To the list of conclusion derived from Chapter 29 and modified 
here, we may add a new one. 


Chapter 36 


Radiation then takes place from both sides of the sheet. In the case of the 
complementary dipole, however, the currents are more confined; so a much greater 
magnitude of current is required to produce a given power output using the dipole 
antenna. 

+ A horizontal slot is equivalent to a vertical dipole. 

+ The slot antenna may be of interest if the RF unit must be placed in a metal enclosure 
where the slot antenna could be made in the enclosure itself. 

+ If the slot antenna is cut in the center, a M4 wave slot antenna is created which is 
equivalent to the monopole. 

+ Impedance matching is accomplished by tapping across the slot close to the shorted 
end 

+ The slot antenna can be used if a metal enclosure is required or if considerable board 
area is available. 

+ Ifa slot antenna is implemented in a PCB made with FR4 material, considerable 
dielectric loading occurs which causes the physical length to be shorter than expected. 


Helical Antenna 


A conducting wire wound in the form of a screw thread can form a Helix antenna. 
Usually the Helix uses a ground plane with different forms. 
The diameter of the ground plane should be greater than 3۸/4. 
In general the Helix is connected to the center conductor of a coaxial transmission line and the 
outer conductor of the line is attached to the ground plane. 


+ The parameters which characterize a Helix antenna are: 
+ N= the number of turns, 
+ D =the diameter of the Helix, 
+ S= the spacing between each turn, 
+ L= total Length of the antenna 
+ а = the Pitch angle which is the angle formed by the line tangent to the helix wire 
and a plane perpendicular to the helix axis. 


When a = 0”, then the winding is flattened and the helix reduces to a loop antenna of N turns. 
When a = 90’, then the helix reduces to a linear wire. 
When 0° < a < 90", then a true helix is formed. 


+ The radiation characteristics of the antenna can be varied by controlling the size of its 
geometrical properties compared to the wavelength. 

+ The input impedance is critically dependent upon pitch angle and the size of the 
conducting wire, especially near the feed point. 

+ The main modes of operation of the Helix antenna are Normal mode (broadside) and 
the Axial mode (endfire). 


Normal mode 
+ In the Normal mode of operation the field radiated by the Helix is maximum in a 
perpendicular plane to the Helix axis. 
+ To achieve the Normal mode of operation the dimensions of Helix are usually small 
compared to wavelength (D<<A and L««). 


+ In the Normal mode it can be thought that the Helix consists of N small loops апа N 
short dipoles connected together in series. 

Since in the Normal mode the Helix dimensions are small, the current through its 
length can be assumed to be constant and its relative far-field pattern to be 
independent of the number of loops and short dipoles. 

In Normal mode the bandwidth is narrow and the radiation efficiency is small. 

In Normal mode to get circular polarization in all directions the Helix antenna shall 
satisfy following conditions: 


Axial mode 
+ The Axial mode is practical because can achieve circular polarization over wider 
bandwidth and is more efficient. 
In this mode of operation there is only one major lobe and its maximum radiation intensity is 
along the axis of the Helix, 
To achieve circular polarization in Axial mode the following parameters of the Helix must be 
in the range: 
+ Diameter: 3/4 < [(M*D) / А] < 4/3. or D = A / n for optimum performance 
+ Spacing between turns: S = М4 or S = 0.25* ND 
+ Pitch angle: 12° sas 14° 


+ The dimension of the Helix antenna in Axial mode is not as critical, this resulting in 
wider bandwidth. 
+ The terminal impedance in the Axial mode is nearly resistive with values between 100 
and 200 ohms. 
50 ohms impedance can be obtained by properly designing the feed. 
+ The Helix input impedance (purely resistive) can be approximate by: 
Z helix (ohms) = 140*[(N*D) / A] 
+ For matching the resulting Helix antenna impedance to the feeding cable usually 50 
ohms, can be used a N4 stub having the impedance: 
Zs = SQRT (Z_helix * 50) 
+ Another simple way to match the input impedance of a Helix from nearly 150 ohms 
down to 50 ohms is increasing the thickness of the conductor near the feed-point. 
The wire of the first % turn should be flat in the form of a copper strip (triangle shape) 
and the transition into a helix should be very gradual. 
There is a formula to calculate the width of the triangle strip at the feeding point, which 
includes the dielectric constant Er, but probably the best way to find it is tuning experimentally 
using a Network Analyzer or a SWR meter. 
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The Fundamentals of Wii Antennas 


In addition to Hertz, which is a unit of frequency, radio waves are sometimes 
referred to in terms of their length by using the term “wavelength.” As you 
likely realize, the terms Hertz and wavelength are mathematically related, 
and the formula below is commonly used to define that relationship. 


wavelength (in meters) = 300 / frequency (in MHz) 


For example, a frequency of 14.300 MHz has a wavelength of 20.979 meters. 
This relationship between frequency and wavelength is especially important 
to antenna design because the wavelength of a frequency is used to 
calculate many of the dimensions of an antenna's design. 


Dipole Antennas 


One of the simplest antennas is called a “half-wave dipole," is a total of % 
wavelength long, and is constructed of two halves, each of which is % 
wavelength long. Each of the two halves is fed by a separate conductor in the 
feedline. 


For the same 14.300 MHz frequency as previously mentioned, a dipole would 
theoretically be 10.4895 ( % of 20.979) meters from end to end, and would 
consist of two elements, each 5.24476 meters long. Note, however, that 
antennas are not always constructed exactly according to the calculated 
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The radiators are made from steel wire cut from a common coat hanger and 
connected to the coaxial transmission line with steel nuts and bolts. A small. 
piece of perfboard is the center insulator and the structural base for the 
assembly. And yes, despite the antenna's crude construction, it does receive 
HDTV signals from stations up to 20 miles away while hung on the back of 
the television four feet off the ground. (You should be able to calculate the 
operating frequency from the information given in this article.) 


Antenna Polarization 


The orientation of ап antenna with respect to the earth's surface is called its 
"polarization." Those that are intended for their radio waves to be oriented 
primarily parallel to the earth's surface are said to be "horizontal," and those. 
that are intended for their radio waves to be oriented primarily at a right angle 
to the earth's surface are said to be "vertical." 


Some antennas, like the dipole pictured above, can be used in either 
polarization simply by changing the position. In the orientation shown above, 
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The Fundamentals of Wii Antennas 


mix of polarizations within a system, or when the polarization of some 
antennas is unknown, circular polarization is sometimes used to maximize 
compatibility. Wi-Fi antennas are almost always vertically polarized. 


Antenna Gain 


As previously stated, antennas transmit (and receive) radio waves better in 
certain directions, thereby increasing the effective radiated power (ERP) in 
those directions. Note that the total radiated power is not increased, but is 
merely stronger in one or more directions, and is weaker in other directions. 
Even a simple horizontal dipole has gain in two directions: parallel to its 
radiators on both the "front" and "back" sides. 


This increase in ERP is called “gain,” and applies to both transmitted and 
received signals. The unit of measurement most often used to quantify gain is 
the decibel, or dB, which is based on the Bel, which was named in honor of 
Alexander Graham Bell. If you want to understand how to calculate Bels and 
decibels, you are on your own since that is outside the scope of this article. 
Suffice it to say that the higher the dB rating of an antenna, the more gain it 
supposedly has. 


In addition to the dB, there is another unit that is used to describe antenna 
gain: the dBi, or decibel isotropic. An isotropic source is a theoretical antenna 
that con igi ala datas inicio 
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Wi-Fi Frequencies 
There are five different bands used for Wi-Fi transmissions: 2.4GHz, 3.6GHz, 
4.9GHz, 5GHz, and 5.9GHz. How the bands are used varies from one 


country to another. The most widely used is the 2.4GHz band and will be the 
focus of this article, but the general principles are applicable to all bands. 


The 2.4GHz band extends from approximately 2.4GHz to 2.5GHz; thus, the 
approximate center of the band is 2.45GHz, and is the frequency that will be 
used for the calculations that follow. 


The formula presented above 


wavelength (in meters) = 300 / frequency (in MHz) 


can be conveniently converted to the following. 


wavelength (in millimeters) = 300 / frequency (in GHz) 


Thus, the wavelength of a 2.45GHz signal is 122.45 mm. A dipole at 2.45GHz 

is 61.22 mm from end to end, and each of the two halves is 30.61 mm. For 

those of you who are accustomed to working in inches, a dipole at 2.45GHz 

is 2.41" from end to end, and each of the two halves is 1.205". No matter 

which units you use, the elements are quite small in the 2.4GHz band, and 
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Although it may not be immediately evident, the antenna is a dipole. One half 
of the dipole is the white wire that protrudes to the left, and the other half of 
the dipole is the metal cylinder. Each half is electrically insulated from the 
other, and is approximately Y wavelength long. Similar antennas have a gain 
of about 2dBi, and exhibit a relatively circular radiation pattern. 


In both cases, the wire feedline exits from the bottom of the antenna to 
connect to the Wi-Fi radio transceiver. The feedline is a coaxial cable with an 
inner conductor and an outer braided shield; a clear plastic cover encases 
the feedline. This particular feedline is often used for Wi-Fi devices because 
of its small size and relatively low RF losses; it is designated RG-178. 
Coaxial feedlines are often referred to as "coax." 


The other end of the coax is connected the router, as shown below. Note that 
the shieldareeaqusely. soldered tan ccaund nanea the BOR adn 
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Chlorine Dioxide 


Related : HUMBLE, Jim : MMS Chlorine Dioxide 


The Story of CIO2 


Chlorine dioxide is a chemical compound with the formula CIO2. Chlorine dioxide has been around 
for quite some time. As a powerful oxidizer, it has been used for a wide range of purposes and is 
effective as a gas or a liquid. 


‘There is more than one type of chlorine dioxide. In most cases, commercially available CIO; is 
referred to as “stabilized” chlorine dioxide. These products typically require the user mixing 
chemicals to create some chlorine dioxide. While these stabilized products do produce some 
chlorine dioxide they also produce many harmful by-products. Toxic and corrosive chlorates and 
chlorites are part of the solution generated with stabilized products. Stabilized products usually 
come in liquid, powder or tablet forms. 


Commercial generators are also available for the generation of chlorine dioxide. Generators 
generally produce a cleaner version of chlorine dioxide when compared to stabilized products 
Chlorates, chlorites and other corrosive and toxic oxychloro species are still present. Generators are 
generally used for lange volume production of chlorine dioxide when purity is not necessary. 
Chlorine dioxide generators can be expensive and require trained personnel to be safe. 


Today, through proprietary technology, you can have a 99.9% pure chlorine dioxide solution from 
SMT. Unlike other forms of chlorine dioxide, SMT offers a solution virtually free of the chlorate, 
chlorites and other by-products found in other chlorine dioxide processes. The purity of our product 
makes it ideal for food, health care and general disinfection and deodorizing applications. 


Why are SMT products so pure? It is because of our patented technology. Simply put, the chemical 
reaction that generates chlorine dioxide generates harmful by-products. SMT technology traps the 
harmful by-products in a proprietary membrane so only the chlorine dioxide molecule is released 
into the solution. Pure chlorine dioxide means better results with lower toxicity and corrosivenes 
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C102 Cleaners, Deodorizers & Surfactants 


SMT carries products for a wide range of needs. Our fast release products are widely used in 
laboratory and clinical settings where there is a need for quick access to pure CIO2, SMT fast 
release products are ideal for cleaning water lines and removing organic matter from lab equipment 
and clinical analyzers. 


The CLO2BBERIZER is an odor eliminator intended for deodorization in areas > 6003 ft to 10003 
fi per unit. This product is designed to eliminate odors within confined spaces. The deodorization 
treatment period is required no less than 4 hours, 


Richard Hamilton, er al. / Selective Micro Patents 


US2004022676 
Apparatus and method for controlled delivery of a gas 


Disclosed are apparatus for delivery of a gas, e f. carbon dioxide and/or chlorine dioxide, and 
methods of its use and manufacture. The apparatus includes a sachet constructed in part with a 
hydrophobic material. The sachet contains one or more reactants that generate a gas in the presence 
of an initiating agent, e.g., water. The apparatus can also include a barrier layer and/or a rigid frame. 
In another embodiment, the apparatus is combined with a reservoir that can be used to deliver a gas 
to the reservoir and, optionally, a conduit. In another embodiment, the apparatus is incorporated into 
a fluid dispersion system that includes a dispersion apparatus, e.g., a humidifier 


FIELD OF THE INVENTION 


[0002] The invention relates generally to apparatus and methods for delivery of a gas and more 
specifically to apparatus and methods for controlling the amount, rate and duration of gas delivery. 


BACKGROUND OF THE INVEN 


ох 


[0003] The use of gas for retarding, controlling, killing or preventing microbiological contamination 
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6. Due to the many construction variations possible with a multi- 
wire wide-band terminated antenna, range testing at the anticipated 
use height and over the anticipated ground quality is an essential 
ingredient in the development of a successful antenna. 
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(e.g. bacteria, fungi, viruses, mold spores, algae and protozoa); retarding, preventing, or controlling 
biochemical decomposition; controlling respiration, deodorizing and/or retarding and preventing 
chemotaxis to name a few, is known. Such gases include, but are not limited to, chlorine dioxide, 
sulfur dioxide, nitrogen dioxide, nitric oxide, nitrous oxide, carbon dioxide, hydrogen sulfide, 
hydrocyanic acid, and dichlorine monoxide. For example, the use and efficacy of chlorine dioxide is 
documented and discussed in various publications such as G. D. Simpson et al., A Focus on 
Chlorine Dioxide, An Ideal Biocide (visited Feb. 5, 2000) 
http://clo2.com/readines/waste/corrosion.html, and K. K. Krause, DDS et al. The Effectiveness of 
Chlorine Dioxide in the Barrier System (visited Feb. 5, 2000) 
http:/vww.dentallogic.com/dentisteffects.htm. 


[0004] In particular, chlorine dioxide has been found to be useful as a disinfectant, antiseptic and 
sanitizer. It is used, e.g., to disinfect drinking water and various water supplies. In addition, chlorine 
dioxide finds use as a bleaching agent for flour, fats and textiles. Chlorine dioxide also has shown 
great utility as an antiseptic for treating metal and plastic surfaces, as well as other substrates such 
as countertops, meat processing and packaging equipment, and dental and medical instruments and 
devices. 


[0005] One disadvantage of the prior art methods for generating chlorine dioxide gas generally is 
that unsatisfactory levels of by-products or reactants remain as a residue. For example, in the case of 
chlorine dioxide gas, the byproduct chlorite leaves residues on food handling equipment and 
‘medical and dental surfaces. Human contact with such residues should be avoided or substantially 
minimized according to FDA and EPA regulations. 


[0006] Another requirement in the food handling and related industries is the need for raw materials 
ог ingredients that are safe to handle in the preparation of the disinfectant. The requirement is for 
the inclusion of reagents that are safe to use and, after generating chlorine dioxide, produce side 
Products that are non-toxic and/or biodegradable. 


[0007] Also, although it has great beneficial characteristics, chlorine dioxide can not be transported 
commercially as a concentrated gas for its use and instead has been generated at the site where itis 
used. Thus, an on-site gas generation plant typically is required to generate the gas that is then 
delivered to the fluid in which it will be used. Such apparatus takes up space and represents a 
significant added expense. Moreover, even when prior art apparatus do not require a separate gas 
generation component e.g., those shown in European Patent Publication No. 0 571 228 for sulfur 
dioxide generation, such apparatus are still undesirable because controlling the amount of gas 
generated, the efficiency of the generation, and the duration of the gas generation has proven 
difficult, if not unsuccessful. 


[0008] There exists а need for the controlled, on-site generation of gases, such as sulfur dioxide and 
chlorine dioxide, which can be produced safely, efficiently and economically, without the necessity 
for a separate generation plant or unwanted by-products. The present invention addresses these 
needs, 


SUMMARY OF THE INVENTION 


[0009] A novel approach to the delivery of gas has now been discovered. The present invention uses 
a unique delivery system that controls the rate and efficiency of gas-producing reactions. Moreover, 
by using discreet amounts of reactant contained within a multi-layered apparatus, the skilled 
practitioner can now fabricate a gas delivery apparatus that is compact, cost-effective and safe. 
Furthermore, the present invention can be used for a variety of applications, including delivery of 
gas to air or water, for a variety of purposes including disinfection, deodorization, bleaching and 
sanitization 
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[0010] In one aspect, the present invention features an apparatus for delivery of a gas. An 
exemplary embodiment of this apparatus generally includes an envelope, a sachet disposed within 
the envelope, and a reactant disposed within the sachet that generates a gas in the presence of an 
initiating agent, wherein the envelope allows release of the gas from the envelope. 


[0011] One currently preferred embodiment of the invention features an apparatus for delivery of a 
gas which includes a first reactant disposed within a first sachet, a second reactant disposed within a 
second sachet, a third sachet disposed about the first sachet and the second sachet, an envelope 
disposed about the third sachet, a frangible pouch disposed within the envelope adjacent to the third 
sachet, and an initiating agent disposed within the frangible pouch. In this embodiment, the first 
reactant and the second reactant generate a gas in the presence of the initiating agent, and the 
envelope allows release of the gas from the apparatus. 


[0012] In a third exemplary embodiment, the apparatus for delivery of a gas includes an envelope, a 
partition disposed within the envelope defining a first volume and a second volume, a first reactant 
disposed in the first volume, and a second reactant disposed within the second volume. In this 
preferred embodiment, the first reactant and the second reactant generate a gas in the presence of an 
initiating agent, and the envelope allows entry of the initiating agent into the apparatus. 


[0013] In another embodiment, the apparatus for delivery of a gas includes a sachet and a reactant 
disposed within the sachet that generates a gas in the presence of an initiating agent. In this 
embodiment, the sachet allows contact of the initiating agent with the reactant and release of the gas 
from the apparatus 


[0014] In another aspect, the present invention features a method of forming an apparatus for 
delivery of a gas including the steps of (a) providing a multi-layer structure comprising a reactant 
layer centrally disposed between two sachet layers, and two envelope layers disposed adjacent to the 
two sachet layers such that the two sachet layers are centrally disposed between the two envelope 
layers, and (b) stamping the multi-layer structure such that the two envelope layers form an 
envelope defined about its perimeter by the stamp, and the two sachet layers form a sachet defined 
about its perimeter by the stamp. 


[0015] In yet another aspect, the present invention features a method of delivering gas including the 
steps of (a) providing an apparatus for delivery of a gas comprising: an envelope, a sachet disposed 
within the envelope, and a reactant disposed within the sachet that generates а gas in the presence of 
an initiating agent, wherein the envelope allows release of the gas from the envelope; and (b) 
disposing the apparatus in an environment that comprises an initiating agent. The environment can 
be liquid and the initiating agent can be water. Alternatively, the environment can be gaseous and 
the initiating agent can be water vapor. 


[0016] In yet another embodiment, the apparatus for delivery of a gas includes a barrier layer, a 
sachet layer disposed adjacent to the barrier layer, a reactant disposed between the barrier layer and 
the sachet layer that generates a gas in the presence of an initiating agent, and an envelope layer 
disposed adjacent to the sachet layer. In this embodiment, the envelope layer allows release of the 
gas from the apparatus. 


[0017] In yet another embodiment, the apparatus for delivery of a gas includes а barrier layer, а 
sachet layer disposed adjacent to the barrier layer, and a reactant disposed between the barrier layer 
and the sachet layer that generates a gas in the presence of an initiating agent. In this embodiment, 
the sachet layer allows entry of the initiating agent into the apparatus. 


[0018] In yet another aspect, the present invention features a method of delivering gas including the 
steps of (a) providing a multi-layer structure comprising a reactant layer centrally disposed between 
a sachet layer and a barrier layer, and an envelope layer disposed adjacent to the sachet layer, and 
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(b) sealing the perimeter of the barrier layer, sachet layer and barrier layer such that the reactant is 
disposed in a volume defined by the sachet layer and the barrier layer. 


[0019] In yet another aspect, the present invention features a method of delivering gas including the 
steps of (a) providing a multi-layer structure comprising a reactant layer centrally disposed between 
а sachet layer and a barrier layer, and (b) sealing the multi-layer structure such that the such that the 
reactant is disposed in a volume defined by the sachet layer and the barrier layer. 


[0020] In yet another aspect, the present invention features a method of delivering gas including the. 
steps of (a) providing an apparatus for delivery of a gas comprising ап envelope layer, a sachet layer. 
disposed adjacent to the envelope layer, a barrier layer disposed adjacent to the sachet layer, and a 
reactant disposed in a volume defined by the sachet layer and the barrier layer; and (b) disposing the 
apparatus in an environment that comprises an initiating agent. 


[0021] In yet another aspect, the present invention features an apparatus for delivery of a gas 
including a sachet comprising a water vapor selective material, and reactant disposed within the 
sachet that generates a gas in the presence of an initiating agent. 


[0022] In yet another aspect, the present invention features an apparatus that includes a sachet. 
including a water vapor selective material, a partition disposed within the sachet defining a first 
volume and a second volume, a first reactant disposed in the first volume, and a second reactant 
disposed within the second volume, wherein the first reactant and the second reactant generate a gas 
in the presence of an initiating agent 


[0023] In yet another aspect, the present invention features an apparatus for delivery of a gas that 
includes a barrier layer, a sachet layer comprising water vapor selective material disposed adjacent 
to the barrier layer, and a reactant disposed in a volume defined by the barrier layer and the sachet. 
layer that generates a gas in the presence of an initiating agent 


[0024] In yet another aspect, the present invention features an apparatus for delivery of a gas that 
includes a sachet comprising a rigid frame defining an opening and a sachet layer disposed about 
the opening, and a reactant disposed in the sachet, wherein the reactant generates a gas in the 
presence of an initiating agent 


[0025] In yet another aspect, the present invention features a fluid dispersion system for dispersing a 
раз. The system includes a fluid dispersion apparatus. and an apparatus for delivery of a gas 
disposed within the fluid dispersion apparatus. The apparatus includes a sachet, and a reactant 
disposed in the sachet that generates gas in the presence of an initiating agent 


[0026] In yet another aspect, the present invention features methods for deodorizing and/or 
inactivating pathogens, that includes the steps of providing the fluid dispersion system, and 
delivering the gas to one or more odor-causing compounds, wherein the gas inactivates the one or 
more odor-causing compounds. 


[0027] In yet another aspect, the present invention features an apparatus for delivery of a gas to a 
reservoir including a sachet, a reactant disposed within the sachet, and a reservoir in fluid 
communication with the sachet, wherein the reactant generates a gas in the presence of an initiating 
agent 


[0028] In yet another aspect, the present invention features a method of delivering gas to a conduit 
‘The method includes the step of providing an apparatus for delivery of a gas comprising a sachet, a 
reactant disposed within the sachet that generates a gas in the presence of an initiating agent, and a 
reservoir in fluid communication with the sachet. The method also includes the steps of coupling the 
apparatus to a conduit, and delivering a gas to the conduit by introducing an initiating agent to the 
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[0029] In short, the invention provides the art with a heretofore unappreciated method and apparatus 
for the controlled generation of a gas. Moreover, in accordance with the present teachings, the 
invention can also readily be applied to the generation of a liquid. 


[0030] The invention will be understood further upon consideration of the following drawings, 
description and claims, 


DESCRIPTION OF THE DRAWINGS 


[0031] The invention is pointed out with particularity in the appended claims. The drawings are not 
necessarily to scale, emphasis instead generally being placed upon illustrating the principles of the 
invention. The advantages of the invention described above, as well as further advantages of the 
invention, can be better understood by reference to the description taken in conjunction with the 
accompanying drawings, in which: 


[0032] FIGS. ІА and 1B are a perspective view and a cross-sectional side view, respectively, of 
an embodiment of an apparatus constructed in accordance with the present invention; 


[0033] FIGS. 2А and 2B are a perspective view and a cross-sectional side view, respectively, of 
another embodiment of an apparatus constructed in accordance with the present invention; 


[0034] FIGS. 3A and 3B are a perspective view and a cross-sectional side view, respectively, of 
yet another embodiment of an apparatus constructed in accordance with the present 


invention; 

[0035] FIGS. 4А and 4B are a perspective view and a cross-sectional side view, respectively, of 
still yet another embodiment of an apparatus constructed in accordance with the present 
invention; 

[0036] FIGS. SA and SB are a perspective view and a cross-sectional side view, respectively, of 


still yet another embodiment of an apparatus constructed in accordance with the present 
invention 


0037] FIG. 6 is a graph depicting gas concentration versus time comparing exemplary 
apparatus fabricated with and without an envelope; 


0038] FIG. 7 is a graph depicting gas concentration versus time comparing exemplary 
apparatus fabricated with envelope materials having different vapor transmission rates; 


0039] FIG. 8 is a graph depicting gas concentration versus time comparing exemplary 
apparatus fabricated with and without a sachet; 


0040] FIG. 9 is a graph depicting gas concentration versus time comparing exemplary 
apparatus fabricated with extruded and woven sachets; 


[0041] FIG. 10 is a graph depicting gas generation versus time comparing exemplary 
apparatus fabricated with sachets made of materials having hydrophobic and hydrophilic 
surfaces; 


10042] FIG. 11 is a graph depicting gas concentration versus time comparing exemplary 
apparatus fabricated with different reactant ratios; 
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[0043] FIGS. 12A, 12B and 12C are an exploded view, a cross-sectional side view, and a 
perspective view, respectively, of one exemplary embodiment of an apparatus constructed in 
accordance with the present invention; 


10044] FIG. 13 is a cross-sectional side view of another exemplary embodiment of an 
apparatus constructed in accordance with the present invention; 


[0045] FIG. 14 is a cross-sectional side view of yet another exemplary emboc 
apparatus constructed in accordance with the present invention; 


10046] FIG. 15 is a perspective view of still yet another exemplary embodiment of an 
apparatus constructed in accordance with ihe present invention; 


10047] FIGS. 16A and 16В are a perspective view and an enlarged cross-sectional side view of 
A portion, respectively, of yet another exemplary embodiment of an apparatus constructed in 
accordance with the present invention; 


10048] FIGS. 17A and 17B are a cross 
of still yet another exemplary embo 
present invention; 


sectional side view and a perspective view, respectively, 
¡ent of an apparatus constructed in accordance with the 


0049] FIG. 18 is a cross-sectional side view of still yet another exemplary embodiment of an 
apparatus constructed in accordance with the present invention; 


0050] FIG. 19 is a cross-sectional side view of still yet another exemplary embodiment of an 
apparatus constructed in accordance with the present invention; 


[0051] FIG. 20 is a cross-sectional side view of still yet another exemplary embodiment of an 
apparatus in accordance with the present invention; 


0052] FIG. 21 is a perspective view of yet another exemplary embodiment of an apparatus. 
constructed in accordance with the present invention; 


[0053] FIGS. 22А and 22B are a perspective and cross-sectional side view, respectively, of an 
exemplary embodiment of an apparatus including a sachet constructed in part with a rigid 
frame; 


[0054] FIGS. 23А and 23B are a perspective and cross-sectional side view, respectively, of 
another exemplary embodiment of an apparatus including a sachet constructed in part with a 
frame; 


10055] FIG. 24 is a perspective view of an exemplary embodiment of a fluid dispersion system. 
constructed in accordance with the present invention; 


0056] FIG. 25 is a perspective view of a housing for use with а fluid dispersion system in 
accordance with the present invention; 


0057] FIG. 26 is a side view of another exemplary embodiment of a fluid dispersion system 
constructed in accordance with the present invention; 


10058] FIG. 27 is a cross-sectional side view of another exemplary embodiment of an 
apparatus for delivery of a gas to a reservoir; 


10059] FIG. 28 is a cross-sectional side view of yet another exemplary embodiment of an. 
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apparatus for delivery of a gas to a reservoir; 


0060] FIG. 29 is a graph depicting chlorine dioxide concentration versus time comparing 
exemplary apparatus fabricated with different hydrophobic sachet materials; and. 


0061] FIG. 30 is a graph depicting chlorine dioxide concentration versus time comparing 
exemplary apparatus fabricated with different hydrophobic envelope materials. 


FIG. 48 
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Antennas Made of Wire - Volume 2 


Chapter 31: About the Folded Monopole 


labels for the structures. We can find terms like folded 

monopole, folded isopole, caged monopole, and skirted 
monopole. If we can find legible diagrams for what the labels label, 
we are in for something of a surprise: they all refer to the same 
class of antenna. However, some engineers prefer to reserve the 
title of folded monopole for an antenna with only 2 wires. Others 
apply the term more generally to all or most multi-wire monopole 
systems. To the best of my knowledge, the skirted monopole 
terminology arose when the outer wires served as a means for 
detuning the monopole--usually a tower-from its sensitivity to 
interact with nearby (near-field) AM BC transmitting antennas. 
Hence, detuning skirts are common on urban cell towers. However, 
we can also feed the skirt on a transmitting tower and obtain a 
measure of impedance transformation and control that turns out to 
be useful. We might speculate that the expression caged monopole 
arose as a somewhat more politically correct than the term skirted 
monopole. Regardless of the humor we may make out of the 
terminological morass, we are left with a basic question. 


| iterature about multi-wire monopoles is fraught with odd 


Is the multi-wire skirted or caged monopole a folded monopole or 
isn't it? 


Let's start at some sort of beginning by looking at some forms of 
multi-wire monopoles. Fig. 1 shows a few of the many possible 
configurations. On the far left is a standard 2-wire folded monopole. 
It forms a touchstone for all that follows. At this stage, | shall note. 
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DETAILED DESCRIPTION OF THE INVENTION 


[0062] A novel approach to the delivery of gas has now been discovered. By using discrete amounts. 
of reactant contained within a multi-layered apparatus, the skilled practitioner can now fabricate a 
gas delivery apparatus that is compact, cost-effective, and safe. The present invention can be used 
for a variety of applications, including delivery of gas to air or water, for a variety of purposes 
including disinfection, deodorization, bleaching and sanitization. 


[0063] One advantage to this approach is that gas can be generated without the need for mechanical 
equipment, thus freeing up any space such mechanical equipment would require. Another advantage 
is that the reactants, which can be dangerous to handle directly, are isolated from contact with the 
user by the layers, which enclose the reactant. 


[0064] Another advantage is that the apparatus of the present invention does not allow for the 
dilution of the reactant. Because the reactant remains concentrated within the sachet, less reactant is 
necessary to drive the reaction to completion and the reaction is more efficient than it would be if 
the reactants were diluted. Furthermore, because the reaction is driven to completion, unreacted 
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reactant is minimized or eliminated. The reactant concentration also minimizes unwanted by- 
products. 


[0065] Yet another advantage is that the apparatus is small and therefore can be easily and 
economically shipped and administered. Yet another advantage is that the apparatus can be 
manipulated to allow for either rapid or slow delivery of gas. Another advantage is that the 
apparatus can be designed to deliver gas to either a gas, e.g., ай, or a liquid, e g. water. Other 
advantages will be evident to the practitioner having ordinary skill in the art. 


10066] In order to more clearly and concisely deseribe the subject matter of the claims, the 
following definitions are intended to provide guidance as to the meaning of specific terms used in 
the following written description, examples and appended claims. 


[0067] As used herein the term "sachet" means a closed receptacle for reactant. The sachet is 
"closed" in the sense that the reactants are substantially retained within the sachet and the sachet 
volume is substantially sealed around its perimeter. However, the material or materials used to 
construct the sachet are chosen to allow entry of the initiating agent and exit of the gas generated. 
‘The material or materials used to construct sachets are referred to herein as "sachet layers." Sachet 
layers typically are constructed from a planar material, such as, but not limited to, a polymeric sheet 
or film. Preferred materials for sachet layers are described in greater detail below. Relying upon the 
teaching disclosed herein, and the general knowledge in the art, the practitioner of ordinary skill will 
require only routine experimentation to identify one or more sachet layers and/or construct one or 
more sachets adapted for the purpose at hand. 


[0068] The sachets of the present invention also can include further materials, e g. a sachet can 
comprise a barrier layer and sachet layer sealed about the perimeters of the layers to define a closed 
receptacle for reactant. Another example of a sachet is а rigid frame defining one or more openings 
and one or more layers, including at least one sachet layer, disposed about the one or more openings 
to define a closed receptacle for reactant. Further examples and embodiments are described in 
greater detail herein. 


[0069] As used herein the term "envelope" means a closed receptacle wherein the envelope volume 
is sealed substantially about its perimeter, which contains at least one sachet and allows release of 
the gas from the envelope. The material or materials used to construct envelopes are referred to 
herein as "envelope layers." Envelope layers typically comprise a planar material such as a sheet or 
film, including, but not limited to perforated films, non-perforated films and membranes. Preferred 
materials for envelope layers are described in greater detail below. Relying upon the teaching 
disclosed herein, and the general knowledge in the art, the practitioner of ordinary skill will require 
only routine experimentation to identify one or more envelope layers and/or construct one or more 
envelopes adapted for the purpose at hand. 


10070] "Permeable layer," as used herein, refers to a layer that permits passage of gas generated by 
an apparatus of the present invention. Permeable layers typically are constructed from polymeric 
materials. Sachet layers and envelope layers are permeable layers. 


[0071] "Impermeable layer." as used herein, refers to a layer that substantially prevents or hinders 
passage of initiating agent. As contemplated herein, the impermeable layer does not participate in 
the generation of gas in that it does not facilitate contact between initiating agent and reactant. 
Impermeable layers can be constructed from various materials, including polymeric material, glass, 
metal, metallized polymeric material and/or coated papers. Preferred materials for impermeable 
layers are described in greater detail below. As used herein, barrier layers are impermeable layers. 


[0072] The skilled artisan will appreciate that what is considered to be an "impermeable layer" and 
what is considered to be a "permeable layer" is defined relative to the transmission rates of the 
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respective layers used to construct apparatus of the present invention and the desired shelf life of the 
product. Relying upon the teaching disclosed herein, and the general knowledge in the art, the 
practitioner of ordinary skill will require only routine experimentation to identify and/or construct 
one or more impermeable layers and one or more permeable layers adapted for the purpose at hand. 


[0073] As used herein "reactant" means a reactant or a mixture of reactants that generate gas in the 
presence of an initiating agent. For purposes of the present invention, initiating agent includes, but 
is not limited to, gaseous or liquid water. For example, for dry biocidal applications of the present 
invention, such as for the reduction of molds when shipping fruit, moisture in the atmosphere can be 
used as an initiating agent. The term "dry application" for the purposes of this application means at 
least an application where the apparatus of the present invention is not immersed in water or any 
other liquid. The term "wet application" for the purposes of the present invention means at least an 
application where the apparatus of the present invention is immersed in water, or other liquid, which 
can optionally include water. For wet biocidal applications, i.e., when the apparatus of the present 
invention is immersed in water or any other aqueous medium, such as that used for disinfecting 
dental or food equipment, the water in which the apparatus is immersed can be used as the initiating 
agent. Alternatively, the initiating agent can be included within the apparatus, e g. contained in a 
frangible pouch disposed within the apparatus. 


[0074] Generation of a gas, e.g., by acid activation, is well known in the art. For example, chlorine 
dioxide (C102) is generated from sodium chlorite and an acid, such as citric acid, in the presence of 
moisture as follows. 

5C102<->+4H<+><->4C102+2H20+CI<-> (1) 

C102<->->C102+e<-> (Ш) 


[0075] Specific examples of this reaction include the following, 
2NACIO2+Na28208->2C102+2N22504 (Ш) 
2NaC102+Na0CI+HCI->2C102+2NaCI+Na0H (IV) 


[0076] Alternatively, chlorine dioxide can be produced by the reduction of a chlorate, e.g., sodium 
chlorate or potassium chlorate, in the presence of an acid, e.g., oxalic acid. Generally the reaction 
occurs as follows, 

C103<->+2H<+>+e<->->C102+H20 (V) 


[0077] For example, reduction of sodium chlorate by acidification in the presence of oxalic acid to 
produce chlorine dioxide can proceed as follows. 
2 NaC103+H2C204->2C102+2C02+2H20 (VI) 


[0078] Another example of generation of a gas by acid activation is the activation of a sulfite, e g. 
sodium bisulfite or potassium bisulfite, with an acid, e.g., fumaric acid and/or potassium bitartrate, 
in the presence of moisture to form sulfur dioxide. 

NaHS03+4H<+><.>S02+2H20+Na<+> (VII) 


[0079] Yet another example is the acid activation of a carbonate, e.g., calcium carbonate with an 
acid, e.g., citric acid, to form carbon dioxide. 
(VID 


[0080] Other applications will be apparent to the skilled practitioner. For example, the generation of 
nitrogen dioxide by the acid activation of a nitrite, e.g., sodium nitrite or potassium nitrite. 
Alternative routes for generation of a gas, e.g., reduction of chlorates by sulfur dioxide (Mathieson 
Process), are well known in the art and can be utilized in accordance with the present invention 


[0081] The present invention can be used in a wide variety of applications. For example, chlorine 
dioxide can be used for the disinfection of water, e.g., municipal water treatment: as a disinfectant 
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for foods, beverages, fruits and vegetables; and for the cleaning and disinfection of medical, dental 
and food equipment. Chlorine dioxide has been shown to be an effective disinfectant at 
concentrations as low as 0.2 mg/L. Chlorine dioxide is a desirable replacement for chlorine, the 
traditional water treatment chemical, because it has been found to inactivate microbes at lower 
levels and over a wider pH range. For example, chlorine dioxide can be used to reduce or eliminate 
biofilms because it penetrates the cell wall of naturally occurring, colony-building microorganisms 
and disrupts the proteins necessary for reproduction. Moreover, chlorine dioxide does not produce 
chlorinated by-products, e.g., trihalomethanes. Moreover, it has been found to be active against 
pathogens that are resistant to chlorine. It can be used as a slimicide in paper or pulp machines, for 
Wastewater treatment, and for industrial water treatment, e.g., cooling or recycle streams. It can be 
used for odor control or as an aerial biocide and virucide. It can be used for the treatment of sulfides 
in the oil industry, for industrial cleaning, e.g., circuit board cleansing, and for paper or tallow 
bleaching. Sulfur dioxide also has a variety of uses, such as a mold and fungus inhibitor for use in 
shipping and storing fruits and vegetables. Based on the teachings disclosed herein the practitioner 
of ordinary skill will appreciate the numerous other applications for which the present invention can 
be used and provides a heretofore unmet need. 


[0082] The present invention relates to apparatus and methods for delivering biocidal-effective 
amounts of a gas such as chlorine dioxide. The apparatus and methods of the present invention 
achieve delivery of a desired amount of gas, at a desired rate, over a desired time period. This is 
accomplished by disposing suitable reactants in a defined and confined volume such that upon 
initiation, the reactants, initiating agent, products, and by-products are held within a desired 
concentration range. The amount, rate and duration of delivery can be manipulated by, e.g., choice 
of sachet layers, sachet volume, reactant amount, reactant ratio, envelope layers, and envelope 
volume. Such manipulations can be exercised by the artisan using only routine experimentation in 
view of the teachings disclosed herein together with knowledge in the art. 


[0083] Generally, the present invention also relates to an apparatus for delivery of a gas that 
includes reactant disposed in a volume defined by at least one permeable layer and at least one 
impermeable layer. The one or more permeable layers can include a sachet layer and/or an envelope 
layer, and allows release of the gas from the envelope. The one or more impermeable layers can 
include one or more barrier layer. 


[0084] FIGS. 1A and 1B are a perspective view and a cross-sectional side view, respectively, of an 
embodiment of an apparatus 10 constructed in accordance with the present invention. In general 
overview, apparatus 10 includes an envelope 20, a sachet 30 disposed within the envelope 10, and 
reactant 40 disposed within sachet 30 that generates a gas in the presence of an initiating agent, e.g., 
water. Envelope 20 allows contact of the initiating agent with sachet 30 and release of the gas from 
envelope 20. 


[0085] Apparatus 10 is particularly useful for the rapid release of a gas for wet applications e.g., 
delivery of 5 to 50 mg chlorine dioxide gas per liter of water in 5 to 15 minutes. The function of the 
envelope is to control the influx of the initiating agent, while limiting the diffusion of the reactants 
from the sachet to the surrounding fluid, be it gaseous or liquid. The envelope also allows the gas to 
diffuse to the surrounding fluid, be it gaseous or liquid. By limiting transmission of the initiating 
agent into the apparatus, and limiting and/or preventing diffusion of the reactants out of the 
apparatus, the reactant remains concentrated and the pH of the reactive system is localized within 
the apparatus to optimize the conversion of reactant to gas. Additionally, intermediates and/or by- 
products of the reaction, e.g., water, also can contribute to the efficiency and/or duration of the 
reaction by its affect on the equilibrium of the reactions. 


[0086] The envelope preferably is constructed of a material that is durable and stable. Preferably, it 
also is capable of fusing to a like material upon the application of heat for construction purposes, 
e.g., so that two pieces of such material can be fused about its perimeter to form the envelope. The 
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envelope can be constructed of various materials, including polymeric material, such as perforated 
films, membranes and selective transmission films. 


10087] Preferably, an envelope constructed of perforated film is constructed of envelope layers 
having a water vapor transmission rate (WVTR) between about 50 g/m<2>/24 hrs and about 1,000 
g/m<2>/24 hrs, more preferably, between about 200 g/m<2>/24 hrs and about 800 g/m<2>/24 hrs, 
and most preferably between about 400 g/m<2>/24 hrs and about 700 g/m<2>/24 hrs. The 
measurement of water vapor transmission rate is routine and well known in the art. Also, the 
envelope preferably is hydrophobic. 


[0088] Perforated films suitable for the construction of the envelope in accordance with the present 
invention include, but are not limited to, polymeric material, e.g., Cryovac(R) perforated films 
available from Sealed Air Corporation (Duncan, S C.) One such film is a hydrophobic. 
polypropylene copolymer film sold under the designation SM700 by Sealed Air Corporation and 
has 330 holes per square inch having a diameter of 0.4 mm, a 6.4% perforated area, a thickness of 
about 20 microns, and a water vapor transmission rate of 700 g/m<2>/24 hrs, Another suitable film 
is a hydrophobic polypropylene copolymer film sold under the designation SM60 by Sealed Air 
Corporation and has 8 holes per square inch having a diameter of 0.4 mm, a 0.2% perforated area 
and a water vapor transmission rate of 65 g/m<2>/24 hrs. The artisan can readily identify suitable 
equivalents of any of the foregoing by exercising routine experimentation. 


[0089] In another preferred embodiment, the envelope or envelopes can be constructed from 
hydrophobic, liquid water permeable material, such as polyethylene or polypropylene. These 
materials preferably are between about 1 mil and about 10 mils thick with a water intrusion pressure 
of about 30 millibars or 30 millibars or less. Hydrophobic materials suitable for use as envelope 
layers in accordance with the present invention include, but are not limited to, non-woven 
polyethylene such as the TYVEK(R) non-woven polyethylenes from DuPont Company 
(Wilmington, Del.), e.g., the TYVEK(R) 1025D non-woven polyethylene which has an intrusion 
pressure of less than 30 millibars. 


[0090] Envelopes can be constructed, at least in part, from a hydrophilic membrane having a pore 

ize between about 0.01 microns and about 50 microns, More preferably, the pore size is between 
about 0.05 microns and 40 microns, and most preferably, the pore size is between about 0.1 and 
about 30 microns. Preferred membranes also include, but are not limited to, the microporous ultra 
high density polyethylene membrane sold under the trade designation MPLC from Millipore 
(Bedford, Mass.), and the microporous Nylon 6,6 membrane sold under the designation 045ZY by 
Cuno Incorporated (Meriden, Conn.) 


[0091] Selective transmission films are films that are neither perforated nor porous, but instead 
transfer gases through the polymer structure of the film. Selective transmission films are 
multilayered or mixed polymer materials, where the layers and the polymers are chosen for 
controlled transmission of gases such as carbon dioxide and oxygen. Selective transmission films 
are preferred in dry applications because it allows the gas to diffuse out of the envelope, while 
retaining the initiating agent once released from a frangible pouch. Moreover, the selective 
transmission film increases the stability of the apparatus prior to its use because it does not easily 
allow ambient water to diffuse into the apparatus, which could prematurely initiate the reactants, 


10092] Generally, a film that has a high carbon dioxide transmission rate is preferred. While not 
wishing to be bound to any theory, it is thought that the carbon dioxide transmission rate 
approximates the chlorine dioxide transmission rate because chlorine dioxide and carbon dioxide 
are about the same size. Preferably, the selective transmissive film has a selective gas transmission 
rate of between about 500 ce/m<2>/24 hrs and about 30,000 ce/m<2>/24 hrs for CO2 and between 
about 1,000 ce/m<2>/24 hrs and about 10,000 ce/m<2>/24 hrs for O2. More preferably, the 
envelope is constructed of a material having a selective gas transmission rate of between about 
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1,000 ce/m<2>/24 hrs and about 25,000 ce/m<2>/24 hrs for CO2 and between about 2,000 
ce/m<2>/24 hrs and about 10,000 cc/m<2>/24 hrs for O2. Most preferably, the envelope is 
constructed of a material having a selective gas transmission rate of between about 5,000 
ce/m<2>/24 hrs and about 25,000 ce/m<2>/24 hrs for СО? and between about 3,000 ce/m<2>/24 
hrs and about 10,000 ce/m<2>/24 hrs for O2. Measurement of selective gas transmission rate is 
routine and well known in the art. One suitable selective transmission film is a multilayered 
polymer film having a carbon dioxide transmission rate of 21,000 ce/m<2>/24 hrs and an oxygen 
transmission rate of 7,000 ce/m<2>/24 hrs sold under the trade designation PD-961 Cryovac(R) 
selective transmission film from Sealed Air Corporation (Duncan, S.C.) 


[0093] FIG. 6 is a graph depicting gas concentration versus time comparing various apparatus 
fabricated with and without an envelope. The square-shaped data points correspond to ап apparatus. 
with an envelope constructed with perforated film sold under the trade designation SM60 by Sealed 
Air Corporation (Duncan, S.C.). As described above, this perforated film has 8 holes per square 
inch having a diameter of 0.4 mm, a 0.2% perforated area and a water vapor transmission rate of 65 
g/m<2>/24 hrs. The diamond-shaped data points correspond to an apparatus without an envelope. 
Both apparatus contain 50 mg sodium chlorite and 200 mg citric acid. Both include a sachet 
constructed from an extruded polypropylene hydrophilic membrane having a 0.65 micron pore size, 
sold under the trade designation JOTD obtained from Millipore (Bedford, Mass.). For both 
apparatus, the sachet volume was about 5.5 times the volume of the reactants. Both apparatus were 
each immersed in 1 liter of water and the chlorine dioxide concentration measured every 5 minutes 
for an hour., 


[0094] FIG. 6 demonstrates that the inclusion of an envelope increases the reaction efficiency, and 
consequently, the amount of gas delivered for the same amount and ratio of reactant is greatly 
increased. In FIG. 6, the apparatus delivers about 12.5 mg of chlorine dioxide gas compared to the 
approximately 4 mg delivered by the apparatus without an envelope. Thus, the apparatus with the 
envelope delivered more than 3 times the chlorine dioxide delivered by the apparatus without it, 
both apparatus having the same amount and ratio of reactant and the same sachet layer. Moreover, 
FIG. 6 demonstrates the envelope increased the length of time in which gas was generated by about 
25 minutes. Of course, there may be instances where having only a sachet, i.e., no envelope, may be 
advantageous. For example, where the performance of the apparatus without an envelope is 
sufficient, having only a sachet may be preferred because production is simplified, as the step of 
constructing the envelope is eliminated, and also because material costs may be decreased by 
eliminating the need to provide envelope layers to construct the envelope. 


[0095] FIG. 7 is a graph depicting gas concentration versus time comparing exemplary apparatus 
fabricated with envelope materials having different water vapor transmission rates. The triangular- 
shaped data points correspond to an apparatus without an envelope. The square-shaped data points 
correspond to an apparatus with an envelope constructed from perforated film sold under the trade 
designation SM700 by Sealed Air Corporation (Duncan, S.C.) having 330 holes per square inch 
having a diameter of 0.4 mm, a 6.4% perforated area and a water vapor transmission rate (WVTR) 
of 700 g/m<2>/24 hrs. The diamond-shaped data points correspond to an apparatus with an 
envelope constructed with perforated film sold under the designation SM60 by Sealed Air 
Corporation (Duncan, S.C.) having 8 holes per square inch having a diameter of 0.4 mm, a 0.2% 
perforated area and a water vapor transmission rate of 65 g/m<2>/24 hrs. All three apparatus 
contain the same reactant and amount and ratio of reactant as used for the apparatus in FIG. 6. For 
all three apparatus, the sachet volume was about 5.5 times the volume of the reactants. The reactants 
were enclosed sachets constructed from 0.65 micron pore size, hydrophobic, non-woven 
polypropylene material sold under the trade designation ANO6 by Millipore (Bedford, Mass.) 
These apparatus also were each immersed in 1 liter of water and the chlorine dioxide concentration. 
measured every 5 minutes for an hour. 


[0096] FIG. 7 demonstrates the effect of the water vapor transmi 


ion rate of the envelope on the 
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rate and efficiency of the reaction. In FIG. 7, the apparatus having no envelope has a greater rate of 
reaction for about the first 15 minutes, but is less efficient than the apparatus with envelopes, 
delivering only about 12 mg of chlorine dioxide. The apparatus having envelopes exhibit greater 
efficiency and a longer rate of gas generation, which is proportional to the water vapor transmi: 
rate (WVTR). The envelope with a water vapor transmission rate of 65 g/m<2>/24 hrs has the 
greatest efficiency at about 55 minutes, generating about 22 mg of chlorine dioxide at a rate of about 
5.5 mg of chlorine dioxide every 15 minutes. The envelope with a transmission rate of 700 
g/m<2>/24 hrs generates about 18 mg of chlorine dioxide in about 55 minutes at a rate of about 4.5 
mg of chlorine dioxide every 15 minutes. Thus, for applications where it is desired to increase 
efficiency and to generate gas over an increased period of time, an envelope with a low vapor 
transmission rate is preferred. As mentioned above, however, there may be may be applications 
where having a less efficient apparatus may be advantageous, e.g., decreased material and/or 
production costs. 


ion 


[0097] By increasing or decreasing the water vapor transmission rate, the practitioner can control 
the rate and efficiency of the reaction to suit the application. For example, it has been found that an 
apparatus having a hydrophobic polypropylene envelope with a pore size of 0.1 micron, a 0.65 
micron pore size hydrophilic polypropylene sachet, and reactants that include 500 mg sodium 
chlorite and 2000 mg citric acid, will generate 3.5 mg chlorine dioxide gas per hour for at least 30 
hours. 


10098] It has been discovered that the use of a sachet can be used to limit the diffusion of the 
initiating agent into the sachet, and limit the diffusion of reactant and reactant by-products out of the 
sachet. As a consequence, the reactants are and remain concentrated within the sachet and the pH 
remains localized increasing the efficiency of the reaction. Various attributes of the sachet, such as 
pore size, bubble point, and hydrophobic and/or hydrophilic nature of the sachet membrane, can be 
manipulated to control the affect of the sachet on the reaction as is described below. 


[0099] The sachet preferably is constructed of a material that is durable and stable. Preferably, it 
also is capable of fusing to a like material upon the application of heat or ultrasonics for 
construction purposes, e.g., so that two pieces of such material can be fused about its perimeter to 
form the sachet. 


[0100] Envelopes and sachets of the present invention can be sealed about their perimeter by any 
known method, such as heat sealing, ultrasonic sealing, radio frequency sealing, and sealing with 
adhesives. A preferred method of forming envelopes and sachets is to use an impulse sealer, which 
delivers a rapid and discreet thermal pulse to the layers. One impulse sealer suitable for use їп 
accordance with the present invention is the 16" TISH400 Impulse Sealer available from TEW 
Electric Heating Equipment Corporation (Taiwan). 


[0101] The sachet layers used to construct the sachet can be chosen to control the diffusion of the 
reactants out of the sachet, control the rate of gas release from the sachet and control the initiation of 
the reactants. For example, a hydrophilic sachet will increase the rate at which water and/or water 
vapor diffuses into the sachet, and the pore size and thickness of the sachet layer also will effect the. 
passage of water, reactants and gas through the sachet layer. 


[0102] The sachet can be constructed of various materials, including polymeric material or coated 
papers. It can be constructed from woven material, non-woven membrane, extruded membrane, or 
any other material with a controlled pore distribution having a mean pore size between about 0.01 
[mu]m and about 50 [mu]m. 


[0103] A woven material is any material woven from cotton, metal, polymer threads, metal threads 
or the like into a cloth or mesh. Extruded membranes, which include cast membranes, are preferred, 
and include 0.65 micron pore size, 230 to 260 micron thick, hydrophilic polyethylene membrane 
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Sold under the trade designation MPLC from Millipore (Bedford, Mass.), 0.65 micron pore size, 
extruded hydrophobic polyethylene material sold under the trade designation DOHP by Millipore 
(Bedford, Mass.). Also preferred is the cast membrane 3 micron pore Nylon 6,6 material sold under 
the trade designation BIODYNE A by Pall (Port Washington, N.Y.). Non-woven membranes are 
membranes formed from materials such as cellulose or polymers. Other cast membranes include 
0.45 pore, hydrophilic Nylon 6,6 membranes with a polypropylene backbone sold under the 
designation BAOS by Cuno Incorporated (Meriden, Conn.); 0.45 pore, hydrophilic polypropylene 
membrane available from ЗМ (City, State); and 0.45 pore size, 180 to 240 micron thick, hydrophilic 
Nylon 6,6 membranes sold under the designations 045ZY and 045ZN by Cuno Incorporated 
(Meriden, Conn.). Also suitable are hydrophobic, liquid water permeable non-woven polyethylenes, 
such as the TYVEK(R) 1025D polyethylene material from DuPont Company (Wilmington, Del.) 


[0104] Also suitable for use in constructing the sachet are composite layers, including, but not 
limited to, starch/polymer composite layers. One currently preferred composite layer is a 
hydrophilic, 114 [mu]m thick, non-woven rice starch/polyethylene composite sold under the 
designation 60MDP-P by Mishima Paper Company, Limited (Japan). This layer is heat sealable and 
wets easily. Furthermore, this layer does not merely keep the reactants apart until initiation, but 
functions like other preferred sachet layers of the present invention in that it controls the rate 
diffusion of reactants out of the sachet, controls the rate of gas release from the sachet, and controls 
the initiation of the reactant so that the reactant remains concentrated within the sachet and the 
reaction is driven to completion. 


[0105] Non-woven membranes can be formed, e.g., by suspending the membrane material, e.g., 
cellulose fibers, in a liquid over a porous web and then draining the liquid to form a membrane. 
Non-woven membranes typically have a relatively narrow and consistent pore size distribution as 
compared to woven materials. Consequently, the non-woven sachet generally allows less initiating 
agent into the sachet than the woven sachet having the same pore size because, generally the pore 
size distribution is narrower. A non-woven membrane suitable for use in accordance with the 
present invention is the 0.65 micron pore size, hydrophobic, non-woven polypropylene material sold 
under the trade designation ANO6 by Millipore (Bedford, Mass.) 


[0106] In a preferred embodiment the sachet is constructed from a membrane having a pore size 
between about 0.01 [mu]m and about 50 [mu]m. More preferably, the pore size is between about 
0.05 [mu]m and about 40 [mu]m, and most preferably, the pore size is between about 0.10 [mu]m 
and 30 (mu]m. The pore size of the sachet is measured by bubble point. Bubble point is a 
‘measurement well known in the art which approximates pore size from a measurement of the 
pressure necessary to drive a bubble of gas through the membrane. Pore size affects the rate at 
which water and ions can diffuse through the sachet in both directions. A pore size preferably is 
chosen that allows entry of initiating agent into the sachet and, at the same time, retains the reactants 
within the sachet at a high concentration so that the reaction rate is increased and a high efficiency 
maintained. The artisan can readily identify suitable equivalents of any of the foregoing by 
exercising routine experimentation. 


[0107] Preferably, the sachet is constructed from a membrane having a thickness between about 50 
microns and 500 microns, more preferably between about 100 microns and 400 microns, and most 
preferably between about 150 microns and 300 microns. 


[0108] In certain preferred embodiments, the material used to construct the sachet preferably has a 
bubble point between about 3 psi and about 100 psi, more preferably between about 5 psi and about 
80 psi, and most preferably between about 10 psi and about 70 psi. As mentioned previously, the 
‘measurement of bubble point is routine and well known in the art and typically is supplied by 
suppliers of membranes, films, etc., however, the practitioner can readily make measurement, 


[0109] Additionally, the sachet can be constructed from material that is hydrophobic and/or 
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only one interesting property of the standard folded monopole. 
Edgewise to the wires, we find a very tiny (and operationally 
insignificant) asymmetry to the antenna's gain. For ordinary wire 
spacing, the differential might be up to 0.04 dB in models, favoring 
the feedpoint side of the antenna. The broadside gain is the 
average of the edgewise gain values. Next to the 2-wire folded 
monopole is a 2-wire folded monopole with an extension on the 
return-wire side. (In practice, it makes no difference whether the 
extension connects to the fed wire or to the return wire if the 
connecting wire is short enough as a function of a wavelength.) | 
drew the antenna in the manner shown because it shows the 
relationship of a folded monopole with an extension to a gamma or 
omega matched tower used by some amateurs on 40 meters. If we 
assume that the antenna would be self-resonant without the 
extension, then with the extension, we find an increase of both the 
resistive and the inductive components of the feedpoint impedance. 
If the fed wire length does not result in a self-resonant antenna 
without the extension, then we usually call the added fed wire a 
matching line. The preferred term here is a function of what we are 
trying to achieve more than it is a difference in the electrical 
performance of the antenna. Like all folded elements, we shall find 
both a transmission line function and a radiating function within the 
folded section. 


Chapter 31 
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hydrophilic. It can also comprise a material having one or more hydrophilic zones and one or more 
hydrophobic zones. These zones can be created, e.g., by printing a functional chemical group or 
polymer onto a surface of the sachet that is hydrophilic or hydrophobic or charged to create one ог 
more hydrophilic or hydrophobic or charged zones. For example, a sulfonic acid group can be 
disposed on the surface of the polypropylene membrane, creating zones that are both hydrophilic 
and negatively charged (R-SO2<->). The membrane can then washed with a dilute acid such that 
the ion exchange groups (R-SO2<->) bind the H<+> ions. These H<+> ions can later be released to 
supply H<+> ions to acid activate reactant, e.g., chlorite, as a replacement or supplement to acid 
reactant. 


[0110] When the sachet is constructed of hydrophobic material, the hydrophobic material preferably 
has a flow time between about 10 sec/500 ml and about 3,500 sec/500 ml for 100% IPA at 14.2 psi. 
More preferably, the material has a flow time between about 60 sec/500 ml and about 2,500 sec/500 
ml for 100% IPA at 14.2 psi, and most preferably, the material has a flow time between about 120 
зес/500 ml and about 1,500 sec/500 ml for 100% IPA at 14.2 psi 


[0111] When the sachet is constructed of hydrophilic material as described above the hydrophilic 
material preferably has a flow time between about 5 sec/500 ml and about 800 sec/500 ml for 100% 
IPA at 14.2 psi. More preferably, the material has a flow time between about 20 sec/500 ml and 
about 400 sec/S00 ml for 100% IPA at 14.2 psi, and most preferably, the material has a flow time 
between about 50 sec/500 ml and about 300 зес/500 ml for 100% IPA at 14.2 psi. Measurement of 
flow time is routine and well known in the art 


[0112] Yet another alternative embodiment uses a material to construct the sachet that has a first 
surface that is hydrophilic and a second surface that is hydrophobic. For example, a sachet can be 
constructed from such a material such that the hydrophilic surface is on the outside of the sachet and 
the hydrophobic surface is on the inside of the sachet. The exterior, hydrophilic surface aids the 
initiation of the reaction since water will readily wet a hydrophilic surface and enter the sachet. 
However, once inside the sachet, the hydrophobic, interior surface limits water passage out of the 
sachet. This keeps the reactants concentrated within the sachet while allowing the gas to escape thus 
exploiting the advantages of the discoveries disclosed herein. One such material suitable for use in 
the present invention is a non-woven membrane 0.65 micron pore size diameter formed from a 
hydrophobic material, such as polypropylene, that has been chemically functionalized with amines 
and carboxyl groups to produce a charge, hydrophilic surface. 


[0113] The ratio of sachet volume to reactant volume also can be manipulated to control the 
concentration of the reactants, intermediates, by-products, etc. within the sachet. As discussed 
previously, increasing the concentration of reactants generally increases reaction efficiency. 
Preferably the sachet volume is less than about 20 times the volume of reactant, more preferably 
less than about 10 times the volume of the reactant. Most preferably, itis less than 6 times the 
volume of the reactants. Smaller volumes are preferred in certain applications because when the 
ratio of sachet volume to reactant volume is small, water produced in the reaction increases the 
pressure inside the sachet reducing the rate at which water can diffuse into the sachet, the water to 
reactant ratio remains constant and thus the rate of reaction remains constant. Preferably the volume 
of the envelope is from about 2 to about 6 times the volume of the sachet. 


[0114] FIG. 8 is a graph depicting gas concentration versus time comparing exemplary apparatus 
fabricated with and without a sachet. Specifically, FIG. 8 depicts gas concentration versus time 
comparing delivery of chlorine dioxide gas from reactant within a sachet versus reactant added 
directly to water, ic., with neither sachet nor envelope. The triangular-shaped data points indicate 
the rate of delivery of chlorine dioxide over time in 1 liter of water from a sachet material 
constructed from a 0.65 micron pore size, hydrophilic polypropylene membrane sold under the trade 
designation MPLC by Millipore (Bedford, Conn.). The sachet contained 200 mg citric acid and 50 
mg of sodium chlorite. The sachet volume was about 5.5 times the volume of the reactants. The 
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sachet was enclosed in an envelope constructed from perforated film sold under the trade 
designation SM700 by Sealed Air Corporation having 330 holes per square inch having a diameter 
of 0.4 mm, a 6.4% perforated area and a water vapor transmission rate of 700 g/m<2>/24 hrs. The 
diamond-shaped data points indicate the rate of delivery of chlorine dioxide over time when the 
same reactants in the same amounts were added to 1 liter of water directly, i.e., with neither sachet 
nor envelope. The apparatus with the sachet delivered more than 10 times the chlorine dioxide than 
when the reactants were added directly to the water. As can be seen from FIG. 8, the sachet 
increases the efficiency of the reaction, 


[0115] FIG. 9 is a graph depicting gas concentration versus time comparing an exemplary apparatus 
fabricated with extruded and non-woven sachets. The diamond-shaped data points indicate delivery 
of chorine dioxide over time for the apparatus with a sachet constructed from 0.65 micron pore size, 
hydrophobic, non-woven polypropylene material sold under the trade designation ANO6 by 
Millipore (Bedford, Mass.). The square-shaped data points indicate delivery of chorine dioxide over 
time for the apparatus with a sachet constructed from 0.65 micron pore size, extruded hydrophobic 
polypropylene material sold under the trade designation DOHP by Millipore (Bedford, Mass.). Both 
sachets contained 200 mg citric acid and 50 mg of sodium chlorite and the sachet volume was about 
5.5 times the volume of the reactants. Neither apparatus included an envelope. The apparatus were 
each immersed in 1 liter of water and the chlorine dioxide gas concentration measured every five 
minutes for an hour. 


[0116] As shown in FIG. 9, both apparatus deliver chlorine dioxide at approximately the same rate 
for about the first 20 minutes. However, as the reactants become increasingly dilute in the extruded 
sachet relative to the non-woven sachet, the rate of the chlorine dioxide release diminishes. The 
efficiency of the reaction in the apparatus with the non-woven sachet is greater than that with the 
extruded sachet. The apparatus with the non-woven sachet also continue to generate chlorine 
dioxide gas at a rate of about 2 mg every 5 minutes for about 15 minutes longer than the apparatus 
with the extruded sachet. As mentioned above, non-woven sachets generally have a relatively 
narrow pore size distribution, and without wishing to be bound to any theory, it is thought that this 
accounts for the greater efficiency and longer period of gas generation. Thus, FIG. 9 provides a non- 
limiting illustration of how sachet material choice, and thus reactant concentration, can be exploited 
to sustain the rate of gas release and increase the efficiency. 


[0117] FIG. 10 is a graph depicting gas generation versus time comparing exemplary apparatus 
fabricated with sachets made of materials having hydrophobic and hydrophilic surfaces. The 
triangular-shaped data points correspond to an apparatus with a sachet constructed from 0.65 micron 
pore size, hydrophilic polypropylene sachet sold under the trade designation MPLC from Millipore 
(Bedford, Mass). The diamond-shaped data points correspond to an apparatus with a sachet 
constructed from 0.65 micron pore size, extruded hydrophobic polypropylene material sold under 
the trade designation DOHP by Millipore (Bedford, Mass.). The square-shaped data points 
correspond to adding the reactant directly to the water. The reactant was 200 mg citric acid and 50 
mg of sodium chlorite and the sachet volume was about 5.5 times the volume of the reactants. 
Neither sachet was enclosed in an envelope. The apparatus and the reactant were each immersed in 
1 liter of water and the chlorine dioxide gas concentration was measured every 5 minutes for an 
hour. 


[0118] FIG. 10 demonstrates that apparatus having a hydrophobic sachet results in a more efficient 
reaction that generates gas over a longer period of time than a hydrophilic sachet. In FIG. 10, the 
apparatus with the hydrophobic sachet generated chlorine dioxide for about 30 minutes at about 2 
mg every 5 minutes. In contrast, the apparatus with the hydrophilic sachet generated chlorine 
dioxide only for about 10 minutes at about 2 mg every 5 minutes. As disclosed above in connection 
with FIG. 6, adding an envelope to either sachet will have the effect of increasing the efficiency of 
the reaction as well as increasing the length of time in which gas is generated, 
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[0119] The reactant preferably comprises an aqueous soluble acid and a reactant that upon acid 
activation generates a gas. For example, for the generation of chlorine dioxide, preferably the 
reactant comprises an aqueous soluble acid and an aqueous soluble chlorite. For the generation of 
sulfur dioxide, preferably the reactant comprises an aqueous soluble acid and an aqueous soluble 
sulfite. Other examples of gas generating reactions are disclosed above. 


[0120] Any acid can be used as a reactant. However, weak acids are preferred, as they typically are 
safer to handle, produce less undesirable by-products, and are less reactive. Also, multifunctional 
acids are preferred. Multifunctional acids are acids that have more than one reactive site. For 
example, the trifunctional acid, citric acid, is preferred. Preferably, the aqueous soluble acid is 
selected from the group consisting of phosphoric acid, fumaric acid, glycolic acid, acetic acid, 
ascorbic acid, oxalic acid, maleic acid, lactic acid, tartaric acid, citric acid and mixtures thereof. 
More preferably, the aqueous soluble acid is selected from the group consisting of ascorbic acid, 
phosphoric acid, oxalic acid, maleic acid, lactic acid, tartaric acid, citric acid and mixtures thereof, 
Most preferably, the aqueous soluble acid is ascorbic acid, oxalic acid, citric acid and mixtures 
thereof. 


[0121] For applications involving the generation of chlorine dioxide, preferably the aqueous soluble 
chlorite is selected from a group consisting of sodium chlorite and potassium chlorite and mixtures 
thereof. Preferably sodium chlorite is used. 


[0122] Preferably, the weight ratio of the aqueous soluble chlorite to the aqueous soluble acid is 
between about 1:2 to about 1:6, preferably from about 1:2.5 to about 1:5, most preferably from 
about 1:3 to about 1:4.5. Preferably, a pH between about 1.5 to 5.5, more preferably a pH of about 
2, is maintained by using an excess of acid. Because the reactants are concentrated within the 
sachet, less acid is needed to drive the reaction to completion and the pH remains low because the 
acid is concentrated. Furthermore, chlorite is consumed by acid and therefore the presence of 
chlorite is minimized, 


[0123] FIG. 11 is a graph depicting gas concentration versus time comparing apparatus fabricated 
with two different reactant ratios. The square-shaped data points correspond to an apparatus with a 
1:4 ratio of citric acid to sodium chlorite (50 mg sodium chlorite and 200 mg of citric acid). The 
diamond-shaped data points correspond to an apparatus with a 1:1 ratio of citric acid to sodium 
chlorite (50 mg sodium chlorite and 50 mg citric acid). Both apparatus included a sachet constructed 
from 0.65 micron pore size, hydrophilic, polypropylene sachet sold under the trade designation 
MPLC from Millipore (Bedford, Mass.). The sachet volume was about 5.5 times the volume of the 
reactants. Both sachets were enclosed in an envelope constructed from perforated film sold under 
the trade designation SM700 by Sealed Air Corporation having 330 holes per square inch having a 
diameter of 0.4 mm, a 6.4% perforated area and a water vapor transmission rate of 700 g/m=<2>/24 
hrs. These apparatus were immersed in 1 liter of water and the chlorine dioxide gas concentration 
measured every 5 minutes for an hour. 


[0124] FIG. 11 demonstrates that increasing the amount of citric acid relative to the amount of 
sodium chlorite increases the efficiency of the reaction, in part because the excess of acid drives the 
reaction to completion. The relationship of efficiency to reactant ratio is fairly predictable when the 
ratio of sodium chlorite to citric acid is between about 1:1 and about 1:6. Above about 1:6, there is 
little change in the efficiency of the reaction. 


[0125] Ambient temperature also can affect the efficiency of the reaction, Generally, the hotter the 
temperature of the ambient fluid, e.g., water or air, the more efficient the generation of gas. 
Generally, however between the ranges of 10[deg.] C. and 40[deg.] C., the efficiency improves as 
the temperature increases. The data used to generate FIGS. 6 through 11 and the Examples are from 
apparatus tested at from about 23[deg.] C. to about 25[deg.] C. The sachet also can include various 
other ingredients that will be obvious to one skilled in the art, such as drying agents, stabilizers, and 
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buffers to control the pH. 


[0126] It also should be understood that the apparatus and methods of the present invention also are 
readily applicable to the delivery of more than one gas at one time. For example, the reactant can 
include both a chlorite and at sulfite for the delivery of both chlorine dioxide and sulfur dioxide. 


[0127] FIGS. 2A and 2B are a perspective view and a cross-sectional side view, respectively, of 
another embodiment of an apparatus 110 constructed in accordance with the present invention. In. 
general overview, apparatus 110 includes envelope 120 and two sachets 132, 134 disposed within 
the envelope 120. Sachets 132, 134 contain reactant 142, 144, respectively. 


[0128] Apparatus 110 is particularly useful for the delivery of gas in wet applications. In such 
applications, reactant 142, 144 сап be, e.g., sodium chlorite and acid respectively, the sachet can be 
constructed from a material with a pore size large enough to allow diffusion of sodium chlorite and. 
acid reactant out of the sachets, and the envelope can be chosen that does not allow the reactants to 
diffuse from the apparatus and regulates the release of gas from the apparatus so that the reaction. 
remains efficient. 


[0129] The envelope and sachet can be constructed from any of the material discussed in references 
to FIGS. 1A and 1B. Preferably, the envelope is a hydrophobic perforated film, such as the 
polypropylene copolymer film sold under the designation SM700 by Sealed Air Corporation 
(Duncan, S.C.) having 330 holes per square inch having a diameter of 0.4 mm, a 6.4% perforated. 
area and a water vapor transmission rate of 700 g/m<2>/24 hr. The envelope can also be constructed 
from 0.65 micron pore hydrophobic polypropylene membrane, such as that sold under the trade. 
designation DOHP by Millipore (Bedford, Mass.) 


[0130] For wet applications, most preferably the envelope is constructed from a cast membrane. 
Suitable cast membranes can be chosen to regulate the entry of initiating agent into the apparatus 
based on the thickness of the layer, the pore size and the hydrophobic and/or hydrophilic nature of 
the membrane. The thickness of the membrane is preferably between about 50 microns and about 
500 microns, more preferably between about 100 microns and about 400 microns, and most 
preferably between about 150 microns to about 350 microns. The pore size preferably is between 
about 0.05 microns to about 5 microns, more preferably between about 0.2 microns and about 1.2 
microns, most preferably between about 0.48 microns and 0.85 microns. A non-woven membrane 
suitable for use in accordance with the present invention is the 0.60 pore size, hydrophobic, 
polypropylene membrane having a thickness between about 250 microns and about 300 microns 
sold under the designation 060P1 by Cuno Incorporated (Meriden, Conn.) 


[0131] Sachets 132, 134 can be constructed from hydrophobic membrane and/or hydrophilic 
membrane. Preferred materials for sachets 132, 134 are described in connection with the 
embodiment of FIGS. 1A and 1B. Preferably, the sachets 132, 134 are constructed from a 
hydrophilic material, e.g., 0.65 micron pore size hydrophilic polypropylene membrane, such as that 
sold under the designation MPLC by Millipore (Bedford, Mass.), or extruded polypropylene 
hydrophilic membrane having a 0.65 micron pore size, sold under the trade designation JOTD 
obtained from Millipore (Bedford, Mass.), or a 114 [mu]m thick, non-woven rice starch 
polyethylene composite sold under the designation 60MDP-P by Mishima Paper Company, Limited 
(Japan). Also preferred are the 1.2 micron and 2 micron pore, hydrophilic Nylon 6,6 membranes 
sold under the designations 120ZY and 200ZY, respectively, by Cuno Incorporated (Meriden, 
Conn.), and the 1.2 and 2.0 micron pore size, hydrophilic polypropylene membranes sold under the 
designation MPLC by Millipore (Bedford, Mass.). 


[0132] For wet applications, the pore size of the sachet membrane preferably is between about 0.01 
microns to about 30 microns, more preferably between about 0.05 microns and about 20 microns, 
even more preferably between about 0.1 microns and about 10 microns, most preferably between 
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about 1.2 microns and 5 microns. A pore size of between about 1.2 microns and 5 microns is 
preferred in certain embodiments. Without wishing to be confined to any particular theory, it is 
believed that sachet layers with pore sized in the most preferred range allow rapid passage of the 
initiating agent into the reactant and diffusion of the reactant into the envelope. The envelope would 
then be chosen with a pore size that does not allow significant diffusion of the reactant out of the 
apparatus. The thickness of the sachet membrane preferably is between about 50 microns and about 
3500 microns, more preferably between about 100 microns and about 400 microns, and most 
preferably between about 150 microns to about 350 microns. 


[0133] Reactant 142, 144 preferably includes an aqueous soluble acid and an aqueous chlorite that 
upon acid activation generates a gas. Preferably, these components are not mixed, but instead are 
separately contained in sachets 132, 134. It is preferred to separately contain the chlorite and the 
acid because this minimizes the likelihood of premature initiation, e.g., during storage and 
shipment. Reactant 142, 144 can be liquid or solid, but is preferably solid. 


[0134] Preferably the citric acid has a particle size of between about 15 microns and about 55 
microns and is desiccated until about 6-8% of the initial weight is removed as excess moisture prior 
to incorporation into the apparatus of the present invention. Preferably the sodium chlorite has a 
particle size of between about 15 microns and about 55 microns and is desiccated to remove excess 
moisture prior to incorporation into the apparatus of the present invention. 


[0135] In a preferred embodiment, the envelope 120 is hydrophobic and the sachets 132, 134 are 
hydrophilic. This preferred embodiment is particularly suitable for the delivery of gas in wet 
applications and has a slower rate of gas delivery than apparatus 10 of FIGS. 1A and 1B. For 
example, this embodiment can be used to deliver gas at low rates over long periods of time, e.g., 20 
mg of gas per hour over a 24 hour period. This embodiment also is preferred for applications where 
a high efficiency and concentration of gas is desired and it is possible to allow the apparatus а 
period of time to complete delivery, e.g., 4 to 8 hours. This application also is preferred when 
working with relatively large amount of reactants that otherwise might begin reacting during 
construction and storage of the apparatus, e.g., when constructing an apparatus having more than 
about 1 gram of sodium chlorite and 4 grams of citric acid. This embodiment is particularly useful 
for controlling and preventing biofilm contamination and as a disinfectant, antiseptic and sanitizer 
in applications where water is stored or conducted through conduits, e.g., in swimming pools, water 
tanks, humidifiers, boat lines, beverage lines and the like 


[0136] Optionally, this embodiment could contain a second envelope (not shown) enclosing the first 
envelope 120. This second envelope might be useful, for example, in further regulating the 
introduction of the initiating agent through the envelope walls 


[0137] Optionally, this embodiment could contain a third sachet as depicted in FIG. 19, which is a 
cross sectional side view of apparatus 1210 constructed in accordance with the present invention. 
Apparatus 1210 generally includes envelope 1220, and sachets 1232, 1234 and 1236, disposed 
within envelope 1220. Sachets 1232, 1234 and 1236 contain reactant 1242, 1244, and 1246, 
respectively. This embodiment is particularly useful, for example, when it is desired to separate acid 
and chlorite into separate sachets and the volume of one is significantly greater than the other, e.g. 
the volume of acid is greater than the volume of chlorite. In this instance, one can separate the acid 
1242 and 1246, into two sachets 1232, 1236 that are disposed on each side of the chlorite 1244 
disposed within sachet 1234, This embodiment is preferred when using larger amounts of reactant, 
e.g., one could construct an apparatus similar to that depicted in FIG. 19, with 2 grams of sodium. 
chlorite in one sachet, disposed between two sachets with 4- grams of citric acid in each. All other 
variables being equal, this embodiment is more efficient than embodiments having only two sachets. 
when working with larger amounts of reactant. This embodiment also is easier to manufacture. 


[0138] In a currently preferred embodiment, the reactant includes citric acid disposed in sachets 
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1232, 1236 and sodium chlorite is disposed in sachet 1234. The sachets 1232, 1234, 1236 are. 
constructed from 114 [mu]m thick, non-woven rice starch polyethylene composite sold under the. 
designation 60MDP-P by Mishima Paper Company, Limited (Japan), and the envelopes аге 
constructed from 0.60 pore size, hydrophobic polypropylene membrane having a thickness between 
about 250 microns and about 300 microns sold under the designation 060P1 by Cuno Incorporated 
(Meriden, Conn.) 


[0139] This embodiment is particularly useful for controlling and preventing contamination and as a 
disinfectant, antiseptic and sanitizer in applications where water is stored or conducted through 
conduits, e.g., in swimming pools, water tanks, humidifiers, boat lines, beverage lines and the like. 


[0140] FIGS. ЗА and 3B are a perspective view and a cross-sectional side view, respectively, of an 
apparatus 210 constructed in accordance with the present invention. Apparatus 210 includes first 
sachet 232, first reactant 242 disposed within first sachet 232, second sachet 234, second reactant 
244 disposed within second sachet 234, third sachet 250 disposed about first sachet 232 and second 
sachet 234, and envelope 220 disposed about third sachet 250. Disposed within the envelope 220 
adjacent to the third sachet 250 is frangible pouch 260, and initiating agent 264 disposed within 
frangible pouch 260. 


[0141] Apparatus 210 is particularly useful for the delivery of gas in a dry application because 
initiating agent 264 is contained within the apparatus 210. In this embodiment, first reactant 242 and 
second reactant 244 generate a gas in the presence of initiating agent 264. For this to occur, 
frangible pouch 260 is ruptured, e.g., by exerting pressure on frangible pouch 260 so that initiating 
agent 264 is delivered into first envelope 220. Third sachet 250 allows contact of initiating agent 
264 with first sachet 232 and second sachet 242, 


[0142] First sachet 232, second sachet 234, first reactant 242 and second reactant 244 are described 
above in reference to the embodiments shown in FIGS. 1A, 1B, 2A and 2B. In a currently preferred 
embodiment, first sachet 232 and second sachet 234 are constructed from a hydrophilic material 
having a pore size between about 3 microns and 5 microns. A suitable material is a 3 micron pore 
Nylon 6,6 material sold under the trade designation BIODYNE A by Pall (Port Washington, N.Y.) 


[0143] Third sachet 250 preferably is constructed using the materials described above in reference 
to the sachet material for the embodiments described for FIGS. 2A and 2B. The materials described 
above in reference to the embodiment described for FIGS. ТА and 1B can also be used. A suitable 
sachet layers is 0.65 micron pore hydrophobic polypropylene membrane, such as that sold under the 
trade designation DOHP by Millipore (Bedford, Mass.). The third sachet limits the diffusion of 
reactant out of the third sachet and thus, it keeps the reactant concentrated within the third sachet 
and the pH localized. Preferably, the third sachet volume is less than 4 times that of the first reactant 
and the second reactant combined, and most preferably less than 2 times that of the first reactant and 
the second reactant combined. 


[0144] Preferably, envelope 220 is constructed from a selective transmission film. Selective 
transmission films are described above in connection with FIGS. 1A and 1B. As discussed above, 
selective transmission films are preferred in dry applications because it allows the gas to diffuse out 
of the envelope, while retaining the initiating agent once released from the frangible pouch. 
Moreover, the selective transmission film increases the stability of the apparatus prior to its use 
because it does not easily allow ambient water to diffuse into the apparatus, which could 
prematurely initiate the reactants. Furthermore, keeping the reactant, e.g., sodium chlorite and acid, 
Separated into two sachets also can increase the stability of the apparatus because it retards initiation 
should initiating agent diffuse into the apparatus prior to rupturing the frangible pouch. 


[0145] One suitable selective transmission film is a multilayered polymer film having a carbon 
dioxide transmission rate of 21,000 ce/m<2>/24 hrs and an oxygen transmission rate of 7,000 
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ce/m<2>/24 hrs sold under the trade designation PD-961 Cryovac(R) selective transmi 
from Sealed Air Corporation (Duncan, S.C.) 


n film 


[0146] Frangible pouch 260 can be constructed of any material that ruptures when pressure is 
applied to the envelope thus releasing the initiating agent inside it. Preferably, the frangible pouch is 
constructed from a multi-layer plastic, e.g., polyolefin, envelope having a weak layer positioned 
near the sealing surface that will fail under pressure. Initiating agent 264 can be any agent that 
initiates a gas-generating reaction, e.g., water. Preferably the initiating agent is water or an aqueous 
solution, but is not limited thereto. 


[0147] The skilled practitioner will appreciate that the first reactant 242 and the second reactant 244 
can be combined and disposed in a single sachet, i.e., first sachet 232 and second sachet 234 can be 

combined into a single sachet (not shown). Moreover, the initiating agent 264 disposed in frangible 

pouch 260 can be disposed within the volume defined by the third sachet 250 (also not shown). 


[0148] FIGS. 4A and 4B are a perspective view and a cross-sectional side view, respectively, of still 
yet another embodiment of an apparatus 310 constructed in accordance with the present invention. 

In general overview, apparatus 310 includes sachet 370 and partition 380 disposed within sachet 370 
defining first volume 382 and second volume 384 within sachet 370. Also shown is first reactant 
342 disposed within first volume 382 and second reactant 344 disposed within second volume 384. 
In this embodiment, first reactant 342 and second reactant 344 generate a gas in the presence of an 
initiating agent, and sachet 370 allows entry of an initiating agent into apparatus 310. 


[0149] Preferably, sachet 370 is constructed using a hydrophobic membrane to retard entry of the 
initiating agent into the apparatus. Preferably, partition 380 is constructed using hydrophilic 
‘membrane so that the initiating agent, once within the apparatus, will migrate to partition 380. 

‘These hydrophobic and hydrophilic membranes are described above for the embodiments depicted 
in FIGS. 1A, 1B, 2A, and 2B. Similarly first reactant 342 and second reactant 344 are described 
above for the embodiments depicted in FIGS. 1A, 1B, 2A, and 2B. If, for example, first reactant 342 
consists of sodium chlorite and second reactant 344 consists of citric acid, reaction begins when an 
initiating agent reaches partition 380. In a preferred embodiment, sachet 370 is constructed from 
0.65 micron pore hydrophobic polypropylene membrane, such as that sold under the trade 
designation DOHP by Millipore (Bedford, Mass.), and partition 380 is constructed from 0.65 
micron pore hydrophilic polypropylene membrane, such as that sold under the designation MPLC 
by Millipore (Bedford, Mass.) 


[0150] Optionally, the apparatus depicted in FIGS. 4A and 4B may further comprise an envelope 
(not shown) enclosing the sachet. This envelope can be constructed from any of the envelope 
materials described above for the embodiments depicted in FIGS. 1A, 1B, 2A and 2B. Preferably, 
the envelope is a hydrophobie perforated film, such as the polypropylene copolymer film sold under 
the designation SM700 by Sealed Air Corporation (Duncan, S.C.) having 330 holes per square inch 
having a diameter of 0.4 mm, a 6.4% perforated area and a water vapor transmission rate of 700 
g/m<2>/24 hr. In a currently preferred embodiment, the envelope is constructed from a selective 
transmission film, such as the PD-961 Cryovac(R) selective transmission film from Sealed Air 
Corporation (Duncan, S.C.) disclosed above in connection with FIGS. ЗА and 3B. Additionally, the 
apparatus can further comprise a frangible pouch, and initiating agent disposed within frangible 
pouch, disposed within the envelope. 


[0151] FIGS. 5А and 5B are a perspective view and a cross-sectional side view, respectively, of still 
yet another embodiment of an apparatus 410 constructed in accordance with the present invention. 
In general overview, apparatus 410 includes sachet 430 and reactant 440 disposed within sachet 430 
that generates a gas in the presence of an initiating agent. Sachet 430 allows contact of the initiating 
agent with the reactant and release of the gas from the apparatus. 
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[0152] There may be instances where having only a sachet, i.e., no envelope, may be preferred over 
embodiments that further include envelopes. For example, where the performance of the apparatus 
without an envelope is sufficient, this embodiment is preferred, because production is simplified as 
the step of constructing the envelope is eliminated, and also because material costs may be 
decreased by eliminating the need to provide envelope layers to construct the envelope. 


[0153] Sachet materials can be constructed from the materials described above for the embodiments 
depicted in FIGS. 1A, 1B, 2A, and 2B. Preferably, the sachet is constructed using hydrophobic 
membrane so that the sachet limits the amount of water entering the sachet. Similarly, reactant 440 
is described above for the embodiments depicted in FIGS. 1A, 1B, 2A, and 2B. 


[0154] FIGS. 8, 9, and 10 depict concentration versus time for various apparatus that include a 
sachet but do not include envelopes. A currently preferred embodiment is an apparatus where the 
sachet is constructed from a 0.65 micron pore size, hydrophobic polypropylene membrane sold 
under the trade designation DOHP by Millipore (Bedford, Mass.). The diamond-shaped data points 
in FIGS. 9 and 10 depict the performance of an apparatus with a sachet and without an envelope 
constructed from this material 


[0155] In view of the collective teachings and guidance set forth herein, the practitioner can design, 
fabricate, test and use any number of embodiments of the present invention. All that is required is an 
ordinary level of skill in the art and some routine experimentation. For example, for a disinfection 
application, a practitioner initially should determine the volume to be disinfected using a gas- 
generating apparatus of the instant invention, Next, appreciating that the current standard for cold 
sterilization/disinfection is 5 mg/L chlorine dioxide, the practitioner should determine the quantity 
of chlorine dioxide that will be required to disinfect the desired volume. 


[0156] From the volume of chlorine dioxide gas required, the amount and ratio of reactant necessary 
to generate this amount of chlorine dioxide can be calculated. Of course, ¡Fa practitioner wishes to 
increase or decrease the disinfecting concentration, then one can adjust the reactant quantities 
placed in a sachet. Representative data generated with varying ratios of reactants are depicted in 
FIG. 11, for example. Variations in amounts generally are proportional, e.g., doubling the amount of 
sodium chlorite will double the amount of chlorine dioxide gas generated, if all other elements of 
the apparatus remain the same. Of course, the amount of gas generated can also be increased by 
envelope choice as described in connection with FIGS. 6 and 7. 


[0157] Also, the practitioner should determine the time course of release of the disinfecting gas and 
choose sachet layers and envelope layers accordingly. For example, if rapid release is desired, then 
reactants can be contained within a sachet fabricated from hydrophilic material; if a less rapid 
release is desired, then reactants can be contained in a hydrophobic material. Representative data 
generated with hydrophobic and hydrophilic sachet material are depicted in FIG. 10. Representative 
data generated with reactants housed in various embodiments of sachets and envelopes as taught by 
the present invention are depicted in FIGS. 6 through 11. The skilled artisan will appreciate that 
intermediate rates of release can be accomplished by mixing and matching different sachet layers 
and different envelope layers. Only routine experimentation is required 


[0158] Another aspect of the present invention features a method of forming an apparatus for 
delivery of a gas. This method includes the steps of: (a) providing a multi-layer structure comprising 
a reactant layer centrally disposed between two sachet layers, and two envelope layers disposed 
adjacent to the two sachet layers such that the two sachet layers are centrally disposed between the 
two envelope layers; and (b) stamping the multi-layer structure such that the two envelope layers 
form an envelope defined about its perimeter by the stamp, and the two sachet layers form a sachet 
defined about its perimeter by the stamp. 


[0159] This method has many variations and embodiments. For example, а second reactant layer 
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disposed between an additional two sachet layers can be included between the two envelope layers 
prior to step (a), so that upon stamping, the apparatus includes two sachets, each with its own 
reactant layer inside. Another variant adds the following steps to the method described above: (c) 
providing an initiating agent in a frangible pouch and a second two envelope layers, (d) stamping 
the second two envelope layers to form a second envelope defined about its perimeter by the stamp, 
such that the frangible pouch and the envelope formed in step (b) are disposed within the second 
envelope. 


[0160] Stamping includes any method of forming an envelope from the envelope layers and a sachet 
from the sachet layers, e.g., sealing the perimeter with a glue or other sealant, impulse sealing and 
heat sealing. 


[0161] This method is advantageous because it allows the apparatus of the present invention to be 
‘manufactured quickly and inexpensively relative to assembling and forming each individual sachet. 
and envelope separately 


[0162] In another aspect, the above method can be modified to construct an apparatus without ап 
envelope. For example, the method can includes the steps of: (a) providing a multi-layer structure 
comprising a reactant layer centrally disposed between two sachet layers; and (b) stamping the 
‘multi-layer structure such that the two sachet layers form a sachet defined about its perimeter by the 
stamp. 


[0163] Yet another aspect of the present invention features a method of delivering gas. This method 
includes the steps of: (a) providing an apparatus for delivery of a gas comprising an envelope, a 
sachet disposed within the envelope, and a reactant disposed within the sachet that generates a gas 
in the presence of an initiating agent, wherein the envelope allows release of the gas from the 
envelope; and (b) disposing the apparatus in an environment that comprises an initiating agent. 


[0164] This method has many variations and embodiments. For example, the environment can be 
liquid and the initiating agent can be water or the environment can be gaseous and the initiating. 
agent can be water vapor. Preferably, the water vapor is that naturally diffused in the gaseous 
environment, e.g., atmospheric water diffused in air at ambient temperature. 


[0165] In another aspect, the above method can be modified to includes the steps of: (a) providing 
an apparatus for delivery of a gas comprising a sachet and a reactant disposed within the sachet that 
generates a gas in the presence of an initiating agent; and (b) disposing the apparatus in an 
environment that comprises an initiating agent. 


[0166] Optionally, to further increase stability of any of the apparatus of the present invention. 
during storage and shipment, any desiccant, such as silica gel or molecular sieves, can be used to 
scavenge initiating agent prior to use of the apparatus. 


10167] Layered Apparatus 


[0168] FIGS. 12A, 12B and 12С are an exploded view, a cross-sectional side view, and a 
perspective view, respectively, of an exemplary embodiment of an apparatus 510 constructed in 
accordance with the present invention. In general overview, apparatus 510 includes an envelope 
layer 520, a sachet layer 530 disposed adjacent to the envelope layer 520, a barrier layer 550 
disposed adjacent to the sachet layer 530, and reactant 540 disposed in the volume defined by the. 
sachet layer 530 and the barrier layer 550. The reactant 540 can generate a gas in the presence of an 
initiating agent, e.g., water. Sachet layer 530 and envelope layer 520, are permeable layers that. 
allow passage of the initiating agent to the reactant 540 and release of the gas from the apparatus 
510. Barrier layer 550 is formed to define a cavity 554 to receive reactant 540, and an edge 558 
about its perimeter. The envelope layer 520 and sachet layer 530 are fused about their perimeter 
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along the edge 558 of barrier layer 550. Apparatus 510 is particularly useful for the rapid release of 
a gas for wet applications. 


[0169] Envelope layers are chosen to control the influx of the initiating agent, while limiting the 
diffusion of the reactants to the surrounding fluid, be it gaseous or liquid. The envelope layer also 
allows the gas generated by reactant to diffuse to the surrounding fluid, be it gaseous or liquid. By 
limiting transmission of the initiating agent into the apparatus, and limiting and/or preventing 
diffusion of the reactants out of the apparatus, the reactant remains concentrated and the pH of the 
reactive system is localized within the apparatus to optimize the conversion of reactant to gas 
Additionally, intermediates and/or by-products of the reaction, e.g., water, also can contribute to the 
efficiency and/or duration of the reaction by its affect on the equilibrium of the reactions. 


[0170] Preferred envelope layers are deseribed above for the embodiments depicted in FIGS. 1A, 
1B, 2A, 2B, ЗА, 3B, 4A, 4B, 5А and SB. An envelope layer that is currently preferred for this 
embodiment is a hydrophobic polypropylene copolymer film sold under the designation SM700 by 
Sealed Air Corporation and has 330 holes per square inch having a diameter of 0.4 mm, a 6.4% 
perforated area and a water vapor transmission rate of 700 g/m<2>/24 hrs at 50% relative humidity. 
Also suitable is a hydrophobic polypropylene copolymer film sold under the trade designation 
SMS70 that has 162 holes per square inch having a diameter of 0.4 mm mm, a 32% perforated area 
and a water vapor transmission rate of 570 g/m<2>/24 hrs at 50% relative humidity and also is 
available from Sealed Air Corporation. Also suitable for use as an envelope layer is the 
polypropylene layer sold under the designation 060P by Cuno Incorporated (Meriden, Conn.). 


10171] The sachet layer can be used to limit the diffusion of the initiating agent into the volume 
defined by the sachet layer and the barrier layer, and limit the diffusion of reactant and any reaction 
by-products out of the volume defined by the sachet layer and the barrier layer. As a consequence, 
the reactant is and remains concentrated within the volume defined by the sachet layer and the 
barrier layer and the pH remains localized increasing the efficiency of the reaction. Various 
attributes of the sachet layer, such as pore size, bubble point, and hydrophobic and/or hydrophilic 
nature of the sachet, can be manipulated to control the affect of the sachet layer on the reaction as is 
deseribed above. 


[0172] Preferred sachet layers are described above for the embodiments depicted in FIGS. 1A, 1B, 
2A, 2B, 3A, 3B, 4A, 4B, 5A and SB. Sachet layers that are currently preferred for this embodiment 
include an extruded, 0.65 micron pore size, hydrophilic polypropylene membrane sold under the 
trade designation MPLC from Millipore (Bedford, Mass.). Also suitable for use as sachet layers are 
the nylon 6,6 membrane layers sold under the designations 045ZN, 045ZY and 045ZL by Cuno 
Incorporated (Meriden, Conn.). The nylon 6,6 membrane layer sold under the trade designation 
045ZY by Cuno Incorporated is currently preferred and has a thickness of between about 180 to 
about 240 microns, a pore size of about 0.45 microns, and a bubble point of about 24.1 psi. 


[0173] The barrier layer preferably is constructed of a material that is durable and stable. Preferably, 
it is capable of being affixed to sachet layers and envelope layers for fabrication purposes, e g. so 
that the layers can be fused about their perimeters to form a defined volume. Preferably, the 
impermeable layer has a water vapor transmission rate (WVTR) of less than about 50 g/m<2>/24 
hrs at 70% relative humidity. More preferably, the impermeable layer has a water vapor 
transmission rate (WVTR) of less than about 2 g/m<2>/24 hrs at 70% relative humidity. Most 
preferably, the impermeable layer has a water vapor transmission rate (WVTR) of less than about 
0.5 g/m<2>/24 hrs at 70% relative humidity. 


[0174] Barrier layers can be constructed of various materials, including metals, polymeric material 
and/or coated papers. Other suitable materials for forming barrier layers include, but are not limited 
to, polymeric layers constructed from, e.g., polyethylene, polypropylene, polyester, styrene, 
including polystyrene, polyethylene terephthalate, polyethylene terephthalate glycol (PETG), 
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The sketches jump to 4- and 5-wire structures. However, а 3-wire 
monopole system is both possible and interesting. If we place wires 
оп opposite sides of a return wire/tower and if we feed both new 
Wires in parallel, we obtain a rudimentary caged or skirted system. 
Like the more complex 4- and 5-wire systems in Fig. 1, it produces 
а symmetrically circular azimuth pattern. In fact, within very narrow 
limits--largely a function of the fact that the more complex cage 
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polyvinyl chloride, polyvinylidene chloride, ethylvinyl alcohol, polyvinyl alcohol, including 
polyvinyl alcohol acetate, acrylobutylstyrene and/or polytetrafluoroethylene, polyacrylate and 
polyamide, including nylon. Also suitable are metallized layers, e.g., any of the above polymeric 
layers that have been metallized. Also suitable are metallic foils, such as aluminum foils. Various 
other impermeable materials can be used to form the barrier film as well, such as glass or ceramics. 
In addition layers that are composites of the above layers and/or laminates of the above layers, e f. 
paper/film/foil composites are also suitable for use as a barrier layer. One currently preferred 
impermeable layer is a 5 mil thick impermeable layer comprising a polyester exterior, a metallized 
biaxially oriented core, and a polyethylene interior sealing layer available from Sealed Air 
Corporation (Duncan, S. C.). This layer has a water vapor transmission rate of 0.01 g/100 in<2>/24 
hrs at 70% relative humidity and 122[deg.] F. Another currently preferred impermeable layer is 
constructed from polyvinyl chloride. Yet another currently preferred impermeable layer is 
constructed from polyethylene terephthalate glycol (PETG). 


[0175] The geometry and size of the barrier layer can be adapted to suit various parameters, 
including the amount and type of reactant, the desired surface area of the sachet layer and/or 
envelope layer, and attachments for the storage and use of the apparatus. In one currently preferred 
embodiment, the barrier layer forms a cavity to receive reactant. It is also preferable that the barrier 
layer is formed such that it includes an edge about its perimeter for forming a seal with the sachet 
layer and/or envelope layer and/or second barrier layer. It is also preferable that the barrier layer 
forms a cavity that, with the one or more permeable layers, defines a volume that is the same or only 
slightly larger than the volume of the reactants. That is, it is preferable to minimize reactant 
headspace in the apparatus of the present invention. 


[0176] The barrier layer also can be formed into a shape such that the apparatus is easily inserted 
into or removed from various containers, such as a bottle or pouch. For example, it can be formed so 
that it can be inserted into a cap, such as a bottle cap or pouch cap, so that the cap can then be 
attached, e.g., by a threaded seal, snap fit or pressure fit, to a receptacle for delivery of an initiating 
agent and/or receiving the generated gas. One such exemplary embodiment is described in greater 
detail in connection with FIGS. 16A and 16B below. The barrier layer also can be formed into 
various other geometries so that it can be otherwise affixed to a container, such as to a bottle. Two 
such exemplary embodiments are described in greater detail in connection with FIGS. 15 and 18 
below. 


[0177] The barrier layer can be formed into various geometries by various manufacturing methods 
known in the art, including but not limited to, horizontal form film seal, vertical form fill seal, 
blister pack, skin pack, injection molding, blow molding, thermoforming, cold forming fill seal, or 
mechanical forming. Of course, the barrier layer also may be flexible and not formed into any 
particular geometry, but sealed about its perimeter to the sachet about the reactant. 


[0178] The envelope layer, sachet layer, and barrier layer of the present invention can be sealed 
about their perimeters by any known method, such as heat sealing, ultrasonic sealing, radio 
frequency sealing, impulse sealing, and sealing with adhesives. Preferably, the layers are fused with 
heat, by ultrasonic welding or by impulse sealing. 


[0179] Reactant in general, preferred reactants, reactant ratios, and the like, are described above for 
the embodiments depicted in FIGS. 1A, 1B, 2А, 2B, 3A, 3B, 4A, 4B, SA and SB. Preferably, the 
reactant includes a stabilizer, such as activated hydrotalcite. 


[0180] Optionally, in certain embodiments the reactant can further include a drying agent, or 
desiccant, to prevent premature initiation of the reactant. For example, desiccant can be added to the 
reactant to scavenge water vapor introduced during construction of the apparatus and/or shipping 
and storage of the apparatus, but in amounts small enough such that it would not prevent initiation 
when desired. Suitable desiccants include, for example, molecular sieves. Alternatively or 
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additionally, desiccant can be separately contained in a permeable layer and located adjacent to or 
within the apparatus of the present invention to absorb or adsorb water vapor. One such exemplary 
embodiment is described in greater detail in connection with FIG. 20 below. 


[0181] The ratio of volume defined by the sachet layer and the barrier layer to reactant volume also 
can be manipulated to control the concentration of the reactants, intermediates, byproducts, ete. 
within the volume defined by the sachet layer and the barrier layer. This relationship is described in 
above. 


10182] FIG. 13 is a cross-sectional side view of another exemplary embodiment of apparatus 600 
constructed in accordance with the present invention. In general overview, apparatus 600 includes 
an envelope layer 620, a sachet layer 630 disposed adjacent to the envelope layer 620, a barrier 
layer 650 disposed adjacent to the sachet layer 630, reactant 640 disposed in the volume defined by 
the sachet layer 630 and the barrier layer 650, and a second barrier layer 660 disposed adjacent to 
the envelope layer 620. 


[0183] Sachet layer 630 and envelope layer 620, are permeable layers that allow passage of the 
initiating agent to the reactant 640 and release of the gas from the apparatus 600. Barrier layer 650 
is an impermeable layer that defines a cuboid cavity 654 to receive reactant 640, and an edge 658 
about its perimeter where the barrier layer 650 is attached to the sachet layer 630 and the envelope 
layer 620. 


[0184] The second barrier layer 660 is sealed about its perimeter to the envelope layer 620. 
Preferably, second barrier layer 660 is sealed to the envelope layer 620 by a peelable seal where the 
seal strength is such that the barrier layer 660 can be removed from the envelope layer 620 without 
disrupting either the seal between envelope layer 620 and sachet layer 630, or the seal between 
sachet layer 630 and barrier layer 650. Until the second barrier layer 660 is removed, it prevents 
initiation of the reactant 640 because it prevents passage of the initiating agent to the reactant 640. 
Second barrier film 660 can be used to prevent passage of the initiating agent into the apparatus 
when it is not in use, e.g., during storage and shipping. 


[0185] Apparatus 600 is particularly useful for applications where the apparatus 600 is likely to be 
stored and/or shipped in the presence of initiating agent, e.g., water vapor in the surrounding air. 
Apparatus 600 also is particularly useful for applications where a relatively large amount of reactant 
is desired as cavity 654 is formed to accommodate a relatively large amount of reactant. The two 
barrier layers 650, 660 prevent initiation of the reactant 650 until the second barrier layer 660 i 
removed. 


[0186] The envelope layer, sachet layer, and barrier layer can be constructed from any of the 
materials described above in connection with the embodiments depicted in FIGS. 1A, 1B, 2A, 2B, 
ЗА, 3B, 4A, 4B, SA, SB, 12A, 12B and 12C. Reactant in general, preferred reactant, reactant ratios, 
reactant volume and the like, are described above in connection with the embodiments depicted in 
1A, 1B, 2A, 2B, 3A, 3B, 4A, 4B, 5А, SB, 12А, 12B and 12C. 


[0187] Optional second barrier layer 660 can be constructed from any of the materials described 
above in connection with the barrier layer depicted in FIGS. 12A, 12B and 12C. Second barrier 
layer 660 also can be constructed from the same or different materials used to construct the barrier 
layer 650. Currently preferred second barrier layers include metal foil, nylon layers, polyvinylidene 
chloride layers, ethylvinyl alcohol layers and composites or laminate of these layers, such as a 
metallic foil/polyethylene layer laminate. 


[0188] The second barrier layer can be sealed to the perimeter of the envelope layer, or sachet layer 
if no envelope layer is used, using any of the methods described above in connection with sealing 
the barrier, sachet layer and envelope layer of FIGS. 12А, 12B and 12C. Preferably, the second 
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barrier layer is attached to the envelope layer by impulse sealing or heat sealing. Optionally, the 
second barrier layer also can include a device, such as a tab along its perimeter that facilitates its 
removal from the envelope layer without disrupting the other layers. 


[0189] FIG. 14 is a cross-sectional side view of another exemplary embodiment of apparatus 700. 
Constructed in accordance with the present invention. In general overview, apparatus 700 includes. 
an envelope layer 720, a sachet layer 730 disposed adjacent to the envelope layer 720, a barrier. 
layer 750 disposed adjacent to the sachet layer 730, reactant 740 disposed in the volume defined by 
the sachet layer 730 and the barrier layer 750, and a second barrier layer 760 disposed adjacent to 
the envelope layer 720. 


[0190] Sachet layer 730 and envelope layer 720, are permeable layers that allow passage of the 
initiating agent to the reactant 740 and release of the gas from the apparatus 700. Barrier layer 750 
is an impermeable layer that forms a hemispheroid cavity 754 to receive reactant 740, and an edge 
758 about its perimeter where the barrier layer 750 is attached to the sachet layer 730 and the. 
envelope layer 720 by a heat or impulse seal. 


[0191] The second barrier layer 760 also is sealed about its perimeter to the envelope layer 720 by a 
heat or impulse seal. Preferably, second barrier layer 760 is sealed to the envelope layer 720 so that 
it can be removed from the envelope layer 720 without disrupting the attachment of the envelope 
layer 720 to the sachet layer 730 and the sachet layer 730 to the barrier layer 750. Until the second 
barrier layer 760 is removed, it prevents initiation of the reactant 740 because it prevents passage of 
the initiating agent to the reactant 740. Second barrier film 760 can be used to prevent passage of 
the initiating agent into the apparatus when it is not in use, e g. during storage and shipping. 


[0192] Apparatus 700 is particularly useful for applications where the apparatus 700 is likely to be 
stored and/or shipped in an environment that allows contact of the initiating agent with the 
apparatus. Apparatus 700 also is particularly useful for applications where it is desirable to utilize 
relatively small amounts of reactant to deliver gas to limited volumes of liquid. The two barrier 
layers 750, 760 prevent initiation of the reactant 740 until the second barrier layer 760 is removed. 


[0193] The envelope layer, sachet layer, and barrier layer can be constructed from any of the 
materials described above in connection with FIGS. 1A, 1B, 2A, 2B, 3A, 3B, 4A, 4B, SA, SB, 12А, 
12B, 12C and 13. Reactant in general, preferred reactants, reactant ratios, and the like, are described 
above in connection with FIGS. 1A, IB, 2A, 2B, 3A, 3B, 4A, 4B, SA, SB. 12A, 12B, 12C and 13. 


[0194] The second barrier layer can be constructed from any of the materials described above in 
connection with the barrier layers depicted in FIGS. 12А, 12B, 12C and 13. The second barrier 
layer can be sealed to the perimeter of the envelope layer, or sachet layer if no envelope layer is 
used, using any of the methods described above in connection with sealing the barrier, sachet layer 
and envelope layer of FIGS. 12A, 12B and 12C and 13. Preferably, itis heat or impulse sealed or 
sealed with an adhesive. Optionally, the second barrier layer also can include a device, such as a tab 
along its perimeter that facilitates its removal from the envelope layer without disrupting the other 
layers (not shown). 


[0195] FIG. 15 is a perspective view of still yet another exemplary embodiment of an apparatus 870 
constructed in accordance with the present invention, In general overview, apparatus 870 includes a 
pouch 875 having a spout 880 and a cap 885, and apparatus 510 as described in connection with 
FIGS. 12A, 12B and 12C. The apparatus 510 can be affixed to a wall of pouch 875, e.g., by 
adhesive or thermal bonding. Alternatively, it can be located within pouch 875 without being affixed 
thereto so that, e.g., it can be removed and replaced after use. 


[0196] Apparatus 870 is particularly useful for the release of gas into a desired amount of liquid, 
e.g., water or air, so that a desired concentration of the gas in the liquid can be easily achieved. The 
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amount of liquid can be defined by the volume of the pouch, pre-measured before addition of the 
pouch, or the pouch can include indicia located on the wall of the pouch to indicate various volumes 
that can be occupied by the liquid. The final concentration of the gas in the liquid can be controlled 
by choice of, e g. of reactant amount, reactant ratio, sachet layer, and envelope layer, as described 
in connection with FIGS. ТА, 1B, 2A, 2B, ЗА, 3B, 4A, 4B, SA, SB. 12A, 12B, 12C, 13 and 14 


[0197] The pouch and cap can be constructed from any of the impermeable or permeable materials 
disclosed above in connection with FIGS. 12A, 12B, 12C and 13-14. Preferably, the pouch and cap 
are constructed from polypropylene, polyethylene, polyethylene terephthalate, metal foil, nylon 
and/or composites or laminates of these layers such as a foil/polyethylene laminate. The pouch сап 
be constructed from impermeable materials to avoid introduction of initiating agent into the pouch 
prior to the desired initiation of the reactant, e g. during shipping and storage. One such pouch 
‘material suitable for use in accordance with the present invention is constructed from а 5 mil thick 
impermeable layer comprising a polyester exterior, a metallized biaxially oriented core, and a 
polyethylene interior sealing layer. This layer has a water vapor transmission rate of 0.01 g/100 
in<2>/24 hours at 70% relative humidity and 122[deg.] F. Alternatively or additionally, the 
apparatus 510 can further include a second barrier film as described in FIGS. 13 and 14. 


[0198] The apparatus 870 can be used by filling the pouch 875 with a liquid that includes initiating 
agent, attaching the cap 885 to the spout 880, and awaiting the generation of the desired quantity of 
раз by apparatus 510 into the liquid contained within the pouch 875. This embodiment can be useful 
for preparing solutions for removing biofilm and/or sanitizing plastic waterlines in dental, marine or 
aerospace applications. This embodiment can also be useful for preparing solutions for surface 
sanitation, infection control and the like. Alternatively, any other water reservoir, such as a rigid 
bottle may be used instead of the pouch. 


[0199] FIGS. 16A and 16B are a perspective view and an enlarged cross-sectional side view of a 
portion, respectively, of yet another exemplary embodiment of an apparatus 972 constructed in 
accordance with the present invention. In general overview, the apparatus 972 includes a pouch 975, 
a spout 980, and a cap 985. The cap 985 includes a barrier layer 950, reactant 940, a sachet layer 
930 and an envelope layer 920. The barrier layer 950 is formed to define a cavity to receive reactant 
940 and also is formed to fit into cap wall 990. The barrier layer 950 is attached to the cap wall 990 
by snap in pressure fit so that it stays in position and can be removed and replaced after generation 
and release of the gas. Cap wall 990 defines an interior thread 994 that matches exterior thread 996 
defined by spout 980. Spout 980 further includes a second barrier film 995 that seals the opening 
defined by the spout 980. 


[0200] Apparatus 972 is particularly useful for preparing solutions for removing biofilm and 
sanitizing plastic waterlines in dental, marine, beverage and aerospace applications. This 
embodiment also can be useful for preparing solutions for surface sanitation, infection control and 
the like. One advantage of this embodiment is that the barrier films 950, 995 prevent initiation of the 
reactant when not in use, e.g., during shipping and storage, by sealing the apparatus by threading the 
cap to the spout in an environment substantially free from initiating agent and not removing the cap 
until initiation is desired. When generation of gas is desired, the cap can then be removed from the 
spout, and the second barrier film removed from the spout. The pouch can then be filled with liquid 
in part or entirely, the cap replaced and the reaction initiated, such that gas is released and enters the 
pouch. 


[0201] Apparatus 972 also is advantageous because the pouch need not be constructed from. 
impermeable materials, because the second barrier film prevents initiation of reaction when not in 
use, e.g., during storage and shipment. 


[0202] The envelope layer, sachet layer, barrier layers, pouch and сар can be constructed from any 
ol the materials are described in connection with FIGS. 1A, 1B, 2A, 2B, 3A, 3B, 4A, 4B, SA, SB, 
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12A, 12B, 12C, 13, 14 and 15. Reactant in general, preferred reactants, reactant ratios, and the like, 
also are described in connection with FIGS. 1A, 1B, 2A, 2B, 3A, 3B, 4A, 4B, SA, SB, 12A, 12B, 
12C, 13, 14 and 15. The cap can be sealed by other means known in the ап, e.g., by a pressure 
fitting, 


[0203] Optionally, a barrier film can be placed on the opening defined by the cap wall. Thus, the cap 
can be stored and shipped separately from the pouch. This can be advantageous, e.g., in applications 
where the pouches can be reused, and thus material costs, storage space, storage costs, and shipping 
costs can be reduced. Alternatively, any other water reservoir, such as a rigid bottle may be used 
instead of the pouch depicted in FIGS. 16A and 16B. 


[0204] FIGS. 17A and 17B are a cross-sectional side view and a perspective view, respectively, of 
still yet another exemplary embodiment of apparatus 1000 constructed in accordance with the 

present invention. In general overview, apparatus 1000 includes a sachet layer 1035, a barrier layer 
1050 disposed adjacent to the sachet layer 1035, and reactant 1040 disposed in the volume defined 
by the sachet layer 1035 and the barrier layer 1050. Sachet layer 1035 is a permeable layer. Barrier 
layer 1050 is an impermeable layer and defines a cavity 1054 and an edge 1058 about its perimeter. 


[0205] Apparatus 1000 is particularly useful for applications where the performance of the 
apparatus without an envelope layer is sufficient because production is simplified as the step of 
constructing the envelope layer is eliminated. In addition, eliminating the need to provide an 
envelope layer to construct the apparatus can decrease material costs 


[0206] The sachet layer and barrier layer can be constructed from any of the materials described in 
connection with FIGS. ТА, 1B, 2A, 2B, ЗА, 3B, 4A, 4B, SA, SB, 12A, 12B, 12C, 13, 14, 15, 16A. 
and 16B. Preferably, the sachet layer is constructed using a hydrophobic membrane so that the 
sachet layer limits the amount of water entering the apparatus. A currently preferred embodiment is 
ап apparatus where the sachet layer is constructed from a 0.65 micron pore size, hydrophobic 
polypropylene membrane sold under the trade designation DOHP by Millipore (Bedford, Mass.) 
Another currently preferred embodiment is an apparatus where the sachet layer is constructed from 
a polypropylene layer sold under the trade designation 060P1 by Cuno Incorporated (Meriden, 
Conn.) 


[0207] Reactant in general, preferred reactants, reactant ratios, and the like, are described in 
connection with FIGS. 1A, IB. 2A, 2B, 3A, 3B, 4A, 4B, SA, SB, 12A, 12B, 12C, 13, 14, 15, 16A 
and 16B. 


[0208] FIG. 18 is a cross-sectional side view of still yet another exemplary embodiment of an 
apparatus 1104 constructed in accordance with the present invention. In general overview, apparatus 
1104 includes a tubular bottle 1106, a pump mechanism 1112 in threaded connection with the 
tubular bottle 1106 on a first end, a detachable portion 1124 in threaded connection with the tubular 
bottle 1106 on a second end, and insert 1132. 


[0209] The bottle 1106 forms a spout 1108 that forms an exterior thread 1109 on the first end that 
attaches to the pump mechanism 1112 fixed in screw cap 1114 that forms a matching interior thread 
1111. The bottle 1106 also defines an opening 1118 on the second end and exterior thread 1122 for 
attachment to the matching, interior thread 1126 defined by detachable portion 1124. Detachable 
portion 1124 also is formed to define a ridge 1128 about its interior perimeter that receives the insert 
132. 


[0210] Insert 1132 includes а barrier layer 1150, reactant 1140, a sachet layer 1130, and an envelope 
layer 1120. The barrier layer 1150 is formed to snap into ridge 1128 and form a pressure fit so that it 
will remain in place during use and after use can be removed and replaced with another similarly 
configured insert. The barrier layer 1150 also is formed to define a cavity 1154 to receive reactant 
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1140 and an edge 1158 about its perimeter for attachment to the sachet layer 1130 and the envelope 
layer 1120. Optionally, insert 1132 can further include a second barrier layer adjacent to the 
envelope layer 1120 (not shown) as described in connection with FIGS. 13 and 14. 


[0211] Pump mechanism 1112 includes tubular plunger 1133 on which pushbutton 1131 is mounted 
containing a spray nozzle 1134. Also shown are basic components of a typical pump, such as piston 
1135, cylindrical chamber 1136, one-way valve 1137, collar 1138, and intake tube 1139. Alternate 
pump mechanisms are known in the art, such as the mechanisms described in U.S. Pat. No. 
4,077,549. 


[0212] Apparatus 1104 is particularly useful for use in generating a desired concentration of gas in a 
liquid, e.g., water, that can then be easily delivered to a desired location, e.g., a countertop for 
disinfection, via a pump mechanism, The pump mechanism can be removed from the spout so that 
the volume defined by the tubular bottle and detachable portion can be filled, partially or entirely, 
with a liquid, e.g., water. Detachable portion can be removed to attach or replace the insert 1132, so 
that bottle 1106, pump mechanism 1112, and detachable portion 1124 can be reused. 


[0213] The envelope layer, sachet layer, and barrier layer can be constructed from any of the 
‘materials are described in connection with FIGS. 1А, 1B, 2A, 2B, 3A, 3B, 4A, 4B, 5А, SB, 12А, 
12B, 12C, 13, 14, 15, 16A, 16B, 17A and 17B. Reactant in general, preferred reactants, reactant 
ratios, and the like, are described in connection with FIGS. 1A, 1B, 2A, 2B, ЗА, 3B, 4A, 4B, SA, 
5B, 12A, 12B, 12C, 13, 14, 15, 16A, 16B, 17А and 17B. 


[0214] The tubular bottle and the detachable portion can be constructed from any material described 
in connection with the pouch and cap described in FIGS. 15, 16A and 16B. The tubular bottle сап 
be formed by any method known in the art, e.g., blow molding or injection molding. Pump 
mechanism 1112 can be any pump mechanism known in the art. A wide variety of pump 
mechanisms are commercially available. 


[0215] FIG. 20 is a cross-sectional side view of another exemplary embodiment of apparatus 1310 
constructed in accordance with the present invention. In general overview, apparatus 1310 includes 
ап envelope layer 1320, a sachet layer 1330 disposed adjacent to the envelope layer 1320, a barrier 
layer 1350 disposed adjacent to the sachet layer 1330, reactant 1340 disposed in the volume 1354 
defined by the sachet layer 1330 and the barrier layer 1350, and desiccant 1341 disposed in the 
volume 1355 defined by the sachet layer 1330 and the barrier layer 1350. 


[0216] Sachet layer 1330 and envelope layer 1320, are permeable layers that allow passage of the 
initiating agent to the reactant 1340 and release of the gas from the apparatus 1310. Barrier layer 
1350 is an impermeable layer that forms cavities 1354, 1355 to receive reactant 1340 and desiccant 
1341, respectively. The barrier layer 1350 is attached to the sachet layer 1330 and the envelope 
layer 1320 by a heat or impulse seal about the perimeter of the cavities 1354, 1355. Optionally a 
second barrier layer (not shown) can be sealed about its perimeter adjacent to the envelope layer 
1320. Desiecant 1341 can be used to attract any ambient water vapor and/or liquid water and 
thereby prevent or minimize passage of water vapor and/or liquid water to the reactant 1340 
disposed in cavity 1354 during storage and shipping. 


[0217] This embodiment is particularly useful for wet applications and is more resistant to 
premature initiation than, e.g., the embodiment depicted in FIGS. 12A, 12B and 12C, due to the 
presence of the desiccant. 


[0218] The envelope layer, sachet layer, barrier layer, and reactant can be any of those described in 
connection with the above FIGS. 1A, 1B, 2A, 2B, 3A, 3B, 4A, 4B, SA, SB, 12A, 12B, 12C, 13, 14, 
15, 16A, 16B, 17A, 17B, 18 and 19. In a currently preferred embodiment, the envelope layer is a 
hydrophobic polypropylene copolymer film sold under the designation SM700 by Sealed Air 
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Corporation and has 330 holes per square inch having a diameter of 0.4 mm, a 6.4% perforated area, 
a thickness of about 20 microns, and a water vapor transmission rate of 700 g/m<2>/24 hrs, the 
sachet layer is extruded, 0.65 micron pore size, hydrophilic polypropylene membrane sold under the 
trade designation MPLC from Millipore (Bedford, Mass.) or Nylon 6,6 membrane layer sold under 
the trade designation 045ZY by Cuno Incorporated having a thickness of between about 180 to 
about 240 microns, a pore size of about 0.45 microns, and a bubble point of about 24.1 psi, the 
barrier layer is a polyethylene terephthalate glycol (PETG) or polyvinyl chloride (PVC) layer, the 
reactant includes sodium chlorite and citric acid, and the desiccant comprises molecular sieves. 


[0219] Apparatus 1310 can also be incorporated into a pouch like that depicted in FIG. 15 to 
generate a desired concentration of gas, e.g., chlorine dioxide, in water. This embodiment is 
particularly useful in wet applications, e.g., for use in removing biofilm from dental equipment. One 
Such apparatus was constructed and used to generate an aqueous solution containing 50 parts per 
million chlorine dioxide. It was then emptied into a dental equipment reservoir and allowed to run 
through the equipment, which was contaminated with biolfilm, and stand overnight. In the morning, 
the dental equipment was flushed with water. This procedure was repeated the following two nights. 
The equipment was then tested for the presence of biofilm and the biofilm was diminished. 
‘Thereafter, rinsing the equipment once daily with a 5 parts per million solution was adequate to 
retard the growth of biofilm in the equipment. 


[0220] In view of the collective teachings and guidance set forth herein, the practitioner can design, 
fabricate, test and use any number of embodiments of the present invention. All that is required is an 
ordinary level of skill in the art and some routine experimentation. 


[0221] Another aspect of the present invention features a method of forming an apparatus for 
delivery of a gas. This method includes the steps of: (a) providing a multi-layer structure comprising 
a reactant layer centrally disposed between a sachet layer and a barrier layer, and an envelope layer 
disposed adjacent to the sachet layer; and (b) sealing the perimeter of the barrier layer, sachet layer 
and barrier layer such that the reactant is disposed in a volume defined by the sachet layer and the 
barrier layer. 


[0222] This method has many variations and embodiments. For example, a second barrier layer can 
be disposed adjacent to the envelope layer opposite the sachet layer prior to step (a). Another 
example is that in step (b) the seal can be effected by adhesive and/or by stamping the multi-layer 
structure with a hot die to heat-seal the layers together. 


[0223] Sealing includes any method of substantially sealing the envelope layer, the sachet layer and 
the barrier layer about their perimeters, e g. sealing the perimeter with a glue or other sealant, 
impulse sealing, ultrasonic sealing and heat sealing, 


[0224] In a preferred embodiment, the apparatus is manufactured in an array for ease of 
‘manufacturing. This method includes: (a) providing a layer of impermeable material that has an 
array of cavities formed therein; (b) disposing reactant in the array of cavities; (с) disposing one or 
more permeable layer over the layer of impermeable material; (d) sealing the one or more 
permeable layers to the layer of impermeable material about the perimeter of each cavity; and (e) 
cutting the impermeable material and the one or more permeable materials about the perimeter of 
each cavity. 


[0225] This method is advantageous because it allows the apparatus of the present invention to be 
‘manufactured quickly and inexpensively relative to assembling and forming each individual sachet 
and envelope separately and/or manually. 


[0226] The impermeable material provided in step (a) can have an array of cavities formed therein, 
e.g., by using a thermoforming process to form the array of cavities. Thermoform machines suitable 
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for use in accordance with the present invention include those manufactured by Multivac (Kansas 
City, Mo.), Tiromat (Avon, Mass.) Robert Reiser & Co. (Canton, Mass.), and Ulma Packaging 
(Woodstock, Ga.). Other suitable methods for forming the array of cavities include vacuum forming, 
cold forming, mechanical forming, and blister or skin packing process. The reactant can be disposed 
in the array of cavities on an assembly line and the one or more permeable layers can be 
sequentially positioned over the impermeable material, e.g., by unwinding sheets of the one or more 
permeable layers over the impermeable layer on an assembly line. The one or more permeable 
layers can then be sealed to the impermeable material about the perimeter of each cavity using 
methods known in the art, e.g., adhesives, heat sealing methods, ultrasonic sealing methods, radio 
frequency sealing methods or impulse sealing. The impermeable material and the one or more 
permeable materials can then be cut about the perimeter of each cavity using methods known in the 
ant, e.g., by using a die, to form an apparatus similar to those depicted in FIGS. 12A, 12B, 12C, 13- 
15, 16А, 16B, 17A, 17B, 18 and 20. 


[0227] These apparatus can then be inserted into the spout оГа pouch that has been otherwise sealed 
about its periphery. Alternatively, it can be inserted into a pouch that has not been sealed about its 
periphery and the periphery then sealed, e.g., by using adhesive, heat sealing methods, ultrasonic 
sealing methods, radio frequency sealing methods or impulse sealing methods. Optionally, the 
apparatus can be attached to a wall of the pouch, e.g., by using adhesive, heat sealing methods, 
ultrasonic scaling methods, radio frequency scaling methods or impulse sealing methods. 


[0228] In another aspect, the above method can be modified to construct an apparatus without an 
envelope. For example, the method can include the steps of: (a) providing a multi-layer structure 
comprising a reactant layer centrally disposed between a sachet layer and a barrier layer; and (b) 
sealing the multi-layer structure such that the such that the reactant is disposed in a volume defined 
by the sachet layer and the barrier layer 


10229] Yet another aspect of the present invention features a method of delivering gas. This method 
includes the steps of: (a) providing an apparatus for delivery of a gas comprising an envelope layer, 
a sachet layer disposed adjacent to the envelope layer, a barrier layer disposed adjacent to the sachet 
layer, and a reactant disposed in a volume defined by the sachet layer and the barrier layer; and (b) 
disposing the apparatus in an environment that comprises an initiating agent. 


[0230] This method has many variations and embodiments. For example, the environment can be 
liquid and the initiating agent can be water or the environment can be gascous and the initiating 
agent can be water vapor. The apparatus can further comprise a pouch that can be filled with a 
desired liquid to receive the gas generated. 


[0231] Optionally, to further increase stability of any of the apparatus of the present invention 
during storage and shipment, any desiccant, such as silica gel or molecular sieves, can be 
incorporated within the apparatus to scavenge initiating agent prior to use of the apparatus. 


[0232] The present invention is useful for fabrication of a gas delivery apparatus that is compact, 
cost-effective and safe. Furthermore, the present invention can be used for a variety of applications, 
including delivery of gas to air or water, for a variety of purposes including removal of biofilm, 
disinfection, deodorization, bleaching and sanitation. 


[0233] As a general rule and without wishing to be confined to any theory, it is expected that the 
amount and rate of gas release exhibited by apparatus of the present invention will be influenced by 
the total surface area of the permeable layer adjacent to the reactant, but not by the geometry of the 
apparatus. That is, the various embodiments of the present invention are expected to release the 
same volume of gas at the same rate provided that the total surface area of the permeable layer 
adjacent to the reactant is about equal, all other variables being held constant. It has been discovered 
that hydrotalcite, and the metal hydroxides in the hydrotalcite family, can be used to stabilize one or 
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more reactants of the present invention. For example, hydrotalcite, including activated hydrotalcite, 
and metal hydroxides in the hydrotalcite family can be used to stabilized the following reactants and 
combination of these reactants: acids, aqueous acids, citric acid, oxalic acid, fumaric acid, 
phosphoric acid, potassium bitartate, chlorites, chlorates, sulfites, bisulfites, sulfates, carbonate, 
nitrites. While not wishing to be bound to any particular theory, it is believed that the basic nature 
and ability to attract and bind water and water vapor of hydrotalcite and its family members 
contribute to its ability to stabilize the reactants of the present invention. Basic additives are less 
likely to react with chlorites and other reactants that react with acid than acidic additives. In 
addition, the ability of hydrotalcite and its family members to attract, absorb, adsorb and/or 
otherwise bind water and water vapor mitigates or prevents premature initiation, e.g., during 
manufacture, shipping, and storage. The ability of hydrotalcite to function as a flow agent also is 
desirable because it renders the reactants more readily metered and dispensed during manufacture. 
Activated hydrotalcite, i.e., hydrotalcite that has been heated drive off water, has been found to 
stabilize reactants in an apparatus such as those described in Examples 12 and 13 for at least six 
months. The apparatus are expected to have a shelf life of at least a year. 


[0234] The mineral commonly known as hydrotaleite is the naturally occurring form of hydrotalcite, 
which has the chemical formula: Mg6A12(0H)16CO3.4H20. Hydrotalcite, suitable for use in the 
apparatus of the present invention, is commercially available from DIP Chemical Industries 
(Mumbai, India). When activated, this hydrotalcite is hygroscopic, in that it absorbs water vapor up 
to about 36% of its weight when exposed to about 97% relative humidity, and has a surface pH 
between about 11 and about 12. The hydrotalcite can be activated using known methods, e.g., by 
exposing it to high temperatures for an extended period of time, e.g., S00[deg.] C. for one hour, and 
thereafter sealing the hydrotalcite in a low humidity environment so that it doesn't deactivate 
prematurely. 


[0235] There also are metal hydroxides in the hydrotalcite family that can be used to stabilize 
reactants in accordance with the present invention. The family can be described with the general 
formula: AwBx(OH)yCz.nH20, wherein A is a divalent metal cation, B is a trivalent metal cation, 
and C is a monovalent, divalent, trivalent, or tetravalent anion. The values for w, x, y, z, and n have 
the following relationship: 0 <z<x<4<w< {fraction (1/2)}y, and 127n- (fraction (3/2)}x. Metal 
cations represented by A include, but are not limited to, Mg<2+>, Ni<2+>, Fe<2+>, and Zn<2+>. 
Metal cations represented by B include, but are not limited to, Al<3+>, Fe<3+>, and Cr<3+>. 
Chemical species represented by C include, but are not limited to CO3<2->, 504<2->, OH<>, 
NO3<->, and Cl<->. One such hydrotalcite is a hydrotalcite having the formula: 
Mg4A12(OH)12CO3.nH120, and is commercially available from Alcoa World Chemicals (Leetsdale, 
Раз). Other suitable minerals in the hydrotalcite family include pyroaurite having the formula 
Mg6Fe<34>2(OH)16CO3.4H20, and takovite having the formula 
Ni6AI2(OH)16[(CO3)0.75(OH)0.25].4H20. Preferably, the hydrotalcite is added to the reactant 
such that the resulting mixture is between about 1% and about 25% hydrotalcite by weight. More 
preferably, the resulting mixture is between about 5% and about 20% hydrotalcite by weight. 


[0236] Another aspect of the present invention is an apparatus for delivery of a gas including a 
sachet that includes a material that is water vapor selective, and a reactant disposed in the sachet 
that generates a gas in the presence of an initiating agent. The term "water vapor selective" as used 
herein refers to a material that selectively allows permeation of water vapor and substantially 
impedes permeation of liquid water. More preferably, the material excludes permeation of liquid 
water. Typically, the water vapor selective material is hydrophobic. The skilled practitioner typically 
refers to water vapor selective material as water impermeable, although water vapor can permeate 
the layer, and refers to materials that allow permeation of liquid water as water permeable. Suitable 
water vapor selective materials can be made from a variety of materials including, but not limited 
to, polytetrafluoroethylene (PTFE), polypropylene (PP), polyethylene (PE), and fluorinated ethylene 
propylene (FEP). 
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[0237] Water vapor selective material also is particularly advantageous because it substantially 
impedes or excludes the diffusion of water soluble species, such as water soluble reactants, 
additives, and reaction by-products, out of the apparatus. Membranes that allow liquid water 
permeation allow soluble species such as soluble reactants to permeate the apparatus and enter the 
environment. Prior attempts have been made to ameliorate or avoid escape of soluble species by 
using insoluble reactants or by binding or otherwise disposing the soluble species on insoluble 
materials such as clays and molecular sieves. This is not advantageous because it introduces 
additional steps and/or expense to the preparation of the apparatus. Thus, the water vapor selective 
materials of the present invention are advantageous because they impede or preclude the permeation 
of the soluble reactants, additives, and by-products, thus removing the need to include or generate 
insoluble reactants, by-products and/or additives. 


[0238] Water vapor selective materials also are advantageous because their use eliminates the need 
to use any further layers, e. E. further sachet and/or envelope layers, to retain soluble species in the 
apparatus, which also introduces additional steps and expense in the construction of the apparatus. 


[0239] Preferably, the water vapor selective material has a thickness between about 5 microns and 
about 400 microns thick, a pore size between about 0.05 microns and about 10 microns, and a water 
intrusion pressure between about 30 millibars and about 4,000 millibars. Preferably, the water vapor 
selective material is adhered to or otherwise supported by a support layer that allows liquid water to 
permeate the support layer, and the overall thickness of both the water vapor selective layer and the 
support layer is between about 1 mil and 20 mils. More preferred, are water vapor selective 
materials having a thickness between about 15 microns and about 200 microns thick, a pore size 
between about 0.25 microns and about 5 microns, and a water intrusion pressure between about 100 
millibars and about 1,500 millibars. Preferably this layer has a water permeable support layer such 
that the total thickness of both layers is between about 2 mils and about 10 mils. Most preferred, are 
water vapor selective materials having a thickness between about 20 microns and about 100 microns 
thick, a pore size between about 1 micron and about 3 microns, and a water intrusion pressure 
between about 200 millibars and about 750 millibars. Preferably this layer has a water permeable 
support layer such that the total thickness of both layers is between about 3 mils and about 8 mils. 


[0240] Generally, if rapid generation and release of gas is desired, a thinner layer is preferred 
because the thinner the layer, the more rapidly water vapor can diffuse into the apparatus and initiate 
the reaction, and the more rapidly gas can diffuse out of the apparatus. Conversely, if slower 
generation and release of gas is desired a thicker material is preferred, such as between about 5 mils 
and about 20 mils. Additionally or alternatively, if slower generation and release of gas is desired, a 
relatively smaller surface area of the material can be used. For example, a sachet including a rigid 
frame can be used to construct the sachet as described below and illustrated in Example 15, and one 
or both sachet layers can be constructed from a water vapor selective material. 


[0241] Additionally or alternatively, pore size of the water vapor selective layer can be selected to 
produce the desired release at specific depths of water in which the apparatus will be used. A 
smaller pore size will correspond to deeper operation by increasing the amount of hydraulic water 
pressure that the membrane will experience while remaining impermeable to liquid water. 


[0242] Water vapor selective layers suitable for use in constructing the apparatus of the present 
invention preferably have water vapor permeability of between about 2,000 g/m<2>/24 hrs and 
about 150,000 g/m=2>/24 hrs, as determined by JIS L 1099-1985 (Method B), "Testing Methods for 
Water Vapour Permeability of Clothes," from the Japanese Standards Association, Water vapor 
selective layers preferably have a resistance to liquid water permeation of at least about 30 millibars 
as determined by ISO 811-1981 "Textile fabrics-Determination of resistance to water penetration- 
Hydrostatic pressure test" published by the International Organization for Standardization. 


[0243] Optionally, the water vapor selective layer or layers of the present invention can include a 
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systems tend to result in slightly shorter antennas when they are 
self-resonant-the gain of all types of caged, folded, or skirted 
monopoles is the same. (Some models of these antennas have 
shown more deviant values, but they usually correct to the basic 
value when adjusted for the average gain test (AGT) score of the 
model.) Over perfect ground using lossless wire, the entire set of 
self-resonant monopoles show a median gain of 5.15 dBi, with less 
than about +/-0.04 dB variation. 


The two sketches on the right of Fig. 1 differ in only one small way. 
The 5-wire monopole uses one or more wires that circle or girdle 
the outer wires only. In large installations, the connecting wires 
serve an important mechanical goal to help rigidify the cage of very 
long out wires. Also note that the sketches show a set of 
connecting wires at the base with a single feedpoint between the 
wire and ground. (We shall presume that all return wires in the 
figure return to ground.) In theory and in practice, the single 
feedpoint can result in slightly different current magnitudes and 
phase angles along the outer wires. The connecting wires create 
short circuits along the structure that tend to equalize currents 
along the outer wires. 


We may replace the energy source with a network and change the 
system function from radiation to tower detuning. There are 
numerous techniques that allow engineers to use essentially the 
same caging wires to detune a tower from most frequencies within 
the upper MF range. Some techniques may involve modifications to 
the cage of wires as well as to the base network. Tower detuning 
via skirts has become a fairly routine and commonplace 
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Support layer to increase the strength of the layer, and/or to increase its ability to bond to the other 
materials used to construct the apparatus. The support layer preferably allows diffusion or passage 
of initiating agent to the surface of the water vapor selective layer. For example, the support layer 
can be spun, perforated or have large pores that allow passage of liquid water and vapor to the 
surface of the water vapor selective layer. The support layer can be affixed to the water vapor 
selective layer by any means, for example, lamination, casting, co-extrusion, and/or adhesive layers. 
Preferably, the sachet is constructed so that the water vapor selective layer faces the interior of the 
sachet. The support layer itself can be hydrophilic and/or hydrophobic. If hydrophilic, the material 
can be used to attract and deliver liquid water and/or vapor to the surface of the water vapor 
selective material. Suitable support layers include, but are not limited to, polyethylene, 
polypropylene, nylon, acrylic, fiberglass, and polyester in the form of woven, non-woven, and mesh 
layers. Preferably, the support layer thickness is between about 1 mil and 20 mils. 


10244] Suitable water vapor selective materials previously described herein include the 0.60 pore 
ize, hydrophobic, polypropylene (PP) membrane having a thickness between about 250 microns. 

and about 300 microns sold under the designation 060P by Cuno Incorporated (Meriden, Conn.) 
Also suitable is the 0.65 micron pore size, hydrophobic polyethylene material sold under the trade 
designation DOHP by Millipore (Bedford, Mass.) 


[0245] Another water vapor selective material, suitable for use in a rapid release apparatus, includes 
a 1.75 mil thick, hydrophobic polytetrafluoroethylene (PTFE) layer thermally bonded to a 5 mil 
thick, hydrophobic polyethylene (PE) support layer sold under the trade designation BHA-TEX(R) 
by BHA Technologies (Kansas City, Mo.). Ив resistance to liquid water permeation is at least about. 
500 millibar. 


[0246] FIG. 21 is a perspective view of yet another exemplary embodiment of an apparatus 1510 
constructed in accordance with the present invention. Apparatus 1510 includes a sachet layer 1535, 
ап intermediate layer 1570 disposed adjacent the sachet layer 1535, and a barrier layer 1550 
disposed adjacent the intermediate layer 1570. A first reactant 1540 is disposed in the volume 
defined by the barrier layer 1550 and the intermediate layer 1570, and a second reactant 1544 is 
disposed in the volume defined by the intermediate layer 1570 and the sachet layer 1535. 


[0247] The sachet layer can be constructed from any of the layers described above. Preferably, the 
sachet layer includes a water vapor selective layer and an adjacent support layer. The first reactant 
and the second reactant can be any of the reactants described above. The reactant or reactants can 
further include additives, such as activated hydrotalcite. The intermediate layer can be constructed 
of any of the layers described above. Preferably, the intermediate layer comprises a cellulose layer 
such as the Japanese paper "Tosa Tengujo" sold by Bookmakers (Hagerstown, Md.). The barrier 
layer can include any of the barrier layers describe above. In a preferred embodiment the barrier 
layer is constructed from a composite of a metalized bi-axially oriented polypropylene about 1 mil 
thick and a linear low density polyethylene about 4 mils thick. This apparatus is advantageous 
because it can be constructed by placing sheets of the sachet, intermediate, and barrier layers 
adjacent each other and sealing about the edges and cutting about the seal in one step. Optionally, a 
portion of the apparatus can be left unsealed until the volumes defined by the layers are filled with 
reactant and then sealed. Alternatively, the reactant can be layered with the layers and the entire 
periphery of the layers sealed at once. 


10248] Sachets Including a Rigid Frame 


[0249] In another aspect of the invention, the apparatus includes a sachet that includes a rigid frame 
defining at least one opening and a sachet layer disposed about the opening such that a volume is 
defined by the sachet. The rigid frame can be a rigid barrier layer as described above. The rigid 
frame also can take the form of a tubular member that can have any shape, such as a circular, oval, 
rectangular, or square-shaped cross section along the tube. If the rigid frame is tubular, at least one 


pw rexrasearch comlchlorinedloxidelhamitonclo2 hii. sase 


D Richard HAMILTON, et al. : Chlorine Dioxide 


end preferably has a sachet layer disposed about it. A second sachet layer may be disposed about a 
second end of the rigid frame. Additionally or alternatively, any other layer that will define a closed 
receptacle for reactant, such as a barrier layer, can be disposed about a second end. Yet another 
option is to have a detachable member on the second end such as a threaded cap that can be 
removed, e.g., to remove and/or replace reactant and any additional sachets within the sachet 
Sachets including rigid frames are advantageous because they can be fit into various devices, e.g., a 
humidifier, filter or cartridge, They also can be dropped in a reservoir and, depending on the 
materials used to construct the rigid frame, can sink to the bottom of a solution, e.g., if made with 
PVC, or float on top, e.g., if constructed with a foamed material. The apparatus can further include 
weighted materials to increase its tendency to reside at a bottom of a reservoir. The sachet includes 
one or more reactants that generate a gas in the presence of the initiating agent. The reactants can be 
mixed or separated by further structures, such as an additional sachet or an intermediate layer within 
the sachet as described herein. 


[0250] FIGS. 22A and 22B are a perspective and cross-sectional side view, respectively, of an 
exemplary embodiment of an apparatus 1600 including a sachet constructed in part with a rigid 
frame. The apparatus 1600, includes a first sachet 1610, a second sachet 1620, a first reactant 1630, 
and a second reactant 1640. The first sachet is constructed from a rigid frame 1614 that is 
cylindrical in shape and two sachet layers 1616, 1618 disposed on either side of the rigid frame 
1614 such that the rigid frame 1614 and the sachet layers 1616, 1618 define a closed receptacle for 
reactant. The first reactant 1630 is disposed in the first sachet 1610, but not within the second sachet 
1620. The second reactant 1640 is disposed within the second sachet 1620. Thus, the first reactant 
1630 is separated from the second reactant 1640 by the second sachet 1620. 


[0251] The rigid frame can be constructed from any rigid materials such as the barrier materials 
described above. For example, the rigid materials can include polyvinylchloride, polyethylene, 
polypropylene, polyester, styrene, polystyrene, polyethylene terephthalate, polyethylene 
terephthalate glycol, acrylobutylstyrene, polyacrylate, nylon, polyamide, and combinations thereof, 
The reactants can be any of the reactants described above. The reactants can be mixed or separated 
in separate volumes, e.g., sodium chlorite can be disposed in the first sachet and citric acid in the 
second sachet. Optionally the reactants can include additives. Preferably, one or more of the 
reactants is mixed with activated hydrotalcite. 


[0252] The sachet layers can be constructed from any of the sachet materials described herein. For 
example, the sachet layers can be constructed from a water vapor selective material, e.g., a 
PTFE/PE layer as described above. The sachet layers can also be constructed from a layer that 
initially allows entry of water but subsequently impedes the passage of water. Without wishing to be 
bound to any particular theory, it is believed that the layer swells upon introduction of water to the 
layer and that the layer allows passage of water until the layer swells to such an extent that water 
can no longer pass through the pores. In a currently preferred embodiment, the first sachet layer is 
constructed from a water vapor selective material, the second sachet layer is constructed from a 
layer that initially allows entry of water but subsequently impedes the passage of water, and the 
rigid layer is injection molded PVC. 


[0253] The apparatus can further include additional sachet layers and/or envelope layers adjacent 
the first and second sachet layers (not shown). The additional sachet layers and envelope layers сап 
be constructed of any of the materials described herein. The first and second reactant can be any of 
the reactants described herein. The apparatus can further include additional sachets, envelopes, 
and/or reactant additives, such as desiccants, stabilizers and the like as described above. While 
preferred, the second sachet is optional and the reactants need not be separated in any manner. 


[0254] FIGS. 23A and 23B are a perspective and cross-sectional side view, respectively, of another 
exemplary embodiment of an apparatus 1700 including a sachet constructed in part with a rigid 
frame, The apparatus 1700, includes a sachet 1710, an intermediate layer 1750, a first reactant 1730, 
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and a second reactant 1740. The sachet 1710 is constructed from a rigid frame 1714 having a square 
cross-section and two sachet layers 1716, 1718 disposed on either side of the rigid frame 1714 such 
that the rigid frame 1714 and the sachet layers 1716, 1718 define a closed receptacle for reactant. 
The rigid frame 1714 is bisected by the intermediate layer 1750, which defines a first volume 1754, 
and a second volume 1758. The first reactant 1730 is disposed in the first volume 1754, and the 
second reactant 1740 is disposed in the second volume 1758. Thus, first reactant 1730 is separated 
from second reactant 1740 by the intermediate layer. The apparatus 1700 further includes a first 
envelope layer 1760 disposed adjacent the first sachet layer 1716, and a second envelope layer 1764 
adjacent the second sachet layer 1718. 


[0255] The rigid frame, sachet layers, and envelope layers can be constructed from any of the 
‘materials described herein. For example, the rigid frame can be constructed from PVC, and the 
sachet layers can be constructed from a water vapor selective material. Optionally, one or more of 
the sachet layers can be constructed from a layer that initially allows entry of water but then 
impedes the passage of water. The apparatus can further include additional sachet layers and/or 
envelope layers adjacent the first and second sachet layers (not shown). The additional sachet layers 
and envelope layers can be constructed of any of the materials described herein. The first and 
second reactant can be any of the reactants described herein. The apparatus can further include 
additional sachets, envelopes, and/or reactant additives, such as desiccants, stabilizers and the like 
as described above. While preferred, the second sachet is optional and the reactants need not be 
separated in any manner. 


[0256] Sachets including a rigid frame can be constructed by any of the method described herein, 
e.g., by adhesives and/or heat sealing the sachet layers, and optionally envelope layers, to the rigid 
frame. Additional sachets and/or enveloped within or about the sachet including the rigid frame can 
be constructed by any method known in the art including those described herein. The intermediate 
layer and the rigid frame portions also can be attached by any of the methods described herein, 
Apparatus including such sachets can be used in any applications described herein, including, but 
not limited to, use in a conduit, humidifier, and in both wet or dry applications 


10257] Fluid Dispersion System for Dispersing a Gas 


[0258] Yet another aspect of the present invention is a fluid dispersion system for dispersing a gas. 
The system includes any of the apparatus for delivery of a gas described herein, and a fluid 
dispersion apparatus. The fluid dispersion apparatus can disperse liquids and/or gasses. The 
apparatus for delivery of a gas can be placed at any point of the fluid dispersion apparatus, e.g., in a 
liquid reservoir or a fluid outlet of the fluid dispersion apparatus, so that gas is generated and 
dispersed. The fluid dispersion apparatus can be any fluid dispersion apparatus known in the art, 
including vaporizers, humidifiers, sonicators that disperse fluid, atomizers, and carpet cleaners. 


[0259] FIG. 24 depicts an exemplary embodiment of a fluid dispersion system 1800 constructed in 
accordance with the present invention. The fluid dispersion system 1800 includes a fluid dispersion 
apparatus 1810, and a gas delivery apparatus 1820. The gas delivery apparatus 1820 includes a 
sachet 1830 and a reactant 1840 disposed in the volume defined by the sachet 1830 that generates 
gas in the presence of an initiating agent. In this embodiment the fluid dispersion apparatus 1810 is 
a humidifier and the sachet is disposed in a fluid reservoir 1845. The reservoir contains a fluid 1850 
that includes an initiating agent. Alternatively, the sachet can be disposed in a dispersion outlet as 
shown in FIGS. 25 and 26. 


[0260] The gas delivery apparatus 1820 can be any of the gas delivery apparatus described herein. 
For example, the sachet 1830 can comprise two adjacent sachet layers, a barrier layer adjacent a 
sachet layer, or a rigid frame defining an opening and a sachet layer disposed about the opening. 
‘The sachet 1820 can also include further sachets, one ог more envelope and/or envelope layers, 
further reactants, and additives, such as stabilizers and desiccants (not shown). The sachet can be 


pw reresearch comlchlorinedloxidelhamitonclo2 hii. asse 


D Richard HAMILTON, et al. : Chlorine Dioxide 


affixed within the fluid dispersion apparatus by mechanical means, can float freely in the fluid. 
reservoir, or it can include a weight or be constructed from material such that the sachet sinks to the 
bottom of the reservoir as shown in FIG. 24. 


[0261] The fluid dispersion apparatus 1810 includes a means of atomizing the fluid 1858, and ап 
opening 1854 through which the atomized fluid containing the gas exits the fluid dispersion. 
apparatus 1810. Means for atomizing fluids are well known. 


[0262] The fluid dispersion 1810 apparatus can be any fluid dispersion apparatus known in the ап. 
‘The fluid dispersion apparatus can disperse fluid by any means, including mechanical means, 
sonication, atomization, and/or vaporization. Many such fluid dispersion apparatus suitable for use 
with the present invention are readily available commercially as well as to consumers, for example, 
DURACRAFT(TM) Cool Mist(TM) humidifiers from Honeywell Consumer Products 
(Framingham, Mass.), which draws liquid into a rapidly spinning wheel with small openings and 
disperses atomized fluid into the environment. Also suitable are apparatus that disperse fluid by 
passing air over a wick that is in contact with a liquid such as the Cool MoistureTM Humidifier 
made by Honeywell Consumer Products 


[0263] In another aspect of the present invention, the fluid dispersion system can include a housing 
is provided that contains a gas delivery apparatus. The housing can be placed or affixed to a fluid 
dispersion apparatus outlet so that fluid exiting the fluid dispersion apparatus passes through the gas 
delivery apparatus so that gas and fluid exit the housing and enter the environment. 


[0264] FIG. 25 depicts a housing for use with a fluid dispersion system in accordance with the 
present invention. The housing 1900 can be attached, e.g., to the fluid dispersion apparatus 1810 
depicted in FIG. 24. The housing 1900 defines an opening 1910 defined by the housing for fluid 
dispersed by the fluid dispersion apparatus, and openings 1914, for expelling gas and fluid. 
Disposed in the housing 1900 is a sachet 1930 and a reactant 1940 disposed in the volume defined 
by the sachet that generates gas in the presence of an initiating agent. The housing 1900 can be 
attached to the fluid outlet of any fluid dispersion apparatus and the sachet 1930 can be used instead 
of or in addition to a sachet in the dispersion apparatus reservoir as depicted in FIG. 24. 


[0265] FIG. 26 depicts another exemplary embodiment of a fluid dispersion system 2000 
constructed in accordance with the present invention. The fluid dispersion system 2000 includes a 
fluid dispersion apparatus 2010, a housing 2020, and a gas delivery apparatus 2030. The gas 
delivery apparatus 2030 includes a sachet 2034 and a reactant 2038 disposed in the volume defined 
by the sachet that generates gas in the presence of an initiating agent. In this embodiment the fluid 
dispersion apparatus 2000 is a humidifier and the sachet 2034 is disposed in the housing 2020. The 
reservoir contains a fluid 2040 that includes an initiating agent. 


10266] The fluid dispersion apparatus 2010 includes a means of atomizing the fluid 2044, and ап 
opening 2048 through which the atomized fluid containing the gas exits the fluid dispersion 
apparatus 2010 and enters the housing 2020. The housing 2020 defines openings 2050 that allow 
exit of the gas and the atomized fluid from the housing 2020. 


[0267] The gas delivery apparatus 2030 is disposed within the housing and can be attached or 
affixed to the housing, The sachet includes a rigid frame 2054 defining a first opening 2056 and a 
second opening 2058. The sachet further includes а first sachet layer 2060 and a second sachet layer 
2064 disposed about the first opening 2056 and the second opening 2058, respectively. The sachet 
can be affixed or removably attached to the housing by any known means (not shown), e.g., a snap 
fit. 


[0268] Alternatively, the gas delivery apparatus 2030 can be any of the gas delivery embodiments 
deseribed herein. For example, the gas delivery apparatus can further include additional sachets, 
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sachet layers, envelope layers, envelopes, additional reactant and/or additives as described herein. 
The gas dispersion apparatus can be any gas dispersion apparatus including those described above. 


[0269] The fluid dispersion system described herein can be used to sanitize, deodorize and/or reduce 
or eliminate bacteria in a fluid reservoir of the fluid dispersion apparatus, e.g., water in a humidifier 
or vaporizer. Additionally or alternatively, the system can be used to disperse chlorine dioxide 
and/or other gases into the environment to destroy or mask odor-causing compounds. The systems 
also could be used to disinfect the surrounding environment and Kill or inactivate pathogens, such as 
anthrax, smallpox, tuberculosis, or legionella. 


[0270] A preferred method of deodorizing includes the steps of providing a fluid dispersion system 
as deseribed above, and delivering the gas to one or more odor-causing compounds, wherein the gas 
inactivates the one or more odor-causing compounds. A preferred method of inactivating pathogens 
includes the steps of providing the fluid dispersion system described above and delivering the gas to 
one or more pathogens, wherein the gas inactivates the one or more pathogens, such as anthrax, 
smallpox, tuberculosis, or legionella. 


10271] Apparatus for Delivery of a Gas to a Reservoir and/or Conduit 


[0272] Yet another aspect of the present invention is a method and apparatus for delivery of a gas to 
a reservoir. The apparatus generally includes any apparatus for delivery of a gas described herein in 
fluid connection with a reservoir. One such apparatus is depicted in FIG. 18, wherein the tubular 
bottle 1106 is the reservoir, and insert 1132, disposed within tubular bottle 1106, is the apparatus for 
delivery of a gas. The gas can further be delivered from the reservoir to a dispersion apparatus such 
as the pump mechanism 1112, or a humidifier as shown in FIGS. 24 and 26. Another exemplary 
apparatus is depicted in FIG. 16B, wherein the cap 985 and spout 880 define the reservoir, and the 
barrier layer 950 and sachet layer 930 define the sachet. The cap depicted in FIG. 16B can be 
coupled to a pouch as described or to a conduit (not shown). FIG. 27 depicts another exemplary 
embodiment of an apparatus 2100 for delivery of a gas to a reservoir. The apparatus 2100 generally 
includes a sachet 2110, a reactant 2120 disposed within the volume defined by the sachet 2110, and 
a reservoir 2130. The sachet 2110 includes a sachet layer 2112, barrier layer 2114. An envelope 
layer 2118 is disposed adjacent the sachet layer 2112. Disposed in the volume defined by the sachet 
2110 is a second sachet 2140 constructed from two sachet layers 2142, 2144, and a second reactant 
2148 disposed in the second sachet 2140. 


[0273] The reservoir 2130 has first end adapted to couple to a second reservoir 2150, so that the 
reservoir 2130 can be detached from the second reservoir 2150 for removal and replacement of the 
sachet 2110, the reactant 2120, the second sachet 2140 and second reactant 2148. The second 
reservoir 2150 comprises a first end 2152 adapted to couple to the reservoir 2130, and a second end 
2154 adapted to couple to a conduit 2160. Conduit 2160 is formed to define an inlet 2162 for fluid 
to enter reservoir 2130, and an outlet 2164 with tubular member 2168 for fluid to exit reservoir 
2130. 


[0274] FIG. 28 depicts yet another exemplary embodiment of an apparatus 2200 for delivery of a 
gas to a reservoir. The apparatus 2200 includes a reservoir 2240, a first sachet 2210, a first reactant 
2214 disposed in the volume defined by the first sachet 2210, a second sachet 2220, and a second 
reactant 2224 disposed in the volume defined by the second sachet 2224. The first sachet 2210 and 
the second sachet 2220 each are constructed from two adjacent sachet layers sealed about their 
perimeters to define a closed receptacle for the first reactant 2214 and the second reactant 2224, 
respectively. 


[0275] The sachets may be constructed from any of the materials described herein. The reactants 
can include any of the reactants described herein and can further include additives such as flow 
agents, desiccants and stabilizers. The apparatus can further include additional envelopes or sachets 
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[0276] The apparatus further includes a frangible pouch 2230 disposed within the reservoir 2240, an 
initiating agent 2232 disposed within the frangible pouch 2230, and a sock 2234 disposed about the 
frangible pouch 2230. The sock 2234 can be constructed from any material that does not impede the 
passage of initiating agent out of it and that substantially retains the frangible pouch 2230 after it is 
disrupted. The sock 2234 is optional, but desirable when the frangible pouch is constructed of brittle 
materials, e.g., brittle plastic or glass, so that the frangible pouch pieces are substantially retained 
within the sock. Examples of sock materials suitable for use in accordance with the present 
invention are meshes made from polymers or natural fibers such as cotton or cellulose, or non- 
wovens such as TY VEK(R) non-woven materials made by DuPont Company (Wilmington, Del.) or 
the non-woven materials sold by Marubeni Corporation (Tokyo, Japan). 


[0277] The apparatus further includes a piston 2250 mounted to the reservoir 2240 that upon 
actuation disrupts the frangible pouch 2230. Reservoir 2140 includes a first end 2244 adapted to 
couple to a conduit 2260, and a retaining layer 2248 that retains the sachets 2210, 2220 and the 
frangible pouch 2230 in the reservoir 2140. Upon disruption of the frangible pouch 2230, the 
initiating agent 2232 is released and reaction is initiated. The sock 2234 retains the pieces of the 
frangible pouch 2230. 


[0278] Many variations and alternative designs can readily be made without departing from the 
spirit and scope of the invention. For example, the sachets can be replaced by any of the gas 
delivery apparatus described herein and/or they can be further contained in additional sachets or 
envelopes. For example, the sachets, frangible pouch, and sock can be enclosed within a sachet or 
envelope attached to the reservoir and the retaining layer not included such that the outer sachet or 
envelope retains the sachets, frangible pouch and sock in the reservoir. Any of the reactants 
described herein can be used. Reactants can be mixed or separated, e.g., by a sachet or an 
intermediate layer. Additives can also be included in the apparatus, such as activated hydrotalcite. 
‘The conduit can be any conduit, such as a beverage line. 


[0279] Yet another aspect of the present invention is a method of delivering a gas to a conduit. The 
method include the steps of providing an apparatus for delivery of a gas including a sachet and a 
reactant disposed within the volume defined by the sachet that generates a gas in the presence of an 
initiating agent, and a reservoir in fluid communication with the sachet. The method further includes 
the steps of coupling the apparatus to a conduit, and delivering a gas to the conduit by introducing, 
an initiating agent to the reactant 


[0280] The conduit can be any conduit where introduction of a gas is desired. Introduction of a gas, 
e.g., chlorine dioxide, is particularly useful when it is desired to sanitize, disinfect, remove biofilms, 
and/or kill, inhibit or inactivate pathogens in an aqueous fluid, gas or liquid. The apparatus can be 
used to flush and clean out conduits between regular usage or to introduce chlorine dioxide gas 
during regular usage. The conduit can be a food or beverage conduit, such as a beverage line in a 
beverage dispensing machine, a conduit in equipment used to make food or beverages, or a water 
line in a water dispenser such as a fountain or bubbler. The conduit can be part of a dental apparatus 
such as a water line. The conduit can be part of a medical apparatus, such as an analyzer. The 
conduit can be a conduit in a commercial or household appliance such as a dishwasher or 
coffeemaker. 


EXAMPLE 1 
Ап Apparatus їп Accordance with the Present Invention 


[0281] A membrane sachet was constructed by impulse scaling the perimeter of two 3 em*3 cm 
sheets of 0.65 micron pore hydrophilic polypropylene membrane sold under the trade designation 
MPLC obtained from Millipore (Bedford, Mass.). The sheets were impulse sealed a 16" TISH400 
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Impulse Sealer available from TEW Electric Heating Equipment Corporation (Taiwan). This sachet 
was filled with 50 mg of sodium chlorite and 200 mg citric acid. The sachet was then placed into an 
envelope formed by impulse sealing the perimeter of a 4 em*6 cm perforated film. The perforated 
film used was a SM700 Cryovac(R) perforated film from Sealed Air Corporation (Duncan, S.C.) 
This assembly was then placed in a 1 liter plastic bag filled with water for 15 minutes. The chlorine 
dioxide concentration in the water was measured using a Beckman DU-520 UV-Vis 
Spectrophotometer set at a wavelength of 360 [lambda] at about 6 mg/L. 


COMPARATIVE EXAMPLE 2 
Direct Addition of Reactant to Water 


[0282] 50 mg of sodium chlorite and 200 mg citric acid were added to 1 liter of water. The solution 
was allowed to sit for 15 minutes. The chlorine dioxide concentration in the water was measured 
using a Beckman DU-520 UV-Vis Spectrophotometer set at a wavelength of 360 [lambda] at about 
0.5 mg/L. FIGS. $ and 10 depict gas generation over time for adding the same amount and ratio of 
reactants to water. 


EXAMPLE 3 
Ап Apparatus Without an Envelope 


[0283] An apparatus was constructed as described in Example 1, except that the envelope was not 
included. This assembly was then placed in a 1 liter plastic bag filled with water for 15 minutes. The 
chlorine dioxide concentration in the water was measured using a Beckman DU-520 UV-Vis 
Spectrophotometer set at a wavelength of 360 [lambda] at about 5.5 mg/L. Such an apparatus and 
exemplary use of the same are depicted in FIG. 10. 


EXAMPLE 4 
Ап Apparatus Having Two Sachets 


[0284] Two sachets were constructed by impulse sealing the perimeter of four 3 cm*3 cm sheets of 
0.65 micron pore hydrophilic polypropylene membrane sold under the trade designation MPLC 
obtained from Millipore (Bedford, Mass.). The first sachet was filled with 400 mg of sodium 
chlorite and the second sachet was filled with 1200 mg citric acid. Both sachets were then enclosed 
in an envelope formed by impulse sealing the perimeter of a 4 cm*6 cm SM700 film obtained from 
Sealed Air Corporation having 330 holes per square inch having a diameter of 0.4 mm, a 6.4% 
perforated area and a water vapor transmission rate of 700 g/m<2>/24 hr. This apparatus was then 
placed in a 1 liter plastic bag filled with water and let stand for 180 minutes. The chlorine dioxide 
concentration was measured using a Beckman DU-520 UV-Vis Spectrophotometer set at a 
wavelength of 360 [lambda] 100 mg/L. 


EXAMPLE 5 
Ап Apparatus Having Three Sachets and a Frangible Pouch Containing an Initiating Agent 


[0285] Two sachets were constructed in accordance with Example 4 except that the sachets were 
constructed from 3 micron pore nylon 6,6 material sold under the trade designation BIODYNE A 
from Pall (Port Washington, N.Y.). The first sachet was filled with 500 mg of sodium chlorite and 
the second sachet was filled with 2000 mg citric acid. Both sachets were then enclosed in a third 
sachet formed by impulse sealing the perimeter of a 5 cm*7 cm 0.65 micron pore, hydrophobic 
polypropylene membrane sold under the trade designation DOHP by Millipore (Bedford, Mass.). A 
frangible pouch was constructed and filled with 5 ml of water. The frangible pouch and the third 
sachet (containing the first and second sachets and reactant) were then enclosed in an envelope 
formed by impulse sealing the perimeter of a 7 cm*9 cm multilayered polymer film having a carbon 
dioxide transmission rate of 7,000 ce/m<2>/24 hrs and an oxygen transmission rate of 21,000 
ce/m<2>/24 hrs sold under the trade designation PD-961 Cryovac(R) selective transmission film 
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from Sealed Air Corporation (Duncan, S.C.). The frangible pouch was burst using manual pressure 
and this apparatus was then placed in a 1 liter plastic bag filled with water and let stand for 180 
minutes. The chlorine dioxide concentration in the water was measured using a Beckman 010-520 
UV-Vis Spectrophotometer set at 360 [lambda] at 100 mg/L. 


EXAMPLE 6 
An Apparatus Having an Envelope and a Bridge 


[0286] A two-compartment membrane sachet was constructed by impulse sealing the perimeter of a 
3 cm*3 cm sheets of 0.65 micron pore hydrophilic polypropylene membrane, sold under the trade 
designation MPLC obtained from Millipore (Bedford, Mass.), between two 3 ст*З cm sheets of 
0.65 micron pore hydrophobic polypropylene membrane sold under the trade designation DOHP by 
Millipore (Bedford, Mass.). Thus was formed a two compartment sachet having hydrophilic 
membrane on its outer walls and a divider of hydrophobic membrane for separating the reactant in 
each compartment. The first compartment of the sachet was filled with 50 mg of sodium chlorite 
and the second compartment was filled with 200 mg citric acid. This multi-compartment sachet was 
then placed into an envelope formed by heat-sealing the perimeter of a 4 cm*6 cm perforated film. 
The perforated film used was a SM700 Cryovac(R) perforated film from Sealed Air Corporation 
(Duncan, S.C.). This assembly was then placed in a 1 liter plastic bag filled with water for 15 
minutes. The chlorine dioxide concentration in the water was measured using a Beckman DU-520 
UV-Vis Spectrophotometer set at 360 [lambda] wavelength at about 8 mg/L. 


EXAMPLE 7 
An Apparatus for Generating Carbon Dioxide 


10287] A sachet was constructed by impulse sealing the perimeter of two 3 cm*3 cm sheets of 0.65 
micron pore hydrophilic polypropylene membrane, sold under the trade designation MPLC obtained 
from Millipore (Bedford, Mass.). This sachet was filled with 50 mg of calcium carbonate and 100 
mg citric acid. The sachet was then placed into an envelope formed by impulse sealing the perimeter 
ofa 4 cm*6 cm perforated film. The perforated film used was a SM700 Cryovac(R) perforated film 
from Sealed Air Corporation (Duncan, $.С.). This assembly was then placed in a 1 liter plastic bag 
filled with water for 15 minutes. The carbon dioxide concentration in the water was measured using 
analyzed by ion chromatography at about 50 mg/L. 


EXAMPLE 8 
An Apparatus for Long-Term Release 


[0288] A sachet was constructed by impulse sealing the perimeter of two 4 em b cm sheets of 0.65 
micron pore hydrophilic polypropylene membrane, sold under the trade designation MPLC obtained 
from Millipore (Bedford, Mass.). This sachet was filled with 500 mg of sodium chlorite and 2000 
mg citric acid. The sachet was then placed into an envelope formed by impulse sealing the perimeter 
of a 4 cm*6 cm perforated film. The perforated film used was 0.1 micron pore hydrophobic 
polypropylene membrane sold under the trade designation DOHP by Millipore (Bedford, Mass.) 
‘This apparatus was then placed in a 2 liter plastic bag filled with water. The chlorine dioxide 
concentration was measured every hour using a Beckman DU-520 UV-Vis Spectrophotometer set at 
a wavelength of 360 [lambda]. The apparatus generated about 3.5 mg per hour for 30 hours. 


EXAMPLE 9 
An Exemplary Apparatus in Accordance with the Present Invention 


[0289] An exemplary apparatus was constructed by sealing the perimeter of 6.1 cm diameter sheets 
of nylon 6,6 membrane layer sold under the trade designation 045ZY by Cuno Incorporated 
(Meriden, Conn.) and SM700 Cryovac(R) perforated film from Sealed Air Corporation (Duncan, 
S.C.) to a barrier layer filled with 240 mg of sodium chlorite, 60 mg of activated hydrotalcite, and 
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1,200 mg citric acid. The barrier layer was formed from polyvinyl chloride to define a barrier layer 
similar to barrier layer 50 depicted in FIGS. 12A, 12В and 12С. It had an outside a diameter of 6 ст 
and a 0.5 em deep cavity formed therein having a 4.8 cm inside diameter. The layers were sealed 
about the edge of the barrier layer with an epoxy adhesive between the impermeable layer and the 
nylon 6,6 membrane layer, and between the nylon 6,6 membrane layer and the perforated film layer. 
The surface area of the nylon 6.6 layer adjacent to the reactant was about 18 cm<2 >and the volume 
defined by the barrier layer and the nylon 6,6 layer was about 9 cm<3>. This assembly was attached 
by a snap fit to the interior wall of a polypropylene cap having a threaded fit to the spout of a 1 liter 
blow molded high density polyethylene plastic bottle. The bottle was filled with 1 liter of water, 
sealed with the cap, and turned upside down and left to stand. The chlorine dioxide concentration in 
the water was measured using a Hach DR890 Colorimeter and the standard Hach chlorine dioxide. 
method at about 25 mg/L at 45 minutes and about 42 mg/L at 60 minutes. Hach Colorimeters аге 
available from Hach Company (Loveland, Colo.). A similar apparatus and exemplary use of the 
same are depicted in FIGS. 16A and 16B. 


PROSPECTIVE EXAMPLE 10 
Ап Exemplary Apparatus with a Sachet and Envelope. 


[0290] A membrane sachet will be constructed by impulse sealing the perimeter of two 3 cm*3 cm 
sheets of nylon 6,6 membrane layer sold under the trade designation 045ZY by Cuno Incorporated 
(Meriden, Conn.). The sheets are to be impulse sealed with a 16" TISH400 Impulse Sealer available. 
from TEW Electric Heating Equipment Corporation (Taiwan). This sachet will be filled with 240 
mg of sodium chlorite, 60 mg of activated hydrotalcite, and 1,200 mg citric acid. The sachet will 
then be placed into an envelope formed by impulse sealing the perimeter of a 4 cm*6 em perforated 
film. The perforated film used will be a SM700 Cryovac(R) perforated film from Sealed Air 
Corporation (Duncan, S.C.). This assembly will then be placed in a I liter plastic bag filled with 
water for 15 minutes. The chlorine dioxide concentration in the water will be measured using a 
Hach DR890 Colorimeter and the standard Hach chlorine dioxide method. It is expected that 
readings of about 25 mg/L at 45 minutes and about 42 mg/L at 60 minutes will be obtained. Such ап 
apparatus and exemplary use of the same are depicted in FIGS. 1A and 1B. 


PROSPECTIVE EXAMPLE 11 
An Exemplary Apparatus Including a Pouch and a Sealed Spout 


[0291] An exemplary apparatus will be constructed as described in Example 9, except that this 
assembly will be fused to the interior wall of a one liter pouch. The pouch will be constructed from 
a 5 mil thick impermeable layer comprising a polyester exterior, a metallized biaxially oriented 
core, and a polyethylene interior sealing layer obtained from Sealed Air Corporation (Duncan, 

S.C.). This layer has a water vapor transmission rate of 0.01 g/100 in2/24 hours at 70% relative 
humidity and 122[deg.] F. The spout will be constructed of injection molded polypropylene. The 
pouch will be sealed about its perimeter except for the opening defined by the spout. The one liter 
pouch will then be filled with water, capped, and allowed to stand. The chlorine dioxide 
concentration in the water will be measured as described in Example 9 and similar chlorine dioxide 
concentrations are expected at 45 and 60 minutes. Such an apparatus and exemplary use of the same 
are depicted in FIG. 15. 


EXAMPLE 12 
Apparatus Having Reactants Mixed with Hydrotalcite 


[0292] Hydrotalcite, obtained from Alcoa World Chemicals (Leetsdate, Pa.), was activated by 
disposing the hydrotalcite on a tray in a layer not more than 1 inch thick, and placing the tray in a 
furnace at SO0[deg.] C. for one hour. The hydrotalcite was stored in a closed, airtight container. The 
hydrotaleite was weighed before and after activation, and demonstrated an approximately 40% 
weight loss, believed to be attributable to loss of water and carbon dioxide in the furnace. Dry. 
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flaked technical sodium chlorite (80%) obtained from Vulcan Chemical (Birmingham, Ala.), was 
ground to a mesh particle size range between about 35 mesh and 70 mesh using a mechanical 
impact milling system (particle size ranged between about 212 microns and 500 microns). The 
activated hydrotalcite was mixed with the ground sodium chlorite to form a mixture of about 80% 
sodium chlorite and about 20% activated hydrotalcite by weight. The sodium chlorate/hydrotalcite 
mixture was then mixed in a dry environment (71 [deg.] F., 40% relative humidity) with desiccated 
granular citric acid having a particle size range between about 25 mesh and about 60 mesh. The 
citric acid was desiccated by exposing it to dry air (less than 40% relative humidity for a period of 
24 hours with frequent mixing. The resulting mixture was approximately 80% citric acid and 20% 
sodium chlorite/hydrotalcite mixture by weight. 


[0293] Approximately 1.75 grams of this mixture was sealed in a sachet. The sachet and a 1 gram 
molecular sieve desiccant were sealed in a 1 liter plastic bag measuring approximately 7.5 inches by 
9 inches constructed from a composite of a 1 mil thick metallized biaxially oriented polypropylene 
film and a 5 mils thick linear low density polyethylene film. The bag was sealed with a 
polypropylene spout and cap. The apparatus was stored at room temperature, which ranged from 
about 68[deg.] F. to about 80[deg.] E, and ambient humidity, which ranged from about 50% relative 
humidity to about 90% relative humidity. The apparatus was stable at 6 months in that no reaction 
between the sodium chlorite and the citric acid was detected at 6 months. 


EXAMPLE 13 
Apparatus Having Two Sachets and Sodium Chlorite Mixed with Hydrotalcite 


[0294] The reactants and hydrotalcite described in Example 12 were obtained. The sodium chlorite 
was ground, the hydrotalcite activated, and the citric acid desiccated, as described in Example 12. A 
mixture of approximately 95% sodium chlorite and 5% activated hydrotalcite by weight was made. 
Approximately 4.3 grams of this mixture was sealed in a first sachet, and approximately 20 grams 
of desiccated citric acid was sealed in a second sachet. These two sachets were sealed in a 5[1/2] 
inch by 3[1/2] inch envelope constructed from hydrophobic, polypropylene non-woven membrane 
Sold under the designation 060Р1 by Cuno Incorporated (Meriden, Conn.). The sachets and 
envelope, and 2 grams of molecular sieves desiccant were sealed in a 2-liter plastic bag measuring 
approximately 7.5 inches by 14 inches constructed from a composite of a 1 mil thick metallized 
biaxially oriented polypropylene film and a 5 mils thick linear low density polyethylene film. The 
bag was sealed with a polypropylene spout and cap. The apparatus was stored under the same 
conditions as described in Example 12. The apparatus was stable at 6 months in that no reaction 
between the sodium chlorite and the citric acid was detected at 6 months. 


EXAMPLE 14 
Apparatus Having a Sachet Constructed from Water Vapor Selective Material 


[0295] Six sets of reactant/hydrotalcite mixtures were each prepared for inclusion in a sachet as 
follows: 350 grams of a mixture of approximately 80% sodium chlorite obtained from Vulcan 
Chemical (Birmingham, Ala.) and 20% activated hydrotalcite obtained from Alcoa World 
Chemicals (Leetsdale, Pa.), was mixed with 1400 milligrams of desiccated citric acid from JT Baker 
(Phillipsburg, N.J.). 


[0296] Four of the reactant/hydrotalcite mixtures were each impulse sealed in a sachet constructed 
from two 1.75 mils thick, 2.5 inch by 2.5 inch hydrophobic polytetrafluoroethylene (PTFE) layers 
having a 1.5 micron average nominal pore size thermally bonded to a 5 mil thick, BHA-TEX(R) 
hydrophobic polyethylene (PE) support layer from BHA Technologies (Kansas City, Mo.). The 
remaining two reactant/hydrotalcite mixtures were each impulse sealed in a sachet constructed from 
two 2.5 inch by 2.5 inch, 0.65 micron pore size, extruded hydrophobic polypropylene layer sold 
under the trade designation DOHP by Millipore (Bedford, Mass.) 
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engineering service. Its necessity and profitability has increased 
with the proliferation of cell-phone and other UHF/microwave 
towers that now pervade urban, suburban, and rural landscapes. 


For our purposes, we may bypass the detuning role of skirts and 
cages in order to address more directly our initial question: are they 
forms of folded monopoles? To approach an answer, lets begin by 
seeing what makes the 2-wire folded monopole so special. 


The Folded Dipole and the Folded Monopole 


Hardly a soul among those interested in antennas does not know 
about the folded dipole. Unfortunately, what many folks know is 
only a tiny piece of the story. If we parallel two identical wires at a 
reasonably close and constant spacing, if we connect the ends and 
feed one of the wires, and if we bring the antenna to resonance, 
then the feedpoint impedance on the selected fed wire is 4 times 
the impedance of a linear resonant dipole. There is much more to 
the folded dipole story than this, and I have tried to tell some of it in 
Chapter 27. 


Part of the story involves the fact that a folded dipole and a linear 
dipole have the same gain and pattern. Another part of the story 
involves the fact that a folded dipole is two devices in one. It is a 
dipole and has radiating currents that almost exactly parallel the. 
radiating currents of a linear dipole in both magnitude and phase 
angle. The folded dipole is also a transmission line (or, counting 
from the feedpoint, two transmission lines with a common starting 
point) with a relatively constant current magnitude and phase angle 


Chapter 31 
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[0297] Each of the six total sachets were sealed in a 1 liter plastic bag filled with water. The 
chlorine dioxide concentration in the water was measured every 10 minutes using a Hach DR890 
Colorimeter and the standard Hach chlorine dioxide method. FIG. 29 is a graph depicting chlorine 
dioxide concentration versus time comparing the above sachet materials. The square-shaped data 
points correspond to the averaged values for the apparatus constructed with the PTFE/PE sachet 
layers. The cirele-shaped data points correspond to averaged values for apparatus constructed with 
the PP sachet layers. As сап be seen from FIG. 29, the apparatus having the PTFE/PE sachet 
generated chlorine dioxide more rapidly than the apparatus with the PP sachet. This due, at least in 
part, to use of a thinner PTFE water vapor selective material, as compared to the relatively thicker 
PP water vapor selective material. In addition, the apparatus having the PTFE/PE sachet generated 
more chlorine dioxide, resulting in a more highly concentrated solution than the solution generated 
by the apparatus with the PP membrane. 


EXAMPLE 15 
Apparatus Having a Rigid Frame 


[0298] A rigid frame of PVC pipe, cylindrical in shape and measuring about 2.54 em in length, 
having an inner diameter of about 3.81 cm, and an inner volume of about 29 cm<3 >was obtained. 
The first end was sealed with the PTFE/PE layer used in the preceding example. A mixture of 
approximately 95% sodium chlorite and 5% activated hydrotalcite by weight was made as described 
in Example 13. About 2.9 grams of the mixture was enclosed in a sachet measuring 1.5 inches 
square, and made of heat sealable water soluble paper made by Mishima Paper Co. (Tokyo, Japan). 
The sachet and about 13.6 grams of desiccated citric acid were disposed in the vessel formed from 
the rigid frame and the PTFE/PE sachet layer, and a second layer of the same PTFE/PE sachet 
material was sealed on the second end of the rigid frame, thus forming a substantially closed sachet 
volume of about 29 cm<3>. The layers were sealed to the rigid frame by using Scotch(R) 300LSE 
Hi Strength adhesive made by the 3M Company (Minneapolis, Minn.). The 
membrane/adhesive/rigid frame bond was allowed to cure for 24 hours prior to use. The resulting 
apparatus was placed in about 2 liters of water. After 24 hours, the chlorine dioxide concentration 
was measured using a Hach DR890 Colorimeter and the standard Hach chlorine dioxide method. 
The chlorine dioxide concentration was about 346.7 ppm. 


EXAMPLE 16 
Apparatus Having an Envelope Constructed with a Water Vapor Selective Material 


10299] Seventy sets of reactant envelopes, each containing two reactant sachets, were prepared in 
the following manner. 4.3 grams of a mixture of approximately 95% technical grade sodium chlorite 
obtained from Vulcan Chemicals (Birmingham, Ala.), and 5% activated hydrotalcite obtained from 
Alcoa World Chemicals (Leetsdale, Pa.), were sealed in a 2.75 inch*2.75 inch sachet made of heat 
sealable water soluble paper made by Mishima Paper Co. (Tokyo, Japan). 20 grams of desiccated 
citric acid monohydrate obtained from J. T. Baker (Phillipsburg, N.J.), were sealed inside a second 
sachet, measuring 3.25 inches*4 inches, also made of rice paper. These two sachets were then sealed 
inside a hydrophobic envelope having dimensions of 4.75 inches*4 inches. 


[0300] Sixty-seven sets of reactant sachets impulse sealed in a water vapor selective envelope 
constructed of a non-woven polypropylene membrane sold under the trade designation $8500240H 
by Cuno Incorporated (Meridan, Conn.). The remaining three sets of reactant sachets were scaled, 
using Scotch(TM) 300LSE Hi Strength Adhesive (3M Corporation, Minneapolis, Minn.), in a water 
vapor selective envelope constructed of a 1.75 mil thick PTFE layers thermally bonded to a 5 mil 
thick polyethylene (PE) mesh support material resulting in a final envelope material thickness of 
approximately 5 mils which is sold under the trade designation BHA-TEX(R) by BHA 
‘Technologies (Kansas City, Mo.). The envelopes were constructed with the PTFE layer on the 
inside, near the reactant sachets, and the adhesive was allowed to cure for 24 hours prior to testing, 


pw roxesearch comlchlorinedloxidelhamitonclo2 hii. sase 


D Richard HAMILTON, et al. : Chlorine Dioxide 


[0301] Each of the seventy envelopes was sealed in a 2-liter plastic bag that was filled with liquid 
water. The chlorine dioxide concentration in the water was measured periodically, over a 24-hour 
period, using a Hach DR890 Colorimeter and the standard Hach chlorine dioxide method. FIG. 30 is 
a graph depicting the chlorine dioxide concentration versus time comparing the above envelope 
materials. The diamond-shaped data points correspond to the averaged values for the apparatus 
constructed with the non-woven polypropylene envelope material, The square-shaped data points 
correspond to the averaged values for the apparatus constructed with the PTFE/PE composite 
envelope material. As can be seen from FIG. 30, the apparatus having the PTFE/PE envelope 
generated chlorine dioxide more rapidly than the apparatus with the polypropylene envelope. 


[0302] Although generally the preferred embodiments of the invention have been shown and 
deseribed, numerous variations and alternative embodiments will occur to those skilled in the art. 
Accordingly, it is intended that the invention be limited only in terms of the appended claims as the 
invention can be embodied in other specific forms. 


US6602466 
Apparatus and method for controlled delivery of a gas 


Disclosed are apparatus for delivery of a gas, e f. carbon dioxide and/or chlorine dioxide, and 
methods of its use and manufacture. The apparatus includes an envelope, and a sachet within the 
envelope that contains reactant, which generates a gas in the presence of an initiating agent, с.р., 
water. In another embodiment, the apparatus includes a barrier layer, a sachet layer disposed 
adjacent to the barrier layer, a reactant disposed between the barrier layer and the sachet layer that 
generates a gas in the presence of an initiating agent, and an envelope layer disposed adjacent to the 
sachet layer. 


US6607696 
Apparatus and method for controlled delivery of a gas 


Disclosed are apparatus for delivery of a gas, e.g., carbon dioxide and/or chlorine dioxide, and 
methods of its use and manufacture. The apparatus includes an envelope, and a sachet within the 
envelope that contains reactant, which generates a gas in the presence of an initiating agent, c.g., 
water. The envelope allows release of the gas from the envelope. In another embodiment, the 
apparatus includes an envelope and a partition that separates two reactants within the envelope. The 
envelope allows an initiating agent into the envelope and release of the gas generated by the 
reactants in the presence of the initiating agent. 


WO2006078786 
ANTIMICROBIAL GAS DESORBING ARTICLES 


The present invention provides gas desorbing articles that generally include polymeric materials 
impregnated with an antimicrobial gas, e.g., chlorine dioxide. Also disclosed are methods of using 
such articles for remediation of microbial life such as fungi, bacteria and mold. Also disclosed are 
methods of making such articles and kits related to the same. 
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WO2004113224 
REUSABLE APPARATUS FOR GAS GENERATION 


Disclosed herein are reusable apparatus for the generation of a gas including a reactant chamber 
defined at least in part by а gas permeable material and a resealable opening. In certain 
embodiments the gas penneable material is substantially impervious to the passage of liquid and/or 
allows for the controlled passage of gas. Also disclosed are methods for using the apparatus, 
reusable reactant chambers, kits including reactants and reactant refill kits. 


WO2004073755 
GAS DELIVERY APPARATUS AND METHODS OF USI 


Disclosed are methods and apparatus that can be employed to initiate a plurality of individual gas 
generating reactions coterminously or sequentially, Generally, the invention provides an apparatus 
defining a plurality of reactant housings. A seal is disposed about the orifice of one or more reactant 
housings which can be disrupted to initiate the generation of gas by exposing reactant to an 
initiating agent. The process may be repeated as desired, во as to safely and conveniently generate 
desired concentrations of gas at desired time intervals 


WO2004045655 
METHODS OF USING CHLORINE DIOXIDE SOLUTIONS 


Disclosed are methods for cleaning that include exposing a target object, e.g., microelectronic 
equipment, water systems and prosthetics, to chlorine dioxide solutions. Also disclosed are kits and 
dispensers for practicing the methods of the invention. 


WO03051407 
APPARATUS AND METHODS FOR DELIVERY OF A GAS 


Disclosed are apparatus for delivery of a gaS (10), e.g., carbon dioxide and/or chlorine dioxide, and 
methods of its use and manufacture, The apparatus includes a vessel (20) defining a reaction 
volume, the vessel including а sachet layer (50) disposed about an aperture (30) defined by the 
vessel, and a puncturable surface (40). The vessel contains one or more reactants (60) that generate 
а gas in the presence of an initiating agent, e.g., water. The apparatus can include a second vessel 
(220) formed to engage the puncturable surface to deliver initiating agent and/or a second reactant 
to the vessel (20). 
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Tweak to Inductive Loading Shrinks Antenna 
By 
R. Colin Johnson 
PORTLAND, Ore. — Independent tests appear to support an inventor's claim that his skunk-works 


antenna design can shrink antenna size by up to 70 percent while maintaining equivalent sensitivity 
and increasing bandwidth. 


The four-part antenna cancels out the normal inductive loading in traditional antenna 
designs, thereby linearizing the energy radiation along its mast and enabling its diminutive 
size. 


"When we announced my smaller antenna design last year, I got lots of doubting Thomases 
worldwide. Now, with the help of the Naval Undersea Warfare Center and its antenna test range on 
Fishers Island, N.Y., we have independent test results to back up our claims," said inventor Rob 
Vincent, a research engineer in the University of Rhode Island's physics department. 


Vincent calls his invention a distributed-load monopole (DLM) antenna, The novel design uses a 
helix plus a load coil to shrink the size of a normal quarter-wave monopole. According to Vincent, 
his design can shrink the size of every antenna in use today, from the tiny gigahertz units inside cell 
phones to giant, kilohertz AM antennas. For instance, а 3-inch-long gigahertz antenna could be 
shrunk to an inch, and a 300-foot-tall AM band antenna could be reduced to 80 feet high. 


In the tests, various DLM antennas from Vincent's portfolio were tested from 7 to 27 MHz. The 
results indicated that equivalent performance was achieved with antennas 30 to 70 percent shorter 
than an ideal quarter-wave antenna. 


"Basically I am utilizing the distributed capacitance around the antenna to reduce the normally 
required inductive loading," Vincent said. 


Vincent spent almost 30 years at Raytheon Co. and at KVH Industries (Middletown, RL), before 
becoming a research engincer at the University of Rhode Island (Kingston). He began 
experimenting with antennas there as a skunk-works project, 


Vincent chose the Navy's Fishers Island Antenna Complex to test his design because it is located in 
a low-lying, remote coastal area free from radiation obstructions and man-made electromagnetic 
interference. The complex offers a L. mile range over seawater between two sites for testing 
antennas ranging in frequency from 2 to 30 megahertz. All gain measurements were done relative to 
an ideal quarter-wave monopole antenna. 


Vincent's antenna designs were tested using the official regime the Navy uses to certify its antennas. 
Vincents Plano Spiral Top Hat antenna, at 7 MHz, was shown to have equal sensitivity to a normal 
quarter-wave antenna but at 50 percent the quarter-wave units size. In addition, bandwidth of the 
Vincent design was nearly twice as wide as that of the quarter-wave unit. 


http:/llists.contesting.com/pipermail/topband/2005-August/022116.html 
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Topband: May 2005 EET article about the DLM 
Tom Rauch w8ji at contesting.com 
(Aug 2007) 
The test antenna was a 7MHz monopole, 50% of the normal. quarter-wave size. Now one thing 
from an illustration that begs more information was the ground system. It shows 150 radials, which 


appear to terminate at the sea water's edge. There is about a mile of seawater between the test 
antenna and the calibrated receive antenna. 


The article concludes; "Vincent's antenna designs were tested using the official regime the Navy 
uses to certify antennas. Vincent's Plano Spiral Top Hat antenna, at 7MHz, was shown to have equal 
sensitivity to a normal quarter-wave antenna but at 50% the quarter-wave units size. In addition, 
bandwidth of the Vincent design was nearly twice as wide as that of the quarter-wave unit." 


The initial Vincent claim read almost like CFA, CTHA, Fractal, and E-H antenna claims. А very 
short antenna with makeshift construction was claimed to produce better than full size performance. 
The claims have evolved now to 50% shortening over a nearly perfect ground produces equal FS. 


‘The difference in FS between a conventional 1/4 wl tall antenna and а 1/8th wl tall antenna is within 
measurement error when the antenna is over a very good ground system and when it uses a good 
loading inductor regardless of where loading is placed. Brown, Lewis, and Epstein knew that in the. 
19305. 


As a matter of fact even with a loading сой © as low as 250 (typically like air core #16 wire) and 
using base loading there is less than 1dB difference between a 1/Sth wave and quarter wave 
antenna! 


‘The apparent endorsement of the DLM antenna by the U of RI does prove one thing... we need to 
work on our educational system and stop the backslide in science. The U of RI and Vincent are now 
at the level of early 20th century antenna 

technology. 


73 Tom 
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ENGINEER DRASTICALLY SHRINKS ANTENNA, MAINTAINS SENSITIVITY AND 
BANDWIDTH 


A research engineer at the University of Rhode Island has invented an antenna 70 percent smaller 
than conventional designs, but which has comparable sensitivity and increased bandwidth. The 
antenna, called a distributed-load monopole (DLM), uses a helix and a load coil to shrink the size of 
a normal quarter-wave monopole. In testing research engineer Rob Vincent's antenna design, which 
cancels out the normal inductive loading, the U.S. Navy found that the antenna achieved equivalent 
performance with antennas 30 to 70 percent shorter than an ideal quarter-wave design. Read more: 


htt 


JIwww.wirelessnetdesignline.com/showArticle.jhtml?articleID-163103803 
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Antenna design boosts efficiency per given size 
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Portland, Ore. - A four-year skunk works effort at the University of Rhode Island in Kingston has 
cut the size of an antenna by as much as one-third for any frequency from the kHz to the GHz range. 
Using conventional components, the four-part antenna design cancels out normal inductive loading, 
thereby linearizing the energy radiation along its mast and enabling the smaller size. 


"The DLM [distributed load monopole] antenna is based on a lot of things that currently exist," said 
the researcher who invented the smaller antenna, Robert Vincent of the university's physics 
department, "but I've been able to put a combination of them together to create a revolutionary way 
of building antennas. It uses basically a helix plus a load coil." 


The patent-pending design could transform every antenna-from the GHz models for cell phones to 
the giant, kHz AM antennas that stud the high ground of metropolitan areas- Vincent said. 


For cell phones, for example, Vincent said he has a completely planar design that is less than a third 
the size of today's cell phone antennas. And those 300-foot tall antennas for the 900-kHz AM band 
that dominate skylines would have to be only 80 feet high, with no compromise in performance, 
using Vincents design, he said. 


"When looking at these antennas, you pretty much have to forget everything you ever knew about 
antennas and keep an open mind, because some of the things I have done are very radical," said 
Vincent. "With my technique, I reduce the inductive loading that is normally required to resonate 
the antenna by as much as 75 percent . . . by utilizing the distributed capacitance around the 
antenna." 

NIMBY factor 

Vincent, an amateur radio operator, embarked on his project after he moved to a new neighborhood 
and his neighbors objected to the 140-foot tall antenna he planned to erect for a quarter-wave 1.8- 
MHz transmitter. So he surveyed the literature, took the best of the best designs and combined them 
into a 21-MHz test antenna that was 18 inches high, as opposed to the 12- to 24-foot height of the 
antennas normally used for that band. Building on that work, he eventually devised a 46-foot-tall 
1.8-MHz antenna his neighbors could accept. 


"I looked at all the different approaches used to make antennas smaller, and there seemed to be good 
and bad aspects" to each, Vincent said. "A helix antenna is normally known to be a core radiator, 
because the current profile drops off rapidly; they are just an inductor, and inductance does not like 
to see changes in current, so it's going to buck that. "But what 1 found was that for any smaller 
antenna, if you place a load coil in the middle you can normalize and make the current through the 
helix unity; that is. you can maximize it and linearize it." 


Vincent has verified designs from 1.8 MHz to 200 MHz by measuring and characterizing the 
behavior of his DLM antenna compared with a normal guarter-wave antenna of the same frequency. 
He found that many of the disadvantages of traditional antennas were not problems for the much 
lighter inductive loading in a DLM 


"For instance, in a normal quarter-wave antenna the current continually drops off in a sinusoidal 
shape, but these antennas don't do that," said Vincent. "The current at the top of the antenna is 80 
percent of the current at the base." 


The reason more current can be pumped into a DLM design than in a conventional equivalent at the 


same size, Vincent theorized, is that the DLM distributes energy more evenly along the antenna's 
length. Using a DLM antenna one-third to one-ninth the size of standard quarter-wave antenna, һе 
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measured nearly 80 percent efficiency, when conventional wisdom would dictate that an antenna the 
size of a DLM should be only 8 to 15 percent efficient. 


To check his theory, Vincent analyzed and compared the current profiles, output power and a score 
of other standard tests for measuring antenna performance. All measurements were in reference to 
comparative measurements made on а quarter-wave vertical antenna for the same frequency, on the. 
same ground system and same power input. 


"I was able to increase the current profile of the antenna over a quarter-wave by as much as two to 
2.5 times," said Vincent. "That is, the magnitude of the current in these antennas is two to 2.5 times 
larger than for a normal quarter-wave antenna. 


“However, if you measure the current profiles for both antennas and integrate the area under the 
curves, you come out with the same volume, indicating that the much smaller antenna is filling the 
airwaves with the same amount of radio energy." 


Vincent plans to publish the results in a scientific journal soon, but with a patent decision imminent, 
he couldn't hold off a preliminary announcement that his theories regarding DLM antennas were 
being supported by the experimental results. According to the researcher, the DLM antenna profiles 
look just like the theoretically ideal antenna profile-operating on a single frequency with very high 
efficiency, while not producing any interfering frequencies or wasting thermal energy. 


"The phase and amplitude of this antenna are a perfect mimic of the universal resonance curve,” 
said Vincent. "This makes the antenna completely predictable well beyond its bandwidth. Another 
unique feature is that these antennas have no harmonic response whatsoever; as a matter of fact, to a 
certain extent I used filter synthesis to design the antennas." 

Nondescript 

To the naked eye, the DLM antenna looks unremarkable, said Vincent, who jokes that you could put 
a flag on his antennas and they would look like flagpoles. But under the skin are four main sections 
to the antenna (from bottom to top): an inductive helix, a capacitive midsection, an inductive load 
coil and a capacitive top section. The different lengths of the mid- and top sections give them 
different resonant frequencies, which, together with the exact values of inductance and capacitance, 
define the antennas design specifications for any desired frequency, 


"The technology is completely scalable: Take the component values and divide them by two, and 
you get twice the frequency; take all the component values and multiply them by two, and you are at 
half the frequency,” said Vincent. "There are two poles in the antenna, and where I place the poles in 
relation to one another-how much I bring the two resonant frequencies together or spread them 
apart-enables me to emulate different antennas, from a quarter-wave to a five-eighths wave." 


Vincent said no existing modeling software could adequately model his antenna design. So he rolled 
his own simulation with Mathcad, making use of some of Mathead's filter design algorithms for the 
inductive/capacitive-canceling effect. 


"Eight years ago, antenna design was 90 percent black magic and 10 percent theory,” said Vincent. 
"But now, with my design, they are 10 percent black magic and 90 percent theory." 


‘The antennas are also well-behaved, with wide bandwidth and easy to connect to standard 
equipment, according to Vincent. For instance, they can directly connect to standard 50-ohm 
antenna inputs without any adapters. 


All have to do is tap the helix at its base, and you get a perfect S. ohm match with out any lossy 
networks [as are required for other advanced antenna designs]," said Vincent 
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For the future, Vincent is moving up into the GHz bands for use with cell phones and radio- 
frequency ID equipment. A problem in the past has been that as components are downsized, they 
become too small to utilize standard antenna materials. At 1 GHz, for example, the helix is only 
cieht-thousandths of an inch in diameter and requires more than 100 turns of wire. 


"So I came up with a new way of developing a helix for high frequencies that 
design; it's a two-dimensional helix," said Vincent. 


a fully planar 


With the new helix design, Vincent has built a prototype 7-GHz antenna that he claims is 
indistinguishable from a quarter-wave antenna in all but its size. "Because the new design is 
completely planar, we could crank these out using thin-film technologies," Vincent said. 


Vincent received the 2004 Outstanding Intellectual Property Award from the University of Rhode 
Islands Research Office, joint applicant for the patent. 


http://www.newswise.com/articles/view/S11437/ 
Navy Gives Small Antenna Big Results 
Newswise — The news last June that Rob Vincent, an employee in the Physics Department at the 


University of Rhode Island, had shrunk the antenna size without shrinking its effectiveness, 
produced a large group of Doubting Thomases worldwide. Prove it, they demanded. 


Vincent and URI, with the help of the Naval Undersea Warfare Center and its antenna test range on 
Fishers Island, N. Y., have done just that. 


Оп March 31, 14 versions of Vincent's Distributed Load Monopole (DLM) antennas were put 
through a battery of validation tests, The results exceeded Vincent's and ОКТУ expectations. 
Smaller is better. 


‘The Navy center responds to a wide variety of military and commercial requests for testing antennas 
at its Fishers Island over water range, the only such range of its kind in the world. Water provides a 
better path for transmission and reception than land. The site is located on a low-lying, remote 
coastal area, free of local interference. 


‘The Fishers Island range is a far-field ground wave antenna test range capable of measuring the 
performance of antennas ranging in frequency from 2 to 30 megahertz. Gain measurements are done 
relative to an ideal quarter wave monopole antenna. The URI antennas were tested using the same 
methods and instrumentation as those used to test and certify Navy antenna systems. 


Industry regards such testing as dependable as science permits and often includes the center's data 
with products to assure customers of its performance specifications. 


Vincent's Plano Spiral Top Hat antenna at 7 megahertz is half the size of a normal quarter-wave 
antenna operating at that frequency. The URI antenna gain matched the performance of the ideal 
quarter-wave antenna, and its bandwidth was nearly twice as wide. This type of antenna has 
multiple uses, including military, marine, amateur radio communications and AM broadcasting, 

In addition, the gain of Vincent's capacity Top Hat DLM antenna, which incorporates a helix, a load 
coil, a capacitive top hat utilizing radial spokes at the top of the antenna and a horizontal plane was 
nearly identical to the ideal quarter wave antenna, Its bandwidth was greater than 5 percent of the 
operating frequency and the antenna is more than 70 percent shorter than an ideal quarter wave 
antenna, 
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(that is 90 degrees out of phase with the radiating current). John 
Kuecken showed how to separate the two currents in Antennas and 
Transmission Lines (pp. 224 ff). 


Perhaps the most significant part of Kuecken's account is that he 
describes the technique in connection with the hairpin monopole 
(another name for the folded-monopole list of aliases). The 
technique applies equally both to folded monopoles and to folded 
dipoles, since the former is simply half the latter if terminated in a 
perfect ground or in a ground plane the approximates a perfect 
ground. If we make the folded structure self-resonant using а 
perfect ground and lossless wire, a dipole will show about 72 Ohms 
for a feedpoint or source impedance (resistive, of course), while a 
linear monopole will show 36 Ohms. Folded versions of the two will 
shows 288 and 144 Ohms, respectively under suitable conditions. 
Fig. 2 shows the correlation of the two antennas and their linear 
roots. 
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Vincent's standard DLM antennas with a standard helix and load coil were also tested at various. 
frequencies. All exhibited gains nearly equal to the ideal antenna with bandwidths of 3 to 10 
percent. The antennas were 33 to 40 percent shorter. 


More than 200 businesses, companies, and government agencies have contacted URI secking 
information for automotive, marine, and military applications, among others, since the antenna. 
announcement last year. A patent is pending on Vincent's technology. The inventor has made the 
University of Rhode Island and its Physics Department partners that will benefit from any revenue. 
his invention earns. 


URI is close to securing several license agreements. In addition, prototypes have been developed for 
numerous applications. 


View the test data on URIs antenna technology online, Visit the U.S. Navy's testing facility online 
for more information, 


http://vww.electronicproducts.com/Show Page.asp?FileName=olrr0 1.aug2005.html 


Antenna Technology Shrinks Size, Not Effectiveness 
by 
Ralph Raiola 


‘Tests at the Naval Undersea Warfare Centers antenna test range have shown that a new antenna 
technology, dubbed Distributed Load Monopole (DLM), can shrink antenna sizes without loss of 
performance. Developed last year by Rob Vincent, a technician in the University of Rhode Island's 
physics department, the technology could produce chip-mountable cell-phone antennas that can be 
applied to WLAN applications, and promises to at least double the range of walkie-talkies used by 
police, fire, and other municipal personnel. 


‘The DLM antenna technology promises antennas up to 70% shorter than an ideal quarter-wave 
antenna, 


Several versions have been developed, including the Plano Spiral Top Hat, a 7-MHz version that is 
half the size of normal quarter-wave devices operating at that frequency. The device's gain matched 
the performance of the ideal quarter-wave antenna, and its bandwidth was nearly twice as wide. 


‘The Top Hat DLM antenna incorporates a helix, load coil, and capacitive top hat using radial spokes 
at the top. More than 70% shorter than an ideal quarter-wave antenna, its bandwidth is greater than 
5% of the operating frequency. 


Standard versions featuring a standard helix and load coil were also tested at various frequencies, all 
exhibiting gains nearly equal to the ideal antenna with bandwidths of 3% to 10%. The antennas 
were 33% to 40% shorter, 


‘The technology is also being focused toward applications such as naval ships, baby monitors, RFID, 
and portable antennas for military equipment. The university is close to securing several license 
agreements and prototypes have been developed for numerous applications. For more information, 
call Rob Vincent of the University of Rhode Island at 401-874-2063 or visit 
http://wwwurLedu/news/vincent/reportüs 


http://www.uri.edu/news/vincent/report0S 
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Table of Contents: Test Report -- 
http://wwwurLedu/news/vincent/reportÜS/testreport.pdf. 
NUWC Report -- 
http://wwwamta.org/StaticFiles/PDF/amta. 2002/session*G2013/22002-13-02-072. pdf. 
‘Antenna Test Data (zip) -- 
http://www.uriedu/news/vincent/report05/data.zip. 
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System and Method for Providing a Distributed Loaded Monopole Antenna 
Robert J. Vincent 
(March 6, 2007) 


Abstract — A distributed loaded antenna system including a monopole antenna is disclosed. The 
antenna system includes a radiation resistance unit coupled to a transmitter base, a current 
enhancing unit for enhancing current through the radiation resistance unit, and a conductive mid- 
section intermediate the radiation resistance unit and the current enhancing unit. The conductive 
mid-section has a length that provides that a sufficient average current is provided over the length of 
the antenna. 
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BACKGROUND 
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The present invention generally relates to antennas, and relates in particular to antenna systems that 
include one or more monopole antennas. 


Monopole antennas typically include a single pole that may include additional elements with the 
pole. Non-monopole antennas generally include antenna structures that form two or three 
dimensional shapes such as diamonds, squares, circles ete. 


As wireless communication systems (such as wireless telephones and wireless networks) become 
more ubiquitous, the need for smaller and more efficient antennas such as monopole antennas (both 
large and small) increases. Many monopole antennas operate at very low efficiency yet provide 
satisfactory results. In order to meet the demand for smaller and more efficient antennas, the 
efficiency of such antennas must improve. 


There is a need, therefore, for more efficient and cost effective implementation of a monopole 
antenna, as well as other types of antennas and antenna systems. 


SUMMARY OF THE INVENTION 


їп accordance with an embodiment, the invention provides a distributed loaded antenna system 
including a monopole antenna. The antenna system includes a radiation resistance unit coupled to a 
transmitter base, a current enhancing unit for enhancing current through the radiation resistance 
unit, and a conductive mid-section intermediate the radiation resistance unit and the current 
enhancing unit. The conductive mid-section has a length that provides that a sufficient average 
current is provided over the length of the antenna. 


BRIEF DESCRIPTION OF THE DRAWINGS 


The following description may be further understood with reference to the accompanying drawings 
in which: 


FIG. 1 shows a diagrammatic illustrative electrical schematic view of a distributed loaded 
monopole antenna in accordance with an embodiment of the invention; 
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P. 


FIG 1 


FIG. 2 shows a diagrammatic illustrative side view of a distributed loaded monopole antenna in 
accordance with an embodiment of the invention; 


FIG. 3 shows a diagrammatic illustrative graphical view of average current distribution over length 
of an antenna in accordance with an embodiment of the invention; 
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FIG. 4 shows a diagrammatic illustrative top view of a top unit for use in accordance with an 
embodiment of the invention; 


FIG 4 


FIG. 5 shows a diagrammatic illustrative side view of an antenna in accordance with an 
embodiment of the invention employing a top unit as shown in FIG. 5 
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FIG. 5 


FIG. 6 shows a diagrammatic illustrative top view of another top unit for use in an antenna in 
accordance with a further embodiment of the invention; 
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FIG. 7 shows a diagrammatic illustrative side view of a radiation resistance unit for use in an 
antenna in accordance with an embodiment of the invention; 
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FIG7 


FIG. 8 shows a diagrammatic illustrative side view of an adjustment unit for use in an antenna in 
accordance with an embodiment of the invention; 
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нав квз FIG 10A — FIG 108. 


FIG. 9 shows a diagrammatic illustrative side view of the slotted tube shown in FIG. 8; 


FIGS. 10A and 10B show diagrammatic illustrative side views of the tapered sleeve shown in FIG. 
E 


FIG. 11 shows a diagrammatic illustrative side view of another adjustment unit for use in an 
antenna in accordance with an embodiment of the invention; 


» 


FIG 13 


FIG. N FIG 12 


FIG. 12 shows a diagrammatic illustrative side view of the slotted tube shown in FIG. 11; 


FIG. 13 shows a diagrammatic illustrative side view of the sleeve shown in FIG. 11; 


FIG. 14 shows a diagrammatic illustrative isometric view of a radiation resistance unit for use in an 
antenna in accordance with an embodiment of the invention; 
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FIG. 14 


FIGS. 15А, 15B and 15C shows diagrammatic illustrative isometric, front and side views of a 
current enhancing unit for an antenna in accordance with an embodiment of the invention; 


»^ 7 x N. 
FIG. 15A FIG 158 FIG 15C 


FIGS. 16 and 17 show diagrammatic illustrative side views of antennas in accordance with further 
embodiments of the invention employing the radiation resistance unit shown in FIG. 14; 
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FIG. 18 shows a diagrammatic illustrative isometric view of a plurality of monopole antennas in 
accordance with the invention being used together in a multi-frequency system; 


FIG. 18 


FIG. 19 shows a diagrammatic illustrative electrical schematic of a portion of the system shown in 
FIG. 18; 
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The "suitable conditions" clause of the folded antenna impedance 
report presumes that the two wires in the folded structure have the 
same diameter. Аз well it presumes that the two wires are close 
enough to form a transmission line rather than simply an open loop 
or open half-loop. Unfortunately, too many amateurs are unaware 
that we may effect other impedance transformations by varying the 
diameters of the two conductors, or the spacing between them, or 
both. Fig. 2 hints at that wider range of potentials by designating 
the wire spacing as s, the diameter of the fed wire as d1, and the 
diameter of the return wire as d2. How these dimensions (all in the 
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FIG. 20 shows a diagrammatic illustrative side view of an antenna in accordance with an 
embodiment of the invention that forms a loop antenna system; 


FIG 20 


FIG. 21 shows a diagrammatic illustrative side view of an antenna in accordance with an 
embodiment of the invention that forms a dipole antenna system; 
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FIG 21 


FIG. 22 shows a diagrammatic illustrative electrical schematic of an antenna in accordance with an 
embodiment of the invention; 
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FIG 22 


FIG. 23 shows a diagrammatic illustrative side view of an antenna in accordance with an 
embodiment of the invention; and 
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FIGS. 24, 25 and 26 show diagrammatic illustrative side views of antennas in accordance with 
further embodiments of the invention; 
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The drawings are shown for illustrative purposes only. 
DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 


A distributed loaded monopole antenna in accordance with an embodiment of the invention includes 
a radiation resistance unit for providing significant radiation resistance, and a current enhancing unit 
for enhancing the current through the radiation enhancing unit. In certain embodiments, the 
radiation resistance unit may include a coil in the shape of a helix, and the current enhancing unit 
may include load coil and/or a top unit formed as a coil or hub and spoke arrangement. The 
radiation resistance unit is positioned between the current enhancing unit and a base (e g. ground), 
and may, for example, be separated from the current enhancing unit by a distance of 
2.5316.times.10.sup.-2.lamda. of the operating frequency of the antenna to provide a desired current 
distribution over the length of the antenna. 


As shown in FIG. 1, an electrical schematic diagram of an antenna 10 in accordance with an 
embodiment of the invention includes a radiation resistance unit 12 and a current enhancing unit 14. 
‘The radiation resistance unit 12 (such as, for example, a helix) may be formed in a variety of shapes, 
including but not limited to round, rectangular, flat and triangular. The radiation resistance unit 12 
тау be wound with wire, copper braid or copper strap or other conductive material around the form 
and is such that it's length is very much longer than it's width or diameter. 


‘The current enhancing unit 14 may also be formed of a variety of conductive materials and may be 
formed in a variety of shapes. The unit 14 is positioned above the unit 12 and is separated a distance 
above the unit 12 and supported by a mid-section 16 (e g. aluminum tubing). The current enhancing 
unit 14 when placed a distance above the radiation resistance unit 12 performs several important 
functions. These functions include raising the radiation resistance of the helix and the overall 
antenna, 


‘The above antenna provides continuous electrical continuity from the base of the helix to the top of 


the antenna. The base of the antenna is grounded as shown at 18, and the signal to be transmitted 
may be provided at any point along the radiation resistance unit 12 (e.g., near but not at the bottom 
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of the unit 12). The signal may also be optionally passed through a capacitor 22 in certain 
embodiments to tune out excessive inductive reactance as discussed further below. 


FIG. 2 shows an implementation of the above antenna system in which the radiation resistance unit 
is formed as a helix 30, and the current enhancing unit is formed as a load coil 32. The helix 30 is 
formed as a conductive coil that is wrapped around a non-conductive cylinder wherein the coil 
windings are mutually spaced from one another by a distance of approximately the thickness of the 
coil. The bottom of the helix coil is connected to ground as shown at 34, and the top of the helix coil 
is connected to a conductive mid-section 36 between the helix 30 and the load coil 32. The load coil 
is formed as a tightly wrapped spiral, the base of which is connected to the mid-section 36 and the 
top of which is connected to a top-section 38. The mid-section 36 may separate the helix 30 and 
load coil 32 by a distance as indicated at A. The signal to be transmitted is coupled to the antenna by 
a coaxial cable 40 whose signal conductor is coupled to one of the lower helix coil windings near 
the base as shown at 42, and whose outer ground conductor is coupled to ground as shown. 


The choice of the distance A of the load coil above the helix impacts the average current distribution 
along the length of the antenna. As shown in FIG. 3, the average current distribution over the length 
of the antenna varies as a function of the mid-section distance for a 7 MHz distributed loaded 
monopole antenna. The mid-section distance is shown along the horizontal axis in inches, and the 
percent of average current over the antenna length is shown along the vertical axis. The relationship 
between the mid-section distance and the percent of average current is shown at 50 for this antenna. 
The current distribution for this antenna peaks at about 42 inches as shown at 52. The conductive 
mid-section has a length that provides that a sufficient average current is provided over the length of 
the antenna and provides for increasing radiation resistance to that of 2 to nearly 3 times greater 
than a 1/4.lamda. antenna (ie. from for example, 36.5 Ohms to about 72 100 Ohms or more). 


‘The inductance of the load coil should be larger than the inductance of the helix. For example, the 
ratio of load coil inductance to helix inductance may be in the range of about 1.1 to about 2.0, and 
may preferably by about 1.4 to about 1.7. In addition to providing an improvement in radiation 
efficiency of a helix and the antenna as a whole, placing the load coil above the helix for any given 
location improves the bandwidth of the antenna as well as improving the radiation current profile. 
‘The helix and load coil combination are responsible for decreasing the size of the antenna while 
improving the efficiency and bandwidth of the overall antenna. 


In further embodiments, a top unit 60 may also be provided that includes eight conductive spokes 62 
that extend from а conductive hub 64 as shown in FIG. 4. The spokes 62 may be held within small 
holes by set screws through which they are electrically connected to the conductive top-section 38 
of the antenna. As shown in FIG. 5, the top unit 60 may be placed atop an antenna such as the 
antenna shown in FIG. 2. This may further reduce the inductive loading of the helix and load coil io 
allow even wider bandwidth and greater efficiency. The top unit is included as part of the current 
enhancing unit. In further embodiments, the top unit may be used in place of the load coil as the 
current enhancing шай. 


A current profile for а 12 foot antenna employing a helix and load coil (starting at 7.5 feet) was 
found to show 100 percent current up to an elevation of about 7 feet, while a similar 9.5 foot 
antenna using an additional top unit was found to show 100 percent current up to an elevation of 
about 8 feet. The structure provides electrical continuity from the base of the helix to the top of the 
top section. The top unit may, in further embodiments, include a planar spiral winding that extends 
radially from, and in a transverse direction with respect to, the antenna as discussed below in 
connection with FIG. 6. 


‘There is an electrical connection from the bottom of the helix up through the helix and through the 
midsection and continues through the load coil to the top section. The helix at the bottom has 
provisions for tapping the turns of the helix. This allows connection from a source of radio 
frequency energy and proper matching by selecting the appropriate tap to facilitate maximum power 
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transfer from the radio freguency source to the antenna. The placement of the load coil provides 
linear phase and amplitude responses through the bandwidth of the antenna and even beyond the 
normally usable bandwidth of the antenna. It has also been found that such an antenna has no 
harmonic response, and that its response is similar to that of a low О band pass filter. 


‘The antenna shown in FIG. 2 may be mounted by clamping the base of the helix to a mounting pole 
that has been driven into the ground. Clamps may be used to affix the antenna sufficiently to the 
ground mounting post. In this embodiment the antenna is shown grounded to earth through a 
grounding rod, ground wire and connected to the base of the antenna and electrically connected 
using a ground clamp. Radial wires extending above ground or buried in the ground are electrically 
connected to the antenna using the ground wire and the ground rod and extend out from the antenna 
base for a uniform distance but not limited to any specific length. This grounding system comprised 
of a ground rod and radial wires may also take on many forms such as a large piece of copper or 
other conductor screen of any given geometric shape. This grounding system may also take on the 
form of a metal plane such as a ship, automobile, or a metal roof of a building among others. The 
antenna may also be elevated above ground on a conductive post with radial wires extended as guy 
wires to support and keep antenna in the upward erect position. These guy wires serve as an 
elevated ground poise or radial system. 


‘The feed for the antenna from a radio frequency source is tapped a few turns from the base of the 
helix driven by a radio frequency source and connected by a coax cable. The shield of the coax 
cable is connected to the base of the helix which is grounded to the ground rod. The radio frequency 
source is used to excite the antenna and cause a radio frequency current to flow which causes the 
distributed loaded monopole antenna to radiate. 


As indicated above, the design of the helix and interaction of the load coil are such that the antenna 
exhibits a large and uniform current distribution for various lengths along the antenna. The length 
and uniformity of this current profile is dependent upon the ratios of inductance between the load 
coil and the helix as well as location of placement of the load coil above the helix. In addition, the 
placement of the load coil allows larger than normal bandwidth measured as deviation from 
resonant frequency either side of resonance in which sufficient match between the source of radio 
frequency energy and the antenna can be maintained to allow the antenna to radiate with reasonable 
efficiency. In addition, the interaction of the helix and load coil allows reduction of the physical 
height of the overall antenna without reducing electrical height and provides for an increase in 
radiation resistance. This increase in radiation resistance reduces the effect of losses associated with 
short antennas. These losses include resistance in the wires of the helix and load coil and Ohmic 
resistance of the antenna conductors and that of the ground system. All or any of these has a 
pronounced effect on antenna radiating efficiency, reduction of antenna bandwidth and overall 
performance in shortened antennas. The design of the distributed loaded monopole antenna with a 
helix and load coil above the helix overcomes those losses and provides a high level of radiating 
efficiency with excellent bandwidth in a small compact easily implemented antenna. 


‘The physical structure of an antenna and the interaction of the components as described above allow 
for maximum use of distributed capacity along the antenna to ground to reduce inductive loading 
required to resonate the antenna to a given desired radio frequency. This increases efficiency, raises. 
radiation resistance and improves bandwidth. This also allows the antenna to have amplitude and 
phase response through resonance that resembles a universal resonance response curve with linear 
deviations in amplitude and phase for bandwidths far exceeding the normal half power bandwidth of 
the antenna. 


The antenna of FIG. 5 may be formed as follows. A helix is formed by wrapping a conductive 
‘material around a tubular non-conductive form, such as fiberglass, PVC or other suitable tubular 
insulator. In further embodiments, any form may be used such as those that are also square, 
rectangle or triangular in cross section. Attached to the top of the helix is a top fitting that is formed 
of a conductive material such as aluminum or other suitable conductive material. In this 
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embodiment these are machined but can also be cast from aluminum or other suitable conductive 
material. Slots are cut in the top fitting to allow clamping on to a aluminum tubing of such diameter 
that they form a tight mechanical fit when such tubing is inserted. This fitting is inserted into the 
helix tube and in this embodiment is epoxy bonded together with the helix and fitting. It may also be 
fastened with machine screws provided the helix form is drilled and the fitting has been drilled and 
threaded. Likewise a bottom helix fitting is machined or cast of aluminum or other conductive 
material is attached to bottom of helix. This fitting is solid aluminum and has mounting rod. A helix 
insertion rod has been epoxy bonded to the helix form. The main section forms a conductive 
‘mounting point for this lug and helix winding. A helix winding is attached at the base fitting with a 
solder lug or other conductive connecting material and fastened electrically and mechanically to the 
helix end fitting with a machine screw. The helix is wound with copper strap but not limited to this 
material but can be wire or copper braid wound in a circular manner over the entire length of the 
helix form and attached to the helix top fitting using, for example, a solder lug. Other conductive 
connecting devices may be used to allow electrical and mechanical assembly with a machine screw 
into the drilled and threaded hole. The helix at the bottom has machine nuts or similar connecting 
devices soldered to the winding for attachment of the center conductor of a coax cable. 


Inserted into the top of the helix fitting is a tubing that is held rigidly in the helix top fitting using a 
clamp. The load coil includes a section of fiberglass tubing that is attached with end fittings that are 
epoxy bonded to form a strong mechanical connection with both the mid-section and the top- 
section. The load coil end fittings are machined or cast aluminum. Each of these fittings is slotted 
and formed, or machined to accept mid-section tubing or top section tubing, which are electrically 
connected to the load coil itself. The load coil form is wound with heavy copper wire but may be 
any other heavy conductive material that is closely wound as shown to form a solenoid. Each end is 
connected to the load coil end fitting with a lug on each end, and attached electrically and 
mechanically with machine screws that are screwed into holes that have been drilled and threaded 
into load coil end fittings. Two pieces of tubing form the top section. The lower tube section at the 
top has been slotted to allow the upper tubing section to be inserted in a telescoping manner into 
tubing section to permit adjustment of the overall top section length to tune the antenna. Once 
adjusted, the tubing sections are secured with a clamp to form a rigid mechanical and electrical 
connection. There is now an electrical connection from the bottom of the helix winding from the 
helix bottom fitting to the top of the top section. 


‘The completed distributed loaded monopole antenna consisting of the helix 30, the mid-section 36, 
the load coil 32 and the top section 38 is shown in FIG. 5 mounted on a ground mounting pipe of 
conductive material using clamps. The coax cable with a center conductor is shown connected to 
one of the tap points at bottom of helix. The coax shield is electrically connected to the helix base 
fitting with an electrical clamp. The ground wire 34 is connected to the electrical clamp (and 
therefore to the ground base of helix) and to a ground rod 44 in the ground. Attached to the ground 
rod 44 and ground wire are radials 46 that are either buried or lying on the ground. The radials 46 
may be of sufficient length and number to provide an adequate counterpoise for operation of the 
distributed loaded monopole antenna. 


The hub 64 of the hub and spoke top unit 60 shown in FIG. 4 may be fabricated from an aluminum 
disk of sufficient size to accommodate the eight radial aluminum conductors or spokes 62. To use 
the top unit 60, the normal antenna design inductance for the helix and load coil must be decreased 
by 1/2 in order to resonate the antenna to the same frequency. The overall antenna height decreases 
by about 25%. The bandwidth of the antenna increases by a factor of 2.5 times or more over that of 
a normal design. In addition the antenna increases in efficiency by more than 10% as compared to a 
normal distributed loaded monopole design 


‘The top unit hub 64 is drilled with eight holes spaced every 45 degrees around the circumference of 
sufficient diameter and depth to accept the conductive radial spokes 62. Eight holes are also drilled 
in the top of the hub along the outer rim and are aligned over the eight holes previously drilled and 
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are threaded to accept set screws that secure the radial conductive spokes 62. Alll the spokes 62 are 
of the same length and of sufficient diameter and strength to be self-supporting extending 
horizontally out from the hub as shown in FIG. 5. The complete top unit with hub and spokes is 
slipped over the top section of the distributed loaded monopole antenna and horizontally extends in 
all directions as shown in FIG. 5. The antenna is tuned by decreasing or extending the height of the 
top unit above the load coil of the antenna. The top unit is provided to maximize and make uniform 
the current profile of the antenna from the base to as high along the antenna length as possible while 
providing improved bandwidth and efficiency. 


In other embodiments, the top unit 70 may include a non-conductive hub 72 with eight non- 
conductive rods 74 extending from the center-insulated hub 72 as shown in FIG. 6. These rods may 
be formed of an insulating material that may be used for radio frequencies. The top section extends 
through the hub 72 and is then connected to a large conductor or wire 76 at a first end 78 of the 

wire. The other end 80 of the wire is not electrically connected to any conductive material. This 
wire 76 is wound in a spiral form from the center in an increasing diameter. This forms a large spiral 
conductor at the very top of the antenna as well as provides capacitive loading. The function of this 
configuration is to maximize and make uniform the current profile from the base of the antenna 
extending all the way to the top of the antenna, 


When using the top unit 70 with a load coil and helix of the antenna shown in FIG. 2, the inductance 
for the helix and the load coil must be reduced by about 1/2(50%). This will allow the antenna to 
resonate at the same frequency. 


For the combined capacitive top unit and load coil of FIG. 5, the load coil and helix inductance is 
also reduced by about 50%. The overall antenna height decreases by about 25% for the capacitive 
top unit antenna and for the combined load inductor and top unit combination the antenna height 
remains the same or in some cases may be slightly larger. 


In further embodiments, the bandwidth of the antenna may be enhanced by including an additional 
coiled wire 82 in a top unit as also shown in FIG. 6. The additional wire 82 includes first and second 
ends 84 and 86 that are each not electrically connected to any conductive material. It has been found 
that interlacing a false winding into a current enhancing unit (such as the top unit winding shown in 
FIG. 6) or a radiation resistance unit (such as a helix as shown in FIG. 7) enhances the bandwidth of 
the top unit as well as improves the current profile along the antenna. The interlaced false winding 
has little effect on the resonant frequency of the antenna system. 


Similarly, a false winding may be provided in a helix of an antenna in accordance with an 
embodiment of the invention as shown in FIG. 7 to enhance the bandwidth of the helix. In this 
embodiment, a radiation resistance unit 90 includes a helix winding 92 that is wound around a non- 
conductive tube and electrically connected at each end to electrical couplings. An additional 
winding 94 is interlaced within the helix winding but is not connected electrically to any point 
within the helix or at the ends of the winding 94. The winding 94 is merely suspended within the 
helix winding 92 as shown in FIG. 7. This false winding 94 has been found to enhance the 
bandwidth of an antenna by as much as 100% (i.e., doubling it). The effect of this false winding is 
to reduce the capacitance between helix and load coil windings, which has been found to be a 
bandwidth limiting mechanism in helix coils and load coils 


In further embodiments, the resonance of an antenna of the invention that includes a helix may be 
changed by adding to ог removing from the helix, a turn of winding turns of the helix to change coil 
inductance. This may be accomplished by employing a coil adjustment unit such as units 100 or 110 
аз shown in FIGS. 8 and 11 respectively. The coil adjustment unit 100 shown in FIG. 8 includes an 
electrically conductive slotted tubing 102 (shown in FIG. 9) that is received within the tubing of the 
helix, i.e., the tubing around which the helix coil (not shown) is wrapped. An electrically conductive 
tapered sleeve 104 is then inserted within the tubing 102. The slotted tubing 102 may be made from 
aluminum or any other non-ferrous conductive material. The slot 106 in the tubing 102 is cut 
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lengthwise as shown and may be any convenient width but not greater than 1/6 of the tubing 
circumference. The top of this tubing should have slots cut to allow a clamp to securely fasten 
telescoping tubing to be inserted into tubing (102). The total length of this tubing should be such 
that the portion slotted will it into the helix tubing and locked into the helix top fitting clamp 
assembly using a clamp as discussed above. 


A portion of the tubing 102 should also protrude from the helix for the additional non-ferrous sleeve 
104 to easily slide inside and be secured using a clamp. This sleeve 104 is cut lengthwise as shown 
to create a long angled section 108. This sleeve 104 when fitted into the slotted tubing 102 provides 
variations in opening or closing the slot responsive to turning the sleeve 104 with respect to the 
tubing 102. This permits eddy currents to circulate within this tubing combination where the slot has 
been closed by the twisting action of tubing. The effect of the slotted tubing when the slot is open i 
minimal on the helix inductance. When the slot is filled or closed by the rotation of the sleeve 104, 
eddy currents will be allowed to flow and electrically short out turns of the helix therefore allowing 
variations of the helix inductance. This same technique may be used for solenoid coils of any length 
thereby allowing adjustment of the inductance. The number of windings and/or the length of a load 
coil may also be adjusted using such an adjustment unit. 


Similarly, the coil adjustment unit 110 shown in FIG. 11 includes an electrically conductive slotted 
tubing 112 having a slot 114, and а conductive sleeve 116. In this case the sleeve 116 does not 
include a tapered edge, and the unit 110 is adjusted by varying the distance to which the sleeve 116 
is inserted within the slotted tubing 112. In both cases, once the adjustment has been made to 
satisfaction the adjusting tubing is clamped securely. 


In addition to these embodiments, the distributed loaded monopole antenna may take on other 
forms. These include reducing the height of the antenna and inductance of the helix and load coil, 
and affixing at the top of the top section a horizontal series of electrical conductors extending out 
from the center in the form of spokes for a given distance. These conduetors may be any arbitrary 
number and are arranged as spokes from a hub as discussed above. In accordance with further 
embodiments, a plain sheet of metal or conductive screen may also be used. Other such 
embodiments may also be employed where they provide for a large capacitance from the top of the 
antenna to ground. This capacitance provides for further uniform distribution of current for an even 
greater distance along the antenna height or length. This further allows for wider bandwidth 
operation and higher efficiency, 


Further embodiments provide that a helix may be constructed as a lattice network of wider width 
than thickness as discussed below with reference to FIGS. 14 17. This embodiment may take on the 
form of a latticework constructed of insulating material that is adequately braced along its height or 
length. The ends of the latticework consist of fabricated aluminum pieces so shaped to support the 
lattice structure at each end. Winding suitable conductors as described above around the structure 
from the base to the top forms a helix. The winding is such that the number of turns per unit length 
is higher at the bottom than at the top. The top of this helix winding is electrically terminated to the. 
conductive lattice termination. These aluminum pieces or suitable conductors provide for affixing 
additional conductors in the form of tubing, rod or pipe. In this manner, the antenna may be 
extended in length or height and provide for electrical connection of the helix winding. This extends, 
the electrical connection from ground up through the helix to the top of the antenna through the load 
coil. The aluminum or any conductive material at the top of the helix structure allows for 
terminating the helix winding and provides electrical connection to the above mentioned upper 
structures of the antenna. These upper structures include a mid-section as discussed above. A load 
coil of any of a variety of geometric shapes may also be employed as further discussed below. To 
allow connection and proper matching between a radio frequency source and the antenna this 
above-described helix provision is allowed for tapping the helix conductor anywhere along its 
length from the bottom of the antenna. The rectangular helix geometry and various load coil 
geometry allow further reduction of required loading in the form of inductance and enhance further 
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same unit of measure) go together to effect an impedance 
transformation appears in the following equation. 


I d1 and d2 are equal, then the right side of the expression in ( is 
1, and to that number we add 1, to get 2, which squares to 4 as the 
value of R, the ratio. Hence, the most common case of a folded 
dipole multiplies the linear dipole impedance by 4. A folded 
monopole meeting the same conditions does likewise. Next, let's 
make the return wire diameter go to an infinitesimal value. We 
cannot let it go to zero or we cannot have a return wire, but an 
infinitesimal diameter will suffice to leave us with a wire, but one 
that reduces the d2-diameter and right side of the expression in () 
to a value insignificantly different from zero. Within the () we now 
have a value of simply 1, which squares to 1. This condition sets 
the minimum transformation in a folded dipole or monopole. in 
other words, a folded mono-/di-pole cannot transform an 
impedance downward from the linear value-only upward. On the 
other hand, making the return wire very small drives the 
denominator on the right side of the expression in () toward zero, 
increasing the value of the fraction to an indefinitely high value. For 
most antenna work, resulting ratios (R) greater than 10:1 are 
seldom encountered. However, we often find conversion ratios 


Chapter 31 


итә. Rob Vincent Distributed Load Monopole Antenna 
the distributed loading affect of capacity along the length of the antenna to ground, This allows even 
further improved bandwidth and radiation efficiency. This embodiment may also be used with 
variations in load сой inductance and helix length and helix inductance, together with a series 
capacitor match between helix tap and the source of radio frequency energy. These variations allow 
equivalent performance to a conventional antenna as much as 9 times larger in size. 


Current profiles have been developed for various such embodiments of 1/2 wave and 5/8 wave 
distributed loaded monopole antennas. The manipulation of helix length and inductance as well as 
the ratio of load coil to helix inductance may achieve a wide variety of suitable antennas. 


In addition to the above embodiments, providing a remotely controlled top section length may yield 
а distributed loaded monopole antenna that is continuously tunable over a large frequency range. 
This may be achieved utilizing a motor driven worm gear or any other method of varying remotely 
the adjustment of the top section length. Similarly the antenna may be tuned by varying the helix 
inductance. This may be accomplished by varying the electrical length of the helix but without 
changing the mid-section length between the helix top and load coil. 


In particular, an antenna in accordance with further embodiments may include a radiation resistance 
unit 120 having a non-electrically conductive structure 122 around which is wrapped a conductive. 
material 124 in the form of a helix as shown in FIG. 14. The structure 122 may be provided by four 
elongated edge elements 126 that are each connected to internal non-conductive bridges 128. The 
end portions 130, 132 are conductive and are electrically connected to each of the ends 134, 136 
respectively of the conductive material 124. Each of the bridge portions 128 includes a central hole. 
through which a non-conductive tube may pass, and the conductive end portions 130, 132 also 
include such an opening as well as a clamp for attaching the unit 120 to the conductive mid-section 
of an antenna at the upper end of the unit 120 and to ground at the lower end of the unit 120. The 
mid-section may further include a reinforcing fiberglass rod. 


‘The conductive material 124 may be any suitable conductor such as copper strips (that are thin in 
depth and wide in width) or copper braid, wire or similar material. The bottom of the winding is 
fastened and electrically connected to the aluminum or similar conductive bottom plate. The end of 
the helix winding material is fastened using suitable wire connecting lug or conductive strip and. 
soldered to provide a low loss electrical connection. The lug or connecting strip is fastened with a 
machine screw to a hole drilled into bottom plate which has been threaded to accept a machine 
screw, This provides a secured electrical connection. A similar fastener may be used to connect the. 
top end of the helix winding to the helix top plate 


The antenna shown in FIG. 16 may provide near 1/2 wave vertical antenna performance. The mid- 
section may be lengthened or shortened as discussed above to tune the resonance of the antenna. 
Similarly, the antenna shown in FIG. 17 may provide improved performance with additional 
bandwidth, The current enhancing unit 140 of FIG. 17 may be formed using a conductive 
planosprial coil 142 that is sandwiched between two non-conductive discs 144 and mounted to a 
non-conductive tube section 146 as shown in FIGS. 15A, 15B and 15С. The ends of the coil 142 are 
passed through two openings 148 and 150 in the inner disc and connected to the conductive mi 
section and top-section of the antenna. Adjustment of the length of the top-section (as discussed 
above) may further be used to tune the antenna to resonance. In either antenna, various ratios of load 
coil to helix inductance may permit various performance levels of the antenna to be optimized. 


When a flat antenna is designed for resonance much lower than normal, it will give 5/8 wave. 
performance. The embodiment shown in FIG. 14 uses the flat helix but this helix is a little longer by 
about 10%. This allows a slightly higher inductance in the helix. 


The embodiment shown may be ground mounted as discussed above using a base mounting rod. 
Attached to this base mounting rod may be an enclosure housing a capacitor de g. 22 as shown in 
FIG. 1) and a standard coax receptacle. The center conductor of this coax receptacle is connected to 
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one side of the series capacitor using a short wire. The coax shield is connected electrically through 
the enclosure box mounting plate and clamps to the base of the antenna, mounting post and the 
radial/ground system. The other side of the capacitor is connected to a feed through also using a 
short wire from the capacitor, and this short wire exits outside the box for connection of an 
additional wire that is used to tap the helix base a few turns from the bottom. Also connected to the 
base mounting rod is a grounding wire that is connected to a ground rod. The base mounting rod is a 
conductive material and is driven into the ground. This rod is securely connected to the helix base 
plate which is also conductive. This allows grounding the base of the helix and the beginning of 
helix winding to the ground using the ground wire and the ground rod. 


Radials are run on top of or in the ground by burying them under the surface. The radials are 
extended out from the base in a circular manner like the spokes extending from the hub of a wheel 
(similar to the hub and spoke structure of the top unit shown in FIG. 4). The radials are electrically 
connected to the base of the antenna through the ground rod and wire. This allows including the 
radials as part of the antenna ground system and serves as an electrical counterpoise. 


‘The antenna shown in FIG. 17 may be made for 1/4 wave performance using suitable values of 
helix and load coil, together with proper dimensions of the top and bottom sections. This provides 
extended bandwidth performance and improved efficiency. The antenna may utilize either load coil 
(32 or 140), and the helix length is reduced slightly to permit the antenna to resonate just below the 
lower frequency of operation. In this antenna, there is no need for the capacitor coupling (22 of FIG. 
1) to tune out the added inductance. 


In further embodiments, antennas of the invention may be combined to form other antenna systems 
such as dipoles where two antennas are placed back to back and their helixes electrically connected 
ata mutual base. The method of connecting the radio frequency source is to tap the helix from the 
middle and extend to each side till a suitable match between source and load can be achieved. A 
balanced matching transformer or BALUN can be used to drive the feed point. In addition, the 
antenna may be arranged in vertical positions along the ground and formed into arrays of antenna 
elements providing directional transmission. Distributed loaded monopole elements combined into 
dipoles may be further combined to form horizontally or vertically polarized arrays such as yagis or 
phase driven arrays of any number of elements. Such elements may also be combined into loops 
providing directional characteristic with improved sensitivity compared to other loop forms. 


For example, as shown in FIG. 18 multiple antennas 150, 152, 154 of different resonant frequencies 
resulting in different physical sizes may be used together to provide a multi-frequency system on a 
common, electrically conductive, mounting stage 156. An equivalent electrical schematic diagram 
of three such antennas sharing the common mounting stage is shown in FIG. 19. This mounting 
stage (which may be elevated from ground) may be any conductive surface such as a vehicle or a 
ship or a large metal sheet such as a roof of a building. When mounting in an elevated manner using 
a long pole such that the antennas and the mounting surface are some height above ground, the 
ground radials may be used to as a counterpoise as well to stabilize the structure. It is not required 
that any counterpoise or radial system be resonant 


As shown in FIG. 19, a single coaxial feed line 160 is used from the source of radio frequency 
excitation, All three antennas are connected to the coaxial feed in a parallel manner. The proper 
selection of antenna is provided by the series tuned circuits connecting to the proper tap point on 
each helix 162, 164, 166. At the frequeney of operation and resonance of the particular antennas 
selected the series resonant coupling circuits will be of sufficiently low impedance to couple the 
coaxial feed to the proper antenna. The series coupling elements not in use will be sufficiently de- 
coupled by virtue of their relatively high impedance. This configuration by virtue of this operation 
will provide efficient operation for each antenna to be automatically selected, 


Antennas used in accordance with further embodiments of the invention may provide a pair of 
distributed loaded monopole antennas as a half wave loop or two pairs may be used form a full 
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wave loop. FIG. 20 shows two such antennas used as a half wave loop. A first antenna 170 includes 
a helix 172 and a load coil 174, and a second antenna 180 includes a helix 182 and a load coil 184. 
A variable capacitor may be coupled between the upper ends 176 and 186 of the antennas 170 and 
180. The taps near the lower ends 178 and 188 of the antennas 170 and 180 may be coupled to a 
first balanced transformer winding while a second transformer winding is coupled to a coaxial 
connector port 190. In other embodiments, the end 192 of the one antenna 170 may be coupled to 
the first conductor of the coaxial connector 190, while the second conductor of the coaxial 
connector is coupled to a tap near the lower end 188 of the antenna 180. 


During operation, the loop may be resonant at a higher operating frequency, and the loop may be 
tuned to resonance using the variable capacitor between the ends 176 and 186 of the antennas 170 
and 180. If the loop is used for transmitting, the variable capacitor must be of sufficiently high 
voltage rating so as not to be broken down by the very large high radio frequency voltages 
generated across this capacitor. To implement the configuration or embodiment as shown, the 
midsections of each monopole element are bent into a 90-degree right angle. The bottoms of the 
helixes are joined using a conductive coupling. The entire loop is mounted on an insulated pole and 
may be rotated. The loop is feed with an unbalanced coax feed line and the transformer may be used 
to balance the loop. A virtual ground exists where the helix bases are joined. Because of this virtual 
ground the loop may be fed unbalanced while the coax shield is grounded at the helix joining point. 
To match the loop to the source in either case, it is only necessary to select the proper tap of the 
helix. 


Antennas in accordance with various embodiments of the invention may also be coupled as a 
distributed loaded dipole as shown at 200 in FIG. 21. The dipole antenna 200 includes two load 
coils 202 and 204 that are each mutually spaced from an intermediate (double length) helix 206, 
which is formed by joining two helixes together at their ends. Taps taken from either side near the 
center of the helix are coupled to either side of a first winding of a balanced transformer 208. The 
second winding of the transformer is coupled to each of the two conductors of a coaxial connector 
210 as shown. The transformer may be mounted in an enclosure. Selection of the proper tap points 
from the middle to each side of the helix winding should provide a sufficient impedance match to 
the radio frequency source. The transformer enclosure may be mounted a short distance from the 
dipole antenna and connected with short wires as indicated, 


Antennas in accordance with further embodiments of the invention may include a current enhancing, 
unit 210 and a radiation resistance unit 212 wherein the radiation resistance unit 212 is not formed 
asa helix or even a spiral that rotates about the longitudinal axis of the antenna, but rather as a 
planospiral that rotates about an axis that is orthogonal to the longitudinal axis of the antenna as 
shown in FIG, 22. The coil of the unit 212, therefore, is formed as a coil that extends back and forth 
along a length of the unit 212. The antenna may be driven by a transmission signal (as indicated at 
214) by tapping onto a portion of the coil of the unit 212 near but not at the ground end of the coil in 
unit 212 


For example, as shown in FIG. 23, the current enhancing unit may comprise a load coil 32 as 
discussed above with reference to FIG. 2. The radiation resistance unit 220, however, includes a coil 
222 that extends from one end 224 (at ground) to a second end 226 by wrapping up and down the 
length of the unit 220 as shown in FIG. 23. The antenna includes four main parts similar to the 
antenna shown in FIG. 2. The current enhancing unit shown in FIG. 23 includes a central support 
element 228, the coil of wire 222, and coil wire stringers 230 and 232 at the top and bottom of the 
center support element. 


Inserted into the center support element (which consists of a 1-inch square fiberglass pole) is an 
aluminum mounting rod 234 and a mid-section attachment rod 236. The coil wires 222 are strung 
vertically along the support element 228 to form an elongated spiral loop. This loop is fastened to 
the mid-section 236 using solder lugs and bolted to the mid-section attachment rod. The mid-section 
is attached by slipping this mid section tubing over the attachment rod and clamping them together 
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using clamps. The lower part of the loop is attached to the aluminum mounting post 234 using wire 
lugs that are screwed into the mounting post through the fiberglass main support holding the wire 
coil 222. The ground wire is clamped to the ground rod using a ground damp. In further 
embodiments, a false winding may also be added to the unit 220 as discussed above with reference 
to FIGS. 6 and 7. 


‘The performance of this antenna as shown in FIG. 2 at 7 MHz has been measured and it compared 
well with a 1/4 wave antenna. This full size antenna is 33 feet in height and this antenna with a 
plano spiral radiation resistance unit is 1/3 this size or approximately 11 feet in height. Both 
antennas were mounted on the same ground system and fed with the same power as measured at the 
base of each antenna. A driving power of 1 watt was used. Measured levels of radiating signal 
strength were so close to a 1/4 wave measured signal strength that the two antennas appear to be 
equal in radiating performance. 


‘The current profile was measured using an indirect current sensor, and it compared well with a 
current profile for the antenna of FIG. 2 employing a three dimensional helix. The antenna of FIG. 
23 appeared to provide uniform current distribution. 


One feature of the design of an antenna such as that shown in FIG. 2, is that normally an antenna of 
such a size as discussed above requires 25 .mu.H of combined helix and load coil inductance to 
resonate at 7 MHz. This also requires considerable lengths of wire (about 42 feet for the helix and 
20 feet or so for the load coil). The planospiral design uses 10% less wire and is resonant at 7 MHz 
using 10% less inductance. The planospiral helix appears to make better use of distributed capacity 
loading to ground than does the standard DLM. This has also been noticed in the three dimensional 
flat board-like frame helix used with planospiral load coils. Due to better utilization of distributed 
loading techniques by the piano spiral antenna, it may achieve better efficiency and wider 
bandwidth especially when utilizing the false helix winding. The system of FIG. 23 also appears to 
provide excellent linearity of the amplitude and phase and the relative linear progression of reactive 
to non reactive changeover in the antenna through the bandwidth. 


Certain of the above distributed loaded monopole antennas utilizes a helix with a load coil to 
improve the radiated efficiency of the helix and antenna overall. The addition of the load coil 
the radiation resistance of the antenna, increases and makes uniform the current distribution along 
the antenna, and increases the useful bandwidth of the antenna. These structures, though practical 
and useful for many ranges of frequency applications (such as very low, low, medium, high and very 
high frequency systems), present practical limitations for ultra high frequency and microwave radio 
frequency applications. For example, a 1000 MHz system might require a helix that is eight 
thousandths of an inch in diameter and 0.3 inches in length of which upwards of 100 turns of very 
fine wire must be wound. 


s 


Applicant has further discovered that a plano-spiral antenna may be created in accordance with a 
further embodiment of the invention that provides coils fabricated in two planes. In further 
embodiments, such an antenna may be scaled to provide operation at ultra high frequencies and 
microwave radio frequencies by providing a similarly planar load coil 240 and radiation resistance 
unit coil 242 on a printed circuit board as shown in FIG. 24. The coil 242 may also include а 
plurality of tap points 244 for easy matching to a standard feed line. The circuit provides a 
continuous conductive path through the pass through holes shown at 246 and 248 as is well known 
in the art. In further embodiments, fewer windings on the load coil 250 and radiation resistance coil 
252 with taps 254 may be used as shown in FIG. 25, and the load coil 260 and radiation resistance. 
сой 262 with taps 264 may be formed in many difference shapes such as circular spirals as shown in 
FIG. 26 


Such antennas may be suitable for applications such as radio frequency identification tags (RFID) at. 
high frequencies. It is expected that these may be implemented on a silicon substrate of a very small 
scale, providing for example a 1/4 wave antenna up to ог above 4.2 GHz. 
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For example, the helix inductance for an antenna at 100 200 MHz may be 0.131 .mu.H or 131 nH, 
and the load coil inductance may be 0.211 or 211 nH, The helix to load coil ratio for inductance i 
1.61, To be a true 1/4 wave distributed loaded monopole antenna the load coil to helix inductance 
ratio should be 1.4 1.7. 


Another such antenna that is 1/2 the physical size was also measured, and the helix inductance for 
the antenna may be 0.088 -mu.H or 88 nH, and the load coil inductance may be 0.135 or 135 nH. 
The helix to load coil ratio for inductance is 1.56. This resulted in an antenna with a resonance 
around about 400 500 mH. 


‘Those skilled in the art will appreciate that numerous modifications and variations may be made to 
the above disclosed embodiments without departing from the spirit and scope of the invention. 
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How to Construct a very small but efficient Antenna with PVC Plumbing tube and 
iscarded fruit cans — 
Just the thing to fit in a small space such as the house attic 


by 
Lloyd Butler VKSBR 


There has been some revolutionary thinking on how Electromagnet Waves can be generated. One. 
outcome of that thinking in small efficient antennas is the tubular dipole which has been named the EH 
antenna, Here we describe a typical antenna assemblies made up for 20 and 40 metres 


(Figures redrawn for AR Journal by Bill Roper VK3BR) 
Introduction 


An excellent way to start on the EH Antenna would be to just read the material by Ted Hart (WSQJR) on 
web site http://www.eh-antenna.com. However not everybody has access to the Internet and I will give a 
very short precis of how Ted introduces his subject. 


Itis some 120 years since Heinrich Hertz discovered that radio waves were periodic. For the last century 
our concept of the basic antenna has been a resonant half wave with other antennas being subsets of the 
basic Hertzian antenna. 


Also about 120 years ago John Henry Poynton discovered the components of radiation which are in brief 


(1) There is an Electric (E) field and a Magnetic (Н) field which must occur in the same space, be at right 
angles to cach other and be in time phase 


(2) The relationship between the E field in volts/metre and the H field in amp-turns/metre is equal to 377 
ohms, the impedance of space. 


To enable radiation, the E and H fields must be developed which satisfy these requirements. We learn that 
the E field in a resonant Herzian half wave antenna is developed from the ends of the antenna where the 
voltage is greatest and the H field is developed essentially in the centre where the current is greatest. 
Apparently the correct relationships between the E and Н fields don’t occur until around a third of a 
wavelength distance from the antenna where the fields are becoming weaker. So perhaps there is a better 
way! 


We have gone along with the basic Herzian antenna for a century. However in the 1980's, Scottish 
Professor Maurice Hately (GM3HAT) correctly concluded that we didn’t need a large resonant antenna 
and radiation could be achieved by creating the fields in the correct relationship from correctly phased 

untuned field generating elements. As a result, Professor Hately, together with several associate 
introduced (and in fact patented) various forms of the Crossed Field Antenna which were designed to 
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generate the E and Н fields at right angles, in phase and in the same (and comparatively small) space. 
Hence the name Crossed Field Antenna (CFA). 


Some of us will remember Ted Hart (WSQJR) who developed comprehensive formulae for the design of 
the Magnetic Transmitting Loop. Ted eventually became involved with documentation for the X Field 
antenna and went on to develop what he has called (and patented) the EH antenna. 


So, I had a go at assembling versions of this antenna, one each for 20 and 40 metres. The article is about 


how I assembled them and how they performed. 


Constructing an EH Antenna ~ 


The antenna consists of two tubular (or coni 
consider them to be a fat dipole (or fat bi-cone). The E field is generated by voltage acros 
the H field by the displacement current in the dielectric between the two elements. (The 
at right angles are shown in Figure 1). 


1) plates with natural capacity between them. You might 
the plates and 
elds intersecting 


What I have assembled is two samples of this antennas based on some construction ideas by Stefano 
(Steve) Galastri (IKSIIR) which can be found on the web site I have mentioned. Steve formed the dipole 
by wrapping sheets of copper around PVC plumbing tube. For my antenna, I selected plumbing tube 
which nicely fitted around recycled metal fruit containers which I had saved. So my tubular elements are 
оп the inside of the tube instead of the outside. 


Figure 1: Fields generated between the two cylinders ~ 


Upper cylinder 


Electric (E) паа 
— (н) field 


Lower cviinder 


Fora standard EH design, the Radiation Resistance (RL) is given as equal to 2? x 377 = 2368 ohms. Ап 
external matching network is required to transformation from 50 ohms unbalanced line to the balanced 
input of the dipole with 2368 ohms radiation re: A balanced form of L network is used with two 
inductors and two capacitors. It is an casy matter to calculate the value of these components as each must 
have a reactance equal to the square root of (50 x RL) which equals 344 ohms. Adjustment of the network 
apparently also ensures that the displacement current is in phase with the voltage across the plates so that 
the E and Н fields are in phase. From my experiments, the phase correction is that small that it is difficult 
to notice the deviation from the calculated values I have just quoted, 


At this point I must draw attention to the fact that in Australia our standard measurement units are metric. 
However all the data I have referenced is in imperial units. To avoid any confusion, both to myself and 
others reading this article in conjunction with the web site, I have purposely kept to the imperial system. 


The circuit diagram for my two units is shown in figure 2. I first assembled the 40 metre unit as shown in 
figure 3. For each cylinder (half dipole) I used two of our standard Australian fruit containers (fruit tins or 
fruit cans) which are 4 inches in diameter and 4.5 inches deep. The inside diameter of the PVC pipe I 
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obtained was just а little over 4 inches, so the cans fitted in nicely. The cans were secured by self tapping 
screws which also doubled as connecting terminals where required. The can pairs were connected 
together by three straps on the outside of the tube. 


Figure 2 - Circuit Diagram ~ 
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Figure 3: VKSBR 40 metre EH Dipole — Assembly — 
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1 followed closely Steve's arrangement for fitting a matching network. For the capacitor stators, I fitted 
сш down sections of more cans fitted inside the tube. For the adjustable sliders on the outside of the tube, 
1 used further pieces of the tinned cans which are held in place by strong rubber bands. This allows them 
to be slid up and down to vary the capacitance made up by the two plates with the PVC tube 

If required, these can be glued in place later after adjustment is finalised. 


The lower inductor L1 has one less turn than the upper inductor L2. On testing, I found this needed 
slightly less inductance which I reasoned was probably duc to the extra inductance of the very long lead 
between 1.1 and the top cylinder. 


Cylinder dimensions ~ 


According to the reference, cylinder diameter is not too important and my own tests seemed to confirm 
this. However, the ratio of cylinder length to diameter does control the radiation beam width. A low ratio 
gives a spread pattern more suitable for local contacts whereas, a higher ratio narrows the beam and gives 
a lower angle of radiation, more suitable for long distance (DX) communication. They say, typical ratios 

could vary from as low as 1.5 to an optimum figure of 3.14 for DX work. 


My ratios are somewhat set by the can dimensions. For the 40 meter unit, the ratio is 2.4. Using this ratio, 
local reports consistently gave my signal as two $ points below my half wave end fed inverted V antenna. 
At longer distances the difference was considerably greater. For the 20 meter unit, I tried to get the ratio a 
bit greater (again somewhat controlled by can sizes). For this unit the ratio is 2.85 and this works much 
better for distant stations. 
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above 4:1, especially in gamma-match structures, where the 
gamma rod is considerably thinner than the main element to which 
itattaches. 


Fig. 2 also labels the end wires that must be part of any real folded 
antenna. | note these wires because they do have an effect on the 
physical version of what we calculate from the equation. The wires 
must be short enough that their effect is relatively insignificant. 
However, their effect is real and shows up in computer models of 
folded dipoles and monopoles. One easy way to see the effect is io 
create a resonant model of a folded dipole using wires having 
different diameters. Now alternately use the fat wire or the thin wire 
diameter for the end wires and recheck the required length for 
resonance. You may also wish to look at the current tables 
available in NEC and MININEC for additional confirmation of the 
effect of end wires. To make the effect more vivid, use a lower 
frequency with a fairly wide physical spacing (such as 3' at 3.5 
MHz) and use enough total segments so that the end wires have 
multiple segments. 


If we create a multi-wire cage around the center wire, we can 
achieve two different orders of phenomena. We place the source 
on the center wire, and then the set of cage wires (any number 
from 2 upward for a total folded antenna count of 3 upward) 
increases the impedance transformation ratio. We rarely encounter 
this situation. However, users of cages around a central mast or 
tower in the upper MF and lower HF regions often feed the cage 
wires in parallel, allowing the fat center wire to serve as the return 
wire. This practice serves a number of ends. First, it allows the 


Chapter 31 


опоо Robert hart — EH Antenna 


sugg 
for 20 meters are a little larger than sugges 


d 2 inch diameter cylinders. I only had cans just under 3 inches 


od. 


For 20 meters, the referenc 
diameter, so my cylinders 


20 Metres ~ 


‘The assembly of the 20 metre unit is shown in figure 4. The arrangement is much the same as the 40 
metre unit except that it is assembled with 3 inch diameter PVC plumbing tube which nicely takes 
another Australian standard fruit can which is just less than 3 inches in diameter. The can pairs are also a 
bit different. In the forty metre unit, I fixed each can in place separately and bonded them together. In the 
20 metre unit I lapped ends of a pair, soldered them together and used only one set of screws to secure the 
pair in place. 


‘Once again with the 20 metre unit, I found the matching balanced better with slightly less inductance in 
Ll 


Figure 4: VKSBR 20 metre EH Dipole ~ 
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Isolation Coils ~ 


Not mentioned previously are two coils of a single turn shown on the 40 metre unit, one mounted just 
below the top cylinder and one mounted just above the bottom cylinder. According to the web references, 
this introduces a small amount of phase shift which reduces radiation from the connecting wires inside the 
tube and actually increases the radiation from the cylinders. Steve says that spacing between the winding 

and the cylinder edge is critical but I don’t know why. Anyway I have spaced my coils at 0.25 inch from 

the edge. 
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1 have not included th 
noti 


lation coils in the 20 metre unit but I might later add them to see if сап 
any change їп performance, 


Matching adjustment — 


The setting of L and C in the matching section is quite critical. Set the transmitter up on the centre 
frequency of the band with the transmitter set for about 10 watts output and look for low SWR. With the 
inductors, I put on more turns than I had calculated using Wheeler's formula and took off a turn at a time 
adjusting to the extremities of C1 and C2 cach time. I close wound the coils but inductance can be 
reduced by pushing the turns apart. When the adjustment gets close, the reflected power will drop and 
SWR will run right down rather suddenly close to 1:1 when the right adjustment is found. When adjusted, 
1 found I could light up a small BC fluorescent lamp from the field around the dipole with less than 15 
watts. Low SWR also corresponds to maximum field strength as measured on a meter some distance. 
away. 


After alignment I disconn 
‘measured indu: 
close to values 
resistance of 2368 ohms, 


ted leads from the inductors and capacitors and measured their values. The 
с values are recorded on the circuit diagram (figure 2) and are very 
ince using the formula quoted earlier with the assumed radiation 


Some Air Tests ~ 


To test the unit on the air, I made comparisons with an end fed Inverted V antenna which is a half 
wavelength long on 40 metres. On 20 metres it is a full wave long and operates, no doubt, with a rather 
complex arrangement of radiation lobes. 


In general, on receiving with the antenna about a metre above the ground, both antennas produced signals 
several S points below the inverted V although I did find an occasional signal on 20 metres which 
appeared comparable with the inverted V. The receive level of the 20 metre antenna improved 
considerably when I raised the antenna to around 3 metres above the ground. 


Оп transmitting on 40 metres to stations in the local Adelaide metropolitan area, reports gave the signal 
down around two S points on the inverted V. It was down a bit further on distant stations. On the other 
hand, it seemed to work better than a random length of wire strung up to the nearest tree and tuned up 
with a Z Match, 


Оп transmitting on 20 metres some 1500 Km to the east coast of Australia, the EH dipole was just barely 
below the inverted V. This is quite impressive considering the dipole element is just 20 inches (half a 
metre) long and a fraction of the length of the 20 metre full wave inverted V. 


Weather Proofing ~ 


My antennas, constructed as experimental units, are not made to withstand the elements without some 
form of protection or weather proofing. Without protection, the tin plate on the fruit cans would soon 
deteriorate and the cans would corrode. I could also envisage the many birds we have finding the hollow 
tube great to build a nest. The hollow tube would also be a great haven for spiders. Imagine having 
cooked spider as part of the dielectric between the two cylinders. However, the antenna would be fine if 
fitted under the tiles in the roof cavity or some other protected area. 


Conclusions and Comments ~ 


‘The concept of the basic antenna has certainly changed. The fact that long distance communication can be 
carried out with such a small sized antenna is quite revolutionary. However if you have the space for a 
full sized antenna and you have one installed, I wouldn't dismantle it. From my tests, the full sized dipole 
(and complements of i) still works better. However if you live in a housing unit with limited yard space, 
опе of these could be the way to go. 
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Of course it could be that my assembled example of the EH antenna might not be an optimum design. For 
example, for the radiating cylinders, I have made use of discarded fruit cans which are tin plated s 

More expensive copper sheet or copper tube would have lower surface resistivity although with such a 
high radiation resistance I wonder if this would make much difference. However there is one thing that I 
wondered about. The steel is a ferro-magnetic material and I wondered if its magnetic properties might in 
some way distort the desired magnetic field and alter the properties of the antenna, 


Comparison of performance with the magnetic transmitting loop have been made. I felt 1 had better signal 
reports on 20 metres from my one metre square magnetic loop. However the magnetic loop has has 
extremely high Q and it has to be continuously retuned to traverse the frequency band. The EH antenna 
can be tuned up at the centre of the band and operated across the band without retuning. I found that it is 
possible to tune up with close to 1:1 SWR in the centre of the band and hold within 1.5:1 over the whole 
band. 


Another point of comparison is the physical size. It’s not so apparent for the smaller magnetic loop on 20 
‘metres but an efficient magnetic loop on 40 metres might need 10 metres (or around 33 ft) of copper pipe 
in the loop circumference. Compare this to the dimension of the radiating clement of the 40 metre EH 
dipole described, 


A further feature of the EH antenna is its small capture arca for noise pick-up. It a very quiet antenna 
for pick-up of noise. 


‘The hertzian concept for antennas has been with us for a long time. But now we are introduced to a new 
exiting concept and a new avenue for experimentation, all based on electromagnetic wave theory 
discovered by John Henry Poynton 120 years ago. 

References ~ 


1. The EH Antenna Book by Ted Hart WSQJR - http://www.ch-antenna.com 
(There are also other relevant articles on the eh site) 


2. Full Network 20 Metre Antenna - http:/;www.qsl.net/wOkph/fullnet.him 


3. How io build and tune your EH Ham Antenna byStefano Galastri IKSIIR http:/www.ch-antenna.com 
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UPDATE APRIL 2003 ~ 


‘The preceeding article as published in Amateur Radio in April 2003 was prepared in September 2002 and 
theory included was that as known at that date. A lot of water has passed under the bridge since that time 
and a lot of controversy has since taken place concerning how it actually works. 


Fora start, I had observed an anomaly in the original theory of how the H field was developed from the E 
field displacement current. I have placed an article on the internet describing a new theory on how I 
believe this is developed, refer htip:/Avww.sl.net/vkSbr/EHAntennaTheory.htm. In brief, I believe that 
whilst the E Field is developed in a differential mode across the cylinders, the H field is developed from 
the displacement current of a secondary E field in a longitudinal or common mode between the cylinders 
and reference coax shield common 


More recently it has been observed ( htip:/www.gslnetvkSbr/HFieldTests.htm ) that there isa field 
around the outside of the coax cable running a distance down the coax. This seems to bo 
http:/svww.gsLnet/vkSbr/CoaxShieldTests htm ) due to current running down the outer shield. Here is the 
source of the controversy. Some think that much of the radiation from the EH dipole is due to this current, 
Others believe it does not need the coax to work well, It is an interesting on going saga. 


Radiation Precaution ~ 


In experimenting with these antennas, one should not forget that close proximity to the fields or radiation 
from any antenna could subject the body to higher than accepted safety levels. As far as the EH antenna is 
concerned, these fields have quite a high concentration within the vicinity of the two small dipole 
cylinders and the matching network. Care should be taken when the body is close to these, particularly 
when using high power. As mentioned in the previous paragraph, some field has been detected around the 
coax cable feeding the dipole unit. At this stage it is not known whether this might also reach a hazardous 
level and could possibly be of particular concern where the cable is run within the radio shack occupied 
by its operator, 
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Robert T. Hart 


Abstract ~ 


An antenna system for transmitting and receiving, in association with a radio device that develops an H- 
field and an E-field corresponding to a radio frequency power signal having a voltage and a current, the 
voltage having a phase relationship to the current. The antenna system includes a Hertz-type radiating 
element. A phasing and matching circuit is electrically coupled between the Hertz-type radiating element 
sand the radio device, The phasing and matching circuit adjusts the phase relationship between the voltage 
and the current of the radio frequency power signal so that the H-field and the E-field are in nominal time 
phase. This enhances the performance of all of the antenna parameters in addition to allowing reduction 
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Description 


CROSS REFERENCE TO A RELATED PATENT APPLICATION 


[0001] The present patent application is a continuation-in-part of U.S. patent application Ser. No. 
09/576,449, which is incorporated by reference in its entirety. 


BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 


[0003] The present invention relates to radio frequency communications and, more specifically, to an 
antenna system employed in radio frequency communications. 


[0004] 2. Description of the Prior Art 


[0005] Radio signals usually start with electrical signals that have been modulated onto a radio frequency 
carrier wave. The resulting radio signal is transmitted using an antenna. The antenna is a system that 
generates an electrical field (E field) and a magnetic field (Н field) that vary in correspondence with the 
radio signal, thereby forming radio frequency radiation. Ata distance from the antenna, asa result of 
transmission effects of the medium through which the radio frequency radiation is being transmitted, the 
E field and the H field fall into phase with each other, thereby generating a Poynting vector, which i 
given by SE.times.H, where S is the Poynting vector, E is the E field vector and H is the Н field v 


[0006] Conventional Hertz antenna systems are resonant systems that take the form of wire dipoles or 
ground plane antennas that run electrically in parallel to the output circuitry of radio frequency 
transmitters and receivers. Such antenna systems require, for maximum performance, that the length of 
cach wire of the dipole, or the radiator of the ground plane, be one fourth of the wavelength of the 
radiation being transmitted or received. For example, if the wavelength of the radiation is 1000 ft., the 
length of the wire must be 250 fl. Thus, the typical wire antenna requires a substantial amount of sp: 

a function of the wavelength being transmitted and received, 


[0007] A Crossed Field Antenna, as disclosed in U.S. Pat. No. 6,025,813, employs two separate sections 
which independently develop the E and Н fields and are configured to allow combining the E and Н fields 
to generate radio frequency radiation. The result is that the antenna is not a resonant structure, thus a 
single structure may be used over a wide frequency range. The Crossed Field Antenna is small, relative to 
wavelength (typically 1% to 3% of wavelength) and provides high efficiency. The Crossed Field Antenna 
has the disadvantage of requiring a complicated physical structure to develop the E and Н fields in 
separate sections of the antenna, The Crossed Field Antenna also requires an associated complex 
matching/phasing network to feed the antenna, 


[0008] Radio Frequency Identification (RF ID) is an emerging field in which a small radio frequency 
transponder is embedded in or attached to objects so that the objects may be uniquely identified and carry 
associated information in the memory of the transponder. By international agreement these systems may 
operate on assigned frequencies from 125 KHz to 4 GHz, with many operating at 13.56 MHz. For 

practical applications, both the transponder and the associated "reader" of RF ID systems require small 
antennas, with loop antennas the preferred choice. However, with traditional Hertz loop antennas the 
distance between the reader and transponder is very limited and the transponder must be parallel to the 
reader antenna, This is due to low efficiency and narrow bandwidth, and the use of only a magnetic field 
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concentrated around the loop conductor, without the Бе 
for a compact antenna with high performance. 


of local radiation. Therefore, there is a need 


SUMMARY OF THE INVENTION 


[0009] The disadvantages of the prior art are overcome by the present invention which, in one aspect is an 
antenna system for transmitting and receiving, in association with a radio device, that develops an H-field 
and an E-field corresponding to a radio frequency power signal having a voltage and a current, the 
voltage having a phase relationship to the current. The antenna system includes a Hertz-type radiating 
element. A phasing and matching circuit is electrically coupled to the Hertz-type radiating element and to 
the radio device. The phasing and matching circuit provides conjugate impedance matching between the 
radio and antenna and adjusts the phase relationship between the voltage and the current of the radio 
frequency power signal so that the H-field and the E-field developed by the antenna system are in 
nominal time phase, thereby resulting in the formation of radiation at the antenna. 


[0010] In another aspect, the invention is an antenna system for transmitting and receiving, in association 
with a radio device, that develops an E-field and an H-field that correspond to a radio frequency power 
signal having a current and a voltage at a radio frequency. The current and the voltage are phase related. 
‘The antenna system includes a first radiating clement made from a conductive material and a second 
radiating element made from a conductive material. The second radiating element is spaced apart from 
and in alignment with the first radiating element. A phasing and matching network is in electrical 
‘communication with the first radiating element, the second radiating element and the radio device. The 
phasing and matching network aligns the relative phase between the current and the voltage of the radio 
frequency power signal so that the H-field is nominally in time phase with the E-field. 


[0011] In yet another aspect, the invention is a loop antenna system that includes a loop-shaped conductor 
having a first end and a spaced-apart second end. A gap is defined between the first end and the second 
nd. A capacitor electrically couples the first end to the second end. A shunt is cally coupled to a 
first portion of the loop-shaped conductor. A T-type network is electrically coupled to the shunt. The T- 
type network is configured so the E-field is in nominal time phase with the H-field. 


[0012] These and other aspects of the invention will become apparent from the following description of 
the preferred embodiments taken in conjunction with the following drawings. As would be obvious to one 
skilled in the art, many variations and modifications of the invention may be effected without departing 
from the spirit and scope of the novel concepts of the disclosure. 


BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWINGS 


[0013] FIG. 1A is a schematic diagram of a first illustrative embodiment of the invention. 
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[0014] FIG. 1B is a vector and time phase diagram relating an EH antenna to a Hertz antenna. 
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[0016] FIG. 3 is a schematic diagram оГа second illustrative embodiment of the invention. 
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[0017] FIG. 4 is a schematic diagram of the embodiment of FIG. 2 with covers added to the conic 


sections of the antenna, 
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[0018] FIG. 5 is a schematic diagram of a third illustrative embodiment of the invention adapted for 


generating a substantially directed beam of radiation. 
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[0019] FIG. 6 is a schematic diagram of an L-type phasing network. 
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FIG. 6 


[0020] FIG. 7 is a schematic diagram of a T-type phasing network. 
1420 
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[0021] FIG. 8 is a schematic diagram of a hybrid L-type and Balun-type phasing network. 
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FIG. 8 


[0022] FIG. 9 is a schematic diagram of a loop antenna with a shunt feed. 
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DETAILED DESCRIPTION OF THE INVENTION 


[0023] A preferred embodiment of the invention is now described in detail. Referring to the drawings, 
like numbers indicate like parts throughout the views. As used in the description herein and throughout 
the claims, the following terms take the meanings explicitly associated herein, unless the context clearly 
dictates otherwise: the meaning of "a," "an," and "the" includes plural reference, the meaning of "in" 


includes "i 


losure of U.S. Pat. Nos. 


[0024] A general discussion of Poynting vector theory may be found in the di: 
5,155,495 and 6,025,813, which are incorporated herein by reference, 
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central tower a direct connection to ground. Not only does this 
move simplify the tower's mechanical structure, it also is an 
important safety measure. Second, using the central mast or tower 
as the return wire results in an impedance transformation ratio that 
is lower than 4:1. By choosing the correct number of wires for the 
cage or skirt and feeding them in parallel, we can obtain an 
impedance that is higher than a monopole's 36-Ohm value over 
perfect ground but much lower than the 4:1 value of 144 Ohms. 
Indeed, a 4-wire cage provides a value that is very close to 50 
Ohms, virtually ideal for coaxial cable. 


The Root of the Issue 


The problem that we encounter with both physical antennas and 
their NEC models is that the resultant impedance does not coincide 
with the basic folded dipole/monopole equation. The resultant 
impedances that we encounter when connecting parallel sources 
together for a caged or skirted monopole do not answer to any 
simple relationship to the 2-wire folded monopole (or dipole). As a 
consequence, some engineers hesitate to identify the caged or 
skirted monopole with the 2-wire monopole. 


We might initially treat caged monopoles in a variety of ways. For 
example, we might consider the structure to be a version of a 
coaxial monopole in which the return wire forms a center conductor, 
with the outer wires forming the outer conductor corresponding to 
the braid on an ordinary coaxial cable. However attractive this 
picture may be, we also must recognize that the outer wires leave 
mostly empty space. In addition, if we apply the 2-wire equation to 
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10025] The EH Antenna is a Hertz antenna driven with a phase shift network that allows radiation to 

occur at the antenna, with associated benefits. To put this in proper perspective, the equivalent circuit is 
driving a EH Phasing Network followed by a matching network. 

se ofthe matching network is to provide a conjugate impedance match to the antenna. For now, 

disregard the EH phase shift network (+) phi.) while the Hertz antenna is defined. In one embodiment of 

the invention, the EH antenna is essentially a modified Hertz antenna. 


10026] The equivalent circuit ofa Hertz antenna includes both radiation resistance (R.sub.R) and loss 
resistance (R.sub.L) in addition to both inductance and capacitance denoted respectively as +¡X.sub.L and 
-jXsub.C. Each of these has a value that is a direct function of the physical characteristics of the antenna. 
Small Hertz antennas are capacitors with low inductance. In this case an external inductance is added to 
cancel the capacitive reactance, thus to resonate the antenna. The word resonance is used to indicate that 
the current applied to the antenna is in phase with the applied voltage, thus allowing maximum current 
flow, thus maximum power transfer from the source to the antenna, Аз the size of the antenna increases, 
both the capacity and the inductance increase until their reactance is equal when the antenna element is 
near 1/4 wavelength, allowing the antenna to be self resonant. These larger antennas also have a higher 
radiation resistance and a higher loss resistance. If the antenna is short in length but large in diameter, it 
will have a high capacity and low inductance. The effect is to reduce the amount of external inductance 
necessary for resonance, thus effectively increasing the bandwidth and, since the loss in the external 
inductance is proportional to size, to increase the efficiency of the system (the antenna*the network). 


[0027] The function denoted as -jD denotes the phase shift between the applied voltage and the 
displacement current through the natural capacity of the antenna. This signifies that the H field of a Hertz 
antenna leads the phase of the E field. This is an integral part of every Hertz antenna, 


[0028] The Hertz antenna is converted to an EH Antenna by inserting a phase shift network. This cancels 
the effect of jD. When the phase of the current from the source is delayed 90 degrees (* phi.) relative to 
the voltage, the E and H fields of the antenna are now in phase. 


[0029] The effect causes new components to be included in the antenna. An additional radiation 
resistance (R.sub.R) may be added to improve the efficiency of the antenna and enhance the bandwidth. 
‘An inductance (+jX.sub.L) may be added due to displacement current through the natural capacity of the 
antenna. This effectively increases the capacity of the antenna by subtracting from -jX.sub.C, thus 
reducing the amount of tuning inductance necessary in the network to resonate the system and reducing 
loss in the tuning inductor and lowering the Q. This component effectively increases the capacity by a 
factor of the square root of two for very small EH Antennas that do not have wire inductance. 


[0030] It should be noted that the value of the individual added components is a function of the physical 
configuration of the original Hertz antenna, For example, a small EH dipole has almost no inductance due 
to current on very short conductors. Because a small EH Antenna does not have an H field developed 
from inductance on a wire, it can be very small and exhibit overall high efficiency and large bandwidth. 
Further, since the EH Antenna concept fully satisfies the Poynting Theorem, it brings the beginning of 
radiation from the far field to the antenna. Therefore, large E and H fields are no longer required and thus 
ЕМІ is virtually eliminated. When used as a receiving antenna, it does not respond to local independent E 
ог Н fields, thus it provides superior signal to noise ratio 


[0031] The voltage and current applied to a Hertz antenna are in phase, therefore the E and Н fields are 
not in phase, thus radiation does not occur until a great distance from the antenna. A proper phase shift 
network allows the Hertz antenna to become an EH Antenna where a 90 degree phase delay between the 
current and voltage cause the E and Н fields to be in phase. Therefore, the EH antenna is able to transfer 
power from the transmitter directly to radiation, In the context of this paragraph, the word antenna 
includes both the pl structure and the conjugate matching network, 


[0032] To gain a better understanding of the EH Antenna concept, it is necessary to look at the phase 
between the E and H fields. As shown in FIG. 1B, the E field for a Hertz antenna is developed by the 
applied voltage. The H.sub.L field is developed by the current through the inductance of the antenna 
conductor, thus it is delayed in time phase. The clock convention is used for delay and lead. The H.sub.D 
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field is developed by the displacement current through the natural capacity, thus it leads the applied 
voltage in time phase. Radiation can not be created at the Hertz antenna because the E and H fields are 
not in phase. 


[0033] The EH antenna is created by shifting the phase of the applied current relative to the applied 
voltage. This causes H.sub.L to be delayed an additional 90 degrees, and is now 180 degrees relative to 
the applied voltage. H.sub.D has also been delayed 90 degrees and is now in phase with the applied 
voltage. In other words, the H.sub.L/H.sub.D vector is rotated counter clock wise. It would appear that 
H.sub.L subtracts from H.sub.D since they are 180 degrees relative to each other. However, it is believed 
that the entire useful H field of any antenna is caused by displacement current through the natural 
capacity. As evidence of this, a very small dipole EH antenna has almost no conductor inductance, thus 
H.sub.L is almost 0. Since E and H.sub.D are in phase, radiation is created at the antenna. This also 
implies that we can have a very effi there is no loss resistance associated with H.sub.D. 
Further, since E and H.sub.D are in phase allowing power to be radiated, a large radiation resistance is 
created indicating an efficient power transfer from the EH Antenna to radiation. 


[0034] Since there is a necessary phy: 
accordance with the Poynting Theorem, the above can not be accomplished by using a phase le 
EH network rather than a phase delay. This is further evidence that the H field of all antennas is 
developed by displacement current, 


[0035] The minimum size for an EH Antenna is determined by the allowable inefficiency and/or 
bandwidth for the intended use, which is dictated by the amount of antenna capacity resulting in the 
necessary external tuning inductance with its associated loss. A very small EH antenna has no measurable 
loss in the conductors, thus the total loss is in the phasing matching network. This is typically a small 
fraction of a dB. As an example, an EH Antenna dipole with 0.005 wavelength elements and a diameter 
of 1/3 the length produces radiation levels greater than a 0.5 wavelength Hertz dipole. 


[0036] As shown in FIG. 2, one embodiment of the invention is illustrated as an antenna system 100 for 
transmitting and receiving, in association with a radio device 102 (such as a transmitter or a receiver), 
having an E-field and an H-field that corresponds to a radio frequency power signal having a current and 
а voltage at a radio frequency. 


[0037] The antenna system 100 includes an antenna unit 110 and a phasing/matching network 120. The 
antenna unit 110 includes a first radiating element 112 made of a conductive material such as a metal (for 
example, aluminum) and a spaced-apart second radiating element 114, also made of a conductive material 
such as a metal, The first radiating element 112 and the second radiating clement 114 are substantially in 
alignment with each other, so that both tend to be disposed along a common axis 116. While the first 
radiating clement is ideally coaxial with the second radiating element, they may be off coaxial without 
departing from the scope of the invention. However, performance of the antenna may degrade as the 
radiating elements get further off coaxial. Typically, the height of the antenna unit 110 need only be about 
1.5% of the wavelength. Thus, the invention allows for relatively compact antenna designs. 


[0038] In the embodiment of FIG. 2, the first radiating element 112 and the second radiating element 114 
cach comprise a cylinder. As will be shown below, the radiating elements could include conic sections as 
well, or many other shapes (or combinations thereof), as will be readily understood by those of skill in the 
art of antenna design. 


[0039] The phasing and matching network 120 is in electrical communication with the first radiating 
element 112, the second radiating element 114 and the radio device 102. The phasing and matching 
network 120 shifts the relative phase between the current and the voltage of the radio frequency power 
signal so that the H-field of the antenna is nominally in time phase with the E-field. The wires connect 
the phasing and matching network 120 to the antenna unit 110 should be as short as practical so as to 
minimize transmission line effects. Because the E field and the H field are substantially in phase with 
cach other near antenna unit 110 a Poynting vector is created almost immediately near the antenna unit 
10. 
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[0040] In one illustrative embodiment, the phasing and matching network 120 includes a first inductor 
122 that electrically couples a first terminal 104 of the radio device 102 to the first radiating element 112 
and a first capacitor 124 electrically couples a second terminal 106 of the radio device 102 to the first 
radiating element 112. A second inductor 126 electrically couples the second terminal 106 of the radio 
device 102 to the second radiating element 114. A second capacitor 128 electrically couples the 

terminal 104 to the second radiating element 114. While one example of a reactive element circuit 
configuration embodying a phasing and matching network 120 is shown in FIG. 2, itis understood that 
many other circuit configurations may be used without departing from the scope of the invention, 


[0041] An important feature of the phasing and matching network 120 is that it performs the step of 
shifting the relative phase between the current and the voltage of the radio frequency power signal so that 
the H-field of the antenna is nominally in time phase with the E-field. As will be readily appreciated by 
those of skill in the art, the specific circuit elements and configuration used are unimportant so long as the 
result is proper performance of the phase shifting function, 


[0042] In one specific example of and EH antenna having an operating frequency of 7 MHz with a 
bandwidth of 500 KHz, the first inductor 122 has an inductance of 17 mu Il. the first capacitor 124 has a 
capacitance of 30 pf, the second inductor has an inductance of 19 .mu.H and the second capacitor has a 
capacitance of 42 pf. The phasing and matching network 120 is connected to the transmittr/roceiver 102 
by a coaxial cable (not shown). The first radiating element 112 and the second radiating element 114 are 
cach aluminum cylinders having a height of 12 in. and a diameter of 4.5 in. and are spaced apart by 4.5 in. 
It was observed that this embodiment resulted in a system O (+/-3 dB bandwidth) of approximately 14. 


[0043] In one embodiment of the antenna unit 210, as shown in FIG. 3, the first radiating element 212 and 
the second radiating element 214 each comprise conic sections that are supported by an axial non- 
conducting pipe (such as а PVC pipe). In this embodiment, the electromagnetic radiation 232 forms 
between the radiating elements 212 and 214 and is directed radially away from the antenna unit 210. The 
angle of the conic sections of the radiating elements 212 and 214 depends on many factors and can vary 
depending on the specific application. The angle between the operative surfaces 218 of the radiating 
elements 212 and 214 can be selected in a range from nearly zero degrees (forming extremely wide 
diameter cones) to 180.degree. (forming coaxial cylinders, as shown in FIG. 2). Theoretically, if the 
operative surfaces are exactly parallel (such that they form parallel disks) then the electromagnetic 
radiation would not escape the disks. 


[0044] In one specific embodiment, used to transmit or receive a radiation having a wave length of 934 
feet at 1 MHz, the wide ends of the conic sections have a diameter of 14.49 feet and a height of 1.95 feet 
cach, with a 30.degree. angle between the operative surfaces 218. In this embodiment, the radiating 
elements 212 and 214 are supported by a coaxial 8 in. PVC pipe. 


[0045] As shown in FIG. 4, a first cover 316 may be added to the first radiating element 312 to keep rain, 
snow and bird nests, etc., out of the first radiating element 312. Similarly, a second cover 318 may be 
added to the second radiating element 314 to keep out similar such debris. 


[0046] As shown in FIG. 5, the antenna unit 410 may be placed in a reflective shape 430. Such an 
embodiment could be used in directing a beam 432 at a selected object. Such a shape 430 could be a 
parabolic reflector or some other shape (such as an inverted cone). When the beam is directed upward by 
the reflective shape 430 so that the beam 432 follows a near vertical profile, the embodiment of FIG. 5 
could be used in near vertical incidence communications. 


[0047] As shown in FIG. 6, one type of L-type network 500, which can be used as a phase shift element 
between two impedances that have no reactance, includes an inductor 502 and a capacitor 504. The L- 
type network 500 could transform between 50+j0 ohms and 25+j0 ohms and have a corresponding phase 
delay of 45 degrees. Phase delay means that the current is delayed relative to the voltage. In other words, 
if the voltage and current are in phase at the input to the network, at the output of the network (if it is 
properly terminated) the current will be delayed 45 degrees relative to the voltage. 
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[0048] As shown in FIG. 7, a T-type network 600 includes a first inductor 606 that is in series with a 
second inductor 602. The first inductor 606 and the second inductor 602 electrically couple the 
transmitter to the antenna. A capacitor 604 couples a common node between the first inductor 606 and the 
second inductor 602 to ground. A T-type network 600 is versatile in that it can match most source 
impedances to most load impedances with any desired phase shift and allows a predetermined amount of 
phase delay as desired for any particular antenna requiring a phase delay of less than 180 degrees. For 
antennas requiring a nominal 180 degrees, an L-type network 500 can be used to precede a T-type 
network 600, thus reducing the amount of phase shift required of the T-type network 600. It should be 
noted that a T-type network must operate between a low and high impedance to effect phase delay, thus 
the antenna impedance was chosen to be 60 ohms, expecting the nominal source impedance to be 50 
ohms. 


[0049] As shown in FIG. 8, a hybrid network 800 could include a balun network 700 followed by a first 
Lope network 500a to transform from 200 ohms to 100 ohms with a delay of 45 degrees. The balun 
network 700 may be used for transformation from a low to a high impedance. If the tap on the inductor 
706 is set at 50% and if the input impedance is 50 ohms, then the output impedance will be 200 ohms. An 
impedance matching network 708 may be included, immediately prior to the radiating elements of the 
antenna to ensure that the antenna is in resonance, if the radiating elements are not already matched. The 
first L-type network 500a could be followed by a second L-type network 500b with another 45 degrees 
for a total of 90 degrees phase delay. The total network would have an impedance transformation from 
50+j0 to 50+j0 ohms. The hybrid network 800 could be used in the direct conversion of a "tuned" Hertz 
antenna to a EH Antenna. Since the antenna has been resonated and matched to the transmission line 
(assume 50 ohms), a 1:4 balun could be used to transform the linc impedance to 200 ohms. This would be 
followed by the first L-type network 5004 transforming the impedance to 100 ohms with an attendant 45 
degree phase delay. The second L-type network 500b would provide a final transformation to 50 ohms 
and an additional 45 degrees. Thus, a phase shift network of 90 degrees could be added to convert the 
Hertz antenna to an EH Antenna, 


[0050] One example of an antenna useful for application to RF identification systems is a small loop 
antenna, which is used as the transmitting/receiving antenna in association with the remote transponder. 
‘The small loop antenna is the converse of a small dipole. To create an EH loop antenna, the phase 
between the E and H fields is controlled to bring the fields into time alignment. A loop antenna system 
900 is shown in FIG. 9. The loop antenna system 900 includes a loop-shaped conductor 910 having a first 
end 912 and a spaced-apart second end 914. A gap 920 being defined between the first end 912 and the 
second end 914. A capacitor 916 electrically couples the first end 912 to the second end 914. A shunt 918 
is electrically coupled to a first portion 922 of the loop-shaped conductor 910. A T-type network 600 that 

lly coupled to the shunt 918 and to a transmitter via a coaxial cable 902. The loop 910 is 
resonated with the capacitor 916 and the loop is shunt 918 fed (or fed across the tuning capacitor). For a 
shunt 918 feed, the impedance can have a nominal impedance of 50+j0. 


[0051] In using a loop antenna for one RF Identification system, before the transformation of a loop to an 
EH antenna, a resistor was required to reduce the Q of the antenna (damping resistor) due to the wide 
band modulation used. Test results without the resistor and after being converted to an EH Antenna 
indicate excellent performance with all types of transponders and there is no heat inside of the closed 
container of the antenna. In addition, the performance was enhanced in another way. Before 
transformation, it was difficult or impossible to communicate with transponders that were not oriented in 
а zero degree position (transponder and loop antenna in parallel). Using the EH concept, the enhanced 
fields of the antenna allowed communication with a transponder having any arbitrary orientation. Further; 
the transformation allows a significant reduction of the transmitter power or a significant in range. 


[0052] The above-described embodiments are given as illustrative examples only. It will be readily 
appreciated that many deviations may be made from the specific embodiments disclosed in this 
specification without departing from the invention. Accordingly, the scope of the invention is to be 
determined by the claims below rather than being limited to the specifically described embodiments 
above. 
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EH Links: 


http:/Awww.eheuroantenna.com ~ ARNO Elettronica is licensed to manufacture and sell EH Antennas 
for AM Broadcast, Ham, and Marine applications through out all of Europe and Israel. 


http://www.eh-antenna.comilibrary/EH_ANTENNA_DEFINITION pdf ~ EH Antenna Systems is 
the patent holder of EH Antennas and manufactures only AM Broadcast Antennas for use in all countries. 
except Europe and the Far East. All other antennas covered by the patents are manufactured under license 
by companies listed in this section. We will continue development of antennas for specific applications, 
then look for companies that want to manufacture and sell those antennas under license. 


http://www.fr-radio.com ~ FR-Radio is licensed to manufacture and sell EH Antennas for Hams 
throughout the Far East. 


ttp://www.lab-id.com ~ LAB ID is licensed to manufacture and sell EH Antennas for use in RF 
Identification systems manufactured by LAB ID. This is a world wide exclusive license. 
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Editor's note: Section and figure references 
înthisarticle are from the 2013 edition ofthe 
ARRL Handbook. This material was origi- 
nally contributed to the Handbook by the late 
LR. Сері. WARNE 


Rotatable Di 
Inverted-U Antenna 


This simple rotatable dipole was designed 
and built by L, B. Cebik, WARNL (SK) for 
use during the ARRL Field Day. For this 
and other portable operations we look for 
three antenna characteristics: simplicity 
small size, and light weight Complex as- 
Semblies increase the number of things that 
can go wrong. Large antennas are difficult to 
transport and sometimes dn not fit the space 
available. Heavy antennas require heavy sup- 
port structures, so the overall weight seems 
fo increase exponentially with every added 
pound of antenna 

‘Today, a number of light-weight collaps- 
ible masts are available. When properly 
guyed, some will support antennas in the 
5-10 pound range. Most are suitable for 
1Ometer tabular dipoles and allow the userto 
hand-rotate the antenna. Extend the range of 
the antenna to cover 20-10 meter, and you 
putthese 20-30-footmaststo even beter as. 
The mene U meets this need. 


THE BASIC IDEA OFTHE 
INVERTED-U 

A dipoles highest current occurs within 

the first half of the distance from the feed 

point to the outer tips. Therefore, very little 


performance is lost if the outer end sections 
are bent. The WARNI inverted-U starts with 


ıa 10 meter tubular dipole, You add exten- 
Sions for 12, 15, 17 or 20 meters to cover 
those bands 

You only need enough space to erect а 
10 meter rotatable dipole. The extensions 


hang down Fig 231 shows the relative pro- 
portions of the antenna on ай bands from 10 
10 20 meters. The 20 meterextensionsarethe 
length of half the 10 meter dipole. Therefore. 
safety dictates an antenna height of at least 
20 feet to keep the tips above 10 feet high. 
At any power level, the ends ofa dipole have 
high RE voltages and we must keep them out 
of contact with human body par 

Notmuch signal strength is lostby drooping 
‘up to half the overall element length straight 
down. What is lostin bidirectional gain shows 
р in decreased oe mil. Fig 21.32 shows 
the free-space E plane (azimuth) patterns of 
the inverted- U with a 10 meter horizontal sec- 
tion There san undetectable decrease in gain 
between the 10 meter and 15 meter versions. 
The 20 meter version shows a little over a 
old gain decrease and a signal increase 
ой the antenna ends 

The real limitation of an invered-U is a 
function ofthe height of the antenna above 
ground. With the feed point at 20 ft above 

round, we obtain the elevation patterns 
Shown in Fig 21.33. The 10 meter pattern is 
typical for a dipole that is about %4}. above 
ground. On 15, the amenna is only 045 2 
high, with a resulting increase in the overall 
elevation angle of the signal and a reduction 
in gain. At 20 meters, the angle grows still 
higher, and the signal strength diminishes 
as the antenna height drops to under 0.3 2. 
Nevertheless, the signal is certainly usable 
A full-size dipole at 20 meters would show 
only a litle more gain, and the elevation 
angle would be similar ıo that of the invert 
U, despite the difference in antenna shape. 
If we raise the inverted-U to 40 feet, the 20 
meter performance would be very similar to 
that shown by the 10 meter elevation plot in 
Fig 2129, 

The feed point impedance of the inverted- 
U remains well within acceptable limits for 
Virtually ай equipment, even at 20 feet above 


375-075" Numnum Tubing 


s 1 
ELI 1 
EL 1 
E ee 


Fig 21.31 — The general outline of the inveted-U field dipole for 20 through 10 meters. 
Note that the vertical end extension wires apply to both ends of the main 10 meter 
"dipole, which ls constant or ай bands. 


p 


Fig 2132 — Free-space E-plane (azimuth) 
pattems of the inversd-U for 10, 15, and 
20 meters, showing the pattern changes 
in increasingly longer vertical end 
Sections 


Fig 21.33 — Elevation patterns of the 
Inverted-U for 10, 15, and 20 meters, with 
the antenna feed point 20 f above average 
‘round, Much ofthe decreased gain and 
higher elevation angle of the pattern at the 
lowest frequencies s due to its eversower 
height as a fraction of a wavelength. 


ground. Also, the SWR curves are very broad, 
reducing the criticalness of finding exact di- 
mensions, even for special field conditions, 


BUILDING AN INVERTED-U 


Approach the construction of an inverted- 
Wim 3 steps: 1) the tubing arrangement 2 he 
center hub and feed point assembly. and 3) 
the drooping extensions. A parts list appears 
in Table 21.2. 


The Aluminum Tubing Dipole 
for 10 Meters 

The aluminum tubing dipole consists of 
three longer sections of tubing and а short 
section mounted permanently to the feed 
point plate, as shown in Fig 21.34, Let 
consider each half of the element separately. 
Counting from the center of the plate — the 
feed point — the element extends five inches 
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Fig 21.34 — The general tubing layout for the inverted. for each half element. The opposite side of the dipole is a mirror image of 
the one shown, 


ing inch aluminum tubing. Then we have 


Table 21.2 ‘two 33-inch exposed tubing sections, with an 
Parts List tor the inverted U ditional tre inches of thing evel рег 
‘Amount Fe ream ub Sommer section. These sections are Y and Инш 
aluminum tubing -3 pieces diameter, respectively. The our section ie 
HE уступ 2-30 30 inches long exposed (vat eaa 
, 0825 OD alumnum ung. prio ver 
К-ты ine inchoverlaandconsisteof inch diametr 
— OD) CPVC tubing. 
50 Aluminum wie ANO 817 Since the Y- and inch sections ae 36 
NE. na Sze ot tubing unalone inches long, you can make the outer inch 
1 by by Leran pate тег materi зийан. Section the sae overall eng and use mare 
2 edlen Эгей tot support mast ё Икан ۹ 
2 Sensi IOS bok nut washes SS een aiee! ‘overlap, or you can cut the tubing to 33 inch 
3 cand use е S nen overlap. Three inches 
esse le nad waers of overlap is sufficient o ensure a song 
1 Gonxomector bacat, аша Sao tast lor dmenaionaand shape junction, and t minimizes excess weight 
E Tarasie cont cannsctor lowever, when not in use, the three outer 
2 ‘Solder lugs, #8 holes Е i be tee 


tubing sections will nest inside each other 


2 Shoripieces copper wire From coax connector to solder u., tnt nection: will nes iid cag other 
Note: 059-1832 aluminum tubing le prefered ала ean ba obtained om such cues as Teras sectionis abit more convenient o un-nest for 
Towers мммлекыйонега com Leran (polycarbonate) s male rom such висат as scm Keeplhecadiichpinonthe inch 


Mehostors Car (www memasters com) as are he hon pn lps ( not асау sata. 


ner ems shold te avia топ cal hore сопот ad rade pars ores tubing as an easy way of pulling it into final 


position. You may use the readily available 
(063-832 aluminum tubing that nests well 
and has a long history of antenna service. 
The only construction operation that 
you need to perform on the tubing is to drill 
3 hole at about the center of cach junction 
lo pass a hitch pin clip. Obtain bitch pin 
clips (also called hairpin cotter pin clips in 
some literature) # ft snugly over the tub- 
ng, One size will generally handle about 
o or thre tubing sizes. This antenna uses 
(pin diameter) by 2-inch long clips 
forthe Si to inch and the % to inch 
junctions, with ¥ by 1%-inch pins for the 
Ye to Minch junction and for the final 
bitch pin clip at the outer end of the antenna. 
Dail the inch diameter holes fr the clips 
‘with the adjacent tubes in position relative 
o eich other. Tape the junction temporar 
ily forthe drilling. Carefully de-burrthe holes 
So that he tubing slides easily when nested 
The hitch pin clip junctions, shown in 
ig 21.35, hold the element sections in posi- 
tion. Actual electrical contact between sec. 
tions is made by the overlapping portions 
of the tube, Due to the effects of weather, 
Junctions of this type are not suitable for a 


Fig 21.35 — A close-up of the element mounting plate assembly including the hitch pin 
blips used to secure the next section of tubing. 
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permanent installation, bot are completely 
Satisfactory for short-term use, Good elec- 
trical contact requires clean, dry aluminum. 
surfaces, so do not use any type of lubricant 
то assis the nesting and un-nesting of the 
tubes. Instead, clean both the inner and enter 
surfacesofthe tbcsbeloreandaftereachus. 

'Hitch pin clips are fairly large and harder 
to lose in the grass of а field site than most 
nuts and Бой». To avoid losing the clips, at- 
tach a short colorful ribbon tothe loop end 
of cach clip. 

Each half element is 101 inches long, for 
ıa total 10 meter dipole element length of 202 
inches (16 h 10 inches). Length isnot critical 
‘withinabout one inch, so you may pre-assem- 
ble the dipole using the listed dimensions 
However if you wish a more precisely tuned 
element, tope the outersectionin position and 
fest the dipole on your mast at the height that 
you will use, Adjust the length of the enter 
tubing segments equally at both ends for the 
best SWR curve om the lower 1 MHz of the 
10 meter band. Even though the impedance 
will be above 50 0 throughout the band you 
Should easily obtain an SWR curve under 2-1 
that covers the entire band segment 


The Center Hub: Mounting and Feed 
Point Assembly 

Construct the plate for mounting the ele- 
ment and the mast froma «4» inch thick 
Scrap of polycarbonate (rade name Lexan, 
as shown in Fig 21.36. You may use other 
materials so long as they will handle the ele- 
‘ment weight and stand up to field conditions. 

At the lop and bottom ofthe plate are holes 
forthe U belt that fit around the mast. Since 


masts may vary їп diameter at the top, size 
your U-bolts and their holes to suit the mast. 

The element center, consisting of two five- 
inch lengths of -inch aluminum tubing, is 
just above the centerline of the plate (to al- 
Jow room fr the coax fiting below). cinch 
nominal CPVC has an outside diameter of 
about % inch and makes а snug fit inside the 
cinch tubing. The CPVC aligns the two 
luminum tubes ina straight line and allows 
Tora small (about inch) gap between them. 
When centered between the two tubes, the 
CPVC is the same width as the plate. A pair 
of Linch #8 or #10 stainless tel bolts — 
‘with washersanda nut sccuresthe element 
to the plate, 

Note in the sketch that you may insert the 
-inch tube as far into the Séinch tube as it 
will gand beassuredofa three-inch overlap. 
rl all hitch pin lip holes perpendicular to 
the plate. Although this alignmentis note 
caltothe junctions ofthe tubes, itis important 
to the outer ends of the tubes when you use 
the antenna below 10 meters, 

Mount a single-hole female UHF connec- 
. 
thick et that i 1 inch on a side, Drill 
the UHF mounting hole first, before cutting 
the L-stock to length and trimming part of 
the mounting side. Then drill two holes for 
inch long #8 stainless steel bolts about 1 
inch арап, for a total length of Lostock of 
about 1.5 inches. The reason for the wide 
strip isto place the bolt heads for the bracket 
Outside the area where the mast will meet the 
plate on the back side. Note in Fig 2136 that 
The bracket nuts are on the bracket side ofthe 
main plate, while the heads face the mast. The 


bracket-to-plate mounting edgeofthe bracket 
needs ko be only about 34 inch wide, so you 
may trim thatside ofthe L-stock accordingly. 
‘With the element cemer sections and the 
bracket in place, drill two holes for one-inch 
Jong #8 stainless steel bolts at right angles to 
the mounting bolts and as close as feasible 
to the edges of the tubing at the gap. These 
bolts have solder lugs attached for short leads 
10 the coax fining. Solder lugs do not come 
in stainless steel, зо you should check these 
junctions before and after each use for any 
Corrosion that may require replacement 
With ll hardware in place. the hab unitis 
about 4» 10 x 1 inch (plus U-bolts). It will 
remain а single unit from this pint onward, 
sothatyouronly fieldassembly requirements 
be to extend tubing sections and install 
hitch pin clips. You are now ready to perform 
the initial 10 meter resonance tests on your 
field mast 


The Drooping Extensions 
for 12:20 Meters 

The drooping end sections consist of alu 
minum wire. Copperisusable, but aluminum 
ds lighter and quite satisfactory for this ap- 
plication. Table 21.3 lists the approximate 
lengths of each extension below the element. 
Add three to five inches of wire — less for 
12 meters, more for 20 meters — to cach 
length listed. 

Common #17 AWG aluminum electric 
fencing wire works well. Fence wire sstifler 
than most wires of similar diameter, and i is 
cheap. Stiffness is the more important prop- 
ety, since you do not want the lower ends of 
the wire to wave excessively in the breeze, 
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Fig 21.38 — The element and feed point mounting plate, with details of the construction used in the prototype. 
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Table 21.3 
Inverted-U Drooping Wire Lengths 
Bard Wire Length 

(meters) (inches) 

10 ma 

12 150 

15 Er 

17 En 

20 1080 


Note: The vire enge or the drooping ends в 
measured tom rend cf ne tadlar 
Sate ш he tip or 17 AWG ине Le 
‘change m eng occur аз a uncon of he 
‘change п шге se However а lew inches 
Saanen m po en 


potentially changing the feed point properties 
of the antenna while it is in use. 

When stored, the lengths of wire exten- 
sions for 12 and 15 meters can be laid out 
‘without any bends. However the longer ex- 
tensions for 17 and 20 meters will require 
some coiling or folding to fit the same space 
as the tubing when nested. Fold ог coil the 
‘wire around any kind of small spindle that 
has at least a two-inch diameter (larger ix 
benter). This measure prevents the wire from 
crimping and eventually breaking. Murphy 
dictates that wire will break in the middle 
of an operating session, So carry some spare 
‘wire for replacement ends, All together, the 
ends require about 50 ft оГ wire, 

Tig 21.37 shows the simple mounting 
scheme for the end wires, Push the straight 
wires through а pair of holes aligned verti- 
cally to the earth and bend the top portion 
slightly. To clamp the wire, insert a hitch 
pin clip though hole parallel to he ground, 
pushing the wire slightly o опе side to reach 
the far hole in the tube. The double hend 
holdsthe wiresecurely (forashor-termfield 
operation) but allows the wire to be pulled 
fut when the session is over or to change 
bands. 

Add a few inches to the lengths given in 
Table 21.3 as an initial guide for each band, 
Test the lengths and prune the wires until 
you obtain a smooth SWR curve below 2:1 
tthe ends of each band, Since an inverted. 
amenna i full length, the SWR curves will 
be rather broad and suffer none of the mar- 
row bandwidths associated with inductively 
loaded elements. Fig 21.38 shows typical 
SWR curves for each hand to guide your 
expectations. 

You should not require much, И any, ad- 
justment once you have found satisfactory 
engths for each hand, So you can mark the 
wire when you finish your initial test adjust 
ments However leave enough excess so that 
you can adjust the lengths in the field, 
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Fig 21.37 — A simple method of clamping the end wires to the cinch tube end using а 


hitch pin clip. 


Do not be 100 finicky about your SWR 
curves. An initial test and possibly one ad- 
justment should be all that you need to arrive 
stan SWR value that is satisfactory for your. 
‘equipment. Spending half of your operating 
time adjusting the elements for as near 10 a 
1:1 SWR curve as possible will rob you of 
valuable contact without changing yoursig- 
mal strength îs any manner that is detectable. 

Changing bands is a simple mater. Re- 
move the ends for the band you are using and 
install the ends for the new band, An SWR. 
‘check and possibly one more adjustment of 
the end lengths will put you back on the air. 


FINAL NOTES 


The inverted-U dipole with interchange- 
able end pieces provides a compact field 
antenna. АШ of the parts fit in a 3- long 
hag, A drawstring bag works very well Fig 
21.39 shows the parts їп ther travel form 
When assembled and mounted at leat 20 
feet up (higher is even better). the antenna 
"ill compete with just about апу other dipole. 
mouniedatthe same height. But the inverted- 
U is lighter than most dipoles at frequencies 
lower than 10 meters. alo rotates easily by 
that you canrotatethe mast 
by hand. Being able to broadside the dipole 
to your target station gives the inverted-U а 
strong advantage over a fixed wire dipole. 
Witha dipole having drooping ends safety 
is very important. Do not use the antenna un- 
less the wire ends for 20 meters are higher 
than any person can touch when the antenna 
isinuse. Even with QRP power levels, the RF 
voltage оп the wire ends can be dangerous. 
With the antenna at 20 feet at its center, the 
ends should beat least 10 feet above ground. 


4 Rotatable Dipole Inverted-U Antenna 


Equally important is the maintenance that 
you give the antenna before and afier each 
dee Besurethatthe aluminum tahing isclean 
— both inside and out — when you nest and 
en wen the sections, Grit сап freeze the sec- 
tions together. and dirty tubing can prevent 
good electrical continuity, Cary a few extra 
bitch pin clips in the package o be sure you 
have spares in case you lose on. 


= 

Scaling Up the 
Inverted-U 

To inverted- U's rotatable dipole can 
bo scaled up by as much as factor 
‘three with correspondingly heavier 
mounting late and tubing diameters. 
‘This res ina rotatable dipole that 
сап be used as low as 30 meter with 
‘excellent performance. A tul-sized 
Spole в very ecient antenna and 
‘wil hod ts own win two-element Yagis 
t comparable heights 

Sulable tubing and mounting hard- 
ware can be obtained by scavenging 
aces trom oid band HF Yagis ihat 
have been damaged or taken ош of 
service Metal oom mai plates can 
бе used it the antenna elements are 
insulated by enclosing ham in а piece 
ol exterior plast electrical condit 
whose inside diameter в а close maich 
To ihe elements outside dameter Cut 
“linen slot along the length ofthe 
Conduit so that Сап be compressed 
around the element by е Ооо ог 
muffer camp 
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Fig 21.38 — Typical 50.0 SWR curves for the inverted-U antenna at а feed point 
height of 20 ft 


Fig 21.30 — The entire inverted-U antenna parts collection in semi-nested form, with 
йш carrying bag. The tools stored withthe antenna include a wrench to tighten the 
bolts for the mast-to-plate mount and a pair of pliers to help remove end wires from 
the tubing. The pers have a wire-cutting feature to help replace a broken end wire. 

A pair of locking pliers makes a good removable handie for turning the mast. The 
combination of the locking and regular pliers helps о uncoll the wire extensions for 
any band; give them a couple of sharp tugs to straighten the wire. 
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this situation, then the value of di, the fed wire, becomes identical 
to the value of 2s, that is, twice the spacing between conductors. 
The common log of 1 is zero, resulting in an impedance 
transformation of 1. Hence, a resonant monopole under this 
treatment would show a 36-Ohm impedance. However, cage 
monopoles show a higher impedance, with the actual value being 
partially a function of the number of wires. 


Alternatively, we may model various samples of cage monopoles 
and, with due attention to AGT scores, arrive at reasonable 
estimates of the resulting impedance. We quickly discover a factor 
that the coaxial treatment cannot take into account directly. For any 
given return wire (d2) diameter, as we change the diameter of the 
outer wires, the resultant antenna impedance will change. The 
coaxial treatment can use only one value for d1, taken just now to. 
mean the overall outside diameter of the cage system. It is possible 
to obtain from the basic equation an impedance that is equal to the 
modeled (or field tested) value by using a selected value of 
diameter for 01. However, this treatment is initially ad hoc. It 
involves varying the diameter of @1 until the impedance value 
matches the modeled or field value. If we survey enough values, 
then we might use some form of regression analysis to arrive at 
correlations that would be usable for almost any (practical) 
combination of center diameters, spacing values, and cage-wire 
thicknesses. Nevertheless, regression analysis is an excellent tool 
for establishing a mathematical correlation to a set of curves 
derived from observation, but it does not provide an explanation of 
the correlation. The equations would not necessarily fit any set of 
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known electrical foundation equations to provide a seamless 
continuum between 2-wire and multi-wire folded dipoles. 


The absence of a means of direct derivability that might ensure that 
cage monopoles are a variety of folded monopole--or that might 
provide sufficient reason to withhold the connection--does not mean 
that we must give up on the problem. There may be other 
alternatives yet to be explored. Any such alternative must recognize 
that the presence of multiple fed wires that do not surround the 
center conductor or return wire will present disturbances to a strict 
correlation. Indeed, perhaps part of the past thinking that wishes to 
claim that a cage monopole is not a folded monopole has looked 
too strictly at what a cage does not do and too little at what it does 
do. Granted, a cage lacks the solidity to form a true coaxial surface. 
However, let us suppose that each fed wire forms with the central 
return wire a 2-wire folded dipole. Under this supposition, we can 
expect the fed wires to interact or mutually couple. The degree of 
interaction would vary with the diameter of the center return wire, 
the spacing, the diameter of each out fed wire, and, of course, the 
relative diameters of the fed and return wires. Despite the variables, 
we should stil be able to detect a pattern of values that we can 
trace to the results of a 2-wire folded monopole. 


A Test and Its Limitations 


Within certain limits, we may set up a fairly simple modeling test. 
For the test we shall use a series of monopoles, as shown in Fig. 3. 
Each monopole will be resonant at а given test frequency. Since we 
shall use lossless wire and perfect ground to minimize the number 
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of extraneous variables, virtually any frequency will do. My test 
frequency will be 3.5 MHz. When modeling each test structure, the 
monopole will be resonated to within +/-j0.1 Ohm. 


Side Views 
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4 Fed ard Top 
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The outer wires will have а constant diameter, 0.1”. I shall vary the 
diameter of the center or return wire in steps. Since a zero diameter 
is not possible, I shall use 0.1-Ohm as the minimum return wire 
diameter. The remaining steps will be linear: 0.25", 0.5", 0.75", and 
1". 1 shall end the progression at this point for modeling reasons. As 
the diameter of the center conductor increases, the AGT score 
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departs ever further away from the ideal value. Using NEC-4, the 
value becomes unreliable more quickly than with MININEC (using a 
suitably corrected implementation of the public domain version 
3.13), but both programs eventually fail to yield very usable results. 
However, we shall be able to track the requisite results over the 
range of selected values and arrive at some preliminary 
conclusions. The procedure is no less and perhaps no more 
approximate than the industry-standard practice of using single wire 
substitutes for complex geometries that more adequately reflect. 
open tower structures. The AM BC industry regularly uses a wire 
radius of 0.37 times the face dimension of a triangular tower and 
0.56 times the face of a square tower. 


Besides varying the diameter of the return wire, the test models will 
also vary the center-to-center spacing between the return wire and 
the fed wire(s). | shall use spacing values of 12", 24", and 36". The 
top wires will use a diameter of 0.1", the same used for the fed wire. 
Each top wire will use a segment length of 1' (12"). The vertical 
wires will use 60 segments each, a value that produces segment 
lengths between about 0.9 and 0.95 of a foot. The very small 
disparity between the top-wire segment lengths and the vertical 
wire segment lengths does not jeopardize current calculations in 
NEC 4.1, since the feedpoint is in the lowest segment of each outer 
vertical wire. Tests using segment lengths that are as a close to 12" 
аз possible result in variations of the feedpoint impedance by no 
more than 0.02 Ohm relative to either the resistive or reactive 
component. 
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Опе aspect may be unique to these test models, although it is a 
common modeling practice. The uniqueness is the attention that we 
shall give to it. Most NEC modelers attempt to supply the model 
with a single feedpoint to end up with an overall impedance for the 
structure. There are a number of ways in which we can perform the 
feat. We might elevate the ends of the fed wires and provide 
shorting wires between legs ends. Then we may run a single wire 
to ground and place a source on this wire. Alternatively, we may 
run transmission lines to a remote wire and place a source on it. If 
we select a near-zero length for the transmission line lengths 
(which are independent of the actual distance to the remote wire), 
we effectively connect the four base segments in parallel. 


In MININEC we must--and in NEC, we may--simply place sources 
at the ground end of each fed wire. Of course, the number of 
sources will be one less than the number of vertical wires in the 
model. A 5-wire cage monopole will have 4 sources. Since the 
impedance values for all of the sources will be identical, the net 
impedance will be the resistance and the reactance at each source 
divided by the number of sources. This derived value will be the 
same as the one we would produce by using the transmission-line 
technique of paralleling the sources. What differs is that we shall 
have--and pay close attention to--the source impedances of the 
individual fed wires. 


The test will include 2-wire folded monopoles, even though we may 
calculate the impedance transformation ratio from the standard 
equation. We shall be as interested in how close the fit may be 
between the model and the equation result as for any other form of 
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folded monopole. A series of monopole models of lossless wire 
over perfect ground yields a resonant impedance of 36 Ohms. 
Hence, the reference impedance for each new combination of 
return wire diameter (d2) and spacing (s) will be 36 Ohms times the 
equation-based ratio. We shall be comparing the modeled 
impedance values for each fed wire with the reference impedance 
value. 


The test will initially yield reported values of source impedance. As 
well, each test will have an AGT score. Over perfect ground, the 
ideal AGT is 2.000, although the value is 1.000 in free space. The 
free-space equivalent of the ideal perfect-ground AGT is simple 1/2 
the perfect-ground value. I shall use this free-space equivalent 
value in test reports, since it plays an important role in arriving at a 
usable impedance value. One reason for resonating the folded 
monopoles to such close tolerances is to allow us to use the AGT 
score to arrive at reasonably reliable values of resistive impedance. 


However, with folded structures, we must alter NEC manual 
procedures somewhat. For a linear element--whether a dipole or a 
monopole-we normally multiply the AGT times the reported 
impedance to arrive at a corrected source impedance. The 
correction is most reliable when the impedance is virtually resistive. 
With folded dipoles and monopoles, we must reverse the correction 
procedure. To arrive at the usable impedance value, we must 
divide the reported impedance by the AGT score. As a matter of 
course, we shall also report the net impedance of the structure. 
More significant for our interests will be the ratio of the adjusted or 
corrected impedance value for each leg to the calculated 2-wire 
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impedance for a folded monopole having the wires and spacing 
applicable to a single fed wire and the center return wire. 


Some Test Results 


Table 1 provides the results for the series of modeling tests that | 
just described. The table lists 5 test sequences, each of which uses 
a different diameter for the inner, center, or return wire. The first 
column lists the 3 steps of spacing. The second column tells us the 
total number of vertical wires in the assembly. The number of fed 
wires is 1 less than the total. The third column lists the height in feet 
of the resonated skirt-fed monopole. The "Raw R" column lists the 
NEC 4.1 source resistance value before correction. The "Raw X" 
column provides а record of how close the model came to perfect 
resonance. The final column of raw data lists the AGT score using 
hemispherical increments of 5 degrees. 


The remaining columns list the operations performed on the raw 
NEC data. The adjusted source resistance per leg results from 
dividing the raw resistance by the AGT score. The net source 
resistance appears in 2 columns, the first dividing the raw leg 
resistance by the number of source, the second dividing the 
adjusted leg resistance by the number of sources. The final column 
lists the ratio of the adjusted leg resistance to the calculated 2-wire 
impedance. 
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The resonant antenna height has only suggestive utility beyond 
showing the trends that confirm the propriety of model construction, 
Аз we increase the number of wires or the diameter of the center 
return wires, or the spacing between any fed wire and the return 
wire, the resonant height decreases over perfect ground. Although 
the trends are true, the exact resonant height of an actual folded 
monopole will vary somewhat with the ground quality and the 
number of radials forming the ground system. The AM BC standard 
of 120 quarter-wavelength radials with shorter intervening radials 
remains applicable to all monopoles, whether linear or folded. With 
respect to the source impedance of an assembly, such a system 
best replicates perfect ground. (Of course, the overall ground 
quality plays a significant role in determining the far field patterns 
for the antenna. 
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The AGT values provide an indication of the reason for halting the 
systematic modeling venture with a 10:1 ratio between the return 
wire and each of the fed wires. As we increase the diameter of the 
return wire, the AGT score decreases. By a 10:1 ratio, the score 
reaches 0.915. Beyond this value, I would not fully trust the 
reliability of the reported data, even when applying the corrective to 
the per-leg source resistance value. The impedance transformation 
ratio for a 2-wire system is largely a function of the physical 
properties of the folded monopole. Hence, the use of a large 
diameter tower (or its equivalent 3- or 4-face open tower) with 
standard wire sizes for the fed cage structure becomes 
problematical from a modeling perspective. 0.1” diameter wire 
approximates AWG #10, a value that falls about halfway between 
AWG #12 and #14, popularly used by radio amateurs, and AWG 
#6, sometimes used by commercial installations. 


The net adjusted source resistance columns indicate one reason 
why cage-fed or skirt-fed monopoles are finding proponents. As we 
add fed wires (symmetrically, of course) to a center return wire, the 
net source impedance of the parallel-fed outer wires brings down 
the overall source impedance. With equal-diameter wires for the fed 
and return legs, we have the familiar 4:1 up conversion of the 
impedance for each leg. As we increase the return wire diameter, 
the source impedance in each leg increases in step with standard 
expectations from the 2-wire equation, although we cannot obtain a 
precise number for more than a 2-wire system. Nevertheless, when 
we parallel the leg sources, the net impedance decreases as we 
increase the number of fed outer wires. For any given combination 
of fed and return wire sizes, increasing the spacing decreases the 


Chapter 31 


Antennas Made of Wire - Volume 2 


net impedance. However, for any number of fed sources, 
increasing the return wire diameter increases the impedance. A 5- 
wire (4-source) cage indicates impedances that are close to optimal 
for direct coax feeding with either no matching or minimal matching 
requirements. Construction variables relative to both the cage and 
the return mast or tower, along with ground and radial system 
conditions will modify the values shown. Nevertheless, the trends 
are useful in system planning, even if NEC-4 models may fail to be 
reliable at the return structure diameter that might be used. For 
example, а triangular tower with a 12" face might show an 
equivalent diameter of 8.88", which--even with 36" spacing-would 
yield models of very dubious reliability. 


For any given spacing and return-wire diameter, the per-leg source 
resistance shows a relatively tight grouping of values as we move 
from a 2-wire to a 5-wire folded monopole. About 50 Ohms 
separates the lowest from the highest value in each group. The 
variations within each group tend to suggest the level of mutual 
coupling among the fed wires and other interactions. Data patterns 
alone do not provide the details of the complex interactions. 
However, the close proximity of the values within each group 
relative to the calculated impedance value for a 2-wire folded 
monopole strongly indicates that each fed wire and the return wire 
form a 2-wire folded monopole, modified in impedance performance 
by the interactions. If each pair of wires in a complex multi-wire 
monopole forms a folded monopole, then we may legitimately call 
the entire structure, regardless of the number of cage or skirt wires, 
a folded monopole. 
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We may regroup the final columns of values that show the ratio of 
calculated to modeled values of per-leg source resistance and 
graph them by reference to the spacing between the fed wire and 
the return wire. Fig. 4 shows the results for a spacing of 12". Each 
line represents one of the folded-monopole systems. The X-axis 
shows the increase in the return wire diameter. Note that the lowest 
value (0.1") is not a true linear increment relative to the other 
increments on the graph. 
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The 2-wire graphed line establishes that using corrected per-leg 
impedance values yields models that are always well within 1% of 
the calculated value of impedance. The per-leg values for 3-wire 
systems are always below those for 4-wire and 5-wire monopoles. 
For a spacing of 12", the lowest per-leg value is about 0.83 of the 
calculated 2-wire value. In contrast, the highest value is about 1.4 
times the calculated value. Although these limits are fairly wide, 
each curve shows a much narrower range of departure from the 
calculated value, which the 2-wire curve indicates. 


Ratio of Modeled io Calculated Z. 
Folded Monapcles 24" Spacing 
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As we increase the spacing to 24", as shown in Fig. 5, the ratio of 
calculated to modeled adjusted per-leg impedance increases, 
except for the 2-wire model. It continues to show its tight correlation 
to the calculated impedance value. Perhaps only the effects of 
requiring a top wire prevent the ratio from reaching 1 to 1. The ratio 
values for the larger folded monopoles show slight increases for all 
of the more complex assemblies. Interestingly, about half of the 
data points fall above the 1:1 ratio lines, and half below it. 
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The graph for a spacing of 36" between the return wire and each 
fed wire appears in Fig. 6. The overall grouping has all of the 
properties that we saw in the preceding graphs. However, the 
‘majority of data points now fall above the 1:1 ratio line. The 
differences among the 3 graphs are not great, but they are 
noticeable as a function of the increased spacing. 


Perhaps more interesting than the differences are the similarities 
among the graphs. For each size of folded-monopole assembly, 
regardless of spacing, the curve shapes are regular and similar. 
(Even the 2-wire curve shows a very slight drop in value as we 
increase the diameter of the return wire.) As well, the values within 
each graph show a relatively tight clustering around the calculated 
impedance value. 5-wire systems show the highest level of 
departure from the calculated value, a fact that appears to coincide 
with the closer proximity of the fed wires to each other. Determining 
the effects of mutual coupling would require a different sort of study 
from the present effort. In each case, | have resonated the total 
folded monopole system in order to arrive at as pure a resistive 
impedance as feasible. Interactive analysis of the wires might 
require a study using a set of fixed-length wires. 


Nevertheless, the data shows that caged and skirted monopoles 
have their roots in 2-wire folded monopoles and are an extension of 
the basic structure. The variations are insufficient to deny the use of 
the term folded monopole as a generic label for all such structures. 


In many ways, however, settling the terminological preferences of 
engineers has only been a pretext for the true point of these notes. 
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Too many amateurs are unfamiliar with the general properties of 
folded monopoles, both simple and complex. These notes 
represent one small attempt to fill the void and to acquaint the 
amateur with the range of labels that he or she might encounter in 
basic reading about these antennas. A secondary goal has been to 
show the nature and the limits of modeling these antennas using 
NEC-4. AGT values for NEC-2 versions of the models would be 
even worse. We might extend the range of the sampling of return- 
wire diameters by using a well-corrected version of MININEC 3.13, 
but even that program will eventually show less reliable results 
before we reach the tower dimensions that we might encounter їп 
reality. 


Nevertheless, the trends shown in these notes may be useful in 
establishing realistic expectations from multi-wire folded monopole 
assemblies. The data shown here cannot eliminate the need for 
extensive field adjustment, but they may go some distance toward 
reducing the time involved. 
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Chapter 32: Short Folded Monopoles - Some Basics 


basic properties of resonant folded monopoles using 2, 3, 4, and 

5 wire construction. When resonant, modeled folded monopoles 
show a clear relationship between the reported source impedance 
and the calculated impedance using the classical equation. 


| n Chapter 31 defining Folded Monopoles, we examined some 


R is the ratio between the impedance of the new folded antenna 
and the impedance of a resonant linear antenna that otherwise has 
the same design. The equation applies equally to folded dipoles 
and to folded monopoles. Where the diameters of both the fed wire 
(91) and the return wire (de) are the same, the ratio is 4:1. The new 
impedance follows a very simple equation: 


Zest 7 Alge, 


Since the feedpoint (or source) impedance (Zlinear) of a linear 
monopole over perfect ground is 36 Ohms, the resonant feedpoint 
impedance of a folded monopole (Zfolded) is 144 Ohms. If the fed 
wire is fatter than the return wire, then the impedance ratio is less 
than 4 but always greater than 1. If the return wire is fatter than the 
Ted wire, then the impedance ratio is always greater than 4. 
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The basic principles in our initial foray into folded monopoles 
neglected a very important aspect of folded monopole use. Many 
antenna builders use lengths that are shorter than the resonant 
length. For very short to moderate folded monopole lenaths, (where 
the resonant length might be considered long), the feedpoint 
impedance will show an inductive reactance. In that property, a 
short folded monopole bears a resemblance to a transmission-line 
shorted stub. However, the stub and the antenna have some 
important differences, crudely marked in Fig. 1. 
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Outline Sketches ota Folded Monopole 
and a Shorted Transmission Line 


The two structures are similar in that the properties are dependent 
on the diameter of the wires and on the spacing between wires. 
The letters 5, d, d1, and d2 designate these fundamentals that 
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make performance dependent to a significant degree on physical 
properties of the structure. The folded monopole requires a ground 
(or a suitable ground plane) in order to operate. The energy source 
is normally positioned in series with the lower end of one wire (d1) 
and the ground. In contrast, the shorted stub uses no ground. 
Rather, the energy source is placed across the two wires of the 
transmission line opposite the shorted end. As a consequence, the 
shorted transmission-line stub does not radiate (if properly 
constructed and isolated from influences that would create 
imbalance between the lines). It ideally shows only transmission- 
line currents, which are equal in magnitude and opposite in phase 
at points along the line that are equidistant from the energy source. 
The folded monopole radiates and therefore exhibits both 
transmission-line currents and radiation currents. 


At this point, we have to choose a direction for analyzing the 
behavior of short folded monopoles. We might legitimately turn to a 
mathematical treatment of the structures. However, my goal is not 
to replicate texts on the subject, but rather to familiarize you with 
the patterns of short folded monopole behavior. Therefore, my 
chosen route of analysis is modeling some selected folded 
‘monopoles to develop some patterns in the behavior. The method 
will be effective in showing some of the variables that influence the 
behavior, while also developing some rational expectations of them. 
We shall choose our modeling software to fit the structure that we 
are modeling. For our first two case studies, NEC-4 is adequate to 
the task, although we shall pay close attention to the Average Gain 
Test (AGT) score (where 1.000 is ideal) in order to adjust numbers 
as needed. 
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Since we shall not be dealing in resonant antenna lengths, we need 
ап increment of folded monopole length to use for our samples. 
Опе convention used in the AM BC industry is to list antenna 
lengths in electrical degrees, where 1 wavelength equals 360 
degrees. We may adopt this convention for physical lengths even 
though we know in advance that 90 degrees physical is longer than 
the resonant physical length that we would call 90 degrees 
electrical length. We shall survey folded monopoles every 10 
degrees at a standard test frequency of 3.5 MHz for the entire 
exercise. To reduce the number of variables, we shall use lossless 
ог perfect wire along with a perfect ground. As well, in this initial 
investigation, we shall work only with 2-wire folded monopoles. 


Case 1: d1 = d = 


"sz 


2" 


We may begin with a folded monopole structure already explored in 
the earlier item. We shall form a set of folded monopoles where 
both wires have a diameter of 0.1" and the spacing is 12" between 
them (center-to-center). The use of 0.1" diameter wire is not 
accidental. It roughly corresponds to AWG #10 wire, which falls 
between two practical extremes. Amateurs often used AWG #14 ог 
#12 wire for such structures due to its availability and relatively low 
cost. Commercial installations may use wire that approximates 
AWG #6 (0.16"). 


Ata resonant length of 67.25", the modeled impedance is 143.5 
Ohms, compared to the calculated value of 144 Ohms. When we 
model the antennas in the collection in 10-degree increments, we 
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end up with a set of performance values such as those shown in 
Table 1. 
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Besides showing the length of each model in degrees and feet, the 
table lists the source resistance and reactance of each model. It 
also lists the AGT in terms of the score and the gain adjustment in 
dB (where the adjustment value is subtracted from the reported 
value). Because all but the 10-degree scores are very close to 
1.000, the table makes no adjustments in this case. 


There is much to note in the tabular data. We might begin with the 
gain values, which we show in terms of the gain broadside to the 
Plane of the 2 wires and in terms of the maximum gain in line or 
edgewise to the 2 wires. Maximum gain occurs in the direction of 
the feedpoint. There is always at least a slight difference in the 2 
values, but as we make the folded monopole shorter, the 
differential becomes very noticeable. Fig. 2 compares the elevation 
patterns for 10-degree and 30-degree versions of the antenna. In 
each case, the plots overlay the patterns broadside and edgewise 
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to the wires. The shorter antenna shows a large difference that 
almost completely disappears by the time the antenna is 30 
degrees long. 


Faz 08 asma бав 
‘Broadside 
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Broadside and Eágewisa Patterns: | f-Dagrae and 20-Degree 
Lossless Folded monopoles over Perfect Ground 


Опе way to make sense of the remaining data in the table is to 
contrast it to corresponding data for an equivalent linear monopole. 
Therefore, | created a model of a monopole that showed a resonant 
length of 67.25, the resonant length of the folded monopole. The 
model required a wire diameter (d) of 2.75" to achieve this goal. 
Fig. 3 shows a sketch of the 2 antennas. 
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1 then sampled the antenna in 10-degree intervals to produce a 
table comparable to the one for the folded monopole. The results of 
this exercise appear in Table 2. The columns in this table exactly 
parallel those of Table 1. 
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Both tables list the gain of the antenna over perfect ground using 3 
different wire compositions: perfect or lossless, copper, and 
aluminum. Copper has a bulk resistivity of about 1.7E-8 
Ohms/meter (corresponding to a conductivity of about 5.87 S/m). 
Aluminum 's resistivity is about 4E-8 Ohms/m (conductivity about 
2.5E7 S/m). Antenna modeling programs adjust the material losses 
for frequency and skin affect in actual calculations. Hence, the gain 
values for perfect or lossless wire would reappear at any frequency, 
but the gain values will vary a bit as we change frequency if we use 
copper, aluminum, or any other real wire material. 
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Fig. 4 compares the gain values from the tables for all sampled 
lengths. The values for the 2.75" linear monopole are for aluminum 
only, since the differences between perfect wire and the worst case 
used in the sample are so small. However, with wires that are only 
0.1" in diameter, the material losses of copper and aluminum are 
exceptionally significant as we reduce the overall length of a folded 
monopole. Below a length of about 50 degrees, the thin-wire folded 
monopole shows a rate of gain decrease that may question the 
practicality of using such a thin, short structure as an antenna 
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without specific needs that make the highly reduced gain 
acceptable as a trade-off. 


At resonant length, the folded monopole may rival the linear 
monopole, but at very short lengths, the very low source radiation 
resistance becomes only s small fraction of the total source 
resistance. The wires are too thin to overcome the resistive losses 
of the material and of skin effect. With real wire, the 10-degree 
folded monopole shows less than 1% power efficiency. For the 
shortest thin-wire folded monopoles in the sample, the use of 
phosphor bronze or stainless steel would increase losses even 
further. 


The monopoles that we have examined are over perfect ground. 
Placing them over real (lossy) ground will further reduce the gain 
available (as well as raising the elevation angle of maximum 
radiation). Table 4 provides a rough guide to the amount of further 
gain reduction we are likely to experience over three levels of 
ground quality. Very good soil has a conductivity of 0.0303 S/m and 
a relative permittivity of 20. Average soil uses a conductivity of 
0.005 Sim and a relative permittivity of 13. Very poor soil uses a 
conductivity of 0.001 S/m with a relative permittivity of 5. These 
widely diverse soil types may let you approximate the additional 
losses of your local soil by rough interpolation. The radial systems 
use 0.1" wire buried 1' below the ground surface in the NEC-4 
models. 
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Approximate Cain Reduction for Placing Monopoles 
over Real Ground with Buried Radals 


Radials УР АУ ve 

4 35 675 38 

8 80 595 Зат 

16 693529318 

32 643 484 235 

64 45 462 270 

128 617 454 289 
VP = Very Poor (c = 000, p = 5] 
Ау = Average (c = 0005, p= 13) 


0900, p= 20) ea 


The table is only a first-order estimation device, not a precise 
gauge. For increased accuracy, you would need to model a 
proposed short folded monopole using both the actual material ad 
the actual ground conditions at the proposed site--along with a 
model of whatever buried radial system the antenna might use. 


Linear monopoles have gained some renown for their low feedpoint 
resistance values when they are very short. However, if you 
compare Table 1 with Table 2, you will discover that the feedpoint 
resistance of the folded monopole does not catch up to the 
feedpoint resistance of the linear monopole until we reach a total 
length of about 40 degrees for both antennas. Fig. 5 compares the 
feedpoint resistance values for both antennas across the span of 
surveyed heights. 
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Source Resistance over Paci Ground 
Folded vs Linear Monopole Case 1 
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The linear monopole resistance values show a smooth progression 
from 10- through 90-degree lengths, reaching a final value of about 
41 Ohms. However, the folded monopole shows a very large spike 
in values between 50 and 60 degrees. The actual peak value is 
much higher than the largest graphed value, since the peak occurs 
at a height of about 57 degrees. Then the resistance value 
decreases rapidly so that between 80 and 90 degrees, it shows an 
expected slight rise with increasing length in this region. Even at 90 
degrees, somewhat beyond resonance, the resistance is 164 
Ohms, about 4 times the linear value for the same length. 
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The peaking of the resistance value accompanies a peaking of the 
reactance value in folded monopoles. Fig. 6 graphs the reactance 
for both the folded and the linear monopole as we increase the 
length from 10 to 90 degrees. 
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The linear monopole shows a smooth curve that traces the 
decreasing capacitive reactance as the antenna lengths increases 
toward resonance. Since the 90-degree length is long relative to 
resonance, the curve smoothly proceeds into the region of inductive 
reactance. In contrast, the folded monopole shows very high values 
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of reactance at 50 and 60 degrees. One may interpolate a sudden 
shift in reactance type at about the length at which the resistance 
reaches its maximum value. Of course, at this point, we would find 
a very small region of height at which the reactance would be 
nearly zero. However, that specific height is unlikely to be achieved 
in any practical installation. Even if achieved, a slight temperature 
change would alter the antenna height enough to throw the 
reactance into a high value region-either inductive or capacitive, 
depending on the direction of the temperature shift. 


The very high value of resistance and the sudden shift of reactance 
from inductive to capacitive are typical behaviors of horizontal 
antennas as they pass the 1-wavelength mark or of ideal vertical 
monopoles as they pass through the 1/2-wavelength mark. 
However, the folded monopole is less than 0.16-wavelength long. 


Fig. 6 contains reactance values for one extra case: a shorted 
transmission-line stub constructed according to the same wire 
diameters and spacing values that we used for the folded 
monopole. | arbitrarily cut off the table at 4j5000 Ohms since the 
reactance value of a shorted stub increases without limit at exactly 
90 degrees. Table 3 shows the calculated values of the stub's 
reactance at the line lengths that correspond to the folded 
monopole's lengths in the survey. 
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Shared Transmissian-Line Stub 
El Dia =01" 
Fr= 35 MHz. WL = 281 0# 
Len пед Len rad, Lent — XL 
10 015 7000 115096 
20 0349 15612 233.209 
30 DEM 23418 37346 
AD 0688 31224 551473 
50 0873 39031 783244 
60 107 45837 1139338 
70 1222 54643 1805697 
B0 — 1388 62449 3727280 
90 151 7025 11649 
45 0795 25.20 6722 


The table rests on calculating the characteristic impedance (Zo) 
from the physical dimensions of parallel wires, as indicated in Fig. 
1. One common equation for the calculation uses common logs. 


2s) 
Zo -276log{ 25) 
oe 
However, there is a more precise equation that uses natural logs. 


oI 


For the case in point, the impedance is high enough (657.22 Ohms) 
that the two equations yield essentially the same results. The more 
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precise equation becomes essential where the wire spacing is very 
close. Our 12" spacing ї5 not close for 0.1" diameter wires. To 
calculate the inductive reactance of the stub, we may use another 
соттоп equation. The / term represents the line length in electrical 
degrees (or radians). 


X -Zgtant 


The shorted transmission line that uses 0.1" diameter wires and а 
12" spacing has a calculated characteristic impedance (Zo) of 
657.22 Ohms. For any given length, the inductive reactance is a 
direct function of the Zo value, and that value always apears as the 
inductive reactance at a length of 45 degrees for lossless lines. 


1 note these equations only to supply the basis for the tabular and 
graphical results shown. They suffice to show that the source. 
impedance behavior of the short folded monopole-at least for the 
sample used here~is quite unlike the behavior of a linear monopole 
and the behavior of a shorted transmission line stub. To test these 
behaviors and to check for any variability, we need at least опе 
more sample. 


Case 2: d: 


As a check on our work, let's sample a second folded monopole 
through the same total height steps. In this case, we shall increase 
the wire diameter to 0.5", a 5-fold increase over the initial sample 
folded monopole. The increased wire diameter applies to all parts 
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of the antenna and so will have no effect on the impedance 
transformation ratio. The resonant impedance of a modeled 
antenna was 143.1 - jO.1 Ohms at a height above perfect ground of 
66.81' (or 99.3% of the height of the resonant version of the first 
model). 


Although the use of fatter wires with a 1 spacing does not change 
the folded monopole impedance transformation ratio, it does 
change the characteristic impedance of the line if used in a shorted 
stub configuration. The new Zo is 464.17 Ohms (compared to 
657.22 Ohms for the version using 0.1" diameter wires). For 
reference, Table 5 presents the calculated inductive reactance 
values for the sampled lengths of the stub in 10 degree increments. 
The 45-degree entry allows a quick reference to the line Zo. 


Shorted Transmission-Line Stub Table & 
El Dia =08" 
Fr=35 MHz. 
Len geg Len rad, Lent — XL 
10 015 7606 81046 
20 0349 15802 165944 
30 Оа 23418 267989 
4 US 31221 399496 
50 0873 39031 553177 
60 107 45837 803958 
70 1222 54643 1275299 
B0 1388 62449 2632 AdS 
90 151 7025 TEEN 
45 0735 25.20 46417! 
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Except for the lowest 2 heights (10 and 20 degrees), the NEC-4 
models of the antenna produce excellent AGT values. Hence, they 
require no adjustment in the tabular data. Table 6 provides the 
information gathered from the test runs using the same format and 
column entries that we used for the thinner model. 
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To facilitate comparisons, | also created a linear monopole over 
perfect ground. | selected an element diameter that would achieve 
resonance at the same height (66.81') as the folded monopole in 
question in order to develop a relatively fair comparator. The 
required diameter was 5”. The diameter is 1.8 times the diameter 
(2.75") of the comparison linear monopole used for the folded 
monopole with 0.1" elements. Both folded monopoles use the same 
center-to-center wire spacing. The exercise establishes that finding 
an equivalent linear monopole diameter to a given folded monopole 
structure requires attention to the wire diameter as well as to the 
wire spacing of the original folded structure. 
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‘Shot Linear Monagole over Feci Ground 
Case 2 Monopole Esai 
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Table 7 shows the linear monopole data, again using the format 
established earlier. Of course, the linear monopole requires only 
one gain figure, since the pattern is uniform in all azimuth 

directions, Our initial comparisons will be internal to the new 


sample. We shall make cross-sample comparisons a bit later. 
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The relative gain values appear in Fig. 7. Since the gain of the 
linear monopole varies so inconsequentially over the range of real 
materials, the aluminum gain curve suffices as a substitute for 3 
overlapping lines. The pattern of gain deficiencies with real 
materials for the folded monopole below a length of about 50 
degrees reappears in this graph and in the tabular data. However, 
the 5-fold increase in folded monopole wire diameters shows up as 
a significant reduction in the deficiency level. 
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In Fig. 8 we find the comparison of linear and folded monopole 
source resistance values. The linear monopole resistance 
increases in a regular (but not linear) fashion. In contrast, the folded 
monopole shows a very sharp peaking of resistance at about 60 
degrees. The position of the adjacent resistance values suggests 
that the true peak may be at a length very close to 60 degrees. 
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Fig. 9 tracks the progression of reactance values. One line shows 
the inductive reactance of a shorted transmission-line stub. As | did 
earlier, | cut off the Y-axis arbitrarily, since the 90-degree reactance 
value increases without limit. (The tables show an exceptionally 
high but not limitless value for 90 degrees due to computer 
conventions for avoiding errors.) In contrast, the linear monopole 
shows a continuous, regular decrease in the capacitive reactance 
as the antenna grows toward its resonant height. Of course, at a 
physical height of 90 degrees, the antenna is slightly long relative to 
resonance, and so we find an inductive reactance. 
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The reactance curve for the folded monopole shows peak values of 
reactance at 50 and 60 degrees, with a transition region between 
them. The actual transition region is very small, as the reactance on 
either side climbs to values much higher than those recorded at the 
sampling points. In the length region that is about +/-10 degrees 
either side of resonance, the reactance curve shows a seemingly 
normal curve that moves from capacitive to inductive as we pass 
through the resonant folded monopole length. 


A Tentative Comparison of Two Folded Monopoles 


We have looked individually at two folded monopoles that use the 
same 12" center-to-center wire spacing. The only difference 
between them is the diameter of the wires: 0.1" vs. 0.5". Hence, the 
impedance transformation ratio for both monopoles at a resonant 
height is the same: 4. Since a linear monopole using either wire 
diameter--or using the equivalent diameters in the comparators- 
has a resonant impedance of 36 Ohms (+/- 0.03 Ohm), we expect a 
resonant folded monopole impedance of 144 Ohms. The thin and 
think folded monopoles show 143.5 and 143.1 Ohms, respectively. 
We may consider these values to be very much on target, given the 
fact that our basic impedance transformation equation does not 
take into account the diameter or the length of the end wires. The 
‘models cannot exist without taking these end-wire factors into 
account. 


When we look at short folded monopoles using the same basic 
structure, we have to recognize that we cannot expect a precise 
equivalence. The length increments use the physical length of the 
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structure, not the electrical length relative to the resonant length. 
The 0.1" antenna was resonant at a length of 67.25. while the 0.5" 
version resonated at 66.81'. However, the lengths are less than 1% 
apart, which minimizes any differentials in this area of concern. 
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For a sample of the gain differential, Fig. 10 compares the modeled 
maximum gain edgewise to the wires for both folded monopoles 
using copper wire. The thinner-wire folded monopole shows а 7-08 
gain deficit compared to the fatter-wire model at the shortest length. 
As we increase the length of the folded monopole, the gain 
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difference decreases in a smooth curve so that by the time we 
reach a length of 50 or 60 degrees, the differential disappears 
(depending on our standard of when a differential is too small to be 
notable). The root source of the differential lies in skin effect. In 
small loop antennas, builders commonly use the largest practical 
conductor (sometimes round, sometimes flat) to reduce to the 
lowest possible level any losses due to the resistivity of real 
materials. The losses of the linear monopoles suggest that a wire 
diameter of well over 2" may be needed by folded monopoles 
shorter than about 50 degrees in order to reduce these losses 
effectively. Unfortunately, such diameters are not practical for NEC- 
4 models. 
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Fig. 11 superimposes the source resistance and the reactance 
curves for the two folded monopoles. Due to the paucity of 
sampling points, the peak values appear to coincide. However, 
such curves can be somewhat misleading if we seek more than 
general guidance. Let's look at each folded monopole. 


0.1" Model: A series of models using finer length graduations set 
the height at which the reactance passes through zero at about 
42.321' or 54.215 degrees. The resistance in the immediate length 
region rose to 19540 Ohms. The length of the folded monopole was 
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about 62.9% of a resonant version or about 0.157-wavelength 
electrically. 


0.5" Model: A similar series of models produced a height of 44.270" 
or 56.711 degrees at which the reactance passed through zero. At 
this height, the source resistance report was 10480 Ohms. 
However, the source resistance peaked (10510 Ohms) at about 
44.235' or 56.667 degrees. The zero-reactance model was about 
66.26% of a resonant version of the antenna or about 0.166- 
wavelength electrically. 


We may note several interesting items about these numbers after 
observing a significant caution. The numbers derive from models 
that show an ideal AGT score, but which remain subject to all of the 
limitations to which the antenna modeling software (NEC-4) is 
subject. Hence, the numbers are useful for comparisons, but not 
necessarily for trying to build a short, resonant, very-high 
impedance folded monopole. 


The thinner-wire folded monopole shows a much higher peak 
source resistance than the fatter-wire model. In fact, the ratio of 
peak source resistance values is 1.86:1. Although the tests did not 
specifically seek out the peak values of reactance that occur on the 
limits of the transition region, the thinner folded monopole appeared 
to reach values at least 1.6 times higher than the thicker model in 
the sequence of test model height. In both cases, the transition 
region was about 2 degrees of height, 56-58 degrees for the 0.5" 
model and 53 to 55 degrees for the 0.1" model. The transition 
region includes heights at which the initial peak inductive reactance 
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value begins to decrease and-at the opposite end--the height at 
which the capacitive reactance increases toward but does not 
reach its peak value, 


The height at which the folded monopoles pass through zero 
reactance seems initially counter-intuitive, since we might expect 
the folded monopole using fatter element wires to pass that point at 
а shorter height in keeping with the slightly shorter height of a 1/4- 
wavelength resonant version. As well, the 0.5" model's slight 
difference between the zero-reactance height and the maximum 
source resistance height may also seem somewhat counter- 
intuitive to our understanding of high-impedance resonant points. In 
both cases, the most likely candidate to serve as the source of 
these interesting results is the end wire. The potential corner 
coupling of the 0.5" model might account for both phenomena. 
However, the models are not sell-explanatory in this regard. As 
well, we cannot say from the model alone whether the phenomenon 
is an artifact of modeling or a real phenomenon. Models that mix 
wire diameters at angular junctions quickly become unreliable in 
NEC (both -2 and -4). 


The differences in behavior between the two folded monopoles 
using equal legs, but of a different size for each model, are small. 
More significant is the general behavior trends that show the. 
progression of antenna behavior with increasing length. First, the 
Very low source resistance of shorter lengths (up to and perhaps 
beyond 30 degrees) results in a very lossy structure when using 
real materials of even the finest quality. Second, the very high 
impedance resonance in the 54- to 56-degree region is notable for 
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both its potentials and its limitations relative to using a short folded 
monopole. The short folded monopole acts neither like a shorted 
transmission line nor like a short linear monopole. 


Short Folded Monopoles with Dissimilar-Diameter Legs 


Many folded monopoles make use of an existing structure for one 
leg and add a wire for the second leg. At resonant 1/4-wavelength 
sizes, we expect the monopoles to closely approximate calculated 
values of source impedance. We can do some initial modeling to 
see what happens as we sample shorter lengths, but we cannot do 
зо reliably within NEC. We must turn to a version of MININEC. For 
the following examples, | used Antenna Model, a highly corrected 
version of MININEC 3.13. Fortuitously, the program provides AGT 
scores as a matter of course. 


To limit the stresses upon the limitations of the core, we may 
restrict our initial investigation of folded monopoles with unequal leg 
diameters to only 2 leg sizes: 0.1" and 0.5", the sizes that we used 
in the first two cases. As shown in Fig. 12, the top wires for the new 
cases will use the thinner wire size. The black dots represent the 
location of the model source. In NEC, we generally construe the 
source location to be along or at the center of the lowest segment 
in the relevant leg. In MININEC, the source is at the junction of the 
leg with the ground. 
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The ratio of leg diameters is 5:1. However, the eguation that 
calculates the impedance transformation does not use that ratio 
directly, but incorporates the leg diameter within a ratio with twice 
the space between legs and then takes the common log of both 
space-diameter ratios. Hence, the resonant linear monopole source 
resistance becomes (by calculation) about 210 Ohms when we 
feed the thinner leg and about 105 Ohms when we feed the fatter 
leg. The proximity of modeled impedances to the calculated ones 
becomes a second test (in addition to the model's AGT) of the 
reliability of the reported data on the short folded monopoles. 
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Table 8 provides the data for the version of the folded monopole 
with the source located on the thinner wire, Case 3. The table omits 
information on gain values for real wire materials, since that 
information would largely parallel the data for Cases 1 and 2. The 
perfect-ground gain data generally parallels the corresponding 
information for folded monopoles with equal-diameter legs. 
However, the broadside-to-edgewise gain differential is slightly 
greater. Although the impedance information for the shortest length 
appears quite reasonable and the AGT is only slightly off ideal, the 
gain data appears to need further study before we accept it at face 
value. In the following notes, gain will not be our main focus. 
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Table 9 presents the comparable data for Case 4, which feeds the 
0.5" leg of the folded monopole. Although the АСТ scores are 
Virtually ideal (at least through 3 decimal places), the gain data is 
subject to further scrutiny. However, the broadside-to-edgewise 
gain values more closely parallel those we obtained from the first 
two cases. 


Whatever the reservations we may apply to the gain data, the most 
significant data resides in the resistance and reactance columns of 
the tables. Like the equal-diameter cases, both of the new cases 
shows exceptionally low source resistance values at the shortest 
lengths. The tables provide an entry for the resonant length 
information. In both new cases, the modeled resonant impedances 
are within 1/2 of 1% of the calculated values. 
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The curiosity of the folded monopoles with unequal leg diameters 
appears clearly in Fig. 13. When we feed the thinner wire, the 
source resistance peaks close to 60 degrees, or higher than either 
of the length values that we found in the first two models with 
egual-diameter legs. In contrast, when we feed the fatter leg, the 
length that shows peak source resistance is closer to 50 degrees. 
This length is shorter than we found for the first two cases. 


Due to the very high peak resistance values, the lower source 
resistance values form almost straight lines, forcing us back to the 
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tables for the interesting properties. When we feed the thinner leg 
of the folded monopole, we discover a very rapid increase in 
impedance, beginning at a thousandth of an Ohm and climbing in a 
span of about 0.16 wavelength to an exceptionally high value. 
Predicting the source resistance of a physical version of the short 
Case-3 folded monopole would be a daunting task at best. Even 
temperature changes might yield significant resistance excursions 
at the feedpoint unless we use a wideband or a lossy matching 
network. Case-4 monopoles fair no better for lengths from 10 to 50 
degrees. However, the region from 60 through 90 degrees shows a 
much slower rate of resistance change from one step to the next. 
Unfortunately, this region also shows consistent capacitive 
reactance. 


Chapter 32 


Antennas Made of Wire - Volume 2 


алта назапа over Perfect Ground 
Foked Monopele Cases 324 


Бике econ Оте 


Meronia Phys Lan eg 


Fig. 14 overlays the reactance curves for the two new cases. In 
general outline, the curves follow the pattern established by te first 
two cases that use equal-diameter legs. However, the transition 
regions call for some special attention. Cases 3 and 4 both show 
that the transition region occurs between lengths of 50 and 60 
degrees. Within that 10-degree span, the two new structures differ 
considerably. By tracking the level of the 50- and the 60-degree 
peak values, we can obtain a fairly close approximation of the 
difference. For example, if we feed the thinner wire (Case 3), then 
the capacitive reactance at 60 degrees is close to 3000 Ohms, but 
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the inductive peak at 50 degrees is only a little over ¡1000 Ohms. 
The zero-crossing point must therefore occur much closer to the 
60-degree mark. 


In contrast, in we feed the fatter wire (Case 4), the inductive 
reactance peaks at about j8000 Ohms at the 50-degree level. By 60 
degrees, the capacitive reactance is about -j1000 Ohms. By the 
same reasoning, we must conclude that the zero. crossing point for 
this configuration is not much above 50-degrees physical length. 


More generally, we see a widening of the possible range for 
reactance transitions and resistance peaks with these cases than 
When we simply change the diameter of equal-diameter versions of 
the folded monopole. A thin-fed wire to fat-retum wire situation 
tends to push the transition point to a higher length level. in 
contrast, a fat-fed wire to a thin-return wire pushes the zero- 
crossing point to a lower total fold monopole height. 


Some Tentative Conclusions 


Modeling demonstrations do not yield proofs of performance. 
However, from the general trends that we have observed with our 
four case studies, we may draw some conclusions that we may 
think of as reasonable expectations of folded monopole 
performance. 


1. At very short lengths (up to 30 to 40 degrees), 2-wire folded 
monopoles of any description show very low source resistance 
values. The values are lower than we obtain with linear monopoles 
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of the same height. In fact, itis in this region that we find the closest 
coincidence between folded monopole and shorted transmission- 
line stub behavior with respect to the inductive reactance. When we 
translate the models to real types of wire, material losses alone are 
sufficient to create very high gain deficits. Below a total height of 
about 30 degrees, the losses may be high enough to jeopardize the 
utility of the structures for communications. 


2. Between heights of 50 and 60 degrees, we find a transition 
region in which the resistance rises to a very high peak value. In 
the same region, the reactance peaks both inductively and 
capacitively, with a very small height region in which it crosses the 
zero point. The behavior closely resembles the behavior of center- 
fed linear horizontal antennas as they approach 1 wavelength or of 
linear monopoles as they approach 1/2 wavelength. In folded 
dipoles, the behavior occurs with lengths between 0.14 and 0.17 
wavelength. 


3. although the region of peak values between 50 and 60 degrees 
dominates graphs of the folded monopole's feedpoint performance, 
the entire span from 40 to 70 degrees shows rapid changes in both 
resistance and reactance with only small changes in folded 
monopole height. These behaviors can make the matching of a 
folded monopole in this height region a very finicky task. In all 
cases, one must experimentally determine if the settings used will 
be stable through the entire set of environmental conditions that the 
antenna may face. 
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4. The most stable region of folded monopole performance occurs 
at physical lengths between about 70 and somewhere above 90 
degrees. In virtually all cases, resonance will occur at physical. 
heights between 80 and 85 degrees. Within the overall region, the 
resistance changes per unit of height change are relatively small 
Reactance changes are likewise small and follow the normal 
progression from capacitive reactance below resonant length to 
inductive reactance above resonant length. Therefore, matching 
networks and wide-band impedance transformers will tend to show 
the same performance characteristics that they display when used 
with linear antennas. 


5. For every resonant folded monopole, there is a linear monopole 
of some diameter that will resonate at the same length. The 
required diameter for the linear dipole is a mutual function of both 
the wire diameters and the wire spacing of the folded monopole. 
Since the equivalent linear monopole will be very large relative to 
the diameters of the wires within the folded monopole, it will exhibit. 
far lower losses with real materials than the folded monopole using 
the same real materials, especially at very short lengths. However, 
the folded monopole may offer a considerable total weight 
reduction relative to the linear monopole, especially at longer, more 
stable overall heights. 


In the tables, the numbers recorded are overly precise relative to. 
the general reliability of the models with respect to reality. My 
reason for recording the reported modeling data in these terms was 
to ensure accurate graphing. At best, these notes serve as а 
general guide to reasonable expectations from folded monopoles. 
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By omitting real ground types and real materials from the 
calculations, the notes do not qualify as guides to building a 
physical antenna. Nonetheless, the consistency of the general 
trends may provide some insight into short folded monopole 
behavior. 


In the cases that we have explored in this set of notes, both legs of 
the short folded monopoles used the same length, and the top wire 
shorted the upper end of the structure. However, short folded 
monopoles often find application where the return wire is longer 
than the fed wire. We have learned to name such applications, but 
itis less clear that we have developed any reasonable expectations 
of behavior. Therefore, we have another trail to explore through the 
forest of folded monopoles. 


Apprendix: A supplementary Exercise in Current Analysis 


The exercises that we have explored in developing some basic 
properties of folded monopole antennas focused upon antenna gain 
and the feedpoint impedance as guides. There is an alternative 
approach that may provide additional insights into the behavior of 
short and long folded monopoles. We may analyze the currents in 
the legs of the folded monopole into two component currents, often 
called radiation currents and transmission-line currents. At any 
point along the length of the folded monopole, the sum of the two 
current magnitudes and phase angles (ane on each leg) result in 
the radiation current, while the difference yields the transmission- 
line current, assuming that we set up the model wires for the legs in 
parallel fashion, that is, counting from the ground up (ar the top 
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down) for both legs. See the Antenna Modeling series of articles, 
#123, for details of how to set up the calculations. Although МЕС 
output files list the currents in terms of both real and imaginary 
components and of magnitude and phase angle, EZNEC current 
tables list only the magnitude and phase angle. Thus, the first step 
is to convert the given values to real and imaginary components, 
then to perform the additions and subtractions, and finally to 
reconvert the values back into magnitudes and phase angles. A 
repetitive spreadsheet is, of course, the most convenient method 
for automating the required machinations. 


If we perform the operation on a resonant folded monopole at 3.5 
MHz, we obtain some interesting results. For the subject antenna 
using 0.1"-diameter elements and a separation of 1’, the resonant 
length is 67.25 or 86.15 degrees. For comparison, let's also set up 
a resonant linear monopole of the same length. The linear 
monopole must have a diameter to 2.75" to be resonant at the 
prescribed physical length. For simplicity, we shall set both 
antennas against a perfect ground and use perfect (or zero-loss) 
conductors. NEC, of course, will provide a direct reading of currents 
on the linear monopole because it has no currents that we can 
analyze as transmission-line currents. 


The results of the exercise appear in Table 10. On the left, the first. 
four current magnitude and phase columns provide magnitude and 
phase-angle values from the EZNEC current table every 5 
segments along the antenna's length from the ground upward. The 
next two columns provide the analyzed radiation current (Irad) 
magnitude and phase angle for each increment of antenna length. 
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The final two columns list the analyzed transmission-line current 
(Itl) magnitude and phase angle. To the right are the current values 
for the linear monopole model. 
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Except for the 60th segment, the radiation current magnitude 
values for both antennas are virtually identical. The slight aberration 
in the last value is a function of the folded monopole top connecting 
wire. Minimum current occurs at its center. As well, the pattern, 
although not the precise values, of radiation current phase is the 
same for both antennas. With respect to transmission-line currents 
оп the folded monopole, the magnitude values increase from the 
ground toward the top. However, the phase angle of these currents 
is the same all along the antenna and 90 degrees out of phase with 
the feedpoint current. We would see similar results from a folded 
dipole counting from the feedpoint outward to the antenna end. 


Next, let's examine a short folded monopole, perhaps one that is 20 
degrees (15.612) long. We may not only perform a similar analysis 
(using each of the 12 segments in the model), but as well we may 
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again compare it with the corresponding 2.75"-diameter linear 
monopole of the same length. The results appear in Table 11. 


ur uM e a ТШ ТЫ 


The linear monopole on the right displays a normal progesssion of 
currents from the ground upward, despite the very short length of 
the antenna. However, the folded monopole shows something 
entirely different, due to the fact that the overall length falls well 
below the critical region (between 40- and 60-degree lengths) in 
Which the antenna transitions from transmission-line-like behavior 
to antenna-like behavior. (See Fig. 6, which shows the reactance of 
a comparable transmission line, a folded monopole and a linear 
monopole to see more vividly the critical transition length region.) At 
the very short length of 20 degrees, the folded monopole shows far 
higher current magnitude in the transmission-line column than in 
the radiation column. Because the two wires, treated as a 
transmission line, are almost perfectly out of phase with each other, 
the net phase angle is zero and constant along the short length. 
The minuscule radiation current magnitude is accompanied by a 
minimal phase-angle shift that only becomes apparent at the top of 
the folded monopole. 
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Applying the current analysis to the modeled current values for the 
short folded monopole yields an impression that the short folded 
monopole is likely to be a relatively poor radiator. In some 
applications, it might actually be superior to the short linear 
monopole once we add to the single element the requisite loading 
coil at a plausible level of Q. Nevertheless, below the critical 
transition length region, the short folded monopole principally acts 
like a shorted transmission line rather than like an antenna. 
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Chapter 33: Short Folded Monopoles - Extended Applications 


the use of a folded monopole that was self-resonant but which 

also used a linear extension. The result, as expected, involved 
an increase in both the resistance and the inductive reactance at 
the source or feedpoint. The folded monopole continued its normal 
antenna function in terms of radiation, with a small increase in gain 
due to the increased overall length. 


| п Chapter 31, About the Folded Monopole, we briefly explored 


In Chapter 32 of this 2-part examination of short folded monopoles, 
we explored the properties of complete antennas, that is, folded 
monopoles that used equal-length legs. We saw a progression of 
properties from physical lengths of 10 through 90 degrees. The 
progression may have held some surprises for those not used to 
folded monopole behavior. At very short lengths (up to 30 degrees 
or so), the source resistance was very low, lower than for ап 
equivalent linear monopole. In the 50- to 60-degree region, the 
source resistance became very high, with an accompanying set of 
peaks for inductive and capacitive reactance~and a narrow zero- 
crossing length between them. Only as the folded monopole 
exceeded about 70 degrees did the source impedance curves 
return to behaviors that we associated with linear monopoles 
adjusted for the impedance transformation that is inherent to the 


folded structure. 


In this item, we shall combine the two ideas into a single 
exploration. We shall look at short folded monopoles from 10 
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through 90 degrees with linear extensions. One goal will be to see 
What patterns of antenna performance emerge from the exercises. 


Опе might well wonder whether the exercise might be simply the 
satisfaction of idle curiosity. We do not normally hear of extended 
short folded monopoles among the many classes of antennas used 
by amateur or commercial interests. Just as a rose by any other 
name would smell as sweet, so an antenna by any other name 
would radiate just as well. There are a number of structures 
composed of extended short folded monopoles that we have 
managed to re-name--and sometimes, to misunderstand as a result 
of the different name. In the vagaries of labels lie many roads to 
misconception. 
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Consider the left-hand side of Fig. 1. The sketch shows a grounded 
tower fed for one of the lower amateur bands by what we call a 
shunt feed system. We connect a wire parallel to the tower. The top 
end connects to the tower so that the wire length combined with its 
distance from the tower allow--so we usually say-coupling to the 
tower. We strive for a length that will yield a feedpoint impedance 
we can easily match to coaxial cable using the simplest network for 
lowest losses. The wire length usually emerges from experience, 
and AWG #12 is popular for the purpose. One instruction set that | 
read suggests that if the feedpoint impedance is not within a 
desirable range, we should change the spacing from the tower until 
the impedance is acceptable. 


On the right in Fig. 1, we have a short folded monopole that places 
its top wire at a height which is not the full length of the return wire. 
The return wire happens to be a tower structure that is very wide. 
Hence, we obtain a very sizable step-up in impedance relative to a 
linear wire of the same length. Since the tower goes on above the 
folded monopole, we anticipate that the feedpoint impedance will 
show an increase, if we assume that the folded monopole portion is 
self resonant. If the folded monopole section is shorter than 
resonant, then our work so far leaves the impedance unknown. So 
the sketch has added a network at the feedpoint in case we need it 
to effect a match with the main feedline. 


The perspective that we took in the right portion of the sketch 
makes clear that the fed wire is as much a part of the radiating 
structure as the tower. Its function is not simply to couple energy to 
the tower. Rather, its function is to form with the tower a single 
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radiating element. The 2-wire portion of the structure effects ап 
impedance transformation relative to the tower alone--if base fed- 
but the radiating currents are a joint function of both wires. Of 
course, between the left and right sides of Fig. 1, we find no 
difference in the structure outline. The only differences appear in 
the labels for the structure's parts. 
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The left part of Fig. 2 shows a generalized sketch of a gamma 
matched element. The most common occurrence of the match 
these days is for the driven elements of Yagi parasitic arrays in 
which we wish to connect all elements to the boom. Ordinarily, the 
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impedance of the element without the gamma match is lower than 
the desired value, usually a value well below the 50-Ohm 
impedance of standard coaxial cable. We call the portion of the 
gamma match that parallels part of the element length the gamma 
rod. We short the end to the element in a position that yields the 
desired impedance at the new feedpoint. By a judicious selection of 
rod diameter, rod spacing from the element, and rod length to the 
connection, we can sometimes produce a purely resistive 50-Ohm 
impedance. If there is a reactance, we strive to make it inductive so 
that a simple series capacitor will compensate. Note that we 
normally consider the gamma rod to be a part of a matching 
network and not part of the radiating element. 


However, if we redraw the upper half of the sketch and terminate it 
at ground (instead of at a grounded boom), we obtain the sketch on 
the right of Fig. 2. In this case, the fed wire or rod becomes one 
wire of a 2-wire folded monopole, with an extension beyond the 
folded structure limit. The ground forms--if we wish to think in these 
terms-an image of the upward or physical portion of the antenna. 
The gamma match turns out to be a short folded monopole with an 
extension. As such, both wires in the folded structure make up the 
radiating element until we reach the extension. From our work with 
full folded monopoles and their linear equivalents, we know that the 
equivalent diameter of the folded portion of the antenna is much 
larger than the diameter of the extension along. Hence, every 
gamma-matched element contains at least a small imbalance. The 
related Tee match overcomes the imbalance by using a folded 
monopole on each side of the boom. 
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Аз a consequence of these instances of short folded monopole 
applications--whatever the preferred labels--the behavior of short 
folded monopoles with extensions becomes more than an idle 
exercise. It holds some possibility of improving our understanding 
of certain structures that combine impedance transformation and 
radiation. As well, we might develop some techniques that would be 
applicable to real antenna planning exercises. 


Our basic work will follow the pattern on the first episode. We shall 
place the folded monopoles over perfect ground and use lossless 
wire in order to eliminate some complex variables. In a real 
planning situation, we would put into our models the material 
conductivity of the proposed wire and the best estimate of real 
ground conditions. As well, our models would include the actual 
radial system beneath the folded monopole. 


Since we need some usable increment ШУЫП Г 
between modeled structures, we shall again dige 
use the physical height of the structures їп EES 
degrees, where 360 degrees is 1 wavelength. — Dogrocc Feet 
We shall explore structures in 10-degree d 7НЕ 
increments at 3.5 MHz. Table 1 provides a 20 1582 
convenient correlation between the degree 30 23418 
markers and the equivalent height in feet at 20. AB 
the test frequency. At 3.5 MHz, a wavelength ЭБЕ 
is about 281.02. mT 
80 62.449 
0 7025 
Table 1 
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We shall create models using an implementation of MININEC 3.13. 
The program that | am using is Antenna Model, which incorporates 
а considerable number of correctives to overcome some MININEC 
shortcomings. Since all of our models will use different diameters 
for the fed and the return wires, NEC (-2 or -4) will not yield results 
that pass Average Gain Test (AGT) muster. As we shall eventually 
see, even MININEC' more ready handling of junctions between 
wires having dissimilar diameters has limits. However, we shall be 
able to create some usable models within those limits. If you try to 
replicate the models using a different implementation of MININEC, 
expect to find some variance in the output reports. If the 
implementation does not include an accessible AGT score, you 
may simply have to guess at the reliability of the model that you 
create. 


The project itself is simple, although long and occasionally tedious. 
Fig. 3 shows its general outlines. | shall create a series of short 
folded monopoles for each test case. Since the most common 
cases of short folded monopole applications involve return wires 
that are fatter than the fed wire, the models will all follow this 
pattern, The folded monopoles will appear in 10-degrees steps, 
from 10 through 90 degrees. To each folded monopole that is 
shorter than 90 degrees, | shall attach to the return wire--using the 
same wire diameter as the return wire--a series of extensions in 10- 
degree steps. Each series will progress until the total element 
length is 90 degrees. 
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Unfolding Shot Folded Monopole and Extension Behavior 


Obviously, one might carry the progressions of folded monopoles 
beyond 90 degrees or the extensions beyond 90 degrees. 
However, my goal is not to replicate every possible structure we 
might изе. Rather, itis only to elicit the patterns of behavior of the 
resulting antennas, with special attention to the feedpoint 
impedance. We would have to end somewhere, and there is little 
point in becoming totally lost in a morass of excessive data. Indeed, 
the data that we shall observe is complex enough for one episode. 


Case 1: 01 = 0.1", 02 = 0.5", Space = 12", 2 Wires 


Our study cases can begin with a structure that we examined in the 
first episode. It consists of two wires spaced 12" apart. The fed wire 
will be 0.1", corresponding to AWG #10 wire that is midway 
between the wires used in amateur and commercial practice. The 
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return wire is 0.5" in diameter to give us a sense of standard 2-wire 
shunt feeding of an existing mast. | have selected this starting point 
because the AGT scores are generally very good to excellent within 
MININEC despite the difference in element diameter. At а resonant 
length of 67.08", the reported source resistance is about 209 Ohms, 
compared to a calculated value of 210 Ohms. 


In the present context, we shall look at short monopoles in 10- 
degree increments. To each of these folded monopoles, we shall 
add a 0.5" diameter extension in 10-degree increments. The 
minimum length for each portion of the following data will be the 
height of the simple folded monopole. However, every folded 
monopole will end up with a height of 90 degrees. When we later 
speak of the data, we may use expressions such as "20-50" to 
designate a line from the table. The first number indicates the 
height of the folded monopole portion of the antenna, while the 
second number reports the total height that includes the extension, 
itany. 


The data includes a report of the AGT, the source resistance and 
the source reactance. In addition, there are entries for the reported 
gain broadside to the pair of wire and edgewise to the wires. In the. 
latter case, the maximum gain value appears as a measure of the 
pattern's circularity or ellipticalness. Table 2 records the data for 
the present 2-wire case. 
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Case | [Fed Wire [Rin Wire Space [Freq MHz Table 2 
Wie Qi" _ 05" 35 
Бан Тн Res Бей B3Gn Edge Gn AGT 

10 Ш пш 10095 2 24 йш 


20 0003 10185 390 479 0997 
30. 000 10297) 489 482 0995 
ш 05 10448 477 46 0999 
Шш 018 10443485 490 0992 


6e Шав 10883) 493 A 090 
70.179. 159 50 503 0992 
0 1248 1391) 508 51 0992 
90| 3200 8012518  521| 1.000 
20 2 00% 21581 424 4% 0998 


їй 0079 A363) 463 A82) 0898 
40 0% 2477) 478 даб 0399 
ш 074 23109 466 40 039 
ш 231 24914 4з 4% 0999 


70. 905 25591 500 502 0992 
ш Bra 32548 ын 511) 090 
90 17% 437) 817 61 1.000 
E 30 0329 370000  4t9 482| 100 


10 087 зиз 479 485 0902 
60.252 40529 4858 490 0992 
и тав M35 42 д® йш 
T0 3345 61942 4® 502 0992 
Ш 355 6501) 500 510 09% 
90. 2876 711 517 60 1.000 
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a © 326) 82809 1000 
5) 373 60529 0999 
Ed 2975 794.04 0.909 
70 16784. 106613 ПЕ) 
& 161884 66393 0.999 
90 29005 -10.05 1000 
a 4430 190813 485 1000 
ВП 18603 177123 A488 [E 
70 246520 302980 439 0.999 
© 93060 -02233 5066 0999 
© 28837 85858 БЕ 1000 
m ED 119000 227% 494 1000 
70 100764 -193227 493 0393 
80 3872 -58247 — 506 1000 
© 28180 5685 E 1000 
7 70 28281 -88263 Em 1200 
H) 23575 -38061 507 1000 
90 2197 -1402 515 1.000 
8 8 191.25) 20370 509 1000 
© 21289 4886 EME 618 100 


Notes: Fld Ht= Height in electrical degrees cf folded menapole section 
eral height in electical degrees of folded monopole. 

‘and extension of return wire 

Ras = Source resistance in Dams 

Source reactance in Ohms 

BS бп = Gain in dBi broadside to the wires 

Edge Bn = Maximum gain in dBi in ine with wires 

AGT = Average Cain Test score relative to 1.000 


Except for the shortest lengths of both the folded monopole and the 
extension, the AGT scores are excellent. Therefore, the table 
makes no adjustments to the reported values. The gain values 
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generally accord with those for folded monopoles that form the 
complete structure of the entire length. In the last episode, we 
noted the losses that accompany relatively short structures when 
we translate our perfect wire into real materials. In practical terms, 
there is very litte difference in the numerical performance and 
Virtually no operational real difference in gain performance among 
any of the various structures when the total height exceeds perhaps 
60 degrees or so. 


The impedance progressions that follow on each folded starting 
point exhibit interesting patterns. We may use the 10-10 through 
10-90 series as a sample. The reactance increases very slowly but 
steadily. However, as it crosses the resonant region (between 80 
and 90 degrees total height), we do not find resonance. Instead, we 
find a reversal of the direction of change of reactance. The 
resistance for all total length up to 80 degrees is too low to be 
useful. However, the rate of increase climbs so that with a 90- 
degree total height, we achieve a matchable pair of resistance and 
reactance values. If we track the 20-n and the 30-n series of 
models, we find the same pattern for both the resistance and the 
reactance, with an adjustment for a new starting value set that 
emerges from the new length of the folded section. 


Above а folded length of 40 degrees the pattern appears to change. 
We seem to find more rapidly changing resistance and reactance 
values. However, we are entering the region in which a full folded 
monopole would experience rapidly changing impedance values. 
The extension portion of each structure has the effect of increasing 
the folded monopole length by a small amount with each step. 
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‘Small changes of total length yield large changes in resistance and 
reactance. Between 40-80 and 40-90, we see a reversal in the 
inductance, suggesting а narrow resonant region. For the 50- 
degree folded structure, total height between 70 and 80 degrees 
records a similar reactance zero crossing. When the folded 
structure is over 60 degrees high, the antenna begins past the 
cross-over point and shows predominantly capacitive reactance. 
However, the 80-90 case yields another matchable impedance 
combination. 


One of the oddities of matching practices that uses short folded 
monopole structures is the variability of practice. Gamma matches 
for Yagi elements tend to use the shortest practical folded section 
that will effect the desired impedance transformation. In contrast, 
tower shunt feeding tends to use the longer folded structure that will 
get the job done. See Chapter 6 of The ARRL Antenna Book, 20th 
Edition, and Chapter 9 of ONAUN's Low-Band DXing, 2nd Edition, 
for samples of tower shunt feeding. Gamma and related matching 
systems appear in Chapter 23 of the ARRL book. In fact, neither 
Yagi practice nor tower practice seems to take note of the other 
way of achieving the same goal. 


Although our case study is not itself very realistic relative to either 
HE Yagis or to MF/HF towers, we may use it as a way to explore a 
technique for surveying a more complete range of options when 
using short folded structures to effect impedance matching. We can 
create graphs of the impedance reports. Fig. 4 handles the 
reported resistance values for our sample. The X-axis records the 
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total height of the structure, while the individual lines represent 
different heights for the folded portion of the antenna. 


Shar Folds, Higher Taal Hi 
"we Source Resistance 0 008 


Bara Rossen Ohms 


1 have cut off the Y-axis for multiple reasons. | arbitrarily set a 500- 
Ohm limit to the upper end of the resistance range. The decision in 
any real case would rest on an estimate of the highest resistance 
value that might be acceptable. The range should be great enough 
to show the rate of resistance change from one step to the next. 
However, it should not be so high as to obscure how close to an 
ideal value of resistance the modeled value comes. In this case, we 
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might be concerned with 50 Ohms as a target value. Fig. 5 shows a 
similar treatment for the reported reactance values. 


‘Shar Folds, Hier Taal Hi 
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The reactance values included in the graph range from -j100 Ohms 
to +j500 Ohms. Most short monopole impedance transformation 
systems seek an inductive reactance (or zero reactance) at the 
feedpoint to allow matching with only high-Q capacitors. The 
selected range lets us see both the recorded reactances at the 
sampling points and the relevant rates of change to the adjacent 
sampling points. 
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The combination of the two graphs allows us to select candidates 
for implementation. In most cases, we shall find few viable 
candidates, since we are likely to be working with an existing 
grounded mast or tower. However, in the exercise, we are free to 
note any viable combinations. In the present case, the resistance 
table offers a number of combinations that show (by the graph's 
definition) usable values with modest rates of change in resistance 
to the next sampling point. However, the reactance graph reduces 
the number of candidates. Within the constraints of the exercise, 
total height values between 80 and 90 degrees combined with 
folded heights between 10 and 20 degrees offer useable 
combinations with relatively low rates of change. The longer folded 
structures that showed promise in terms of their resistance reports 
in this region tend to disqualify themselves due to the high rate оГ 
reactance change between sampling point. Any network that we 
might use to produce а final resistive impedance of 50 Ohms would 
likely have at best a very narrow bandwidth. 


Our accumulation and exploration of data shows us how we can 
use the information as the basis for planning installations. However, 
the structure that we used is relatively unrealistic. It appears 
because the models are highly reliable as measured by the AGT 
values (which are a necessary but not sufficient condition of model 
adequacy). Perhaps a more realistic scenario might be useful as a 
second exercise. 


Case 2: D1 = 0. 


2 Wires 


.8", Space = 
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Real towers that we might use as a shunt-fed vertical antenna vary 
in face size. We may use a modest tower with a 12" face 
dimension. For simplicity in the models, we may use the standard 
AM BC equivalence and multiple the face by 0.74 to obtain an 8.8" 
diameter wire that approximates the tower. (An actual planning 
session should model the tower structure as exactly as possible.) 
This new diameter forms the return wire for the folded structure and 
the extension above and beyond the folded structure. We may 
retain the 0.1" diameter fed wire as a realistic value. 


The next step is to determine WNINEC (Arterna Model) AGT Values 


a workable space between Fes ard Top Wires: 0.1" diameter 

the wires of the folded Folded Moropole: 30 Deg, Tt Hr 50 Dag 
section. Despite MININEC's ешп Average Gain Tesi vs. Spacing 
superiority in handling Diameter 12" ae 


1 бэм 0909 0999 
095 09% 0999 
095 099 0999 
0992 0028 0959 
0986 па? 0988 
0978 095 0998 
0950 0934 0997 
0955 092 09% 
пп 0989 005 
0921 09% 0994 


junctions of wires having 
different diameters, it will 
show limits to its reliability. 
We not only have a radical 
difference in wire diameters, 
but as well, we have two 
wires that are fairly closely 
spaced. | sampled variety of 
spacing values and return- 
wire diameters using a 30- 
degree folded structure and an 80-degree total height to see what 
AGT scores might emerge. The results appear in Table 3. 


i 
Table 3 
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For any set spacing, the AGT values degrade as we increase the 
diameter of the return and extension wires. In some circles, AGT's 
are considered excellent if they fall between 0.995 and 1.005. They 
are usable between 0.990 and 1.010. Beyond this latter range, the 
data becomes questionable. Even within the usable range, we 
should adjust the data by virtue of the AGT score if we are 
developing (meaningful and comparative) progressions of values, 
especially if the AGT value changes from one sample to the next. 
For the projected diameter of the return and extension wires in the 
‘models that we shall run, the minimum spacing for adequate AGT 
scores is 36" or 3°. This value tends to coincide with commercial 
practice for folded assemblies, so | shall use it in amassing a data 
collection. 


AGT scores will tend to improve for longer structures and degrade 
for shorter total antenna heights. Therefore, we should adjust the 
reported values to arrive at the best approximation of a final value. 
Because we are dealing with a folded structure, we must reverse 
the normal procedure set. Ordinarily, we convert the AGT score into 
a "dB' value (=10 log AGT) and subtract it from the reported gain. 
(An AGT less than 1 results in a negative dB value, which 
increases the reported gain when we do the subtraction.) 
Experience with the full folded monopoles in previous studies 
suggests that we must add the AGT-dB to the reported value to 
obtain gain values that are reasonable in terms of their consistency 
with values that emerge from models showing an ideal or very- 
nearly ideal AGT value. We normally adjust impedance values by 
multiplying the reported number by the AGT itself. However, folded 
structures appear to require that we divide the report by the AGT in 
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order to obtain values that coincide with calculated impedance 
transformations. 


With these cautions and conditions, we may proceed to model our 
ersatz tower and its shunt wire as a series of 2-wire short folded 
monopoles and extensions. We shall use the same increments that 
we used for the initial case. Table 4 shows the amassed adjusted 
data. However, we must add one more reservation. The standard 
impedance transformation equation for resonant folded dipoles 
results in an impedance of about 614 Ohms. The resonant version 
of our new model is 65.286' high and reports an adjust resistance of 
574 Ohms, The difference is about 7%. We cannot be truly 
definitive in assigning a source to the difference. However, the end 
wire is now 3' long, almost 5% of the total folded monopole height. 
As well, the impedance ratio is about 17:1, a very large ratio 
indeed. 
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Case 2 [Fed Wie [Rin Wire Space | Freq MHz Table 4 
Wie |01" B8" 36" 

FidHt Тн AGT Rec BSGn Edge Gn 

10 ш 0907 DIES АЛ 4.20 

20 0994 00099 246 248 

3) 0893 0022 330 402 

40 0993 0057 4275 4g 

50 0994 — 015 4% 4095 

e 09% N50 ABA 503 

70995 196 495| 812 

0 09%6 1109 805 221 

90 09958 948 516 532 

20 20 0993 0063 137| 1F 

a gen пиз 346 ану 

40 0993 025 430488 

50 0994 0763 ALE 494 

60. 0995 235 4% 503 

70 09% — 33 ASE EN 

BO 09% 5243 805 621 

90 0998 4080 56 832 

E 90 093 027 373 400 

40 0993 дё АЗЕ 487 

50. 09 230 ASE A404 

WI 09% 709 ава 502 

70995 2887 495 ЕП 

60, 0995 16090 sp 620 

90, 09958 92 515 831 
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a 


EN 


e 


70 


EN 


Res 
Notes 


10] 0994 
50 094 
60 09% 
0 0995 
80 0998 
90 0996 
50 09% 
Bo 09% 
T0 0998 
80 0998 
Ф@ 0995 
60 09% 
T0 09% 
B] 099 
90 0998 
70 0996 
80 09% 
90 0996 
Bl. 099 
90. 0998 

1956 

09% 


5 
542 
20.18 
867 
44884 
18505 
2147 
67.57 
ESAE 
37463 
20825 
44109 
2770.43 
104525 
353 
161259 
75204 
48022 
5/175 
50394 
79483 
57581 


BE 
E 
[r3 
717 
814.44 
21048 
24278 

1064.06 

1324 16 
47354 
345 26 

235724 

2143 E0 

ELT 

ES 

-1621.8 

31089 
34915 
24487 
35465 
Е] 
907 


‘end extension of return wire 


Average Gain Test score relative to 1.000 
Source resistance in Ohms 
= Source reactance in Ohms 

Gain т dBi broadside to the wires 


2.44 
4 8 
ABA 
4 85 
505 
515 
473 
ГЕЗ 
4 85 
505 
515 
ABD 
ASE 
516 
514 
АЗ? 
50 
514 
507 
515 
516 
510 


Edge Gn = Maximum gain п dBi in Ine with wires 


ciametoro and spacing 


287 
494 
507 
510 
520 
БЕП 
495 
ЕШ 
510 
520 
5.30 
503 
510 
519 
530 
5.12 
E20 
530 
521 
530 
532 
526 


Haight in electrical degrees af folded monopole section 
лег height in electrcal degrees of folded monopole 


Resonant folded moncpale using the prescribed wire 
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Within the limits of our case study, the gain values are completely 
normal (with the usual reservations about the very shortest folded 
and total height values). Broadside gain values at a total height of 
height of 90 degrees coincide very closely with corresponding 
values for the smaller and narrower model of Case 1. The 
edgewise gain values provide a measure of the degree to which the 
2-wire structure ovalizes the pattern. 


The significant differences between the values in Table 4 vs. those 
in Table 2 appear in the resistance and reactance columns. 
Between the two tables, we note a large difference in both the 
feturn/extension wire diameter and the spacing between wires. 
Therefore, we shall expect to see differences in the impedance 
values for each increment of folded structure. 


Between folded structures heights of 10 and 30 degrees, perhaps 
the biggest surprise may be that we see the same general pattern 
of values that we experienced with Case 1. The resistance values 
for Case 2 are consistently about 1/3 the level of those for Case 1. 
However, the reactance values for each increase in the return wire 
length are comparable between the two cases. The parallel extends 
even to the decrease in inductive reactance that occurs in the total 
height interval between 80 and 90 degrees. The amount of 
decrease for the 8.8" example is somewhat less than for the 0. 
return wire, but it is equally distinct. 


Аз we increase the height of the folded structure, the parallels 
remain, but with reservations. For the narrower structure, the 
reactance zero-crossing first appeared with a folded structure that 
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was 40 degrees high. With our more widely spaced model, the 
folded structure reaches 60 degrees before we encounter the first 
zero crossing. If the total height for Case 2 is 90 degrees, we find 
nearly identical inductive reactance values for folded heights 
between 50 and 90 degrees. The shorter the folded structure within 
this range, the lower the resistance value. 


The general trends give us a picture of both consistency with the 
earlier models and of adjustment for the new values of 
retum/extension wire diameter and spacing. In order to translate 
those general trends into a more adequate planning venue, we may 
graph both the resistance and the reactance values. Since we do 
not have a real tower around which to plan, we may use that same 
limits applied to the graphs for the earlier case. Fig. 6 shows the 
relevant resistance values. 
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With respect to resistance, the 20- and 30-degree folded structures 
show perhaps the most promise when used with total heights 
between 80 and 90 degrees. Especially notable is the relatively 
slow rate of change in resistance with changes in height over this 
region. These conditions suggest that variables in the physical 
structure relative to the model will be manageable in terms of field 
adjustments toward the final antenna. 
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Fig. 7 shows the corresponding reactance graph. It tends to 
confirm the initial judgment of the promise offered by the 20- and 
30-degree folded structures with higher extensions. With the 
shorter folded structures, the inductive reactance increases with the 
length of the folded monopole for any given total height. However, it 
remains manageable. Long folded structures might yield workable 
values of inductive reactance at a total height of 90 degrees, but 
the rate of change between 80 and 90 degrees total height is very 
steep. 
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We may note in passing that the resistance curves for all lengths of 
folded structure show a downward trend between 80 and 90 
degrees. Although we are working with a simple straight tower 
(equivalence) in these models, it is fairly easy for typical amateur 
towers to exceed 90 degrees in electrical length without passing the 
70' mark of our 90-degree tower. Most shunt-fed amateur towers 
hold one or more Yagi antennas at the top. These structures tend 
to form rudimentary and imperfect top hats that increase the 
effective electrical length of the tower considerably. Hence, a 90- 
degree physical tower may easily become 100 or 110 degrees 
electrically. The consequences lie outside the limits set on this 
exercise, but we can expect to find lower resistances and variations 
in the reactance. If the tower is too tall electrically, we may easily 
find a shift back into capacitive reactance. Within modest electrical 
height increases relative to the study limits, we need to study all 
potential folded structure heights (or shunt lengths). The longest 
folded structures in conjunction with the longest total heights tend 
to show very high rates of change in resistance and reactance with 
small changes in total height. The result is normally a very narrow 
operating bandwidth for any given set of matching components. 


Case 3: D1 = 0. 


.8", Space = 36", 3 Wires 
One possibility, rarely explored by amateur installations but 
regularly used commercially, is to provide multiple fed wires. Fig. 8 
shows the configurations that we have and shall explore here. Both 
of our earlier sample cases used 2-wire construction. However, 3-, 
4-, and 5-wire construction is feasible, assuming that it might 
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increase the number of options available for shunt feeding a tower 
or other applications of folded monopole structures. 


e= source Se Views Fig. 
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Some Atternatives tothe Simple "Shunt" Fed 


In these notes, we shall take up just two of the added options: 3- 
wire and 5-wire configurations. The 3-wire models will use a pair of 
0.1" diameter fed wires on opposite sides of the central 8.8" tower- 
equivalent return wire and extension. To ensure reasonable AGT 
values, we shall retain the 36" spacing between the fed wires and 
the return wire. All of the procedures for adjusting values according 
to the AGT scores will also apply to this case. The only modeling 
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difference lies in the need for having 2 sources which are, in effect, 
in parallel relative to the overall structure. If we bring these sources 
together, the composite source impedance will be composed of 
resistive and reactive components that are each half the value of 
the values for the individual fed wires. 


The data for the 3-wire assemblies appear in Table 5. Although the 
simple folded monopoles in the earlier study ("What is a Folded 
Monopole") all produced circular azimuth patterns at resonant 
lengths, we find elongated edgewise patterns in these models, 
likely due to the very large diameter difference between the fed 
wires and the return wire. However, as we increase the total height 
of the antenna to 80 degrees for any height of folded structure, the 
azimuth pattern becomes circular. The more symmetrical structure 
of the 3-wire models also shows a slight improvement in AGT 
values relative to the 2 wire models. 
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Cases [Fed Wires Rin Wire Space | Fieg MHz Tables 
Эме [01 CCE: 35 

FidHt TH AGT Ros React BE On EdyoCn 

10 "US ow AM 4.89 

æ 0985 ОШ АБ ABI 

3) 090 007 454 481 

40, 099 0063 473| 403 

50 0995 016 АВТ 487 

e 0995 0801 ABO 492 

m| Usb — 198 A7 498 

80 099 1123 506 506 

50 099 945 516 6.16 

20 20 097 00% 45 480 

30 0991 00% AE 480 

40 093 — 028 4% ану 

50 0995 081 481486 

60 095 254 48 491 

70 0998 1023 486 498 

80 09% 5752 50 &% 

oa 0098 M44 SI АЕ 

30 30 092 043 аё 460 

40 08585 101 47A 402 

50 094 280 4 405 

S 09958 887 488 4091 

TD UA BT 4% 497 

8) 099 2mJ8 506508 

% 0996 201 515| 515 

a 40 094 407 476| 482 

50 0994 999 AB 4035 


Bl 0996 338) 4 4 00 


70998 17737 297 
80 0998 49307 504 — 6.08 
90. 0996 14519 515 615 
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EN 5] 0995 561] 00410 464) 487 
60. 0995 22800 105974 485 401 
70 0995 1445 7/978 496 | 4% 
HW] 09% 45218 13478 — 50A 504 
90. 0998 17560) 7946 54 5 
0 CC 
70 0995 БП 6962 A 497 
e 0098 29208 18204 Ым 52 
9] 096 18941 6388 — 514 54 
70 70 0998 24038 8178 аю 498 
80| D956 2107 B6 505| 505 
09% 1958 бм 504 814 
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Notes: Fld Ht = Haight in electrical degrees of folded тпопорсіе section 
TUBES Overall height in electrical degrees of folded monopole 
and extension of retur wire 
AGT = Average Gain Test score relalive to 1.000 


Source reactance in Ohms 

Gain in dBi broadside to the wires 

Edge Gn = Maximum gait in cEi in Ine with wires 

Fes = Resonant folded monopole using the prescribed wire 
ciametoro and spacing 


Аз we have done for the other cases, we shalll break the discussion 
of impedances values into 2 parts for Case 3. The first set of values 
involves folded structures that are 10 through 30 degrees high. The 
general trend that we discovered for the earlier cases applies to the 
3-wire models. For any folded structure, as we increase the height 
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of the extension, the source resistance slowly rises until we pass 
the 80-degree total height mark. Then the resistance declines. 
Interestingly, over this range of folded structures, we do not find 
very significant differences in the source resistance between 2-wire 
and 3-wire models. The reactance also slowly increases as we 
increase the total length of models with 10- through 30-degree 
folded structures. However, the inductive reactance is considerably 
lower for the 3-wire models than it was for the 2-wire counterparts. 


When the folded structure exceeds about 40 degrees, the 
resistance and the reactance change more rapidly in 2-wire models 
than with shorter folded structures. In corresponding 3-wire models, 
the resistance tends to change more slowly than in 2-wire models 
with the same height characteristics. The first reactance zero- 
crossing occurs in 50-80, with the 60-n series of models showing 
capacitive reactance at all total heights except 90 degrees. When 
the folded structure exceeds about 70 degrees, the 2-wire and 3- 
wire source resistance values become very comparable, However, 
the reactance values of the 3-wire models appear to be almost 
uniformly shifted in the direction of inductive reactance. 


The pattern of similarities and differences between 2-wire and 3- 
wire structures can naturalize us to the performance behaviors, but 
we require more detailed analysis to see if we have developed any 
manageable matching potential. Fig. 9 provides the resistance data 
for source values up to 500 Ohms. If we can manage source 
resistance values up to about 250 Ohms, then the graph suggests 
that we may use some taller folded structures (70 and 80 degrees) 
in addition to the shorter 20- and 30-degrees structure suggested 
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as possibilities for 2-wire structures--so long as we use a relatively 
high total structure (>70 degrees). 
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Whether any of these potentials has a usable or manageable 
reactance requires that we examine the graph in Fig. 10. The 
reactance values at a height of 90 degrees for the tower are well 
within the range of most networks. However, the rate of change for 
the reactances associated with the taller folded structures is 
somewhat steep as the value shift from capacitive to inductive 
between total heights of 80 and 90 degrees. The more rapid the 


Chapter 33 


Antennas Made of Wire - Volume 2 


change in reactance with smaller height changes, the narrower the 
bandwidth will be for any particular set of matching component 
values in basic networks. Nevertheless, the slow rate of resistance 
changes may effect an improvement in operating bandwidth for the 
taller folded structures. 
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Since 3-wire systems are not very much more difficult to install than 
2-wire systems, they may prove useful in a number of applications. 


Case 4: D1 = 0. 5 Wires 


.8", Space = 
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Developing a data set for 5-wire structures with 4 fed 0.1" wires and 
an 8.8" diameter return/extension wire requires far more effort to 
model than to explain. It does not matter what name we give to the 
structures: caged monopoles, skirted monopoles, or multi-wire 
folded monopoles. Central to the modeling is providing a 
symmetrical arrangement of the fed wires and providing each fed 
Wire with a source. The net or parallel source impedance of the 
antenna will be 1/4 the value that appears on any single leg. 
MININEC lacks any facility for paralleling sources, so the 
calculation must be external to the program. 


Table 6 provides the adjusted data gathered for the series of 5-wire 
models. Increasing the symmetry of the structure provides another 
slight improvement of AGT values. As well, the 4 wires circularize 
the azimuth patterns, as indicated by the identical gain values in 
both the broadside and the edgewise columns. Once we pass very 
low levels of total height, the gain for the system does not vary 
significantly regardless of the number of wires. 
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Case 4 | Fed Wires Rin Wire Space | Fieg MHz Table 6 
5Wre |i" 6a" Ж 35 
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Notes Haight in electrical degrees of folded monopole section 
мета he ght in electreal degrees nf folded monopole 
and extension of return wire 

AGT= Average Gain Test score relalive La 1.000 

Res = Source resistance in Ohms 

React = Source reactance in Ohms 

ES бп = Gain т dBi broadside 10 the wires 

Edge Gn = Maximum gain in dBi in Ine with wires 

Fes = Resonant folded monopole using the prescribed wire 

ciametoro and spacing 


‘Adding two wires to the 3-wire assembly does not greatly change 
the net source resistance values relative to 3-wire models when 
both use shorter (10- through 30-degree) folded structures. Indeed, 
for shorter folded sections, all three series of model (cases 2 
through 4) show similar resistance values. The more significant 
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change for shorter folded structures occurs in the level of inductive 
reactance. The 5-wire models show between 2/3 and 3/4 the level 
of inductive reactance for each step of total height for any of the 
shorter folded structures. 


Аз we increase the folded structure to a height of 40 degrees or 
more, we find a significant difference in antenna impedance 
behavior relative to 3-wire models. Model 40-80 shows the first 
reactance zero crossing, an event that required a 50-80 
combination with 3-wire models. With folded structures between 50 
and 60 degrees, all of the reactance values are capacitive, 
including the value for a 90-degree total height. Only with folded 
structures at least 70 degrees high do we find an inductive 
reactance with a 90-degree total antenna height. However, almost 
all of the reactance values are quite low, suggesting the potential 
for broader bandwidth matching systems. 
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In the category of source resistance, Fig. 11 reveals that the 5-wire 
assembly offers us new candidates for folded structures in terms of 
manageable values. In addition to the 20- and 30-degree folded 
structures, we may add 60-90 degrees, with total lengths equal to 
or longer than the folded structure. 
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With a total height of 90 degrees, Fig. 12 informs us that almost 
any of the resistance candidates will suffice in terms of feedpoint 
reactance. As we lower the total height to 80 degrees, even the 
tallest folded structures show less steep curves than for any of the 
preceding models series. Even a 60-degree folded structure will 
work well with an 80-degree total height if we can handle a 
moderate amount of capacitive reactance. 


The 5-wire short folded monopole with extensions expands the 
number of options available to the application of folded structures to 
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grounded vertical towers. These notes have not explore antenna 
lengths greater than 90 degrees, so we cannot say off hand 
whether the advantages of multiple feed wires continue with taller 
towers. 


Matching and Planning 


In the course of these notes, | have noted that most amateurs who 
feed existing towers for use on one or more of the lower bands 
prefer to arrive at an assembly that provides inductive reactance. In 
many cases, the operator will sacrifice operating bandwidth for the 
inductive reactance. Indeed, they prefer to arrive at a source 
resistance that is less than 50 Ohms along with the inductive 
reactance. We may fairly ask why this custom prevails. 


Some Typical LaveLoss Matching Networks 
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Fig. 13 provides part of the answer. Under ideal conditions, we can 
effect the required matching to a coaxial cable with a simple series 
capacitor, if the antenna feedpoint shows a near-50-Ohm resistive 
component along with inductive reactance. The upper left sketch 
shows the condition. If the impedance is less than 50 Ohm resistive 
and has inductive reactance, then we may use the 2-capacitor 
matching scheme at the upper right. Since the scheme is a simple 
L-network, it is not clear why the label “omega” match persists, 
since nothing in the network resembles the Greek letter in either 
upper or lower case forms. For many combinations of impedances 
with under 50 Ohms resistance and an inductive reactance, the 
system at the lower right will also work. However, it does not 
always yield the most desirable values (usually meaning the lowest 
values) of capacitance in either the series or the parallel leg. 


For general matching with resistances above 50 Ohms, we 
normally require the L-network configuration shown at the lower left 
in Fig. 13. The sketch shows perhaps the most familiar form of the 
L-network, often used with horizontal long-wire antennas. However, 
it functions very well with impedance that are near to 50 Ohms with 
various levels of inductive or capacitive reactance. Tower shunt 
feeders have in the past rejected this configuration--and the 
impedances that require its use--because they have preferred to 
match entirely with capacitors. Опе may match a a given 
impedance over a narrow operating bandwidth with fixed 
weatherproofed capacitors at the base of the antenna. Vacuum 
variables can provide fairly weatherproof remote service to vary the 
match. 
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The desire to remotely match an antenna for upper MF and lower 
НЕ amateur service makes sense if we consider some of the 
impedance values that appear in the literature. One set of values 
involved a resistance of 17 Ohms and a reactance of 580 Ohms. 
Even if we had a resonant condition, the SWR would begin at 3:1 
relative to 50 Ohms and become progressive worse with increasing 
reactance. With the very high reactive component, the SWR is in 
the hundreds. 


An alternative offered by multi-wire folded structures is a reduction 
in the reactance to levels that may not require remote matching. 
Some of the 5-wire models showed resistance values in the 90s as 
the total height approached 90 degrees. The inherent SWR relative 
to a 50-Ohm line is under 2:1 with those conditions. If we raise the 
reactance to perhaps 100 Ohms (capacitive or inductive, the SWR 
climbs to about 4.3. If we use 100 of low loss cable (such as 
LMR600) and reserve matching for inside the operating room, we 
lose about 1/3 dB. A simple L-network at or near the operating 
position will effect the required match with little or no concern about 
the durability of components as the weather passes through its 
many potentially destructive cycles. 


The possibly attractive alternative, of course, rests on the numbers 
yielded by the sample models, with all of the qualifications and 
reservations recorded along the way. Making such a system work 
in a specific application requires far better modeling, along with 
considerable preliminary field effort. At a minimum, a proper model 
should include all of the details shown in Fig. 14. The tower needs 
full modeling, as do the specific wires to be used as fed wires in the 
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folded portion of the structure. Not only should the model include 
any extension of the tower, but as well, it should include any mast 
and beam antenna at the top. In addition, the model should specify 
the materials for each wire within it, with different values for 
material conductivity wherever they occur. Only then will the model 
accurately reflect the above-ground structure and its equivalent 
electrical length. Of course, the many junctions of wires having 
different diameters will force the use of MININEC, since a NEC 
model has a very high probability of being unreliable. 


Tul Planning Model Fig 14 


Chapter 33 


Antennas Made of Wire - Volume 2 


The below-ground structure has equal importance. A buried radial 
system deserves below-ground modeling in NEC-4. If we try to 
substitute the MININEC ground with a set of specifications for 
conductivity and relative permittivity, we would obtain the 
impedance for a perfect ground. To resolve the incompleteness of 
one system without the other, the modeler can first model the 
antenna structure as a whole in MININEC. Then he or she can 
develop a simplified substitute model have essentially the same 
characteristics, but using throughout a single wire diameter. (In 
many cases, this phase of the effort may require the most 
ingenuity.) Finally, one may transfer the model to NEC-4 for 
completion with the buried radial system to be used in practice. 


Of course, Murphy's Law tells us that the individual who bypasses 
this process and uses initial estimates will spend long days in the 
field adjusting and readjusting the system because reality and the 
initial estimates are far apart. Equally, someone who goes through 
the entire process will conclude that the initial estimates proved to 
capture reality as well as the most detailed model. Such is the lot of 
shunt feeders. 


The brief account of detailed planning requirements serves to 
reinforce my initial notes to the effect that these case studies only 
establish the interesting patterns of short folded monopole and 
extension behavior. They do not provide precision guides to 
building such structures. However, patterns can be useful in 
familiarizing us with the territory so that what we encounter has 
fewer surprises. Surprise on the battlefield is an effective offensive 
weapon. Surprise with antennas is usually simply offensive. 
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Chapter 34: A Doublet as a Good Single Choice Antenna 


"прозе | wanted to work 40 through 10 meters. And further 
suppose that | want to know where my signal is going. Now 
what would 1 choose? 


The 40-Meter Dipole Starting Point 


The most common answer to the problem | just posed is a 40-meter 
#12/#14 copper wire dipole, fed with parallel transmission line for 
use as a multi-band doublet. Fig. 1 tells the simple construction 
tale. 


لي 
++ 
Fig. 1 7.15 MHz Dipole, #14 wire‏ 


Placed high enough in the air, the 67' doublet performs very well. 
Its bi-directional pattern on 40 has good side ORM rejection, and 
with enough altitude, the elevation angle makes DX a real potential 
with every band opening. Let's place the antenna at a height of 66° 
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(about 20 m) up and see what the models tell us that we can expect 
by way of performance. 
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The TO angle is the elevation angle of maximum radiation. | have 
also provided information on the vertical and horizontal beamwidths 
(measured to the -3 dB points from the maximum strength bearing). 
We often neglect this information, but the data tell us some 
important facts. The vertical beam width is a rough measure of the 
range of elevation angles that we can count on for good 
communications. The horizontal beamwidth tells us how broad or 
narrow our signal is and hence how careful we must be in aiming 
the antenna--either when we build it or when we rotate it. (One of 
the amusing facets of reading lots of e-mail is discovering how 
many beam users demand 1-degree aiming accuracy when their 
beamwidths are well over 50 degrees.) 


The 67' doublet shows the anticipated lowering of the TO angle as 
we increase frequency. As we increase the frequency, the antenna 
is increasing in electrical height, that is, its height as a fraction of a 
wavelength. So we expect the beam angle to be lower on the upper 
bands. The beam widths--both vertical and horizontal--narrow with 
rising frequency. Still, the vertical beamwidth is wide enough on all 
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bands to catch the main stream of long-range skip. And the 
horizontal beamwidth is sufficiently broad to make aiming non- 
critical (but not unimportant). 


The range of impedances at the antenna suggests that with a 
parallel transmission line and an ATU, we should be able to effect a 
match on all bands. 20 and 10 meters might present slight 
problems, but changing the line length will likely solve them by 
presenting the ATU with impedance values it can handle. 


However, the gain column presents us with a small problem. The 
maximum gain of the 67 doublet occurs on 17-meters, takes а 
large dip above that band, and then slowly rises once more. For a 
simple wire, the actual gain numbers are not the problem. The 
question we want to ask is this: why does the dip occur? 
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Fig. 2 can help us figure out what has occurred. The azimuth 
patterns overlaid on the plot are for 40, 15, and 10 meters. The 40- 
meter pattern is the typical oval. As we increase frequency, the oval 
grows narrower (decreasing horizontal beamwidth) while the gain 
increases--up to 17 meters. On this band, the 67’ doublet is about 
1.25 wl long: an extended double Zepp (EDZ). We expect about 3 
dB gain over a dipole from an EDZ, and if we compare the 40- 
meter and 17-meter gain figures, we can see that we get it. 
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Above 17 meters, the antenna is longer than 1.25 wl. At 15 meters, 
the antenna is about 1.5 wi long. The main lobe is no longer 
broadside to the antenna, but, as shown in Fig. 2, it is broken into 6 
distinct lobes. The lobes broadside to the wire are no longer the 
strongest. As we move into the 10-meter region, where the antenna 
is 2 wl long, we have a pattern composed of 4 lobes at roughly 40- 
degree angles to the wire. 


For those unfamiliar with pattern development as an antenna 
becomes multiple wavelengths long, the following rules of thumb 
apply. For an antenna that is N wavelengths long, where N is an 
integer (like, 1, 2, 3), the number of lobes is twice the value of N. 
So a 2 wi antenna has 4 lobes, and а 1 wl antenna has only 2. For 
antenna lengths that are N.5 (like 1.5, 2.5, etc.), the number of 
lobes will be the sum of the number of lobes we get at М and at 
N+1. At 15 meters, where the antenna is 1.5 wl long, 1 wi gives us 
2 lobes and 2 wi gives us 4 lobes, for a total of 6. The higher 
number at N.5 wl values arises because the new lobes are growing 
and the old ones shrinking--and they are nearly equal strength at 
the N.5 wi points. 


The 44' Wire Solution 


The problem with wire lengths over 1.25 w is that we are no longer 
sure that we have a good signal broadside to our antenna. 

Suppose | put up a wire in Tennessee, running it NW to SE. That 
makes it broadside to Europe in one direction and to VK/ZL-land in 
the other. Not a bad set up. However, the main lobes for 
frequencies from 21 MHz up are no longer going where | want them 
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to go. (Where they go may result in interesting contacts, but we set 
up our problem at the beginning so that it includes the need to keep 
our signals where we want them.) 


There is a simple solution to this problem, but it may not be the one 
some folks would expect. Conventional wisdom tells us always to 
make antennas bigger and longer. However, the solution to our 
problem is to make our doublet shorter. Let's try a doublet that is 
44 long, as in Fig. 3. Again, #14 or #12 AWG copper wire will do 
just fine for the antenna. 


w 


— — 


copper Wire or Aluminum Tubing 
+ е 


10 Meter Extended Double Zepp 
(14* Double) Fig.3 


The first question we may now ask is whether we lose anything with 
the shorter wire. Let's find part of the answer in another table, 
modeled with the copper wire (#14 AWG) antenna 66' above 
average ground. 
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The gain figures begin about a quarter dB below the figures for the 
67 doublet on 40 meters and climb steadily. The elevation angles 
of maximum radiation and the vertical beamwidths are virtually 
identical to those for the longer doublet. The shorter antenna 
provides a broader horizontal beamwidth on every band, which 
makes aiming less critical. The pattern of impedances offered at the 
feedpoint differs in detail from that of the longer doublet, but the 
values are manageable. However, see the cautionary note below. 


To see one of the major advantages of our short doublet, we should 
look at Fig. 4. 
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The composite azimuth patterns for the doublet оп all of the bands 
for which it is intended have their major lobes exactly broadside to 
the wire. The 44’ length was no accident. On 10 meters, this length 
is about 1.25 wi long, the standard EDZ length. The 10-meter 

pattern shows the anticipated strong main lobes plus the emerging 
"ears," secondary lobes that will become the major lobes at higher 
frequencies. On 15 meters, the antenna is about 1 w long, and on 
30 meters it is just under the right length for a half wl dipole (which 
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is indicated by the low resistive impedance and the capacitive 
reactance for 10.1 MHz). On 40 meters, the antenna is between 1/3 
and 3/8 w long, about the minimum length we should use. Anything 
shorter would show very low resistance values and very high 
reactance values--a difficult situation for any ATU to handle. 


If wanted to aim at both Europe and at Australia and New Zealand 
on al bands from 40 through 10 meters, then the 44 doublet is the 
superior antenna to the longer 67' doublet. Of course, larger (102 
or 135) all-band doublets break into fragmented lobe patterns at 
lower frequencies than the 40-meter dipole with which we started. 
So, if we make aiming one of the criteria for our antenna, the 44" 
doublet may be the way to go. 


Two side notes. First, if we want to cover the bands only up through 
20 meters, but want to include 80 and 75 meters within the 
frequencies for which we are well-aimed, then an 88' doublet might 
meet our needs. Of course, there is nothing magic in the precise 
length numbers chosen, since a length change of a foot o two will 
change almost nothing in terms of performance. The bands with the 
highest reactances at the feedpoint might show the greatest 
change in value as we alter the antenna length, but the feedpoint 
values on the other bands would hardly change enough for an ATU 
to notice. 


For either the 88' or the 44° doublet, the lowest band of use (80/75 
and 40, respectively) present challenges in line losses and 
matching at the shack end of the line. Hence, the short doublet-- 
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only 1/3 to 3/8 wavelength on the lowest band--should be 
considered as a back-up antenna on those bands. 


Second, heightis a major consideration with this sort of antenna. 
Perhaps 66' is not feasible for everyone. However, every foot of 
(safe) height that you can add to the antenna, the better it will work. 
This principle goes back to the days of George Grammer of ARRL, 
who preferred to add height rather than elements to his antennas. 
The idea is no less true today, although there are some limits. Once 
we get above 1 wi, there may be some holes in our Dx elevation- 
angle coverage at certain antenna heights. However, in Grammer's 
day, only on 10 meters and VHF did most hams think about heights 
above 1 wl or so. 


The Aluminum Alternative 


There is no good reason why a single element antenna must be 
constructed from thin wire--excepting cost and ease of construction. 
If there is only one support that is high enough, then we might well 
consider constructing an aluminum tubing version of the 44" 
doublet. Fig. 5 shows one of many possible schemes for 
constructing the element. The wind survival rating for this scheme 
is about 70 mph. 
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1.25" — 40 б 5 
ot: Section Diameters 
| Note: 1.25" dia. section doubled with 1.125" dia. 
inner tubing section. 
Note: left half mirrors right half shown. 


Possible Aluminum Tubing Element Structure 


In tabular form, the element structure looks like the following partial 
antenna model description. 


Mire Com. end 1 (жуук vt! ebe, End 2 (ууу. + FE) варів) Sege 
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The construction shown in the figure should be designated light to 
medium for the element length involved. Itis based upon 
purchasing 8' lengths of aluminum and cutting them in half. Prices 
for 6061-76 aluminum tubing from sources such as Texas Towers 
and others are quite reasonable. The tapering scheme allows for 
about 3" of tubing overlap at every junction. Any less overlap would 
jeopardize physical strength, while too much more overlap will 
unnecessarily increase the element weight. The double section of 
1.25" and 1.125" diameter tubing at the center provides 
reinforcement for most mounting schemes. 


‘Some builders prefer to alternate longer and shorter sections of 
tubing for greater overall strength. Whatever scheme one uses, 
analyzing it through a program such as YagiStress by Kurt Andress 
can go a long way toward ensuring a mechanically sound antenna. 
Nonetheless, the 44 doublet is only about 9' longer than most 20- 
meter Yagi reflectors and a good bit shorter than the elements used 
for 30-meter and 40-meter Yagis. Hence, the use of an aluminum 
tubing element is certainly feasible. 


Special Note: Carroll Allen, AA2NN, pointed out the taper schedule 
suggested would have a wind survival rating of only about 70 mph. 
He developed a spread sheet for EXCEL to calculate the stress оп 
the tubing. For commonly used antenna tubing, such as 6061-T6, 
with a wall thickness of 0.058", the maximum stress for each 
section should be 40,000 psi or less. He kindly redesigned the 
sections for a 100 mph wind survival rating. The following table 
presents the revised taper schedule. Like the original schedule, the 
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1.125" diameter section is presumed to run all the way through the 
1.25" section, but also to have its own exposure length. 


44" Aluminum Doublet Malf-Element Structure 
for 300 MPH Wind Survival 


Diameter (9) Section L (") Cumulative L (") 


s ES 156 


The use of aluminum tubing provides a small but determinate 
increase in electrical performance for the doublet. As we increase 
the diameter of an element, the RF resistance decreases 
considerably. Although copper wire is certainly efficient enough for 
most purposes, the tubing version of the antenna shows an 
increase in efficiency, despite the fact that the tubing version user 
aluminum, which has a higher resistivity than copper. 


Frequency #14 Copper Mire Stepped-oia. Aluminum 
СА Efficiency (%) Efficiency (%) 


Notice that the differential in efficiency grows less as the frequency 
increases, that is, as the wire diameter becomes a greater fraction 
of a wavelength. Nonetheless, the tubing version shows 
systematically higher gain values for each band than the wire 
version of the 44’ doublet. Compare the following table with the 
copper wire table given earlier. 
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The gain differences are certainly not large enough to make any 
kind of operational difference in using the 44 doublet. At most, they 
help us better understand some of the variables involved in 
antenna structures. 


Notice also that the feedpoint impedance figures vary from the wire 
values more radically as the frequency increases--and also where 
the resistance or reactance values are high to begin with. The 
values shown-which will vary considerably as one changes the 
precise length of the finished antenna--are nonetheless quite 
manageable by most ATUs. 


‘Supporting an aluminum doublet of the size we are suggesting is а 
considerable project. Fig. 6 shows the main aspects of the things 
we should consider. 
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1. We shall need a support tower or pole as tall as we can safely 
make it. Although 1 know some inveterate climbers much older than 
Тат who regularly scale high towers, my own experience tends to 
decrease my tower height by one section for every decade older | 
get. Safety comes first; antenna height second. 


2. As | doodled the sketch in Fig. 


. 6, | added a rotator for the fun of 


the prospect. We only need about 180-degrees rotation for this 


doublet, so a side mounting on ar 


n existing tower would likely be 
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good enough. For sample photos of one version of this antenna 
constructed from tubing and able to rotate with a CD44 rotator, see 
the web site of Adam, N4EKV. (Today's cheap TV rotators are по 
longer able to handle this antenna, but 25 years ago. . .) 


3. For elements 40' and longer, consider adding a top-mounted 
truss to help support the element. A truss system will require a 
longer mast than truss-less elements. The exact position on the 
element to place the ends of the truss depends a great deal on the 
precise element diameter schedule chosen. Use a weather and UV 
resistant material for the truss rope. 


4. Since the antenna will use parallel transmission line, stand-off 
insulators will be necessary. If the antenna is to rotate, the position 
of the line from the feedpoint to the stationary supports on the pole 
will require considerable planning. The line should avoid close 
proximity to any metal in the mounting region. 


5. The parallel transmission line is low loss inherently when the 
runs follow standard handbook recommendations. However, for 
lowest losses, consider true open-wire line rather than vinyl-coated 
lines. Even lines with "windowed" openings in the vinyl between the 
wires tend to show higher losses when wet than when dry. Line 
losses will generally be low except for the lowest band in the range 
shown. 


6. When the antenna feedpoint impedance is disproportionately 
reactive, you can expect difficulties effecting a match with an 
antenna tuner. On the lowest band, the 3/8-wavelength wire has an 
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impedance where the reactance is 20 times the resistance. Under 
these conditions, the ability of a tuner to effect a match between the 
impedance at its terminals and the standard 50-Ohm coax to the rig 
will depend both on the line and the tuner configuration. Line 
concerns involve an interaction between the line length and the 
characteristic impedance. As well, even high-efficiency parallel 
lines will add losses to the already lower performance on the lowest 
band in the usable antenna range. To avoid tuner damage, tune up 
using low power and then raise power to the operating level. 


Like all antennas, preventive maintenance at least once per year 
(every 6 months is better) will go a long way toward preventing 
unexpected catastrophic failures. 


However, you decide to construct a single-element antenna, the 44 
doublet has some interesting properties that provide advantages 
over other types of multi-band doublets. It is an antenna worth 
considering--if you can have only one wire. 


The use of the 44' length--or more properly, the approximate length 
of a 1.25 wavelength wire at 10 meters-is not new. It dates back to 
at least the middle of the 20th century. For example, Gene Fuller, 
W2LU, in the July, 1966, issue of CQ wrote an article on using 42 
wires in a set of phased arrays ("Beam Antennas for the Н.Е. 
Range," page 12). 


The 44"wire exercise is designed mainly to encourage antenna 
builders to think "outside the box" of antennas that are naturally 
resonant at some operating frequency or at the lowest operating 
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freguency. Resonance is not a reguirement of good performance. 
Hence, we are free to set some one or more other goals for our 
antenna. In this case, we have set the goal of having radiation 
patterns that are broadside to the wire. For 40-10 meters, the 44" 
wire fulfills this goal, however, close to or far from resonance is 
length may be on any one of the bands covered. 
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Chapter 35: Inverted-Vee Doublet Patterns 


inverted-Vee, usually cut to either 135' or to 67 (or 

thereabouts since the exact dimensions are not critical for 
an antenna fed with parallel line and an antenna tuner). The 
question that recurs is whether the Vee works as well as the level 
or flat-top doublet of the same length. 


A соттоп all-band doublet for smaller ham properties is the 


The answer depends on 2 factors. One factor is the frequency of 
use. The other factor is the angle of the Vee wires relative to the 
level doublet. To see what difference each of these factors make, 
let's look at the doublets in Fig. 1. 


The basic length of the doublet will be 67 for a fundamental 
frequency of 40 meters. We shall look at both azimuth and 
elevation patterns for 40, 20, 15, and 10 meters, on frequencies 
about mid-band in each case. However, the patterns will not 
change from one end of a band to the other. 
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Level (o Degree) Doublet 


20-Degree Doublet 


Extreme Vee As Degree Doublet 


We shall look at patterns for the level doublet as a sort of Базейпе 
against which to measure the patterns of the 2 Vee versions. Опе 
version will be a moderate Vee that slopes downward only 30 
degrees relative to the level doublet. The other Vee version will 
slope downward 45 degrees. Together, the two Vees will give us а 
picture of the trend in pattern change for intermediate or even more 
radical slopes. 
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In some cases, Vee patterns will be weaker, that is, have no lobes 
as strong as the strongest lobes of the doublet. Does that make the 
Vee a poorer antenna? Not necessarily. In each case, look also at 
the shape of the pattern and the strength of the lower angle 
elevation lobes. It will be the evaluation of all of the pattern features 
that will tell you which version of the doublet is best for your 
operation. This assumes, of course, that some kind of doublet is 
best in the first place. On 40 meters, there is really very little to 
choose between a flat doublet and a Vee. The elevation angle of 
maximum radiation climbs upward as we make the Vee slope more 
radically. It changes from 38 degrees for the flat-top to 46 degrees 
for the 45-degree Vee. However, in all three cases, the elevation 
lobe is so vertically broad that the differences are unlikely to make 
a detectable difference in performance. 
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Likewise, there is a slight difference in the strength of the main lobe 
broadside to the antenna, which is 50' up at the center in these 
patterns. A difference of 1-2 dB is not likely to be detected by the 
user without high-cost lab equipment. (That is why we rarely detect 
reduced performance due to the lack of antenna maintenance until 
the antenna falls down.) So on 40 meters, A Vee and a flat-top are 
about equal. 


Chapter 35 


Antennas Made of Wire - Volume 2 


Antennas Made of Wire - Volume 2 —— E 


On 20 meters, where the doublet is about 1 wavelength long, we 
begin to see significant differences. The elevation angles of 
maximum radiation climb from 19 degrees for the flat-top to 25 
degrees for the 45-degree Vee. As well, the gain drops by over 3.5 
dB as we increase the slope of the Vee, although most of that drop 
occurs in the move from 30 degrees of slope to 45 degrees. 


However, notice the shape of the azimuth patterns. The flat-top 
shows extremely deep side nulls (off the ends of the wire. The user 
can look at these nulls as QRM fighters or as directions in which 
almost no QSOs are possible even under the best propagation 
conditions. The lesser nulls of the two Vees offer some hope of 
contacts, although condition might have to be very good to get 
them 


Chapter 35 


Antennas Made of Wire - Volume 2 


Chapter 35 


Antennas Made of Wire - Volume 2 —— E 


Оп 15 meters, the situation becomes a good bit тоге complex, 
perhaps even more complex than the maze of lobes and nulls in 
the combined sets of patterns. The flat-top has the strongest lobes 
by far, although the four best are fairly narrow in width. If these 
lobes happen to go exactly where you want them to go, then all is 
well. If not, then they may radiate where no one lives. Antenna 
orientation is important. 


The broader patterns of the Vee antennas offer slightly weaker but 
more uniform propagation in most directions. However, nothing is 
perfect. Note the elevation patterns, which show almost all radiation 
to be at higher angles in the 23 to 30-degree range on a dx band 
that does best when radiation is at much lower angles. The flat-top 
take-off angle is 13 degrees, just about right if the lobe points at а 
target. 
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Оп 10 meters, we have a similar situation to the one on 15 meters. 
Everything is just a bit more extreme. The flat-top lobes are 
narrower, but at a nice low 10-degree elevation angle for DX. 
Unfortunately, the two Vee antennas have lost virtually all of their 
low- angle radiation: their lowest elevation lobes correspond to the 
secondary lobe from the flat-top. Hence, the DX potential of the 
Vees on 10 meters is somewhat dismal. 


Indeed, it might be better for 10 meters to erect a simple dipole, 
even one that can rotate. At a 16' length, it can be hidden if need 
be. It pattern is likely to be superior to either the narrow flat-top 
lobes of the high-angle Vee radiation. In other words, the idea of 1 
antenna for everything may not be best for everyone. 
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Chapter 36: About the All-Band Doublet 


almost as long as amateur radio itself. Despite all the words 

and diagrams in handbooks over the years, newcomers still 
send me questions about the antenna. | have collected the 
questions and boiled them down to 10, all of which have many 
variations. The goal in tackling these frequently asked questions is 
to help newer hams erect a successful antenna system. 


T: al Band doublet horizontal wire antenna has a history 


1. What is an all-band doublet? The all-band doublet is actually 
an antenna system and not just an antenna alone. Fig. 1 shows the 
basic elements of the system. The horizontal center-fed wire forms 
the antenna proper, which accounts for the radiation of transmitted 
energy and the reception of incoming energy. The parallel 
transmission line transfers the energy from the antenna to the 
antenna tuner (ог antenna-tuning unit, the ATU) ог vice versa. We 
insert the tuner because the impedance that shows up at its 
terminals will vary widely from one band to another. So we need a 
way of matching the impedance at the tuner terminals to the 
standard 50-Ohm input and output impedance of the transceiver. 
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The antenna wire itself can have many lengths, but should be about 
% wavelength at the lowest operating frequency. Table 1 shows 
common doublet lengths that have appeared in handbooks since 
the 1930s. It also shows the ham bands covered by the antenna. 
Note that the 100 wire, while somewhat shorter than ¥: wavelength, 
can be pressed into service оп 80 meters, and the 67' wire might be 
used on 60 meters. However, there are limits that we shall explore 
as we proceed through the questions. 


Table 1. Popular lengths for al. han horizontal wire antennas 


Length (fee) HF Bands Covered 


135 80-10 meters 
100 50-10 meters (80 meters possible) 
67 40-10 meters (80 meters possible) 
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2. What's the difference between a doublet and a dipole? This 
interesting question has 2 answers: none and a lot. 
Conversationally, the term "dipole" often refers to any antenna that 
looks like a dipole, that is, a center-fed wire antenna with a feedline 
going to the shack. In this context, we also tend to call any end-fed 
antenna a Zepp (although there is a center-fed extended double 
Zepp) and to refer to any off-center-fed antenna as a Windom 
(although the original Windom had only a single feed wire). 


їп more precise terms, the coax-fed dipole that we sometimes set 
up for single band use is a more complex antenna than its 
appearance suggests. It is actually a center-fed resonant %- 
wavelength dipole. The center-feedpoint is obvious from the 
position of the feedline. It is resonant since the feedpoint 
impedance is (almost) purely resistive, with lítle or no reactance. 
The length is electrically Ye wavelength, which for any real wire ог 
tubular element turns out to be shorter than a physical half 
wavelength. Finally, itis a dipole because, as Fig. 2 shows, the 
charge is minimum at the center feedpoint and maximum at the 
element ends. As a result, the current is maximum at the center 
and minimum at the wire ends. The dipole undergoes only one 
transition in charge and in current from the center to the wire end. 
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When we use the antenna on many bands, it becomes electrically 
longer, because the length of a wave grows shorter with rising 
frequency. Hence, the charge and current patterns do not satisfy 
the dipole conditions above the lowest band or two, Fig. 3 shows 
the current distribution along a 135' wire at 80 meters and at 10 
meters. Since the current does not follow the dipole pattern, the 
charge density is also different from a dipole. In this case, there are 
many transitions and the current is not maximum at the center 
feedpoint. 
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The term doublet is more generic and less fully descriptive than 
others. However, it also has a history. In the 19305, it served as a 
label for a center fed wire with a special feed system. Later, the 
antenna was renamed the delta feed and the term doublet became 
a generic term for center-fed antennas of any length.” Hence, our 
antenna is an all-band doublet. 


3. Do I need to measure the wire for precise resonance on the 
lowest band? In a word, no. When we set up a resonant 
monoband dipole, we want it to achieve resonance or the lowest 
possible SWR with our coax cable feedline. However, the all-band 
doublet antenna system uses (normally) high impedance parallel 
transmission line. Small variations in antenna wire length will make 
no difference to doublet performance or to our ability to match the 
impedance at the shack end of the feedline. We sometimes see 
radiation patterns for a Yagi antenna change shape as we move 
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rom one end of an amateur band to the other. However, the 
patterns produced by the all band doublet change very slowly with 
frequency. For example, if we only have room for 125' of wire, then 
it will do very well and yield the same results as a 135' wire on the 
lower HF bands. On the upper HF bands, we might see some 
change in the feedpoint impedances between the two wire lengths, 
but they normally will not be severe and certainly not large enough 
Tor us to abandon the antenna. The recommended lengths in Table 
1 аге ballpark figures, not precise lengths. 


4. Why do 1 need parallel transmission line? Why not just 
coax? Or coax with a 4:1 balun? To get our hands on this 
question, lets consider only one of the possible doublet lengths: 
135. For this version of the doublet, we can look at the numbers in 
Table 2. The second column lists the approximate feedpoint 
impedances for each HF amateur band. These numbers will vary 
with the exact length of the wire and the height above ground. 
However, the approximations will serve well for our demonstration. 
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Table 2 Line losses with coax and parallel faedines for а 185 doublet 


Frequency Aperi, MO RO-EK 10084500 Window Line 
waz Impedance (O) SAR Loss 88) SWR Lass (88) 
356 wen 14 — 08 $5 0 

EE EX ea 7 $0 02 

Ш 5750 -1300 1 ns M5 05 
10.125 80-1370 51 671 72 0з 

141 27907 Бий т по es 04 

1 %% les 2s 13 32 92 

ni 2450 + j1200 B Ine 78 — 08 
pr 125-100 75 at aa 03 

281 1810 +1200 Е] 108 63 04 


‘Suppose that we connect a typical coaxial cable to the feedpoint 
and use 100 of the line to reach the shack. RG-8X is popular these 
days because it is light and easy to handle. How much energy will 
we lose if we use this cable as a feedline? We can arrive at some 
answers by using a program like TLW. This highly useful software, 
written by Dean Straw, N6BV, accompanies The ARRL Antenna 
Book, which is a worthy long-term investment for any ham. In the 
table, columns 3 and 4 show the 50-Ohm SWR for each of the 
impedances and the total cable losses. Notice how many of the 
loss entries exceed 10 dB. With a 10-dB loss, only 1/10 of the 
energy at one end of the line is available for use at the other end of 
the line. The reduction applies whether we are transmitting or 
receiving. 


The last 2 columns show the SWR for a 450-Ohm parallel 
transmission line. The type specified uses a vinyl coating with 
windows along the way. The vinyl coating is simply a good way to 
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keep the wires evenly spaced, but it does introduce losses that аге 
slightly greater than open or true ladder line (bare wire with periodic 
spacers). Note that even with the highest SWR levels, losses do 
not exceed 0.5 dB or a little over 10% of the power, even with 100 
of the line. 


Dauer Length vs Tepe impedanca 
Feedpont Resistance nd Reacancs. 
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Parallel lines do have limits however. Remember that we 
recommended % wavelength at the lowest frequency as the 
shortest antenna wire length. We also suggested that we might 
press shorter wires into service, but we did not say how much 
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shorter. Let's see what happens below 80 meters as we shorten the 
wire from a ¥-wavelength starting point. Fig. 4 shows the 
approximate resistance and reactance. Although the curves appear 
to track each other, remember that the downward path of reactance 
actually represents increasing capacitive reactance. As we shorten 
the doublet or lower the frequency, the feedpoint resistance 
decreases steadily, while the capacitive reactance increases 
steadily. The result will be a very high 450-Ohm SWR on the 
parallel line. It will rise to the point where even the seemingly low- 
loss line shows significant power losses along the way. As a 
practical matter, try to keep the antenna at least 3/8 wavelength or 
longer at the lowest frequency used if you cannot manage Y 
wavelength. Remember that you can always zigzag the wire legs or 
let the ends droop downward (but always with their ends out of 
human reach) in order to lengthen the wire to the full % wavelength 
at the lowest frequency. 


5. What's the most important factor in setting up an all. band 
doublet? Or, we put up a lou. band doublet for Field Day about 
10-15' off the ground. We did not make many contacts? What 
was wrong? The question’s second form gives us the answer to 
the general question. With an all-band doublet, there is no 
substitute for height. However, hams must work with real conditions 
and not ideals. 


Let's continue to use the 135' doublet as our antenna and see what 
happens at various antenna heights that hams actually use. 20 is a 
typical Field Day height for wire antennas due to the difficulty of 

erecting and sustaining higher supports. 40 is a nice round number 
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for a backyard doublet supported by mature trees. 60' is out of 
reach for amateurs unless they have a tower or two supporting 
rotatable beams. Now look at Table 3. It lists for each sample 
operating frequency the height above ground as a fraction of a 
wavelength. 


Table 3. Doublet height in feet and as a fraction of a wavelength 


Frequency Height as a Fraction cf a Wavelength 


MHz 20 40, 60" 
355 0.07 016 022 
5358 011 022 033 
ui 014 028 043 
10.125 0.21 041 082 
141 028 057 088 
18.118 0.37 074 111 
211 043 OBB 129 
24.95 0.51 101 152 
281 0.57 114 171 


The height above ground when measured in terms of a wavelength 
is the most important factor that determines the elevation angle of a 
horizontal antenna's radiation. (Remember that the radiation angle 
is also the angle of reception sensitivity.) Fig. 5 provides a catalog 
of typical elevation patterns for the doublet. Each pattern uses the 
headings for maximum gain as a basis. The missing bands would 
show elevation angles of maximum radiation that are part way 
between the bands in the illustration. 
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Note that at 80 meters, all three heights are so low that we detect 
very little elevation pattern difference. The pattern begins to change 
significantly as we raise the antenna to 60' when operating on 40 
meters. The 20-meter pattern becomes very usable for low-angle 
skip radiation when we raise the wire to 40’, a little bit more than % 
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wavelength. 20' is a little over ¥ wavelength on 10 meters, and so 
we obtain reasonable basic performance on that band. 


These notes and graphics cannot change your backyard or field 
conditions. However, they do provide food for thought. For 
example, if you really want to operate on 80 and 40 meters, but 
cannot get the horizontal antenna high enough as a fraction of a 
wavelength, then you may wish to consider alternative antennas. 
You might achieve better performance on the lowest HF bands with 
a different wire antenna, such as the inverted-L.“ 


6.1 carefully set up my 135' doublet to be broadside to Europe. 
However, on 15 and 10 meters, signals are much stronger to 
Africa than to Europe. Is it propagation? Although propagation 
affects all HF communications, the most likely source of the weak 
European signals is a misunderstanding of the azimuth patterns 
produced on the various amateur bands by the 135' doublet. 


“Table 4, 135 Doublet Length as a Fraction of a Wavelength and Number of Azimuth Lobes 


Frequency Length Number 
MZ n of Lobes 
зн Dan 2 

568 ола 2 

n om 2 

Шы тж 6 

b 1м 4 

me 248 10 

EN 230 D 

Mes 342 14 

EU EE] 8 
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As a center-fed wire antenna grows longer in wavelengths, the 
number of lobes that it produces increases. Table 4 lists the length 
of our 135' doublet as a function of a wavelength on each operating 
frequency. It also lists the number of lobes produced in the azimuth 
pattern, that is, around the horizon. The numbers may seem odd, 
but there is nothing disorderly about them. As the antenna grows 
longer (or we increase the operating frequency), lobes emerge, 
reach a peak value, and then disappear--to be replaced by other 
emerging lobes. Three main points describe the process. Let n be 
the length of the antenna rounded to full wavelengths. 


1. If the antenna is n wavelengths long, then the number of lobes 
will be 2n. On 40 meters, the antenna is about 1 wavelength, so 
there will be 2 lobes. At 10 meters, the antenna is about 4 
wavelengths, so we shall find 8 lobes. 


2. If the antenna is n.5 wavelengths, we shall find the lobes for n 
wavelengths and the lobes for п+1 wavelengths at close to equal 
strength. So add the number of lobes for n wavelengths and the 
number of lobes for n-+1 wavelengths to arrive at the total number 
of lobes. At 17 meters, the antenna is about 2.5 wavelengths. A 2- 
wavelength wire gives us 4 lobes and a 3-wavelength wire yields 6 
lobes. So at the intermediate length, we shall find 4+6=10 lobes. 
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Table 5. Modeled Performance Data for з 135 Doublet а: ad Aleve Average Ground 


Frequency  Mexmum TO Angle Main Lobe Bearings 
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Мае: O° and 180° are broadside to the wire, 


3. When the wire is close to n or to n.5 wavelengths, the strongest 
lobes will be those farthest from broadside to the wire, that is, 
closest to in line with the wire. Table 5 provides the modeled 
performance data of the 135' doublet at a height of 40' above 
ground. Fig. 6 translates those numbers into a gallery of azimuth 
patterns. The virtual antenna runs up and down on the graph page. 
Because the take-off (TO) angle (or the elevation angle of 
maximum radiation) is so high for 80 through 40 meters, the 
azimuth patterns use an arbitrary elevation angle of 45°. All other 
patterns use the actual TO angle. 


Chapter 36 


Antennas Made of Wire - Volume 2 


C 
Pareto 0-40 meters us decrees вата Alomar bands at TO are 


Chapter 36 


Antennas Made of Wire - Volume 2 _—— 


Except for 30 meters, where the null between the inner lobes is 
hard to detect, all of the patterns clearly exhibit the number of lobes 
calculated in Table 4. Since all of the lengths are close to either a 
full wavelength or the half-wavelength mark between full 
wavelengths, the strongest lobes are those nearest to being in line 
with the wire. (When the wire is close to n.25 or n.75 wavelengths, 
other lobes may dominate.) 


Note that when the length is n.5 wavelengths, the large number of 
lobes in the pattern forces the strongest lobes to be closer to in line 
with the wire than for the next whole number of wavelengths. 
Hence, the angle of the lobes away from broadside is greater on 17 
meters than on 15 meters--and greater on 12 meters than on 10 
meters. Also note that the larger the number of lobes in a pattern, 
the narrower the beamwidth of each lobe. 


If we had chosen a 67' doublet, the antenna would be % 
wavelengths on 40 meters, 1 wavelength on 20 meters, and 2 
wavelengths on 10 meters. Since the azimuth lobes are functions of 
the wire length in wavelengths, we would obtain different lobe 
patterns than for the 135' wire. In fact, the 67' wire pattern on 40 
would resemble the 135' pattern on 80, and the 67' 10-meter 
pattern would look very much like the 185 20-meter pattern. 


How you orient a center-fed doublet depends on understanding 
both the elevation and the azimuth patterns for the wire. The 
azimuth patterns show where your signal is likely to go, while the 
elevation patterns tell you whether the energy is likely to fall within 
the skip zone. Orient the doublet so that the pattern for the most 
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used band (or bands) covers your most desired target(s) with a 
strong, low-angle lobe. 


So far, we have concentrated on the wire or antenna-proper portion 
of the all-band doublet antenna system. We briefly explored the 
main reason for needing to use parallel transmission lines to 
connect the antenna to the antenna tuner. Hams who are used to 
using coax often ask a number of other questions about parallel 
feedlines. 


7. Can | run the parallel feeders in a PVC tube underground or 
under my house? This question is actually a confession by the 
newcomer that he or she knows how to handle coaxial cable, but 
not parallel feedline. In a coaxial cable, the energy fields exist 
between the outer surface of the inner or center conductor and the 
inner surface of the outer conductor, also called the braid. Hence, if 
the cable has an outer jacket that can handle soil, burying it does 
not affect its use or operation. As well, we can run the cable near to 
other wires without significant difficulty. 


Parallel ſeedine is also called open-wire transmission line, and for 
good reason. Regardless of whether the wires have insulation, they 
are open in the sense of having fields that are not confined by the 
structure. Although the main portion of the field is between the two 
wires, it also extends around the pair of wires for a considerable 
distance--up to a few times the spacing between the wires. Nearby 
conductive and semi-conductive materials can disturb the balance 
between the lines and cause them to radiate--a job we want the 
antenna proper to do. As well, we may lose some energy to those 
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objects. So, in a nutshell, the answer to the question is no. Do not 
run the transmission lines close to or within the ground, even if you 
give them the double insulation of a conduit. 


Commercially available lines come in 3 general types, each with a 
different characteristic impedance, construction, velocity factor 
(VF), and loss value. 300-Ohm transmitting twinlead, sometimes 
flat and sometimes tubular, has a VF of about 0.80 and a loss of 
about 0.17 dB per 100 at 3.5 MHz. Remember that line losses 
increase with frequency. 450-Ohm window line, a form of flat 
twinlead with cutouts to minimize the vinyl between the wires, has a 
velocity factor of about 0.91 and a 0.07-dB loss per 100' at 3.5 
MHz, half the loss of 300-Ohm line. 600-Ohm open-wire ladder line 
typically has a velocity factor of about 0.92 or higher and a loss of 
only about 0.03 dB per 100 at 3.5 MHz. There are also 
commercially available ladder lines in the 400-500 Ohm range, and 
their VF and loss values would resemble those of the 600-Ohm 
line. Of the 3 types, 450-Ohm window line is perhaps the most 
popular for all-band doublets. 


Parallel feedline has a few simple rules for effective placement to 
maximize energy transfer from the tuner to the antenna proper. 
Keep line runs as straight and in the clear as possible. Straight, 
clear runs are as important indoors as outdoors. Straight is self- 
evident. Wherever possible, keep direction changes shallow. Never 
let the line fold back upon itself or roll it in a coil. Clear means as far 
from other objects as possible, and in no case less than several 
times the line spacing away from anything. 
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О! course, we must bring the line indoors. We can use a short 
through-wall PVC pipe, perhaps with caps that have slots to keep 
the line centered. Or we can use a wood or plastic plate with feed- 
through insulators. The difference in spacing and bolt size on the 
board relative to the line is not important: it may create a small 
impedance bump but will minimize losses. Outdoor supports can be 
of two general types: rings or clamps. We can suspend non- 
conductive rings (slices of PVC or similar) from limbs and posts to 
Support the line on its way to the antenna. As well, we can create 
non-conductive guides or clamps that extend outward from tree 
trunks, posts, or walls to route the transmission line. Be sure to use 
enough supports. 


At the junction with the antenna, use a strain-relief fixture. A simple 
insulator may keep the line from being pulled by the antenna wire. 
However, over a relative short time, the feedline wires will flex back 
and forth until they break. A fixture that minimizes the flexing at the 
junction itself will make the connections much more durable. 


8. Will the feedpoint impedance in the tables appear at the 
antenna tuner terminals? If the feedline is precisely a multiple of 
ап electrical half-wavelength, then the feedpoint impedance will 
reappear at the far end of the line. (The other condition that would 
allow the feedpoint impedance to reappear is an exact match 
between the feedpoint impedance and the characteristic impedance 
of the cable. With 450-Ohm line, Table 2 makes it clear that this 
condition will not exist.) When the characteristic impedance of the 
line does not match the feedpoint impedance, the line becomes a 
continuous impedance transformer and shows a different 
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impedance at each step between the feedpoint and each half- 
wavelength or 180* point along the line. 


Impedance Along 2450.0hm Line 
000: 2000 ohms 


Ё 
Ё 


Rosstrcen Oe 


Fig. 7 shows one example of the transformation and applies to 450- 
Ohm transmission line and a feedpoint impedance of 2000 - {2000 
Ohms. This impedance is similar to some values in Table 2. If the. 
reactance had been inductive instead of capacitive, we would see 
similar curves, but the peaks would appear at 10-15° position along 
the line (where 0° is the antenna feedpoint and 180° is a half. 
wavelength down the line). Note the very low resistance and the 
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relatively low reactance that appear over much of the line's length. 
For this reason, placing a 4:1 balun in the line may be a poor 
choice for converting the balanced line to a single-ended or 
unbalanced line. The transformer may end up converting a low 
impedance to a very low impedance, regardless of the balun's 
ability to handle the reactance at its terminals. 
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Let's change the feedpoint impedance to 20 + j100 Ohms. Some 
impedances for very short doublets (less than about 3/8 
wavelength) show a higher reactance (capacitive), but the peaks 
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become very high and the resistance becomes very low-a very 
difficult situation to graph. Fig. 8 graphs the resistance and 
reactance of the selected values along the line. Note that the peaks 
occur just before the 90° or halfway position. If the reactance had 
been capacitive, the same peaks would appear just past the 
halfway point along each half wavelength of transmission line. 

Once more, note for how much of the line the resistance and 
reactance are low to very low. 


The two samples show some of the extremes of impedance 
transformation along a 450-0 transmission line. The closer the 
feedpoint impedance is to the line's characteristic impedance, the 
less radical will be the transformation of resistance and reactance. 
It pays to have a small calculation program to assist in finding and 
visualizing the data. Earlier, | mentioned the N6BV program, TLW. 
You can obtain similar graphs on it. In addition, the graphs will 
show the effects of line losses. 


The graphs show an electrical half wavelength of line. The physical 
length of such a line will vary with the operating frequency. Hence, 
itis very difficult (although not impossible) to design a feedline. 
system so that on each band we end up with just about the same 
impedance at the shack entry. Most amateurs let the antenna tuner 
do the work of transforming whatever impedance appears at the 
terminals to the transceiver's required 50 Ohms. 


9. What kind of antenna tuner is best for an all-band doublet? 
The best type of antenna tuner is one with a configuration that 
naturally has an unbalanced or single-ended input--to accept the 
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transceiver's coaxial cable- and a balanced output. From the 
earliest days of amateur radio, a common tuner meeting these 
conditions has been the link-coupled tuner. Fig. 9 provides a 
simplified schematic diagram of one version of this tuner. It 
received its name because the input side used a small coil or link 
that is inductively coupled to the tank or parallel tuned circuit on the 
output side. The most effective forms of this tuner used additional 
components on the output side to compensate for the reactance at 
the terminals. Taps at every turn (or at least at every other turn) of 
the tank coil allowed the user to find a setting that came closest to 
providing a good match and maximum power transfer at the same 
time. The link might also have switched taps with the later addition 
of the so-called variable coupling series capacitor. In fact, the 
series capacitor compensates for remnant reactance on the input 
side, allowing a purely resistive input impedance. Johnson 
Matchboxes, with simplified tank tapping, a fixed link, and no series 
input-side capacitor, became famous and still appear at hamfests. 
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Ona Version afa Libk- Coupled HF Antenna Tuner 


From the late 1960s onward, the single-ended network came to rule 
the commercial manufacture of antenna tuners. Fig. 10 shows 4 
popular configurations, with the CLC-T being the most common. It 
was perhaps the cheapest to produce in a period of rapidly rising 
component costs. it would also handle a very wide range of 
impedances at the output terminals. However, the CLC-T was a 
high-pass filter network and hence provided little harmonic. 
suppression for older rigs. Like all of the single-ended 
configurations, it required a balun on the output to allow for 
balanced lines. The standard version of the balun used a 4:1. 
impedance ratio either though a misunderstanding of the 
impedances likely to be present at the terminals or because such 
baluns were cheaper to make than 1:1 baluns. The baluns were 
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transmission-line transformers that are most efficient when the 
reactance is very low. Most balanced lines, however, did not meet 
this condition. The average operator did not have multiple tuners to 
compare and so remained unaware that on some bands with some 
tuners, efficient power transfer might not occur. 
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In recent years, interest in antennas that require parallel 
transmission lines has surged, spurring the development of new 
inherently balanced tuners. Fig. 11 shows three varieties that are 
either on the market or in handbooks. The single-ended CLC-T 
network is usable with special precautions not to ground any 
component except the transceiver side of the 1:1 input balun that is 
common to all of the tuner designs. One commercial tuner uses a 
balanced CLC-T network, but the most common balanced network 
tuner on the market is the reversible-L circuit. Versions exist for 
high power use. However, as the operating frequency increases, 
the range of impedances that the reversible-L will match with 
standard components grows more limited, 
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3 Popular Networks Used for Balances HF Antenna Tuners 


If you will buy a tuner with an al. band doublet in mind, then one of 
the balanced network tuners may be the best bet. However, if you 
already have a tuner--even a single-ended network with a 4:1 balun 
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on the output side~you might as well try it out. Since none of the 
tuners comes with a relative output indicator, you will have to 
estimate efficiency on each band indirectly. If you obtain a good 
match following the maker's suggestions for the best component 
settings, check the temperature of the balun after (not during) 
operation. If the balun is warm to the touch, it likely is converting 
some part of your transmitted energy into heat. In general, the 
broader the tuning, the lower the tuner losses, although there are 
exceptions to this rule of thumb. In a tuner designed for all of the 
НЕ ham bands, tuning will naturally become sharper with rising 
frequency. 


If you cannot obtain a match on a given band, then try inserting a 
length of transmission line, preferably outdoors. Using knife 
Switches, relays, or a simple manual changeover, add a few feet of 
line between the line ends of a break that you intentionally make in 
the feeders. Form the insertion into a single large loop to avoid 
unwanted self-coupling, and use standard precautions to prevent 
coupling to other objects. Since the transmission line is а 
continuous impedance transformer, the new values of resistance. 
and reactance at the tuner terminals may fall within the tuner's 
range. Since every tuner has a limit to the range of resistance- 
reactance combinations that it will handle, the potential need for a 
revision in the total feedline length may apply to all antenna tuner 
designs. 


10. My all-band doublet is 50' high and uses open-wire feeders. 
It works well, but I get a lot of RF interference at home, and my 
rig sometimes locks up in transmit on CW. How can I 
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overcome these problems? Unwanted coupling into home 
electronics and into the rig itself has almost as many causes as 
there are errors that we may make in installing parallel feedlines. 
The first step is to ensure that all station equipment is well 
grounded to an earth ground as close to the rig as may be feasible. 
The second step is to consider rearranging the station so that you 
position the antenna tuner at the place where the feedline enters 
the building or shack. Wel-grounded coax braid is less likely to. 
couple RF energy to other lines and objects than open-wire 
transmission line. 


The third step is to check the routing of the transmission line as it 
approaches the entry point. Ideally, the line should approach the 
entry perpendicular to the wall or window. If the line runs vertically 
down a wall, it may couple energy into various power, telephone, or 
computer lines. Some of these lines may use shielded cable, but 
unless that cable is also well grounded, it may carry RF energy to 
sensitive devices with equally poor grounds. 


Sensitive devices, including control inputs for the rig, do not require 
very much energy to show signs of interference. If all else fails, you 
can try the system shown in Fig. 12. At the building or shack entry, 
install a 1:1 choke of ferrite beads, following the designs of W2DU. 
The choke acts as a balun, converting the balanced line to the 
unbalanced coax. From the coax connector shell, run a very short. 
earth-ground line. Ideally, the choke should go outdoors, but 
modern building construction may require immediate indoor 
installation at the entry point. Between the choke and a single- 
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ended network tuner, run less than 20’ of the largest, lowest-loss 
coax that you can obtain. 
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Fig. 12 


The system shown will generally eliminate most unwanted RF 
energy transfers if the feeders have not already coupled into house 
wiring due to improper dress. It bypasses the 4:1 balun in the tuner, 
avoiding that loss source. However, the system has losses of its 
own. The 1:1 choke will show losses with high impedances having 
significant reactive components. The coax will also show some 
loss. However, if the length is 20, the line losses will usually be 
fairly small. For example, at 30 MHz, 20' of RG-213 will show a 1.1- 
dB loss with a 10:1 SWR. A shorter run, lower frequency, or lower 
SWR will result in lower coax losses. There are also cables with 
even lower losses. Do not use thin cables like RG-58 for this run, 
regardless of the operating power level. This system is not ideal, 
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but simply a measure of last resort for very tough cases of RF 
interference. Before employing this or other radical systems, you 
should first use the earlier guidelines to optimize the feeder and 
tuner installation. 


These notes do not answer every question that we can ask about 
the all-band doublet. However, | hope the 10 common questions 
that we have tackled give you a good start for reasoning out 
answers for yourself. 


Notes 


1. Fig. 2 follows Stutzman and Thiele, Antenna Theory and Design, 
2nd Ed. (Wiley & Sons, 1998), p.57, although the treatment of the 
dipole in very short or longer forms is similar in Kraus and in 
Balanis. (Kraus, especially, (Antennas, 2nd Ed.) is careful not to 
label longer center-fed wire antennas as dipoles). 


2. Compare, for example, 2 editions of The Radio Amateur's 
Handbook: the 13th or 1936 edition, p. 278, and the 24th or 1947 
edition, p. 207. 


3. The inverted-L is a highly usable antenna for general-purpose 
communication, but requires an entirely different discussion. See 
"Straightening Out the Inverted-L" in the 2005 Proceedings of 
FDIM, produced by QRP ARCI. 
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Chapter 37: The Zig-Zag Dipole-Doublet 


Опе over-age myth about wire antennas is that they must be 
straight. Ideally, we would like them to be truly linear. However, 
even a kinky wire can perform quite well 


| 
Feedpoint + 


= Support 
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Consider the scenario sketched in Fig. 1. A standard 1/2 wl dipole 
for ВО meters--about 135' long when about 50' up--would look like 
the upper sketch if we had the room for a 67.5' long wire runs on 
each side of the feedpoint. However, suppose that we do not have 
the room for the full length of the wires. We can settle for a shorter 
wire antenna, but we do have another option if supports are 
available: the zig-zag special. What we did with dimension A in the 
top drawing, we shall now do with A + B in the lower drawing. 


The antenna could have been made into a U, but the loss of gain 
would have been slightly higher than with the zig-zag--due to the 
partial cancellation of the radiation from the facing end sections. 
However, the amount is small enough that, if a U is all that you can 
manage on a site, "U'se it. 


To see what happens when we zig-zag our traditional dipole I ran a 
series of models, each of #12 copper wire over average Soil 
‘Modeling is limited in that it assumes clear, level terrain, and so it 
cannot take into account the hills, valleys, and ground clutter of the 
typical ham installation. Nonetheless, the trends are quite useful for 
comparative purposes. 


If the antenna is set 50 up, the typical dipole pattern at an elevation 
angle of about 20 degrees is an oval at right angles to the wire. 
Let's see what happens as we turn more and more of the antenna 
into opposing end pieces. For the example, | used 5% increments 
of the half length, thus shortening each side of center by 3 3/8' with 
each move. Theoretically, the end piece should grow by that 
amount to keep the antenna resonant. Actually, we shall have to 
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lengthen the ends slightly with each change in order to compensate 
for coupling between the wires near the comers. 


The following table lists the wire lengths each side of center (A) 
with both the calculated and actual end pieces (B) need to restore 
resonance at 3.5 MHz. The feedpoint resistive impedance at 
resonance is also shown, along with the maximum gain. The final 
figure is the number of degrees off broadside that the pattern tilts 
as a result of the zig-zag ends. 


End (8) Cale. act. length A Gain Pat. Tilt Feed R 
X0) feet feet "feet 81 degrees ‘hms 
H En a7 642 oes в 67:6 
E] 843 72 бен caa H ваа 
2 155 мз 500 49 2 62.3 


The total loss in gain within the situation set up is 0.15 dB for the 
entire spread from a linear wire to an antenna with 30% of each 
side turned at right angles to the main wire. If the zig-zag happens 
to be more open than the right angle used in the example as an 
extreme case, the loss will be less. However, itis already so low as 
to be undetectable in operation. 


Had we bent the ends to form a U, the gain in the most extreme 
case would have been very slightly lower than for the zig-zag 
dipole, and so too would have been the source resistance at 
resonance. Another comparison of note is between the 20% zig- 
zag model and a wire 108" long and linear--something close to the 
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traditional GSRV length. The GSRV would have shown about 0.1 
dB less gain than the zig-zag, which would have been far less 
operationally significant than the high capacitive reactance at the 
feedpoint. However, if we feed the antenna with parallel feedline 
and an antenna tuner, all of these differences fall among the trivial. 


The greater the amount of antenna devoted to the zig-zag ends, the 
longer the wire must be to restore resonance. Again, a more open 
zig-zag will show smaller amounts of required lengthening. 
Likewise, the feedpoint resistance goes down more rapidly as the 
zig-zag becomes more extreme. 


The amount of pattern tilt is very mild, even at the 30% zig-zag 
mark. Fig. 2 below sows an overlay of the straight wire and the zig- 
zag azimuth patterns for the 20-degree elevation angle. Again, in 
real operation, the difference will be unnoticeable. Notice that the 
pattern tilt is away from the bent ends. 
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As the zig-zag involves more than 30% of the wire on each side of 
center, the pattern tilt becomes more extreme, exceeding 10 
degrees as the lengths A and B approach each other. We can view 
this amount of tilt as a disadvantage, or we can put it to use. 
‘Suppose the main supports we have will place the broadside 
pattern some 10 degrees off target for our desired operation. 
Making the antenna into a zig-zag dipole can put us back on target. 
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The Dipole Becomes a Doublet 
If we choose to use the zig-zag on other HF bands, what happens? 


The first thing that happens is that the antenna is no longer а 
dipole. A dipole is an antenna with a single current maximum at its 
center and voltage maxima at its ends. It is a center-fed dipole in 
the version with which we are working. However, since its length 
will no longer be apt to produce the current and voltage conditions. 
along its length once we increase the frequency of operation, it will 
no longer be a dipole. Typically, a multi-band single (simple) wire is 
best termed a "doublet," a term that implies nothing in itself about 
the current and voltage distribution along the length. 


The second thing that happens is this: the exact length is no longer 
of great consequence. Our first tests intentionally strove for 
resonance at 3.5 MHz in order to see what happened to the length 
of the end pieces. In multi-band use with parallel feeders and an 
antenna tuner, the length is no longer critical. The patterns will not 
significantly change with up to 5% differences in overall length, and 
antenna resonance is no longer a serious consideration. 


A third phenomena is the variation of the patterns of lobes and nulls 
from those that we are used to associating with a straight-wire 
doublet. To see what happens, let's use 40, 20, 15, and 10 meters 
as test bands to compare the patterns of a straight-wire doublet and 
our 30% zig-zag doublet--both of #12 copper wire 50' up. Of 
course, if we use a smaller amount of zig- zagging, then any 
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deviations of patterns from the normal doublet pattern will be that 
much less. 


In each of the patterns shown below, the antenna extends from one 
side of the pattern to the other. The zig-zag legs bend downward 
(relative to the page) on the left and upward on the right. Hence, 
most of the pattern tilting will be to the upper left corner of the page, 
at least at lower frequencies. 
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At 7.0 MHz, the zig-zag pattern shows a 5-degree tilt relative to the 
broadside lobes of the normal doublet. The elevation angle of 
maximum radiation is still very high, so a 20-degree elevation angle 
has been selected for the comparison to reflect something 
approximating normal skip angles. The gain of the zig-zag is slightly 
less (by about 0.5 dB) than that of the straight wire and is 
accompanied by a broadening of the beamwidth in both directions. 
Since the antenna is about 1 wl long, the feedpoint impedance is 
very high. The zig-zag side nulls are shallower than those of the 
normal doublet. However, none of these differences are likely to 
result in any gained or lost contacts. 
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Lest we simply presume that the remaining HF bands will show 
essentially similar parallels between the straight and the zig-zag 
doublets, operation of the antennas at 14.0 MHz serves as a 
reminder that difference might emerge at any frequency. The 
elevation angle of maximum radiation on 20 meters is 20 degrees 
with the antenna at the 50' mark. Hence, the patterns show the 
maximum gain of the antenna. The straight-wire doublet shows the 
familiar 4-leaf clover pattern typical of a wire 2 wl long. 
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In contrast, the zig-zag antenna shows much greater tilt, with the 
peaks being about 20 degrees distant from those of the normal 
doublet. The nulls are just barely perceptible, but with that improved 
coverage comes a price: the lobes are weaker than those of the 
normal doublet by about 1.3 dB. 
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At 21 MHz, the normal and the zig-zag patterns almost oppose 
each other, with zig-zag lobes filling normal nulls and vice versa. 
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Once more, the normal doublet shows a higher maximum gain (by 
about 1 dB), but the zig-zag doublet tends to have shallower nulls. 


Part of the reason for the especially strong zig-zag lobes off the 
ends of the antenna is that each bent section of the zig-zag is 
approximately 1/2 wi long at 15 meters. Had the zig-zag "B" length 
been shortened, the end radiation would have decreased rapidly. 
When operating the antenna at multiples of its initial frequency, the 
current magnitude shows a number of peaks, and the geometric 
configuration plays an increasingly significant role on the ultimate 
azimuth pattern generated. 
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Оп 10 meters, at 28 MHz, there are so many lobes that the 
difference in the two patterns becomes less significant 
operationally. In fact, there is no significant difference in the 
strength of the largest lobes of the two antennas. However, we may 
note the two small lobes off the end of the zig-zag antenna. 
Because the end of "B" lengths are no longer close to 1/2 wi long, 
they develop lesser lobes. Some of the versions of the zig-zag with 
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shorter "B" dimensions might well show stronger radiation off the 
antenna ends. 


The feedpoint impedance of both antennas at the even harmonics 
of the original 1/2 wl frequency of the antenna will be high. The 
exact figures will be functions of the antenna's exact length. At 
harmonics, effects of the zig-zag will vary slightly from band to 
band, and hence the feedpoint impedances will not be identical to 
those of the straight wire. Values of resistance in the 1,000 to 4,000 
Ohm range and values of reactance from 500 to 1200 Ohms are 
likely to be common for both the straight-wire and the zig-zag 
doublets. What values appear at the antenna tuner terminals will 
depend not only on these load values, but as well on the 
characteristics and length of the feedline used. If a tuner cannot 
handle the values presented on a certain band, insertion of a short 
length of additional feedline will usually correct the situation. 


Other Variations 


We have already noted that when the ends of the antenna are bent 
in the same horizontal direction, the resulting U-shaped antenna is 
only a tiny bit lower in gain than the 30% zig-zag. A more common 
scenario is to droop both ends downward. At the fundamental 
frequency, this configuration tends to lower gain still further, since 
the ends are closer to the ground. However, the result is far from 
disastrous. At higher frequencies of operation, the ends may show 
significant vertically polarized radiation, but the net effect will not be 
sufficient to alter the basic horizontally polarized patterns for each 
band. 
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Fig.7 
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(Probably) 


Two Configurati 


Perhaps the ultimate utility of the zig-zag doublet is to fit a full 80- 
meter length into a fairly restricted yard size, as suggested in Fig. 
7. running the antenna diagonally across the yard for the available 
space and then tilting the wires back along the yard lines (assuming 
supports are available) can make a multi-band doublet available to 


almost anyone. 
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The principle can also be applied to hidden roof-top or attic 
antennas. The ends can be run along the rafters and roof trusses, if 
appropriate care is taken to give clearance to conductive materials. 


The urban dweller can still operate effectively even if circumstance 
seems to dictate undersized antennas. The key is to think in 
designer shapes, of which the zig-zag is a perennial winner. The 
losses, compared to traditional straight-line designs, may be far 
smaller than initially imagined. 
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Chapter 38: The Y-Doublet 


fter presenting some notes on triangles of doublets of 

various lengths, | received more than one message recalling 

an old Y-configuration from the 30s and 40s. The basic 
scheme was designed for a given band and consisted of three 1/4- 
wavelength wires at 120-degree angles coming together at a center 
point. There, according to recollections, the old timers used a 3- 
wire twisted feedline to the shack. At any one time, the operator 
hooked up two of the 3 wires to the antenna tuner (or, in more 
remote past times, to the rig output terminals). The result was a 
steerable doublet. 


Essentially, the operator was selecting the pair of feed wires that 
created a doublet, with the third antenna wire relatively inert. We 
normally think of a doublet as linear, but bending it by 30 degrees 
does not especially harm its performance. So that part of the 
system is quite sound. 


More foreign to current practice is the twisted feedline. In the 
19305, many hams commonly feed their dipoles with low- 
impedance parallel line. A 72-Ohm transmitting parallel line used to 
be available, but apparently the high power version is no longer 
made. 72-Ohm parallel lines made from round wires are not 
feasible with open-wire construction, since the required center-to- 
center spacing would require contact between the wires. However, 
by using a carefully calculated thickness of an insulating material 
with a known dielectric constant on each wire, the desired 
impedance is achievable. 
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Amateur practice tended to rely on two factors. First, the resulting 
parallel line resembled ordinary line cord, sometimes called zip. 
cord. Second, properly configured antenna tuners or even amplifier 
output circuits were capable of handling a fairly wide range on 
impedances. Therefore, amateurs used to simply twist pairs of 
insulated wires together to form a low impedance parallel feedline. 
The wires might be line cord or they might be other insulated wires 
twisted and taped together. 


Adding a third wire to the set and leaving it disconnected from the 
RF source was relatively harmless. If the wire was equally spaced 
from the other two hot wires, it would have negligible current on it 
The antenna wire would be at essentially right angles to the main 
pattern and hence induce a minimum of coupled antenna current 
into the inert feeder. Since the currents on the other two feeder 
wires would be equal in magnitude but opposite in phase, any 
induced currents in the third wire would cancel, leaving no current 
in the third wire. 


Overall, the system effects a space savings over three doublets in а 
triangle. With good solid AWG #12 wire for the elements, one can 
use only three corner supports and let the triangle of antenna wires 
support the center assembly. (One can always add a center 
Support, if convenient or necessary.) With that promise and the 
potential for having a steerable doublet, the idea is worth further 
exploration. 
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The Steerable Y-Doublet Array 


Let's begin by looking at the antenna wires and their potential 
performance. We shall look more closely at the feed system later 
on. The basic configuration of the Y-doublet appears in Fig. 1. 


General 
Layout 


Hote: Dimensions, 
арр опу lo 


wr 


— —— ne — 
General Outlines of a V. Doublet System нел 
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We shall use as our test array a Y cut for 3.6 MHz. My free-space 
model used 67 legs for initial checks. Hence, ignoring the 
necessary insulating end ropes to the support trees or posts, we 
get a triangle about 116' on a side and capable of fitting within a 
rectangular back yard that is about 101" by 116. The figure shows 
the three feed wires, of which we shall use only two at a time. For 
modeling, that means terminating each leg short of the exact center 
point. Then we connect a short wire between 2 of the 3 wires. | 
used a separation between inner leg ends of about 3' so that | could 
use a 3-segment wire for the source and use segment lengths of 
about 1' on the antenna wire legs. 


Y-Doublet Azimuth 
Patterns 


Free Space E 
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Fig. 2 shows the overlaid free-space patterns for the Y-doublet at 
3.6 MHz using different pairs of legs to form each of 3 doublets. 
The patterns indeed promise full horizon coverage as we switch 
pairs of feedlines at the shack end of the feeder lines. 


| also checked the antenna's performance on each of the bands 
above 80 meters. All of the traditional ham bands (40, 20, 15, and 
10 meters) yielded very high feedpoint impedances. Since we are 
working with a low-impedance feedline, | set these bands aside as 
not especially feasible for use with the system. (We shall review 
this decision before we are finished.) However, 30, 17, and 12 
meters showed feedpoint impedances sufficiently low to potentially 
allow use of the antenna on these bands using the low-impedance 
feeder system employed in first half of the 20th century. The 
following table shows the free space performance potential of the 
array. 


V-boibiet Modeled Performance: Free Space 


Freq. Gain Feed 2 


mz E3 А 
bd 270 EO 
10.125 5115 206-3378 
18.10 pi 194-3103 
Ex 2 62 inlim 


The free-space patterns are generally only applicable for a real 
horizontal antenna over ground if the height is at least 1 
wavelength. 80-meter doublets at 270 or more are rare. Therefore, 
1 remodeled the antenna at a 50' height to reflect a more realistic 
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scenario. At that height, the maximum gain of the antenna has an 
elevation angle that is nearly straight up. So | chose for that band 
an angle of 34 degrees to reflect typical skip angles. The resulting 
3.6-MHz patterns, shown in Fig. 3, are a good bit more oval than 

their free-pace counterparts. 


Y Deublet Azimuth 
Patterns 


не 50 
El Angle: 34 deg E 
On the upper bands, | used the take-off (TO) angle for gathering 

potential performance data. The antenna promises performance as 
shown in the following table, with the leg-length adjusted to 66.5' to 
bring the array close to resonance at 3.6 MHz. (Wire doublets tend 
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to vary their feedpoint impedances with height in noticeable ways 
when the doublet is less than 1 wavelength above ground.) 


‘vinguitet ‘Modeled’ performances 56" Above Average Ground 


Freg Gain To Angle Feed z 
ps E3 degrees EL 
3.6 3.43 a serj в 
10.125 9.08 26 пе 2) а24 
18.128 Бе u is 7) 193 
did 18.23 11 182 -j es 


+ so-meter elevation angie arbitrary. 


The patterns on the upper bands are not ovals by any means. Fig. 
4 shows these patterns, but only one pattern per band for clarity. As 
we increase frequency, we find two especially interesting pattern 
properties. First, as the legs become longer in terms of 
wavelengths, the patterns develop growing side "wings." 
Eventually, by 12 meters, the main lobe has split into two forward 
lobes. Second, as we increase frequency, the array becomes more 
directional, with a growing differential between the forward and the 
rearward gain. 
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amt de. n PA 


X-Doublet Azimuth Pattems: Potentially sable Upper Banda 


Still, the patterns may be usable for general amateur operations. 
The question left is why we get reasonably low impedances at 30, 
17, and 12 meters. Fig. 5 shows part of the reason. 
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A z 
) | 36 MHz 2 10.125 MHz 
2 á 
10.14 MHz 24.94 MHz 
s аи 


Curront Distribution Along Y Douhlot Wiros 
on Potentially Usable Bands 


Fig.5 


The graphics display the relative current magnitude distribution 
along the doublet for each of the 4 bands. On 80 meters, we have a 
somewhat typical dipole current distribution, with the current peak 
at the feedpoint. On the other bands, we approximate а 3/2-, 5/2-, 
and 7/2-wavelength doublet current distribution. Each of these 
configurations places a current peak at the doublet center, resulting 
in a relatively low feedpoint impedance. 


We should also note that the unused wire shows a flat current line. 
The current оп it models out (in its perfectly spaced geometry) at 
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about 4 orders of magnitude less current than on the active wires. 
Thatis, if the current at the source is 1.0, then the current on the 
inert wire shows a value of 0.0001 or 1Е-4 or less. 


The Feeder Question 


The original system was designed for use with a twisted trio of 
feedline wires, in other words, a twisted pair plus one. Fig. 6 shows 
the general hook-up, but without any poor attempt on my part to 
sketch a braid of 3 wires. 


Fig.6 
Y-Doubiet 


AIS 


1 2 3 “Twisted Trio" 


Earth Ground 
arloose ? 


Y-Doublet Feedline Hook-Up 


There are several questions about the feasibility of using such a 
system in modern times. The first quandary is whether we can build 
such a feeder system. 
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Modem insulated wire tends to use higher quality (lower loss) 
insulation than did the wire of yore. | would steer away from line 
cord, but modern wires use plastics with better RF characteristics, 
even if the only intend use is carrying DC. Since the system is 
designed for a low characteristic impedance, but with considerable 
SWR on the higher bands, | would recommend a heavy gauge wire, 
perhaps #12 or so. The actual characteristic impedance will depend 
оп the thickness of the wire, the dielectric constant of the insulation 
material, and how tightly we hold the wires together. Consequently, 
1 can give no exact figures. 


However, you can make up lengths of a proposed feedline and 
check the impedance in a number of ways with a variety of dummy 
loads and a low-level signal source. Any one of the current crop of 
antenna analyzers will give you a fairly accurate reading. Given the 
relatively high dielectric constant of the insulating material, expect 
to find a significant velocity factor, something in the 0.6 to 0.7 
region. 


The next inquiry has to do with the effective inertness of the unused 
ard feeder wire. | re-created the model of the Y-doublet using 
parallel feedlines. Since twining the leads is not feasible in a 
physical model, | simply dropped the three leads straight down from 
the 50 level to 1' above ground. At that point, | connected two of 
the feeder ends with a 3-segment source wire. Again, all wires used 
a 1' segment length. 


The resulting feedpoint impedances are not accurate to the low-Z 
feeder system. However, that was not the point of the tests using 
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the feeders with something over 800 Ohms as the characteristic 
impedance. The question was whether the unused antenna and 
feeder wires would remain inert relative to the active wires. 


Аз one measure, the following performance table shows the effects 
of the added copper losses of the physically modeled feedlines. 


S-Doüblet Modeled Performance: Se! with Feeders 


Freq. Gain то Angle 
p^ E degrees 
bd БЕЛ a 
18.18 960 u 
Е] 3:85 E 


Gain remains virtually unchanged. So, too, do the patterns, and the. 
outlines shown in Fig. 3 and Fig. 4 remain valid for the 
reconfigured model. 


A second test is to check the current distribution along both the 
unused antenna wire and the ostensibly inert feeder. | actually 
performed two tests, one with the unused feeder simply left open 
and another with the feeder extended 1 foot to touch the ground. 
The 12-meter current distribution graphic in Fig. 7 remains valid for 
both. 
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Y.Doublet With 3 Feed Wires at 24.94 MHz 
@ Antonina and Food Wires Activo) 


iS 


aec P A ый, 


Green dotted lines 
antenna and feeder wires. 

Blue lines = current 
‘magnitude on wires. 


Note negligible current 
fon unused feeder and 
antenna wires. 


нет 


Note that the current line on the unused feeder and antenna wires 
is flat, The relative current magnitude under either test condition on 
all of the bands remained less than 1Е-4 relative to a source 
current of 1.0. 


The modeling test, of course, has limitations relative to an actual 
twisted trio of wires. In the test, the modeled wires are widely 
separated and perfectly spaced along the entire 49' feeder run. 
How well the twisted trio performs may turn out to be as much a 
careful-construction issue as any other kind of issue. 
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However, the tests suggest an alternative feed system that just 
might open up the Y-doublet to use on all of the HF bands. Fig. 8 
tells the story. 


Constructing а 3-Wire Parallel 
Feedline System For a High Zo 


Edge View 
AWG A 


Fig. 8 


The Y-doublet on the traditional upper ham bands, 40 through 10 
meters, can show feedpoint impedances in the thousands of Ohms, 
with considerable reactance. Indeed, shrinking or expanding the 
basic 80-meter legs may prove useful in reducing the high 
reactance levels that accompany lengths that are close to even 
numbers of half-wavelengths. Commonly, we try to select for a 
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doublet a feedline characteristic impedance that is about the 
geometric mean between the feedpoint impedance extremes that 
we are likely to encounter. There is a practical limit to this effort, 
since lines above 600-800 Ohms are difficult to produce. Hence, 
600-Оһт or so open wire becomes typical for such applications. 


We can create a trio of pairs by using circular spacers of the type 
shown in the figure. For HF work, Plexiglas or polycarbonate 
spacers should be satisfactory. We can cut a hole in the center of 
each to reduce the weight. The holes can actually be slots if we add 
bridge wires to hold the spacers in place. In essence, we are 
adapting techniques normally used to create caged elements and 
applying them to the feedline. Such lines might permit the use of 
the antenna on all bands with a wide-range antenna tuner and will 
go a long distance in maintaining something close to the modeled 
ideal geometry we used in the test cases. 


Of course, should you choose to work with a system of this order, 
you can replace the alligator and crocodile clips of yore with an in- 
shack switching system to change the orientation of the pattern on 
all bands. 


The resurrected Y-doublet as some potential of still being 
serviceable today. There are many variables beyond the limits of 
this initial feasibility check, so success is not assured. However, for 
some hams who are restricted to backyard wire systems but who 
wish some directional flexibility, the system may be worth a try. 
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With the wide spaced feeder system, the system may also be 
adaptable to 102. 88', 67', and 44 doublet lengths discussed in 
other notes at this site and in mountains of other literature. 
However, as with all horizontal doublets, the rule of thumb that calls 
for the maximum feasible height remains in play for effective 
operation. 
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Chapter 39: The Doublet - Trap or Not? 


he trap antenna, whether a doublet or a one-sided vertical, 

was invented mostly to permit the operator to use coaxial 

cable as a feedline. It was not invented for maximum 
efficiency. A with all antennas, trap antenna adherents claim they 
get good results-and indeed they do. Whether they get better 
results than they would with other types of antennas of comparable 
size is a question few are positioned to answer. The answer would 
require that the trap antenna and the alternative be placed in nearly 
the same position at the same height, and few of us can afford the 
space, time, or money for such side-by-side comparisons. 


There are two types of trap antennas, with examples illustrated in 
Figure 1. The most common are those with traps, or parallel tuned 
circuits, that are resonant at or just below the edge of the higher 
frequency band to be covered, with extensions to make up the 
length of the lower band. These antennas will be shorter than a full- 
size dipole at the lower frequency, since the trap acts like an 
inductor at the lower frequency, much like a mid-element loading 
coil. However, the inductive reactance is not a product of the coil 
alone, but of the tuned circuit making up the trap. 
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Conventional 80/40-Meter Dipole 


555тсюн 555тклон 
295 ane эл nt ane 295 
100 pF Fees 100 pF 
124 micro 124 micro 
ПЕ OY ma 244 my 114 
768pF s 768 pF 


WE8NX 4-Band Trap Doublet 


Figure 1 


The second type of trap antenna is one with a parallel tuned circuit 
with the components and position selected to permit the antenna to 
show a low SWR one several of the ham bands. W8NX, who has 
done a great deal of work on these types of antennas, published an 
80/40/17/10 meter antenna with only one trap each side of center, 
and it was tuned to 5.16 MHz (QST, July, 1996). 


Let's look at the more conventional trap antenna first and simplify it 
to just 2 bands, like 80/40 or 20/10. A full size #14 copper wire 
resonant dipole will have a gain of about 2.1 dBi in free space, but it 
has this gain only in one ham band. We may use the gain figure аз 
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a standard against which to measure trap antennas for two bands. 
The first thing we note is that performance of a two band trap 
antenna of conventional design is dependent very heavily on the О 
of the trap. There are many trap designs, but here is a table of one 
pretty good design with coils of various Qs. The gain is for free 
space. Comparisons between dipoles and doublets at the same 
height above real ground will show the same differentials. 


a Migh-Band Gain (dBi) Lou-Band Gain (dni) 


Avoid low-Q trap coil designs. It is fairly easy to homebrew air- 
wound coils with a Q of 200, and common coil stock usually meets 
this figure, Even the best series-wound coaxial trap coils will not 
have Qs higher than about 400, and most coils with Qs claimed to 
be higher than 400 will not retain that Q under the influence of the 
our chemistry-lab atmosphere. Nonetheless, a dipole with a gain of 
1.8 or so will not yield results noticeably worse than a full size 
dipole, since a half dB of lost gain translates into less than a tenth 
of an S-unit. (Where these small losses mount up is in multiband 
beams with traps in every element, since the losses of each trap 
tend to be cumulative. They also add up in antennas with many 
traps for many bands.) 


The sample conventional 80/40-meter trap dipole in Figure 1 uses 
traps tuned to 6.75 MHz. With a © of 200, the traps equalize 
performance on the two bands at just above 1.85 dBi in free space. 
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This is only about 0.35 dB down from a full size dipole for each 
band. 


Well, that's not too bad. What about the other type of antenna, like 
the W8NX improved trap antenna? Since the trap is not resonant at 
any ham band, the antenna is functional over its entire length at all 
advertised frequencies. On the three upper bands, the trap mostly 
adjusts the reactance that appears at the feedpoint so that coax 
can handle the feed task. On 80 meters, as Al Buxton notes, the 
trap does exhibit significant losses--about 0.6 dB relative to the gain 
of the wire of the same length (83.6) without the trap. (The 80 
meter performance is down by a bit over 1 dB from a full-size dipole 
for 80 meters.) Since most of the impedances are close to 100 
ohms, replacing the recommended 1:1 balun with a 4:1 balun will 
likely create no problems. 


Since the W8NX antenna is operative along its entire length, its 
patterns are not true dipole patterns on all but 80 and 40. On the 
upper bands, they are multi-lobe patterns typical of a wire of the 
same length fed with а parallel transmission line and an antenna 
tuner--and at the same lobe strengths. So unlike the conventional 
trap antenna, the special trap design acts like a simple doublet. 


Now we have an additional selection criterion for our decision- 
making machine. If we just have to have coax, then a trap design is 
desirable, especially if we do not have space for a yard full of 
standard dipoles. If we have to have standard dipole figure-8 or (at 
low heights) oval patterns, then the conventional trap design is 
indicated. If we have to have the coax, but are willing to accept 
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patterns that are a function of the antenna length, then the special 
trap design may be useful. 


But--what if we do not really have to have coax? What if we could 
use parallel feedline and an antenna tuner. And--what if the dipole 
pattern were not too important to us? Should we still opt for a trap 
antenna? Probably not. 


First, traps are always a maintenance problem. More than their 
losses, their inability to withstand weather without periodical 
disassembly and cleaning is a disadvantage to most users. Open 
traps are an invitation to big bug nests and closed traps invite little 
insects that get into weep holes and eventually clog them. 


Second, a doublet with an ATU allows one to put a signal on all the 
ham bands. The W8NX antenna, without the traps, is about the 
right length for an EDZ on 20 meters, but the high reactance 
requires parallel feedline to avoid losses. With the traps and a 
coaxial feedline, the band is not accessible without significant 
power losses in the line. 


Third, in the short run, a trap antenna may be cheaper than an 
ATU, but since ATUS are not out in the weather, they tend to last a 
lifetime. Hence, you can prorate their costs over many years more 
than a trap antenna. 


So if you need the exact things a trap antenna offers, then opt for 
either the conventional or the special design types. On the other 
hand, if you prefer general operating on all bands, then simply put 
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up a doublet and feed it with parallel feedline and an ATU. The 121° 
of the conventional trap antenna would translate into a good 
doublet at 80 meters and up. Even the 83' length of the W8NX 
antenna--which is short by GSRV standards--when used as a 
doublet without traps, will stil give performance every bit as good 
as any trap antenna and on more bands. The length of a doublet is 
not critical, but a. try to make it at least close to 3/8 wavelengths 
long on the lowest frequency needed and b. be ready to change 
parallel feedline lengths in case you run into the occasional 
impedance condition your tuner cannot handle well. 


Remember that there is no magic to any kind of trap or doublet 
antenna. For the band in use, the elevation angle of maximum. 
radiation will be the same as a dipole at the same height above 
ground. Therefore, more height is always a key to improved 
performance of any trap or doublet antenna. 


My object is not to downgrade traps: use them where your system's 
specifications demand them. But do not neglect the multiband 
doublet, which can be just as good and occasionally better for 
many installations. Hopefully, setting the two side-by-side here will 
let you make a more reasoned decision for your installation. 
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Chapter 40: Some Notes on Triangles of Doublets 


My al. band doublet doesn't seem to be doing the job. So 

what if | replace it with a longer one, a loop, or whatever? Or 
suppose that | add an antenna of a different kind to the existing 
doublet? What should | do? 


О: occasion, folks have asked me guestions of this sort: 


In many cases, I recommend a second or third antenna of the same 
type. It struck me that perhaps some short background on why | 
make that recommendation on some occasions-but not al--might 
be useful to those who do not have much experience with all-band 
wire doublets. 


The Single Doublet 


Every wire antenna has a length (in feet, meters, etc.) and a height. 
We shall use a center-fed doublet throughout these notes. Since 
our question does not directly involve elevation angles of radiation 
for the best DX, etc., | shall use a constant height of 50 above 
average ground for this discussion. Those constants will allow us to 
make direct comparisons. Anyone with lower or higher wires can 
read other notes at this site to make any adjustments in the 
comparisons. 


A difference of height will make little or no difference in the azimuth 
patterns of a doublet as we move from band-to-band (as long as 
the antenna is not too close to the ground). The pattern is mostly a 
function of the antenna length in terms of wavelength at each 
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operating frequency. Small changes of frequency do not materially 
affect the pattern, so we can use a single frequency on each band 
аз a sample that holds true for the whole band. 


Let's start with a 135' center-fed doublet. 135' is about (and "about" 
is plenty good enough here) 1/2 wavelength long on the 80-75- 
meter band. At 40 meters it is 1 wavelength. On 20, it is 2 
wavelengths, and on 10 itis 4 wavelengths. 


Any center-fed doublet will have only 2 lobes for any length in 
wavelengths up to and just beyond 1 wavelength--1 lobe on each 
side of the wire, broadside to the wire. When the antenna is 2 
wavelengths long, there will be 4 lobes--2 on each side of the 
wires-and they will angle away from the wire leaving a null directly 
broadside to the wire. A 4-wavelength antenna will have 8 lobes--4 
оп each side--and the strongest ones will be angled further away 
from the broadside directions. 
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Fig. 1 provides snapshots of the azimuth patterns that reflect the 
notes | just gave. In addition, it shows the 15-meter situation. The 
antenna is 3 wavelengths long, so we get 6 lobes. For all of the 
patterns, the antenna runs from left to right (or right to left) across 
the center line of the plots. So broadside is up and down on the 
patterns. 
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The first thing we can do with these patterns is explain why a given 
doublet gives good results in certain directions on some bands but 
not on others. Assume that we set the wire in the U.S. so that 
broadside goes to Europe and to Australia. By the time we operate 
on 15 to 10 meters, our strongest lobes are no where near the 
headings for those two major target areas. 


So our first lesson is in wire antenna orientation. By knowing the 
antenna length, we can roughly determine the directions of lobes 
on our favorite bands and set up the wire to give the strongest. 
performance in those directions by how we orient the wire. We 
cannot obtain a perfect setting оп all bands, but we can (assuming 
that we do not need to move any supporting trees) obtain good 
settings on our favorite bands. 


Before we look further at the matter of direction, we have a few 
more preliminaries to note. For example, what band should | 
choose as the basic one for DX in my favorite directions? Here is 
where a small performance table may help for the bands illustrated 
in Fig. 1. 


is Doublet Performance at 50' Up 


Freq. Mz Max Gain dei 10 Angle deg 
NU. ВЯ зв (arbitrary) 
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The TO or take-off angle is the elevation angle of maximum 
radiation. It is correct for 20-10 meters, but is not for 80 meters, 
where the height of the antenna is low enough to direct most 
radiation at very high angles. So | chose a reasonable short-skip 
angle to take the gain reading. 


Since the gain on 80 is so low and the radiation angle so high, 80 is 
not a good candidate for use in orienting the antenna for DX 
directions. The gain on 20, 15, and 10 are similar, so one of those 
bands is a better candidate. However, if we prefer local rag 
chewing, then the 80-meter broadside should aim at our target 
areas. Remember that the 40-meter pattern will also be a 2-lobe 
broadside affair, but the strength will be higher and the beamwidth 
narrower (since the added gain has to come from somewhere). 


There are, of course, a number of other amateur bands on which 
the antenna is not close to an integral number of wavelengths long. 
What happens when the antenna is X.5 wavelengths long, where X 
is any integer? The answer is a function of how lobes appear. They 
do not pop into existence, but grow and shrink as we change the 
length of the antenna (or as we raise and lower the operating 
frequency, which achieves the same change in antenna length 
when measured in terms of wavelengths). At X.5-wavelengths, the 
azimuth pattern will show two sets of lobes in approximately equal 
strength: the set for wavelength X, longer than which we now are, 
and the set for wavelength X+1, which we are approaching. 


On 17 meters, a wavelength is about 54' long and our 135' doublet 
is about 2.5 wavelengths long (give or take a little). (A wavelength 
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is about 984/f feet long, where f is the frequency in MHz.) We shall 
have 4 lobes for the 2-wavelengths that we passed in length. We 
shall have 6 lobes for the 3-wavelengths that we are approaching. 
So the pattern will be composed of 10 lobes total. That sounds 
good, since we get lobes in so many different directions. However, 
for every lobe, there is also a null. So we have 10 blank directions 
and each lobe is narrower than its counterpart in a 2-wavelength ог 
a 3-wavelength wire. 


This note on nulls gives us the second lesson concerning wire 
doublets and their azimuth patterns. Study the azimuth patterns 
twice. First, look at the lobes that tell you where the radiation is 
going. Second study the nulls that tell you where performance will 
be very weak. Only then should you make decisions about how to 
orient the antenna. 


What happens when a wire is X.25 or X.75 wavelengths long. Since 
lobes grow and shrink, the answer is almost obvious. At X.25 
Wwavelengths, the wire is not long enough for strong lobes from the 
X+1 length, but will show some smaller lobes derived from that 
length. At X.75 wavelengths, the wire is too long to support full 
scale lobes from the X length, but will have smaller lobes (meaning 
lower gain) still present. In either case, as some lobes show low 
development, the larger ones are that much larger, since the 
radiated power is relatively constant (ignoring external variables) 
across all frequencies. 


Now suppose that you have studied the azimuth patterns and 
decide that you cannot place a strong lobe every where that you 
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want to communicate. It is precisely here that folks immediate jump 
to thoughts of other antennas. But virtually every other horizontal 
wire antenna, whether straight or looped, has a pattern of lobes and 
nulls. Most of them are more complex to install. So what is a 
solution to our quandary? 


Now wire is relatively cheap. Antenna supports are not. So any 
solution that we come up with should have the desirable property of 
involving а minimum of new supports. 


The 135' Doublet Triangle 


There is no perfect solution to the problem of working everywhere 
we want to work with an array of horizontal wire doublets. However, 
we can go a good distance toward that solution by adding only one 
more antenna support. We shall create a triangle of wire doublets, 
something like the idealized sketch in Fig. 2. 
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System i: Remote 
ewîteh with single main 
line io shack. 


System 2: S equaHength 
feedlines lo shock. 


Уйге Triangle Basics Fig.2 


The drawing shows an equilateral triangle, but almost any shape 
will do. In fact, a better idea is to angle each antenna so that its 
lobes--on your favorite bands--hit your favorite targets. Just give 
yourself a little separation at the wire ends-perhaps 10 on the end 
of a 135' doublet--to minimize interactions among the wires. 


The sketch also shows two different means of feeding the antenna. 
You can run 3 feedlines, each the same length as the others, to a 
central point where you install a weather-proof relay box to switch 
among the wires. A single feedline runs to the shack, along with a 
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relay power line and switching lines via an A-B-C switch to activate 
one of the 3 antennas at a time. 


The alternative is to run three lines, again, all the same length, to 
the shack for use with a manual A-B-C switch at that location. Since 
the lines will be parallel transmission lines, follow the usual 
precautions about keeping them free and clear of anything that 
might disrupt their balance. 


The point of using equal-length lines in each case is so that you 
can switch between antennas and determine by ear the strongest 
signal. If they are not the same length, you will have to do some 
rapid re-adjustment of the tuner settings for each switch position. 
With identical antennas and feedlines, you should be able to pick 
out the strongest one and then only do a final tweaking of the 
settings on the tuner. 
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Lines represent antenna wires plus 
end-supportwires. Allele are 
the same length. 


Samples of Fitting a Triangle to a Yard Fig. 3 


As Fig. З shows, you may not always have a good choice as to 
exactly where you position the supports for the antenna. Fitting the 
triangle to available yard space is an eternal amateur antenna 
problem. However, аз we shall see, we can effect some 
improvement on our operation, even if we cannot perfect it. 


Notice that we were able to add two antennas for the cost of wire 
and with only one extra support. We may well trade any remaining 
imperfections in the system for that major simplification of structure. 


Now the question is simply this: what do we get for our pains? The 
easiest way to show what we get is by overlaying azimuth patterns 
for each antenna in one massive plot for each band covered in Fig. 
1. We shall note both the advantages that we accrue from the new 
arrangement and the remaining problems that we could not solve. 
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135° Doublets EL 


Fig.4 зтзмнг 


Fig. 4 shows the three antenna patterns at the same 30-degree 
angle that we used in Fig. 1. It is immediately apparent that we can 
cover more of the horizon with our signal (and reception) than with 
a single antenna. However, since the antenna is close to 1/2 
wavelength, there is some interaction between the antennas so that 
the inactive ones act as reflectors. The 2-dB difference should not 
affect performance too much. You will find the same phenomenon 
on 40-meters, where the wires are all nearly 1 wavelength. 
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135 Doublets EZNECH 


Fig. 5 14.175 MHz 


The 20-meter situation appears in Fig. 5. We still have some nulls, 
but count the major directions that we can cover, letting overlapping 
lobes count as 1. We have 6 directions, not just the 4 that a single 
wire would give us. As well, the overlaps are not perfect, so that a 
signal that is on the fringe of one lobe may be centered in 
overlapping one. Of course, by carefully planning of your triangle, 
you can minimize the overlap and spread the area of coverage. The 
patterns shown simply use our equilateral triangle as their basis. 
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" Double EZNECH 
135° Doublets TON 


Fig. 6 21.225 MHz. 


In Fig. 6, we find 15-meter quite well covered by the 3 antennas 
and their strongest lobes. Indeed, 15 meters is а band that really 
benefits from a triangle of 135' doublets. 
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135° Doublets EZNECH 


Fig. 7 285 U 


If you look at Fig. 5 and Fig. 7, you may get the impression that 
when an antenna is an even number of wavelengths, it leaves more 
пий than when it is an odd number of wavelengths, as in the 15- 
meter case. In general, this is a correct conclusion, although as we 
further increase the antenna length, the number of lobes becomes 
high enough to make it difficult to tell the difference. 10-meters is a 
good band for which to redesign the triangle to place a lobe in the 
direction that you want it. 
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The 88' Doublet Triangle 
If you lack yard space for 135' doublets in a triangle, you might try 


88' doublets. Here is a performance table for a single doublet on 
the same bands that we surveyed for the longer doublet. 


es, Doublet Performance at Ба' Up 


Freq. Mz Max Gain dei TO Angle deg 
3.78 pn 36 (arbitrary) 
As 18.3 B 


The performance figures for each band are not very much different 
than for the 135' doublet, but the patterns are considerably 
different. Remember that the 88’ doublet is only about 1/3 
wavelength at 3.75 MHz. Fig. 8 shows the 88 doublet azimuth 
patterns when we place the antenna 50' above ground. 
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375 miz ELM deg F119 deg. irse 


Azimuth 
Patterns 
ELE 88" Doublot 03... 205E 


F143 deg E110 deg Fig.8 


The 80-meter pattern is similar to the one for the longer wire. 
However, the 20-meter pattern shows the typical "ears" of an 
extended double Zepp, since that is exactly what the antenna is at 
14 MHz. Itis 1.25 wavelengths, which means that the 2-wavelength 
lobes are just beginning to emerge. On 15 meters, the wire is 2 
wavelengths long and shows the same sort of pattern that the 135' 
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doublet showed on 20 meters. The 10-meter 88' doublet pattern is 
an example of a 10-lobe pattern for a 2.5-wavelength antenna. 


Besides taking less space, the triangle of 88' doublets also shows 
less interaction among the wires. Hence, we can use somewhat 
smaller separations of the wire ends in making the triangle. 
However, in exchange for spatial economy, we shall encounter 
differences in the ability of the triangle to fill in the nulls on the 
single-wire patterns. 


88" Doublets EZNECH 


Fig. 9 375 MH 
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On 80 meters, as shown їп Fig. 9, the absence of pattern 
distortions created by interactions among the wires yields almost 
complete horizon coverage. However, remember that this pattern is 
at an elevation angle of 30 degrees, and most radiation is upward. 
We can improve long-haul performance of the triangle by "merely" 
raising the supports to the 90-100 foot level 


‘88° Doublets i EZNECH 


Fig. 10 14.175 MHe 


Fig. 10 shows us the 20-meter combined patterns. The azimuth 
plot provides a good model for a hex symbol to embroider for good 
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luck. More importantly, it shows some nulls that may call for careful 
design of the triangle to ensure the desired target-area coverage. 


ai abies aa EZNECH 


Fig. in 21.225 MHz 


Like its counterpart 20-meter pattern, the 15-meter patterns in Fig. 
11 add up to fairly complete coverage, but with nulls and 
overlapping lobes, Hence, one might wish to design the triangle to 
spread the lobes a bit. However, you will discover that with 4 lobes 
per wire, every spread in one direction increases an overlap 
somewhere else. 
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88' Douhlets M EZNECH 


Fig. 12 28.5 MHz. 


The situation grows both better and worse on 10 meters, as shown 
in Fig. 12. The null areas are wider, but often not as deep, since 

minor 10-meter lobes fill the null at about 1.5 S-units lower strength. 
Once more, designer triangle formation seems the order of the day. 


It would be difficult in a general discussion to provide samples of 
designer triangles, since each would prove useful for only one 
region of the U.S.—and likely be useless outside the U.S. However, 
one can experiment most easily with altering the triangle 
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orientations with modeling software. There are inexpensive 
packages, and even some free MININEC programs. It may pay to 
master them well enough to go with your self-study geography 
lessons in order to give yourself the bast chance of placing doublet 
Supports at the correct locations. 


In the end, there are no perfect solutions. However, at a cost of one 
extra support and a bale of wire--plus feedlines and an A-B-C 
switch--you cannot get much better horizontal coverage much more 
cheaply than with a triangle of doublets. 


An additional caution or two: The doublet lengths used here place 
the lowest band at 80 meters. You can use a 70 doublet if you wish 
to cover 40-10 meters. In that case, the 80-meter and the 20-meter 
patterns shown in Fig. 1 become the patterns for 40 and 10 meters, 
respectively. As well, you can use a 44' doublet in place of the 88 
version used in these notes. The same adjustments then apply to 
the patterns in Fig. 8. In both cases, the performance data in the 
tables would apply with band adjustments to an antenna at about 
25' above ground. 


Xs and Ls 


Some folks ask what happens when we have only two doublets. 
They envision crossing or end-to-end arrangements like those in 
Fig. 13. However, they often have in mind to use something other 
than a right angle. 
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Right-Angle Doublet 
Basics 


The first thing that happens is a requirement for either 1 or 2 more 
support posts. If you have plenty of Douglas Firs handy, a 4-post 
system is no problem. But if you have to construct ог erect your 
‘own supports, then the support work either matches or exceeds the 
work required by a triangle. The L-configuration is like the triangle, 
but only lacks 1 wire and its associate feedline. Of course, you can 
now get away with an A-B switch, rather than having to figure out 
how to make an A-B-C switch. 


Let's put up 2 135' doublets that cross at the center (with a 
separation to keep the wires apart) and see what we can achieve 
with only 2 antennas on each of our sampling bands. 
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135 Doubles EZNECH 


Fig. 14 3781 


Fig. 14 shows the 3.75-MHz results. Since the deepest null is now 
only about -3 dB or about 1/2 S-unit, it is likely that performance will 
be satisfactory within the height limitations that we discussed 
earlier, 
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135 Doubles EZNECH 


Fig. 15 14.175 MHz 


On 20 meters, as shown in Fig. 15, we have deep nulls and 
considerable lobe overlapping. Hence, for this band, adjusting one 
antenna by at least 25-30 degrees off a right angle will likely 
produce better coverage. For an individual antenna, the lobes are 
only about 35 degrees each side of a broadside tangent line 
relative to the wire, so some angling to enhance coverage seems in 
order. 
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195' Doublets EZNECH 


Fig. 16 21.225 MHz 


Fig. 16 gives us the 15-meter story. Once more, the main lobes 
heavily overlap, but each is about 40 degrees off the line tangential 
to the antenna wire. Finding a compromise angle for both 20 and 
15 meters will require some thought, especially when we add in the 
need to be aiming at communications target areas. 
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105 Doublets EZNECH 


Fig. 17 285 U 


The most thorough coverage occurs on 10 meters, due to the 
multiplicity of lobes. See Fig. 17. Despite the gaps or nulls that 
remain on each of the bands, the level of coverage with just two 
135' doublets is significantly greater than with a single doublet. 
Conclusion: if you cannot swing 3 antennas, at least try for two. 


The 88 doublet does not fare quite as well in a 2-wire system as 
the 135 doublet. Indeed, the 88' doublet seems best suited to a 
triangular environment. 
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80° Doublets EZNECH 


ig. 10 375 MHz 


80 meters appears in Fig. 18. As is evident, there is no significant 
difference between the 135' and 88' 80-meter situation with respect 
to coverage. 
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80" Doublets EZNECH 


Fig. 19 14.175 MHz 


The 20-meter patterns are in Fig. 19. The extended double Zepp 
patterns simply give us two different bi-directional options. Hence, 
careful broadside aiming of the wires seems the order of the day. 
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00" Doublets EZNECH 


Fig. 20 21.225 MHz 


If we wish to target areas on 20 meters, they will be broadside to 
the antenna. However, on 15 meters, as shown in Fig. 20, we 
cannot target the same areas, since the lobes on that band angle 
away from broadside by about 35 degrees. Unlike the situation with 
a triangle of doublets, the 2-wire system of 88' doublets appears to 
force us to declare that either 20 or 15 meters is our favorite band, 
but not both--at least not into the same parts of the world. 
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00" Doublets EZNECH 


Fig. 21 285 U 


Fig. 21 gives us the 10-meter picture. At 2.5 wavelengths, the 
antenna yields fairly solid coverage, although there likely is room 
for wire aiming on this band. 


However we construct the doublets, the triangle provides superior 
coverage and more versatility than a crossed or L-ed doublet. 
system. Obviously, 2 wires are better than 1, but 3 is significantly 
better than 2 without requiring any further supports. 
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haue omitted construction details, since they are so variable with 
the circumstances of the individual builder. As well, 1 have omitted 
inverted Vees, which will tend to change the situation on the lower 
bands more than on the higher, since the patterns will be broader 
ovals. 


Nevertheless, the switched doublet triangle offers flexibility that 
takes advantage of the strongest lobes--especially on the upper 
bands-in the antenna pattern. A switched-doublet system is 
cheaper than a rotator and tower system, and repair costs are 
reduced usually to the cost of antenna wire and possibly some 
parallel transmission line. However, the performance of a wire- 
When you can place one of its main lobes on the desired station- 
can be surprisingly good. 


Nothing here is intended to compare the doublet with other wire 
antennas--or even non-wire antennas. These notes are intended 
only to show some possibilities that we often overlook when 
thinking about wire doublets. 


A love triangle is usually a disaster. However, a triangle of doublets 
is often a happy marriage of economy and performance. 
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Chapter 41: 40-Meter Vertical Arrays 


We find a few horizontal beams, especially on 40 and 30 

meters, but they tend to be very large, heavy, and expensive. 
In contrast, vertical arrays make use of wire and usually use much 
simpler construction. Hence, their maintenance requirements are 
also simpler. 


Т: lower НЕ amateur bands tend to feature vertical antennas. 


At 40 meters (and by extension and scaling 30 meters as well) the 
vertical dipole becomes feasible, especially if we find a way to 
shorten it somewhat without losing significant performance. From 
the vertical dipole, we may create a large number of array types. In 
these notes, | want to examine in order of increasing performance 
capabilities a collection of vertical dipole beams and arrays. So that 
all comparisons will be fair, every vertical array will use AWG #12 
copper wire, perhaps the most common material for amateur wire 
antennas. As well, all antennas will be over average soil 
(conductivity 0.005 S/m, relative permittivity 13). The performance 
of vertical antennas will change with the quality of the soil beneath 
them and in the far-field reflection zone, but the changes will tend to 
be consistent within any given soil type. Therefore, if we know the 
performance of an array over average soil and the relative 
performance for a simple vertical dipole over both average soil and 
the specific soil type for a given installation, we may extrapolate the 
performance values for a more complex antenna system. 


Chapter 41 


Antennas Made of Wire - Volume 2 


Vertical Dipole Basics 


The root antenna for what follows might seem to be a vertical 
dipole. Table 1 and Fig. 1 summarize the properties of a vertical 
dipole that extends from 1' above ground level to a top height of 
67.6. The total wire length is 66.6, but this exact value applies only 
to a resonant vertical dipole over average soil. Slight adjustments 
are likely for different soil types, especially since the lower end of 
the antenna is so close to the ground. As will be the case for all 
models used in these comparisons, the performance and 
dimension values do not account for the influence of objects in the 
immediate area of the antenna installation, that is, the so-called 
ground clutter. All vertical antennas require as much clearance from 
ground clutter as the installation site will permit. 


1. Full Length Vattical Cip cle 


Bot Ht Top Ht Length 
feet feet fal 
10 676 BEB 


Performance aver average soil 
Gan TO Angle Feed Impedance 
dBi degrees RYO 
016 18 sen- 


Chapter 41 


Antennas Made of Wire - Volume 2 


йге ard кал 
out Hevalen nan. 


Dist 


таем 


Basic Vertical Dipole and Patterns 


For this and all following antennas, the test frequency will be 7.15 
MHz. The clutterless radiation patterns show very normal 
characteristics-a circular azimuth pattern and a single elevation 
lobe with a low take-off (TO) angle. Hence, despite the low gain of 
the antenna, it finds general favor for its coverage and for its 
insensitivity to high-angle noise and signals. The simple outline 
sketch shows the current magnitude distribution along the antenna 
wire. One reason why the antenna patterns show a low TO angle 
stems from the relatively high position of the feedpoint or the region 
of highest current magnitude, just about 1/4-wavelength above 
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ground. However, the close proximity to the ground at the lower 
end of the dipole does elevate its feedpoint impedance--from ап 
expected 70-Ohm value up to the 98-Ohm value reported by NEC-4 
for the sample antenna. 


Many amateurs do not have 70' supports for a 40-meter vertical 
dipole in its simplest form. Individual circumstances vary, but let's 
suppose that the maximum support height is about 50". Within this 
height restriction, we may stil install a modified vertical dipole. 
Rather than accept the losses that center-loading or mid-element 
loading might create, we shall use end hats. An end hat or cap is а 
symmetrical structure at right angles to the main plane of the 
antenna. Radiation from the wires of the end cap largely self- 
cancels, leaving us with a vertical antenna in terms of the radiation 
patterns. Since the self-canceling portion of the radiation occurs in 
the low-current regions of the antenna, we preserve most of the 
performance that we might obtain from a full-length dipole. Fig. 2 
shows the outlines and current distribution on one version of such а 
T-capped dipole/ 
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T-Cap Vertical Dipole ard Patterns 


The end hats on a vertical dipole can use any symmetrical 
arrangement. The more radial arms that we create, the shorter 
each one must be for a given length of vertical wire in the center. 
However, many-spoked hats set up very significant support 
requirements. The T-cap requires only two wires at each end of the 
dipole, and we may run these wires along the non-conductive ropes 
that we often use to support wire vertical dipoles between two posts 
or trees. Reducing the number of hat wires to only two per end 
does not affect the performance relative to using greater numbers 
of hat wires. For example, the azimuth pattern of the T-cap dipole in 
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the sketch shows only 0.03-dB of gain variation as we check all 360 
degrees of the horizon. 


The T-cap dipole that Fig. 2 shows is only 35.5' long, stretched 
from 5' to 40.5' above ground. (One might easily raise the antenna 
by another 4 to 5 feet and still remain below the 50 ceiling that we 
set. The added height would also increase safety by raising the 
base wires with their high RF voltages above the level that family, 
friends, or even pets might touch.) The vertical section, then, is just 
over 1/4-wavelength. For all following 40-meter vertical antennas, 
we shall use the vertical section of the T-cap dipole. The two 
horizontal wires at the top and bottom of the antenna, various 
called arms or legs, are each exactly 10' long in the sample. Hence, 
the total width of the antenna is 20. This width falls well within the 
clear area that we should have for any type of vertical dipole. 


If we need to make adjustments for obtaining resonance in 
subsequent arrays that use the T-cap dipole, we shall adjust the 
length of the legs of the T, thereby leaving the center vertical 
section intact. The dimensions for the basic T-cap dipole appear in 
Table 2, along with some basic performance data. Within that data, 
only the first section is immediately relevant for comparison with the 
full-length dipole. First, note the 22-degree TO angle. This value is 
higher than the value for the full-length dipole, but the T-cap 
vertical's feedpoint is considerably lower (about 0.16-wavelength 
above ground). Partly as a function of the lower feedpoint height 
and partly as a function of the vertical-element shortening, the gain 
of our T-cap dipole is about 0.4-dB lower than the gain of the full- 
length dipole. Yet the T-cap dipole, as set up in the sample model, 
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is nearly 30' lower in overall height, yielding what is for most 
amateur operators a much more manageable construction and 
‘maintenance situation. 


2. T-Cap Vertical Dipole 


Bot Ht Top Ht Length T-Leg Width 
feet feet feet feet feet 
50 405 355 100 200 


Parfarmance aver average soil 
Бап  TOAnge Feed impedance 
dBi degrees Roe XO 

1. No local ground improvement 


ды 2 724 4038 

2. 4344 ANG #2 radials buried 1 below surface 
dm 22 700 i24 

3. 16 34.4 AWG #12 radials buried 1' below surface 
DA 2 724+BB 

4. 63314 AWG #12 radials buried 1° below surface 
14 22 676+P4 

5. Wiro.grid square, 70' by 70; 1 below surfaco 
053 23 65 +jI20 


In the table, we also find some performance values related to 
improvements that we may make in the local ground immediately 
beneath the vertical dipole. When we think of local ground 
improvements together with virtually any vertical antenna, most 
amateurs immediately think of radials. However, unlike the radials 
of a monopole, the radials beneath a vertical dipole (either full 
length ог shortened) perform no antenna-completing function. 
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Rather, they simply function to raise the conductivity of the soil 
immediately beneath the antenna. In cases 2 through 4 in the table, 
I created radial systems with the hub directly below the antenna. 
The 1/4-wavelength radials use AWG #12 wire buried 1' deep in the 
average ground. As the table shows, adding 4 radials amounts to 
wholly wasted effort, since the gain increase ї only 0.04 dB. 16 
radials provide a 0.3-@В gain increase, perhaps a marginal amount, 
considering the work involved. If radial installation is easy, we may 
increase the field to 64 radials and obtain nearly 0.7 dB gain 
increase. Fig. 3 provides a view of the 3 radial field along with the 
T-cap dipole above them. You may estimate the installation work 
from the sketches. 


d 


Note that none of the radial fields changes the TO angle of the 
elevation pattern. The TO angle is mostly a function of the far-field 
reflection zone, with is mostly well outside the radial limits. For the 
exercises, I did not change the antenna dimensions. Therefore, the 
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major influence of the fields appears in the feedpoint impedance 
listings. As the size of the radial field increases, the resistive 
component of the impedance decreases and the reactance 
becomes more inductive. However, none of the changes in cases 2 
through 4 present any operational concerns. 


The last case presents an alternative method of local ground 
improvement. Instead of using a radial system, | modeled a wire- 
grid system below ground to simulate laying a screen of some sort 
below the antenna. The screen is square and 70' on a side. Fig. 4 
overlays the 16-radial system on the screen to show the change in 
ground coverage in the screen corner region. (1 used the 16-radials 
so as not to obscure the grid. However, the most relevant 
comparison would be between the screen and the 64-radial 
system.) 
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T-Car Мейса! Dipole with Overlaid Radial and Wire-Grid 
Local Ground Improvement Systems 


With the screen in place, we obtain almost 1.1 dB gain 
improvement over untreated soil, and about 0.4-dB improvement 
over the 64-radial system. The cost of the gain is a 1-degree 
increase in the TO angle and further drift in the feedpoint 
impedance. For antennas~like vertical dipoles--that do not require 
radials to function as the lower half of a dipole, screens may 
sometimes be the easiest and most effective means on improving 
soil quality immediately below the antenna. However, they do not 
provide that same benefits as living over very good soil, since the 
treatment does not also apply to the far-field reflection zone. For 
example, local area treatment may reduce ground losses below the 
antenna, but that results in a higher TO angle, because the 
improvement increases local reflection almost straight upward. The 
lower TO angles that we often associate with the same antenna 
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over very good soil results from improved soil conductivity at 
considerable distances from the antenna. 


In the end, soil improvement is a matter for the antenna user to 
decide after measuring the anticipated performance improvements 
against the amount and cost of work involved in local ground 
treatment. For the remainder of these notes, we shall use untreated 
soil beneath the antenna, so that the performance values in case 1 
in Table 2 become the reference points for all that follows. 


Before we leave the basic T-cap vertical dipole, we should 
introduce one more set of considerations. We are interested not 
only in the performance of any antenna at the test frequency, but 
also across the entire band. 40 meters is a wider (but not the 
widest) amateur allocation, with a 4.2% bandwidth. Some antennas 
will handle the entire band; others will not. A basic dipole--either 
full-length or T-capped-shows only a show change of gain across 
the band. The case-1 T-cap dipole, for example, changes gain by 
only 0.07 dB from 7.0 to 7.3 MHz. Note that our performance 
concerns include not only the SWR properties, shown in Fig. 5, but 
also such matters of forward gain and front-to-back ratio, both of 
which will become important as we add directionality to the basic 
dipole. 
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Although the resonant impedance of the basic T-cap dipole is in the 
vicinity of 75 Ohms, even the 50-Ohm SWR is below 2:1 from one 
band edge to the other. Hence, we may feed the dipole using either 
50-Ohm or 70-Ohm coaxial cable. As usual, one should route the 
cable at right angles to the vertical dipole for as far as possible, 
providing supports so that the cable weight does not unduly stress 
the wire antenna. As well, | recommend the use of 2 common-mode 
current attenuators, one at the feedpoint to also serve as a balun, 
and the other at the entry to the operating building to attenuate any 
currents induced along the cable run. 
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A 


-Directional Pair of r. cap Dipoles 


Because many of the arrays to follow will use a pair of T-cap 
dipoles, we should spend a moment two see what happens when 
we place a pair of these dipoles at a spacing of 1/2-wavelength 
(about 68.8) and feed them in phase. Because the in-phase fed 
pair of antennas will interact (or, otherwise put, exhibit mutual 
coupling), | extended the T arms to 10.31 each. As a result, the 
total array width, from outer T. Ip to outer Т-р is about 89.4'. As 
shown in Table 3 and the outline portion of Fig. 6, the array height 
above ground has not changed relative to using a single T-cap 
dipole. 


3. 2T.Cap Vertical Dipzles Separated a and Fed in Phase 
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2 7-Cap Vertical Dipolos Fed In Phase 
wiih Patterns and SI-Ohm SWR Curva 


Perhaps the most surprising aspect of the array is the 4.1-dB gain 
improvement over a single T-cap vertical dipole. Of course, the 
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added gain comes at a cost in the available beamwidth, now down 
to about 62 degrees. Nevertheless, the array is no taller and only a 
bit wider than a half-square, but provides more gain. The gain that 
is competitive with a bobtail curtain. In fact, the in-phase-fed pair of 
vertical dipoles lies at the theoretical core of all SCV (self-contained 
vertical) antennas, since the basic versions--ranging from deltas to 
rectangles to half-squares, all place two elements in phase, but at a 
spacing limited by the single-wire, single-feedpoint configuration. 


The independent feedpoint impedances of the two T-cap dipoles is 
about 56 Ohms. Therefore, we may equip the phased pair with a 
common feedpoint by using equal lengths of 70-Ohm feediine to a 
center point. Since the physical distance between each elements 
feedpoint and the center point is 1/4-wavelength, and since all 70- 
Ohm transmission lines have a velocity factor (VF) of well under 
1.0, you may need to use 3/4-wavelength section to arrive at the 
required 100-Ohms at the junction, a value that becomes a good 
50-Ohm match in a parallel connection. The lower portion of Fig. 6 
provides the modeled 50-Ohm SWR curve. The array covers the 
entire 40-meter band with an SWR value that is less than 2:1. 


We shall not linger over the in-phase-fed pair of T-cap dipoles and 
their broadside bi-directional pattern. However, we shall occasion to 
mention them once more before we close our screening survey. 
Nevertheless, we should call to attention one more time the gain 
value produced by the pair of elements. The maximum gain in each 
direction will exceed the forward gain value that we may achieve 
from some of the more basic beams that we consider when thinking 
about a pair of T-cap dipoles and their best use. 
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Parasitic Driver-Reflector Beams Using T-Cap Dipoles 


For many operating needs, a front-to-back ratio of at least 10 dB 
may be more important than additions to the arrays forward gain. In 
such cases, we may create an endfire array using standard 2- 
element Yagi principles. In a Yagi with full-length elements, the 
reflector is normally longer and the driver normally shorter than a 
freestanding resonant dipole. In creating the driver for a useful 
Yagi-type beam, we may simply reduce the T-legs to an individual 
length of 9.6" (for a total element width of 19.2" 


However, we shall not stop to develop a reflector for the T-cap 
агау that uses a larger element. Instead, we shall simply load the 
reflector and use the same dimensions as for the driver. Reflector 
loading of a 2-element parasitic array normally does not reduce the 
forward gain, and it may actually improve the front-to-back 
performance over a full size reflector. Table 4 supplies the 
dimensions of the array, which spaces the elements 21' apart. Fig. 
7 shows the outline and the radiation patterns that we might expect. 
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The azimuth plot overlays two patterns, one in each direction. Опе 
of the key advantages of loading the reflector is that--with very little 
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effort-we can reverse the beam's direction. The reflector called for 
а 55-Ohm load to achieve the desired pattern. Instead of using an 
inductor as the loading element, we may use a shorted length of 
feedline, in this case, 50-Ohm cable to match the feedpoint 
impedance of the driver element. The electrical length would be 
about 18.24’, but the physical length will be the electrical length 
times the cable's velocity factor. Even a solid dielectric cable will 
yield a physical length of at least 12. so that cable running from 
each element can meet in the center of the 21 element spacing. 
Then, with a suitable remote switch, we can short one cable to 
make the inductively reactive load for the reflector and connect the 
other line to the main feedline. With a flip of the switch, we have 
reversed the beams direction. 


When we first encounter vertically polarized parasitic arrays, we are 
sometimes surprised by the facts that their gain is lower and their 
beamwidth is much greater than the patterns that we find in 
horizontal arrays using the same number of elements. The beams 
gain value is about 3.3 dB higher than for a single T-cap dipole, but 
less than the bi-directional gain of the phase-fed pair of verticals. 
The beamwidth is nearly 140 degrees, providing very good 
coverage in each of the beams two possible directions. Although 
ground losses have a role to play in setting the gain of all vertical 
antenna types that are close to the ground, the vertical array's gain 
would not catch up to the gain of a horizontal counterpart until we 
reached a height above 20 wavelengths. The key factor in the gain 
and beamwidth difference that we get from rotating the beam 90 
degrees along its real or virtual boom is a function of geometry. The 
arrangement of element tips restricts the beamwidth in the E-plane, 
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that is, in the plane of the elements. However, the H-plane has по 
such restrictive influence. Indeed, in free-space, H-plane patterns of 
а 2-element parasitic array look very much like the pattern of а 
single vertical dipole but displaced in the direction of the forward 
gain. A Yagi must have many elements (and be very long) before 
the H-plane beamwidth narrows significantly. 


Nevertheless, the reversible 2-element vertical array with T-cap 
elements provides good service across the 40-meter band. As the 
50-Ohm SWR curve at the bottom of Fig. 7 shows, the array will 
cover most of the band with less than 2:1 SWR. However, we early 
оп noted that our bandwidth concerns covered more than just the 
SWR. We are also interested in how well the antenna performs їп 
terms of gain and front-to-back ratio. Fig. 8 provides a partial 
answer to our questions. 
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The gain curve in the figure shows a 0.4-dB range of forward gain 
value across the band, a value that we may consider fairly stable 
for such a wide amateur band using elements composed of 
relatively thin wire. In contrast, the front-to-back ratio remains 
above 10 dB only for a small portion of the band. However, it never 
drops below 5 dB. In fact, with careful adjustment of the reflector 
load, we may be able to center better the front-to-back curve for 
relatively similar performance at the band edges. A slightly higher 
load reactance-meaning a slightly longer length for the shorted 
stub--would likely do the job. Alternatively, we may favor either the 
CW-digital end of the band or the phone end of the band, according 
to our operating needs. 
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One limitation of the 2-element driver-reflector array is that we 
leave some portions of the horizon only weakly covered. It might be 
useful if we could cover the entire horizon with less than a 2-dB 
drop in gain around the 360-degree span--and at the same time 
maintain at least the forward gain that we obtained from the 
reversible 2-element array. To achieve that goal, we may think in 
triangles. 


‘Suppose that we set up an equilateral triangle of T-cap vertical 
dipoles. We may designate the corner containing the driven 
element as the apex. The remaining corner will contain identical T- 
cap dipoles, but loaded to form reflectors. Table 5 provides the 
dimensions and test-frequency performance data, while Fig. 9 
supplies а sketch and the radiation patterns. 


5, Tnangular Parasitic Array of T-Cap Dipoles 
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ТїаәпашагТ-Сар Parasitic Beam 
with Patterns and SWR Curves 


The T-legs are each 9.5' long for the individual dipoles. Each 
triangle side is about 30.6' long, yielding a distance between the 
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apex and the center of the triangle base of 26.5’. It does not matter 
how we orient the T-legs of the dipoles, so long as the legs form a 
straight line for each dipole. In the triangle shown--and other 
dimensions are also possible--each reflector dipole requires a j90- 
Ohm load. We shall again use shorted transmission-line stubs as 
the source of the required inductive reactance. Since the driver 
impedance is close to 70 Ohms, we shall use 70-Ohm lines, which 
require a 19.9' electrical length, with physical shortening that 
depends on the VF of the line used in the assembly. We shall bring 
the stubs to a center point within the triangle for switching. At any 
time, one of the stubs will actually be an extension of the main 
feedline to the driver, while the switch to form the required reflector 
loads shorts the other two lines. 


The system gain is about 3.2 dBi, about 0.5-dB higher than for a 
standard 2-element parasitic array and about 3.7-dB higher than a 
single T-cap vertical dipole. The 15-dB front-to-back ratio is also 
several dB higher than we found for the 2-element parasitic beam. 
With its higher gain, the triangle shows a beamwidth that is about 5 
degrees narrower than the beamwidth of the simpler beam. 
Perhaps the key advantage of the triangle is its ability to cover the 
entire horizon with only a 2-dB gain deficit at the overlap points 
between the forward lobes of the beam in each of its positions. 
Although the switching may be more complex for the triangle than 
for the reversible beam, the electronics are simple and cheaper 
than a rotator. 


The lower portion of Fig. 9 shows the 50-Ohm and 70-Ohm SWR. 
curves for the array. A 50-Ohm feedline from the switch junction to 
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the equipment will be satisfactory if SWR values close to 2:1 are 
satisfactory at the band edges. However, a 70-Ohm line will reduce 
the maximum SWR value to about 1.5:1 at the band edges. With 
respect to the gain and front-to-back performance across the 40- 
meter band, Fig. 10 supplies the appropriate sweep data. 
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The performance bandwidth of the triangle is generally similar to 
the performance bandwidth of the reversible array, but with a. 
smaller range of value change across the band. The gain varies by 
only about 0.2 dB. The front-to-back ratio remains at 10 dB or more 
for the entire band. The band-edge values may be equalized by 
slight adjustments to the load values, that is, the length of the 
shorted stubs. With the smaller range of performance change over 
the 300 kHz of amateur allocation (in the U.S.), one may design а 
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triangle for whole-band use and expect only small deficits at each 
band edge. 


A 2-Element Phased Beam Using T-Cap Dipoles 


Obtaining the maximum possible front-to-back ratio from 2 
elements is difficult if not impossible using parasitic techniques and 
2 vertical elements that are close to the ground. However, it is 
easily possible to improve the front-to-back performance and to 
obtain a nearly cardioidal pattern by phasing 2 T-cap dipoles in an 
endfire arrangement. In fact, we may do so using commonly 
available feedline materials, although we may have to do some 
experimentation to find the optimal cable for the task. 
Experimenting with modeling software is more rapid and less costly 
than experimenting with lengths of actual cable. 


Table 6 profiles the phased array that uses two standard T-cap 
dipoles with 9.6' T-legs and a spacing of 21' (the same spacing 
used for the reversible parasitic array). Both dipoles use identical 
construction. The phase line uses two separate lengths that reach a 
junction where we shall connect the main feedline. The section to 
elements 1 in Fig. 11 is 084’ of RG62, 93-Ohm line with a VF of 
0.84. Hence, the electrical length is 1°. The line does NOT undergo 
a half twist or reversal. However, the line from the junction to the 
rear element--from the same material-does undergo a reversal. It 
is 21' physically or 25 electrically. 
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The forward gain of the array is comparable to the gain of the 
reversible parasitic array. However, the front-to-back ratio climbs to 
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over 26 dB at the design frequency. As well, the beamwidth 
increases to about 145 degrees, providing wide coverage in this 
essentially mono-directional array. The rearward quadrants of this 
array promise to be exceptionally quiet. 


The cost of this type of performance lies in the odd feedpoint 
position before we add matching components. The low impedance 
has a high inductive reactance. However, the values are nearly 
optimal for a beta match, so long as we use an open or capacitively 
reactive stub across the feedpoint terminals. 14.3' of 50-Ohm VF 
0.78 cable or its equivalent provides the necessary shunt 
component for the beta L-network that yields an impedance close 
to 50 Ohms, With the beta component in place, the SWR curve in 
Fig. 11 shows well under a 2:1 SWR value at the band edges. 


А. 
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Fig. 12 provides sweep data for the phased array relative to 
forward gain and front-to-back ratio. The gain rises steadily across 
the band over а 0.4-dB range. The front-to-back ratio peaks near 
the middle of the band and decreases to about 15 dB at the band 
edges. Compared to parasitic arrays, the whole-band front-to-back 
performance of the phased array rates very highly. Perhaps the 
‘major drawback to phasing is that the array does not succumb 
easily, if at all, to reversing direction. 


Screen Reflectors and the T-Cap Driver 


Screen or planar reflectors have been used since the 1920s in 
major arrays. Indeed, in their early years, some called them 
billboard reflectors. A solid surface properly sized will reflect radio 
waves in ways that are analogous to the reflection of light from a 
flat mirror. We find them in wide use in dipole arrays for short-wave 
broadcasting and in a wide variety of UHF antennas. More recently, 
1 have recommended their use beneath a number of NVIS 
antennas to increase gain, essentially by elevating the quality of the 
reflective plane beneath the antenna. In fact, the wire-grid ground 
improvement technique noted earlier represents a different 
application of the same technology. 


A wide range of experience shows that planar or screen reflectors 
are most effective in improving directional gain when they exceed 
the dimensions of the driver element by between 0.45 and 0.55 
wavelength both horizontally and vertically. We can achieve this 
goal horizontally with our T-cap vertical dipole driver, but any 
screen reflector will be vertically challenged. The ground, of course, 
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is one limit, preventing the reflector from extending below the driver 
by the desirable amount. Vertically, we shall be limited as well by 
some of the height restrictions that we set for this project. If we limit 
ourselves to a 50 top height, the forward gain will be only a little 
greater than the gain of the reversible beam. A top height of 100' 
yields perhaps a half-dB more gain than a 70' height. Therefore, for 
the comparisons that we shall show, the height of the screens will 
run from just above ground level to 70. One might hang such a 
screen between two widely separated towers that support antennas 
for higher amateur bands. 


The optimum width turns out io be just about 140°, which is 1 
wavelength at the test frequency (7.15 MHz) and a half-wavelength 
оп each side of the driving dipole. Screen reflectors do not have to 
be solid surfaces to act like solid surfaces in the HF range. 
Chicken-wire fencing and open-weave materials will appear solid to 
40-meter energy. The model for the screen-reflector array uses а 
wire-grid, as shown in Fig. 15. The dimensions and performance 
data appear in Table 7. 
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T-Cap Driver and Planar (Screen) Reactor 
wit Pallas and SWR Curves 


The selected distance from the driver to the reflector is 35' for an 
array using a single T-cap dipole driver and a 40 by 70' screen 
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reflector, You may ground the screen bottom wires with no effect on 
performance, but with a considerable affect on safety. The driver 
uses 9.66' T-leg lengths for an 80-Ohm resonant impedance. With 
a planar reflector, you may vary two items to set a feedpoint 
impedance: the dipole dimensions and the spacing from the 
reflector. In general, closer spacing produces lower feedpoint 
impedance levels, but narrower operating bandwidths. Each space 
adjustment will change the coupling between the reflector surface 
and the driver, requiring adjustments to the f eg lengths to return 
to resonance. 


The chief merits of the planar reflector array are forward gain and 
operating bandwidth, when we compare the results to the reversible 
parasitic array. The top height of the reflector limits the front-to- 
back ratio to about 13 dB. A top height of 100 would have added 
another dB to the ratio, while a more ideal (and unrealistic) height 
of 140' would add a further dB or two. The array's forward gain is 
close to 4.7 dBi, about 1.8 dB higher than the 2-element parasitic 
array. The forward gain comes at the expense of the beamwidth, 
Which is down to 83 degrees, about 50 degrees narrower than the 
beamwidth of the parasitic beam. 


Despite the 80-Ohm resonant feedpoint impedance at the design 
frequency, the 50-Ohm SWR curve in Fig. 13 reveals a very low 
rate of impedance change across the 40-meter band. That curve 
shows less than 2:1 SWR at the band edges. The lower 80-Ohm 
curve shows less than 1.5:1 SWR at the band's upper and lower 
limits. The remaining prime operating parameters are equally slow 
to change, as shown in the sweep data in Fig. 14. 
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The gain across 40 meters changes by only about 0.1 dB, while the 
front-to-back ratio varies by just over 0.5 dB. It is possible to design 
driver elements with an inherently wider bandwidth and to use the 
агау to cover both 40 and 30 meters with very little change in 
performance. 


Опе common method of constructing a screen is to use a series of 
wires polarized as the driver element. To sample that option, 1 
reconstructed the screen reflector using 29 AWG #12 wires at 5.0' 
intervals. The overall horizontal and vertical screen reflector 
dimensions remained the same. Doubling the wire size (to AWG 
#6) yielded no performance improvements. The only other change 
relative to the wire-grid screen was a 3' increase in the spacing of 
the driver from the reflector, as shown in the dimensions in Table 8. 
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T-Cap Driver and Vertical Wire Screen Reflector 
with Patterns and VIR Curves 


As the data and the patterns in Fig. 15 show, the vertical-wire 
reflector is not quite as effective as the wire-grid version. Gain 
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drops by about a half dB, while the front-to-back ratio decreases by 
well over 2 dB. Both decreases are indications that the wire version 
of the screen requires a taller top height or is perhaps "leakier" than 
the wire-grid. As well, the resonant impedance is 5 Ohms higher 
and does not produce 50-Ohm SWR values under 2:1 without 
further matching. However, the lower 75-Ohm SWR curve in the 
graph does track the wire-grid's 80-Ohm SWR curve very well. 


‘The sweep information in Fig. 16 shows the same broad curves for 
both the forward gain and the front-to-back ratio. The gain range is 
about 0.15 dB across the band, while the front-to-back ratio 
changes by only 0.8 dB. Even with somewhat lesser performance 
than the wire-grid reflector, the vertical-wire screen still enjoys a 
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considerable advantage over a parasitic reflector with respect to 
broadband characteristics, 


To compensate even if only partially for ground losses, one may tilt 
the reflector back as viewed from bottom to top. Using an 11' tilt 
(35 at the bottom and 46 at the top for the distance between the 
driver and the vertical-wire reflector), it is possible to add a few 
tenths of a dB to the forward gain and a similar amount to the front- 
to-back ratio. However, the exercise has its own consequences, as 
revealed in the overlaid patterns of Fig. 17. 
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The peak gain lines both forward and rearward are virtually 
indistinguishable in the patterns. However, note the increased high 
angle radiation, especially in the rearward lobes. As well, radiation 
directly overhead to the driver has also increased. In the end, a 
vertically oriented screen appears to yield the best combination of 
performance and patterns. 
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Earlier in these notes, | promised a second look at the in-phase-fed 
pair of T-cap dipoles spaced 1/2-wavelength apart. The dipole pair 
produced a bi-directional pattern with a maximum gain that was 
over 4 dB stronger than a single T-cap dipole. Since we can readily 
feed the pair of dipoles from a single feedpoint, using a pair of 
equal-length lines, we might wonder what would happen if we place 
the broadside array in front of a screen reflector. 


Ideally, the screen should be over 200' wide. Understanding that we 
lose performance as we shrink a screen below its ideal proportions, 
let's continue to use the smaller 70 by 140 wire-grid screen. With 
the screen 40' behind the driver, the T-legs of each dipole are 
10.16 long, longer than for a single dipole driver, but slightly shorter 
than the T-legs on the bi-directional array. As shown by the 
dimensions in Table 9 and the outline sketch in Fig. 18, we lose a 
good bit of the horizontal screen extension that optimizes 
performance. Nevertheless, the performance is noteworthy. 
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The 6.95-dBi forward gain value for the array may require some 
perspective. First, the value is almost 2.3-dB higher than the gain 
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we obtain from a single driver and the same reflector. A sign that 
the screen is less than optimal in size comes from the fact that the 
sereenless bi-directional array produces a gain value that was 4 dB 
greater than a single T-cap dipole. Nevertheless, the phased dipole 
array and screen produce almost 7.5-dB gain relative to a single T- 
сар omni-directional dipole. The forward beamwidth is down to 58 
degrees, dictating careful aiming of the array. 


The front-to-back ratio is not outstanding, at about 11.4 dB, another 
sign of using a small screen reflector. Because the unmatched 
feedpoint impedance of each dipole is in the vicinity of 90 Ohms, 
we may run equal lengths of RG-62 (VF 0.84) to a center point 
between the dipoles and obtain a net impedance of 48.9 Ohms. As 
the 50-Ohm SWR curve shows, the array easily covers 40 meters 
with a maximum SWR that is less than 1.5:1. 


Chapter 41 


Antennas Made of Wire - Volume 2 


Phase Cap Divos nd Plenar [Sra ol 


coe ш ЕҢ 


As the sweep data іп Fig. 19 reveals, the dual-dipole-driver array is 
as stable across 40 meters as the other sample screen-reflector 
array. Both the gain and the front-to-back ratio show changes of 
just over 0.2 dB across the band. 


The construction of a screen-reflector is the most difficult portion of 
the overall project. Therefore, one may well wish to place drivers on 
either side of the screen for reversible service using separate 
feedlines all of the way to the equipment location. Whichever driver 
is in use (whether single or double), the inactive one will remain 
invisible due to the screen's reflection characteristics. Screen 
reflector arrays may not be for everyone, but they may serve a few 
40-meter operators. 
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Conclusion 


We have not only surveyed comparatively the performance of 
vertical antennas and arrays on 40 meters, but we have added 
screen reflector arrays to the list that we normally see. This last 
group of arrays presents serious construction challenges, but offers 
in return increased gain over the values that we may obtain from 
parasitic arrays. 


All of the driving elements in our comparisons have used AWG #12 
copper wire іп a T. cap arrangement that extends from 5' to 40. 
above average ground. We changed the length of the T-legs to. 
obtain a resonant feedpoint impedance. The T-cap dipoles provide 
a uniform element length to help validate the comparisons. 
Although scarcely longer than 1/4-wavelength, the T-cap dipoles 
lose very little performance relative to the reference full-length wire 
dipole with which we began these notes. 


Just because we cannot obtain the gain level of a phase-fed dipole 
pair with a screen reflector does not relegate the intermediate 
designs to uselessness. Indeed, many operators use T-cap and 
similar 40-meter vertical antennas with surprisingly good results. 
The parasitic arrays offer reversibility and even-with the triangle- 
full horizontal coverage at the flip of a switch. For maximum front- 
to-back ratio, the phased array is difficult to surpass, even though it. 
uses no complex networks to achieve a nearly cardioidal pattern. 


By setting the entire range of vertical arrays on common ground at 
а common frequency with common construction, you may gather а 
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more precise sense of the benefits and costs as you increase the 
complexity of a vertical array. Virtually all of the designs will scale 
directly to 30 meters, although bandwidth there is not a major 
concern beyond the realm of allowing rather casual construction 
without incurring performance losses. Scaling to 80 meters is also 
possible, although for most amateurs, the resulting element sizes 
may prove to be prohibitive. A T-cap dipole of the present design 
will extend from about 10' to about 81' at the top, depending on the 
precise frequency to which one scales the design. The T-legs can 
be trimmed for resonance if you stick with the AWG #12 wire rather 
than doubling its diameter. If the amount of trimming is not too 
great, adjusting only the lower T-legs will not disturb the centering 
of the feedpoint to any significant degree. (The presence of ground 
below the bottom of the antenna and essentially free space above 
the top already disturbs the balance that we presume when we 
physically center the feedpoint on a vertical dipole. Common: mode 
current attenuation devices are necessary adjuncts to any of these 
arrays.) 


These notes have focused on performance comparisons and 
provided very few construction notes. Building any of these arrays, 
from the simplest to the most complex, will be an exercise in 
making use of available supports and in using what nature or prior 
antenna construction provides. In virtually all cases, the result will 
be far less expensive than a strong tower able to hold the weight of 
a horizontal beam that shows higher-angle elevation lobes and 
questionable operating bandwidth. 
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Chapter 42: Wire Elements in Lower HF Arrays 


ге beams are commonplace in the lower HF region. They 
have some uses at HF as well, for example, in LPDAs. In 
both cases, we sometimes fall into the belief that the wire 


array has all of the gain and performance of a comparatively similar 
array made from fat tubular elements. 


Of course, that belief is simply false. A reduction in the diameter of 
elements of the proportions of a move from a fat tube to a skinny 
wire reduces not only the operating bandwidth (sometimes), but as 
well reduces the inter-element coupling that is critical to deriving full 
performance from a beam. For example, standard LPDA 
calculations make use of the element length-to-diameter ratio in 
determining element lengths, but little has been noted about the 
lowering of gain in moving from fat to skinny elements. Even a 
beam like the LPDA, that is utterly dependent upon phasing 
connections, remains equally dependent upon inter-element 
(mutual) coupling, and that coupling decreases with decreases in 
element diameter for a given Tau and Sigma. 


In many cases, tubular elements cannot be used due to their length 
and/or weight. Hence, the builder is forced to use wire. However, 
he need not be confined necessarily to reduced performance. | 
have shown in a couple of places a method for using wire elements 
that retain the performance of fatter tubular elements. 
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‘Same Length 
Basic 2Wire Substitute for a "Fat" Element Fig. 1 


The technique is quite straight forward, as indicated by Fig. 1. For 
each element of a design originally created for single fat elements, 
create a double wire of the same length. Then, most likely through 
modeling (although field testing will also work), adjust the wire 
spacing so that the element is self-resonant on the same frequency 
as the original tubing element. The required spacing will vary with 
the wire size used. If a modeling approach is used to estimate the. 
spacing, there are a few constraints that we shall look at further on. 


It turns out that this arrangement works well for smaller diameter 
tubing equivalencies--say, up to 1 inch or 25 mm. For larger tubing, 
we encounter some limitations. The average tubing size--even in 

elements that start out at the element center as quite sizable-ends 
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up quite modest even in lower HF beams. You can check out the 
equivalent uniform diameter for almost any tapered-diameter 
element on NEC-2 programs having Leeson corrections by looking 
at the substitute elements used in the actual NEC calculations. 
Access to these substitute elements is available in EZNEC and 
similar programs. 


However, we sometimes scale up array sizes from proven upper 
HE designs. Proper scaling requires that we increase all 
dimensions, including the element diameter, if we are to have what 
amounts to a true scaling. And only by a true scaling can we assure 
that the array will perform at the lower frequency to the level it 
promises at the higher frequency. 
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General Proportions of Test 3-Element Yagi Model 


1 һай occasion to go through this exercise with a 3-element 20- 
meter beam adapted from a K6STI design. The exercise was 
initially theoretical, so | was not the least troubled by the resultant 
4" diameter elements that emerged in the 80-meter model. Fig. 2 
shows the basic outline of the Yagi, which will become the center of 
attention in what follows. Here is a table of dimensions. 
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3-Element Yagi: 3.6 Mz: a" diameter elements 


Element Element Length (ft) Spacing from Reflector (ft) 
Reflector 138.08 IL 


Wondering what the antenna might do if made from wire, 1 
recreated it from 0.1" diameter wire. This diameter is between #12 
and #10 AWG. The conversion required some proportional 
lengthening of elements to achieve a coincidence of maximum 
front-to-back ratio and driver resonance. The element spacing was 
retained, and only the element lengths were changed. The resulting 
wire beam had these modeling specifications. 


3-Element Yagi: 3.6 Miz: 0.1" diameter elements 


Element Element Length (ft) — Spacing from Reflector (ft) 
Reflector 138740) ч 


Director 124.60 валет 


Both antennas were modeled as copper elements in free space for 
comparisons. For the design frequency of 3.6 MHz, the results 
were interesting, to say the least. 


MEC-A Modeled Performance: 3-Element Yagis: 3.6 Miz 


Model Gain F-8 Ratio Feedpoint Z Efficiency 
del E mM. jX ohms x 

а км — ha 25.5 39.9. 99.81 

бл” 7795 299 43.3 J 219 95.87 


Using wire reduced gain by over 1 dB and the front-to-back ratio Бу 
about 7 dB. The feedpoint impedance increases nearly 70%, much 
more than the increased wire losses would indicate. The 4% 
differential in efficiency is not large enough to account for the 


Chapter 42 


Antennas Made of Wire - Volume 2 


source impedance increase. (NEC recognizes only wire material 
losses and spot load and other network losses in calculating 
efficiency. The latter will not be relevant to this exercise. Efficiency 
figures can be useful reference points, so long as we do not try to 
use them to account for every gain or loss in performance when 
comparing designs.) 


If we use a current source of 1.0 at a phase angle of 0.0 degrees, 
we can gain further insight into the comparative performance of 
these arrays. We simply need to look at the element center current 
magnitudes and phase angles for the reflector and director 
elements for both beams. 


нєс-4 Modeled Element Currents: A-Element Yagis: 3,6 MHz 
Model Reflector Т Director 1 


Magnitude Phase Magnitude phase 


Since the elements are both parasitic, the differential in current 
magnitudes and phase angles is reflective of the difference in 
‘mutual coupling between the elements and the driver. If the current 
values for the 4" model are to be considered as more ideal, then 
the values that appear on the elements of the 0.1" model аге 
considerably off target. 


In fact, the wire version of the array might require considerable 
redesign to peak its performance, including adjustments to element 
spacing and length. This fact is revealed in frequency sweeps of 
both antennas from 3.55 through 3.65 MHz. 
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3-Element 80-Meter Yagis 
Gain vs. Element Diameter 
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Fig. 3 shows the modeled free-space gain curves for both 
antennas. The 4" model shows the gain curve across the modeled 
passband that we have come to expect from high performance 3 
element Yagis: a modest but continuous increase of gain with 
frequency. In contrast, the wire model shows the lowest gain at the 
design frequency. This dip is indicative antenna operation at a 
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different portion of the potential gain curve--somewhat lower in 
frequency than the corresponding curve positions for each of the 4” 
model gain numbers. 


3-Element 80-Meter Yagis 
F-B Ratio vs. Element Diameter 
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However, as shown in Fig. 4, the front-to-back peak has been 
sustained at or just below the design frequency. In this aspect of 
design, the 4" model curve encompasses the wire model curve. 


3-Element 80-Meter Yagis 
VSWR vs. Element Diameter 


VSWR Relative to Resonant R 
ч 
+ 


E EI 25 EE EJ 
Frequency in MHz 


The wire model actually has a wider operating VSWR bandwidth 
than the 4" model, as shown in Fig. 5. The wider VSWR bandwidth 
results in part from the higher resonant source resistance, so that 
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equal amounts of reactance have a lesser effect on the SWR in 
terms of increasing its value. In fact, the wire model reactance from 
опе passband limit to the other is only about 37% greater than that 
for the 4" model (40.3 уз. 29.5 Ohms), while the source resistance 
has climbed by 70 percent (43.3 vs. 25.5 Ohms). Hence, relative to 
the individual resonant source resistances, the wire beam will 
permit operation over more of 80 meters. 


Despite the wider operating bandwidth, my aim was to see if I might 
obtain 4" performance from a wire version of the antenna. So | 
applied the two-wire technique described at the beginning of the 
exercise, only to be disappointed by the results. 2-wire elements, 
each the same length as those of the 4" model, but spaced to 
resonate at the same self-resonant frequencies, only brought me 
half way to the gain goal. 


The 2-wire element substitutes required a spacing of 13" between 
0.1" wires. Here we must note that my models will not use full 
precision in the interests of keeping numbers as rounded and 
Simple as possible. So 13" spacing became convenient and close 
to the mark. However, the rounding of the spacing value was not 
sufficient to account for the gain value of 7.77 dBi, nearly 0.4 dB. 
short of the mark. 
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2-Wire Substitute 


Effective to about 1" Equivalency — 


80-Meter samples Half-elaments shown 


9-Wire Substitute 


Effective to about 2.65" Equivalency 


Alternative Substitute Element Structures Fig. 6 


The answer lies in the insufficient coupling provided by the 2-wire 
model elements. So | added a third wire exactly between the 2, as 
shown in Fig. 6. The half-elements shown are matched by 
equivalent mirror images to the unseen right of the figure. The third 
wire does not substantially change the resonant frequency of the 
resulting element, so I left the outer spacing of 13" and hence 
ended up with a spacing of 6.5" between wires. 
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Segmentation Technique 


Fig.7 


Before we look at the results of the wire-beam models in detail, we 
can pause a moment to examine the element models, partially 
shown in Fig. 7. The rules for NEC note that closely spaced wires 
should have all segment junctions parallel to each other. As well, 
angular junctions should have segment lengths of approximately 
equal lengths. Finally, the source segment should be protected 
from multiple wire junctions, which results in a 3-segment center 
section for each element. (Although the parasitical elements might 
have been made continuous, | preserved the center sections in 
each that resulted from initial resonating tests.) Finally, results will 
be most accurate for multi-wire elements where the wires are 
closely spaced and parallel if the source wire is centered so that it 
meets equal wire lengths in both components of the element. The 
wires are joined at the outer ends. 
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Since the segments length of the wire from the center or source 
wire to the outer wires is 6.5" long, | made this value the segment 
length for the entire array. The center wire is 19.5" long in 3 
segments, The elements beyond the limits of the figure have over 
100 segments per wire on each side of center. Hence, the 2-wire 
model has over 1400 segment, while the 3-wire model tops 2100 
segments. Although for some, this would be overkill, it meets all 
NEC guidelines. Only a little patience is needed while NEC grinds 
out the results during frequency sweeps. 


Part of my interest in the wire models was to determine if each of 
these models had a single-wire model of roughly corresponding 
performance. That model would consist of a single fat wire per 
element, with the diameter chosen to approximate the performance 
of the corresponding wire model. Of course, the element lengths 
had to be adjusted relative to those for the 4" model in order to 
place peak performance at the design frequency. 


1. The 2-Wire Model and a 1" Single Wire Model: A 1" diameter 
element model yielded a set of performance curves roughly similar 
to those of the 2-wire model. We know the physical dimensions of 
the 2-wire model from the discussion above. The following table 
presents the physical aspects of the 1" model. 


3-Element Yagi: 3.6 Miz: 1" diameter elements 


Element Element Length (fe) Spacing from Reflector (ft) 
Reflector — 137.59 = 
Driver 131.50 m 
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The design-frequency (3.6 MHz) performance for the two models is 
in this table. 


MEC-A Modeled Performance: 3-Element Yagis: 3.6 Miz 


Medel Gain -B Ratio. Feedpoint Z Efficiency 
del в 2% jX Ohms x 

a тт жт 32.7 8 99.42 

20.2" ки 28.7 394328 08:75 


The comparable performance at the design frequency is readily 
apparent. Note, however, that the efficiency of the single wire 1" 
model is significantly higher than that of the 2-wire model, owing to 
the higher material losses and smaller surface area available from 
the pair of thinner wires. Indeed, the surface area ratio is about 5:1 
in favor of the 1” model. Nevertheless, the increased mutual 
coupling made possible by the 2 spaced wires is sufficient to 
overcome the increased material losses and nets the same gain at 
the design frequency as the more efficient fat-wire model. 


The comparison can be extended to the current magnitude and 
phase found on the parasitic elements with a source current of 1.0 
at 0.0 degrees. 


MEC-A Modeled Element Currents: 3-Element Yagis: 3.6 MHz 


Model Reflector E Director 1 

Magnitude Phase Magnitude Phase 
E 0.197 End 6.386 En 
20.10 ГЕЯ 136.7 ped 132.1 


Note that the parasitic element current values of these two models 
are closer to each other than either is to the standard 4" model. The 
models might have more closely corresponded had the elements in 
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the 2-wire model been spaced more precisely than the 13" used in 
the model. In fact, the 2-Ohm reactance value indicates not only a 
slight driver over-length for the spacing, but as well a similar 
situation for the other elements as well. Hence, the best SWR value 
and front-to-back peak occurs below the design frequency. In 
addition, for an equal-gain situation, the required mutual coupling 
among elements to overcome the higher material losses in the 2- 
wire model would also dictate slightly different parasitic element 
current values relative to the single wire model. 
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1" vs. 2x0.1" Element Yagis 
Free Space Gain 


Free space Gain in dBi 
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The similarities and differences between the two models become 
more apparent when we perform frequency sweeps. In this case, 
due to the remnant inductive reactance of the 2-wire element 
replacements, | have dropped the lower limit of the sweep to 3.525 
MHz. In the case of the gain sweep, shown in Fig. 8, the 
differences show up in different rates of increase in gain across the 
passband--not widely different, but different nevertheless. 


Chapter 42 


Antennas Made of Wire - Volume 2 


1" vs. 2x0.1" Element Yagis 
Front-to-Back Ratio 
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Fig. 9 shows the front-to-back ratio sweep for the two models. The 
1" model reaches peak front-to-back ratio just below the design 
frequency, while the 2-wire model shows its peak about 25 kHz 
below the design frequency. The curve confirms the note above 
that some fine tuning of the 2-wire spacing (a slight narrowing) is 
necessary to create a true overlap of curves. However, the ultimate 
front-to-back peaks of both antennas are quite close, pushing 
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above 27 dB. Moreover, extending the sweep scale shows that the 
curves are quite congruent, since the lower end differential is about 
the same as the upper end differential. 


1" vs. 2x0.1" Element Yagis 
VSWR 


VSWR Relative lo Resonant R 
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The SWR curve in Fig. 10, tells a similar tale. The passband end 
differentials are reasonably close so that the offset between the 
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curves does not lead to any misleading conclusions about the 2:1 
operating bandwidths of the 2 models. They are essentially the 
same. 


The end result--despite the small offsets in the curves and number- 
-is the conclusion that for practical purposes, the 2 0.1" diameter 
wire elements with 13" spacing in the Yagi model provide the same 
performance potential as a single 1" tubular element set in the 
same model. The higher mutual coupling of the wire model offsets 
the higher material losses, resulting in a beam with the same 
performance over the range of vital performance parameters as 
that of a single fat element model. 


1. The 3-Wire Model and a 2.85" Single Wire Model: | would like 
to be able to say that the 3-wire model overcame all remaining 
differentials with the 4" model of the 3-element Yagi. However, 
some differential remained, although it might be considered minor. 
A 2.85" diameter element model yielded a set of performance 
curves roughly similar to those of the 3-wire model. Once, more, we 
know the physical dimensions of the 3-wire model from the 
discussion above. The following table presents the physical aspects 
of the 2.85" model. 


3-Element Yagi: 3.6 Miz: 2.88" diameter elements 


Element Element Length (ft) Spacing from Reflector (ft) 
Reflector 138.48 = 
Driver 130.20 m 
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The design-frequency (3.6 MHz) performance for the two models is 
in this table. 


MEC-A Modeled Performance: 3-Element Yagis: 3.6 Miz 


Medel Gain -B Ratio. Feedpoint Z Efficiency 
duo dê % jk ohms 

2.98" Bea 27.6 24 JLT 99.75 

эша" км 24.7 260+} 81 era 


The comparable performance at the design frequency is readily 
apparent. Note, however, that the efficiency of the single wire 2.8: 
model is still significantly higher than that of the 3-wire model, 
owing to the higher material losses and smaller surface area 
available from the trio of thinner wires. Indeed, the surface area 
ratio is about 9.5:1 in favor of the 2.85" model. Nevertheless, just as 
with the 2-wire model, the increased mutual coupling made 
possible by the 3 spaced wires is sufficient to overcome the 
increased material losses and net the same gain at the design 
frequency as the more efficient fat-wire model. 


The comparison can be extended to the current magnitude and 
phase found on the parasitic elements with a source current of 1.0 
at 0.0 degrees. 


MEC-A Modeled Element Currents: 3-Element Yagis: 3.6 MHz 


pn Reflector E Director 1 
мале phase Magnitude phase 


Once more, there are differences between the two models with 
respect to current magnitudes and phases on the parasitic element 
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centers--but not great ones. The remnant 6-Ohm reactance on the 
3-wore driver element is a result of having performed по 
adjustments in the spacing to compensate for the addition of the 
center wire. In fact, the reactance value on the driver also indicates 
not only a slight driver over-length for the spacing, but as well a 
Similar situation for the other elements as well. Hence, the best 
SWR value and front-to-back peak occurs below the design 
frequency. As with the 2- wire model, for an equal-gain situation, 
the required mutual coupling among elements to overcome the 
higher material losses in the 3-wire model would also dictate 
slightly different parasitic element current values relative to the 
single wire model. 


Chapter 42 


Antennas Made of Wire - Volume 2 


2.85" vs. 3x0.1" Element Yagis 
Free Space Gain 


Free space Gain in dBi 
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However, when we make allowances for the offset in self-resonant 
frequencies of the individual elements, the curves for the single. 
2.85" element model and for the 3-wire model remain remarkable 
congruent. Fig. 11 shows the gain curves, which show even 
smaller differences than those we saw in Fig. 9 across the same 
passband for the frequency sweep. 
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2.85" vs. 3x0. 1" Element Yagis 
Front-to-Back Ratio 
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Likewise, the two front-to-back ratio curves in Fig. 12, display 
excellent congruence with a displacement that is almost exactly 25 
kHz. Compare not only the offsets at the front-to-back peaks, but as 
well the lower frequency 19+ dB point and the higher frequency 17+ 
dB points. 
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2.85" vs. 3x0.1" Element Yagis 
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Fig. 13 portrays a similar offset with respect to the SWR curve for 
both models. The shapes of the curves are virtually identical, 
despite the 25 kHz offset between them. In effect, bringing the 
entire set of curves for the two models into alignment would likely 
be a matter simply of adjusting the spacing of the wires in the 3- 
wire elements. 
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Alternatively, one might also slightly shorten the elements of the 3- 
wire model slightly. In actual construction practice, this procedure 
would become the most practical, since itis likely that the wire 
elements, including spacers, would be fixed in construction phases 
that precede raising the antenna to operating height. 


The 3-wire model ends up slightly short of the goal of achieving the 
full gain of the initial 4" diameter element model. However, the 
deficit is only about 0.1 dB. Front-to-back performance can be аз 
good as the initial model, and the feedpoint impedance will be 
comparable. 


In effect, the exercise has established that it is possible to create. 
thin wire models with multiple wires per element that simulate 
effectively the performance of fat tubular elements in beams and 
arrays--at least for this 3-element Yagi model. The requisite 
spacing and possibly the number of wires required will vary with the 
vire size chosen and the diameter of the element being simulated. 


Itis not sufficient simply to create elements from multiple wires. The 
spacing of the wires ї5 of great significant in increasing the mutual 
coupling between wires that yields the desired level of 
performance, understanding that some excess coupling may be 
needed to overcome higher material losses in the wire substitutes. 
If nothing else, this exercise has suggested some interesting 
relationships between the roles of material losses and mutual 
element coupling in beam performance. 
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Besides the flat plane, other wire configurations are possible, 
including triangles, squares, and the traditional cage hexagon of 
wires. However, the extra weight of 6 wires, relative to the 3-wire 
plane used in the models presented here, may not be needed to 
effectively simulate fat wires. In the final analysis, two pieces of 
design work are needed. One is, for any proposed array, a set of 
models to establish the relative structures of equivalent multi-wire 
substitutes for a given fat single element. The other, of course, is a 
‘mechanical analysis to determine the best compromise among the 
physical properties of the resultant element. The properties might 
include ease of construction, durability in the proposed 
environment, and ease of raising the structure to its operating 
height. 


Of course, the home antenna builder might well decide that using 
single wire elements is the simplest construction method and that 
the performance deficits relative to the ideal still fall within an 
acceptable level. While it is one thing to tangle at a computer with 
complex models of substitute multi-wire element substitutes, it is 
quite another to have to wrestle with the real thing, namely, the 
tangle-prone wire elements that require raising into operating 
position. 


Chapter 42 


Antennas Made of Wire - Volume 2 


Chapter 43: The Collinear-Broadside-Endfire Array 


For many years, The ARRL Antenna Book has shown a 
combination collinear, broadside, endfire array, for example on 
pages 8-51 to 8-54 of the 19th Edition. The array looks something 
like the outline in Fig. 1. 


Tho "Lazy 8JK" 


0 


L- Element Length 
Vertical Spacing 
lorizontal Spacing 


Fig. 
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The dimensions are locked up in 3 key factors: 


1. L = Element Length: Length may vary from 1/2 wavelength up to 
well over 1 wavelength. 


2. SP = Horizontal Element Spacing: Horizontal spacing may range 
from 1/4 wavelength to 3/8 wavelength. 


3. Н = Vertical Element Spacing: Vertical spacing may range from 
3/8 wavelength to 3/4 wavelength. 


The write-up shows a typical pattern with good bi-directional gain. 
However, a myriad of questions remains for anyone contemplating 
building such an array. However, we can boil the questions down to 
just two. 


What do we get? What do we pay? 


If we look carefully at the sketch, we can see that the array in Fig. 1 
only becomes a collection of collinear elements when the element 
lengths approach and pass beyond the 1-wavelength mark, at 
Which time, we can consider them to be collinear half-wavelength 
elements. The vertical dimensions surround those that we 
associate with the Lazy-H antenna. If we look carefully at the 
sketch, we can see that the two left-side elements are in phase with 
each other, since the lines to each left-side element have half- 
twists. Likewise, the right-side elements are also in phase with each 
other. The 2 top elements are out of phase with each other, the 
sign of a W8JK array. Likewise for the bottom 2 elements. Of 
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course, all of this assumes that all 4 lines from the central junction 
are equal in both length and characteristic impedance. 


Therefore, | have dubbed the array the "Lazy-8JK." This name is 
very much shorter than calling the assembly a collinear, broadside, 
endfire array. The latter expression is descriptive, because the top 
and bottom elements form pairs that are endfire arrangements, 
While the left and right pairs are broadside arrangements. 


Identifying the array as related to both the Lazy-H and the W8JK 
gives us a means of answering the latter question, at least in pan 
What we pay is something over twice the complexity of either the 
8JK or the Lazy-H. Before we are finished, we shall examine some 
other costs for the array, but this much is a beginning. 


The tougher question is knowing what we get for our effort. 
However, identifying the array as a combination of Lazy-H and B 
arrays gives us a foundation from which we can work. Let's 
transform the question into this one: What are the advantages in 
performance of the Lazy-8JK over either the Lazy-H alone or the 
WBJK alone? Now we have something with which to work. 


A Review of the Lazy-H Broadside Array 


In its basic form, the Lazy-H is a very old but well-proven antenna 
design with distinct advantages among wire arrays. Originally, it 
consisted of two 1-wavelength elements vertically spaced 1/2- 
wavelength apart. However, users later discovered that the antenna 
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would operate effectively over a wide frequency range using a 
parallel transmission line and a wide-range antenna tuner. 


The Lazy-H Array 


E 


PL = 140 to 1/2 WL 
PLA - PL2 - 4% PL 
L = 1 to 1.25 W 


Fig. 2 


In Fig. 2, we see the essential electrical components of the Lazy-H. 
The horizontal wires marked L are the elements. PL, the phase- 
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line, is broken into two equal parts, PL1 and PL2. As the diagram 
indicates, the two elements are fed in-phase with no twists on either 
phase line section. The main feedline, attached at the junction of 
PL1 and PL2, provides equal power to each element. Essentially, 
then, the Lazy-H consists of two doublets, vertically spaced and fed 
in-phase, in order to obtain considerable gain over a single doublet 
of the same length mounted at the approximate array center. 


The array produces bi-directional patterns on all bands within the 
operating range. The elements must be no more than about 1.25 
wavelengths to achieve a bi-directional pattem. The antenna will 
operate at higher frequencies, but the pattern breaks down into 
multiple lobes as the electrical length of the elements increases at 
higher frequencies. As well, maximum gain occurs when the 
elements are about 5/8-wavelength apart. At the highest frequency 
of bi-directional operation, the antenna has been called the 
extended or expanded Lazy-H. 
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#12 -#14 Copper Wire 


Phasing Line 
[200 to 600 Ohm Zo 


Feedline 


= - 


Fxtended/Fxpanded Lazy-H: Physical Dimensions нез 


Fig. 3 shows one common form of the Lazy-H that is useful for 
operation on amateur bands from 10 meters down to 40 meters. Оп 
10 meters, the 44' wires are about 1.25 wavelengths, dropping to 1 
wavelength on 15 meters, and becoming progressively electrically 
shorter as we reduce frequency. The 22 spacing is 5/8 wavelength 
on 10, 1/2 wavelength on 15, and electrically closer on lower 
frequencies. We shall use this model as a foundation for this 
evaluation of the Lazy-8JK in order to provide a consistent set of 
dimension throughout. In addition, we shall place the bottom wire of 
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the Lazy-H at 44’, with the top wire at 66. With these dimensions 
and heights, we obtain the performance in the following table. 


Extended Lazy-H Performance Potential 


Freq ain To angle  Beamddth Feed z 
[^ E3 degrees | degrees 957-3 оме 
Pr 15.2 E En 48 j 308 
24.95 146 E] a 20 + j 100 
Ai irs u 52 „ з= 
ee 108 ЕЧ E! 5a © j 45 
14 9.9 E 7з [SEE 
1025 43 ЕН as 5a + j 105 
T 83 E] E: 1923 100 


Because the elements grow shorter and the spacing becomes 
closer with decreasing frequency, the gain drops with frequency. 
That fact becomes clear from the overlaid azimuth patterns in Fig. 
4. The 10-meter azimuth pattern shows its extended-double-Zepp 
family resemblance, while the 15-meter pattern has the classic 
shape for 1-wavelength elements. Although the full usable 
operating band-spread for the antenna appears in the table and 
pattern graphic, we shall focus only on operation in the 5 highest 
HF bands from 20 meters onward. 
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А Review of the W8JK Endfire Array 


In its basic form, the 8JK is a very old but well-proven antenna 
design with distinct advantages among wire arrays. The array name 
derives from its inventor, John D. Kraus, W8JK, who wrote on 
Various forms and facets of the antenna from 1937 to the present. 
Originally, the 8JK consisted of two 1/2-wavelength elements 
horizontally spaced from 1/8 to 1/2 wavelength. However, users 
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later discovered that the antenna would operate effectively over a 
wide frequency range using a parallel transmission line and a wide- 
range antenna tuner. 


Tho WBJK "Flattop" Array 


Fig.5 


In Fig. 5, we see the essential electrical components of the 83K. 
The horizontal wires marked L are the elements. PL, the phase- 
line, is broken into two equal parts, PL1 and PL2. As the diagram 
indicates, the two elements are fed out-of-phase with a half-twist on 
one of the phase line sections. The main feedline, attached at the 
junction of PL1 and PL2, provides equal power to each element. 
Essentially, then, the 83K consists of two doublets, horizontally 
spaced and fed out-of-phase, in order to obtain considerable gain 
over a single doublet of the same length mounted at the 
approximate array center. 
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The array produces bi-directional patterns on all bands within the 
operating range. The elements must be no more than about 1.25 
wavelengths to achieve a bi-directional pattern. The antenna will 
operate at higher frequencies, but the pattern breaks down into 
multiple lobes as the electrical length of the elements increases at 
higher frequencies. The element spacing is subject to significant 
variation among builders. The version that we shall explore uses a 
spacing of 5/8 wavelength at the highest operating frequency. This 
spacing becomes electrically smaller as we reduce frequency, but 
still is not the spacing for the highest possible gain. In fact, the 
array tends to increase gain with closer spacing, although the 
impedance at the feedpoint becomes impractically low. The 
advantage of the 5/8-wavelength spacing used in this model is that 
it yields almost constant gain over the entire operating range of the 
antenna. 


The version that we shall explore uses the same wire lengths and 
spacing as the Lazy-H in Fig. 3. The only differences are the fact 
that the antenna is placed in a horizontal position and there is a 
half-twist in one (and only one) of the phase lines from the common 
junction to the elements. Since the Lazy-H has elements at both 44" 
and 66' above ground, we shall sample performance on 20 through 
10 meters at each of these heights. 
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Extended Lazy-M Performance Potential 


44" Above Ground 
Freq Gain To angle  Beamddth Feed 2 


[^ E3 degrees degrees d ohms 
Er ша E ES 160 > j sos 
deas ша 1 a EREET 
ат Ei ЕЧ E] 2535 25 
les ше i 5s % 75 
14 05 a е 21 7 3 «20 


66" Above Ground 
Freq Gain To angle  Beamdth Feed z 


[^ E3 degrees” | degrees e ohms 
Er der E эз des + j sos 
deas шә H а PREETI 
ат па E] 40 20 — 25 
аша из u ы % 75 
14 dea u 60 10-340 


In these tables--indeed, in all of the tables--the impedance figures 
are representative values modeled with 450-Ohm transmission line 
for the phase lines. The actual feedpoint values will tend to vary 
with changes in either the characteristic impedance or the velocity 
factor of the line selected. for that reason, | recommend that any 
prospective builder of any one of these arrays model the installation 
including the characteristic impedance and velocity factor of the 
phase lines to be used. From these values, you may calculate the 
anticipated impedance at the antenna tuner using any one of a 
number of available transmission line programs, such as TLW or 
TLD. 


At either height, the gain variation is less than 1 dB from 20 through 
10 meters. Although the gain is generally lower, on 20 meters the. 
ВК outperforms the Lazy-H. Fig. 6 provides the overlaid azimuth 
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patterns for the W8JK in extended operation to even lower 
frequencies. Once more, the extended-double-Zepp origins of the 
10-meter pattern are apparent. 


Azimuth Patiems пав 
Expanded к 
бутор Height 
An A Meters 
150 E] 
100 © deg 
20 зю 


The gain differences between the 8JK and the Lazy-H are largely 
due to differences in the amount of energy radiated at high 
elevation angles. Fig. 7 shows selected elevation patterns for the 
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two arrays, with the 8JK patterns taken for a 66' height above 
ground, 


мак осе m а. 


Selected Elevation Patterns forthe ИЛЫК and Lazy M Arrays 


Fi 


At21 MHz, where the Lazy-H spacing is almost a perfect half- 
wavelength, the Lazy-H effectively suppresses high-angle radiation, 
in contrast to the multiple strong upper-angle lobes of the 8JK. On 
10 meters, the Lazy-H does not suppress overhead radiation 
perfectly due to the wider spacing, but overall suppression of high- 
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angle radiation is excellent. Still, the 8JK shows even more high- 
angle lobes. The 8JK begins to exceed the Lazy-H in gain in the 
lowest lobe on 20 meters. The Lazy-H spacing is down to about 
5/16 wavelength, a value that is too close for effective suppression 
of high angle radiation. 


The "Lazy-8JK" Array 


Against this background, we may now combine a Lazy-H with an 
8JK to arrive at the collinear broadside endfire array, that is, at the 
Lazy-8JK. The elements of Fig. 1 describe the most common 
version of the antenna. For our comparisons, we shall use 44° 
element lengths, which is about 1.25 wavelengths at 10 meters. 
The vertical spacing will use the Lazy-H value of 22. 


However, we cannot use the 22 element spacing of the 8JK that 
we have reviewed. At that spacing, the Lazy-8JK actually shows 
less gain than a single Lazy-H for 15 through 10 meters. We must 
compress the horizontal spacing to about 8-11 feet to obtain any 
usable additional gain from the 4-doublet array. The modeled data 
are based upon the 11' spacing, although the differences between 
8' and 11' are not operationally significant. 


їп addition, there is an alternative feed system to the one shown їп 
Fig. 1, where each of 4 equal-length phase lines combine at a 
central feedpoint. As shown in Fig. 8, we may also construct 
individual Lazy-H arrays with center feedpoints. We then run equal 
lines to a center position, giving one and only one of those lines the 
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necessary half twist to place the left-side doublets out of phase with 
the right-side doublets. 


i oa — 
i | 


| 


an Alternative Way of Making а "Lazy Ji Fig. 8 
For the 44' elements at 44’ and 66' above ground, 11' left-to-right 
spacing requires two 5.5' phase lines. For the data in the tables, | 
again used 450-Ohm line for all phase lines. 
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Lazy-8JK Performance Potential 


Standard Feed System (Fig. 1) 
Freq Gain TO angle  Beamddth Feed 2 


[^ E degrees degrees 95753 ohms 
Er 16.5 9 эз 5a + j 300 
24.95 154 19 a НЕЕ 
212 28.2 ЕЧ Ed 5:3 dm 
iene 128 ES ы 1-] ав 
14 dne 16 5 a2 | j 260 


Alternative Feed System (Fig. 8) 
Freq ‘cain To angie  Beamddth Feed z 


[^ E degrees” degrees 89755 ohms 
PR 9 эз 1590 > 31870 
24.95 15874 E] a 35 $ J ass 
. 18 ЕЧ Ed 0 — 190 
iene 12.8 ES ы 5-j 85 
1% dne 16 EJ EEC 


1. Gain Factors: There is no difference in the gain performance 
between the two feed systems for the Lazy-8JK. The Lazy-8JK 
provides a variable gain value according to frequency according to 
the Lazy-H part of its origins. However, the W8JK portion of its 
origins shows up in the increments of gain above each of the 
corresponding simpler arrays. The following table tracks the gain 
advantage of the Lazy-8JK over the Lazy-H and me W8JK, where 
the latter uses values for a 66' height above ground. 
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Gain Advantage of the Lazy-8K 
АШ gain values are in dBi at the elevation angle of maximum radiation 


Freg kazy- Lazy- Added мак Added 
8 [a D Gain ба 
28.1 ies їз 12 ini as 
18.12 4% 108 18 ыз 15 


The Lazy-8JK adds only about 1 dB gain to a single Lazy-H in ће 
upper-most bands. However, the 8JK portion of its origins 
increases the gain on 20 meters by about 2.6 dB. In contrast, the 
Lazy-8JK shows its highest gain additions over a single 8JK on the 
top bands, with reduced gain additions with descending frequency. 
Additionally, the beamwidths for the Lazy-8JK are slightly narrower 
than for the standard 8JK as a function of the additional gain. 


zy BIK Array E 
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Fig. 9 shows selected elevation patterns corresponding to those 
shown for the Lazy-H and the W8JK. The added gain is largely due 
to a continuing progression of upper lobe suppression. A 
comparison of 20-meter patterns among ай three arrays is 
especially notable. 


Ovorlaid Azimuth Color -Freauency 


Patterns for the Black = 201 
Lay dl. Blue = 2495 
Array 


Fig. 10 


To complete the comparisons, Fig. 10 shows overlaid azimuth 
patterns for each band, with each pattern taken at the elevation 
angle of maximum radiation, 
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From the perspective of gain, then, there are two considerations 
facing the builder who may weigh the increase in construction 
complexity against the performance advantage. First, the more 
complex array shows a better balance of gain than a single Lazy-H, 
with improvements especially in the 20-meter performance. 
Second, the Lazy-8JK increases gain on the upper bands over the 
sampled standard 8JK array. Whether the total improvement is 
sufficient to warrant the increased construction problems is 
ultimately a user judgment. 


2, Impedance Considerations: The differences in the two ways of 
feeding the Lazy-8JK lie wholly in the area of the feedpoint 
impedances. The standard X-form of the phase lines (Fig. 1) yields 
more bands on which the feedpoint impedance is under 10 Ohms 
resistive. Under these conditions, every fraction of an Ohm of loss 
resistance in the connections transforms a proportionately higher 
percentage of the power into heat. Hence, great care must be used 
in the assembly of the system, and equal periodic maintenance 
care is required. 


The alternative configuration for feeding the Lazy-8JK has fewer 
instances of very low resistive components to the feedpoint 
impedance. However, 10 meters present a high impedance, with 
both the resistive and reactive components above 1500 Ohms. As 
а result of the high variability in feedpoint impedances, the builder 
very likely will have to pay close attention to the line length between 
the antenna feedpoint and the tuner terminals to present 
impedances within the tuner's matching capabilities. This aspect of 
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the Lazy-8JK is the second half of the answer to the original 
question of what do we pay. 


Conclusion 


The Lazy-8JK (or collinear broadside endfire) array offers different 
advantages over the standard Lazy-H and the standard 8JK. Since 
these advantages change with each upper HF band, there is no. 
single answer to the question of whether the larger array is worth 
the effort of construction. 


Nevertheless, by setting up reasonable comparators, these notes 
will hopefully provide a better sense of both the advantages and 
disadvantages of going to the more complex arrangement. There 
are additional dimensions of the final decision. For example, the 
Lazy-8JK does not lend itself to the relatively simple triangular 
arrangements of Lazy-H arrays that permit switched directional 
changes. Nor does the Lazy-8JK allow one to construct an easily 
rotated version of the array, as is possible with a single 8JK. Yet, 
the lure of added gain is likely to appeal to at least some 
aficionados of wire antenna construction. With dimensions of 44' by 
22' by 11, it is still a fairly compact upper HF bi-directional array 
with outstanding performance potential. 
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Chapter 44: Curtains for the Extended Lazy-H 


The Basic Expanded/Extended Lazy-H 


receives notice only about every fifteen years--despite its 

excellent performance as a fixed bi-directional array of 
modest proportions. With two 44’ long wires spaced 22' apart, the 
extended or expanded Lazy-H provides primary service on 20 
through 10 meters, with quite adequate service on 30 and even 40 
meters. From each element center, we run a parallel feedline--in 
phase--to a center position, which then becomes the primary 
feedpoint. We may use any feedline from 300 Ohms to 600 Ohms, 
although any figures shown in these notes will apply to 450-Ohm 
line with a 0.95 velocity factor. These notes also presume AWG 
#14 or #12 copper wire for the elements. 


A few years ago, I called attention to a wire array that 


The base of the antenna ideally should be about 44' or more above 
ground for the lowest elevation angles of maximum radiation (take- 
off or TO angles). However, if necessity prevent the top wire from 
reaching 66, then a lower height and higher elevation angles are 
tolerable. 


Chapter 45 next provides a set of representative elevation and 
azimuth patterns for the antenna. The following table summarizes 
the performance when set at a 44-66' height. The gain is the 
maximum gain at the TO angle. The Beamwidth is the angle 
between half-power or -3 dB points away from the bearing for 
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maximum gain. The feedpoint impedance (Feed Z) is at the junction 
of the two 11" lengths of 450-Ohm parallel line. 


extended Lazy/M performance Potential 


Freq cain To angle  Beamdidth Feed z 
ps E degrees” degrees 99753 Ohms 
28.5 El E a СЕЕ 
24.95 Mê 19 a a7 + j s 
Er 12:8 El 52 213) 18 
за 2109 1 61 аз -j 125 
pra 9.0 i 13 авз - 3 398 
10% 4% вт A as 40 3208 
T ре эз 58 10 5 290 


The impedances are all quite manageable for a wide-range 
balanced antenna tuner, with the possible exception of 40 meters 
and 12 meters. However, the impedance at the tuner will also be a 
function of the line length in wavelengths from the feedpoint to the 
tuner, зо adjustment of the values to be matched is feasible. 


Planar Reflectors 


My reason for retuming to the extended/expanded Lazy-H grew out 
of an inquiry from Bill Burton, ТВВВА of Pelau. He had assembled 
the pieces for the antenna. However, he had also seen some 
commercial arrays that used a curtain-style reflector. Hence, he 
asked whether such a reflector was feasible for the big Lazy-H. 


I have seen a number of schemes for multiple extended double 
Zepps of about 44' and even for the Lazy-H, all designed to use 
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parasitic elements or phased elements to convert the bi-directional 
array into a directional beam. Their complexity could be daunting, 
often with the result that only the builder knew the correct 
adjustments for each band. On the other hand, a planar or curtain. 
reflector is a broad-band passive addition that might be serviceable. 


In UHF work, a planar reflector generally exceeds the dimensions 
of the active element or array by perhaps 3/8 to 1/2 wavelength on 
all four sides. Such a curtain would be somewhat ungainly for the 
extended/expanded Lazy-H. So | somewhat arbitrarily selected a 
set of dimensions that seemed close to feasible for someone with 
sufficient land to erect the basic antenna at the ideal minimum 
height. The modeled screen is 50 wide by 30 high. This is only 6' 
wider than the element lengths and 8' larger vertically. In many 
ways, it is a minimalist planar reflector. 
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The Curtained 


Extended Lazy-H 
for 10.30 Motors 
Grund 


Fig. 1 shows the parts of the array, although not to scale. The 
extended/expanded Lazy-H remains unchanged from independent 
use which results in its bi-directional characteristics. The screen is 
centered behind the active array. Although the modeled screen 
uses a grid-square assembly, it is possible to use a sequence of 
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wires parallel to each other. For this horizontal array, the wires 
must also be horizontal. 


The 10 spacing was my initial trial spacing for the reflector-just a 
bit shy of 1/4 wavelength at 15 meters. After looking at numerous 
other spacings, | returned to my intuitive selection, since it provides 
approximately equal front-to-back ratios at the array limits, namely 
10 meters at the high end and 30 meters at the low end. 


To see how the curtain or planar reflector changes array 


performance, examine the following table and compare various 
values to the ones for the array alone. 


Gurtained Extended’ Lazy-ii Performance Potential 


Freg cain To angle seamidth F-8 Ratio Feed z 
[^ E3 degrees degrees dB [o 
P EI q E ESI 12 +3 436 
24.95 1 E] а EH 29 + j 125 
as 15.5 u ša 37.1 2-3 3 
КЕТШ ЕЧ 56 Ex эз -3 100 
1 dmi i єз м2 175 < j 460 
10,125 122 23 E] is 21 + j ма 
Ti 5.8. de 75 DH 2 - j 190 


The gain increase in the favored direction is between 3 and 4 dB, 
depending upon the band, with peak increases in the 17 and 20 
meter bands. The gain improvement values are consistent with 
those for any casually designed 2-element driver-reflector Yagi. 
Peak front-to-back ratio occurs on 15 meters and decreases slowly 
above and below that band. 
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The impedance values are interesting. No great change occurs in 
the reactance values. However, the resistive component shows an 
interesting pattern. On 15 meters, its value is about the same as 
the value for the array alone. Above 15 meters, where the spacing 
is greater than 1/4 wavelength, the resistive component of the 
impedance is higher than for the array alone. Below 15 meters, the 
resistive component is less than for the array alone, while the 
spacing is less than 1/4 wavelength. 


Fig. 2 through Fig. 7 provide azimuth and elevation patterns for the 
array on each band. They require no individual comment. However, 
the trends in the rear lobe formations should be reasonably clear. In 
all cases, the patterns are well-behaved, with no spurious lobes-- 
other than the emergent secondary lobes inherent to the array 
when the active element length approaches 1.25 wavelengths. 


sti, sd... Fi 


Curtained Extended Lazy-H: il. neter Patterns 
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Curtained Extended Lazy-H: 12 Meter Patterns 


EN ов. Fig. 4 
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ed Extended Lazy-H: 15.Meter Patterns 
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1Ma Mz ое. Fig. 5 


Curtained Extended Lazy-H: 17-Meter Patterns 


Dr о. Fig.6 


Curtained Extended Lazy-H: 20-Meter Patterns 
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101425 MHz T 


Curtained Extended Lazy-H: ad. neter Patterns 


Before leaving our patterns, we must take special note of 40 
meters. The gain value for that band is starred. That star indicates 
that the pattern shows maximum gain in the reverse direction 
relative to all of the other bands. See Fig. 8 for azimuth and 
elevation details. 
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эв тамна о. Fig. в 


Curtained Extended Lazy-H: 40-Meter Patterns 


The reason for pattern reversal is simple. The horizontal dimension 
for the reflector (50') is 1/2 wavelength or more for all bands from 
30 to 10 meters. However, on 40 meters, the reflector horizontal 
dimension is only about 3/8 wavelength. Hence, despite its vertical 
dimension, the screen acts like a director at less than 0.1 
wavelength spacing. The very low resistive component of the 
feedpoint impedance reflects this condition. It is unlikely that one 
would be able to take advantage of the reverse pattern, given the 
potential difficulty in achieving a low-loss match. 


Physical Realities 


The proof-of-principle exercise suggests that a minimalist planar 
reflector or curtain behind an expanded/extended Lazy-H will yield 
а competent directional beam with a noticeable improvement in 
gain and quite usable front-to-back characteristics. However, the 
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requirements for the reflector are sufficiently challenging to make 
this array an antenna with a somewhat small niche. 


Planar reflectors require both vertical and horizontal dimension for 
highest effectiveness. Too narrow a vertical dimension will degrade 
the array characteristics as much as too short a horizontal 
dimension. Since the reflector is untuned, it must be at least 1/2 
wavelength at the lowest frequency used, with additional length up 
to about 1 wavelength wherever feasible. Vertically, we improve 
performance with height greater than those used here, although the 
vertical dimension will reach its limits of helpfulness more quickly 
than the horizontal dimension. 


Assuming that we can erect vertical supports of the needed height, 
| recommend some form of halyard assembly to raise and lower the 
reflector screen. Even an extremely open "chicken-wire" screen 
reflector will show considerable aggregate wind resistance in 
violent storms. However, if one desired beaming in both broadside 
directions, then a pair of screens-with only one raised at a time 
will yield a reversible beam. If the user has only one primary target. 
region, lowering a single screen will return the array to its inherent 
bi-directional pattern, and that may suffice for other operations. 


For raising and lowering, we need an open-weave metal "fabric" 
that will resist snagging when it is crumpled on the ground, 
However, one might wind the screen around a ground-level cylinder 
instead of lowering it into a heap directly on the ground. One might 
even use a combination of horizontal wires and vertical ropes to 
create a more flexible screen for this purpose. The final product is 
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suited to the skills of one who has experience with square-rigged 
sails, with the sail and spar arrangement inverted from those we 
find at sea. Of course, we shall invert another matter as well: we 
shall seek to slip the wind rather than catching it. 


The curtained Lazy-H is a fixed position wire array of considerable 
mechanical size and requires equal mechanical ingenuity to 
implement. However, it holds promise of providing multi-band gain 
and front-to-back ratio so that the operator can use the upper HF 
band on which propagation is nearest to optimal for a desired path. 
‘The beamwidth on the upper bands is narrow enough to require 
careful sitting. Although the values in the charts emphasize the 
amateur bands, the general arrangement may be suitable for short- 
wave listening in the intervening spectrum--and possibly even for 
an economical short-wave broadcast installation. 


The curtained Lazy-H is certainly not an antenna for everyone. But 
it may be an antenna for someone. 
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Chapter 45: The Expanded Lazy-H 


ог expensive. The latest designs and construction methods 

have their advantages-and also their costs. They tend to 
obscure some older designs of high merit as we forget to remember 
them 


V? effective antennas do not have to be exceptionally large 


Rotatable antennas are very effective, but for those unwilling or 
unable to put a tower, rotator, and sizable aluminum structure in the 
air, fixed position wire arrays can provide excellent gain. Most 
designs are bi- directional, but the side rejection is often sufficient 
to eliminate most QRM. If we have the trees or the poles to support 
the ends, and if we take the trouble to align the antenna in the most 
favorable directions for our intended operation, a wire array can 
work wonders. For example, a great circle drawn through my QTH 
in Tennessee with one end in VK-ZL land will have its other end in 
Europe. A bi-directional array might be just the ticket for much of 
my operating. 


Many broadside arrays are flat-tops--that is, they require at least 
two wires with considerable horizontal space between them. For 
most purposes, | would need 4 supports. However, a design that 
has been around since wire became popular is the Lazy-H, a 
vertical stack of two wires fed in phase. The standard Lazy-H 
consisted of two 1 wl wires spaced 1/2 wl apart and elevated so 
that the lower wire was 1/2 wl above ground. 
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John Schultz, W2EEY, wrote in the November, 1968, CQ of the 
"Expanded Lazy-H Antenna." Bill Orr, W6SAI, recalled this antenna 
in one of his many columns during the 1980s. Another 15 years has 
gone by, so let's recall this effective array one more time. The key 
to expanding the Lazy-H is to increase both the horizontal and 
vertical dimensions by just a little bít. 


If we increase the wire lengths from 1 w to 1.25 wi, we have 
stacked extended double Zepps in our Lazy-H. The effect is to give 
us a bit more gain per wire and a significant amount more from the 
pair. Then, if we increase the spacing from 1/2 wl to 5/8 wl, we 
achieve approximately the maximum stacked gain possible with two 
simple wires. 


Now, let's build one of these expanded Lazy-Hs for 10 meters. 
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#12-#14 AWG Copper Wire 


Phasing Line 
300 to 600 Ohm Zo 


— + _ 


Fig.1  W2EEY "Expanded Lazy-H Antenna" 


Fig. 1 shows the antenna outline. For 10 meters, a length of 44' per 
wire is satisfactory and not critical: 40' to 50' will work, but the 
pattern on 10 meter begins to split up as we lengthen the antenna 
too far beyond 1.25 WL. Vertical spacing between the two wires 
need not be too fussy, but the recommended 22 gives us not only 
5/8 wi at 10 meters but a usable spacing at other frequencies. 


The recommended minimum of 1/2 w at 10 meters is a bit low for 
optimal performance. | would recommend that a lower-wire height 


Chapter 45 


Antennas Made of Wire - Volume 2 


of about 44' be used, which places the top wire at 66' up. Lower 
heights will reduce the gain and elevate the TO angle from the 
figures | shall present as we think about this simple array. 


The mechanical beauty of the Lazy-H design is that it requires only 
two supports--although fairly tall ones. The electrical beauty of the 
antenna is that it provides excellent bi-directional performance from 
10 meters through at least 17 meters, with good performance down 
to 30 meters. It can also be pressed into service on 40 meters 
without much difficulty. 


Azimuth Patter зата 
[Est знан 
28.68 Height 
E m 
TO Angle: 8 Deg. 
Fig.2 205 uHe 
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Fig. 2 shows the azimuth pattern of the antenna on 10 meters at an 
elevation angle of 8 degrees. The phase-fed array stil retains the 
EDZ "ears." These ears are the beginnings of the multi-lobe pattern 
that emerges as the antenna wire length grows toward the 1.5 wl 
mark. 


Оп all bands below 10 meters, the length of the antenna is under 
the EDZ mark, so the pattern is bi-directional with single lobes each 
way. In fact, at 15 meters, the antenna becomes a standard Lazy- 
Н: two 1 wl wires spaced 1/2 wi apart vertically. 
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In Fig. 3, we see the 17-meter pattern at its elevation angle of 
maximum radiation of 13 degrees. As the tables below will show, 
the lobes become wider as we reduce frequency and narrower as 
we increase frequency. 


For a more systematic view of anticipated performance on all of the 
possible bands on which we might use this one Lazy-H, here is a 
table of modeled performance over average ground, with the lower 
wire 44' up. The table lists the usual gain and TO angle data, but 
also adds numbers for the vertical and horizontal beamwidths 
between the -3 dB (half-power) points. This date is useful in 
determining the azimuth coverage of the antenna in each direction 
and in estimating the elevation angles to catch the skip for varying 
circumstances. 


Freq Max. Gain TO angle vert, BM Hor. BW. 
[^ del degrees degrees degrees 
A2 125 n i 52 
мз ойт El a 85 
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By the time the antenna's operating frequency is lowered to 40 
meters, the pattern becomes a broad oval with a fairly high TO 
angle, as shown in Fig. 4. However, sufficient radiation occurs at 
lower angles to make it usable for general purpose communications 
on that band. 


How good is the antenna's performance? I could use any number of 
comparators here, but the simplest would be a single 44' wire 
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placed 66' up in height, the same height as the top wire of the 
array. The usefulness of this comparison is that it helps reveal 
something of the array's characteristics. 


Freq Max. Gain то angle Feedpoint z 
[s Еч degrees RUM JX ohms 
28.5 10.5 7 a50 -j воз 
249 204 8 620 - 31700 
21.2 2.0 19 4200 + j 850 
E Er 12 ‘35 + 31500 
ма 17 15 190 + J 490 
En тв, 25. 56 3105 
T x ES 241] 500 


The starred gain entry for 40 meters indicates that the single wire at 
this frequency shows more gain than the array (by about 0.6 dB). In 
the TO angle column, the starred entries indicate that the single 
wire shows a significantly lower angle than shown for the array. 
Both phenomena are related, The array elevation angle of 
maximum radiation is a composite from radiation from both wires, 
with the lower wire radiation raising the angle of the final composite 
pattern. The difference is slight until the very lowest bands on which 
we might press this antenna into service. On 40 meters, the lower 
wire is just over 1/4 wl above ground, so that it raises the overall 
pattern angle of the array by a goodly amount and provides slightly 
less gain than the single wire that is about 1/2 wl up. As well, The 
high ratio of reactance to resistance in the feedpoint impedance 
suggests that there may be difficulty in obtaining a good low-loss 
match. 


From 20 meters on up, the Expanded Lazy-H shows good gain 
over a single wire. The benefits increase the higher one goes in 
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frequency, up to the break-up of the pattern when the wires are 
longer than 1.25 wl. It is certainly possible to scale the antenna for 
maximum benefits at a lower frequency, but that lower frequency of 
maximum gain will become the highest frequency at which one can 
use the array and still have a bi-directional pattern with a single 
main lobe off each side of the wires. 


The single 44 wire also shows a wide variation in feedpoint 
impedance according to the length of the wire. The 10-meter value 
is typical for an EDZ. The 15-meter value is also typical, but of a 1 
wi center-fed wire. Parallel feeders and a highly competent antenna 
tuner would be needed for this antenna. However, careful analysis 
of the impedance excursions along the chosen feedline can 
minimize the chances that the tuner antenna terminals will see 
either a resistance or a reactance value outside its range of 
adjustment. 


So far, I have given no figures for the feedpoint impedance of the 
Expanded Lazy-H. The two elements in Fig. 1 are fed in phase by 
the simple expedient of using equal lengths (11) of line to a center 
point to which we attach the parallel feeders going to the antenna 
tuner. There are two controllable variables that will affect the 
feedpoint impedance at the junction with the main line to the shack. 
Опе is the length of the lines, which we have set at 11' each. The 
other is the characteristic impedance and velocity factor of the 
phasing lines. | shall not here explore other phasing line lengths, 
but instead shall show some anticipated feedpoint impedances for 
each band using three different phasing lines. One will be a 450- 
Ohm. 0.95 VF line, typical of windowed vinyl-covered lines. Another 
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will be 300-Ohm, 0.8 VF line, typical of good quality TV line. The 
third will be 600-Ohm, 1.0 VF line, which might be bought or built 
from wire and spacers. 


Feedpaint Impedance (R +/- 3X ohms) 


Ereq 450-0hm god cb p 
28.5 LET dis + j sra dos + j s10 
24.9 a7 + j us 11 + J зав. 30 + j ма 
21.2 21] 15 КИЕЗ аа] в 
FF SEES в-] 20 ве - j 230 
144 385 -j 285 15 j 150 3050 > j зва 
En 56 + J 105 LEE EREESS 
Tas 2023 99 $-j s 1321 ow 


Starred entries represent very low resistive components to the 
feedpoint impedance which might present larger excursions along 
whatever line is chosen as the main feedline to the shack. Note that 
the starred entries are fewest with the 600-Ohm phasing line. Once 
more, it is worth noting that these numbers are derived for general 
guidance from models. Variations will emerge from the actual 
construction of the antenna and from conditions and clutter at the 
antenna site. 


One question that almost always emerges with respect to 
comparing the single wire and the array gain figures for 10 meters 
is this: how can the array deliver over 4.5 dB gain over the single 
wire? The answer is straightforward if we compare elevation 
patterns for the two antennas. Fig. 5 tells the tale. 
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Like any single-wire antenna, the EDZ at 66' on 10 meters shows 
an array of nearly equal-strength vertical lobes: 4 to be exact. In 
contrast, the upper lobes of the Expanded Lazy-H are suppressed 
leaving a single dominant lobe and a secondary lobe well over 4 dB 
weaker. All other lobes are down by 12 dB or more. The array 
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tends to waste far less power at very high angles of radiation 
compared to the single wire. This comparative pattern, with 
variations, tends to hold true down through 20 meters. 


Elevation Patterns si жч 
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Оп 20, the effect is less pronounced but still easily measured, as 
shown in Fig. 6. The area enclosed by the upper lobes of the single 
wire at the top of the figure is distinctly greater by a considerable 
margin than the area enclosed by the upper lobe (barely 
discernable as a double lobe) of the array. The difference in area 
(assuming that the azimuth patterns are comparable, as they 
happen to be in this case) is a rough measure of the added power 
appearing in the lower lobes. In this case, that additional power 
shows up not only in the maximum gain, but as well in the vertical 
beamwidth. The phased feeding of vertically stacked horizontal 
wires has benefits hard to match in a typical flat-top wire array. 


Alongside the benefits come some limitations. The Lazy-H requires 
а pair of tall supports and is suited to the antenna farm with more 
tall trees than money. It is possible to lay out more than one of 
these inexpensive antennas in order to cover additional regions 
along the horizon. It is likely that no special treatment will be 
needed to detune unused arrays to prevent them from altering the 
pattern of the array in use. Either leaving the shack end of the 
unused feedline open or shorting it will introduce to the wire 
feedpoints sufficient reactance to detune the wires. However, this is 
a facet of multiple array installation that the builder should keep in 
mind. Sometimes Murphy dictates that nothing will work to prevent 
interaction short of greater physical separation of the arrays. 


‘The Expanded Lazy-H is an outstanding bi-directional array for 10 
meters in the design given here. Its performance holds up well 

down through 20 meters, and we can press it into service on lower 
bands. It takes up very little room horizontally in the yard, although 
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а couple of optimally spaced tall trees certainly can aid the 
installation process. The wires for the elements and the phasing 
lines, as well as the feedline to the shack and the UV-resistant 
support ropes, are certainly inexpensive compared to the cost of a 
tower, rotator, coax, and commercial aluminum antenna. It is a 
design worth recollecting every 15 years or so just to make sure 
that we do not forget it. 
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Chapter 46: Explaining the Modern Dipole Curtain Array 


point HF communications in the first half of the 20th century. 

'Although some rhombics remained in service within the short- 
wave broadcast (SWBC) industry, other antenna designs generally 
took over. SWBC tends to require a broader beamwidth than a 
rhombic provides. Although the rhombic had the frequency range 
necessary for frequency shifts in accord with changing HF skip 
conditions, other antennas could serve as well--or almost as well. 
Once aimed, the rhombic had a line of targets; SW broadcasters 
preferred a large region. Even if the target did not encompass the 
entire region, slewing the antenna's beam pattern could reduce 
costs by avoiding the need for second and third large high-gain 
arrays or complex turning mechanisms. 


| ‘ong-wire antennas served primarily the needs of point-to- 


Antique and Modern Billboard Antennas 


The solution to the needs of many SW broadcasters arrived with 
improvements to a very old antenna, once called the billboard. (See 
Kraus, Antennas, 2nd Ed., p. 547, for a representation of a billboard 
antenna.) The operational principle is simple. Any bi-directional 
antenna, such as a dipole, becomes a directional antenna when 
placed in front of a planar reflector. Planar reflectors find many 
contemporary uses in the VHF and UHF region today. Hence, we 
often overlook their continuing service for SW broadcasting. 
However, their current use depended upon a number of advances, 
standardizations, and combinatory techniques to give them the 
relative predominance that they now enjoy. 
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Fig. 1 sketches (with many missing details) an antenna about 
which I have received many inquiries. Vacationers encounter them 
in unexpected places from coast to coast (and well inland) in the 
U.S. The sketch is not to scale. The towers are much too fat for the 
array between them. The figure also lists other missing details that 
would obscure the main function of the antenna. For example, we 
would normally find many more guy wires for the towers and many 
more support and spacing wires and jigs for the key elements that 
form the antenna's radiation pattern. 


In return for omitting some details, we can clearly see both the 
dipole elements in a 3-by-3 array and the reflective screen behind 
them. In many cases, the screen will consist only of horizontal 
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wires, similar to the rod-based planar reflectors in my notes on that 
subject in past articles. Since the horizontal lines are very long, 
periodic vertical spacers are necessary to maintain the reflector 
shape. 


The 3-by-3 array of dipoles also represents an evolution from some 
of the original billboard antennas that used center-fed full- 
wavelength elements. Note also that the dipoles are closely 
spaced. The overall reduction in billboard size per driver unit 
formed one of many reasons why the modern dipole array is a 
primary short-wave broadcast antenna today. Even the original 
versions effected a major real estate saving over designs such as 
the rhombic. Of course, many of the original rhombics used timber 
Supports. As steel tower structures became more common and less 
expensive, they not only replaced existing supports, but also made 
taller antennas more feasible. Hence, the billboard antenna traded 
vertical space for longitudinal space, cutting both purchase and 
maintenance costs. (Never volunteer to mow the lawn beneath а 
truly long rhombic.) 


The dipole атау rarely uses its original "billboard" name, although 
many folks call it a dipole curtain antenna. "Curtain" refers to the 
planar reflector behind the driven elements. They could move a bit 
in the wind. Early designs were not fully appreciated for several 
reasons. First, the high steel structures and copper wire were 
subject to corrosion. Breakage required more repair effort than 
splicing a rhombic leg. However, one of the electrical limitations of 
the billboard was its narrow operating bandwidth. 
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In the first half of the last (20th) century, almost all antenna 
designers strove to produce as much gain as might be feasible 
from a given design. This bad habit still infects much of the antenna 
design for amateur radio. We accept excessive problems in 
feedpoint matching by designing long-boom Yagis with the 
minimum number of elements necessary for a certain gain level. 
Even if we overcome that problem, we continue to accept relatively 
poor sidelobe suppression because we refuse to add a few more 
elements to the design. We continue to make excuses for antenna 
designs that are difficult to replicate due to their narrow operating 
bandwidth. (There are good reasons in certain circumstances for 
using a narrow beamwidth, but in general, it is usually a condition 
with which we are stuck for lack of design imagination.) 


Early billboard antennas suffered from narrow operating bandwidth 
for several reasons. First, the driving elements used a spacing from 
the reflector screen that yielded maximum gain. Second, they 
looked for element-to-reflector spacings that left the feedpoint 
impedance unchanged relative to the same driver with no reflector. 
Third, they used driven element lengths and spacings that yielded 
maximum gain. For example, a collinear pair of 1/2-wavelength 
elements (or a center-fed full-wavelength element) yields a little 
more gain than a simple 1/2-wavelength dipole. (The high 
impedance of this type of element, of course, permitted the use of 
wide-spaced transmission line segment for feeding and phasing, a 
condition very suitable for high-power SWBC operations.) Although 
we knew that we might obtain even more gain with a vertical 
spacing of 5/8 wavelength, 1/2-wavelength became the standard 
for the ease of feeding a vertical collection of elements in phase. 
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Rarely did we have the room to arrange the elements horizontally 
at optimal spacing. Initially, we used some very close spacing to 
reflector screens, sometimes as low as 1/8 wavelength. When we 
discovered that a wider spacing would yield more gain and weaker 
rear lobes, we opted to use that spacing despite the fact it still 
limited the operating bandwidth, 


Modem dipole curtain arrays operate on other principles. Some 
common ones, found in Chapter 26 of Johnson's Radio Engineering 
Handbook, 3rd Ed., reappear in Fig. 2. We may note in passing 
that an engineer for TCI, a leading producer of dipole curtain 
arrays, wrote the 3rd edition version of the chapter on HF antennas. 
If the volume is not conveniently available, you may find some of 
the same data at the TCI website. Look at model 611 for a general 
description of their dipole curtain arrays. 
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The side view of the antenna shows the vertical heights generally 
used: 1/2 wavelength between dipoles of the array. Studies of 
planar reflectors strongly suggest that this antenna type achieves 
maximum gain for a given driver set when the reflector screen 
exceeds the driver assembly by 1/2 wavelength or so in every 
direction. Realities, including catenary effects on an all-wire 
assembly, usually dictate less reflector extension except perhaps at 
corners. 
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The face view shows the equally desirable horizontal reflector 
extension, although every extra foot of reflector screen adds to 
costs for perhaps marginal performance improvements. The most 
notable feature of the face view is the arrangement of the driver 
dipoles. Since a driven dipole is normally slightly less than a 
physical half wavelength, we may place the dipoles on 1/2- 
wavelength centers across the reflector. Because designers still 
wish to use wide-spaced transmission lines for feeding and 
phasing, the driven elements are usually some form (in some 
cases, an exotic form) of a folded dipole. 


The final element to note from the sketch is the recommended 
spacing of the elements from the reflector screen: 0.3 wavelength. 
A simple dipole tended to show maximum gain and weakest 
rearward lobes with considerably closer spacing, but by accepting a 
lower gain per driver, the designer achieves a wider operating 
bandwidth. Before we close these notes, we shall look at the 
combination of ingredients that go into extending the operating 
bandwidth of a dipole array. 


We (but not necessarily the designers) might express the overall 
goal in this manner: since wire elements are relatively light, we can 
obtain more performance by packing more elements within the 
available space rather than from seeking out the maximum 
performance from the minimum number of elements. Most of the 
array weight (but not necessarily stress in adverse weather) lies in 
the reflector lines or screen. The element spacings in the sketch-- 
and any extension of the sketch--provide the most performance for 
a given space (side-to-side and vertical) occupied by the array. 
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Performance here includes not only gain, but beamwidth, rear 
lobes, and feedline SWR for some specified reference impedance. 


How the Dipole Array Achieves Its Performance 


Let's back up a step and see how the modern dipole array achieves 
its performance. That step requires that we first examine dipoles on 
their own, that is, with no reflector screen. We shall survey in 
tabular form the maximum gain of various combinations of dipoles. 
Of course, the listed gain will be for a bi-directional array. We shall 
designate each combination by a code of the order mV-nH, 
indicating the number of dipoles stacked vertically (m) and 
horizontally (n). Each vertical dipole will be 1/2 wavelength from its 
neighbor, and horizontal dipole lines will be on 1/2-wavelength 
centers. The data include both the gain and the horizontal 
beamwidth. More correctly, the beamwidth is in the E-plane, since 
all values for this exercise are for free space. All dipoles consist of 
folded dipole made from AWG #10 copper wire. The test frequency 
is 10 MHz. 


Fres-Space Performance of Various Dipole Arrays 


Array Size зман тзн avan 
Maximum Gain (dBi) 213 3.79 5.30 
Beameidth (degrees) ha pr 33.2 
Array Size E E EET 
Maximum Gain (dBi) p pe 9.59 
Beamadth (degrees) Tas Er ЕЗ9 
Array Size ERES E EE 
Maximum Gain (dBi) p 9.72 11.27 
Beanwidth (degrees) а E Ex: 
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The 2V-2H configuration offers the greatest step-gain increase over 
versions with one less vertical or one less horizontal dipole. The 
gain steps are not smooth for two reasons. First, gain increases 
diminish as we add steps in a linear count. As well, the dipoles 
interact, so that gain is not strictly additive. Slightly different spacing 
values or even horizontal end-to-end distances may alter some of 
the numbers. Nevertheless, the overall progression of dipole 
maximum gain values is a fair representation of the potentials of 
dipole arrays on 1/2-wavelength centers. 


One interesting fact about the progressions is that the E-plane 
beamwidth does not significantly change as we add dipoles 
vertically. Narrower beamwidths result from adding dipoles 
horizontally. Since the beamwidths of each level of horizontal 
stacking are constant, regardless of the size of the vertical stack, 
we can represent the array patterns with samples taken with a 
vertical stack of 2. Fig. 3 shows the pattern shapes for 1, 2, and 3 
horizontal dipole stacks. The patterns for 1 and 2 horizontal dipoles 
are perfectly normal and familiar. The pattern for 3 dipoles 
resembles the pattern for a center-fed 1.25-wavelength extended 
double Zepp doublet. 
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Over ground, the E-plane patterns would not change shape 
significantly. The elevation pattern depends upon the height of the 
array above ground. Typically, an installation will adjust the 
dominant elevation angle for a design frequency by adjusting the 
bottom height for the array selected, which might be stil larger than 
the samples used here. Although literature tends to use the 
average height of the array as a calculating point, the arrays 
equivalent height tends to be about 2/3 the distance between the 
height of the lower dipole and the height of the highest dipole. This 
figure does not vary much from the array's average height, but it 
does show up in vertically phased arrays (like the lazy-H) where the 
lowest height may be a large fraction of a wavelength above 
ground. Indeed, the lazy-H is a billboard antenna without the 
billboard, although some amateurs have added screen reflectors for 
increased directivity. 


Adding a screen to the folded-dipole arrays that we have just 
surveyed creates a directive beam antenna. As shown in Fig. 2, the 
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recommended spacing between the dipole arrays and the screen 
reflector is about 0.3 wavelength. The value is not optimal for 
maximum possible gain. In fact, designing a dipole array for 
maximum possible gain would require customizing each dipole 
element and the array spacing for every possible combination. The 
0.3-wavelength spacing provides good gain and pattern shaping 
without regard to customizing the dipoles to account for their 
interaction, As a test, | created a screen for each folded dipole in 
the first sequence. Each screen consisted of a wire grid of standard 
modeling proportions (0. 1-wavelength squares with a wire diameter 
that is the square side divided by Pl). Each screen exceeds the 
dipole array dimensions both vertically and horizontally by 0.5 
wavelength. The test frequency remains 10 MHz. To the data in the 
first table, | have added the 180-degree front-to-back ratio as a 
measure of rearward performance. 


Free-space Performance of Various Dipole Arrays with Screen Reflectors 


Array Size КУ avan veas 
Maximum Gain (авз) Tas pe ina 
Front-to-Back Ratio (ву 18.24 21.18 añ 
Beanwidth (degrees) p En EX) 
Array Size E ET EET 
Makimum Gain (dBi) элт 11.21 12.85 
Front-to-Back Ratio (da) 21.44 28.73 28.90 
Beamedth (degrees) ma En 32.8 
Array Size sem ET E 
Maximum Gain (авї) ERI 13.22 24:87 
Front-to-Back Ratio (d8) 21.58 29.33 29.34 
Beamedth (degrees) 720 En 32.8 
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Because the rear lobe structure changes, the gallery of E-plane 
patterns in Fig. 4 includes plots for all of the entries in the table. 


" та 


Foe Suacs E Plane Pains ofTioicalDicolo Апе а Sarco Re 


Chapter 46 


Antennas Made of Wire - Volume 2 


A number of features of the patterns call for note. The beamwidth 
values do not change very much from the values without the 
reflector, except that they apply only to the single large forward 
lobe. The sidelobes of the versions with 3 horizontal dipoles are 
better than 20 dB lower than the main lobe regardless of the 
vertical stack size. A single bay consisting of 1 to 3 dipoles 
arranged either vertically or horizontally has a good front-to-back 
ratio. However, as soon as we add a second bay in one or the other 
direction, the ratio approaches 30 dB--even for the 2V-2H version 
of the array. For values over average ground with a base height of 
at least 1/2 wavelength, you may add about 5 dB to the gain for a 
ballpark total gain figure. The gain will slowly climb as we increase 
the base height of the array, of course, moving the screen upward 
with the dipoles. 


Опе advantage that accrues to the dipole array is the ability to shift 
ог slew the main direction of the beam by up to 30 degrees each 
way, depending on array size. Common installations employ "delay 
lines” that shift the phase angle of the current for each vertical bay 
of dipoles. We may simulate this effect in models simply by using a 
current source and adjusting the source phase angle while holding 
the current magnitude constant. Fig. 5 shows the patterns for a 1V- 
2H array initially with both vertical dipoles in phase. The center 
pattern uses a phase angle of 30 degrees for the first dipole and 60 
degrees for the second. The final pattern uses 60 degrees for the 
first dipole and 120 degrees for the second. The general rule is to 
change the phase angle of subsequent vertical dipole bays by a 
multiplier on the baseline phase angle according to the position of 
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the dipole (or vertical bay of dipoles) relative to the first vertical 
dipole or bay. 
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The first move changed the heading of the main beam by 7 
degrees, and the second changed it by 13 degrees. The angles 
would remain the same regardless of the size of the vertical bays in 
the array. By the correct selection of delay lines, we can achieve a 
relatively precise aim at a target of choice within the span of 
allowable slew angles. As we increase the angle of the main beam 
by these means, some distortion does appear in the form of forward 
and rearward sidelobes. At the angles in the sample, the distortions 
are not severe enough to void the use of slewing. However, they 
show that slewing has limits. Nevertheless, for a SWBC station that 
wishes to change its target from one session to the next, the 
process allows the change without physically altering the antenna 
or its position. Note that, when used within limits, the beam strength 
and beamwidth do not change to any noticeable degree. 
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The basic capabilities of a fixed position dipole curtain array are 
quite impressive, even using the ubiquitous amateur monoband 
Yagi as a standard of comparison. A 2V-2H assembly at a 
reasonable height above ground would easily match a 5-element 
Yagi, and delay-line slewing of the beam would permit coverage of 
all of Europe from the eastern U.S without need for a rotator. If we 
built equivalent dipole arrays on each side of the reflector, then we 
might cover Europe on one side and the Pacific on the other, at 
least from my location in the hills of Tennessee. 


Broadbanding Techniques 


The needs of SWBC stations are quite different from those of the 
average amateur station. SWBC stations tend to use very high 
power levels, up to 500 kW in some cases. Since we must provide 
energy to each dipole, the use of wide-spaced parallel transmission 
is fairly standard, indicating as well the use of high-impedance 
antenna feedpoints. A folded dipole of conventional construction-- 
with equal diameter conductors throughout-goes part of the way 
toward the high-impedance goal. However, if we wish to raise the. 
feedpoint impedance beyond about 280 Ohms, we must resort to 
more unconventional techniques. For example, if we use a smaller 
diameter wire for the line with the feedpoint and a much larger 
diameter wire for the other line, we increase the impedance 
transformation to almost any desired level within the limits of lines 
to match it. We may simulale very wide second wires using pairs or 
cages of wires so that the entire assembly remains lighter than it 
would be with a single fat wire or tube for the second conductor. 
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Obtaining a high impedance feedpoint does not resolve a second 
goal of dipole array designers: achieving a wide operating 
bandwidth. The gain of a dipole array changes slowly as we change 
the operating frequency as a function of the length of the elements 
relative to the operating frequency. However, being able to match 
the array over an extended bandwidth requires a combination of 
techniques. There is no magic to any of them, although amateurs 
rarely use them in complex combinations. 


The first step is to begin with a wide-band folded dipole. The AWG 
#10 folded dipole used in our initial dipole array models has a 2:1 
SWR bandwidth that runs from 9.6 to 10.5 MHz, a 0.9-MHz spread 
(given our test frequency of 10 MHz). We need to begin with a 
folded dipole array that has inherently a broader operating 
bandwidth. That is step 1 in the process. Most dipole array 
manufacturers have proprietary designs for their driven elements, 
designs to which | am not privy. (Even if | had access to one or 
more of them, I likely could not violate agreements that gave me 
such access.) So | shall begin with a moderately broadbanded 
driver of my own design. It will not have the full capability of some 
commercial driver elements, but it will be sufficient for our small 
demonstration. 
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A Far Folded-Dipcle 
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A fan dipole with a 3:1 length-to-height ratio is capable of 
increasing the operating bandwidth over a conventional linear 
dipole. However, the feedpoint impedance is about 50 Ohms. If we 
create a pair of such fans, we only achieve the standard 4: 
impedance increase that is standard for a conventional folded 
dipole. However, if we use a single-wire as the fed portion of the 
folded dipole, the fan represents a much "fatter" second portion, for 
a significant increase in the feedpoint impedance. We connect the 
fed wire to the fan at the centers of the vertical sections, since that 
is the pair of points on the fan with minimum current. The free- 
space performance data for the arrangement is virtually identical to 
the standard folded dipole, but the feedpoint impedance at 
resonance is over 550 Ohms. A 600-Ohm SWR curves shows 
under 2:1 SWR from 9.4 to 10.8 MHz, a 1.4 MHz spread or about 
1.56 times the spread of the standard folded dipole. Like the 
standard folded dipole, the folded-fan dipole is composed of AWG 
#10 copper wire in all of the models that we shall consider. Fig. 7 
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overlays the SWR plots for the standard folded dipole and the 
folded-fan dipole. Each curve uses its own reference impedance. 
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Step 2 in the process of broadening the operating bandwidth is to 
place the driver assembly ahead of the reflective screen and 
determine the best distance between the two. Like previous 
screens, the wire-grid structures used in this sample situation 
extend about 1/2 wavelength beyond the driver limits in all 
directions. Fig. 8 shows side and face views of the folded-fan 
dipole and its screen. In the EZNEC graphic, | have retained the 
segment and wire junction dots to lend some color differentiation to 
the array pieces. 
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Fig. 8 shows no spacing value because | examined 2 cases. The 
first placed the driver 0.245 wavelength ahead of the screen. The 
free-space gain was 8.34 dBi with a front-to-back ratio of 18.77 dB. 
The feedpoint impedance with this spacing was close to 800 Ohms. 
Increasing the distance between a planar reflector generally has 3 
easily noted effects. First, it raises the feedpoint impedance of the. 
driver. Second, if the distance is greater than the maximum gain 
position, performance gradually declines relative to both gain and 
front-to-back ratio. Finally, increased spacing between the driver 
and screen tends to widen the operating bandwidth of the array. Ву 
increasing the spacing between the driver and screen to 0.3 
wavelength, the feedpoint impedance rose toward 1000 Ohms. 
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However, the maximum free-space gain dropped by 0.9 dB to 7.45 
dBi, while the front-to-back ratio fell to 16.55 dB. Nevertheless, as 
shown in Fig. 9, the small increase in spacing widened the 2:1 
SWR bandwidth, with each array design using its own reference 
impedance. 
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Although the curves appear similar, note the difference in the 
frequency limits of each graph. At a more optimal position for array 
gain, the passband runs from 9.2 to 10.9 MHz or 1.7 MHz. By 
increasing the spacing, the operating passband now extends from 
92 to 11.9 MHz or 2.7 MHz. Notice that the SWR in neither case 
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reaches a 1:1 value. That goal is often only an amateur fetish (but 
is not always a fetish by any stretch of the imagination). By 
selecting an acceptable reference impedance--generally one that 
reflects a transmission line that we can use with the system--we 
can often attain a wider passband within the upper limits of 
allowable SWR. 


Stretching the operating passband in terms of SWR does not 
guarantee that the array pattern will be equally usable everywhere 
within the frequency limits. Fig. 10 presents sample E plane 
patterns from the wider passband, using the upper, lower, and mid- 
band frequencies. Within the span of the antenna, the gain drops 
from 8.04 dBi down to 5.02 dBi as we raise frequency (and the 
spacing becomes wider as a function of a wavelength). The 180- 
degree front-to-back ratio tends to be stable in the 16-18-dB region. 
However, as we raise the operating frequency, the beamwidth 
broadens, especially toward the upper passband limit. At 11.9 MHz, 
the pattern shows twin peaks, although there is no noticeable null 
between them. However, for some applications, the beamwidth 
may have become too wide to meet operating criteria. 
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Our step-2 exercise has increased the frequency range for 
allowable operation. In the process, the exercise has also shown us 
that not every frequency that we can use is one that we can use 
well. 


The third step on the road to broadening the passband of a dipole 
array involves what happens when we phase-feed more than 1 
driver. For this rudimentary demonstration, | set 3 folded-fan 
dipoles (without a screen) at vertical intervals of 1/2 wavelength. 
The center dipole serves as the fed driver relative to the main 
transmission line. Each outer driver receives energy from a 1/2- 
wavelength transmission line connected to the center driver. The 
three drivers are now roughly in parallel. Hence, we can expect a 
reduction in both the resistance and the reactance at the feedpoint. 


However, the drivers interact with each other. Outer drivers 
essentially interact with only one other driver, and mutual coupling 
shifts the feedpoint impedance of each of them by like amounts. 
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However, the center driver mutually couples to both outer drivers 
and shows a different shift in impedance from the value it would 

have if used in isolation. By judicious sizing of the drivers we can 
overcome the impedance difference. However, let's size them in 
concert, that is, make them all the same size. The left portion of 

Fig. 11 shows the set-up in outline form. 
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Because the impedances on the outer drivers will be increasing for 
part of the frequency sweep while the center driver impedance 
decreases--and vice versa--we obtain an additional increment of 
passband broadening. Fig. 12, at the top shows the new passband, 
which even without a reflective screen extends from 9.55 to 11.8 
MHz ог 2.25 MHz. The reference impedance for the curve is 250 


Ohms. 
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The bi-directional maximum gain of the drivers across the operating 
passband increases from 7.17 dBi to 8.03 dBi, with well-behaved 
lobes. Therefore, the driver set seems fit for combining steps 2 and 
3, that is, using a phased set of 3 drivers ahead of a screen. The 
right portion of Fig. 11 shows the ultimate array (at least for our 
demonstration) in outline form. The lower portion of Fig. 12 reveals 
the 300-Ohm SWR passband, which now extends from 8.35 up to 
11.5 MHz or 3.15 MHz. The following brief table samples the 
modeled free-space performance values at each ends of the 
passband and at the mid-band frequency. 


Modeled free-space Performance of a Vertical Stack of 3 folded-Fan Dipoles 
0-3 WL Ahead of a Sereen Reflector 


Frequency (Miz) E 9.925 ins 
Maximum Forward Gain (dai) 11.99 11.56 Er 
180-Degrse Front-to-sack Ratio (dB) 20:81 20.15 29:00 
Е°Рїале Seamdidth (degrees) es EH 95.8 


Except for not showing relative gain values, the patterns in Fig. 13 
put a graphic face on the data in the table. 
Fate 


Ele Patems 3 oldeoFan Dinoles win Phase Lino Feeding anû efectos Seren 


Chapter 46 


Antennas Made of Wire - Volume 2 —— . 


The array patterns show the same sort of development that we 
found in Fig. 10 for a single driver and screen. At the top of the 
passband, we find dual peak gain levels, but without a noticeable 
null between them. We also find a rapid rise in the beamwidth 
above the mid-band frequency--nearly 30 degrees. Although the 
same cautions apply to the expanded array as also apply to the 
single driver array, we should note that the operating passband is 
now about 50% greater. 


Our goal has been only to demonstrate that obtaining a wide 
operating passband from a dipole curtain array requires a 
combination of ingredients or steps, as we have called them. The 
folded-fan dipole is far from being the ideal starting point for 
effecting the scheme, although it has served well in the 
demonstration. Some manufacturers of dipole screen arrays claim 
up to a 2:1 frequency range while also listing tighter SWR limits їп 
their specification sheets. However, all specification sheets are 
incomplete performance records, so we have no idea of whether 
the patterns associated with frequencies across a given frequency 
range are all usable to the same degree as they are at mid-band. 


Regardless of the performance obtained by any given maker, we 
have seen that through careful design (even at the crude level used 
in this exploratory account), a dipole array with a screen reflector 
lends itself to broadband service with gains that one might tailor by 
selecting the correct array size. A planar reflector, whether solid or 
composed of lines or screens, offers considerable flexibility in 
system design. If we give up the amateur habit of always seeking 
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the highest gain from the fewest elements, we can achieve a 
number of other advantageous performance features in our arrays. 


Back to the Billboard 


Modem screen or curtain arrays employ dipoles. However, in the 
dim recesses of past times, the original standard driver billboard 
array was one or more sets of center-fed 1-wavelength elements, 
also called collinear half-wavelength elements. We neglected to 
test this arrangement to see if it offers any advantage over the use 
of dipoles. Let's pause before closing to see what happens if we 
replace dipole drivers with the 1-wavelength drivers. 


To gain some perspective on the question, let's use a 2V-2H dipole 
driver set as one comparator. The corresponding billboard array 
would employ a 2V-1H driver set. Both driver arrays would have the 
same dimensions and require the same size reflector screen. In 
fact, we may also use the same spacing between the drivers and 
the screen for both antennas. The top portion of Fig. 14 shows the 
two outlines. 
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Comoaricon of a 2V-2H Dipole Array and а 2V-1H Billboard" Array 
Using the Same Sereen Reflector and Spacing Fig. 14 


Between the two types of driver arrays we find under 0.1-dB 
difference in gain and only 1 degree difference in beamwidth. The 
front io. back ratio of both arrays is near 28 dB. As the sample E- 
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plane patterns show in Fig. 14, Nothing in either pattern gives one 
or the other array an advantage. 


We have already explored some ins and outs of dipole impedance 
behavior in a planar-reflector array. The older billboard system 
shows individual feedpoint impedances that are very high--in 
excess of 3000 Ohms resistance. For a single frequency, the high 
impedances are no hindrance to the use of 1-wavelength elements. 
However, if we wish to change frequencies, we may encounter a 
need to retune the system. The center of a 1-wavelength element is 
a region of very large and rapid changes of impedance values as 
we shift the operating frequency. Unless all wires composing the 
system are very taut, storm winds may result in some impedance 
oscillations. 


The much lower impedances of dipoles--even raised to several 
hundred Ohms-provide the array designer with a much more 
controllable situation with respect to impedance matching over a 
wider frequency range. The conversion to dipoles as drivers has 
made the dipole screen array a mainstay of short-wave 
broadcasting by providing the necessary gain and beamwidth 
{including slewing) with the ability to handle high power levels. 
Increased operating bandwidth supplies the final need of the SWBC 
industry. 


In these notes, my aim has been to examine some of the features 
of an antenna type that we often encounter on our travels across 
the U.S., but seldom have occasion to use personally. The maze of 
wires-whether active antenna parts or support guys-gives these 
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antennas an air of mystery--or at least considerable puzzlement. 
(Of course, not all mazes of wires strung between 2 tall support 
masts are dipole curtain arrays.) Hopefully, this small set of 
exercises has taken some of the mystery out of the arrays. 


In the course of developing these notes, | have used published 
information on the antenna type, abetted by some first-order free- 
space modeling. Hence, my slant on certain features may differ 
markedly from the perspective brought to bear by an antenna 
engineer deeply involved in the design and implementation of such 
arrays. Indeed, I may well have overlooked numerous features that 
а manufacturer might consider critical and stressed others 
considered marginal or even trivial. Still, | hope that these notes 
contain enough analytical information to make the antenna type 
the dipole curtain array--more familiar to and understandable by 
those who see one for the first time. 
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Chapter 47: The 2-Element Vertical Phased Array 


п July, 2006, Pete Millis, M3KXZ, published his design of an 
апау of 2 vertical antennas that he calls "No-counterpoise" 
antenna: 2-element phased array. 


The antenna is interesting in several respects. First, it uses a very 
simple structure and common materials that you can obtain from 
Radio Shack and hardware sources. Pete uses speaker wire and 
PVC supports for the vertical elements. Perhaps the only 
specialized antenna items are the baluns that he winds on ferrite 
cores and the encased 4:1 balun he uses at the center of the 2- 
element version of his array. However, we shall have occasion to 
evaluate the need for these items as we look into the antenna. 


The second significant aspect of the antenna is its performance. A 
single element length covers a spread of bands, for example, 20 
meters to 6 meters using a total length of 25. The normal limit for 
either a 1/4-wavelength monopole or a 1/2-wavelength dipole is 
about 2.5:1, which would suggest a cut-off of about 35-36 MHz, if 
the original antenna is cut for 14 MHz. Once a monopole exceeds 
about 5/8-wavelength or а dipole exceeds 1-1/4-wavelengths, the 
main radiation is no longer broadside to the wire. For a vertical 
antenna, the long lengths result in very high angle radiation, rather 
than the low angle radiation that we normally need. However, the 
МЗКХ2 antenna and array yield very usable patterns from 20 
through 6 meters. In addition, the gain of the antenna is close to the 
gain available from either vertical dipole/doublets or from elevated 
monopoles with radials on all bands. 
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For these reasons, it seems that the antenna in both its 1-element 
and 2-element versions deserves a closer look, if only to 
understand its operation better. As well, if one wanted to replicate 
his antenna using different materials, we shall need to look at some 
of the pieces in his arrangement. 


A Frame of Reference 


As a basic for evaluating the behavior and performance of the. 
МЗКХ2 antenna and array, let's first catalog comparable data for а 
more familiar antenna, the straight vertical wire element. Since we 
shall look at the 20-6-meter version of the M3KXZ antenna, we may 
cut the wire for 20 meters. We shall use AWG #12 copper wire and 
place the lower end 1' above the ground, the height that we shall 
use for the other elements. However, a straight wire that is vertical 
requires a top height of 34.6". For our basic work, we shall use 
average ground as the soil throughout. 


We have 3 choices for feeding our vertical wire. We might select 
the center, which would be natural for a 1/2-wavelength dipole. Of 
course, the wire becomes a doublet as the length grows longer. 
than 1/2-wavelength and the current peak and voltage minimum no 
longer occur at the center of its length. Alternatively, we might 
select a feedpoint based on the M3KXZ design, that is, a position 
2/3 of the distance down from the antenna top, considering the 
12.5 fold back in the M3KXZ design as the lower 1/3 of the 
antenna. Finally, we might place the feedpoint at the lower end of 
the antenna. 
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Table 1 summaries some of the key performance data for each of 
the three versions of the vertical wire at the center of all amateur 
bands from 20 through 6 meters. 


m тайт 


As we would expect, the feedpoint impedance values (Feed R and 
Feed X) differ widely among the antenna versions. More significant 
for eventual comparative purposes is the performance of each 
version. None of the three can sustain a low elevation angle for the 
main radiation lobe across the range of bands covered by the 
survey. Moreover, we find differences within each band depending 
on the feedpoint position, and the differences involve more than 
small changes in the maximum gain. For an example, we may use 
24.94 MHz. The center-fed version produces a main lobe at 13 
degrees elevation. The off-center-fed version's main lobe is at 40 
degrees, while the end or bottom-fed version main lobe is at 39 
degrees elevation. 


The radiation pattem differences result from differences in the 
current magnitude distribution along the wire on this band--and on 
any other band where the wire is longer than 1/2 wavelength. Fig. 1 
shows the differences that occur on 12 meters. Most evident is that 
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the current minimum occurs ever lower on the structure as we 
move from center feeding to bottom-end feeding. As well, but to a. 
lesser degree, the differences in the current curve between the off- 
center-fed and the end-fed version play a role in the ultimate shape 
and strength of the pattern lobes for the vertical wire. 
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Only the center-fed version of the straight wire doublet manages to 
cover 20 through 10 meters with the man lobe at a low elevation 
angle. The other versions give way to having their main lobes at 
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higher and generally undesired elevation angles well under 10 
meters. Despite our interest in the radiation patterns, we shall also 
discover that the impedance columns of Table 1 will hold 
importance as we attempt to see what lies behind the behavior of 
the M3KXZ antenna. 


Some M3KXZ Antenna Basics 


The full 2-element array appears in Fig. 2 in outline form. | have 
selected the 20-6-meter version for a detailed look. A single- 
element version of the antenna would simply omit the second 
element and the two phase-lines marked TL1 and TL2. 
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їп modeling the antenna, 1 departed from the original, which uses 
speaker wire. To yield adequate models, 1 spaced the AWG #12 
copper wires 1" apart in the lower half. Parallel wires at this 
separation have a transmission-line impedance of about 400-450 
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Ohms. Although I have seen no tests of insulated speaker wires, 
the characteristic impedance of a pair is likely to fall into the 75- 
100-Ohm range, due to both the spacing and the relative 
permittivity (dielectric constant) of the insulation between them. In 
addition, Pete twines the wire along a length of PVC for support, 
but without introducing any significant inductance. Although we can 
view his elements as essentially straight, we should understand at 
the outset that all models will be only approximations of his 
antenna. 


We should also enter a modeling caution to those who may wish to 
replicate the models used in this study. The separation between the 
long and the short sections of the element is 1". Although one 
would normally use 1" segment lengths for the remainder of the 
model, there is a different overriding consideration. Very closely 
spaced wires in NEC are subject to errors, even when we precisely 
align the segment junctions. in order to obtain a fair set of 
comparisons between the M3KXZ element and the straight wire 
element, it is necessary to adjust the segmentation to obtain an 
average gain test (AGT) score that is as close to 1.00 as may be 
feasible. For the models used here, 120 segments in the long 
section and 60 segments in the short section produced an AGT 
score of 1.004, indicating that gain and impedance values will be 
very much on a par with those drawn from the straight wire element 
with its essentially perfect AGT score. AGT values below near- 
perfect will yield low gain and high impedance reports, while AGT 
scores above near perfect will yield values that are too high for the 
gain and too low for the impedance. For very closely spaced wires, 
the segmentation density alone is enough to yield gain values up to. 
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1.5 dB off the mark. Hence, close attention of the model's AGT 
score is essential, especially when comparing the performance of 
models have different geometries. 


Before we turn to the full phased array, let's see what we might. 
obtain from a single M3KXZ element. Table 2 lists the NEC-4 
reports from the model, which places the 25' element at a height of 
1' above ground. | placed the antenna over a range of soils from 
Very good to very poor in order to determine if the soil quality had a 
significant bearing on performance, given the close proximity of 
ground to the lower end of the element. 


d 


If we examine the gain and TO angle columns of Table 2 under 
average soil, we discover that on all bands through 10 meters, the 
МЗКХ2 element yields competitive gain values and TO angles that 
are only slightly worse than those we gather from the center-fed 
straight wire. The M3KXZ element TO values are slightly higher 
largely because the top height is about 3096 lower than the top 
height of the center-fed doublet. Nonetheless, all of the TO angles 
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shown in the table are suitably low, although they do vary with the 
ground quality. 


There is an incidental but interesting pattern to note. We normally 
think of ground losses as increasing as soil quality decreases so 
that as we move toward bad soils, the gain of a vertical element 
decreases, However, this thinking has a frequency limit. The old 
thinking applies in small amounts from 20 through 15 meters. 
However, on 12 meters, maximum gain occurs over average soil. 
Above 12 meters, maximum gain occurs over very poor soil. The 
trend reversal is accompanied by a shrinkage in the differential in 
gain as we change soil, but the reversal is quite real. 


Soil quality changes do not make a large difference in the feedpoint 
impedance at the antenna base, where the short and the long wires 
meet. However, the range of feedpoint impedances is considerable. 
Hence, the use of a coaxial cable between the antenna base and 
the antenna tuner may prove a considerable loss source unless the 
length is very short. With the possible exception of 10 meters, all of 
the impedances fall within the easily matched range of a remote 
antenna tuner place at the element feedpoint. Otherwise, the use of 
parallel feediine--suitably elevated from the ground to prevent 
unwanted coupling--may be necessary. However, the very low 
impedance on 20 meters may incur some losses even with parallel 
feedlines. 
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Fig. З provides a gallery of elevation and azimuth patterns for the. 
bands covered by the array. Although the azimuth patterns all 
appear to be quite circular, note the shifting angle of the line that 
indicates the bearing of maximum gain. Any antenna with a fold- 
back--including the well-known J-pole--will exhibit at least a slight 
pattern distortion due to radiation from the two wires in the fold- 
back region. The closer that we space the wires, the less will be the 
distortion, and with the 1" spacing, the differential is never more 
than about 0.03 dB. However, as the shifting line bearings show, 
the distortion will change a bit from one band to the next. The fact is 
not operationally significant, but will prompt some further 
investigation. 


The elevation patterns reveal one of the most essential aspects of 
the antenna's performance, the well-behaved radiation at low 
angles with very little higher-angle radiation until we reach 52 MHz. 
At the upper limit of the operating spectrum, the second elevation 
lobe nearly equals the gain of the lower lobe over average ground, 
and over very good soil, the second lobe at an angle of 50 degrees 
is actually stronger. However, the low-angle gain remains 
serviceable. For comparison, a straight vertical dipole fed 1/3rd of 
the way up its length shows a considerable upper-angle lobe on 15 
meters, and at 12 and 10 meters, the higher second lobe. 
dominates the pattern. 


The well-behaved patterns are one of the effects of the 12.5 fold- 
back. That fold-back is not just a convenient way of feeding the 
antenna at a point 1/3 of its total length (25' plus 12.5). For 
example, if we feed a 20-meter vertical dipole at the 1/3rd point, we 
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obtain resistance values ranging from 100 to 3100 Ohms, and 
reactance values from -600 to +700 Ohms. The values shown in 
Table 2 are far tamer than they are for an off-center-fed straight 
dipole—or for any of the other versions of the straight-wire element 
in Table 1. 


In fact, the fold-back forms a transmission line section that is 12. 
long. Whatever impedance appears at the junction of the single- 
wire top section and the beginning of the double-wire section 
undergoes a transformation according to the electrical length of the 
double section and its characteristic impedance. Note once more 
that modeling requirements have dictated a 1” spacing, and that the 
characteristic impedance is not the same as it would be for the 
speaker wire. Hence, the impedance numbers in Table 2 are only 
representative. As well, they do not account for the transmission- 
line velocity factor of the insulated speaker wires used in the 
original. 


Fig. 4 presents a collection of current magnitude distribution graphs 
taken from the EZNEC models. At the far right, I have expanded 
the 20-meter graph in order to show that the current magnitude 
undergoes a small but noticeable shift at the point where the top 
single wire meets the double-wire section. The jog indicates that 
below the junction, the graph is showing a combination of both 
radiation and transmission-line currents, 
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The remainder of the current magnitude graphs show that we 
should not try to apply a simplistic J-pole or end-fed Zepp model to 
the situation. As the patterns show, the junction between the top 
and bottom sections does not occur at a maximum voltage, 
minimum current point on any band. As well, the double-line length 
is not 1/4-wavelength on any band, although it comes close on 10 
meters. Therefore, the impedance transformation differs for each 
band in terms of both the impedance at the section junction and the 
amount of transformation that occurs in the lower section. One 
might use a number of means to roughly calculate the start and end 
values for the transformation, but given the higher characteristic 
impedance in the model relative to the speaker wire used in the 
original, such an exercise might prove to be operationally useless. 
For any given installation, the most practical effort is to measure the 
impedance at the feedpoint for every planned frequency of 
operation. 
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One consequence of the lower double-wire or transmission-line 
section is that the dominant radiation currents do not follow the 
patterns that they would in a straight dipole/doublet, whatever the 
feedpoint. Hence, M3KXZ has found essentially an antenna 
designers grail or silver bullet: an arrangement of wires that 
extends the range of desirable pattern formation beyond its normal 
limits while sustaining good gain for an antenna of its type and 
leaving quite workable feedpoint impedance values. 


The 2-Element M3KXZ Phased Array 


The 2-element version of the M3KXZ antenna, shown in Fig. 2, 
consists of 2 elements connected by equal lengths of a 
transmission line, with a common junction for connection to the. 
main feedline. For the 25' version of the antenna, intended to cover 
20 through 6 meters, the spacing between elements is 10. The 
spacing is not accidental, since at 52 MHz, it represent about 0.53- 
wavelength, the maximum that we would wish to space phase-fed 
elements, 


Since we shall ultimately feed the antenna at a center point 
between the two elements, we have two choices of phasing. We 
may connect the two lines so that each long-section wire goes to 
the same side of the junction for in-phase feeding. Alternatively, we 
may give one (and only one) of the two lines a half twist so that 
connections to long-section wires go to opposite junction points and 
thus end up with out-of-phase feeding. The original design used 
plugs and jacks at the center junction box to allow a quick reversal 
of the junction connections. A remote switch might achieve the 
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same goal with control transferred to the equipment location. Fig. 5 
shows the differences in the current distribution curves that result 
from the alternative feedpoint connections. 
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Current istibution on the MOI Array 
‘When Fed in Phase and Out of Phase 


In-phase feeding of the two elements results in a broadside azimuth 
pattern relative to the plane of the two elements, comparable to the 
patterns that we obtain from converting a lazy-H into a standing-H. 
The gain yielded by the pattern over the gain of a single element is 
a function of the narrowing beamwidth in the plane of the array. The 
elevation pattern is not materially affected by the dual feed. How 
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much gain increase and beamwidth reduction we obtain is a 
function of the spacing between the elements measured in 
wavelengths at the frequency of operation. Gain increases slowly 
from virtually single-element performance at very close spacing to 
maximum with a spacing that is just over 0.5-wavelength. With an 
exact 0.5-wavelength spacing, the azimuth pattem is a perfect 
“figure-8.” Gain continues to increase with slightly wider spacing, 
but small sidelobes develop in the plane of the elements. Above 
about 0.55-wavelength spacing, the sidelobes grow so fast that the 
gain broadside to the antenna decreases. 
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Fig. 6 provides a gallery of elevation and azimuth patterns for the 
model of the 25' M3KXZ array with the 10' spacing between 
elements. Note that the elevation patterns, taken broadside to the 
plane of the two elements, do not differ significantly from the single- 
element elevation patterns. The azimuth patterns do not show 
relative gain values. Instead, each pattern uses the outer ring as 
the pattern limit to reveal more clearly the pattern shapes. If we 
look at the azimuth pattern for 52 MHz, we can see the beginnings 
of the sidelobes that develop as a result of the 0.53-wavelength 
spacing between elements. However, at lower frequencies, the 
spacing between elements is considerably less than the 0.5- 
wavelength ideal. As a results, as we move down in frequency, the 
patterns become more circular, indicating both broader beamwidth 
values and lower gain values. At 20 meters, where the spacing is 
only about 0.14-wavelength, we should expect--and we obtain-very 
little gain increase over a single element. 


Table 3 provides 2 sets of performance values, both sets taken 
over average ground. The left-most columns give the modeled gain 
and TO angle for the patterns in Fig. 6. You may compare these 
values to the values obtain for a single M3KXZ elements over 
average ground in Table 2. At 20 meters, the gain advantage only 
about 0.6 dB due to the close spacing of the in-phase-fed elements. 
At 10 meters, the gain advantage of the 2-element array increases 
to about 1.9 dB as the spacing increases to nearly 0.3-wavelength. 
At the more nearly ideal spacing on 6 meters, the gain advantage 
jumps to about 4.4 dB, with a commensurate decrease in the 
beamwidth of the two broadside lobes. 


Chapter 47 


Antennas Made of Wire - Volume 2 


Performance Data: 2 25 M3KZ Elemento at 10' Separation |Table 3 


Fad in Phase Fed Out of Phase 
Freq MHz Vax Gn TO deg Мах бп |TOdeg Wavelen Sep WL 
14 %% 024 21 1 0939 014 
18418 1 19 (E. 5420 018 
125 185 8 6| 163 022 
м 217 16 i 3844 025 
25 277 15 4 3451 029 

52 GG 9 9| 1891 053 


Mates: ae Table 1 
‘wavelength in feet 
07 separation as a fraction of a wavelength 


The table's center columns provide modeled values for the 
performance of the array when fed out-of-phase by giving one of 
the two equal-length lines a single half-twist. The method of feeding 
is a simple evolution from the W8JK array that we usually see in 
horizontal form. The same principles apply. The antenna becomes 
a bi-directional endfire array with the main radiation in the plane of 
the elements. Fig. 7 provides a gallery of elevation and azimuth 
patterns as they apply to out-of-phase feeding of the two elements 
with their 10' spacing. The elevation patterns are taken in the plane 
of the elements. 


Chapter 47 


Antennas Made of Wire - Volume 2 — ————————— 


Chapter 47 


Antennas Made of Wire - Volume 2 


Except for the 52-MHz plot, the azimuth patterns all show 
comparable beamwidths. If we compare the out-of-phase gain 
values to the in-phase values, we find a sudden jump and a leveling 
off, so that we show only a slow rise in gain as we increase the 
operating frequency. The behavior of an end-fire out-of-phase fed 
artay differs considerably from the in-phase-fed version. Two 
general rules apply. First, the closer the element spacing, the 
higher the gain will be over a single element. This trend gives 
precedence to 20 and 17 meters, where element spacing is closest. 
Second, the gain advantage increases as we increase the element 
length relative to an initial length. This trend gives precedence to 
the higher frequencies, where the M3KXZ elements are electrically 
longer. The broadening of the beamwidth at 52 MHz suggests that 
at higher frequencies (and therefore longer element electrical 
lengths), the pattern will break into 4 lobes, ruining the bi-directional 
characteristic of the antenna with out-of-phase feeding, The net 
result of combining the two trends is a much tighter grouping of 
gain figures for the out-of-phase version relative to the broadside 
in-phase version of the array. 


The purpose of switching the phase of feeding is to obtain 
maximum possible gain from two fixed vertical elements in the 
direction of the signal. An in-phase/out-of-phase switch at the 
junction of the two lines marked TL1 and TL2 in Fig. 2 provides a 
‘means of switching the axes of the bi-directional beaming. The 
beamwidths of the lobes in each version are complementary so that 
little or none of the horizon is excluded from performance equal to 
or better than the omni-directional patterns of a single element. Of 
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course, in the 2-element phased version of the M3KXZ array, the 
elevation patterns retain their low TO angles. 


Thus far, the M3KXZ array displays considerable ingenuity in 
providing low-angle vertically polarized radiation over a wide 
passband. However, the array faces one final challenge: feeding 
the system and matching the junction impedance for either phase 
condition to the equipment. Here, we can use the modeled 
elements only with great caution. M3KXZ constructed his entire 
system with speaker wire, an inexpensive but dubious choice for 
outdoor durability. Speaker wires generally carry no rating for 
performance under the summer-to-winter weather extremes, and so 
the quality of such wires will vary from one maker to another, 
depending upon the quality of the insulation. In addition, such wires 
carry no rating for their characteristic impedance at RF frequencies. 
However, similar wires with standard "poly-plastic" insulations 
usually show an impedance in the 75- to 100-Ohm range. Due to 
modeling limitations, we have had to use a lower or double-wire 
section composed of bare wires 1" apart, for a characteristic. 
impedance in the 400- to 450-Ohm range. Therefore, the 
impedance transformation that occurs in this section from the. 
junction with the single-wire upper section and the end feedpoint 
will differ from the transformation obtained in the original version. 


Adding phase lines to a central junction is another matter. We may 
sample a variety of lines, that is, a range of characteristic 
impedance values, by using the TL facility within NEC. The line. 
impedance will not change the antenna radiation pattern, but it will 
change the impedance that we obtain at the junction of the two 
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lines under each of the phasing conditions. In creating а survey of 
values, | have simply used a velocity factor of 1.0 for two reasons. 
First, the element feedpoint impedance values are already off their 
marks if we use a double-wire section with a difference 
characteristic impedance. Second, common feedlines tend to come 
in several versions, each with а specific velocity factor. 


Nevertheless, we can obtain a view of the type and size of the 
feedpoint impedance challenge using two 5' lengths of transmission 
line to a central junction. For the survey, | selected characteristic 
impedance values of 50, 75, 125, and 300 Ohms. The 50-Ohm 
value is for the most common variety of coaxial cable. 125-Ohms is 
the value for RG-63, a very useful but often overlooked cable. 75- 
Ohm covers both some common coaxial cables and so-called 
twisted pairs of insulated wires. 300 Ohms, of course, applies to 
common TV-type parallel feedline. Table 4 provides the results of 
the survey, where R and X are the impedance components at the 
junction of the two cables (TL1 and TL2) under each phasing 
condition. 
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Impedance at Junction af Lt and 112 Gee Fi. 5) Table t 
Im Phasa Feeding 
1. 20 E т m Ec] 
Freq MHz R x FR x R Ж FR x 
H5 вв 3 ав dos її з ыз зв 
da m2 405 жь аз toss #9 тзн шн 
aæ зв 228 æ 51 ыш 196 в sa 
C 
25 — 19 Q3 60 47 W9 АШЫ 734 7163 
© 21 (0 48 58 M5 86 137 492 
(Out of Phase Ее: ну 
Tm E 78 3x am 
Frag Mite A x R x a x Н x 
uis 7 aa 18 4j ̃ ар 27 ал 
18 35 23 66 485 25 AMS. в DI 
125 ай 382 67 158 418 2 2 07 
A% зп 82 то з йн X52 аЗ 120 
ms os 271 di ата 87 A02 3M4 A00 
m 4s us 108 27а 3n ro 259 #47 


Motes ane k= resistive and reactive Components ofthe junction impedance 
TLZo = charactenstic medsnce ol the 2 phase sed Ines, using a velocity factor of1 0 
Possis Ines: 


The number of cases in which we obtain very low impedances, 
regardless of the characteristic impedance values for the phasing 
lines, raises a strong question about using a 4:1 balun at the 
junction of the two lines. Converting an impedance that is already 
well below 50 Ohms down to an even lower values seems to make 
little sense, especially if one uses the 50-Ohm main feedline shown 
in the originator's sketches. 4:1 baluns come in numerous designs, 
some of which may prove to suffer losses when used with high’ 
reactive components or when used outside the range of their 
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winding's characteristic impedance. The result may be artificially 
favorable impedance values at the terminals that may disguise 
what is actually occurring within the device. There are few values in 
Table 4 that would benefit from even an accurate 4:1 downward 
impedance transformation. 


In addition, the author uses 1:1 baluns supposedly to force equal 
currents on to the short and long sections. Actually, the current 
imbalance on each side of the feedpoint is part of what allows the 
artay to achieve its broadband characteristics. A balun or choke 
might be more applicable at each element feedpoint if TL1 and TL2 
are both coaxial cables, where transmission-line currents are inside 
the cable between the center conductor and the inner side of the 
braid, and common-mode currents are on the outside of the braid. 
Indeed, parallel transmission lines may not be the most ideal phase 
lines for the array. 


The author also correctly notes that he obtains good impedance 
matches between whatever impedance the array presents at the 
junction-after transformation down the 50-Ohm main feedline--via. 
his antenna tuner. We shall bypass any losses incurred by the 
impedance mis-match between the cable's impedance and the load 
impedance at the phase-line junction. The low-impedance loads, if 
transferred to a tuner, present challenges of their own. 


Depending upon the type of network used, low-impedance loads 
sometimes result in acceptable but imperfect impedance matches, 
where the best obtainable SWR value at the tuner is perhaps 1.3:1. 
to 1.6:1. These conditions generally indicate a limit to the range of 
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the components within the tuner relative to the impedance at the 
terminals. In the table, note that many modeled values show much 
higher reactive components than resistive components. Although 
the match is acceptable, the efficiency of power transfer may not be 
as high as we too often presume. If the network has a low loaded or 
operating Q (Terman's "delta" term from the 1940s), we may find a 
difference in the settings required for resonance (that is, for zero 
reactance), for maximum power transfer, and for impedance 
matching. As the circuits delta increases to about 10, these 
settings resolve to a single point. However, so long as tuners 
continue to lack any form of relative output indicator, we cannot 
easily tell if the impedance match that we obtain is also the point of 
maximum efficiency. 


The junction of the two phasing lines is a balanced feedpoint. 
Ideally, the array might be fed at that feedpoint by a remote, 
balanced, weatherproof ATU with a very wide range of impedance 
matching capabilities. Such tuners are not generally available, 
although we can press existing components into service. In 
general, placing the tuner at the balanced feedpoint that joins the 
two phase-lines allows the use of a 50-Ohm cable to the equipment 
with minimum loss. At the input to the tuner we likely should install 
а common-mode current attenuator, such as an unun or a ferrite 
bead choke. System ground should occur at the equipment side of 
the unun or the choke, not either at the tuner output or at the tuner 
input. (The tuner input is likely to have a common ground system 
with the output, and we would want the tuner to “float.” Grounding 
the braid of the coax at the equipment side of a ferrite bead choke 
would provide for static discharge.) 
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Conclusion 


The M3KXZ antenna and array constitute an ingenious 
arrangement of element parts that achieves low-angle vertically 
polarized radiation over an extended operating bandwidth that 
соттоп configurations cannot match. The 2-element version of the 
array offers some gain and pattern shaping for bi-directional 
operating. Even with improved materials designed for both RF 
service and durability through seasonal weather cycles, the 
antennas are inexpensive. Moreover, they are relatively short for a 
given frequency range, adding to their neighborhood acceptability. 


The challenges presented by the antenna and the array revolve 
around the matching and the feed system. Increased attention to 
these details may result in a very serviceable, wide-band vertical 
array, 
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Chapter 48: The Terminated Vee-Beam and Rhombic 


large terminated wire arrays, but it is not the best performer. 

In this session, we shall look at two arrays (other arrays to 
follow). The long, terminated Vee-beam provides considerably 
more gain for the same length legs, but does not have the 
longwire's ease of feeding over a large frequency spread. The 
rhombic, in contrast, provides gain even over the Vee-beam and 
allows multi band coverage. However, it is perhaps the most 
complex of the terminated arrays. 


T* terminated longwire antenna is perhaps the simplest of the 


Designing either type of array for maximum performance is not 
simply a matter of stringing hundreds of feet of wire. Behind each 
type of array are a number of design equations that take into 
account the length of the legs, the angles formed by the wires, and 
the antenna height (or desired elevation angle of maximum 
radiation). These notes only survey some of the potential of these 
wire antennas, but are not sufficient for designing an effective array 
for your own farm. Our goal is to provide enough information so that 
you may decide whether further study into the designs is a 
worthwhile project. 


The Vee-Beam: Do not confuse the Vee-Beam with some of the 
small Vee-shaped antennas whose total wire length is only about 
1/2-wavelength. We do not arrive in Vee-beam territory until each 
leg is several wavelengths long. Like the longwire antenna, the 
Vee-beam depends upon the fact that as we make a wire longer 
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апа longer in wavelengths, the main radiation lobe moves from 
broadside to the wire to a position nearly in line with the wire. 


Two Configurations of Vee Beane Fi 


Fig. 1 shows two ways of designing a terminated Vee-beam. One 
uses terminating resistors that operate like those in the simple 
longwire. The other uses a cross wire that includes the terminating 
resistor. Just as in the last episode, the terminating resistor must be 
а non-inductive element with the ability to dissipate about half of the 
power supplied to the antenna. Both versions of the Vee-beam use 
the same principle of operation. 


To design a Vee-beam, we must know the planned length of the 
element legs in wavelengths. Since the length of the leg determines 
the angle of the main lobes relative to the plane of the leg, the 
length of the legs also determines the angle that we must use 
between the two legs for maximum forward gain. The goal is to 
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align the two legs so that a main lobe from each wire combines to 
form a single large forward lobe. See Fi 


Fig.2 


Evolution of tho Long Vos oam Pattern 


The plots show the patterns for the left and right legs of a planned 
Vee-beam with 7-wavelength legs. The height of the array is 1 
wavelength above average ground. When we combine the two 
legs, we obtain the pattern at the right. For the leg lengths that we 
chose, the main lobes are about 15 degrees off the plane of the 
wire. By making a Vee with a 30-degree total apex angle, we 
approach the maximum gain of which the antenna is capable. 
Obviously, had we selected longer legs, we would have used a 
narrower apex angle, while shorter legs would have called for a 
wider angle. If we do not match the angles and the length of the 
legs, we shall obtain inferior performance. 


With 7-wavelength legs, the Vee-beam yields a maximum forward 
gain over average ground of about 13.5 dBi. This value is 
considerably higher (by about 5 dB) than the simple longwire 
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antenna. However, the Vee-beam is not capable of achieving the 
high front-to-back ratio that the terminated longwire gave us. If you 
examine the two left patterns in Fig. 2, you will see that each has a 
rearward lobe that is less than 10 dB down from the favored lobe. 
In the Vee configuration, these lobes also add, giving the Vee- 
beam a significant rearward lobe that remains only about 10 dB 
down from the forward lobe. Like all arrays composed of wires that 
are several wavelengths long, the patterns will be filled with 
sidelobes. 


Like the longwire antenna, the Vee-beam is capable of good use 
with or without its terminating resistors. Fig. 3 gives us comparative 
patterns for the two versions, using the same legs. Only the 
presence or absence of the terminating resistors marks the pattern 
differences. Note that the unterminated Vee-beam has (like the 
unterminated longwire) about 2 dB more gain. However, it is more 
truly bi-directional (than the longwire), since the rearward radiation 
is down by only about 2.5 dB. 
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Terminated and 
Unterminated 
V-beam 
Pattoms 


Legs = un 


Black = Terminated 
Blue — Unterminated 


ig.3 


The unterminated Vee-beam is also a useful antenna. It does not 
require that we obtain suitable terminating resistors (400 Ohms 
each in the sample antenna). Therefore, only land, wire, and 
supports stand between us and an array of Vee-beams that сап 
cover the horizon. Fig. 4 shows the required number of Vee-beam 
legs needed, if we use the 7-wavelength legs and a 30-degree 
apex angle between legs. 
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An Array of Untorminated to Feed 
Vee-Beams for Full 


Horizon Coverage [71 


We need outer-end (and perhaps intermediate) wire supports for 
each leg. However, we need only a single inner-end support for all 
of the legs. By a suitable means of switching--either at the antenna 
or near the shack, to which we bring a circular array of feedline. 
wires-we select the adjoining pair of legs that gives us radiation in 
the two directions that we want. 


The Vee-beam has some limitations. It is essentially a 1-band 
antenna, although we can press it into service on other bands. 
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However, as we move away from the design frequency, the legs 
change their length as measured in terms of a wavelength. That 
change moves the angle of the main lobe on each leg relative to 
the plane of the wire. Hence, on these distant frequencies, the 
lobes will not match to form as strong a main lobe. To sustain the 
higher gain and re-acquire the broadband characteristics, we need 
to use a different shape. 


The Rhombic: The terminated rhombic antenna employs two sets 
of Vee-beams joined at the outer ends so that the second one 
forms a distant apex angle at which we install a terminating resistor. 
Fig. 5 shows the general outlines of a rhombic. Each leg has a pair 
of main lobes, and the combination of the 4 legs produces a very 
strong forward lobe. 
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The figure also shows їп the lower half two ways of building а 
rhombic using either single-wire legs or triple-wire legs. Builders 
have reported improved performance with the three wires, although 
the 1-wire version is satisfactory for most amateur installations. 
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The rhombic is a venerable directional array for which design 
equations had been developed in the 19305. The design equations 
take into account the elevation angle of radiation, as well as the 
proper combination of angles and leg lengths to produce a strong 
forward lobe and a good front-to-back ratio. Indeed, there are 
alternative equations for developing various compromise designs 
that combine antenna height, leg length, and angles in various 
ways. See John Kraus, Antennas, 2nd Ed., pp. 503-508, if you are 
truly interested in designing a rhombic that will fit your yard. 


For many years, The ARRL Antenna Book has featured an 
interesting rhombic design suitable for use on the amateur bands 
from 20 through 10 meters. It employs a 600-Ohm terminating 
resistor and is a good match for a 600-Ohm transmission line. 
Hence, all matching can be done at the shack with a system of 
impedance-matching transformers or baluns or with an antenna 
tuner. Fig. 6 provides a 600-Ohm SWR curve across the operating 
span to show the relatively good match between the terminating 
resistor and the feedpoint impedance. 
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Fig. 60-0 SWR Curve 
14 20 мн: Rhomble 


14 Freq MHz E] 


The rhombic is 377.5' long and 184' wide, with a 52-degree angle at 
both the feedpoint and the termination end. Of course, we shall 
require longer wire, since each side of the array requires about 220 
of wire. If we set the rhombic at 70' above average ground--1. 
wavelength at 20 meters--we can anticipate the following 
performance figures, 


рие Цен fe Ше oangie куйш вх feed Z 


Note that the array is optimized for 15 meters, where it shows the 
highest gain. However, performance is high on all of the bands. 
However, the array is not without some important limitations. 
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First, the array is fixed in position. We cannot re-aim it easily, if at 
all. We may combine this restriction with the second limiting factor: 
the beamwidth of the rhombic is very narrow compared to most 
wire arrays. The horizontal beamwidth, as measured to the half- 
power or -3-dB point is narrower than almost any other array. Fig. 7 
provides a band-by-band view of the azimuth patterns of the array 
to provide a sense of how narrow the beamwidth really is. 


Representative Rhombic 
Azimuth Patterns 
20-10 Motors 


Fig. 


The earliest uses of the rhombic involved point-to-point 
communications circuits and well-defined broadcast target areas. 
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Contemporary use of the array should have some of these 
elements as part of the communications goals before deciding to 
erect a rhombic. 


Rhombics have also seen use in the VHF range as outdoor 
television receiving antennas. More recent improvements in design 
techniques have produce double-loop versions that further 
suppress the side lobes that naturally occur with multi-wavelength 
element legs. Some amateurs have used these principles on bands 
as high as 1296 MHz. 


The rhombic represents perhaps the pinnacle of refinement of large 
wire arrays. More recent developments in steerable arrays have 
largely supplanted the rhombic. However, the design still has 
adherents and users. It is likely to survive as an antenna option for 
generations to come. 
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Chapter 49: The Controlled Current distribution (CCD) Antenna 


around since the late 1970s. Every so often, it arouses a 
flurry of questions in my e-mail. So 1 decided to look into the 
CCD to see what we might reasonably expect of it. 


T: controlled current distribution (CCD) antenna has been 


pa General Scheme ofthe Centers 


Cortes Curent Онтон (CCD) 
Fat Ares 


Fig. 1 shows the general outline of the center-fed version of the 
CCD. It consists of a number of straight wire sections of any 
practical number that we can designate as М. Except for the 
feedpoint and the wire tips we must separate each section with a 
capacitor. Hence, the total number of capacitors will be N-2. The 
CCD simulates a continuously capacitively loaded 1-wavelength 
element by using equally spaced discrete components. 


There is also a vertical version of the CCD. One way to create a 
vertical CCD is to simply use the center-fed antenna in a vertical 
installation. However, some literature suggests using the antenna. 
against ground as a monopole. Fig. 2 shows the general layout of 
this configuration. 
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Beyond the general claim of "improved performance," | have not 
encountered a very clear account of what advantages the CCD is 
supposed to offer. The wire length will be 1 physical wavelength. 
However, the distributed capacitive loading of the element will 
electrically shorten the wire. If we select the correct value for all of 
the capacitors (they are all equal), we can arrive at resonance, that 
is, a feedpoint impedance with negligible reactance. It appears that 
the idea behind the CCD is to avoid the very high impedance of a 
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wavelength center-fed wire while preserving its gain and 
directivity. 


I sometimes hear the terms “aperture” applied to the antenna. Most 
texts reserve the term for use with highly directive antennas, such 
as UHF horns and the like. Nevertheless, the calculation of 
aperture rests--according to one text--on the wavelength, the 
directivity, the polarization match, and the impedance match. Since 
a comparison of a CCD with any other antenna will equate the 
wavelength, polarization, and impedance match, the remaining 
factor is directivity. Hence, if the CCD is an improvement over a 
legitimate comparator, then it will show improvements in directivity. 
We can examine the directivity of the CCD by looking at its gain 
and beamwidth 


To simplify the examination, let's look at the CCD on a common 
frequency. 3.5 MHz is widely used in articles, so that will be our 
choice. A wavelength at 3.5 MHz is 280.02 long, so we shall make 
the antenna length 280’. Throughout, we shall use AWG #14 
copper wire to reflect typical amateur building practices. Our initial 
tests will use a free-space environment. In this environment, we 
must use the center-fed version of the antenna, but we shall not 
have to be concerned with vertical vs. horizontal orientations. 


1 chose to model the antenna in NEC-4, which creates a small 
difficulty. If use a single wire for the entire element, | can place 
load capacitors on individual segments of the wire. However, the 
feedpoint region will not be quite perfect. Fig. 3 shows the 
alternative models that | used. The upper model uses a single 
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source segment, but that does not ensure that the wire lengths on 
each side of the feedpoint are equal to the other segments between 
capacitors. The lower section uses a split source to simulate a 
source at the center segment junction. Although this move 
improves the segment spacing, it can result in somewhat erroneous 
impedance reports for very high impedances, where the impedance 
might change significantly with only a small change of feedpoint 
position or total wire length. 
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For all practical purposes, the difference between the models is not 
great enough to jeopardize the modeling analysis. The required 
values of capacitance tend to coincide closely with values in the 
literature. The next task involves the capacitors themselves. 


Literature on the CCD shows that we can build the antenna with 
almost any number of wire sections and corresponding numbers of 
capacitors. Since constructing each section involves wiring in а 
capacitor with appropriate strain relief--a considerable task-1 
wondered what one might gain by opting for a "large" CCD over a 
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"smaller" CCD, where large and small indicate the number of wire 
sections and capacitors. Therefore, | created 2 models, one that 
used 26 wires section and 24 capacitors and another that used 50 
wire sections and 48 capacitors. 


The final step involves selecting the capacitor value. Since 
modeling allows easy variation of the capacitor value, we might 
explore the performance of the antenna in free space using various 
capacitor values. Let's start with the larger model. Table 1 shows 
the results of this modeling exercise. 


Table 1 Performance ofa CCD in free space with 50 wire 
sections and 48 capacitors. All 48 capacitors have the same 
value, 


Sum een Model Single-Feec Model 
Сар. бап Teed Z бап Feed Z 
p dB Resa di RKO 
5m 278 112-490 2% le 
750 30 20-55 з 23-81 
1000 318 334308 319 304288 
1250 — 328 4% BOB 329 4874 B26 
1500 335 602 14 33% 676 +833 
1750 341 7551174 341 894 +1212 
2000 345 9854410 Зав 113941462 
Resonance 
785 30 25-7 
aU зга 29+01 
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Perhaps the first notable feature of the data is that as we raise the 
value of the capacitors in the string, the gain increases. So too 
does the resistive component of the feedpoint impedance. The 
reactive component shows an initial capacitive value that becomes 
inductive as we increase the capacitor values. This feature is 
natural enough, since increasing the capacitance value lowers the 
capacitive reactance along the wire. Since the wire is long 
compared to a dipole, lowering the compensating capacitive 
reactance will leave the feedpoint increasingly inductive. 


In fact, more is at stake than just the feedpoint reactance. Note the 
entries for resonance. At resonance, the feedpoint reactance 
disappears, marking a balance between the inductive reactance of 
the wire and the capacitive reactance from the string of inserted 
components. Let's also examine the data for the "smaller" CCD that 
uses 26 wire sections and 24 capacitors. Table 2 provides the 
necessary information, but with fewer steps along the way. 
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Table 2. Performance ofa CCD in fee space with 28 wire 
sections and 26 capacitors. All 24 capacitors have the same 
value 


Solt-Feed Model Sinele-Feeo Model 
Cap. Bain Feed Z бап Feed Z 
of dBi Выхо «і веја 
E зла 312 +264 319 1 pas 
750, 335 802 +1883 33 678 „500 
1000 34% 965 +j1385 348 1140+]439 
200 361 2734+456 382 380240046 
Resonance 
110 308 229 . 
un 310 245+02 


The antenna gain does not depend for its gain--above some 
minimum number of capacitors--on the array size in terms of the 
number of capacitors in each leg. The gain of the smaller array with 
500-pF capacitors is the same as the gain of the larger array with 
1000-pF capacitors and likewise for the smaller 1000-pF and the 
larger 2000-рЕ entries. The feedpoint impedance reports also track 
each other in the same manner. This result is also very reasonable, 
since 24 500-рЕ capacitors have the same capacitive reactance as 
48 1000-pF capacitors if we measure at the same frequency. 


The relative balance between these two factors alters the current 
distribution along the 1-wavelength wire. Fig. 4 provides some 
samples of the distribution curves for the smaller array, but curves 
for corresponding large-array values are virtually identical. The 
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curve for the array with a low capacitance value that yield a 
capacitively reactive feedpoint impedance is very steep. At the 
other extreme, where the capacitor value yields an inductively 
reactive impedance, the curve shows dual current peaks. Only the 
capacitor values that yield resonance produce a curve that we tend 
to associate with a dipole. 
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The resonant impedance of a center-fed CCD is in the 
neighborhood of 200 Ohms. Therefore, one may simplify the 
matching problem by installing a 4:1 balun at the feedpoint and 
using a standard coaxial cable feedline. Of course, one may also 
use parallel transmission line to either a tuner or a 4:1 balun at the 
shack end of the line. Since 200-Ohm feedlines are rare, one likely 
would need a 300-Ohm feedline cut to the nearest half-wavelength 
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(allowing for the line's velocity factor) at the operating frequency to 
minimize balun losses. 


With the right choice of capacitors in the string, the CCD offers bi- 
directional performance with a resonant feedpoint impedance. In 
exchange for the more complex construction of the antenna, we 
obtain a simplification of matching requirements. However, we have 
not yet assessed how good that performance is. For that task, we 
need an appropriate comparator. 


The CCD vs. the Dipole and 1-Wavelength Center-Fed Wire 


In CCD literature, the resonant 1/2-wavelength dipole seems to be 
the most popular antenna with which to compare the CCD with 
respect to performance as a horizontal antenna. An alternative 
comparator is the plain and simple 1-wavelength center-fed wire 
antenna. The 1-wavelength plain wire is the same length as the 
CCD. However, the current distribution of the plain wire differs from 
the current distribution of the resonant CCD. Fig. 5 provides a set 
of free-space current distribution curves for the resonant dipole and 
for the 1-wavelength wire for ready comparison to the CCD curves 
in Fig. 4. 
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The dipole curve resembles the resonant CCD curve. Of course, 
neither is perfectly sinusoidal, since the voltage at the center 
feedpoint never goes to zero. | have not explored the degree to 
which each departs from that familiar curve. In contrast, the 1- 
wavelength wire curve most resembles the CCD when the latter 
uses a very high value for the capacitors and thus loads the wire 
least. 
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Table 3 Free-space performance of seveal antennas. 
Note: All antennas use AWS #14 copper wire. 


Antenna Gan Feedpoint L 
dai FR XO 

Yeh Dipole 202 TORT 

14 Certerfed Wire 379 5090 - 3330. 

(vith 600-0 matching section) 49 +12 

Resonant Small CCD 3.10 245 +02 E 

Resonant Large CCD 305 229 +01 нр 


Table 3 compares the free-space performance of the dipole and 1- 
wavelength wire along with resonant CCDs of the smaller and 
larger type. Clearly, the CCD has more gain (by about 1.1 dB) than 
the dipole. However, the CCD falls about 0.7 dB short of the plain 
1-wavelength wire. We should have expected this result from the 
tabular data on the CCDs as we raised the value of the capacitors 
and lowered the level of loading. (The capacitors in all models are 
lossless.) As the capacitive reactance decreased, the gain 
increased. From a certain perspective, we may view the 1- 
wavelength wire as a CCD with capacitors having an indefinitely 
high capacitance and hence negligible reactance. 
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Fig. 6 overlays the free-space E-plane (azimuth) patterns of the 
antennas (using only 1 of the resonant CCDs). The CCD pattern 
most resembles the E-plane pattern of a center-fed plain wire about 
0.85-wavelength long, although the CCD beamwidth is close to 10 
degrees wider. 


Very few people operate 3.5-MHz antennas in free space. 
Therefore, we may usefully transplant all of the antennas in Table 3 
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to a height of 1 wavelength above ground. With this adjustment, we 
obtain the data in Table 4. 


Table 4. Performance of several antennas | A above average ground. 
Note: all antennas use AWG #14 copper wire 


Antenna бап TO Beam FeadpcintZ Cap. 
oB Ande wth Rex oF 

2 Dipole 783 14° 77" 72-6 = 

ТА Certorfod Wio 973 14 48° + - 

(wth Pod. G matching section) 48-4 

Resonant Smal CCD û5 14° 5% 227 20 420 

Resonant Larga COD 887 14° 58° 213-119 800 


The gain differentials that we found in the free-space models hold 
ир when we move the antennas over ground. Of course, the CCD 
loading technique does not alter the TO angle of the horizontal 
antenna relative to either comparator. Table 4 records the 
horizontal beamwidth values for all of the antennas, and we can 
see that the CCD beamwidth is closer to the value for the dipole 
than itis to the value for the 1-wavelength plain wire. Fig. 7 records 
the elevation and azimuth patterns for the antennas in this test 
group. 
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There is no difference among any of the elevation patterns, since 
those patterns emerge as a function of the height of the horizontal 
wire above ground. The 2 versions of the CCD show no differences 
in their azimuth patterns. Hence, the choice among the antennas 
with respect to performance largely hinges upon the combination of 
gain and beamwidth. 


One of the seeming advantages of the CCD is the fact that in 
exchange for more complex construction, one obtains a higher gain 
with a simple resonant feedpoint. However, the tables have shown 
near-50-Ohm values for the plain 1-wavelength wire. The technique 
used to obtain such feedpoint values is very simple and very old. 
Since the terminal impedance of the 1-wavelength wire is very high, 
we can attach a 1/4-wavelength section of parallel transmission 
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line. Somewhere very close to the end of the line will be a 50-Ohm 
matching point. The matching sections for the horizontal 1- 
wavelength wires use 600-Оһт line. The required length for the 
impedances shown is 68' (compared to a full 1/4 wavelength of 
70.25). Fig. 8 shows the simple set-up. The antenna environment 
and construction variables will determine the exact line length 
required, so the examples use a velocity factor of 1.0. Most 600- 
Ohm lines may have values between 0.95 and 0.98, 
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The matching section тау be much simpler to build than the CCD 
antenna element. However, the 2:1 SWR bandwidth of the plain 
wire plus matching section is fairly narrow--perhaps 150 kHz at 3.5 
MHz. (The resonant CCD has a 200-Ohm SWR bandwidth of about 
300 kHz.) Indeed, the wisest feed system for the plain wire may be 
parallel line all the way to the shack antenna tuner. However, 
setting the line length to an odd multiple of a quarter wavelength at 
the most used frequency may ease the tuner's task by а good 
margin. 


Chapter 49 


Antennas Made of Wire - Volume 2 ——————————————— 


The Vertical CCD and the 1/2-Wavelength Base-Fed Plain Wire 


Опе application suggested for the CCD is as a vertical antenna. We 
may hang a full center-fed CCD vertically with its feedpoint at any 
height above ground that we can manage to support. However, the 
more interesting case is to use а half CCD as a monopole, with the 
feedpoint at ground level. A monopole CCD simply uses half the 
number of wire sections and half the number of capacitors as a 
center-fed horizontal CCD. Hence, the wire will be 1/2-wavelenath 
long. We shall split the 26-section, 24-capacitor CCD and create a 
14-section, 12-capacitor CCD. 


The appropriate comparator for this antenna is a simple 1/2- 
wavelength monopole. The base feedpoint will use a matching 
section to arrive at a near-50-Ohm impedance. Because the natural 
impedance of a base-fed 1/2-wavelength monopole is lower than 
the impedance of a horizontal center-fed wire, we must use a 
parallel transmission line with a lower characteristic impedance. 
450-Ohm line works well here, and a 68" length allows us to arrive 
at the desire impedance level. Again, the models use a velocity 
factor of 1.0, but an actual line would use the actual velocity factor 
for the selected line. As well, the variables of installation will likely 
require some experimentation to find the correct length. 


The simplest way to model both antennas is to use a MININEC 
ground. The presumed advantage of using this ground system is 
that it allows direct contact between the lower end of the vertical 
wire and the ground without need for modeling radials. In some 
contexts, this system can be useful, but not in this case. In fact, the 
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MININEC ground obscures some critical differences between the 
operation of a CCD and a simple 1/2-wavelength base-fed wire. 


To use a NEC-4 Sommerfeld-Norton ground with the antenna wire 
touching the ground requires that we install some kind of wire 
below ground. The simplest below ground wire might be a 
simulation of an 8' ground rod. Like the MININEC ground, this 
treatment is applicable to both antennas. Whether such a treatment 
is advisable is something that the data will tell us. 


Alternatively, we can install a buried radial system using as few or 
as many radials as the analysis might dictate. The data in Table 5 
show 4-, 16-, and 32-radial systems, using 70' AWG #14 copper 
radials, for the CCD. The 1/2-wavelength wire only uses a 4-radial 
system for reasons that become apparent in the data. 
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Tabla 5. Porformance of several vertical antennes. 
Nata: ali antennas use AWG #14 copper wite. 


Antenna 


Me) Vertical Monapale (with 68'450-0 matching section) 


Gan TO Feedpaint Z 
E Angle RKO 
1. MNINEC ground 036 17° EE 
2 NEC B' ground rod 029 qm EE 
S NEG 470 buried r оа) 17 EXE 
Ves -section COD 
Gan TO Fosdgcim Z сар. 
E Ame — RO př 
1. MININEC ground от в 14408 394 
2 NEC: 8 ground rod 2m 18" 219+08 los 
S NEC 470 buried radiale am 19" 14 зе 
A NEC 1570 burad radas 006 19" 122 J E 
5 NEC: 3270 buried radials 04 209 15-05 ES 


Each antenna entry set begins with the MININEC ground. If we 
Were to use this data, we would reach the conclusion that both 
antennas perform very similarly, with a negligible difference in gain 
and only a 2-degree difference in the TO angle. However, if we 
change to the S-N ground with an 8' ground rod, we obtain very 
different results. With no change in the TO angle, the plain wire 
outperforms the CCD by about 2.6 dB, a noticeable amount. 


To improve performance of the CCD, we must replace the ground 
rod with radials. The table shows the results for radial fields of 
various sizes. For the CCD, adding 4 radials increases the gain by 
over 1.5 dB. Only when we have 32 radials does the CCD 
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challenge the gain of the plain 1/2-wavelength wire. The data for 
the plain wire shows that replacing the ground rod with 4 70' radials 
only increases gain by 0.1 dB. The small gain increment tends to 
suggest that a radial system is optional with a 1/2-wavelength wire. 
Fig. 9 overlays the plain wire with ground rod pattern and two CCD 
Patterns: one for the ground-rod model and the other for the model 
with 16 radials. The patterns reveal not only the gain differences, 
but also the TO angle differences for the two types of antennas. 
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The difference in the radial requirements between the plain wire 
and the CCD emerges from the different current distributions on the 
two types of antennas. The sketch on the left їп Fig. 10 shows the 
distribution along the 1/2-wavelength simple wire monopole. The 
current maximum occurs at the wire center, which is elevated. 
Hence, the antenna shows a lower TO angle than the CCD. Аз 
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Well, the current reaches a minimum at the base of the antenna. 
Essentially, the element is complete at that point and requires only 
a good RF ground. The 4 radials provide a better distributed RF 
ground than the simple rod, but the performance difference is small. 


In contrast, the CCD design places a current maximum at the base 
of the monopole installation. Maximum efficiency requires an 
effective completion of the antenna in the form of a low-loss radial 
system. The more radials that we have, the more efficient will be 
the total antenna system, as indicated by the declining resistive 
component of the feedpoint impedance as we add more radials. 
Note, however, that as we bring the system to a level of maximum 
efficiency, the TO angle actually increases. At a high efficiency 
level, the feedpoint would need a 2:1 impedance transformation 
device or network for compatibility with the standard 50-Ohm 
coaxial cable. 


Chapter 49 


Antennas Made of Wire - Volume 2 


Fig. 10 curent Distibution 
E опа 1/2 Visvelength 
"Wire and ena CCD 

Yertcal Antenna 


пап 


12% СЕНИ 
pa ES 
отет 
[E сз 
отот 
Т 
сонет 
малаш 
E — 
Buried cil 


An effective monopole CCD system thus requires two forms of 
construction complexity relative to the plain 1/2-wavelength wire: 
the installation of capacitors along the monopole and the burying of 
a large number of radial wires. in contrast, the plain 1/2-wavelength 
wire needs no modification of the monopole wire and provides good 
service at a lower TO angle with only a ground rod or the simplest 
of radial systems. However, the high impedance of the antenna. 
may require a dedicated network or a carefully tuned matching 
section to arrive at a 50-Ohm impedance. 
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How "Small" Can | Make a CCD?" 


The terms "large" and "small" in connection with the discussion of 
CCDs in these notes refer to the number of wire sections and the 
number of capacitors needed to make up a 1-wavelength antenna. 
In our initial free-space modeling experiments, we saw that there is 
по significant difference in the performance of a 26-section, 24- 
capacitor CCD and a 50-section, 48-capacitor version. Since the 
smaller of the two systems requires less work than the larger, we 
may naturally pose a question: how small can I make the CCD 
antenna and still achieve proper performance. Since the goal is a 
self-resonant 1-wavelength antenna, we have a criterion for 
success. 


Models of the free-space center-fed CCD seemed unable to. 
achieve resonance with 6 or fewer capacitors. However, an 8- 
capacitor, 10-section model of the antenna did achieve resonance. 
The feedpoint impedance was considerably lower than the 200- 
Ohm target that we have used in order to apply a 4:1 balun at the 
feedpoint. As well, the gain was down slightly relative to larger 
models, but not enough to be operationally significant. Table 6 
shows the results obtain from several different models leading up to 
the 26-section, 24-capacitor model. 


Chapter 49 


Antennas Made of Wire - Volume 2 ĩx5?éZ1; 


Table B. Froe-space performance data for center-fed COD antennas of varous sizes, 
Nate: Size refers ta the number af wire sections and the number of capacita s 
All antennas are 1-A long using AV/G #14 copper wire al 3.5 MHz 


Antenna Size Gan Беат Feadpoint Z Cap 
Sections Capacitors dBi Wilh — Re KO рг 
10 8 295 E 170 +j2 126 
14 12 30 58° 135 +13 188 
18 15 302 Es 193- 0.3 255 
25 24 310 ES 245 +2 10 


Note that between the worst and the best of the model set, we have 
only a 0.15-dB difference in gain. As well, the beamwidth changes 
by only 3 degrees, indicating a stable E-plane pattern. However, 
the feedpoint impedance climbs from about 170 Ohms to well over 
200 Ohms. The differences in the gain levels and the feedpoint 
impedance values result from the fact that the current distribution 
curve changes as we move from fewer to more wire sections and 
capacitors. Fig. 11 provides a sense of the evolution of the 
distribution curve from essentially a triangle to a smooth curve. 
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The shapes of the current magnitude distribution curve do not. 
materially affect the shape of the radiation pattern, which remains 
well-behaved and bi-directional. The absence of any significant 
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change in the beamwidth is a further indication that even the 8- 
capacitor version of the antenna will perform well 


The answer to the section's lead question then is that about 8- 
capacitors and 10-wire section form the smallest practical CCD with 
full performance and resonance. It is likely that the precision of the 
match between capacitors and between wire sections will play а 
stronger role for the small CCD than it does for larger versions. 


Conclusion 


We have taken a short look at the controlled current distribution. 
(CCD) center-fed 1-wavelength antenna with an eye toward 
understanding its operation and assessing its virtues. The center- 
fed version of the antenna provides a 200-Ohm resonant feedpoint 
impedance with the choice of the correct capacitor size, compared 
to the 70-Ohm impedance of a 1/2-wavelength dipole and the very 
high impedance of a plain center-fed 1-wavelength wire. The CCD 
gain and beamwidth values fall between those of the two antennas 
used as comparators. Models suggest that CCD performance 
peaks with about 26 wire sections and 24 capacitors. However, 
CCDs as "small" as 8 capacitors and 10 wire sections may work 
satisfactorily. 


The vertical monopole version of the antenna is perhaps more 
problematical, since when ground mounted, it requires an extensive 
radial system for most efficient operation. Unlike the plain 1/2- 
wavelength wire monopole that has an elevated point of maximum 
current, the CCD vertical monopole reaches maximum current at 
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ground level and thus requires radials to complete the radiating 
structure. 


Essentially, the CCD simulates with discrete components a 
continuously loaded element with 501 pF/meter. At this loading 
level, the gain in free space is 3.10 dBi, with a feedpoint impedance 
of 245 - 0.2 Ohms. The performance reports are virtually identical 
to those that emerge from the 26-section, 24-capacitor antenna that 
used 420 pF capacitors. 


The CCD is a viable and potentially useful antenna of its type. 
Whether the advantages warrant the relatively complex 
construction compared to simpler wire antennas is a user judgment. 
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Chapter 50: A Universal HF Back-Up Antenna 


have had occasion in the past to write on the W2EEY 

Expanded/Extended Lazy-H array that first appeared in the 

19605 as a mono. band wire array. W6SAI later discovered that 
the antenna had available gain on frequencies in a range of at least 
2:1. In other words, a 10-meter version of the antenna might be still 
useful on 20 meters. 


My own looks into this antenna suggest an even wider range of 
utility, even though performance tapers off steadily as one lowers 
frequency. The chief drawback of the antenna has so far been the 
fixation on wire construction. | wondered what tubular elements 
might do, and the result is this preliminary note. 


Large antenna farms for serious DX and contest use often have far 
more than one antenna per band. Hence, back-up on many bands 
is almost a matter of course. However, there is often only on 
antenna for each of the following bands: 40, 30, 17, and 12. 


Now suppose there were a single rotatable antenna of relatively 
easy maintenance (compared to a 5-element Yagi or similar) that 
might provide emergency performance on 40 through 10 meters, 
performance that was not stellar, but usable in a crunch. Further 
suppose that the antenna had a top height of not more than say 70° 
(about 1/2 wl on 40 meters) and has elements no longer than some 
of the half-size 40-meter beams that are commercially available. 
Finally, suppose that the antenna required no boom, but looked 
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more like one of those 40-meter beams flopped over to point 
straight up. 


Such an antenna is not a mechanically simple installation, since 44° 
foot aluminum elements are not for the beginner. However, once 
installed, the antenna poses fewer stress problems than 
horizontally positioned arrays that require a boom. If it happened 
also be to bi-directional, then it might be laid close in to a pole or 
tower, since the total required rotation is 180 degrees. 


There might be a niche for such an antenna, so the performance 
potentials and the installation challenges seem worth exploring, at 
least on a preliminary basis. 


The W2EEY Expanded/Extended Lazy-H 


The basic array is an extension of the Lazy-H: two 1 wl elements 
vertically separated by 1/2 wl and fed in phase. The W2EEY 
innovation was to extend the elements to 1.25 wi, extended double 
Zepp length. He also expanded the separation to 5/8 wi to 
maximize in-phase gain. 
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Fig.1 МҰ2ЕЕҮ "Expanded Lazy-H Antenna" 


Fig. 1 shows the outlines of a typical extended Lazy-H in typical 
Wire form. For many years, the Editors and Engineers Radio 
Handbook (edited by W6SAI) has carried that standard Lazy-H, fed 
at the bottom with a stub for coax matching for mono. band use. 
However, for multi-band use, a center junction of equal lengths of 
feedline is the simplest route to in-phase feeding on many bands. 


The dimensions of the array for 10 meters are a modest 44° 
element length and 22 vertical separation. The EDZ element 
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lengths represent the practical limit for use on HF bands, including 
10 meters. Longer elements will yield a multi-lobe pattern on 10 
meters. 


The antenna height selected for study was a 66' top height. It can 
be mounted higher or lower with standard changes in the elevation 
angle of maximum radiation. However, a height of at least 66° 
seems advisable for reasonable 40-meter use. 


From Wire to Tubing 


I have elsewhere looked at the performance of the W2EEY version 
of the antenna across many bands. The question that came to mind 
regarding rotating the array required a change in element material. 
So I redesigned the antenna for aluminum tubing having an 
aggressive tapering schedule. 
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2» 
т Section Lengths 
m 
>[Г» 
2 
| 9 ER 
. 05" 
0.625 
0.75" 
0.875" 
4.495" 1-9 
1.5" 4.875" 1.25 Section Diameters 
Center Line Fig. 2 


Fig. 2 shows the arrangement used to develop models. There is no 
assurance that this particular schedule meets appropriate 
standards. Any actual elements that one might contemplate 
constructing should be taken through an exercise or two on 
YagiStress to determine their mechanical feasibility. Although the 
schedule used here has proven very useful in comparing wire 
versions of the antenna to the most Severe gradations | could think 
of, the element design is hypothetical only in mechanical terms. 
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Special Note: Carroll Allen, AA2NN, pointed out the taper schedule 
suggested would have a wind survival rating of only about 70 mph. 
He developed a spread sheet for EXCEL to calculate the stress on 
the tubing. For commonly used antenna tubing, such as 6061-T6, 
with a wall thickness of 0.058", the maximum stress for each 
section should be 40,000 psi or less. He kindly redesigned the 
sections for a 100 mph wind survival rating. The following table 
presents the revised taper schedule. Like the original schedule, the 
1.125" diameter section is presumed to run all the way through the 
1.25" section, but also to have its own exposure length. 


44" Aluminum Doublet Half-Elesent Structure 
Tor 100 MPH Wind Survival 


Diameter (*) Section L (") Cumulative L (*) 
2.25 72 72 


EN 21.5 in 
75 El E 


The chief differences between the wire and tubing versions of the. 
antenna were two. First, the models had many more wires. Second, 
the source impedances (as taken at the junction of the two 
feedlines from the elements to a center small segment) varied 
somewhat from those associated with the wire version. 
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For those unfamiliar with the extended Lazy-H, lets run a series of 
tabular entries and some patterns to check the potential 
performance. As with all models, these assume level, uncluttered 
terrain (average Sommerfeld-Norton ground) in NEC-4.1. Any 
serious antenna farmer has already run terrain analysis using 
N6BV or K6STI software and can therefore adjust the numbers for 
gain and elevation angles accordingly. 


The figures in the first table focus on performance. The frequencies 
are band centers. Gain is maximum at the elevation angle of 
maximum radiation (TO angle). Note that gain is bi-directional. The 
horizontal beamwidth is to the -3 dB points on the maximum gain 


curve. 

Frequency Gain To Angle 
СА dei degrees 

24.94 мт 4% 

14.175 $1 7 

7:15 85 зз 

735 7 25 


Horizontal. 


Notes 


Beamwideh (deg) 


E] 


'enz-type side lobes 


Standard Lazy- 


Using top vire only 


As the table shows, gain decreases steadily with frequency, since. 
the elements grow shorter and the spacing narrower. The 10-meter 
gain is similar to a long-boom 5-element Yagi (without the front-to- 
back ratio). On 15, gain performance is similar to some 3-element 
Yagis, dropping to 2- element performance on 17. Below that 
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frequency, the antenna becomes the equivalent of a rotatable 
dipole. 


The patterns to follow, band by band, show the elevation patterns 
along the axis of maximum gain. Only spot azimuth patterns (for 10, 
15 and 30 meters) are shown, since the evolution of the azimuth 
pattern with frequency changes is perfectly normal. One key 
advantage for the array is the relative absence of very strong high 
angle radiation, especially on the upper bands, thus reducing a 
potential noise source. 
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Extended Lazy.H ea канса 
таемна a 60 Outer Ring = 7.17 ан 


Top S Bottom Wires 


150, 


Top Wire on 
EJ 


EI 


100 


40-Meters 


The 40 meter graphic shows two patterns, one for the use of both 
wires in phase, the other for the use of only the top wire. The latter 
is harder to implement in practice, but increases gain while lowering 
the take-off angle. On 30 meters, the use of only the top wire gives 
the appearance of lowering the take-off angle, but in fact, the 
bottom lines of the two patterns overlap, with the 2-wire system 
showing more gain. The seemingly unexpected result comes from a 
difference between vertical beamwidths for the two arrangements. 
Hence, on 30, the phased 2-wire system appears to offer superior 
overall performance. 


The decrease in gain for each reduction in frequency is clearly 
apparent. Given the array of antennas that inhabit some of the most 
extensive antenna farms, one might judge 20-meter performance to 
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be the weakest in comparative terms. WARC band antennas tend 
to be simpler, and relative to them, the array is down by only a 
couple of dB at most. (If one has designed against these 
tendencies, then the differentials will also be different.) From 15 
meters upward, the array gain is quite good-indeed, competitive 
might be a reasonable term. However, on 20, 5-element Yagis are 
fairly common (as are stacks of beams that give similar 
performance). The array on 20 yields performance similar to that of 
a 1 Wl wire, perhaps 2 S. unis weaker than the high-performance 
main antenna(s). 


Nonetheless, the overall performance of the array relative to all of 
the antennas in use for every band must be accounted quite good 
in view of what the antenna is in this application: it is an emergency 
back-up capable of being switch їп to replace any antenna system 
that goes dead when Murphy dictates. With a size similar to a half- 
size 40-meter 2-element Yagi pointing straight up, it is also much 
simpler than its most cogent competitor: a log-periodic for 40-10 
meters. 


Phase Lines 


The models developed here used 600-Ohm, VF=1.0 lines for 
phasing. Each line was cut to 14’ even though the distance to the 
center point was 11' only. A 3' buffer was allowed for each line to 
account for routing that would clear any metallic structures that 
might disrupt standard performance of the lines. 
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With these constraints, the models yield the following source 
impedance calculations. 


Frequency Source Impedance Notes 
jX ons 
j ess Highly variable with change of Zo 
ESSE Somewhat variable with changes of Zo 
iio +} в Decreases with Zo decreases 


135 Decreases with 20 decreases 
J 136 Righly variable with change of zo 


65 J 250 asonably stable 
14+) 20 ow and stable 
iat} 50 Tóp-wire only in use, with line. 


The number of cases in which the source impedance decreases 
with lower characteristic impedance phasing lines suggest that the 
highest feasible value of Zo be used for the antenna. Indeed, with 
lower values of Zo, the 40-meter source impedance can decrease 
below 10 Ohms, rapidly escalating the negative effects of loss 
sources in any installation. 


High variability with changes in phasing line type tend to indicate 
that the builder of any antenna of this type may encounter quite 
different source impedances owing to minor local variations. 
Although the phased pair of 44” doublets yields lower ratios of 
reactance to resistance, relative to a single 44’ doublet, the low 
impedance at 40 meters may prove difficult to match at the tuner 
end of the line. The reactance will vary more widely than the 
resistance over a greater section of each half-wavelength of line. 
Hence, careful line-length selection may prove necessary, although 
this factor will vary with the particular tuner configuration and 
internal components. 
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On the basis of these results (typical of several different models), 
there appear to be three initially plausible feed systems. 


1. Parallel feedline and an ATU: The simplest feed system is to 
use parallel feedline from the juncture of the phasing lines to the 
operating position, with an ATU providing the requisite matching. 
for minimum loss in the matching system and for maximum 
isolation of equipment from common mode currents, a link-coupled 
tuner is recommended (with due construction precautions against 
unintended common mode paths). Without careful measurement of 
the actual source impedances encountered and equally careful 
measurement of the feedline length, there may be cases in which 
the impedance presented to the tuner terminals falls outside the 
range for which the tuner can effect a match while compensating 
for reactances at that point. Ordinarily, changing the line length in 
small increments will overcome this problem without incurring 
significant losses. 


2. Remote switching of matching circuits--Version 1: A box of 
fair proportions installed at or very near the junction of the two 
phase lines might contain an array of circuits matching the source 
impedance on each band to standard 50-Ohm coaxial cable (ог 75- 
Ohm hardline). The system would require a power source to control 
separate input and output sides of each network. The design of 
such a system would have to be a custom installation based on the 
actual source impedances of the system. 


3. Remote switching of matching circuits--Version 2: A remotely 
switched matching network box mounted precisely at the junction of 
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phase lines may present mechanical problems if the installation has 
a rotating mast joining the two elements. Moreover, the 
impedances to be matched may not be the most desirable. A length 
of open-wire parallel feeder from the phase line junction to some 
point further down the support structure may provide more 
desirable values and a more convenient mechanical installation. 
Since the variables of this modified system are so many, I have not 
explored any particular line lengths to check feasibility. Hence, 
electrically, this system can only be classed as equivalent to the 
first version. 


Either remote matching system serves a certain preference among 
antenna farmers: the desire to present sensitive rigs and amplifiers 
with loads that require no in-shack tuning during intensive 
operations. All adjustments are made during installation and 
remade during routine maintenance. Those willing to make real- 
time adjustments and who can correctly install open-wire feeders 
may wish to use the simplest of the systems outlined here. 


Of the three systems, only the remote box at the phase-line junction 
is amenable to easy switch-over to using only the top wire on 40 
meters. Adapting the other systems to such use will be an exercise 
in ingenuity. 
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Mechanical Considerations 


тор] Fig.3 
Binet) 


Feedline 
Junction[ | | Mast 
Terminal 


The basic elements of the antenna 
structure appear in Fig. 3. 


No support structure is shown, since. 
this aspect of the installation is subject 
to so many variations. The antenna 
itself consists of two 44" long elements 
of considerable weight. The top one 
will be 22' above the lower one, which 
might be considered a moderate 
stacking challenge to those with large 
antenna farms. Since the elements аге 
mounted close to the line of the 
rotating support mast, the stresses 
they impose upon the assembly may 
be less than those of elements at the 
ends of a boom. A mast extension to 
handle a truss system to add support 
farther out along the elements is 
certainly feasible and may well be 
advisable. 


If the lower element is (or both elements are) are side. mounted 
relative to a supporting pole or tower, then there will be a dead 
zone in the rotation. The size of this zone in degrees will vary 
inversely with the distance of the mast from the support structure. If 
we assume that there is a direction from the station that can be 
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ignored, side-mounting may offer a means of installing the 
emergency antenna on an existing tower or pole. However, the 
elements may well interfere with existing guy wires. 


These mechanical notes are offered on the premise that anyone 
thinking about this antenna has considerable experience with tall 
installations and can integrate the structure into a considerable 
backlog of diverse variables involved in high pole and high tower 
work. Those who may be reading these very preliminary notes 
without requisite experience should perhaps review some of the 
very considerable stack of reprints offer by Champion (K7LXC) 
before becoming too much attracted to the ideas noted here. 


The aluminum extended Lazy-H is a bi-directional array with 
rotational capabilities that may make use of its reasonably narrow 
horizontal beamwidth on 40 through 10 meters. As such, it may fill 
а special niche, which I have termed the nearly-universal back-up 
for giant antenna farms. The feed system challenges are more 
electronic than they are mechanical--except for mounting and 
water-proofing a box for two of the suggested systems. Otherwise, 
the array presents fewer mechanical problems than most very large 
Yagis. 


Still, the array not a cure-all for whatever ails. Nor is it a magic elixir 
for all antenna installations. The notes presented here simply 
suggest that for some installations, the antenna may provide that 
nearly universal back-up which is ever handy: ready to go on 40 to 
10 meters when Murphy strikes down the primary antenna(s). Just 
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do not tell Murphy you have installed one of these or he will take 
down your antennas two at a time. 
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NOTAS DEL EDITOR 


‘Somos conscientes que los aficionados a la experimentación electrónica no son las 
personas que usualmente tienen el poder político para producir los cambios que 
requiere la comunidad. Sin embargo, hemos resuelto ahora dar algunas ideas de 
beneficio común, con la esperanza de que en algún momento sean puestas en práctica 
por alguien que pueda hacerlo. 


1. AMBULANCIA AEREA CAMPESINA. En todos nuestros paises existen zonas 
alejadas marginadas de las grandes ciudades, sin carreteras, sin medios de comuni- 
cación, sin servicios médicos. Alí están las reservas indígenas descendientes de 
nuestros antepasados, los dueños primarios de la tierra que pisan, y están también 
grupos de campesinos cultivando "con las uñas" los alimentos que todos nosotros 
necesitamos para el diario subsistir. 

Hagamos campañas, recolectas, rifas, etc., para conseguir fondos para la compra 
de ambulancias y helicópteros con los cuales se le pueda llevar a estas gentes 
servicios médicos y odontológicos varias veces al año. Tales aparatos se pueden 
utilizar también para organizar brigadas de educación agrícola y pecuaria, transporte 
Че enfermos a hospitales regionales, etc. 


2. EXAMEN DE CONCIENCIA. "Padre Nuestro, que estás en los cielos, danos hoy 
nuestro pan de cada día y perdona nuestras ofensas así como nosotros 
perdonamos a nuestros deudores... ". Padre Nuestro, no me perdones tal у como 
yo lo hago con mis semejantes, pues yo necesito el perdón completo, sin resentimien 
tos, sin condiciones. Tampoco te pido que me des el pan de cada día, con tal que me 
hayas dado todas las facultades y la integridad física que requiero para ganarlo con 
el sudor de mi frente, 

Coge tu cruz y sígueme. No tuve la fortuna de conocer a Jesús Nazareno, y de 
haber sido así, posiblemente no habría sabido valorarlo en toda su dimensión. Si no 
existió, bienaventurado sea el creador de esa obra maestra, de esa leyenda llamada. 
"Jesüs", que tuvo el poder para dividir en dos la historia del mundo. Si realmente pasó 
por esta tierra, ¿Habremos entendido los cristianos a plenitud la invitación de Jesús 
al sufrimiento aceptado con resignación y entrega por una causa superior?. Es acaso 
la obligación familiar mi cruz?. Jesús cayó varias veces, pero también se paró otras 
tantas. ¡Animo muchacho! 


3. TRABAJOS Y COMERCIO ABIERTOS LAS 24 HORAS. En las ciudades capitales 
se produce trauma en el transporte en ciertas horas del día, lo cual hace que las 
personas pierdan mucho tiempo en autos y buses. Ello se debe a que en casi todas 
las empresas y fuentes de trabajo se tiene el mismo horario para la entrada y salida 
del personal, cosa que satura los medios y vías de transporte 


Hasta ahora se ha buscado la solución solo mediante la construcción de nuevas 
carreteras y la ampliación de las existentes, lo cual equivale a crecer los espacios de 
pavimento y disminuir las zonas verdes y de recreación. Para aprovechar mejor las 
vías existentes y evitar que se presenten las congestiones de las horas pico, sugerimos 
programar las jornadas de trabajo de las diferentes empresas y oficinas públicas, de 
forma tal forma que se distribuyan las horas de entrada y salida durante todas las 24 
horas del día. Por ejemplo, en una misma zona puede haber una fábrica comenzando 
producción a las 9 de la mañana, otra a las 10, y una tercera a las 11 

Resulta más económico y más funcional distribuir el tiempo de movilización, que 
ampliar las calles con base en la mala ullización que de ellas hacemos hoy. 
Recordemos que tales vías permanecen casi desiertas durante varias horas de las 24 
que tiene el dia. 


4.IDEAS PARA CONSEGUIR EMPLEO. Este es un libro que se debería hacer, pues 
son muchos los compatriotas que deambulan por las calles en busca de una 
oportunidad para ganar el sustento de su familia. La mayoría tocan a las puertas de 
otros, pues no tienen motivación para pensar en que la solución puede estar en sus 
propias manos. En este libro se pueden explicar métodos simples y económicos para 
hacer jabones, juguetes, elementos decorativos, cómo sembrar hortalizas, normas de 
comportamiento en la sociedad, la honradez como máxima virtud del empleado, 
aprovechamiento de las basuras, etc. 

Es la falta de ideas, o la timidez para ejecutarlas, lo que tiene a muchos 
profesionales haciendo labores secundarias ajenas а su vocación. Qué bueno sería 
que tal libro fuese editado por alguna oficina del Gobierno, con capacidad para orientar 
la formación de empresas caseras y con profesionales que estudien los mercados para 
los productos sugeridos. 


5. ARBOLES FRUTALES EN LAS ZONAS VERDES. Para darle nuevamente a las 
ciudades el suave aroma del campo, para hacerlas más acogedoras, para dar sombra 
y calmar la sed de los caminantes, sembremos árboles frutales en los parques y zonas 
verdes de uso público. Sembrar un árbol ornamental cualquiera cuesta lo mismo que 
sembrar un mango, un naranjo, un guayabo, un aguacate, un manzano, etc., pero 
estos últimos adornan y alimentan a la vez. 


6. COMO APROVECHAR LOS RECURSOS DEL CAMPO. Para beneficiar a la 
comunidad campesina, ponemos las páginas de Electrónica Fácil a disposición de 
todos aquellos que nos quieran hacer sugerencias acerca de métodos económicos y 
rudimentarios para encontrar, extraer y purificar el agua. Es nuestro deseo enseñar la 
forma de hacer fogones de leña eficientes, la construcción de generadores eléctricos 
accionados por viento o por saltos de agua, que sirvan para operar algo de alumbrado, 
un equipo televisor o un receptor de radio puesto en una caseta comunal, etc. 


7. AÑORAMOS VER OTRA VEZ LIMPIOS LOS RÍOS. Busquemos la manera de 
descontaminar el agua de los ríos, y sembremos en ellos otra vez peces decorativos 
y para alimento de los habitantes de la rivera. Para atrapar las basuras flotantes, tales 
сото envases plásticos y animales muertos, diseñemos un aparato que funcione con 
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la fuerza del caudal del agua, tal como una banda metálica de malla inoxidable о 
alambre galvanizado, del ancho de la canalización dada al río en tal sitio y de largo 
suficiente para extenderse desde el fondo hasta una orilla 

La banda de malla dejaría pasar el líquido libre de basuras, las cuales serían 
movidas lentamente sobre la red metálica giratoria hasta el punto de recolección o 
amontonamiento en una canal dedicada para ello en la orilla. Cada determinado 
tiempo podría venir una cuadrila de empleados públicos del aseo a hacer una 
selección de las basuras recogidas y a enterrar en el sitio apropiado los elementos 
putrefactibles. El agua libre de sólidos se podría tratar también químicamente, рага 
neutralizar los detergentes y para tratar de recuperar electroliticamente los productos 
industriales que las ciudades vierten a las aguas de los ríos. 


8. LOS ESTUDIANTES DE ELECTRÓNICA PODEMOS AYUDAR A LOS MI- 
NUSVALIDOS. Diseñemos sillas de ruedas y aparatos ortopédicos realmente funcio- 
nales, que utilicen para su manejo la energía nerviosa de centros no afectados por la 
enfermedad. ¿Acaso la ciencia electrónica y la medicina no están ya suficientemente 
desarrolladas ?. 


9. UNIFORME ESCOLAR GRATUITO. A nadie le agrada que le cobren más im 
puestos, especialmente cuando su destinación es desconocida, Sin embargo, creo 
que los que tenemos capacidad de trabajo debemos aportar algo para que el gobierno 
dote de uniforme sin costo atodos los niños de las escuelas públicas. Es un hecho que 
la falta de zapatos y ropa apropiada para el colegio es fuente de preocupación para 
los padres sin recursos económicos. Muchos tienen que hacer grandes sacrificios, o 
dejar de comer lo indispensable por un tiempo, para poder conseguir con qué comprar 
lo que le exigen al niño en la escuela para su presentación personal. 

El uniforme es una ventaja desde el punto de vista estético del grupo, y se puede 
hacer con tela resistente a los juegos infantiles. Además, con dos o tres mudas se 
puede pasar toda la semana, cosa que no es posible con vestidos "a la moda”. Si la 
sociedad acepta cargar con el costo de los uniformes, se puede solucionar también 
еп parte el problema de empleo de los minusválidos de la ciudad, ya que ellos podrían 
administrar la factoría y manejar las máquinas tejedoras. 


10. BUENOS TEXTOS DE ESTUDIO. No cambiar cada año los libros de los cursos 
en los colegios. Los títulos pueden ser seleccionados por factor de méritos y regalados 
por el gobierno a las escuelas públicas. Estos serán prestados (dejando un valor 
depósito) a los estudiantes y deberán ser devueltos al finalizar el año escolar, de tal 
forma que puedan ser utilizados por los alumnos del año siguiente. Es un hecho que 
еп Colombia ya no sirven para este año los textos del hermano mayor, cosa que sí 
ocurría con los excelentes libros de "Bruño", de "Baldor", "La Alegría de Leer", etc. Ojalá 
se modifique esta situación. 


11.GRANJAS AGRÍCOLAS COMUNITARIAS. Fomentemos la creación de granjas 
agrícolas en las zonas campesinas y en las afueras de las ciudades, administradas por 
sistemas cooperativos o de empresas comunales, para evitar el flujo de campesinos 
hacia los cordones de miseria de la ciudad 
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12. CARGADORES SOLARES. Importemos cargadores solares de pilas y baterías 
para vender a bajos precios a toda la población campesina que no tiene facilidades de 
venir a las ciudades ni dispone de suministro eléctrico público, con el fin de que puedan. 
tener un televisor, un radio portátil, un ventilador, una bomba eléctrica a 12 voltios para. 
extraer agua, etc. 


13. MASAJES DE ESPALDA O DE RÍÑONES. Diseñemos un cinturón eléctrico, 
accionado por 12 voltios DC, para masajes vibratorios a los conductores que deben 
permanecer sentados mucho tiempo ante el timón de buses, camiones y taxis. 


14. AYUDAS PARA SORDOS Y CIEGOS. Fabriquemos amplificadores de audio 
baratos para personas sordas, que se puedan llevar en el Dosilo y que funcionen con 
pilas comunes. Hagamos también radares infrarrojos para ciegos, utilizando circuitos 
de enfoque de los que se emplean hoy en las cámaras fotográficas y de videofilmación. 


15. MALLA DE ALAMBRE PARA DETENER DERRUMBES. En casi todas nuestras 
carreteras de montaña es caso frecuente la ocurrencia de derrumbes de piedras y lodo 
sobre la vía, causados principalmente por la acción de las lluvias sobre la montaña. 
Mucha de la culpa la tienen los encargados de hacer las obras, pues no vuelven a cubrir 
соп capa vegetal las laderas que tienen que cortar para ia nivelación del terreno. En 
lugar de esperar los hechos y los accidentes fatales para proceder al envío de 
maquinaria que destape el camino, sugerimos cubrir las laderas con una malla de 
alambre galvanizado de grueso calibre (de 1 а 2 milímetros de diámetro), de tal forma 
que las piedras y otros materiales queden sujetos y no inicien una avalancha. Eltiempo 
y las aves del cielo se pueden encargar de recuperar la vegetación a través de los 
agujeros de la malla. 


16. AGUA SINTÉTICA PARA LAS ZONAS CON SEQUÍA. Es un hecho que el agua 
es el elemento más común en la naturaleza, pero también es sabido que en los 
desiertos y otras zonas geográficas es sumamente escasa. Desde hace mucho tiempo 
conocemos que el agua está formada por dos partes de hidrógeno y una parte de 
oxígeno, elementos que abundan en el аге. Pues bien, qué estamos esperando los 
electrónicos y los químicos para diseñar y hacer un aparato que produzca agua a partir 
del aire? 


17. LAMINAS DE LOS TARROS DE ACEITE. En las estaciones de servicio para 
automóviles sobran y botan cada día muchos tarros vacíos de los utilizados para 
envase del aceite lubricante. Pensemos en productos que puedan utilizar esta lámina 
de hierro, tales como juguetes, porlalápices para oficina, regaderas para jardín, 
'embudos, cucharones para manejo de granos en las tiendas, organizadores de 
tuercas, tornillos, resortes y otros cachivaches, etc. De esto puede resultar una 
pequeña industria que genere empleo para una familia. 
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Por Aurelio Mejía 


Hallazgos arqueológicos, mapas 
y textos antiguos están demostrando 
que hace varios miles de años hubo 
gente con conocimientos de metalur- 
gia, vuelos planetarios, electricidad y 
energía nuclear, pero el presente 
artículo lo hemos dedicado al mo- 
mento histórico que ha puesto a 
nuestro alcance las comunicaciones 
por satélite. Aunque ya hemos expli. 
Cado nociones básicas en revistas 
anteriores, repasaremos algunas y 
explicaremos otras indispensables 
para la mejor comprensión del tema 
de las antenas parabólicas. 


El primer indicio de la existencia de la 
electricidad, fenómeno que hoy mueve y 
comunica al mundo, se lo debemos al 
filósofo griego Tales, nacido en Mileto 
(en la costa occidental de lo que hoy es 
Turquía) hacia el año 640 antes de Cris- 
to. Convirió en estudio abstracto la 
geometría aprendida de los egipcios, 
соп lo cual le dio un gran avance a esta 
ciencia. Basado en conocimientos ad- 


quiridos en Babilonia predijo con antici- 
pación un eclipse de sol ocurrido el 28 de 
mayo del año 585 a. C, evitando así una 
batalla que iba a efectuarse entre ejérci 

tos medos у lidios, a los cuales asustó у 
convenció para firmar un tratado de paz. 

Tales inventó la matemática deduc- 
tiva y fue el primero en observar y estu- 
diar la forma en que ciertas rocas atraen 
el hierro, a las cuales se les llamó та; 
nelita por haber sido encontradas cerca 
de la ciudad de Magnesia, en Asia 
Menor. También analizó la propiedad 
que tienen algunos cuerpos, como el 
ámbar y el vidrio, de atraer plumas, 
hilos, pelusas y otros objetos livianos 
‘cuando se les frota con piel, una tela a 
base de lana, etc. A dicho fenómeno se 
le llamó "electricidad estática". 

El ámbar es una resina fósiltranspa- 
rente resultante de la solidificación de 
las gotas de goma desprendidas de 
ramas rolas y heridas en la corteza de 
árboles de la familia del pino hace ya 
miles de años. Usualmente son trozos 
de color amarillo, y algunos presentan 
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en su interior insectos atrapados du 
rante la formación del grumo. El vidrio, 
ya conocido por todos nosotros, es un 
líquido (aunque no lo crea), resultante de 
la solidificación de una mezcla fundida 
Че arenas siliceas, cal y carbonatos de 
sodio o de potasio. 


EL IMÁN Y LA BRÚJULA 


Parece que fueron los chinos los 
primeros en descubrir la utlidad del 
imán para la orientación en el desierto, 
mediante ип trozo de material 
magnético en forma de aguja y sus- 
pendido libremente en ei aire por un 
cordel amarrado a su centro de grave- 
dad. También se sabe que los marinos 
europeos empleaban para sus viajes 
una brújula muy rudimentaria, consi 

tente en una aguja magnética puesta 
sobre un corcho flotando en un recipien- 
te con agua. 

Casi dos mil años después de Tales 
de Mileto, entre 1250 y 1270, el sabio 
francés Pedro de Maricourt "Pere- 
grinus" hizo el primer intento de obten- 
ción de energía cinética del magnetis- 
то, tratando de construir un motor para 
mover una maqueta de planetario 
diseñada por Arquímedes. Esto le con- 
dujo a mayores investigaciones sobre el 
imán y al diseño de una brújula con 
escala graduada en la circunferencia y 
соп aguja girando sobre un pivote. 

Peregrinus escribió en 1269 una 
carta a un amigo, donde le enseñaba 
cómo distinguir los polos de un imán, 
diciendo que polos iguales se repelian y 
los opuestos se atraían. También le 
contaba que los polos eran insepara 
bles, y que si un imán se partía, cada 
mitad quedaba también con los dos 
polos. 

La obra de Peregrinus fue continua- 
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da por el físico y médico inglés William 
Gilbert (1544-1603), quien demostró 
que la aguja imantada no solo servia 
para indicar la dirección Norte-Sur, sino 
que ademas trataba de apuntar siempre 
hacia la tierra (inclinación magnética). 
Consideró a la tierra como ип inmenso 
imán esférico у definió por primera vez lo 
que hoy son los polos magnéticos te- 
rrestres. En su honor, lafuerza magneto- 
motriz se mide en unidades llamadas 
"Gilberts". 


ELECTRICIDAD ESTATICA, 
ELECTRICIDAD CORRIENTE 


Gilbert descubrió que el cristal de 
cuarzo y algunas otras gemas y sustan- 
cias también presentaban la misma 
propiedad de atracción del ámbar fro- 
ado con piel, y puesto que en el idioma 


Fig-1. La tierra se comporta como si en su interior 
tuviese un gran imán inclinado unos 11 grados con 
respecto alejo de rotación. En varias épocas de su 
historia se han invertido ls polos magnéticos о han 
sambiado su incinacón. 


griego el equivalente de ámbar es elek- 
tron, sugirió el nombre de "electricidad" 
para esa fuerza que no es magnética, 
puesto que puede atraer también mate 
riales diferentes al hierro. 

El descubrimiento de la conducción 
eléctrica se lo debemos al investigador 
inglés Stephen Gray (1696-1736), 
quien hizo ver la diferencia entre con. 
ductores y aisladores. En 1729, observó 
que cuando un tubo largo de eristal se 
cargaba de electricidad mediante 
fricción, los tapones de corcho de los 
extremos (a los cuales no se frotaba) 
también se electrficaban, lo cual mos- 

presencia de un "fluido 
', que habia pasado del vidrio 


al corcho 


PARECE HABER DOS TIPOS DE 
FUERZA ELÉCTRICA 


Fue el físico francés Charles Du Fay 
(1698-1739), superintendente de par- 
ques y jardines del rey de Francia, el 
primero en postular la existencia de dos 
clases diferentes de fluido eléctrico, el 
o y el resinoso, conclusión de sus 
experimentos con trozos de corcho 
suspendidos de sendos hilos, a los que 
electrficaba tocándolos con una varita 
de vidrio o de resina vegetal cargada 
previamente por fricción. Vio que los 
trozos de corcho se repelían unos a otros 
si las dos porciones se habían cargado 
con varas de un mismo material, y que se 
atraían cuando se utilizaba una varita де 
vidrio y otra resinosa para cargar respec- 
tivamente uno y otro grupo. 


Teorías aceptadas actualmente 
por la comunidad científica permiten 
atribuir los fenómenos eléctricos al 
comportamiento de los electrones 
dentro de sus respectivos átomos 


п 


(electricidad estática) о а su despla- 
zamiento por entre las órbitas de 
otros, a manera de cometas por el 
espacio (corriente eléctrica, electri- 
idad dinámica). A la acción de un 
electrón se le definió como unidad de 
"carga negativa". 
En conclusión, no hay electri- 
cidad vitrea ni resinosa. Lo que se 
presenta es exceso o falta de elec- 
trones. 


El inventor francés J.T. Desaguliers 
propuso, en 1740, que se llamara "con- 
ductores" alas sustancias a cuyo través 
podía circular con relativa facilidad el 
fluido eléctrico (los metales, por ejem- 
plo), y "aislantes" a las que no lo 
permitían libremente (el vidrio, el ámbar, 
el corcho, etc.). 


BOTELLA DE LEYDEN 


La primera máquina para producir 
electricidad por fricción se le debe al 
físico alemán Otto von Guericke (1602- 
1686), y el primer artificio para almace- 
nar grandes cantidades de carga 
eléctrica fue ideado por el profesor 
alemán E. Georg von Kleist, pero se le 
dio aplicación por primera vez en la 
Universidad de Leyden (Holanda) en el 
айо 1745. Este aparato fue construido 
por el profesor holandés Peter van 
Musschenbroek, y hoy se le conoce 
como "Botella de Leyden". Consiste de 
una botella de cristal forrada interior y 
exteriormente con con dos láminas 
metálicas aisladas una de otra por el 
grosor del vidrio, forma elemental de lo 
que hoy son los condensadores 
eléctricos. 

El recubrimiento interior se conecta 
соп el medio ambiente exterior mediante 
una varila metálica que atraviesa un 
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Fig. 2 La Botta de Leyden originalmente era como la de la izquierda, pero también puede tener la forma del 
vaso de la derecha. E experimentado a puede hacer con cualquier asco, utilizando papel de aluminio (too 
оа) para el Torrado exterior y el lenago interior. El electrodo de toque debe terminar en esfera 


tapón de corcho. La botella de Leyden se 
carga sosteniéndola por su recubrimien 
to metálico alrededor del frasco, y apli 
cando la varilla central de bronce a una 
máquina generadora de electricidad 
estática, (ver el número 7 de Electrónica 
Fácil). Si se toca luego dicha varilla con 
la mano o un conductor se produce una 
chispa y un chasquido. 


DESCARGAS ELÉCTRICAS 
ATMOSFÉRICAS 


Muchos científicos experimentaron 
con la Botella de Leyden, pero fue 
Benjamín Franklin (1706-1790) 
político, físico y filósofo norteamericano. 
nacido en Boston, quien primero con- 
sideró que la chispa y el crujido de las 
descargas podían ser diminutos rayos y 
truenos. Ya él había observado que la 
Botella de Leyden se descargaba más 
rápido y la chispa era más larga 
cuando se le acercaba un objeto 
Puntiagudo, y para probar que los rayos 
y truenos almosféricos eran producto 
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del intercambio de electricidad entre la 
tierra y el cielo, en 1752 hizo un expert 
‘mento que le haría inmortal en la historia 
científica: Construyó una cometa de 
seda, a cuya parte superior fijó un trozo 
de alambre delgado terminado en punta, 
y а la cuerda de elevación del popular 
juguete le agregó un cordón de seda 
para tenerlo en la mano, por ser la seda 
un material aislador de la electricidad. 
En el punto de unión de la cuerda con- 
ductora y el trozo de seda amarró una 
llave metálica, de las usadas para las 
cerraduras de las puertas en aquel 
tiempo. Un dia en que se cernía una 
tormenta sobre su domicilio, en 
compañía de su hijo remontó la cometa 
hasta muy cerca de las nubes y esperó 
los resultados en la escalinata de su 
La primera nube tormentosa pasó sin 
que nada anormal ocurriese, pero 
cuando otra se acercó más a la cometa 
observó que las pelusas de la cuerda se 
apartaban de ella y se ponían como 
pelos de erizo. Acercó a ellas el dedo, y 
vioque éstelas atraía. Cuando aproximó 


su dedo a la llave que colgaba de la 
cuerda, saltó una chispa eléctrica y sintió 
los efectos de una conmoción muscular. 
Para este experimento de la cometa 
también tenía preparada una Botella de 
Leyden, con la intención de almacenar 


en ella un poco de electricidad 
atmosférica, cosa que pudo lograr 
cuando empezó a llover, ya que al 
mojarse la cuerda aumentó su conduc- 
tividad y descendió por ésta electricidad 
еп cantidad muy abundante. 


Fig. 3. Benjamin Franklin y su hijo, elevando la cometa. 


Electrónica Fácil 40 


Benjamin Franklin tuvo también suerte 
еп su ensayo, pues algunos otros 
científicos que posteriormente trataron 
de repetir la prueba murieron electro- 
cutados. 

Este experimento fué el origen del 
pararrayos, varila con punta de metal 
conectada a tierra, que Franklin sugirió 
colocar en los techos de las casas рага 
descargar rápidamente las nubes y ale- 
jar el peligro de los rayos. El agua pura, 
sin minerales, tal como el agua de lluvia, 
по es buena conductora de la electri- 
cidad, y por consiguiente no descarga la 
electricidad estática de las nubes. 

A Franklin también debemos la 
introducción de la moderna convención 
que caracteriza a uno y otro tipo de 
electricidad como "positiva" y "nega- 
tiva", lo que equivale a déficit o exceso 
de electrones en un objeto, o corriente 
eléctrica en uno u otro sentido a través 
де un conductor. El sentido real del fluido 
ез del polo negativo al polo positivo. 


LEY DE LAS ATRACCIONES Y 
LAS REPULSIONES 


En 1784, el físico francés Charles 
Augustin Coulomb (1736-1806) halló 
la ley de las atracciones y repulsiones 
magnéticas. Utilizando una barra larga 
imantada pendiente horizontalmente de 
un alambre delgado, a modo de balanza, 
demostró que la fuerza de atracción o 
repulsión entre dos polos magnéti 
соз es directamente proporcional a 
las masas magnéticas de ellos e in- 
versamente proporcional al cuadra- 
do de la distancia que los sep: 
Estas conclusiones se basaron en la 
magnitud del giro de la barra, o torsión 
del alambre soporte, cada vez que 
Coulomb aproximaba imanes a uno de 
los polos magnéticos de ésta. 
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Para determinar la ley de las atrac- 
clones y repulsiones de los campos 
eléctricos, Coulomb utilizó también una 
balanza de torsión ideada por él, la cual 
tenía, en lugar del imán, una barra ais- 
lante con dos esferitas metálicas en los 
extremos. 

Habiendo cargado previamente con 
electricidad estática las esferitas de la 
balanza, aproximando a una de ellas 
otra esfera pequeña cargada eléctri- 
camente, a diferentes distancias, de- 
mostró en 1785 que la fuerza de 
atracción o repulsión electrostática 
es directamente proporcional al pro- 
ducto de las cargas de cada esfera e 
inversamente proporcional al cua- 
drado de la distancia que separa sus 
centros. En otras palabras, la magnitud 
de la fuerza existente entre dos cargas 
depende de su tamaño, de la distancia 
que las separa y de la sustancia en que 
se encuentran. 

En honor de Coulomb se adoptó la 
palabra culombio para designar una 
unidad práctica de cantidad de electri- 
cidad. En inglés se le llama Coulomb. 


Hoy se llama campo de fuerza al 
espacio donde se puede notar la 
acción de alguna fuerza magnética, 
eléctrica o mecánica. Se ha con- 
venido en medir la intensidad del 
‘campo en un punto, por la fuerza que 
allí experimentaría una unidad dada 
de masa. 


“ 


Fig. 4. neas do fuerza alrededor de un men 


CORRIENTE ELÉCTRICA 


La electricidad que hemos exami- 
nado hasta ahora sedenomina estática, 
o sea la que se refiere a una fuerza o 
carga eléctrica que se almacena en un 
objeto y permanece allí. Podemos 
imaginar que el objeto es un globo de 
caucho, y que la acción de "cargarlo" 
equivale a inflarlo con aire a presión, соп 
la "fuerza" de nuestros pulmones. 

Asî сото el globo de nuestro ejemplo 
se puede desinfiar y producir un chorro. 
de viento, así también los elementos 
cargados con electricidad estática se 
pueden liberar de esa energía, ya sea en 
forma de chispas o de flujo através de un 
medio conductor. Incluso, cuando acer- 
amos una llama a un objeto puntiagudo 
y suficientemente cargado de electi 
cidad estática, se puede dar el caso de 
que ésta se apague por acción del viento 
eléctrico que se forma en la punta al 
descargarse rápidamente la energía 
estática a través del aire caliente ioni- 
zado. 

El calor de la llama multiplica el 
fenómeno de la ionización. La corriente 
eléctrica a través de un gas se llama 
descarga, y es un efecto de la ionización 
(división de la molécula del gas). 

Para designar las cargas eléctricas 
que viajan a través del medio conductor 
Se utiliza el término electricidad 
dinámica, palabra derivada del griego 
dynamis, que significa fuerza. En la 
práctica se reconoce simplemente como 
corriente eléctrica. 

El descubrimiento de la carga eléctri- 
са móvil empezó con el anatomista 
italiano Luigi Galvani (1787-1798), 
quien también estaba experimentando 
con la Botella de Leyden y con máquinas. 
generadoras de electricidad estática 
Galvani publicó en 1791 sus experien- 
cias acerca del descubrimiento casual 


15 


de que, cuando hacia la disección de 
Una rana, las ancas se contraían si se las 
tocaba simultáneamente con dos imple- 
mentos de metal diferente. 

Los músculos de las patas de la rana 
se sacudían como si los hubiera estimu- 
lado una descarga eléctrica de la Botella 
de Leyden, por lo que Galvani conjeturó 
que dichos músculos y nervios conte- 
nian también electricidad, a la que el 
llamó electricidad animal. Galvani 
también se interesó por los experimen- 
tos de Franklin y su cometa, y pensó que 
соп las contracciones de las ancas de 
rana podía demostrar la naturaleza 
eléctrica de los rayos. 

Galvani pues, colocó fuera de la 
ventana ancas de rana suspendidas de 
varilas metálicas y en contacto con un 
conductor a modo de pararrayos. Los 
músculos efectivamente se contrajeron 
y relajaron durante la tormenta, pero 
también lo hicieron cuando ésta había 
cesado, por lo cual Galvani sacó la si 
guiente conclusión errónea: "al nervio en 
el estado fisiológico está siempre car- 
gado de un fluido positivo, mientras el 
músculo lo está de un fluido opuesto. El 
arco metálico зіме para conducir у 
equilibrar este fluido, lo cual origina las 
convulsiones’ 

La verdadera explicación del 
fenómeno la encontró el físico italiano 
Alessandro Volta (1745-1827), inven- 
tor del electróforo, un instrumento de 
física que se usa para producir y acumu- 
lar electricidad estática. Esta máquina 
constaba de dos discos de madera; uno 
cubierto de resina ebonita y el otro for- 
rado con estaño y provisto de una mani- 
vela convenientemente aislada que 
permitía ponerlos en movimiento con 
sus caras enfrentadas. Con la electri- 
cidad conseguida de esta forma con- 
siguió cargar la Botella de Leyden e 
inflamar el gas hidrógeno. 
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Volta, meditando еп las obser- 
vaciones hechas por Galvani, de que el 
fenómeno de las convulsiones de las 
patas de rana era posible sólo cuando 
éstas tocaban ganchos de dos metales 
distintos, demostró en 1794 que sola: 
mente la electricidad derivante del con 
tacto de los dos metales era la causa del 
fenómeno, lo cual fue motivo para que 
Galvani pasara los últimos 4 años de su 
vida amargado por la idea del fracaso de 
su teoría de la electricidad animal. Sin 
‘embargo, en su honor se llamó electri- 
cidad galvánica a la electricidad pro- 
ducida por dos metales, y se designa 
también galvanizar al proceso medi- 
ante el cual se cubre, por electrólisis, un 
metal con una capade cinc. Por ejemplo, 
el hierro galvanizado presenta alta resis 
tencia a la oxidación. 


LA PILA ELÉCTRICA 


El experimento de Volta fue bastante 
sencillo; Sobre la parte superior de la 
lengua se colocó una cuchara de plata, 
y puso también un pedacito de estaño en 
la punta de la lengua. Al juntar los dos 
metales sintió en la lengua un gusto 
acidulado, por lo que Volta pensó que 
dos metales diferentes colocados en un 
medio acidulado, la saliva en este caso, 
pueden producir una corriente eléctrica. 


cinc ]- 
D 
+ 


Fig. s Elemento do pla votaica. 
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La sucesivas experiencias de Volta 
destinadas a confirmar su teoría, dieron 
origen el descubrimiento de la pila 
eléctrica, en 1799. La pila voltaica 
estaba integrada por discos de plata, 
cartén humedecido con agua salada y 
cinc, apilados uno sobre otro alternativa- 
mente. Entre mayorfuese la cantidad de 
estos grupos, mayor era la tensión 
eléctrica obtenida. 


ELECTROMAGNETISMO 


El comienzo de la era del electro- 
magnetismo se señala con el experi 
mento sobre la desviación de la aguja 
magnética por la acción de la corriente 
eléctrica, hecho por el físico danés Hans. 
Christian Oersted (1777-1851) en 
1819. Por entonces eran muchos los 
sabios de Europa que estaban haciendo 
experimentos con electricidad estática y 
la recién descubierta corriente eléctrica. 
Conocían su poder de atracción sobre 
objetos livianos, descubierto antes de 
Cristo por Tales de Mileto, y eso explica 
la inquietud de Oersted acerca de la 
posible existencia de alguna relación 
entre electricidad y magnetismo. 

En la Universidad de Copenhague, 
durante una explicación práctica a sus 
alumnos, Oersted acercó una brújula а 
ип conductor por el que circulaba una 
corriente eléctrica. La aguja se movió 
entonces y apuntó en dirección perpen: 
dicular al conductor. Cuando Oersted 
invirtió el sentido de la corriente, la aguja 
dio media vuelta y señaló en sentido con- 
trario al que tenía antes, buscando el 
ángulo recto con relación al conductor. 
En cuanto más intensa era la corriente, 
mayor era la desviación. 

El descubrimiento de Oersted fue 
anunciado en 1920 por diversas aca- 
demias de ciencia de Europa, con un 


CAMPO. 
MAGNETICO 
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Fig. 6. Se puede ийгаг una brûjula para determinar 
cuando ost cicuando comente continua por un 
‘conductor. ya que êsta sempre genera un campo 

ше la envuelve, aunque el medio con 
‘ae, como en las chispas y ondas de 


despliegue noticioso similar al que hasta 
hace muy poco se estaba dando a los 
adelantos de la era espacial y nuclear. 
Con el experimento se había compr 
bado que toda corriente eléctrica 
genera una fuerza magnética que la 
envuelve, cual ondas de agua cuando 
una piedra cae a la superficie de un 
estanque, 

Cuando el físico alemán Johann 
Salomo C. Schweigger (1779-1857) 


supo del experimento de Oersted, сот 
prendió enseguida que la inclinación de 
la aguja podía utlizarse para detectar el 
paso de una corriente eléctrica y para 
medir su intensidad. Para amplificar el 
efecto del campo magnético en un con- 
ductor, y lograr una mayor desviación 
con corrientes débiles, a Schweigger se 
le ocurrió superponer varios conducto- 
res, de forma tal que se sumara su efecto 
magnético. Para ello enrolló un alambre 
entorno de la brújula, como formando un 
resorte, asumiendo que cada espira 
equivalía a un conductor independiente 
puesto en serie con el siguiente. El 
enrrollamientodel alambre constituyó la 
primera bobina electroimán, y de su 
unión con la brújula resultó el instru 
mento denominado galvanómetro, Ia- 
mado así por sugerencia del matemático 
y físico francés André Marie Ampère 
(1775-1836). 

Las noticias de los trabajos de Oer- 
sted con su brújula también llegaron a 
oídos de Ampère, y una semana 
después de su anuncio por parte de la 
Academia de Ciencias de París, en 
1820, demostró que la inclinación de la 
aguja obedecía a fuerzas de atracción 
magnética producidas por la acción 
de la corriente eléctrica. 

Para determinar sin instrumentos el 
sentido de las líneas de fuerza magnéti- 
ca alrededor de un conductor, se puede 
emplear "la regla de la mano izquier- 
da”, consistente en lo siguiente: Cuan- 
do cogemos el alambre conductor 
соп la mano izquierda, con el dedo 
pulgar (el gordo) apuntando en la 
dirección de la corriente de electro- 
nes, entonces los otros dedos rodean 
al conductor en la misma dirección 
que apuntaría el polo norte de la aguja. 
magnética de cualquier brújula próxi- 
ma al alambre con dicha corriente. 
Esta regla se cumple aunque el alambre 
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Fig. 7. El campo electromagnético alrededor de un 
conductor puede comprobarse mediante varias 
уа pequeñas y un того de сапа. 


esté curvado formando una о varias 
espiras, pero en tal caso puede resultar 
más útil la regla de los polos: Si to- 
mamos la bobina como queriendo ver a 
través del agujero formado por las vuel- 
tas del alambre conductor, se está 
frente al polo norte cuando los elec- 
trones fluyan por las espiras en el 
sentido de las agujas del reloj. 

En un circuito o conductor conectado 
а una fuente de corriente continua, tal 
como una pila una batería, la corriente 
de electrones va del polo negativo al 
positivo. Es de hacer notar que Ampère 
creía lo contrario, pues se basó en las 
ideas equivocadas de Benjamín Fran- 
Klin, quien pensó que el polo positivo. 
tenía un exceso de "fluido eléctrico" y el 
negativo una deficiencia del mismo, y 
poreso él hablaba de la regla de la mano 
derecha. Este concepto al revés de lo 
real, error en el que caemos muchos en 
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la época de estudiantes, no tiene impor- 
tancia mientras se tome constante- 
mente así durante el análisis de circui- 
tos. Otro error frecuente es confundir los 
polos norte y sur magnéticos con los 
polos norte y sur geográficos. Es nece- 
sario aclarar que los polos geográficos 
de la Tierra son los extremos del eje 
sobre el cual gira, mientras que su polo 
sur magnético (hacia el sitio que es 
atraída la punta norte de la brújula) es un 
punto al norte del Canadá. Consecuen- 
temente, al sur, en el Antártico, hay otro 
sitio que tiene la misma clase de fuerza 
magnética que el polo norte de un imán 
corriente. Esto resultará de mucha im- 
portancia entenderlo cuando trate- 
mos de enfocar correctamente hacia 
el satélite una antena parabólica. 


TERMOELECTRICIDAD 


Dos años después del experimento 
de Oersted, en 1821, el físico ruso-ger- 
mano Thomas J. Seebeck (1770-1831) 
descubrió que entre la electricidad у el 
calor también existe alguna relación, al 
observar que si dos metales diferentes 
se unen por dos puntos o caras, y estos 
dos puntos de unión se mantienen a 
temperaturas distintas, pasará una cor- 
riente eléctrica continua a través del 
circuito conectado a los metales. Esto es 
lo que se denomina termoelectricidad, 
y es una de las fuentes de los ruidos. 
térmicos o señales parásitas inde- 
seadas que hoy afectan a los equipos 
electrónicos, muy especialmente а los 
de las antenas parabólicas para 
televisión por satélite. 


ELECTRODINÁMICA 


En 1823, Ampére expuso una teoría 
que decía que las propiedades del imán 


tores paralelos, por loe que se haga circular corriente 
intensidad, se puede observar 


‘continua de ci 
ue elos se araen 
mismo sentido, y se repelen cuando аз colentes. 
Son de sentidos opuestos. 


tenían su origen en la existencia de 
pequeñísimas corrientes eléctricas que 
circulaban eternamente por él, y en 
1826 demostró que dos alambres 
puestos en paralelo se atraen cuando 
por ellos circulan corrientes eléctricas de 
igual dirección, y se repelen cuando 
éstas tienen sentidos contrarios. Este es 
el principio de los motores eléctricos, y 
se le denomina electrodinámica. Lo 
observado por Ampére motivó al físico 
inglés William Sturgeon (1783-1850) 
para su invento del electroiman, básico 
parael relé eléctrico del físico americano 
Joseph Henry (1797-1878) y el 
telégrafo del inventor americano 
Samuel Finley B. Morse (1791-1872). 
La verdad es que Henry inventó el 
telégrafo en 1835, primero que Morse, 
pero no lo patentó. 

En honor de Ampére, se denomina 
amperio a la cantidad de corriente 


eléctrica que atraviesa un punto de un 
conductor en la unidad de tiempo. En 
homenaje a Volta, se llama 1 voltio a la 
presión o fuerza que impulsa una co 
triente de 1 amperio a través de un con- 
ductor que presenta una resistencia de 1 
ohmio. 


LEY DE OHM 


El término ohmio fue llamado así en 
honor al físico alemán Georg Simon 
Ohm (1787-1854), quien descubrió y 
publicó en 1827 la famosa ley que hoy 
lleva su nombre: EI flujo de corriente a 
través de un conductor es direc- 
tamente proporcional a la diferencia 
de potencial eléctrico entre sus extre- 
mos, e inversamente proporcional a 
la resistencia del material. 

Зе llama fuerza electromotriz a la 
presión o tensión que hace mover a los 
electrones desde el área de máxima 
concentración (polo negativo) hacia el 
área de máxima deficiencia (polo posi- 
tivo). En algunos textos se le designa 
también con sus iniciales fem. 

La diferencia de tensión o potencial 
eléctrico entre dos puntos se mide en 
Voltios. La resistencia u oposición que 
presenta el material conductor al paso 
de la corriente se mide en Ohmios. El 
valor de corriente que resulta de aplicar 
la Ley de Ohm se especifica en 
Amperios. De lo anterior se concluye 
también la fórmula que todos 
conocemos, Voltaje = Intensidad x 
resistencia, relación que el físico y 
químico inglés Henry Cavendish 
(1731-1810) había descubierto casi 
medio siglo antes, pero que nunca pu- 
biic. 


V=IxR 


Iz УВ В= VI 
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UNIDADES 


Un ohmio (2) equivale a 1 voltio 
dividido por 1 amperio. Un culombio (C) 
es la unidad de cantidad de electricidad, 
y se define como la cantidad que, por 
electrólisis: de un baño de nitrato 
argéntico, permite depositar en el 
cátodo 1,11825 miligramos de plata. Un 
culombio también se define como la 
carga equivalente de 6,281 x10" elec- 
trones (628100000 y 10 ceros más, un 
número grande dificil de leen. Un 
faraday equivale a 96500 culombios, y 
un faradio (farad) es la unidad de ca- 
pacidad de almacenamiento eléctrico. 

Un faradio representa la capacitan- 
cia de un condensador en el que una 
carga de 1 culombio produce un cambio 
de 1 voltio en la diferencia de potencial 
eléctrico entre sus terminales. Por ser el 
faradio una unidad muy grande para los 
circuitos electrónicos, se acostumbra 
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trabajar con microfaradios (uF), nano- 


microfaradio es la millonésima parte de 


un faradio. Un nanofaradio es la 
milésima parte de un microfaradio, o sea 
que resulta de dividi 1 faradio por 
1.000.000.000. Un picofaradio es la 
milésima parte de un nanofaradio, o 
también la millonésima parte de un mi- 
crofaradio. Un picofaradio es egui- 
valente a dividir 1 faradio por 
1.000.000.000.000, o también de la 
división de un microfaradio por 
1.000.000. 

La unidad de intensidad eléctrica es 
el amperio (A), equivalente al paso de + 
cculombio por un punto de un conductor 
durante 1 segundo. Un voltio (V) es la 
unidad de fuerza electomotüz re- 
querida para impulsar una corriente de 1 
amperio a través de un conductor cuya 
resistencia sea equivalente a 1 ohmio 
(Ley de Ohm). 


Plato гесе, 
ботад (ы 


do on LNA) 


ANTENAS PARABÓLICAS 


Nociones Básicas 


Por Aurelio Mejía 


En esta edición de Electrónica Fácil 
поз hemos propuesto enseñar algunas 
maneras de hacer una antena parabóli- 
ca para recibir televisión por satélite, 
сова que ya nos venían pidiendo nues- 
tros lectores desde hace algún tiempo. 
Es nuestro deseo que las ideas que 
ahora damos sirvan para que alguien, o 
un grupo de aficionados a la electrónica. 
y la mecánica, instale en su región un 
sistema que permita a la comunidad ver 


programas culturales, educativos y peli- 
culas que hoy no están a su alcance, por 
falta de un canal público local o por 
condiciones adversas del siti. 

Para comenzar, veamos sus partes 
en el dibujo reproducido de la revista 
Popular Science (December 1984): 

(1) satélite, (2) antena parabólica, (3) 
cable coaxial, (4) receplor, (6) control 
remoto para motor de la antena, (6) 
televisor, (7) amplificador estéreo. 
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Desde épocas muy remotas el hom- 
bre ha hecho uso de los elementos de la. 
naturaleza, y para ello no ha necesitado 
conocer su composición química o las 
propiedades físicas. Por ejemplo, nues- 
tros abuelos han utlizado el agua para 
cocinar, lavar, regar los sembrados, 
amasar el barro, mover molinos, etc., sin 
importarles siquiera que la molécula de 
dicho líquido esté formada por dos áto- 
mos de hidrógeno y uno de oxígeno. 
Innumerables amas de casa preparan 
suculentos platos y elaboran recetas 
propias aunque ignoran por completo el 
proceso de la clorofila en la plantas y 
cómo se forman las proteínas en las 

Pues bien, ahora otros han puesto a 
nuestro alcance las comunicaciones 
electrónicas, y son muchos los que hoy 
están en capacidad de diseñar antenas, 
transmisores, receptores y redes de 
distribución completas, sin que para ello 
necesiten saber la composición del 
espacio, la estructura del átomo, la velo- 
cidad de la luz, leyes electromagnéticas, 
propiedades de las microondas, etc. 

A pesar de los adelantos de la cien- 
cia, ignoramos la naturaleza de las lí- 
neas de fuerza magnética y la constitu- 
ción real de las ondas de radio. De la luz, 
algo tan comün, sabemos que es "algo" 
que viaja a unos 300.000 kilómetros por 
segundo y que su trayectoria se curva 
bajos los efectos de la gravedad (para 
efectos prácticos en distancias no muy 
grandes, sus rayos se toman como lí- 
neas rectas). De ese “algo” llamado luz 
sabemos que cumple las propiedades 
de las ondas electromagnéticas (otra 
cosa desconocida hoy) y que se despla 
za en forma de paquetes o impulsos de 
energía, denominados "fotones". 

Similarmente a lo que ocurre con las 
amas de casa y sus libros de recetas, 
hoy existen teorías que nos permiten 
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hacer muchos aparatos electrónicos, 
pero queda a los futuros investigadores 
descubrir la esencia misma de algunos 
fenómenos. 

Si se compran los equipos electrón 
cos adecuados, y se siguen los procedi 
mientos ilustrados en las fotografías де 
los artículos escritos por César Loaiza y 
Javier Arango, cualquiera puede armar 
su propia estación receptora. La lectura 
de este artículo no es requisito para 
obtener buenos resultados con la an- 
tena, pero en él se pueden encontrarlas 
respuestas a muchas de las preguntas 
que sus amigos le hagan a usted, el 
futuro experto en parabólicas y televi- 
sión por satélite. Para saber más acerca 
de la programación y los equipos que se 
requieren en estos casos, consulte los 
números 16, 19,20, 21,31, 34, 35, 38y 
39 de Electrónica Fácil, 


LA TRANSMISIÓN DE SEÑALES 


Las ondas electromagnéticas son 
una forma de energía que se proyecta al 
espacio libre a manera de vibraciones 
alternantes de campos electrostáticos y 
magnéticos. Estas ondas, llamadas 
comúnmente ondas de radio, se propa- 
gan con la velocidad de la luz. 

Tal como ocurre con los rayos de luz, 
las ondas electromagnética portadoras 
de las señales de radio y televisión se 
propagan en línea recta por el espacio. 

Para recibir adecuadamente la señal 
emitida se requiere que la antena recep- 
tora tenga la misma orientación o polari- 
zación de la antena que transmite. Mirar 
la explicación para polarización en el 
Vocabulario que aparece en esta misma 
edición. 

Por ejemplo, la señal de televisión 
pública en América se emite con polar 
zación horizontal, razón por la cual 


todas las antenas receptoras deben 
tener también en forma horizontal sus 
elementos o varillas. Algunas ligas de 
radioaficionados transmiten ocasional- 
mente televisión experimental a sus 
socios, y lo hacen con polarización ver- 
tical para no interferir con las otras 
señales. En tal caso, el receptor necesita 
que su antena tenga las varillas o el 
dipolo con los extremos apuntando 
hacia la tierra y hacia el cielo, 


PARA DAR LA VUELTA A LA 
TIERRA SE REQUIEREN 
REEMISORES 


Puesto que la tierra ез redonda, 
cuando recibimos señales de radio y 
televisión generadas más allá de la linea 
del horizonte es porque éstas han sido 
reflejadas por la superficie interna de la 
сара ionosfera que rodea al planeta, o 
han sido desviadas por otras antenas 
que han hecho las veces de "espejos". Si 
la estación reemisora (llamada también 
repetidora) no dispone de elementos de 
amplificación de la señal, se dice enton- 
ces que es un repetidor pasivo. En esta 
categoria se clasificaron algunos satéli- 
tes al comienzo de la era espacial. Ac 
Мап también como elementos pasivos 
la luna, las montañas y las paredes de 
los edificios, llegando incluso a producir 
lo que se llama señales "fantasmas" 
(ecos), muy molestas en la recepción de 
televisión 

Un adelanto en las comunicaciones 
lo constituyeron las estaciones герен 
doras activas, las cuales reciben las 
señales en un canal de frecuencias, las 
ampliican y las reemiten en otro canal 
diferente. Cuando las distancias son 
relativamente cortas se puede enlazar 
dos estaciones repetidoras mediante 
cable conductor enterrado o sumergido 
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еп un tramo de mar. Si queremos llegar 
a varios sitios muy alejados, y evitar el 
deterioro de la señal por las condiciones 
climáticas de la superficie terrestre, 
debemos entonces emplear estaciones 
repetidoras activas localizadas en el 
‘espacio, función que se le ha asignado a 
los satélites de comunicaciones. 


LOS SATÉLITES Y LA ÓRBITA 
CLARKE 


Los satélites reemisores de señales 
deben estar "relativamente" inmóviles 
еп un punto del espacio. Para que se 
cumpla dicha condición y no caigan por 
acción de la gravedad, deben tener una 
cierta velocidad de desplazamiento, tal 
que la fuerza centrífuga (de alejamiento 
del centro de la tierra) sea igual a la 
fuerza de gravedad (atracción hacia la 
tierra). La órbita de tal equilibrio de fuer- 
zas se ubica a 35.880 kilómetros por 
encima del ecuador terrestre, y a los 
satélites que están allí se les conoce 
como geosincronizados, puesto que 
giran a la misma velocidad de rotación 
dela tierra: Le dan una vuelta completa 
cada 24 horas. А estos satélites tam- 
bién se les llama geoestacionarios 
porque parecen estar fijos en un punto 
del espacio cuando se les relaciona соп 
un sitio cualquiera del planeta, 

La órbita geoestacionaria recibe 
también el nombre de Órbita Clarke, en 
honor a Arthur Charles Clarke, astró- 
nomo británico nacido en 1917, escritor 
de libros científicos y de novelas 
relacionadas con el posible avance de la 
ciencia en el futuro (ciencia-ficción), 
quien, en 1948, fue el primero en 
proponer el concepto de los satélites 
rodeando а la tierra y actuando como 
reflectores de ondas de radio. Para su 
referencia, Clarke es también el autor de 
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la novela "2001, una odisea del 
espacio", base de la famosa película de 
mismo nombre, 


LAS SEÑALES DEL SATÉLITE 


En la órbita de Clarke se podrían 
colocar muchos satélites, uno a conti 
nuación del otro como formando un co: 
llar, pero en la práctica debe existir entre. 
ellos una separación mínima de 2 gra: 
dos (la circunferencia geomélrica se 
divide en 360 grados), equivalentes a 
unos 1.450 kilómetros, con el fin de 
evitar interferencias mutuas en la recep- 
ción de sus señales. Según estas condi 
ciones, el máximo número de satélites 
geoestacionarios para comunicaciones 
podrían ser hasta 180. 

Puesto que una antena parabólica 
solamente puede enfocar los que se en- 
cuentren un poco por encima de su línea. 
Че! horizonte, es por ello que los ameri- 
canos no podemos ver la programación 
de los satélites domésticos para el Ja- 
pón, Indonesia y ciertas regiones de la 
Unión Soviética. 

Aunque son relativamente pocos los 
satélites disponibles, es bastante el 
número de programas diferentes que se 
pueden sintonizar, ya que cada uno de 
los satélites tiene capacidad hasta para 
24 ó 28 canales, los cuales funcionan de 
la siguiente manera: Las diferentes 
señales que el satélite recibe (TV, tele- 
fonia, elc.), provenientes de la estación 
terrestre que origina la programación, 
son retransmitidas en Frecuencia Modu 
lada por 12 6 24 equipos repetidores 
denominados transponders, cada uno 
de los cuales maneja hasta dos canales 
independendientes, el uno con polari- 
zación vertical y el otro con polarización 
horizontal. La banda de frecuencias 
para el enlace de la estación principal 
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con el satélite es diferente a la banda de 
frecuencias utlizada por el satélite para 
emitir la programación a las antenas 
receptoras. 


FRECUENCIAS Y POLARIZACIÓN 
DE LOS CANALES EN LOS 
TRANSPONDERS 


Los satélites utilizan transponders 
соп frecuencias portadoras en la banda 
de las microondas, con el fin de que las 
seňales sean poco afectadas por la ac- 
tividad de las manchas solares y las 
condiciones adversas de la atmósfera, 
Puesto que la energía eléctrica para 
alimentación del satélite proviene de 
baterías cargadas por energía solar, 
exceptuando a unos pocos que han uti- 
lizado energía atómica, la potencia ini- 
cial para las transmisiones fue del orden 
delos 4 vatios, cifra que en los aparatos 
actuales ya ha sido superada amplia- 
mente. Los 8 vatios son hoy cosa común. 

Para mejorar la ganancia de la señal 
que llega a a tierra se utilizan antenas de 
haz dirigido, formando un cono de poco 
ángulo, el cual cubre la zona geográfica 
a la que se destina la señal de radio, de 
televisión, de telefonía, comunicaciones 
militares, etc. Otra forma de hacerlo es 
utilizar portadoras microondas en fre 
cuencias de la banda K (12 GigaHertz y 
unos 40 vatios de potencia), como lo 
hacen el ANIK B1 del Canadá, el SAT. 
COM VI de Estados Unidos, algunos 
INTELSAT internacionales у unos 
GORIZONT de la Unión Soviética, para. 
captar los cuales puede bastar una ante- 
па de unos 2 melros de diámetro. 

La antena que estamos proponiendo 
armar en esta edición de Electrónica 
Fácil está diseñada para recibirlas seña 
les de televisión que llegan en portado- 
ras de la banda С (3,7 GHz a 4,2 GHz), 


utilizadas para programas populares del 
Brasil, Argentina, México, Estados Uni- 
dos, etc. 

La banda C tiene un ancho de 0.5 Gi- 
gaHertz (42 menos 3,7), equivalente a 
500 MegaHertz. Si utilizamos antenas 
orientadas horizontalmente, y comenza- 
тов a partir de cero y vamos agregando 
los 40 MHz asignados para el ancho de 
banda de cada canal individual del trans- 
pondedor, veremos que se pueden 
acomodar hasta 12 canales en la ban- 
da y nos queda al final una porción de 20 
MHz sin usar. Si comenzamos en 20 
MHz, y además utlizamos antenas que 
tengan polarización vertical, tendremos 
entonces un segundo conjunto de 12 
canales de 40 MHz de ancho, situados 
encima de los 12 primeros y con una 
diferencia de 20 MHz entre uno y otro. 

Gracias a este proceso de Іа varia- 
ción de polarización entre canales adya- 
centes (90 grados), cada transpondedor 
puede transmitir sin interferencia mutua 
dos canales de televisión con casi la 
misma frecuencia y un ancho de 36 MHz 
(se dejan 4 MHz inactivos como banda 
de seguridad contra interferencias de 
intermodulación por señales adyacen- 
les). Usualmente los satélites disponen 
de 12 transpondedores, algunos de los 
cuales también transmiten subportado- 
ras de audio con sonido estéreo. Para su 
referencia, el satélite SATCOM tiene 21 
canales en uso, dependiendo de la hora 
y del día de la Semana, 


TAMAÑO DE LA ANTENA PARA 
RECIBIR TELEVISIÓN POR 
SATÉLITE 


Deteoría y experimentos que hemos 
hecho basados en números anteriores 
de Electrónica Fácil, hemos aprendido 
que la antena es el elemento utilizado 
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por los transmisores de radio, olas esta: 
ciones receptoras, para emitir ondas 
hacia el espacio, o para recibirlas. 

Puesto que toda corriente eléctrica 
genera un campo magnético que la 
envuelve, y todo campo magnético en 
expansión o recogimiento genera a su 
vez una corriente eléctrica en el medio 
que éste rodea, la antena transmisora 
está diseñada para convertir en ondas 
de radio electromagnéticas a todas 
aquellas corrientes eléctricas de alta 
frecuencia provenientes de un oscilador, 
el cual se hace variar en amplitud о 
frecuencia con una señal de video, voz, 
pulsos codificados, etc., proceso al que 
se denomina “modulación”. 

La antena receptora funciona a la 
inversa: Corta las líneas magnéticas de 
los campos electromagnéticos de las 
ondas de radio recibidas y se generan en 
ela minúsculas corrientes eléctricas 
proporcionales, 

Si pensamos en una antena transmi- 
tiendo, y tenemos en cuenta que las 
corrientes eléctricas son del tipo alterno, 
‘que cambian sucesivamente de intensi- 
dad y sentido en períodos denominados 
"ciclos" u ondas, y que cada ciclo está 
formado por un cierto lapso de tiempo en 
que los electrones van en un sentido y 
otro lapso igual en que los electrones 
vienen de regreso en sentido contrario, 
podemos sacar la conclusión de que la 
antena ideal es aquella cuya longitud 
física es igual a la longitud de medi 
onda (distancia que alcanzan a recorrer 
los electrones en un sentido). Si la ante- 
па es más larga que media longitud de la 
onda se alcanza a producir en un seg 
mento de ésta una corriente de sentido 
contrario a la inmediatamente anterior, 
con lo cual se produce cancelación 
mutua de parte de los campos magnéti 
соз generados, por ser de orientaciones 
contrarias. 
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Si asumimos que todas las ondas 
electromagnéticas se propagan en el 
vacío a la misma velocidad de la luz, 
aproximadamente 300.000 kilómetros 
por segundo, resulta entonces que la 
distancia que alcanzan a recorrer en 
cada ciclo, o longitud de onda comple- 
ta, depende del tiempo que permanez- 
сап los electrones o los campos en uno 
y otro sentido. 

Si denominamos "frecuencia" a la 
cantidad de veces que la onda invierte. 
completamente su dirección en un 
segundo de tiempo, podemos concluir 
que la longitud de onda se reduce al 
aumentar la frecuencia. 

Para conocerla longitud de una onda 
cualquiera basta con dividir 300.000. 
(velocidad de la radiación electromag- 
nética) por el valor de la frecuencia: 

Longitud Onda = 300.000/1 

Entendido lo anterior podemos aho- 
ra imaginar la longitud de la antena re- 
querida para convertir en corrientes 
eléctricas las ondas electromagnéticas 
enviadas por los satélites de comunica: 
ciones: La sonda que actúa como 
antena propiamente dicha no debe 
ser mayor que el dedo meñique de 
nuestra mano, ya que la longitud de 
onda correspondiente a una frecuencia 
de 4 GigaHertz es del orden de los 7.5 
centímetros. 

Para probarlo, apliquemos la fórmula: 

Longitud = 300.000kms/4GHz. 


Esto es lo mismo que 
300.000.000mts/4.000.000.000Hz. 
Cancelando ceros del dividendo y el 
divisor nos queda 3mts/40Hz, lo cual nos 
dda una longitud de ondade 0,075mts por 
cada 1 Hz o ciclo. 0,075 mts es lo mismo 
que 7,5 cms. En general, las 
microondas son aquellas cuya 
longitud está comprendida entre 1 
milímetro y 30 centímetros. 
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EN SERALES, LA UNION TAMBIÉN 
HACE LA FUERZA 


De acuerdo, la antena para reci 
televisión por satélite cabe en un 
bolsillo. El plato que tanto nos llama la 
atención es sólo una superficie metálica. 
Че forma cóncava para reflejar hacia un 
mismo punto, llamado foco, mucha 
parte de la energía de las ondas que 
inciden sobre ella. En el foco se coloca 
una barrita conductora para que actúe 
propiamente como antena y convierta 
en corrientes eléctricas la suma de las 
ondas electromagnéticas concentradas 
por el plato que hace las veces de espe- 
jo. Resulta evidente que al aumentar el 
diámetro del plato reflector se aumenta 
también la ganancia de señal en el sis- 
tema, siendo el costo y las dificultades 
de armado los únicos factores limitan 
tes. 

Si tiene dificultad en comprender lo 
anterior, imagine que la antena es una 
pequeña turbina eléctrica puesta en la 
boquilla de un embudo que recibe las 
gotas de agua lanzadas por un surtidor. 
Resulta evidente que la turbina genera 
más electricidad cuando el embudo tie- 
ne un diámetro mayor, ya que recibe у 
concentra en la boquilla mayor cantidad 
de agua. Para evitar confusión con el 
sistema receptor en conjunto, al que 
popularmente se le denomina “antena 
parabólica", se llama "sonda, о 
‘elemento de señal" (signal element) a la 
barrita metálica que convierte en 
corrientes eléctricas todos los campos 
electromagnéticos concentrados en el 
punto focal del reflector. Para recibir 
cada canal o transponder del satélite, 
la orientación de la sonda debe coin- 
cidir con la polarización horizontal о 

I de la señal TVRO (televisión 
3 


Introducci 


ón a los 


Reflectores Parabólicos 


La parábola es una de las curvas 
más interesantes. Es de forma parabóli- 
cala curva que describen los proyectiles 
cuando caen, o la del balón de ba- 
loncesto cuando es lanzado hacia la 
canasta. También forman parábolas los 
cables sostenes de un puente colgante, 
© una cadena cuando se suspende de 
sus dos extremos. 


En Geometría, parábola es una 
curva plana y abierta que se extiende in- 


Fa. 1. Mêtodo simple para vazar una parábola zando dos reglas 


un cordel y un lápiz, sin aplicar ecuaciones matemática. 
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definidamente, y en la cual cada uno de 
‘sus puntos equidista de un punto fijo y de 
una recta fija dados en su plano. 

El punto јо se llama foco, y la recta 
se denomina directriz. A la recta que 
une el foco F con un punto cualquiera de. 
la curva se le conoce como radio vector. 
La distancia del foco a la directriz se 
llama parámetro, y se representa con p. 
Se conoce por eje de simetría a la linea 
que, pasando por el foco, cae perpen- 

dicular a la recta directriz. El 
punto de la curva más сег 
cano a la directriz es el origen 
de la parábola. Resulta fácil 
verque el origen O es el punto. 
medio de la distancia entre el 
foco y la directriz, o sea la 
mitad del parámetro. 

Para dibujar una parábola 
de manera continua y 
práctica, se procede como se 
muestra en la figura 1 

Después de haber deter- 
minado el punto para el foco F 
y la recta directriz, se coloca 
шпа regla a lo largo de ésta y 
se aplica sobre la misma una 
escuadra. Se fijan en F y Alos 
extremos de un hilo de longi- 
tud AB, y con un lápiz siempre 
apoyado en el borde AB de la 
escuadra, se mantiene dicho 
hilo tenso en la dirección de B. 
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p 


y= 2px 
х= узат 


distancia de un punto dela curva oje 
rara En ete cso, de 


= pareve, decka FO dl oo a la 
vc. Puno que a terca que 
Һау del origen (0) ala direct бопе 
ае ser la misma que hay dei origen al 
doco (), por ly de la curva, вө puedo 
cn quo p = 2 

x = distancia de un pontodelacurvasleje 


Fi. 2. Elementos de una parábola 


Observe que ol tramo de hilo quo va 
de la punta del lápiz al foco (F) os ol 
mismo tramo que falla para llegar de la 
punta del lápiz a la directriz (ángulo B de 
la escuadra), puesto que lo único que 
hemos hecho es doblar el hilo. Se 
cumple entonces la condición para que 
el punto que señala el lápiz sea parte de 
una parábola: distancia del Foco a М 
es Igual a la distancia de М a la direc- 
triz. 

Mientras se hace deslizar la es 
cuadra alo largo de la regla alineada соп 
la directriz, cambia la longitud de los tra 
mos FM y AM del hilo, pero las distancias 
BM y FM se siguen conservando iguales 
(longitud que pierde un tramo de hilo ез 
ganada por el otro), gracias a lo cual el 
lápiz traza una parábola perfecta. 

Si tenemos un sistema de grafica 
ción basado en valores X y Y (ejes de co 
ordenadas horizontal y vertical), y que- 
remos obtener una parábola que tenga 
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su eje de simetria coincidiendo con el eje 
X (eje horizontal). puede aplicarse la 
ecuación y = 2px. Asignando а "x" dis- 
tintos valores arbitrarios, ojalá en incre. 
mentos pequeños, es posible averiguar 
los correspondientes para "y 


PARÁBOLA DE EJEMPLO 


Supongamos que deseamos una 
distancia focal (f igual a 1,50 metros. Lo 
anterior significa que la recta directriz 
debe quedar a 3 metros dol foco, puesto 
que el parámetro (p) es igual a 2 veces la 
distancia focal (1). Aplicando el valor a p 
en la ecuación de la parábola, nos queda 
asi; 


y= Bax = ах 
Para encontrar el primer punto, 
demos cualquier valor a x, digamos que 


1 metro, y apliquemos la ecuación: 


4(1,50mts)0,1 mis 
6 mts por 0,1 mts 
6 mts? 

raiz cuadrada de 0,6 mts* 
0,774 metros = 774 mi 


tros. 


Apliquemos sucesivamente a x los 
valores 0,2 - 0,3 - 0,4 - 0,5 - - - hasta 1 
metro, por poner un limite cualquiera. 
Para y se obtendrian entonces las 
siguientes coordenadas: 1,095 -1,341 - 
1,549 - 1,732 - - - 2,449 metros. 

En la figura 3 podemos apreciar los 
puntos de encuentro para los valores ху 
y que ya tenemos como parte de la 
parábola. Para que la curva sea lo más 
fiel posible, en la práctica зе deben dar 
incrementos muy pequeños a las va 
riables de la ecuación. 

Con valores positivos para x se 
obtiene la mitad superior de la curva. La 
otra mitad se puede dibujar haciendo 
rotar la primera sobre el eje de simetría, 
que para nuestro ejemplo es el eje X del 
sistema de coordenadas, donde el valor 
de la componente y (altura) es igual a 
cero. Para finalizar, algunos pueden 
encontrar más cómodo asignar valores 
escalonados a la variable y, para encon 
trar los valores correspondientes de x 
En tal caso, despejemos x en la 
ecuación general, así: 


2px = yê, de donde x = y*/ 2p 


Puesto que 2veces la distancia pará- 
metro (del foco a la directriz) es igual a 4 
veces la distancia focal (0, también se 
puede deducir que: 


por y. y dividido por 4 
Veces ls cistancla del origen a oc) 


La abertura de la curva depende de 
la separación entre el punto focal y la di- 
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— Distancia toca! () — 


Fig. 3. Sistema de coordenadas XY, y algunos 
puntos de intercepción correspondientes a una 
parábola con distancia focal iguala 150 metros. En 
ste caso parua еп que el origen de la parábola 
Se hizo coincidir cone sje de coordenadas, l je de 
Simetria conce con el eje X. 


rectriz. Cuando este parámetro es 
pegueňo, la curva es cerrada и honda. 
Cuando el parámetro es grande, la 
parábola es abierta o plana. 


Si tiene usted computador, en otra 
sección de esta revista le damos el pro- 
¡grama en BASIC para deducirla curva de 
una parábola aplicable a un micrófono 
parabólico y a una antena para recibir 
televisión por satélite, segün los valores. 
asignados a las variables. 


REFLECTORES PARABÓLICOS 


Cuando se toma la parábola por su 
eje de simetría y se le hace rotar a ma 
nera de un rompo, se obtiene unasuper- 
ficie geométrica con propiedades muy 
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Fig. 4. Е micrófono puesto en el punto focal, у apuntando hacia е! reflector, capta sonidos lejanos dices de 


escuchar a simple oido. Hac 


Usted este experimento, y recuerde que su oreja tambión es un reflactor. Observe 


al factor de amplicaión cuando le pone por davas su mano con los dedos arqueados. 


interesantes. En un espejo con esta 
forma parabólica, si colocamos una 
fuente de luz en el punto del foco, los 
rayos son reflejados hacia el exterior en 
forma de haz paralelo. Inversamente, 
las ondas electromagnéticas que llegan 
del espacio en forma de haz 

paralelo al eje de simetría (per. 
pendiculares al centro del 
disco parabólico), son concen: 
tradas рог el reflector en el 
punto focal, 

Estas propiedades se 
aprovechan en los faros de los 
automóviles para dirigir la luz 
hacia la carretera, y en las 
bocinas altoparlantes para 
hacer llegar más lejos el 
sonido. El fenómeno contrario 
se utiliza para dar largo al- 
сапсе a cualquier micrófono, o 
para captar las débiles señales 
de radio procedentes de los 
satélites. 


lica se coloca un micrófono comün, me- 
diante audífonos y un amplificador sen- 
llo se pueden escuchar sonidos de 
aves y conversaciones de personas que 
están lejos, tal como se muestra en la 
figura 4. 


Por ejemplo, cuando en el 
foco de una superficie parabó- 
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Fig. 5. Al rotar una parábola sobre el ej de simetria se genera una 
superiicie conla propiedad de concentrar enelfocotodas las ondas 
acústicas, de rado y luminosas que inciden paralelamente al sje. 
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RELACIÓN FOCO-DIÁMETRO 


A modo de ejemplo, podemos con- 
siderar que un reflector parabólico es 
algo así como una bala hueca, con la 
Punta redondeada de plomo represen- 
tando ala porción adyacente al origen de 
la parábola, y el cilindro del casquillo 
equivaliendo а la boca. Recordemos 
que una parábola es una curva abierta, 
соп puntas que nunca se encuentran у 
que tienden a ser paralelas al eje de 
simetría a medida que se alejan del 
origen. 

Pues bien, para efectos prácticos 
debemos ponerle un límite a la abertura. 
del reflector parabólico. Para ello se 
acostumbra hacer un "corte" perpen- 
dicular al eje de simetría, a una distancia. 
determinada del origen de la curva. El 


segmento resultante tiene forma de 
plato (dish), de diámetro dependiente 
de la distancia focal (f), ya que entre 
mayor sea ésta, mayor será la abertura 
de la boca de la curva a partir del origen. 
La relación existente entre la distan- 
cia focal (1 y la longitud del diámetro 
(D) escogido para nuestro reflector 
parabólico, se denomina relación 1/D, 
y su valor da una idea de la profundi- 
dad del plato. En términos generales, 
una antena parabólica funciona bien con 
una relación НО igual o cercana а 0,4. 
Esto quiere decir que el diámetro es 
ligeramente mayor que 2 veces la dis- 
tancia focal. Si el diámetro fuesen 6 
metros, y el foco (F) estuviese situado а 
3 metros del origen, entonces la relación 
VD sería igual 3/6 (3 dividido entre 6), lo 
cual equivale a 0,5. 


— Factor vO = 0.38 (apron) 
Antena "plana 
Ara gre. 
белше a . .. 
D Viol para toas adas 
al rito dele ces. 
F 
Factor UD «025 
(opona 
Antona onda” 
Poca ganancia 
‘Buena para zonas 
L con intetorenca 
t f 


Fi. 6. Sitomamas coma patrón un mismo diámetro, resulta más hondo el refectorparabóco que tenga una 
menor distancia focal, ya que la curva os más cerrada. En un pora con relate de este po, el 
foco queda prácticamente adentro del plato y no rece se parásita, por loque resulta menor 
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Vocabulario 
empleado comúnmente en TV-Satélite 


Recopilado por Aurelio Mejía 


Abertura (aperture). Diámetro del plato 
en una antena parabólica, esférica о 
elíptica 


Aislador (isolator). En electricidad es 
ип dispositivo que presenta alta resis 
tencia al flujo de la corriente. En un 
sistema de televisión por satélite, el ais- 
lador es un dispositivo que permite la 
transmisión de señales en una direc- 
ción, bloqueándolas o atenuándolas 
cuando llevan sentido contrario. 


Alimentador (feed). Es el dispositivo 
que se pone en la boca de entrada de 
una guía de microondas. Puede tener 
forma rectangular acampanada, pero el 
más usual para recepción de TV por 
satélite tiene forma cilíndrica con anillos 
planos concéntricos. Ver Alimentador 
escalar 


Alimentador dual (dual feedhorn). Un 
cuerno alimentador diseñado para cap- 
tar las dos polarizaciones de campo 
eléctrico con que usualmente transmiten 
los satélites de comunicaciones las 
señales de televisión: la vertical y la 
horizontal 


Alimentador escalar (scalar leed). En 
platos de antena para microondas, el 
alimentador escalar es una serie de 
anillos metálicos concéntricos que se 
colocan en la boca del cuerno alimenta- 
dor (feedhorn) los cuales ayudan a 
capturar y enfocar hacia la guía de ondas 
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las señales reflejadas por la superficie 
del plato. 


Amplificador de bajo ruido. Ver LNA. 


Amplificador de línea (Line amplifier). 
Cualquier etapa de amplificación de 
señal, colocada en la línea de transmi- 
sión que está a continuación del conver- 
tidor reductor (downconverter), para 
compensar pérdidas de señal causadas 
рог la longitud del cable coaxial o la 
inserción de dispositivos pasivos, tales 
сото los divisores de ramal (splitters). 

El amplificador de línea también se 
utiliza como reforzador (booster) cuando 
la señal debe manejar una determinada 
cantidad de receptores de televisión, en 
instalaciones comunales. 


Ángulo de mira (look angle). El ángulo 
que debe tener el plato en una antena de 
microondas, para poder enfocaro "ve a 
un satélite 


Antena Cassegrain. Es un plato que еп 
el punto focal no tiene la usual guía de 
microondas y el amplificador LNA. En su. 
lugar utiliza un segundo plato pequeño 
subreflector de forma hiperbólica, el cual 
desvía hacia el centro del plato principal 
las seňales que la superficie de éste ha 
hecho incidir sobre el punto focal. 

Por consiguiente, en las antenas 
Cassegrain, el feedhorn, el LNA y el 
downconverter se colocan en el centro 
de la superficie curva del plato. 


Apogeo (apogee). En una órbita ері 
cade satélite, es el punto más alejado de 
la superticie terrestre. 


Área de iluminación (dish illumina- 
tion). En la superficie del plato reflector 
de una antena parabólica o esférica, el 
área бе iluminación es la porción corres 

pondiente a los puntos de incidencia 
cuyas señales alcanzan a entrar por la 
bocade alimentación (feed) de la guía de 
ondas (hom) y llegan hasta el amplifica- 

dor LNA. 

Si el plato tiene un diámetro mayor 
que el diámetro del círculo del área de 
iluminación, entonces las ondas con 
centradas en el punto focal no son "vis 
tas" por el pequeño electrodo captador 
de señal que hay en el fondo de la guía 
de ondas. Entre más cerca esté el 
feedhorn del origen del plato reflector, 
menor será el área de iluminación. Las 
señales realmente aprovechadas son 
las que entran por el frente del alimenta- 
dor. 


Azimut (acimut, azimuth). Desplaza- 
miento angular de un satélite, o una 
estrella, en un plano horizontal con res- 
pecto al polo norte real (el extremo supe- 
tior del eje de rotación de la tierra, que 
está en dirección diferente al sentido que 
тагса!а brújula). Se mideentadirección 
Че las agujas del reloj 


Banda-Base (Baseband). Conjunto de 
señales que se obtienen al demodular. 


эз 


una portadora. Por ejemplo, la banda- 
base del video enel sistema NTSC de TV 
tiene un rango de 0 a 4,3 MHz. 


Banda С (С band). Banda de frecuen- 
cias usada para comunicaciones por 
satélite, con un rango de 5,92 a 6.42 GHz 
cuando la señal sube desde la estación 
principal hacia el satélite, y con una 
banda de 3,7 a 4,2 GHz cuando dicha 
señal es reemitida desde éste hacia las 
estaciones terrenas receptoras. 


Banda Ku. También llamada Banda K. 
Es un rango de frecuencias que se ex- 
tiende desde 11,7 hasta 12,7 GHz. La 
porción de 11,7 a 122 GHz es para 
servicio de los satélites, punto a punto, y 
la porción de 12,2 a 12,7 se utiliza para 
transmisiones al público. 


BER (Bit Error Rate). En transmisión de 
datos, BER es la medida del número de 
errores probables en un enlace de 
comunicaciones (data link). Por ejem 
plo, un BER de 1 x 10- significa un error 
еп cada un millón de bits transmitidos. 


Bordes coloreados (color edging). 
Colores extraños que aparecen a lo lar 
до de los bordes de las imágenes de 
video, pero que no tienen ninguna rela- 
ción de color con dichas áreas. 


Canal (channel). Es una banda o con 
junto de frecuencias usadas para levar 
señales de audio y/o video, datos, not: 
cias, elc. El ancho, o espectro de fre- 
cuencias, depende de la cantidad de 
información a ser transmitida. 


CATV. Abreviatura inglesa para Com- 
munity Antenna Television (antena 
comunal de televisión), у que hoy se 
utiliza generalmente para indicar TV por 
cable. 
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CIN (Carrier to Noise). Relación Porta 
dora contra Ruido. Es la relación entre la 
potencia de la onda portadora recibida 
(señal + ruido) y la potencia del ruido en 
un ancho de banda dado, expresado en 
dB (decibeles). Este factor está rela: 
cionado directamente con G/T (figura de 
mérito) y SIN (señal sobre ruido). En una 
señal de video, entre mayor sea la 
relación C/N, mejor será la imagen reci 
bida. 


Мо (Carrier to Noise Density Ratio). 
Relación Densidad de Portadora contra 
Ruido. Es similar a GIN, excepto que No 
se refiere al ruido por cada ciclo (Hz) del 
ancho de banda. 


Clarke belt. Ver Órbita o Cinturón 
Clarke. 


Codificar (encoding). Cambiar inten 
cionalmente los parámetros a una señal 
de televisión, apartándose del standard 
internacional según un código privado, 
para que la programación no pueda ser 
vista por quienes no han pagado la cuota 
de afición ala compañía que transmite 
las películas. A esto también se le 
denomina serambling. 


Color subcarrier. Ver Subportadora 
de color. 


Componente activo. Es un dispositive 
cuya salida es dependiente de una fuen- 
te de potencia, más que de la señal de 
entrada 


Convertidor de frecuencias en bloque 
(Block down-converter). Es un dis- 
positivo que pasa todas las señales de 
шпа banda de frecuencias (por ejemplo, 
la banda C de 3,7-4,2 GHz) hacia otra 
banda de frecuencias más bajas. En 
televisión de aficionados, el downcon- 
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verter recibe la señal en el canal experi- 
mental de transmisión permitido por el 
Estado, y le convierte la frecuencia por- 
adora a un canal que pueda ser visto en 
un televisor corriente, digamos que al 
canal 3 6 al canal 4. 


Coordinador de frecuencia (fre- 
quencycoordinator). En sistemas para 
la recepción de TV por satélite, es parte 
de un procedimiento de pruebas en el 
sitio de la instalación, para determinar 
los niveles de interferencia en la señal. 


Croma (chroma). Abreviatura para cro- 
minancia o señal con la información del 
color en televisión. Se refiere ala combi 
mación del matiz (hue), la pureza del 
color (purity) у la saturación (saturation). 


Cuerno alimentador (feedhorn). En 
una antena parabólica, es el dispositivo 
que se coloca en el punto focal y que 
hace las veces de boca de entrada рага 
la guía de ondas, la cual canaliza las 
señales del punto focal del plato hacia la 
sonda que las convierte en impulsos 
eléctricos para el LNA. Tiene una función 
análoga a la de la oreja en nuestro oído. 
Vea Horn. 


dB (decibel). Es una unidad de medida 
de potencia de una onda, siempre rela- 
tiva a la potencia de otra onda que sirve 
como unidad de comparación. 

El decibel es la décima parte de un 
Bel. Dos potencias difieren de 1 bel 
‘cuando una de ellas es 10 veces supe- 
riora la otra. En audio esto quiere decir 
{que un sonido es 2 veces más fuerte que 
otro cuando entre ellos hay una diferen- 
cia de 10dB (1 bel) 

Para averiguar los decibeles que una 
señal ha ganado en potencia se aplica 
la siguiente fórmula: 

8 = 10 log Р теда? referencia) 


Se lee "10 multiplicado por el loga- 
ritmo en base 10 del cociente de la Po- 
tencia medida y la Potencia referencia.” 
Para calcular el factor de ganancia о 
pérdida relativa en lo que al voltaje o la 
intensidad de corriente se refiere, se 
pueden utilizar las siguientes fórmulas: 


98 = 20 log ıo (V modidoW referencia) 
98 = 20 og .. (medida? referencia) 


Declinación. Distancia de un astro, ode 
un punto cualquiera del cielo, al plano del 
ecuador. La declinación se expresa por 
el valor en grados (de 0 a 90) del arco del 
círculo mayor que pasa por el satélite о 
el astro, perpendicular al ecuador y lla 
mado círculo de declinación. Todos los 
puntos situados en un mismo paralelode 
la esfera celeste tienen la misma 
declinación. La declinación y la 
ascensión recta son las dos coordena: 
das que permiten determinar la posición 
Че un objeto en el cielo. 


AM, decicion ди objel еп lil (еп grados). 
EAE, pan el оола, As e el pui aunar. 
Аш de Aries a A aecención rera (en horas à adn 


Decoder. Ver Decodificador. 


Decodificador (decoder) Dispositivo 
para reajustar a la norma internacional 
todas aquellas señales de televisión que 


por razones de exclusividad en la trans- 
misión han sido vueltas ilegibles para os 
receptores corrientes. A este proceso 
también se le conoce como "unscram- 
bling", que traduce "desenmarañar, de- 
senredar’. Al acto de codificar la señal 
соп una clave o sistema propio se le 
llama "scrambling". 


Dish illumination. Ver Area de 


iluminación. 


Dish. Ver Plato. 


Distancia focal, (focal length). Es la 
longitud del centro de un plato 
parabólico a su punto focal (F). En un 
plato de antena parabólica, la distancia 
focal es equivalente a la mitad de la 
longitud existente entre el punto focaly la 
linea directriz de la curva. En otras pala- 
bras, la distancia focal es la mitad del 
parámetro. 


jering. Balanceo, agitación, vaivén. 
Es el nombre dado a un proceso para 
reducir al mínimo la acción de 
interferencia que podrían causar 
transmisores terrestres de mieroondas 
sobre la señal de video a través de 
satélite. En el canal o transponder 
utilizado por el satélite para las 
comunicaciones, de 36 MHz de ancho, 
el dithering consiste en desplazar los 6 
MHz de la señal de video hacia arriba y 
abajo de la banda, para distribuir y ecua- 
lizar su energía. 


Downconverter. Parte encargada de 
convertir a una frecuencia intermedia de 
70 MHz las señales de microondas 
captadas por una antena para televisión 
por satélite, con el fin de que puedan ser 
manejadas por el equipo receptor. Aun- 
que en algunos equipos es parte del re- 
ceptor, usualmente forma una sola pieza 
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соп el alimentador (feedhorn)y el ampli- 
ficador de bajo ruido (LNA), con el fin de 
reducir las pérdidas de señal en el cable 
Че bajada de la antena al receptor, y para 
permitir el empleo de un cable coaxial 
más barato. 


Downlink signals. Seňales de enlace 
de bajada. Son las señales que los trans- 
pondedores de los satélites transmiten 
hacia la tierra. El enlace ascendente de 
la estación en tierra hacia el satélite se 
denomina Uplink. 


Dual feedhorn. Ver Alimentador dual. 


Dual orthomode coupler. En antenas 
para recibir directamente televisión рог 
satélite, éste es el acoplador que permite 
ponerle 2 sondas (elementos de señal) a 
un mismo feedhorn, formando ángulo 
recto para recibir simultáneamente 
señales con polarización vertical y con 
polarización horizontal. 


Earth station. Ver Estación terrestre. 


EIRP. Abreviatura inglesa para Effective 
Isotropic Raciated Power. Es la potencia 
irradiada en una dirección del espacio 
por una antena específica, comparada 
con la potencia irradiada por una antena. 
isotrópica alimentada con una señal de 1 
vatio de potencia. La isotrópica es una 
antena ideal que irradia igual energía en 
todas las direcciones del espacio. Se 
expresa en decibeles por valio (dBW) 
Se emplea para determinar los factores 
СМ (Portadora sobre Ruido) y SIN 
(Señal sobre Ruido) 

Cuando se refiere a las comunica- 
ciones por satélite, describe la intensi 
dad де su seňal en cualquier dirección 
hacia la superficie terrestre. Por ejem- 
plo, el factor EIRP para los satélites 
domésticos de Estados Unidos, en 
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‘cualquier punto de los 48 estados, oscila 
entre 30 y 37 dBW. 


Elevación (elevation). Es el despla- 
zamiento angular de un satélite en el 
sentido vertical, con el horizonte terres- 
tre considerado como línea de referen- 
cia para la elevación. Ver azimut. 


Elev: 


n. Ver Elevación. 


Encoding. Ver Codi 


Enlace ascendente (uplink). Conjunto 
de señales transmitidas desde una 
estación en tierra hacia un satélite. 


Estación terrestre, (earth station). 
Una emisora de TV con equipo de trans- 
misión para la producción de señales de 
enlace hacia el satélite (ascendentes), y 
con equipo de recepción para captar las 
señales de enlace procedentes de saté- 
lites (descendentes). Algunas veces se 
utiliza, incorrectamente, "Estación le 
rrestre" como sinónimo de TVRO (sólo 
recepción de TV) 


Factor de mérito. Ver Figura de m. 
to. 


Factor de ruido (noise factor). Ver 
Figura de ruido. 


Factor f/D. Ver FID ratio. 


FID ratio. Factor /D. Relación existente 
entre las medidas de la distancia focal 
(del foco al origen) y el diámetro de una. 
antena parabólica. Usualmente el diá- 
metro es un poco mayor que 2 veces la 
distancia focal, por lo que el resultado de 
la división (О es ligeramente menor que 
0,5. El factor f/D se utiliza para indicar la 
profundidad de un plato de antena para 
microondas. 


FOM (Frequency-Division Multiplex). 
Muliplexado por división de frecuencia. 
Es un método para transmitir dos o más 
señales por medio de una sola portado- 
ra. Para ello, el ancho total de banda 
para la portadora se divide en dos o más 
fajas de frecuencias subportadoras (ca- 
nales), una para cada señal 


Feed. Ver Alimentador. 
Feedhorn. Ver Cuerno alimentador. 


Figura de mérito (figure of meri 
También llamado Factor de mérito, es 
una relación para dar idea de la sensibili- 
dad de un sistema de antena parabólica 
basado en la comparación entre la ga- 
nancia del plato reflector y el ruido del 
sistema. Se escribe G/T, donde T es la 
temperatura de ruido del conjunto, en 
grados Kelvin, y G es la ganancia de 
recepción, medida en decibeles. La 


ganancia para una antena parabólica 
está dada por la fórmula: 


а-л)? 


Donde п es la eficiencia de la antena 
(usualmente 0,65), D es el diámetro del 
plato reflector, 1 es la longitud de onda y 
Р es igual a 3,14. 


Figura de ruido (noise figure). Para un 
ancho de banda dado, en un amplifica- 
dor de seňal и otro sistema, la figura о 
factor de ruido es el cociente entre la po- 
tencia del ruido a la salida y la potencia 
де! ruido en la entrada. En otras pala- 
bras, es el resultado de dividir SIN (sa- 
lida) entre SIN (entrada) 


Para obtener un buen factor de 
mérito en una estación receptora de TV 
por satélite, sin aumentar excesiva- 
mente sus costos, debemos primero 


з 


escoger el conjunto de antena y LNA 
adecuado para cada caso especifico. 


Focal lenght. Ver Distancia focal. 
Focal point. Ver Punto focal. 
Footprint. Huella, rastro. En televisión 


por satélite, es la representación gráfica. 
sobre un mapa de las diferentes poten- 


cias transmitidas (EIRP) hacia las 
regiones geográficas. 
Frecuencia de translación (transla- 


tion frequency). En comunicaciones de 
microondas por satélite, es el nombre 
dado a los 2220 MHz (2,2 GHz) que 
existen de diferencia entre la frecuencia 
del enlace de subida hacia el satélite 
(uplink signa!) y el enlace de bajada 
hacia las estaciones receptoras en tierra 
(downlink signal 

Frequency coordinator. Ver Coor- 
dinador de frecuencia. 


Frequency reuse. Reutilización de fre- 
cuencia. En televisión por satélite, es un 
método para que dos canales diferentes. 
de televisión puedan ser transmitidos 
simultáneamente por el mismo trans- 
ponder, polarizando verticalmente a uno 
de ellos y horizontalmente al olro. Ver 
Polarización y Transpondedor. 

El otro método para evitar la interfe- 
rencia mulua al utilizar un mismo rango 
de frecuencias por dos señales diferen- 
tes, consiste en separar los satélites en 
el espacio unos 4 grados uno de ого 
(como si estuviesen en extremos de 
diámetros contiguos de la órbita común) 
De esa manera, cuando un plato de 
antena se enfoca hacia un satélite no 
alcanza а recibir las señales del 
siguiente, aunque sean de la misma 
frecuencia. 
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Geoestacionario (geostationary). Que 
gira alrededor de la tierra con su misma 
Velocidad de rotación, y que por con- 
siguiente parece estar quieto en el es- 
pacio. Ver Órbita o Cinturón Clarke. 


Geostationary, geosynchronous. Ver 
Geoestacionario. 


Global beam. Ver Haz global. 


GIT (Ganancia/Temperatura). Ver Fi- 
gura de mérito. 


Guía de ondas (waveguide). Deno- 
minada también guíaondas, es una 
línea de transmisión hecha con un con- 
ductor hueco, rectangular o tubular, a 
través del cual se propagan las señales 
electromagnéticas de alta frecuencia, 
con menos pérdida de energía que por 
medio de un cable coaxial. Se utliza 
para dirigir de un punto a otro cercano las 
ondas cuya longitud es del orden de los 
centimetros. Por ejemplo, de una emi 
sora de radio a su antena o del genera- 
дог de impulsos al plato reflector de un 
radar. 

En un plato reflector de antena para 
recibir televisión por satélite, la guía de 
ondas se conoce como Hom (cuerno, 
bocina) y es parte del conjunto formado 
por el almentador (feed), el electrodo 
captador o elemento de señal, el ampli- 
ficador LNA y el convertidor a frecuencia 
intermedia (70 MHz), denominado 
downconverter. Es bueno aclarar que 
algunos equipos viejos incorporan el 
downconverter dentro del aparato re- 
ceptor que el usuario utiliza para sinto- 
nizar los canales, pero ello implica la 
utilización de cables coaxiales de poca 
pérdida para la bajada de señales desde 
la antena, usualmente muy costosos. 


Haz Global (global beam) Se refiere al 
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cono imaginario formado por la 
radiación de señales de la antena de un 
satélite, lo suficientemente amplio como 
para cubrir con su proyección o foot- 
print toda una tercera parte de la super- 
ficie terrestre. Los satélites del tipo IN- 
TELSAT están diseñados para tener un 
haz de transmisión global. 


Нот. Bocina, embudo. cuerno. Es un 
tipo de guía para microondas, con un 
extremo en forma de campana y usual- 
mente con anillos metálicos planos 
concéntricos que ayudan a capturar las 
señales reflejadas por el plato de an 
tena. Su forma tiene influencia en la 
impedancia de acoplamiento entre la 
boca de alimentación (feed) y el espacio 
exterior. 

En su garganta liene el elemento de 
señal, un pequeño electrodo metálico 
соп forma de clavo sin cabeza, encar- 
gado de convertir las señales 
electromagnéticas en señales eléctricas 
para su posterior amplificación en el 
LNA. En la recepción de televisión por 
satélite, su posición horizontal о vertical 
dentro de la guía de ondas debe corres- 
ponder con la polaridad del transponder 
(canal) que se desea recibir. Ver Cuerno 
alimentador. 


Impedance. Ver Impedancia. 


Impedancia (Impedance). En un cir- 
uito con elementos capaciivos, induc- 
tivos y resistivos, impedancia es la 
oposición total resistencia más reactan- 
cia) que éste ofrece al flujo de una co- 
mente alterna de frecuencia dada. Se 
mide en ohmios, y su factor reciproco es 
la admitancia. Su símbolo es la letra Z. 


Isolator. Ver Aislador. 


LNA (Low-Noise Amplifier). Ampifica 


дог de bajo ruido. En un sistema рага 
recibir televisión por satélite, es un 
preamplificador de banda ancha 
diseñado para acoplar las señales del 
elemento captador de señal al 
downconverter. Usualmente viene for 
mando una sola pieza con el cuerno 
alimentador (feednorn) у el circuito con- 
vertidor a frecuencia intermedia (70 
MHz). De la calidad del LNA depende en 
mucho grado la calidad de la señal en el 
receptor de canales. 


LNA múltiple. En una antena para reci- 
bir televisión por satélite, es un par de 
amplificadores de bajo ruido instalados 
sobre un mismo cuerno alimentador у 
соп elementos de señal dispuestos en 
ángulo recto, de forma tal que un LNA 
amplifica las señales con polarización 
horizontal y el otro amplifica las que 
tienen portadora con polarización verti- 
cal 


Look angle. Ver Angulo de mira. 
Low-noise amplifier. Ver LNA. 


ince signal. Ver Señal de lu 


Meridiano magnético. Ез е! plano ver- 
tical imaginario que pasa por los polos 
magnéticos de una brújula. Al ángulo 
que este plano forma con el plano verti 
cal que pasa por los polos geográficos 
reales (eje de rotación de la tierra) se le 
llama declinación magnética. 


Microondas (microwaves). Ondas 
electromagnáticas de menos de 1 
centimetro de longitud. Su rango de fre 
cuencia se considera comprendido 
entre 1 GHz y 30 GHz. 


Microwaves. Ver Microondas. 


EI 


Montaje polar (polar mount). Es е! 
nombre que recibe el soporte de un plato 
Че antena cuando le permite a éste girar 
sobre un eje paralelo al eje de rotación 
de la tierra. Gracias a este montaje se 
puede orientar la antena de uno hacia 
otro satélite con un solo movimiento. El 
eje de rotación del plato debe apuntar 
hacia la estrella Polaris (aproximada 
mente a la Polar), zona hacia la que 
señala el polo norte real 


Noise factor. Ver Factor de ruido. 
Noise figure. Ver Figura de ruido. 


Noise temperature. Ver Temperatura 
de ruido. 


Norte geodésico (geodetic north). Es 
el extremo superior del eje de rotación de 
latierra. Se llama también norte real. No 
coincide con el polo norte magnético que 
señalan las brijulas. 


Órbita Clarke (Clarke bel). Es la 
trayectoria seguida en el espacio por los 
saléltes que giran a la misma velocidad 
de rotación de la tierra (geosineroni- 
завоз), también llamados geoestacio- 
arios en razón de que parecen estar 
quietos para un observador terrestre. 
Recibió este nombre en honor a Arthur 
Clarke, escritor de libros de ciencia- 
ficción. autor de la célebre novela "2001, 
Odisea del Espacio" (levada al cine), 
quien fue el primero en sugerir la posibil 
dad de tener satélites geostacionarios. 
La órbita Clarke se localiza a 22300 
millas de la tierra (unos 36.000 kms). 


Path loss. Ver Pérdidas por trayecto- 


Pérdidas por trayectoria (path loss). 
Зе conoce también como pérdidas por 
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espacio. Es la atenuación que sufre una. 
señal cuando viaja através del espacio, 


Perigee. Ver Perigeo. 


Perigeo (perigee). Punto de la órbita de 
un astro, un proyectil o un satélite en que 
éste se encuentra más cercano de la 
terra. 


Pétalo (petal). Es el nombre que sele da 
а cada segmento de malla metálica que 
forma la superficie cóncava de ciertos 
platos esféricos o parabólicos de un 
sistema de antena para recibir TV por 
satélite. El pétalo se coloca de una cer- 
cha a la siguiente cuando se está ar 
mando el esqueleto del plato. 


Plato (dish). Es eltérmino popular con el 
que se designa en latinoamérica a los 
reflectores de microondas para las ante- 
nas receptoras de televisión por satélite, 
‘También por su forma, en Espaňa se les 
bautizó "paelleras", utensilio para servir 
la paella, un plato de la comida tipica 
española. Algunas veces tomamos їп- 
correctamente como antena al plato 
parabólico o esférico, cuando realmente 
ез un mero reflector de las señales reci- 
bidas. 


Plato esférico (spherical dish). Es un 
plato de antena para microondas, con la 
particularidad de que su superficie de 
reflexión es un segmento de esfera. 


Polar mount. Ver Montaje polar. 


Polarización (polarization). Según la 
teoría hasta ahora aceptada para definir 
la propagación aérea de la energía, que 
supone la existencia de "campos" 
eléctricos y magnéticos desplazándose 
mutuamente perpendiculares por el 
espacio, a manera de eslabones en una 
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cadena, se toma como polarización al 
sentido que lleve el campo eléctrico en la 
onda electromagnética. 

Imaginemos que existe una antena 
vertical, radiando una onda de radio con 
frecuencia y amplitud constante, 

Pues bien, podemos suponer que la 
antena está generando torbellinos mag- 
néticos que, al igual que los torbellinos 
de polvo y las trombas de agua, se 
desplazan girando rápidamente y for- 
mando como un embudo vacío. Dicha 
especie de trompa tiene posición verti- 
cal y los torbelinos giran horizon- 
talmente Cuando la varila emisora de 
la antena está puesta en posición hori- 
zontal, el cuerpo del embudo del torbe- 
lino magnético tiene también posición 
horizontal, y las vueltas del torbellino 
son verticales. 

Para que la antena receptora apro 
veche al máximo la potencia del 'remo- 
lino", ésta debe tener la misma orienta- 
ción del embudo (posición vertical, hor 
zontal, oblicua, etc.) Sila antena recep- 
tora tiene otra orientación, digamos que 
vertical con respecto al embudo, lo atra- 
viesa de "punta" por una de las vueltas 
de la perturbación, y no se altera el 
equilibrio de las cargas eléctricas del 
material conductor de ésta. 

Según las teorías hasta ahora acep- 
tadas, parece que en la radiación de las 
ondas electromagnéticas coexisten dos 
fenómenos dependientes mutuamente. 
El uno tiene características de campo 
eléctrico, generado por acción de las 
cargas eléctricas en la antena, cual si 
ésta fuese la placa de un condensador, 
y el otro fenómeno tiene características 
de campo magnético. Según la tec 
el campo eléctrico se desplaza por el 
espacio con la misma orientación о 
polarización de la antena transmisora, 
tal como si fuese el embudo del remolino 
de nuestro ejemplo, mientras que el 


magnético lo hace en forma perpendicu- 
lar al otro campo, como si fuese el plano 
de rotación del viento magnético en el 
remolino ya mencionado. 

En las transmisiones por medio de 
satélites se utilizan cuatro sentidos de 
polarización: horizontal, vertical, circular 
hacia la derecha y circular hacia la 
izquierda. Para un correcto acoplamien- 
to de señales, la antena del satélite y la 
antena de la estación en tierra deben 
estar paralelas, de tal foma que su 
polarización sea la misma. 


Polarización circular (circular polari- 
zation). Una forma de orientación de las 
señales electromagnéticas, en que la 
dirección del campo eléctrico de la señal 
se hace que asuma una forma helicoidal 
en su desplazamiento por el espacio, а 
manera de tornillo, con giro hacia la 
derecha (P) o hacia la izquierda (L). Para 
ello usualmente se conectan al transmi- 
sor dos antenas: una con polarización 
vertical y otra con polarización horizon- 
tal. La combinación en el punto de origen 
de las dos perturbaciones magnéticas 
forma un remolino "dentro de otro remo 

lino", dando por resultado un embudo 
que va cambiando sucesivamente de 
posición en el espacio, en el sentido de 
las agujas del reloj, o en sentido contra- 


Polarization. Ver Polarización. 


Punto focal (focal point). Es el punto en 
el cual se concentran o cruzan la mayor 
paro de las señales reflejadas por un 
espejo esférico o parabólico. En el caso 
del reflector parabólico, dichas señales 
se reciben o se transmiten en forma de 
haces paralelos al eje de simetría 


Reception window. Ver Ventana de 
recepción. 


“ 


Receptor de satélite (satellite re- 
ceiver). Es un aparato electrónico utili- 
zado para sintonizar los canales de 
comunicaciones (programas de TV, por 
ejemplo) que se transmiten por un trans- 
ponder seleccionado (Receptor Con- 
verlidor! Transmisor) de un satélite. El 
receptor puede contener uno о dos 
convertidores de frecuencia (downcon- 
verters), o ninguno. El receptor recupera 
las señales de la banda base original y 
las envía a un circuito remodulador. El 
receptor también puede suministrar los 
voltajes de corriente directa (DC) para 
funcionamiento del LNA y del converti 
дог anexo a éste. 


Remodulación (remodulation). En un 
receptor para televisión por satélite, 
remodulación es el proceso de modular 
las señales recuperadas (demoduladas) 
de la banda base. 


Remodulation. Ver Remodulación. 


Reutilización de frecuenci 
quency reuse. 


Ver Fre- 


RF. Radiofrecuencia. 


Ruido (noise). Cualquier perturbación 
mecánica o eléctrica no deseada. Toda 
señal parásita, acústica o electromagné- 

tica, que modifique la transmisión, indi 

cación o grabación de una información. 

El ruido puede ser un sonido molesto en 
el fondo de una reproducción, o puede 
presentarse en forma de franjas, puntos, 
manchas, etc., en la pantalla de un 
monitor de televisión 


Ruido térmico (thermal noise). Es el 
ruido de fondo que se agrega en todos 
los medios de transmisión y equipos de 
comunicaciones como resultado del 
movimiento errático de los electrones 
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рог causa de la temperatura. El ruido 
térmico determina el límite inferior para. 
la sensibilidad de un sistema receptor de 
televisión por satélite. Ver Temperatura 
de ruido. 


RX. Recibir o Receptor. 


Scalar feed. Ver Alimentador escal 


SCPC (Single Channel Per Carrier) 
Un solo canal por cada portadora. Es un 
sistema de transmisión por satélite que 
emplea una portadora separada para 
cada canal 


Scrambling. Ver Codificar. 


Señal de luminancia (luminance sig- 
па). Es la porción correspondiente a la 
información monocromática en una 
seňal de televisión en colores. Se le 
conoce también como señal de brillo. 


Slot. Ranura, hendidura. En la tarjeta. 
principal de un computador, es el nom 
bre dado al terminal de conexión para 
enchufar tarjetas de expansión de fun- 
ciones (video, impresora, mouse, 
mernoria, control de unidades de disco, 
eic). En comunicaciones por microon- 
das, es la posición longitudinal de un 
satélite en la órbita geosincrónica. 


SIN (Signal to Noise). Relación Señal 
sobre Ruido. Es el cociente que indica la. 
potencia de una Seňal con respecto al 
nivel de ruido (Noise) involucrado en la. 
misma. Usualmente se expresa en deci- 
beles. 

Por ejemplo, se considera que una 
señal de video es de excelente calidad 
‘cuando tiene un factor SIN por el orden. 
де 54 a 56 decibeles. Para television por 
cable, un SIN entre 48 y 52 dB es acepta 
blemente bueno. 


Spherical dish. Ver Plato esférico. 
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Splitter. Divisor о separador бе rama- 
les. Es un dispositivo diseňado para 
entregar dos о más seňales de salida a 
partir de una entrada común. Usual- 
mente se le utliza para conectar varios 
televisores a una misma antena. Puede 
ser pasivo (a base de resistencias) o 
activo (con amplificador incorporado). 


Subportadora de color (color subcar- 
rier). Es una portadora que hace parte 
de la banda base de video y que sirve 
para llevarla información del color. En el 
sistema NT SC su frecuencia correspon- 
Че aproximadamente a 3,58 MHz, y es 
modulada en cuadratura con la 
información de color. Ver Croma. 


Subreflector hiperbólico (hyperboloi- 
dal subreflector). En una antena para 
comunicaciones por microondas, del 
tipo Cassegrain, es el reflector secun- 
dario que se pone encima del reflector 
principal. Su superticie de reflexión es 
convexa, con forma generada por la 
rotación de una curva hipérbola sobre su 
eje. Se coloca en el punto focal de un 
plalo parabólico para aumentar su ga- 
nancia. Es espejo intermedio entre el 
espacio y el alimentador. 


Temperatura de ruido (noise tempera- 
ture). Ruido por calor. Cuando los elec- 
trones se mueven através de un material 
generan calor, el cual altera de una u otra 
manera el funcionamiento de los dis- 
positivos electrónicos que manejan 
señales. A las interferencias о variacio- 
nes que se introducen en una señal por 
acción del calor se les denomina ruido 
térmico. Por consiguiente, este fenó- 
meno es siempre indeseable y está pre- 
sente en todos los circuitos electrónicos. 
Cuanto menor es la señal que recibimos, 
mayores cuidados debemos tomar рага 
minimizar el ruido térmico. 


Enios sistemas para recepción de te- 
levisión por satélite, las partes que más 
ruido térmico introducen son la antena, 
la unión de la antena con el amplificador 
LNA, y el propio LNA. Veamos los fac- 
tores que contribuyen al aumento de la 
temperatura de ruido: 


1- La antena parabólica, puesto que es 
ип espejo real, concentra en el foco 
todo tipo de radiaciones que incidan 
en su superficie de manera paralela al 
eje de simetría. Entre los causantes 
de ruido se cuenta la radiación de 
tierra, ya que el planeta es un cuerpo 
que por fenómenos de electromag- 
netismo y electricidad estática genera 
un ruido equivalente al que produce 
una temperatura efectiva de 290 
grados Kelvin en un objeto. 

Por lo general, la radiación de tie- 
rra penetra por la parte posterior del 
plato, y para minimizar sus efectos de 
ruido se recomienda instalarla antena 
lo más bajo posible, evitando hacerlo 
еп lo alto de los edificios. Otro ruido 
que influye en la antena es el 
Galáctico, equivalente al de unos 2 
grados Kelvin, y el de los planetas en 
función de su trayectoria, 


2. Temperatura del ruido del LNA. Este 
amplificador de microondas está 
hecho con circuitos a base de transis- 
ores de efecto de campo GaAs de 
alta ganancia, y es extremadamente. 
sensible. El LNA será tanto mejor en 
cuanto mayor sea su ganancia y 
menor sea el ruido térmico que 
agrega a la señal de salida. Para los 
LNA comunes, la ganancia típica es 
del orden de los 50 decibeles (una 
amplificación de señal equivalente a 
unas 100.000 veces) y la temperatura 
de ruido es del orden de los 80 grados 
Kelvin 
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Thermal noise. Ver Ruido térmico. 


Translation frequency. Ver Frecuen- 
cia de translación. 


Transpondedor (transponder). Es una 
combinación de equipo receptor y trans- 
misor de señales en un satélite. Este 
circuito recibe las señales enviadas 
desde la estación principal (uplink) y las 
reemite nuevamente hacia la tierra 
(downlink) convertidas a una nueva fre- 
cuencia portadora. Para ello dispone де 
un circuito denominado downconver- 
ter. Usualmente cada satélite de comu- 
Ticaciones dispone de 12 trans 
pondedores, cada uno con capacidad de 
transmitir dos canales separados en una 
misma banda de frecuencias (3,7 a 4.2 
GHz en la banda C), mediante dos ante: 
mas con distinta polarización (la una 
puesta horizontalmente y la otra en 
forma vertical) 


‘Transponder. Ver Transpondedor. 


TVRO (Television Receiver Only). 
Estación terrestre sólo para recepción 
de televisión. 


TX. Transmitir o transmisor. 
Uplink. Ver Enlace ascendente. 


Unscrambling. Restaurar una señal de 
televisión a un sistema que cumpla las 
normas internacionales NTSC, PAL, SE- 
CAM, el, de forma que la pro- 
gramación pueda ser vista sólo por 
quienes han pagado una cuota por el 


Ventana de recepción (reception win- 
dow). Nombre que recibe un rectángulo 
imaginario puesto al frente de un platode 
antena, el cual define los movimientos 
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del plato para la recepción de las señales 
де un satélite. 


Voltage tuned oscillator. Ver VTO. 


Voltaje standing wave ratio. Ver 
VSWR. 


VSWR (Voltage Standing Wave Ra- 
tio). En un sistema de transmisión de 
ondas de radio, tal como en un cable 
coaxial o una guía de microondas, el 
VSWR es un factor establecido para 
indicarla cantidad de energía de la señal 
aceptada por la carga. Conociendo la 
magnitud de la señal transmitida, se 
puede deducir que la energía no recibida. 
por la carga es reflejada nuevamente. 
hacia la fuente (source). Cuando toda la 
energía de la señal recibida es captu- 
rada por la carga, se dice que el factor 
VSWR es 1:1 (por lo general, es un caso. 
ideal), 


VTO (Voltage Tuned Oscillator). Os- 
cllador sintonizado por voltaje. En un 
sistema para recibir televisión por saté- 
lite (TVRO), la frecuencia de operación. 
del downconverterse cambia mediante 
un cierto nivel de voltaje DC (corriente 
directa). 


Waveguide. Ver Guia de ondas. 


Wind load survival. Resistencia a la 
carga del viento. Es la cantidad de 
presión del viento tolerada por un plato 
Че antena para recibir TV por satélite. 


°K. Grados Kelvin. Escala lineal arbi- 
traria para la medida de temperaturas. 
0°K equivale a -459 grados Fahrenheit 
(F), б -273 grados centígrados (°С). 
Centígrado significa "dividido en 100 
grados" 
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Por César y Felipe Loaiza R. 
Industrias Surtidor, Medellín, Colombia 


En el presente artículo se dan al experimentador algunas instrucciones 
necesarias para construir en su garage una antena parabólica de 6,50 
metros de diámetro, con la cual se pueda poner a funcionar su propio 
equipo de TVRO (Recepción de TV por satélite. Estas instrucciones son 


válidas también para diseñar otras antenas simi 


Para emprender este proyecto se 
recomienda tener buena experiencia 
como aficionado mecánico y como ех- 
perimentador electrónico. También, 
debe disponer de tiempo libre y espacio 
para instalarla antena. 


A quienes quieran intentar la fabrica- 
ción de la antena que explicaremos, les 
sugerimos que se asocien con otros 
amigos, de forma tal que en el grupo 
haya financista, mecánico, aficionado 
electrónico, y hasta buenos obreros. 
Raramente una sola persona tiene las 
anteriores habilidades y capacidades 
juntas. En cuanto al costo, calculamos 
que el sistema completo le puede valer 
entre US$2000 у US$3000 dólares, i 
cluyendo la antena y los equipos electró- 


res de tamaño diferente. 


nicos, para el control a distancia del 
movimiento del plato parabólico y para la. 
adaptación de las señales de video al 
televisor. 


Una vez reunidos los materiales y los 
equipos necesarios, es cuestión de 
tiempo armar la antena que le permitirá 
recibir televisión mundial, y le dará ex: 
periencia hasta para pensar en pro- 
ducirlas en serie para la venta. 


Al fabricar su primera antena 
aprenderá muchísimo, y disfrutará 
tremendamente trabajando largas 
horas diurnas, nocturas, sabatinas y 
dominicales, sin descanso ni 
remuneración, como le ocurre a todo 
ionado a la experimentación. 
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PARTES DE UN SISTEMA PARA 
RECIBIR TV POR SATÉLITE 


Una estación terrestre para sola- 
mente recibir las transmisiones de 
televisión a través de los satélites 
geosincrónicos, consta básicamente de 
dos partes: la mecánica, formada por el 
plato concentrador de señales del es- 
pacio, y la electrónica, encargada de 
procesar y convertir las señales a un 
rango de frecuencias que sea compa- 
tible con el sistema del televisor en que 
se desean mirar 

Cuando decimos que vamos a fabri 
car una antena parabólica, nos refer 
тоз sólo al proceso mecánico, a la 
hechura del plato cóncavo que habrá de 
recoger en un solo punto, llamado foco, 
a todas las ondas electromagnéticas 
que procedan de la dirección hacia la 
cual se enfoca. En cuanto a los compo 
nentes del equipo electrónico, tal como 
la guía de ondas, el LNA, el downcon- 
vertery el receptor, deben ser compra- 
dos a fabricantes especializados en 
microondas. А! final del artículo reco- 
 mendamos algunos. 


DIÁMETRO DEL PLATO 


Además del espejo parabólico, exis- 
ten otras superficies geométricas con la 
propiedad de concentrar en un punto 
focal las ondas acústicas y electro- 
magnéticas que incidan en forma de 
haces paralelos al eje del punto focal, tal 
сото la de los reflectores esféricos y 
elípticos. Hemos escogido el reflector 
parabólico para nuestro proyecto, por 
ser de buena ganancia y relativamente 


fácil de apuntar hacia el satélite 
escogido. 
El "plato", como popularmente se 


conoce al reflector parabólico por su 
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semejanza con el tradicional utensilio de 
cocina, se puede hacer de varias for- 

Una manera consiste en moldearlo 
con resina poliester y fibra de vidrio, 
poniendo en su interior una película 
metálica о capa de pintura reflectiva. 
Esto da buenos resultados para platos 
de diámetro reducido, tales como los 
utilizados en las zonas hacia donde 
radian las señales los satélites, pero 
resulta inadecuado para los países cen- 
troamericanos y del sur, ya que se re- 
quieren platos con un diámetro mayor de 
5 metros, los cuales tienen una área muy 
grande y son fáciles de destruir por vien: 
tos huracanados. 

Otraformade hacer el plato, y que es 
laque nosotros utilizaremos, consiste en 
hacer una estructura con tubos de alu- 
minio, formando costillas o cerchas cur- 
vadas siguiendo el contorno de la pará- 
bola, las cuales se recubren luego por 
encima con una malla metálica que refle- 
je las ondas, pero que tenga huecos 
pequeños para el paso del viento. 

Volviendo a lo del tamaño, para dar 
una referencia, en la Costa Atlántica de 
Colombia se pueden usar antenas con 
plato de 6 metros de diámetro, mientras 
que en Cali se deben instalar de 9 para 
ver con la misma calidad de imagen. 
Puesto que casi todos los satélites sobre 
América enfocan sus señales hacia los 
Estados Unidos, la señal se recibe más 
fuerte en las ciudades que se encuen 
tran más cerca de dicho país. Aclaramos 
que esto del tamaño es importantísimo 
desde dos puntos de vista: cuanto más 
grande es la antena, mejor será la señal 
que se procesará, pero mucho mayor 
será el costo. 

Nos proponemos enseñar la 
fabricación de una antena con plato de 
8,50 metros de diámetro, pero usted 
puede modificar la dimensión para aco- 


: 
| 
| 
| 


Fi. 1. Mesa para dibujo y comparación de curvas. 


modarse al presupuesto económico y а 
las condiciones favorables o adversas 
de su zona geográfica. Para bien de la 
imagen, para que ésta sea nítida y libre 
de ruido, lo mejor es sobrarse un poco en 
las medidas, especialmente cuando no 
se tiene experiencia. 


LO OPCIONAL Y LO BÁSICO EN LA 
PARTE MECÁNICA 


En la parte mecánica de una antena. 
зе debe poner especial atención en la 
precisión de la concavidad del plato, la. 
cual se debe comprobar durante el ar- 
mado de cada cercha o costila, y du- 
rante la instalación del plato en el lugar 
definitivo. Aunque parezca exageración, 
cualquier abombamiento o torcedura de 
milímetros afecta notablemente la señal. 

Lo demás, como son la forma ex- 
terna de los refuerzos de las costillas, el 
tipo de anclaje o aseguramiento del plato 
en su sitio, etc., no tiene mayor importan- 
cia desde el punto de vista calidad de la 
señal. Interesa sólo en cuanto al peso, 
resistencia mecánica y facilidad de giro 
del plato se refiere. 


EQUIPO REQUERIDO 
Un garage, preferiblemente amplio. 


Una mesa grande para dibujar y 
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Fig. 2. Una vez se tenga dibujada la curva de media 


parábola, se aconseja storna a la mesa un perti 

aluminio sguiendo el trazo a арс соп elfin de 
facstar posteriormente la comparacion de cada 
cost. Al apoyarla contra el peril las curvas se 
Seben locar en toda su extensión. 


comparar la curvatura de las costillas 
del plato, hecha en madera laminada 
prensada (triplex) de unos 3.50 metros 
de largo y 1,20 metros de ancho, de unos 
2a3 centimetros de espesor. Por debajo 
debe tener refuerzos que le den estabili- 
dad, y patas fuertes de una longitud no 
mayor de un metro, con el fin de poder 
trabajar cómodamente. 

La mesa debe ser de tamaño suficien- 
te para permitir el dibujo de una costilla, 
equivalente a la mitad del diámetro de la 
antena que tenemos pensado construir. 
Соп el fin de lograr la máxima precisión 
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diámetro, Distancia oral 2522 metros, Relación 


тов contracoslla,conlameracurvaparabolca 
falsas cosillas). Estas se intercalan con las 24 
verdaderas, con el in de tener más puntos de 
асат para la mala de alumno y lograr mayor. 
exactitud en el espejo parabólico. 


en el trazado de los puntos horizontales 
y verticales que resultan de la consulta 
de la tabla adjunta, o de la aplicación de 
la fórmula matemática de la parábola, la 
superficie de la mesa debe ser un rectán- 
gulo perfecto (compruebe sus vértices 
соп una escuadra o un compás de sufi 
ciente longitud, hecho con reglas y cla- 
vos con punta). 


Una mesa metálica para fijar en su 
sitio las partes de una costilla mien- 
tras se remachan o se sueldan. Bási 
camente es un rectángulo de 3,50 x 1.20 
metros, hecho con moldura de hierro en 
forma de letra L (popularmente se le 
llama Angulo"), de 1-1/4 pulgadas de 
ancho, sobre el cual se sueldan unos 8 
tubos cuadrados de hierro blando, del 
empleado para hacer muebles, de 1 
pulgada por lado. Las 4 patas se pueden 
hacer también con el mismo ángulo de 
hierro del marco. 

Los 8 tubos se ponen equidistantes y 
paralelos, para formar una parrilla o reja. 
muy plana (nivelada), de forma tal que 
deje caer al suelo las gotas de metal 
derretido durante la operación de solda- 
dura de los tubos curvados y los refuer- 
тоз de las costilas o cerchas del plato 
parabólico. 

Entre el centro y un lado de la mesa, 
sobre la reja de tubos cuadrados, se 
suelda o atornilla una plantila que tenga 


Fig. 4. Mesa meta para amar las costilas. 
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cuando está apoyado sobre dos carretes jos en los 
extremos del disposto. 


exactamente la misma forma de la 
parábola copiada de la plantilla dibujada 
sobre la anterior mesa de madera. Esta 
plantila, así como otra igual pero de 
forma invertida, que pondremos en el 
ого lado de la mesa, se hace también 
соп trozos de tubo metálico cuadrado. 

Cada una de las dos plantilas debe 
tener platinas que permitan sostener 
соп mordazas temporales los tubos 
curvados, los travesaños para refuerzo 
estructural y los tubos contracostilla por 
ambas caras de cada cercha, mientras 
se unen con los remaches "pop" o con la 
soldadura de aluminio. Una plantila se 
utiliza para hacer las soldaduras por un 
lado de la costilla, terminado lo cual se le 
da media vuelta у se le coloca dentro de 
la segunda plantilla. Ver la figura 4. 


Un curvador manual de tres rodi- 
llos, para los tubos de aluminio que 
han de tener la forma de la parábola y 
para los anillos de amarre de costi- 
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Fa. 6. Vista frontal de un carrete del aparato 
олчайи. Observe que tene en el eje central una 
Gera coneavidad la cual se hizo para poder curar 
también tubos redondos sin malrataros. Paralorcer 
105 tubos cuadrados basta соп el apoyo en los 
bordes del ee del carrete. 


Mas. Se hace con 3 carretes de hierro, de 
3 pulgadas de diámetro, y tiene forma de 
trapiche para caña de azúcar. El carrete 
central es de eje desplazable mediante 
Untornillo,y es el encargado de curvar el 
tubo. El derecho se mueve mediante 
manigueta, y es el que empuja el tubo a 
través del aparato. Para evitar que pati- 
ne se puede gratar o hacer unas cuantas 
perforaciones pequeñas en su periferia 
El carrete restante es de movimiento 
libre; sirve de punto de apoyo para el 
tubo. Ver figura 5. 

La canal de los carretes, o sea el es- 
pacio por donde habrá de pasar el tubo. 
cuadrado de aluminio, debe ser de un 
ancho aproximado a los 2,2 centímetros 
(7/8 de pulgada). 


Un doblador manual de cuatro 
rodillos, para la fabricación de los re- 
fuerzos posteriores de las costillas (con 
tracostilas). Está montado sobre una 
viga de hierro en forma de U, o de letra 
1, de unos З metros de largo por 4 pulga- 
das de ancho, y tiene cuatro carretes: 
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Fa. 7. Doblador de refuerzos posteriores de las 
ostia (contracosillas), hecho con 4 caretes de 
өто. Los de mayor diâmetro son jos y los dos 
menores son qutables (os mueve la palanca). El 
ducto а doblarse pone en medio de elos. 


dos de 6 pulgadas y dos de 2,5 pulgadas. 
Lapalancatiene en uno de sus extremos 
un par de pequeños ejes de hierro 
separados por una distancia equivalen- 
te a la suma de los radios de un carrete 
grande y otro pequeño. 

El eje más alejado de la punta se 
introduce en el centro del carrete 


Fa. в Mediar 
manual, о goles con un mazo no-melálco sobre 
оз тогоз де ubo forrados con caucho, se pueda 
acabar de daria cura exacta а los bos, 


aplicación de un poco de fuerza 


conformador de mayor diámetro. En el 
otro eje se coloca el carrete pequeño 
que, cuando se desplaza la palanca, va 
empujando el perfil de aluminio 
alrededor del carrete grande, hasta 
darle el ángulo requerido, según topes о 
marcas en el banco de trabajo. 


Un martillo de 3 libras de peso, de 
madera o de caucho, para ajuste fino de 
curvaturas o para enderezar los perfiles 
(tubos, ángulos, ete.) sin que se maltrate 
о dañe el metal 


Veinte prensas de mano, tipo C, con 
mordaza que abra unas de 3 pulgadas, 
para fijar los tubos de contorno y los 
travesaňos de refuerzo de cada costilla 
en la mesa de ensamblaje, mientras se 
unen con los remaches o se sueldan. 


Un taladro eléctrico con mandril para. 
broca hasta de 3/4 de pulgada, preferi- 
blemente para trabajo pesado. 


Un soldador eléctrico de 150 a 200 
amperios, corriente alterna, para soldar 
los perfiles de hierro de la base soporte. 
de la antena, y para las soldaduras de 
aluminio en los travesaños que dan for- 
та a las costillas. 
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pande el extremo tubular del remache 
Cuando la pieza a remachar queda 


Un convertidor de alta frecuencia 
(HF) para acoplar al soldador eléctrico 
antes mencionado. Este aparato hace 
posible soldar aluminio, operación que 
requiere corriente altema (AC) de alta 
frecuencia (del orden de 300 a 500Hz) 
para obviar los problemas tan comunes 
al usar DC. Este sistema es el más 
indicado para soldar lámina o tubos de 
aluminio delgado. Cuesta unos US$200 
dólares en almacenes especializados y 
ferreterías de Estados Unidos. 


Una botella de gas Argón, con su regu- 
lador de presión para 18 PSI (libras por 
pulgada cuadrada), más las mangueras 
у accesorios. 


Portaboquillas y electrodo de tungs- 
teno puro (punto rojo), indicado para 
soldar aluminio. 


Una sierra de mano para cortar metal. 
Preferible un cortador eléctrico de sierra 
circular, con dentado especial para alu 


Una prensa de banco, con mordaza 
que abra hasta 4 pulgadas. Resulta de 
mucha utilidad para sostener los tubos 
mientras se cortan. 
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Fa. 10. Mala de aluminio para formar la superficie 
parabolic del plato de la antena. Debo ser plana, no 
тшу delgada, у con agujeros pequeños. 


Un remachador manual para гета- 
ches tipo "pop" (clavo de hierro con 
tuna especie de sombrero de aluminio en 
ип extremo). 


LISTA DE MATERIALES PARA 
UNA ANTENA 


360 metros de tubo cuadrado en alu- 
minio, de unos 2,2 centimetros por lado 
(7/8 de pulgada). 


so metros de malla plana en aluminio, 
de aproximadamente 1,1 milímetros de 
espesor y con perforaciones similares a 
granos de arroz. La que se consigue en 
Colombia viene troguelada formando 
rombos expandidos. Es fabricada en 
Bogotá por Colmallas, con la referencia 
IMT 10. Cuesta a razón de unos US$20 
dólares por metro cuadrado, en rollos de 
diferente largo y 90 centímetros de an 
cho. Si usted vive fuera de Colombia, 
puede comprar la malla en la Согрога- 
ción METALEX de Estados Unidos. 
Dirigir su correspondencia a: 


METALEX Corp. 
P.O.Box 399 -1530 Artaius Pkwy 
LIBERTYVILLE, IL.60048, USA 
Teléfono (312)362-8300 
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500 remaches n aluminio, con 
buje de 1/2pulgada de largo y 1/8 de pul- 
gada de diámetro. 


Soldadura para el aluminio. Utlizar 
trozos sobrantes de conductores eléctri- 
cos de aluminio, calibre 14 AWG. Esto 
resulta más barato que utilizar varillas de 
soldadura especializada, 


Una botella de gas argón, llena para 
cada antena. Cuesta unos US$50. 


Para la base o torre de anclaje de la 
antena (pirámide trunca 

- 20 metros de perfi de hierro en ángulo 
recto de 3 pulgadas por lado y 14 de 
pulgada de espesor 


Para la horquilla o tenedor en el ex- 
tremo superior del torpedo, el ele- 
mento estructural que tiene la forma 
de tal aparato: 


Fig. 12. Ее polar colocado en la horguta del tor- 
pedo, Observe la chumacera sobre el andamio. 


- 2 perfiles de hierro de 1/2 pulgada de 
espesor, en forma de canal о letra U 
rectangular, de 12 x 12 pulgadas (30 
cms) en su base. Las aletas pueden 
tener unas 3 pulgadas de ancho. 
Pasador de hierro para giro de latitud 
del eje polar. Debe tener un diámetro 
de 1-1/4 pulgadas, y un largo mínimo 
de 20 centímetros, para pasar de lado 
a lado de la horquilla o tenedor del 
torpedo, con cierta ventaja. 


Para la base con ajuste de rotación 
del torpedo: 

Un disco de hierro de 50 centímetros 
де diámetro y 3/8 de pulgada de espe- 


Para el cuerpo о columna cuadrada 
del torpedo: 
3 metros de perfil de hierro en ángulo 
recto de 5 pulgadas por lado y 3/8 de 
pulgada de espesor. 


so 


Para las aletas inferiores del torpedo: 

= 4 platinas rectangulares de hierro, de 
10 centímetros de ancho, 35 centime- 
tros de largo y un espesor aproximado 
de 3/8 de pulgada. 


Par 


la cola del torpedo: 
50 centímetros de tubo de hierro de 4 
pulgadas de diámetro. 


Рагае! soporte del plato y del sistema 
de orientación y giro: 
Si en su ciudad tiene facilidad para 
encontrar un taller con máquina cur- 
vadora de perfiles de hierro, puede 
diseñar un marco circular para fijación 
del plato parabólico al eje polar. En 
este caso, se usa un perfil de hierro 
con canal en forma de U, de 3 pul- 
gadas de ancho у 6 metros de largo, 
curvado hasta obtener una circunfe- 
rencia con un diámetro de 1,90 mts. 


- Si no tiene facilidad para hacer el aro 

de soporte de plato que se menciona 
еп el párrafo anterior, lo puede hacer 
еп forma de hexágono, utilizando 12 
metros de perfil de hierro en ángulo 
recto, de 2 pulgadas por lado у 18 de 
pulgada en su espesor. 
Los trozos de ángulo de hierro para 
los lados del exágono se pueden 
cortar tomando como base una 
plantila hexagonal de un metro de 
lado, dibujada en el piso. Para que le 
quede bien simétrica, trace primero 
una circunferencia con un radio apro- 
ximado a los 95 cms, la cual puede 
dividir luego en partes iguales me- 
diante una cuerda o regla que tenga 
una longitud igual al radio. A este 
soporte se le sueldan la estructura 
para el contrapeso de la antena, la 
base y los refuerzos para el motor de 
giro y elevación, debidamente 
espaciados. Observe la figura 13. 
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Ре. 13. Detale del hoxágono soporte para plato, 
las chumaceras del ej polar y la pirámide para con- 
чарево del plato. Mediante un toi sinfin motori- 
zado, dispuesto entre el torpedo y el extremo interior 
"di soporte del plato ano cuadro  hexágono), se 
puede orientar la antena hacia los arise 
Satéltes Este lornllo,o especie de gato eléctrico, se 
denomina Actuator. 


El contrapeso balancea el plato sobre 
el eje polar, con el fin de que el motor 
o el gato eléctrico lo puedan mover 
fácilmente. Se puede hacer con un 
marco de perfiles de hierro en ángulo 
recto, con espacio interior para relle- 
паг con trozos de plomo o de hierro 
hasta lograr un equilibrio aproximado 
соп el peso del plato. Por seguridad, 
éste no debe caer cuando se llegare a 
reventar el mecanismo que lo mueve. 

- 2 Tensores roscados de 60 cms de 
largo y 3/4 de pulgada de diámetro, 
para control de inclinación Norte-Sur 
del plato. Se colocan entre un extremo 
de la porción cuadrada del eje polar y 
cerca del centro del torpedo, tal сото 
se puede ver en las figuras 3 y 13. 


Para el eje polar: 
Tubo redondo de hierro de 4 pulgadas 
dediámetro y 2 metros de largo. En los 
extremos de este tubo se colocan el 
par de chumaceras que se fijan al 
marco circular o hexágono de la parte 
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Fig. 14. Carrete central para ación de las costlas 
del plato. Durante el ajuste del feechom en la an 
dena, el hueco central sive para mar la alineación 


inferior del plato parabólico. En la 
porción central se le da forma cuadra. 
da mediante el recubrimiento con 4 
trozos de ángulo de hierro, de tal 
forma que se acople bien con el inte- 
rior de la horquilla del torpedo, 

- 4 perfiles o molduras de hierro en 
ángulo recto, de 2-1/2 pulgadas por 
lado, 3/16 de pulgada de espesor y 1 
metro de largo. Estos cuatro trozos de 
perfil se sueldan borde contra borde, 
рага formar una columna cuadrada 
por la que se introduce el tubo re- 
допдо del eje polar, mencionado еп el 
párrafo anterior. 

- 2 chumaceras de giro para tubo de 4 
pulgadas, en hierro gris (fundición). 
Se ponen en los extremos del tubo del 
eje polar. 


Para el carrete central del plato de la 
antena: 

- Dos discos de aluminio de 50 centi- 
metros de diámetro y 1/2 pulgada де 
espesor, preferiblemente hechos en 
fundición y maquinados. Deben tener 
ип hueco central con capacidad para 
introducir un tubo de diámetro exterior 
igual a 4 pulgadas (aproximadamente. 
102 milímetros), 


Fa. 15. Vista del lado inferior del plato. Observe la 
woe completa sobre la que se asegura el tubo del 
pode sostenedor del LNA y el Feechom. Mire 
tambien una faa costa, intercalada entre dos 
cosillas completas. Su longitud es ta! que sl lega 
hasta el tercer aro tubular de amarre de costilas (no 
ca el carrete contra 


Tres espárragos o espigas roscadas, 
de 55 centimetros de largo y 34 de 
pulgada de diámetro, con sus tuercas. 


- Tormillrí 
Para asegurar las costilas a la са. 
rreta: 100 tornillos de 1,5 pulgadas de 
largo y 14 de pulgada de diámetro 
galvanizados o "ropicalizados" para 
evitar la oxidación. 

Para sujetar las costilas a los aros 
externos: 150 tornillos de 3/16 x 2 
pulgadas (tropicalizados). 

Para sujetar el aro o hexágono a las 
costillas: 25 tornillos de 2 pulgadas х 
1/4 de pulgada. 


Para el 


оде que sostiene al Feed- 


hom y al amplificador LNA: 
Tres tubos de aluminio con pared 
delgada, de 4 metros de largo y 1-1/4 
pulgadas de diámetro, 

Soporte con tres copas o “zapatos” 
fundidos en aluminio, para formar la 
cúspide del trípode que sostiene en el 
punto focal del plato al Feedhom, al 
LNA y al Downconverter. Si lo desea, 
puede comprar dicho elemento а 
César Loaiza, el autor de este 
artículo, y cuya dirección aparece al 
final, o puede diseñar uno propio. Es 
importante que forme bien simétrico el 
trípode, pues el alimentadorde la guía 
de ondas debe quedar apuntando 
exactamente hacia el centro del plato. 
Para el ajuste fino de esta posición 
cuando ya la antena ha sido instalada 
еп su sitio, se ha previsto un sistema 
tensor con cables de acero fijados al 
borde de un disco puesto en la punta 
del trípode. 

Plato para sostén del Feedhom, el 
LNA y el Downconverter, fundido en 
aluminio. 

Abrazaderas galvanizadas para tubo 
redondo de 1,5 pulgadas de diámetro, 
tipo grapa, para asegurar cada pata 
del trípode a la parte inferior de la 
estructura del plato. Observe la figura 
15, 


COMENCEMOS EL ARMADO DE 
LAS COSTILLAS 


Sobre la mesa de madera hacemos 
el dibujo de media parábola, tal como se 
muestra en la figura 3 de la página 29, 
utilizando valores de coordenada V. en 
incrementos no mayores de 5 centime- 
tros, para que al unir los puntos con una 
línea obtengamos un exacto trazado de 
la parábola. 

En el artículo "Introducción a los Re- 
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Ре. 16. Proceso de curvatura del tubo cuadrado 
para соопто ronal de cada costila, el cual mide 
AS centimetros. Paraevtar que el tubo в retuerza 
а salir del rauche un ayudante le hace fuerza en 
Sentido contrario. mediante una palanca hecha con 
aros de heno. Con este mismo dispostvo 
mbión se curvas los tubos que forman los aros o 
алйоз que igan ente sí las costilas del plato. 


flectores Parabólicos", página 27, apa- 
rece el procedimiento para dibujar la 
parábola. Si utiliza la fórmula х= y“, 
comience por darle a y un valor de 5 cms. 


En cuanto a la distancia focal (f), la 
podemos averiguar teniendo conocido 
el diámetro (6,50 mts) y la relación 1/0. 
Para nuestra antena hemos escogido un 
valor #D igual а 0,388, pero usted puede 
tomar cualquiera entre esta cifra y 0,43. 


11D = 0,388 | de donde f = 0,388xD 
f= 0,388 x 650 ems f = 252,2 cms 


Apliquemos la fórmula general de la 
parábola para despejar el valor de la 
coordenada X cuando la coordenada Y 
es igual a 5 cms 

x= yat 


de donde x = 25 cms“/1008,8 cms. 
X = 002478 cms = 24,78 mms 
Se procede luego con la averigua- 
ción del segundo punto, cuando y = 10 
cms, y así sucesivamente hasta que y 
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sea igual a 650 cms (el diámetro del plato 
presupuestado). 

Si fuésemos a dibujar la curva a lado 
y lado del eje de simetría tendríamos que 
repetir la fórmula utilizando valores 
negativos para la variable y, pero eso по 
es necesario, dado que esa parte se 
obtiene por rotación de la anterior. 

Es bueno hacer notar que el tubo 
cuadrado de aluminio que se utiliza en la 
costila para dar la curvatura de la pará- 
bola, mediante el aparato de 3 carretes, 
debe tener una longitud igual a 331 
centímetros, con el fin de dejar puntas 
para su aseguramiento al carrete central 
del plato. 

En la tabla I se dan las coordenadas 
para el plato con relación (/D = 0,388 y 
шпа ganancia aproximada de 47 deci- 
beles, para una frecuencia de 3900 MHz 
(39 GHz). 


Sobre la linea de la parábola, dibuja- 
da en la mesa de madera, ajustada con 
plantila рага curvas (curvigrafo), se fa 
un tubo o perfil cuadrado de aluminio o 
de hierro blando, tal como el utilizado 
para muebles, y sobre su lado convexo 
Se asegura luego una platina delgada de 
aluminio en forma de L (ángulo recto), de 
12 pulgada de ancho, la cual se hace 
coincidir con la raya a lápiz de la curva 
parábola. Sobre esta platina se habrán 
de comparar cada uno de los tubos cur- 
vados y las cosillas ya armadas, para 
visualizar fácil los posibles errores y 
corregirlos mediante golpes suaves 
dados con un mazo de madera o de 
caucho, hasta lograr el ajuste perfecto 
de cada costila a la plantila original 


DOBLADO DEL MATERIAL 


En el curvador de 3 carretes se 
introduce a mano, un poco forzado, un 


© 0000 
0,620 
2478 
5576 
9913 
15.489 
22.304 
30,358 
39,651 
50,183 
61,956 
74905 
89215 
325 10404 


Tabla 1. Coordenadas YX 
centimetros (stancia par 


extremo del tubo cuadrado de aluminio, 
y se gira la palanca hasta dar las 
pasadas necesarias para la correcta 
contormación del contorno frontal de la 
costilla, procurando evitar que зе 
retuerza la punta que va saliendo. Para 
ello se puede utilizar una llave de tubo, 
con la cual se le puede ir haciendo fuerza 
‘manual en el sentido deseado. Соп un 
poco de práctica puede llegar el caso de 
completar la curva ideal con una sola 
pasada del tubo por el "trapiche” 
curvador. Mientras tanto, el perfi 
aproximado se puede terminar de doblar 
соп ligeros esfuerzos manuales, o con 


trazado de una parábola que 
to igual a 504,4 cms). Para el rtech 
core aun ameo de 6 50 metros, el área cue resulta visible par 
si punto focal (mando un cono d visón con unos 90 grados en al 
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golpes de mazo blando sobre dos trozos 
de tubo redondo forrados con caucho о 
un pedazo de manguera de РМС. 
Compare siempre con una plantilla о 
соп el dibujo hecho sobre la mesa de 
madera. 


Para ei tubo del contorno posterior de 
la costilla, que hemos denominado 
"contracostila*, se utiliza el doblador de 
4 carretes que se muestra en las figuras 
17, 18 y 19. Observe que la canal del 
carrete mayor tiene la superficie abom- 
bada. Esto es con el fin de repujar la cara 
del tubo por el punto del doblez y evitar 
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Fig. 17. Proceso de doblado de una contracostila 

refuerzo posterior y apoyo para los ravesanos de 
las costilas del plato). Aunque bastaria con 2 carre- 
тез. зе utlzen 2 adicionales para hacer el oto 
doblez del ducto, у consequ de esa manera un 
formidad en el conjunto. 


la palanca dobiadora. El carrete moror esta suelo. 
Suse debe serinuducdoen ei agujero delextremo 
(ela palanca ante de comenzar a doblar el ubo. El 
tozo devarila de нето quese observa soldeda ala 
plaina de caretes es una gula para la magnitud del 
(ble. El реп! de пето en ángulo recto. que está 
оао al largo cel rl, es para sostener toe 
cuando se haga fuerza sobre la palanca 


que éste se deforme hacia afuera y se 
raje, cosa que casi siempre ocurre 
cuando se trata de doblar con un carrete 
plano, 

A continuación pasamos a la mesa 
de ensamble y soldadura. Introduzca las 
partes de aluminio correspondientes en 
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Fig. 19. Para evitar que el tubo de aluminio se raje о 
augue on el punto del doblez, el carte mayor 

be tener forma redondeada en el fondo del canal, 
‘de forma tal que haga un hundimiento uniforme ena 


una de las dos plantillas (tubo de con- 
torno frontal, contracostila у travesaños) 
para proceder al armado de la primera 
costilla del plato. Las piezas se sujetan 
con mordazas (prensas tipo C), y luego 
se procede a soldarlas con el soldador 
de aluminio (TIG), con un amperaje 
promedio cercano a unos 90 amperios, 
utilizando alambre corriente de aluminio 
en vez de soldadura costosa, suminis- 
trando lateralmente un chorro de gas 
argón ai punto de chispa. El argón se 
debe regular a unas 18 libras de presión 
por pulgada cuadrada (18 psi). No se re- 
quiere enfriamiento adicional para el 
electrodo del soldador. 

Como soldador puede utilizar un 
equipo pequeño cualquiera para solda- 
dura normal con corriente alterna (AC), 
соп posibilidad de intensidad hasta unos 
200 amperios. Para trabajar con alu- 
minio se le conecta un generador de alta. 
frecuencia (HF), tal como el minimodelo 
fabricado por Lincoln (marca famosa en 
equipos de soldadura eléctrica), el cual 
se puede conseguir en almacenes del 
ramo, o con un distribuidor en Estados 
Unidos. Cuesta unos US$ 250 dólares. 

Una vez terminada de soldar la cos 
tila por un lado, se deja enfriar. Se voltea 


para el otro lado y se pasa a la plantilla 
opuesta, al otro extremo de la mesa. 

Terminado este trabajo, se lleva la 
costilla a la mesa de prueba y alli se le 
dan los ajustes finales para que se 
adapte, lo más exactamente posible, al 
dibujo original de la curva parabólica, 
utilizando el martillo de caucho o de 
madera para darle golpes donde haga 
falla. 

Cualquier comba, por mínima que 
sea, hará que los haces de microon- 
das provenientes del satélite se re- 
flejen fuera del Feedhom sostenido 
por el trípode en el punto focal del 
espejo parabólico. 


CARRETE SOPORTE CENTRAL 
DEL COSTILLAR 


Se construye utilizando dos discos 
de aluminio, de los explicados en la 
página 54. Cada uno dobe tener dos hile. 
ras de 24 perforaciones cada una, for 
mando circunferencias concéntricas de 
21 y de 24 centimetros de radio, tal como 
Se puede apreciar en la figura 14. Dichos 
agujeros son para fijar las costilas del 
plato, y se hacen con taladro y broca de 
14 de pulgada. 

Utiizando 3 pernos o espigas rosca: 
das en los extremos, de 55 centímetros 
de largo y 3/4 de pulgada de diámetro 
arme un carrete con los dos discos de 
aluminio, dejando entre ellos una sepa 
ración de 40 centímetros, empleando 
tuercas para está operación. Esta dis- 
tancia es la misma que tiene la boca que 
forman las dos patas de cada costilla, 
extremos del tubo de contorno frontal y la 
contracostilla, las cuales deben entrar al 
carrete para asegurarse con 4 tomilos а 
los dos discos (2 para la pata superior y 
2 para la inferior 

El agujero central de cada disco, соп 
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Fi. 20. Introducción del tubo de cola del torpedo 
dentro del ducto cuadrado previsto en e cento del 
ойо superior de la base piramidal 


diámetro de 4 pulgadas (unos 102 mi- 
limetros), se utiliza durante el proceso 
de fijación de las costillas. La carreta se 
introduce en un tubo redondo fijado al 
piso, de 4 pulgadas de diámetro externo, 
y se fja a la altura adecuada para la 
hechura de la armazón del plato, tal 
сото veremos таз adelante. 


BASE PIRAMIDAL O TORRE DE 
ANCLAJE DEL SISTEMA 


Esta torre es una pirámide trunca de 
2,50 metros de altura, con base cua- 
drada de 120 centímetros por lado. La 
parte superior termina en un cubo de 50 
centímetros por lado. Se puede hacer 
con perfil de hierro en ángulo recto de 3 
pulgadas de ancho, y espesor de 1/4 de 
pulgada. En el centro del cubo superior 
se suelda un tubo cuadrado de 5 pul- 
gadas por lado y una longitud de 50 
centímetros, hecho con ángulos de hie- 
rro, tal como se muestra en la figura 20. 

En este ducto se introduce la porción 
del tubo de 4 pulgadas de diámetro que 
sobresale del extremo inferior del tor 
pedo, con el fin de que sirva como so- 
porte y pivote de rotación cuando haya 
‘que girar el torpedo para orientar correc- 
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tamente la antena durante su instala- 
ción. Por facilidad en la consecución del 
material, el ducto cuadrado para pivote 
del torpedo sobre la base piramidal, se 
puede hacer con 4 trozos de perfil de 
hierro en ángulo recto de 2,5 pulgadas 
por lado y 50 ems de largo. 


EJE POLAR PARA CAMBIO DE 
LATITUD DE LA ANTENA 


Como ya se explicó, el eje polar es el 
que permite al plato explorar la órbita de 
los satélites estacionarios. Mediante un 
eje de hierro y dos tensores con rosca se 
fia al torpedo, y mediante un par de 
chumaceras o bujes de hierro fundido se 
une al marco soporte que agarra las 
contracostilas de la estructura del plato 
parabólico. Cada chumacera tiene una 
сапа! o ranura interior para conservar la. 
grasa lubricante, y dispone de un par de 
aletas con huecos para su fijación con 
tornillos al aro circular o marco hexago- 
nal que sirve de base al plato. Estas 
chumaceras deben ser robustas y fuer- 
tes, buscando también que su costo по 
sea muy айо. 


HAGAMOS EL TORPEDO 


Se construye con ángulo de hierro de 
5 pulgadas de ancho y 3/8 de pulgada de. 
espesor, para que forme un ducto cua 
drado de 5 pulgadas de lado y 150 
‘metros de largo. En el extremo inferior 
se le suelda una platina circular de hierro. 
de 50 centímetros de diámetro y 3/8 de 
pulgada de espesor, a la cual se le hacen 
unas perforaciones de anclaje y de 
rotación, como se ve enla figura 21 , para. 
que permita hacer los ajustes de posi- 
cionamiento horizontal de la antena 
(grados de azimut) 
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Fig. 21. Torpedo colocado on la estructura de 
anclaje. Observe en la base crearlas ranuras para 
los torilos de aseguramiento. Tales ranuras per- 
miten hacer ajustes en los grados de azimut de la 
orientación. de a antena. El ото movimento, ol de 
lattd o elevacón del plato, se hace sobre el eje 
polar, 


Por su centro se incrusta un tubo de 
50 cms de largo por 4 pulgadas de diá- 
metro (unos 102 milimetros), del cual se 
dejan afuera unos 30 centimetros para 
introducción al ducto central en el cubo 
superior de la torre piramidal de anclaje 
del sistema. 

Al extremo superior del cuerpo del 
torpedo se fijan con soldadura dos plat 
nas gruesas de 3/4 de pulgada, o tam- 
bién dos trozos de viga en U de 12 
pulgadas de ancho, para formar la hor- 
аца o tenedor que habrá de soportar al 
eje polar. 


HAGAMOS UNA PAUSA 


Tenemos ya armada la torre, el pivote 
central que sirve para el movimiento del 
azimut y el eje polar que nos da la 
inclinación de latitud (declinación) del 
plato. Nos falta armar la antena en el 
suelo y después izarla y armar sobre el 
pedestal todo el conjunto. 


A estas alturas, ya usted debe 
llevar un buen trabajo a cuestas, que 


Fig. 22. Preparación del sje polar. Observe al fondo 
algunos segmentos de los aros tubulares de al 
minio destinados а uni y sostener las puntas de as 
costas (el borde del plato parabolic). También se 


pueden sprecar los equipos de soldadura y el 


para pruebas dels elementos del sistema i 
$u despacho hacia el siio де acon definiva. 


lo tiene doblegado, que le ha tomado 
un año de su tiempo, que tiene a 
punto de enloquecer a su esposa y 
familiares, que le ha costado una 
pequeña fortuna, y que, según sus 
cuñados maledicentes, no va a servir 
para "maldita sea la cosa" 


¡Déjelos que rajen!... Mientras no 
lo hayan metido al manicomio, usted 
todavía tiene campo de acción. Si se 
le acabó la plata, procure vender la 
chatarra como "Monumento a la Vida" 

Ahora están de moda esas vainas! 


PLATAFORMA PARA ARMAR LA 
ANTENA 


Se supone que ya usted tiene debi- 
damente soldadas las 24 costillas de su 
antena. Falta pegarias al carrete central, 
соп sus puntas o bordes del plato lo más 
а nivel posible, para posteriormente 
proceder al cubrimiento con la malla de. 
aluminio y obtener de esa manera la 
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Fig. 23. Mecanismo completo para os movimientos 
de azimuty de elevación de la antena: Torpedo, eje 
Polar y hoxágono para aseguramiento del pao 


superficie del espejo parabólico. 

"Algunos fabricantes optan por armar 
el plato boca arriba, pero nosotros lo 
haremos boca abajo, ya que, en nuestra 
opinión, resulta más fácil el procedi- 
miento de fijar las costillas al carrete 
central y conseguir que sus puntas peri 
féricas queden a igual distancia del 
centro y niveladas exactamente sobre el 
plano que pasa por la boca del plato. 

Dicho de otra manera, la precisión de 
la curvatura del espejo parabólico de- 
pende de la colocación de las costilas 
que lo forman. Estas deben quedar a 
igual distancia una de otra, y sus puntas 
deben tener la misma altura con respec- 
to a un plano perpendicular al eje de 
Simetría, además de eguidistar del cen- 
tro del plato. 

Para armar el reflector parabólico de 
una antena se puede pensar en colocar 
primero el carrete central del plato sobre 
un andamio, al cual se le van aseguran- 
Чо luego cada una de las costillas, pro- 
curando que sus puntas queden a igual 
altura de una cierta referencia. Pues 
bien, como lo ideales que las herramien- 
tas improvisadas y la experiencia adqui- 
rida siva para la fabricación de una 
segunda antena, la del cliente que está 
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Fi. 24 En induct Suridorseimprovsóuna base 
де armado de antenas en un piso bien nivelado. y el 
poste central se soldó а una plaina circular 
Brevamente anclada en el piso. 


dispuesto a pagar su valor, en lugar del 
andamio sugerimos clavar en el piso un 
poste o tubo en el cual se pueda introdu- 
cir el carrete y dejarle fo a la altura o 
profundidad de la parábola que hemos 
diseñado. 

Para nuestra antena de 6.50 metros 
де diámetro, el borde inferior del carrete 
debe quedar suspendido a 1,035 metros 
dol piso o del plano de referencia en el 
que quedan puestas las puntas de las 
costilas. Esta medida resulta de restar el 
grueso del disco (aproximadamente 12 
milímetro) a la profundidad calculada 
para la antena (1,047-0,012 = 1,035) 

El poste puedo ser un tubo de hierro 
де unos 2 metros de largo y 4 pulgadas 
de diámetro externo, de forma tal que el 
carrete no entre forzado ni demasiado 
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Fa. es César Loaiza, propietario de Industias 
Surry hermano do Felipe Loaiza, un colaborador 
de esa revata en la sección de computadores y 
actualización de tecnologia, señala а алй de ope 
Para apoyo del carte central del plato. 


flojo. Al fjarlo al piso con cemento se 
debe utilizar una plomada para verificar 
que no quede inclinado. El tope para 
recorrido del carrete al entrar puede ser 
un anillo metálico en el poste, 
desplazable y de aseguramiento con 
tomillo. 

En cuanto al apoyo para los extre- 
mos de las costilas, es conveniente 
evitar que sea directamente el piso del 
local, ya que raramente se le encuentra 
bien nivelado y nos puede causar defor 
mación de la estructura parabólica del 
reflector. Lo ideal es clavar 24 pilotes 
para referencia de altura y de posición 
puestos sobre una circunferencia de 
6,50 metros de diámetro y nivelados con 
la ayuda de una manguera transparente 
llena con agua. 


Tubo de unas 6 pulgadas de largo y 4 de diâmetro 


Fig. 26. Un posible diseño del plot para la base de colocación de puntas де costas durante la construcción 
del armazón dal pato. Consta de un trozo de tubo de hierro dentro del cual se coloca un tomilo grande y e 
cabeza plana. La tuerca del ото se sueida con varas еп el сеп del tubo, de forma tal que el tornilo se 
pueda bajar o subir como el émbolo en un galo Огайо para carro. La canal en la parte superior del tubo es 
ara que sia de guia a la punta de а costila. Se colocan 2o lomilos laterales para aprisionar е отаю de 
ajuste de altura, una vez que se ha puesto su tope al mismo nival horizontal de os otros pilotes. En l dibujo 
dela derecha tenemos una vata superior de la ubicación de os 24 pices, lavados en agujeros hechos al piso, 
asegurados con platings laterales y un poco de cemento. 


Dichos pilotes deben ser hechos de función básica de los pilotes es propor- 
forma tal que se les pueda subir y bajar cionar un plano nivelado y perpendicular 
(Para los ajustes finos durante la insta- — alposteenelcual se fija el carrete central 
lación), y deben quedar uniformemente para las costillas del plato, permitiendo 
repartidos a todo lo largo de una misma que podamos armar la antena en pisos 


circunferencia de 6,50 metros de diá- по cementados o con inclinaciones 
metro (o de la medida que haya usted severas. 
dado a su antena). Segün sus capacidades para la 


Para finalizar, es muy práctico pegar mecánica, usted puede hacer de muy 
sobre cada pilote un trozo de platina con diversas maneras los pilotes, siempre 
una abertura en U, la cual sirve de tope ^ buscando que la altura del tope sea fácil 
físico para las puntas de las costilas y ёе ajusfar durante la nivelación de cada 


las mantiene en su lugar mientras se uno con el correspondiente en el otro 
colocan los 2 ó 3 aros tubulares de extremo del diámetro, y con los dos 
aseguramiento de la estructura. adyacentes. Ademas, su aseguramiento: 


al piso debe ser resistente al rajnar de 
las personas y alos golpes que pudieren 

IDEAS PARA LA FORMA YLA recibi 
COLOCACIÓN DE LOS 24 PILOTES Un método sencillo para hacer en 
forma económica la base de pilotes 
Сото ya lo mencionamos antes, a consiste en lo siguiente: En el piso de 
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фета и ого material se dibuja una cir 
cunferencia que tenga 6,50 metros de 
metro, mediante un trozo de alambre 
de 325 metros de longitud, fijo por ex 
tremo a un punto en el piso y que tenga 
un punzón o un lápiz en la otra punta. 

Para dividir la circunferencia en 24 
partes iguales utilizamos también el 
mismo alambre anterior, para aplicar la 
propiedad geométrica segün la cual el 
lado del hexágono regular inscrito es 
jal al radio de la circunferencia 
'cunscrita, procediendo de la 
siguiente manera: Ponga un clavo en un 
punto cualquiera de la línea de la 
circunferencia y asegure alí el ojal del 
extremo del alambre usado como centro 
de la circunferencia durante su dibujo en 
el piso. Tomando al clavo como eje de 
giro, y estirando bien el alambre, señale 
соп el lápiz o punzón los 2 puntos de 
intersección con la circunferencia. 

Ponga ahora un clavo en cada 
intersección y repita la operación hasta 
señalar seis veces el radio. 

Si se dividen las cuerdas AB, BC 
y FA, en dos partes iguales, la circunte- 
rencia resultará dividida en 12 partes 
iguales, y uniendo los puntos de división, 
зе obtendrá el dodecágono regular. Por 


Fig. 27. Método para divi ia circunferencia en 
panes iguales. 
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Fg. 28. Del centro del pilote, o marcado posiién de 
punta de costila, al cento del poste portacarrete 
bebe haber 325 metros. 


último, se trazan radios que dividan en 
dos partes iguales cada lado del poligo- 
по (o cuerda del arco resultante), con lo 
cual se completa la operación. Ver la 
figura 27. 

Сото ya lo puede haber deducido, el 
mismo resultado se hubiera obtenido si 
en lugar del alambre con longitud igual al 
radio (3,25 metros) hubiésemos em- 
pleado un compás o un palo con 2 clavos 
marcando una distancia igual a la cuarta. 
parte del radio (aproximadamente 81,2 
centímetros). Lo importante es verificar 
y corregir los resultados finales para 
obtener en la circunferencia 24 puntos 
equidistantes. 

Utilizando como centro cada punto 
obtenido, dibuje en el piso 24 circunfe- 
rencias de unos 20 centímetros de diá- 
metro, las cuales le servirán posterior 
mente como guía de referencia para la 
correcta ubicación y centrado de los 
pilotes en el punto que les corresponde, 
ya sea porque usted los fije con cemento 
еп huecos abiertos en el piso, o porque 
decida anclarlos mediante aletas solda 
das a los lados de cada tubo. 

La distancia real del centro del pilote 
al centro de la circunferencia del plato 
depende de la forma que usted haya 


Manguera transparente con agua. 


— 


Fig. 29. La manguera con agua es una de as principales herramientas que tienen los albañiles para disponer 
е dos puntos de referencia дие siempre están а un mismo nivel: el tope de las 2 columnas de agua en юв 
estemos verticales, Suba о baje os pots, o su tornilo d ajuste, hasta que coincidan con el nv del agua, 
El plano agrario que pasa pore punto de apoyo de os 24 pilotes resulta completamente horizontal, aunque 


а piso estê incnado. 


escogido para señalar el tope o posición 
de la punta de la costilla, la cual debe 
caer exactamente sobre la circunteren 

cia de 6,50 metros de diámetro (radio 
igual a 3,25 metros). Simplemente por 
indicar un método sencillo, haga huecos 
redondos de aproximadamente 15 cen- 
timetros de diámetro y 20 de profundi- 
dad en los sitios para los pilotes. Llene 
cada uno con barro o arcilla no muy 
blanda, y coloque encima un disco o 
trozo de madera con diámetro cercano a 
los 10 centímetros. 

Mediante el empleo de una mangue- 
rade nivelación, tal como se ilustra en la. 
figura 29, y teniendo en cuenta las cir- 
cunferencias auxiliares para localiza- 
ción de la posición del pilote, quite o 
agregue arcilla hasta lograr en el topo de 
la madera la altura y horizontalidad 
deseada. 

Cuando ya esté seguro de tener en 
forma correcta los discos de madera, 
puede proceder a hechar un poco de 
cemento por los lados para evitar que se 
muevan. Cuando hayan afirmado, mar- 


‘que o haga en ellos alguna forma de tope 
para apoyo de las costillas, tal como 
clavando encima cualquier trozo de 
perfil de hierro o de aluminio. 


APUNTES FINALES ACERCA DEL 
PLATO 


Una vez hecha la plantilla de pilotes, 
se clava el tubo de 4 pulgadas de 
diámetro, que hemos previsto en el 
centro de la circunferencia, como 
andamio o poste de anclaje provisional 
para el carrete central del reflector 
parabólico. Luego se introduce en el 
poste el aro de apoyo para el carrete 
central, a la altura o profundidad de la 
parábola, contando a partir del plano de 
nivelación de los pilotes. Se introduce 
luego el carrete y se ponen en su sitio 
una a una las 24 costillas. Los agujeros 
para su fijación se hacen en el mismo 
momento del armado, aprovechando 
сото plantila los huecos hechos con 
anticipación en los discos del carrete. 
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Cante central del plato 


Terminado de fijar las costillas, se 
continúa con la postura del aro tubular 
del borde del plato, apoyándolo sobre 
una escala que previamente se deja en 
el extremo de las costillas. 

Opcionalmente, para darle mayor 
resistencia mecánica a la estructura del 
plato en zonas de vientos fuertes, reco- 
mendamos introducirle al aro exterior un 
cable de acero, algo más grueso que el 
utilizado para frenos de bicicleta, el cual 
templamos tirando de sus dos extremos 
mediante un tensor mecánico del tipo de 
tornillo. Esto nos ayuda también a unir 
los 4 segmentos que conforman dicho 
aro, pues recordemos que su longitud es 
de aproximadamente 20 metros (Peri- 
metro de la circunferencia = 2pR). 

El aro exterior se hace con tubo de 
aluminio de 7/8 de pulgada de diámetro 
externo. Para el empate de cada 2 seg- 
mentos se utiliza un trozo de tubo con 
diámetro interno aproximado a 7/8 de 
pulgada. Las puntas de segmentos de 
aro se introducen en el tubo de unión y se 
fijan a éste mediante tornillos golosos no 
muy largos (recuerde el cable de acero). 
Los dos o tres aros interiores son más 
cortos a medida que se acercan al centro 
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Fig. 31. Los aros para amare de cosilla, y el 
hexágono para soporte de plato, se ponen cuando 
hayan sido colocadas todas las cosillas. En la foto 
е muestran 280 sobre 4 costas, а modo de 
lemplo. 


del plato. Se pueden hacer con tubo de 
3/4 de pulgada de diámetro. Ver la figura. 
15. 


Si usted está planeando dedicarse a 
la fabricación en serie de antenas, es 
conveniente que haga un aro plantilla 
que tenga algunos topes o guías para la 
repartición equidistante de las costilas, 
y que tenga también las perforaciones 
adecuadas para marcar o hacer los 
correspondientes agujeros en cada una 
de las costillas, los cuales servirán pos- 
teriormente para fjar los aros definitivos. 
Cada tope en el aro puede ser un trozo 
de platina con forma de letra U invertida, 
де forma tal que sus patas "agarren" la 
costilla cuando el aro se coloque encima 
de la estructura del plato. El tope se 
puede pegar con remaches "pop". 
Cuando haya terminado la fijación de 
todas las costilas al carrete central, 
coloque sobre ellas el marco cilindrico о 
de forma Hexagonal, que se utiliza para 
fijación del plato al eje polar. Verifique 
que se apoye bien sobre cada una de las 
costillas, ya sea directamente o ponien- 
do calzas de lámina de aluminio donde 
hagan falta. Ya está terminado el plato 
de la antena, pero debemos desarmarlo 


Fig. 32. Detalle del disposiwo para a cüspide del 
tripode empleado para soporte del alimentador de 
microondas y el LNA, hecho en fundición de 
Aluminio. El disco se perfora en el centro para dar 
paso aleje de ajuste focal ydo polarización. En cada 
tna de las res copas se introduce un tubo redondo, 
de largo suficiente para que la sonda del велот 
quede en el punto focal del reflector parabólico. 
Usted puede diseñar su propia manera de fare 
conjunto alimentador: Con un tubo, con cuatro, ele. 


para llevarlo de manera fácil y segura al 
sitio de la instalación definitiva. Antes de 
proceder a ello, marque cada una de las 
piezas con alguna señal que le permita 
luego volver a poner todo como estaba. 
Por ejemplo, utilice parejas de letras 
iguales (A-A, B-B, elc.) para cada dos 
piezas que deban ir juntas, y marque las 
costillas con números del 1 al 24, comen- 
zando por la que está dirigida hacia el 
morte (esto es opcional. Se hace para 
tener también una referencia de posi- 
ción con respecto a los pilotes, para 
alguna comprobación futura). 
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Fig. 39. Vista lateral del plato de antena ya armado. 
Observe los aros de acon de las costas yl perti 
Se aluminio, en forma de letra L puesto rededor del 
borde de la mala, para dar mejor acabado a la 


La malla de aluminio se corta en el 
taller, en forma de pétalos de flor, pero se 
fija a la armazón del plato sólo en el 
momento de la instalación definitiva de 
la antena. Para ello se utilizan remaches 
рор". No coloque las porciones de malla 
que tengan arrugas о deformaciones. 
Evite al máximo los empates. 


SUGERENCIAS PARA ARMAR 1А 
ANTENA EN EL SITIO DEFINITIVO 


Instale la torre de anclaje (base pi 
ramidal) sobre la base de concreto, de 
forma tal que el eje de rotación del plato 
(que hemos llamado eje polar en este 
artículo) quede apuntando hacia los 
polos norte y sur geográficos. 
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Fig. 34. Vista completa de la antena que hemos 
armado con base en las indicaciones de este 
элеше. 


Los detalles relacionados con la 
orientación de la antena hacia los 
satélites se explican en otro artículo de 
esta misma revista. 


Coloque el torpedo, el eje polar y el 
marco hexagonal (o anilla) para soporte 
де la estructura del plato. Ver las figuras 
12y23. Ahora, utilizando un andamio de 
tubos de hierro, de los empleados рага 
construcción de casas, dos personas 
pueden comenzar a poner las costilas y 
ei carrete central. En otras palabras, el 
plato se arma directamente sobre la 
torre de anclaje, y no en el piso, para 
evitar el empleo de una grúa para su 
elevación. Finalizada la estructura, se 
procede a la colocación de los pétalos 
hechos con la malla de aluminio. Los 
técnicos de Industrias Surtidortardan un 
poco más de 3 horas para toda la opera: 
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AJUSTE DEL ALIMENTADOR. 


Verificar cuidadosamente que el sis- 
tema de alimentación esté centrado y 
ubicado a la distancia focal correcta. En 
otras palabras, la parte visible de las 
patas del trípode, por encima de la su- 
perticie reflectora del plato, deben tener 
igual longitud. Además, la guia de ondas 
debe apuntar exactamente hacia el 
agujero del carrete central que une las 
costillas. Para los ajustes finos de ali- 
neamiento puede utilizar los cables ten- 
sores opcionamente agregados entre la 
‘cola del conjunto alimentador (feed- 
horn) y las patas del trípode. Ver figura 3. 


COMPONENTES ELECTRÓNICOS 


En implementos de este alto grado 
de tecnología, prácticamente todos los 
componentes y todas las marcas son 
buenas, pero sugerimos la siguiente lis- 
ta de elementos, los cuales se pueden 
comprar directamente en almacenes 
especializados del exterior, o por inter 
medio de Industrias Surtidor: 


1-Guía ondas o cuerno alimentador 
(Feed Hom). Marca Chaparral 
Modelo PR-1. Cuesta unos US$50 
dólares. 

2-Amplficador de señales de bajo ruido 
(LNA). Los de 50 grados Kelvin o 
menos son los mejores. Ya se 
consiguen de 35 grados, que dan 
una ganancia altísima. (Hytek o 
California, con un valor de US$150 
dólares). 

3-Convertidor de frecuencia en bloque 
(BDC: Block Down Converter), de 
la misma marca del receptor de 
señales (Anderson, DX, Sartron, 
elc.). Cuesta alrededor de los US$60 
dólares. 


4-Cable coaxial tipo RGSS entre el BDC (USS180), y el VideoCipher, un 

y el receptor. aparato que permite ver los canales 
S-Receplor de señales, de cualquier de televisión que el satélite reemite 

marca, preferible con Decodificador еп forma codificada. (US$350). 

de Señales y control de movimiento 

de la antena. Los IRD (Integrated 

Receiver £ Decoder) son el tipo 

más usual. Los mejores tienen 

sonido estéreo. Su precio máximo no 

llega a 81000 El más barato es el 

580-4000 que vende Echostar en 

Miami, el cual recomendamos 

ampliamente. Su precio (US$650) es 

muy razonable. Con dicha firma se 

pueden conseguir también los 

actuadores marca Saginaw de 24 

pulgadas, para mover la antena y 

orientaria hacia los diversos satélites 
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Кайо рага ЕМ 


Escuche las transmisiones 
de radio en Frecuencia 
Modulada, en un receptor 
hecho por usted mismo. 


Por Luis Eduardo Valencia M. 
Instructor en Сай, Colombia, del 
CENTRO DE CAPACITACIÓN POPULAR PARA ADULTOS 


Este receptor superheterodino está diseñado para captar 
estaciones de FM en la banda comercial, de 88 MHz a 108 MHz. 


GENERALIDADES 


El receptor de FM, al igual que uno 
де AM, utiliza el sistema de heterodi- 
nación o suma de frecuencias en la 
parte del sintonizador, y consta de los 
siguientes bloques: 


1- ANTENA: Es una sonda telescópi 
са о ип conductor eléctrico de unos 
72 centímetros de largo, encargado 
de convertir en señales eléctricas 
un cierto rango del espectro de 
ondas electromagnéticas intercep- 
tadas. La longitud determina la re- 
sonancia, y está escogida para 
captar especialmente con mayor 
fuerza la porción en la que transmi- 
ten las emisoras comerciales de 
Frecuencia Modulada: 88 a 108 
MHz. Las señales de la antena se 
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Fi. 1. Figura en bloques де un receptor de radi en la banda de ЕМ. 


entregan al amplificador de radiotre- 
cuencia (RF), el cual aumenta su 
amplitud y las pasa al circuito mezcla- 
dor. 


2- AMPLIFICADOR DE RF.: Se encar- 
ga de aumentar la amplitud (voltaje) 
de las señales provenientes de la 
antena, las cuales dirige luego hacia 
la sección del circuito mezclador. 


3-OSCILADOR LOCAL: Genera una 
onda de frecuencia fija, usada en el 
circuito mezclador para hacer un bati- 
do con las señales de radiofrecuencia 
amplificadas, proceso del cual se 
obtienen varias seňales, equivalentes. 
alasumao ala diferencia de frecuen- 
cias entre el oscilador local y las sef: 
les variantes de la emisora. La infor- 
mación musical o de voz queda prác- 
ticamente igual en la envolvente suma 
© enla envolvente diferencia, pero por 
facilidad en el manejo se ha optado 
por procesar la diferencia en los re- 
ceptores de FM y de AM, porción que 
зе extrae mediante un circuito sintoni- 
zado. Pordiseño, el oscilador se corre 


n 


en frecuencia a medida que movemos 
la perila de sintonía de emisoras, de 
forma tal que el promedio de la seal 
diferencia en la salida del mezclador 
sea siempre igual a 10,7 MHz, cifra a 
la que se denomina Frecuencia In- 
termedia (IF, en inglés). Las variacio- 

nes por encima y por debajo de la 
frecuencia intermedia corresponden 
ala información propiamente dicha, а 
que nos interesa recuperar, y se han 
calculado para que no sobrepasen los 
200 KHz entre los extremos máximo y 
mínimo, rango al que se llama Ancho. 
de Paso de Banda. (Para los recepto- 
тез de AM, la frecuencia intermedia es 
455 KHz, y el ancho de banda es 10 
кнг) 


4- MEZCLADOR: Es la etapa que com- 
bina la señal proveniente del ampli- 
ficador de radiofrecuencia y la que 
viene del oscilador local, para que, al 
hacer un batido o mezcla de las dos 
señales, se produzca una tercera 
señal con portadora en frecuencia 
intermedia, que en el caso de los 
receptores de FM es de 10,7 MHz 
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Fig. 2 Circuito para Control Automático de Frecue- 
cia (CAF, о AFO, өп ingis) 


Esta señal de frecuencia intermedia 
es la resta de las dos señales. Tam- 
bién se genera otra frecuencia, 
equivalente a la suma de las dos 
señales, pero no se utiliza. 


5-FRECUENCIA INTERMEDIA: Es la 
sección que se encarga de amplificar 
las señales de 10,7 MHz provenientes 
del mezclador. Consta de dos etapas 
sintonizadas, de forma tal que se 
fitren y eliminen por completo las 
posibles. interferencias о señales 
indeseadas correspondientes a otras 
emisoras con diferente frecuencia de 
sintonía, 


6-CONTROL AUTOMÁTICO DE FRE- 
CUENCIA (AFC, en inglés): Es un 
circuito que mantiene constante la 
frecuencia del oscilador local, para 
evitar su corrimiento durante la 
escucha de una misma emisora. 


7-DEMODULADOR: Se le conoce 
también como Detector de relación. 
Es el circuito encargado de extraer la. 
señal de audio de la señal de 
radiofrecuencia, 


8-AMPLIFICADOR DE AUDIO: 
Aumenta la potencia de la señal de 
audiofrecuencia que ha sido obtenida. 
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por el circuito demodulador, para 
poder accionar al parlante. 


9- FUENTE DE ALIMENTACIÓN: Es el 
circuito que suministra а cada una de 
las secciones el voltaje regulado re- 
querido, libre de "zumbido" o rizado 
(оре) 


PROCESO DE LA SEÑAL 


La señal captada por la antena es 
transferida al circuito sintonizado 
formado por L1 y C. Este circuito que es 
Че bajo O, es decir de sintonía no muy 
crítica, pasa la seňal captada, por medio 
del condensador C2, al emisor de Tri 
Este transistor opera como un 
amplificador de RF, utilizando la 
configuración de base común. Observe 
que el circuito tanque, encargado de 
seleccionar la estación deseada, se 
encuentra incorporado en el colector de 
I transistor Tr1, y está constituido por la 
bobina L2, el condensador fijo CS, el 
condensador variable Cv y el trimmer 
Ctt (condensador variable de ajuste 
fino, mediante destornillador) 

A la frecuencia de resonancia apa- 
rece una alta impedancia, de modo que 
sólo se amplifica aquella señal de esta- 
ción correspondiente a la frecuencia 
sintonizada. Supóngase que se ha ele 
gido una emisora que transmite la banda 
de señales con una portadora de 88,5 
MHz. Mientras éstas pasan a las etapas 
siguientes, las demás frecuencias son 
atenuadas. 

La seňal que pasa por circuito 
sintonizador, se acopla a través del 
condensador C6 al emisor de Т2, 
transistor conversor también en modo 
de base común, 


El circuito conversor cumple las 
funciones de mezclador y oscilador al 


Fi. 3. Radio para FM. 
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Fig. 4. Tamaño real de la tarjeta de circuito impreso, la cual se 
puede solictr por correo al ador de este articulo. 
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mismo tiempo. El circuito oscilan 
te incluido en el colector de Tr2, lo 
constituyen el condensador fijo 
C13, el condensador variable 
Суд, el trimmer C12 y la bobina L4. 
La oscilación generada por este 
circuito es aplicada al emisor del 
transistor por medio de C9. La 
oscilación ya amplificada por el 
transistor se realimenta nueva- 
mente al emisor del mismo tran- 
sistor por medio de D1, mante- 
niéndose la onda continua. 

El emisor de este transistor 
recibe, pues, dos señales: una que 
ез la de 88,5 MHz que habíamos 
tomado por ejemplo, y la otra es la 
del oscilador local, que para el 
caso debe ser de 99,2 MHz. El 
transistor mezcla estas dos seña- 
les y obtiene la frecuencia inter 
media FI (IF) en el circuito sinto 
nizado del lado primario del trans- 
formador Т1. Este último circuito. 
es la carga para la frecuencia de 
10,7 MHz, y el circuito tanque es la 
carga para la frecuencia de 99,2 
MHz. 

Es bueno recordar дие que la 
portadora de FI contiene la misma 
característica de información cor- 
respondiente a la emisora sintoni- 
zada, sólo que las frecuencias han 
sido disminuidas en valor, y que, 
cada vez que se sintonice otra 
emisora, la frecuencia del oscila- 
dor local también cambia, para 
mantener siempre la diferencia de 
10,7 MHz. 

La bobina L3 y el condensador 
C8 constituyen un circuito trampa. 
para la frecuencia de 107 MHz, 
para evitar que la seňal de FI se 
devuelva hacia el emisor y pro- 
duzca una oscilación parásita. 
Siendo una trampa LC en serie, 


Fig. s Vista por el lado de los componentes. 


presenta una baja impedancia a esta fre- 
cuencia, loque hace que la señal de 10,7 
MHz se vaya a tierra. Por el contrario, 
este circuito presenta una alta impedan: 
cia tanto para la señal de la estación 
sintonizada como para la onda continua 
del oscilador. 
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La sefial de frecuencia intermedia es 
acoplada desde el secundario del trans- 
formador T1, a través de C14, al emisor 
de Trà, que es el primer amplificador de 
frecuencia intermedia. La señal amplifi- 
cada, es transferida a la base de Tr4 рог 
medio del circuito sintonizado (transfor- 
mador T2) que tiene el colector de ТЇЗ. 
Observemos que C4, C11 y C15 desa- 
Coplan las bases de sus respectivos 
transistores. Para lo que tiene que ver 
соп la descarga de señales, el positivo o 
el negativo de la fuente actúan de mane- 
ra similar. 

Eltransistor Tr4 es el segundo ampli- 
ficador de frecuencia intermedia. La 
señal que recibe por base sale amplifi- 
сада por el colector, que también está 
sintonizado a 10,7 MHz. Los condensa: 
dores C19 y C21 son para desacopla- 
miento, 

Una vez que la señal de frecuencia 
intermedia ha sido amplificada a un nivel 
adecuado, pasa a la siguiente etapa, 
que es el demodulador. 

Los diodos 04 y DS forman parte del 
circuito detector de relación, el cual 
convierte la señal de frecuencia inter- 
media (modulada en frecuencia) en una 
señal de audio. Los componentes R20, 
C24, R21 y C25 constituyen fitrosde alta 
frecuencia, y al formado por C23, R22 y 
R23 se le conoce como limitador diná- 
mico de amplitud, por el alto valor de su 
constante de tiempo. La tensión entre 
los extremos de C23 varía en forma 
lenta, lo que hace a este circuito inmune 
allas rápidas variaciones de amplitud en 
la señal de radiofrecuencia, mantenién- 
dose un valor promedio de tensión prác- 
ticamente constante, 

Al secundario del transformador T4 
llegan dos señales de frecuencia inter- 
media con diferencias de fase. Una de 
las señales le llega por inducción, y la 
otra le es aplicada directamente a la 
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derivación central, que le sive como 
referencia, de tal forma que en los extre- 
тов del secundario, cátodo de D4 y 
ánodo de DS, aparecen tensiones de 
señal con respecto a la derivación cen 
tral de dicho secundario, las cuales 
dependen de la frecuencia de la señal 
comparada (frecuencia central o tre 
cuencias laterales). La corriente que 
pasa por los diodos es, pues, función de 
la frecuencia. 

Las variaciones de tensión, o sea la 
seňal de audiofrecuencia, se aplica al 
control de volumen Vri a través de R19 
y C26. El condensador C27 es el encar- 
gado de acoplar la seňal de audio al 
Circuito integrado LA4100, que amplifica 
la sehal de audio a un nivel adecuado 
para ser entregada al parlante por inter- 
medio de C38. 

En el receptor se incorpora también 
un circuito llamado Control Automático 
de Frecuencia (CAF). Su funciona- 
miento se basa en el diodo varactor о 
varicap D2, y su finalidad es mantener 
fija la frecuencia del oscilador. 

Observe la figura 2. Si consideramos 
a D2 como un condensador de capa- 
cidad variable, puede verse que éste 
influye, junto con C12, en la frecuencia 
del circuito oscilador, ya que están en 
paralelo con el circulto sintonizado del 
oscilador (parte también denominada 
"tanque". 

Е diodo varicap se polariza inversa- 
mente, lo cual significa que presenta 
menor capacidad a medida que se le 
aumenta la tensión inversa, y viceversa. 
El varicap D2 tiene conectado el cátodo 
a masa, mientras que al ánodo se le 
aplica una tensión de control (normal 
mente negativa) tomada de la unión de 
R19 y C26, que es filtrada por C20, R15, 
C16y R9. Una vez que se ha sintonizado 
una emisora, si la frecuencia del oscila- 
dor se desplaza del valor adecuado, 
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Ре. 6. Надо de FM en circuito impreso. 


entonces la tensión de control también 
чапа. Este cambio de voltaje entre los 
extremos de D2 ocasiona un aumento о 
disminución de su capacidad, lo cual, a 
su vez, modifica la capacitancia total del 
circuito oscilador. Por consiguiente, el 
varicap D2 corrige automáticamente el 
cortimiento inicial de frecuencia, mante- 
niéndola en un valor constante. 


ARMADO DEL RECEPTOR FM 


Si usted instala de manera desor- 
denada los componentes sobre la tarjeta 
де circuilo impreso, es muy posible que 
cometa una equivocación y luego no 
pueda saber fácilmente en cuál sitio está 
el error. Para evitar contratiempos, le 
recomendamos un procedimiento lógi- 
со, por etapas, las cuales se pueden ir 
verificando a medida que se ensamblan, 


1-PASO: Armar la fuente de alimenta 
ción y asegurarse de que esté entregan- 
do el voltaje adecuado. 


2-PASO: Colocar todos los componen: 
es del amplificador de audio. Revisar 
que hayan quedado en su sitio y aplicar 
una sefial en los extremos del control de. 
volumen Rv1, la cual se deberá escu- 
char en el parlante. Si no tiene inyector 
de sefiales, puede tocar con su dedo la 


patilla del cursor del control. Verificado lo 
anterior, mida las tensiones en los ter- 
minales del circuito integrado LA4100. 


3-PASO: Armar la etapa del detector de 
relación y la de frecuencia intermedia, 
incluyendo el condensador variable, el 
condensador C13, la bobina 14 y el 
diodo D. Puede colocar primero los 
transformadores T1 a T4. Sigue luego 
con los transistores Tr3 y Tr4, las resis- 
tencias, los condensadores, los diodos y 
bobina. 

Una vez montados todos los elemen 
tos de las etapas mencionadas, compro- 
bar las tensiones en los transistores. Por 
ejemplo, si no aparecen los voltajes 
adecuados en los colectores, revisar la 
tensión que entrega la fuente de alimen 
tación por intermedio de R24 y los bobi- 
nados primarios de T2 y T3. 

Cuando se hayan obtenido los volta- 
jes correspondientes, se debe aplicar al 
transformador T1 una señal de 10,7MHz 
modulados con 1KHz, mediante un 
generador de señales de radiofrecuen- 
да, con el fin de calibrar en su punto las 
ferritas de ajuste en cada una de las 
etapas sintonizadas de frecuencia inter- 
media. El punto óptimo es cuando en el 
parlante se escuche a un máximo volu- 
men la señal moduladora, teniendo una 
señal de entrada en mínima magnitud. 

Sino tiene ala mano un generador de 
radiofrecuencia, utilice el método de 
sustitución de señal, el cual consiste 
еп extraer la señal de 10,7 MHz de otro 
receptor FM funcionando en condicio- 
nes normales, la cual se aplica al recep- 
toren prueba de la siguiente manera: En 
el receptor usado como patrón de cali- 
bración, el cual se hasintonizado previa- 
mente en una emisora que se escuche 
perfectamente, se extrae la señal del 
borne superior del secundario del primer 
transformador de FI, y se le aplica en el 
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Fig. 7. Vista posterior del circuito impreso del rado. 
para FM, 


mismo punto al receptor experimental, 
mediante un condensador de 1000 pico- 
faradios y un cable blindado, en sere. 
Recuerde que la línea de bindaje del 
cable debe unir las masas o tierras de 
ambos receptores. En este momento 
debe escucharse (aunque sea débil- 
mente) la señal de la emisora en el 
receptor experimental, al que se le harán 
los ajustes de los núcleos de los trans- 
formadores de frecuencia intermedia, 
hasta obtener una señal nitida y libre de 
interferencias. 

Si no escucha nada еп el receptor 
que esta armando, vaya extrayendo la 
señal de las diferentes etapas de Fl en el 
receptor patrón, y vaya inyectándola a 
las correspondientes en el aparato que 
se está comprobando. Incluso, para las 
etapas finales puede tomarse la señal de 
la base del transistor de FI y aplicársela 
a la base del correspondiente transistor 
del receptor que está armando, aprove- 
chando la baja impedancia de entrada. 


4-PASO: Una vez sintonizados los cir 
сшйоз de Fl, se monta la etapa del con: 
versor y ladel amplificador de RF, tenien- 
do muy en cuenta la posición de las 
bobinas y del condensador variable, del 
cual quedan sin conectar las secciones 
para las Ondas Medias (MW), o sea el 
lado con mayor cantidad de placas. 
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No olvide conectar a la entrada del 
receptor una antena adecuada para la 
banda de FM, la cual puede ser un trozo. 
de cable de unos 72 centímetros de 
longitud. 

Hay que comprobar que se puedan 
sintonizar tanto la frecuencia más baja 
(88 MHz) como también la más alta (108 
MHz). Si alguna de estas frecuencias по 
es captada por el receptor, se deben 
hacer los ajustes necesarios con el trim- 
mer C12, repitiendo la operación varias 
veces. Para hacer este ajuste se inyecta 
la señal de radiofrecuencia modulada 
con 1000 Hz al emisor de Tr2, por medio 
de un condensador de 1000 pF, y se 


sintoniza el condensador variable hasta 
captar la frecuencia con que se ha 
modulado la señal inyectada. 

Una vez ajustado el trimmer del 
oscilador local, y siguiendo el mismo 
procedimiento utilizado antes, se le 
inyecta señal a la antena para hacer el 
ajuste del trimmer Ct1 del amplificador 
de RF. 


NOTA: Para los ajustes del oscilador у 
del amplificador de radio frecuencia, se 
debe utilzar el mínimo nivel de salida del 
generador, para no saturar las etapas, 
igual que como se recomendó con el 
ajuste de las secciones de Fl. 
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Lista de materiales para armar el radio FM 


R1-1.000 Ohms 
R2-470 K Ohms 
93-100 Ohms 
R4-1.000 Ohms 
95-390 K Ohms 
'R6-100 Ohms 
'R7-100 Ohms 
R8-560 Ohms 
R9-100 K Ohms 
10-27 К Ohms 
R11-4,7 K Ohms 
R12227 K Ohms 
R13-220 Ohms 
R14-47 K Ohms 
R15-820 K Ohms 
R16-470 K Ohms 
R17-1.000 Ohms 
R18-220 Ohms 
R19-1.000 Ohms 
R20-1.000 Ohms 
R21-1.000 Ohms 
R22-5,6 K Ohms 
R23-5,6 K Ohms 
R24-220 Ohms 
 R25-860 Ohms 
R26-82 Ohms 


C1030pF 
11-001 mF 

C125 pF 

C13-18 pF 
14-002 mF 
C15-0,0047 mF 
C16-002 mF 
17-220 mF/t0 V 
18-002 mF 
19-001 mF 
20-001 mF/50 V 
C21-0,01 MF/50 V 
С22-0,0047 mF/50 V 
C2947 MF/10 V. 
C24-0,001 mF 
C25-0,001 mF 
26-47 mF/10 V 
27-47 mF/10 V 
628-1000 mF/16 V 
2947 mF/OV 
C30-470 mF/10 V 
031-22 mF/A0 V 
032-10 mF/10 Y 


C35-220 mF/10 V 
C36-560 pF 

C37-0,02 mF 

Oe 220 mF/10 V 
 Cv-Condensador variable 


т11-С14179 6 BF194 
T2.C1417G 6 BF194 
13-С14176 6 BF194 
Tré-C1417G 6 BF194 
T16.C458G 


та 


07-00600 
D2-Varicap 182638 
D3-Zener 6.2 Voltios 
D4-1N60 

D5-1N60 
D6-1N4004 
D7-1N4004 
D8-Zener 9.0 Voltios 


CI-LA4100 6 LA4101 
Т1. Fl, Nücleo color naranja, de 5 
patas 

T2- Fl, Núcleo color verde, de 5 
patas 

T3- Fl, Núcleo color rosado, de 8 
partas 

T4- Fl, Núcleo color azul, de 5 
patas 

TS- Transformador. Entrada 115V 
y salida 18V con centro (SV y 9V). 


L1- 5 vueltas, calibre 20, diámetro 
4mms 


L4- 3 vueltas, calibre 19, diámetro. 
4 mms 


NOTA: Los diámetros que se asig- 
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Por Javier Arango 


Сиа Práctica para 


hacer una 
Antena 
Parabólica 


Fotos tomadas en la fábrica Tectronic de Colombia Lida. 


PARABÓLICA O ESFÉRICA? 


La principal diferencia entre una 
antena con plato de concavidad parabó- 
lica y otra con plato de forma esférica, es 
el método de recolección de la señal 
proveniente del satélite. Mientras que en 
laantena parabólica el foco debe quedar 
sobre el eje de simetría (sobre la línea 
perpendicular al centro del plato), en la 
esférica el foco puede quedar en varios 
puntos, no necesariamente en línea 
recta con el origen y la fuente de señal 

El punto focal de una antena para- 
bólica nunca cambia. Toda la superfi- 
ie se hace rotar sobre un eje para la 
búsqueda y sintonización de los satéli- 
tes. El método usual para montar una 
antena del tipo esférico, consiste en 
asegurar la superficie de reflexión en 
una posición fija; para sintonizar los dife- 
rentes satélites se mueve hacia los lados 
el cuemo alimentador (horn). 

A primera vista parece más fácil 
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mover el alimentador, en vez de tener 
que hacer rotar todo el plato, y también 
parece más sencillo el montaje mecáni- 

code una antena esférica que el de una 
parabólica. Sin embargo, en la práctica 
Se puede tardar semanas el encontrar el 
punto de concentración de señales 
(punto focal) en una antena esférica. 

Además, puesto que la ganancia de un 
reflector esférico depende del ángulo de 
elevación (ángulo entre el eje de sime- 

tría yla línea que une el centro del plato 

соп el punto que actúa como fuente de 

señal), la señal que se obtiene de un 

satélite que se encuentre muy lejos del 

plano visual de la antena esférica resulta. 
un poco más débil que la captada соп 

una antena de forma parabólica. 


GANANCIA DE LA ANTENA. 


Laganancia es un término empleado 
para expresar cuánto de las señales 
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interceptadas por el plato son concen- 
tradas en el alimentador, y depende de 
tres factores: el tamaño del plato, la 
frecuencia de las señales a recibir y la 
exactitud geométrica de la superficie 
reflectora. 

А medida que se hace más grande el 
área de reflexión útil del plato, se inter- 
cepta más radiación del satélite, por lo 
que la ganancia aumenta. Al duplicar la 
superficie de la antena se duplica tam- 
bién la ganancia. Por ejemplo, un plato 
de6 metros presenta 44% más ganancia 
que uno de 5 metros, porque el área se 
incrementa con el cuadrado del diáme- 
tro (5metros x 5 metros = 25, comparado 
con 6 metros x 6 metros = 36), 

Laganancia aumenta con la frecuen 
cia, puesto que las microondas de mayor 
frecuencia se comportan como rayos de 
luz que se pueden enfocar en líneas 
rectas hacia la sonda receptora en el 
alimentador. Las ondas de baja frecuen- 
cia tienden a dispersarse por el espacio. 
Por tal razón, las transmisiones que se 
hacen en la banda de los 12 GHz (cono- 
cida como banda Ku) se pueden captar 
соп platos más pequeños que los reque- 
fidos cuando las señales modulan porta- 
doras del orden de los 37 a 62 GHz 
(banda C). 

La ganancia de la antena que haga- 
mos depende en grado sumo de la ехас- 
titud geométrica de la forma de las cos- 
Ча y del buen trato que demos a la 
malla de conformación del plato, pues 
hasta las más pequeñas irregularidades 
de la superficie pueden ocasionar la 
pérdida de cantidades importantes de la 
señal reflejada. Esto es tanto más crítico 
рага el diseño de un plato para la banda 
Ku, el cual debe quedar muy liso, sin 
combas, y debe ser forrado con malla 
metálica plana de agujeros más peque- 
fios que los permitidos para la banda С. 

Para calcular la ganancia de una 


at 


antena, lo primero que debemos cono- 
сег es su área de apertura y la longitud 
de onda de las señales que se desea 
recibir relativamente bien. 


Elárea de apertura es A-rcR donde 
R es el radio del plato que forma la 
antena, y es igual al diámetro/2. 

La longitud de onda, designada con 
laletra griega X, se obtiene de dividir 300 
por la frecuencia (A=300/frecuencia) 

La frecuencia de la banda C se 
extiende desde 3,7 GHz hasta 4.2GHz, 
lo cual quiere decir que el ancho de 
banda es 0,5GHz. Puesto que 1 GigaHz 
ез igual 1000MHz, resulta que la banda 
Ctiene un ancho de 500MHz. La longitud 
de onda con aplicación práctica en 
antenas se calcula para la mitad del 
rango, o sea para 3,95GHz (3950МН»). 


Entonces, A-3001 = 300/3950MHz 
X = 0,075 metros = 7,5 centímetros 


Dado que la férmula de la ganancia. 
para una antena parabólica es: 


Ganancia vue SA “| 


donde п ев un número constante 
(igual a 3,1416), A es el área de apertura 
y E es la eficiencia de la antena. Por lo 
general, se asume que dicha eficiencia 
es del 60%, o sea 60/100, igual a 0,60. 


Para una antena de 5 metros de 
diámetro (radio = 2.50 metros), la ga- 
nancia se puede calcular asi: 

Area = nP? = rl S/ 

Asumiendo una eficiencia del 60%, 
aplicamos la fórmula para la ganancia, 


4X 3.14% 3,14 x2,50" 
G=10log 
(0,075) 


060 
J 
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Ganancia 
Ganancia 


10 log 26318 
44,2 decibeles 


Otra forma de calcular la 
ganancia, es mediante la aplicación 
de la siguiente fórmul 


G=10l0g S 


donde D es el diámetro en metros, 1 
ез igual 0,075 metros (longitud de onda 
promedio para la banda C) y E es el 
porcentaje de eficiencia del sistema. 


Para una antena de 5 metros de 
diámetro: 

G = 10 log 0,60(3,14 x 510,075)? 

G = 44,208 


OTROS PARÁMETROS DE UNA 
ANTENA PARABOLICA 


Otro factor que debemos tener en 
cuenta cuando diseñemos nuestra ante- 
na, es la Abertura del Haz, o sea la 
medida de lo bien que un plato puede 
apuntar hacia una región muy angosta 
del espacio. Para entender este pará- 
metro, imaginemos que el plato es el 
reflector de una gran linterna, y que 
deseamos iluminar lo mejor posible un 
objeto que se encuentra muy lejos (el 
satélite en nuestro caso). Mientras más. 
estrecho sea el haz, más concentrada es 
su luz en linea recta y menos se disper- 
за, pero cualquier desviación de la línea. 
central (movimiento de la interna) hace 
que el objeto no reciba toda la potencia. 

Pues bien, la verdad es que la antena 
se utiliza para recibir TV por satélite, 
pero el ejemplo se aplica igual. La aber- 
tura del haz de captación indica la capa- 
cidad que tiene un plato para detectar la 
radiación fuera de la línea central (cuan- 
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do la extensión imaginaria de su eje de 
Simetría no pasa exactamente por el 
satélite). Si es amplio, hay tolerancia еп 
el direccionamiento de la antena, pero si 
ев estrecho se puede recibir una seňal 
más intensa. Puesto que el haz no tiene 
límites definidos, sino que se desvanece 
a medida que nos alejamos de la línea 
central, se toma como ancho ülil todo 
aquél en el que la potencia recibida sea 
igual o mayor al 50% (3 decibeles) de la 
potencia en la línea central 


Una fórmula aproximada, pero muy 
práctica, para obtener el número de 
grados de! ancho de haz de una antena 
a 3B, es: 


Ancho de haz = 70 VD 


Por ejemplo, si la abertura del haz es 
de 2grados, entonces cuando el plato se 
mueva 1 grado se caplarán señales con 
la mitad de la potencia de la de aquellas 
que se reciben cuando el eje de simetría. 
coincide con el centro del haz. 

Mientras mayor sea la ganancia de la 
antena, más estrecho es el haz de cap- 
tación y también es mejor la relación de 
la señal sobre el ruido. Esto se puede 
concluir también de esta otra fórmula 
para calcular el ancho del haz (grado de 
direccionalidad de la antena) en el eje 
central (0 decibeles de pérdida, nivel de 
referencia máxima señal de recepción) 


Ancho del haz a Odb = 4/D 
donde О = diámetro del plato 


De la fórmula anterior, se puede 
concluir que a mayor diámetro menor 
ancho del haz. 

Una antena de buena ganancia 
recibe una mayor proporción de las se- 
ales enviadas por el satélite, que de las 
señales de ruido indeseadas provenien- 
tes del expacio exterior. Mientras menos. 


cielo libre se enfoque, menor será el 
nivel de ruido recibido. 

En microondas, la medida del ruido 
que se usa a menudo tiene como refe- 
rencia el cero absoluto en grados Kel 
vin (0° Kelvin) o su equivalente en 
Gentigrados (0° K es igual а -273.18°С). 
Esto se denomina método Kelvin. 

La razón para usar el cero absoluto 
como punto de referencia, es debida ala 
relación directa entre temperatura y ги: 
do. En el cero absoluto no existe ruido, 
ya que se detiene el movimiento molecu: 
lar. Puesto que la escala de ruido en 
decibeles requiere de un punto de refe- 
rencia, y dado que hablamos de niveles 
de ruido muy bajos, es por ello que se le 
expresa en grados Kelvin. 

Por ejemplo, un LNA (amplificador 
de bajo ruido) que está marcado como 
100°K tiene un nivel de ruido equivalente 
a 13 decibeles. Esto significa que el LNA 
agrega 1.3db de ruido a la señal que 
pasa através del amplificador. Si a esto 
Se le agregan 40°K de ruido de la antena 
propiamente dicha, nos resulta que el 
factor de ruido total del sistema es igual 
a 140'K (40°K + 100°). La fórmula para 
convertir grados Kelvin a decibeles es la 
siguiente: 


minos «тю 35 4 


EJ 


Т= Ruido expresado en grados К 


Otro parámetro interesante es la 
relación FID (distancia Focal dividido 
por el valor del Diámetro). Este simple- 


80%K=1,1dB 7856-1002 48 
70°K = 0942 d 60°K = 0,819 dB 
50°K = 0,690 dB 40°K - 0,561 dB 


Taba 1. Equivalencias Temperatura Rudo para 
varios tpos de LNA. 
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mente se refiere a la concavidad о 
profundidad del plato de la antena, у nos 
especifica sila antena es honda o plana. 

‘Cuando es pequeña la relación F/D, 
рог ejemplo 0,25, la antena es honda о 
muy profunda. La antena es plana cuan- 
Чо FID es de un valor aproximado a 0,40. 

Este parámetro es muy importante, y 
se obtiene por experimentación, ya que 
la ganancia y el ruido de la antena de 
benden de dicha relación. Así, por ejem- 
plo, una antena profunda presenta 
menos ruido que una antena plana, pero 
también tiene menos ganancia. Según 
su propio criterio y las condiciones 
ambientales del sitio de la instalación, el 
diseñador debe sacrificar ganancia para 
atenuar el ruido, o viceversa. Si el sitio 
presenta muchas interferencias, lo me- 
jor es hacer una antena profunda. 

Según los tamaños de las antenas, la 
industria mantiene unas normas que van 
desde 0,35 hasta 0.45 como el valor 
aconsejado para la relación F/D. Por 
ejemplo, una antena comercial de 10 
pies de diámetro (3,1 metros) viene por 
lo general con una curvatura del plato 
equivalente a una relación F/D igual a 
0,375, mientras que las antenas de 20 
pies (6 metros) tienen un factor de 0,388 
a 040. 

La experimentación en Medellin, y la 
mayor parte del territorio colombiano, 
nos muestra cierta inclinación hacia las 
antenas con plato de relación Foco/Diá- 
metro entre 0,380 y 0,390. Para la ante- 
па de 5 metros que estamos proponien- 
do, utiizamos la relación 0,380. 


EL MATERIAL Y LA FORMA DE 
HACER LAS UNIONES 


Aunque el método utlizado en 
Tectronic de Colombia para diseñar la 
antena prototipo se basó en fórmulas 
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matemáticas precisas, para armarla no 
se requiere mucho conocimiento de 
electrónica avanzada ni de microondas, 
уа que le mostraremos fotográficamente 
los principales detalles, formas y dimen- 
siones. Procure usted dar la máxima 
precisión mecánica a la estructura, y 
busque la forma de hacer la construc- 
ción lo más barata posible, sin demeritar 
la estabilidad de la antena. 

El sistema de fabricación que vamos 
a utilizar emplea perfiles rectangulares 
de aluminio, de 7/8 de pulgada por lado, 
y soldadura de argón para las costilas 
(cerchas), aunque dichas partes tam- 
bién se pueden far mediante remaches 
"pop" cuando no se disponga del equipo 
de Soldar. Las patas para anclaje al 
terreno, y la estructura de soporte del 
plato que forma la antena, se pueden 
hacer en hierro, asegurado con solda- 
dura eléctrica. 


ACERCA DE LA CONSTRUCCIÓN 
DE LA ANTENA 


Existen muchas formas de construir 
una superficie parabólica. Aunque la 
estructura del plato puede ser hecha con 
fibra de vidrio y superficie reflectora a 
base de pintura de aluminio, la forma 
más popular, especialmente en zonas 
donde el viento es un factor a tener en 
cuenta, es un plato formado por costillas 
o cerchas de perfil metálico cubiertas 
con тайа de aluminio. 

En nuestra antena utilizaremos cer- 
chas y malla de aluminio expandido (con 
perforaciones pequeñas), para que sea 
liviana, y buscaremos la forma de abara- 
tar sus costos, 

La fórmula para determinar la curva 
parabólica de una antena ya fue 
ampliamente explicada en otro artículo 
de esta misma revista, por lo cual ahora 
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sólo suministraremos el programa en 
BASIC para calcular los parámetros X y 
Y en un computador personal. 


Aplicando la fórmula o el programa 
se pueden obtener muchos puntos de la. 
curva, la cual se puede dibujar a escala 
sobre un papel milimetrado. Esta curva 
corresponde a la superficie para medio 
lado de la antena. El lado complementa- 
rio es exactamente igual al encontrado 
con la ecuación matemática. 

El muestreo de los valores de Y debe 
serlo más preciso posible, ojalá en incre- 
mentos de a medio centímetro, calculan- 
do la profundidad para cada valor reem- 
plazado. 


PROGRAMA EN BASIC PARA LA 
CURVATURA DEL PLATO 


10 DIM X(100), Y (100) 
20 PRINT "QUE DIÁMETRO DESEA?" 
30 INPUT D 

40 PRINT "CUAL RELACIÓN F/D?" 
50 INPUT K 

60 PRINT "QUE INCREMENTO?" 

70 INPUT C 

80 PRINT "ELEMENTOS" 

90 INPUT A9 

100 M-1/ (4*D*k) 

10 
120 
130 
140 X(I)M*Y (1)^2 
150 PRINT X(I) „ҮШ 
160 1=1+1 

170 IF I-A9 THEN 190 
180 GOTO 130 

190 END 


En la línea 10 se dimensiona la 
memoria para que pueda contener un 
mínimo de 100 datos de X y Y. 

En la línea 70 se entra la cantidad 


deseada como incremento para el valor 
de la variable Y. La cifra dada debe ser 
una fracción de la unidad escogida para 
responder la pregunta de la línea 20. 

En lalínea 90 se establece el número 
de muestreos deseados. Esta línea 
resulta de utilidad sólo cuando se desea 
obtener únicamente parte de todos los 
valores de X y de Y para el diámetro 
establecido en la línea 30. 

En la línea 100 se le asigna a la 
variable M el valor equivalente a 2 veces 
el parámetro de la parábola, equivalente 
también а 1 dividido por 4 veces el valor 
de la distancia focal. Puesto que en la 
línea 50 hemos tomado K como el valor 
de la relación WD, nos resulta que M es 
igual a 1 dividido por 4 veces el producto 
DK, tal como se muestra en la linea 100. 
Para repasar la fórmula de la parábola, 
verla página 28. Parábola: X = 1/41 (Y 

Lalínea 110 inicia el muestreo con el 
primer incremento, igual al incremento 
determinado en la linea 70. 

Enlalínea 140 se aplican a la fórmula 
de la parabola los valores obtenidos por 
los incrementos sucesivos (1) 

La linea 150 contiene la instrucción 
para imprimir cada valor de X( y de Y() 

Linea 210: Si el nůmero de 
muestreos es igual al contestado a la 
pregunta de la línea 80 (ELEMENTOS), 
entonces se termina el proceso. Si es 
menor, se repite el incremento de la linea. 
130. 


PLANTILLA PARA LAS CERCHAS 


No perdamos más tiempo en la 
teoría. Hagamos una gira fotográfica por 
la planta de ensamblaje de antenas de 
TECTRONIC DE COLOMBIA. Lo que 
veremos, y lo aprendido en el artículo 
escrito por César Loaiza en esta misma 


revista, sera suficiente para que muchos 
puedan diseñar su propia antena, о 
hacerle mejoras a la que ya poseen. 


Foto 1. Doblador de tres rodilos. Ajustado йота, 
del rodilo central se сопа el grado de curvatura 
е оз pores para las cerchas (costas 
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Foto 2. Cuando se trata de hacer sôlo una antena 
puede cortarlos pertes con una sierra manual pero 
Se recomienda una elécrica para mas rendimiento. 


Foto3,Lasprensas de mano, o mordazas белот 
son my utes para fjar las partes durante su unión. 
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Foto 4. Para hacerla pana de comprobación de 
seras unizamos remaches tipo “pop, юз cuales 

nes se pueden emplear para armar toda la 
estructura del plato, cuando по se dispone del 
equipo de soldadura. 


Foto 7. Es muy importante, y aquí го hay 
tolerancias, que los perles comparados se 
Supemongan exactamente sobre la cura de la 
arta. Coma con la mano o con el mazo donde 
haga fata. 


Foto 5. Es importante hacer una plantila con la cual 
podamos comparar la curva parabólica de cada 
perl costila. Su convexcad es а сопгарапе de 
la concavidad del plato que deseamos const. 
Con esta misma рала se puede verikcar ы 
Superice del pito cuando ya està terminado 
haciéndola rotar sobre su ер central. 


Foto 8. Como equipo opcional, se puede tener un 
soplete de gas para ablandar por calentamiento 


Foto 6. La plantila sirve como apoyo para pequeños 
ajustes, especialmente en аз puntas de costa 
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Foto. Vista parcial de una antena instalada encima 
е un dici. Observe que la estructura de soporte 
‘al plato está hecha соп 4 tubos gruesos formando 
dos patas en formade letra V, y con 2 más delgados. 
que tienen regulación de aura mediante tomilo 


E 


Foto 11. El apoyo para las patas de la 
ranura y dado desizable con tornilo, 
poder girar un poco el sistema en el od 
para corogir pequeñas “desviaciones on la 
rentación del plato 


Va un ao tubular. A su vz, deno aro se 
dos puntos al (angu que eu como 
rotación de la antena (eje polar). Uno de tal 


puntos 
‘opera como Бава (8 аю у el nete operan 
сото las dos pasas de un br se pueden juntar o 


Separar, tomando su lomo como ee). El otro punto 
está en el extremo opuesto, y consiste en un dado 
on tomi, el cual permite hacer corrección en la 
orientación del plato hacia el satêite (En la antena de 


Industias Suridor es unbloque de madera, tal como 
е еңиса en el articulo relativo а la orientación}. 
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Foto 13. Е eje de rotación (en отта de triángulo) 
polea en la parte superior de un soporte de апае 
echo contubos de hierro. El tubo que se ve al fondo, 
fiado а un ало del їйалшо. tene un tornilo 
interior, de опта tal que al dave vue al tubo, êste 
subo o baja. Se utiliza para ding el plato hacia el 
Satie que ве quere recibir. 


Foto 14. Motor y reductor de velocidad, lizado 
cpconaimente para mover el lab de antena y 
опепайо паса los diferentes satëites. 


Foto 15. La salida del motor reductor mueve una 
cadena que tene sus estemos fios a una medi 

luna hecha con peri de hierro en forma de can 
mostrada en la foto 18. 
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Foto 16. Persona mostrando cómo se hace girar el 
tubo de orientación de la antena, meant un tormilo 
y un tubo con tuerca еп su extremo inferior. 


Foto 17. Aro para soporte de las cerchas del plato 
parabólico, y Hang eje de rotación. Entre as dos 
Pistia del érice interior se coloca el dado y al 


Toro para coreccón por postion de labud 
geográfica da a antena (conección polar) 


Foto 18. Media luna para el mecanismo de rotación 
motorizada del plato. Se fja а la parte interior del 
plato. y mediante una cadena y motor reductor de 
Piñones, se le gira en uno u око sentido. 


Foto 19. Chumacera y eje para el tiangulo de 
rotación del plato de la antena 


Foto 20. En Tectonic se arma el plato de antena 
Boca amiba, a diferencia de Indust Suridor, que 
lo hacen boca abajo. En esta pare del proceso 
existen diferencias de criterio entre los fabricantes 
de antenas parabólicas. Cibeko las hace boca 
жар, y Terigeno on sentdo contario. Escoja 
usted la manera que le parezca más fac. 
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Foto 21. Pata telescópica para control manual de 
elevación de la antena. El tomo es de roses 
Seguida, y one un poco más de un metro de largo. 


Foto 22. Porción central del plato. Observe las 28 
cerchas (costs) yla manera de aseguraras al 
Canta o yoyo". Para comprobacón inal de 8 
F 
introducir un того de tubo que sina temporalmente 
сото eje de rotación de la plantila uilizada durante 
la construcción de las cechas. Al girar, su 
Converdad debe coined exactamente con 1a 
‘oneavidad de cada cercha. 
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IDEAS PARA EL MONTAJE 


Soporte en forma de ro, hecho con tubo de 
мето de 4 pulgadas de diametro. 


/ Tonillo para ajustar declinación, un factor 


us depende de аан geográfica del siio 
ea antena. halina un poco al plato con 
respecto al sjede rotacón de orma tal que 
éste quede como montado sobre la 
Suporte de un cono imaginario. Do esta 
manera, cuando el plato пиз sobre el eje 
formade triángulo). puede enfocar 
que зе 
encuentranenlaporción de ábitavisle. En 
la antena de Industrias Suridor se һа 
reemplazado por un bloque de madera, de 
espesor cakuado según la posición 
geográfica de la instalación. 


Patas telescópicas para soporte de la antena. 
Estas dos deben quedar puestas hacia el polo 
more, si la antena está puesta en un sto а! попе 
‘el ecuadorterestra Los torilos son para ajustar 

(ángulo del Eje Polar con respecto alhorizonte, 
do forma tal que el eje de rotación de la antena 
quede exactamente paralelo con el eje de rotación 
do la Бета ej polar) 


Uno de los varios montajes sugeridos en el libro TELEVISIÓN 
DOMESTICA VIA SATELITE, escrito por Frank Baylin y Brent Gale. 


Torito о bloque de ajuste para la 
declinación del plato de la antena. Da 
аа linea de exploración del plato la 
Sumatra necesaria pera que ésto 
pueda recibir a cualquier salte de la 
байа Clarke cuando gire sobr el ja de 
rotación (Eje Polar). Si la instalación de 
[antena es exactamente enia ineadel 
ecuador, по se requiere este ajuste, 


Ее con buje para colocación del 
extremo telescópico del motor 
para girar el plato sobre el Eje 
Рош y apurtario hacia los 
diferentes байв visibles. 


Soporte para colocar el plato. 
Puede serun paligonooun aro. 


Motor para control de 
ro del plato. 


Ее de rotación del paio / — rotación de la antena en 


(Ge oan, Medane ma , / — con d je de 
brůjda y tablas de И "ошодо test. 
conección! se ota en l 

tomo seria de be polos у 

Note y Sur oe * 


— Base La que usted haga debe 
{ener resistencia mecánica suf 
‘Gente para sostener la antena y 
aportar los ventos, 


Horguilacon posibilidad de giro. 
paracorección del Norte duran 
fe la instalación de la antena. 
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Con la información que hemos sumi- 
nistrado esperamos contribuir al mejo- 

ramiento del nivel técnico de los lectores 
de Electrónica Fácil. Somos conscientes 
también de que la fabricación y puesta a 
punto de un sistema para TVRO no es 
сова fácil para quien no tiene ciertas 
nociones dé mecánica y del idioma in- 
alés, y es por ello que estamos dispues- 
los a resolver por carta o vía telefónica 
cualquier inquietud relacionada con el 


01 


tema, especialmente lo pertinente a los 
decodilicadores de la señal del satélite, 
е! amplificador LNAy los receptores más 


recomendables. 
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Filtros Activos 


Por Forrest M. Mims, Ш 


Una de las aplicaciones más impor. 
antes para los amplificadores operacio- 
nales es la implementación de filtros 
activos. Los tros convencionales "pasi- 
vos" utilizan varias combinaciones de 
resistencias, condensadores, y algunas 
veces inductores (chokes), para blo- 
‘quear un rango de frecuencias mientras 
dejan pasar otras. Los filtros que hacen 
esto se han usado durante muchos años 


en los diseños electrónicos, pero su 
mayor defecto es que sus propios com- 
ponentes pasivos pueden absorber 
mucha parte de la energía de la señal 
que supuestamente deben dejar pasar. 

Los fliros activos corrigen tal 
inconveniente incorporando uno o más. 
amplificadores operacionales (op- 
amps), u otros dispositivos que tengan 
capacidad de amplificar la señal filtrada 


R 

H 

H 

H 

H 

H 

H 

[ 

9 Frecuencia 
Poso-Bojo 

R 

H 

H 

Р 

Н 

1 

° Frecuencia 
Poso- Bonda 


Ry 

P 

H 

s 

t 

* Frecuencia 
Poso-Alto. 

R 

e 

s 

P 

H 

©” Frecuencia 


Bloqueo de Bonde (NOTCH) 


Fi. 1. Cunas де funcionamiento de as 4 clases principales de ftros activos. 
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Fig. 2 Circuito práctico para un io de paso de banda (band pass fitr 


(por esto se les llama "elementos 
activos"). Incluso, los filtros activos se 
pueden diseñar para que tengan alta 
impedancia en la entrada (que по 
drenen corriente de la señal) y baja 
impedancia en la salida (que puedan 
manejar cargas que consuman mucha 
corriente), lo cual es una combinación 
тиу deseada 

Tal como los filtros pasivos, los filtros 
activos se diseñan por función: para dar 
Paso a las bajas frecuencias por debajo 
de cierto valor (low-pass), para dejar 
pasar sólo las que estén por encima 
[high pass), para dejar pasar una cierta 
porción o banda (band-pass), o para 
bloquear el paso de un rango y dejar 
pasarlas frecuencias que se encuentren 
por encima y por debajo (notch-filtei). 
Este último filtro resulta de mucha utili 
dad para eliminar cierta faja del espectro 
en la que se encuentran ciertas interfe- 


rencias. La operación de cada uno de 
estos tipos de fitros se muestra clara- 
mente en las curvas de respuesta de 
frecuencias de la figura 1 

Los os activos se utilizan bastante 
en los circuitos electrónicos modernos. 
Por ejemplo, los fitros de corte, о del tipo 
notch, se incluyen en los ampificadores 
de audio de alta ganancia y amplifica- 
dores de instrumentación para bloquear 
señales indeseadas, tal como el zumbi- 
doo "hum" producido por los 60 Hz de la 
corriente de suministro público. Tam 
bién, si las frecuencias por encima de los 
60 Hz no se requieren en el diseño, se 
puede utilizar un filtro de paso bajo fio 
pass) para bloquear el paso del "hum' 

Incluso, los тоз de paso bajo y de 
paso айо se pueden emplear para refor- 
zar ciertos rangos de frecuencias en 
aplicaciones de audio. Los fitros de paso 
de banda (band-pass) encuentran 
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aplicación en dispositivos sensibles a 
cierto tono, alarmas, cerraduras con 
apertura mediante luz de LED codificada 
por tono, indicadores de frecuencia, y 
muchos otros circuitos. 


UN CIRCUITO PRACTICO PARA 
PASO DE BANDA 


Hay muchas maneras de diseñar fil- 
vos activos utilizando amplificadores 
operacionales. La figura 2 muestra el 
circuito para un filtro band-pass que 
emplea un total de sólo seis componen 

tes, incluyendo al operacional. Para 
saber cuándo está pasando a través del 
filo una señal, hemos incluido un LED 
еп el terminal de salida. 

El circuito usa solamente uno de los 
cuatro amplificadores que tiene el inte 
grado LM324 (quad op amp), mostrado 
еп la figura 3. Escogimos este "chip 
(término popular para referirse a cual- 
quier circuito integrado) porque se pue 
de poner a funcionar con una fuente de 
alimentación monopolar (0 y +15V), y 
porque permite en un momento dado 
implementar hasta cuatro fitros inde 
pendientes. Sin embargo, si usted lo 
prefiere, puede usar un 741 o cualquiera 
ого operacional en reemplazo del 
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LM324, y utilizar una fuente de doble 
polaridad (-15, 0 y «15V). 

Conectando en la entrada una fuente 
de onda senoidal, los valores que se 
muestran en la figura 2 dan una res- 
puesta de frecuencia pico (peak) de 
aproximadamente 1000 Hz. Esto signifi 
са que, a medida que la frecuencia de 
entrada se aproxima a 1000 Hz, el LED 
comienza a encender, y da su máximo 
brillo cuando la frecuencia alcance el 
valor establecido. Al subir la frecuencia 
зе empieza a atenuar la luz del LED, 
hasta apagarse. Si el LED no enciende, 
aumente la amplitud de la onda senoidal 
hasta un voltio o más. 


UN GENERADOR SENCILLO DE 
ONDA TRIANGULAR 


Si usted necesita en su taller gn 
generador de onda triangular, ensaye el 
circuito que se muestra en la figura 4, el 
cual utiliza un integrado 586, generador 
de funciones. La frecuencia de oscila 


Tero (ono) 


Fi. 4. Generador de onda апра 


ción del 566 se puede alterar ajustando 
el potenciómetro ВЗ. Conecte la salida 
(output) del generador a la entrada (И 
рш) del filtro (resistencia R1). 

Puesto que la salida del 566 es una 
опда triangular superpuesta en un nivel 
de corriente directa, la respuesta de 
frecuencia del fitro será diferente cuan- 
do a éáte se le conecte una fuente de 
ondas senoidales con simetría positivo- 
negativo. Por ejemplo, cuando se 
conecta el generador de la figura 4 a un 
filtro, la frecuencia de máxima respuesta 
puede caer al orden de los 250 Hz. 


ECUACIONES DE DISEÑO PARA EL 
PASO DE BANDA 


Para adaptar el filtro de la figura 2 a 
cualquier respuesta de frecuencia, su- 
gerimos las siguientes ecuaciones de 
diseño: 


R1 = HCI, 
R2 = IR, rg 
В, = 1/O(Č1+02)w, 
RS -A R1(1401/02) 

donde, 
H=AQ 
А, = ganancia del operacional 
О = factor de cualidad del ftro 
Wo = 2p, 


= frecuencia de detección 


Para mejores resultados, use valo- 
res iguales para C1 у C2. Una buena 
escogencia es 0,1 uF. También, trate de 
mantener AO en 100 о menos, y asigne 
a Q un valor 10, о menor, para los expe- 
Timentos iniciales. Entre mayor sea el 
valor del factor O, más estrecha es la 
banda de paso por el filtro. 


49 380-504 
260 192-317 
255 147-459 
231 119-767 


< Medico en los puntos de 1,75 voltios 


Tabla 1. Cómo R2 afecta la frecuencia. 


Para resolver las ecuaciones de di- 
seño resulta muy práctico emplear una 
calculadora que tenga notación científi- 
ca. Incluso, si tiene una que sea progra- 
mable, puede escribir un programa que 
las resuelva automáticamente. Recuer- 
де que los valores de R se deben dar en 
ohmios, y que todas las C están defini- 
das en faradios. Las frecuencias están 
dadas en hertz (ciclos). 

Mientras que estas ecuaciones ha- 
сеп posible diseñar en el papel un filtro 
activo de paso de banda, usted, sin 
‘embargo, puede ver de manera práctica. 
y rápida el efecto producido por la modi- 
ficación de uno de los componentes del 
filtro, reemplazando, por ejemplo, R2 
por un potenciómetro de 250 ohmios. La. 
tabla 1 muestra las frecuencias centra- 
les (k) y la banda total de paso para 
distintos valores de R2. 

Estas medidas fueron hechas con el 
generador de onda triangular de la figura. 
4conectadoa la entrada del filtro. Ambos 
circuitos fueron alimentados con una 
fuente común de 15 voltios DC. La resis- 
tencia R2 y fa fueron medidos con un 
multímetro digital y un contador digital de 
frecuencia, respectivamente. La banda. 
Че paso fue medida con un osciloscopio. 
Como se puede ver, el osciloscopio y el 
frecuencimetro son de mucha utilidad 
durante el diseño práctico de filtros acti- 
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CIRCUITO ACTIVADO POR LUZ 


Por Forrest М. Mims 


Cuando S1 está en la 
posición L, y la luz cae sobre la. 
fotorresistencia, el zumbador 
piezoeléctrico o el relevo que 
actúa como carga del transis- 
tor Q1 se activa, 

Sielinterruptor se pasa ala 
posición D, lacargadeltransis- 
lorQ1 se activa sóiocuando no 
haya luz sobre la fotorresis- 
tencia. 


range, 
p 


DECAPANTES ADECUADOS PARA CADA METAL 


De la revista argentina RADIO 
CHASSIS TV, hemos tomado los 
siguientes datos, los cuales pueden 
resultar de alguna utilidad. 


El aluminio es un metal que no ha 
legrado ponerse de acuerdo con la 
soldadura blanda. Resulta bastante 
difícil de soldar. La siguiente aleación da 
buenos resultados: 75 partes en peso de 
estaño, 20 partes de cinc y 5 partes de 
aluminio. En general, recomendamos 
mucha limpieza y poco decapante. 
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Hierro y acero Bóraxysal 
amoníaco 
Cinc Cloruro de cinc 
Hierro galvanizado Cloruro de cinc 
Aluminio Acido esteárico 


Arme 


un 


Fotófono 


Publicado originalmente en inglés, en el libro OPTOELECTRONICS 
CIRCUITS, editado y distribuido por Radio Shack en Estados Unidos. 
Traducido y adaptado al español por Aurelio Mejía. 


En febrero 19 de 1880, Alexander 
Graham Bell y Sumner Tainter, ayudante 
de Bell en su laboratorio, fueron las 
primeras personas en transmitir sus 
voces mediante un haz de radiación 
electromagnética. Bell llamó Photo- 
Phone a su invento, y dijo que le parecía 
fundamentalmente más importante que 
la invención del teléfono, aparato tam- 
bién hecho por él. 


o 


Para reproducir el Fotófono de Bell 
(transmisor de sonido por medio de la 
luz) basta con armar el circuito que se 
muestra en esta página. El dispositivo 
encargado de modular la luz con las 
ondas de sonido no es más que un 
pequeño "tambor" hecho con un tubo de 
cartón, tapado en un extremo con papel 
metálico delgado, tal como el que se usa 
en la cocina para envolver alimentos. 
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El ángulo de reflexión de la luz del 
sol sobre la membrana del tambor cam- 
bia de acuerdo con las vibraciones cau- 
sadas por el sonido. Puesto que la luz 
reflejada sobre la cara brillante del tam- 
bor no es uniforme, sino modulada por la 
voz y otros sonidos, se puede recibir con 
шпа celda solar de silicio, un fotodiodo, 
un fototransistor, etc., y recuperar la in- 
formación que el haz de luztrae consigo. 
En el prototipo de Bell se utilizó un 
detector de selenio en serie con una 
batería y una bocina de teléfono. 
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Puesto que mirar directamente los 
rayos del sol, о sus reflejos en 
superficies brillantes, puede afectar los 
ojos, se recomienda que los operadores 
del transmisor (el "tambor”) y el receptor 
tengan puestas galas de lente obscuro, 
No coloque el parlante demasiado 
cerca de su oído, ya que éste puede 
emitir sonidos con mucho volumen. En 
cuanto al amplificador de audio, puede 
utilizar cualquiera que usted posea, en 
reemplazo de la etapa ampliicadora 
implementada con el integrado LM386. 


Cómo 
orientar una 


antena 
parabólica 


Por Aurelio Mej 


Usted necesita saber donde está 
parado, y a donde quiere ir. De su 
posición geográfica y de la intensidad 
de señal que reciba, dependerá el 
tamaño mínimo de su antena. Una 
cosa es estar dentro del cono de 
cobertura o "pisada" (footprint) de la 
antena del satélite, y otra cosa es 
estar en un lugar alejado del área 
hacia la cual se dirije la señal de 
televisión, ya que puede resultar muy 
débil (fringe) la señal recibida, y se 
necesitaría una antena con plato muy 
grande para poder ver una imagen 
libre de "llovizna" o efecto de nieve. 


Si imaginamos que la tierra es un edi- 

ficio de muchos pisos, llamados 
paralelos, y que en cada piso hay varios 
apartamentos repartidos en cascos la. 
mados meridianos, nos resulta claro 
entender que para localizar a cualquiera 
de ellos debemos conocer su distancia 
con respecto a un paralelo y a un mer 
diano de referencia, 

Se denomina latitud a la distancia, 
expresada en grados, que media de un 
Punto cualquiera al paralelo del ecuador, 
y longitud a la distancia de un I 
primer meridiano, llamado Meri 
de Greenwich desde 1884 en home- 
naje ala ciudad inglesa de este nombre, 
sitio del Colegio Naval Real y del obser- 
vatorio astronómico diseñado por Chris- 
topher Wren (1675). Este meridiano es 
la base para calcular el tiempo horario en 
el mundo. 

Pues bien, ya que los satélites que 
nos interesan están todos a una misma 
distancia de la tierra y en el plano ecua- 
torial (latitud 0°), nos basta con saber su 
distancia al meridiano de Greenwich 
(longitud 0°) para conocer su posición. 

Hasta ahora las cosas son claras: А 
partir de la línea de longitud 0°, los saté- 
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Fig. 1. Los satétos para televisión están dtibudos. 
a lo largo de a órbita de Clarke, a cual queda sobre 
'd Bano que pasa por ei ecuador. 


lites están repartidos hacia el este y el 
Oeste del diámetro que pasa por el 
Meridiano de Greenwich, separados 
aproximadamente de a 3°. Mirar la figura. 
1. (Para acomodar más cantidad en la. 
órbita de Clarke, hoy existe tendencia a 
reubicarlos con una separación minima 
de 2°) 


Sabemos en donde están los satéli- 
tes, pero cómo apuntarles con nues- 
tra antena es cosa que debemos expli- 
car un poco más. 


MONTAJES DE ANTENAS. 


Básicamente hay dos sistemas de 
montar una antena parabólica de modo 
Que su plato pueda enfocarse a cual- 
quier punto de la órbita de Clarke. El más 
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sencillo у económico es el montaje con 
ajuste independiente del azimut y la 
elevación, conocido también por las 
iniciales az/el. La antena de este tipo 
tiene el plato montado en un eje horizon- 
tal que permite digito hacia arriba o 
hacia abajo, a cualquier ángulo desde el 
horizonte al cénit, es decir, orientarlo a 
cualquier elevación. Dicho eje horizon- 
tal, o eje de elevación, está montado a 
su vez sobre otro eje vertical que le 
permite girar en cualquier dirección de la 
brújula, del norte (0°) al este (90°), al sur 
(180°), ele Es decir, para una antena. 
con montaje а/е, la posición de un 
satélite se expresa en grados de eleva- 
ción (altura con respecto al horizonte) y 
azimut (orientación o grados de giro con 
respecto al norte geográfico real). Ver 
las figuras 2 y 3. 

El segundo sistema de anclaje de 
una antena recibe el nombre de montaje 
polar, o ecuatorial. Mocánicamente es 
Similar al montaje azimut-olovación, 
pero con una diferencia importante: el 
eje vertical está inclinado en un án- 
gulo igual a la latitud geográfica del 
lugar dela instalación de la antena, de 
тодо que su eje quede exactamente 
paralelo al eje de rotación de la tierra, 
apuntando hacia el polo celeste (eje 
polar). Cuando el plato de la antena gira 
en ángulo recto al eje polar, "barre" el 
espacio en un plano igual o paralelo al 
plano del ecuador terrestre. Igual si la 
antena está en un sitio de latitud 0° 
(ecuador), y otro paralelo cuando la ins- 
talación es al norte о al sur de la linea del 
ecuador. 


Para hacer que la antena explore la. 
órbita de los satélites de TV, localizada 
enel plano del ecuador, se requiere girar 
un poco el plato sobre su eje de eleva: 
ción para compensar la posición de lat 
tud. Dicho eje se convierte así en un eje 
de declinación. El ajuste de declinación 


Montaje para antenas баз (azimut-eievación) 


Para antenas que barren a ыа de Clarke 


Fig. 2. Sistemas princip 


Fig. 3. Para apuntar hacia юв sales desde una. 
arfenaenlalinadel ecuador basta con poner susie 
ide gro apuntando hacia el norte real y dar al plato 
la corespondente elvacion (grato sobre su eje 
hasta legar a la señal del salée deseado) 
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s de montar una antena parabólica. 


debe hacerse una sola vez, en el mo- 
mento de la instalación de la antena. Ver 
lafigura4. Unacorrección económica de 
latitud para dar los grados de declinación 
requeridos de forma que el plato pueda 
apuntar hacia todos los satélites del arco 
visible, puede ser un simple bloque de 
madera, tal como nos muestra César 
Loaiza en su antena, figura 5. Otros 
utilizan un tornillo largo ajustable 
manualmente o con motor eléctrico, 


UNA INSTALACIÓN SIMPLE 


Supongamos que tenemos nuestra 
antena exactamente sobre la línea del 
ecuador, y que deseamos captar varios 
satélites. Una solución fácil consiste en 
poner el eje de giro del plato en paralelo 
соп el eje de rotación terrestre. Encen- 
dido el equipo receptor, vamos elevando 
lentamente el plato, girándolo sobre su 
eje, de horizonte a horizonte, hasta reci- 
birlaseñalque nos interesa. Ver la figura 
3. Esta operación es equivalente a 
mover el dial de nuestro radio y detener- 
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Para Modelin, la 
ciación por 
А 
Jsmadamene 1° 
(Ofse Angle). 


polo поле real. Ela se hace con a ayuda de una 
Pulley graso lemas qns decorem 
Pordecinacén ados para la región 
(оп progama. de computador. "con alias 
Suministadas por fabricantes de antenas, 
medarte laneo experimental 


nas en la emisora que más nos agrade. 
Al dispositivo mecánico que nos permite 
explorar de lado a lado el arco de 
localización de los satélites, con el solo 
movimiento del plato sobre un eje, se le 
denomina Montaje Polar. 

Silo único que nos interesa es recibir 
un satélite en especial, el montaje de la 
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Fig. 5. Cêsar Loaiza dice: "Utizamos calzas planas 
d madera debajo де las chumaceras del eo polar, 
calculadas previamente para hacer una corrección 
e la decinación del ángulo de mia deseado (ose 
Angle) deacuerdo con esto de la instalación. Con 
st пов evitamos la complejidad de un mecanismo, 
sorector basado en tornilo ajustable” 


antena y su orientación hubiese sido 
también muy simple: Se apunta el plato 
en la dirección correspondiente, la cual 
se puede calcular mediante una resta 
aritmética (grados de diferencia entre su 
meridiano y el nuestro), para lo cual 
necesitamos conocer previamente las 
respectivas longitudes (distancias al 
meridiano de Greenwich, en el 
sentido Este-E- u Oeste-W-). Es decir, 
debemos averiguar las coordenadas del 
lugar donde se va a colocar la antena y 
las del satélite que deseamos enfocar. Si 
no tiene un mapa mundial, lo mejor es 
preguntar estos datos en la torre de 
control del aeropuerto más cercano o en 
la oficina local para control de la aviación 
civil (Aeronáutica). 


Para más información relacionada con el 
ema, consulte los números 16, 17, 18, 19, 
20, 21, 34, 35, 38 e Electrónica 
Рай 
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Bartolo Fitipaldi (Brasil) editor de revistas electrónica prácticas — 

Boltok Corporation (Japón) ___ . 
Bio-Electrónica (Venezuela), aparatos y kits para acupuntura, ec. 
Bitstream, Inc (USA), programa FontWare (fuentes o letras rayo laser] —— 
Boixareu Editores (MARCOMBO y revista MUNDO ELECTRÓNICO, España) 
Campeador (Cali, Colombia), guilotinas para artes gráficas 

Cokt (Pereira, Colombia), cursos de electrónica y kits por correo 
Сокі (Pereira, Colombia), cursos de electrónica y kits por correo 
Celco (Cal, Colombia), tableros de distribución eléctrica 

Centro Las Gaviotas, fuentes energía para el campo (Colombia) 
CG Electronics (USA), venta por correo partes para circuito impreso. 
Chaparral Communications (USA), ampliicadores bajo ruido TV satélite — — 
Circuit Board Specialists (USA), todo para circuitos impresos s 
Circuitos impresos TECSON (David Garcia), Medellin, Colombia 

Club UNESCO de Ciencia y Tecnologia (Bogotá, Colombia) 
Colciencias, Fondo Colombiano de Investigaciones Cientificas 
Computers and Electronics (antes "Popular Electronics") 
Comunicaciones (México), periódico técnico informativo 

Conifer Corporation (USA), equipos para recibir TV satélite 
Consultora Europea de Servicios (España), revista Security Management — 
D and V Radio Parts (USA), venta de componentes 

DATA Inc. (USA) — 

Desarrollos Digitales (Сова Rica), programas para computador 
DEST Corporation (USA), scanner para Desktop Publishing 
Diamondback Electronics Co. (USA), venta de componentes. 
Dictaphone Corporation (USA), grabadoras para lamadas teléfono — 
DigiKey (USA). Vende por correo componentes, herramientas 

Digital Lida. (Colombia), programación у copia de memorias EPROM 
Discount Computer (Mami, USA), computadores y sus accesorios — 
Distribuidora Roncal (Guatemala), revistas técnicas por correo 
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Echosphere Corp. (USA). Equipos para sistemas de recepción TV Salélte — 40 141 


Edmund Scientific (USA), equipos de física y novedades _ 25 95 
Edmund Scientific Co. (USA). Buen surtido novedades electronic. AP 3 
Electronic Servicing and Technology (USA), revista electrónica: __ м —7 
Electronic Servicing and Technology (USA), revista electrónica TT 36 97 
Electronic Servicing and Technology (USA), revista electrónica. зә 80 
Electronic Technician Dealer (USA, nueva dirección) —— — 7-2 
Electronic Technician/Dealer, revista sobre televisión #24 
Electrónica Moderna (Bogotá, Colombia) 193 
Electrónica Omega (Colombia), fabricante de transformadores 26 79 
Electrónicas Medellin (Colombia), venta de componentes por correo э m 
Electrónicas Medellin (Colombia), venta de componentes por correo зт в 
Electronics, revista electrónica de temas actuales з 3 
Electronics Today (Inglaterra), revista electrónica práctica = 4 Sr 
Elco Lida. (Medellin, Colombia), controles automáticos industriales | 35 27 
Eco Ltda. (Medellin, Colombia), controles con micro para Industria __ 32 104 
Erie Frequency Control (USA), cristales para osciladores, 15 5 
Etco Electronics (USA), venta de componentes 37 o2 
Everyday Electronics, revista para experimentadores ___ ud کد‎ 
Export-Import Trade Co. (USA), suministro de elementos electrónica _ 30 88 
Foritas do Colombia (Leonel Rios), imanesynüceos. —2 5 
Formacero (Colombia), tomas ө interruptores eléctricos programables — 35 92 
Fujitsu Limited, equipos médicos "vog 
Fukuda Electro, electrocardíógrafos y demás equipo médico. т 82 
Fundación Americana para Ciegos (American Foundation for he Blind) — 39 29 
General Electric (Panamá) [ae 
General Electric (USA) = Е 18 2 
General Electric (USA) 47 2 
Gensat (USA), equipos para recibir televisión por satéite ——— %4 100 
Germán Hurtado, repuestos para televisor Zenith (Colombia) 18 6 
‘Gruman Energy Systems (Generador de electricidad por viento) в 7 
GTE Sylvania (USA) m з 
Guarda y Cia. (General Electric, Panamá) __ 35 э 
бий Electronic Supply (USA), equipos para television satáito — 32 106 
Harris Semiconductor ‚Жек: 
Heath Company (USA). Venta por correo todo tipo de kits y partes AT Ld 
Heathkit (USA), componentes, novedades, cursos, Kits 15 65 
Helwa Electronic Industrial, rayos X y demás equipo médico 17 a 
Horbach and Rademan, INc. (Philadelphia, USA), venta de componentes — 37 92 
Hermix Colombiana, importaciones 35 105 
Hero Communications (USA). Equipos para antenas parabólicas — 40 140 
Hewlett Packard (calculadoras, computadores, instrumentos) "o4 
Hewlett Packard (USA), computadores, impresoras laser, ec. 15 65 
Hewlett Packard (USA), scanner (lector), impresoras laser, etc. зв 90 
Hitachi (Japón). sección de equipos médicos 17 a 
Hitachi (Panamá) 35 92 
Hobby Word (USA). Venta libros, кіз y partes para aficionado X s 
Hobby World (USA). Venta libros, Кіз y partes para aficionado — 37 Сз? 
Howard W. Sams y Co. (libros técnicos y diagramas esquemáticos) n4 


Industrias Surtidor (Medellin, Colombia). Fabricante antenas parabólicas — 40 — 4 
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Industron, fabricación de circuitos impresos (Bogotá, Colombia) 13 


Industron, fabricación de circuitos impresos (Bogotá, Colombia) 30 
Instituto de Investigación y Ciencia Juán de la Cierva (España) 28 
Intectra (USA), microprocesadoros, memorias, opto-oloctrónica, otc. 36 
Integrated Circuits Unlimited, Inc. (USA), venta de semiconductores ———— 37 
Intermark Industries Inc. (Miami, USA), venta de partes oloctrónica — за 
Intersil, componentes electrónicos, manuales 13 
Intersil, componentes electrónicos, manuales 35 
Jameco Electronics (California, USA), venta de componentes y kis 37 
James Electronics (USA), vende por correo todo tipo componentes 15 
James Electronics (USA). Venta por correo de partes y kts _ 17 
‘Japan Radiation and Medical Electronics, equipo médico. 17 
Javier Arango (Medellín, Colombia). Equipos para decodilcar TV satélite _ 40 
Jorge Londoño (Medellin, Colombia), ofrece integrados por correo. 28 
JVC Nivico (Panama) __ . 
Key Electronics (New York, USA), venta de componentes. — 27 
Kuasar (Colombia), venta de repuestos Sony, National, etc. —— 28 


La cita, distribuidor de instrumentos LEADER (Medellin) 
Leeds Radio (New York, USA), venta de componentes. 


LO-POWER ТУ, revista relacionada con equipos TV sati 20 
Mach Inc. International (USA). Computadores, UPS, oto. 36 
Manuel J. Sanin Puello (Tocaima, Colombia), ibro Banda Ciudadana) __ 38 
Marcombo, Boixareu Editores. Editora de Mundo Electrónico 17 
Marcombo, editora de Mundo Electrónico 17 
Marin P. Jones and Assoc. (Florida, USA), venta de componentes. 37 
Mas Electrónica, comunicaciones, instalación (Colombia) — 
Matsushita Communication Ind., audifonos para sordos, їс. 17 
Matsushita Electric. 13 
Metalex Corp. Майа de aluminio para antenas рагаббісав 40 
Mhz Electronics (Arizona, USA), venta de componentes 37 
Micrografx, Inc. (USA), programas In-a-Vision y Windows Draw — 2 
Microservico Management, revista para reparadores de computadores — 39 
Microsoft Corporation (USA), programa Windows Paint (artes gráficas) 38 
Microswitch, the Sensor Consultants (USA), disposilvos Hall __ 25 
Mio Associates (Indianapolis, USA), venta de componentes 97 
Modern Radio Laboratories (California, USA), venta de componentes з? 
Monolithic Memories (USA) 17 
Motorola (televisores, comunicaciones, el] 11 
Motorola (USA). División de semiconductores 2 
Motorola (USA) — 
Mundo Eloctrónico, revista de España 13 
National Panasonic (Panamá) 15 
NEC (Japón), sección para todo ipo de equipos médicos 17 
NEC, computadores, monitores, impresoras laser, etc. _ 13 
NEC (Santa Ciara, Сайот\а, USA). Video, computadores 21 
New Jason International (Taipei), gabinetes y Breakers 25 
Newark Electronics (USA), catálogo. Gran almacén de venta por correo 34 
Newman Computer Exchange (USA) 15 
Nexus (Canadá), equipos para televisión por satóite = s 
Nexus (Canadá), equipos para televisión por satélite — % 
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"Nihon Kohdon Kogyo (Japón), toda clase de equipos para medicina 


Nivico (videograbadoras, audio, televisores, cámaras, etc.) 
Noticiario de Equipos Industriales (Brasil) ___ - 
Olson Electronics (Ohio, USA), venta de componentes 
Omron Tateisi Electronics (Japón), analizadores médicos 


Pan-American (Miami). Equipos para recibir TV por satélite y comunicaciones 


Paraciipse Inc. (USA), equipos para recibir TV por satélite. 
РС Electronics (California, USA), partes para radiocomunicaciones. 


PO Electronics (USA), transmisoros do ATV y downconverter TV satê 
Philips (Colombia), audifonos para sordos, compact ise, ote. ___ 


Piezo Technology, Inc. (Orlando, USA), venta de cristales 
Pioneer Electronics of America (USA) _ 
Planeta Colombiana, editorial libros técnicos y universitarios 
Poly Packs (USA), venta do excedentes industrialas (surplus) 
Popular Electronics (hoy so llama "Computers and Electroni 
Powor Dynamics Inc. (USA), distribuidor de Schaffnor) 
Practical Electronics, revista inglesa para experimentadores 
Programs Unlimited (USA), venta de computadores y programas 
Proimprosos (Luis Fernando Gómez), Medellin, Colombia 


Proimpresos (Medellin, Colombia), impresos por correo para proyectos 


Proimpresos, una fuente de Kits para experimentadores 
Prosoft (USA), programa Fontasy (ilustraciones artes gráficas] 
Radio Club de Antioquia (Colombia), bola 

Rado Ki (USA), venta de partes y Kits para aficionados ___ 
Radio Shack (USA), componentes, aparatos, libros, kits 

Radio Shack (USA), componentes, aparatos, libros, kits 

RCA (USA). División de productos especiales 

RCA (Radio Corp, of Americe, USA) 

Rimel, distribuidor de National Semiconetor (Pereira, Colombia) 
Rimel, distribuidor de National Semiconctor (Pereira, Colombia) 
Salota (equipos de alemania) 

‘Sansui (Japón), componentes ostoroofónicos 
Samsung (Corea). televisores y semiconductores 
Samsung (Gorea), televisores y semiconductores 
Santi Instrument (Japón), electroencolalógrafos, ot. 
Sanken (televisores) 

Satelite Software International (USA), programa Word Perfect 
Savoy Electronics (USA), cristales para osciladores — 
SD Sales Company (USA), venta de componentes por correo 


Semiconductors Surplus (Arizona, USA), venta de excedentes — 


Sharp (Japón) 


para radioaficionados 


Sharp (Japón), Departamento de Servicio para Ultramar — — 
Sharp (Japón). sección de equipos médicos. 
Sharp (USA) 


Signetics (Philips de Norteamérica) — 
Sintéticos (Colombia), fabricante de láminas y plásticos 


Software Publishing (USA), programa Harvard Professional Publisher. 


Solid State Devices (Texas, UDSA), impiadores рог ultrasonido 
Sold State Sales (USA), vota do componentes por correo 
Solid Stato Systems (USA). Vonta de partes y semiconductores 
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Sony (Sureste de los Estados Unidos) _ 
Sony Corp. of Panama y Sony Corp. of America (USA) __ 


Sprague Electric Company (USA), condensadores, cerámicos 15 
Straightforward (USA), programa ZFonts (fuentes para impresora laser) — 38 90 
Suri Electronic (Colombia). computadores, antenas parabólicas 2 в 
Surti Electronic (Colombia), libros, revistas sobre micros 15 65 
Suri Electronic, computador personal, programas, revistas, partes — 25 68 
Suri Electronic, revistas y libros técnicos, computadores 9 66 
Suri Electronic, revistas y libros de electrónica avanzada _ __ 29 13 
Surti Electronic, todo lo relacionado con computador personal 2 16 
Sylvania (USA), todo lo relacionado con semiconductores 27 
Tab Books Inc. (USA), bros técnicos 33 Tee 
Такіоп Electrónica (Colombia), reguladores де voltaje US 25 эз 
‘Tandy Corporation (Rado Shack, USA). Envía catálogo electrónica —— 31 84 
Tecson, fábrica de circuitos impresos (Medellin, Colombia) 18 55 
Tecson, fábrica y venta por correo de circuitos impresos (Colombia) 30 вв 
Tecironic de Colombia (Medellin). Fabricante de antenas parabólcas — 40 9! 
Tekcen Electrónica (Colombia), venta de componentes por correo 35 100 
Tektronix, distribuidor en Colombia __ E 
Teledyne Relays USA), relevos de estado sólido — вз 
Toshiba (Japón), sección de equipos para uso mádico — 82 
Toshiba (Panamá) n 
Transcontinental Commercial Co. (comerciante de Panamá) —4 
Transformadores Omega (Medellin, Colombia) 102 
Unión de Radioaficionados Españoles (URE) ы 
Universidad Nacional de Educación a Distancia (España) вв 
Video Satelite Corp. (USA), equipos para recibir ТУ рог satélite 100 
Videoplanos (Medellin, Colombia), diagramas para reparación 104 
Wilson Microwave Systems (USA), equipos para recibir TV satále 34 100 
Xerox Corporation (USA), programa Ventura Publisher artes gráficas зв вә 
Zenith Radio Corporation (televisores, videograbadoras, cámaras) na 
ZSoft Corporation (USA), PC Paintbrush y Publisher's Paintbrush зв 90 
EXPERIMENTOS, CIRCUITOS Y COSAS PRACTICAS 

Revita Pagina 
Accesorio para probar circuitos integrados fácilmente. 86 
Acoplador (interface) para conectar un relevo a salida de TTL. 75 
Acoplador de cargas grandes a salida TTL y CMOS, con triac. E] 
Acoplador de relevo a la salida de un integrado TTL o CMOS зт 
Acoplador de relevo а salida de integrado digital 60 
Acoplador de salida audíono grabadora a entrada micrófono 48 
‘Acople do CMOS con otras familias do intogrados/ Forrest Mims 10 
Adaptador corriente alterna, con transformador, diodo y condensador. в 
Adaptador de corrente alterna, salida 6 voltios DO, 1 transistor 85 
Adaptador de corriente. Entrada 12V DO, salida ajustable entre бу 12 — — 33 65 
Adaptador para contente altema con rectificación onda completa 1 87 
Adaptador para escuchar música ambiental (SCA adapter) __ 12 19 
Agarrador electromagnético de puntilas puestas al paso del caro 9 s 
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Agregue al auto un indicador luminoso del estado de la batería 
Alarma al cambiar o faltar nivel do luz. Con 4093, 4078, 4001 y 555 
Alarma con fotorrosistencia LOR y un integrado 555 

Alarma contra ladrones, hecha con tiristor SCR _ 

Alarma de circuito cerrado, con vibradores para ventanas. 

Alarma digital para auto, con 4011, 4071 y transistor 2N2222/ G.E. 
Alarma mediante radar, con LF351, 741, 78L12, 78105, 4001 y 555 — 
Alarma mediante rayo infrarrojo (LF351, 741, 78112 y 4001 

Alarma mediante ultrasonido, con LF351, 741, 78112, 4001 y 555 
Alarma muy económica para auto, con UJT y tiristor SCR 

Alarma operada por sonido (relé acústico) 

Alarma para activarse al abrir circuito. Соп 4093, 4078, 4001 y 555 

Alarma para activarse al cerrar circuito. Con 4093, 4078, 4001 y 555 

Alarma para controlar nivel de líquido. Con 4093, 4078, 4001 y 555 
Alarma para evitar ol robo do las líneas eléctricas 

Alarma para vehículo y residencia, con 74121, 7473 y 340T5 
Alarma por temperatura, con termistor, 4001 y 3 transistores 

Alarma sensible a tacto. Con 4093, 4078, 4001 y 555. 

Alarma temporizada para carro, con 741, 4011 y relevo 

Alarma transistorizada para auto, con SCR y diodos 

Alarma uso múliple (agua, ladrón, etc.). Con 4093, 4078, 4001 y 555. 
Alarma, avisador de inundación, oscilador telegrafía 

Alarma, bases para su diseño 

Alarma, control do tiempo, luces allomantes, cid Michael L- 
Alarmas para carro, hechas con disyuntor de pito. 

Amplificador de audio con cinco transistores, 15 vatios 
Amplificador do audio con cinco transistores, 20% 

Ampificador de audio con dos transistores NPN 

Ampificador do audio con integrado AN214, 7,6W 
Amplificador de audio con integrado HA-1366, para 7 vatios, 12V. 
Amplificador de audio con un integrado LM380. 

Amplificador de audio para 10 vatios, con integrado STK-011 
Ampilicador de audio ponátil para sordo, con 741 y Ts 
Amplificador de audio transistorizado con 6 vatios de potencia 

Ampificador de potencia de audio con sólo un transistor 

Ampilicador de potencia para la salida do un 555, con 1 transistor __ 
Ampílicador estéreo de 50 vatios (Integrado Sanken SI-1050G) 
Amplificador lineal con medio integrado 4049/ Forrest Mims 
Amplificador para el teléfono, con LM380 Germán Correa 
Ampificador para micrófono, con un LM3B0/ Forrest Mims 
Antona de television, cómo construirla 

Antena dipolo para radiooomunicaciones/ Ovidio Cardona 
‘Antena parabólica. Guía práctica para hacer una/ Javier Arango. 
Antona parabólica para TV Satélito. Arme una/ César Loaiza A. 
‘Antena para comunicaciones en las bandas de 11, 20 y 30 metros 

Antena para televisión. Cómo diseñarla para canales especificos 

Antena para televisión; arme la suya/ Luis Fernando Gómez. 
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Antena tipo Astro-Plane para radiocomunicacionos/ Luis Fdo.Alvarez. 21 
Antena tipo Plano-Tierra para radiocomunicacionosí Ovidio Cardona — 33 
Antena tipo Rectangular para radiocomunicaciones/ Ovidio Cardona 35 
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‘Antena tipo Ringo para comunicaciones өп 11 metros a 


‘Antena tipo Yagi televisión) para Banda Cue 25 
Antirrobo para el auto, circuito para alterar encendido, con 555 25 
Arme un radio con 6 transistores/ Cekit 39 
Arme y programe su propio microcomputador (8821, 6800, 2716 y 6116) _ 31 
Arme y programe su propio microcomputador, segunda ралег Pedro С.М. — 33 
Atonuador de luz (dimmer) para la alcoba, con un tiac — 3 
Auyentador electrónico de mosquitos (zancudos) 5 
Avioneta (circuito que suena como tal) con integrado SN76477 ——.—— 28 
Avisador temporizado para hospitalos _ 1 
Ayudas para personas sordas, amplificador o ideas, con LEDS 26 
Batles, cómo disefarlos para el equipo de sonido 17 
Bafles (cajas acústicas), normas para su diseño/ Gustavo Marín — 21 
Sales Armo un circuito soparador da frecuencias (crossover) 17 
Base do tiempo para circuitos digitales de medida 19 
Boso de tempo para relojes digitales, con 555 y 7490 16 
Bateria, cómo invertir ви polaridad en el carro -2 
Bobina desmagnetizadora para pantallas televisor en color — 13 
Breaker lectónico (interruptor do seguridad) з 
Buscapersonas mediante tonos audibles, соп UJT у 2N3055 в 
Caja cargadora de antena para equipo de comunicaciones 29 
Саја zumbadora para comprobación audible de continuidad 12 
Cambiador de impedancia para micrófono, para evitar zumbidos — | 
Cambiador de vias para un tren // / 
Campania electrónica con un 7400 (puerta NAND) y transistor BC108 — 32 
Canario nuclear imitador de canto de aves) transistorizado. 7 
Canto de pájaro (circuito que suena como tal) con 57647726 
Capacimetro digital para probar condensadores/ Luis Fdo. Gómez 8 
Cargador automático de batería de 6V, con limitador corriente 19 
Cargador automático de bateria. con integrado LM338 __ 19 
Cargador do batería de auto, con tiristor Sm. 
Cargador de pilas con indicador de contento, económico 2 
Cargador de plas para audifono do sordo pnzaparasosteneía) 24 
Cargador para 4 pilas de Nique-Cadmio, con integrado LM317 25 
Cargador para batería de 12V, con SCR y dos transistores 24 
Cargador para batería de ВУ, regulado con SCR y dos transisior — — — 24 
Cargador simpla para pias y baterias rocargablos 2 
Cargador transistorizado económico para pilas Níquel-Cadmio 25 
Cargador transistorizado, regulado, para pilas de Niquol-Cadmio 24 
Cerca eléctrica para el ganado, con un UJT y transformador 25 
Corca eléctrica para el ganado, con 4 transistores y bobina auto 2 
Cerradura de clave digital, con 7400 y Flip-Flops 7473. 14 
Сето electrónico con clave, hecho con un PLL tipo 567 12 
Circuito activado por luz, соп un transistor 2М2222/ Forrest М. Mims 40 
Circuito debounce para eliminar rebote de contactos en digtales 27 
Circuito para manejar alta corionto con operacional 741 = ч 
Gireuitos do protección para los aparatos 2 
Circuitos osciladores controlados por voltaje, LM339/ Forrest M. Mims —— 39 
Citóono inalámbrico (diagrama de un modelo comercia) 24 
Coche de carreras (circuito que suena como tal) соп SN/6477 26 
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Combustible para motores de aviones y carros modelo 32 


Gommodore-64, como empatar programas en su memoria (merge) — 5 
Comparador de limtes de voltaje con LM339/ Forrest M. Mims. — s 
Cómo activar otra barra de un display, para mejorar el 6 y el 9 20 
Cómo adaptar el radiotransmisor portátil а! auto, con LM317 (ECG956) 29 
Cómo adaptarle un micrófono o un tocadiscos al radio 2 
Cómo agregar otra señal de repique más fuerte al telélono 25 
Cómo agregar un control de tono al radio o el amplificador. s 
Cómo apagar un SCR con la descarga de un condensador — —? 
Cómo averiguar la frecuencia de un cristal no marcado. 16 
Cómo conectar dos interruptores para encender una misma luz 5 
Cómo conectar relevos, triacs o SCRs a un microcomputador. 36 
Cómo descargar un condensador elóctrico/ Philips — - 17 
Cómo eliminar pulsos falsos causados por rebote de contactos 32 
Cómo escoger el reemplazo para un semiconductor Philips — 18 
Cómo galvanizar piezas metálicas en el taller casero 16 
Cómo grabar diskettes de computador por ambas caras. 30 
Cómo manejar diodos LED con integrados CMOS! Forrest Mims 34 
Cómo pegar plásticos con cloroformo, toluol y otros líquidos 5 
Como probar un transistor ЕТІ Philips. 20 
Cómo quitar obstrucciones de un sifón (con un resorte largo)/ Hobby — — 37 
Cómo reemplazar un resistor quemado en un circuito impreso 12 
Cómo reparar abolladuras en un cono do partanto/ Aurelio Mejía 39 


Cómo sacar gasolina del auto sin que se vaya a nuestra boca. 
Como tomar corriente de las lineas telefónicas durante repique 
Comparador binario de 1 y de 4 bits, con 4070, 4049 y 4012 
Comparador de temperatura, hecho con un 741 y un 555 
Comparador de voltajes implementado con un 741 


Compresor de palabras para micrófono de radioaficionado 21 
Comprobador de cristales que estén en el rango 0,1 a 10 MHz — 16 
Conexión tipo escala para dos interruptores de luz 5 
Conmutador activado por luz, con fototransistor — 
Conmutador activado por sonido, con decodificador LM567 — 14 
Conmutador biestable con un Flip-Flop SN74107. 14 
Conmutador biestable para lámpara, con un tiristor SCR 14 
Conmutador biestable, con una compuerta NAND 7400 14 
Conmutador bipolar activado por tacto, con FET 14 
Conmutador capaciivo (por aproximación del cuerpo) 19 
Conmutador con clave, con integrado 74154, 555, 7408 y 04 14 
Conmutador de doble tiro por tacto, hecho con transistores. 19 
Conmutador de dos luces desde varios puntos, con 7486 14 
Conmutador monopolar activado por tacto, con FET 14 
Conmutador por interrupción de un haz de luz/ Rodolfo Lacie 19 
Contador activado por luz, con fototransistor y SN74107 14 
Contador digital do 0 a 9 con oscilador a base de UJT _ 7 
Contador digital de 0 a 9 hecho con integrados 7490 y 7448 7 
‘Contador digital de pulsos con 7490 y decodificador 7447 14 
Contador digital de pulsos, con 7490, 7475 y 7447 —— 
‘Contador digital programable hasta mil, con alarma n 
Control automático de ganancia para micrófono de radioaficionado — 21 
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Control automático intensidad de luz, con regulador LM338. — 1 
Contro automático para tiempo operación impiabrisas auto 15 
Control de juguetes mediante la voz — = 2 
Control de potencia con ac, рага salida circuitos digitales — 25 
Contro! de potencia con un triac 14 
Control de potencia para 12V AC, con SCR y transistor UH 24 
Contro de temperatura hecho con un integrado 555 15 
Control de temperatura para baño fotografia, con LMT y triac 31 
Control de temperatura para el cautin, con un diodo en seria’ Sony 32 
Contrai de temperatura, con LM338 y LM334 зз 
Control de un bus do datos mediante un integrado 4066/ Forrest Mims —— 35 
Control de volumen de audio gobernado por tensión Jordi J. 19 
Control digital para motor de instrumento, con 741 y 4001 = M 
Control electrónico do nivel para líquidos 9 
Contr electrónico de temperatura, con trc у transistor _ _ 5 
Control programable de procesos (74123, 74150, 74154, 74244, 7493) 36 
Control remoto operado por haz de luz Luis Fernando Gómez п 
Controlador de flash esclavo para disparo simultáneo con principal 33 
Controlador do señales para tron de juguete, con 7400 y 7402 32 
Controlador de temperatura con un integrado LM3401, para laboratorio — 31 
Conversor Binario a BCD para más do una década 14 
Conversor de Binario a Decimal (BCD) 14 
Convertidor a binario para tocado, (7493, 7475, 7442, 7408, 55 28 
Convenir de analógico a digital, con 74125, 7493, 7400y 741 — 30 
Gonvoridor do Binario a Binario Codifcado Decimal (BCD) 14 
Convertidor do datos paralelo a datos on serie, con 4021 — 29 
Convertidor de DC/DC, entrada 12V DC, salida 200У0С 8 
Convertidor do DC/DC, entrada 12V, сайда para transmisor po 29 
Convertidor de digital a analógico (tipo escalera R/2R), con 4066 35 
Convertidor de digital a analógico, con transistores y 741 

Convertidor do digital a escalera de voltaje análogico, con 4013 

Convierta la antena do su auto on una antena para transmisión Ovidio — 37 
Cristal para oscladores, cómo averiguar su frecuencia 16 
Cromado de metal, procedimiento para hacerlo en taller casero Hobby __ 37 
Crossover (separador de frecuencias) para la caja de parlantes 2 17 
Dados electrónicos, con 7408, 7405, 7492 y diodos LED. 10 
Decapantes adecuados para Soldar diversos materiales con soldadura bianda 40 
Decodificador binario а hexadecimal y barra adicional (74138 y 7447) __ 37 
Decodificador do decimal а site segmontos (7441) — м 
Decodificador do música ambiental con el PLL tipo SS 12 
Decoditcador do tono con el integrado PLL 567/ Forrest Mims — 12 
Decodificador señal TV satélite (MC1330, 7812 y 74123) Javier Arango — 34 


Destallador (luz intermitente) con lámpara de xenón 
Destellador de diodo LED, hecho con un integrado 4011 (NAND) 
Destollador de dos lucos alternantes, hecho con un LM3909 


Destellador de LEDs en forma errática, para atraer la atención (324) 38 
Destellador de luz, con frecuencia variable, para discoteca, con 7414 29 
Destellador para 1,5V y para 6V, hecho con un LM3909 12 
Desvanecedor automático de audio, para mezcla con otra señal 17 
Detector de cortocircuito en espiras de bobinas 16 
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Detector de fase (corrimiento de soñalos) con 4070, 4049 у un LED — 29 


Detector de fase (desviación) con integrados 4070 y 4049 —— — 34 
Detector de metal con 2 oporacionalos 741 y 3 transistores. 17 
Detector do metales con 3 transistores, comprobado! RCA 28 
Detector de metales hecho con integrado PLL tipo 565 12 
Detector de nivel de gasolina, hecho con operacional LM339 14 
Detoctor de objetos con ultrasonido, con 555, 567 y 741 16 
Detector de proximidad Jaime Pérez ___ =P 
Detoctor de proximidad de la mano a una placa metálica, con FET 21 
Detector de tono morse, con integrado 587 y 4 transistores. 24 
Detector de voltaje Alto, Normal o Bajo on un equipo industrial 20 


Detector estados lógicos en 3 estados (4093, 4030, 4001 y 4049) __ 24 
Diagrama esquemático de una grabadora de audio 

Diodo LED emisor de luz, cómo comprobarlo 

Diodo zener, verificación de su voltaje 

Disparo, explosión (circuito que suena como tal) con SN76477 
Divisor de frecuencia programable, con 74190. 

Divisor de frecuencia programable, con un integrado 7490 
Divisor de frecuencias (crossover) para balles (cajas acústicas) 
Divisor da pulsos, hecho con integrado 7490 
Divisor de pulsos, por 1, 2,5 y 10, con 7490 y 7453. 
Doblador de frecuencia implementado con 4 compuertas NAND 
Doblador de frecuencia digital hecho con integrado 74121 y 7404 
Doblador de traza para el osciloscopio/ R.Mactarlana 

Doblador de traza para un osciloscopio, con 741, 4001 y 4066 
Е juego del torpedo, con 74199, 7408 y 7414/ M. Crisp ___ 
El reflexómetro, un circuito para saber quién respondió primero. 


Electizador de alambrados para fincas con ganado, transistorizado 2 
Elactrizador para hacer bromas con los amigos 1 
Electrizador transistorizado para hacer bromas con amigos. 1 
Electroimán improvisado con un clavo de hierro 1 
Electroscopio electrónico supersensible, con dos 555 6 
Elevador de 6 a 12 voltios CD, con 2N3055 у toroide ferrita 20 
Elevador de 6 a 12 voltios CD, con transistor 2N3055 16 
Elevador de tensión DC a AC con 555 y transistores 2N3055 15 
Elevador de voltaje DC a DC con diodos y condensadores 31 
Elevadores de tensión mediante diodos y condensadores. 6 
Elevadores de tensión mediante diodos y condensadores. 7 


Eliminador do transformador con SCR (entrada 115V, salida 10 a 15VAC) _ 21 
Encendido electrónico para auto, por descarga capactva, con 2s 
Encendido transistorizado para el auto, con 2М3055/ Juán Manuel Н. 
Equipos de sonido, precauciones para el armado/ Holman V. 
Esquema de un radio comercial con las bandas AMFM/Estéroo __ 


Estabilizador electrónico de voltaje corriente alters 14 
Estación de soldadura Xytronic, con control temperatura, con 1458 32 
Explorador de teclado numérico, convierte a binario las teclas. 28 
Filtro activo pasa-banda, con LM324/ Forrest M. Mims. 40 
Fito pasabanda (band pass) con circuito PLL 4046 y 4023. 30 
Flash esclavo, circuito con fotocolda para disparo con luz principal 33 
Flash fotográfico disparado con sonido, hecho con 741 7 
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Flash para fotografía, funcionamiento y circuito 
Fotocelda con dos transistores, para alarma operada con luz — - 
Fotocelda con un tiristor y cuatro diodos 

Fotocolda para alarma o control de entrada a consultorios 


Fotéfono (intercomunicador mediante la luz). con 741 y 386i Forrest М. Mims 


Fuente regulada para amplíicadores operacionales, con 723 y 741 


Fuente con entrada 115V AC y salida 6 voltios DC (i transistor) — 


Fuente con entrada 12V DC y salida ajustable entro 6 y 12V DC 


Fuente de +5 voltios DC para circuitos digitales TTL, con 7805 — 


Fuente do +5, 12 6 15 voltios DC para circuitos digitales (78XX) 


Fuente de alimentación 5 a 15V AC, entrada 115V, sin transformador 


Fuente de alimentación a 5V para circuitos digitales. 
Fuente de alimentación con rectificación onda completa (4 a 9V DC] 
Fuente de alimentación de 0 a 12 voltios DC 


Fuente de alimentación de 10 a 15V AC sin transformador (SCR y UJT) — 


Fuente de alimentación de 5 а 17V DC, regulada con 7805 y 741 
Fuente de alimentación regulada para 9 voltios DC. 

Fuente de alimentación regulada, salida 12 volios DC. 

Fuente de alimentación; cómo agregarte -12V con un integrado 555 — 
Fuente de corriente AC/DC para grabadoras y radios de 4 a 9V DC 
Fuente de corriente continua y voltaje variable 

Fuente de tensión programablo por teclado, con 740922 

Fuente de voltaje regulada, dual y variable para instrumentación 

Fuente dual (dos voltajes) do bajo costo, con un integrado LM380 
Fuente regulada de voltaje variable, con 741 y transistor 

Fuente regulada desde OV, com LM317, para uso on laboratorio. 

Fuente salida regulable entro 1,2 y 20V, hasta 1,5A, con 1М317 


Fuentes corriente constante para instrumontación (LM388, LM150, elc) — 


Generación de ruidos complejos mediante el integrado SN76477 
Generador de alta tensión para cerca eléctrica ganado, con UJT. 
Generador de audio de rango ampli, con un 741, para uso en talla 
¡Generador de audio, frecuencia ajustable, con un integrado 555. 
Generador de audio para probar parlantes y circuitos 
Generador de audio, con 7490, LM380, LM340TS y LMB4OT12 | 
Generador de barras y puntos para reparar televisoras. 
¡Generador de corriente alterna __ 

Generador de efectos de audio para guitarra olóctica 


¡Generador de afectos de sonido con 4046, 4049 y 40667 Forrest Mims 


Generador de escalera R/2R (D/A converter), para uso digital (4013) 


Generador de funciones (onda cuadrada y diento sierra), con 741 
Generador de impulsos con tiempo graduabi 

Generador de pulsos con ur 
Generador de pulsos diente de sierra, con 5 transistores) Philips 
Generador de pulsos, utilizando la cuarta parte do un 324 (LM) 


Generador de onda triangular, con integrado 566/ Forrest M. Mims — 


Generador de rampa de tensión para múltiples aplicaciones 
Generador de ruido blanco. Produce efectos de audio, con 76477. 
Generador de secuencia con TTL, con 7490, 7441 y transistor UJT 
Generador de señales, onda Sono, triangular y cuadrada __ 
¡Generador de tensión negativa para una fuente de alimentación — 


Electrónica Fach 40 ne 


tegrado 4011 (ANAND ipo GOS 


SSS S 


ШИШ 


38.88 


30 


¡Generador de tono соп dos transistores, рага Morse o alarma 
Genorador de tono con un 555 _ n m roms 
Generador melódico programable, con 7490, 74141y UJT 
Generador señalos seno, triangular y cuadrada, con inversores 
Grilo electrónico (ruidos raros), hecho con dos 553 
Guerra espacial (circuito generador ruidos modernos) con SN76477 
Haga que un ciego conocido pueda volver a "vor" Aurelio Моја _ 
Herramienta sencila para quitar componentes circuito impresa — 
Imitador de canto de aves y sonidos venidos de otros mundos 

Indicador de corriente con una brújula 

Indicador de falla en una de las farolas del auto 


Indicador de intensidad de volumen de audio (VU Meter) 


Indicador de nivel de líquidos on un tanque 
Indicador de repique telefónico, 4 diodos, 1 condensador y 1 LED. 
Indicador de Уоћај Bajo, con un oporacional 741 2 
Indicador del nivel de carga de una batería, con CD4001 

Indicador digital de dirección de antena de aficionado __ 
Indicador luminoso de equilibrio entre dos voltajes, con 3302 
Indicador luminoso de nivel de voltaje DC (Alto, Normal o Bajo] — 
Indicador luminoso y auditivo de repique telefónico (extensión) 

Inductancia, experimento para comprobaria. 

Intorcomunicador con un transistor 

Intercomunicador de dos vias, con un LM380Y Forrest Mims 
Intercomunicador de volumen constante, con LM380 y FET 40673 
Intercomunicador electrónico con LM380/ National Semiconductor 
Intercomunicador hecho con sólo dos bocinas de teléfono: 


Intertace de CMOS con otras familias de integrados/ Forrest Mims _____ 


Interface digital, circuitos con LM! 11, 2N2222 y acopiador óptico 
Interface para conectar relevo a la salida de un integrado digital 

Interface para conectar relevo a salida de un integrado TTL o CMOS 
Interface para conectar un relevo a salida de integrado tipo TTL. 

Interface para reforzar la capacidad salida TTL у CMOS, con triac 
Intermitente (flasher) para luces о el pito del auto 

Interruptor automático para luces y otras cosas/ Rudolf L- 
Interruptor monoestable operado por tacto, con 4011/ Forrest Mims 
Interruptor operado por tacto, con un integrado CMOS 4011/ Forrest 
Interruptor para dos niveles de luz en el cuarto 

Interruptor para oscalas edificio, con 4 comandos? Rudolf, L- 
Interruptor operado por tacto, con LM324 y relevo adicional 
Interruptor retardado para evitar daño en parlantes equipo (con 741) 
Interruptores con secuencia en clavel Orlando Vargas 

Inversor con electrodo de control salida, con un 4070) Forrest 

inyector de señal para el taller, con 2 transistores/ Cekit __ 

Inyector de señales para reparar aparatos on ol tallar 
Juego de video con el osciloscopio: "La bola que rebota” 
Juego electrónico con 7404, 74126, 7432, 7407 y temporizador 555 

Juego para imitar la moneda que se lanza al aire ('Cara-Sello" 

Juego. Gana quien llene ol tablero. Con 4017, 4022, 4081, 4069 y 555 — — 
Juegos de video usando el televisor (tenis, hockey, squash) 

Lámpara fluorescente para funcionar con 12 voltios DC 
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Lámparas direccionales para remolque, con 2N3055 y LEDs. — 1 
Limitador de comento, de precisión, con LM338 19 
Limpiador de objetos por ultrasonido, con 4047 y transistoros 18 
Limpiavidios automático para el auto 2 
Localizador de tuberías metálicas о plásticas alambradas 2 
Localizador electrónico do metalas, con 3 transistores y POSTS 28 
Localizador protesional de metales, con 3140, 3130, 4007, 7555, 741 s 
Localizador profesional de metales, parto ai ___ — зв 
Luces altemantes, con 7490, 7441, leds у transistor UJT. 25 
Luces danzarinas, manejadas por salida de audio 14 
Lucas en movimiento, con 4049, 4013, 4001, 4011 y diodos od 28 
Luces en movimiento, controladas con microprocesador 8085. 3 
Lucos operadas por sonido, circuito hecho con SH = 
Luces ritmicas en tres canales, para ser operadas por equipo audio E] 
Luces ritmicas para el equipo de sonido 2 
Luz fuoroscente para el carro _ — ووی‎ 
Luz intermitente (destelador) con lámpara do xenón 7 
Luz intormtonto (hasta 500 vatios) con triac, similar a un dimmer —.—.— 32 
Luz intermitente соп SCR y ШТ, para antena o edificio 5 
Luz intermitente con un neón = 4 
Luz intermitente para emargenci 2 
Luz media y luz completa mediante un interruptor doble _ 1 
Máquina de vapor (circuito quo suena como tal), con SN76477 ————— 25 
"Máquina musical (generador de ntmos), соп 7441/ Michael L. 25 
Máquina musical programable, con 7404, 7490, 7441 y 7404 25 
Medidor contable de votaj pico, con 747 y un voltimetro _ a 
"Medidor de balance para los canales de un equipo de sonida — 30 
Medidor de luz muy sensible, hecho con integrado 741 7 
Medidor de luz programable, con LM339/ Forrest M. Mims = 
Medidor de ondas ostacionarias/ Luis Fernando Gómez в 
Medidor do ondas estacionarias? Ricardo Trujlo V. 20 
Meddorde potencia en audiofrecuencia, con diodo y resistencias _ 19 
Medidor do volumen de audio para su equipo (VU Meter) 20 
Megátono de 12 vatios para hablar өп público (3140, BDS22, BD512) 30 
Metrónomo де pulso acentuado, marcador de compás para músico 29 
Melrónomo para ө aficionado a la música, con UJT. 20 
Mezclador de entrada 2 micrófonos y salida común, con transistor — 19 
Mezclador para dos señales de audio, con 1 transistor. 25 
Mezclador pasivo para 2 señalos de audio (ólo con 4 resistores) 26 
Microcomputador simple para aficionado (8224, 8228, 8080A, 21L02) —— 33 
Modulador de televisión para juegos de video, con 4093 y 4011 з 
Monitor con LEDs para detectar fusible quemado en circuito del auto 34 
Monitor de radiofrecuencia hecho con un integrado 555 2 
Monitor para verificación del voltaje de una batería, con JAT 26 
Mulipicador de impedancia para votimetro, con un 741 15 
Mutipicador de voltaje DC/DC (elevador de tensión) con transistor — 31 
Mutipicador de voltaje DC/DC соп diodos y condensadores з 
Mulivibrador con un integrado 555/ Wolfgang Bethke __ в 
Música con kit дө microprocesador 8085/ Mundo Electrónico _ Em 
Ohmetro digital, cómo diseharo y armario con integrados 16 
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Organo electrónico de juguete, con dos nasser 3 
Organo eléctronico codificador para radio control 5 
Organo musical do varias octavas, con un integrado 565 — 5 
Osciador controlado por votaje (VCO), hecho con UIT 21 
Oscllacr de audio con dos transistores, para inyectar señal 2 
Oscilador implementado con un transistor ШТ 14 
Oscllador porcorimiento de fase (phase shi), соп ГМЗВ0 - 38 
Oscilador VCO, de frecuencia variable por voltaje, con 7404 12 
Osallagores con inversores y compuertas digitales 15 
Osclladores de precisión, hechos con el integrado PLL ipo 507 12 
Pájaro programabl (circuito que imita sus sonidos) con SN76477 — — — 28 
Parlantes, cómo conectar uno o más a un equipo de sonido 21 
Péndulo, Ping-Pong y resorte con diodos LED, 74193 y 74154 15 
Pila eléctrica con un limón y dos monedas ____ 1 
Pinza para facilitar la conoxión de plas tipo botón a cargador 24 
Potenciómetro digital, соп 4040, 40175, 40106, 3140 y ransisior — 25 
Preamplificador con un transistor NPN de uso депетї 19 
Preamplificador de audio con balance y tono, hecho con LM387 12 
Preamplificador de audio, hecho con un operacional 741 — 7 
Preamplificador do sonal para antena do televisión (booster) 20 
Preamplificador estéreo alta calidad, con 741 y controles de ton —— 36 
Preamplificador estéreo con transistores - 25 
Precauciones a tener con las compuertas Open Collector 15 
Probador do amplificadores operacionales, con 4093 y 4030 31 
Probador do baterías de auto у moto, con 2 transistores _ 29 
Probador de condensadores mediante un neón, resistencia y — 
Probador de diodos con 2 LEDs y un integrado 7413 31 
Probador de diodos hecho con un integrado operacional 741 — 7 
Probador de diodos y transistores, hecho con 4 diodos LED 12 
Probador de estados lógicos, con 7400, 7405 y 74123. 10 
Probador de estados lógicos, con una compuerta NAND (7400) 9 
Probador de transisores, muy económico/ Luis Fernando Gómez 38 
Probador de yugos у fybacks de televisores (aspiras en corto) 16 
Probador transistonzado de lybacks (tolovisoree)/ Joao Torres 31 
Procedimiento fácil para cromar en el alor casero; Hobby 37 
Programador para memoria con microprocesador 8085, con 8156/Gekt — 38 
Protector para el mango del pincel del engrudo o piura! Hobby 9 
Puerto uso general para computador Sinclair ZX-81 (74244, 8212, 7421) — 37 
Punta do prueba para medir voltajes de radiotrecuoncav Luis F. Gómoz 98 
Quión pulsó primero la tecla?. Circuito para concursos, con 7400 29 
Radiocontrol de un modelo de Hovercraf) Mundo Elecrónico _ 39 
Radio con un diodo, equivalente al radio de galena. 1 


Radio mini con tres transistores . — — 
Radio рага FM. Arme el suyo. Luis Eduardo Valencia М. 


Receptor de radio para la banda de los 144MHz 15 
Reductor de voltaje con tres transistores, para el -e _§ 
Reductor de voltaje alterno sin transformador, con SCR y un UJT 21 
Regulador ajustable de corriente, con LM317 у1М338 _____ — 19 
Regulador con transistor para fuente de alimentación 6 a 80 15 
Regulador de 0 a 22 voltios DC, con integrado LM338 19 


no Electrónica Fáci 40 


Regulador de 5 voltios DC, con bloqueo electrónico, con LMG38 
Regulador de corrente ajustable hasta 15 amperios, con LM338 
Regulador de corriente hasta 10 amperios, con LM338 y LM307 — 
Regulador de corriente hasta 5 amperios, con LM338 

Regulador de tensión para el alternador del automóvil — 


Regulador de velocidad para herramienta y ventiladores ____ "a 


Regulador de velocidad para motor de bajo voltaje 
Regulador de velocidad para motor proceso industrial, con 4001 
Regulador de velocidad para tren eléctrico de juguete 
Regulador de voltaje ajustable entro 1,2 y 25 voltios, con LM338. 
Regulador de voltaje соп salida ajustable en forma digital 
Regulador de voltaje para 15V, con encendido lento, con 1.4338 
Regulador transistorizado para fuente do alimentación 

Relevo activado por tono o pulsos digitales 

Relevo operado por sonido, ideal para alarma 

Relevos, diseño de circuitos prácticos 


Reloj digital con MMS309 y MMS969. Visualizador está hecho con LEDS — 


Rao electónico digital con compuertas 
Rapicador remoto para el teléfono (avisador adicional de lamada 
averberación electónica con 1024A, TLOBA y 401 1/ Forrest Mims 
Raverberación electrónica, nociones básicas circuito (TDA1022) 
Raveroeración hecha con охоп, audifono y cartucho tocadiscos 
Ruleta electrónica (integrados 4069, 4017 y transistor 2N2222) 
Ruleta electrónica con 4013, 4017 y 10 diodos LED 

Secuonciador do luces hecho con varios tiristoros SCA 

Selector defunciones de estado slo, con transistor FET 
Selector de una linea de datos, entre varias de entrada, con 4066 
Sensor de humedad para la terra do las matas, con transistor 
Sensor de presión hecho con espuma conductora у dos integrados 747 —— 
Sensor para contar revoluciones de ojos өп movimiento 

Slenciador de pájaro con una explosión, соп integrado SN76477 
Sincronizador de proyección transparencias con sonido 

Simotizador do trecuencis, con 4046, 4049 y 40171 Forrest Mime 
Sintetizador musical Rudol Michael Lacio 

Sirena con integrado 555 y un transistor UJT 

Sirona con integrado PLL 4046 y рало de un 40681 Forrest Mims 

Sirena con sonido clásico, hecha con dos integrados 555 

Sirena electrónica con dos transistores 

Sirena olectrónica con integrado SN76477 
Sirena espacial hecha con dos transistores UJT 
Sirena para caro, con un 566 y un transistor UJT 

Sirena policial con dos ШТ y un vansistor2N2222 — — — 

Sirena tipo ambulancia, hacha con un integrado LMG909 

Sirena ро Wa-Wa, con cuatro transistors! Phiips 

Soldador hecho con un trozo de grafito de lápiz o de batería 

Sumador binario completo (full adder) con 4070, 4011, 4049 y 4001 
 Supresor de picos de corriente para una fuente, con 2N3055 — — 
Tacómetro digital velocímetro) para el molor de su auto 

Tacómetro dal para medir velocidad de ejes 

Tacómetro estroboscópico con lámpara de xenón 
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Tacómetro para el auto (velocimetro, cuontarrovolucionos) 19 
Teclado electrónico para órgano, con 4416 (4 interruptor bilateral) 
Temporizador соп un 555 E 5 
Temporizador con un tiristor SCR y un relevo de 12 voltios 3 
Temporizador con un transistor UJT (transistor monojuntura) __ 3 
Temporizador de uso general, con 555 y relevo con bobina 9 voltios — 33 
"Temporizador fotográfico, de 0 a 99 segundos, con 4017 y 555 29 
Temporizador para accionar el impiavidnos del auto. 9 
Temporizador para control de llamadas telefónicas, con 4011 y 555 —— 31 
Temporizador para controlar el impiavidrios del auto 8 


Temporizador para lámpara incandescente, con un SCR. — 3 
Terminal sonoro рага teclado computador, con 741.593 у 7415165, эз 
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Timbre electrónico con 10 transistores — 
Timbre electrónico con cuatro integrados ampliicadoros 741 17 
Timbre para puerta con 3 ritmos, con 4011, 4017, 555 y LM380 24 27 
Timbre que suena como 'chicharra" 1 7 
Tiristor SCA, cómo probario з з 
Transformador para fuente de alimentación, cómo bobinario в 21 
Transistor JFET, circuito para medir su voltaje “pinch-off” — 67 
Transistor, cómo comprobarlo con el óhmetro. 1 100 
Transmisor de amplitud modulada/ Luis Fernando Gómez а 60 
Transmisor de audio en FM Luis Fernando Gómoz — 12 73 
Transmisor de audio FM de largo alcance/ Luis Fernando Gómez зв ат 
Transmisor do audio FM en miniatura/ Luis Fernando Gómez so: 
Transmisor de audio y video en colores, transistorizado/ Hermix зв n 
Transmisor do audio y video en colores. Mojoro el de la revista 36 37 88 
Transmisor de radio en la banda de los 144MHz 18 28 
Transmisor de radio para aficionado, de 1 a 2 MHz 16 65 
Transmisor musical con un transistor/ José Ignacio Palacio — — 10 55 
Triple control de tono con operacional LM349 б LM387 2 72 
Trombón electrónico hecho con un integrado 1М3909 ___ — 12 67 
Utilice un radio portátil para reparar y calibrar a otros ___ — 16 5 
Velocimetro para el auto (cuentarrevoluciones) con diodos 19 25 
Verificador de continuidad en cables, con 3 LEDs y 1 resistencia - — э 68 
Verificador de paridad en transmisión de datos ASCII, con 7486 34 в 
Vibrador electrónico para generar alta tensión (12V/200V) в m 
Visualizador digital mediante matriz do diodos — —7 5 
Visualizador hexadecimal de número binario 4 bits (7442, 7404, 7400) — 33 58 
Voltímotro Digital de БУ, indicador do barras (LM3914, 78105, 7812) Elco 39 14 
Voltimetro gráfico en barras, con LM339 y LEDs! Forrest М. Mims, 39 з 
GUIA PARA LOCALIZACION DE FALLAS 

Revista - Página 
Betamax para sólo una hora de programa, como adaptarlo рага2 __ _ 16 71 
Betamax 51-300/5380. No carga la cinta, se escucha golpeteo de piñón — 38 27 
Betamax SL-5000. Cassette entra pero no carga cinta sobre tambor 36 23 
Betamax 51-8600. Graba y reproduce solamente en blanco y negro зв 27 
Betamax Sony 51-20, 51.30, 51-2400 y otros del tipo plano. Franjas 38 26 
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Betamax Sony SL-2400. Imagen aparece con tranjas tamadas decolor 38 26 
Betamax Sony 51.2400. No rebobina, enreda la ота — 2 
Betamax Sony SL-5000 y 81-5400 La cinta demora o no rebobina (REW) 22 
Betamax Sony 51-5000. Bandas de ruido periódicas en pantalla TV — 36 22 
Betamax Sony SL-5400. Se demora para cargar y descargar la cinta — 36 22 
Betamax Sony SL-8600. La cinta no carga sobre el tambor de cabezas —— 36 23 
Betamax Sony Stereo, 51-70, HFR-70 y similares. Imagen ruido a atos — 38 27 
Betamovie BMO-110 (cámara Sony de video). No graba. CAUTION encendido 36 24 
Betamovie BMC-660/600 y similares. Varios síntomas — — * 28 
Betavisién Sanyo VOR 4200. La cinta no carga sobre al tambor cabezas — 36 23 
Cómo localizar rápidamente las tallas intermitentes 10 49 
Cómo reparar la distorsión on televisores do pantalla grande Bou 
Compact Disc Player Fisher AD-871. No funciona sistema carga dico — — 37 54 
Equipo de sonido Crown SHC-5500. Ruidos у traqueteos en el sonido зв 30 
Equipo de sonido National RX-C900, El volumen se sube s n moverlo æ 24 
Equipo de sonido National RXC300F. El aparato no funciona FE 
Equipo de sonido Pioneer MX-80. Se apaga el reloj del tablero 38 30 
Equipo de sonido Pioneor MXBO. Se le pierdo el sonido __ — 7 ы 
Equipo de sonido Sharp VZ3000X. Al abrir la tapa se suspende elddo — 38 31 
Equipo de sonido Sony HMK-515. Con mucho volumen, cinta se arrastra — 30 24 
Falls tipicas өп televisores monocromáticos/ Albero Serrano 6 2 
Fallas tipicas on televisores monocromáticos/ Albero Serrano — 7 2 
Horno de microondas Litton 6416. Fallas tipicas в 5 
Radio National RF-9L. Sinoniza bon, pero no hay о өе malo sonido — — 37 54 
Televisor General a colores, 13AC1504W. Falla vertical, color o video — 38 31 
Televisor Kendo OK20CA (Colel). No hay imagen pero suena bien 38 з 
Televisor Mundial (Otake) 74014. La imagen se cierra parcialmente a 55 
Televisor Philips, chasis КТЗ. Varios síntomas, imagen con nieve 97 5 
Televisor Sharp 13F242. No enciende y quema el fusible a a 
Tolovisor Sharp 13KM15. Se le dafa el tiristor SCR regulador voltaje FE 
Televisor Sharp C2017CA. Muestralineas de retomo en parte superior — 36 26 
Tolovisor Sony dela sere 43A. El volumen o el canal cambian solos —— 37 55 
Televisor Sony dela serie 43A. La imagen pierde el balance de blanco —— 38 25 
Televisor Sony KV-1454. No enciende pero los fusibles están bien 2 ж 
Televisor Sony KV-1455RC. No enciende, poro la fuente está bien 38 32 
Televisor Zenith modelo 19FC45 16 77 
Televisor Zerit, chasis Linea Z. No funciona remoto, No enciende 2 5 
Televisores Sony de la serie KV-2141/2142 y 1941. Se quema el SCF 38 32 
Televisores Sony que utlizan tiristor en сайда horizontal. Mejora. зв 2 
C 
Tocadiscos Sony para equipos HMK-313, HMK-414, HMK-3000 y НЫК-000 38 — 33 
Tocadiscos Sony PS-LX20. No cambia de velocidad y brazo funciona mal — 37 88 
HISTORIA DE DESCUBRIMIENTOS Y EMPRESAS 

Revita - Pagina 
A 120 años do Michael Faraday ше Guilermo Rivas 7 
Cinta magnética para grabadoras, broviario/ Bast 8 m 
Cinta magnética para grabadoras, historia, segunda parte/ Basf 85 
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¡Cómo una traba gubernamental hizo descubrir las ondas cortas — 9 a 


Curiosidades en la historia de la electricidad y electrónica () _ 7 19 
Curiosidades en la historia de la electricidad y electrónica (І) — 34 5 
Curiosidades on la historia do la electricidad y electrónica (I) 35 LT 
Curiosidades en la historia de la electricidad y electrónica (IV) 36 87 
Curiosidades en la historia de la electricidad y electrónica (V) 2 —7 
Curiosidades en la historia de la electricidad y electrónica (VI) — 38 19 
Curiosidades өп la historia de la electricidad y electrónica (VI). зэ 17 
Del ámbar a las comunicaciones/ Aurelio Mejía Two 
El primer susto electrónico (Botella de Leyden) 76, 
Historia de Hitachi 16 72 
Historia de las normas Internacionales para el video aficionado — — — 34 21 
Historia do Matsushita Electric (National, Panasonic, Technics) 15 66 
Historia de Sony. : 2 — 7 72 
Historia del arte de soldar con metal 21 58 
Historia sintética de la electricidad Boletín ADETEL 7 25 
John Wiegand, descubridor del fenómeno de la conmutación magnética — 21 70 
La electrónica en el mundo de Liliput Raimondo Musu — жш 
Mondeláov у la tabla de los elementos periédicos/ Sputnik т 10 
Tubo de caplación de imagen en una cámara de video/ Sony 2 c 
NOCIONES BASICAS, TEMAS DE CAPACITACION 

Revista Página 
‘Acople magnético, aplicación on electricidad industrial Fernando V. 36 18 
Ajustes de Convergencia y Pureza televisor en color 13 53 
Alambre WIEGAND, dispositivo de conmutación polos magnéticos, 21 7 
Algebra Booleana y los mapas de Karnaugh en electrónica digital FA. — 37 36 
Altavoces, cómo evaluar sus especificaciones/ Technics a 25 38 
Amplificador de señal (booster) para antena do tolovisón 9 45 
Amplificador operacional, introducción! Rudolt M. Lacie 14 9 
Amplificadores de audio, cómo evaluar sus especificaciones — 19 ав 
Amplificadores operacionales! Carlos Jaramillo 7 26 
Análogo y digital, introducción a los microprocesadores — — 2 15 
Antena y circuito de entrada en un receptor de radio! National 35 аз 
Antena, funciones, circulo de carga/ Rafael Callejas 8 вв 
Antenas parabólicas. Nociones básicas/ Aurelio Mejía 40 21 
Antenas para radio y televisión, tipos básicos 19 6 
Atomos, moléculas, compuesto, dilatación, ión, protones, ес. 7 18 
Auditono tipo electret Philips — M 18 
Audifonos electrodinámicos (tipo cápsula teléfono) — 14 18 
Audífonos electrostáticos/ Philips 4 19 
Audio y radiotrecuencia, ata fidelidad, onda corta, ete 3 9 
Audio-electrónica/ Hofman Velásquez 2 1 
Baties, cómo dísoňartos para ol equipo de sonido 17 28 
Bafles, cómo evaluarios у cómo disonarios/ Technics ——— 25 38 
Sales Arme un circuito separador de frecuencias (crossover) * 87 
Baterías recargables de Níquel-Cadmio, consejos útiles 2 29 
Bus, introducción a la electrónica digital, manojo de datos __ — 9 4 
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Cable multpar para instalar ctólonos/ Fernando. Volásauoz 
alor es lo mismo que temperatura? 
Cámara do video para aficionado, cómo imar — 
Cámaras de video, principio de funcionamionto/ Sony 
Características de los principales componentes electrónicos __ 
Cartucho para reproducción de discos, magneto móvil etc. 
Cinta magnética para grabación del video, cómo está hecha/ Sony 
Cinta magnética para grabadoras, cómo sacarles provecho/ Bast 
Cinta magnética para grabadoras, segunda parto/ Bast 
Cinta magnética para grabadoras, tercera parte, final Bast 

to amplificador de frecuencia intermedia en un receptor 
to amplificador de radiofrecuencia on un receptor de radio 
Circuito convertidor de frecuencia en un receptor de radio 
Circuito eléctrico, qué es eso? 
Circuito impreso, cómo hacerlo en nuestro taller? Aurelio Mejía 
Circuito impreso, como repararsindafaro _ 
Circuito impreso, recomendaciones para el dibujo 
Circuito integrador, principio де funcionamiento/ National Panasonic 
Circuito oscilador, principio de funcionamiento/ National Panasonic. 
Circuito resonante, sintonización/ National Panasonic 
Circuitos automáticos en los televisores (AGC, AFC y ATC) ———— 
Circuitos básicos para el diseño con transistores/ National Panasonic 
Circuitos electrónicos básicos, su funcionamiento/ National Panasonic ___ 
Circuitos lógicos, compuertas, TTL, CMOS 
Circuitos mutivibradores/ Aurelio Mejía. 
Circuitos rectificadores de corriente alterna/ National Panasonic 
‘CMOS, precauciones básicas para manejo dispositivos 
Código binario, nociones básicas, ejemplos/ Casio. 
Código de colores para los resistores y condensadores _ 
Código de colores para condensadores de Tantali, Poliester, etc. 
Códigos de identificación para resistores y condensadores, 
Cómo aprovechar los bajos del equipo de sonido/ Aurelio Mejía — 
Cómo calcular las bobinas, parte fina Gustavo Gutierrez 
¡Cómo calcular las bobinas/ Gustavo Gutierrez 
Cómo desoldar los componentes del circuito impreso 
Cómo таг con una cámara do video para aficionados/ Sony — — 
Cómo hacer circuitos impresos en el taller Aurelio Мей 
Cómo hacer que la electricidad lleve potencia/ Texas Inst. 
Cómo influye la frecuencia en la reactancia capacitiva? 
Cómo influye la frecuencia en la reactancia inductiva? _ 
Cómo interpretar los diagramas en circuito prácticos 
Cómo interpretar planos eléctricos industriales/ Aurelio Меј 
Cómo leer especificaciones catálogos ampificadores y grabadoras 
Cómo montar dispositivos con terminales cableados 
Cómo probar transistores NPN y PNP con ol óhmetro 
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Cómo probar una VDR (Resistencia Dependiente de Voltajey Philips — 32 
Cómo reemplazar componentes tipo pastila (chip) en circuito impreso. — 32 
Cómo reparar abolladuras өп un cono de parlanto/ Aurolio Mejía 39 
Сото se controla la potencia/ Texas Instruments _ ás 1 
Cómo se graban en cassette de cinta las señales digitalos/ Casio 30 
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Cómo se repara un equipo controlado por microprocesador — گا‎ 
Сото soldar bien con estaño, cautin y pistola — 2 
Сото trabajar con diodos luminosos (LED), circuito básico/ Ovidio C. 35 
Cómo unir o empatar dos alambres en una instalación —— — 26 
Сото verificar diodos zener Ovidio Cardona B. __ 31 
Compander (compresor de voz), nociones básicas. == 
Componentes electrónicos, características de los principales 28 
Condensador Electro Technics. 25 
ondensadores у resistores, métodos para identificaros/ Sony —— 32 
Contadores y compuertas digitales/ Dario Gómez, Leonardo López 7 
Convergencia, Pureza y Temperatura en televisores de color 13 
Conversor de señal Digital a señal Analógica (D/A Converer)/ Gaso — 29 
Crossover (separador de frecuencias) para la caja do parlantes 17 
Curso de introducción a la electrónica digital 
Decibel (dB), una unidad de medida para niveles de audio 4 
Decibelio (dB), unidad de potencia acústica, nociones básicas 25 
Destornilladores, forma de afiar su punta. 3 
Diac, teoría de funcionamiento 3 
Diodo luminoso (LED). Cómo ponerlo en un circullo/ Ovidio Cardona 35 
Diodo zener, cómo manejarlo, cómo calcular componentes del circuito — — 31 
Diodo zener, un dispositivo para regular voltaje 1 
Diodo, un rocifiador do corriente alterna 1 
Disco compacto digital (Compact Disc), qué es un sistema digital 28 
Disipación del calor en los semiconductores, radiadores 2 14 
Disipadores de calor, nociones básicas. 4 
Display (visualizador) digital de 7 segmentos YE 
Display de cristales líquidos! Mundo Electrónica 15 
Dolby, DBX, Super D y otros circuitos reductores de ruido 25 
Efecto Dellinger (propagación de ondas por la ionosfera). 32 
Efecto Doppler, е! tono audible cambia al mover la fuente 18 
Efecto Hall (corrente por conductor plano on modio magnético) 25 
Efecto Petter, enfriamiento con dispositivo estado sólido 25 
Efecto Seebeck, producción electricidad al calentar bimetálico 25 
Electret, condensador / Technics ___ = 25 
Electret, equivalente electrostático del magneto/ Philips 14 
Electricidad dinámica, electricidad estática. 1 
Electricidad, lo que usted debe saber sobre sus riesgos — — 26 
Electricidad, nociones fundamentales/ Eveready 5 
Electricidad, preguntas y respuestas sobre aspectos básicos —3 
Electromagnetismo, nociones básicas, efecto Hall, Aurelio Mejia. 25 
Electrones, portadores de carga negativa. 1 
Eloctténica digital (convertidores analógico a digital y vioovorsa) 21 
Electrónica digital (transferencia de datos, código binario, et.) 30 
Electrónica digital, algebra Booleana, mapas de Kamaugh Fernando A. — 37 
Electrónica digital, brigada de baldes (BBD), intraducción/ Casio 30 
Electrónica digital, curso básico para introducción al tema 11 
Electrónica digital, nociones elementales 7 
Electronica digital: lógica, compuertas, codificadores, elc Forrest — 35 
Electostátca, aplicaciones en la industria 10 
Encendido electrónico para el auto Aurelio Maia — 3 


42 
78 
42 
37 
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Energía eléctrica, so puedo almaconar?/ Aurelio Mejia 1 
Energía radiante, nociones básicas 3 
Energía solar, ciclo energético del agua 5 
1 
4 
4 


Energía, trabajo y potencia/ Aurelio Mejía — 
Equipo de sonido, evaluacién de la potencia necesaria 
Equipo de sonido, sonoridad 


Espectro electromagnético, teoría de la luz/ Willard Alphin 26 
Estereotonía en el hogar! Sylvania — 
Estereofonía, sistemas para reproducira digitalmente Casio __ 30 
Factor de potencia, monofásico, trifásico, Баг, fler 4 
Factor Q en un circuito resonante/ National Panasonic: 35 
FET, transistor por efecto de campo, circuito básico/ National эт 
Fitros pasivos (rods de resistencia, inductancia у capacidad) G.G. 37 
Flash fotográfico, principio do funcionamiento 7 
Flip-Flop, principio de funcionamiento/ Dario Gámez 7 
FM en estéreo, manera como se transmite 12 
Fonocaptores cerámicos (plezoelectricos) у magnéticos 16 
Formas de onda, explicación con ejemplos sencillos 6 
Fotocopiadoras, cómo funcionana/ Aurelio Mejía 10 


Fotometria de los dispositivos usados para iluminar —— 
Frecuencia eléctrica, qué es eso? Aurelio Mejia 
Fuentes do alimentación (pilas, recicadoros|/ National Panasonic. 
Fundamentos sobre luz y color, para televisión Abelardo О. 

Fusibles para uso en electrónica 

Grabación de audio, técnicas para efectos, segunda parta Bast 

Grabación de audio, técnicas para obtener efectos’ Ваз! _ 

Grabadoras de video, principio operación VHS y Beta/ Aurelio М. — 
Hall, elemento. Dispositivo en el que se basan ciertos sensores 
Ното de microondas, principio de funcionamiento! Glottmann 
Hornos de microondas/ Jaime Tobón 

ICF-2001, receptor de radio Sony con sintonia por PLL 
inducción electromagnética 

Inductores, bobinas de RF y ranslormadores. Fórmulas para usar 
Intogrados digitales, recomendaciones! Fernando Alvarez __ 

Intogrados tipo MOS (y CMOS), características y requisitos Forrest 
Introducción а los reflectores parabólicos/ Aurelio Mejia 

introducción al funcionamiento de las cámaras Betamovie de Sony 
Lámparas fluorescentes, oporación/ Syivania 

LED, un dodo emisor de luz 

Ley de Joule, circuitos básicos National Panasonic 30 
Loy de Ohm, circuitos básicos, funcionamlento/ National Panasonic — — 30 
Líneas de retardo do señal, рог medio piezoolécttco 

Lo que no debe hacerse con un transistor Philips 
Logaritmos. Nociones básicas 
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Lógica electronica José Hüzgame 
Luz polarizada, ángulo de Brewster, cómo anular sus efectos 26 
Luz y color, relaciones existentes entre ambos términos/ Sony 32 


Luz y términos de iluminación Wilard Alphin - Sean — 
Magnetismo, leyes, histéresis, inducción/ Aurelio Mejía 20 
Magnetrón, una válvula para generar microondas) Aurelio Mejia — — 8 
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Manual del video өп cinta de 8 milimetros/ Sony _ _ з 
Mecha absorbente, ип método seguro para desoldar _ — ͤ 
Medidas de precaución para el manejo de integrados tipo MOS 24 
‘Memoria digital de datos, nociones básicas) Casio 30 
Micrófonos inalámbricos, cómo escogerios/ Radio y Televisión 20 
Micrófonos, cuál es la diferencia! Don Gayle, Shure Brothers 25 
Microprocesador 2-80, configuración, registros, pines, otc./ Elica 36 
Microprocesador 2-80, programación memoria ROM, puortos/ Elico 35 
Microprocosadoros, curso básico de introducción al tema/ Philips 28 
Microprocesadores, curso de introducción, segunda parte/ Philips 29 
Microprocesadores, curso práctico basado en el 8085/ Cekit 36 
Microprocesadores, introducción al audio digital у los órganos/ Casio 29 
Microprocosadoros, introducción al audio digital, parte final/ Casio 29 
Microprocesadores, lecciones de introducción Ron Bishop ____ 34 
Microprocesadores, sistemas numéricos binario, octal, hexadecimal 34 
Modulación en la señal de televisión en color 18 
Moduladores de onda portadora, nociones básicas 9 
Monolásico, bifilar, trifásico, trifa, factor de potencia E 
NOS / CMOS, integrados a base de Motal-Oxido-Somiconductor/ Forrest — 34 
Motor piezoeléctrico, principio de funcionamiento 16 
Motores de inducción, sincrónicos, motor servo 17 
MPU (ver todo lo relacionado con digital y con microprocesadores) 30 
Muestreo (sample) y retención (hold) do una señal, qué es eso 25 
Música ambiental para almacenes y oficinas 12 
Müsica, rangos de frecuencias y sus nombres 5 
Nevera por absorción! Aurelio Mejía 8 
Nevera por comprosióní Aurelio Mejía — 7 
Nociones elementales do. f 
Normas para el rebobinado de motores eléctricos/ Sergio J. 15 
Ondas acústicas superficiales) Aurelio Mejía 20 
Ondas eléctricas (longitud, frecuencia, propagación]: National 32 
Ondas electromagnéticas del cerebro/ Alfredo Campbell 4 
Open Collector (colector апо), qué es eso? 10 
Organo electrónico, introducción a los circuitos digitales 29 
Origen de la electricidad/ Aurelio Mejía 1 
 Oscladores piezoeléctricos/ Luis Gustavo Londoño ___ 18 
Osciladores, nociones básicas — ib 
Osciloscopio, cómo interpretar sus lecturas, operación básica. 10 
Osciloscopio, propiedades y manejo de los controles, operación — 11 
Osciloscopio, un experimento con frocuoncia do 60Hz 11 
PH, funcionamiento de un medidor de acidez de un medio — — 8 
Piezoelectricidad, fonocaptores reproducción discos 16 
Plezoelecticidad, historia, cristales, dispositivos 16 
Plezoelectricidad, osciladores ___ = 18 
Pila seca, cómo funciona y de qué está hecha/ Eveready 5 
Pila seca, cómo funciona. Parto 2 final Eveready _ == 
Pilas para equipos electrónicos/ Mundo Electrónico (España) 24 
Pilas recargables, cómo arreglarías y sacarles más provecho — 24 
Pilas secas, de mercurio, de niquel-cadmio, alcalinas/ National — 32 
Pilas, cómo funcionan, tipos, nociones básicas! Aurelio Mejía — 5 
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PLL, circuitos con bucle de fase mantenida, para sintonía 12 
Precauciones a tener con las compuertas Open Collector — 15 
Precauciones manejo do fonocaptor óptico en reproductor Compact Disc — 32 
Principios de la televisión on color/ Aurelio Mejía 10 
Qué es un MOS-FET?/ Aurelio Arango _ 14 
Radiadores de calor para los semiconductores. 14 
Rado, funcionamiento básico, por bloques 3 
Radiodifusión de AM у FM (modulación, ruido, etc.) National —— 35 
Radiómetro, teoría de funcionamiento 5 
Rango dinámico, relación entre señales fuertes y débiles — 25 
Rayo laser, principio de funcionamiento. 3 
Roactancia inductiva, saturación de los núdeos magnéticos 1 
Receptor de AM, nociones básicas/ National Panasonic __ 35 
Rectificación de onda completa. 1 
oed switch. Interruptor tipo сайа, por campo magnético 4 
Refrigeración básica, segunda parte, final Aurelio Mejía 8 
Refrigeración básica/ Aurelio Mejia 7 
Reglas olomentales para el reparador Sylvania 13 
Relevos, diseño de circuitos prácticos — 4 
Reparación de aparatos, consejos para el principiante — 20 
Resistencia, reactancia, impedancia 1 
Resistor tipo pastila (chip). Cómo identificarlo! Sony 32 
Resistores y condensadores, métodos para identificarios/ Sony s 
Resistores, características y tipos principales/ Aurelio Mejía 10 
Resistoros, tabla de valores preferidos/ Revista Chassis ___ 16 
Resonancia, circuitos básicos/ National Panasonic 30 
Resonancia, comprensión del término 16 
Roverberación, principio de funcionamienta/ Aurelio Меј 35 
(RMS, amplitud efectiva de una forma de onda de voltaje AC — 17 
Puido (noise) en circuito electrónicos, nociones básicas 25 
Puido blanco y ruido rosa (white noise - pink noise) 26 
SIN, relación de Señal a Ruido Technics 19 
‘SAW, fitros basados en las Ondas Acústicas Superficialos 20 
SCR, teoría do funcionamiento 3 
Señales de video en televisión y equipos de grabación tipo 8mm 34 
Señales, portadora, modulación, voltios pico a pico, FI, etc. 12 
Significado de las letras y números que aparecen en los integrados 34 
Sintonizadores, cómo evaluar sus ospacificaciones/ Technics. 18 
Sistema de numeración binario/ José Hüzgamo. 7 
Sistema internacional de unidades (longitud, masa, tiempo, etc.) 32 
Sistemas de numeración utilizados en los microprocesadores/ Forrest — 34 
Sonido, cómo se genera, cuáles son sus propiedades. 18 
Sonido, qué os) Tono, volumen, timbre, envolvente! Casio 29 
Televisión en colores, fundamentos para el principiante 17 
Televisión en colores, fundamentos, segunda parte 18 
Televisión, principio de funcionamiento 5 
Temperatura. sistemas empleados para cuantificarla 28 
Termistores, varistores у fotorresistencias. Características 28 
Termoelecicidad, efectos Poitier y Soobock/ Aurolio Moja —  — 25 
Termopar, aplicación de los efectos Peltier y Seebeck 25 
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Tiristores y sus apicacionos/ Aureio Mejia __ 
Tomamesas, cómo evaluar sus especificaciones 
Transductor (sensor) plezoeláctico 
Transferencia de datos serio y parallo, electrónica digital Casio 
Transformador olécrico, qué es oso? 

Transformador eléctrico/ Hoffman Velásquez 

Transistor de efecto de campo (FET) 

Transistor monojuntura (Unijunction, UJT) — 

Transistor PNP y NPN, cómo probarlo con el óhmetro 

Transistor ро Darlington, para manejo de potencia. 

Transistor tipo pastila (chip). Cómo identificarlo! Sony 

Transistor, un amplificador de estado sólido 

Transistores, circuitos básicos National Panasonic 

Triac, teoría de funcionamiento. 

Tripler (tiplicador de tensión para televisor) 

TTL, CMOS, introducción a los integrados digitales 

Ultrasonido, principios y aplicaciones! Luis Gustavo Londoño 
Ululación у 'tuctuación en tocadiscos y grabadoras de cinta _ 
Unidades, magnitudes, nombres, simbolos. Sistema internacional 
Válvulas electrónicas, nociones básicas! Aurelio Меј 

Varistores, termistores y fotorresistencias. Características. 
Video, sistemas para su grabación, funcionamiento básico 
Visualizador digital de 7 segmentos (display) 
Visualizadores de cristales líquidos) Mundo Electrónico 
Visualizadores numéricos, circuitos de activación. 


PUBLICACIONES SOBRE ELECTRONICA (REVISTAS, FOLLETOS) 


103 proyectos para experimentadores electrónicos/ Forrest Mims 
333 trucos científicos y experimentos USA) Robert J. Brown 
Actualidad Electrónica (Bogotá, Colombia), revista 

Boletín Radio Club de Antioquia. 

Computer Books of Hollywood (Florida, USA), libros técnicos 
Computers and Electronics (USA, antes "Popular Electronics”) 
Divita-se com а Eletronica (Brasil), revista muy práctica 
Electronic Technician/Daalor (USA), revista sobre televisión 


Electronic Servicing and Technology, una revista para técnicos — 


Electronics (USA), revista electrónica de temas actuales 
Electronics Today (Inglaterra), revista electrónica práctica 
Everyday Electronics (Inglaterra), revista para experimentadores 
Hands on Electronics (USA), revista práctica para aficionados _ 
Howard W. Sams y Co. (libros técnicos y diagramas esquemáti 


Integrémanos, boletin técnico gratuito, publicación Adetel (Colombia) 
Intemational Electro Review (USA), revista con dirección proveedores 


Manual del Radioaficionado, escrito por Manuel J. Sanín Puello 


Microservice Management, revista para reparadores de computadores 


Mundo Electrónico, revista de España 
Г] 


Revista - Página 
33 87 
зз 87 
34 101 
4 5 
34 104 
[e 
з вр 
з 3 
зә 80 
13 3 
a —7 
18. =3 
36 99 
36 102 
29 82 
з 8 
35 101 
зә а 
13 з 
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Mundo Electrónico revista do España 33 ва 
Newark Electronics (USA), catálogo. Gran almacén de venta por coreo — 34 101 
Popular Electronics (hoy se llama "Computers and Electronics") 13 з 
Practical Electronics, revista inglesa para experimentadores 173 
Radio Club de Antioquia (Colombia), boletín para radioaficionados 34 102 
Radio Electronics (USA), revista informativa y práctica 36 9 
Selecciones de Security Management (España) 33 в 
Televisión Doméstica Via Sa — do в 
Understanding Amateur Radio (USA), libro práctico radioaficionados —— — 31 вз 
Video (USA), revista especializada en aparatos у policulas de video зв 99 
SEMICONDUCTORES Y OTROS ELEMENTOS BASICOS 

Rarita- Página 
1914, un diodo de mucha aplicación en electrónica digital 172 
21L02, memoria RAM. Circuito microcomputador para aficionado 33 66 
TEMIS, regulador positivo para +15 voltios CD. Circuit préctico 38 78 
79М15, regulador negativo para -15 voltios CD. Circuito práctico зв 78 
111 (LM), comparador de voltaje. Circuitos para interface digital 32 28 
307 (LM), amplificador operacional 19 7в 
309 (LM), regulador positivo de voltaje. Salida +5V DC, 1 amporio 19 в? 
309 (LM), ver revista 23. 
311 (LM), un integrado comparador de voltaje. Control temperatura 2 22 
317 (LM), regulador de voltaje ajustable, 3 terminales, 1,5 amperios 19 вз 
317, ver revistas 25, 26 y 29. 
324 (LM), 4 ampificadores operacionales con muchas aplicaciones 3814 
324 (LM), fitro activo para paso do banda/ Forrest М. Mims 4 93 
334 (LM), fuente de corriente ajustable, 3 terminal, 1 microA a 10 mA. 19 вз 
338 (LM), un integrado regulador de votaje posítvo 19 77 
339 (LM), 4 ampificadores utilizables como comparadores de voltaje — — 14 17 
339 (LM), ver revistas 4, 14, 22 y 39. 
340K5 (LM), regulador positivo de voltaje. Salida «SV DC, 1,5 Amp. 19 87 
34015 (LM), regulador de voltaje para +5 voltios DC, 1,5 amperios 4_4 
34015, ver revistas 6, 7, 11, 12, 14 y 22. 
340T12 (LM), regulador de votaje, salida «12V DC, 1,5 amporios 12 64 
340712 (LM). integrado regulador de voltaje, 12V y 1,5A 39 16 
349 (LM), preampificador-ampificador operacional, similar al М387 1 72 
358 (LM), 2 ampllicadores operacionales de baja potencia 17 78 
378 (LM), 2 amplificadores de audio para 4 vatios de potencia: 12 68 
380, un amplificador de audio con muchas aplicacionos/ Forrest Mims — — 38 9 
360 (LM), fuente dual (dos voltajes) a partir de fuente sencilla. 32 88 
380 (LM), un ampificador de audio, diagrama de conexiones 9 48 
380, ver revistas 6, 12 y 24. 
382 (LM), 2 preampificadores de bajo ruido. Circuito práctico ___ 12 68 
386 (LM), amplificador potencia audio. Ideal para aparatos con plas 7 
387 (LM), 2 preampliicadores de bajo ruido. Circuito práctico __ 74 
596 (NE), 1 amplificador operacional con entrada tipo FET 17 
550 (NE), circuito práctico fuente de alimentación regulada +5V 43 
555 (LM), temporizador, diagrama de conexiones y circuitos prácticos 32 
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555 (NE), un IC para sistemas de control de tiempo/ Orlando С. 2 2 
555 (LM). Circuito con fototransistor para disparo de flash adicional эз 58 
555, ver revistas 2, 5,6, 7, 8, 11, 12, 14, 15, 16, 18, 19, 20, 21,23, 24, 25, 26, 29 y 36. 


556 (NE), 2 tomporizadoros tipo 555 оп un mismo integrado ochip 15 32 
558 (NE), 4 temporizadores 

581 (NE), circuito PLL junto con un comparador de fase en cuadratura — 12 34 
563 (NE), un integrado del tipo PLL para demodulación — 12 20 
584 (NE), un integrado del tipo PLL para receptores 12 32 
565, un integrado PLL para baja frecuencia — 12 3 


566, Oscilador Controlado por Voltaje. Circuito generador onda triangular — 40 94 
567 (LM), decodificador de tono. Teoría y circuitos 14 вз 
567 (LM, NE), un integrado PLL decodificador de ono 12 ат 
567 (LM, NE), un separador de tonos con сепа frecuencia 
567, vor rovistas 16, 23 y 24. 


723 (LM), regulador de voltaje, desde 2 hasta 37V, 150 mA a 10A. з2 59 
741 (LM), circuito práctico, convertidor de analógico a digital 30 29 
741 (LM), un integrado amplificador de uso múltiple — 4 8 


741, ver revistas 2, 7, 14, 15, 16, 17, 18,20, 22, 23, 24, 25, 26,28 y 37. 
747 (LM), dos amplíicadores operacionales. Medidor voltaje pico 31 
1022 (TDA), una línea analógica de retardo. Circuito reverberación 38 
1024A, integrado con dos líneas retardo сопа! analógica. Circuito %4 16 
1458 (LM), dos amplificadores operacionales. Circuito para cautín — 32 
1800 (LM), un integrado para decodificar música estéreo 12 

12 


1820 (LM) circuito para un receptor de radio вв 
1671 (LM) un emisor de AF, con codificador de 6 canales modulados — — 39 49 
1872 (LM), receptor completo de RF para radiocontrol — 39 52 
2002 (CA), un ampllicador de audio para В vatios de potencia 2 бг 
2716, memoria ROM * 2 
3080 (CA), amplificador operacional por transconductancia (ECG902) — — 17 75 
3082 (CA), acoplador (buffer. Circuito visualizador dinámico поз 
3089 (CA), sistema frecuencia intermedia, detector FM y amplificador — 12 20 
3130 (CA), amplficador operacional В-МОВ. Circuito delector metal 7 2 
3140 (CA), amplificador operacional. Circuito práctico 2 69 
3140, vr revistas 29 у 37. 

3902 (LM. MC), 4 comparadores de voltaje, baja potencia. Cote 2 © 
3902, vor revistas 4 y 14. 

3940 (MC), atenuador electónico controlado por tensión (ECG 829) 19 74 
3401 (LM) 4 amplificadores. Funciona con fuente sencila, 4 a 36У 1 8 
3403 (MC), 4 amplificadores operacionales, fuente alimentación simple ___ 23 43 
3908 (LM), un integrado para armar sirenas y luces intermitentes 12 67 
3908, vr revista 22. 

3914 (LM) un integrado para visualización de puntosibarras ә м 
4001 (CD), 4 compuertas NOR de 2 entradas. Control para motor. 3 23 


4001 (CD), circuito de alarma para uso múltiple 2 74 
4001, ver revistas 8, 15, 17, 18, 20, 24 y 29, 

4007 (CD), interruptor de estado sólido. Circuito detector metal 7 m 
4007 (CD), 3 pares complementarios transistores MOS canal P y N 37 21 
4007, ver revista 15. 

4009 (CD), 6 acopladores inversores de pulso (buffer) _ — 15 м 
4011 (CD), 4 compuertas NAND CMOS. Circuito generador de pulsos __ 31 61 
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4011 (CD), circuito modulador de televisión para juegos do video 31 


4011 (CD), un IC con 4 compuertas NAND. Ruleta electrónica 30 
4011 (CD), un integrado CMOS con 4 compuertas NAND. Circuito práctico — 29 
4011, vor rovistas 15, 16, 18, 21, 22, 23, 24, 38 y 39, 

4012 (CD), 2 puertas NAND de 4 entradas. Comparador de 4 bits — 34 
4018 (CD), un integrado con dos Flip-Flops tipo D. Circuito práctico __ 29 
4013, 2 Flip-Flops. Circuito práctico generador reloj reverberación 38 
4013, ver revistas 23, 29 y 39. 

4015 (CD), 2 registros estáticos 4 bits, entrada sorie/salida paralelo 23 
4015, vor rovista 29. 

4016 (CD), cuatro interruptores bilaterales. Circuito práctico 29 
4018 (CD), interruptor bilateral. Circuito teclado para órgano 3 
4016, circuito de aplicación on un localizador do meide — M 
4016, ver revistas 23 y 29, 

4017 (CD), contador/dvisor de décadas con 10 salidas decodificadas 29 
4017 (CD), contadoridivisor de décadas. Ruleta electrónica. 30 
4017, var revistas 12, 23, 24 y 29. 

4021, un registro por desplazamiento, de 8 etapas. Circuito práctico _ 29 
4022 (CD), contadorcivisor por B y 8 salidas decodificadas. Juego 31 
4023 (CD), un integrado con tres compuertas NOR de tres entradas 30 
4024 (CD), contadoridivisor binario de 7 etapas 23 
4029 (CD), contador binario/décadas preajustablo, ascen.y descendente _ 14 
4030 (CD), 4 compuertas OR excluyente. Detector de estados lógicos 24 
4030 (CD). compuertas OR excluyente. Probador de operacionales a 
4030, ver revista 24. 

4040 (CD), contadoridivisor binario 12 etapas. Potenciémetro digital ___ 29 
4040, ver revistas 18 y 29. 

4046 (CD) un integrado PLL en tecnología CMOS, de baja potencia 30 


4046, un PLL de baja potencia. Circuito generador efectos sonido 22 
4046, ver revista 22. 


4047 (CD), mulivibrador monoestable de baja potencia, po CMOS __ _ 18 
4047, vor revistas 29 y 29. 
4049 (CD), 6 inversores acopladores (buffer). Circuito detector lase 29 


4049. Circuito amplificador lineal con medio integrado Forrest Mims 34 
4049, vor revistas 22, 23, 24 y 29. 

4053 (CO), un integrado con 3 interruptores bilaterales sólidos 
4060 (CD), contadoridivisor binario de 14 etapas (14 bits) 
4066 (CD), un integrado con 4 interruptoros bilaterales sólidos 
4066 (CD), circuito de sirena y varios efectos de sonido. 

4066, ver revistas 17 y 22. 


4069 (CD), 6 circuitos inversores. Detector de estados lógicos. 24 
4068 (CD), circuito para juego acerca de quión llena primero tablero. A 
4069, vor revistas 12 y 39. 

4070 (CD), puerta OR-Excluyente. Diagrama y varios circutos 34 
4070 (CD), 4 compuertas OR excluyente. Circuito práctico — 29 
4070, vor revistas 4, 14 y 22. 

4071 (CD), 4 puertas OR de 2 entradas con acoplador (buffer) 48 
4071, vor revista 8. 

4078, compuerta NOR de 8 entradas. Circuito de alarma uso můtiple 32 


4081 (CD), 4 puertas AND de dos entradas con acople (buffer). Juego з 
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4093 (CD), 4 compuertas МАМО Schmitt de 2 entradas. Circuito práctico _ 24 
4093 (CD), 4 compuertas NAND. Probador amplificadores operacionales — 31 
4093 (CD), circuito modulador de televisión para juegos de video _ 31 


4093 (CD), circuito do alarma para uso múltiplo _ — * 
4093, ver rovistas 23, 24 y 29. 

4098, un integrado соп dos monoestables, circuito de aplicación эз 
40106 (CD), ses inversores con gatilado Schmit. Circuito práctico 29 
40175 (CD), cuatro Flip-Flops tipo D. Potenciómatro digital 29 
4100/01 (LA). Amplificador do audio do baja potencia __ — * 
4416 (vor la rooroncia 4016). 4 inoruptorbiatral. Circuito 31 
4518 (CD), 2 contadores sincrónicos ascendentes de 4 etapas (4 bis) — — 23 
6116, memoria RAM зі 
6800 (MC), diagrama do conoxiones y len de los pines 32 
6800 (MG), microprocesador, Codificación de las instrucciones 32 
6800 (MC), microprocesador, Circuito de aplicación. E] 
6821, un integrado PIA bus interface, puerto Entrada/Salida compuiad —— 31 
7400, cuatro compuertas NAND de dos entradas. Circuito práctico 30 
7400, vor revistas 7, 8, 10, 11, 14, 15, 16, 19, 20, 21, 22, 29,29, 36 y 37. 

141500 (SN), 4 compuertas NAND. Circuito práctico 26 
7402 (DM, SN), 4 puertas NOR de 2 entradas. Circuito tren Juguete 32 
7404 (DM, SN), 6 inversores TTL. Circuito do juego electrónico 2 
7404 (DM, SN), un integrado TTL con seis inversores de puso 25 
7404, ver revistas 11, 12, 14, 15, 25, 29,36 y 97. 

74G04, 6 circuitos inversores. Circuito práctico, oscilador 12 
7405 (DM, SN), un integrado con 6 inversores tipo colector abeno — 10 
7408, vor rovista 15. 

7407, seis acopladores (buffers) salida colector abierto айо Vol 29 
7408 (ОМ, SN), un integrado con 4 compuertas AND de doble entrada — 10 
7408, vor revistas 11 y 14 

7410 (DM), 3 compuertas NAND de 3 ontradas 6 
7410, vor revista 23. 

7411 (ОМ), 3 compuertas AND de 3 entradas n 
7413 (DM), 2 puertas NAND do 4 entradas Schmitt. Terminal sonoro эз 


7413 (DM, SN), 2 puertas МАМО de 4 entradas Schmitt. Probador diodos — 31 
7413, ver revistas 11 y 15. 


741513 (DM), 2 puertas МАМО de 4 entradas Schmitt. Terminal sonoro эз 
7414 (DM, SN), integrado TTL соп 6 inversores tipo Schmitt, Circuito 29 
7415 (DM, SN), 3 puertas AND do 3 entradas, salida colector abierto — — 11 
7416 (DM), € acoplador (buffer) inversor. Colector abierto alto vd. — 11 
7420 (DM), 2 compuertas NAND de 4 entradas. 15 
7420, vor revista 22. 

7421 (DM), 2 puertas AND de 4 entradas. Circuito puerto computador — 37 
7421, ver revista 11. 

7430 (DM), una compuerta NAND de 8 entradas = 15 
7430 (DM), circuito práctico (divisor de frecuencia programable) 16 
7432 (DM, SN), 4 compuertas OR de dos entradas. Circuito práctico 29 
7438 (DM, SN), 4 compuertas МАМО de potencia, colector abierto n 
7441 (DM, SN), un integrado decodificador BCD a Decimal 25 
7441, vor revistas 11, 14 y 25. 

7442 (DM), decodificador de BCD (codificado en binario) a decimal a 


888888 


9з 
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7442 (DM, SN), circuito visualizador para número binario do 4 bits 33 
7442, vor revista 14. 


7445 (DM), Decodificadoridriver BCD a decimal. Circuito práctico 14 
7447 (DM), Docodficador/diver BCD a 7 segmentos, colector abieto — 36 
7447 (DM, SN), ver revistas 7, 8, 11, 14, 16, 19 y 20. 

7448 (DM, SN), Decodificador/driver BCD a display de 7 segmentos. 7 


7448 (DM, SN), ver revistas 11, 14 y 18. 
7453 (SN), combinación compuertas para ejecutar función AND-OR-INVERT 16 


7453, 4 puertas AND do 2 entradas en serie con una puerta NOR 19 
7473 (DM, SN)) 2 Flip-Flops tipo J-K con borrador (clear) Circuito E] 
7473, vor revistas 11 y 14. 

7475 (DM), integrado que retiene o latch un pulso (como un cerrojo) 19 
7475, un integrado con 4 circuitos de retención de pulso (latches) 8 


7475, vor revistas 14, 16, 19, 


7476 (DM), 2 Flip-Flops J-K preajustables con borrador (PresauClea) — 23 
7483, 4 sumadores binarios 4 bits, con arrastre rápido (Fast Сату) n 
7486 (DM), 4 puertas OR excluyentes. Circuito verificador paridad м 
7486, ver revistas 10 y 14. 

74LS86, 4 compuertas OR exciuyonte. Equivalento al CD4070 14 
7490 (DM), un contador binario y divisor por 10, por 2ypor5 25 
7490, circuito generador melódico. 34 
7490, ver revistas 7, В, 11, 12, 14, 18, 6, 19, 23 y 25. 

741590 (SN), contador de décadas. Circuito práctico 26 
7492 (DM), un contador binario y divisor por 12, por 2 y por 6 7 
7482, ver revistas 10 y 23. 

7493 (DM), contador binario de 4 bits. Circuito terminal sonoro эз 
7493 (DM), un contador binario de 4 bits. Circuito práctico 30 
7493, circuito controlador programable de procesos/ Jorge M. Londoño — 36 
7493, ver revistas 11, 14, 23 36. 

744593 (DM,SN), contador binario de 4 bits. Circuito terminal sonoro. эз 
74107, un integrado con 2 Fip-Flops Master Slave (esclavos) 7 
74107, vor revista 14. 

74121 (DM), circuito mutivibrador monoestabie " 
74121 (DM, SN). Circuito práctico con fotocelda и 
74121, ver revistas 19 y 2 

74122 (DM), monoestable rogatilable con borrador (clear) "n 
74123 (DM). 2 monoestables regatilables con borrador (clear) 10 
74123 (DM), un integrado con 2 circuitos monoestables con gatiiado 10 
74123, circuito controlador programable de procesos/ Jorge M. Londoño — 36 


74123, vor rovistas 11 y 19. 
74125 (DM), cuatro acopladores (buffers) tipo Tri-Estado. Circuito: 
74126 (DM), cuatro acopladores (buffers) tipo Tri-Estado. Circuito: 
74132 (DM), 4 puertas МАМО de 2 entradas Schmitt. Terminal sonoro — 
7415132 (DM), 4 puertas NAND de 2 entradas Schmitt Terminal sonoro — 


74141 (DM), decodiicador BCD a decimal. Circuito generador melódico — 34 
74141, decodificador BCD a un visualizador cristal líquido __ — — — 15 
74150, slectorimutiploxor de datos 1 a 16 líneas. Circuito control — 36 
74153 (DM, SN), 2 selector de datos/mutiplexor de 1 a 4 lineas п 
74154 (DM), Decodificadorkdomutiploxor de 4 а 16 lineas. Circuito 14 
74154 (DM), un decodiicadoridemutiploxor de 4 a 16 lineas = 2 
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74154, circuito controlador programable de procesos Jorge M. Londoño — 
74154, vor revistas 15 25 

74161 (DM), Contador binario sincronizado de 4 bits. Oi 
74165 (DM), shit register В bits, entrada serial-salida paralelo. = 
7415165 (М.М), shift register 8 bits, entrada serial-saida paralelo — 
74190 (DM), contador sincrónico de décadas, 4 bits, asc y descendente — 
74191, contador binario 4 bits, programable, ascendente y descendente — 
74192, contador binario de décadas de pulsos, ascendente-descendente — 
74192, circuito práctico temporizador para cuarto fotográfico 

74193 (DM), contador binario sincrónico, ascen y descendent 
74193, ver rovistas 14, 15 y 22. 

74193. contador binario desde 0 hasta 15, ascendente-descendente — — 
74244 (ОМ), 8 bufteriselector de línea, con salida In Feinde 

74244, circuito puerto uso general para computador Sinclair 2X-81 

1415283 (DM), 4 sumadores binarios de 4 bits, arrastre (сату) rápido — — 
74965 (DM), 6 acopladores (butfers)/manojadores de bus Tri-Estado 

74367 (DM), 6 acopladores (buffers)imanejadores de bus Ti-Estado ——— 
740922, codificador de teclado. Entrega código binario de cada tecla — — 
7555 (ICM), temporizador de baja potencia, del tipo 555. Circuito. 

76477 (SN), un integrado para producir todo tipo efectos de audio — 

76477 (SN), varios circuitos prácticos 

76477 (SN), un integrado para generar electos de audio. Circullo 

7702, un integrado para juegos de video en el televisor — — 

7805, regulador positivo de voltaje, salida +5 votos DC 

7805, un regulador de voltaje para «5V DC. Fuente de alimentación 

7805, equivalente al LM340TS. Vor revistas 4, 26, 

7805, un integrado regulador de +5V DC, circuito de aplicación 

7812, regulador para +12 volios DC. Circuito básico/ Forrest Mims 
7815, regulador para +15 voltios DC. Circuito básico/ Forrest Mims, 

7910, 4 compuertas OR excluyente, equivalente al CD4070 y 741585. 

7910, ver revista 2. 

7915 (LM) regulador negativo para -15 volios DC. 1,5 amperios __ 
8007, amplificador operacional INTERSIL tipo FET 

8080A, microprocesador de Intel. Circuito microcomputador 

8085, microprocesador de 8 bits. Diagrama, memoria, programas, etc: ——— 
8085, microprocesador de 8 bits. Circuito musical 

8155, circuito soporte (memoria y puertos) para microprocesador 8085 — - 
8212, circuito práctico 

8212, circuito puerto uso general para computador con Z 80 

8224, reloj generador de pulsos para micro 8080 de Intel. Circulo 
8228, control de sistema microprocesador 8080, y bus driver. Circulo 
8255, muřipuora Intl. Circuito — p 
9368, decodificador y cerrojo (atch) para display de 7 segmentos — 
AN214, circuito amplificador de 7,6 vatios de potencia 

BP101, fototransistor, Circuito para disparo de fash esclavo — 
НА1366, un amplificador de audio para 12 votios, unos 7 vatios — 
HEPC6003, amplificador de audio, рага 200 mW de potencia 

LA3210, circuito preampliicador. 

LA4140, circuito amplificador, 


LBI405, circuito SONY manejador de diodos luminosos (LEDS) — — 
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LF351, amplificador operacional banda ancha, entrada JFET. Circuito a 35 
LM117, LM217, LM317, reguladores de voltaje. Circuitos prácticos 30 65 
LM150, LM250 y LM350, reguladores de voltaje. Circuitos prácticos 30 6 
LM324, 4 amplificadores operacionales! Forrest Mims — 4 
LM338, regulador de voltaje, con tres terminales. Circuito 30 65 
LM380, un amplificador de audio соп muchas aplicaciones) Forrest Mims _ 38 — 9 
LM7915, un regulador negativo para 15 voltios, tros terminales — 9» © 
MC14001, equivalente al CD4001, 4 puertas NOR de 2 entradas 14 5 
MC14584, equivalente al CD40106B, 6 gatiladores tipo Schmitt 14 84 
ML8204, repicador telefónico, umbral programable (caso ECG 1648) 28 73 
MM5309, un reloj digital con dígitos de 7 segmentos. Circuito _ зт 88 
MM5837 / 52688, un integrado generador de ruido blanco y rosa 26 53 
NTLOB4, un amplificador operacional. Circuito de reverberación _ — 38 74 
82888 / MMS837, un integrado generador de ruido blanco y rosa 26 5з 
51-10500, amplificador de audio para 50 vatios (caso ECG 1350) 4 2 
SN76477, un integrado para producir todo tipo efectos de audio — 25 43 
'SN76477, varios circuitos prácticos 26 43 
'STK-011, un integrado amplificador de audio, para 10W de pot 12 69 
TAAS11, un amplificador de audio. Circuito práctico 15 28 
TDA1022, una línea analógica de retardo. Circuito reverberación зв 74 
т.084, amplificador de audio. Circuito reverberación ex 34 18 
UGN-3020T, un interruptor de efecto Най _ 5 21 
2-80, microprocesador, configuración, registros, pines, etc. Eico за 94 
2-80, microprocesador, programación memoria ROM, puertos/ Elico 35 69 
SIMBOLOS, TABLAS Y TERMINALES DE COMPONENTES. 

Rovita - Página 
Alabeto eb в 5 
Bandas de frecuencias de la FCC (Comisión Fede 12 14 
Bases de conexión para los integrados TTL y CMOS corrientes. 25 79 
Circuitos integrados COS-MOS, selección por funciones. 20 29 
Código de colores para el alambrado de equipos 7 зә 
Código de colores para condensadores de Tantalio y otros - 39 13 
Código ASCII (pronunciar "asqui") para computadores. 21 3 
Código EBCDIC para la comunicación de datos de computador 2 3 
Códigos y características para componentes de uso corriente в 6з 
Comparación de los sistemas para reducción del ruido en audio — 25 74 
Comparación del video 8mm y las videograbadoras tipo Beta y VHS 4 47 
Compuertas digitales con su ecuación lógica entrada/salida в 79 
Conjunto de instrucciones para el microprocesador 8085, 36 78 
Decibeles contra corriente, voltaje, potencia, atenuación 18 ав 
Decibeles contra microvoltios y milivoltios. 21 68 
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The antenna js а most important factor in. 
determining the performance of a radio trans- 
mitter or receiver. The type should be selected 
оп the basis of known facts and not guesswork. 
Yet space limitations may require that a 
highly-directive antenna be erected on top of 
а small dwelling, or that it be operated at а 
wavelength higher than its fundamental, The 
text tells how these, and many other problems, 
can be solved at a minimum of effort and 
expense. 


Having decided upon the type which wil 
produce the greatest gain, and thus the most 
economical operation of a transmitter or the 
most effective results from a receiver, the ex: 
rerimenter then needs information as to how it 
should be built. He is interested, not only in 
theory but also in good practice; not in elab- 
orate discussions of complex systems, but in 
simple directions for their design and construc- 
боп. He may find them here, as determined 
from the experience of the author and other 
successful radio operators 

This modest little volume is written to serve 
those who wont to put out a better signal from 
their transmitter or bring cleaner signals into 
their receivers. 


Copyright, 1936 
By 
Frank С. Jones 


ANTENNAS 


Antenna Theory 


© An amena is an electrical conductor, 
suspended n air and insulated from ground 
ULI either radiates or receives talle tre” 
dee energy. Sometimes the ground is 
them сойлеп wih the шеша com: 
"tors, as wil be defied ater, The eil 
étisedeis of am amtema depende upon 
merous electrical and mechanical factors 
© desen, all of which are discussed under 
шуша туйо. 

An amenna. can be compared t any tuned 
circuit, except tat it capacity and induce 
{ance are distributed slong the wire instead 
"iei lumped, as in arco and variable 
dee "Every ‘antenna system has a 
we . vaste e ши . 
чту ofits own. it should always be op- 
By te a 
%е denen is many times greater ш tis 
Condition, 

"he physical dimensions of the antenna 
at resonance bear а certain relation qa the 
Saver. ke order to simpli the exe 
planation of radiation in space, ft can be 
Compared with waves in water produced by 
throwing A stone ino а stil body of water 
there’ wi Be waves which bare peaks and 
тоз. similar to those produced in space 
еа vaes, che 
NTT 
the peaks and troughs (condensations and 
Terefoctionsy" and therefore the antena i 
made of wuch eng hat call one 
še or one Gough of wave in physical 
[on is 


Conventional Antenna for Receivi 


A complete wave consists of one peak and 
one trough, defied а one палла, Any 
ee ene is the electrical equivalent 
GF one-half wavelength; in the case of a 
ned Cirene the constants are lumped and 


space required is very small, For an 
tay the wire may be stretched out into 
aight line so that it is nearly a fll half 
length long, For an antenna consisting 
fa straight wire oneal wavelength long 
олий, the physical length willbe ape 
proximately 3% shorter than the electrical 
Keng, because it is impossible to Secure a 

fe having sero diameter supported im 
асе without end insulators, 


Single Wire Antenna for Transmitting. 


Radio waves travel with approximately 
ihe speed of light, wich 10 doo million 
"meter per second. This provides а со 
Vin Method for expressing the resonant 
Frequency m terms of wavelength, oF vice 


LI 


where F is the frequency in cycles per see 
IS is ale Wavelength ln meters 


Radiation Field 
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which, follows along the surface of the 
‘round, and 38 rapidly attemated for very 
hort waves. "The ground wave is useful in 
bear radio” communication alan for 
зау short distance, work on "ultrashort 
‘wavelengths, | Бен. broadcast reception je 
always had when the receiver picks up only 
{he around wave which тасм бин dee 
Wott be within 100 mile radius of even 
high power trance,” Fading efect 
fake place at greater distances, due to the 
eee between the ground wave and 
the sky waves. 

"rit portion radiated upward from the 
amenna e known as the sly was, since it 
de reflected hack to earth by ionized layers in 
the upper atmosphere known as The Ken 
e err Layers, as shown in Fig. A 


Rellecion of Radio Waves from the Неа 
sido Layer Around the Earth. 


At very low anes of radiation, the 
wines Mart an practically tangent tthe 
fart’ “surface, penetrate ino the ionized 
yers and are bent bck o the earth al A 
ушу аши point, Higher angles of rai 
Той are bent back o earth at shorter di 
Macer шї а certum igh angle js reached 
dor any particular frequency "which wil not 
берен басе to em s angle varies 
Si The season of he year freno) and 
tme of бау. At angles aight les dam 
{Ne vade at which the layers аге pene 
trated, the radio waves can be carried around 
tie ofthe upper layers to extremely eret 
diames ие being em Back to th 

"The Kennelly- Heaviside Layer ja sirata. 
ч дий air ecole, of Which the or 
ration ie doe vy be абава radio 
feom te кш. ‘Thi’ stratorpherie laser lice 
Sve the arth at distance of ess ban 
Aine hundred up de several hundred mier 
Дашов. The relative deity ofthe layers 
Scot constant, but varies fom year уйг 
S Sene ICO 

“The ime veniret far he sky: waves di 
TT:. 
{emer of reaction 10 and from earth 
She the changes ci ionisation in We Как 


nely-Heayiside Layers, Obviously the time 
eave for a around, wave t reach the 
тесе will be leis than that of a high 
эйе sky wave, resulting in vacations a 
Signal strength at the receiver. When two 
r more waves from these different pale 
Arrive at the same instant (ї phase) the 
ДИ тч te кеен. JE the ine 
1o neutralize another (ош vý pase) the 
Sanat intensity will decrease, езш om 
{the phenomena known аз аа, 

“The rate of fading varies with frequency, 
and even small changes of frequency some 
"imer have entirely diferent rates of fading 
Arte wave om a, atone s 
ion consists of а band of frequencies el 
transmit, and ths. variation of fading 
Within this narrow band results fn ditor 
Hon im the received signa This effet is 
known af selecto fading, because the side. 
land frequencies may be stronger at a given 
Instant than the carter signal at he receive 
ing point, resulting m bad distortion of 
Ao qual їп the output of the receiver: 


Electrical Properties 


© A wire stretched out imo space has in. 
ducite of the same type ax that produced 
у Wire wound to. сой. This antenna 
wire also has a distributed capacity to nea 
Тү objects, such as the ground. As it any 
Чеге circuit inductive reactance. and 
nece reactance impede the ow ot eur- 
Antenna, At resonance, the inductive tee 
stance s equal and post o the capaci- 
tine reactance, witi the result that the eles 
trical eee ому ипне by the vest 
ance. "The resistance, consists of several 
Components, such аз wire resistance diric- 
"rie losses ram neaeby Мена, ground re- 
tance inelatorTosses and diarios rel 
ee The Wer is а fetitious ton 
Which шейи їп expressing (һе power 
Тайм у the antes "Tt dat Fests 
Since wbich would consume the same amount 

Power that is radiated into space by the 
enna the power lost im other forms of 
Trias аде, Shortwave ome 
generally have a very high ratio of radias 
{Son resistance то lors resistance and arc 
therefore very eficient 

Tn а resonant antenna, standing sere of 
current and voltage exist In a typical ball 
"тате amma the current is maximum at 
the center and zero at the ends: The radi: 
Frequency voltage is maximum at the ends 
and minium at the center. Those ole 
Waves exist because an impressed radii 
Wave will travel ош to the end of the am 
tema ‘al be rod Mack toward the 
Center, since the end is an open cireuit cor- 
тео to а large” mismatch of im 


Antenna Theory 


plane. The resonant antenna is of such 
иһ that the releced wave will be in 
ple with each seceding impressed wave, 
fr osellatom, resulting ln а standing WAYE 
along the antenna wire. Standing: waves 
Produce mere actual radial power into 
асе trum an antena than уеп the values 
Sf voltage and current are забо and of 
ower “value all long “the antenna, wire 
Radio Srequenty feeders. 10 an antenna arc 
generally designed for uniform “distribution 
St current and voltage along their entire 
length (ao standing wave). In ether words, 
the feeders should nof radiate because the 
Antea proper lone should be tne rating 


dance along a half wave antenna. 
enim at the center ioa 
maximum at the ende, The impedance it 
hat property which determines the antenna 
current at any point slong the wire or the 
Sale ol, k 
oim, "The mai component ef ‘ne 
ete i e radiation reste; normally 
the Tater a reload to the center of thc 
МИ wave spinu where the тштен io 
maximom. he square of the current rule 
tiled by the radiation resistance ie ш 
to ie pomer lied ip te ema, and 
for convenience these valves are asi re: 
ferred to he center of а hall wave section 
of antenna 

‘The curve im Fig. 3 indicates the theo- 
retical center point radiation resistance ef a 
falt wave horizontal antenna or: ао 
heights above ground. These values are of 
some importance in matching radio Ме 
реу feeders to the "antenna im order to 
"hti hoth а good impedance mac and am 
"ence al standing waves on the feeders 

tramite antenna vlt consista of 
а wire of delito Пони which may he 
rounded, ungrounded or commctel o a 
Somers CA gend made y cier à 
direct ог capacitive convection ace as a re 
едок to the aerial wire, therefore Come 
aine the circuit. Wi а treet ground 
Connection, ihe antenna may bc either am 
deris] quarter атас or odd тг 
tines of quarter: wavelengths; the ground 


acis as a subterranean reflector, furnishing 
‘toner waves to the antenna to give halt 
Saves or multiples of bal waves dor the 
desired resonant eect, A very short wire 
fan be loaded to an electrical quarter wave 
фу means ol a loading сой to ground a 
wire over a quarter wave long cam be Te 
ced tp am electrical" quarter wave by 
means of a serie condenser to ground. 


En 


Fig. 6 


А counterpoise which consists of one or 
more wires ina network lated rom 
rod wil ‘often тейге Toss resistances 
Sch might occur when the quarter wave 
Senna sis comete to poorly conducting 
Earth The counerpoite и the čase ol d 
замон of several wires acts as a condenser 
Pinte with hgh capacity to carl wih the 
kern of tower loz inthe antenna system 
Jor tis reason the coumerpoise should be 

fairly cose to the ground. 
ig. 7 shows a vertical antenna with an 
elaborate gromad wire system buried under 
the suplace of the earth for the purpose of 
"taii dow leve restanee connection to 
trove This system hc more generally used 
9 


Jones Antenna Handbook 


0 


Directional Properties 

© The radiation field of an antenna e more 
intense їп certain directions, depending upon 
їз height above ground, as well as the 
length of the antena and the tlt or angle 


ff te antenna wire with respect to ground. 
AA short antenna. (up to а halí wavelength dee чес enone 
lang) radiates most af its energy in a cir 

lar pattern ap right-angles to the wire 
something in the shape of a doughnut, 

AS the length of а horizontal antenna is 
increased im multiples of halt waves the 
radiation pattern changes imo come Марей 
[оору one at each end ol the antenna: 
Smaller intermediate loops cet as show 
in Fig, 8. A short horizontal antena, 
therefore, may be considered as а broadside 
"ritos and a long antenna as am ende 
Fistor. А vertical half wave or quarter 
‘wave antenna radiates equally well im all 
directions, horizontally 


Anglo Radiation 


ФАЛ but the ultrashort-waves аге re- 
ected back to earth Trom the Heaviside 
Layer. By directing the greater portion of 
the transmitted wave at certain angles above 
the horizon, the signal at the receiving sta: 
tion will be increased; the angle above the 
horizon depends upon the distance and con. 
dition of ihe Heaviside, Layer. For ex- 
tremely Tong distances a low angle radiation 
is preferable, or an extremely high critical 
angie above the earth horizon. Intermediate 
Angles tend to shorten the skip distance, 
and în case of long distances the total num: 
er of refectione may be so great as to at- 
tenuate the signal to such ап extent that it 
Cannot te received. Fach time the signal is 
reflected from the earth's surface back 
to the Heaviside Layer the signal strength is 
Teduced, due to lose which become evident 
Кесе the earth төп а perfect refector. 

Vertical antennas provide low angle radia- 
tion as indicated in Fig. 9. The earth acts 
as а mirror and prevent the radiated wave The efect of the earth om the angle of 
{rom going out exactly im а plane to the radiation is more noticeable in the case of 
orizon, unless the vertical antenna is sev. horizontal antennas, as can be seen jn Fig. 
eral wave lengths abore the cart. 10, showing thatthe horizontal" antenna 
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should be approximately à half wave above 
round in order to avoid excessive radia: 
on straight up, which would penetrate the 
Heaviside Layer and not be reflected back 
do carl at distant points 

Height above ground of one quarter wave 
and three quarter waves provide excessive 
fadiation ташы upward, whieh represents 
a loss ol power, The! radiation. pattern 
Shown in C of Fig. 30 indicates that nearly 
ЭП of the radiation is at right angles to the 
antenna. wire. This is not acta true 
Because the doughmut-shaped radiated feld 
actually produces high angle radiation out 
‘early over the ende of even a Pall wave 
ee antenna, 

Long antennas operated at a harmonie 
tend to give Tow angle radiation. "Am an- 
ову can Бе made to an ordinary garden 
est and nozzle when considering the radia 
боа from one end of the antenna: As the 
nozzle is turned from the Ane spray pose 
kiem he co waler e à more daro 
angle and is more concentrated. A second 
or third harmonie antena (imo oe three 
Б waves) i Tike the fne spray condition 
Whereas a long amenna ob six or eight 
wavelengths projects most ol the signals 
аага їп the form of a very narrow tone, 
faving а radiation much greater at Из maxi 
mum as compared with a lali wave an- 

(Careful antenna design will enable a low 
power transmitter io deliver a powertal 
Signal at certain distant pois 


Antenna Tilt 


ө The presence of ground near any hori 
Zonal, Sigon, has a тшу deca čet 
pom ie directivity pattern, hall wave 
amenna normally produces high anale rada: 
Slo (rom s ends, and bot high and ow 
gie radiation from its sides as cam De 
eee ON 

he diference” becomes more pronounce 
witha full wave antennas in ег cai, 
hing e antenna wil ower the angle of 
ition о some extent n e with the 
amema wire. Since low angle radiation le 
Жош desirable, dar long distance com 
Fusion, seht tl from the horizontal 
angie with тере o earl jn e desired 
ection will ten produce à very etice: 
ble increase m ашты sirength Ап an 
аша which has one ed Higher above, the 
arth than the other does not transmit or 
Rive well in tie dieto toward the 
Fier cn 


Antennas for Transmitting 


© Antennas dor transmitting difer from 
hose eed for receiving only in that the 
former require bette insulation. А good 


Hall Wave Antenna. Same Height as Full 

Wave Antenna Above. Here ihe Radia 

боп la Known es 18 Degros "Low Angle 
БЕА 


Fig. 
Angle of Radiation of Най Wave Vertical 
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“Ground 


Horizontal Antenna, % Wave High. Ra: 
es Mainly Upward. 


Fig. 10 


Showing How the Earth Allects the Angle 
SE Radiation kom a Horisontal Antenna. 


amenna for transmitting, likewise makes a 
food antenna. for receiving. АП antennas 
for transmitting fall ийа tho general last 
Beans" (1) A half wave, St multiple of 
hali waves, known as a Herts tema, (2) 
ает wave, or ода multiples of quarter 
weaves, known as а Marconi sintenas ber 
hose it mast be sued и conjunction with 
iier а ground or counterpoise connection 
For tremens above A009 КС (100 
C 
use lets caused by ground conection 
are climinted The” Mon designation 
overs ah types аа Sine Mie Ped. Zepp, 
шо ire PR, og Pod, Doris ad 
Бен Arrays, becuse these systems 
te al wase жайын of temas Tor the 

Marcon! antennas are generally used for 
Sequences below 3000 KC because space re 
quirements are Jess than when Horta An- 
femes are шей Marconi Antennas are 
eral a quarter wave Tong, measured 
fetwcen ground and the far end of the an- 
ess The electrical length cam be ad 
шей by a uning condenser, either n shunt 
r in series withthe compling coil A shunt 
Condenser тене, and a series, condenser 
heres, he electrical length of the antenna 
stem. The Marconi Antenna ie cut = 
st te electrical length s exactly à quarter 
awe Tongs ke coupling col and “ning 
Condensers can be cim ed and sume form 
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SPL уы 
dee (loading coil) wil lenin the 


Choice of Antenna 


ө There are so many suitable types of an- 
esas for accomplishing à similar, result 
that а brief explanation of tome of the lea 
nres of cach is here disclosed. For 180 
der operation, some form of Maroni 
‘er fs desirable because most Amateurs 
he шу а imc amount of space in 
Mich to erect am antenna: Most Marconi 
Antenna: radiate a fairly strong ground 
ave, which ie desirable for short and 
moderate distance communication. For 50 
Meter operation, the choice Tes im some 
form of halt wave antenna, such as а Zep 
Ent Fed. or Single Wire ed. The die 
ference ies in the method of coupling the 
dise portion of the antem то the Pra 
simios of the Wasser. Ay one af 
the’ tree aforementioned antennas, cam be 
operated on several bands by utilizing lar. 
monies of the antenna. For example, a 130 
{oot hall wave antenna ‘operating оп 30 
meter becomes a fll wave second harmonie 
amema оп 30 meters, and a two wave 
fourth harmonic antenna Ов 30 meters 
ther forms o 80 meter halí wave antennas 
Srg pilen зе plep serin cmd 
tenna, wo Wire Matched Impedance An. 
Таша, and the Twisted Pair Feeder Antenna 
эге ай suitable for 60 meter operation, The 
vantages and disadvantages of each are 
discussed elsewhere in These pages 

gure 11 shows the directivity, patterns 
oi а horizontal antenna operated at de 
Fondamental and on йг various harmonies: 

ors meter operation, any of the types 
did for М meer operation are mia, 
yet an amenna or M meter operation М 
ce з log as опе required for 40 meter 
operation "Directional effects should be 
табса imo consideration if space permits the 
©зше of antenna placement. For 20 meter 
Operation, the same types Of antenas are 
"itae. baton this hand the physical size 
ff the antenna e so эта that Pih direc 
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Single Wire Fed Antenna 


e When a single wire feeder is connected 
fo the proper impedance matching poiat of a 
Wa wave (or multiple of hall waves) in 
the radiating portion of an antenna, и 1S 
ilicis Sing Wire Fed Herts item. 
‘The canter impedance is somewhere between 
do and 100 bs jn a Tall wave e, 
increasing outwardly toward the ends 
feeder wire сап be attached af a point of 
oat эй to 60 ohms impedance «Чет side 
of center for the purpose of supplying RE 
nergy from the талыйт. "In thin case, 
{he ground acts as А phantom return creak 
nů the characterise impedance ofthe 
Single wire to grou) is im he neighbor 
ox o ar ош. The exact value ot im- 
nce varies with the тшту of op: 
E and ie dame of te cundi 


Antenna Impodance 


e The impedance of any circuit is a func- 
DII жы resistance wich 
impedes the How of current im а resonant 
alena the reactive terms cancel cach other, 
DUAE 
Bedance fs equal lu the romance which m 
Uis case s largely radiation resistance. Ihe 
тайайоп resistance at the center of а half 
wave antenna is aboot 73 ohms, and 2400 
‘hime at the endo iit e very high above 
arth, “Ie can thor be seen that at ci 
Side "of center, values “of from approxi 
mately ci ойт do 2400 ohms ean be ob 
{ined for impedange’ matching 10 non reso: 
таш RE feeders The single wire feeder i 
tne type of non-resonant Tine 

A renes RE ceder system of in- 
ite eng has a characteristic surge im- 
реше which is а function of the diameter 
Т the wires. the spacing and the dielectric 
Bermeen the” wire Short lines, auch a 
‘sed in radio practice, can be terminated by 
‘cing the ehardcteristi impedance as а ond, 
Which makes the Jine equivalent to one of 
анне Тамар without refectona and stanů- 
ing waves of RE voltage. Ifthe five fs not 
terminated. by the proper impedance the 
imprest radio nave wi be flected an 
from the feeder or feelers. To simplify the 
foregoing explanation, the single wire feeder 
fives, best remis when t is connected 
eruca approximate 00 йш of antenna 
impedance. This value ol impedance (600 
(ke) normally occurs at а, puit about 
fpe-sevcnth of the total length ether side 
Of centr.” The same applies do amy half 
Wave amena wich it not 09 cle to 
Marby objects or ground. Under conditione 
f perect impedance match there wll be no 
‘Standing waves оп the R feeder and maxi- 
tum ener wil result. Unfortunately, 
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this point is not correct for harmonic орега- 
оп and Н the single wire fed antenna i 40 
De used оп several hands а compromise 
should be made which will not materially 
lower the «Пасу on any band. The feeder 
Should, be connected fo the amem м a 
point one-sixth, instead. ví “one-seventhy of 
the total cag of he antenna either side of 
eter. Another Simple. way to fad this 
point ig to divide” the antenna into three 
eval ors wd ata бе feeder ot a 
point operthied of the total length rom 
Eher emi See Fig. 12. 

"Typical example: A 134 foot 80 meter 
ушш (gor operation e 30, 0, 30 and 10 
Sd от 22 fect from the center of the an: 
емы. See Fig 12. This automatically places 
the tap 12 fect from center of one of the 
halt wave sections when the antenna is op: 
fated on 40 meters, ands feet from the 
enter of а half wave section when the a 
tema is operated оп 20 meters. These val. 
тез are such that good impedance match 
Will be had, resulting ei bo 
Operation For a бт foot (40 meter) ar 
tenna, the tap should be a little over 28 fect 
‘rom’ ош end, which places it at about 11 
feet from center This automatically pro- 
vides a peint which is 6 feet off-center on 
30 meters and 204 feet off-center om 10 
тег The value toes 
Center for a 40 meter antenna, widely recom- 
mended in the past, gives a distance of only 
зоо off-center for 10 meter operation, 
Which explain why such poor results arc 
Ghtsined when such a 40 meter antenna im 
Sed dor 10 meter operation. The same 
Holds trae for BO meter antennas operating 
оп 20 meters. Connection of the feeder at a 
point of such low impedance for harmonie 
operation will no provide much actual radi- 
ation from the Fat top portion of the an. 

"There will be a small standing wave on 
the single wire feeder when it is terminated 
юана he distance from the end of the 
amenna, The reactive efect can be prac. 
бшу eliminated by making the feeder 
Some multiple of quarter waves long. At 
ie station ead, the impedance would then 
Be purely resistive, and no detuning. cl- 
fect will be in evidence in the ral amplifier 
tuning circuit when, connecting or discon- 
Peting the feeder: The formula for cle 
Tsing the feeder length în fect i 


Where f, is the lowest frequency of opera- 
tion in Kiloeycles, | is the feeder length in 
p 


Single Wire Fed Antenna 


‘The antenna length should be cot so that 
it will resonate al de middle frequency band 
desired. The formula: 

(к— 05) 498000 


D 


where Lj the antenna Truth in fr 
E the frequency an kiloeyeles, 
К the mer of balt wavelets 
at that frequency. 

The slight error in length for the lower 
and higher frequencies mt be tolerated be- 
fase tře actual length з а compromise 
е end elects shorten a half wave antenna 

oximately 5% which is equivalent t 
ФИ per end. In a long antea, such as 
two fall waves, the two end half wave see- 
Hone are each shortened $349. The middle 
sections are not shortened, ‘This means that 
aire аш for 3600 KC operation а а halí 
ave antenna wil be а ite short for oper 
Mow as a full wave antenna оп 7300 KC, 
‘whch ie the second harmonic. In spite oÈ 
those minor defects, thie antenna Das become 
iiy popular ami is being widely used 
Бедана UE dt simplicity and all-around wer. 
fles 

‘Non-resonant feeders of any type can be 
of any length and sometimes they are made 
as Tong as i000 fect. No sharp bends should 
fe tolerated, otherwise the RE wave wil be 
elected and standing wave eects wil re- 
F 
angle ta the fat ob portion Jor at шта 
Slater ace from the point vehere 


it attaches to the antenna. A single wire 
feeder should always be used in conjunction 
swith good ground connection at any waves 
Tength because the single wire feeder uses 
the ground as part of its return system i 
deding power to We antenna, 

One of the disadvantages of the single 
уйге fed antenna i a tendency forthe RE to 
DI Rc wring create nar 
the transmitter. In radšopkone operation 
this feedbacks cam And ie way ato the 
microphone биси, resulting ln distortion 
nd audio hows 


Coupling the Single-Wire Feeder to 
the Final Amplifier 


tier ann i, ce 
EX ca EES 
TE а 
ЫП 

Da E ы 
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ару о VB Rod 


LA 
Alternate Method of Coupling Single Wire 
Antenna by Tapping the Link Line Directly 
lo the Antenna Col, The Lower End o 
Mo "Antenna Coil Should be Grounded, 
Dem he лира e ol be Ead Fed 


A small Aashlight globe, or a чол RE 
antenna ammeter dh De connected in 
Series wid the feeder and the tap on coil LA 
in order to provide а means of comparative 
indican of amenna power. See Ёш T 

"The indicating device should be removed, oF 
horecirented at the completion of the tests 
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LX 
Lamp Indicator or ЁР Meter lor Denoting 
Comparative Output 


Tuning Procedure 


(1) With the antenna feeder disconnected 
from) сой Та, sune the бш ampltr plate 
шй to resonance, then tune the amenna 
Coil o resonance, ‘The Anal amplifier piate 
штан should take the customary pros 
been resonance dip when either the plate 
OF amenna сис is tuned to resonance i 
тюше in the dl майит canor be 
Secured when the antenna eo is tuned, turns 
Should be removed from, or added to, col 
Т When rc secured by taning 
lier cení, the antenna feeder should be 
Connected to LA, 

(8) Co he feeder 1o a tap on L at 
a Point about one-thed the way up from 
the grounded end of the col. Observe the 
indication o? the RE antenna meter or asho 
Tight globe. Hold ome hand on ihe fal 
plate duning condenser dial, the ther hand 
їп the antenna tuning condenser dial. Vary 
hoth condensers at the same time and tune 
for maximum indication of he KT meter or 
йаш lobe. "Then connect the antenna 
IU dire ča al ande 
eat the tening process” A tap postion wi 
dem de fod Which ives artes dir 
боп of antenna power, at normal pate eur- 
таш. Once їйє sytem iy correctly tuned, 
the resonance dip indicated by the al ampli 
fier plate milliammeter will be very small 
hen. the "Seal plate condenser e tuned 
hough the resonance point M he dip 
eee make alight” readjustments 
e bot creais "antl maximum indieation 
tom by йе RE meter or Hashlight globe 
‘The point to remember is that oth con 
Чешегу should be sed and ‘retuned simal 
taneously for maximum output 

OV E the "mal ampliter draws more 
de тта] pte curent aer he кучат 
‘SC wire trom Мий LE and La; converse 
Sid turar or more рин L2 and ES U 


Relative Radiation Patterns 


© Fig. 16 shows other methods for coupling 
fhe sgl wire feeder here described, as wel 
эк а sketch showing the directivity of an 50 
‘ter antenna of this type: For all-around 


Single Wire Fed Antenna Tuning 


TIG. 18, 
v Leng: Suitable for Operation on 80. 40, 20 am 
10 Motorn.” Center. Antenna ‘loading System for 180 Meter Operation. Right 


‘Approximate Direction of Other Countries. 


operation in as many directions as possible, 
‘rom any point in the Uned States, this 50 
‘eter antenna should preferably je run jn à 
North and Зо direction, as shown. On 
the other hand, when ehis same antenna i5 
Operated on s harmonics, the amenna dic 
decke changes to four main bles f ihe 
Soprosimate directions as shown, 


AN of the 
to an % meter antenna operating ou kare 
monie” Long-distance" operation i mare 
ташу accomplished ош the shorter waves 


айы. such as 10, 20 and 40 meter, tias 
maine бз ушу cis and redu 

he directivity patterns do not hold god 
dos ай locatione and neither ie it песе бату 
10 point the antenna in the prescribed dieet. 
"ow im order to communicate with other 
countries or localities However, Jf ап ap- 
proximate Noeth and South placement cam 
arranged, better resulte will be secure 


wi 
A 


the figures, The radiation is in the form of 
a doughnut for а balí wave antenna amd 
onseyuently high angle radiation dorz take 
piace їп the end directions, assuming hat 
{he antenna points North and South The 
(máj Tow angle radiation on 80 meters would 
фе East and West. When this 30 meter am 
tenna. operates on harmonics, the radiation 


md Single-Wire Fed Antenna. 


Appears to he in four separate directions. or 
Tas shown in Fig 1% The rad 


A pt as directional Se ot арр 
2 casal glance, 5 


Impedance Matching Stubs 


© tn a great many directive antenna arrays 
andl often the more simple forme of am 
ennas, ап impedance matching Gb" ie 
desirable Thin stub permite the use of a 
west feeder system, which results 


таз. 
40. and 10-Meter Radiation Patterns for Same Antenna. 


Fig. 18 shows the radiation patterns of an 
th eter antenna of thin type when operated 
im 40 and 10 meters. These diagrams show 
the exons section only, therefore te direct 
йу. in йа, Se not the same as indicated m 


in better efficiency shan could otherwise be 
Obtained with long Zepp бейет. The shi 
onsite of а quarter oe half wave section 
Df feeder, ether open at the lower end, or 

iine fink or tuning the stub. Ei 
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Fig. 19 
Hall Wave Antenna wi 
Matching 


Quarter Wave 


19 shows а quarter wave stub, which is 
similar o а quarter wave Zepp feeder. 


‘Wave Matching Stub. 


Fig, 20 shows а half wave stub for feeding 
to the center of а hald wave antenna 

"The impedance at the short-circuited end 
cf this stub i only few ohms, and this im 
edance increases” toward the antenna end 
A nonresonant feeder сап be tapped across 
‘hin sto at а point corresponding t e char 
acteristic impedance, which usualy Tes be: 
cen 400 ard 600 be, 


Center Fed Hali Wave Antenna with Stub 
ine Cut to Exact Length Without Shorting 
Bar. 


"The antenna length and stub length must 
be snch that exact resonance de obtained In 
the eave where the stub has a aborting linke 
ear one end, the link may be moved up or 


18 


down to tune the system to resonance wit 
de transmitter frequency [n the case of 
z cer led antenna with a quarter wave 
Sr mios shorting nk Fig di wes 
тиш бе eon o corres length by ral n erder 
isset Ie non-resonant fn 
Ca tp across the matching suh ato got 
hich eliminates standing waves оп this ime 
The antenna and stb Tenet should De co 
rect for the particular instalation їп order 
{eliminate ‘standing waves оп the rar. 
sonam ейи Ты шуны! detector 
антене measuring device described in 
Fi 95 йай for toning up this type of 


In Fig. 22 two halt wave sections are used 
in phase im order to obtain greater radiation 
at Fight angles to the direction of the an- 
pos 


Fig, m 
Pictorial of Fig. 21. Showing Simplicity of 
20 Meter Antenna Installation. 


In one particular installation (Fig. 20) it 
was found tha the standing. wives om the 
Ron-resonant deed Tie could not he eliam 
"ated ami one of the half wave antennas 
аз shortened nearly 1096. The apparent 
Feson was the proximity of a small metal 
lier to one end of this antenna 


Impedance Matching Stubs 


10 Meter Vertical Antenne: With 
Matching Stub 


© A very efectivo antenna system for non- 
directional 10 meter operation i shown ш 
Fig 2i T consists of а 25 foot poke, sup- 
ported on the roo or to оше sie of a build. 
Бш ог other structure; a 1074 font vertical 
lenna wire zam up along the pole amd jm 
Salted Gom vel small Insulating strips 
for rods. At the bottom of the 16/2 font 
Sesion “ie “another ection of two wire 
Caled the matching stub. These wires are $ 
Feet long, one of trem being a portion of the 
antenna proper, А shorting bar, connected 
Server the bottom of the two) wires, de 
‘moved upward or downward for amenna 
"ing: Mice the feed ise tapped across 
the to wires at а point about žár the way 
down’ from where the two wire portion 
bei i also ater adjusted ad readjusted 


Ir 


p 
i 
i 
J 


(4) Place a “feld strength meter” (de- 
seribed in Big. di somewhere where 
Ж ош be seen from the root, or det 
Someone else watch the reading of the 
Never readjust the 
Таша is being tuned 
n ake readings on the, feld strength 
meter and adjust the antenna coupling 
то he instrument so that half scale 
readings are obtained, 
Return to the foot, pat om a pair of 
loves, and adjust “the shorůngshar 
тй the Wed strength meter denotes 
maium reading 
Next, adjust the position of the feed 
iine бо a point, where maximum indica. 
tion в again had om the feld strength 
VE, readjust the shorting-bar so 
Wat more accurate position can be 
ша, as again denoted by stil grener 
reading of the feld strength miam 


The Johnson “Q” Antenna 


field strength 
жїйє the m 


© Another type of single band half wave 
antenna s the Johnson "Q^ which wer a 
Special gari wave matching talones 
LEE Шр бе chen iam 
рейике which exists at the centr of a hal 
Save antenna, This matching transformer 
‘Consists of two parallel lasing tubes ech 
Ж апт wave length, seeded тит 
he eener ‘of ie antenna. "See ies 55 
КЕ 
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Tuning Procedure 


transmission line sed the way 
im itom e point wiere die Te 
"ires begin, that s "Yard ao way 
donen, frr top of бе “nati 
Adjust be shorting bar by placing 
it approximately 1 foot or 19 inches 
from he Bottom of the “matching 
anten 
CO Turn er transmitter, and loosely 
couple the amma сой to the Aral 
Some plate call 


0% Piace 


@ 


Fig. 25 


ge impedance is made fairly low by 
ping Malach diameter tubing, spaced 16 
"ches "apart. This spacing resus im an 
impedance of slightly over 200 ohms, which 
inthe geometric mean between the antenna 
Center impedance of та ohms and the im- 
фойе of a twoomire jine of 600 ohms 
he matching section. should be approxi: 
matey a quarter wave in length for the par 
Tenar feconency wol. 
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Fig. 28 
Pictorial Sketch of Johnson." 


“The design formulas are as follows 


О 

L Gin fet) = Sae 

E 

1 Gin feet) = E 
П 


whore L is the antenna length in fet 
{isthe matching section бшш in 
шша. 
fis tře frequency in kilocycles. 


This antenna is quite widely used on 20 
meters because of e relatively Mh ei 
Tienes. "he 100 ohm untamed ar obe 
ant ine eom be of any length and soul 
фе engel across the dae of 600 
tlie of impedance at the transmitter, 


The Collins Multi-Bend Antenna 


© Тыз amenna system is a specjal form of 
Zepp antenna uite Tor operation on sev. 
aal bands. The omes are les n dry 
eather, and even in wet weather it sho 
фе esl system to the Zep antenna. 
T consists of a hall wave antenna at е ow 
ext Кешеку ch operation, with, parallel 
Sopper tubing arar wave “feeders car 
тепе їп the comer of he amema. “See 
Fige ат and ey The system can de ned 
oF RP feeders which are med 

The center impedance of a halî wave 
amenna is approximately 13 os the ete 
fer impedance of a fell wave antenna i 
hant 700 sims, ^ Consequently the RE 
feeder is designed to have эп impedance 
wich a the ere mean of these two 
ales, or 500 hms, This value of 200 ohms 
E inel by using днае лей copper 
ior with 14-inch spacing held in mani 
боп with mall ceramic separatora. "The 
impedance mismatch between 200 chin: and 
Boor 1309 ohms ds toc, Which is not 
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great enough to cause excessive айыз of 
Standing waves оп the feeder The line 
ds made а multiple of quarter waves da 
length and tims he reactance at the station 
end s negligible! й wil provide resistive 
iene of 5 ar 130 done ake 
"une pickup coll (variable tins) i su 
able for Coupling to the dramat or те 
ceiver tuni creas, The den Formulas 
Ste ss follows 


(05) 02,000 


Antenna length in fe = 
т 


224000 m 
Feeder length in feet = 1 = Ê 


umber of half wavelengths. 
тено in шуде 
m member of quarter wavelengths, 


Where k 
i 


Fig. 28 
Close-Up of Center of Antenna, 
—— n 


Collins Multi-Band Antenna 


CHART FOR COLLINS MULTI-BAND ANTENNA. 


mA ES a 
fe ||| 


“The «бету of the feeders may ran as 
high as BIYE ln spite of the impedance miss 
match. "The feeders weigh approximately 
10 pounds and they Wang from the center of 
Ben gema, Dereler, the amena ie 
Should be copper-clad ме шит tension, 
"es а support їп the dorm шї а mast c 
Dlaced at the center of the antenna A study 
ofthe amenna chart will dicate several 
Posibles for amateur installation. 


Zepp Antenna 


© This antenna consists of а һай was 
Soa wih toned feeders connected 
end, Pig. 28, or into the center, Fis 30 
the half wave radiating section 

"The purpose of the feeders is to permit 
"he erection of am antenna as bich ‘above 
round and as clear from nearby «beto as 
pose Т ere transfer, aile 
(осу power from the fal amplifier of c 
beate їп the radiating portion of the 
amenna, The portion of the antenna alle 
the Zepp Feeder (which ie resonant compl 
ing device, amd thos forms part of c an 
ina proper) simply consists oi ал di 
tional length of amenna which i folded tack 
"non itself in such a way ar the standing 
ares on the two Seeders neutralize each 
Ойт, tirus preventing the ceder portion ví 
the antenna from radiating, The Arst Tunda- 
mental of Zepp Antenna design is thatthe 
Mat top portion must be сш to within 109% 
for the Jrequency used. Variations of less 
than 10% can he compensated for by taning 
the feeder in the radio roam, 

Wien one wire of a Zepp Feeder is con- 


nected to the end of a hali wave antenna 


the feeders should be some odd multiple of 
Mariem wavelengths long, because the Wes 
Wires folded back each ther form half 
Wave resonant sections. The comping cul 
and tang condensers in the feeder circuit 
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LL 
20 and 40 Meter Vertical Antenna with 
berg Pede. CIGE Ae 0002S mid- 


‘Condensers. 


are part of the tuned feeder system. If 
the physica length of the two feeders is 
{the longer or shorter than ап od multiple 
74. . Sree) of quarter waves, this ength 
Gi Бе iade electrically correct by varying 
{е mimber of tra the cong val oF 
the capaci ofthe feeder tuning condensers 
Thus when Zepp Feeders are imed, merely 
their Сота length ig vated The pres- 
ics of the coupling сой, or cois, adds elec- 
Tre lensis which may be оби by vsing 
Wing “condensers wich, reduce the eer 
ial leui. Sometimes combination of 
Series ‘anf parallel, tuning эге necessary 
When operating a Zepp. Arteria um more 
than one band. If the physical length of the 
Testers pus the inductance of the coupling 
Si hee than а quarter wave, or aig 
fess than three quarters of wave, tis 
necessary. o ше pora tuning forthe feed- 
SES E dhe physical lenet of the feeders 
i somewhat greater, than à “quarter waves 
te three quarter of m wave, thc feeders 
Ein rary ander е 
Чи all Zepp feeders have compi, eoi 
and ing onder) stead a чоп. 
‘Stet bar or copper wire can be shunted 
Sets the two feeders al the lower end 10 
ome the’ circuit 
рон the feeders are tuned by siding the 
аг up or dows across the feeders until eso 
"amer is established Counting o the trans- 
titer is accomplished by a non-resonant 
fine connect tothe resonant feeders at the 
proper "impedance matching point 


їп this type of cone 


Zepp Feeder Spacing 


© The spacing between the two wires of the 
Zepp feeder should е abont © inches, Glazed 
«тани feeder separators which redet males 
ture absorption should be wed to maintain 
proper spacing between the two ‘wires. It 
ЖЕ айта is too ren, the Sand waves 
от the, feeders do not properly neutralize 
ich ‘ther and excessive feeder "radiation 
Эй rest. ČTE the spacing is о um. 
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there will be excessive loss at the feeder 
Separators along that portion whore high 
Talo cirequeney voltage exits 


Directional Effects of Zepp Antenna 


2 When the Zepp antenna is operated on 
St ere ee Frequency, the main portion 
(oF he radiation is at rat angle tthe di 
etn af the wire. For operation at er 
Frequencies (harmonics), the curves of i 
В йс the optimuma direction Tor trans: 
fitting or тений. 


SUMMARY 
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Construction. 


© тер feeders should he cot as closely as 
possible toam odd number of quarter wave- 
шай» ong for connection to the end of an 
amma, of an степ member "of мет 
Mtavelenatha for. connection into е center 
a Mait waye ашу. Те Tenders ld 
фе “supported in the clear, and по sharp 
Bends mould be tolerated.” the. feeders 
are within one foot of such, objects as a 
Stucco жай or other structure in which there 
de predominan ef metal а mch as 30% 
Sie power from tře transmitter can be 
wasted by absorption, 


Zepp Antenna System 


Center-Feed Zepp 

ө This system diers from the more- 
common voltage fed type in that it connects 
fo'a low impedance point” on the amena 
Instead of at а high impedance point. For 
AS reason ig ie sometimes Ruca aa the 
Carre Fed Zeb ot Dandlet whereas the 
orc common type i» known аў he Voltage 
Fod intem, "Pe Саке а system pro 
vides ‘etter balance became Dll wires 
Connect into he antennas whereas the end 
Connection leaves one feeder wire unter 
шей, resulting ln some anbalanee of current 
i the twp feeder wires, he directional 
Фе af ether system is the same for pers 
Son on the fundamental wavelength, When 
Же e operate om he 
Second harmonic the dat Yop portion be 
Somer two voltage fed half wave antennas 
in phase.. This produces аа increased de 
Tectona effect at Tal angles o the direc. 
Hon of the antenna wire, stead of ker 
feat clover «йеп which is otherwise ob- 
tained when the end connection js ved. 


Voltage-Fed vs. Current-Fed 


ө Vottage-fed: The Zepp feeders are con- 
Sec tre radi Parim ee plas aË 
high RE voltages ‘These pints exit at the 
of cach кале section, de 1o sand 
Turnen ed: Comection is imo the half 
wave section at a point of low Impedance 
anh current Since he tte and 
SE hase: the pont of maimam Current oc: 
Úno it of minimam voltage. See 
їй. d. This point exists at the center of 
eadh att wave section for the: particular 
Frequency, ей. "n this discussion hal 
Save sections are referred to the particular 
Жай in me, soc 10 eet for he 30 
meter bando approximately 66 et [or the 
Ж peter band and 33 feet forthe 20 meter 
p 


Length of Any Half Wave Antenna 


© Antennas, which are fel by any type of 
length, subject lo modification duc to the 
presence of nearby object, For all praes 
{ical purposes she antenna can be eut t the 
Valenta length and the wire shold be of 
A kind that does not stretch. o e waves 
Teri of operation ie known, the lengt can 
Be calculated бу multiplying the wavelength 
фу 36, giving the rest n fec 

n 

Jeneth in est 

wavelength of transmitter, 

If the frequency of operation is known, the 
Antenna length in fert сап be valente by 


dividing the frequency їз kiloeyeles into 


where L 


length in fect, 
banner frequency in kilo- 
oes 


where I 
í 


These formulas do not apply for long wire 

"The values calculated for a Zepp antenna 
эге not critica, and if е at top porton 
de within 10% of these values the error can 
фе compensated for by tuning the feeder 
system. The old popular conception that a 
Zeng antenna set be сш to exact length 
ds erroneous. No matter how close an an 
fenna ie eut to prescribed length the prox. 
йу of nearby objecta wil often change the 
efective ‘electrical length as much аз 59% 
STU, Herein ies ape of the advantages 
Čte Zepp antenna, since the antenna cam 
be toned to exact resonance at the tease 
ier 


een Two and Threw 


VS Wess - Parallel Tuning 


ares 


Freer, Five and Six 


“Quarter Waves [Series Tuning 


Терр Feeder Tuning Chart 


For 
For 
For one quarter wave in 654 
For 180 motors one quarter wave ie 192 f 


For Hall Wave Zepp Fiat Topa 
Zepp Feeder Lengths 


Length of Flat Top, 
250 teet 
10 ton 
68 deet 
КЕ 
po 

ва 
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Two Wire Matched Impedance 
Antenna 


ө THis atea ol only, for аулына 
operation, bet it is more eficient than а 
ingle wire fed antenna, Te consists of a 
Та wave econ wit the two feeders eon 
ected to each side of cemer, аз shown i 
ee This method of feeder connection 
provides the incorrect phase relation for 
[итине uperatom. It im йеп prod for 3 
meter communication and is quite effective 


"The surge impedance of а two wire line 
can he ealelated from the formula 


Where Z, s the surge impedance in ohms, 
Жз the radius of the wie 
È E the 


Since the impedance of an antenna de- 
pends spon the points between which meis 
ешеш made, amd varies rom а iow 
Saee at the center o à very high value at 
The ends of the amenna, the lite must he 
tapped to the antenna al points where the 
e ie caval to the impedance e 
line. With the ordinary type of two wire 
line, de necessary qo fan-out the feeders 
at the far end то evenly increase or trans- 
йиш the feeder impedance so bat it 
matches the antenna: The details of this 
matching impedance between the 000 chm 
dine amd а holf wave antenna are figured 
as allows 
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E 
DM 095 


L Gn feet) 


where 1 s the antenna length. 
TIS the frequency im кусса, 


The portion of the antenna between the 
two taps, T and TT where the feeders con: 
теа їз computed аз follows 


ToT Gin fe == x o 
ғ 
The, fandové "Y" portion is computed 
as follows d 
rom 
Y i čce) 


т 


The feeder spacing “Б” for a 400 ohm two 
wine Tine is computed approximately as fol 


ows 
S = 10 xr 


where S is the center-to-center distance be- 
тугеп the wires ls the radius oí 
the wire 


“These, should be expressed in the same 
nits, whether in cher ог centimeters. The 
acie of the feeders is rather eral and 
Gh line must be kept taut Each side of 
the Hine must be ofthe same length and aym- 
merical with respect to ground. The tane 
mission lime should De Connected at rights 
Angles to the antenna Tor a distance at least 
equal to пела ef the antena Jen 
Bends їп the feed Tine should he gradual be- 
suse sharp hende cac recon ess and 
desired feeder radiation 


Foeder Adjustment 


© The antenna length and taps T and Ti 
should de adjusted for actual operating con- 
"lins їп order to minimize standing wave 
Mises on the, transmisión ne. Ifthe 
esiers are ef bare copper wires а small RE 
millammete can be bridged across approxi- 
ташу one oot of wire wath a pair ы wire 
Moke as illustrated m Pie 3 Thi dc 


Nu 


Fig. 22 


Method for Locating Standing Waves on 
"Two Wire Non Resonant Feeders 


vice cam be moved along a quarter wave 
ection ot the KE feeder to check for stand 


ma waves. The current will be constant ji 


End Fed Antenna 


mo standing waves are present. А more 
practical device i illustrated m Fig. 93. It 
Tam be carried along the feed Tine, close 
none to И зо that RE energy coupled into 
the pickup сой will give am indication on 
the meter scale. "Sometimes the proximity 
© buildings, trees or antenna towers wil 
эйе the electrical length of the half wave 
Antena. One side ofthe antenna must 
Sometimes be slightly shorter than the other, 
їп order to eliminate standing waves on the 
feed line. The positions of the taps TI and 
‘To can Бе moved to obtain this elect after 
the antenna selfs pened to exact length 
for the frequency af operation. 

"rhe directive properties ol thie antenna 
are such that beat results are secured ln the 
direction at right angles to the fat top wire 
For ultrashort-wave operation the antenna 
portion is usually made vertical, and тебес. 
tor systems are often employed to increase 
the radiation in the desired direction, 


The End Feed Antenna 


ө When a half wave antenna, or one with 
multiplies of ball waves, has one end 
тош directly to the radio transmitter it 
is called am End Fed dn or Fuchs 
Antenna. “These antennas can be operated 
Sh several bands with almost qual efficiency 
Their main disadvantage Hes inthe fact that 
the ‘antenna la brought directly into the 
Faso room, therefore a material portion of 
Ae radiation may be lost by the earners 
Gt loneerenting objects. Ht en easy ane 
{ont to tune because there аге no KE feed: 
re which require adjustment, and the еіс 
"kal length сап be varied at he transo 
wier in order to obtain exact resonance 
En ary tand 

"The amenna should have an overall length 
oë an even number of quarter waves in 
Jong. By making it a trie too Tong, the 
arend сап Tater be “pried” тий exact 
тезопапес is obtained, The tunine process 
omits of operating the final ampliher of 
the transmitter at reduced power, ting it 
so resonances and then, tapning the antenna 
cross part of the final amplifier pinte сой. 
Fhe antenna. shod fe of such length Shat 
o change in the plate tuning condenser is 
"eos im order to obtain resonance in 
the этийет either with or without the 
antenna connecter to the amplifier 

A series сой amd condenser, when com 
nected im the antenna near the end, will tane 
the antenna 10 resonance lor dierent fre 
beer See Fig ar Slight errore m 
length can be compensated for by adjust 
ing the paralel tuned coupling стави И 
the antena s cut to the correr length this 


Pig. 98, 
End Fed Antenna with Series Tuning Cir- 
К 


LX 
End Fed, Voltage Fed Horiz Antenna. 


coupling circuit will be tuned to exactly the 
dan шшр as that fhe al ampli 
Е Shown in Rig 

‘Wien an end fed ac den for so 
Mins Marinate, ар how 
Figs. 25 and 36, А good groond connection 
de cents. Tie ‘ante coupling coll 
Should have approximately 20 forme of wires 
pend om а form. approximately the same 
meter аз the final ample, plate coi. 
‘The eel should be variae 


во Meter End Fed Antenna with Loading 
‘Gail for 160 Meter Operation, 
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‘The directional effects of this antenna are 
siglo to these shown m Fe шеи 
When operated on 100 meters. JE the an 
ema stretches oat nearly horizontal rom 
the tapan, the iiie patterns are 
practical for operation where Ше radio 
beer located on the top floor ol а 
шю, The lones are apt lo be purse 
Sive ithe antenna runs close to the ide o 
û building and ito а radio transmiten 10. 
EX XI ср, 

"The approximate length of the antenna is 
determined From the formala 


p 


whore L ie the length in feet of the antenna, 
Ts the frequency in Аоста 


Long Single Wire Antenna 


© Femara re for both teaming 
Ad receiving cam Бе secured with a long 
Antenna operated on its harmonies." This 
Antenna more directional than a hall 
Wave antenna, de should be pointed more 
Feary inthe direction m which general 
Ion distance communication i$ desired. The 


И the end of the antenna is brought into 
(br operating room, бе systern сй e tuned 
ек тениме or any desired harmon 

p feeders are also very suitable for ths 
ope of amema A al o te ТТ a 
Ta Devin Tabie wil show that an an: 
зана 562 йы dong йи 00 KC dos an 
orae at toe Ши fequenty for 20 mele 
FCC 
Re ep feeder imine, oe fcd tug 
alumana, wil ake pole e rat 
ac of йе amema at Lea KE H apera- 
бю бош one Шуны! и Wanted for bo ls 
Soran! do meter bande 

‘Several of these antennas can be struny 
in varios directions betaine ret Teda E 
u isole essentia 


Twisted Pair Fed Antenna 


ФА эсу efectivo doe dend antenna for 
transmitting and receiving consists of а bait 
Mave at top wi а twisted pair feeder, 
ASS 
гот SD to 173 hus, depending won the 
Spacing between the conductors and е de 
шет of the wire., This impedance s low 
Enough o thatthe feeders cn be connected 
directly о the center of їйє antenna: In 
penenie, the last, ew inches the fede 
Же faaed-out int а small triange, зз 
Shown in Еш 37. sd 


“сз 
EDT 3 ce „ — | 


7 


тә. 
Опе Вапа Doublet Antenna for Tronsmiting and Receiving. 


horizontal directivity diagrams previously 
shown in Fig. 11 indicate the main dife. 
бош of greatest radiation, Am actual gain 
af irom Кто times de altos by malla 
the wire from 4 tm 8 waves in length Even 
Shorter lengths will provide very noticeable 
fain, such as сап be obtained by eee 
‘rire on 40 meters. This same antenna wil 
фе evan more effective on 30 meters, bot 
omewhat more directional in the line of the 
ише. The dimensions for these long wire 
temas сап be obtained. from the Table, 
ee Deci, 


% 


‘The feeder can be any length, and i can 
ap aed around, corer ot "dign 
trough walls and along picture moulds: 
Nearby objects have very file effect on the 
senes of the feeders because of their 
lose spacing and the large tember of trans- 
some or “twists. along the feed lie 
The losses in the feed ine are exceptionally 
low, largely because Ше smal spacing be. 
tween йе wires causes the Tine o have a 
very. low ‘characteristic impedance This 
means that for а given amount of power the 
Voltage between the two wires is very low, 


Antenna Loading Systems 


thus insulation and dielectric tosses сап be 
held to а mimus. “Ordinary. stranded 
anp-cord should be avoided because of high 
Jassen, bet single conductor No, 13 to No, 
AB twisted pair is sasřactory, The special 
Rial air made or RCA double det 
"Туре EOL twisted 
vailable from most rao dealers > 
signed for an 80 онш impedance and wil 
handle powers up to 1 KW. Thee com 
mercially made twisted pairs aro covered 
with а special grade of rubber which has a 
low dielectric бы amd is quie resistant t0 
Harmonic operation ot recommended 
for sueh operation, and Standing waves wil 
‘Cause high RE voltage across some portions 
‘ofthe Tine. If much power input fs ad 
the "Tine denen wil Break down and 
bra. Operation оп the second harmonie is 
possible, but the efficiency of the e then 
"one approximately 5076: “This antenna 18 
excelent for receiving because of reduction 
m oie pickup: Tro ef these antennas 
placed at right angles to cach other will 
Provide transmission or reception in all di- 
Тот. 


Problems of Space Limitations 


© Countless experimenters are faced with 
the problem ‘of erecting an amenna dn a 
Space too small for a alf wave antenna 
Ж the desired, frequency of operation, For 
Example oniy o0 eet ul space may De атайы 
Able yet operation on 79 meter phone wonld 
ешке ш antenna approximately 125 est 
Тол, Cerin forms af Marcom Antennas 
fam be чой, since these are а quarter wave 
inet or gie fet A 
Would e теште, md by the means far 
Satisfactory results сап be obtained A 

aye amenna whichis horizontal” over 
Emire eneth often preferable rom а 
Sandpoint ofits directivity amd «етет 
Šach a half wave amenna can be МИЙ no, 
a %о foot space by ws an end loadin cni 
to make it an electrical half wave fy Tenth 
eee їп Fi e The ane сой 
un De wound with approximately one-fourth 
fo оше as much wire as would normally 
be aed forthe antenna, "ihe caer 12 
feet fone? approximately 10 to 15 fet of 
wire would therefore be ошай on the ай. 
Ing сой. The ‘winding form can bc from 
20 3 inches n diameter and бе coll 
shoutd be space wound with the same size 
and kind of wire аз Ihe antenna” The lads 
ig сой should be covered with а weater. 
proof housing and the antena strain should 
V taken up with strain insulators, rater 
than depending upon the сой form to actas 


(Chart Showing Theoretical Length of 
Нан Wave Antennas. Such as 
Single Wire Fed. Collins. Johnson 

‘Matched Impedance, Twisted 

Pair and Zepp. 


BAND | Frequency 
W Meter T-1 


а strain support for the antenna. The newer 
forms of low-loss tank coils wound on celu- 
{oid strips should be suitable im locations 


LES 


where sow amd ice are mot encountered, 
thus they need not be protected rom the 
waer 

A single wire feeder or Zepp. feeder can 
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be used for this type of antenna, and in the 
case of a single wire feeder the distance L 
Sn le s and de eii, be len 
Which а regulation pal wave шеша Would 
‘ordinarily have without the ose ol a end 
foil Thus the 00 foot wire previously re- 
ferred to would have the single wire feeder 
tached 1a at at а point approximately 42 
feet from the ‘unloaded end, Just as f it 
Were а ай doo length of wire. ^de this 
Anema is, to be operated only em one 
and, the feeder tap тап be moved along 
the ft until standing. waves disappear 
from the feeder, as checked with tbe simple 
feeder timing device described elsewhere in 
Кез. 

The approximate adjustment of the load- 
ing God сап be mad wish the мета 
Suspended only a dew "feet above the 
round, or roof, and coupled loosely to a 
Fogencratve receiver. ‘The natural period 
Se antenna сап he found for each айт 
ment of turns onthe leading сой by nating 
the point at whit the regenerative receiver 
tende o pall oot eren if the te 
Sever dil fs calibrated. approximately n 
Маонй we frequency. The тесем 
Antenna dor these dede can be а short wire 
ew inches rom the antenna. under tes, 
‘vith just enough compi, between the ү 
mennas end to мор elas m the 
ТОС at resonance. Another method of 
Tuning the antena systém i to use am am 
етта field strength meter connected to a 
чта antenna, parallel to th antenna under 
dest In thie ease the transmitter should be 
dene to ihe main antenna amd constant 
foster ipw тайт to the Bral ampi 
fer. The feld strength meter reading will 
Ma maximam when the antena i cor 
Fety aded 10 the frequency of operation. 

Another example of end loading would 
be fora half wave antenna for the 40 meter 
and. ой into a space of only 50 or ui 
feet,” Normally, such am antenna with its 
insulators amd supports would. require 3 
Space of a east 70 feet. The loading coll 
SN permi succesful operation of а 45 or 
} ot en without great sacro im 
icine 


160Motor Coupling Systems 


$ A singled PL coupling system i shown 

The 150 wm, and the 200 sunt. vari 
able condensers are effectively їп series, 
through the common chassis ground con 
nection. "The advantages of this arrange. 
теш are: (1) there ie тю DC on the tuning 
Condensers and the condensers will not 
eder om modulation peaks; (2) there 
is freedom from fer and rectiher trosble 
(ву closer spaced tuning condensers сап be 
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Fig. 39 
A Simplifed Antenna Coupling Sqstem. 
The 500 mmi. condenser le am ord 
receiving typo vari 

moni condenser ial 


sed (4) ample leeway for the tuning cr 
cuie because largo arable condensers amc 


"Ret The plate coil Lt consiste of 0 turns 
Ж No. DCC wire, close wound, баа 
Finch diameter foem, tapped st he a, 


Soth and th turn. 


5.0] 


LII 


the loop to the lamp. The lamp cam then 
Be let permanently in the circule 


Fig, 40 shows the common inverted 
Marconi antem using parallel ting of 
ihe pick-up cob Б ah shows the same 
antenna in a Koro, stead of an inver 

TI Practically all ehe antennas are 
of the quarter wave type and are similar 
de thine S the шан Band for 


Marconi Antennas. 


denk circuit of the transmitter. 
the url roam 


FIG. 43—How to Use a 40 Meter Zepp Fed Hertz on 160 Meters 


withthe сой and con 


The illustration shows а 40 me 


Esmpletos the circuit to ground and 
akor e Marconi, or quenter wave 
‘Grounded antenna out of the combi 
ation. Tho Zepp lenders are con 
mected together and attached lo the 


tion. the Zapp leeders аге adjusted 
rots, and the counterpeize la mot used. 


Marconi Antennas 


ө Marconi antennas are widely wed on the 
100 meter band and for Jonger wave com- 
mercial communication, or 6b meter 
Operation the antenna can be from 9) t 
150 feet une with series tuning cols and 
Condensers, with the fasc of the antenna to 
cet ground ог сеге. 
ыз з ш da shows various methode for 
160 meter operation, Tho choice depends 
largely spon. We individual locaton It is 
always important to keep to lead-in d 
Coupling’ cel remote from all house ering 
Sind! таш! objects jn отет то minimize 
Jes Groumds сап be replaced with а 
dete e d one or more wires: usally 
їшїн of res in the counterpoise de 
ore elective became of greater Capacity to 
ош. А Marconi antenna for 160 meters 
‘an be adjusted by using series taming e 
round or dener This requires э 
тай amena loading. coil and Series 
arable. condenser Of “front 00023. t 
‘smd, "Resonance is obtained by switch 
а taps and by varying the condenser ti 
the ‘antenna Tongs she plate current of the 
биш staze to iy normal value di this 
valne ie more or Jess than the rating of the 
Tne the" comping between the waling сой 
and фе бта tank сой should he increased 

‘The radiation resistance of а quarter wave 
Marconi antenna at the point of ground 
conection ie Nes than, 35 ohms. The 
round. connection. should have low resis 
ince їп order to convert the power into 
бейи radiation, rather than into resistance 
Wat tosses А Marconi amenna less than 


Fig. 4 
AD Meter Single Wire Fed Hortz for 160 
. de hos тийсем 


Fa, 45 
Another System for Loading an Antenna 
{or 180 Mater Operation. 


а quarter wave long has even lower values 
F 
to an ime have Been encountered with ane 
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LE 
Leading System for Short Marconi Antenne 
"or Boats. Aeroplanes, Ete, 


ferme from inb o n/a of з wave 
i lena 
‘These low values of impedance make it 
impossible to use the Collins РЇ niema 
Network. Such’ antennas must be loaded 
"ave electrically, by means of 
"ad in some enses the eae 
variable 
Se im order to obtain resonance 
‘heya sor Son sein ad 
as culled оп small seagoing craft, sec 
Би. 40), require а very low resistance 
connection to. the ground or counterpoise 
"order to avoid excessive power lonis. 


Directive Antennas 


soa. tas rie mae 
Eu rS 
Eu pud 
Bs CR Hd 
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oe pele covered by the beam is wide 
enough to sweep а Пацу large area 3 to 
10 DE means the equivalent of increasing 
ower from de 10 times For example 

amateur living in die center of the 
led States would want his Beam to be 
Wie enough covey all of Europe in one 


Similarly, 220" beam wid $ 
to cover Sth Arica an de 
le Another, 33" beam ро east 
and west would cover Australia and South 
Апа. qn Sam Prancico, two beam an 
temas could be made to cover 
tions fairly well; а 30° beam, 35 
cast for South America and the Orient aod 
Another 26" to 40" beam, 45" north ol cast 
dor Europe, Now Zealand amd Australis. 

n thir discussion all antena arrays are 
aged to ave two, main bes rad 
Mon ih opposite directions (no reflector sys- 
еп). Angles in which the antennas could 
фе pote can be figured as the Great Cirle 
Shortest distance direction with the aid of а 
‘lobe of the world.” Day and night direst 
tions in some cases are dierent, dee tothe 
Skip distance effect of some of the highs 
Frequency bands, because the лай may qo 
around the world in one direction im the 
morning, and in the eter direcion at nigh, 
то points near the opposite sides of the 
World 

Four to sis half wave antennas or their 
‘equivalent art apparently about all that can 
be sid itt sia бо much drei 
locality ОГ relatively small ате. With ura 
short wavelengths below 10 meters the 
Problem of Totaing the beam arena is 
Simplified and more directional effects with 
Erciter power are desirable. Reflector ays: 
fens сай he act up for inerensing the beam 
їп one direction and: preventing radiation 
în he opposite direction 
lier of wire en for several arrays 
nd directional types of antennas are give 
Enea one of тота Й 
modify there values, but Tor most purposes 
the wires can е сш to the values Tete, 
amd. satisfactory results obtained. 

"The most simple method of feeding many 
уре сета antennas (i near the 
transmitter) is by means ol Zepp feeders 
which are generally some oM multiple of 
Garter waves in length In all eases where 
fhe system is mach more than а waves 
Те from "the transmitter o the feed 
point, а non-resonant de feeder amd 
"rior wave matching stub should be em- 
flayed. "The problem i greatly simpli 
In most cases by the pue of Zepp feeders 
Since the feeders can be tuned at the tram 
ter fst as wh any Zepp halt, wave 
олда In some, instances the feeders 
Should be electrically am even multe ot 


Antenna Directivity 


quarter waves in length. А simple field 
Streneth meter coupled to the antenna тузе 
fem will readily indicate correct feeder 
їшї. 

ТА directional resonant antenna, systems, 
other than а single long wire system, oper” 
Же an the one regachoy for whieh they 
Ste designed The ТУ beam can be oper- 
eon to bands, with fae ación, 
frm of die V can only be made for one 
irene A type a gery der rum 
‘consideration of available space. The ү" 
fess ar em erie in medic design; 
if spase îs available for pointing the open or 
lod end of the V” in the desired die 
бош is type i excellent, 


Horizontal and Vertical Directivity 


© The horizontal directivity of any antenna 
System is that shape of the radiated beam 
fr beams shown ooking down at the cár 
from a point above the antenna system, For 
tame, beam having a width of 30° hor: 
Son’ would spread , cover 
points їп the United States, Vertical DE 
ease is the expression for defining thc 
Angle above the horizon at which the major 
Portion of the radiation goes out from the 
tema Directional antenna systems are 
onerály made to ave а very low angle of 
табот, so that the vertical directivity je 
Замак toward. the horizon, rather than 
Орка. 


Polarization 


© alg waves are Polarized in, that ther 
‘ill induce а greater signal їп the receiving 
ntc ‘when the plane of that aera. 
Rural to the. plane of polarization. Fi 
Example A vertical transmitting antenna wi 
produce а vertically polarized wave which 
Ean best be received by a vertical receiving 
дема over relatively short distances, suc 
фа int Wie ultra™high-trequency regien. 
Wavelengths between 10 and 300 meters 
can, de emite mito ee vez ar 
horizontal antenna, resulting in the wave 
Sarena oat a porel ar hoot 
polarizations and by the time {reaches d 
лш receiving antenna it is p to bc 
mainly e, polarized “Reflection 
nt retraction eects in the Heaviside Layer 
desd o twit the wave olin so that 
s М 
"йаз wavelengths, vertical 
polarized waves are not тейедей upward 
the surface ol the earth a easy as those 
horizontally portet. nature and only 
the "ground wave is шеш оп wave. 
lengua Below 10 meters. Venen trans- 


siting and receiving antennas have thus 
Proven most satisfactory at these fre 

‘Wavelengths above 100 meters are not as 
asily twisted. аз those below 100 meters, 
With ultrashort wavelength the plane of 
polarization may be twisted by зше objects 
5 bills or buildings, so that occasionally а 
ront antenna will very ficiently re 
ceive signals transmitted: by 4 verha an- 


Directive Factors 


© Directional antenna systems operate on 
the principle thatthe radiation fields add or 
Sota in space, When several radiating 
ешеш, such as half wave antenna, are it 
love proximity to one another, the radiated 
felis may aid or oppose cach other in dii- 
iren “rections. "lm those. directions in 
‘which opposition or cancellation occur, the 
Signal is attenuated; similarly in those di 
iine jm which the elds ald час Other, 
or add, the signal is increased, AT directive 
F 
"ds are sad to be la phase when they are 
additive, and ош of phase when they cancel 
Sich other. Antenna directivity results тош 
Sasing the radiation from adjacent antenna 
Elements so аз to neutralize the radiation їп 
the undesired directions, and to reinforce the 
Тайайов in the desired direction. Direc 
ity can te obtained in either horizontal or 
ТЕК ым WI x d 
Antennas concentrate energy mech like гє 
бейге and lenses concentrate light rays. 
For reci, the sal de proportional fo 
the amount oi antena wire exposed to the 
Тай waves when the hall wave sections аге 
properly phased. 


Reflectors 


ө A simple reflector consists of a wire ap- 
proximately a half wave long, either excited 
directly by the transmitter co ae lo be out 
‘of phase with the antenna, or t ean be of 
"he foras type, A Parasitic Reflector one 
quarter wave away from the antenna must 
TES Konga than the antenna i ordet 
16 have am inductivo reactance. The radi. 
led held rom the amena is reradiated 
ТУ the reflector wire so that the radiation 
im line with the two i reinforced. hack to 
‘ward the antenna ‘and cancelled in Ше op 
фойе direction. И the reflector, wire is 
Spaced a half wavelength distant com the 
antenna the radiated Bed will be increased 
in two. directions, or tend to cancel 


direction at e, The inerease in in 
3 plane at right angles to the plane of the 


Эма and refector, as shown n Figs 
wo reflector wires spaced а half wave 
‘ach side of ап antenna, amd an additional 
feflector spaced а quarter wave behind the 
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antenna, will combine to increase the field 
diei tna forward direction, and lend to 
(ince the бе im sl other directions, 
elector curtain, a combination oi sev- 
eral selector wires ln proper phase relation, 
dre normally ‘weed їп commercial applica” 
{fons tn order to contine а beam to one di- 
Тел. Without such a reflector, curtain, 
‘Shieh is usually similar to ihe antenna ar 
тау, the Beam would be transmitted with 
e tensity in both a forward and hack 
ward direction.” The refector in such cases 
doubler the Feld in the forward: direction 
"Baras reflectors ате 20 direct gon 
rection to the antenna or feeders. Their 
{gt can De cette from the formulas 


L 


sxa 
where L is the reflector length in feet 


ТОЯ 


DID 
T 


where f is the transmitter frequency in kilo- 
pos 


These formulas can be usei for determin 
ing бе length of single balí wave reflector 
es. soch as those used m a parabolic re- 
Tetor or ln a Vagi antenna, 


Directors 


© 16 a wire is placed in front of an an- 
на an TE it has а capacitive reactance e 
ЧП ai the radiation їп a Jorord direction, 
More than ane wire may be асай in ine of 
the desired direction. such аз shown in the 
ш amenna ln Fig, 28 m order to greatly 
increase he directo and eld. intensity 
E e 
bes and hey are shorter Wan those used 
Terror” A тасу races ib 
mec dv making he wire Tea Than at 
ig hal wave in length. А straight 
ie oses ир тошке and ici 
cante a č decreased in Vene At 
Saver reune the inductive reactance 
af pesante hr wire безе йз end ch 
ered fe over a half wave in length.. Simi- 
be Йй н de dm а Гай wave in 
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length the capacitive reactance will be 
greater than the inductance reactance. The 
nenna Shon always be resonant, ln which 
‘ase the inductive reactance їз equal (o the 
ee reactance and the two will then 
Caneel cach other 


LT] 
Yagi Antenna, 


Director wires should be spaced at inter- 
val of Jae wavelength inthe desired di- 
esten “from "the transmite: antenna, 
"se teng can be calculated з follows. 


1= ts X 


where L is the director length in fect 
Ais the amater wavelength in 


таю x 057 
B 


where £ is the transmitter frequency in kilo- 
‘oles, 


Directional Antenna Types 
The Yagi Antenna 


© Te Yagi Анана ie cil the lr 
аиша бый i comica e 
Several refor and distor wes ene 
dow a dli wave amen, sich As ot 
own it Big, shh Koa er ten ol a 
era array, E rean etic wie Ё 
А te on 
THRE aol er rulo wie ar ped 
Тыт rom We Sita, m ed tle 
Zn ree Wee Bae aped a d 
ace r ua vare ak ae ы 
post а зате ат af EA 
Shih of a vave теред jm Fie 1 
Че scmper ШЧ [ише i ior 
iac atl To c denim ai dis ope 
SP te ato БЕ v es 
Veces i 90 meer Doro me) 

^ne refector and Фк wires uc l 
serie deen “The anta © бе 


Franklin Antenna 


ded with any type of RE feeder, such as a 
bear “matched impedance fed, Zepp 
Heelers or by a quarter wave matching ath 
amd non-resonant ine 


C 
Fig. 50 


The Franklin Antenna 


ө A directive antenna array which is quite 
VVV 
uke 30. Н consis of two ur more hal 
‘Wave sections in prase, so trat the radiation 
Feit is broadside to the antenna,” More than 
four sections wit provide too агр bam. 
dor most amatur Pese, The fal wave 
Sins ay e шей with art ave 
oF phasing codos э shown m Figs sn 
Sur cate the phasing ci, or quarter wave 
seta, egal. alt wave a 
ienna which does ot radiate, but only serves 
the purpose of phasing the antenna corrent 
бое same direction e adjacent sections of 
the! radiating, antenna: The ‘to end sec- 
ions Ta should he eut for end efecto thus 
Making’ ‘these sections May doner 
Physically thas the intermediate section T 


“The dimensions Змей in the Table for An- 
tema Arts are ытаа vals which 
тау have tobe stehy modified n actual 
practice, due to the proximity of surround 
Ei tt “Orda A anta an 
ian o resonance by varying the lengths 
o the ac wave subs Lee we ern 


Fig. s1 


Nonecsonant feelers in the form of a 
жю ohm Jine should preferably be tape 
Seros the middle qua ter wave section im 
Order to socare а balanced antenna system. 
Hf one of these quarter wave sections 3 near 
the transmiter, сап essed эз a 
Feeder of either one-quarter or three 
tere of а wave in tothe сап he timed 
teil Series condenser: and coils, as discussed 
tinder Zepp. Antennas 


Fig, 52 
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the values of La and Lo may have to be 
Shortened slightly, and the various sections 
"may sometimes difer from the length 
Shown in he Table because uf the proximity 
‘of some object near one of the sections, n 
most eases the values shown im the Table 
ап be шей without, variation, unless the 


Stmost in ficiency ie desired.. The values 
Of Ly Ly, Lo and La are correct for nearly 
Sl forme of antenna arrays. This Table 


Greatly snl. ae antenna array 
‘sign for amateur operation 


im. Bruce, Chiteix Meany, 
Barrage end Stacked Dipole Araya. 


This antenna is occasionally used for 5- 
meter transmission apd reception. die to its 
"mill size The dimensions or dierent 
Amateur bands are listed in the Table show- 
ing Antenna Array. Dimensions 


Reflector and Director Dimensions 


The Bruce Antenna 


© One of the simplest antenna. arrays is 
Shown in Fir Se ie not evita as do 
fhe еш of i clemente, and сап be used 
wer а wider frequency range than’ most 
Uther antenna arrasa. he antenna is made 
Up of zá and 34 wave sections, resulting in 
fod, horizontal directivity if Ше overall 
Keg tates ve wavelength ong 
however, it possesses very hile vertical 
reci because of s Jack of height The 
Читен їп each half of а horizontal section 
Sre ош of phase and thus these sections 
od to cancel thie radiation ба The 
vertica! sections are in phase resulting in 
Broadside radiation ог reception, becuse 
Чын antena is normally used for receiving. 
A similar bent wire, placed a quarter wave 
байа the antenna, wil aetas a reflector 
and make she system unidirectional, 
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Stacked Dipole Antennas 


© A dipole is simply another name for a 
fail wave amenna: Several dipoles cm be 
ranged in stacks to form a highly directive 
Antenna system. When am entire "curtain" 


е beam Becomes. very 
Actual power 


behind it, 


агу and of great intensity. 
nine of 100 fo 20 are secured in commer 


Gal practice. Both Horizontal and vert 
renty Can be very great because several 
‘ements such as shown im ig. 84, (our 
ae dipoles), сап be built into’ a cer 
{Ein with one row on top of the aer For 
TTV 
Жс eue directi most cases: 
"he radiating sections L, may be either 
horizontal or vertical, depending on whether 
horizontal or vertical polarization is desired. 
"The currents in the Le and Eo sections peo 
dce fede which neutralize each other, with 
Ae result їй radiation occurs only from 


Directive Arrays. 


the La sections which are a half wave in 
length, era. "Те ‘actual pios 
Tength is approximately 0875 of a 
wavelength, "The La section are made a 
Jat wave in length jm order to provide the 
proper phase in the Lx sections "In Eig, 8$ 
the radiation is broadside to the antena, as 
ien, and end-wie Hf the two sections Le 
"lo not cross 


Fig. 56 


In the four forms of this antenna, shown 
in Tags. 54 to ЭТ, quarter or hal wave 
Matching stubs provide а means of ane 
есйп to a two-wite non-resonant feeder. 
Т some сама а 000 ойт ie сап be con: 
оде drei into ie апау when dien 
ушке э e chosen рош i u00 hme 
рр. eds are satisfactory И they are 
not over 3 quarter wavelengths long: These 
Arrays are fairly popular for the ча hen 


Fig. 57 


wavelengths for amateur operation, although 
commercial. application. i» widespread lor 
Savcengihs above 10 meters” These sy 
dem must be adjusted Tor the exact fe 
"ny ef шашип, and quite” ТУ 
Supported. 

he arrays shown in Figs. 98 and 30 are 
similar in performance, even tough the La 
Sections do sot cross оё reverse in one cas 
‘The phase of the current in the La sections 
is maintained by connection of resonant 
cer or anner wave matching stub atthe 
a of Ls in one ease, and at the enter im 
ther eter" ease, 

Figure en shows the construction of a 
framework for an ultra Nah frenos de 
retinal amenna with parasitic. weer 
Spaced a quarter wave behind the “H csee- 
ш antenna: TE desired, the reflector wires 
T cam pe cross-connected at thelr adjacent 
das" The antenna sections A are fied ш 
be Tabie lor Anteno Arroy Dimensions аз 
Vs The recor wiret D are listed n the 
Fable for Kefector ond Director Dimensions 
35 D, which in this case is equivalent to L 
"Toe Zepp. feeders should be an even nem: 
er of apartes wavelengths, the same as in 
eee Zepp. antena. 

Tr practical applications of curtains, the 
refector wires shouid. be tuned for maxi 
Siam eurent Usually the lengths will be 
betwen 3% and 5% eater an a dall 
Mave in lenge The мемы elements are 
VNC 
fal wave m ana The . сиы 
has A reactive «йе pon the amenna a 
"fis v s generally emo op rt then the 
antenna wifes are cut to” length experi 
mentally m order o provide exact resonance 
inder operating, Condos, In tee cure 
Mins, which comet of horizontal rows of 
KŘ wave elements and often two or three 
flere onc above the other, RE power ie fe 
in е propor ‘phase relation to several 
TR selector placed a quarter wave behind 
an amenna, and properly tuned, wili provide 
"pain of 3 DB, which ie a pover ain of 
tw "Two hal wave antennat spaced a half 
Nave apart and properly excited wil also 
provide а а ОН gain over that obtained 
rom a Simple half wave antenna,- Three 
and four half-wave sections in a ше a half 
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Fig. se 


wae apart will provide gains of 3 DE and 
БУ; DB, respectively, over that of а single 
ТЫЙ wave antem "The simple “Н type 
of stacked dipole, Fig. 55, which consists 
SF four бай wave sections, wil give а кып 
of approximately 72 DB. The antenna 
Shown in Fig 57 which has six hall wave 
radiating sections will give а gain of ap 
proximately 5/2 DB, “Phe one shown r 
Fig. St which has eight sections ‘will give 
аай of 10 DB. Adding a efector sec- 
fnequarter wave behind it, wit provide 3 
DR additional gain to any of these arrays, 


‘The Barrage Antenna 


© Another of the many types of directive 
erase ie shown ee bromo adi 
Aor or vertically polarized waves 
The horizontally polarized waves which 
id te radiated by the op and bontom 


orizontal, wires are negligible because ot 
the opposition of current flow im the tuo 
halves of each of these members, This ie 
‘hain! by making the vertical sections at 
de top and Bottom of ra quaner wave 
Tong. "rhe middle sections 1z are halí wave 
in net The dimensions for thi antenna 
te lated im the Table of eee cera 
агита Tor amateur bands 


RCA Broadside Antenna 


© In this array, Fig, 00, all parts of the 
parallel transmission line connecting the L 
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Fig. 58 


2 


LE 


sections аге kept in phase by means of shunt 
Instant 

“The, waves are vertically polarized, and 
the beam e broadside to the amenna. A те- 
tor system spaced a quarter wave behind 
fhe antenna ca he use tee midi 
Жы 


LII 


Chireix-Mesny Antenna 


(© Numerous elements of the type shown in 
Tig Gr аге connected to form an antenna 
And refector curtain or. operation їп many 
French commercial stations, da tis case 
the feeder erden н different from that 
Shown 


"V" Antennas 


For amateur application a Zepp. type 
feeder is recommended: The dimensions dur 
rami Ly are approximately a hali wave in 
eneth, and dor the amaia amis. the 
Tents сап be found im the Table of An- 
tenna Array Dimensions, 


V. Antennas 


ө The horizontal "V" antenna shown in 
Fig. 62 je suitable for amateur аз well as 
comercial work. he long wires £ can 
фе made several waves im ent in order 
16 obtain good directivity, 

By choosing ihe proper angle 3. the lobes 
of radiation rom she two ong wire antennas 
Seach other to form a bi-directional beam, 
The tack end radiation can be redirected 
forward ya select antenna, Sir to 
the radiating antenna, located ап odd num: 
Ms at quater wavelengths "behind, and 
Cad o ha e Ywa antennas are eid 
‘with current 907 out of phase "Each wire 
J'y itself would have a radiation pattern 
Similar o that shown for antennae operated 
At harmonies: refer back to Fig IL. De 
еп data fur the 10, 20 and 40 meter bande 
WS ae im е Tabie, together with the 
Proper angle a. 

This type of antenna can he made into a 
Vertical" ae shown їп Fig, бй. which ie 
particularly adaptable or receiving, because 
“шу onc antenna mast is required. 

"Tie angle 8 for diferent lengths of Z is 
shown inthe chart for Diamond Antenas, 
A good ground connection is necessary 

ойшы! V antennas aec айу con 
structed and have proven very effective, For 


amateur operation L can be wo or four 
атбай» long. Commercial antenas are 
шлу made eight waves in length in order 
осше а Sharper beam wh a cor 
ойду greater power кай. 


Diamond Antennas 


ө A very efective directional antenna Jay 
Saga low angle uf radiation of horizontally 
polarized waves e shown in Fig. BIN. ThE 
бюттезопат Diamend antenna consists of 


mee, 


Fig. 63 


"V" Antenna Design Table 


ПЕ 
Же. 
T prie 
mes | ws | mr 
жю | iwe | TI 
29900 | 198 | te 
300 13 2 ent 
Tes [| ws | Эк 
Xo | mro mae 
Mao | mue] 387 
meso | me» 
Tw | wr | ez 
no | d» | me 
me | жш | wv 
We 8 5 8 
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dimensions L эге listed in the Table 
intenna Design. 


We 


Antenna Design. 


Ле the terminating resistance is not used, 
үе Diamond antenna is bi-directional and 
iones of the resonant буре Diamond 
antennas will radiate їп an exact hor! 
onal direction, provided the angle of radia 


LE 
Diamond and . Antennas. 


two V antennas. The current distribution 
s away uniformy from the input comer 
tothe terminating resistance. As a result 
of hie behavior, the Diamond antenna is 
«ст! wi respect to frequency. It 
a be used without any change or adjust 
ment over а frequeney range oi at least 
iocus, "Furthermore, d is unidirec: 
ona, since the terminating resistance elimi 
mates the radiation which would otherwise 
fake place in the backward direction. These 
properties make the Diamond antenna desir- 
EM in many ways. It cam, for example 
фе used for 20 meters in the daytime and 40 
meters at right without any change. The 
Terminating resistance should be about 300 
hme. capable of dissipating half of the 
power supplied һу the transmitter. The an 
tema ofers a resistance load Of about 00 
‘hms to the transmission Tine Design data 
de shown in the Diamond dintenna Charts 


Fig. 66 


tion im degrees and the height of the an- 
tema’ in wavelengths $8 correctly ‘calculated 
"These calculations have been simplified, and 
the Chari enable the quick determina 
боп of the necessary dimensions. or ex. 
ipis were the amenna 6 will came 
the energy to be radiated inan exactly hora 
тоа! plane 

"The Diamond antenna is much more eco 
отка! im construction an the various 
Torms of antenna arrays employing, vertical 
curtains of wires Tei just a fective in s 
есуу and power gait, and is not 
al with respect a frequent; of operation. 


Beverage Antenna 


© А very long wire terminated in a resist- 
ance sual to der characteristic impedance is 
Ea a Beverage, ог Weve Antenna, Pie. 
TH he antenna should be several wave- 
lengths [ong and it cam be of any convenient 
Helale, то 10 to 90 fee above сап. Из 
quie. ‘satisfactory for long-wave reception 
Smd is lešení directive to materially re 
"ince мане disturbances. It is noncresonani 
Яш can be considered as а onewire trans- 
mission line with ground return, Te shouid 
фе pointed toward the station whose signals 


Fig. 69 


жге to he received, This antenna operates 
"most effectively when located over “poorly 
conducting earth, since in this case the wave 
Front of the received signal is ited more 
than when we wave travels over water or 
moist earth. “This form of Beverage An- 
tema Js mot suitable dor shortwave гё 
ception 


x 
ji 


Bg. 68 
Diamond and "V^ Antenna Design 
Pus 


Fig. 70 


Antenna Coupling Methods 


en is obvious that the power from a 
transmitter must be transferred or coupled 
о ап antenna in some manner likewise, the 
ceived energy must he couplet mo а ze- 
vers Tore ape а great many was т 
‘whlch, thie transfer of energy сап be ac 
omplished, In some forms, the co 
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Fen 


dee serves he dual parse o transer: 
ng power amd tuning "he antenna Vo rer 
arne ег cade n prevent Meri 
adición "of harmonies, ke mee 
atc for а fal amplifier iv accomplished 
ithe Cue ci wit im fhe 
Antena or feeder Impedances are matched 
hen the plate current of the fal ampi- 
Fer ie at its normal valve when all Greats 
are tuned to crac kerne When the 
te сите is below ‘normal i s an inde 
ation that the antenna feeder impedance has 
igen transformed nto a do gh value, and 
Gon by dhe nal ample 


Types of Coupling 
Devices 


© he simplest coupling metod for a single 
Were iol or end fed antena fe by means of 


Dia ace, F, wherein. the” impedance 
machine fs accom by tapping s0 the 
"ia ашыййе piate сой, ae in Pig F84. 


A. boeking condenser (лю? mid) should 
е eomected п. series withthe antenna or 
feeder to prevent DC plate voltage гот 
Teaching te antenna and thereby endanger- 
Ing human e. The mal amplifier. piate 
toil hat a voltage node either at the center 
т at ome ends depending upon the type of 
ier med. The volte node “occurs 
Ж e ener of the сй in а push pell 


pier and also im а plate neutralized 
ийет. This voltage node (zero КЕ vote 
Эне) occurs at the lower end of the coil 


den in the wee sereen grid 
Supliers and grid neutralize single-ended 
wer. The antenna or feeder tep is 
ually connected near the voltage node 


The proper ehe match (normal plate 
current ead) i chained when he tap a 
the proper point on thc oH the tap e 
tes Clow 40 ahe voltage node, the antenna 
wit тш sucia ad e ampider: i 
фе шр is dos far toward the piate cd ol 
the с, excessive ring vil esal, with 
onsequent overheating of the amplifier tube 
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Comparative RF Feeder Losses 


D.B, 
Fro loss por 

quency 108) Type of Line 

= 150 ohm impedance, rub- 

dix bor amuletos twisted pair 

2 wiih outer. covering’ of 
(MAE, ны: мр 

zee 44 Jiseder with inner wire on. 

ame, 48 


pepe 
(290 ckma 


os f Open Beira line No. 10 


Dir c = a 
Twisted No. 14 к 
Ime 
weather proof wire, 
Mme 3% pp 
Mme Evai Fete for sie montis 


Inductive Coupling 


ө Energy can be supplied to the antenna or 
сег From the буш ampliker һу means of 
inition between wo cols. The amenna 


toil can be tuned or untuned, as shown for 
‘vera eret п Figs. 34, 0, 0, 16 . 


Collins PI Network 


Zeon. feelers sometimes use а split an- 
tenna сой which couples to each end of the 
Fin tank coi A somewhat etter system 
^to lee the Угур. feeder fuming 
ui to the final amplifier coi because there 
tess capacity coupling and ihe coi losses 
are lower, 160 meter Marconi antennas con 
їс coupled inductively to the fl amplifer 
plate сой by means of some of the arrange 
ments previously illustrated. The antenna 
hod be tuned to resonance with series or 
parallel tuning and occasionally һу adjust- 
Ment of the taped antena loading coll. A 
wie value of series condenser would be 
{тош 00025 ml qe S mii. maximum. 
capacity. "The spacing between plate wil 


Fig. n 
12—Final Plate Coil. 


depend upon the power output of the trans- 
Inter and the RE voltage gradient at the 
eint where the condenser located- In most 
Eases, plate spacing of d dme wil 
Sic. Resonance is obtained by switching 
ps and varying the condenser untl the an 
enna loads the ral stage plate current to 
їз normal value. f this value is more or 
less than the rating for the tube, the coup. 
Би between the losing сой and the бшш 
tank сой should be increased ог decreased: 

Single wire fed, and end fed antennas can 
he tapped across part or whole of à tuned 
csi which i teen is inductively or Tie 
warten to the Bral amplifer tank circa. 
The advantage of having an additional tuned 
circuit for the anten coupler de a the re 
‘ction of hammone radiation. A hetter 
Palance can be obtained in the case of push- 
pul amplifiers than wit direct coupling 
Моке detailed “information ot coupling 
Single wire antennas ie given m preceding 

Teen en feeders can he inductively 
coupled tothe final tank circuit by wu 
from опе qe our turns of wen nente 
wire, wound over ihe voltage node of the 
"al ane col The umber of tuens de 
pends upon the frequency of operation and 
the desired antenna load. 


Collins Pi Coupler 


© This system consists of one or two coils 
Sed two variable condensers connected ш 
We (orm oa low-pass pi er See Figs 
TE to 20. The ltr permite the passage of 
Only the fundamental frequency and greatly 
суши the undesirable harmonics, sinlar 
forthe action of a Aiter used in AC power 
Supplies The coupler is tel to the ires 
ошку of, the transmiter by varying. con: 
deners Cr amd Co. also by adjusting. the 
tape оп the сой or coils "The impedanee 
Of the amenna. feeders de matched to the 
Final ишет by means oë he ratio of the 
capacity of Cand C2, and by adjustment of 
їйє coupler taps acns the Anal ample 
D e 
hi system can be used with some Zepp 
feeders, single wire or two wire feeders and 
end ců antennas 
"The plate tank of the баа] amplifier must 
be tuned to fesonance with the pi networke 
Uisconmected from tt Te is best to do thie 
Sri reduced plate voltage, and ‘resonance 
ee by greatest dip inthe plate cure 
Tert milliammeter reading. The бта ampi 
fer must not te retuned thereafter. “Then 
Connect the pi network o the fal smplifer 
and merma! une the two variable con: 


Fig. 74 

SingleWire Feed Line—Singlo_ Section 

Plate Tuning Condensor—Shunt Feed. Cl 
md CZ in АП Circuits Are 00035 mid. 


Fig. 75 
телне Feed Line kom Simglefnded 
Amplifer_Spit-Stator Plato Tuning and 
pone! Spit Stator Deed э СЕ Shunt 


“ 


Single-Wite Feed irom End ol Low Im- 

pedence Output Tube Tank. “Split Stator 

ining ond Sedes Feed. СЇ and Сї 
‘Should Be Variable. 


Fig. 78 
Same as Fig. 77. But with Single-Saction 
Tuning Condenser. 


bps în the pi network until maximum 
antenna Current (ог feeder current) is ob: 
famed af normal values of al ae. 
Miate current when normal plate voltage 3s 
Applied. The pi network condenser which 
i closest to che final amplifier je used to 
Oi resonance inthe networke for any 
particular setting, of the impedance match 
[ш condenser (ihe nearest one to the an- 
теты, The amount of inductance in the 
темн, coils must be determined by experi 
тет o obtain best results. 
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ine lo a Past Pull Final Aliter. 


Hg odi be ырш ы orlar 
do load both tubes equally n а push-pull 
шыр. Li Tank Tuma, баритона 


Linke Coupling 


A ушей feeder creat can be coupled to 

e ira tank by nen А 
"stel or parallel pair of wires, wih one 
SF ore rotg of wife at each end, as shows 

ig э. These fat coupled loops should 
nil ger aa er e 
фе accomplished by varying the ruber of 
[бом or” tie diameter of the loops wiin 
rect tp the col балеты. The names 
Т озн arms depends upon the ratio 
b impedances; їп the ease Of а Zao. an 
Vans mero coupling ree ae teed 
round he antenna coil than around. the 
Иле fer сой. in meaty ай cases 


Link Coupling Methods 


‘one to two turns around the piate tank coil 
Swit Sce, The amber of turus around 


de ашыу ol эй vary rom oF 
S, depending upon the leit used, ie, para 
бараатай ог series tuned 


Fig. 92 


gcc 
Fig. es 

Link Coupling lo 160 Meter Antenna. 
System. 


ed 


тем 


Adjustment of the coupling Jik and locas 
tion ol antenna tapa om the antenna soil 
fan readily be made with the aid ota field 
Strength, meter їп order to бай the adjust- 
‘nent which will provide maximum antenna 
Fld strength for normal load on the Anal 


Е" өл 


Fig. LA 


Link Coupling from Final Ampliber to 
Tuned Antenna Circuits. 


ge, When Zepp feeders are used. 

RE meters сап he contacted in series eth 
m tuning. 

"rubber -covered solid 

wire is suitable for the coupling line “The 

Coupling оор should have suert insula 

ЖО withstand the piste voltaze. 


Broadcast Type Antennas 


@ Older types of “T” and “Inverted L” fat- 
op antennas are rapidly being replaced with 
Metal, antennae for broadcast transmis. 
Xon. "The newer forms confine most of the 
Fadiation to very low angles, wil the rex 
Sule that fading effects" within à radias o 
300 miles сап be greatly reduced. The Z 
and T type antennas. provide some igh 
Angle radiation and the reflected waves [rom 
the Heaviside Layer cause fading elect at 
might within a radias of les than 50 miles. 
Reduction of sky wave radiation greatly m- 
proves the coverage of а broadcast station, 

Vene anemias "are sometimes соп 
structed by running a heavy wire conductor 
Trough the center of a Tati work tower 
{n'a reat many caes the metal tower en 
de dě nadale: “The base al ic antenan 
то а Very extensive ground system. The 
tuning device aho serves to terminate the 
transmission hine, such as shown im the ex 
amples given for Солго Lien The 
Šertical Antennas in Fig. 85 have а current 
аги, as shown, "which Inficates the 
тиште values nf impedance wah respect 
Wo ground. "These antenas сше tO 
round through tuned circle snd conse. 
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quently they are resonant to the frequency 
the mmis, Antenas more tha one 
tare wane ja vet бо vlk a 

ter Tow angle wave (ground wave 
cathe of their greater lective height they 
Ste being used in the newer broadcast sla 
parco 


Base of Vertical Radiator With Heavy 
insulator Supports 


Two Band Tilt Antenna 


ФА simple bidirectional antenna, for 10 
‘rete operation, sm e 20 
‘eter antenna, le shown i Fig 67 

Thie amenna consists of а 33 tau lena 
чы e dos Deal tie, por 
an а large stand-off wee in poch a 
manner "dan the angle of tit can be ad 
шей amd the free end swung rough am 
анде ob approximately. 130 degreer The 
eer operation: for 10 metre da tited 
Sm angle оГ degrees with respect to 


“ 


the horizon, and pointed toward or away 
from the direction "n which i is desired o 
ranami or recive. The angle of radiation 
кїп а horizontal plane for bout 10 and 20 
meter operation. N aingle wire feeder can 
фе connected to the pipe at а point eleven 
fet up from the bottom end, оп a Zepp. oF 

fed connection cam be employed The 


LI 


pipe should be guyed near the center by 
Means of heavy Cord or ight rope im order 
то facilitate the rotation of the radiator, X 
33 foot pipe сап be made from two sections 
бишей together over a smaller imer tube 
er outer sleeve, Tor a feel dt connection 


Dummy Antennas 


ФА non-radiating antenna is essential for 
Experimental tests of any transmitter. The 


tame “Dummy Амен? has been applied 
to such arrangements condis of а re: 
Seve load. wich simulates the regalar 


Antenna load, “The resistors jm the dummy 
Antenna must be large enough to dissipate 
he RE power output delivered hy the vane 


— resistors made for 
is purpose can be: connected im seres 
Wi "theemo-ammeters "to. determine RE 


Dower output Marda Lamps provide a 
Visual indication of RE power output есине 
thie power ie converted into light in the 
Same "manner з lamination "is secured 
from the lio line. The dummy an. 
dem circuits shown i Figs, 88, 89 and 
‘0 ae suitable for ll practical purposes 
A ioo watt Mazda Lamp when lighted 
do normal brilliancy. in a dummy сш! 
Indicates that the transmitter ie delivering 
300 ай ol RF output. The resistance of 
electric Jamp bulbs varies widely with fla. 
"ment temperature, therefore i i dica to 


Field Strength Measuring Set: 


accurately determine the pomer output of 
the transmitter by Ohm's 1" R Law, because 
Risa variable factor, 


Field Strength Measuring Set 


Ф Actin RF curet readings in any portion 
as ates vary withthe poston of he 
Soret тог, Rb e pesak a аг 
ber тшу ти be corey tel to te 
Sree rune e amie AS 

Чыкай at the power rade, by 
* 
e ath e e eee 
T 
кани ant toned cient or cup caj 
e 
Siete тизгин н ай phone monitor 
is shown in Fig. 91, ke 


Fig. 08 


"Are Wound Over the Plate 
gd Antenna Coll L 


When the headphones are plugged into 
the phone jack, the presence of key clicks, 


excessive carrier ham of quality of voice 
Sisson cam be determined. By plunging 
oon ома resistor ino the phone Jack 
ihe milammeter wil indicate overmodala 
ti peak s shown bya facut of te 
sendy carrier strengi when voice modala 
on is applied. Furthermore, thie feld 
rengt meter can be used as a neutralizing 
"dicitor by merely connecting à short picks 
"ap antenna wire o the device and placing i 
ear the ae whieh is to be neutralized. 


Fig. 91 
Simple Circuit of Field Strength Mot 


Fig. 82 
Exterior View of Field Strength Motor and 
“0-80 Meter Col 


Plugin сой» are tuned to, the frequency 
of e transmitter. “The pick-up antena 
Wire which i connected to the Beld strength 
ensuring set is placed somewhere m the 
immediate vicinity of the radiating portion 
DE he antenna. The length of the wire 
Edits stance from the transmitting an- 
femma depend upon the power output of the 
aer The, piden antenna can be 
[гоп hve to six feet long, depending upon 
the frequency and the amont of pickup 
тшге! to secure a detection of the meter. 
"i antenna system fe toned for maximum 
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reading on the milliammeter scale, which de- 
notes the greatest amount of feld radiated 
Ey the antenna. 

(A type, 30 tube is connected as а diode, 
which wi operate satisfactorily” with only 
ТИ volts of lament battery, „The diode ie 
connected acros a portion of the toned cir. 
‘uit which results ún more selective tuning 
nd good sensitivity. The orina, DC mil 
ammeter reads the rectified current produced 
y the RF energy in the tuned cred The 
де serves as the rectifier, which can be 
"iler a vacuum tube or crystal detector 

‘A carborundum crystal detector will quie 
Е replace е ЕЧ 
handle ‘accidental RE overloads, without de- 
arg the sensitivity of the crystal, such 
as in the "Standing Wave Detector” shown 
fh Flas 04 and 08 


The сой, are wound on plug-in forms, 134- 
inch diameter, three colle being required lo 
cover the six amateur bands from 3 o 160 


meles. he 8 do 10 meter сой has two 
Turns, spaced 34 im. apart with a tap at the 


center, The 20 and 40 meter сой has 12 
фит. spuce-wound. to cover а winding 
length of 34 im. with a tap taken on the 


fourth turn from the ground end. For 80 
And 160, meters, 60 turns are close wound 
оа the form witha tap taken оп the 200 
fern from the bottom end of the winding 
A midget 100 mmf variable condenser wil 
jue he coll in such a manner that the 
Tower values of capacity wil cover one end 
of the band and the higher capacity will 
over the other; а single coll thus covers 
pons 
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"The field strength meter should be housed 
in a completely enclosed metal tan. 


Grounds 


A avd om ea ae 
55 
Жошы тош 
pl olga e ыш 
55 


h 


Detector” and Field 


{Standing Wave 


Mater” The Device la, Moved 
sd 


LT 
Simple Circuit Diagram ol Device Nus- 
rated in Fig. М. 


U. Н. F. Antennas 


ters often require а very elaborate ground 
System oi several mier of copper wire or 
Fos, buried ander the surface o the 
arth” Such a System can be, constructed 
То that . facon in all directione бека 
the antenna Ordinary water pipes ate gen- 
йу suitable” Vor receiver ground. con: 

When a satisfactory ground connection 
is now available, Сон туоше mast be used 
With Marconi antennas. he radiation ze- 
stance of а quarter wave antenna їз ap- 
proximately St ohms, therefore the ground 
cee must be considerably. less them 
BP ohms jm order that the greatest amount 
ЧЇ transmitter power wil be radiated in 
Space A high resistance ground cune 
diated by the antena. This is oe reason 
Sy alt wave antennas are so widely wed 
they require no ground connection 


Antennas for Ultra- 
High-Frequency 
Operation 


The fundamental principles of antennas for 
wavelengths below 10 meters are no dierent 
ап бше denned шкын or аит 
Wave operation "Te physical size of these 
"tenes ie such that they are economical to 
олак and they can Cell be made porte 
Able Tn the eee Бей of 
lian the die or grand wave 
el forthe reason the tranamitting an 

Terri antennas are general in vial 
тише of each other, Тн therciore nees- 
у и the atm te located as hh 
ve ground as possible. Low angle rada 
боп is тозу and antennas which are 


particularly effective for this purpose should 
nays be used. The earth reflects the 
red wave upward eren ike the 
het whi fated by a Body oat 
Water which pushes the somewhat longer 
Wave in an upward direction. The ground 
Sete ke а mirror in reflecting йи waves 
Ves polarized, waves Hae! te 
dency for an upward bending, end thus ver 
eal antennas are generally employed 

Че simple rodri amena, or 
«Г operation ошым of a Ball wave 
‘eral vire or, of ‘yah a vote 
thatched impedance feeder (Pig, Qe], or by 
means of а quarter wave matching sinb and 
‘igor terna ny Fi at. 

epp. feeders are seldom employed, because 
the antenna їп most cases de locked several 
aeneis away from the transmiter or 
Teceivers inorder to secure ample height 
hove the ground 

A concenie Feeder (Fig, 100) is very 
effective for feeding either а hall wave an 


Fig. 06 


EX 
Motor Matched Impedance Antenna. 


tenna or a quarter wave Marconi antena, 
Sich as those wed for mobile Smeter work 

Directive antennas” often prove of great 
value in the ultra-high Frequency region be- 
Таши the high power gain which js obtain: 
Ale gives the ame resit as а great increase 
їп transmitter pomer: The eost of increas 
"mg power i far more than that of a Simple 
amenna array. Any of the directional an: 
ела systems. previously discussed can be 
{hed for vi. communication, although those 
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which give vertical polarization, such as the 
Stacked Diploe, Yasi, Vertical Franklin, or 
Bruce are est 


: 


Fig. 98 


Fig. 101 


Types of Mobile U, H. F. Antennas 


$A arte wave se! Marconi atra 
Eis 108) s vety convenient for ошире 
insane,” А З-б rod wi (е bottom 
{ud arounde the car bad ean be fed wth 
Sie ге fender several et lon this 
feeder онаа to the emer set inthe car. 

Asher bee amenna consists. of am 
insulated foo rod, fed by cer а tive 
bar Gali) conductors), 07 бу a concentric 
transmission tin Figs. 100 and 107 dy the 
ге of twisted pair Feders, the impedance 
тшн и nor теу good, ba ths ect cim 
overcome to zome estent by ti he 
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twisted pair to some particular length. This 
тап bes! ie determined by experiment, bes 
ages dew ns more or iess fer 
S provide a timing eect and allow more 
en operation. 

‘Quarter wave rods can be mounted on the 
roof of ап automobile, if коше means ol 
exible coupling t but into the base of the 
той so that the antenna can e swang down 


Fig. 102 


when it strikes an overhead obstacle, such 
XU garage entrance, с. Sometimes the 
td i moante on the eunt or rear bumper 
Ж the саг. om the radiator, running beard 

Fender.” Yn many Cass Ва antenna rod is 
mounted directly on a transmitter housed in 
е rar trunk af the avtomobile 

Mobile antenna installations, for police 
radio work ditor ftom die лет "types 
Om that the antennas are somewhat longer 
Because the frequency of operation is lower 


‘The Tength can he осы! from the 
formula: 
102000 X tss 
Ў n 
where Lı = The quarter wave antenna length 
f= The transmitter frequency in 


[m 


The length of a halî wave antenna is twice 
таг а varter wave antena 


Fixed Station 5-Meter Antennas 


Thee antennas can be constructed from 
Copper or aluminum rod, or wire. When a 
‘vine antena is шей. the wire сап be stp 
Ported оп, ere insulators attached, do a 
sera BH wed pole The pile shuld 
he used, preferably wih ropes, n order to 
Keep metallic conditore away Hom the feld 
of the antenna, The antenna should be as 
аһ as possible and well remote from r= 
odin object 

"These same types of antennas сап be used 
for televisim reception by making the half 
‘wave antenna Tesonant t) the frequency ОГ 
the television. transmitter. m thi eme a 


U. Н. E. Antennas 


twistedpair feeder of solid wire, such as 
the EOP Cable, can he тей їп order to re 
dice automobile дёйш erlerece. The 
lose їп а twisted pair fender at these fe 
(quencies is rather” high and transposition 
Blocks сап be used at intervals along the 
ere feeder line 


i 


Long wire antennas can be used on 3 
meters providing the directional eects are 
Т. taken into consideration. For example, a 20 
d SAD meter single wire fed or Zepp: antenna 
| San be erai on Y meters wid a эш 
factory results for both transmitting amd 


o t 1 


Any of the antennas previously described, 
and bich provide vertical polarization эге 
table, fof ЗИ meter operation. Those 
Shown in Fig, 308 are ideally suitable for 
ine with a e meter barer The б 
tres ме self-explanatory, n that all dimen 

Wons are clearly shown. The Table showing 
ся siray Dimensions Jiste all oF the 
dita for he ultra gh телеу bands, down 
TU meters The Talie, elector and 
Director Dimensions, shows the data for any 
form of Yami or Parabolic Reflector systers 
for wavelengths down to 194 metra 


* эшет 


Micro-Wave Antennas 


© Antennas for operation in the vicinity of 
(ne meters ое кэ are casi as diio 
iT ican Mal van vr poar 
эме or portable operation and ly most 
EF RE they can de cación couplet at 
жыны. Dire arro, especially hose 
Ж e Yagi types are easly constructed 
Чу area improve фе performance of 

ч Typical SMeter Antennas, miero wave ita 
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эшта acens saven 


Fig. 104 
Concentric Lines 


SA conse паніі, tn i one, of 
the most satisfactory means for carrying RI 
Dower from the transmitter 10 the radiitim 
Enema t ha low oss wether eo 
cuter conductor а ground polen- 
Т o radiation сш oe, i re 
ticularly importan їп a directional antena 
Gem, The character melane ranges 
ratio of inside diameter of the ower con. 
Actor to the outside diameter of the imer 


conductor s impedance cam be calculated 
irom the forma, 
D 
2=158XLoge— 
where D is the inside diameter of the outside 
conductor 
A the outside diameter of the inner 
‘conductor 


The outer conductor can be grounded at 
any point. The inner conductor is insulated 
from” the outer sheath by glass ог isolant 
beads which are placed at intervals along the 
line; the beads also furnish the necessary 
mechanical spacing. 
Concentric fine’ feeders are wel for 
coupling broadcast transmitters to tie ar 
Shortwave and uhi 
Sce Figa 105 to 308. The 


installations 
impedance ean be made to exactly match the 
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Fig. 108 
Concentric Feeder Systems for Broadcast 
Lebens, with Various Terminations, 


center impedance of а half wave antenna, 
Std vey Coney matched to a quarter wane 
FEET 
fas ал approximate radiation resistance of 
S7 ohm a the current lop (ground con 
rection). 


Reinartz Rotary Beam Antenna 


Concentric lines cam be buried under 
ground and run or distances of several 
шиге yards without deen appre. 
able amounts of RE power. 


Reinartz Rotary Beam Antenna 


© The John 1. Reinartz compact directive 
antenna, Figs 100 and 181, has relatively 
High eficiency om the short ‘and ‘es short 
уш 10 Б stable or Seer 
Transmission and reception amd jts feld pat: 
Nri sa to aee a alt wave verbal 
Amema with single reflector, Pig. 110 

Te consists o two lot lengths of tubing, 
dent inte а circle, with 2 in to 3 in, spacing 
Mem the tice The eireles are nat 
Covel am opening of one inch remain, as 
Shown in ше diagram, 


Reinartz Rotary Beam with Twisted-Pair 


Fig. 110 
Directivity of tho Reinarte Rotary Beam. 


Lam 
амана Rotary Beam Antenna wi 
‘Spaced Feeder and Stub. 


‘The diameter of the circle is а itle over 
q, notes The. most cem method of 
means of quarter wave, matching stb E 
Wire 300 ohm c This type of antenna 


can be placed in either а horizontal or ver- 
dica plane, depending upon whether horizon- 
{ai of vertical polarization fs desired The 
actual power gum over that of a vertical 
BA wave anta, a e desired, den 
AR approximately iste. The power direc 
Me porady бао a foren Seton 
хау from the open ende 

Q4 fe rode сап he used for 10 meter 
operation, 3» dt. rods for 20 meters. Ihe 
Spacing between the rods, or circa, meed 
Pot be increased. when the antenna i ult 
{or eration on the longer wavelength 

“The antenna should be arranged Jor 300" 


Antennas for 
Receiving 


Dd 
ane Feeders presen a div problem 
N estat 
euere are electrical devices, such as re: 
thermostats, diathermy machines, battery 
GT EE 
rd сү a 
тшш Pr fe 
pucr t 
DEUS 
pot DNE e 
i erie Mm 
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Noise Reducing Short Wave Doublet Feeder 
System with Transposition Blocks. 

A and B aro 93 u. each, C can be any 

length. © The Teanspostion, Blocks are 

spaced 2 feet apart, Cl, CZ and CO are 

¿ES mid. Variable Condensers for unin 

the System. Lis the Receiver Coupl 


Coi 


tively wide range of frequencies. Twisted- 
Rr feeders cannot be easly tied because 
їмїт wave elects wil came excessive 
ice loses. In order to cover a wide 
ange of frequencies with тиймей 
feeders, combination Double? antennas are 
тошке rom impedance шиш 
пот to form ап cional we ar 
ета system. A ып doublet wit a 
Frisia par [eder and without special ran 
ene s suitable for operation over a very 
marrow band of only а few hameet ki 
‘hele оп, the fundamental and third har- 
mom, “Tne dein of the feeder ramon 
CS depends їрп the “impedance of the 
тиймей feeder, length of line and type 
Ма amema, аю o the, o, 
So many complications enter into the design 
OF these fooler transformers, that the Rome 
instructor cannot easily bud then. Com: 
plete shortwave antenna Ke with ай proper 
Boimponent are avaliable from many sarees 
Тш choes of an aleve amena Tor the 
home constructor їз De tuned transposed 
кей en shown i Fi YE dn 
mueres осм, any single wire ane 
ess wil give oni reni 


RCA World-Wide Antenna System. 


ө this system a double-doublet js con- 
тесей through я complicated antenna trans 
former ths leor transmission Jine, 
then through another transiormer connected 
ше all-wave receiver. Sec Fig 113. 
"The smaller doublet about 24 feet ong 
and it peaks at 14 megacyeles, The larger 
Ча, 3% feet Jong, resonates near 732 
megacyeles and, the third harmonic is 28 
таас, © The: combination, together 
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with а critical length of feeder tine, results 
ee e ERE] 
ТИЕН 
ele has an impedance of 190 ohms and 
is constructed with submarine cable rubber 
and paper Merlin їп order en keep. the 
Tasse nr. "Nowe reduction dependa upon 
the desig ofthe transformer wich coupes 
the mo tothe radio receiver his transs 
former eliminates аде signals while at 
the same time t passed, he oa phase 
Sg,” Ihe expression “in phase means 
Ghat the voltages of the two" sides of the 
feeder line аге postive or negative at the 
fame instant, Ontof-phase signals are those 
hich eause one side of the Tie to be nega, 
tive while the other side is positive, and i 
SS signal which comes from the antenna. 
En phase signals are those which are picked 
тр by the fender tine they normally have a 
High ro ol noise ны! to radio station 
signal 


Fig. 113 


LX 


The radio set transformer has а statie 
shield between primary and secondary wind. 
ng im order to eliminate capacity coupling 
AS а rest, the in-phase signals and moise 
picked шр by the ine are eliminated, while 
the ош of phase signals picked up by the 
Antenna are passed through to the reciver 
Же Fig. ns 


RCA and Philco Antennas 


Several windings are needed im each 
transtormer im order to cover the wide úno- 
pL tn toje is 
Таш to Big i 0, Peprina 


Fig. 115 


dn 
ia ay 

The lea уш 
oy ee a haa t 
po ыште Oh, cee 
Por E 


RCA Spiderweb Antenna 


©The action of hie antennas like that of 
a "Туре over the range from 140 to 1090 
KC Above 4000 KC the system automati 
cally operates ae ап eficient multiple бават 
fp to 200 KC with good noie reduction 
Rerween 4000 and 70000 KC." Най wave 
Чоне operated near resonance are e 

tremely Bont See Ps а Seven 
“шша ‘of diferent lengths саң Be co 
rested lo the same transmission lioe wid 


out effecting the periormance of any other, 
resulting good sisal pick-up i several 
hands of frequency. It the selected resor 
"amt ee are wot too far apart the 
vertant of their characteristics wil tend 
do give fatty amem response Five 
doublets are used in the ROA Spiderweb 


Tn Fig, 118 the bonom wires E and F 
resonates to 6 MC (39 meer) by meant 
(ča small funding eos A and B, st 12 МС 
(23 meters): C and D ars MC (16 
meters); G and [iat 35 MC (9 meters); 
Кош Lao NC (3 meters). Lond 
eils аге шей ip the G and 7) doublet, аз 
Sel аз in the £ and double 

The transmission line requiret 26 feet of 
twisted paie wire although St sections 
ап be ade the Yt dente not sah 
ent.” These lengths must not be changed, 
cause the receiver coupling transformer i 
matched to the Tine for these lengths. he 
Transformer has a balanced primary and an 
electrostatic shield which prevents capaci- 


Fig. ns 
RCA Spiderweb Antenna. 


tive coupling This is necessary for poise 
mination No poise reduction ie Seared 
for frequencies hel 4000 КС because the 
Antenna act as а aspe on the lower fre 
{шеек Tie space required dor thie a0- 
Жа а apan М A8 Jeet, and a 12 foot 
amica clearance, 


Philco All Wave Antenna 


© This doublet amena is approximately 
б fect ong amd dar а special, arte 
шийше comcel to а twisted pait 
feeder for aware reception frum 310 КО 
3 0 KC. See Fig. 117. 

A receiver impedance, matching trs 
former к romired for radio receivers which 
ave а high impedance primary circuit This 
transformer not needed with radio rez 
eher: which have foe Impedance primary 
Seow designed for doublet antenna eon 
Section. "The transformer is provided with 


EJ 


Jones Antenna Handbook 


= 


Fig. 17 


a switch. The switch permits reception 
Of Standard broadcast or short-wave signals 
i e The Sele’ canbe 
ered. im length qo puit ау installation 
ilu change in results. Noise reduction 
E timed for both standard and short-wave 
reception, 


Fig. 1. 


General Electric "V" Doublet 


ө Another pee , all-wave_ antenna 
Rte C. E Double, consisting al а 
Fatt wave doublet, matching section and 
fied pair feed lige 1i abo incorporates 
Am impedance matching transformer ta the 
Feceiver, which i designed to cover a wide 
Freqeney range necessary for ЧП каке re 
pon This system has a V matching 
Seton at the center of the antenna instead 
of the шшш]. complicated amenna to Tine 
transformer. Standing waver exist on the 
Батай feeder, as is the caso in almost 
every уре of all wave amenna, Th аг. 
Tangement shown in Fig. 118 provides good 
icons om broadcast and short-wave 
ands, a condition which is not possible with 
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A simple doublet where the iwistedpair 
feeder "connects directly into the center of 
the antenna 


RCA RK-40 Antenna 


©The КСА RK-40 Antenna is a simplified 
“antenna system designed 10 act as ал ef 
бен pickup medium, giving, high’ signal 
Strength over an extremely wide frequency 
Fange, See Fig. 170 The flat top portion 
B teet long ith an RCA ansore 16 
feet from one e shown in Fig. 19 

Fme Transmission Line ia a special two 
conductor cable 75 eet long, wie termi 
Tates in Sealed junction box in which the 
rere “coupling sumit is housed. © This 
Coupling шй matches the transmission line 
Ko ihe input receiver circus. Adequate 
Coverage fall йогат} long-wave broad- 
av band is secured with a minimam of ine 
abe en ‘works 


Belden Olf-Center Doublet 


fo маш а broad reponse over a wide 
frequency range, te Belden On ene. 
Doublet Antenna ‘System is constructed 
Along ación lines. The fat бор portion 


Nene 


этә 


Doublet and Auto Antennas 


consists of two lengths, 10 and 49 fet re- 
cte, of seven stand twisted Хо 
Amal aerial wire. See Fig. 130 

A fixed coupler in а weather-prool con- 
F 
O the ашк The surge 
impedance is of a wale which spreads the 
responsive characteristics ab е system. At 
C 
iransformer is employed lo diver: unwanted 
"phase signals pred up by the ead in o 
the ground The secondary of thls coupler 
TT 
hid may de adjusted to match the ere 
npelance of the receiver to the шї 
‘Te antenna. system maybe erie ert 
Sally or eee it has practically no 
со ciet and the Teneo the ad 
în nor crt, due tothe variable features 
Of the receiver Coupler. This antenna does 
St have a sharp resonant point and achieves 
ery uniform response over the short wave 
Sn broadcast frequency bands 

"Tue coupling transformers at the ends of 
the twisted аа alo serve to minimize 
the «йе ot the capacity ofthe lad pres 
‘ering dos ‘i signal strength and at the 
Pag ‘the noe rodice 

“The Belden Receiver Coupler is equipped 
with a switch with which to convert the 
Seton system ito а conventional Marconi 
ойбой ST amenna for ore on broadcast 


McMurdo Silver "R9--" Antenna 


This system consists of а doublet with 
theo sections, each 5 feet long, feeding into 
2 toisted pair transmission Ie which im 
fore, couples to a special allwave trámy: 
ormer coupling system. See Fiz. 130. 

"The ‘pole, S-position switch effectively 
matches the antenna system into the receiver 
dor e operation. The. doublet an: 
terna resonates at approximately 32 meters, 
bit the feeder andthe tuming smit efec 
rely Татан the signal strength at other 
remercie 


Antennas for Automobiles 


© The amount of available space in an auto: 
mobile for antenna: installation is Tinie 
фи: A compact system wi relatively 
low ейселсу fall that cam be expect 
Earlier types of antennas for automobiles 
consisted af wire sereen or mesh supported 
"m the roof of the сап, Tater types make 
se of plate or rods, suspended under the 
Car or beneath the ranning beards. 
Experiments have proven that most of the 
ignition. interference exists above 30 MC, 


ve 10 


yet the тоне is troublesome even in the 
ыс en the brenden we Тус principai 
Source ot тозе comer fram the ition 
тун, “and 

F 
rea reduce the dee, In some 
e caius deere! male U de 
T 
order e cancel the тозе which is pied 
фу Ше dee, Мойто desen has pra. 
айу limited tře wed der spk 


Steel top automobiles call for the use 
of ал antenna under the car. Because the 
Тешїнег is connected to both the antenna 
and the car body, the capacity between the 
fwo should be as low as possible. Road 
Clearance deter the lit o spacing. 
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Three types of antennas for automobile 
installation are shown in Figs. 121, 122 and 
з The RCA "U" antenna is teresting 
because it resonates at abot T meters, 
‘where the maximum ignition noise energy 
есш. Noise voltages are picked up by 
the two sides of this "D" and arrive af the 


Fig. 122 
Triangular Antenne. 


denn point out-of-phase and thus tend 10 
‘Shea! dich odbor. Broadcast sani being 
CC 
йе two rode were in parate and proceed 
Thru the АЕ 


те. 
Solid Metal Plate Antenna. 


Front and rear bumpers сап be insulated 
кош he car chassis and used as an antenna, 
алу "of thee“ systems use pedos 
matching transformers for improved ner 


The Faraday Screen 


@ An electrostatic shield between twa coils 
de ohen used m receiver ets m order 


Fig. us 
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to, prevent capacitive coupling. One very 
Effective arrangement is known as the Foro. 
"ley Sereen: И generally consists of a row 
of small wires, Spaced from each other and 
Connected шейит at one end im order to 
provide а connection to ground. Eddy core 
Fen losses are prevented by rounding only 
ime end of the wire, the other end remain. 
E opens sce Figs, Laf and 135, 


Fig. u. 


A Faraday Sereen can be constructed by 
winding a large number of turns of very 
Small notated wire оп a cardboard drem, 
‘which has Brat Been treated with moe 
varnish The 


ire is wound. ae on ашу 
ordinary сой, then а coating of insulating 
‘Varnish ie applied to the winding. "After А 


has dried, the сой i cat in hal along йз 
Tenge, and fattened out. The: insulation 
ї then “removed. from one end amd the 
"Mire soldered together, as shown im the 
diagram. 


Aircraft Antennas 


© Antennas designed for aircraft must have 
а goat effective height and very low wind 
телап, The most eficient ешш chc- 
ically ie a long trailing wire foe boh 
pru ie st һе 
eledin when а hdi i mae and Ж 
"ers an excessive wind Joad at heh speeds 
For bacon reception, а hollow streamlined 
metal той approximately sie fect im height 
and mounted on top of the fuselage is quite 
айну uscd. Te rod must be insulated 
from the supporting structure, "Te has an 
fective height of about one meter, that 
making it satisfactory for use with а sensi- 
tive receiver. Other forms of antennas, such 
s vires strtchod across the wings, or from 
the tail to the ends of the wings, or from 
їй o cockpit, are satisfactory for both 
ament. and receiving. 


Aireraft and Loop Antennas 


Enee than a rod or pole antena, 
Marine Antennas 


© Single wire antennas of the Inverted-L, 
Т and Doublet types are used on shipboard 
ue wire is Usually suspended. between 
таңа, or between mast and funnel A 
Sparse amena e, widely sed for short- 
‘wave reception, while for longer wave oper- 
{tion а breaks keying relay connects the 
Теге to the main transmitting antenna 
Marconi antennae for small marine craft 
can be made more effective when more than 
fe wire is used, such as in a cage or flat 
op Antenna, "Refer back to Fig 18. 


Loop Antennas 


ө When highly directive transmision or re- 
Sotto и Lee op иеш, are un. 
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Antenna Mast Construction 


ФА practical and economical antenna mast 
ds їшшшөй in Fig 137. is constructed 
Of three pieces of axa, or Sei, clar pine, 
Mach 20 deet Tong. The completed mast is 


Fig. 128 
Photograph of Completed Antenna Mast 
Described in Fig. 127. 


light enough m weight for mounting on. 
housetops, and it cam be erected by two 
people. "The mast is guyed at the top and 
enter with three guys at each point. The 
Fis should be broken about every ten feet 
with derne stram insulators, The ils 
"rations give ай of the necessary consti: 
tional data. 
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Notes 
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@ Radio Wires -- 


(Wires with the Plus Values of Belden's Long Ex- 
perience . . Broad Contacts. . Constant Research) 


гра back in the early days of radio, Belden 
s orldawide reputation for high quality wire 
[ 


has been constantly maintained. 
of radio products is the 
id it is second to по 


Antenna Systems and Radio Wires and 


Э Cables are available through radio dealers every- 
where. are provided in handy, easy-to-u 
q а 
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© This Authoritative 
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“Amateur 
Radiotelephony” 


By Frank C. Jones 


k 


Many types of new Radiotelephones, from 20 watts 
to a kilowatt, are described in this newest Jones 
book . ready January 10th, 1937. 


Ten-meter Phones, new high-power Phones for 5, 20, 
75 and 160 meters, are shown in complete detail. 


615, 6L6G, 807, 808 and several other entirely new 
tubes not yet announced to the public are incorpo- 
rated in these modern Jones Phone Transmitters. 


“Amateur Radiotelephony” is а most comprehen- 
sive treatise for the Phone. Man. Dozens of beauti- 
ful illustrations and many new circuit diagrams, 
You will get more out of your Phone Transmitter 
with this book as your authoritative guide, 


B0c Рег Сору 


From Your Dealer 


Pacific Radio Publishing Co., Inc. 
Post Office Box 3278 San Francisco, California 
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Introduction to Microstrip Antennas 
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Dept. of ECE 
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David R. Jackson 
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N308 Engineering Building 1 
University of Houston 
Houston, TX 77204-4005 


Phone: 713-743-4426 
Fax: 713-743-4444 
Email: djackson@uh.edu 


Purpose of Short Course 


Provide an introduction to microstrip antennas. 


Provide a physical and mathematical basis for understanding how 
microstrip antennas work. 


Provide a physical understanding of the basic physical properties of 
microstrip antennas. 


Provide an overview of some of the recent advances and trends in 
the area (but not an exhaustive survey — directed towards 
understanding the fundamental principles). 


Additional Resources 


= Some basic references are provided at the end of these viewgraphs. 


= You are welcome to visit a website that goes along with a course at the 
University of Houston on microstrip antennas (PowerPoint viewgraphs 
from the course may be found there, along with the viewgraphs from this 
short course). 


ECE 6345: Microstrip Antennas 


http://courses.egr.uh.edu/ECE/ECE6345/ 


Note: You are welcome to use anything that you find on this website, 
as long as you please acknowledge the source. 
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Notation 


с =speedof light in free space с=2.99792458х10* [m/s] 
A, = wavelength of free space f 
k, = wavenumber of free space ky = оуд = 221 Ay 


kı - de, 


k, = wavenumber of substrate 


П, =intrinsic impedance of free space 


1], intrinsic impedance of substrate 
€, =relative permtitivity (dielectric constant) of substrate 1 


NE 
E = effective relative permtitivity 0/40 В 
(accouting for fringing of flux lines at edges) д, = 4r x10 [H/m] 


8.854188x10" [F/m] 


ef = complex effective relative permtitivity 
(usedin the cavity model to account for alllosses) 
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** Reducing surface waves and lateral radiation 


Overview of Microstrip Antennas 
Also called “patch antennas" 


* One of the most useful antennas at microwave frequencies (f > 1 GHz). 
* |t usually consists of a metal "patch" on top of a grounded dielectric substrate. 


* The patch may be in a variety of shapes, but rectangular and circular are the 
most common. 


Microstrip line feed Coax feed 


Overview of Microstrip Antennas 


Common Shapes 


me o 


Rectangular Square Circular Annular ring 


@ A 


Elliptical Triangular 


Overview of Microstrip Antennas 


History 


= Invented by Bob Munson in 1972 (but earlier work by Dechamps 
goes back to1953). 


= Became popular starting in the 19705. 


G. Deschamps and W. Sichak, “Microstrip Microwave Antennas,” Proc. of Third 
Symp. on USAF Antenna Research and Development Program, October 18-22, 
1953. 


R. E. Munson, “Microstrip Phased Array Antennas,” Proc. of Twenty-Second Symp. 
on USAF Antenna Research and Development Program, October 1972. 


R. E. Munson, “Conformal Microstrip Antennas and Microstrip Phased Arrays,” /EEE 
Trans. Antennas Propagat., vol. AP-22, no. 1 (January 1974): 74-78. 
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Advantages of Microstrip Antennas 


Low profile (can even be “conformal,” i.e. flexible to conform to a 
surface). 


Easy to fabricate (use etching and photolithography). 
Easy to feed (coaxial cable, microstrip line, etc.). 


Easy to incorporate with other microstrip circuit elements and 
integrate into systems. 


Patterns are somewhat hemispherical, with a moderate directivity 
(about 6-8 dB is typical). 


Easy to use in an array to increase the directivity. 
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Overview of Microstrip Antennas 


Disadvantages of Microstrip Antennas 


Low bandwidth (but can be improved by a variety of technigues). Bandwidths of 
a few percent are typical. Bandwidth is roughly proportional to the substrate 
thickness and inversely proportional to the substrate permittivity. 


Efficiency may be lower than with other antennas. Efficiency is limited by 
conductor and dielectric losses*, and by surface-wave loss**, 


Only used at microwave frequencies and above (the substrate becomes too 
large at lower frequencies). 


Cannot handle extremely large amounts of power (dielectric breakdown). 


* Conductor and dielectric losses become more severe for thinner 
substrates. 


** Surface-wave losses become more severe for thicker substrates 
(unless air or foam is used). 
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Applications 


Applications include: 
= Satellite communications 
= Microwave communications 
= Cell phone antennas 


= GPS antennas 
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Overview of Microstrip Antennas 


Microstrip 
antenna 
Filter 


o 


DC supply Micro- 


connector K-connector 


LNA 
PD 


Fiber input with 


collimating lens Diplexer 


Microstrip Antenna Integrated into a System: HIC Antenna Base-Station for 28-43 GHz 


(Photo courtesy of Dr. Rodney B. Waterhouse) 
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Arrays 


Linear array (1-D corporate feed) 


2-D 8X8 corporate-fed array 4 x 8 corporate-fed / series-fed array i 


Overview of Microstrip Antennas 


Wraparound Array (conformal) 


The substrate is so thin that it can be bent to “conform” to the surface. 


(Photo courtesy of Dr. Rodney B. Waterhouse) 


Overview of Microstrip Antennas 


Rectangular patch 


Note: 
The fields and current 
are approximately 


independent of y for the 


dominant (1,0) mode. 


y 


Note: L is the resonant dimension (direction of current flow). 


The width W is usually chosen to be larger than L (to get higher bandwidth). 
However, 


usually W < 2L (to avoid problems with the (0,2) mode). 


W = 1.5L is typical. 
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Overview of Microstrip Antennas 


Circular Patch 


The location of the feed determines the direction of current flow and hence 
the polarization of the radiated field. 
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Feeding Methods 
Some of the more common methods for 
feeding microstrip antennas are shown. 


The feeding methods are illustrated for a rectangular patch, 
but the principles apply for circular and other shapes as well. 
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Feeding Methods 


z Coaxial Feed 


y 


Note: 
A feed along the centerline at у = W/2 
is the most common 
Surface current (this minimizes higher-order modes 
and cross-pol). 


Feed at (xp, yo) 
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Feeding Methods 


Coaxial Feed 


R = Raye cos! (=) z 


(The resistance varies as the 
square of the modal field shape.) £, 


Advantages: 

> Simple 

> Directly compatible with coaxial cables 

> Easy to obtain input match by adjusting feed position 


Disadvantages: 
> Significant probe (feed) radiation for thicker substrates 


> Significant probe inductance for thicker substrates (limits 
bandwidth) 


> Not easily compatible with arrays 


— 
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Feeding Methods 


Inset Feed 


Advantages: 

> Simple 

> Allows for planar feeding 
> Easy to use with arrays 

> Easy to obtain input match 


Disadvantages: 
> Significant line radiation for thicker substrates 
> For deep notches, patch current and radiation pattern may show distortion 
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Feeding Methods 


Inset Feed 


Recent work has shown 
that the resonant input 
resistance varies as 


Ry = Acos? KES) 


The coefficients A and B depend on the notch width S but (to a good 
approximation) not on the line width W,. 


Y. Hu, D. R. Jackson, J. T. Williams, and S. A. Long, "Characterization of the Input Impedance of 
the Inset-Fed Rectangular Microstrip Antenna," IEEE Trans. Antennas and Propagation, Vol. 56, 
No. 10, pp. 3314-3318, Oct. 2008. 
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Feeding Methods 


Proximity-coupled Feed 
(Electromagnetically-coupled 


Advantages: 
> Allows for planar feeding 
> Less line radiation compared to microstrip feed 


> Can allow for higher bandwidth (no probe inductance, so 
substrate can be thicker) 


Feed) 


Patch 


Microstrip line 


s Mi 
Top view eee 


Disadvantages: 
> Requires multilayer fabrication 
> Alignment is important for input match 
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Feeding Methods 
Gap-coupled Feed 


Advantages: 
> Allows for planar feeding 


> Can allow for a match even with high edge impedances, where a notch 


might be too large (e.g., when using high permittivity) 


Microstrip line 


Disadvantages: 


Top view 


Microstrip 
line 


> Requires accurate gap fabrication 
> Requires full-wave design 
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Feeding Methods 


Aperture-coupled Patch (ACP) 


Advantages: 
> Allows for planar feeding 
> Feed-line radiation is isolated from patch radiation 


> Higher bandwidth is possible since probe inductance is 
eliminated (allowing for a thick substrate), and also a 
double-resonance can be created 


> Allows for use of different substrates to optimize 
antenna and feed-circuit performance 


Disadvantages: 
> Requires multilayer fabrication 


n Mi tri 
Top view зы 


Patch 


Slot 


> Alignment is important for input match Microstrip line 
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Basic Principles of Operation 


> The basic principles are illustrated here for a rectangular patch, but the 
principles apply similarly for other patch shapes. 


> We use the cavity model to explain the operation of the patch antenna. 


Y. T. Lo, D. Solomon, and W. F. Richards, “Theory and Experiment on Microstrip Antennas,” 
IEEE Trans. Antennas Propagat., vol. AP-27, no. 3 (March 1979): 137-145. 
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Basic Principles of Operation 


Main Ideas: 


> The patch acts approximately as a resonant cavity (with short-circuit (PEC) 
walls on top and bottom, open-circuit (PMC) walls on the edges). 


> Ina cavity, only certain modes are allowed to exist, at different resonance 
frequencies. 


> Ifthe antenna is excited at a resonance frequency, a strong field is set up inside 
the cavity, and a strong current on the (bottom) surface of the patch. This 
produces significant radiation (a good antenna). 
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Basic Principles of Operation 


A microstrip antenna can radiate well, even with a thin substrate. 


> As the substrate gets thinner the patch current radiates less, due to image 
cancellation (current and image are separated by 2h). 


> However, the © of the resonant cavity mode also increases, making the 
patch currents stronger at resonance. 


> These two effects cancel, allowing the patch to radiate well even for thin 
substrates (though the bandwidth decreases). 


7 
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Basic Principles of Operation 


Thin Substrate Approximation 


On patch and ground plane: E =0 => E=ZE, 


Inside the patch cavity, because of the thin substrate, 
the electric field vector is approximately independent of z. 


Hence 


E. (х,у) 
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Basic Principles of Operation 


Thin Substrate Approximation 


Magnetic field inside patch cavity: 
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Basic Principles of Operation 


Thin Substrate Approximation 


Note: The magnetic field is purely horizontal. 
(The mode is TM,.) 


E. () 


Basic Principles of Operation 


Magnetic-wall Approximation 


On the edges of the patch: y 
J,1 =0 tor 
(J, is the sum of the top and bottom surface currents.) 
— й 
On the bottom surface of the patch W Е 
conductor, at the edge of the patch, 
we have: t 
— 
A n z0 (assuming Je >> р") 
Also, 
bot 5 —— н“ =0 
J (H) hi 
— — 


35 


Basic Principles of 


Operation 


Magnetic-wall Approximation 


Since the magnetic field is approximately 
independent of z, we have an approximate PMC 
condition on the entire vertical edge. 


H, 0 (PMC) 


or 


Actual patch 


PMC Model 


Basic Principles of Operation 


Magnetic-wall Approximation 


AXH(x y)=0 A 
H(x,y)=——(2xVE, (х,у)) = 

jou — f 
Hence, w B 
ñx(2xVE, (x y) - 0 P s 


ах(2хув (у) = 208 ув, (з) VEND) 
=> 2(A-VE, (х, y)) - 0 


— à 
-p namnsc AL 
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Basic Principles of Operation 


Resonance Freguencies 
345% 
VE, +KE, =0 kak =k 
From separation of variables: 
E, = cos{ 3 )cos( A y PMC 
L w 


(TMm mode) 


2 2 
We then have (=) (=) zi =0 


“=Ч=Н 


Basic Principles of Operation 


Resonance Freguencies 


We thus have 


y 
mr nr Ex, 
E aw 
w PMC 
Recall that 
k = kod, = afer Je, — 
o=2rf L 
Hence 


Cpu) e 
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Basic Principles of Operation 


Resonance Freguencies 


Hence f = fm | E (y) 


resonance frequency of (m,n) mode 
( quency of (m,n) ) PMC 


Basic Principles of Operation 
Dominant (1,0) mode 


This structure operates as a “fat planar dipole." 


ھا — 


Current 
This mode is usually used because the 
radiation pattern has a broadside beam. 


— * 
L 


The current is maximum in the middle of 
the patch, when plotted along x. 


The resonant length L is about 0.5 
guided wavelengths in the x direction 
(see next slide). 
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Basic Principles of Operation 


Resonance Freguency of Dominant Mode 


The resonance freguency is mainly controlled by the 
patch length L and the substrate permittivity. 


Approximately, (assuming PMC walls) 


2 Z 

2 mr nr This is equivalent to saying that 
k =| | +] — the length L is one-half of a 
L Ww wavelength in the dielectric. 


(1,0) mode: kL=z => £24,222 ) 
k = 27/A, V. 
Comment: 


A higher substrate permittivity allows for a smaller antenna (miniaturization), 
but with a lower bandwidth. 


A 


Basic Principles of Operation 


Resonance Frequency of Dominant Mode 


The resonance frequency calculation can be improved by adding a 
“fringing length extension” AL to each edge of the patch to get an 
“effective length" L. 


y 
L, =L+2AL | 
с 1 AL aL 
foo = = 
248, AL, 


L 


e 


Note: Some authors use effective permittivity in this equation. 
(This would change the value of L..) 
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Basic Principles of Operation 
Resonance Freguency of Dominant Mode 


Hammerstad formula: 


(e ноз) +0268) 

AL/h = 0.412 A 

(e -0250)( +08) 
h 


Note: Even though the Hammerstad 
formula involves an effective permittivity, we f. c il 
still use the actual substrate permittivity in С) = Tee OAD, 

the resonance frequency formula. is 


Basic Principles of Operation 


Resonance Freguency of Dominant Mode 


Note: AL & 0.5 h 


This is a good “rule of thumb” to give a quick estimate. 
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Basic Principles of Operation 


ПЕДА Т 


Results: Resonance Freguency 


Hammerstad 


> 
2 095 е Measured 
u 
2 
y 
£ 09 
u 
a 
N 
= ка 
< 
= 
[4 
о 08 
2 
0.75 | | i i | | 
0.01 0.02 0.03 0.04 0.05 0.06 0.07 
h/A, 
4=22 The resonance freguency has been normalized by the 
W/L-15 zero-order value (without fringing). 
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Outline 


% Overview of microstrip antennas 
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** General characteristics 

** CAD Formulas 

** Radiation pattern 

** Input Impedance 

Circular polarization 
Circular patch 

** Improving bandwidth 

** Miniaturization 


** Reducing surface waves and lateral radiation 


Bandwidth 


The bandwidth is directly proportional to substrate thickness h. 


However, if h is greater than about 0.05 A, , the probe inductance (for a 
coaxial feed) becomes large enough so that matching is difficult — the 
bandwidth will decrease. 


The bandwidth is inversely proportional to & (a foam substrate gives a high 
bandwidth). 


The bandwidth of a rectangular patch is proportional to the patch width W 
(but we need to keep W < 2L ; see the next slide). 


General Characteristics 
Width Restriction for a Rectangular Patch 


W«2L h= 
p " Ms. 
e ma) (nz) f c ( 
S 7) 00) * 
i cw - ( 
02 w 
1 1 NA 
fa- =- (5-3) 
| + H fe 
for fio fo 


W = 1.5 Lis typical. 
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General Characteristics 


Some Bandwidth Observations 


For a typical substrate thickness (h /4, = 0.02), and a typical substrate 
permittivity (s, = 2.2) the bandwidth is about 3%. 


By using a thick foam substrate, bandwidth of about 10% can be achieved. 


By using special feeding technigues (aperture coupling) and stacked 
patches, bandwidths of 100% have been achieved. 
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General Characteristics 


BANDWIDTH (%) 


Results: Bandwidth 


- 1 | 1 | 1 i i i 
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 


hl Ay 


The discrete data points are measured values. 
The solid curves are from a CAD formula (given later). 


€, = 2.2 or 10.8 W/L-15 
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General Characteristics 


Resonant Input Resistance 
> The resonant input resistance is fairly independent of the substrate 
thickness h unless h gets small (the variation is then mainly due to 
dielectric and conductor loss). 
> The resonant input resistance is proportional to . 


> The resonant input resistance is directly controlled by the location of the 
feed point (maximum at edges x = 0 or x = L, zero at center of patch). 


¥ 


| 
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General Characteristics 


Resonant Input Resistance (cont.) 
The patch is usually fed along the centerline (y, = W/2) 


to maintain symmetry and thus minimize excitation of undesirable modes 
(which cause cross-pol). 


Desired mode: (1,0) 


Feed: (Xp, Yo) 
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General Characteristics 


Resonant Input Resistance (cont.) 


For a given mode, it can be shown that the resonant input resistance is 
proportional to the square of the cavity-mode field at the feed point. 


This is seen from the cavity-model eigenfunction analysis 
(please see the reference). 


R, = irt (ху) 


For (1,0) mode: 


R, ос cos? 21 
І 
L 


Y. T. Lo, D. Solomon, and W. F. Richards, “Theory and Experiment on Microstrip Antennas," 


JEEE Trans. Antennas Propagat., vol. AP-27, no. 3 (March 1979): 137—145. 
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General Characteristics 


Resonant Input Resistance (cont.) 


Hence, for (1,0) mode: 1 


L 


The value of R,,,, depends strongly on the substrate permittivity 
(itis proportional to the permittivity). 


For a typical patch, it is often in the range of 100-200 Ohms. 
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General Characteristics 


Results: Resonant Input Resistance 


The solid curves are from a CAD formula 
(given later.) 


. =10.8 _ Region where loss is important 


€£,=2.20r10.8 WL=1.5 
: 56 


General Characteristics 
Radiation Efficiency 


> Radiation efficiency is the ratio of power radiated into 
space, to the total input power. 


> The radiation efficiency is less than 100% due to 
= Conductor loss 
* Dielectric loss 


* Surface-wave excitation 
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General Characteristics 


Radiation Efficiency (cont.) 


Hence, 
= р 
А 
Pa BALADA.) 
P, - radiated power P, = power dissipated by conductors 
Р, = total input power P, = power dissipated by dielectric 
o 


Pw power launched into surface wave 
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General Characteristics 
Radiation Efficiency (cont.) 
Some observations: 
> Conductor and dielectric loss is more important for thinner substrates (the 
О of the cavity is higher, and thus the resonance is more seriously affected 


by loss). 


> Conductor loss increases with frequency (proportional to f !?) due to the 
skin effect. It can be very serious at millimeter-wave frequencies. 


> Conductor loss is usually more important than dielectric loss for typical 
substrate thicknesses and loss tangents. 


жерь ON 
có OLUO 


= deu 


R, is the surface resistance of the metal. 
The skin depth of the metal is & 


General Characteristics 


Radiation Efficiency (cont.) 


> Surface-wave power is more important for thicker substrates or for 
higher-substrate permittivities. (The surface-wave power can be 
minimized by using a thin substrate or a foam substrate.) 


For a foam substrate, a high radiation efficiency is obtained by making the 
substrate thicker (minimizing the conductor and dielectric losses). There is no 


surface-wave power to worry about. 
For a typical substrate such as г, = 2.2, the radiation efficiency is maximum for 
hl A 0.02. 
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General Characteristics 


Results: Efficiency (Conductor and dielectric losses are neglected.) 


100 


80 


60 


40 


EFFICIENCY (%) 


20 


0 | i i i i i i i i 
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 


h/A, 


&=2.20r 10.8 WL=15 Note: CAD plot uses the Pozar formula (given later). 
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General Characteristics 


Results: Efficiency (All losses are accounted for.) 


100 


EFFICIENCY (%) 


an 0.02 0.04 0.06 0.08 0.1 


һ/Җ 


&, = 2.2 Or 10.8 W/L=1.5 Note: CAD plot uses the Pozar formula (given later). 3 


General Characteristics 


Radiation Pattern 


y 


E-plane: co-pol is E, 


H-plane: co-pol is E, 


Note: 
For radiation patterns, it is usually more convenient to 
place the origin at the middle of the patch 
(this keeps the formulas as simple as possible). 


General Characteristics 


Radiation Patterns (cont.) 


Comments on radiation patterns: 


> The E-plane pattern is typically broader than the H-plane pattern. 


> The truncation of the ground plane will cause edge diffraction, which 
tends to degrade the pattern by introducing: 
* Rippling in the forward direction 
* Back-radiation 


> Pattern distortion is more severe in the E-plane, due to the angle 
dependence of the vertical polarization E, on the ground plane. 


(It varies as cos (S). 
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General Characteristics 


Radiation Patterns 


Edge diffraction is the most serious in the E plane. 


Space wave 
м 4 
W 
—— - mm» Е plane 
e — 


1 
1 
1 
1 
H plane 


General Characteristics 


Radiation Patterns 


Red: infinite substrate and ground plane 
Blue: 1 meter ground plane 


Note: The E-plane pattern “tucks 
їп" and tends to zero at the 
horizon due to the presence of 

the infinite substrate. 


General Characteristics 


Radiation Patterns 


Red: infinite substrate and ground plane 
Blue: 1 meter ground plane 


General Characteristics 


Directivity 


> The directivity is fairly insensitive to the substrate thickness. 


> The directivity is higher for lower permittivity, because the patch is 
larger. 
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General Characteristics 


Results: Directivity (relative to isotropic) 


DIRECTIVITY (dB) 


10 


€,=22 


Е 


0 
n поз 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 


h/A, 


&,7 2.2 or 10.8 WL=15 
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Outline 
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CAD Formulas 


CAD formulas for the important properties of the 
rectangular microstrip antenna will be shown. 


> Radiation efficiency 

> Bandwidth (Q) 

> Resonant input resistance 
> Directivity 


= D. R. Jackson, “Microstrip Antennas,” Chapter 7 of Antenna Engineering Handbook, J. L. 
Volakis, Editor, McGraw Hill, 2007. 


= D. R. Jackson, S. A. Long, J. T. Williams, and V. B. Davis, “Computer-Aided Design of 
Rectangular Microstrip Antennas,” Ch. 5 of Advances in Microstrip and Printed Antennas, 
K. F. Lee and W. Chen, Eds., John Wiley, 1997. 


= D. R. Jackson and N. G. Alexopoulos, “Simple Approximate Formulas for Input Resistance, 
Bandwidth, and Efficiency of a Resonant Rectangular Patch,” /EEE Trans. Antennas and 
Propagation, Vol. 39, pp. 407-410, March 1991. 
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CAD Formulas 


Radiation Efficiency 


Comment: 
The efficiency becomes small as the substrate gets thin, 
where if there is dielectric or conductor loss. 
£ = tanó =loss tangent of substrate 
R, = surface resistance of fete >28 В" = ( Врие „рол ) Já 
: có \2с У 


Note: “hed” refers to а unit-amplitude horizontal electric dipole. 
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CAD Formulas 


Radiation Efficiency (cont.) 


hed 

hed Fp EN 1 
r hed hed hed 
Pf +P Be 
hed 

P 


where 


Note: “hed" refers to a unit-amplitude horizontal electric dipole. 


Note: When we say “unit amplitude" here, we assume peak (not RMS) values. 
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CAD Formulas 


Radiation Efficiency (cont.) 


Hence, we have 


Physically, this term is the radiation efficiency of a 


horizontal electric dipole (hed) on top of the substrate. 
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САР Formulas 


Radiation Efficiency (cont.) 


The constants are defined as follows: 


1 2/5 
Csi. — 5 
E € 
2 3 
p =1+ (kw) +(03+20,) 2 (kw) ra Jay 
1 
ese wy (oy 


c,=-0.0914153 
a, = —0.16605 
a,=0.00761 
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CAD Formulas 


Improved formula for HED surface-wave power (due to Pozar) 


Note: x, in this formula is 
not the feed location! 


D. M. Pozar, “Rigorous Closed-Form Expressions for the Surface-Wave Loss of Printed 
Antennas," Electronics Letters, vol. 26, pp. 954-956, June 1990. 


Note: The above formula for the surface-wave power is different from that given in Pozar's paper by 
a factor of 2, since Pozar used RMS instead of peak values. 


CAD Formulas 
Bandwidth 


Comments: 
For a lossless patch, the bandwidth is approximately 


Itis inversely proportional to the substrate permittivity. 


For very thin substrates the bandwidth will increase for a 
lossy patch, but as the expense of efficiency. 


proportional to the patch width and to the substrate thickness. 


BW is defined from the frequency limits f, and f, at which SWR = 2.0. 


BW „heh (multiply by 100 if you want to get 96) 


fo 
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CAD Formulas 
Ouality Factor О 


Q=0, Es U, — energy storedin patch cavity 


P = power that is radiated and dissipated by patch 


P =P, +P, F + Fs, 
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САР Formulas 


© Components 


Q, =1/tand 
Q.= Mo || (koh) Re = ( RPM + Re) n 
21 R" 
бы 31.6. L 1 | | 
* 16 pc, AW hi A The constants p and c, were defined previously. 
e hed _ 1 
Q =0,, E e 


Resonant Input Resistance 


Probe-feed Patch 


Р 206 


EMI 


Comments: 
For a lossless patch, the resonant resistance is approximately independent of 
the substrate thickness. For a lossy patch it tends to zero as the substrate gets 
very thin. For a lossless patch it is inversely proportional to the square of the 
patch width and it is proportional to the substrate permittivity. 
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CAD Formulas 


Approximate CAD formula for probe (feed) reactance (in Ohms) 


a = probe radius h = probe height 


This is based on an infinite parallel-plate model. 


у =0.577216 (Euler's constant) 


Mo =f My / & = 376.7303 О 


САР Formulas 


Observations: 


> Feed (probe) reactance increases proportionally with substrate 
thickness h. 


> Feed reactance increases for smaller probe radius. 


No 2 

X, = (kh) -y + n| — 
E 27 oh) P "Y (ka) 
Important point: 


If the substrate gets too thick, the probe reactance will make it difficult 
to get an input match, and the bandwidth will suffer. 


(Compensating techniques will be discussed later.) 
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CAD Formulas 


Results: Probe Reactance (X,-X,- @L,) 
35 4 
30 
25 8. 2.2 
= 
€ 
20 _ 
* WIL=1.5 
15 — E + : B 
Note: “exact” means the cavity model with al infinite modes 
10 f h = 0.0254 A, 
g x a-0.5mm 
0 | | i i i i It 
0 0.1 02 03 04 05 0.6 07 08 09 1 
Center X, Edge 
The normalized feed location ratio x, is zero at the center 
X,=2(x/L)-1 of the patch (х = L/2), and is 1.0 at the patch edge (x = L). 


CAD Formulas 
Directivity 


The constants p and c, were defined previously. 


CAD Formulas 


Directivity (cont.) 


For thin substrates: 


(The directivity is essentially independent of the substrate thickness.) 
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Radiation Pattern 


There are two models often used for calculating the radiation pattern: 


* Electric current model 
* Magnetic current model 


Note: The origin is placed at the center of the patch, 
at the top of the substrate, for the pattern calculations. 


Coax feed 


Radiation Pattern 


Electric current model: 
We keep the physical currents flowing on the patch (and feed). 


— * 
| Probe є 


Coax feed 
patch = Jt | Iba "ncs 


i | Era — x 
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Radiation Pattern 


Magnetic current model: 
We apply the eguivalence principle and invoke the (approximate) PMC condition 
at the edges. 


Equivalence surface Patch 


The eguivalent 
surface current is 
approximately zero 
on the top surface CORE 

(weak fields) and h 
the sides (PMC). 
We can ignore it on 
the ground plane (it е FS 
does not radiate). M, =-йхЕ 


Radiation Pattern 


Theorem 


The electric and magnetic models yield identical patterns 
at the resonance freguency of the cavity mode. 


Assumption: 


The electric and magnetic current models are based on the fields of a 
single cavity mode, corresponding to an ideal cavity with PMC walls. 


D. R. Jackson and J. T. Williams, “А Comparison of CAD Models for Radiation from Rectangular 
Microstrip Patches,” Intl. Journal of Microwave and Millimeter-Wave Computer Aided Design, vol. 1, 
no. 2, pp. 236-248, April 1991. 
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Radiation Pattern 


Comments on the Substrate Effects 


The substrate can be neglected to simplify the far-field calculation. 


When considering the substrate, it is most convenient to assume an infinite 
substrate (in order to obtain a closed-form solution). 


Reciprocity can be used to calculate the far-field pattern of electric or 
magnetic current sources inside of an infinite layered structure. 


When an infinite substrate is assumed, the far-field pattern always goes to 
zero at the horizon. 


D. R. Jackson and J. T. Williams, "A Comparison of CAD Models for Radiation from Rectangular 
Microstrip Patches," Intl. Journal of Microwave and Millimeter-Wave Computer Aided Design, vol. 1, 
по. 2, pp. 236-248, April 1991. 
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Radiation Pattern 


Comments on the Two Models 


* For the rectangular patch, the electric current model is the simplest since 
there is only one electric surface current (as opposed to four edges). 


* For the rectangular patch, the magnetic current model allows us to classify 
the “radiating” and "nonradiating" edges. 


e E 
M$=-nxE 
yak zx y 
J, =A, os > | “Radiating edges" ES 
L 
ЎА 
Note: 
w On the nonradiating edges, the 
x magnetic currents are in opposite 
directions across the centerline (x = 0). 


Me 


. 


Radiation Pattern 


Rectangular Patch Pattern Formula 


(The formula is based on the electric current model.) 
L 


[AAA | 


Infinite ground plane and substrate 


H-plane 
The origin is at the 
center of the patch. 


(1,0) mode 


2. = 2005/22) 
~ L 


W E-plane 


The probe is on the x axis. 


Radiation Pattern 


The far-field pattern can be determined by reciprocity. 


і=0 ог ф 
k, =k, sin Ө cosý 
k, =k, sin @ sing 


The “hex” pattern is for a 
horizontal electric dipole in the x direction, 
sitting on top of the substrate. 


L 


D. R. Jackson and J. T. Williams, “А Comparison of CAD Models for Radiation from Rectangular 
Microstrip Patches,” Intl. Journal of Microwave and Millimeter-Wave Computer Aided Design, vol. 1, 


no. 2, pp. 236-248, April 1991. 
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Radiation Pattern 


where . 
E, = (Fe 
Arr 


м 2tan(k,h N (0)) 
F(0) AT" nO) JN (8)sc8 


G(0) =cosO(1+ T (0)) = mop e о — E 


N(0) 
N(0)- yE sin (9) Note: To account for lossy substrate, use 


E, ЭЕ, =8, (1- jtanó) 
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Input Impedance 


Various models have been proposed over the years for calculating the 
input impedance of a microstrip patch antenna. 


* Transmission line model 
> The first model introduced 
> Very simple 


= Cavity model (eigenfunction expansion) 
> Simple yet accurate for thin substrates 
> Gives physical insight into operation 
* CAD circuit model 
> Extremely simple and almost as accurate as the cavity model 


= Spectral- domain method 

> More challenging to implement 

> Accounts rigorously for both radiation and surface-wave excitation 
= Commercial software 


> Very accurate 
> Can be time consuming 


Input Impedance 
Comparison of the Three Simplest Models 


Circuit model of patch Transmission line model of patch 


Psa 154 155 156 157 158 159 16 161 162 з 154 155 156 157 158 159 16 161 182 
Frequency (GHz) Frequency (GHz) 
Cavity model (eigenfunction expansion) of patch 
во ттт: £222 L=6.255 cm X, = 6.255 cm 
tanó = 0.001 W/L = 1.5 »=0 


h=1.524 mm 3.0107 /m  a-0.635mm 


Results for a typical patch show that the first 
three methods agree very well, provided the 
correct Q is used and the probe inductance 15 
accounted for. 


Ci аза ass 15 157 158 158 18 360 182 
Frequency (GHz) 99 


Input Impedance 


CAD Circuit Model for Input Impedance 


The circuit model discussed assumes a probe feed. 
Other circuit models exist for other types of feeds. 


Note: 
The mathematical justification of the CAD circuit model comes from a 
cavity-model eigenfunction analysis. 


Y. T. Lo, D. Solomon, and W. F. Richards, “Theory and Experiment on Microstrip Antennas," 


IEEE Trans. Antennas Propagat., vol. AP-27, no. 3 (March 1979): 137-145. 
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Input Impedance 


Probe-fed Patch 


* Near the resonance frequency, the patch cavity can be approximately modeled 
as a resonant RLC circuit. 


* The resistance R accounts for radiation and losses. 


* A probe inductance L, is added in series, to account for the “probe inductance" 
of a probe feed. 


Probe Patch cavity 
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Input Impedance 


О= BW = BW is defined here by SWR < 2.0 when the 
OL 42 Q RLC circuit is fed by a matched line (2, = R). 
1 
© = 27 f == 
0 0 LC 
m 
L 
L, 
Z R c 
2, =R, + jX, | 
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Input Impedance 


¬ Ral gk 


Ris the input resistance at the resonance of the patch cavity 
(the frequency that maximizes R.). 


L f= fo (resonance of RLC circuit) 
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Input Impedance 


The input resistance is determined once we know four parameters: 


CAD formulas * fo: the resonance frequency of the patch cavity 

for all of these . i T i 
four parameters "R: the input resistance at the cavity resonance frequency fo 
have been given = О: the quality factor of the patch cavity 


earlier. "Ly the probe inductance 


L RRA 
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Ве 


Input Impedance 


sults: Input Resistance vs. Freguency 


Rin (9) 


80 


70 


60 


50 


40 


Note: "exact" means the cavity model will ай infinite modes. 


Rectangular patch 


Frequency where 
the input resistance 
is maximum (fo): 
R,-R 


in 


FREQUENCY (GHz) 


£,=2.2 WIL = 1.5 L=30cm 
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Input Impedance 


Results: Input Reactance vs. Freguency 


Freguency where the input 


resistance is maximum (fy) 


Note: "exact" means the cavity model will ай infinite modes. 


60 
40 
— 
e he 
— 20 
Н 
x 
0 
-20 
-40 | 
4 45 5 5.5 6 
Ke ЫН Freguency where the 
input impedance is real 
6=22 WIL = 1.5 L = 3.0 cm 
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Design Example 


Design a probe-fed rectangular patch antenna on a substrate having a relative permittivity of 2.33 and 
a thickness of 62 mils (0.1575 cm). (This is Rogers RT Duroid 5870.) Choose an aspect ratio of W/ L = 
1.5. The patch should resonate at the operating frequency of 1.575 GHz (the GPS L1 frequency). 
Ignore the probe inductance in your design, but account for fringing at the patch edges when you 
determine the dimensions. At the operating frequency the input impedance should be 50 © (ignoring 
the probe inductance). Assume an SMA connector is used to feed the patch along the centerline (at у 
= W / 2), and that the inner conductor of the SMA connector has a radius of 0.635 mm. The copper 
patch and ground plane have a conductivity of с = 3.0 x107 S/m and the dielectric substrate has a loss 
tangent of tand = 0.001. 


1) Calculate the following: 
* The final patch dimensions L and W (in cm) 
* The feed location x, (distance of the feed from the closest patch edge, in cm) 


* The bandwidth of the antenna (SWR < 2 definition, expressed in percent) 


* The radiation efficiency of the antenna (accounting for conductor, dielectric, and surface- 
wave loss, and expressed in percent) 


* The probe reactance X, at the operating frequency (in О) 


* The expected complex input impedance (in ©) at the operating frequency, accounting for the 
probe inductance 


Directivity 
* Gain 


2) Plot the input impedance vs. frequency. 
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Design Example 


Results from the CAD formulas y 


Feed at (Xy, Yo) 
1) L=6.07 cm, W - 8.11 cm 


2) x7 1.82 em 


3) BW- 12496 у= W2 
4) e, = 81.996 Ww 

5) X, 11.19 

6) Zp = 50.0 + ¡(11.1) Q — 
7) D - 5.85 (7.67 dB) L 


8) G = (D)(e,) = 4.80 (6.81 dB) 
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Design Example 


Results from the CAD formulas: 


fo = 1.575 x10? Hz 
R=500 
Q-568 я 
х,=110 E 
Rin 
Р 
Qs 
| \ 
X 
1 
р \ 
"s 1525 155 1575 16 1625 
f(GHz) 
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Circular Polarization 


Three main technigues: 


1) Single feed with “nearly degenerate” eigenmodes (compact but small 
CP bandwidth). 


2) Dual feed with delay line or 90° hybrid phase shifter (broader CP 
bandwidth but uses more space). 


3) Synchronous subarray technique (produces high-quality CP due to 
cancellation effect, but reguires even more space). 


The techniques will be illustrated with a rectangular patch. 
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Circular Polarization 
Single Feed Method 


The feed is on the diagonal. 
The patch is nearly 
(but not exactly) sguare. 


LS . 


Basic principle: The two dominant modes (1,0) and (0,1) are 
excited with egual amplitude, but with a +45 phase. 
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Circular Polarization 


Design eguations: 


het fy 
fer = 2 
The optimum CP frequency is the 1 
average of the x and y resonance BW= 
frequencies. 20 
(SWR<2) 
1 
F. = fo (: + 20 
Q Top sign for LHCP, 
1 bottom sign for RHCP. 
= i aa 
f, = 1|1+5 5 | 


The frequency fcp is also the resonance frequency: Z;, = R, = R, = R, 


The resonant input resistance of the CP patch at fc, is the same as 
what a linearly-polarized patch fed at the same position would be. 
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Circular Polarization 


Other Variations 


Note: Diagonal modes are used as degenerate modes 


y 


| 


— & ae,’ 


L L 


Patch with slot Patch with truncated corners 
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Circular Polarization 


Here we compare bandwidths (impedance and axial-ratio): 


Linearly-polarized (LP) patch: we.) Gwen 


Circularly-polarized (CP) single-feed patch: 


The axial-ratio bandwidth is small when using the single-feed method. 


W. L. Langston and D. R. Jackson, “Impedance, Axial-Ratio, and Receive-Power Bandwidths of 
Microstrip Antennas,” IEEE Trans. Antennas and Propagation, vol. 52, pp. 2769-2773, Oct. 2004. 
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Circular Polarization 
Dual-Feed Method 


y RHCP 


Phase shift realized with delay line: | L 


P 


P*AJA 
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Circular Polarization 


Phase shift realized with 90° guadrature hybrid (branchline coupler) 


2 
RHCP / 


Feed 


50 Ohm load 


A4 


This gives us a higher bandwidth than the simple power divider, + 
but reguires a load resistor. 
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Circular Polarization 
Synchronous Rotation 


Multiple elements are rotated in space and fed with phase shifts. 


-1809 


0° 


Because of symmetry, radiation from higher-order modes (or probes) 
tends to be reduced, resulting in good cross-pol. 
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Circular Patch 
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Circular Patch 


Resonance Freguency 


From separation of variables: 
E, =cos(mý)J„(k,p) PMC 
kaka, 


J, = Bessel function of first kind, order m. 


бЕ, 


=0 { = 
до], => J (4d) 0 


12¹ 


Circular Patch 
Resonance Freguency 
Jj, (ka) =0 
PMC 
This gives us 
ka =x, 


(п® root of J, Bessel function) 


C , 


=> fm = 
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Circular Patch 


Resonance Freguency 


Table of values for x 


n/m 0 1 2 3 4 5 
1 |3832 1841 |3054 |4201 |5317 |5416 
2 |7016 5.331 6.706 |8015 |9282  |10.520 
з |10173 [8536 |9.969 | 11.346 |12.682 |13.987 


Dominant mode: TM,, 
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Circular Patch 


Dominant mode: TM,, 


Circular patch Square patch 
W=L 


The circular patch is somewhat similar to a square patch. 
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Circular Patch 


Fringing extension 


с, РМС 
= №, 
2za, Ye. 


a+ Да 


“Long/Shen Formula”: 


L. C. Shen, S. A. Long, M. Allerding, and M. Walton, "Resonant Frequency of a Circular Disk Printed- 
Circuit Antenna," IEEE Trans. Antennas and Propagation, vol. 25, рр. 595-596, July 1977. 
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Circular Patch 


Patterns 


(The patterns are based on the magnetic current model.) 


Infinite GP and substrate 
H-plane 


The origin is at the 


center of the patch. E-plane 


The probe is on the X axis. 
In patch cavity: 


. (o- eos Ae "ДЕ ) кык 


(The edge voltage has а maximum of one volt.) 
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Circular Patch 
Patterns 


where 


tanc( x) 


P(0)= соѕ0(1- г (% 


Q(0)-1-r"" (9 
tan(k, 


= с050! 


a 


tan(x)/x 
ae 
an (kN (Ө = jN (8)sec8 
. 
N(0 
N(8 cos 
RETO) 


a) руа) 


B= (Heu je“ 
Arr 


N (0) = fe, -sin (9) 


Note: To account for lossy substrate, use £, > £, = £, (I- jtanó) 
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Circular Patch 


Input Resistance 
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Circular Patch 


Input Resistance (cont.) 


e, = radiation efficiency 


P A (ka) y [ше (кам (8)) 


[о(ө) ө ) J (kasino) )+|Р( (0) y Joc (ko asino) | sin 0 d0 


Ja (x) = 3, (x)/x 


Pa = power radiated into space by circular patch with maximum 
edge voltage of one volt. 
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Circular Patch 


Input Resistance (cont.) 


CAD Formula: 
4 E 2k 
тер: р. = У (Ка) €x 
3 k=0 


e=1 

е, =-0.400000 

e, =0.0785710 

e, = —7.27509 x10? 
е, = 3.81786 x10 
e = —1.09839 x 10^ 
en =1.47731x107 
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Improving Bandwidth 


Some of the technigues that have been successfully 
developed are illustrated here. 


The literature may be consulted for additional designs and variations. 


132 


Improving Bandwidth 
Probe Compensation 


L-shaped probe: | Asthe substrate | 
thickness increases the 


probe inductance limits 
the bandwidth — so we 
compensate for it. 


Top view 


Capacitive “top hat" on probe: z 


Improving Bandwidth 


SSFIP: Strip Slot Foam Inverted Patch (a version of the ACP). 


= Bandwidths greater than 25% have been achieved. 


= Increased bandwidth is due to the thick foam substrate and 
also a dual-tuned resonance (patch+slot). 


Note: There is no probe inductance to worry about here. 


Patch substrate Patch 
E II 
" 7 2 — Foam 
Microstrip 
substrate 


Microstrip line Slot 


J.-F. Zůrcher and F. E. Gardiol, Broadband Patch Antennas, Artech House, Norwood, MA, 1995. 
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Improving Bandwidth 
Stacked Patches 


= Bandwidth increase is due to thick low-permittivity antenna 
substrates and a dual or triple-tuned resonance. 


= Bandwidths of 25% have been achieved using a probe feed. 
= Bandwidths of 100% have been achieved using an ACP feed. 


Patch substrates Coupling patch 


Top Patch 


Microstrip line = 


Slot 


Microstrip 
substrate 
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Improving Bandwidth 


Stacked Patches 


ured 
Computed 


8 4 Bb » т 8 3 d0 3 dě 


Stacked patch with ACP feed Fisqueey ano 


Bandwidth (S;, = -10 dB) is about 100% 


(Photo courtesy of Dr. Rodney B. Waterhouse) 
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Improving Bandwidth 
Stacked Patches 


Stacked patch with ACP feed 


Two extra loops are observed on the Smith chart. 


(Photo courtesy of Dr. Rodney B. Waterhouse) 
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Improving Bandwidth 
Parasitic Patches 


Radiating Edges Gap Coupled 
Microstrip Antennas Mush of this work 
(REGCOMA). маз pioneered by 


K. C. Gupta. 


Non-Radiating Edges Gap 
ш ШИ ШЕ Coupled Microstrip Antennas 
Four-Edges Gap Coupled 
Microstrip Antennas 
(FEGCOMA) 


(NEGCOMA) 


Bandwidth improvement factor: 
REGCOMA: 3.0, NEGCOMA: 3.0, FEGCOMA: 5.0? 
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Improving Bandwidth 
Direct-Coupled Patches 


Radiating Edges Direct 
Coupled Microstrip Antennas 
(REDCOMA). 
Non-Radiating Edges Direct 
ea Coupled Microstrip Antennas 


(NEDCOMA) 


Four-Edges Direct Coupled 
Microstrip Antennas 
(FEDCOMA) 


Bandwidth improvement factor: 
REDCOMA: 5.0, NEDCOMA: 5.0, FEDCOMA: 7.0 
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Improving Bandwidth 
U-Shaped Slot 


The introduction of a U-shaped slot can give a 
significant bandwidth (10%-40%). 


(This is due to a double resonance effect, with two different modes.) 


“Single Layer Single Patch Wideband Microstrip Antenna,” T. Huynh and K. F. Lee, 
Electronics Letters, Vol. 31, No. 16, pp. 1310-1312, 1986. 


140 


Improving Bandwidth 
Double U-Slot 


A 44% bandwidth was achieved. 


Y. X. Guo, K. M. Luk, and Y. L. Chow, “Double U-Slot Rectangular Patch Antenna,” 
Electronics Letters, Vol. 34, No. 19, pp. 1805-1806, 1998. 
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Improving Bandwidth 
E Patch 


A modification of the U-slot patch. 


A bandwidth of 34% was achieved (40% using a capacitive “washer” to 


compensate for the probe inductance). 


B. L. Ooi and О. Shen, “А Novel E-shaped Broadband Microstrip Patch Antenna,” 
Microwave and Optical Technology Letters, vol. 27, No. 5, pp. 348-352, 2000. 
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Multi-Band Antennas 


A multi-band antenna is sometimes more desirable than a broadband 
antenna, if multiple narrow-band channels are to be covered. 


General Principle: 


Introduce multiple resonance paths into the antenna. 
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Multi-Band Antennas 


Low-band 
Low-band 
Feed High-band Feed 2 | 
Low-band 
— 
High-band 
Dual-band E patch Dual-band patch with parasitic strip 
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Miniaturization 


* High Permittivity 

* Quarter-Wave Patch 
* PIFA 

* Capacitive Loading 
* Slots 

* Meandering 


Note: Miniaturization usually comes at a price of reduced bandwidth! 


Usually, bandwidth is proportional to the volume of the patch cavity, 
as we will see in the examples. 
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Miniaturization 
High Permittivity 


Size reduction 


=> W'=W /2 


(Same aspect ratio) 
L'=L/2 


L 


The smaller patch has about one-fourth the bandwidth of the original patch. 


(Bandwidth is inversely proportional to the permittivity.) 
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Miniaturization 


Ouarter-Wave patch 


Short-circuit vias 


=> 


L L'=L/2 


The new patch has about one-half the bandwidth of the original patch. 


Neglecting losses: U U, =U,/2 


P P'=P./4 


| 


Note: 1/2 of the radiating magnetic current 


=> Q'-2Q 
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Miniaturization 
Smaller Quarter-Wave patch 


A quarter-wave patch with the same aspect ratio W/L as the original patch 


=W/2 
Short-circuit vias 
Width reduction 
= w 
L'=L/2 
=L/2 


The new patch has about one-half the bandwidth of the original guarter- 
wave patch, and hence one-fourth the bandwidth of the regular patch. 


(Bandwidth is proportional to the patch width.) 
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Miniaturization 


Ouarter-Wave Patch with Fewer Vias 


Use fewer vias 


Pepe pu 
LEES Ва 


Fewer vias actually gives more miniaturization! 


(The edge has a larger inductive impedance: explained on the next slide.) 
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Miniaturization 


Ouarter-Wave Patch with Fewer Vias 


The Smith chart provides a simple explanation for the length reduction. 
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Miniaturization 
Planar Inverted F (PIFA) 


Shorting strip or via Top view 


A single shorting strip or via is used. 


This antenna can be viewed as a limiting case of the via-loaded patch, 
or as an LC resonator. 
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Miniaturization 
PIFA with Capacitive Loading 


Shorting plate Top view 


The capacitive loading allows for the length of the PIFA to be reduced. 
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Miniaturization 
Circular Patch Loaded with Vias 


Feed 


Patch Metal vias 


The patch has a monopole-like pattern 


The patch operates in the (0,0) mode, as an LC resonator 


(Hao Xu Ph.D. dissertation, University of Houston, 2006) 
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Miniaturization 
Circular Patch Loaded with Vias 


Example: Circular Patch Loaded with 2 Vias 


Unloaded: resonance freguency = 5.32 GHz. 


(Miniaturization factor = 4.8) 
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Miniaturization 
Slotted Patch 


Top view 


0° 


Linear СР 


The slot forces the current to flow through a longer path, 
increasing the effective dimensions of the patch. 


+900 
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Miniaturization 


Meandering 
Via 
Feed 
Feed Via 
Meandered guarter-wave patch Meandered PIFA 


= Meandering forces the current to flow through a longer path, 
increasing the effective dimensions of the patch. 


= Meandering also increases the capacitance of the PIFA line. 
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Reducing Surface апа Lateral Waves 


Reduced Surface Wave (RSW) Antenna 


Feed 


Shorted annular ring 


Ground plane 


SIDE VIEW 


TOP VIEW 


D. R. Jackson, J. T. Williams, A. K. Bhattacharyya, R. Smith, S. J. Buchheit, and S. A. Long, 
“Microstrip Patch Designs that do Not Excite Surface Waves," IEEE Trans. Antennas Propagat., 


vol. 41, No 8, pp. 1026-1037, August 1993. 
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Reducing Surface апа Lateral Waves 


Reducing surface-wave excitation and lateral radiation reduces 
edge diffraction and mutual coupling. 


> Edge diffraction degrades the radiation pattern on a finite ground plane. 


> Mutual coupling causes an desirable coupling between antennas. 
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Reducing Surface апа Lateral Waves 


Reducing surface-wave excitation and lateral radiation reduces 
edge diffraction. 


Space-wave radiation (desired) 


wa 
\ y ES Lateral radiation (undesired) 
EUM 


Diffracted field at edge 


Surface waves (undesired) 
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Reducing Surface апа Lateral Waves 


y Reducing the Surface Wave Excitation 
TM; mode: 
—1 
E у ا‎ J 
x „(p,) [a] (kp) 
My 
k=k =k, 


Atedge: E, = -H cosg 


Reducing Surface апа Lateral Waves 


Substrate 


x Ms — 


Surface-Wave Excitation: 


(zh) 


set Ji(Brua)=0 


Reducing Surface апа Lateral Waves 


Substrate r 
Bm, d = Xin 
e Д 
For TM, mode: X, «1.841 
M, 
Hence 


Patch resonance: ka =1.841 


Note: [sss = k = The RSW patch is too big to be resonant. 


Reducing Surface апа Lateral Waves 


Feed 
هدم‎ 
Shorted annular ring 1 | 
— x 
zi 
Feed 


Ground plane 


SIDE VIEW 


TOP VIEW 
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Reducing Surface апа Lateral Waves 


Reducing the Lateral Radiation 


Vo 
M, == Has 


Assume no substrate outside of patch 
(or very thin substrate): 


Space-Wave Field: E?" = Ap ез| Le @=һ) 
p 
Asp = Сл (Ka) 


Set J/(k,a)=0 ka =1.841 


Reducing Surface апа Lateral Waves 


Substrate 


For a thin substrate: 


Note: The diameter of the RSW antenna is found from 


kya =1.841 


2a 
= -= 0.586 
А 


Note: 
The size is approximately independent of the 
permittivity (the patch cannot be miniaturized by 
choosing a higher permittivity!). 
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Reducing Surface апа Lateral Waves 
E-plane Radiation Patterns 
Measurements were taken on a 1 m diameter circular ground plane at 1.575 GHz. 


Measurement 
Theory (infinite GP) 


RSW 
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Reducing Surface апа Lateral Waves 


Reducing surface-wave excitation and lateral radiation reduces 
mutual coupling. 


Space-wave radiation 


b a RR a 


Lateral radiation 
P "ma " 


Surface waves 
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Reducing Surface апа Lateral Waves 


Reducing surface-wave excitation and lateral radiation reduces mutual coupling. 


ph - Measured] 
- Theory 

a - Measured | 
-30 

NE 

= 

i -50 

MES 
-70 
-80 
-90 
-100 


0 1 2 3 4 5 6 ۴ 8 9 10 
Separation [Wavelengths] 


“Mutual Coupling Between Reduced Surface-Wave Microstrip Antennas,” M. A. Khayat, J. T. Williams, D. R. 
Jackson, and S. A. Long, IEEE Trans. Antennas and Propagation, Vol. 48, pp. 1581-1593, Oct. 2000. 
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What is an Antenna? 


2 An antenna is a device that radiates or receives RF 
signals. 


3 An antenna can be as simple as a single wire or as 
complex as a large dish. It depends on the application! 


The Antenna Reciprocity Principle: 


2 Ап antenna behaves the same whether it is radiating 
or receiving RF signals. 


© The difference depends on HOW it's used and in 
WHAT is put at the back end (electronics). 


© The basic principle of a transmitting antenna is that 
an oscillating current in the device creates an oscillating 
electro-magnetic field. 


© The basic principle of a receiving antenna is that an 
oscillating electro-magnetic field will trigger an oscillating 
current. 


What are Radio Freguencies (КЕ)? 


2 Radio Frequencies are nothing more than light. 


Wavelength (cm) 


2 RF light has a muuuuch longer wavelength than 
visible light however. 


2 In fact, the Sun itself produces relatively little RF. 


2 The brightest source of RF in the solar system is the 
Earth, or, more specifically, US!!! 


How long is long? 


2 Radio waves are light that crosses into scales that are 
meaningful to people. 


Wavelength x freg. =c 
where c= 3 x 101° cm/sec 
© What does this mean? In the visible part of the EM 


spectrum, wavelengths (A) ~ 1/1000 mm! This gives a 
frequency (v) ~ 3 x 1014 Hz. 


2 Atypical radio station (AM) broadcasts at 1 MHz 
(109). This gives a wavelength — 300 meters! 


© The type of antenna used is very dependent on the 
bandwidth sampled and the wavelength of the RF. 


Some соттоп RF bands. 


1) AM Radio: 0.50 > 1.7 MHz 
2) SW Radio: 5.90 > 29.1 MHz 
3) CB Radio: 26.9 > 27.4 MHz 
4) FM Radio: 88.0 > 108.0 MHz 
5) TV МНЕ (low): 54.0 > 88.0 MHz 
6) TV VHF (high): 174 > 220 MHz 
7) Wireless Phone: 900 MHz 

8) GPS: 1.25 > 2.58 GHz 


9) Deep Space Network: 2.29 > 2.31 GHz 
10) WiFi: 2.4 GHz 


Important Characteristics of Antennas: 


2 Radiated Power (Pr) 

2 Received Power (PR) 

© Gain (Gp +) (relative to reference) 
> Wavelength (A) 

2 Polarization (vertical vs. horizontal) 
Distance from Source (R) 


Many of these terms come together in the Friis Eguation. 


The FRIIS Transmission Formula: 


Рр = [P+ Gr Gp 27] / [41R]* 


> From this it can be seen that received antenna 
power increases with 


1. Transmitted power 
2. Gains (directionality relative to each other) 
3. Wavelength 


2 And it decreases with distance?. 


Decibel Power Units: 


2 Antenna power levels vary by many orders of 
magnitude. To deal with that we use units of decibels to 
describe power and relative power (gain). 


In equation form a decibel is given by: 


Рав = 10 log,,(P) 


An example: 


1) A 100 kW transmitter produces 105 Watts of output 
2) Log10(10*) = 5 
3) Therefore Pag = 10 x 5 = 50 dB! 


The Dipole Antenna: 


2 The 1/2 wave Dipole Antenna is one of the simplest 
antenna designs. 


Antenna 
Transmitter/ 


Receiver 
Electronics 


2 Dipole antennas 
radiate symmetrically 
away from the wires. 


> 


The Marconi Antenna: 


There are 3 issues with dipole antennas: 


1) They can become VERY long. An AM dipole antenna would 
need to be -400 feet long. 

2) To get good transmission along the ground requires mounting 
the antenna verically. 

3) Receiver antennas on cars must also be mounted vertically 
(to match polarization) and it is difficult to attach a 1/2 wave 
dipole. 


The Marconi Antenna is a solution: 

1) The Marconi is essentially a 1/4 wave dipole. M 
2) Itcan be mounted at one spot. 

3) Itis half as long. 


The Marconi Antenna: 


Marconi transmitting antennas take advantage of the 
reflective nature of the ground to RF: 


The Antenna Feed Line: 


2 The feed line connects the antenna to the transmitter/ 
receiver electronics. 


© Like the antenna, the feed line is a wire (or wires). 
However, these wires should neither radiate nor receive 
RF! 


2 There are two types of feed line that have different 
strategies for achieving RF neutrality. 


1) Balanced Feeds 
2) Unbalanced Feeds 


A Balanced Feed Line: 


> A balanced feed runs currents in two wires, but in 
opposite directions. 


3 бо long as the wire separation is d the currents 
cancel (or balance!) at the broadcast freguency and the 
feed doesn't radiate. 


> Both wires will still react to RF, but the electronics are 
set to ignore variations in the same direction in both wires 


Ап Unbalanced Feed: 


> The best (and most common) example of an 
unbalanced feed is a coaxial cable. 


3 Coaxial cables send current 
through a single wire that is y 
shielded by a dielectric insulator.  / 


© Coaxial cables are used Е ПЕРЕ INSULATION 
mainly with asymmetric 
antennas. Balanced side: 
Ant 
EE 


© Coaxial cables can be used in Dipoles 
(which require balanced feeds) by employing 


a Balun Transformer. me 
Un-Balanced side: 


Asymmetric Radiators: 


An isotropic antenna is not very efficient and is 
difficult to use over long distances or a high freguencies. 


2 So how do we direct the beam? 


> Most asymmetric radiators use combinations of 

antennas positioned and operated so as to interfere 

positively in a given direction. 
A 


= 


In phase + Ж Constructive 
interference 


180° out interference 
® ta phase = 


Antenna Phase Functions: 


2 The phase function describes the 3-D radiation 
pattern of an antenna. 


2 Antenna patterns can produce very focused beams. 


Changing the way current flows in the antennae can 
change the direction as well! 44 


Antenna gain: 


2 The gain of an antenna is a directional measurement 
of its power relative to an isotropic radiator (such as a 


dipole). 


of decibels. 


Like total power, Gain is typically given in units 


Сав = 10 0 PS 


2 A positive Gain means that a larger fraction of the 
radiated power is put in a given direction than in an 
isotropic system. 


2 А negative Gain means that a smaller fraction of the 
radiated power is put into a given direction than in an 
isotropic system. 


Antenna Gain: 


2 Alook back at the Friis function explains why Gain is 
important in communication. (Pg * G?). 


> The beam width (half power) is a measure of how 
directed the beam is. 


Asymmetric Antennas 


> Ву combining elements into an array we can produce 
a highly focused and compact antenna. 


> We will be using just such a system when we track 
our balloon! 
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by Jerry Sevick 


Introduction 


Transmission line transformers have been in existence for more than four decades. But very lit- 
tle information has been available on specific design principles and in the characterization and specifi- 
cation of ferrites for their use in high-power applications. In fact, practically all of the research and devel- 
opment on ferrites have been directed toward their uses in conventional transformers and inductors. 


This catalog is very likely, in a commercial way, to give the first information on new transformers 
and the availability of their various components for use in power applications in the MF and HF bands. 
Availability has been a major problem as noted in the feedback forms returned to the publisher from the 
author's book Transmission Line Transformers (1). The principles reviewed here should also be of some 
help for their uses in other applications. 


This catalog also attempts to present, briefly, the following: a) the theory of these very broad- 
band, highly efficient and flexible transformers, b) the power rating considerations of this class of trans- 
formers, c) the practical considerations in their uses and d) a list of transformers that are available from 
Amidon Associates, Inc. All of these transformers were selected from the author's book. Many of the 
examples listed here are improvements over those in the book since they offer more margins at the low- 
frequency end where excessive core flux (and hence possible damage) could occur. 


The earliest presentation on transmission line transformers was by Guanella in 1944 (2). He 
proposed the concept of coiling transmission lines to form a choke that would suppress the undesired 
mode in balanced-to-unbalanced matching applications. His 1:1 balun, also known as the Basic 
Building Block, is shown in Figure 1. The choking reactance, which isolates the input from the output, is 
usually obtained by coiling the transmission line around a ferrite core or by threading the line through 
ferrite beads. The objectives, in practically all cases, are to have the characteristic impedance, ZO, of 
the transmission line equal to the value of the load, RL, (which is called the optimum characteristic 
impedance) and to have the choking reactance much greater than RL (and hence 70). Meeting these 
objectives results in a ‘flat' line and hence maximum high-frequency response and maximum efficiency 
since conventional transformer currents are suppressed. 


Figure 1. The Guanella 1:1balun : the basic building block 
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By combining coiled transmission lines in parallel-series arrangements, Guanella was able to 
demonstrate very broadband baluns, with ratios of 1:n2 where n is the number of transmission lines. 


Figure 2. The Guanella 1:4 balun 


Figure 2 shows the schematic for his 1:4 balun. His simple and important statements, "a freguency 
independent transformation," which appeared in his paper, had been overlooked by almost everyone as 
is evidenced by the scarcity of information in the literature on his approach to this class of transformers. 
Using straight, beaded lines or having sufficient separation between bifilar windings on a core, results in 
near-ideal transformers. Further, Guanella's baluns can also be easily converted to very broadband 
ununs (unbalanced-to-unbalanced transformers) by accounting for their low-freguency circuit models. 


Ruthroff presented, in his classical 1959 paper (3), another technigue for obtaining a 1:4 imped- 
ance transformation. It involved summing a direct voltage with a delayed voltage which traversed a sin- 
gle transmission line. Figure 3(A) shows his 1:4 unun and Figure 3(B) his 1:4 balun. 


Fig 3-A Fig. 3-B 
Figure 3. The Ruthroff 1:4 transformer : (A) Unun and (B) Balun 


(1) J. Sevick, Transmission Line Transformers, Newington, CT ARRL 2nd ed., 1990. Also available from 
Amidon Associates. 


(2) Guanella G. 'Novel Matching Systems for High Freguencies,' Brown-Boverie Review, Vol 31, Sept 
1944, pp 327-329. 


(3) Ruthroff C.L., ‘Some Broad-Band Transformers, Proc IRE, Vol 47, August 1959, pp 1337-1342. 
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Figure 3(A) shows the basic building block connected in the "boot-strap" configuration. By con- 
necting terminal 3 to terminal 2, the transmission line is "lifted-up by its own boot-straps" to V1. The 
choking reactance of the windings prevents conventional transformer currents to flow resulting in a volt- 
age of V1 + V2 across load, RL . Figure 3(B) shows the basic building block connected in the "phase- 
inverter" configuration. Since a negative potential gradient now exists along the tansmission line, the 
voltage access the load, RL , is now V1 on the left side and -V2 on the right side. 


Since Ruthroff's transformers summed a delayed voltage with a direct voltage, his transformers 
had a built-in, high-frequency cut-off. Although his transformers don't have the inherent high-frequency 
response of Guanella's transformers (which sums voltages of equal delays), they are easier to construct 
and many of his ununs should find use in matching 50 ohms to 12.5 ohms in the 1.5MHz to 30MHz 
range. This also includes rod transformers which do not possess as high a choking reactance because 
of the much higher reluctance of the large air-path for the magnetic field. Further, Ruthroff's "boot- 
strap" technique has been the basis for the author's very broadband fractional-ratio ununs which use 
higher-order windings (trifilar, quadrifilar, etc.). 


Power Ratings 


Transmission line transformers exhibit far wider bandwidths over conventional transformers 
because the stray inductances and interwinding capacitances are generally absorbed into the charac- 
teristic impedance of the transmission lines. With transmission lines, the flux is also effectively can- 
celled out in the core and extremely high efficiencies are possible over large portions of the pass band - 
- losses of only 0.02 dB to 0.04 dB with certain core materials. A 0.02 dB loss translates to a 99.5 per- 
cent efficiency! Therefore very small transformers can safely handle surprisingly high powers. 
Experiments by the author have shown that toroids of 1-inch OD and wound with No. 18 wire can han- 
dle 600 watts of continuous power without thermal runaway. Reports have also been made of trans- 
formers, of the high-power types available here having withstood over 50KW of peak power without 
damage. Therefore it can safely be said that, with properly designed transformers, the power ratings of 
transmission line transformers are more determined by the ability of the conductors to handle the volt- 
ages and currents than by the size of the cores. 


Accurate measurements have also shown that ferrite permeabilities of 300 and less are necessary for 
the extremely high efficiencies these transformers are capable of. Further, the measurements showed 
that loss is related to impedance levels. This indicates that the losses are more of a dielectric type than 
those experienced by conventional transformers (hysteresis, ohmic and eddy current). 


Measurements have also shown that, even with permeabilities below 300, there are trade-offs 
in low-frequency response for efficiency, Here are some of the expected efficiencies for permeabilities 
of 250 to 300 (which are used in many of our transformers) as a function of the characteristic imped- 
ance of the transmission lines: 


Characteristic Impedance Efficiency: 
50 ohms or less 99 96 
50 ohms to 100 ohms 97-98 % 
100 ohms to 200 ohms 95-97 96 


These results show that with impedance levels of 50 ohms and less (including a 50:50-ohm balun), 
the ferrite of choice is in the 250 to 300 permeability range. Further experiments have also shown that 
transformers matching 50 ohms to 300 or 400 ohms (or even 600 ohms) using Guanella's approach, 
can achieve 99 percent efficiencies by using permeabilities of 40. But this is at an almost 10-fold 
(300/40) expense in low-frequency response. Instead of 1.5MHz, the low-frequency limit would be 
raised to 15MHz. 
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Since the establishment of power ratings for transmission line transformers have not been 
made by any professional group (and the above results are the only available data on efficiency), we 
have arbitrarily used the following levels: 


a) Low-power; 150 watts continuous and 300 watts peak power 
b) High-power; at least 1KW of continuous and 2KW peak power 


Experiments have shown that the power ratings for the transformers offered in this catalog are 
very conservative. Some of the low-power units, which use rather thick wires in order to achieve the 
optimum characteristic impedances, could very well be placed in the high-power category. More work 
has to be done in this area of power-ratings of transmission line transformers. 


Practical Consideration 


1) Transmission line transformers are basically low-impedance devices. In practice, characteristic 
impedances as low as 5 ohms and as high as 200 ohms are obtainable. Thus broad bandwidths in the 
impedance-ratio range of 2.5:50-ohms and 50:1000-ohms are possible. 


2) Transmission line transformers are basically unilateral devices. For example, a 4:1 transformer 
(with 50 ohms at one terminal) is only designed to match 50 ohms to 12.5 ohms or 50 ohms to 200 
ohms. It cannot handle both conditions. Only when the impedance-ratio is low, say 1.5:1, is bilateral 
operation practical. Even then the bandwidth in the favored direction is usually twice as great as in the 
other direction. 


3) Since high-impedance transformers require higher choking reactances (and hence more turns) 
and characteristic impedances, they are generally larger and more difficult to construct. Their power 
ratings are not any greater than their low-impedance counterparts. In fact their losses (which are 
dielectric) could be greater! 


4) Broadband baluns operating at high-impedance and high-power levels are generally easier to 
design and construct than ununs (unbalanced-to-unbalanced transformers). Important considerations in 
either type of transformer requires an understanding of their low-frequency circuit models and trade-offs 
in efficiency for bandwidth. 


5) In power applications where efficiency is an important consideration, only low-permeability nick- 
el-zinc ferrites (40-300 range) have been found (by the author) to be required. Powdered- iron, 
because of its very low permeability is not recommended for any transmission line transformer applica- 
tions. 


6) Transmission line transformers are completely different from their conventional transformer 
counterparts. They are a combination of RF chokes and a configuration of transmission lines. 
Therefore, their designs and applications involve conventional transmission line theory, RF choke limita- 
tion, core losses (dielectric) and parasitics. 


7) Since one of the objectives in designing these transformers is to obtain the optimized charac- 
teristic impedance of the transmission lines (for maximum high-frequency response), the spacing 
between the conductors is generally a critical parameter. Therefore, the thickness of the coatings on 
the wire as well as the use of other dielectrics like Teflon tubing and polymide tape, play important 
roles, The electrical insulation properties which determine the voltage-breakdown capability, are only of 
secondary importance. 


8) Because transmission line transformers are so efficient, they can be combined in many ways 
offering applications heretofore untried. These combinations could be in series (even on the same 
core) or in parallel. Their flexibility has yet to be explored. 
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A.UNUNS (unbalanced-to-unbalanced transformers) 


Impedance Level Part Number Bandwidth Comments Page 
1) 50:32-ohms .......... W2FMI-1.5:1-HUBO .......... 1MHz to 40MHz ......1 MHz to 20MHz at 75:50-ohms .......... 11 
2) 75:50-ohms .......... W2FMI-1.5:1-HU75 .......... 1MHz to 40MHz ......1MHz to 20MHz at 50:32-ohms .......... 12 
3) 50:22.22-ohms...... W2FMI-2.25:1-HU50......... AMZ te AME iniit trt eet 13 
4) 50:25-оһтѕ ....... W2FMI-2:1-HUBO ........... IMAZ: SOMH наанаа cd OEA 14 
5) 5028-ohms .......... W2FMI-1.78:1-HUB5O ........ 1MHz to 50MEZ ...... Very broadband transformer. 15 
6) 50:22.22-ohms...... W2FMI-2:1-HDU5O .......... 1MHz to 30MEZ ......Dual output transformer... 16 
50:25-ohms 
7) 112.5:50-ohms...... W2FMI-2.25:1-HU112.5 ..1MHz to 40 MHZ .. ... enen 17 
8) 100:50-ohms ........ W2FMI-2:1-HU100 .......... AME to 30MEE rtis setos 18 
9) 112.5:50-ohms...... W2FMI-2:1-HDU100 ........ 1MHz to 30MHz......Dual output transformer... 19 
100:50-ohms 
10) 50:12.5-ohms ........ W2FMI-4:1-HRUDO .......... 1.5MHz to 40MHz ..Rod version .......................................... 20 
11) 50:12.5-ohms ........ W2FMI-4:1-HCUDO ......... 1MHz to 40MHz ......Coax version, 5KW cont. .................... 21 
10KW peak power 
12) 50:5.56-ohms ........ W2FMI-9:1-HRUBO .......... 1MHz to 30MHz . . Bod version . . . . . . . rev 22 
13) 50:5.56-ohms ........ W2FMI-9:1-HUH50 .......... 1MHz to 30MEZ ......2KW cont., AK реакК.......................... 23 
14) Multimatch Unun ..W2FMI-HMMUSO . sesane ees 24 
a) 50:5 58 ohms (QT) iania 
b) 50:8.68-ohms (5. 768.1) ....................... 
6y  50:25-ohms (4:1)... ao 
d) 50:22.22-ohms (2.25:1).. 
e) 50:34.72-ohms (1.44:1).................................... 1.7MHz to 20MHz 
15) 50:28-ohms .......... W2FMI-1.78:1-HDU50 ....1MHz to 30Mhz 
50:12.5-ohms 
16) Multimatch Unun ..W2FMI-1.78:1-HMMUSO coccoccocnnoninonncnnnnnnnnnncnnonnnocnon conocen crono tnnt EE KKK GRE tenen tenens 26 
a) 50:36.76-ohms (1.36:1) 1MHz to 25MHz 
b) 50:28.13-оһт (1.78:1).. ...1MHz to 45MHz 
50 22 % Ohm (дБ ecc 1MHz to 40MHz 
d) 50716 84 ohms (9.06:1)........ inertes 1MHz to 30MHz 
е) 50:12.50-оһт (4:1) .. ...1MHz to 30MHz 
f)  50:5.56-ohms (9:1)...... ...1MHz to 25MHz ......500watt continuous, 1KW peak power 
g) 50:4.08-ohms (12.25:1).. ...1MHz to 20MHz ......500watt continuous, 1KW peak power 
П)" -50:9:t9-ohms (Ol) ncn cepe tte bise 1MHz to 20MHz 
17) 50:32-ohms ........ W2FMI-1.56:1-HDUBO ....1MHz to 40MHz ......Dual output transformer........................ 27 


50:18-ohms 


Amidon Associates, Inc., 240 Briggs Ave., Costa Mesa, CA 92626 


Tel.: (714) 850-4660 Fax: (714) 850-1163 Copyright © August 1997 by Amidon 
web Page: http://www.amidoncorp.com 


B. BALUNS 


Impedance Level Part Number Bandwidth Comments Page 
1) 50:50-ohms.............. W2FMI-1:1-HBL5O ............ 1MHz to 50MHz......2KW continuous, A peak power........28 
2) 50:50-ohms ............ W2FMI-1:1-HBH59O............ 1MHz to 50MHz......5KW continuous, 10KW peak power ....29 
3) 200:50-ohms........... W2FMI-4:1-HBL200 .......... 1MHz to SOM HZ . IK continuous, 2KW peak power........30 
4) 200:50-ohms........... W2FMI-4:1-HBM200 ........ 1MHz to 50MHz......2KW continuous, 4KW peak power........31 
5) 200:50-ohms........... W2FMI-4:1-HBH200.......... 1MHz to 50MHz......5KW continuous, 10KW peak power ....32 
6) 300:50-ohms........... W2FMI-6:1-HB300 ............ VEMHZO SOMMERS 33 
7) 450:50-ohms........... W2FMI-9:1-HB450 ............ e авгон онанда кее 34 
8) 112.5:50-ohms ........ W2FMI-2.25:1-HB112.5....1.5MHZ to 45MHZ ...... ...es... 35 
9) 50:12.5-0hms .......... W2FMI-4:1-HB50 .............. Er раны ЛН EA 36 
10) 600:50-ohms............ W2FMI-12:1-HB600 .......... ZMH TO P2MFI...... raices 37 
11) 600:50-ohms............ W2FMI-12:1-MB600..........3.5MHz to 30MHz ..500W continuous, 1KW peak power......38 


UNUNS (unbalanced-to-unbalanced transformers) 


Impedance Level Part Number Bandwidth Comments Page 
1) 50:332-ohms .............. W2FMI-1.5:1-LU50............ 1MHz to 40MHz.......1 MHz to 20MHz at 75:50-ohms.............. 39 
2) 75:50-ohms.............. W2FMI-1.5:1-LU75............ 1.5MHz to 50MHz ..1MHz to 25MHz at 50:32-ohms.............. 40 
3) 50:22.22-ohms ........ W2FMI-2.25:1-LU5O.......... 1MHz to 50MHz 
4) 50:25-0hms .............. W2FMI-2:1-LU50 .............. 1MHz to 40MHz 
5) 50:22.22-ohms ........ W2FMI-2:1-LDUBO ............ 1MHz to 40MHz 

50:25-ohms 
6) 112.5:50-ohms ........ W2FMI-2.25:1-LU112.5 „MHz to 30MHz 
7) 100:50-ohms........... W2FMI-2:1-LU100 ............ 1MHz to 25MHz. 
8) 112.5:50-ohms ........ W2FMI-2:1-LDU100........... 1MHz to 25MHz 

100:50-ohms 


9) 50:12.5-ohms .......... W2FMI-4:1-LRUBSO ............ 1MHz to 40MHz 


10) 50:12.5-ohms .......... W2FMI-4:1-LFUSO ............ 1MHz to 30MHz 
11) 50:12.5-ohms .......... W2FMI-4:1-LCUBO ............ 1MHz to 50MHz......Coax version.... . daa 49 
12) 50:5.56-ohms .......... W2FMI-9:1-LUBO .............. TMZ O SOMHZ cero ttr mieten 50 
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13)  Multimatch Опип.................. 
a) 50:5.56-оһт (9:1) 
b) 50:8-ohms (6.25:1) 
с) 50:12.5-ohms (4:1) 
d) 50:22.22-ohms (2.25:1) ......1 MHz to ЗОМН2 
а) 50:32-0hms (SGM) rg cities 1.5MHz to 15MHz 
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50:18-ohms 


B. BALUNS 


1) 50:50-ohms 


2) 200:50-ohms 


3) 300:50-ohms 


4) 450:50-ohms 
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Introduction 


Transmission line transformers can be said to be difficult to construct because of the sensitivity 
of their high-freguency responses to the characteristic impedances of the windings (and hence spacing 
of the windings) and to the work-hardening of the copper wires upon winding them about a core. 


At low characteristic impedance levels, a difference of only 6 mils in spacing can change the 
characteristic impedance from 45 ohms to 55 ohms. This could lower the high-freguency response 
from 30MHz to 20MHz. This would not necessarily increase the loss in the transformer since the cur- 
rents are still of a transmission-line-type and hence flux canceling. If the characteristic impedance is 
too low, the impedance transformation ratio can become complex (have an imaginary part at the high- 
frequency end) and become larger in magnitude. If it is too high, the ratio can become smaller. The 
primary function of the insulation on the wires is to obtain the proper spacing in order to achieve the 
optimum characteristic impedance of these windings (and hence maximum high-freguency response). 
The secondary function is for voltage-breakdown improvement. 


In the winding process, copper wire (which is normally soft) can become very stiff and difficult 
to manage. In many cases, the windings have to be rolled-back a guarter- or half-turn in order to 
reposition them or to wind them closer to the core. A pair of pliers and a strong thumb are 
indispensable tools. 


This write-up attempts to help the builder to construct transformers that meet the objectives they 
are capable of. It includes the following: a) wire preparation, b) winding rod and toroidal transformers and 
с) connecting and tapping wires. 


Wire Preparation 


The first step is to determine the length of the wire needed in coiling it about the core and then 
making the proper connections. Experience has shown that 4 to 5 extra inches are needed beyond the 
coiled winding. About a third should be at the beginning of the winding and the other two-thirds at the 
end. A simple technigue for determining the length is to take a piece of string, wind it about the core 
with the proper number of turns) and then add 4 to 5 inches to that length. Another technique is to cal- 
culate the length-per-turn, multiply it by the required number of turns and then add 4 to 5 inches to it. 
Generally, the kits are supplied with enough wire, insulation and other components (except cores) to 
allow for two attempts in constructing the transformers. One will find that the wire cannot be reused 
because of work-hardening. 


The second step is to straighten-out the wire as much as possible. This can be accomplished 
by holding the wire at one end with a pair of pliers and then pulling the wire between the clenched 
thumb and forefinger several times. Some work-hardening will take place but it will not prove to be a 
problem. Each wire is then skinned-back (insulation removed) about 3/4ths of an inch at one end. This 
is usually the beginning end of the winding. One will find that scraping off the insulation (with a jack- 
knife, usually) is probably one of the more difficult (and boring) tasks in constructing these transformers. 


Three of the more popular wires (known as magnet wires) used in these transformers are 
Formvar, Thermaleze and Imideze. Formvar is generally available with a single coating of insulation (0.08 
mils thick) and has the designation SF. Thermaleze and Imideze usually have a thick coating (1.6 mils) 
and have the designation H. All three have the same dielectric-breakdown-per-unit-thickness (2000 
volts/mil). They only differ in their thermal capabilities which are important in motors, generators and 60 
hertz power transformers and not transmission line transformers. Incidentally, Imideze has the greatest 
thermal tolerance (220 degrees centigrade) and Formvar the least (105 degrees centigrade). 


Amidon Associates, Inc., 240 Briggs Ave., Costa Mesa, CA 92626 


Tel.: (714) 8 660 Fax: (714) 850-1163 Copyright O August 1997 by Amidon 
web Page: http://www.amidoncorp.com 


Extra insulation on the wire, like Scotch No. 92 or Teflon tubing is necessary in many cases in 
order to achieve the proper spacing between the wires and hence obtain the desired optimum characteris- 
tic impedances. When striving for characteristics impedances of 50 ohms, sometimes one layer of Scotch 
No. 92 tape (a thickness of 2.8 mils) is reguired. In other cases, two layers are needed. The author has 
found that by laying the Scotch No. 92 tape (which is 1/2 inch wide) edgewise on the wire and then rolling 
it around like a rug or window shade, two layers are practically realized on No. 12, 14 and 16 wire. A little 
less will be on No. 12 wire and a little more on No. 16 wire. Electrically, the objectives will be met. A U- 
frame will be found helpful in holding the wire. The two-layer thicknesses can also be accomplished by 
controlled-spiral winding. 


The goal to achieve a single layer thickness of Scotch No.92 (2.8 mils) is a little more difficult. 
One has to slit the 1/2-inch wide tape so it just covers the circumference of the wire. The width can be 
calculated by multiplying the diameter by 3.14 (pi). For No. 14 wire, this amounts to about 4/10ths the 
width of the 1/2-inch tape. Since generally two pieces now become available from the 1/2-inch wide tape, 
the starting length is one-half of the final length needed. The slitting process involves laying the Scotch 
No. 92 tape on a smooth surface (like glass or metal) and using a safety razor blade and ruler with a metal 
edge. Incidentally, the thickness of Scotch No. 92 tape is made up of 1 mil of polyimide and 1.8 mils of 
adhesive. This tape has excellent electrical and thermal properties and is highly recommended. 


Winding Rod and Toroidal Transformers 


The rod transformer, although not as popular as its toroidal counterpart, is the easier transformer 
to wind. This is because it can be wound one wire at a time and hence, work-hardening becomes less of 
a problem. Further, the turns can be wound much more tightly (i.e., less space between adjacent turns). 
This allows one to easily obtain a characteristic impedance of 25 ohms which is necessary with transform- 
ers matching 50 ohms to 12.5 ohms. With toroidal cores, one has to resort to low-impedance coaxial 
cable or stripline or a floating-third-wire. 


The major trick in ending up with a tight bifilar winding on a rod is to put on the first winding as 
tightly as possible. The second wire is then fastened firmly at its beginning by lightly soldering it to the first 
wire. It is then wound around the rod by actually stuffing it between the turns of the first winding. One 
then finds it becomes fast to the rod and results in the best electrical and mechanical condition. For a trifi- 
lar winding, the first winding should have about 1-wire-diameter spacing between turns. For a quadrifilar 
winding, the spacing should be 2-wire-diameters, etc. 


The best procedure for toroidal transformers is to make a ribbon out of the wires and then wind 
them all at the same time. This assures their spacings and hence performances. The ribbon can be easi- 
ly constructed by using thin sections of Scotch No. 27 glass tape as clamps every 5/8- to 3/4-inches. The 
tapes should be about 1/4-inch wide and long enough to wrap around the wires twice. These dimensions 
were achieved by first cutting the 1/2-inch wide tape lengthwise for the proper width. 
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Figure 1 shows the definite patterns that exist with rod, toroidal and coax windings. The 
schematics, in these cases, are for Ruthroff 1:4 unun transformers. Figure 2 shows the patterns 
that exist for quintufilar transformers. The trifilar and quadrifilar transformers can be easily visualized 
from Figure 2. Putting numbered tags on the ends of each wire will also help in keeping track of them. 
The photographs supplied with each kit will show how the connections can be made. 


Figure 1 - The Ruthroff 1:4 unun: (A) wire schematic, (B) coaxial cable schematic, (C) rod pictorial and 
(D) toroid pictorial 


246810 


13579 246810 
(A) 


Figure 2 - Pictorials of guintufilar windings: (A) toroid and (B) rod. 


Generally, the trifilar transformer with a 2.25:1 impedance transformation ratio or the guadrifilar 
transformer with a 1.78:1 ratio, can satisfy most 2:1 ratio reguirements. They are much easier to con- 
struct. But in some cases, like 2:1 transformers and multimatch transformers, tapping is necessary in 
order to meet the objectives. 


The author has found that a small, fine file has been found to be very helpful in obtaining suc- 
cessful taps, First, the coating of the wire is removed (about an 1/8-inch wide) at the right distance on 
the straight wire by the edge of the file. A narrow copper strip or flattened wire is soldered to the bare 
part of the wire. The connection is then rendered smooth by the edge of the file. Finally, two thickness- 
es of Scotch No. 92 tape are placed on the connection in order to provide adeguate insulation between 
the wire (which is straight at this point) when the tap is reguired to be near the center of the winding 
(like 4 out of 8 turns). In this case, the winding of the transformer is started at the center of the wire 
where the tap should be. 
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W2FMI-1.5:1-HU50 


A) Description 

The W2FMI-1.5:1-HU is a high-power unun (unbalanced-to-unbalanced) transmission line trans- 
former designed to match 50 ohms to 32 ohms. It has a constant impedance transformation ratio of 
1.5:1 (actually 1.56:1) from 1MHz to 40MHz. In the reverse direction, matching 75 ohms to 50 ohms, the 
response is flat from 1MHz to 20 MHz. A conservative power rating is 1KW of continuous power and 
2KW of peak power. The efficiency is 99 percent. 


B) Circuit Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Four 
quintufilar turns are wound on an Amidon PN FT-150-K. The center winding in Figure 1 is No. 14 
Formvar SF wire. The other four are No. 16 Formvar SF wire. 


32 ohms 50 ohms 


Figure 1. Schematic diagram of the quintufilar UNUN 
transformer designed to match 50 ohms to 32 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The 50-239 connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-1.5:1-HU transformer. 
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W2FMI-1.5:1-HU75 


A) Description 

The W2FMI-1.5:1-HU75 is a high-power unun (unbalanced-to-unbalanced) transmission line 
transformer designed to match 75 ohms to 50 ohms. It has a constant impedance transformation ratio of 
1.5:1 (actually 1.56:1) from 1MHz to 40MHz. In the reverse direction, matching 50 ohms to 32 ohms, the 
response is flat from 1MHz to 20 MHz. A conservative power rating is 1KW of continuous power and 
2KW of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Four 
quintufilar turns are wound on an Amidon FT-150-K. Winding 7-8 in Figure 1 is No. 14 H-Imideze wire. 
The other four are No. 16 H-Imideze wire. The thick coating (3 mils) of H. Thermaleze wire assures the 
optimum characteristic impedance of the windings. Formvar and Thermaleze wires with equal thickness- 
es of coatings would perform as well. 


50 ohms 


Figure 1. Schematic diagram of the quintufilar UNUN 
transformer designed to match 75 ohms to 50 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The 50-239 connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-1.5:1-HU75 transformer. 
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W2FMI-2.25:1-HU50 


A) Description 

The W2FMI-2.25:1-HU5O is a high-power unun (unbalanced-to-unbalanced) transmission line 
transformer designed to match 50 ohms to 22.22 ohms. It has a constant impedance transformation ratio 
of 2.25:1 from 1MHz to 40MHz. This ratio should satisfy many of the 2:1 requirements, This is particularly 
true with antennas since their impedances vary with frequency. Only a small difference (from a 2:1 ratio) in 
the frequency for the best match-point (lowest VSWR) will be observed. Also there will be very little differ- 
ence in the values of the VSWRs. Further, it is much easier to construct than a 2:1 transformer. A conser- 
vative power rating is 1KW of continuous power and 2KW of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 


Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Six trifi- 
lar turns of No. 14 H. Thermaleze wire are wound on an Amidon FT-150-K. 


22.22 ohms 50 ohms 


Figure 1. Schematic diagram of the trifilar UNUN transformer 
designed to match 50 ohms to 22.22 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-2.25:1-HU50 transformer. 
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W2FMI-2:1-HU50 


A) Description 

The W2FMI-2:1-HU50 is a high-power unun (unbalanced-to-unbalanced) transmission line trans- 
former designed to match 50 ohms to 25 ohms. It has a constant impedance transformation ratio of 2:1 
from 1MHz to 30MHz. A conservative power rating is 1KW of continuous power and 2KW of peak power. 
The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Six trifi- 
lar turns of NO. 14 H. Thermaleze SF wire are wound on an Amidon FT-150-K. The center winding in 
Figure 1 is tapped at 5 turns from terminal 3. 


25 ohms 50 ohms 


Figure 1. Schematic diagram of the trifilar UNUN transformer 
designed to match 50 ohms to 25 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-2:1-HU5O transformer. 
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W2FMI-1.78:1-HU50 


A) Description 

The W2FMI-1.78:1-HU50 is a high-power unun (unbalanced-to-unbalanced) transmission line 
transformer designed to match 50 ohms to 28 ohms. This 1.78:1 ratio should satisfy many of the 2:1 
reguirements. This is especially true with antennas since their impedances vary with freguency. Only a 


small difference (from a 2:1 ratio) in the frequency of the best match-point (lowest VSWR) will be observed. 


Also, there should be very little difference in the values of the VSWRs. This very broadband transformer 


has a constant impedance transformation of 1.78:1 from 1MHz to 50MHz! It should find many applications. 


The power rating is 1KW of continuous power and 2KW of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Five 
quadrifilar turns are wound on an Amidon PN FT-150-K. Winding 5-6 is No. 14 Н. Thermaleze. The other 
three are No. 16 Н. Thermaleze. 


28 ohms 50 ohms 


Figure 1. Schematic diagram of the quadrifilar UNUN 
transformer designed to match 50 ohms to 25 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-1.78:1-HU5O transformer. 
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W2FMI-2:1-HDU50 


A) Description 

The W2FMI-2:1-HDU50 is a high-power, dual-output unun (unbalanced-to-unbalanced) transmis- 
sion line transformer designed to match 50 ohms to 22.22 ohms or 25 ohms. In matching 50 ohms to 
22.22 ohms, the impedance transformation ratio is constant from 1MHz to 40MHz. In matching 50 ohms to 
25 ohms, it is constant from 1MHz to 30MHz. A conservative power rating is 1KW of continuous power 
and 2KW of peak power. The efficiency is 99 percent. 


e- Me 


. 
. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Six trifi- 
lar turns of NO. 14 H. Thermaleze wire are wound on an Amidon PN FT-150-K. The center winding in 
Figure 1 is tapped at 5 turns from terminal 3 yielding the 2:1 ratio (connection A). With connection B, the 
ratio is 2.25:1. 


o- 


25 ohms or 
h 
22.22 ohms rene 


Figure 1. Schematic diagram of the trifilar dual-output 
UNUN transformer. A connection of 50 ohms to A yields a 
2:1 ratio. A connection to B yields a 2.25:1 ratio. 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband dual-output W2FMI-2:1-HDU50 
transformer. 
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W2FMI-2.25:1-HU112.5 


A) Description 

The W2FMI-2.25:1-HU112.5 is a high-power unun (unbalanced-to-unbalanced) transformer 
designed to match 112.5 ohms to 50 ohms. It has a constant impedance transformation ratio of 2.25:1 
from 1MHz to 40MHz. A conservative power rating is 1KW of continuous power and 2KW of peak power. 
The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Seven 
trifilar turns are wound on an Amidon PN FT-150-K. The top winding in Figure 1 is No. 14 Н. Thermaleze 
wire. It also has two layers of Scotch No. 92 tape. The other two windings are No. 16 H. Thermaleze wire. 
The thick coatings (1.6 mils) of H. Thermaleze wire, as well as the two layers of Scotch No. 92 tape on the 
top winding in Figure 1, are needed for optimizing the characteristic impedance of the windings. This trans- 
former also has a very high-voltage capability. 


50 ohms 112.5 ohms 


Figure 1. Schematic diagram of the trifilar UNUN transformer 
designed to match 112.5 ohms to 50 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom view of the highly efficient and broadband W2FMI-2.25:1-HU112.5 transformer. 
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W2FMI-2:1-HU100 


A) Description 

The W2FMI-2:1-HU100 is a high-power unun (unbalanced-to-unbalanced) transformer designed to 
match 100 ohms to 50 ohms. It has a constant impedance transformation ratio of 2:1 from 1MHz to 
30MHz. A conservative power rating is 1KW of continuous power and 2KW of peak power. The efficiency 
is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Seven 
trifilar turns are wound on an Amidon PN FT-150-K. The top winding in Figure 1 is No. 14 H. Thermaleze 
wire and it has two layers of Scotch No. 92 tape. It is also tapped at 6 turns from terminal 5 (in Figure 1) 
yielding the 2:1 ratio. The other two windings are No. 16 H. Thermaleze wire. The thick coatings (1.6 mils) 
of H. Thermaleze wire, as well as the two layers of Scotch No. 92 tape on the top winding are needed for 
optimizing the characteristic impedance of the windings. This transformer also has a very high-voltage 
capability. 


50 ohms 100 ohms 


Figure 1. Schematic diagram of the trifilar UNUN transformer 
designed to match 100 ohms to 50 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-2:1-HU100 transformer. 
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W2FMI-2:1-HDU100 


A) Description 

The W2FMI-2:1-HDU100 is a high-power, dual-output unun (unbalanced-to-unbalanced) trans- 
mission line transformer designed to match 112.5 ohms to 50 ohms or 100 ohms to 50 ohms. In match- 
ing 112.5 ohms to 50 ohms, the impedance transformation ratio (of 2.25:1) is constant from 1MHz to 
40MHz. In matching 100 ohms to 50 ohms, it is constant from 1 MHz to 30MHz. The power rating is 
1KW of continuous power and 2KW of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Seven 
trifilar turns are wound on an Amidon PN FT-150-K. The top winding in Figure 1 is No. 14 Formvar SF 
wire and it has two layers of Scotch No. 92 tape. It is also tapped at 6 turns from terminal 5 yielding the 
2:1 ratio (connection A). With connection B, the impedance ratio is 2.25:1. The other two windings in 
Figure 1 are No. 16 Formvar SF wire. The thick coatings of H. Thermaleze wire, as well as the two layers 
of Scotch No. 92 tape on the top winding are needed for optimizing the characteristic impedance of the 
windings. This transformer also has a very high-voltage breakdown. 


100 ohms & 
112.5 ohms 


Figure 1. Schematic diagram of the trifilar dual-output 
UNUN transformer designed to match 112.5 ohms or 100 
ohms to 50 ohms 
C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-2:1-HDU100 transformer. 
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W2FMI-4:1-HRU50 


A) Description 

The W2FMI-4:1-HRU5O is a high-power unun (unbalanced-to-unbalanced) transmission line 
transformer designed to match 50 ohms to 12.5 ohms. It uses a tight bifilar winding on a rod core result- 
ing in a characteristic impedance of 25 ohms (which is optimum). This cannot be accomplished on a 
toroid! The impedance transformation ratio of 4:1) is constant from 1.5MHz to 40MHz. The power rating 
is 1KW of continuous power and 2KW of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. It is 
the Ruthroff 4:1 unun which uses a single transmission line in the "boot-strap" configuration. There are 
12 bifilar turns of No. 14 Formvar SF wire on an Amidon PN R61-050-400. 


12.5 ohms 50 ohms 


Figure 1. Schematic diagram of the Ruthroff 4:1 UNUN 
transformer designed to match 50 ohms to 12.5 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-4:1-HRU5O transformer. 
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W2FMI-4:1-HCU50 


A) Description 

The W2FMI-4:1-HCUBO is a very high-power unun (unbalanced-to-unbalanced) transmission line 
transformer designed to match 50 ohms to 12.5 ohms. It is capable of high power levels because it uses 
low-impedance coaxial cable instead of wire-bifilar windings. Thus the currents are distributed more 
evenly about the conductors. It also has a higher freguency capability than its wire-bifilar counterpart 
because of less parasitic capacitance between turns. In matching 50 ohms to 12.5 ohms, this trans- 
former has a constant impedance transformation ratio of 4:1 from 1MHz to 40MHz. Notably, the power 
rating is 5KW of continuous power and 10KW of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient, broadband and powerful transmis- 
sion line transformer. There are six turns of low-impedance coaxial cable on an Amidon PN FT-150-K. 
The inner conductor is No. 14 Н. Imideze wire and has six layers of Scotch No. 92 tape. The outer con- 
ductor, from RG122/U cable, is tightly wrapped with Scotch No. 92 tape. The characteristic impedance is 
22 ohms. Experimentally, this is found to be the optimized characteristic impedance for low-impedance 
coaxial cable operating at this impedance level. 


Figure 1. Schematic diagram of the coaxial cable version 
of the Ruthroff 4:1 UNUN transformer designed to match 
50 ohms to 12.5 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. 


Figure 2 - Bottom-view of the highly efficient, powerful and broadband W2FMI-4:1-HCU50 
transformer. 
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W2FMI-9:1-HRU50 


A) Description 

The W2FMI-9:1-HRU5O is a high-power unun (unbalanced-to-unbalanced) transmission line 
transformer designed to match 50 ohms to 5.56 ohms. It uses a rod core and a transposed winding 
resulting in broadband operation at the 50:5.56-ohm impedance level. At this level, the impedance 
transformation ratio is constant from 1MHz to 30MHz. The power rating is 1KW of continuous power and 
2KW of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Seven 
trifilar turns are tightly wound on an Amidon PN R61-050-400 ferrite rod. The center winding in Figure 1 
is No. 12 Formvar wire. The other two are No. 14 Formvar SF wire. 


50 ohms 


Figure 1. Schematic diagram of the trifilar UNUN transformer 
designed to match 50 ohms to 5.56 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-9:1-HRUSO transformer. 
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W2FMI-9:1-HUH50 


A) Description 

The W2FMI-9:1-HUH50 is a very high-power unun (unbalanced-to-unbalanced) transmission line 
transformer designed to match 50 ohms to 5.56 ohms. It uses a toroidal core and hence requires only a 
few turns to satisfy the low-freguency limit. This in turn increases its power-handling capability. This 
transformer has a constant impedance transformation ratio from 1MHz to 30MHz. The power rating is 
2KW of continuous power and 4KW of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of the high power, efficient and broadband transformer. 
There are four trifilar turns wound on an Amidon PN FT-150-K. The windings are in the "transposed" 
configuration which allows for better low-impedance-level operation. The center winding in Figure 1 is 
No. 12 Formvar. The other two are No. 14 Formvar SF wire. 


5.56 ohms 50 ohms 


Figure 1. Schematic diagram of the trifilar UNUN transformer 
designed to match 50 ohms to 5.56 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-9:1-HUH50 transformer. 
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W2FMI-HMMU50 


A) Description 

The W2FMI-HMMU50 is a high-power, multimatch unun (unbalanced-to-unbalanced) transmission 
line transformer designed to match 50 ohms to five lower impedances ranging from 34.72 ohms down to 
5.56 ohms. Specifically, the ratios and bandwidths (where the impedance ratio is constant) are: 


a) 9:1 (50:5.56-ohms) 1MHz to 30MHz d) 2.25: 1 (50:22.22-ohms) — 1MHz to 25MHz 
b) 5.76: 1 (50:8.68-ohms) 1МН2 to 15MHz e) 1.44: 1 (50:34.72-ohms) — 1.7MHz to 20MHz 
с) 4:1 (50:12.5-Ohms) 1MHz to 20MHz 


This transformer also performs as well when matching 75 ohms to the appropriate six lower impedances. 
The power rating is 1KW of continuous power and 2KW of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. There 
are five trifilar turns оп an Amidon PN FT-150-K. The center winding in Figure 1 is No. 12 Formvar wire. 
The other two turns are No. 14 Formvar wire. The top winding is tapped at two turns from terminal 5. The 
connections to the five ratios are: 


W2FMI-HMMU50 


A-L; 9:1 
B - L; 5.76:1 
C-L; 41 

, 50 oh 
A - H; 2.25:1 add эө 
B - H: 1.44:1 


Figure 1. Schematic diagram of the trifilar multi-match transformer 
designed to match 50 ohms to 6 lower impedances 


C) Photograph 
A view of the transformer (with cover removed) is shown in Figure 2. The photograph attempts to 
show the various connections. 


Figure 2 - A view of the highly efficient and broadband W2FMI-HMMUSO transformer. 
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W2FMI-1.78:1-HDU50 


A) Description 

The W2FMI-1.78:1-HDUBO is a high-power, dual-output unun (unbalanced-to-unbalanced) trans- 
mission line transformer designed to match 50 ohms to 28 ohms or 12.5 ohms. When connecting this 
transformer (in parallel on their 50 ohm sides) with W2FMI-1.56:1-HDU50, four broadband ratios of 
(nominally) 4:1, 3:1, 2:1 and 1.5:1 become available. In matching 50 ohms to 28 ohms (1 .78:1) the 
impedance transformation ratio is constant from 1MHz to 50MHz. In matching 50 ohms to 12.5 ohms 
(4:1), it is constant from 1 MHz to 40MHz. A conservative power rating is 1KW of continuous power and 
2KW of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Four 
quadrifilar turns of No. 14 Formvar SF wire are wound on an Amidon FT-150-K. When connecting A to 
C, the ratio is 1:1.78. When connecting B to C, it is 1:4 


28 ohms 


12.5 ohms 


Figure 1. Schematic diagram of the dual-output transformer 
designed to match 50 ohms to 28 lower or 12.5 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-1.78:1-HDU50 transformer. 
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W2FMI-1.78:1-HMMU50 


A) Description 

The W2FMI-1.78:1-HMMUBO is a high-power, multimatch unun (unbalanced-to-unbalanced) trans- 
mission line transformer. It basically uses the schematic diagram of the W2FMI-1.78:1-HDU50 transformer 
with more connections. It is designed to match 50 ohms to eight lower impedances ranging from 38.3 ohms 
down to 3.125 ohms. Specifically, the ratios and bandwidths (where the impedance ratios are constant) are: 


a) 1.36: 1 (50:36.76-ohms) © 1MHz to 25MHz d) 4:1 (50:12.50-ohms) 1MHz to 30MHz 
b) 1.78: 1 (50:28.13-ohms)  1MHz to 45MHz e) 9:1 (50:5.560-ohms) 1MHz to 25MHz 
a) 2.25 1 (50:22.22-ohms) © 1MHz to 40MHz d) 12.25: 1 (50:4.080-ohms) 1MHz to 20MHz 
b) 3.06: 1 (50:16.34-ohms) MHz to 30MHz e) 16:1 (50:3.125-ohms) 1MHz to 20MHz 


A conservative power rating is 1KW of continuous power and 2KW of peak power for the five lower 
ratios (1.36:1 to 4:1). For the three higher ratios (9:1 to 16:1), the ratings are 500 watts of continuous 
power and 1KW of peak power. The efficiency for all ratios is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Four 
quadrifilar turns of No. 14 Formvar SF wire are wound on an Amidon PN FT-150-K. Winding 5-6 is tapped 
at two turns from terminal 5. The connections to the eight ratios are: 


W2FMI-1.78:1-HMMU50 
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Figure 1. Schematic diagram of the quadrifilar, multi-match transformer 
designed to match 50 ohms to eight lower impedances 


C) Photograph 
An exploded view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. 


Figure 2 - An exploded view of the highly efficient and broadband W2FMI-1.78:1-HMMU 50 
transformer. 
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W2FMI-1.56:1-HDU50 


A) Description 

The W2FMI-1.56:1-HDUBO is a high-power, dual-output unun (unbalanced-to-unbalanced) trans- 
mission line transformer designed to match 50 ohms to 32 ohms or 18 ohms. When connecting this trans- 
former (in parallel on their 50 ohm sides) with W2FMI-1.78:1-HDUSO, four broadband ratios of (nominally) 
4:1, 3:1, 2:1 and 1.5:1 become available. In matching 50 ohms to 32 ohms (1.56:1) the impedance trans- 
formation ratio is constant from 1MHz to 40MHz. In matching 50 ohms to 18 ohms (2.78:1), it is constant 
from 1 MHz to 40MHz. A conservative power rating is 1KW of continuous power and 2KW of peak power. 
The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Four 
quintufilar turns are wound on an Amidon FT-150-K. Windings 3-4 and 7-8 are No. 14 Formvar wire. The 
other three are No. 16 Formvar wire. When connecting A to C, the ratio is 1:1.56. When connecting B to 
C, itis 1:2.78 


Figure 1. Schematic diagram of the dual-output transformer 
designed to match 50 ohms to 32 ohms or 18 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-1.56:1-HDUS50 transformer. 
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W2FMI-1:1-HBL50 


A) Description 

The W2FMI-1:1-HBL50 is a high-power balun transmission line transformer designed to match 
50-ohm coaxial cable to a balanced load of 50 ohms. It is especially designed to have a characteristic 
impedance of 50 ohms and significant margins in bandwidth and power-handling capability. The 
response is essentially flat fom 1MHz to 50MHz. The conservative power rating is 2KW of continuous 
power and 4KW of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. It is 
the Guanella 1:1 balun which uses a bifilar winding. There are ten bifilar turns of No. 14 H. Imideze wire 
on an Amidon PN FT-200-K. One wire is also covered with a layer of Scotch No. 92 tape. 
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Figure 1. Schematic diagram of the Guanella 1:1 balun 
transformer 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-1:1-HBL50 transformer. 
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W2FMI-1:1-HBH50 
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A) Description 

The W2FMI-1:1-HBH50 is a very high-power balun transmission line transformer designed to 
match 50-ohm coaxial cable to a balanced load of 50 ohms. It is especially designed to have a charac- 
teristic impedance of 50 ohms and significant margins in bandwidth and power-handling capability. The 
response is essentially flat from 1MHz to 50MHz. The conservative power rating is 5KW of continuous 
power and 10KW of peak power. The efficiency is 99 percent. 
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B) Schematic Diagram 

Figure 1 shows the schematic diagram of this very high power, efficient and broadband balun. 
It is the Guanella 1:1 balun which uses a bifilar winding. There are ten bifilar turns of No. 12 H. Imideze 
wire on an Amidon PN FT-200-K. One wire is covered with 2 layers of Scotch No. 92 tape. 
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Figure 1. Schematic diagram of the Guanella 1:1 balun 
transformer 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. 


Figure 2 - Bottom-view of the high-power, efficient and broadband W2FMI-1:1-HBH50 
transformer. 
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W2FMI-4:1-HBL200 


A) Description 

The W2FMI-4:1-HBL200 is a high-power balun transmission line transformer designed to match 
50-ohm coaxial cable to a balanced load of 200 ohms. The windings are especially designed to have a 
characteristic impedance of 100 ohms. With these optimized windings, as well as a ferrite core allowing 
for the best trade-off in low-frequency response for efficiency, this balun is capable of operating with a 
constant impedance transformation ratio from 1MHz to 50MHz. The conservative power rating is 1KW of 
continuous power and 2KW of peak power. The efficiency is 98 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband balun. It is the 4:1 
Guanella balun which sums the voltages of two equal delay lines. There are eight bifilar turns of No. 16 
Formvar SF wire on each of the two transmission lines. The core is an Amidon PN FT-200-K. Each wire 
is covered with an 8-mil wall Teflon sleeving. 


50 ohms 


Figure 1. Schematic diagram of the Guanella 4:1 balun 
transformer design to match 50 ohms to 200 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-4:1-HBL200 transformer. 
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W2FMI-4:1-HBM200 


A) Description 

The W2FMI-4:1-HBM200 is a high-power balun transmission line transformer capable of easily 
handling 2KW of continuous power and 4KW of peak power when matching 50-ohm coaxial cable to a 
balanced load of 200 ohms. The windings are especially designed to have a characteristic impedance of 
100 ohms. With these optimized windings, as well as a ferrite core allowing for the best trade-off in low- 
frequency response for efficiency, this balun is capable of operating from 1MHz to 50MHz with a con- 
stant impedance transformation ratio. The efficiency is 98 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this very high-power and broadband balun. It is the 
4:1 Guanella balun which sums the voltages of two equal delay lines. There are eight bifilar turns of No. 
14 Н. Imideze wire on each of the two transmission lines. The core is an Amidon PN FT-240-K. Each 
wire is covered with about a 15-mil wall Teflon sleeving. 


50 ohms 


Figure 1. Schematic diagram of the Guanella 4:1 balun 
transformer designed to match 50 ohms to 200 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. 


Figure 2 - Bottom-view of the high power and broadband W2FMI-4:1-HBM200 transformer. 


Amidon Associates, Inc., 240 Briggs Ave., Costa Mesa, CA 92626 


Tel.: (714) 850-4660 Fax: (714) 850-1163 Copyright O August 1997 by Amidon 
web Page: http://www.amidoncorp.com 


31 


W2FMI-4:1-HBH200 


A) Description 

The W2FMI-4:1-HBH200 is a very rugged and high-power balun transmission line transformer 
capable of easily handling 5KW of continuous power and 10KW of peak power when matching 50-ohm 
coaxial cable to a balanced load of 200 ohms. The extra ruggedness results from the use of a 4C4 fer- 
rite which is the only one that does not suffer permanent damage due to excessive flux in the core. This 
transformer should be of interest in applications where high-impedances could exceed those of the 
design objectives (like antenna tuners). When matching 50 ohms to 200 ohms, this transformer has a 
flat response from 1MHz to 50MHz. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this very rugged and high-power balun. There are 
nine bifilar turns of No. 14 H. Imideze wire on each of the two transmission lines. Each wire is 
covered with about a 15-mil wall Teflon sleeving. The core is a 4C4 3-inch OD ferrite with а 
permeability of 125. This is a Guanella 4:1 balun which sums voltages of equal delays resulting in 
a very high-frequency response. 


50 ohms 


Figure 1. Schematic diagram of the Guanella 4:1 balun 
transformer designed to match 50 ohms to 200 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. 


Figure 2 - Bottom-view of the very rugged, high power W2FMI-4:1-HBH200 transformer. 
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A) Description - 
The W2FMI-6:1-HB300 is a high-power compound-balun transmission line transformer designed = 


to match 50-ohm coaxial cable to a balanced load of 300 ohms. It consists of a 1:1.5 unun (50:75-ohm) 
in series with a 1:4 (75:300-ohm) Guanella balun. In matching 50 ohms to 300 ohms, the response is 
flat from 1.5MHz to 30MHz. A conservative power rating is 1KW of continuous power and 2KW of peak 
power. The efficiency is 97 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this efficient, broadband 6:1 balun. It consists of two 
transmission lines transformers in series. The 1:1.5 unun on the left has four quintufilar turns on an 
Amidon PN FT-150-K ferrite core. Winding 7-8 is No. 14 H. Imideze wire and the other four are No. 16 H. 
Imideze wire. The 1:4 guanella balun on the right has nine bifilar turns of No. 16 Formvar SF wire on 
each of the two transmission lines. Each wire is covered with a teflon tubing and further seperated by 
teflon tubing. The core is an Amidon PN FT-268-K. 


50 ohms 


Figure 1. Schematic diagram of the compound balun with 
a 1:6 ratio designed to match 50 ohms to 300 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. 


Figure 2 - Bottom-view of the high power and broadband W2FMI-6:1-HB300 transformer. 
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W2FMI-9:1-HB450 


A) Description 

The W2FMI-9:1-HB450 is a high-power, broadband balun transmission line transformer designed 
to match 50-ohm coaxial cable to a balanced load of 450 ohms. It uses the Guanella approach of con- 
necting transmission line in a series-parallel arrangement such that in-phase voltages are summed at the 
high-impedance side. At the 50:450-ohm impedance level, the response is flat from 1.5MHz to 30MHz. 
The power rating is 1KW of continuous power and 2KW of peak power. The efficiency is 97 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this efficient, broadband balun. Three transmission lines 
are connected in parallel on the 50-ohm side and in series on the 450-ohm side. If operation is required 
from 1.5MHz to 30 MHz, then each transmission line should have sixteen bifilar turns. If the transformer 
is required to operate only from 1.5MHz to 7.5MHz, then 18 bifilar turns is recommended. If operation is 
restricted to the 7MHz to 30MHz range, then only 14 bifilar turns is recommended. The wires, which are 
No. 16 Formvar SF, are covered with teflon tubing and further seperated by teflon tubing. The objective is 
a characteristic impedance of 150 ohms. The cores are Amidon PN FT-268-K core. 


50 ohms 450 ohms 


Figure 1. Schematic diagram of the Guanella 9:1 balun 
transformer designer to match 50 ohms to 450 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. 
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W2FMI-2.25:1-HB112.5 


A) Description 

The W2FMI-2.25:1-HB112.5 is a high-power, compound-balun transmission line transformer 
designed to match 50-ohm coaxial cable to a balanced load of 112.5 ohms (designed to match into a 
quad antenna). It consists of two transmission line transformers in series. A 1.78:1 unun (50:28-ohm) is 
in series with a 1:4 (28:112.5-ohms) Guanella balun. The overall impedance ratio is 2.25:1. When 
matching 50 ohms to 112.5 ohms, the response is flat from 1.5MHz to 45MHz. The power rating is 1KW 
of continuous power and 2KW of peak power. The efficiency is 98 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this efficient and broadband 2.25:1 balun. It consists 
of two transmission line transformers in series. The 1.78:1 unun on the left has five quadrifilar turns on 
an Amidon PN FT-150-K. Winding 5-6 is No. 14 Formvar SF wire. The other three are No. 16 Formvar 
SF wire, The 1:4 Guanella balun on the right has eight bifilar turns on each of the two transmission 
lines. The core is an Amidon PN FT-200-K. The windings are No. 14 H. Imideze wire. Winding 1-2 is 
also covered with two layers of Scotch No. 92 tape. The characteristic impedance of the top transmis- 
sion line is 45 ohms. The bottom transmission line is 55 ohms. This arrangement (which is compensat- 
ing) produced the highest frequency response when the load is between 110 and 120 ohms. 


50 ohms 


Figure 1. Schematic diagram of the compound balun with a 
1:2.25 ratio designed to match 50 ohms to 112.5 ohms 


C) Photograph 
A view of the transformer (before mounting) is shown in Figure 2. The photograph attempts to 
show the various connections. 


Figure 2 - A view of the compound-balun W2FMI-2.25:1-HB112.5 transformer. 
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W2FMI-4:1-HB50 


A) Description 

The W2FMI-4:1-HB50 is a high-power, broadband 4:1 Guanella balun designed to match 50- 
ohm coaxial cable to a balanced load of 12.5 ohms (like a Yagi beam antenna). It uses two tightly 
wound transmission lines on two rod cores. This utilizes the ability of being able to obtain a characteris- 
tic impedance of 25 ohms which is optimal for matching 50 ohms to 12.5 ohms. This cannot be done 
with tight windings on toroidal cores. Further, since two cores are used, the transformer has about the 
same broadband response in an unun (unbalanced-to-unbalanced) application. In fact, the bottom core 
can be removed with little change in the low-frequency limit. In matching 50 ohms to 12.5 ohms, the 
response is flat from 1.5MHz to 45MHz! The power rating is 1KW of continuous power and 2KW of 
peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this efficient and broadband 4:1 balun/unun. It con- 
sists of two tightly wound transmission lines on two Amidon PN R61-037-400 ferrite rods (3/8-inch diam- 
eter, 3 3/4-inch long ferrite rods with permeability of 125). The bifilar windings are 14 1/2 turns of No. 14 
Formvar SF wire. The connections are made in the broadband series-parallel arrangement of the 4:1 
Guanella balun. When operating as an unun (terminals 1 and 2 grounded), the bottom rod can be 
removed since there is no potential gradient along its winding. 


50 ohms 


Figure 1. Schematic diagram of the Guanella 4:1 balun 
transformer designed to match 50 ohms to 12.5 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the 50 ohm side. 


Figure 2 - Bottom-view of the high-power and broadband balun W2FMI-4:1-HB50 transformer. 
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W2FMI-12:1-HB600 


A) Description 

. The W2FMI-12:1-HB600 is a high-power compound-balun transmission line transformer designed 
to match 50-ohm coaxial cable to a balanced load of 600 ohms. It consists of a 1.33:1 unun (50:37.6- 
ohms) in series with a 1:16 (37.6:600-ohms) Guanella balun. It is very likely one of the most difficult high- 
ratio, high-impedence baluns to design and construct. Preliminary measurements show that the response 
is quite flat from 1.7MHz to 22MHz. The useful range could be somewhat higher. A conservative power 
rating is 1KW of continuous power and 2KW of peak power. The efficiency is 96 percent. 
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B) Schematic Diagram 

Figure 1 shows the schematic diagram of this efficient, broadband 12:1 balun. It consists of two 
transmission lines transformers in series. The 1.33:1 unun on the left has five quintufilar turns of No.14 
Formvar SF wire on an Amidon PN FT-150-K ferrite core. The center wire is tapped 2 turns from terminal 
6. The 1:16 Guanella balun has 17 bifilar turns of No.16 Formvar SF wire on each of the four Amidon PN 
FT-268-K ferrite core. Each wire is covered with Teflon sleeving. They are further seperated by teflon 
sleeving yielding the 150-ohm characteristics impedance needed for the impedance level. 


50 ohms 


Figure 1. Schematic diagram of the compound balun with 
a 12:1 ratio designed to match 50 ohms to 600 ohms 


C) Photograph 
A view of the transformer (before mounting) is shown in Figure 2. The photograph attempts to 
show the various connections. 


Figure 2 - A view of the high power and broadband W2FMI-12:1-HB600 transformer. 
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W2FMI-12:1-MB600 


A) Description 

The W2FMI-12:1-MB600 is a medium-power, compound-balun transmission line transformer 
designed to match 50-ohm coaxial cable to a balanced load of 600 ohms. It consists of a 1.33:1 unun 
(50:66.7-ohms) in series with a 1:9 (66.7:600-ohms) Guanella balun. Preliminary measurements show 
that the response is quite flat from 3.5MHz to 30MHz. A conservative power rating is 500 watt of contin- 
uous power and 1KW of peak power. The efficiency is 95 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this efficient, broadband 12:1 balun. It consists of two 
transmission line transformers in series. The 1.33:1 unun on the left has four septufilar turns on an 
Amidon PN FT-150-K ferrite core. The top winding is No.14 Formvar SF wire and the other six are No.16 
Formvar SF wire. The 1:9 Guanella balun has 14 bifilar turns of No.18 Formvar SF wire on each of the 
three Amidon PN FT-268-K ferrite core. The bifilar winding are spaced 1/4-inch with scotch No.27 glass 
tape clamps in order to obtain the optimum characteristic impedance of 200 ohms. 


50 ohms 


Figure 1. Schematic diagram of the compound balun with 
a 12:1 ratio designed to match 50 ohms to 600 ohms 


C) Photograph 
A view of the transformer (before mounting) is shown in Figure 2. The photograph attempts to 
show the various connections. 


Figure 2 - Photograph of the medium power and broadband W2FMI-12:1-MB600 transformer. 
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W2FMI-1.5:1-LU50 


A) Description 

The W2FMI-1.5:1-LU50 is a low-power unun (unbalanced-to-unbalanced) transmission line 
transformer designed to match 50 ohms to 32 ohms. It has a constant transformation ratio of 1.5:1 
(actually 1.56:1) from 1MHz to 40MHz. In the reverse direction matching 50 ohms to 75 ohms, the 
response is flat from 1MHz to 20MHz. A conservative power rating is 150 Watts of continuous power 
and 300 Watts of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Five 
quintufilar turns are wound on a Amidon PN FT-125-K. The center winding in Figure 1 is No. 16 Formvar 
SF wire. The other four are No. 18 Formvar SF wire. 


32 ohms 50 ohms 


Figure 1. Schematic diagram of the quintufilar UNUN 
transformer designed to match 50 ohms to 32 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-1.5:1-LU50 transformer. 
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W2FMI-1.5:1-LU75 


A) Description 

The W2FMI-1.5:1-LU75 is a low-power unun (unbalanced-to-unbalanced) transmission line 
transformer designed to match 75 ohms to 50 ohms. It has a constant impedance transformation of 
1.5:1 (actually 1.56:1) from 1MHz to 50MHz. In the reverse direction matching 50 ohms to 32 ohms, the 
response is flat from 1MHz to 25MHz. A conservative power rating is 150 Watts of continuous power 
and 300 Watts of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Five 
quintufilar turns are wound on an Amidon FT-125-K. The top winding in Figure 1 is No. 16 Formvar SF 
wire. The other four are No. 18 Formvar SF wire. 


75 ohms 


Figure 1. Schematic diagram of the quintufilar UNUN 
transformer designed to match 75 ohms to 50 ohms 


C) Photograph 
The top-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Top-view of the highly efficient and broadband W2FMI-1.5:1-LU75 transformer. 
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W2FMI-2.25:1-LU50 


A) Description 

The W2FMI-2.25:1-LU50 is a low-power unun (unbalanced-to-unbalanced) transmission line 
transformer designed to match 50 ohms to 22.22 ohms. It has a constant impedance transformation ratio 
of 2.25:1 from 1MHz to 50MHz. This ratio should satisfy many of the 2:1 requirements. Further, it is much 
easier to construct since it does not require a tap connection on one of its windings. A conservative power 
rating is 150 Watts of continuous power and 300 Watts of peak power. The efficiency is 99 percent. 


SZ eM 


B) Schematic Diagram 
Figure 1 shows the schematic diagram of this very broadband and efficient transformer. Eight tri- 
filar turns of No. 16 Formvar SF wire are wound on an Amidon PN FT-125-K. 


p 


22.22 ohms 


Figure 1. Schematic diagram of the trifilar UNUN transformer 
designed to match 50 ohms to 22.22 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-2.25:1-LU50 transformer. 
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W2FMI-2:1-LU50 


A) Description 

The W2FMI-2:1-LU50 is a low-power unun (unbalanced-to-unbalanced) transmission line trans- 
former designed to match 50 ohms to 25 ohms. It has a constant impedance transformation ratio of 2:1 
from 1MHz to 40MHz. A conservative power rating is 150 Watts of continuous power and 300 Watts of 
peak power. The efficiency is 99 percent. 


B) Schematic Diagram 
Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Eight 


trifilar turns of No. 16 H. Formvar SF wire are wound on an Amidon PN FT-125-K. The center winding in 
Figure 1 is tapped at seven turns from terminal 3. 


50 ohms 


25 ohms 


Figure 1. Schematic diagram of the trifilar UNUN transformer 
designed to match 50 ohms to 25 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2-Bottom-view of the highly efficient and broadband dual-output W2FMI-2:1-LU50 
transformer. 
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W2FMI-2:1-LDU50 


A) Description 

The W2FMI-2:1-LDU50 is a low-power dual-output unun (unbalanced-to-unbalanced) transmis- 
sion line transformer designed to match 50 ohms to 22.22 ohms or 25 ohms. In matching 50 ohms to 
22.22 ohms (2.25:1), the impedance transformation ratio is constant from 1MHz to 50 MHz. In matching 
50 ohms to 25 ohms (2:1), it is constant from 1MHz to 40 MHz. A conservative power rating is 150 Watts 
of continuous power and 300 Watts of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Eight 
trifilar turns of No. 16 Formvar SF wire are wound on an Amidon PN FT-125-K. The center winding in 
Figure 1 is tapped at seven turns from terminal 3 yielding the 2:1 ratio (connection A). With connection 
B, the ratio is 2.25:1. 


25 ohms or 
22.22 ohms 50 ohms 


Figure 1. Schematic diagram of the trifilar dual-output UNUN 
transformer. A connection of 50 ohms to A yields a 2.25:1 ratio 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband dual-output W2FMI-2:1-LDU50 
transformer. 
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W2FMI-2.25:1-LU112.5 


A) Description 

The W2FMI-2.25:1-LU112.5 is a low-power unun (unbalanced-to-unbalanced) transmission line 
transformer designed to match 112.5 ohms to 50 ohms. It has a impedance transformation ratio of 
2.25:1 from 1MHz to 30MHz. A conservative power rating is 150 Watts of continuous power and 300 
Watts of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 
Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Ten 
trifilar turns of No. 18 Formvar SF wire are wound on an Amidon PN FT-125-K 


50 ohms 112.5 ohms 


Figure 1. Schematic diagram of the trifilar UNUN transformer 
designed to match 112.5 ohms to 50 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-2.25:1-LU112.5 
transformer. 
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A) Description 

The W2FMI-2:1-LU100 is a low-power unun (unbalanced-to-unbalanced) transmission line trans- 
former designed to match 100 ohms to 50 ohms. It has a constant impedance transformation ratio of 
2:1 from 1MHz to 25MHz. A conservative power rating is 150 Watts of continuous power and 300 Watts 
of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Ten 
trifilar turns of No. 18 Formvar SF wire are wound on an Amidon FT-125-K. The top winding in Figure 1 
is tapped at eight turns from terminal 5 resulting in the 2:1 ratio 


50 ohms 100 ohms 


Figure 1. Schematic diagram of the trifilar UNUN transformer 
designed to match 100 ohms to 50 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 
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W2FMI-2:1-LDU100 


A) Description 

The W2FMI-2:1-LDU100 is a low-power, dual-output unun (unbalanced-to-unbalanced) transmis- 
sion line transformer designed to match 112.5 ohms to 50 ohms or 100 ohms to 50 ohms. In matching 
112.5 ohms to 50 ohms, the impedance transformation ratio of 2.25:1 is constant from 1MHz to 30MHz. 
In matching 100 ohms to 50 ohms, the ratio of 2:1 is constant from 1MHz to 25MHz. A conservative 
power rating is 150 Watts of continuous power and 300 Watts of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Ten tri- 
filar turns of No. 18 Formvar SF wire are wound on an Amidon PN FT-125-K. The top winding in Figure 1 
is tapped at eight turns from terminal 5 giving the 2:1 ratio (connection A). With connection B, the imped- 
ance ratio is 2.25:1. 


100 ohms 4 


S0 ohms 112.5 ohms 


Figure 1. Schematic diagram of the trifilar UNUN transformer 
designed to match 50 ohms to 25 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-2:1-LDU100 transformer. 
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W2FMI-4:1-LRUSO 


A) Description 

The W2FMI-2:1-LRU50 is a low-power unun (unbalanced-to-unbalanced) transmission line trans- 
former designed to match 50 ohms to 12.5 ohms. It uses a tight bifilar winding on a rod core resulting in 
the optimized characteristic impedance of 25 ohms which is required in a 50:12.5-ohm transformer (for 
maximum high-frequency response). When matching 50 ohms to 12.5 ohms, the impedance transforma- 
tion ratio is constant from 1MHz. A very conservative power rating is 150 Watts of continuous power and 
300 Watts of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. It is the 
Ruthroff 4:1 unun which uses a single transmission line in the "boot-strap" configuration. There are twenty 
bifilar turns of No. 16 Formvar SF wire on an Amidon PN R61-025-400 (3.5-inches long, ferrite rod with a 
permeability of 125). 


12.5 ohms 50 ohms 


Figure 1. Schematic diagram of the Ruthroff UNUN transformer 
designed to match 50 ohms to 12.5 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-4:1-LRU100 transformer. 
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W2FMI-4:1-LFU50 


A) Description 

The W2FMI-4:1-LFU50 is a low-power unun (unbalanced-to-unbalanced) transmission line trans- 
former designed to match 50 ohms to 12.5 ohms. It uses the trifilar, "floating-third-wire," winding. This 
results in a characteristic impedance, on a toroid, near the 25 ohm which is optimum in a 50:12.5-ohm 
transformer. At this impedance ratio level, the transformation ratio of 4:1 is constant from 1MHz to 
40MHz. A very conservative power rating is 150 Watts of continuous power and 300 Watts of peak 
power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. It is 
the "floating-third-wire" configuration which results in a trifilar winding (on a toroid) approaching the 
optimized value of 25 ohms for a 50:12.5-ohm transformer. There are eight trifilar turns of No. 16 
Formvar SF wire on an Amidon FT-125-K. 


12.5 ohms 50 ohms 


Figure 1. Schematic diagram of the “floating-third wire" UNUN 
transformer desinged to match 50 ohms to 12.5 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-4:1-LFU5O transformer. 
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W2FMI-4:1-LCU50 


A) Description 

The W2FMI-4:1-LCU50 is a low-power unun (unbalanced-to-unbalanced) transmission line 
transformer designed to match 50 ohms to 12.5 ohms. It uses a low-impedance coaxial cable (22 ohms) 
in the Ruthroff "boot-strap" configuration. Because of lower parasitic capacitance, it has a higher fre- 
quency capability than its bifilar-wire counterpart. In matching 50 ohms to 12.5 ohms, the impedance 
transformation ratio of 4:1 is constant from 1MHz to 50MHz. A very conservative power rating is 150 
Watts of continuous power and 300 Watts of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this very broadband and highly efficient transformer. 
There are eight turns of low-impedance coaxial cable on an Amidon FT-125-K. The inner-conductor of 
No. 16 H.Imideze wire has two layers of Scotch No. 92 tape. The outer-braid is from RG174/U cable. 
The characteristic impedance is 22 ohms. 


Figure 1. Schematic diagram of the coaxial cable version of 
the Ruthrof 4:1 UNUN transformer designed to match 50 
ohms to 12.5 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-4:1-LCU5O transformer. 
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W2FMI-9:1-LU50 


A) Description 

The W2FMI-9:1-LU50 is a low-power unun (unbalanced-to-unbalanced) transmission line trans- 
former designed to match 50 ohms to 5.56 ohms. Since the transmission lines are very short, this trans- 
former has a remarkably wide bandwidth. When matching 50 ohms to 5.56 ohms, the impedance trans- 
formation ratio of 9:1 is constant from 1MHz to over 30MHz. Also, since it uses rather thick wires in order 
to achieve low characteristic impedances of the windings, it has a very high-power capability. A very 
conservative power rating is 150 Watts of continuous power and 300 Watts of peak power. The efficien- 
cy is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this very broadband and highly efficient transformer. 
Six trifilar turns are wound on an FT-125-K. The center winding in Figure 1 is No. 14 Formvar SF wire. 
The other two are No. 16 Formvar SF wire. 


5.56 ohms 50 ohms 


Figure 1. Schematic diagram of the trifilar UNUN transformer 
designed to match 50 ohms to 5.56 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-9:1-LU50 transformer. 
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W2FMI-9:1-LMMUSO 


A) Description 

The W2FMI-9:1-LMMUBO is a low-power, multimatch unun (unbalanced-to-unbalanced) trans- 
mission line transformer designed to match 50 ohms to five lower impedances ranging from 32 ohms to 
5.56 ohms. Specifically, the ratios and bandwidths (where the impedance ratios are constant) are: 


a) 9:1 (50:5.56-ohms) 1MHz to 30MHz d) 2.25:1 (50:22.22-ohms) 1MHz to 25MHz 
b) 6.25: 1 (50:8.68-ohms) 1MHz to 25MHz e) 1.56: 1 (50:32-ohms) 1MHz to 15MHz 
c) 4:1 (50:12.5-Ohms) 1MHz to 30MHz 


This transformer also performs as well when matching 75 ohms to the appropriate lower imped- 
ances. A very conservative power rating of 150 Watts of continuous power and 300 Watts of peak 
power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. There 
are eight trifilar turns on an Amidon PN FT-125-K. The center winding in Figure 1 is No. 14 Formvar SF. 
The other two are No. 16 Formvar SF wire. The top winding is tapped at four turns from terminal 5. The 
ratios are: 


W2FMI-9:1-LMMU50 
A-L;9:1 
B - L ; 6.25:1 
C-L;4:1 
A-H;2.25:1 
B -H ; 1.56:1 


Figure 1. Schematic diagram of the multi-match UNUN transformer 
designed to match 50 ohms to five lower impedences 


C) Photograph 
A view of the transformer (cover removed) is shown in Figure 2. The photograph attempts to 
show the various connections. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-LMMUSO transformer. 
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W2FMI-1.78:1-LDU50 


A) Description 

The W2FMI-1.78:1-LDU50 is a low-power, dual-output unun (unbalanced-to-unbalanced) trans- 
mission line transformer designed to match 50 ohms to 28 ohms or 12.5 ohms. When connecting this 
transformer (in parallel on their 50 ohm sides) with W2FMI-1.56:1-LDU50, four broadband ratios of 
(nominally) 4:1, 3:1, 2:1 and 1.5:1 become available. In matching 50 ohms to 28 ohms (1.78:1) the 
impedance transformation ratio is constant from 1MHz to 45MHz. In matching 50 ohms to 12.5 ohms 
(4:1), it is constant from 1 MHz to 45MHz. A conservative power rating is 150 watts of continuous power 
and 300 watts of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Six 
quadrifilar turns of No. 16 Formvar SF wire are wound on an Amidon PN FT-125-K ferrite core. When 
connecting A to C, the ratio is 1:1.78. When connecting B to С, it is 1:4 


28 ohms 


12.5 ohms 


Figure 1. Schematic diagram of the dual-output transformer 
designed to match 50 ohms to 28 ohms or 12.5 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-1.78:1-LDU50 transformer. 
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W2FMI-1.78:1-LMMU50 


A) Description 

The W2FMI-1.78:1-LMMU50 is a low-power, multimatch unun (unbalanced-to-unbalanced) trans- 
mission line transformer. It basically uses the schematic diagram of the W2FMI-1.78:1-LDU50 transformer 
with more connections. It is designed to match 50 ohms to eight lower impedances ranging from 38.3 ohms 
down to 3.125 ohms. Specifically, the ratios and bandwidths (where the impedance ratio are constant) are: 


a) 1.36: 1 (50:36.86-ohms) © 1MHz to 25MHz d) 4:1 (50:12.50-ohms) 1МНх to 30MHz 
b) 1.78 : 1 (50:28.13-ohms) MHZ to 45MHz е) 9:1 (50:5.560-ohms) 1MHz to 30MHz 
a) 2.25:1 (50:22.22-ohms) 1MHz to 45MHz d) 12.25: 1 (50:4.080-ohms) 1MHz to 15MHz 
b) 3.06: 1 (50:16.34-ohms) 1MHz to 20MHz e) 16:1 (50:3.125-ohms) 1MHz to 20MHz 


A conservative power rating is 150 watts of continuous power and 300 watts of peak power. The effi- 
ciency for all ratios is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Six 
quadrifilar turns of No. 16 Formvar SF wire are wound on an Amidon PN FT-125-K ferrite core. Winding 5-6 
is tapped at three turns from terminal 5. The connections to the eight ratios are: 


W2DMI-1.78:1-LMMU50 


A-D;1:1.78 
B-D;1:4 
C-D;1:16 
B-E;1:2.25 
В - Е; 1 :3.06 
A- Е; 1: 1.36 
С -Е; 1:9 

С - Е; 1: 12.25 


Figure 1. Schematic diagram of the multi-match UNUN transformer 
designed to match 50 ohms to five lowe impedences 


C) Photograph 
A view of the transformer (with cover removed) is shown in Figure 2. The photograph attempts to 
show the various connections. 


Figure 2 - A view of the highly efficient and broadband W2FMI-1.78:1-LMMUSO transformer. 
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W2FMI-1.56:1-LDU50 


A) Description 

The W2FMI-1.56:1-LDU50 is a low-power, dual-output unun (unbalanced-to-unbalanced) trans- 
mission line transformer designed to match 50 ohms to 32 ohms or 18 ohms. When connecting this 
transformer (in parallel on their 50 ohm sides) with W2FMI-1.78:1-LDU50, four broadband ratios of 
(nominally) 4:1, 3:1, 2:1 and 1.5:1 become available. In matching 50 ohms to 32 ohms (1.56:1) the 
impedance transformation ratio is constant from 1MHz to 45MHz. In matching 50 ohms to 18 ohms 
(2.78:1), it is also constant from 1 MHz to 45MHz. A conservative power rating is 150 watts of continu- 
ous power and 300 watts of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. 
Five guintufilar turns are wound on an Amidon PN FT-125-K ferrite core. Windings 3-4 and 7-8 are 
Formvar No. 16 wire. The other three are no. 18 Formvar SF wire. When connecting A to C, the ratio is 
1:1.56. When connecting B to C, it is 1:2.78 


32 ohms 


Figure 1. Schematic diagram of the dual-output transformer 
designed to match 50 ohms to 32 ohms or 18 ohms 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. The connector is on the low-impedance side 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-1.56:1-LDU50 transformer. 
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W2FMI-1:1-LB50 


A) Description 

The W2FMI-1:1-LB50 is a low-power balun transmission line transformer designed to match 50- 
ohm coaxial cable to a balanced load of 50 ohms. It is especially designed to have a characteristic 
impedance of the most popular coaxial cables and significant margins in bandwidth and power handling 
capability. The response is essentially flat from 1MHz to 50MHz. The conservative power rating is 150 
Watts of continuous power and 300 Watts of peak power. The efficiency is 99 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this highly efficient and broadband balun. It is the 
Guanella balun which uses a bifilar winding. There are ten bifilar turns of No. 16 wire on an Amidon PN 
FT-125-K. One wire is H. Imideze. The other is Formvar SF with one layer of Scotch No. 92 tape. The 
characteristic impedance of the windings is 52 ohms. 


O < û A O û у 
50 ohms 
balanced 


em 


50 ohms cable 


Figure 1. Schematic diagram of the Guanella 1:1 balun 
transformer 


C) Photograph 
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph 
attempts to show the various connections. 


Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-1:1-LB50 transformer. 
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W2FMI-4:1-LB200 


A) Description 

The W2FMI-4:1-LB200 is a low-power balun transmission line transformer designed to match 
50-ohm coaxial cable to a balanced load of 200 ohms. The windings are especially designed to have a 
characteristic impedance of 100 ohms. With these optimized windings, as well as a ferrite core which 
allows for the best trade-off in efficiency for low-frequency response, this balun is capable of maintaining 
a constant impedance ratio of 4:1 from 1.7MHz to 50MHz. The conservative power rating is 150 Watts 
of continuous power and 300 Watts of peak power. The efficiency is 98 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of the highly efficient and broadband balun. It is the 4:1 
Guanella balun which sums the voltages of two equal delay lines. There are six bifilar turns on each 
transmission line. The wires are No. 18 Formvar SF and they are covered with 8-mil wall Teflon sleeving. 
The core is an Amidon PN FT-125-K. 


200 ohms 


Figure 1. Schematic diagram of theGuanella balun 
transformer designed to match 50 ohms to 200 ohms 


C) Photograph 
A view of the transformer (before mounting) is shown in Figure 2. The photograph attempts to 
show the various connections. 


Figure 2 - A view of the high power and broadband W2FMI-4:1-LB200 transformer. 
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W2FMI-6:1-LB300 


A) Description 

The W2FMI-6:1-LB300 is a low-power, compound-balun transmission line transformer designed 
to match 50-ohm coaxial cable to a balanced load of 300 ohms. It consists of a 1:1.5 unun (50:75-ohm) 
in series with a 1:4 (75:300-ohm) Guanella balun. In matching 50 ohms to 300 ohms, the impedance 
transformation ratio is constant from from 1.7MHz to 45MHz. The power rating is 150 Watts of continu- 
ous power and 300 Watts of peak power. The efficiency is 97 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of the highly-efficient and broadband balun. The 1:1.5 
unun on the left has six guintufilar turns on an Amidon PN FT-125-K. The top winding in Figure 1 is No. 
16 Formvar SF wire. The other four are No. 18 Formvar SF wire. The 1:4 balun, on the right, has eight 
bifilar turns (each) on a 1.75-inch OD ferrite with a permeability in the 250 to 300 range. The wires 
(which are actually hook-up wires) have a 12-mil coating on No. 19 gauge wire. They are further sepa- 
rated by a 50-mil OD Teflon tubing. The characteristic impedance of the windings is 150 ohms. 


300 ohms 


Figure 1. Schematic diagram of the compound-balun transformer with 
a 1:1 ratio designed to match 50 ohms to 300 ohms 


C) Photograph 
A view of the transformer (before mounting) is shown in Figure 2. The photograph attempts to 
show the various connections. 


Figure 2 - A view of the low-power and broadband W2FMI-6:1-LB300 compound-balun 
transformer. 
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W2FMI-9:1-LB450 o ШИШИШИ 


A) Description 

The W2FMI-9:1-LB450 is a low-power balun designed to match 50-ohm coaxial cable to a bal- 
anced load of 450 ohms. It uses the Guanella approach of connecting transmission line in a series-par- 
allel arrangement such that in-phase voltages are summed at the high-impedance side. At the 50:450- 
ohm impedance level, the response is flat from 1.7MHz to 45MHz. The power rating is 150 Watts of 
continuous power and 300 Watts of peak power. The efficiency is 97 percent. 


B) Schematic Diagram 

Figure 1 shows the schematic diagram of this efficient and broadband balun. It consists of 
fifteen bifilar turns on each of the three 1.75-inch OD ferrites with a permeability in the 250 to 300 range. 
The wires (which are actually hook-up wires) have a 12-mil coating. They are further separated by a 
50-mil OD Teflon tubing. The characteristic impedance of the windings is 150 ohms. 


50 ohms 450 ohms 


Figure 1. Schematic diagram of the Guanella balun transtormer 
designed to match 50 ohms to 450 ohms 


C) Photograph 
A view of the transformer (before mounting) is shown in Figure 2. The photograph attempts to 
show the various connections. 


Figure 2 - A view of the high power and broadband W2FMI-9:1-LB450 balun transformer. 
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The Fuchs Antenna was introduced by Arwed Fuchs, an Austrian Radio 
Amateur in 1928. It was used as a high efficiency single band half-wave 
endfed antenna by many radio amateurs over a long period, butit was 
more or less forgotten when most radio amateurs started using coax-fed 
dipoles. Inthe 80s, some Swiss OMs rediscovered the Fuchs Antenna 
Tuner, especially for portable use. In 2000, Frank, DL7AQT, did lots of 
experiments with the Fuchs, and was happy to end up with a multiband 
version for portable use. QRPproject is now proud to make the Fuchs 
Antenna Tuner available as a kit. Itis based on Franks design with 
some small modifications we made because the variable used by Frank 
is no longer available. 


The QRPproject Multiband Fuchs 
is basically а half wave antenna. It can be used with good results 
at the original frequency and aso 


je? atall harmonics. It is fed by a 
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optimal length of a wire from 1 half-wave at 80m to 8 hall-waves at 10m. 
As you can see, the length increases from 80 to 10m. This is because 
the velocity factor of 0.96 is only exact at the ends of a wire antenna. If a 
wire antenna is longer then 1 half-wave, the middle part must be 
calculated using a velocity factor of 1. In practical use, we found that the 
Fuchs circuit easily compensates for this difference. When the total 
length is a multiple of a halfwave +/- 5%, we found no difference. As 
you can see, a wire length of about 21 meters makes a good antenna. 
for 40m and higher. 

During his experiments, Frank used two different designs. For the 
upper bands only, it was ok to use one Amidon T80-2, but this design 
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L1 8x t turn L3 56 turns 
L2: 7 turns taped at B and 24 turns 
оп 780-2 on 780-2 


did not work if he tried to use it from 80 to 10 meters. Some tests in the 
QRPproject lab using our HP Network analyzer showed that there 

are some extra points of resonance in the 18 MHz range. We assume 
that they are caused by the unused section of the core in interaction with 
stray capacitance. Winding the complete Fuchs circuit on TWO toroids 
solved the problem. There are still unwanted resonance frequencies, 
but they now are in the 60 MHz range, and without any influence when 
we tune a SW antenna. 

Due to a lot of questions: 

NO, there is now ground connection missing at L21! This is part of the 
genious Fuchs design -) 


LED RF Indicator 
The simple LED RF indicator detects the voltage at the feedpoint of the 


antenna. While tuning the Fuchs circuit, when the RF voltage at this 
Point has its highest value, the antenna is exactly in resonance, and 
antenna coupling of the transmitter is at its optimum. 

Practical experience 

The Fuchs circuit was built into a 70mm x 50mm x 25 mm 

plastic enclosure. We used a BNC jack for the transceiver input 
and a banana jack for the antenna connection. Itis very easy to tune. 
The first step is to tune the variable capacitor to loudest noise or signal 
in receive mode. You must switch the main coil taps to get the best 
result. The point of resonance is very small, so you will hear the 
difference between resonance and non-resonance very clearly. 
Usually you will find resonance at two different taps of the 

main coil. If so, use the one with the better LIC ratio (more L = 
higher О). Now hit the transmit key in CW ora tune knob to 

geta transmit signal. Switch the coupling section of the 

Fuchs circuit to get the brightest signal at the LED RF 

Detector (or lowest SWR if your transmitter has a built in SWR. 
Meter). 


Parts list of the QRPproject 80-10-FUCHS kit 
1 enclosure 

1 variable cap 

2 Amidon Toroid T80-2 
2 Miniature switch 1x12 
1 Banana jack 

1 BNC jack 

2 Germanium Diode 
1LED 

3 Knobs 

Enameled wire 0,5mm 
Ceramic capacitor 10pF 
1 manual 


The Fuchs Antenna 
Unit Kit 


Component stre, shape, spacing, and na 
lang ат fo usen proses олу. 
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[^ хаад See case diversion for proper 
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Attention: starting July 2008 we use another type of switch. It's smaller diameter of the provided parts. The BNC jack and the Banana jack 
and the common conector is placed exactly in the middle of the switch. 


+1. Preparing the enclosure 
Drill ай holes as shown in the drawing. All distances refer to the outer 
side of the enclosure. The diameter of the holes are taken from the 


+ a für Telefonbuchse 6,3 mm 
+ + für BNC-Buchse 8,5 mm 


must be placed exactly in the middle of the front and back (short) sides, 
as shown on the 
pictures. 


2. Winding the 
Toroids 


12711 


Attentention, 
the pictures do 
not show the 
exact number 
ofturns. 


Remember that tums on a toroid are always counted at the inner side of 
the ring. Start with 7 Turns for L2. Don't spread the 7 turns over ће ring, 
butkeep the turns close together at the inner side of the ring. Leave 
about бст at both ends of L1. Now, wind L1 (the coupling winding) 
between L2. For these to be in phase, lay the wire for L1 parallel to the 
L2 wire and start at the same point, where L2 starts. Do one tum through 
the Ring, and then form a loop (abt 3cm diameter) and twist the loop as 
shown in the photo. (ATTENTION, photo does not show all windings) Do 
the next five turns, forming such a loop after every turn. 


To see how long the twisted loops must be, put the toroid at is place just 
below the lower 1x2 switch (BNC right sided, banana left sided, аз 


shown in the photo). Bend all wires to their places, and cut them to the 
desired length. The beginning of L2 goes to the stator of the variable 
cap, end of L2 to the Pin 12 of the upper rotary switch. The starting 
point of L1 goes to BNC Ground, first tap to Pin 1 of the lower rotary 
switch, second lap to pin 2, third tap to pin 3, and so on: all taps and the 
end of L1 to the lower rotary switch. Next step is to tin all the wire ends. 
We prefere the „В! ОВ" method. What is the BLOB method? Using а 
hot soldering iron, melt a drop of solder at the end of the tip and hold it 
to the wire you would like to tin. Wait until the coating of the wire starts 
melting. You will see and smell some smoke. Don't breathe the smoke: 
it's not very healthy! When the coating starts melting, move the solder 
„BLOB" back and 
forth. The result will 


be a nice tin coating 
atthe end of the wire. 
Check to see if the tin 
is al around the wire. 
If not, do the same 
procedure again. 
When al the ends and 


taps are tinned, 
solder L1/L2 to the 
1st place, as 
described. 


Next prepare L3 


Take the other T80-2 toroid. Wind 8 turns and form a 4-5cm loop as you 
did for L1. Wind the next 16 turns in the same direction, giving you a. 
total of 24 and form a second loop. Now, wind another 32 turns( total of 
56) Now, place the toroid above the upper rotary switch, and prepare 
the wires. The beginning of L3 leads to Pin 12 (junction to L1), the first 
tap (turn B) leads to Pin 11, second tap (Turn 32) to PIN 10, and the end 
of L3 to pin 9. Again, coat the wire ends with Tin, and solder them to 
their places. 


З. solder all remaining solder-points: 
Solder a wire between the middle pin of the lower rotary switch to the 
inner pin of the BNC jack. Solder another wire between 

the middle pin of the upper rotary switch to the rotor of the variable 
capacitor, and another short wire from the rotor to the banana jack. The 
only remaining thing now is the LED RF-Indicator. 


Drill a hole for the LED somewhere in the top of the box, near the 
banana jack. Solder the cathode of one germanium diode and the 
cathode of the other Ge diode to the banana jack. The other side of 
both diodes must be soldered to the LED: (Ge-cathode to LED anode, 
and Ge-anode to LED cathode.) The cathode of the LED must be 
connected to BNC ground using a piece of wire and the 10pF ceramic 
cap. 


That's all! The Fuchs circuit is now ready to use. 
Rem: 
By practical use we found that the Diodes plus the LED may cause 
intermodulation to your RX especially at winter evenings at 40m when 
using long antennas. If you run into this problem, remove the 10pF cap 
connected between the LED and ground. The LED wil still work as an 
indicator, picking up energy by stray capacitance. It will not glow as 
strong as before but still enough to work as an indicator. Give it a try. 


Start operating: 


Connect the Fuchs using the BNC:BNC connector to your 

transceiver. Use a 41meter (or 21 meter) long antenna wire, 

connect it to the banana jack,and switch the receiver on. 

Atfirst, choose the coupling factor by switching the lower rotary 

switch. For 10 and 12 meters, this will probably be 1 turn; for 15, 17 and 
20M, 2-3 turns; for 30 and 40M, 3-4 turns; and for 80M, 4-6 turns. Now 
adjust the main windings using the upper rotary switch and the variable 
cap. Start with the switch at its lowest position and rotate the variable 
cap. If you have chosen the right tap of the main winding, you will find a 
dramatic increase of noise if the capacitor has the right value to 
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resonate. If there is no point of resonance, try the next tap. If the circuit 
is in resonance, key the transmitter and adjust the coupling for best 
SWR (brightest LED). 

This procedure seems to be complicated, but you will find, that 

itis very reproducible. So, in the future, you only have to 

remember which tap to use for which band, and tuning 

will be very fast. | hope you will enjoy your Fuchs antenna tuner! It's ап 
excellent choice for portable use, because you will need only one port, 
and because itis a high efficiency tuner with very low loss. 


Peter, DL2FI 
If you have any questions or suggestions, please send me an 
e-mail, or phone: Support Of project de / +49 30 859 61 323 


The Multiband FUCHS 
by DL7AQT, Frank 


‘The FUCHS Antenna got its name from the Austrian Radio Amateur FUCHS, who first 
described it in 1928. It was a monoband endfed half wave dipole. 


The length of the antenna wire should be a Lambda/2 or a multiple of it. For 3,5 MHz you 
need about 41 meters. 


With the FUCHS Network it is possible to use a 41 meter wire on all bands between 10m and 
80m. 
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The QRPproject FUCHS Antenna 


The network fits into a 70mm x 50mm x 25mm plastic enclosure. A BNC plug plus a BNC to 
BNC connector gives use the flexibility to use it with any rig which has a BNC antenna jack. 
Tuning is very easy. The first step is, to find the point of maximum noise / loudest signal in 
receive. Now with a small transmitter signal, the link is switched to lowest SWR. Ready. 
The FUCHS is equipped with an output indicator. Only at the point of resonance does the 
LED glow. 


Parts list of the ORPproject Fuchs 80-10 kit 
1 Enclosure 

1 Variable capacitor (Poly Varicon) 340 pF 
2 Amidon Torroid T80-2 

2 Miniature 1x12 switch 

1 Banana jack 

1 BNC jack 

2 GermaniumDiode (1N34) 

1LED 

3 Knobs 

3m enameled wire (24 AWG) 

1 BNC<> BNC connector 
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FOREWORD 


Communications and information systems (CIS) support collect- 
ing, processing, and exchanging information. CIS automate 
routine functions, freeing commanders and staffs to focus on the 
aspects of command and control that require experience, judg- 
ment, and intuition. Personnel who install, operate, and maintain 
CIS play a key role in the command and control of the Marine air- 
ground task force (MAGTF). It is an understatement to say that 
the success of the MAGTF in the modern batlespace depends on 
the effective employment of CIS. 


(One of the most important networks of the MAGTF CIS architec- 
ture is single-channel radio (SCR). SCR is the principal means of 
communications support for maneuver units. SCR communica- 
tions equipment is easy to operate, and networks are easily 
established, rapidly reconfigured, and, most importantly, easily 
maintained on the move. SCR provides secure voice communica- 
tion and supports limited data information exchange. MAGTF 
SCR equipment is fielded in many configurations and includes 
hand-held, manpack, vehicle-mounted, bench-mounted, and shel- 
tered radios. These radios operate in simplex and half-duplex 
modes. The most widely employed tactical radios provide inte- 
grated communications security (COMSEC) and jam resistance 
through frequency hopping. 


‘Tactical SCRs operate in the three military radio frequency bands 
(high frequency [HF], very high frequency [VHF], and ultrahigh 
frequency [UHF]). In the HF band, SCR can support long-range 
communications, albeit at the expense of mobility. SCR in the 
УНЕ and UHF bands is normally limited to line of sight. SCR 
satellite communications (SATCOM) provide mobility, flexibili- 
ty, and ease of operation with unlimited range. Limitations of 
SCR include susceptibility to enemy electronic warfare; cosite, 
footprint, terrain, and atmospheric interference; the requirement 
for close coordination and detailed planning; a need for common 
timing, frequency, and equipment; and limited spectrum avail- 
ability. The latter is particularly critical for SATCOM. 


Of all the variables affecting single-channel radio communica- 
tions, the one factor that an operator has the most control over is 
the antenna. With the right antenna, an operator can change a 
marginal net into a reliable net. Marine Corps Reference Publica- 
tion (MCRP) 6-22, Antenna Handbook, gives operators the 
knowledge to properly select and employ antennas to provide the 
strongest possible signal at the receiving station of the circuit 


MCRP 6-22D builds on the doctrinal foundation established in 
Marine Corps Warfighting Publication (MCWP) 6-22, Communi- 
cations and Information Systems. This handbook is intended not 
only for CIS officers and radio operators, but for all personnel de- 
siring information about antenna fundamental. 


MCRP 6-22D supersedes Fleet Marine Force Reference Publica- 
tion (FMFRP) 3-34, Field Antenna Handbook, dated 5 March 
1991. 
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Chapter 1 


Radio Principles 


ELECTROMAGNETIC RADIATION 


Electromagnetic radiation includes radio waves, microwaves, infra- 
red radiation, visible light, ultraviolet waves, X-rays, and gamma 
rays. Together they make up the electromagnetic spectrum. They all 
move at the speed of light (186,000 mites/300 

second). The only difference between them is their wavelength (the 
distance a wave travels during one complete cycle [vibration]), 
which is directly related to the amount of energy the waves carry. 
"The shorter the wavelength, the higher the energy. Figure 1-1 lists 
the electromagnetic spectrum components according to wavelength 
and frequency (the number of complete cycles [vibrations] per sec- 
‘ond). A portion of the spectrum which is used for HF, VHF, and 
UHF radio communication has been expanded to show more detail. 


RADIO 
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Figure 1-1. Electromagnetic Spectrum. 
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RADIO WAVES 


Radio waves propagate (travel) much like surface water waves. 
‘They travel near the Earth’s surface and also radiate skyward at var- 
ious angles to the Earth's surface. As the radio waves travel, their 
energy spreads over an ever-increasing surface area. A typical radio 
wave has two components, a crest (top portion) and a trough (bottom 
portion). These components travel outward from the transmitter, one 
after the other, at a consistent velocity (speed). The distance between 
successive wave crests is called a wavelength and is commonly rep- 
resented by the Greek lowercase lambda (A) (see fig. 1-2). 


E ONE CYCLE 
WAVELENGTH 


STRENGTH o 


| 


Frequency 


Radio waves transmit radio and television (TV) signals. They have 
‘wavelengths that range from less than a centimeter to tens or even 
hundreds of meters. Frequency modulated (FM) radio waves are 
shorter than amplitude modulated (AM) radio waves. A radio 
wave's frequency equals the number of complete cycles that occur 
їп 1 second. The longer the cycle time, the longer the wavelength 


TIME OR DISTANCE 


Figure 1-2. Radio Wave. 
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and the lower the frequency. The shorter the cycle time, the shorter 
the wavelength and the higher the frequency. 


Frequency is measured and stated in hertz (Hz). A radio wave fre- 
quency is very high. It is generally measured and stated in thousands 
of hertz (kilohertz [kHz]), in millions of hertz (megahertz [MHz)), 
‘or sometimes in billions of hertz (gigahertz [GHz]. 


1Hz 1 cycle per second. 

1 kHz 1 thousand сусїев per second 
1MHz 1 million cycles per seconds 
1GHz 1 billion cycles per second. 
Frequency Calculation 


For practical purposes, the velocity of a radio wave is considered to 
be constant, regardless of the frequency or the amplitude of the 
transmitted wave. To find the frequency when the wavelength is 
known, divide the velocity by the wavelength. 


Frequency (hertz) = __ 300,000,000 (meters per second) 
Wavelength Grete) 


то find the wavelength when the frequency is known, divide the 
velocity by the frequency. 


Wavelength (meters) = _ 300,000,000 (meters per second) 
Frequency (herz) 
Frequency Bands 


Frequency spectrum designations are— 


HF УНЕ UHF 
31030 MHz 3010300 MHz 300 to 3,000 MHz/3GHz 


1-4 


MCRP 6-22D 


HF is used primarily for long-range communications. An HF signal 
is reflected by the outermost portion of the atmosphere, the iono- 
sphere. VHF is used for short-range communications. To use VHF, 
it is necessary to be able to visualize a direct line of sight (LOS) 
between the transmitter and receiver. This limits UHF to distances 
that are not much greater than the distance to the horizon, assuming 
that there are no massive obstructions in the LOS. When the LOS 
path exists and VHF transmission is possible, VHF is always рге- 
ferred to HF because a VHF signal can be made to follow a much 
narrower and more direct path to the receiver. UHF is a third type of 
transmission. UHF transmission is like VHF in that both follow the 
direct or LOS path. But with the proper antenna, UHF transmission 
can be made to follow an even narrower path to the receiver than 
УНЕ. 


Each frequency band has unique characteristics. The ranges and 
Power requirements shown in table 1-1 are for normal operating, 
conditions (ie. proper siting and antenna orientation and correct 
operating procedures). Ranges will change according to the condi- 
боп of the propagation medium and the transmitter output power. 


Table 1-1. Frequency Range Characteristics. 


Ground Wave | ку Wave Power 
Band Range Range Required 
[3 0-50 mies | 100-8000 mies | SSK 

УНЕ 0-30 mies | 50-150mles | Soorless KW 
UHF 0-50 mies | NA 5 or less KW 


Tactical SCRs operate in the three military radio freguency bands 
shown in table 1-2. 
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Table 1-2. Ground SCRs. 
‘Operating 
Frequency | MAGTFSCR | Frequency picas 
Band | Equipment Used | — Range Application 

HF | ANPRC104 | 229999 | Radio LOS and 
ANIGRC-193 | MHz beyondlong range 
АҢ/МНС-138 

‘VHF | ANPRC-GS 30-85 MHz | Radio LOS and 
ANPRC-119 rolayiretransmis- 
ANNRO-88 (A, D) sion 
ANNRC-89 (A, D) 
ANNRC-90 (A, D) 
ANVACAA (A, D) 
ANVAC-92 (A, D) 
ANGAC-213 
ANMRC-145 
ANPRCTIS | 116-150 MHz| Critical LOS 
ANNRC-83 (Ground to air) 

Оне | ANPRCIIS | 225-400 MHz| Critical LOS. 
ANIVRC-83 (ground to ай) 
ANIGRC-171 
ANPSC3 'SATCOM footprint 
ANPSC-5 


RADIO COMMUNICATION CIRCUIT 


The radio equipment for communicating between two stations, 
including the path the radio signal follows through the ай, is a radio 
link. A radio link consists of seven components: transmitter, power 


supply 
receiving antenna, and receiver. 


transmission lines, transmitting antenna, propagation path, 
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The transmitter generates a radio signal. The power supply provides 
power for the operating voltage of the radio (battery or generator). 
"The transmission line delivers the signal from the transmitter to the 
transmitting antenna. The transmitting antenna sends the radio 
signal into space toward the receiving antenna. The path in space 
that the radio signal follows as it goes to the receiving antenna is the 
propagation path. The receiving antenna intercepts or receives the 
signal and sends it through a transmission line to the receiver. The 
receiver processes the radio signal so it can be heard (fig 1-3). 


‘The radio operator's objective is to provide the strongest possible 
signal to the receiving station. The best possible signal is one that 
provides the greatest signal-to-noise (S/N) ratio at the receiving. 
Antenna. 


То implement a radio communications circuit it is necessary to 


* Generate and radiate an electromagnetic wave modulated with 
information (e.g., voice, Morse code). 


* Make the wave propagate efficiently from the transmitting 
antenna to the receiving antenna. 


+ Intercept the wave by using a receiving antenna. 


+ Demodulate the energy so that the information originally trans- 
mitted becomes available in a useful form. 


Choosing the right antenna and matching its characteristics to the 
best propagation path are the two most important factors in setting 
up a communications circuit. The weakest link in the communica- 
tions circuit is the wrong propagation path. The best transmitter, 
antenna, and receiver are of little use if the frequency is wrong or 
the propagation path is improper. 
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Figure 1-3. Typical Radio Link. 
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PROPAGATION FUNDAMENTALS 


Earth's Atmosphere 


Propagation usually takes place within the Earth's atmosphere. The 
atmosphere surrounding the Earth is divided into several layers, 
each possessing unique characteristics. The first layer, starting at 
the Barth's surface and extending to a height of about 10 kilometers 
(km), is the troposphere. In this layer, the air temperature decreases 
with altitude at the rate of about 2.5°C every 300 meters. 


‘The second layer of the atmosphere is the stratosphere, which occu- 
pies an altitude range extending from about 10 km to 50 km. This 
layer of air remains at а nearly constant temperature of about -65°C. 


Beginning at about 50 km and extending upward to more than 500 
km is the ionosphere. The ionosphere gets its name because the 
molecules of its atmosphere are ionized, i.e., electrons have been 
stripped away from atoms by the constant bombardment of the 
Sun's rays and other high energy particles released by the Sun. 
Because of the large quantities of free electrons, the ionosphere is 
capable of interacting strongly on radio waves traveling through it 


Radio Wave Propagation 


‘There are two principal ways radio waves travel from the transmit- 
ter to the receiver. One is by ground wave, directly from the trans- 
mitter to the receiver. The other is by sky wave, up to the 
ionosphere and refracted (bent downward) back to the Earth. Short- 
distance, all ИНЕ, and upper VHF transmissions are by ground 
waves. Long-distance transmissions are principally by sky waves. 
SCR sets can use either ground wave or sky wave propagation for 
‘communications. 
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Ground Wave Propagation. Radio communications using ground 
wave propagation do not use or depend on waves refracted from the 
ionosphere (sky waves). Ground wave propagation is affected by 
the Earth's electrical characteristics and by the amount of diffrac- 
tion (bending) of the waves along the Earth’s curvature. The ground 
wave's strength at the receiver depends on the transmitter’s power 
‘output and frequency, the Earth's shape and conductivity along the 
transmission path, and the local weather conditions. The ground 
wave includes three components: the direct wave, the ground 
reflected wave, and the surface wave (fig. 1-4). 


DIRECT WAVE 


SURFACE 
WAVE 
Figure 1-4. Ground Wave. 
Direct Wave, The direct wave travels directly from the transmitting, 


antenna to the receiving antenna. The direct wave is limited to the 
LOS distance between the transmitting antenna and the receiving 
antenna plus the short distance added by atmospheric refraction and 
diffraction of the wave around the Earth's curvature. This distance 
сап be extended by increasing the transmitting or the receiving 
antenna height, or both. 
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Ground Reflected Wave. The ground reflected wave reaches the 
receiving antenna after being reflected from the Earth's surface. 
Cancellation of the radio signal can occur when the ground 
reflected component and the direct wave component arrive at the 
receiving antenna at the same time and are 180° out of phase with 
each other 


Surface Wave. The surface wave follows the Earth's curvature. It 
is affected by the Earth's conductivity and dielectric constant. 


Frequency Characteristics Of Ground Waves. Various frequen- 
cies determine which wave component will prevail along any given 
signal path. For example, when the Earth’s conductivity is high and 
the frequency of а radiated signal is low, the surface wave is the 
predominant component. For frequencies below 10 MHz, the sur- 
face wave is sometimes the predominant component. However, 
above 10 MHz, the losses that are sustained by the surface wave 
‘component are so great that the other components (direct wave and 
sky wave) become predominant, 


At frequencies of 30 to 300 KHz, ground losses are very small, so 
the surface wave component follows the Earth's curvature. It can be 
used for long-distance communications provided the radio operator 
has enough power from the transmitter. The frequencies 300 kHz to 
3 MHz are used for long-distance communications over sea water 
and for medium-distance communications over land. 


At high frequencies, 3 to 30 MHz, the ground's conductivity is 
extremely important, especially above 10 MHz where the dielectric 
constant or conductivity of the Earth’s surface determines how 
much signal absorption occurs. In general, the signal is strongest at 
the lower frequencies when the surface over which it travels has a 
high dielectric constant and conductivity. 
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Earth's Surface Conductivity. The dielectric constant or Earth's 
surface conductivity determines how much of the surface wave 
signal energy will be absorbed or lost. Although the Earth's surface 
conductivity as a whole is generally poor, the conductivity of vary- 
ing surface conditions, when compared one with an other, would be 
as stated in table 1-3. 


Table 1-3. Surface Conductivity. 


Surface Type Relative Conductivity 
Large body fresh water Very good 

Ocean or sea water. Good 

Flat or ily loamy зой Fair 

Rocky terrain Poor 

Desert Poor 

Jungle Very poor 


Sky Wave Propagation. Radio communications that use sky wave 
propagation depend on the ionosphere to provide the signal path 
between the transmitting and receiving antennas, 


lonospherie Structure. The ionosphere has four distinct layers. In 
the order of increasing heights and decreasing molecular densities, 
these layers are Р, E, Fl, and F2. During the day, when the rays of 
the Sun are directed toward that portion of the atmosphere, all four 
layers may be present. At night, the FI and F2 layers Seem to merge 
into a single F layer, and the D and E layers fade out. The actual 
number of layers, their height above the Earth, and their relative 
intensity of ionization vary constantly. 
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The D layer exists only during the day and has little effect in bend- 
ing the paths of HF radio waves. The main effect of the D layer is to 
attenuate HF waves when the transmission path is in sunlit regions. 


‘The E layer is used during the day for HF radio transmission over 
intermediate distances (less than 2,400 km/1,500 miles [mi]. At 
night the intensity of the E layer decreases, and it becomes useless 
for radio transmission. 


"The F layer exists at heights up to 380 km/240 mi above the Earth 
and is ionized all the time. It has two well-defined layers (F1 and 
F2) during the day, and one layer (F) at night. At night the F layer 
remains at а height of about 260 km/170 mi and is useful for long- 
range radio communications (over 2,400 km/1,500 mi). The F2 
layer is the most useful for long-range radio communications, even 
though its degree of ionization varies appreciably from day to day 
(ig. 1-5). 


The Earth's rotation around the Sun and changes in the Sun’s activ 
ity contribute to ionospheric variations. There are two main classes 
of these variations: regular (predictable) and irregular, occuring 
from abnormal behavior of the Sun. 


Regular lonospheric Variations. The four regular variations are— 


* Daily: caused by the rotation of the Earth. 
+ Seasonal: caused by the north and south progression of the Sun. 
+ 27-day: caused by the rotation of the Sun on its axis. 


^ 1-year: caused by the sunspot activity cycle going from maxi- 
‘mum through minimum back to maximum levels of intensity. 


Antenna Handbook ——— — —————— ——- 1-13 


DAYLIGHT POSITIONS. 


F2 250-500 km (250-420 km at night) 
F1 200-250 km 
E 90-130 km 
D 78 80 kn 


Figure 1-5. lonospheric Structure. 
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Irregular lonospheric Variations. In planning a communications 
system, the current status of the four regular variations must Бе 
anticipated. There are also unpredictable irregular variations that 
must be considered. They have a degrading effect (at times blank- 
ing ош communications) which cannot be controlled or compen- 
‘sated for at the present time. Some irregular variations are 


* Sporadic E. When excessively ionized, the E layer often blanks 
out the reflections from the higher layers. It can also cause 
unexpected propagation of signals hundreds of miles beyond 
the normal range. This effect can occur at any time. 

+ Sudden ionospheric disturbance (SID). A sudden ionospheric 
disturbance coincides with a bright solar eruption and causes 
abnormal ionization of the D layer. This effect causes total 
absorption of all frequencies above approximately 1 MHz. It 
сап occur without warning during daylight hours and can last 
from a few minutes to several hours. When it occurs, receivers 
seem to go dead. 

* Tonospheric storms. During these storms, sky wave reception 
above approximately 1.5 MHz shows low intensity and is 
subject to a type of rapid blasting and fading called flutter fad- 
ing. These storms may last from several hours to days and usu- 
ally extend over the entire Earth, 


Sunspots. Sunspots generate bursts of radiation that cause high 
levels of ionization. The more sunspots, the greater the ionization. 
During periods of low sunspot activity, frequencies above 20 MHz 
tend to be unusable because the E and F layers are too weakly ion- 
ized to reflect signals back to Earth. At the peak of the sunspot 
cycle, however, it is not unusual to have worldwide propagation on 
frequencies above 30 MHz. 
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Frequency Characteristics in the lonosphere. The range of long- 
distance radio transmission is determined primarily by the ioniza- 
tion density of each layer. The higher the frequency, the greater the 
ionization density required to reflect radio waves back to Earth. The 
upper (E and F) layers reflect the higher frequencies because they 
arc the most highly ionized. The D layer, which is the least ionized, 
does not reflect frequencies above approximately 500 kHz. Thus, at 
any given time and for each ionized layer, there is an upper fre- 
quency limit at which radio waves sent vertically upward are 
reflected back to Earth. This limit is called the critical frequency. 


Radio waves directed vertically at frequencies higher than the citi- 
cal frequency pass through the ionized layer out into space. All radio 
Waves directed vertically into the ionosphere at frequencies lower 
‘than the critical frequency are reflected back to Earth. Radio waves 
used in communications are generally directed towards the iono- 
sphere at some oblique angle, called the angle of incidence. Radio 
Waves at frequencies above the critical frequency will be reflected 
back to Earth if transmitted at angles of incidence smaller than a cer- 
tain angle, called the critical angle. At the critical angle, and at all 
angles larger than the critical angle, the radio waves pass through the 
ionosphere if the frequency is higher than the critical frequency. As 
the angle of transmission decreases, an angle is reached at which the 
radio waves are reflected back to Earth. 


Transmission Paths. Sky wave propagation refers to those types 
of radio transmissions that depend on the ionosphere to provide sig- 
nal paths between transmitters and receivers, 


‘The distance from the transmitting antenna to the place where the 
sky waves first return to Earth is the skip distance, The skip distance 
depends on the angle of incidence, the operating frequency, and the 
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ionosphere's height and density. The antenna's height, in relation to 
the operating frequency, affects the angle that transmitted radio 
waves strike and penetrate the ionosphere and then return to Earth 
This angle of incidence can be controlled to obtain the desired cov- 
erage area, Lowering the antenna height increases the angle of trans- 
mission and provides broad and even signal patterns in a large area. 


Using near-vertical transmission paths is known as near-vertical 
incidence sky wave (NVIS). Raising the antenna height lowers the 
angle of incidence. Lowering the angle of incidence produces a skip. 
zone in which no usable signal is received. This area is bounded by 
the outer edge of usable ground wave propagation and the point 
nearest the antenna at which the sky wave returns to Earth. In short- 
range communications situations, the skip zone is an undesirable 
condition, However, low angles of incidence make long-distance 
‘communications possible. 


When a transmitted wave is reflected back to the Earth’s surface, the 
Earth absorbs part of the energy. The remaining energy is reflected 
back into the ionosphere to be reflected back again. This means of 
transmission—alternately reflecting the radio wave between the 
ionosphere and the Earth—is called hops. Hops enable radio waves 
to be received at great distances from the point of origin. 


Fading. Fading is the periodic increase and decrease of received 
signal strength. Fading occurs when a radio signal is received over а 
long-distance path in the high frequency range. The precise origin 
ol this fading is seldom understood. There is little common knowl- 
‘edge of what precautions to take to reduce or eliminate fading’s 
troublesome effects. Fading associated with sky wave paths is the 
greatest detriment to reliable communications. Too often, those 
responsible for communication circuits rely on raising the transmit- 
ter power or increasing antenna gain to overcome fading. Unfortu- 
nately, such actions often do not work and seldom improve 
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reliability. Only when the signal level fades down below the back- 
ground noise level for an appreciable fraction of time will increased 
transmitter power or antenna gain yield an overall circuit improve- 
ment. Choosing the correct frequency and using transmitting and 
receiving equipment intelligently ensure a strong and reliable 
receiving signal, even when low power is used. 


Maximum Usable and Lowest Usable Freguencies. Using a 
given ionized layer and a transmitting antenna with a fixed angle оГ 
radiation, there is a maximum frequency at which a radio wave will 
return to Earth at a given distance, This frequency is called the max- 
um usable frequency (МОР). It is the monthly median of the 
daily highest frequency that is predicted for sky wave transmission 
over a particular path at a particular hour of the day. The MUF is 
always higher than the critical frequency because the angle of inci- 
dence is less than 90°. If the distance between the transmitter and. 
the receiver is increased, the MUF will also increase. Radio waves. 
lose some of their energy through absorption by the D layer and a 
portion of the E layer at certain transmission frequencies. 


The total absorption is less and communications more satisfactory 
as higher frequencies are uscd—up to the level of the MUF. The 
absorption rate is greatest for frequencies ranging from approxi- 
mately 500 kHz to 2 MHz during the day. At night the absorption. 
тше decreases for all frequencies. As the frequency of transmission. 
over any sky wave path decreases from high to low frequencies, a 
frequency will be reached at which the received signal overrides the. 
level of atmospheric and other radio noise interference. This is 
called the lowest useful frequency (LUF) because frequencies 
lower than the LUF are too weak for useful communications. The. 
LUF depends on the transmitter power output as well as the trans- 
mission distance. When the LUF is greater than the MUF, no sky. 
wave transmission is possible. 
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Propagation Prediction. Although a detailed discussion of propa- 
gation prediction methods is beyond the scope of this publication, it 
should be noted that propagation predictions сап be obtained from а 
system planning, engineering, and evaluation device (SPEED). 


Other Factors Affecting Propagation 


In the VHF and UHF ranges, extending from 30 to 300 MHz and 
beyond, the presence of objects (e.g., buildings or towers) may pro- 
duce strong reflections that arrive at the receiving antenna in such a 
way that they cancel the signal from the desired propagation path 
and render communications impossible. Most Marines are familiar 
with distant TV station reception interference caused by high-flying 
aircraft. The signal bouncing off of the aircraft alternately cancels 
and reinforces the direct signal from the TV station as the aircraft 
‘changes position relative to the transmitting and receiving antennas. 


This same interference can adversely affect the ordinary voice com- 
munications circuit at УНЕ and UHF, rendering the received signal 
unintelligible for brief periods of time. Receiver locations that 
avoid the proximity of an airfield should be chosen if possible. 
‘Avoid locating transmitters and receivers where an airfield is at or 
near midpoint of the propagation path of frequencies above 20 
MHz. 


Many other things may affect the propagation of a radio wave. 
Hills, mountains, buildings, water towers, tall fences, aircraft, and 
‘even other antennas can have a marked affect on the condition and 
reliability of a given propagation path. Conductivity of the local 
ground or body of water can greatly alter the strength of the trans- 
mitted or received signal. Energy radiation from the Sun's surface 
also greatly affects conditions within the ionosphere and alters the 
characteristics of long-distance propagation at 2 to 30 MHz. 
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Path Loss 
Radio waves become weaker as they spread from the transmitter. 


‘The ratio of received power to transmitted power is called path loss. 
LOS paths at VHF and UHF require relatively little power since the 
total path loss at the radio horizon is only about 25 decibels (dB) 
greater than the path loss over the same distance in free space 
(absence of ground). This additional loss results from some energy 
being reflected from the ground, canceling part of the direct wave 
energy. This is unavoidable in almost every practical case, The total 
path loss for an LOS path above average terrain varies with the fol- 
lowing factors: total path loss between transmitting and receiving 
antenna terminals, frequency, distance, transmitting antenna gain, 
and receiving antenna gain. 


Reflected Waves 


Olen it is possible to communicate beyond the normal LOS dis- 
tance by exploiting the reflection from a tall building, nearby moun- 
tain, or water tower (fig. 1-6 on page 1-20). If the top portion of a 
structure or hill can be seen readily by both transmitting and receiv- 
ing antennas, it may be possible to achieve practical communica- 
tions by directing both antennas toward the point of maximum 
reflection. If the reflecting object is very large in terms of a wave- 
length, the path loss, including the reflection, can be very low. 


Ifa structure or hill exists adjacent to an LOS path, reflected energy 
may either add to or subtract from the energy arriving from the 
direct path. If the reflected energy arrives at the receiving antenna 
with the same amplitude (strength) as the direct signal but has the 
‘opposite phase, both signals will cancel and communication will be 
impossible. However, if the same condition exists but both signals 
arrive in phase, they will add and double the signal strength. These 
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RECEIVER 


TRANSMITTER 


Figure 1-6. Reflected Waves. 


two conditions represent destructive and constructive combinations 
of the reflected and direct waves. 


Reflection from the ground at the common midpoint between the 
receiving and transmitting antennas may also arrive in a construc- 
tive or destructive manner. Generally, in the VHF and UHF range, 
the reflected wave is out of phase (destructive) with respect to the 
direct wave at vertical angles less than a few degrees above the 
horizon. However, since the ground is not a peifect conductor, the 
amplitude of the reflected wave seldom approaches that of the 
direct wave. Thus, even though the two arrive out of phase, com- 
plete cancellation does not occur. Some improvement may result 
from using vertical polarization rather than horizontal polarization 
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over LOS paths because there tends to be less phase difference 
between direct and reflected waves. The difference is usually less 
than 10 dB, however, in favor of vertical polarization. 


Diffraction 


Unlike the ship passing beyond the visual horizon, a radio wave 
does not fade out completely when it reaches the radio horizon. А. 
small amount of radio energy travels beyond the radio horizon by a 
process called diffraction. Diffraction also occurs when a light 
source is held near an opaque object, casting a shadow on a surface 
behind it, Near the edge of the shadow a narrow band can be seen 
which is neither completely light nor dark. The transition from total 
light to total darkness does not occur abruptly, but changes 
smoothly as the light is diffracted. 


A radio wave passing over either the curved surface of the Earth or 
a mountain ridge behaves in much the same fashion as a light wave. 
For example, people living in a valley below a high, sharp, moun- 
tain ridge can often receive a TV station located many miles below 
оп the other side. Figure 1-7 illustrates how radio waves from de 


Figure 1-7. Diffracted Wave. 
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‘TV station are diffracted by the mountain ridge and bent downward 
in the direction of the village. It is emphasized, however, that the 
energy decays very rapidly as the angle of propagation departs from 
the straight LOS path. Typically, а diffracted signal may undergo а 
reduction of 30 to 40 dB by being bent only 5 feet by a mountain 
ridge. The actual amount of diffracted signal depends on the shape 
of the surface, the frequency, the diffraction angle, and many other 
factors. It is sufficient to say that there are times when the use of 
diffraction becomes practical as а means for communicating in the 
УНЕ and UHF over long distances. 


Tropospheric Refraction, Ducting, and Scattering 


Refraction is the bending of a wave as it passes through air layers of 
different density (refractive index). In semitropical regions, a layer 
of air 5 to 100 meters thick with distinctive characteristics may 
form close to the ground, usually the result of a temperature inver- 
sion. For example, on an unusually warm day after a rainy spell, the 
Sun may heat up the ground and create a layer of warm, moist air 
After sunset, the air a few meters above the ground will cool very 

close to the ground serves as a 
blanket for the remaining heat. After a few hours, a sizable differ- 
ence in temperature may exist between the air near the ground and 
the air at a height of 10 to 20 meters, resulting in a marked differ- 
ence in air pressure. Thus, the air near the ground is considerably 
denser than the air higher up. This condition may exist over an area 
of several hundred square kilometers or over a long area of land 
near a seacoast. When such an air mass forms, it usually remains 
stable until dawn, when the ground begins to cool and the tempera- 
ture inversion ends. 


When a VHF or UHF radio wave is launched within such air mass, 
it may bend or become trapped (forced to follow the inversion 
layer). This layer then acts as a duct between the transmitting 
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antenna and a distant receiving site. The effects of such ducting can 
be seen frequently during the year in certain locations where TV or 
УНЕ FM stations are received over paths of several hundred kilo- 
meters. The total path loss within such a duct is usually very low 
and may exceed the free space loss by only a few dis. 


It is also possible to communicate over long distances by means of 
tropospheric scatter. At altitudes of a few kilometers, the air mass 
has varying temperature, pressure, and moisture content. Small 
fluctuations in tropospheric characteristics at high altitude create 
blobs. Within a blob, the temperature, pressure, and humidity are 
different from the surrounding air. If the difference is large enough, 
it may modify the refractive index at УНЕ and UHF. A random dis- 
tribution of these blobs exists at various altitudes at all times. If a 
high-power transmitter (greater than I KW) and high gain antenna 
(10 dB or more) are used, sufficient energy may be scattered from 
these blobs down to the receiver to make reliable communication 
possible over several hundred kilometers. Communication circuits 
‘employing this mode of propagation must use very sensitive receiv- 
ers and some form of diversity to reduce the effects of the rapid and 
deep fading. Scatter propagation is usually limited to path distances 
of less than about 500 km. 


NOISE 


Noise consists of all undesired radio signals, manmade or natural. 
Noise masks and degrades useful information reception. The radio. 
signal's strength is of little importance if the signal power is greater 
than the received noise power. This is why S/N ratio is the most 
important quantity in a receiving system. Increasing receiver ampli- 
fication cannot improve the S/N ratio since both signal and noise 
will be amplified equally and S/N ratio will remain unchanged. 
‘Normally, receivers have more than enough amplification, 
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Natural Noise 


Natural noise has two principle sources: thunderstorms (atmo- 
spheric noise) and stars (galactic noise). Both sources generate 
sharp pulses of electromagnetic energy over all frequencies. The 
pulses propagate according to the same laws as manmade signals, 
and receiving systems must accept them along with the desired sig- 
nal. Atmospheric noise is dominant from 0 to 5 MHz, and galactic 
noise is most important at ай higher frequencies. Low frequency 
transmitters must generate very strong signals to overcome noise. 
Strong signals and strong noise mean that the receiving antenna 
does not have to be large to collect a usable signal (a few hundred 
microvolts). A 1.5 meter tuned whip will deliver adequately all of 
the signals that can be received at frequencies below 1 MHz. 


Manmade Noise 


‘Manmade noise is a product of urban civilization that appears wher- 
ever electric power is used. It is generated almost anywhere that 
there is an electric arc (e.g. automobile ignition systems, power 
lines, motors, are welders, fluorescent lights). Each source is small, 
but there are so many that together they can completely hide a weak 
mal that would be above the natural noise in rural areas. Man- 
made noise is troublesome when the receiving antenna is near the 
source, but being near the source gives the noise waves characteris- 
tics that can be exploited. Waves neat a source tend to be vertically 
polarized. A horizontally polarized receiving antenna will generally 
receive less noise than a vertically polarized antenna. 


Manmade noise currents are induced by any conductors near the 
source, including the antenna, transmission line, and equipment 
cases. Ifthe antenna and transmission line are balanced with respect 
to the ground, then the noise voltages will be balanced and cancel 


Antenna Handbook 1-25 


with respect io the receiver input terminals (zero voltage across ter- 
minals), and this noise will not be received. Near-perfect balancé is 
difficult to achieve, but any balance helps. 


Other ways to avoid manmade noise are to locate the most trouble- 
‘some sources and turn them off, or move the receiving system away 
from them. Moving a kilometer away from a busy street or highway 
will significantly reduce noise. Although broadband receiving 
antennas are convenient because they do not have to be tuned to 
each working frequency, sometimes a narrowband antenna can 
make the difference between communicating and not communicat- 
зв. The HF band is now so crowded with users that interference 
and noise, not signal strength, are the main reasons for poor com- 
‘munications. A narrowband antenna will reject strong interfering 
signals near the desired frequency and help maintain good commu- 
nications. 


(reverse blank) 
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Section I. Concepts and Terms 


To select the right antennas for a radio circuit, certain concepts and 
terms must be understood. This section defines several basic terms 
and relationships which will help the reader understand antenna 
fundamentals. These include: forming a radio wave, radiation fields 
and patterns, polarization, directionality, resonance, reception, reci- 
procity, impedance, bandwidth, gain, and take-off angle. 


FORMING A RADIO WAVE 


When an alternating electric current flows through a conductor 
(wire), electric and magnetic fields are created around the conduc- 
tor, If the length of the conductor is very short compared to a wave- 
length, the electric and magnetic fields will generally die out within 
а distance of one or two wavelengths. However, as the conductor is 
Tengthened, the intensity of the fields enlarge. Thus, an ever- 
increasing amount of energy escapes into space. When the length of 
the wire approaches one-half of a wavelength at the frequency of 
the applied alternating current, most of the energy will escape in the 
form of electromagnetic radiation. For effective communications to 
occur, the following must exist: alternating electric energy in the 
form of a transmitter, a conductor or a wire, an electric current 
flowing through the wire, and the generation of both electric and 
‘magnetic fields in the space surrounding the wire. 


RADIATION 


Once a wire is connected to a transmitter and properly grounded, it 
begins to oscillate electrically, causing the wave to convert nearly 
all of the transmitter power into an electromagnetic radio wave. The 
electromagnetic energy is created by the alternating flow of elec- 
trons impressed on the bottom end of the wire. The electrons travel 
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upward on the wire to the top, where they have no place to go and 
are bounced back toward the lower end. As the electrons reach the 
lower end in phase, i.e, in step with the radio energy then being 
applied by the transmitter, the energy of their motion is strongly 
reinforced as they bounce back upward along the wire. This regen- 
erative process sustains the oscillation. The wire is resonant at the 
frequency at which the source of energy is alternating. 


The radio power supplied to a simple wire antenna appears nearly 
equally distributed throughout its length. The energy stored at any 
location along the wire is equal to the product of the voltage and the. 
current at that point. If the voltage is high at a given point, the cur- 
rent must be low. If the current is high, the voltage must be low. The. 
electric current is maximum near the bottom end of the wire. 


Radiation Fields 


When RF power is delivered to an antenna, two fields evolve. One 
is an induction field, which is associated with the stored energy; the 
other is a radiation field. At the antenna, the intensities of these 
fields are large and are proportional to the amount of RF power 
delivered to the antenna. At a short distance from the antenna and 
beyond, only the radiation field remains. This field is composed of 
ап electric component and a magnetic component (see fig. 2-1 on 
page 2.4). 


The electric and magnetic fields (components) radiated from an 
antenna form the electromagnetic field. The electromagnetic field 
transmits and receives electromagnetic energy through free space. 
A radio wave is a moving electromagnetic field that has velocity in 
the direction of travel and components of electric intensity and 
magnetic intensity arranged at right angles to each other. 
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Figure 2-1. Radiation Fields. 
Radiation Patterns 


‘The radio signals radiated by an antenna form an electromagnetic 
field with a definite pattern, depending on the type of antenna used. 
‘This radiation pattern shows the antenna’s directional characteris- 
tics. A vertical antenna radiates energy equally in all directions 
(omnidirectional), a horizontal antenna is mainly bidirectional, and 
‘a unidirectional antenna radiates energy in one direction. However, 
the patterns are usually distorted by nearby obstructions or terrain 
features. The full. or solid-radiation pattern is represented as a 
three-dimensional figure that looks somewhat like a doughnut with 
a transmitting antenna in the center (fig 2-2). 
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Figure 2-2. Radiation Patterns. 
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POLARIZATION 


A radiated wave's polarization is determined by the direction of the 
lines of force making up the electric field. If the lines of electric 
force are at right angles to the Earth's surface, the wave is vertically 
polarized (fig. 2-3). If the lines of electric force are parallel to the 
Earth's surface, the wave is horizontally polarized (fig. 2-4). When 
a single-wire antenna extracts (receives) energy from a passing 


Figure 2-3. Vertical Polarization. 
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radio wave, maximum pickup results if the antenna is oriented in 
the same direction as the electric field component. A vertical 
antenna receives vertically polarized waves, and а horizontal 
antenna receives horizontally polarized waves. If the field rotates as 
the waves travel through space, both horizontal and vertical com- 
ponents of tbe field exist, and the wave is elliptically polarized. 


E> 


SIGNAL VOLTAGE 


Figure 2-4, Horizontal Polarization. 
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Pol. 


ization Requirements for Various Frequencies 


At medium and low frequencies, ground wave transmission is used 
extensively, and it is necessary to use vertical polarization. Vertical 
lines of force are perpendicular to the ground, and the radio wave 
can travel a considerable distance along the ground surface with a 
minimum amount of loss, Because the Earth acts as a relatively 
good conductor at low frequencies, horizontal lines of electric force 
are shorted out, and the useful range with the horizontal polari 
tion is limited, 


At high frequencies, with sky wave transmission, it makes little dif- 
ference whether horizontal or vertical polarization is used. The sky 
wave, after being reflected by the ionosphere, arrives at the receiv- 
ing antenna elliptically polarized. Therefore, the transmitting and 
receiving antennas can be mounted either horizontally or vertically. 
Horizontal antennas are preferred, since they can be made to radiate 
effectively at high angles and have inherent directional properties. 


For frequencies in the VHF or UHF range, either horizontal or ver- 
tical polarization is satisfactory. Since the radio wave travels 
directly from the transmitting antenna to the receiving antenna, the 
original polarization produced at the transmitting antenna is main- 
tained as the wave travels o the receiving antenna. I a horizontal 
antenna is used for transmitting, a horizontal antenna must be used 
for receiving 


‘Satellites and satellite terminals use circular polarization. Circular 
polarization describes a wave whose plane of polarization rotates 
through 360° as it progresses forward. The rotation can be clock- 
wise or counterclockwise (ee fig. 2-5). Circular polarization occurs 
when equal magnitudes of vertically and horizontally polarized 
Waves are combined with a phase difference of 90”. Rotation in one 
direction or the other depends on the phase relationship. 
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Advantages of Verti 


Simple vertical half-wave and quarter-wave antennas provide 
‘omnidirectional communications. This is desirable in communicat- 
ing with a moving vehicle. The disadvantage is that it radiates 
equally to the enemy and friendly forces. 


When antenna heights are limited to 3.05 meters (10 feet) or less 
over land, as in a vehicular installation, vertical polarization pro- 
vides a stronger received signal at frequencies up to about 50 MHz. 

From about 50 to 100 MHz, there is only a slight improvement over 
horizontal polarization with antennas at the same height. Above 100 
MHz, the difference in signal strength between vertical and hori- 
zontal polarization is small. However, when antennas are located 
near dense forests, horizontally polarized waves suffer lower losses 
than vertically polarized waves. 


Vertically polarized radiation is somewhat less affected by reflec- 


tions from aircraft flying over the transmission path. With horizon- 
tal polarization, such reflections cause variations in received signal 


DIRECTION 
OF TRAVEL 


DIRECTION OF ROTATION, 
RIGHT-HAND 


Figure 2-5. Circular Polarization. 
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strength. An example is the picture flutter in a television set when 
ап aircraft interferes with the transmission path. This factor is 
important in areas where aircraft traffic is heavy. 


When vertical polarization is used, less interference is produced or 
picked up from strong УНЕ and НЕ transmissions (TV and ЕМ 
broadcasts) because they use horizontal polarization. This factor is 
important when an antenna must be located in an urban area that 
has TV or EM broadcast stations. 


Advantages of Horizontal Polarization 


A simple horizontal half-wave antenna is bidirectional. This charac- 
teristic is useful in minimizing interference from certain directions. 


Horizontal antennas are less likely to pick up manmade interfer- 
‘ence, which is ordinarily vertically polarized. When antennas are 
located near dense forests, horizontally polarized waves suffer 
lower losses than vertically polarized waves, especially above 100 
MHZ. Small changes in antenna location do not cause large varia- 
tions in the field intensity of horizontally polarized waves when an 
antenna is located among trees or buildings. When vertical polariza- 
tion is used, a change of only a few feet in the antenna location may 
have a significant effect on the received signal strength, 


DIRECTIONALITY 


Vertical receiving antennas accept radio signals equally from all 
horizontal directions, just as vertical transmitting antennas radiate 
equally in all horizontal directions. Because of this characteristic, 
other stations operating on the same or nearby frequencies may 
imterfere with the desired signal and make reception difficult or 
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impossible. However, reception of a desired signal can be improved. 
by using directional antennas. 


Horizontal half-wave antennas accept radio signals from all direc- 
tions. The strongest reception is received in a line perpendicular to 
the antenna (е, broadside, and the weakest reception is received 
from the direction of the ends of the antenna). Interfering signals 
can be eliminated or reduced by changing the antenna installation 
зо that either end of the antenna points directly at the interfering 
station. 


Communications over a radio circuit is satisfactory when the 
received signal is strong enough to override undesired signals and 
noise. The receiver must be within range of the transmitter. Increas- 
ing the transmitting power between two radio stations increases 
communications effectiveness. Also, changing the types of trans- 
mission, changing to a frequency that is not readily absorbed, ог 
using a directional antenna aids in communications effectiveness. 


Directional transmitting antennas concentrate radiation in a given 
direction and minimize radiation in other directions. A directional 
antenna may also be used to lessen interception by the enemy and 
interference with friendly stations. 


RESONANCE 


Antennas can be classified as either resonant or nonresonant, 
depending on their design. In a resonant antenna, almost al of the 
radio signal fed to the antenna is radiated. If the antenna is fed with 
а frequency other than the one for which itis resonant, much of the 
fed signal will be lost and will not be radiated. A resonant antenna. 
will effectively radiate a radio signal for frequencies close to its 
design frequency (usually only 2 percent above or below the design 
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frequency). If a resonant antenna is used for a radio circuit, a sepa- 
rate antenna must be built for each frequency to be used on the 
radio circuit. A nonresonant antenna, on the other hand, will effec- 
tively radiate a broad range of frequencies with less efficiency, Res- 
Onant and nonresonant antennas are commonly used on tactical 
circuits. Resonance can be achieved in two ways: physically match- 
ing the length of the antenna to the wave and electronically match- 
ing the length of the antenna to the wave. 


RECEPTION 


‘The radio waves that leave the transmitting antenna will have an 
influence on and will be influenced by any electrons in their path. 
For example, as an НЕ wave enters the ionosphere, it is reflected ог 
refracted back to earth by the action of free electrons in this region 
of the atmosphere. When the radio wave encounters the wire or 
metallic conductors of the receiving antenna, the radio wave's elec- 
tric field will cause the electrons in the antenna to oscillate back and 
forth in step with the wave as it passes. The movement of these 
electrons within the antenna is the small alternating electrical cur- 
rent which is detected by the radio receiver. 


When radio waves encounter electrons which are free to move 
under the influence of the wave's electric field, the free electrons 
oscillate in sympathy with the wave. This generates electric cur- 
rents which then create waves of their own. These new waves are 
reflected or scattered waves. This process is electromagnetic scat- 
tering. All materials that are good electrical conductors reflect or 
scatter RF energy. Since a receiving antenna is a good conductor, it 
too acts as a scatterer. Only a portion of the energy which comes in 
contact with the antenna is converted into received electrical power; 
a sizable portion of the total power is re-radiated by the wire. 
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If an antenna is located within a congested urban environment or 
within a building, there аге many objects which will scatter or ге- 
raditate the energy in a manner that can be detrimental to reception. 
For example, the electric wiring inside a building can strongly re- 
radiate RF energy. If a receiving antenna is in close proximity to 
wires, it is possible for the reflected energy to cancel the energy 
received directly from the desired signal path. When this condition 
exists, the receiving antenna should be moved to another location 
within the room where the reflected and direct signals may rein- 
force rather than cancel each other. 


RECIPROCITY 


‘The various properties of an antenna apply equally, 
whether the antenna is used for transmitting or receiving. This is 
what is meant by reciprocity of antennas. For example, the more 
efficient a certain antenna is for transmitting, the more efficient it 
will be for receiving the same frequency. The directive properties 
of a given antenna will be the same whether itis used for transmis- 
sion or reception. 


For example, figure 2-6 on page 2-14 shows a particular antenna 
used with а transmitter radiating a maximum amount of energy at 
right angles to the antenna wire. There is a minimum amount of 
radiation along the axis of the antenna. If this same antenna is used 
as a receiving antenna, it receives best in the same directions in 
which it produced maximum radiation (ie, at right angles to the 
axis of the antenna). There is a minimum amount of signal received 
from transmitters located in ine with the antenna wire. 
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Figure 2-6. Reciprocity. 


IMPEDANCE 


Impedance is the relationship between voltage and current at any 
point in an alternating current circuit. The impedance of an antenna 
is equal to the ratio of the voltage to the current at the point on the 
antenna where the feed is connected (feed point). If the feed point is 
located at a point of maximum current, the antenna impedance is 20 
to 100 ohms. If the feed point is moved to a maximum voltage 
point, the impedance is as much as 500 to 10,000 ohms. 


"The input impedance of an antenna depends on the conductivity or 
impedance of the ground. For example, if the ground is a simple 
stake driven about a meter into earth of average conductivity, the 
impedance of the monopole may be double or even triple the quoted 
values. Because this additional resistance occurs at a point on the 
antenna circuit where the current is high, a large amount of 
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transmitter power will dissipate as heat into the ground rather than 
radiated as intended. Therefore, it is essential to provide as good a 
ground or artificial ground (counterpoise) connection as possible 
‘when using a vertical whip or monopole. 


"The amount of power an antenna radiates depends on the amount of 
current which flows in it. Maximum power is radiated when there is 
maximum current flowing. Maximum current flows when the 
impedance is minimized when the antenna is resonated so that its 
impedance is pure resistance. (When capacitive reactance is made 
equal to inductive reactance, they cancel each other and impedance 
equals pure resistance.) 


BANDWIDTH 


‘The bandwidth of an antenna is that frequency range over which it 
will perform within certain specified limits. These limits are with 
respect to impedance match, gain, and/or radiation pattern charac- 
teristics. Typical specification limits are— 


+ An impedance mismatch of less than 2:1 relative to some stan- 
dard impedance such as 50 ohms. 

A loss in gain or efficiency of no more than 3 dB. 

+ A directivity pattern whose main beam is 13 dB greater than 
any of the side lobes, and a back lobe at least 15 dB below the 
main beam, 

* Bandwidth is measured by changing the frequency of a con- 
stant-strength test signal above and below center frequency and 
measuring power output. The high and low frequencies, where 
power is one-half (-3 dB) of what it was at center, define the 
bandwidth. It is expressed as frequency (high minus low) or in. 
percentage (high-low/center x 100%). 
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In the radio communication process, intelligence changes from 
speech or writing int а low frequency signal that is used to modu- 
late, or cause change, in a much higher frequency radio signal. 
When transmitted by an antenna, these radio signals carry the intel- 
ligence to the receiving antenna, where it is picked up and recon- 
verted into the original speech or writing. There are natural laws 
which limit the amount of intelligence or signal that can be trans- 
mitted and received at a given time. The more words per minute, 
the higher the rate and the modulation frequency, so a wider or 
greater bandwidth is needed. To transmit and receive all the intelli- 
gence necessary, the antenna bandwidth must be as wide or wider 
than the signal bandwidth, otherwise it will limit the signal frequen- 
cies, causing voices and writing to be unintelligible. Too wide a 
bandwidth is also bad, since it accepts extra voices and will degrade 
the S/N ratio. Figure 2-7 shows how signal bandwidth is defined 
and gives some examples of bandwidth required to transmit ordi- 
nary types of intelligence. 


GAIN 


‘The antenna’s gain depends on its design. Transmitting antennas are 
designed for high efficiency in radiating energy, and receiving 
antennas are designed for high efficiency in picking up (gaining) 
energy. On many radio circuits, transmission is required between a 
transmitter and only one receiving station. Energy is radiated in one 
direction because it is useful only in that direction. Directional 
receiving antennas increase the energy gain in the favored direction 
and reduce the reception of unwanted noise and signals from other 
directions, Transmitting and receiving antennas should have small 
energy losses and should be efficient as radiators and receptors. 
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Figure 2-7. Bandwidth. 
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‘TAKE-OFF ANGLE 


‘The antenna's take-off angle is the angle above the horizon that an 
antenna radiates the largest amount of energy (see fig. 2-8). VHF 
‘communications antennas are designed so that the energy is radi- 
ated parallel to the Earth (do not confuse take-off angle and polar- 
ization). The take-off angle of an HF communications antenna can 
determine whether a circuit is successful or not. HF sky wave 
antennas are designed for specific take-off angles, depending on the 
circuit distance. High take-off angles are used for short-range com- 
‘munications, and low take-off angles are used for long-range com- 
munications. 
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Figure 2-8. Take-Off Angle. 
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Section II. Ground Effects 


Since most tacical antennas are erected over the Earth and not out. 
in free space, except for those on satellites, the ground will alter be 
free space radiation patterns of antennas. The ground will also 
affect some of the electrical characteristics of an antenna. It has the 
greatest effect on those antennas that must be mounted relatively 
lose to the ground in terms of wavelength. For example, medium- 
and high-frequency antennas, elevated above the ground by only a 
fraction of a wavelength, will have radiation patterns that are quite 
different from the free-space patterns 


GROUNDED ANTENNA THEORY 


The ground is a good conductor for medium and low frequencies 
and acts as a large mirror for the radiated energy. The ground 
reflects a large amount of energy that is radiated downward from an. 
antenna mounted over it. Using this characteristic of the ground, an 
antenna only a quarter-wavelength long can be made into the equi 
alent of a half-wave antenna. A quarter-wave antenna erected vet 
cally, with its lower end connected electrically to the ground (fig. 
2-9 on page 2-20), behaves like a half-wave antenna. The ground 
takes the place of the missing quarter-wavelength, and the reflec- 
tions supply that part of the radiated energy that normally would be 
supplied by the lower half of an ungrounded half-wave antenna. 
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jure 2-9, Ouarter-Wave Antenna 
Connected to Ground. 


TYPES OF GROUNDS 


When grounded antennas are used, it is especially important that the. 
ground has as high a conductivity as possible. This reduces ground 
losses and provides the best possible reflecting surface for the 
down-going radiated energy from the antenna. At low and medium 
frequencies, the ground acts as a good conductor. The ground con- 
nection must be made in such a way as to introduce the least possi- 
ble amount of resistance to ground. At higher frequencies, artificial 
rounds constructed of large metal surfaces are common. 


Antenna Handbook — 2-21 


‘The ground connections take many forms, depending on the type of 
installation and the loss that can be tolerated. In many simple field 
installations, the ground connection is made by one or more metal 
rods driven into the soil. Where more satisfactory arrangements 
cannot be made, ground leads can be connected to existing devices 
which are grounded. Metal structures or underground pipe systems 
are commonly used as ground connections. In an emergency, а 
ground connection can be made by forcing one or more bayonets 
into the soil 


When an antenna must be erected over soil with low conductivity, 
treat the soil to reduce resistance. Treat ће soil with substances that 
are highly conductive when in solution. Some of these substances, 
listed in order of preference, are sodium chloride (common sali), 
calcium chloride, copper sulfate (blue vitriol), magnesium sulfate 
(Epsom sal), and potassium nitrate (saltpeter). The amount 
required depends on the type of soil and its moisture content, 


WARNING 


WHEN THESE SUBSTANCES ARE USED, IT IS IMPORTANT 
THAT THEY DO NOT GET INTO NEARBY DRINKING WATER 


For simple installations in the field, a single ground rod can be fab- 
ricated from pipe or conduit. It is important that a low resistance 
connection be made between the ground wire and the ground rod. 
‘The rod should be cleaned thoroughly by scraping and sandpaper- 
ing at the point where the connection is to be made, and a clean 
ground clamp should be installed. A ground wire can then be sol- 
dered or joined to the clamp. This joint should be covered with tape 
to prevent an increase in resistance because of oxidation. 
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Counterpoise 


When an actual ground connection cannot be used because of the 
high resistance of the soil or because a large buried ground system 
is not practical, a counterpoise may be used to replace the usual 
direct ground connection. The counterpoise (fig. 2-10) consists of a 
device made of wire, which is erected a short distance above the 
ground and insulated from it. The size of the counterpoise should be 
at least equal to or larger than the size of the antenna. 


When the antenna is mounted vertically, the counterpoise should be 
made into а simple geometric pattern. Perfect symmetry is not 


required. The counterpoise appears to the antenna as an artificial 
ground that helps to produce the required radiation pattern. 
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Figure 2-10. Wire Counterpoise. 


Antenna Handbook 


2-23 


In some VHF antenna installations on vehicles, the metal roof of the 
vehicle (or shelter) is used as a counterpoise for the antenna. Small 
‘counterpoises of metal mesh are sometimes used with special VHF 
antennas that must be located a considerable distance above the 
ground. 


Ground Screen 


A ground screen consists of a fairly large area of metal mesh or 
screen that is laid on the surface of the ground under the antenna. 
‘There are two specific advantages to using ground screens. First, 
the ground screen reduces ground absorption losses that occur when 
ап antenna is erected over ground with poor conductivity. Second, 
the height of the antenna can be set accurately, and the radiation 
resistance of the antenna can be determined more accurately. 
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Section 


Calculating Antenna Length 


An antenna’s length must be considered in two ways: physical and 
electrical. The two are never the same. The reduced velocity of the 
wave on the antenna and a capacitive effect (end effect) make the. 
antenna seem longer electrically than physically. The contributing 
factors are the ratio of the diameter of the antenna to its length and 
the capacitive effect of terminal equipment (e.g, insulators or 
clamps) used to support the antenna. 


To calculate the antenna's physical length, use a correction of 095 
for frequencies between 3 and 50 MHz. The figures given are for a 
half-wave antenna. 


Length (meters) = — 150x095 = 142.50 
Frequency in MHz “Frequency in MHZ 
Length (feet) 402 0.95 468 


Frequency in MHz “Frequency in MHz 


‘The length of a long-wire antenna (one wavelength or longer) for 
harmonic operation is calculated by using the following formula, 
where N = number of balf-wavelengths in the total length of the 
antenna. 


Length (meter) = 150(N-005) 
Frequency in MAE 
Length (fee) = 492(N-0.05) 


Frequency in MHz 
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Example: 3 half-wavelengths at 7 MHz is 


Length (meters) 150(N - 0.05) 
Frequency in MHz — 


150 (3 -.05) 


7 


150x295 


442.50 


= 63.2 meters 


| 
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Section IV. Antenna Orientation 


‘The orientation of an antenna is extremely important. Determining 
the position of an antenna in relation to the points of the compass 
‘can make the difference between a marginal and good radio circuit. 


AZIMUTH 


If the azimuth of the radio's path is not provided, determine it by the 
best available means. The accuracy required depends on the radia- 
tion pattern of the directional antenna. If the antenna beamwidth is 
very wide (e.g. 90° angle between half-power points) an error of 


HALF-POWER 


RELATIVE RELATIVE 
FIELD STRENGTH POWER 


Figure 2-11. Beamwidth Measured on Relative Field Strength 
and Relative Power Patterns. 
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10° is of little consequence. In transportable operation, the rhombic 
and vee antennas may have such a narrow beam that great accuracy 
is required to determine azimuth. The antenna should be erected for 
the correct azimuth. Great accuracy is not required to erect broad- 
beam antennas. 


Unless a line of known azimuth is available at the site, the direction 
of the path is best determined by a magnetic compass. Figure 2-12 
оп page 2-28 is a map of magnetic declination, showing the varia- 
tion of the compass needle from the true north. When the compass 
is held so that the needle points to the direction indicated for the 
location on the map, all directions indicated by the compass will be 
true. 


Improvement of Marginal Communications 


It may not always be feasible to orient directional antennas to the 
correct azimuth of the desired radio path, and marginal communica- 
tions may suffer. To improve marginal communications— 


+ Check, tighten, and tape cable couplings and connections. 
+ Retune all transmitters and receivers in the circuit. 


+ Check that the antennas are adjusted for proper operating fre- 
quency. 


* Change the heights of antennas. 


* Move the antenna a short distance away and in different loca- 
tions from its original location. 


+ Separate transmitters from receiving equipment, if feasible. 
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Figure 2-12. Magnetic Declination Over the World. 
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Transmission and Reception of Strong Signals 


After an adequate site has been selected and the proper antenna ori- 
entation obtained, the signal level at the receiver will be propor- 
tional to the strength of the transmitted signal. 


WARNING 


EXCESSIVE SIGNAL STRENGTH MAY RESULT IN ENEMY IN- 
TERCEPT AND INTERFERENCE OR IN YOUR INTERFERENCE. 
WITH ADJACENT FREQUENCIES, 


If a high-gain antenna is used, a stronger signal can be obtained. 
Losses between the antenna and the equipment can be reduced by 
using a high quality transmission line, as short as possible, and 
properly matched at both ends. 


WARNING 


BE EXTREMELY CAREFUL WHEN PUTTING UP, TAKING 
DOWN, OR MOVING ANTENNAS LOCATED NEAR HIGH VOLT- 
AGE OR COMMECIAL POWER LINES. ANTENNA CONTACT 
WITH THESE CAN AND MAY RESULT IN ELECTROCUTION 
OR SEVERE INJURY TO PERSONNEL HOLDING THE ANTEN- 
NA OR THE CONNECTING GUY WIRES AND CABLES. 


(reverse blank) 


Chapter 3 


Transmission Lines 


Transmission lines (antenna feed lines) conduct or guide electrical 
energy from the transmitter to the receiver. This chapter is oriented 
primarily toward transmission lines with field expedient antennas. 
For standard issue radios and antennas, use the issued coaxial cable, 
As long as radios, cables, and antennas are maintained in working 
order, they will operate as designed and won't require any adjust- 
‘ments or changes based on the information in this chapter. 


PROPERTIES 


‘Transmission Line Types 


‘Transmission lines are classified according to construction and 
length, and fall into two main categories: balanced line and unbal- 
anced line. The terms balanced and unbalanced describe the rela- 
tionship between transmission line conductors and the Earth. 
‘Transmission lines may be classified as resonant or nonresonant 
lines, each of which may have advantages over the other under a 
given set of circumstances. 


Balanced Line. A balanced line is composed of two ident 
ductors, usually circular wires, separated by air or ar 
‘material (dielectric). The voltages between each conductor and 
ground produced by an RF wave as it moves down a balanced line, 
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are equal and opposite (i.e. at the moment one of the conductors 
supports a positive voltage with respect to ground, the other sup- 
ports a negative voltage of equal magnitude). Some balanced lines 
carry a third conductor in the form of a braided shield, which acts as 
ground. Conductor spacings up to several centimeters are com- 
monly used. Figure 3-1 shows balanced and unbalanced lines. 


PLASTIC COVERING BRAIDED WIRE SHIELD 


PLASTIC. 
COVERING 


OPEN TWIN LINES INSULATORS SHIELDED LINE 


BALANCED TRANSMISSION LINES 


PLASTIC COVERING 
‘CONDUCTING GROUND PLANE: 


a BRAD 


OPEN SINGLE WIRE LINE SHIELDED LINE(COAX) 


UNBALANCED TRANSMISSION LINES 


Figure 3-1. Balanced and Unbalanced Transmission Lines. 
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Unbalanced Line. The unbalanced line is usually open single-wire 
line or coaxial cable. It is one-half of a balanced line. 


Nonresonant Line. A nonresonant line is a line that has по stand- 
waves of current and voltage. It is either infinitely long or is ter- 
minated in its characteristic impedance. Because there are no 
reflections, all ofthe energy passed along the line is absorbed by the 
load (except for the small amount of energy dissipated by the line). 


Resonant Line. A resonant transmission line has standing waves of 
current and voltage. The line is of finite length and is not terminated 
in its characteristic impedance. Reflections are present. A resonant 
line, like a tuned circuit, is resonant at some particular frequency. 
"The resonant line will present to its source of energy a high or alow 
resistive impedance at multiples of a quarter-wavelength. Whether 
the impedance js high or low at these points depends on whether the 
line is short- or open-circuited at the output end. At points that are 
not exact multiples of a quarter-wavelength, the ine acts as a capac- 
itor or an inductor. 


MINIMIZING ENERGY LOSS 


‘To communicate with minimal energy loss, elements such as imped- 
ance matching and attenuation (line losses) must be considered. 


Impedance 


Currents and waves cannot move from place to place without some 
dissipation; their flow is impeded. Impedance describes the nature 
and size of whatever impedes their flow. Impedance is an important 
consideration in selecting the proper transmission line. 
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A radio wave consists of electric and magnetic fields arranged per- 
pendicularly to each other and to the direction the wave travels. The 
impedance associated with this wave is the ratio of the potential dif- 
ference (voltage) to the current (amperage) at a given point along a 
ın line. The following formula illustrates this. 


Voltage = Impedance 
Ec 


In transmission lines, because of the length-frequency relationship, 
the characteristic impedance is more often discussed in terms of 
‘capacitance and inductance. In conventional circuits that contain 
inductors and capacitors, the inductance and capacitance are present 
їп definite lumps. In an RF transmission line, however, these quan- 
tities are distributed throughout the entire line and cannot be sepa- 
rated from each other. 


Ifa transmitter is connected to a transmission line that is terminated 
їп a load whose impedance is different from that of the line, only a 
portion of the available energy will be accepted by the load antenna, 
and the remainder will be reflected back down the line in the direc- 
tion of the transmitter, The energy is actually traveling in both 
directions along the line. 


If a transmitter is connected to a transmission line terminated in a 
load whose impedance exactly equals the impedance of the line, the 
Jine will absorb all of the energy except for that lost in the resistive 
and dielectric losses of the line. Current flowing through the line 
will be uniformly distributed along its length, and the voltage 
between the conductors on the line will be equal at all points. When 
this condition exists, the line is said to be perfectly matched and 
carries only a forward or incident wave. If the impedance of the 
transmission line and the load also equal the internal impedance 
(output impedance) of the transmitter, a maximum transfer of 
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energy (lowest system loss) is achieved (Le, the transmitter or 
receiver, transmission line, and antenna are all the same imped- 
ance), and the best possible transfer of signal energy will occur 


Optimizing Line Length 


When it is necessary to use a trans line whose impedance is 
significantly different from that of the load, it is possible to make 
good use of standing waves and the repetitive impedance variations. 
along the line to match the antenna to the transmitter or the receiver 
to the antenna by cutting the line to a specific length. An example 
is when the only available equipment consists of a 300-ohm twin- 
lead transmission line; a 50-ohm half-wave dipole antenna; and a 
'50-ohm internal impedance transceiver. (Note: The internal imped- 
ance of most USMC radios is 50 ohms). Ordinarily, this impedance 
combination would result in lost energy that could affect the qual- 
ity of communications. However, if a single frequency is used to 
‘communicate, the length between the antenna and the receiver can 
be matched. This occurs because the impedance of the receiver is 
repeated at intervals of a half-wavelength along the line. 


For end-fed, long-wire antennas, a similar impedance match can be 
‘made by feeding the long wire with a quarter-wavelength piece of 
wire that is connected to the transmitter on one end and to the end 
of the long wire on the other. The quarter-wavelength section 
doesn’t need to be a separate piece of wire. For a 2-wavelength, 
long wire antenna, for example, the wire can be cut to 2 1/4 wave- 
lengths. The entire quarter-wavelength section then becomes the 
transmission line between the radio and the antenna, 
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Attenuation 


‘Transmission lines do not transfer all of the energy applied at one 
end of the line to the opposite end. Attenuation is energy that is lost 
when converted into heart, partially due to conductor (wire) resis- 
tance. More energy is lost due to the insulation material used to 
space the conductors (dielectric loss). Some insulating materials 
(e.g, Teflon) have extremely low loss while others (e.g, rubber or 
wood) have relatively high loss, especially at frequencies above 
about 30 MHz, Old, dry wood (especially redwood) may be boiled 
in paraffin or bee’s wax to make a fairly good insulator at frequen- 
cies up to about 200 MHz. Polyethylene, а common insulation 
material used in coaxial cables, has an average loss of about twice 
that of Teflon in the 100-MHz range for cables having a diameter of 
less than about one centimeter. Dry air is a better insulator than 
most solid, liquid, or flexible materials. Some inert gases (e, 
nitrogen, helium, and argon) are superior to air and are often used 
under pressure to fill coaxial cables used with high-powered trans- 
mitters. 


Since attenuation results from conductor resistance and dielectric 
loss, transmission lines using large diameter conductors lose less 
energy than cables having small diameter conductors. Also, trans- 
mission lines having a large spacing between conductors (high 
impedance) will lose less energy than those with a smaller spacing. 
(lower impedance) since they carry smaller currents and there is 
less energy lost in conductor resistance. Thus, 300-ohm twin-lead 
has less loss than coaxial cable at most frequencies. Among coaxial 
cables, the larger the diameter, the lower the loss, assuming the 
same insulator is used. It is also true that coaxial cable, which has 
an impedance of 75 ohm, has slightly lower loss than 50-ohm cable, 
when both cables have about the same diameter. When there is a 
choice, it is best to use the largest available transmission line which 
‘matches the impedance of both the antenna and transmitter. 
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MAKING THE BEST USE OF AVAILABLE 
TRANSMISSION LINES 


It is often necessary to feed a balanced antenna (ев, horizontal 
dipole) with coaxial cable. While this is not considered good prac- 
tice, it will perform satisfactorily under most conditions. When 
‘coaxial cable is used for this purpose, it should run perpendicular to 
the dipole wires for a distance greater than one-half of the length of 
the dipole, This will help to prevent unwanted RF power from being 
induced on the outside shield of the cable. It is also advisable to 
make sure that the total length of the coaxial cable and one side of 
the antenna is not equal to a half-wavelength or any multiple 
thereof, This will prevent the outside conductor from becoming res- 
onant and acting as radiating part of the antenna. The same pre- 
caution should be taken with twin-lead transmission line. 


Occasionally, it may also be necessary to feed an unbalanced 
antenna (e. g. а whip with twin-lead or balanced line). Again this is 
not considered good practice, but the bad effects can be minimized 
if cate is taken. If the transmitter has a balanced output circuit, little 
difficulty will be experienced. However if the output is unbalanced, 
the hot terminal or coaxial center at the transmitter output must be 
connected to the same wire of the twin-lead as is the vertical whip 
at the other end of the twin-lead. This ensures that the ground side 
of the transmitter output is connected to the side of the twin-lead 
that goes to the ground side of the unbalanced antenna. 


If the twin-lead is reversed and the antenna ground terminal is con- 
nected to the hot terminal of the transmitter, a large portion of the 
transmitter output may be wasted, making communications either 
difficult or impossible. Twin-lead of the type commonly used with 
television sets usually has one tinned and one bare copper conduc- 
tor. This color coding readily permits correct connection of the 
transmitter to the antenna. It is also advisable to make the length of 
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the twin-lead equal to а half-wavelength or any multiple of a half- 
wavelength. When possible, the twin-lead should be twisted so that 
it forms a long helix with about one twist every thirty centimeters, 
ог so. Twisting helps to prevent transmission line radiation and 
reduces noise pickup when receiving. 


Twin-Lead Limitations 


It is generally best not to use twin-lead or balanced line at frequen- 
cies higher than about 200 MHz for three reasons. 


First, the spacing between the two wires becomes sufficiently large 
in terms of a wavelength that radiation from the line occurs. When 
lengths over 30 meters are employed, this radiation may represent а 
significant loss of energy. 


‘Second, if the twin-lead or balanced lines must come in close con- 
tact (less than 2 or 3 cm) with metal, masonry, or wood surfaces, 
additional losses will be encountered due to the substantial imped- 
ance change which takes place along the section of the line next to 
the surface. This mismatch loss becomes apparent at frequencies 
above 200 MHz because the length of the section affected becomes 
а substantial portion of a wavelength long. At lower frequencies, 
the section of line involved is too short to be seriously affected. 


‘Third, twin-lead picks up more locally generated interference than 
coaxial cable since the outer conductor of the coaxial cable acts as a 
shield for the center conductor. Radiation and noise pickup by twin- 
lead can be partially prevented by twisting it once every 20 ог 30 
centimeters. 


When using common, TV twin-lead (300 ohm), preference should 
be given to the deep brown rather than the light, colorless variety. 
Те darker colored twin-lead withstands the effects of sunlight and 
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moisture after prolonged outdoor exposure much better than the 
clear type. The clear, colorless, twin-lead tends to crack after a few 
months exposure to the Sun. It also begins to absorb moisture which 
greatly increases energy loss. 


Directly Connecting the Transceiver and Antenna 


In many instances the transmitter or receiver may be connected 
directly to the antenna wire without using a transmission line. This 
is particularly true with indoor antennas in the HF range and with 
many VHF whip antennas designed for use with manpack trans- 
ceivers. 


When a direct connection is made between a transmitter and the. 
antenna at frequencies below 30 MHz or where the length of the. 
antenna wire is much shorter than 0.25 A, the output circuit of the 
transmitter usually contains a matching device which may be used 
to tune the antenna efficiently to resonance. This tuning actually 
matches the impedance of the antenna to the output impedance of 
the transmitter. 


When а УНЕ transceiver is designed to connect direcily to a short 

ог self-contained, collapsible rod, the output circuit is usually 
designed to accommodate the range of impedances likely to be 
‘encountered at the base of the whip or rod. 


The efficiency of these devices is usually low since the ground 
return circuit for the antenna may range from nothing more than the 
case of the transmitter to the hand and body of an individual hold- 
ing the device. The impedance of the antenna may vary with fre- 
quency over a range of 5 to 1 or greater. Thus, antenna efficiencies 
ot from 25 to 50 percent are not uncommon with such devices. 
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BALUNS 


There are times when a balanced antenna must be used with a trans- 
mitter or receiver which has an unbalanced output or input circuit 
While it is possible to make a direct connection between balanced 
and unbalanced devices, itis certainly not good practice. A balun 
сап be used to transform energy from balanced to unbalanced 
devices and vice versa. 


‘The word balun comes from balanced to unbalanced transformer. 
Many balun types are easily constructed їп the field. Using them 
can often make the difference between marginal communications 
and completely solid contact. This may be especially true in the 
receiving case where a balun can result in a substantial reduction in 
the amount of manmade noise and interference received by a poorly 
balanced antenna system. The balun is usually placed at the antenna 
terminals so that a coaxial transmission line can be used. However, 
is possible to feed a balanced antenna with twin-lead or any kind 
ot balanced line, and the balun is placed near the transmitter or 
receiver terminals (see figs. 3-2 and 3-3). 


BALANCED ANTENNA 


— — 


[BALUN 


TRANSMITTER OR 
4— RECEIVER 


coax 


Figure 3-2. A Balun Placed at the Antenna. 
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ANTENNA 
[TRANSMITTER OR 
RECEIVER 
Cox ] 
TWIN LEAD 


Figure 3-3. Balun Placed at the Transmitter or Receiver. 


Cable Connectors 


Cable connector fittings are available for all standard transmission 
lines. Although it takes some time to prepare the cable ends and sol- 
der the fittings on, it may be well worth it later if rapid assembly or 
disassembly of a communications system is necessary. 


Balanced Antenna 


It is highly desirable to use a receiving antenna which is balanced 
with respect to ground. This insures the antenna's insensitivity to 
locally generated noise. Balancing only the receiving antenna is not 
enough. The entire receiving system must be balanced to success- 
fully reject noise. The antenna should be connected to its receiver 
зо as not to disrupt the antenna's balance. Receivers are supplied 
with either balanced or unbalanced antenna terminals, and some- 
times both. 


(reverse blank) 


Chapter 4 
HF Antenna Selection 


‘The HF portion of the radio spectrum is very important to commu- 
nications. Radio waves in the 3 to 30 MHz frequency range are the 
only ones that are capable of being reflected or returned to Earth by 
the ionosphere with predictable regularity. To optimize the proba- 
bility of a successful sky wave communications link, select the fre- 
quency and take-off angle that is most appropriate for the time ol 
day transmission is to take place. 


Merely selecting an antenna that radiates ata high elevation angle is 
not enough to ensure optimum communications. Various large con- 
ducting objects, in particular the Earth's surface, will modify an 
antenna's radiation pattern. Sometimes, nearby scattering objects 
may modify the antenna's pattern favorably by concentrating more 
power toward the receiving antenna. Often, the pattern alteration 
results in less signal transmitted toward the receiver. 


When selecting an antenna site, the operator should avoid as many 
scattering objects as possible. How the Earth’s surface affects the 
radiation pattern depends on the antenna's height. The optimum 
height above electrical ground is about 0.4 X at the transmission fre- 
quency. However, the exact height is not critical. 


Although NVIS isthe chief mode of short-haul HF propagation, the 
‘ground wave and direction (LOS) modes are also useful over short 
paths. How far a ground wave is useful depends on the electrical 
conductivity of the terrain or body of water over which it travels. 
‘The direct wave is useful only to the radio horizon, which extends 
slightly beyond the visual horizon, 
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ANTENNA SELECTION PROCEDURE 


Selecting the right antenna for an HF radio circuit is very important. 
When selecting an HF antenna, first consider the type of propaga- 
tion. Ground wave propagation requires low take-off angle and ver- 
tically polarized antennas. The whip antenna included with all radio 
sets provides good omnidirectional ground wave radiation. 


If a directional antenna is needed, select one with good, low-angle 
vertical radiation. An example is an AN/MRC-138 with its со 
nent 32-foot whip set up on a 200-mile circuit. With the radiation 
characteristics of the whip antenna, the radiated power of the trans- 
mitter or whip could be 300 watts for the take-off angle required for 
а 200-mile circuit. 


Ifa 35-foot half-wave horizontal dipole is used instead of the whip, 
the radiated power would be 5,000 watts. By using the dipole 
instead of the whip, the radiated power is increased more than 16 
times. A circuit with 5,000 watts of radiated power produces a bet- 
ter signal than a 300-watt circuit using the seme frequency. 


Selecting an antenna for sky wave propagation is more complex. 
First, find the circuit (range) distance so that the required take-off 
angle can be determined. Table 4-1 gives approximate take-off 
angles for daytime and nighttime sky wave propagation. A circuit 
distance of 966 kilometers (600 miles) requires a take-off angle of 
approximately 25° during the day and 40° at night. Select a high- 
gain antenna (25° to 40°). If propagation predictions are available, 
skip this step, since the predictions will probably give the take-off 
angles required. 


Next, determine the required coverage. A radio circuit with mobile 
(vehicular) stations or several stations at different directions from the 
transmitter requires an omnidirectional antenna. A point-to-point 
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circuit uses either a bidirectional or a directional antenna. Normally, 
the receiving station locations dictate this choice (see table 4-1). 


Table 4-1. Take-Off Angle vs. Distance. 


Take-off Angle Distance 
(Degrees) FZ Region Daytime 
Wiometers | mies 
g a220 | 2000 
5 EE 1500 
Ш LA 1200 
3E 1450 550 
EJ Tur тоб 
25 966 850 
30 75 356 
EJ өз 400 
w E 350 
3 a 275 
50 LJ 250 
85 258 160 
70 155 5 
E] LJ EJ 
55 g g 


Before selecting a specific antenna, examine the available construc- 
tion materials. At least two supports are needed to erect a horizontal 
dipole, with a third support in the middle for frequencies of 5 MHz 
or less. If these supports or other items to use as supports are 
unavailable, the dipole cannot be constructed, and another antenna 
should be selected. Examine the proposed antenna site to determine 
if the antenna will fit. IF not, select a different antenna. 
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The site is another consideration, Usually, the tactical situation 
‘determines the position of the communications antennas. The ideal 
setting would be a clear, flat area (ie. no trees, buildings, fences, 
power lines, or mountains). Unfortunately, an ideal location is sel- 
dom available. Choose the clearest, latest area possible. If the pro- 
posed site is obstructed, try 10 maintain the horizontal distance 
listed in table 4-2. Often, an antenna must be constructed on irregu- 
lar sites. This does not mean that the antenna will not work. It 
means that the site will affect the antenna's pattern and function. 


Table 4-2. Assuming a 30-Foot Antenna and 


75-Foot Trees 
‘Take-Off Angle | Required Horizontal Distance 
(Degrees) from Trees. 

g 38 Kilometers 
5 1932 meters 
36 555 melers 
15 EJ meters 
20 385 meters 
5 370 meters 
EJ 258 meters 
EJ EJ meters 
3 EJ meters 
5 769 meters 
EJ 148 meters 
5 105 melers 
76 E meters 
55 Еа тешз 
50 0 meters 
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After selecting the antenna, determine how to feed the power from 
the radio to the antenna (fig. 4-1). Most tactical antennas are fed 
with coaxial cable (RG-213). Coaxial cable is a reasonable compro- 
mise of efficiency, convenience, and durability. Issued antennas 
include the necessary connectors for coaxial cable or for direct con- 
nection to the radio. 


INSULATING SPACERS 


PLASTIC SHIELDING 


INSULATION 


Figure 4-1. Antenna Feed Lines. 


Problems may arise in connecting field expedient antennas. The 
horizontal half-wave dipole uses a balanced transmission line 
(open-wire). Coaxial cable can be used, but it may cause unwanted 
RF current, 


А balun prevents unwanted RF current flow, which causes a radio 
to be hot and shock the operator. Install the balun at the dipole feed 
point (center) to prevent unwanted RF current flow on the coaxial 
cable. If a balun is unavailable, use the coaxial cable that feeds the 
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antenna as a choke (see fig. 4-2). Connect the cable's center wire to. 
one leg of the dipole and the cable braid to the other antenna leg. 
Form the coaxial cable into a 6-inch coil (consisting of ten turns), 
and tape it to the antenna under the insulator for support. 


6° COIL TAPED TO INSULATOR 


TO TRANSMITTER 


Figure 4-2. Coax RF Current Choke. 


DETERMINING ANTENNA GAIN 


Determine antenna gain at a specific take-off angle from the vertical 
radiation pattern, Figure 4-3 shows the vertical antenna pattern for 
he 32-foot vertical whip. The numbers along the outer ring (90°, 
80°, 70°) represent the angle above the Earth; 90° would be straight 
up, and 0° would be along the ground. Along the bottom of the pat- 
tem are numbers from -10 (at the center) to +15 (at the edges). 
These numbers represent the gain in decibels over an isotropic radi- 
ator (dBi). 


To find the antenna gain at a particular frequency and take-off 
angle, locate the desired take-off angle on the plot. Follow that line 
toward the center of the plot to the pattern of the desired frequency. 
Drop down and read the gain from the bottom scale. If the gain of a 
32-foot vertical whip at 9 MHz and 20° take-off angle is desired, 
locate 20° along the outer scale. Follow this line to the 9-MHz 
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TAKE-OFF ANGLE 


— ami 


Figure 4-3. 32-Foot Vertical Whip, Vertical Pattern. 


pattern line. Move down to the bottom scale. The gain із a little less 
than 2.5 dBi (the line between 0 and 5 dBi). The gain of the 32-foot 
vertical whip at 9 MHz and 20° is 2 dBi. 


‘Once the antenna’s overall characteristics are determined, use the 
antenna selection matrix (table 4-3 on page 4-8) to find the specific 
antenna for a circuit. If ће proposed circuit requires a short-range, 
‘omnidirectional, wideband antenna, the selection matrix shows that 
the only antenna that meets all the criteria is the AS-2259/GR. 


If the circuit requires a medium-range directional antenna, several 
antennas could be used (e.g., long wire, sloping vee, or vertical half- 
rhombic). The antenna choice depends on available installation 
space, available components, and required highest gain take-off 
angle. For a required take-off angle of 25° at a frequency of 9 MHz, 
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the 100-foot vertical half-rhombic antenna is the best choice because 
it provides the highest gain at the required take-off angle. 


Table 4-3. Antenna Selection Matrix. 


Polar. | Band 
use | irectivity | ization | vici 
[y Wave 
i 
Н 
H Н 2 i E 
Н A 
ЮР 
zie slg 2 gli dl. č 
35 g 35 3 E 8 
č lé i 3 |6 8 aš غ‎ | 2 
E x x x 
Verical wip x x х|х 
[Hait Wave Dipole XX XX x 
Inverted Veo x[x x x [x x 
[Long Wire x| X xp хх x 
18 x[x X |X x X x 
[Sorina Vee x[ xx хх 
(Берге Wire xP x xp хх 
Vertical Hatt erde | x| x X x| X 
ANTENNA TYPES 


The AS-2259/GR, vertical whip, half-wave dipole, inverted vee, 
long wire, inverted L, sloping vee, sloping wire, and vertical half- 
rhombic antennas are described and illustrated. 
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AS-2259/GR 


The AS-2259/GR antenna (fig. 4-4) provides NVIS propagation for 
short-range radio circuits. It consists of two crossed sloping dipoles 
positioned at right angles to each other and is supported at the center 
by а 15-foot mast. In use, the dipole’s components provide guying, 
Support for the mast. Characteristics are 


Frequency range: 210 30 MHz 

Polarization: Horizontal and vertical simultaneously 
Power capability: 1,000 watts 

Radiation pattern 

Azimuthal (bearing Omnidirectional 


Vertical (take-off angle): See figure 4-5 on page 4-10 


Figure 4-4. AS-2259/GR. 
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Figure 4-5. AS-2259 Vertical Radiation Pattern. 


Vertical Whip 


“The vertical whip is a component of all Marine Corps radio sets 
(see fig. 4-6). It is available and easy to use on almost all radio cir- 
cuits; however, it is probably the worst antenna to use on sky wave 
circuits. Unless the radio circuit involves omnidirectional ground 
wave propagation, any other antenna would provide better commu- 
nications. For example, vertical whips are often used for long-range 
point-to-point circuits with marginal success. Since the circuit is 
point-to-point, there is no need to radiate energy in all directions. 
Radiation in directions other than at the distant station is wasted and 
serves no useful purpose. Concentrating the omnidirectional radia- 
tion at the distant station produces а better received signal and 
reduces interference around the transmitting antenna. Concentrate 
radiation in a single direction with a directional antenna. Figures 
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4-7 on page 4-12, 4-8 on page 4-13, and 4-3 on page 4-7 illustrate 
various vertical whip antenna patterns, 


Characteristics are— 


Frequency range: 21030 MHz 
Polarization: Vertical 

Power capability: Matched to specific radio 
Radiation pattern 

Azimuthal (bearing): Omnidirectional 


Vertical (take-off angle): Sec figures 4-7 on page 4-12, 4-8 оп 
page 4-13, and 4-3 on page 4-7 


— u—, 


DISTANT STATION» 


Figure 4-6. Vertical Whip with Reflector. 


If a vertical whip must be used, there are several techniques to 
improve the antenna radiation. Ifthe antenna is mounted directly to 
the radio, ground the radio. If the antenna is remoted from the radio 
ground the antenna base plate. A 6-foot ground rod is preferable for 
both. Ground radials (wires spread out like wheel spokes with the 
antenna at the center) may improve the antenna radiation. Connect 
these radials to the ground rod directly beneath the antenna, 
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Figure 4-7. 10-Foot Vertical Whip (Vertical Pattern). 


A ground radial system can be constructed easily from field tele- 
phone wire (WDVTT) and can be kept with the radio. Cut the feld 
wire into twenty 45-foot lengths, and remove 6 inches of insulation 
from one end. Using twine or a clamp, bundle together the uninsu- 
lated (bare) ends. Attach a 2-foot length of thick wire to the bare 
ends so that the thick wire extends about one foot beyond the wire 
bundle. Solder the wire bundle to ensure good electrical contact, In 
use, the thick wire extending from the bundle connects the radials to 
a ground rod. The radials are then spread out like wheel spokes with 
the vertical whip at the center. Radio operators should experiment 
with diferent radial systems to determine which one provides the 
best connectivity. 


A reflector placed approximately one-quarter wavelength behind a 
vertical whip may also improve the whip's performance. A reflector 
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is a vertical wire, metallic pole, or another whip that is insulated 
from the ground. It is placed so that the reflector, the whip, and the 
distant station are on a straight line. The reflector will reflect radio 
energy striking it and cause the energy to travel toward the distant 
station, increasing the total energy radiated in the desired direction, 
‘To work properly, the reflector must be longer than the whip. If the 
reflector is shorter, it will act as a director, directing the radio signal 
away from the distant station. A reflector is longer and is placed 
behind the whip; a director is shorter and is placed between the 
whip and the distant station. Adjust the position of the reflector 
while listening to the distant station until the strongest signal is 
received. 
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Figure 4-8. 15-Foot Vertical Whip (Vertical Pattern). 
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The length of a vertical whip antenna is calculated from the follow- 
ing formula: 


E но 


For WD-VTT 


— a 


Half-Wave Dipole 


The horizontal half-wave dipole (doublet) antenna is used on short- 
and medium-length sky wave paths (up to approximately 1,200 
miles). Since it is relatively easy to design and construct, the dou- 
blet is the most commonly used field expedient wire antenna. It is a 
very versatile antenna; by adjusting the antenna’s height above 
ground, the maximum gain can vary from medium take-off angles 
(for medium path-length circuits) to high take-off angles (for short 
path-length circuits). When the antenna is constructed for medium 
take-off angle gain (a height of approximately one-half wave- 
length), the doublet is a bidirectional antenna (ie. the maximum 
вайп is at right angles to the wire). This is the broadside pattern nor- 
mally associated with a half-wave dipole antenna. Format A in fig- 
ure 4-9 shows this pattern in polar plot format. 


Format B shows the radiation off the ends of the wire. It is easily 
seen by comparing with format A that for maximum gain, a doublet 
one-half wavelength above ground should be constructed so that the 
side of the antenna points in the direction of the distant station. If 
the antenna is lowered to only one-quarter wavelength above 
ground, format C results. This lower antenna height produces 
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maximum gain at high take-off angles. In format D, the radiation 
off the ends of the doublet also has maximum gain at high take-off 
angles. This means that for short path-length circuits, which require 
high take-off angles, a doublet antenna one-quarter wavelength 
above ground produces almost omnidirectional coverage. 


m "m 


m m 
KD EA 


Figure 4-9. Illustrative Doublet Antenna Patterns. 


‘The vertical plots included for half-wave dipole antennas are given 
for heights from 8 to 12 meters. The plot for 8 meters shows that for 
3 and 9 MHz the antenna has high-angle radiation. At those fre- 
quencies the antenna is close to ground (compared to a half-wave- 
length). The pattern for 18 MHz shows the characteristic 
bidirectional pattern since 8 meters is a half-wave at 18 MHz. 


The half-wave dipole is a balanced resonant antenna (see fig. 4-10 
оп page 4-16). It produces its maximum gain for a very narrow 
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range of frequencies, normally 2 percent above or below the design 
frequency. Since frequency assignments are usually several mega- 
hertz apart, it is necessary to construct a separate dipole for each fre- 
quency assigned (see figs. 4-11 and 4-12 on page 4-17, and 4-13 on 
page 4-19). If space and other resources are unavailable to erect sep- 
arate dipoles, three or four dipoles can be combined to occupy the 
space normally required for one. 


Each wire is a half-wavelength for an assigned frequency. The sepa- 
rate dipoles are connected to the same center insulator, or preferably 
a balun, and are fed by a single coaxial cable. When the antenna is 
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Figure 4-10. Half-Wave Dipole Antenna. 


Antenna Handbook 4.17 


TAKE-OFF ANGLE 


=== anne 


эмне ——— тамне 
Figure 4-11. 8-Meter Half-Wave Dipole (Vertical Pattern). 
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Figure 4-12. 10-Meter Half Wave Dipole (Vertical Pattern). 


4-18 


MCRP 6-22D 


fed with an assigned frequency, the doublet cut for that frequency 
will radiate the energy. Up to four separate dipoles can be combined 
in this manner. When constructing this antenna, examine the indi- 
vidual frequency assignments to determine if one frequency is three 
times as large as another. If this relationship exists between two fre- 
quencies, one dipole cut in length for the lower of the two frequen- 
cles will work well for both frequencies. 


‘The length of a half-wave dipole is calculated from the following, 
relationship: 


Dipole length = f, lden or . des feet 
ele length = -Frequency in MHZ °" Frequency in MHz- 


The height of a half-wave dipole is figured using— 


в pets 246 feet 
Height XA = “Frequency in MHz °" Frequency in MHZ 
150 meters 492 feet 


Height * 


“Frequency in MHz ^ “Frequency in MHZ 


Use the right relationship for the right purpose. If the height rela- 
tionship is used for the dipole length, the antenna will be too long 
and will not work properly. Characteristics are 


Frequency range: 

Polarization: 

Power capability: 1,000 watts 
Radiation Pattern 

 Azimuthal (bearing): Bidirectional 1/2 high 


basically omnidirectional at М4 high 
Vertical (takeoff angle): See figures 4-11 and 4-12 on page 
4-17, and 4-13 on page 4-19 
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Figure 4-13. 12-Meter Half-Wave Dipole (Vertical Pattern). 


Inverted Vee 


‘The inverted vee, or drooping dipole, is similar to a dipole but uses 
only a single center support (see fig. 4-14 on page 4-20). Like a 
dipole, it is designed and cut for a specific frequency and has a 
bandwidth of 2 percent above or below the design frequency. 
Because of the inclined sides, the inverted vee antenna produces a 
combination of horizontal and vertical radiation—vertical off the 
‘ends and horizontal broadside to the antenna. All the construction. 
factors for a dipole also apply for the inverted vee. The inverted vee 
has less gain than a dipole, but using only a single support could 
make this antenna the preferred antenna in some tactical situations 
(вее fig. 4-15 on page 4-21). 
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(Characteristics are— 


Frequency range: + 2% of design frequency 

Polarization: Horizontal 

Power capability: 1,000 watts 

Radiation pattern 

Azimuthal (bearing) Basically omnidirectional with combi- 


mation polarization 
Vertical (take-off angle): See figure 4-15 
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Figure 4-14, inverted Vee Antenna. 
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Figure 4-15. Inverted Vee (Vertical Pattern). 


Long Wire 


A long wire antenna is one that is long compared to a wavelength 
(see fig. 4-16 on page 4-22). A minimum length is one-half wave- 
length. However, antennas that are at least several wavelengths long. 
are needed to obtain good gain and directional characteristics, Соп- 
structing long wire antennas is simple, and there are no critical 
dimensions or adjustments. A long wire antenna will accept power 
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Figure 4-16. Long Wire Antenna. 


and radiate it well on any frequency for which its overall length is 
по! less than one-half wavelength. 


‘The gain and take-off angle of a long wire antenna depend on the 
antenna's length. The longer the antenna, the more gain, and the 
lower the take-off angle. Gain has a simple relationship to length; 
however, take-off angle is a bit more complicated. A long wire 
antenna radiates a cone of energy around the tie wire, much like а 
funnel with the antenna wire passing through the funnel opening. 
The narrow part of the funnel would be the feed point, and the open 
part would be toward the distant station. If the funnel were cut in 
half, the resulting half cone would represent the pattern of the 
antenna, As the antenna is lengthened, the cone of radiation (fun- 
nel) moves closer and closer to the wire. Figure 4-17 shows pattern 
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Figure 4-17. Long Wire Radiation Patterns. 
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changes as the wire is lengthened. The patterns represent a view 
from directly below the antenna. 

In the three-wavelength pattern, for very low-angle radiation, posi- 
tion the wire somewhat away from the direction of the distant sta- 
Чоп so that the main lobe of radiation points at the receiving station. 
If a higher take-off angle is required, point the wire directly at the. 
distant station. For take-off angles from 5 to 25 feet, the following 
general off-axis angles will provide satisfactory radi 
the distant station (see table 4-4). 


Table 4-4. Off-Axis Angle. 
Wire Length (Feet) aa 4 s e 
‘Off-Axis Angle (Degrees) | 30) 20] 13| 10] 19 


То make a long wire antenna directional, place a terminating device. 
at the distant station end of the antenna. The terminating device. 
should be a 600-ohm, noninductive resistor capable of absorbing at 
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least one-half of the transmitter power. Terminating resistors аге 
components of some radio sets but can also be fabricated locally 
using supply system components (100-watt, 106-ohm resistor). 


Constructing a long wire antenna requires only wire, support poles, 
insulators, and a terminating resistor (if directionality is desired). 
‘The only requirement is that the antenna be strung in as straight a 
line as the situation permits. The antenna is only 15 to 20 feet above 
ground, so tall support structures are not required. The antenna is 
normally fed through a coupler that can match the antenna’s 600. 
‘ohm impedance. Coaxial cable can be used if a 12 to 1 balun is 
available to convert the coaxial cable 50-ohm impedance to the 
required 600 ohms. Vertical radiation plots of this antenna are not 
presented because of the great variation in the pattern as the length 
changes. For take-off angles between 5 and 25 feet, use the off-axis, 
graph (table 4-4 on page 4-23) and the gain versus length graph 
(table 4-5) to determine the proper antenna length. Characteristics 


Frequency range: 21030 MHz 
Polarization: Vertical 

Power capability: 1,000 watts 

Radiation pattern 

Azimuthal (bearing): Bidirectional with terminating resistor 


Vertical (take-off angle): Depends on length 


Inverted L 


The inverted L is a combination antenna made up of a vertical sec- 
tion and a horizontal section (see fig. 4-18). It provides omnidirec- 
tional radiation for ground wave propagation from the vertical 
element and high-angle radiation from the horizontal element for 
short-range sky wave propagation, The classic inverted L has a 
quarter-wave vertical section and a half-wave horizontal section 
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Figure 4-18. Inverted L Antenna. 


and is used for a very narrow range of frequencies. By using the 
antenna couplers that are part of many radio sets, the dimensions of 
the inverted L can be modified to allow ground wave and short- 
range sky wave propagation over a range of frequencies. Using а 
vertical height of 35 to 40 feet, the following horizontal lengths will 
give reasonable performance for short-range sky wave circuit 


Table 4-5. Gain Versus Length. 


Frequency Range (MHz) |251040|35660|50073 
Horizontal Length (Feet) | 150 | 100 | 80 
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Figure 4-19. 40-Foot Inverted L (Vertical Pattern), 
150 Feet Long. 


Orient the antenna like a dipole (ie, the broad side of the antenna 
should be toward the distant station). These lengths should not be 
used outside the frequency ranges specified because the antenna 
radiation pattern changes, and for frequencies much removed from 
the range, the antenna will become directional off the wire end. (See 
the sloping wire paragraphs on page 4-34 for using this directional 
characteristic.) The inverted L antenna can be used as a substitute 
for the dipole; however, it has less gain than a dipole, and its radia- 
tion pattern varies with frequency (unlike a dipole). Figures 4-19, 
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Figure 4-20. 40-Foot Inverted L Antenna (Vertical Pattern), 
80 Feet Long. 


4-20, and 4-21 on page 4-28 illustrate vertical patterns of various 
inverted L antennas. Characteristics are— 


Frequency range: Less than 2:1 over design frequency 

Polarization: ‘Vertical from vertical section 
Horizontal from horizontal section 

Power capability: 1,000 watts 

Radiation pattern 

Azimuthal (bearing): Omnidirectional 


Vertical (take-off angle): See figures 4-19, 4-20, and 4-21 on 
page 4-28 


e28 MCRP 6-22D 


TAKE-OFF ANGLE 
„ „ oW ow 


"mm ---- sum 


Figure 4-21. 40-Foot Inverted L (Vertical Pattern), 
100 Feet Long. 


Sloping Vee 


‘The sloping vee is a medium- to long-range sky wave antenna that 
is simple to construct in the field. Antenna gain and directivity 
depend on the leg length. For reasonable performance, the antenna 
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should be at least one wavelength long, but preferably several 
wavelengths long (see fig. 4-22). 
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Figure 4-22. Sloping Vee Antenna. 
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А compromise tactical sloping vee can be constructed using 500- 
foot legs and а 40-foot support mast. The angle between the two 
legs is adjusted to provide maximum radiation at (he desired take- 
off angle. Table 4-6 shows the angles between legs (apex angle) that 
will give poor results for the distances indicated. 


Table 4-6. Angle Between Antenna Legs 
for Poor Results. 


Path Length 

(Miles) | 700101000 | 1000101500 | over 1500 
Apex Angle 

(Degrees) 60 45 30 


To make the antenna directional, use terminating resistors on each 
leg on the open part of ће vee. The terminating resistors should be 
300 ohms and be capable of handling one-half of the transmitter’s 
power output. These terminations are either procured or fabricated 
locally using supply system parts (100-watt, 106-ohm resistor). 
Using the terminating resistors, the antenna is aimed so that the line 
cutting the vee in half is pointed at the distant station. 
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Figure 4-23. 40-Foot Sloping Vee (Vertical Pattern), 
500 Feet Long, 30° Apex Angle. 


‘The sloping vee is normally fed with a 600-ohm, open=wire feed 
line. One side of the feed line is connected to one leg with the other 
side connected to the other leg. The open-wire feed line can be con- 
nected to a 12 to 1 balun, which is then connected to standard coax- 
ial cable. Figures 4-23, 4-24 on page 4-32, and 4-25 on page 4-33 
illustrate the vertical patterns for various sloping vee antennas. 
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Figure 4-24. 40-Foot Sloping Vee Antenna (Vertical Pattern), 
500 Feet Long, 45° Apex Angle. 


Characteristics are 


Frequency range: 31030 MHz 

Polarization: Horizontal 

Power capability: Depends on terminating resistors 

Radiation pattern 

Azimuthal (bearing): Directional (20° either side of 
direction of radiation) 

Vertical (takeoff angle): See Figures 4-23, 4-24 on page 


4-32, and 4-25 on page 4-33 
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Figure 4-25. 40-Foot Sloping Vee Antenna (Vertical Pattern), 
500 Feet Long, 60° Apex Angle. 


Sloping Wire 


‘The sloping wire antenna is simple and easy to construct. It requires. 
only one support (see fig. 4-26 on page 4-34). A version of the long 
wire antenna, the sloping wire produces best results when it is long 
compared to a wavelength. Tactical sloping wires vary in length 
from 45 to over 500 feet. The shorter lengths perform rather poorly 
and should be used only when no other antenna can be erected. The 
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longer lengths (e g. 250 feet, 500 feet) can produce good rac 
for medium to long sky wave paths. 
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Figure 4-26. Sloping 


A sloping wire can be either terminated or unterminated. If avail- 
able, use 600-ohm termination because this makes the antenna 
impedance fairly constant, and a balun can be used to match the. 
antenna to a transmitter. If the antenna is unterminated, use a cou- 
pler to match the transmitter io the antenna. 


The low end of the wire should be oriened toward the receiving sta- 

ion. If the wire is unterminated, feed the antenna at the low end. If 
a terminating resistor is used, feed the antenna low end. Figure 4-27 
and figures 4-28 and 4-29 on page 4-36 illustrate the vertical pat- 
terns for various sloping wire antennas. 
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Characteristics are 


Frequency range: Depends on wire lengtl/configura- 
tion 

Polarization: Vertical 

Power capability: Determined by terminating resistor 

Radiation pattern 

Azimuthal (bearing): Bidirectional for unterminated 
Directional for terminated 

Vertical (take-off angle): See figure 4-27 and figures 4-28 and 
4-29 on page 4-36 
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Figure 4-27. 100-Foot Sloping Wire (Vertical Pattern). 
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Figure 4-28. 250-Foot Sloping Wire (Vertical Pattern). 
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Figure 4-29. 234-Foot Sloping Wire (Vertical Pattern). 
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Vertical Half-Rhombic 


‘The vertical half-rhombic antenna is a version of the long wire 
antenna that uses a single center support (see fig. 4-30). Easily con- 
structed, this antenna has a narrow width (as wide as the center sup- 
port guys) which allows several to be installed in a relatively 
narrow area. The vertical half-thombic antenna radiates a medium- 
to low-angle signal, making it a good choice for medium- to long- 
range sky wave circuits. Normally, the 500-foot version is the max- 
imum length of antenna that most tactical situations will allow; 
however, the vertical radiation pattern for a 1,000-foot version is 
included, so that if the opportunity exists, the antenna can be used 
for excellent results. 
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Figure 4-30. Vertical Half-Rhombic Antenna, 
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"The vertical halfrhombic uses a single wire feed either through a 
coupler or a balun (12 to 1). One of the two terminals of the coupler 
or balun is attached to the antenna, while the other terminal is 
grounded, Like other terminated antennas, the terminating resistor 
(600 ohms) should be able to handle one-half of the transmitter's 
power output. Terminators can be procured or fabricated locally 
(100-watt, 106-ohm resisto). 


‘The orientation of this antenna depends on the frequency bands 
being worked. Below 12 MHz, point the terminated end of the 
antenna at the distan station; above 12 MHz, aim the antenna 10 
feet to either side of the distant station. Figures 4-31 and 4-32 illus- 
trate the vertical pattems for various vertical hall-rhombic antenna 
Characteristics are— 


Frequency range: 21030MHz 

Polarization: Vertical 

Power capability: Determined by terminating resis- 
tor 

Radiation pattern 

Azimuthal (bearing): Directional 


Vertical (take-off angle): See Figures 4-31 and 4-32 
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Figure 4-32. SO-Foot Vertical Half-Rhombic (Vertical Pattern), 
1,000 Feet Long. 
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HF NVIS COMMUNICATIONS 


NVIS propagation is simply sky wave propagation that uses anten- 
паз with high-angle radiation and low operating frequencies. Just as 
the proper selection of antennas can increase the reliability of a 
long- range circuit, short-range communications also require proper 
antenna selection. NVIS propagation is one more weapon in the 
communicator's arsenal, 


To communicate over the horizon to an amphibious ship on the 
move, or to a station 100 to 300 kilometers away, the operators 
should use NVIS propagation. The ship's low take-off angle 
antenna is designed for medium and long-range communications. 
When the ship's antenna is used, a skip zone is formed. This skip. 
zone is the area between the maximum ground wave distance and 
the shortest sky wave distance where no communications are possi- 
ble. Depending on operating frequencies, antennas, and propagation. 
conditions, this skip zone can start at roughly 20 to 30 kilometers. 
and extend out to several hundred kilometers, preventing communi- 
cations with the desired station. 


NVIS propagation uses high take-off angle (60° to 90°) antennas to 
radiate the signal almost straight up. The signal is then reflected 
from the ionosphere and returns to Earth in a circular pattern all 
around the transmitter. Because of the near-vertical radiation angle, 
there is no skip zone. Communications are continuous out to several 
hundred kilometers from the transmitter. The nearly vertical angle 
ol radiation also means that lower frequencies must be used. Gener- 
ally, NVIS propagation uses frequencies up to 8 MHz. 


‘The steep up and down propagation of the signal gives the operator 
the ability to communicate over nearby ridge lines, mountains, and 
dense vegetation. A valley location may give the operator terrain 
shielding from hostile intercept and also protect the circuit from 
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ground wave and long-range sky wave interference. Antennas used 
for NVIS propagation need good high take-off angle radiation with 
very little ground wave radiation (see fig. 4-33). 


Using the HF antenna selection matrix (table 4-4 on page 4-8), ће 
AS-2259/GR and half-wave dipole are the only antennas listed that 
‘meet the requirements of NVIS propagation. While the inverted vee 
and inverted L antennas have high-angle radiation, they also can 
have strong ground wave radiation that could interfere with the 
close-in NVIS communications. These antennas could be used if 
terrain shielding prevented the ground wave signal from propagat- 
ing to the distant station. 


|< 7200-300 ku ———>| 


Figure 4-33. NVIS Propagation. 
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‘The dipole antenna pattern is illustrated in figures 4-11 and 4-12 on 
page 4-17 and figure 4-13 on page 4-19. The patterns for 3 and 9 
MHz show that large amounts of energy are directed up in the 60° 
to 90° range. Also, the pattern is the same on both sides of the 90° 
line. This means that a low dipole would be a good antenna for 
NVIS propagation. The pattern at 18 MHz is not important because 
NVIS propagation normally does not use frequencies much above 8 
MHz. Set up dipoles on whatever supports are available. Ensure 
that the height is below a quarter-wavelength, which at 8 MHz is 
about 30 feet. 


Mobile CPs do not always have time to set up a dipole antenna or 
an AS-2259/GR. Several options are possible. If а Marine is in an 
MRC-138 vehicle, then use a tilt whip adapter and the 16-foot whip 
antenna to try to obtain high-angle radiation (fig. 4-34). Tilt the 
antenna at least 30°. Another option is disconnecting the whip 
antenna and connecting a 32-foot wire to the antenna base. Run the 
wire parallel to the ground, and stake it at the distant end the same 
height above the ground as the radio end. Insulate the staked end 
from the ground to prevent radio damage (fig 4-35). 


Figure 4-34. AN/MRC-138 with NVIS Antenna. 
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Figure 4-35. AN/MRC-138 with Stationary NVIS Antenna. 


WARNING 
THE WIRE MUST BE PROTECTED SO THAT MARINES DO 
NOT WALK INTO IT. IT CARRIES ENOUGH RF ENERGY DUR- 
ING TRANSMISSION TO CAUSE SEVERE INJURIES. 


When using a manpack radio like the AN\PRC-104, the whole radio. 
сап be rotated so that the 8-foot antenna is tilted at least 30°. 
Because of the antenna’s flexibility, it will need support on the far 
end. This support must be a good insulator. Ensure that Marines 
keep clear of the antenna. Characteristics are— 


Frequency range: 210 30 MHz 
Polarization: Vertical or horizontal 
Power capability: 100 to 400 Watts 
Radiation pattern. 

Azimuthal (bearing): Basically omnidirectional 


Vertical (take-off angle): 


Minimizes skip zone using 90°, 
40°, and 20° take-off angle 


(reverse blank) 


Chapter 5 


VHF and UHF Antenna Selection 


FREOUENCIES 


‘The VHF portion of the radio spectrum extends from 30 to 300 
MHz. The UHF range reaches from 300 to 3,000 MHz (3 GHz). 
Both frequency ranges are extremely useful for short-range (less 
than 50 km) communications. This includes point-to-point, mobile, 
air-to-ground, and general purpose communications. A wavelength 
at these frequency ranges is considerably shorter than those in the 
НЕ range, and simple antennas are much smaller. 


Because the VHF and UHF antennas are small, it is possible to use 
multiple radiating elements to form arrays, which provide a consid- 
erable gain in a given direction or directions. An array is an 
arrangement of antenna elements, usually dipoles, used to control 
the direction in which most of the antenna’s power is radiated. 


Generally, many more types of antennas are available and useful in 
the VHF and UHF range than at HE. Several of these types will be 
discussed in this chapter since they are useful for various field 
applications. 


Within the VHF and UHF portion of the spectrum, there are several 
subfrequency bands for specific uses. The 118 to 136 MHz range is 
generally reserved on a worldwide basis for air-to-ground commu- 
nications and is known as the VHF aircraft band. The 225 to 400 
MHz range is also allocated for air-to-ground use and is known as 
the UHF aircraft band. The 148 to 174 MHz and 450 to 470 MHz 
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ranges are assigned to many activities, including citizens (public) 
communications (e.g, mobile, police, weather, taxis, and general 
purpose). 


POLARIZATION 


In many countries, FM and TV broadcasting in the VHF range use. 
horizontal polarization. One reason is because it reduces ignition 
interference, which is mainly vertically polarized. Mobile commu- 
nications often use vertical polarization for two reasons. First, the 
vehicle antenna installation has physical limitations, and second, so 
that reception or transmission will not be interrupted as the vehicle. 
changes its heading to achieve omnidirectionality. 


Using directional antennas and horizontal polarization (when possi- 
ble) will reduce manmade noise interference in urban locations. 
Horizontal polarization, however, should be chosen only where ап 
antenna height of many wavelengths is possible. Ground reflections. 
tend to cancel horizontally polarized waves at low angles. Use only 
vertically polarized antennas when the antenna must be located at а 
height of less than about 10 meters above ground, or where omnidi 
rectional radiation or reception is desired. 


GAIN AND DIRECTIVITY 


УНЕ and UHF (above 30 MHz) antenna gain and directivity аге 
extremely important for several reasons. Assuming the same 
antenna gain and propagation path, the received signal strength 
drops as frequency is increased. At VHF and UHF, more of the. 
received signal is lost in the transmission line than is lost at HF. A 
10 to 20 dB loss is not uncommon in а 30 meter length of coaxial 
line at 450 MHz. 
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At frequencies below 30 MHz, system sensitivity is almost always. 
limited by receiver noise rather than by noise external to the 
antenna (eg. atmospheric and manmade interference). Generally, 
‘wider modulation or signal bandwidths are employed in VHF and 
UHF transmissions than at HF. Since system noise power is directly 
proportional to bandwidth, additional antenna gain is necessary to 
preserve a usable S/N ratio. 


УНЕ and UHF antenna directivity (gain) aids security by restricting. 
the amount of power radiated in unwanted directions. Receiver sen- 
sitivity is generally poorer at VHF and UHF (with the exception of 
high quality state-of-the-art receivers). Obstructions (e.g., build- 
ings, trees, hills) may seriously decrease the signal strength avail- 
able to the receiving antenna because VHF and ИНЕ signals travel 
a straight LOS path. 


Gain 


Obtaining communications reliability over difficult VHF and UHF 
propagation paths requires considerable attention to the design of 
high-gain, directive antenna arrays at least at one end of the com- 
‘munications link. Unlike HF communications, the shorter УНЕ and 
UHF wavelengths support walkie-talkie transceivers and simple 
mobile transmission units. Communicating or receiving with such 
devices over distances beyond 1 or 2 km requires maximum 
antenna gain at the base station site or fixed end of the link. 


Directivity 

Because VHF and UHF wavelengths are so short, reliable predic- 
Чоп of diffraction, refraction, and reflection effects are not practi- 
cal, One must depend entirely on LOS paths. For best results, 
attempt to establish VHF and UHF communications paths that are 
as free of obstacles as possible. The VHF and UHF wavelengths аге 
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short enough that it is possible to construct resonant antenna arrays. 
‘An array provides directivity (the ability to concentrate radiated 
energy into a beam that can be aimed at the intended receiver). 
Arrays of resonant elements, C. g. half-wave dipoles), can be con- 
structed of rigid metal rods or tubing or of aluminum or copper foil 
laid out or pasted on a flat nonconducting surface. Directing power 
helps to increase the range of the communications path and tends to 
decrease the likelihood of interception or jamming from hostile 
radio stations. However, such highly directive antennas place an 
added burden on the operator to ensure that the antenna is pointed 
properly 


TRANSMISSION LINES 


Choosing transmission lines at VHF and UHF depends on many 
factors. Generally, twin-lead has much lower loss than small diame- 
ter coaxial cable. Twin-lead is preferred over coaxial when trans- 
mission line lengths exceed 10 meters. Twin-lead is much more 
susceptible to picking up objectionable manmade noise than is well 
shielded coaxial cable. Also, most modern VHF and UHF equip- 
ment employs unbalanced input and output circuitry with a 50-ohm 
impedance. Such equipment requires either using coaxial cable or a 
balun to feed a twin-lead or two-wire balanced transmission line. 
Noise pickup by twin-lead transmission lines may be considerably 
reduced by twisting the line along its length. 


When using twin-lead, the spacing between the wires of the Tine 
should not exceed 0.05 A. If the spacing is an appreciable part of a 
wavelength, the line will radiate and receive energy like the 
antenna. This effect will alter the intended antenna radiation pat- 
tern. To further reduce local noise pickup, keeping twin-lead clear 
of metal objects (e.g, gutters and window frames). Twice the wire 
spacing in the twin-lead is sufficient clearance 
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A radiator is the antenna component that transmits RF energy. 


Vertical Radiator 


A vertical radiator for general coverage use at UHF should be one- 
quarter wavelength long. Longer vertical antennas do not have their 
maximum radiation at right angles to the line of the radiator. They 
are not practical for use where the greatest possible radiation paral- 
lel to the Earth is desired. It is important that the antenna be decou- 
pled from the coaxial transmission line. This will prevent unwanted 
radiation currents from flowing along the outside of the cable, 
which will distort the antenna pattern. Use a sleeve, ground plane, 
ог counterpoise to perform decoupling. 


Cross Section Radiator 


Aluminum tubing is commonly used for dipoles and radiation ele- 
ments. They аге so short that the expense of larger diameter con- 
ductors is relatively low. With such conductors, the antenna will 
tune much more broadly. This is very desirable, particularly when 
an antenna or array is used over an entire frequency band. 


Large cross section radiators have a shorter resonant length than a 
radiator or mode of small diameter wire. A tubing radiator mode is 
seldom longer than 90 percent of a half-wavelength for a dipole at 
frequencies above 100 MHz. 


INSULATION 


Insulation or dielectric material quality is more important at VHF 
and UHF than at frequencies below 30 MHz. Many insulators that 
perform well in the HF range are poor or unusable for fabricating 
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antennas operating at frequencies above 100 MHz. Ordinary wood 
is a good example. In minimal rainfall climates, using very dry red- 
wood, maple, or fir boiled in paraffin wax for several hours is fairly 
successful up to frequencies as high as 560 MHz. The neck of a 
glass soft drink bottle or other similar items work reasonably well 
up to frequencies as high as 1 GHz. Several modern plastics, used 
throughout the world, also make excellent insulators (e.g., fiber- 
glass, polystyrine, polyethylene, and Styrofoam). Pieces of these 
plastics in usable shapes can be found almost everywhere, and, with 
a little ingenuity, can be used as insulation in the design of many 
УНЕ and UHF antennas. Avoiding insulation entirely is possible by 
choosing an antenna design with elements supported at lower volt- 
age (high current) points (e.g, the Yagi antenna). 


INTERFERENCE 


Obtaining optimum coupling between the antenna and transmission 
line and between the transmission line and the receiver or transmit- 
ter circuits is a major concern. 


Noise 


While atmospheric and manmade noise usually limit the ultimate 
sensitivity of an HF receiving system, a УНЕ or UHF receiving sys- 
tem is almost always limited by receiver noise. External (atmo- 
spheric) noise is virtually nonexistent at frequencies higher than 
100 MHz. Automobile ignition and other forms of manmade static 
affect frequencies well into the UHF band. 


Multipath Interference 


УНЕ and UHF radio waves are highly attenuated when they travel 
through most materials. Select a location which is as free as possi- 
ble of obstacles in the direction of desired propagation. It is possible 
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to use relay stations or carefully placed reflectors when obstacles 
interfere with the direct path. 


When operating from areas where the transmission path is bounded 
rather closely by reflective objects (e.g. buildings or metal towers) 
the possibility of multipath exists. Whenever conditions are such 
that radio signals travel two or more separate paths from the trans- 
mining to the receiving antenna, a phenomenon known as an inter- 
ference pattem is created around the receiving antenna. There will 
be zones where the incoming signal is received very strongly Con- 
structive interference) with areas of weak signal between (destruc- 
tive interference). If each of the two signal has the same strength, 
complete cancellation will occur in the destructive interference 
zones, and no signal will be received. At VHF and ИНЕ the created 
interference patterns are small enough to permit moving out of а 
destructive zone and into a constructive zone within the space of 
only a meter or so. 


It is difficult to predict the location of an interference pattern. Opti- 
mizing antenna location is a must for good results. Sometimes а 
secondary path is created as the result of reflection from a moving 
object (e.g, an automobile or airplane). The resulting interference 
pattem will not be stationary, but will move past the antenna so that 
the received signal appears to flutter between good and poor recep- 
tion. Multipath problems can be particularly severe when either the 
transmitting or receiving antenna is moving. Diversity techniques 
such as two separated antennas or circular polariz 
to alleviate the effects of multipath interference. High gain (highly 
directive) antennas, both on the transmitter and the receiver, can 
reduce signal loss from multipath interference. 
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Vegetated Areas 


УНЕ and UHF communications through a dense forest over dis- 
tances of more than a few kilometers can often be very difficult. In 
‘many tropical regions, trees and underbrush absorb УНЕ and UHF 
radio energy. In addition to the ordinary free space loss between 
transmitting and receiving antennas, a radio wave passing through a 
forest undergoes an additional loss that is measured in dBs per km. 
‘This extra loss increases rapidly as the transmission frequency 


Near the ground (le, antenna heights of less than 3 meters) vertical 
polarization is preferred. However, if i is possible to elevate both 
receiving and transmitting antennas as much as 10 to 20 meters, 
horizontal polarization is preferable to vertical polarization. Con- 
siderable reduction in total path loss results if either or both the 
transmitting and receiving antennas can be placed above the tree 
level through which communications must be made. 


Increasing antenna gain may provide an improved signal strength 
that exceeds the added antenna gain by reducing the number of 
multipath reflections from trees along the propagation path. The 
higher gain antenna exhibits a much narrower radiation pattern 
which includes fewer tees in its beam. Generally, this effect is most 
noticeable with antenna gains higher than 15 dB or azimuthal half- 
power beam of less than 35°. 


Communications through heavily forested areas over distances 
greater than 10 kms may require a transmitter power of at least 10 
‘watts and antenna gains of 10 dB or more, depending on antenna 
height, terrain features, type of trees, moisture content, and numer- 
ous other factors. If communication is required over distances 
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30 kms, it may be necessary to use high-angle iono- 
spheric propagation in the 3 to 10 MHz frequency range (іе, HF) 
to obtain a reliable circuit. 


ANTENNA TYPES 


‘The vertical whip is the most commonly used antenna, The OE-254 
is a broadband, omnidirectional, biconical antenna. Antennas 
located in places which are enclosed mostly in a metal shell or con- 
tainer (e.g, an automobile) cannot be expected to perform as well 
as if located outside the enclosure. Most of the antenna types usable 
in the HF range are also usable in the VHF and UHF bands. In the 
УНЕ and ИНЕ ranges, use the same antenna for transmitting and 
receiving. 


Vertical Whip 


Itis easy to use and part of every radio set. In mobile situations, it is 
the only antenna that can be used. In stationary operations, the ver- 
tical whip is not a good choice. It cannot be elevated for good omni- 
directional VHF LOS communications, and it radiates in useless 
directions if communications are point-to-point. 


If the tactical situation prevents using an antenna other than the ver- 
tical whip, steps can be taken to improve its performance. Ensure 
that the antenna is vertical. This can be a problem when using the 
manpack short whip or tape in the prone position. Use the flexible 
base on the tape to ensure that the antenna is in a vertical position. 


Place а reflector behind the whip to direct radiation in a general 
direction. A reflector is a vertical wire or another whip placed one- 
quarter wavelength behind the radiating whip. Place the reflector at 
the same height as the whip, and insulate it from the ground. The 
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reflector reflects some of the radio energy back towards the whip 
and provides a broad beam of energy towards the distant station. 
Characteristics are— 


Frequency range: 30 to 88 MHz 
Polarization: Vertical 

Power capability Matched to specific radio 
Radiation pattern 

 Azimuthal (bearing): 


Vertical (take-off angle): 


OE-254 


The OE-254 (fig. 5-1) is scheduled to replace the RC-292. Unlike 
the RC-292, the OB-254 does not require tuning for specific bands 
and can cover the 30 to 87.975 MHz VHF band without adjust- 
ments. Three upward and three downward radial elements simulate. 
two cones which provide omnidirectional VHF LOS radiation. The 
antenna is usually mounted on a 33-foot 8-inch mast for an overall 
height of 41 feet 9 inches. The antenna may be installed at lower 
heights; however, care should be taken to ensure that the lower and 
upper mast adapter assemblies are always used. An 80-foot coaxial 
cable comes with the antenna for direct connection to a radio. 


Frequency range: 301088 MHz 
Polarization: Vertical 
Power capability: 350 watts 
Radiation pattern 


 Azimuthal (bearing) 
Vertical (take-off angle): 


Omnidirectional 
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Figure 5-1. Installed OE-254 Antenna. 
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Antenna Within Vehicle interior 


‘Antennas located inside vehicles will lose some radiation through 
the window openings. It is difficult to predict how much radiation 
will escape or how much the original antenna radiation pattern will 
be affected by the enclosure. The pattern modification depends on 
the vehicle size and its openings and on the location of the antenna 
inside. Select antennas which operate above the cutoff frequency of 
the window openings. An opening in a metal container which is less 
than 0.5 A. in the dimension perpendicular to the plane of polariza- 
tion will be severely attenuated or cutoff as it traverses the opening. 
Lower frequency waves will suffer even greater attenuation. 


HF Antenna Types Usable at VHF and UHF 


Simple vertical half-wave dipole and quarter-wave monopole 
antennas are very popular for omnidirectional transmission and 
reception over short-range distances. For longer distances, rhombic 
antennas made of wire and somewhat similar in design to HF ver- 
sions may be used to good advantage at frequencies as high as 1 
GHz. Another HF antenna, the Yagi, is equally popular in the VHF 
and UHF ranges. However, while Yagis with more than three ог 
four elements are seldom used at HF, Yagi designs with as many as 
15 elements, or more, are quite common at VHF and UHF. 


Dual-Function Antennas 


Because there is no sure method of accurately pointing а transmit- 
ting antenna, accomplish this task by first using the antenna in 
reception and orienting it for the best received signal. Positioning 
the antenna in this manner assures that, according (o the reciprocity 
theorem, the antenna is optimally oriented for transmitting. If two- 
way communications are desired (ie, transmitting and receiving 
alternately) a switch to toggle quickly back and forth between trans- 
mitter and receiver is required. Design the switch so that it will not. 
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upset the impedance on the transmission line, causing unwanted 
received or transmitted power loss. When using coaxial cable аз 
transmission line, use suitable, commercially available, low-loss 
coaxial antenna switching relays if possible. 


In the 225 to 400 MHz and 450 to 470 MHz frequency ranges, most 
antennas are quite small. Mount two identical antennas, using one 
for transmitting and one for receiving. Separate transmission lines 
‘may then be used, eliminating the need for an antenna relay. 


(reverse blank) 


Chapter 6 
Field Repair and Expedients 


‘Antennas sometimes break or sustain damage, causing poor com- 
munications or communications failure. If a spare is available, use 
it to replace the damaged antenna. When there is по spare, construct 
an expedient antenna. The following paragraphs discuss antenna 
and support repair and constructing and adjusting expedient anten- 
nas. 


REPAIR TECHNIOUES 
Whip Antennas 


A broken antenna (whip) can be repaired temporarily. If the whip is 
broken into two sections, rejoin the sections. Remove the paint and 
lean the sections where they will rejoin to ensure a good electrical 
connection. Place the sections together, secure them with a pole or 
branch, and lash them with bare wire or tape above and below the 
break (see fig. 6-1 (A) on page 6-2). 


If the whip is badly damaged, use a length of field wire (WDL/TT) 
the same length asthe original antenna. Remove the insulation from 
the lower end of the field wire antenna, twist the conductors to- 
gether, stick them in the antenna base connector, and secure with a 
‘wooden block. Use either a pole or a tree to support the antenna 
wire (see fig. 6-1 (B) on page 6-2). 
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Figure 6-1. Emergency Repair of Broken Whip. 
Wire Antennas 


Expedient wire antenna repair may involve repairing or replacing 
the antenna or transmission line wire or repairing or replacing the 
assembly that supports the antenna. When one or more antenna 
wires are broken, repair the antenna by reconnecting the broken 
wires. Lower the antenna to the ground, clean the ends of the wires, 
and twist the wires together. Solder the connection if possible. If the 
antenna is damaged beyond repair, construct a new one. Make sure 
that the substitute wire isthe same length asthe original. 


‘Antenna supports may also require repair or replacement. Use a 
substitute item in place of a damaged support. If properly insulated, 
any material of adequate strength can be used. If the radiating ele- 
‘ment is not properly insulated, field antennas may be shorted to 
ground and rendered ineffective. Many commonly found items can 
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be used as field expedient insulators (fig. 6-2). The best are plastic 
ог glass, including plastic spoons, buttons, bottle necks, and plastic 
bags. Less effective than plastic or glass, but better than no insula- 
tors at all, are wood and rope, or both, in that order. The radiating, 
element—the actual antenna wire—should touch only the antenna 
terminal and be physically separated from all other objects, other 
than the supporting insulator, 


BEST 


PS o" 


Da SPOON 


6000 


BS BE 


RUBBER OR CLOTH STRIP (DAY) NYLON ROPE 


Figure 6-2. Improvised Insulators. 
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Guys 


Lines used to stabilize antenna supports are called guys. These lines 

are usually wire, manila rope, or nylon rope. If a rope breaks, repair 

it by tying the two broken ends together. If the rope is too short after 

tying, lengthen it by adding another piece of rope or a piece of dry 

wood or cloth. If a guy wire breaks, replace it with another piece of 
ire. Figure 6-3 shows how to repair a guy line with a spoon. 


Masts 


Some antennas are supported by masts. If а mast breaks, replace it 
with another mast the same length. If long poles are not available, 
overlap short poles and lash them with rope or wire to provide a 
pole of the required length. Figure 6-3 shows how to make an ехре- 
dient mast repair. 


TIPS ON CONSTRUCTION AND ADJUSTMENT 
Constructing the Antenna 


The best kinds of wire for antennas are copper and aluminum. In an 
emergency, use any type that is available. The exact length of most 
antennas is critical. An expedient antenna should be the same length 
as the antenna it replaces. 


Antennas supported by trees can usually survive heavy wind storms 
ifthe trunk of a tree or a strong branch is used as a support. To keep 
the antenna taut and to prevent it from breaking or stretching as the 
trees sway, attach a spring or old inner tube to one end of the 
antenna. Another technique is to pass a rope through a pulley or 
eyehook, attach the rope to the end of the antenna, and load the rope 
with a heavy weight to keep the antenna tightly drawn. 
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Figure 6-3. Repaired Guy Line and Mast. 


(Guys used to hold antenna supports are made of rope or wire, To 
ensure that wire guys will not affect antenna operation, cut the wire 
into several short lengths and connect the pieces with insulators. 
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Adjusting the Antenna 


Ап improvised antenna may change a radio set’s performance. Use 
the following methods to determine if the antenna is operating prop- 
erly. 


Use a distant station to test the antenna. If the signal received from 
this station is strong, the antenna is operating satisfactorily, If the 
signal is weak, adjust the antenna and transmission line height and 
length to receive the strongest signal at a given receiver volume 
control setting. This is the best method of tuning ап antenna when 
transmission is dangerous or forbidden. 


Most Marine Corps cadets use the transmitter to adjust the antenna. 
Set the transmitter controls in position for normal operation. Then, 
tune the system by adjusting the antenna height and length and the 
transmission line length to obtain the best transmission output. 


WARNING 


‘SERIOUS INJURY OR DEATH CAN RESULT FROM CONTACT 
WITH THE RADIATING ANTENNA OR MEDIUM- OR HIGH- 
POWER TRANSMITTER. TURN THE TRANSMITTER OFF 
WHILE MAKING ADJUSTMENTS TO THE ANTENNA. 


Impedance-matching a load to its source is an important consider- 
ation in transmissions’ systems. If the load and source are mis- 
matched, part of the power is reflected back along the transmission. 
line towards the source. This reflection prevents maximum power 
transfer, causes erroneous measurements of other parameters, or 
‘causes circuit damage in high-power applications. 
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‘The power reflected from the load interferes with the incident (for- 
ward) power, creating standing waves of voltages and current along, 
the line. The ratio of standing-wave maximal to minimal is directly 
related to the impedance mismatch of the load. The stan 

ratio (SWR) provides the means to determine impedance and mis- 
match, 


FIELD EXPEDIENT ANTENNAS 
VHF Considerations 


SINCGARS VHF radios provide the primary means of communica- 

tions means for Marine Corps forces around the world. SINCGARS 
radios operate in both single-channel and frequency hopping modes. 
It is important for CIS personnel to remember that when using SIN- 
CGARS radios in the frequency hopping mode, field expedient УНЕ 
antennas should not be used. CIS personnel should only use the 
whip antenna or the OE-254 antenna when operating in the fre- 
quency hopping mode. 


HF Considerations 


‘Vertical antennas are omnidirectional. They transmit and receive 
equally well in all directions. Most manpack portable radios use a 
vertical whip antenna. Improvise a by using a metal pipe or rod of 
the correct length, held erect by guys. Insulate the lower end of the 
antenna from the ground by placing it on a large block of wood or 
other insulating material. Support a vertical wire antenna with a tree 
ог a wooden pole (fig. 6-4 on page 6-8). For short, vertical anten- 
nas, use the pole without guys (if properly supported at the base). If 
the vertical mast is too short to support the wire upright, modify the 
connection atthe top of the antenna. 
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Figure 6-4. Field Substitutes for Support of 
Vertical Wire Antennas. 


End-Fed Half-Wave Antenna 


Construct an expedient, end-fed half-wave antenna from available 
materials (e.g, field wire, rope, and wooden insulators). This 
antenna’s electrical length is measured from the antenna terminal 
оп the radio set to the far end of the antenna (fig. 6-5). 
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For best performance, construct the antenna longer than necessary, 
then shorten it, as required, until best results are obtained. Connect 
the radio set’s ground terminal to a good Earth ground for func- 
tional efficiency. 


GROUND 
‘STAKE 


Figure 6-5. End-Fed Half-Wave Antenna. 


Center-Fed Doublet Antenna 


The center-fed doublet is a half-wave antenna consisting of two 
quarter-wavelength sections on each side of the center. See figure 
6-6 on page 6-10 for constructing an improvised doublet antenna 
for use with FM radios. 
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Figure 6-6. Center-Fed Doublet Antenna. 


Doublet antennas are directional broadside to their length, which 
makes the vertical doublet antenna essentially omnidirectional. The 
radiation pattern is doughnut shaped. The horizontal doublet 
antenna is bidirectional. 


Compute the length of a half-wave antenna by using the formula in 
chapter 4. Cut the wires as closely as possible to the correct length 
because the antenna wires’ lengths are important. 


A transmission line conducts electrical energy from one point to 
another and transfers the output of a transmitter to an antenna. 
Although it is possible to connect an antenna directly to а transmit- 
ter, the antenna generally is located some distance away. In a vehic- 
ular installation, for example, the antenna is mounted outside, and 
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the transmitter is inside the vehicle. A transmission line, therefore, 
is necessary as a connecting link. 


Center-fed half-wave FM antennas can be supported entirely by 
pieces of wood. See figure 6-7 (A) for a horizontal antenna of this 
type. See figure 6-7 (B) for a vertical antenna. These antennas can 
be rotated to any position to obtain the best performance. If the 
antenna is erected vertically, the transmission Jine should be 
brought out horizontally from the antenna for a distance equal to at 
Teast one-half of the antenna's length before it is dropped down to 
the radio set. 


INSULATORS 


HORIZONTALLY 
POLARIZED 


Figure 6-7. Center-Fed Half-Wave Antenna. 
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A short, center-fed half-wave antenna is shown in figure 6-8. The 
antenna ends are connected to a piece of dry wood (e.g, a bamboo 
pole). The bend in the pole holds the antenna wire straight. Another 
pole, or bundle of poles, serves as the mast. 


1 TURN LOOP ay 


BAMBOO POLES e 
*— QUARTER. 
WAVE 


*— QUARTER- 
WAVE 


Ist 
WIRE 4 TURN LOOP 


Figure 6-8. Bent Bamboo Antenna. 


Figure 6-9 shows an improvised vertical half-wave antenna, This 
technique is used primarily with FM radios. In heavily wooded 
areas it is effective for increasing the range of portable radios. The 
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top guy wire can be connected to а limb or passed over the limb and 
‘connected to the tree trunk or a stake. 


Figure 6-9. Improvised Vertical Half-Wave Antenna. 
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FIELD EXPEDIENT DIRECTIONAL ANTENNAS 


The vertical half-rhombic, the long wire, and the yagi are field 
expedient directional antennas. 


Vertical Half-Rhombic and Long-Wire Antennas 


The vertical half-rhombic antenna (fig. 6-10) and the long-wire 
antenna (fig. 6-11) radiate a directional pattern and primarily trans- 
mit or receive HF signals. They consist of a single wire, preferably 
two or more wavelengths, supported on poles at a height of 3 10 7 
‘meters (10 to 20 feet) above the ground. The antennas also operate 
satisfactorily as low as 1 meter (approximately 3 feet) above the 
ground. Connect the far end of the wire to a ground through a non- 
inductive 500- to 600-ohm resistor. To ensure the transmitter's out- 
Put power does not burn out the resistor, use a resistor that is rated 
at least one-half the wattage output of the transmitter. Use а reason- 
ably good ground (e.g, a number of ground rods or a counterpoisc) 
at both antenna ends. 


Yagi Antenna 


‘The Yagi antenna (fig. 6-12) is a dipole with an additional wire 
behind it (reflector) and an additional wire in front of it (director). 


Figure 6-10. Vertical Half-Rhombic Ante 
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These additional wires increase the power to the front of the 
antenna while decreasing the power to the rear. 


Figure 6-11. Long Wire Antenna. 


эрер ROPE. 


ANTENNA 
MAST => 


WoT WIRE 


Figure 6-12. Yagi Antenna. 
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Vee Antenna 


The vee antenna is another field expedient, directional antenna. It 
consists of two wires forming a vee with the open area of the vee 
pointing in the desired direction of transmission or reception (see 
fig. 6-13). The antenna must be fed by a balanced transmission line. 


INSULATORS 


Figure 6-13. Vee Antenna. 


Sloping Vee Antenna 


To simplify construction, the legs may slope downward from the 
apex of the vee (this is called a sloping vee antenna [see fig. 6-14]). 
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The angle between the legs varies with the length of the legs in 
order to achieve maximum performance. 


RESISTOR 


INSULATOR 


Figure 6-14. Sloping Vee Antenna. 
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Use table 6-1 to determine the angle and length of the legs. 


Table 6-1. Leg Length and Angle 


for Vee Antennas. 
Antenna — | Optimum Apex 
Length Angle 
(Wavelength) | | (Degrees) 
3 El 
2 70 
3 EJ 
7 EJ 
5 36 
8 EJ 
w EJ 


When the antenna is used with more than one frequency or one 
wavelength, use an apex angle that is midway between the extreme. 


angles determined by the chart. 


‘To make the antenna radiate in only one direction, add noninductive 
terminating resistors from the end of each leg (not at the apex) to 
ground. The resistors should be approximately 500 ohms and have а 
power rating at least one-half of the transmitier's output. Without 
the resistors, the antenna radiates bidirectionally, both front and 


back. 


Chapter 7 
Satellite Communications Antennas 


‘The Marine Corps’ primary LOS and SATCOM radio set, the AN/ 
PSC-5 enhanced manpack UHF terminal, operates at 5 to 25 kHz 
and provides data and voice communications. It replaces all man- 
packable and vehicular-mounted UHF SATCOM radios. The AN/ 
PSC-5 provides LOS communications with the AS-3566 and long- 
range SATCOM with the AS-3567 and AS-3568 antennas. 


Characteristics of the AS-3566 (fig. 7-1) are— 


Frequency range (LOS): 30 to 400 MHz. 
Demand assignment 
multiple access (DAMA): 22510400 MHz 


Non-DAMA: 225 to 400 MHz 
Polarization: Directional 

Power capability: Determined by terminating resistor 
Radiation pattern 

Azimuthal (bearing): Directional 


Figure 7-1. AS-3566 Low-Gain Antenna. 
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Characteristics of the AS-3567 (fig. 7-2) are— 


Frequency range: 225 10 399.995 MHz 
Beamvidih: 85 
Orientation: Directional 

Elevation (0 to 90°) 
Input impedance: 50 ohms 
VSW 151 
Gai 648 (225 to 318 MHZ) 


5 dB (318 to 399995 MHz) 


Figure 7-2. AS-3567 Medium-Gain Antenna. 
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Characteristics of the AS-3568 (fig. 7-3) are — 


Frequency range: 240 to 400 MHz 
Beamwidth: T 

Orientation: Directional 

Elevation (0 to 90°) 
Azimuth: + 180° 

50 ohms 

15:1 maximum 

8 dB (240 to 318 MHz) 

6 dB (318 to 400 MHz) 

Up to 150 watts continuous 


Figure 7-3. AS-3568 High-Gain Antenna. 
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‘SITING SATCOM ANTENNAS 


‘The most important consideration in siting LOS SATCOM equip- 
‘ment is the antenna elevation with respect to the path terrain. 
(Choose sites that exploit natural elevations. 


Considerations 


The most important consideration in siting over-the-horizon sys- 
tems is the antenna horizon angles (screening angles) at the termi- 
nals, As the horizon angle increases, the transmission loss 
increases, resulting in a weaker received signal. 


"The effect of the horizon angle on transmission loss is very signi! 
cant. Except where the consideration of one or more other factors 
‘outweighs the effect of horizon angles, the site with the most nega- 
tive angle should be first choice. If no sites with negative angles 
exist, the site with the smallest positive angle should be the first 
choice. 


Determining Horizon Angles 


‘The horizon angle can be determined by using a transit at each site 
and sighting along the circuit path. Strictly speaking, the on-site 
survey will determine the visual horizon angle. The radio horizon 
angle is slightly different from the visual horizon angle; however, 
the difference is generally insignificant. 


‘The horizon angle is measured between the tangent at the exact 
location of the antenna and a direct LOS to the horizon. The tangent 
line is at a right angle (90°) to a plumb line at the antenna site. Ifthe 
LOS to the horizon is below the tangent line, the horizon angle is 
negative, 
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Trees, buildings, hills, or the Earth can block a portion of the UHF 
signal, causing an obstruction loss. To avoid sipnal loss due to 
obstruction and shielding, clearance is required between the direct 
LOS and the terrain. Path profile plots are used to determine if there 
is adequate clearance in LOS systems. 


Weak or distorted signals may result if the SATCOM set is operated 
near steel bridges, water towers, power lines, or power units. The 
presence of congested air-traffic conditions in the proximity of 
microwave equipment can result in significant signal fading, partic- 
ularly when а nondiversity mode is employed. 


(reverse blank) 


Chapter 8 
Antenna Farms 


‘The antenna farm (also referred to as the radio hill or the antenna 
hill) is a component of a command echelon. It is the location of the. 
bulk of the unit's antennas and radio and cryptographic equipment. 
It is also the portion of the command echelon that produces the 
majority of the electromagnetic radiation. Antenna farms can be 
located in several different areas: inside the command echelon, out- 
side the command echelon but near it, or outside the command ech- 
elon but far from it. 


COMMAND POST 


‘The commander exercises command and control through establish- 
ing a command post (CP). CPs provide tho headquarters facilities 
from which the commander and staff operate. Battalions and larger 
units may divide the headquarters into three echelons—tactical, 
main, and rear. The CP then becomes the echelon at which the com- 
ander is physically located. 


Tactical 


‘The tactical echelon (main group) is а mobile unit that contains a 
minimal personnel and equipment. Its main focus is tactical control 
of current operations. The antenna farm will generally be located 
within the CP. 


8-2 — MCRP 6-22D 


‘The main echelon is where the commander is normally located 
together with those elements of the staff required to plan and direct 
(operations and control forces. The antenna farm will generally be 
located outside of and far from the CP. 


Rear 


The rear echelon, located to the rear of the main echelon, focuses on. 
administrative and logistics functions. It is normally established by 
regiments and larger units. It may be located in or near ће rear ech- 
elon of the senior headquarters or remain aboard ship. The antenna 
farm will generally be located outside of and far from the CP. 


LOCATION SELECTION CONSIDERATIONS 


There are doctrinal, tactical, and technical considerations involved 
in deciding of how far the antenna farm should be from the CP. The 
CIS officer and CIS chief need to list considerations relevant to the 
situation before determining the best location for the antenna farm. 


Doctrinal Considerations 


MCWP 6-2 (under development), MAGTF Command and Control, 
ЕМЕМ 6 (MCWP 3-1 under development), Ground Combat Opera- 
tions, and MCWP 6-22, Communications and Information Systems, 
contain Marine Corps doctrinal guidance on command echelon 
organization and location. 


‘Some areas to consider when deciding on the antenna farm location 
are communications, electronic warfare (EW), tactical situation, 
and accessibility. 
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Communications. 

* Таке a radio along on reconnaissance to ensure that communi- 
cation from the proposed site is possible. 

+ Choose another site if communication is not possible. 


Electronic Warfare 


* Enemy capability. 
+ Projected electronic signature ot the command. 


Tactical Situation 
* Cover and concealment. 
+ Offensc/defense. 

+ Moving/static. 

+ Intended length of stay. 
+ Future operational plans. 
+ Speed of displacement. 


Accessibility 


‘+ Personnel and equipment available. 


Tactical Considerations 


Once the doctrinal issues have been addressed, locating the antenna 
farm must be reviewed in the light of tactical considerations. Since 
the antenna farm contains the majority of the units radios, crypto- 
graphic equipment, antennas, and a fair portion of the radio opera- 
tors, the physical safety of the site is an important aspect of the 
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antenna farm location decision. At the division force service sup- 
port group/wing levels, the antenna farm should be remoted 1,000 
meters away from the СР, if possible. 


Security. The antenna's physical security depends on the ability to 
protect it. The requirement to provide protection depends on the 
considerations listed above. Protection considerations also depend, 
їп part, on the proximity of the antenna farm to the CP. For an 
antenna within the CP, no additional protective measures are 
required beyond those employed to protect the CP. Additional con- 
siderations for the antenna farms located at remote sites follow. 


Far Remote Sites 


+ Security forces available. 
+ Natural obstacles. 

+ Perimeter defense, avenues of approach. 

+ Barbed wire, automatic weapons, deployment. 
* Mines and sensors. 

+ Supporting coverage. 


Near Remote Sites 


* Same factors as above apply. 
+ Take increased EW measures. 

+ Enforce strict circuit discipline. 
+ Use messengers. 


Cover and Concealment. Whether the antenna farm is located 
inside the unit perimeter ог at a remote location, using cover and 
concealment is imperative. Security assets make it possible to select 
а site that has the best available cover and concealment. Cover and 
concealment is a trade-off with the ability to communicate with and 


Antenna Handbook —— — — — — ——— — 8-5 


from the site. A thoroughly covered and concealed site that prevents. 
communications is worthless. 


Obstacles. As with any other defensive position, use natural or 
‘manmade obstacles to enhance the antenna farm's security. 


Terrain. Studying the terrain in the vicinity of remote antenna farms. 
is essential to developing an adequate plan for defense. Studying 
the terrain is also of paramount importance to ensuring that a unit 
сап communicate from the site. 


Technical Considerations 


Siting VHF antennas greatly effects communications reliability. In 
ап ideal setting, the antenna would be as high as possible above a. 
flat, clear area. In tactical situations, the antenna location must be a 
compromise of propagation consideration, EW considerations, and. 
cover and concealment. 


When it is possible to see the distant station but not communicate. 
with it, the receiving station is experiencing destructive multipath 
interference. This combining of direct and reflected rays out of 
phase, results in complete signal cancellation. This interference can 
also result in a very weak signal or one that flutters. To improve 
communications, either raise or lower the antenna or move the 
antenna to several different sites. Usually, one or both of these 
actions will result in good communications. 


Another cause of weak communications is antenna cross-polariza- 
tion. This means that the transmitting and receiving antennas have a 
different polarization. For best communications, both antennas 
should be vertically or horizontally polarized. 
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Another problem could be misaligned directional antennas. If direc- 
tional antennas are not correctly pointed at each other, communi 
tion is degraded. The directional antennas’ electrical characteristics 
‘can change over several field deployments, especially ifthe antenna 
is subjected to harsh use. These electrical characteristic changes can 
‘cause the radiation pattern to change. Then, when the antenna is 
physically pointed at the distant station, the main radiation may be 
aimed in another direction. 


To correct these electrical characteristic changes, have the distant 
station transmit. Slowly tum the receiving antenna while listening 
to the received signal. When the received signal is strongest, the 
antenna is properly aligned for the circuit. Secure the antenna in this 
Position and have the distant station align its antenna in the same 
‘way. When both antennas are properly adjusted, the maximum radi- 
ation from each antenna is directed at the other antenna, 


SITING VHF ANTENNAS 


‘Antenna sites should be as high as possible and clear of obstruc- 
tions such as hills, dense woods, and buildings. I it is necessary to 
site the antennas on or around hills, choose а site that allows LOS to 
the distant station or stations. If possible, place the antenna on the 
military crest of a hill, not on the ridge line. Antennas located on the 
ridge line provide an aiming stake for enemy observation and fire 
(fig. 8-1). 


Place high ground between the antenna and the enemy to block the 
enemy's observation and the antenna’s radiation, reducing the 
enemy's intercept capability (fig. 8-2). 
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Figure 8-1. Ridge Line Antenna Farm. 


DESIRED 
a COMMUNICATIONS 


Figure 8-2. Antenna Sited on a Military Crest. 


Ina dense forest, get the antenna tip above the treetops. This height 
allows the radio signal to propagate in the clear space above the 
trees. If it is impossible to raise the antenna above the trees, a hori- 
zontally polarized antenna provides better communications through 
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trees than a vertically polarized antenna. Figure 8-3 shows good, 
fair, and poor antenna siting in dense trees. 


A clearing in a forest improves propagation if the antenna is placed 
зо that the clearing is between the antenna and ihe distant station. 
(for a directional antenna). Place an omnidirectional antenna in the. 
center of a clearing, with the antenna as high as possible (fig. 8-4). 


A communicator may have little choice in selecting a transmitter or 
receiver site location. Often the site is determined by the opera- 
tional requirements of a superior command. However, when a 
choice is available, determine the HF antenna site by wave-path 
geometry. 


DISTANT STATION ——> 


Figure 8-3. Antennas Sited in Dense Trees. 
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DISTANT STATION —> 


GOOD FAR POOR 


Figure 84. Directional Antennas Sited in a Clearing. 


‘Transmitting Antenna Site 


Any site that has a horizon whose obstructions subtend vertical 
angles of less than 2° from level in any of the directions of trans- 
mission can be considered immediately as a satisfactory site from 
the standpoint of radiation. As a simple rule, a satisfactory horizon 
clearance exists when any obstruction subtends a vertical angle that 
does not exceed one-half of the desired beam angle in the vertical 
plane in that direction. If the vertical beam angle for a given circuit 
is low for the lowest order hop, then the horizon in that direction 
сап be as much as 5° above level as seen from the antenna location. 


In hilly or mountainous country, choosing a site for long-distance 
transmission, requiring very low beam angles, can be difficult. 
When the only possible site presents horizon obstructions in the pre- 
ferred wave path, it may be necessary to design an antenna that uses 
a higher order of hop, and to direct the beam at a corresponding 
higher angle to obtain the desired 240-1 horizon clearance angle. 
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For example, if the computed vertical beam angle for a one-hop cir- 
cuit is 6° at an azimuth of 332°, and the horizon in this direction is a 
range of mountains with a height of 8° as seen from the antenna 
site, the performance of the circuit would be greatly compromised 
by the obstruction of the mountains. It might be better to work this 

rcuit with two hops—a vertical beam of 20° could be used 
instead, with adequate horizon clearance for the wave path. If the 
circuit required 6° for a two-hop circuit 5,400 kilometers long with 
the same obstruction sited, the circuit could be changed to three 
hops, which, for the same layer heights, would permit using a beam 
at 14°. The latter solution lacks the full 240-1 horizon-clearance 
angle, but it may be an acceptable compromise and perhaps prefera- 
ble to using four hops. 


Short-range, sky wave circuits using one-hop high-angle radiation 
give a great latitude in the choice of sites. For F layer transmission 
to distances of 500 miles and less, the vertical beam or angles аге 
always greater than 30°. Satisfactory sites for such transmission can 
often be located in rather deep valleys without any compromise on 
the circuit performance. 


Forests on or near the site require some consideration, Because the 
theoretical radiation pattern is calculated on perfect reflectivity 
from ground, some precautions are necessary to obtain actual per- 
formance that substantially agrees with theoretical performance. 
(Choose a site that provides conditions as nearly perfect as possible 
with respect to wave-reflecting surfaces around the antenna. There 
should be few or no trees and buildings out to the necessary dis- 
tance from the antenna. The point of wave reflection should be flat 
and cleared. An excellent choice is a site that borders the sea or a 
lake. Water is a wave-reflecting surface. 
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Receiving Antenna Sites 


Choosing a receiving antenna site is similar to choosing a transmit- 
ting antenna site. The dominant angles of arrival of the incoming 
waves at the site are determined mainly by the characteristics of the 
transmitting antenna, Best results are obtained with complementary 
transmitting and receiving antennas. If a horizon obstruction exists 
at the optimum angle of wave arrival, a compromise, noncomple- 
‘mentary antenna may be necessary. When possible, move the trans- 
mining antenna to align with the receiving antenna. 


The receiving site must be as free as possible from electrical noise. 
"The tolerable amount of manmade noise at a particular receiving 
station site depends on the prevailing natural atmospheric noise lev- 
els. At a well selected site, reception should always be limited only 
by natural atmospheric noise. Any manmade noise at the site should 
always be substantially less than the atmospheric noise received 
during the low-noise periods. 


Aside from broadcast systems, most communications systems re- 
quire that antennas be positioned so that their main lobes of radia- 
tion are aligned with each other. This requires knowledge of the 
great circle bearing to the other antenna and the local magnetic vari- 
ation from true north. 


‘The great circle bearing between two locations is calculated by 
methods that are beyond the scope of this publication. A way to find. 
the great circle bearings is to request a frequencies of optimum 
transmission chart from the Electromagnetic Compatibility Analy- 
sis Center. 
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ANTENNA FARM INTERNAL ARRANGEMENT 


Frequency Band 


‘The higher the frequency, the shorter the wavelength. The shorter 
the wavelength, the more nearly LOS. The more nearly LOS, the 
more critical is a clear LOS path for the signal. 


Antenna Selection and Placement 


Selection. The key to antenna selection rests with the answers to 
the following three questions: 

+ To whom will you be transmitting? Where will they be? 

+ What is the path between you and them? 

+ What kind of net? Point-to-point or mul 


tation? 


Placement. Antenna placement within the antenna farm should 
take into account the following three factors: 


Cosite interference. Evaluating interference can be difficult be- 
cause of the nature of the systems involved and the complexity of 
the signals. The mechanisms are varied. In the simpler cases they 
тау be direct interference into the radio receiver. In other cases, 
they may be spurious products or combinations of products which 
arrive at the receiver input and produce a net resultant interference 
into the receiver intermediate frequency section. The latter may be 
frequency translations resulting from sum and difference products 
‘within the same system. In still other cases, the receiver may see an 
identical signal to the regular signal. 


Interference produces beats or noise in a radio receiver which have 
detrimental effects depending on the frequency, deviation, channel 
separation and linearity of the transmission medium, as well as the 
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nature of the interfering signal. Sometimes the interfering signals 
combine with other frequencies in the system, including carrier- 
sum and difference frequencies, to produce interference in a third 
radio channel. The products may hold up automatic gain control 
during critical fading periods, with serious effect on system noise. 
Usually, noise in the base band channels is an end product. 


Radio system interference may be introduced through antennas, 
wave guides, cabling, or by spurious products produced in the radio 
equipment itself. Interference introduced into the cabling or in the 
equipment can be prevented by good installation practices, includ- 
ing proper separation of high- and low-level cabling, proper ground- 
ing practices, shielding where necessary, and good equipment 
design and assembly. Interference introduced by coupling between 
wave guides in the same station is usually produced by radiation 
from wave guide and filter flanges which are not properly tightened, 
or which are damaged and cannot be mated properly. 


Antenna Coupling. Antenna coupling is a frequency-independent 
problem that may occur whenever other antennas (whether trans- 
miting or not) or metallic objects are located within one wave of the. 
transmitting antenna. Antenna coupling may be either beneficial or 
detrimental. Yagis, log periodic arrays, and half-square antennas, 
for example, derive their gain and directivity from antenna cou- 
pling. Unintended antenna coupling, on the other hand, may signifi 
cantly reduce the signal strength in the desired direction and either 
degrade or stop communications. 


Coupling is based on two principles. One, that current flowing 
through a wire creates a magnetic field around it; and, two, that sig- 
nals in phase reinforce each other whereas signals out of phase can- 
cel each other. Receiving antennas have current flowing in them 
(the received signal). Because there is a flowing current that creates 
а magnetic field, a receiving antenna will simultaneously receive 
and reradiate the same signal. Receiving antennas, in fact, tend to 
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reradiate about one-half of the power they receive. If the receiving 
antenna is within one wavelength of a transmitting antenna (it 
makes absolutely no difference whether or not the receiving 
antenna's radio is tuned to the same frequency as the transmitting 
radio), the receiving antenna will reradiate a portion of the signal 
which may be out of phase with the original signal, altering the 
transmitting antenna’s radiation pattern. 


Direction of Desired Transmission. Separate antennas according 
to the direction of desired transmission. For example: If antenna А 
is used to communicate to the east, and antenna B is used to com- 
municate to the north, then locate antenna A south and east of 
antenna B. Do not make the signal from one antenna pass through, 
or around, another antenna on the way to its intended receiver. 
‘Accomplish this by the physical location of the antennas, by mask- 
ing the antennas, or by placing the antennas at different elevations. 


Requirements 


Separate antennas based on the frequencies at which they will oper- 
ate and the power they will transmit to avoid cosite interference. 


For a 10 percent separation— 
Power Distance (Meters) 

1 kilowatt 500 

400 watts 315 

150 watts 200 

100 watts 150 

40 watts 100 

20 watts 70 

10 watts 50 

2 watts 2 


1 watt 15 
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Multiply separations by 10 for each halving of frequency separation 
(le, 10 for 5 percent; 100 for 2.5 percent). 


For as percent separation— 


Power (Watts) | Distance (Meters) 


10 500 
2 220 
1 150 
For a 2.5 percent separation— 
Power (Watts) Distance (Meters) 
10 5000 
2 2200 
1 1500 


Separate antennas by a minimum of wavelength at the lowest fre- 
quency at which they will operate to alleviate antenna coupling. 


Band Lowest Frequency Minimum Separation 
(мн) (Feet) 

HF 2 492 

VHF 30 328 

UHF 205 437 


Separate antennas according to the desired direction of transmission 
Gie., don't send the propagated wave through other antennas). 


Polarization 
‘The preferable polarization with respect to vegetation depends on 


the forest and the amount of foliage. Use а polarization with an 
inherent advantage when heavy vegetation cannot be avoided. Any 
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advantage based on polarization will be determined by the polariza- 
tion of possible sources of interference. In deciduous forests the 
sources ate evenly divided between vertical and horizontal. In 
mature coniferous forests the sources are predominately vertical, so 
horizontal polarization has an advantage. 


Power and Signal Lines 


Distribute power and signal lines to eliminate and avoid crossovers. 
If power and signal lines must cross, arrange them so that they cross 
at right angles, and separate them by 4 feet of elevation. Do not run. 
power and signal lines parallel to each other. 


ANTENNA FARM LAYOUT PRINCIPLES 


= Segregate HF, УНЕ, and UHF channels. 

+ Maintain separation between antennas. 

+ Separate power and signal lines. Keep them out of the main 
‘ground phase of antennas. 


+ Keep transmitters close to the feed point of their antennas lie, 
keep them short). 


+ Establish good RF and safety grounds for each antenna. 
+ Use ground radials for each antenna. 
+ Site LOS antennas on the highest ground. 


+ Site antennas to avoid the main lobes and significant side lobes 
ol directional antennas. 


‘+ Remote antenna farms 1 kilometer from the CP if practical 


Appendix A 


GLOSSARY 


Section I 
Acronyms and Abbre: 


ions 


centigrade 
‘communications and information systems 

centimeter 
‘communications security 


decibels over an isotropic. 


for example 
electronic warfare 


„frequency modulation 
Fleet Marine Force manual 
‘Fleet Marine Force reference publication 


gigahertz 


igh frequency 


„that is 
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„lowest usable frequency 


„Marine air-ground task force 
Marine Corps doctrinal publication 
„Marine Corps reference publication 
Marine Corps warfighting publication 

megahertz 
mile/miles 
++ maximum usable frequency 


..near-vertical incidence sky wave 


radio frequency 


satellite communications 
single-channel radio 
Vospheric disturbance. 
‘single-channel ground and airborne radio system 
— debe 

-sem planning, engineering, and evaluation device 
A landing wave ratio. 


television. 


lirahigh frequency 
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Section Il 
Definitions 


A 


alternating current—Current that is continually changing in mag- 
nitude and periodically in direction from a zero reference level. 
Also called AC. 


amplification—The process of increasing the strength (current, 
voltage, or power) of a signal. 


amplitude—The level of an audio or other signal in voltage or cur- 
rent. The magnitude of variation in a changing quantity from its 
zero value. 


amplitude modulation—Modulation in which the amplitude of the 
carrier wave is varied above and below its normal value in accor- 
dance with the intelligence of the signal being transmitted. Also 
called AM. 


angle of incidence—The acute angle (smaller angle) at which a 
wave of energy strikes an object or penetrates a layer of the atmo- 
sphere or ionosphere. 


antenna—A device used to radiate or receive electromagnetic 
energy (generally RF). 


antenna bandwidth—The frequency range over which a given 
antenna will accept signals. 


antenna feed—Means by which power is transferred to and from 
the antenna and the connecting transmission line. 
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antenna gain—The effectiveness of a directional antenna as com- 
pared to a standard nondirection antenna. It is usually expressed as 
the ratio in decibels of standard antenna input power to directional 
antenna input power that will produce the same field strength in the 
desired direction. For a receiving antenna, the ratio of signal power 
lues produced at the receiver input terminals is used. The more 
directional an antenna is, the higher is its gain. 


array—Several simple antennas, usually dipoles, used together to 
control the direction in which most of the antenna’s power is radi- 
ated. 


attenuation—Power loss resulting from conductor resistance and 
dielectric loss within the insulating material used to separate the 
conductors. 


azimuth—An angle measured in a horizontal plane from a known. 
reference point. 


balanced antenna—An antenna is balanced with respect to ground 
‘when both its arms have the same electrical relationship to ground. 


balanced transmission line—A transmission line whose conduc- 
tors have voltages of opposite polarity and equal magnitude with 
respect to the Earth. 


balun—A device for feeding a balanced load with an unbalanced 
line, or vice versa. 


‘bandwidth—The width of a band of frequencies used for a particu- 
ar purpose. 
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baud—The number of times per second the carrier signal changes 
value. 


bidirectional—in two directions, usually opposite. 
blob—Small areas of the atmosphere where temperatures and pres- 
sure differences produce conditions suitable for the refraction of 


radio waves. 


broadband antenna—An antenna capable of operation over а 
wide band of frequencies, 


© 


cable connector Fittings for cable ends which permit rapid con- 
nection and disconnection with equipment or other cables. 


capacitance—A natural property of an electrical circuit which 
‘opposes the rate of change of voltage. 


capacitor—A device for storing electrical charge. 


center-fed— Transmission line connection at ће electrical center of 
an antenna radiator. 


coaxial cable—A transmission line consisting of two conductors, 
one inside the other, and separated by insulating material. The inner 
conductor may be a small copper tube or wire; the outer conductor 
may be metallic tubing or braid. Radiation loss from this type of 
line is very little. 


command post—The headquarters of a unit or subunit where the. 
commander and staff perform their functions, 
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communications circuit—The means by which information is 
transferred between two or more places. 


conductor—A material (usually metal) that has low resistance to 
the flow of electrical current. A wire, cable, or other object capable 
of carrying electric current. Good conductors are made of metals 
such as silver, copper, and aluminum. 


connections—Points at which two or more conductors are brought 
into contact 


counterpoise—A conductor or system of conductors used as a sub- 
stitute for ground in an antenna system; a wire ог group of wires 
‘mounted close to the ground, but insulated from ground, to form a 
low-impedance, high-capacitance path to ground. 


critical frequeney—The highest frequency at which a signal may 
һе transmitted directly overhead and be reflected back to Earth 
from the ionosphere. 


cross-polarized—The polarization of a received signal is 90 
degrees to the polarization of the receiving antenna. 


current—The flow of electrons along any path. 
D 


decibel —The standard unit used to express transmission gain or 
1о and relative power levels. Also called dB. 


deflection— The displacement of an electron beam from its line of 
sight path. 


 demodulate—To recover the information originally impressed on 
the radio wave. 
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dielectric—A material that does not conduct elect 
rubber or glass, ie. an insulator. 


diffraction—The process by which electromagnetic waves are bent 
зо that they appear behind an obstruction. 


dipole antenna—A center-fed wire antenna whose conductors are 
in a straight line. 


directional antenna—An antenna designed to transmit and receive 
RF energy in a specific direction(s). 


direct waves—Waves which propagate in a straight line from the 
transmitting to the receiving antennas. 


directivity—The property of radiating more energy in some direc- 
tions than in others. 


director—A conductor placed in front of a driven element to cause 
directivity. 


ducting—The propagation of VHF/UHF wave by bouncing 
between the Earth’s surface and the interface between layers of air 
having different dielectric constants. 

E 


efficiency—The ratio of power output to power input. 


electromagnetic field—The field of force that an electrical current 
produces around the conductor through which it flows. 


electromagnetic waves—A wave propagating as a periodic distur- 
bance of the electric and magnetic fields and having a frequency їп 
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the electromagnetic spectrum; the means by which energy is trans- 
mitted from one place to another. 


end-fed—An antenna whose power is applied to one end rather 
than at some point between the ends. 


F 
fading— A periodic decrease in received signal strength. 


feedpoint impedance—Impedance that is measured at the input 
terminals of an electrical device such as an antenna, 


fields—Regions in which each point has a value of a physical quan- 
tity (voltage, magnetic force, velocity, mass, etc.). 


free space—The absence of ground. 


frequency—The rate at which a process repeats itself. In radio 
‘communications, frequency is expressed in cycles per second. 


frequency hopping—A method of jumping from frequency to fre- 
‘quency in synchronization with one another in a random order at а 
rate of up to 100 times per second. Frequency hopping is the pre- 
ferred method of communication with SINCGARS radios. 


frequency modulation—The process of varying the frequency of a 
cartier wave, usually with an audio frequency, in order to convey 
intelligence. Also called FM. 


frequency of optimum transmission—85 percent of the maximum 
usable frequency (MUF). A practical frequency selection which 
allows for MUF variations. 
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G 


galn—The increase in signal strength that is produced by an ampli- 
firer. 


generator—A device that changes mechanical energy into electri- 
cal energy. 


ground—A very large semiconductive surface (the Earth) or a 
smaller highly conductive surface. 


ground radials—Wires on or in the earth to improve its conductiv- 
ity near the antenna. 


ground sereen—A wire mesh ground plane. 


ground wave—A radio wave that travels along the Earth’s surface 
rather than through the upper atmosphere. 


H 


half-wave dipole antenna—A center-fed antenna whose electrical 
length is half the wavelength of the transmitter or received signal. 


half-wave vertical dipole antenna—A half-wave dipole con- 
structed vertical to the Earth's surface. 


hertz—One cycle per second. 
high frequency—frequencies between 3 and 30 MHZ. 


hop—A single reflection of the wave back to Earth at a point 
beyond the horizon. 
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horizontal dipole—A dipole constructed parallel to the Earth's sur- 
face. 


horizontal pattern—The horizontal cross-section of an antenna's 
three-dimensional radiation pattern. 


horizontal polarization—Transmission of radio waves in such a 
way that the electric lines of force are horizontal (parallel to the 
Earth's surface). 


impedance—The total opposition offered by a circuit or compo- 
nent to the flow of alternating current. 


impedance match—The condition where the load impedance 
‘equals the characteristic impedance of a transmission line. 


inductance—The natural property of an electrical circuit which 
‘opposes the rate of change or current, ie., electrical “intertia." 


in phase—Two or more signals of the same frequency passing 
‘through their maximum and minimum values of like polarity at the 
same instant. 


insulator—A device or material that has a high electrical resis- 
tance; а nonconductor of electric 


interference—A degradation of a received signal caused by 
another transmitter, a noise source, or the desired signal propaga- 
tion over two or more different routes. 


inverted L antenna—A half-wave dipole fed by a one-quarter 
‘wavelength long vertical section. 
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inverted vee antenna—A half-wave dipole erected in the form of 
ап upside-down vee, with the feed point at the apex. It is essentially 
omnidirectional, and is sometimes called a “dropping doublet.” 


jonization—The process where radiation and particles from the 
Sun make some of the Earth's atmosphere partially conductive. 


ionosphere—A partially conducting region of the Earth’s atmo- 
sphere between 50 kms and 400 kms high. 


L 


Jambda—Greck lower case letter (A) used to represent a wave- 
length with reference to electrical dimensions in antenna work. 


linearly polarized antennas—Antennas that produce only one 
polarization 


line of sight—The transmission path of a wave that travels directly 
from the transmitting antenna to the receiving antenna. Also called 
Los. 


load—A device that consumes electrical power. 


loading— Providing or connecting an electrical device capable of 
accepting power fo match the impedance of an antenna to а trans- 
miter so that maximum power is radiated from a generating device, 
such as a transmitter. 


lobe—A bulge on an antenna radiation pattern which indicates the 
direction in which radiated power is concentrated. 


long-wire antenna—An end-fed single wire antenna usually one 
‘wavelength or longer, 
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lowest usable frequency—The lowest frequency that will not be 
absorbed by the ionosphere or smothered by atmospheric noise. 
Also called LUF. 


м 
maximum usable frequency—The highest frequency for a given 
elevation angle that will reflect from an ionospheric layer. Also 
called MUF. 

megahertz—One million cycles per second. Also called MHz. 
modulate—To change the output of a transmitter in amplitude 
phase, or frequency in accordance with the information to be trans- 
mitted. 


monopole antenna—An antenna with a single radiating element; a 
whip antenna. 


noise—Random pulses of electromagnetic energy generated by 
lightning or electrical equipment. 


o 


offset angle—The angle at which a long wire antenna must be 
aimed on either side of the direction to the base station. 


omnidirectional antenna—An antenna whose radiation pattern 
shows equal radiation in all horizontal directions. 


oscillation—A periodic, repetitive motion or set of values (voltage, 
current, velocity). 
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out of phase—Two alternating quantities not passing through cor- 
responding values at the same time (e g- if the current in a circuit 
reaches its maximum value before or after the applied voltage does, 
the current is out of phase with the voltage). 


Р 
path loss—The ratio of received power to transmitted power. 
polarization—The direction of the electric field of a radiated wave 


relative to the surface of the Earth (vertical, horizontal, linear, and 
circular) 


polarization fading—Fading due to polarization rotation of a 
received signal. The reccived signal decreases when the incoming 
wave does not have the same polarization as the receiving antenna. 


power gain—The di 
efficiency 


gain of an antenna multiplied by its 


propagation—A phenomenon by which any wave moves from one 
Point to another; the travel of electromagnetic waves through space 
of along a transmission line. 


propagation path—The path or route over which power flows 
from the transmitter to the receiver. 


a 


quarter-wave antenna—An antenna with an electrical length that 
is equal to one-quarter wavelength of the signal being transmitter or 
received. 
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R 
radiate—To transmit RF energy. 


radiation—Energy that moves through space as electromagnetic 
waves. 


radiation patterns—A chart of relative radiation intensity (or 
power) versus direction. 


radio frequency—Any frequency of electrical energy capable of 
propagation into space (usually above 20 kHz). Also called RF. 


radio horizon—The greatest distance on the Earth at which a trans- 
mitted wave can be received by the direct path from a transmitter 
located on the Earth. 


radio waves—Electromagnetic waves at a frequency lower than 
3,000 GHz and propagated through space without and artificial 
guide. 


receiver—Amplifying and selecting equipment that receives radio 
frequencies and delivers a duplicate of the information impressed 
on the transmitter. 


reception—The process of recovering transmitted information; the 
process of converting electromagnetic fields to current in wires. 


reciprocity —The various properties of an anntenna apply equally 
whether the antenna is transmitting or receiving. 


reflected waves—Waves that change their direction of propagation 
after striking a surface that is either a conductor or an insulator. 
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reflection The turning back of a radio wave from an object or the 
surface of the Earth. 


reflector type antenna—An antenna placed in front of a conduct- 
1 surface (reflector) for the purpose of increasing radiation in one 
direction, at the expense of radiation in other directions. 


refraction—The bending, or changing direction, of a radio wave 
passing into or through layers of the atmosphere or the ionosphere 
that have different density (dielectric constant). 


refractive index—A measure of the degree by which the speed of 
an electromagnetic wave is slowed as it propagates through a given. 
material. 


resistance—The property of a material or substance to oppose the 
passage of current through it, thus causing electrical energy to be 
‘converted into heat energy. 


resonance—The state or frequency of vibration, electrical or 
mechanical, in which forces that impede the motion are minimum. 


resonant length—The proper length of an antenna to render it reso- 
mant 


rhombic antenna—An antenna made of four wires of equal length 
connected together in the shape of a rhombus. 


5 
seattering—The spreading or breaking up of electromagnetic 


waves when they encounter objects of different electrical properties 
than those in which the wave is traveling. 
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shortened dipole—A dipole antenna made to resonate at a lower 
frequency by use of a coil. 


signal—A radio wave that contains the transmitted message. 


signal loss—The amount of signal power lost between the transmit- 
ter and receiver. 


signal-to-noise ratio—The power intensity of be signal compared 
to that ofthe noise, 


skip distance—The distances on the Earth's surface between the 
points where a radio wave sky wave leaves the antenna and is suc- 
cessfully reflected and/or refracted back to Earth from the iono- 
sphere. 


skip zone—The space or region within the transmission range 
‘where signals from a transmitter are not received, ie., between the 
‘ground wave and the point where the refracted wave returns. 


sky wave—A radio wave that is reflected from the ionosphere. 
sloping long-wire antenna—A wire antenna of length greater than 
‘one wave-length and supported in an inclined orientation with 
respect to the ground. 


standing-wave ratio—The ratio of the maximum to minimum 
amplitudes of voltage, or current, along a transmission line. 


standing waves—Waves that appear not to be moving as the result 
of power traveling in both directions along a transmission 


stratosphere—The second layer of the Earth's atmosphere, extend- 
ing from 10 to 50 km. 
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sunspots—Activity on the Sun's surface which is seen as a series of 
blemishes that vary in size, number, and location. 


T 


take-off angle The angle measured from the Earth's surface or 
horizontal up to the direction of propagation towards the iono- 
sphere. 


transistor—A minute electronic device that permits a small current 
to control the flow of a larger current. 


transmission line—A conductor that transfers radio frequency RF 
energy from the transmitter to the antenna or from the antenna to 
the receiver. 


transmitter—A piece of equipment that generates and amplifies a 
radio frequency, adds intelligence to this signal, and then sends it 
out into the air as radio frequency wave. 


troposphere—The region of the Earth's atmosphere from the sur- 
face to a height of about 10 km. 


tuning—The process of adjusting a radio circuit so that it resonates 
at the desired frequency. 


twin-lead transmission line—A balanced transmission line gener- 
ally used with balanced antennas. 


two element array—An antenna composed of two element anten- 
nas. 
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u 
ultrahigh frequency—Frequencies between 300 and 3,000 MHz. 


unbalanced transmission line—A transmission line one of whose 
conductors is grounded. 


unidirectional—In one direction only. 
у 
vee antenna—Two long-wire antennas connected to form a vee. 


velocity—The speed of a radio wave through the dielectric medium. 
itisin. 


vertical dipole—A balanced or dipole antenna oriented vertically. 
vertical polarization— Transmission of radio waves in such a way 
that the electric lines of force are vertical (perpendicular to the. 
Earth's surface). 


vertical quarter-wave antenna—A monopole (whip) antenna that 
is oriented vertically. 


very high frequency— Frequencies between 30 and 300 MHz; 
‘transmissions that follow the line of sight path. 


voltage—Electrical pressure, expressed in volts, which is the result 
of squeezing electrons together. 


voltage standing-wave ratio—The ratio of the amplitude of the 
electric field or voltage at a voltage maximum to that at an adjacent 
voltage minimum. Also called VSWR. 
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w 


wavelength—The distance a wave travels during one complete 
cycle. It is equal to the velocity divided by the frequency. 


wave propagation—The transmission of RF energy through space. 
whip antenna—A vertical monopole. 


wire—Conductors in one of many different sizes with different 


Y 


yagi antenna—A combination of dipoles to increase the gain. 
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Marine Corps 
Warfigthing Publication (MCWP) 


62 Communications and Information Systems 
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622A. TALK-II SINCGARS: Mutiservice Communica- 
tions Procedures for the Single-Channel Ground 
and Airborne Radio System 

enc Radio Operator's Handbook (under development) 


Technical Manual (TM) 


2000-15/2B | Principal Technical Characteristics of U.S. Marine 
Corps Communications-Electronic Equipment 


Army 

Field Manuals (FMs) 

nar Combat Net Radio Operations 

1143 Signal Leader's Guide 

11-65 High Freguency Radio Communications 

242 Spectrum Management 

24-18 Tactical Single-Channel Radio Communications 
Techniques 

2449 Radio Operator's Handbook 
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3D View Antenna Pattern 


Source: COMSEARCH 


Understanding The Mysterious “dB" 


dBd Signal strength relative to a dipole in empty space 


EJ Signal strength relative to an isotropic radiator 


e] Difference between two signal strengths 


1mWatt = 0 dBm песы МЕ 
1 Watt =30 dBm ogarithmic Scale 
20 Watts = 43 dBm 10 * log, (Power Ratio) 


[ИШ Absolute signal strength m [ to 1 milliwatt 


If two carriers are 20 Watt each = 43 dBm 


dBc Signal strength relative to a signal of known strength, 
in this case: the carrier signal 
Example: -150 dBc = 150 dB below carrier signal 
—150 dBc = -107 dBm or -0.02 pWatt or -1 microvolt 


Effect Of VSWR 


Good VSWR is only one component of an efficient antenna. 


Return | Transmis | Power 


Reflected 
(%) 
1.00 00 0.00 0.0 100.0 
1.10 | 264 0.01 0.2 99.8 
1.20 | 20.8 0.04 0.8 99.2 
1.30 | 177 0.08 1 98.3 
1.40 | 15.6 0.12 2.8 97.2 
1.50 | 14.0 0.18 4.0 96.0 
2.00 9.5 0.51 11.1 88.9 


Shaping Antenna Patterns 


¡Vertical arrangement of properly phased dipoles allows control 
of radiation patterns at the horizon as well as above and below 

the horizon. The more dipoles that are stacked vertically, the 
flatter the vertical pattern is and the higher the antenna 


coverage or ‘gain’ is in the general direction of the horizon. 


iping Antenna Patterns (Continued) 


Aperture Vertical Horizontal 


of Dipoles Pattern Pattern 


ОО 


Single Dipole 


* Stacking 4 dipoles vertically in 
line changes the pattern shape 
(sguashes the doughnut) and 
increases the gain over single 
dipole. 


* The peak of the horizontal or 
vertical pattern measures the 
gain. 


The little lobes, illustrated in the 
lower section, are secondary 


4 Dipoles Vertical " 
() Stacked i minor lobes. 


* General Stacking Rule 

* Collinear elements (in-line vertically). 

* Optimum spacing (for non-electrical tilt) is approximately 0.9A. 

* Doubling the number of elements increases gain by 3 dB, and reduces vertical beamwidth by half. 


Сап 
What is it? 


Antenna gain is a comparison of the power/field characteristics of a device under test (DUT) to a 
specified gain standard. 


Why is it useful? 
Gain can be associated with coverage distance and/or obstacle penetration (buildings, foliage, 
etc). 


How is it measured? 
It is measured using data collected from antenna range testing. The reference gain standard must 
always be specified. 


What is Andrew standard? 
Andrew conforms to the industry standard of +/—1 dB accuracy. 


Gain References (dBd And dBi) 


An isotropic antenna is a 
single point in space 
radiating in a perfect 
sphere (not physically 
possible). 


+ Adipole antenna is one 
radiating element 
(physically possible). 


+ Again antenna is two or 
more radiating elements 
phased together. 


Isotropic Pattern 


Dipole сЕ ES 


3 (ава) = 5.14 (dBi) 


0 (dBd) =2.14 (dBi) 


Principles Of Antenna Gain 


Omni Antenna, Side View Directional Antennas, Top View 


+3 dd 
+3 dd 


2 ue 
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# of Radiators 


Theoretical Gain Of Antennas (dBd) 


3 dB Horizontal Aperture Typical Length 
(Influenced by Grounded Back “Plate”) of Antenna (ft.) 

Vertical 
= 360 | 180 | 120 | 105 800/900 | 1800/190 | Beamwidt 
s =| > ЕЕЕ ^ er ЕУ MHz 0 h 
E al 0 3 4 5 6 | 8 | 9 | 105 1 0.5 60° 
а АРЗ ЕЕЕ ДА HOO 2 1 30° 
8 з| 78.5 | 9.5 ПШ 12. ES 15.1 3 1 20° 
3 98 5 [65 

а| 6 в WOH 5420 ТА | 15 [168 4 2 15° 
10. 12. 15. 5 

6 75 5 15 5 5 5 5 18.1 6 3 10 

a 9 | 12| 13| 1415117 | 18 [196 8 4 785 


Could be horizontal radiator pairs for narrow 
horizontal apertures. 


Antenna Gain 


* Gain (dBi) = Directivity (dBi) — Losses (dB) 


* Losses: Conductor 
Dielectric 
Impedance 
Polarization 


* Measure using 'Gain by Comparison" 


Antenna Polarization 


* Vertical polarization 

— Traditional land mobile use 

— Omni antennas 

— Requires spatial separation for diversity 

— Still recommended in rural, low multipath environments 
* Polarization diversity 

— Slant 45? (+ and —) is now popular 

— Requires only a single antenna for diversity 

— Lower zoning impact 


— Best performance in high and medium multipath 
environments 


Various Radiator Designs 


DualPol” MAR 


(Microstrip Annular 
. Ring) 


Directed Dipole 


fertical Pol DualPol* and MAR 
(Microstrip Annular Ring) 


Antenna Basics... 
Cross Polarized Dipoles 


Dipoles 


Feed Harness Construction 


< 
r < m 
r4 m 
L | r< 
< 4 
Series Feed Center Feed Corporate 


Feed Harness Construction (Continued) 


А Center Feed 
Series Feed (Hybrid) Corporate Feed 


Advantag Minimum feed Freguency й Freguency 
losses independent main independent main 
Simple feed system lobe direction beam direction 


Reasonably More beam 


es 


simple feed shaping ability, 
system sidelobe 
Suppression 


« Not as versatile Complex feed 
as corporate (less | system 
bandwidth, less 

beam shaping) 


Feed Networks 


* Coaxial cable 
— Bestisolation 
— Constant impedance 
— Constant phase 
* Microstripline, corporate feeds 
— Dielectric substrate 


— Air substrate 


Microstrip Feed Lines 


* Dielectric substrate 

— Uses printed circuit technology 

— Power limitations 

— Dielectric substrate causes loss (71.0 dB/m at 2 GHz) 
* Air substrate 

— Metal strip spaced above a groundplane 

— Minimal solder or welded joints 

— Laser cut or punched 


— Air substrate cause minimal loss (70.1 dB/m at 2 GHz) 


Air Microstrip Network 


LBX-3316-VTM 
Using Hybrid Cable/Air Stripline 


LBX-3319-VTM 
Using Hybrid Cable/Air Stripline 


DB812 Omni Antenna 


Vertical Pattern 


932DG65T2E-M 


Pattern Simulation 


Key Antenna Pattern Objectives 


For sector antenna, the key pattern objective is to focus as much energy as 
possible into a desired sector with a desired radius while minimizing unwanted 
interference to/from all other sectors. 

This reguires: 

* Optimized pattern shaping 

* Pattern consistency over the rated frequency band 

* Pattern consistency for polarization diversity models 


* Downtilt consistency 


Main Lobe 


What is it? 

The main lobe is the radiation pattern lobe 
that contains the majority portion of radiated 
energy. 


Why is it useful? 


Shaping of the pattern allows the 
contained coverage necessary for 
interference-limited system designs. 


How is it measured? 

The main lobe is characterized using a 
number of the measurements which will 
follow. 

What is Andrew standard? 

Andrew conforms to the industry standard. 


Half-Power Beamwidth 


Horizontal And Vertical 


1/2 Power 
Beamwidth 


What is it? 


The angular span between the half-power (-3 
dB) points measured on the cut of the 
antenna's main lobe radiation pattern. 


Why is it useful? 

It allows system designers to choose 

the optimum characteristics for 

coverage vs. interference 

requirements. 

How is it measured? 

It is measured using data collected from 
antenna range testing. 

What is Andrew standard? 

Andrew conforms to the industry standard. 


Front-To-Back Ratio 


What is i 

The ratio in dB of the maximum directivity of 
an antenna to its directivity in a specified 
rearward direction. Note that on a dual- 
polarized antenna, it is the sum of co-pol 
and cross-pol patterns. 


Why is it useful? 


It characterizes unwanted interference 
on the backside of the main lobe. The 
larger the number, the better! 


How is it measured? 

It is measured using data collected from 

antenna range testing. F/B Ratio © 180 degrees 
0 dB - 25 dB = 25 dB 

What is Andrew standard? 


Each data sheet shows specific performance. In general, traditional dipole and patch elements will 
yield 23-28 dB while the Directed Dipole”* style elements will yield 35-40 dB. 


Sidelobe Level 


What is it? 

Sidelobe level is a measure of a 
particular sidelobe or angular 
group of sidelobes with К 
respect to the main lobe. Sidelobe Level 


(220 dB) 
Why is it useful? 
Sidelobe level or pattern shaping 
allows the minor lobe energy to be 
tailored to the antenna's intended 


use. See Null Fill and Upper 
Sidelobe Suppression. 


How is it measured? 

Itis always measured with respect to the 
main lobe in dB. 

What is Andrew standard? 

Andrew conforms to the industry standard. 


Null Filling 


Null filling is an array optimization technique 
that reduces the null between the 
lower lobes in the elevation plane. 


Why is it useful? 

For arrays with a narrow vertical beam- 
width (less than 12°), null filling 
significantly improves signal intensity in 
all coverage targets below the horizon. 


How is it measured? 


Null fill is easiest explained as the 
relative dB difference between the peak 
of the main beam and the depth of the 
1st lower null. 


What is Andrew standard? 


Most Andrew arrays will have null fill of 20-30 dB without optimization. 
To qualify as null fill, we expect no less than 15 and typically 10-12 dB! 


Null Filling 


Important For Antennas With Narrow Elevation Beamwidths 


Received Level (dBm) 


Null Filled to 16 dB Below Peak 


aval 


Transmit Power = 1 W 
Base Station Antenna Height = 40 m 


Base Station Antenna Gain = 16 dBd 


Elevation Beamwidth = 6.5" 
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Distance (кт) 


Upper Sidelobe Suppression 


What is it? First Upper 
Sidelobe 
Suppression 


Upper sidelobe suppression (USLS) is an array 
optimization technique that reduces the undesirable 
sidelobes above the main lobe. 


Why is it useful? 

For arrays with a narrow vertical beamwidth 
(less than 12°), USLS can significantly reduce 
interference due to multi-path or when the 
antenna is mechanically downtilted. 


How is it measured? 

USLS is the relative dB difference between 
the peak of the main beam peak of the 
first upper sidelobe. 


What is Andrew standard? 


Most of Andrew's arrays will have USLS of >15 dB without optimization. The goal of all new 
designs is to suppress the first upper sidelobe to unity gain or lower. 


Orthogonality 


The ability of an antenna to discriminate between 
two waves whose polarization difference is 90 


degrees. 
Why is it useful? 

Orthogonal arrays within a single antenna Decorrelation between the Green and Blue Lines 
allow for polarization diversity. (As se Qu m code 

opposed to spacial diversity.) B- 5%XPol = -21dB 

How is it measured? b= 0, XPol —15 dB 

The difference between the co-polar ы = 205 т E de 

pattern and the cross-polar pattern, usually 8 = 45" XPol -3dB 

measured in the boresite S DS. 

(the direction of the main signal). R = io Lin ED у 

What is Andrew standard? 8 =70°, XPol = -0.54 dB 


8 =80°, XPol = -0.13 dB 
8 =90°, XPol = 0 dB 
XPol = 20 log ( sin (8)) 


Andrew conforms to the industry standard. 


Cross-Pol Ratio (CPR) 


What is it? 

CPR is a comparison of the co-pol vs. cross-pol 
pattern performance of a dual-polarized antenna 
generally over the sector of interest (alternatively 
over the 3 dB beamwidth). 


Why is it useful? 

Itis a measure of the ability of a cross-pol array to 
distinguish between orthogonal waves. The better 
the CPR, the better the performance of polarization 
diversity. 


How is it measured? 

It is measured using data collected from antenna 
range testing and compares the two plots in dB over 
the specified angular range. Note: in the rear 
hemisphere, cross-pol becomes co-pol and vice 
versa. 


What is Andrew standard? 


For traditional dipoles, the minimum is 10 dB; however, for the 
Directed Dipole" style elements, it increases to 15 dB min. 
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Typical 


— Co-Polarization 


— Cross-Polarization 
(Source @ 90°) 


Horizontal Beam Tracking 


What isit? 
It refers to the beam tracking between the two 120° 
beams of a +/-45° polarization diversity antenna 
over a specified angular range. 


Why is it useful? 

For optimum diversity performance, -45° 
the beams should track as closelyas Array 
possible. 


How is it measured? 


Itis measured using data collected 
from antenna range testing and 
compares the two plots in dB over the 
specified angular range. 


What is Andrew standard? 


The Andrew beam tracking standard is +/-1 dB 
over the 3 dB horizontal beamwidth. 


Beam Sguint 


What is it? 


The amount of pointing error of a given beam 
referenced to mechanical boresite. 


Why is it useful? 

The beam squint can affect the sector 
coverage if it is not at mechanical 
boresite. It can also affect the 
performance of the polarization diversity. 
style antennas if the two arrays do not 
have similar patterns. 


How is it measured? 

It is measured using data collected from 
antenna range testing. 

What is Andrew standard? 


For the horizontal beam, squint shall be less than 10% 
of the 3 dB beamwidth. For the vertical beam, squint 
shall be less than 15% of the 3 dB beamwidth or 

1 degree, whichever is greatest. 


Horizontal 
Boresite 


Sector Power Ratio (SPR) 


What is it? 

SPR is a ratio expressed in percentage 
of the power outside the desired sector 
to the power inside the desired sector 
created by an antenna’s pattern. 


Why i: 
It is a percentage that allows comparison of 
various antennas. The better the SPR, the 


better the interference performance of the 
system. 


it useful? 


How is i 


Desired 


It is mathematically derived from the measured 
range data. 


Undesired 
300 


What is Andrew standard? X Р 
s SPR (%) . x 100 


Andrew Directed Dipole" style antennas have SPR 


typically less than 2 percent. ab Ps 


Antenna-Based System Improvements 


Key Antenna Parameters To Examine Closely 


9321G Standard 85? Panel Antenna 


Directed Dipole™ 


120° + 
Cone of Great Silence with >40 
dB Front-to-Back Ratio 


602 > 
Area of Poor Silence with 
>27 dB Front-to-Back Ratio 


Key Antenna Pattern Objectives 


Azimuth Beam 


* Beam tracking vs. freguency 
Limited to sub-bands on broadband models 


* Squint 

* Roll-off past the 3 dB points 
* Front-to-back ratio 

* Cross-pol beam tracking 
Elevation Beam 

* Beam tracking vs. freguency 
* Upper sidelobe suppression 
+ Lower null fill 


* Cross-pol beam tracking 


EE SES 
1 ИЕ 
ИШ ИК! 
1 |23 
11 2 
11 1 
1 12 |3 | Ratings: 
1213 1 = Always important 
EEE 2 = Sometimes important 
АРЕ 3 = Seldom important 


Key Antenna Pattern Objectives (continued) 


Downtilt 

* Electrical vs. mechanical tilt 
* Absolute tilt 

* Electrical tilt vs. frequency 

* Effective gain on the horizon 
Gain 


* Close to the theoretical value 
(directivity minus losses) 


Note: Pattern shaping reduces gain. 


5 
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Ratings: 
1 = Always important 


2 = Sometimes important 


3 = Seldom important 


Advanced Antenna Technology 
Adaptive Array (AA) 


Dest can 


RR WEIGHTS 


+ Planar array + 4,6, and 8 column vertical pol designs 
for WiMAX and TD-SCDMA* 


+ External digital signal processing (DSP) 
controls the antenna pattern * Often calibration ports are used 

* Aunigue beam tracks each mobile 

+ Adaptive nulling of interfering signals 


* Increased signal to interference ratio * Time Division Spatial Code Division Multiple Access 
performance benefits 


Advanced Antenna Technology 
MIMO Systems 


ш 
2х2 MIMO Spatial Multiplexing 
• Multiple Input Multiple Output * A DualPol“ RET for 2x2 MIMO, two 
(MIMO) separated for 4x4 MIMO 
+ External DSP extracts signal from * Spatial multiplexing works best in a 
interference multi-path environment 
+ Capacity gains due to multiple * Space Time Block Coding is a diversity 


antennas MIMO mode 


Advanced Antenna Technology 


SmartBeam“ Antenna Family 


Most flexible and efficient antenna system in the industry 


Solution for the traffic peaks instead of raising the bar everywhere 


Full 3-way remote optimization options 
- ВЕТ – Remote Electrical Tilt (e.g. 0-10") 
Ras - Remote Azimuth Steering (+/- 30°) 
- RAB- Remote Azimuth Beamwidth (from 35° to 105°) 


Redirect and widen the beam based on traffic reguirements 


Balance the traffic per area with the capacity per sector 


Best utilization of radio capacity per sector 


Convenient and low-cost optimization from a remote office 


Quick and immediate execution 


Scheduled and executed several times a day (e.g. business and residential plan) 


Advanced Antenna Technology 


„= r Ho a SmartBeam“ 

: t ` ; i 3-Way Model 
v of z Azimuth patterns 

x a " de ss . measured at 
P А — 4 | BÉ 1710-2180 MHz 
Ы ^ à К with по radome. 


Advanced Antenna Technology 


2 SmartBeam“ 


= = 3-Way Model 
» W Elevation patterns 
s m measured at 
3 ” 1710-2180 MHz 
E ИС with по radome. 
90° я 105° 


System Issues 


Choosing sector antennas 


* Narrow beam antenna applications 


Polarization—vertical vs. slant 45° 


Downtilt—electrical vs. mechanical 
* RET optimization 


* Passive intermodulation (PIM) 


Return loss through coax 


Antenna isolation 


Pattern distortion 


Choosing Sector Antennas 


Criteria 


* Area of service indifference between adjacent sectors 
(ping-pong area) 


* For comparison, use 6 dB differentials 


* Antenna gain and overall sector coverage comparisons 


3 x 120° Antennas 


120° Horizontal Overlay Pattern 
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3 x 90° Antennas 


90° Horizontal Overlay Pattern 
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Examples 
XPol VPol 

Low Band 
DB854DG90 DB842H90 
DB856DG90 DB844H90 
DB858DG90 DB848H90 
LBX-9012 LBV-9012 
LBX-9013 

High Band 
DB932DG90 UMW-9015 
DB950G85 
HBX-9016 
UMWD-090148 
UMWD-09016 


3 x 65° Antennas 


65° Horizontal Overlay Pattern 


Examples 

XPol VPol 

Low Band 

CTSDG-06513 DB844H65 
CTSDG-06515 DB848H65 
CTSDG-06516 LBV-6513 
DB854DG65 
DB856DG65 
DB858DG65 
LBX-6513 
LBX-6516 


High Band 


UMWD-06513 PCS-06509 
UMWD-06516 HBV-6516 
UMWD-06517 HBV-6517 
HBX-6516 
HBX-6517 


Special Narrow Beam Applications 


3 X 
а i y: К e i 


6-Sector Site (33°) Repeater 
Narrow Donor, 
Wide Coverage 
>” Antennas 


Rural Roadway 


Test Drive Route 


Polarization Diversity Tests 


DB854HV90 


DRIVE TESTS +45°/-45° 


HANDHELD 1А 


MOBILE 18 2B 


Slant 45° / Hand-Held In Саг 


Space Diversity vs. Slanted +45°/—45° TEST 1A 
а. Test Set-Up and Uplink Signal Strength Measurements 
sol 
E 
5 60 
2 
E 
& -70 
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= -80 
& moving away moving towards 
a from tower tower 
-90 
moving crossface 
-100 
Uplink — Vert — Vert — Slant | — Slant 


Signal Strength Left Right Div Div 


Slant 45° / Hand-Held In Саг 


Space Diversity vs. Slanted +45°/—45° 


TEST 1А 
Difference Between Strongest Uplink Signals 
16 
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la Slant +45° 
Improvement 


=== Difference Between Polarization Diversity and Space Diversity 
T Average Difference 


Slant 45° / Mobile With Glass Mount 


Space Diversity vs. Slanted +45°/—45° 


Signal Strength (dBm) 


-90 


Test Set-Up and Uplink Signal Strength Measurements 


moving away 
from tower 


moving crossface 


Uplink 
nal Strength 


— Vert — Vert —— Slant — Slant 
Left Right Div Div 


TEST 1B 


Slant 45° / Mobile With Glass Mount 


Space Diversity vs. Slanted +45°/-45° 


TEST 1B 


Difference Between Strongest Uplink Signals 
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Signal Strength (dB) 
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— Slant +45” 


Degradation 


| — Difference Between Polarization Diversity and Space Diversity 


— Average Difference 
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Future Technology Focus 


+ Figure 16 shows that 
HSDPA, 1xEV-DO, and 
802.16e are all within 2-3 dB 
of the Shannon bound, 
indicating that from a link 
layer perspective, there is 
not much room for 
improvement. 

* This figure demonstrates that 
the focus of future 
technology enhancements 
should be on improving 
system performance aspects 
that improve and maximize 
the experienced SNRs in the 
system instead of 
investigating new air 
interfaces that attempt to 
improve the link layer 
performance. 


Shannon's Law 


— 9 stan bound 

— @ - shannon bound with 308 margin 
H —e— evo 

=e HSD PA 


achievable rate (bpsiHz) 


required SNR (dB) 


The focus o future technology enhancements should be on proving system performance aspects that prove and 
miz the expenenced SAS im he ptem. 


Peter Rysavy of Rysavy Research, "Data Capabilities: GPRS to HSDPA and Beyond", 3G 
Americas, September 2005 


The Impact 


Lower Co-Channel Interference/Better Capacity And Ouality 


In a three sector site, traditional antennas 
produce a high degree of imperfect power 
control or sector overlap. 


Imperfect sectorization presents opportunities 
for: 

* Increased softer hand-offs 

* Interfering signals 

* Dropped calls 

* Reduced capacity 


Traditional Flat Panels 


The rapid roll-off of the lower lobes of the Andrew 
Directed Dipole” antennas create larger, better 
defined ‘cones of silence’ 

behind the array. 


* Much smaller softer hand-off area 
* Dramatic call quality improvement 
+ 5%-10% capacity enhancement 


120° Sector Overlay Issues 


On the Capacity and Outage Probability of a CDMA Heirarchial Mobile System with 
Perfect/Imperfect Power Control and Sectorization 
By: Jie ZHOU et, al IEICE TRANS FUNDAMENTALS, VOL.E82-A, NO.7 JULY 1999 


Effect of Soft and Softer Handoffs on CDMA System 

Capacity 

By: Chin-Chun Lee et, al IEEE TRANSACTIONS ON 

VEHICULAR TECHNOLOGY, VOL. 47, NO. 3, 

AUGUST 1998 

0 5 
‘Overlapping angle in degree 


Hard, Soft, and Softer Handoffs 


* Hard Handoff 

— Used in time division multiplex systems 

— Switches from one freguency to another 

— Often results in a ping-pong switching effect 
* Soft Handoff 

— Used in code division multiplex systems 


— Incorporates a rake receiver to combine signals from 
multiple cells 


— Smoother communication without the clicks typical in hard 
handoffs 


* Softer Handoff 


— Similar to soft handoff except combines signals from 
multiple adjacent sectors 


Soft and Softer Handoff Examples 


Beam Downtilt 


This technique . . 
Improves coverage of open areas close to the base station. 


* Allows more effective penetration of nearby buildings, particular 


high-traffic lower levels and garages. 


* Permits the use of adjacent frequencies in the same general region. 


Electrical/Mechanical Downtilt 


* Mechanical downtilt lowers main beam, raises back lobe. 
* Electrical downtilt lowers main beam and lowers back lobe. 


* A combination of equal electrical and mechanical downtilts lowers 


main beam and brings back lobe onto the horizon! 


Electrical/Mechanical Downtilt (Continued) 


Mechanical Electrical 
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DB5083 Downtilt Mounting Kit 


DB5083 downtilt mounting kit is 
constructed of heavy duty galvanized steel, 
designed for pipe mounting 

12" to 20" wide panel antennas. 


* Correct bracket calibration 
assumes a plumb mounting pipe! 


* Check antenna with a digital level. 


Mechanical Downtilt 


Pattern Analogy—Rotating A Disk 


Mechanical tilt causes... 
* Beam peak to tilt below horizon 
* Back lobe to tilt above horizon 


At 4 90°, no tilt 


Mechanical Downtilt Coverage 


Elevation Pattern Azimuth Pattern 


Mechanical Tilt 


Managing Beam Tilt 


For the radiation pattern to show maximum gain in the direction of the horizon, each 
stacked dipole must be fed from the signal source in phase. 


Feeding vertically arranged dipoles out of phase will generate patterns that look up or 
look down. 


The degree of beam tilt is a function of the phase shift of one dipole relative to the 
adjacent dipole. 


Electrical Downtilt 


Pattern Analogy—Forming A Cone Out Of A Disk 


Electrical tilt causes... 

* Beam peak to tilt below horizon 
+ Back lobe to tilt below horizon 
At + 90°, tilt below horizon 


* All the pattern tilts 


Cone of the 
Beam Peak Pattern 


Electrical Downtilt Coverage 


Elevation Pattern Azimuth Pattern 


Electrical Tilt 10° 


Mechanical Vs. Electrical Downtilt 


Mechanical Electrical 


Effects of Blooming on Sector 
pee MAEL Tit Angle Crossover 
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Combined Electrical and Mechanical Tilt 


4 Foot Antenna at 780 MHz 


M-tilt (% of VBW) 


LNX-6512 Blooming (Calc) 
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Combined Electrical and Mechanical Tilt 


8 Foot Antenna at 780 MHz 


Майк (96 of VBW) 


1096 


20% 


LNX-6515 Blooming (Calc) 


30% 4% 5% 60% 
E-tilt (% of VBW) 


+ MOEO 0% 


M2EO 2.99% 
маво 13.1% 
> MBEO 40.5% 
ж мако 97.3% 
© MOE2 00% 
+ M2E2 6.3% 

- MAE2 25.0% 
| — 10% Blooming 
- MSEZ 78.1% 
© MOEA 00% 

M2EA 10.4% 
MEA 46.9% 
MOES 0.0% 
+ M1E815.6% 
M2E8 57.896 


20% Blooming 


n 


Modified “Rules of Thumb" for 10% Blooming 


To insure that the azimuth pattern of a typical antenna - as viewed on the horizon - does 
not bloom by more than 10%, never mechanically downtilt a given antenna more than the 
amount calculated by the eguations below: 


652 HBW M-tilt o% sıoom = (VBW — E-tilt)/2.5 


Other HBW antennas follow different rules: 


332 HBW M. tilt. os воот = (VBW — E-tilt)/1.5 


902 HBW M-tilt o% вот = (VBW — E-tilt)/3.3 


Remote Electrical Downtilt (RET) 


Optimization 


Pw 55 


ATC200-LITE-USB 
Portable Controller 


ATC300-1000 
Rack Mount Controller 


АТМ200-002 
RET Device (Actuator) 


Remote 
Locations 


Network 
Server 


Intermod Interference 


Where? 


Receiver-Produced Transmitter-Produced 


RF Path-Produced 
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High Band 


Product Freguencies, Two-Signal IM 


FIM = nF, + mF, 
Example: F, = 1945 MHz; F, = 1930 MHz 


Product Product Product 

Order Formulae Frequencies (MHz) 
2 3875 
| 15 


2F,+1F, 5820 
А 211-172 1960 — 

Third 2F,+1F, 5805 
*2F,-1F, 1915 — 

| m | 2 | Fourth 2F,+2F, 7750 

2F,-2F, 30 

= Fifth 3F,+2F, 9695 
*3F; - 2F, 1975 — 

2 3 Fifth ЗЕ, + 2F, 9680 
*3F,-2F, 1900 — 


"Odd-order difference products fall in-band. 


Two-Signal IM 


Odd-Order Difference Products 


Example: F, = 1945 MHz; F, = 1930 MHz 
AF=F,-F,=15 
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PCS A Band Intermodulation 


11th Sth 7th Sth зга 
1855 1870 1885 1900 1915 1930 1945 


i | 
1870 1890 1010 1930 1950 1970 


| Ї 
1880 1900 1920 1940 1960 1980 


| 
1860 


Channel Bandwidth FCC Broadband PCS Band Plan 
Block (MHz) | Freguenc 


E 1895-1910, 1975-1990 з 
dh 19025-1910, 1902.5.1990 | Note: Some of the original C block licenses 

© ls 1885 1502.8, 1975-10825 (Originally 30 MHz each) were split into multiple 
a 10 1895-1900, 1975-1980 licenses (C-1 and C-2: 15 MHz; 

“ 10 1900-1905, 1980-1985 C-3, C-4, and C-5: 10 MHz). 


cs 10 1905-1910, 1985-1990 


PCS A € F Band Intermodulation 


3rd 
1895 1935 
| 


1850 1870 1890 1910 1930 1950 


Unlicensed 
20 MHz 


1900 1920 1940 1960 1980 


Channel Bandwidth FCC Broadband PCS Band Plan 
Block _ (MHz) | Frequencies 


с 1005-4910, 1075-1950 Note: Some of the original C block licenses 
a 1902.5-1910, 1982.5-1990 


1895 19025 1975-19825 (Originally 30 MHz each) were split into multiple 
1895-1900, 1975-1980 licenses (C-1 and C-2: 15 MHz; 
10 1900-1905, 1980-1985 C-3, C-4, and C-5: 10 MHz). 
10 1505-110 1985-1990 
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Causes Of IMD 


Ferromagnetic materials in the current path: 
— Steel 


— Nickel plating or underplating 
* Current disruption: 
— Loosely contacting surfaces 


— Non-conductive oxide layers between contact 
surfaces 


System VSWR Calculator 


System VSWR Calculator pu 
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dad VSWR Raciilts 


Possible results (at a 
Maximum and Minimum | given frequency) when 
Resultant VSWR from Antenna and TMA are 
Two Mismatches interconnected with 
different electrical 
length jumpers. 


If: L=1.5:1 (14 dB RL Antenna) 
S =1.2:1 (20.8 dB RL TMA) 


Then: X (max) = 1.8:1 (10.9 dB RL) 
S (min) = 1.25:1 (19.1 dB RL) 


Worst case seldom 
happens in real life, but 
be aware that it is 
Possible! 


From http://www home.agilent.com/agilent/editorialjspx?cc=US&lc=eng&ckey=895674&nid=-35131.0,008id-895674 


Recommended Antenna/TMA Ouali 


Antenna 50 ohm load 
ليا‎ 


6 foot LDF4-50A 6 foot LDF4-50A 


Adapter or jumper to 
bypass TMA 


12 foot LDF4-50A 
12 foot LDF4-50A 


Transmission 


Transmission Line 


+ 
Line | 
20 foot 


20 foot. 880480 
FSJ4-SO 


Antenna Return Loss Diagram TMA Return Loss Diagram 


Attenuation Provided By Vertical 
Separation Of Dipole Antennas 
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Isolation in dB 
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En Antenna Spacing in Feet (Meters) 


The values indicated by these curves are approximate because of coupling which exists between the antenna and 
transmission line. Curves are based on the use of half-wave dipole antennas. The curves will also provide acceptable 
results for gain type antennas. If values (1) the spacing is measured between the physical center of the tower antennas and 
it (2) one antenna is mounted directly above the other, with no horizontal offset collinear). No correction factor is required 
for the antenna gains 


Attenuation Provided By Horizontal 
Separation Of Dipole Antennas 
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Curves are based on the use of half-wave dipole antennas. The curves will also provide acceptable results for gain type 
antennas if (1) the indicated isolation is reduced by the sum of the antenna gains and (2) the spacing between the gain 
antennas is at least 50 ft. (15.24 m) (approximately the far field). 


Pattern Distortions 


Conductive (metallic) obstruction in the path of 
transmit and/or receive antennas may distort 
antenna radiation patterns in a way that causes 
systems coverage problems and degradation of 
communications services. 


A few basic precautions will prevent pattern 
distortions. 


Additional information on metal obstructions can also be found online at: 
www.akpce.com/page2/page2.html 


Pattern Distortions 
Side Of Building Mounting 


Building 


92 


90° Horizontal Pattern 


Obstruction © —10 dB Point 
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90° Horizontal Pattern 
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90° Horizontal Pattern 


0.51A Diameter Obstacle © 0° 
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90° Horizontal Pattern 


0.51A Diameter Obstacle @ 45° 


Antenna 


90° Horizontal Pattern 


0.51A Diameter Obstacle © 60° 
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Antenna 


150 Additional information оп metal 
200 20 130 170 400 obstructions can also be found online at 
www.akpce.com/page2/page2.html. 
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90° Horizontal Pattern 


0.51A Diameter Obstacle © 80° 


Antenna 


Additional information on metal 


200 169 160 170 180 obstructions can also be found online at 


www.akpce.com/page2/page2.html. 


General Rule 


Area That Needs To Be Free Of Obstructions (> 0.51A) 


Maximum Gain 


3 dB Point 
(45°) 


6 dB Point 
(60°) 


10 dB Point 
(80- 90°) 


Antenna 
90° horizontal (3 dB) beamwidth 


Pattern Distortions 


k 
tan0 = р — 

d = Dxtan0 
tan 1° = 0.01745 


Тог 0° < 0< 10° : tan0=0 xtan 1° 


Note: tan 10° = 0.1763 10 х 0.01745 = 0.1745 


Gain Points Of A Typical Main Lobe 


—3 dB point 0° below boresite. 
—6 dB point 1.35 x 0° below boresite. 
—10 dB point 1.7x 8? below boresite. 


Vertical 
Beam 
Width= 2 x 6° 
(3 dB point) 
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Changes In Antenna Performance 
In The Presence Of: 


Non-Conductive Obstructions 
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Performance Of 90° PCS Antenna 
Behind Camouflage (%" Fiberglass) 
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Distance of Camouflage (Inches) (Dim. А) 
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Performance Of 90° PCS Antenna 


Behind Camouflage (4 Fiberglass) 
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Distance From Fiberglass 


1.5" to Fiberglass 


3" to Fiberglass 
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Distance From Fiberglass 
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Antenna Safety - Power Line Safety for the Ham Radio Operator 
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‘Antennas and Power Line Safety! 


DANGER! 
Don't be STUPID and DEAD! 


Power line Safety label 
‘You may have seen this label on a commercial antenna or other products. 
If you did not take a moment to read it carefully, 
Notice the word "near". 
ls your antenna "near" those power lines or could it be when unforseen things 
happen? 
How close is "too close"? How close is "near"? 


In this article, we will attempt to inform you of the EXTREME DANGER posed by 
installing an antenna, any antenna, to close to power lines. Now don't make the 
‘mistake and say that can not happen with your antenna, it is made from fiberglass or 
‘other material which is an Insulator!...you may bo "dead" wrong! 

Read on. 


Most now hams are excited when they get their license and they want to get on the 
air as soon as possible. Many of them have not given a thought to the actual 
Installation of an outside ham antenna and the dangers involved other than gotting it 
up as high as they can and having it fall on them. 


Ifyou don't read any more of this article, then remember just this very simple 
statement when putting up any ham antenna, 


“If there is a power line, including the drop lino going to your house, over, under or 
within a thousand feet of the antenna, IT WILL FALL AND hit your antenna and YOU 
while you are installing it! If it does not happen then.. just wait a while... will fall. I it 
is under your antenna, the antenna WILL fall on the power line and you should not 
have been so stupid to install it over OR NEAR the power line in the first place and 
chances are you are not reading this. This is how "accidents" happen. 

This statement is derived by using "Murphoy's Law"...if it can not happen, it will, if it 
will happen, it won't. 

unless something else happens....oosely translated for use with this article! 
(The thousand feet was a bit of an exaggeration). 


Fut: hamuntverse convantennasafety im 
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Antenna Safely - Power Line Safety for the Ham Rado Operator 
‘The most important thing you can do FIRST when installing an antenna is to LOOK 
before any part of that antenna, tower, mast or antenna support ог any part of that 
antenna "system" ever gets off the ground. This includes the guy wires. what if 
suddenly one breaks and flys into a power line. You or someone else is in contact 
With the mast, or tries to stop the guy wire. 

bang, your dead! 


Tho principle is very easy. Go outside and consid 
antenna. 

Then look at each possible location with the DANGER aspect added to it. Where are 
the nearest power lines? 

‘Are you in the open, or are there trees in the area? 


ry possible location for your 


Look behind the trees or inside the foliage where they might bo lurking, just like a 
rattle snake hiding thoro waiting to "strike 

Many timos it's the power lines out in plain site that will get you or one of your 
helpers or all within it's reach! 


Then, the SECOND thing you need to do is to get another pair of eyes from a helper 
to do the same пд. СООК again at ALL possible hiding places for the danger of 
power lines and remember, it is the power lino that you don't see or the one that you 
are nottooooo concerned about that will terminato your fun. 


ASSUME THE WORST WILL HAPPEN! 


Now consider that most guyed antennas like verticals are supported on. 
"something". It may be a metal mast on the ground, a short metal "tower" with legs 
en the roof, or a wooden polo or other supposed "non-conductive material. Is 

it conductive to high voltage? 

Would you bet your life or your help on not knowing for sure? 


‘Assume that every thing the antenna is mounted on AND EVERY THING itis 
‘connected to is conductive. Don't gamble your life on the words, "I think it is non- 
conductive"!!! 


Assume that the guy wires are conductive. If one breaks and snaps back ог 
“accidentally” slips out of yours or a helpers hand, which direction will it likely 
go...toward the power line? If it is under much tension at all, it will act like а 
Whip.. Here comes Murphey's Law. 

IT WILL go toward the direction of the power lino! 


Now, assume a domino effect. If your vertical falls toward a small troe that can't take 
it's weight, the tree will fall, INTO A POWER LINE... the power line connects to tho 
tree, the tree is connected to the antenna or a portion of it, and it is connected to 
you...that domino effect just bit you like that rattle snake with a LETHAL BITE! 


In short, assume that the antenna or any potion of it including it's guy wires, feed 
lines, support, etc WILL fall or break while you are putting it up "near" power lines. I 
any power lines aro within "striking" distance of ANY portion of the antenna or it 
Guys, support ropes, etc... you may wish..for a split second, that you had planned 
your life much better rather than get in a hurry to DIE! 


So far, we have talked about vertical type antennas. You should apply the above tips 
to ANY ham radio antenna, 

ог antenna installation no matter how it is designed, how small or what it is made of. 
Your antenna is your "friend" but it or any part of it could be your enemy! 


Plan far ahead with these ti 


Let others know what you will be doing and not just the person or persons helping you. All 
af you may need emergency care and no one may be able to cal 9111 
If you are not sure what you are doing, got expert help! 


Notify a family member or neighbor that you will bo putting up the antenna. Ask 
them to keep an eye AND an ear out for you. 
HAVE A PLAN, NOT A FUNERAL! 


wehen hamuniverse comlantennasafety e. 
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Antenna Safety - Power Line Safety for the Ham Radio Operator 


NO ALCOHOL OR DRUGS! Alcohol, drugs,oloctricity and "antenna parties" do not 
mix! 


Got a good nights rest before the big day. 

Have a clear mind when you are installing antennas. 

Have more than enough help. 

‘Make sure all those involved with the installation know exactly what will be done and 
in the propor steps. Mako a plan and let your helpers know ALL of the details. 

‘Make sure all concerned know what to do if the antenna or any part of it starts to fall 
toward a power lino....simplo...Jot go... got as far away as possible from ANY part of 
the antenna....Ie it fall. DO NOT TRY TO KEEP IT FROM FALLING INTO THE POWER 
LINE... YOUR EFFORTS MAY KILL YOU OR OTHERS! 


Do not try to instal the antenna in bad weather with wet ground, snow, ice, etc. 
There is an old ham saying, "Bad weather is the best weather to put up an antenna”. 
Don’t believe it. Mother nature loves to disrupt antenna installations and get you hurt 


NEVER, NEVER, NEVER put up or even think about putting up any kind of antenna 
when you can hear thunder. Ifyou can hear thunder in the distance, lightning can 
strike you! 


Electricity in Action! 


Below are selected videos that may help you understand the dangers of powerlines! 
(Highspeed connection required or wait for long downloads) 


Bird on a Wire! 
This clip taken from a 2003 documentary, Helicopters in Action. 

It was shot in IMAX showing high voltage power lino safety from a birdsaye view! 
It demonstrates some electrical principles in a very close up and personal way 
pertaining to 

personal safety! Fascinating demonstration of grounding principles, 
insulation, Faraday shields, 
and...bravery! Turn your sound up and watch for tho 
arching. 


high voltage arching. 
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Preface 


If you are interested in amateur radio, short-wave listening, scanner mon. 
itoring, or any other radio hobby, then you will probably need to know a 
few things about radio antennas. This book is intended for the radio enthu- 
slast — whether ham operator, listening hobbyist, or radio science obser- 
der who wants to build and use antennas for their particular 
requirements and location. All of the antennas in this book can be made 
from wire, even though it is possible to use other materials if you desire. 

These antennas have several advantages. One of the most attractive is 
that they can provide decent performance on the cheap. As one who has 
lived through the experience of being broke, I learned eatly to use bits of 
scrap wire to get on the air. My first novice antenna back in the late 19505 
was a real patched-together job ~ but it worked really well (or so I thought 
at the time), 

Another advantage of wire antennas is that they are usually quite easy to 
install. A couple of elevated supports (tree, roof, mast), a few meters of wire, 
а few bits of radio hardware, and you are in the business of putting up an 
antenna. As long as you select a safe location, then you should have little 
difficulty erecting that antenna. 

Finally, most high-frequency (HF) short-wave antennas are really easy to 
get working properly. One does not need to be a rocket scientist of pro- 
fessional antenna rigger - to make most of these antennas perform as well 
as possible with only a litle effort. There is quite а bit of detailed technical 
material to digest if you want to be a professional antenna engineer, but you 
can have good results if you follow a few simple guidelines, 


SOFTWARE SUPPLEMENT TO THIS BOOK 


At the time this book was conceived it was noted that the technology now 
exists to make Microsoft Windows-based antenna software available to 
readers along with the book, The software can be used to calculate the 
dimensions of the elements of most of the antennas in this book, as well 
asa few that are not. There are also some graphics in the software that show 
you a little bit about antenna hardware, antenna construction, and the like. 


ANTENNA SAFETY 


Every time I write about antenna construction i talk a little bit about safety 
The issue never seems too old or too stale. The reason is that there seem to 
be plenty of people out there who never get the word. Antenna erection does 
mot have to be dangerous, but if you do it wrong it can be very hazardous. 
Antennas are deceptive because they are usually quite lightweight, and can 
easily be lifted. 1 have no trouble lifting my trap vertical and holding it 
aloft on a windless day. But if even a little wind is blowing (and it almost 
always is), then the ‘sail area" of the antenna makes it a lot "heavier (or so it 
seems). Always use a buddy-system when erecting antennas. I have a bad 
back caused by not following my own advice. 

Another issue is electrical safety. Do not ever, ever, ever toss an antenna 
wire over the power lines. Ever. Period. Also, whatever type of antenna you 
put up, make sure that it is in a location where it cannot possibly fall over 
and hit the power line. 

The last issue is to be careful when digging to lay down radials. You 
really do not want to hit water lines, sewer lines, buried electrical service 
lines, or gas lines. I even know of one property where a long-distance oil 
pipeline runs beneath the surface. If you do not know where these lines are, 
try to guess by looking at the locations of the meters on the street, and the 
service entrance at the house. Hint: most surveyers plans (those map-like 
papers you get at settlement) show the location of the buried services. They 
should also be on maps held by the local government (although you might 
have to go to two or three offices. The utility companies can also help. 


А NOTE ABOUT UNITS AND PRACTICES 


This book was written for an international readership, even though 1 am 
American. As a result, some of the material is written in terms of US 
standard practice. Wherever possible, I have included UK standard wire 
sizes and metric units. Metric units are not in common usage in the USA, 
but rather we still use the old English system of feet, yards, and inches. 
Although many Americans (including myself) wish the USA would convert 
to SI units, it is not likely in the near future. UK readers with a sense of 


ANTENNA TOOLKIT 


history might recognize why this might be true - as you may recall from the 
George IT unpleasantness, Americans do not like foreign rulers, so it is not 
likely that our measuring rulers will be marked in centimeters rather than 

nehes.” For those who have not yet mastered the intricacies of converting 
between the two systems: 


54 centimeters (cm) = 25.4 millimeters (mm) 
0.3048 meter (m) 
9.37 inches = 3.28 Feet 


Joseph J. Carr 


“1 apologize for the bad play on words, but I could not help i 


PREFACE ix 


СНАРТЕК 1 


Radio signals on the 
move 


Anyone who does any listening to radio receivers at all - whether as a ham 
operator, a shortwave listener, or scanner enthusiast - notices rather 
quickly that radio signal propagation varies with time and something mys- 
terious usually called “conditions.” The rules of radio signal propagation are 
well known (the general outlines were understood in the late 1920s), and 
some predictions can be made (at least in general terms). Listen to almost 
апу band, and propagation changes can be seen. Today, one can find pro- 
pagation predictions in radio magazines, or make them yourself using any of 
several computer programs offered in radio magazine advertisements. Two 
very popular programs are any of several versions of IONCAP, and a 
Microsoft Windows program written by the Voice of America engineering 
staff called VOACAP. 

Some odd things occur on the ait. For example, one of my favorite local 
AM broadcast stations broadcasts on 630 kHz. During the day, I get inter- 
ference-free reception. But after the Sun goes down, the situation changes 
radically. Even though the station transmits the same power level, it fades 
into the background din as stations to the west and south of us start skip- 
ping into my area. The desired station still operates at the same power level, 
but is barely audible even though it is only 20 miles (30km) away, 

Another easily seen example is the 3-30 MHz short-wave bands. Indeed, 
even those bands behave very differently from one another. The lower- 
frequency bands are basically ground wave bands during the day, and 
become long-distance ‘sky wave’ bands at night (similar to the AM broad- 
cast band (BCB)). Higher short-wave bands act just the opposite: during the 


day they are long-distance ‘skip’ bands, but some time after sunset, become 
ground wave bands only 

The very high-frequency/ultra high-frequency (VHF/UHF) scanner 
bands are somewhat more consistent than the lower-frequency bands, 
But even in those bands sporadic-E skip, meteor scatter, and a number 
of other phenomena cause propagation anomalies. In the scanner bands 
there are summer and winter differences in heavily vegetated regions that 
are attributed to the absorptive properties of the foliage. I believe I experi- 
enced that phenomenon using my 2m ham radio rig in the simplex mode 
(repeater operation can obscure the effect due to antenna and location 
height) 


THE EARTH'S ATMOSPHERE 


Electromagnetic waves do not need an atmosphere in order to propagate, as 
you will undoubtedly realize from the fact that space vehicles can transmit 
radio signals back 10 Earth in a near vacuum. But when a radio wave does 
propagate in the Earth's atmosphere, it interacts with the atmosphere, and 
its path of propagation is altered. A number of factors affect the interaction, 
but it is possible to break the atmosphere into several different regions 
according to their respective effects on radio signals 

The atmosphere, which consists largely of oxygen (Оз) and nitrogen (Na) 
gases, is broken into three major zones: the troposphere, stratosphere, and 
ionosphere (Figure 1.1). The boundaries between these regions are not very 
well defined, and change both diurnally (ie. over the course of a day) and 
seasonally. 

The troposphere occupies the space between the Earth’s surface and an 
altitude of 6-11 km. The temperature of the air in the troposphere varies 
with altitude, becoming considerably lower at high altitude compared with 
ground temperature. For example, a +10°C surface temperature could 
reduce to —55°С at the upper edges of the troposphere. 

The stratosphere begins at the upper boundary of the troposphere 
(6-11 km), and extends up to the ionosphere (550 km). The stratosphere 
is called an isothermal region because the temperature in this region is rela- 
tively constant despite altitude changes. 

"The ionosphere begins at an altitude of about 50km and extends up to 
500km or so. The ionosphere is a region of very thin atmosphere. Cosmic 
rays, electromagnetic radiation of various types (including ultraviolet light 
from the Sun), and atomic particle radiation from space (most of it from the 
Sun), has sufficient energy to strip electrons away from the gas molecules of 
the atmosphere. The O> and N» molecules that lost electrons are called 
positive ions. Because the density of the air is so low at those altitudes, the 
ons and electrons сап travel long distances before neutralizing each other 
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by recombining. Radio propagation on some bands varies markedly 
between daytime and night-time because the Sun keeps the level of ioniza- 
tion high during daylight hours, but the ionization begins to fall off rapidly 
after sunset, altering the radio propagation characteristics after dark, The 
ionization does not occur at lower altitudes because the air density is such 


that the positive ions and free electrons are numerous and close together, so 
recombination occurs rapidly 
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PROPAGATION PATHS 


There are four major propagation paths: surface wave, space wave, tropo- 
spheric, and ionospheric. The ionospheric path is important to medium-wave 
and HF propagation, but is not important to VHF, UHF, or microwave 
propagation. The space wave and surface wave are both ground waves, but 
behave differently. The surface wave travels in direct contact with the 
Earth's surface, and it suffers a severe frequency-dependent attenuation. 
due to absorption into the ground. 

The space wave is also a ground wave phenomenon, but is radiated from 
an antenna many wavelengths above the surface. No part of the space wave 
normally travels in contact with the surface; VHF, UHF, and microwave 
signals are usually space waves. There are, however, two components of the 
space wave in many cases: direct and reflected (Figure 1.2). 

"The ionosphere is the region of the Earth's atmosphere that is between 
the stratosphere and outer space. The peculiar feature of the ionosphere is 
that molecules of atmospheric gases (Os and N) can be ionized by stripping 
away electrons under the influence of solar radiation and certain other 
sources of energy (see Figure 1.1). In the ionosphere the air density is so 
low that positive ions can travel relatively long distances before recombining 
With electrons to form electrically neutral atoms. As a result, the ionosphere 
remains ionized for long periods of the day - even after sunset. At lower 
altitudes, however, air density is greater, and recombination thus occurs 
rapidly. At those altitudes, solar ionization diminishes to nearly zero imme- 
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diately after sunset or never achieves any significant levels even at local 

Tonization and recombination phenomena in the ionosphere add to the 
noise level experienced at VHF, UHF, and microwave frequencies, The 
properties of the ionosphere are therefore important at these frequencies 
because of the noise contribution. In addition, in satellite communications 
there are some transionospherie effects 


GROUND WAVE PROPAGATION 


The ground wave, naturally enough, travels along the ground, or at least in 
close proximity to it (Figure 1.3) 

There are two basic forms of ground wave: space wave and surface wave. 
The space wave does not actually touch the ground. As a result, space wave 
attenuation with distance in clear weather is about the same as in free space 
(except above about 10 GHz, where absorption by HO and Оз increases 
dramatically). OF course, above the VHF region, weather conditions add 
attenuation not found ia outer space 

The surface wave is subject to the same attenuation factors as the space 
wave, but in addition it also suffers ground losses. These losses are due to 
ohmic resistive losses in the conductive earth. Surface wave attenuation is a 
function of frequency. and increases rapidly as frequency increases. For 
both of these forms of ground wave, communications is affected by the 
following factors: wavelength, height of both receive and transmit antennas, 
distance between antennas, and terrain and weather along the transmission 
path, 

Ground wave communications also suffer another difficulty, especially at 
УНЕ, UHF, and microwave frequencies. The space wave is like a surface 
Wave, but is radiated many wavelengths above the surface. It is made up of 


Sky wave 
not efecte 


-Ground wave 


(III OI иаъы, - 


FIGURE 1.3 


RADIO SIGNALS ON THE MOVE 5 


two components (see Figure 1.2): direct and refleeted waves. If both of these 
components arrive at the receive antenna they will add algebraically to 
either increase or decrease signal strength. There is nearly always a phase 
shift between the two components because the two signal paths have dif- 
ferent lengths. In addition, there may be a 180° (x radians) phase reversal at 
the point of reflection (especialy if the incident signal is horizontally polar- 
ized). 

Multipath phenomena exist because of interference between the direct 
and reflected components of the space wave. The form of multipath phe- 
nomenon that is, perhaps, most familiar to many readers (at least those old 
enough to be “pre-cable") is ghosting in television reception. Some multipath 
events are transitory in nature (as when an aircraft flies through the tras 
mission path), while others are permanent (as when a large building or hill 
reflects the signal). In mobile communications, multipath phenomena are 
responsible for reception dead zones and “picket fencing." A dead zone exists 
when destructive interference between direct and reflected (or multiple 
reflected) waves drastically reduces signal strengths. This problem is most 
onen noticed at VHF and above when the vehicle is stopped: and the solu- 
tion is to move the antenna a quarter wavelength. Picket fencing occurs as a 
mobile unit moves through successive dead zones and signal enhancement 
(or normal) zones, and sounds like a series of short noise bursts. 

At VHF, UHF, and microwave frequencies the space wave is limited to 
so-called "line of sight distances. The horizon is theoretically the limit of 
communications distance, but the radio horizon is actually about 15% 
further than the optical horizon. This phenomenon is due to refractive 
bending in the atmosphere around the curvature of the Earth, and makes 
the geometry of the situation look as if the Earth's radius is four-thirds the 
actual radius. 

The surface wave travels in direct contact with the Earth’s surface, and it 
suffers a severe frequency-dependent attenuation due to absorption by the 
ground (Figure 1.3), The zone between the end of the ground wave and 
Where the sky wave touches down is called the skip zone, and is a region 
of little or no signal. Because of this phenomenon, I have seen situations on 
the 15m band (21.390 MHz) where two stations 65km apart (Baltimore, 
‘Maryland, and Fairfax, Virginia) could not hear each other, and their com- 
munications have to be relayed via а ham station in Lima, Peru! 

The surface wave extends to considerable heights above the ground level 
although its intensity drops off rapidly at the upper end. The surface wave is 
subject to the same attenuation factors as the space wave, but in addition it 
also suffers ground losses. These losses are due to ohmic resistive losses in 
the conductive earth, and to the dielectric properties of the Earth. 
Horizontally polarized waves are not often used for surface wave commu- 
nications because the Earth tends to short circuit the electrical (E) field 
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component. On vertically polarized waves, however, the Earth offers elec- 
trical resistance to the E-field and returns currents to following waves. The 
conductivity of the soil determines how much energy is returned 


IONOSPHERIC PROPAGATION 


Now let us turn our attention to the phenomena of skip communications аз 
seen in the short-wave bands, plus portions of the medium-wave and lower 
УНЕ regions, Ionospheric propagation is responsible for intercontinental 
broadcasting and communications, 

Long-distance radio transmission is carried out on the HF bands 
(G-30MHa), also called the ‘short-wave’ bands. These frequencies are 
used because of the phenomenon called skip. Under this type of propagation 
the Earth’s ionosphere acis as if it is a “radio mirror, to reflect the signal 
back to Earth. This signal is called the sky wave. Although the actual phe- 
nomenon is based on refraction (not reflection, as is frequently believed) the 
appearance to the casual ground observer is that short-wave and low-VHF 
radio signals are reflected from the ionosphere as if it were a kind of radio 
mirror. The actual situation is a little different, but we will deal with that 
issue in a moment, 

The key lies in the fact that а seeming radio mirror is produced by 
ionization of the upper atmosphere. The upper portion of the atmosphere 
is called the ‘ionosphere’ because it tends to be easily ionized by solar and 
cosmic radiation phenomena. The reason for the ease with which that region 
(50-500 km above the surface) ionizes is that the air density is very low. 
Energy from the Sun strips away electrons from the outer shells of oxygen 
and nitrogen molecules, forming free electrons and positive ions. Because 
the air is so rarified at those altitudes, these charged particles can travel 
great distances before recombining to form electrically neutral atoms again. 
As a result, the average ionization level remains high in that region. 

Several sources of energy will cause ionization of the upper atomosphere. 
Cosmic radiation from outer space causes some degree of ionization, but the 
majority of ionization is caused by solar energy. The role of cosmic radi 
tion was first noticed during World War II when military radar operators 
discovered that the distance at which their equipment could detect enemy 
aircraft was dependent upon whether or not the Milky Way was above the 
horizon (although it was theorized 10 years earlier). Intergalactic radiation 
raised the background microwave noise leve, thereby adversely affecting the 
signal-to-noise ratio. 

The ionosphere is divided for purposes of radio propagation studies into 
various layers that have different properties. These layers are only well 
defined in textbooks, however, and even there we find a variation in the 
height above the Earth's surface where these layers are found. In addition, 
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the real physical situation is such that layers do not have sharply defined 
boundaries, but rather fade one into another. The division into layers is 
therefore somewhat arbitrary. These layers (shown earlier in Figure 1.1) 
are designated D, E, and F (with F being further subdivided into the F, 
and Fs sublayers). 


Dlover 
The Dover is the lowest layer in the ionosphere, and exists from approxi- 
mately 50 to 90km above the Earth’ surface. This layer is not ionized as 
much as higher layers because all forms of solar energy that cause ionization 
Are severely attenuated by the higher layers above ihe Dayer. Another 
reason is that the ауе is much denser than the E- and F-layers, and 
that density of air molecules allows ions and electrons to recombine to form 
electroneutral atoms very quickly. 

"The extent of Dayer ionization is roughly proportional to the height of 
the Sun above the horizon, so will achieve maximum intensity at midday 
The D-laer exists mostly during the warmer months of the year because of 
both greater height of the sum above the horizon and the longer hour of 
daylight. The D-layer almost completly disappears after ocal sunset, 
although some observers have reported sporadic incidents of Daye ati 

Tor a considerable me pas sunset. The Очауег exhibits a large amount 
of absorption of medium-save and shortwave signals, to such an entent 
That signals below 4-6 MHz are complete absorbed by the Dar 


Elayer 
The E-layer exists at altitudes between approximately 100 and 125 km 
Instead of acting as an attenuator it ac Primarias refer although 
signal do undergo а degree of attenuation. 

Like the Рун, ionization in this region only exists during daylight 
hours, peaking around midday and falling rapidly afier иле. Ar night- 
fall he layer virtually disappears although there Н some residual ionization 
there during the night-time hous 

"The distance that is generally accepted to he maximum that can be 
achieved using E-layer propogation is 2500 km. although it is generally 
much Iess than this and сап be as litle as 200 km 

One interesting and exciting aspect of this region is a phenomenon called 
Es or sporadic E When this occur a layer or cloud of very intense ioniza- 
tion forms, This can rect signals well into the VHH region of the radio 
spectrum. Although generally short ved, there can be openings on bands as 
Bigh as 2 meters (144 MHZ) These may last as Ше as a few minutes, whilst 
long openings may last up to a couple of hours. The phenomenon also 
affects lower frequencies Ike the 10 meter and 6 meer amateur bands as 


в ANTENNA TOOLKIT 


well as the VHF FM band. Sporadic E is most common in the summer 
months, peaking in June (in the northern hemisphere). Distances of between 
1000 and 2500 km сап be reached using this mode of propagation. 


Flayer 
The F-layer of the ionosphere is the region that is the principal cause of 
long-distance short-wave communicatione, This layer is located from about 
150.300 km above the Earth's surface. Unlike the lower layers, the air den- 
sity in the F-ayer is low enough that ionization levels remain high all day, 
and decay slowly ater local sunset. Minimum levels аге reached just prior to 
local sunrise. Propagation in the F-layer is capable of skip distances up to 
4000km in a single hop. During the day there аге actually two identifiable, 
distinct sublayers in the F-layer region, and these are designated the ‘Fj and 
“Fy layers. The Fs layer is found approximately 150-250k above the 
Earth's surface, while the Fs layer ls above the F. to the 450-500 km 
limit, Beginning at local sundown, however, the lower regions of the F, 
layer begin to deionize due to recombination of positive ions and free 
electrons. At some time afer local sunset the Fr and F layers have 
effectively merged to become a single reduced layer beginning at about 
E 
The height and degree of ionization of the F layer varies over the course 
ofthe day, with the season of the year, and with the 27 day cycle of the sun. 
The F layer begins to form shortly after local sunrise, and reaches а max: 
mum shortly before noon. During the afternoon the F layer ionization 
begins to decay in an exponential manner ший, for purposes of radio pro- 
pagation, it disappears sometime afier local sunset. There is some evidence 
that ionization in the F-layer does not completely disappear, but its impor- 
tance to HF radio communication does disappear, 


IONOSPHERIC VARIATION AND DISTURBANCES 

The ionosphere is an extremely dynamic region of the atmosphere, especially 
from a radio operator's point of view, for it significantly alters radio pro- 
pagation. The dynamics of the ionosphere are conveniently divided into two 
general classes: regular variation and disturbances, We will now look at both 
types of ionospheric change. 


lonospheric variation 


There are several different forms of variation seen on a regular basis in the 
ionosphere: diurnal, 27 day (monthly), seasonal, and 11 year eyele. 
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Diurnal (daily) variation 
The Sun rises and falls in a 24 hour cycle, and because it isa principal source 
of ionization of the upper atmosphere, one can expect diurnal variation 
During daylight hours the E- and D-lvels exist, but these disappear at 
night. The height of the F layer increases until midday, and then decreases 
until evening, when it disappears or merges with other layers. As а result of 
higher absorption in the E- and D-layers, lower frequencies are not useful 
during daylig 

frequencies during the day. In the 1-30 MHz region, higher frequencies 
(>11 MHz) are used during daylight hours and lower frequencies 
(<11 MHZ) at night. Figure 1.4B shows the number of sunspots per year 
since 1700 


ıt hours. On the other hand, the F-layers reflect higher 


27 day cycle 
Approximately monthly in duration, this variation is due to the rotational 
period of the Sun. Sunspots (Figure 1.4A) are localized on the surface of the 
Sun, so will face the Earth only during a portion of the month. As new 
sunspots are formed, they do not show up on the earthside face until their 
region of the Sun rotates earthside. 


Seasonal cycle 
The Earth's tilt varies the exposure of the planet to the Sun on a seasonal 
basis. In addition, the Earth's yearly orbit is not circular, but elliptical. As a 

Sun's energy that ionizes the upper atmosphere 
varies with the seasons of the year. In general, the E-, D- and F-layers are 


result, the intensity of the 
affected, although the F2 layer is only minimally affected. Ion density in the 


F, layer tends to be highest in winter, and less in summer. During the 
summer, the distinction between F; and F layers is less obvious. 


FIGURE 1.44, 
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11 year cycle 
The number of sunspots, statistically averaged, varies on an approximately 
11 year cycle (Fig. 1.4B). As a result, the ionospheric effects that affect radio 
propagation also vary on an 11 year cycle. Radio propa 
wave bands is best when the average number of sunspots is hig 
‘occurred in 1957, 1968, 1979, and 1990. 

Events on the surface of the 


zation in the short- 


est. Peaks 


iun sometimes cause the radio mirror to seem 
almost perfect, and make spectacular propagation possible, At other times, 
however, solar disturbances disrupt radio communications for days at а time. 

There are two principal forms of solar energy that affect short-wave 
communications: electromagnetic radiation and charged solar particles 
Most of the radiation is beyond the visible spectrum, in the ultraviolet 
and X-ray/y-ray region of the spectrum. Because electromagnetic radiation 
travels at the speed of light, solar events that release radiation cause changes 
to the ionosphere about 8 minutes later. Charged particles, on the other 
hand, have a finite mass and so travel at a considerably slower velocity. 
They require 2 or 3 days to reach the Earth 

Various sources of both radiation and particles exist on the Sun. Solar 
flares may release huge amounts of both radiation and particles. These 
events аге unpredictable and sporadic. Solar radiation also varies over ап 
approximately 27 day period. which is the rotational period of the Sun. The 
same source of radiation will face the Earth once every 27 days, so events 
tend to be somewhat repetitive 
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Solar and galactic noise affect the reception of weak signals, while solar 
noise will also either affect radio propagation or act as a harbinger of 
changes in propagation patterns. Solar noise can be demonstrated by 
using an ordinary radio receiver and a directional antenna, preferably oper- 
ating in the VHF/UHF regions of the spectrum. If the antenna is aimed at 
the Sun on the horizon at either sunset or sunrise а dramatic change in 
background noise will be noted as the Sun slides across the horizon. 


Sunspots 
A principal source of solar radiation, especially the periodic forms, is sun- 
spots (Figure 14A). Sunspots сап be as large as 100000-150000km in 
diameter, and generally occur in clusters. The number of sunspots varies 
over a period of approximately 11 years, although the actual periods since 
1750 (when records were first kept) have varied from 9 to 14 years (Fig 
LAB). The sunspot number is reported daily as the statistically massaged 
Zurich smoothed sunspot number, or Wolf number. The number of sunspots 
greatly affects radio propagation via the ionosphere. The low was in the 
range of 60 (in 1907), while the high was about 200 (1958), 

Another indicator of ionospheric propagation potential is the solar flux 
index (SFI). This measure is taken in the microwave region (wavelength of 
102 cm, or 2.8 GHz), at 1700 ОТ. Greenwich Mean Time in Ottawa, 
Canada. The SFI is reported by the National Institutes of Standards and 
Technology (NIST) radio stations WWV (Fort Collins, Colorado) and 
WWVH (Maui, Hawaii). 

"The ionosphere offers different properties that affect radio propagation 
at different times. Variations occur not only over the 11 year sunspot cycle 
but also diurnally and seasonally. Obviously, if the Sun affects propagation 
їп a significant way, then differences between night-time and daytime, and 
between summer and winter, must cause variations in the propagation 
phenomena observed, 


lenospheric disturbances 
Disturbances in the ionosphere can have a profound effect on radio com- 
munications and most of them (but not all) are bad. In this section we will 
briefly examine some of the more common forms. 


Sporadic E-layer 
A reflective cloud of ionization sometimes appears in the E-layer of the 
ionosphere; this layer is sometimes called the E, layer. It is believed that 
the E, layer forms from the effects of wind shear between masses of air 

їп opposite directions. This action appears to redistribute ions 
into a thin a layer that is radio-reflective 
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Sporadic-E propagation is normally thought of as а VHF phenomenon, 
with most activity between 30 and 100 MHz, and decreasing activity up to 
about 100 MHz. However, about 25-50% of the time, sporadic-E propaga- 
tion is possible on frequencies down to 10-15 MHz. Reception over paths of 
2300-4200 km is possible in the 50 MHz region when sporadic-E propaga- 
tion is present. In the northern hemisphere, the months of June and July are 
the most prevalent sporadic-E months. Оп most days when the sporadic-E 
phenomenon is present it lasts only a few hours. 


‘Sudden ionospheric disturbances (SIDs) 
The SID, or ‘Dellinger lade, mechanism occurs suddenly, and rarely gives 
апу warning. Solar flares (Figure 1.5) are implicated in SIDs. The SID may 
last from a few minutes to many hours. It is believed that SEDs occur in 
correlation with solar Mares or “bright solar eruptions’ that produce 
mmense amounts of ultraviolet radiation that impinge the upper atmo- 
sphere, The SID causes a tremendous increase in D-layer ionization, 
Which accounts for the radio propagation effects. The ionization is so 
intense that all receiver operators on the sunny side of the Earth experience 
profound loss of signal strength above about 3 MHz. It is not uncommon 
for receiver owners to think that their receivers are malfunctioning when this 


FIGURE 1.5 
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occurs, The sudden loss of signal by sunny-side receivers is called Dellinger 
fade. The SID is often accompanied by variations in terrestial electrical 
currents and magnetism levels. 

Ап interesting anomaly is seen when SIDs occur. Although short-wave 
reception is disrupted, and may stay that way for awhile, distant very low- 
frequency (VLF) signals, especially in the 15-40 kHz region, experience a 
sudden increase in intensity, This is due to the fact that the SID event 
results in deep ionization way into the D-layer. This ionization increases 
absorption of HF signals. But the wavelength of УГЕ signals is close to 
the distance from the Earth's surface to the bottom of the D-layer, so that 
space acts like a gigantic ‘waveguide’ (as used in the transmission of 
microwaves) when the SID is present - thus propagating the VLF signal 
very efficiently. 


lonospheric storms 
The ionospheric storm appears to be produced by an abnormally large rain 
of atomic particles in the upper atmosphere, and is often preceded by a SID 
18-24 hours earlier. These storms tend to last from several hours to a week 
ог more, and are often preceded by 2 days or so by an abnormally large 
collection of sunspots crossing the solar disk. They occur most frequently, 
and with greatest severity, in the higher latitudes, decreasing toward the 
Equator. When the ionospheric storm commences, short-wave radio signals 
may begin to flutter rapidly and then drop out altogether. The upper iono- 
sphere becomes chaotic, turbulence increases, and the normal stratification 
into ‘layers’ or zones diminishes. 

Radio propagation may come and go over the course of the storm, but it 
is mostly absent. The ionospheric storm, unlike the SID which affects the 
sunny side of the Earth, is worldwide. It is noted that the maximum usable 
frequency (MUF) and critical frequency tend to reduce rapidly as the storm 

An ionospheric disturbance observed over November 12-14, 1960 was 
preceded by about 30 minutes of extremely good, but abnormal propaga- 
Чоп. At 15.00 hours EST, European stations were noted in North America 
with S9+ signal strengths in the 7000-7300 KHz region of the spectrum. 
which is an extremely rare occurrence. After about 30 minutes, the bottom 
dropped out, and even AM broadcast band skip (later that evening) was 
non-existent. At the time, WWV was broadcasting а Wa, propagation 
prediction at 19 and 49 minutes after each hour. It was difficult to hear 
even the 5 MHz WWV frequency in the early hours of the disturbance, and 
it disappeared altogether for the next 48 hours. Of course, as luck would 
have it, that event occurred during the first weekend of the ARRL 
Sweepstakes ham radio operating contest that year. 
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GREAT CIRCLE PATHS 


A great circle is a line between two points on the surface of a sphere that lies 
оп a plane through the sphere's center. When translated to "radio speak, a 
great circle is the shortest path on the surface of the Earth between two 
points. Navigators and radio operators use the great circle for similar, but 
different reasons: the navigator in order to get from here to there, and the 
radio operator to get a transmission path from here to there. 

The heading of a directional antenna is normally aimed at the receiving 
station along its great circle path. Unfortunately, many people do not 
understand the concept well enough, for they typically aim the antenna in 
the wrong direction. Radio waves do not travel along what appears to be the 
best route оп a flat map. Instead they travel along the shortest distance on a 
real globe. 


Long path versus short path 

The Earth is a sphere (or more precisely, an "oblique spheroid’), so from 
any given point to any other point there are two great circle paths: the 
long path (major arc) and short path (minor arc). In general, the best 
reception occurs along the short path. In addition, short-path propagation 
is more nearly “textbook” compared with long-path reception. However, 
there are times when the long path is better, or is the only path that will 
deliver a signal to a specific location from the geographic location in 
question. 


USING THE IONOSPHERE 


The refraction of HF and some medium-wave radio signals back to Earth 
via the ionosphere gives rise to intercontinental HF radio communications. 
This phenomenon becomes possible during daylight hours, and for a while 
after sunset when the ionosphere is ionized. Figure 1.6 reiterates the 
mechanism of long-distance skip communications. The transmitter is 
located at point T, while receiving stations are located at sites RI and R2. 
Signals I and 2 are not refracted sufficiently to be returned to Earth, so they 
are lost in space. Signal 3, however, is refracted enough to return to Earth, 
so it is heard at station RI. The skip distance for signal 3 is the distance from 
T to RL At points between T and RI, signal 3 is inaudible, except within 
ground wave distance of the transmitter site (T). This is the reason why two 
stations SOkm apart hear each other only weakly, or not at all, while both 
stations can communicate with a third station 3000 km away. In American 
amateur radio circles it is common for South American stations to relay 
between two US stations only a few kilometers apart. 
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FIGURE 1.6 


Multi-hop skip is responsible for the reception of signal 3 at site R2. The 
signal reflects (not refracts) from the surface at RI, and is retransmitted into 
the ionosphere, where itis again refracted back to Earth. 

The location where skip signals are received (at different distances) 
depends partially upon the angle of radiation of the transmitting antenna. 
A high angle of radiation causes a shorter skip zone, while a lower angle of 
radiation results in a longer skip zone, Communication between any parti- 
cular locations on any given frequency requires adjustment of the antenna 
radiation angle, Some international short-wave stations have multiple 
antennas with different radiation angles to ensure that the correct skip 
distances are available 


SUPER-REFRACTION AND SUBREFRACTION 


At VHF frequencies and well up into the microwave bands there are special 
propagation modes called super-refraction and subrefraction. Depending 
upon the temperature gradient and humidity, the propagation may not be 
straight line. At issue is something called the K-factor of the wave. Figure 
1.7 shows these modalities. The straight line case has a K-factor of one, and 
is the reference. If super-relraction occurs, then the value of K is greater 
ian one, and if subrefraction occurs it is less than one. 
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Figure 1.8 shows a case where super-refraction occurs. The value of K 
can be substantially above one in cases where a hot body of land occurs next 
to a relatively cool body of water. This occurs off Baja, California, the 
Persian Gulf and Indian Ocean, parts of Australia and the North African 
coast. In those areas, there may be substantial amounts of super-relraction. 
occurring, making directional antennas point in the wrong direction 

Figure 1.9 shows a case of subrefraction. In this case, there is a relatively 
cold land mass next to relatively warm seas. In the Arctic and Antarctic this 
situation exists. The K factor will be substantially less than one in these 
cases. In fact, the signal may be lost to terrestrial communications after only 
a relatively short distance, 


FIGURE 1.8 
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СНАРТЕК 2 


Antenna basics 


Before looking at the various antennas we need to look at some of the basics 
of antenna systems. In this chapter you will learn some of these basics. And 
while they will not make you a red-hot professional antenna engineer they 
will set you up well enough to understand this book and others on amateur 
and hobbyist antennas. We will look at the matter of antenna radiation, 
antenna patterns, the symbols used to represent antennas, voltage standing 
Wave ratio (VSWR), impedance, and various methods suitable for con- 
structing wire antennas in the high-frequency (HF) and very high-frequency 
(VHF) regions of the spectrum. 


ANTENNA SYSTEM SYMBOLS 


Figures 2.1 and 22 show the various symbols used to represent antennas 
amd grounds. The reason why there are so many variants is that there are 
differences from country to country, as well as different practices within any 
опе country (especially between technical publishers). As for antenna sym- 
bols, I see the symbol in Figure 2.1C more often in the USA, but Figure 
2.18 comes in for a close second. The supposedly correct symbol (endorsed 
by a professional society drawing standards committee) is that of Figure 
ОЛА — but itis only occasionally seen in the USA. 

The situation for grounds is a litle different because some difference 
reflect different forms of ground (although some of the differences also 
represent national or publisher differences). The ground in Figure 22A is 
usually found representing a true earth ground, ie. the wire is connected to a 
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rod driven into the earth, The variant of Figure 2.2B usually represents a 
chassis ground inside a piece of equipment. The symbol in Figure 2.2C has 
two uses. One is to represent a common grounding point for different signals 
ог different pieces of equipment. The other use is exactly the opposite: the 
triangle ground symbol often represents an isolated ground that has no direct 
electrical connection to the rest of the circuit, or with the earth, You will see 
this usage in medical devices. The grounds of Figures 2.2D and 2.2E аге 
found mostly outside the USA, 

From the time of Hertz and Marconi to the present, one thing has 
remained constant in wireless communications: radio waves travel, as if 
by magic, from a transmitting antenna to a receiving antenna (Figure 
23). Whether the two antennas are across the garden from each other, 
across continents and oceans, or on the Earth and the Moon, if there is 
not a transmitting antenna and at least one receiving antenna in the system 
then no communications can take place 

At one time, physicists believed that there must be some invisible medium. 
for carrying the radio signal. But we now know that no such medium exists, 
yet radio waves travel even in outer space. Being electromagnetic waves, 
radio signals need no medium in order to propagate, If radio signals traveled 
only in the Earth’s atmosphere, then we could make some guesses about 
а medium for carrying the wave, but space communications demonstrates 
that the atmosphere is not necessary (although it does affect radio signal 
propagation). 
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FIGURE 22 


Although there is no medium in which radio waves travel, it is useful to 
look at water waves for an analogy (even though imperfect) In Figure 24 
wwe see what happens when an object is dropped into a pool of water. A 
displacement takes place, which forms a leading wave that pushes out in 
concentric circles [rom the impact point, The situation in Figure 2.4 repre- 
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sents a single pulse of energy, as if a transmitter fired а single burst of 
energy. Real transmitters send ош wave trains that are analogous to cycli- 
cally bobbing the object up and down so that it goes in and out of the water 
(Figure 2.5). The result is a continuous stream of identical waves propagat- 
ing out from the "transmitter impact point. If another object is floating on 
the surface, say а cork or toy boat, then it will be perturbed as the wave 
passes. This is analogous to the receiver antenna. 

The waves have an amplitude CA), which corresponds to the signal 
strength. They also have a wavelength (2), which corresponds to the distance 
traveled by the wave in one complete up-and-down cycle. In radio work, the 
wavelength is measured in meters (m), except in the microwave region where 
centimeters (cm) and millimeters (mm) make more sense. Wavelength can be 
measured at any pair of points on the wave that are identical: two peaks, 
two troughs, two zero crossings, as convenient in any specific case. 

The number of cycles that раз а given point every second is the frequency 
of the wave. The classic measure of frequency was cycles per second (eps ог 
cis), but that was changed in 1960 by international consensus to the hertz 
(Hz), in honor of Heinrich Hertz, But since 1 Hz = 1 eps, there is no 
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practical difference. The hertz is too small a unit for most radio work 
(although many of our equations are written in terms of hertz). For radio 
work the kilohertz (kHz) and megahertz (MHz) are used: 1 kHz = 1000 Hz, 
and | MHz = 1000000 Hz. Thus, a short-wave frequency of 9.75 MHz is 
9750 kHz and 9 750000 Hz. 

‘Wavelength and frequency are related to each other. The wavelength is 
the reciprocal of frequency, and vice versa, through the velocity constant, In 
free space, the velocity constant is the speed of light (с), or about 300000000 
mjs. This is the reason why you often see “3007 or its submultiples (150 and 
75) in equations. When the frequency is specified in megahertz, then 
300000000 becomes 300 for one wavelength. The half-wavelength constant 
is 150, and the quarter-wavelength constant is 75. The relationship is 

300 


Raw 


INVERSE SQUARE LAW 


When radio waves travel they become weaker by a relationship called the 
inverse square law, This means that the strength is inversely proportional to 
the square of the distance traveled (1/1). Figure 2.6 shows how this works 
using the analogy of a candle. If the candle projects a distance r, all of the 
light energy falls onto square A. At twice the distance (2r) the light spreads 
ош and covers four times the area (square n). The total amount of light 
energy is the same, but the energy per unit of area is reduced to one-fourth 
of the energy that was measured at A. This means that a radio signal gets 
weaker very rapidly as the distance from the transmitter increases, requiring 
ever more sensitive receivers and better antennas. 


FIGURE 2.6 
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THE ELECTROMAGNETIC WAVE 


The electromagnetic (EM) wave propagating in space is what we know as a 
“radio signal.” The EM wave is launched when an electrical current oscillates 
in the transmitting antenna (Figure 2.7). Because moving electrical currents 
possess both electrical (E) and magnetic (Н) fields, the electromagnetic wave 
launched into space has alternating E-field and H-field components, These 
fields are transverse (meaning they travel in the same direction) and ortho- 
gonal (meaning the E- and Tf leid are at right angles to each other), When 
the EM wave intercepts the receiver antenna, it sets up а copy of the original 
oscillating currents in the antenna, and these currents are what the receiver 
circuitry senses. 

The orthogonal E- and H-fields are important to the antenna designer. If 
you could look directly at an oncoming EM wave, you would see a plane 
front advancing from the transmitting antenna. If you had some magical 
dye that would render the E-field and H-field line of force vectors visible to 
the naked eye, then you would see the E-field pointing in one direction, and 
the H-field in a direction 90° away (Figure 2.8). 

The polarization of the signal is the direction of the E-field vector. In 
Figure 2.8 the polarization is vertical because the electric field vector is up. 
and down. If the E-field vector were side-to-side, then the polarization 
would be horizontal. One way to tell which polarization an antenna pro- 
duces when it transmits, or is most sensitive to when it receives, is to note the 
direction of the radiator element. If the radiator element is vertical, ie. 
perpendicular to the Earth's surface, then it is vertically polarized. But if 
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FIGURE 28 


the radiator element is horizontal with respect to the Earth's surface, then it 
is horizontally polarized. Figure 2.9 shows these relationships. In Figure 29, 
two dipole receiver antennas are shown, one is vertically polarized (VD) and 
the other is horizontally polarized (HD). In Figure 29A, the arriving signal 
is vertically polarized. Because the E-field vectors lines are vertical, they cut 
across more of the VD antenna than the HD, producing a considerably 
larger signal level. The opposite is seen in Figure 2.9B, Here the E-field is 
horizontally polarized, хо it is the HD antenna that receives the most signal. 
The signal level difference can be as much as 20dB, which represents а 
10-fold decrease in signal strength if the wrong antenna is used 


DECIBELS (dB) 


In the section above the term decibel (symbol dg) was introduced. The 
decibel is а unit of measure of the ratio of two signals: two voltages, two 
currents, or two powers. The equations for decibels take the logarithm of the 
ratio, and multiply it by a constant (10 for powers and 20 for voltages or 
currents). The use of decibel notation makes it possible to use ratios, such as 
found in gains and losses in electronic circuits, but use only addition and 
subtraction arithmetic. It is not necessary to be able to calculate decibels, 
but you should know that +dB represents a gain, and -dB represents a 
loss. The term `0 dB means that the ratio of the two signals is 1:1 (neither 
gain nor loss). Some common ratios encountered in radio work include 
those listed in Table 2.1 

You can see that doubling a signal strength results in а + 3 dB gain, while 
halving it produces a —3 dB loss. To put these figures into perspective, most 
S-meters on receivers use a scaling factor of 6 dB per S-unit (some use 3 dB 
per S-unit). Receiver designers tell us that а signal-to-noise ratio of 10 dB is 
necessary for ‘comfortable listening,’ while a signal-to-noise ratio of 3 dB is 
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needed for barely perceptible but reliable communication for a listener who 
tries hard to hear what is being said. 


LAW OF RECIPROCITY 


Radio antennas obey а kind of law of reciprocity, i.e. they work the same on 
transmit as they do on receive. If an antenna has a certain gain and dire 
tivity on transmit, then that exact same pattern is seen in the receive mode. 
Similarly, the feedpoint impedance, element lengths, spacings, and other 
issues are the same for both modes. An implication of this law is that 
receiver owners are able to translate the theory from discussions of trans- 
mitting antennas to their own needs (and vice versa). 

Reciprocity does not necessarily mean that the same antennas are the best 
selection for both transmit and receive. For example, the use of gain on a 
transmit antenna is to increase the apparent signal power level at a distant 
point in a particular direction. Alternatively, some licensing authorities use 
“antenna directivity to protect the coverage arcas of relatively nearby stations 
that share the same or adjacent frequencies. To the receiver operator, there 
may be a reason to want the gain of the antenna to boost the received signal 
power to a useful level. There is, however, often a powerful argument for 
aiming an antenna such that the main sensitivity is not in the direction of the 
desired station. Instead, the receiver antenna owner may wish to position а 
null, ie. the least sensitive aspect of the antenna, in the direction of an 
offending station in order to reduce its effect. The issue is, after all is said 
and done, the signal-to-noise ratio. 

Another restriction is that there are several antennas that are fit for 
receive use, especially those for difficult installation situations, but are either 
technically unsuited or unsafe for transmitters except at the lowest of power 
levels, The issue might be impedance, VSWR, voltage arcing, or some other 
undesirable factor that occurs in transmit situations (even at moderate 
power levels such as 50-100 W). 


ANTENNA TYPES 


Most antennas fall into either of two broad categories: Marconi or Hertzian, 
‘The Marconi antennas (Figure 2.10) are considered unbalanced with respect 
to ground because one side of the signal source (or receiver input load) is 
grounded. The Marconi antenna can be either vertical (Figure 2.10A) or at 
some angle (Figure 2.10B), including horizontal. The name derives from the 
types of antenna used by Guglielmo Marconi in his early radio experiments. 
In his famous 1903 transatlantic communication, of Cug used a single wire 
tethered to a kite aloft above the Newfoundland coast. 
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‘The Hertzian antennas (Figure 2.11) are balanced with respect to the 
ground, ie. neither side of the oscillator or receiver load is grounded 
Dipoles fall into this category. Both Marconi and Hertzian antennas can. 
be either vertically or horizontally polarized. However, most Marconi 
antennas are designed for vertical polarization and most Hertzian antennas 
for horizontal polarization. The long wire and vertical dipoles ure obvious 
exceptions to that rule, however. 


RECEIVER-ANTENNA INTERACTIONS 


The antenna and the receiver (or the antenna and transmitter on the other 
end) form a system that must be used together, Either alone is not too 
useful. Figure 2.12 shows an antenna connected to a receiver through a 
transmission line. For our practical purpose here, the receiver looks to the 
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antenna and transmission line like a load resistor, Raw. On the positive half- 
cycle (Figure 2.12A), the passing wave creates a current in the antenna- 
receiver system that flows in one direction (shown here as "up. When the 
oscillation reverses and becomes negative, the direction of current flow in 
the antenna-receiver reverses (Figure 2.12B). This is the mechanism by 
which the oscillating electromagnetic wave reproduces a signal in the 
aput of the receiver — the signal that is then amplified and demodulated 
to recover whatever passes for "intelligence" riding on the signal 


STANDING WAVE RATIO 


The issue of the standing wave ratio (SWR) is of constant interest to radio 
enthusiasts. Some of the heat and smoke on this matter is well justified. In 
other cases, the perceived problems are not real 
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Figure 2.13 shows how the SWR comes into play in an antenna system. 
In Figure 2.13A, a single cycle of a signal is launched down a transmission 
line (ît is called the ‘incident or forward" wave). When it reaches the end of 
the line, f itis not totally absorbed by a load resistor or antenna, then it (or 
part of it) will be reflected back toward the source. This reflected wave is 
shown in Figure 2.138. The incident and reflected waves are both examples 
of travelling waves. The reflected wave represents power that is lost, and can 
cause other problems as well 

The situation in Figures 2.13A and 2.13B represent a single-cyele pulse 
launched down a transmission line. In a real radio system, the oscillations of 
the incident wave are constant (Figure 2.13C). When this situation occurs, 
then the reflected waves will interfere with following incident waves. At any 
given point, the amplitude of the wave is the algebraic sum of the interfering 

ident and reflected signals. The resultant caused by the interference of the 
ident and reflected waves is called a standing wave. 
Figure 2.14 shows what happens when continuous incident and reflected 
waves coexist on the same transmission line. In the case of Figure 2.144, the 
two waves coincide, with the resultant as shown. The waves begin to move 
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FIGURE 2.14 (continued) 


apart in opposite directions in Figure 2.14B, which causes the overall ampli- 
tude of the standing wave to decrease, but the location of the maximum and 
‘minimum points remain stable. The condition of 180° out of phase between 
the two traveling waves results in a zero-amplitude standing wave, as shown 
in Figure 2.14C. No current flows in this case. As the waves continue to 
move apart, the standing wave reappears, as shown in Figure 2.14D. The 
final case, Figure 2.14E, is the case with the traveling waves in-phase with 
each other (0° difference). Notice that the standing wave in Figure 2.14E is 
the same amplitude as that of Figure 2.14, but is 180° out of phase with it. 

Figure 2.14F shows the voltage along a transmission line when a VSWR. 
higher than 1:1 is present. The antenna or load end is on the left, and the 
lengths along the transmission line are plotted in terms of wavelength. In the 
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situation shown, the voltage is a minimum at the antenna end (marked 07, 
It rises to a peak or"antinode" at a quarter wavelength, and then drops back 
to a minimum (‘node’) at the half-wavelength (2/2) point. The voltage then 
rises again to a peak at 34/4, falling back to minimum at 12. The current 
rises and falls in a similar manner, but the nodes and antinodes are offset 
from the voltage by 90° (quarter wavelength). 

Note that the voltage is at a minimum and the current at a maximum at 
the same points that are integer multiples of a half wavelength. This situa- 
tion has the effect of making it advisable to measure the VSWR at the 
transmitter end only when integer multiples of an electrical half wavelength 
of transmission line (note: the most valid measurement is made at the inter- 
face of the transmission line and antenna feedpoint). 

The plot shown in Figure 2.14G is the same line system under the situa- 
tion where the antenna impedance and transmission line impedance are 
matched. For obvious reasons, this line is said to be “at. 


Measures of SWR 

There are several diferent methods for measuring the SWR of an antenna 
transmission ine system. For example, one could measure the incident and 
reflected signal voltages along the line, producing а result of 
VSWR = (И + V/(V; — V). The method of Figures 2.14F and 2140 
сап be used by comparing the maximum and minimum voltages 
VSWR = Maglia. We сап also measure the forward and reverse 
power levels to find the VSWR. A simple way to predict the VSWR is to 
compare the antenna feedpoint resistive impedance (Zp) to the transmission 
line characteristic impedance (Zo). The value of the VSWR is found from 
either 


VSWR=Ž% (а-л) 


VSWR (Z> Z) 


If, for example, we measure the antenna feedpoint impedance as being 25 
ohms, and the antenna transmission line is 520hm coaxial cable, then the 
VSWR = 52/25 = 2081 

We can find the resonant frequency of an antenna by finding the fre- 
quency at which the VSWR is a minimum. But that point may not be a 
VSWR of 1:1 unless the resistive component of the antenna feedpoint impe- 
dance is the same as the transmission line impedance, and the complex 
portion of the impedance is zero. To create this situation one might need 
an impedance matching device (see Chapter 12). 
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AN OLD MYTH REVIVED? 


There are a number of myths that are widely held among radio communica- 
tions hobbyists and amateur radio is no less infested with some of these 
myths than others (CB, for example). Twenty-five years ago I worked in a 
CB shop in Virginia, and we kept hearing one old saw over and over again: 
you can “cut your coax to reduce the VSWR to I" (actually, they meant ‘1:1 
but routinely called it’). Hoards of CBers have ‘cut the coax’ and watched 
the VSWR reduce to 1:1, so they cannot be talked out of the error. 1 even 
know of one shop that kept 30cm lengths of coaxial cable, with connectors 
on both ends, so they could insert them into the line at the transmitter in 
‘order to find the correct length that would reduce the VSWR to 1:1. What 
actually happens in that case is а measurement artifact that makes it appear 
to be true. 

OF course, hams are superior to CBers and so do not believe that error, 
right? 1 would like to think so; but having been in both the CB and the 
amateur Worlds, and ‘Elmered’ (mentored) more than a few CBers studying 
for amateur licenses, I have to admit that at least as many amateurs believe 
the "cut the coax error as CBers (sorry, fellows, but that’s my observation). 

The only really proper way to reduce the VSWR to 1:1 is to tune the 
antenna to resonance and then match the impedance. For a center-fed half- 
wavelength dipole, or a bottom-fed quarter-wavelength vertical, the proper 
жау to resonate the antenna is to adjust its length to the correct point. The 
formulas in the books and magazines only give approximate lengths - the 
real length is found from experimentation on the particular antenna after it 
is installed. Even commercial antennas are adjusted this way. On certain CB 
mobile antennas, for example, this trick is done by raising (or lowering) the 
radiator while watching the VSWR meter. On amateur antennas similar 
tuning procedures are used 

Even when the resonant point is found, the feedpoint impedance may not. 
be a good match to the transmission line. A VSWR will result in that case, 
The impedance matching should be done between the far end of the trans- 
mission line (Le. away from the receiver or rig) at the feedpoint of the 
antenna. Antenna tuners intended for strictly coaxial cable are little more 
than line flateners. They do not really "tune" the antenna, but rather they 
reduce the VSWR looking into the transmission line so that the transmitter 
will work properly. If the antenna tuner is not a high-pass filter (as some 
are), then it will also provide some harmonic attenuation 

‘An approach used by many amateurs (including myself) is to connect an 
fantenna-matching unit (tuner) at the output of the transmitter. For my 
Kenwood TS-430. 1 use either a Heath SA-2060A or an MFJ Differential 
Tuner to lune. our the VSWR presented by my Hustler 4BTV and 23m of 
coaxial cable. But I do not even pretend to be tuning the antenna. The 
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15-430 is a solid-state rig, and the finals are, therefore, not terribly tolerant 
of VSWR, and will shut down with a high VSWR. The purpose of the 
antenna tuner is to reduce the VSWR seen by the transmitter ~ ignoring 
the actual antenna mismatch on the roof. The tuner also serves to reduce 
harmonics further, thereby helping to prevent television interference. 

The best form of antenna tuner is one that both reduces the VSWR (for 
the benefit of the transmitter), and also resonates to the antenna frequency, 
preventing harmonies from getting out (a lille secret is that many "line 
fattener’ antenna tuning units are actually variable high-pass filters, and 
must be used with a low-pass filter ahead of them if spurious signals are to 
be kept in abeyance). 

Should you even worry about VSWR on a system? Or, more correctly 
stated, given that a 1:1 VSWR often requires a herculean effort to achieve, 
at what point do you declare the battle won and send the troops home? 
Some of the issues шге: 


+ Transmitter heating of the transmission line due to power losses. 

+ Reduction of power from solid-state transmitters due to SWR shutdown 
circuitry. 

+ At kilowatt levels there may be excessive radio frequency voltage at 
nodes, which could lead to transmission line shorting 

+ Loss of receiver sensitivity. The feedline loss is added directly to the 
receiver noise figure, so may degrade the matched noise figure of the 
receiver. This problem is especially severe in the VHF/UHF scanner 
bands, 


Where these problems result in unacceptable performance, work hard to 
match the antenna to the feedline, and the feedline to the transmitter or 
receiver. As one of my correspondents said: “The question then is to what 
extent does the problem impair the actually ability to use the receiver or 
transmitter successfully? The same reader provided the guidelines below: 


(1) The actual SWR on a feediine is 1:1 only if the load (e.g. an antenna) 
connected to the line is equal to the characteristic impedance of the line. 
Adjusting an antenna to resonance will improve the SWR only if the impe- 
dance of the antenna at resonance is closer to the impedance of the Feedline 
than before it was adjusted. Ifthe impedance of the antenna at resonance is 
not equal to the impedance of the feedline, you will never get the SWR down 
m 

(2) The only possible places to measure the SWR with consistent accu- 

(a) at the load 

(b)at a distance of 0.5 electrical wavelength (accounting for the velocity 

factor of the line), or integer multiples thereof, from the load. 
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The latter is true because a halbwavelength long piece of feedline 
"repeats! the impedance of whatever is connected to its far end; it is almost 
as if you are measuring right up at the feedpoint. As a consequence, many 
professional antenna installers go to pains to make the transmission line 4/2 
or an integer multiple of 2/2. The VSWR and impedance looking into the 
line will reflect the situation at the feedpoint, Be aware that the velocity 
factor of the transmission line reduces the physical length required to make 
an electrical half wavelength. 

(3) An easy way to check if your SWR measurements are being accurately 
made is as follows: Add a piece (4/8 to 4/4 wavelength) of identical line to 
Your feedline. Repeat the SWR measurement. If it is not the same, your 
SWR measurement is not accurate, ie. you are not measuring the actual 
SWR. 

(4) Know that a few things can upset SWR measurements, e.g. currents 
flowing on the outside of a coaxial feedline (a common situation). This can 
be caused by not using а BALUN when feeding a balanced antenna (e.g. a 
symmetric dipole) with an unbalanced (coaxial) feedline. It can also be 

luced by antenna currents onto a nearby coaxial feedline. 


ANTENNA GAIN, DIRECTIVITY, AND RADIATION 
PATTERNS 


Antennas do not radiate or receive uniformingly in all directions (and, 
indeed, you usually do not want them to!). The interrelated concepts of 
antenna gain and directivity are of much concern to antenna builders. 
Gain refers to the fact that certain antennas cause a signal to seem to 
have more power than it actually can claim. The gain of the antenna can 
be expressed as either a multiple (e.g. a twofold increase in apparent power) 
or in decibel notation (e.g. а 3 dB increase). Both methods of expressing gain 
reflect the fact that a gain antenna seems to produce a signal that is stronger 
than the signal produced by some comparison antenna (e.g. a dipole). The 
apparent power produced by the antenna and transmitter combination is 
called the effective radiated power (ERP), and is the product of the tra 
mitter power and the antenna gain. For example, if the antenna gain is 7 dB, 
the power is increased by a factor of five times. The ERP of a 100W 
transmitter is therefore 5 x 100W = 500 W, 

On a receive-only antenna, the signal picked up by a gain antenna is 
louder than the same signal picked up on a non-gain antenna or the com- 
parison antenna. Because of reciprocity, the gain is the same for both receive 


Directivity refers to the fact that the radiation or reception direction is 
not constant. Certain directions are favored and others rejected. Indeed, this 
is how the antenna gets gain. After all, if there is an apparent increase in the 
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signal power, there must be some phenomenon to account for it after all, 
antennas do not produce power. Figure 2.15A shows how the gain and 
directivity are formed. Consider un isotropic radiator source located at 
point ‘A’ in Figure 215A. An isotropic radiator is a perfectly spherical 
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point source. The signal radiates outward from it in a spherical pattern. At 
some distance R we can examine the surface of the sphere. The entire output 
power of the transmitter is uniformly distributed over the entire surface of 
the sphere. But if the antenna is directive, then all of the power is focussed 
омо a small area of the sphere with a vertical angle of бү and a horizontal 
area of u. The same amount of energy exists, but now it is focussed onto a 
smaller area, which makes it appear as if the actual power level was a lot 
higher in that direction 

The antenna pattern is а graphical way of showing the relative radiation 
їп different directions (Le. directivity). The most commonly seen pattern is 
the azimuthal or polar plot. That pattern is measured in the horizontal plane 
at all angles around the antenna, and is plotted graphically as if seen from 
above. It is a ‘bird's eye view” of the antenna radiation characteristic. But 
antenna radiation patterns are actually three-dimensional, and the azi- 
muthal plot is merely a slice of that threc-dimensional pattern, as seen 
from but one perspective. 

Figures 2.15B through 2.15F show how antenna patterns are developed. 
The antenna in this case is a vertically polarized Hertzian radiator such as a 
hhalf-wavelength dipole. It radiates poorly off the ends, and very well at 
angles perpendicular to the wire. The solid-pattern of Figure 2.158 shows 
the three-dimensional view of what the radiation looks like. To find the 
azimuthal and elevation patterns for this antenna, we take slices out of 
the solid (Figures 2.15C and 2.15D), and plot the results (Figures 2.15Е 
and 2.15F). Because the radiator is vertical (and perfect, I might add), it 
radiates equally well in all horizontal directions (see Figure 2.15E), so the 
‘azimuthal ог horizontal plot is termed omnidirectional. The elevation ог 
vertical plane view (Figure 2.15F) has to take into account the minima 
found off the ends of the radiator, so plots as a figure d. 

If the vertical radiator of Figures 2.15B-2.15F is rotated 90" to form a 
horizontal dipole, then the radiation patterns remain the same, but are 
reversed. The omnidirectional pattern of Figure 2.1 5E becomes the elevation 
ог vertical extent, while the figure ‘$ pattern of Figure 2.15F is the hori- 
zontal or azimuthal extent. 

The patterns of Figures 2.15B-2.15F make a rather bold and unwar- 
ranted assumption: the antenna is perfect and is installed somewhere in 
free space. Since most antennas are not in the zone midway between the 
Earth and Mars, one has to account for the effects of being close to the 
Earth's surface. Figure 2.16 shows the approximate patterns for horizontally 
polarized half-wavelength dipoles close to the ground. In Figure 2.16 we see 
the azimuthal pattern. It is the figure . but is pinched a bit. Notice that the 
maxima are perpendicular to the wire, and the minima (or ‘nulls') are off the 
ends. One use for this type of pattern is to position the antenna so that it 
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nulls out interfering signal or noise sources, making the overall signal-to- 
noise ratio higher and increasing listenability 

Figure 2.16B shows the elevation extent. This view is taken from a site. 
perpendicular to the wire, and is essentially looking into one end of the 
three-dimensional figure G. pattern. In other words, the directivity, or max- 
ima, is in and out of the page. In free space, one would expect this pattern to 
be omnidirectional. But close to the Earth's surface, reflections from the 
surface add to the pattern, causing the pinching effect apparent in Figure 
2.168. The shape shown is approximately that for a half wavelength above 
the ground. Other heights produce variants of this pattern, 

The patterns shown in Figure 2.17 are for a vertically polarized Marconi 
radiator, such as a quarter-wavelength, bottom-fed vertical. The azimuthal 
pattern, as seen from above, is shown in Figure 2.17A. It is the omnidirec- 
tional pattern that one would expect. The elevation pattern in Figure 2.178 
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represents a vertical slice taken from the ‘doughnut’ seen earlier. Note that 
the lobes аге elevated, rather than being exactly on the horizon. The angle of 
these lobes is the angle of radiation, and affects the distance that an antenna 
will transmit to or receive from. A low angle of radiation is usually pre- 
scribed for long-distance "DX. while a high angle of radiation produces skip 
to nearer regions, 

Figure 2.18 shows the conventions for specifying antenna patterns. The 
antenna is a dipole, with both relative electric field strength and relative 
powers plotted (both types of plot are done). The 0-270: line is along the 
length of the dipole, while the 90-180° line is perpendicular to the dipole. 
‘The beamwidth of the antenna, which is specified in degrees, is measured аз 
the angle between the half-power points, i.e. the points where the voltage field 
drops off to 70.7% of the maximum (along the 90° Jine), or to the 0.5 power 
point. These points are also called the °—3 dB" points. Recall that —3 dB 
represents а power ratio of 1:2. 


SOME ANTENNA CONSTRUCTION HINTS. 


This section will help you think up some good ideas on how to erect the 
antenna. First, though, let us talk a little bit about antenna safety. It is 
difficult to say too much about this topic. Indeed, I mention it elsewhere 
n this book as well as here, Wherever it seems prudent, 1 warn readers that 
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antenna erection can be dangerous if you do not follow certain precautions. 
Do it right, and the risk is mitigated and the job can be quite sale 


Safety first 


Before dealing with the radio and performance issues, et us first deal with 
safety matters - you do not want to be hurt either during installation, or 
during the next wind storm. Two problems present themselves: reliable 
‘mechanical installation and electrical safety. 

Electrical safety note. Every year we read sad news in the magazines of a 
colleague being electrocuted while installing, or working on, an antenna. In 
all of these tragic cases, the antenna somehow came into contact with the 
electrical power lines. Keep in mind one dictum and make it an absolut: 


There is never a time or situation when it is safe to let an antenna contact the 
electrical power lines! None. Ever. BELIEVE THIS NO MATTER WHAT 
ANYONE SAYS TO THE CONTRARY. 


This advice includes dipoles and long wires “thrown over“ supposedly 
insulated power mains lines, as well as antennas built from aluminum 
tubing. The excuse that the lines are insulated is nonsense. Old insulation 
crumbles on contact with even a thin wire antenna, Do not do it! The 
operant word is never! 

Consider a typical scenario involving a four-band trap vertical antenna 
made of tubing. 1t will be 5-8m tall (judging from adverts in magazines), 
and will be mounted on a roof, or mast, 4-10m off the ground. At my home 
in Virginia, a 7.6m tall trap vertical is installed atop а 4.6m telescoping 
television antenna mast, The total height above ground is the sum of the two 
heights: 7.6m + 4.6m = 122m. The tip of the vertical is 122m above the 
ground. I had to select a location, on the side of my house, at which a 12.2m 
aluminum pole could fall safely. Although that requirement limited the 
selection of locations for the antenna, neither my father-in-law (who helped 

stall the thing) nor myself was injured during the work session. Neither 
will a wind storm cause a shorted or downed power line if that antenna falls 

In some jurisdictions, there might be legal limitations on antenna loca- 
tion. For example, some local governments in the USA have a requirement 
that the antenna be able to fall over and land entirely on your own property 
Before installing the antenna, check local building codes. 

When installing а vertical, especially one that is not ground mounted, 
make sure that you have help. It takes at least two people to safely install the 
standard HF vertical antenna, and more may be needed for especially large 
models, If you are alone, then go and find some friends to lend an arm 
ог two. Wrenched backs, smashed antenna (and house parts), and other 


аз ANTENNA oh 


calamities simply do not happen as often to a well-organized work party 
that has a sufficient number to do the job safely 


Mechanical integrity 


The second issue in installing antennas is old-fashioned mechanical integ- 
rity. Two problems are seen. First, you must comply with local building 
regulations and inspections. Even though the courts in the USA seem to 
forbid local governments from probibiting amateur radio activity (on 
grounds that it is Federal prerogative), local governments in the USA and 
eslewhere have a justifiable interest, and absolute right, to impose reason- 
able engineering standards on the mechanical installation of radio antennas. 
The second issue is that it is in your own best interest to make the installa- 
tion as good as possible. View local regulations as the minimum acceptable 
standard, not the maximum; go one better. In other words, build the 
antenna installation like a brick outhouse, 

Both of these mechanical integrity issues become extremely important if a 
problem develops. For example, suppose a wind or snow storm wrecks the 
antenna, plus a part of your house. The insurance company will not pay out 
(n most cases) if your local government requires inspections and you failed 
to get them done. Make sure the mechanical and/or electrical inspector (as 
required by US law) leaves a certificate or receipt proving that the final 

nspection was done. It could come in handy when disputing with the insur- 
ance company over damage. 

A quality installation starts with the selection of good hardware for the 
installation. Any radio/television parts distributor who sells television 
antenna hardware will have what you need. I used Radio Shack stand-off 
brackets, ground pin, and a 58m telescoping mast. Wherever you buy, 
select the best-quality, strongest material that you can find. Opt for steel 
masts and brackets over aluminum, no matter what the salesperson behind 
the counter tells you. Keep in mind that, although salespeople can be knowl- 
edgeable and helpful, you, not they, are responsible for the integrity of the 
installation. In my own case, I found that the 5.8m mast was considerably 
sturdier at 4.6m than when fully up, so 1 opted to use less than the full 
length because the installation is unguyed. Because I have never trusted the 
litle cotter pin method of securing the mast at the slip-up height, 1 drilled a 
single hole through both bottom and slip-up segments (which telescope 
together), and secured the antenna mast with a 8mm stainless steel bolt. 
The bolt was “double nutted” in order to ensure that it did not come loose 
over time. 

The television mast is set on a ground mounting pin/plate that is set into 
a 76cm deep (local frost line regulations required only 71 cm) fencepost hole 
filed with concrete. The top end of the mast was secured to the roof over- 
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hang of the house (see Figure 2.23). That overhang was beefed up with 
5 x 20cm kiln-dried lumber that was bolted between two, 60cm center, 
roof rafters. I felt it necessary to do that because the roof is only plywood, 
and the gutter guard is only 2.5 x 20cm lumber (and is old), and the softs 
are aluminum. There was not enough strength to support a 12m lever arm, 
whipping around in a 35 knot wind, 

Wind can be a terrible force, especially when acting on the ‘sail area” of 
the antenna through a 7.5-12m lever arm. A shabby installation will tear 
apart in wind, causing the antenna to be damaged, damage to the house, and 
destruction of the installation. That is why I recommend "brick outhouse’ 
construction methods. Over the 33 years I have been in amateur radio, 1 
have seen a lot of verticals toppled over. Except for a few shabby models 
that were so poorly built that they should not have been on the market in the 
first place, all of these failed installations were caused by either poor instal- 
lation design or poor-quality materials. 


Antenna erection methods 
In this section we will look at some methods for erecting wire antennas. It is 
recommended that you also consult Chapter 3 to find out how to make 
connections to wire antennas and the usual fittings (end insulators, center 
insulators, BALUN transformers, ete). Chapter 3 also deals with the type of 
wire used for antenna construction. The ideas in this chapter are not the be. 
all end. an discussion, but rather points of departure of representative meth- 
ods. Your own innate intelligence can figure out other methods suitable for 
your own situation (keeping safety foremost in your plans). 

Figure 2.19 shows one of the most basic methods for installing a wire 
antenna. A mast is installed on the roof of the house, or on the side of the 
building close to the roof. Alternatively, the mast could be replaced by some 
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other support on the house, The other support is а convenient nearby tree. It 
could also Бе another building or a mast erected on the ground. The antenna 
is supported between two end insulators, that are in turn supported by ropes 
connected to the mast and the tree. For a simple random length Marconi 
antenna, as shown here, the direction of the wire can be up, down, or 
horizontal, depending on the convenience of the situation (horizontal is 
preferred but not always easily attained). The down-lead to the receiver or 
antenna tuner is run through a convenient window. There are special straps 
and fittings for making the connection under the window (see your radio 
dealer, 

The installation shown in Figure 220 is a half-wavelength dipole, 
although it could represent a variety of doublet antennas. Аз with the 
previous case, the supports can be masts, a building, or a convenient 
tree, The installation is very much like that in Figure 2.19. The goal in 
making this installation is to make the antenna horizontal, with the feed- 
line coming away from the antenna center at a right angle for as far as is 
practical 

The installation in Figure 221 is for a dipole, but it must be a small 
dipole (either inductively loaded or for a high frequency), or built over a 
very wide roof. Both end supports are on the roof, or on the walls at either 
end of the roof. The coaxial cable comes away at a right angle, and then 
passes through a window. A vertically polarized dipole is shown in Figure 
222, 
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Figures 223A and 2.238 show methods for installing quad loops and 
delta loops, respectively. As above, the end supports can be a tree, a mast, or 
а building. It is necessary to support both the top and bottom of loops. The 
weight of the BALUN transformer and coaxial cable is not sufficient to keep 
the antenna from whipping around in the wind, and possibly doing some 
damage to either itself or other structures (not to mention the odd passerby). 
The bottom support can be either separate ropes to the end supports (Figure 
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223A), or to a stake in the ground (Figure 2.238). Make sure that the stake 
is secure against pulling out under the stress of wind blowing against the sail 
area of the antenna. 

Now, let us go to Chapter 3 to talk about wire and connections. 
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Wire, connection, 
grounds, and all that 


In this chapter we will take a look at the types of wire useful for antenna. 
elements, the different types of transmission lines, and grounding. The wire 
used in an antenna project can make or break the results, especially the 
reliability of the project over time, Antennas, especially outdoor antennas, 
are exposed to a lot of stress and environmental factors that tend to deter- 
iorate both the performance and life expectancy. 


TYPES OF WIRE 


There are basically two types of wire used for the radiating element and 
other parts of antennas: solid (Figure 3.1A) and stranded (Figure 3.18). The 
solid type of wire is made ofa single thick strand of copper or copper alloy. 
Pure copper is rarely used because of both cost and strength problems, while 
aluminum is almost never used because it does not take solder without 
special, high-cost, industrial equipment. Solid wie is extruded from a single 
piece of copper. This is the type of wire used most often in household 
electrical wiring. In its smaller sizes, it is also the type of wire most com- 
monly used as hook-up wire in electronic construction projects. 

The stranded form of wire is made of two or more (sometimes many 
more) lengths of solid wire twisted together (Figure 3.18). The number of 
strands used to make the wire sets the flexibility of the wire. Coarse stranded 
wire has fewer strands, and is less flexible than wire of the same overall 
diameter that is made up of many more strands of finer wire 
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Antennas should normally be built with stranded wire. The reason is 
that the stranded wire stands up better to the constant flexing an antenna 
experiences, especially in windy areas. All wire will begin to stretch 
because of both gravity and wind. Solid wire will stretch rather rapidly, 
and eventually come to a point where it is too thin at the strain point to 
hold its own weight and will come tumbling down. Stranded wire, on the 
other hand, withstands the normal stresses and strains of antenna installa- 
tions much better, and will stay up a lot longer. Stranded wire antennas 
may come tumbling down as well, but in general it takes a lot more time 
and effort for the stranded wire antenna to break, compared to the solid 
wire type, 


WIRE SIZES 


Both stranded and solid wire comes in certain standard sizes. The specifica- 
tions for each size wire were set basically for their ability to carry certain 
standard loads of direct current or the 50/60 Hz alternating current (AC) 
used in power systems. Table 3.1 gives some of the standard wire sizes in the 
range normally used by antenna constructors. In most cases, it is a good 
idea to stick to sizes around AWG 14 (SWG 16) for antenna work. The 
larger sizes are expensive, and difficult to work (most antenna hardware 
assumes AWG 14 or SWG 16, unless otherwise marked). The smaller 
sizes, on the other hand, are nice to use but often provide poor reliabil- 
ity — they break easily. The trade off is to use wires, of whatever standard 
size, that are in the 1-22 mm diameter region. 
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Diameter 

AWG USA тї тт Nearest SWG (UK) 
8 1285 3264 10 

10 1019 2588 12 

12 808 2053 14 

14 бал 1628 16 

16 EH 1291 18 

18 403 1.024 19 

20 320 0812 2 

2 253 оваа 24 

E 

COPPER-CLAD WIRE 


Pure copper wire is not terribly good for radio antenna work because itis 
100 soft to withstand the rigors of being outdoors, or supporting its own 
weight plus the weight of the fixtures and transmission lines used. As a 
result, one needs to find a better wire. Some people will use copper wires 
of harder alloys, but even that type of wire is not all that good. Others buy 
"hard drawn’ copper wire, and while it is better than straight electrical wiring 
copper wire it is not the best suited to antenna construction. The best wire 
for radio antennas is copper-clad steel wire, perhaps the most famous brand 
‘of which is Copperweld, This type of wire is made of a solid steel core coated 
with a copper layer. It looks like ordinary copper wire on the outside, The 
steel provides strength and thereby increases the reliability of the antenna 
installation. But steel is not a terribly good electrical conductor, зо the 
manufacturer places a layer of copper over the outside of the wire 

The standard wire sold with the better antenna kits and by the better 
sources is copper-clad steel, stranded wire of AWG 14 (SWG 16) size. Each 
strand is copper-clad steel, and the strands are wound together to form the 
antenna wire. 

The copper-clad wire is better for the purposes of strength, but there is a 
workability problem with it: copper-clad steel-core wire knots easily. If you 
get a knot or kink (even a minor bend) in it, that feature is always present 
from then on. Even if you attempt to straighten it out, it will not come 
anywhere near the original state. Although ordinary copper wire also pos 
seses this attribute, it is not nearly as severe as with copper-clad steelcore 
wire, and can often be worked into a negligible size when it does occur. The 
trick is to make sure that the wire does not knot or kink during the installa- 
tion process (and that can be a monumental task!) 
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One fair question regarding copper-clad steel-core wire concerns its resis- 
tivity. After all, any basic electrica text tells us that the cross-sectional area of 
the wire sets the current-carrying capacity. That is true for direct current (DC), 
and power line frequency AC. but only partially true for higher-frequency 
AC. Radio signals cause AC currents to be set up in the antenna wire, and. 
because their frequency is so much higher than power line AC the currents 
flow only near the surface. The operating principle here is called the skineffect. 


SKIN EFFECT 


The skin effect refers to the fact that AC tends to flow on the surface of a 
conductor. While DC flows in the entire cross-section of the conductor, AC 
flows in a narrow band near the surface (Figure 3.2). Current density falls 
off exponentially from the surface of the conductor toward the center (inset 
to Figure 32). At the critical depth (8), also called the depth of penetration, 
the current density is je, or 1/2.718 = 0.368, of the surface current density. 
The value of 3 is a function of operating frequency, the permeability (и) of 
the conductor, and the conductivity (s) 


WIRE SIZE AND ANTENNA LENGTH 


The size of the wire used to make an antenna affects its performance. For 
amateur radio operators, one concern is the current-carrying capacity. For 
normal amateur radio RF power levels, the AWG 14 wire size works well, 
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although those tempted to use smaller diameters with the higher legally 
permitted powers are forewarned: ir is not such a good idea. 

Both short-wave listeners and amateur radio operators need to be aware 
of another problem with the wire: the length to diameter ratio, or as it is 
sometimes specified, the signal-wavelength-to-wire-diameter ratio, determines 
the velocity factor (VF) of the conductor. The VF is defined as the velocity of 
the wave in the medium (ie. wire) compared with the velocity in free space 
(which is e, the speed of light). 

Figure 3.3 shows the velocity factor as a function of the L/D ratio, Wire 
antennas tend to have very high L/D ratios, especially at high frequencies. 
For example, a half wavelength at 10 MHZ is 15m (or 15000 mm), while 
AWG 14 wire is about 1.63mm diameter, resulting in L/D = 15000/ 
1.63 = 9200. The VF of this L/D ratio is around 097 0.98. At very high, 
ultrahigh frequencies (VHF/UHF), on the other hand, the L/D ratio 
declines. At 150 MHz, the AWG 14 wire half-wavelength antenna has а 
physical length of 1500m, making L/D = 1500/1.63 = 920. The VF drops 
to about 0.95-0.96. At 450 MHz, the L/D ratio drops to 200, and the VF 
runs to 0.94 or so. 

So what? Why is the VF important in antenna design? Most of the 
antennas in this book are designed to be resonant, which means that the 
element lengths are related to wavelength: quarter wavelength (2/4), half 
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wavelength (3/2), full wavelength (2), and so forth. These lengths are 
required electrical lengths, and are only found in free space with perfect 
connectors. In antennas and transmission lines, the VF shortens the physical 
length required to achieve a specified electrical length. To find the physical 
length, multiply the required electrical length by the velocity factor. For 
example, a half wavelength in free space is defined as 150/Fy while in 
а wire it is (150 x УЕ Фан. The result is that antenna elements must be 
shortened a small amount compared to the free space length. If you cut 
some antennas to a physical length that is comparable to the wavelength of 
the desired resonant frequency, then you will find that the actual resonant 
frequency is a tad low ~ meaning that the antenna is a litle bit too long. 
This effect is almost negligible on the 80m band, but becomes more sub- 
stantial at 10m and downright annoying at 2 m. 


TRANSMISSION LINES 


The wire between the antenna and either a transmitter or receiver is called 
the transmission line. Although it is tempting to think of the transmission 
line as a mete wire, it is actually equivalent to a complex inductor capacitor 
network, The details of the transmission line network are a bit beyond the 
scope of this book, but can be found in antenna engineering textbooks for 
those who are interested. The main aspect of the transmission line network 
that you need to understand is that the line possesses a property called the 
characteristic impedance or surge impedance, which is symbolized by Zo, The 
rigorous definition of Zp can get a bit involved, but it breaks down to one 
thing for most practical situations: Z, is the value of load impedance that 
will result in the maximum power transfer between the antenna and the 
transmission line, or between the receiver/rig and transmission line. The 
act of making these impedances equal to each other (a very desirable 
thing, as you will find ош) is called impedance matching, and is covered in 
Chapter 11 

Transmission lines come in a bewildering variety of species, but there are 
only а few basic types: parallel open lead, twin-lead, and coaxial cable are the 
main types that we need to consider. Figure 3.4 shows ай of these varieties. 


Parallel open-wire line 
Parallel line is shown in Figure 34A. It consists of a pair of wires, run 
parallel to each other, and separated by a constant space. Insulating spacers 
(made of ceramic, nylon, or some other material) are used im practical 
parallel open line to keep the distance between the conductors constant. 
The characteristic impedance of open line is determined by the diameter 
( of the conductors and the spacing (s) between them, Typical values 
Tun from 300 o 1000 ohms. Although you can calculate the spacings needed 
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(and the wire diameters are given in some of my other books), there аге 
some general guidelines in Table 3.2. The conductor type is along the ver- 
tical axis on the left, and the characteristic impedances are along the hor- 
‘zontal axis at the top. The entries in each cell are the spacings (s) in 
centimeters. As you can see from the table, only some of the calculated 
values are useful (who wants to make a 129cm wide parallel line). 

Parallel open-vire transmission line can be either built or bought. For 
some applications, such as tuned feeders, it might be the best selection. But 
for many balanced antennas that use parallel line one might want to con- 
sider using twin lead instead. 


Twin-lead line 


The twin-lead form of transmission line is shown in Figures 3.4B and 3.4C. 
This type of line is like paralel line, except that the conductors are buried in 
аа insulating material that also spans the space between the conductors. 
Spacings are shortened a litle bit compared to the open-wire variety because 
the dielectrie constant of the insulating material reduces the VF. 

The most common form is 300 ohm television antenna twin-lead, of the 
sort shown in Figure 3.48. This line is about Lem wide, and has a char- 
acteristic impedance of 300 ohms. Television twin-lead is easily available 
from a wide variety of sources, including shops catering for television and 
video customers. It can be used for transmitting at powers up to about 
150W, but even that level is questionable if the line is of a cheaper variety 
Receive-only installations have no such limitation, 

Television 300 ohm twin-lead may be solid as shown, or may have oblong 
ог rectangular holes cut into the insulation separating the conductors. This 
tactic is used to reduce the losses inherent in the transmission line. In other 
cases, the center insulating material will be rounded and hollow. This 


TABLE 3.2 
Characteristic impedance, Z опт 

Conductor 300 400 500 600 800 
BANG 20 48 T06 Er 128 
10 AWG 18 26 ва 193 102 
12 AWG 125 29 67 153 81 
14 AWG 10 23 53 122 64 
16 AWG ово 18 42 эв 51 
18 AWG 0.63 14 за 76 40 
20 AWG 050 11 28 ет 2 
22 AWG 0.40 озо 21 ав 25 
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approach to design also reduces the losses, and is especially effective at 
UHF, 

The type of twin-lead shown in Figure ЗАС is 450 ohm line. This type of 
line is specialist, and must be sought at shops catering for amateur and 
commercial radio operators. It is about twice as wide as the 300 ohm vari- 
ety, and almost always comes with rectangular or oblong loss-reducing holes 
cut into the insulation. The 450 ohm twin-lead is considerably heavier than 
300 ohm line, and uses larger conductors. As a result, it can handle higher 
power levels. 

Twin-lead is wonderful stuff, but can cause problems in some installa- 
tions. The problems are especially severe at VHF/UHF, but nonetheless 
exist at HF as well. For example, care must be given to where the line is 
run: it should not be in close proximity to metal structures such as alumi- 
num house siding, rain gutter downspouts, and so forth. It is also susceptible 
to picking up local electrical fields, which means a possibility of interference 
problems. One solution is to use coaxial cable transmission line. 


Coaxial cable 


This type of cable is shown in Figure 3.4D. The name ‘coaxial’ comes from 
the fact that the two conductors are cylindrical (the inner one being a wire) 
and share the same axis. The inner conductor and outer conductor are 
separated by the inner insulator. The outer conductor is usually a braided 
wire or foil shield, and is covered with an outer insulating material 

The characteristic impedances of commercial coaxial cables are of the 
order of 36-120 ohms, with 52 and 75 ohms being the most common, The 
specific impedance value is a function of the conductor sizes and the spacing 
between them. There are several standard types of coaxial cable, and these 
are available in many subtypes (Table 3.3) that use similar numbering. 

The terms "thick! and ‘thin’ would have been replaced with actual dimen- 
sions i this book were being written only a few years ago, but because of the 
wide array of different types now available it was decided to use these 
designations instead, One reason is that there are some RG-8/U specialist 
cables used by amateur radio and commercial antenna installers that are 
smaller than regular RG-8/U but larger than RG-S8/U or RG-S9/U, 


TABLE 3.3 
Characteristic 

Type _ impedance, Z, (ohms Size 

RGRU 52 Trick 

RENU 75 Thick 

RG SEU 52 Thin 

8880 15 Thin 
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Опе of the differences between the different forms of coaxial cable is the 
insulating material used for the center insulator. Several types are used: 
polyethylene, polyfoam and Teflon. A principal effect of these materials is 
to change the VF of the line. 


Velocity factor 
The VF (denoted by V in some textbooks) of transmission line is calculated 
in exactly the same way as the VF of other conductors: it is the ratio of the 
velocity of the signal in the transmission line over the velocity of the signal in 
free space. The free space velocity is the speed of light (c), or about 
300000000 m/s. The VES of several popular transmission lines are shown. 
in Table 34. 

The effect of the VF is to reduce the physical length of the coaxial cable 
that is cut for a particular frequency. And this foreshortening сап be quite 
drastic. For example, if polyethylene cable is cut for an electrical half wave- 
length at, say, 5 MHz, the actual length Z = (150 x 0.66)/5 = 19.8 m, while 
the wavelength of the signal in free space is 1.52 times longer, or 30m. 


CONNECTING THE TRANSMISSION LINE TO THE RIG OR 
RECEIVER 


The method used to connect the transmission line to a receiver or transmit- 
ter depends on the type of outputlinput connector that is provided for the 
antenna, and the type of transmission line. In the discussion to follow, the 
illustrations show a receiver, but apply equally well to transmitters. The only 
difference is that parallel output on transmitters tends to be large ceramic 
feedthrough insulators, while on receivers, parallel line inputs tend to be 
small screw terminals on a plastic, Bakelite or other insulating carrier. 
Figure 3.5 shows the basic coaxial connector on a receiver. Although an 
50-239 "UHF connector is shown, and may well be the standard, you may 
also find BNC, Type-N, or RCA ‘phono’ plug connectors used on some rigs 
(ve even seen phono plug connectors used on 100 W transmitters, but that 


TABLE 34 

Туре of ine W 

Parallel oper-wire 035-038 

300 ohm twin lead 082 

300 ohm twin lead (with holes in insulation) 087 

450 ohm twin lead 087 

Coaxial cable 066-080 
Polyethylene 066 
Polyfoam 030 


Teflon 0.72 
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Е (REAR PANEL) 


FIGURE 35 


is not the recommended practice). In this type of installation, the coaxial 
cable from the antenna (or any antenna tuning unit that might be present) is 
fitted with a connector that matches the chassis connector on the receiver 
The threads of the male PL-259 connector are tightened onto the female SO- 
239 connector. Or, in the сазе of BNC connectors, they are pressed on and 
then rotated a quarter of turn (it is a bayonet fitting), and phono plugs are 
just pushed into the socket. 

If the receiver or transmitter is fitted with a ground connection, then it 
should be used. In short order we will discuss what a “good ground’ means 

n this context, but for the time being rest assured that you will need a heavy 
Wire to the “good ground’ (whatever it is). If your receiver or transmitter 
lacks a ground terminal, then wonder why and consider that next time you 
select a new model. 

Although most modern receivers are fitted with coaxial connectors for 
the antennas, there are a few models (including many that are old but still 
useful) which are fitted with a balanced input scheme such as that shown in 
Figure 3.6. In the case of Figure 3.6, there are three screw terminals: Al. 
A2, and G (or the variants ‘ANTI’, "ANT?" and ‘GND. The Al and A2 
terminals form a balanced input for a parallel transmission line, while 
the chassis ground. When an unbalanced antenna transmission line, such 
as a single-wire downlead (Figure 3.68) is used, then the line goes to either 
AL or A2, while the other is connected to G (in the case shown, AI 
receives the antenna downlead, while A2 and G are connected together 
and then connected to the earth ground). Some models are equipped with 
only two terminals (Figure 36C), and in that case the selection is easy 
connect the downlead to A1 (or just "A" or АМТ”), and the ground lead to 
ЧӨ? or ‘GND. When parallel line, twin lead, or any other form of 
balanced line is used (Figure 3.6D), then connect di or "GND" to ground, 
and the two conductors of the transmission line to АТ (or ANTI) and A2 
(or ANT2) 
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FIGURE 2.6 
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FIGURE 2.6 (continued) 


CONNECTING WIRES TOGETHER 


Wire antennas often require that two or more wires be spliced together (for 
example, two antenna elements or an antenna element and a downlead). 
There are right ways and wrong ways to accomplish this task. Let us look at 
some of the right ways. 

All of the correct methods (only a few of which are shown here) have two 
things in common: they are (a) electrically sound, and (b) mechanically 
sound, Electrical soundness is created by making a good electrical connec- 
tion, with the wires bound tightly together, and protected from the elements. 
The electrical soundness of the joint is made better and longer lasting by 
soldering the connection, 

Figure 3.7 shows how to make the connection mechanically sound. 
Overlap the two wires being spliced by a few centimeters (Figure ЗЛА), 
and then wrap each one onto the other (Figure 3.78), forming seven or 
more tight turns (Figure 3.7C). Once the splice is made, then solder both 
knots to form a better electrical connection. 

One mistake made by novice antenna builders is to assume that the 
purpose of soldering is to provide mechanical strength. This is false. 
Solder only improves and keeps good the electrical connection. Solder for 
radio work is a 50/50 or 60/40 lead/tin mixture with a resin core (NEVER 
acid corel). It is sot and has no inherent mechanical strength. Always 
depend on the splice to provide mechanical strength, and NEVER use solder 
for strength, 
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FIGURE 2.7 


CONNECTING WIRES TO ANTENNAS AND SUPPORTS 


The methods for connecting wires and antenna elements are basically the 
same as above, but with differences to account for the types of hardware 
being used in the antenna construction, Figure 3.8 shows how the ends of 
the wire antenna are supported. An end insulator is used. These insulators 
may be of glass, ceramic, or a synthetic material (nylon is common), but all 
will have a body and two holes. The wire from the antenna element is passed 
through one hole, and then looped back onto itself to form seven or more 
turns. As in the previous case, the splice may be plated with solder to 
prevent corrosion from interfering with the electrical integrity of the con- 
nection. The other end of the insulator is fitted to а rope that is run to a tree, 
edge of the building, or a mast of some sort. The rope should be treated 
similarly to the wire in that it should be wrapped over on itself several times 
before being knotted. 

If you use an antenna that has a single-wire downlead, then you should 
connect it to the antenna in the manner of Figure 3.9. The downlead is 
almost always insulated wire, even when the antenna is not insulated. The 
ulation of the downlead prevents it being shorted out somewhere along 
its run. The scheme in Figure 3.9A shows how most people connect the 
downlead (and, indeed, how I have connected them quite often). This is 
not the best practice, although it will work most of the time. The problem 
is that the connection is stressed by the downlead, and may break. More 
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FIGURE 2.8 
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than once I have been off-the-air due to a spliced downlead breaking right at 
the junction with the antenna wire. A better solution is shown in Figure 
398. In this installation, the downlead wire is passed through the hole in the 
insulator, and then wrapped back on itself three or four times before being 
spliced to the antenna wire in the usual manner. This arrangement provides 
some strain relief to the downlead, and that (usually) translates into a longer 
life expectancy 

Some antennas, such as the center-fed half-wavelength dipole (a very 
popular wire antenna), use a center insulator to separate the two halves of 
the antenna. Coaxial cable is connected such that the inner conductor is 
spliced to one antenna element, and the shield (outer conductor) is con- 
nected to the other antenna element. Good practice is to splice the shield 
to the element closest to the house, if this а factor. The method shown in 
Figure 3.10A will work, but it is also a bit foolish (I know, I know, I have 
used it and even recommended it in the past). The problem is that the center 
conductor is quite weak, and may be even smaller than single-wire down- 
leads. As a result, it has no strength. To make matters worse, coaxial cable 
weighs more length-for-length than single-conductor downleads (or even 
some twin lead). The connection of Figure 3.10A will work, but only for 
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a while ~ it will surely come down prematurely. A better scheme is shown in 
Figure 3.10B. In this case, the coaxial cable is wrapped once around the 
center insulator, and secured with a length of twine or string. The electrical 
connections are made in exactly the same manner as shown in Figure 3.10A. 

Perhaps the best solution is to use a manufactured center insulator 
(Figure 3.11). These devices come in a wide variety of sizes and shapes, so 
this illustration represents a lot of different devices. What they all share in 
common, however, are means for strain relieving the antenna element wires 
and coaxial cable. Some devices may be straight insulators, while others may 
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FIGURE 2.11 


contain BALUN transformers inside (of which, more shortly). Some models 
include special strain relief features for the coaxial cable, or they may have a 
screw-eye on top to secure the antenna center to а mast or other support. 

The electrical connections between the center insulator and the wire 
antenna elements are done in the usual manner (see above), but the ends 
of the wires are usually attached to eyelet connectors, which are crimped and 
then soldered. It has been my experience that these connectors are often 
corroded (as seen by the dull appearance) when they arrive, so brighten 
them with sandpaper or steel-wool before attempting to make the connec- 
tions permanent. 


LIGHTNING ARRESTORS 


Lightning is messy stuff, and can create havoc with your radio ~ and might 
set your house on fire. But there are some things you can do to protect 
yourself. But first, let us take on one myth right away: contrary to popular 
belief, antennas do NOT inherently attract lightning. Lightning will usually 
strike the highest object around, and if that happens to be an antenna, then 
the antenna will take a hit. And that hit could set the house on fire, and the 
radio will be damaged ог even destroyed. The lightning would have come 
anyway, and if it takes out the antenna rather than your house, then it acted 
like a lightning rod and protected your property 

If lightning actually strikes your antenna, then it will probably wipe out 
Your transmitter or receiver no matter what you до. But a direct hit is not 
needed for fatal damage to occur: even lightning overhead or striking nearby 
will induce a large enough voltage into your antenna to wreak havoc inside 
the equipment. And it may be silent damage because it is not so spectacular 
as the problems seen with direct hits. 
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The key to protecting your equipment is to use a lightning arrestor 
(Figure 3.12). These devices come in several types, each suitable for coaxial 
line, parallel line, or single-wire downleads. Each will have at least one 
connection for the antenna wire, and a ground connection. It is placed in 
the line between the antenna lead and the receiver or transmitter, and should. 
be mounted outside the house. There is very little that can be done for a 
direct hi, but I have heard tales of near hits only causing a small amount of 
sig or receiver damage because an effective lightning arrestor was in place, 
Also, keep in mind that some local laws or insurance regulations make the 
lightning arrestor mandatory. If you fail to use one, you may be liable for a 
fine from the local government, or find your homeowner's insurance not 
valid after a lightning episode. Lightning arrestors are cheap, and so make 
very reasonably priced insurance. 


BALUN TRANSFORMERS 


Both impedance transformation and conversion between unbalanced and 
balanced lines саа be accomplished with a BALUN transformer (the name 
comes from BALanced-UNbalanced). Two sorts of transformers are used 
(Figure 3.13). The 1:1 BALUN transformer converts the balanced load to 
an unbalanced form (so it can be fed with coaxial cable). The impedance of 
the load must be the same as the source. The version shown in Figure 3.138 
isa BALUN. This transformer is used to provide not only a balanced-to- 
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FIGURE 2.13, 


unbalanced conversion, but also a 4:1 impedance transformation. For exam- 
ple, a half-wavelength folded dipole antenna is balanced with respect to 
ground, and has a feedpoint impedance near 300 ohms. A 4:1 BALUN 
transformer converts the 300 ohm load to 75 ohms, and makes it appear 
am unbalanced rather than balanced load, 

BALUN transformers can be easily built using toroidal сой forms or 
ferrite rods. The 1:1 BALUN is wound in the triflar style, ie. the three 
wires аге wound side by side so that all three coils interleave with one 
another. The 4:1 BALUN is wound in the bifilar manner. If you do not 
wish to make your own BALUN transformers, then you will find that 
there are many commercially available BALUN transformers оп the 
market. 

VHF/UHF scanner users will find few BALUNS specially for their needs, 
but there are plenty of devices available. The television antenna transfor- 
mers are not usually called “BALUNS but when you find a transformer that 
converts 75 ohm coaxial cable to 300 ohm twin-lead, then it is (rest assured) 
а BALUN, and will work over the entire VHF/UHF range unless marked 
otherwise. BALUN transformers are bidirectional deviees, so can be used 
either way around, 


SAFETY 


Antenna safety is an absolute must. First, let me make one thing absolutely, 
positively, clear in your mind: 


DO NOT EVER TOSS AN ANTENNA WIRE OVER THE AC POWER 
LINES! 
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If you plan to do this trick, then have your family prepare for some 
solemn praying, sad music, and slow marching, for your funeral is immi- 
nent. This action kills radio hobbyists every year. There is no safe way to do 
it, so do not. Even if both the antenna wire and the power line are insulated, 
the forces of erecting the antenna will slice through both insulations! When 
that happens, the wires will come into contact with each other and with 
you — with disastrous consequences: human bodies make lousy fuses. 

The next matter is like unto the first: do not erect your antenna where it 
can fall onto the power lines, or other peoples property, either during 
erection or as a result of a structural failure, Falling onto the electrical 
lines can make the antenna deadly, and falling onto your neighbor's prop- 
erty is just plain rude (and might get you sued). 

Finally, do not install an antenna without assistance. I know they are 
lightweight, and all that, but they have a remarkable "sail area,’ and even 
very weak winds will increase their apparent weight. Гуе suffered injury 
myself (wrenched back) by working alone, and a friend of mine broke a 
pelvis and a leg falling off a roof while trying to install television antenna. 
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СНАРТЕК 4 


Marconi and other 
unbalanced antennas 


Marconi antennas are those that are fed unbalanced with respect 10 ground 
(Figure 4.1). In the case of a transmitter, one side of the output network is 
grounded, while the other side is connected to the radiator element of the 
“antenna, The length of the radiator element varies with type, and determines 


ting properties of the antenna, The direction of the radia- 


many of the oj 


RADIATOR 
ELEMENT 

SIGNAL 

EARTH SOURCE 


FIGURE 4.1 


tor element also varies. It may be vertical as shown (indeed, vertical anten- 
mas are a species of Marconi antenna), or at a slant. In some cases, the 
Marconi antenna is connected directly to the rig or receiver, but in other 
cases an antenna tuning network is needed. 


BASIC RECEIVING ‘TEE’ ANTENNA 


Although most of the antennas in this chapter can be used on either receive 
or transmit, this one (Figure 4.2) is recommended for receive use only unless 
an antenna tuner is provided. This antenna is not particularly well thought- 
of, but is the antenna of choice for many firs 
who live in a difficult antenna erection venue 
The radiator element is a 10-40m long (more or less) piece of wire, 
preferably in the 12 AWG (S14 SWG), 14 AWG (516 SWG), or 16 
AWG (=19 SWG) size. Smaller sizes can be used, but they are not recom- 
‘mended for structural reasons (they break and fall down too easily). 


ime receiver owners, or those 


THE HALF-LAMBDA~TEE’ ANTENNA 


The antenna in Figure 4.3 is called the half-lambda-tee’ because it is one- 
half wavelength long (ie. 4/2) and is a "tee! antenna. The "tee is seen by the 
fact that a downlead section is provided, and it comes away from the radia- 
tor element at a 90° angle. The length of this downlead section is quarter 
wavelength, This length differs from the top-hat tee antenna used by many 
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short-wave listeners where the radiator is half wavelength or longer and the 
downlead is a random length of wire. The lengths of these elements are 


2L meters 


Fa 


and 


L 


meters 


These lengths make the antenna resonant. Examples of the proper lengths 
for various bands аге: 


EN T E 
ELEDA 130m 2880m 
31m 975 MHz) 733m lasen 


20m (14.2 MHz) 503m  1006т 


Аа antenna tuner is required for the halflambda-ee" antenna. Both the 
ductor and the capacitor should have reactances of 450 ohm, ie. 


MARCONI AND OTHER UNBALANCED ANTENNAS 71 


X, = 450 ohms and Xc = 450 ohms. Typical values for these components 


EN € T 
0m 6 Mz = 
31m 875 MHA 33 pF 82 10 
20m (14.2 мна EI EU] 


For operation over a wider band, try using variable capacitor and/or 
inductor elements. 


THE ‘QUICK 
ANTENNA, 


The antenna shown in Figure 4.4 is one of the first that 1 ever used (when a 
mentor, Maclvor Parker, Wall, gave me a roll of twin-lead wire). 1 ran this 
antenna out of a basement window, and attached the top end to an old pine 
tree, and the middle supported by a 5 x 10cm piece of construction lumber 
nailed rather unceremoniously to a tool shed on the back of the house 

Basically a quarter-wavelength ‘round robin’ Marconi, it consists of a 300 
or 450 ohm twin-lead transmission line with a length (in meters) of 71.5 
Fun. Thus, for the 60m (5 MHz) band the length would be about 14.3m 
long overall. The length of the coaxial cable feedline is not critical. The 52 
ohm coaxial cable feedline is connected such that the center conductor goes 
to one conductor of the twin-lead, and the shield goes to the other. 

This antenna is basically a species of Marconi antenna, so requires a good 
ground in order to work properly. At the minimum, one of the longer 
copper or copper-clad steel ground rods should be driven into the earth at 


DIRTY’ TWIN-LEAD MARCONI 


FIGURE 4.4 
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ог very near the feedpoint. The best method is to use both a ground rod and 
a system of two to eight quarter-wavelength radials as а counterpoise 
ground. 

The ‘quick "a" dirty" (or “round robin" as my mentor called it) can be 
installed at an angle (as shown), although 1 suspect best performance occurs 
When the wire is straight. In the version that I had, there was only a small 
voltage standing wave ratio (VSWR) with one bend that put the vertical and 
horizontal segments at about a 120" angle. 

Note the far end of the twin-lead wire (Le. the end away from the coaxial 
cable). The two conductors of the twin lead are shorted together. I have 
encountered some confusion over this matter, after all a short is a short, 
isn't it? No, because this antenna is a quarter wavelength long, so the 

mpedance reflected to the feedpoint by a short at the end is very high. 

This antenna works better than single-conductor Marconi antennas 
because regular Marconi antennas suffer from ground losses. By supplying 
а return line, the radiation resistance is raised from 10 or 15 ohms to some- 
thing of the order of 40-50 ohms ~ which makes it a good match to 52 ohm 
coaxial cable, 


THE SWALLOW TAIL ANTENNA. 


Figure 4.5 shows two variants of the swallow tail multiband antenna. The 
radiator elements in both Figures 4.SA and 4.5B are cut to specific frequency 
bands, and are quarter wavelength (Ls, = 75/Fyai,)- As many as needed 
to cover the bands of interest may be used, provided that they do not bear a 
3:1 frequency ratio. The reason for the constraint is that for all antennas but 
the resonant one the impedances are so high that connecting them in parallel 
with each other does not affect the overall feedpoint impedance. However, 
at the third harmonic, the impedance again drops low and will load down 
the impedance seen by the transmission line. This is another situation where 
the results are more profound for amateur radio transmitters than for short- 
wave receivers, but it is a good idea to avoid it if possible. Besides, the 
“antenna is actually resonant on its third harmonic, so you lose nothing. 

The version in Figure 4.5A uses a pair of insulating masts, or support 
structures (roof of a house, tree, etc.) with a rope stretched between them, 
The quarter-wavelength resonant wires are spread out along the length of 
the rope, spaced approximately evenly 

The version shown in Figure 4.5B uses a large wooden crossdike struc- 
ture. The antenna wires are connected to the cross-piece at the top end, and 
to the coaxial cable at the bottom end. This antenna apparently worked well 
for a fellow who wrote to me recently. He lives in a townhouse community 
that has a "homeowners association” of nit-picking litle dictators who like 
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to tell people what they may do with their houses. One of the rules is ‘no 
outdoor antennas’ of any sort, He erected a mast in his rear garden shaped 
like a ship's mast and yardarm, and then convinced the busy-bodies snoop- 
ing for "the committee" (dread!) that it was somehow nautical, not radio. 


RANDOM LENGTH MARCONI 


There are several antennas that quali 


as alltime favorites with both ham. 


operators and short-wave stents. In de top three or four 1s the random: 
length wire antenna. This form of antenna consists of whatever length of 
wire that you happen o have (although there are reasonable Бай) run 
from the rig or тенет 1o a convenient elevated suppor (e. re, mast ot 
toot of a building). Figure 46 shows tis most basie form of Marconi 


antenna, 

Although a receiver owner can connect the random-length radiator wire 
to the antenna input of the receiver, the transmitter operator most certainly 
requires an antenna tuning unit (ATU). Even receiver operators will find 
this antenna a better performer when an ATU is used between the coaxial 
cable to the receiver and the radiator wire, 


FIGURE 46 
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Опе requirement of this antenna is that it requires а good ground. It is 
essential that either an earth ground or a counterpoise ground (i.e. а system 
of radials) be provided. Methods of providing a good grounding system are 
described in Chapter 13, 

There are several conditions for this form of antenna: an antenna that is 
shorter than a quarter wavelength, an antenna that is a quarter wavelength, 
and longer than a quarter wavelength. The inset in Figure 4.6 shows several 
options for the antenna tuning unit. At position 1 is a variable inductor. 
This is used when the antenna is quite short compared to a quarter wave- 
length. At position 2 is a variable capacitor. It is used when the antenna is 
longer than а quarter wavelength. When the antenna is exactly a quarter 
wavelength, then it may be possible to eliminate the antenna tuner. It is also 
possible to use the L-section couplers at positions 3 and 4, These ATUs 
combine the inductor and capacitor. These are used to match the feedpoint 
impedance to the 52 ohm coaxial cable 

Many commercial L-section couplers are designed with either switching 
or shorting straps that allow any of the combinations in the inset to Figure 
4.6 to be realized by making some simple changes. 

Receiver operators who use this antenna are well advised to use an ATU, 
just like transmitter operators. But there is at least one difference: you 
should be able to switch the ATU out of the system when you are receiving 
а frequency outside the limits of the tuner 


THE WINDOM ANTENNA 


Опе of the first ham radio transmitting antennas that I ever used was not my 
own, but rather the antenna at my high school station in Arlington, Virginia 
(KABGA, Washington-Lee High School). Although I had owned receive 
antennas, the KABGA club station was one of the first 1 had operated. It 
used an HF Windom antenna running across the roof of the industrial arts 
building. The Windom antenna (Figure 4.7) has been around since the 
1920s. Although Mr Loren Windom is credited with the design, there 
were actually a number of contributors. Co-workers with Windom at the 
University of Ilinois were John Byrne, E. F. Brooke, and W. L. Everett, and 
they are properly co-credited. The designation of Windom as the inventor 
жаз probably due to the publication of the idea (credited to Windom) in the 
July 1926 issue of QST magazine. Additional (later) contributions were 
rendered by G2BI and СМЗІАА (Jim MacIntosh). We will continue the 
tradition of crediting Loren Windom, with the understanding that others 
also contributed to this antenna design. 

The Windom is a roughly half-wavelength antenna that will also work on 
even harmonies of the fundamental frequeney. The basic premise is that the 
antenna radiation resistance varies from about 50 ohms to about 5000 
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FIGURE 4.7 


‘ohms, depending upon the selected feedpoint. When fed in the exact center, 
а current node, the feedpoint impedance will be 50 ohms; similarly, end- 
feeding the antenna finds a feedpoint impedance of about 5000 ohms. In 
Figure 4.7 the feedpoint is tapped away from the center at a point that 
is about one-third (0.362) the way from one end, at a point where the 
impedance is about 600 ohms. 

The feedline for the basic Windom of Figure 4.7 is an insulated length of 
wire. Of course, the size of the wire depends on the power level, but I suspect 
that No. 14 insulated stranded wire will do for most people who run less 
than 200W of power (indeed, I would not like to use a Windom at high- 
power levels because of the ‘radio frequency (RF) in the shack’ problem). 

The Windom antenna works well - but with some serious caveats. For 
example, the antenna has a tendency to put ‘RF in the shack” because of the 
fact that itis voltage fed. This is why Windom antenna users (along with 
those using the random-length Marconi) get little ‘nips’ of RF shock when 
touching the transmitter chassis, or putting a lip on the microphone. 
Second, there is some significant radiation loss from the feedline. Finally, 
the antenna works poorly on odd harmonics of the fundamental frequency. 

The antenna tuning unit can be either a parallel resonant, link-coupled, 
LC tank circuit or a z-network (ie. high-impedance end toward the 
antenna) 

Note that a good ground should be used with this antenna (note the 
ground connection at the output of the antenna tuning unit). This basically 
means (for most people) a 2-2.5m ground rod, or a system of radials (see 
earlier discussion for random-length wire antennas). 
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A reasonable compromise Windom, which reduces feedline radiation 
losses, is shown in Figure 4.8. In this antenna a 4:1 BALUN transformer 
is placed at the feedpoint, and this in turn is connected to 75 ohm coaxial 
cable. It is necessary to ensure that the feedpoint is at a current node, so it is 
placed a quarter wavelength from one end. Also, the antenna on the other 
side of the BALUN transformer should have a length that is an odd multiple 
of а quarter wavelength. In the case shown it is three-quarter wavelength 
long. 


QUARTER WAVELENGTH VERTICAL 


Perhaps the most classic form of Marconi antenna is the quarter wavelength 
vertical (Figure 49). It consists of a vertical radiator element that is quarter 
wavelength long, and a system of quarter wavelength radials for the ground 
system. The length of the radiator element is found fron: 
15 
LoT p 
where Ls i the length in meters and Fig is the frequency in megahertz 
The radiator element can be made of pipe or wire. The former case, the 
pipe can be copper or aluminum, although I suspect that aluminum will be 
the choice of most readers. In the case of a wire radiator, И will be necessary 
to support the wire up top, so some form of mast or support is necessary 
Make the mast or support out of an insulating material such as wood 
The radials are somewhat optional i you use it with a “good ground”. But 
in the absence of a "good ground, 1 would use at least four radials and as 
many as sixteen. Above sixteen the benefit of adding further radials drops 
off substantially 
Radials should be buried if the vertical is ground mounted (that is to 
prevent lawsuits over pedestrians tripping over them). In the case where the 
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vertical is mounted on а mast, off ground, the radials are not optional - they 
are mandatory. In that ease, use four to sixteen radials arranged in a circular 
pattern around the base of the radiator element, 

Connect the system so that the radiator element is connected to the 
coaxial cable center conductor, and the radials are connected to the shield 
of the coaxial cable. Because the feedpoint impedance of the vertical 
antenna is 37 ohms, use of S2-ohm coax will result in a VSWR of only 
50/37 = 1.35:1. In the case where the vertical has a substantially lower 
impedance (as low as 2 ohms!), use a broadband transformer between the 
coaxial cable and the antenna. 


FOLDED MARCONI ‘TEE’ ANTENNA. 


The antenna shown ia Figure 4.10 is popular for receiving and transmitting 
оп the lower bands (<7 MHz) when space for antennas is a bit limited 
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FIGURE 4.10 


Although it can still take a lot of space at the lowest frequencies, it is quite a 
bit shorter than a half-wavelength dipole for the same frequencies. 

Two pieces of 300 or 450 ohm twin-lead are used to make this antenna 
(A and B in Figure 4.10), The A-section is the main radiator element, and it 
has a length of 


Note that section 4 is built like a folded dipole. At the ends of the twin- 
lead the two conductors are shorted together. At the center point of section 
A one of the two conductors is cut to accept the two conductors of the twin- 
lead used for section В. 

Section В is vertical, and should come away from section A at a right 
angle. It has a length that is similar to that of A except that it is reduced by 
the velocity factor (VF) of the transmission line: 


SAVE) 


Й 
meters 


acere 


For ordinary 300 ohm twin-lead, the length of B is 0.824. 
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Note that the conductors making up 4 and В form a continuous loop of 
wire, The coaxial cable is connected such that the shield goes to one lead of 
B and the inner conductor goes to the other conductor. At the top of B the 
1wo conductors are connected to either side of the cut in section А. 

As with the other Marconi antennas in this chapter, it is imperative that а 
good ground be used with the "te^ Marconi. Otherwise, losses will be too 
great, and performance will suffer considerably 

Figure 4.11 shows the end-fed Zepp antenna, This antenna has a radiator 
wire that is half wavelength long at the lowest frequency of operation. It will 
work on harmonies of that frequency as well as the frequency itself. it will 
also work on other frequencies if a high VSWR can be tolerated. It is fed by 
600-obm parallel feedline and an antenna tuning unit (ATU). The ATU is 
used to tune the VSWR to 1:1 at the frequency of operation. 


FIGURE 4.11 


EWE ANTENNA 


The EWE antenna emerged recently as one solution to the low-noise low- 
band antenna problem. Figure 4.12 shows the basic EWE antenna. It 
consists of two vertical sections (labeled LI) and a horizontal section 
(L2). The EWE looks superficially like a Beverage antenna, but it isn't. 
Like the Beverage it is erected about LI = 3 meters above the Earth's 
surface. Unlike the Beverage, it is only L2 = 6.5 meters long at 3.5 MHz. 
"Those dimensions make it affordable for most people. 

The far end segment is terminated in an 850 ohm resistor. This resistor 
should be a carbon composition or metal film resistor, and never a wire- 
wound resistor 
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FIGURE 42 


The receiver end must be matched to the receiver's 50 © antenna input 
impedance. Transformer TI is provided for this purpose. It has a turas ratio 
of 3:1 to provide the 9:1 impedance ratio required to match the 480 © 
antenna impedance to the 50 © receiver impedance. A powdered iron toroid 
vore made of -2, -6 or -15 material will be sufficient. A suitable transformer 
can be made using а T-S0-15 (red white) core. Use about 20 turns of any size 
enameled wire. 

The azimuthal and elevation patterns for the Koontz EWE antenna are 
shown in Figures 4.13, 4.14, 4.15 and 4.16. These patterns were simulated 
from the Nec-WIN Basic software available from Nittany-Scientific. The 
patterns in Figures 4.13 and 4.14 are based on the Sommerfield-Norton 
standard ground model, with the azimuth being seen їп Figure 4.13 and 
the elevation in Figure 4.14. The same types of pattern are seen for a 
‘real’ ground based on suburban soil and are shown in Figures 4.15 (uzi- 
muth) and 4.16 (elevation). 


REVERSIBLE EWE 


The EWE antenna can be made reversible by using a system such as Figure 
4.17. The feedpoint and termination circuits are co-located at the receiver. 
Transformer TI, coil LI, resistor RI and DPDT switch SI are installed in a 
shielded metal box. The outputs of the box (ie. center terminals of the 
DPDT switch) are connected to the bases of the vertical (LI) sections of 
the EWE antenna. According to one source, the simple resistive termination 
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FIGURE 414 Low-Noise RX Antenna 
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FIGURE 4.16 Low-Noise RX Antenna Rocky Soil 
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FIGURE 4:17 


was not sufficient, so they added an inductive reactance in series with a 
resistance, This is the method used on Beverage antennas to make a steer- 
fable null, and that effect is seen on the EWE as well, 


DUAL EWE ANTENNA 


Figure 4.18A shows a modification of the EWE antenna that permits switel 
able bi-directionality. Four EWE antennas are arranged in north-south 
(N-S) and East-West (E-W) directions. The feedpoints (A, B, С and D) 
are connected to a switch circuit such as shown in Figure 4.18B. The 
directivity of the antenna is controlled by opening and closing the four 
switches (51-54). 
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СНАРТЕК 5 


Doublets, dipoles, and 
other Hertzian 
antennas 


A doublet antenna is any of several forms of dipoles (di мог) that are 
balanced with respect to ground. In other words, neither side of the antenna 
feedline is grounded. These antennas are fed in the center, which point will 
be either а current node or voltage node depending on the design of the 
particular antenna. Perhaps the most common form of dipole is the half- 
wavelength (4/2) center-fed dipole, which can be fed with ordinary 75 ohm 
coaxial cable. It is so popular that when people use the word ‘dipole’ in an 
unqualified sense, itis the 2/2 center-fed version that is meant. Although. 
dipoles can be made of either wire or tubing, the most common practice is to 
make them out of wire, especially antennas at the lower end of the high- 
frequency (HF) spectrum. Above about 14MHz, however, it becomes 
increasingly practical to make these antennas of aluminum tubing. 


DIPOLE RADIATION PATTERNS 


When one uses the term ‘dipole’ in the common sense it is usually under- 
stood that the antenna being discussed is the half-wavelength doublet. One 
reason for this practice is the widespread popularity of that particular 
dipole. But the practice is actually erroneous because the dipole сап be 
апу size up to about two wavelengths (although some would argue that 
апу balanced antenna, even longer than two wavelengths, is a dipole, 1 
demur on grounds that longer antennas begin acting like the longewire 
antenna and its relatives). Figure 5.1 shows the effect of different wave- 
length dipoles on the azimuthal radiation pattern of the antenna, 


ar 


A a 
СИ D 
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FIGURE 5.1 


At 2/4, 32/8, and 2/2 the azimuthal pattern is the classic figure ' that is 
commonly associated with dipoles. The principal difference in these patterns 
is the particular shape (width, ete.) of the pattern, which varies with antenna 
size. At 58 wavelength, the figure & persists, but becomes narrower and 
minor lobes begin to appear. To a receiver, these sidelobes represent 
responses in directions that may not be desired, and for transmitters it 
represents wasted energy. At 34/4, the pattern blossoms into a four-lobe 
‘clover leaf with significant minor lobes. This pattern is seen in ham radio 
When a halEwavelength 40 m (7 MHZ) dipole is used at 15m (21 MHz). The 
same physical length that is 2/2 at 7 MHz is 34/4 at 21 Mhz. At 74/8 
wavelength the minor lobes disappear, and at 12 the pattern thins out а 
bit but retains the clover leaf shape. 


HALF-WAVELENGTH DIPOLE 


It is often the case that a half-wavelength dipole is the first antenna that a 
new ham operator or short-wave listener will put up. These antennas are low 
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cost, easy to build, and have a delighuful tendency to work well with only a 
litle muss and fuss. They are thus well suited to the newcomer. 

Figure 5.2A shows the basic halfavavelength dipole. It consists of a half- 
wavelength radiator ('B') that is cut into two sections САЗ) which are each a 
quarter-wavelength long. The feedpoint is the middle of the half-wave- 
length, and for this size dipole the feedpoint isa current node. The feedpoint 

mpedance is therefore a minimum, and the dipole makes a good match to 75 
ohm coaxial cable. 

It is commonly assumed that the feedpoint impedance of the dipole is 73 
‘ohms, but that is a nominal value which is only true at certain heights above 
the ground. As can be seen in Figure 5.28, the actual impedance is a func- 
tion of the height of the dipole, and at a certain height it converges to 73 
ohms. At other heights it can vary from a very low impedance (near zero 
ohms) up to about 110 or 120 ohms. 

The reason for the impedance situation is shown in Figure 5.2С. This 
graph shows the distribution of voltage and current along the length of the 
antenna element. Note that the current peaks at the feedpoint and drops to a 
zero at the ends. The voltage, on the other hand, peaks at the two ends and 
drops to a minimum at the feedpoint. One of the principal differences 
between different dipole designs is the issue of whether they are voltage 
fed or current fed. 

The element lengths (in meters) of the half-wavelength dipole would 
normally be found from 150 Fa, for the overall length, and 75/ Ам, for 
each quarter-wavelength segment. However, because of the velocity factor 
effects of the length-diameter ratio (which is high for wire HF antennas), 
and the capactive end effects, a small foreshortening occurs, making the 
actual lengths closer to 


These lengths are still only approximate, although in many cases they will 
be tight on the money. There is nonetheless a possibility of needing to 
lengthen or shorten the antenna if an exact resonant frequency is needed. 
This is done by either noting the voltage standing wave ratio (VSWR) for 
the minima being at the desired resonant frequency, or by the feedpoint 
impedance being close to the design value. 

The standard dipole is fed in the center with coaxial cable. For installa- 
tions really оп the cheap, ordinary lamp cord (alternating current wiring) 
can be used, as it looks like 75-100 ohm parallel transmission line to 
the antenna. However, except for receiver and the lowest power transmit 
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operations, it is definitely not recommended. Even receiver operators will 
fare better with coaxial cable because it has superior noise immunity, 

In the usual installation, the dipole will have a center insulator to support 
the middle ends of the two sections, and to provide the connection spot for 
the transmission line. The outer ends of the two sections will be supported 
by end insulators and rope or heavy twine tied to a mast, roof top, or 
convenient tree. Antenna and radio shops sell special center insulators 
that provide strain relieved coaxial connections for the transmission line 
and solder points for the antenna elements, 


To BALUN or not to BALUN, that is the question 


The BALUN transformer is used to convert between balanced and un. 
balanced loads. In the context of the dipole, the feedpoint is balanced 
with respect to the ground, while the transmitter output is unbalanced 
with respect to the ground. What this means in plain language is that an 
unbalanced load has one side grounded, while а balanced load is not 
grounded. Some BALUN transformers also provide impedance transforma- 
tion, with 4:1 being the most commonly seen. This means that a load of R 
across the output ports of the transformer is reflected back to the input so 
that looking into” the transformer it will seem like a load of K d. This is the 
transformer used to reduce 300 ohms from television-style twin-lead to 75 
ohms for coaxial cable. 

It is common practice to use a 1:1 BALUN transformer at the feedpoint 
of the half-wavelength dipole antenna (Figure 5.3), even though it provides 
no impedance transformation (and none is needed). The BALUN transfor- 
mer balances the load, causing equal but opposite phase currents to flow in 
the two conductors, and thereby reduces radiation from the transmission 
line. The effect of the feedline radiation is to distort the radiation pattern. 
Figure 5.4 shows the effect on the pattern, at least in simplified form. Figure. 
54A shows the ‘normal’ pattern, which is what we saw in Figure 5.1C. But 
radiation from the feedline, and unbalanced current flow, tends to cause the 
nulis to fill in and the main lobes to reduce a bit (Figure 5.48). In some 
cases, the afMicted pattern is a lot more distorted than shown in Figure 5.4B, 
which is a highly simplified case. When a BALUN transformer is used, 
however, the resultant pattern will look a lot nearer the ideal than the 
distorted version, and the dipole will perform as expected. 

The use of the BALUN in the half-wavelength dipole is one of those 
controversial things that radio enthusiasts debate seemingly endlessly, but 
there is no real controversy. The simple fact is that half-wavelength dipoles 
work better in practical situations when a 1:1 BALUN is used to interface 
the coaxial cable transmission line to the antenna feedpoint. The only excuse. 
to not use a BALUN, in my not so humble opinion, is the economic one. 
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There were, after all, periods in my life when even so low a priced item as an 
HF BALUN was very dear indeed, so Т used an end insulator at the feed- 
point instead (once 1 even used a discarded toothbrush as a center insu- 
lator and it even lasted a month or two before it broke) 


MULTIBAND AND WIDE-BAND HALF-WAVELENGTH 
DIPOLES 


The half-wavelength dipole is a resonant antenna, so it works best only on 
and near the center design frequency. The classic figure ‘S" pattern is found 
only at this frequency and certain lower frequencies (for which the antenna 
is 4/4 or 32/8). The antenna also provides performance at odd integer 
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harmonics of the design frequency, but with a multilobed pattern (see Figure 
5.1 again). But there are some things that can be done to accommodate the 
‘multiband interests of typical radio hobbiests. For one thing, we could put 
up a different dipole for each band. But even if you have the space, the 
nstallation would look like an aerial rat's nest of wires, and it requires 
switching the feedlines at the rig or receiver to change bands, Not a good 
idea, actually 
The other approach is shown in Figure 5.5: connect dipoles for different 
bands to the same transmission line. One can get away with this because the 
feedpoint impedances of the dipoles are very high except at their resonant 
frequency, so do not materially affect the feedpoint impedance of whichever 
dipole is in use at any given time. In Figure 5.5, dipole A1-A2 works at the 
highest band, BI-B2 works at a middle band, and С1-С2 works at the 
lowest-frequency band. One precaution is to ensure that none of the dipoles 
is cul to a frequency that is an odd integer multiple of the resonant fre- 
quency of one of the other dipoles. If, for example, you make С1-С2 cut to 
7 MHz, and А1-А2 cut for 21 MHz, then the half-wavelength 21 MHz 
dipole AL-A2 will be in parallel with the 34/4 wavelength 21 MHz operation 
of А1-А2. The low impedances will be in conflict and the pattern will be 
bizarre. Note, however, that 34/4 operation means that proper selection will 
yield six-band operation from this Inter bund antenna. 
A certain precaution is needed when the multiband dipole is connected to 
а radio transmitter. Many of the HF amateur radio bands are harmonically 
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related. This was done, I am told by some old timers, because in the ‘golden 
oldie’ days, trapping harmonies was not as easily done as today, and ama- 
teur transmitter harmonies would fall into another amateur band, rather 
than onto a commercial band or public safety band. If one of the other 
dipoles is cut to a harmonically related band, then that harmonic looks into 
a resonant antenna and will radiate efficiently. If you use this type of 
antenna, then be certain to use a low-pass filter with a cut-off between the 
two bands, or use an antenna tuning unit that is not a high-pass filter (as 
some are), or otherwise make sure that your transmitter is harmonie free. 

Figure 5.6 shows a method for producing a very wide-band dipole. This 
particular version was designed for use by radio science observers who 
listened for radio emissions from the planet Jupiter in the 16-26 MHZ 
short-wave band. These sounds аге rather strong, and can appear anytime 
Jupiter is above the horizon, day or night. Although a beam antenna would 
have been more useful in this project, the small college physics department 
Who needed it was unable to afford a proper array, so had to make do with a 
simple dipole 

The idea in this design is to parallel connect three half-wavelength dipoles 
with overlapping frequency responses. In this particular case, the antennas 
жеге cut for 18, 21, and 24 MHz. Some amateur radio operators will use this 
type of antenna, but with only two dipoles, with one cut for a frequency one- 
third the way through the band and the other at two-thirds the way through 
the band. For example, in the 15m band (21.0-21.450 MHz). the low-end 
“antenna is cut for 21.15 MHz and the high-end antenna for 21.3 MHz. 

Figure 5.7 shows how this antenna works. In Figure ЗЛА we see the 
frequency response of а single-dipole antenna. This curve plots VSWR 
versus frequency. The lowest point on the VSWR curve is the resonant 
frequency of the antenna, and is hopefully where you designed it. Note 
that the VSWR climbs fairly rapidly as you get away from the resonant 
frequency. In Figure 5.7B we see the effect of overlapping the VSWR versus 
frequency curves of three antennas designed for adjacent segments of 
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FIGURE 57 


the band. The overall VSWR seen by the antenna is basically the lowest 
point on the composite curve (although there is some interaction in real 
antennas!) 


FOLDED DIPOLES 


The folded dipole antenna (Figure 5.8) has a wider bandwidth than the 
common dipole, although at the expense of a little constructional complex- 
йу. This antenna consists of a loop of wire made from a half-wavelength 
section of twin-lead or parallel transmission line. The most common form of 
folded dipole uses 300 ohm television twin-lead for the antenna element. 
Note that the two conductors of the twin-lead аге shorted together at both 
ends of the radiator. The feedpoint is formed by breaking one of the two 
conductors at the midpoint. The feedpoint impedance of this antenna is just 
under 300 ohms, so it makes a good match to another piece of 300 ohm 
twin-lead used as a transmission line. 

The overall length of the folded dipole is found from the same equation 
(see above) as a regular half-wavelength dipole. There may be a small 
amount of additional foreshortening due to the velocity factor of the 
twin-lead, so this length may be a tad long for the desired frequency. You 
can adjust to the desired frequency by trimming the same amount off of 
each end while monitoring the VSWR to determine the resonant frequency. 

If you want to use coaxial cable to feed the folded dipole, then place a 4:1 
BALUN transformer at the feedpoint. This transformer reduces the feed- 
point impedance from near 300 ohms to near 75 ohms, and so makes а good 
match to 75 ohm coaxial cable (e.g. RG-59 or RG-11). 

The folded dipole made of twin-lead can be used with moderate amounts 
of radio frequency (RF) power in transmitting stations, and all receiving 
stations, but one has to be a bit careful as power levels increase. I recall one 
40m folded dipole excited with around 300 W of RF that got uncomfortably 
hot to the touch after a few minutes of CW operation. 

Folded dipole construction always looks easier in books than it is in real 
life. The problem is that the conductors used in 300 ohm twin-lead are small, 
and not intended to support any weight or sustain under wind forces (which 
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can be larger than most of us imagine because an antenna has a large ‘sail 
area’ in wind). As a result, folded dipoles usually break and come down 
either at the Feedpoint or one of the two ends. The solution is to make 
fittings such as shown in Figure 5.9 for the center (Figure 59А) and ends 
(Figure 5.98). 

The folded dipole fittings of Figure 5.9 are made of an insulating mater- 
ial. I have seen similar devices made of hardwood salvaged from flooring, 
and then coated in polyurethene or varnish to protect against rain. Others 
use Plexiglass, Lexan, or other materials. 1 have even seen one commercial 
folded dipole center insulator made of nylon, but it seems to have disap- 
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peared from the marketplace. In Figure 59А, the wire connections are 
soldered to solder lugs attached to brass machine screws. АП other screws. 
and nuts are made of nylon to minimize interaction with the antenna. Note 
n Figures 59A and 5.98 that holes are cut into the insulation of the twin- 
lead, and nylon machine screws are passed through both these holes and 
mating holes cut into the mounting device; matching hex nuts on the other 
side secure the screw (see side view inset to Figure 59A). This keeps the 
‘win-lead from slipping out of the block, or at least delays the day when 
failure might occur. 
The screw holes in the twin-lead (see inset to Figure 59A) can be made 
with an ordinary paper hole punch, although one has to squeeze a bit hard 
on the better grades of twin-lead. 


DOUBLETS, DIPOLES, AND OTHER HERTZIAN ANTENNAS er 


INVERTED-'VEE' DIPOLE 


The inverted<wee" antenna (Figure 5.10) is a dipole that is supported in the 
center from a mast or other support, with the ends drooping toward the 
ground. As with other forms of dipole, the ends are supported using end 

sulators and rope. But instead of finding a convenient high spot to support 
the ends, the rope is tied off to а ground level support, or a stake driven into 
the ground if none exists. Keep in mind, however, that only the type of tent 
pegs that are intended for high-wind areas (i.e. the type with prongs) should 
be used. Otherwise, drive a long stake into the ground. The wires of this 
“antenna have a rather large вай area, and the forces could easily pull out the 
ground supports over time. 

The inverted-"vee" antenna is fed in the center with 75 ohm coaxial cable 
and a 1:1 BALUN transformer. In some cases, you will find that 52 ohm 
coaxial cable is a better match, The angle between the radiator elements at 
the top of the mast should be 90-120". The directivity is based on the figure 
“8 of a dipole, but with considerable filling in of the nulls off the ends. 

The length of the wire elements can be a quarter wavelength each (a half 
wavelength overall), or any odd integer multiple of a quarter wavelength. 
Because of the sloping of the elements, the actual length is of the order of 
5-6% longer than for an equivalent horizontal dipole at the same frequency 
The quarter-wavelength element lengths are found from 


22 meters 


As with all antennas, the actual lengths required will be found experi- 
mentally using the calculated figure as a starting point. 


FIGURE 5.10 
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SLOPING DIPOLE 


The sloping dipole (Figure 5.11) is a half wavelength dipole. Like the 
inverted-"vee’, this dipole slants from a support (mast, tree, rooftop) to 
the ground. Unlike the ‘vee’, however, the sloping dipole has the entire 
half wavelength in one sloping element. The length of each quarter-wave- 
length element is found from the same equation as for the inverted-"vee’ 


VERTICAL DIPOLE 


A refinement of the sloping dipole is the vertical dipole shown in Figure 
5.12. Like all verticals, the azimuthal pattern of this antenna is omnidirec- 
tional if nothing distorts it. The vertical dipole antenna works especially well 
in locations where there is limited space, and the desired frequencies are in 
the higher end of the HF spectrum, Lower-frequeney vertical dipoles ean be 
accommodated if a support of sufficient height is available. The lengths of 
the quarter-wavelength elements are found from 180, Bae, although this 
length will almost certainly need trimming to find the actual length, 

The feed shown in Figure 5.12 isa direct feed with 75 ohm coaxial cable. 
If you wish to substitute a 1:1 BALUN, however, feel free. Indeed, it is 
recommended, 


" 
FIGURE 5.11 
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DELTA-FED DIPOLE 


Most of the dipoles shown thus far are fed with coaxial cable. The delta-fed 
half-wavelength dipole (Figure 5.13) uses parallel feedline (either open line or 
450 ohm twin-lead) and a delta match scheme. The feedline is non-resonant, 
and must be connected to an antenna tuning unit that has a balanced out- 
put. The lengths are found from 

4 
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The delta-fed dipole was very popular prior to World War II, and still 
finds some adherents, 


BOW-TIE DIPOLE 


Figure 5.14 shows the bon. ie dipole’ wide-band antenna. It is not quite like 
the wide-band antenna shown in Figure 5.6 because both wires in both 
elements are cut to the same frequency. Wide band operation is achieved 
by spreading the ends of the two wires in each element approximately 11% 
of the total length. Length Z (in meters) is found from 127 Fu, and the 
spread width W = 0.11L. Fora frequency of 4.5 MHz, therefore, the overall 
length of the antenna is 127/4.5 = 28.22m, so W = 0.11 x 2822 = 3.1m, 
The bandwidth of the antenna is achieved because spreading the ends sup- 
posedly controls impedance excursions that would normally occur when the 
frequency departs from resonance. 
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WIDER BANDWIDTH FOLDED DIPOLE 


Figure 5.15 shows a wider bandwidth folded dipole antenna. This antenna is 
made from 300 ohm twin-lead. Like all folded dipoles, the parallel conduc- 
tors are shorted at the ends, and one conductor is broken at its center to 
accommodate either а 300 ohm twin-lead feedline to the receiver, or a 75 
ohm coaxial cable coupled to the antenna through a 4:1 BALUN transfor- 
mer. In the antenna of Figure 5.15, however, there is a difference from the 
normal folded dipole format: shorts are placed between the two conductors. 
at very critical distances (В) from the feedpoint. The overall length (A) of the 
folded dipole is given by 142/F while the distance between the inner 
shorts (B-B) is 122/Ё миь, ie. the distance from the feedpoint to each inner 
short is el Ba 


DOUBLE EXTENDED ZEPP 


The double extended Zepp antenna (Figure 5.16) is a dipole in which the 
overall length is 1.282, and each element is 0.64. It provides about 3 dB 
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gain over а dipole. The azimuthal pattern (Figure 5.168) is a narrowed 
figure "S with sidelobes appearing at +35" from the line along the antenna 
length. 

The length of cach 0.644 element is found from 
163 

This antenna must be fed with parallel line connected to an antenna 
tuning unit with a balanced output. However, if you build a one-eighth 
wavelength matching section from 450 ohm twin-lead, then you can reduce 
the impedance to 150 ohms. The length of the 450 ohm twin-lead matching 
section is 


L 


meters 


4 
meters 


دة 


The impedance looking into the matching section is 150 ohms, so using 
75 ohm coaxial cable results in а 2:1 VSWR. However, if a 4:1 BALUN 
transformer is provided, then the impedance is transformed to 150/4 = 37.5 
ohms. If 52 ohm coaxial cable is used with this scheme, then the 
VSWR = 52/37.5 = 141 


MULTIBAND TUNED DOUBLETS 


An antenna that was quite popular before World War il with ham operators 
and short-wave listeners is still a strong contender today for those who want 
а multiband antenna, provided that the bands are harmonically related. 
Figure 5.17 shows the multiband tuned doublet antenna. This antenna con- 
sists of a nominal half-wavelength wire radiator that has a physical length 
(in meters) of 145/Fy where Рын, is the lowest frequency (expressed in 
megahertz) of operation. Note this difference: many antennas are designed 
for the center frequency of the band of interest, while this one is designed for 
the lowest frequency. The antenna will perform well on harmonics of this 
frequency, and will perform at least somewhat on other frequencies as well 
# a higher VSWR can be tolerated. This situation is seen for receiver 
operators, but is often a limiting case for transmitter operators. 

The feed of this antenna is through a quarter-wavelength matching 
section made of 450 ohm twin-lead transmission line. The length of the 
quarter-wavelength section is 73/Fun Although one may get away with 
replacing the heavier 450 ohm line with lighter 300 ohm line, it is not 
appropriate to replace the line with coaxial cable and a 4:1 BALUN as is 
done in other antennas. The reason for this is that the twin-lead forms a set 
of tuned feeders, so is not easily replaced with an untuned form of line. 

The lengths for typical antennas of this sort are given in Table 5.1. 
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TABLE 5.1 
Lower frequency (МН) Radiato element (m) Matching section Im) 

35 Ea 2085 
50 2900 1460 
70 20.71 10.42 


Опе consequence of this configuration is that a balanced antenna tuner is 
needed at the feed end of the matching section. The version shown here is a 
parallel resonant LC tank circuit that is a transformer coupled to a low 
impedance link to the receiver or transmitter. The inductor and capacitor 
for this tuner should be designed so that they have a reactance of about 600 
ohms at every frequency required. This may mean a tapped or variable 
inductor, or bandswitched inductor, as well as a variable capacitor 
Commercial antenna tuners can also be used for this application. 


THE G5RV ANTENNA. 


The GSRV antenna (Figure 5.18) is controversial for several reasons. Опе 
reason is the originator of the antenna. The name “GSRV is the callsign of 
the claimed originator, Louis Varney, a British ham operator. Others claim 
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FIGURE 5.18 


that the GSRV antenna is nothing but a 1930s or 1940s vintage design by 
Collins Radio for the US military. However, the similarities between the 
Collins antenna and the GSRV are, it seems to me, at best a case of further 
development’ or ‘co-invention,” rather than something more sinister. 
Because of the obvious differences between the two antennas, I prefer to 
continue the credit due to GSRV. 

Another reason for the seeming controversy over the GSRV is perhaps 
the ‘NIH syndrome" (not-invented-here). The GSRV is more popular in 
Europe than in the USA. In my own experience, the GSRV tends to be 
built in the US by antenna experimenters, and most of those who 1 have 
talked to are happy with the results. 

Still another controversy is over whether, or how well, the GSRV 
works. One reviewer of one of my other antenna books (Joe Carr's 
Receiving Antenna Handbook, Universal Radio) stated that he "wishtes) 
the GSRV would just go away.” The same reviewer stated that it would 
be better to just put up a "dipole of the same size.” Wrong! The dipole is a 
single-band resonant antenna, whereas the GSRV will work on several 
harmonically related bands. The GSRV has two poles, but it does not 
exactly fit into the same category as the half-wavelength dipole. 


PHYSICAL STRUCTURE OF THE OSN 


The GSRV antenna looks like a dipole, to be sure, but its length is con- 
siderably longer. Unlike many multiband antennas, the GSRV is not cut to 
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the lowest frequency of operation, but rather to the middle frequency. For 
an НЕ ham band antenna, one designs it for 20m (14 MHz) 

Like the dipole, the GSRV is fed in the center. Unlike the dipole, a 
matching section made of 450 or 3000hm twin-lead transmission line 
(450 ohm is preferred) is connected between the antenna feedpoint and the 
75 ohm coaxial cable. The length of each radiator element (4) is 


meters 


While the length of the matching section (8) is 


6 
meters 


A is the length of each radiator element, В is the length of the 450 ohm 
matching section, Fun, is the middle frequency of operation, and V is the 
velocity factor of the twin-lead (typically 0.82 for twin-lend and 0.99 for 
open. une parallel line). 

In case you do not like to do arithmetic, the calculations have already 
been done for the HF ham bands: А = 15.55 meters (24 = 31.1 m overall), 
and В = 10.37m for open-wire transmission line and 8.38m for 300 or 
450 ohm twin-lead. There is some argument over these figures, but they 
are regarded by many hams who have actually used the antenna as a 
good trade-off, 

If you want more technical details on the GSRV, Louis Varney, the 
inventor, has written about the antenna in a number of publications. 
Varney gives the basis for operation of the GSRV antenna at 3.5, 7, 10, 
14, 18, 21, 24, and 28 MHZ. The VSWR on each band is a bit different, and 
Varney recommends the use of a transmatch or similar coaxial-to-coaxial 
antenna tuning unit between the transmitter and the input to the coaxial 
cable transmission line. 

There is a possibility of an unbalanced line condition existing that causes 
some radiation from the feedline and for transmitters that can cause tele- 
vision interference (TVI) and other forms of unpleasantness. The solution to 
this problem is to wind the coaxial cable into an in-line choke at the point 
Where the coaxial cable connects to the twin-lead or parallel line matching 
section. This is done by winding the coaxial cable into а 15 em diameter сой 
of 10 turns right at the feedpoint. The coiled coaxial cable can be secured to 
the center insulator by tape, string, or some other mechanism. 
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BALUNS ON RECEIVER ANTENNAS? 


Above I mentioned a reviewer who did not like the GSRV antenna. The 
same reviewer stated that he did not believe that 1:1 BALUN transformers 
are useful on half-wavelength dipole receiving antennas. My calm, profe 
sional, well-considered response is: rubbish! The purpose of using a 1:1 
BALUN (which after all provides no impedance transformation) is twofold. 
First, as in the transmit case, the BALUN prevents radiation from the 
transmission line. Perhaps the reviewer was thinking of TVI as the reason 
for avoiding feedline radiation. But, as ample test chamber evidence shows, 
the radiation from the feedline tends to distort the figure ^i" azimuthal 
pattern, When a BALUN is used, the currents are balanced, and the rad- 
fation pattern is restored. And guess what? Antennas are reciprocal in 
nature ~ they work the same on receive as on transmit. 

The second reason is that the receiver antenna feedline may pick up 
strong signals from powerful local stations, Other hams and AM broadcast 
band stations are particular problems. Any large signal at the input may 
challenge even the best receiver front-end, but if the receiver design is in any 
way mediocre in the dynamic range department (and many are, then the 
signals picked up on the dipole transmission line shield can overload 
the front-end of the receiver. Using a 1:1 BALUN transformer between 
the antenna feedline and the radiator elements balances out the cur- 
rents and seriously reduces the amount of signal seen by the receiver 

" 


LINEAR LOADED WIDE-BAND DOUBLET 


Figure 5.19 shows an antenna that superficialy resembles both the folded. 
dipole and the GSRV, but is actually а wide-band antenna with a linear 
loading section between the radiators. The overall length of the main radia- 
tor elements is 140 Fa, meters, while the linear loading element is 133 
Fi, meters long. The radiator elements are separated about 30.5 em, with 
the linear loading element placed in the middle, 15 cm from each element, 
The linear loading element is placed horizontally about the mid-point of the 
antenna. The spreaders can be ceramic, or made of any insulating material. 
In one variant that 1 built, ordinary wooden dowels (1 em diameter) were 
used, although Т am not too sure it will weather well unless treated with 
some kind of coating. 

This antenna is fed through “any” length of 450 ohm twin-lead, but prac- 
tical advice from several people who have actually built this antenna suggest 
that "any" should be read as ‘one-fifth to one-half the length of the radiator 
elements.” A 9:1 BALUN transformer is connected to the feedpoint, and 
coaxial cable routed to the receiver. 
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One practical problem with this antenna is that it tends to йор over 
because it is top heavy. Two solutions present themselves. First, do not 
tie off the ends in a single rope, but rather attach two ropes to the support- 
ing structure at each end. Second, tie rope or fishing line from the bottom 
radiator at each end to a supporting structure below, ог to stakes in the 
ground. One fellow used fishing weights for this purpose. The weights were 
attached to the bottom radiator element at the far ends 


THE AUSSIE BROAD-BAND HF DOUBLET FOR RECEIVERS — 


Опе of the problems with most of the antennas in this chapter is that they 
work on a single resonant frequency, and a narrow range of frequencies 
around it. Some of them will work over relatively wide bandwidths, but the 
coverage is nonetheless limited with respect to the entire HF spectrum. The 
Aussie doublet shown in Figure 5.20 is а receive antenna with a VSWR less 
than 2.5:1 over the entire 3-30 MHz range of the HF band, 

This antenna is rather large, being 40m long and 1.8m wide, so requires 
some space to erect. Also, the two conductors of each segment are separated 
by insulating spacers. One approach to making these very long (1.8m) 
spacers is to use PVC plumbing pipe or small size lumber. Even then, the 
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antenna will tend to flop over and lay flat unless rope moorings to the 
ground are provided along the bottom conductor. 

Part of the broad-banding effect is provided by the two-wire design and 
their spacing, but much of it is also provided by a pair of RL networks 
(RLN' in Figure 520). Each network is a 390 ohm resistor in parallel with 
an 18H inductor. It is these components that limit the use of this antenna 
for transmitting, although moderate powers can be accommodated if a 
suitable non-inductive, high-power resistor and a suitably designed inductor 
are provided. 


THE CAPACITOR-TUNED WIDE-BAND DIPOLE 


Dipole antennas are resonant and so will operate effectively over a relatively 
narrow band, as well as the third harmonic of that band. It is possible to 
broaden the response of the antenna by inserting a variable capacitor at the 
feedpoint (Figure 5.21). This capacitor should have a maximum value of 
500 pF, although 730 and 1100 pF have been successfully used. The latter 
‘wo values represent the values obtained when two or three sections of a 365 
PF broadcast variable capacitor are used (receive only). For transmitting, a 
wide air gap capacitor (transmitting variables) or vacuum capacitor should 
be used. 

The best solution for using this antenna is to mount the capacitor at the 
feedpoint inside of a weatherproof housing, and then use a low-voltage, low- 
RPM direct-current (DC) motor to drive it. Voltage to the motor can be 
supplied through a separate wire, using the coaxial cable shield as the DC 
return line. In another scheme, it is also possible to use the coaxial cable 
center conductor to carry the DC (with the shield acting as the return), but it 
is necessary to separate the motor and signal line with an RF choke at both 
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ends of the transmission line. IT IS VERY IMPORTANT TO USE LOW- 
VOLTAGE DC FOR THIS JOB. DO NOT USE AC POWER MAINS 
VOLTAGE! 


THE INDUCTOR-LOADED SHORTENED DIPOLE 


At low frequencies, dipole antennas can take up a large amount of space. At 
75)80m ham bands, for example, a half-wavelength dipole is 41 m long; at 
5 MH, the length is still 28.5 m. This fact of physics can ruin the plans of 
‘many radio enthusiasts because of space limitations. There is, however, a 
method for making a dipole one-half the normal size. Figure 5.22 shows a 
dipole that is one-half the size of the normal half-wavelength dipole, even 
though it simulates the electrical half wavelength. 

‘antenna that is too short for is operating frequency offers a capactive 
reactance component to the impedance at the feedpoint. In order to tune out 
this impedance the opposite form of reactance, inductive reactance, is placed 
їп series with each radiator element. Although the inductors сап be placed 
anywhere along the line, and the overall length can be any fraction of a full 
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size half-wavelength, the design gets a bit messy. A compromise is found by 
limiting our selections: (1) the overall length is one-half the normal length; 
and (2) the inductors are placed at the center of each element. If these rules 
are followed, then we have a shot at making this antenna with only a small 
amount of discomfort in the math zone. In this limited case, the reactance of 
each сой is 950 ohms in the middle of the band of interest. The procedure is 
as follows: 


(a) Calculate the overall length of the elements: Ls, = 37-5/ Bune. This is 
the overall length of the half-size antenna. 

(b) Divide the number obtained in step (a) by 2. This is the length of each 
segment of wire (А or В). In our limited case, the assumption is that 
А = B, but in some other cases this assumption might not be true 

(©) Calculate the inductance required to produce a 950 ohm reactance at 
the design Frequency 


Xo 


an = Ar 


Antennas do not give up convenience for free, however. The price ofthis 
antenna design is narrower bandwidth, 


MORE MULTIBAND DIPOLES 


The shortened inductively loaded dipole of Figure 522 can be used on two 
bands by increasing the reactance of the coil to 5500 ohms at the middle 
frequency of the highest band. For example, you can make a 75/80 m plus 
40m dipole. The inductor in this case serves not only to Foreshorten the 
antenna's overall length, but also acts as an RF choke to the higher- 
frequency band. In that case, the sections labelled A in Figure 5.22 are for 
the higher-frequency band, while 4 + B is for the lower-frequeney band. 
Approximations of the lengths are found from 


4 


meters 
Тами 


464 


в meters 


Fromme 


In this antenna, the sections A act like a regular half-wavelength dipole at 
the higher frequency, while the sections A + B act like a shortened induc- 
tively loaded dipole at the lower frequency. You are well advised to leave 
extra space on the B-sections for adjustments. This antenna tends to be 
narrower in bandwidth on the lower band, so may require some fiddling 
with lengths to achieve the desired resonance. 
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FIGURE 5.23 


Another approach to multibanding is shown in Figure 5.23. This antenna 
is called а trap dipole because it uses a pair of parallel resonant LC networks 
to trap the higher frequency. A parallel resonant network presents a high 
impedance to signals at its resonant frequency, but a low impedance to 
frequencies removed from resonance. Like the antenna above, the sections 
marked A are а half-wavelength dipole at the higher frequency, while the 
A+ B sections form a near-half wavelength at the lower frequency. These 
lengths are approximated by the normal halfwavelength equations, 
although some adjustment is in order due to the effects of the trap. The 
traps consist of an inductor (L) and capacitor (C) in parallel. At resonance, 
X, = Хе = 3700hms. 


MULTIBAND RESONANT ANTENNAS: MULTIBAND TUNED 
DOUBLET 


Аа antenna that was quite popular before World War I is still a strong 
contender today for those who want a multiband antenna, provided that the 
bands are harmonically related. Figure 5.24 shows the multiband tuned 
doublet antenna. It consists of a nominal half wavelength wire radiator 
The antenna will perform well on harmonies of this frequency, and will 
perform at least somewhat on other frequencies as well if a higher VSWR 
can be tolerated, 

The feed of this antenna is through a matching section of 450 ohm twin- 
lead transmission line. Although one may get away with replacing the 
heavier 450 ohm line with lighter 300 ohm line, it's not appropriate to 
replace the line with coaxial cable and a 4:1 BALUN as is done in other 
antennas. The reason for this is that the twin-lead forms a set of tuned 
feeders, so is not easily replaced with an untuned form of line. One con- 
sequence of this configuration is that a balanced antenna tuner is needed at 
the feed end of the matching section, The version shown here is a parallel 
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resonant Lc tank circuit that is transformer coupled to a low impedance 
link to the receiver. 

The antenna is a half wavelength long at the lowest frequency of opera- 
tion, and the twin-lead is а quarter wavelength long, or an odd integer 
multiple of quarter wavelengths. The lengths are: 


This antenna depends on an antenna tuning unit (ATU) to be effective, 
unless the transmitter has a balanced output that can handle the high 
impedance. The ATU needs to be the type that has a balanced output, 
rather than the coaxial cable “line flatter 


THE TILTED, CENTER-FED TERMINATED, FOLDED DIPOLE 


Figure 5.25 and the following figures show the tilted, center-fed terminated, 
folded dipole (TCFTFD) antenna, which is a special case of a loop antenna 
and a folded dipole antenna. The inventor, Navy captain G.L. Countryman 
(W3HH), once called it a ‘squashed rhombic’ antenna. The antenna is a 
Widely spread folded dipole, and is shorter than a conventional folded 
dipole. It must be mounted as a sloper, with an angle from its upper vertical 
support of 20 to 40 

The feeding of the antenna is conventional, with a feedpoint impedance. 
close to 3002. A 75:2 coaxial cable is connected to the bottom half of the 
antenna through a BALUN transformer that has a 4:1 impedance ratio. 
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At the top side of the antenna, the “Teedpoint” is occupied with a 
termination resistor of 370 to 4302 (390, 1 or 2 watts, makes a good 
compromise for receiving antennas). 
The spread (W) of the antenna wire elements is found from: 
299 
Faw 


where W is the width of the antenna in meters (m) and Fyn is the frequency 
їп megahertz 

The spreaders are preferably ceramic, strong plastic, or thick-walled PVC 
pipe. The spreaders can be made of wood (1 x 2 stock or -inch dowels) for 
receive antennas if the wood is properly varnished against the weather. 

The overall length of the antenna is calculated a litle differently from 
‘most antennas. We need to calculate the lengths from the feedpoint 10 the 
middle of the spreaders, which is also the length from the middle of the 
spreaders and the terminating resistor. These lengths are found from: 


1239 


Faz 


where L is the length in meters (m) and Кын» is the frequency in megahertz. 

Four sections of wire, each with a length defined by the eguation above, 
are needed to make this antenna, 

The height of the upper antenna support is determined by trigonometry 
from the length of the antenna from end-to-end (not the length calculated 
for D, but approximately twice that length), and the angle. For example, at 
7 MHz the lengths are 7.76 meters, and the spreaders are 0.47 cm. Thus, the 
overall physical length, counting the two element lengths and half of both 
spreader lengths, is [2 x 7.76 meters - (2 x 0.5)] meters, or 16.52 meters. If 
the angle of mounting is 30°, then the antenna forms the hypotenuse of a 
60/30 right angled triangle. If we allow two meters for the lower support, 
then the upper support is: 
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+1000 
=2+(16.52c0560) = 1026 meters 


This antenna has а low angle of radiation, and at a tilt angle of 30 
(considered ideal) it is nearly omnidirectional, 

The termination resistor can be mounted on a small piece of plastic, or 
alternatively, as shown in Figure 5.26, it can be stretched across the end 

sulatorin the manner of the inductors in the previous section. Use a 390.2, 
2 watt resistor for this application 

Figure 5.27 shows the installation of the antenna, The upper support and 
lower support are made of wood, or some other insulating material. There 
are ropes tying the ends of the antenna to the supports. Detail of the 
spreaders and end insulators are shown in Figures 5.28 and 5.29, 
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CHAPTER 6 


Limited space antennas 


Sometimes at night, when things are well and all is right in the universe, 1 
dream. I dream of owning (or at least renting from a radio enthusiast land- 
lord) about 500 hectares of flat land good for farming. Not that I intend to 
do any farming (unless “antenna farm’ counts), but good farmland is moist 
and composed of enough conductive minerals to make a very good radio 
frequency (RF) ground for antennas! 

Dreams are fun to indulge, but on awakening one finds the sometimes 
harsh nightmare of antenna construction on the limited estates that most of 
us can afford. And I have lived in some tight spots. In my novice days, living 
їп my parents’ home, the lot was respectable by American suburban stan- 
dards, but was crisscrossed with alternating-current (AC) power lines to 
both our house and the houses of two neighbors. That problem sharply 
limited the area open to safe antenna erection. The student boarding 
house where I lived in college had a sympathetic landlady (who in any 
event was too poor of sight to notice an antenna short of a beam and 
tower) was on a shallow, narrow city lot with few possibilities below 20m 
(and even that band strained the antenna constructor's imagination). After 
being married, I lived in an apartment and then a small house of my own for 
а number of years ~ all of which were limited spaces. Even with my present 
home, which seems a mansion compared to our first house, my ability to put 
up full size antennas is a testament to my wife's tolerant attitude, So what to 
do? 

Fortunately, there are some things that can be done to accommodate the 
limited space situation. Nearly all of these schemes use some form of com- 


pensation antenna, and as a result do not work as well as the full-sized 
equivalent. The TANSTAAFL principle reigns supreme: "here ain't no 
such thing as a free lunch? Whenever one attempts to reduce the size of an. 
antenna for any given frequency. the result is that something else falls down 
a bit: gain, directivity, impedance, efficiency, bandwidth, or all of the above. 
While these factors may lead one to a depressed sense of gloom and doon 
that is not the best attitude. The correct way to view the situation is not 
comparing the limited space antenna to a full size antenna, or the best in 
class, but rather to whether or not it allows you to operate at all. Afer ай, a 
10m long, end-fed inductor loaded Marconi draped out of an upper-story 
window may not work as well as a 75m dipole, 25m in the air, but it works 
well enough to make contacts, 


SOME OBVIOUS SOLUTIONS 


Not all limited space antenna choices are bad. For example, one could 
restrict operations to the upper bands, ie. those above 21 MHZ and into 
the very high-frequency (VHF) region. I know one fellow who was a 300 + 
country DXCC award holder who operated only on the 15m ham band 
because of space limitations (he lived on a small 4; hectare lot). He was able 
to erect a 15m twovelement quad beam that worked quite well. Another 
fellow earned his DXCC as a newly licensed amateur (when operating skills 
are presumedly undeveloped as yet) with a SOW kit-built transmitter and a 
10-15-20m trap vertical mounied on the roof of a four-story apartment 
building. It can be done, 

The vertical antenna is a decent solution for many people. A full-sized 
40m (7-73 MH?) vertical is only 10m high, and that is right at the legal 
limit or 10.7m in my county for an installation that does not need mechan- 
ical inspection by the local government, Adding a switchable loading сой at 
the base of that antenna would also allow 75/80 m operation, especially if an 
antenna tuning unit is provided. 

Modern trap verticals are also a good bet. Several commercially made 
verticals allow operation over the 40m band through 10m and are only 
6.5m tall when mounted on the ground. A good set of radials makes this 
antenna reasonably efficient. The only drawback is that the omnidirectional 
pattern makes interference rather constant. The half-wavelength bottom-fed 
hham-band verticals currently on the market are quite decent DX antennas. 

Another obvious solution is to use any of several inductor loaded anten- 
mas such as the loops and shortened dipoles shown elsewhere in this book. 
Some of these antennas can be quite useful. Also, I once operated with a 
pair of commercial coil-loaded mobile antennas mounted back to back to 
form a kind of dipole. Did it work well? No! But it worked well enough for 
me to rack up a lot of DX using an old Heath HW-101 transceiver 
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1 have also used commercial mobile antennas as fixed verticals. In one 
case, right after we moved into our first home, 1 mounted a Hustler mobile 
antenna for 20m on the window sill of the upstairs bedroom that served as 
my office (until the kids started coming along). A pair of radials out of the 
window, sloping to a fence, completed the ‘ground’ side of the antenna. It 
worked rather well, actually. Later on, I added 15 and 40m coils using one 
of those attachments that allow three coils to coexist on the same base mast, 
It worked very well at 15m and 20m, and passably well at 40m, 


SOME OTHER SOLUTIONS 


Figure 6.1 shows Marconi (Figure 6.1) and Hertzian (Figure 6.18) 
antennas for use in limited space situations. In the Marconi version, the 
antenna wire is mounted to lay Rat on the roof. and thea (if possible) to 
an attachment point on a support such as a mast or convenient tree. The 
Hertzian version is a dipole, preferably a half wavelength (if you want to 
use coaxial feed), positioned such that the feedpoint is in the middle of the 
roof line. 


а 


в 
FIGURE 6.1 
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The idea in building these antennas is to put as much wire in the same 
direction as possible, but do not worry too much if the goal is not met. 
The real goal is to get on the air or use your receiver, depending on your 
interests, 

Another solution is the loop antenna shown in Figure 6.2. The best loop 
is one that is a full wavelength on the lowest frequency of operation, but any 
convenient loop can be made to work at least part of the way. This is 
especially true if tuned parallel feeders and a decent antenna tuning unit 
(ATU) аге used. 

All of these antennas can be used either on the outside of the roof, or 
inside the attic. In neither case, especially the latter, would you want to try it 
‘on roof that has a copper or aluminum base. That approach is not used on 
residential properties much anymore, but if you have an older dwelling the 
roof may well be copper covered. 

Mounting the wire can be a bit of a problem, especially when the antenna 
is on the outside of the roof. What seems to be the best way is to use nail-in 
ог screw-in stand-off insulators attached 10 the wooden roof. This works 
well only when you can seal it against rain water seeping in. Water will wick 
along the threads, and rot the wood - leading to leaks and expensive 
repairs. A better approach would be to design a wooden fixture attached 
to the softs or overhang in a way that prevents extensive damage. Inside 
the attic, however, one can easily use standoffs, but they must be attached to 
а roof rafter (Figure 6.3), rather than the roof covering. A screw thread that 
penetrates to the outside surface will allow as much water damage (or more) 
than a thread going the other way. 
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Marconi and Hertzian antennas may not be as good a choice as the loop 
because they tend to have high voltages at the ends. Use of even moderate 
RF power levels could cause an arcing situation that represents a fire 
hazard. As a result, even with the loop, il the antenna is used with a trans- 
mitter the power level should be limited, 

These ideas work especially well for people with restrictive local ordi- 
mances that make decent antennas unworkable, or masty neiphbors, or 
restrictive covenants in their deed (and a militant homeowners association 
board that enforces them!). Some situations allow an antenna such as that 
shown in Figure 6.1A or Figure 6.1B as long as it is not visible from the 
street. 


ig-Zag Dipoles 
The antenna purist would probably roast me over a slow fire like a marsh- 
mellow for suggesting some approaches to the limited space problem. Figure 
64 is especially suited to drawing the ire of the pure. But it also works 
passably well for people with limited space. This antenna uses a zig-zag 
path for the dipole elements. Try to put as much wire in one direction as 
possible, and wherever possible make the pattern symmetrical. Although the 
angles shown in Figure 64 are acute, any angle can be used, Of course, the 
closer the pattern is to the regular straight dipole installation, the better it 
will work. 

The antenna shown in Figure 6.4 is seen from the side, ie. a ground view. 
The zigging and zagging can be in any direction in three. dimensional space, 
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however. Some combinations will not work well, but others will work well 
enough to get you on the air. 

You will find that the pattern suffers when this is done, but again the goal 
is to get you оп the air — not to produce a perfect antenna. Also, expect to 
use a ‘line flattening’ antenna tuner to wash away the sins of the voltage 
standing wave ratio (VSWR). 


linearly Loaded Tee’ Antenna 


The traditional method for loading an antenna that is too short is to put a 
coil in series with one or all elements. In the ‘tee’ antenna in Figure 6.5, 
however, a different approach is used: linearly loaded elements. This antenna 
has been popular with low-band operators and receiver users who lack the 
tremendous space required for proper antennas at those frequencies. The 
overall length of the element (4) is usually around 4/3, and the spacing 
between the three segments (B) is about 25 em (a little more or a little less 
can be accommodated by the design). The vertical portion of the antenna 
(C) is а quarter-wavelength single wire, and is fed at the bottom by parallel 
tuned transmission line. 
The critical lengths are 


ж 


meters 


B=25em 


meters 
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The Right-Angle Marconi 
Figure 6.6 shows a simple quarter-wavelength Marconi antenna that can be 
used with 52 or 75ohm coaxial cable. The antenna consists of two wire 
sections, each 4/8 long, erected at right angles to each other. The right 
angle Marconi (sometimes laughingly called "hal-Horzian) produces 
both a vertically and horizontally polarized signal. This method of construc 
tion reduces the linear property needed for the antenna by half, so is more 
accesible to a larger number of people. 


‘Shortened Hertzian Radiators 


The zig-zag dipole shown earlier is only one possibility for reducing the size 
of а Hertzian antenna. The antenna of Figure 6.7 is a species of zig-zag 
doublet, but а little less random in its construction than the previous 
antenna of this sort. The overall length is 4/2, but the two 4/4 elements 
are bent into right-angle sections of 2/12 (vertical) and 2/6 (horizontal). 
The antenna is fed with open-wire parallel ine operated as tuned feeders. 
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The antenna in Figure 6.8 looks like a folded dipole, and on one hand 
that is exactly what it is. The antenna length is cut for 2/4 at the lowest 
frequency of operation. At the second harmonic of this low band the 
antenna acts like a folded dipole, while at the lower frequency it is a species 
of ‘tee’ antenna, It is fed with open-wire tuned feeders. If you want to 
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operate it only one band (the lower band), and wish to use coaxial cable, 
then a quarter-wavelength matching stub can be provided, and the antenna 
driven with a 4:1 BALUN transformer. 

The doublet antenna in Figure 6.9 is а bit longer than 52/8, and is fed by 
coaxial cable through a shorted matching stub and a 4:1 BALUN transfor- 
mer. The overall length (B) of the radiator element is 
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The matching stub consists of a length of parallel open-wire transmission 
line, divided into two segments either side of the feedpoint. The dimensions 
of the two segments аге 


meters 


meters 


D 
The tap point on the stub represented by these lengths will provide a 
good match to 300 ohm twin-lead, or to 7Sohm coaxial cable if a 4:1 
BALUN transformer is provided. 
The extended folded dipole shown in Figure 6.10 uses 300 ohm twin-lead 
for the folded dipole section (4) and single conductor wire for the vertical 
extensions (В). The length overall of section A is found from 


з 
meters 


A= 


While the vertical sections are 


meters 


Bac 


The antenna of Figure 6.10 can be fed with 300 hm twin-lead, but this 
requires the antenna tuning unit to have a balanced output. Alternatively, 
you can feed it with 75ohm coaxial cable if a 4:1 BALUN transformer is 
provided at the interface between the coaxial cable and the antenna feed- 
point 


E 
Puis алаан 
s в 
. sace wine. d 
75 OHM COAX- a 

E ГЕ 
a 19 метин 

fs 

E 
0-22 merens 

FIGURE 6.10 


импер SPACE ANTENNAS 127 


Limited Space Radial Layout 

Radials are quarter-vavelength (usually) pieces of wire connected to the 
ground side of а transmission line at the antenna. These radials can be on 
the surface, under the surface, or elevated, depending on the particular 
antenna. The radials are used to form a eounterpokse ground, i.e. an artificial 
ground plane, It is seen by the antenna as essentially the same as the ground. 

By the way, the preferred ground level configuration is buried, rather 
than on the surface, because it prevents injury to people passing by, either 
from RF burns or stumbling over the fool wire. But what do you do in the 
limited space situation? 

А representative solution is shown in Figure 6.11. The radials shown in 
textbooks are straight, and that is the prefered configuration. But if you do 
not have the space, then you need to use some variant of the two paths 
shown in Figure 6.11. The radial сап ether go around the perimeter of the 
property, or zig-zag back and forth in ether а triangle or rectangle pattern 
(the latter is shown here). I have even tacked radials to the baseboard of a 
student boarding house room (not recommended over a few watts of ORP 
power leves. 

Imagination, a bit of engineering, some science, and a whole lot of luck 
make radio operations from limited space situations possible — or at least a 
lot easier. 


FIGURE 6.11 
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CHAPTER 7 


Large loop antennas 


There are two basic classes of loop antennas: small loops and large loops. 
The small loop antenna has an overall length that is less than about 0.182 
Large loop antennas, on the other hand, have overall lengths larger than 
0.54, and some of them are two or more wavelengths. The small loops are 
used for radio direction finding and for certain AM broadcast band recep- 
tion problems. The topic of this chapter is the large loop antenna, of which 
several varieties for both transmitting and receiving are covered. We will 
also look at some in-between size loops that 1 have dubbed “smaller large 
loops’ to distinguish them from small radio direction finding loops. 


QUAD LOOPS 


The quad loop antenna (Figure 7.1) is perhaps the most effective and 
efficient of the large loop antennas, and it is certainly the most popular 
The quad loop consists of a one wavelength loop of wire formed into а 
squate shape. It provides about 2 dB gain over a dipole. The views in 
Figure 7.1 are from the horizontal perspective looking at the broad side 
of the loop. The azimuthal radiation pattern is а figure b. like a dipole, 
with the directivity in and out of the page. 

The quad loop can be fed in either of two ways. Figure 7.1A shows the 
feed attached to the bottom wire segment, and this produces horizontal 
polarization. The same polarization occurs if the feedpoint is in the top 
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horizontal segment. If the feed is in either vertical segment (Figure 7.18) 
then the polarization will be vertical. 

The elevation pattern is shown in Figure 7.2. This pattern is found when 
the top horizontal segment of the loop is quarter wavelength from the 
ground. The directivity is in and out of the page. Note that there are two 
sets of lobes, one horizontally polarized (a minor lobe) and two vertically 
polarized. These lobes are derived by taking a slice out of the three-dimen- 
sional pattern that would be seen as a figure & pattern from above. 

The overall length of the wire used to make the loop is found from 


FIGURE 7.2 
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Examples of wire lengths for loops of various frequencies are given in 
Table 7.1, Each side is one-fourth of the total wire length, 

There are several methods for constructing the quad loop. If you want a 
fixed loop, then it can be suspended from insulators and ropes from con- 
venient support structures (tree, mast, roof of a building). 

If you want to make the loop rotatable, then use a construction method 
similar to that of Figure 73A. This method uses a plywood gusset plate, 
approximately 30 cm square, to support a set of four spreaders. The gusset 
plate can be attached to a mounting pole or rotator pole with U-bolt 
clamps. Details of the gusset plate construction are shown in Figure 7.38. 
The four spreaders are held to the gusset plate with two to four small U- 
bolts. The gusset plate is held to the mounting mast with two or three large 
U-bolts. In both cases, be sure to use a substantial size U-bolt in order to 
prevent breakage (use stainless steel wherever possible) 

The spreaders can be made of wooden dowels at very high frequency 
(VHF). I have even seen larger cylindrical wooden dowels (2-3 em diameter) 
used for quad loops in the upper end of the HF spectrum. For all other HF 
regions, however, you can buy fiberglass spreader specially manufactured 
for the purpose of building quad loops or quad beams. At one time, it was 
popular to build the quad loops from bamboo stalks. These were used as the 
соге on which carpet was rolled, and carpet dealers would sell them for a 
modest price or even give them away. Today, however, carpet manufac- 
turers use hard cardboard tubes for the roller, and these are unsuitable 
for building quad loops. Bamboo stalks of the right size (2.5-4m) have all 
but disappeared from the marketplace. 

The quad loop can be fed with coaxial cable, although it is a good idea to 
use а 1:1 BALUN transformer at the feedpoint if only coaxial cable is used. 
The impedance match is not exact, and a voltage standing wave ratio 


TABLE 71 
Tentar frequency Lloveralllangih] 1/4 Teach sida) 
MHz im) mh 
8170 2043 
6128 1832 
720 4256 1083 
975 3143 786 
1420 2158 539 
2130 1439 359 
2450 1250 313 
2900 1057 264 
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(VSWR) will be found. The feedpoint impedance is of the order of 100 
ohms, so the VSWR when 75 ohm coaxial cable is used is only 100/75, or 
1.33:1. Some people use a coaxial cable impedance matching stub between. 
the quad loop feedpoint and the coaxial cable to the rig or receiver. Such a 
stub, called a Q-section, is made of 75 ohm coaxial cable, and is a quarter 
wavelength long. The coaxial cable to the rig or the receiver in that case is of 
ohms. 

To make an electrical quarter-wavelength matching stub you must 
shorten the physical length by the value of the velocity factor of the coaxial 
cable used for the matching section. For example, suppose we are building a 
quad loop for 1425MHz. A quarter wavelength in free space is 
75/1425 = 5.26m. But if polythene dielectric coaxial cable (velocity factor 
(VF) = 0.66) is used, the physical length required to make an electrical 
quarter wavelength is 5.26m x 0.66 = 3.472 m. If polyfoam dielectric coax- 
ial cable (VF = 0.82) is used for the matching section, then the required 
physical length is 4.31 m. 


QUAD LOOP BEAMS 


‘The basic quad loop is bidirectional (figure 8 pattern). If you want to make 
the loop unidirectional, it can be built into a beam antenna by adding a 
second loop as either a reflector (Figure 7.4A) or director (Figure 7.48), The 
reflector and director elements are not directly excited by the transmitter, 
and are therefore called parasitic elements. The reflector is slightly larger 
than the main loop (called the driven element), while the director is slightly 
smaller. The overall wire sizes are found f 
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The directivity of the two-loop beam is always in the direction of the smal- 
lest element, as seen by the arrows in Figure 7.4, and the forward gain will 
be about 7 dBd (9.1 dBi), while the front-to-back ratio will be up to 25 dB 
(the actual value depends on the spacing of the elements) 

The quad loop beam has a tradition that goes back to just before World 
War IL. The missionary short-wave radio station HCJB in Quito, Ecuador 
жаз experiencing problems with its Yagi beam antennas. There was a con- 
stant corona discharge off the ends of the elements because the tips are high- 
voltage points. At lower altitudes than Quito's Andes location, these anten- 
паз do not exhibit the problem, but at altitude the arcing was severe enough 
to create a constant (and expensive) maintenance problem for the engineers. 
They invented the quad beam to solve the problem. The reason is that the 
feed method puts the high-voltage nodes in the middle of the vertical seg- 
ments. It takes a much higher voltage to cause corona arcing from the 
middle of a cylindrical conductor than off the ends, so the problem was 
eliminated. 

Ham operators and some commercial stations quickly picked up on the 
quad beam because it offered a relatively low-cost method for obtaining 
directivity and gain. In addition, the quad beam is believed to work better 
than the Yagi beam in installations that are close to the Earth's surface (e.g. 
less than а half wavelength). 

The quad antennas shown here are two-clement designs. Three and 
more elements can be accommodated by using both a reflector and a 
director, or any combination of multiple directors or reflectors. It is com- 
mon practice (but by no means totally necessary) to use one reflector and 
as many directors as are needed to accomplish the desired number of 
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elements. Each element added to the array will increase the gain and 
narrow directivity. The feedpoint impedance is around 60 ohms, so it 
makes a reasonably good impedance match to both 52 and 75 ohm coaxial 
cable, 


DELTA LOOPS 


The delta loop (Figure 7.5) gets its name from the fact that its triangular 
shape resembles the upper-case Greek letter delta (A). These three-sided 
loops are made with a full-wavelength piece of wire, each side of the egui- 
lateral triangle being one-third wavelength long. 

Three different feed schemes are shown in Figure 7.5, but all three of 
them attach the feedline at an apex of the triangle. The antenna in Figure 
7.5А is fed at the top apex, that in Figure 7.5B is fed at bottom apex, while 
that in Figure 7.5C is fed at one of the side apexes (either right or left could 
be used). 

The overall length (in meters) of the wire used to make the delta loop is 
found from 306.4; ын, only if the antenna is mounted far enough from the 
ground and surrounding objects to simulate the elusive ‘free space“ 
ideal. But for practical delta loops а nearer approximation is found 
from 288 Pal. The actual size will be between the two values. 

A delta loop built for 9.75 MHz is shown in Figure 7.6. The overall 
formula length of the wire is 29.23m, with each side being 9.74m. The 
transmission line to the rig or receiver is S2ohm coaxial cable. There is a 
coaxial quarter-wavelength impedance matching section (Q.section’) 
between the antenna feedpoint and the line to the receiver or rig. The 
Qsection is made from 750hm coaxial cable. 
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The physical length of the Q-section is reduced from the free space quarter 
wavelength (75 ss, m) by the VF, to (75 x VF)/Funzm. At 9.75 MHz, if 
polythene coaxial cable is used (VF = 0.66) the length of the section is 5.1 m, 
but if polyfoam coaxial cable (VF = 0.82), then it is 6.3m. 


"ON-THE-CHEAP' ROOM LOOP 


There are many situations where short-wave antennas cannot be installed. 
without great pain and suffering, or where landlords, building managers, 
and other sundry unsympathetic types refuse to permit outdoor antennas. If 
you have a wall inside the building that will allow erection of a normal quad 
loop (as shown above), then there is no reason why you cannot attempt it 
(unless you are inside a metal frame or metal sided building!) 1 have seen 
cases where ham operators running relatively low-power levels (50-100 W) 
used full-wave quad loops mounted on the wall from floor to ceiling. In fact, 
one fellow sent me a photo of his installation where there were two adjacent 
quad loops on two walls that were at right angles to each other. By feeding 
them both along the vertical edge in the corner he was able to switch direc- 
tions with a simple double-pole double-throw (DPDT) heavy duty switch. It 
seemed like a good solution for anyone who finds messy wire an acceptable 
wall decoration, 

Another solution is to use a room loop antenna such as that in Figure 7.7. 
Although shown here as a horizontal delta loop, it сап also be square or 
rectangular. The on. dhe cheap room loop is mounted on the ceiling of the 
room. The wire can be suspended from the type of hooks used to hang 
planters and flower pots. I have even seen cases where the sort of hooks 
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used to mount pictures on the walls were used on the ceiling to support the 
antenna wire. 

The loop size is adjusted to fit the room, and is essentially a random 
length as far as any particular frequency is concerned. The feedline is 
300 ohm, 450 ohm or parallel open feedline run vertically down the wall at 
the operating position to a balanced antenna tuning unit. 

This antenna works well for receiving sites, and can be used for low 
powered transmitters, but it should not be used for higher power transmi 
ting. Also, it is probably prudent to use insulated wire for the antenna 
element. 


INDOOR ‘MIDDLE-EAST ROOM LOOP’ ANTENNAS 


There are many reasons why someone might want to build а room loop 
antenna. For some people, the problem is one of unsympathetic landlords, 
while in other situations there are problems in the layout of the property 
that limit antennas. In the USA, most new housing developments impose 
legally binding restrictive convenants that forbid the use of outdoor anten- 
паз on the deeds of houses sold. In some countries, short-wave radio anten- 
nas are limited because of political considerations. The antenna design in 
Figure 7.8 was sent to me via one of my magazine columns by a reader in a 
Middle-Eastern country that severely restricts both external antennas and 
the bands which short-wave receivers can pick up. He is limited to models 
that receive 4-7 MHz in addition to only a 200 KHZ portion of the АМ 
broadcast band and a 2 MHz segment of the FM broadcast band (what 
paranoia those politicians must havel). He also felt that it was necessary 
to not call attention to himself by erecting the short permitted outdoor 
antennas because, as a foreign worker, he is already somewhat suspect, 
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dand believed that а substantial external antenna might label him as some 
sort of intelligence agent. 

He claimed that this antenna worked quite well. The loop consists of 
30-40m of insulated wire (e.g. No. 22 hook-up wire) wound around the 
room to form three or four loops (the figure assumes a square room). My 
correspondent mounted the loop at the intersection of the ceiling and the 
walls. The windings were closely wound with little or no spacing between 
the windings 

The chap who sent me this design used an antenna tuner consisting of a 
shunt 365 pF broadcast variable and a 28 pH series inductor (i.e. a classic L- 
section tuner of the sort used by many radio amateurs and short-wave 
listeners). From some of my experiences during my student days (when 1 
lived in student boarding house rooms), the antenna tuner might be purely 
optional for receiver operators. Try connecting your receiver directly to the 
loop using ordinary coaxial cable. 
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If you have some means for measuring the antenna impedance or VSWR, 
then make the measurement for the frequencies of interest before commit- 
ting yourself to building or buying a tuner. Another option that will elim- 

nate the antenna tuner, especially if you confine the use of the antenna to a 
small segment of the HF spectrum, is to use а BALUN of other form of 
impedance transformer at the Feedpoint. This option becomes less viable as 
the frequency coverage required increases because the feedpoint impedance 
will vary all over the place with changes in frequency. 

Lcannot as yet recommend this antenna for transmitting above the purely 
ФЕР level (a few watts), so do not try it except at your own risk. 

The directivity of this antenna is a bit uncertain because it will change 
with frequency. I found no problems using similar loops in my boarding 
house room, but common sense suggests that the azimuthal and elevation 
patterns will be quite different at the various bands throughout the HF 
short-wave bands, 


A MULTIBAND SWITCHABLE DELTA LOOP 


Wire antennas are among my favorites because they are low cost, reasonably 
well behaved, and can easily be erected and then torn down as the experi- 
menting urge hits. Alternatively, if the urge to experiment is not something 
that hits you very often, or if you prudently lay down and let it pass when it 
does, then wire antennas are still (normally) easy to erect and are reasonably 
robust against the elements, They last a long time with reasonable main- 
tenance. As might be expected of a book that deals with wire antennas, we 
take a look at quite a few different wire antennas. This time, we аге going to 
look at two multiband delta loop antennas based on both the G4ABS and 
the МАРС designs. These antennas produce gains of the order of 4-8 dB, 
depending on the band of operation. 


Multiband Loop 1 


The first loop antenna works on 3.5, 7, 14 and 28 MHz, and is constructed 
of No. 14 antenna wire and a 10m piece of either 300 or 450 ohm twin-lead 
transmission line, With slight modification, it will also work on a series of 
bands starting at SMHz and proceeding up through the HF short-wave 
band. 

Figure 7.9A shows the multiband delta loop antenna design. There are 
four sections to this antenna. Two sloping side sections are made of No. 14 
antenna wire, and are 10m long. The top section is 9.75m of No. 14 antenna 
wire, but is cut in the center to form two equal-length sections. Hanging 
from the center of the top section is a vertical section made of twin-lead 
transmission line (10m), 
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то make this antenna work on the international short-wave bands rather 
than the ham bands, multiply these dimensions by 0.7. This isan example of 
dimensions scaling. It can be done by taking the ratio of the frequencies, and 
‘multiplying the resultant factor by the lengths. Scaling only works if all of 
the lengths are treated in this manner. 

The two sloping side sections and the vertical section are brought to a 
connector board made of an insulating material such as ceramic, Plexiglas or 
even dry wood (if it can be kept dry and low power levels are used). We will 
take a look at the connection schemes for the different bands in a moment 

The antenna is supported in a manner similar to a dipole or any other 
wire antenna. The cut at the center of the top section, with its connections to 
the vertical section, are supported by an end insulator. The ends of the top 
half sections are supported by end insulators and ropes to nearby structures, 
just like а dipole. In some cases, a 10m or higher wooden mast might be 
used to support the center of the top section. in that case, the vertical section 
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FIGURE 7.9 (continued) 
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can be tied to it, improving its mechanical support. In addition, the connec- 
tions board (used for band changing) can be mounted close to its base 

Figure 7.9B shows the connections scheme to make the antenna work on 
the four different bands (which, you will undoubtedly notice are the harmo- 
nically related HF bands). All connections go to stand-off insulators, 
labeled A, B, C, D, E, and F. The cheapest way to use these connection 
points is to manually connect a shorting wire between the appropriate term- 

ls. People with a bit more money to spend might want to get some coaxial 
relays, radio frequency relays, or vacuum relays in order to perform the 
switching. For receiver and very low-power transmitter applications, the 
connectors can be five-way binding posts that accept a banana plug. The 
shorting could be done with short (very short!) pieces of wire tipped at each 
end with the banana plugs. The connections scheme is as follows: 


(1) To make the antenna work on the 75/80 bands (3.5-4.0 MH), short 
B-C, A-E, and D-F. 

(2) To make the antenna work on 40m (7.0-7.3 MHZ), short B-A-E and 
CDF. 

(3) To make the antenna work on 20m (14.0-14.35 MHZ), short B-E and 
CF. 

(4) To make the antenna work on 10m (28.0-29.7 MHz) short A-E and 
BE 


My impression of the multiband delta loop is that it works about as well 
as a dipole, and is generally bidirectional. However, the pattern does seem to 
change considerably from band to band (which is to be expected). 1 do not 
want to say much about how it changes because propagation effects are so 
different on the four bands that it would take a very long time of observing 
signals to get a good idea of what the pattern looks like. Any statement 
about patterns, other than it appears to change from band to band, would 
be unwise without extensive modeling or some actual measurements. 


Multiband Loop 2 
The other form of multiband loop is shown in Figure 79C. This design uses 
a full-wave loop with the balanced feedline connected at one of the apexes of 
the triangle, and a quarter-wavelength stub. Both rhe stub length and the 
overall length (L + L2 + L3) are calculated at the highest frequency of 
operation. It will operate over three bands that are harmonically related 
(eg. 310/140 MHz, or 5/1/15 MHZ, ete), The overall length in meters 
is found from (LI + L2 + L3) =615/Fyuu. while the stub is 60/Finu 
(assuming that the usual form of twin-ead is used, which has а VF of 
0.82). Both of these antennas produce patterns broadside from the loop 
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plane, although both the azimuthal and elevation radiation patterns vary 
from one band to another 


DOUBLE-DELTA LOOP 


The double-delta loop antenna (Figure 7.10) consists of a back-to-back pair 
of large horizontal delta loops fed 180° out of phase with each other. The 
view shown isa plan view, ie. as seen from above. The far corners of the two 
delta loops are connected together by a 180° phase-reversing harness made 
from a length of 450 ohm twin-lead or parallel ladder line. The 180° phase 
reversal is achieved by twisting the twin-lead over on itself once (and only 
once). 


aso on 
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FIGURE 7.10 


LARGE LOOP ANTENNAS 143 


The feedline to the receiver or its antenna coupler is another piece of 
4500hm twin-lead connected to the mid-points of the two conductors of the 
180 phasing harness, This transmission line will make a decent if not perfect 
match to receivers that have a balanced input. Use of a 4:1 BALUN trans- 
former at the feedpoint will drop the impedance to about 112 ohms, which is 
not too bad а match for 75ohm coaxial cable. On the other hand, if you 
want a near-perfect match, then opt instead for a 9:1 BALUN transformer 
and connect the receiver using 52 ohm coaxial cable. There are several forms 
of 9:1 BALUN transformer on the market, but are sometimes hard to find 
except by mail order. If such a transformer is not available, then you will 
have to build it yourself (which is not too great a chore). 

The length of each of the four sides of the double-delta loop is about a 
quarter wavelength, and is found from 


meters 

Let us look at some examples: a 60m band antenna cut for S MHZ and a 
31m band antenna cut for 9.75 MHz (assume 1 did the arithmetic on my 
calculator, with the results tabulated below): 


FIM Meters 
500 1320 
эль 627 


The delta loop antenna is well regarded because it performs similarly to 
the quad loop, but is somewhat easier to install when the site only has a 
single high point. A friend of mine in Ireland uses a tall tower for his 20m 
beam antenna. The tower becomes the upper support for a 75/80m delta 
loop made of wire 


SMALLER LARGE LOOPS 


The loops in this section are physically smaller than the one-wavelength 
loops of the previous sections. Few of them will work as well as the full- 
size loops, but they will work passably well, and can be installed at sites that 
will not accommodate the larger variety. I call them ‘smaller large loops’ to 
distinguish them from the small loops used in radio direction finding. 


Half-wavelength loop 


The half-wavelength loop is 4/8 on each side, and is one-half the size of the 
full-wavelength quad loop discussed earlier. There are two configurations 
for this loop. The closed-loop version (Figure 7.11A) transmits and receives 
in the direction opposite the feedpoint, while the open-loop variety (Figure 
7.118) transmits and receives in the opposite direction. 
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FIGURE 7.11 


The two half-wavelength loops differ not just in the direction of radiation 
but also in the feedpoint impedance. The antenna in Figure 7.11A (closed- 
loop version) is fed at a voltage node, while the current node is in the middle 
of the opposite segment. As a result, the feedpoint impedance is several kilo- 
ohms, This means that a matching stub, impedance transformer or some 
other means of reducing the impedance is necessary. The open-loop variety 
(Figure 7.11В) forces the current to be a minimum at the open-circuit point, 
Which means that the current maximum (and voltage minimum) occurs at 
the feedpoint, The open-loop version can be directly fed with coaxial cable. 
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These antennas are lossy, so have a poor front=to-back ratio (=6 dB) and 
по gain over a dipole. Indeed, the gain is —1 dBd. Of course, if you want to 
make it seem like a better antenna, then quote the gain over isotropic, which 
is about +1.1 dBi. 


Inductor-loaded smaller large loop 
Figure 7.12A shows a less-than-fullsize loop that is inductively loaded to 
lower the resonant point. The overall length of the wire used to form the 
Loop is found from 


0 
meters 


Each side is one-fourth this length. Note that the loop is a bit larger than 
а half wavelength, 

The inductor should have а reactance of about 2500 ohms at the fre- 
quency in the middle of the band of operation. For example, if you build the 
antenna for reception in the 31m band (e.g. 9.75 MHZ), then the overall 
length of the antenna is 180/9.75 = 18.46m, and each side is 4.62 m long. 
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FIGURE 7.12 (continued) 


The coil inductance required can be found from: 


O microhenrys 


For the 9.75 MHz example antenna, the value of the inductance required 
is (400/9.75 MHZ) = 41 pH. 

For receiver sites, the inductor can be a small toroid core coil. For 
example, if the 2.Sem red core T-106-2 is used, then 55 turns of small 
diameter wire are required to make the inductor. 

The antenna is not recommended for transmitting above the lowest 
power levels, Even at modest power levels (e.g. 100W), a solenoid wound 
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air core сой should be of the order of 4-5 em diameter with wire in the No. 
14 size. 

The antenna is fed at the mid-point of the side opposite the inductor. A 
1:1 BALUN transformer is used to interface the feedpoint to 52 or 75hm. 
coaxial cable. 

A variation on the theme is the half-wavelength loop shown in Figure 
7.128. It is а tad smaller than the previous inductor load loop. In this case, 
the inductance is split into two inductors, and are placed at the mid-points 
of the segments adjacent to the segment containing the feedpoint. The coils 
in this variety should have a reactance of 360 ohms, making the inductance 

s 


mierohenrys 


Faw 


Both of these antennas can be used in a beam array by placing two 
tical loops facing each other (Figure 12.7C), and separated by a spacing 


meters 


The two antennas are fed in-phase, so there are two methods of attaching 
the transmission line. If you want to use parallel line or 450 ohm twin-lead, 
then connect the phasing harness straight across and connect the transmis- 
sion line to the mid-point. But if you wish to use coaxial cable, then feed the 
antenna as shown in Figure 12.7C, using a 1:1 BALUN transformer. The 
А50 ohm twin-lead phasing harness between the elements should be twisted 
over on itself once, as shown. 


The diamond loop 
The diamond loop antenna is shown in Figure 7.13. This antenna is a 
shortened, fattened quad loop consisting of two equilateral triangles back 
to back. The length of each side, plus the height dashed lin) of the two 
principal apexes, is found from 


L 


E meters 


In order to feed this antenna with coaxial cable, а 4:1 BALUN transfor- 
mer is used between the coaxial cable and the feedpoint of the antenna. 


Halfdelta loop 


The antenna in Figure 7.14 achieves a smaller size by being grounded. It is 
essentially one-half of a full-wave delta loop, with the other half being 
“imaged” in the ground. The wire forms a right triangle, with the vertical 
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section being 4/6 and the sloping section being 2/3. These lengths are found 
from 


meters 


Fm 


and 


meters 


5 Nau, 


The antenna is inherently unbalanced with respect to ground, so can be 
fed directly with 52 ohm coaxial cable 
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Two-band compact loop 
Most of the loops discussed thus far are basically monobanders, unless 
multiple loops are built on the same frame and fed in parallel. The loop 
in Figure 7.15, however, operates on two bands that are harmonically 
related to each other. For example, if FL is the lower band, and FH is 
the higher band, then FH = 2 x FL. 

"The overall length of the loop is a half wavelength, but it is arranged not 
into a square but rather into a rectangle in which the horizontal sides are 
twice as long as the vertical sides, Le. the horizontal elements are а quarter 
wavelength and the vertical sections are one-eighth wavelength. The section 
lengths are 


Horizontal 


Luo 75 meters 
Vertical 
Lor 575 meier 


In both equations, the frequency is the center frequency of the lower band 
of operation, 

The vertical stub is made of 600 ohm parallel open-wire transmission line, 
although 450 ohm twin-lead could also be used. The length of the stub is 
found from the same equation (above) as the vertical segment if open-wire 
line is used. If twin-lead is used, then multiply that distance by the velocity 
factor of the transmission line. 

The coaxial line is a Q-section made of 75 ohm transmission line. It is cut 
to a quarter wavelength of the upper band, ie. twice Кын, used in the 
calculations above. 


FIGURE 7.15 
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THE BI-SQUARE REALLY LARGE LOOP 


The bi-square loop in Figure 7.16 is twice as large as the quad loop discussed 
earlier in this chapter. The overall length of the wire is two wavelengths, so 
each side is a half wavelength long. The overall length is calculated from 


Ens = үр meters 
While each side i: 
146.25 
Lose = meters 


The bi-square antenna can be used on its design frequency, and also at 
one-half of its design frequency (although the patterns change). At the 
design frequency, the azimuthal pattern is a clover leaf perpendicular to 
the plane of the loop, and is horizontally polarized. At one-half the design 
frequency the radiation is vertically polarized, and the directivity is end fire. 
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VHF/UHF QUAD BEAM ANTENNA 


Figure 7.17 shows a VHF/UHF quad beam with four elements. Although 
irs technically possible to build such a beam for a lower frequency than 
УНЕ, it is not too practical because of mechanical considerations. But at 
VHF and UHF frequencies the dimensions of the elements become less 
large, and therefore more manageable. These dimensions аге: 


Reflector: 
31500 
Laer = Fem 
Driven element: 
30600 
oe = em 
Directors 
29700 
ов Fa, en 
Spacing between elements 
$000 em 
Fm 


Where all elements lengths are in centimeters (em). 

The antenna can be made of thin or thick wire. In the thin wire (#10 
through #18) version, a support such as Figure 7.3 is needed. In the thick 
wire version, clothes line or other thick wire (400 to #10) is needed. In that 
case, it might be possible to erect the antenna without any support other 
than the boom that holds all four elements. 
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СНАРТЕК 8 


Wire array antennas 


The antennas found in this chapter are any of several array designs that use 
quarter-wavelength, hall-wavelength, or other radiator elements arranged in 
a fixed array. There are several ways to categorize array antennas, А coll. 
near array con 

0.652 (some texts say 12), fed such that the currents in the elements are in- 
phase with each other 

Arrays are also classified according to the directivity: broadside arra 
radiate and receive along a line perpendicular to the plane of the antenna, 
while end-fire arrays radiat and receive off the ends of the elements. 

The down side of these types of antennas is that many of them require 
parallel open-line transmission line (although some can use 300 or 450 ohm 
twin-lead), and impedance matching stubs. But we can handle that problem. 
Chapter 3 showed what parallel line and the two forms of twin-lead tran 
mission line look like 

Some of the antennas can be fed directly with a 4:1 or 1:1 BALUN 
transformer and 750hm coaxial cable, but in many cases an impedance 

natching stub is needed (see Chapter 11). The BALUN transformers can 
either be homemade, or store-bought. Although antenna and scanner sup- 
plies distributors sel very high-frequency (VHF) BALUN transformers, you 
can also use television-style BALUN transformers. These may not be called 
BALUNS on the package, but are recognized by the fact that they have a 
connector at one end, and a piece of 300 ohm twin-lead at the 


sts of two or more elements, ranging in length from 0.25; to 


coaxial 
other 
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There are several antennas that fit either tightly or loosely into the general 
category of "array antennas.” The selection of which antennas to put in this 
chapter, and which to put in Chapter 5 (dipoles, doublets), was not entirely 
clear in each case. This ambiguity was especially annoying when looking at 
antennas such as the double extended Zepp, which I put in Chapter 5. The 
problem is that antennas such as the double extended Zepp are quite prop- 
erly called array antennas even though they look suspiciously like doublets 
(which they are, of course). Other antennas were less difficult to place 
‘unambiguously in one chapter or the other. 


ARRAY ANTENNAS 


The idea in an array antenna is to provide directivity and gain by using two 
ог more antenna elements in such a way that their fields combine and 
interact to focus the signal in one direction, or a limited number of direc- 
tions (e.g. bidirectional, like a dipole). Figure 8.1A shows an array not 
unlike some of those in this chapter. It consists of two half-wavelength 
dipoles stacked one on top of another a distance (S) apart. The view here 
is broadside from the horizontal direction, so the dipole fed at Al. A is 
positioned above that which is fed at ВІ. B 

Опе requirement of this form of antenna is that the two half-wavelength 
dipoles be driven in-phase with each other (some other antenna arrays want 
out-of-phase excitation). That means that the phase of the signal applied to 
A1-A2 is exactly the same as the phase of the signal applied to В1-В2. This 
is accomplished with either of the two methods shown in Figure 8.1B and 
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FIGURE 8.1 
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SC. In Figure ВАВ, a piece of parallel transmission line is connected 


between the feedpoints such that A1 is connected to BI, and A2 is connected 
to B2. Another piece of parallel feedline from the receiver or transmitter is 
connected at the exact mid-point on the harness between the two dipoles. 
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When this is done correctly, the voltages appearing across А1-А2 are 
exactly the same amplitude and phase as the voltages across BI-B2, 

In the method used in Figure 8.1C, the parallel line from the rig or 
receiver is connected to the feedpoint of one dipole (in this case BI-B2). 
In order to preserve the 180° phase relationship between the elements, the 
feedline phasing harness between A1-A2 and Bl. Be must be twisted once 
such that AI is connected to B2, and A2 is connected to BI 

The gain realized by stacking the two half-wavelength dipoles in this 
manner is a function of the spacing (S) between the elements. The approx- 

mate gain above isotropic that can be realized is shown in Figure 8.1D 
(note: to convert to gain above a dipole, subtract 2.14 dB from each 
value). Note that the gain peaks at about 6.94 dBi (or 4.8 dBd) in the vicinity 
of 52/8 (0.6252). This is the maximum gain realizable from this configura- 
tion. Although it looks good, there are sometimes other factors that deter- 
iorate gain performance, so some experimentation with element spacing is 
usually in order for those who desire peak performance. 

The antenna pattern produced by phased array antennas depends on the 
mature of the elements, the spacing between them and the ratio of the 
currents flowing in the elements. In the simple case of two elements spaced 
a half wavelength apart, we will see the general patterns of Figures 8.1E and 
IF. These patterns are azimuthal plots as seen from above; the antennas 
are omnidirectional vertical radiators. The pattern in Figure &.IE is for the 
case where the two antenna elements are fed in-phase with each other 
The maxima are perpendicular to a line between the two antennas, while 
the minima are off the ends. Feeding the antennas out-of-phase with each 
other (Figure 8.1F) flops the pattern over so that the maxima are along 
the line between the elements, and the minima are perpendicular to this line. 

There are a large number of patterns for various spacings and phase 
angles. The originals were developed in 1929 by a chap named Brown, 
and published in the USA in The Proceedings of the Institute of Radio 
Engineers (now the Institute of Electrical and Electronics Engineers). 
Brown’s patterns are reproduced in The ARRL Antenna Handbook and 
апу of several antenna engineering handbooks. Now let us look at some 
antennas. 


TWO-ELEMENT COLLINEAR ARRAY 


One of the simplest forms of gain array antenna is the two-element collinear 
array (shown in Figure 8.2 as a side view). It consists of two half-wavelength 
dipoles spaced a half wavelength apart. This antenna gives a gain of 3 dB, 
and is a broadside array (when viewed from above the pattern is perpen 
cular to the line between the antenna elements) 
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FIGURE 8.2 


Each antenna element is a half wavelength, but the actual lengths and the 
equations used to calculate them аге a little different for the HF and VHF) 
UHF bands 


HF band lengths 


On the HF bands (3-30 MH) the antenna is most likely mounted close to 
the Earth's surface, so there will be some end-effect reduction of the antenna 
length due to capacitive coupling. There is also a small reduction (2-3%) 
due to the velocity factor of the signal in the wire (this is set by the length/ 
diameter ratio of the wire). As a result, the length of the elements is typically 
reduced 4-5% compared with the free space length. The gap between the 
dipoles, however, is calculated at the free space value. Thus, 


з 
meters 


and 


meters 
ps 


"Typical lengths for popular bands are given in Table 8.1 


TABLE 8:1 
Band (VHA Am Bim 
700 2040 2143 
975 1463 1540 
1420 1006 1055 
1600 899 939 
2125 670 707 


2440 585 616 
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VHF/UHF band lengths 


The physical length of the dipoles for VHF can be calculated from the free 
space version of the equation because these antennas are typically installed a 
sufficient number of wavelengths above the Earth's surface that the free 
space constant is reasonable. Thus, both 4 and B are the same physical 
length. These lengths are found as Aum = Ben = 2324/ ыц, where Zu, 
is the frequency in megahertz. Thus, at 150 MHz, the half wavelength is 
1549 em; at 450 MHz it is 5.16 em; and at 800 MHz it is 291 cm. 

The antenna in Figure 82 is a little inconvenient in one respect: it 
requires two transmission lines connected in parallel. This is easily accom- 
plished by using 7Sohm coaxial cable from each antenna element to a "tee" 
connector, and then a piece of 52 ohm cable from the der connector to the 
receiver. At HF frequencies this antenna can take up а lot of ‘footprint’ 
space 

A different solution is shown in Figure 8.3. The antenna elements are 
separated by only a few centimeters, rather than a half wavelength. The gain 
drops to 1.6 dB for two elements (although for three elements itis 3 dB, and 
for four elements it is 42 dB). The antenna is fed by 450-600 ohm parallel 
line or twin-lead. The feedpoint impedance will be as low as 1 kilo-ohm if 
tubing is used, and up to 4-6 kilo-ohms if wire is used. This is one of those 
antennas where a matching stub is needed, 

The fourelement version of the antenna is shown in Figure 8.4 (it is 
called the collinear array or Franklin array). This antenna is similar to the 
two-element version of Figure 8.3, but with an additional half-wavelength 
element tacked onto the ends. The additional elements are separated by 
quarter-wavelength phase reversal stubs, The stubs are needed to keep the 
phase of the currents flowing in the outer elements the same as the currents. 
flowing in the center elements. These stubs are made from the same type of 
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FIGURE 8.4 


transmission line as the half-wavelength matching stubs, but are half as 
long. 

Another collinear array is shown in Figure 8.5. This antenna offers 3 dB 
of gain, and can be fed directly from 750hm coaxial cable through a 4:1 
BALUN transformer. The antenna consists of three half-wavelength ele- 
‘ments, but the center element is fed at the center point (a quarter wavelength 
from each end). The quarter-wavelength phase reversal stubs are used 
between the center element and the two outer elements, 


FOUR-ELEMENT BROADSIDE ARRAY 


A four-element vertical broadside array is shown in Figure 8.6. Although 
often implemented using aluminum tubing, the array can easily be erected 
using wire elements as well. This antenna has four half-wavelength elements 
spaced a half wavelength from each other. Like the antenna above, the 
radiation direction is perpendicular to the line between the antennas, or in 
and out of the page. 

The antenna elements are fed by a length of 600 ohm parallel line that 
connects all four together. But notice that the outside elements are fed by 
reversing the phase. This means that the transmission line must be twisted 
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before being connected to the end elements; the unused conductor is left 
floating. The feedpoint impedance of this antenna is 200-300 ohms, so it can 
be fed with either 52 or 75 ohm coaxial cable if a 4:1 BALUN transformer is 
provided. Gains of the order of 6-8 dB are realized with this antenna. 


EIGHT-ELEMENT BROADSIDE ARRAY 


The cight-clement broadside array shown in Figure 8.7 is built using similar 
methods to the previous antenna, but with two bays of elements rather than 
just one. The overall height of the array is one wavelength (although half- 
wavelength versions can also be built at some cost to gain). As in the pre- 
vious case, the elements are spaced а half wavelength apart and are fed at 
their bases through 600 ohm parallel line that is twisted at the ends. Rather 
than breaking one conductor to connect the feed, this antenna connects the 
BALUN transformer across the antenna phasing harness wires. Note also 
that а 1:1 BALUN is used here, rather than а 4:1 device as above. This 
antenna is capable of as much as 12 dB gain. 


THE LAZY-H ARRAY 


The lazy-H array is a special case of the doublet array in which the doublets 
making up the array are one wavelength long (Figure 8. ВА), fed in-phase 
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FIGURE 8.7 


with each other. The directivity of this antenna is broadside, and so radiates 
in two directions into and out of the page. This view is as seen from the front 
ог back, so note that the two one-wavelength doublets are stacked one on 
top of the other. 

Gains for the lazy-H antenna vary with the spacing between the doublets 
(5), and will be as low as 4 dB at 34/8 to almost 7 dB at 34/4 spacing. The 
antenna should be installed at least a quarter wavelength above the Earth's 
surface. 

The two doublets in the lazy-H must be fed in-phase with each other 
When the feed arrangement is as shown in Figure 8.8A, i.e. with the feed- 
point in the center, the transmission line phasing harness is connected 
straight across (no twisting). If only single-band operation is anticipated, 
then the feedpoint impedance will be a reasonable match to 7S ohm coaxial 
cable; а 1:1 BALUN transformer is used to connect the coaxial cable to the 
phasing harness. For multiband operation, however, it is necessary to use 
tuned feeders to an antenna tuning unit. 

An alternative feed scheme is shown in Figure 8.8B. In this arrangement, 
the feedpoint is at the feedpoint of one of the doublets, rather than in the 
center of the harness. In order to preserve the in-phase relationship, the 
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harness must be twisted once as shown. The feedpoint impedance is around 
3000 ohms, so a quarter-wavelength matching stub is needed in order to 
effect a reasonable match to the coaxial transmission line. Again, for multi“ 
band operation tuned feeders are advisable. 


CURTAIN ARRAYS 


The curtain arrays in this section are variations of the broadside arrays. The 
antenna shown in Figure 8.9 is a small Sterba curtain array, larger versions 
of which are often used by high-power international short-wave broades 
ters. It can be fed with either 300ohm twin-lead, or with 75 ohm coaxial 
cable if a 4:1 BALUN transformer is provided at the feedpoint. 

The Sterba curtain antenna can be built of wire or aluminum tubing, 
although the wire option is probably the most popular at НЕ, and tubing 
at VHF. An advantage of these antennas is that they can be built for 
frequencies in the 6-7 MHz range (where wire construction is preferred), 
(ou have enough room, and also well into the VHF region (in which case 
aluminum tubing construction is preferred). 

The signal is bidirectional, and is broadside to the array (in and out of the 
page). Gain is of the order of 6 dB, although it rises with added numbers of 
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The antenna in Figure 8.10 (our micro-Sterba) uses elements of two 
different lengths (2/2 and 2/4), labelled A and B. These lengths can be 
calculated from 


149 


31m, B 


At 16 MHz, these lengths work out to be A 
162 MHz, А = 0.92m and B = 0.46m. 

The horizontal distance between horizontal elements should be 10.2 
15cm. In wire antennas, an ordinary end insulator placed between two 
elements will usually suffice. 

The Sterba curtain concept сап be extended by adding sections, which of 
course also increases gain. The version shown in Figure 8.10 provides gain 
up to 8 dB, and is basically a pair of the previous antennas back to back. 
The feedpoint is matched using a quarter wavelength stub and а 1:1 
BALUN transformer. As with the other antennas, this is a broadside array, 

The multisection Sterba curtain array shown in Figure 8.11 uses five 
loops, and is fed at the end with 3000hm twin-lead (or a 4:1 BALUN 
connected to 7Sohm coaxial cable). Gain will be up to 9 dB or so, but at 
the cost of a lot of space (each 4-section is a half wavelength long). 

The Bruce array is shown in Figure 8.12. This type of array is built using 
a long wire folded and fed in such a manner that the current nodes (i.e. 
points of high current) are in the centers of the vertical elements, while the 
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FIGURE вл 
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Voltage nodes (points of low current) are in the centers of the horizontal 
elements. About 9 dB can be achieved with this antenna. 

A variant Bruce array is shown in Figure 8.13. This antenna consists of 
two cross-connected sections, each of which are made of quarter-wavelength. 
elements. The feedline is connected at the points marked X1- X2. The impe- 
dance at this point is around 700-800 ohms. If a 9:1 BALUN transformer is 
used, then this point can be fed with 75 ohm coaxial cable with only a small 
voltage standing wave ratio (VSWR), assuming single-band operation. It is 
also possible to feed this antenna on a single band with a quarter-wave- 
length matching stub, along with a 1:1 BALUN transformer. If you want to 
operate on two harmonically related bands, however, tuned feeders and an 
antenna tuner are required. 


“SIX-SHOOTER' ARRAY 


The array shown in Figure 8.14A is sometimes called the 'sivshooter" 
because it consists of six half-wavelength elements. In structure it is much 


x pa 


FIGURE 8.13 


166 ANTENNA TOOLKIT 


like the Sterba curtain shown earlier, with the end elements open circuited 
rather than connected together. This antenna is capable of gains between 7 
and $ dB, 

The lengths of the elements in Figure 8.14A are calculated as shown in 
the figure. The horizontal elements are each calculated from 
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While the vertical separation between the two rows of horizontal ele- 
теш» is caleulated from 
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These antennas are relatively easy to construct of either wire or tubing, 
and should be considered whenever you want gain on the cheap. 

Like other broadside arrays, the 'six-shooter is bidirectional, and sends 
ог receives sipnals in and out of the page as you view the drawing. Опе 
variant that I saw on a 10 m amateur radio band 'six-shooter is shown in 
Figure 8.14B. In this version, a screen is placed a quarter wavelength behind. 
the antenna. Signals traveling toward the screen from the antenna are 
reflected back toward the antenna element, Because the spacing is a quarter 
wavelength, the signal reflected arrives back at the antenna in phase, so 
reinforces the signal going in the other direction. A gain improvement of 
3 dB over the gain of the unscreened version is realized. 

The screen can be almost any form of reflective plane. Although one 
could use sheets of copper or aluminum, this approach is not the best for 
most purposes. The reason is that the reflector then has a tremendous “sail 
‘area’ and so will be susceptible to wind problems. A better solution might be 
to use metal window screening (if you can stil get it), or "chicken wire” (ie. 
the kind of wire used to screen chicken coops). Alternatively, one could also 
create an effective screen by connecting wires in a square matrix, provided 
that the gaps are only a small fraction of a wavelength (ie. <8). 


THE BOBTAIL CURTAIN ARRAY 


The bobtail curtain (Figure 8.15) is something of a favorite in the HF short- 
ave bands (with both listeners and ham operators) when very low angles of 
radiation are required. A low angle is the desired condition for maximizing 
the distance received by any given antenna (a good ‘DX’ antenna has an 
angle of radiation that barely kisses the horizon). The bobtail curtain fits 
this requirement rather nicely. Although it is easiest to construct for the 
upper HF bands, it is not beyond reason for many sites for 75/80m band 
amateur radio operation or 60m band short-wave activity 

The bobtail curtain consists of three quarter-wavelength radiators (В) 
connected at their tops by half-wavelength sections (4). Because the anten- 
mas are а quarter wavelength, the proper lengths are of the order of 19.82 
21.34m for the 75/80m band and 14.63m for the 60m band. For the 13m 
band, on the other hand, the lengths of the vertical radiators are only 2.9. 
3.05m. The connecting half-wavelength sections are twice these lengths. 
Note that the current which is injected into the center section must split 
at the top, and only one-half of the line current of the center radiator flows 
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n each side radiator. This results in a binomial current distribution between 
the elements. 

The gain of the bobtail curtain is 7-10 dB, with a figure ‘$ pattern 
broadside to the antenna. In trials some years ago, I witnessed a well- 
made bobtail curtain that only exhibited 5-6 dB (keeping in mind the difi- 
culty of measuring antenna gain in эйи), but even 5 dB is relatively decent 
compared to a dipole (nearly an S-unit on conservatively specified recci- 
vers). The directivity of the bobtail curtain is better than the dipole, but not 
quite as good as a set of three vertical radiators fed in-phase with each other 
(which will produce nearly the same pattern), 

The bobtail curtain is fed at the base of the center element through a 
parallel tuned LC tank circuit used for impedance matching. The coaxial 
cable is connected to either a tap on the inductor (as shown) or to a link or 
primary winding (a couple of turns of wire) to the main inductor. The values 
of the inductor and capacitor are set such that the reactances are equal to 
1100 ohms. For operation up to 20 MHz, a 50 pF variable capacitor will 
normally be satisfactory, although at higher frequencies the minimum capa- 
citance of the typical 50 pF unit may be too high for the required capaci- 
tance (only a few picofarads). The inductor will vary from about 10 to 
50 Н. The various inductances can be provided by either a variable induc- 
tor, or a fixed inductor with taps at the required inductance points 


THE THORNE ARRAY BOBTAIL CURTAIN 
ANTENNA, 


The Thome Array Bobtail Curtain (TABC), shown in Figure 8.16, is 
basically a standard bobtail curtain array turned upside down, and fed 
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їп a different manner. Bidirectional gains up to 5 dB have been measured 
on the 15m band, although 1 suspect that the gain is due largely to 
compression of the elevation lobe of the antenna. This antenna has a 
very low angle of radiation, so works well for long-DX in the upper 
end of the short-wave spectrum. On the 15m ham band, from a location 
їп Texas, I have worked very loud Australian and New Zealand stations 
that were a lot less audible on the quarter-wavelength vertical and dipole 
antennas at the same location (and received much better signal reports of 
my own signal) 

The TABC consists of three vertical quarter-wavelength (3/4) radiators 
(B) separated by half-wavelength (4/2) phasing elements (4). The two 
outer vertical elements are electrically connected to the corresponding 
phasing element, but insulated from the center vertical element. The two 
phasing elements are electrically connected to each other by a very short 
jumper wire. The center conductor of the S2ohm coaxial cable to the 
receiver is connected to the base of the center vertical element, while the 
coaxial shield is connected to the jumper between phasing elements, and to 
ground. 

The lengths of the two sections are A =91/Fung meters and 
B = 46/F yu. meters. For the 24 MHz band, the horizontal or phasing 
sections are 3.64 meters long while the vertical sections are 1.84 meters 
long. 

‘Mechanically, the antenna is basically supported by dipole-like antenna 
end insulators and ropes to various masts or support structures (trees, build- 
ings, ete.. If you prefer, the vertical sections can be replaced with 12-50mm. 
aluminum tubing, but you will have to provide some form of mounting for 
the tubing. 
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FOLDED DIPOLE 'X-ARRAY' 


The array shown in Figure 8.17 uses four folded dipole antennas arranged in 
an *X-array" pattern to provide about 6 dB gain, The antenna elements are 
made from 300ohm Win ad. The ends of the twin-lead conductors are 
shorted together in this type of antenna. The arrangement is two elements in 
each of two bays. In each bay, the inner ends of the folded dipole elements 
are spaced 0.24 apart, while the two bays are spaced 1.252 apart. The 
transmission line harnesses (P) are 0.457 long. These transmission line har- 
nesses are connected in phase with each other at the high impedance side of 
а 4:1 BALUN transformer; 7Sohm coaxial cable carries the signal to the 
receiver. АШ four elements in Figure 8.17 аге in the same plane, and the 
direction of radiation reception is perpendicular to that plane (i.e. in/out of 
the page). 


PHASED VERTICALS 


Figure 8.18 shows the basic two-element phased vertical array, This antenna. 
uses two quarter-wavelength wire radiators erected in a vertical manner, 
spaced а half wavelength apart. Ropes or heavy twine can be used to sup- 
port the antenna elements, The antenna element lengths are found from 
Les = 75/ Fw, While the spacing between them is Dyers = 150/ Fun: 
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There are two ways to feed this antenna, and both use a coaxial cable tee” 
connector to split the signal from the rig between the two antennas. If you 
want to feed the antennas in phase, then the two segments of cable from the 
der to the antenna elements are equal lengths. But if you want to feed the 
elements 180° out of phase, then make one length 4/4 and the other 32/4. In 
the case of in-phase feed, the directivity and gain are in and out of the page, 
While when the antennas are in phase the directivity and gain are bidirec- 
tional on a line between the two antennas (see again Figures 8.1E and &.IF). 


W8)K ARRAY 


The WSJK array (Figure 8.19) is sometimes called the “flat-top" beam. It is a 
bidirectional, end-fire array that consists of two half-wavelength in-phase 
collinear doublets, in parallel and fed 180° out of phase with each other, 
spaced between 4/8 and 2/4 apart. Each element in each collinear doublet is 
214 long (dimension 4). The view in Figure 8.20 is from above, so the plane 
of the dipoles is horizontal to the Earth's surface. The gain will be from 
5.7 dBi at 2/4 spacing to 6.2 dBi at 4/8 spacing. Note that the spacing 
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between the elements of the same dipole is of the order of 
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meters 


The length of each wire element in the dipoles is found from: 
ns 


meters 


Raw 


The fecdline phasing harness between the center-feed points on the two 
dipoles is made of 450-600 ohm parallel transmission line (or 450 ohm twin- 
ead). The parallel feedline to the transmitter or receiver is attached to the 
phasing harness at points ХІ. ХО, at a distance (В) of about 5/2. 

The impedance at the feedpoint (X1-X2) is several thousand ohms, so 
will necessarily create a rather high VSWR. An impedance matching stub 
can be provided at the feedpoint to improve the match to the transmission 
line. However, if tuned feeders are used then this antenna is capable of 
‘multiband (harmonically related) operation. 

An end-fed version of the WSK array is shown in Figure 8.20. In this 
case, the C-dimension is the same as calculated above, but the 4-dimension 
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is not quite twice as long: 


по 
meters 


Raw 


As with the previous version, this antenna can be fed with a parallel tuned 
feeder, or with a matched line if an impedance matching stub is provided. 


STACKED COLLINEAR ARRAYS 

The collinear array antenna can be stacked as in Figure 8.21. This antenna 
consists of two collinear arrays (similar to Figure 8.5). The lengths of A, B 
and C are found from: 
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where А, B and C are in meters, and Fa is frequency in megahertz 
The two antennas are shown stacked vertically, although they can be 
stacked horizontally as well (although with a different pattern). 
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FIGURE 8.21 


LARGE REFLECTOR ARRAY ANTENNA 

Figure 8.22 shows a large-scale reflector array. It consists of a group of 
sixteen halfwavelength elements stacked vertically and horizontally. The 
elements are cross-connected with phasing harnesses. The spacing between 
elements is half wavelength, although the formula used to calculate this half 
wavelength is different from the half wavelength of the wire elements: 


Wire elements: 
143 
Tus 


Spacing: 
150 
Tus 
The reflector screen can be made of chicken wire or any other screening. 
‘material in which the holes are not more than about 2/12 in size. It is sized 
at least 2/8 larger than the outside dimensions of the array itself. The 
reflector screen is located а quarter wavelength behind the antenna array 
elements, The antenna array elements are made of either thin (#10 to #18) or 
thick wire (#000 to #10). 
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CHAPTER 9 


Small loop antennas 


In this chapter you will learn about small loop receiving antennas. The small 
loop antenna is almost ideal for DXing the crowded AM broadcast band 
and low frequency "tropical bands. These antennas are fundamentally dif- 
ferent from the large loop types previously discussed and are very often the 
antenna of choice for low frequency work. 

Large loop antennas are 0.5). or larger and respond to the electrical field 
component of the electromagnetic wave. Small loop antennas, on the other 
hand, are <0.12 (some sources say 0.172. and 0.222) and respond to the 
magnetic field component of the electromagnetic wave. One principal dif- 
ference between the large loop and the small loop is found when examining 
the radio frequency current induced in the loop when a radio signal inter- 
sects it. In a large loop, the dimensions in each section are an appreciable 
portion of one wavelength, so the current will vary from one point in the 
conductor to another. But in a small loop, the current is the same through- 
ош the entire loop. 

"The differences between small loops and large loops show up їп some 
interesting ways, but perhaps the most striking are the directions of max- 
imum response ile main lobes and the directions of the nulls. Both types 
of loop produce figure-of-eight patterns, but in directions at right angles 
with respect to each other. The large loop antenna produces main lobes 
orthogonal, at right angles or ‘broadside’ to, the plane of the loop. Nulls 
are off the sides of the loop. The small loop, however, is exactly the oppo- 
site: the main lobes are off the sides of the loop (in the direction of the loop 
plane), and the nulls are broadside to the loop plane (see Figure 9.14), 
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Don't confuse small loop behavior with the behavior of the loopstick 
antenna. Loopstick antennas are made of coils of wire wound on a ferrite 
or powdered iron rod. The direction of maximum response for the loopstick 
antenna is broadside to the rod with deep nulls off the ends (Figure 9.18). 
Both loopsticks and small wire loops are used for radio direction-finding 
and for shortwave, low frequency medium wave, AM broadcast band, and. 
VLF DXing. 

The nulls of a loop antenna are very sharp and very deep. Small changes 
of pointing direction can make a profound difference in the response of the 
antenna. If you point a loop antenna so that its null is aimed at a strong 
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FIGURE 9.18 


station, the signal strength of the station appears to drop dramatically at the 
center of the notch. But turn the antenna only a few degrees one way or the 
other, and the signal strength increases sharply. The depth of the null can 
reach 10 to 15 dB on sloppy loops and 30 to 40 dB on well-built loops (20 dB 
is a very common value). I've seen claims of 60 dB nulls for some commer- 
cially available loop antennas. The construction and uniformity of the loop 
are primary factors in the sharpness and depth of the null 

One of the characteristics of the low frequency bands in which small 
loops are effective is the possibility of strong local interference smothering 
weaker ground wave and sky wave stations. As a result, you can't hear co- 
channel signals when one of them is very strong and the other is weak. 
Similarly, if a co-channel station has a signal strength that is an appreciable 
fraction of the desired signal, and is slightly different in frequency, then the 
two signals will heterodyne together and form a whistling sound in the 
receiver output. The frequency of the whistle is an audio tone equal to the 
difference in frequency between the two signals. This is often the ease when 
trying to hear foreign broadcast band signals on frequencies (called split 
frequencies) between the standard 10 kHz spacing used in North and 
South America. The directional characteristics of the loop can help if the 
loop null is placed in the direction of the undesired signal. 

Loops are used mainly in the low frequency bands even though such 
loops are either physically larger than high frequency loops or require 
more turns of wire. Loops have been used as high as VHF and are com- 
monly used in the 10 meter ham band for such activities as hidden trans- 
mitter hunts. 

Let's examine the basic theory of small loop antennas, and then take a 
look at some practical construction methods. 
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AIR CORE FRAME LOOPS (‘BOX’ LOOPS) 


A wire loop antenna is made by winding а large coil of wire, consisting of 
опе or more turns, on some sort of frame. The shape of the loop can be 
circular, square, triangular, hexagonal or octagonal. For practical reasons, 
the square loop seems to be most popular. With one exception, the loops 
considered in this section will be square so you can easily duplicate them, 

The basic form of the simplest loop is shown in Figure 9.2. This loop is 
square, with sides the same length A all around. The width of the loop СВ? 
is the distance from the first turn to the last turnin the loop, or the diameter 
of the wire if only one turn is used. The turns of the loop in Figure 9.2 are 
depth wound, meaning each turn of the loop is spaced in a slightly different 
parallel plane. The turns are spaced evenly across distance H. Alternatively. 
the loop сап be wound such that the turns are in the same plane (this is 
called planar winding). In either case, the sides of the loop (‘A’) should be 
not less than five times the width (IB). There seems to be little difference 
between depth and planar wound loops. The far-field patterns of the differ- 
ent shape loops are nearly the same if the respective cross sectional areas 
(т^ for circular loops and А? for square loops) are <2” /100. 

The actual voltage across the output terminals of an untuned loop is a 
function of the angle of arrival of the signal a, as well as the strength of the 
signal and the design of the loop. The voltage V, is given by: 
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where: 
Y, is the output voltage of the loop 
A is the area of the loop in square meters (m°) 
A is the number of turns of wire in the loop 
E, is the strength of the signal in volts per meter (V/m) 
‘is the angle of arrival of the signal 
A is the wavelength of the arriving signal 


Loops are sometimes specified in terms of the effective height of the 
“antenna. This number is a theoretical construct that compares the output 
voltage of a small loop with a vertical piece of the same kind of wire that has 
a height of 


олма 
a = 


Ifa capacitor (such as Cl in Figure 9.2) is used to tune the loop, then the 
output voltage Va will rise substantially. The output voltage found using the 
first equation is multiplied by the loaded O of the tuned circuit, which can 
be from 10 to 100 (if the antenna is well constructed): 
ITANE; Qcos (a) 
Zo 

Even though the output signal voltage of tuned loops is higher than that 
оГ untuned loops, it is nonetheless low compared with other forms 
of antenna. As a result, a loop preamplifier is usually needed for best 
performance. 


TRANSFORMER LOOPS 


It is common practice to make а small loop antenna with two loops rather 
than just one. Figure 9.3 shows such a transformer loop antenna. The main 
loop is built exactly as discussed above: several turns of wire on a large 
frame, with a tuning capacitor to resonate it to the frequency of choice. The 
other loop is a one or two turn coupling loop. This loop is installed in very 
close proximity to the main loop, usually (but not necessarily) on the inside 
edge not more than a couple of centimeters away. The purpose of this loop 
is to couple signal induced from the main loop to the receiver at a more 
reasonable impedance match. 

The coupling loop is usually untuned, but in some designs a tuning 
capacitor (C2) is placed in series with the coupling loop. Because there 
are many fewer turns on the coupling loop than the main loop, its induc- 
tance is considerably smaller. As a result, the capacitance to resonate is 
usually much larger. In several loop antennas constructed for purposes of 
researching this chapter, I found that a 15-tura main loop resonated in the 
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AM broadcast band with a standard 365 pF capacitor, but the two turn 
coupling loop required three sections of a ganged 3 x 365 pF capacitor 
connected in parallel to resonate at the same Frequencies. 

In several experiments, I used computer ribbon cable to make the loop 
turns. That type of cable consists of anywhere from eight to 64 parallel 
nsulated conductors arranged in a flat ribbon shape. Properly intercon- 
nected (of which more later), the conductors of the ribbon cable form a 
continuous loop. It is no problem to take the outermost one or two con- 
ductors on one side of the wire array and use it for а coupling loop. 


TUNING SCHEMES FOR LOOP ANTENNAS 


Loop performance is greatly enhanced by tuning the inductance of the loop 
to the desired frequency. The bandwidth of the loop is reduced, which 
reduces front-end overload. Tuning also increases the signal level available 
чо the receiver by a factor of 10 to 100 times. Although tuning сап be a 
bother if the loop is installed remotely from the receiver, the benefits are well 
worth it in most cases. 
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There are several different schemes available for tuning, and these are 
detailed in Figure 9.4. The parallel tuning scheme, which is by far the most 
popular, is shown in Figure 94A. In this type of circuit the capacitor (CI) is 
connected in parallel with the inductor, which in this case is the loop. 
Parallel resonant circuits have a very high impedance to signals on their 
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resonant frequency, and a very low impedance to other frequencies. As a 
result, the voltage level of resonant signals is very much larger than the 
voltage level of off-frequency signals. 

The series resonant scheme is shown in Figure 9.48. In this circuit, the 
loop is connected in series with the capacitor. A property of seres resonant 
circuits is that it offers a high impedance to all frequencies except the reso- 
nant frequency (exactly the opposite of the case of parallel resonant cir- 
cuits). As a result, current from the signal will pass through the series 
resonant circuit at the resonant frequency, but off-frequency signals are 
blocked by the high impedance. 

There is a wide margin for error in the inductance of loop antennas, and 
even the precise-looking equations to determine the required values of cap: 
citance and inductance for proper tuning are actually only estimations. The 
exact geometry of the loop “as built” determines the actual inductance in 
each particular case. As a result, it is often the case that the tuning provided 
by the capacitor is not as exact as desired, so some form of compensation is 
needed. In some cases, the capacitance required for resonance is not easily 
available in a standard variable capacitor and some means must be provided 
for changing the capacitance, Figure 9.4C shows how this is done. The main 
tuning capacitor can be connected in either series or parallel with other 
capacitors to change the value. If the capacitors are connected in parallel, 
then the total capacitance is increased (all capacitances are added together) 
But if the extra capacitor is connected in series then the total capacitance is 
reduced. The extra capacitors can be switched in and out of a circuit to 
change frequency bands. 

Tuning of a remote loop can be a bother if done by hand, so some means 
must be found to do it from the receiver location (unless you enjoy climbing 
into the attic or onto the roof). Traditional means of tuning called for using 
а low speed DC motor, or stepper motor, to turn the tuning capacitor. A 
very popular combination was the little 1 to 12 RPM motors used to drive 
rotating displays in retail store show windows. But that approach is not 
really needed today. We can use varactor voltage variable capacitance 
diodes to tune the circuit 

A varactor works because the junction capacitance of the diode is a 
function of the applied reverse bias voltage. A high voltage (such as 30 
volts) drops the capacitance while a low voltage increases it. Varactors are 
available with maximum capacitances of 22, 33, 60, 100, and 400 pF. The 
latter are of most interest to us because they have the same range as the 
tuning capacitors normally used with loops. Look for service shop replace- 
ment diodes intended for use in AM broadcast band radios. A good sele 
tion, which 1 have used, is the NTE-618 device. It produces a high 
capacitance > 400 pF, and а low of only a few picofarads over a range of 
D to 15 volts. 
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Figure 9.5 shows how a remote tuning scheme can work with loop anten- 
nas. The tuning capacitor is a combination of а varactor diode and two 
optional capacitors: a fixed capacitor (CI) and a trimmer (C2). The DC 
tuning voltage (V, is provided from the receiver end from a fixed DC 
power supply (V+). A potentiometer (R1) is used to set the voltage to the 
Varactor, hence also to tune the loop. A DC blocking capacitor (C3) keeps 
the DC tuning voltage from being shorted out by the receiver input circuitry. 


THE SQUARE HOBBY BOARD LOOP 


A very common way to build a square loop antenna is to take two pieces of 
thin lumber, place them in a cross shape, and then wind the wire around the 
ends of the wooden arms. This type of antenna is shown in Figure 9.6. The 
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wooden supports can be made of 17x 2" lumber, or some other stock. A test 
Joop made while researching this book was made with two 3/16” x 3° x 24" 
Bass wood "hobby board stock acquired from a local hobby shop. Model 
builders use this wood as a stronger alternative to balsa wood 

The electrical circuit of the hobby board loop shown in Figure 9.6 is a 
transformer loop design. The main tuned loop is on the outside and consists 
of ten turns of #26 enameled wire. It is tuned by a 365 pF capacitor. The 

aner loop is used for coupling to the receiver and consists of a single turn of 
#22 insulated solid hook-up wire. 

Details for the boards are shown in Figure 9.7. Each board is 24 inches 
(61 em) long. At the mid-point (127 or 30.5 em), there is a finch (0.635 em) 
wide, 1.5 inch (3.8 em) long slot cut. These slots are used to mate the two 
boards together 
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‘At each end there are ten tiny slits made by a jeweler's saw (also called a 
‘jig saw in hobbyist circles) with a thin blade. These slits are just wide 
enough to allow а single 426 wire to be inserted without slipping. The 
slits are about 4 inch (0.635 em) long, and are $ inch (0.635 cm) apart. 
There are ten slits on both ends of the horizontal piece while the vertical 
piece has ten slits on the top end and 11 slits on the bottom end. The reason 
for offsetting the wire slits is to allow room on the other side of the 3 inch 
Width of the vertical member for a mounting stick 

When assembling the antenna, use wood glue on the mating surfaces, 
square them to be at right angles to each other, and clamp the two pieces in 
a vice or with C-clamps for 30 minutes (or longer if the glue maker specifies). 
Next, glue the support blocks into place and clamp them for a similar 
period. 


THE SPORTS FAN'S LOOP 


OK, sports fans, what do you do when the best game of the week is broad- 
cast only on a low-powered AM station ~ and you live at the outer edge of 
their service arca where the signal strength leaves much to be desired? You 
use the sports fan's loop antenna, that's what! I first learned of this antenna 
from a friend of mine, a professional broadcast engineer, who worked at a 
religious radio station that had a pipsqueak signal but lots of fans. It really 
works — one might say ir's а miracle. 

The basic idea is to build a 16-turn, 24 inch (61 em) square tuned loop 
(Figure 9.5) and then place the AM portable radio at the center (Figure 9.9) 
so that its loopstick is aimed so that its null end is broadside of the loop. 
When you do so, the nulls of both the loop and the loopstick are in the same 
direction, The signal will be picked up by the loop and then coupled to the 
radio's loopstick antenna, Sixteen-conductor ribbon cable can be used for 
making the loop. For an extra touch of class, place the antenna and radio 
assembly on a dining room table "Lazy Susan’ to make rotation easier. A 
365 pF tuning capacitor is used to resonate the loop. If you listen to only 
one station, then this capacitor can be a trimmer type. 


‘SHIELDED LOOP ANTENNAS 


The loop antennas discussed thus far in this chapter have all been 
unshielded types. Unshielded loops work well under most circumstances, 
but in some cases their pattern is distorted by interaction with the ground 
and nearby structures (trees, buildings, etc). In my own tests, trips to a 
nearby field proved necessary to measure the depth of the null because of 
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interaction with the aluminum siding on my house. Figure 9.10 shows two 
situations. In Figure 9.10A, we see the pattern of the normal ‘free-space’ 
loop, i.e., a perfect figure-of-eight pattern. But when the loop interacts with 
the nearby environment, the pattern distorts. In Figure 9.10B we see some 
filling of the notch for a moderately distorted pattern, Some interactions аге 
so severe that the pattern is distorted beyond all recognition, 
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The solution to the problem is to reduce interaction by shielding the loop, 
as in Figure 9.11. Loop antennas operate on the magnetic component of the 
electromagnetic wave, so the loop can be shielded against voltage signals 
and electrostatic interactions. In order to prevent harming the ability to pick 
ap the magnetic field, a gap is left in the shield at one point 

"There are several ways to shield a loop. You can, for example, wrap the 
loop in adhesive-backed copper foil tape. Alternatively, you can wrap the 
loop in aluminum foil and hold it together with tape. Another method is to 

ert the loop inside a copper or aluminum tubing frame. The list seems 
endless. Perhaps one of the most popular methods is to use coaxial cable to 
make a large single turn loop. Figure 9.12 shows this type of loop made with 
RG-S/U or RG-II/U coaxial cable. The cable is normally supported by 
wooden cross arms, as in the other forms of loop, but they are not shown 
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here for sake of simplicity. Note that, at the upper end, the coaxial cable 
shields are not connected, 

Another example is the antenna shown in Figure 9.13. This antenna is 
made of wide metal conductors, Examples include the same type of hob- 
byist's brass stock as used above. It can also be copper foil or some other 
stock that can be soldered. Some electronic parts stores sell adhesive backed 
foil stock used for making printed circuit boards. The foil can be glued to 
some flat insulating surface. Although K-inch plywood springs to mind 

mmediately, another alternative is found in artists’ supplies stores. 
Ordinary poster board is too floppy to stand up, but poster board glued 
to a Styrofoam backing can be used. It is extremely easy to work with using 
X-acto knives and other common household took. 

Two controls are used on this antenna. Capacitor СІ tunes the loop to 
the resonant frequency of the desired station. Potentiometer RI is used as a 
phasing control. The dimensions of the antenna are not terribly critical, 
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although some guidelines are in order. In the Villard article, he recom- 
mended a 40 cm (15.75-inch) square loop (‘A’). If the loop is 7.62 em 
(three inches) wide, the antenna will resonate at 15 MHz with around 
33 pF of capacitance. If the dimensions are increased to A = 91 cm 
(G6 inches) and В = 10.16 cm (four inches), then the inductance increases 
and only 28 pF are needed at 15 MHz. The larger size loop can be used at 
lower frequencies as well. For example, the 91 em loop will resonate at 
6 MHz with 177 pF. 

To use this antenna, position the radio's telescopic antenna close and 
adjacent to the loop hur nor touching it. The loop antenna can be rotated 
to find the best position to either null or enhance a particular station, The 
"Lazy Susan’ idea will work well in this case. 


TESTING YOUR LOOP ANTENNA 


When each loop prototype was completed, I tested it on the AM broadcast 
band over several evenings. The same procedure can be used with any 
loop. A strong local signal at 1310 kHz served to check the pattern. 
The station and my home were located on US Geological Survey 7.5 
minute quadrangle maps of my area (or the equivalent Ordnance Survey 
maps in the UK). The maps had adjacent coverage, so the compass bear- 
ing from my location to the station could be determined. Checking the 
antenna showed an ST/SS signal when the loop was endwise to the station 

that is, the station was in one of its lobes. Rotating the loop so that its 
broadside faced the direction of the station dropped the signal strength to 
less than SI, and frequently bottomed out the meter. Because my receiver 
has a 3 dB/S-unit calibration on the S-meter, I figured the null to be more 
than 20 dB, although it will take a bit more experimentation to find the 
actual depth. This test is best done during daylight hours, I found out, 
because there is always a residual sky wave cacophony on the AM band 
that raises the S-meter ‘floor’ in the null 


USING A LOOP ANTENNA 


Most readers will use a loop for DXing rather than hidden transmitter 
hunting, navigation, or other RDF purposes. For the DXer, there are 
actually two uses for the loop. One is when you are a renter or live in a 
community that has routine covenants against outdoor antennas. In this 
situation, the loop will serve as an active antenna for receiving AM broad- 
cast band and other low frequency signals without the neighbors or landlord. 
becoming annoyed 

The other use is illustrated by the case of a friend of mine. He regularly 
tunes in clear channel WSM (650 kHz, Nashville) in the wee hours between 
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Saturday evening (Grand Ole Оргу time) and dawn. However, that ‘clear’ 
channel of WSM isn’t really so clear, especially without a narrow filter in the 
receiver. He uses a loop antenna to null out a nearby 630 KHZ signal that 
made listening a bit dicey, and can now tape his 1940s/1950s vintage country 

It isn't necessary to place the desired station directly in the main lobes 
off the ends of the antenna, but rather place the nulls (broadside) in the 
direction of the offending station that you want to eliminate. So what 
happens if the offending station and the desired station are in a direct 
line with each other with your receiving location in the middle between 
them? Both nulls and lobes on a loop antenna are bidirectional, so a null 
on the offending station will also null the desired station in the opposite 
direction, 

‘One method is to use a sense antenna to spoil the pattern of the loop to a 
cardioid shape. Another method is to use a spoiler loop to null the undesired 
signal. The spoiler loop is a large box loop placed one to three feet (found 
experimentally) behind the reception loop in the direction of the offending 
signal. This method is detailed in Figure 9.14. The small loopstick may be 
the antenna inside the receiver, while the large loop is a box loop such as the 
sports fan's loop. The large box loop is placed about one to three feet behind 
the loopstick and in the direction of the offending station. The angle with 
respect to the line of centers should be 60° to 90°, which is also found 
experimentally. It's also possible to use two air core loops to produce an 
asymmetrical receiving pattern. 
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LOOP PREAMPLIFIERS 


All small loop antennas produce а weak output signal, so a loop preampl 
fier is indicated for all but the most sensitive receivers. The preamplifier can 
be mounted either at the receiver or the antenna, but it is most effective 
when mounted at the antenna (unless the coax to the receiver is short). 


‘SHARPENING THE LOOP 


Many years ago the Q-muliiplier was a popular add-on accessory for a 
communications receiver. These devices were sold as Heathkits and many 
construction projects were seen in magazines and amateur radio books. The 
Q-multiplier has the effect of seeming to greatly increase the sensitivity of a 
receiver, as well as greatly reducing the bandwidth of the front end. Thus, it 
allows better reception of some stations because of increased sensitivity and 
narrowed bandwidth. 

A Q-muliiplic is an active electronic circuit placed at the antenna input 
of a receiver. It is essentially an Armstrong oscillator, as shown in Figure 
9.15, that doesn’t quite oscillate. These circuits have a tuned circuit (L1/C1) 
at the input of an amplifier stage, and a feedback coupling loop (L3). The 
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degree of feedback is controlled by the coupling between LI and L3. The 
coupling is varied both by varying how close the two coils are, and their 
relative orientation with respect to each other. Certain other circuits use a 
series potentiometer in the L3 side that controls the amount of feedback. 

The Q-multiplier is adjusted to the point that the circuit is just on the 
verge of oscillating, but not quite. As the feedback is backed away from the 
threshold of oscillation, but not too far, the narrowing of bandwidth occurs 
as does the increase in sensitivity. It takes some skill to operate a Q-mulii- 
plier, but it is easy to use once you get the hang of it and is a terrific 
accessory for any loop antenna, 
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Yagi beam antennas 


The Yagi beam antenna (more correctly, the Yagi-Uda antenna, after both 
of the designers of Tohoku University in Japan 1926) is unidirectional. It can 
be vertically polarized or horizontally polarized with little difference in 
performance (other than the polarization!) The Yagi antenna can be rotated 
into position with little effort. Yet the Yagi antenna shows power gain (so it 
puts out and receives a stronger signal), reduces the interfering signals from 
other directions, and is relatively compact 


COMPOSITION OF A BEAM ANTENNA, 


The Yagi antenna is characterized by a single driven element which takes 
power from the transmitter (or is connected to the receiver), plus one or 
more parasitic elements. The parasitic elements are not connected to the 
driven element, but rather receive their power from the driven element by 
indirect means. The indirect means is that they intercept the signal, and then 
re-radiate them. 

The minimalist two element beam antenna may be composed of either a 
driven element and a reflector, or a driven element and a director. The 
reflector and directors are known as parasitic elements 

The parasitic reflector is three to five per cent longer than the half wave- 
length driven element. It provides power gain in the direction away from 
itself. It is inductive in reactance and lagging in phase, 
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“The parasite director is three to five per cent shorter than the half wave- 
length driven element. It provides power gain in its own direction, It is 
capacitive in reactance and leading in phase, 

The factors that affect the phase difference between the direct and re- 
radiated signals is determined principally by the element length and the 
spacing between the elements. Proper adjustment of these factors determines. 
the gain and the front-to-back ratio that is available, 

The presence of a parasitic element in conjunction with a driven element 
tends to reduce the feedpoint impedance of the driven element for close 
spacings (<}/2) and increase it for greater than 2/2 spacing. In general, 
beam antennas have element spacing of 0.12 to 0.252 (with 0.152 10 0.19% 
being common), so the impedance will be lower than the nominal impedance 
for a half wavelength dipole 


TWO-ELEMENT YAGI ARRAY 


Figure 10.1 shows the two-clement Yagi array antenna. This particular one 
uses a driven element and a director, so the direction of maximum signal is 
in the direction of the director. The gain of a two-clement Yagi is about 
5.5 dBd (gain above a dipole) for spacing less than 0.14 and the parasitic 
element is a director. For the case where a reflector is used, the gain peak is 
4.7 dBd at about 0.22 spacing. 
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The difference between reflector and director usage is quite profound. 
The usual curve shows the director with higher gain, but it is more respon- 
sive to element spacing. The reflector has less gain, but is more tolerant of 
spacing errors. 

The front-to-back ratio of the beam antenna is poor for two-element 
antennas. A compromise spacing of 0.15% provides front-to-back ratios of 
Sto 12 dB. 

The feedpoint resistance of the antenna is clearly not 73 ohms as 
would be implied by the use of a half wavelength dipole for a driven 
element. The feedpoint impedance will vary roughly linearly from about 5 
ohms at a spacing of 0.05% to about 30 ohms for spacings of about 
0.154. Above 0.152. the differences between director and reflector imple- 
mentations takes place. A reflector two-element beam feedpoint 
impedance will increase roughly linearly from 30 ohms at 0.154 to 
about 45 ohms at 0.25 spacing. The director implementation is a little 
less linearly related to spacing, but varies from about 30 ohms at 0.15% to 
about 37 ohms at 0.25% spacing. 


Element lengths 
The element lengths for a two-lement Yagi beam are given below 


Director Diretor = FS 
Deven demen: beg. 
— Sone E 
Where: 


Director is the length of the director. 
D.E. is the length of the driven element in meters (m) 
Spacing is the spacing between the elements in meters (m) 
ыц is the frequency in megahertz. 


These element lengths will result in 0.15% spacing, which is considered 
about ideal 
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THREE-ELEMENT YAGI BEAM 


Figure 10.2 shows a Yagi antenna made up of a half wavelength driven 
element, a reflector and a director. The gain of the array and the front-to- 
back ratio peaks at a particular boom length (boom not shown), which is 
indicative of the spacing between the elements. Maximum gain occurs at a 
boom length of 0.454. An example of a three-element Yagi antenna built on 
10.22 boom will provide 7 to 8 dBd forward gain, and a front-to-back ratio 
of 15 to 28 dB depending on the element tuning. 

The feedpoint impedance of the three-element beam is about 18 to 
25 ohms, so some means must be provided for adjusting the impedance to 
the 52 ohm coaxial cable. 
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Where: 
Director is the length of the director in meters (m) 
Ф.Е is the length of the driven element in meters (m) 
Reflector is the length of the reflector element in meters (m) 
Spacing is the spacing of the elements in meters (m). 


FOUR-ELEMENT YAGI ANTENNA. 


Figure 10.3 shows a four-element Yagi antenna, There is a tremendous 

acrease in forward gain by adding a second director to the three-element 
case, but the front-to-back ratio is poorer unless the spacing is increased 
from 0.15% to about 0,25. When all elements are spaced 0,152 apart, the 
front-to-back ratio is only about 10 dB, but at 0.252 the front-to-back ratio 
increases to 27 dB. 


Element lengths 


The dimensions calculated from the equations below will yield a forward 
gain of about 9.1 dBd, with a front-to-back ratio of about 27 dB. 
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Driven element 


Spacing 51 


Spacings 82 and S3: 


Where: 
Director is the length of the director element in meters (m) 
Ф.Е is the length of the driven element in meters (m) 
Reflector is the length of the reflector element in meters (m) 

1, S2 and S3 are in meters (m). 


SIX-ELEMENT YAGI ANTENNA 


Computer studies of Yagi antenna arrays demonstrate that Hie element 
antennas are litle more than four-element antennas, despite the extra direc 
tor. But the addition of two additional directors adds significantly to the 
guin. The six-element antenna (Figure 10.4) shows a gain of nearly 10.5 did 
and a front-to-back ratio of nearly 35 dB. Unfortunately, a six-element 
antenna is quite large, even with 0.154 element spacing, At 14 MHz the 
‘antenna soars to about 16 meters boom length, 
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Element lengths 


Director 
Driven element: DE HA 
Reflector: 

Element spacing Spacing = 
Where 


Director is the length of the director elements in meters (m) 
D.E. is the length of the driven element in meters (m) 
Reflector is the length of the reflector element in meters (m) 
Spacing is the spacing between the elements in meters (m). 


IMPEDANCE MATCHING THE BEAM ANTENNA. 


The feedpoint impedance of most beam antennas is lower than the feedpoint 
impedance of a half wavelength dipole (72 ohms), despite the fact that the 
half wavelength dipole is a driven element. The feedpoint impedance may be 
as low as 18 to 20 ohms, and as high as 37 ohms. At 37 ohms there is a 
reasonable match to 52 ohm coaxial cable (1.41:1), but at 25 ohms the 
VSWR is more than 2:1. The typical solid-state transmitter will shut 
down and produce little RF power at this VSWR. What is needed is a 
means of matching the impedance of the beam to 52 ог 75 ohm coaxial 
cable, 

The gamma match is shown in Figure 10.5. It consists of a piece of coaxial 
cable connector such that its shield is to the center point on the radiating 
element (L), and its center conductor goes to the matching device. The 
dimensions of the gamma match of Figure 10.5 are as follows: 


(L is the driven element length) 


1 
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Where: 
L, А and B аге in meters (m). 
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Impedance matching 


It is common practice to match the impedances of the antenna, transmission 
line, and either the receiver or the transmitter. The reason can be seen in 
Figure 11.1. Although the example selected is for a transmitting antenna, 
because of reciprocity the same notions also apply to the receive antenna, 
although power flows are reversed (and considerably smaller) 

The case shown in Figure LIA is for the matched case, ie. the trans- 
mitter output impedance, the transmission line impedance, and the antenna 
feedpoint impedance (which is the "loaď) are all the same (e.g. 50 ohms). 
The thickness of the arrow is intended to represent the relative power level. 

In this situation, forward power from the transmitter is sent toward the 
load end of the transmission line. When the radio frequency (RF) signal 
reaches the load itis completely absorbed. Some of it will go towards heating 
the load, and part of it will be radiated. The loss to heating in a well- 
designed, properly installed antenna is negligible, so it is not unreasonable 
to show the arrow representing the radiated portion as the same size as the 
forward power. The implication of the system being matched is that all of 
the power from the transmitter is radiated and can become a useful signal. 

When the load and source are mismatched, as in Figure 11.1В, not all of 
the foward power is absorbed by the load. Some of it is reflected back down 
the transmission line toward the transmitter. When this reflected wave inter- 
feres with the forward waves still propagating up the line, the result is 
standing waves (see Chapter 2). The measure of the standing waves is the 
standing wave ratio (SWR, or VSWR if voltage is measured) 


p 
P — 
= 3m m zu 
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The existence of the reflected power wave has some implications in prac- 
tical systems. First, it represents a loss. The reflected power is not available 
to contribute to the radiated signal. If no other losses occur, then this loss 
might prove tolerably low, but that is rarely the case. At some frequencies. 
and in some situations, the goal is to squeeze out as much signal as possible. 

Second, some transmitters, mostly modern designs with solid-state final 
RF power amplifiers, are intolerant of high VSWR loads. In the early days 
of solid-state transmitters, the first of which were CB rigs, the expensive 
output transistors would often blow out when even a transient high VSWR 
situation occurred. Older vacuum tube (valve to UK readers) designs were 
more tolerant of a high VSWR. Although those systems experienced the 
VSWR loss problem, the transmitter was not harmed. Modern transmitters, 
оп the other hand, now include automatic load control (ALC) or other 
circuitry to begin reducing RF output power as the VSWR climbs. The 
shut down "knee" usually starts somewhere around а VSWR of 15:1, and 
the rig will be completely shut down at some VSWR between 2.5:1 and 3:1 
One rig produced 100 W of power at a VSWR of 1:1, but only 100mW at a 
VSWR of 25:1 

A third reason is that losses in coaxial cable can be quite severe, especially 
at higher frequencies. Those losses increase markedly with increasing 
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VSWR, especially in the lower grades of coaxial cable normally used for 
radio antennas. 

If the antenna feedpoint impedance does not match the feedline impe- 
dance, then a VSWR proportional to their ratio is created. Unfortunately, 
is not always possible to create an antenna with a feedpoint impedance equal 
to the characteristic impedance of the feedline. Unless some means is found 
to elect the match, then all of the gremlins associated with a high VSWR 

The solution to the problem is to provide an intermediate impedance 
matching device (Figure Il. c) between the transmitter (or receiver) and 
the antenna, The matching device might be an inductor-capacitor (LC) 
network, a transformer (e.g. а BALUN), or a transmission line matching 
section. The impedance matching device can be considered as a "black box" 
between two resistances (RI and R2, as in Figure 11.2). The property of the 
box is to provide the transformation that makes each resistor think it is 
looking at another resistor of the same value as itself. Although these 
devices are bilateral, i.e. the transformation occurs in both directions, it is 
common practice to use RI to represent the transmitter output impedance 
ог the receiver antenna input impedance, and R2 to represent the load 

mpedance (e.g. antenna feedpoint impedance). In most cases, the value of 
RI in transmitters is 50 ohms, and in receivers it will be either 50 ohms or 
300 ohms. 


1С MATCHING NETWORKS 


LC matching networks are combinations of inductance and capacitance that 
will allow an input impedance (R1) to be transformed to an output impe- 
dance (R2). The common name for these circuits is antenna tuner or antenna 
tuning unit (ATU). Several common forms of ATU circuit are shown in 
Figures 11.3-11.5. 

The circuits in Figure 11.3 are for the case where RI > R2. This situation 
might occur in vertical antennas, for example, where the feedpoint impe- 
dance varies from a few ohms to about 37 ohms, both of which are less than 
the standard 50 ohms used by the rest of the system. The circuit in Figure 
113A is one variant of the L-section coupler (Iwo other variants are shown. 
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in Figure 11.4). In this version, the capacitor shunts the line at the input of 
the network, and the inductor is in series with the line. 

Many homebrewed and commercial L-section couplers are designed so 
that changing jumpers or switch settings allows you to configure the induc- 
tor and capacitor in any of the three variants (Figures 11.3A, 114A, and 
1148). 

The circuit in Figure 11.4B is the xr-network. This type of circuit is often 
used for impedance transformation when RI is very much larger than R2 
(RI > R2). It was once very common as a transmitter output network 
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IMPEDANCE MATCHING 


because vacuum tube RF power amplifiers needed to match 3000-6000 ohm. 
anode impedances to 50 ohms for the antenna output. The network consists 
of two shunt capacitors on either side of a series inductor 

A series of four transmatch-style antenna tuning unit circuits is shown in 
Figure 11.5. These circuits are used in a wide variety of commercially avail- 
able high-frequency (HF) ATUs. Some of them use dual capacitors, i-e. two- 
section capacitors in which two separate capacitors share the same shaft, All 
of the capacitors in these should be wide-spaced “transmitting” capacitors if 
the ATU is used as part of a transmitting antenna. For receive-only cases, 
however, ordinary receiver-style variable capacitors сап be used. Although 
the invidual component values can be calculated, itis common to use 140 ог 
250 pF for the capacitors, and either 18 uH or 28 pH for the inductor 

The inductor is either a variable or switchable type. Variable inductors 
are built with a roller mechanism that selects the turns required for 
any specified value of inductance. However, these inductors can be quite 
pricey, so many builders opt instead for an air core inductor with several 
taps at various points along the coil. By selecting the tap one can change the 
inductance. 

The calculation of values for the various style of LC impedance matching 
network is not terribly difficult if you are trained in mathematics. But if you 
either prefer the convenience of computer calculations, or are a person who 
found a first course in algebra and trigonometry а daunting and fearsome 
experience, then you might wish to take advantage of the software supple- 
ment to this book, 


QUARTER-WAVELENGTH MATCHING SECTIONS 


The quarter-wavelength matching section, also called the Q-section, is made 
of transmission line (segment W in Figure 11.6). The characteristic impe- 
dance of the Q-section line (Za) is selected to provide impedance transfor- 
mation of the load impedance (Zi) to the characteristic impedance of the 
line (B) to the transmitter (Zu). In some cases, the Q-section is connected 
directly to the transmitter output (or receiver input), in which case Zi is 
transformed to Zs. 

There are two things that you must calculate when making a quarter- 
wave matching section: the physical length of the transmission line and the 
characteristic impedance required to match the load impedance to the source 
impedance. The physical length to make an electrical quarter wavelength is 
foreshortened from the physical quarter wavelength due to the velocity 
factor of the cable, The calculation is 
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Loses = тр meters 
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where L is the length in meters, Fi, is the center operating frequency in 
megahertz, and V is the velocity factor of the transmission line (either 0.66 
or 0,80 for coaxial cable - see Chapter 3). 

Calculating the required characteristic impedance requires knowledge of 
the value of the load impedance and the characteristic impedance of the 
transmission line to the receiver or transmitter. The calculation is 


Za = V AZ 
For example, suppose we wish to make a Q-section for matching a 100 
ома impedance (such as found at the feedpoint of a quad loop) to Sahm 
coaxial cable. If the match is not made, then the VSWR will be about 2:1, 
Which for many uses is clearly too high. The calculation is 


Za = V0 ohms) x 
Za = УЗ = 720hms 


The required characteristic impedance is 72 ohms, which is a very good 
match to 75 ohm coaxial cable. Lest you think this is an example contrived 
to make the arithmetic work out to a standard impedance found in coaxial 
cable catalogs (which it is), it is also a very real example that is used for a 
number of practical antennas. Clearly, though, if the result of this equation 
is not near enough to some standard coaxial cable to reduce the VSWR to 
‘an acceptable level, then some other means of matching the impedance must 
be found. 

The method of Figure 11.6 suffers from the limitations discussed above, 
namely the possible lack of a readily available characteristic impedance 
value. However, a much more general ease is shown in Figure 11.7. This 
is the series matching section method. Sections LI and 13 are made of the 
same type of cable, with the same characteristic impedance. The center 
section, L2, is made of a cable with a different characteristic impedance, 
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eg. 750hm coaxial cable or 300 ohm twin-lead. The calculation of the dif- 
ferent lengths is a bit daunting, so you are referred to the software supple- 
ment to this book in order to make the calculations. 

In both the series matching section and the Q-section (which is actually a 
limited special case of the series section), coaxial cable, twin-lead, or parallel 
line can be used for the transmission lines, even though only coaxial cable is 
shown here. 


MATCHING STUBS 


Another means for effecting the impedance match is to use either a quarter- 
wavelength or half-wavelength matching stub (Figure 11.8). The stub is 
sometimes mounted at the feedpoint of the antenna, and the transmission 
line is tapped on the stub at a point (LI) that matches the impedance. In the 
case shown in Figure 11.8А, a shorting bar is provided at the bottom of the 
stub. In some cases, the stub is open and the shorting bar is not used. 

Another case is shown in Figure 11.8B. In this circuit, the transmission 
line is connected directly to the antenna, and the stub is used to remove 
complex impedances by being positioned somewhere between the antenna 
feedpoint and a point (L1) that is a quarter wavelength down the transmis- 
sion line from the feedpoint. 

The final case is shown in Figure 11.8C. In this scheme, the transmission 
line is coaxial cable, otherwise this scheme is like Figure 11.8B. The three 
sections of coaxial cable are connected together using a coaxial ‘tee’ con- 
nector. Typically of the PL-259 SO-239 family, these connectors have three 
ports that are internally all connected together 

The lengths LI and L2 depend on the VSWR experienced on the parti- 
cular antenna, as well as the relationship of Z. and Za. Two cases are 


W > Ze 
LI = arctan VSWR degrees 


us 
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FIGURE 11.8 (continued) 


Note that the results of these equations are in degrees. In a transmission 
line, one wavelength equals 360°, a half wavelength is 180°, and a quarter 
wavelength is 90. You can scale the actual length against these values, 
keeping in mind the velocity factor of the transmission line. Consider an 
example, Suppose we need to match an antenna that has a 3:1 VSWR on its 
resonant frequency of 9.75Mhz using 300ohm twinead (V = 0.82). 
Further, the impedance of the load is 900 ohms (note: 
VSWR = 900/300 = 3:1). Because Zi > Zo, we use the first pair of equa- 
tions 


LI = arctan v3 

ace 
Д v 
casa A) 


= arctan (0365) 
=409 
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For a VSWR of 3:1, then we need LI = 60° and L2 = 409". We can 
calculate these as a fraction of a quarter wavelength (90°), using. 
2 257 


Length 


where "Length" is the physical length of the transmission line segment LI or 
L2, L is either L1 or L2 expressed in degrees as calculated above, V is the 
velocity factor of the transmission line, and Рун, is the operating frequency 
n megahertz 
For the 9.75 MHz cable, using 300 ohm twin-lead (V 
cal lengths are 


82), the phy: 


(60 7510.82) 

LI = 50) OH "ee 
3690 

1 8575 

= 42meters 

6009082 

12" 600905 

00079 


= 287meters 


The matching stub is used on a large number of antennas. Once you get 
away from the simple half-wavelength dipole fed with 75 ohm coaxial cable, 
the number of antennas that require some form of impedance matching 
increases considerably, and the matching stub is used for a lot of different 
designs. 


BALUN AND OTHER BROAD-BAND TRANSFORMERS —___ 


There are a number of different transformers used in impedance matching in 
antenna systems. The term Ba UN is used extensively, and it comes from 
BALanced-UNbalanced. Correctly used, then, the term "BALUN: refers to a 
transformer that matches a balanced load (e.g. a dipole antenna feedpoint) 
to an unbalanced load (e.g. coaxial cable). However, it has become common 
Gf erroneous) practice to use "BALUN in a generic sense to refer to any of 
the broad-band transmission line transformers. More correctly, some of those 
are balanced. balanced, so should be called BAL-BAL, and others are of an 
‘unbalanced-unbalanced configuration so are called UN-UN. I suppose 
BALUN sounds more like a word than BAL-BAL or UN-UN (note: 
some antenna and accessories catalogs do use these terms correctly, but 
the erroneous usage is also seen) 

One of the earliest forms of BALUN transformer is the coaxial cable 
BALUN shown in Figure 11.9. Both pieces of coaxial cable used in this 
BALUN transformer are of the same type (e.g. 75 ohm coaxial cable). When 
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connected in this configuration, the BALUN transformer produces а 4:1 
impedance transformation, which means that a 300ohm balanced antenna 
(eg. folded dipole) will look like a 75ohm unbalanced load. The coaxial 
cable to the ham rig or receiver can be of any convenient length. The 
BALUN section, however, must be a half wavelength long (keeping in 
‘mind the velocity factor). The length of the BALUN section is found from: 
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where Fu, is the frequency in megahertz and Vis the velocity factor (0.66 
for polythene coaxial cable, and 0.80 for polyfoam coaxial cable). 

A connection box for making the coaxial BALUN is shown in Figure 
11.9B. This box is intended for mounting on the antenna center insulator, 
and should not be used for supporting the antenna unless eye bolts or other 
тоге rugged fixtures are provided at the left and right ends. The balanced 
antenna feedpoint is connected to a pair of five-way binding posts, while the 
coaxial cable for the run to the rig or receiver and the BALUN sections (BI 
and B2) are connected to 50-239 coaxial connectors. 

The coaxial BALUN is designed for a specific frequency, but will work 
over a small margin either side of the design frequency (e.g. typically one НЕ 
ham band can be accommodated). But for wide-band operation, you might. 
want to build a broad-band transformer such as those shown in Figure 
11.10, Note that some of these transformers only show one core symbol 
(e.g. Figure 11.10A). Those transformers have all the windings on the same 
соге. The dots show the phase sense of the windings and indicate the same 
end of the winding) 

The two most common forms of BALUN transformer are those in 
Figures 11.10A and 11.10B. The version in Figure 11.10A has no impedance 
transformation, and is usually referred to as а 1:1 BALUN. The transformer 
їп Figure 11.10В, on the other hand, offers a 41 impedance transformation, 
so is equivalent to the coaxial BALUN shown in Figure 11.9A. The trans- 
formers in Figures II. oc and 11.10D are both UN-UNs, The configura- 
tion in Figure 11.10 produces a 9:1 impedance transformation, while that in 
Figure 11.10D produces a 16:1 transformation. 


FIGURE 11.10 
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The construction of сой BALUNS and broad-band transfo 
shown in Figure 11.11. The transformer shown in Figure ILIA is 
wound on a toroid core made of either powdered iron or ferrite material 
The toroid is doughnut shaped. It has the interesting attribute of containing 
the magnetic field to its own geometry, so has little interaction with its 
environment. This fact means that it will work like the book says more 
onen than certain other transformer core configurations, 

Note how the wires are wound on the toroid core. They are kept paired 
and lay next to each other. in this manner they are wound together as if they 
were only one piece. When two wires are used, this form of winding is called 
bifilar winding, When three wires are wound together in this manner, a trifilar 


FIGURE 11.11 


216 ANTENNA TOOLKIT 


winding is produced. The bifilar method is used to wind the transformer in 
Figure 11.108, while trifilar winding is used for that in Figure 11.10. 

"The solenoid winding method is shown in Figure 11.11B. The core can be 
either air (in which case a coil form is needed), or a ferrite rod (as shown). 
Again we see the use of either bifilar or trifilar winding, depending on the 
mature of the transformer being made. 

The so-called bazooka BALUN core is shown in Figures П.С and 
1111р, using two different winding styles. In the style of Figure 11.11C, 
the wire is passed through both holes to form a loop (internal winding’). 
Counting the number of turns в a little different than one might suppose. 
The case shown in Figure 11.11C is one turn, even though many people 
erroneously assume that itis half a turn. If one end of the wire is passed 
through both holes one more time, then there are two turns present. Both 
the primary and secondary windings can be wound in this same manner, 
laying one over the top of the other (the primary is usually laid down first). 
The case shown in Figure Il. ID shows an end view of the bazooka 
BALUN core. In this case, several turns are wound in both the internal 
and external winding styles. These two styles can be intermixed on the same 
form, but wherever possible you are advised to use the internal winding 
mode preferentially 

Figure 11.12A shows how a toroid core inductor or transformer is 
‘mounted on either a printed circuit board (PCB) or metal chassis. Fiber 
ог nylon washers are used to secure and protect the toroidal core, and nylon 
ог other non-metallic fasteners (machine screw and hex nut) are used to keep 
it in place. It is important to use non-metallic fasteners to keep from inter- 
fering with the operation of the transformer. Only in the ease of the largest 
toroids (> 5 or 6 cm in diameter) are metal fasteners usable, and even then 
there is some bad effect. 

The scheme in Figure 11.12B is used for transmitter ATUs and similar 
applications where the power is higher. Two or more 5 em or larger toroids 
are stacked one on top of the other. Each toroid core is first wound with 
fiberglass tape to insulate it from the other core. After the cores are wrapped. 
with tape and stacked on top of each other, a final layer of tape can be 
added to keep the whole assembly stable. The bifilar or trifilar windings are 
then laid down on the stacked cores. 

A number of manufacturers offer BALUNS, BAL-BALs, and UN-UNs, 

n both voltage and current configurations. Some are designed to replace the 
center insulator of an antenna such as the dipole. Others are intended for 
‘mounting elsewhere. The transformer in Figure 11.13 is intended for use on 
vertical antennas. The feedpoint impedance of the quarter-wavelength ver- 
tical will vary from something less than 5 ohms to about 37 ohms, depend- 
ing on the installation. The transformer of Figure 11.13 is an ОМ ОМ that 
has a single attachment point for 52ohm coaxial cable to the rig or receiver 
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The other four coaxial connectors are various load impedances that will be 
transformed to 52 ohms if that port is used. 


COMMERCIAL ANTENNA TUNERS 


An ‘antenna tuner" located at the transmitter end of the transmission line 
will not effect a good impedance match to the antenna, but it can mitigate 
the effects of a high VSWR on the transmitter. Even a single-band resonant 
antenna will exbibit a high enough VSWR at the ends of the band to upset 
the operation of the transmitter that is equipped with automatic load con- 
trol (that is, all modern solid-state rigs). Although antenna tuner construc 
tion is well within the abilities of most do-it-yourself "homebrewers; it is 
also likely that most will opt instead for a ready-built ATU. A number of 
reasonably priced models are available on the market, 

Figure 11.14 shows the MFJ-956 receiver S/M/L wave preselector tuner 
This device places a series resonant circuit in series with the antenna down- 
lead before it goes to the receiver. A single variable capacitor (365 pF mai- 
mum) is in series with an inductance. Four different switch-selected 
inductance values are provided (2.5 mH, 3304H, 22H, and ТЫН) to 
cover the range 150 kHz to 30MHz. When the inductor switch is in the 
BYP (‘bypass’) position, the preselector/tuner is effectively out of the circuit, 
and the antenna receiver combination works as normal. In the GND 
ground’) position, the antenna input of the receiver (but not the antenna) 
is grounded. 

Tuners for transmitting use are shown in Figures 11.15 and 11.16. The 
tuner in Figure 11.15 is the MEJ-949E Deluxe Versa Tuner Il. while that in 
Figure 11.16 is the MFI-986 Differential Tee tuner. These tuners are a bit 
larger than the standard receiver-only tuner, but are nonetheless just as 
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FIGURE 11.16 


useful to the rec 


eiver owner as well, The only thing that will not work for 
receiver owners is the VSWR metering system. These are based on the same 
technology as RF wattmeters, so require the output of a radio transmitter 
for excitation. Both models allow more than one antenna (although only 


one at a time!) to be switch selected. 
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CHAPTER 12 


Simple antenna 
instrumentation and 
measurements 


I is very difficult to get an antenna working properly without making some 
simple measurements, Although it would be nice to make pattern measure- 
ments, those are beyond the reach of almost all of us. On the other hand, the 
* worked [or heard] a guy on the other side of the world’ type of measure- 
‘ment tells us little or nothing. During the peak of the sunspot cycle a breath 
of hot air on the antenna can be picked up on all continents, 

"There are some things that can be measured, however. For example, the 
voltage standing wave ratio (VSWR) and the resonant frequency of the 
antenna are readily accessible. It is also possible to measure the impedance 
of the antenna feedpoint. Hams can measure the VSWR either with a special 
VSWR meter (often built into transmitters or antenna tuning units), or by 
using a radio frequency (RF) wattmeter 

By stepping through the band and testing the VSWR at various frequen- 
cies, one can draw a VSWR curve (Figure 12.1) that shows how the antenna 
performs across the band. The resonant frequency is the point where the 
VSWR dips to a minimum, You can use the resonant frequency to figure out 
Whether the antenna is too long (resonant frequency lower than the hoped- 
for design frequency), ог too short (resonant frequency above the design 
frequency). 

But resonant frequency and VSWR curves are not the entire story 
because they do not tell us anything about the impedance presented by 
the antenna. One cannot get the VSWR to be 1:1 unless the antenna impe- 
dance and transmission line impedance are the same. For example, а dipole 
has a nominal textbook impedance of 73 ohms, so makes a very good match 
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to 750bm coaxial cable. But the actual impedance of a real dipole may vary 
from a few ohms to more than 100 ohms. For example, if your antenna 
exhibits а feedpoint impedance of (say) 25 ohms, using 750hm coaxial cable 
to feed it produces a VSWR = 75/25 = 3:1. Not too great. Measuring the 
feedpoint impedance is therefore quite important to making the antenna 
work properly 

There are any number of instruments on the market that will aid in 
‘making antenna measurements, Some of them ate quite reasonably priced 
(or can be built), while others are beyond the reach of all but the most 
ardent and well-endowed enthusiasts. In this chapter we will look at RF 
power meters, VSWR meters, dip meters, noise bridges, impedance bridges, 
and a newer breed of more universal instrument called the SWR analyzer 
We will also look at a few accessories that are useful in the measurement ог 
adjustment of radio antennas (e.g. coaxial switches, attenuators, and 
dummy loads). 


RF POWER METERS AND VSWR METERS 


The RF power meter is designed to indicate the actual value of RF power (in 
watts). VSWR meters are similar, but are either calibrated in VSWR units or 
have a selectable scale that is so calibrated. Some RF wattmeters measure 
the voltage on the transmission line, while others measure the current flow- 
in the line. If things are done right, then these approaches work nicely. 
But sometimes those methods can be fooled. A better system is to measure 
both the current and the voltage and to display their product. Although this 
task sounds like a formidible instrumentation job, it is actually the way one 
of the most popular RF power meters works. The Bird Electronics Model 43 
(Figure 122) is one of the oldest and most popular professional-grade 
instruments. It uses a specially designed internal transmission line segment 
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FIGURE 122 


with sampling loops inserted in the form of plug-in "elements" (the round 
object with an arrow in Figure 12.2), The elements are customized for the 
RF power level and frequency range. The arrow on the element indicates the 
direction of the power flow. When the arrow points to the antenna feedline, 
the instrument is measuring the forward RF power, and if pointed toward 
the transmitter it is measuring the reflected RF power, 

Although the Model 43 type of meter will provide the RF power mea- 
surements more accurately under a wider range of conditions, a ham radio 
style VSWR meter/RF power meter will work well (and measure accurately) 
under most ham conditions. In addition, these instruments will provide а 
measure of the VSWR (with an RF wattmeter you need to calculate the 
VSWR). Figure 12.3 shows two typical ham-style VSWR/RF power meters. 
The instrument in Figure 123A is small and simple, but quite effective. It 
will measure forward and reflected power over the entire high-frequency 
(HF) band, as well as the VSWR. To measure the VSWR, set the full- 
scale/SWR switch (marked ‘FS’ and SR) to the FS position, key the 
transmitter, and adjust the knob to achieve a full-scale deflection of the 
meter pointer. When the FS/SWR switch is set to the SWR position, it 
will read the VSWR. These instructions, by the way, fit a large number of 
different instruments, by many manufacturers, in this same class 

The instrument in Figure 12.38 is for the very highjultrahigh frequency 
(VHF/UHF) bands. It does not have to be set as does the meter above. The 
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season is that it uses the 'crossed-needles" method of displaying forward and 
reverse power. Lines of intersection with the two scales form a species of 
nomograph that reads out the VSWR from observation of the point where 
the needles cross. This instrument also includes a peak reading function. 
Most passive RF power meters inherently measure the average RF power 
because of the inertia of the meter movement. But with active circuitry, ie. 
circuits that require direct-current power to operate, it is possible to sample 
and hold the peaks of the RF waveform. This meter then becomes more 
useful for measuring continuous-wave and amplitude-modulated waveforms 
(including SSB). Some authorities claim that the peak reading meter is pre- 
ferred for SSB operation - and I concur. 
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DIP METERS 


The dip meter works because a resonant circuit will draw power from any 
nearby field oscillating at its resonant frequency. An antenna that is cut to 
а specific frequency is resonant, so acts like an LC resonant circuit, At one 
time, these instruments were called grid dip meters because they were 
vacuum tube (‘valve’) operated. The metering monitored the grid current 
to detect the sudden decrease when the instrument was coupled to an 
external resonant circuit. Today, some people still use the archaic term 
‘grid dipper” even though dip meters have not had grids for nearly 30 
years. 

Figure 124A shows a typical dip meter. It consists of an LC oscillator in 
which the inductor is protruding outside the box so that it can be coupled to 
the circuit under test. A large dial is calibrated for frequency, and a meter 
monitors the signal level. Coils for additional bands are stored in the carry- 
ing case. 

The frequency dial of the dip meter beats some additional comment. It 
typically covers a very wide range of frequencies, yet the dip we need is very 
sharp. The calibration is none too accurate. As а result, it is wise to find the 
dip, and then use a receiver to measure the operating frequency while the dip 
meter coil is still coupled to the circuit being tested. This operation is a neat 
trick unless you are possessed with good manual dexterity. It is necessary to 
measure the frequency while the instrument is coupled because this type of 
LC oscillator changes frequency markedly when the loading of the coil 
changes. 

The proper method for coupling the dip meter to an antenna transmise 
sion line is shown in Figure 12.48. Construct a ‘gimmick’, ie. a small coil of 
one to three turns, of sufficient diameter to slip over the coil protruding 
from the dip meter. Either slip the dipper сой inside the gimmick, or bring it 
into close proximity. Energy is transferred from the dipper to the gimmick 
and thus to the antenna, When the dipper is tuned to the resonant frequency 
of the antenna, a sudden drain is put on the dipper, and the signal level 
drops sharply. The frequency of this dip tells you the resonant frequency of 
the antenna. 

The dipper must be tuned very slowly - very, very slowly < or you will 
miss the dipping action of the meter. Tuning too fast is the principal reason 
why many newcomers fail to make the dipper work. To make matters more 
confusing, the meter needle will drift all over the scale as the instrument is 
tuned. This occurs because itis natural for LC-tuned oscillators to produce 
different signal level at different frequencies (generally, but not always, 
decreasing as frequency increases). The effect to watch for is a very sharp 
drop in the meter reading, 
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ANTENNA IMPEDANCE (OR ‘RESISTANCE’) BRIDGES 


While it is necessary to measure the VSWR of an antenna to see how well it 
is working, the VSWR alone is insufficient to optimize performance. If you 
do not know the feedpoint impedance at resonance (minimum VSWR), then 
You cannot do much to correet a problem, Several instruments are available 
that will measure the feedpoint resistance of the antenna (it is called ‘impe- 
dance’ in some user manuals, but it is really only the resistive component of 
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impedance). The instruments in Figure 12.5 are examples of antenna 
resistance meters. The instrument in Figure 125A is based on the 
Wheatstone bridge circuit, It uses a variable resistor (connected to the 
thumbwheel resistance dial) as one leg of the bridge, and the antenna 
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ance another leg (fixed resistors form the remaining two legs of the 
classic Wheatstone bridge). This model is passive, and requires an external 
signal source. There is an internal amplifier that allows you to use a signal 
generator, ог the amplifier can be bypassed if you wish to drive it with a 
transmitter signal 

The instrument in Figure 12.58 is a little different. It is basically a sensi- 
tive VSWR meter with a built-in signal generator. Knowing the system 
impedance it can thereby calculate the resistance from knowledge of the 
VSWR. 


RF NOISE BRIDGES 


The noise bridge (Figure 12.6A) is an interesting antenna instrument that is 
used in conjunction with а radio receiver to measure the antenna feedpoint 
resistance, approximate the reactance component of the impedance, and find 
the resonant frequency. These instruments use white noise (hiss is what it 
sounds like on the receiver speaker) to generate a wide spectrum of radio 
frequencies. When the receiver is used to monitor the noise, а null is noted at 
the resonant frequency. 

Figure 126B shows how the noise bridge is connected between the 
“antenna transmission line and the antenna input connector of the receiver 
The line between the bridge and the receiver can be any length, but it is wise 
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to keep it short. One reader of my columns wrote in to take exception to the 
"short as possible" requirement because it is not strictly necessary in a perfect 
world. My own experience says differently, especially at higher freguenci 
Where the line is a significant fraction of a wavelength. A meter or so should 
not affect any HF measurement, however. 

"The line to the antenna should either be as short as possible (preferably 
zero length), but in the real world, where one has to be more practical than 
theoretically pure, it is sufficient to make the transmission line an integer 
multiple of an electrical half wavelength long (the physical length is shorter 
than the free space half wavelength because of the velocity factor). The 

mpedance hanging on the far end of the half wavelength x N line is 
repeated every half wavelength. A consequence of this effect is that the 
impedance measured at the transmitter or receiver end is the same as at 
the antenna end, 

To use the noise bridge, set the resistance (R) and reactance (X) controls 
to mid-scale (X = 0). Adjust the receiver frequency to the expected resonant 
frequency. At this point you can do either of two different measurement 
schemes. 


Method 1 


First, you can set the R-control of the noise bridge to the desired antenna. 
impedance, and then tune the receiver until a dip in the noise occurs (as 
heard in the output or noted on the S-meter). For example, suppose you 
have a dipole cut for 11.75 MHz, and installed such that the expected feed- 
point impedance should be around 70 ohms. It is fed with a half wavelength 
of polyfoam dielectric 75ohm coaxial cable ( = 0.80). The cable length is 
(150)0.8)/11.75 = 102m. The noise bridge X-control is set to 0, and the 
resistance control is set to the letter that represents 70 ohms (given in the 
calibration manual). This resistance setting can also be determined expei 
mentally by connecting a 70ohm resistor across the antenna terminal and 
adjusting the R-control for the minimum noise. When the noise bridge is set, 
then adjust the receiver for minimum noise. The frequency at which the dip 
оссш is the actual resonant frequency. I used this method to investigate а 
vertical cut for 21.25 MHZ, only to find the actual resonance was 19.2 MHz, 
Which explained the high VSWR. 


Method 2 


The other method is to set the receiver to the design resonant frequency of 
the antenna, You then adjust the R-control for a dip in the noise level. The 
value of the resistance is the feedpoint impedance of the antenna. You can 
either match that impedance, or adjust the antenna to bring the actual 
resonant frequency closer to the design frequency. 
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VSWR ANALYZERS 


The basic premise in this section is that the instruments used must be acces- 
sible to people who do not have a ham radio ог professional radio орега- 
Tors license. Some of the instruments discussed above meet that 
requirement, but a relatively new breed of instrument called the SWR ana- 
Тугат provides a lot of capability to the short-wave listener, scanner opera- 
tor, and ham radio operator alike. It uses a low-power RF signal generator 
sand some clever circuitry to measure the VSWR of the antenna. One model 
also measures the feedpoint resistance 

The simple version shown in Figure 12.7 is for the low VHF band (up to 
and including the 6m ham band). It is a hand-held, battery-powered instru- 
ment. The meter reads the VSWR of the antenna at the frequency set by the 
TUNE dial 

A somewhat more sophisticated instrument, the МЕЈ Enterprises Model 
MEJ-259, is shown in Figure 12.8. The front panel has two meters, SWR. 
and RESISTANCE. The SWR meter is calibrated up to 3:1, with a little 
uncalibrated scale to indicate higher SWRs. The RESISTANCE meter is 
calibrated from 0 to 500 ohms, which is consistent with the SWR range. 
Two controls on the front panel are TUNE and FREQUENCY (MHZ) (a 
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FIGURE 128 


bandswitch). The MFJ-259 has a digi 
operating frequency of the internal oscillator. This frequency counter сап 
also be used to measure the frequency of external signal sources (DO NOT 
connect the counter to the output of a transmitter ~ the instrument will be 
destroyed). The top end of the МЕЈ-259 has a number of controls and 
connectors. An 50-239 “ИНЕ” style coaxial connector is provided for the 
antenna connection. A BNC coaxial connector is provided to apply an 
nal to the frequency counter, while a pushbutton INPUT switch 
is available to switch the counter from internal to external signal sources. 
Another pushbutton switch is used to set the gate timing of the counter (a 
тей LED on the front panel blinks every time the gate is triggered). The 
tuning is from L8 to 174MHz, while the counter will measure up to 
200 MHz 
The MFJ-259 will work from an external 12 V DC source, or from an 
internal battery pack consisting of eight size-AA standard cells. МЕЈ recom- 
‘mends that either alkaline or rechargeable batteries, rather than ordinary 
carbon cells, be used in order to reduce the possibilty of leakage that 
could damage the instrument (this is good practice in all battery-powered 
instruments). I have a homebrewed battery pack that uses eight size-D 
nickel cadmium batteries (4 A-h rating) that can be recharged from a 12V 
DC power supply, and it works well with the MFJ-2: 


al frequency meter to measure the 


external 
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Unlike many lesser SWR meters, this instrument is not fooled by anten- 
mas that have impedances consisting of both resistance and reactance ele- 
ments. An example in the manual demonstrates an impedance of 25 + 25 
ohms (i.e. R is 25 ohms and reactance, X, is also 25 ohms). When connected 
to а SOohm load one might be tempted to think the VSWR is 1:1, and some 
cheaper meters will so indicate, But the actual SWR is 2.6:1, which is what 
the MFJ-259 will read, 

The resistance measurement assumes a resistive load (Le. the measure- 
‘ment is made at the resonant frequency of the antenna), and is referenced to 
50 ohms. The VSWR and resistance measurements should be consistent 
With each other. If the VSWR is 2:1, then the resistance should be either 
100 ohms (100/50 = 2:1) or 25 ohms (50/25 = 2:1). If the resistance is not 
consistent with the VSWR reading, then you should assume that the impe- 
dance has a significant reactive component, and take steps to tune it out 

In addition to antenna measurements, the MFJ-259 is equipped to mea- 
sure a wide variety of other things as well. It will measure the velocity factor 
of transmission line, help in tuning or adjusting matching stubs or matching 
networks, measure capacitance or inductance, and measure the resonant 
frequency of LC networks. 

Figure 12.9 shows an MFJ-249 meter (similar to the MFJ-259, but with- 
ош the resistance measurement) equipped with the MFJ-66 dip meter adap- 
ter, It сап be used to make the MFJ-249 or MFJ-259 work in the same 
manner as a dip meter. Using this adapter allows you to measure the reso- 
nant frequency of tank circuits using the dipper approach, as well as to 
measure things such as the coefficient of coupling between two LC circuits, 
transformers, and other radio circuits 


DUMMY LOADS (ARTIFICIAL AERIAL) 


The dummy load, or artificial aerial as it is also called, is a resistor used to 
simulate an antenna when adjusting a transmitter or other radio apparatus. 
These devices consist of a non-inductive, 50 ohm resistor inside a shielded 
enclosure. 

The dummy load offers several benefits over regular antennas. First, it is 
а constant resistance over the entire frequency range, and, second, it does 
not present any appreciable reactance. Third, and perhaps most important, 
the dummy load provides the ability to conduct tests off the air where you 
will not cause television interference, broadcast interference, or interference 
to other users of the test frequency that you select. Besides, it is illegal and 
just plain rude to radiate when you do not have to! 

One use for dummy loads is to adjust antenna tuners. You can connect 
the dummy load to the antenna output of the tuner, and then adjust the 
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FIGURE 129 


controls for best VSWR at a number of frequencies. By recording the knob 
settings, you can “rough in’ the antenna tuner when changing frequency. 

Several types of dummy load are shown in Figures 12.10 and 12.11. The 
version in Figure 12.10 is a small SW HF model intended for measuring the 
output of CB transmitters, | have used this particular dummy load for 
adjusting a wide range of RF projects and instruments over the years. To 
make accurate power measurements, the dummy load is placed at the ANT 
connector of the RF power meter, and the transmitter connected to the 
other end. The power reading is not obscured by transmission line effects 
or the reactance that a real antenna might present. 

The dummy loads shown in Figure 12.11 are intended for ham radio 
power levels. The model in Figure 12.114 is air cooled, and operates at 
RF power levels up to 1500W, over a range of 1-650 MHz. The version. 
їп Figure 12.118 is ой cooled, and will handle up to 1000 W of RF power 


COAXIAL SWITCHES 


A coaxial switch (Figure 12.12) is used to allow a receiver or ham radio set 
to use any of several antennas (models with up to 16 ports are available, but 
this one is a two-port model). The common connector is for the receiver or 
transmitter, while the two antennas are connector to the "A" and h poris, 
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FIGURE 12.10 


FIGURE 12.11 
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FIGURE 12.12 


respectively. Alternatively, one can turn the switch around backwards (it is 
bidirectional, after all) and use the same antenna on two different receivers 
or transmitters. 

The use of the coaxial switch in antenna measurement is in comparing the 
antenna being tested with either another antenna or a dummy load. The 
Kind of off-the-air checks that amateurs and short-wave listeners can make 
are notoriously inaccurate, but can be made a lot more useful by making 
comparisons with known antennas. For example, a friend of mine, the late 
Johnnie H. Thorne (KANFU)S) had an antenna farm in Texas (and it did 
seem that he grew antennas, judging from the number he had). He kept a 
standard dipole, optimally installed and cut for 20m, and made all of his 
test designs for the same frequency. He would compate new designs to the 
dipole by switching back and forth while monitoring the signal strength on 
the receiver S-meter. He could also compare two different antennas by 
comparing them against each other or against the dipole. 


STEP ATTENUATORS 


The step attenuator (Figure 12.13) is a precision instrument that provides 
highly accurate levels of attenuation in steps of 1dB, 248, 3dB, SAB, 
104BV, and one or more 20 dB settings. You can use these to calibrate 
nstruments, or measure signal levels. One use is to make comparison mea- 
surements of two signal sources, two antennas, etc. 

For example, suppose you want to measure the gain of a new antenna 
relative to а dipole (assuming that both are cut for the same frequency). You 
would pick or provide a distant signal on the resonant frequency of the 
antenna. The attenuator is inserted into the feedline path of the test antenna. 
(Figure 12.14). The signal strength is then measured with the dipole in the 
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circuit (see the coaxial switch discussion above), and the reading of the 
Scmeter noted. If you have an RF sensitivity control, then adjust it to a 
convenient point on the meter dial, like 5-9 or some other marked spot. 
Next, cut to the new antenna and note the signal strength. If it 
increased, then select the various levels of attenuation until the new 
signal level is the same as the initial signal level. The set level of 
attenuation is equivalent to the gain difference between the antennas. 
Ir the new signal level is lower than the initial signal level, then the new 
antenna has less gain than the old antenna. Put the attenuator in line 
With the comparison antenna, rather than the test antenna. 
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CHAPTER 13 


Getting a “good 
ground” 


Because this book is about radio antennas it is necessary to also spend some 
time on the topic of antenna grounds. The effectiveness and safety of a radio 
antenna often hangs on whether or not it has a good radio frequency (RF) 
ground, Poor grounds cause most forms of antenna to operate at less than 
best efficiency (sometimes a whole lot less). In fact, when transmitting it is 
possible to burn up between 50 and 90% of your RF power heating the 
ground losses under the antenna, instead of propagating into the air 
Ground resistances can vary from very low values of 5 ohms, up to more 
than 100 ohms (5-30 ohms is a frequently quoted range). RF power is di 
sipated in the ground resistance, so is not available for radiation. The factors 
that affect the ground resistance include the conductivity of the ground, its 
chemical composition, and its water content 

The ideal ground depth is rarely right оп the surface, and, depending on 
the local water table level, might be a couple of meters or so below the 
surface. It is common practice among some amateur radio operators to 
use the building electrical ground wiring for the RF antenna ground of 
their station, Neglecting to install an outdoor ground that will properly 
do the job, they opt instead for a single connection to the grounded ‘third 
wire’ in a nearby electrical outlet. Besides being dangerous to work with, 
unless you know what you are doing, it is also a very poor RF ground. It is 
too long for even the low RF bands, and radiates RF around the house in 
large quantity. Stations that use the household electrical wiring as the radio 
ground tend to cause television interference, and other electromagnetic 
interference both in their own building and in nearby buildings. 


Other people use the plumbing piping in the house, but this is also a 
problem. While the cold water pipe entering older houses is metal, and is 
buried for quite a distance underground, it is also a single conductor, and is 
often made of a metal that is not optimal for radio work. Also, in modern 
buildings, the main water service and the distribution pipes in the plumbing 
system of the building may well not be metal at all, but rather PVC or some 
other insulating synthetic material. Even if you get a metal water pipe, if it is 
the hot water pipe then no effective ground exists. There is also a very severe 
danger of hooking your ground to the gas service line, which could cause а 
fire or explosion. In the USA, gas pipes are usually painted black, or are 
‘unpainted, but enough water pipes also fit this description that it is good 
practice to avoid the pipes in a building when searching for a radio ground- 
ing solution 


TRADITIONAL RADIO GROUNDING SOLUTIONS 


The goal in making a radio ground is to provide a low resistance path to the 
earth for radio signals. An additional goal is to make a path to the earth for 
lightning that strikes the antenna, or even nearby (see Chapter 2 for the use 
of lightning arrestors in antenna lines). 

We can reduce the ground resistance by either altering the composition of 
the earth surrounding the ground point, ог by using a large surface area 
conductor as the ground point. Figure 13.1 shows the traditional ground 
rod used by small radio stations, including amateur and receive-only sta- 
tions. Use either a copper (or copper-clad steel) rod at least 2-3 m long. 
Electrical supply houses, as well as amateur radio and communications 
equipment suppliers, also sell these ground rods. Do not use the non-clad 
steel types sold by some electrical supply houses. They are usable by elec- 
tricians when making a service entrance ground in your home or workplace, 
but RF applications require the low skin resistance of the copper-clad чан. 
ety. The rod need not be all copper, because of the skin effect forcing the RF 
current to flow only on the outer surface of the rod. Try to use а 2.5m or 
longer rod if at all possible, because it will work better than the shorter kind. 
Do not bother with the small television antenna 100-150 em ground rods; 
they are next to useless for high-frequency (HF) radio stations. Drive the 
ground rod into the earth until only a few centimeters remain above the 
surface. Connect a heavy gage ground wire from your station to the ground 
той (some people use heavy braid or the sort once used for the return 
connection from the battery to the body of an automobile; an additional 
source is salvaged braid from the heavier gages of coaxial cable). The 
ground wire should be as short as possible. Furthermore, it should be a 
low.inductance conductor. Use either heavy braid (or the outer conductor 
stripped from RG-8 or RG-11 coaxial cable) or sheet copper. You can buy 
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rolls of sheet copper from metal distributors in widths from 10 cm up to 
about 50 cm. Some amateurs prefer to use 17.Scm-wide roofing foil that is 
rated at a weight of 1.5 kg/m. Sweat solder the ground wire to the rod. You 
can get away with using mechanical connections like the electricians use, but 
will eventually have to service the installation when corrosion takes its toll. 1 
prefer to use soldered connections, and then cover the joint with either 
petroleum jelly or acrylic spray lacquer 

Another alternative is to use a copper plumbing pipe as the ground rod. 
The pipe can be purchased in 2-5 m lengths from plumbing supply shops or 
hardware stores. The pipe selected should be 19 mm in diameter or larger 
Some people report using up to 50mm diameter pipe for this application, 
The surface area of the hollow pipe is greater than that of a solid rod of the 
same diameter. Because of certain current flow geometries in the systen 
however, the ground resistance is not hall the resistance of a rod the same 
diameter, but is nonetheless lower. 

Unlike the copper-clad steel rod, the copper pipe has no compression 
strength and will deform when hit with a hammer or other driving tool. 
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то overcome this problem (see Figure 13.2) you can use a garden hose as a 
"water dri to sink the ground rod. 

Sweat solder a "tee" joint on the top end of the pipe, and then sweat solder 
a faucet or spigot fitting that matches the garden hose end on one end of the 
"teg" joint. Cap off the other port of the “tee joint. Use the "tee joint as a 
handle to drive the pipe into the ground. When water pressure is applied, the 
pipe will sink slowly into the ground as you apply a downward pressure on 
the les handle. In some cases, the pipe will slip into the ground easily, 
requiring only a few minutes. In other cases, where the soil is hard or has 
a heavy clay content, it will take considerably greater effort and more time. 
When you finish the task, turn off the water and remove the garden hose. 
Some people also recommend unsoldering and removing the "ee" joint. 


ee ting 
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ALTERING SOIL CONDUCTIVITY 


The conductivity of the soil determines how well, or how poorly, it conducts 
electrical current (Table 13.1). Moist soil over a brackish water dome con- 
ducts best. In the USA, the southern swamps make better radio station 
locations than most of the rest of the country; and the sand of the western 
deserts make the worst 

In Arizona, for example, one finds that few buildings have cellers or 
basements. The reason is that there is a thick calcium-based layer (called 
‘ealeche’) a meter or two down that resists even mechanized diggers. To 
build homes in that sand they have to drill holes in the caleche and then 
sink pylons down to bedrock. 

The same caleche also prevents water from sinking into the sand, so it 
flows off the land in natural channels in the desert, The area is rather 
dangerous for out-of-state campers who do not understand that those 
nice flat, areas at the bottom of gulleys have а habit of filing in seconds 
if there is a distant thunder storm in the mountains. They look up. and to 
their horror see a 3-Sm high wall of water rushing toward them at 50 km/h! 
During the late summer months, Arizona has a ‘monsoon’ season when it 
rains hard and floods every day (90% of the state's annual rainfall comes in 
а 6-week period from sometime in July to mid-September). Evaporation is 
so rapid that an hour after the rain stops, there is little evidence of the 
rainfall except in the gulleys. If you have never felt hot rain, then visit 
southern Arizona in August - but be prepared for temperatures around 
43°C in the shade and 80°C on the front seat of an automobile if you are 
so unwise as to leave all the windows rolled up. 

Figure 13.3 shows a method for reducing the soil electrical resistance by 
treating with one of three chemicals: copper sulfate, magnesium sulfate or 
common rock salt. Rock salt is one of several salt materials used for snow 
and ice melting in snow-prone areas. If you cannot locate rock salt in a 
hardware store, then look for a store that sells ice cream making supplies. 
Rock salt is a principal ingredient in the process (but not the product) 


TABLE 131 
Dielectric Conductivity 

Туре of soi constant Gemenge _ Relative quality 
Salt water ri H Best 

Fresh water E] 900 Vary poor 
Pastoral hills 14-20 003001 Vary goad 
Marshy, wooded 12 000758 Average/poor 
Rocky hills 1214 10 Poor 

Sandy 10 0002 Poor 

Cities 25 001 Vary poor 
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Figure 133A shows a side sectioned view of a circular slit trench method 
of applying the chemical treatment to reduce ground resistance, 
WARNING: before using this method, you need to determine whether or 
not you really want to do it. The method involves putting conductive che. 
micals into the ground. Make sure that local, state or national environmental 
regulations do not prohibit the practice. Also, if you ever want to use the spot 
to grow vegetables or flowers or even grass - it will prove difficult because 
the chemicals essentially poison the soil for several years. Fortunately, they 
are water-soluble, so the effect will not last forever 
Dig а 15-30cm deep circular trench, about 30-60 em from the ground 
rod. ЕШ that trench with a 10-12 cm layer of rock salt, magnesium sulfate, 
or copper sulfate (use only one). Water the trench well for about 15 minutes. 
Cover the remaining depth with soil removed when you have dug the trench. 
If you use about 100 kg of material, the treatment will need to be repeated 
every 24-36 months, depending upon the local rainfall and soil composition. 
Figure 13.3B shows an alternative method: the saltpipe. Use either cop- 
per or PVC plumbing pipe, up to 10 em in diameter (although 4-8 cm is 
easier to work). The overall length of the pipe should be at least 50-150 em. 
Although longer pipes are useful, they are also difficult to install. Drill a 
large number of small holes in the pipe (no hole over 10 mm), sparing only 
the end that will be above the surface. Cap off both ends 
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FIGURE 133 (continued 


Install several saltpipes in a pattern around the ground rod. Installation is 
best accomplished using a fencepost hole digger. Drop the saltpipe into the 
hole and backfill with water. Remove the top endcap and hose down for 
about 15 minutes, or until all the material is gone. Refill the pipe occasion- 
ally to account for the salt leaching out. When the chemical is completely 
ecched out of the pipe, refill the pipe and recap the top end. Leave the pipe 
in place 
Be certain of local environmental laws before using the above method. 


MULTIPLE GROUND RODS 


The key to a low-resistance ground is the surface area in contact with the 
soil. One means for gaining surface area, and thereby reducing ground 
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resistance, is to use multiple ground rods. Figure 13.4 shows the use of four 
ground rods in the same system. The rods are placed 30-100cm apart for 
Jow- and medium-power levels, and perhaps. more than 100 cm for higher 
amateur radio power levels. An electrical connection is made between the 
rods on the surface using either copper stripping or copper braid. The con- 
nections are sweat soldered in the manner described above, with the feed- 
point at the center rod. 


RADIALS AND COUNTERPOISE GROUNDS 


The effectiveness of the ground system is enhanced substantially by the use 
of radials either above ground, on the surface, or buried under the surface. 
Figure 13.5 shows a vertical antenna with a set of ground radials. It is not 
unreasonable to use both radials and a ground rod. Vertical antennas аге 
relatively ineffective unless provided with a good ground system, and for 
‘most installations that requirement is best met through a system of ground 
radials. 

An effective system of radials requires a large number of radials 
Although as few as two quarter-wavelength resonant radials will provide 
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a significant improvement, the best performance is to use more. 
Broadcasters in the AM band (550-1640 kHz) are advised to use 120 half- 
wavelength radial. Installing more than 120 radials is both expensive and 
time-consuming, but does not provide any substantial improvement. For 
amateur and small commercial stations, a minimum of 16 quarter-wave- 
length radials should be used. Above ground, the use of insulated wire is 
recommended to reduce the possibility of anyone receiving RF burn if it is 
accidentally touched while transmitting. Although some sources claim that 
any size wire from AWG 26 up to AWG 10 (SWG 0-12) can be used, it is 
best to use larger sizes in that range (Le. AWG 14 through AWG 10 (SWG 
16-12). Either solid or stranded wire can be used. 

When viewed from above, the radials should be laid out in a symmetrical 
pattern around the antenna. This coverage provides both the lowest resi 
ance and the best radiation pattern for the antenna, Solder all radials 
together at a common point, which might be the ground or mounting rod 
used to support the vertical antenna, 

If your antenna is ground mounted, or if the radials are used with the 
station ground, then use a system such as that in Figure 136 to make the 
connections. A clamp on the ground rod is used to bind together the rod, the 
radials and the ground wire from the receiver or transmitter. The radials 
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should be buried a few centimeters below the surface. Some people report 
the tip of a spade or shovel to dig a very thin trench into which the 

wire сап be pushed. Be careful to get the radial wire deep enough. Ordinary 

soil dynamics can make the wire rise to the surface within a year or so. 


TUNING THE GROUND WIRE 


An alternative that some operators use is the ground wire tuner, These 
instruments insert a series-tuned inductor-capacitor (LC network) in series 
With the ground line. These devices are usually called artificial ground tuners, 
sand are inserted into the ground line of the station (Figure 13.7). Ground 
line tuners are especially recommended for cases where the wire to the 
ground is too long, in the case of single-wire antennas (e.g. Windom anten- 
паз or random-length wires), or anytime the tuning seems peculiar, but the 
antenna tuning unit works well into a dummy load. The purpose of the unit 
is to tune out any inductive or capacitive reactance on the line. Transmitter 
operators adjust the ground line tuner for maximum ground current at the 
operating frequency, although receiver operators will have to experiment a 
Dit to find the correct settings. МЕЈ Enterprizes, Inc. (PO Box 494, 
Mississippi State, MS 39762, USA) makes several such devices. The version 
shown in Figure 13.8 is a stand-alone unit that contains only the ground 
current meter, inductor, and capacitor. The instrument in Figure 13.9 is a 
combination unit that includes both the ground line tuner and antenna tuner 
їп one box, 
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WARNING 


Grounds for radio installations are intended for two purposes: making the 
radio antenna work better and lightning protection. Be absolutely sure to 
check with local authorities over the minimum requirements for grounding 
antenna structures and then doing more than is minimally required. Not 
only is it possible to get into trouble with the authorities with a poor ground, 
You may also find that your homeowners and liability insurance is not valid 
if an uninspected installation is made. My own homeowners policy states 
that the insurance coverage is not in effect if an antenna is erected that meets 
the minimum requirements for a mechanical and electrical inspection by the 
county government but does not have a valid inspection certificate. Check 
with your local government and insurer before building any antenna or 
ground system. 


CONCLUSION: 


Now that you have learned how to build safe and efficient antennas and 
grounds, in the words of Captain Piccard ‘make it so. 
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Air core frame loops, 179-81 
Angle of radiation, 16, 41 
Antenna patterns, 38-41 
Antenna tuner tuning unit (ATU), 
75-6, 81, 114, 205, 208 
Array antennas, 153 
Artificial aerials see Dummy 
loads 
Artificial ground tuners, 247 
Aussie doublet antennas, 109-10 
‘Automatic load control (ALC), 204 


BALUN transformers, 65, 67, 78, 
91-2, 153, 213-18 
erection, 47 
use on receiving antennas, 108 
Beam antennas, 133-4 
impedance matching, 201-202 
VHF/UHF quad, 152 
Beamwidth, antenna, 41 
Beverage antennas, $2 
Bi-square large loop antennas, 151 
Bifilar winding, transformer, 216-17 


Bobtail curtain array, 168-69 
Thorne, 169-70 
Box loops see Air core frame loops 
Broad-band transmission line 
transformers, 213 
Broadside arrays, 153, 160-1 
Bruce array, 165-6 


Characteristic impedance, 54 
Coaxial cable, 57-8 
Coaxial switches, 233, 235 
Collinear array, 153, 159 

stacked, 174 

two-element, 157-60 
Connections: 

balanced input schemes, 59 

transmission line to receiver 

transmitter, 58-60 

wire joints, 61 

wires to antennas supports, 62 
Construction hints, 41 
Copper-clad steel wires, 51-2 
Critical depth, 52 
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Curtain arrays, 164-6, 168-70 Effective radiated power (ЕВР), 


36 
Eight-element broadside array, 161 
D-layer (ionosphere), 8 Electrical (E) fields, 24-5 
Decibel (unit), 25 Electrical safety, 42 
Dellinger fade, 13-14 Electromagnetic radiation, 11-12 
Delta loop antennas, 135-6 waves, 24-5 
double, 143-4 End-fire arrays, 153 
multiband switchable, 139-43 Erection methods, 4-7, 44-8 
Depth of penetration, 52 EWE antennas: 
Depth winding, wire loops, 179 basic, 81-2 
Dip meters, 225 bidirectional, 85 
Dipole antennas, 87 Koontz, 82-4 
Aussie doublet, 109-10. reversible, 85 
bow-tie, 101-102 
capacitor-tuned wide-band, 110. 
SEA 100-101 Flayer (ionosphere), 9 
folded, 95-7 Feedpoint impedance, 
half-wavelength, 88-91, 100-101 measurement, 222, 226-28 
inductor-loaded shortened, Feedpoint resistance, 226 
Tisi Flat-top beam see W8JK array 
ойне чей Folded dipole antennas, 95-7 
multiband, 112-13 Xarray, 171 


multiband half-wavelength, 92-4 Fourelement broadside array, 


‘multiband tuned, 113 а 

radiation patterns, 87-8 Franklin array, 159 

resonant, 113 

sloping, 99 GSRV antennas, 106 

vertical, 99 100 physical structure, 107 
ide-band, 108-9 бай, antenna, 36-7 


wide band half-wavelength, 94, 
m 
wider bandwidth folded, 102 


Gamma match, 201, 202 
Great circle paths, 15 
Grid dip meters, 225 


zig-zag, 122-3 Ground: 

Directivity, antenna, 36-7 alternative symbols, 19-20 

Diurnal variation, ionosphere, 10 importance of good, 237-8 
Double-delta loop antenna, 1434 radia system, 245 

Doublet antennas, 87 traditional solutions, 238-41 
Dummy loads, 232-3 Ground rods, multiple, 244 


Ground waves, 4 
propagation, 5-6 


E-layer (ionosphere), 8 Ground wire tuner, 246-7 


Earth see Ground 
Earth's atmosphere, 2-3 
Effective height, loop arrays, 10 Hall-lambda tee antennas, 70-2 
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Hertzian antennas, 27, 87 Loop antennas, 129 
shortened radiator, 124-7 bi-square, 151 
НЕ band lengths, 158 delta, 135-6 


diamond, 148 
half-delia, 148-9 
halfowavelength, 144-5 
inductor-loaded, 146-8 
preamplifiers, 193 
quad, 129-34 
sharpening, 193 
shielded, 186-91 
testing, 191 
tuning schemes, 181-4 
two-band compact, 150 
using, 191 

Low-Noise RX antennas, 83, 84 


Impedance bridges, 226-28 
Impedance matching, 54, 203-205 
beam antennas, 201-202 
LC networks, 205-8 
Impedance matching stubs, 153 
210-13, 
see also Qesection 
Inductor-loaded antennas, 119 
Insulators, center, 64-5 
Inverse square law, 23 
IONCAP programs, I 
Ionization, atmosphere, 7 
Tonosphere, 2, 7 
11 year cycle, 9, 11 
27 day cycle, 9, 10 
disturbances, 12-14 
diurnal cycle, 9, 10 


Magnetic (Н) fields, 24-5 
Marconi antennas, 27, 69 
basic tee, 0 
folded tee, 80-1 


propagation, 4-5, 7-9 quarter wavelength vertical 
seasonal cycle, 9, 10 78.79 
storms, 14 random length, 75-6 
use for radio communication, sightanele, 124 
15-16 iwindead, 73-4 


Matching stubs see Impedance 
matching stubs 

Mechanical integrity, installation, 
434 

MFI-249 analyzer, 232 

K-factor, wave, 17-18 MEJ-259 analyzer, 230-42 

MEI-949E tuner, 219 

MEI-956 tuner, 219 

MF1-986 tuner, 219 

Multiband tuned doublet antennas, 
103, 105 

Multipath phenomena, 6 


variations, 9-12 
Isothermal region, 2 
Isotropic radiators, 37-8 


Large loop antennas, 129, 176 

Large-scale reflector array, 175 

Law of reciprocity, 27 

Lazy-H array, 161-4 

LC matching networks, 205-08 

Lightning arrestors, 66-7 

Limited space antennas, 119-22 
radial layout, 128 


Noise bridges, 228-29 


Line of sight, 6 Parasitic elements, 133 
Linearly loaded tee antennas, 123 — Peak reading meter, 224 
Long-wire antennas, 87 Phase reversal stubs, 159 
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Phased vertical arrays, 171-2 


wire loops, 179 Skip communications, 7 
Polarization, signal, 24-5, 26 Skip zone, 6 
Sky wave, 7 
Propagation paths, 4-5 nali loop antennas, 176-8 
anomalies, 1-2, 3 Soil conductivity, altering, 238-44 
Solar disturbances, 10-12 
charged partcs, 11-12 
Q-muttiptier, 193-4 (ite panic 
Qssection (matching stub), 133. Solar fux index (SED, 12 
135-6, 208-10 


Solar noise, 12 

Solid wires, 49 

Space waves, 4, 5-6 

Split frequencies, 178 

Spoiler loop, 192 

Sporadic-E layer, propagation, 8, 
13 

Sports fan's loop antenna, 186 

Square hobby board loop 
antennas, 184-6 


Quad loop antennas, 129-33 
beam version, 133-4 
fixed, 131 
rotatable, 131, 132 
Quarter-wavelength matching 
sections see Q-section. 
Quarter-wavelength vertical 
antennas, 78-9 


Radial layout, for limited space, Stacked collinear arrays, 174 
128 Standing wave ration (SWR), 
Radio signal, 24 29-33, 203 
Radio waves, 20-23 measuring, 33, 35-6 
frequencey, 22-3 Standing waves, 203 
wavelength, 22-3 Step attenuators, 235-6 
Receiver-antenna interactions, 28-9 Sterba curtain array, 164-5 
Reciprocity law, 27 Stranded wires, 40 80 
Resistance bridges, 226-8 Stratosphere, 2 
Resonant frequency (RF): Subrefraction, 18 
Sudden ionospheric disturbances 
power meters, 222-4 (5105), 13-14 
Roof-mounted antennas, 120-2 Sunspots, 12 
Room loop antennas, 136-9 Super-refraction, 17-18 


Surface waves, 4, 5-6 
Surge impedance, 54 
Safety precautions, 68 Swallow tail antennas, 73-5 
altering ground resistance, 242-4 Symbols, 19-20 
electrical 42, 68 
ground systems, 247-8 


Seasonal cycle, 10 Thorne array bobtail curtain. 
Shielded loop antennas, 186-91 (TABC), 169-70 
SI units, vi ix Tilted, center-fed terminated, 


Signal-to-noise ratio, 25 folded dipole (TCFTFD), 
Sixshooter array, 166-8 14-17 
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Transformer loop antennas, 180-1 (Voltage standing wave ratio 


‘Transmission lines, $4 (VSWR) continued) 
coaxial cable, 57-8 measurement, 221, 222-4 
performance curves, 221, 222 
Trap dipole antenna, 112-14 WSIK array, 172-4 
Trifilar winding, transformer, Waves, see Radio waves 
216-17 Windom antennas, 76-8 
Troposphere, 2 Wire array antennas, 153-6 
propagation, 4 Wire joints, 61 
Tuners Wires 
commercial, 219-20 basic types, 49-50 
sce also Antenna tuner/tuning. connections to antennas) 
unit (ATU) supports, 62-5 
Tuning schemes, loop antennas, copper-clad, 51-2 
1814 size to length problems, 52-4 
Twin-lead lines, 56-7 sizes, 50 
Two-element collinear array, Wolf number, 12 
157-60 
Yagi beam antennas, 134, 195-6 
Varacators, 183 four-element array, 199-200 
Velocity factor (VF), conductor, six-element array, 200-201 
53-4, 5% three-element array, 198. 
Vertical antennas, 119 two-element array, 196-7 
VHF/UHF band lengths, 159 
VOACAP program, 1 Zepp antennas, 81 
Voltage standing wave ratio double extended, 103, 104, 154 
(VSWR), 32-3, 34-5, 203, Zig-zag dipoles, 122-3 
204-5 Zurich smoothed sunspot number, 
analyzers, 230-2 12 
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Introduction to 
the fourth edition 


IT WAS WITH GREAT PLEASURE THAT I WROTE THIS FOURTH EDITION OF PRACTICAL 
Antenna Handbook. The original intent when the first edition was planned was to 
provide the reader with a practical, yet theoretical, book that could be used with 
ошу a minimal effort to actually design and install radio antennas. It was assumed 
that the readership would possess a wide range of levels of antenna sophistication, 
from the novice "newbie" to the professional engineer. That assumption proved to be 
correct as I have received letters from a wide variety of people. 

The success of the three previous editions of Practical Antenna Handbook has 
been most gratifying. Clerks in radio stores told me that this book was outselling 
other titles 2:1. They confirmed that the types of people who buy the book meet the 
profile above. It was with surprise and delight that I noted that clerks in one radio 
store could cite the McGraw-Hill catalog number from memory, when they could not. 
do that for other antenna books, 

While the sales are deeply appreciated (they are an honor), there was опе com- 
ment that stood ош. The salesman at one radio stare introduced me to an instructor 
from a U.S. Government communications school. He typically bought twenty copies 
of Practical Antenna Handbook at a time for use by his students ina training class- 
Не told me that the reason why he selected my book over others was *. 15 the only 
book on the market that people can give to a secretary, or clerk-typist, and expect 
them to be able to put up a working half wavelength dipole two hours later." And, he 
stated, in his business that could literally happen any time, 
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Antennas have changed a lot over the years. Figure 1-1 shows how antennas 
were between 1913 and 1940. This facility was the first U.S. Navy radio station. 
(NAA) in Arlington, VA. Those two 600- and 400-1 towers were taken down in 1940 
to make room for National Airport (Washington, D.C.). The towers were reassem- 
bled in Annapolis, MD, where they lasted ший recently. 

Antenna technology has changed since 1940. In preparing this fourth edition of 
Practical Antenna Handbook all previous material was reviewed for accuracy and 
relevance. Additional material was added for the following topies: 


= Wire antenna construction methods 

+ Antenna modeling software (miniNEC, WinNEC, and EZNEC for Windows) 

* Antenna noise temperature 

* Antennas for radio astronomy 

+ Antennas for Radio Direction Finding 

Thope that you find this fourth edition as useful аз the previous three editions, 
And thank you very much for honoring me by spending your hard-earned money on 
my book, 

Joseph J. Carr, MSEE 


Te NAA callsign has since been reassigned to the VLP statin at Cutler, ME. 
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LA Massive antenna towers at Navy "Radio Arlington” (1913-1040). (Cour 
the NAA) 
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CHAPTER 


Introduction to 
radio broadcasting 
and communications 


RADIO BROADCASTING AND COMMUNICATIONS SEEMS TO HOLD A STRANGE KIND OF 
magical allure that attracts а wide variety of people and holds them for years. There. 
is something fascinating about the ability to project yourself over vast interconti- 
mental distances, 

Radio communications have been with us now for the entire twentieth century 
andino the twenty-first. Experimenta are on record as early as 1867, and by the turn. 
of the century "wireless telegraphy” (as radio was called then) sparked the imagina- 
tions of countless people across the world. Radio communications began in earnest, 
however, when Guglielmo Marconi successfully demonstrated wireless telegraphy as 
а commercially viable entity. The "wireless" aspect to radio so radically changed com- 
munications that the word is still used to denote radio communications in many coun- 
tries of the world. Marconi made a big leap to international fame on a cold December 
day in 1903, when he and a team of colleagues successfully demonstrated trans- 
atlantic wireless telegraphy. Until that time, wireless was a nelghborhood—or cross- 
town at best—endeayor that was of limited usefulness, OF course, ships close to 
shore, or each other, could summon aid in times of emergency, but the ability to com- 
municate over truly long distances was absent. All that changed on that fateful day in. 

А when Marconi heard the Morse letter S. tickle his ears. 
з telegraphy was pressed into service by shipping companies because it 
Immediately provided an element of safety that was missing in the prewireless days. 
Indeed, a ship that sank, leaving its crew and passengers afloat on a forbidding sea, 
was alone, Any survivors often succumbed to the elements before a chance en- 
counter with a rescue vessel. Some early shipping companies advertised that their 
ships were safer because of wireless aboard. lt was not until 1909, however, that 
wireless telegraphy proved its usefulness on the high seas. Two ships collided in the 
foggy Atlantic Ocean and were sinking. АШ passengers and crew members of both 
ships were in imminent danger of death in the icy waters, But radio operator Jack 
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Binns became the first man in history to send out a maritime distress call. There is 
some debate over which distress call Binns transmitted, but one thing is certain: It 
was not “SOS” (today’s distress cal), because SOS was not adopted until ater. Binns 
probably transmitted either “CQD” ог "СОЕ," both of which were recognized in 
those days before standardization. Regardless of which call was sent, however, it was 
received and relayed from ship to ship, allowing another vessel to come to the aid of 
the stricken pair of ships. 

All radio prior to about 1916 was carried on via telegraphy (Le. the on-off keying of 
а radio signal in the Morse code). But in 1916 some more magic happened. On a litle 
hillin Arlington, Virginia, on asite that now overlooks the Pentagon and the U.S. Marine 
Corps base called Henderson Hall, there were (and still are) a pair of two-story brick 
buildings housing the naval radio station NAA (callsign since reassigned to the VLF sta- 
tion at Cutler, ME). On a night in 1916, radio operators and monitors up and down the 
Atlantic seaboard—from the midwest to the coast and out to sea for hundreds of 
‘les heard something that must have startled them out of their wits, for crackling out 
of the “ether,” amidst the whining of Alexanderson altemators and "ZZZCHHT" of 
spark-gap transmitters, came a new sound—a human voice. Engineers and scientists at 
the Naval Research Laboratory had transmitted the first practical amplitude-modulated 
(АМ) radio signal. Earlier attempts, prior to 1910, had been successful as scientific 
experiments, but they did not use commercially viable equipment. 

Although radio activity in the early years was unregulated and chaotic, today it 
is quite heavily regulated, Order was brought to the bands (don't laugh, ye who tune. 
the shortwaves) that was lacking before. Internationally radio is regulated by the In- 
ternational Telecommunications Union (ITU) in Geneva, Switzerland through the 
treaties arising from World Administrative Radio Conferences (WARC) held every 
10to 15 years. In the United States, radio communications are regulated by the Fed- 
eral Communications Commission (FCC), headquartered in Washington, D.C, 

Amateur radio has grown from a few thousand “hams” prior to World War 1 to 
‘more than 900,000 today, about one-third of them in the United States. Amateur op- 
erators were ordered off the air during World War 1, and almost did not make a come- 
back after the war. There were, by that time, many powerful commercial interests 
that greedily coveted the frequencies used by amateurs, and they almost succeeded 
in keeping postwar amateurs off the air. But the amateurs won the dispute, at least. 
partially. In those days, it was the frequencies with wavelengths longer than 200 m 
(Le. 20 to 1500 kHz) that were valuable for communications. 

"rhe cynical attitude attributed to the commercial interests regarding amateurs 
was, "put ‘em on 200 meters and below . . . they'll never get out of their backyards 
there!” But there was a surprise in store for those commercial operators, because the 
wavelengths shorter than 200 m are in the high-frequency region that we now call 
“shortwaves.” Today, the shortwaves are well-known for their ability to communicate 
over transcontinental distances, but in 1919 that ability was not suspected. 

1 once heard an anecdote from an amateur operator "who was there.” In the 
summer of 1921 this man owned a largo, beautiful wire "flattop" antenna array for 
frequencies close to 200 m on his family’s farm in southwestern Virginia. Using 
those frequencies he was used to communicating several hundred miles into eastern 
Ohio and down to the Carolinas. But, in September 1921 he went to college to study 


ani 


10:02 AM Page 3 Ө 


Introduction to radio broadcasting and communications 3 


electrical engineering at the University of Virginia in Charlottesville. When he re- 
turned home for Thanksgiving he noticed that his younger brother had replaced the 
Jong Mattop array with a short dipole antenna, He was furious, but managed through 
great effort to contain the anger until after dinner. Confronting his brother over the 
incredible sacrilege, he was told that they no longer used 150 to 200 m, but rather 
‘were using 40 m instead. Everyone "knew" that 40 m was useless for communications. 
over more than a few blocks, so (undoubtedly fuming) the guy took a tum at the key. 
He sent out a “CQ” (general сай) and was answered by a station with a callsign like 

IX." Thinking that the other station was in the Sth U.S. call district (WV, OH, MI) 
‘he asked him to relay a message to a college buddy in Cincinnati, ОН. The other sta- 
tion replied in the affirmative, but suggested that *. . . you are in а better 
position to reach Cincinnati than me, Lam FRENCH XX." (Callsigns in 1921 did not 
have national prefixes that are used today.) The age of international amateur com- 
munications had arrived! And with it came a new problem —te national identifiers in 
call signs became necessary (which is why American call signs begin with K, W, or N). 

During the 1930s, radio communications and broadcasting spread ike wildfire 
as technology and techniques improved. World War If became the first war to be 
Tought with extensive electronics. Immediately prior to the war, the British devel- 
oped а new weapon called RADAR (radio detection and ranging; now spelled radar) 
"This tool allowed them to see and be forewarned of German aircraft streaming across 
the English Channel to strike targets in the United Kingdom. The German planes 
were guided by (then sophisticated) wireless highways in the sky, while British fight- 
ers defended the home island by radio vectoring from ground controllers. With night. 
fighters equipped with the first "centimetric" (Le, microwave) radar, the Royal Air 
Force was able to strike the invaders accurately—even at night. The first kill oc- 
‘curred one dark, foggy, moonless night when a Beaufighter closed on a spot in the 
sky where the radar in the belly of the plane said an enemy plane was Dying. Briefly 
thinking he saw a form in the fog, the pilot eut loose а burst from his quad mount of 
20mm guns slung in the former bomb bay. Nothing. Thinking that the new toy had 
failed, the pilot returned to base—only to be told that ground observers had re- 
ported that a German Heinkle bomber fell from the overcast sky at the exact spot 
‘where the pilot had his ghostly encounter. 

Radio, television, radar, and а wide variety of services, are available today under 
the general rubrie “radio communications and broadcasting.” Homeowners, and 
other nonprofessionals in radio, can awn a receiver system in their backyard that 
picks up television and radio signals from satellites în geosynchronous orbit 23,000 mi 
‘out in space, Amateur operators are able to communicate worldwide on low power, 
and have even launched their own "OSCAR" satellites, 

Some people had written off the HF radio spectrum in recent years, citing satel- 
lite technology as the reason. But the no-cade license for amateur radio operators, 
Which does not carry HF privileges, has proven to be a stepping stone to higher- 
class licenses, which do, Also, the shortwave broadcasting market received a 
tremendous boost during the Gulf War. When the troops of Operation Desert 
Shield and Desert Storm were assembling to take back Kuwait from the Iraqis, the 
sales of shortwave receivers jumped dramatically, And, following January 16, 1991, 
when the forces started pouring across the border into the actual fight, the sales 
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skyrocketed out of sight. One dealer told me that he couldn't keep receivers in 
‘stock, and that he had sold out most models, That interest seems to have matured 
into long-term interest on the part of a significant number of listeners and new 
ham operators, 

‘The antenna is arguably one of the most important parts of the receiving and/or 
transmitting station (Fig. 1-1). That is what this book is all about. 


1-1. This AMIEM broadcast antenna 
lower bristles with two-way 
antennas 


2 


Radio-wave propagation 


THE PROPAGATION OF RADIO SIGNALS 18 NOT THE SIMPLE MATTER THAT IT SEEMS AT 
first glance. Intuitively, radio signal propagation seems similar to light propagation; 
after all, ight and radio signals are both electromagnetic waves, But simple inverse 
square law predictions, based on the optics of visible light, fall down radically at ra- 
dio frequencies because other factors come into play. In the microwave region of the 
spectrum, the differences are more profound because atmospheric pressure and 
water vapor content become more important than for light. For similar reasons, the 
properties of microwave propagation differ from lower VHF and HF propagation. In 
the HF region, solar ionization of the upper reaches of the atmosphere causes the 
kind of effects that lead to long-distance "skip" communications and intercontinental 
broadcasting. This chapter examines radio propagation phenomena so that you have 
a better understanding of what an antenna is used for and what parameters are im- 
portant to ensure the propagation results that you desire, 


Radio waves 


Although today itis well recognized that radio signals travel in a wave-like manner, 
that fact was not always so clear. It was well known in the first half of the nineteenth, 
century that wires carrying electrical currents produced an induction field sur- 
rounding the wire, which is capable of causing action over short distances. It was 
also known that this induction field is a magnetic feld, and that knowledge formed. 
the basis for electrical motors. In 1887, physicist Heinrich Hertz demonstrated that 

dio signals were electromagnetic waves, like ight. Like the induction field, the 
electromagnetic wave is created by an electrical current moving ina conductor (e-4, 
ıa wire). Unlike the induction field, however, the radiated field leaves the conductor 
and propagates through space as an electromagnetic wave. 
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‘The propagation of waves is easily seen in the "water analogy.” Although not 
а perfect match to radio waves, it serves to illustrate the point. Figure 2-1 shows a 
body of water into which a ball is dropped (Fig. 2-1A). When the ball hits the water 
(Fig. 2-1В), it displaces water at its point of impact, and pushes a leading wall of wa- 
ter away from itself. The ball continues to sink and the wave propagates away from, 
it until the energy is dissipated. Although Fig. 2-1 shows the action in only one di- 
‘mension (a side view), the actual waves propagate outward in all directions, forming 
concentric circles when viewed from above. 

"The wave produced by a dropped ball is not continuous, but rather is damped 
(Le. it will reduce in amplitude on successive crests until the energy is dissipated 
and the wave ceases to exist). But to make the analogy to radio waves more realis- 
tie, the wave must exist ina continuous fashion. Figure 2-2 shows how this is done 
а ball is dipped up and down in a rhythmic, or cyclic manner, successively rein- 


TA 
e object 


Leading wave forms at instant 
abject strikes water 


Surface of waler 


" 
ET 
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Leading wave moves radially outward 


Notes: A Amplitude of leading wave 
B Corresponds o 1 eycle of oscillation 


2-1 A ball dropped into water generales a wavefront that spreads out fram the point of orig- 
inal disturbances, 


4/10/01 


1:39 PM Page 7 © 


Radio waves 7 


forcing new wave crests on each dip. The waves continue to radiate outward as 
long as the ball continues to oscillate up and down. The result is a continuous 
wave train. 

‘There are two related properties ofall waves that are important to radio waves 
as well: frequency (f) and wavelength (A). The frequency is the number of oscilla- 
tions (or cycles) per unit of time. In radio waves, the unit of time is the second, so 
frequency is an expression of the number of cycles per second (eps). If the period 
of time required for the leading wave to travel from point “A” to "B" is one second 
(1 5), and there are two complete wave cycles in that space, then the frequency of 
the wave created by the oscillating ball is 2 cps. 

AL one time, radio frequencies (along with the frequencies of other electrical 
and acoustical waves) were expressed in eps, but in honor of Heinrich Hertz, the unit 
was renamed the hertz (Hz) many years ago. Because the units are equal (1 Hz 
1 cps), the wave in Fig. 2-2 has a frequency of 2 На. 

Because radio frequencies are so high, the frequency is usually expressed in 
kilohertz (kHz—1000s of Hz) and megahertz (ME2—1,000,000s of Hz). Thus, the 
frequency of a station operating in the middle of the AM broadeasting band can be 
properly expressed as 1,000,000 Ha, or 1000 kHz, or 1 MHz, all of which are equiva- 
lent to each other, Radio dials in North America are usually calibrated in kHz or MHz, 
in Europe and the rest of the world, on the other hand, it is not uncommon to find 
radio dials calibrated in meters, the unit of wavelength, as well as in frequeney. In. 
most equations used in radio antenna design, the proper units are hertz, kilohertz, 
and megahertz 


22 Bobbing ball ona 
string demonstrates 
‘generation action. n 
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‘The wavelength ofany wave is the distance between like features on the wave 
form. In the case of Fig, 2-2, the wavelength (A) is the distance between successive 
positive peaks. We could also measure the same distance between successive nega- 
tive peaks, or between any two similar features on successive waves. In radio work, 
the wavelength of the signal is expressed in meters or its subunits 

‘The wavelength is proportional to the reciprocal of the frequency. The wave- 
length of any wave is related to the frequency so that fA =v, where fis the frequency 
in Ha, his the wavelength in meters, and v is the velocity of propagation in meters. 
per second (m/s). Because radio waves propagate at the speed of light (which is also 
an electromagnetic wave), approximately 100,000,000 m/s in both free space and 
the earth's atmosphere, the lowercase letter £ is used to represent velocity (rather 
than v), so you can rewrite this expression in the form 


0,000,000 
W Аш еч 
‘These equations are sometimes abbreviated for use with the units kHz and Mit 
anno 
Fy, = Bade La 
-a 
12.31 


You can get an idea of the order of length of these waves by solving Eq. 2:3 for 
several different frequencies: 100 kHz, 1 MHz (in the AM broadcast band), 10 MHz 
(im the shortwave bands), and 1000 MHz (microwave bands). If you work the 
equations, then you will find that these wavelengths are 3000 m (100 KHz), 300 m. 
(1 MHz), 30 m (10 MHz), and 0.8 m, or 30 em (1000 MHz). You can see from these 
‘numbers why 1 MHz is in what is called the medium-wave band, 10 MHz is in the 
short wave band, and 1,000 MHz is in the microwave (“very small wave) band. At 
100 kHz, which is 0.1 MHz, the wavelength is 3000 m, so this frequency is in the long- 
wane band, 

‘The place where the water analogy falls down most profoundly is in the nature of 
the medium of propagation. Water waves move by moving water molecules; water 
is said to be the medium in which the wave propagates. At one time, scientists could 
not conceive of the “action at a distance” provided by radio waves, so they invented 
а hypothetical medium called ether (or aether) for propagating electromagnetic 
waves (such as radio waves and light). lt was not until the late nineteenth century 
that American physicists Michaelson and Morley proved that the ether does not exist 
Nonetheless, radio enthusiasts still refer to the “stuff” out of which radio waves arrive 
аз the “ether.” This terminology is merely an archaic, linguistic echo of the past. 


The electromagnetic field: a brief review 


А great deal of heavily mathematical material can be presented about electromag- 
netic waves. Indeed, developing Maxwell's equations is a complete field of study for 
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specialists. In this section, you will not use this rigorous treatment because you can 
refer to engineering textbooks for that depth of information. The purpose here is to 
present a descriptive approach that is designed to present you with a basic under- 
standing of the phenomena, The approach here is similar to the learning of a “con- 
versational” foreign language, rather than undertaking a deep study of its grammar, 
syntax, and context, For those whose professional work routinely involves electro- 
magnetic waves, this treatment is hopelessly simplistic. For that I make no apology, 
because it serves a greater audience. The goal here is to make you more comfortable 
‘when thinking about the propagation of electromagnetic fields in the radio portion of 
the electromagnetic spectrum. 

Radio signals are transverse electromagnetic (TEM or EM) waves exactly like 
light, infrared (IR), and ultraviolet (UV), except for frequency. Radio waves have 
‘much lower frequencies than light, IR, or UY, hence they have much longer wave. 
lengths, The TEM (EM) wave consists of two mutually perpendicular oscillating 
fields (see Fig. 2-3) traveling together in phase. One of the fields is an electric field 
and the other is a magnetic field. 


Radio-wave intensity 
"The radio wave is attenuated (Le. reduced in apparent power) as it propagates from 
the transmitter fo the receiver. Although at some very high microwave frequencies, 
there is additional path loss as а result of the oxygen and water vapor content of the 
аш. At other frequencies other lasses exist. Radio waves at all frequencies suffer 
losses due to the inverse square law. Lets take a look at that phenomenon. 

‘The electric field vector falls off in direct proportion to the distance traveled, 
‘The E field is measured in terms of volts per meter (V/m), or in the subunits mil- 
livolts per meter (mV/m) or microvolts per meter lux. That is, if an E field of 


LE 


v consists of right angle electric and magnetic fields 
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10 V/m crosses your body from head to toe, and you are about 2 m tall, then an 
electrical voltage is generated of (2 m)x(10 V/m), or 20 V. The reduction of the E. 
field is linearly related to distance Le. if the distance doubles the E-field voltage 
vector halves). Thus, a 100 mV/m E field that is measured 1 mi from the tr 
mitter will be 50 mV/m at 2 mi. 

‘The power in any electrical system is related to the voltage by the relationship 


E 
T 124] 


where 
Pis the power in watts (W) 


Ris the resistance in ohms (©) 
Eis the electrical potential in volts (V) 


Inthe case ofa radio wave, the R term is replaced with the impedance (Z) of free 
which is on the order of 377 Q. Ifthe E field intensity is, for example, 10 V/m, 
them the power density of the signal is 


26.5 mn 125] 


"The power density, measured in watts per square meter (W/më), or the subunits 
(eg, Wier’), falls off according to the square of the distance. This phenomenon is 
shown graphically in Fig. 2-4, Here, you can see a lamp emitting a light beam that 
falls on a surface (A), at distance L, with a given intensity. At another surface (В), 
that is 2L from the source, the same amount of energy is distributed over an area. 
(B) that is twice as large as arca A. Thus, the power density falis off according to 
Val, where d is the difference in distance. This is called the inverse square law 


Isotropic sources 
In dealing with both antenna theory and radio wave propagation, a theoretical 
construct called an isotropic source is sometimes used for the sake of compari- 
son, and for simpler arithmetic. You will see the isotropic model several places in 
this book, An isotropic source assumes that the radiator (Le., an “antenna”) is a 
very tiny spherical source that radiates energy equally well in all directions. The 
radiation pattern is thus a sphere with the isotrapie antenna at the center. Be- 
cause a spherical source is uniform in all directions, and its geometry is easily de- 
termined mathematically, the signal intensities at all points can be calculated 
from basic geometric principles. 

For the isotropie case, you can calculate the 
sphere from 


extended 


erage power in the 
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24 As a wave propagales, it spreads out according lo the inverse square law, e, the area 
af is times that of А because ii twice as far from the suree. 


P, is the average power per unit area 

Pris the total power. 

d'is the radius of the sphere in meters (Le, the distance from the radiator to the 
point in question) 


The effective aperture (A,) of the receiving antenna relates to its ability to col- 
leet power from the EM wave and deliver it ta the load. Although typically «паде 
than the surface area in real antennas, for the theoretical isotropic case A, = Alx 
‘The power delivered to the load is 


P, 


PA, 1271 


ву combining the two previous equations, the power delivered to а ай at dis- 
tance d is given by 

РУ 
E 


P, 1281 


Р, ia the power to the load 
As the wavelength (ci) of the signal 


From these expressions, there can then be derived an expression for ordinary 
path losses between an isotropic transmitter antenna and a receiver antenna: 


dig 129] 
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or, by rearranging to account for individual terms: 


1, 


ч = [20 10g d] + [20 low Fg, + k 1240] 


where 
Ly is the path loss in decibels (dB) 
is the path length 
Fy, is frequency in megahertz (MHz) 
‘kis constant that depends on the units of as follows: 


k 


Aif d in kilometers 
58 if d in statute miles 
80 if d in nautical miles 
37.87 if d in feet 

55iEd in meters 


"The radiated sphere of energy gets ever larger as the wave propagates away from. 
the isotropic source. If, at a great distance from the center, you take a look at a small 
slice of the advancing Wavefront you can assume that it is essentially а flat plane, as in 
Fig. 2-5. This situation is analogous to the apparent flatness of the prairie, even though 
the surface of the earth is nearly spherical. You would be able to "see" the electric and 
magnetic field vectors at right angles to each other in the fat plane wavefront. 

"The polarization of an EM wave is, by definition, the direction of the electric 
field. Figure 2-6A shows vertical polarization, because the electric field is vertical 
With respect to the earth, If the fields were exchanged (as in Fig. 2-6B), then the EM. 
wave would be horizontally polarized. 

‘These designations are especially convenient because they also show the type 
of antenna used: vertical antennas produce vertically polarized signals, while hori- 
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25 When viewed а plane, the 
Kel appear at right angles to 
each other. 
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Direction of travel э 


i hy 


2-6 Wave polarization is determined by the direction of the electric field lines of force 
(A) vertical polarized electromagnetic wave; (B) horizontally polarized wave, 


zontal antennas produce horizontally polarized signals. 
neously states that antennas will not pick up signals or the opposite polarity. Such 
is not the case, especially in the high-frequency (HF) and lower very high 
frequency (VHF) regions. At VHF, ultrahigh frequency (UHF), and microwave fre 


quencies a loss of approximately 20 to 30 dB can be observed due to cross- 
polarization. 


AL least one text erro. 


An EM wave travels at the speed of light, designated by the letter c, which is about 
300,000,000 m/s Cor 186,000 mis). To put this velocity in perspective, а radio signal 
originating on the sun's surface would reach earth in about 8 minutes, A terrestrial ra- 
dio signal can travel around the earth seven times in one second. The velocity of the 
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wave slows in dense media, but in air the speed is so close to the "free-space" value 
ofc, that the same figures are used for both air and the near vacuum of outer space in. 
practical problems. In pure water, which is much denser than air, the speed of radio. 
signals îs about one-ninth that of the free-space speed. This same phenomenon shows 
Up in practical work in the form of the velocity factor (V) of transmission lines. In 
foam dielectric coaxial cable, for example, the value of V 0.80, which means that the 
signal propagates along the line at a speed of 0.800, or 80 percent of the speed of light. 

"This coverage of radio propagation considers the EM wave as a very narrow "ray" 
or "pencil beam” that does not diverge asit travels. That is, the ray remains the same 
width all along its path. This convention makes it easy to use ray tracing diagrams. 
Keep in mind, however, that the real situation, even when narrow-beamwidth mi- 
crowave signals are used, is much more complicated. Real signals, after all, are slop- 
pier than textbook examples: they are neither infinitesimally thin, nor nondivergent. 


The earth’s atmosphere 
‘The electromagnetic waves do not need an atmosphere in order to propagate, as 
‘you will undoubtedly realize from the fact that space vehicles ean transmit radio 
signals back to earth ina near vacuum. But when radio wave does propagate in the 
earth's atmosphere, it interacts with the atmosphere, and its path of propagation is 
altered. A number of factors affect the interaction, but itis possible to break the 
atmosphere into several different categories according to their respective effects 
on radio signals 

"The atmosphere, which consists largely of oxygen (0,) and nitrogen (N) gases, 
is broken into three major zones: troposphere, stratosphere, and ionosphere (Fig, 
2-7). The boundaries between these regions are not very well defined, and change 
both diumally (over the course of a day) and seasonally. 

"The troposphere occupies the space between the earth's surface and an altitude 
of 6 to 11 km (4 to 7 mi. The temperature of the air in the troposphere varies with 
altitude, becoming considerably lower at greater altitude compared with ground 
temperature. For example, а +10% surface temperature could reduce to -55°C at 
the upper edges of the troposphere. 

"The stratosphere begins at the upper boundary ofthe troposphere (6 to 11 km), 
and extends up to the ionosphere (=50 km). The stratosphere is called an isothor- 
mal region because the temperature in this region is somewhat constant, despite al- 
titude changes, 

"The ionosphere begins at an altitude of about 50 km (31 mi) and extends up to 
approximately 300 km (186 mi). The ionosphere is a region of very thin atmosphere. 
Cosmic rays, electromagnetic radiation of various types (including ultraviolet light 
from the sun), and atomic particle radiation from space (most of these from the sun 
also), have sufficient energy to strip electrons away from the gas molecules of the 
atmosphere. These freed electrons are called negative ions, while the O, and N mol- 
ecules that lost electrons are called positive ions, Because the density of the air is 
so low at those altitudes, the ions can travel ong distances before neutralizing each 
other by recombining, Radio propagation on some bands varies markedly between 
daytime and nighttime because the sun keeps the level of ionization high during 
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daylight hours, but the ionization begins to fall off rapidly after sunset, altering 
the radio propagation characteristics after dark. The ionization does not occur at 
lower altitudes because the air density is such that the positive and negative ions are 
numerous and close together, so recombination occurs rapidly 


EM wave propagation phenomena 


Because EM waves are waves, they behave in a wave-like manner, Figure 2-8 illus- 
trates some of the wave behavior phenomena associated with light and radio waves: 
reflection, refraction, and diffraction- All three play roles in radio propagation. 

Reflection and refraction are shown in Fig. 2-84. Reflection occurs when a 
wave strikes a denser reflective medium, as when a light wave strikes a glass mir- 
ror. The incident wave (shown as a single ray) strikes the interface between less 
dense and more dense mediums at a certain angle of incidence (a, ). and is re- 
flected at exactly the same angle (now called the angle of reflection (a, ). Be- 
cause these angles are equal, a reflected radio signal can often be traced back to 
its origin. 

Refraction occurs when the incident wave enters a region of different density 
and thereby undergoes both a velocity change and a directional change. The amount. 
and direction of the change are determined by the ratio of the densities between the 
two media, If Zone B is much different from Zone A, then bending is great. In 
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systems, the two media might be different layers of air with different densities. It is 
possible for both reflection and refraction to occur in the same system. Indeed, more 
than one form of refraction might be present. These topics will be covered in great 
depth shortly 

Diffraction is shown in Fig. 2-ВВ. In this case, an advancing wavefront encoun- 
ters an opaque object (e.g. a steel building). The shadow zone behind the building 
is not simply perpendicular to the wave, but takes on a cone shape as waves bend 
around the object. The "umbra region" (or diffraction zone) between the shadow 
zone (“cone of silence") and the direct propagation zone is region of weak (but not 
zero) signal strength. In practical situations, signal strength in the cone of silence 
rarely reaches zero. A certain amount of reflected signals scattered from other 
sources will fll in the shadow a litle bit. The degree of diffraction effect seen in any 
given case isa function of the wavelength of the signal, the size of the object, and its 
‘electromagnetic properties 


Propagation paths 
"There are four major propagation paths: surface wave, space wave, tropospheric, 
and ionospheric, The ionospheric path is important to medium-wave (MW) and HF 
propagation, but is not important to VHF, UHF, or microwave propagation. The space 
wave and surface wave are both ground waves, but they behave differently enough 
to warrant separate consideration. The surface wave travels in direct contact with 
the earth's surface and it suffers a severe frequency-dependent attenuation caused 
by absorption into the ground. 

‘The space wave is also a ground-wave phenomenon, but it is radiated from an 
antenna many Wavelengths above the surface. No part of the space wave normally 
travels in contact with the surface; VHF, ОНЕ, and microwave signals are usually 
space waves. There are, however, two components of the space wave in many eases: 
direct and yeftected (see Fig 

‘The tropospheric wave is lumped with the direct space wave in some texts, but it 
‘has properties that actually make it different in practical situations. The troposphere 
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"Tropospheric path 


200 Space wave propagation. 


is the region of earth's atmosphere between the surface and the stratosphere, or 
about 4 to Т mi above the surface. Thus, most forms of ground wave propagate in the 
troposphere. But because certain propagation phenomena (caused mostly by 
weather conditions) only occur at higher altitudes, tropospheric propagation should 
be differentiated from other forms of ground wave. 

"The ionosphere is the region of earth's atmosphere that is above the strato- 
sphere. The peculiar feature of the ionosphere is that molecules of air gas (O, and N) 
can be ionized by stripping away electrons under the influence of solar radiation and. 
certain other sources of energy. In the ionosphere, the air density is so low that ions 
can travel relatively long distances before recombining with oppositely charged 
ions to form electrically neutral atoms, Asa result, the ionosphere remains ionized for 
long periods of the day—even after sunset. At lower altitudes, however, air density 
is greater and recombination thus occurs rapidly. At those altitudes, solar ionization 
diminishes to nearly zero immediately after sunset, or never achieves any significant 
levels even at local noon. 

Ionization and recombination phenomena in the ionosphere add to the noise 
level experienced at VHF, UHF, and microwave frequencies. The properties of 
the ionosphere are important to microwave technology because of the noise con- 
tribution. In satellite communications, there are some additional transionos- 
pheric effect 


Ground-wave propagation 
"The ground wave, naturally enough, travels along the ground, or at least in close 
proximity to it, There are three basic forms of ground wave: space wave, surface 
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wave, and tropospheric wave. The space wave does not actually touch the ground. 
Asa result, space wave attenuation with distance in clear weather is about the same 
as in free space (except above about 10 GHz, where H,O and O, absorption increases 
dramatically). Of course, above the VHF region, weather conditions add attenuation. 
not found in outer space. 

‘The surface wave is subject to the same attenuation factors as the space wave, 
but in addition it also suffers ground losses. These losses are caused by ohmic re- 
sistive losses in the conductive earth. In other words, the signal heats up the 
ground. Surface wave attenuation is a function of frequency, and it increases 
rapidly as frequency increases, Both of these forms of ground-wave communica- 
tions are affected by the following factors: wavelength, height of both the receiv- 
ing and transmitting antennas, distance between the antennas, and the terrain and. 
‘weather along the transmission path. Figure 2-10 is a nomograph that can be used 
to calculate the line of sight distances in miles from a knowledge of the receiver 
and transmitter antenna heights. Similarly, Figs. 2-11A and 2-118 show power at 
tenuation with frequency and distance (Fig. 2-11A) and power attenuation in 
terms of field intensity (Fig. 2-11B). 

Ground-wave communications also suffer another difficulty, especially at VHF, 
UHF, and microwave frequencies. The space wave is like a surface wave, but itis ra- 
diated many wavelengths above the surface. It is made up of two components (see 
Fig. 2-9 again): the direct and reflected waves. If both of these components arrive at 
the receiving antenna, they will add algebraically to either increase or decrease sig- 
mal strength. There is always a phase shift between the two components because the 
two signal paths have different lengths G e. D, is less than D, + D,). In addition, 
there may possibly be a 180° (к radians) phase reversal at the point of reflection 
(especially if the incident signal is horizontally polarized), as in Fig. 2-12. The fol- 
loving general rules apply in these situations: 


+ A phase shift ofan odd number of half wavelengths causes the components to 
add, increasing signal strength (constructive interference). 

+ A phase shift of an even number of half wavelengths causes the compo- 
nents to subtract (Fig. 2-12), thus reducing signal strength (destructive 
interference) 

+ Phase shifts other than half wavelength add or subtract according to relative 
polarity and amplitude. 


‘You can characterize the loss of signal over path D, with а parametric term y that 
is defined as follows: 


naz pan 


where 


ıı is the signal loss coefficient 
S, is the signal level at the receiver in the presence of a ground reflection com- 
ponent 


Sis the free-space signal strength over path D, if no reflection took place. 
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Power in 

Free-space field 

1 Watt radiated 

received on 
half-wave antenna 

For 1,000 watts radiated add +30 dB 
For 10,000 watts radiated add +40 dB 
For 100,000 watts radiated add +50 dB 
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‘The reflected signal contains both amplitude change and phase change. The 
phase change is typically x radians (180°). The amplitude change is a function of 
frequency and the nature of the reflecting surface. The reflection. coefficient сап be 
‘characterized as 


т=ре” 1244] 


зге 409 Paga ЯХ fae 


22 Radio-wave propagation 


E 
TT RUKY 
a М: a 
80 el, nese | 
0 Т 
a ишы, [ Oio raros 
m 
¿9 
B» 
E 10 
im p 
= 130) ] | 
el Д offerte 
"m Ü xil fed power 
ч ^ en ane 
160) 1 
im l | 
ERE 100 T 17 100 
menen deen, Merwots Ml vos Ml 
permeter ber meier permeter per meter per meter per meter | 
E-teid intensity 
Diea 
e 
242 Outage waves cance 
Fenectea 
Sace, 


yis the reflection coefficient 
Dis the amplitude change 

bis the phase change 

jis the imaginary operator (V-T) 


For smooth, high-refleetivity surfaces and a horizontally polarized microwave 
signal that has a shallow angle of incidence, the value of the reflection coefficient is 
close to -1 
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‘The phase change of the reflected signal at the receiving antenna is at least a ra- 
Чапа because of the reflection. Added to this change is an additional phase shift that 
is a function of the difference in path lengths. This phase shift can be expressed in 
terms of the two antenna heights and path length. 


e 
"+ 


А category of reception problems called multipath phenomena exists because 
of interference between the direct and reflected components ofthe space wave. The 
form of multipath phenomena that is, perhaps, most familiar to many readers is 
hosting in off-the-air television reception. Some multipath events are transitory in 
nature (as when an aircraft ies through the transmission path), while others are 
permanent (as when a large building, or hill, reflects the signal). In mobile commu- 
nications, multipath phenomena are responsible for reception dead zones and 
“picket fencing.” A dead zone exists when destructive interference between direct 
and reflected (or multiply reflected) waves drastically reduces signal strengths, This 
problem is most often noticed at VHF and above when the vehicle is stopped; and 
the solution is to move the antenna one-half wavelength (which at VHF and UHF is 
a matter of a few inches). Picket fencing occurs as a mobile unit moves through suc- 
cessive dead zones and signal enhancement (or normal) zones, and it sounds like а 
series of short noise bursts. 

AL VHF, UHF, and microwave frequencies, the space wave is limited to so-called 
line-of-sight distances, The horizon is theoretically the limit of communications dis- 
tance, but the radio horizon is actually about 15 percent farther than the optical hori- 
zon (Fig. 2-13). This phenomenon is caused by refractive bending in the atmosphere 
around the curvature of the earth, and it makes the geometry of the situation look as 
ifthe earth's radius is # the actual radius. 

The refraction phenomenon occurs at VHF through microwave frequencies, but. 
not in the visible light spectrum, because water and atmospheric pressure (which re- 
lates to the effects of atmospheric gases on microwave signals) become important. 
contributors to the phenomenon. The K factor expresses the degree of curvature 
along any given path, while the indez of refraction п measures the differential 
properties between adjacent zones of air. 

‘The K factor, also called the effective earth's radius factor, is defined according 
to the relationship of two hypothetical spheres, both centered at the exact center of 
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the earth, The first sphere is the earth's surface, which has a radius у, (3440 nmi or 
6370 km). The second sphere is larger than the first by the curvature of the signal 
“ray path,” and has a radius y, The value of K is approximately 


* 12.16] 


A value of K = 1 indi 14); a value of K > 1 indicates 
а positively curved path (refraction); and a value of K < 1 indicates a negatively 
curved path (subrefraction). The actual value of K varies with local weather condi- 
tions, so one can expect variation not only between locations, but also seasonally. In. 
the arctic regions, K varies approximately over the range 1.2 to 1.34. In the “lower 
48" states of the United States, K varies from 1.25 to 1.9 during the summer months 
(especially in the south and southeast), and from 1.25 to 1.45 in the winter months. 
‘The index of refraction n can be defined in two ways, depending on the situation. 
When a signal passes across boundaries between adjacent regions of distinctly dif 
ferent properties (as occurs in temperature inversions, ete), the index of refraction 
is the ratio of the signal velocities in the two regions. In a homogeneous region n 
van be expressed as the ratio of the free-space velocity c to the actual velocity in the 
atmosphere V: 


Ban 


At the surface, near sea level, under standard temperature and pressure condi- 
tions, the value of » is approximately 1.0008, and in homogeneous atmospheres it 
will decrease by 4 x 107 per mile of altitude. The units of are a bit cumbersome in 
equations, so the UHF/microwave communities tend to use a derivative parameter 
N, called the efractivity of the atmosphere: 


N=(n-1)x10° 12181 


2-14 Refraction changes path length, 
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‘The value of N tends to vary from about 280 to 320, and both v and N vary with 
altitude. In nonhomogeneous atmospheres (the usual case), these parameters will 
vary approximately linearly for several tenths of a kilometer. All but a few microwave 
relay systems can assume an approximately linear reduction of and N with in- 
creasing altitude, although airborne radios and radars cannot. There are two meth- 


ods for calculating N: 
sy — 

ur 2.19) 

т\т gam 


and 
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Pis the atmospheric pressure in millibars (1 torr = 1.3332 mbar) 

Tis temperature in kelvins 

e, is saturation vapor pressure of atmospheric water in milli 
Js the relative humidity expressed as a decimal fraction (rather than a 

percentage) 


Hs 


Ray path curvature (К) can be expressed as a function of either or N, provided 
the assumption of a linear gradient d, /d, holds true: 


12210 


1222] 


Cp au, 
1157 
For the near-surface region, where d, d, varies at about 3.9 x 10 m, the value 
of Kis 1.33, For most terrestrial microwave paths, this value (k. 13) is called 
a standard refraction, and is used in calculations in the absence of additional 


data. For regions above the linear zane close to the surface, you can use another ex 
pression of refractivity: 


N, = ا‎ 1223] 
where 


N, is the refractivity at 1 km altitude 
hı, is the height of the receiver antenna 
Jis the height of the transmit antenna 
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LANIN) 
з the refraetivity at altitude 
is the reactivity at the earths surface 


For simple models close to the surface, you can use the geometry shown in 
Fig. 2-15. Distance d is a curved path along the surface of the earth. But because 
the earth's radius r, is about 4000 statute miles, and it is thus very much larger than 
а practical antenna height A, you can simplify the model in Fig. 2-15A to that in. 
Fig. 2-158, The underlying assumption is that the earth has a radio radius equal to 
about # (K = 1.33) of the actual physical radius of its surface, 


Barth's surface 


ЗАЗА Geometry for caleusting radio distances 


| 2-158 Simplified geometry. 
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The value of distan 


4 is found from the expression 
V 12:24] 
where 


dis the distance to the radio horizon in statute miles 
r, is the normalized radius of the earth 
h is he antenna height in feet 


Accounting for all constant factors, the expression reduces to 


амм, 1225] 
all factors being the same as defined above. 


d= 


Example 2-1 A radio tower has a UHF radio antenna that is mounted 150 feet 
above the surface of the earth. Calculate the radio horizon (in statute miles) for this 


system. 
Solution: 
d= 1414 (дг 
=алмуавопу' 
(419/0235) 


1032 mi 


For other units of measurement: 
Aa = 123 VÀ, шш 1226] 
and 


ty, =130 Vî, km mam 


Surface-wave communications The surface wave travels in direet contact 
‘with the earth's surface, and it suffers a severe frequency-dependent attenuation be- 
‘cause of absorption by the ground. 

"The surface wave extends to considerable heights above the ground le 
though its intensity drops off rapidly at the upper 
to the same attenuation factors as the space wave, but in addition, it also suffers 
ground losses. These losses are caused by ohmic resistive losses in the conductive 
earth, and to the dielectric properties of the earth. In other words, the signal heats 
up the ground. Horizontally polarized waves are not often used for surface wave 
communications because the earth tends to Short. che ut the E-field component, On 
vertically polarized waves, however, the earth offers electrical resistance to the 
E-field and returns currents to following waves (Fig, 2-16). The conductivity of 
the вой determines how much energy is returned. Table 2-1 shows the typical con- 
ductivity values for several different forms of soil. 
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round currents 


246. Distortion of vertically polarized electric eld by lossy ground resistance. 


Table 2-1. Sample soil conductivity values. 
Dielectric Conductivity Relative 

‘Type of soil constant (siemens/meter) — quality 

Salt water 5 Best 

Fresh water ow Very poor 

Pastoral hills 043-101 Very good 

Marshy, wooded бошт Average/poor 

Rocky hills 10 Poor. 

Sandy m Poor 

Cities [rt Very poor. 


The wavefront ofa surface wave is tilted because of the losses in the ground that 
tend to retard the waveftont's bottom (also in Fig. 2-16). The tilt angle is a function 
of the frequency, as shown in Table 2-2 


‘Table 2-2. Tilt angle as a function of frequency 


Frequency (kHz) Tit angle ratio  Earth/seawater (degrees) 


m зит 130.08 
200 104 154013 
2000 m mans 
20000 25 EE 


Surface-wave attenuation is a function of frequency, and inereases rapidly аз fre- 
quency increases. For both forms of the ground wave, reception is affected by these 
factors: wavelength, height of both the receiving and transmitting antennas, dis- 
tance between antennas, and both terrain and weather along the transmission. 
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path, In addition, the surface wave is affected by the ground losses in Table 2-1. Be- 
‘cause of the ground loss effects, the surface wave is attenuated at а much faster rate 
than the inverse square law, 

Ground-wave propagation frequency effects The frequency ofa radio signal 
in large measure determines its surface-wave behavior. In the very low-frequency 
(VLE) band (<300 kHz), ground losses are small for vertically polarized signals, 
so medium-distance communications (up to several hundred miles) are possible. 
in the medium-wave band (300 to 3000 kHz, including the AM broadcast band), 
distances of 1000 mi are possible with regularity—especially at night. In the high- 
frequency (HF) band, ground losses are more considerable, so the surface-wave 
distance reduces drastically. It is possible, in the upper end of the HF band (3000 
to 30,000 KHz) for surface-wave signals to die out within a few dozen miles, This 
phenomenon is often seen in the 15- and 10-m amateur radio bands, as well as the 
11m (27-MHz) Citizens Band. Stations only 20 mi apart cannot communicate, 
but both can talk to a third station across the continent via ionospheric skip. 
‘Thus, the two stations close together must have a station more than 2000 mi away 
relay messages between them. 

‘Tropospheric propagation The troposphere is the portion of the atmosplu 
between the surface of the earth and the stratosphere (or about 4 to 7 mi above the 
surface). Some older texts group tropospheric propagation with ground-wave prop- 
gation, but modern practice requires separate treatment. The older grouping over- 
looks certain common propagation phenomena that simply don't happen with space 
or surface waves. 

Refraction is the mechanism for most tropospheric propagation phenomena. 
‘The diclectrie properties of the ай, which are set mostly by the moisture content 
(Fig, 2-17), are a primary factor in tropospheric refraction. Recall that refraction 
occurs in both light or radio-wave systems when the wave passes between mediums 
of differing density. Under that situation, the wave path will bend an amount pro- 
portional to the difference in density. 

‘Two general situations are typically found—especially at UHF and microwave 
frequencies. First, because air density normally decreases with altitude, the top of 
a beam of radio waves typically travels slightly faster than the lower portion of the 
beam. As a result, those signals refract a small amount. Such propagation provides 
slightly longer surface distances than аге normally expected from calculating the 
distance to the radio horizon. This phenomenon is called simple refraction, and was 
discussed in a preceding section. 

A special case of refraction called superrefraction occurs in areas of the world 
‘where warmed land air goes out over a cooler sea (Fig. 2-18). Examples of such areas 
have deserts that are adjacent to a lange body of water: the Gulf of Aden, the southern 
Mediterranean, and the Pacifle Ocean off the coast of Baja California are examples. 
‘VHF/UHF /microwave communications up to 200 mi are reported in such areas. 

‘The second form of refraction is weather-related, Called ducting, this form 
of propagation (Fig. 2-19) в actually а special case of superrefraction. Evaporation of 
sea water causes temperature inversion regions to form in the atmosphere—that is, 
layered air masses in which the air temperature is greater than in the layers below it. 
(Note: air temperature normally decreases with altitude, but at the boundary with an 
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2-17 Refraction in the troposphere. 


inversion region, it increases.) The inversion layer forms a "duct" that acts like a 
waveguide. In Fig, 2-19, the distance D, is the normal "radio horizon” distance, and 
D, is the distance over which duet communications can occur 

Ducting allows long-distance communications from lower VHF through mi- 
erowave frequencies, with 50 MHz being a lower practical limit and 10 GHz being an 
ill-defined upper Innit. Airborne operators of radio, radar, and other electronic 
equipment can sometimes note ducting at even higher microwave freque 

Antenna placement is critical for ducting propagation. Both the receiving and 
transmitting antennas must be either (1) inside the duct physically (as in airborne. 
cases) or (2) able to propagate at an angle such that the signal gets trapped inside 
the duct, The latter isa function of antenna radiation angle, Distances up to 2500 mi 
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2-19 Ducting phenomenon. 


or во are possible through ducting. Certain paths where frequent ducting occurs 
have been identified: the Great Lakes to the Atlantic seaboard; Newfoundland to the 
Canary Islands; across the Gulf of Mexico from Florida to Texas; Newfoundland to 
the Carolinas; California to Hawaii; and Ascension Island to Brazil. 

Another condition is noted in the polar regions, where colder air from the land 
mass flows out aver warmer seas (Fig. 2-20). Called subrefraction, this phenomena 
bends EM waves away from the earth's surface—thereby reducing the radio horizon 
by about 30 to 40 percent. 
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All tropospheric propagation that depends upon air-mass temperatures and hu- 
midity, shows diurnal (Le, over the course of the day) variation caused by the local 
rising and setting of the sun, Distant signals may vary 20 dB in strength over a 24- 
hour period. These tropospheric phenomena explain how TV, FM broadcast, and 
other VHF signals can propagate great distances, especially along seacoast paths, at 
some times while being weak or nonexistent at others 

Diffraction phenomena Electromagnetic waves difract when they encounter 
a radio-opaque object. The degree of diffraction, and the harm it causes is frequency- 
related. Above 3 GHz, wavelengths are so small (approximately 10 em) compared to 
object sies that large attenuation of the signal occurs. In addition, beamwidths 
(а function of antenna size compared with wavelength) tend to be small enough 
above 3 GHz that blockage of propagation by obstacles is much greater 

Earlier in this chapter, large-scale diffraction around structures (such as build- 
ings) was discussed. The view presented was from above, so it represented the hori- 
zontal plane. But there is also a diffraction phenomenon in the vertical plane. Terrain, 
or man-made objets, intervening in the path between UHF microwave stations (Fig 
2214) cause diffraction, and some signal attenuation. There is a minimum clearance 
required to prevent severe attenuation (up to 20 to 30 В) from diffraction. Calcula- 
tion of the required clearance comes from Huygens-Fresnel wave theory 

Consider Fig. 2.218 A wave source A, which might be a transmitter antenna, 
transmits a wavefront to a destination C (receiver antenna), At any point along path 
A-C, you can look at the wavefront as a partial spherical surface (B...) on which ll 
wave rays have the same phase. This plane can be called an isophase plane. You can 
assume that the d 0, refraction gradient over the height extent of the wavefront is 
small enough to bé considered negligible, 

Using ray tracing we see rays r, Incoming to plane 188, and rays r, outgoing. 
from plane [B2]. The signal seen at C is the algebraic sum ofall rays r The signal 
pattem will have the form of an optical interference pattern with wave cancellation 
occurring between r, waves that are a half-wavelength apart on |. The r 
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y signals. 


pact points on plane If E. form radii R, called Fresnel zones, The lengths of the 
radii are a function of the frequency and the ratio of the distances D, and D, (see 
Fig, 2-21B). The general expression is 


R,=M 1228] 


A, is the radius of the nth Fresnel zone. 
Кв the frequency in GHz 

Dy is the distance from the source to plane A. 
D, i the distance from destination to plane А, 
Nis an integer (1,2,3, ..) 

Ма constant of proportionality equal to 


ITSF R, isin meters and D,, D, are in kilometers and 


7.1 ICR, isin feet and D,, D, are in statute miles 


Jr you first calculate the radius of the critical first Fresnel zone (t), then you 
сап calculate the nth Fresnel zone from 


12.29] 


Example 2-2 Calculate the radius of the first Fresnel zone for a 2.5-GHz signal 
at a point that is 12 km from the source and 18 km from the destination. 
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a ND 
17.9) (2.88) = 29.4 m. 


For most terrestrial microwave systems ап obstacle clearance of 0.6R, is required 
to prevent diffraction attenuation under most normal conditions, However, there are 
conditions in which the clearance zone should be more than one Fresnel zane, 

Fading mechanisms Fading is defined as a reduction in amplitude caused by 
reduced received signal power, changes in phase or polarization, wave cancellation, 
or other related problems that are not caused by a change in the output power level or 
other parameters associated with either the transmitter or its antenna system, You 
would not ordinarily think that line-of-sight radio relay links would experience 
fading, but that is not true. Fading does, in fact, occur, and it can reach levels of 30 dB 
in some cases (20 dB is relatively common). In addition, fading phenomena in the 
VHF-and-up range can last several hours, with some periods being reported of sev 
eral days in duration (although very rare). There are several mechanisms of fading, 
and these will be dealt with in this section. HF fading caused by ionospherie mecha- 
nisms will be covered later 

Any or all of the mechanisms shown in Fig. 2-22 can occur in а given system. In all 
cases, two or more signals arrive at the receiver antenna (ft). Ray A represents the 
direct path signal that is, ideally, the only signal to reach the destination. But it is also 
possible that a signal, in an elevated layer or other atmospheric anomaly, will cause 
refraction or subrefraction of the wave creating a second component, 2. If this second 
signal arrives out of phase with A, then fading will occur (signal reinforcement — 


layer 


с e 


222. Multiple paths for signal to take between transmitter and receiver 


ae 4/26/01 1:40 4 Page 34 2 


36 Radio-wave propagation 


in phase—can also occur). It is also possible to see subrefraction fading, as in D. The 
classical multipath situation represented by ray C and its reflected component C is 
also a source of fading. 

These mechanisms are frequency-sensitive, so a possible countermeasure is to 
use frequency diversity. Hopping over a 5 percent frequency change will help 
eliminate fading in many cases. In cases where either system constraints, or local 
spectrum usage prevents a 5 percent delta (change), then try for at least 2 or 
3 percent. 

Over ocean areas or other large bodies of water there is a possibility of encoun- 
tering fair weather surface ducting as a cause of fading, These ducts form in the mid 
latitudes, starting about 2 to 3 kun from shore, up to heights of 10 to 20 mi; wind. 
velocities are found in the 10 to 60 km range. The cause of the problem is a com- 
bination of power fading, due to the presence of the duct, and surface reflections 
(see Fig. 223). Power fading alone can oceur when there is a superrefractive duct. 
elevated above the surface. The duct has a tendency to act as а waveguide and focus 
the signal (Fig. 2-24). Although the duct shown is superrefractive, it is also possible 
to have a subrefractive duet. 

Attenuation in weather Microwave communications above about 10 GHz suf- 
fer an increasingly severe attenuation because of water vapor and oxygen in the а 
‘mosphere. Figure 2-25 shows the standard attenuation in dB/km for microwave 
frequencies. Note that there are several strong peaks in an ever-increasing curve. Set- 
ting a system frequency in these regions will cause poor communications or will re- 
quire а combination of more transmit power, better receiver sensitivity, and better 
antennas on receiving and transmitting locations. The curves shown in Fig, 2-25 
assume certain standardizing conditions. Rain and other weather conditions can 
severely increase the attenuation of signals. In addition to attenuation, radar exhibits 
severe clutter problems when signals backscatter from rain cells 
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224 Wave interference 


lonospherie propagation 

Nos let's turn your attention to the phenomenon of skip communications, Tonos- 
pherie propagation is responsible for the ability to do intercontinental broadcasting 
and communications. Long-distance radio transmission is carried out on the high- 
frequency (HF) bands (3 to 30 MHz), also called the shortwave bands. These fre- 
‘quencies are used because of the phenomenon called skip. Under this type of prop- 
agation, the earth's ionosphere acts as though it is a “radio mirror.” Although the 
actual phenomenon is based on refraction (not reflection, as is frequently believed), 
the appearance to the casual observer is that shortwave and low-VHF radio signals 
are reflected from the ionosphere. The actual situation is a little different, 

‘The key lies in the fact that this radio mirror is produced by ionization of the upper 
atmosphere, The upper portion of the atmosphere is called the ionosphere because it 
tends to be easily ionized by solar and cosmic radiation phenomena, The reason for the 
ease with which that region (30 to 300 mi above the surface) ionizes, is that the air den- 
sity is very low Energy from the sun strips away electrons from the outer shells of oxy- 
gen and nitrogen molecules. The electrons become negative ions, while the remaining 
portion of the atom forms positive ons. Because the air is so rariied at those altitudes, 
those ions can travel great distances before recombining to form electrically neutral 
atoms again. As a result, the average ionization level remains high in that region. 

‘Several sources of energy will cause ionization of the upper atomosphere, Cos- 
mic radiation from outer space causes some degree of ionization, but the majority of 
ionization is caused by solar energy. 

‘The role of cosmic radiation was noticed during World War I, when British radar 
operators discovered that the distance at which their equipment could detect Ger 
man aircraft was dependent upon whether or not the Milky Way was above the hori- 
zon, Intergalactic radiation raised the background microwave noise level, thereby 
adversely affecting the signal-to-noise ratio. 
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Events on the surface of the sun sometimes cause the radio mirror to seem to be 
almost perfect, and this situation makes spectacular propagation possible, At other 
times, however, solar disturbances (Fig. 2-26A) disrupt radio communications for 
days at a time 


There are two principal forms of solar energy that affect shortwave communica- 
tions: electromagnetic radiation and charged solar particles, Most of the radia 
tion is above the visible spectrum, in the ultraviolet and x-ray/gamma-ray region of 
liation travels at the speed of light, 
events that release radiation cause changes to the ionosphere about В minutes 
Charged y 
ably slower velocity. They require two or three days t 
Vari 
release huge amounts of both radiation and particles. 


the spectrum, Because electromagnetic г 


ticles, on the other hand, having a finite mass must travel at a consi 
reach earth. 


t on the sun, Solar flares can 


us sources of both radiation and particles ex 


These events are 


oradic. Solar radiation also varies over an approximately 27-day pe- 
same source of radiation will face 
the earth once every 27 days, and so events tend to be somewhat repetitive 

Solar and galactic noise affect the reception of Weak signals. Solar noise can also 
affect radio propagation and act as a harbinger of changes in propagation patterns. 
inary radio receiver and a direc 


riod, which is the rotational period of the sun. 


ır noise can be demonstrated by using an ог 
onal antenna, preferably operating in the VHF/UHF regions of the spectrum (150 to 
MH frequently is used). Aim the antenna at the sun on the horizon at either 
ckground noise will be noted as the sun 


sunset or sunrise, A dramatic change in b 


slides across the horizon, 


GA. Solar event thal can affect radio propagation on earth 
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eelally the periodic forms, is 
"0,000 to 80,000 miles in diame 
varies over a period af 
approximately 11 years, although the actual periods since 1750 (when records were 

aily as 
atistically massaged Zurich Smoothed Sunspot Number, or Wolf Numi 


Sunspots A principal source of solar radiatio 
sunspots (Fig. 2-268). Sunspots can be as large as 


ter, and generally occur in clusters. The number of sunspo 


first kept) have varied from 9 to 14 years. The sunspot number is reported 


The number of sunspots greatly affects radio propagation via the ionosphere. The 
low was in the range of 60 (in 1907), and the high was about 200 (1958). 
Another indicator of ionospheric propagation potential is the solar 
(SED. This me 

2.8 GHz), at 1700 UTC at Ottawa, Canada, TI 
tute for Standards and Technology (NIST) radio 

and WWVH (Маш, Hawai 
‘The ionosphere offers different properties that affect radio propagation at dif 
ferent times. Variatio Чу over the 11 year sunspot cycle, but also diur- 
nally. Obviously, if the sun affects propagation in a significant way 
jetween summer and winter 


x index 


sure is taken in the microwave region (wavelength of 102 em, or 
SFI is reported by the National Inst 
stations WWV (Fort Collins, CO) 


then differences between nighttime and daytime, and 
must cause variations in the propagation phenomena observed. 


"The ionosphere is divided, for purposes of radio propagation studies, into various 
layer 


that have somewhat different properties. These layers are only well defined 
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їп textbooks, However, even there you find a variation in the precise altitudes of the 
layers above the earth's surface. In addition, the real physical situation is such that lay- 
ers don't have sharply defined boundaries, but rather fade one into another instead. 
"Thus, the division into layers is somewhat arbitrary. These layers (Fig. 2-27) are des- 
ignated D, E, and F (with F being further subdivided into F1 and F2 sublayers), 

D layer The D layer is the lowest layer in the ionosphere, and exists from 
approximately 30 to 50 mi above the surface. This layer is not ionized as much as the 
higher layers, because all forms of solar energy that cause ionization are severely 
attenuated by the higher layers above the D layer. The reason for this is that the 
D layer is much more dense than the E and F layers, and that density of air molecules 
allows ions to recombine to form electroneutral atoms very quickly. 

‘The extent of D layer ionization is proportional to the elevation of the sun, so it 
will achieve maximum intensity at midday. The D layer exists mostly during the 
‘warmer months of the year because of both the greater height of the sun above 
the horizon and the longer hours of daylight. The D layer almost completely disap- 
pears after local sunset. Some observers have reported sporadic incidents of D layer 
activity for a considerable time past sunset. The D layer exhibits a large amount of 
absorption of medium-wave and shortwave signals (to such an extent that signals 
below 4 to 6 MHz are completely absorbed by the D layer). 

E layer The E layer exists from approximately 50 to 70 mi above the earth's 
surface, and itis considered the lowest region of the ionosphere that is important to 
radio communications. Like the D layer, this region is ionized only during the day- 
light hours, with ionization levels peaking at midday. The ionization level drops oif 
sharply in the late afternoon, and almost completely disappears after local sunset. 

During most of the year, the E layer is absorptive and it will not reflect radio 
signals. During the summer months, however, E layer propagation does occur. A 
phenomenon called “short skip” (i.e, less than 100 mi for medium wave and 1000 mi 
Tor shortwave signals) occurs in the E layer during the summer months, and in equa- 
torial regions at other times, 

A propagation phenomenon associated with the E layer is called sporadic E 
propagation. This phenomenon is caused by scattered zones of intense ionization 
in the E layer region of the ionosphere, The sporadic E phenomenon varies sea- 
sonally, and it is believed to be caused by the bombardment of solar particles. Spo- 
тае E propagation affects the upper HF and lower VHF region. It is observed 
most frequently in the lower VHF spectrum (50 to 150 MHz), but it is also some- 
times observed at higher frequencies. The VHF bands occasionally experience 
sporadic E propagation. Skip distances on VHF can reach 500 to 1500 miles on one 
iop—especially in the lower VHF region (Including the 6-m band). 

F layer The F layer of the ionosphere is the region that is the principal cause of 
long-distance shortwave communications. This layer is located from about 100 to 
300 mi above the earth's surface, Unlike the lower layers, the air density in the 
F layer is ow enough that ionization levels remain high all day, and decay slowly af- 
ter local sunset. Minimum levels are reached just prior to local sunrise. Propagation 
in the F layer is capable of skip distances up to 2500 mi on a single hop. During the 
day there are actually two identifiable and distinct sublayers in the F layer region, 
and these are designated the Fl and F2 layers. The FI layer is found approximately 
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100 to 150 miles above the earth's surface, and the F2 layer is above the F1 extend- 
ing up to the 270- to 300-mi limit. Beginning at local sundown, however, the lowe 
regions of the FI layer begin to deionize because of recombination of positive and 
negative ions. At some time after local sunset, the F1 and F2 layers have effectively 
merged to become а single reduced layer beginning at about 175 ni. 

‘The height and degree of ionization of the F2 layer varies over the course of the 
day, with the season of the year, and with the 27-day sunspot cycle. The F2 layer be- 
gins to form shortly after local sunrise and reaches maximum shortly before noon. 
During the afternoon, the F2 laver ionization begins to decay in an exponential man- 
ner until, for purposes of radio propagation, it disappears sometime after local sun- 
set. There is some evidence that ionization in the F layer does not completely 
disappear, but its importance to HF radio communication does disappear. 


Measures of ionospheric propagation 

‘There are several different measures by which the ionosphere is characterized at. 
any given time, These measures are used in making predictions of radioactivity and 
long-distance propagation, 

"The critical frequency and maximum usable frequency (MUF) are indices 
that tell us something of the state of ionization and communications ability. These 
frequencies increase rapidly after sunrise and international communications usually 
begin within 30 minutes. 

Critical frequency E, The critical frequency, designated by F, is the highest 
frequency that can be reflected when a signal strikes the ionosphere as a vertical 
(90° with respect to the surface) incident wave. The critical frequency is determined 
from an fonogram, which is a cathode-ray tube (CRT) oscilloscope display of the 
height of the ionosphere as a function of frequency. The ionogram is made by fring 
a pulse vertically (Fig. 2-28) at the ionosphere from the transmitting station, The 
critical frequency is that frequency that is just sufficient to be reflected back to the 
transmitter sie. Values of F can be as low as 3 MHz during the nighttime hours, and 
as high as 10 to 15 MHz during the day. 

Virtual height Radio waves are refracted in the ionosphere, and those above a 
certain critical frequency are refracted so much that they return to earth. Such 
waves appear to have been reflected from an invisible radio “mirror” An observer on 
the earth's surface could easily assume the existence of such a mirror by noting the 
return of the "reflected" signal, The height of this apparent “mirror” is called the vir- 
tual height of the ionosphere. Figure 2-29 shows the refraction phenomenon by 
‘which a radio wave is bent sufficiently to return to earth. Virtual height is deter- 
mined by measuring the time interval required for an ionosonde pulse (similar to 
that used to measure critical frequency) to travel between the transmitting station. 
and a receiving station (Fig. 2-30). A radio signal travels at a velocity of 300,000,000 
ув (the speed of light). By observing the time between transmitting the pulse and 
receiving it, you can calculate the virtual height of the ionosphere. 

‘Maximum usable frequency (MUF) The marinum usable frequency is the 
highest frequency at which communications can take place via the ionosphere over a 
given path. The MUF between a fixed transmitter site and two different, widely sepa: 
rated, receivers need not be the same. Generally, however, the MUF is approximately 
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times higher than the critical frequency. Both the MUF and the critical frequency vary 
geographically, and they become higher at latitudes close to the equator 

risa general rule that the best propagation occurs at frequencies just below the 
МИЕ. In fact, there is a so-called frequency of optimum traffic (FOT) that is ap- 
proximately 85 percent of the MUF. Both noise levels and signal strengths are im- 
proved at frequencies near the FOT. 

Lowest usable frequency (LUF) At certain low frequencies, the combination 
of ionospheric absorption, atmospheric noise, miscellaneous static, and/or receives 
signal-to-noise ratio requirements conspire to reduce radio communications. The 
lowest frequency that can be used for communications, despite these factors, is the 
lowest usable frequency. 

Unlike the MUF, the LUF is not totally dependent on atmospheric physics. The 
LUF ofa system can be varied by controlling the signal-to-noise ratio (SNR). Although 
certain factors that contribute to SNR are beyond our control, the effective radiated 
power (ERP) of the transmitter can be changed; a 2-MHz decrease in LUF is available 
for every 10-18 increase in the ERP of the transmitter. 


Tonospherie variation and disturbances 
"The ionosphere is an extremely dynamic region of the atmosphere, especially from a 
radio operators point of view, because it significantly alters radio propagation. The 
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dynamics of the ionosphere are conveniently divided into two general classes: regular 
variation and disturbances. This section covers both types of ionospheric change 

lonospheric variation There are several different forms of variation seen on a 
regular basis in the ionosphere: diurnal, 27-day (monthly), seasonal, and 17-year 
cycles. 

Diurnal (daily) variation The sun rises and falls on a 24-hour cyele, and be- 
cause it is the principal source of iononization of the upper atmosphere, you can ex- 
pect diurnal variation. During daylight hours the E and D levels exist, but these 
disappear at night. The height of the F2 layer increases until midday, and then it de- 
creases until evening, when it disappears or merges with other layers. As a result of 
higher absorption in the E and D layers, lower frequencies are not useful during day- 
light hours. On the other hand, the F layers reflect higher frequencies during the 
day. In the 1- to 30-MHz region, the higher frequencies (>11 MHz) are used during 
daylight hours, and the lower frequencies (<11 MHz) at night. 

27-day cycle Approximately monthly, this variation is caused by the rotational 
period of the sun. Sunspots are localized on the surface of the sun, so they will face 
the earth only during a portion of the month. As new sunspots are formed, they do 
not show up on the earthside face ШИЙ their region of the sun rotates earthside. 

Seasonal cycle The earth's tilt varies the exposure of the planet to the sun on. 
a seasonal basis. In addition, the earth's yearly orbit is not circular; i is elliptical. As 
а result, the intensity of the sun's energy that ionizes the upper atmosphere varies 
With the seasons of the year. In general, the E, D, and F layers are affected 
although the F2 layer is only minimally affected, Ion density in the F2 layer tends to 
be highest in winter, and less in summer. During the summer, the distinction between. 
Fland F2 layers is less obvious. 

11-year cycle The number of sunspots, statistically averaged, varies on an ap- 
proximately 11-year cycle, As a result, the ionospheric effects that affect radio prop- 
‘gation also vary on an 11-year cycle. Radio propagation, in the shortwave bands, is 
best when the average number of sunspots is at its highest. 

Disturbances Disturbances in the ionosphere can have a profound effect on. 
radio communications and most of them (but not all) are bad, This section will 
briefly examine some of the more common forms 

Sporadic E layer A reflective cloud of ionization sometimes appears in the 
E layer of the ionosphere; this layer is sometimes called the Е, layer. It is believed 
that the E, layer forms from the effects of wind shear between masses of air moving 
in opposite directions, This action appears to redistribute ions into a thin layer that. 
is radio-reflective 

Sporadic E propagation is normally thought of as a VHF phenomenon, with most. 
activity between 30 and 100 MHz, and decreasing activity up to about 200 MHz. How- 
ever, about 25 to 50 percent of the time, sporadic E propagation is possible on fre- 
quencies down to 10 or 15 MHz. Reception over paths of 1400 to 2600 mi are possible 
in the 50-MHz region when sporadic E is present. In the northern hemisphere, the 
‘months of June and July are the most prevalent sporadic E months. On most days 
when sporadic E is present, it lasts only a few hours, 

Sudden ionospheric disturbances (5105) The SID, or Dellinger fade, mech- 
anism occurs suddenly, and rarely gives any warning, The SID ean last from a few 
minutes to many hours. It is known that SIDs often occur in correlation with solar 
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‘ares, or "bright solar eruptions,” that produce an immense amount of ultraviolet ra- 
diation that impinges the upper atmosphere. The SID causes a tremendous increase 
in D layer ionization, which accounts for the radio propagation effects. The ionization 
is so intense that all receiver operators on the sunny side of the earth experience pro- 
found loss of signal strength above about 3 МН. ts not uncommon for receiver own- 
ers to think their receivers are malfunctioning when this occurs. The sudden loss of 
signals on sunny side receivers is called Dellinger fade. The SID is often accompa- 
nied by variations in terrestrial electrical currents and magnetism levels 

lonospheric storms The ionospheric storm appears to be produced by an 
abnormally large rain of atomic particles in the upper atmosphere, and is often pre- 
ceded by SIDs 18 to 24 hours earlier, These storms tend to last from several hours, 
to a week or more, and are often preceded by two days or so by an abnormally large 
collection of sunspots crossing the solar disk. They occur, most frequently, and with 
greatest severity, in the higher latitudes, decreasing toward the equator. When the 
ionospheric storm commences, shortwave radio signals may begin to Mutter rapidly 
and then drop out altogether. The upper ionosphere becomes chaotic; turbulence in- 
creases and the normal stratification into layers, or zones, diminishes. 

Radio propagation may come and go over the course of the storm, but it is 
‘mostly dead, The ionospheric storm, unlike the SID, which affects the sunny side of 
the earth, is worldwide. It is noted that the MUF and critical frequency tend to re- 
duce rapidly as the storm commences. 

An ionospheric disturbance observed in November 1960 was preceded by about 30 
minutes of extremely good, but abnormal, propagation. At 1500 hours EST, European 
stations were noted with S94 signal strengths in the 7000- to T300-kHz region of the 
spectrum, which is an extremely rare occurrence. After about 20 minutes, 
the bottom dropped out and even AM broadcast band skip (ater that evening) was 
nonexistent. At the time, the National Bureau of Standards” radio station, WWV, 
жаз broadcasting a “WZ” propagation prediction at 19 and 49 minutes after each hour 
(which is terrible). It was difficult to hear even the Б-МНа WWV frequency in the early 
hours of the disturbance, and it disappeared altogether for the next 48 hours. This sig- 
nas fade-out occurred during the weekend ofthe annual ARRL "Sweepstakes" contest. 


Tonospheric sky-wave propagation 
Skywave propagation occurs because signals in the ionosphere are refracted so 
much that they are bent back toward the earths surface. To observers on the sur- 
face, it looks like the signal was reflected from a radio mirror at the virtual height of 
the ionosphere. The skip distance is the surface distance between the transmite 
point (A in Fig. 2-81) and the point where it returns to earth (point C in Fig, 2-31). 
"The ground-wave sone is the distance from the transmitter site (A in Fig, 2-31) to 
where the ground wave fades to a low level, below usefulness (point В in Fig, 2-31). 
‘The skip zone is the distance from the outer edge of the ground-wave zone to the 
skip distance, or the distance from Z to C in Fig. 2-31 

It is possible for the sky wave and the ground wave to interfere with each 
other at some frequencies, under some circumstances, When this happens, the 
sky wave las a relative phase that depends on its path length (among other 
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231 Relationship between ground wave and diferent cases of sky wave. 


things), so it will arrive at some seemingly random phase relative to the ground 
wave, Thus, the sky wave сап selectively strengthen or cancel the ground wave, 
giving rise to a type of fading. 

Incident angle One of the factors that affects the length of the skip distance is 
the incident angle of the radio wave. This angle is partially a function of the fre- 
quency, and partially a function of the natural radiation angle of the antenna (а). 
The frequency effects are seen asa function of the ionization level and how much a 
given frequency is refracted. 

"The antenna radiation angle is the angle of the main vertical obe with respect to 
the earth's surface; it is partially а function of its design, and partially of its installa- 
tion configuration’ For example, a %-wavelength vertical antenna tends to have 
lower angle of radiation than a wave vertical antenna. Similarly, the dipoles angle 
of radiation is a function of its height above ground. 

Figure 2-32 shows how the angle of radiation affects skip distance. Low-angle-of- 
radiation signals tend to travel farther with respect to the earth's surface before 
fracting, so they produce the longest skip distances, Higher angles of radiation have 
shorter skip distances because they tend to return to earth more rapidly. In summer- 
time, some high-frequency bands (eg, the 1-m—27 MHs—Citizens Band) ofer high- 
angle "short skip” during the summer, and longer skip during the other months. At 
higher angles of radiation, there will be a critical angle wave and escape angle waves 
that are not returned to earth. These waves are not used for terrestrial communica- 
tions or broadcasting. Figure 2-33 shows the difference between singl-hop skip and 
multihop skip, as а function of incident angle. It is generally true that a multihop trans- 
missionis more subject to fading, and is weaker, than a single-hop transmision 


Using the ionosphere 
"The refraction of high-frequency and some medium: wave radio signals back to earth 
via the ionosphere gives rise to intercontinental HF radio communications. This phe- 
nomenon becomes possible during daylight hours and for a while after sunset when 
the ionosphere is ionized. Figure 2-34 reiterates the mechanism of long-distance 
skip communications, The transmitter is located at point Т, while receiving stations 
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2-32 Skywave propagation asa function of antenna radiation angle 


Ionosphere 


2-33 Single-skip and multihop-skip communications, 


are located at sites R, and R, Signals 1 and 2 are not refracted sufficiently to be re- 
fracted back to earth, so they are lost in space. Signal 3, however, is refracted enough 
to return to earth, so it is heard at station At, The skip distance for signal 3 is the dis- 
tance from 7 to A,- At points between T and Р, signal 3 is inaudible, except within 
ground-wave distance of the transmitter site (7). This is the reason why two stations 
40 mi apart hear each other only weakly, or not at all, while both stations can com- 
municate with a third station 2000 mi away. In amateur radio circles, it is common for 
South American stations to relay between two U.S. stations only a few miles apart. 
For an example of this problem, listen to the Inter-American and Halo Missionary 
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2-34 Effects of radiation angle on distance, 


Nets on 21.290 MHz (15 m) daily from about 17002 to 21002 (ending time depen- 
dent upon traffic). 

Multihop skip is responsible for the reception af the signal from transmitter T at. 
site R The signal reflects (not refracts) from the surface at R,, and is retransmitted 
into the ionosphere, where it is again refracted back to earth. 

Figure 2-35 shows a situation where skip signals are received at different dis- 
tances depending upon the angle of radiation of the transmitting antenna. A high 
angle of radiation causes a shorter skip zone, but a lower angle of radiation results in 
a longer skip zone, Communication between any particular locations on any given 
frequency requires adjustment of the antenna radiation angle. Some international 
shortwave stations have multiple antennas with different radiation angles to ensure 
that the correct skip distances are available. 

Great circle paths А great circle is a ine between two points on the surface of a 
sphere, such that it lays on a plane through the earths center and includes the two 
points. When translated to “radiospeak,” a great circle is the shortest path on the sur- 
face of the earth between two points. Navigators and radio operators use the great cir- 
ele for similar, but different, reasons. The navigator reason isin order to get from here 
to there, and the radio operators is to get a transmission path from here to there. 

"The heading of a directional antenna is normally aimed at the receiving station 
along its great circle path. Unfortunately, many people do not understand the con- 
cept well enough, for they typically aim the antenna in the wrong direction. For ex- 
ample, Hive near Washington, D.C., which is on approximately the same latitude as 
Lisbon, Portugal. If Leateh a Ш on Superman's back, and he flies due East, we'll have 
dinner in Lisbon, right? Wrong. If you head due east from Washington, DC, across the 
Atlantic, the first landfall would be west Africa, somewhere near Zaire or Angola, 
Why? Because the great circle bearing 90° takes us far south. The geometry of 
spheres, not flat planes, governs the 
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2-35 Skip propagation. 


Figure 2-36 shows a great circle map centered on the Washington, D.C. area. 
"These maps, or computer tabulations of the same data, can often be purchased for 
your own location by supplying your latitude and longitude to the service company 
that does the job, By drawing a line from your location at the center of the chart to 
the area you want to hear, and then extending it to the edge of the chart, you will 
obtain the beam heading required, 

Long path versus short path The earth is a sphere (ar more precisely, an. 
oblate spheroid), so from any given point to any other point there are two great c 
Че paths: the long path (major are) and the short path (minor arc). In general, the 
best reception occurs along the short path. In addition, short-path propagation is 
more nearly “textbook,” compared with long path reception. However, there are 
times when long path is better, or is the only path that will deliver a signal to a spe- 
cific location from the geographic location in question. 

Gray line propagation The gray line is the twilight zone between the nighttime 
and daytime halves of the earth. This zone is also called the planetary terminator 
(Fig. 2-37). It varies up to 423° either side of the north-south longitudinal lines, de- 
pending on the season of the year (it runs directly north-south only at the vernal and 
autumnal equinoxes). The D layer of the ionosphere absorbs signals in the HF region. 
‘This layer disappears almost completely at night, but it builds up during the day. Along 
the gray line, the D layer is rapidly decaying west of the ine, and has not quite built up 
east of the line, 

Brief periods of abnormal propagation occur along the gray line. Stations on ei- 
ther side of the line can be heard from regions, and at distances, that would other- 
wise be impossible on any given frequency. For this reason, radio operators often 
prefer to listen at dawn and dusk for this effect, 


Scatter propagation modes 
Jonospherie scatter propagation occurs when clouds of ions exist in the atmos- 
phere. These clouds can exist in both the ionosphere and the troposphere, although. 
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2-36 Azimuthal map centered on Washington, D.C, (Courtesy of The ARRL Antenna Book ) 


the tropospheric mo shows the 


mechanism for scatter propagation, Radio signals from the transmitter are reflected 


4 is more reliable for communications. Figure 2-3 


from the cloud of ions to a receiver location that otherwise might not receive it. Scat- 
ter propagation occurs mostly in the VHF region, and it allows communications over 
extended paths that are not normally available 

"There are at least three diferent modes of scatter from ionized clouds: backseat- 
ter, side scatter, and forward scatter. The backscatter mode is a bit like radar, in that 
the signal is returned back to the transmitter site, or to regions close to the transmitter. 
Forward scatter occurs when the reflected signal continues in the same azimuthal di- 
rection (with respect to the transmitter), but is redirected toward the earth's surface 
Side scatter is similar to forward scatter, but the azimuthal direction might change 

Unfortunately, there are often multiple reflections from the ionized cloud, and 
these are shown as “multiple scatter” in Fig. 2-38, When these reflections are able to 
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reach the receiving site, the result а rapid, nutten fading that can be of quite pro- 
found depths. 


Auroral propagation 
"The auroral effect produces a luminescence in the upper atmosphere resulting from 
bursts of particles released from the sun 18 to 48 hours earlier The light emitted is 
called the northern tights and the southern lights. The ionized regions of the a 
mosphere that create the lights form a radio reflection shield, especially at VHF and 
above, although 15 to 20 MHz effects are known, Auroral propagation effects are 
normally seen in the higher latitudes, although listeners in the southern tier of states 
in the United States are often treated to the reception of signals from the north be- 
ing reflected from auroral clouds, 


Meteor scatter propagation 

When meteors enter the earth's atmosphere, they do more than simply heat up to 

the point of burning. The burning meteor leaves a wide, but very short duration, 

transient cloud of ionized particles in its path. These ions act as а radio mirror that. 

permits short bursts of reception between sites correctly situated. Meteor scatter. 

ception is not terribly reliable, although at least two companies offer meteor scatter 
ions services for users in the higher latitudes. 


Other propagation anomalies 
‘The ionosphere is a physically complex place, and even the extensive coverage in 
this chapter is not sufficient to do it justice. Indeed, entire books are available on the 
‘subject, and it is a valid engineering subspecialty. It is therefore not surprising that a 
‘number of propagation anomalies are known. 

Nenreciprocal direction If you listen to an amateur band receiver on the East 
Coast of the United States, you will sometimes hear European stations-— especially 
in the late afternoon, But when you try to work those stations there is no reply wi 
socver, They simply dont hear you! This propagation anomaly causes the radio wave 
to travel different paths dependent on which direction it travels; Le., an eastwest 
signal is not necessarily the reciprocal of a west reast signal. This anomaly can occur 
when a radio signal travels through a heavily ionized medium in the presence of a 
magnetic field, which is exactly the situation when the signal travels through the 
ionosphere in the presence of the earth's magnetic field. 

Another anomaly seen in the radio literature of the 1930s is the Radio Lu- 
emboury effect. It is named after the radio station where it was first noticed. In a 
nonlinear ionosphere, it is sometimes noted that the modulation of superpower 
(Le., > 500,000 W) shortwave broadeasters will be transferred to the carrier of a 
weaker signal in the same or nearby band. The interchange noted in the 1930s 
when this phenomenon was first discovered was between Radio Luxembourg and 
Britain’ British Broadeasting Corporation (BBC) overseas outlets 
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Propagation predictions 
Propagation predictions for the УШР through low VHF bands are published each 
month in several magazines. Ham radio operators often use those in QST magazine 
(Fig. 2:19), while SWLs and others tend to prefer those published in magazines such 
as Monitoring Times. These charts relate the time of day in Universal Coordinated 
‘Time (UTC, formerly, GMT) and the frequency for transmission to different parts of 
the world. 


Fading 
Skip communications are not without problems. One phenomenon is fading G. a 
variation in signal strength as perceived at the receiver site). This problem can 
sometimes be overcome by using one of several diversity reception systems, Three 
Torms of diversity technique are used: frequency diversity, spatial diversity, and 
polarity diversity. 

In the frequency diversity system (Fig. 2-40), the transmitter will send out two 
‘or more frequencies simultaneously with the same modulating information, Because 
the two frequencies will fade differentially, one will always be strong 

‘The spatial diversity system (Fig. 2-41) assumes that single transmitter fre- 
quency is used. At the receiving site, two or more receiving antennas ate used, 
spaced one-half wavelength apart. The theory is that the signal will fade at ane an- 
tenna while it increases at the other. A three-antenna system is often used, Three 
separate, but identical, receiver, often tuned by the same master local oscillator, are 
connected to the three antennas. Audio mixing, based on the strongest signal, keeps 
the audio output constant while the radio-frequency (RF) signal fades. 

Polarity diversity reception (Fig. 2-42) uses both vertical and horizontal po- 
larization antennas to receive the signal, As in the space diversity system, the 
outputs of the vertical and horizontal receivers are combined to produce a con- 
stant level output. 

Another form of fading, selective fading, derives from the fact that fading is a 
function of frequency. The carrier and upper and lower sidebands of an AM signal 

ve slightly different frequencies, so they arrive out of phase with each other. Al 
though this type of fading is lessened by using single-sideband (SSB) transmission, 
that does not help AM users. In those systems, some people use a filtering system that 
eliminates the carrier and one sideband it then reconstitutes the AM signal with a 
product detector 

SSB receivers with stable local and product detector oscillators, and a sharp. 
Intermediate-frequency (IF) bandpass fter, can be used to reduce the effects of dif- 
{erential fading of AM signals because of the phasing of the lower sideband (LSB), 
upper sideband (USB), and carrier components. Carefully tune the receiver to only 
опе sideband of the signal, and note when the heterodyne beatnote disappears, The 
correct pont is characterized by the fact that you can then switch among USB, LSB, 
and continuous-wave (CW) modes without changing the received signal output. 
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CHAPTER 


Transmission lines 


TRANSMISSION LINES AND WAVEGUIDES ARE CONDUITS FOR TRANSPORTING RE SIGNALS 
between elements of a system, For example, transmission lines are used between an. 
exciter output and transmitter input, and between the transmitter input and its out- 
put, and between the transmitter output and the antenna. Although often erro- 
neously characterized as a "length of shielded wire,” transmission lines are actually 
complex networks containing the equivalent of al the three basic electrical compo- 
nents: resistance, capacitance, and inductance. Because of this fact, transmission. 
lines must be analyzed in terms of an RLC network, 


Parallel and coaxial lines 


‘This chapter will consider several types of transmission lines. Both step-function 
and sine-wave ac responses will be studied. Because the subject is both conceptual 
and analytical, both analogy and mathematical approaches to the theory of trans- 
mission lines will be used. 

Figure 3-1 shows several basic types of transmission line, Perhaps the oldest and 
simplest form is the parallel tine shown in Figs. 3-1A through 3-1D. Figure ЗЛА. 
shows an end view of the parallel conductor transmission line, The two conductors, 
of diameter d, are separated by a dielectric (which might be air) by a spacing 5, 
‘These designations will be used in calculations later. Figure 3-18 shows a type of 
parallel line called nuin load, This is the old-fashioned television antenna transmis- 
sion line. It consists of a pair of parallel conductors separated by a plastic dielectric 
‘TV-type twin lead has a characteristic impedance of 300 Q, while certain radio trans- 
mitting-antenna twin lead has an impedance of 450 Q. Another form of twin lead is 
‘open line, shown in Fig. . ic. In this ease, the wire conductora are separated by an 
air dielectric, with support provided by stiff (usually ceramic) insulators. A tie wire 
(only one shown) is used to fasten each insulator end to the main conductor. Some 
users of open line prefer the form of insulator or supporter shown in Fig. 8-1D. This 
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form of insulator is made of either plastic or ceramic, and is in the form of a U. The 
Purpose of this shape is to reduce losses, especially in rainy weather, by increasing 
the leakage currents path relative to spacing 5. 

Parallel lines have been used at VLF, MW, and HF frequencies for decades, Even. 
antennas into the low VHF are often found using parallel lines. The higher impec 
ance of these lines (relative to coaxial cable) yields lower loss in high-power appli- 
cations. For years, the УНЕ, ОНЕ, and microwave application of parallel lines was 
limited to educational laboratories, where they are well suited to performing exper- 
iments (to about 2 GHz) with simple, low-cost instruments. Today, however, printed 
circuit and hybrid semiconductor packaging has given parallel lines a new lease on 
lite, if not an overwhelming market presence. 

Figure 3-18 shows а form of parallel line called shielded tuin lead. This type of line 
uses the same form of construction as TV-type twin lead, but ît also has a braided shield- 
ing surrounding it. This feature makes it less susceptible to noise and other problems, 

‘The second form of transmission line, which finds considerable application 
microwave frequencies, is coaxial cable (Figs. 8-1F through 3-11). This form of 
line consists of two eylindrical conductors sharing the same axis (hence “coaxial"), 
and separated by a dielectric (Fig. 3-1F). For low frequencies (in flexible cables) 
the dielectric may be polyethylene or polyethylene foam, but at higher frequencies 
‘Teflon and other materials are used. Also used, in some applications, are dry air and 
dry nitrogen. 
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Several forms of coaxial line are available, Flexible coaxial cable is perhaps the 
most common form. The outer conductor in such cable i made of either braid or foil 
(Fig. 3-16). Television broadeast receiver antennas provide an example of such cable 
rom common experience, Another form of flexible or semiflexible coaxial line is hel 
cal line (Fig, 2-1H) in which the outer conductor is spiral wound, Hardline (Fig. 
3-11) is coaxial cable that uses а naval! pipe as the outer conductor, Some hardline 
coax used at microwave frequencies has a rigid outer conductor and а solid dielectri 

Gas-filed line isa special case of hardline that is hollow (Fig. 3-14), the center 
is supported by a series of thin ceramie or Teflon insulators. The dielec 
trie is either anhydrous (Le. dry) nitrogen or some other inert gas. 

Some flexible microwave coaxial cable uses a solid “airarticulated” dielectric 
К), in which the inner insulator is not continu 
ved dielectric losses increase the usefulness of the 
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Transmission line characteristic impedance (Z,) 
o it has a characteristic 
Network analysis wil 


‘The transmission line is an RLC network (see Fig. 3-2), 
impedance Z, also sometimes called a surge impedance 
show that Z, isa function of the per unit of length parameters resistance R, con- 
and capacitance C, and is found from 


ductance G, inductance L 


13:1] 


where 
Z, is the characteristic impedance, in ohms 
His the resistance per unit length, in ohms 
G is the conductance per unit length, in mhos 
L is the inductance per unit length, in henrys 
C is the capacitance per unit length, in farads 
(is the angular frequency in radians per second (2F) 
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In microwave systems the resistances are typically very low compared with the 
reactances, so Eq. 3.1 can be reduced to the simplified form: 


n 
Е 121 


Example 3-1 A nearly lossless transmission line (t is very small) has a unit 
length inductance of 8.75 nH and a unit length capacitance of L5 pF. Find the char- 
acteristic impedance Z, 

Solution: 


V25x10 50 


‘The characteristic impedance for a specific type of line is a function of the cor 
ductor size, he conductor spacing, the conductor geometry (see again Fig. 3-1), and 
the dielectric constant of the insulating material used between the conductors. The 
dielectric constant e is equal to the reciprocal of the velocity (squared) of the wave 
‘when a specific medium is used: 
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where 
Z is the characteristic impedance, in ohms 
es the dielectric constant 
‘Sis the center-to-center spacing of the conductors 
dis the diameter of the conductors 


(b) Coaxial tine 


13.5] 
where 
Dis the diameter of the outer conductor 
d is the diameter of the inner conductor 
(©) Shielded parallel tino 
2, 13.6] 
where 
(4) Striptine 
[8.74] 


where 


e, is the relative dielectric constant of the printed wiring board (PWB) 
Tis the thickness of the printed wiring board 
Wis the width of the stripline conductor 
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ves (mm) 


w-wa 


235 


In practical situations, we usually dont need to caleulate the characteristic im- 
рейапсе of a stripline, but rather design the line to fit a specific system impedance 
(ед, 50 0). We can make some choices of printed circuit material (hence dielectric 
constant) and thickness, but even these are usually limited in practice by the avail- 
ability of standardized boards. Thus, stripline width is the variable parameter. Equa- 
tion 3.2 can be arranged to the form: 


13.781 


‘The impedance of 50 © is accepted as standard for RF systems, except in the 
cable TV industry. The reason for this diversity is that power handling ability and low 
loss operation dont occur at the same characteristic impedance, For example, the 
maximum power handling ability for coaxial cables oceurs at 30 £2, while the lowest. 
loss occurs at 77 0: 50 Q is therefore a reasonable tradeoff between the two points, 
In the cable TV industry, however, the RF power levels are minuscule, but lines are 
long. The tradeoff for TV is to use 75 0 as the standard system impedance in order 
to take advantage of the reduced attenuation factor 


Transmission line characteristics 

‘Velocity factor 

In the section preceding this section, we discovered that the velocity of the wave (or 
signal) in the transmission line is less than the free-space velocity (ie, less than the 
speed of light). Further, we discovered in Ba. 3.3 that velocity is related to the di- 
electric constant of the insulating material that separates the conductors in the 
transmission line. Velocity factor » is usually specified as a decimal fraction of c, 
the speed of light (3 x 10* nis). For example, ifthe velocity factor of transmission 
line is rated at "0.66," then the velocity of the wave is 0.86, or (0.68) (3 x 10* пу) 
= 1.98 10 mus. 

Velocity factor becomes important when designing things like transmission line 
transformers, or any other device in which the length of the ine is important, In most 
«ases, the transmission line length is specified in terms of electrical length, which 
can be either an angular measurement (e.g., 180° or r radians), or a relative measure. 
keyed to wavelength (e.g, one-half wavelength, which is the same as 180"). The 
physical length of the line is longer than the equivalent electrical length. For exam. 
ple, let's consider а 1-GHz hall-vavelength transmission line. 

A rule of thumb tells us that the length ofa wave (in meters) in free space is 0.30, 
where frequency F is expressed in gigahertz; therefore, ahalf-wavelength line is 0.18/F" 
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At 1 GHz, the ine must be 0.15 nv/l GHz = 0.15 m. If the velocity factor is 0.80, then the 
physical length of the transmission line that will achieve the desired electrical length 
is [(0.15 m) (VF = [60.15 m) (0.80)Y1 GHz = 0.12 m. The derivation of the rule of 
umb is “eft as an exercise for the student." (Hint: It comes from the relationship be- 
tween wavelength, frequency, and velocity of propagation for any form of wave.) 

‘There are certain practical considerations regarding velocity factor that result 
from the fact that the physical and electrical lengths are not equal, For example, in 
а certain type of phased-array antenna design, radiating elements are spaced a hall- 
wavelength apart, and must be fed 180" (half-wave) out of phase with each other 
‘The simplest interconnect is to use a half-wave transmission line between the 0° 
element and the 180° element. According to the standard wisdom, the transmission 
line will create the 180" phase delay required for the correct operation of the a 
tenna. Unfortunately, because of the velocity factor, the physical length for a one- 
half electrical wavelength cable is shorter than the free-space half-wave distance 
between elements, In other words, the cable will be too short to reach between the 
radiating elements by the amount of the velocity factor! 

Clearly, velocity factor is a topic that must be understood before transmission 
lines can be used in practical situations. Table 3-1 shows the velocity factors for sev- 
eral types of popular transmission line, Because these are nominal values, the actual 
velocity factor for any given line should be measured. 


‘Table 3-1. Transmission line characteristics 


Velocity factor 
bye of line Z, (ohn, e 

Жап. ТУ parallel Ше (air dielectric) m m 

Lin, TV parallel line (air dielectric) E 045 

Тү twin lead m p 

HE TV twin lend. 500 
Polyethylene coaxial cable Н 006 
Polyethylene foam coaxial cable * ото 
Airspace polyethylene foam coaxial cable * 086 

Teton B оло 


ari pace dependa spen catie yp 


Transmission line noise 
‘Transmission lines are capable of generating noise and spurious voltages that are 
seen by the system as valid signals. Several such sources exist. One source is the 
coupling between noise currents flowing in the outer conductor and the inner con- 
ductor. Such currents are induced by nearby electromagnetic interference and other 
sources (e.g. connection to a noisy groundplane). Although coaxial design reduces 
noise pickup, compared with parallel line, the potential for EMI exists. Selection of 
high-grade line, with a high degree of shielding, reduces the problem, 

Another source of noise is thermal noises in the resistances and conductances. 
‘This type of noise is proportional to resistance and temperature. 
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‘There is also noise created by mechanical movement of the cable. One species 
results from the movement of the dielectric against the two conductors, This form of 
noise is caused by electrostatic discharges in much the same manner as the spark 
created by rubbing a piece of plastic against woolen cloth. 

A second species of mechanically generated noise is piezoelectricity in the di- 
electric. Although more common in cheap cables, one should be aware of it, Me- 
chanical deformation of the dielectric causes electrical potentials to be generated. 

Both species of mechanically generated noise can be reduced or eliminated by 
proper mounting of the cable. Although rarely a problem at lower frequencies, such 
noise can be significant at microwave frequencies when signals are low. 


Coaxial cable capacitance 
A coaxial transmission line possesses a certain capacitance per unit of length. This 
capacitance is defined by ie a 


Jog (Did) m 


13.8A] 


A long run of coaxial cable can build up a large capacitance. For example, a 
common type of coax is rated at 65 pF/m. A 150-m roll thus has a capacitance of 
65 pF/m x (150 m), or 9750 pF. When charged with a high voltage, as is done in 
breakdown voltage tests at the factory, the cable acts like a charged high-voltage 
capacitor. Although rarely (if ever) lethal to humans, the stored voltage in new 
cable can deliver a nasty electrical shock and сап irreparably damage electronic 
components. 


Coaxial cable cutoff frequency F, 
"The normal mode in which a coaxial cable propagates a signal is as a transverse. 
electromagnetic (TEM) wave, but others are possible—and usually undesirable 
‘There is a maximum frequency above which TEM propagation becomes a prob- 
lem, and higher modes dominate. Coaxial cable should not be used above a fre 
quency of 


wens ot 13.8B] 


where 
Fis the TEM-mode cutoff frequency 
Dis the diameter of the outer conductor, in inches 
dis the diameter of the inner conductor, in inches 
e is the dielectzie constant 


When maximum operating frequencies for cable are listed, it is the TEM mode 
that is cited, Beware of attenuation, however, when making selections for microwave. 
frequencies. A particular cable may have a sufficiently high TEM-mode frequency, 
Dut still exhibit a high attenuation per unit length at X or Ku bands. 
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Transmission line responses 


In order to understand the operation of transmission lines, we need to consider two 
vases: step-function response and the steady-state ac response. The step-function. 
сазе involves a single event wh ie at the input of the line snaps from zero 
(ora steady value) to a new (or nonzero) value, and remains there until all action. 
dies out. This response tells us something of the behavior of pulses inthe line, and in 
fact is used to describe the response to a single-pulse stimulus. The steady-state ac 
response tells us something of the behavior of the line under stimulation by a simu- 
soidal RF signal. 


Step-function response of a transmission line 
Figure 3-3 shows a parallel transmission line with characteristic impedance Z, con- 
nected to a load impedance Z,. The generator at the input of the line consists of a 
voltage source V in series with a source impedance Z, and a switch S, Assume for 
the present that all impedances are pure resistances (Le., R +0). Also, assume 
that Z, =Z, 

When the switch is closed at time 7, (Fig. 3-4A), the voltage at the input of the 
line (V) jumps to V/2. In Fig. 2-2, you may have noticed that the LC circuit resem- 
bles a delay line circuit. As might be expected, therefore, the voltage wavefront 
propagates along the line at a velocity v of: 


13.9] 


where 
W is the velocity, in meters per second 


Lis the inductance, in henrys 
Cis the capacitance, in farads 


s 


3-3 Schematic example of transmission Ше, 
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34, Step-tunction propagation 
along transmission line at 5 
tree points, 


d, 


0 L 


AL time 7, (Fig. 3-48), the wavefront has propagated one-half the distance L, 
and by T, it has propagated the entire length of the cable (Fig. 3-4C). 

I the load is perfectly matched (Le., Z, = Z,), then the load absorbs the wave 
and no component is reflected. But in а mismatched system (Z, is not equal to Z), 
a portion of the wave is reflected back down the line toward the generator, 

Figure 9-5 shows the rope analogy for reflected pulses in a transmission line. A 
taut rope (Fig, 3-5A) is tied to a rigid wall that does not absorb any of the energy in 
the pulse propagated down the rope. When the free end of the rope is given a verti- 
cal displacement (Fig. 3-5B), a wave is propagated down the rope at velocity v (Fig. 
3-50). When the pulse hits the wall (Fig. 3-50), it is reflected (Fig. 3-5E) and prop- 
gates back down the rope toward the free end (Fig. 3-5F). 

Ira second pulse is propagated down the line before the first pulse dies out, then 
there will be two pulses on the line at the same time (Fig. 3-64). When the two 
pulses interfere, the resultant will be the algebraic sum of the two. In the event that 
а pulse train is applied to the line, the interference pattern will set up standing 
waves, an example of which is shown in Fig. 2-68, 


Reflection coefficient 
‘The reflection coefficient T of a circuit containing a transmission line and load im- 
pedane is a measure of how well the system is matched. The absolute value of the re- 


34А Interfering opposite wave 
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36B Standing waves, 


ection coefficient varies from -1 to +1, depending upon the magnitude of reflection; 
T = 0 indicates a perfect match with no reflection, while -1 indicates a short-cireuited 
load, and 41 indicates an open circuit. To understand the reflection coefficient, let's 
start with a basic definition of the resistive load impedance Z = R + jo 


.Y 13.10] 


f, is the load impedance R + 70 
Vis the voltage across the load 
Tis the current flowing in the load 


Because there are both reflected and incident waves, we find that Vand are ас 
tually the sum of incident and reflected voltages and currents, respectively, There 
fore: 


[311A] 


1.118] 


V, is the incident (Le., forward) voltage 
Ич is the reflected voltage 
1, the incident current 
Tsis the reflected current 


© 
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Because of Ohm's law, you can define the currents in terms of voltage, current, 
and the characteristic impedance of the ine: 


13.12] 
and 
13.13] 
(The minus sign in Eq. 3.18 indicates that a direction reversal has taken place.) 


nd 3. 


"The two expressions for current (Eqs. 3.12 
Eq. 3.11 to yield 


may be substituted into 


‘ow + Veet 


[3.14] 


7 


‘The reflection coefficient Fis defined as the ratio or reflected voltage to incident 
voltage: 


12.15] 


Using this ratio in Eq. 


14 gives 


c5 
2,12, 


13.16] 


Example 3.3 A 50.0 transmission line is connected to a 3 
Calculate the reflection coefficient Г. 


10-0 resistive load. 


Z-z, 
2+2, 


508) - (300) 
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Example 3-4 In Example 3-3, the incident voltage is 3 V rms. Calculate the re- 
ected voltage. 

Solution: 

и 


then 


v. 


barer Ving 


= (0.25) GV) = 0.75 V 


‘The phase of the reflected signal is determined by the relationship of load im- 
pedance and transmission ine characteristic impedance. For resistive loads (Z = R + 
JO) iE the ratio Z,/Z, is 1.0, then there is no reflection; Z,/Z, is less than 1.0, then. 
the reflected signal is 180" out of phase with the incident signal; if the ratio Z,/Z, is 
greater than 1.0 then the reflected signal is in phase with the incident signal 
In summary: 


Angle of 
Ratio reflection 
p No reflection 
Z IZ <1 ав 

Zi d 


‘The step-function (or pulse) response of the transmission line leads to a power- 
ful means of analyzing the line, and its load, on an oscilloscope. Figure 3-7A shows 
(Gn schematic form) the test set-up for time domain reflectometry (TDR) mea- 
surements. An oscilloscope and a pulse (or square-wave) generator are connected in 
Parallel across the input end of the transmission line. Figure 2-7B shows a pulse test. 
jig built by the author for testing lines at HF. The small shielded box contains a TTL 
‘square-wave oscillator circuit. Although а crystal oscillator can be used, an RC timed. 
circuit running close to 1000 KHz is sufficient, In Fig. 3-7B, you ean see the test pulse 
generator box is connected in parallel with the cable under test and the input of the. 
oscilloscope. A closer look is seen in Fig. 3-TC. A BNC "tee" connector and a double 
male BNC adapter are used to interconnect the bos with the ‘scope. 

Ifa periodic waveform is supplied by the generator, then the display on the 08- 
«Шозсоре will represent the sum of reflected and incident pulses, The duration of 
the pulse (Le, pulse width), or one-half the period of the square wave, is adjusted so. 
that the returning reflected pulse arrives approximately in the center of the incident 
pulse. 

Figure 3-8 shows a TDR display under several circumstances. Approximately 
30 m of coaxial cable, with a velocity factor of 0.66, was used in a test setup similar 
to Fig. 2-7. The pulse width was approximately 0,9 microseconds (ps). The hori- 
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37A. Time domain reflectometry setup. 


3-78 Test setup for impromptu time domain reflerlametry 
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7C Close-up of RF 


38A Шейше! TDR pulse, Small "pi 
on tops reflected signal 
interfering with forward pulse 


09 ps- 


zontal sweep time on the Scope was adjusted to show only one pulse—which, in this 
case, represented one-half of a 550-kHz square wave (Fig. 3-8B). 

The displayed trace in Fig. 3-8B shows the pattern when the load is matched to 
the line (2, = 7,). A slight discontinuity exists on the high side of the pulse, and this 
represents а small reflected wave. Even though the load and line were supposedly 
matched, the connectors at the end of the line presented a slight impedance discon- 
tinuity that shows up on the Scope as a reflected wave. In general, any discontinuity 
in the line, any damage to the line, any too-sharp bend, or other anomaly, causes а 
slight impedance variation, and hence a reflection, 


Notice that the anomaly occurs approximately one-third 


ог 0.3 ps) af 
0.15 ps to pre 
ır that type 


which agrees 
pared for the 
equation is 


whe 


Listhele 
nis the ve 


he source 0.3 ps after t 


I the 0.9-u duration 
ıe reflected wave ar 
use this time 


a round-trip, you can conclude that the wave required 0.3 hg, or 


agate the length 


I the line, Knowing that the velocity factor is 0.66 


(ах m) 


its approximate length 


x (066) x (1.5 x 10 


thin experimental accuracy” with the 30 
of time, Thus, the TDR setup (or a TDR instru- 


locity of light (3 x 10* m/ 


locity fact 
und-trip time be 


3-80 through 3-8Н 


how the behavic 


the pulse 


tepfunetion when the load impedance is mismatched to the 


not equal to Z, 
than the tine Î 


Ban 


ion line. A general 


3.18] 


and the first reflection. 


ns when the load impedance is less 
‘The reflected 


зас 2 


зар Z, 


sums with the incident wave 


be determined by examining the r 


reflected wave is in phase with the 


nd 3-8H. The waveform in 


The ac response of the transmission line 
a CW RF signal is applied to 


wi 
i 


o it becomes useful 


op of the pulse. The refle 
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where 
V, is the voltage received at the far end of the line 
Vis the applied voltage 
Lis the length of the line 
y isthe propagation constant of the line 


"The propagation constant y is defined in various equivalent ways, each of which 
serves to illustrate its nature. For example, the propagation constant is proportional 
to the product of impedance and admittance characteristics of the line: 


„ 13.20] 


or, since Z = R + J ta L and Y = G + j w C, we may write 


y= VEO G 1321] 


You can also write an expression for the propagation constant in terms of the 
ine attenuation constant а and phase constant В: 


у=а+јв 1322] 


If you can assume that susceptance dominates conductance in the admittance 
term, and reactance dominates resistance in the impedance term (both usually true 
at microwave frequencies), then we may neglect the R and G terms altogether and 
write: 


v=je VIG 1323] 


We may also reduce the phase constant to 


1524 
B-azc 18.25) 

and, of course, the characteristic impedance remains: 
ме 13.26) 


Special cases 
‘The impedance “looking into" а transmission line (Z) is the impedance presented to 
the source by the combination of load impedance and transmission line characteris- 
tic impedance. Below are presented equations that define the looking-tn impedance. 
seen by a generator (or source) driving a transmission line. 
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"The case where the load impedan 
matched is defined by 


ind line characteristic паре 


R,+j0=Z, 

In other words, the load impedance is resistive and equal to the characteristic 
impedance of the transmission line. In this ease, the line and load are matched, and 
the impedance looking in will be a simple Z = Z, = 2, In other cases, however, we 
find different situations where Z, is not equal to Z, 


1. Z, is not equal to Z, in a random-length lossy line: 


Za + Z, tanh (00) 


2,22, шй (yb n 


2-0) [ 
where 
Zis the impedance looking in, in ohms 
Z, is the load impedance, in ohms 
Z, is the line characteristic impedance, in ohms 


Tis the length of the line, in meters 
1 the propagation constant 


2. Z, not equal to Z, in a lossless, or very low loss, random-length line: 


Z, +, tan (B) 


RATIO 


Equations 427 and 3.28 serve for lines of any random length. For lines that are ei- 
ther integer multiples ofa half wavelength, or odd-integer (Le, 1, 3, 5, 7, ete.) mul- 
liples of  quarter-wavelength, special solutions for these equations are found and 
some of these solutions are very useful in practical situations. For example, consider 


3. Hali-wavelength lossy lines: 


+Z, tanh (al) 
лаш (al) 


e) | 13:29] 


Example 3-5 A lossless Б0- (Z,) transmission line is exactly one-half wave- 
length long and is terminated in a load impedance of Z = 30 + JO, Calculate the input. 
impedance looking into the line. (Note: in а lossless line a = 0.) 

Solution: 


© 
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zwo 30 + 50 tanh [(0) (D1 } 


50 + 30 tanh [(0) ©] 


30 + 50 tanh (0) 
50 + 30 tanh (0) 


ва (3222) 
50+0 


(60:2) (30/50) =30 а 


„co 


In Example 3-5 we discovered that the impedance looking into a lossless (or 
very low loss) half-wavelength transmission line is the load impedance: 


z-z, 13:10] 


"The fact that ine input impedance equals load impedance, is very useful in cer- 
tain practical situations. For example, a resistive impedance is not changed by the 
line length. Therefore, when an impedance is inaecessible for measurement pur- 
poses, the impedance can be measured through a transmission line that is an integer 
multiple of a half wavelength. 

Our next special case involves a quarter-wavelength transmission line, and those 
that are odd integer multiples of auarter-wavelengths (of course, even integer mul- 
tuples of a quarter wavelength obey the half-wavelength criteria) 


4. Quarter-wavelength lossy lines 


Z, + Z, coth (al) 
| AA 13:11 


2= 2 [7 12, cath (al) 


and 


5. Quarter-wavelength lossless or very low loss lines: 


1232] 


From Eq, 332, you can discover an interesting property of the quarter-wave 
length transmission line. First, divide each side of the equation by Z, 


1333] 


1534] 


ananas 


TAL Fee ds © 


‘Transmission line responses 85 


The ratio 20 
another wa 


shows an inversion of the load impedance 


ию Z,/Z,, or, stated 


2 T 
Z5 13.35] 


Again, from Eq. 
‘transmission lines: 
u 


13.36] 
then 
1337] 
which means 
13.38] 
Equation 3.38 shows that a quarter-wavelength transmission line ean be used as 


an impedance matching network. Called a © section, the quarter-wavelength 
transmission line used for impedance matching requires a characteristic impedance 
ZL is the source 
Example 3-6 A 50-0 source must be matched to a load impedance of 36 Q. 
Find the characteristic impedance required of a Q section matching network. 
Solution: 


Viso) GID} 
VOE 


2o 


6. Transmission line as a reactance: Reconsider Eq. 3.28, which related im- 
pedance looking in to load impedance and line length: 


„ | tm am on 
= | e tan ED ا‎ 


Now, for the case of a shorted line (Le, Z, = 0), the solution is 


13.40] 


P e| (0) 42, tan BD ] 


JO tan (FD 
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j£, tan (B 
zem] ini 
23%, an (BD 13421 

Recall from Eq. 2:25 that 
51 13431 

Substituting Ba, 3.43 into Eg. 9.42 produces 

Z=jZ, tan (oZ CD) [3.44] 
2 l un (212,00) 13.45] 


Because the solutions to Eqs. 3.44 and 3.45 are multiplied by the j operator, the 
impedance is actually a reactance (Z = 0 + jX). It is possible to achieve almost any 
possible reactance (within certain practical limitations) by adjusting the length of 
the transmission line and shorting the "load" end. This fact leads us to a practical 
‘method for impedance matching, 

Figure 3-10А shows a circuit in which an unmatched load is connected to a 
transmission line with characteristic impedance Z,, The load impedance Z, is of the 
form Z = R + jX, and, in this case, it is equal to 50 — 720. 

А complex impedance load can be matched to its source hy interposing the com- 
plex conjugate of the impedance. For example, in the case where Z = 50 — 720, the 
‘matching impedance network will require an impedance of 50 + J20 £ The two im- 
pedances combine to produce a result of 50/0. The situation of Fig. 3-10A shows a 
‘matching stub with a reactance equal in magnitude, but opposite in sign, with. 
spect to the reactive component of the load impedance. In this case, the stub has a 
reactance of 4/20 Q to cancel a reactance of -j20 © in the load. 

A quarter-wavelength shorted stub is a special case of the stub concept that. 
finds particular application in microwave circuits, Waveguides (Chap. 19) are based. 
on the properties of the quarter-wavelength shorted stub. Figure 3-10B shows a 
quarter-wave stub and its current distribution. The current is maximum across the 
short, but wave cancellation forces it to zero at the terminals. Because Z = Vil, when 
1 goes to zero, the impedance becomes infinite. Thus, a quarter-wavelength stub has 
an infinite impedance at its resonant frequency, and redundant acts as an insulator 
‘This concept may be hard to swallow, but the stub is a "metal insulator.” 


Standing wave ratio. 
‘The reflection phenomenon was noted earlier during the coverage of the step- 
function and single-pulse response of transmission line; the same phenomenon also 
applies when the transmission lineis excited with an ac signal. When a transmission 
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Transmission ЫЗ 


line (Z, =50 0) 


0-00 


Shorted 
stub (A = +200) 


3AQA Stub matching system. 


ine is not matched to its load, some of the energy is absorbed by the load and some 
is reflected back down the line toward the source. The interference оГ incident (or 

forward”) and reflected (or "reverse") waves creates standing waves on the trans- 
mission line. 

Ifthe voltage or currentis measured along the Jine, it will vary, depending on the 
load, according to Fig. 3-11. Figure 3-11А shows the voltage-versus-length curve for 
a matched line (Le., where Z, = Z,). The line is said to be "fat" because the voltage 
(and current) is constant all long the line. But now consider Figs. 3-1 1B and 3-11C. 

Figure 3-118 shows the voltage distribution over the length of the line when the 
load end of the line is shorted ͤ at the load end the voltage is 
zero, which results from zero impedance. The same impedance and voltage situa- 
tion is repeated every half-wavelength down the line from the load end toward 
the generator, Voltage minima are called nodes, and voltage maxima are called 
amtinodes 

‘The pattern in Fig. 3-110 results when the line is unterminated (open) (Le., 
Z, = œ). Note that the pattern is the same shape as Fig. 3-118 (shorted line), but 
the phase is shifted 90". In both eases, the reflection is 100 percent, but the phase 
of the reflected wave is opposite. 

Figure 3-11D shows the situation in which Z, is not equal to Z, but is neither 
zero nor infinite. In this case, the nodes represent some finite voltage, V, rather 
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1 
n 
La 
340B. Quartersvavelengtb stub 
Length 
D % 
| 
П 
| 


than zero, The standing wave ratio (SWR) reveals the rel 
and line 

Ifthe current along the line is measured, the pattern will resemble the patterns 
of Fig, 9-11, The SWR is then called ISWR, to indicate the fact that it came from a 
current measurement, Similarly, ifthe SWR is derived from voltage measurements it 
is called VSWR. Perhaps because voltage is easier to measure, VSWR is the term. 
most commonly used in most radio work. 

VSWR can be specified in any of several equivalent ways: 


lationship between load 


1. From incident voltage (У) and reflected voltage (V J: 


13.46] 


1347] 
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3. From load and tine characteristic impedances: 


(2, >Z) VSWR = 2/2, 1348] 
(8, <2 VSWR = 2/2, 18.49] 


4. From incident (P,) and reflected (P. ) power- 


1+VEJE, 
VEP 19.50] 
5. From reflection coefficient (Г): 
узун = HE 13.511 
i-r 


It is also possible to determine the reflection coefficient Г from a knowledge of 
узуун: 


УЗУН -1 
SWR + 1 


13.52] 


‘The relationship between reflection coefficient Fand VSWR is shown in Fig. 
Em 

VSWR is usually expressed as а ratio. For example, when Z, is 100 Q and Z, is 
500, the VSWR is 2,/2, = 100 9150.0 = 2, which is usually expressed as VSWR = 2:1. 
VSWR can also be expressed in decibel form: 


VSWR = 20 log Û 


WR) 18.53] 


Example 3-7 A transmission line js connected to a mismatched load. Calculate 
both the VSWR and VSWR decibel equivalent if the reflection coefficient T is 0.25, 
Solution: 


(a) VSWR 


© VSWit, 
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3-11 Voltage versus electrical 


ong: (А) Matched impedances, (В) 
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3-11 Continued: (D) Z, not equal to Z, 


‘The SWR is regarded as important in systems for several reasons. The base of 
these reasons is the fact that the reflected wave represents energy lost to the load, 

For example, in an antenna system, less power is radiated if some of its input power 
is reflected back down the transmission line, because the antenna feedpoint imped- 
ance does not match the transmission line characteristic impedance, The next sec- 

tion covers the problem of mismatch losses. 


‘Mismatch (VSWR) losses 
‘The power reflected from a mismatched load represents а loss, and will have impli- 
cations that range from negligible to profound, depending on the situation. For ex- 
ample, one result might be a slight loss of signal strength at a distant point from an 
antenna, A more serious problem can result in the destruction of the output device 
in a transmitter. The latter problem so plagued early solid-state transmitters that 
designers opted to include shutdown circuitry to sense high VSWR, and turn down. 
‘output power proportionally. 

In microwave measurements, VSWR on the transmission lines (that intercon- 
nect devices under test, instruments, and signal sources) ean cause erroneous read- 
ings—and invalid measurements. 

Determination of VSWR losses must take into account nuo VSWR situations. 
Figure 3-9 shows a transmission line of impedance Z, interconnecting a load imped- 
ance Z,, and a source with an output impedance Z, There is a potential for imped- 
ance mismatch at both ends of the line, 

In the case where one end of the line is matched (either Z, or Z,), the mismatch 
loss caused by SWR at the mismatched end is 


NL 13.54] 


SWR-1 Y] 
some (a) 
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10 log (1-1) 13.55] 


Example 3-8 A coaxial transmission line with a characteristic impedance of 50 
Qis connected to the 50-2 output (7,) of a signal generator, and also to а 20-W load 
impedance Z,. Calculate the mismatch loss, 

Solution: 

(a) First find the VSWR: 


VSWR = 22, 
= (50 0) 


(0) Mismatch loss: 


10 og [1 - (0.49) 
=-10 og [1 = 0.185] 
10 log [0815] 
C10) (0.089) 


ова 
When both ends of the line are mismatched, a different equation is required: 
ML = 20 log l1» T, «TJI 19.56] 
where 
T, is the reflection coefficient at the source end of the Ше, 
(VSWR, — DICVSWR, +1) 


T, is the reflection coefficient at the load end of the line, 
(VSWR, УЗИ, + 1) 


Note that the solution to Eq. 3.56 has two values: [1 + rr. and [1 — (F,r). 

The equations reflect the mismatch оза solution for low-loss or “lossless” trans 
mission lines. This а close approximation in some situations; however, it is insuffi- 
cient when the line is lossy. Although not very important at low frequencies, loss 
becomes higher at microwave frequencies, Interference between incident and re- 
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ected waves produces increased current at certain antinodes which increases 
ohmic losses—and increased voltage at certain antinodes—which increases dielec- 
tric losses. It is the latter that increases with frequency. Equation 3.57 relates re- 
ection coefficient and line losses to determine total loss on a given line 


Los 


о (5) - 


where 
Loss is the total line loss in decibels 
T is the reflection coefficient 
is the quantity 106 
A is the total attenuation presented by the line, in decibels, when the line is properly 
matched (Z, = Z,) 


Example 3-9 A 50- transmission Jine is terminated in а 30.0 resistive imped- 
ance. The line is rated at a loss of dB/100 ft at 1 GHz. Caleulate (a) lossin 5 ft ofline, 
(b) reflection coefficient, and (с) total lass in a 5- line mismatched per above, 


Solution: 
зав 2 

az 248. x5 = 015 dB 

0 

[T 


100 
NT 


104 


Loss 


soe [gts] 
TO - (1.04) (0963) 
1019 
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vov (18) 


Dor 
= 10 log (1.046) 
= (10) (0.02) = 02 dB 

Compare the matched line loss (A = 0.15 dB) with the total loss (Loss = 0.2 dB), 


which includes mismatch loss and line loss, The difference (Le., Loss — A) is only 
0.05 dB. If the VSWR was considerably larger, however, the loss would rise. 
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CHAPTER 


The Smith chart 


THE MATHEMATICS OF TRANSMISSION LINES, AND CERTAIN OTHER DEVICES, BECOMES 
‘cumbersome at times, especially in dealing with complex impedances and "nonstan- 
dard” situations. In 1989, Phillip Н. Smith published a graphical device for solving 
these problems, and an improved version of the chart followed in 1945. That graphic 
aid, somewhat modified over time, is still in constant use in microwave electronics, 
and other fields where complex impedances and transmission line problems are 
found. The Smith chart is indeed a powerful tool for the RF designer, 


Smith chart components 


‘The modern Smith chart is shown in Fig. 4-1. It consists ofa series of overlapping or- 
thogonal circles (le. circles that intersect each other at right angles). This chapter 
will dissect the Smith chart, so that the origin and use of these circles is apparent. 
‘The set of orthogonal circles makes up the basic structure of the Smith chart 


The normalized impedance line 

A baseline is highlighted in Fig. 4-2, and bisects the Smith chart outer circle. This 
line is called the pure resistance line, and forms the reference for measurements 
made on the chart. Recall that a complex impedance contains both re 
reactance, and is expressed in the mathematical form: 
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Zs the complex impedance 
Ris the resistive component of the impedance 
X is the reactive component of the impedance 


‘The pure resistance line represents the situation where X = 0, and the imped- 
ance is therefore equal to the resistive component only. In order to make the Smith 
‘chart universal, the impedances along the pure resistance line are normalized with 
reference to system impedance (e.g. Z, in transmission lines); for most microwave 
RF systems the system impedance is standardized at 50 £2. In order to normalize the 
actual impedance, divide it hy the system impedance, For example, if the load im- 
pedance of a transmission line is Z,, and the characteristic impedance of the line is 
Z, then Z = ZZ,. in other words, 


1421 


‘The pure resistance line is structured such that the system standard impedance 
is in the center of the chart, and has a normalized value of 1.0 (see point А in Fig. 4- 
2), This value derives from the fact that 22, = 1.0. 

To the left of the 1.0 point are decimal fraction values used to denote imped- 
ances less than the system impedance. For example, in a 50-0 transmission line sys- 
tem with а 25-0 load impedance, the normalized value of impedance is 25 0/50 Q or 
0,50 (*B"in Fig. 4-2). Similarly, points to the right of 1.0 are greater than 1 and de- 
note impedances that are higher than the system impedance. For example, in a 50- 
A system connected to a 100-0 resistive load, the normalized impedance is 100 0/50 
0, or 2.0; this value is shown as point C in Fig. 4-2. By using normalized impedances, 
you can use the Smith chart for almost any practical combination of system, and load 
“and/or source, impedances, whether resistive, reactive, or complex, 

Reconversion of the normalized impedance to actual impedance values is done 
by multiplying the normalized impedance by the system impedance. For example, if 
the resistive component of a normalized impedance is 0.45, then the actual imped- 


G d из 
= (0.45) (50.2) 1441 
250 из 


The constant resistance circles 
"The isornsistance circles, also called the constant resistance circles, represent 
points of equal resistance. Several of these cireles are shown highlighted in Fig. 4-3, 
"These circles are all tangent to the point at the righthand extreme of the pure resis- 


“According tothe standard sign convention the induetiye reactance CF, posto (+) and the capaci- 
ше reactance (F) is negative (-) The term ln Eq, 4.1 above the difference between the то reac 
tances (X =X, X, 
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tance line, and are bisected by that line, When you construct complex impedances 
Gor which X = nonzero) on the Smith chart, the points on these circles will ll have 
the same resistive component. Circle A, for example, passes through the center of 
the chart, so it has a normalized constant resistance af 1.0, Note that impedances, 
that are pure resistances (Le., Z = R + JO) will fall at the intersection of a constant 
sistance circle and the pure resistance line, and complex impedances (Le., X not 
equal to zero) will appear at any other points on the circle, In Fig. 4-3, circle A 
passes through the center of the chart, so it represents all points on the chart with a 
normalized resistance of 1.0. This particular circle is sometimes called the unity 
resistance circle. 


‘The constant reactance circles 
Constant reactance circles are highlighted in Fig. 4-4, The circles (or circle seg- 
ments) above the pure resistance line (Fig. 4-4A) represent the induetipe reac- 
tance (+X), and those circles (or segments) below the pure resistance line (Fig. 
4448) represent capacitive reactance (=X), In both cases, circle A represents а 
normalized reactance of 0.80, 

One of the outer circles (i, circle A in Fig. 4-4C) is called the pure reactance 
circle. Points along circle A represent reactance only; in other words, an impedance 
of = 0 =X = 0), 

Figure 44D shows how to plot impedance and admittance on the Smith chart. 
Consider an example in which system impedance Z, is 50 Q, and the load impedance 


is Z, = 95 + J55 Q. This load impedance is normalized to 
2. 4.61 
2. 1461 
_ +A 
20 f 14.7] 
=19+j11 14.8] 


An impedance radius is constructed by drawing a line from the point repre- 
sented by the normalized load impedance, 1.9 + j1.1, to the point represented by the 
normalized system impedance (1.0) in the center of the chart. A circle is con- 
structed from this radius, and is called the VSWR circle. 

Admittance is the reciprocal of impedance, so it is found from 


1 


bo 


149] 


Because impedances in transmission lines are rarely pure resisive, but rather 
contain a reactive component also, impedances are expressed by complex notation: 


КГЗ 14.10] 
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Z is the complex impedance 
Ris the resistive component 
X is the reactive component. 


In order to find the complex admittance, take the reciprocal of the complex im- 
pedance by multiplying the simple reciprocal by the complex conjugate of the im- 
pedance. For example, when the normalized impedance is 1.9 + 1.1, the normalized 
admittance will be: 


uu 


[4.12] 


1413] 


00 Non 14.141 


One of the delights of the Smith chart is that this calculation is reduced to a 
‘quick graphical interpretation! Simply extend the impedance radius through the 1.0 
center point until ît intersects the VSWR circle again. This point of intersection rep- 
resents the normalized admittance of the load. 


Outer circle parameters 
"The standard Smith chart shown in Fig. 4-4C contains three concentric calibrated 
circles on the outer perimeter of the chart, Circle A has already been covered and it 
is the pure reactance circle. The other two circles define the wavelength distance 
(B) relative to either the load or generator end of the transmission line, and either 
the transmission or reflection coefficient angle in degrees (С). 

‘There are two seales on the wavelength circle (B in Fig 4-40), and both have 
their zero origin on the left-hand extreme of the pure resistance line. Both scales 
represent one-half wavelength for one entire yevotution, and are calibrated from 
O through 0.50 such that these two points are identical with each other on the circle, 
In other words, starting at the zero point and travelling 200" around the circle brings 
‘one hack to zero, which represents one-half wavelength, or 0.5 А. 

Although both wavelength scales are of the same magnitude (0 - 0.50), they are 
opposite in direction. The outer scale is calibrated clockwise and it represents wave- 
lengths toward the generator; the inner scale is calibrated counterclockwise and 
represents wavelengths toward the load. These two scales are complementary at 
all points. Thus, 0.12 on the outer scale corresponds to (0.50 — 0.12) or 0.38 on the 
inner scale, 
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"The angle of transmission coefficient and angle of reflection coefficient 
scales are shown in circle C in Fig. 440. These scales are the relative phase angle be- 
tween reflected and incident waves. Recall from transmission line theory (see Chap. 3), 
that a short circuit at the load end of the line reflects the signal back toward the gen- 
erator 180° aut of phase with the incident signal; an open line (Le., infinite imped- 
ance) reflects the signal back to the generator in phase (Le., 0°) with the incident. 
signal. These facts are shown on the Smith chart by the fact that both scales start at 
0° on the right-hand end of the pure resistance line, which corresponds to an infinite 
resistance, and it goes halfway around the circle to 180° at the Û end of the pure re- 
sistance line. Note that the upper half-circle is calibrated 0 to +180", and the bottom 
half cirole is calibrated 0 to -180*, reflecting indictive or capacitive reactance situa- 
tions, respectively. 


Radially scaled parameters 
There are six scales laid out on five lines (D through G in Fig, 4-4C and in expanded 
form in Fig. 4-5) at the bottom of the Smith chart. These scales are called the radi- 
айу seated parameters-—and they are both very important, and often overlooked. 
With these scales, we can determine such factors as VSWR (both as a ratio and in 
decibels), return loss in decibels, voltage or current reflection coefficient, and the 
power reflection coefficient 

"The reflection coefficient Fis defined as the ratio of the reflected signal to the 
incident signal, For voltage or current: 


25 4.15] 
E. н 
and 
= 11:16 
D мла 
Power is proportional to the square of voltage or current, so: 
же uan 
P 
тые ила 


Example 10 W of microwave RF power is applied to a lossless transmission 
line, of which 2.8 W is reflected from the mismatched load, Calculate the reflec- 
tion coefficient. 
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"The voltage reflection coefficient Г is found by taking the square root of the 
power reflection coefficient, so in this example it is equal to 0.529. These points are 
plotted at A and B in Fig, 4-5. 

Standing wave ratio (SWR) can be defined in terms of reflection coefficient: 


14r 


sun 122 
г 
M 14 Mr 
VSWR = I- f. 1423] 
or, in our example, 
1+ VORB 
vswe= L028 124 
1428] 
1426] 
or in decibel orm, 
VSWR = 20 log (VSWR) n 
20 log (20) 1428] 
0) (0510) 1429] 


"These paints are plotted at C in Fig, 4-5. Shortly, you wil work an example to 
show how these factors are calculated in a transmission line problem from a known. 
complex load impedance. 

Transmission loss is a measure of the one-way loss of power in a transmission 
line because of reflection fram the load. Retzrn loss represents the two-way loss, so 
itis exactly twice the transmission loss. Return loss is found from 


Loss, = 10108 Ty) 14.30] 
and, for our example in which T = 0.28, 

Loss, = 10108 (0.28) изп 

= (10) (0.558) = -5.53 dB 11321 
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‘This point is shown ав Din Fig. 4-5. 
The transmission loss coefficient can be calculated from 


m iu 
In. ERE 
fo cu cen, 
14028) 
mo 12-030) 1434] 
vm m 


The TLC is а correction factor that is used to calculate the attenuation caused. 
by mismatched impedance in a lossy, as opposed to the ideal “lossless,” line. The 
‘TLC is found from laying out the impedance radius on the loss coefficient scale on. 
the radially scaled parameters at the bottom of the chart. 


Smith chart applications 


One of the best ways to demonstrate the usefulness of the Smith chart is by practi- 
cal example. The following sections look at two general cases: transmission line 
problems and stub matching systems. 


Transmission line problems. 
Figure 4-6 shows a 50-0 transmission line connected to a complex load impedance 
Z, оГ 36 + HO Q. The transmission line has a velocity factor v of 0.80, which means 
that the wave propagates along the line at % the speed of light (с = 300,000,000 mu). 
"The length of the transmission line is 28 cm. The generator V, is operated at a fre- 
‘quency of 45 GHz and produces a power output of 1.5 W See what you can glean 
from the Smith chart (Fig. 4-7) 

First, normalize the load impedance, This is done by dividing the load imped- 
ance by the systems impedance (in this case, Z, = 50 0): 


14.36] 


1437] 


‘The resistive component of impedance Z is located along the 0,72 pure resistance 
circle (see Fig, 4-7). Similarly, the reactive component of impedance Z is located by 
traversing the 0,72 constant resistance circle until the 4/08 constant reactance cir- 
de is intersected. This point graphically represents the normalized load impedance 
Z = 0.72 + j0.80. A VSWR circle is constructed with an impedance radius equal to the 
line between 1.0 (in the center of the chart) and the 0.72 + 08 point 
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4-6 Transmission line and load circi 


Ata frequency of 4.5 GHz, the length of a wave propagating in the transmission 
line, assuming a velocity factor of 0.80, is 


sae 
boss, „ыш нап 


28-cm line is 28 env5.3 cm, or 5.28 wavelengths long, A line drawn from the center 
(1.0) to the load impedance is extended to the outer circle, and it intersects the cir- 
cle at 0.1325. Because one complete revolution around this circle represents one- 
half wavelength, 5.28 wavelengths from this point represents 10 revolutions plus. 
0.28 more. The residual 0.28 wavelengths is added to 0.1325 to form а value of 
(0.1325 + 0.28), or 0.415. The point 0.413 is located on the circle, and is marked. A 
line is then drawn from 0.413 to the center of the circle, and it intersects the VSWR 
circle at 0.49 — 0.49, which represents the input impedance Z, looking into the line. 
‘To Пий the actual impedance represented by the normalized input impedance, 
you have to “denormalize” the Smith chart impedance by multiplying the result by Z 
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Za = (0.49 04) (50 0) 1442] 
-ms-psn 14431 


It is this impedance that must be matched at the generator by а conjugate match- 
ing network. 

"The admittance represented by the load impedance is the reciprocal of the load 
impedance, and is found by extending the impedance radius through the center of 
the VSWR circle until it intersects the circle again. This point is found, and repre- 
sents the admittance Y = 0.62 — 0.69, Confirming the solution mathematically: 


1 


14.44) 
1 072-080 
072755080 * 072-080 та 
080 _ 4 69 
080 L 962 — 0.69 1446] 


"The VSWR if found by transferring the "impedance radius" of the VSWR circle to 
the radial scales below. The radius (0.72 — 0.8) is laid out on the VSWR scale (top- 
most of the radially scaled parameters) with a pair of dividers from the center mark, 
and we find that the VSWR is approximately 2.6:1. The decibel form of VSWR is 8.3 
dB (next scale down from VSWR), and this is confirmed by 


VSWR = 20 log (VSWR) 1447] 
(20) log 27) 1448] 
= (20) (0431) = 83 dB. 14.49] 


‘The transmission loss coefficient is found in a manner similar to the VSWR, us- 
ing the radially scaled parameter scales. In practice, once you have found the VSWR 
you need only drop a perpendicular line from the 28:1 VSWR line across the other 
scales, In this case, the line intersects the voltage reflection coefficient at 0.44. The 
power reflection coefficient, i found from the scale, and is equal to T*. The per- 
 pendicular line intersects the power reflection coefficient line at 0.20, 

"The angle of reflection coefficient is found from the outer circles of the Smith 
chart, The line from the center to the load impedance (2 = 0.72 + j0.8) is extended 
to the angle of reflection coefficient in degrees circle, and intersects it at approxi- 
mately 84". The reflection coefficient is therefore 0.44/84" 

‘The transmission loss coefficient (TLC) is found from the radially sealed para- 
„meter scales also. In this case, the impedance radius is laid out on the loss coeffi- 
cient scale, where it îs found to be 1.5, This value is confirmed from: 
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‘The return loss is also found by dropping the perpendicular from the VSWR 
point to the RETIN LOSS, dB line, and the value is found to be approximately 7 dB, 
which is confirmed by 


Loss, = 10108 (T, dB. 1453] 
0 log (021) an 1454] 
10) (0.677) di 1455] 


TT dB = -6.9897 dB 14.56] 


"The reflection loss is the amount of RF power reflected back down the trans 
mission line from the load. The difference between incident power supplied by the 
generator (1.5 W in this example), А, — Р = Po, and the reflected power, is the ah- 
sorbed power (P); or in the case of an antenna, the radiated power, The reflection 
ossis found graphically by dropping a perpendicular from the TLC point (от by la 
ing out the impedance radius on the REFL. LOSS, dB scale), and in this example 
(Fig. 4-7) is 1 05 dB. You can check the calculations: 
“The return ossis -7 dB, so 


di = 1010 ( 2 4.571 
“Fa = 1010s | 7 14.57] 
0د‎ с) изи 
( Ba ) 
l 1459] 
14.60] 
14 61 
OYA5W =P, 14.621 
[p 1463] 
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‘The power absorbed by the load (P, is the difference between incident power 

and reflected power P. . If 0.3 W is reflected, then that means the absorbed 
s (1.5-0.3), or 12. 

"The reflection loss is -1.05 dB, and can be checked from: 


1,0 af = 10 log ( 75 4.64 
1,08 dB = 10 log zx) [4.64] 
5 1465] 

oan m 

0785= m 

(159) x (0785) =P, 1468] 
12W=P, 14.69] 


Now check what you have learned from the Smith chart. Recall that 1.5 W of 4.5- 
GHz microwave RF signal was input to a 50-0 transmission line that was 28 cm long. 
"The load connected to the transmission line has an impedance of 36 + j40, From the 


Smith chart: 
Admittance (load) ЕТ 
VSWR 261 
VSWR (dB): 8348 
Reflection coefficient (E) 044 
Reflection coefficient (Р) 2 
Reflection coefficient angle S degrees 
Return loss тав 
Reflection loss -105 dB 


"Transmission loss coefficient 18 


Note that in all cases the mathematical interpretation corresponds to the graph- 
ical interpretation of the problem, within the limits of accuracy of the graphical 
method. 


Stub matching systems 

A properly designed matching system will provide a conjugate match to a complex 
impedance. Some sort of matching system or network is needed any time the load 
impedance Z, is not equal to the characteristic impedance Z, of the transmission 
line, In a transmission line system, it is possible to use a shorted stub connected in. 
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parallel with the line, at a critical distance back from the mismatched load, in ordes 
to effect a match. The stub is merely a section of transmission line that is shorted at 
the end not connected to the main transmission line. The reactance (hence also sus- 
ceptance) of a shorted line can vary from -À to +A, depending upon length, so you 
can use a line of critical length Ly to cancel the reactive component of the load im- 
pedance. Because the stub is connected in parallel with the line it is a bit easier to 
‘work with admittance parameters, rather than impedance. 

Consider the example of Fig. 4-8, in which the load impedance is Z = 100 + j60, 
which is normalized to 2.0 + 1.3. This impedance is plotted on the Smith chart in 
Fig, 4-9, and a VSWR circle is constructed. The admittance is found on the chart at 
point Y = 037-022 

In order to provide a properly designed matching stub, you need to find two 
lengths. L, is the length (relative to wavelength) from the load toward the generator 
(see L, in Fig. 4-8); L, îs the length of the stub itself. 

The first step in finding a solution to the problem is to find the points where the 
unit conductance line (1.0 at the chart center) intersects the VSWR circle; there are 
two such points shown in Fig. 4-9: 10 + 1.1 and 10 — 1.1. Select one of these 
(choose 1.0 + 1.1) and extend a line from the center 1.0 point through the L0 + 1.1 
point to the outer circle (WAVELENGTHS TOWARD GENERATOR). Similarly, a 
line is drawn from the center through the admittance point 0.37 — 0.22 to the outer 
circle, These two lines intersect the outer cirele at the points 0.165 and 0.461. The 
distance of the stub back toward the generator is found from: 


L, = 0.165 + (0500-0460 А ило 
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‘The next step is to find the length of the stub required, This is done by finding 
two points on the Smith chart, First, locate the point where admittance is infinite 
(far right side of the pure conductance line); second, locate the point where the ad- 
mittance is 0 — 1.1. (Note that the susceptance portion is the same as that found 
‘where the unit conductance eirele crossed the VSWR circle.) Because the conduc- 
tance component of this new point is 0, the point will lay on the -j1.1 circle at the in- 
tersection with the outer circle. Now draw lines from the center of the chart through 
each of these points to the outer circle. These lines intersect the outer circle at 0.368 
and 0.250. The length of the stub is found from. 


L, = (01068 — 0.250). илз 


=0.118% тала 


From this analysis you can see that the impedance, Z = 100 + j80, can be 
‘matched by placing а stub ofa length 0.118 at a distance 0.204 back from the load, 


The Smith chart in lossy circuits 
"Thus far, you have dealt with situations in which loss is either zero (Le., ideal trans- 
mission lines), or so small as to be negligible. In situations where there is apprecia- 
ble loss in the circuit or line, however, you see a slightly modified situation. The 
VSWR circle, in that case, is actually a spiral, rather than a circle. 
Figure 4-10 shows a typical situation, Assume that the transmission Jine is 
0,602. long, and is connected to a normalized load impedance of Z = 1.2 + 1.2. An 
ideal” VSWR circle is constructed on the impedance radius represented by L2 + 
312. Aline (4) is drawn, from the point where this circle intersects the pure resis- 
tance baseline (В), perpendicularly to the ATTEN, 1 dB/MAJ. DIV. line on the ra- 
dially scaled parameters. A distance representing the loss (3 dB) is stepped off on 
this scale, A second perpendicular line is drawn, from the — dB point, back to the 
pure resistance line (C). The point where line C intersects the pure resistance line 
becomes the radius for a new circle that contains the actual input impedance of the 
line. The length of the line is 0.602, so you must step back (0.60 — 0.50) or 0.14. 
‘This point is located on the WAVELENGTHS TOWARD GENERATOR outer circle. 
‘Aline is drawn from this point to the 1.0 center point. The point where this new line 
intersects the new circle is the actual input impedance (Z, ). Tie intersection 
occurs at 0.76 + J0.4, which (when denormalized) represents an input impedance 
of 38 + J20 Q. 


Frequency on the Smith chart 
A complex network may contain resistance, inductive reactance, and capacitive reac- 
tance components. Because the reactance component of such impedances is а func- 
Чоп of frequency, the network or component tends to also be frequency-sensi 
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‘You can use the Smith chart to plot the performance of such a network with respect 
to various frequencies, Consider the load impedance connected to a 50-0 transmis- 
sion line in Fig. 4-11. In this case, the resistance is in series with a 2.2-pF capacitor 
which will exhibit a different reactance at each frequency. The impedance of this net 
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-10- LLL 1478] 
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14.791 


Or, converted to gigahertz, 


14.80] 


"The normalized impedan 


s for the sweep of frequencies from 1 to 6 GHz are. 


therefore 
Z-10-j145 из 
Z=10-J072 14.82] 
210-9048 14.83] 
2 10 [4.84] 
2=10-J029 14.85] 
2210-3 14.86] 


"These points are plotted on the Smith chart in Fig. 4-12. For complex networks, 
in which both inductive and capacitive reactance exist, take the difference between 
the two re Xo). 


© 


This page intentionally left blank 


5 


CHAPTER 


Fundamentals 
of radio antennas 


AN UNFORTUNATE OVERSIGHT IN MANY BOOKS ON RADIO ANTENNAS IS A LACK OF 
Coverage on the most basic fundamentals of antenna theory. Most books, including 
the first draft of this one, start with a discussion of dipoles, but overlook that certain. 
physical mechanisms are at work. An antenna is basically a transducer that converts. 
electrical alternating current oscillations at a radio frequency to an electromagnetic 
wave of the same frequency. This chapter looks at the physies of how that job is ac- 
complished. 

‘The material in this chapter was adapted from a US. Army training manual on 
antennas and radio propagation. Although unfortunately no longer in print, the man- 
ual contained the best coverage of basies the author of this book could find. Given 
that US, government publications are not protected by copyright, this information 
can be brought to you in full 


Antenna fundamentals 


‘The electric and magnetic fields radiated from an antenna form the electromagnetic 
field, and this field is responsible for the transmission and reception of electromag- 
netic energy through free space. An antenna, however, is also part of the electrical 
circuit of transmitter (or a receiver); because of its distributed constants, it acts as 
a circuit containing inductance, capacitance, and resistance. Therefore, it can be ex- 
pected to display definite voltage and current relationships in respect to a given in- 
put. А current through it produces a magnetic field, and a charge on it produces an 
electrostatic field. These two fields taken together form the induction field. To gain 
a better understanding of antenna theory, a review of the basic electrical concepts of 
voltage and electric field and of current and magnetic field is necessary. 
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Voltage and electric field 
When a capacitor is connected across a source of voltage, such as a battery (Fig. 
5-1), it is charged some amount, depending on the voltage and the value of capaci- 
tance. Because of the emf (electromotive force) of the battery, negative charges 
flow to the lower plate, leaving the upper plate positively charged. Accompanying 
the accumulation of charge is the building up of the electric field. The flux lines are 
directed from the positive to the negative charges and at right angles to the plates. 
If the two plates of the capacitor are spread farther apart, the electric field 
must curve to meet the plates at right angles (Fig. 5-2). The straight lines in A 
become ares in B, and approximately semicircles in C, where the plates are in a 
straight line. Instead of flat metal plates, as in the capacitor, the two elements can 
take the form of metal rods or wires, The three-dimensional view in Fig, 5-3 de- 
picts the electric field more accurately. In A of Fig. 5-3, the wires are approxi- 
mately 30° apart, and the Пих lines are projected radially from the positively 
charged wire to the negatively charged wire. In В of Fig. 5-8, the two wires Ше in a 
straight line, and the Пих lines form a pattern similar to the lines of longitude 
around the earth. To bring out the picture more clearly, only the lines in one plane 
are given, 
ume that the sphere marke 
ergy. The two wires then сап serv 


Ein Fig. 5-38 isa transmitter supplying RF en- 

the antenna for the transmitter, RF energy is 
radiated from the antenna and charges move back and forth along the wires, alter- 
nately compressing and expanding the flux lines of the electric field. The reversals 
in polarity of the transmitter signal also reverse the direction of the electric field. 
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5-1 Charges on plates of a capacitor 
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trie field is set up between its plate 


а voltage equal, and of opp 
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ious angles, 


r by means of a battery, an elec 
е low of charge from source to capacitor 


itor is said to be charged to 
source. The charged eapacitor 
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сап be used as a source of emf since it stores energy in the form of an electric field. 
‘This is the same as saying that ал electric field indicates voltage. The presence of 
an electrie field about an antenna also indicates voltage, Since the polarity, and the 
amount of charge, depend on the nature of the transmitter output, the antenna volt- 
age also depends on the energy source. For example, if a battery constitutes the 
source, Ше antenna charges to a voltage equal and opposite to that of the battery. I 
ВЕ energy is supplied toa half-wave antenna, the voltage across the antenna lags the 
current by 90°. The half-wave antenna acts as if it was a capacitor, and it can be 
described as being capacitive. 


Current and magnetic field 
A moving charge along a conductor constitutes а current and produces a magnetic 
field around the conductor. Therefore, the low of charge along an antenna also will 
be accompanied by a magnetic field. The intensity of this field is directly propor- 
tional to the ow of charge. When the antenna is uncharged, the current flow is max- 
imum, since there is no opposing electric field. Because of this current low, а charge 
accumulates on the antenna, and an electric field builds up in increasing opposition 
to the emf af the source. The current flow decreases and when the antenna is fully 
charged, the current no longer flows. 

The magnetic field in the space around a current-carrying device has a specific 
configuration, with the magnetic Пих lines drawn according to a definite rule (Fig 
5-4). Whereas, in the electric field, the electric lines are drawn from a positive 
change to a negative charge, in the magnetic field, the Пих lines are drawn according 
to the left-hand rule. The direction of current flow is upward along both halves of 
the antenna. The lines of magnetic Пих form concentric loops that are perpendicu- 
tar to the direction of current flow. The arrowheads on the loops indicate the direc- 
tion of the field, I the thumb of the left hand is extended in the direction of current 
flow and the fingers are clenched, then the rough circles formed by the fingers indi- 
cate the direction of the magnetic field. This is the left-hand rule, or convention, 
which is used to determine the direction of the magnetic field- 


Combined electric and magnetic fields 
When RF energy from a transmitter is supplied to an antenna, the effects of charge, 
voltage, current, and the electric and magnetic fields are taking place simultane- 
ously: These effects (Fig. 5-5) have definite time and space relationships to each 
fe antenna is used, the relations between charge and current flow 
сап be predicted, because of the capacitive nature of this antenna. The voltage will 
lag the current by 90°, and the electric and magnetic fields will be 90° out of phase. 
With no electric field present (no charge), the current flow is unimpeded, and the 
magnetic Held is maximum. As charge accumulates on the antenna, the electric field 
builds up in opposition to current flaw and the magnetic field decreases in intensity. 
When the electric field reaches its maximum strength, the magnetic field has de- 
vayed to zero. 
A reversal in polarity of the source reverses the direction of current flow as well 
as the polarity of the magnetic field, and the electric field aids the flow of current by 
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Direction of 
curent flow 


54 Magnetic field about a 
halt wave antenna 
(ef -handi rule). 


Direction nf magnetic 
held 


discharging. The magnetic field builds up to a maximum, and the electric field dis- 
appears as the charge is dissipated. The following half-cyele is а repetition ofthe first 
half-eyele, but in the reverse direction. This process continues as long as energy is 
supplied to the antenna. The fluctuating electric and magnetic fields combine to 
form the induction field, in which the electric and magnetic Пих maximum intensi- 
ties occur 90” apart in time, or in time quadrature. Physically, they occur at right 
angles to each other, or in space quadrature. To sum up, the electric and magnetic 
fields about the antenna are in space and time quadrature. 


Standing waves 
Assume that it is possible to have a wire conductor with one end extending infinitely, 
‘withan RF transmitter connected to this wire. When the transmitter is turned on, an. 
ЕР current in the form of sine waves of RF energy moves down the wire. These 
waves of energy are called traveting waves. The resistance of the conductor gradu- 
ally diminishes the amplitude of the waves, but they continue to travel so long as the 
Tine does not come toan end. 

"The antenna, however, has some finite length, Therefore, the traveling waves 
are halted when they reach the end of the conductor, Assume that the RF transmit- 
ter is tumed on just long enough to allow опе sine wave of energy to get on the line 
(Fig. 5-6). This traveling wave is moving down the antenna toward the end. When 
the wave reaches the end of the conductor, the current path is broken abruptly. With 
the stoppage of current Dow, the magnetic field collapses- A voltage is induced at the 
end of the conductor that causes current to flow back toward the soure, as in Fig, 
5.68, The wave is reflected back to the source, and, if a continual succession of 
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5.5 Electric and magnetic fields 90° out of phase 


waves is sent down the line, waves will be reflected in the same continual pattern. 
‘The wave moving from the transmitter toward the end is called the incident wave 
and its reflection is called the reflected wave. 

A continuous flow of incident waves results in a continuous flow of reflected 
waves, Because there is only one conductor, the two waves must pass each other 
Electrically, the only current that actually flows is the resultant of both of these 
waves, The waves can reinforce or cancel each other as they move. 

When they reinforee, the resultant wave is maximum; when they cancel, the re- 
sultant wave is minimum. In a conductor that has a finite length, such as an antenna, 
the points at which the maxima and minima of the resultant wave occur (Fig. -6C) 
аге stationary, In other words, the maximum and minimum points stand still, 
though both the incident and reflected waves are moving. The resultant wave stands 
still on the line, only its amplitude being subject to change. Because of this effect, the 
resultant is referred to as a standing wane. 

"The development of the standing wave on an antenna by actual addition of the 
traveling waves is illustrated in At the instant pictured in A, the incident and 
reflected waves just coincide. The result is a standing wave having twice the ampli- 
tude of either traveling wave. In B, the waves move apart in opposite directions, and 
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o antenna and a typical resultant wave: 


the amplitude of the resultant decrea 
do not move. 

When the traveling waves have moved to a position of 180" phase difference, the 
resultant is zero along the entire length of the antenna, as shown in C. At this instant, 
there can be no current flow in the antenna. The continuing movement of the trav 
eling waves, shown in D, builds up a resultant ina direction opposite to that in A. The 
in-phase condition of the traveling waves results in a standing wave, in E, equal in 
amplitude, but 180° out of phase with the standing wave in A. 

Ifthe progressive pictures of the standing wave are assembled on one set of axes, 
the result is asin Fig. 5-8. The net effect of the incident and reflected waves is appar- 
ent. The curves are lettered with reference to Fig. 5-7. As the traveling waves move 
past each other, the standing wave changes only its amplitude. The fixed minimum 
points are called nodes, and the curves representing the amplitude are called loops 

‘The concept of the standing wave can be applied to the half-wave antenna with 
reference to either current or voltage distribution at any instant, This application is 
possible because there are traveling waves of both voltage and current. Because volt 
age and current are out af phase on the half-wave antenna, the standing waves also 
эге found to be out of phase. 


в, but the points of maximum and minimum 
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5-8 Standing waves 


‘Voltage and current distribution on half-wave antenna 

When an RF transmitter is feeding a half-wave antenna, positive and negative charges 
‘move back and forth along the antenna (Figs. 5-9 and 5-10). The first picture shows 
the position of the charges at some arbitrary time, J, The RF charges being observed 
are at the ends of the antenna, and there is a maximum difference in potential be- 
tween the ends, A and В. The remaining illustrations show the instantaneous positions 
of the charges at regular intervals of 22.5° throughout a complete cycle 

"To the right of each instantaneous position of the charges are curves rej 
ing the current and voltage at that particular time for any point on the antenna, 
For example, at time T, the positive and negative charges are at points А and В on 
the antenna. The voltage between these points represents a maximum difference of 
potential. The current, being 90* out of phase in respect to the voltage, is every- 
where zero, These distribution curves are standing waves derived in the same man- 
ner as those covered in the previous paragraph. 

‘The next illustration shows the position of the charges at time 7,, The standing 
wave of current is а relative maximum at the center of the antenna. This current loop 
has nodes that remain at the ends of the antenna, and it is, therefore, 90° out of 
phase with the standing wave of voltage. 

ALT, and T,, the charges move closer together, and the standing wave of voltage 
slowly decreases in amplitude. Conversely, the current loop increases in magnitude. 
When the charges meet after 90° ofthe RF cycle (71), the effect is that of having the 
positive and negative charges cancel. The voltage loop accordingly is zero every- 
where on the antenna, and the current loop rises to its maximum value, unimpeded 
by any charge on the antenna. 

At time Т, the charges have passed each other, each charge having moved past 
the center point of the antenna. The polarity of the voltage loops is reversed, and 
they build up in the opposite direction, keeping the node always at the center point. 
ofthe antenna. The reversal of polarity is shown in the charge positions at 7, Т, and 
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Тү. The separation of the charges also is accompanied by a decrease in the amplitude 
ofthe current loop. 

From T, to Ty the charges move out to the ends of the antenna. During this time, 
the voltage loops increase and the current loops decrease in amplitude. At time 7, 
Which occurs 180° after Т, in the RF cycle, the charges have moved to opposite ends 
ofthe antenna, Compare the picture in 7, to the picture in 7, Itis seen that the ne 
alive charge is now at point A and the positive charge at point В. Because the posi- 
tions ofthe charges have been reversed from 7, to T, the voltage loops in are 180° 
ош of phase, compared with the loops in 7, 

From T, to 7, in Fig. 5-10, the movement of the charges is shown in the oppo- 
site direction, the current loop reaching а maximum at J., When the entire RF cy- 
cle is completed at time 7, the charges have returned to the positions that they 
occupied at Ту The distribution curves of voltage and current also are in their origi- 
nal conditions. The entire process then is repeated for each RF cycle. 

Standing waves of voltage and current The distribution curves of the current 
and voltage are standing waves, This means that they are the resultants obtained by 
adding two traveling waves. The two traveling waves are associated with the positive 
and negative charges, The wave caused by the negative charge can be called the in- 
cident wave and the wave caused by the positive charge the reflected wave. This, 
however, is clearer when the concept of negative and positive charges is used, 

"The positive charge, taken at time 7, in Fig, 5-9, produces a traveling wave of 
voltage, shown by the dashed line in Fig. 5-114. The negative charge at the opposite 
end of the antenna produces an identical traveling wave (dash-dot curve). These 
two add together to produce the Т, voltage distribution curve, which is the resultant 
wave of Fig. 5A. Both of these waveforms are identical, being the standing wave 
of voltage at time Ty; АШ of the following distribution curves of Fig. 5-11 are pro- 
duced in the same manner. They are the standing wave resultants caused by the 
traveling waves accompanying the charges. 

In Fig, 5-11B, each of the traveling waves has moved 45°, the positive traveling 
wave moving to the right and the negative traveling wave moving to the left. This 
time corresponds to Ty in Fig. 5-9. The standing wave produced corresponds to the 
voltage distribution curve at F. The standing waves of current are produced in the 
same manner. The current curves at D, E, and F of Fig. 5-11 correspond to times Т, 
T, and T, of Fig. 5-0 

Standing waves of voltage In Fig. 5-12A, voltage standing waves occurring at 
different times are brought together on one axis, AB, representing a half-wave an- 
tenna. Essentially, these are the same curves shown progressively in Figs. 5-9 and 
5-10 as voltage distribution curves. They ean be used to determine the voltage at any 
point on the antenna, at any instant of time. For example, iit is desired ta know the 
variations of voltage occurring at point Y on the antenna over the RF cycle, the vari 
ations are graphed in respect to time, as shown in Fig. 5-12В. At 7, the voltage at Y 
is maximum, From 7, through 7, the voltage decreases, passing through zero at 7 
‘The voltage builds up to a maximum in the opposite direction at Ty, returning 
through zero to its original postion from 7, to 7, 

Between Т, and 7, therefore, an entire sine-wave cycle, Y, is reproduced. This 
is also true of any other point on the antenna, with the exception of the node at X 


Antenna fundamentals 135 


в F 


Voltage waves 


nA, B antt 
bint of + cha 
to point of — charg 


wave due 
Voltage wave 
— Resultant vol 


Current wave due 
— Resultant current wave 


136 Fundamentals of radio antenna: 
To ¡Tio 
n M. 
т | Fr 
Ta |та 
— E 

т [Tu 

та 
КАГА 


Voltage distribution 


A 


Vote 21 A 
Voltage at Y 


B 


5-12. ®шиһи waves of voltage at a point on the antenna. 


The peak amplitude of 
on the antenna. The nearer the point is to either end, the greater its peak amplitude 
Standing waves of current The standing waves of current occurring at vari- 
ous times through the RF cycle are assembled on a single axis in Fig. 5-13. This axis, 
AB, represents the half-wave antenna. If the current variations at point Y from 7, to 
T, are graphed in respect to time, the result is the sine wave in Fig. 5-13B, This is 
ia the antenna with the excepti s at the ends. The 
current has its greatest swing at X, the center of the m of the 
voltage variation curve (Fig. 5-124) with the current variation curve (Fig. 5-134) 
shows the voltage curve leading the current curve by 90° at Y. This relation can be 
expected on any half-wave device 


ine wave produced at any point depends on its position 
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З Standing waves of current at a point on the antenna. 


Measurement of standing waves In Fig. 5-14, the standing waves of voltage 
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5-14 Standing waves measured 
with a meter, 


because the antenna has a dielectric constant greater than that of free space. Because 
the dielectric constant of free space (air or vacuam) is approximately 1, а dielectric 
constant greater than 1 retards electromagnetic-wave travel. 

Because of the difference in velocity between the wave in free space and the 
we on the antenna, the physica! length of the antenna no longer corresponds to 
its electrical length. The antenna is а hall-avelength electrically, but somewhat 
shorter than this physically. This is shown in the formula for the velocity of electro- 
magnetic wave 

= fh Ba 


Where Vis the velocity, f is the frequency, and À is the wavelength. Since the 
quency of the wave remains constant, a decrease in the velocity results In a decrease 
in the wavelength. Therefore, the wave traveling in an antenna has a shorter wave- 
length than the same wave traveling in free space, and the physical length of the an- 
tenna can be shorter. 

‘The actual difference between the physical length and the electrical length ofthe 
antenna depends on several factors, A thin wire antenna, for example, has less effect 
fn wave velocity than an antenna with a large cross section. Ав the circumference of 
the antenna increases, the wave velocity is lowered, as compared with its free-space 
velocity. The effect of antenna circumference on wave velocity is illustrated in the 
graph of Fig. 5-15. 

Other factors are involved that lower wave velocity on the antenna. Stray capaci- 
tance, for example, increases the dielectric constant and lowers wave velocity. This ca- 
расйапсе can be caused by the ine connecting the antenna to the transmitter, the 
insulators used to give physical support to the antenna, or nearby objects made of 
‘metalic or dielectrie materials. The change in velocity resulting from stray capacitance 
is called end effect because the ends of the antenna are made farther apart electrically 
than they are physically. End effect is counteracted by making the physical length 
about 5 percent shorter than the electrical length, as expressed in the formula 


"(7) 


152] 


where L is the physical length in feet and f is the frequency in megahertz. This for- 
‘mula is accurate for all practical purposes in determining the physical length of a 
halt-wavelength antenna al the operating frequency. 
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The capacitive end effect also slightly changes the standing waves of voltage and 
current. When the standing waves are measured, it is found that the nodes have some 


value and do not reach zero, because some current is necessary to charge the stray ea 


pacitance. The standing waves measured in Fig. 5-16 show the results of end effect 
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Resonance, resistance, and impedance 
‘The antenna is a circuit element having distributed constants of inductance, capaci- 
tance, and resistance, which can be made to form a resonant circuit. The half-wave 
antenna is the shortest resonant length of antenna. However, antennas which are 
two or more half-wavelengths can also be resonant. Such antennas are said to oper- 
ate on harmonics. И an antenna is four hall-wavelengths at the transmitter fre- 
quency, itis being operated at the fourth harmonic of its lowest resonant frequency. 
їп other words, this antenna is a half-wavelength at one-quarter of the frequency 
of operation, An antenna operating on the third harmonie is shown in Fig. 5-7. 

Resistance А current flowing in the antenna must contend with three kinds of 
resistance. With the antenna considered asa radiator of energy, the power expended 
in the form of radiation can be thought of as an 1°, loss. R, is called the radiation 
resistance. With the antenna considered as a conductor, a certain amount of energy 
is dissipated in the form of heat. In this , loss, R is the ohmic resistance. There 
is also an 7R loss because of the leakage resistance of dielectric elements, such as 
insulators. This usually is included in the ohmic resistance 

"The purpose of the antenna is to dissipate as much energy as possible in the 
form of radiation. The energy dissipated by the radiation resistance, therefore, is 
the useful part of the total power dissipated. Because the actual power loss depends 
om the ohmic resistance, this resistance should be kept as low as possible. In the half- 
wave antenna, the radiation resistance is large compared to the ohmic resistance, 
and most of the available energy is radiated. The half-wave antenna is, therefore, a 
very efficient radiator for most purposes. 

For a half-wave antenna fed at the center point, the radiation resistance is equal 
to 73 Q. The reference point is the center of the antenna at the time of peak current 
flow. Ohmic resistance is referred to this point. The total resistance is of importance 
in matching the antenna to a transmission line. 

Impedance Because the half-wave antenna has different conditions of voltage 
and current at different pointa, and because impedance is equal to the voltage across 
а cirenit divided by the current through it, the impedance will vary along the length 
of the antenna. If Æ is divided by [at each point of the voltage and current curves in 
Fig, 5-16, the result is the impedance curve, Z. The impedance is about 73 Qat the 
center point and rises to a value of about 2500 Q at the ends. 

"The impedance of the half-wave antenna usually is considered to be the imped- 
ance as seen by the transmitter at the input terminals. This impedance consists of 
both resistance and reactance. If the antenna is cut t a length of exact resonance, 
the reactance is zero and the impedance is purely resistive. However, if the antenna 
is longer or shorter than resonance, reactance is present. When the antenna is made 
shorter, capacitive reactance is present; when the antenna is made longer, inductive 
reactance is present. 

"The impedance at the antenna input terminals is important in terms of power ef- 
ficiency: If the transmitter is feeding a nonresonant antenna, a power loss is caused 
by the reactive component of the antenna impedance, Conversely, if the frequency 
of the transmitter is changed, the electrical length of the antenna also changes. If the 
frequency is made somewhat higher, the electrical length is made greater, and in- 
ductive reactance is added to the impedance. If the frequency is lowered, the elec- 
trical length is shortened, and capacitive reactance is added to the impedance. 
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A MYTH AROSE IN RADIO COMMUNICATIONS CIRCLES SOME TIME AGO. PEOPLE CAME TO 
believe (especially in the ham and CB communities) that large antenna arrays 

psolutely necessary far effective communications, especially over long distances. 
Overlooked, almost to the point of disdain, were effective (but simple) antennas that 
can be erected by inexperienced people and made to work well. The simple dipole, 
ог doublet, is a case in point. This antenna is also sometimes called the Hertz, or 
hertzian, antenna because radio pioneer Heinrich Hertz reportedly used this form 
in his experiments. 

"The half-wavelength dipole is a balanced antenna consisting of two radiators 
(Fig. 6-1) that are each а quarter-wavelength, making a total of a half wavelength. 
‘The antenna is usually installed horizontally with respect to the earth's surface, so i 
produces a horizontally polarized signal 

In its most common configuration (Fig. 6-1), the dipole is supported at each end 
by rope and end insulators. The rope supports are tied to trees, buildings, masts, or 
some combination of such structures, 

"The length of the antenna is a half-wavelength. Keep in mind that the physical 
length of the antenna, and the theoretical electrical length, are often different by 
about 5 percent. A free-space half-wavelength is found from 


16.1] 


Ina perfect antenna, that is self supported many wavelengths away from any ob- 
ject, Eq. 6.1 will yield the physical length, But in real antennas, the length calculated 
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les 


= Insulator — I5 g Coaxial cable. 


6-1 Simple half-wave dipole antenna. 


above is too long, The average physical length is shortened by up to about 5 percent 
because of the velocity factor of the wire and capacitive effects of the end insulators. 
A more nearly correct approximation (remember that word, it's important) of a 
half-wavelength antenna is 


аа 
E (62 
Fu al 


where 


Lis the length of a hal-wavelength radiator, in feet 
F, is the operating frequency, in megahertz 


Example Calculate the approximate physical length for a half-wavelength di- 
pole operating on a frequency of 7.25 Mi 
Solution: 


ans 


n 


РЕТТЕП 


or restated another мау 


HI GI 


Itis unfortunate that a lot of people accept Eq, 62 as a universal truth, a kind of 
immutable law of The Universe. Perhaps abetted by books and articles on antennas. 
that fall to reveal the full story, too many people install dipoles without regard for 


nmm 
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reality. The issue s resonance. An antenna is a complex RLC network, At some fre- 
‘quency, it will appear like an inductive reactance (X = +X, and at others it will 
appear like a capacitive reactance (X = -jX,). At a specific frequency, the reac- 
tances ате equal in magnitude, but opposite in sense, so they cancel each other out 

F, -Xy = 0. At this frequency, the impedance is purely resistive, and the antenna is 
‘sid to be resonant. 

"The goal in erecting а dipole s to make the antenna resonant at a frequency that is 
inside the band of interest, and preferably in the portion of the band most often used by 
the particular station. Some ofthe implications of this goal are covered later on, but for 
the present, assume that the builder will have to custom-tallor the length of the an- 
tenna, Depending on several local factors (among them, nearby objects, the shape of 
the antenna conductor, and the lengthvdiameter ratio of the conductor) it might prove 
necessary to add, or trim, the length a small amount to reach resonance, 


The dipole feedpoint 

"The dipole isa half-wavelength antenna fed in the center. Figure 6-2 shows the volt 

age (V) and current (I) distributions along the length of the half-wavelength radia- 

tor element. The feedpoint is at a voltage minimum and a current maximum, so you 
сап assume that the feedpoint is a current antinode. 


At resonance, the impedance of the feedpoint is R, = Vil. There are two resis 
tances that make up A,- The first is the olunie losses that generate nothing but heat 
when the transmitter is turned on, These ohmic losses come from the fact that con- 
ductors have electrical resistance and electrical connections are not perfect (even 
‘when properly soldered). Fortunately, ina well-made dipole these losses are almost 
negligible. The second contributor is the radiation resistance R, of the antenna, 
‘This resistance is a hypothetical concept that accounts for the fact that RF power is 
radiated by the antenna. The radiation resistance is the fictional resistance that 
would dissipate the amount of power that is radiated away from the antenna. 


— зон 
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For example, suppose we have a large-diameter conductor used as an antenna, 
and it has negligible ohmic losses, 111000 W of RF power is applied to the feedpoint, 
and a current of 3.7 A is measured, what is the radiation resistance? 


163] 


16.4] 


165] 


It is always important to match the feedpoint impedance of an antenna to the 
transmission-line impedance. Maximum power transfer always occurs (in any sys- 
tem) when the source and load impedances are matched. In addition, if some applied 
power is not absorbed by the antenna (as happens in a mismatched system), then 
the unabsorbed portion is reflected back down the transmission line toward the 
transmitter, This fact gives rise to standing waves, and the so-called standing wave 
ratio (SWR or VSWR) discussed in Chap. 3. This isa problem to overcome. 

Matching antenna feedpoint impedance seems to be simplicity itself because the 
free-space feedpoint impedance of a simple dipole is about 73 Q, seemingly a good 
match to 75-0 coaxial cable. Unfortunately, the 73-0 feedpoint impedance is almost 
a myth. Figure 6-3 shows a plot of approximate radiation resistance (f) versus 
height above ground (as measured in wavelengths). As before, we deal in approxi- 
‘mations in Fig. 6-2; in this case, the ambiguity is introduced by ground losses. 

Despite the fact that Fig. 6:2 is based on approximations, you can see that radi- 
ation resistance varies from less than 10 Q, to around 100 Q, as a function of height. 
At heights of many wavelengths, this oscillation of the curve settles down to the free- 
space impedance (72 0). At the higher frequencies, it might be possible to install a 
dipole at а height of many wavelengths, In the 2-m amateur radio band (144 to 148 
(MHz), one wavelength is around 6.5 ft (ie, 2 mx 3.28 m), so "many wavelengths" 
is relatively easy to achieve at reasonably attainable heights. In the &0-m band (3.5 
to 40 MHz), however, one wavelength is on the arder of 262 ft, so "many wave- 
lengths” is a practical impossibility. 

"There are three tactics that can be followed. First, ignore the problem alto- 
gether. In many installations, the height above ground will be such that the radiation 
resistance will be close enough to present only a slight impedance mismatch to a 
standard coaxial cable. The VSWR is caleulated (among other ways) as the ratio: 


LZ,>R; 
VSWR = 22 16.6] 


2.2, <R; 
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Z, is the coaxia 
Ris ther 


l-cable characteristic impedance 
diation resistance of the antenna 


Consider an antenna mounted at a height somewhat less than a quarter-wave- 
length, such that the radiation resistance is 60 2. Although not recommended as 
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good engineering practice (there are sometimes practical reasons) itis nonetheless 
necessary to installa dipole at less than optimum height. So, U that becomes neces- 


sary, what are the implications of feeding a 60-0 antenna with either 52- or 75.0 
standard coaxial cable? Some calculations are revealing: 
For 75-0 coaxial cable: 
168] 
169] 
For 52-0 coaxial cable: 
VSWR 16.10] 
16.11] 


In neither case is the VSWR created by the mismatch too terribly upsetting, 

"The second approach is to mount the antenna at a convenient height, and use an. 
impedance matching scheme to reduce the VSWR. In Chap. 23, you will find infor- 
‘mation on various suitable (relatively) broadbanded impedance matching methods 
including Q-sections, coaxial impedance transformers, and broadband RF trans- 
formers. "Homebrew" and commercially available transformers are available to cov 
‘most impedance transformation tasks. 

"The third approach is to mount the antenna at a height (Fig. 6-3) at which the 
expected radiation resistance erosses à standard coaxial cable characteristic imped- 
ance. The best candidate seems to be a height of a half-wavelength because the ra- 
diation resistance is close to the free-space value of 72 О, and is thus a good match 
for 75-0 coaxial cable (such as RG-11/U or RG-59/U), 


The dipole radiation pattern 


‘The radiation patterns of various antennas are covered in this book. Some baste the- 
огу of patterns is repeated at each section, not Lo fill space, but rather to drive home 
а point and refresh reader memories, We keep harking back to the concepts direc- 
tivity and gain (which are actually different expressions of the same thing). 
Antenna theory recognizes a point of reference called the isotropic radiator 

‘This device is a theoretical construct consisting of a spherical point source of RF ra- 
diation in all directions (see Chap. 2). It is truly omnidirectional (“all directions”) 
because it creates an ever-expanding sphere as the RF wavefront propagates out- 
ward. Antenna gain is a measure of haw the antenna focuses available power away 
from a spherical wavefront to a limited number of directions (two, in the case of the 
dipole). Thus are related the concepts directivity and gain. 
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8° that exhibits bidirectional radiation. Two main "lobes" contain the RF power from the 
transmitter, with sharp nulls of little or no power off the ends of the antenna axis. This. 
pattern is the classical dipole pattem that is published in most antenna books. 

Also shown, however, is the vertical plane pattern for a dipole antenna in free 
space. Note that when sliced in this aspect the radiation pattern is circular (Fig. 6-4B). 
When the two patterns are combined in the round, you ean see the three-dimensional 
‘doughnut-shaped pattern (Fig, 6-40) that most nearly approximates the true pattem, 
ofan unobstructed dipole in free space. 

When a dipole antenna is installed close to the earth's surface, not in free space, 
аз is the case at most stations, the pattern is distorted from that of Fig, 6-4. Two ef- 
fects must be taken into consideration. First, and most important, is the fact that the. 
signal from the antenna is reflected from the surface and bounces back into space. 
‘This signal will be phase-shifted both by the reflection and by the time required for 
the transit to occur. At points where the reflected wave combines in phase with the 
radiated signal, the signal is reinforced; in places where it combines out of phase, the 
signal is attenuated. Thus, the reflection of the signal from the ground alters the pa 
tern from the antenna. The second factor is that the ground is lossy, so not all of the 
signal is reflected; some of it heats the ground underneath the antenna. Thus, the 
signal is attenuated at a greater rate than the inverse square law, so it further alters 
the expected pattern, 

Figure 6-5 shows patterns typical of dipole antennas installed close to the earth's 
surface. The views in this illustration correspond to Fig. 6-48, in that they are look- 
ing at the vertical plane from a line along the antenna axis. Therefore, the antenna is 
represented by R in each case shown. Figure 6-5A shows the case for a dipole 


65 Vertical extent of dipole antenna al (A) X wavelength, (B) % wavelength, and (С) % wavelength 
have ground. 
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installed at 1/8 wavelength above the surface. For this antenna, most of the RF en- 
ergy s radiated almost straight up (not very useful). This type of antenna is basically 
limited to ground wave and very short skip (when available). The second case (Fig, 
5B) shows the pattern when the antenna isa quarter wavelength above the earths 
surface. Here the pattern is flattened, but it still shows considerable energy in the 
vertical direction (where it is useless). Finally, you can see the pattern obtained 
when the antenna is installed а half-wavelength above the surface. In this case, the 
pattern is best for long-distance work because energy is redirected away from 
straight-up into lobes at relatively shallow angles. 


Tuning the dipole antenna 
‘There are two Issues to address when tuning an antenna (any antenna, not just the 
dipole): resonance and impedance matching. Although frequently treated in the 
literature as the sa ıe, they are not. This section deals mostly with the process 
of tuning the antenna to resonance, Although not all forms of antenna are resonant, 
the dipole îs an example of a resonant antenna. 

‘There is a lot of misinformation abroad concerning the tuning of antennas. Per- 
ips much of what is believed comes from the fact that VSWR is used as the indi- 
cator of both impedance matching and resonance. Quite a few people honestly, but 
‘erroneously, believe that the VSWR can be "tuned ош” by adjusting the length of 
the feedline. That myth probably derives from the fact that voltage or current sens- 
ing instruments are used for VSWR measurement, and these are affected by trans- 
mission line length. But that fact is caused by a weakness in the instruments, not by 
radio physics. 

‘There is only one proper way to tune a dipole antenna: adjust the length of the 
antenna elements, not the transmission line. It was in order to make these adjust- 
ments that we purposely did not initially tell you to solder the electrical connections 
at the center insulator. 

Resonance The indicator of resonance is the minimum point in the VSWR 
curve. Figure 6-6 shows a graph of VSWR vs. frequency for several different eases, 
Curve A represents а disaster: a high VSWR all across the band. The actual value of 
VSWR can be anything from about 35:1 to 10:1, or thereabouts, but the cause is 
nonetheless the same: the antenna is either open or shorted; or it is so far off reso- 
mance as to appear to be open or shorted to the VSWR meter. 

Curves В and C represent antennas that are resonant within the band of inter- 
est. Curve B represents a broadbanded antenna that is relatively Nat all across the 
band and does not exhibit excessive VSWR until the frequency is outside of 
the band. Curve C is also resonant within the band, but this antenna has a much 
higher Q than curve В. In the naive sense, the broadbanded antenna is best, but 
that statement is true only if the broadness is not purchased at the expense of 
efficiency. Losses tend to broaden the antenna, but also reduce its effectiveness. 
So, if broad bandedness is purchased at the risk of increased loss, then it is less 
than desirable. 

Curves D and Е are resonant outside the band of interest, The curve marked D 
is resonant at a frequency on the low side of the band, so the dipole is too long. In 
this case, you need to shorten the antenna a bit to raise the resonant point inside 
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the band. Curve E represents an antenna that is resonant outside the upper limit 
of the band, so this antenna is too short, and must be lengthened. Because this sit- 
uation is possible, the antenna elements are typically made longer than needed 
when they are first cut, 

How much to cut? That depends on two factors: how far from the desired fre- 
quency the resonant point is found, and which band is being used. The latter re- 
quirement comes from the fact that the "frequency per unit length” varies from. 
one band to another. Look at an example of how to calculate this figure. The pro- 
cedure is simple: 


1. Calculate the length required for the upper end of the band. 

2. Calculate the length required for the bottom end of the band. 

3. Calculate the difference in lengths for the upper and lower ends of the band. 

4. Calculate the width of the band in kilohertz by taking the difference between 
the upper frequency limit and the lower frequency limit 

5. Divide the length difference by the frequency difference; the result is in kilo- 
hertz per unit length, 


Example 6-1 Calculate the frequency change per unit of length for 80 and 
for 15m, 
Solution For 80 m (35 to 40 МЫШ). 
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3. Difference in length: 1337 ft - 117 п = 16.7 f. 
4, Frequency difference: 4000 kHz — 3500 kHz = 500 kHz 

frequency — 500 kHz 
unit length 1670 
For 15 m (21.0 — 2145 MHz) 


5. Caleulate зону 


PETI 


2. Difference in length: 22.29 ft - 21.82 n = 0.47 ft 
A. Convert to inches: 0.47 ftx 12 in/ft = 5.64 in 
В. Frequency difference: 21 450 kHz - 21,000 kHz = 450 kHz 
frequency — 450 kHz 
unit length ` 564m 
ALSO m, the frequency change per foot is small, but at 15 m small changes can 
result in very large frequency shifts. You can calculate approximately how much to 
айа (or subtract) from an antenna under construction from this kind of calculation. 
If, for example, you design an antenna for the so-called "net frequency" on 15 m. 
21,390 KHz), and find the actual resonant point is 21,150 kHz, the frequency shift 
required. 0 kHz. To determine how much to add or subtract 
(as a first guess) 


6. Calculate 80 latein 


1. The factor for 15 m is 80 kHz/in, which is the same as saying 1 in/&O kHz. 
2. The required frequency shift is 240 kHz. 
3. Therefore: 
lin 
Boz 


Length change = 240 kHz x 16.12] 


16.13] 


Each side of the antenna must be changed by half of the length calculated above, 
or 15in. Because the first resonant frequency is less than the desired frequency, the 
length should be shortened 1.5 in, Once the length is correct, as proven by the VSWR 
‘curve, the connections at the center insulator are soldered and made permanent, 
and the antenna rehoisted to the operating level 

Impedance matching The difference between resonance and impedance 
‘matching is seen in the value of the VSWR minimum. While the minimum indicates 
the resonant point, its value is a measure of the relationship between the feedpoint 
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impedance of the antenna and the characteristic impedance of the transmission line. 
Earlier in this chapter you learned that. 


LZ, >R; 
D 1614] 
22, <k: 
wn . 1615] 
2, 
where 


Z, is the coaxial-cable characteristic impedance 
is the radiation resistance of the antenna 


Although knowledge of the VSWR will not show which situation is true, you ean 
know that there is а high probability that оле of them is true, and you can experi- 
‘ment to find which is the case. Of course, if the VSWR is less than about 1.Б:1 or 2:1, 
then forget about it—the improvement is not generally worth the expense and cost. 
When coupled to a transmitter that is equipped with the tunable output network 
(most tube-type transmitters or final amplifiers), then it ean accommodate а rela- 
tively wide range of reflected antenna impedances. But modern solid-state final am- 
pliñers tend to be a little more picky about the load impedance. For these 
transmitters, a coax-to-coax antenna tuning unit (ATU) is needed. 


Other dipoles 


"Thus far, the dipoles covered in this chapter have been the classic form, in which a 
half-vavelength single-conduetor radiator element is connected to a coaxial trans- 
mission line. This antenna is typically installed horizontally at a half-wavelength 
above the earth's surface (or wherever convenient if that is impossible). This section 
looks at other forms of the dipole. Some of these dipoles are in every way the equal 
of the horizontal dipole, and others are basically compensation antennas in that they 
are used when a proper dipole is not practical, 


Inverted-vee dipole 
‘The inverted-vee dipole is half wavelengih antenna fed in the center like а dipole 
By the rigorous definition, the inverted-vee is merely a variation on the dipole 
theme. But in this form of antenna (Fig. 6-7), the center is elevated as high as possi- 
Ме from the earths surface, but the ends droop to very close to the surface. Angle a 
сап be almost anything convenient, provided that a > 90 degrees; typically most in- 
verted-vee antennas use an angle of about 120 degrees. Although essentially a com- 
pensation antenna for use when the dipole is not practical, many operators believe 
that itis essentially a better performer on 40 and 80 m in cases where the dipole can- 
not be mounted at a hall-wavelength (64 ft or o). 

By sloping the antenna elements down from the horizontal to an angle (as shown. 
in Fig. 6-7), the resonant frequency is effectively lowered. Thus, the antenna will 
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need to be shorter for any given frequency than a dipole, There is no absolutely rig- 
orous equation for calculation of the overall length of the antenna elements. Al- 
though the concept of "absolute" length does not hold for regular dipoles, it is even 
less viable for the inverted-vee. There is, however, a rule of thumb that can be fol- 
lowed for a starting point: Make the antenna about 6 percent shorter than a dipole 
for the same frequency, The initial cut of the antenna element lengths (each quarter 
wavelength) is 


16.16] 


After this length is determined, the actual length is found from the same cut 
an try method used to tune the dipole in the previous section 

Bending the elements downward also changes the feedpoint impedance of the 
antenna and narrows its bandwidth, Thus, some adjustment in these departments is 
in order. You might want to use an impedance matching scheme at the feedpoint, or 
an antenna tuner at the transmitter 


Sloping dipole (“sloper” or “slipole”) 

"The sloping dipole (Fig. 6-8) is popular with those operators who need a low angle 
of radiation, and are not overburdened with a large amount of land to install the. 
antenna. This antenna is also called the stoper and the slipole in various texts. The 
author prefers the term "slipole" in order to distinguish this antenna from a sloping 
vertical of the same name. Whatever it is called, however, it is a half-wavelength di- 
pole that is built with one end at the top of a support, and the other end close to the 
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ground, and being fed in the center by coaxial cable, Some of the same comments as 
obtained for the inverted-vee antenna also apply to the stoping dipole, so please see 
that section also. 

Some operators like to arrange four sloping dipoles from the same mast such 
that they point in different directions around the compass (Fig. 6-9). A single four- 
position coaxial cable switch will allow switching a directional beam around the com- 
pass to favor various places in the world 


Broadbanded dipoles 
One of the rarely discussed aspects of antenna construction is that the lengthidiame- 
ter ratio of the conductor used for the antenna element is a factor in determining the 
bandwidth of the antenna. In general, the rule of thumb states that large cross-sec- 
tional area makes the antenna more broadbanded, In some cases, this rule suggests 
the use of aluminum tubing instead of copper wire for the antenna radiator. On the 
higher-frequency bands that is a viable solution. Aluminum tubing сап be purchased 
for relatively small amounts of money, and is both lightweight and easily worked with 
ordinary tools, But, as the frequency decreases, the weight becomes greater because 
the tubing is both longer and (for structural strength) must be of greater diameter 
On 80 m, aluminum tubing is impractical, and at 40 m it is nearly so. Yet, 80 mis sig- 
nificant problem, especially for older transmitters, because the band is 500 kHz wide, 
and the transmitters often lack the tuning range for the entire band. 

Some other solution is needed, Here are three basic solutions to the problem of 
wide-bandwidth dipole antennas: folded dipole, bowtie dipole, and cage dipole. 
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Figure 6-104 shows the folded dipole antenna. This antenna basically consists 
af two half-wavelength conductors shorted together at the ends and fed in the mid- 
Фе of one of them, The folded dipole is most often built from 200-0 television an- 
tenna twin-lead transmission line. Because the feedpoint impedance is nearly 300.0, 
the same type of twin lead сап also be used for the transmission line. The folded di- 
pole will exhibit excellent wide-bandwidth properties, especially on the lower bands, 

A disadvantage of this form of antenna is that the transmitter has to match the 
300-0 balanced transmission line. Unfortunately, most modem radio transmitters 
эге designed to feed coaxial-cable transmission line, Although an antenna tuner can 
be placed at the transmitter end of the feedline, it is also possible to use a 4:1 balun 
transformer at the feedpoint (Fig. 6-108). This arrangement makes the folded dipole 
a reasonable match to 52- or 75-0 coaxial-cable transmission line- 

Another method for broadbanding the dipole is to use two identical dipoles fed 
from the same transmission line, and arranged to form a “bowtie” as shown in Fig. 6-11. 
"The use of two identical dipole elements on each side of the transmission line has the 
effect of increasing the conductor cross sectional area so that the antenna has a slightly 
improved lengtlvdiameter ratio. 

‘The bowtie dipole was popular in the 19808 and 1940s, and became the basis for 
the earliest television receiver antennas (TV signals are 3 to 5 MHz wide, so they require 
A broadbanded antenna). It was also popular during the 1950s as the so-called Wonde 
Bar antenna for 10 m. It still finds use, but it has faded somewhat in popularity. 

‘The cage diople (Fig. 6-12) is similar in concept, 17 not construction, to the 
bowtie, Again, the idea is to connect several parallel dipoles together from the same 
‘transmission line in an effort to increase the apparent cross-sectional area. In the 
case of the cage dipole, however, spreader disk insulators are constructed to keep 
the wires separated, The insulators ean be built from plexiglass, lucite, or ceramic 
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6-12 Cage ipae 


"They can also be constructed of materials such as wood, if the wood is properly 
treated with varnish, polyurethene, or some other material that prevents it from be- 
coming waterlogged. The spreader disks are held in place with wire jumpers (see in- 
set to Fig, 6-12) that are soldered to the main element wires 

‘A tactic used by some builders of both bowtie and cage dipoles is to make the el- 
ements sligluly different lengths. This “stagger tuning" method forces one dipole to 
favor the upper end of the band, and the other to favor the lower end of the band. 
‘The overall result is a slightly flatter frequency response characteristic across the 
entire band. On the cage dipole, with four half-wavelength elements, it should be 
possible to overlap even narrower sections of the band in order to create an even 
Matter characteristic 


Shortened coil-loaded dipoles 

‘The half-wavelength dipole is too long for some applications where real estate is at a 
pretium, The solution for many operators is to use a cell landed shortened dipole 
such as shown in Fig. 6-13, A shortened dipole (ie, one which is less than a half- 
wavelength) is capacitive reactance. There is no reason why the loading сой cannot. 
beany point along the radiator, but in Figs. 6-134 and 6-138 they are placed at 0 per 
cent and 50 percent of the element length, respectively. The reason for this proce: 
dure is that it makes the calculation of coil inductances easier, and it also represents 
the most common practice, 

Figure 6-136 shows а table of inductive reactances as а function of the per- 
centage of a half-wavelength, represented by the shortened radiator. It is likely that 
the percentage figure will be imposed on you by the situation, but the general rule 
is to pick the largest figure consistent with the available space, For example, sup- 
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cil сой stock, 
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pose you have about 40 ft available for a 40-m antenna that normally needs about. 
65 ft for a half-wavelength, Because 39 ft is 60 percent of 65 ft, you could use this 
value as the design point for this antenna. Looking on the chart, a 60 percent an- 
tenna with the loading coils at the midpoint of each radiator element wants to see 
an inductive reactance of 700 £ You can rearrange the standard inductive reac- 
tance equation (X, = 6.28 FL) to the form 


N. x10! 
гета 


ы 1617) 


Li the required inductance, in microhenrys 
„Fis the frequency, in hertz (Hz) 
X, is the inductive reactance calculated from the table in Fig. 6-13С. 


Example 6-2 Calculate the inductance required for a 60 percent antenna op- 
erating on 7.25 MHz. The table requires a reactance of 700 Q fora loaded dipole with 
the coils in the center of each clement (Fig. 6-158). 


Solution: 
хш ПОЯ 
628F вз 

700) u^ 
` (6.28) (7,250,000) зәң 

Txo 

4710 16.20) 
mi 1621] 


‘The Inductance calculated above is approximate, and it might have to be altered 
by cut-and-try methods, 

‘The loaded dipole antenna isa very sharply tuned antenna, Because of this fact, 
you must either confine operation to one segment of the band, or provide an antenna 
tuner to compensate for the sharpness of the bandwidth characteristic. However, ef- 
ficiency drops, markedly, far from resonance even with a transmission line tuner. 
"The function of the tuner is to overcome the bad effects on the transmitter, but it 
does not alter the basic problem. Only a variable inductor in the antenna will do that 
trick (at least one commercial loaded dipole once used a motor-driven Inductor at 
the center feedpoint) 

Figures 6-19D and E show two methods for making а coil-loaded dipole antenna, 
Figure 6-13D shows a pair of commercially available loading coils especially designed 
for this purpose. The ones shown here are for 40 m, but other models are also avall- 
able. The inductor shown in Fig. 6-13E is a section of commercial coil stock con- 
nected to a standard end or center insulator. No structural stress is assumed by the 
сой—ай forces are applied to the insulator, which is designed to take it. 
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Inductance values for other length antennas can be approximated from the 
graph in Fig. 6-14. This graph contains three curves for coil-loaded, shortened 
dipoles that are 10, 50, and 90 percent of the normal half-wavelength size. Find 
the proposed location of the сой, as a percentage of the wire element length, along 
the horizontal axis. Where the vertical line from that point intersects with ane of the. 
three curves, that intersection yields the inductive reactance required (see along 
vertical axis). Inductances for other overall lengths can be "rough-guessed" by in- 
terpolating between the three available curves, a validated by cut and try. 


Tunable dipoles 
Dipoles are resonant antennas, so they naturally tend to prefer one frequency over the 
others. The VSWR will be quite low at the resonant point (assuming no feedline mis- 
‘match problems), and will rise at frequencies above and below resonance. If the а 
tenna is a high-Q model, then the effect is quite profound, and it might render the 
antenna nearly useless at frequencies on the other end of the same band (especially 
where modern transmitters equipped with VSWR shutdown circuitry are used). Figure 
6-15 shows a method for overcoming this problem. Here is how it works. 

An antenna that is too long for the desired resonant frequency will act induc- 
tively Ge., it will show a feedpoint impedance of the form Z = R + jX, ). To count 
act the inductive reactance component «jX, itis necessary to add a bit of capacitive 
reactance -jX, This approach is taken in tuning certain antenna forms and it can be 
used with dipóles to make the antenna tunable over a range of about 16 percent of 
the frequency. 

"The tunable dipole of Fig 
length of 


-15 is longer than other dipoles and it has an overall 


Note that the velocity constant is 505, rather than the 468 that is used with or- 
inary dipoles. 

"The required capacitive reactance, which is used to electrically shorten the an- 
tenna, is provided by С, In one effective design that ve tested, the capacitor was a 
500-pF transmitting variable type. When the Heath Company was making kits, they 
offered an antenna tuner based on this idea. It was a motor-driven 500-pF variable 
capacitor inside of a weather-resistant metal-shielded case. The Heath tuner can be 
used on inverted vees and dipoles (i a center support is provided). A low-voltage 
(which is necessary for safety reasons) de motor drives the shaft of the capacitor to 
tune the antenna to resonance. 


Stacked dipoles 
Figure 6-16 shows a double dipole (Le, two halfwavelengih dipole antennas 
‘spaced a half-wavelength apart). The transmission lines are connected in parallel at 
the receiver. This antenna provides about 3-dB gain aver а single dipole, and it adds 
a bit of fade protection because two side-by-side antennas provide a bit of space di- 
versity (see the end of Chap. 2 for information on diversity reception), 
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(615 Electrically reducing the length of a dipole antenna by placing а capacitar at the feedpoint 
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6-16 Phased dipoles provide a 3-В gain over single dipole, 

‘The two dipoles are supported by a common structure consisting of ropes (R) 
and end insulators (T) to support masts on the ends, In the center, a half-wavelength, 
space is taken up hy a rope so that the structure is maintained. The space is deter- 
mined by 


492 
Space, = 222. 6.28 
PAC Fe 1623] 
and, for the dipoles, 
Length, gt 16:24] 


‘The stacked dipole gets a bit lengthy on low-frequency bands, but is easily 
achievable by most people оп the upper HF bands. 


nmm 
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‘The feedlines for the two dipoles can be connected directly in parallel and fed 
from the transmitter, provided that the antenna tuning unit will support one-half the 
normal expected impedance. Alternatively, a box can be provided that includes a 
‘matching transformer for 1:2 ratio. These can be built like a balun transformer on a 
toroidal core. A triflar winding is used, Alternatively, a phasing box сап be built that 
will allow altering the directionality of the antenna by 90°. This is done by using the 
switching circuit to reverse the sense of L. 


y 


Off-center-fed full-wave doublet (OCFD) antennas 


An antenna that superficially resembles the Windom is the off-center-fed doublet. 
(OCFD) antenna of Fig. 6-17. It is a single-band antenna, although at harmonies it 
will begin to act as a resonant, standing wave, longwire antenna, The overall length 
is one wavelength long 


16.25] 


‘This antenna works best at heights of at least V2 above ground, so practical con- 
siderations limit it to frequencies above about 10 MHz (Le., 30-1 band). The feed. 
point of the antenna is placed at a distance of 4/4 from one end, and is a good match 
Tor 75-0 coaxial cable, A 1:1 balun transformer at the feedpaint is highly recom- 
‘mended, The pattern of a 14 antenna is а four-lobe "cloverleat" with the major lobes. 
being about 53 from the wire. The gain is about 1 dB. 
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6-17 Offcentorfed wire antenna, 
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Off-center-fed nonresonant sloper (OCFS) 


Perhaps more viable for many people is the nonresonant off-center-fed sloper 
(OCFS) antenna of Fig. 6-18, This antenna consists of a wire radiator that must be 
longer than 3A/2 at the lowest frequency of operation. The feedpoint is elevated at 
least 3/4 above ground at the lowest operating frequency. The antenna is fed with 
75-0 coaxial cable. The shield of the coax is connected to a 2/4 resonant radial 
(counterpoige ground). There should be at least one radial (more is better) per band. 
of operation, 

‘The far end of the radiator element is sloped to ground, where it is terminated in 
a 27042 noninductive resistor, The resistor should be able to dissipate up to one- 
third of the power level applied by the transmitter 


Double extended Zepp antenna 


‘The double extended Zepp antenna (Fig. 6-19) provides a gain of about 2 dB over a 
dipole at right angles to the antenna wire plane. It consists of two sections of wire, 
each one of a length 


[5] 


16.26] 


Tau 


коре 
& 3 ire antenna element (2 A а lowest frequency) 
I 


aes Direction of 
reception 
Conx lo 


Ground ad Ground 


connection 


6-18 Terminated sloper antenna, 
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6-19 Double extended Zepp antenna. 


"Typical lengths are 20.7 ft on the 10-m band, 28 ft on the 15-m band, 42 ft оп the 


‘The double extended Zepp antenna can be fed directly with 450-0 twin lead, es- 
pecially if a balanced antenna tuner is available at the receiver. Alternatively, it can 
be fed from a quarter-wavelength matching section (made of 450-0 twin lead, or 
equivalent open air parallel line), as shown, and a balun if coax is preferred. The 
length of the matching section should be 


1627] 


‘The double extended Zepp will work on several different bands, For example, a 
20-m-band double extended Zepp will work as a Zepp on the design band, a dipole on 
frequencies below the design band, and as а fourlobed eloverleaf antenna on fre 
‘quencies above the design band. 


Collinear “Franklin” array antenna 


Perhaps the cheapest approach to very serious antenna gain is the collinear Franklin 
array shown in Fig. 6-20. This antenna pushes the dipole and double extended Zepp 
concepts even farther. It consists of a half wavelength dipole that is eenter-fed with a 
4:1 balun and 75-0 coaxial cable. At each end of the dipole, there is a quarter-wave- 
length phase reversal stub that end-feeds another half-wavelength element, Each el- 
ement isa half-wavelength (2/2) long, and its length can be calculated from. 
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"The phase reversal stubs are a quarter wavelength long, or one half the length caleu- 
ated by Eq. 6.28, 
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6-20 Wire collinear antenna, 


‘The version of the "Collinear" shown in Fig. 6-20 has a gain of about 3 dB. There 
is no theoretical reason why you can't extend the design indefinitely, but there is a 
practical limit set by how much wire can be held by your supports, and how much 
real estate you own. A 4.5-dB version can be built by adding another half-wavelength, 
section at each end, with an intervening quarter-vavelength phase reversal stub in 
between each new section, and the preceding section. Once you get longer than five. 
Dalf-wavelengths, which provides the 4.5418 gain, the physical size becomes a bit of 
A bother for most folks. 


The TCFTFD dipole 


The tilted, centered, terminated, folded dipole (TCFTFD, also called the ТРТ or 
TTFD) is an answer to both the noise pickup and length problems that sometimes af- 
feet other antennas. For example, a random-length wire, even with antenna tuner, 
will pick up considerable amounts of noise. A dipole for 40 m is 66 ft long. 

"This antenna was first described publicly in 1949 by Navy Captain C. L. Coun- 
ушап, although the U.S. Navy tested it for a long period in California during World 
War Il. The TCFTFD can offer claimed gains of 10 6 dB over a dipole, depending on 
the frequency and design, although 1 to 3 dB is probably closer to the mark in prac- 
tice, and less than 1 dB will be obtained at some frequencies within йз range (espe- 
cially where the resistor has to absorb a substantial portion of the RF pawer). The 
‘main attraction of the TCFTFD is not its gain, but rather its broad bandednoss 

In addition, the TCFTFD can also be used at higher frequencies than its design 
frequency. Some sources claim that the TCFTFD can be used over a 5 or 6:1 fre- 
queney range, although my own observations are that 4:1 is more likely. Nonetheless, 
а 40-m antenna will work over a range of 7000 to 25,000 kHz, with at least some de- 
cent performance up into the 11-m Citizen's Band (27,000 KHz), 

‘The basic TCFTFD (Fig. 6-21) resembles a folded dipole in that it has two pa 
allel conductors of length L, spaced a distance W apart, and shorted together at the 
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ends. The feedpoint is the middle of one conductor, where a 4:1 balun сой and 
71542 coaxial-cable transmission line to the transceiver are used. A noninductive, 
300-0 resistor is placed in the center of the other conductor. This resistor can be a 
carbon-composition (or metal-film) resistor, but it must not be a wirewound resistor 
or any other form that has appreciable inductance. The resistor must be able to dis 
sipate about one-third of the applied RF power. The TCFTFD can be built from or- 
шагу no.14 stranded antenna wire. 

Fora TOFTFD antenna covering 40 through 11 m, the spread between the con- 
ductors should be 19% in, while the length L is 27 ft. Note that length L includes 
‘one-half of the 19-in spread because it is measured from the center of the antenna 
element to the center of the end supports. 

‘The TCFTFD is a sloping antenna, with the lower support being about 6 ft off the 
ground. The height of the upper support depends on the overall length of the an- 
tenna, For a 40-m design, the height is on the order of 50 ft 

‘The parallel wires are kept apart by spreaders. Atleast one commercial TOFTED 
antenna uses PVC spreaders, while others use ceramic. You can use wooden dowels 
of between Lin and %in diameter; of course, a coating of varnish (or urethane 
spray) is recommended for weather protection. Drill two holes, of a size sufficient to 
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pass the wire, that are the dimension W apart (19 in for 40 m). Once the spreaders 
are in place, take about a foot of spare antenna wire and make jumpers to hold the 
dowels in place. The jumper is wrapped around the antenna wire on either side of 
the dowel, and then soldered. 

‘The two end supports can be made of 1 x 2 in wood treated with varnish or ure- 
thane spray, The wire is passed through screw eyes fastened to the supports. A sup- 
port rope is passed through two holes on either end of the 1 x 2 and then tied off at 
an end insulator. 

The TCFTFD antenna is noticeably quieter than the random-length wire an- 
tenna, and somewhat quieter than the half-wavelength dipole. When the tilt angle is 
around 30°, the pattem is close to omnidirectional. Although a little harder to build 
than dipoles, it offers some advantages that ought not to be overlooked. These di- 
‘mensions will suffice when the "bottom end" frequency is the 40-m band, and it will 
work well on higher bands, 


Vee-sloper antenna 


‘The vee-sloper antenna is shown in Fig. 6-22. It is related to the vee beam (covered 
in Chap. 9), but it is built like a sloper (Le., with the feed end of the antenna high 
above ground). The supporting mast height should be about half (to three-fourths) 
of the length of either antenna leg. The legs are sloped downward to terminating 
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resistors at ground level. Each wire should be longer than 1 at the lowest operating 
frequency. The terminating resistors should be on the order of 270 Q (about one-half 
of the characteristic impedance of the antenna), with a power rating capable of dis- 
sipating one-third of the transmitter power, Like other terminating resistors, these 
should be noninductive (carbon composition or metal film). 

‘The advantage of this form of antenna over the vee beam is that it is vertically 
Polarized, and the resistors are close to the earth, so they are easily grounded. 


Rhombic inverted-vee antenna 


A variation on the theme is the vertically polarized rhombic of Fig. 6-23. Although 
sometimes called an inverted vee—not to be confused with the dipole variant of the 
same name—this antenna is half a rhombic, with the missing half being "mirrored" in. 
the ground (similar to a vertical). The angle at the top of the mast (©) is typically 
290°, and 120 to 145° is more common. Each leg (A) should be 24, with the longer 
lengths being somewhat higher in gain, but harder to install for low frequencies. A 
requirement for this type of antenna is a very good ground connection, This is often 
accomplished by routing an underground wire between the terminating resistor 
ground and the feedpoint ground. 


Multiband fan dipole 


"The basic halr-wavelength dipole antenna is а very good performer, especially when 
cost is а factor. The dipole yields relatively good performance for practically no in- 
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vestiment. A standard half- wavelength dipole offers a bidirectional figure-8 pattern 
on its basic band (Le, where the length is a half-wavelengti), and а four-lobe clover- 
leaf pattern at frequencies for which the physical length is 3/2, Thus, a 40-m half- 
wavelength dipole produces a bidirectional pattern on 40 m, and a fourlobe 
loverleaf pattern on 15 m. 

"The dipole is not easily multibanded without resorting to traps (covered in 
Chap. 8). One can, however, tie several dipoles to the same center insulator or balun 
transformer. Figure 6-24 shows three dipoles cut for different bands, operating from 
a common feedline and balun transformer: AL-A2, B1-B2, and C1-C2, Each of these 
antennas is a half wavelength (te. Lys = 468/F yy). 

‘There are two points to keep in mind when building this antenna. First, try to 
keep the ends spread а bit apart, and second, make sure that none of the antennas 
is cut as a half wavelength for a band for which another is 39/2, For example, if you 
make AL-A2 cut for 40 m, then don’t cut any of the other three for 15 m. If you do, 
the feedpoint impedance and the radiation pattern will be affected, 


The counterpoise longwire 


‘The longwire antenna is an end-fed wire more than 2 long. 1t provides consider- 
able gain over a dipole, especially when а very long length ean be accommodated. Al- 
though 75- to 80-m, or even 40-m longwires are a bit difficult to erect at most 
locations, they are well within reason at the upper end of the HF spectrum. Low-VHF 
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band operation is also practical. Indeed, 1 know one fellow who lived in far southwest 
Virginia asa teenager, and he was able to get his family television reception for very 
low cost by using à TV longwire (channel 6) on top of his mountain. 

‘There are some problems with longwires that are not often mentioned, Two 
problems seem to insinuate themselves into the process. First, the Zepp feed is a bit 
‘cumbersome (not everyone is enamored of parallel transmission line). Second, how 
do you go about actually grounding that termination resistor? I it is above ground, 
then the wire to ground is long, and definitely not at ground potential for RF. If you 
want to avoid both the straight Zepp feed system employed by most such antennas, 
as well as the resistor-grounding problem, then you might want to consider the 
counterpoise longwire antennas shown in Fig, 6-25 
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A counterpoise ground is a structure that acts like a ground, but is actually elec- 
trically Doating above real ground (and itis not connected to ground). A groundplane 
of radials is sometimes used as a counterpoise ground for vertical antennas that are 
‘mounted above actual earth ground. In fact, these antennas are often called ground 
plane verticals. In those antennas, the array of four (or more) radials from the shield 
of the coaxial cable are used as ап artificial, or counterpoise, ground system. 

In the counterpaise lnngwire of Fig, 6.254, there are twa counterpoise grounds 
(although, for one reason or another, you might elect to use either, but not both). 
One counterpoise is at the feedpoint, where it connects to the "cold" side of the 
transmission line. The parallel line is then routed to an antenna tuning unit (ATU), 
and from there to the transmitter. The other counterpoise is from the cold end of the. 
termination resistor to the support insulator. This second counterpoise makes it 
possible to eliminate the earth ground connection, and all the problems that it might 
entail, especially in the higher end of the HF spectrum, where the wire to ground is, 
of substantial length compared with 14 of the operating frequency. 

A slightly different scheme used to adapt the antenna to coaxial cable is shown. 
in Fig. 6-25В. In this case, the longwire is a resonant type (nonterminated). Nor- 
mally, one would expect to find this antenna fed with 450-0 parallel transmission 
line, But with a АА radial acting as a counterpoise, a 4:1 balun transformer ean be 
used to effect a reasonable match to 75-2 coaxial cable, The radial is connected to 
the side of the balun that is also connected to the coaxial cable shield, and the other 
side of the balun is connected to the radiator element. 
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CHAPTER 


Vertically polarized 
HF antennas 


IN PREVIOUS CHAPTERS, YOU HAVE FOUND THAT THE POLARITY OF AN ANTENNA IS THE, 
direction of the electrical (E) field, Because the transmitted signal is an orthogonal 
electromagnetic wave, the magnetic field radiated from the antenna is at right angles 
to the electric field. The direction of the electric field, which seta the polarity of the 
antenna, isa function of the geometry of the radiator element. Ifthe element is ver- 
tical, then the antenna polarity is also vertical, The signal propagates ош fror the ra- 
diator in all directions of azimuth, making this antenna an “omnidirectional” radiator. 

Figure 7-1A shows the basic geometry of the vertical antenna: an RF genera- 
tor (transmitter or transmission line from a transmitter) at the base of a radiator of 
length L. Although most commonly encountered verticals are quarter-wavelength. 
(L = УА), that length is not the only permissible length. In fact, it may not even be 
the most desirable length, This chapter covers the standard quarter-wavelength. 
vertical antenna (because it is so popular), and other-length verticals (both 
greater and less than quarter-wayelength), 

"The quarter-wavelength vertical antenna is basically half of a dipole placed ver- 
tically, with the “other half” of the dipole being the ground. Because of this fact, 
some texts show the vertical with a double-line ghost radiator, or image antenna, in. 
the earth beneath the main antenna element. Figure 7-18 shows the current and 
voltage distribution for the quarter-wavelength vertical, Like the dipole, the quarter- 
wavelength vertical is fed at a current loop, so the feedpoint impedance is at a mini- 
mum (typically 2 to 37 Q, depending upon nearby objects and design). As a result, 
the current is maximum and the voltage is minimum at the feedpoint. As you will 
see, however, not all vertical antennas are fed directly at the current loop. As a 
result, some designs require antenna tuning units to make them match the antenna. 
Impedance to the transmitter output impedance. 

Figure 7-1C and 7-1D show the two basic configurations for the HF vertical 


na. Figure 7-1C shows the ground-mounted vertical antenna. The radiator 
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element is mounted at ground level, but it is insulated from ground. Because the 
antenna shown is a quarter-wavelength, it is fed at a current loop with 52-0 coaxial 
cable. The inner conductor of the coaxial cable is connected to the radiator element, 
and the coaxial cable shield is connected to the ground. As you will see shortly, 
the ground system for the vertical antenna is critical to йз performance. Normally, the 
Feedpoint impedance is not 52 Q, but rather is somewhat lower (37 О). As a 
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result, without some matching there wil be a slight VSWR, but in most eases, the 
VSWR is a tolerable tradeoff for simplicity. If the antenna has a feedpoint impedance 
0187 Q, which is the value usually quoted, then the VSWR will be 520/37 Q, or 141:1. 

A vertical mounted above the ground level is shown in Fig. 7-10. This anten 
is equally as popular as the ground mounted. Amateurs and CB operators find it 
easy to construct this form of antenna because the lightweight vertical can be 
‘mounted at reasonable heights (15 to 60 ft) using television antenna slip-up tele- 
scoping masts that are reasonably low in cost. А problem with the non-ground-level 
vertical antenna is that there is no easy way to connect it to ground. The solution to 
the problem is to create a counterpoise (artificial) ground with а system of quarter- 
wavelength radials. 

In general, at least two radials are required for each band, and even that number 
is marginal. The standard wisdom holds that the greater the number of radials, the be 
ter the performance. Although that statement is true, there are both theoretical and. 
practical limits to the number of radials. The theoretical limit is derived from the fact 
that more than 120 radials returns practically no increase in operational effectiveness, 
and at more than 16 radials, the returned added effectiveness per new radial is less 
than is the case for fewer radials, That is, going from 16 to 32 radials (doubling the 
number) creates less of an increase in received field strength at a distant point than 
going from § to 16 radials (both represent doubling the density of the radial system) 
‘The practical limit is 16 radials. 

‘The radials of the off-ground-level vertical antenna can be at any angle. In Fig. 
TAD, they are “drooping radials” (Le., the angle is greater than 90° relative to the ver- 
tical radiator element). Similarly, Fig 7-LE shows a vertical antenna that is equipped 
With radials at exactly 90° (no common antenna has radials less than 90°). Both of 
these antennas are called ground plane vertical antennas. 

The angle of the verticals radials is said to affect the feedpoint impedance and 
the angle of radiation of the vertical antenna. Although those statements are un- 
doubtedly true in some sense, there are other factors that also affect those para- 
meters, and they are probably more important in most practical installations. 
Before digging further into the subject of vertical antennas, take a look at the sub- 
jects of angle of radiation and gain in vertical antennas. 


Angle of radiation 


Long-distance propagation in the HF region depends upon the ionospheric phe- 
nomena called "skip." (See Chap. 2 for a more extensive explanation.) In this type 
of propagation, the signal leaves the transmitting antenna at some angle a, called 
the angle of radiation, and enters the ionosphere where it is refracted back to 
earth at a distance D from the transmitting station. The signal in the zone between 
the outer edge of the antenna ground-wave region and the distant skip point is 
weak or nonexistent. 

"The distance covered by the signal on each skip i a function of the angle of radi- 
ation. Figure 7-2 shows a plot of the angle of radiation of the antenna, and the dis- 
tance to the first skip zone. The angle referred to along the vertical axis is the angle 
of radiation away from the antenna relative to the horizon. For example, an angle of 
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7-2 Effect of radiation angle on skip communications 


10° js elevated 10° above the horizon, Shorter distances are found when the angle of 
radiation is increased. At an angle of about 30°, for example, the distance per skip is 
only a few hundred miles. 

Although you might expect on first blush to see a single ine on the graph, there is 
actually a zone shown (shaded). This phenomenon exists because the ionosphere 
is found at different altitudes at different times of the day and different seasons of 
the year. Generally, however, in the absence of special event phenomena in the 
ionosphere, you can expect from 1500 to 2500 mi per bounce in the НЕ bands for low 
angles of radiation, Note, for example, that for a signal that is only a degree or two. 
above the horizon the skip distance is maximum, 
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At distances greater than those shown in Fig, 7-2, the signal will make multiple 
hops. Given a situation where the skip distance is 2500 mi, covering a distance of 
7500 mi requires three hops. Unfortunately, there is a signal strength loss on each 
hop of 3 to 6 dB, so you can expect the distant signal to be attenuated from making 
multiple hops between the earth's surface and the Ionosphere. For maximizing dis- 
tance, therefore, the angle of radiation needs to be minimized. 

‘So what is the ideal angle of radiation? It is standard—but actually erroneous— 
wisdom among amateur radio operators (and even commercial operators, it turns 
out) that the lower the angle of radiation, the better the antenna. That statement is 
only true if long distance is wanted, so it reflects a strong bias toward the DX com- 
‘munity. The correct answer to the question в: “It depends on where you want the 
signal to go." For example, 1 live in Virginia. If 1 want to communicate with stations 
in the Carolinas or New England, then it would behoove me to select a higher angle 
of radiation for radio conditions represented in Fig. 7-2 so that the signal will land 
in those regions. But if I wanted to work stations in Europe or Africa or South Amer- 
ica, then a low angle of radiation is required. Because of the difference between 
Performance of high and low angles of radiation, some stations have two antennas. 
for each band: one each for high and low angles of radiation. 

Figure 7-3 shows a signal from a hypothetical antenna located at point 0, in or- 
der to show what angle is meant by "angle of radiation." The beam from the antenna 
is elevated above the horizon (represented by the horizontal “tangent to horizon" 
line). The angle of radiation a is the angle between the tangent line and the center 
of the beam. This angle is not to be confused with the beamwidth, which is also an 
angle. In the case of beamwidth, we are talking about the thickness of the main lobe 
of the signal between points where the field strength is 3 dB down from the maxi- 
лоша signal (which occurs at point P); these points are represented by points X and 
Yin Fig, 7-3. Thus, angle b is the beamwidth, and angle a is the angle of radiation, 


Gain in vertical antennas 


Vertical antennas are considered omnidirectional because they radiate equally 
‘well in all directions, "Gain" in an antenna is not the creation of power, but rather a 
simple refocusing of energy from all directions to a specifie direction; gain therefore 
infers directivity. According to the convention, then, the vertical antenna cannot 
ive any gain because it radiates in all directions equally . . . gain infers directivity. 
Right? No, not really. Let's develop the theme more carefully 

Again consider the idea of an isotropic radiator (the word isotropic means 
‘equal power in all directions), Consider a spherical point source radiator located at 
point O in Fig. 7-4. Whatever the level of power available from the transmitter, it will 
be spread equally well over the entire surface of the sphere as it radiates out into 
space away from point O. If you measure the power distributed aver some area A at. 
a distance R from the source, then the power available will be a fraction of the total 
power: 


total available power xA 
‘ul ~ “Total surface area of sphere 
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or, in math symbols: 
PE 
Po mo 
where 
P, is the power available per solid degree 
зв the total radiated power, in watts 
ris the radius of the sphere (Les, the distance from О to Р). 


A practical rule of thumb for this problem is to calculate from the surface area of the 
sphere. If you perform the right calculations, you will ind that there are approximately 
41.253 square degrees on the surface ofa sphere. By calculating the surface area of the 
beam front (aso in square degrees), you can find the power within that region, 

Now for the matter of gain in a vertical antenna. The vertical is not gainless be- 
cause it does not, in fact, radiate equally well in all directions. In fact, the vertical is 
quite directional, except in the horizontal (azimuth) plane, Figure 7-5 shows the ra- 
diation pattern of the typical free-space vertical radiator. The pattern looks like a gi- 
ant doughnut in free space (see solid pattern in Fig. 7-5). When sliced like a bagel, 
the pattern is the familiar circular “omnidirectional” pattern. When examined in the 
vertical plane, however, the plane looks like a sliced figure-8, The “gain” comes from 
the fact that energy isnot spread over an entire sphere, but rather it is concentrated 
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74 Spherical or "isotropic" radiation pattern. 


to the toroidal doughnut-shaped region shown. Therefore, the power per unit area 
is greater than for the isotropic (truly omnidirectional) case 


Non-quarter-wavelength verticals 


"The angle of radiation for a vertical antenna, hence the shape of the hypothetical 
doughnut radiation pattern, is a function of the length of the antenna. (Note: Length 
n terms of vertical antennas is the same as height, and is sometimes expressed in 
degrees of wavelength, as well as feet and/or meters.) Figure 7-6A shows the ap- 
proximate patterns for three different-length vertical antennas: quarter-wavelength, 
halfwavelength, and X-wavelength. Note that the quarter-wavelength antenna 
has the highest angle of radiation, as well as the lowest gain of the three cases, 
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‘The %wwavelength antenna is both the lowest angle of radiation and the highest gain 
(compared with isotropic). 

‘The patterns shown in Fig. 7-64 assume a perfectly conducting ground under- 
neath the antenna, However, that is not a possible situation for practical antennas; 
all real grounds are lossy. The effect of ground losses is to pull in the pattern close 
to the ground (Fig. 7-68). Although all of the patterns are elevated from those of 
Fig. 7-6A, the relationships still remain: the %-wavelength radiator has the lowest. 
angle of radiation and highest gain. 

‘The feedpoint impedance of a vertical antenna is а function of the length of the 
radiator. For the standard quarter-wavelength antenna, the feedpoint radiation re- 
sistance is a maximum of 37 Q, with only a very small reactance component. Figure 
7-7 shows the approximate feedpoint impedances for antennas from nearly zero 
effective length to 120° of length. 

Antenna length expressed in degrees derives from the ct that one wavelength 
is 360°. Thus, а quarter-wavelength antenna las a length of 360°/4 = 90°. To convert 
any specific length from degrees to wavelength, divide the length in degrees by 360. 
"Thus, for а 90° antenna: 90°/960° = % wavelength. The graph in Fig. 7-7A shows the 
antenna feedpoint impedance, both reactance and radiation resistance, for antennas. 
from 60 to 120°; Fig. 7-78 shows the radiation resistance for antennas from near zero 
to 60", Note that the radiation resistance for such short antennas is extremely small 
For example, an antenna that is 30° long (4. = 0082 wavelengths) has a resistance 
of approximately 3. It is generally the practice on such antennas to use a broadband 
Impedance-matehing transformer to raise the Impedance of such antennas to a higher 
value (Fig. 7-8). 


7-68, Accounting fr ground losses. 
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The ground system for the vertical antenna 


‘The vertical antenna works well only when placed over a good ground system, Chap- 
ter 28 gives details of proper ground systems for all radio antennas, verticals 1 
cluded, so only certain specifies are included here. The reader should also examine 
Chap. 28, however, in order to get a firmer grasp of the problem. 

‘The usual way to provide a good ground for a vertical is to use a system of radi- 
als such as Fig. 7-9A, This case shows view (from above) of 16 quarter- wavelength 
radials arranged to cover the full circle around the antenna. Each radial is a quar- 
terwavelength, so it will have a length (in fact) of 246/F,,,,. All of the radials are 
connected together at the base of the antenna, and the ground side of the trans- 
mission line is connected to this system. The radials can be placed either on the sur- 
face or underground. One friend of the author built an extensive radial system on 
the bare dirt when his house was built, so when the sod was installed he had a ve 
high-quality underground radial system. 
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Ifyou decide to use an aboveground radial system, however, be sure to prevent 
people from tripping over it. There might be liability implications for people who 
trip and injure themselves, even when the person is an intruder or trespasser. 

Some experts prefer to place a copper wire sereen at the center of the radial 
system. The minimum size of this sereen is about 2m square (8 x 6 ft). Connect it 
to the radials at the points shown using solder, Other experts will drive ground 
stakes into the ground at these points. Still another method is shown in Fig. 7-98. 
This case shows a "spider web” of conductors shorting the radials at points a meter 
or two from the antenna. Again, some authorities recommend that ground rods be 
driven into the earth at the indicated points, 

"The exact number of radials to use depends in part on practical matters (how 
many сап you physically Install). Use at least two radials per band, with four per 
band preferred for simple, low-cost systems. However, even four is considered a 
compromise case, The general rule is: the more the better. But it's also true that 
there is a law of diminishing returns as the number of radials is increased. Figure. 
7-40 shows the approximate field intensity (mV/m) as a function of the number of 
radials, Notice that the feld intensity does not increase as rapidly with the number 
of radials above 20 or so. Note that the Federal Communications Commission re- 
quires AM band (550 to 1700 kHz) stations to use 120 radials, but that number is not. 
necessary for amateur stations, A practical upper limit of 16 radials is usually ac- 
cepted for amateur radio work, and four radials work quite well. 
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7-9A Comprehensive ground system for vertical antenna, 


For vertical antennas mounted above ground, there is an optimum height above 
ground for the base of the antenna. This height is a quarter-wavelength above the 
actual ground plane. Unfortunately, that distance might not be the height above 
the surface. Depending upon ground conductivity and groundwater content, the 
height can be exactly a quarter-wavelength above the surface or slightly lower. The 
point s found from experimentation, and will, unfortunately, vary over the year if 
climatic changes are usual 


Variations on the vertical antenna theme 


Thus far, he vertical antennas have been standard quarter- or wavelength models 
‘This section looks at several variations on the theme. Consider Fig. 7-10. This antenna. 
is the vertical Dal wavelength dipole. The vertical dipole is constructed in exactly the 
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same manner as the horizontal dipole, but is mounted in the vertical plane, In general, 
the section of the radiator that is closest to the ground 
shield end of the coaxial cable tran 

Like the horizontal dipole, the approximate length of the vertical dipole is cal- 
culated from 


hould be connected to the 


mission line 


468 


172] 


L, is the length, in feet 
Fig, 15 the operating frequency, in megahertz 


Example Calculate the length of a halfwavelength vertical dipole for opera- 
tion on а frequency of 14.250 MHz in the 20-m amateur radio band. 
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Note: The 0.8 ft part of this calculated length can be converted to inches by 
‘multiplying by 12: 0.8 x 12 = 9.6 in. 
Each leg of the vertical dipole 


is one half of the calculated length, or 


En 


=1640 


‘The vertical dipole antenna is used in many locations where it is impossible to 
properly mount a horizontal dipole, or where a roof- or mast-mounted antenna is 
impossible to install because of logisties, a hostile landlord, and/or a homeowners? 
association. Some row house and town house dwellers, for example, have been suc- 
cessful with the vertical dipole. In the 1950s and 1960s, the vertical dipole was pop- 
ular among European amateurs because of space restrictions found in many of 
those locations. 

‘The construction of the vertical dipole is relatively straightforward. You must 
find or build a vertical support structure, In the case shown in Fig. 7-10, the support 
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Support. 


NI 


is a wooden or PVC mast erected for that purpose. Ropes and insulators at either 
end support the wire elements from the ends and keep the antenna taut. If the 
neighbors are a problem, then try to find some white PVC pipe that will make a fine 
flagpole and be patriotie with a vertical dipole hidden inside of the pipe. In other 
cases, if your home is not metal-sided, and if it is high enough, then a support from. 
the roof structure (or solfits) will make a proper mount. 
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One problem with the vertical dipole, and one that liability-conscious people 
need to consider, is that a high-impedance current node is found at the ends of a 
half wavelength dipole. Anyone touching the antenna will likely receive a nasty RF 
burn (or shock) from this antenna. 

A coaxial vertical is similar to the vertical dipole (and, in fact, it can be argued 
that itis a form of vertical dipole) in that it uses а pair of vertical radiator elements, 
In the case of the coaxial vertical antenna, however, the radiator that is closest to 
the ground is coaxial with the transmission line and the main radiator element, An 
example is shown in Fig. 7-11A. An insulator at the feedpoint separates the two 
halves of the radiator, in most cases, it is of smaller diameter than the coaxial sleeve 
(also called the shield pipe in some publications). The reasons for this arrange- 
‘ment are not entirely electrical, for the most part, but mechanical, The coaxial ca- 
ble transmission line passes through the sleeve, and is itself coaxial to the sleeve. 

‘The overall length of the coaxial vertical antenna is a half-wavelength, which 
consists of two quarter-wavelength sections, Both the radiator and the sleeve a 
‘quarterwavelength, The length of each is found (approximately) from 


E 


173] 


1741 


You should recognize these ав similar to the equation used previously to calculate 
hhalf-wavelength antennas, but reduced by a factor of 
The coaxial vertical antenna was once popular with CB operators, and as such 
was called the collinear antenna. In some cases, you сап find hardware from these 
antennas on the hamfest or surplus markets, and the pieces can be modified for 
amateur radio use. In the situation where a 10-m-band antenna is being built, it is a 
simple matter to cut the 11-m CB antenna for operation on a slightly higher fre- 
‘quency. In the case of the lower-frequency bands, however, it is а little more diffi- 
cult and it is likely that only the insulator and mounting assembly are salvageable, 
Keep in mind, however, the fact that adjacent sizes of aluminum tubing are de- 
signed such that the inside diameter (1D) of the larger piece isa slip-fit for the out- 
side diameter (OD) of the smaller piece. You can, therefore, connect adjacent sizes 
of aluminum tubing together without the need for special couplers, ete. With that in 
mind, salvaged insulator assemblies can be cut off with just 6 to 10 in of the former 
radiator and sleeve, and new radiators from "adjacent size” tubing installed. 

‘The configuration shown in Fig. 7-11A is the manner of construction used by 
‘commercial antenna manufacturers for VHF and CB collinear vertical dipoles, but is 
a little dificult for amateurs (unless they happen to own a machine shop) to make 
the center insulator. For those people, some other method is indicated before this 
antenna is practical 
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Figure 7-118 shows a construction method that has been used by amateurs 
with good results. The ra 
lating piece of thick-wall PVC plumbing pipe, Lucite, or plexiglass tubing; 6 to 10. 

in of tubing are needed. 
A gap of about 2 in is left between the bottom end of the radiator pipe and the 


liator and shield pipe (sleeve) are joined together in an in 


top end of the shield pipe in order to keep them electrically insulated from each. 
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other, and to allow the coaxial cable to be pas 


hole in the insulator pipe is drilled for this purpose 
‘The aluminum tubing pieces for the radiator and the sleeve are fastened to the 
insulator with at least two heavy machine serews each. One of the machine screws on 


Radiator 


Insulator 


Sleeve 


193 


d through to the outside world. A 


‘each ean be used as the electrical connection between the coaxial cable and the pipes, 
provided that a larger hole is cut in the insulator at that point to admit the washer 
that provides the electrical pathway between the screw head and the aluminum pipe 
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Ifyou depend upon the machine screw touching the pipe at the edges of the hole cut. 
for it, then there will probably be intermittent connection and all of the aggravation 
that ensues 

Mounting of the homebrew coaxial vertical antenna са xin in the neck.” 
Normally, this antenna is mounted high in the air above ground, so some form of sup- 
portis needed, Fortunately, you ean use small-area metal supports connected to the 
sleeve for this purpose. Figure 7-11C shows one method for mounting that is popu- 
lar, A pair of television antenna standoff mounting brackets are used to support the 
sleeve. Those brackets can be bought in sizes fram 6 to 24 in. Note that а 2x 4 piece 


bea* 


ot lumber is used between the building wall and the brackets. This wood serves as an. 
Ton 
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insulator, so it should be varnished or painted. It is held to the wall with lag bolts, 
wing bolts, or some other effective method of anchoring. Keep in mind that the 
forces on the brackets increase tremendously during wind storms! 

It is possible for the two vertical antennas shown previously to become a shock 
hazard to anyone who touches them. Both of these antennas are hall-wavelength. 
radiators and are of the dipole form of construction. The center point is used for 
feeding the antenna, so it forms the low-impedance point in the antenna, As a 
result, the ends of the antenna, one of which is close to the ground, are the high- 
impedance points—hence the voltages at those points within reach of prying hands 
playing in the yard can be high. It is wise to either mount the antennas so far above 
the ground that they cannot be reached, or build a small nonconductive fence 
around the bottom end of the antenna. 


Vertical antenna construction 


‘There are two general cases for installing vertical antennas: ground-leve-mounted and. 
 non-ground-mounted. This section takes a brief look at both forms of mounting. We will 
concentrate on installation of homebrew verticals rather than commercial, because it is 
assumed that the vendors of such antennas will provide their own instructions, 

‘The ground-level-mounted vertical is shown in Fig. 7-12. The typical vertical an- 
tenna is 8 to 40 M high. Thus, although the actual weight of the antenna is small, the 
forces applied to the mounting structure (especially during windstorms) can be quite 
high, Don't be footed by the apparent light weight of the antenna in this respect. 

‘The mounting structure for the vertical antenna can be a metal or wooden 
fence post buried in the ground. At least 2 ft of the fence post should be above 
ground. In the case of Fig. 7-12, a 4 х 4 wooden fence post is used as the mount- 
ing, but the principles are similar for all forms of post. A fence post hole is pro- 
vided that is at least 2 ft deep. In some cases, it might be possible to use a 
1-R-deep gravel fill topped with back-flled dirt. In other cases, especially where 
a steel fence post is used, a concrete plug is placed at the bottom of the hole 
over a 4-in layer of gravel 

‘The antenna radiator element is installed onto the fence post using standoff 
insulators. Unfortunately, these insulators are difficult to find, so they might have to 
be omitted. Given that varnished or painted wood is not a terribly good conductor, 
it is not unreasonable to bolt the radiator directly to the 4 x 4 fence post. Use %-in 
(or larger) bolts, and make them long enough to fit completely through both the an- 
tenna element and the 4 x 4 post. Thus, 6-in-, T-in- or &in-long¥-in bolts are the 
candidates for this job. Use at least two bolts, one at the bottom of the antenna 
radiator element, and one near the top of the fence post, A third bolt, halfway be- 
tween the other two, would not he out of order. 

Ifthe antenna is quarter-wavelength, then no matching is generally necessary. 
Although the feedpoint impedance is not exactly 62 Q, it is close enough (37 Q) to 
form a reasonable match for 52-02 coaxial cable (with VSWR = 14:1). The center 
‘conductor of the coaxial cable is connected to the radiator element, while the shield 
is connected to the ground system. In the example shown in Fig. 7-12, two ground 
methods are used, First, an 8-1 ground rod is driven into the earth at the base of the 
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antenna; second, a system of quarter-vavelength radials is used. Remember that. 
the ground systern is absolutely essential. 

A method for installing a vertical antenna above ground is shown in Fig. 7-13. 
In this case, a wooden support (2 x 4 or 4x 4) is installed in a manner similar to Fig 

12, but with a deeper hole to counter the longer length, Alternatively, the wooden. 
support is affixed to the side of a building wall, shed, or other preexisting structure. 
Once the support is arranged, however, the method of attachment of the radiator 
element is the same for the previous case, so that will not be repeated here. 

Electrical connections to the antenna are also shown in Fig. 7-13. Because the 
antenna is above ground level, an electrical counterpoise ground consisting of a sys 
tem of radials is absolutely essential; at least two radials per band must be provided. 
A small L bracket is used to support the radials and to provide an 50-299 coaxial 
connector for the coax. This connector is а chassis-mounted type with its center 
conductor connected to the radiator element. The shield of the connector is con- 
nected to the bracket, so it is also connected to the radial system. 

In some installations, the antenna support structure will require guy wires to. 
keep the structure stable. Do not use the radials as guy wires. The type of wire that 
normally works well for radials is too soft, and too easily stretched, for guy wire ser- 
vice. Use regular steel guy line, available where TV antenna supplies are sold, for 
this antenna. Make the lengths nonresonant, and break the guy lines up with egg in- 
sulators, if necessary, to achieve the nonresonance, 
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Figure 7-14 shows the configuration for the %-wavelength vertical antenna. Such an. 
antenna generally gives a lower angle of radiation than the more common quarter- 
‘wavelength radiator, so presumably it works better for long distance, 

‘The radiator of this antenna is made from 0.5- to 1.5-in aluminum tubing. 
Again, remember that adjacent sizes fit together snugly to form longer sections. 
"The physical length of the X-wavelength radiator is found from 
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‘The radials are the usual quarteravavelengih, and are made of no. 12 or no, 14 
copper wire, These lengths are found from: 
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or in meters, 
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ЗЕ: 
of the wavelength antenna is about 16000, not а 


The feedpoint impedan 
good match for the ordinary coaxial cables that are routinely available on the ama- 
teur market. Some form of impedance matching is needed 
One option is to use a broadbanded RF transformer, These transformers will 
work throughout the HF spectrum, and match a wide variety of impedances to the 
50-0 standard system impedance 
Another option, especially for a single-band antenna, is to use a coaxial cable 
impedance transformer, such as shown in Fig. 7-14. The transformer consists af two 
her, shown as L. and L in Fig, 7-14. The 


sections of coaxial cable joined to 
lengths are found from 
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Grounded vertical antennas 
"The vertical antennas presented thus far in this chapter are called seriesfed verti- 


cals, because the generator is essentially in series with the radiator element, Such 
an antenna must be insulated from ground. The other class of vertical is the shunt- 
fed vertical, which is grounded at one end (Fig. 7-15). There are three methods of 
‘shunt-feeding a grounded vertical antenna: delta, gamma, and omega. All three 
‘matching systems have exactly the same function: to form an impedance transfor- 
mation between the antenna radiation resistance, at the feedpoint, and the coaxial 
cable characteristic impedance, as well as cancelling any reactance in the system. 
"The delta feed system is shown in Fig. 7-18A. In this саве, a taut feed wire is con- 
nected between a paint on the antenna, which represents a specific impedance on 
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the antenna, and an antenna tuner. This method of feed is common on АМ broadcast 
antennas (which are usually—perhaps always—verticals). Although you would 
think that the sloping feed wire would distort the pattern, that is not the case. The 
distortion of the pattern, if any, is minimal, hence it can be neglected. 


‘The gamma feed system is shown in Fig. 7-15B. This method is commonly used 
by amateurs to feed Yagi beam antennas, so it is quite familiar in the amateur radio 
world, The feed system consists of a variable capacitor to tune the system, and à 
‘matching rod that parallels the antenna radiator element. It îs important that the 
rod not be anywhere ne 

ante 


a quarter-wavelength, or it would become a vertical 

na in its own right, and in fact would resemble the so-called J-pole antenna. 

ew of the gamma match is given in Chap. 12. The omega feed (shown in Fig. 
similar to the gamma match except that a shunt capacitor is used. 


Conclusion 


The vertical antenna is a viable alternative for many situations, especially where 
real estate is at a premium. Contrary to popular opinion, the vertical antenna works 
‘well when installed properly and when due consideration has been given to matters 
such as the grounding and angle of radiation desired. 
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Multiband and 
tunable-wire antennas 


MOST COMMUNICATIONS OPERATORS REQUIRE MORE THAN ONE BAND, AND THAT MAKES 
the antenna problem exactly that—a problem to be solved. Amateur radio, commer- 
cial, 'ars are especially likely to need either multiple antennas for 
differ „ ог a multiband antenna that operates on any number of different 
bands. This situation is especially likely on the high-frequency (HF) bands from 3.5 
to 29.7 MHz. 

Another problem regards the tunability of an antenna. Some amateur bands are 
very wide (several hundred kilohertz), and that causes any antenna to be highly vari- 
able from one end of the band to another. It is typical for amateurs to design an an- 
tenna for the portion of the band that they use most often, and then tolerate a high. 
VSWR at the other frequencies. Unfortunately, when you see an antenna that seems 
to offer a low VSWR over such a wide range, itis almost certain that some problem 
exists that reduces the Q, and the antenna efficiency, to broaden the response. How- 
ever, it is possible to tune an antenna for a wide band. It is also possible (now that 
amateurs have new HF bands) to use а single antenna between them, and then tune 
the difference out. For example, designing a single antenna for 21/24 MHz, 14/18 
Miz, or 7/10 MHz should prove possible, 

In this chapter we will take a look at both problems: the multiband and the tun- 
able antenna. 


Multiband antennas 


Although а triband Yagi or quad beam antenna will undoubtedly work better than a 
Wire antenna (when installed correctly, the low-budget amateur operator need not 
lament any supposed inability to "get out” on wire antennas. To quote an ald saying: 

"Better is the enemy of good enough." Or, to put it in terms of Сату lau: "IL its 
"good enough? then don't waste a lot of energy fretting over making it better unless. 
you really want to make it a Tot better 
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Trap dipoles 


Perhaps the most common form of multiband wire antenna is the trap dipole 
shown in Fig. 8-LA. In this type of antenna, one (or more) pairs of parallel resonant 
traps аге placed in series with the quarter-wavelength elements of the dipole. The 
purpose of the traps is to block their awn resonant frequency, while passing all 
other frequencies 

In the example of Fig. 8-1A, a 10-m trap isolates the first 8 ft or so (quarter- 
wavelength on 10 m) so that the antenna resonates on that band, A 40m or 15-1 
signal, on the other hand, passes through the traps and uses the whole length of the 
antenna. (Note: A half-wavelength 40-m dipole works as а 8/2-wavelength antenna 
on 15m) 

‘The overall length of the trap dipole will be a little less than the natural “non- 
trap” length for the lowest frequency of operation. At the low frequencies, the 
traps add a little inductance to the circuit so that the resonant point is lower than. 
the natural resonant frequency. In general, most trap dipoles are just а few per- 
cent shorter than nontrap dipoles at the same band. The actual amount of short- 
ening depends upon the values of the components in the traps, so consult the 
data for each trap purchased. Where more than one pair of traps is used in the 
antenna, make sure they are of the same brand and are intended to work 
together. 

Another solution to this problem is shown in Fig. 8-1В. This type of antenna 
tually has two or more half-wavelength dipoles fed from the same transmission line. 
In this illustration, a total of three dipoles are fed from the same 75- transmission 
line, There is no theoretical limit to how many dipoles can be accommodated, al- 
though there is certainly a practical limit, For one thing, there is a mechanical limit 
to how many wires are supportable (or desirable) hanging from any given support. 
There is also an electrical limit, although it is less defined. Having а lot of dipoles in- 
creases the possibility of radiating harmonics and other spurious emissions from. 
your transmitter. 

"The 75-62 coaxial cable is connected to the center feedpoint of the multidipole 
either directly or through a 1:1 balun transformer, as shown in Fig. 8-18, Each an- 
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1:1 BALUN À 


in Multiband dipole consists of several dipoles fed from a comman foedline 


tenna (A-A, B-B, or C-C) isa halfwavelength, Therefore, the overall length is found. 
approximately from the standard dipole expressions: 


Overall length (А +А,В +В, or C + С). 


468 
D 184] 


or, for each element alo 


e (A,B, or С): 


1, 182] 


um 


As always, close to the earth's surface, these equations are approximations, and 
are not to be taken too literally. Some experimentation will probably be necessary to 
‘optimize resonance on each band. Also, be aware that the drooping dipoles (B and C 
inthis case) may aet more like an inverted-vee antenna (see Chap. 7) than a straight 
dipole, so the equation length will be just а few percent too short, In any event, a lit- 
Пе spritzing with this antenna will yield results 

‘Some amateurs build the multiple dipole from four- or fve-wire TV rotator lead. 
"That type of vire is used to control antenna rotators, and has either four or five par- 
allel vires in a Bat arrangement similar to lamp cord. Cut each wire to the length re- 
‘quired for a band, and strip off any unused portions. 

Another possibility is the link-tuned dipole shown in Fig. 8-16, In this situation, a 
single conductor is used for each half of the dipole, or actually inverted vee. The con- 
ductors are broken into segments A, B, and C (or more, if desired), Each segment is 
separated from the two adjacent sections by inline insulators (standard end insula- 
{ors are suitable). Segment A is a quarter wavelength on the highest frequency band 
of operation, А + Bis а quarter- wavelength on the next highest band of operation, and 
A +B + C is a quarteravavelengtl on the lowest frequency band of operation. 

Theantenna is "tuned" toa specific band by either connecting, or disconnecting, 
a similar wire (see inset) jumper across the insulator that breaks the connection be- 
tween the segments. Either a switch or an alligator clip jumper will short out the in- 
sulator to effectively lengthen the antenna for a lower band. Some amateurs use 
single-pole 110-Vac power line switches to jumper the insulator. Although I have not 
tried this method, it should work. 
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SAC. Multiband inverted vee uses shorting links to change bands, 


A big disadvantage to this type of multiband antenna is tat you must go out into 
the yard and manually switch the inks to change bands, which probably explains 
why other antennas are a lot more popular, especially in northern latitudes, 


Tuned feeder antennas 


Figure 8-2A shows the tuned feeder type of antenna. This antenna can be used from. 
80 through 10 m, but it requires a special tuner and a length of parallel transmission 
line, There are two ways to get parallel transmission line: make it or buy it. Using no. 
14 or 12 wire, and specially made insulators (also called spreaders), you can make 

lel transmission line. But that's a pain in the ptusch be- 
cause you can also buy parallel line rather cheaply. I paid $16 for 100 ft of 450-0. 
line recently. 

Опе form of parallel line is ordinary TV-type twin lead, which has an impedance 
01300 Q. This line will take up to about 250 W, although some people use it at higher 
powers (not recommended). The antenna of Fig. 8-2A uses 450-0 parallel line. You 
can buy insulated 450-0 twin lead (see Fig. 8-28) that can be handled as easily as TV 
twin lead —and a lot more easily than open (uninsulated) parallel line. 


The G5RV multiband dipole 


Figure 8-3 shows the popular GSRV antenna. Although not without some problems, 
this antenna is very popular. It can be used either as a horizontal dipole, а sloper, or 
an inverted-vee antenna (Which is how I used it). The dipole elements are each 51 ft 
long. The feedline can be either 300- or 450-0 twin lead. For 300-0 cases, use 29 ft 
of line, and for 450-0 line, use 34 ft. One end of the parallel transmission line is con- 
nected to the antenna, and the other end is connected to a length of 50-0 coaxial 


TheG 


V multiband dipole 207 


——— Ó 


80-10 meter 


480-0 or 00-02 
parallel line 
Guy length) 


Balanced ] Coase 
antenna xum 
A B 
82 ‘Tuned feeder antenna can be used on several bands, ( — 
— — X 
тышка T | 
Zo (Fee) L 
Won | zr 
ва Ону antenna зеп н 


0 coax 
(any length) 


cable. Although most articles on the GBRV claim that any length of 50-0 line will 
work, J. M. Haerle (HP Antenna Systems: The Easy Way) recommends that the 
50-Q segment should be at least 65 ft long. 

Haerle is a little caustic in his comments on the GARV, but his criticism is well 
taken. Ifyou don't have a parallel transmateh, then the G5RV will work (especially if 
your rig can tolerate a 3:1 VSWR on some selected frequencies). Otherwise, use the 
antenna of Fig, ВЗА (or a transmatch with the GV) 


o 
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Figure 8-4 shows the once-popular end-fed Zepp antenna, This antenna is a 
“monopole” in that it uses a half-wavelength radiator, but it is fed at voltage loop. 
rather than a current loop (Les, the end of the antenna rather than the center). A 
450- or 600-0 parallel transmission line is used to feed the Zepp antenna. Although 
the line can theoretically be any length, practicality dictates a quarter-vavelength 
because of the fact that the antenna is fed at à high RF voltage point. 

"The Zepp (as shown) is а single-band antenna unless the transmission line is fex 
with a good, widerange transmatch, or other antenna tuner unit. The antenna tuner 
required is a balanced type, although а standard transmatch with a 4:1 balun trans- 
former at the output will also work well. Using the Zepp on many bands is easy, but 
keep in mind that it is voltage-fed, and (at frequencies for which the parallel line is 
not an odd integer multiple of a quarter-wavelength) there will be a high-voltage 
node at the transinatch, That raises the possibility of "RF in the shack'"— "hot" snip- 
pets of RF on the grounded chassis of station equipment (including microphones, 
where it is uncomfortable when touched to the lips) 


Feeding parallel transmission line 


Parallel transmission line is balanced with respect to ground, but coaxial cable is 
unbalanced to ground (ie, one side of the coax ia usually grounded). As a result, 
the standard amateur transmitter output will not drive parallel (balanced) feedline 
properly. You need to do one of two things: (1) buy (or build) an antenna tuner that. 
is balanced on the output and unbalanced on the input or (2) convert a standard 

'oax-to-coax' transmatch or other form of antenna coupler to "coas-to-balanced" 
configuration. In some cases you ean use а 4:1 balun transformer at the output of the. 
coaxial cable tuner. Keep in mind, however, that some tuner manufacturers recom- 
mend against this practice. Ifyou use the standard tee-network (or SPC) transmateh 
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then it Is possible to make a balun for this purpose from some no.12 formvar- or 
enamel-covered wire and either a ferrite toroid or a short piece of PVC plumbing 
pipe, Figure 8-5 shows a balun coil construction project. Use 12 turns of no.12 form- 
var or enameled wire over a 1-in outside diameter piece of PVC pipe or tubing, 

Next, we have the so-called longwire antenna. I use the term so-called because 
not all long wire antennas are truly longwires. A true longwire is longer than two 
wavelengths at the lowest frequency of operation. In Fig, 8-6 we see a longwire, or 
“random-length,” antenna fed from a tuning unit. I the antenna length Z is greater 
than a quarter-wavelength, then the tuner consists of a single series capacitor (see 
below); and i itis shorter than a quarter-wavelength, the tuner is a series inductor. 
‘The standard tuner for this type of antenna, regardless of length, ia a simple L-sec- 
tion coupler (also shown), which ean be selected for L-seetion, series-L or series-C 
operation, 

‘The Windom antenna (Fig, 8-7) has been popular since the 1920s. Although 
Loren Windom is credited with the design, there were actually a number of contrib- 
tors. Coworkers with Windom at the University of Ilinois were John Byrne, E. F. 
Brooke, and W. L. Everett, and they are properly cocredited, The designation of Win- 
dom as the inventor was probably due to the publication of the idea (credited to Win- 
dom) in the July 1926 issue of QST magazine. Additional (later) contributions were 
rendered by G2BI and GMIIAA (Jim Macintosh). We will continue the tradition of 
crediting Loren Windom, with the understanding that others also contributed to this 
antenna design. 

‘The Windom is a roughly half wavelength antenna that will also work on even 
‘harmonies of the fundamental frequency. The basic premise is that the antenna ra- 
diation resistance varies from about 50 £2 to about 5000 0, depending upon the 
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Con 


86 Random-length (aka, if erroneously, “langwire") antenna. 


selected feedpoint. When fed in the exact center, a current loop, the feedpoint im- 
pedance will be 50 0; similari, end feeding the antenna finds a feedpoint impedance 
of about 5000 Q. In Fig. 8-7A the feedpoint is tapped away from the center at a point 
that is about one-third the way from one end, at a point where the impedance is 
about 600 2. 

"The Windom antenna works well—but with some caveats, For example, the an- 
tenna has a tendency to put "RF in the shack" because of the fact that it is voltage- 
fed. Second, there is some radiation loss from the feedline, Finally, the antenna 
works poorly on odd harmonics of the fundamental frequency. 

"The antenna tuning unit can be either a parallel resonant, link-coupled LC tank 
circuit (see inset to Fig. 8-7A); or a reversed pi network. In the case of the Windom, 
the pi network is turned around backward from the usual configuration: С, is at the 
low-impedance end of the network, so it is lager than Ci, Design a pi network (see 
programs at end of book) to match 50 Q on the transmitter end and 600.2 on the an- 
tenna end. 

A reasonable compromise Windom that reduces fe 
shown in Fig. В-ТВ. In this antenna а 4:1 balun transform 
point, and this in turn is connected to 
milter, A transmateh, or similar ante 
miter and the transmission line. 
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CHAPTER 


Longwire 
directional antennas 


YOUVE HEARD IT DOZENS OF TIMES. THE RANDOM-LENGTH LONGWIRE ANTENNA 15 THE, 
“perfect” solution to awkward antenna problems. Whether its a lack of real estate, 
cranky landlords, ora profound lack of dollars, the random-length longwire will do the 
Job for you. Right? Well, now, that depends on who you ask, and what they did to make 
it work or not work. One person says the longwire is not worth a plugged nickel; 
another is very ho-hum about it because his "kinda works”; still another is enthusias-. 
tic because hers is installed correctly and it works better than anything "since sliced 
pickle and liverwurst sandwiches." Over the years my various living arrangements 
have forced me to use longwires at many QTHs, as well as on Field Day. Why does the 
random-Jength longwire have such a varied reputation? Before we answer that ques- 
tion let's find out (for those who came in late) just what is a longwire antenna. 

As an aside, let me point out that random-length wire antennas (less than 2) 
are not true longwire antennas. However, common (if erroneous) usage compels 
the inclusion of both types. 


Longwire antennas 


Longwire antennas are any of several types of resonant and nonresonant antennas. 
Any given longwire antenna may be both resonant and nonresonant, depending upon 
the operating frequencies used. In the "old days,” when I was first starting in amateur 
radio, most resonant longwires were resonant over all HF bands because those bands. 
were harmonically related to each other: But with the addition of the 10-, 18-, and 
24-MHz band segments, that relationship no longer holds true for all cases. 

Figure 9-1 shows the classic random length, nonresonant longwire antenna. It 
consists of a wire radiator that is at least a quarter-wavelength long, but is most of- 
ten longer than a quarter-wavelength. The specific length is not critical but it must 
be greater than a quarter-wavelength at the lowest frequency of operation an- 
ticipated. If you have a 90-f wire, it will work on all HF bands above 3.5 MHz. In 
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9-1 Random-length antenna. 


most. installations, the wire is no.12 and 10.14 copperweld, or hard-drawn copper 
wire. I have successfully used both no.12 and no.14 house wire, but because it is 
solid (not stranded) it is not the best material, Stranded wire lasts longer in the 
wind, because solid wire fatigues and breaks quicker 

‘The longwire antenna is capable of providing gain over a dipole and a low angle 
of radiation (which is great for DX operators!) But these advantages are only found 
when the antenna is several wavelengths long, so it occurs only on typical HF anten- 
nas in the 21- through 29-MHz bands. 

"The longwire is end-fed, and therefore has a high impedance, except in those 
vases where the radiator happens to be quarter-wavelength. Because of this fact, it 
is necessary to use an antenna tuner between the low-impedance transmitter out- 
put (usually limited to 50- to 75-Q impedances) and the antenna. You can buy апу 
of several commercial antenna tuners, or make one yourself. Figure 9-2 shows a 
typical antenna tuner for longwires. It is an L-section coupler consisting of a series 
inductance and a shunt capacitance, both variable. The inductor can be home- 
‘made, or it can be made from a B&W miniduetor (3020 is suitable). Alternatively, 
you can buy a used roller inductor from a hamfest. If you opt for the homemade or 
miniductor alternatives, then an alligator clip lead (short!) connected to one end 
ofthe сой ean be used to short out unneeded turns when adjusting the inductance. 
1 prefer the roller inductor method, because it allows the whole “shootin match” to 
be installed inside a shielded cabinet, helping the TVI/BCI (television interfer- 
ence/broadeast interference) situation. 
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‘The capacitor (also available from the same sources) should be 150-pF to 2: 
pF maximum capacitance high-voltage variable. So-called transmitting variables а 
‘usually ok if the plate spacing is at least % in, 

‘Tuning of the longwire is simplicity itself. If the tuner does not have a built-in 
VSWR meter, then install one in the line between the transmitter output and the 
tuner input, Adjust both L, and C, (they are a bit interactive so do it several times) 
for the lowest VSWR. If you use the alligator clip method, turn off the darn trans- 
miter before adjusting the clip position —RF burns are nasty! 


So what's the problem? 

Ok, во we have decided to install а longwire. How do we make it work? First, make 
sure that it is long enough. The bare minimum lengths for HF bands are 70 ft for 
3,5 MHz and up, 34 ft for 7 MHz and up, and so on. In general, the longer the better, 
"The second problem isa good ground. The importance of a good ground cannot be. 
underestimated, and it accounts for about 99 percent of the difference in reported. 
performance of longwires. 

A good ground consists ala short wire to either one very long ground rod or mul- 
tiple ground rods spaced a couple feet apart. An important factor is the length of 
the ground wire. It must be considerably less than a quarter-wavelength. Use no.10 
stranded wire (several parallel lengths) or braid. 

When 1 was in college 1 lived on the second floor of a whacky student boarding 
house in Norfolk, VA. The ground was 24 ft away, and that made “short ground wire" 
а joke—and my longwire nearly inoperative. But 1 figured out a way around the 
problem, A quarter-wave radial was dropped out the window (see Fig. 9-2). Use 
‘more than one radial if possible. In one case, when the landlord was particularly 
‘cranky, I tacked the radial to the baseboard of my room (insulated on standoffs at the 
far end to protect against the high RF voltages present). It worked well! 
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A new product also comes to the rescue of tho: 
а good longwire. The MFJ Enterprises (Box 494, Mississippi Stat 
547-1800) model MFJ-931 artificial RF ground is installed in the ground line (see Fig, 
9-4) and is used to tune the ground wire. Adjust the capacitance and inductante con- 
trols for maximum ground current as shown on the built-in meter. Be sure to follow 
the instructions, however, because high RF voltages can appear on a nonresonant 
ground wire. 1 wish I'd had one of these when 1 was in that whacky boarding house; 
discussing existentialist poetry can't hold a candle to DXing. 
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When is a long wire a longwire? 
For many years, the longwire has been a popular form of antenna, It is cheap, iis 
easy to construct, and—although reports vary—it has the potential to perform well 
Properly constructed, it has a lot of utility: But what is a reat longwire antenna? In 
past columns, 1 have used the term to mean an antenna such as Fig. 9-1- This form of 
antenna is popularly called a longue if it is more than a quarter-wavelength. Land. 
other authors have used the term longwire to mean this antenna, but that's not rig- 
úorousty correct. A true longwire is an antenna that is many wavelengths long, ог to 
be a litle more rigorous, an antenna that is more than two wavelengths long. Al- 
‘though 1 will still use the term fongwie for both forms of longwire antenna, proper 
rigor requires Fig. 9-1 to be called a “random-ength antenna. 


True longwire antennas 


Figure 9-5 shows the true resonant longwire antenna, It is а horizontal antenna, and. 
it properly installed, it is not simply attached to a convenient support (as is true with 
the random length antenna). Rather, the longwire is installed horizontally like a di- 
pole. The ends are supported (dipole-like) from standard end insulators and rope, 
‘The feedpoint of the longwire is one end, so we expect to see a voltage antinode 
where the feeder is attached. For this reason we do not use coaxial cable, but rather 
| either parallel transmission line (also sometimes called open-air line or some such 
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name), or 450-0 twin ead. The transmission line is excited from any of several types 
of balanced antenna tuning unit (see Fig. 9-5). Alternatively, a standard antenna 
tuning unit (designed for coaxial cable) can be used if a 4-1 balun transformer is 
used between the output of the tuner and the input of the feedline 

What does “many wavelengths" mean? That depends upon just what you want 
the antenna to do, Figure 9-6 shows a fact about the longwire that excites many 
users of longwites: It has gain! Although a two-wavelength antenna only has a slight 
gain over a dipole; the longer the antenna, the greater the gain. In fact, it is possible 
to obtain gain figures greater than a three-element beam using а longwire, but only 
at nine or ten wavelengths. 
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9.6, Antenna length versus gain over dipole. 
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What does this mean? One wavelength is 984/F, ft, so at 10 m (29 MHz) one 
‘wavelength is about 34 It; at 75 m (2.8 MHz) one wavelength is 259 ft long. In order 
to meet the two-wavelength criterion a 10-m antenna need only be 68 ft long, while 
a 75.m antenna would be 518 ft long! For a ten-wavelength antenna, therefore, we 
‘would need 340 ft for 10 m; and for 75 m, we would need nearly 2,800 f. Ah me, 
now you see why the ongwire is not more popular. The physical length of a nonter- 
minated resonant longyire is on the order of 


492(N - 0.025) 


19.1 


M Fus 


(Vis number of half-wavelengths in the radiator elements.) 


Of course, there are always people like my buddy (now deceased) John 
‘Thorne, KANFU, He lived near Austin, TX on а multiaere farmette that has a 1400- 
ft property line along one side, John installed a 1300 ft longwite and found it 
‘worked excitingly well. He fed the thing with homebrew 450-0 parallel (open-air) 
line and a Matchbox antenna tuner, John’s longwire had an extremely low angle of 
radiation, so he regularly (much to my chagrin on my small suburban lot) worked 
ZL, VK, and other Southeast Asia and Pacific basin DX, with only 100 W from a 
Kenwood transceiver. 

Oddly enough, John also found a little bitty problem with the longwire that text- 
books and articles rarely mention: electrostatic fields build up a high-voltage de 
charge on longwire antennas! Thunderstorms as far as 20 mi away produce serious 
levels of electrostatic fields, and those fields can cause a buildup of electrical charge 
on the antenna conductor. The electric charge can cause damage to the receiver, 
John solved the problem by using a resistor at one end to ground. The "resistor" is 
‘composed of ten to twenty 10-М0 resistors at 2 W each. This resistor bleeds off the 
‘charge, preventing damage to the receiver, 

A common misconception about longwire antennas concerns the normal radia- 
tion pattern of these antennas. Ihave heard amateurs, on the ай, claim that the max- 
imum radiation for the longwire is. 


1. Broadside (ie. 90°) with respect to the wire run or 
2 Inline with the wire run 


Neither is correct, although ordinary intuition would seem to indicate one or the 
other. Figure 9.7 shows the approximate radiation pattern of a longwire when 
viewed from above. There are four main lobes of radiation from the longwire (А, B, 
С, and D). There are also two or more (in some cases many) minor lobes (E and F) 
in the antenna pattern. The radiation angle with respect to the wire run (G-H) is a 
function of the number of wavelengths found along the wire, Also, the mimber and 
extent of the minor lobes is also a function of the length of the wire. 
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Nonresonant single-wire longwire antennas 


‘The resonant longwire antenna is a standing wave antenna, because it is untermi- 
nated at the far end. A signal propagating from the feedpoint, toward the open end, 
will be reflected back toward the source when it hits the open end. The interference 
between the forward and reflected waves sets up stationary standing current and 
voltage waves along the wire, 

A nonresonant longuire is terminated at the far end in a resistance equal to its 
characteristic impedance. Thus, the incident waves are absorbed by the resistor 
rather than being reflected. Such an antenna is called a traveling wane antenna. 
Figure 9-8 shows a terminated longwire antenna. The transmitter end is Uke the feed 
system for other longwire antennas, but the far end is grounded through a termi- 
nating resistor R, that has a resistance R equal to the characteristic impedance Z, of 
the antenna (Le. Ё =Z,). When the wire is 20 to 30 £ above the ground, Z, is about 
500 to 600 û 

"The radiation pattern for the terminated longwire is a unidirectional version of 
the multilobed pattern found on the unterminated longwires. The angles of the 
lobes vary with frequency, even though the pattern remains unidirectional. The di- 
rectivity of the antenna is partially specified by the angles of the main lobes. It is in- 
teresting to note that gain rises almost linearly with nA, while the directivity 
function changes rapidly at shorter lengths (above three or four wavelengths the 
rate of change diminishes considerably). Thus, when an antenna is cut for a certain. 
low frequency, it will work at higher frequencies, but the directivity characteristic 
will be different at each end of the spectrum of interest. 

А two-wavelength (24) pattern is shown in Fig. 9-7. There are four major lobes 
positioned at angles of 236" from the longwire. There are also four minor lobes— 
the strongest of which is -5 dB down from the major lobes—at angles of +75" from. 
the longwire. Between all of the lobes, there are sharp nulls in which litle reception. 
is possible. As the wire length is made longer, the angle of the main lobes pulls in 
tighter (Le, toward the wire). As the lobes pull in closer to the wire, the number of 
minor lobes increases. At 5A, there are still four main lobes, but they are at angles 
оГ «32° from the wire. Also, the number of minor lobes increases to 16. The minor lobes. 
are located at 247°, 262", 2727, and 283° with respect to the wire. The minor 
lobes tend to be -5 to -10 dB below the major lobes. When the longwire gets very 
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9-8 Longwire (greater than ЗА) antenna is terminated ina resistance (typically 400 to 800 0) 
adials under the resistor improve the grounding of the antenna. 


much longer than 53, the four main lobes begin to converge along the length of the 
wire, and the antenna becomes bidirectional. This effect occurs at physical lengths 
greater than about 204, 

In general, the following rules apply to longwire antennas: 

+ On each side of the antenna, there is at least one lobe, minor or major, for each 
halfwavelength of the wire element. For the overall element, there is one lobe 
for every quarter-wavelength. 

+ DE there are an even number of lobes on either side of the antenna wire, then 
half of the total number of lobes are tilted backward, and half are tilted for. 
‘wand; symmetry is maintained, 

+ DE there are an odd number of lobes on either side of the wire, then one lobe 
‘on either side will be perpendicular to the wire, with the other lobes distrib 
шей either side of the perpendicular lobe. 


‘Vee beams and rhombic beams 

Longwire antennas can be combined in several ways to increase gain and sharpen 
directivity. Two of the most popular of these are the vee beam and the rhombic а 
tennas. Both forms can be made in either resonant (unterminated) oF nonresonant 
(terminated) versions. 

Vee beams The vee beam (Fig. 9-94) consists of two equal-length Iongwire 
elements (wire 1 and wire 2), fed 180" out of phase with each other, and spaced 
to produce an acute angle between them. The 180° phase difference is inherent in 
connecting the two wires of the vee to opposite conductors of the same parallel con- 
ductor feedline. 
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99A. Radiation pattern ol vee beam antenna consists of the algebra sum of the two longwire 
patterns that make up the antenna. 


‘The unterminated vee beam (Fig. 9-94) has a bidirectional pattern that is created. 
by summing together the patterns ofthe two individual wires, Proper alignment of the 
main lobes of the two wires requires an included angle, between the wires, of twice 
the radiation angle of each wire. If the radiation angle of the wire is В, then the appro- 
priate included angle is 28. To raise the pattern a few degrees, the 2B angle should be 
‘slightly less than these values. It is common practice to design a vee beam for a low 
frequency (e.g, 75-80- or 40-m bands), and then to use it also on higher frequencies. 
that are harmonies of the minimum design frequency. A typical vee beam works well 
over a very wide frequency range only ifthe included angle is adjusted to a reasonable. 
‘compromise. It is common practice to use an included angle that is between 35° and 
90", depending on how many harmonie bands are required. 

Vee beam patterns are based on an antenna height that is greater than a half- 
wavelength from the ground. At low frequencies, such heights will not be practical and 
yon must expecta certain distortion af the pattern because of ground reflection effects. 

Gain ona vee beam antenna is about 3 dB higher than the gain of the single-wire 
Jongwire antenna of the same size, and it is considerably higher than the gain of a 
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dipole (see Fig. 9-98). At three wavelengths, for example, the gain is 7 dB over a di- 
pole. In addition, there may be some extra gain because of mutual impedance 
feffeets—which сап be about 1 dB at 5A and 2 dB at 8. 

Nonresonant vee beams Like the single-wire longwire antennas, the vee beam 
сап be made nonresonant by terminating each wire in a resistance that is equal to 
the antenna's characteristic impedance (Fig. 9-10). Although the regular vee is a 
standing wave antenna, the terminated version is a traveling wave antenna and is 
thus unidirectional. Traveling wave antennas achieve unidirectionality because the 
terminating resistor absorbs the incident wave after it has propagated to the end of 
the wire. In a standing-wave antenna, that energy is reflected backwards toward the 
source, so it can radiate oppositely from the incident wave. 

Rhombic beams The rhombic beam antenna, also called the double vee, 
consists of two vee beams positioned end-to-end with the tips connected. The uni 
directional, nonresonant (terminated) rhombic is shown in Fig. 9-11. The unterm. 
mated resonant form gives approximately the same gain and directivity as a vee 
"beam of the same size, The nonresonant rhombic has a gain of about 3 dB over a 
vee beam of the same size (see Fig, 9-9 again). 

Two angles are present on the rhombic antenna, One-half of the included an- 
ale of the two legs of one wire is the tilt angle (0), while the angle between the 
two wires is the apex angle (8). A common rhombic design uses a tilt angle of 
10°, a length of GA for each leg (two legs per side), and a height above the ground 
of l in. 
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9:98. Gain versus length of vee beam and rhombiz beam antennas. 
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9-10 Nonresonant yee beam antenna. 


"The termination resistance for the nonresonant rhombic is 600 to 800 Q, and. 
‘must be noninductive, For transmitting rhombics, the resistor should be capable of 
dissipating at least one-third of the average power of the transmitter. For receive- 
only rhombies, the termination resistor can be a 2-W carbon composition or metal- 
film type. Such an antenna works nicely over an octave (21) frequency range. 


Beverage or “wave” antennas 
‘The Beverage ог wave antenna is considered by many people to be the best receive 
antenna available for very low frequency (VLF), AM broadcast band (ВСВ), medium. 
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9-11 Terminated rhombic antenna, 


wave (MW), or tropical band (low HF region) DXing. The Beverage was used by RCA 
at its Riverhead, Long Island (NY) station in 1922, and a technical description by Dr. 
H. H. Beverage (for whom it is named) appeared in OST magazine for November 
1922, in an article titled "The Wave Antenna for 200-Meter Reception,” In 1984, an 
edited and updated version of the 1922 article appeared in the same magazine. In 
1921, Paul Godley, under sponsorship of the American Radio Relay League, joumeyed 
to Scotland to erect a receiving station at Androssan, His mission was to listen for am- 
ateur radio signals from North America. As a result of politicking in the post-World 
War era, hams were consigned to the supposedly useless shortwave (û, < 20010), and 
it was not clear that reliable international communications were possible. Godley went. 
to Scotland to see if that could happen; he reportedly used a wave antenna for the task 
(today, called the Beverage), 

‘The Beverage antenna is a longuire of special design, more than one wavelength 
(12) Jong (Fig. 9-12), although some authorities maintain that 20.54 is minimally su 
ficient. The Beverage provides good directivity and good gain, but is not very efficient 


heehee Rese 4/14/01 2542 2M Paga 224 © 


226 Longwire directional antennas 


As а result, it is preferred for receiving, and Is less useful for transmitting, This js an 
example of how different attributes of various antennas make the Law of Reciprocity 
an unreliable sole guide to antenna selection, Unlike the regular longwire, which is of 
A different design, the Beverage is intended to be mounted close to the earth's surface 
(typically < 0.12); heights of 8 to 10 feet is the usual prescription, 

Figure 9-12 shows the basic single-wire Beverage antenna, It consists of a single 
conductor (no.16 to no wire, with no.14 being most common) erected about 8 to 10 it 
above ground, Some Beverages are unterminates (and bidirectional), but most of them. 
are terminated at the far end ina resistance R equal to the antenna’s characteristic im- 
pedance Z, The receiver end is also terminated in its characteristic impedance, but 
generally requires an impedance matching transformer to reduce the antenna imped- 
ance to the 50-0 standard impedance used by most modern transmitters. 

The Beverage works best in the low-frequency bands (VLF through MW), 
although at least some results are reportedly relatively easy to obtain up to 25 m 
(11.5 MHz). Some questionably successful attempts have been made at making 
Beverage antennas work as high as the 11-m Citizens Band or the 10-m ham band. 
(297 MHz) 

"The Beverage antenna works on vertically polarized waves arriving at low angles of 
incidence, Those conditions are normal in the AM BCB, where nearly ай transmitting 
antennas are vertically polarized. In addition, the ground- and sky-wave propagations 
found in these bands (VLE, BCB, and low HF) are relatively consistent. As the fre- 
quency increases, however, two factors become increasingly dominant, First, the likeli- 
hood of horizontal polarization increases because of the size of a wavelength at those 
frequencies. The polarization ofthe received signal not only changes in those bands, but. 
does so constantly when conditions are unsettled. I is the strong dependence or the 
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Beverage on relatively constant vertical polarization that makes me suspect the claims 
al Beverage-like performance above the 25- or even 31-m banda. 

‘The Beverage depends on being erected over poorly conductive зой, even 
though the terminating resistor needs a good ground. Thus, one source claimed that 
sand beaches adjacent to salty mashes make the best Beverage sites (a bit of an 
overstatement). Figure 9-15 shows why poorly conductive вой is needed, The E-field 
vectors are launched from the transmitting antenna perpendicular to the earth's sur- 
face. Over perfectly conducting sol, the vertical waves would remain vertical, But 
over imperfectly conducting soil, the field lines tend to bend close to the point of 
contact with the ground. As shown in the inset of Fig. 9-13, the bending of the wave 
provides a horizontal component of the E-field vector, and this provides the means 
of generating an RF current in the conductor wire. 

A debate among Beverage antenna fans regards the best length for the antenna, 
Some sources state that the length can be anything greater than or equal to 0.54, yet 
others say greater than or equal 07А is the minimum size. One camp says that the 
length should be as long as possible, while others say it should be close to a factor 
called the mazimun effective length (MEL), which is 


where 


MEL is the maximum effective length, in meters. 
Ais the wavelength, in meters 
Kis he velocity factor, expressed as a percent 


Misck, who may well be the leading exponent of the Beverage antenna, uses 
numbers like 1.6 to 1.74 over the L8- to 7.3-MHz region, and 0.53). to 0.562 an fre- 
‘quencies lower than 1.8 MHz. Doctor Beverage was once quoted as saying that the 
optimum length is 12 

Like the longwire antenna, the Beverage needs a termination resistor that is 
connected to a good ground. This requirement might be harder to meet on Beverage 
antennas because they work best over lossy ground, which doesn’t make a very good 
ground connection. As in the longwire case, insulated or bare wires, a quarter-wave- 
length Jong, make the best radials. However, a substantial improvement in the 
ground is possible using just bare wires measuring 15 to 20 ft long (whieh is much 
less than 2/4), buried in the soil just below the surface (far enough to prevent ero- 
sion from bringing it to the surface). Many articles and books on Beverages show 
ground rods of 2 or 3 ft long, which borders on the ridiculous. Poor soil requires 
longer ground rods, on the order of 6 to 8 ft. Copper-clad steel makes the best rods. 

In addition to the radials and ground rod, Misek also recommends using a wire. 
connection between the ground connection at the termination resistor, and the 
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943. Performance of Beverage antenna over different values of ground conductance. 


around connection at the receiver transformer (see again Fig. 9-12). According to 
Misck, this wire helps to stabilize the impedance variations at higher frequencies. 

Installation of the Beverage antenna is not overly critical if certain rules are fol- 
lowed. The antenna should be installed at a height of 6 to 10 f off the ground, and it 
should be level with the ground over ita entire length. If the ground is not fat enough 
to make a level installation possible, then try to use а height that is 6 to 10 ft above the 

ie terrain elevation along its run. A popular installation method is to erect 16-1 
4 x 4 lumber, such that 3 to 4 ft are buried in a conerete-filled posthole, Use lumber 
that is treated for outdoor use (Le, pressure-treated lumber sold for decks and 
porches, The wire can be fastened to the 4 x 4 posts using either ceramic standoff 
C'beehive") insulators or electric fence insulators (which same people deem prefer- 
able). Try to use one contiguous length of wire for the antenna, if possible, in order to 
avoid soldered splices and joints. 

Опе of the Beverage installation difficulties shared with the longwire is the need 
to slope down to à point where a termination resistor can be easily installed close to 
the ground. While the longwire can be sloped over a large portion of its length, the 
Beverage should be sloped downward only over the last 60 ft or so. 
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Steerable notch Beverage antennas 
A Beverage erected with two wires—parallel to each other, at the same height, 
spaced about 12 in apart (Fig. 9-14), with a length that is a multiple of a half-wave 
length—is capable of mut steering. That is, the rear null in the pattern can be 
steered over a range of 40° to 60". This feature allows strong, off-axis signals to be 
reduced in amplitude so that weaker signals in the main lobe of the pattem can 
be received, There are atleast two varieties of the steerable wave Beverage (SWB). 
If null steering behavior is desired, then a phase control circuit (РСС) will be 
required —consisting of a potentiometer, an inductance, and a variable capacitor in 
series with each other. Varying both the "pot" and the capacitor will steer the null 
You can select the direction of reception, and the direction of the mull, by using a 
switch to swap the receiver and the PCC between port A and port В. 
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This page intentionally left blank 


ali, 


Hidden and 
limited-space antennas 


ONE OF THE MOST SIGNIFICANT IMPEDIMENTS TO AMATEUR RADIO OPERATORS, CB. 
operators, and shortwave listeners is the space available for their antennas. In 
many thousands of other cases, the limitation is less one of space, but of regula- 
tors. More and more subdivisions are built with covenants on the deed that pro- 
hibit the buyer from installing outdoor antennas. Once limited to townhouse 
developments, where that breed of contemptible vermin (called the Homeowners. 
Committee) routinely intruded on the affairs of people who mistakenly think they 
"own" their townhouse (ownership implies right of use, which is limited by the 
covenants). These onerous covenants аге now routinely placed on single-family 
dwellings as well. In fact, it is the single most serious threat to amateur commu- 
nications people in the country today. Other homeowners are no longer angered. 
by the restriction on antennas because their television reception is now carried to 
them via cable systems in most parts of the county. Even where cable is not avail- 
able, most users can install a moderately sized television antenna in their atte, or 
use rabbit ears. In other cases, the townhouse community will instal a single mas- 
ter TY antenna and then distribute signals to each unit. The result is that the am- 
ateur radio operator, CB operator, and shortwave listener are left to fend for 
themselves without assistance from neighbors, 

In this chapter we will examine some of the alternatives available to those read- 
ers who have either а limited space situation (such as а small city lot), or are unable 
to move out of a subdivision where there are stupid rules against outdoor antennas, 
‘The suggestions contained in this chapter are not universal, and indeed the author 
recommends that you adapt, as well as adopt, these recommendations, and come up 
with some of your own. Creativity within the constraints of the laws of physics gov- 
erning radio antennas is encouraged, 
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Hidden antennas 


A hidden antenna is one that is either completely shielded from view or disguised as 
something else, Alternatively, you could also include in this category antennas that. 
are in semiopen view, but which are not too obvious (except to the trained and dili- 
gent eye). Some people have opted for “hidden” longwires made of very fine wire 
(no. 26 enameled wire is popular). The user will install the wire in the open, high off 
of the ground (аз in an apartment installation), and operate without anyone know- 
ing the difference. One chap used no, 22 wire suspended between two 16-story 
apartment house buildings that were 100 yards apart, He had one of the best work- 
ing Jongwires in town until а windy day when the whole thing came dawn, No one 
was injured; but had someone been hurt, there might have been a lawsuit. Hidden 
antennas must be designed with an eye toward causing others no harm. It is neither. 
ethical nor smart to place others at risk in enjoying our hobbies. 

"The dipole is a popular antenna with both shortwave listeners and amateur ra- 
dio operators. Indeed, for the CB operator who wants to get on the air from an apart- 
ment or townhouse (or restricted single-family home), the dipole can represent a 
respectable alternative 

As you learned in Chap. 6, the dipole is a horizontal wire (or pipe) antenna that. 


is a half-wavelength long and fed in the center (ideally) with 79-0 coaxial cable, In 
the “townhouse” dipole, it is possible to build the antenna entirely inside the attic of 
the building, The length of the dipole is given approximately by 

EE пол 


Ifyou do some quick calculations you will ind that antennas for the 10, 13-, 18. 
and (possibly) even 18- and 20-m bands, will ft entirely inside the typical townhouse 
attie. This statement is also true of the 11-m citizen's band antenna: It will fit inside 
the standard townhouse attic. But what about the lower frequency bands? 

Figure 10-1 shows a possible solution to the use of the lower frequencies in the 
townhouse situation. The two quarter-wavelength arms of the dipole are ideally 
stalled in line with each other, as was shown in the chapter on horizontal antennas. 
But in a sticky situation we can also instal the dipole with the artos bent to accom- 
modate the space available. In this example, only one of many possible methods for 
accomplishing this job is shown. Here each quarter-wavelength section is composed. 
of two legs, AB and CD, respectively. Ideally, segments B and С are the longest di- 
‘mensions. Also, if possible, make segments A and D equal lengths. Another method 
is to reverse the direction of one end leg, say for example D, and run it to the other 
corner of the building over the peak of the roof, 

‘The author is almost hesitant to offer only one drawing, despite space con- 
straints, in the fear that readers will take the offered pattern as the only authorized 
version, or solution. In reality, you might not be able (for a variety of reasons) to use 
the exact pattern shown (во ad lib a little bit). 

How about performance? Will the constrained dipole of Fig, 10-1 work as well as 
a regular dipole installed a wavelength or two off the ground and away from objects? 
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10-1 Installing dipole in attie 


Ina word: no, But that is not the problem being solved; getting on the ай at allis the 
present problem. You will find that the pattern of the constrained dipole is distorted 
‘compared with that of the regular dipole. In addition, the feedpoint impedance is not. 
going to be 73 Q (except if by Пике), so you will be required to use an antenna tunes 
of some kind. You are well advised to read the chapter on antenna instruments and 
‘measurements so that you ean be prepared to figure out any feed problems that crop 
‘up—as well they might. 

‘The wire used in the constrained dipole (or other forms of attic antenna) should 
be mounted on TV-type serew-in standoff insulators. Almost any outlet that sells TV 
antennas, or installation parts, will have them. These standoff insulators are also 
available in many hardware stores, and department stores that sell TV antennas or 

иту and Harriet Homeowner" supplies, in addition to electronics parts suppliers 
Do not simply tape the wire to the wooden underside of your roof, The reason is sim- 
pile: in a poorly tuned antenna, voltages ean get high enough at the ends to produce 
corona effects; arcing could be a fine hazard. Also, use insulated wire to avoid acci- 
dental contact in the event that someone is in the attic when you are operating. Be 
aware that the insulation might affect the propagation velocity of signals in the wire, 
soit will slightly alter the required length. 
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Another alternative for the attic antenna, and one that avoids some af the prob- 
lems of corona effects, is the nonresonant loop shown in Fig. 10-2. Although speci- 
fied as a top view, the loop ean be installed in the configuration that best uses the 
space. In fact, the best performance will be bidirectional when the loop is installed 
vertically. In this case, a large loop (as large as can be accommodated in the space 
available) is installed in the attic. Again, use standoff insulators and insulated wire. 
for the installation. 

"The giant loop is fed with parallel line, and is tuned with a balanced antenna t 
ing unit. As was true with the constrained dipole, the performance is not to be 
equated with the performance of more regular antennas; but, with the prospect of 
not being on the air at all... Once again we have a compromise antenna for a com- 
promising situation. 

Another ploy is the old "flagpole trick” shown in Fig, 10-3. Some developments al- 
low homeowners to vent their patriotism by installing flagpoles—and flagpoles can be 
disguised antennas. In the most obvious case, you can install a brass or aluminum Mg- 
pole and feed it directly from an antenna tuning unit. For single-band ope 
cially on the higher frequencies, you can delta-feed the “flagpole” unobtrusively, and 
call your flagpole a vertical antenna. But that is not always the best solution. 

Figure 10-3 shows two methods for creating a flagpole antenna, and both de- 
pend on using white PVC plumbing pipe as the pole. The heavier grades of PVC pipe 
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are self-supporting to heights of 16 to 20 ft, although lighter grades are not self- 
supporting at all (hence are not usable). 

Figure 10-3А shows the use of a PVC flagpole in which a no. 12 (or no. 14) wire is 
hidden inside. This wire is the antenna radiator, For some frequencies, the wire will be 
resonant, and for others, it will surely be nonresonant, Because of this problem an an- 

ng unit is used either at the base of the antenna or inside at the transmitter. 
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Ifthe wire is too long for resonance (as might happen in the higher bands), then place 
а capacitor in series with the wire. Various settings may be required, so use a multi- 
section transmitting variable that has a total capacitance selectable to more than 1000 
PF. Alternatively, use а vacuum variable capacitor of the same range. 

In cases where the antenna is too short for resonance, as will occur in the lower 
bands, insert an inductance in series with the line to “lengthen” it. Another alterna- 
tive is to use an L-section tuner at the feedpoint. 

А good compromise situation is the use of a 16- length of “flagpole” pipe with a 
16-foot wire embedded inside. The 16-foot wire is resonant at 20 m, so it will perform 
like a vertical antenna at those frequencies. The tuner will then accommodate fre- 
quencies above and below 20 m. 

Another alternative is the version shown in Fig. 10-88, In this case the wire ra- 
diator is replaced with a section of aluminum tubing. A wooden or plastic insert is 
fashioned with a drill and Ше to support the aluminum tubing inside the PVC tubing. 
One way to make the support is to use a core bit in an electric drill to cut ош a disk 
that fits snugly inside the PVC tubing. Rat out the center hole, left by the core bit 
lot, to the outside diameter of the aluminum tubing. The support can be held in place 
with screws from the outside, or simply glued in place. 

"The problem of operating with a hidden antenna isa serious challenge. But with 
some of these guidelines and a little creativity, you can get on the air and enjoy your 
amateur radio hobby. 


Limited-space antennas 


Many people live in situations where it is permissible to install an outdoor antenna, 
but it is not practical to install a full-size antenna. 1 once lived in a house that was 16 
ft wide and 37 ft long, on a 33 x 100-1 lot, Very few full-sized antennas could be in- 
stalled on that lot because of the space constraints. Beam antennas were out because 
county laws required that the antenna not hang over the property line. Although ver 
tical antennas were possible, there was a period of time when 1 used other antennas. 
that were easier to install In this chapter, you will examine some of the options open 
to those with limited space for amateur radio, CB, or SWL antennas. 

Once again we return the simple dipole as the basis for our discussion. In Fig 
10-4, you see several alternatives for installing an outdoor antenna ina limited space. In 
Fig, 10-4, the slanted dipole (or slipole) antenna uses the standard dipole configura- 
tion, but one end is connected to the high point of the building, while the other is a 
chored near the ground. The coaxial cable is connected to the midpoint of the antenna 
in the usual manner for regular dipoles. If the end of the dipole is within reach of peo- 
ple on the ground, then they may get а nasty RF burn if the antenna is touched while 

ing. Take precautions to keep people and pets away from this lower end. 
method is the vee dipole shown in Fig. 10-48. In a regular dipole in- 
stallation, the ends of the antenna are along the same axis (in other words, at an 
angle of 180°). In the example of Fig. 10-48, however, the angle between the ele- 
ments is less than 180°, but greater than 90°. In some cases we might want to bend 
the elements, rather than install them in a vee shape. Figure 10-40 shows an an- 
gled dipole with four segments. For the best performance (but not as good as that 
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of a regular dipole), make A = D and В = С. In all three examples, Figs. 10-4A 
through 10-40, you can expect to find the length needed for resonance varies 
somewhat from the standard 468/F y, value, and that the feedpoint impedance is 
other than 73 0. Also, the pattern will be distorted with respect to the regular di 

pole, Although these antennas do not work as well as a properly installed dipole 

the performance is sufficient to allow successful operation, 
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Another limited -space wire antenna is the (so-called) half-slope shown in Fig, 
10-4D, Although single-band versions are often seen, the example in Fig, 10-4D is a 
‘multiband version, Resonant traps separate the different band segments. This an- 
tenna operates like the vertical, but it is not omnidirectional. Also, the feedpoint im- 
pedance will be different from the regular vertical situation. If the impedance varies 
too much for comfort, insert an antenna tuner, such as the Transmateh, in the coax- 
ial line between the transmitter and the antenna, 

Figure 10-5 shows another antenna that's useful or limited-space situations. Al- 
though it is easily constructed from low-cost materials, the antenna is also sold by 
several companies under various rubries including’ “elif-dweller,” "apartment 
house,” "townhouse," or "travelers" antennas. The antenna consists of a 4- to 16-Rt 
section of aluminum or copper tubing. Some of the commercial antennas use a tele- 
‘scoping tubing that can be carried easily in luggage. As was true with the longwire, 
the window-sill antenna is tuned to resonance with an L-section coupler. 

"The L-section coupler must be tuned to produce the lowest possible VSWR, so 
either an RF power meter ora VSWR meter must be installed in the coaxial cable be- 
tween the transmitter and the tuner. Again, a good ground (or radial system) will 
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greatly improve the operation of this antenna. The performance should be consider- 
ably less than that of a good longwire, but it will work DX for you even on lower fre- 
‘quencies, Once again it is not the best antenna made, but it will get you on the ай, 

Figure 10-6 shows the use of mobile antenna for a fixed or portable location. 1 
used this type of antenna at one OTH to good effect. Mount a mobile antenna, such 
as the Hustler, on the window sil, or other convenient mount (at least one amateur 
radio operator uses опе mounted on the roof of the house). Grounding is essential 
for this antenna, as was also true for the longwire and window-sill antenna (Fig. 
10-5). The operation of this antenna is improved by installing at least two radials per 
band as a counterpoise ground. My installation worked well, even though only two 
radials were present. 

‘A directional rotatable dipole is shown in Fig. 10-7. This antenna is made from a 
pair of mobile antennas connected “back-to-back” on a horizontal length of х 2 
lumber and fed in the center with a coaxial cable. The end pieces of the mobile an- 
tenna set the resonance, and you must recognize that adjusting one requires a coun- 
tervalling adjustment of the other as well. 

"Two examples of helically wound antennas are shown in Fig. 10-8. In this type 
of antenna, an insulating mast is wound with a half-wavelength of antenna wire. The 
overall length of the antenna is considerably less than a half-wavelength, except at 
the highest frequencies. In order to dissipate the high voltages that tend to build up 
at the ends of these antennas, a capacitance hat is used. These "hats" are either disks 
(pie tins work well) ог rods of conductor about 16 to 24 in long. The version shown, 
in Fig. 10-8A is a vertical antenna, and like other verticals, it must be Installed over 
either a good ground or a counterpoise ground. The version shown in Fig. 10:88 is hor 
‘ontally polarized. 
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10-6 Use of mobile antenna as a window sill antenna. 


242 


Hidden and limited-space antennas 


107 Use of two mobil 


Short adjust 
‘whip for tuning 


41020 foot 
PVC pipe wrapped 
EM 
Fa ware 


Coax 


ennas as a rotatable dipole 


108A Н 


ally vertical antenna. 


Limited-space antennas 243 


Capacitance 
ats 


Dowel or plastic pipe 
wrapped with ware 


o 


This page intentionally left blank 


mis 


Directional phased 
vertical antennas 


THE VERTICAL ANTENNA IS A PERENNIAL FAVORITE WITH RADIO COMMUNICATIONS 
users. The vertical is either praised, or cursed, depending upon the luck of the 
owner. "DXabilty" is usually the criterion for judging the antenna's quality. Some 
amateurs can't get out of their backyards wiih a vertical, and they let everyone 
within earshot know that such and such a brand is no good. Yet, another person rou- 
tinely works New Zealand or Australia on 15 m using exactly the same brand of ver- 
tical. The proper installation of vertical antennas is dealt with in another chapter, so, 
for the present, let's look at another problem attributed to vertical antennas. 

"That problem is that vertical antennas are omnidirectional in the azimuth aspect; 
that is, they send out and receive equally well from all directions. Some people moan 
that this pattern dissipates their power, and gives them a weaker signal “out where it 
counts” (true). However, the main disadvantage of the omnidirectional pattern is noise. 
(QRN and ORM). "QRN" is natural noise from thunderstorms and other sources, 
“QRA is man-made noise, and ean consist of other stations or the many assorted forms 
of electrical filth that pollute the airwaves. All forms of noise, however, have one thing 
in common: they are directional with respect to the station. In other words, if you could 
null signals coming from the direction of the noise source (or undesired station), you. 
would be able to hear desired stations much better. A directional antenna performs this. 
task, во let's look at some vertically polarized directional antennas. 

“Although most amateurs seem to think that the effective radiated power (ERP) in- 
crease that the directional antenna gives them is the real reason to own one, the main. 
benefit is actually on receive. Think about it for a moment. With anywhere from 100 to. 
1500 W available, the increase or decrease in signal strength (due to the directivity of 
the antenna) results in a minimal difference on the receive end, especially during good, 
DX conditions. If we rotate the directional pattern, to null out interference, then we 
"usually find that the change in our signal strength perceived by the other guy is small 
the S meter reading of the desired station is minimally affected; but the amplitude of 
the interference source is greatly attenuated! The overall effect isan apparent increase: 
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in the other guy's signal, even though the В meter tells slightly diferent story. The im- 
provement of signal-to-noise ratio (SNR) is tremendously improved. 


Directivity and phasing 

So, howdoesa vertical antenna owner get the benefit of directivity without the kilobuck 
investment that a beam or quad costs? The usual solution is to use phased verticals, AM 
broadcast stations, with more than one tower, are using this type of system (although 
for diferent reasons than hame). The idea is to place two or more antennas in clase 
proximity and feed them at specific phase angles to produce a desired radiation pattem. 
A lot of material is available in the literature on phased vertical antenna systems, and it 
is far too nuch to be reproduced here, There are “standard patterns? dating from be- 
fore World War I that are created with diferent spacings and diferent phase angles of. 
feed current. In this chapter, we will consider only one system. 

Figure 11-1 shows the patterns fora pair of quarter-wavelength vertical antennas 
spaced а half- wavelength (180°) apart. Without getting into complex phase shifting 
networks, there are basically two phasings that are easily obtained: 0° (antennas in 
phase) and 180° (antennas out of phase with each other 

When the two antennas (A and В) are fed in phase with equal currents (Fig, 11- 
1A), the radiation pattern (shown somewhat idealized here) is a bidirectional figure S 
that is directionally perpendicular to the line of centers between the two antennas; this 
pattern is called a broadside pattern. A sharp null exists along the ine of centers (A-A). 

When the antennas are fed out of phase with each other by 180° (Fig. 11-18) 
the pattern rotates 90° (a quarter way around the compass) and now exhibits direc. 
tivity along the line of the centers (A-B); this is the “end fre" pattem, The interfer- 
ence canceling null is now perpendicular to line A-B. 

It should be apparent that you can select your directivity by selecting the phase 
angle of the feed currents in the two antennas. Figure 11-2 shows the two feeding 
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systems usually cited for in-phase (Fig. 11-24) and out-of-phase (Fig. 11-2) sys- 
tems. Figure 11-2A shows the coax [rom the transmitter coming to a coax tee con 
nector, From the connector to the antenna feedpoints are two lengths of coax (L, 
and L.) that are equal to each other, and identical, Given the variation between 
sasial cables, I suspect that it would work better if the two cables were not merely 
the same length (L, = L,), but also that they came from the same гой 
The second variation, shown in Fig. 11-28, supposedly produces a 180° phase 
shift between antenna A and antenna B, when length L. is an electrical half-wave 
length. According to a much-publicized theory, the system of Fig. 11-28 ought to 
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produce the pattem of Fig 1-18 yet experience shows this chim is false. It seems 
that there are several problems with the system in Fig 1-28, 

First, cox has a property called ̃ ⅜ęm§ꝑ is the fraction of the 
speed ot ight at which signals in the cable propagate. Tae Y decimal traction on | 
the order of 0.66 to 0.90; depending upon the туре of cos aed. Unfortunately the 
physical эрии between А and B sa rel паш ebam 492), but tic cr. 
bie lena is shorter by the velocity factor f= (Vp 492) IF 

Consider an example. A 18-8 phased vertical antenna system will have two 
%%% depending upon exact Ire- 
quency). If we use foam coax, wilh Vp = D80, the cable length is 08 x 22, or 
TE fin other words, despite lots of publicity, the cable wont fit between the 


Second, the patterns shown in Fig. 11-1 are dependent upon one condition: the 
antenna currents are equal. If both of them are the same impedance, and are fed 
from the same transmitter, then it is reasonable to assume that the currents are 
equal—right? No, wrong! What about coax los 
increases at higher frequencies, the power available to antenna B in Fig. 11-1B is less 
than the power available to antenna A. Thus, the pattern wil be somewhat distorted, 
because the current produced in B is less than the current in, when they should be 
equal 
"The first problem is sometimes fixed by using unequal lengths for cables L, and 
L, (Fig. 11-2A), and using it for the out-of-phase case. For example, if we make L, 
one-quarter wavelength and L, three-quarter wavelength (Fig, 11-20), antenna A is 
d with а 90" phase lag (relative to the tee connector signal), while antenna A is fed 
with a 270° phase shift. The result is still a 180" phase difference. Unfortunately, we 
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have not solved the current level problem, and may has made it worse by 
adding still more lossy cable to the system. 

‘There is still another problem that is generic to the whole class of phased verti- 
cals. Once installed, the pattern is fixed. This problem doesn't bother most point-to 
point commercial stations, or broadcasters, because they tend to transmit in only опе 
direction. But amateurs are likely to need a rotatable pattern. Neither the antennas in 
Fig. 11-1А nor that in Fig. 11-18 is rotatable without a lot of effort like changing the 
coax feeds, or physically digging up the verticals and repositioning them. 

Fortunately, there is a single solution to all three problems. Figure 11-8 shows à 
two<port phasing transformer made from a toroidal balun kt, Use the kind of kit that 
makes а 1:1 balun transformer. Although we are not making a balun, we will need 
‘enough wire to make three windings, and that is the normal ease for 1:1 baluns. Ami 
don Associates and others make toroidal balun kita. 

Wind the three coils in triflar style, according to the kit instructions. The dots in. 
Fig, 11-3 show the "sense" of the coils, and they are important for correct phasis 
call one end the “dot end” and the other end the “plain end” to keep them separate 
Ifthe dot end of the first сой is connected to J, (and the transmitter), then connect 
the dat end of the second coil to the 0° output (Л, which goes to antenna A). The 
third coil is connected to a DPDT RF relay or switch. In the position shown, 5, 
causes the antennas to be 180° out of phase. In the other position, the "sense" of the 
third сой is reversed, so the antennas are in phase 

Another phasing method is shown in Fig. 11-4. In this scheme, two convenient 
but equal, lengths of coaxial cable (L, and Z,) are used to carry RF power to the an- 
tennas. One segment (L) is fed directly from the transmitter's coaxial cable (L, 
while the other is fed from a phasing switch. The phasing switch is used to either by 
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11-34. Phasing transformer circuit 


pass or insert a phase-shifting length of coaxial cable (L,). For 180° phasing use the 
following equation to find the length (L): 


amv, 


шш 


where 
Lis the length of L, in feet 
Vp is the velocity factor (a decimal fraction) 
Faw is the operating frequency, in megahertz 


Some people use a series of switches to select varying amounts of phasing shift 
from 45° to 270". Such а switch allows them to select any number of other patterns 
for special stu 


360° directional array 


‘The phased vertical antenna concept can be used to provide round-the-compass 
control of the antenna pattern. Figure 11-5 shows how three quarter-vavelength 
verticals (arranged in a triangle that is a half-wavelength on each side) can be used 
to provide either end-fire or broadside patterns from any pair (А-Я, A-C, or £C). 
Any given antenna (A, В, or C) will be grounded, fed at 0”, or fed with 180°. The 
table in Fig. 11-5B shows the relative phasing for each direction that was labelled in. 
Fig. 11-5A Either manual phase changing or switch-operated phase changing can be 
used, although the latter is preferred for convenience. Some international showcase 
broadcasters use antenna arrays formed into two or more concentric circles of verti- 
cal elements, with one element at the center. Selection of elements and phasing de- 
termines directivity and gain. 
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CHAPTER 


Directional beam 
antennas 


"THE DIRECTIONAL REAM ANTENNA DOES SEVERAL JORS. FIRST, IT PROVIDES AN APPARENT 
increase in radiated power, because it focuses available transmitter power into a sin- 
dle (or at worst limited) direction. For this reason, a bidirectional dipole has a gain 
of approximately 2 dB over an isotropic radiator. Add one or more additional ele 
ments, and the focusing becomes nearly unidirectional, which increases the effec- 
tive radiated power (ERP) even more. Second, the beam increases the received 
signal available at the inputs of the receiver. Antennas are generally reciprocal, so 
they will work for receiving as they do for transmitting, Finally, the directivity of the 
beam antenna allows the operator to null interfering stations. In fact, iis the last at- 
tribute of the beam that is most useful on today's crowded bands. АШ in all, if your 
funds are too little to provide both increased RF power and a good antenna system, 
then spend what is available on the antenna—not on the power. 

In this chapter we will focus on directional antennas that can be built relatively 
easily. It is assumed that most readers who want a triband multielement Yagi will 
prefer to buy a commercial product, rather than build a homebrew model. The ma- 
terial herein concentrates on homebrew projects that are within the reach and 
capabilities of most readers, The first of these is not a beam antenna at all, but 
rather a rotatable dipolo. 


Rotatable dipole 


‘The dipole is a bidirectional antenna with a figure-8 pattern (when viewed from 
above). The dipole is a half-wavelength and is usually installed horizontally, although 

ertical hall-wavelength dipoles are known. Although the length of the dipole is too 
great for rotatability at the lower bands, itis within reason for the higher band. For 
example, the size of the halfwave dipole is approximately 16 ft on 10 m and 22 ft on 
15 m. Even the 33-ft length on 20 m is not unreasonable for amateur constructors, 
‘The length of the dipole is found from. 
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"This length is approximate because of end effects and other phenomena, so. 
some "cut and try” is required, 

Example 12.1 Find the length of a dipole antenna for a frequency of 24.930 
MHz in the 12m amateur radio band, 

Solution: 


паш 


E 


24930 MHz 

"The half-wave dipole is fed in the center by coaxial cable, Each element of the 
dipole is one-half of the overall length (or, in the example given, about 9.4 ft). 

Figure 12-1 shows a rotatable dipole that can be designed for use on 15, 12, and 
10 m. The radiator elements are made from 10-ft lengths of Yin aluminum tubing. 
‘The tubing is mounted on “beehive” standoff insulators, which in turn are mounted 
ona 4ft length of 2 X 2 lumber. The lumber should be varnished against weathering. In. 
areal pinch, the elements can be mounted directly to the lumber without the insulators, 
but this is not the recommended practi 

‘The mast is attached to the 2 X 2 lumber through any of several means. The pre- 
ferred method is the use of a Lin pipe flange. These devices are available at hardware 
stores under the names floor flange and right-angle flange 

"The 10-1 lengths of pipe are the standard lengths available in hardware stores, 
so it was selected as being closest to the required 22 ft for 15 m. A 0.14-pH loading 
coil is used at the center, between the elements, in order to make up for the short 
length. The dimensions of the сой are 4 to 5 turns, 05-in diameter, 4-in length. For low 
power levels, the coil can be made of no. 10 (or no. 12) solid wire—and, for higher lev- 
els, in copper tubing. 

There are two basic ways to feed the antenna, and these are shown in details 
A and Bin Fig. 12-1. The traditional method is to connect the coaxial cable (in parallel) 
across the inductor. This method is shown in Fig. 2-1, detail A. A second method is to 
link couple the сой to the ine through a one- to three-turn loop (as needed for imped- 
ance matching). This is the method that would be used for a toroidal inductor, 

Lower frequencies can be accommodated by changing the dimensions of the 
coil. The coil cannot be scaled, simply because the relative length of the antenna 
changes as the frequency changes. But itis possible to cut and try by adding turns to 
the сой, one tum at a time, and remeasuring the resonant frequency. Adding induc- 
tance to the coil will make the antenna usable on 17 m and 20 m, as well аз on 15 m. 

Another method for building a rotatable dipole for lower frequencies is to in- 
crease the element lengths. On 17 m, the overall length is approximately 27.4 ft, so 
each element length is 13.7 ft long. This length can be achieved by either of two. 
‘methods. First, adjacent sizes of aluminum tubing are designed so that the smaller 
Will bea slip-fit inside of the larger. What constitutes "adjacent sizes” depends on the 
Wall thickness, but for one common brand, the vent to the Jan size. You 
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12-1 Rotatable dipole antenna, Inset А shows conventional eed inset B shows transformer feed. 


‘can use two smaller lengths to make the larger lengths of pipe, and cut it to size. This 
method is only available to those readers who have a commercial or industrial met 
als distributor nearby, because the 16-f1 lengths are not generally available fro 
hardware stores 

Bands higher than 15 m (Le., 12 and 10 m) can be accommodated by using the 
101 lengths of tubing, but without the inductor. The tubing is cut to the desired 
halt wavelength size 


Yagi beam antennas 


A Yagi antenna is one member of a class of directional beam antennas that are pop- 
ular in the HF bands, Figure 12-2 shows the pattern (viewed from above) typical of 
the beam antenna. The antenna is located at point P and fires signals in the direction 
shown by the arrow. The beamwidth of the antenna is the angle а between the points 
‘on the main lobe that are —3 dE down from the center point С. 
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A perfect beam antenna will have only the main lobe, but that situation occurs anly 
in dreams. Al real antennas have both sidelobes and backlobes, also shown in Fig. 12-2. 
‘These lobes represent wasted power transmitted in the wrong direction during trans- 
mission and interference opportunities while receiving. The goal of the antenna 
designer is to increase the main lobe while decreasing the sidelobes and backlabes. 

Figure 12-3 shows, schematically the basic Yagi-Uda antenna (usually called 
simply Yagi). The driven element is а simple half-wavelength dipole fed in the 
center. There are two additional elements: reflectors and derectors. These are 
called parasitic elements because they are not directly excited by RF, but rather, 
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they receive energy radiated from the driven element and then reradiate it, The 
reflector is placed behind the driven element, and is typically about 4 percent 
longer than the driven element, The director is placed in front of the driven ele- 
‘ment (relative to the direction of propagation). The director is typically about 4 
percent shorter than the driven element. Although there is no fixed rule regard- 
ing the number of either reflectors or directors, it is common practice to use a sin- 
gle director and a driven element for two-element beams, and a single reflector 
and a single director, in addition to the driven element, for three-element beams. 
‘Again, additional reflectors ean be added for four- and more element beams, but 
standard practice calls for addition of directors instead. 
‘The length of the elements is given by 


n 1221 


where 
Lis the length, in feet 
F, the frequency, in megahertz 
а constant 
‘The spacing of the elements is typically from 0.15 to 0.308 wavelengths, al- 
are the most common values. 
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Example Calculate the approximate element lengths for a three-el 
m beam designed to operate on a frequency of 21.89 MHz. 
Solution: 


1. Driven element (K = 478) 
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3. Director (К = 461.5): 


4. Element Spacing (К = 142): L 
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2139 MHz 
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"The elements ofa rotatable beam antenna can be built in à manner similar to the 
rotatable dipole described earlier, In the beam antenna, however, a boom is needed 
between the elements to support them. The boom can be made of metal or wood. In. 
the ease of a metal boom, the driven element must be insulated from the boom, even 
though the parasitic elements can be mounted directly to it. In general, it is usually 
better to use wood asa matter of convenience. Metal boom antennas can be obtained 
from commercial sources. The wood boom is easy to build and maintain, even though 
a little less durable than a metal boom. 

The feedpoint impedance of a dipole is on the order of 72 Q in free space, al- 
though the actual impedance will vary above and below that figure for antennas 
close to the earth's surface. In addition, adding parasitic elements reduces the im- 
pedance even more. The feedpoint impedance of the antenna is too low to be 
directly fed with coaxial cable, so some means of impedance matching is needed. 
‘Some people feed the antenna through an impedance matching balun transformer 
Figure 12-4 shows the gamma match system. The driven element of the Yagi is not 
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broken in the center, as in the case of the simple dipole. The outer conductor, or 
shield, of the coaxial cable ia connected to the center point or the driven element 
‘The center conductor is connected to the gamma match element. The dimensions of 
the gamma mate are 


1. Gamma mateh length: 2/10 
2. Gamma match director: D/3 
3. Spacing of gamma match from driven element: L/70. 


where 
Lis the length of the driven element 
Dis the diameter of the driven element 


‘The capacitor in series with the center conductor of the coaxial cable has a value 
of approximately 8 pF per meter of wavelength at the lowest frequency in the band 
of operation, or approximately, 


pF 1231 


‘The capacitor must be a high-voltage transmitting variable type. In general, the 
gamma match capacitors are either air or vacuum variables. 

‘There are three aspects to the adjustment of the Yagi antenna. Resonance is de- 
termined by the length of the element. The length is increased or decreased in order 
to find the resonant point. This point can be determined by the use of a noise bridge, 
VSWR meter or other means. The capacitor, and the shorting bar/clamp, are ad- 
Juste to match the impedance of the antenna to the transmission line impedance, 
For the dimensions shown, the coaxial cable should be 52 0 (RG-58 or RG-$). 

itis not necessary to use tubing or pipes for the antenna elements in order to obtain 
the benefits of the Yagi beam antenna. An example of a wire beam is shown in Fig. 12-5. 
"The wire beam is made as if it were two half-vavelength dipoles, installed parallel to and 


about 0.2 to 0.25 wavelengths apart from each other. Although multielement wire beams 

are possible, the two-element version is the most common. Perhaps the most frequent 
i 
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ве of the wire beam antenna оп the lower bands (e.g, 40 m and 75/80 m) where ro- 
tatable beams are more difficult to build. 


20-m ZL-special beam 


‘The antenna shown in Fig. 12-6 is a close relative of the Yagi beam. It consists of a 
pair of folded dipoles, mounted approximately 0.12 wavelengths apart, The elements 
are 305 ft in length, and the spacing is 7.1 fl. The elements can be built from alu- 
minum tubing if the antenna is to be rotatable. Alternatively for a fixed antenna, the 
elements can be made of 300-0 television-type twin lead. IF the tubing type of con- 
struction is selected, then make the size of the tubing, and its spacing, sufficient for 
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where 

Z, isthe impedance of the line (300 0) 

‘Sis the center-to-center spacing of the pa 

dis the diameter of the conductors. 

‘The two halt-vavelength elementa of the ZL-special are fed 135° out of phase 
with each other, The feedline is connected to one of the dipoles directly; and then to 
the other through a length of 300-0 twin lead that has an electrical length of about 
45° (М8) 

‘The feedpoint impedance is on the order of 100 to 150 Q, so it will make а good 
match to either 52- or 75-0 coaxial cable if a 2:1 impedance matching transformer is 
used. 


rallel conductors on the elements 


Cubical quad beam antenna 


"The cubical quad antenna is a one-wavelength square wire loop. t was designed in 
the mid-1940s at radio station HCJB in Quito, Ecuador, HCJB is a Protestant mis- 
sionary shortwave radio station with worldwide coverage. The location of the station 
is at a high altitude. This fact makes the Yagi antenna less useful than it is at lower 
altitudes. According to the story, HCJB originally used Yagi antennas. These ant 
nas are fed in the center at a current loop, so the ends are high-voltage loops. In the 
thin air of Quito, the high voltage at the ends caused corona arcing, and that arcing 
periodically destroyed the tips of the Yagi elements. Station engineer Clarence 
Moore designed the cubical quad antenna (Fig. 12-7) to solve this problem. Because 
it is a full-wavelength antenna, each side being a quarter wavelength, and fed at a 
‘current loop in the center of one side, the voltage loops accur in the middle of the 
adjacent sides—and that reduces or eliminates the arcing. The elements can be fed 
in the center of a horizontal side (Figs. 12-7A and 12-8A), in the center of a vertical 
side (Fig. 12-88), or at the comer (Fig. 12-80), 

‘The antenna shown in Fig. 12-7A is actually а quad loop rather than a cubical 
quad. Two or more quad loops, only one of which needs to be fed by the coax, are 
used to make a cubical quad antenna. If only this one element is used, then the an- 
tenna will have а fgure-8 azimuthal radiation pattern (similar to a dipole). The quad 
loop antenna is preferred by many people over a dipole for two reasons. First, the 
‘quad loop has a smaller "footprint" because it is only a quarter-wavelength on each 
side (A in Fig, 127A). Second, the loop form makes it somewhat less susceptible to 
local electromagnetic interference (EMD. 

‘The quad loop antenna (and the elements of a cubical quad beam) is mounted 
to spreaders connected to a square gusset plate. At one time, carpets were wrapped 
around bamboo stalks, and those could be used for quad antennas, Those days are 
gone, however, and today ît îs necessary to buy fiberglass quad spreaders. A nube: 
of kits are advertised in ham radio magazines, 

‘The details for the gusset plate are shown in Fig. 12-78. The gusset plate is made 
of a strong insulating material such as fiberglass or Y-in marine-grade plywood. It is 
‘mounted to а support mast using two or three large U bolts (stainless steel to pre- 
vent corrosion). The spreaders are mounted to the gusset plate using somewhat. 
smaller U bolts (again, use stainless steel U bolis to prevent corrosion damage). 
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12-8 Feed options for the quad. 


‘There is а running controversy regarding how the antenna compares with other 
beam antennas, particularly the Yagi. Some experts claim that the cubical quad has 
a gain of about 1.5 to 2 dB higher than a Yagi (with a comparable boom length be- 
tween the two elements). In addition, some experts claim that the quad has a lower 
angle of radiation. Most experts agree that the quad seems to work better at low 
heights above the earth's surface, but the difference disappears at heights greater 
than a half-wavelength. 

‘The quad can be used as either а single-element antenna or in the form of a 
beam. Figure 12-9 shows a pair of elements spaced 0.13 to 0.22 wavelengths apart. 
Опе element is the driven element, and it is connected to the enaxial-eable feedline 
directly. The other element is a reflector, во it isa bit longer than the driven element. 
A tuning stub is used to adjust the reflector loop to resonance. 

Because the wire is arranged into a square loop, one wavelength long, the actual 
length varies from the naturally resonant length by about 3 percent. The driven 
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One method for the construction of the quad beam antenna is shown in 
Fig, 12-10. This particular scheme uses a -in wooden plate at the center. 
bamboo (or fiberglass) spreaders, and a wooden (or metal) boom, The construc- 
tion must be heavy-duty in order to survive wind loads, For this reason, itis prob- 
ably a better solution to buy a quad Kit consisting of the spreaders and the ce 
structural element, 
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More than one band can be installed on a single set of spreaders. The size of the 
spreaders is set by the lowest band of operation, so higher frequency bands can 
be accommodated with shorter loops on the same set of spreaders. 

‘This quad antenna isan example of a multielement, large loop antenna. Additional 
information on large loops, but not in à beam antenna array, is found in Chap. 14. 


Inverted bobtail curtain (Thorne array) 


‘The bobtail curtain antenna is a fixed array consisting of three individual quarter. 
wavelength elements spaced a half-wavelength apart, and fed from the top by а 
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shorting element or wire. The inverted bobtail curtain, or Thorne array, consists 
ofan upside down bobtail curtain as shown in Fig. 12-11. The radiator elements are. 
each а quarter wavelength long. Their lengths are found from 


E 


12.81 


"The lengths of spacing between the elements are exactly twice above the value, 
am 


D" 


129 


"The antenna is fed at the base of the center element, through а parallel resonant. 
tuner. The capacitor is a 100- to 200-pF transmitting variable, while the inductor is 
set to resonate at the band desired (with the capacitor at half to three-quarters full 
capacitance). A loop or link coupling scheme connects the tuner to the transmission 
line 


An alternate feed method (Fig. 12-12) worked out by the late J. H. Thorne. 
(KANFU/5), feeds the end elements from the shield of the coaxial cable, and the cen. 
ter element of the array is fed from the center conductor of the coaxial cable. А coax- 
ial impedance-matehing section is used between the cable transmitter and the 
antenna feedpoint 


12-11 Inverted bobtail curtain. 
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CHAPTER 


Antennas for 
shortwave reception 


HOUGH MOST OP THIS BOOK ADDRESS THERE IS A 
certain body of material that pertains purely to receiving antennas. This material 
also needs to be addressed, and that is the function of this chapter. There are two 
readers in mind for this chapter. First, and foremost, is the shortwave listener 
(SWL). Second, however, is the amateur radio operator who wants to either use a 
separate receiving antenna on the main station receiver or use an ancillary receiver. 
(common among DXers). 


The law of reciprocity 


Antennas possess a property called reciprocity, That isa fancy way of saying that. 
antenna works on reception the same way it does for transmission. Although articles 
occasionally appear in the literature claiming an HF or VHF design which violates the 
law of reciprocity, to date all have depended on either variable definitions, false 
premises, or faulty measurements. There is even a school of thought that falsely 
argues against antenna reciprocity based on an ionospheric anomaly in which prop- 
agation depends on the direction traveled (see the end of Chap. 2). The bottom line 
of reciprocity, for the SWL, is that every antenna described in this book can be also 
used with equal results on receive. For example, a half-wavelength dipole works 
equally well as a receiver antenna, or as a transmitter antenna. 


Which properties are important? 


Selecting а receiver antenna is a function of several factors, Assuming that you. 
want more than a simple longwire (which we will deal with shortly), you will want 
to home in on the properties desired for your particular monitoring application, Is 
the antenna to be fixed or rotatable? Do you want omnidirectional or directional re- 
ception? In which plane? What about gain? 
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What about gain? What is gain, for that matter? The concept of antenna gain de- 
rives from the fact that directional antennas focus energy. Two kinds of gain figure 
are often quoted: gain referenced to a dipole antenna on the same frequency, and 
ваш relative to a theoretical construct called an isotropre radiator: In the isotropic 
сазе, the reference radiator to which the antenna is compared is a spherical point. 
source that radiates equally well in all directions. The dipole exhibits a figure-8 radi- 
ation and reception pattern, 

"The gain of an antenna is merely the ratio (usually expressed in decibels) of the 
power radiated in a given direction by two antennas (Le, the reference antenna and 
the test antenna). I an antenna gain is listed as °8-dB gain over isotropic,” this 
‘means that, in the ditection specified, the power radiated is 8 dB higher than the 
‘same total power applied to an isotropic radiator, 

So, of what use is antenna gain? Two answers immediately present themselves. 
First, by accumulating more signal, the antenna essentially makes your receiver 
‘more sensitive. Note that the gain of the antenna does not create a higher powered 
signal, it merely increases the apparent signal power by focusing energy from a given 
direction. And, note well that guén implies directivity, Any antenna that claims to 
provide gain, but that is truly omnidirectional in all planes, is a fraud. The funda- 
‘mental assumption is that gain implies directivity. 

‘The concept of directivity (hence also of gain) is often taken to mean Aorizon- 
tal directivity, which is the case of a dipole antenna, But all forms of antenna radi- 
ate in three-dimensional space. Azimuth angle of radiation, and elevation angle of 
radiation, are both important. Certain 2-m vertical antennas are listed as "gain a 
tennas,” yet the pattem in the horizontal direction is 360" implying omnidiee 
tional behavior. In the vertical plane, however, lost energy is compressed into a 
smaller range of elevation angles, so gain occurs by refocusing energy that would 
have been radiated at a higher than useful angle. 

‘The second application of directivity is in suppressing interfering signals. On 
the regular AM and FM broadcast bands, channelization permits receiver selectiv- 
ity to overcome adjacent channel interference in most cases, But in the HF amateur 
radio and international broadcast bands, channelization is either nonexistent, 
poorly defined, or ignored altogether: In these cases, interfering "adjacent" channel 
signals can wipe out a weaker, desired station. Similarly, with cochannel interfer- 
ence (ie, when both stations are on the same frequency), two or more signals 
compete in a “dog fight” that neither will ever totally win. Consider Fig, 13-14. As- 
sume that two 9540-kHz signals, S, and s, arrive at the same omnidirectional ver- 
tical antenna, Either both signals will be heard, or the stronger signal will drown 
out the weaker signal. 

Now, consider Fig. 13-18, Here, a dipoleis used as the receiving antenna, soa lit- 
tle directivity is obtained. The main lobes of the dipole are wide enough to provide 
decent reception of signal S, even though the antenna is positioned such that S, is 
not along the maximum line (dotted). But the positioning shown places the interfer- 
ing cochannel signal (S,) in the null off the ends of the dipole, so it weakens it con- 
siderably. The result will be enhanced reception of S, In Fig. 13-18, the idea is not 
to exploit the ability of the gain antenna to increase the level of $. Indeed, by plac- 
ing the antenna as shown, we are not getting S, levels as high as might otherwise be 
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possible. The idea here is to place the unwanted signal (S,) into the “notch” in order 
to make it considerably weaker. Note that the notch is sharper than the peak of the 
main lobe. If the dipole is placed on a mast, with an antenna rotator, this ability is in- 
creased even more. 

Another antenna parameter, of considerable interest, is angle of radiation û, 
Which (by reciprocity) also means angle of reception, Because HF propagation over 
Jong distances is created by skip phenomena, the angle at which the signal hits the 
ionosphere becomes extremely important. Figure 13-2 shows two situations from 
the same station, Signal S, has a high angle of radiation (o), во its skip distance (D,) 
is relatively short. On signal S, however, the angle of radiation (a, is low, o the skip 
distance (D.) is much longer than D, 

So which situation do you want in your antenna? The impulsive answer would be 
the long distance angle of radiation (a), but that is often wrong. The correct answer 
is: "It depends!" The desired angle of radiation i а Function of whether you want to 
receive a station from point А or point B. 

"The angle of radiation of the antenna is fixed by its design, that is, by antenna 
physics, The desired angle is а function of the ionospherie properties at the time of 
interest, and the operating frequency. For this reason, some well-equipped radio 
hobbyists have several antennas, of differing properties, to enhance their listening 


Connection to the receiver 


It’s simply too naive to state, 1 suppose, but lets do it anyway: An antenna must be 
properly connected to the receiver before it can be effective. If your antenna uses 
coaxial cable, and the receiver accepts coax, then no discussion is needed: Attach 
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the proper coax connector and plug in. But in other cases, no 
as are used. 

‘There are two major forms of antenna input connector used on shortwave re- 

ers, One form uses two (or three) screws intended for either wrapped wire leads 
‘or spade lugs, while the other is one or more varieties of coaxial connector. This sec- 

tion cavers how each type is connected to а single-wire antenna lead-in. 

Consider first the screw-type connector (Fig. 13-34), Depending upon the de 
sign, there will be either two or three screws. If only two screws are found, then. 
one is for the antenna wire and the other is for the ground wire. These serews will 
be marked something like “A/G” or "ANT/GND,” or with the schematic symbols for 
antenna and ground, 

Türec-screw designs are intended to accommodate balanced transmission lines 
such as twin lead, or parallel ladder line, Shortwave listeners can sometimes use or- 
dinary ae line cord (called 2ipcord) as an antenna transmission line, Zipeord has an 
impedance that approximates the 75-2 impedance of a dipole. When parallel lines of 
any type are used, connect one lead to A1 and the other to A2. Of course, the ground 
terminal (G) is connected to the earth ground, 

For single-lead antenna lines connect a jumper wire or bar (Le, a short piece of. 
bare no. 22 solid hookup wire) between A2 and G. This jumper converts the bal- 
anced input line to unbalanced. The A2/G terminal is connected to earth ground, 
while A1 is connected to the single-lead antenna wire. 


coaxial-cable anten- 
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Оп receivers that use an S0. Alb coaxial connector, we can use either of two tech- 


niques to connect a single-lead wire. First, we ean obtain the mating PL- 


59 plug, and 


solder the antenna lead to the center conductor pin. The PL-259 connector is then 
screwed into the mating 50-239 chassis connector. Regardless of the type of coaxial 


connector, howeve 


the mate ean be used for the antenna lead wire. But for 80-230. 


connectors another alternative is also available. Figure 13-98 shows a "banana plug" 


attached to the lead wire and inserted into the receptacle of the SO-239. 


DANGER! 


V RF pot 


itive re 


tance of C, is about 2.7 МО for 60-Hz ac, so at least 


the most to expect is а fire, and your possible electrocution. 


13 
Such a transformer is standard practice in 
dard practice in your house, 


Certain low-cost receivers, especially older vacuum-tube models, have a so-called. 
ac/dc or transformerless internal de power supply. On most receivers, the de com- 
mon is the chassis, which also serves as the RF signal common. But on ac/de mod- 
els the neutral wire of the ac power line serves as the do common, and it is kept. 
floating as a "counterpoise" ground above the chassis ground used by the RF sig- 
nals. A capacitor (C, in Fig, 13-4) sets the chassis and counterpoise ground at 0- 
itil, while keeping the counterpoise isolated for de and 60 Hz 
danger exists if either the ac plug is installed backwards or someone plugs the 
socket in the wall incorrectly (often happenst). Even if C, is intact, a nasty shock 
сап be felt by touching the antenna ground (G or GND) terminal, The capac- 


happen. But if that capacitor is shorted, which is likely on older receivers, then. 
the bite is considerably worse, and might even prove fatal. The problem, in that. 
b case, is that reversed ac line polarity will set the hot line from the ac socket on the 
Т ground lead. The least to expect is massive fireworks and a possible fire hazard; 


"The usual advice given to owners of such radios is to make sure that C, is in- 
fact before using the radio. 1 prefer a better solution: buy, install, and use a 
0:120 Vac isolation transformer to isolate your receiver from the ac power lines. 
repair shops, and it should also be stan- 
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Wire antennas 


"This section reviews simple wire antennas that are suitable for the reception of 
shortwave signals, although not necessarily for transmitting, Once again, you are re- 
minded that the law of reciprocity permits you to use any transmitting antenna 
found in other chapters for receiving also. 

Figure 13-5 shows the common receiving longwire. The antenna element should 
be 30 to 150 ft in length. Although most texts show it horizontal to the ground (and 
indeed, a case can be made that performance is better that way), it is not strictly 
necessary. If you must slope the wire, then ît is doubtful that you will notice any re- 
ception problems. 

‘The far end of the wire is attached to а supporting structure through an insulator 
and a rope, The support structure can be another building, a tree, ог а mast installed 
especially for this purpose, Chapter 28 deals with antenna construction practices. 

Wind will cause motion in the antenna wire and its supporting structure. Over 
time, the wind movement will fatigue the antenna wire and cause it to break. Also, if 
a big enough gust of wind (or a sustained storm) comes along, then even a new a 
tenna can either sag badly or break altogether. You can do either of two things to re- 
duce the problem. First, as shown in Fig. 13-5, a door spring can be used to provide 
a little variable slack in the wire. The spring tension is selected to be only partially 
expanded under normal conditions, so wind will increase the tension, and stretch 
the spring. Make sure that the spring is not too strong to be stretched by the action 
of wind on the antenna, or no good is accomplished. 
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13.5 Longwire SWL antenna, 


Another tactic is to replace the spring with a counterweight that is heavy enough 
to keep the antenna nearly taut under normal conditions, but not so heavy that it 
fails to move under wind conditions. In other words, the antenna tension should cx- 
actly balance the counterweight under normal conditions, and not be too great that. 
it stretches the antenna wire excessively 

‘The antenna wire should be either no. L2 or no. 14 hand-drawn copper, ot Copper 
weld stranded wire. The latter is actually steel-core wire, but has a copper coating 
on the outside, Because of skin effect, RF signals flow only in the outer copper coa 
ing. Soft-drawn copper wire will stretch and break prematurely, so it should be 
avoided. 

"The downlead of the antenna must be insulated, and it should also be stranded 
wire (which breaks ess easily than solid wire). Again, no. 12 or no. 14 wire should be 
used, although no. 16 would be permissible, The point where the downlead and an- 
tenna are joined should be soldered to prevent corrosion of the joint. Mechanical 
strength is provided by proper splicing technique (see Fig. 13-6). Do not depend an 
the solder for mechanical strength, for it has none. 

There are several ways to bring a downlead into the building. First, if you can 
tolerate a slight crack in the junction of the sash and sil, then run the wire under- 
neath the sash and close the window, Alternatively, you can buy a fat strap connec- 
tor to pass under the window. This method is electrically the same as running the 
lead, but is mechanically nicer. Chapter 28 deals with several methods, and should 
be consulted. 


Grounding 


‘The ground lead should be a heavy conductor, such as heavy wire or braid. The 
shield stripped from RG-8 or RG-11 coaxial cable is suitable for most applications. 
For reception purposes only, the ground may be a cold-water pipe inside the house. 
Do not use the hot-water pipes (which are not well grounded) or gas pipes (which 
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13-6 Construction details. 


are dangerous to use). Also, be aware that residential air conditioner liquid lines look 
like copper cold-water pipes in some cases. Don't use them, Chapter 29 deals with 
grounding, 

"The lightning arrester is a safety precaution, and it must be used! Its purpose is 
to supply an alternative path to ground in the event of a lightning strike. Although at 
least one text calls the arrester optional, it is not. Besides the obvious safety reasons 
(which are reason enough), there are also legal and economie reasons for using 
the arrester, Your local government building and/or fir codes might require a light- 
ning arrester for outdoor antennas, Also, your insurance company might not honor 
your homeowner's policy if the lightning arrester (required by local code) is not. 
used. The antenna lightning arrester is not optional, so use it. 

WARNING! DO NOT EVER ATTEMPT TO INSTALL AN ANTENNA BY CROSS- 
ING A POWER LINE! EVER! NO MATTER WHAT YOU BELIEVE OR WHAT YOUR 
RIENDS TELL YOU, IT'S NEVER SAFE AND IT COULD KILL YOU. 

"The rest of this discussion touches on antennas, other than the receiver long- 
wire. Because construction details are similar, we will not repeat them, You are, by 
the way, encouraged to also read Chap. 28 to glean more details on antenna con- 
struction methods. 


The flattop antenna 
‘The “Пайор” antenna is shown in Fig, 13-7. This antenna isa relative of the Iongwire, 
with the exception that the downline is at the approximate center of the antenna. 
section. The flattop should be at least a half-wavelength (492/F y.) at the lowest fr 
quency of operation. The advantage of the Mattop is that it allows the maximum use 
of space in the configuration shown. 


Vertical antennas 


It is also possible to build shortwave listener antennas in vertical polarization. 
Figure 13-8 shows one version of this type of antenna. The support (which could. 
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be a tree or building) should have enough height to be at least a quarter- 
wavelength on the lowest frequency of operation. The antenna is fed at the base 
with coaxial cable, The center conductor of the coax is connected to the antenna. 
element, and the shield is connected to the ground rod at the base of the structure. 
You are encouraged to see Chap. 10, which deals with limited space and hidden an- 
tennas, for a different version of this antenna. It is possible to install the wire (or 
multiple wires of different lengths) inside of a length of PVC plumbing pipe. The 
pipe serves as the support structure, and the conductors are placed inside. 

Different lengths of eonductor are required for different bands of operation. You. 
сап calculate the length (in feet) required for quarter-wavelength vertical antennas. 
from L,-246/F,,. Figure 13-9A shows how several bands are accommodated from. 
the same feediine on the same support structure. In this particular case eight differ- 
ent antenna elements are supported from the same tee bar. Be sure to insulate them. 
from each other, and from the support structure. Again, PVC piping can be used for. 
the support. Another method for accommodating several different bands i to tie the 
upper ends of the wires to a sloping rope (as in Fig. 13-98) 


Wire directional antenna 


A directional antenna has the ability to enhance reception of desired signals, while re- 
Jecting undesired signals arriving from slightly different directions, Although 
directivity normally means a beam antenna, or at least a rotatable dipole, there are cer- 
tain types of antenna that allow fixed antennas to be both directive and variable. See 
Chap. 7 for fixed but variable directional antennas and Chap. 11 for fixed and non-vari- 
able directive arrays. Those antennas are transmitting antennas, but they work equally 
жей for reception, This section shows a crude, but often effective, directional antenna 
that allows one to select the direction of reception with pin plugs or switches 

Consider Fig. 13-10. In this case, a number of quarter-wavelength radiators are 
fanned out from a common feedpoint at various angles from the building. At the near 
fend of each element is a female banana jack, A pair of balanced feedlines from the 
receiver (300-0 twin lead, or similar) are brought to the area where the antenna el- 
ements terminate. Each wire in the twin lead has a banana plug attached. By select- 
ing which banana jack is plugged into which banana plug, you can select the 
directional pattern of the antenna. If the receiver is equipped with a balanced an- 
tenna input, then simply connect the other end of the twin lead direction to the 
receiver. Otherwise, use one of the couplers shown in Fig, 13-11. 

Figure 12-11A shows а balanced antenna coupler that is tuned to the frequency of 
reception. The сой is tuned to resonance by the interaction of the inductor and the ca- 
расйог. Antenna impedance is matched by selecting the taps on the inductor to which the 
feedline в attached. A simple RF broadband coupler is shown in Fig, 13-118, This trans- 
former is wound over a ferrite core, and consists of 12 to 24 tums of no. 26 enameled 
wire, with more turns being used for lower frequencies, and fewer for higher frequen- 
cies. Experiment with the number of tums in order to determine the correct value. Al- 
-mativel, use a 1:1 balun transformer instead of Fig, 13-118; the type intended for 
amateur radio antennas is overkill powerwise, but it wil work nicely. 


4/10/01 3:34 PM Page 26 


284 Antennas for shortwave reception 


13-10 Directional SWL antenna (view from above) 


‘The antenna of Fig. 13-10 works by phasing the elements so as to null, or en- 
hance (as needed), certain directions. This operation becomes a little more flexible 
if you build a phasing transformer, as shown in Fig. 13-11C and 13-11D. Windings L, 
L., and L, are wound "uriflar” style onto a ferrite core. Use 14 turns of no. 26 enami 
eled wire for each winding. The idea in this circuit is to feed one element from coil 
L, in the same way all of the time, This port becomes the 0° phase reference. The 
ther port, B is fed from a reversible winding, so it can either be in phase or 180* out 
ot phase with port A. Adjust the DPDT switch and the banana plugs of Fig. 13-10 for 
the best reception. 
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Large wire loop antennas 


THERE ARE TWO BASIC FORMS OF LOOP ANTENNAS: SMALL AND LARGE. THESE TWO TYPES 
have different characteristics, work according to different principles, and have dif- 
ferent purposes. Small loops are those in which the current flowing in the wire has 
the same phase and amplitude at every point in the loop (which fact implies a very 
short wire length, e, less than 0.24). Such loops respond to the magnetic field com- 
ponent of the electromagnetic radio wave. A large loop antenna has a wire length 
greater than 0.2%, with most being either 1/2, 1A, or 2А. The current in a large loop 
varies along the length of the wire ina manner similar to other wire antennas. 


M2 large loops 


‘The performance of large wire loop antennas depends in part on their size. Figure 14-1 
shows a half-wavelength loop (1e, ne in which the four sides are cach M long). There 
ше two basic configurations for this antenna: continuous (S, closed) and open 
(S, open). In both cases, the feedpoint it the midpoint of the side opposite the switch 

The direction of the main reception, or radiation lobe (Le, the direction of max- 
imum reception), depends on whether S, is open or closed. With $, closed, the main 
lobe isto the right (solid arrow); and with S, open, itis to the left (broken arrow). Di- 
rection reversal can be achieved by using a switch (or relay) at S, although some 
people opt for unidirectional operation by eliminating 5, and leaving the loop either 
open or closed 

"The feedpoint impedance is considerably diferent in the two configurations. In 
the closed-loop situation (Le, 5, closed), the antenna can be modeled ав if it were a 
hale wavelength dipole bent into а square and fed at the ends. The feedpoint (X, X.) 
impedance is on the order of 2 kQ because it occurs at a voltage antinode (current 
node). The current antinode (Le, fy) il 5, on the side opposite the feedpoint. An 
antenna tuning unit (ATU), or RF impedance transformer, must be used to match the 
lower impedance of the transmission lines needed to connect to receivers 

"The feedpoint impedance ofthe open-loop configuration (5, open) is low because 
the current antinode occurs at X-X,- Some texts list the impedance as "about 50 7 
but my own measurements on several test oops were somewhat higher (about 700) 
In either case, the open loop is a reasonable match for either 52- or 7-02 coaxial able. 


Copyright 2001 - the McGraw-Hill Companies 287 


288 Large wire loop antennas 


| 


> Direction of main lobe (8, closed) 


РЕ Direction of main lobe (Sy open) 


14-1 Half-wave square loop antenna with reversal switch 


Neither М2 loop configuration shows gain over a dipole. The figure usually 
quoted is —1-dB forward gain (Le., a loss compared with a dipole), and about 6-dB 
front-to-back ratio (FBR). Such low values of FBR indicate that there is no deep 
notch (null) in the pattern. 

A lossy antenna with a low FBR seems like a born loser, and in most eases it is. 
But the M2 loop finds a niche where size must be constrained, for one reason or 
another. In those cases, the M2 loop can be an alternative. These antennas can be 
considered limited-space designs, and can be mounted in an attic, or other limited- 
access place, as appropriate 

A simple trick will change the gain, as well as the direction of radiation, of the 
closed version of the N2 loop. In Fig. 14-2, a pair of inductors (L, and L) are m. 
serted into the circuit at the midpoints of the sides adjacent to the side containing 
the feedpoints. These inductors should have an inductive reactance X, of about 360 
am the center of the band of operation. The inductance of the coil is 
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36x10 
DN 


naa] 


where 
Lis the coil inductance, in microhenrys (HH) 
Fi is the midband frequency, in hertz (Hz) 


Example Find the inductance for the coils in a loaded half-wavelength closed- 
Joop antenna that must operate in a band centered on 10.125 MHz. 

Solution: 

Note: 10.125 MHz = 10,125,000 Hz] 


3x 10° 
Ze (10,125,000 Hz) 


ин 


‘The coils force the current antinodes toward the feedpoint, reversing the direc- 
tion of the main lobe, and creating a gain of about +1 dB over a half-wavelength 
dipole. 

‘The currents flowing in the antenna can be quite high, so when making the 
coils, be sure to use a size that is sufficient for the power and current levels antici- 
pated. The 2- to 3-in BAW Air-Dux style coils are sufficient for most amateur radio 
‘use. Smaller coils are available on the market, but their use is limited to low-power 
situations, 
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14 Use of inductive loading 19 reduce the size of antena, and make the pattern more 
uniform 
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1A large loops 


If size is not forcing you to а A/2 loop, then а 1А loop might be just the ticket, It 
produces a gain of about +2 dB over a dipole in the directions that are perpen- 
dicular to the plane of the loop. The azimuth patterns formed by these antennas 
are similar to the figure-8 pattern of the dipole. Three versions are shown: the square 
loop (Fig. 14-3), the diamond loop (Fig. 14-4), and the delta loop (a.k.a. D-Inop and. 
triangle—Fig. 14-5). The square and diamond loops are built with N/ on each 
side, and the delta loop is АЗ on each side. The overall length of wire needed to 
build these antennas is 


1005 


F 


[m 


‘The polarization of the three loop antennas is horizontal, because of the location 
of the feedpoinis, On the square loop, moving the feedpoint to the middle of either 
vertical side will provide vertical polarization. Similarly, on the diamond loop vertical 
polarization is realized by moving the feedpoint to either of the two adjacent apexes. 
On the delta loop, placing the feedipoint at either of the two other apexes produces 
а diagonal polarization that offers approximately equal vertical and horizontal polar- 
ization components. 


> 
—— 


14-8. Quarter-wavelength square loop (single-element quad). 
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The feedpoint impedance of the ТА loop is around 100 Q, so it provides a slight 
mismatch to 75-0 coax and а 2:1 mismatch to 62-0 coax. A very good match to 5242 
coax can be produced using the scheme of Fig. 14-6. Here, a quarter-wavelength 
coaxial cable matching section is made of 75-0 coaxial cable. The length of this ca 
ble should be 


246V 
= 114.31 
where 
Lowe is the length, in feet (В) 
Vis the velocity factor of the coax 
Бу. the frequency, in megahertz (MHz) 
‘The impedance Z, of the cable used for the matching section should be 
2. 11441 


ToX, and Xa 
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where 
Z, is the characteristic impedance of the coax used in the matching section, in 
ohms 
Z, is the feedpoint impedance of the antenna, in ohms 
7 is the source impedance (Le, the 52-Q characteristic impedance of the line to 
the receiver in standard systems) 


When Eq. 14,4 is applied to this system, where Z, = 52 0, Z, = 1000: 


VOTO EE 145] 


‘This is a very good match to 75-0 coaxial cable. 


Demiguad loop antenna 


‘The demiquad is a single-clement 1X quad antenna. The length of the antenna 
like the cubical quad beam antenna (see Chap. 12), one wavelength. Figure 14- 
shows a type of demi-quad based on the tee-cross type of mast 

‘The impedance-matching section is a quarter-wavelength piece of 75-0 coaxial 
cable (RG-58/U or RF-11/U). The length of the matching section is determined from: 


2461 


114.6] 


where 
Lis the overall length, in feet 
F, is the frequency, in megahertz 
VI the velocity factor of the coaxial cable (typically 06 


0.70, ог 0.80) 


Delta loop 


‘The delta loop antenna, like the Greek uppercase letter "delta" (A) from which it 
draws its name, is triangle-shaped (Fig, 14-8). The delta loop is a full wavelength, 
with elements approximately 2 percent longer than the natural wavelength (like the 
quad). The actual length will bea function of the prosimity and nature or the unde 
lying ground, so some experimentation is necessary. The approximate preadjust- 
ment lengths of the sides are found from: 
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‘The delta loop antenna is fed from 824 coaxial cable through a 4:1 balun trans- 
former. The delta loop can be built in a fixed location, and will offer a bidirectional 
pattern. 
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Half-delta sloper (HDS) 


"The half-delta sloper (HDS) antenna (Fig, 14-9) is similar to the full delta loop, ex 
cept that (like the quarter wavelength vertical) half of the antenna is in the form of 
ап "image" in the ground. Gains of 1.5 to 2 dB are achievable. The HDS antenna 
‘consists of two elements: а N3-wavelength sloping wire and a M6 vertical wire (on. 
ап insulated mast), or а M6 metal mast. Because the ground currents are very im- 
portant, much like the vertical antenna, either an extensive radial system at both 
ends is needed, or a base ground return wire (buried) must be provided. 

‘The HDS will work on its design frequency, plus harmonics of the design 
frequency. Fora fundamental frequency of 5 MHz, a vertical segment of 33 ft and a 
sloping section of 66 ft is needed. The lengths for any frequency are found from 


EE 
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and 


114.10] 


‘The HDS is fed at one corner, close to the ground. If only the fundamental 
frequency is desired, then you can feed it with 52.0 coaxial cable, But at har- 
monics, the feedpoint impedance changes to as high as 1000 Q. If harmonic oper- 
ation is intended, then an antenna tuning unit (ATU) is needed at point A to 
match these impedances, 


Bisquare loop antenna 


‘The bisquare antenna, shown in Fig, 14-10, is similar to the other large loops, ex- 
cept that it is V2 on each side, making a total wire length of two wavelengths. This 
antenna is built like the diamond loop shown earlier (Le, it is a large square loop fed 
at an apex that is set at the bottom of the assembly). In this ease, the loop is fed ei- 
ther with an antenna tuning unit (to match a 1000-0 impedance) or a quarter-wave- 
length matching section made of 300-0 or 450-0 twin-lead transmission line. A 1:1 
balun transformer connects the 75-0 coaxial cable to the matching section, 
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Each side is 


square loop 


14-10 Bisquare 


$ Matching section 
14 BALUN 
transformer 
52 Соза 
cable to receiver 
‘The bisquare antenna offers as much as 4-48 gain broadside to the plane of the 
antenna (le. in and out of the book page), in a Bgure-8 pattern, on the design fre 
‘quency, It is horizontally polarized, When the frequency drops to one-half of the de- 
2 dB, and the antenna works like the 


sign frequency, the gain drops to about 
diamond loop covered previously 
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Chapter 


Small loop 
receiving antennas 


Radio direction finders and people who listen to the AM broadcasting bands, VLF, 
mediumavave, or the so-called low-frequency tropical bands are all candidates for a 
small loop antenna. These antennas are fundamentally different from large loops and 
other sorts of antennas used in these bands, Large loop antennas have a length of at 
least 0.5, and most are quite a bit larger than 0.3X, Small loop antennas, on the other 
hand, have an overall length that is less than 0.22, with most being less than 0.10, 

‘The small loop antenna responds to the magnetic field component of the electro- 
magnetic wave instead of the electrical field component. One principal difference be- 
tween the large loop and the small loop is found when examining the RF currents. 
induced ina loop when a signal intercepts it. In a large loop, the current will vary from. 
one point in the conductor to another, with voltage varying out of phase with the cur- 
rent. In the small loop antenna, the current is the same throughout the entire loop. 

"The differences between small loops and large loops show up in some interest- 
ing ways, but perhaps the most striking is the directions of maximum response—the 
main lobes—and the directions of the nulls. Both types of loops produce figure-8 
Patterns but in directions at right angles with respect to each other. The large loop 
antenna produces main lobes orthogonal, at right angles or “broadside,” to the plane 
of the loop. Nulis are off the sides of the loop. The small loop, however, is exactly the 
‘opposite: The main lobes are off the sides of the Joop (in the direction of the loop. 
plane), and the nulls are broadside to the loop plane (Fig. 15-1A). Do not confuse. 
small loop behavior with the behavior of the loopstick antenna. Loopstick antennas. 
are made of cols of wire wound on a ferrite or powdered-iron rod. The direction of 
maximum response for the loopstick antenna is broadside to the rod, with deep nulls 
off the ends (Fig. 15-18). Both loopsticks and small wire loops are used for radio di- 
rection-Gnding and for shortwave, low-frequency medium-wave, AM broadcast 
band, and VLF listening, 

‘The nulls of loop antenna are very sharp and very deep. Small changes of point- 
ing direction can make a profound difference in the response of the antenna. If you. 
point a loop antenna so that its null is aimed at a strong station, the signal strength of 
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15-1. Large loop antenna. 


the station appears to drop dramatically at the center of the notch. Turn the antenna. 
ошу а few degrees опе way or the other, however, and the signal strength increases. 
sharply. The depth of the null ean reach 10 to 15 dB on sloppy loops and 30 to 40 dB 
оп well-built loops (30 dB isa very common value). I have seen claims of 60-dB nulls 
for some commercially available loop antennas. The construction and uniformity of 
the loop are primary factors in the sharpness and depth of the null 
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15-18 Loopstick antenna. 


At one time, the principal use of the small loop antenna was radio direction-find- 
ing, especially in the lower frequency bands. The RDF loop is mounted with a соль 
pass rose to allow the operator to find the direction of minimum response, The null 
was used, rather than the peak response point, because it is far narrower than the 
peak. As a result, precise determination of direction is possible. Because the null 
ds bidirectional, ambiguity exists as to which of the two directions is the correct 
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direction. What the direction-finder “finds” is a line along which the station exists, If 
the line is found from two reasonably separated locations and the lines of direction 
are plotted on a map, then the two lines will cross in the area of the station, Three or 
more lines of direction (a process called triangulation) yields a pretty precise 
knowledge of the station's actual location. 

"Today, these small loops are stil used for radio direction-finding, but their use 
has been extended into the general receiving arena, especially оп the low frequen- 
cles. One of the characteristics of these bands is the possibility of strong local inter- 
ference smothering weaker ground-wave and sky-wave stations, As a result, you 
cannot hear cochannel signals when one of them is very strong and the other is 
weak. Similarly, if a cochannel station has a signal strength that is an appreciable 
fraction of the desired signal and is slightly different in frequency, then the two sig- 
nals will heterodyne together and form a whistling sound in the receiver output. The 
frequency of the whistle is an audio tone equal to the difference in frequency be- 
tween the two signals. This is often the case when trying to hear foreign BCB signals. 
on frequencies (called split froquencies) between the standard spacing, The direc- 
tional characteristics of the loop can help ifthe loop null is placed in the direction of 
the undesired signal, 

Loops are used mainly in the low-frequency bands even though such loops are 
either physically larger than high-frequency loops or require more turns of wire. 
Loops have been used as high as VHF and are commonly used in the 10-m ham band 
for such activities as hidden transmitter hunts. The reason why low frequencies are. 
the general preserve of loops is that these frequencies are more likely to have sub- 
stantial ground-wave signals. Sky-wave signals lose some of their apparent directiv- 
ity because of multiple reflections. Similarly, VHF and UHF waves are likely to reflect 
from buildings and hillsides and so will arrive at angles other than the direction or 
the transmitter As а result, the Joop is less useful or the purpose of radio direction- 
finding. If your goal is not RDF but listening to the station, this is hardly a problem. 
A small loop can be used in the upper shortwave bands to null а strong local ground- 
wave station in order to hear a weaker sky-wave station. Finally, loops can be useful 
in rejecting noise from local sources, such as  "leaky" electric power Ше ora neigh- 
bons outdoor light dimmer, 

Let's examine the basic theory of small loop antennas and then take a look at 
some practical construction methods. 


Grover's equation 


Grover's equation (Grover, 1946) seems closer to the actual Inductance measured in. 
empirical tests than certain other equations that are in use. This equation is 


ep 
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E W+Db aN 
—— in mre O 
а is the length of a loop side, in centimeters (em) 
b is the loop width, in centimeters (em) 


«nans 


3:29 PM Page 303 © 


Air core frame loops ("box” loops) 303 


ıı is the number of turns in the loop 
K, through К, are shape constants and are given in Table 15-1 
In is the natural log of this portion of the equation 


Air core frame loops (“box” loops) 


A wire loop antenna is made by winding a large coil of wire, consisting of one or more 
tums, on some sort of frame. The shape of the loop can be circular, square, triangu- 
lar, hexagonal, or octagonal. For practical reasons, the square loop seems to be most 
Popular. With one exception, the loops considered in this section will be square, so 
уой can easily duplicate them. 

"The basic form of the simplest loop is shown in Fig. 15-2. This loop is square, 
with sides the same length A all around. The width of the loop (E) is the distance 
from the first tur to the last turn in the loop, or the diameter of the wire if only one 
turn is used. The turns of the loop in Fig. 15-2 are depth wound, meaning that each 
turn of the loop is spaced in a slightly different parallel plane. The turns are spaced 
evenly across distance В. Alternatively, the loop can be wound such that the turns 
are in the same plane (this is called planar winding). In either case, the sides of the 
loop (4) should be not less than five times the width (В). There seems to be little dif- 
ference between depth- and planar-wound loops. The far-field patterns of the differ- 
ent shape loops are nearly the same if the respective cross-sectional areas (më for 
circular loops and А“ for square loops) are less than 100, 

‘The reason why а small loop has a null when its broadest aspect is facing the sig- 
nal is simple, even though it seems counterintuitive at first blush. Take a look at Fig 
15-3. Here, we have two Identical small loop antennas at right angles to each other 
Antenna A is in line with the advancing radio wave, whereas antenna В is broadside 
to the wave. Each line in the wave represents a line where the signal strength is the. 
same, Le, an “Isopotential line.” When the loop is in line with the signal (antenna A), 
there isa difference of potential from one end of the loop to the other, so current ean. 
be induced in the wires. When the loop is turned broadside, however, all points on. 
the loop are on the same potential line, so there is no difference of potential between 
segments of the conductor. Thus little signal is picked up (and the antenna therefore 
secs a null). 

"The actual voltage across the output terminals of an untuned loop is a function. 
of the angle of arrival of the signal a (Fig. 15-4), as well as the strength of the signal 
and the design of the loop. The voltage V, is given by 


Table 15-1. Shape constants 


Shape K, E 
Tangle 0000 1155 0055 018 
Square 0008 1414 0308 033 
Hexagon 0012 200 0055 0130 
Octagon 0016 2613 0794 00715 
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18:2. A simple loop antenna 


2mANE cos (a) 
x 


where V is the output voltage of the loop. 

А is the area of the loop, in square meters (n) 

Nis the number of turns of wîre in the loop 

E, is the strength of the signal, in volts per meter (V/m) 

a is the angle of arrival of the signal 

A is the wavelength of the arriving signal 

Loops are sometimes specified in terms of the effective height of the antenna. 

‘This number is a theoretical construct that compares the output voltage of a small 
loop with a vertical piece of the same kind of wire that has а height of 


m. 


Ifa capacitor (such as C, in Fig. 15-2) is used to tune the loop, then the output 
voltage V, will rise substantially: The output voltage found using the first equation is 
multiplied by the loaded Q of the tuned circuit, which can be from 50 to 100: 

ANE,Q cos (a) 
n 


Even though the output signal voltage of tuned loops is higher than that of un- 
tuned loops, itis nonetheless low compared with other forms of antenna. As a result, 
a loop preamplifier usually is needed for best performance. 
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15-3 Two small loop antennas at right angles to cach other. 
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15-4 An untuned loop antenna 
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Transformer loops 


It is common practice to make a small loop antenna with two loops rather than just 
one. Figure 15-5 shows such a transformer loop antenna, The main loop is built ex- 
actly as discussed above: several turns of wire оп а large frame, with a tuning capac- 
itor to resonate i to the frequency of choice. The other loop is a one- or two-turn 
coupling loop. This loop is installed in very close proximity to the main loop, usually 
but not necessarily) on the inside edge not more than a couple of centimeters away. 
"The purpose of this loop is to couple signal induced from the main loop to the re- 
ceiver at a more reasonable impedance match. 

"The coupling loop is usually untuned, but in some designs a tuning capacitor 
(C.) is placed in series with the coupling loop. Because there are many fewer turns. 
‘on the coupling loop than on the main loop, its inductance is considerably smaller. As 
A result, the capacitance to resonate is usually much larger. In several loop antennas 
constructed for purposes of researching this chapter, I found that a I5-turn main 
loop resonated in the АМ BCB with a standard 385-pF capacitor, but the колит 


MULTETURN 
TUNING LOOP" 


1 OR 2 TURN 
COUPLING LOOP 


e 
15-5 A transformer loop antenna, 
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‘coupling loop required three sections of a ganged 3 х 365-pF capacitor connected in 
parallel to resonate at the same frequencies, 

In several experiments, I used computer ribbon cable to make the loop turns, 
‘This type of cable consists of anywhere from 8 to 64 parallel insulated conductors 
arranged in а Mat ribbon shape. Properly interconnected, the conductors of the rib- 
‘bon cable form a continuous loop. It is no problem to take the outermost one or two 
conductors on one side of the wire array and use them for a coupling loop. 


Tuning schemes for loop antennas 


Loop performance is greatly enhanced by tuning the inductance of the loop to the 
desired frequency. The bandwidth of the loop is reduced, which reduces front-end 
overload. Tuning also increases the signal level available to the receiver by a factor 
of 20 to 100 times. Although tuning can be a bother if the loop is installed remotely 
from the receiver, the benefits are well worth it in most cases. 

‘There are several different schemes available for tuning, and these are detailed 
in Fig, 15-6. The parallel tuning scheme, which is by far the most popular, is shown 
in Fig. 15-64. In this type of circuit, the capacitor (C,) is connected in parallel with 
the inductor, which in this case is the loop. Parallel resonant circuits have а very high. 
impedance to signals on their resonant frequency and a very low impedance to other 
frequencies. As a result, the voltage level of resonant signals is very much larger than. 
the voltage level of off-frequency signals. 

‘The series resonant scheme is shown in Fig. 15-68, In this circuit, the loop is 
connected in series with the capacitor. A property of series resonant circuits is that 
they offer a high impedance to all frequencies except the resonant frequency (ex: 
actly the opposite of the case of parallel resonant circuits). As а result, current from 
the signal wall passthrough the series resonant circuit at the resonant frequency, but 
off-frequency signals are blocked by the high impedance. 

‘There isa wide margin for error in the inductance of loop antennas, and even the 
precise-looking equations to determine the required values of capacitance and in- 
Auetance for proper tuning are actually only estimations, The exact geometry of the 
Joop “as built” determines the actual inductance in each particular case. As a result, 
it is often the case that the tuning provided by the capacitor is not as exact as de- 
sired, so some form of compensation is needed. In some cases, the capacitance re- 
{quired for resonance is not easily available in a standard variable capacitor, and some 
means must be provided for changing the capacitance. Figure 15-8C shows how this 
is done. The main tuning capacitor can be connected in either series or parallel with 
other capacitors to change the value. If the capacitors are connected in parallel, then 
the total capacitance is increased (all capacitances are added together). Ifthe extra 
‘capacitor is connected in series, however, then the total capacitance is reduced. The 
extra capacitors ean be switched in and out of a circuit to change frequency bands, 

‘Tuning of a remote loop сап be a bother if it is done by hand, so some means 
must be found to do it from the receiver location (unless you enjoy climbing into the 
attic or onto the roof). Traditional means of tuning called for using а Iow-rpm de mo- 
tor, or stepper motor, to turn the tuning capacitor. A very popular combination was 
the little 1- to 12-rpm motors used to drive rotating displays in retail store show 
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15-6 Various tuning schemes: (A) parallel, (8 se 
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‘windows. But this approach is not really needed today, We can use varactor voltage- 
variable capacitance diodes to tune the circi. 

‘A varactor works because the junction capacitance of the diode is a function of 
the applied reverse-bias voltage. A high voltage (such as 30 V) drops the capaci- 
tance, whereas а low voltage increases it. Varactors are available with maximum ca- 
pactances of 22, 33, 60, 100, and 400 pF. The latter are of most interest to us 
because they have the same range as the tuning capacitors normally used with loops 

Figure 15-7 shows how a remote tuning scheme can work with loop antennas. 
‘The tuning capacitor is a combination of a varactor diode and two optional capaci- 
tors: a fixed capacitor (Cj) and а trimmer (C,). The de tuning voltage (V) is pro- 
vided from the receiver end from a fixed de power supply (V+). A potentiometer 
(Ris used to set the voltage to the varactor, hence also to tune the Joop. A de block- 
ing capacitor (С) keeps the de tuning voltage from being shorted out by the receiver 
input circuitry. 


The sports fan's loop 


OK, sports fans, what do you do when the best game of the week is brondeast anly 
on а low-powered AM station and you live at the outer edge of their service area 
where the signal strength leaves much to be desired? You use the sports fan's loop. 
antenna, that's what! I first learned of this antenna from a friend of mine, a profes- 
sional broadcast engineer, who worked at a religious radio station that had a pip- 
squeek signal but lots of fans. It really works—one might say č а miracle, 

"The basic idea is to build a 16-turn, fh. cr tuned loop and then place the AM. 
portable radio at the center so that its loopstick is aimed such that its null end is 
broadside of the loop. When you do so, the nulls of both the loop and the loopstick 
are in the same direction. The signal will be picked up by the loop and then coupled. 
to the radio's loopstick antenna. Sisteen-conductor ribbon cable can be used for 
‘making the loop, For an extra touch of class, place the antenna and radio assembly 
ona dining room table lazy Susan to make rotation easier. А 385-рЁ tuning capacitor 
is used to resonate the loop. Ifyou listen to only one station, then this capacitor can 
be a trimmer type. 


Shielded loop antennas 


‘The loop antennas discussed thus far in this chapter have all been unshielded types. 
Unshielded loops work well under most circumstances, but in some cases thelr pat- 

sm is distorted by interaction with the ground and nearby structures (trees, build- 
ings, ete). In my own tests, trips to a nearby field proved necessary to measure the 
depth of the null because of interaction with the aluminum siding on my house. Fig- 
‘ure 15-8 shows two situations. In Fig. 15-8A we see the pattern of the normal "free 
space" loop, Le. а perfect figure-8 pattern. When the loop interacts with the nearby 
environment, however, the pattern distorts, In Fig. 15-8B we see some filling of the 
notch for a moderately distorted pattern. Some interactions are so severe that the 
Pattern is distorted beyond all recognition. 
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15-8A A normal “free space“ loop. 


LOOP, 


15-48 Filling of the notch. 


‘The solution to the problem is to reduce interaction by shielding the loop, as in 
Fig, 15-9. Loop antennas operate on the magnetic component of the electromagnetic 
wave, so the loop сап be shielded against voltage signals and electrostatic interac- 
tions. In order to prevent harming the ability to pick up the magnetic field, а gap is 
left in the shield at one point. 

‘There are several ways to shield a loop. You 
adhesive-backed copper-foll tape. Alternatively, 
toil and hold it together with tape. Another method is to ins 
per or aluminum tubing frame. Or—the list seems endless. 


n, for example, wrap the loop in 
you can wrap the loop in aluminum. 
t the loop inside a cop. 


Using a loop antenna 


Most readers will use a loop for DXing rather than hidden transmitter hunting, navi- 
sation, or other RDF purposes. For the DXer, there are actually two uses for the 
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15-9 Shielding the loop. 


loop. One is when you are a renter or ive in a community that has routine covenants 
against outdoor antennas. In this situation, the loop will serve as an active antenna 
for receiving АМ BCB and other low-frequency signals without the neighbors or 
landlord becoming РЕЈ (“purple-faved jerks"). 

"The other use is illustrated by the case of a friend of mine. He regularly tunes in 
clear channel WSM (650 kHz, Nashville) in the wee hours between Saturday evening 
(Grand Ole Opry” time) and dawn. However, this “clear” channel of WSM is not re- 
ally so clear, especially without a narrow filter in the receiver. He uses a loop antenna 
to null out a nearby 630-kHz signal that made listening a bit dicey and сап now tape 
his 19408-19505 vintage country music 

I is not necessary to place the desired station directly in the main lobes off the 
ends of the antenna but rather to place the nulls (broadside) in the direction of the 
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offending station that you want to eliminate. So what happens if the offending sta- 
tion and the desired station are in a direct line with each other and your receiving lo- 
cation is in the middle between them? Both nulls and lobes оп a loop antenna are 
bidirectional, so а пш on the offending station also will null the desired station in the 
‘opposite direction, 

One method is to use a sense antenna to spoil the pattern of the loop to a car- 
diaid shape. Another method is to use a spoiler loop to null the undesired signal The 
spoiler loop is а large box loop placed 1 to 3 ft (found experimentally) behind the re- 
ception loop in the direction ofthe offending signal. This method was first described 
by Levintow and is detailed in Fig. 15-10. The small loopstick may be the antenna in- 
side the receiver, whereas the large loop is а box loop such as the sports fanis loop. 
"The large box loop is placed about 38 to 100 em behind the loopstick and in the di- 
rection of the offending station. The angle with respect to the Ше of centers should 
be 60" to 90°, which also was found experimentally. It is also possible to use twa air 
core loops to produce an asymmetrical receiving pattern. 


Sharpening the loop 
Many years ago, the Q-multiptier was a popular add-on accessory fora communica 
tions receiver, These devices were sold as Heathkits, and many construction projects 
could be found in magazines and amateur radio books, The Q-multiplier has the ef 
{ect of seeming to greatly increase the sensitivity of a receiver, as well as greatly re- 
ducing the bandwidth of the front end, Thus it allows better reception of some 
stations because of increased sensitivity and narrowed bandwidth 

‘A G-multiplier is an active electronic circuit placed at the antenna input of a re- 
ceiver. It is essentially an Armstrong oscillator, as shown in Fig. 15-11, that does not 
‘quite oscillate, These circuits have a tuned circuit C/C ) at the input ofan amplifier 
stage and a feedback coupling loop (L,). The degree of feedback is controlled by the 
coupling between L, and L The coupling is varied by varying both how close the 
two coils are and their relative orientation with respect to each other. Certain оће 
circuits use a series potentiometer in the L, side that controls the amount of feed- 
buck 

"The Q-multiplier is adjusted to the point that the circuit is just on the verge of 
oscillating, but not quite. As the feedback is backed away from the threshold of os- 
«Шайоп, but not too fa, the narrowing of bandwidth occurs, as does the increase in 
sensitivity. It takes some skill to operate a Q-multiplier but it easy to use once you 
get the hang oft and is a terrific accessory for any loop antenna 


Loop amplifier 

Figure 15-12 shows the circuit for a practical loop amplifier that can be used with ei- 
ther shielded or unshielded loop antennas. It is based on junction field effect tran- 
sistors (JFET) connected in cascade. The standard common-drain configuration is 
used for each transistor, so the signals are taken from the source terminals. The 
drain terminals are connected together and powered from the +12-V de power 
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1541 A Q-multplier. 


supply. A 22 uh bypass capacitor is used to put the drain terminals of Q, and Q, at 
ground potentia for ac signals while keeping the de voltage from being shorted out. 

"The two output signals are applied to the primary of a centertapped trans 
former, the center tap of which is grounded. To keep the de on the source terminals 
from being shorted through the transformer winding, a pair of blocking capacitors. 
(C, C.) is used. 

"The input signals are applied to the gate terminals of ©, and Q, through de 
blocking capacitors C, and С, A pair of diodes (D, D.) is used to keep high-ampli- 
tude noise transients from affecting the operation f thie amplifier. These diodes are 
connected back to back in order to snub out both polarities of signal 

"Tuning capacitor C, is used in lieu of the capacitor in the loop and is used to res- 
‘nate the lop toa specifie frequency: Its value can be found from the equation give 
earlier. 

"The transistors used for the push-pull amplifier (9, Q.) can be nearly any ge 
eral-purpose JFET device (MPP-102, MPF-104, tc.. A practical approach for many 
people is to use transistors from service replacement lines, such as the NTE-312 and 
NTE-316 devices. 
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Special problem for VLF/LF loops 


A capacitance is formed whenever two conductors are side by side. A coil produces 
‘capacitance as well as inductance because the turns are side by side, Unfortunatel 
with large multiturn loops, this capacitance can be quite large. The "distributed ca- 

sel-resonance with the inductance, The loop does. 
at frequencies above the self-resonant point, so it is sometimes impor- 
the self-resonance to a point where it does not affect operation at the 
desired frequencies. 

Figure 15-13 shows a solution that raises the self-resonant point. The turns are. 
broken into two or more groups and separated by a space, This method reduces the 
effective capacitance by placing the capacitances of each group of wires in series 
with the others. 


SPACE 


oe gt 


4 A a 


WINDINGS 
16-13 Raising the selfresonant point. 
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Coaxial-cable loop antennas 


One of the more effective ways to make a shielded loop is to use coaxial cable. Fig- 
ше 15-14 shows the circuit of such a loop. Although only a single-turn loop is shown, 
there can be any number of turns. One reader made a 100-kHz LORAN (a navigation 
system) loop using eight turns of RG-59/U coaxial cable on an 8-1 diameter. 

Note the special way that the coaxial cable is connected. This method is called 
the Faraday connection after the fact that the shield of the coax forms a Faraday 
shield. At the output end, the center conductor of the coaxial cable is connected to 
the center conductor of the coaxial connector. The coax shield is connected to the 
connector ground/shicld terminal. At the other end of the loop, the shield is left 
Tioating, but the center conductor is connected to the shield. Note very carefully that 
the center conductor at the far end is connected to the shield at the connector, not 
at just any conven 


nt point 


RECEIVER 


15-14 A coaxial-cable shielded loop. 
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Chapter 


Small transmitting 
loop antennas 


Small transmitting loops are those which are less than one-third wavelength (МЗ) 
according to Hart (1986) or between 0.04۸ and 0.10) according to Beltose (1993), 
Other sources claim that loops up to about 0.20) are small. The key characteristic is 
that the current is equal in all points of the loop rather than varying with loop length 
the way the current in a large loop (or other antenna) does. 

One of the parameters of the small loop antenna is a very low radiation resis- 
tance (it is a function of the area of the loop). The radiation resistance of the small 
loop antenna is less than 1 £ and often considerably less than this figure (e.g., 0.05 
2). This means that the copper or aluminum losses of the antenna must be kept 

y, very low. For such reasons, it is common to assemble the small transmitting 
loop antenna from 1- to 4-in copper or aluminum pipe. For this reason, the square 
(Fig. 16-14) or octagon (Fig. 16-18) shapes are preferred. The reason this is true is 
purely mechanical: The square loop ean be built with 90° elbow joints, and the octa- 
gon can be built with 45° elbow joints. For antennas whose circumference is greater 
than MB, standard */-in copper pipe ean be used in construction, but for smaller- 
sized loops, anger-sized copper piping is used. 

"The small transmitting loop tends to be highly inductive in its reactance. Values 
of inductive reactance to 1000 £2 are not unusual, although closer to 100 £ is the 
norm. Because of this inductive reactance, the small transmitting loop antenna is 
tuned by one or more series capacitors. 

A sample loop was modeled by Belrose (1993). It was 1 m in di 
made of 2.54-em (l-in) copper pipe. For this loop, the gains 


ameter and was 


10MHz — 288 dBi 
14MH 022.481 
21MH2 1.14 dBi 
30MHz 142 аві 


Note that the gains were all less than that of a dipole (12.15 dBi) but in the up- 
por regions of the frequency spectrum were quite decent. Even at 10 MHz, the 1-m 
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16-1 Small transmitting loop antennas: [A] square, [B] octagon, 


small lop antenna was only —5.03 dBi less than the dipole. The loop probably would 
show similar gains up to the paint of sell resonance, 

Calculations of the current and voltage within the loop are substantial. The loop 
impedance at 10 MHz is 0,088 1 161 Q. This means that a 150-W transmitter, cer- 
tainly modest for these frequencies, would produce 41 A circulating inside the loop 
and a voltage across the tuning capacitor of 6600 V. As Belrose (1993) warns: "Don't 
touch your loop when transmitting!” 

‘The tuning capacitor in Belrose's loop should be rated for at least 10,000 V to 
guard against anyone using more than 150 W. Keep in mind that à power of 500 W will 
produce potentials across the capacitor of 30,000 V, so you will need a capacitor with 
at least Ап spacing. A Lin spacing is good for about 75,000 V. It is probably best to 
sea vacuuum-variable capacitor for the tuning capacitor ofa small loop antenna if you 
сап afford one. Regardless, the loop power should be kept under control! 

‘The © of the antenna at any given resonant frequency is very, very high. For the 
1-m loop antenna described earlier, the Q at 10 MHz was 1824, which resulted in a 
bandwidth of 5.5 kHz (although in practice it is twice this amount before VSWR tol- 
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erances on the transmitter are exceeded). Regardless, the bandwidth of the 
resonated loop is tiny, so some means must be provided for retuning the loop as 
you shift frequency. IF you do not shift frequency, then the loop сап be tuned and 
Torgotten, but for the rest of the radio fraternity, perhaps a remotely tuned capacitor 
is in order. Getting a large capacity variable in the voltages that are required for op- 
eration with a good power level is a bit tricky. 


Design equations 
"The design equations developed by Hart (1986) are 


Radiation resistance (t): 


38 x 10 (FA) 116.1) 
Loss resistance (t) 
э хов VF 


16.2 
7 162 
Efficiency б 
ku 
m m 
W 1631 
Inductance (y 
= 19 x 10'S (1358108, ЭЁ” - 6.386) пва 
Inductive reactance (X) 
1651 
Tuning capacitance (O): 
Quality factor (©) 
16.7 
5 пол 
Bandwidth (АРУ 
a= nesi 
Distributed capacitance (€) 
пову 
Capacitor voltage (Уд 
„ VEO поло 
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where 
A is the area of the loop, in square feet (112) 
S is the length of the loop conductor, in feet (1) 
Dis the diameter of the conductor, in inches (m) 
Pis the applied transmitter output power, in watts (W) 


Some sample loop antennas 


‘The Patterson (1967) loop antenna is shown in Fig. 16-2. It is made from 1.5-in cop- 
per tubing, Segments are cut and are joined together by eight 45° elbow joints, giv- 
ing the octagon shape. Each segment is 0.5 ft long, The tuning is accomplished by 
three capacitors, two of which are a split-stator unit (two capacitors on the same 
shaft). The tuning control is the split-statar capacitor, whereas the loading control is 
a single capacitor. 


16-2 A Patterson loop antenna 
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Another loop antenna is shown in Fig. 16-3. This antenna has a Faraday feed sys- 
tem rather than a capacitor-coupled feed system, as did the Patterson loop. The tun 
ing is accomplished by C, the series tuning capacitor. The requirement must be met 
that D/D, = 5 

Still another loop is shown in Fig, 16-4. This loop relies on magnetic coupling to 
perform the coupling of the transmitter. In this loop antenna, the coupling is via a 
‘mall coupling loop and 50-1 coaxial cable to the transmitter. Capacitor C, is used to 
resonate the loop, whereas capacitors C, and C, serve the purposes of loading and 
resonating the coupling loop. According to Mozzochi (199), the voltages and еш 
rents with respect to the capacitors are 


Va = 1800 VP po 
18 VP 116.12] 
17 V 116.01 
1,722 M 116.141 
1 d 116.15] 


162 A loop antenna with a Faraday feed system. 
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16-4 A loop antenna with magnetic coupling. 


1,- 018 VP [16.16] 


na are shown in 


за. 16-5. Note that 


ation patterns for the loop ant 
four elevations are given (0°, 20°, 45°, and 60°). 

‘The bottom line is that small transmitting loop antennas are not very good for 
those who сап afford to put up a better antenna, but for those whose tight quarters 
permit only а small transmitting loop, they are quite viable. 


References 


Belrose, John S. (1999), "An Update on Compact Transmitting Loops; QST; 
November 

Ervin, David (1991), "Very Small Transmitting and Receiving Only Antennas,” in НЕ 
Antenna Collection, Radio Society of Great Britain, Potters Bar, Herts, UK, 
Chap. 5. 

Grover, F. W. (1946), Inductance 
Nostrand, New York. 

Hart, Ted (1986), “Small, High-Efficiency Loop Antennas: An Alterna 
Tor Small Spaces," QST, June. 

Koontz, Floyd (1993), "A High-Directivity Receiving Antenna for 3.8 MHz,” QST, Au- 
gust, pp. 31-34. 

MeCoy, L. (1968), "The Army Loop in Ham Communications,” QST; March, pp. 
17-18, 150; see also "Technical Correspondence” column, QST, May, pp. 49-51, 
and November, pp, 46-47. 


‘aleulation-Working Formulas and Tables, Van 


ive Antenna 


References 325 


ло 
er Elevation 
9 


20" Elevation 


о 


16-5 Radiation patterns 


Mozzochi, Charles J. (1993), "A Small Loop Antenna for 160 Meters," QST, pp. 
32-34, 

Orr, William (1994), "Feedback on Harts article," QST, July 

Patterson, K (1967), "Down-to-Earth Army Antennas, Electronics, August 21, pp. 
111-114. 

Somerfield, A. (1952), Electrodynamics, Academic Press, New York. 


© 


This page intentionally left blank 


17 


CHAPTER 


Antenna modeling 
software 


One of the significant contributions of computer technology to antenna design is the 
improvement of modeling and simulation. Modeling and simulation are used in a 
wide variety of applications, including management, science, and engineering. We 
сап now model just about any process, any device, or any circuit that сап be reduced. 
mathematically. The purpose of modeling, at least in engineering, is to do the design. 
cheaply on the computer before "bending metal” The old "eut and try” method. 
works, to be sure, but it is costly in time and money (two things perpetually in short 
supply). f performance issues and problems can be solved on a computer, then we 
are time and money ahead of the game. Also, modeling and simulation make it pos- 
sible to look at more alternatives and to gauge the effect of a change in an antenna 
design before the change is made. 

Modeling is used not just in engineering but also in other processes. Organiza- 
tions and management consultants use modeling and simulation to study their oper- 
ations and find the most efficient way of doing things. I saw an example where an 
Inefficient truck terminal and warehouse operation was improved significantly by 
modeling on a Windows desktop computer. The operators modeled the existing sys- 
tem and several alternative systems, and found that one particular rule (involving 
bulk deliver trucks such as tankers and dry bulk carriers) was jamming up the nor- 
mal package deliveries at the warehouse dock, They could have tried different sets 
of rules aver a couple of years, collected lots of data, presented scores of viewgraphs 
to management committees, and still have overlooked the actual cause af the prob- 
lem. The model showed the problem in only a few minutes, however 


What is a model? 


Models are no big mystery. If you have fingers and can count, then you can make 
models. In fact, you probably do make models mentally, e. when you look at how 
much cash you have in your pocket when confronted with several different purchase 
choices but cannot afford all of them. The "model" is the "what iF considerations 
that lead to your selection, 
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Youngsters in the schools are learning that the equations and formulas they 
cara in algebra and trigonometry are "models." This designation was not used when 
1 was in school, but itis an apt description in most cases. 

One of the earliest modeling methods for the masses was the computer-based 
spreadsheet program. Software such as Microsoft Excel сап be used to test various 
scenarios by entering different values into the cells, 1 have seen spreadsheets used 
for the originally intended business applications, as well as engineering applications 
including antenna design). 

Antenna modeling software tends to use the "method of moments,” in which 
each wire in the system is broken into 1 to N segments, and the current in each seg- 
ment is calculated, 


Some common programs 


‘Some years ago an antenna modeling program came on the scene. Developed by the 
Navy, this program used numerical methods to perform the complex calculations 
needed to modelan antenna. Called the Numerical Electromagnetic Computation 
(NEC) program, a smaller version soon became available known as miniNEC (which 
runs on PCs). You can download miniNEC-3 from several sources in the amateur ra- 
dio newsgroups in the United States or United Kingdom, or from the Navy Postgrad- 
uate School Web site, A miniNEC-4 version is also available, but 1 understand that it 
requires a license to use and cannot be exported without a permit from the U.S. ov- 
ernment. 

There are also a number of private vendors who offer the miniNEC at a price. 
Some ofthe better vendors offer their own versions, based on the miniNEC concept, 
but with some value added to make it worthwhile to buy theirs instead of using the 
“freebie” version, 

"The miniNEC programs model wire antennas using the coordinate system 
shown in Fig. 17-1. This is a standard three-dimensional Cartesian coordinate sys- 
tem in which the у axis is horizontal, the 2 axis is vertical, and the ır axis is orthogo- 
nalto both the у and > axes. The idea is to specify the starting and ending points ог 
the wires making up the antenna in terms of the хуг coordinate system. Figure 17-2 
shows asingle-wire antenna laid out in the z axis. This axis is in the horizontal plane. 
but orthogonal to the y axis. The antenna designer will specify X, and X,, which are. 
the starting and ending points of the wire. 

‘The antenna can consist ofa large number of wires, although the larger the nun- 
ber, the longer is the processing time, Each wire is broken into a number of different. 
segments for calculation purpose 


МЕСА 
‘The NEC-4 software is the latest in the NEC series and is proprictary to the Univer- 
sity of California, from whom a license must be obtained to use it. Because of na- 
tional defense considerations, an export license is required to take NEC-4 overseas. 
‘The NECA software wil produce modeling of underground radials, elements of 
varying diameter, and carefully constructed close-spaced parallel wires. 
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17-1 XYZ coordinate system for NecWin modeling software. 


EZNEC Professional 
Roy Lewallen, W7EL, provides the EZNEC Pro software. This software has an option 
for NEC-4, provided that the license is obtained from the University of California 
(again, export restrictions apply). 


GNEC 
Nittany-Sclentifie makes a version of NEC-4 known as GNEC. It permits the use of 
catenary wires, helices, networks, and other possibilities. Outputs include 3-D, polar 
plots, and rectangular plot graphs, as well as a large array of tabular reports. 
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172 Example of a single wire laid out om XYZ coordinate system. 

NEC-2 

‘This is a high-capability version of the NEC software, and it îs in the public domain. 


It is limited to antenna elements of constant diameter, although some software 
providers who base their wares on NEC-2 provide corrections for multidiameters. It 
is fitted with the Sommerfield-Norton ground model for modeling horizontal wires 
close to the earth's surface. 


NECWin Plus 
‘This software is provided by Nittany-Scientific. It features true spreadsheet geome- 
пу. The software also offers stepped-diameter corrections, a gain-averaging test, a 
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CAD Ше C. he. 2-D and 3-D plots, 2-D and 3-D antenna views, and certain graphic 
‘outputs. There are two versions, NECWin Pro and NECWin Basic (NECWin Baste is 
reviewed in this chapter), 


EZNEC for Windows 

Roy Lewallen’s EZNEC for Windows is available in both NEC-2 and NEC-4 versions, 
although the NEC-4 version requires a license from the University of California to 
operate. It offers 2-D and 3-D plots, 3-D plots with 2-D slicing, ground-wave output, 
stepped-diameter correction, and various shorteuts to antenna modeling. Th 

dard EZNEC is limited to 500 segments (the Pro version handles a much larger num- 
Der of segments), 


Expert MiniNEC 
‘This new version of MiriNEC can handle sharp angles їп antenna geometry directly 
and handles antennas close to the ground much more accurately than MiniNEC. Sev- 
eral versions of Expert MiniNEC are available from EM Scientific. These are 
MiniNEC for Windows and MiniNEC Broadcast Professional 


MiniNEC 

MiniNEC Version 3.13 is the latest of the public-domain MiniNEC code. It runs on a 
PC in the DOS mode. 1t handles element lengths of changing diameter. Horizontal 
antennas must be at least 0.24 above ground for accurate results to occur. 


NEC4Win95 

Orion (Canada) offers a Windows 95/98 version of MiniNEC known as NEC4Win95, 
It offers spreadsheet antenna geometry input, pull-down boxes for all other antenna 
parameters, and a pattern-plotting routine that includes lobe identification and 
bandwidth. 


NECWin Basie 
Many amateur and professional users have been increasingly dissatisfied with the 
‘commercial miniNEC-based antenna modeling programs on the market (mostly be- 
cause they only run in the DOS environment and are clumsy to use). A low-cost Win- 
dows-based modeling program is NeeWin Basic for Windows. This program appears 
to bea DOS-based NEC engine run with a Windows graphic user interface written in 
Visual Basic 3.0. The vendor offering NecWin Basic for Windows is Nittany Scientific 
Inc. [Airline Highway, Suite 361, Hollister, CA, 95023-5621; phone: (408) 634-0573 
Web site: шил. nittany-scientific.com]. The baste version (which I test drove and 
now use) costs less than $100, and there is a professional version for a higher price, 
NecWîn Basie for Windows allows you to specify the geometry of the antenna in. 
the туг coordinate system. This process is made a lot easier by the fact that it uses 
а "spreadsheet-like" grid (Fig. 17-3). Once the geometry is entered, you can select 
from several different ground situations (including "none" for free-space calcula- 
tions), the operating frequency, and units of measure used for the antenna wires 
(meters is default). You also can customize the ealculations using the "Output" but- 
ton. Once the geometry and parameters are entered, you can visualize the geometry 
in “stick form” using the "Eye" button on the toolbar. The “Traffic Light” button 
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performs the NI 
elevation and azimuth pattern graphics. When you 
you will produce a bitmap (*.bap) file of the pattern. 

‘The particular geometry entered in Fig. 17-3 is for a long-wire antenna (Fig 
-4) that is two wavelengths long and has a quarter-vavelength radial used as a 
counterpoise ground. There are no wires in the y and > planes, so the values of Y, 
Y, Z, and Z, are zero. The antenna is described with the coordinates X, = 0.000 and 
X7 = 14.56 m. The operating frequency is set to 25-MHz on another screen. When 
the NEC calculations are made and the patterns displayed, the azimuth (Fig. 17-5) 
and elevation (Fig. 17-6) patterns can be printed out. 


‘ulations, whereas the “Polar Coordinates" button creates the 
re Screen” in the "File" menu, 
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(meters, feet, ete), plot type (azimuth, elevation), elevation angle, step size, a ref- 
erence level, and an alternate SWR. 

"There are command buttons to the left of the main window. These include Open, 
Save As, Currents, Sto Dat, Load Dat, FF Tab, NF Tab, SWR, View Antenna, and FF 
Plot. The "View Antenna” button provides a view of the гус coordinate system along 
with the wires (Fig. 17-9). The "FF Plot” button plots the far field of the antenna, 
and the “ВЕ” button plots the SWR curve based on parameters you give it (starting 
frequency, stopping frequency, frequency step) 

The “View Antenna” window is shown in Fig, 17-9. This antenna view provides 
the хиз coordinate system, along with the wires. There are seroll bars to the left of 
the main window where the antenna appears that are used to vary the image 
to better see it. A series of three “Reset” buttons resets the image to the initial 
setting, 

If you wish to plot the radiation pattern (azimuth or elevation) of the antenna, 
then press "FF Plot” in the main window. The result wil be as shown in Fig. 17-10, 
Some data appears in the lower window on the plot. The data in this case are eleva- 
tion angle, outer ring gain, slice gain maximum, front-to-side ratio, beamwidth, side- 


17-9 View Antenna window of EZNEC for Windows. 
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17-10 Result of pressing “FE Plot" button in main window of EZNEC for Windows. 


lobe gain, front/sidelobe, cursor azimuth, and gain. You can print out the plot of the 
radiation pattern with either the data present or the data hidden. 

One of the really nice things about EZNEC for Windows is the availability of 
VSWR plots without going to the professional edition. Figure 17-11 shows the plot 
for the dipole under consideration. Note that the data given include the starting fre- 
‘quency, the SWR at the starting frequency, the impedance at the starting frequency, 
the reflection coefficient at the starting frequency, and the source impedance. 
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CHAPTER 


VHE/UHF transmitting 
and receiving antennas 


Tus VHF/UHF SPECTRUM 1 COMMONLY ACCEPTED ТО RANGE FROM ЗО MHz TO 900 MHZ, 
although the upper breakpoint is open to some differences of opinion. The VHF 
spectrum is 30 MHz to 300 MHz, and the UHF spectrum is 300 MHz to 900 MHz, 
Above 900 MHz is the microwave spectrum. These bands are used principally for 
local “line-of-sight” communications, according to the standard wisdom. However, 
with the advent of OSCAR satellites, the possibilty of long-distance direct commu- 
nications is a reality for VHF/UHF operators. In addition, packet radio is becoming 
common; this means indirect long-distance possibilities through networking, For the 
low end of the VHF spectrum (e g. 6-m amateur band), long-distance communica- 
tions are a relatively common occurrence, 

In many respects, the low-VHF region is much like the 10-m amateur band and 
11m Citizens Band: skip is not an infrequent occurrence. Many years ago, I recall an 
event where such skip caused many а local police officer to skip a heart beat. In those 
days, our police department operated on 88.17 MHz, which is between the 6-m and 
10-m amateur bands. They received an emergency broadcast concerning a bank rob- 
bery at a certain Wilson Boulevard address. After a race to the county line, they dis- 
covered that the reported address would be outside of the county, and in fact did not 
exist even in the neighboring county (a number was skipped). The problem was 
traced to a police department in a southwest city that also had a Wilson Boulevard, 
and for them the alarm was real, 

‘The principal difference between the lower frequencies and the VHF/UHF spec- 
trum is that the wavelengths are shorter in the VHF/UHF region. Consider the fact 
that the wavelengths for these bands range from 10 m to 1 m for the VHF region, and 
from 1 m to 33 em for the UHF region. Mast antenna designs are based on wavelength, 
so that fact has some implications for VHF/UHF antenna design. For example, be- 
cause bandwidth is a function of length/diameter ratio for many classes of antenna, 
broadbanding an antenna in the VHF/UHF region is relatively easy. If, say, 25-mm. 
Ge., Lin) aluminum tubing is used to make a quarter-wavelength vertical, then the 
approximate L/D ratio is 790 in the 8-m band and 20 in the 2-m band. This feature is 
fortunate, because the VHF/UHF bands tend to be wider than the HF bands, 
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Another point to make is that many of the mechanical chores of antenna design 
and construction become easier for VHE/UHF antennas. One good example is the 
delta impedance-matching scheme. At 80 m, the dels watch dimensions are ap- 
proximately 36 x 43 1, and at 2 m they are 9.5 x 12 inches, Clearly, delta matching 
is a bit more practical for most users at VHF than at HF, 


Types of antennas usable for VHF/UHF 


‘The concept “VHF/UHF antenna” is only partially valid because virtually all forms 
of antenna can be used at HF, MW, and VHF/UHF. The main limitations that distin- 
guish supposedly VHF/UHF designs from others are mechanical: there are some 
things that are simply much easier to accomplish with small antennas. Besides the. 
delta match mentioned previously, there is the ease of construction for nultiele- 
ment antennas. A L-element 20-m beam would be a wonderful thing to have in a 
QItM-laden DX pile-up, but is simply too impractical for all but а few users because 
of its size. If you look on embassy rooftops around the world you will see many- 
element Yagi and log periodic HF antennas supported on massive tawers...and 
some of them use a standard Size 25 tower (common for amateur use) as the 
antenna boom! A l-element 80/75-m Yagi approaches impossibility. But at 2 m, a 
-element Yagi beam antenna can be carried by one person, in one hand, unless 
the wind is acting up. 

Safety note Large array beams, even at VHF/UHF, lave a relatively high 
"windsail area,” and even relatively modest winds сап apply a lot of force to them. 1 
once witnessed a large, strong technician blown off a ladder by wind acting on a mod- 
est, "suburban? sized, TV antenna. /t can happen to you, too. So always install an- 
tennas with a helper, and use hoists and other tools fo actually handle the array 


Lower band antennas on VHF/UHF 


Between 1958 and 1962, a friend and I had access to a radio club amateur radio st 
tion ina Red Cross chapter house in Virginia. The "antenna farm” consisted of a 14- 
element 2-m beam, a three-element triband НЕ beam (10, 15, and 20 m), and а 
five-band (80 to 10 m) trap dipole. АШ of the coaxial cables came into the station 
through a wall; they were kept disconnected and shorted out when not in use be- 
cause of the senior Red Cross officials concern over lightning. 

Опе night, attempting to connect the 2-m beam to the Gonset “доопеу box" 2m. 
AM transceiver, my friend accidentally used the cable from the five-band trap dipole in- 
stead. We worked alot of stations that contest weekend, and scored lots of points. Lat 
we discovered the error, and asked a more technically eompetent adult (we were 
teenagers), "Why the good reports?" He then gave usa lesson in langwire antenna the- 
ory. A good longwire is many wavelengths long. Consider that a half-wave antenna on 2 
mis 80 пи m or 40 wavelengths shorter than an 80-m half-wave antenna. Thus, the 
80-m antenna, counting foreshorteriüng of physical lengths because of the traps, was on. 
the order of 35 to 38 wavelengths long on 2 m. We had a highly directional, but multi- 
lobed, pattern. 
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Similarly, 40- to 10-m and 80- to 10-m trap verticals are often usable on 
VHF/UHF frequencies without any adjustments. Similarly, Citizens Band 11-m an- 
tennas, many of which are У wavelength (18 ft high), will sometimes work on VHF 
frequencies. Check the VSWR of an HF antenna on 2 m with a reliable VHF/UHF 
VSWR meter (or RF wattmeter) to discover the truth about any particular antenna. 
Always use the low-power setting on the transmitter to limit damage in cases where 
the specific antenna is not usable on a specifie frequency. 

"The lesson to be leamed is that antennas are often usable on frequencies much 
higher than the design frequency, even though useless on nearby bands. Care must be 
exercised when initially checking out the antenna, but that is not an inordinate difficulty. 


VHF/UHF antenna impedance matching 


The VHF/UHF antenna is no more or less immune from the need for impedance rate! 
ing than lower-frequency antennas. However, some methods are easier (coax baluns, 
delta match, ete.) and others become either difficult or impossible, An example of the 
latter case is the tuned LC impedance-matching network. At 6 m, and even to some 
limited extent 2 m, inductor and capacitor LC networks can be used, But above 2 m 
other methods are more reasonable, We can, however, mimic the LC tuner by using 
stripline components, but that approach is not always suited to amateur needs. 

"The balun transformer makes an impedance transformation between balanced 
and unbalanced impedances. Although both 1:1 and 4:1 impedance ratios are possi- 
ble, the 4:1 ratio is most commonly used for VHF/UHF antenna work. At lower fre- 
quencies it is easy to build broadband transformer baluns, but these become more of 
a problem at VHF and above. 

For the VHF/UHF frequencies, a 4:1 impedance ratio coaxial balun (Fig. 18-14) 
is normally used. Two sections of identical coaxial cable are needed. One section (A) 
has a convenient length to reach between the antenna and the transmitter. Its char 
acteristic impedance is Z, The other section (B) is a half-wavelength long at the 
center of the frequency range of interest. The physical length is found from 


sov 


usa‏ ا 
where‏ 


Lis the cable length, in inches 
Fg, i5 the operating frequency, in megahertz 
Vis the velocity factor of the cu cable 


"The velocity factors of common coaxial cables are shown in the following table, 
Coaxial cable velocity factors 
Regular polyethylene 006 


Polyethylene foam 080 
rellen om 
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зу 


Inches 
p 


18-14 Coaxial 4:1 balun transformer 


Example 18-1 Calculate the physical length required of a 146-MHz 4:1 balun 
made of polyethylene foam coaxial cable 
Solution: 


ETT 
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104) (0.80) 
146 MHz 
47232 
db MHz = 


24in 


A mechanical method of joining the coaxial cables is shown in Fig. 18-1В. In this 
example, three 50-239 coaxial receptacles are mounted an a metal plate. This arrange- 
‘ment has the effect of shorting together the shields of the three ends of coaxial cable. 
"The center conductors are connected in the manner shown. This method ia used es- 
pecially where a mounting bracket is available on the antenna. The lengths of coaxial 
able need PL-250 coax connectors installed in order to use this method. 

‘The “delta match” gets its name from the fact that the structure of the matching 
element has the shape of the Greek letter delta, or a triangle. Figure 18-2A shows the 
basic delta match scheme. The matching element is attached to the driven element 
of the antenna (symmetrically, about the center point of the antenna). The width 
(A) of the delta mateh is given by 


p 118.2] 


11831 

"The transmission line feeding the delta match is balanced line, such as parallel trans- 
mission line or twin lead. The exact impedance is not terribly critical because the dimen- 
sions (especially A) can be adjusted to accommodate differences, In general, however, 
either 450- or 600-0 line is used, although 300-0 line can also be used. Figure 18-28 
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18-185 Practical implementation of 4:1 balun using connector 
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shows а method for using coaxial cable with the delta match. The impedance is trans- 
formed in a 4:1 balun transformer (see Fig. 18-1А). The elements of the deka match can 
be made from brass, copper, or aluminum tubing, ar a bronze brazing rod bolted to the 
main radiator element 

A stub-matching system is shown in Fig. 18-3. In this case, the impedance trans 
formation is accomplished despite the half-wavelength shorted stub of transmission 
line. The exact impedance of the line is not very critical, and is found from 


пва 


‘The matching stub section is made from metal elements such as tubing, wire, or 
rods (all three are practical at VHF/UHF frequencies). For a Yin rod, the spacing 
is approximately 2.56 in to make a 450-Q transmission line. А sliding short circuit is 
sed to set the electrical length of the half-wave stub. The stub is tapped at a distance 
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from the antenna (eedpoint that matches the impedance of the transmission ine. In the 
example shown, the transmission line is coaxial cable, so a 4:1 balun transformer is used 
between the stub and the transmission line. The two adjustments to make in this sys- 
tem are: (1) the distance of the short from the feedpoint and (2) the distance of the 
transmission line tap point from the feedpoint. Both are adjusted for minimum VSWR. 

‘The gamma match is basically a half delta match, and operates according to sim- 
ilar principles (Fig, 18-4). The shield (outer conductor) of the coaxial cable is con- 
nected to the center point of the radiator element. The center conductor of the 
coaxial cable series feeds the gamma element through a variable capacitor. 


VHF/UHF antenna examples 


Although itis probably not necessary to reiterate the point, VHF/UHF antennas are not 
‘substantially diferent from HF antennas, especially those for the higher bands. How- 
ever, for various practical reasons there are several forms that are specially suited, or at 
east popular, in the VHF/UHF bands. In this section we will take a loak at same of them. 


Coaxial vertical 
‘The coaxial vertical is а quarter-wavelength vertically polarized antenna that is pop- 
ular on VHF/UHF. There are two varieties. In Fig. 18-5A we see the coastal antenna 
made with coaxial cable. Although not terribly practical for long-term installation, 
the eoax-coas antenna is very useful for short-term, portable, or emergency applica- 
tions. For example, a boater found himself adrift, and in dire trouble, after a storm. 
damaged the boat. The mast-top VHF antenna was washed away, leaving only the 
end of the coaxial cable dangling loose. Fortunately, the boat operator was a two-way 
radio technician, and he knew how to strip back the coaxial cable to make an im- 
promptu coaxial vertical, 

"The coax-coax antenna shown in Fig. 18-5A uses a quarter- wavelength radiator 
anda quarter-wavelength sleeve. The sleeve consists of the coax braid stripped back 
and folded down the length of the coax cable, The maximum length js found from the 
equation below (actual length is trimmed from this maximum) 


Radiator Camp 
Center. 


$ { 


Insulate 


бшш match bmp 


184 Gamma matching. 
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Seal end with 
RIV or caule 


Center conductor with 
insulation et on 


^ 
Seal with вту 
'or caulk PA 
185A Coaxial vertical based om coaxial 
cable. 
Coax braid 
folded back 
м 


Seal with 
solder 


uss] 


‘The antenna is mounted by suspending it from above by a short piece of string, 
twine, or fishing line. From a practical point of view, the only problem with this form 
of antenna is that it tends to deteriorate after a few rainstorms. This effect can be 
reduced by sealing the end, and the break between the sleeve and the radiator, with 
either silicone RTV or bathtub caulk. 

A more permanent method of construction is shown in Fig. 18-5B. The sleeve is 
a piece of copper or brass tubing (pipe) about 1 in in diameter. An end cap is fitted 
over the end and sweat-soldered into place, The solder is not intended to add me- 
chanical strength, but rather to prevent weathering from destroying the electrical 
contact between the two pieces. An SO-239 coaxial connector is mounted on the end 
сар. The coax is connected to the 50-239 inside the pipe, which means making the 
connection before mounting the end cap. 
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‘The radiator element is a small piece of tubing (or brazing rod) soldered to 
the center conductor of a PL-259 coaxial connector. An insulator is used to pre- 
vent the rod from shorting to the outer shell of the PL-259. (Note: an insulator sal- 
vaged from the smaller variety of banana plug can be shaved a small amount with 
a fine file and made to fit inside the PI- 259. It allows enough center clearance for 
Winch or inch brass tubing.) 

Alternatively, the radiator element can be soldered to a banana plug, The normal 
size banana plug happens to fit into the female center conductor of the SO-239, 


Collinear vertical 
байи in antennas is provided by directivity. In other words, by taking the power radi- 
ated by the antenna, and projecting it into a limited direction, we obtain the appear- 
ance of higher radiated power. In fact, the effective radiated power (ERP) of the 
antenna is merely its feedpoint power multiplied by its gain. Although most antenna 
patterns are shown in the horizontal dimension (as viewed from above), it is also pos- 
sible to obtain gain by compressing the vertical aspect. In this manner it is possible to 
havea vertical antenna that produces gain. Figure 18-6 shows a collinear gain antenna, 
with vertical polarization and a horizontally omnidirectional pattern. Incidentally, 
When mounted horizontally the pattern becomes bidirectional. 

‘The collinear antenna shown in Fig. 18-6 is basically a pair of stacked collinear 
arrays. Each array consists of a quarter wavelength section A and a half-wavelength 
section C separated by a quarter-vavelength phase reversing stub В. The phase re- 
versal stub preserves in-phase excitation for the outer element (referenced to the 
inner element), 

‘The feedpoint is between the two elements of the array (Le, between the A sec- 
tions). The coaxial-cable impedance is transformed by a 4:1 balun transformer (see 
Fig. 18-14). Alternatively, 300-0 twin lead can be used for the transmission line. If 
this alternative is used, then the use of UHF shielded twin lead ia highly recom- 
‘mended, If the transmitter lacks the balanced output needed to feed twin lead, then 
‘use a balun at the input end of the twin lead (ie. right at the transmitter) 


‘Yagi antennas 
"The Yagi beam antenna is a highly directional gain antenna, and is used both in HE 
and VHF/UHF systems. The antenna is relatively easy to build at VHF/UHF. In fact, 
it is easier than for HF systems, The baste Yagi was covered in Chap. 12, so we will 
only show examples of practical VHF devices. A 6-m Yagi antenna is shown in Fig, 
18-7. This particular antenna is a four-element model. The reflector and directors 
сап be mounted directly to a metallic boom, because they are merely parasitic. The 
driven element, however, must be insulated from the metal boom. 

‘The driven element shown in Fig, 18-7 is а folded dipole. While this is common 
practice at VHF, because И tends to broadband the antenna, it is not strictly neces- 
sary. The dimensions of the driven element are found from Eg. 18.4. Set the equation 
equal to 300 0, select the diameter of the tubing from commercially available 
sources, and then ealeulate the spacing. 

Example 18-2 Calculate the spacing of a 300-0 folded dipole when 
ing is used in йз construction. 


n tub- 
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Solution: 


Using 0.75-in pipe results in 


S=45in 
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Figure 18-8 shows the construction details for a six-element 2-meter Yagi beam an- 
tenna. This antenna is built using а 2 X 2-in wooden boom and elements made of either 
brass or copper rod. Threaded brass rod is particularly useful, but not strictly neces- 
sary. The job of securing the elements (other than the driven element) is easier when 
threaded rod is used, because it allows а pair of hex nuts, one on either side of the 
2 x Zin boom, to be used to secure the element. Nonthreaded elementa can be se- 
cured with RTV sealing a press-fit. Alternatively, tie wires (see inset to Fig, И 
be used to secure the rods. A hole is drilled through the 2 x 2 to admit the rod or tub- 
ing. The element is secured by wrapping а tie wire around the rod on either side of the 
2 x 2, and then soldering it in place. The tle wire is no. 14 to no. 10 solid wire 
Mounting of the antenna is accomplished by using a mast secured to the boom 
with an appropriate clamp. One alternative is to use an end-flange clamp, such 
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Js sometimes used to support pole lamps, ete, The mast should be attached to the 
boom at the center of gravity, which is also known as the balance pout. If you try 
to balance the antenna in one hand unsupported, there is one (and only one) 
point at which it is balanced (and wont fall). Attach the mast hardware at, or 
near, this point in order to prevent normal gravitational torques from tearing the 
mounting apart. 

‘The antenna is fed with coaxial cable at the center of the driven element. Or- 
dinarily, either a matching section of coax, or a gamma match, will be needed be- 
cause the effect of parasitic elements on the driven element fcedpoint impedance 
is to reduce it 


%-wavelength 2-m antenna 
"The %wavelength antenna (Fig. 18-9) is popular on 2 m for mobile operation be- 
cause it is easy to construct, and it provides a small amount of gain relative to a di- 
pole. The radiator element is %-wavelength, во its physical length is found from: 


118.61 


"The wavelength antenna is not а good match to any of the common forms of 
coaxial cables. Either a matching section of cable, or an inductor match, is normally 
used. In Fig, 18-9 an inductor match is used. The matching coll consists of 2 to 3 
tums of no. 12 wire, wound over a in OD form, Yin long. The radiator element can 
be tubing, brazing rod, or a length of heavy “piano wire." Alternatively, for low-power 
systems, И can be a telescoping antenna that is bought as а replacement for portable 
radios or televisions. These antennas have the advantage or being adjustable to res- 

опапсе without the need for cutting. 


J-pole antennas 
The J-pole antenna is another popular form of vertical on the VHF banda, It can be 
used at almost any frequency, although the example shown in Fig. 18-10 s for 2 m. 
The antenna radiator is J wavelength long, so its dimension is found from 

вызв 


1 


m 18.7] 
= 118 71 
and the quarter-wavelength matching section length from 


"m [n 


"Taken together the matching section and the radiator form a parallel trans 
mission line with a eharacteristic impedance that is 4 times the coaxial cable im- 
pedance. If 50-2 coax is used, and the elements are made from 0.5 in OD pipe, 
then a spacing of 1.5 in will yield an impedance of about 200 2. Impedance match- 
ing is accomplished by а gamma match consisting of a 25-pF variable capacitor, 
connected by a clamp to the radiator, about 6 in (experiment with placement) 
above the base. 
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Groundplane 
‘The groundplane antenna is a vertical radiator situated above an artifici 
ground consisting of quarter-wavelength radiators. Groundplane antennas ean be 
ther wavelength or %wavelength (although for the latter case impedance match- 
ing is needed—see the previous example). 

Figure 18-11 shows how to construct an extremely simple groundplane an- 
tenna for 2 m and above. The construction is too lightweight for б-т antennas 
(in general), because the element lengths on 6-m antennas are long enough to 
make their Weight too great for this type of construction, The base of the an- 
tenna is a single 50-229 chassis-type coaxial connector, Be sure to use the type 
that requires four small machine screws to hold it to the chassis, and not the 
single-nut variety. 

"The radiator element is a piece of in or 4-rnm brass tubing. This tubing can be 
bought at hobby stores that sell airplanes and other models. The sizes quoted just 
happen to fit over the center pin of an 50-239 with only a slight tap from а light- 

eight hammer—and 1 do mean stight tap. If the inside of the tubing and the con- 
nector pin are pretinned with solder, then sweat soldering the joint will make a good 
electrical connection that is resistant to weathering, Cover the joint with clear lac- 
‘quer spray for added protection. 

"The radials are also made of tubing, Alternatively, rods can also be used for this 
purpose. At least four radials are needed for a proper antenna (only one is shown in 
Fig, 18-11). This number is optimum because they are attached to the 80-239 
‘mounting holes, and there are only four holes. Flatten one end of the radial, and drill 
a stall hole in the center of the flattened area. Mount the radial to the 50-239 using 
small hardware (4-40, et.) 

"The 50-239 can be attached to metal L bracket. While ii easy to fabricate such 
а bracket, it is also possible to buy suitable brackets in any well-equipped hardware 
store. While shopping at one do-it-yourself type of store, 1 found several reasonable 
candidate brackets. The bracket is attached to a length of 2 x 2-in lumber that serves 
as the mast. 


RF 


Halo antennas 
Опе of the more saintly antennas used on the VHF boards is the halo (Fig. 18-12). This 
antenna basically takes half wavelength dipole and bends it into a circle. The ends of the 
dipole are separated by a capacitor. In some cases, а transmitting-type mica “button” ca- 
pacitor is used, but in others (and perhaps more commonly), the halo capacitor consists 
of two in disks separated by a plastic dielectric. While air also serves as a good (and per- 
haps better) dielectric, the use of plastic allows mechanical rigidity to the system. 


Quad beam antennas 
‘The quad antenna was introduced in the chapter on beams. It is, nonetheless, also 
emerging as a very good VHF/UHF antenna. It should go without saying that the an- 
tenna is a Iot easier to construct at VHF/UHF frequencies than it is at HF frequen- 
cies! Figure 18-13 shows a modest example. 

‘There are several methods for building the quad antenna, and Fig. 18-13 repre- 
sents only one of them. The radiator element can be any of several materials, 
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18-12. Halo antenna. 


including heavy solid wire (no. 8 to no. 12), tubing, or metal rods. The overall 
lengths of the elements are given by 


Driven element 
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‘There are several alternatives for making the supports for the radiator. Because 
of the lightweight construction, almost any method can be adapted for this purpose. 
In the case shown in Fig. 18-13, the spreaders are made from either Lin furring 
strips, trim strips, or (at above 2 m) even wooden paint stirring sticks. The sticks are 
cut to length, and then half-notched in the center (Fig. 18-18, detail B). The two 
spreaders for each element are joined together at right angles and glued (Fig. 18-13, 
detail C). The spreaders can be fastened to the wooden boom at points 5 in detail C. 
‘The usual rules regarding element spacing (0.15 to 0.31 wavelength) are followed. 
See the information on quad antennas in Chap. 12 for further details. Quads have 
been successfully built for all amateur bands up to 1296 MHz. 
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VHF/UHF scanner band antennas 


‘The hobby of shortwave listening has always had a subset of adherents who listen ex- 
lusively to the VHF/UHF bands. In those bands are found a rich variety of services 
from commercial two-way radios, police and fire systems, and others. Many of these 
people are serious DXers, but others have a little of the voyeur in them (they like to lis- 
ten to whats going on in the community by monitoring the police frequencies). As long. 
аз they neither respond to the scene of a police or fire action, nor use the information 
gained from monitoring in an ilegal manner, they are perfectly free to listen in. 

A few people have an unusually practical element to their VHF/UHF listening. At 
east one person known to the author routinely tunes in the local taxicab companys 
frequency as soon as she orders a cab. She then listens for her own address. She 
knows from that approximately when to expect the cab. 

In the early 1960s, when all VHF monitor receivers were crystal-controlled (and 
relatively expensive), the listener had a very limited selection of frequencies to 
choose from. Having worked in various shops that sold those receivers, I сап rec: 
that most of our customers tended to be police officers, fire fighters (or volunteers), 
ог journalists covering the local crime news. However, modern scanners operate on 
both major VHP bands (low and high), plus UHF bands and others 


Scanner-vision antennas 
‘The antennas used by scanner listeners are widely varied, and (in some cases) over- 
priced, Although it is arguable that a total coverage VHF/UHF antenna is worth the 
‘money, and it probably is, there are other possiblities that should be considered. 

First, dont overlook the use of television antennas for scanner monitoring! The 
television bands (about 80 channels from 54 MHz to around 800 MHz) encompass 
‘most of the ordinarily used scanner frequencies. Although antenna performance is 
not optimized for the scanner frequencies, it is also not "zero" on those frequencies. 
Ifyou already have an “all channel” TV antenna installed, then it is a simple matter 
to connect the antenna to the scanner receiver. (Note: if the antenna uses 300-0 
twin lead, then install a 4:1 balun transformer that accepts 300 ( in and produces 
O out, These transformers are usually available at TV shops, video shops—inchuding 
videotape rental places—and Radio Shack stores.) 

‘The directional characteristic of the TV antenna makes it both an advantage 
and a disadvantage to the scanner user. If the antenna has a rotator, then there is 
по problem. Just rotate the antenna to the direction of interest. However, if the an- 
tenna is fixed, and the station of interest is elsewhere than where the antenna is. 
pointed, then there js a bit of a problem. Nevertheless, some reception is possible 
for at least three reasons. One is that the main beam of the antenna is not infinitely 
thin, so the station of interest might well be within the beam—even if off the point. 
a little bit. Second, there are always sidelobes on an antenna. These are areas out- 
side of the main beam that offer reduced, but nonzero, reception characteristics. 
Finally, the sidelobes and main lobe of the antenna are optimized for the TV bands, 
and may not obtain the same directivity on certain scanner frequencies. It is, 
therefore, possible that a TV antenna will have an unusual obe in the direction of 
interest for the scanner channel. 
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‘The TV antenna also offers other possibilities. The hardware and electronics, 
normally found useful on TV antenna systems, an 
"The use of the mounting hardware is obvious, but less obvious is the use of compo- 


also useful for scanner antennas, 


nents such as multiset couplers, impedance transformers, and wideband amplifiers. 
For example, Fig, 18-14 shows two scanner antennas joined together into a single 


m 


Y 


Ant 1 


т 18-14 Combining two antennas with 
at TV hardware 
coupler 
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1815 VHF/UHF "bowtie" dipoles for 
broadband reception. 
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transmission line using a two-set coupler. Although intended to allow two television 
sets to receive a signal from the same antenna, the device also works to combine two 
antennas into a single transmission line. Two popular TV uses include two antennas 
for different directions and VHF and UHF antennas that share the same dowalead, 
Be sure to buy a weatherproof model if you intend to mount the coupler on the 
antenna mast (the correct place for it) (Fig, 18-15). 

‘TV antenna amplifiers are used to increase the weak signal from a distant station 
to a level compatible with the TV receiver. Because these amplifiers are wideband 
designs, they will also work well for the scanner bands that are inclusive within the 
54- to 800-МН2 TV bands, Some models are intended to be part of the antenna, while 
others are mounted indoors, some distance from the antenna, The basie rule of 
thumb is to place the amplifier as close as possible to the "head end” of the system. 
where the antenna is located. This situation will permit signals to be built up to a 
level considerably above the noise level before being attenuated in the transmission 
line losses, 

TV/FM receiver folded dipoles made of twin-lead transmission line also work 
well at other VHF/UHF frequencies. Figures 18-16A and 18-168 show the details of 
their construction, 


Scanner skyhooks 
Other antennas not to be overlooked are the CB, or amateur radio, high-frequency 
(shortwave) antennas, Many amateur radio operators use their 80-m dipole antenna 


J8-18A. Receiver folded dipole antenna made of 
30 ап іча 


18168 Poles made of twin-lead trans- 


Type mission VHP frequencies. 
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en 2 m (144 to 148 MHz) and find that it has the gain and directivity characteristics 
ofa longwire antenna, Similarly, with vertical "ham" and CB antennas, they have ap- 
parent gain on some VHP frequencies and will at least perform to some extent 
on others, 

Even the lowly “random length” wire antenna used for your shortwave re. 
ceiver ought to tum in decent performance as a VHF/UHF longwire antenna, 
"These antennas are simply a 30- to 150-f length of no. 14 wire attached to a dis 
tant support. 

Figure 18-17 shows two variants to an antenna that is popular with VHF/UHF re- 
ceiver operators: the drooping dipole. These antennas are similar to the inverted. 
vee dipole, in that they consist of two quarter-wavelength radiator elements. Unlike 
the ordinary dipole, the ends of the radiators, in the single-band drooping dipole of 
Fig. 18-17A, are lowered. The drooping dipole can be made using an 80-239 UHF 
‘coaxial connector as the support for either stiff wire, brass hobbyist tubing, or braz- 
ing rod elements cut to ХА each, The antenna can be made into a multiband, or very 
wideband, antenna by connecting several pairs of drooping dipoles in parallel 
Fig, 18-178, 


som 


1817A Drooping dipole 


18-178 Multiband drooping dipole. 
Бооз 
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1848A Vertical dipole 


iE 


"The vertical dipole (Fig. 18-18А) also finds use in the VHF/UHF region. Each 
element is А long, and its physical length can be found from 


118.12) 


‘This antenna can be built with the same types of materials as the drooping dipole. Al- 
though several different construction techniques are popular, the method of Fig. 18- 
18В is probably the most popular with homebrew builders. 

А groundplane antenna for VHF/UHF frequencies is shown in Fig. 18-19. The 
antenna sits on an L bracket mounted to a 2 X 4-in wooden mast or support, The L 
bracket can be manufactured for the purpose, or purchased at Happy Harry's hard- 
ware emporium. The base of the antenna is а chassis-mount 50.229 UHF coaxial 
connector. A quarter-wave radiator element is made from Yin brass tubing, or 
brazing rod, soldered to the center conductor pin of the 50-239. Similarly, radials 
can be made from the same type of material, but soldered directly to the body of the 
50-239 (this action connects it to the coaxial cable shield), The four mounting 
holes of the 80-239 make reasonable anchors for the radials, Solder them for elec 
trical integrity 
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Wood 
support 


Coaxial 
= cable lo 18-188 Construction of VHP vertical dipole. 
tubing. E d 


А coaxial vertical ean be made from 1-in brass tubing or copper plumbing pipe, 
and either brazing rod or brass tubing (Fig. 18-20). The sleeve is fitted with an end. 
сар that has an 80-239 mounted on it (see inset). The radiator element can be made 
with a mate to the 50-239, namely the PL-259 coaxial plug, The radiator element is 
soldered to the center conductor, and it is insulated from the shield. You can buy 
coaxial whips with this type of construction, so you may not have to actually build 
the radiator ek 

Additional gain, about +3 dB, can be achieved by stacking VHF/UHF antennas to- 
gether. Figure 18-21 shows a typical arrangement in which two half-wavelength dipole 
antennas are connected together through a quarter-wayelength hamess of RG-5YU 
coaxial cable. This harness is shorter than a quarter wavelength by the velocity factor of 
the coaxial cable: 
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1849. Construction of VHP groundplane for receivers. 
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where 
Lis the length, in inches 
Vis the velocity factor (typically 0.66 or 0.80 for common coax) 


F p, 15 the frequency, in meg 


‘The antennas can be oriented in the same direction to increase gain, or orthag- 
onally (as shown in Fig. 18 

Because the impedance of two identical dipoles, fed in parallel, is one-half 
that of a single dipole, it is necessary to have an impedance-matching section 


21) to make it more omnidirectional. 
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made of RG-S8/U coaxial cable. This cable is then fed with RG-59/ coax from, 
the receiver 

‘There is nothing ma 
antenna that is significantly different from other VHF/UHF antennas, 
designs might be optimized for VHF or UHF, these antennas are basically the same 
as others shown in this book, As a matter of fact, almost any antennas, from any 


any form of 


al about scanner receivers that require 
Although the 


chapter, can be used b 
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CHAPTER 


Microwave waveguides 
and antennas 


"THE MICROWAVE PORTION OF THE RADIO SPECTRUM COVERS FREQUENCIES FROM ABOUT 
900 MHz to 300 GHz, with wavelengths in free-space ranging from 33 em down to 
1mm Transmission lines сап be used at frequencies from de to about 50 or 60 GHz, 
although, above 5 GHz, only short runs are practica, because attenuation increases 
dramatically as frequency inereases. There are three types of lasses in conventional 
transmission lines: ohmic, dielectric, and radiation. The ohmic losses are caused 
by the current flowing in the resistance of the conductors making up the transmis- 
sion lines. Because of the skin effect, which increases resistance at higher fe- 
‘quencies, these losses tend to increase in the microwave region. Dielectric losses 
are caused by the electric fleld acting on the molecules of the insulator and 
thereby causing heating through molecular agitation. Radiation losses represent 
loss of energy as an electromagnetic wave propagates away from the surface af the 
transmission line conductor 

Losses on long runs of coaxial transmission line (the type most commonly used) 
cause concern even as low as the 400-МН2 region. Also, because of the Increased 
losses, power handling capability decreases at high frequencies. Therefore, at higher 
microwave frequencies, or where long runs make coax attenuation losses unaccept- 
able, or where high power levels would overheat the coax, waveguides are used in. 
lien of transmission line 

What is а waveguide? Consider the light pipe analogy depicted in Fig. 19-1. A 
fashlight serves as our "RF source,” which (given that light is also an electromag- 
netic wave) is not altogether unreasonable. In Fig, 19-1A the source radiates into 
free space and spreads out as a function of distance. The intensity per unit area, at 
the destination (a wall), falls off as a function of distance (D) according to the br 
verse square law (UD) 

But now consider the transmission scheme in Fig. 19-18. The light wave still 
propagates over distance D, but is now confined to the interior of a mirrored pipe. 
Almost all of the energy (less small losses) coupled to the input end is delivered 
to the output end, where the intensity is practically undiminished. Although not 
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perfect, the light pipe analogy neatly summarizes, on а simple level, the operation 
of microwave waveguides, 

‘Thus, we can consider the waveguide as an “RF pipe” without seeming too 
serenely detached from reality. Similarly, fiber-optic technology is waveguidelike at 
optical (IR and visible) wavelengths. In fact, the analogy between fiber optics and 

weguide can withstand more rigorous comparison than the simplistic light pipe 
analogy. 

‘The internal walls of the waveguide аге not mirrored surfaces, as in our optical 
analogy, but are, rather, electrical conductors. Most waveguides are made of alu- 
minum, brass, or copper. In order to reduce ohmic losses, some waveguides have their 
internal surfaces electroplated with either gold ог silver, both of which have lower re- 
istivities than the other metals mentioned above. 

Waveguides are hollow metal pipes, and can have either circular or rectangular 
cross sections (although the rectangular are, by far, the most common). Figure 19-2 
shows an end view of the rectangular waveguide. The dimension a is the wider di- 
mension, and b is the narrower. These letters are considered the standard form of 
notation for waveguide dimensions, and will be used in the equations developed in 
this chapter. 


Development of the rectangular 
waveguide from parallel transmission lines 


One way of visualizing how a waveguide works is Lo develop the theory of waveguides 
from the theory of elementary parallel transmission lines (see Chap, 3). Figure 10.3 
shows the basic parallel transmission line which was introduced in Chap. 3. The line. 


Development of the rectangular waveguide from parallel transmission tines 371 


consists of two parallel conductors separated by an air dielectric. Because air wont 


support the conductors, ceramic or other material insulators are used as supports 
There are several reasons why the parallel transmission line per seis not used at 


microwave frequencies, Skin effect increases ohmic los 
upporting the two conductors are significantly more 


ies to a point that is шас 


ceptable. Also, the insulators 
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lossy at microwave frequencies than at lower frequencies. Finally, radiation losses, 
increase dramatically. Figure 19-38 shows the electric fields surrounding the con- 
ductors, The fields add algebraically (either constructively or destructively), result- 
ingin pinching of the resultant field along one axis, and bulging along the other. This 
geometry increases radiation losses at microwave frequencies, 

Now let's consider the quarter-wavelength shorted stub. The "looking-in" im- 
рейапсе of such a stub is infinite. When placed in parallel across a transmission line 
(Fig. 19-44) the stub acts ike an insulator. In other words, at its resonant frequency, 
the stub is a metallic insulator, and can be used to physically support the transmis- 
sion line. 

Again, because the impedance is infinite, we can connect two quarter- 
wavelength stubs in parallel with each other ‘across the same points on the 
transmission line (Fig. 19-48) without loading down the line impedance, This 
arrangement effectively forms a half-wavelength pair. The impedance is still infi- 
nite, so no harm is done. Likewise, we can parallel a large number of center-fed 
hhalf-wavelength pairs along the line, as might be the case when a long line is sup- 
ported at multiple points. The waveguide is analogous to an infinite number of 
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1940 
(Quarter wave stub analogy 
extended even further. 


PM 


contorged “half-wave pairs" of quarter-wave shorted stubs connected across 
the line. The result is the continuous metal pipe structure of the common rectan- 
gular waveguide (Fig. 19-4C). 

On first glance, relating rectangular waveguide to quarter-wavelength shorted 
stubs seems to fall down, except at the exact resonant frequency. It tums out, how- 
fever, that the analogy also holds up at other frequencies, so long as the frequency is 
higher than a certain minimum cutoff frequency. The waveguide thus acts like а high- 
‘pass filter, There is also a practical upper frequency limit. In general, waveguides sup- 
port a bandwidth of 30 to 40 percent of eutolf frequency. As shown in Fig. 19-5, the. 
center line of the waveguide (which represents the points where the conductors 
are in the parallel line analogy) becomes а “shorting bar" between segments, and that 
"bar" widens or narrows according to operating frequency. Thus, the active region is 
ЭШ а quarter-wavelength shorted stub. 

Below the cutoff frequency, the structure disappears entirely, and the wave- 
guide acts like a parallel transmission line with a low-impedance inductive reactance 
shorted across the conductors. When modeled asa pair of quarter-wavelength stubs, 
the a dimension of the waveguide is а half-wavelength long. The cutoff frequency is 
defined as the frequency at which the a dimension is less than a half-wavelength. 


Propagation modes in waveguides 


‘The signal in a microwave waveguide propagates as an electromagnetic wave, not as 
a current, Even in а transmission line, the signal propagates as a wave because the 
‘current in motion down the line gives rise to electric and magnetic fields, which be. 
have as an electromagnetic field. The specific type of field found in transmission 
lines, however, is a transverse electromagnetic (TEM) field. The term transverse 
implies things at right angles to each other, so the electric and magnetic fields 
are perpendicular to the direction of travel. In addition to the word 

these right-angle waves are sald to be "normal" or "orthogonal" to the direction of 
travel—three different ways of saying the same thing: right-angleciness, 
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Boundary conditions 

‘The TEM wave will not propagate in a waveguide because certain boundary condi- 
tions apply. Although the wave in the waveguide propagates through the air (or in- 
ert gus dielectric) ina manner similar to free-space propagation, the phenomenon is 
bounded by the walls of the waveguide, and that implies certain conditions must be 
met. The boundary conditions for waveguides are 


1. The electric field must be orthogonal to the conductor in order to exist at the 
surface of that conductor 
2. The magnetic field must not be orthogonal to the surface of the waveguide. 


In order to satisfy these boundary conditions the waveguide gives rise to two 
types of propagation modes: transverse electric mode (TE mode), and transverse 
magnetic modo (TM mode). The TEM mode violates the boundary conditions 
because the magnetic field is not parallel to the surface, and so does not occur in 
waveguide 

‘The transverse electric feld requirement means that the E field must be per- 
pendicular to the conductor wall of the waveguide. This requirement is met by use 
ofa proper coupling scheme at the input end of the waveguide. A vertically polarized 
‘coupling radiator will provide the necessary transverse field. 

One boundary condition requires that the magnetic (Н) field must not be or 
thogonal to the conductor surface. Because it is at right angles to the E field, it will 
meet this requirement (sce Fig. 19-8). The planes formed by the magnetic field are 
parallel to both the direction of propagation and the wide dimension surface, 

As the wave propagates away from the input radiator, it resolves into two com- 
ponents that are not along the axis of propagation, and are not orthogonal to the 
walls. The component along the waveguide axis violates the boundary conditions, so 
it is rapidly attenuated. For the sake of simplicity, only one component is shown in 
Fig, 19-7. Three cases are shown in Fig. 19-7: high, medium, and low frequency. Note 
that the angle of incidence with the waveguide wall increases as frequency drops. The 
angle rises toward 90° as the cutoff frequency is approached from above. Below 
the cutoff frequency the angle is 90°, so the wave bounces back and forth between the 
walls without propagating. 
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Coordinate system and dominant mode in waveguides 
Figure 19-8 shows the coordinate system used to denote dimension: 
'ussions. The a and b dimensions of the waveguide correspond to 
he ır and y axes of a cartesian coordinate system, and the 
wave propagation. 
їп describing the various modes of propagation, use a shorthand notation as 
follows: 


ıd directions 


in microwave dis 


axis is the direction of 


те 


where 
x is E for transverse electric mode, and M for transverse magnetic mode 


»n is the number of half-wavelengths along the a axis (.e. a dime 
n is the number of half-wavelengths along the y axis (Le. b dimen 
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The ТЕ, mode is called the dominant mode, and is the best mode for tow atten- 
uation propagation in the г axis. The nomenclature TE, indicates that there is 
опе half-wavelength in the a dimension and zero half-wavelengths in the b dimen- 
sion. The dominant mode exists at the lowest frequency at which the waveguide is a 
Palt wavelength. 


Velocity and wavelength in waveguides 
Figures 19-9 and 19-98 show the geometry for two wave components, simplified 
for the sake of illustration, There are three different wave velocities to consider with 
respect to waveguides: free-space velocity c, group velocity V, and phase veloc- 
ity V, The free-space velocity is the velocity of propagation in unbounded free space 
(Le, the speed of light c = 3 х 10" nus). 


Tx 


198 Rectangular waveguide coordinate system. 
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19-94 Antenna radiator in cappe 


1998 Wave propagation in waveguide 


"The group velocity is the straight line velocity of propagation of the wave dawn, 
the center line (г axis) of the waveguides. The value of V, is always less than c, be- 


cause the actual path length taken, as the wave bounces back and forth, is longer 
than the straight line path (Le., path ABC is longer than path AC). The relationship 
between cand V, is 


sina пө 
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V, is the group velocity in meters per second 
cls the free-space velocity (3 x 10" m/s) 
ais the angle of incidence in the waveguide 


‘The phase velocity is the velocity of propagation af the spot on the waveguide wall 
Where the wave impinges (e.g., point В in Fig, 19-98). This velocity, depending upon 
the angle of incidence, can actually be faster than both the group velocity and the speed 
of light. The relationship between phase and group velocities can be seen in the beach. 
analogy. Consider an ocean beach, on which the waves arrive from offshore at an angle 
other than 90°. In other words, the arriving wavefronts are not parallel to the shore. 
‘The arriving waves have a group velocity V, But as a wave hits the shore, it will strike a 
point down the beach first, and the "point df strike" races up the beach at a much faster 
hase velocity V, that is even faster than the group velocity. In a microwave waveguide, 
the phase velocify can be greater than c, as can be seen from Eq. 1 


W 19.2] 


Example 19-1 Calculate the group and phase velocities for an angle of inci- 
dence of 
Solution: 


(a) Group velocity 


= (8 X 1009(0.5446) = 16 x 10 m/s 
(b) Phase velocity 
Y, = china. 
(8 X 10" wsy/sin 33° 


(8 x 10* mis) ((0.5446) 


51 x 10" m/s 
For this problem the solutions are 

x 10 ms 

BL X 10 mys 


5 x 10" ms 


We can also waite a relationship between all three velocities by combining Eqs. 
19.1 and 19.2, resulting in 
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In any wave phenomenon the product of frequency and wavelength is the ve- 
locity, Thus, fora TEM wave in unbounded free space we know that: 


PA 194] 


Because the frequency F is fixed by the generator, only the wavelength can 
change when the velocity changes. In a microwave waveguide we can relate phase 
velocity to wavelength as the wave is propagated in the waveguide: 


Axe 


119.5) 


where: 
V, is the phase velocity, in meters per second 
els the free-space velocity (3x 10" nis) 
A is the wavelength in the waveguide, in meters 
A, is the wavelength in free space (c/F), in meters (see Eq. 19.4) 


Equation 19,5 can be rearranged to find the wavelength in the waveguide: 
VA 
hr 118.6) 


Example 19-2 A 5.6-GHz microwave signal is propagated in a waveguide. 
Assume that the internal angle of incidence to the waveguide surfaces is 42 degrees, 
Calculate (a) phase velocity, (b) wavelength in unbounded free space, and (c) wave- 
length of the signal in the waveguide. 

Solution: 


(a) Phase vetocity 


3x 10 ms 
na 


ES 


Sao 5 X10 ms 


(0) Wavelength in free space 
„ er 


= (8 x 100/56 x 10" Ha) 


0.054 m 
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gth in waveguide 
VA, 


4.5 X 10 nis)(0.054 т) 
-£ SOM) L hoem 
B10 ms 


Comparing, we find that the free-space wavelength is 0.054 m, and the wave- 
length inside of the waveguide increases to 0,08 m. 


Cutoff frequency (F) 


"The propagation of signals in a waveguide depends, in part, upon the operating 
frequency of the applied signal. As covered earlier, the angle of incidence made by 
the plane wave to the waveguide wall is a function of frequency. As the frequency 
drops, the angle of incidence increases toward 90”. 

"The propagation of waves depends on the angle of incidence and the associated 
reflection phenomena, Indeed, both phase and group velocities аге functions of the 
angle of incidence. When the frequency drops to а point where the angle of inci- 
dence is 90°, then group velocity is meaningless. 

We can define a general mode equation based on our system of notation: 


GG) m 


A, is the longest wavelength that will propagate 

а, bare the waveguide dimensions (see Fig, 19 

m, n are integers that define the number of half-wavelengths that will fit in the a 
and b dimensions, respectively 


Evaluating Eq, 197 reveals that the longest TE-mode signal that will propagate 
in the dominant mode (TE, ) is given by 


2 20 119.8] 


from which we сап write an expression for the cutoff frequency: 
E 119.9] 


7 is the lowest frequency that will propagate, in hertz 
îs the speed of light (3X 10" m/s) 
ais the wide waveguide dimension 
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Example 19-3 A rectangular waveguide has dimensions of 3 5 em. Caleu- 
late the TE, mode cutoff frequency. 


Solution: 


(sex en 
3 x 10 m/s 
= (230.05 m) idu 
(ej usao 
scr 
119.117 


"To determine the cutoff wavelength, we can rearrange Eq. 19.10 to the form: 


119.121 


One further expression for air-filled waveguide calculates the actual wavelength 
in the waveguide from a knowledge of the free-space wavelength and actual operat- 
ing frequency: 


119.181 


where 
A, is the wavelength in the waveguide 
X is the wavelength in free space 
£ is the waveguide cutoff frequency 
Fis the operating frequeney 
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Example 19-4 A waveguide with a 45-GHz cutoff frequency is excited with a 
Hz signal. Find (a) the wavelength in free space and (b) the wavelength in the 


D 


waveguide. 
Solution: 
(a) 
Im 
3x IU n 
+ TET 
[2] 


0.0448 m. 
1-067 


00448 
035 


= 0.136 m 


‘Transverse magnetic modes also propagate in waveguides, but the base ТМ, 
‘mode is excluded by the boundary conditions. Thus, the TM, mode is the lo 
‘magnetic mode that will propagate, 


Waveguide impedance 


All forms of transmission line, including the waveguide, exhibit a characteristic im- 
pedance, although in the case of waveguide it is a little difficult to pin down concep- 
tually. This concept was developed for ordinary transmission lines in Chap. 3. For a 
waveguide, the characteristic impedance is approximately equal to the ratio of the 
electric and magnetic fields (ЕЛ), and converges (as a function of frequency) to 
the intrinsic impedance of the dielectric (Fig. 19-10). The impedance of the wave- 
guide is a function of waveguide characteristic impedance (Z, ) and the wavelength 
in the waveguide: 
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Frequency 
19-10 Impedance versus frequency 
119.141 
Ог, for rectangular waveguide, with constants taken into consideration: 
119.151 


X 


"The propagation constant B for rectangular waveguide is a function of both 
cutoff frequency and operating frequency 


ГАС 
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from which we can express the TE-mode impedance: 
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119.17] 


and the TM-mode impedance: 
[19.18] 


Waveguide terminations 


When an electromagnetic wave propagates down a waveguide, it must eventually 
reach the end of the guide, If the end is open, then the wave will propagate into free- 
space. The horn radiator is an example of an unterminated waveguide. If the wave- 
guide terminates in a metalli wall, then the wave reflects back down the waveguide, 
from whence it came. The interference between incident and reflected waves forms 
standing waves (see Chap. 3). Such waves are stationary in space, but vary in the 
time domain. 

In order to prevent standing waves, or more properly, the reflections that give 
rise to standing waves, the waveguide must be terminated in a matching imped- 
ance, When a properly designed antenna is used to terminate the waveguide, it 
forms the matched load required to prevent reflections. Otherwise, a dummy load 
must be provided. Figure 19-11 shows several types of dummy load 

‘The classic termination is shown in Fig. 19-114, The "resistor" making up the 
dummy load is a mixture of sand and graphite. When the fields of the propagated 
wave enter the load, they cause currents to flow, which in turn cause heating. 
Thus, the RF power dissipates in the sand-graphite rather than being reflected 
back down the waveguide. 

А second dummy load is shown in Fig. 19-118, The resistor element is a car- 
bonized rod critically placed at the center of the electric field. The E field causes 
currents to flow, resulting in 7f losses that dissipate the power 

Bulk loads, similar to the graphite-sand chamber, are shown in Fig, 19-110, D, 
and E. Using bulk material such as graphite or a carbonized synthetic material, these 
loads are used in much the same way as the sand load (Le, currents set up, and Je 
losses dissipate the power), 

‘The resistive vane load is shown in Fig. 19-11F. The plane of the element is or- 
thagonal to the magnetic lines of force. When the magnetic lines cut across the vane, 
currents are induced, whieh gives rise to the FR losses, Very little RF energy reaches 
the metallic end of the waveguide, so there is little reflected energy and a low VSWR, 

‘There are situations where it isn't desirable to terminate the waveguide in a 
dummy load. Several reflective terminations are shown in Fig, 19-12. Perhaps the 
simplest form is the permanent end plate shown in Fig. 19-12A. The metal cover 
must be Welded or otherwise affixed through a very-low-resistance joint. At the sub- 
stantial power levels typically handled in transmitter waveguides, even small resis- 
tances сап be important 

‘The end plate (shown in Fig. 19-128) uses a quarter-wayelength cup to reduce 
the effect of joint resistances. The cup places the contact joint at a point that is a 
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quarter-wavelength from the end. This point is a minimum-current node, so DR 
losses in the contact resistance became less important 

‘The adjustable short circuit is shown in Fig, 19-126. The walls of the waveguide 
and the surface of the plunger form а hal wavelength channel, Because the metallic 
end of the channel is а short circuit, the impedance reflected back to the front of the 
plunger is zero ohms, or nearly so. Thus, a virtual short exists at the points shown, 
By this means, the contact (or joint) resistance problem is overcome. 


Waveguide joints and bends 


Joints and bends in any form of transmission Ше or waveguide are seen as imped- 
ance discontinuities, and so are points at which disruptions occur. Thus, improperly 
formed bends and joints are substantial contributors to a poor VSWR. In general, 
bends, twists, joints, or abrupt changes in waveguide dimension can deteriorate the 
VSWR by giving rise to reflections. 

Extensive runs of waveguide are sometimes dificult to make in a straight line 
Although some installations do permit a straight waveguide, many others require di- 
rectional change. This possibility is especially likely on shipboard installations. 
Figure 19-13A shows the proper ways to bend a waveguide around a corner. In each 
vase, the radius of the bend must be at least two wavelengths at the lowest fre- 
quency that will be propagated in the system 

"The “twist” shown in Fig. 19-198 is used to rotate the polarity of the E and H 
fields by 90°. This type of section is sometimes used in antenna arrays for phasing 
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the elements, As in the ease of the bend, the twist must be made aver a distance of 
at least two wavelengths. 

When an abrupt 90° transition is needed, itis better to use two successive 45° 
bends spaced one-quarter wavelength apart (see Fig. 19.130). The theory (behind 
this kind of bend) is to cause the interference of the direct reflection of one bend, 
with the inverted reflection of the other. The resultant relationship between the 
fields is reconstructed as if no reflections had taken place. 

Joints are necessary in practical waveguides because it simply isn't possible to 
construct a single length of practical size forall situations. Three types of common 
joints are used: permanent, semipermanent, and rotating, 

To make a permanent joint the two waveguide ends must be machined 
extremely Bat so that they can be butt-fitted together, A welded or brazed seam 
bonds the two sections together. Because such a surface represents a tremendous 
discontinuity, reflections and VSWR will result unless the interior surfaces are milled 
Tat and then polished to а mirror-like finish. 

А semipermanent joint allows the joint to be disassembled for repair and main- 
tenance, as well as allowing easier on-site assembly. The most common example of 
this class is the choke joint shown in Fig. 19-14, 

One surface of the choke joint is machined flat and is a simple butt-end planar 
Mange. The other surface is the mate to the planar flange, but it has a quarter 
wavelength circular slot cut ata distance of one-quarter wavelength from the wave- 
guide aperture. The two flanges are shown in side view in Fig. 19-144, and the 
slotted end view is shown in Fig. 19-148. The method for fitting the two ends to- 
gether is shown in the oblique view in Fig. 19-14C. 
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Rotating joints are used in cases where the antenna has to point in different 
directions at different times, Perhaps the most common example of such an applica- 
tion is the radar antenna, 

"The simplest form of rotating joint is shown in Fig. 19-15, The key to its opera- 
tionis that the selected mode is symmetrical about the rotating axis. For this reason, 
A circular waveguide operating in the TM,, mode is selected. In this rotating choke 
Joint, the actual waveguide rotates but the internal fields do not (thereby minimizing 
reflections). Because most waveguide is rectangular, however, а somewhat more 
complex system is needed. Figure 19-16 shows a rotating joint consisting of two cir- 
cular waveguide sections inserted between segments of rectangular waveguide. On 
each end of the joint, there is а rectangular-to-circular transition section. 

In Fig, 19-16, the rectangular input waveguide operates in the TE, mode that is 
‘most efficient for rectangular waveguide. The E-field lines of force couple with the 
circular segment, thereby setting up a TM,, mode wave. The TM,, mode has the re- 
quired symmetry to permit coupling across the junction, where it meets another 
transition zone and is reconverted to TE, mode. 


Waveguide coupling methods 


Except possibly for the case where an oscillator exists inside a waveguide, it is nec- 
essary to have some form of input or output coupling in a waveguide system. There 
are three basic types of coupling used in a microwave waveguide: capacitive (or 
probe), inductive (or loop), and aperture Cor slot). 

Capacitive coupling is shown in Fig. 19-17. This type of coupling uses a vertical 
radiator inserted into one end of the waveguide. Typically, the probe is a quarter- 
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wavelength in a fixed-frequency system. The probe is analogous to the vertical an- 
tennas used at lower frequencies. A characteristic of this type of radiator is that the 
E field is parallel to the waveguide top and bottom s 


faces. This arrangement satis 
Ties the first boundary condition for the dominant ТЕ, mode 


The radiator is placed at a point that is а quarler-wavelength from the rear 
wall (Fig, 19-17B). By traversing the quarter-wave distance (90° phase shift), be 
ing reflected from the rear wall (180* phase shift), and then retraversing the 
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quarter-wavelength distance (another 90° phase shift), the wave undergoes a to- 
tal phase shift of one complete cycle, or 360", Thus, the reflected wave arrives 
back at the radiator in phase to reinforce the outgoing wave. Hence, none of the 
excitation energy is lost 

Some waveguides have an adjustable end cap (Fig. 19-17C) in order to accom- 
modate multiple frequencies. The end cap position is varied to accommodate the dif 
ferent wavelength signals 

Figure 19-17D shows high- and low-power broadband probes that are typically 
not a quarter-wavelength except at one particular frequency. Broadbanding is ac- 
complished by attention to the diameter-to-length ratio. The degree of coupling c 
be varied in any of several ways: the length of the probe can be varied; the position 
of the probe in the E field can be changed; or shielding can be used to partially 
shade the radiator element 

Inductive, or loop coupling, is shown in Fig, 19-18. A small loop of wire (or other 
conductor) is placed such that the number of magnetic flux lines is maximized. This 
form of coupling is popular on microwave receiver antennas, in order to make a 
waveguide-to-coaxial cable transition. In some cases, the loop is formed by the pig- 
tail lead of a detector diode that, when combined with a local oscillator, dawneon- 
verts the microwave signal to an IF frequency in the 30- to 300-MH region. 

Aperture, or slot coupling, is shown in Fig, 19-19. This type of coupling is used 
to couple together two sections of waveguide, а 


‘on an antenna feed system. Slots 
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сап be designed to couple either electric, magnetic, or electromagnetic fields. In 
Fig. 19-19, slot А is placed at a point where the E field peaks, so И allows electrical 
Field coupling. Similarly, slot B is at a point where the H field peaks, so И allows 
magnetic field coupling. Finally, we see slot C, which allows electromagnetic field 
coupling. 

Slots can also be characterized according to whether they are radiating ornon- 
radiating. A nonradiating slot is cut at a point that does not interrupt the flow 
of currents in the waveguide walls. The radiating slot, on the other hand, does inter 
rupt currents flowing in the walls. A radiating siot is the basis for 
antenna, which аге discussed at the end of this chapter 
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Microwave antennas 


Antennas are used in communications and radar systems at frequencies from the 
very lowest to the very highest. In both theory and practice, antennas are used until 
frequencies reach infrared and visible light, at whieh point optics becomes more im- 
portant. Microwaves are a transition region between ordinary "radio waves" and *op- 
tical waves,” so (as might be expected) microwave technology makes use of 
techniques from both worlds. For example, both dipoles and parabolic reflectors are 
used in microwave systems, 

‘The purpose of an antenna is to act as а transducer between either electrical 
oscillations or propagated "guided waves" (Le., in transmission lines or waveguides) 
and a propagating electromagnetic wave in free space. A principal function of the a 
tenna is to act as an impedance matcher between the waveguide, or transmission 
line, impedance and the impedance of free space. 

‘Antennas can be used equally well for both receiving and transmitting signals 
because they obey the law of reciprocity. That is, the same antenna ean be used to 
both receive and transmit with equal success. Although there might be practical or 
mechanical reasons to prefer specific antennas for one or the other mode, electri- 
cally they are the same. 

In the transmit mode, the antenna must radiate electromagnetic energy. Por this 
Job, the important property is gain G. In the receive mode, the job of the antenna is 
to gather energy from impinging electromagnetic waves in free space, The important. 
property for receiver antennas is the effective aperture A, which isa function of the 
antennas physical area, Because of reciprocity, a large gain usually infers a large el- 
fective aperture and vice versa. Effective aperture is defined as the area of the im- 
pinging radio wavefront that contains the same power as is delivered to a matched 
resistive load across the feedpoint terminals. 


The isotropic "antenna" 


Antenna definitions and specifications can become useless unless a means is pro- 
vided for putting everything on a common footing. Although a variety of systems cx- 
Ist for describing antenna behavior, the most common system compares a specific 
antenna with a theoretical construct, called the tsotropie radiator: 

An isotropic radiator is a spherical point source that radiates equally well in all 
directions. By definition, the directivity of the isotropic antenna is unity (1), and. 
all antenna gains are measured against this standard, Because the geometry of the 
sphere and the physics of radiation are well known, we can calculate field strength 
and power density at any point. These figures can then be compared with the actual 
values from an antenna being tested. From spherical geometry, we can calculate 
isotropic power density at any distance R from the point sour 


A 119.191 
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P, is the power density, in watts per square meter 
P's the power in watts input to the isotropic radiator 
Ris the radius in meters at which point power density is measured 


Example 19-5 Calculate the power density at a distance of 1 km (1000 m) 
from a 1000-W isotropic source. 
Solution: 


— 
Td 

_ созу 
2 ак (10000) 


= 7.05 х 107 Wn 


‘The rest of this chapter covers antenna gains and directivities that are relative 
to isotropic radiators. 


Near field and far field 

Antennas are defined in terms of gain and directivity, both of which are measured 
by looking at the radiated field of the antenna. There are two fields to consider: near 
field and far field. The patterns published for an antenna tend to reflect far-field 
performance. The far feld for most antennas falls off according to the liese 
square taw. That is, the intensity falls off according to the square of the distance 
CUR”), as in Eq, 19.18. 

"The near field of the antenna contains more energy than the far field because of 
the electric and magnetic fields close to the antenna radiator element, The near field 
tends to diminish rapidly according to a 1 function. The minimum distance to the 
edge of the near field is а function of both the wavelength of the radiated signals and 
the antenna dimensions: 


119.20] 


7, Is the near-field distance. 
бв the largest antenna dimension 


As the wavelength of the radiated signal (all factors in the same units) 


Example 19-6 An antenna with a length of 6 em radiates a 12-cm wavelength 
signal. Calculate the near-field distance. 
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Antenna impedance 
Impedance represents the total opposition to the flow of alternating current 
(ea, RF), and includes both resistive and reactive components. The reactive com- 
ponents can be either capacitive or inductive, or a combination of both. Impedance 
can be expressed in either of two notations: 


19211 
2= ± 119.22) 


Of these, Eq. 19.22 is perhaps the more commonly used in RF applications. The 
reactive part of antenna impedance results from the magnetic and electrical fields 
(close to the radiator) returning energy to the antenna radiator during every cycle. 
‘The resistive part of impedance consists of two elements: ofemic losses R, and ma- 
diation resistance R, The ohmic losses are due to heating of the antenna conduc- 
tor elements by RF current passing through, as when current passes through any 
conductor 

"The radiation resistance relates to the radiated energy. An efficiency factor k 
compares the loss and radiation resistances: 


11923] 


"The goal of the antenna designer is to reduce R, to a minimum. The value of R, 
is set by the antenna design and installation, and i$ defined as the quotient of the. 
voltage over the current at the feedpoint, less losses 


Dipole antenna elements 
"The dipole isa two-pole antenna (Fig. 19-20) that сап be modeled as either a single 
radiator fed at the center (Fig. 19-20A) or a pair of radiators fed back to back 
(Fig. 19-208). RF current from the source oscillates back and forth in the radiator el- 
ement, causing an electromagnetic wave to propagate in a direction perpendicular 
to the radiator element. The polarity of any electromagnetic field is the direction 
of the electrical field vector (see Chap. 2). In the dipole, the polarization is parallel 
to the radiator element: a horizontal element produces a horizontally polarized sig- 
vertical element produces a vertically polarized signal. 
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19-204. Basie dipole antenna showing propagation 


19-208 Basic dipole antenna. 


Figure 19-21 shows the radiator patterns for the dipole viewed from two per- 
spectives. Figure 19-21A shows the pattern of a horizontal half-wavelength dipole as 
viewed from above, This plot shows the directivity of the dipole: maximum radiation. 
ds found in two lobes perpendicular to the radiator length. The plot in Fig, 19218 
shows the end-on pattern of the dipole. This omnidirectional pattern serves for a 
vertically polarized dipole viewed from above. The end-on pattern of а horizontal di- 
pole would be similar, except that it is distorted by ground effects unless the antenna. 
is a very large number of wavelengths above the ground. 
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Dipole patter (vertical). 


A microwave dipole is shown in Fig. 19-22. The antenna radiator element con- 
sists of a short conductor at the end of a section of waveguide, Although most low- 
frequency dipoles are a half-wavelength, microwave dipoles might be either a 
half wavelength, less than a halfwavelength, or greater than a half-wavelengh, de- 
pending upon application. For example, because most microwave dipoles are used to 
illuminate a reflector antenna of some sort, the length of the dipole depends upon 
the exact illumination funetion required for proper operation of the reflector, Most, 
however, will bea helf wavelength. 


Antenna directivity and gain. 
"The dipole discussed illustrated a fundamental property of the type of antenna gen- 
erally used at microwave frequencies: directivity and gain. These two concepts are 
different but so interrelated that they are usually discussed at the same time. Be- 
cause of the directivity, the antenna focuses energy in only two directions, which 
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means that all of the energy is found in those directions (Fig. 19-214), rather than 
being distributed over a spherical surface. Thus, the dipole has a gain approximately 
2,1 dB greater than isotropic, In other words, the measured power density at any 
point will be 2.1 dB higher than the calculated isotropic power density for the same 
RF input power to the antenna. 

Directivity The directivity of an antenna is a measure of its ability to direct 
RF energy in a limited direction, rather than in ай (spherical) directions equally. As 
shown in Fig. 19-214, the horizontal directivity of the dipole forms a bidirectional 
figure-8 pattern. Two methods for showing unidirectional antenna patterns are 
shown in Fig, 19-23. The method of Fig, 19-234 is a polar plot viewed from above. 
"The main lobe is centered on 0”. The plot of Fig, 19-258 is а rectangular method for 
displaying the same information. This pattern follows a (sin % function or, 
for power, [sin ea 


Directivity D is a measure of relative power densities: 
p= Te 19.24] 
я 119.24] 

Or, referenced to isotropic, 
119.25] 


Dis the directivity 

P,,, is the maximum power 

Pig the average power 

¿is the solid angle subtended by the main lobe 
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a= 1AB beamwidth 


‘The term © is a solid angle, which emphasizes the fact that antenna patterns 
must be examined in at least two extents: horizontal and vertical 

A common method for specifying antenna directivity is beanuidth (BW). The 
definition of BW is the angular displacement between points on the main lobe (see 
Figs. 19-23А and 19-298), where the power density drops to one-half (A dB) ofits 
‘maximum main lobe power density. This angle is shown in Fig. 19-234 as a. 

In an ideal antenna system, 100 percent of the radiated power is in the main 
lobe, and there are no other lobes. But in real antennas certain design and installa- 
tion anomalies cause additional minor labes, such as the sidelobes and backlobe 
shown in Fig. 10-23A. Several problems derive from the minor lobes. First is the loss 
of usable power. For a given power density required at a distant receiver site, the 
transmitter must supply whatever additional power is needed to make up for the mi- 
nor lobe losses, 

‘The second problem is intersystem interference. A major application of direc- 
tional antennas is the prevention of mutual interference between nearby cochan- 
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nel stations. In radar systems, high sidelobes translate to errors in detected tar- 
gels. If for example, а sidelobe is large enough to detect a target, then the radar 
display will show this off-axis target as if it was in the main lobe of the antenna, 
‘The result is an azimuth error that could be important in terms of marine and aero- 
nautical navigation, 

Gain Antenna gain derives from the fact that energy is squeezed into a limited 
space instead of being distributed over a spherical surface. The term дабл implies 
that the antenna creates a higher power when, in fact, it merely concentrates the 
power into a single direction that would otherwise be spread out over a larger area, 
Even so, it is possible to speak of an apparent increase in power. Antenna-transmitter. 
systems are often rated in terms of effective radiated power (ERP). The ERP is the 
product of the transmitter power and the antenna gain. For example, if an antenna 
has a gain of +3 dB, the ERP will be twice the transmitter output power. In othe 
‘words, a 100-W output transmitter connected to a +3-dB antenna will produce a 
ower density at a distant receiver equal to а 200-W transmitter feeding an isotropic. 
radiator. There are two interrelated gains to be considered: directivity gain G, and 
power gain Gy 

‘The directivity gain is defined as the quotient of the maximum radiation int 
sity over the average radiation intensity (note the similarity to the directivity defini- 
tion). This measure of gain is based on the shape of the antenna radiation pattern, 
and can be calculated with respect to an isotropic radiator (D=1) from: 
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where 


G, is the directivity gain 
Pis the maximum power radiated per unit of solid angle 
Pis the total power radiated by the 


menna 


"The power gain is similar in nature, but slightly different from directivity gain; it 
includes dissipative losses in the antenna. Not included in the power gain are losses 
caused by cross-polarization or impedance mismatch between the waveguide (or 
transmission line) and the antenna. There are two commonly used means for deter- 
mining power gain: 


19.271 


and 


119.28] 


where 


is the maximum radiated рег unit solid angle 
P is the net power accepted by the antenna (ie. less mismatch losses) 

P. is the average intensity at a distant point 

Pis the intensity at the same point from an isotropic radiator fed the same RF 
power level as the antenna 


(Equations assume equal power to antenna and comparison isotropic source.) 
Provided that ohmic losses are kept negligible, the relationship between direc- 
tivity gain and power gain is given by: 


119.291 


(Al terms as previously defined.) 

Relationship of gain and aperture Antennas obey the law of reciprocity, 
which means that any given antenna will work as well to receive as to transmit. The 
function of the receiver antenna is to gather energy from the electromagnetic field 
radiated by the transmitter antenna, The aperture is related to, and often closely ap- 
proxitnates, the physical area of the antenna, But in some designs the effective aper- 
ture A, is less than the physical area A, so there is an effectiveness factor n that must 
be applied. In general, however, a high-gain transmitter antenna also exhibits a high 
receiving aperture, and the relationship ean be expressed as. 
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A, is the effective aperture 
ıt is the aperture effectiveness (=I for a perfect, lossless antenna) 
Mis the wavelength of the signal 


Horn antenna radiators 
‘The hom radiator is a tapered termination of a length of waveguide (see Fig. 19.24 
(A-C) that provides the impedance transformation between the waveguide imped- 
ance and the free-space impedance. Horn radiators are used both as antennas in 
their own right, and as illuminators for reflector antennas. Horn antennas are not a 
perfect match to the waveguide, although standing wave ratios of 1.5:1 or less are 
achievable. The gain of a horn radiator is proportional to the area A of the flared 
open flange (4 = ab in Fig. 19-248), and inversely proportional to the square of 
the wavelength: 


104 
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Ais the flange area 
Mis the wavelength (both in same units) 
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-AB beamwidth for vertical and horizontal extents can be approximated 


Vertical 


Ф ZA degrees 119.32] 
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= degrees 119.331 


where 


Ф is the vertical beamwidth, in degrees 
4, is the horizontal beamwidth, in degrees 
a, b are dimensions of the flared flange 
xis the wavelength 


A form of antenna, related to the horn, is the cavity antenna of Fig. 19-25. In this 
type of antenna, a quarter wavelength radiating element extends from the wave- 
guide (or transmission line connector) into a resonant cavity. The radiator element 
is placed a quarter-wavelength into a resonant cavity; and is spaced а quarter- 
wavelength from the rear wall of the cavity. A tuning disk is used to alter cavity di- 
‘mensions in order to provide a limited tuning range for the antenna. Gains to about 
6 dB are possible with this arrangement. 


Reflector antennas 
At microwave frequencies, it becomes possible to use reflector antennas because of 
the short wavelengths involved. Reflectors are theoretically possible at lower fre- 
quencies, but because of the longer wavelengths, the antennas would be so large 
that they become impractical, Several forms of reflector are used (Figs. 19-26 and. 
19.27). In Fig. 19-26 we see the corner reflector antenna, which is used primarily in 
the high-UHF and low-microwave region. A dipole element is placed at the "focal 
point" of the comer reflector, so it receives (in phase) the reflected wavefronts from 
the surface, Either solid metalli reflector surfaces or wire mesh may be used. When. 
mesh is used, however, the holes in the mesh must be ¥,-wavelength or smaller. 
Figure 19.27 shows several other forms of reflector surface shape, most of which 
are used in assorted radar applications, 


Parabolic “dish” antennas 
‘The parabolic reflector antenna is one of the most widespread of all the microwave 
antennas, and is the type that normally comes to mind when thinking of microwave 
systems. This type of antenna derives its operation from physics similar to optics, 
and is possible because microwaves are in a transition region between ordinary radio 
waves and infrared/viible light. 

‘The dish antenna has a paraboloid shape as defined by Fig. 19-28. In this figure, 
the dish surface is positioned such that the center is at the origin (0,0) of an x-y co- 
ordinate system. For purposes of defining the surface, we place a second vertical 
axis called the directriz (y”) à distance behind the surface equal to the focal length 
(и). The paraboloid surface follows the function y* = dyer, and has the property that. 
а line from the focal point F to any point on the surface is the same length as a line 
from that same point to the directrix (in other words, MN = МЕ). 

Ifa radiator element is placed at the focal point F; then it will illuminate the 
reflector surface, causing wavefronts to be propagated away from the surface in 
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phase. Similarly, wavefronts, intercepted by the reflector surface, are reflected to 
the focal point 

Gain The gain of a parabolic antenna is a function of several factors: dish di- 
ameter, feed illumination, and surface accuracy. The dish diameter D should be large 
compared with its depth. Surface accuracy refers to the degree of surface irregular 
ities. For commercial antennas, Y-wavelength surface accuracy is usually sufficient, 
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1927 Reflector antennas, 
although on certain radar antennas the surface accuracy specification must be 
tighter 

‘The feed illumination refers to how evenly the feed element radiates to the re- 
fector surface, For circular parabolic dishes, a circular waveguide feed produces op- 
timum illumination, and rectangular waveguides are less than optimum. The TE,, 
‘mode is desired. For best performance, the illumination should drop off evenly from 
the center to the edge, with the edge being 210 dB down from the center. The diam- 
eter, length, and beamwidth of the radiator element (or horn) must be optimized for 
the specific £/d ratio of the dish. The cutoff frequency is approximated from 


175,698 
س د‎ 119.34] 
where 
Losa is the cutoff frequency. 
iis the inside diameter of the circular feedhorn 
‘The gain of the parabolic dish antenna is found from. 
g- Dy 119.35] 
W 


Where 
G is the gain over isotropic 
Dis the diameter 
A is the wavelength (same units as D) 
K is the reflection efficiency (0.4 to 0.7, with 0.55 being most common) 


MIN = MF 
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‘The —3-4В beamwidth of the parabolic dish antenna is approximated by 

BW = A 119.36] 

D 

and the focal length by 

— 119.371 

164 


For receiving applications, the effective aperture is the relevant specification: 
andis found from 


A 


* 119.38] 


‘The antenna pattern radiated by the antenna is similar to Fig, 19-238. With horn 
illumination, the sidelobes tend Lo be 23 to 28 dB below the main lobe, or 10 to 15 dB. 
below isotropic. It is found that 50 percent of the energy radiated by the parabolic 
dish is within the —3-1В beamwidth, and 90 percent is between the first nulls on ei- 
ther side of the main lobe 
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1га dipole element is used for the feed device, then a splash plate is placed 
Yewavelength behind the dipole in order to improve illumination. The splash plate 
must be several wavelengths in diameter, and is used to reflect the backlobe back 
toward the reflector surface. When added to the half-wave phase reversal inh 
ent in the reflection process, the two-way quarter-wavelength adds another half- 
wavelength and thereby permits the backwave to move out in phase with the front. 
lobe wave. 

Parabolic dish feed geometries Figure 19-29 shows two methods for feed- 
ing parabolic dish antennas, regardless of which form of radiator (horn, dipole, ete.) 
is used. In Fig. 19-294 we see the method in which the radiator element is placed at 
the focal point, and a waveguide (or transmission line) is routed to it. This method. 
is used in low-cost installations such as home satellite TV receive-only (TVRO) 
antennas, 

Figure 19-298 shows the Cassegrain feed system. This system is modeled after 
the Cassegrain optical telescope. The radiator element is placed at an opening at the 
center of the dish. A hyperbolic subreflector is placed at the focal point, and it is 
used to reflect the wavefronts to the radiator element, The Cassegrain system re- 
sults in lowernolse operation because of several factors: less transmission line. 
length, lower sidelobes, and the fact that the open horn sees sky instead of earth 
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19-298 Parabolic antenna Cassegrain feed, 


(which has lower temperature); on the negative side, galactic and solar noise might 
be slightly higher on a Cassegrain dish. 

Figure 19-30 shows the monopulse feed geometry. In this system, a pair of ra- 
diator elements are placed at the focal point, and fed to a power splitter network that 
‘outputs both sum and difference signals (Fig. 19-208), When these are combined, 
the resultant beam shape has improved ~3-dB beamwidth as a result of the alge- 
rad summation of the two, 


Array antennas 
When antenna radiators are arranged in a precision array, an increase in gain occurs. 
An array might be a series of dipole elements, as in the broadside array of Fig. 19-31 
(which is used in the UHF region), ora series of slots, horns, or other radiators. The 
overall gain of an array antenna is proportional to the number of elements, as well as 
the details of their spacing. In this, and other antennas, a method of phase shifting 
is needed, In Fig. 19-31, the phase shifting is caused by the crossed feeding of the el- 
‘ements, but їп more modern arrays, other forms of phase shifter are used. 

"Two methods of feeding an array are shown in Fig, 19-32. The corporate feed 
‘method connects all elements, and their phase shifters, in parallel with the source. 
The branch feed method breaks the waveguide network into two (or more) separate 


id-state array antennas Some modern radar sets use solid-state array a 
tennas consisting ora large number of elements, each of which is capable of shifting 
the phase of a microwave input signal. Two forms are known: passive (Fig. 19-834) 
and active (Fig. 19-338). In the passive type of element, a ferrite (or PIN diode) 
phase shifter is placed in the transmission path between the RF input and the radia- 
tor element (usually a slot). By changing the phase of the RF signal selectively, it is 
possible to form and steer the beam at will. A 3-bit (Le., three discrete state) phase 
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shifter allows the phase to shift in 45° inerements, while а 4-bit phase shifter allows 
22.5" increments of phase shift. 

The active element contains, in addition to a phase shifter, a transmit power am- 
Pier (1 or 2 W) and a low-noise amplifier (LNA) for receiving. A pair of transmit 
receive (Т/Н) switches select the path to which the RF signal is directed, The total 
‘output power of this antenna is the sum of all output powers from all elements in the 
array. For example, an array of one thousand 2-W elements makes а 2000-W system, 


Slot array antennas 
A resonant slot (eut into a wall of a section af waveguide) is somewhat analogous, if 
not identical, toa dipole. By cutting several slots in the waveguide, we obtain the ad- 
vantages of an array antenna in which the elements are several slot radiators. Slot ar- 
ray antennas are used for marine navigation radars, telemetry systems, and the 
reception of microwave television signals in the Multipoint Distribution Service 
(MDS) on 2.145 GHz. 

Figure 19-34 shows a simple slot antenna used in telemetry applications. A slot 
ted section of rectangular waveguide is mounted to а right-angle waveguide lange. 
An internal wedge (not shown) is placed at the top of the waveguide and serves as a 
‘matching-impedance termination to prevent internal reflected waves. Directivity is 
enhanced by attaching flanges to the slotted section of waveguide parallel to the di- 
rection of propagation (see end view of Fig. 19-24), 

Figure 19-35 shows two forms of flatplate array antennas constructed from. 
slotted waveguide radiator elements (shown as insets). Figure 19-35A shows the 
rectangular array, and Fig, 19-368 shows the circular array. These flatplate arrays 
are used extensively in microwave communications and radar applications. 

‘The feed structure for a Matplate array is shown in Fig. 19-350. The antenna el- 
ement is the same sort as shown in Figs. 19.35A and 19-58. A distribution wa 
guide is physically mated with the element, and a coupling slot is provided between 
the two waveguides. Energy propagating in the distribution system waveguide is 
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ntenna radiator element through this slot. In some cases metallic 
hifting stubs are also used in order to fine-tune the antenna ra 


Microwave antenna safety note 


Microwave RF energy is dangerous to your health. Anything that can cook a roast. 
beef can also cook you! The U.S. government sets a safety limit for microwave ex. 
posure of 10 mW/em averaged aver 6 minutes; some other countries use a level 
one-tenth of the U.S. standard, The principal problem is tissue heating, and eyes 
seem especially sensitive to microwave energy. Some authorities believe that 
cataracts form [rom prolonged exposure. о believe that genetic 
damage to offspring is possible as well as other long-term effects as a result of eu 
mulative exposure. 

Because of their relatively high gain, microwave antennas can produce hazardous 
eld strengths in close proximity—even at relatively low RF input power levels. At 


Some authorities a 
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least one technician ina TV satellite earth station suffered abdominal adhesions, solid 
matter in the urine, and genital dysfunction after servicing a 45-m-diameter 3.5-GHz 
antenna with RF power applied. 

Be very careful around microwave antennas. Do not service a radiating an- 
tenna. When servicing nonradiating antennas, be sure to stow them in a position 
that prevents the inadvertent exposure of humans, should power accidentally be 
applied. A Radiation Hazard sign should be prominently displayed on the an- 
tenna, Good design practice requires an interlock system that prevents radiation in 
such situations. “Hot” transmitter service should be performed with a shielded 
dummy load replacing the antenna. 
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CHAPTER 


Antenna noise 
temperature 


RADIO RECEPTION 18 ESSENTIALLY A MATTER OF SIGNAL-TO-NOISE RATIO (SNR). SIGNALS 
must be some amplitude above the noise Noor of the system in order to be received. 
properly, All electronic systems (receivers and antennas included) have inherent 
noise, even if there is no power flowing in them. One of the goals of the antenna. 
designer is to minimize the noise so that weak signals are not obscured. One of the 
basic forms of noise seen in systems is the thermal noise. Even if the amplifiers in 
the receiver adel no additional noise (they will), there willbe thermal noise at the input 
Ifyou replace the antenna with a resistor matched to the system impedance that is 
totally shielded, there wil still be noise present. The noise is produced by the random 
motion of electrons inside the resistor. At all temperatures above absolute zero (about 
16°C) the electrons in the resistor material are in random motion. At any given in- 
stant there will be a huge number of electrons in motion in ай directions. The reason 
why there is no discernible current flow in one direction is that the motions cancel each 
other out even aver short time periods. The noise power present in а resistor i: 


P, =KTBR 120.1] 


where 
Px is the noise power, in watts 
T'is the temperature, in kelvins (K) 
Kis Boltzmann's constant (1.38 x 10 K) 


Bis the bandwidth, in hertz 
Ris the resistance, in ohms 


Note: By international agreement T is set to 290 K. 
Consider a receiver with a 1-MHz bandwidth and an input resistance of 50 £2, The 
noise power is (1.38 x 107 K) x (290 К) x (1,000,000 Hz) x (500) = 2 x 107" W, 
‘This noise is called thermal noise, thermal agitation noise, or Johnson noise. 
А resonant antenna can be modeled as an impedance consisting solely of a resis- 
tor with a value equal to the feecipoint impedance. Ifan antenna has a 50-0 feedpoint 
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impedance, then it will generate exactly the same amount of thermal noise as a re- 
sistor of the same value. 


Noise factor, noise figure, and noise temperature 


‘The noise performance of a receiving system can be defined in three different, but 
related, ways: noise factor F , noise figure (NF), and equivalent noise tompera- 
ture T; these properties are definable as a simple ratio, decibel ratio, or kelvin tem- 
perature, respectively, 


Noise factor (F,) 
For components stich as resistors, the noise factor is the ratio of the noise produced 
һу a real resistor to the simple thermal noise of an ideal resistor. The noise factor of 
а radio receiver (or any system) is the ratio of output noise power Р, to input noise 
power P; 


120.2] 


In order to make comparisons easier, the noise factor is usually measured at the 
standard temperature (T) of 290 К (standardized room temperature), although in 
some countries 299 K or DO K is commonly used (the differences are negligible) 

Tt is also possible to define noise factor F in terms of output and input signal-to- 
noise ratios: 


120.3] 


where 


SS, isthe input signal-to-noise ratio 
S, isthe output signal-to-noise ratio 


Noise figure (NF) 

‘The noise figure is a frequently used measure of a 
parture from “idealness.” Thus, it is a figure of merit. The noise figure is the noise 
factor converted to decibel notation: 


NF 


ТА 120.4] 
where 
NF is the noise figure, in decibels 


F isthe noise factor 
LOG refers to the system of base 10 logarithms 


Noise temperature (Т) 


‘The noise “temperature” is a means for specifying noise in terms of an equivalent 
temperature. Evaluating the noise equations shows that the noise power is directly 
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proportional to temperature in kelvins, and also that noise power collapses to zero at 
the temperature of absolute zero (0 K). 

Note that the equivalent noise temperature 7, is not the physical temperature 
of the amplifier, but rather a theoretical construct that is an equivalent temper 
ture that produces that amount of noise power, The noise temperature is related to. 
the noise factor by 


12051 
and to noise figure by 


120.6] 


Noise temperature is often specified for receivers and amplifiers in combination 
with, or in йеп of, the noise figure. The noise temperature concept is also applied to 
antennas where it is related to the amount of thermal noise generated by the resis- 
live component of the antenna feedpoint impedance, 

‘The antenna-receiver system will be afflicted by three different noise sources 
external to the receiver, The first is the thermal noise temperature of the feedpoint 
impedance (T, ). The sky exhibits a noise temperature that depends on where the 
antenna main lobe is pointed. Similarly, the ground has a noise temperature that 
consists of components reflected from the sky as well as components of its own 
caused by whatever thermal agitation exists. In a typical system (Fig. 20-1) the 
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20-1 Contributors la antenna noise temperature. 
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‘main lobe will be pointed toward the sky noise source, while the sidelobes will pick 
"up noise rom the ground, The total noise temperature of the antenna is 

Tyg = MX Tyg) + EO = MYT + Ty pom 
where 


Tis the equivalent noise temperature of the antenna 
Тув the noise temperature of the sky 

Тв the noise temperature of the ground 

T, is the feedpoint resistance noise temperature 

M is the fraction of the total energy that enters the main lobe 

Eis the fraction of sidelobes that are viewing the ground (only one of several 
sidelobes is shown in Fig. 20-1) 


an 


Antennas for radio 
astronomy 


FOR CENTURIES ASTRONOMERS HAVE SCANNED THE HEAVENS WITH OPTICAL TELESCOPES, 
But today, astronomers have many more tools in their bag, and one of them is radio 
astronomy. The field of radio astronomy emerged in the 1930s and 1040s through the 
work of Grote Reber and Carl Jansky. Even during World War Il, progress was made 
as many tens of thousands of operators were listening to frequencies from de to near 
daylight (well, actually, the low-end microwave bands). British radar operators noted 
during the Battle of Britain that the distance at which they could detect German air- 
craft dropped when the Milky Way was above the horizon, 

Although there is a lot of amateur radio astronomy being done, most of it re- 
uires microwave equipment with low-noise front ends, However, there are several 
things that almost anyone ean do, 

"The topic of antennas for radio astronomy can include nearly all forms of direc- 
tional gain antenna. It is common to see Yagis, ring Yagis, cubical quads, and other an- 
tennas for lawer-fequency use (18 to 1200 MHz). Microwave gain antennas can be 
used for higher frequencies, Indeed, many amateur radio astronomers appropriate TY 
receive-only CTVRO) satelite dish antennas for astronomy work. In this chapter we will 
over some antennas that are not found in other chapters, at least not in this present 
context 


Jupiter reception 

Jupiter is а strong radio source (next to the sun, its the strongest in the sky). It pro- 
duces noiselike signals aver the spectrum 5 to 40 MHz, with peaks between 18 and 
24 MHz One source claims that the radio signals come from massive storms on the 
largest planetis surface, apparently triggered by the transit of the jovian moons 
through the planet's magnetic field. The signals are plainly audible on the HF band 
any time Jupiter is above the horizon, day or night. However, in order to eliminate 
the possibility of both local and terrestrial skip signals from interfering, Jupiter DX- 
ers prefer to listen during the hours after 2100 for whenever the maximum usable 
frequency (MUF) drops significantly below 18 MHz] and local sunup. Listen to the 
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amateur 17- or 15-m bands. If you hear zilch activity, then it's a good bet that the 
MUF has dropped enough to make listening worthwhile. Even during the day, how- 
ever, it is possible to hear jovian signals, but differentiating them from other signals. 
or solar noise is difficult 

So what do you need to DX Jupiter? It would help to have a decent radio receiver 
that works well over the range 18 to 24 MHz. Some cheaper radio receivers are not 
desirable, but most modern communications receivers are fine, The radio signals are 
rising and falling “swooshing” noises, The chances of receiving a signal from Jupiter 
are about 1 in 6, according to several radio astronomes 

‘The antenna can bea simple dipole cut for the middle of the 18- to 24-MH band, 
Which happens to bea 15-m amateur radio band antenna. The antenna should be in- 
stalled in the normal manner for any dipole, except that the wire must run east-west 
in order to pick up the southerly rising planet. 

Figure 21-1 shows a broadband dipole that covers the entire frequency region of 
interest (18 to 24 MHz) by paralleling three different dipoles: one cut for 18 MHz, 
опе cut for 21 MHz, and one cut for 24 MHz. The dimensions are 
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‘There are several approaches to making this type of antenna, One is to use 
three-conductor wire, and cut the wires to the lengths indicated above. Another is to 
use a homemade spacer to spread the wires apart. 


Ring antenna 


Another popular jovian radio antenna is the ring radiator, two versions of which are 
‘shown in Fig. 21-2, This antenna is made of a 5-ft-diameter loop of %-in-diameter soft- 
drawn copper plumbing pipe. The single-ended version is shown in Fig. 21-24. In this 
antenna the loop is open-ended. The center conductor of he coaxial cable feedline is 
connected to one end of the ring radiator, while the coax shield is connected to the 
chicken wire ground plane. The balanced version (Fig. 21-28) has an RF transformer 
(T at the feedpoint 

The ring radiator antenna should have a bandpass preamplifier. The preamp is 
needed because of the low pickup ofthis kind of antenna, and that preamp should 
be mounted as close as possible to the antenna. The bandpass characteristic is ob- 
tained by filtering. The idea is to get rid of terrestrial signals in the adjacent bands. 
‘The typical preamplifier is brondbanded (which is what we want), so will pick up 
‘not only the desired signals but others as well (which is what we dont want). Even 
а 5-W CB transmitter a few blocks away can drive the preamplifier into saturation, 
so it's wise to eliminate the undesired signals before they get into the preamplifier. 
In the case of the single-ended amplifier, a single-ended preamplifier is used. But 
for the balanced version (Fig. 21-28) a differential preamplifier is used. 

‘The loop (both versions) is mounted about 7 or 8 in above а groundplane made of 
chicken wire, metal window screen, copper sheeting, or copper fl. The copper sheeting 
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21-28 Ring radiator: balanced. 


or os best, but costs a lot of money, and tums ugly green after a couple weeks in theel- 
ements. Ifyou use sercen, make sure that it is a metallic sereen. Some window and porch, 
screening material is made of synthetic materials that are insulators. 

Figure 21-3A is a mechanical side view of the ring radiator antenna, while Fig. 
21-3B is a side view. The antenna is mounted above the sereen with insulators, These 
can be made of wood, plastic, or any other material. The frame holding the ground- 
plane screen (Fig. 21-3B) can be made from 1 % 2-in lumber. Note that the frame has 
interior crosspieces to support the antenna, as well as the outer perimeter. The 
larger outer perimeter is needed because the sereen groundplane should extend be- 
yond the diameter of the radiator element by about 10 to 15 percent. 


DDRR 


‘The directional discontinuity ring radi 
while a side view showing the mounting scheme is shown in 


or (DDRR) antenna is shown in Fig. 21-44, 
la. 214, Its typically 
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214A DORR antenna. 
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21-405 DORE antenna: side view 


mounted about 1 ft off the ground (H—12 in). The DDRR consists of two sections, 
one vertical and one horizontal, The short vertical section has a length equal to the 
height A of the antenna above the ground. One end of the vertical segment is 
grounded. The horizontal section is a loop with a diameter D. 

"The conductor diameter Е is at least 0.5 in at 28 MHz, and 4 in at 4 MHz. Because. 
of the loop, some people call this the hula hoop antenna. One author recommends 
using a 2-in automobile exhaust pipe bent into the correct shape by an auto muller 
dealer. The far end of the loop is connected to ground through a small-value tuning 
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capacitor б. The actual value of C, is found expe 
the antenna to a particular operating frequency. 

‘The feedline of the DDRR antenna is coaxial cable connected such that the 
shield is grounded at the bottom end of the vertical section, The center conductor is 
connected to the ring radiator a distance F from the vertical section. The length F 
is determined by the impedance that must be matched. The radiation resistance is 
approximated by 


mentally and is used to resonate 


Ta 
* 


R, 


[ЖЕП 


where 
R, is the radiation resistance, in ohms 
His the height of the antenna off the ground 
Ais the wavelength 


(Both H and А are in the same units.) 
"The approximate values for the various dimensions of the DDRR are given below 
їп general terms, with examples in Table 21-1 


D оов 

H блр 

F 025 

E osten 

G  SeeTable 21-1 
Table 21-1. Examples of dimensions for DDRR 

Band (MHZ) 

Dimension 18 а 78 15 22 WM 50 18 
аш) w 7 з 2 18 1 
ЖОЛ 150 100 a ш в 
Fim) шов 6 15 1 05 
Hn) зом on б 15 1 
bm 818.945 14 
Em & eee ee 05 


‘The construction details of the DDRE are so similar to those of the ring radiator 
that the same diagram can be used (see Fig. 21-3 again). 


‘The normal attitude of the DDRR for communications is horizontal. However, for 
Jupiter radio reception, the antenna groundplane screen can be tilted to 
{ace Jupiter's point in the sky. 


Helical antennas 


"The helical antenna (Fig, 21-5) provides moderately wide bandwidth and circular 
polarization. Because of the polarization some people find the helical antenna to be 
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particularly well suited to radio astronomy reception. The antenna (of diameter D) 
Will have a circumference C of 0.75 to 1.34, The pitch of the helix (5) is the axial 
length of one turn, while the overall length L=NS (where N is the number of turns). 
‘The ratio S/C should be 0.22% to 0.281. At least three turns are needed to produce 
axial-mode main lobe maxima. 

‘The diameter or edge of the groundplane G should be on the order of 0.8X to 
1.1) if circular and/or square, respectively. The offset between the groundplane and 
the first turn of the helix is 012. 

‘The approximate gain of the helical antenna is found from 


Gain = 118+10 log (CNS) dBi 12121 
"The pitch angle ф and turn length y for the helical antenna аге given by 
* e) 1213] 
s 
and 
Y 1214] 
"The beamwidth of the helical antenna is 
e-L 1215] 


VAS 


where 
iis the beamwidth, in degrees 
Nis the number of turns 
S is the pitch, in wavelengths 
© в the circumference, in wavelengths 
Kis 52 for the —3-4В beamwidth and 115 for the beamwidth to the first null 
in the pattem 


"The short section between the helix and the groundplane is terminated in a 
coaxial connector, allowing the antenna to be fed from the rear of the geoundplane. 
The feedpoint impedance is approximately 140 O. 


Multiple helical antennas 


Stacking helical antennas allows a radiation pattern that is much cleaner than the 
normal one-antenna radiation pattern, It also provides а good way to obtain high gain 
with only a few turns in each helix. If two helixes are stacked, then the gain will be 
the same as for an antenna that is twice the length of each element, while for four 
stacked antennas the gain isthe same as for a single antenna 4 times as long. Figure. 
21-6 shows a side view of the stacked helixes 

‘The feed system for stacked helixes is а little more complex than for a single he- 
lix. Figure 21-7A shows an end view of a set of four stacked helical antennas. Ta- 
pered lines (TL) are used to carry signal from each element and the coaxial 
connector (B). In this ease, the coaxial connector is a feed-through "barrel" 50-239 
device at the center of the groundplane (B). A side view of the tapered line system. 
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is shown in Fig, 21-7B. The length of the tapered ines is 1.064, while the center-to- 
center spacing between the helical elements is 15A. The length of each side of the 
groundplane is 25A. In the case of Fig. 21-7, the antenna is fed from the front of 
the groundplane. 


Interferometer antennas 


‘The resolution of an antenna is set by its dimensions а relative to the wavelength А 
of the received signal. Better resolution can be achieved by increasing the size of the 
antenna, but that is not always the best solution. Figure 21-8 shows a summation 
interferometer array. Two antennas with aperture a are spaced S wavelengths 


apart. The radiation pattern isa fringe pattern (Fig. 21-9). This pattern consists ofa 
series of maxima and nulls. The resolution angle ta the first nullis 
Sta 


875 12161 


"The interferometer can be improved with additional antennas in the array. Pro- 
fessional radio astronomers use very wide baseline antennas. With modern commu- 
nications itis possible to link radio telescopes on different continents to make the 
widest possible baseline. 


2L Interferometer array. 
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Adjusting, installing, 
and troubleshooting 


antennas and 
transmission lines 


ANTENNA AND TRANSMISSION LINE MEASUREMENTS SHOULD BE MADE WHEN THE ANTENNA 
is first installed and periodically thereafter, If some difference in operation is noted, 
the same measurements should be repeated, Many antenna measurements are dii 
cult to make with any degree of accuracy. There are some things about antennas that 
can and should be measured, however, regardless of the difficulty. For example, 
VSWR and the resonant frequency of the antenna are readily accessible. П also pos- 
sible to measure the impedance of the antenna feedpoint. You can measure the 
VSWR either with a special VSWR meter (often built into transmitters or antenna 
tuning units), or by using an RF wattmeter. 

By frequency stepping through the band and testing the VSWR at various fre- 
quencies, one can draw a VSWR curve (Fig. 22-1) that shows how the antenna per 
Torms across the band, The resonant frequency is the point where the VSWR dips to 
а minimum (which may or may not be the much sought-after 1:1). 

You can use the resonant frequency to figure out whether the antenna is too long 
(resonant frequency lower than the hoped-for design frequency), or too short (reso- 
Tant frequency above the design frequency). Figure 22-2 shows all three situations. 
Curve A represents the desired or ideal curve that is centered on the desired fre- 
quency F, Ifthe antenna is too long, however, the resonant frequency will be shifted. 
downward towards F, and curve B will be observed. Similarly, if the antenna is too. 
short, curve C will be found as the resonant frequency shifts upband to F 

But resonant frequency and VSWR curves are not the entire story because they 
dont tell us anything about the impedance presented by the antenna. One cannot 
get the VSWR to be 1:1 unless the antenna impedance and transmission line imped- 
ance are the same, For example, а dipole has a nominal textbook impedance of 73, 
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so it makes a very good match to 75-0 coaxial cable. But the actual impedance of a 
real dipole may vary from a few ohms to more than 100.0. For example, if your an- 
tenna exhibits a feedpoint impedance of (say) 25 Q, using 75-02 coaxial cable to feed 
it produces a VSWR=75/25=3:1. Not too great, Measuring the feedpoint impedance 
is therefore quite important to making the antenna work properly. 

‘There are any mimber of instruments on the market that will ald in making an- 
tenna measurements. Some of them are quite reasonably priced (or can be built), 
While others are beyond the reach of all but the most ardent and well-endowed en- 
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thusiasts. In this chapter we will lok at а newer breed of more universal instrument 
called the SWR analyzer 


VSWR analyzers 


One basic premise in this chapter is that the instruments used for measuring VSWR 
must be accessible to people who don't have a commercial or ham operators license, 
as well ав those who do (we must remember our SWL and scanner friends). Some of 
the instruments used by hams meet that requirement, but a relatively new breed 
of instrument called the SWR analyzer provides a lot of capability to the SWL, scan- 
ner operator, and ham radio operator alike. It uses a low-power RF signal generator 
and some clever circuitry to measure the VSWR of the antenna, One model also mea- 
‘sures the feedpoint resistance. 

‘The МЕЈ-259 VSWR analyzer (MFJ Enterprises, Inc., P.O. Box 494, Mississippi 
State, MS, 29762) is shown in Fig. 22-3. This instrument combines a VSWR analyzer 
with a digital frequency counter, and operates over the range 1.8 to 170 MHz. A band 
switch is set to the desired band, and then the гине control is set to the desired fre- 
‘quency. The meter will then read the VSWR at the design frequency. Alternatively, 
уоп сап adjust the tune control until the minimum VSWR is found. This frequency is 
the actual, versus the desired, resonant frequency of the antenna. The front panel 
of the MEL25 has two meters, SWR and RESISTANCE. The SWR meter is cali- 
brated up to 3:1, witha little uncalibrated scale to indicate higher SWRs. 

‘The resistance meter is calibrated from 0 to 500 0, which is consistent with the 
SWR range. Two controls on the front panel are tune and frequency (a band 
switch). The MFJ-259 has a digital frequency meter to measure the operating fre- 
‘quency of the internal oscillator. This frequency counter can also be used to measure 
the frequency of external signal sources. (Do not connect the counter to the output 
ofa transmitter; the instrument will be destroyed.) The top end of the МЕЈ-259 has 
a number of controls and connectors. An SO-239 UHF-style coaxial connector is pro- 
vided for the antenna connection. A BNC coaxial connector is provided to apply ex- 
ternal signal to the frequency counter, while a push button input switch is available 
to switch the counter from internal to external signal sources. Another push button 
switch is used to set the gate timing of the counter (a red LED on the front panel 
blinks every time the gate is triggered). The tuning is from 1.8 MHz to 174 MHz, 
‘while the counter will measure up to 200 MHz. 

The MEJ-259 will work from an external 12-Vde source, or from an internal bat- 
tery pack consisting of eight size-AA standard cells, МЕЛ recommends that either 
alkaline or rechargeable batteries, rather than ordinary zine-carbon cells, be used in 
order to reduce the possibility of leakage that can damage the instrument (this is 
‘ood practice in ай battery-powered instruments). 

Unlike many lesser SW meters, this instrument is not fooled by antennas that 
have impedances consisting of both resistance and reactance elements. An example 
in the manual demonstrates an impedance 0£25+/25 Q (Le, R is 25 Q and reactance 
X is also 25 0). When connected to а 50-2 load one might be tempted to think 
the VSWR is 1:1, and some cheaper meters will so indicate. But the actual SWR is 
2,61, which is what the MFJ-259 will read 
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The resistance measurement assumes a resistive load (te, the measurement is 
quency), and is referenced to 50 @. The VSWR 
and resistance measurements should be consistent with each other. If the VSWR i 
then the resistance should be either 100.2 (100/50 = 2:1) or 25.0 (50/25 = 2:1). 
I the resistance is not consistent with the VSWR reading, then you should assume 


made at the antenna's resonant fr 


that the impedance has a significant reactive component and take steps to tune it 
out 
In addition to antenna measurements, the MF 


9 is equipped to measure a 


wide variety of other things. It will measure the velocity factor of transmission line 
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help in tuning or adjusting matching stubs or matching networks, measure capaci- 
tance or inductance, und determine resonant frequency of LC networks, 


Doping out coaxial cable 


When yon install an antenna, or do a bit of preventive maintenance, or find the an 
tenna is not working properly, one thing to check is the transmission ine, Two ba 
sic measurements are popular. Figure 22-4 shows how to make ohmic checks. The 
cable consists of an inner conductor and an outer conductor (shield). With temi. 
nals Aand B open there should not be any resistive path across the input terminals. 
(as shown). Ifa high resistance is seen, then there might be some contamination 
in the system, or the insulation has failed, permitting a current path. A low resis- 
tance indicates a short circuit. If the cable has been cut, or an abject passed 
through, or the connector is messed up, then a short can result 

I terminals A-B are shorted together, a low resistance should be noted. If not, 
then it is likely that the center conductor is open. Of course, if connectors are on the 
line, either the shield or center conductor could be at faul 

"The other issue is loss of the transmission line. Cable losses get higher as cables 
эңе, so low loss on installation does not guarantee low loss later on. Losses in new ca- 
bles run from 0.2 dB/100 ft at 4 MHz. At 30 MHz the losses are 0.7 48/100 ft to 
2.6 dB/100 f. At VHF/UHF frequencies the losses rise considerably. 

Figure 22-5 shows a test setup for coaxial cable. It is necessary to know the 
length of the piece of coax under test. For ease of caleulations a 100-f section 
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22-4 Ohmmeter used to test сох. 
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should be used, Two RF power meters (M, and A) are used to mensure the input 
power to the Ше (MJ and the delivered power (М5) The difference in power deter- 
mines the loss. The loss is 


1221 


where 


J£ the cable length is 100 ft, then you already have the loss in dB/100 ft. But if 
length Lis anything other than 100 ft, then you need to make the following calculation: 


x 100 1222] 
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Antennas for radio 
direction finding (RDF) 


RADIO DIRECTION FINDING IS THE ART AND PRACTICE OF EITHER LOCATING YOURSELF OR A 
radio station by using a directional radio antenna and receiver. When the FCC wants 
to locate an illegal station that is transmitting, they will use radio direction finders to 
triangulate the position. If they find the bearing from two stations they will locate the 
station at the intersection. However, there is a fair degree of ambiguity in the mea- 
surement. As а result, radio direction finders typically use three or more (hence 
“iriangulate”) sites. Each receiving site that can find the bearing to the station ге 
duces the overal error. 

At one time aviators and seafarers relied on radio direction finding. Iris said that 
the Japanese air fleet that attacked Pearl Harbor, Hawaii, on December 7, 1941 
homed in on а Honolulu AM radio station. During the 1950s and early 1960s AM ra- 
dios came with two little circled triangle marks at the 640-kHz and 1040-ЕНа points. 
on the dial. These were the CONALRAD frequencies that you could tune to in ease 
ofa nuclear attack (right before you kissed your butt good-bye, I suspect). АШ other 
radio stations were off the air except the CONALRAD stations. The enemy was pre- 
vented from using these frequencies for RDF because the system used several sta- 
tions that transmitted in a rapidly rotating pattern. No one station was on the air long 
enough to allow a “Ax” The result was а wavering sound to the CONALRAD station. 
(which we heard during tests) that would confuse any enemy who tried to DX his 
way into our cities with nuclear weapons. 

Radio direction finders based on the AM broadcast band (BCB) looked a bit like 
Fig, 23-1. A receiver with an S meter (which measures signal strength) is equipped 
with а rotatable ferrite loopstick antenna to form the RDF unit. A degree scale 
around the perimeter of the antenna base could be oriented toward north so that the 
bearing could be read. 

Loopstick antennas have a figure-8 reception pattern (Fig, 29-24) with the max- 
ima parallel to the loopstiek rod and the minima off the ends of the rod. When the an. 
tema is pointed at the signal, maximum reception strength is achieved. 
Unfortunately, the maxima are so broad that itis virtually impossible to find the true. 
point on the compass dial where the signal peaks. The peak is too shallow for that 
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28.28 Pattern of loopstick antenna: oriented towards signal 


purpose. Fortunately, the minima are very sharp. You can get а good fix on the di- 
reetion of the signal by pointing the minima toward the station. This point is found 
by rotating the antenna until the audio goes to zip or the S meter dips to a minimum. 
(Fig. 23-28). 

"The loopstick is a really neat way to do RDF.—except for one little problem: The 
darn thing is bidirectional. There are two minima because, after all, the pattern i a fig- 
ure & You will get exactly the same response from placing either minima in the direc- 
tion ofthe station. As a result, the unassisted loopstick ean only show you a line along 
which the radio station is located, but can't tell you which direction it is. Sometimes. 
this doesn't matter, Ifyou know the station isin а certain city, and that you are gener- 
ally south of the city, and ean distinguish the general direction from other clues, then 
the line of minima of the loopstick will refine that information. A compass helps, of 
course. Shortly we will take а look at an impromptu radio direction finder using a 
portable radio, 

"The solution to the ambiguity problem is to add a sense antenna to the loopstick 
(Pig. 23-3). The sense antenna ia an omnidirectional vertical whip, and its signal is 
combined with that of the loopstick in an RC phasing circuit. When the two patterns 
are combined, the resultant pattern will resemble Fig. 23-4, This pattern is called a 
cardioid because of the heart shape it exhibits. This pattern has only one null, so it 
resolves the ambiguity of the loopstick used alone. 
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Field improvisation 


Lets suppose you are out in the woods trekking around the habitat of lions, tigers, 
and bears (plus a rattlesnake or two for good measure). Normally you find your way 
with a compass, a Geological Survey 7.5-min topological map, and a Global Position: 
ing System (GPS) receiver. Those little GPS marvels can give you real good latitude 
and longitude indication. But what happens if it breaks or a bear eats it? The answer 
to your direction finding problem might be the little portable AM ВСВ radio (Fig, 23- 
5) that you brought along for company. 

Open the back of the radio and find the loopstick antenna. You will need to know 
‘which axis it lies along, In the radio shown in Fig. 23-5 the loopstick is along the top 
of the radio, rom left to right. In other radios it is vertical, from top to bottom. Once 
you know the direction, you can tune ina known AM station and orient the radio un- 
til you find a null. Your compass can give you the bearing. If you know the approxi- 
mate location of the station, then you can reverse the compass direction from it and. 
mark the line on the topo map. Of course, it's still а bidirectional indication, so all you 
know is the tine along which you are lost 

But then you tune into a different station in a different city (or at least wide 
‘enough from the line to the other station to make a difference) and take another 
reading, Your approximate location is where the twa lines cross, Take a third, fourth, 
and fifth reading and you will home in pretty tight. If you were smart enough to plan 

$ ahead, you will have selected candidate stations in advance and located their lati- 


tude and longitude. Alternatively, you would have bought the topo map that covers 
their location as well as where you want to hike, and from those maps you can find 
the latitudes and longitudes of the distant stations. 
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Regular loop antennas 


Regular wire loop antennas (Fig. 23-6) are also used for radio direction finding. In. 
fact, in some cases the regular loop is preferred over the loopstick. The regular loop. 
antenna may be square (as shown), circular, or any other regular “n-gon” (e. 
hexagon), although for practical reasons the square is easier to build, The loop has 
pretty decent inductance even with only a few tums. One loop 1 built was 24 in 
square (A in Fig. 23-8) and had, if recall correctly, about 10 turns of wire spaced 
over a Lin width (B in Fig. 23-8). It resonated to the AM ВСВ with a standard 365- 
pF “broadcast” variable capacitor. 

When you use a regular loop antenna be aware that the antenna has a figure-8 
pattern like the loopstick, but it is oriented 90° out of phase with the loopstick an- 
tenna. In the regular loop the minima (nulls) are perpendicular to the plane of the 
loop, while the maxima are off the sides. In Fig. 23-6 the minima are in and out of 
the page, while the maxima are left and right (or top and bottom). 


Fox hunting 


An activity popular with ham radio operators in the 1960s was "fox hunting” A 
fiendishly clever ham (the Чох”) would go hide with a mobile or portable trans- 
miter (usually on either 10 or 75 m). The “hunters” would then RDF the Гоху brief 
transmissions and try to locate the transmitter. If you could locate the antenna, 
you located the station (according to the most common set of rules). Sometimes 
The hunt got a little wild as hunters raced each other (a no-no) in the final stretch. 

One friend of mine had an interesting experience. He drove a 1949 Plymouth that 
was painted hideous dark green with fire-engine-red hub caps. lt looked just plain aw- 
ful (especially since the paint looked like it was put on with a whisk broom!), He used. 
а Gonset converter linked to the AM BCB receiver installed in the car, The antenna. 
was a wire loop on the end of a broom handle, similar to Fig. 23-7. The antenna was 
‘mounted about where you would expect the left-side rear view mirror to be located. 
He could reach his hand out the window and rotate the antenna while listening for the 
minima on the receiver. Worked rather well, and he won some fox hunts. 

"The fox hunts in his area were usually held on Saturday or Sunday morning, and 
after it was all over the whole crew would get to a restaurant for brunch or beer or 
something. One morning, however, my buddy with the hideous green ear was racing 
down a residential street to be the frst to the transmitter. Others were in the area, 
and the end game was in motion. Unfortunately, a litle old lady called the police. 
complaining about a *...nut racing up and dawn the street in a strange ear waving a 
cross out the window.” Breakfast had to wait that morning, I bet. 


Shortwave and AM BCB “skip” RDF 

Radio direction finding is most accurate over relatively short distances. If you can 
use the ground wave, then all the better (which is what you use during daylight 
hours for nearly all АМ BCB stations). Skip rolls in on the AM ВСВ after local 
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sundown, so you can hear all manner of stations ай up and down the dial. You can RDF 
distant stations, Some rather interesting sites have turned up when SWL DXers RDFed 
some of the infamous "numbers stations.” Those stations transmit either CW or voice 
‘numbers groups, and are believed to be sending messages to spies around the world. 
RDFing by DXers has located some of these transmitters at, well, “interesting” sites. 

Unfortunately, there are some problems with skip RDFing. When we look at 
propagation drawings of skip in textbooks we usually see a one plane view. The cur- 
vature of the earth shows, as does the transmitter and receiver site. A "pencil beam 
radio signal travels at some angle up the ionosphere, where it is "reflected" (actually, 
it’s a refraction phenomenon but looks like reflection to an observer on the surface) 
back to earth. We сап tell from the drawing that the angle of incidence equals the an- 
dle of reflection, just like they told us in high school science classes. Oops! The real 
world is not so neat and crisp, however 

In the real world the wave might encounter a different ionization density along its 
path of travel and therefore be deflected from its original path. It might return to 
earth at a location offset from the direction it appears. If we look at the true bearing 
from the receiver site to the transmitter site, and then note the azimuthal angle of ar- 
rival of the signal, we note that something is amiss, 

Actual reflection also causes some problems, especially when RDFing a station in. 
the high end of the HF band or the VHF/UHF bands. Radio waves wil reflect from ge- 
logical features such as mountains, as well as man-made structures (e.g, buildings). 
Ifthe reflection is strong enough it might appear to be the real signal, and cause a se- 
vere error in RDFing. Be wary of RDF results when the "skip is in." 


Sense antenna circuit 


Figure 23-8 shows a method for summing together the signals from an RDF antenna 
(Such as a loop) and a sense antenna. The two terminals of the loop are connected to 
the primary of an RF transformer. This primary (L, is centertapped and the center 
tap is grounded. The secondary of the transformer (2, is resonated by a variable ca- 
расйог C, The dots on the transformer coils indicate the 90* phase points. 

The top of Ly, is connected to the sense cireuit, and to the receiver antenna in- 
put. The phasing control is a potentiometer (R). The value of this pot is usually 10. 
to 100 KO, with 25 k being а commonly seen value. Switch 5, is used to take the 
sense antenna out of the circuit. The reason for this switch is that the nulls of the. 
loop or loopstick are typically a lot deeper than the null on the cardioid pattern. The 
‘null is first located with the switch open, When the switch is closed you can tell 
by the receiver S meter whether or not the correct null was used. i not, then reverse 
the direction of the antenna and try again. 


Adcock antennas 


‘The Adcock antenna has been around since 1919 when it was patented by Е. Adeock. 
Figure 23-9 shows the basic Adcock RDF array. This antenna consists of two cent 

fed nonresonant (but identical) vertical radiators. Hach side of each element is at 
least 0.14 long, but need not be resonant (which means the antenna can be used 
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24.0 Sense cireuit fora loop/sense antenna KDF. 


over a wide band). The elements are spaced from ОЛА to 0.75۸, although the exam- 
pile shown here is spaced 0.125. 

‘The Adcock antenna is vertically polarized, so it will respond to the vertically 
polarized wave very much like loop or phased array antennas of similar size. The hor 
izontally polarized wave, however, affects all elements the same, so the currents are 
essentially cancelled, resulting in no pattern. This characteristic makes the Adcock 
antenna suitable for high-frequency shortwave RDFing 

‘The pattern for an Adcock antenna is shown in Fig. 29-10. This pattern was 
generated using the NecWin Basie for Windows program (Chap. 17). The example 
antenna is a 10-MHz (30-m band) Adcock that uses 1.455-m elements (total 2.91 
‘mon each side), spaced 4 m apart. The pattern is a traditional figure-8 with deep 
nulls at 0° and 180°, The antenna can be rotated to find a null in the same manner 
as a loop. 


Watson-Watt Adcock array 


Figure 23-11 shows the Watson-Watt Adcock RDF array. It consists of two Adcock 
arrays arranged orthogonally to each other. It is common practice to arrange one Ad- 
cock in the east-west direction and the other in the north-south direction. These are 
{ed to identical receivers that are controlled by a common local oscillator (LO). The 
outputs of the receivers are balanced, and are used to drive the vertical and hori 
zontal plates of a cathode-ray oscilloscope (CRO). Figure 29-12 shows the patterns 
achieved by signals of various phases arriving at the Watson-Watt array. The patterns 
of Figs. 212A and 23-128 are made from signals 180° out of phase, while the 
signal of Fig. 23-12C has a 90° phase difference. 
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Doppler RDF antennas 


nws the basic concept of a Doppler RDF antenna. The Doppler ef- 
ed in the nineteenth century. A practical example of the Doppler 
when a wailing ambulance siren is approaching you, and then passes 
is away from you. The wailing pitch will rise as the sound source ap- 


Figure. 
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where 
‘Sis the Doppler shift, in hertz 
Ris the radius of rotation, in meters 
«is the angular velocity of the antenna, in radians per second 
F is the carrier frequency of the incoming signal, in hertz 
cis the velocity of light (8 x 10° m/s) 


In theory this antenna works nicely, but in practice there are problems. One of 
the big problems is getting a large enough Doppler shift to easily measure. Unfortu- 
ely, the rotational speed required of the antenna is very high—too high for prac- 

tical use. However, the effect can be simulated by using a number of antennas, 
arranged ina circle, that are sequentially scanned, The result is а piecewise approx: 

imation of the effect seen when the antenna is rotated at high speed. 


Wullenweber array 


One of the problems associated with small RDF antennas is that they have such a small 
aperture that relatively large distortions of their pattern result from even small anom- 
alies. Follow that? What it means is that the pattern is all messed up by small defects. 
И you build а wide-aperture direction finder (WADF), however, you can average the 
signals from a large number of antenna elements distributed aver a large-circumfer 
ence circle. The Wullenweber array (Fig. 23-14) is such an antenna. It consists of a cir 
‘le of vertical elements, In the HF band the circle ean be 500 to 2000 ft in diameter. 

A goniometer rotor spins inside the ring to produce an output that will indicate 
the direction of arrival of the signal as a function of the position of the goniometer. 
"The theoretical resolution of the Wullenweber array is on the order of 0.19, although 

ical resolutions of about 2.8" are commonly seen. 
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Time difference of arrival (TDOA) array 


Ifyou erect two antennas with distance d apart, then arriving signals can be detected 
by examining the time-of-arrival difference. Figure 23-18A shows an example signal. 
If the advancing wavefront is parallel to the line between the antennas, then it will 
arrive at both antennas at the same time. The ТРОА is zero in that case. But if the. 
signal arrives at an angle (as in Fig. 23-154), it will arrive at one antenna first. From 
the difference between the time of arrival at the two antennas we can discern the di- 
rection of arrival. 

"There is an ambiguity in the basie TDOA array in that the combined output will 
be the same for conjugate angles, Le. at the same angle from opposite directions. 
This problem can be resolved by the system shown in Fig, 29-158, The signals from 
ANTI and АМТ? are designated V, and V,, respectively. These signals are detected 
by receivers (RCVRI and RCVR2), and are then threshold detected in order to pre- 
vent signal-to-noise problems from interfering with the operation, The outputs of the 
threshold detectors are used to trigger a sawtooth generator that contrals the hori- 
zontal sweep on an oscilloscope. 

"The two signals are then delayed, and one Is inverted, The reason for inverting 
one signal is to allow the operator to distinguish them on the CRT screen. The rea- 
son why this is necessary is the ambiguity. If the antennas in Fig, 23-15A are arrayed 
east to west, then the Jine perpendicular to the line between them is north to south. 

If we designate north as 0°, then the signal shown arrives at an angle of 330°. 
That means it will arrive at ANTI before it arrives at ANT2. A signal arriving from a 
bearing of 30° will produce the same output signal, even though it arrives at AN 
before ANTI. Al signals of bearing Û < < 180° will arrive at ANT? first, while all 
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signals 180 < к < 360° will arrive at ANTI first. Yet both will produce the same blip 
on the oseilloscope screen. The solution to discerning which of the two conjugate an- 
gles is intended is to invert the ANTI signal. When this is done, the ANTI signal falls 
below the baseline on the CRT screen, while the ANTZ signal is above the baseline. 
By noting the time difference between the pulses, and their relative position, we can. 
determine the bearing of the arriving signal 


Switched-pattern RDF antennas 


Suppose we havea unidirectional pattern such as the eardioid shown in Fig. 23-16. It we 
van rapidly switch the pattern back and forth between two directions that are 180" 
арап, then we can not only discern direction, but also we can tell whether an off-axis 
‘signal is left or right. This feature is especially useful for mobile and portable direction 
finding. 

In Fig, 29-16 we have three different positions for a signal source. When the sig- 
mal source is at point A, it will affect the pattern to the left more than the pattern to 
the right, so the meter will read left. If the signal source is at point B, on the other 
hand, the signal affects both pattern positions equally, so the meter reads zero, 
nally, i the signal arrives from point C, it affects the right-hand pattern more than 
the left-hand pattern, so the meter reads right. 

Figure 23-17 shows how such a system can be constructed. This system has 
been used by amateur radio operators with “rubber ducky” VHF antennas and a sin- 
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28-17 Double-ducky RDP system based on the switched-paltern system. 


ale receiver, where it is commonly called the double-ducky direction finder 
(DDDF). The antennas are spaced from 0.25 to 1А apart over a good groundplane 
(such as the roof of car or truck). If no groundplane exists, then a sheet metal 
groundplane should be provided. 

In Fig. 23-17 we see the antennas are fed from a common transmission to the re- 
ceiver, In order to keep them electrically the same distance apart, а pair of identical 

alf-vavelength sections of transmission line are used to couple to the antennas 

Switchingis accomplished by using a bipolar square wave and PIN diodes, The bipo- 
lar square wave (see inset to Fig. 23-17) has a positive peak voltage and a negative peak 
Voltage on opposite halves of the cycle. The PIN diodes (D, and. D, ) are connected in op- 
posite polarity to each other. Diode D, will conduct on negative excursions of the square 
‘wave, while D, conducts on positive excursions. The antenna connected to the conduct- 
ing diode:is thi one that is connected to the receiver, while the other one is parasitic. The 
active antenna therefore switches back and forth between ANTI and ANT2, 
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‘This antenna is coupled to the receiver through a small-value capacitor (C,) so. 
that the square wave does not enter the receiver. This allows us to use the transmis- 
sion line for both the RF signal and the switching signal. An RF choke (КРС) is used. 
to keep RF from the antenna from entering the square-wave generator. 

‘The DDDF antenna produces a phase modulation of the incoming signal that has 
the same frequency as the square wave. This signal ean be heard in the receiver out- 
put. When the signal's direction of arrival is perpendicular to the line between the 
two antennas, the phase difference is zero, so the audio tone disappears. 

"The pattern of the DDDF antenna is bidirectional, so there is the same ambigu- 
ity problem as exists with loop antennas. The ambiguity can be resolved by either of 
two methods, First, a reflector can be placed M4 behind the antennas. This is at- 
tractive, but it tends to distort the antenna pattern a little bit. The other method is 
to rotate the antenna through 90° (or walk an L-shaped path). 


Conclusion 


Radio direction finding can be very useful for locating RF noise sources, ilegal sta- 
tions, and other RF sources. It can also be used to locate yourself if you can get bear- 
ings on at least two stations. The lines of bearing will cross at a location approximately 
where you are standing—try it, youll like it. 
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CHAPTER 


Impedance matching 
in antenna systems 


ONE OF THE FIRST THINGS THAT YOU LEARN IN RADIO COMMUNICATIONS AND 
broadcasting is that antenna impedance must be matehed to the transmission line. 
impedance, and that the transmission line impedance must be matched to the out- 
put impedance of the transmitter. The reason for this requirement is that maximum 
power transfer, between а source and a load, always occurs when the system imped- 
ances are matched. In other words, more power is transmitted from the: 

the load impedance (Ihe antenna), the transmission line impedance, and the trans- 
mitter output impedance are all matched to each other. 

Of course, the trivial case is where all three sections of our system have the same 
impedance. For example, we could have an antenna with a simple 75-0 resistive 
feedpoint impedance (typical of a half-wave dipole in free space), and a transmitter 
with an output impedance that will match 75 £2 In that case, we need only connect. 
а standard impedance 75-0 length of coaxial cable between the transmitter and the 
antenna. Job done! Or so it seems, 

But there are other cases where the job is not so simple, In the ease of our "stan 
dard” antenna, for example, the feedpoint impedance is rarely what the books say it 
should be. That ubiquitous dipole, for example, is nominally rated at 73 Q, but even. 
the simplest antenna books tell us that value is an approximation of the theoretical 
free-space impedance. At locations closer to the earth's surface, the impedance 
could vary over the approximate range of 30 to 130 t and it might have a substantial 
reactive component 

But there is a way out of this situation. We can construct an impedance-match- 
ing system that will marry the source impedance to the load impedance. This chap- 
ter examines several matching systems that might prove useful in a number of 

na situations, 
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Impedance-matching approaches 


Antenna impedance can contain both reactive and resistive components. In most 
practical applications, we are searching for a purely resistive impedance (Z =), but 
that ideal is rarely achieved. A dipole antenna, for example, has a theoretical free- 
space impedance of 73 Q at resonance, As the freguency applied to the dipole is var- 
ied away from resonance, however, a reactive component appears. When the 
frequency is greater than resonance, then the antenna tends to look like an inductive 
reactance, so the impedance is Z = R + JX. Similarly, when the frequency is less than 
the resonance frequency, the antenna looks like a capacitive reactance, so the im- 
pedance is Z = R — jX. Also, at distances closer to the earth's surface the resistive 
component may not be exactly 73.0, but may vary from about 30 to 130 Q. Clearly, 
whatever impedance coaxial cable is selected to feed the dipole, it stands a good 
chance of being wrong. 

"The method used for matching a complex load impedance (such as an antenna) 
to a resistive source (the most frequently encountered situation in practical radio 
work) is to interpose a matching network between the load and the source (Fig 
24-1), The matching network must have an impedance that is the complex conj 
‘gate of the complex load impedance. For example, if the load impedance is R + JX, 
then the matching network must have an impedance of R — JX; similarly, if the load 
is R jX then the matching network must be Ё + jX. The sections to follow look at 
some of the more popular networks that accomplish this job. 


L«section network 

"The L-section network is one of the most used, or at least the most published, an- 
tenna matching networks in existence: it rivals even the pi network. A circuit for the 
Lesection network is shown in Fig. 24-2A, The two resistors represent the source 
(R) and load (R, impedances. The elementary assumption of this network is that 
R, <R. The design equations are 


f, <R, and 1<Q<5 има! 
source мутсыңа DEVICE шар 
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26-1 Transmitter, matcher, and antenna system. 
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24-2 (A) Lesection network; (B) reverse L section; (C) inverted Lesoction network 


628FL=OxR, 1242] 


1243] 


1244] 


also, 


1245] 


You will most often see this network published in conjunction with less- 
than-quarter-wavelength longwire antennas, One common fault of those books and 
articles is that they typically сай Tor a "god ground" in order to make the anten- 
nas work properly. But they don't tell you (1) what a “good ground" is and (2) how 
you can obtain it. Unfortunately, at most locations a good ground means burying а 
lot of copper conductor—something that most of us cannot afford. In addition, it is 
often the case that the person who is forced to use a longwire, instead of a better 
antenna, cannot construct a "good ground” under any circumstances because of 
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landlords (and/or logistics) problems. The very factors that prompt the use or a 
longwire antenna in the first place also prohibit any form of practically obtainable 
"good ground.” But there is a way out: radials. А good ground can be simulated 
with a counterpoise ground constructed of quarter-vavelength radials, These radi- 
als have a length in feet equal to 246/F,,,,, and as few as two of them will work 
Wonders. Another form of L-section network is shown in Fig. 24-28, This circuit 
differs from the previous circuit in that the roles of the Land C components are re- 
versed. As you might suspect, this role reversal brings about a reversal of the im- 
pedance relationships: in this circuit the assumption is that the driving source 
impedance R, is larger than the load impedance R, (Le., R, > R). The equations 
are shown below: 


DE 124.6] 
1471 
124.8] 
Still another form of L-seetiom network is shown in Fig. 24-20, Again, we ate as- 


suming that driving source impedance R, is larger than load impedance R, Ge. > 
R). In this circuit, the elements are arranged similar to Fig. 24.2, with the excep- 
tion that the capacitor is at the input rather than the output of the network. The 
equations governing this network are: 


and 1 <Q <5 12491 


528FL = VUE) — W 124.10] 


pen 
24.12] 
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M 
b= Sa 12443] 


"Thus far, we have considered only matching networks that are based on induc- 
tor and capacitor circuits. But there is also a possibility of using transmission line 
segments as impedance-matching devices, Two basic forms are available to us: qua 
ter-wave sections and the series matching section. 
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Pi networks 

"The pi network shown in Fig, 24-3 s used to match a high source impedance to a low 
load impedance. These circuits are typically used in vacuum tube RF power ampli- 
fers that need to match low antenna impedances. The name of the circuit comes 
from its resemblance to the Greek letter pi. The equations for the pi network are: 


o» Rand 5 <Q <15 [24.14] 


[24.15] 


12416] 


[24.17] 


Split-capacitor network 
‘The split-capacitor network shown in Fig, 24-41 used to transform a source impedance 
that is less than the load impedance. In addition to matching antennas, this circuit is 
also used for interstage impedance matching inside communications equipment. The 
equations for design are. 


R,<R, [24.18] 


1249] 
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Transmatch circuit 


One version of the transmatch is shown in Fig, 24-5. This circuit is basically a com- 
bination of the split-capaeitor network and an output tuning capacitor (C,). For the 
HF bands, the capacitors are on the order of 150 pF per section for C, and 250 pF 
Tor C. The collar inductor should be 28 pH. The transmateh is essentially a coax- 
to-coax impedance matcher, and is used to trim the mismatch from a line before it 
affects the transmitter, 


24-5 Spli-capacitor transmatch network. 


«nans 


3:52 PM Page 463 Ө 


Transmatch circuit 463 


Perhaps the most common form of transmateh cireuit is the tee network shown in 
Fig. 24.6, This network is lower in cost than some of the others, but suffers a problem. 
Although it does, in fact, match impedance (and thereby, in a naive sense, "tunes out" 
VSWR on coaxial lines), t also suffers a high pass characteristic. The network, there- 
fore, does not reduce the harmonie output of the transmitter. The simple tee network 
does not serve one of the main purposes of the antenna tuner: harmonie reduction, 

‘An alternative network, called the SPC transmatch, is shown in Fig. 24-7. This 
version of the circuit offers harmonie attenuation, as well as matching impedance. 

Figure 24-8 shows commercially available antenna tuners based on this trans 
‘match design. The unit shown in Fig. 24-84 is manufactured by МЕЈ Electronics, Inc. 
It contains the usual three tuning controls, here labeled transmitter, antenna, and. 
inductor. Included in this instrument is an antenna selector switeh that allows the op- 
erator to select a coax antenna through the tuner, to connect input to output (coax) 
"without regard to the tuner, select a balanced antenna, or connect an internal dummy 
load. The instrument also contains a multifunction meter that ean measure 200 W or 
2000 W (full scale), in either forward or reverse directions. In addition, the meter op- 
erates ав а VSWR meter. 


24-6 Toc-netyork transmatch. 


m L L3 


24-7 Improved ;nsmatch offers 
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14-88 through 24-8D show an imported tuner from the United Kingdom. 
led the Nevada model, is a low-cost model, but contains the three 
basic controls. For proper operation, an external RF power meter, or VSWR meter, is 
required. The tuner is shown in Fig. 24-88; also shown is a Heathkit transmatch 

tenna tuner, The rear panel of the Nevada instrument is shown in Fig. 24-8C, There 
are 80-239 coaxial connectors for input and unbalanced output, along with a pair of 
posts for the parallel line output. A three-post panel is used to select which antenna. 
the RF goes to: unbalanced (coax) or parallel The internal circuitry of the Nevada is 
shown in Fig. 24-8D. The roller inductor is in the center and allows the user to set the. 
tuner to a wide range of impedances over the entire З- to 30-МНа HF band. 


Figur 
‘This instrument, е 


248A MFJ antenna tuner. 


24-61 Authors Heathkit antenna 
inner and the Nevada 
tumer from the United 
Kingdom. 


ТААС Rear of Nevada tuner. 
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2480 Inside of Nevada tuner. 


Coaxial cable BALUNS 
A balun is a transformer that matches an unbalanced resistive source impedance 
(such as a coaxial cable), to a “balanced” load (such as a dipole antenna). With the 
circuit of Fig. 24-9, we can make a balun that will transform impedance at a 4:1 ratio, 
with Ё, = 4 x Ri The length of the balun section of coaxial cable is 


any 


12423] 


Fu 


where: 
Ly is the length, in feet 
Vis the velocity factor of the coaxial cable (a decimal fraction) 
Fu, E the operating frequency, in megahertz 


Matching stubs 
A shorted stub can be built to produce almost any value of reactance. This fact ea 
be used to make an impedance-matching device that cancels the reactive portion of. 
а complex impedance. If we have an impedance of Z = + J30 Q we need to make 

stub with a reactance of -j30 Qo match it. Two forms of matching stub are shown in 
Figs. 24-10 and 24-108. These stubs are connected exactly at the feedpoint of the 
complex load impedance, although they are sometimes placed farther back an the 
line at a (perhaps) more convenient point. In that case, however, the reactance re- 
‘quired will be transformed by the transmission line between the load and the stub, 
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o Coaxial balun transformer. 
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24-104. Stub match scheme 
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Quarter-wave matching sections 
Figure 24-11 shows the elementary quarter-wavelength transformer section connected 
between the transmission line and the antenna load, This transformer is also some- 
times called a © section. When designed correctly, this transmission line trans- 
former is capable of matching the normal feedline impedance 2 to the antenna 
feedpoint impedance Z,- The key factor is to have available a piece of transmission 
Tine that has an impedance Z, of 


2 = VEZ, 124.241 


Most texts show this circuit for use with coaxial cable. Although it is certainly pos- 
sible, and even practical in some cases, for the most part there is à serious flaw in us- 
ing coax for this project. It seems that the normal range of antenna feedpoint 
impedances, coupled with the rigidly fixed values of coaxial-cable surge impedance 
available on the market, combines to yield unavailable values of Z, Although there are 
certainly situations that yield to this requirement, many times the quarter-wave sec 
tionis not usable on coaxial-cable antenna systems having standard impedance values, 

Оп parallel transmission line systems, on the other hand, it is quite easy to 
achieve the correct impedance for the matching section. We use the equation above 
to find a value for Z, and then calculate the dimensions of the parallel feeders, Be- 


© 


468 Impedance-matching in antenna systems 


Lond 
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M ech 24-11 Quarterswavelenuth Q section, 


cause we know the impedance, and can more often than not select the conductor di- 
ameter from available wire supplies, you can use the equation below to calcu 
conductor spacing: 


Dx qaom 12425] 


where 
Sis the spacing 
Dis the conductor diameter 
Zis the desired surge impedance 
From there you can calculate the length of the quarter-wave section from the 
familiar 2464F p, D and $ are in the 


Series matching section 
‘The quarter-wavelength section, covered in the preceding section, suffers from 
drawbacks: it must be a quarter-wavelength and it must use a specified (often non- 
standard) value of impedance. The series matching section is a generalized case of 


40/01 


Transmatch circuit 469 


the same idea, and it permits us to build an impedance transformer that overcomes 
these faults. According to The ARRL Antenna Book, this form of transformer is ca 
pable of matching any load resistance between about 5 and 1200 Q. In addition, the 
transformer section is nat located at the antenna feedpoint 

Figure 24-12 shows the basie form of the series matching section. There are 
three lengths of coaxial cable: L, Ly, and the line to the transmitter, Length L, and 
the line to the transmitter (which is any convenient length) have the same charac 
teristic impedance, usually 75 Q. Section L, has a different impedance from L, and 
the line to the transmitter. Note that only standard, easily obtainable values of im- 
pedance are used here. 

‘The design of this transformer consists of finding the correct lengths for L, and 
Ly. You must know the characteristic impedance of the two lines (50 Q and 75 © 
given as examples), and the complex antenna impedance. In the case where the an- 
tenna is non resonant, this impedance is of the form Z = R = jX, where R is the re- 
sistive portion, X is the reactive portion (Inductive or capacitive), and is the 
so-called imaginary operator (Le., square root of minus one). If the antenna is reso- 
nant, then X = 0, and the impedance is simply R. 

‘The first chore in designing the transformer is to normalis: 


the impedances: 


124.26] 


124.271 


12428] 


‘The lengths are determined in electrical degrees, and from that determination 
we ean find length in feet or meters. If we adopt AREL notation and define А = tan 
L; and В = tan Ly, then the following equations can be written: 


RX, 


24-12. Series matching section. 
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12120] 
124.30] 
where: 
4 
z 
R, 
UR 
х 
z 
Constraints: 
д>, VER 124.311 
Ут 124.32) 
IL, <0, then add 180° 
ИН < 0, then Z, is too close to Z, 
2, not equal to Z, 
Z SWR < СУУБУ 
Physical length in feet: 
12433] 
124.84] 
where 
984 x velocity factor 
Trequency in megahertz 12435] 


"The physical length is determined from arctan A and arctan B, divided by 300 
and multiplied by the wavelength along the line and the velocity factor 

Although the sign of B сап be selected as either — or +, the use of + is preferred 
because a shorter section is obtained. In the event that the sign of A tums out nega- 
tive, add 180° to the result. 

"There are constraints on the design of this transformer. For one thing, the im- 
pedance of the two sections L, and L, cannot be too close together. In general, the 
following relationships must be observed: 
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Ferrite core inductors 


The word ferrite refers to any of several examples ofa class of materials that behave 
similarly to powdered iron compounds, and are used in radio equipment in the form 
of inductors and transformers. Although the original materials were of powdered 
iron, and indeed the name ferrite still implies iron, many modern materials are com- 
posed of other compounds. According to the Amidon Associates literature, ferrites 
with а permeability u of 800 to 5000 are generally of the manganese-zine type of ma- 
terial, and cores with permeabilities of 20 to 800 are of nickel-sinc. The latter are 
useful in the 0.5- to 100-MHz range. 


Toroid cores 
A toroid isa doughnut-shaped object, so one can reasonably expecta toroidal core to be 
an inductor (or transformer) form, made of a ferrite material, in the general shape of a 
doughnut. The type of core must be known for application purposes, and is given by the 
type number. The number will be of the form: FT — zx — пи, where FT means ferrite 
toroid and describes the shape, ce indicates the size, and ven indicates the material type. 
"The F in FT is sometimes deleted in parts lists, and the core defined ав a "Tacna." 

А chart is provided by Amidon that gives the dimensions, and a description of the 
properties of the different types of material, along with a lot of other physical data, 
Some of these data are also available in the annual ARRL publication The ARRL Hand- 
book for the Radio Amateur (the same material has appeared in earlier editions also), 

‘Tables are derived in part from both Amidon and ARRL sources. From these ta- 
bles, you сап see the sizes and properties of various popular toroids. These tables, 
incidentally, are not exhaustive of either the variety of toroids available, or all of the 
properties of the toroids mentioned. Using the nomenclature mentioned, a T-50-2 
core refers to а core that is useful from 1 to 30 MHz, has a permeability of 10, is 
painted red, and has the following dimensions: OD = 0.500 in (1.27 cm), ID = 0.281 
in (0.714 cmi) and a height (Le, thickness) of 0.188 in (0.448 cm). 


‘Toroidal transformers 
A magazine reader once asked a question of this author concerning the winding pro- 
tocol for toroidal transformers as seen in textbooks and magazine articles. My corre- 
spondent included a partial circuit (Fig. 24-19A) as typical of the dilemma. The 
‘question was “How do you wind it?" and a couple of alternative methods were pro- 
posed, At first 1 thought it was a silly question because the answer was “obvious,” 


Chate Dare 4/20/01 Зи 


ЭН n A 


472 Impedance-maiching in antenna systems 


^ 
аг 


24-13 Broadband RE transformer. 


and then I realized that perhaps 1 was wrong, and to many people the answer was not. 
at all that obvious. 

‘The answer to the question is that all windings are wound together in a "multifi- 
lar” manner. Because there are three windings, in this ease we are talking about “tri- 
filar” windings. Figure 24-138 shows the triflar winding method. For the sake of 
clarity, have patterned all three wires differently зо that you сап follow them, This 
practice is also a good idea for practical situations. Since most small construction 
projects use 10.26, 10.28 or no.30 enameled wire to wind coils, I keep three colors 
of each size on hand, and wind each winding with a different color [Note: for trans 
mitting antenna transformers use no.16, no.14, no.12, or no.10 wire]. Otherwise, la- 
bel the ends with adhesive labels 
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‘The dots in the schematic, and on the pictorial, are provided to identify one end 
of the coil windings. Thus, the dot. and no-dot ends are different from each other, 
and it usually makes a difference to circuit operation which way the ends are con- 
nected into the circuit (the issue is signal phasing). 

Figure 24-14 shows two accepted methods for winding a multifilar coil on a 
toroidal core. Figure 24-144 is the same method as in Fig. 24-13B, but on an actual 
toroid instead of a pictorial representation. The wires are laid dawn parallel to each 
other as shown previously. The method in Fig. 24-148 uses twisted wires. The three 
‘wires are “chucked up” in a drill and twisted together before being wound on the 
core. With one end of the three wires secured in the drill chuck, anchor the other end 
of the three wires in something that will hold it taut. Some people use a bench vise 
Tor this purpose. Turn on the drill at slow speed and allow the wires to twist together 
ший the desired pitch is achieved. 

Be very careful when performing this operation. If you dont have a variable 
speed electric drill (so that it ean be run at very low speed), then use an old-fash- 
опей manual hand drill. If you use an electric drill, then wear eye protection. If the 
wire breaks, or gets loose from its mooring at the end opposite the dril, it will whip. 
around wildly until the drill stops. That whipping wire will cause painful welts on the 
skin, and can easily damage eyes permanently 

Of the two methods for winding toroids, the method of Figs, 24-13B and 24-144 
is preferred, When winding torolds, at least those of relatively few windings, pass the 
‘wire through the "doughnut hole” until the toroid is about in the middle of the length 
of wire. Then, loop the wire over the outside surface of the toroid, and pass it 
‘through the hole again. Repeat this process until the correct number of turns is 
‘wound onto the core. Be sure to press the wire against the toroid form, and keep it 
tant as you wind the coils. 

Enameled wire is usually used for toroid transformers and inductors and that type 
of wîre can lead to a problem. The enamel can chip and cause the copper conductor to 
contact the core. On larger cores, such as those for antenna-matching tranformers (and. 
Daluns used at kilowatt power levels), the practical solution is to wrap the bare toroid 
core in a layer of fiberglass packing tape. Wrap the tape exactly as if it was wire, but 
‘overlap the turns slightly to ensure covering the entire circumference of the core. 

On some projects, especially those in which the coils and transformers use very 
fine wire (e.g, 10,30), you may experience a tendency for the wire windings to un- 
Tavel after the winding is completed. This problem is also easily curable. At the ends 
of the windings, place a tiny dab of rubber cement or RTV silicone sealer 


24-14 Winding a toroidal transformer y 
A) paralel wound, 
B) ist wound. 
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Mounting toroid cores Now that you have a properly wound toroidal inductor 
or transformer, it is time to actually mount it in a circuit being constructed. There 
are three easy ways to do this job. First, you might be able to ignore it. If the wire is 
heavy enough, then just use the wire connections to the circuit board or terminal 
strip to support the component. But if this is not satisfactory, and in mobile equip- 
ment (or wherever else vibration is а factor) it won't be, then try laying the toroid fat. 
on the board and cementing it in place with silicone seal or rubber cement. The third 
‘method is to drill a hole in the wiring board and use a screw and nut to secure the 
toroid. Do not use metalic hardware for mounting the toroid! Metallic fasteners will 
alter the inductance of the component and possibly render it unusable, Use nylon 
hardware for mounting the inductor, or transformer. 

How many turns? Three factors must be taken into consideration when mak- 
ing toroid transformers or inductors: toroid size, core material, and number of 
turns of wire.The toroid size is selected as a function of power-handling capability, 
or for convenience of handling, The core material is selected according to the fre- 
quency range of the circuit. The only thing left ta vary is the number of turns. The 
size and core material yields а igure called the A, factor. The required value of h. 
ductance and the A, factor are used in the following equation: 


к= [Pat 12438] 
nde number of turns 


4% 8 the inductance in microhentys 
A, ls the core factor, in mierohenrys per 100 turns 


where: 


Example Calculate the number of turns required to make a Б-Н inductor on 
аТ.50-6 соте. The A, factor is 40, 


Solution: 
КЕК ДЗ 
p 


عل 100 
40 


=100 „. 
= (100) (0.35) =35 


Don't take the equation value too seriously, however, because it is my experience 
that a wide tolerance exists on amateur grade ferrite cores. Although it isn't too much 
ofa problem when building transformers, it can be critical when making inductors for 
a tuned circuit. When you find that the tuned circuit takes considerably more (or 
ess) capacitance than called for in the standard equation, and all of the stray capac- 
itanee is properly taken into consideration, then it may be that the actual A, value ot 
your particular core is different from the table value. 
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Ferrite rods 
Another form of ferrite core available on the market is the rod, shown in Fig, 
-15A. This type of core is used to make RF chokes, such as the RFC used in the 
‘vacuum tube filament lines of a linear amplifier power tube (Fig. 24-15B). They are 
algo used for baluns by some people. The two windings are wound in a bifilar man- 
ner over the ferrite rod. Of course, the wires used must be heavy enough to carry the 
‘lament current of the tube. As was true in the toroidal transformer, I use two dif- 
Terent wire colors in order to make it easy to identity windings. 

Ferrite rods are also used in receiving antennas, Although the amateur use is not 
extensive, there are places where а ferrite rod antenna (or "loopstick") is used. For 
‘example, in radio direction finding antennas, it is common to see the ferrite loop. 
Also, some amateurs report that they use a loopstick receiving antenna when oper 
ating on crowded bands, such as 40 and 75 m. The small loopstick has an extremely 
directional characteristic, so itis capable of ruling out interfering signals. Of course, 
you would not want to use the loopstick for transmitting, so some means must be 
Tound for transferring the antennas over between the transmit and receive functions, 

‘Mounting ferrite rods Ferrite rods can be mounted in several ways, two of which 
are analagous to the methods used on toroids. We can, for example, mount the rod using 
‘ther its own wires for support or by using а dab of cement or silicone sealer to fasten it 
tothe bourd. Although we cannot use simple nylon screws the way we can on toroids, we 
‘can use insulating cable clamps to secure the ends of the rod to the board. 


Toroid broadbanded impedance matching transformers 
"The toroidal transformer forms a broadbanded means for matching antenna imped- 
ance to the transmission line, or matching the transmission line to the transmitter, 
"The other matching methods (shown thus far) are frequency-sensitive, and must be 
readjusted whenever the operating frequency is changed even a small amount. Al- 
though this problem is of no great concern to fixed-frequency radio stations, itis of 
critical importance to stations that operate on a variety of frequencies. 

Figure 24-16A shows a trifilar transformer that provides a 1:1 impedance ratio, 
but it will transform an unbalanced transmission line (e, coaxial cable) to a 
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24-15 Ferrite rod inductor (A) construction, (B) use in amplifier. 
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balanced signal required to feed a dipole antenna. Although it provides no imped- 
‘ance transformation, it does tend to balance the feed currents in the two halves of 
the antenna. This fact makes it possible to obtain a more accurate figure-8 dipole ra- 
diation pattern in the horizontal plane, Many station owners make it standard prac- 
tice to use a balun at the antenna feedpoint, 

‘The balun shown in Fig. 24-168 is designed to provide the unbalanced to balanced 
transformation, while also providing a 4:1 impedance ratio, Thus, a 900 Q folded dipole. 
fecdpoint impedance will be transformed to 75.2 unbalanced. This type of balun is oen. 
included inside antenna tuners, including all three models shown in Figs. 24-84 and 2 
B. A variable (or at least settable) broadbanded transformer is shown in Fig. 24-16C. In. 
this case the output winding is tapped, and the operator selects the correct tap needed 
to provide the desired impedance ratio. The usual tums ratio criterion applies 

Another multiple-impedance transformer is shown in Fig, 24-16D. In this case, 
the operator can select impedance transformation ratios of 15:1, 41, 9:1 or 16:1, A 
commercial version of this type of transformer is shown in Fig. 24-168, It is manufac- 
tured by Palomar Engineers, and is intended for vertical antenna feeding in the HF 
bands. It will, however, work well on antennas other than simple verticals. A top view 
of the vertical antenna feeding transformer is in Fig, 24-16F 
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CHAPTER 


Mobile, emergency, 
portable, and 
marine antennas 


MOBILE OPERATION OF RADIO COMMUNICATIONS EQUIPMENT DATES BACK TO ONLY A 
little later than "base station” operation. From its earliest times, radio buffs have at- 
tempted to place radio communications equipment in vehicles. Unfortunately, two- 
way radio was not terribly practical until the 1930s, when the earliest applications 
were amateur radio and police radio (which used frequencies in the 17-10 20-MHz 
region). Over the years, the land mobile and amateur radio mobile operation has 
moved progressively higher in frequency because of certain practical considerations, 
‘The higher the frequency, for example, the shorter the wavelength; and, therefore, 
the shorter a fullsize antenna. On the 11m Citizens Band, for example, a quarter 
wavelength whip antenna is 102 in long, and for the 10-m amateur band only 96 in. 
long. At VHF frequencies, antennas become even shorter, As а result, much mobile 
activity takes place in the VHF and UHF region. 

"The amateur 144-, 220-, and 440-MHz bands are popular because of several 
factors, not the least of which is the ease of making #- and ¥-wavelength anten 
Because low-cost commercial antennas are available for these frequencies, how 
ever, we will not examine such antennas in this chapter. Rather, we will concen- 
trate on high-frequency antennas. 


Mobile HF antennas 


High-frequency (HF) mobile operation requires substantially different antennas than 
VHF or UHF. Quarter-wavelength antennas are feasible only on the 11- and 10 

bands, with some argument in favor of 13 m as well. But by the time the frequency 
drops to the 21-MHz (15-m) band, the antenna size must be approximately 11 1 long, 
and that is too long for practical mobile operation. Because of practical considerations, 
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you must limit antenna size to В or 9 A; in the amateur radio bands the 8-8 antenna is 
‘most popular because it is resonant on 10 m. At all lower frequencies, the 8t whip 
becomes capacitive, and therefore requires an equal inductive reactance to cancel the 
capacitive reactance of the antenna, 

Figure 25-1 shows three baste configurations of coll-loaded HF antennas for fre- 
quencies lower than the natural resonant frequency of the antenna. In each case, the 
antennas are series fed with coaxial cable from the base; point A is connected to 
the coaxial cable center conductor, and point В is connected to the shield, and the car 
body (which serves as ground). The system shown in Fig. 25-14 is base-loaded. Al- 
though convenient, there is some evidence that the current distribution is less than 
optimum. The version shown in Fig. 25-18 is centerloaded, and results in an im- 
proved current distribution. This configuration is probably the most common among 
commercially available HF mobile antennas, although the coil is often located slightly 
above the center point. Finally, we see the top-loaded coil system in Fig, 25-18. In all 
three cases, the point is to use the inductance of the сой to cancel the capacitive 
reactance of the antenna. 

A modified version of the coll-loaded HF mobile antenna is shown in Fig. 25-24. 
in this configuration the loading inductance is divided between two individual colls, 
L, and Ly, Coil L, is adjustable with respect to the antenna, while L, is fixed; сой L, 
is tapped, however, in order to match the impedance of the antenna to the e 
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teristic impedance of the coaxial-cable transmission line. When tuning this antenna, 
two instruments are needed: а field strength meter and a VSWR meter, The field 
strength meter gives a relative indication of the amount of power radiated from the 
antenna, while the VSWR meter helps determine the state of the impedance match, 
A pair of relative field strength meter projects are discussed later in this chapter 

Variations on the theme are shown in Figs. 25-28 and 25-20, A helical whip is 
shown in Fig. 25-28, In this configuration, the inductor is distributed along the 
length of a fiberglass antenna rod. The conductor is а wire that is helically wound on 
the fiberglass shaft. An adjustable tip sets the antenna to ^ngth of 
this tip can be set by a local field strength meter, Fixed versions of this type of a 
tenna are very popular on the Citizens Band where they may be as short as 30 in, or 
as long as 48 in. There are also some amateur radio commercial antennas based on 
this concept. 

‘The other variant is shown in Fig. 25:20. In this case, the lower end of the radiator. 
consists of a metal tube topped with a loading сой. An adjustable shaft at the top end is 
‘used to tune the antenna to resonance, This form of antenna is popular among commer 
‘dal makers of HF mobile antennas, such as the Hustler. The fixed shaft tends to be uni 
versal for ай bands, while the сой and adjustable shaft form a separate "resonator" for 
each band, Multiband operation of this form of antenna can be accomplished by using a 
bracket such as shown in Fig. 25-2D. Although early versions of this scheme were home- 
brewed, several manufacturers currently make factory-bullt versions. The idea in Fig. 

5-2D is to mount two or more resonators to a common fixed shaft. 
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A common problem with ай coîl-loaded mobile antennas is that they tend to be 
very high Q antennas. In other words, they are very sharply tuned. The VSWR tends 
to rise rapidly as the operating frequency departs from the frequency to which the 
antenna is tuned; as little as 25-kHz change of operating frequency will detune the an- 
tenna significantly. Although an antenna tuner at the output of the transmitter will 
reduce the VSWR to a point that allows the transmitter to operate, that type of tun 
is merely a line fattener that does not fully address the problem. The actual problem 
is that the antenna is not resonant. The efficiency of the antenna drops off rapidly as 
the frequency changes. The only cure for this problem is to readjust the resonators 
adjustable shaft as the band segment is changed (not merely the band, but the bant 
segment). Unfortunately, this solution requires tools, and the operator must get out 
of the vehicle in order to do a good job of retuning. Another solution is to use a 
‘motor-driven variable inductor for the loading coil. Several manufacturers offer both 
base-loaded and center-loaded coils that are either motor-driven or relay-selectable 
to permit frequency changing from the operators seat. 


Tuning HF mobile antennas. 
Although the procedures for tuning certain specific antennas might be different. 
from those given below, the basic principles are the same, and can easily be adapted 
to any given situation. There are two situations to consider. First is the antenna in 
which there is either a single adjustable (or tap-selectable) loading сой, or а fixed 
loading сой and an adjustable shaft resonator. Second is the ease ( Fig. 25-24) where 
there is an adjustable or tapped coil in series with a tapped impedance-matching coil 
at the base 

Case no. 1. In this case, we assume that the antenna has a single adjustment, 
either a shaft resonator or adjustable сой. In this case we need to use a field strength 
meter (FSM) to measure the relative field strength of the radiated signal. The an- 
tenna resonator is adjusted until the radiated field strength is maximum. Of course, 
this procedure must be done in steps, keying the transmitter after each adjustment to 
see what happened. Alternatively, а VSWR meter can be used to set the resonator 
toa minimum VSWR, 

Case no. 2. Here, we have a сой at the base that is fixed with respect to the an- 
tenna radiator element, but is tapped with respect to the coaxial cable from the 
transmitter. A second сой is also used in the antenna (see Fig. 25-2A), which ean be 
either in the center or at the top, This coll is adjustable for setting resonance. Alter- 
natively, this coil may be fixed, and an adjustable resonator shaft may be used to set 
operating frequency. In this type of antenna the upper coil, ог resonator shaft, is ad- 
Justed to resonance by using a field strength meter. The lower сой is adjusted for 
minimum VSWR, Both adjustments are needed to complete the job. 


Field strength meters 
A field strength meter (FSM) is an instrument that measures the radiated field from. 
an antenna. Commercial engincering-grade instruments are calibrated in terms of 
either watts/square centimeter or volts/meter, and are used for jobs such as broad- 
‘ast station “proof-of-performance” tests and other professional jobs. For adjusting 
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antennas, however, a considerably different instrument is sufficient. This section. 
describes two simple, passive (which means no de power is required) field strength 
„meters usable for adjusting HF radio antennas, including both CB and amateur 
radio antennas, 

‘Two forms are shown in Fig. 25-8; both are basically variations on the old-f 
ioned “crystal set” theme. Figure 2Б-ЗА shows the simplest form of untuned FSM. 
In this circuit a small whip antenna (used for signal pickup) is connected to one. 
end of a grounded RF choke (RFC). The RF voltage developed across the RFC is 
applied to a germanium diode detector; either IN34 or INGO can be used. Silicon 
diodes are normally preferred in signal applications, but in this case we need the 
lower contact potential of germanium diodes in order to improve sensitivity (V, is 
0.2 to 03 V for Ge and 0.6 to 0.7, V for Si). A potentiometer is used both as the 
load for the diode and as a sensitivity control to set the meter reading to а conve- 
nient level. 

"The untuned version of the FSM is usable even at low powers, but suffers from 
a lack of sensitivity. Only a certain amount of signal ean be developed across the 
RFC, so tis limits the sensitivity. Also, the RFC does not make a good impedance 
‘match to the detector diode 0, An improvement is possible by adding a tuned cir- 
cuit and an impedance-matching scheme, as shown in Fig. 25-98. In this case a va 
able capacitor C, is used as a tune control. The tuning capacitor is parallel resonant 
with inductor L,. A tapped capacitive voltage divider (C/C) is used to provide im- 
pedance matching to the diode. Figure 25- gives values of capacitance and induc- 
tance for various bands. 

Operation of the tunable FSM is simple and straightforward, Set the sensitivity 
control to approximately half-seale, and then key the transmitter; adjust the tuning 
control (C; for maximum deflection of the meter pointer (readjustment of the sen- 
sitivity control may be needed). After these adjustments are made, the tunable FSM 
works just like any other FSM 
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Some time ago, I met an interesting character at a convention. As a medical doc 

a medical missionary working at a relief station in Sudan, Because of his 
unique business address, he was able to discuss mobile and portable antennas for 
communications from the boondocks. His bona fides for this knowledge includes 
the fact that he is licensed to operate on both the amateur radio bands, and as a 
Jandmobile (or point-to-point) station in the 6.2-MHz band. The desert where he 
travels is among the worst in the world. The path they euphemistically сай a "road" 
is occasionally littered with camel corpses because of the harsh conditions. The 
doctor's organization requires him to check in twice daily on either 62 MHz or 
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3.885 MHz (which some missionary hams in Africa use as an unofficial calling fre- 
quency). If he misses two check-ins in a row, then the search and rescue planes are 
sent up. Asa result of his unique "house calls,” he does а lot of mobile and portable 
operating in the lower-H region of the spectrum, His problem is this: How do you 
reliably get through the ORM and tropical ЕМ with only 200 W PEP and а stan- 
dard loaded mobile antenna? 

Another fellow I once met works in Alaska for a government agency. He faces 
many of the same problems as the doctor in Sudan, but at close to 100? colder. Не 
frequently takes his 100-W mobile rig into the boondocks with him in a four-wheel 
drive vehicle. Again, with only 100 W into a poor-efficiency loaded mobile antenna, 
how does one reliably cut through the interference to be heard back at the home- 
stead? 

An earthquake, or hurricane, strikes your community. Antenna towers collapse, 
tuibanders become tangled masses of aluminum tubing, dipoles are snarled globs of 
1014 Copperweld, and the rig and linear amplifier are smashed under the rubble 
of one corner of your house, Al that remains is the 100-W HF rig in your car. How do 
you reliably establish communications in “kilowatt alley" with a 100-W mobile driving 
a 75-W loaded whip? OF course, you always got through one way or another before, 
but now communications are not for fun—they are deadly serious. Somehow, the 
distant problems of a Sudanese missionary doctor and a KLT government forester 
dont seem too very far away. 

For these operators, communications often means life or death for someone, 
perhaps themselves. Given the inefficiency of the loaded whips typically used as mo- 
bile antennas in the low-H region, the generally low power levels used in available 
‘mobile rigs, and the crowded band conditions on the 80-, 75-, and 40-m bands, it be- 
comes a matter of more than academie interest how you might increase the signal 
strength from your portable (or mobile) emergency station. Anything we can do, 
easily and cheaply, to improve the signal is like having money in the bank. Fortu- 
nately, there are several tricks of the trade that will help us out in a pinch. 

Figure 25-4 shows a typical mobile antenna fora low-HF band. Because quart 
wavelength antennas on these frequencies are 30 to 70 It high, full-size vertical whip. 
antennas are not practical. In fact, at frequencies below 10 m, full-size whips are not. 
generally used. Short antennas exhibit capacitive reactance, so we add a loading coil 
(inductor L in Fig, 25-4) to the radiator to make up the difference (its inductive re- 
actance cancels the capacitive reactance of the antenna). The inductor in such a 
loaded antenna can be placed almost anywhere along the radiator, although base-, 
center, and top-loaded designs predominate. The actual inductance needed varies 
somewhat with сой placement, as does antenna performance. The “resonators? used 
оп commercial low-HF mobile antennas are loading coils encapsulated ina weathertight. 
housing, 

"The mobile configuration is inefficient by its nature, and little can be done to im- 
prove matters. OF course, an antenna-matching device or tuner will help in optimiz- 
ing the power transfer to the antenna, and should always be used in any event 
(especially with solid-state final amplifiers, which don't tolerate VSWR as easily as do. 
tube finals). In the portable configuration, however, we can both improve the per- 
formance of "mobile" antennas and look into antenna options hot open to the mobile 
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operator. We can make a basic assumption for these improvements: The operator 
needing emergency or urgent communications is not driving down the interstate 
somewhere, but is stopped in the back country and needs to call out. 

In cases of emergencies оп most highways, we are in range of some repeat 
we would use а VHF band (probably 2 m) to contact police or other emergency s 
vices through a repeater autopatch. In fact, with the wide availability of repeaters 
around the country it behooves any amateur, backpacking or four-whecling into re- 
‘mote areas, to be familiar with repeater locations and frequencies. From hilltops, 
especially, it is often possible to hit repeaters from a surprisingly long distance. 1 
have seen hand-held 2-m rigs trigger mountain top repeaters from the mountains of 
southwestern Virginia, and presume that other areas of the country are as well off 
repeatervise. This chapter deals with HF rigs, especially those operating in the 
lower end of the HF spectrum, in situations where a temporary antenna must be 
erected. 

Most amateurs, who have low-HF mobile rigs, will testify that getting out is a 
pain in the mike button. Antenna efficiencies are simply too poor. One factor in this 
dismal equation is that the vehicle body makes a very poor antenna ground system. 
One could, Lsuppose, carry a supply of b. or 8-8 copper-clad steel ground rods, and 
a ib sledge hammer to drive them into the earth wherever a portable station is 
needed. Somehow, that solution doesn't seem too appealing at this point! Besides, 
have you ever tried to remove an effective S-ft ground rod from the ground? Forget 
it, it's too much pain for too little gain. A better solution is to provide а counterpoise 
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groundplane, as shown in Fig, 25-5. In Fig, 25-5A we see the electrical situation and. 
connection, while in Fig. 25-38 we see the mechanical scheme for a specifie situa- 
tion: A groundplane consists of two or more (even one helps) quarter-wavelength ra- 
dials connected to the antenna ground point (Le., where the coaxial cable shield 
connects to the vehicle body). The radials are made of no. 14 wire, so are relatively 
easy to stow 

Figure 25-58 shows a workable system that will improve the performance of a 
mobile rig in stationary situations. The mobile antenna uses the normal base mount. 
attached to the rear quarter panel of the car adjacent to the trunk lid. An all-metal 
grounding-type binding post is installed through an extra hole drilled in the base 
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insulator (see Fig, 25-50). Radials for portable operation are attached at this point. Al- 
though the binding post is small, it easily accommodates two no. 14 radials. The owner 
used the vehicle for camping, and the radials were used to improve antenna efficiency. 
1dont believe the dramatic accounts enthusiastically reported by the owner of the car, 
but my own Field Day experience (and the testimony of the Sudanese missionary doc- 
tor) lead me to expect considerable improvement over the unaided loaded whip, 

A potential solution to the inefficiency problem is to replace the mobile antenna 
with a more efficient, but stowable, antenna that can be brought out and erected 
When needed. One candidate is a surplus military HF whip antenna, Intended for 
Jeeps and communications trucks, these antenna/tuner combinations are collapsi- 
ble and are as efficient as any on the market, Although my Alaskan friend could use 
such a surplus find, my Sudanese friend could not. He told me that Americans in the 
boonies, even (perhaps especially) missionaries, are always suspected by pin- 
headed local authorities of being agents of the dreaded "Cuban Invasion Authority." 
Showing up "out there” with obviously military radio equipment serves only to seal 
that belie? 

‘The common dipole is often looked down upon by the owners of massive array 
antennas, but those old-fashioned antennas are capable of turning in some impres- 
sive results. The dipole is made by connecting two quarter-wavelength pieces of wire 
to a coaxial-cable transmission line. One length is connected to the center conduc- 
tor, and the other is connected to the shield of the coax. In a pinch, zip (e, Lamp) 
cord and twisted pairs of hookup wire will do for a transmission line. Figure 25-6, 
shows the common dipole and the normal equation for determining approximate 
length. The actual length is found by trimming length until the VSWR drops to its 
lowest point, a nicety that might not seem altogether important in an emergency. 
‘The ends of the dipole must be supported on trees, masts, or some other elevated 
structure. Unfortunately, mounting points aren't easily found. My Sudanese friend 
doesn't see many trees! 

Figure 25-7 shows another alternative antenna that works well for portable op- 
eration. Based on the dipole, this inverted-vee dipole does not require two end sup- 
ports but rather a single center support. The length of cach leg is 6 percent longer 
than for a nominal dipole. Because the application is both emergency-related and 
temporary in nature, we can get away with construction methods that would be 
thinkable in more permanent installations. 
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Three problems present themselves. First, the antenna must be portable for 
backpackers, or stowable in the case of those people who motor into the back coun- 
try. Size and weight are major constraints in both cases, even though the vehicular 
case is a lot easier to work with than the backpacker. Second, what materials and 
means of construction are needed for the mast? Third, how is the mast supported? 
Because the answer to the third question depends in part on the answer selected for 
the second, we will deal with it first. The first question is avoided at this point be- 
cause [have selected the vehicular case. 

One alternative is to use a telescoping TV antenna mast to support your an- 
tenna. We can either mount a mobile whip and its associated radials at the top, or in- 
stall an inverted-vee per Fig. 25-7. These masts collapse to 6 or В ftin length, but can 
be slipped up to heights of 18, 25, 30, 40, or 50 ft, depending upon the type selected. 
Keep in mind, when shopping for these masts, that the larger models are consider 
ably heavier than shorter models, and they require two or more people to install 
them. Erecting a40- or 80-1 telescoping mast is not a single-person job, even though 
you might know someone who has done it. Гуе done it, and won't do it again! Even 
the 30-й models are а bit hairy to install alone 
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Another mast that ean be used for the inverted vee is made from PVC plastic 
plumbing pipe. I it ean be carried on or in the vehicle, then lengths up to 10 ft are 
available. Longer lengths are made at the site of erection by joining together 10-1 or 
shorter sections with couplings (also available at plumbing supply outlets). Be care- 
ful of using PVC pipe that is too small, however, PVC pipe is relatively thin walled, 
and it is therefore flexible. Sizes below 1.5-in diameter will not easily stand alone 
without guying. While a single 10-f section might be self-supporting, two or more 
sections together will not support themselves and the weight of the antenna. Guying 
can be accomplished with ropes, or on a temporary basis, heavy twine. 

Still another alternative is to carry steel TV antenna masts. Available in 5- and 10.0 
lengths, these masts are fared on one end and crimped on the other, so that they can 
be joined together to form longer lengths. In addition, the same sources that sell these 
‘masts also sell the guy wire rings that help support the mast when installed. There is 
alsoa variety of rooftop mounting devices that aid also in ground mounting the antenna. 

Tused the TV mast solution on Field Day expeditions for many years. The in- 
verted-vee antenna is, of course, а natural for this solution. Once, however, we used. 
а Hustler mobile antenna mounted at the top of a 20-ft mast, with four radials, and it 
worked surprisingly well with the 30- limit for extra points credit then available for 
Field Day contestants. 

"There are, then, several alternatives for masts that slip up, snap together, ar are 
otherwise easily unstowed and installed, Let's now turn our attention to base mount- 
ing schemes that can be used to support the mast. Of course, in a Ше or death pinch, 
you could always just pile rocks around the base, or hold the darn thing up as you 
transmit. But a litle forethought could eliminate those problems easily. 

Опе of the first solutions ГЇ deal with was seen on the Outer Banks of North Car- 
olina, and was provided to me by a CB operator. Surf fishers on the Outer Banks use 
four-wheel drive vehicles to get out on the beach (to the surf, where the big sea bass. 
Turk). Welded to either the front or rear bumper attachments are steel tubes (see 
Fig. 25-7) used for mounting the very, very long surf casting rods they use to catch 
fish. The CB operator had a 20-1. mast consisting of two 10-f TV mast sections 
‘mounted in one of the rod holders. At the upper end of the mast was his 11-m 
aroundplane antenna. The same method of mounting would also support similar am- 
ateur antennas, inverted-vee dipoles, or VHF/UHF antennas. 

Given that the antenna installation wil be temporary, lasting only a few hours or a 
couple of days in the worst case, we need not worry about long-term integrity, 
or the practicality of the installation. Mounting the mast to the back oa four-wheeler or 
pickup truck with a pair of U bolts is not terribly practical if you must move the vehicle, 
but works nicely if you plan to camp (or are stranded) for a few days. 

For lightweight masts, up to about 25 П, the base support could be an 
X-shaped base made of 2 X 4-in lumber (Fig. 25-84), or even a Christmas tree 
holder. Alternatively, a TV antenna rooftop tripod mount (Fig. 25-8B) is easily 
adopted for use on the ground. None of these three alternatives can be depended 
"upon for self-supporting installations, and must be guyed even if used for only a 
short period. Again, because of the temporary nature of the installation, aluminum 
ог wooden tent pegs can be used to anchor the guy wires. Although they are insuffi- 
cient for long-term installations, they work fine for the short run, 
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Another problem 


Field Day is a reasonably good training ground for people who anticipate operating 
radio equipment under primitive conditions. If you pay attention to the sometimes 
humorous foul-ups seen while getting on the air from atop High Peak Mountain in 
Goose Bump National Park, then you might avoid some of the same mistakes when 
foul-ups mean more than a quick drive to the nearest town. You will learn, for exam- 
pile, which simple tools are a must for constructing and repalring simple antennas 
(including the 12-Vde soldering iron that runs off the vehicle battery). You will also 
learn a bit about electricity needed to run the rig 

‘Two alternatives present themselves, Fist, you could use 12 Vde from the vehicle 
electrical system, which makes sense with the current crop of 12 Vde HF rigs on the 
‘market. Or, you could operate from 120 Vac generated by a light plant generator. 

When boondocking in a four-wheeler (or other vehicle), it is wise to use а dual 
battery system such as shown in Fig. 25-9. Two separate 12-Vde auto batteries 
(preferably high ampere-hour capacity) are connected essentially in parallel with. 
the alternative charging system. Diodes D, and D, are rated at 100 A, 50 V peak in- 
verse voltage (PVI), and are used to isolate the two batteries from each other. Diode 
assemblies such as this can be built, or purchased from van conversion and recreational 


225 Carr 4/10/01 3:49 PM Page 494 © 


494 Mobile, emergency, portable, and marine antennas 


From. 
alternator. 


D Ds 


M 


| | 


25-9 Diode pack allows charging two batteries from system charger. 


vehicle shops. Van and RV owners! use is the same as yours: Its a darn shame to run 
ddown the battery needed to start the vehicle just by operating your rig. You not only 
cannot start the vehicle in such a case, but cannot muster enough power to сай for 
the wilderness equivalent of "Triple A” 

One experienced boondocker I met in southern Arizona totes either a 450-W 
Kawasaki or 500-W Honda mini ight plant generator in the back of his Bronco. These 
models are surprisingly lightweight and quiet operating. One of the generators has a 
12-Vde, 8-A outlet that can be used to charge a dead battery. The other has only the 
110-Vac outlet, but can be used for battery charging if a small charger is provided. 
Simple 10-A battery chargers can usually be bought at auto parts or accessories 
stores, for about $60. 

Operating radio communications equipment successfully under primitive condi- 
tions depends upon two major factors: available electrical power and a proper, effi- 
cient, antenna system. Although dealing in detail with the means of obtaining power 
in remote locations is beyond the scope of this book, we have provided some ideas 
from which you can start planning your own "survival" radio system. 


Marine radio antennas 


Radio communications considerably lessened the dangers inherent in sea travel. So 
much so, in fact, that the maritime industry took to the new "wireless telegraphy” 
earlier than any other segment of society. In the early days of radio, a number of ex- 
citing rescues occurred because of wireless, Even the infamous 5.5. Titanic sinking 
might have cost less human life if the wireless operator aboard a nearby ship had 
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been on duty. Today, shore stations and ships maintain 24-hour surveillance, and 
vessels can be equipped with autoalarm devices to wake up those who are not on 
duty. Even small pleasure boats are now equipped with radio communications, and 
these are monitored around the clock by the U.S. Coast Guard, 

"The small shipboard operator can have a selection of either HF single-sideband 
‘communications or VHF-FM communications, The general rule is that a station must 
have the VHE-FM, and can be licensed for the HF SSB mode only if ҮНЕ-ЕМ is also 
aboard. The VHF-FM radio is used in coastal waters, inland waters, and harbors. These 
radios are equipped with a highvlow power switch that permits the use of low power 
(1 W typically) in the harbor, but higher power when under way. The HF SSB radios are 
‘more powerful (100 W typically), and are used for offshore long distance eommuniea- 
tions beyond the line-of radio-2ight capability of the VHF-FM band. 

‘The problems of antennas on boats are the same as for shore installations, but 
are aggravated by certain factors, Space, for one thing, is less on a boat so most HF 
antennas must be compensation types. Also, grounds are harder to come by on а 
fiberglass or wooden boat, so external grounds must be provided. 

A typical powerboat example is shown in Fig. 25-10. The radio is connected to a 
whip antenna through a transmission line (and a tuner on HF), while also being 
grounded to an externally provided groundplate. Over the years, radio grounds have 
taken allot of different forms. For example, the ground might be copper or aluminum. 
{oll cemented to the boat hull. Alternatively, it might be a bronze plate or hollow 
bronze tube along the center line of the boat, or along the sides just below the water 
line. The ground will also be connected to the engine. Careful attention must be paid 
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to the electrical system of the boat when creating external grounds to prevent elec- 
trolytie corrosion from inadvertent current flows. 

On sailboats the whip antenna (especially VHF-EM) might be mast-mounted as 
shown in Fig. 25-11. The same grounding scheme applies with the addition ofa metal 
keel or metal foil over a nonmetallic keel 

"The whips used for boat radios tend to be longer than land mobile antennas for the 
same frequency. The VHE-FM whip (Fig. 25-12) can be several quarter-wavelengths 
and take advantage of gain characteristics thereby obtained. Whips for the HF bands 
tend to be 10 to 30 f in length, and often look like trolling rods on power boats, You will 
also see Citizens Band radios on board boats, and the CB antennas are also whips, It is 
not a good idea to rely solely on CB for boat communications, because it is a lot less 
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25-12. VHE-PM boat antenna. | | 


likely to be useful in emergencies. Also, some boaters use amateur radio sels, often. 
illegally, for emergency communications in leu of a proper HF.SSB unit. 

Longwire antennas also find use in marine service. Figure 25-18 shows two instal- 
ations. The antenna in Fig. 25-13A shows a wire stretched between the stern and bow 
by way of the mast. The antenna is end-fed from an antenna tuner or “line flattener." 
‘The longwire shown in Fig. 25-138 is similar in concept, but runs from the bottom to 
the top of the mast. Again, a tuner is needed to match the antenna to the radio trans- 
mission line. Notice that the antennas used in this manner are actually not "longwires" 
in the truly rigorous sense of the term, but rather “random length" antennas. 

"The format of the tuner can be any of several designs, shown in Fig. 25-14. The 
reversed L-section coupler shown in Fig. 25-14 is used when the antenna radiator el- 
ement is less than a quarter wavelength, Similarly, when the antenna is greater than. 
а quarter-wavelength, the circuit of Fig, 25-148 is the tuner of choice. This circuit is a 
modified L-section coupler that uses two variable capacitors and the inductor. 
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140 the coupler used on many radios for random- 


Finally, we see in Fig 
length antennas. Two variable inductors are used; L, is used to resonate the antem 
and L, îs used to match the impedance looking back to the transmitter to the system 
impedance. In some designs, the inductors are not actually variable, but rather use 
switoh selected taps on the coils. The correct сой taps are selected when the opera- 
tor selects a channel. This approach is less frequently encountered today, when fre- 
‘quency synthesizers give the owner a selection of channels to use. In those cases, 
either the antenna must be tuned every time the frequency is changed, or an auto- 
matic (or motor-driven) preselected tuner is used. 
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‘The line fattener (Fig. 25-15) is a standard transmateh antenna tuner that 
шеп» conxial<cable transmission line for VSWR. This type of tuner is especially 
useful for transmitters with solid-state finals that are not "happy" with high VSWR. 
Some of those designs incorporate shutdown circuits that reduce (and then cut. 
off) power as the VSWR increases, The line flattener basically tunes out the VSWR 
at the transmitter. It does nothing to tune the antenna, but only makes the trans- 
miter operable. 
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25-15 Line fattener tuner. 


CHAPTER 


Antennas for low- 
freguency operation 


LOW-FREQUENCY OPERATION dE d. 160- AND TS/SU-METER BAND) POSES CERTAIN 
difficulties for the antenna. OF course, the first thing that springs to mind is 
the large size of those antennas. A half-wavelength dipole is between 117 and 
133 ft long on 75/80 m, and on 160 m it îs about twice that length. On my own sub- 
urban lot, I cannot erect a half-wave 75/80-m band antenna and stay within the 
property lines. 

А similar situation is seen with vertical antennas. Although a 40-m vertical (39 1 
high) is not an unreasonable mechanical job, the 66 ft 75/80-m vertical (never mind. 
the 120-f 160-m vertical) is a nightmare. In addition, the local authorities might not 
require any special inspections or permits (check!) on the 38-1 antenna, yet impose 
rigid and very exacting requirements on the higher structure. On suburban or urban 
lots, a typical 40-m antenna might well be able to fall over and still not cross the 
property line—or come in close proximity to power lines. A longer antenna, how- 
ever, almost inevitably suffers one—or the other—problem when it falls. 


Grounding 


Still another problem involves grounding, The ground system of a higher-frequency 
ertical antenna can be installed using АА radials buried a few inches below the sur- 
face. But that same idea becomes problematic when the radials are 66 or 125 ft long. 
Burying half a dozen 125-1. radials might remind your neighbors of the Galloping 
Gung-Ho Gopher—and not to their amusement! 
"There are, however, some solutions to the problem without having you buy 
а farm in the flatter regions of the midwest. For example, the length problem can 
be solved by using one of the bent dipoles covered in Chap. 10. No, they are not 
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as effective as an antenna that is correctly installed, But they will serve to get you 
on the air. Some of them work surprisingly well 

‘The ground radial problem can be solved by bending the radial system around 
‘your property (Fig. 26-1). You will never have to cross your neighbors line, And, as 
for the gopher track appearance, itis not necessary to work sloppily, and you can in- 
stall radials so that nary an eye, practiced or otherwise, can see their location, 


Shortened vertical antennas 


‘The biggest problem for most low-frequency DXers, as you have seen, is the exces- 
sive size of antennas for those frequencies; it is “not for nothing" that those AM 
broadcast band (<1.6 MHz) towers are usually hundreds of feet tall. But there are. 
ways to shorten an antenna—not for free, because the TANSTAAFL principle still 
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26-1 Methods fr laying out low-frequency radial in a cramped space 
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applies—to a point where it becomes mechanically possible. Let me reiterate once 
again that these compensation antennas will not work as well as a properly installed 
full-sized antenna, but they will serve to get you on the air on frequencies where it is 
otherwise utterly impossible, Several different compensation configurations are 


papular, and these are shown in Fig. 26.2. 
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26-2 inductance loading of vertical antennas: (A) center; (B) top; (C) hase; 
(D) linear or lengti-loaded; (E) linear hairpla-loaded, 
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The basic foundation for these antennas is a very short vertical antenna. The 
“standard” vertical antenna sa auartersvavelength (A4) Ge., В electrical length), 
and it is unbalanced with respect to ground, 

Recall that a vertical antenna that is too short for its operating frequency (Le. 
less than 3/4) will exhibit capacitive reactance, In order to resonate that antenna, it 
is necessary to cancel the capacitive reactance with an equivalent inductive reac- 
tance, such as [X | = (х1. By placing an inductance in series with the antenna ra- 
ditor element, therefore, we can effectively “lengthen” it electrically. Of course, 
what is really happening is that the effects of the lower operating frequency are be- 
ing accommodated (ie. "cancelled out) of a too-short antenna. 

“An antenna that is eactance-compersated fora different frequency is said to be 
loaded, or in the case of very low frequency antenna, inductively loaded. Three 
basi forms of loading are popular discrete loading, continuous loading, and lin- 
var loading. 

Discrete loading means that there is а discrete, or lumped, inductance in series 
With the antenna radiator (Figs. 26-2A through 26-20). These antennas are so con- 
structed that a loading cili placed at the center (Fig 26-21), top (Fig, 26-28), or 
bottom (Fig, 26.20) of the radiator element 

You will recognize these configurations аз being the same as those found on mo- 
bile antennas. Indeed, loveband mobile antennas can be used in both mobile and 
fixed installations. Note, however, that although i is convenient to use mobile an- 
tennas for fixed locations (because they are easily available in "store bought" form); 
they are less efficient than other versions ofthe same concept. The reason is that the. 
mobile antenna, fr low frequencies tends to be based on the standard 96- to 102-in 
whip antenna used by amateur operators on 10 m or Citizens Band operators оп 11 m 
in fixed locations, on the other hand, longer radiator elements (which are more effi- 
cient) are more easily handled. For example, а 16- to 30- high aluminum radiator 
element can easily be constructed of readily available materias. The 16- element. 
сап be bought in the form of ane or two lengths of 1- to 15-1 aluminum tubing at 
do-it-yourself outlet. 

A problem seen with these antennas is that they tend to be rather high Q, so the 
bandwidth is necessarily narrow. An antenna might work in the center of a band, but 
present a high VSWR at the ends of the band, and thus be unusable This problem is 
Solved by making the inductor variable so that slighty diferent inductance values 
can be selected at different frequencies across the band. Fr the bnse-laded version 
(Fig. 26-20), thls is particularly cas: a rotary ductor (perhaps motor driven for re 
mote operation) сап be used. For the other configurations, a tapped fixed inductor 
сап be used instead. Each tap represents a diferent inductance value. Either clip 
connectors, ог relay connections, can be used to select which tap i used. 

‘continuously loaded antenna has the inductance distributed along the entire 
length of the radiator (Fig. 26-2D). Typical of these antennas is the helically wound. 
verticals in which about a half- wavelength of insulated wire s wound over an insu- 
tating form (such as а length of PVC pipe or a wooden dowel); the turns of the cil 
are spread out over the entire length of the insulated support 

“Linen loading (Fig. 26-28) is an arrangement whereby a section of the an- 
tenna is folded back on itself ke а stub. Antennas of this sort have been successfully 
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built from the same type of aluminum tubing as regular verticals. For 75/80.m 
(3.75-MHLz) operation a length of 30 П for the radiator represents 41°, while a nor- 
mal N4 vertical is 90°. The difference between 90° and 41° of electrical length is 
‘made up by the “hairpin” structure at the base. 


Shortened horizontal antennas 


"The same strategies that worked for vertical antennas also work for horizontal an- 
tennas, although in the horizontal case we are simulating a half wavelength (1807) 
balanced antenna—rather than a 2/4 unbalanced antenna, Figure 26-3 shows several 
different shortened, low frequency antennas that are based on the same methods as 
the verticals shown previously 

Figures 26-3A through 26-30 show discretely loaded dipole antennas. Figures. 
26-3A and 26-38 are center loaded versions, and Fig. 26-30 is а center (of each ele- 
ment) -loaded version. In each case, it is assumed that the radiator elements are the 
same physical length. In the example of Fig. 26-2, the coil is tapped to provide a 
match to either 52- or 75-Q transmission line. In some variants, the shield of the 
‘coaxial-cable transmission line is connected directly to the junction or the сой and 
‘one radiator element, and the coax center conductor is connected to the tap that 
best matches the impedance of the line 

‘The impedance matehing problem is solved a itle differently in Fig 26-3B. In this 
type of antenna, the coil is used to centeroad the dipole, but the transmission line is 
‘connected to а link wound on the same form as the loading inductor, The turns ratio be- 
tween the loading inductor and the coupling link determines the impedance match. 

A “hairpin” linear loading scheme ia shown in Fig, 26-3D. This design is basically 
the same as for the vertical ease, but itis balanced out of respect for the design of 
the dipole. This type of design is used for both the driven and parasitic elements on 
some commercial 40-m beam antennas. In addition, some “add-on” 40-m dipoles 
(designed for beam antennas that were intended for operation at frequencies in the 
20-m and higher bands) use this method. Such antennas are essentially rotatable 
dipoles. 

‘The continuously loaded dipole of Fig. 26-81 is constructed like the helical ver- 
tical (le. about a half wavelength of insulated wire is wound over the entire length 
of an insulated rod or pipe of some sort). The winding can be either broken at its 
center point to accommodate the feedline, or ink-coupled to the transmitter, ог re- 
ceiver, as shown in Fig. 26-3F. Of the two feed methods, the most popular appears to 
be the type that breaks the winding into two piece 

‘The form of continuously loaded dipole in Fig, 26-38 has a combination of the 
two methods of feed. The distributed loading coil is broken into two sections, as 
is often done on continuously loaded dipoles. But in this case, a portion of the 
overall inductance is made by using a discrete inductor that is part of a toroidal 
transformer T., The length of the wire used for the continuous loading coil is 
somewhat shorter (find by experimentation) than otherwise would be the case 
because of the inductance of the transformer secondary. Transformer Т, ean be 
wound using the same sort of toroidal ferrite or powdered iron core used for 
Balun transformers. 
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(B) center loading with transformer coupling; (C) loading al center of ele- 


ments; (D) linear leading (hairpin); (E) linear or length loading: (F) trans- 
former coupling 
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Loaded tower designs 


Many amateur radio stations and other services usea rotatable beam antenna on top 
ofa tower. Typical towers are from 30 to 120 ft in height. In my locality, towers to 30.8, 
er less than 3 ft above the roof line, whichever is taller, can be erected without a per- 
mit as long as they are attached to the house and will not fall onto a power line, or 
across the property line, in a catastrophic failure, Higher towers must be erected un- 
der a mechanical permit, and properly inspected by the county. These towers typl- 
cally support a two-element (or more, three is popular) Yagi/Uda beam antenna, or 
A quad, or some other highly directional antenna, But they can also be treated as a 
vertical antenna under the right circumstances: 

If the tower is close to 66 ft high (which is a popular height for amateur radio 
towers), then the tower (already 2/4) can be used as a resonant vertical on 75/80 m, 
"The same tower can also be used on lower frequencies if proper antenna tuning unit 
(ATU) components are provided. 

Figure 26-4 shows a situation in which an 80- to 110-f tower is insulated from. 
ground, and is considered а random-length vertically polarized Marconi antenna, 
Like other such antennas, it is fed by a simple L-seetion, or reverse L-section, ATU, 
Note the approximate values of the inductors and capacitors in each configuration, 
and also their relationships. On the 40- and 75/80-m versions, the tower is too long, 
зо a series capacitance and shunt inductance are used for the ATU (Le., Reverse L- 
section coupler). On the other hand, the tower is too short for 160 m, so the induc- 
tor and capacitor are reversed. 

‘There is only one small problem with the design of Fig. 26-4: Compared with 
grounded towers, insulated towers are expensive to buy and install. In addition, 
lightning protection is probably better in the grounded tower. So how do we work a 
grounded tower? See Fig, 26.5, In this antenna, the tower is grounded at its base. If 
the tower is mounted to a concrete pedestal (the usual arrangement), then а sepa- 
rate ground rod and ground wire adjacent to the pedestal must be provided. Con- 
erete is not a good insulator, but it is also not а good conductor. A delta feed system 
is used with this antenna, That is, a single wire from the ATU is connected to a point. 
on the antenna where an impedance match can be achieved. It is important that the 
ATU be spaced away from the tower base (as shown), and the wire must be run 
straight to the feedpoint on the antenna. This system is an example of several possi- 
ble shunt feeding systems. 


Random-length Marconi 


(One of the old standbys for all bands is the random-length Marconi antenna. Such an- 
tennas consist of a length of wire, typically (but not always) less than 3/4, and fed at 
опе end with coaxial cable and an L-section coupler (Fig. 26-6). The antenna radiator 

went can be angled in any direction as needed, but it works best if the radiator is 
either as horizontal, or vertical as possible (for pure polarization). The usual situa- 
tion, however, isto run the wire at an inclined angle, or with about equal portions hor- 
шиша] and vertical (see the inverted L) which yields complex polarization, 
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‘The L-section coupler shown in Fig. 26-6 is set up for the case where the an- 
tenna radiator element is less than 2/4 (Le, a series inductor and a shunt capacitor) 
Ifthe antenna is longer than 2/4 on some frequency, then reverse the positions of the 
capacitor and inductor 


Inverted-L antennas 

Another popular antenna for low frequencies is the 4/2 inverted-L (Fi 

this type of antenna, two sections are erected at a 90° angle with respect to each 

other; one vertical and the other horizontal. One way to think of this antenna is bent. 

УА vertical, although some people liken it to a top-loaded vertical. The feedline can. 
ог 75-1 coaxial cable. 

Iris generally the case that the sections of the inverted-L are equal in length (3/8 
each), but that is not strictly necessary. As the vertical section becomes longer (with 
overall length remaining at АА), the angle of radiation depresses. 

Опе popular method of construction is to use a tower for the vertical section, 
and а run of wire for the horizontal section. If you already have а 60-1 tower to ac- 
commodate the beam antenna used on higher frequencies, then it is relatively easy 
to build an inverted-L antenna for 160 m. 
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26-7 Lescction quatter-wavelength antenna. 
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The linearly loaded “tee” antenna 
A "tee" antenna consists of a horizontal radiator element fed at the center with a sin- 
fle conductor wire (not coax) that is a quarter wavelength long, and goes away from 
the radiator at a right angle. Such antennas were popular prior to World War IL in the 
United States, although popularity fell aff in the late 1930s as other types (and rea 
sonably priced transmission ines) became available. The tee is possibly one of the 
‘oldest forms of radio transmitting antennas. Like other antennas at low frequencies, 
however, it is far too lng for easy use in mast locations. 

We can, however, linearly load the tee by folding the ends of the radiator back on 
themselves to form the zigzag pattern of Fig. 26-8. Popular in Europe for some time, 
this antenna сап provide reasonable performance on the lower frequencies without 
using too much horizontal space. 

"The radiator element consists of three sections that are each about AG long. 
(L, 16%. and spaced 8 to 12 in apart; they are parallel to each other, The 

length transmission line is connected to the center point of the mid- 
ion of the radiator element. 
Figure 26-9 shows how the linearly loaded tee antenna could be built using wire 
for the radiator elements. Spreaders made of 24-in-long 1 x 2-in lumber (treated 
against the weather), plastic, or some other synthetic material can be used, Each 
spreader has three holes drilled in it spaced about 10 n apart. Spreaders А and E are 
end spreaders, and are identical except for being upside down with respect to each 
other. In each case, one of the radiator element conductor sections is terminated, 
‘while the other passes through to the back of the spreader to join the center radia- 
tor clement. The other spreaders are used either for center support, asin C (note 
the transmission Tine attachment), ог for interim support between the center insula- 
tor and the end insulators. 
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Measurements and 
adjustment techniques 


THIS CHAPTER EXAMINES SOME OF THE INSTRUMENTS AND TECHNIQUES FOR TESTING 
antenna systems, whether brand new installations, or in troubleshooting situations 
on older antenna. The basic radio system is shown in Fig, 27-1. We have several ele- 

ments in the system: transmitter, low-pass filter, impedance-matching unit, a coaxial 
relay if the receiver is separate from the transmitter, and the antenna. Connecting 
these elements are lengths of transmission line. In most modern radio systems below 
the microwaves, the transmission line is coaxial cable, 

fiter and matching unit may be considered optional by some, but 
signers regard them as essentially standard equipment, especially for HF 
and low-band VHF systems. The low-pass filter has the job of removing harmonies 
from the output signal that could interfere with other radio system or radio and TV 
broadcast reception. It will pass only those frequencies below a certain cutoff point 

‘The impedance matching unit is used to “tune out” impedance mismatches that 
cause the transmitter to see an excessive VSWR, These units are common in VLF, 
MN, and HF communications stations, as well as AM broadcasting stations. The 
matching unit also provides additional attenuation of the harmonics, soit makes the 
output even cleaner than is possible with the low-pass filter alone. 

Another reason to use the matching unit is to allow the radio transmitter to 
put out the maximum allowable RF power. Modern solid-state final amplifiers are 
not tolerant of VSWR. In addition, these units use fixed-tuned low-pass filters for 
each band rather than the wide-range рі networks common on vacuum tube 
transmitters. Solid-state transmitters usually include a feedback automatic load 
control (ALC) that reduces output power when a high VSWR is sensed, The 
VSWR cut-in knee begins around 15:1 and completely shuts off the transmitter 
when the VSWR gets high (typically above 2.5:1 or 9:1). The external T/R relay is 
not used on most modern systems because the receiver and transmitter are typi- 
cally housed inside of the same box. The coaxial relay was used in days past, when. 
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27-1 Basic communications radio station setup. 


а separate receiver needed to use the same antenna. In addition, many modern 
solid-state equipments use PIN diode T/R switching. 


Transmission lines 


‘The transmission line is not merely a wire that carries RF power to the antenna. It is 
actually a complex circuit that simulates an infinite LC network. There is a charac- 
teristic impedance , also called surge impedance, which describes each transmis- 
sion line. This impedance is the square root of the ratio of the capacitance and 
inductance per unit of length. When a load having а “resistive-only” impedance equal 
to the surge impedance of the transmission line is connected, then we will see max- 
imum transfer of power between the line and the antenna. 

We cannot deal extensively with transmission-line theory here, and refer the 
reader instead to previous chapters. We must, however, have at least some idea of 
what the circuit looks like. Figure 27-2 shows a model of a transmission line in which 
Z, is the surge impedance of the line, А, is the load impedance of the antenna, and 
R, îs the output impedance of the transmitter. In a properly designed system all 
tiree impedances either will be equal (Z, = R, = R,) or a matching network will 
make them equal. 

"We must consider the electrical situation along the transmission line in onder to 
understand the readings that we see on our instruments. Figure 27-3 shows several 
possible situations. These graphs are of the RF voltage along the line, with voltage on 
the vertical axis and transmission line length (expressed in wavelengths of the RF 
signal) along the horizontal axis. When the system is matched (Z, = А), the voltage 
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37-3 Equivalent circuit of transmission line. 


is the same everywhere along the line (Fig. 27-2). This line is sad to be "fat." But 
when Z, and Æ, are not equal, then the voltage varies along the line with wavelength. 
In mismatched systems, not all of the power is radiated by the antenna, but rather is 
reflected back to the transmitter. The forward and reflected waves combine alge- 
braically at each point along the line to form standing waves (Fig. 27-98). We can 
plot the voltage maxima (V,,,) and minima (V). Keep this graph in mind for a few 
minutes because you will refer again to it when we deal with VSWR. 

"Two special situations oceur in transmission line and antenna systems that yield 
similar results. The entire forward power is reflected back to the transmitter (none 
radiated) if the load (de, antenna) end of the transmission line is either open or 
shorted. The voltage plot for an open transmission line (R, is infinite) is shown in 
Fig, 27-30, and that for the shorted line is shown in Fig. 27.30. Note that they are 
very similar to each other except for where the minima (Vy, = 0) occur. The minima 


are offset from each other by 90° (Le., quarter-wavelength), 


Calculating standing wave ratio 

"The VSWR can be calculated from any of several bits of knowledge. Even if you don't 
havea VSWR meter, therefore, itis possible to determine VSWR. Ifthe antenna load im- 
edance (f) isnot equal to , then we can calculate VSWR from one of the following: 


IZ, is greater than Ry 


VSWR 127.11 
IZ, is less than Ry 


VSWR 
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Finally, if the forward and reflected voltage components at any given point on 
the transmission line can be measured, then we can calculate the VSWR from: 


12751 


where 


Vis the forward voltage component 
Vis the reflected voltage 


‘The last equation, based on the forward and reflected voltages, is the basis for 
many modern VSWR and RF power meters. 


Impedance bridges 


We can make antenna impedance measurements using а variant ofthe old-fashioned 
Wheatstone bridge. Figure 27-4A shows the basic form of the bridge in its most ger 
eralized form. The current lowing in the meter will be zero when (2/2,) = (ZZ). 
fone arm of the bridge is the antenna impedance, then we can adjust the others 
to make the bridge null to make the measurement. A typical example is shown in 
Fig. 27-48. The antenna connected to J, is ane arm of the bridge, while R, is a sec- 
ond. The value of R, should be 50 @ or 75 Q, depending upon the value of the 
expected antenna impedance. The choice of 68 £ is a good compromise for meters 
to operate on both types of antennas. The other two arms of the bridge are the reac- 
tances of C, and Cya, which is a single differential capacitor, Tune C, until the me- 
teris nulled, and then read the antenna from the dial. At least one instrument allows 
the technician to plug in a resistor element equal to system impedance, 

Calibrating the instrument is simple, A series of noninductive carbon composition 
resistors having standard values from 10 to 1000 0 are connected across Л, The meter 
is then nulled, and the value of the load resistor is inscribed on the dial at the point. 
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‘The basic circuit of Fig. 27-48 is useful only to measure the resistive component 
of impedance, We can modify the circuit as shown in Fig. 27-40 to account for the re- 
active component. An example of a commercial hand-held radio antenna impedance 
bridge is shown in Fig. 27.5, 


The RE noise bridge 


"This section explores a device that was once associated only with engineering labo- 
ratories, but turns out to have applications in general communications servicing as 
well: the RF noise bridge. lt is one of the most useful, low-cost, and often over 
looked test instruments in our armamentarium. 

Several companies have produced low-cost noise bridges: Omega-T, Palomar 
Engineers, The Heath Company, and, most recently, МЕЈ. The Omega-T and the 
Palomar Engineers models are shown in Fig. 27-5. The Omega-T device is a small 
cube with minimal dials, and a pair of BNC coax connectors (antenna and re- 
ceiver). The dial is calibrated in ohms, and measures only the resistive component. 
of impedance. The Palomar Engineers device is а little less eye appealing, but does 
everything the Omega-T does; in addition, it allows you to make a rough measure. 
‘ment of the reactive component of impedance. The Heath Company added their 
Model HD-1422 to the lineup. And the latest entry is the MEJ-2048 antenna bridge. 

Over the years, some people have found the noise bridge very useful for а vari- 
ety of test and measurement applications, especially in the HF and low.VHF regions. 
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27-5 Commercially available amateur noise bridges. 
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"Those applications are not limited to the testing of antennas (which is the main job 
of the noise bridge). In fact, although the two-way technician (including CB) or am- 
ateur radio operator, will measure antennas, tuned circuits, and resonant cavities 
with the device, consumer electronics technicians will find other applications. 

Figure 27-6 shows the circuit of a noise bridge instrument. The bridge consists 
of four arms. The inductive arms (Li, and L, J form a trifilar wound transformer over 
a ferrite соге with Li, so signal applied to L, is injected into the bridge circuit, The 
‘measurement consists of a series circuit of a 200-0 potentiometer and a 120-pF vari- 
able capacitor. The potentiometer sets the range (0 to 200 Q) of the resistive com- 
ponent of measured impedance, while the capacitor sets the reactance component. 

; in the unknown arm of the bridge is used to balance the measurement 
capacitor. With C, in the circuit, the bridge is balanced when C is approximately in. 
the center of its range. This arrangement accommodates both inductive and capaci- 
tive reactances, which appear on either side of the “zero” point (Le,, the midrange 
capacitance of C). When the bridge isin balance, the settings of and C reveal the 
impedance across the unknown terminal. 

A reverse-biased zener diode (zeners normally operate in the reverse bas mode) 
produces à large amount of noise because ofthe avalanche process inherent in zener op- 
eration. Although this nose is a problem in many other applications, in a noise bridge it 
is highly desirable: the richer the noise spectrum the better the performance. The spec- 
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trum is enhanced because of the 1-EHz square-wave modulator that chops the noise sig- 
al An amplifier boosts the noise signal to the level needed in the bridge circuit. 

‘The detector used in the noise bridge is a tunable receiver covering the fre- 
‘quencies of interest. The preferable receiver uses ап AM demodulator, but both CW 
(morse code) and SSB receivers will do in a pinch. The quality of the receiver de- 
pends entirely on the precision with which you need to know the operating fre- 
‘quency of the device under test 


Adjusting antennas 
Perhaps the most common use for the antenna noise bridge is finding the impedance 
and resonant points of an HF antenna, Connect the receiver terminal of the bridge 
to the antenna input of the HF receiver through a short length of coaxial cable as 
shown in Fig. 27-7. The length should be as short as possible, and the characteristic 
impedance should match that of the antenna feedline. Next, connect the coaxial 
feedline from the antenna to the antenna terminals on the bridge, You are now 
ready to test the antenna, 

Set the noise bridge resistance control to the antenna feedline impedance (usu- 
ally 50 to 75.0 for most common antennas). Set the reactance control to midrange 
Gero). Next, tune the receiver to the expected resonant frequency (F) of the 
antenna. Turn the noise bridge on, look for a noise signal of about 89 (will vary on 
different receivers), and if—in the unlikely event that the antenna is resonant on the 
expected frequency—vou will find yourself right in the middle of the тиш. 

Adjust the resistence control Ron the bridge for a nul, Le, minimum noise as indi- 
‘ated by the S meter. Next, adjust the resistance control C fora пий. Repeat the adjust 
ments of the R and C controls for the deepest possible null, as indicated by the lowest 
noise output on the В meter (there is some interaction between the two controls). 
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27 Connection of noise bridge. 
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A perfectly resonant antenna will have a reactance reading of zero ohms, and a 
resistance of BO to 75 Q. Real antennas might have some reactance (the less the b 
ter), and a resistance that is somewhat different from 50 to 75 €. Impedance-match- 
ing methods can be used to transform the actual resistive component to the 50- or 
75-0 characteristic impedance of the transmission line. The results Lo expect 


1. Ifthe resistance is close to zero, then suspect that there is a short circuit on 
the transmission line. Suspect an open circuit if the resistance is close to 200 
a 

2, A reactance reading on the X, side of zero indicates that the antenna is too long, 
while a reading on the X, side of zero indicates an antenna that is too short. 


An antenna that is too lang or too short should be adjusted to the correct length. 
"T determine the correct length, we must find the actual resonant frequency F To 
do this, reset the reactance control to zero, and then slow tune the receiver i the 
proper direction—downband for too long and upband for too short nti the null is 
found, On a high-Q antenna, the nullis easy to miss if you tune too fast. Don't be sur- 
prised if that nullis out of band by quite a bit. The percentage of change i given by 
dividing the expected resonant frequency F, by the actual resonant frequency Ё, 
and multiply by 100: 


x 100% 
F 


Change = 127.6) 


Connect the antenna, noise bridge, and receiver in the same manner as above. 
Set the receiver to the expected resonant frequency (Le., approximately 468/F for 
half-vavelength types and 234/F for quarter-wavelength types). Set the resistance 
control to 50 @ or 75 Q, аз appropriate for the normal antenna impedance and the 
transmission line impedance. Set the reactance control to zero. Turn the bridge on. 
and listen for the noise signal. 

Slowly rock the reactance control back and forth to find on which side of zero 
the null appears. Once the direction of the nullis determined, set the reactance con- 
trol to zero, and then tune the receiver toward the null direction (downband if null 
is on X, side and upband if it is on the X, side of zero. 

A less-than-ideal antenna will not have exactly 50- or 75-0 impedance, so some 
adjustment of R and C to find the deepest null isin order. You will be surprised how 
far off some dipoles and other forms of antennas can be if they are not in "free 
space,” (Le. if they are close to the earth's surface), 


Nonresonant antenna adjustment 
We can operate antennas on frequencies other than their resonant frequency if we 
know the impedance: 
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Now, plug “X” calculated from Eq. 27.7 or 27.8 into X, = X/F where F's the de- 
sired frequency ш MHz. 


Other jobs 
"The noise bridge can be used for а variety of jobs. We can find the values of capaci- 
tors and inductors, determine the characteristics of series- and parallel-tuned reso- 
nant circuits, and adjust transmission lines. 

‘Transmission line measurements Some antennas and non-noise measure- 
ments require antenna feedlines that are either а quarter-vavelength or half-wave- 
length at some specific frequency. In other cases, а piece of coaxial cable of specified 
length is required for other purposes: for instance, the dummy load used to service 
depth sounders is nothing but a long piece of shorted coax that returns the echo at 
A time interval that corresponds to a specifie depth. We can use the bridge to find 
these lengths as follows: 


1. Connecta short circuit across the unknoum terminals and adjust R and X for 
the best null at the frequency of interest. (Note: both will be near zero.) 

2, Remove the short circuit. 

3, Connect the length of transmission line to the unknown terminal —it should 
be longer than the expected length. 

4. For quarter-waelength lines, shorten the line until the nullis very close to 
the desired frequency. For half wavelength lines, do the same thing, except 
that the line must be shorted at the far end for each trial length. 


‘The velocity factor of a transmission line (usually designated by the letter V in 
equations) is a decimal fraction that tells us how fast the radio wave propagates 
along the line relative to the speed of light in free space. For example, foam dielec- 
tric coaxial cable s said to have a velocity factor of V = 0.80. This number means that 
the signals in the line travel at a speed 0.80 (or 80 percent) of the speed of light. 

Because all radio wavelength formulas are based on the velocity of light, you. 
need the V value to calculate the physical length needed to equal any given electri- 
cal length. For example, a lalf-wavelength piece of coax has a physical length of 
(492x VIF уы, feet. Unfortunately, the real value of Vis often a bit different from the 
published value. You can use the noise bridge to find the actual value of V for any 
sample of coaxial cable as follows: 


1, Select a convenient length of the coax more than 12 ft in length and install a 
PL-259 RF connector (or other connector compatible with your instrument) 
оп one end, and short-circuit the other end. 

2, Accurately measure the physical length of the coax in feet; convert the "re- 
mainder" inches to a decimal fraction ofa foot by dividing by 12 (e.g., 32 8 
32.67 ft because В in/12 in =0,67), Alternatively, cut off the cable to the nearest 
foot and reconnect the short circuit. 

3. Set the bridge resistance and reartance controls to zero. 

4. Adjust the monitor receiver for deepest null. Use the nul frequency to find 
the velocity factor V = FL/492, where Vis the velocity factor (a decimal frac- 
tion); F is the frequency in megahertz; and L is the cable length in feet. 
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‘Tuned circuit measurements An inductor/capacitor (LC) tuned “tank” cir 
cuit is the circuit equivalent of a resonant antenna, so there is some similarity be- 
tween the two measurements. You ean measure resonant frequency with the noise 
bridge to within +20 percent (or better if care is taken). This accuracy might seem. 
‘poor, but itis better than you can usually get with low-cost signal generators, dip me- 
ters, absorption wavemeters, and the like. 

A series tuned circuit exhibits a low impedance at the resonant frequency and 
a high impedance at all other frequencies. Start the measurement by connecting the 
series tuned circuit under test across the unknow terminals of the dip meter. Set 
the resistance control to а low resistance value, close to zero ohms. Set the reac- 
tance control at midscale (zero mark). Next, tune the receiver to the expected null 
frequency, and then tune for the null. Make sure that the null is at its deepest point. 
by rocking the R and X controls for best null. At this point, the receiver frequency is 
the resonant frequency of the tank circuit 

A parallel resonant circuit exhibits a high impedance at resonance and a low 
Impedance at all other frequencies. The measurement is made in exactly the same 
‘manner as for the series resonant circuits, except that the connection is different. 
Figure 27-8 shows a two-turn link coupling that is needed to inject the noise signal 
into the parallel resonant tank circuit. If the inductor is the toroidal type, then the 
link must go through the hole in the doughnut-shaped core and then connect to 
the unknown terminals on the bridge, After this, proceed exactly as you would for 
the series tuned tank measurement. 

Capacitance and inductance measurements The bridge requires а 100-pF 
silver mica test capacitor and а 4-7-uH test inductor, which are used to measure in- 
dluctance and capacitance, respectively. The idea is to use the test components to 
form a series-tuned resonant circuit with an unknown component. If you find a res- 
опа frequency, then you can calculate the unknown value. In both cases, the series 
tuned circuit is connected across the unknown terminals of the dip meter, and the 
series tuned procedure is followed. 


‘To noise 
bridge 
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то measure inductance, connect the 100-pP capacitor in series with the un- 
known coil across the unknown terminals of the dip meter. When the null frequency 
is found, find the inductance from 


1279] 


Lis the inductance, in microhenries 
Fis the frequency, in megahertz 


Connect the test inductor across the unknown terminals in series with the un- 
known capacitance. Set the resistance control to zero, tune the receiver to 2 MHz, 
and readjust the reactance control for null. Without readjusting the noise bridge 
control, connect the test inductor in series with the unknown capacitance and re- 
tune the receiver for a null, Capacitance can now be calculated from: 


5389 
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Cis in picofarads 
Fis in megahertz 


Dip oscillators 


One of the most common instruments for determining the resonant frequency of an 
antenna is the so-called dip oscillator or dip meter. Originally called the grid dip 
meter, the basis for this instrument isthe fact that its output energy ean be absorbed 
by a nearby resonant circuit (or antenna, which is an electrically resonant LC tank 
circuit). When the inductor of the dip oscillator (see Fig. 27-9) is brought into 


279 Dip meter 
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close proximity to a resonant tank circuit, and the oscillator is operating on the 
resonant frequency, then a small amount of energy is transferred. This energy loss 
shows up on the meter pointer as a slight "dipping" action. The dip is extremely 
sharp, and is easily missed if the meter frequency dial is tuned too rapidly: 


Antennas are resonant circuits, and can be treated in a manner similar to LC 
tank circuits, Figure 27-10 shows one way to couple the dip oscillator to a vertical 
antenna radiator, The inductor of the dipper is brought into close proximity to the 
base of the radiator. Figure 27-108 shows the means for coupling the dip oscillator 
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to systems where the radiator is not easily accessed (as when the antenna is still 
erected). We connect a small two- or three-turn loop to the transmitter end of the 
‘transmission line, and then bring the inductor of the dipper close to it. A better way 
is to connect the loop directly to the antenna feetpoint. 

‘There are two problems with dip meters that must be recognized in order to best. 
use the instrument. First, the dip is very sharp. It is easy to tune past the dip and not. 
y see it. To make matters worse, it is normal for the meter reading to drop off. 
gradually from one end of the tuning range to the other. But if you tune very slowly, 
then you will notice a very sharp dip when the resonant point is reached. 

‘The second problem is the dial calibration, The dial gradations of inexpensive 
dip meters are too close together and are often erroneous. Its better to monitor the 
‘output of the dip oscillator on a receiver and depend upon the calibration of the re- 
ceiver for data 


Selecting and using RF wattmeters 
and antenna VSWR meters 


A key instrument required in checking the performance of, or troubleshooting, radio 
transmitters is the RF power meter (or "wattmeter"). These instruments measure the 
‘output power of the transmitter, and display the result in watts, or some related unit. 
(Closely related to RF wattmeters is the antenna VSWR meter. This instrument also ex- 
amines the output of the transmitter and gives a relative indication of output power. It 
‘can be calibrated to display the dimensionless units of voltage standing wave ratio. 
Many modern instruments, a couple of which will be covered as examples in this chap- 
tex, combine both RF power and VSWR measurement capabilities. 


Measuring RF power 
Measuring RF power has traditionally been notoriously difficult, except perhaps in 
the singular case of continuous-wave (CW) sources that produce nice, well-behaved 
sine waves, Even in that limited ease, however, some measurement methods are dis 
tinetly better than others, 

‘The peak voltage of a waveform is 100 V (Le, peak-to-peak 200 V). Given that 
the CW waveform is sinusoidal, we know that the root mean square (RMS) voltage is 
0.707 V. The output power is related to the RMS voltage across the load by 


12711] 


Pis the power, in watts 
V, is the RMS potential, in volts 
Z, ia the load impedance, in ohms 


Ifwe assume a load impedance of 50 0, then we can state that the power in our 
hypothetical illustration waveform is 100 W. 


Сива. Леке 4/20/01 4203 PM Paga 530 Ө 


530 Measurements and adjustment techniques 


We can measure power on urmodulated sinusoidal waveforms by measuring 
ther the RMS or peak values of either voltage or current, assuming that a constant- 
value resistance load is present. But the problem becomes more complex on modu- 
lated signals. The various power readings on a Bird model 4311 peak power meter 
the peak (РЕР) and average powers, vary markedly with modulation type. 

Опе of the earliest forms of practical RF power measurement was the thermo- 
couple RF ammeter (see Fig. 27-11). This instrument works by dissipating a small 
amount of power in а small resistance inside the meter, and then measuring the heat. 
generated with a thermocouple, A de current meter monitors the output of the ther- 
‘mocouple device, and indicates the level of current flowing in the heating element. 
Because it works on the basis of the power dissipated heating a resistance, a ther- 
mocouple RF ammeter is inherently ап RMS-reading device. Because of this fea- 
ture it is very useful for making average power measurements. If we know the RMS 
current and the resistive component of the load impedance, and if the reactive com- 
ponent is zero or very low, then we can determine RF power from the familiar ex- 


P=PXR, 12742] 


"There is, however, a significant problem that keeps thermocouple RF ammeters 
from being universally used in RF power measurement: those instruments are highly 
frequency-dependent. Even at low frequencies, it is recommended that the meters 
be mounted on insulating material with at least ¥-in spacing between the meter and. 
its metal cabinet. Even with that precaution, however, there is a strong frequency 
dependence that renders the meter less useful at higher frequencies, Some meters. 
are advertised to operate into the low-VHF region, but a note of caution is necessary. 
"That recommendation requires a copy of the calibrated frequency response eurve 
for that specifie meter, so that a correction factor can be added (or subtracted) from. 
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the reading. At 10 MHz and higher, the readings of the thermocouple RF ammet 
must be taken with a certain amount of skepticism unless the original calibration. 
‘chart is available. 

‘We can also measure RF power by measuring the voltage across the load resis- 
tance (see Fig, 27-12). In the circuit of Fig. 27-12, the RF voltage appearing across. 
the load is scaled downward to a level compatible with the voltmeter by the resistor 
voltage divider (R/R). The output ar this divider is rectified by CR, and filtered to 
de by the action of capacitor С, 

‘The method of measuring the voltage in a simple diode voltmeter is valid only if 
the RF signal is unmodulated and has a sinusoidal waveshape. While these criteria 
are met in many transmitters, they are not universal If the voltmeter circuit is peak 
reading, as in Fig. 27-12, then the peak power is 


vi 


Po 127.13] 


‘The average power is then found by multiplying the peak power by 0.707. Same 
meter circuits include voltage dividers that precede the meter and thereby convert 
the reading to RMS, and thus convert the power to average power. Again, it must be 
stressed that terms like RMS, average, and peak have meaning only when the input. 
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RF signal is both unmodulated and sinusoidal. Othe 
less unless calibrated against some other source. 

It is also possible to use various bridge methods for measurement of RF power: 
Figure 27-13 shows a bridge set up to measure both forward and reverse power. This, 
circuit was once popular for VSWR meters. There are four elements in this quasi- 
Wheatstone bridge circuit: R,, А, R, and the antenna impedance (connected to the 
bridge at J.) IER, is the antenna resistance, then we know that the bridge is in bal- 
ance (Le, the null condition) when the ratios КЁ. and R JR, are equal. In an ideal 
situation, resistor R, will have a resistance equal ta А, but that might overly limit 
the usefulness of the bridge. In some eases, therefore, the bridge will use a compro- 
mise value such as 67 Q for R}. Such a resistor will be usable on both 50- and 75-02 
antenna systems with only small errors. Typically, these meters are designed to read 
relative power level, rather than the actual power 

An advantage of this type of meter is that we can get an accurate measurement af 
VSWR by proper calibration. With the switch in the forward position, and RF power 
applied 10.7, (XMTR), potentiometer R, is adjusted to produce a full-scale deflection on. 
meter M,. When the switeh is then set to the reverse position, the meter will read re- 
verse power relative to the VSWR. An appropriate VSWR scale is provided. 


wise, the readings are meaning- 
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27-13 A bridge arrangement to measure both forward and reverse power. 
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A significant problem with the bridge of Fig. 27-13 is that it cannot be left in the 
ircuit while transmitting because it dissipates a considerable amount of RF power 
in the internal resistances. These meters, during the time when they were popular, 
were provided with switches that bypassed the bridge when transmitting. The bridge 
‘was only in the circuit when making a measurement, 

An improved bridge circuit is the capacitor/resistor bridge in Fig. 27-14; this cir- 
cuit is called the micromatch bridge. Immediately, we see that the micromatch is 
improved over the conventional bridge because it uses only 1 Q in series with the 
line (R). This resistor dissipates considerably less power than the resistance used in 
the previous example. Because of this low-value resistance, we can leave the micro- 
match in the line while transmitting, Recall that the ratios of the bridge arms must 
be equal for the null condition to occur. In this ease, the capacitive reactance ratio of 
C/C, must match the resistance ratio К. For a 50- antenna, the ratio .f. and 
for 75-0 antennas it is % (or, for the compromise situation, .. The small-value 
trimmer capacitor (c.) must be adjusted for a reactance ratio with С, of a, %, OF Ys, 
depending upon how the bridge is set up. 

‘The sensitivity control can be used to calibrate the meter, In one version of 
the mieromatch, there are three power ranges (10, 100, and 1000 W). Each range 
as its own sensitivity control, and these are switched in and out of the circuit. 
as needed. 

‘The monomatch bridge circuit in Fig. 27-15 is the instrument of choice for HF 
and low-VHF applications, In the monomateh design, the transmission line is segment. 
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27-14 Micromatch чает. 
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27-15 Moniomatch waltmeter, 


B, while RF sampling elements are formed by segments A and C. Although the origi- 
nal designs were based on а coaxial-cable sensor, later versions used either printed 
circuit foil transmission line segments or parallel brass rods for A, B, and С. 

"The sensor unit is basically a directional coupler with a detector element for 
both forward and reverse directions, For host accuracy, diodes CR, апа CR, should 
be matched, as should R, and Je, The resistance of R, and R, should match the trans- 
mission line surge impedance, although in many instruments a 68-0 compromise re- 
sistance is used. 

"The particular circuit shown in Fig, 27-15 uses a single de meter movement to 
‘monitor the output power. Many modern designs use two meters (one each for for- 
ward and reverse power). 

One of the latest designs in VSWR meter sensors is the current transformer as- 
sembly shown in Fig. 27-16, In this instrument, a single-turn ferrite toroid trans- 
former is used as the directional sensor, The transmission line passing through the 
hole in the toroid “doughnut” forms the primary winding of a broadband RF trans- 
former. The secondary, which consists of 10 to 40 turns of small enamel wire, is con- 
nected to a measurement bridge circuit (C, + C, + load) with a rectified de output. 

Figures 27-17 and 27-18 show instruments based on the current transformer. 
technique. Shown in Fig. 27-17 is the Heath model HM-102 high-frequency 
VSWR/power meter. The sensor is a variant on the current transformer method. This 
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16 Current transformer wattmeter. 


27-17 Amateur radio RF wattmeter. 


instrument measures both forward and reflected power, and it can be calibrated to 
measure VSWR. 

‘The Bird model 43 Thruline RF wattmeter shown in Fig. 27-18 has for years 
been one of the industry standards in communications service work. Although it is 
slightly more expensive than lesser instruments, it is also versatile, and itis accurate 
and rugged. The Thruline meter can be inserted into the transmission line of an 
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P waltmeter 


antenna system with so little loss that it may be left permanently in the line during 
normal operations. The Model 43 Thruline is popular with land mobile and marine. 
radio technicians. 

"The heart of the Thruline meter is the directional coupler transmission line as- 
sembly shown in Fig. 27-194; it is connected in series with the antenna, or dummy 
load, transmission line, The plug-in directional element can be rotated 180° to men- 
sure both forward and reverse power levels. A sampling loop and diode detector are 
contained within each plug-in element, The main RF barrel is actually a special coax- 
ial line segment with a 50.0 characteristic impedance. The Thruline sensor works 
due to the mutual Inductance between the sample loop and center conductor of the 
coaxial element. Figure 27-198 shows an equivalent circuit. The output voltage from. 
the sampler (е) is the sum of two voltages, e, and e,,. Voltage v, is created by the 
voltage divider action of R and C on transmission line voltage Æ. If is much less 
then X,, then we may write the expression for v, as 


127.14] 


Voltage e, an the other hand, is due to mutual inductance, and is expressed by 


ів) +M 127.15] 


We now have the expression for both factors that contribute to the total voltage 
e, We know that: 


127.16] 


во, by substitution, 
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27-194 Тигййпе sensor circuit 
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At any given point in a transmission line, £ s the sum of the forward (E) and re- 
flected (E) voltages, and the line current is equal to 


je 127.18] 


where Z, is the transmission line impedance. 
We may specify е in the forms 
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"The output voltage e of the coupler, then, is proportio 
and frequency (by virtue of j 


al to the mutual inductance 
М). But the manufacturer terminates £ in a capacitive 
ce, во the frequency dependence is lessened (sce Fig. 27-19C). Each element is 
custom-calibrated, therefore, for a specific frequency and power range. Beyond the 
specified range for any given element, however, performance is not guaranteed, There 
area large munber of elements available that cover most commercial applications. The 
‘Thruline meter is not a VSWR meter, but rather a power meter. VSWR can be deter- 
mined from the formula, or by using the nomographs in Fig. 27-20. Some of the Thru- 
line series intended for very high power (Fig. 


9D) applications use an in-line coaxial 


cable coupler (far broadrast-style hardline) and a remote indicator. 
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27.20 Forward versus rellecte power graphs, 
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Dummy loads 


A dummy toad is a substitute antenna for making measurements and tests. In fact, 
British radio engineers often refer to dummy loads as "artificial aerials.” There are 
several uses for these devices. Radio operators should use dummy loads to tune up 
оп erowded channels and (only then) transfer to the live antenna. 

The other use is in troubleshooting antenna systems. Suppose we have a system. 
in which the VSWR is high enough to affect the operation of the transmitter. You ean. 
disconnect each successive element and connect the dummy load to its output, IF 
the VSWR goes down to the normal range, then the difficulty is downstream (Le, to- 
ward the antenna). You will eventually find the bad element (which is usually the an- 
tenna itself 

Figure 27-21 shows the most elementary form of dummy load, which consists of 
опе or more resistors connected in parallel, series, or series-parallel so that the total 
resistance is equal to the desired load impedance. The power dissipation is the sum. 
of the individual power dissipations. Jt is essential that noninductive resistors be 
used for this application. For this reason, carbon-composition or metal-filrm resis- 
tors are used. For very low frequency work, it is permissible to use special counter 
wound wire low-inductance resistors. These resistors, however, cannot be used over 
а few hundred kilohertz. 

Several commercial dummy loads are shown in Figs. 27-22 through 27-24. The 
load in Fig, 27-224 is a 5-W model, and is typically used in Citizens Band servicing. 
‘The resistor is mounted directly on a PL-259 coaxial connector. These loads typically 
work to about 300 MHz, although many are not really useful over about 150 MHz. A 
higher-power version of the same type is shown in Fig, 27.298, This device works to 
the low VHP region, and dissipates up to 50 W. I have used this dummy load for ser- 
vicing high-VHF land mobile rigs, VHF-FM marine rigs, and low-VHF land mobile 
rigs. Very high power loads are shown in Fig. 27-23, These devices are Bird Elec- 
tronics “coaxial resistors,” and operate to power levels up to 10, 30, and 40 kW. 
These high-power loads are cooled by flowing water through the body of the resistor 
and then exhausting the heat in an air-cooled radiator. 

Our final dummy load resistor is shown in Fig. 27-24, The actual resistor is 
shown in Fig, 27-244, and a schematic view is shown in Fig. 27-248. The long, high- 
power noninductive resistor element is rated at 50 Q and can dissipate 1000 W for 
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27-228 15 dummy load 


27-23 Termaline RF wattmeter. 


2724A Drake DL-1000 dummy load. 


several minutes. If longer times, or higher powers, are anticipated, then forced air 
‘cooling is applied by adding a blower to one end of the cage. The device is modified 
by adding the BNC sampling jack. This jack is connected internally to either a two- 
turn loop, made of no.22 insulated hookup wire, or brass rods that are positioned 
alongside the resistor element. It will therefore pick up a sample of the signal so that 
it сап be viewed on an oscilloscope, or used for other instrumentation purposes, 
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CHAPTER 


General antenna 
mechanical construction 
techniques 


ANTENNA INSTALLATION CHORES VARY IN COMPLEXITY FROM THE SIMPLE, WHICH А 
teenager, with no assistance, can execute properly and safely all the way up to larg 
scale projects that are best left to professional antenna riggers. If your only antenna 
Installation chore is a dipole handing between the peak of your house roof and a 
nearby tree, then little need be said besides "Be careful" 

‘The purpose of this chapter is to cover both wire and intermediate installation. 
Jobs that can be done by amateurs if instructed properly. Keep in mind when plan- 
ning an installation, however, that the information given herein is merely informal 
guidance. Always have your plans reviewed by a professional mechanical or stru 
tural engineer licensed to practice in your state. In many locales, there are good in- 
surance reasons for this step. Also, learn and abide by local mechanical, electrical, 
and building codes. It is simply not worth the pain, and risk, to skirt around local 
laws. 


Antenna erection safety 


Before dealing with the radio and performance issues, let's deal first with a few an- 
tenna safety matters. You do not want to be hurt either during installation or during 
the next wind storm. Two problems present themselves: reliable mechanical in- 
stallation and electrical safety 

Radio antennas are inherently dangerous to erect if certain precautions are not 
followed. It is not possible to foresee all the situations you might face in erecting an. 
antenna. 1 would ike to give you all possible warnings, but this is not even possible. 
You are on your own and must take responsibility for installing your own antenna. 1 
can, however, give you some general safety guidelines. Knowledge of what you face. 
and some hard-nosed, sound judgment, modulated by a little bit of common sense 
are the best tools on any antenna job. 
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Опе rule that is an absolute is that no antenna should ever be erected where the 
antenna, the feeline, or any part thereof crosses over or under a power line or pole. 
transformer—ever! This isa "no kidder"— don't do it. Every year we read sad news in. 
‘magazines or newspapers about a colleague being electrocuted while installing or 
working on an antenna. In all these tragic cases, the antenna somehow came into con- 
tact with an ac power line. Keep in mind one dictum and make it an absolute: 

‘There is never а time or situation when itis safe to let an antenna contact the elec- 
trical power lines! 

"This advice includes dipoles and other long wire antennas “thrown aver" sup- 
posedy insulated lines, as well as antennas built from aluminum tubing, The excuse 
that the power lines are insulated is hogwash. Old insulation crumbles on contact 
with even a thin wire antenna. Don't do it! The operant word is never! 

Power lines look insulated, but there are often small breaks or weakened spots 
(especially more than a couple days after installation) that can bring the antenna 
into contact—lethal contact—with a "hot" power line. Every year or so we hear 
about an SWL, scanner/monitor buff, or ham operator being Killed by tossing an an- 
tenna wire over power line. Avoid making yourself into a high-powered resistor— 
it might blow your "Ше fuse." 

And the same rule applies to situations where the antenna can fall onto a power 
line i it fails mechanically. You have to examine the situation to see if there is any 
possible way for that antenna or its support structure to fall onto a power line if it 
breaks in any way whatsoever. Figure 28-1 isa diagram of my lot in Virginia. A 23-1 
mast is erected at the back of the house, and its 23-ft “fall radius" is plotted. It should 
not intersect either the power lines or the cable TV line, even when it fails and is 
wind-whipped. 

Note that the antenna could fall over the property line onto the next lot to the 
rear. After consultation with the other landowner and the county mechanical in- 
spector, it was determined that my rear fence is sufficient protection for the other 
homeowner. Because it is technically on my land, the fence damage is my responsi- 
bility. However, should the other homeowner change his mind or a new homeowner 
buys the place, then my antenna may have to be moved, 

Another caution i that you must be physically fit to do the work, While the on- 
the-ground portion of the work is usually not too strenuous, any climbing at all, even 
оп ladders, can be taxing. Antenna materials are deceptively lightweight on the 
ground, but when you get up on even a small ladder, they are remarkably difficult to 
handle. Attempting to manhandle a 22-ft vertical once wiped my back out to the ex- 
tent that I needed 800-mg of ibuprofen three times a day for about a week—and 1 
consider myself lucky that the pain hit me after I had dismounted the ladder. Be- 
sides, if you could see me, you would wonder why a man my size was on any ladder 
in the frst place! 

Before using a ladder, learn how to use a Ladder, A lot of homeowners, whether 
putting up antennas or painting the upstairs windows, fall off ladders that were being 
used incorrectly. There is a right way and a wrong way to use each of the different. 
types of ladder; learn to use them correctly. 

Ifthe wind blows even a few kilometers per hour, the danger is magnified con- 
siderably. [recall a friend, who is a large, strong "bear oa man," attempting to install 
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28-1 Antenna installation on suburban lol 


а 26-clement television “all channel" rotatable antenna on the roof of his two-story 
beach house. He wanted to be able to pick up Richmond, VA; Norfolk, VA; Washing- 
ton, DC; and Baltimore, MD, on television, plus scanner bands, from his beach house 
on the Chesapeake Bay. The antenna was handled easily with one hand on the 
ground and with no wind blowing. But up on the roof, it was a different story! “Big 
AT was on the peak of the roof when an off-shore gust of wind came up suddenly and 
caught the antenna, It acted like a hang glider and pulled AL off the roof, plunging 
him down two stories to the patio below. He fractured his pelvis and busted a leg. 
‘Two months of orthopedic casts and a year of physical therapy followed—not to 
‘mention lost wages. Expensive TV antenna, I reckon. Be carefull 

One good rule is to always work under the "buddy system." Ask as many friends 
as are needed to do the job safely, and always have at least one assistant, even when 
you think you can do it alone. 

Always use quality materials and good work practices. Antennas, being poten- 
tially dangerous, always should have the best of both materials and workmanship in. 
order to keep quality high. It is not just the electrical or radio reception workings 

ity to stay up in the air and be safe. 
planning an antenna job, keep in mind that pedestrian traffic in your yard 
possibly could affect the antenna system. Wires are difficult to see, and if an antenna 
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Wire is low enough to intersect someone's body, then itis possible to cause very se- 
rious injuries to passersby. In the United States, even when the person isa trespasser 
(or even a burglar!), the courts may hold a homeowner liable for injuries caused by 
an inappropriately designed and installed antenna. Take care for safety not only of 
yourself but also of others 

Consider a typical scenario involving а four- or five-band trap vertical antenna 
(Fig. 28-2). It will be 18 to 26 ft tall, judging from the advertisements in magazines, 
and will be mounted on a roof or mast 12 to 30 f off the ground. Consider the ease 
of a 25-ft-tall trap vertical installed atop a 15-1-high telescoping TV antenna mast. 
"The total height above ground will be the sum of the two heights: 15 ft + 25 ft = 40 
f. The tip of the vertical is 40-1. above ground level. You must select a location at 
which a 404 aluminum pole can fit and fall. This requirement limits the selection 
of locations for the antenna, If this is done, then a wind storm cannot result in a 
shorted or downed power line if the antenna falls over. 

When installing a vertical antenna, especially one that is not ground-mounted, 
make sure that you have help, It takes at least two people to safely install а standard 
HF vertical antenna, and more may be needed for especially large models. f you are 
alone, then go find some friends to lend an arm or two, Wrenched backs, smashed 
antennas, erunehed house parts, and other calamities simply do not happen as often. 
оп a well-organized work party that has sufficient hands to do the job safely. 

‘The second issue pertaining to installing antennas is old-fashioned mechanical 
integrity. Two problems are often seen. First, you must comply with local building 
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codes, regulations, and inspections, The local government has a reasonable interest. 
and absolute right to impose reasonable engineering standards on the electrical and 
‘mechanical installation of radio antennas, The second issue is that it is in your own 
best interest to make the installation as good as possible. Consider the local regula- 
tions as the minimum acceptable standard, not the maximum. 

Both these mechanical integrity issues become extremely important if a prob- 
lem develops. For example, suppose that a wind or snow storm wrecks the antenna, 
plus part of your house. Your insurance company may not pay off if your local gov- 
ernment requires an inspection and you failed to get one. Make sure that the me- 
chanical and/or electrical inspector (as required by the law) leaves a certificate or 
receipt proving that the final inspection was done. It could come in handy when dis- 
puting the insurance company over damage. 

A quality installation starts with the selection of good hardware for the installa- 
tion. Any radio-TV parts distributor who sells TV antenna hardware will have what 
уоп need in most cases. I used Radio Shack standoff brackets, ground pin, and а 19- 
Tt telescoping mast in one installation. Wherever you buy, select the best-quality, 
strongest materials that you can find. Opt for steel masts and brackets over alu- 
minum, no matter what the salesperson behind the counter tells you. Keep in mind 
‘that although salespeople can be knowledgeable and even helpful, you, not they, are 
responsible for the integrity of the installation. 

Local government One necessary reminder is that your local government 
might have some interesting ideas—legal requirements, actually—concerning 
your antenna installation. The electrical, mechanical, and zoning codes must be 
observed. There is a great deal of similarity between local codes because most of 
them are adaptations (even adoptions) from certain national standards. But there 
are enough differences that one needs to consult local authorities. Indeed, you 
may need a license or building permit to install ап antenna in the first place. 

One problem that SWLs and seanner/monitor buffs face in the United States is 
that their antennas are not protected by the Federal Communications Comniissip 
эв аге ham antennas. Local governments have limited rights to regulate ham an 
nas—only "reasonable" mechanical and electrical standards can be imposed. It may 
be illegal for you to install any type of antenna. 

‘Save all paperwork regarding your building permit, including the inspection cer- 
tificates, decals, letters or papers, and the original drawings (with the local building 
inspector's stamps). [fa casualty occurs, then your insurance company may elect not 
to pay off if you have violated an electrical, mechanical, building, or zoning code. 
‘This advice may be averlooked by an enthusiastic antenna builder, but it could prove 
to bea costly oversight if something bad happens. 

In some jurisdictions, there might be another limitation on antenna location, 
Some local governments have a requirement that the antenna be able to fall over and 
land entirely on your own property. About 30 years ago, a Maryland county required 
that antennas be installed double their own length plus 50 ft from the nearest prop- 
erty line—until a local ham radio club sued on grounds that about 99,99 percent of 
the rooftop TV antennas in the county were noncompliant. In one humorous scene, 
A group of amateur radio operators went down to the county offices and asked for 
about 50,000 complaint forms. They filed out several thousand against homeowners 
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with TV antennas before they were stopped by the county officer, Before installing 
any antenna, check with the local building codes! 


Wire antenna construction 


Volumes have been written on wire antennas, Indeed, many of my antenna books 
spend a lot of space on the topic. What seems to be missing in many books is details. 
on the mechanical aspects of wire antenna construction and installation. Although 
some books cover the mechanical details, much is often missing. Let's take a look at 
some of the basics. 


The basic wire antenna 

Wire antennas come in a bewildering variety of forms, but for our purposes, the 
"standard model" в our old friend the half-vavelengih horizontal dipole (Fi. 28:3) 
‘The overall length (A) in meters is found from 144. Each element (B) is one- 
half the overall length, or 724, The antennas пов Ќа! feedpoint impedance at 
resonance is 736, soi is a good fateh to standard 75-0 coaxial cabe. Itis common 
practice to use а 1:1 balun transformer at the feedpoint in order to balance currents 
and keep the pattern according to textbook predictions. 


Center insulators 
It was once common (but poor) practice to strip a few centimeters of coaxial cable, 
part the braid and center conductor, and connect them to each side of the dipole. We 
could then wonder why the darn thing fell down in the next wind storm. Even if you. 
elect to not use the balun transformer, a ready-made center insulator is a must. Fig- 
ше 28-4A shows a common form of center insulator for use with dipoles and other 
Wire antennas, There is an 50-239 UHF coaxial connector on the bottom to accept 
the feediine and two eyebolts mounted with solder connectors for the antenna ele- 
ments on the sidewalls. At the top is a small eyebolt that is used to strain-relieve the 
system, or to hang it from a center support (as when inverted-V dipoles are built), 
A larger form of center insulator is shown in Fig. 28-48. The enlarged down sec- 
tion indicates that this device contains either a 4:1 or 1:1 impedance ratio balun 
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284A Center insulator 


transformer. The 1:1 size is recommended for ordinary dipoles, whereas a 4:1 unit is 
used for folded dipoles and certain other wire antennas. 

Connections to the device, whether straight center insulator or balun form, are 
shown in Fig. 28.5, For simplicity, only one side is shown (the other side is identical) 
The elements (В in Fig. 28-3) typically are made of no. 12 or no. 14 antenna wire. 
‘The best wire is stranded and is copper-clad steel core wire (Copperveld). 

“The end of the antenna wire is passed through the eyebolt and then doubled back 
and twisted onto itself 7 to 10 times. The remainder of the wire is then soldered to the. 
terminal. Some people prefer to use a separate “pigtail” wire to connect the antenna 
element to the solder terminal. tis fastened to the antenna element wire between the 
T- to 10-tur twist and the eyebolt. 

"When preparing the center connector/balun, itis good practice to use steel wool 
ог sandpaper on the solder lug to remove oxidation. Oxidation makes it hard to sol- 
der and forces you to use too much heat to make a good connection. Also, be sure to 
have a large pair of pliers to crimp the wings of the solder lugs onto the wire. 

Solder assists in making a good connection at the solder lugs, but the crimp 
should be good enough to do the job. The solder then provides corrosion protection, 
Also, tin the T- to 10-turn twist section with solder. This does not increase the 
strength or provide better electrical conneetion—it is protection against the corro- 
sion that will occur with copper wires, 

Note Use only resin-core solder for antennas! Typical solder is 50/50 or 60/40 
leadhin ratio and may be labeled "radio-TV" or “electronic” ог something similar 
Plumber's solder is acid core and will destroy your antenna within a short time after 
itis erected. 
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Figure 28-6 shows the dipole installed. The ends of the two wire elements are 
connected to end insulators, which are in turn supported by rope to a vertical sup- 
port (e.g, mast, tree, roofline of the house, ete.). Although shown nice and straight. 
here, the actual installation will droop a bit in the center due to the weights of the 
center insulator or balun, the coaxial cable, and the wire itself. Gravity! 

Note that the coaxial cable is formed into а 15- to 25-em loop just below the coax- 
ial connector to the center insulator or balun. This forms a species of RF choke to keep 
currents from flowing in the outer shield and improves the pattern. The coaxial cable 
loop is bound together with black electricians tape or some similar adhesive medium. 
and then fastened to the top eyelet with stout string or fishing line for strain reli 
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28-5 Center insulator/balun connections. 


Support rope 
"The support rope selected should be large enough to provide support but small 
‘enough to fit through the holes of the end insulators, Cotton rope is singularly un- 
suited to this task because it weathers poorly and will rot through in short order. Ny- 
lon rope, sail rope, and parachute rope are perhaps the best types, especially if a 
particular lot has been tested for high tensile strength, Remember, the wind loading 
of your antenna, even a short dipole, сап be tremendous! 


End insulators 
End insulators come ina large variety of shapes and sizes (I have even seen one chap. 
use old toothbrushes, suitably drilled, of course). The main categories, however, are 
represented in Fig, 28-7. The version in Fig, 28-7A is the standard form, whereas 
that in Fig. 28-7B is an "egg" insulator. The egg insulator has two sets of wire grooves 
and through-holes that are orthogonal to each other (only one set is shown). Wire 
asses through one hold and set of grooves, and the supporting rope passes through 
the other hole/groove set. 

‘The standard form shown in Fig. 28-7A has a number of grooves or ridges cut 
along the body. These grooves are intended to lengthen the electrical path between 
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ends of the Insulator and therefore serve to reduce losses in the insulator. Typical 
materials used to construct insulators include ceramic, glass, nylon, and plastics. 

Figure 28-8 shows the connections to the end insulator. The electrical connec- 
tions to the antenna wire are the same as for the center insulator. The only proviso 
here is that for transmitting antennas, it is wise not to leave any sharp points stick- 
ing up. The end of the dipole is at high RF voltages, so sharp points tend to cause 
corona sparking. Cut off any extraneous leads that form sharp points, and then 
smooth the whole affair down with tinning (Le., solder) 

‘The rope is treated in a similar manner as the wire, but it must be knotted in 
some manner that tends to pull together as the rope is pulled into tension. Same 
people use the “hangman's knot," but this seems a bit excessive. 


Strain relief of the antenna 
Figure 28-9 shows a method of strain relief for the center insulator or balun, This 
point is at the highest tension and probably is the weakest because of the number of 
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28-9 Sirain relieving the center insulator or balun, 


connections and things that can break. A suspension rope is run between the an- 
tenna’s vertical supports, parallel to the antenna wire. It is tied to the top eyelet on 
the center insulator or balun by a short bit of rope about 15 to 20 em long, 


Special case of the folded dipole 


‘The folded dipole (Fig, 28-10) is a special case of the half-wavelength horizontal di- 
pole. It consists of two close-spaced conductors shorted together on the extreme 
ends. One of the conductors is split in the center and used as the feedpoint. The 
feedpoint impedance at resonance is around 280 0, so it makes а good match to 300. 
television antenna twin lead. The usual practice is to build the entire antenna and 
feedline out of twin lead. An alternative (as shown in Fig. 28-10) is to provide a 4:1 
balun transformer at the feedpoint to match 75-0 coaxial cable. Despite the fact that 
300-0 TV twin lead is disappearing from the market, the folded dipole maintains a 
certain following among SWLs and hams. 

"The problem is how to install the antenna such that the terribly weak 300-0 twin, 
lead wires do not break at the slightest provocation. Figure 28-11 shows a solution 
used by one fellow (admittedly a fine worker in plastics and other materials). He 
fashioned a center insulator and the end insulators from a piece of strong Lucite 
material, 

‘The 300-0 TV twin lead is prepared as shown in Fig, 28-11, The antenna ele- 
ment is notched in the center (break along the bottom) for about 1 to 1.5 cm. A hand 
punch is used to place two or three holes in the center insulation on either side of 
the break. Either a large-size leather punch or a paper punch ean be used to make 
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the holes. Ina test, I was able to make the required holes using a hand-operatec pa- 
per punch, but it required a large force (and turned my hand temporarily purple!) 

‘The center insulator is shown in Fig. 28-118. It is made from a piece of strong 
plastic, Lucite, or other insulating material, Two identical sections, front and back, 
are needed. A number of 5-mm holes are drilled into both pieces at the points shown, 
to clamp the twin lead. A pair of solder lugs is provided to make connections be- 
tween the antenna clement and the transmission line (either twin lead or leads from 
a balun). The screws and nuts used to fasten the two halves ofthe insulator are made 
of nylon to prevent interaction with the antenna. 

A side view is shown in Fig. 28-110. Note that the twin lead causes a gap that can. 
catch water. It also makes it possible to break one or both insulators by overtighten- 
ing the nuts. In order to prevent this, a gasket of similar material is glued into the. 
space as filer. The gasket material should be about as thick as the twin lead. 

Tf you opt for a balun transformer, then it can be wired to the downleg of the tee 
Insulator using the holes that normally would clamp the tvin-lead transmission line. 

An end insulator for twin-lead antennas is shown in Fig. 28-12. It is constructed 
ina similar manner to the center insulator. Two scenarios are possible. The first, and. 
that used ina test antenna, is to make the clamping fixture from metal such as 3- to 
6-mm brass or copper stock. The ends of the antenna wires are shorted, so this is not 
a great problem. 

An end insulator is then used witha rope in the normal manner. A chain-link sec- 
tion is used to fasten the clamping fixture and the end insulator. I attempted this 
with a nylon chain link, about 1.5 X 2.5 in, from a do-it-yourself hardware store. It 
was only with a bit of difficulty that the ends were pulled apart, slipped into both the 
end insulator and the clamping fixture, and then reclosed. 

‘The second approach is to make the clamping fixture out of the same material as 
the center insulator. It then becomes the end insulator, so the other end insulator and 
that cursed chain link can be ignored. If you opt for this approach, it is a good idea to 
smooth and polish the rope hole on the clamping fixture to prevent chaffing of the rope. 


Masts and other supports for wire antennas 


‘The end supports of the antenna can be anything that provides height: a mast, a tre, 
ог the roof line of a building. Figure 28-13 shows the use of a mast, but either of the 
other forms of support could be used as well. The support rope is not tied off at the 
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top, as is true in all too many installations, but rather is brought down to ground level. 
‘This approach facilitates raising and lowering the antenna for maintenance and tuning. 
Be sure to provide enough "dead slack” to make lowering the antenna feasible. 

"The antenna support rope is connected to a spring on one end and a counter- 
weight on the other end. The spring should be stout enough во that it is only slightly. 
extended when the full weight of the antenna places it in tension, I have used door- 
springs for this task, but only the stoutest varieties 

‘The counterweight should be just enough to balance the weight ofthe antenna 
and keep it not quite taut. As wind moves the antenna up and down, the countes 
Weight raises and lowers, thereby reducing the chances of straining the antenna 
Wires to their limit. Any number of counterweights can be used. I have seen a num- 
ber of types: drapery cord weights, a small bucket of rocks, a gaggle of fishing 
weights, and (in one case) a burned-out automobile starter motor (the mounting 
hole on the front boss of the motor was ideal for accepting the rope). 

Figures 28-14 and 28-148 show two methods for making the connections at the 
top of the mast. Although egg insulators are shown here for the sake of fairness (the 
alternate form was shown earlier), either form can be used, A pulley is mounted on 
the top of the mast with a link section and a stout eyebolt that passes through the 
‘mount, In the case of а tree, I have used а steel band of the type used to mount TV 
antennas to house chimneys. By making the down rope a closed loop, you gain the 
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24-14. Two alternate pulley systems for wire antenna mounting 


ability to raise and lower the antenna. But do not let a loose end slip, or you will be 
chasing the rope up the mast as it slips through the pulley. 

Pulleys work nicely, but they are mechanical contraptions that tend to faîl occa- 
sionally. When they fail, the rope gets stuck. Pulleys also ean corrode rather badly, 
With the same end result. Al in ай, a pulley is not the best solution for most people. 

Figure 28-15 shows a better way. In this approach, a U-bolt is fastened to the top 
of the support mast. If the U-bolt is made of brass, then all the better, for it will not 
corrode. The rope can be passed through the U-bol as in the pulley system but with- 
out the mechanical failure problem. Be sure to install the U-bolt all the way up to the 
threads so that the rope will not chafe against them. 

‘The method shown in Fig. 28-16 can only be used by a horse lover! This method 
uses a brass stirrup in place of the U-bolt, Ifyou have switched to cars or trucks and 
по longer need your horse stirrups, then perhaps this is а viable means of attaching 
the support rope to the top of the mast 
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Installing vertical antennas 


Despite continuous (and mostly untrue) stories of very poor performance, the fo 
or five-band commercially manufactured trap vertical antenna remains one of the 
most popular amateur radio “antlers” in the HF bands. They are economical com- 
pared with directional rotating beam antennas, easy to erect, and do not have to oc- 
сшру a lot of real estate (the "footprint" of the vertical can be very small, especially 
if you bury the radials). Unfortunately, a misinstalled vertical is both dangerous and 
a very poor performer. This section covers both problems in order to give you a good 
chance of success, 


Electrical installation 
Figure 28-17 shows the usual form of multiband trap vertical antenna, Each trap 
(TRI-TRS) is а parallel resonant LC tank circuit that blocks a certain frequency but. 
passes all others. In Fig. 28-17, TRI is the 10-m trap, ТЕ? is the 15-m trap, and ТЮЗ 
is the 20-m trap. No 40-m trap is needed because the antenna resonates the entire 
length of the tubing on 40 m. Each section (except perhaps the 10-m section) is ac- 
tually a little shorter than might be expected from the standard quarter-wavelength 
formulas. This is because the traps tend to act inductively and so lessen the length 
required to resonate on any given band. 

‘The vertical antenna manufacturer might give suggested lengths for the various 
segments between traps. Do not make the mistake of assuming that these are ab- 
solute numbers, They are only recommended starting points, even though the liter- 
ature packed with the antenna may suggest otherwise. Loosely (meaning de not 
tighten the clamps too much) but safely install the antenna, and then adjust each 
segment for resonance, Start with the 10m band, and then work each lower-tre- 
Queney band in succession: 10-15-20-40, ete. After each lower band is adjusted, 
recheck the higher bands to make sure that nothing has shifted, because there might 
be a itle interaction between bands, Once the antenna is properly resonant, tighten, 
the clamps, and make the final installation. I know this is a pain in the neck, and 
means putting the antenna up and taking it down a couple of times, but it pays divi- 
dends in the end. I failed to do this once and found that the 15-m band was useless; 
it resonated at 192 MHz. 

Radials make or break a vertical antenna; they form the ground plane for the an- 
tenna. AM broadcast stations typically use vertical antennas and must have 120 ra- 
dials for the ground plane, Antenna reference books usually contain a graph plotted 
to show the effectiveness of radials and demonstrate a decreasing return on invest- 
‘ment after about 82 radials. For amateur work, [recommend not less than 2 radials 
per band, and preferably 4, arranged so that they are equally spaced around the an- 
tenna. If you cannot space them correctly, never fear; they will work anyway. Оп a 
four-band antenna, this means 16 radials, which really is not alot. Of course, the gen- 
eral rule is that the more radials, the better is the antenna, at least up to the point. 
where diminishing returns are realized. 

‘The radials are made of no. 14 wire and must be a quarter wavelength 
CIF... Figure 28-18 shows how to mount the radials on a mast-mounted (or 


roo-munted) installation, and Fig. 28-19 shows radials in a ground-mounted situa- 
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tian. 1 do not recommend radials on the surface for ground-mounted antennas. It is 
too easy for a guest or even a trespasser to tip over the radials, and this could land 
you in court, Wire radials can be buried using a spade tip to cut a 3- to 4in slit, and 
they even make for a better ground. 


Ground mounting verticals and masts 
In the preceding section, the essential assumption was that the antenna is mounted 
above ground, on а mast or other support, In this section you will take a look at the 
‘methods of ground mounting the antenna or its mast. The same mast ideas are also 
‘useful for erecting supports for dipoles and other wire antennas. 

Figure 28-20 shows a standard chain-link fence post used as а support for either 
a vertical antenna or a mast (which could be metal, PVC, or wood). The typical fence 
post is 1.25 to 2.00 in outside diameter and made of thick-wall galvanized steel, Thus 
such a pipe makes a tough installation. Some authorities believe that the pipe will 
last longer if painted its entire length (especially the underground portion) with a 
rust-inlibiting paint such as Rustoleum. 
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"The beauty of the fence post as an antenna support is that it is relatively easy to 
install, and supplies are obtained easily from hardware stores. The post is mounted 
ina concrete plug set at depth D in the ground (see again Fig. 28-20). The depth D 
is a function of local climate and local building codes. In the absence of local regula- 
tions to the contrary, make the hole at least 24 in deep (or more). The depth is de- 
termined by the 10-year depth of the frost line in your area, a figure well familiar to 
local building experts. Keep in mind, however, that shallower depths may be legal for 
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fence posts, but installation of a vertical antenna (or mast) on top of the fence post 
‘changes the mechanical situation considerably 

‘The hole can be dug with a post-hole digger tool or an earth-auger-bit tool, The 
latter often can be rented in either gasoline engine, electrical motor, or manual ver 
sions from tool rental stores. 

Once the hole is dug, place about 4 in (or local requirement) of gravel at the bot 
tom of the hole, This gravel can be bought in bags from hardware stores for small 
jobs. The post is installed at this point and made plumb (eit is made to sit vertical 
in the hole). Gravel can be used to force the post to remain upright as the job is fin- 
ished. On top of the gravel is а concrete plug that fills the hole to at least 4 in below 
the surface. The rest of the hole is backfilled with dirt, unless you want the plug to 
‘extend all the way to the surface. Do not put anything on top of the post for at least 
4 days or whatever period of time the concrete manufacturer recommends. Concrete 
needs time to cure, and 4 to 7 days seems to be the recommended period of time. I 
is probably a good idea to install the post one weekend and then complete the an- 
‘enna installation the following weekend. 
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Chain-link fence posts tend to be about 4 ft high, and this is sufficient for instal- 
lation of masts for inverted-V and dipole support. However, for vertical installation, 
make the height H of the post about 18 in (otherwise, the antenna tries to act dilfer- 
ently from the instructions) 

Ifthe antenna is a standard vertical with the usual form of offset base (as shown, 
in Fig. 28-20), then use either the mounting brackets that come with the antenna or 
U-bolts fastened around the fence post. Never use a single mounting point; always 
se at least two-point mounting to prevent the antenna from pivoting and shearing 
ff the mounting hardware. 

Figure 28-21 shows how to mount a 2 x 4 mast to а fence post. Good-quality 2 
X 4 lumber can be purchased in lengths up to 20 ft, although, 8-, 10-, 12. and 16-1. 
lengths are the most commonly available (in my area, 16- and 20.1 lengths have to 
be bought at professional “contractor” umberyards rather than those which serve 
homeowners). The 2 4 selected should be kiln-dried and pressure-treated. It also 
should be painted in arder to minimize the effects of weathering on the mechanical 
integrity of the installation. Good-quality 2 х 4 lumber 
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the less costly material (which is only marginally less costly than the best) will warp 
and ruin the installation within 1 year, 

The 2 x 4 is attached to the fence post using U-bolts. A 2 X 4 scrap is used asa 
wedge to take up the difference between the post and the mast. In some installations 
the U-bolt will go around the perimeter of the 2 х 4, whereas in others а pair of holes 
will be drilled in the 2 X 4 to admit the U-bolt arms. The U-bolt must be at least /- 
in no. 20 thread, and either а vin bolt or a еп bolt is highly recommend if the 
mast supports any significant weight. Some installers like to place a brick at the base 
ofthe 2 x 4. This support bears the static and dynamic loads lie. gravity and wind) 
that eventually would cause the mast to list because of the eccentric loading on the 
footer, The auxiliary purpose is to keep the butt end of the 2 x 4 off the ground and 
thereby prevent rot. Some additional mechanical stability might be afforded by re- 
placing the brick with a cinder block that is filled with concrete. Another approach is 
to install a pressure-treated 4 X 4 of the sort used to support decks (Fig. 28-23). 
Hardware stores and lumber yards sell the specially treated 4 x 4 posts and the con- 
crete for the footers. These footers are dropped onto a gravel bed at the bottom of a 
hole (see the preceding section for a discussion of how deep the hole must be). A 
typical deck footer has a plastic or heavy-duty metal mount to support the 4 4. Af- 
ter the footer and mount are installed, the hole is backfilled with soil. Some people 
prefer to backfil, at least to a point above the mount, with builders gravel (of the 
same sort as used beneath the concrete footer), or concrete can be used for maxi- 
mum stability. 


Installing towers 
Antenna towers are used extensively in amateur and commercial radio communica- 
tions systems for a very obvious reason: Antennas tend to work better “at altitude 
than on the ground. Amateur operators tend to install 30- to 100-ft towers, although 
the 40- and 50-f models probably predominate for practical (and in some areas 
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legal) reasons, Local laws vary considerably, from one area to another, Be sure to 
consult the bureaucracy before erecting a tower. 

In my own area, a 20-ft tower that is physically attached to a two-story house 
does not need a permit or inspection (but must be constructed according to certain 
regulations), although anything mounted away from the house (or at a height 
greater than 30 fi, if attached to the house) requires a permit and the usual me- 
‘chanical inspection. The law requires that an inspection be performed when the hole. 
Tor the footing is completed and 4 in of gravel is on the bottom. The inspector will 
take a yardstick and measure both the depth of the hole and the depth of the gravel, 
A final inspection is performed when the antenna is installed. Prior to ай this mess, 
а permit must be obtained (which means drawings submitted). 

Several different types of towers are used by amateurs. Some are square-base de- 
signs, and others are triangular-base designs. At least one commercial model is a 
round pipe that has а rotator at the base. In this model, the entire tower turns when. 
the antenna is rotated. Several tower configurations are seen commonly. Figure 28-23, 
shows the fixed form of tower. This type of tower casts the least, and a case can be 
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made for it also being the most stable. It is made of 104 sections and an 8- to 12-ft 
top section that contains the thrust bearing for the antenna mast and rotator mount 

ing platform. Some fixed towers are self-supporting up Lo a point, but the use of guy 
wires is always recommended unless а firm mounting point (against the side of a 
‘building, for example) is provided about 18 f above the surface. The fixed tower can 
bemade to tit over at the base by using a hinged baseplate on the mounting pedestal 

‘The tilt-over tower is shown in Fig, 28-24. This type of tower uses the same sort 
of construction as the fixed model but is hinged at a point between one-third and 
‘one-half the total height. A winch at the base drives a steel wire that is used to raise 
or lower the tower between fully extended and fold-over positions. 

Still another configuration is shown in Fig. 28-25. This type of tower is the slip- 
up variety. A wide base section supports a smaller movable upper section. A winch is 
used to lift the upper section into its fully extended position. Typical examples will 
raise from a low position of 20 ft, to a height of 40 ft or so when fully extended (or 
20/50 1). When the tower is fully extended, it is locked into place at the bottom of 
the upper section with steel bolts. A lot of shear force is applied to these bolts, о it 
is wise to use several very hard stainless steel bolts for the lockdown. 

‘There is a serious danger inherent in the design of the sip-up tower: the guillo- 
tine effect. If the upper section comes loose while you are working on it, it will come 
plummeting down the shaft formed by the lower section and shear off any arms, legs, 
ог other body parts that get in the way. Whenever you work on this form of tower, 
use steel fence posts (or similar pieces of metal) as a safety measure (Fig, 28-26); at 
least two should be used, and both should be attached securely at both ends with 
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rope. The purpose of the rope is to prevent the safety pipes from working loose and 
falling out. These pipes are used in addition to, not instead of, the normal bolt fas- 
teners that keep the antenna tower erect 

The antenna tower, regardless of its configuration, is typically installed on a 
buried pedestal made of concrete (Fig, 28-27). The construction must follow local 
laws, but there are some general considerations to keep in mind. The surface area of 
the pedestal is 242 to 362 in. The top surface is fitted with either a fixed or hinged 
baseplate (which must be installed before the conerete sets). The depth of the 
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pedestal and the depth of the gravel base tend to reflect the local frost ine. Regardless 
of how general local lav is, good advice ia to make the pedestal at least 28 in deep— 
even if local law permits less. 

Raising the tower can be accomplished by either of two methods, although, in 
my opinion, only one of them is safe. Figure 28-28 shows a method by which the 
tower is laid out on the ground and then raised with a heavy rope over a high support 
(such as the peak of the house roof). This method is dangerous unless certain pre- 
cautions are taken, For example, a support must be placed beneath the antenna as 
it is raised. This requirement means that a constantly increasing height of the tower 
demands a constantly increasing lower support. 

"The end-over-end method of raising a tower is shown in Fig, 28-29. A "gin pole” 
is required for this job. The gin pole is a length of pipe fitted with a pulley at the top. 
and a pair of clamps at the bottom. The gin pole is clamped onto the top end of the 
highest section so that it can be used to raise the next 10-ft section into place, where 
it can be bolted down. The gin pole is then raised to the top of the newly installed 
section, where the operation is repeated again, The end-over-end method is Pre. 
ferred by tower manufacturers and is the method recommenced by most of the 

The antenna tower will be most stable if guy wires are installed at appropriate 
places determined by the tower manufacturer, Although many people are inclined to 
install towers “free standing" and some towers are advertised as such, it is always 
good practice to use guy wires attached to at least one point (or more, for tall tow- 
ers), Use at least four guy wires on a square tower or three on a triangle tower (one 
in each direction). Figure 28-30 shows two methods for securing the guy wires to the. 
around. One approach is to bury a heavy concrete or metal "deadman" weight un- 
derground. Alternatively, use at least one 4- to 6-ft pipe (1 to L5-in in diameter) 
buried up to a length of 12 to 24 in (18 in is shown in Fig. 28-30), 

Note It is absolutely essential to use safety belts when climbing a tower. Use 
two belts that are completely independent of each other so that no “single-point fail- 
ше” can eliminate the belts function. Always keep one belt fastened to the tower: 
when climbing, unhook one belt and move it up on the tower, and then disconnect. 
the other only when the first is reattached, Be sure to inspect the belts prior to use. 
Leather and metal wear out and break, and you do not want to find that failure at 50 
f up. Also, do not buy cheap belts 


28-28 Dangerous method for erecting lower. 
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Grounding the antenna: 
What is a good ground? 


THE SUCCESS OR FAILURE OF A RADIO ANTENNA SYSTEM OPTEN (PERHAPS USUALLY) 
hangs on whether or not it has a good RF ground. Poor grounds cause most anten- 
nas to operate at less than best efficiency. In fact, it i possible to burn up between 
50 and 90 percent of your RF power heating the ground losses under the antenna, in- 
stead of propagating into the air, Ground resistances can vary from very low values 
uf 5 Q, up to more than 100 Q (5 to 30 £2 ia a frequently quoted range). RF power is 
dissipated in the ground resistance. The factors that affect the ground resistance in- 
clude the conductivity of the ground, its composition, and the water content. The 
ideal ground depth is rarely right on the surface, and depending on local water table 
level might be a couple meters or so below the surface. 

ris common practice among some amateur radio operators to use the building 
electrical ground wiring for the RF antenna ground of their station. Neglecting to in- 
stall an outdoor ground that will properly do the job, they opt instead for a single 
connection to the grounded "third wire” in a nearby electrical outlet. Besides being 
dangerous to work with, unless you know what you are doing, this is also a very poor. 
RF ground, It is too long for even the low RF bands, and radiates RF around the 
house in large quantity. Stations that use the household electrical wiring as the radio 
ground tend to cause TV interference, broadcast interference, and other electro- 
magnetic interference both in their own building and in nearby buildings. 

Fortunately, there are some fixes that will help your situation. We ean reduce 
the ground resistance by either altering the composition of the earth surrounding the 
ground point, or by using a large surface area conductor as the ground point 

Figure 29-1 shows the traditional ground rod used on small radio stations, in- 
cluding amateur stations. Use either a copper (or copper-clad steel) rod at least 6 ft 
long (8 f preferred). Electrical supply houses, as well as amateur radio and commi- 
nications equipment suppliers, also sell these ground rods. Do not use the nonclad 
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steel types sold by some electrical supply houses. They are usable by electricians 
when making a service entrance ground on your home or workplace, but RF appli- 
cations require the low skin resistance of the copper-clad variety. The rod need not 
be all copper, because of skin effect forcing the RF current to flow only on the outer 
surface of the rod. Try to use an 8-ft rod if at all possible, because it will work better 
than the shorter kind. Do not bother with the small TV-antenna 4-f ground rods; 
they are next to useless for HF radio stations. Drive the ground rod into the earth un- 
til only 6 in or so remains above the surface. Connect a ground wire from your 
station to the ground rod. 

‘The ground wire should be as short as possible. Furthermore, it should be a low- 
inductance conductor, Use either heavy braid (or the outer conductor stripped from. 
RG-8 or RG-1 coaxial cable) or sheet copper. You can buy rolls of sheet copper from 
‘metal distributors in widths from 4 in up to about 18 in. Some amateurs prefer to use 
T-in-wide foil that is rated at a weight of 1 Ib/inear ft. Sweat-solder the ground wire 
to the rod. You can get away with using mechanical connections like the electricians 
use, but you will eventually have to service the installation when corrosion takes its 
tall 1 prefer to use soldered connections, and then cover the joint with either 
petroleum jelly or acrylic spray lacquer 

Another alternative is to use a copper plumbing pipe as the ground rod. The pipe 
can be purchased in S-ft through 16-ft lengths from plumbing supply shops or hard- 
ware stores, The pipe selected should be % in or larger. Some people report using up 
to 2-in pipe for this application, The surface area of the hollow pipe is greater than. 
that ofa solid rod of the same diameter. Because of certain current flow geometries 
in the system, however, the ground resistance is not half the resistance of a rod of 
the same diameter, but is nonetheless lower. 

Driving a long pipe into the ground is not easily done. Unlike the copper-clad 
steel rod, the pipe has no compression strength and will deform when you hit it 
with a hammer or other driving tool. To overcome this problem (see Fig 
you can use a garden hose as а Water drill. Sweat solder a tee joint on the top end 
el the pipe, and then sweat-solder a faucet fitting that matches the garden hase 
end on one end of the tee joint. Cap off the other port of the tee joint. Use the tee 
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Garden, ting 
заж End 
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Stoot 
copper pipe 
292 Hose method of nta 
rand pipe. 
Bevel Ground 


== 


Joint as a handle to drive the pipe into the ground. When water pressure is ap. 
plied, the pipe will sink into the ground as you apply a downward pressure on the 
tee handle, In some cases, the pipe will slip into the ground easily, requiring only 
a few minutes. In other cases, where the soil is hard or has a heavy clay content, 
it will take considerably greater effort and more time. When you finish the task, 
turn off the water and remove the garden hose. Some people also recommend 
‘unsoldering and removing the tee joint. 


Altering soil conductivity 


"The conductivity of the sail determines how well, or how poorly, it conduets electri- 
cal current (Table 29-1). Moist soil over a brackish water dome conducts best 
(Souther swamps make better radio station locations), and the sand of the western. 
deserts makes the worst conductor. Figure 29-3 shows a method for reducing the 
soll electrical resistance by treating with one of two chemicals: copper sulfate or 
‘common rock salt. The rock salt is one of several salt materials used for snow and ice 
‘melting in snow-prone areas of the country. If you cannot locate rock salt in a hard. 
ware store, then look for a store that sells ice-cream-making supplies. Rock salt is a 
principal ingredient in the process (but not the product). 
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Table 29-1. Sample soil conductivity values 


Dielectric Conductivity Relative 
‘ype of soll constant (siemens /meter) quality 
Salt water " 5 Best 

Fresh water E] rm Very poor 
Pastoral hills me 043-001 Very good 
Marshy; wooded 12 [3 Averago/pour 
Sandy 10 000 Poor. 

Cities x [rt Very po 


алова 
layer af 
rock salt or 


copper sulfate Ground rod 


29-34 Ground rod with 
Improved” ground. 


Trench 


29.88 ‘Trenching pattern. 


Figures 29:34 and 29-38 show side and top views (respectively) of a slit trench 
‘method of applying the chemical treatment. Dig а 6-to 10-in-deep trench, about 12 to 
24 in from the ground rod. ЕШ that trench with a 4- or S-in layer of rock salt or copper 
sulfate. Cover the remaining depth with soll removed when уоп dug the trench. Water 
the trench well for about 15 minutes. The treatment will need to be repeated every 13 
1036 months, depending upon local rainfall and soll composition. 

Figure 29-30 shows an alternative method: the salt pipe. Use either copper or 
PVC plumbing pipe, up to 4 їп diameter (although 2 to 3 in is easier to work). The 
overall length of the pipe should be at least 18 to 24 in, although longer is useful. 
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End cap 


Zorn 


293C Slow release ground treatment Copper or PVC 
pipa idi Pipe filed 

with rock sall or. 

copper sulfate 


1810240 


Bnd cap 


Drill a large number of small holes in the pipe (no hole over % in), sparing only the 
‘end that will be above the surface. ЕШ with rock salt or copper sulfate and сар off 
both ends. 

Install several salt pipes around the ground rod. Installation is best accom- 
plished with a fence posthole digger. Drop the salt pipe into the hole and backfill 
‘with water. Remove the top endeap and hose down for about 15 minutes. Refill the 
pipe occasionally to account for the salt leaching out. 


Multiple ground rods 


"The key to a low-resistance ground is the surface area in contact with soil. One means 
for gaining surface area, and thereby reducing ground resistance, is to use multiple 
ground rods. Although multiple 4-1 rods are better than a single L M ground rod, the 
use of 6- or Б-П rods is recommended even in cases where multiple rods are used. 

Figure 29-4A shows the use of three ground rods in the same system. The 8-ft 
rods are placed 12 to 18 in apart for low- and medium-power levels, and perhaps 
30 in for higher amateur power levels. An electrical connection is made between 
the rods on the surface using either copper stripping or copper braid. The con- 
nections are sweat-soldered in the manner described above, with the feedpoint at 
the center rod. 

Figure 29-48 shows a more complex system with a larger number of rods laid 
ош in an array, The rods are arrayed about 24 in apart. As in the previous case, the 
rods are electrically connected (by braid or foil) on the surface. Again, connection to 
the system is made from the rod at the geometrie center of the array, 


Radials/counterpoise grounds 


"The effectiveness of the ground system is enhanced substantially by the use of ra 
dials either above ground or buried under the surface. Figure 20-5 shows a vertical 
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29-4A Multiple ground rod system. 


Ground 
mode 


29-48 Connection scheme, 


antenna with three different forms of radials: aboveground, subsurface, and ground 
rod. It is not unreasonable to use both radials and a ground rod. Note (from Chap. 7) 
that vertical antennas are relatively ineffective unless provided with a good ground 
system, and for most installations that requirement is best met through a system of 
ground radials. 

Ап effective system of radials requires a large number of radials, Although as few 
as two quarteravavelengtl resonant radials will provide ап improvement, the best per- 
formance isto use more. Broadcasters in the AM band (550 to 1640 kHz) are advised 
to use 120 half-wavelength radials. Installing more than 120 radials is both expensive 
and time-consuming, but does not provide any substantial improvement. For amateur and 
small commercial stations, use a minimum of 16 quarter-wavelength radials. 

Above ground, the use of insulated wire is recommended, but not required. Be- 
low ground, noninsulated wire is preferred, Although some sources claim that any 
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Antenna element 


Coax to 
2955 Combining shove growed XMTR 
around rod and 
Brea radials 


Ground Rod 


size wire from no. 26 up to no. 10 ean be used, ît is best to use larger sizes in that 
range (Le.,no. 14 through no. 10). Either solid or stranded wire can be used. 

"The layout for a system of radials in a vertical antenna system is depicted in a 
view from above in Fig. 29-6, Here, the radials are laid out in a uniform pattern around 
the antenna element. This coverage provides both the lowest resistance and the best 
radiation pattern for the antenna. Solder all radials together at a common point, 
Which might be the ground or mounting rod used to support the vertical antenna, 


Station grounding 


It does no good to provide a topflight ground system, such as those shown earlier in 
this chapter, ifthe connection between the station equipment and the ground sys- 

tem is substandard, Figure 20-7 shows a method used by the author to good effect 

On the back of the operating position is a sheet of copper, T in wide, running the 
length of the equipment platform. This form of copper, in the 1-lb/sq ft weight, is 
‘used on older houses for roofing flashing. Each piece of equipment is connected to 
the ground sheet through a short length of braid harvested from RG-8 or RG-11 
coaxial cable shield, RF accessories, such as the low-pass TV interference filter (if 
used—it should be) are mounted directly to the copper sheet. In one installation, the 
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L antenna 


29-6 Radial pattern 


author was able to drop the copper sheet dawn from the table to connect directly to 
the ground system outside the building. The run was less than 40 in. But in other 


hort length of braid wire will be more practical 


Tuning the ground wire 


An alternative that some ope 


insert an inductor or capacitor (ora 


tors use is the ground wire tuner. These instruments 


C network) in series with the ground line, You. 
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Conclusion j 


A high-quality, low-resistance ground might seem costly to install, but in reality it 
pays rich dividends in the functioning of your antenna. Don't overlook the quality of 
the ground, or you might be in the position of being penny wise and pound foolish, 
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‘plies, for loop antennas, small 
Adcock, P, 446 werber pe 313-910, 318 
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mat, microwave wave- angle uf incidence, 10, 16, 22 


guides and antennas, 388, 388 angle of radiation, 50, 214, 274, 274 
adjustment techniques (See mea- angle of reflection, 16, 16, 75 


surement and adjustment angle uf reflection coefficient, 108, 
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doublets, 154 lso tuning), 463-164, 484, 
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rudi direction finding (RDF) în multiband and tunabe-wire 
antenna in, 430 antennas, 210 


antenna tuning unit (ATU) (Cont) 
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antinodes,87 
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ling, waveguides and anten- 
nas, 390-303, 398, 402-403 
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approximation, in high-frequency 
dipoles and doublets, 142-143 
arcing, 233 
Armstrong oscilutor circuit, 313, 
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branch feed systems for, 400, 412 
Furparate eed systems for, 409, 
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atplate array antennas, 411, 413, 
414,415 
phase shifting in, 400, 412, 413 
Жин атау antennas, 411-413, 413 
solid-state array antennas in, 
408-411 
Watson Watt Adcock array anten- 
таӊ, 447-450, 449, 450 
astronomy (See radio astronomy 
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atmospheric layers and radio prop 
‘gation, 14-16, 15, 18, 
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atmospheric pressure уз. radio 
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attenuation, #-10, 28,32, 30, 82, beam antennas (Cont): bum or shock hasard through 
Ed ‘especial beam antenna, all. antennas, 101, 195, 215, 233, 
attic-installed antennas, 232-234, 202-203262 EJE 
233 beamwidth: Byrne, Jahn, 200 
aurora propagation, . microwave waveguides and 
automatic Jo control (ALC), 515 antennas, 400, 400, 401 © 
azimuth aspect, high-frequency paris del, antennas, A07 cable TV, 67 
dipoles and doublets, 147 bends in microwave waveguides cage dipoles, 154, 156, 157, 187 
and antennas, 288-300, 889, call signs, 3 
B E capacitance, 120, 138, 80-527 
'ackobesinmierowave wase- bent dipole antenna, 296-237, 240 comialcable 60 
guides and antennas, 400, 400, Beverage or “wave” antenna Joop antennas, small receiver 
E 204-228, 220, 228, 229 "ye 17 
backscatter, grounding of, 227-228, 228 Joop antennas, small transmitter 
‘lance transmission line, in installation of, 228 type, 221 
‘multiband and tunable-wire insulators in, 228 bundenen nes, 64 
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(Soo also baluns) "mm antenas, small receiver type 
паша steerable notch Beverage 07-300 
саха! cable, 485, 466 antennas, 20, 228 capacitive (probo) coupling in 
in directional phased vertical Bevemge, HH, 225 microwave waveguides and 
antennas, 240 Binns, Jar, frst maritime radio antennas, 300-309, 302 
în high-frequency dipoles and distress al, 1-2 capacitive antennas, 128 
doublets, 155, I1, 171 Biiretionabty ofloopsticksin expactive reactance, 140 
in longwîres, 171, 171 RDF antennas, 441 in high-frequency dipoles and 
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in multiband and tunable-wire 206-207, 207 impedance matching and, 458 
‘antennas, 208-200, 200 210 boundary conditions in microwave using Smith charts, 100, 102, 
strain role or, 559-504, 854 waveguides and antennas, hr 
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antennas, 339 521 antenna in RDF antennas, 412, 
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125, 403-404, 494 RE noise bridge, 522-607, 821 in modeling software, 28, 329, 
beam antennas: [RP power measurement using, 330 
ubica quad beam antennas, [A Cosscgrin oed or parabolic "dishi" 
203-207, 264, 266, 267 Баһ Broadcasting Corporation амеша, 108-400, 409 
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charge, 124-120, 4, 127, 
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choke joints in microwave wave- 
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circular loop transmitter antenna, 
323, 323 
Citizens" Band (CB) radin, 29, 48, 
160, 170, 191, 41, 406 
comal cab, 50, 61-42, 61, 62 
balans, 405, 46 
capacitance in, 60 
characteristic impedance of 06 
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sing, 305-368, 367, 368 
кшш frequency (Р) of, 00 
doping ош, 431-438 
Faraday connection in, 318 
Faraday shield ш, 318 
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E 
losses in, 300, 438 
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‘wavelength coax, 202 
multiband апа tunable-wire 
antennas and, 208 
testing, 437-438, 437, 438 
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346-349, 347, 348 
consal vertical antennas, 191-194, 
192,199 
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cochanne interference in toop 
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02 

хай айнй mobile antenna, 
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comer reflector antennas, 404, 
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in directional phased vertical 
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in Joop antennas, large designs, 
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damping, б 
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in ҮНЕЛЇНР палатадан 
antennas, 43,44, 345 
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design equations for loop antennas, 
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destructive interference, 19 
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diamond oop (LA) large antenna, 
20-20, 291 
dielectric constant, 138 
(beletrie Ios, 360 
(beletrie properties uf аш, 20-30 
20 
ас, 16-17, 17,32-35 
р scalatoridp moter, 527-120, 
527,528 
dipoles and doublets, 141-172, 142 
aluminum vs copper radiators in, 
154 
эдей or bent dipole, 230-247, 
240 
antenna tuning unit (AT) fr, 
m 
approximation of, 142-143 
stc instala of 212-234, 238 
халш aspect ol, 147 
balms in, 155,171, 171 


howe” dipoles in, 154, 155, 156, 
"361,262 

broadband impedance matching 
in, 148 


broadhanded dipoles in, 154-157 
cage dipoles in, 154, 156, 157, 187. 
capacitive reactance in, 143 
center insulators, 48-550, 549, 


550, 551 


in, 105-106, 166 

counterpaseLongwite in, 
170-173, 171 

current in, 143-140, 143 

directivity in, 140-247 

Чешме dipoles in, 100 

double extended Zepp antenna in, 
164-165, 168 

drooping dipole scanner antenna 
in, 3З, 363 

electrical vs. physical length of, 


141, 142-143, 149-151, 160, 
162 

emergency operations antennas, 
100,490 

end or egg insulators, 551-559 
ssa 

ocdpoint in, 143-140, 250-257, 
257 

"Tor fanges mounting hardware 
în, 256 


folded dipole, 154-155, 186,00, 
382, 554-056, 888, 556 


dipoles and doublets (Cont): 

gin in, 140-147 

¡round plane verticals in, 172 

eight of antenna vs. radiation 
pattern in, 148-149, МВ 
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145-110, 148. 
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l models of, 100 

high-frequency dipoles and 
doublets, 141-172, ME. 

impedance and impedance match- 
ingin, 143-146, 149, 151-153, 
155,207 

inductive reactance in, 143, 157, 
1586 150-100, 161 

installation plan for; 888 

insulators for, 141, 256, 548-350, 
549, 550, 551, 551-553, 558, 

anveredaree dipole in, 152-153, 
163, 400-491, 491 

"soltopi radiation ш, 146 

length of, 141, 142-148, 140-151 
100, 212, 256-257 

limiced-space designs for, 230-244 

loading coils in, 157-100, 187. 

loses ш, 143-148 

microwave waveguides and anten- 
mas and, elements of, 06-308, 
397,399 

mounting of, 141, 233, 256 

‘multiband fan рде ш, 160-170, 
170 

off-center fe fül-vave doublet 
(OCPD) in, 163, 163 

olicenterded nonresonant sloper 
(OCFS), 104, 104 

dee hen. 143-146 

ominidireetionality оГ, 146 

phase reversal stubs in, 165 

Q-factor in, 160 

sections in, 146 

rulition patterns of, 146-152, 
ит 

radiation resistance in, 142-146 

rulitors o, 141 

reactance in, 143 

resistance in, 143-140, 148, 

resonance in, 143, 149-161, 150, 
E 

homie invente antenna in, 
100,109 


раев and doublets (Cont : 
Tight-ange flange mounting hand- 
ware in, 250 
RLC networks and, 14 
‘rotatable dipole antennas, 239, 
"242, 255 257,287 
shortened сарой dipoles in, 
157-100, 158 
shortwave reception antennas, 
272,278, 274 
loping Csloper” ar *sipote”) 
dipole in, 153-154, 154, 185, 
EY 
space diversity in, 100 
Stacked dipoles in, 100-163, 162 
stagger tuning of, 157 
standing waves and standing wave 
ratio (SWR) in, 141 
strain relief in, 555-064, 684 
support ropes for, 551 
three-dimensional deal) radia- 
tion pattern of, 147-148, 147 
tated, center Ted, terminated, 
"ded dipole (TCFTFD or T+ 
2+ FD, TTFD) in, 166-168 
transformers for, 140 
unable dipalesin, 100 
tuning of, 140-152 
vee dipoles, 236,239 
rer antenna in, 108-100, 
168 
vertical dipole scanner antenna in, 
301,364, 365 
vertical lane radiation patter ol, 
148-140, 146 
voltage in, 143-140, 148 
voltage standing wave ratio 
(SWR) in, 144, 140, 140-151, 
150, 100 
wavelength measurement of, 
14 4% 
wire antenna, basie design, 548, 
ыя 
Zepp antenna in, 164-105, 18, 
ИД 
rect у. reflected space waves, 
po 
lecti né radio waves, 54 
rectal атау, D-degree 
‘phased, 250-24, 
288, 2541 
retinal beam antennas, 
285-20 
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cubical quad beam antennas, 
261-307, 264, 266, 267 
directivity ol, 255 
‘effective radiated power (ERP) in, 
icromagneti intere 
(EMD, 203 
eedpoinis, 256-257, 257 
200-201, 261,203, 265 
fior fanges mounting hardware 
10,250 
amma math feed system tor, 
260-301, 261 
insulators, 206 
inverted bobtail curtain (Thorne 
array) antenna, 207-209, 268, 
209 
length of, 255-287, 250-200 
mounting of, 256 
‘quad loop antennas in, 263-267, 
264, 206, 267 
‘ght angle Mange mounting hard- 
ware in, 256 
rotatable dipole as, 255-257, 287 
Yagi antennas as, 257-202, 259, 
25 
Agia antenna as, 258 
‘special beam antenna, 20, 
о 210,262 
directional discontinuity ring га 
tar ПУРЕН) antenna, 424-17 
pr 
directional phased vertical antennas, 
245-254 
broadside radiation pattern 
КЕП 
current ш, 248 
(octy of, 246-250 
effective radiated power (ERP) in, 
245-24 
ecd phasing table tur, 254 
ecdpoint in, 247-248, 247, 248. 
Jeng of, variabile lengths in, 
pm 
noise in, 245 
miidirectonaliy of, 245 
phase-shifting circuit for, 28 
Phasing in, 246-250 
Phasing switch in, 249-250, 252 
dition patterns in, 246-250, 
246,247 
signal is ratio (SNR) in, 240 


directional phased vertical 
antennas (Сонг) 
all des direchonal arra, 250, 
289,954 
three-element, 250, 258 
transformers in, 240-250, 250, 
251 
torpor phasing transformer for, 
20-250, 250, 251 
velocity factor (VJ of coax in, 248. 
directional wire antenna, far short 
ave reception, 281-280, 284 
lecti 
in directional beam antennas, 255 
in directional phased vertical 
antennas, 246-250 
in high-frequency dipoles and 
‘doublets, 140-247 
in mcruwave waveguides and 
‘antennas, 295, 397, 398-403, 
400 
in horae reception antennas, 
ЕД 
in VHFIUHF аана 
antennas, 240 
directivity gain (G,) in microwave 
‘waveguides an antennas, 
Кел 
(director, ag antennas, 258-250 
directrix, parabolic "is antennas, 
p 
discreto loading in low-frequency 
Operation antennas, ВОЗ, 
BOLO 
dish antennas (See parabolic “dish” 
antennas) 
distance between antennas, 28 
‘stance ealeulatian, for ratio, 
26-27,26 
distress calls 2 
distributed capacitance, in loop 
antennas, small transmitter 
type, 221 
disturbance, ionospheric, 45-47 
diurnal (Soc пег йау 
variations) 
‘versity propagationeception, 
58,87, 58, 160, 
бааша modem nierowave 
‘waveguides and antennas, 
27677 
Doppler antennas, 450-451, 451 
dile dipoles, 100 
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double ducky direction finders 
(DDD), 455-450, 448 

double extended Zepp antenna, 
104-165, 165 

double vee longi antennas, 223 

‘double shielded coal, 63, 6 

doublet antennas (Seo high- 
едеу dipoles апа doublets) 

drooping dipole scanner antenna, 
E 

drooping dipole multiband 
antennas, 205 

“drooping radials,” in vertically po- 
orae HF antennas, 176,177 

ducting, 20-31, 31,35 

ummy loads 352-388, 386, 
540-542, 540, 541, 542 

DXing using loop antennas, small 
recenertype, 311-313 


E 
E layer ofionosphoro, 41, 42, 46 
fective aperture (АЈ, 11,504, 
aur 8 
effective Кап radius factar (K 
factor), 23-27 
посне hight o antennas, 304 
effective radiated power (ERP), 45 
in directional beam antennas, 
255 
in directional phased vertical 
antennas, 245-246 
inmucrowave waveguides and 
antennas, A01 
in ҮНЕЛЇНР transmiting/receiving 
antennas, HO 
menen in Loop antennas, small 
transmittertype, 321 
E-field components, 27 
electric field, 123, 124-126, 128, 
127, 126 
annere 210 
in microwave waveguides and 
antennas, 283, 05-300 
in vertically polarized HF antennas, 
їз 
electrical installation, vertical 
‘antennas, 00-301 
electrical ve. physical length, 
137-140, 139 
of high-frequency dipoles and 
doublets, 141-143, 149-151, 
100,162 
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electrical vs. physical length 
(Cont) 
impedance malehing and, 
re 
oflongwires, 213-214, 217-219, 
EN 
of transmission line, 67-08 
elctramagnete elas, 8-10, 0, 
122, 125-127 
electromagnetic interference 
(EMD, 263 
clectramasnetioradaion v prap- 
ation 39 
electromagnetic waves, 5 
electrostatic feldsídiseharge, in 
Iongwires, 219 
Чезеп-усш cycle of radin propaga- 
ion 40 
EM Saale 331 
‘emergency operations antennas 
deam 
battery packs for, 23-494, 494 
‘sounterpoase ground plane Пи, 
er e 488 
риев in, 00, 490 
‘rounding and ground systems 
ur 487-488 
increasing signal strength from 
апае stations fr, 
3 
inverted-yee dipole in, 490-491, 
am 
mobile antennas and, 480-487, 
E 
mounting of, on vehicles, 401-402 
multiple radials from vehicle- 
mounted antenna for, 488,489 
зайче mobile-antenna connec- 
tion detail in, 488,489 
repeaters and, 487 
telescoping antennas for, 40 
temporary antenna construction 
Tor 487-488, A88 
temporary mast mount far, 492, 
СЯ 
VHF band fr, 487 
end effect, 138-149 
(nd ar vga insulators, 551-563, 88 
fend platsfend terminators, in 
‘microwave waveguides and 
antennas, 285, 38, 388 
ended lunge, 217-210, 217 
ended Zepp antenna, 208, 208 


environmentalinatural noise 
(QRN), 246 

erecting antennas safely; 543-548 

escape angle, 48 

ether s 

Everett We, 200 

Expert MiniNEC modeling soft- 
ware 231 

EZNEC for Windows modeling son- 
ware; H1, 224-37, 296, 230, 
Ed 

EZNEC Professional modeling saht- 
ware, 329 


F 
F layer of ionosphere, 41-43, 42, 46 
fling, 35-36, 35, 55-58, 5 
Dellinger fade, 46-47 

tie fading, 55 


‘far field calculations in mierowave 
waveguides and antennas, 
205-395 

Faraday connection, 218 

Faraday shield, 218 

Federal Communications Commis 
sion (FCC), 2 

еей geometries far parabolic "t? 
antennas, 408-409, 408, 409 

feed iumination m patabolic “dish” 
antennas, 400 

feeding transformer, 470,477 

beachte 

A lange loop antennas, 287-288 
dipoles, 256-257, 257 
directional beam antennas, 
256-207, 287, 200-251, 261 
directional phased vertical 
antennas, 247-248, 247, 248 
high-frequency dipoles and 
doublets, 142-140 
оцат, 217-218 
multiband and tunable wire 
antennas, 204, 210 
one large loop antennas, 
quad beam antennas, 203, 26 
vertically polarized HF antennas, 
197, 198 
Yagi antennas, 200-261, 261 
fence post as supports for vertical 
antennas, 361-005, 583, 564. 
ferrite core шша, 171-177 


E] 


ferrite rds, 475, 478 
‘her optics, 370 
‘eld strength meters (FSM), for 
‘mobile HF antennas, 483-485, 
484, 485, 45% 
ей strength, 21, 22 
‘igure of meri, 418 
‘hers, 56,510 
‘Hve-ighths-wavelength antennas, 
107-200 
‘eer VHPUHF antenna, 25, 
зы 
vertical antenna, 181, 182 
‘agpote-installed antennas, 
204-200, 288, 207 
шше апау antennas, 411, 413, 
414,415 
atop antennas, shortwave recep- 
ion, 279,280 
floor Ranges mounting hardware, 
ЁЛ 
ик, magnetic, 26, 127 
FFM, marine radio antennas, 406 
{old-orhit-over tower, 567, 867 
folded dipole, 154-155, 156 
installation of, 04-656, 665, 556 
tilted, centerfed, terminated, 
"illod dipole (TCFTFD or 
TFD, ТТЕР) in, 106-108, 
167 
VHPIUHF antennas, 002, 268. 
forward power, 538,539 
forward scatter, 52 
Tox hunting” antenna, 444, 445 
"Franklin" array antenna, 165-166, 
166 
tee space, 14, 10,21, 67-08, 
137-138 
werber velocity (C) in micro- 
wave waveguides and antennas, 
77,050 
Frequency; 2, 7,9 
in mueran waveguides and 
antennas, 373, 374, 375,376, 
380, 381-484, зна 
using Sii charts, 117-121, 119, 
120 
шї angle vs, 28,28 
VHFIUHF census 
antennas, 229,141 
VSWR ve., 434-417, 435 
Jrequency diversity, 36, 55, 87 
frequency modulation (FM), 12 
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webu of optimum trafe 
(FO), 48 

Fresnel zones, 33-34, 84, 35 

fundamentals of radio antennas, 
што 


с 
GEI multiband dipole antenna, 
200 218,207 
sain 
în A2 lage lop antennas, 
255-389, 289 
in higî frequency dipoles and 
‘doublets, 140-147 
in longwires, 214, 218, 218, 223, 
"n oop antennas, smali transmiter- 
typo, 19-320. 
in mucrowave waveguides and 
antennas, 304-395, 198-403 
in microwave waveguides and 
antennas, va, aperture in, 
аш, 
in parabol "ls antennas, 
405-408, 
in shortwave reception antennas, 
E 
in vertically polarized HF antennas, 
Inrisr 
in VIP аланина 
antennas, 349 
galactic noise, 39,421 
amma mateh feed system: 
"n Yag antennas, 200-201, 
261 
n HEICHE transmitting'receiving 
antennas, 346, 46 
pasa rays, 30 
armed grounded vertical 
"antenna, 200-201, #01 
fled Ше, 62, 63 
Khost йш. vertically polarized 
HP an 
‘gm pale о raise towers, 570, S71 
{Global Positioning System (GPS), 
аат 
GNEC modeling software, 
30-30 
sraplite-sand dummy load in 
microwave waveguides and 
antennas, 385 
gras ine transmission, 51, 88 
great circle paths, 60-51, 52 
sh dip meter, 527-100, B28 


ground loses, vertically polarized 
HP antennas, 183 
round plane vertical antennas, 
172,176,177 
rou rods, 573-574, 874, 5, 
Бтр 577,578 
round stakes and guy wires, 570, 
СЯ 
ground wave, 17-29, 18, 47-48, 
d a02 
ground mounted vertical antennas, 
501-005, 562 
rounded vertical antennas, 
200-201 
grounding and ground systems, 
err u 
in Beverage antenna, 227-228, 
228 
copper plumbing pipes as ground 
rol, 574 
copper sulfate to alter soil 
conductivity in, 575-578 
counterpaise grounds, 577-570, 
ЕЛ 
in emergency operations antennas, 
Aedes 
aon rods fr, 573-574, 74, 
574-570, 878,577, 578 
in den ditu 
antennas, 238-239 
impedance matching and, 
те) 
interference and, 573 
length of ground wares in, 574 
in longwires, 215-216, 216 
in low-frequency operation anten- 
nas, 501-602, 502 
in marine radin antennas, 
"100 495, 496 
radials for, 577-570, 579, 880. 
sal pipe to apply chemical soil- 
conductivity inprovers, 
570-577, 877 
‘salt tø alter soil conductivity in, 
875-576 
in ahortwave reception antennas, 
270, 277, 278-270, 279. 
мй conductivity and, altering, 
‘875-577, OTO, 878, 877 
station grounding, 579-580, 61 
trenching to apply chemical soil- 
conductivity improvers, 
570,876 
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grounding and ground systems 
(Com) 
tuning ground wire, 580-581 
in vertically polarized HF ant 
таз, 170, 185-187, 195-107, 
196 
svouniplane VHF/UHF antenna, 
300,67 
aroumdpine scanner antenna, 364, 
E 
ron velocity (V in microwave 
des айа antennas, 


Grovers equatinn, fur loop anten- 
тав, small eceivertype, 
КЕ 

guy wares and ground stakes, 670, 
эт 


н 
“hairpin” loading scheme, 505, 506 
halla sloper (HDS), 205-206, 
206 
halEslope vertical antenna, 238, 
240 
ball n antennas, 126, 181, 182 
‘current distribution in, 131-107, 
132,123 
secre ws, physical length af 
antenna, 117-139, 129 
impedance matching in, 120-140, 
19 
standing waves and, 120 
Voltage distribution in 131-137, 
132,123 
haltvavclengih line, 83 
halo VHPIUHP antenna, 305, 208 
hardline, T2, 62 
harmonics, 140, 200,210,515, 
height of antenna, 10,20, 25,28 
‘distance calculation for, 26-27, 20 
in high-frequency dipoles and 
‘doublets у. radiation pat- 
tems ш, 148-140, l. 
in high-frequency dipoles and 
doublet, v resistance ш, 
145-140, 148. 
in loop antennas, smali гесе 
type, 304 
in vertically polarized HF antennas, 
181,187 
helical antennas, 427-428, 429 
helical ine, 62 


ASTERSO Tien Даке 4/13/01 18:11. Fage Ма © 


502 Index 
helical whip mobile antenna, 481, horizontal low-frequency operation impedance and impedance match- 
482 antennas, 505 "mg (Cont) 
helically wound antennas, 289,242,  horiznntal polarization, 12-19,18, matching stub systems for, 
E 27,55, 173 405-100, 466, 467 
hertz as unit of frequency, Т Beverage antenna and, 226-297 matching units for, 515 
Hertz or hertzian antenna (See helically wound antennas and, in microwave waveguides and 
1ай\-Тедиепеу dipoles and 239,242,243 antennas, 383-384, 884,394, 
doubleta) harn antenna radiators, 403-401, EJ 
Horta Heinrich, 5, 7 400 muliimpedance balun or, 76, 
heterodyning, 55 Huygens- Frosnel wave theory, 12 атт 
iden and rod space antennas, in bod and tunable-wire 
КЕЛ 1 antennas, 210 
angled or bent dipole, 236-237, Pitloaesim microwave waveguides nose and, 117-418 
240 and antennas, 385 normalization of impedance in, 
aticinstald, 292-24, 299 image antenna, vertically polarized m 
dipoles as, 232-234, 288, 230 HF antennas, 173 in 1А large loop antennas, 
Sagpole installation for, 234-230, Imaginary operator (), 22 202-293, 292 
235, 297 impedance and impedance match- pi networks for, 401, 461 
ground system for, 238-289 "ng, 140,433, 457-477, Arte wave matching (Q se 
halEslop vertical antenna as, 238, 525 поп) sections for, 407-468, 
240 antenna tuners for, 463-404,464, 468, 00 
helically wound antennas as, 289, des relais in 460 
EP in antennas, 120, 139 series matching setion for, 
Lseetion couplersin, 298-239 approaches о, 458-162, 458 pe 
lumited-space designs Го, 236-244 in Beverage antenna, 226 using Smith charts, 110-112, 111, 
longvires as, 232 capacitive reactance in, 468 tio, осш, 119 
Imobile antenna used as windowsill- characteristic impedance (Z,) of using Smith charts, impedance 
mounted, 230, 241 transmission Ше and, 64-47. radius in, 100 
mounting ot, 233 in coaxial cable baluns, 465,466 using Smith charts normalized 
nonresonant loop antennas as, complex conjugates in, 4 impedance Ше in, 95-07, 98 
prr in dipoles, 237 ‘SPC transmatch network in, 46, 
rotatable dipole antennas as, 230, electrical vs, physical length cal 405 
заз ‘ulations ш, 470-471 ани сараси networks fr, 
safety issues for, 33 feeding transformer fr, 476, mor 
sloping Csloper” or "spole" am stub matching systems for 115 
‘dipole as, 26, 238 Serte core inductors 471-477 tapped balun for, 476, 477 
vee dipoles as, 236, 289 bene rods in, 475,475 ледена transit for, 463, 
voltage standing wave ratio rounding and, 450-180. dés 
(VSWR) in, 298 în higî frequency dipoles and toroid broadband transformers 
window-sill antennas as, 238, 241 doublets, 143-140, 149, for, 475-477, 476 
һай frequency (HF), 3, 12, 17,20, 151-152, 155 огай cores and, 471, 472 
35, 37,41,48, fi, I70-I7L 309, impedance bridges in, GI9-521, torcida transformers and, 
amas 520,521 l- ATE 
dach knee dipoles and dou- impedance matching network in toners, 507, 508 
bles (See dipoles and doublets) (@ sections) in, 85 transmatch circuits for, 482-471, 
high-power RF wattmeters, S08, — mductiye reactance in, 458 462 
ES [section network for, 458-400, im transmission lines, 71,72, 
Jů dipoles and doublets, 100 E 2-88, 100, 110-112, 111, 112 
Hinged baseplate tower, 560-567, —— inAlargelopanlennas, in vertically polarized HF antn- 
ES 257-288 nas, 17A, 175-170, 189, 184, 
History of radio broadcasting ама inlongvires 214, 229 186, 195-2197, 299-200, 199 
communications, 1-4 in low-frequency operation in НЕЛЕ anne 
hopping, 30 antennas, BIS antennas, 341-346, 342 
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impedance and impedance match- installation and construction intensity of radio waves, 9-10 
ing (Cont) techniques (Сонг) interference, 19, 30, 36, 37, 573 
Wheatstone bridge, 510-521, folded dipole installation, electromagnetic interference 
520 554-506, 885, 566 (EMD, 263 
sn Yagi antennas, 260-201, 2% оша support posts for, 565, inlongsres 214 
impedance bridges, 519-521, 820, 565 їп loop antennas, small receiver. 
2 si pole to raise towers, 570,871. type, 302 
incident ange, 48 шаккан verticalantennas, im microwave waveguides and 
incident power (P) of transmission 561-565, 862 antennas, 400-401 
lines, 80 guy wires and ground stakes, 670, in shortwave reception antennas, 
incident waves, 128, 124 sm 272, 278, 174 
index of refraction, 23-24 tinged baseplate tower, 500-507, interferometer antennas, 431, 431, 
inductance, 526-527 E dal 
ere core inductors in, insulators, 548-560, 549, S80, intermediate frequency (I), 55 
anam 251-553, 881,883. International Telecommunications 
Grovors equation in, 302-30, mast-mounted vertical antenna Union (TU) 2 
"ar Зан, 560-561, 546,561, 862 inverso square law (UD), 9-10 
in langwires, 214 ‘masta and supports, 556-500, 11, 260-370 
în loop antennas, stil receiver- 357, 558 inverted bobtai curtain (Thorne 
‘ype, 307 pedestals for towers, 08-570, array) antenna, 267-209, 268, 
sloop antennas, smal transmitter 569 E 
type, 321 permits, zning, and regulations, insertodL antenna, S10, 510 
în transmission ines, 04 Ет] inverted_vee antenna, rhombi, 
Induction els, 5,133, 127 pulley system for mounting DX 
inductive (оор) coupling in 287-508, 588 inverted-x00 dipole, 152-153, 153 
microwave waveguides and raising towers, 570, 570, 871 emergency operations antennas, 
antennas, 390-301, 398 safety issus, 549-548 300-401, 491 
Inductive lang in low-frequency dab tower, 567-508, 868,869 multiband and unalicwire 
operation antennas, 508, wenn mounting andare antennas, 205, 206 
504-505 ET) ionization, 5, 14-10, 15, 15, 37, 41, 
inductive eactance, 140 strain relief, 553-554, BBA 46,47, 51, 52,54 
in high frequency dipolesand support ropes, 551 ionograms, 43 
‘doublets, 143, 157, 158, Suburban let installation plan, bas ionosphere, 14-16, 15, 18, 37, 
150-100, 161 tower installation, 565-572, 538 pamm 
impedance matching and, 458 Chott mounting hardware, 658, ionospherie disturbances, 
"m NZ large loop antennas, ЕЛ p» 
1255-389, 289 vertical antenna installation, ionospheric propagation, 17-18, 18, 
intop antennas, amall transmitter 560-572 37-44, 170 
туе, 319, 321 wire antenna, basie design, 548, ionospheric scatter propagation, 
using Smith charts, 100, 101, 117 ыз "Lo Ea 
infrared (IR) тайак, 9 insulators (or spreaders) 548-560, ionospheric storms, ar 
Installation and construction tech- 549, 880,881, 551-559, 84 innospheric variation, 45-37 
niques, 157-418, 4-572. in Beverage antenna, 228 вата! region af atmosphere, 
conter insulators, 548-550, 549, indipoles 250 14,15 
550,551 in directional beam antennas, 856. — isophase plane, 32 
есше installation, vertical in high-frequency dipoles and isopotentl line, loop antennas, 
antennas, 560-061 doublets, 141 ‘small ecsivertype, 303 
end or egg weulsors, 551-863, in microwave waveguides anal boresstance circles, using Stith 
568 antennas, 371-372 charts, 107-100, 09 
fence posts as supports for verti- in multiband and tunable-wie isotropic antenna waveguide, 
‘al antennas, 561-505, 669, antennas, 206 anas 
зи in vertically polí HF antennas, backiubesin, 400, 400, 401 
Пам or lar tower, 567, 687. 175,105 ешш, 400, 400, 401 
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isotropic antenna waveguide 
(Cont 
tipo antenna elements and, 
30608, 207, 300 
directivity in, 397, 308-403, 400 
p] 
gain vs aperture in, 402-403 
impedance in, 396, 
interference and, 400-401 
near eld and far Held calculations 
in. 106-200 
oli Loss in, 300 
radiation patterns and, 297, 398 
Facto resistance in, 296 
sidelobes in, 400, 400, 401 
воторіс radiation. 
in high-frequency dipoles and 
doublets, 140 
in microwave waveguides and 
antennas, 294 
in shortwave reception antennas, 
in vertically polarized HF antennas, 
17-181, 181 
isotropic sources, 10-14 
ISWR (Seo current standing 
‘wave ratio) 


, 


pole antennas, 201, 352-355, 
256 

Jansky, Сап, 421 

JFET ирег fur oop antennas, 
small receiver-type, 21-310, 
216 

Johnson noise, 417 

joints and bends in microwave 
‘waveguides and antennas, 
5800, 389, 290 

“Jupiter reception antenna, 
1 420 


K 
Кш, 22-27 


kilohertz ав unit of frequeney, 7 
Ku bands, 6 


L 

Lection coupler, 214, 208, 
238-230 

Lesection network or impedance 
matching, 458-400, 459 

lag voltage, 136 


A large loop antennas, 287-289, 
285,285 

МА шее, antenna, 510, 610 

Lav or Reciprocity, 220,271, 094 

LG lani circuit, 520, 826 

leakage resistance, 140 

ahne 120, 127 

length of antenna elements: 

"n coaxial cale, 438 

in dipoles, 141, 142-1 
100, 212, 256-256 

in directional beam antennas, 
255-257, 959-200 

in directional phased vertical an- 
tennas, variable lengths in, 
p 

high-frequency dipoles and 
‘doublets, 141, 142-143, 
140-151, 100, 232, 255-256, 

in langviros, 213-215 218-210, 
218,221, 223 

"n oselfequency operation 
antennas, B04 

in microwave waveguides and 
antennas, 302 

in multiband and tunable-wire 
antennas, 204 

in vertical antennas, 504 

in vertically polarized НЕ ante 
Tsn, 183, 184 

in VHF/UHF transnitting'receiving 
antennas, 199 

"m Yagi antennas, 250-200 

Lewallen, Ray, 120, 31, 334 

licensing 3 

light, speed, В, 9, 11-14, 10, 525 

Limited space antennas, 231-244 

line attenuation constant, 87 

line liber tuner for marine rocío 
anionnas, 500, 500 

line ght transmission, 19,20, 
20-24, 28, 35,299 

linear loading in low-frequency 
operation antennas, 504-505 

linearly aded tee antenna, 51, 
5 

Ink tuned dipole, multiband and. 
tumable-wire antennas, 205 

Loaded toner designs, 507 

loading, 808, 501-505, 506 

automatic ай control (ALC), 515 

in low-frequency operation anten- 
nas, 503, 504-305, 506 


i, 149-151, 


wating (Cont) 

in low-frequency operation anten- 
"us, ей tower designs for, 
ыт 

loading coils, dipoles and doublets 
"m, 157-180; 187 

Jong path transmission, SL 

Jong wave band, 8 

ongiires, 213-229 

angie of radiation in, 214 

antenna tuning unit (ATU) in, 
10,24 

apex angle in, 221 

balms in, 171, 171 

Beverage or "wave" antenna in, 
221205, 226, 228, 229 

capacitors fur, 215 

characteristic impedance in, 223, 
Е 

countespoiso, 170-172, 171 

‘double vee antennas, 24 

electrica vs. physical length of, 
213-214, 217, 218-210, zz 

electrostatic elds and electro 
‘charge in, 219 

endî longwire, 217-219, 217 

ївейриша in, 217-218 

"apo installation af, 234-230, 
295, 297 

Snin in, 214,218, 218, 221 

around plane verticals in, 172 

rounding of, 215-210, 216 

as hidden and lites spare 
antennas, 232 

impedance and impedance 
matching in, 214, 229, 226 

inductors for, 214 

interference and, 214 

[section coupler for, 214,218. 

gth of, 212-215, 218-219, 18, 

221.250 

as marine radio antennas, 407, 
“498 

maximum effective length (MEL) 

emen and amable 
antennas, 200,210. 

non-resonant single-wire longs 
antennas in, 220 

nonresonant vee beams, 
200, 224 

quarter wavelength, 214, 217 

ada fu, 215 
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лому (Сонг). Joop antenas, large design (Cont) оор antennas, stall receivertype 
radiation patterns 219,220, impedance and impedance maleh- (Conr) 
220-241, 222 nun, 202-2903. 20 preamplifiers fur, 304 

wenden eth type, 219-214, 214 impedance in, 287-288 alen for, 313, als 

resonant уя non-resonant types induetsereactaneeim 288-259, radiation patterns in, 209-300, 
PE E 300, 301, 303,313 

zombie beam, 221, 2-224, A largo Loop antennas in, тийп direction finding (RDF) 
225 287-250, 288, 289 using, 301 

safety sues in, 215 Ioas in, 285-280, 289 emote turing in, 07-309, 310 

fs shortwave reception antennas, rals in, 299-300, 300, 301 selfresonant point in, 317, 317 
277-278, 278 QA) large lop antennas, series resonant tuning in, 

as standing wave antennas, 220 200-200, 290, 201 307-309, 308 

Steerable notch Beverage antennas orthogonal lobes in, 290-300, 300, — shape constants in, 303, 308% 
ana, 29, 220 EN Sharpening o, 313 

terminated antennas as, 220, 221 radation pattems in, 287, shielded ор antennas as, 

Чї angle in, 23 200-300, 300,201 009-31, 311, 312 

transmission ше for, 217-218 square loop (14) large antenna, split frequencies in, 202 

traveling wave antennas in, 220, 200-205, 290 spoder loop for, 313, 314 
E "opantennas smalbreeeiwertype, sports anis nop as, 309 

true knen antenna, 217-210, Е) transformer loops in, 306-207, 306 
мт (вее also loop antennas, large triangulation of radio signal using, 

tuning af 214, 215, 215 design; oop antennas, small E 

we beam, 221-223, 222 ‘uansnuttersype) tuning of 304, 307-300, 908, 

VHF/UHF transnuting/oceiving dr care frame loops "eax" ops) 312313 
antennas, 340-341 im, 202-306, 204. он. 

voltage standing wave ratio amateur radin, 302 use of ALA 
(VSWR) in, 215 арос far, 313-116, 316 varactr tuning in, 300,310 

wavelengti-moasurement in, 217, angle of arrival signal in, volage VHF, 302 
218-219 per VLFAE loops, special problems in 

window antennas, 238, 24 Armstrong oscillator circu for, am 

wire used in, 214 312,316 voltage in, 203, 04 

Zepp antenna in, 104-165, 165 capacitance and capacitors in, keen antennas, small transmitter 

looking in" impedance, 2-86, 372204, 307-309, 317 type, 319-325 

Joop antennas, 129, 131 capacitance tuning uf, 307-300 ee also op antennas, large 

Loop antennas, large design, (osa able loop antennas, 18, designs Joop antennas, small 
287-207, 200 зів receivertypo) 

(See also loop antennas, small cochannel interference, 302 bandwidth al, 220-321 
Teceivertype; loop antennas, coupling loops in, 306-307, 306 capacitance and capacitors in, 
«mal transmitter type) current ш, 299 320-381 

antenna tuning unit (ATU) in, 287 depth wound loops in, 03 capacitar voltage in, 321 

bisquare loop Lange antena Xing using, 311-203 circular loop transmitter antenna 
200-207, 207 effective height of, 304 15,323,828 

current in, 289 Faraday connection and Faraday curent in, 320,324 

"lea loop (14) lange antenna, ‘held in, 318 "sign equations for, 321-322 
290-293, 291 Grover equation in, 303-303, 300 distributed capacitance in, 221 

delta loop large antenna, 29, 295 height of, 304 efficiency in, 321 

Чопай оор antenna, 299,294 inductance in, 307 sain in, 219-320 

‘amor nop (A) large antenna, isopotents ine in, 303 inductance in, 321 
20-200, 291 Joe frequency (LF), 302 inductive reactance in, 319, 321 

feedpoints in, 287-288, 292 nulls in, 299-300, 300, 901,003, loss resistance in, 321 

fain in, 288-289, 289 305 octagonal loop transmitter an- 

alle рег (HDS), 206-200, paralel tuning of, 307-309, 308 tenna in, 310,820, 372,322, 


206 lana windings in, 303 32,24 
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896 Index 
Joop antennas, small transmitter low-frequency operation uten matching stub ystems, 405-400, 
type (Cont) (Cm) 406, 407 
Patterson octagonal оор transmit- impedance matching in, oftowers, — maximum effective length (MEL), 
ter antenna as, 322, 322 тот. 508 эт 
quality actor (©) in, 320-321 inductance loading af vertical maximum usable frequency (MUF), 
radiation patterns in, 24, 325 antennas in, 508 1345,47 
radiation resistance in, 319,321 inductive loading in, 503, 504-606 Maxwells equations, 8-0 
resistance ш, 319,321 inyerted-Lantenna би, 510, 510 measurement and adjustment tech: 
square lop transmitter antenna —— A4 inverted antenna for, 510, niques, 483-438, 515-542 
in. 010, 220 510 antenna adjustment in, 523-524 
tuning capacitance in, 320-821 length of vertical antenna in, 504 auomati nad control (ALC) n, 
voltage in, 320, 323 linear angi, 508, 504-506 515 
voltage standing wave ratio nearly loaded tee antenna for, basie radio system in, 515, 516 
(VSWR) in, 320 511,512 bridge to measure RE power in, 
loss, 21-12, 19,27, 140 loaded lower designs for, 507 500,502 
in coaxial cable, 438 loading in, 503, 501-505, 506 capacitance measurement in, 
in high-frequency dipolesand raria layout for, 502, S02 Sarai 
doublets, 143-146 random length Marcom antenna current transformer wattmeter in, 
in А Large loop antennas for, 507-510, 509 534-508, 535, 536, 537 
288-289, 289 shortened horizontal antennas far, db oscilator/dip meter in, 
loss coefficient seale in, 109 bon 527-520, 527, 528 
in microwave waveguides and shortened te antenna, П, 513 —— dummyloads in, 540-542, 540, 
‘antennas, 396, shortened vertical antennas for, 541,542 
int and tunable-wire Зас о, 508 ters in, 515 
antennas, 210 shunt fed systems in, 507 forward power in, 508, 589 
in Smith charts, 108-109 lower sideband (LSB), 55 arid dip meter in, 527-529, 828 
in transmission lines, 83-84, lowest usable frequency (LUF), 45 harmonics in, 515 
1-04, a00 high-power RF waltmoters fot, 
in vertically polarized HF antes №. 528, 38 
nas, 183 magnetic elds, 129, 120, 127, 128, impedance bridges in, 519-521, 
losscoelücien seale, 100, 112-114 im microwave waveguides and 520,521 
Joss resistance in loop antennas, antennas, 275-370, 875,383, impedance in, 525 
‘val transmitter type, 221 Г inductance measurement in, 
lossy iru, Smith charts, 117, mage, fax, 126, 127 px 
ns man-made таве (ЧЕМ), 245 Lû tank огош in, 526, 826. 
low frequency (LF), 421 Marcon, Guglielmo, 1 matching unit in, 515 
Toop antennas, small receiver marine radio antennas, топы wattmeter in, 53), 
type, 302 301407, 407 523 
low-frequency operation anten- Citizens Band radios and, 400 тапш wattmeter in, 
nas, 501-513 rounding and ground systems B-S, 834 
VHF/UHF transmitingteceiing for, 495-496, 495, 496 nonresonant antenna adjustment 
antennas vs, 330 HF SSB mente in, 400 in, ba en 
borgen operation antennas, iin, Matlener tuner fur, $00, 800 ule resonant circuits in, 528 
БЕ ийге antennas, 407, 498 power in, 115, 531-592. 
continuous loading in, 03, tuners, 497-7 Power-requency calibration in, 
504-505, 808 УНЕР use in, 405 518, 58 
detta feed systems in, 507,509 whip antennas for, 400-207, 407 reactance testing/adjustment in, 
discrete loading in, 508, SOLUS  mast-mounted vertical antenna, E 
rounding and ground systems. 546,46, 500-561, 861, 862 reflected power in, 538, 530 
for, 501-502, 502 ‘masts and supports, 500-500, 67, resistance resting/adjustment in. 
hairpin” loading scheme in, 06, 886 p 
506 matching section, quarter resonance testing/adjustment in, 
impedance malehing in, 505 wavelength cas, 202 
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Index 597 
measurement and stent microwave waveguides and microwave waveguides and 
techniques (Cont): antennas (Cont) antennas (Con. 
RP noise bridge in, 521-822, Sl corporate feed systems far, A09, oluniclossin, 360, 371, 396 
RE power measurements in, au parabolic "dili antennas as, 
Lej coupling methods for, 390-303 404-400, 407, 408, 409. 
RF wattmters for 529-539, 881 cutoff frequency (F ) in, 381-383 ве shining in, 409, 412, 413 
series tuned cireuits in, TBS "lette Ios, 360 Phase velocity (V) in, 377, 379, 
surge impedance ( ) in, 510 "pol antenna elements and, 280 
thermocouple for RË ammeter in, 305-395, 397, 399 pipe analogy of, 69-370, 370 
500, 820 directivity gain (G Jin, 401-402 power gain (d,) in, 401-402 
‘transmission lines in, 516-517, 525 directivity in, 996, 397, 398-409, propagation cónstant (B) in, 384 
tuned бсш! measurements in, 400 propagation modes in, 373-281 
3 dominant mode in, 376-377 ‘quarter wavelength shorted stub 
tuning antennas in, 524 "anim loud ш, 385-388, 386 эз, 37-373, B72, 373, 314. 
voltage measurement in, 521 effective aperture (A, in, 394 radit v nonradiating slots in, 
Voltage standing wave ratio ‘effective radiated potter (ERP) in, 3 
515, 517-510,529, l radiation loss n, 360,972 
electric Hohe in, 389, 206-296 radiation patterns and, 107, 398 
Wheatstone brilge in, 510-521, end plate 1, 385, 388, 388 radiation resistance in, we 
520 Tatpiae array antennas, 411, 413, rectangular waveguide using 
mediam wave (MW), 8, 17, 0,45, 414, 415 paralel transmission lines and, 
01, 224-298, 226, 228, 229 free-space velocity (C) in, 377,380 370-373, 871 
meteor scatter propagation, 54 Frequency in, 373, 374, 375,376, reflector antennas, 404, 405, 40 
mücromalch wattmeter, 533,583 350, 283-384, 384 resistive vano dummy ай ш, 385 
microwave transmissions, 95,8, gain in, 304, 395, 398-400 rotating joints in, 20, 201 
1,17, 18, 19,22, 29, 29,20, 32, — gin vs. aperture in, 402-403 safety ees, 13-115. 
37.40, 61, 69,300 ‘aphitesand dum loadin, 385 — semipermanent joints m, 389 
microwave waveguides andanten- group velocity (V, ) in, 377, shielding in, 302 
mas 300-415, 421 зат ^ sidelobes in 00, 400, 401 
(Seo also parabolic ish hom antenna radiator in, skin effect in, 209,371 
antennas) "100-404, 402 slot атау antennas in, 411-413, 
“ajustable plunger or short-circuit Fk losses in, 385 m 
termination ш, 388, 388 impedance and impedance mateh- solid-state army antennas in, 
antenna design using, 304 “ng ш, 383-384, 191, 306 pm 
aperture (slot) coupling in, inductive loop) coupling in, 
90-300, 398 EC transducer actin of, 304 
aperture in, 402-403 insulators in, 971-372 transverse electric mode (TE 


array antennas ш, 409-411 interference and, 400-401 mode) in, 375 


attenuation in, 377 inverse square law (UD, transverse electromagnetic (TEM) 

backlobes in, 400, 400, 401 aoao fields in, 173 

beamwidth in, 400, 400, 401 isotropic antenna waveguide, transverse magnetic mode (TM 

boundary conditions ш, 375-370 om mode) in, 375 

branch feed systems fur, 400,442 isotope radiation in, 304 velocities ш, 377-381, 378 

capacitive (probe) coupling in, joints and bonds in, 388-300, ag, voltage standing wave ratio 
200-300, 392 390 (VSWR) in, 88 

cavity antennas, 404, 405 law of reciprocity and, 394 wavelength in, 177-381, 378 

characteristic impedance in, length in, 302 жейде dummy loads in, 385,886, 
Ern sos ш, 396, 387 

choke joints in, 389, 390 magnetic els in, 376-370, 375, military radio, панын and 

coordinate system to denote за, 95-190, tunable-wire antennas, 20 
dimensions in, 176-977, 977 materiale used in, 370 MiniNEC modeling software, 231 

comer reflector antennas, A04, near feld and far Beld calculations  miniNEC-VminiNEC-4 for model- 
405,406 in, 305-306 ing software, 38-320 
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598 Jude 
‘mirroring? of radio waves, 43,54 monthly variations in radio propa- — mulibund and tunable-wine 
mismatch (VSWR) losses, transmis- tion, 40 antennas (Cont) 
sion lines, 01-94 Morse ende, 1, 2 harmonics in, 210 
mixing. 55 mounting (Sev also construction impedance in, 210 
mobile HF antennas, 479-485 and installation techniques) insulators spreaders) in, 206 
. inverted-vee dipole for, 205, 206 
480,351 "lil, 233, 250 gth of, 201 
бий strength meters (FSM) for, directional beam antenna, 2356 Пашей pale for, 205 
483-450, 484, 485, 455: emergency operations antenna, on longwires for, 209, 210 
helical whip antenna as, 481, 482 ‘vehicles, 491-402 Testes in, 210 
multiband an landed antenna as, fence posts as supports for quad beam antennas for, 200 
481,482 ‘vertical antenna, 561-505, banden dal angie antennas 
A factor in, s 563, 561 in, 200, 210 
ridul-to-molale-sutenna connec: Door fanges in, 256 transformers for 210, 211 
tion etal, 488,489 hidden and lito pace antenna, transmatches in, 208-200, 209 
rezonance in, 483 E trap dipoles in, 204-206, 204, 208, 
tope loaded antenna 35,481,482 high-frequency dipole and tunability of, 203 
tuning of, 483-485 doublet, И tuned feeder antennas in, 206, 
voltage standing wave ratio mast-mounied vertical antenna, 207 
(узун), 483 D tuning of 205 
used as windowsil-mounted, 228, pulley system for, 557-558, 588 voltage standing wave ratio 
E gate ange hardware in, (VSWR) and, 203 
modeling software for antennas, E incom antenna as, 200-210, 214 
ains shortwave reception antenna, чый antennas as 203 
coordinate system used in, 228, 27-278, 278 ‘multiband fan dipole, 160-170, 170. 
329, 330 enen hardware in, 558,889 muliband пор акі mobile 
Espert MiniNEC, an temporary mast mount tor antenna, 481, 482 
ЕЛМЕС tor Windows, 31, emergency antenna, 402,498 mula windings in transformers, 
321537, 398, 336, 837 Tit hardware, 538, 889 anm 
EZNEO Professional, 129 vehicle mounted emergency mult communication, 23, 49, 
GNEC, 120220 antenna, 491-492 [e 
MaiNEC, 341 vertically polarized HF antenna, multihop interference, 36, 36 
dane dnnn REC. 228-120 186, 189-190, 104-195, 194, multiple helical antennas, 428-431 
NEC, am 195-107, 196, 560-505, 561 429,430 
NECIOS, 391 VHF/UHF transmittingeceiying multiple radials from vehicle- 
NECWin Basie, 231-334, as antenna, 347 mounted antenna, 488 489 
NECWîn Plus, 130-331 molti impodanco halun, 476, 477 
Numerical Electromagnetic Cam- multiband and tunable-wire N 
putatian (NEC) programs I, antennas, 200-212 NAA ralio station, 2 
Ej antenna tuning unit (ATU) fr, National Bureau of Standards (Sce 
radiation pattems displayed in EU National Institute of Standards 
EZNEC for Windows, 396-397, balanced transmision line and, and Technology) 
a 208 national identifiers in call signs, 3 
тирии pattems displayed in balancing ne, 208-200, 209 National Institute for Standards 
NECW Basie, 12,393,894 balun for, 208-209, 209, 210 and Technology (NIST), 40, 47 
Voltage standing wave ratio coaxial cable in, 208 Naval Research Laboratory 2 
(VSWR) modeling in, 339,885 dipoles in, 204-205, 20 near Пе! and ar field cacaos 
voltage standing wave ratio ued Zepp antenna in, 208,308 m microwave waveguides and 
(VSWR) modeling in, 337,838 feeding parallel transmission Ine antenas, 306-306 
monomatch wattmeter, 53-534, for, 208-212 NEC- modeling software, 330 
EN feedpoint ш, 204,210 ЕСТМ modeling software, 331 
‘monopulse eds, parabole "dish" GSRV пашам dipolo antenna NECWin Basie modeling sawar 


amenas, 409, 410 in, 200-208, 207 HILIM, 382 
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Index 599 
NECWin Plus modeling software, Numerical Electromagnetic Cam- parallel resonant circuits, 526 
zon ийиши (NEC) programs, 328 paralel turing in loop antennas, 
Nitany-Scentbe, 329, 330,331 EXE 
modes, 57, 120 o parasitic elements in Yagi antennas 
noise, 37, 68-60 TA lago loop antennas, 200-20, pen 
amenna noise temperature as, 290,291 paths, 17-18, 18 
arro octagonal loop transmitter antenna, Patterson octagonal lop transmit- 
contributors to antenna noise 10,320,322, 2, 323, 024 ter antenna, 122,822 
temperature and, 419-420, olřcemterámi full wave doublet pedestals for towers, 508-570, 868 
anm (OCFD) 169, 163 permit zoning, and regulations, 
environmentalinatur noise off-centered nonresonant sloper E 
(QRN) in, 245 IDCFS), 104, 104. hase, 126, 128 
‘igure of merit and, 418 hme Joss, 143-146, 300,971,996 — phase constant, 82 
impedance and, 417-418 шшс resistance, 19, 27,140 pase contral circuit (PCC), 220 
Johnson noise in, ALT neten coaxial cable test, phase reversal stubs, collinear 
man-made noise (QRM) in, 2 437-438, 437 “Franklin array antenna in, 
noise bridge in, 521-522, 521. dune Jaw, transmission lines, 74. 105-166, 166 
522,523 Ad grounded vertical antenna, phase shift, 19, 21-29, 129, 400, 
noise factor (F in, 418 200-301, 202 412, 413, 450-151, 451 
тоне figure (NF) in, 418 ominiirctionty hase velocity CV, ) in microwave 
noise temperature (T, ) m, in high-frequency dipoles and waveguides alid antennas, 377, 
18-420 ‘doublets, 140 EX 
‘audrey vs, 345 moie vs, 245 ase-sliting icit, directional 
euler, 00 in shortwave reception antennas, "phased vertical antennas, 252, 
[RF noise bridge in, 521-522, 522 273,278 252 
signal-to-noise ratio (SNR) in, in vertical polarized HF anten-_phase-switching antenna matchet, 
E nas, 178, 170-181 shortwave reception antennas, 


sky noise sources, 410-420 open ino, en ЕТЕ 


thermal agitation noise, AIT Onon, 331 plast box, shortwave reception 
thermal noise in, 417-420. ortkogonallobes in loop antennas, antennas, 284, 286 
în transmission lines, 68-00 205-300, 800, 301 phasing switch, directional phased 
"n Yag antennas, 201 OSCAR satelite communications, vertical antennas, 249-250, 252 
noise bridge, 521-522, 521, 522, 3,350 phasing transformer, 240-250, 250, 
524 out-of-phase waves, 22 E 
noise factor (Fy), 418 phasing, phased radials, directional 
noise figure (NF), 418 Р phased vertical antennas, 
таве temperature (T,), 414420 parabolic “dish” antennas, 404-409, 20-250 
nanreciprocat direction propaga- 407,408, 409, 121 Té networks, 401, 461 
ҮЛ апте ш, 407 picket fencing; 23 
nonresonant antenna adjustment, Cassegramecdim, 408-409, 409 piezoelectricity, 69 
524-525 ошо frequency in, 406 Tanar windings in Кор antennas, 303 
nonresonant loop antennas, directrix in, 404 planetary terminator, 51, 58 
ЕТЕН effective aperture in, 407 ger or short-eireuit termina- 
nonresonant single-wire longwire feed geometries for, 108-400, "non, microwave waveguides 
‘antennas, 220-220 408, 409 and antennas, 288, 388 
nonresonant vee beam longwise feed illumination in, 406 polarity, 126-127, 131, 194 
antenna, 223,224 заш ш, 405-408. reversal of, 120-127, 131, 134 
narmaleation of impedance, 05-97, monopulse feeds, 400, 410 polarization of radio waves, 12-13, 
m Tay tracing shovang operation of, 13, 27, 26 20,55, 173 
northern lights, 54 407 in Beverage antenna, 226-227 
nul steering, 229 splash plates in, 408 in directional phased vertical 
mul in Joop antennas, 200-300, ey coordinates in, 404 antennas (See directional 
300, 301, 305, 308 parallel ines, 59-63, 60, 65-06 Phased vertical antennas) 
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600 Lider 


polarization af radio waves (Cont): 

in vertically polarized HE 
"antennas, 173-202 

polarization diversity, 55, 58 

power, 11,21, 140, 515, 531-532 

in RF power measurements, 
aa e 

in vertically polarized HE 
antennas, 150 

power densi 10 

power fading, 36 

Tower gin (Gp) m microwave 
‘waveguides and antennas, 
pe 

poyerdrequenc calibration in, 
E 

preamplifiers for loop antennas, 
E 

predictions ot propagation 55,80 

propagation constant (B), 8, 
EN 

propagation modes in microwave 
‘waveguides and antennas, 
anas 

propagation of radio waves, 8-58 

propagation predictions, 5, 88. 

pulley system for mounting, 
557-558, 508 

puro reactance circle, Smith chars, 
100, 103 

pure resistance ine, Smith charts, 
06-07, 08 


a 

multiple for lop antennas, 
mal recetveraspe, 113, 315 

QE nose, 245 

QN naise, 248 

quad beam VHF/UHF antenna, 36, 
EX 

uad beam antennas, 303 

uad Joop antennas, 263-207, 24, 
206, 207 

quali factor (G), 85, 10, 
20-121, 44 

‘quarter-wave matching (Q section) 
‘sections, В5, 140, 109-200, 19, 
157-165, 468, 469 

quarter waye vertical polarized HE 
antenna, 173 

‘quarter-wavelongt lonswires 214, 
217 


quastervavclengih ines, 84-85 


uarter-wavelength shorted stub 
poking in” impedance in, TZ 
microwave waveguides and anten- 
nas va., 79-370, 078, 373, 974 
transmission ines а, 86, 87, 88 
quarter-wavelength vertical 
antenna, 181, 182, 153, 157 


R 

radar 3,30, 52 

адалат Ња-а connection. 
"cai, 45, 489 

‘daly scaled parameters, Виш 
charts, 106-109, 107 

radials 

în grounding and ground systems, 
577-010, 579, 580 

in impedance matching, 460 

in langviros, 215 

low-frequency operation anten- 
mas, 502,502 

‘multiple, from vehicle mounted 
antenna for, 488, 489 

lia Чоно antenna connec- 
on detail in, 488, 489 

in vertically polarized HF anten- 
nas, 176, 180, 189, 500-561 

radiated le 

dating vs. nonradating slots, 
microwave waveguides and 
antennas, 393 

radiation angle, 30, 48-50, 80 

тааз loss, 300, 372 

‘dation patterns: 

în Adeoek antenna, 48 

în beam antennas, 207-258, 288 

atid, 441, 442 

in directional phased vertical 
antennas, 240-250, 246, 247 

ЕЛМЕС for Windows modeling of, 
(0-07, 887 

in high-frequency dipoles and 
‘doublets, 140-152, 147 

in isotropic antenna waveguide, 
LI 

in A? large Jop antennas, 287 

in langwires, 210, 220, 220-221, 
тз 

in 100p antennas, large designs, 
299-300, 800, 301 

snoop antennas, small receiver- 
type, 209-300, 300, 301, 303, 
an 


radiacion pattems (Cont) 
în loop antennas, small transmitter- 
туре, 324, 325 
în loopstck antennas, 430, 440, 
и 
 NECVin Base modeling of, 392, 
339, 334 
insense antennas, 431, 442 
in switched pattern RDF antenna, 
454-150, 464 
in vertically polarized HP anten- 
nas, 178-181, 181, 182 


in Yagi antennas, 257-258, 288 

radiation resistance, 140 

în high-frequency dipoles and 
Чо, 143-148 

in loop antennas, small transmitter- 
туре, 319,321 

in microwave waveguides and 
antennas, 306 

in vertically polariand HF antennas, 
150, 184, 186 

radicar, high-frequency dipoles 
ані doublets, 141 

radio astronomy antennas, 421-432 

sirechonal dene пш 
radiator (DDR) antenna in, 
424-427, 426, 4271 

helical antennas in, 427-428; 429 

interferometer antennas in, 441, 
431,432 

Jupiter reception antenna, 
421-422, 428 

‘multiple helical antennas in, 
428-431, 429, 430 

ring antenna, 422-424, 423, 424, 
uas 

summation interferometer array 
antenna, 411 431 

‘radio direction finding (RDF), 
09-306, 

et antennas far, 440-447, 
445, 449 

AM broadcast band (ВОВ) in, 439 

irdirectianality of loopstieks in, 
m 

Cardioid radiation pattem of sense 
antenna in, 441, 44 

CONALRAD station frequencies 
m 

Doppler antennas, 450-451, 81 
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adi direction finding (RDF) 
(Сонг), 

double ducky direction finders 
(DDDF) in, 455-456, 458 

"tox hunting? antenna in, 4H, 445 

Global Positioning System (GPS) 
and, 443 

improvisation of, using portatile 
AM radio receiver, 44, 44 

оор antennas in, smali receiver: 
type, 301 

Iopatick antennas in, 430-440, 
m 

measurements in, 433 

radiation patterns of loopsticks in, 
459, 440, 441 


“rubber ducky” VHP antennas in, 
454-450, 455 

5 meters in, 439 

sense antenna for, 441, 442, 140, 
ит 

shortwave and AM BUB “sip, 
per 

switched-pattern RDF antenna in, 
454-450, 454 

time difference af arrival (TDOA) 
array antenna in, 452-454, 
вз 

triangulation of radio signal in, 
am 

Watson Watt Adeock array anten- 
таз in 447-150, 449,450 

‘wide-aperture direction finder 
ТАРЕ), 451 

Wullenweber array antennasin, 
451,462 

Radio Lisemboung effect, 54 

radi system. 515, B16 

radi vectoring, З 

radi wave configuration, 5-0 

тишд! anges, 200,210, 
213-214, 214, 507-510, 500 

ray tracing, 32-13,407 

reactance, 140,524 

(See also сарае reactance; 
“inductivo reactance) 

in high-frequency dipoles and 
‘doublets, 14 

Smith chart, 109, 217 

Smith carts, capacitive reactance 
in, 100, 102 


reactance (Cont) 
Smith charts, constant reactance 
‘eves ш, 100-105 
‘Smith charts, inductivo reactance 
in, 100, 10 
Sith charts, pure reactance 
апе in, 100,108. 
in transmission lines, 85-56, 109, 
E3 
in vertically polarized HP antennas, 
150,184 
ober, Grote, 421 
receivers, 123 
теру, la, 220, 271, 304 
recombination phenomena, 18 
rectangular waveguide using paral- 
lel transmission lines, 370-373, 
am 
flected power ,) 89, 538, 838 
reflected waves, 128, 124 
reflection, 16-17, 21, 22, 50, 52, 
E 
reflection coeficient, 21, 22 
‘Suh charts, 108, 106, 100-109, 
[m 
transmision lines, 71-79, 89, 112, 
n 
reflection les, 113-114 
‘elector antennas, A04, 405, 406 
reflectors as antennas 
pr 
reaction, 10-17, 16, 23-24, 24, 
25 80.30 48 
activity of atmosphere, 24-27 
regalar wire оор antennas, 444, 
m 
‘emote tuning, loop antennas, small 
tecciver typo, 307-300, B10 
‘repeaters for emergency operations 
antennas, 487 
resistance, 27, 140,309, 424-437, 
[^ 
in high-frequency dipoles and 
‘doublets, 142-140, 145 
în Joop antennas, smal transmitter- 
‘ype, 19,321 
in Smith charts, constant ar isore- 
sistance cidos in, 97-100, 99 
in Smith charts, pure resistance 
nein, 95-97, 9! 
in Sith charts, unity resistance 
circo in, 100 
in transmission lines, 4,525 


Index 601 


resistance (Cont) 
in vertically polarized HE 
sienna, 183 
resistive vane dumny айп 
‘microwave waveguides and 
antennas, 285 
resonance, 140, 524 
in dipoles, 207 
in high-frequency dipoles and 
doublets, 143, 149-151, 150 
in mobile HP antennas, 483 
resonant frequency, 433 
resonant vs non-resonant lang- 
wires, 217 
retum loas, 108-109, 113, 114 
RF ammeter, 520, 530 
RF noise bridge, 121-322, 61 
RF power measurements, 
Sansa 
RE wattmeters 829-530, 581. 
Fhombic beam longwire antenna, 


om inverted vee antenna, 169, 
169 

right-ange flange mounting hard- 
wae, 256 

ring antenna, 422-424, 428, 424, 
чаз 

RLC networks, 59, 14 

rotatable dipole antennas, 239, 
242, 259-207, 207 

rotating joints in microwave wave- 
guides ad antennas, 390, 301 

rubber ducky” VHP antennas, 
404-106, 488. 


s 

S meters in RDP antennas, 439 

safety tau, 519-548 

burns or shocks from RE through 
vertical antennas, 191, 195 

hidden and mie space 
antennas, 233 

longsires, 215 

microwave waveguides and anten- 
та, 413-110 

shortwave reception antennas, 
276, 277, 270 

VHF/UHF transmitting'receiving 
antennas, 240 

“salt pipe” to apply chemical soil- 
conductivity improvers, 
576-577, 877 
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salt to alter soil conduetivity, 
875-576 

satelite communications, 3,239, 421 

Scanner band VHF/UHF antennas, 
"368 

scanner skyhook VHEIUHF 
antennas, 902-208, 968 

scanner vision antennas, 200-302, 
E 

scatter propagation, 51-54, 58 

aesaonal variations in radio propa- 
ation, 24, 40,41 6, 51,178. 

selective fading, 6 

selEzesonant pnt, loop antennas, 
small eceivertype, 117,817 

semipermanent joints in microwave 
‘waveguides and antennas, 280 

sense antenna ш RDF, 441, 448, 
ui 447 

series matching section, 468-471 

series resonant tuning, loop anten- 
nas, small receiver type, 
зит лою, 208 

series tuned cireuits, 520 

acres ed vertical antennas, 200 

Shape constants, nop antennas, 
small eceivertype, 303, 303r 

slelded lop antennas, 309-311, 
E 

shielded parallel ine, characteristic 
impedance of, 66 

аше twin lead, 01, 61 

Sllding in microwave waveguides 
and antennas, 202 

shocks hazards from RF through 
‘antennas, 191, 196, 215, 235, 
270,270 

short path n, Б1 

prom 

shortcut termination, in 
‘microwave waveguides and 
antennas, 3885, 388 

shorted ines, ST 

shorted stubs, transmision lines, 
mi 

shorted stubs (Soe stub matching 
stems] 

shortened collated pales, 
157-100, 158 

shortened tee antenna, B11, 513 

Shortwave and shortwave reception 
antennas, 24, 8, 37, 41, 54-55, 
anos 


shortwave and shortwave reception 
antennas (Cont) 

angle uf radiation in, 274, 274 

antenna matching transformer in, 
pr 

antenna matching tuner in, 281 
E 
274-200, 278, 276 

dipole as, 272, 273, 274 

directional wire antenna in, 
281-280, 284 

directivity of, 272 

"atop antennas or, 279, 280 

fam in, 272 

rounding for, 276, 277, 278-279, 
279 

interference and, 272, 273, 274 

isotropic radiation in, 272 

aw of reciprocity in, 271 

ongiire antennas for, 277-278, 
278 

mounting tor, 277-278, 278 

‘multiband wire vertical antennas 
or, 281, 282, 283 

endeten din in, 272, 273 

phase-swithing antenna matcher 
in, 254, 288 

phasing box for, 284,286 

properties of importance i, 
т-а 

rali direction finding (RDF) 
antennas for, 444446 

safety issues ш, 270, 277, 270 

skip propagation and, 274 

transformers in, 281 

vertical antennas far, 279-281, 
280, 282, 283 

Shunt feed systems, 200, 507 

side scatter, t 

sidelobes in microwave wave- 
guides and antennas, 400, 400, 
101 

signal-to-noise ratio (SNR), 37,4, 
200 

simple refraction, 20 

single-sideband (SSE), 56, 495 

эш lec, 200, 371 

жар distance, 47-48, 48, 47 

skip propagation, б, 20,17, 41, 
47-48, 48,49, 51,55 

raio direction finding (RDF) 
antennas and, 444-446 


skip propagation (Cont) 

shortwave reception antennas 
ani, 274 

vertically polarized HF antennas 
and, 176-179, 178 

VEURE transmitting'receiving 
antennas and, 339 

skip zone, 47-48, 48 

sky nose sources, 419-420 

Жу wave, 47-48, 48, 49, 302 

took VHF/UHF antennas, 
162-108, 968 

p-up tower, 507-065, 568, 560 

sloping (sloper" or "sole? 
е: 153-154, 154, 158, 26, 
E 

half-delta sloper (HDS), 205-29, 
206 

affcentered nonresonant sloper 
(OCFS), 164, 164 

er antenna in, 108-160, 
168 

alot апау antennas, 411-413, 418 

Sith charts, 15-121, 96 

absorbed power (P in, 13-114 

admittance in, 100112, 14 

“angle of reflection coefficient 
оше in, 108, 100, 112 

angle of transmission coefficient 
“cl in, 103, 106 

applications for, 109-121 

capacitive reactance in, 100, 102, 
17 

complex admittance in, 105 

‘components of, 00-100 

‘constant reactance circles in, 
100-105 

constant resistance circles in, 
‘7-100, 99 

frequency in, 117-121, 119, 120 

impedance and impedance match- 
ing, 110-112, 111,115 
manns 

impedance radius in, 100 

inductive reactance in, 100, 101, 
ur 

isoresistance circles in, 97-100, 
Ej 

Jes cef 
nens 

лоху сташ and, 117, 118 

normalized impedance inen, 
"esas 


vale in, 109, 
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Index 603 
Smith charts (Cont) spoiler оор, оор antennas, small tub matching systeme (Cont) 
pure reactance circle in, 100,08. receivertype, 213,314 in VHFJUHF transmiting/teceiving 
pure resistance ine in, 95-07, 98 sporadi E propagation, 41, 40 antennas, 345-240, MS 
dal scaled parameters in, sort fanis loop antennas small Voltage standing wave ratio 
10-109, 107 тесеуеглуре, 309 (VSWR) in, 115, 117 
reactance ш, 109, 117 spreaders, mukiband and tunable- — wavelength calculation in, 115 
reflection coefficient in, 100-109, wie antennas, 206 subretraction, 31, 32 38 
111 square lop (1A) large antenna, sudden ionospheric disturbances 
reflection logs 112-114 290-253, 200 (Gib, 40-47 
retum losin, 108-109, 119, 114 square loop transmitter antenna, summation interferometer array 
standing wave ratio (SWR) in, 108 19,330 antenna, 41, 431 
stub matching systems problems stacked dipoles, 160-163, 162 sunspots vs. rado propagation, 
solved using, 109, 114-117, stagger tuning in high-frequency 0-41, 40,43, 46,47 
115, 116 "ils and doublets, 157 superefractin, 29, SL 26 
susceptance i, 117 standard refraction, 25 support posts, 505, 868. 
Transmission Ше problem solved standing wave antennas, 220 Support ropes, S51 
using, 100-114 Standing wave ato (SWR) 434 suburban ot installation plan, 545 
transmission han coeficient ‘mhigh-Hequency dipoles and surface waves, 17-10, 18, 27-20 
(TG) im, 112,114 ‘doublets, 144 Surge impedance (Seo character- 
transmission loss in, 108-109 in Smith charts, 104 etc impedance) 
unity resistance circle in, 100 in transmision lines, 80-91, 90 susceptance, Smith charts, 117 
voltage standing wave ratin standing waves, 87, 137-131, 180, switched-pattern RDF an 
VSWR) circle ш, 100, 104, E 454-450, A84. 
112, 114, 15, current, 134, 135, 130, 137,139 SWE analyzer, 434 
‘wavelength calculation in, 110, in high-frequency dipoles and 
из ‘doublets, 144 T 
wavelength circles in, 108, 105 measurement of, 137, 198 dl derne direcinal array, 25, 
Sith, Philip H, 95 in transmission lines, Т1, 78, 78 Е 
зой conductivity, 27, 28, 578-577, voltage, 194-130, 185, 186,139 tapped balun, 476, 427 
5701, 876,577 station grounding, 579-580, 881 toc antennas, 511,512, 618 
solar Mares уя. radio propagation, stationary waves, 128 tee-network: талата, 403, 469 
37,30, 0-47 steady-state ac response, transmis- Teflon, 61,62 
solar Пих index (SFD, 40 sion шев, 70, 70-82, 81 telegraph, 1,2 
solar storms, 37 steerable notch Beverage antennas, telescoping antennas, emen 
solid-state array antennas, 408-11 229,229 operations, 401 
505,2 step-function response, transmis- television, 1,22 
southern диз, 54 sion шев, 70-71, 70, 71 television intererence/broadeast 
space diversity, high-fequeney — strrup-end mounting hardware, Interference (TVYBCD 214 
dipoles and doublets, 160, EX Velesiion-scanner VHF/UHF 
space quadrature Beds, 127 storms, ionospheric, 47 antennas, 300-362, 361 
space waves, 17-10, 18 Strain relier, 059-504, 804 temperature effect on propagation, 
spark-gap transmitters, 2 stratosphere, 14, 15, 18 20-32, 32 
spatia) diversity 55, 87 stray capacitance, 138 temporary antenna construct, 
SPC ransmalch network, 463, 468 stripline or mierostripline, 63, 64, emergency operations, 
"spider web" ground system, 66-07 487458, 488 
‘vertically polarized HF antennas, stub matching systems, 114-117, temporary mast mount for emer- 
180, 144 105, 169-160, 466, 467 воку antennas, 492, 498 
splash plates, parabolic "dish" impedance matching in, 115 terminated Longer antennas, 220, 
‘antennas, 408 engil of stub calculation i, 221 
split frequencies, lop antennas, ит terminations for microwave wave- 
smali тесен shorted stubs, 114 uides and antennas, 285-288. 
Smuth charts fur, 109, 114-117, terrain effects, 28,32,38. 
115,116 thermal agitation nase, ALT 
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thermal noise, 68, 417-420 transformers (Cont) transmission lines (Cont): 
thermocouple for RP ammeter, 530, in directional phased vertical electrical vs. physical length of, 
зо antennas, 249-250, 280, 261 [23 
‘Thome array antenna, 267-200, feeding typo, 476,477, equivalent circuit for, 64, 516, 617 
208,269 ferte rods in, 475, 475 ‘fled neas 00,68 
three-dimensional (den radiation in high-frequency dipoles and halbvavelengih line as 81 
altern, dipoles and doublets, doublets, 140 hardline as, 02, 62 
147-148, 147 smulttampedance balun and, 476, helical ne as, 02 
tikt angle of surface wave, 28, 8 am impedance and impedance match- 
til angle, rhombic beam longwire, in multiband and tunable-wire ing, 71, 72, 82-56, 109-112, 
EJ antennas, 210, 211 nm 
tuted, centered, terminated, molar windings ш, 472 impedance matching network 
ked dipole (TCFTFD or in shortwave reception antennas, КО sect) ш, 5 
TFD, ТТЕР), 100-108, 167 ES incident power (E) in, 80 
time difference of arrival (TDOA) tapped balun and, 470,477 inductance in, 64 
array antenna, 492 454,488 toroid core mounting in, 471, 472, installation tips for, 439-438 
time domain reflectometry (TDR), du insulators i, 1 
75 50. 76. 77, 78,70, 80, 1 toroid broadbanded, forimped- Toad impedance in, 100-110 
time quadrature field, 127 ance matching, А75 477, 476 оез and, 217-218 
tameo day variations in radio toroidal type, 471-475, 472 Looking impedance of, 50-80 
‘propagation, 14, 16,32, 39-41, in transformer loop antennas, loss coeficient scale in, 112-113 
43,46,51, 178 306-307, 306 es in, 83-84, 91-04, 360 
top naked moble antenna, ASL, triflar windings in, 472 measurement and adjustment 
as tums in, 474 techniques for, 510-517, 525 
toroid broadband transformers, im VHF/UHF transmitting! mismatch (VSWR) losses in, 
r 476 receiving antennas, 341-346 т-м 
toroid cores 471, 472, 474 зиз, заз multiband and tumable-váro 
toroidal transformers, 471-475, windings in, 472-473, 478 antennas and, feeding, 
472 transmatch гий, 208-200, 209, pr 
towers, Ван, 505-572 402-471, 462 nodesin, 87 
fo- or n oe, 67, 867 transmission lines, 50-04, 516-517 пое and, 08-00 
an pale to raise, 570, 571. absorbed power (Pin, 113-114 ohmic losin, 200 
Kuy wires und ground stakes for, adjustments to, rt i38 Ohms law and, 74 
570, 72 ‘admittance in, 12, 114 open ше as, 50 
hinge baseplate, 538, 500-567 surartculaed line as, 62-859, 63 paralel lines as, 59-63, 60, 05-65 
impedance matching in, 507,808 angle of reflection in, 75 phase constant of, 82 
low-frequency operation anten- antinodes in, S7 propagation constan of, 82 
nas, loaded tower designs far, attenuation constant of, 82 Qsectionin, 85 
w Balanced transmission line and, quarter wavelength ines as, 84-85 
‘masts and supports for, 550-559. 208 quarter-vavelength shorted stubs 
587, 558 cable Ty 67 in, 80, 87,88, 
pedestals or, 568-570, 569 capacitance in, 64,00 radiation los in, 300 
raising af, 570, 870, 571 ‘characteristic impedance (Z) reactance ш, 5-86, 100, 525 
safety issues in, 543-548 al ren rectangular waveguide using 
slip-up, 507-568, 568, 569 coaxial cable, 59, 61-02, 61, 62, parallel type, 370-373, 871 
transducer action, microwave ê, 00,208 relicte power (P, ) in, 89 
waveguides and antennas, 304 (Soralsocuaxial cable) reflection coefficient in, 71-70, 89, 
tratare conductance in, 04 Tuna 
current standing wave ratio reflection loss in, 113-114. 
transformers, 199-200 (OSW) in, ва resistance im, 04, 525 
rore material in, 474 ошоп frequency (F,) in, 09 responses in, 70-94 
current transformer wattmeterin, dielectric Inss in, 300 return oss in, 113,114 
504-538, 885, 536,537 doubte-shielded coaxial as, 01,69 RLC networks and, 50 
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transmission lines (Cont) 
shielded parallel ine as, 66 
shielded twin leait as, 61, 61 
Shorted lines and, 87 
Shorted stubs, 86, 87, 114 
(Sev also stub matching systems) 
skin effect in, 360, 
Sith taris tor, 109-114 
standing wave ratio (SWR) in, 
pon 
standing waves in, 71,72, 78,87 
Steady-state ae response in, 70, 
[en 
step-function response in, 9-71, 
тот 
stripline or microstripline as, 63 
64, 00-07 
stu matehung systems (Se stub 
matching systems) 
surge impedance (7, ) in, 510 
"ime domain ellectmetry (TDR) 
measurements ш, 75-70, 76, 
71,78, 78,80, 81 
transmission Ioas coeficient 
(TLC) im, t2, 114 
troubleshooting tips for, 
duram 
twin lead as, 50,60 
velocity actor of, 67-68, 68, 525 
Voltage minima and maxima in, ВТ 
voltage standing wave ratin 
(VSWR) in, 88-04, 90,112, 
114,517,518 
waveguides vs, 80 
‘wavelength calculation in, 110 
benen loss, using Sith 
charts, 108-100 
transmission ines coefficient (TLC), 
112, 114 
transmitters, 123 
transmitting antennas, small loops 
(See loop antennas, small 
wander pe, 
transverse electric mode (TE 
ode) in microwave wave- 
(dos and antennas, 375 
transverse electromagnetic (ТЕМ) 
Teds, 9, 00, 373-375 
transverse magnetic mode (TM 
mode) in microwave wave- 
‘guides and antennas, 375, 
trap dipoles, 204-206, 204, 205 
traveling wave antennas, 220, 223 


traveling waves, 127, 125-120, 129, 
E 

trenching to apply chemical sail- 
conductivity improvers, 570, 
576 

triangle loop (14) large antenna, 
290-200, 291 

triangulation of rado signal, 302, 
am 

ria windings in transformers, 472 

tropical band, Beverage ог "wave" 

nain 221-218, 220, 228, 


troposphere, 14, 18, 20,51 
tropospheric propagation, 17-19, 
1829 
troubleshooting tips, 433-438 
true logre antenna, 217-210, 
тїт 
tubing construction of vertical 
‘ipo, 192-191, 198 
tunability, multiband and tunable 
"ir antennas, 209 
tunable dipoles, 100 
unable vire antennas, 202-212 
Tuned сисин measurements, 525 
tuned feeder antennas, 200, 207 
tuning, 524 
Antenna matching tuner in, 281, 
285 
ot ground res, 580-581 
ff high-fequercy dipoles and 
‘doublets, 140-152 
of longwares, 214, 215, 215 
‘flop antennas, small receiver 
Чуре, 304, 307-300, 308, 
uana 
of marine ralio antennas, 
"17-500, 409, 600 
of mobile HF antennas, 483-485 
af multiband and апае 
antennas, 203-205 
аг shortwave reception antennas, 
281 
tuning antennas, 203 
tuning capacitance and capacitors, 
‘op antennas, small transmitter- 
type, 40-421 
tums in transformers, 474 
TV receive-only (TYRO) satelite 
po 
twenty-seven day cycle af radio 
propagation 46 


Index 608 


twin rad, 50,60 

someter Yagi VHF/UHF antenna, 
352-063, 368 

werben phasing transformer for 
directional phased vertical 
antennas, 249-250, 280, 351 


U 

‘hott mounting hardware, 58, 
EN 

ultrahigh frequency UHF), 13, 
17-19, 23 29, 32, 30, 61 

in loop antennas, small receiver 
type, 302 

in VHFIUHE transmitting 
receiving antennas, 339-308 

ultraviolet (UV) radiation, 9, 39 

"umbra region, 17 

unity resistance ciel, Smithi 
charts, 100 

Universal Coordinated Time (UTC), 

upper sid (USB), 55 


v 
eier tuning, in oop antennas, 
smal receiver-type, 309, 810 
тийиш, ionosphere, 45-47 
oe beam longwire antes, 
221-023, 222 
vee dipole, 210, 289 
vee-slnper antenna, 168-100, 168 
velocity factor (V), 1,828 
of coax, 248 
of microwave waveguides and 
antennas, 377-381, 378 
of transmission nes, 7-08, 8 
velocity af propagatin, 8, 13-14, 


vertical antennas (Seo vertically 
polarized HF antennas) 

vertical coax VHF/UHF antenna, 
зас і зат, 348 

vertical dipole scanner ante 
314, 364,205 

vertical extent radiation patter, 
vertically polarized HF antes 
nas, 170, 180 

vertica plane radiation patter, 
hagh-frequency dipoles and 
doublets, 148-149, 1 

vertical polarization, 12-13, 18, 27, 
28,355,173 
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vertical polarization (Cont vertically polarized HF antennas vertically polarized HF antenn 
Beverage antenna, 246-227 (Cm) (Cont), 
helically wound antennas, 299, half-wave vertical dipole in, shunt vertical antennas in, 200 
249, 243 187-191, 190 slap propagation and, 176-175, 
vertically polarized HF antennas, hal-wavelength antenna, 181,182 178 
inam height of antenna in, 181, 187 "spider web" ground system fr, 
vertically polarized HF antennas, helically wound antennas, 239, 185,1 
173-202, 174 ma 2 tower installation, 888, 565-572 
aboveground mounted, 197 image antenna in, 173 transformers in, 199-200 
angie of radiation in, 176-179, 178 impedance and impedance match- tubing construction of vertical 
antenna tuning units (ATU) in, IT) ng, 173, 175-176, 183, dipole 102-104, 198. 
coaxial vertical antennas in, 184,186, 195-197, 100-200, vertical coax VHF/UHF antenna, 
шут 102, 193 109 346-349, зит, зан 
саа vertical scanner antenna instalation of, 560-572 vertical dipole scanner antenna in, 
in, 106-169, 367, 368 insulstoa in, 175, 195 
cosa ed, 178 isotropic radiation in, 179-181, verücalextent radiation pattem 
collinear vertical me nnr E in, 170, 180 
antenna, 349, 350 pale antennas in, 201 VERE ianstitting/receising 
collinear vertical antennas in, length of, 181, 183, 184. antennas, 340-341 
191-194, 198, limited space designs, 238, 240 voltage 173, 174 
construction of, 195-197 osos in 183 voltage standing wave ratio 
current in, 173, 174 low-frequency operation antennas, (VSWH) in, 176, 105 
аана тн grounded vertical зас ee, 803 window-sill antennas, 238, 241 
antenna ш, 200-201, 200 mast-mounted, 178, 104-195, Yagi antennas and, 201 
directionally phased (See 194, 546, 560-561, $61, 562 very high frequency (VHF), 13 
directional phased vertical mounting, 180, 189-190, 14-197, 17-19,23, 29, 30,32, 20,41, 46, 
antennas) 104, 196, 500-565, 561 51,85 170-171 
drooping radials in, 17, 177 namgroundmouned 195, 107 emergency operations antennas 
electri Belden, 173 non-quarter wavelength verticals ‘an, AST 
electrical connections for; 197, in, 181-185 loop antennas, small receiversype 
лав 060-501 omegs-fod grounded vertical "me 
beben circuits for, 107, 198. antenna in, 200-201, 202 marine radio antennas and, 5 
fence pasts as supports for verti- cmnidirecinnalty in, 173, vertically polarized HF antennas 
al antennas, 501-565, 568, mas Кал 
зи power calculation in, 180 VHFIUHF trnsmttingieceiving 
Ave-cighuhewavolengih antenna, O-secions in, 109-200, 199 antennas and, 20-108 
181,182, 183, 107-200. dern antenna, 173, very law frequency (VLF), 29, 55, 
our support posts for, 6 151, 183, 183. 187 n 
ses тийс used in, 176, 180, 189, Beverage ог "wave" antenna in, 
finn, 170-181 560-561 224-228, 226, 228, 220 
amused grounded vertical radiation patterns in, 178-15), VHE/UHF transmitting/receiving 
antenna ш, 200-201, 201 181, 182 antennas, 139-308 
ghost radiator in, 173 ruin resistance in, 188, 184, baluns in, 331-240, 942, 43 
round loses in, 183 E hands ol, 330 
round plane vertical antenas in, reactance in, 189, 184 ‘beam antennas in, 49-352, 361, 
176,177 resistance in, 183 au 
beau nen, 176, 195-107, safety issues, burns or shocks “bowtie” dipoles ш, 81, 302 
106, 361-565, 562 Irom RF through vertical citizens" band antennas as, 41 
rounding and ground system far, амаи, 101, 195 Coaxial vertical antenna fr 
170, 185-187, 188, 195-197, series-fed vertical antennas in, 340-249, 347, 348 
196, 200-201 200 coaxial vertical scanner antenna 
half slope vertical antenna, 238, shortwave reception antennas, in, 305-308, 367, 368 
200 270-281, 280, 282, 283 colinas vertical antenna, 340, 38. 
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Index 607 
VHFIUHF transmittingteceiving VHF/UHF transmitinglreceving voltage (Cont). 
antennas (Con) antennas (Cont) in vertically polarized HE 
ela feed match for, 343, 344, 345 voltage standing wave atio sienna, 195 
design limitations ш, HO (VSWR) in, 341 in ҮНЕЛЇНР tansnittinghecciving 
arne in, HS wavelength in, 399 antennas, HI 
drooping dipole scanner antenna  Yagiantennas in 349-352,881,952 in Yagi antennas, 261 
in, 301, 363 virtual height, 43, 44, 45 
effective radiated power (ERP) in, voltage, 123-120, 131-137, 182, МУ 
E 123 501 water analogy of radio wave props 
fiveeighths-vavelength meter (bose also voltage standing wave ‘ation, r 
antenna for, 351.854 СУ Watson Wan Adcock array anten- 
folded dipoles ш, 302, 362 in high-frequency dipoles and as, 147-450, 449, 450 
roguency spectrum of, 330, AL ‘doublets, 12-140, 143 wattmeters, 129-599, 831, 888, 
minin HS lag, 126, 584, 535, 536, 537, 538 
gamma match system for, MG, im Toop antennas, nal receiver. waveguides, 56, 300-415 
246 type, 200, 304 (Sve also microwave waveguides 
sroudplane antenna for, $56, 387 intoop antennas, small transmitter- and antennas) 
fsroundplane scanner antenna in, ‘ype, 320, 323 wavelength calculation, using Ваш 
364,306 minima and masima o (See anti- charts, 108, 105, 110, 115 
halo antenna for, 350, 388 nodes; nodes) wavelength, 7-5, 28 
Impedance matching in, 41-340, standing waves of, 134-136, 198, high-frequency dipoles and 
e 136.139 doublets, 141-142 
pole antenna for, 353-385, 385 in vertically polarized HF anten- longwires, 217, 218-219 
length ot, 339 ‘as in, 173, 174 crow waveguides and 
"necat communications and, voltage standing wave ratio antennas, 377-281, 378 
10 узу), 88-01, 90,515, VHF/UHF tranamittingirecehving 
аца as, 240-341 517-019, 529, 532 antennas, 330 
low frequency (LF) vs, 339 calcula of, 517-519 wave” antenna, 224-228, 286, 
ler band antennas on VHEIUHF, ЕЛМЕС for Windows modeling of, 228,229 
"an 07,338 weather-related propagation 
mounting, 347 frequency vs., 434-437, 485 phenomena, 25,6, 
OSCAR satelite communications im hidden and Jitsu тейде dummy ads, in microwave 
"E antenas, 208 waveguides and antennas, 385, 
quad beam antenna for; 350,358, im high-frequency dipoles and 386, 387 
E оша, 144, 146, 149-151, Wheatstone bridge, 619-621, 
safety issues ш, 340 150,100 520 
satelite communications and, 330 in ата, 215 ‘whup antennas for marine radio, 
Sanner band antennas, 360-808 in loop antennas, small transmitter- 496-497, 497 
Sanner skyhook antennas ш, type, 320 wide-aperture direction finder 
по а, a63 measurement of, 428, 495-437, (WADE), 451 
scanner vision antennas in, 436,029, 22 windings in transformers, 472-473, 
360-302, 361 in microwave waveguides and aca 
size of as ning factor, 340 antennas, 388 ‘Windom antenna, 200-210, 
Skip propagation in, 338 in mobile HF antennas, 483 тп 
stul matching system fo, in multiband and tunabe-wire Windom, Loren, 209 
(45-40, 45 ‘antennas, 209 windowsill antennas, 238, 24 
transformers in, 241-340, a4  NECWin Baste modeling ol, 333, wire antenna, baste design, 548, 
335 ыя 
Yagi antenna, 362-863, using Smith charta circle, 100, wire used logros, 214 
104, 112, 114, 115,117 Wireless telegraphy, 1-2 
vertical antennas as, 140-341 in stub matching systems, 116, 117 Wolf Number, 40 
vertical dipale scanner antenna in, in transmission Ines, 01-04, 112, World Administrative Radio 
31,364, 365 114,517,518 Conferences (WARC), 2 
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[m 
Wullenweber array antennas, 451, Mg antennas (Conr) Уай antennas (Cont) 

452 ‘gamma match feed system for, VHFYUHF transmitting/receiving 
WWV тй station, 40,47 "260-201, 261 antennas, 348-352, 351, 
AYWVH radio station, 40 impedance matching in, 200-261, as 

261 Yagi-Uda antenna, 258. 
x length of 259-200 
X banats, 6 noise and VSWR in, 261 z 
nu radiation, 30 parasitic elements in, 258-259 Zepp antenna, 104-106, M 
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Preface to the Adapted Fourth Edition 


"This edition is the thoroughly revised version of the earlier adapted edition. In order to fulfill the syllabi 
requirements of the course on Antennas and Wave Propagation followed at UG and PG levels in major Indian 
universities and technical institutions, the revised edition covers four new chapters on Wave Propagation: 
Basics of Wave Propagation (Ch 22), Ground Wave Propagation (Ch 23), Space Wave Propagation (Ch 24) 
and Sky Wave Propagation (Ch 25). Two more chapters on Radiation (Ch 4) and Microstrip Antennas (Ch 14) 
are incorporated for enhanced coverage of the text. With these incorporations in place, this new text has taken 
эп entirely new shape and promises to be one stop solution on the subject for the user. 


"The appendices include many useful tables and references, programs and objective type questions. The book 
features numerous helpful graphical displays. The exercises at the end of chapters are quite challenging and 
the rel 


ences to article and books are equally extensive. 


Chapter Organis: 


"The content of this book is organized into 25 chapters. 


Chapter 1, Introduction, presents basic information on symbols and notations used for numerical derivations 
in the book. A short history of Antennas is provided for in the chapter for a brief overview on developments 
in this field, 

Chapter 2, Antenna Basics, covers fundamental antenna concepts and the language of antennas. In this 
edition, some of the basic terms, viz, Radiation Phenomena, Signal-to-Noise Ratio, Antenna Temperature, 
Antenna Impedance and Front-to-Back Ratio are explained, Antenna Theorems and a table summarizing 
‘antenna parameters are included. 

Chapter 3, The Antenna Family, gives concise descriptions of different types of antennas from dipoles 1o 
patches. A brief description of various members of antenna family is included in the revised text. 
Chapter 4, Radiation, is the new chapter which introduces mathematical theory relating to antennas. 
Discussion on Retarded (time varying) Potential and Far Field due to an Alternating Current Element and Far 
Field due to Sinusoidal Current Distribution is presented in this chapter. 

Chapter 5, Point Sources and their Arrays, initially treats point sources and their fields, power and phase 
patterns, Later, the concept of formation of arrays is developed leading to the Broadside and end-fire arrays 
of point sources 

Chapter 6, Electric Dipoles, Thin Linear Antennas and Arrays of Dipoles and Apertures introduces the 
concept of dipole and later extends to encompass dipoles and linear antennas, both alone and in arrays. 
Chapter 7, Loop, Slot and Hom Antennas, describes all kinds of loop. slot and horn antennas and their 
properties 

Chapter 8, Helical Antennas, first introduces axial-mode helical antennas and Yagi-Uda arrays and later 
includes detailed discussion on helical antennas. The concept of mode is introduced in a new section entitled 
helix mode 

Chapters. Reflector Antennas, includes ай types of reflectors, vi. fat-sheet, corner and parabolic antennas. 
Inthe revised chapter, a numberof figures illustrating feed arrangements including that of Cassegrain antenna 
are given. 

Chapter 10. Lens Antennas, details different kinds of related Antennas. 

Chapter 11, Broadband and Frequency-Independent Antennas, introduces and describes these antennas. 
Rumsey's principle for Frequency Independent Antennas is discussed in detail. 
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Chapter 12, The Cylindrical Antenna and the Moment Method (MM), s related with Cylindrical Antennas. 
their types and their applications. The Moment Method and their application in Wire Antennas is covered in 
the chapter. 

Chapter 13, Frequency-Selective Surfaces and Periodic Structures, introduces the topic and presents different 
kinds of Randomes. 

Chapter 14, Microstrip Antennas, is а new chapter which deals with the characteristics, advantag 
limitations of Microstrip Antennas. 

Chapter 15, Antennas for Special Applications, features many important and novel antenna applications 
including sections on cellphone antennas, ILS (Instrument Landing System) antennas, LEO (Low Earth 
Orbit) satellite antennas and many more. 

Chapter 16, Practical Design Considerations of Large Aperture Antennas presents Aperture distribution and 
efficiencies for design consideration of Large Aperture Antennas. 

Chapter 17, Antenna Temperature, Remote Sensing and Radar Cross Section, completes the material 
suggested for а first course on antennas. 

Chapter 18, Self and Mutual Impedances presents Mutual Impedance of Parallel Antennas and other 
configurations in detail. Self Impedance of Thin Linear Antennas is discussed comprehensively in this chapter. 
Chapter 19, deals with The Fourier Transform Relation between Aperture Distribution and fur ficli Pattern 
The Spatial Frequency response und Pattern Smoothing and Simple Interferometer is aptly discussed. 
Chapter 20, Baluns, ec. presents useful information on transformers, baluns and traps. 

Chapter 21. Antenna Measurements, presents complete and up-to-date discussion of antenna measurements 
including network and spectrum analyzers 

The last four chapters are devoted to wave propagation, which includes Ch. 22 Basics of Wave Propagation. 
Ch. 23 Ground Wave Propagation, ch. 24 Space Wave Propagation and ch. 25 Sky Wave Propagation. 


s and 


Web Supplement: 
The web supplements can be accessed at htp:www.mbhe.com/krausfadasie, which contain following material. 
For Instructors: 

© Solution Manual, Power Point Lecture Slides 
For Students: 

. Chapters on Large and Unique Antennas, Terahertz Antenna and Antenna Array Analysis and 

Synthesis 
+ Weblinks for useful reference material 
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Preface to the Third Edition 


‘The aim of this new edition is to present the basic essentials of antennas even better than before while providing 
extensive coverage of the newest wireless applications. Further, the book is structured so that it сап be easily 
divided into two courses with the first 12 chapters suitable for a first course and the last 12 for a second course. 
There is also flexibili ıf assignment options, 

‘The subtitle “For All Applications" is, of course, presumptuous for it s an unattainable goal. However, it 
indicates our objective. 


The Introduction (Chapter 1) presents information on symbols and notation along with useful tables. Chapter 2 
(Antenna Basics) covers fundamental antenna concepis and the language of antennas. In Chapter 3 we meet 
the Antenna Family with concise descriptions of two dozen different types of antennas from dipoles to 
patches, 

Chapter 4 treats Point Sources and their field, power and phase patterns. Broadside and end-fire arrays of 
point sources аге introduced in Chapter 5, Part 1. This is followed in Chapter 6 by dipoles and linear antennas, 
both alone and in arrays. АП kinds of loop antennas and their properties are described in Chapter 7. Chapter $ 
Part Lis an introduction o axial-mode helical antennas and Yagi-Uda arrays. Part П goes into helical antennas 
їп more detail. 

Chapter 9 is about slot, patch and horn antennas while Chapter 10 explains Hat- sheet, comer and parabolic 
antennas. Broadband and frequency-independent antennas are discussed in Chapter 1 1. Chapter 12 on antenna. 
temperature, remote sensing and radar cross section completes the material suggested for a first course on 
The chapters suggested for the second course can include sections from Chapter 5 Part U broadening the 
coverage of arrays of point sources, from Chapter 8 Part П with more on helical antennas and Chapter 9 with 
further information on slot and horn antennas. The sequence can then proceed to self and mutual impedance 
(Chapter 13), the cylindrical antenna (Chapter 14) and the important Fourier transform relation between 
aperture and far-field pattern (Chapter 15). This i followed by dipoles, apertures and arrays (Chapter 16) and 
Jens antennas (Chapter 17). 

Radomes and frequency-sensitive surfaces are explained in Chapter 18 followed by design considerations on 
large antennas in Chapter 19, Chapter 20 showcases some of the world's large and unique antennas. Chapter 21 
features many important and novel antenna applications including sections оп cell phone antennas, ILS 
(instrument Landing System) antennas, LEO (Low Earth Orbit) satellite antennas and many more. Physically 
small antennas are featured in Chapter 22 on Terahertz Antennas. Chapter 23 presents useful information on 
transformers, baluns and traps. The last chapter (24) is a very complete, up-to-date discussion of antenna 
measurements. The Appendix has many useful tables and references to computer programs, 

"The book features numerous helpful graphical displays, The problem sets are thorough and challenging. The 
references to articles and books are extensive. Suggested assignment schedules are listed on page xviii with 
several options given where sections from later chapters are incorporated in the first course schedule, Thus, 
some topics from Chapter 21 can add timely practical examples o a first course. We invite you to visit the 
book's web site antennas3.com for special projects. 


Although the book is designed as а teaching text, its wealth of information makes it a veritable “gold mine" 
for the practicing engineer. Hundreds of worked examples help translate theory to practice. 
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A CENTURY OF ANTENNAS FROM HERTZ TO HAND-HELD 


а 1886 


ел 


=> 1985 


Heinrich Hertz's end-loaded half-wave dipole 
iramsmiting antenna and resonant half-wave receiving 
loop operating at à = $ m in 1886. The induction 
сой produced sparks at the gap in the dipole, resulting 
in sparks atthe gap in the loop at a distance of several 
metersin Hertz's laboratory at Karlsruhe, Germany. This 
was the first radio link and the dipole and loop the first 
radio antennas 


Guglielmo Marconi's square conical antenna at Poldhu, 
England, in 1905 for sending transatlantic signals at 
Wavelengths of 1000s of meters 


Very Large Array (VLA) of 27 steerable parabolic dish 
antennas each 25 m in diameter operating at centime- 
ter wavelengths for observing radio sources a distances 
of billions of light-years. The array is located at the 
National Radio Astronomy Observatory near Socorro, 
New Mexico, 


Helix antenna array on one of 24 Global Position 
Satellites (GPS) in Medium Earth Orbit (MEO) at 20,000 
km. Operating at A = 20 em, these satellites provide you 
оп or above the earth with your position (latitude, longi- 
tude and elevation) to an accuracy of better than I meter. 


The ubiquitous, hand-held cellphone with half-wave 
amenna operating at À = 30 em, which connects you 
to everybody. 
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Introduction 


1-1 Introduction 


Since the times of Hertz and Marconi, antennas have become increasingly important to our society and, at 
present, they are Indispensable. They are everywhere: at our homes and workplaces, on our cars and aircraft, 
‘and our ships, satellites and spacecrafts bristle with them. Even as pedestrians, we carry them unknowingly, 

Although antennas seem to have a bewildering, almost infinite variety, all operate on the same basic 
principles of electromagnetics. In order to explain these principles in the simplest possible terms with illus 
trations and examples, an intuitive approach is needed in some situations while others require complete 
rigor. Since the understanding of antennas includes mathematical expressions involving various quantities 
and parameters thelr dimensions, units, symbols and notations need to be understood before studying them. 
ав such. Therefore, this chapter includes the topics as listed below. B sides, the chapter includes a bit of the. 
history of antennas and some facts about the electromagnetic spectrum. 


m History of antennas ım Equations and problem numbering 
ım Fundamental and secondary units m Dimensional analysis 

m Dimensions and units m. Electromagnetic spectrum 

m Symbols and notations т Radio frequency bands 


A Short History of Antennas? 
Antennas are our electronic eyes and ears on the world. They are our links with space. They are an essential, 
integral part of our civilization. 

Antennas have been around for a long time, millions of years, as the organ of touch or feeling of animals, 
birds, and insects. But in the last 100 years they have acquired a new significance as the connecting link 
between a radio system and the outside world? 

The first radio antennas were built by Heinrich Hertz a professor at the Technical Institute in Karlsruhe, 
Germany. In 1886, he assembled apparatus we would now describe as a complete radio system operating at 
meter wavelengths with an end-loaded dipole as the transmitting antenna and a resonant square-logp antenna 
as receiver. He also experimented with a parabolic reflector antenna 


‘thei at the end of he chapter for further reading on the history of antennas See also the hos s web ste: www antennas соп 
The plural of the zoological antenna is “antenna” but the plural of the radio antenna is "antenas" A century ago, antennas were 
commonly called “aerials” and this term is stl! use in sume countries. 1 Japanese, the three characters IRAR) for antena mean 
‘italy, "nidde sky wire" These are Ме characters on he cover of the Japanese alan of te frst edition of this book 
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Although Hertz was the pioneer and father of radia, his Invention remained a laboratory curiosity 
unti! 20-year-old Guglielmo Marconi of Bologna, Italy, went on to add tuning circuits, big antenna and 
ground systems for longer wavelengths, and was able to signal over large distances. In mid-December 
1901 he startled the world by receiving signals at St Johns, Newfoundland, from a transmitting station 
he had constructed at Poldhu in Cornwall, England. A year later he began regular transatlantic mes- 
sage service in spite of a suit by the Cable Company for infringing on its monopoly of transatlantic 
messaging. 

Rarely has an invention captured the public imagination as M arconi's wireless did at the beginning of 
the 20th century. After its value at sea had been dramatized by the S.S. Republic and 5.5. Titanic disasters, 
Marconi was regarded with universal awe and admiration seldom matched, Beforewireless complete isolation 
enshrouded a ship at sea. Disaster could strike without anyone on the shore or nearby ships being aware that 
anything had happened, Marconi became the Wizard of Wireless. 

With the advent of radar during World War Il, centimeter wavelengths became popular and the entire 
radio spectrum opened up to wide usage. Thousands of communication satellites bristling with antennas now 
circle the earth in low, medium, and geostationary orbits. The geostationary satellites form a ring around the 
earth similar to the rings around Saturn. Your hand-held Global Position Satellite (GPS) receiver gives your 
latitude, longitude and elevation to centimeter accuracy anywhere on or above the earth day or night, cloudy 
or clear. 

Our probes with their arrays of antennas have visited the planets of the solar system and beyond, responding 
to our commands and sending back photographs and data at centimeter wavelengths even though it may take 
over 5 hours for the signals to travel one way. And our radio telescope antennas operating at millimeter to 
kilometer wavelengths receive signals from objects so distant that it has taken more than 10 billion years for 
the signals to arrive. 

Antennas are the essential communication link for aircraft and ships. Antennas for cellular phones and all 
types of wireless devices ink us to everyone and everything. With mankind's activities expanding into space, 
the need for antennas will grow to an unprecedented degree. Antennas will provide the vital links to and from 
everything out there, The future of antennas reaches to the stars. 

A word about wireless, After Henrich Hertz first demonstrated radiation from antenas, it was called wireless 
(German: drahtos, French: sans fils). And wireles it was until broadcasting began about 1920 and the word radio 
was introduced Now wireless is back to describe the many systems that operate without wires as distinguished from 
radio, which to most persons now implies AM or FM. 


1-2 Dimensions and Units 


A dimension defines some physical characteristic. For example, length, mass, time, velocity, and force are 
dimensions. The dimensions of length, mass, time, electric current, temperature, and luminous intensity are 
considered as the fundamental dimensions since other dimensions can be defined in terms ofthese six, This 
choices arbitrary butconvenient. L ettheletters L. M, T. 1, 7, and T represent thedimensionsof length, mass, 
time, electric current, temperature, and luminous intensity. Other dimensions are then secondary dimensions. 
For example, area is a secondary dimension which can be expressed in terms of the fundamental dimension 
of length squared (L2) As other examples, the fundamental dimension of velocity are 1/7 and of force are 
мит 

A unit is a standard or reference by which a dimension can be expressed numerically. Thus, the meter is а 
unitin terms of which the dimension of length can be expressed, and the kilogram is а unit in terms of which 
the dimension of mass can be expressed. For example, the length (dimension) of asteel rod mightbe 2 meters, 
and its mass (dimension) 5 kilograms. 
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1-3 Fundamental and Secondary Units 


The units Гог the fundamental dimensions are called the fundamental or base units. In this book the metric 
system or more precisely the International System of Units, abbreviated SI, [s изей n this system the meter, 
kilogram, second, ampere, kelvin, and candela are the base units for the six fundamental dimensions of length, 
mass, time, electric current, temperature and luminous intensity. The definitions for these fundamental units 
ere 


Meter (т). Equal to the path length traveled by light in vacuum in a тет = 1/299,792,458 second. 

Kilogram (kg). Equal to mass of international prototype kilogram, a cylinder of pltinum-iridium alloy 
kept at Sevres, France. This standard kilogram is the only artifact among the SI base units. 

Second (s). Equal to duration of 9,192,631,770 periods of radiation corresponding to the transition 
between two hyperfine levels of the ground state of cesium-133. The second was formerly defined 
as 1/86, 400 part of a mean solar day. The earth's rotation rate is gradually slowing down, but the 
atomic (cesium-133) transition is much more constant and is now the standard. The two standards 
differ by about 1 second per year. Atomic clocks are accurate to about 1 microsecond per year. 
Distant fast rotating (1000 rps) pulsars may soon replace atomic clocks as a still better standard 
(nanoseconds per year accuracy) 

Ampere (A). Equal tothe electric current owing each of two infinitely long parallel wires in vacuum. 
separated by 1 meter which produces a force of 200 nanonewtons per meter of length (200 nN 
mt =2 x 10-7N m. 

Kelvin (K), Temperature equal to 1/273.16 of the triple point of water (triple point of water equals 
273.16 kevins) 

Candela (ed). Luminous intensity equal to that of 1/600,000 square meter of а perfect radiator at the 
temperature of freezing platinum at a pressure of 1 standard atmosphere. 


The units for other dimensions are called secondary or derived units and are based оп these fundamental 
units. 

Thematerial inthis book deals almost exclusively with the four fundamental dimensionslength, mass, time, 
and electric current (dimensional symbols L М, Т, and 1). The four fundamental units for these dimensions 
are the basis of what was former called the meter-ilogram-second-ampere (mksa) system, now a subsystem 
of thesi. 

The complete S involves not only units but also other recommendations, one of which is that multiples 
and Submultples of the SI units be stated in steps of 10* or 10-3. Thus, the kilometer (1 km = 10? m) and 
the millimeter (1 mm = 1073 m) are preferred units of length. For example, the proper SI designation for the 
width of motion-picture film is 35 mm, not 3.5 cm. А list of the preferred units spelling and pronunciation, 
abbreviations and derivation are given in Table 1-1 


1-4 How to Read the Symbols and Notation 


In this book quantities, ог dimensions, which are scalars, like charge O, mass M, or resistance R, are always 
in italics. Quantities which may be vectors or scalars are boldface as vectors and italics as scalars, e.g, electric 


The namaona System of Units isthe modernizat version of the marit system. The abbreviation SI is from the French nameSystène 
Internationale Units For hecompiteořchl description af thesystem see L.S. National Bureau of Standards [now National Institute 
af Standards and Technology) Spec. Pub. 330, 1971. 


The McGraw-Hill Companie 


a Chapterl Introduction 


field E (vector) or E (scalar), Unit vectors are always boldface with а hat (circumflex) over the letter, eg. x 
orf? 

Units are in roman type, e, not Italic; for example, Н for henry, s for second, or A for ampere. The 
abbreviation for a unit is capitalized if the unit is derived from a proper name; otherwise it is lowercase 
(small letter). Thus, we have C for coulomb but m for meter. Note that when the unit is written out, itis 
always lowercase eventhough derived from a proper name, Prefixes for units are also roman, liken in nC for 
nanocoulomb or M in MW for megawatt 

Note that or conciseness, prefixes are used where appropriate instead of exponents. Thus, the velocity of 
light is given as c 300 M ms-? (300 megameters per second) and not 3 х 10% ms 1. However, in solving a 
problem the exponential form (3 x 108 ms) is used. 

The metric prefixes are in steps of 10-3 or 103 and go from atto (10-8) to exa (1038), a ratio or range of 
110%. These are adequate for most purposes, Outside this range the exponential form is used. Thus, there are 
107 atoms in the universe. 

The modernized metric (SI) units and the conventions used herein combine to give a concise, exact, and 
unambiguous notation, and if one is attentive to the details, it will be seen to possess both elegance and beauty. 


1-5 Equation and Problem Numbering 


Important equations and those referred to in the text are numbered consecutively beginning with each section. 
When references made to an equation na different section, its number is preceded by the chapter and section 
number. Thus, (2-8-4) refers to Chap. 2, Sec. 8, Eq. (4). A reference to this ome equation within Sec. 8 of 
Chap. 2 would read simply (4). Note that the chapter number and name, and section number and name are 
printed at the top of each left-hand and right-hand page, respectively. 

Problems are numbered according to the section of the book which is relevant. Thus, a problem numbered 
1-5-2 is the second problem involving the subject matter of Sec. 1-5. 


1-6 Dimensional Analysis 


Itisanecessary condition for correctness that every equation bebalanced dimensionally. For example, consider 
the hypothetical formula 

M 

L ba 


Where 


D = density (mass per unit volume) 
rea 
The dimensional symbols for the leftside are / l. the same as those used. The dimensianal symbols for the 
right slde are 
MaM 
ا‎ ч 


Ain onghaná notation a vector may be indicated by a bar over he letar and hat () aver the unit ea Also, no distinction В usual 
made between quarts (italics) and units (roman). Hawave, it can be done by placing a bar under the letar o dat italics or by 
wing the ater with a distinct чап. 
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Table 1-1 Metric prefixes, symbols and pronunciation 


ronan Te used in this book Meaning 
Numerical value Prefix lation Symbol (U.S. meaning) other countries 
1000 090000 000 000 000 10% ез (әз E one union. ion 
1000000000000000-105 pem (шз Р one quacrlion thousand bilan 
1000000000000-10" tea (ama Т one ton lon 
1000000000 =10 giga (joa) б one bilion mila 
1000 000=108 mega (теда) М one milion 
108-19 do буш k one thousand 
10021 be (шше h one hundred 
10210 deka (deka) da tm 
osiot ш dec) d one tenth 
001202 cmi шй с one hundredth 
0901=102 тш шу) т one thousand 
2.000001 =10 mem imm) к one maton 
0009900001 =10% mare (manol n one lon Р 
0000000080001 21012 po (жш p one anth К 
0.00 000000 000001 =1015 ётю (ете) f one quadrillonth thousand Баат 
0000 000 000 000 00Û 001 210% эю (ato) а one quien Em 


Therefore, both sides of this equation have the dimensions of mass per length, and the equation is balanced 
dimensionally. This is not a guarantee that the equation is correct i.e, It is not a sufficient condition for 
correctness It is, however, a necessary condition for correctness, and it is frequently helpful to analyze 
‘equations in this way to determine whether ог not they are dimensionally balanced. 

Such dimensional analysis is also useful for determining what the dimensions of a quantity are. For 
example, to find the dimensions of force, we make use of Newton's second law that 


Force = mass x acceleration 


Since acceleration has the dimensions of length per time squared, the dimensions of force are. 


Mass x length 
Time 


or in dimensional symbols 


ML 


Force = Tr 


Such dimensional analysis is also useful for determining the dimensions of a quantity. 
In free space, wavelength and frequency are related by the velocity of light. Thus, 


x 108 mel w 


where c = velocity of light, ms? 


Chapterl Introduction 


12 Frequencies and wavelengths of the electromagnetic spectrum 


— — —e 
Rudio we 
ts m wfo pa 

= wie سل‎ 
p DES] 


These answers can be confirmed by using the chart of e 


1-7 The Electromagnetic Spectrum and Radio Frequency Band 


According to an American military general, the third World War (if ever fought) will be won by the 
side who will have a better command over the electromagnetic spectrum (given in Table 1-3). Theo- 
retically, the spectrum encompasses all frequencies ranging from 0+ to infinity. The spectrum shown, 
however, includes a limited (finite) range along with relevant known objects to fit into the human imagi 
nation. Besides, the sphere of present-day communication involving antennas is confined to stil a limited 
segment of the spectrum. The frequencies of SHF segment are further divided into a number of bands 
and sub-bands in Table 1-3. This table also includes the principal applications corresponding to different 


bands, 
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The Antenna Family 


This chapter includes: 


т Members of the antenna Family 
щш Loop dipole and slot antennas 

m Opened-out coaxia-line antennas 
* 


Flatsheet reflector antennas. 
Dish and lens antennas. 

End-fire antennas 

Broad bandwidth antennas 

Patch antennas, patch and grid arrays 


Opened-out tuo-conductor Antennas 
Opened-out waveguide antennas 


3-1 Introduction 


Antennas are an integral part of all wireless communication systems. In view of the vast developments in 
the field of communications, the development of antennas has also attained ils zenith, The antenna family 
‘comprises of innumerableshapes, sizes and types, А n antenna may comprise of asingleentity or an assemblage 
‘of anumberof such entities called an array. Depending upon their applications and frequency of operation, the. 
size of antennas may vary from very small to very large. T heir shapes may be crude, elegant and even artistic, 
These shapes may have 1D, 2D of 3D configurations and may conform to linear, planar, circular, helical, 
pataboloidal, spherical and cylindrical geometry. The shapes of some of the antennas may even conform to 
logarithmic variations. 

As such, there is no hard and fast rule for the selection of an antenna. Any antenna may in principle, be 
used for transmission or reception, in low or high frequency range, or for any conceivable application, viz. 
radio or TV broadcast, radar ranging, detection and estimation, radio location and navigation of aircrafts, 
ships and space vehicles, mobiles, pagers, personal, satellite, LOS, tropo, mine and marine communication, 
remote sensing, weather prediction, terrain following, terrain avoldance, collision avoidance and deep space 
probing. TableA-Slists some of the antennas for different frequency ranges and applications. 


3-2 Members of the Antenna Family 
Some of the members of the antenna family are briefly introduced as below. 


3-2a Point Source 


itis a well-established fact that many stars in our galaxy and those beyond are much bigger in size than our 
‘own sun. These stars, however, appear as pointike entities since they are оо far from the earth Similarly, а 
distantly located antenna, irrespective of its shape and size, may be considered to be a point source, A very 
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large dish or an array comprising elements of large sizes may be taken to be a point source if it is observed 
from a large distance. On the contrary, an antenna having very small physical dimensions cannot be regarded 
as a point source If it is close to the point of observation. Thus, as such, there is no antenna which may be 
termed as a point source. The ratio of the distance between the antenna and the point of observation of the 
field to the physical size of an antenna is the deciding factor for considering an antenna to bea paint source. 
If this ratio is much greater than unity, an antenna may be considered to be а point source. Thus, irrespective 
of the shape and size of the feeds of a parabolic reflector, they are normally regarded as point sources as they 
are located at a sufficient distance from the main dish, though none of these feeds is dimensionless nor their 
radiation is omnidirectional. The point sources are discussed in Chapter 5. 


3-25 Dipole/Monopole 
Wires of half wavelengths are commonly termed as dipoles. These are very frequently employed in various 
applications. Their radiation resistance is about 73 ohms. If only half of this length is used, the wire is referred 
asa quarter-wave monopole with a radiation resistance of 36.5 ohms. In this latter case, itis to be located in the 
vicinity of a reflecting surface (termed as ground plane) in order to allow the image formation as a substitute 
for the leftover half of the dipole. Since the characteristic impedance of free space is about 377 ohms, there is 
a grass mismatch between a dipole and the fee space. In order to accomplish matching, dipoles are normally 
folded which enhances their radiation resistance. There are doubly or triply folded dipoles involving two, 
three and four wires, The types and characteristics of dipoles are thoroughly discussed in Chapter б. 


3-2e Wire Antennas 
Besides half-wave dipoles and quarter-wave monopoles, wires of arbitrary length are very often used to form 
different types of antennas. Wire antennas may be vertical, horizontal or sloppy with respect to the ground 
plane and may be fed in the center, at an end or anywhere in between. The location of the feed determines the 
direction of the lobe, and the orientation of the wire determines the polarization, These wires may be thin or 
thick, Inthe latter case, thickness of wire influences the characteristics of an antenna, particularly its radiation 
resistance. There are a number of antennas which are made of wires. Umbrella and flat-top antennas used in 
VLF and LF ranges are made of wires. However, wires used in these аге only physically long but they may 
be electrically short Franklin and Yagi antennas are also made by using wires of different lengths. 

Antennas with lengths greater than 2/2 are generally placed in the category of long-wire antennas. Their. 
lengths are usually taken in multiples of half wavelength, i.e., nà/2 where п is an integer. Wires with large. 
electrical lengths are used for the formation of a number of well known antennas such as V, invested-V, 
rhombic, beverageand curtain antennas. Besides, wires in theseantennas may also beused in multiple layers. If 
awireusedinan antenna İs terminated at an end, heres reflection, and hence a standing wave formation T hus, 
antennas may be classified in tems of terminated/ standing wave! non-resonant and un-terminated/traveling 
wavelresonant antennas. Some types of wire antennas are discussed in Chapter 6 in detail. 


3-24 Loop Antennas 
Loops can be classified in various ways, vz, (a) small and large loops, (Ы) circular and square loops, c] loops 
having single or multi turns, and (d) loops with turns wound using а single wire or multiple wires. The small 
circular loop satisfies the condition d < <à (generally d < 2/10), where dis the diameter of the oop. Similarly, 
the small rectangular loop satisfies the condition А « 7/100, where A is the area of the loop. Loop antennas 
in conjunction with sense (wire) antennas are very frequently used as direction finders. Loops аге also used 
in radio receivers. The Alford loop and maximum gain loop are the modified versions of square loops. Loop 
antennas are given in Chapter 7. 
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3-20 Slot Antennas 
Slots too may have many versions. A slot or slots may be cut in a flat sheet, along a cylinder, a waveguide 
wall of a circular or rectangular shape. Rectangular waveguide slots may be cut along a narrower or broader 
wall and such slots may be vertical, inclined or horizontal. The shapes of slots In rectangular sheets may be 
rectangular, conical, circular or annular. If required, these slots may be fed through a probe or a coaxial cable. 
Besides, such a feed may be located in the center, at an end or in between. The vertical slots may result in 
horizontal polarization, and horizontal slots in vertical polarization. A slot cut at an edge of a sheet is referred 
asa notch antenna. A detailed discussion on slot antennas is included in Chapter 7. 


3-21 Horn Antennas 
Horns have many versions which include pyramidal hom, conical horn, biconical horn, sectoral H-plane 
horn, sectoral E-plane horn, box hom and hog hom. Horns may be made of pointed or rounded waveguides. 
The waveguides may contain a disc at an end or may contain some dielectric. Further, their shape may be 
symmetrical or asymmetrical and may be beveled or un-beveled, The shape of pyramidal or conical hams 
may be linearly or exponentially tapered. The other versions of horns include singly or doubly ridged homs, 
septum horns, corrugated horns and aperture matched horns, A horn may be used as an antenna in itself ог as 
‘a feed for reflectors or lens antennas, А combination of horns forms an organ pipe antenna, used in scanning 
radars. More details about horn antennas are included in Chapter 7. 


3-29 Patch Antennas 
Patch or microstrip antennas may be of rectangular, circular, elliptical or of any other regular shape. These 
may be centrally, end or offset fed by a microstrip line. These may also be aperture-coupled fed ar proximity 
fed. For obtaining circular polarization, a patch may also be doubly fed. The rectangular and circular-shaped 
patches are more commonly used. Microstrip antennas find application in many communication systems, 
particularly where small size and conformity tothe host surfaces isthe key requirement. Patch antennas are 
discussed in Chapter 14 in more detail, 


3-2h Reflector Antennas 
Reflector antennas are very widely used to modify radiation patterns of radiating elements, These can be 
classified in a number of ways. The first and foremost classification spells whether itis an active or а passive. 
reflector. The passive reflectors may have а flat surface, a corner formed by fat surfaces or a curved surface 
suitable to reflect the striking electromagnetic energy in а desired direction, This class of antennas includes 
periscopic antennas, flat- sheet reflector and cornerreflector antennas. An active reflector may be of corner, 
parabolic, elliptical, hyperbolic, circular/spherical shape or a combination thereof, viz., cylindrical parabola, 
parabolic dish, truncated parabola, рї! box, cheese, torus and Cassegrain antennas. The surfaces of these 
active and passive reflectors may be constructed from continuous or perforated metal sheets or a mash of 
wires. All these reflectors are illuminated by a source of energy, commonly termed as feed, which is located 
atan appropriate place so as to direct the energy towards the reflecting surface. This energy, In tur, is guided 
by the reflector in an appropriate direction. The feed pattern is called primary pattern, and the pattern of 
the reflector is termed as secondary pattern, These antennas are widely employed in radars and other point- 
to-point communication systems. Reflectors are simple in design, involve only one surface and obey simple 
‘geometric laws of optics, The feeds of reflectors may include simple dipoles, dipoles with parasitic reflectors, 
‘open-ended waveguides, horns and helices. Depending on location, these feeds are referred as front feed, rear 
feed and offset feed, Reflector antennas are discussed In Chapter 9 and Chapter 16 in detail. 
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3-2 Lens Antennas 
Lens antennas are complex in nature but have the ability to scan wider angles. In comparison to reflectors, 
their gain is 1 or 2 dB less, but these have more lenient tolerance on surfaces. These have less rearward 
reflection, relatively ow loss and can be easily shaped to the desired contours. Lens antennas can be classified 
in a number of ways as given below: 

1, A lens antenna may be of conver or concave shape. The refraction in the lens may involve only one 
of its surfaces or both the surfaces, In case of one surface, it may be the adjacent one or the farther 
surface with reference to feed. The use of lenses having refraction through two surfaces is not very 
common but it offers better performance, prevents refocusing of energy into the feed and provides 
Wide angle scanning when s, = 2.5. 

2. A lens antenna may have an effective efractiveindex п (n = /e,) greater or less than one, Forn <1, 
the lenses аге highly dispersive and their л varies sharply with the frequency. Such antennas have а 
very large bandwidth. A lens with п > 1 is non-dispersive its thickness decreases as n increases, a 
mismatch between the lens and the free space increases and energy loss due to refraction increases. 
The bandwidth of such a lens is about 10% of the frequency of operation. 

3, Lens antennas may also be classified in terms of their surfaces which may be continuous or zoned. 
Solid homogeneous dielectric lenses are heavier in weight and thick in size. Stepping or zoning 
reduces both the weight and the thickness, The optical path length through each of the zones is one 
wavelength less than the next outer zone. The zoning, however, makes the lens frequency sensitive, 
increases the energy loss, side lobe level and the shadowing effect. These effects can be minimized 
by using a design with large fD ratio keeping it > 1. 

4, Lens antennas may be constructed of non-metallic dielectrics or of metallic (artificial) dielectrics. 
Both these dielectrics may be uniform or non-uniform. 

5, Lenses may also be classified as delay lenses and fast lenses. In delay lenses the electrical path length 
is increased or the wave is retarded by the lens medium, Dielectric lenses and H-plane metal lenses 
fall in this category. In fast lenses, the electrical path length is decreased by the lens medium. E-plane 
metal lenses belong to this fold. Dielectric lenses are normally wide band. 

Lens antennas are discussed in Chapter 10. 


3-2j Helical Antennas 
This antenna combines the geometry of a straight line, a circle and a cylinder. A helix can ether be left- 
handed or right-handed, can be made by using one wire or multi-wires and can be axial or peripheral fed. 
These antennas are circularly polarized with high gain and are quite simple to fabricate. Helical antennas are 
commonly employed in space applications including weather, global positioning and global environmental 
satellites, radio telescopes, ground stations for tacking satellites or space vehicles and data relay systems. 
These antennas are discussed in Chapter 8. 


3-2k Wide Band Antennas 
Inthisclassof antennas, constancy of impedanceand radiation characteristics are maintained over awiderange 
of frequency. To be wide band or frequency independent, antennas should expand or contract in proportion 
to the wavelength, If an antenna structure is nat mechanically adjustable, the size of an antenna or radiating 
region should be proportional to the wavelength. Log-periodic or log-periodic dipole antennas belong to this 
class. The name log-periodic is derived from the geometry of the antenna structure which is so chosen that 
the electrical properties periodically repeat with the log of frequency, Frequency independence is achieved 
when the variation of the properties over one (or all) period(s) is small. Bandwidths of 10:1 or even 100:1 
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with moderate gain are achievable with proper design for both, unidirectional or directional radiators. This 
class of antennas is included in Chapter 11. 


3-21 Antenna Arrays 
Higher directivity is the basic requirement in point-to-point communication, radars and space applications. 
This goal, up to some extent, can be achieved by increasing the size of antennas in tems of electrical length. 
For still higher directivity, an assemblage of antennas, called an array, is used, Most of the antennas discussed 
above can be used as elements to constitute arrays. Arrays may be constructed from point sources, dipoles, 
wire antennas and combinations thereof. These can also be made of helices, dishes and other antenna as 
per the requirement. These elements can be arranged to yield different forms including broadside, end fire, 
collinear and parasitic arrays. An array may have similar or dissimilar sources and these sources may be equi 
or un-equi-spaced, Besides, the elements of an array may be fed with currents having same magnitude and 
same phase, same magnitude and different phase, different magnitude and same phase and different magnitude 
and different phase. Wherever required, the currents and phases may be changed in ascending or descending 
‘orders. А detailed discussion about formation and characteristics of arrays is included in chapters 6, 7 whereas 
the analysis and synthesis of arrays is available on the website of the Book. 

In view of the above, it сап easily be concluded that the antenna family is not only large but comprises 
members of diverse nature. In earlier paragraphs, the basic features of only some of the antennas re included 
and many more ae still left. In the following text, only a few of the members of the antenna family are 
introduced whereas some others are included in subsequent chapters. These antennas can be grouped into 
(0 basic types, (1) loop, dipole and slot types, i) antennas evolved from opened-out coaxial, buin-ine and 
waveguide, (iv) reflector and aperture types, (v) end fire and broadband types, and (vi) fiat panel, slot and grid 
arrays The coaxial and two-wire (in-line) types are arranged in an evolutionary sequence from broad to 
narrow bandwidth and their directivities, bandwidths and field pattems are indicated, These, with dimensions 
given are sufiientin many cases to construct an antenna and determine its approximate gain and bandwidth. 
The presentation relates the antennas in а дели species classification that aids understanding how one type 
cartes over or evolves into another? 


3-3 Loops, Di 
The small horizontal loop antenna at (a) in Fig. 3-1 may be regarded as the magnetic counterpart of the shart 
vertical dipole at (b). Both loop and dipole have identical field patterns but with E and H interchanged, Thus, 
the horizontal loop is horizontally polarized and the vertical loop is vertically polarized. Both small loop and 
short dipole have the same directivity D = 1.5. To qualify as a small loop or short dipole, the dimensions 
should be id or less. 


les and Slots 


EXAMPLE 3-3.1 Loop and Dipole for Circular Polarization 
Ву placing the short dipole inside the small loop on its axis (Fig. 3-1), the pattern is omnidirectional in 
the horizontal plane with a null on the vertical axis the same as for the individual loop and dipole patterns, 
(a) If the loop diameter is 4/15 and the loop and dipole are fed in-phase with equal power, what is the 
polarization of the radiation? (b) If the loop currentis counterclockwise as viewed from above when the 
dipole current is up, is the polarization left- ог right-handed? 

From Sec. 2-15, the polarization is right-handed circular. Ans. (a) and (b). 


"ror most antennas losses are small so that the gain is nee equal to the directivity. Thus, asa practical matter, gain and directivity are 
afin used interchangeably. 


е McGraw-Hill Compani 


= Chapter 3 The Antenna Family 


BASIC ANTENNAS 
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Figure 3-1 Three basic types of antennas: the small loop (a), short dipole (b), and slot 
antenna (c). The small loop and short dipole (оор axis parallel to dipole) have identical field 
patterns with E and H interchanged. The slot and dipole have the same field patterns with E 
and Н interchanged, Directvities D are identical, as indicated 


If the dipole has been cut from а metal sheet, leaving a slot as at (c), the dipole and slot are said to be 
complementary. The field patterns of the dipole and slot are the same but with E and Н interchanged. 
Furthermore, the terminal impedance Z, of the dipole and the terminal impedance Z, of the siot are related 
to the intrinsic impedance of space Zo(= 377 ©) as given by 


а 
242. — 1 
T w 
from which 
zi д 
Z = u sotimpedance a 


so that the lot impedance Z, Is proportional to the dipole admittance Y, 1f the dipole requires inductance 
for a match, the complementary slot requires capacitance. Thus, knowing the properties of the dipole enables 
usto predict the properties of the complementary slot. To be completely complementary, the sheet containing 
the slot should be large (Ideally infinite) and perfectly conducting. 

Slot antennas are typically ./2 long, and these are then complementary to a /2 dipole antenna (Fig. 3-1). 
Note that the field patterns in Fig, 3-1 are not field lines. However, the directions of E and Н ata point are 
shown. 


EXAMPLE 3-3.2 One-Wavelength Dipole and Slot Antenna 
In Fig. 3-22 along cylindrical dipole and its complementary slot are compared. The actual length 
L = 0.925), The dipole cylinder has a diameter D = L/28 = 0.033 and a terminal impedance 
Z,— 710+ j00.Thecomplementary slothasa width = 2D. Findtheterminal impedance Z, of bes. 
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for an impedance match to а 50-0 coaxial line as indicated in Fig. 3-28 
Radiation from a patch antenna (Fig. 3-11) occurs as though from two slots, so this example is 
useful for an understanding of patch antennas. 
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Figure 3-2 Comparison of impedances of cylindrical dipole antenna with complementary 
slot antenna, The sit in (b) matches directly to the 50-2 coaxial ine. 


3-4 Opened-Out Coaxial-Line Antennas 


All of the antennas in Fig. 3-3 are omnidirectional in the horizontal plane with a null in the vertical (zenith) 
direction. The directivity D is indicated for each antenna. Going from smooth, gradual transitions to more 
abrupt ones results in narrower bandwidths. 
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Figure 3-3 Opened-outcoaxial lines showing evolution from the very broadband gradually 
tapered "volcano smoke" at top (a) through the intermediate bandwidth "conical antenna" at 
center (b) to the narrowband "2/4 monopole” at the bottom (с). 
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3-5 Opened-Out 2-Conductor (Twin-Line) Antennas 


A compact version of the win-Alpine hor, shown in Fig. 3-44 and e, has a double ridge waveguide as the 
%% balanced transmission line. The design in Fig. 3-4d ande 
incorporates features sed by Кет (1) and by Baker (1) and Van der Neut. The exponential taper is of the form 
y = kaef where and k are constants. The exact curvature is not critical provided it is gradual. A nother 
Compact version shown in Fig. 3-4Г is called variously asot ee sandwich or a Vivaldi antenna after the 17th 
century composer A ntonio Vivaldi (Shin) 
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Figure 3-4 Opened-out two-conductor antennas showing the evolution from the very 
broadband twin-Aloine-horn antenna" at the top (a) through the intermediate bandwidth 
“biconical antenna" at the center (b) to the narrow bandwidth ^ /2 dipole" (c) and the compact 
versions (d), (e), and (f). Whereas the 'ti-Alpine horn" is unidirectional, the biconical and 
dipole antennas are omnidirectional in the horizontal plane. The directivity D is indicated for 
each antenna. 
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3-6 Opened-Out Waveguide Antennas (Aperture Types) 


CIRCULAR (CONICAL) HORN 


RECTANGULAR (PYRAMIDAL) HORN 


Fa 
patem 


waveguide 


(by 


jure 3-5 Opened-out waveguide-fed antennas of rectangular cross section at top (a) and 
circular cross section at (b). They are aperture-type antennas with effective aperture A, and 
directivity D proportional to the area of the horn opening. 


EXAMPLE 3-6.1 Optimum Pyramidal Horn 
Ideally the phase of the fied across the horn 

mouth should be a constant. This requires a very 
long horn. However, for practical convenience. 
the horn should be as short as possible. Referring 
to Fig. 3-6, an optimum horn is a compromise in 
which the diference in the path length 5 along 
the edge and the center of the horn is made 0.252 
or less in the E plane, However, in the H plane, 
3 can be larger, since the field goes to zero at 
the horn edges (boundary condition, E, = 0 sat- 
isfied). From Fig. 3-6 the horn flare angle 6 is 
given by 


Е 


Figure 3-6 Cross section of pyramidal 
2 horn with dimensions used in example. 

Bc. d) The diagram can be used for either E-plane. 
Les ог H-plane cross sections. For the E plane 


Й 


cos” 


For a horn with £ = 102, find the largest are 
angle for which à = 025; 
m Solution 


From (1), à = 20120, 


5-5“ Ans 


the flare angle is de and aperture dimension} 
is oe. For the Н plane the flare angle is 4 
and the aperture dimension is ay. See 

Fig. 3-5. 


A US. channel 35 (599 MHz) TV station produces a field strength of 1V m7 at a square-corner 
receiving antenna, as in Fig, 3-7, with optimum dimensions for this channel. Find the power delivered 
to the receiver assuming itis matched to the antenna, 
m Solution 
© 3x10 mst 
7 AA 


From Fig. 3-7c, D = 20, so the effective aperture 


o som 


Di 20 0251 8 
A A 
and the received power is 
2 ES 
Po = Poa = 106 10 1060 Ans 


Å DIPOLE WITH REFLECTOR TWO DIPOLES WITH REFLECTOR — SQUARE CORNER REFLECTOR 


Va 


@) (b) © 


Figure 3-7 Flat reflector antennas with one and two 2/2 dipoles (a and b) and 90° 

or square-comer reflector (c). The directivity of a 4/2 dipole can be increased by placing itin 
frontofa fat conducting reflector as in (a). An атау of two 4/2 dipoles in front ofa fat reflector 
as in (b) produces higher directivity. E ven more directivity is obtained by folding the flat 
reflector into а 80° or square corner as at (c). To reduce wind resistance and the amount of 
metal required, the reflectors can be replaced by grids of parallel wires spaced 2/10 or closer. 
The directivity approximately doubles going from (а) to (b) and doubles again going to (c). 
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з-8 Parabolic Dish апа Dielectric Lens Antennas 


EXAMPLE 3-8.1 Parabolic Dish Design 
The directivity (or gain) of a parabolic dish antenna depends on many factors: 

1. The pattern of the feed antenna. If its pattern is too broad and spills over the edge of the dish, the 
gain is reduced, On the other hand, if the pattern is too narrow, the dish is not fully “illuminated” 
by the feed and the aperture is not fully utilized. 

2. Theaccuracy of the dish surface relative to an ideal parabola, For example, if the surface departs 
a distance 4 = à/4 (or 90° electrical degrees) from the parabolic curve, the reflected field is 
phase shifted 180°, which reduces the aperture efficiency. See dish surface in Fig. 3-8. 

3, Many other factors are also involved, The aperture efficiency varies widely depending on the 
specific design, 

Assuming an aperture efficiency of 70 percent, what is the directivity of a parabolic dish antenna as а 
function of its radius? 


mi [- 4m 
d 
rá . Es 
А > 
prod 7 Puro-coníex one 7 
ta) (b) 


igure 3-8 A parabolic dish-shaped reflector can provide a high directivity (proportional to 
is aperture) but for efficient operation requires a suitable feed antenna as shown in (a). Ву 
contrasta simple dipole is adequate to feed a corner reflector Fig. 3-7c).The dielectric lens 
antenna at (b) is analogous to its optical counterpart. Like the parabolic dish antenna, the 
lens requires a suitable feed. The directivity D of both dish and lens antenna is proportional 
to their apertures. Both parabolic-dish and lens antennas require ray theory or optics in their 
design. Arrows in the figures trace ray paths. The feeds of both types radiate a spherical 
wave. The parabola converts the spherical wave into a plane wave by reflection while the 
lens does it by refraction. 
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3-9 End-Fire Antennas 
Three types of end-fire antennas are shown In Fig. 3-9. Because of its high directivity, circular polarization, 
wide bandwidth and noncritical dimensions, the axial-mode helical antenna (Fig. 3-9) is widely employed 
in space applications. With linear polarization, а change in orientation of the satellite antenna could result 
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Figure 3-9 The polyrod antenna at (a), the Yagi-Uda at (b), and the axia-mode helical 
antenna at (c) are all end-fire or traveling-wave antennas. The directivity D of each is 
proportional to its length L with a higher directivity for the helical antenna because it operates in 
the increased-directivity mode. The retina of the human eye has 100 million rods and cones 
(Continued) 
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in cross polarization and loss of signal. With circular polarization this problem does not occur, provided the 
satellite and earth-station antennas are of the same hand. 


The Conical Spiral and the Log-Periodic 


The conical spiral Fig. 3-103 may be regarded as a latspiral which has been wrapped around a dielectric cone. 
The conical spiral is fed by a coaxial cable bonded to one conducting strip, with its inner conductor joined 


CONICAL SPIRAL Fia spiral before 
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Figure 3-10 The conical spiral and log periodic are very broad bandwidth types with 
moderate gain. 


analogous to the polyrod antenna (a). Dimensions, directivities, and bandwidths are indicated. 
The patterns of all three antennas can be calculated to a good approximation as an array of 
isotropic sources spaced à/4 with 90° phasing for the polyrod and Yagi-Uda and increased 
directivity phasing for the helical antenna. All three end-fre antennas may be regarded as 
rudimentary lens antennas which collect energy over an aperture much larger than the physical 
cross section. In the Yagi-Uda antenna only one elementis driven (fed by transmission line), the 


rest being parasitic elements energized by mutual coupling, the reflector having a lagging phase 
and the directors leading phases. 
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to the other strip at the apex, as indicated in the sketch of the flat spiral. The lower-frequency limit of the. 
conical spiral occurs when the base diameter is 2/2. The high-frequency limit occurs when the apex diameter 
87% Thus, the bandwidth isin the aio 1 base diameter to apex diameter, which, for the conein Fig. 3-10a, 
is about 7 to 1. The bandwidth of the logperiodic antenna depends on the ratio of the next-tolongest to 
next-to-shortest dipoles, which for the array in Fig. 3-106 is about 4 to 1. 


3-11 The Patch Antenna, Patch Array, and the Grid Array 
3-11a The Patch Antenna 
The "patch" is а low-profile, low-gain, narrow-bandwidth antenna. Aerodynamic considerations require 
low-profile antennas on aircraft and many kinds of vehicles. 

Figure 3-11 shows a patch antenna with its dielectric ̃— partially cut анау to show the feed point. 
Typically a patch consists of a thin conducting sheet about Бу 329 mounted on the substrate. 

Radiation from the patch is like radiation from two slots, at the left and right edges of the patch. The “slot” 
is the narrow gap between the patch and the ground plane, The patch-to-ground-plane spacing is equal to the 
thickness r of the substrate and is typically about 2/100, as indicated in Fig. 3-11. 


PATCH Dielectric 


ae 
cut анау to 


coaxial 
Slot fine 


plane 40 


Figure 3-11 Single patch antenna, Arrows show the direction of E at the slots, 


‘The Patch Array 


EXAMPLE 3-11.1 FourPatch Array 
This four-patch array shown in Fig. 3-12 is fed in-phase by the matching network shown. Find (a) the 
directivity and (b) the beam area. 


E Solution 


a s xion دد‎ as) aso 


m, = CIT sbs Ans) 
D 
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Patch antennas. 


2 , x 


эп 
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Figure 3-12 Four-patch antenna array. 


e The Grid Flat-Panel Array 
The grid array (Fig. 3-13), measuring 4 x 223, has a directivity D = 70 (18.5 dBi) at 75 percent aperture 
efficiency. It has low side lobes and aVSWR < 1.5 over a 10 percent bandwidth. 

The entre апау is fed very simply atone point (F) by а50- coaxial cable with inner conductor through 
ahale in the ground plane and with the outer conductor bonded to the round plane. 


= Array 


Ground plane 


Figure 3-13 Grid flat-panel array with arrows showing the instantaneous current distribution. 
The fields of the 19 vertical half-wave conductors all add in-phase whereas the fields of the 
horizontal conductors cancel. The array is mounted on a dielectric substrate 1/4 above a flat 
‘ground plane. 
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Problems 


*3-3-1 Slot dimensions and impedance. A thin (diameter — 0) dipole has a terminal impedance of 
13 + 536.0. What are (a) the dimensions of the complementar slot, (b) the dot impedance, and (c) the 
direcávity? 

3-8-1 Alpine-horn antenna. Referring to Fig. 3-48, the low-frequency limit occurs when the open-end 
‘spacing > 2/2 and the high frequency limit when the transmission Jine spacing d = 2/4. If = 2 mm and 
the open-end spacing = 10004, what is the bandwidth? 


*3-8-2  Alpine-horn antenna. If = ansmission-ine spacing, what open-end spacing Is required for a 
2000-1 bandwidth? 


^3-8-1 Horn antenna. (a) Find the physica aperture of a pyramidal hom antenna with L = 10, 
3 (E plane) 025), 5 (H plane) = 0453; (0) Assuming a hypothetical 100 percent aperture efficiency, 
"ind thedirectviy This value isan upper limit. (c) Realistically, the aperture efficiency might be 60 percent, 
resulting in what directivity? 


*3-8-2 Rectangular hom antenna. What is the required aperture area for an optimum rectangular hom 
antenna operating at 2 GHz with 16 dBi gain? 


*36-3 Conical horn antenna. What is the required diameter of a conical horn antenna operating at 3 GHz 
with 14 dB gain? 


+3-7-4 Comer reflector. Assuming a directivity D 
 HPBWs? The H-plane field is given by Eq. 9-3-6, 


costs, сов) — costs, sin) 


20 for the corner reflector of Fig. 3-7c, what are the 


where S, = 215/2 and 5 = dipoleto corner spacing. Hirt: Use Eq, 2-7-9. 


3-8-1 Direct broadcast satellite home parabolic dish. W hatis the directivity of a 460-mm circular 
parabolic dish at 12.5 GHz assuming an aperture efficiency of 75 percent? 


3-8-2 Beamwidth and directivity. For most antennas, the half power beam width (HPBW) may be esti 
mated as HPBW = 4/0, where is the operating wavelength, D is the antenna dimension in the plane 
of interest, and x is a factor which varies from 09 to 1.4, depending on the field amplitude taper across 
the antenna. Using this approximation, find the directivity and gain for the following antennas: (a) circular 
parabolic dish with 2 m radius operating at6 GHz, (b) elliptical parabolic dish with dimensions of 1 m x 10m 
operated at 1 GHz. Assumes = 1 and 50 percent efficiency п each case. 


For computer programs, see Appendix С. 


Chapter 4 


Radiation 


This chapter Includes: 


ш Basic Maxwell's equations т Far field due to half-wave dipole or quarter 
ш Retarded potential wave manopole 
mp Field dueto an oscillating dipole m Near field due to half-wave dipole or quarter- 
m Power radiated by current element wave manopole 


4-1 Introduction 


The story of radiation begins with the basic Maxwell's equations, Therefore, to understand the radiation 
process, а critical look at M axwell's equations is more than essential. Since for wave propagation all the field 
‘quantities have to be time varying, with the presumption of sinusoidal variation, all field quantities involved 
may be characterized by the term e/=1, The space variation may be characterized by the term e re, where 
у is the propagation constant which is normally a complex quantity (ie, y = a + jf) The parameter a is 
Called the attenuation constant and f is called the phase shift constant. As long as waves remain confined to 
free space, the attenuation can be neglected (i.e, а = 0 ). Thus, the study of radiation may be confined to 
only those fields which result in waves characterized by the term e-/^*. The field emanating from an antenna 
is assumed to be progressing in the positive z direction without attenuation. 


Maxwell's equations can be written in differential and integral forms. For the present study, the differential 
form af equations is more sulted, The relevant equations involving electric field intensity E, electric flux 
density D, magnetic field intensity Р, magnetic flux density В, current density J and the charge density p 
areas given below. 


VH = 1 + ард: (n genera) 


Vx H = эрги] =0) and Y x н = (for defi) (a) 
V x E = 08/01 (in general) and Y x E = Û (for static field) (ab) 
V-D = plin general), and VD = O (for charge-ree region, Le, p = 0) ag 
УВ =0 (1d) 
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The feld quantities involved in (1) are connected by the following relations: 


D=sE (23) 
B-uH (2) 
I=0E=Elp Qd 


їп (2), e is the permittivity, y Is the permeability, c is the conductivity and p is the resistivity (p = 1/2) of 
the media, Itis to be noted that the symbol p involved in (1c) and (2c) represents entirely different quantities. 
Besides the above, the other relevant relations are 


y f 2a pads pudo 
ЕЕЕ вз 
E--vV  ] 
Viv eln general) and V^ = Oif p = 0 (30) 


In (3a), V is the scalar electric potential; py, p, and p, are line, surface and volume charge densities; and R 
is the distance between the source and the point at which V is to be evaluated, 


ша _ ff A pudo 
S - If ек f r 00 
YxA [I 
-u (in general) and VÍA = D for J = 0 


In (4), A is the vector magnetic potential, 1 is the current, K is the surface current density and Jand R are 
the same as defined earlier 


n 
va 


" 


n 


4-3 Retarded (Time Varying) Potenti; 


Some of the relations listed above are derived for the static or de field conditions. Since radiation is a time- 
varying phenomena, the validity of these relations needs to be tested, To start with consider (3b) of Sec. 4.2. 
When its curl is taken, it is noted that 


VxE=Vx(-VV) =0 a 


This results obtained in view of the vector identity that the curl of a gradients identically zero. 


But from (1b) of Sec. 42, V x E = —B/at for a time-varying field 
‘The discrepancy is obvious and can be addressed by using (4b) of Sec. 4.2 


L&E = VV +N a 
Vx E = Ух (VV) HV XN =0 + x М = 08/01 = -AV x Afr 

Thus Vx N = -AV x Ar = -V x (4/31) = V x (-3AJan 

Or ¥xN=—aAsar a 


Substitution of (3) in (2) givesanew relation (4) which satisfies both thestaticandthetime varying conditions: 
-vv 04/00 (4) 
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Inthesecond step, the validity of (1c) of Sec. 4.2 is to betested by using the relation of (2a) of Sec. 42 and (4). 
V.D = Vek) =eV-E 
vv 4/00 
v. vv — fana) 


From the above ration, V? V 4-à/ár (V-A) ==p/e 6 
The RHS of (5) leads to the following relations: 

VV = -p/e for static conditions в) 

VIV = -p/e = 2/31 (V-A) tot time-varying conditions (6b) 


In the third step, the validity of (13) of Sec. 4.2 is o be tested by using the relations of section 4.2 (2b), (4b) 
and (4). 


v %% (aa) 
ин or H-Bjn 
The LHS of (La) can be written as 


LHS = (V x Ви = (V x V x A)/u = [V(V-A) — FPA] m 
This relation uses the vector identity V x V x A =V(V:A) ve в) 
The RHS of 1(a) of Sec. 4.2 can also be written as 
[E 


J ey - VV — BAJD) jde 
Jsa vovin a] 
2 [vavan aaa] n 
On equating LHS and RHS tems, neges 
A eara] 00 
In (6b) and (10), the term УЗА is defined in (4c) in Sec. 4.2 whereas the term V-A is yet to be defined. As 
F 


divergence are known". There аге some conditions which specify divergence of A. Two of these conditions, 
known as Lorentz gauge condition and Coulomb's gauge condition, are given by (11) and (12) respectively. 


V-A = peð V [ar a) 
vA-0 a2 
Using the Lorentz gauge condition, (6b) and (10) can be rewritten as 
VIV = -p/e — à (ued V [80/0 = -p/e — ue GV Jar аз) 


va 


-uJ + ne (A/a) ч) 
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For sinusoidal time variation characterized by el 
v 
VV = -p/e olus V as 
Va = -pJ +e uel [c] 


Mos and A = Ave! 


If p and J in the expressions of V and A given by (3a) and (4) of Sec, 42, they become functions of time 
and this ime is replaced by such thats! = r — r/w. p and J can be replaced by [p] and [7] respectively. 
Equation (3a) and (42) of Sec 42 can now be rewritten as 


„/ e 
= [E an 
иль 
E as 


As an example if p = e™ cosa, and ris 
replaced by r^, one gets [p] = e^" costo 

R/u)]. In this expression, А is the distance 
between the elemental volume dv located in а 
current-carrying conductor and the point P as 
shown in Fig. 4-1, and u is the velocity with 
which the field progresses or the wave travels, 
У and A given by (17) and (18) are called the 


retarded potentials. If P = + fu, V and A 
are termed as advanced potentials. Figure 4-1 Geometry of the configuration 
WihreferencetoFig.4-1,(17)and(18)can containing the elemental volume dv and an arbitrary 
be writen as point P. 

vic J 2 

ven = gc [ e (9) 

и GR 
M [20 00 


In (19) and (20), V and A are the functions of the distance r and the time 1. To get the retarded potentials 
from (19) and (20), r is to be replaced byv and the resulting field equations are 


" 1 fott- Riv) 

vena gi [a 
2 [Ioa R qy 

anno ge E (22) 

Similarly, advanced potential expression can beoblaine by replacing + — Ru by r + R/win (21) and (22) 


Equation (22), the starting point for the study of radiation process, is rewritten in the following alternating 
form on replacing R by r. 


NT 
ao t | e 


ey 
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4-4 Far Fiel 


due to an Alternating Current Element (Oscillating Dipole) 


With reference to Fig. 4-2 consider that atime varying current 7 15 flowing in a very shart and very thin wire 
of length df in the z-direction (where dí tends to zero]. This current is given by 1d1 cos. Since the current 
isin the: direction, recurrent density J will have only a z-component (i.e, J = J-a:). The vector magnetic 
potential A will also have only a z-component (Le, A = Аса.) 


Thus, Va = VA. = ple a 


Though the cylindrical coordinate system can suitably 
accommodate the configuration of a filamentary current 
carrying conductor, wherein only the A. component 
exists and the A, and de components are zero, but 
since the three-dimensional radiation problem needs to 
be tackled in spherical coordinate system, A. is to be 
transformed to the spherical coordinate system, This 
transformation results in aloe at 


4, = газ, л, = Anê and Ay =0 Q) 
In view of the relation zař = Kar = Jdu, for Figure 4-2 Configuration of flamentary 
flamentry current (23) of sec. АЗ can be writen s curent camping conductor. 
1 їй аө = rjo) 
Lcd al 
In view of (2) and (3), 
رر‎ 0 gy and رر‎ = " 
Further from the relation B = V x A, he components of v x A are obtained as blow 
1 ра зм 
тхл = [A чөл, | =в,=0 - 
ЕС 6 
эл, 19449 
хаз [A ا‎ so 
ai " 
Ifa драй 
G НЕ laa "m 60 


From (5), it сап be noted that only Ha survives. It can also be stated that derivative is zero (i.e, 3/3% = 0) 
for all field components due to the symmetry along д. From (2) and (Sc), 


авто e salt = r/v) 

Ius EP [- inan - rj + © т] © 
From (1a) of sec, 42, E = È f (Y x Hat 

тв =} [унуш mà к=: | o x Ht [7 
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Since V x Н rag Mt, 138 is component in radil direction is given by 
1 ара %. o cosa ru) 
(xy zig | e o [einn S © 
From (7) and (8), 
-e nat - attt] в 
puting =r -rfv 
21dIcos0 [coser | Sino! 
"eee ES Hit ] (103) 
similarly. 
latino f-wsnat | cosa’ 
WEE e te eee m 
н, can also be rewritten as 
dino [cosa "T 


n, = SN [ee 


It can be noted that the magnitudes of the two bracketed terms in (11) will become equal if the following 
relation is satisfied: 


E E ore 


a2 
From (12), it can be concluded that for r < 2/6, the induction field will dominate whereas for r > 2/6, 
the radiation field assumes more Importance. Thus for r >> 4/6, only the radiation field needs to be 
accounted, 

The expressions of En. E, and Me given by (10) and (11) involve three types of terms, which represent 
three different types of fields. These are noted below: 


1. The terms inversely proportional to +? represent electrostatic field. Such terms are involved in 
the expressions of E, and E,. The genesis of such a nomenclature is explained in subsection 
4-4 

2. The terms inversely proportional to r? represent induction or near field, Such terms are involved in 
all the field components, Le, in Es, E. and He. The basis of such a nomenclature is explained in 
4-4b, 

3, Lastly, the terms which are inversely proportional only to r represent radiation (distant or far) field 
and are involved in the expressions of Ej and Hg. 
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EXAMPLE 4-4.4 Theradiating element shown in Fig. 4-2 is of 10 m length and carries a current of 
Lamp. Itradiates in û = 30° direction in free space at f = 3 M Hz. Estimate the magnitudes of E and 4 
ata point located at 100 km from the point of origination. 

m Solution 

At3 MHz, à =100 m. As long as the length of the element remains less than or equal to 1/10, the general 
expressions of field components given by (10a), (10b) and (11) can be used to estimate the required 
Values, These equations are 


аласа feos | sine 

ee (m ta un 
disna [masna | Ser, sine 

s, = Hin [ceder emot диш rm 


an 


74 S (coset sina" 
cl m 


Since only those field components which are inversely proportional to r contribute towards the radiation 
field, the relevant expressions can be rewritten as 


E 


44 S0 Sd. 
Ue |e 


Hy 


ЕШ [ sine 


rr то 
Thus E = Ev as and H = Hy ap 


Аз can be noticed, E, does not contain a term which is Inversely proportional to r and therefore does not 
contribute towards radiation field. The magnitudes of the remaining two terms can be written as below. 


ЕШ 
lE = = ie) amd all 

The given parameters are 

„ = 30°, thus, sina 07436: =8854 х10- 


dl = 10A-m,r =100km 
Substitution of these values gives 


Jasno _ 10x05 45 y 
1= re = д x TR = 09—45 10 
ausn, 10x05 


= ar m 


= 125/7 
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EXAMPLE 4-4.2 Calculate the distance at which an electromagnetic wave will have the same 
magnitude for induction and radiation fields if its frequency is 10 M Hz, 


M Solution 
їп view of (12), the induction and radiation fields will have the same magnitude at 


3x10 
БЕЗЕУ ЖШ 


EXAMPLE 4-4.3 |! the medium of propagation allows the wave to attain only 60% of the velocity of 
Tight, at what distance will the induction and radiation fields become equal in magnitude at / =3 GHZ? 
M Solution 
In view of (12), 


* 
= 0955cm 


44a Electrostatic Field 


A configuration of dipole comprising two charges 
of the same magnitude © but opposite polarity is 
shown in Fig. 4-3. 

In view of the geometry of this configu- 
ration and the assumption that the point Р 


7 
is so far removed that Ri and Jo ае par- G- 
allel to 7, бе potential P сап be writen 
E 4 
Figure 4-3 Configuration of dipole. 
‚ _ безо 
Vo == a3 
Using he relation Е = -vv 
od 
= ва, + Sn 
E = x sosta, + singar) as 
2040 Qusno 
в м as) 
In view of thereon, 
40 Isna n5 


22 = reosar or 
dr 


and on replacing © by its equivalent term from (16), by the elemental length dl and by м, the expression 
(15) takes the following form: 
741800 dne, ла cose sin ur 


and 


B Gm LITT an 
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These expressions represent the electrostatic field due to а dipole or a current element of length dl and are 
the same as involved in the expressions of E, and E, given by (10a and b). 


аль induction Fı 
Inve Ba Sart apale to the conîguraion shown y Fig 4-4, 
ELE 
Ics Fig £2 he curent is cor 
andal =: making m angen with ře 
жашта ina en Se 
тешу ces йе опу стен, en 
Berge by Alo е cure fon 
ig te odio he oniy Жу 
ae wien vi ЗГ 08 SSR a en Confguaton forthe pan 
19 Wee 

y = Iso o 

Equation (19) contains the same expression as involved in (11) and represents induction field, 


44e Hertzian Dipole 
A Hertzian dipole can be conceived as a very short current element terminated at both the ends in two very 
small spheres or discs. The wire joining the spheres is very thin making the distributed capacitance between 
the spheres negligible. In view of the short length of the wire, the current can be assumed to be uniform 
throughout 

In Fig. 4-5(a) r' Is the radius of the wire connecting the two spheres (of radius) on which the charges are 
residing, d s the length of the wire and is the wavelength, The relative values of these parameters have to 
besuch that 

reen reedi and dieci 

If the above conditions are met, the very 
short, very thin wire of Fig. 4-5а} can be 
considered to be composed of a chain of 
spheres of diminishing radii. The adjacent. 
spheres shall carry charges of opposite polar- 
ity. The configuration depicting the above is 
shown in Fig, 4-5(b), If the charges carried 
by alternate spheres are equal in magnitudes, 
these will get canceled everywhere except at 
the top and the bottom tips of the wire and 
the current distribution along thewire ill be 
uniform, In case of incomplete cancellation, Figure 4-5 Hertzian dipole. 
the charge and the current distribution along 
the wire will be non-uniform, Both of these cases are Illustrated in Fig. 4-S(c). Thus, an oscillatory dipole 
shown in Fig. 4-2 can be considered as a Hertzian dipole of Fig. 4-5. 


p 
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4-5 Power Radiated by a Current Element 
From Sec. 4-4, it can be noted that £ has no ¢ component and 11 contains only a 4 component and thus 
E = Eya, + Et and H= Hoag a 
The power flow can be given by the Poynting vector P 
Р = ЕХН = (Eya, + Esas) x Hoa 
where Py = ~E; Hy 


2P4Psnecesé[ osnorcoor | cout’ Sb an’ | snor'cosor 
iam t "ot 


E Hyg + Eo Hgo, = Руа + Руа, o 


a 


Pallsin20 [ cos Z, 80 20%, | osin2or" 
BR (0 ded A7. 


As the average power inthe terms involving sin 201" and cos 21" over a complete ycleis zero, Р, represents 
the power which surges back and forth in the 0 direction and there is no net power flow in the direction of 
propagation, 


P, = кун, 


See | i vo 


e Ante, toser nor sin? or 


.be Coser! | costar! dd gl. SS. 
ET Fy Fi d 


NE [e 2 892. EI 


lix | rv pv) Zar 55 


Sincesin 20 and cos Зон” terms will notcontributetowards average power, all such terms can be eliminate. 
In view of the remaining terms 


PR 2 
«апай sino _ 1 үшйзпө 
a = eee) sem in 
The amplitudes of components contributing towards net power flow are 
к, be _ таяп le ú 
„ee у 
2744890, тав 
e r 9" 
EU m 


m 


Parameter no is called the characteristic Impedance of free space. 
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The total radiated power Р can be obtained by integrating the average power over the entire surface of an 
imaginary sphere of radius ғ 


P= J Pads where ds =rdórdosino = 2r sinodo 8) 
wld 800 oP Part 
P= 6 20 = шаны, 20r snodo = AP. watts © 


m Eis peak current If Р sto be obtained In terms of efective current i ue un power 
een 
rw? yd mea 
Gru 7 vi un 


On replacing o by 2л f and v by the velocity of light c, (20) yields 


а 
807? (z Bip = Reilly ш 


where Rag is the radiation resistance. In arriving at (9) from (8), the following relation is employed 
ff oao = sso = cos =аз a» 
d 3 | 
From (11), the Rs obtained for three different cases of radiating elements shown in Fig. 4-6 are the 
folowing: 


Case (a) Radiation resistance for an dementof length dl with uniform current distribution shown in Fig. 4- 6a 
is given by 


кы = BO? (d1 /A? = BODY R (13) 


сазе (b) Radiation resistance for an element of length dl with non-uniform current distribution shown in 
Fig. 4-6b is given by 


Brut = (IAS = 20001 0.2 ua 


Case te) Radiation resistance for an element of length 4 = 2 = 2L with non-uniform current distribution 
shown in Fig. 4-6 is given by 
10 20% = 100(1./5) = 400022 (15) 
T 10 T) Theme 
a |! L Ground: 
ji 27 [re 
a © “ 
. Taper ronson) current Tapered (noia) curent 
along an lení o ena а along a ora tena argo monopol 
[25] ensis h к=з) 


Figure 4-6 Three different cases of radíating elements, 
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These relations hold good for very short antennas, tha is, up to 2/8 in length 


EXAMPLE 4-5.1 A radiating element of em carries an effective current of 0.5 amp at 3 GHz, 
Calculate the radiated power. 

m Solution 

їп view of (10), 


2021d 20x 2x x 3x 1097 x (05)? x 10-2) 


-mW 


EXAMPLE 4-5.2 Evaluate the radiation resistance of a radiating element having length L = 


(a) f 230kHz (b) f =30MHz (c) f =15MHz 
E Solution 
(2) Atf =30 kHz, à =101 m and 4/10 =103, thus L << 2/10 


Equation (13) is the appropriate equation for this case. 
Read = 801/5) = 8005104)? = 20 milli-ohms 


(b) Atf =30 MHz, à =10 mandl =3/2 
Equation (14) isthe appropriate equation for this case. 
Кы = 2000.7 = 200(1/2/2= 50 ohms 


(c) Atf =15 MHz i =20 m and L =2/4 
Equation (15) is he appropriate equation for this case. 
00(4/2)? = 400(1/4)?=25 ohms 


4-6 Far Field due to Sinusoidal Current Distribution 
a half-wave dipole and a quarter-wave monopole are shown. The currents are given as 


220 
lai 
1) 
| н Гу 
Шс d 


Figure 4-7 Halfwave dipole or quarter-wave monopole with assumed sinusoidal current 
distribution 
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4-6 Far Field due to Sinusoidal Curent Distribution a 


The dipole or monopole is assumed to be located on a perfectly conducting ground. The field is to be obtained 
ata point which is so distantly located that the distances r and R (shown in the Fig. 4-7) can be considered 
to bear the following relation. 


R =r forthe estimation of amplitude and = r — z cos for the estimation of pase a 
Since the curent in the dipole is in the z-direction, the с component of the differential vector magnetic 
potential is 
uld: an 
ад = на, a 
o „ 
PET Iain BUE u 
f. ž [P ЧИН 0 
к= ef npn уе af "an їн ue [7 


For H = AJA, AH = яй, за (Н +2) =sin (Н) and (л? + A2) =sin а? pa) = cos pz 


л = cr f" os pet y rema 
Amt h 
= 2 f" cospecos(pzcosodz 
ы? 
2 s 
= С”? [eos pitt + cos) + cose - sms 
Hlm p, Sold + cost) , sin pl caso) 4 
Tee pases * ia Jo 
dum [a cose) cos cose) + cos co cos] 
le [сава 2) cost či 
hir sino 
IES = Lad B= x = Bas only, thus ly - 
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ر‎ [m 9 
a Festis 
Ep = дну = Al E m 
2 ED 
The magnitudes of Е, and Н, are 
01, [costz/2) cos] 
ten = Y [EA © 
Im [соз{(л/2)со5ө} 
ны = Sheet o 
12 cos LTZ) cose] 
Pa = al р [амт a 


е McGraw-Hill Companie 


e Chapter 4 Radiation 


‘The total radiated power Р is given by (P, ds. Thus 


а pR есца 
з Гелена, a) 
ee ирде 
2 0.609, 
— Mors assi, By Rosa [7] 


Where В, = 36.50 is the radiation resistance of a quarter-wave monopole. The radiation resistance of а 
half-wave dipole Is twice of the above, Le, 73 © 


EXAMPLE 4-6.1 Calculate the average power available at 1 km distance If an element radiates in 
theg = 60° direction and carries a maximum current of 5 amp. 


п Solution 
In view of (10), 


тї [сол /2)совү 


Ba? x 1057 (sin 60): add 


120x x 5 [Es «ву 


4-7 Near Fi istribution 


The computation of a near field, in general, is not of much significance except when: 
1, The elements in an antenna array are located very near to each other 
2. А number of antennas are located near to each other such as at airports, seaports, etc. 
In the above cases, there is every likelihood that 
the field due one antennalelement influences the 
other adjacent antennas) or elements). This situa 
tion demands a critical study of de ner field and may 
be carried out by adopting the following approach 
Figure 4-8 illustrates a dipole with sinusoidal cur- 
rent distribution along with the distances to the point. 
P (at which the field is to be evaluated) from (i) the 
origin, (1) an elemental length dh located at a dis- 
tance гот origin, and (iii) lower and upper tips of 
the dipole. In view of the geometry of configuration, 
the different distances are Figure 4-8 Dipole with sinusoidal current 
distribution. 


m 


ну? + у? (13) 
н + у? (ab) 
meee (ag 
m И 


зүн -In for .o and 1 = ty sin ACH +) for h <0 o 
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4-7 Near Field due to Sinusoidal Current Distribution в 


As before, the point P сап be represented in spherical coordinate system using (r, 0, ¢) coordinates but for 
the near fied both the rectangular and cylindrical coordinate systems are better suited and to be employed. In 
view of the configuration and (1) and (2), the <-component of A can be written as 


кы n и ue, 
а= "ави n dh een ] An 
Js Д h 
2 „im à qiue 
m Ј ZE- Í dh a 
ЭА; _ ЭА; 
By = ин, = (V x Ae T aH. [7 


"E gb fa jes] em [te (ental 


en f, ы [La ] 15) 


R 1 R 


In (5), four integral expressions are involved which are to be evaluated. The first of these terms is rewritten 
as below: 


н а [eren 
Í Ha © 


The parameter R involved in this expression is given In (1c). This term can be differentiated by using the 
following standard relation involving и and v which are functions of the variable x: 
vidujdx) = uidvjds) 00 


MIRRA bebe 
1 > 4 8) 


In Мен of the coincident thatthe integrand of (8) sa perfect differential, the integration using the relation 
forthe product terms [uds = wr = [ди /4х) eds) yields 


Е pa сїйїш уз 
[жа] | a 
Butfrom (1), 

1 ab 
Thus the term of (8) becomes: 

ar n- 

а (e =) (+ m 
similarly, the other terms yield 

(11b) 
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F- 4) om 8-2] ша 


2 (o mem (a 
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The magnetic field intensity Jt obtained by summing all the four terms of (11) is as under: 


єн сит espem) 


0 


jue )V x H in free space, if x =0 plane is replaced by y, we get 


iar 
From (13) and (18), 
Sc ges (ef- ciet) 
stn ( seep) as 
-H eith Hen COS BH e Jn 
m (SAG AS ) ii 


W 
In the expressions of E. E, and H, the various terms involved have the following meanings: 


1. The partof the expression involving the &/* term represents the spherical wave originating at the 
top of the antenna. 

2. The part of the expression involving the e~# term represents the spherical wave originating at the 
bottom of the antenna in case of dipole and the lower tip of the Image in case of the monopole 

3, Thepartof the expression involving the e / term represents the spherical wave originating at the 
center of the antenna in case of the dipole and at the base in case of the monopole. 

4, Theamplitude of this wave will depend on thelength Н. Since pH = 222 = 3, cos AH = 0. Thus, 
for quarter-wave monopole or half-wave dipole (H = 34) the amplitude wil Бе zero, 

5, All these spherical waves are omni (isotropic) in nature. 

6, In the expressions given by (15-17) the numerator represents the phase factor and the denominator 
the inverse distance factor. 

7. From (15), for parallel (E,) component and (16) perpendicular (E, component, fields can be com- 
puted in the immediate neighborhood of antenna, The field plots representing the amplitude aration 
‘of various components are illustrated in Fig. 4-9 and Fig. 4-10. 
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Figure 4-10 Variation of E, and E; at 20 MHz with assumed sinusoidal current distribution 


Problems. 


4-41 Magnitudes of E and H: А 5-m long radiating element carries a curent of 2 amp. It radiates in the 
ө = 45° direction in free space at 710 MHz. Estimate the ratio of magnitudes! Е and # ata point located 
at 30 т from the pint of origination. Will it be different at 50 km? 

4-42 Ratio of induction and radiation fields: Calculztethe distance at which the ratio of induction and 
radiation fields will be a) 2, (b) 2, and (c) 10 if the wave frequency is 10 MHz. 

4-43 Ratio of induction and radiation fields: |f the тейит of propagation allows the wave to attain 
only 90% of the velocity of light, at what distance will the induction and radiation fields become equal in 
magnitude at / =5 GHz? 


4-5.1 Effective Current: f an element of 1 cm length radiates 1 W at 3 GHz, estimate the effective current 
carried by the element. 


4-52 Radiation resistance: Evaluate the radiation resistance of an element of length Z 
KHz, (b) f =10 MHz, and (c) 7 =10 GHz. 


46.1 Average Power: Calculate the average power available at a 10 km distance if an element radiates in the 
30? direction and carries maximum curent of 1 amp. 


Note (References are given atthe end of chapter 25) 
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Chapter 5 


Point Sources and 
Their Arrays 


Topics in this chapter include: 


Point source radiators 
Power patterns 

Isotropic sources 

Radiation intensity 

Examples of power patterns field patterns 


= Linear атау of n point sources 
m 

2 

п 

п Field patterns 

a 

п 

п 

2 


Null directions and beam widths 
Non uniform amplitude distributions 
Dolph-Tschebycheff(D-T) of optimum 
distribution 

D-T distribution for an array of B-pointsources 
A comparison of amplitude distributions 
Continuous arrays 

Huygen's principle 

Diffraction by flat sheet 

Rectangular broadside arrays 


Phase patterns 
Arrays of two point sources 
Pattern multiplication 

Pattern synthesis. 

Non isotropic dissimilar sources 


5-1 Introduction 


In chap. 2 an antenna was treated as ап aperture. In this chapter an antenna is first considered asa point source 
and later the concept is extend to the formation of arrays of point source. This approach is of great value since 
‘the pattem of any antenna can be regarded as produced by an array of point sources Further the initial 
discussion relating to arrays Is confined to isotropic point sources, which may represent different kinds of 
antennas. Later the discussion is extended to encompass more general case of non-uniform distribution. 

With the information of this chapter and the computer programs on the book's website, an arrays producing 
almost any desired patterns may be designed. 


5-2 Point Source Defined 


Ata sufficient distance in the far field of an antenna, the radiated fields of the antenna are transverse and the 
power flow or Poynting vector (Wm?) is radial as at the point O at a distance R on the observation circle 
in Fig, 5-1, Itis convenient in many analyses to assume that the fields of the antenna are everywhere of this 
type. In fact, we may assume, by extrapolating inward along the radii of the circle, that the waves originate. 
ata fictitious volumeless emitter, or point source, at the center O of the observation circle. The actual field 
variation near the antenna, or "near field,” is ignored, and we describe the source of the waves only in terms. 
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5-3 Power Pattems El 


of the “far field” it produces. Provided that our observations are made at a sufficient distance, any antenna, 
regardless of its size or complexity, can be represented in this way by a single point source. 

Instead of making field measurements around the observation circle with the antenna fixed, the equivalent 
effect may be obtained by making the measurements at a fixed point О on the circle and rotating the antenna 
around the center O. This is usually the more convenient procedure if the antenna is small 

In Fig. 5-12, the center O of the antenna coincides with the center of the observation circle. If the center 
of the antenna is displaced from О, even to the extent that О lies outside the antenna as in Fig. 5-18, the 
distance d between the two centers has a negligible effect on the field patterns at the observation circle, 
provided R > d, R > b, and R >> 2. However, the phase patterns will generally differ, depending on 4. If 

0, the phase shift around the observation circle is usually a minimum. As d is increased, the observed. 
phase shift becomes larger. 


Antenna 
$ Ll; 
Observation 
ende 
7 y 
(a) (b) 


figure 5-1 Antenna and observation circle 


As discussed in Sec. 2-3, a complete description of the far field of a source requires three patterns: two 
patterns of orthogonal field components as a function of angle [Zs (0. ¢) and Es (9. ¢)] and one pattern of the 
phase difference of these fields as function of angle (6, )]. For many purposes, however, such a complete 
knowledge is not necessary. It may suffice to specify only the variation with angle of the power density or 
Poynting vector magnitude (power per unit area) from the antenna [S, (9.4)].nthis casethe vector nature of 
the field is disregarded, and the radiation is treated as a scalar quantity. This is dane in Sec, 5-3, The vector 
nature ofthe field is recognized later in the discussion on the magnitude of the field components. A though the 
‘cases considered as examples in this chapter are hypothetical, they could be approximated by actual antennas, 
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'atterns 


Leta transmitting antenna in free space be represented by a point-source radiator located at the origin of the 
Coordinates in Fig. 5-2 (see also Fig. 2-5). The radiated energy streams from the source in radial lines. The 
me rate of energy flow per unit area is the Poynting vector, or power density (watts per square meter), For a 
point source (or in the far field of any antenna), the Poynting vector S has only a radial component 5, with 
по components in ether the 0 or ¢ directions (5, = S, = 0). Thus, the magnitude of the Poynting vector, or 
power density, is equal to the radial component (S| = S»). 
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Figure 5-2 Spherical coordinates for a point source of radiation in free space. 


A source that radiates energy uniformly in all directions is an isotropic source. For such a source the radial 
component s, of the Poynting vector s independent of 9 and 4. A graph of 5, at a constant radius as a 
function of angle is a Poynting vector, or power-density, pattern, but is usually called a power pattern, The 
three dimensional power pattern for an isotropic sources a sphere. In two dimensions the pattern is a circle 
(a cross section through the sphere), as suggested n Fig. 5-3 

Although the isotopic sourceis convenient in theory, itis P 
nota physically realizable type. Even the simples antennas 
have directional properties, e, they radiate more energy in 
same directions than in others. in contrast to the Isotropic 
Source, they might be called anisotropic sources. As an 
example, the power pattern of such a source is shown In 
Fig, 54a where S, is the maximum value ofS, 

ifs, isexprssedin watts per squaremete,thegraphisan — — 
absolute power pattern. On the other hand, If 5, isexpressed Figure 5-3 Polar power pattern of 
interms of its value in some reference direction, the graphis isotopic source 
relativ power pattern. Itis customary to take the reference 
direction such th, is a maximum. Thus, the patter radius for relative power is 5, / Sen where Srn is the 
maximum value of S. The maximum value of the relative power pattem is unity, as shown in Fig. 5-40. A 
pattern with a maximum of unity is also called a normalized pattern. 


% 


RELATIVE 
POWER 


s 


Sn 


(a) (b) 


Figure 5-4 (a) Power pattern and (b) relative power pattern for same source. Both patterns 
have the same shape. The relative power pattern is normalized to a maximum of unity (1). 
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5-4 A Power Theorem! an 


Application to an Isotropic Source 


If the Poynting vector s known atall points on a sphere of radius r from a point source in a lossless medium, 
the total power radiated by the source is the Integral over the surface of the sphere of the radial component 
® ofthe average Poynting vector. Thus, 


our f sas ü 


where 


P = power radiated, W 

S, =radial component of average Poynting vector, W m-2 

ads =infiitesimal element of area of sphere [see Fig. 3-20) 
=r? sing do dê, mě 


For an isotropic source, 5, is independent of 6 and ф so 


Sxi? (Wy ” 
and 
Р 
F a 


Equation (3) indicates that the magnitude of the Poynting vector varies inversely as the square of the distance 
from a point-source radiator. This is a statement of the well-known law for the variation of power per unit 
‘area as a function of the distance 


As discussed in Sec. 2-5, the radiation intensity U is expressed in watts per unit solid angle (W sr-1]. The 
radiation intensity is independent of radius. It is power per steradian. From (5-43) we have 
Ps = Рх =U (Ш) a 
Thus, the power theorem may be restated as follows: 
Thetotal power radiated is given by the integral ofthe radiation intensity over asolid angle of 4 steradians. 
Аз already mentioned in Sec. 2-5, power patterns can be expressed in terms of ether the Poynting vector 
(power density) or the radiation intensity. A power pattern in terms of U isthe same as in Fig. 5-42 with the 
maximum Poynting vector (S) replaced by the maximum radiation intensity (Um) and the Poynting vector 


"rhs eo isa special case of а more general relation for he complex power Пон through any close surface e given by 


1 M 
ifeene m 


where Р isthe tatal comple power ow and E and H* re complex vectors representing he electric and magnetic fields, H being the 
amples conjugata of Н The average Poynting vector is 


1 
beg te, a 


Non the power ow in be t fis enr real; hence, taking the real pato and substituting (2, we obtain the special aso (3). 
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as function of r(5,) replaced by the radiation intensity as a function of r (L). The maximum value of Uy 
isin thea = Û direction. Relative Poynting vector (or power density) and relative radiation intensity patterns 
are identical 

Applying (1) to an isotopic source gives 


Ar М) 


Where Up = radiation intensity of isotropic source, W A. 


5-6 Examples of Power Patterns 


EXAMPLE 5-6.1 Source with Unidirectional Cosine Power 
A source has a cosine radiation-intensity pattem, that is, 


U = Un co a 


Where U = maximum radiation intensity 
‘The radiation intensity U has a value only in the upper hemisphere (0 < 0 < 7/2 and 0 < ¢ < 2л) 
and is zero in the lower hemisphere. The radiation intensity isa maximum ato = 0. The pattern is shawn 
in Fig. 5—5. The space pattem is a figure of revolution of this circle around the polar axis. Find the 
directivity 
То find the total power radiated by the cosine source, we apply (5-4-1) and Integrate only over the. 
upper hemisphere. Thus 


a ра 
ИЕНА (2 
h h 


If the power radiated by the unidirectional cosine source is the same as for an isotopic source, then (2) 
and (1) in Sec, 5-5 may beset equal, yielding 


aU, = Arla 


or 


Directivity Ans a 


Us 


Thus, the maximum radiation 
intensity Um of the unidirectional 
cosine source (in the direction 0=0) 
is 4 times the radiation intensity Up 
from an isotropic source radiating the 
sametotal power. The power patterns 
for the two sources are compared in 
Fig. 5-6 for the same total power 
radiated by each. 


Figure 5-5 Unidirectional cosine power pattem. 
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EXAMPLE 5-6.2 Source with Bidirectional Cosine Power Pattern 
А source has a cosine power pattern that is bidirectional. Find the directivity. With radiation in two 
hemispheres instead of one; the maximum radiation intensity is half its value in Example 5-6.1. Thus, 
from (3), 


D 


4/2=2 Ans 


EXAMPLE 8-6.3 Source with Sine (Doughnut) Power Pattern 
A source has a radiation intensity pattern given by 


U Un sinê а 


The pattern is shown in Fig. 5-6. The space pattern is a 
figureof-revolution of this pattern around the polar axis and -o 
has the form of a doughnut Find D. 

ш Solution 

Applying (5-4-3) the total power radiated is 


Ul 


If the power radiated by this source is the same as for an 
isotropic source taken as reference, we have 


Cosine power 
patem 


Un © 


есере 
Power pattem 
20, = Arlo © Figure 5-6 

Power patterns of 
cosine and 
isotropic sources. 


and 


Un 


Directivity = ZE мє @ 
Д 


EXAMPLE 5-6.4 Source with Sine-Squared (Doughnut) Power Pattern 
A source has a sine-squared radiaion-intensity power pattern. The radiation intensity pattern is given by 


[E © 
The power pattern is shown in Fig. S~7a. This type of pattem is of considerable interest because it is 
the pattem produced by а short dipole coincident with the polar (9 = 0) axis in Fig. 5-78. Applying 
(5-4-3), the total power radiated is 


f aroma tou, в 
lo do 3 


If P is the same as for the isotropic source, 


Р 


8 
grs = Anti 
3 o 
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Figure 5-7 (a) Sine-squared power pattern and (b) unidirectional cosine-squared power 
pattern. 


and 


Directivity D Ans. ao 


EXAMPLE 5-6.5 Source with Unidirectional Cosine-Squared Power Pattex 
A source with a unidirectional cosine-squared radiation-intensity pattem is given by 


U = Un coso au 
‘The radiation intensity has a value only in the upper hemisphere as in Fig. 5-7b. The three dimensional 
or space pattern isa figure-of-revolution of this pattern around the polar (9 = 0) axis. Find the directivity. 


E Solution 
The total power radiated is 


Mh А 
2 0 gin û dû dý = Sar, 

. | Heere ru en 
— yn oto source, 

2 

— 
m 

Directivity Ans. (13) 


Us 


Thus, the maximum power per unit solid angle (at à = 0) from the source with the cosine squared power 
pattern is six times the power per unit solid angle from an isotropic source radiating the same power, 


Directivities are summarized in Table 5-1. 
Example 5-6.6 provides somevaluableinsights into the effect minor lobes have on directivity or gain. Without 
minor lobes the gain of this antenna would be 91.4 or 19,6 dBi as compared to a gain of 18.0 or 12.6 dBi with 
minor lobes. The minor labes have large beam or solid angles because they extend 360° in the azimuth or ¢ 
direction at large sin ø values (9 near 90°). The main lobe, on the other hand, is at small # angles so the P, (0) 
sin productis small, in fact, zero at = 0°. 
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Table 5-1 Directivities of the Point Source Patterns in Examples 5-6.1 to 5-6.5. 


Fa шп 
Bioractonal cosine 2 

Sine doughnut ia 
Sine-squared doughnut 15 
Unidirectional cosine squared 6 


EXAMPLE 5-6.6 Pencil Beam with Minor Lol 
As shown in Fig. 5-8, the pattern has pencil beam (symmetrical around the = 0 axis) with amain-lobe 
HPBW of approximately 22° and four minor lobes. Find the directivity. 


m Solution 
The directivity is given by 
D a aa 


aa rr 
JET RO anode 


where the denominator equals the total beam area 2 
Since the pattern is symmetrical (no variation with ¢), the Integral with respect to ¢ yields 2л and 
(14) reduces to 
M 

CENE. DES as 

g e 
We have only the pattern graph available (no analytical expression), so etus divide the pattern (Fg. 5-8) 
into 36 steps of 5° each. The approximate value of the integral in the first cm 
is given by 


я 7104093... 
grasina = ¿E 8125 (16 
and the approximate directivity is then given by the summation of all 36 sections or by 
4л 
DEL —¼4 an 
22/36) Y Palm) SN 8n 
КЕ 
‘Completing the summation, we obtain 
жт ат n as 
Su 2л(л/360(025 + 0.37 £046 0124007) 1277 


or D ~ 12.6 dBi 
Itis noteworthy that the second minor lobe contributes mast to the total beam ares, the first minor lobe 
almost ав much, and the main lobe less than either, Thus, the directivity is greatly affected by the minor 
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Figure 5-8 Power patterns of beam antenna in polar plat at (a) and in rectangular plot 
at (b). The large shaded area A of (b) is for an isotropic source while the antenna area а 
appears as a series of small areas. The directivity D =A / a 

lobes, which is а common situation with actual antennas, For his antenna pattem the beam efficiency is 

given by 


NT 
su = 77 

If the second minor lobe were eliminated, the directivity would increase to 14.5 dBi (up 1.9 dB) and if 
both firstand second minor lobes were eliminated, the directivity would increase to 17.1 dBi (up 4.5 dB), 


20 Dc] 


The directivity obtained in Example 5-6.6 is approximate. By sufficiently reducing the step size (5° In. 
the example), the summation can be made as precise as the available data will allow. Computation of this 
numerical integration can be facilitated by using a computer 
The half-power beamwidth of the pattern in the example is about 22°. Taking k 
the approximate directivity is then 
4.000: — 41.000 x 0.2 
ЕД (20) 


and км asin (19), 


which is 0.3 dB less than obtained by the 36-step summation 

The beam area of an isotropic source equals 47 steradians. In Fig. 5-8b this corresponds to the ares A 
under the sin # curve, The beam area of the source in Example 5-6.6 corresponds to the area а under the 
P,(0ysin curve, Thus, the directivity is simply A/a or the ratio of the area of the isotropic source to the 
area of the source being measured. Hence, 


4 4 


D = QU 
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If the areas A and a are cut from a lead sheet of uniform thickness, the directivity equals the ratio of the 
eight of A to the welghtof a. 


The discussion in the preceding sections is based оп considerations of power. This has afforded а simplicity 
of analysis, since the power flow from a point source has only a radial component which can be considered 
asa scalar quantity. To describe the field of a point source more completely, we need to consider the electric 
field E andlor the magnetic field Н (both vectors). For point sources we deal entirely with far fields o E and 
Н are both entirely transverse to the wave direction, are perpendicular to each other, are in-phase, and are 
related in magnitude by the intrinsic impedance of the medium [E/H = Z = 377 © for free space) For our 
purposes it suffices to consider only one field vector, and we arbitrarily choose the electric field E. 

Since the Poynting vector around a point source is everywhere radial, it follows that the electric field 
is entirely transverse, having only E, and Е, ̃ The relation of the radial component S, of the 
Poynting vector and the electric field componentsisillustrated by the spherical coordinate diagram of Fig. 5-9. 
The conditions characterizing the far field are then: 

L Poynting vector radial (5, component only) 

2. Electric ned transverse (E, and Eg components only) 

ThePaynting vector and the electric field ata point of thefar field arerelated in the same manner as they are 
ina plane wave, since, if r is sufficiently large, a small section of the spherical wave front may be considered 
asa plane. 

The relation between the average Poynting vector and the electric field at a point of the far field is 
18 
17 
intrinsic impedance of medium and 


a 


where Zo 
E= E+E a 
where 


Е = amplitude of total electric field intensity 
E, = amplitude of à component 
E, = amplitude of component 


The field may be ellipically, linearly or circularly 
polarized 

If the field components are rms values, rather than 
amplitudes, the Poynting vector is twice that given in (1). 

A pattern showing the variation of the electric field 
intensity ata constant radiusr asa function of angle (8, 6) 
is called a field pattern. In presenting information con- 
cerning the far field of an antenna, itis customary to give 
the field patterns for the buo components, Eo and Eo, 
of the electric field since the total electric field E can be Figure 5-9 Relation of the Poynting 
‘obtained from the components by (2), butthe components  vectorS and the two electric field 
‘cannot be obtained from a knowledge of only E. components of the far field. 
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When the field intensity is expressed in volts per meter, itis an absolute field pattern. On the other hand, 
if the field intensity is expressed in units relative to its value in some reference direction, it is a relative field 
pattern. The reference direction is usually taken in the direction of maximum field intensity. The relative 
pattern of the Ep component is then given by 


E, 
TE a 
and the relative pattern of the E. component is given by 
Es 
2 4 


where 
oy = maximum value of Es 
Көө = maximum value of Es 
‘The magnitudes of both the electric field components, E, and Es, of the far field vary inversely as the distance 
from the source. However, they may be different functions, F1 and Fx, of the angular coordinates, 0 and y. 
Thus, in general, 


meinte o 


1 


DELE (6) 


Since Syn = £3/2Z, where En s the maximum value of E, it follows on dividing this into (1) that the 
relative total power patem is equal to the square f the relative total field pattern, Thus, 
2 


„E (E) o 


EXAMPLE 5-7.1 Source with Cosine 
Ап antena's ar feid has only an Е, component in 
the equatorial plane, the Кә component being zero 
in this plane. The relative equatorial-plane pattern of 
the E, component (ati, E asa function of ¢ for 
0 = °) is given by 

Es 

Le cos в 

Ton s m 
This pattern is illustrated attheleftof Fig. 5-10. The 
length of the radius vector in the diagram is propor: 
tional to Е, А patter of this form could be produced 
by a short dipole coincident with the y axis. Find D. 

The relative (normalized) power pattern in the 

equatorial plane is equal to the square of the relative 
field pattern. Thus 


Figure 5-10 (a) Relative E, pattern of 
Example 5-7.1 and (b) the relative power 
pattern. 


The magnitude depends on the radius, varying inversely as the distance (E а 17. 
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2 


(© 


Pa — (Es 


Sm Um \ Eom, 
and substituting (8) into (9) we have 
P, cos o 
This pattem is illustrated at the right of Fig. 5-10. 


EXAMPLE 5-7.2 Source with Sine Field Pattern 
An antenna has a far held thathas only an E, componentin the equatorial plane, the £ component being 
zero in this plane. Assume that the relative equatorial-plane pattern of the E component (that is, Es as 
a function of ¢ for 6 = 90°) for this antenna is given by 


Eo 
FE e po] 


This pattem is illustrated by Fig. 511a and could be produced by a small loop antenna, the axis of the 
loop coincident with the х axis, Find D. 


(a) [I 
Figure 5-11 (a) Relative E, pattern of Example 5-7.2 and (b) the relative power pattern. 
The relative (normalized) power pattern in the equatorial plane is. 
LEE an 
This pattern is shown by Fig. 5-11. 


EXAMPLE 8-7.3 Short Dipole and Loop Patterns 
An antenna’ far field has both E, and E, components in the equatorial plane (0 = 90°). Suppose that 
thisantennais acompositeof the two antennas we have just considered in Examples 5 7.1 and 5-7.2 and 
that equal power is radiated by each antenna. If both patterns are of identical shape in three dimensions 
as well asin the xy plane, as from a short dipole and a small loop, it then follows that at a radius r from 
the composite antenna, Eom = Es. The individual patterns for the Ey and Es components as given by 
(20) and (8) may then be shown to the same scale by one diagram, as іп Fig. 5-12. The relative pattern 
of the total field Æ is 


= = VIN FOG =1 a2) 
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Which isa circle ав indicated by the dashed line in Fig. 5-12a. Find D. 


Figure 5-12 (a) Relative patterns of Ey and E, components of the electric field and be 
total eld E (dashed) of the antenna of Example 5-7.3. (b) Relative total power pattem. 


The relative pattern in the equatorial plane for the total power is therefore a circle of radius unity as 
illustrated by Fig. 5-126. 

We note in Fig. 5-12а that at ¢ = 45° the magnitudes of the two field components, Е, and Es, 
are equal, Depending on the time phase between E, and Eg, the field in this direction could be plane, 
elliptically or circularly polarized, but regardless of phase the power is the same. To determine the type 
af polarization requires thatthe phase angle between Eo and Eg be known. This is discussed in the next 
section, 


5-8 Phase Patterns 


Assuming that the field varias harmonically with time and that the frequency is known, the far field in all 
directions from a source may be completely specified by a knowledge of the following four quantities 


1. Amplitudeof the polar component E, of the electric field as a function of r. û, and ¢ 

2. Amplitude of the azimuthal component £ of the electric field as a function of 7.0, and ¢ 

3. Phase lag á of E, behind E, asa function of and ¢ 

4, Phase lag n of either field component behind its value ata reference point as function of r, 0, and o 


Since we regard the field of a point source as a far field everywhere, the above four quantities can be 
considered as those required for a complete knowledge of the field of а point source. 

If the amplitudes of the field components are known ata particular radius from a point source in free space, 
their amplitudes at all distances are known from the inverse-distance law. Thus, it is usually sufficient to 
specify Ey and E as a function only of 0 and ¢ as, for example, by а set of field patterns. 

Figure 5-13 shows the pattern of Fig, 23 in three. dimensional, polar and decibel displays. Note that 
the polarity of the lobes alternate (+ and J. Thus, when the magnitude of the field of one lobe (4-) and the 
adjacent lobe (—. are equal, the total field goes to zero, producing a null. 
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Decibel-— 


jure 5-13 Three-dimensional field pattern at (a), polar pattern at (b), and decibel pattern. 
at (c) showing alternate phasing (+ and —) of pattern lobes. 


EXAMPLE 5-8.1 Field of Dipole and Loop in Phase Quadrature 
A short dipoles situated inside a small loop as in Fig. 5. 14. The magnitude of the fields of both dipole 
and loop are equal. If the dipole and loop are fed in quadrature or 90° phasing, what are the fields that 
are observed as a function of azimuth in the plane of the page? 


$ Ow 


Horizontal 


Figure 5-14 Fields of short dipole and small loop of equal magnitude and in phase 
quadrature (90°) 
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M Solution 
‘The fields north and south are horizontally polarized (in the plane of the page). The fields east and west 
are vertically polarized. At 45° or NE the field is right circularly polarized (RCP). At 135° or SE the 
field is left circularly polarized (LCP).At225 or SW the field is again right circularly polarized. Finally, 
at 315° or NW the field is again left circularly polarized. At intermediate angles the fied is elliptically 
polarized, 


5-9 Arrays of Two I: 


Let us introduce the subject of arrays of point sources by considering the simplest situation, namely, that of 
wo isotropic point sources. As illustrations, five cases involving two isotropic point sources are discussed 


сазе 1. Two Isotropic Point Sources of Same Amplitude and Phase 


Thefirst case we shall analyze isthat of two isotropic point sources having equal amplitudes and oscillating in 

thesame phase. Letthetwo point sources, 1 and 2, be separated by aditanced and located symmetrically with 

respect to the origin of the coordinates as shown in Fig. 5-15a. The angle is measured counterclockwise 
0 


Lr 
pont 
Ee тот source 2) 30 
eH trom sourco 1) 
а) [7] © 


Figure 5-15 (2) Relation to coordinate system of two isotropic point sources separated by а 
distance d. (b) Vector addition of the fields from two isotropic point sources of equal amplitude 
and same phase located as in (a). (c) Field pattern of two isotropic point sources of equal 
amplitude and same phase located as in (a) for the case where the separation d = 4/2 


from the positive x axis. The origin of the coordinates is taken as the reference for phase. Then ata distant 
point in the direction ¢ the field from source 1 is retarded by 34, cos, while the field from source 2 is 
advanced by 3d, cos, where d, Is the distance between the sources expressed in radians; that is, 


ЕД 


а d 
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The total fied at a large distance r in the direction ¢ is then 
papae ud o 


where yr = d, cos and the amplitude of the field components at the distance r is given by Eo. 
The first term in (1) is the component of the field due to source 1 and the second term the component due 
to source 2. Equation (1) may be rewritten 


"ES 


E=2Ep 7 (2) 
which by a bigonomeric identity is 
E = 2E cos Y асн (Z cose) a 


This result may also be obtained with the aid of the vector diagram? shown in Fig. S-15b, from which (3) 
follows directly. We note in Fig. S— 15b that the phase of the tota field £ does not change as a function of y. 
To normalize (3), that is, make its maximum value unity, set 20 = 1. Suppose further that is 2/2. Then 
d, = xr. Introducing these conditions into (3) gives 


(озо) w 
The eld patter of E versus ¢ as expressed by (4) is presented In Fig. 5-15 The pater is a bidirectional 
gure ight with maxima along te y axis. The space pattern is doughnut shaped, being a figureof- 
revolution of this pattern around the x axis 

The same atem can also be obtained by locating source 1 at the origin of the coordinates and source 2 
ata distance 4 along the postive x axis as indicated in Fig. 5- 162. Taking пон the field from source 1 25 
reference the Held rom source in the direction ¢ Is advanced by d coso. Thus, tne total feld E ata large 
distance Is the vector sum of the fields from the мо sources as given by 


E= Ek bee 6) 


where = d, cosó. 
The relation of these fields is indicated by the vector diagram of Fig. S~16b. From the vector diagram the 
magnitude of the total field is 


E 


(6) 


аз obtained before in (3). The phase of the total field £ is, however, not constant in this case but is /2, as 
also shown by rewriting (5) as 


EA 
E= важе?) in (erre) se cos E о 
Normalizing by setting 20 = 1, (7) becomes 
Pass = cos 
E = elt cos st fa ® 


"eto be notes trat the quantites represented here by vectors are not rue space vectors but merely vector representations of he ime 
phase (ie, phasors) 
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Figure 5-16 (2) Two isotropic point sources with the origin of the coordinate system 
coincident with one of the sources. (b) Vector addition of the fields from two isotropic point 
sources of equal amplitude and same phase located as in (а). (c) Phase of total field as a 
function of for two isotropic point sources of same amplitude and phase spaced 1,2 apart. 
The phase change is zero when referred to the center point of we array but is /2 as shown by 
the dashed curve when referred to source 1. 


In (8) the cosine factor gives the amplitude variation of £, and the exponential or angle factor gives the phase 
variation with respect to source 1 asthe reference, The hase variation for the caseo 2/2 spacing (d, = =) is 
shown by the dashed line in Fig. 5 16c, Here the phase angle with respect to the phase о! source 1 is given by 
W/2 = (1/2) oso. The magnitude variation for this case has already been presented in Fig, S~15c. When 
the phases referred to the point midway between the sources (Fig. 5159), there is no phase change around 
the атау as shown by the solid line in Fig. 5~-16c. Thus, an observer at a fixed distance observes no phase 
change when the атау is rotated (with respect to ¢] around its midpoint, but a phase change (dashed curve of 
Fig. 5-16c) is observed f the array is rotated with source 1 as the center of rotation. 


сазе 2. Two Isotropic Point Sources of Same Amplitude but Opposite Phase 


‘This case is identical with the one we have just considered except that the two sources are in opposite phase 
Instead of in the same phase, Let the sources be located as in Fig. S- 15a. Then the total field in the direction 
ata large distance ris given by 


E = Ege? Pe 19 
tom ih 
2 
setti = ros (ase) a 
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whereas in Case 1 (3) involves the cosine of 4,/2, (10) for Case involves the sine, Equation (10) also includes 

en operator j, indicating that the phase reversal of one of the sources in Case 2 results in a 90" phase shift of 

the total field as compared with the total field for Case 1. This Is unimportant here, Thus, putting 2) Eo 

and considering the special case of d = 2/2, (10) becomes. 

E x a) 
in ( zase) an 

The directions , of maximum field are obtained by setting the argument of (11) equal to 4(2 + 1/2 

Thus, 


je» = +2 + DT ша 


where —0,1,2,3.... Fork = 0, коз, 0° and 180. 
The null directions e are given by 
J cos = ыл (11b) 
Fork = 0. do = 290°, 
Thehal power directions are given by 
seat -g шо 


Fork = 0,4 = 60°, 4120 

The field pattern given by (11) is shown in Fig. 5-17. The pattern is a relatively broad figure-of-elght 
with the maximum field in the same direction as the line joining the sources (x axis). The space pattern is a 
figure-of-revolution of this pattern around the х axis. The two sources, in this case, may be described as a 
simple type of end fte array. In contrast to this pattern, the in-phase paint sources produce a pattern with 
the maximum field normal to the line joining the sources, as shown in Fig. 5—15с. The two sources for this 
‘case may be described as a simple “broadside” type of атау. 


pr 


Figure 5-17 Relative fied pattern for two isotropic point sources of the same amplitude but 
‘opposite phase, spaced 2/2 apart. 
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сазе з. Two Isotropic Point Sources of the Same Amplitude and In-Phase Quadrature 
Let the two point sources be located as in Fig. 5-15a. Taking the origin of the coordinates as the reference. 
for phase, let source 1 be retarded by 45° and source 2 advanced by 45°. 

Then the total field in the direction ¢ ata large distance r is given by 


"NE doso 
ese 3) ер 2] T 
From (12) we obtain 
* d 
22s (G+ Lease) a» 
Letting 2E; = 1 and d = 4/2, (13) becomes 
cos (5 + 5 cose) as) 


The field pattern given by (14) is presented in Fig. 5-18. The space pattern is a figure-of-revolution of this 
pattern around the х axis. Most of the radiation is in the second and third quadrants. It is interesting to note. 
that the field in the direction ф = 0° is the same as in the direction ф = 180°. The directions én, of maximum 
field аге obtained by setting the argument of (14) equal to kx, where k = d. 1,2, 3... In this way we obtain 


as) 


[c] 


Figure 5-18 Relative field pattern of two isotropic point sources of the same amplitude and 
in phase quadrature for a spacing of à/2. The source to the right leads that to the left by 90°. 
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and 
d = 120° and 240° an 
If the spacing between the sources is reduced to 4/4, (13) becomes. 


os ( + pese) (18) 
The field pattern for is cases illustrated by Fig, S-192. tis a cardiold-shaped, unidirectional pattem with 
maximum field in the negative + direction. The space pattern is a figure-of-revolution of this pattern around 
без а. 

A simple method of determining the direction of maximum field is illustrated by Fig. 5-19b As indicated 
by the vectors, the phase of source 2 is 0° (vector to right) and the phase of source 115 270° (vector down). 
Thus, source 2 leads source 1 by 90°. 

To find the field radiated to the left, imagine that we start at source 2 (phase 0°) and rave to the left riding 
withthe wave (phase 0°) like asurfer rides a breaker. The phase of the - 
Change but by he time we have traveled 34 and arrived at source 1, а 3-period has elapsed so the current 
in source 1 will have advanced 90° (vector rotated cc) from 270 to O°, making its phase the same as that 
of the wave we are riding, as in the middle diagram of Fig. 5-19. Thus the fld of the wave fram source 
2 reinforces that of the feid of source 1, and the wo fields trave to the left together in phase producing а 
maximum field to the left which Is twice the field of either source alone. 

Нон imagine that we start at source 1 with phase 270° (vector down) and travel to the right. By the time 
we arrive ak source 2 the phase of its А8 has advanced from 0 to 90° so itis in phase opposition and cancels 
ihe field of the wave we е riding, asin the bottom diagram in Fig. 5 19b, resulting in zero radiation ta the 
right 


E 


сазе 4. General Case of Two Isotropic Point Sources of Equal Amplitude and Any Phase Difference 


Proceeding now to a more general situation, let us consider the case of two isotropic point sources of equal 
amplitude but of any phase difference 5. The total phase difference yr between the fields from source 2 and 
Source 1 ata distant pointin the direction ¢ (see Fig. 5-16a) is then 


W = d, COS +5 И] 


Taking source 1 as the reference for phase, the positive sign in (19) indicates that source 2 is advanced in 
phase by the angle. A minus sign would be used to indicate a phase retardation. If, instead of referring the 
phase to source 1, itis referred to the centerpoint of the array, he phase of the field from source 1 at a distant 
polntis given by 72 and that from source 2 by +2. The total field is then 

вас (20) 

z 

Normalizing (20), we have the general expression for the field pattern of two isotropic sources of equal 
amplitude and arbitrary phase, 


E = yel P fe 


ор 


where y is given by (19). The three cases we have discussed are obviously special cases of (21). Thus, Cases 
1, 2, and 3 are obtained from (21) when à = 0°, 180°, and 90° respectively. 
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F feid doubles 
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ee, 


Figure 5-19 (3) Relative field pattern of two isotropic sources of same amplitude and 
in-phase quadrature for a spacing of 2/4. Source 2 leads source 1 by 90°. (b) Vector diagrams 
illustrating feld reinforcement in the —x direction and field cancellation in the +x direction. 


сазе 5. Most General Case of Two 
Difference 


otrople Point Sources of Unequal Amplitude and Any Phase 


A still more general situation, involving two isotropic point sources, exists when the amplitudes are unequal 
and the phase difference is arbitrary. Let the sources be situated asin Fig. 5-20a with source 1 atthe origin. 
Assume that the source 1 has the larger amplitude and that its field at a large distance has an amplitude of Eo. 
Letthefield from source 2 be of amplitude a£ ( 1) atthe distance r. Then, referring to Fig. 5-20b, 
the magnitude and phase angle of the total field E is given by 


e! sin! v fla sin p/(1 + а соз wl (22) 


|, cosg + and the phase angle (< is referred to source 1. This is the phase angle £ shown 


E = Ey + acosyy 


where y 
in Fig. 5204. 
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(a) (b) 


Figure 5-20 (a) Two isotropic point sources of unequal amplitude and arbitrary phase with 
respect to the coordinate system. (b] Vector addition of fields from unequal sources arranged as 
in (a). The amplitude of source 2 is assumed to be smaller than that of source 1 by the factor a. 


Thecasesconsideredin the preceding sectional involveisotropic point sources, These can readily beextended 
to a more general situation in which the sources are nonisotropic but similar. 

The word similar Is here used to indicate that the variation with absolute angle ¢ of both the amplitude 
and phase of the field is the same The maximum amplitudes of the individual sources may be unequal. If, 
however, they are also equal, the sources are not only similar but are identical. 

As an example, let us reconsider Case 4 of Sec. 5-9 
in which the sources are identical, with the modification 7 
that both sources 1 and 2 have field pattems given by 


Eo = Бүйлө 
Patterns of this type might be produced by short 


dipoles oriented parallel to the x axis as suggested by 
Fig. 5-21. Substituting (1) in (5-9-20) and normalizing 


F 
eee fre 8-21 lee 
m o 


where y = d, cos + 

This result is the same as obtained by multiplying the pattern of the individual source (sin 6) by the pattern 
of two isotropic point sources (cos v2) 

If the similar but unequal point sources of Case 5 (Sec. 5-9) have patterns as given by (1), the total 
normalized pattern is 


ine (1 + a cosy)? +a? sin? y (3) 


Here again, the result is the same as that obtained by multiplying the pattern of the individual source by the 
pattern of an атау of Isotropic point sources 


"negatis nt only must be of the same shape but ао must be oriented in the same direction to be called "similar: 
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These аге examples illustrating the principle of pattern multiplication, which may be expressed в follows: 


The field pattern of an array of nonisotropic but similar point sources is the product of the pattern of 
the individual source and the pattern of an array of isotropic point sources having the same locations, 
relative amplitudes, and phase as the nonisotropic point sources. 


This principle may be applied to arrays of any number of sources provided only that they are similar. The 
individual nonisotropic source or antenna may be of finite ге but can be considered as a point source situated 
atthe point In the antenna to which phase is referred. This points said to be the "phase center." 

‘The abovediscussion of pattem multiplication has been concemed only with the field pattern or magnitude 
of the field. If the field of the norisoropic source and the атау of isotropic sources vary in phase with space 
angle, i.e., havea phase pattern which is nota constant, the statement of the principle of pattern multiplication 
may be extended to include this more general case as follows: 


“The total field pattern of an array of nonisotropic but similar sources is the product of the individual source pattem 
and the pattern of an атау of isotropic point sources each located at the phase center of the individual source and 
having the same relative amplitude and phase, while the total phase pattern is the sum of the phase patterns ofthe 
individual source and the array of isotropic point sources. 


‘The total phase pattern is referred to the phase center of the array. In symbols, the total field Æ is then 


E = f0.8)F 0.8) [fpl0.0) + Ep06) [7 
Fd pati LT 
where 
(0.4) = field pattern of individual source 
fu 0.) = phase pattern of individual source 
F(0, $) = field pattern of array of isotropic sources 
Бө. Ф) = phase pattern of array of isotropic sources 


The patterns are expressed in (4) as a function of both polar angles to indicate that the principle of pattern 
‘multiplication applies to space pattems as well as to the two-dimensional cases we have been considering 
To illustrate the principle let us apply to it two special modifications of Case 1 Sec. 5-9). 


EXAMPLE 8-10.1 Assumetvio identical point sources separated by a distanced, each source having 
the field pattern given by (1) as might be obtained by two short dipoles arranged as in Fig. 5-21. Let 
ıd = 51 and the phase angle à = 0. Then the total field pattern is 


E 


nacos (5 cose) 6 


‘This pattern is illustrated by Fig. 5-22c as the product of the individual source pattem (sin ¢) shown 
at (a) and the array pattern [cosi (1/2) оз) as shown at (b). The pattern is sharper than it was in Case 
1 (See. 5-9) for the isotropic sources. In this instance, the maximum field of the individual source is 
їп the direction ¢ = 90>, which coincides with the direction of the maximum field for the array of two 
isotropic sources. 
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m e © 
Figure 5-22 Example of pattern multiplication. Two nonisotropic but identical point 
sources of the same amplitude and phase, spaced 2/2 apart and arranged as in Fig. 5-21, 
produce the pattern shown at (c). The individual source has the pattern shown at (a), which, 
when multiplied by the pattern of an array of two isotropic point sources (of the same 
amplitude and phase) as shown at (b), yields the total array pattern of (c) 


EXAMPLE 8-10.2 Let us consider next the situation 
in which d =4/2 and 5 = 0 as in Example 5-10.1 
but with individual source pattems given by shon 
En = Ejcosé © dipoles 
This type of pattern might be produced by short 
dipolesoriented parallel tothe v axis asin Fig. 5-23, 
Here the maximum field of the individual source is 
in the direction (д = 0) of a null from the атау, 
while the Individual source has a null in the direc- 
tion (6907) of the pattern maximum of the атау. Figure 5-23 Array of two nonisotropic 
By the principle of pattern multiplication the total sources with respect o the coordinate system, 


normalized field is 
| | 
@) 


(by © 
Figure 5-24 Example of pattern multiplication, Total array pattern (с) as the product of 
pattern (a) of individual nonisotropic source and pattern (b) of array of two isotropic sources. 
The pattern (b) for the array of two isotropic sources is identical with that of Fig. 5-22b, but 
the individual source pattem (a) is rotated through 90° with respect to the one in Fig. 5 222. 


D 
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osos (Z cose) [7 


7 


Thetotal атау pattern in the xy plane as given by (7) is illustrated in Fig. 5 24c as the product of the 
individual source pattern (cos) shown at (a) and the array pattern (cos| (x /2) cos ó]) shown at (b). The 
total array pattern in the xy plane has four lobes with nulls at the x and y axes. 


The above examples illustrate мо applications of the principle of pattern multiplication to arrays in which 
the source has a simple pattern. However, in the more general case the individual source may represent an 
antenna of any complexity provided that the amplitude and phase of its field can be expressed as a function of 
angle, hat is to say, provided that the field pattern and the phase pattern with respect to the phase center are 
known. If only thetota field pattern is desired, phase patterns need not be known provided hat the individual 
Sources ае identical 

If the arrays in the above examples are parts of still larger arrays, the smaller arrays may be regarded as 
nonisotropi point sources in the larger array another application of the principle of pattern multiplication 
yielding the complete pater. In this way the principle of pattern multiplication сап be applied п times to 
find the patterns of arrays of arrays of arrays. 


5-11 Example of Pattern Synth 


‘Theprincipleo pattern multiplication, discussed inthe preceding section, sof great valuein pattem synthesis. 
By pattem synthesis is meant the process of finding the source ог array of sources that produces a desired 
рамат, Theoretically an атау of isotropic point sources can be found that will produce any arbitrary pattem. 
Thisprocessisnotalwayssimpleand may yield an array thats difîcultor impossible to construct. A simples, 
less elegant approach to the problem of antenna synthesis is by the application of pattern multiplication to 
combinations of practical arrays, the combination which best approximates the desired pattern being arrived 
ау a trial-and-error process. 

To illustrate this application of pattern ч 
multiplication, let us consider the follow- 
ing hypothetical problem, A broadcasting чи, L 
station (in the 500- to 1500-KH frequency 
band) requires a patem in the horizontal 
plane fulfilling the conditions indicated in 
Fig, 5-25a. The maximum field Intensity, . 
with as Ише variation as possible, i to be 
radiated in the 90° sector between north 
west and northeast. No nulls in the pattern 
can occurin this sector. However, nulls may 
occur in any direction in the complementary 
270" sector, but, аз an additional require 


Uniform maximum. 
NE 


(b) 


s 


ment, nulls must be present in the due east Figure 5-25 (3) Requirements for 
and the due southwest directions in order to pattern of broadcast station and (b) 
prevent interference with other stations in idealized pattern fulfling them. 


these directions. An idealized sector-shaped 
pattern fulfilling those requirements is illustrated in Fig. 5-250. The antenna producing this pattern isto con- 
sist of an array of four vertical towers, The currents in ай towers are to be equal in magnitude, but the phase 
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may Бе adjusted to any relationship. There is also па restriction on the spacing or geometrical arrangement 
ofthe towers 

Since we ar interested only in the horizontal plane pattern, each tower may be considered as an isotropic 
point source. The problem then becomes one of finding a space and phase relation of four isotropic point 
Sources located in the horizontal plane which ull the above requirements. 

The principle of pattern multiplication will be applied to 
the solution of this problem by seeking the patterns of o 
pairs of isotropic sources which yield the desired pattern 
when multiplied together. First let us find a pair of isotropic 
sources whose pattern fulfils the requirements of a broad 
lobe of radiation with maximum north and a null southwest 
This will be called the "primary" pattern, 

Two isotropic sources phased as an end-frearay can pro- 
duce a pattern with a broader major lobe than when phased 
asa broadside array (for example, compare Figs. 5-15 and s 
5-19). Sinceaboad lobeto thenorth is desired, лепе Figure 8-26 Arrangement of wo 
arrangement of o isotropic sources as shown in Fig.5~26 Боор pont sources lor both primary 
will be tried, and secondary arrays 

From a consideration of pattern shapes as a funcion of 
separation and phase, a spacing between 1/4 and 31/8 appears suitable (see Fig. 6-30). (See Brown, 
Terman-1, and Smith-1.) Accordingly, let d = 0.32. Then the field pattern for the array is 


a 
у= 067 cose +3 a 
For thereto be a null in the pattern of (1) at = 1359, it is necessary that? 
dl D a 
Wherek = 0.1.2,3 
Equating (2) and (3) then gives 
1 
-06л-ы+4 l ba 4 
a [ 0) 
or 
5 = Get Ds 04252 5) 


Fork =0, = —104*. The pattern for this case (d = 0.3). and à = ~104°) is illustrated by Fig. 5-27a. 

Next, let us find the array of two isotropic point sources that will produce a pattern that fulfills the 
requirements of a null at ¢ = 270° and that also has a broad lobe to the north. This will be called the 
"secondary" pattem. This pattern multiplied by the primary array pattern will then yield the total array 


The azimut angle ¢ (Fig. 5-26) is measure contrita (cu) fon he north. This is consistent with the engineering practice 
. sense. However, it should be noted that е pedet azimuth angle of alt 
measured in the opposite, or locis (cu), sense tom the reference direction, which is sometimes taken as south and sometimes as 
pos 
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patter, If the secondary Isotropic sources are also arranged as in Fig. 5-26 and have a phase difference of 
180°, there is a null at = 270°. Let the spacing d = 0.64. Then the secondary pattern is given by (1) where. 


= 127 coset (© 


‘The pattern is illustrated by Fig. 5276. By the principle of pattern multiplication, the total array pattern is 
the product of this pattern and the primary array pattern, or 
Cos(S4" cos — 52°)сов(108° cos + 90°) m 
This pattern, which is illustrated by Fig. 5-27, satisfies the pattern requirements. The complete array is 
obtained by replacing each of theisotropic sources of the secondary pattern by the wo-source array producing 
the primary pattern. Themidpaintof each primary array is its phase center, so this pointis placed atthelocation 
of a secondary source. The complete antenna is then a linear array of four Isotropic point sources as shown 
Inthe lower part of Fig. 5—27, where now each source represents а single vertical tower. A I towers carry the. 
same current The current of tower 2 leads tower 1 and the current of tower 4 leads tower 3 by 104°, while the 
current in towers 1 and 3 and 2 and 4 are in phase opposition. The relative phase of the current is illustrated 
by the vectors in the lower part of Fig. 5-27c. 

The solution obtained is only one of an infinite number of possible solutions involving four towers. Itis, 
however, a satisfactory and practical solution to the problem. 

The phase variation £ around the primary, secondary, and total arrays is shown in Figs. 5-28a, b, and c. 
with the phase center at the centerpoint of each array and also at the southernmost source, The arrangement 
of the arrays with ther phase centers is illustrated in Fig. 5 28d for both cases. 


645 = DES 
Piper m ЕЕЕ 
@) (b) [2] 
725 
» oaet a 
E ča a 
: E вө, 
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Figure 5-27 Field patterns of primary and secondary arrays of two isotropic sources which 
multiplied together give pattern of total array of four isotropic sources. 
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5-12 Nonisotropic and 


In Sec. 5-10 nonisolropic but similar point sources were discussed, and it was shown that the principle of 
pattern multiplication could be applied. However, if the sources are dissimilar, this principle is no longer 
applicable and the fields of the sources must be added at each angle for which the total field is calculated 
Thus, for two dissimilar sources 1 and 2 situated on the x axis with source 1 at the origin and the sources 
separated by a distance d (same geometry as Fig, 5-20) the total field is in general 


similar Point Soure: 


ELEME = БФ) + aFG) COS Ia Fo v] 
1749) + arctanla F(0) sin WU) + аф) сов vo] a) 
nar 4 

I Moot as 

P | phase center 

FE 

: 

H 

E 


D a ES ES E 


(a) Primary patem 


тыш chase angle, é 


a ES E E 


(b) Secondary patern 


Figure 5-28 Phase patterns of primary, secondary and total arrays having the field patterns 
shown in Fig. 5-27. Phase patterns are given for the phase center at the midpoint of the array 
and atthe southernmost source, the arrangement of the arrays and the phase centers being 
shown at (d). The phase angle ¿ is adjusted to zero at ¢ = D in all cases. 
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Figure 5-28 Continued 


Where the field from source 1 is taken as 


B Effet o 


and from source 2 as 


Fy = AEO F (0) EB) + d, соё +5 o 
where 
En = constant 
ratio of maximum amplitude of source to source 10 < a = 1) 
V — d, caso + д) + Руф). where 
relative phase of source 2 with respect to source 1 
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f (9) = relative field pattern of source 1 
7,09) = phase pattem of source 1 
Tae = relative field pattern of source 2 
д) = phase pattem of source 2 
In (1) the phase angle (£) is referred to the phase of the field from source 1 in some reference direction 
(= #0) 
In the special case where the field patterns are identical but 
the phase patterns are not, a = 1, and 
FH = Fi) w 
from which 


* 
E = DBs f 6) у | fo) + 0/2 © 
Where phase is again referred to source 1 In some reference 

recto on. 
As an illustration of nonisotroplc dissimilar point sources, — 
letus consider an example in which the field from source 1 is Figure 5-29 Relation of wo 


given by nonisobopic dissimilar sources to 
БЕУ © coordinate system 
‘and from source 2 by 
E sino fh o 
Where = dr cosg +å 


The relation of the two sources to the coordinate system 
and the individual feld patterns is shown in Fig. 5-29, 
Source 1 is located at the origin. The total feld £ is then 
the vector sum of E1 and E». oF 

E = cosg + Snel © 
Let us consider the case for 1/4 spacing (d = 2/4) and 


phase quadrature o the sources (3 = s /2). Then 
v= cose e) © 
Thecalulaionforthiscaseis easily carried outby graphi Es 


cal vector addition. The resulting field pattern for the total 
field E of the array is presented in Fig. 5-30, and the 
resulting phase pattern for the angle is given in Fig, 5-31. 
The angles is the phase angle between the total field and 
the field of source 1 in the direction o 


Figure 5-30 Field pattern of array of 
two nonisotropic dissimilar sources of 
Fig. 5-29 ford = 3/4 and a = 90°. 


5-13 Linear Arrays of n Isotropic Point Sources of Equal Amplitude and 
Spacing 

Introduction 

Letus now proceed to the case of n isotropic point sources of equal amplitude and spacing arranged as a linear 

атау, as indicated in Fig. 5-32, where n is any positive integer, The total field £ at a large distance in the 

direction ¢ is given by 

же жей CET ш 
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Figure 5-31 Phase pattern of array having field pattern of Fig. 5-30. The phase angle f is 
with respect to source 1 as phase center. 


where y isthe total phase difference of the fields from adjacent sources as given by 
nd 
y= TS osp ra = dros +3 (2 


Wheres isthe phase diference of adjacent sources, Le, $ = эг 
Sauce 2 wih er uf. 3 with eget 2 . 7 
(clara, Sato. 

The amplitudes of e ids from the sources real 
equal ш taken а unity. Sauce 1 (Fig. 5-32) [se 
phase reference, Thus, ata distant point In the ection 
P metedtromsourcezisadvancedinphasewinrespeet . 
Čo source- by y tne Rexa from source 3 в advance in 
phase with respect to source 1 by 20. etc. aaa] 

Equation (1) isa geometric series. Each term repre 1 2 3 
sents a phasor ná Me апше of tt Red Кат Figure i 
CC 
F 
а simple дозите: fom which we non der as 
follows: 


То distant point 


— 


(b) 

Figure 5-33 (2) Vector addition of fields ata large distance from the linear array of five 
isotropic point sources of equal amplitude with source 1 as the phase center (reference for 
phase). (b) Same, but with midpoint of array (source 3) as phase center. 
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Multiply (1) by ei, giving 


ken ens pe „ЕЙ у...” a 
Now subtract (3) from (1) and divide by 1 — ei, yielding 
1-6 
ti % 


Equation (4) may be rewritten as 


¿IR розев eln 
т (бетт, ГЕШ (5) 
from which 
sin(nw/2) Sinne 
EEA 0 
Where c is referred to the field from source 1. The value of ¢ is given by 
a- 
ty m 
If the phase is referred to the centerpoint of the атау, (6) becomes 
_ Snid 
EWA] » 


In this case the phase pattern is а step function as given by the sign of (8). The phase of the field is constant 
wherever E has a value but changes sign when E goes through zero 

When w = 0, (6) or (8) is indeterminate so that for this case E must be obtained as the limit of (8) as y 
approaches zero. Thus, for y = 0 we have the relation that 


E (83) 

This is the maximum value that сап attain. Hence, the normalized value of the total field for Eg = n ÎS 
1snnyj2 

172) © 


EGE] 

Thefield as given by (3) will be referred о as the “array factor." Values of the array factor as obtained from (9) 
for various numbers of sources are presented in Fig. 5-34. If y is known as a function of ¢, then the field 
pattern can be obtained directly from Fig. 5-34. 

Wemay conclude from the above discussion that the field from the array will bea maximum in any direction. 
© for which w = 0. Stated in another way, the fields from the sources ай arrive at а distant point in the samê 
phase when yr = 0. In special cases, y may not be zero for any value of d, and in this case the field is usually 
а maximum at the minimum value of v. 

To illustrate some of the properties of linear arrays (9) will now be applied to several special cases. See 
programs on the book's web site involving these different cases, See also discussion in Appendix С. 


Case 1. Broadside Array (Sources in Phase) 
The first case is a linear array of n isotropic sources of the same amplitude and phase. Therefore, 5 = 0 and 
(10) 
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2 


Figure 5-34 Universal field-pattern chart for arrays of various numbers n of isotropic point 
Sources of equal amplitude and spacing 

Tomake y = 0 requires thatg = (2k-+1)(x/2), wherek = 

when 


1,2,3..... Thefiedis, therefore, a maximum 


4-5 % 3 (203) 
Thatis the maximum fedis ina direction normal t the array. Hence, this condition, which s characterized 
by in-phase sources ( = 0), results in a "broadside" type of array. 

Asan example, the pattern of a broadside array of four in-phase isotropic point sources of equal amplitude 
is shown in Fig. 5-35a. The spacing between sources [s /2 The feld pattern in rectangular coordinates 
and the phase patterns for this array are presented in Fig. 5-35a. 


ES 


Case 2. Ordinary End-Fire Array 
Letus now find the phase angle between adjacent sources that is required to make the field a maximum In the 
direction of the array (6 = O). Ап атау of his type may be called an "end-fre атау. For this we substitute 
the conditions = 0 and ө = O into (2), from which 

3= 4, a» 
Hence, for an end-fie array, the phase between sources is retarded progressively by the same amount as the 
spacing between sources in radians. Thus, if the spacing is ۸/4, source 2 in Fig. 5- 32 should lag source 1 by 
90°, source 3 should lag source 2 by 90°, etc. 

Asan example, thefield pattern ofan end-firearray of four isotropic pointsourcesis presented in FI, 5-36. 
The spacing between sources is % and 8 . The field pattern in rectangular coordinates and the phase 
patterns are shown in Fig. 5- 36b. The same shape of feld pattern is obtained in this case if à = +r since, 
with = 3/2, the pattem is bidirectional. However, f the spacing is less than 2/2, the maximum radiation 
isin the direction ө = 0 when 3 = -4 and in the direction ¢ = 180° when à = +4, 


Чи ве spacing between lens exceeds à, sidelobes appear which are equal in amplitude to the main [center lobe. These are called 
grating lobes (see Sec 19-6] 
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|- Phase center 
sw T eee, 
of array 


100" 


Total phase angle, £ 


97—380 


Figure 5-35 (a) Field pattern of broadside array of four isotropic point sources of the same 
amplitude and phase. The spacing between sources is 4/2. (b) Field pattern in rectangular 
coordinates and phase patterns of same array with phase center at midpoint and at source 1. 
The reference direction for phase is ot o 


m D m 4 


vicar 


(a) 
igure 5-36 (а) Field pattern of ordinary end-fire array of four isotropic point sources of 


same amplitude. Spacing is 2/2 and the phase angle 4 = . (b) Field pattern in rectangular 
coordinates and phase patterns of same array with phase center at midpoint and at source 1. 
The reference direction for phase is atê 


Case 3. End-Fire Array with Increased Directivity 


The situation discussed in Case 2, namely, for à = —d,, produces a maximum field in the direction ф = 
but does not give the maximum directivity. It has been shown by Hansen (1) and Woodyard that a larger 
directivity is obtained by increasing the phase change between sources so that 


iet) a 
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‘This condition will be referred to as the condition for “increased directivity." Thus for the phase difference 


of the fields at a large distance we have 


у= 4660-0-12. 


(3) 


Asan example, the field pattern of an end-fire array of four isotropic point sources for this case is illustrated 


inFig. 5-37. 

The spacing between sources is 4/2, and 
therefore 5 = — (Sx /4). Hence, the conditions 
are the same as for the array with the pattern 
of Fig. 5-36, except that the phase difference 
between sources is increased by л /4. Compar: 
ing the field patterns of Figs. 5-36a and 5-37, 
itis apparent that the additional phase difference 
yields a considerably sharper main lobe in the 
direction ¢ = 0. However, the back lobes in his 
caseare excessively large because thelargevalue 
of spacing results in too great a range in y. 

To realize the directivity increase afforded by 
the additional phase difference requires that y] 
be restricted in its range to a value of л/ at 
$= Oandavalueinthevicinity of x até = 180" 
‘This canbefulfilledfthespacingisreduced. For 
example, he field pattern of an end-fire array of 
Wisotropic point sources of equal amplitude and 
Spaced /4 apart is presented in Fig. 538 for 
the phase condition giving increased directivity 
(6 = sse) In contrast to this pattern, one is 
presenedin Fig. 5~38b for the identical antenna 
with the phasing of an ordinary end-fire array ( 


э 


180 o 


piste 
1234 
Anay 


igure 5-37 Field pattern of end-fire array of 
four isotropic point sources of equal amplitude 
spaced à/2 apart The phasing adjusted for 
increased directly (5 = = 3+) 


0.52). Both patterns are plotted to the same maximum. 


Theincressed directivity isapparent from the greater sharpness of the pattern, Integrating the pattern, including 
the minor lobes, the directivity is found to be about 19 and of the ordinary endfire about 11. The beamwidths 
and directivities for the two cases are compared in Table 5-2. 


Table 5-2 Comparison of end-fire arrays 


— NT ger 


array Increased directivity 
Team between араага r E 
ram between st ale ше w 
p n El 


‘Themaximum of the field pattern of Fig, 5-38a occursatý = 0 and y = —2/n. In general, any increased 


directivity end-fire атау, with maximum at y 


(z уни? 


A Im) snam 


e has a normalized field patter given by 


a4 
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Phase shift 180° (0.67) versus 90° (0.57) 


Increased-directivity 
‘end fire ordinary end fire 


Figure 5-38 Field patterns of end. fte arrays of 10 isotropic point sources of equal amplitude 
spaced 2/4 apart The pattern at (a) has the phase adjusted for increased directivity 
(= 0.67), while the pattern at (b) has the phasing of an ordinary end-fre array (5 = - 0.5). 


сазе 4. Array with Maximum Field in an Arbitrary Direction. Scanning Array 
Let us consider the case of an array with a field pattem having a maximum in some arbitrary direction ó not 
‘equal to kz 2 where = 0, 1, 2, or 3. Then (2) becomes 
0= dr costs +5 (as) 

By specifying the spacing d, the required phase difference 2 Is then determined by (15). Conversely, by 
changing s the beam direction 91 can be shifted or scanned. 

‘Asan example, suppose that n — 4, d = 2/2, and that we wish to have a maximum field in the direction of 
9 = 60". Then 3 = —/2, yielding the field pattern shown in Fig, 5-39. 
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5-14 Null Directions for Arrays of n Isotropic Point Sources of Equal 


Amplitude and Spacing 


In this section simple methods are discussed for finding the directions of the pattern nulls of the arrays 


considered in Sec. 5-13, 


Following the procedure given by Schelkunoff (2, 3) the nul directions for an array of n isotropic point 


sources of equal amplitudeand spacing occur when E 
is not zero, when 


eol a 
Equation (1) requires that 
p o 
where K 212,3 


Equating the value of y in (2) to Its value in Eq. 
(513-2) gives 
2Kx 


v + 


d Cosdo +8 


ты 
woma] 0 


where do gives the direction of the pattern nulls. Note 
that values of K must be excluded for which К = mn, 
where m = 1,2,3,.... Thus, if К = mn, (2) reduces 
to y = 2m and the denominator of Eq. (5-13-4) 
equals zero so that the null condition of (1), that the 
numerator of Eq. (S-134) be zero, is insufficient. 

"n a broadside array 5 = 0, so that for this case (4) 
becomes 


2K: 


И ro), 


A) 


Азап example the field pattern of Fig. 5-35 (n 


к 
= aces (25) 


For K = 1, фо = +60" and +120>, and for К 
this array. 


фа 


Dor, provided that the denominator of Eq. (513-4) 


zn = 
Figure 5-39 Field pattern of array of 
four isotropic point sources of equal 
amplitude with phasing adjusted to give the 
maximum at = 60°. The spacing ls 4/2. 


Л.в 


) has the nul directions 


(© 


@ and 180°. These are the six null directions for 


If da in (3) is replaced by its complementary angle yo (see Fig. 5-32), then (5) becomes 


arcsin pos 
q d 


If the атау is long, so that nd > KA, 


m 


8) 
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The first nulls either side of the maximum occur for K = 


These angles will be designated уш. Thus, 
a 
zah 9) 
met (9) 
and the total beamwidth of the main lobe between first nulls for а long broadside array is then 


0 


For the field pattern in Fig. 5—35 this width is exactly 60°, while as given by (10) itis 1 rad, or 57.37. This 
pattern is for an array 2. long. The agreement would be better with longer arrays. 

Turning next to end-fre arrays, the condition for an ordinary end-fire атау is that. 
case (3) becomes 


4, Thus, for bis 


toss - 12 2248 ш) 
from which we obtain 
de 
2 00 m 
“ 
és = асіп (zs) аз) 
Asan example, the field pater of Fig. 5-36 (n = 4, d = 4/2, = ce) has the null directions 
2 [f (14) 
és = 2aresin (+ B ua) 
Fork = 1, dp = 260°; for K = 2, go = +909, ек. 
If the array is long, so that nd >> КЭ, (13) becomes 
[RE 
a (E as 
The first nulls either side of the main lobe occur for K = 1, These angles will be designated doi. Thus, 
az 
یھ‎ > us) 
and the total beamwidth of the main lobe between first nulls for a lang ordinary end-fire array is then 
p an 


Vd 
For the field pattern in Fig. 5-36 this width is exactly 120°, while as given by (17) itis 2 rad, or 115°. 

For end-fre arrays with increased directivity as proposed by Hansen (1) and Woodyard, the condition is 
that = (4, + л/п), Thus, for this case (3) becomes 


алав A 25 (18) 
from which 

$ = асап окр (19) 
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or 


If the array is long, so that nd >> КА, (20) becomes 


mz + SOK -D Qu 
The first nulls either side of the main lobe, фо, occur for К = 1. Thus, 
= 
mý (22) 


and the total beamwidth of the main lobe between first rllsfor a long end-frearray with increased directivity 
isthen 

Vind 
This width is 1/4/2, or 71 percent, of the width of the ordinary end-fire атау. As an example, the ordinary 
елге атау pattem of Fig. 5-38b has а beamwidth between first nulls of 106°. The width of the patter in 
Fig, 5-38a forthe атау with increased directivity is 74°, of 70 percent as much. 

Table 4.3 lists the formulas for null directions and beamwidth for the different arrays considered above. 
The null directions in column 2 apply to arrays of any length. The formulas in the third and fourth columns 
are approximate and apply only to long arrays. 

The formulas in Table 5-3 have been used to calculate the curves presented in Fig. 5-40. These curves 
show the beamwidth between first nulls as а function of nd, for three types of arrays: broadside, ordinary 
end-îre, and end-fire with increased directivity. The quantity nd: (nd 2) [s approximately equal to the 
length of the атау in wavelengths for long arrays. The exact value of the array length is (n — Du, 

The beamwidth of long broadside arrays is inversely proportional to the array length, whereas the 
beamwidth of long erg fte types is inversely proportional to the square root of the array length, Hence, 


200 > 2, (23) 


Table 5-3 Null directions and beamwidths between first nulls for linear arrays of n isotropic point 
sources of equal amplitude and spacing. (For п > 2. The angles in columns 3 and 4 are expressed 
in radians. To convert to degrees, multiply by 57.3) 
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Figure 5-40 Beamwidth between first nulls as a function of nd; for arrays of n isotropic pont 
sources of equal amplitude. For long arrays, nd; is approximately equal to the array length 


the beamwidth in the plane of a long linear broadside array is much smaller than for end-fire types of the 
same length as shown by Fig. 540. It should be noted, however, that the broadside array has a disk-shaped 
pattern with a narrow beamwidth in a plane through the атау axis but a circular pattern (360° beamwidth) in 
the plane normal to the array axis. On the other hand, the end-fre array has a cigar-shaped pattern with the 
same beamwidth in all planes through the атау axis. 


5-15 Linear Broadside Arrays with Nonuniform Amplitude Distributions. 
General Considerations 


Letus begin by comparing the field patterns of four amplitude distributions, namely, uniform, binomial, edge, 
and optimum. To be specific, we will consider a linear array of five isotropic point sources with 2/2 spacing. 
Ifthe sources arein phase and all equal in amplitude, we may calculate the pattern as discussed in Sec. 5-13 
the result being as shown in Fig. 5-41 by the pattern 

designated uniform, A uniform distribution yields 


the maximum directivity or gain, The pattern has Table 5-4 
a half-power beamwidth of 23°, but the side lobes — 
are relatively large. The amplitude of the first sile в © (Pascalis triangle) 


lobe Is 24 percent of the man ode maximum. In — —1— — T 271 — —— 

some applications this minorobe amplitude may * 

be undesirably large E e NE DE: 
To reduce the Sie Lobe Level (SLL) of liner 

in-phase broadside array, John StoneStone (1) pro- 

posed that the sources have amplitudes proportional 

to the coefficients of a binomial series of the form 


-DD cag 


(a + by! =a" + (я e 
(a+) [ = 


a 
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where n isthe number of sources. Thus, for arrays of three to six sources the relative amplitudes are given by 
Table 5-4, where the amplitudes are arranged as in Pascal's triangle (any inside number is equal to the sum 
of the adjacent numbers in the row above). 

Applying the binomial distribution to the array of five sources spaced 3/2 apart, the sources have the. 
relative amplitudes 1, 4, 6, 4, 1. The resulting pattern, designated binomial, is shown in Fig. 5-41. Methods 
of calculating such patterns are discussed in the next section. The pattern has no minor lobes, but this has 
been achieved at the expense of an increased beamwidth (31°). For spacings of 2 /2 or less between elements, 
the minor lobes ae eliminated by Stone's binomial distribution. However, the increased beamwidth and the 
large ratio of current amplitudes required in large arrays are disadvantages 

Attheother extreme rom the binomial dis- 
tribution, we might try an edge distribution 
in which only the end sources of the array 
are supplied with power, the three central TZ 
sources being either omitted or inactive. The туре of distribution beamwidth  (% of major ове) 
relative amplitudes of the fvesource апау pno yO 
are, accordingly, 1, 0, 0, 0, 1. The array has, 
therefore, degenerated to two sources 2. apart 
and has the field pattern designated as edge 
in Fig. 5-41, The beamwidth between half- 
power points ofthe “main” lobe (normal to the array) Is 15°, but "minor lobes are the same amplitude as the 
"main" lobe. 

Comparing the binomial and edge distributions for the fivesource array with 1/2 spacing, we have 
Table 5-5 

Although for most applications it would bedesirableto combine the 15° beamwidth of the edge distribution 
with the zero side-lobe level of the binomial distribution, this combination is not possible. However, if the 
distribution is between the binomial and the edge type, a compromise between the beamwidth and the side- 
lobe level can be made; ie, the sidelobe level will not be zero, but the beamwidth will be less than for 
the binomial distribution. An amplitude distribution of this nature for linear in-phase broadside arrays 
was proposed by Dolph (1) which has the further property of optimizing the relation between beamwidth 
and sidelobe level Le, if the sidelobe level is specified, the beamwidth between first nulls is minimized; 
or, conversely, И the beamwidth between first nulls is specified, the side-lobe level is minimized. Dolph's 
distribution is based on the properties of the chebyscheff polynomials and accordingly will be referred to as 
the Dolph-Tchebyschef or optimum distribution. 

Applying the Dolph-T chebyscheff distribution to our атау of five sources with 2/2 spacing, let us specify 
a side-lobe level 20 dB below the main lobe, i.e, а minor-lobe amplitude 10 percent of the main lobe, The 
relative amplitude distribution for this sidelobe level is 1, 1.6, 1.9, 16, 1 and yields the pattern designated 
optimum in Fig. 5-41. Methods of calculating the distribution and pattem are discussed in the next section 
The beamwidth between half-power points is 27°, which is less than for the binomial distribution. Smaller 
beamwidins can be obtained only by raising the side-obelevel. T heDolph- Tchebyscheff distribution includes 
all distributions between the binomial and the edge. In fact, he binomial and edge distributions are special 
cases of the Dolph-Tchebyscheff distribution, the binomial distribution corresponding to an infinite ratia 
between main- and side-lobe levels and the edge distribution to а ratio of unity. The uniform distribution is, 
however, nota special case ofthe Dolph-Tchebyscheff distribution 

Referring to Fig. 5-41, we may draw a number of general conclusions regarding the relation between 
patterns and amplitude distributions. We note that if the amplitude tapers to а small value at the edge of the 
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Five source array in order of decreasing side-lobe level 


A 
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Figure 5-41 Normalized field patterns of broadside arrays of five isotropic point sources 
spaced 2/2 apart All sources are in the same phase, but the relative amplitudes have four 
different distributions: edge, uniform, optimum, and binomial. Only the upper half of the pattern 
is shown. The relative amplitudes of the five sources are indicated in each case by the array 
below the pattern, the height of the line at each source being proportional о its amplitude. All 
patterns are adjusted to the same maximum amplitude. 


array (binomial distribution), minor lobes can be eliminated. On the other hand, if the distribution has an 
inverse taper with maximum amplitude at the edges and попе at the center of the array (edge distribution), the 
minor lobes are accentuated, being in fact equal to the "main" lobe. From this we may quite properly conclude 
that the side-obe level is closely related to the abruptness with which the amplitude distribution ends at the 
edge of the array, An abrupt discontinuity in the distribution results in large minor lobes, while a gradually 
tapered distribution approaching zero at the edge minimizes the discontinuity and the minor-lobe amplitude. 
Inthe next section, we shall see that the abrupt discontinuity produces large higher "harmonic" terms in 
the Fourier series representing the pattern. On the other hand, these higher harmonic terms are small when 
the distribution tapers gradually to a small value at the edge. There is an analogy between this situation 
and the Fourier analysis of wave shapes. Thus, a square wave has relatively large higher harmonics, whereas 
A pure sine wave has none, the square wave being analogous to the uniform array distribution while the pure 
sine wave is analogous to the binomial distribution. 

The preceding discussion has been concerned with arrays of discrete sources separated by finite distances. 
However, the general conclusions concerning amplitude distributions which we have drawn can be extended 
tolargearrays of continuous distributions of an infinite number of pointsources, such as might exist in the case 
‘of a continuous current distribution on a metal sheet or in the case of a continuous field distribution across the 
mouth of an electromagnetic horn or across a parabolic reflector antenna. If the amplitude distribution follows 
а Gaussian error curve, which is similar to a binomial distribution for discrete sources, then minor labes are 
absent but the beamwidth is relatively large. An increase of amplitude at the edge reduces the beamwidth but 
results in minor lobes, as we have seen. Thus, іп the case of a high-gain parabolic reflector type of antenna, 
the illumination of the reflector by the primary antenna is usually arranged to taper toward the edge of the 
parabola. However, a compromise is generally made between beamwidth and sidelobe level so that the 
illumination is not zero at the edge but has an appreciable value as in a Dolph- T chebyscheff distribution, 
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5-16 Linear Arrays with Nonuniform Amplitude Distributions. The Dolph- 
Tchebyscheff Optimum Distribution 


In this section linear in-phase arrays with nonuniform amplitude distributions are analyzed, and the 
development and application of the Dolph-Tchebyscheff distribution are discussed, It is shown that the 
far-field pattern of a linear array of isotropic point sources can be expressed as a finite Fourier series of 
N terms. Then Dolph's procedure is described for matching the terms of the Fourier polynomial with 
the terms of like degree of а Tchebyscheff polynomial. This then yields the optimum source amplitude 
distribution for a specified Side-Lobe Level (SLL) with ай side lobes of the same level. To apply these 
results to an array, one can give this section a quick scan and proceed directly to the worked example of 
Sec. 5-17. 

We will consider a linear array of an even number m, of isotropic point sources of uniform spacing d 
arranged as In Fig. 5423. All sources are in the same phase. The direction = O is taken normal to the array 
with the origin at the center of the array as shown. The individual sources have the amplitudes Ao, A1, A2, 
tc., as indicated, the amplitude distribution being symmetrical about the center of the array. The total Feld 
E,, from the even number of sources at a large distance in a direction û is then the sum of we fields of the 
symmetrical pairs of sources, or 


ЕД 


En, =2лоав 2e +... +24, 080 w 
where 
" 
= sing = d sinê a 
Each term in (1) represents the field due to a symmetrically disposed pair of the sources 
Nou let 
26 =e 
where k= 0.1.2.3, ... so that 
ж+1 
7 
En m 
ө E" 
s E y 
^ ^ A А „ А 
(b) 


Figure 5-42 Linear broadside arrays of n isotropic sources with uniform spacing for n even 
(а) and n odd (b). 
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Then (1) becomes. 


Eo-1l es 
a 


) Even number Fourier series a 


where N сп 
Went let us conside the case of a linear array of an odd number ny of isotropic point sources of uniform 
spacing arranged sin Flo 5-420. The ale dto е зубала about te center source. The 
amplitud of de center source is taken as 24o he nett as A, the nexa A, c The total feld fr rum 

ihe numberof sources at a large dance na direction 0 then 
2) а 


Jo + 241 созу + 2400524 +... + RAe cos ( 


Now for this case let 


x. 
where k =0,1,2,3..... Then (4) becomes 
Ee A cs (2:5) Odd number Fourier series 6 
OX C 


where N = (np - D/2 

The seres expressed by (4) or by (5) may be recognized as a йе Fourier seriesof N terms (Wolf) 
Fork =Owehavea constant term 2A, representing the contribution of the center source. For k = 1 we have 
theterm 24, cos y representing the contribution of the first pair of sources on either side of the center source 
For each higher value of K we have a higher harmonic term which in each case represents the contribution 
of a pair of symmetrically disposed sources. Thus, the total field pattern is simply the sum of a series of 
terms of Increasing order in the same way that he waveform of an alternating current can be represented as 
a Fourier series involving, in genera, a constant term, a fundamental term, and higher harmonic terms. The 
fied pattem of an even number af sources as given by (1) or (3) is also a finite Fourier series but one which 
has no constant term and only odd harmonies. The coefficients Ap, 41, ... in both series are arbitrary and 
express the amplitude distribution. 

To illustrate the Fourier nature of the field-pattern expression, let us consider the simple example of an 
array of nine isotropic point sources spaced 4/2 арап, having the same amplitude and phase. Hence, the 
coefficients are related as follows: 240 = Ay = A2 = A3 = Аа = 3. The number of sources is odd; hence 
the expression for the field pattern is then given by (5) as 


By = } + cosy + созду + cos3y cdl, © 


The first term (k = 0) ls a constant so that the field pattem is a circle of amplitude 3 as shown in 
Fig. 5-43a. The second term ( = 1) may be regarded as the fundamental term of the Fourier series and 
gives the pattern of the two sources (A1 in Fig. S-430) on either side of the center. This pattem has four lobes 
of maximum amplitude of unity, as illustrated in Fig. 5-490. The next term ( = 2) may be regarded as the 
second harmonic term and gives the pattern of the next pair of sources (Az in Fig. 5-430). This pattern has 
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Resolution of pattern (f) into five Fourier components 


| Total patter 


aw 


к-г md Eos 
(e) (a) (e) 

Figure 5-43 Resolution of total pattern of array of nine isotropic sources into Fourier 
Components due to center source and pairs of symmetrically disposed sources. The relative 
field pattern of the entire array is shown by (f ). The lower halves of patterns are not shown. 
(Note that the end. fre lobes are wider than the broadside lobes.) 


eight lobes as shown by Fig. 5-43, The last two terms represent the third and fourth harmonics, and the 
patterns have 12 and 16 lobes, respectively, as indicated by Fig. 5-43d and e. The above relations may be 
summarized as in Table 5-6, 


T 
NE V TRE 
d. „ Fundamental deber 
2 2 2% бешта mene Blobes 
s oy P 
"EH A Fourth harmonie 16 labes 


The algebraic sum of the pattems given by the five terms is the total far-field pattern of the array which is 
presented in Fig. 5-43. If the middle source of the array has zero amplitude or is omitted, the total pattem 
is then the sum of the four terms for which k = 1, 2, 3, and 4. If in addition the pair of sources A1 is omitted, 
the total pattem is the sum of three terms for which k = 2, 3, and 4. Since these are higher harmonic terms, 
we may properly expect that in this case the minor lobes of the total pattern will be accentuated. Itis apparent 
from the above discussion that the field pattern of any symmetrical amplitude distribution can be expressed 
as a series of the form of (3) or (5). 

Proceeding now to the Dolph-Tchebyscheff amplitude distribution, it will be shown that the coefficients 
of the pattern series can be uniquely determined so as to produce a pattern of minimum beamwidth for a 
specified side-lobe level. The first step in the development of the Dolph- T chebyscheff distribution is to show 
that (3) and (5) can be regarded as polynomials of degree ne — 1 and n, ~ 1, that is, polynomials of degree 
equal to the number of sources less 1, In the present discussion we shall consider only the case of the broadside 
typeof array, i.e., where 5 = 0. Thus, 


„ d sino m 


uations (1), 3,14 and 15 
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Now by de Моге theorem, 


ЕРЕ = (чаў + jan) 
On taking real parts of (8) we have 
Y Y vy 
соту = Rel as + js $) 00 


Expanding (9) as a binomial series gives 


— Я 
KMD ИН 


z A тт 
mim — Dim - 2im -3 oa a 
eet sin (10) 
Putting sin*(/2) =1-cos (4/2), and substituting particular values of m, (10) then reduces to the following: 
* 
m-0 compl 
LA Y 
osmý = cosh 
* Y 
osmý 20e -1 " 
LA * * 
osmý = Aes У Sees f 
* * * 
deen see У вав Ў +1 
er 
a» 
1 when m 
А when m id 


2% 1 ben 


The polynomials of (13) are called Tchebyscheff polynomials, which may be designated in general by 


тв) = tint (14) 
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For particular values of m, the first eight Tchebyscheff polynomials are 


ne = 1 
то) х 
то) 2-1 
Talx) ES 
Talx) Brt- 81241 m 
Teo) 16:5 — 2053 + 5x 
T) = 3036 дв 4 182-1 
Tix) 64:7 — 1125 + 56:3 — Tx 
We note in (15) that the degree of the polynomial is the same as the value of m, 
Therools of the polynomials occur when co5m(/2) = 0 or when 
"5-20-15 (6) 
эшек = 1,2,3, 
Theroots of x, designated are thus 
СЕН a» 


Wehaveshown hatcos (v /2) can beexpressedasa polynomial of degree. Thus, (3) and (5) areexpressible 
as polynomials of degree 2k -+ 1 and 24, respectively, since each is the sum of cosine polynomials of the form. 
cosm(y/2). For an even number п, of sources 2k + 1 = n, — 1, while for an odd number n, 2t = m, — 1. 
Therefore, (3) and (5), which express the field pattern of a symmetric in-phase equispaced linear array of n 
isotropic point sources, are polynomials of degree equal to the number of sources less 1. If we now set the 
array polynomial as given by (3) or (5) equal to the Tchebyscheff polynomial of like degree (m = n — 1) and 
equate the array coefficients to the coeff cients of theT chebyscheff polynomial, then the amplitude distribution 
given by these coefficients is a T chebyscheff distribution and the field pattem of the array corresponds to the 
Tchebyscheff polynomial of degree n — 1. 

The Tchebyscheff polynomials of degree m = 0 through m = 5 are presented in Fig. 5-44, Referring to 
Fig. 5-44, ће following properties of the polynomials are worthy of note 

1, All pass through the point (1, 1) 

2. For values of x in the range —1 < x < +1, the polynomials all lie between ordinate values of +1 

and —1, All roots occur between 1 < x < +1, and ай maximum values in his range are +1. 

We may now describe Dolph's method of applying the Tchebyscheff polynomial to obtain an optimum 
pattern. Suppose that we have an array of 6 sources, The field pattem is then a polynomial of degree S. If this 
polynomial is equated to the Tchebyscheff polynomial of degree S, shown in Fig. 5-45, then the optimum 
pattern may be derived as follows: Letthe ratio of the main-lobe maximum to the mot obe leve be specified 
as Ri that is, 
main-lobe maximum 
ECC 
The point (xo, R) on the T(x) polynomial curve then corresponds to the main-lobe maximum, while the 
minor lobes are confined to a maximum value оГ unity. The roots of the polynomial correspond to the nulls of 
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Figure 5-44 Tchebyscheff polynomials of degree m = 0 through m = 5. 
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jure 5-45 Tchebyscheff polynomial of i degree with relation to coordinate scales, 


ine fld pattern, The important property of the Tchebycheff polynomial is that if the ratio R is specified, 
the beamwidth to the first null (x= x) is minimized. The corollary also holds that if the beamwidth is 
‘specified, the ratio R is maximized (side-lobe level minimized). 
The procedure wil now be summarized, Let us write (3) and (5) again Itis to be noted that they are 
functions of y/2. Thus, 
кка 
ы = VY masla 
ё 


H (n even) (18) 
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and 


E = 2D arcs (2e) (o a9 
3 


Since we are usually interested only in the relative field pattern, the factor 2 before the summation sin in 
(18) and (18) may be dropped. 
For an атау of n sources, the first step is to select the Tchebyscheff polynomial of the same degree as the 

атау polynomial, (3) or (5). This is given by 

Theale) (20) 
where n is the number of sources and m = n — 1. Next we choose R and solve 

Tato) =R 21) 
for s. Referring to Fig, 5-45, we note that, for R > 1, o is also greater than unity. This presents a difficulty 
since, according to (12), х must be restricted to the range —1 < x < +1. If, however, a change of scale is 
made by introducing a new abscissa w (Fig. 5-45] where 


wat [7] 
E! 
then the restriction of (12) can be fulfilled by puting 
v 
ы e 


Where now the range of w is restricted о —1 <w < + 1, The pattern polynomial, (18) or (19), may now be 
expressed as а polynomial in w. The final step is to equate the T chebyscheff polynomial of (20) and the array 
polynomial obtained by substituting (23) into (18) or (19). Thus, 

Ta : оа 
The coefficients of the array polynomial are then obtained from (24), yielding the Dolph-Tchebyscheff 
amplitude distribution, which is an optimum For the ade lobe level specified 

Asa proof of the optimum property ofthe Т chebyscheff polynomial, let us consider any other polynomial 
P(x) of degree 5 which passes through (хо. R) in Fig. 45 and the highest oot x; and for all smaller values 
of x lies between +1 and —1. If the range in ordinate of P(x) is less than +1, then this polynomial would 
give a smaller sidelobe level for this same beamwidth, and 7s(x) would not be optimum. Since P(x) lies 
between +1 in the range —х{ < x < xj it must intersect the curve Ts(x) in atleast m + 1 = 6 points, 
including (xo. R). Two polynomials of the same degree m which intersect in m + 1 points must be the same 
polynomial? so that 

P(x) = Bis) 
and the Ти) polynomial is therefore the optimum. 

If the spacing between sources exceeds 2/2, it should be noted that as the spacing approaches 2. a large 
lobe develops at © = +90° which equals the main lobe when d = à. However, if the individual sources of 
the атау are nonisotropi, ie, are directional with the maximum at = D and with little or no radiation at 
8 = +909, then by pattern multiplication the lobes of the total pattem at = +90* can be made small 


© 


Aris follows from the fact that a polynomial of degree m has m + 1 arbitrary constants: Further, if m + 1 points оп the polynomial's 
turve are specified, m + 1 independent equations with п + unkrowns can be writen and them + 1 constants thereby determined. 
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5-17 Example of Dolph-Tchebyscheff (D-T) Distribution for an Array of Eight 
Sources 


To illustrate the method for finding the Dolph-T chebyscheff distribution, let us work the following problem. 

An array of n = 8 in-phase isotropic sources, spaced ./2 apart, is to have a sidelobe level 26 dB below 
the mair-lobe maximum. Find: (a) the amplitude distribution fulfilling this requirement that produces the 
minimum beamwidth between first puls (b) the HPBW, and (с) the gain. 


Since 

Side-lobe level in dB below main-lobe maximum = 201003, x a 
itfollous that 

R=20 a 
TheTchebyscheff polynomial of degree n — 1 is 7)(x). Thus, we set 

Tyto) = 20 a 


The value of хо may be determined by trial and error from the 7, (x) expansion as given in (5-16-15) or xp 
may be calculated from 


HOR + VET Dn e VED а 
Substituting R = 20 and m = 7 in (4) yields 

115 (5) 
Now substituting (5-16-23) in (5-16-18) and dropping the factor 2, we have 

Eg = Ади + A1 (Au? — Зи) + Ay (1645 — 20? + 5w) + Az(64w? — 11205 45683 — 7) (6) 


But = 1/19, so making this substitution in (6) and grouping terms of like degree, 
6443 „ 1842 —2Аз 41 204) 5642 Ao—3A1+5A2 — 7A 
mo. ZB E n, PMH ын, р 
q 5 x o 
TheTchebyscheff polynomial of like degrees, 
то) ee = Ша + 5609 Tr (a) 
Now equating (7) and (8), 
Ea = тө) С) 


For (9) to betrue requires that the coefficients of (7) equal the coefficients of the terms of like degree in (8). 
Therefore, 
644: 
T = и (10) 
or 


з = d=119=26 ш) 
In asimilar way we find that 


A = 456 
m = 68 a» 
ла = 825 
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The relative amplitudes of the eight sources are then 
1,17,26,31,31,26,17,1 


To obtain the field pattern given by the Dolph-T chebyscheff distribution, we recall that w/2 =, sin 9)/2, 
соңу /2) = W, and w = x/x0, from which 


a3 


"PEL 
8 


Thevalueof x corresponding to а given 
value of 9, as obtained from (13), is then 
introduced intheappropriate Tchebyscheff 
polynomial, in this case T(x), or scaled 
from a graph of this polynomial, as shown 
in Fig. 5-46. The value of the polynomial 
for this value of x is then the relative field 
strength In we direction 0. In general, as 
û ranges from / to 4/2, the vari 
ables v/2. w and x range as indicated by 
Table 5-7. Thus, in general, as Ө ranges 
from —л/2 to Oto x2 ranges from . 
some point, such as a in Fig, 3-46, o Figure 5-46 Tchebyscheff polynomial of the 
ха and back again to a, the ordinate value Seventh degree. 

giving the relative field intensity, 

In our problem, d, = and хо = 1.15, so that the range of x |з as shown in Table 5-7. Hence, ata = —90° 
we start at the origin in Fig. 5-46 (point р), and as 0 approaches 0° we proceed to the right along the 
polynomial curve, reaching the point (xa, R = 1.15, 20) when 0 — 0°. As 6 continues to increase, we retrace. 
the polynomial curve, reaching the origin when 0 = 90°. Thus, the pattern is symmetrical about the 8. 
direction, 

Аза preliminary step to plotting the field pattern, ‘Table 5-7 

itis usually helpful to make a plot of x versus from. 
(13). Then, knowing the values of х for the nulls 
and maxima of the T; (х) curve, the corresponding 
values of 0 may be determined. As many interme- 
diate points as are needed may also be obtained ln 
the same manner. Following this procedure, the field 
pattern for our problem of the eight-source array is 
presented in Fig. 5-47a in rectangular coordinates 
and in Fig. 5-476 in polar coordinates, 


5-18 Comparison of Amplitude 


tributions for Eight-Source Arrays 


In the problem worked in the preceding section, the side-lobe level was 26 dB below the maximum of the 
main beam (R = 20). It is of interest to compare the amplitude for this case with the distributions for other 
sidelobe levels. This is done in Fig. 5-48 for a uniform distribution and three optimum (D-T) distributions 
with sidelobe levels 20 dB, —40 dB, and oo dB below the main beam maximum, The infinite decibel 
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case corresponds to R= oo 

(zero sidelobe level) and is use 

identical with Stones bino. 

mía distribution. The relative 

amplitudes for this case are a 

109, 21, 28. 35, 2,11 

(ишет). The ratio of ampl! ts 

tudes ofthe center sources to : 

the edge sources is 35 to 1 m 

Such a lage rato might be m 

difficult o achieve in practice. = 

вой the binomial and edge 

distributions are special cases 

of the Dolph-Tchebysche (D 

T) distribution, tthe uniform 

amplitude disribuion is not. 2 
The D-T optimum ampl: — Figure 5-47 Relative field pattern of broadside array of eight 

ие йиш, as discussed ion sources spaced 1/2 арап. The D-T amplitude 

% beamwidth for a sidelobe level = of 

i опу Lc = А2. e main lobe. The pattern is shown in rectangular coordinates at 

(a) and in polar at (b). Both diagrams show the pattern only from 
700" to 4909, he other half of he pattem being identical. 


Figure 5-48 Uniform and three optimum (D-T) source dstibutns or eight in-phase 
isotropic sources spaced i2 with field patterns. The distributions resultin Side Lobe Levels 
(SLLs) ranging from —13 dB for the uniform array to — for the binomial array. Note thatas the 
SLL is reduced, the distribution is more tapered, the HP BW is larger, and the gain is less. Thus, 
iflow SLL is required, the gain is reduced. Conversely, if maximum gain is desired, a larger SLL 
must be tolerated. This is the designers dilemma. 
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interest for broadside arrays. By a generalization of the method, however, cases with smaller spacings can 
also be optimized. 

In conclusion, it should be pointed out that the properties of the 
‘Tchebyscheff polynomials may be applied not only to antenna pattems 
as discussed above but also to other situations. Itis necessary, however, 
thatthe function to be opt mized be expressible as a polynomial. 

The D-T (Dolph-Tchebyschef) source amplitude distribution for 
linear arrays on N sources are given by the computer program ARRAY. 
PATGAIN on the book's web site antennas3.com. The program also plats the pattern and gives the HPBW 
and gain as discussed in A pp. C-3a. 


5-19 Continuous Arrays 
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Both A and the time factor may be taken outside the integral, and ry may also be If rı > a. Thus, 
— 
DET ee a 
n Lua 
However, refering to Fig. 5-49, 
n=r-ysno w 


Substituting (4) in (3) and taking the constant factor e= outside the integral, we have 


an 
gan [^ arr ay 9 
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where 
ar шы. © 
п 
Integrating (5) yields 
— Hari 
Fane 2] v 
which may be written as 
M a (Ba 
arin (Gane) в) 
Pasino = a, sino 00 
Ва =2ла/ = array length, rad Then 
24 Y 
ES ag 
However, from (9), 
asno E 
жота (10) becomes 
ш 
Normalizing (1) gives finally 
sinig' 2 
ач a» 


Equation (12) expresses the far field, or Fraunhofer diffraction pattern, of a continuous broadside array of 
length having uniform amplitude and phase. For n discrete, equally spaced sources, it was previously shown. 
by (5-13-9) that the normalized value of the total field is 
E 
sinew 72 
where y = dcosó +8 

For in-phase sources, 5 = 0. Comparing Figs. 5-32 and 5-49, we note that y = # + /2, so that 

= а sino = fd sino (14) 

For small values of ¥, which occur for small values of 0, d, or both, (13) can be expressed as 


аз) 


sinný/2) SL 4 2 ino] as 
Ea e 
The length a of the array of discrete sources is 
а=йп-1) (as) 
where = number of sources. 


spacing 
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Ив > 1, a = nd and (15) becomes 
Sie sinê] _ sin[tar/2) sinê] 
E= Bans ee n 
Where, = Ва = 2ла/ 
By (S) this can now be expressed as 
sny 
Y a8) 


Which is identical with the value obtained in (12) for the continuous array. Thus, the field pattern for an 
атау of many discrete sources (n >> 1) and for small values of y is the same as the pattern of а continuous 
атау of the same length f the array is long, that is, if nd > л, the main beam and the first minor lobes are 
confined to small values of Ө. It therefore follows that the main features of the pattem of a large array are 
the same, whether the array has many discrete sources or is a continuous distribution of sources, M any of the 
conclusions derived in previous sections concerning amplitude distributions for arrays of discrete sources can 
also be applied to continuous arrays provided that the arrays are large. 

Thenulldiretions оГ the continuous array pattern are given by 


d as 
where K =1,2.3. 

Thus, 

ES en 


For a long array (20) can be expressed as 


mE ca 2n 
Where = aj 
The beamwidth between frst nulls (K = 1) for a long array is then 
Beamwidth between first nulls 20: Ž (rad) Seeg tong array (22) 
1015 to be noted that (20), (21), and (22) are identical with nido 
the expressions given for the broadside array of discrete "m 
sources, if nd i replaced by а (se Table 5-3), There“ 
fore the null locations for long arrays of either discreteor 
continuous sources arethesameprovided only atn > 1 З poneret 
The field patterns of the main beam of continuous acis 
arrays of point sources 5, 10, nd 50A long are compared im 
în Fig. 5-50. Itmay be nated that the beamwidth between imi 
half-power points, ap, of along, uniform broadside array 
îs given approximately by — — 
a ds = ш 0% 
D jure 5-50 Main-obe field 
x 51 patterns of continuous uniform 
= رو‎ (M) — broadside arrays 5, 10, and 50 long. 
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5-20 Huygens’ Principle 


The principle proposed by Christian Huygens (1629- 


1695) has been of fundamental Importance to the 


development of wave theory (Huygens-1; Вот; Sommerfeld-1). 


Huygens! principle states that each point on a primary wave front can be considered to be а new source of a 
secondary spherical wave and that a secondary wave front can be constructed as the envelope of these secondary 


‘waves, as suggested in Fig. 551. 
Thus, aspherical wave from asingle point source 
propagates as a spherical wave as indicated in 
Fig. 5-41a, while an infinite plane wave contin- 
ues as a plane wave as suggested in Fig. 5—41, 
This principle of physical optics can be used to 
explain the apparent bending of electromagnetic 
waves around obstacles, i.e., the diffraction of 
waves, a diffracted ray being one that follows а 
path that cannot be interpreted as ether reflection 
or refraction. 

Let us consider the situation shown in 
Fig. 5-52a in which an infinite plane electro- 
magnetic wave s incident on an infinite atsheet 
which is opaque to the waves. The sheet has а 
slot of width а and of infinite length in the direc- 
tion normal to the page. The field everywhere to 
the right of the sheet is the result of the section 


p 


| 


| 


Plane wave 


(a) 


Spherical 


(а) (b) 


Figure 5-51 Spherical and plane 
wavefronts with secondary waves of Huygens, 


Plane 


жеши 
ght of sot 


Relative amplitude 


(b) 


Figure 5-52 Plane wave incident on opaque sheet with slot of width a. 
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of the wave that passes through the slot. If is many wavelengths, the field distribution across the slot 
тау be assumed, in the first approximation, to be uniform, as shown in Fig. 5-420. By Huygens’ prin 
ciple the field everywhere t the right of the sheet is the same as though each point in the plane of 
the slot is the source of a new spherical wave. Each of these point sources is of equal amplitude and phase. 
Thus, by Huygens principle the slotted sheet with a uniform field across the opening can be replaced by a 
continuous array of point sources which just llsthe opening. The feld pattern in he xy plane (Fig. 5-52a) is 
then calculated in the same way as for a continuous linear array of point sources of length a oriented parallel 
tothe y axis 

The far field, or Fraunhofer diffraction pattern, of such an array was shown in the preceding section to be 
given by 


sim 

vn 
where y = (2ra/2) sing and where 0 is їп the xy plane (Fig. 5-49]. This pattern, in the xy plane, is 
independent of the extent of the array in the z direction (normal to the page). 

In deriving (1), thatis, (5 19. 12, the total field at а point was obtained by integrating the contributions 
from a continuous array of sources distributed over a length a. For points at a great distance from the array the 
integral can be simplified, and the integration is straightforward, as demonstrated in the preceding section. 
For points near to the array, however, the integral does not simplify in this way but can be reduced to the form 
of Fresnei's integrals. The feld variation near the slot as obtained in this way is commonly called a Fresnel 
diffraction pattern. Along a straight line parallel to the slot and a short distance from it, the field variation is 
as suggested at (a) in Fig. 5-53, the variation approximating the uniform distribution of field at the slot as 
showin in Fig. 5-52b, As the distance «from theslotisincreased, the Fresnel pattems change through a series 


a 


r | Meer 


j - 


Str] H ) 
ра. ) 


— le o [E 


Fresnel patiems pattems 


Plane wave 


Figure 5-53 Fresnel and Fraunhofer patterns of a slot of width a. 
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of transitional forms, such as suggested at (b) in Fig. 5-39, until at large distances we enter the Fraunhofer. 
region and the pattern assumes a form as suggested by (c) in Fig. 5-53. Ordinarily the Fraunhofer pattern is 
obtained by rotating the slot around its center so that the Пе is observed at а constant radius rather than ata 
constant distance x. The resulting field pattern in polar coordinates is then as suggested at (d) in Fig. 5-39. 
Once we have entered the Fraunhofer region, this pattern is the same at all greater distances, For a point to be 
in the Fraunhofer region, it must be ata sufficient distance from the slot so that we can make the assumption 
that lines extending from the edges of the slot to the point are parallel. This Is commonly assumed to be the 
case when the point is at a distance r from the slot given by 


la? 
rte a 
wherearsthe with or aperture of the slot, 3 
which is assumed to be large. Thus, he Н 
larger he aperture or the shorter the wave- ва : 
length, the greater must be the distance at Arayat 
which the pattern is measured if we wish ое 
to avoid the effects of Fresnel diffraction. Me: 
A nearly uniform type of fl distribu- já iud 


tion across an aperture such as discussed 
above in connection with Figs, 5-52 and 
5-53 occursin optics when a beam of light 
is incident on a slit. Italso may be realized ый e prs hom antenna 

by the field distribution across the mouth amd arrey Of акан reflector. 

‘of a long electromagnetic horn antenna as in Fig. 5-54a. Since the pattem of a uniform fied distribution is 
the same as the pattern of a uniform distribution of point sources of equal extent, another form of antenna 
‘equivalent to the optical slit or electromagnetic hom is a uniform current sheet. This can be approximated 
by a "billboard" type of атау, as in Fig. S. 54b, having many dipole antennas carrying equal currents. The 
expressions which have been developed can thus be applied to a calculation of the Fraunhofer diffraction 
pattern of an optical sit or the far field of а horn or uniform current sheet If the field or current distribution 
across theslitor antenna aperture is not uniform, the form factor for the distribution will appear in the integral 
Tor the field expression. If the aperture is large, the relations developed for amplitude distributions of arrays 
of discrete sources can be applied to the case of continuous arrays of sources, 

Huygens! principle is not without its limitations, Thus, it neglects the vector nature of the electromagnetic 
field, It also neglects the effect of currents which Пон at the edge of the slot, as in Figs. 5-52 and 5—53, or 
at the edge of the hom, as in Fig. 5-54a. However, if the aperture is sufficiently large and we confine our 
attention to directions roughly normal to aperture, the scalar theory of Huygens' principle gives satisfactory 
results 


5-21 Huygens’ Princi 
оп a Flat Sheet. Physic: 


Consider a uniform plane wave incident on a perfectly conducting half-plane, as їп Fig. 5-55a (Kraus-1). 
We want to calculate the electric field at point P at a distance r behind the plane. By Huygens principle 


Soe E ü 
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Where dE is the electric field at P due to a point source at а distance x from the origin, as in Fig. 5- 55b. 


Thus, 


PEE 


Bur [^ oma. 


If асг, It follows that 


When we let 2/ra = k? and kx = и, (3) becomes. 
oe [or 
kr а р 
wien ca berets 
The integrals in (6) have the form of Fresnel integrals so (6) can be written 


e i 
E 2 27 LG s 
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Figure 5-55 Plane wave incident from above onto a conducting half-plane with resultant 


power-density variation below the plane as obtained by physical optics. 
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where 


Fresnel cosine integral 


resnel sine integral 9 


A graph of C(ka) and Sika) yleldsthe Cornu spiral 
(Fig. 5-56), Since C(=ku) = -C (ka) and Si-ka) 
-S(ka), the spiral for negative values of ka is in the 
third quadrant and is symmetrical with respect to the 
origin for the spiral in the first quadrant. 

The power density as a function of Ка is then 


ЕЕ" im £t 2 
esco] 


| 
= 
рерна e x 
where a 
в T za 


The power density variation of (10) as a function of 


ka (with r, à, and k constant) is shown in Fig. 5—55с. 
Assuming that the plane wave originates from a distant. 
source, we have 


Figure 5-56 Cornu spiral showing C (ka) 
and S (ka) as a function of ka values along 
the spiral. For example, when ka = 10, 


0.780 and 5 (ka) — 0.338. When. 


1. Forno obscuration, ka = oo and Sw = So, oo, C da) 80e 


2 Far source, observer, and edge of obscuring 
plane in line, ka = 0 and Sw = 25, 

3. For complete obscuration, ka = +0 and Sa, = 0. 
Thus, the power density does not go to zero abruptly as the point of observation goes from the illuminated 
side (ka < 0) to the shadow side (ka > O); rather, there are fluctuations followed by a gradual decrease in 
power density. 

From (10) and (11) the relative power density as a function of ka is 


Sw _1/f1 R . P 
= ift [D sual] 
The relative power density (12) is equal to }R?, where R is the distance from a ka value on the Comu 


spiral to the point (3, 3) (see Fig. 5-56). For large positive values of ka, R approaches l af, that (12) 
reduces approximately to 


Soy relative 


a2) 


пз) 


1 
эшне =- 
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where 


ır = distance from obstacle (conducting half-plane), m 
avelength, m 
stance into shadow region, m 
Equation (13) gives the relative power density for large ka (>3) (well into the shadow region). For this 
condition it is apparent that the power lux density (Poynting vector) due to diffraction increases with 
wavelength and with distance (from edge) but decreases asthe square of the distance a into theshadow region. 


EXAMPLE 8-21.1 A vertical conducting wall 25 m high extends above a flat ground plane. A 
>. = 10-em transmitter is situated 25 m above the ground plane at a large distance to one side of the 
Vertical wall and a receiver is located on the ground plane 100 m to the other side of the wall Find the 
signal level at the receiver due to diffraction over the wall as compared to the direct path signal without 
the wall 


m Solution 
The constant k = /277X = 27151 = 0.44 and 
Thus, (13) is applicable and 


25 m so ka 


1, which is greater than 3 


rà _ 10x01 1 
Seda = agen = gr 2800 © 340 Ans. 


Thus, the vertical wall causes 34 dB of attenuation as compared to a direct path signal 


Ifthe half-planein Fig. 5-55 is replaced by a strip of width D and length > D, diffraction occurs from both 
edges, scattering radiation into the shadow region behind the strip. On the centerline of the strip, diffraction 
fields from both edges are equal in magnitude and of the same phase since the path lengths from both edges 
are equal. Thus, the diffracted field has a maximum or central peak on the centerline. 

If the strip is replaced by a disk of diameter D, there is diffraction around its entire edge and all diffracted 
fields arrive in phase on the centerline behind the disk, producing a larger central peak. In optics this peak 
is called the axial bright spot. In a similar way, the diffracted fields from the feed system at the focus of a 
parabolic dish reflector can produce a back labe on the axis of the parabola. See additional discussions on 
diffraction in Secs, 7-13, 9-2, 17-5. 


5-22 Rectangular-Area Broadside Arrays 


The method of obtaining the field patterns of linear arrays discussed in the preceding sections can be easlly 
extended to the case of rectangular broadside arrays, i.e., arrays of sources which occupy a flat area of 
rectangular shape, asin Fig. 5—57. For such a rectangular array, the field pattern in the xy plane (as afunction 
of 0) depends only on the y-dimension a of the array, whilethe field pattern in the xz plane (as a function оГ) 
depends only on the -dimension b of the атау. T he assumption is made that the field or current distribution 
across the array in the у direction is the same for any values of z between 4/2. Likewise, it is assumed that 
the amplitude distribution across the array in the z direction is the same for all values of y between +a/2. 
Therefore, the field pattern in the xy plane is calculated as though the array consists only of a single linear 
array of height a coincident with the y axis (v array). In the same way, the pattern in the xz plane is obtained 
by calculating the pattern of a single linear array of length coincident with the z axis ( array), I the array 
also has depth in the x direction, ie, has end-fire directivity, then the pattern in the ху plane is the product of 
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Figure 5-57 Rectangular broadside array of height a and length b with relation to coordinates. 


the patterns of the single linear x and y arrays, while the pattem in the x= plane is the product of the pattems 
of the x and z arrays. 

If the ares occupied by the array is not rectangular in shape, the above principles do not hold. However, the 
approximate field patterns may be obtained in the case of an array of elliptical area, for example, by assuming 
that it Is a rectangular area as in Fig. 5-58a, or ln the case of a circular area by assuming that itis square as 
in Fig. 5—58. 

From the field patterns in two planes (xy and xz) of a rectangular array the beamwidths between half-power 
points can be obtained. If the minor lobes are not large, the directivity D is then given approximately by 


41.000 


а 


ШАД 


where û and д} are the half-power beamwidths in degrees. 
Inthe xy and xz planes, respectively. The limitations of (1) 
are discussed following (2-7-9). Га = 


An expression for the directivity of a large rectangular 
broadside array of height а and width b (Fig. 5-57) and 
with a uniform amplitude distribution may also be derived 


rigorously as follows. By (2-7-3), the directivity of an 0 e) 
antenna is given by 
Ax (0, dna. Figure 5-58 Elliptical array with 


TT 70.4) sin dag 2) equivalent rectangular array (a) and 


circular array with equivalent square 
where 110,9) isthe space power pattern, which varies as Say (bj en i 


the square of the space field pattern. From (5-19-17), the 
space field pattern of a large rectangular array is 
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Упа, sin 40/21 їп (b, sin д)/21 


POS = T TEE e 
where 

a, = nap. 

by 250i 


‘The main beam maximum is in the direction à = ¢ = Û in Fig. 5-57, In (3). 0 = 0 at the equator, while 
in (2), = atthe zenith, For large arrays and relatively sharp beams we can therefore replace sin o and sin ¢ 
in (3) by the angles, while sin In (2) can be set equal to unity. Assuming that the array is unidirectional (по 
field in the — direction), the integral in the denominator of (2) then becomes 


A fen sin (ra 0/1) (a/ 
П Si rao 1) Sif Grbé yp yy а 


I тавр (BOTA 
Making the limits of integration oo to +20 instead of —z/2 to 4-x/2, (4) may be evaluated as 22/ab. 
Therefore, the approximate directivity D of a large unidirectional rectangular broadside array with a uniform. 
amplitude distribution is 


Arab 
aE 


ab 
в С] 


A san example, the directivity of a broadside атау of height = 102 and length b = 203. is, from (5), equal 


192520, or 34 dB. 
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5-34 


5-5-1 


1552 


5-5-4 


5-5-5 


"5-91 


Solar power. The earth receives rom the sun 22 g cal min cm 2 

(a) W hat is the corresponding Poynting vector in watts per square meter? 

(0) W hatis the power output of the sun, assuming that it is an isotropic source? 

(c) What is the rms field intensity at the earth due to the sun's radiation, assuming all the suns energy is at 
a single frequency? 

Note: 1 watt = 143 g cal min”, distance earth to sun = 149 Gm. 

Approximate directivitlos. (2) Show that the directivity for a source with at unidirectional power 
pattern given by U = Uy cos" can be expressed as D = 2( + 1). U has a value only for 0° < ¢ < 90°. 
The pattems are independent of the azimuth angle . (b) Compare the exact values calculated from (a) with 
the approximate values for the directivities of the antennas found in Prob. 2-7-2 and find the dB diference 
from the exact values. 


Exact versus approximate directivities. (a) Calculate the exact directivities of the three 
unidirectional antennas having power patterns as follows: 

Ре. ө) b nen. o 

рөө) = Fa sing sin p 

B1029) = Pasin ê sin ¢ 
Pro, ¢) hasa value only for Û < o < x and Û < < я and is zero elsewhere. 
(b) Compare the exact values in (a) with the approximate values found in Prob. 2-7-3. 
Directivity and minor lobes. Prove the following theorem: If the minor lobes of a radiation pattern 
remain constant as the beamwidth of the main lobe approaches zer, then the directivity of the antenna 
approaches а constant value as the beamwidth of the main lobes approaches zero. 
Directivity by integration. (a) Calculateby graphical integration or numerical methods the directiv- 


ityofasourcewihaunidirecional power pattern given by U = сос. Comparethis directivity valuewith the 
exactvaluefrom Prob. 5-5-1. hasavalueonly for 0° < # < 90° mad: < ¢ < 360° andiszero elsewhere. 


(0) Repeat for a unidirectional poner pattern given by U = cost. 
(9 Repeat for a unidirectional power pattem given by U = cos? f. 


Directivity. Calculate the directivity for a source with relative field pattern £ = соз29 cos. 
For computer programs, see A ppendix С. 


Two point sources. (a) Show that therelative E16) patem ofan —_, 
array of two identical isotropic in-phase point sources arranged as in | 


Fig. P5-9-1 is given by E16) = cosidy/2)sin, where d, = 2rd. 
(6) Show that the maxima, nulls, and half power points of the pattern 
are given by the following relations: 


“ 


Maxima: i 
m ! 
— 3 
Me Figure P5-9-1 Two 
ssepe] Fol Sources. 
т 
me 
шуы 
=n 9] 
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here k= 012,3, 
(9 Ford = A find the maxima, nulls, and half- power points, and from these points and any aditional points 
that may be needed plot the E19) pattern for 0? = ¢ < 360°. There are four maxima, four nulls, and eight 
half-power points. 


(0) Repeat for d = 3/2. 
le) Repeat ford = 4. 
(fF) Repeat for d = 2/4. Note that this pattern has two maxima and two half-power points but no nulls. The 


half-power points are minima. 
Two point sources. (a) W hat is the expression for Eig) for ап атау of two point sources arranged 
sin the figure for Prob. 5-9-1? The spacing d is 32/8. The amplitude of source 1 in the ¢ plane is given 
by [cos and the phase by $. The amplitude of the field of source 2 is given by [cosíg — 45°)| and the 
phase of the field by ¢ — 45°. 

(by Plot the normalized amplitude and the phase of E16) referring the phase to the center point of the array. 
Two-sourco broadside array. (a) Calculate the directivity of a broadside атау of tuo identical 
Isotopicin phase point sources spaced ./2 apartalong the polar axis, the relativefieid pattem being given by 


(40 
Ó— 


1b) Show that the directivity for a broadside array of two identical isotropic in-phase point sources spaced 
a distance d is given by 


Д 
телата 


E 


Two-source endfire array. (a) Calculatethe directivity of anend frearayof bwo identical isotropic 
point sources in phase opposition, spaced 4/2 apart along the polar axis, the relative fed pattern being 


NET 


E 
where û is the polar angle. 

(b) Show that the directivity for an ordinary end-îre array of two identical isotropic point sources spaced a 
distanced is given by 

2 
SEC) 


b= 


+07 


‘Two-source patterns. Calculate and plot he field and phase pattems for an array of two isotropic 
Sources of the same amplitude nd phase for two cass: 
la) = 3/4 
(bya = 3/2. 
Plotthe field pattern in polar coordinates and phase pattern in rectangular coordinates with: 
1 Phase center at source L 
Z Phase center at midpoint 
Two-source array. Shou that for a two-source array the field patterns 
їп (2) Y 
nawd ма = Desk 
500/50 7 


are equivalent 
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5-8-7 Two-unequal-source array. In Case 5 (Sec. 5-9) for two isotopic point sources of unequal 
amplitude and any phase difference, show that the phase angle of the total field with midpoint of the атау 
as phase center is given by 


tan (Zn 
Gt) ? : 
وچ‎ i a tá 


тас 
| 


were, 832/8. Sources nd 2areinphase, | 
and sources З and 4 in opposite phase with 

respect to Land 2. = 

(b) Plot, approximately, the normalized pat- Figure Р5-9-8 Four sources in 
tem. square атау. 


5-10-1 Array patterns, isotropic sources. Plot the eld amplitude and phase pattems for wo isotropic 
point sources with equal amplitude and phase at spacing of (a) 2/16, (b) 2/8, [c 4, and (d) à. 


5-10-2 Array patterns, dipoles. Repeat Prob. 5-10-1 if the sources are short dipoles with Eig) 


5-10-3 Array patterns, various elements. Repeat rob. 5. id. if the sources have field patterns given 
by (a) costa, (b) os e, (c) (sing, 


541-1 Fourtower broadcast array. A broadcasting 
station requires the horizontal lane patem indicated in 
Fig. P5-L1-1. The maximum filed intensity isto be radi- бак 
ated northeast with as lite decrease as possible in field 
intensity in the 90° sector between north and east No 
пиз are permitted in this sector: Nulls may occur in any w 
direction in the complementary 270° sector. However, it [7 
is required that nulls must be present for the directions 
due west and due southwest, in order to prevent inter 
Terence with other stations in these directions. Design 
A four-vertical-tower атау to fulfil these requirements 
The currents are to be equal in magnitude in all ton. 


oso. 


бапа neat 
f ү 


s 


ars, but he phase may be adjusted to any relationship. ы 
Thereis also no restriction onthe spacing or geometrical Figure P5-11-1 Fourtoner 
arrangements of the towers. Plot the field раат. BC array requirements 


5-11-2 Two-tower broadcast array. A broadcast атау of two vertical towers with equa currents sto have 
horizontal plane pattern with abroad maximum of feld intensity to the north and a null atan azimuth angle 
of 131° measured counterclockwise from the north. Specify the arrangement of ће towers, their spacing 
and phasing. Calculate and plot the field pattem in the horizontal plane. 


5-11-3 Throo-tower broadcast array. А broadcast array with three vertical towers arranged in a straight 
horizontal lineisto havea horizontal-plane patter with abroad maximum of field intensity to the north and 
. 147°, and 213° measured counterclockwisefrom the north. Thetowersneed 
nothaveequal currents, Forthe purpose of analysis thecenter tower (2) may beregarded astw towers, 2а and 
2b, 2a belonging to an алау of itself and tower 1 and 2b to an array of itself and tower 3. Specify he arrange 
mentof towers their spacing, currents and phasing, Calculateand plotthefield patternin thehorizontal pane. 
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Fourtower broadcast array. A broadcast aray of four vertical towers with equal currents is to 
havea symmetrical four-lobed pattern in the horizontal plane with maximum field intensity to the north, 
east, south, and west and reduced field intensity to the northeast, southeast, southwest, and northwest equal 
to half the maximum. Specify the атау arrangement, orientation, spacing, and phasing. Calculate and plot 
the field pattern in the horizontal plane. 

Field and phase patterns. Calculate 
‘and plot the field and phase patterns of an атау 
‘of two nonisotropc dissimilar sources for which 
the total field is given by 


E cose + sinêl 


where = cosy +5 = 3 (cosg +1) 


Take source 1 as the reference for phase. See 
Fig. P5-12-1. Figure Р5-12-1 Field and 


phase patterns, 
source array. (a) Derive an expresion for Еу) for an array of n identical isotropic point sources 
where — f(0, d, 5). ¢ is the azimuthal postion angle with ө = O in the direction of the array. š is the 
phase lag between sources as one moves along the атау in the ¢ = 0° direction, and 4 isthe spacing, 

(b) Plot the normalized feld as ordinate and y as abscissa for = 2, 4, 6, 8, 10, and 12 far 0° < w < 180°. 


Ten-source end-firo array. Plot (9) foranend-firearay of n = 10 identical isotropic pint sources 
spaced 32/8 apart withà = —3/4 

(0) Repeat with в = —[(3/4) + (1/0 

Field and phase patterns. Calculateand plot the eld and phase patterns for the cases of Figs 5-35. 
and 5-36 and compare with the curves shown, 


Eight-souree end-fire array. (a) Calculate and pot the field pattem of a linear array of eight 
isotropic point sources of equal amplitude spaced 022 apart for the ordinary eng fte condition. 

lb) Repeat, assuming that the phasing satisfies the Hansen and Wondyard increased direcbvity condition. 
(c) Calculate the directivity in both cases by graphical or numerical integration of the entire pattern. 


Twelve-source end-fire array. (2) Calculate and plot the feld pattern of a linear end-fire array of 
12 Isotropic point sources of equal amplitude spaced ./4 apart for the ordinary ed ге condition. 

(0) Calculate the directivity by graphical or numerical integration of the entire pattern. Note that it is he 
Power patem (square of field pattern) which is to be integrated. tis most convenient to make the атау axis 
coincide with the polar or z axis of Fig. 2-5 so that the patter is a function of . 

(c) Calculate the directivity by the approximate half-power beamwidth method and compare with that 
obtained in b 


‘Twolve-source broadside array. (a) Calculate and plot the pattern of a linear broadside array of 
12 isotropic point sources of equal amplitude spaced  /4 apart with all the sources in the same phase. 

(b) Calculate the directivity by graphical or numerical integration of the entire pattern and compare with 
the directivity obtained in Prob. 5- 13-5 for the same sized array operating end-fire. 

(c) Calculate the directivity by the approximate half-power beamwidth method and compare with that 
obtained in b 


Twolve-source end-fire with increased directivity. (a) Calculate and plot the pattern of a 
linear end fire атау of 12 isotropic point sources of equal amplitude spaces / apart and phased to fulfil 
the Hansen and Woodyardincreased-drectvity condition. 

(b) Calculate the directivity by graphical or numerical integration of the entire pattern and compare with 
the directivity obtained in Probs. §-13-5 and 5-13-6, 
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(c) Calculate the directivity by we approximate half.power beamwidth method and compare with that 
obtained in (b). 

5-138 resource array. Variable phase velocity. Refering to Fig. 5-32, assume that the uniform 
атау of n isotropic point sources is connected by a transmission system extending along the array with the 
feed point at source 1 so that the phase of source 2 lags 1 by o/s, 3 lags 1 by 2od/v, etc v isthe phase 
velocity to the right along the transmission system. Show that the fed is given by Eg. (5-13-8) where 
Y = [сов — (1/p)], where р is the relative phase velocity, that is, p = w/e where c is the velocity of 
light. Show also that p = эс for the broadside case, p = 2 for the maximum field at = 60°, p = 1 for 
the ordinary end-fire case, and p = 1/11 + (1/2nd; 1] for the increased- directivity end- fire case. 


5-129 Directivity of ordinary end4ire array. Shon that the directivity of an ordinary cre array 
тау be expressed as 


» a 


vea 
1+ ояла) Elo — аттай») 
Notethat 


snm Fu- ay cose 
A 


5-13-10 Directivity of broadside array. Show that the directivity ofa broadside array may be expressed as 


pe MEM 
1+ Genc) БҮЛҮҮ 

a 
5-13-11 Phase Center. Show that the phase center of a uniform array is tits centerpoint 


5-13-12 Ordinary and increased-directivity end-fire array gains. (2) Use ARRAY PATGAIN to 
calculate the directivity of ordinary end. fire arrays with 4 spacing and number of sources п = 5, 10, 15, 
and 20. In the formula directivity D = fu, whats the value of f? 
(B) Repeat for increased сіу end ie arrays. What is the value of f for this case? 
(c) Wiat is the ratio of f for the two cases? 
(4) Fina fin the formula D = /(L/2) where £ = (n — 93/4 
(e) Make a table comparing the above cases. 
For computer programs, see A ppendix С. 


5-45-4 Three unequal sources. Three isotropic in-line sources have 4/4 spacing. The middle source has 
three times the current of the end sources. If the phase of the middle source is 0°, the phase of one end 
source +90°, and the phase of the other end source 90°, make a graph of the normalized fid pattem. 


515-2 Long broadside array. Show that the HPBV of a long uniform broadside array is given (without 
approximation) by 508° /1.; where Ly = 1./ = length of array in wavelengths. 

5-15-3 Phase center of two-source array. An aray consists of two isotropic point sources, one at the 
origin and one a a distance of ۸/2 in the « direction. If the source at the origin has twice the amplitude 
(ea) of the other source, find the position of the phase center of the array. 


+5-15-4 Four sources in broadside array. (2) Derive an expression for rio) for alinear in-phase broad: 
side атау of four identical isotropic point sources. Take @ = 0 in the broadside direction. The spacing 
between sources is 5/8. 
(0) Plot approximately, the normalized field pattem (0° < ¢ < 360°). 


length of array. 
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(e) Repeatparts (a) and (b) with thechanged condition thatthe amplitudes of the four sources are proportional 
to the coefficients of the binomial series for (a + b)® =}. 


Binomial distribution. Use the principie of pattern multiplication to show that a linear array with 
binomial amplitude distribution has pattern with по minor lobes. 

Binomial array pattern. (a) Compute and plot the Па pattem of а sevensource binomial array 
^f isotropic sources, o) find the HPBV of the array, and (c estimate ne directivity of this array using 
079. 

Stray factor and directive gain. Theratio of the main beam solid angle 2r to (total) beam solid 
angle Sa is called the main beam efficiency. The ratio of the minor lobe solid angle £, to the (total) beam 
sold angle © is called the stray factor. It follows that а / 2A + 2/24 = 1. Shon that the average 
direct gain over the minor lobes of a highly directive antenna is nearly equal to the stray factor: The 
lective qaln is equal to the directivity multiplied by the normalized power pattern =D Py (¢ on making 
ita function of angle with the maximum value equal to D. 

Tehebyscheft Ta(x) and Tg(x). (3) Calculate and plot cose as x and cos30 as y, for 1 < 
x = +1. Compare wh te curve fof Ту). 

(b Calculate and plot cos as x and cosa as y, for -1 < x l Compare with the curve for Т) 


‘Three-source array. The center source of a three-source array hasa (current) amplitude of unity. For 
side abs level 01 of the maln-lobe maximum field, find the Dolph-T chebysche value of the amplitude 
ofthe end sources The source spacing d = 2/2. 


Five-source Dolph-Tehobyschetf (D-T) distribution. (a) Find theDolph-Tehebysche cur. 
rent distribution far the minimum beamwidth of a linear in-phase broadside array of five isotropic point 
Sources The spacing between sources is 2/2 and theside-lobe level isto be 20 dB down, Take ¢ = 0 in the 
broadside direction. 

{Ы Locate the nulls and maxima of the minor lobes. 

(e) Plot, approximately, the normalized field pattern (0° < ¢ < 360°). 

(a) What is the half-pomer beamwidth? 

Eight source D-T distribution. (a) Find the Dolph-T chebyscheff current distribution for the min- 
imum beamwidth of a linear in-phase broadside атау of eight isotropic sources. The spacing between the 
elements is 4/4 and the sidelobe level is to be 40 dB down, Take ф = 0 in the broadside direction. 

{Ы Locate the nulls and the maxima of the minor lobes. 

(c) Plot, approximately, the normalized field pattern (0° = ¢ = 360°). 

(a) Whatis the half-power beamwidth? 


D-T Six-Source Array. Calculate the Dolph-Tchebyscheff distribution ofa six-sourcebroadsidearray 
far Е = 5,7 and 10. Explain the variation. 


Boamwidth and gain of uniform arrays. Use ARRAY PATGAIN to obtain (a) the HPBW and 
{bJ the gain in dBi of uniform linear arrays of 4, 16, and 48 isotropic pint sources spaced 2/2 apart for a 
SLL of 15 dB. Six answers are required. 
Five-source array. (a) W hatis an expression for thefield pattem of an array of fiveidentical isotropic 
point sources arranged in line and spaced a distance d (<3/2) apart? The phase lead of source 2 over 1, 3 
over 2, ez, isä. 
(by What value should з have to make the атау a broadside type? For this broadside case, what are the 
relative current magnitudes of the sources for: 

1 Maximum directivity? 

2 No sidelobes? 

З Side lobes equal in magnitude to “main” lobe? 
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5-192 


Rectangular current sheet. Calculate and plot the pattems in both planes perpendicular to rect- 
angular sheet carrying a current of uniform density and everywhere of the same direction and phase if the 
sheet measures 10 by 201. Whats the approximate directivity? 


Continuous array. Variable phase velocity. Consider that the array of discrete sources in 
Fig. 5-32 is replaced by a continuous array of length Z and assume that it is energized like the атау of 
Prob. 5-13-8. Show that the far field for the general case of any phase lag 8 per unit distance along the 
continuous array is given by (5-19-18) where v/ = L, созд — 8'L = L; [cos — (1/p)], Where p = v/e 
asin Prob. 5-13-8. Show aso that in the four cases considered in Prob. 5-13-8 the р values are the same 
except for the increased-directivity end fre case where p = 1/11 + (1/20; 
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‘Topics in this chapter include: 


61 


Fields of Short dipole 
Radiation resistance of Short dipole 

Thin linear antenna: 4/2, à, and 3/2 
Radiation resistance of / dipole 

‘Arrays of two 2/2 dipoles 

Broadside, end-fire and close-spaced arrays 


Radiation resistance at a point which is not a 
‘current maximum 


Traveling wave antennas 


Arrays of two driven elements; broadside and 
end-fire 


Patterns, driving point impedance and gain. 
Arrays of two driven elements; general case 
Closely spaced elements 


Introduction 


Electric Dipoles, Thin 

Linear Antennas and 

Arrays of Dipoles and 
Apertures 


Radiation efficiency 
Arrays of n driven elements 

Horizontal and vertical antennas above ground 
‘Shaped dipole arrays 

Phased arrays 

Grid and chain arrays 

Digital beam-forming or adaptive or smart 
arrays 

Long-wire antennas: V, Rhombic and 
Beverage 

Curtain arrays 

Arrays feed points 

Folded dipoles 


This chapter first develops the concepts of electric dipoles and thin linear antennas. Later itis extended to 
the arrays of dipoles and apertures. The essential background for this later partis covered in chap. 5 оп point. 
Sources and ther arrays. The dipoles referred to herein are mostly thin linear dipoles, whereas the apertures 
in general may be helices, horns, big reflectors or arrays of dipoles (arrays of arrays). 

‘The far or radiation field pattem, the driving point impedance and the array gains are first derived in that 
order for several different arrays of dipoles, The method of analysis is general and applicable to other dipole 
arrays; the specific types discussed are merely examples. Array gain is calculated by treating the dipoles as 
circuit elements having self and mutual impedances. Although direct pattem integration could be used to 
determine the gain, the circuit approach is simpler provided impedance values are available (patterns having 
been utilized in the impedence calculations) 
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6-2 The Short Electric 


Sinceany linear antenna may be considered as consisting of a large number of very short conductors connected 
in series, it is of interest to examine first the radiation properties of short conductors. From a knowledge of 
properties of short conductors, we can then proceed to a study of long linear conductors such as are commonly 
‘employed in practice. 
A shart linear conductor is often called a short dipole. In the following discussion, а short dipole is always 
of finite length even though it may be very short If the dipoleis vanishingly short, itis an infinitesimal dipole. 
Let us consider a short dipole such as shown in Fig. 6-1a 


Thelengh Lisvery shortcomparedto the wavelength ( <à) End pate provides 
Plates at tne ends of the dipole provide capacitive loading. loading wilh itie 
The short length and the presence of these plates result in а ořech on patern 


uniform current / along the entire length L of the dipole. The 


“ 
dipole may be energized by a balanced transmision line, в of 
shown, Itis assumed thatthe transmission line does not radiate 
and, therefore its presence wll bedisregarded. Radiation from un ut 
theend plates is also considered to be negligible. The ameter талап ол 
4 of the dipole is small compared to its length (d << L). Thus, ine 
for purposes of analysis we may conside that the short dipole a 
appears asin Fig. 6-10. Here it consists simply of a thin con- © © 
ductor of length £ with a uniform current and point charges 
q atthe ends. The current and charge re related by Figure 6-4 A short dipole 
à antenna (а) and its equivalent (b) 
Ln o 
а 
6-3 The Fields of a Short Dip. 


Letus now proceed to find the fields everywhere around a short 
dipole. Let the dipole of length L be placed coinciden with 
the z axis and with its center at the origin as In Fig. 6-2. The 
relation of the electric field components, E, Es and Eg, is then 
as shown. Itis assumed that the medium surrounding the dipole 
is air or vacuum. 

In dealing with antennas or radiating systems, the propaga- 
tion time is a matter of great importance. Thus, if a current is 
flowingintheshort dipole of Fig. 6-3, heetfectof the currentis 
not felt instantaneously at the point Р, but only after an interval 
equal to the time required for the disturbance to propagate over 
the distance r. We have already recognized this in Chap. 5 in 
connection with the pater of arrays of point sources, but here 
we are more explicitand describe it as a retardation efec. 

Accordingly, instead of writing the current 1 as" 


Figure 6-2 Relation of dipole to 
m (D — coordinates. 


1 


ec eee that we take — or imaginary — ee 
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which implies instantaneous propagation of the effect of the 
Current, we introduce the propagation (or retardation) time 
as dane by Lorentz and write 


[1] = eu o 


where [J] is called the retarded current. Specifically, 
the retardation time r/c results in a phase retardation 
аге = 2 fr fe radians = 360° fr/e = 360° r/T, where 

% time of one period or cycle (seconds) and 
frequency (hertz, Hz = cycles per second). The brackets may 
be added as in (2) to indicate explicit that the effect of the 
currents retarded. 

Equation (2) isa statement of the fact that the disturbance 
ata timer andata distancer from acurrentelement is caused 
by a current I] that occured at an earlier ime — r/c. The 
time difference r/c is the interval required for the distur- Figure 6-3. 
banceto travel he distancer, wherec isthe velocity of light fie ا‎ ee 
ohms 

Electric and magnetic fields can be expressed in terms of vector and scalar potentials. Since we will be 
interested notonly inthe fields near the di pole but also at distances which arelarge compared to the wavelength, 
we must use retarded potentials, .e, expressions involving ¢ — г/с. For a dipole located as in Fig. 6-2 or 
Fig, 6-32, the retarded vector potential of the electric current has only one component, namely, A, Its value 
is 


wo 76 u 
heat а 
where [1] is be retarded current given by 
[1] = eulen T 
ЕЛ 


distance to a point on the conductor 
lo = peak value in time of current (uniform along dipole) 
по = permeability of free space = & x 10. т 
If the distance from thedipoleis large compared to its length (r >> L) and if the wavelength is large compared 
to the length (2 >> L), we can put s = r and neglect the phase differences of the field contributions from 
different parts of the wire. The integrand in (3) can then be regarded as a constant, so that (3) becomes 


nm 


a= w 
The retarded scalar potential V of a charge distribution is 

EVE 

Vm). 9 
Where [o] is the retarded charge density given by 

ns © 
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and dx = infinitesimal volume element 
«а = permittivity or dielectric constant of free space = 8.85 х 10-12 m1 
Since the regian of charge in the case cf the dipole being considered is confined to the points at the ends 
asin Fig. 6-1b, (5) reduces to 


lup tal 


fala n 


m 


From (6-1-1) and (3 
а= finas n | ota e, 
Substituting (8) into (7), 


SE 2 Jo ] 


Referring to Fig. 6-3b, when r > L, the lines connecting 
the ends of the dipole and the point P may be considered 
as parallel so that 


Dipole 


L 
== уш ao 
igure 6-3b Relations for short 
and dipole when r >> L 
L 
2 7 goso ш) 
Substituting (10) nd (11) into (9), it may be shown thatthe fields of a short electric dipole аге: 
TENA 1) uz 
[майды] A ) 
Electric fields rea 91 jar, General 
ofshortdipole jz singe 1 (i, 1, case as 
Олы Near * jor 
їп obtaining (12) and (13) the relation was used that pozn = 1/02, where c 
Turning our attention now to the magnetic field, this may be calculated from curl of A as follows: 
$ t [AGNA алу aa, WrsinoA 
rainal ая эф Fano ET ar 
Фада) dar 
58-5] w 
Since A4 = 0, the first and fourth terms of (14) are zero, since A, and Av are independent of ¢, so that the 


Second and third terms of (14) are also zero. Thus, only the last two terms contribute, so that V x A, and 
hence also H, have only a ¢ component Thus, 
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e (5) 
Magnetic fields || = Hy = ==" — 
of short dipole 
Hs (16) 


Thus, the fields from the dipole have only three components E, E; and Hy, The components Es. Н, and Н, 
ate everywhere zero. 

When r is very large, the terms in 1/72 and 1/7? in (12), (13), and (15) can be neglected in favor af the. 
terms in 1/r. Thus, in the far field E, is negligible, and we have effectively only two field components, E, 
and He, given by 


Elecricand y, Lead MOB. dro) an 
magnetic EE c x: Far-field 

fields ot "T—— case 

war dee н, = See йл ее" jE gp gyre as 


Taking the ratio of E, to H1, as given by (17) and (18), we obtain 


Impedance of space. пз) 


This is the intrinsic impedance of free space (a pure resistance), Itis а Very important constant 
Comparing (17) and (18) wenote that E, and He rein time phase in the far field. We note also thatthe field 
pattems of both are proportional to sin Ө. The pattern isindependentof ¢, so thatthe space pattem is doughnut- 
shaped, being afigure-f-revolution of the pattern in Fig. 6-4a about theaxisof the dipole. Referring to the 
near-field expressions given by (12), (13) and (15), we note that for 
a small r the electric field has two components E, and Eo, which 
are both in time-phase quadrature with the magnetic field, as in 
а resonator. At intermediate distances, E and E, can approach 
time phase quadrature so that the total electric field vector rotates 
in a plane parallel to the direction of propagation, thus exhibiting 
the phenomenon of cross-field. For the E, and Н, components, Dipole Dole 
the near-field patterns are the same as the far-field patterns, being © 6 
proportional to sin? (Fig. 6-43), However, the near-field pattern 


for E, is proportional to сов as indicated by Fig.6-4b. The space 
pattern for E, is a figure-of-revolution of this pattern around the 
dipole axis. 

Letus now consider the situation at very low frequencies, This 
will be referred to as the quasi-staionary, or de case. Since from 


IN = еее = jai] 


Figure 6-4 Near- and far-field 
patterns of E, and Hy 
components for short dipole (a) 
and near-field pattern of Ey 
component (b). 


(20) 
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(12) and (13) can be rewritten as 


[glLc0s0/ jw 1 
Ta (ERE 


and 


IglLsino/ o? | jw 1 
Eis (++) 


The magnetic field is given by (15) as 


Ln (je 1 
B ag (S) 


Allow frequencies, w approaches zero so that the terms with in the numerator can be neglected. AS w 


wealso have 
gl = ае"! = qy 
and 
= 


Thus, for the quasi-stationary, or dc, case, the feld components become from (21), (22) and (23) 


rm 


Em 


Electric and magnetic goLsiné 
fields of shortdipole E" = Arro 
nL sinê 
ar 


Low-frequency case 


The restriction that r >> L still applies. 


(24) 


(25) 


(26) 


on 


(28) 


The expressions for the electric field, (26) and (27), are identical to those obtained in electrostatics for the 
field of two point charges, + у and , separated by a distance L. The relation for the magnetic field, (28), 
may be recognized as the Biot-Sava relation for the magnetic field of a short element carrying a steady 
ог Slowly varying current. Since in the expressions for the quasi-stationary case the fields decrease as 1/7 

or 1/r”, the fields are confined to the vicinity of the dipole and these is negligible radiation. In the general 
expressions fr the elds, (21), (22) and (23), itis the 1/r terms which are important in the far field and hence 


take into account the radiation. 


The expressions for the fields from а short dipole developed above are summarized in Table 6-1. 


Setting 
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Table 6-1 Fields of a short electric dipole! 


EA MET 

Component expression Far fela stationary 
x prm n p 

к Tra uw 

å ПЕД Veedel de 

d T n 8 ан 

2 шшш (du, 2) Mibjesna | пзш: m 

d = я, = "= Tr 


for the three components of Ea, thelr variation with distance is as shown in Fig. 6-5. For r greater than the 
radian distance [1/(2)], component A of the electric field is dominant, for r less than the radian distance. 
component C of the electric field is dominant, while at the radian distance only В contributes (= т} because. 
although А я, A and C are in phase opposition and cancel 


‘Energy e 
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Figure 6-5 Variation of the magnitudes of the components of Ey of a short electric dipole as 
a function of distance (r). The magnitudes of all components equal x at the radian distance 
1/(2x). Atlarger distances energy is mostly radiated, at smaller distances mostly stored. 


е McGraw-Hill Compani 


6-3 The Fields ofa Short Dipole E] 


For the special case where 0 = 90° (perpendicular to the dipole in the xy plane of Fig. 6-2) and at 
n> Qr), 


һы 

it = tE (29) 
whileatri 1/2), 
ы. 

DS (20) 


which is identical to the relation for the magnetic field perpendicular to a short linear conductor carrying 
direct current as given by (28). 
The magnetic field at any distance r from an infinite linear conductor with direct current is given by 


lo 
mu 
which is Ampere's law. 
Remarkably, the magnitude of the magnetic field in the equatorial plane (9 = 90°) in the far field of an 
‘oscillating 2/2 dipole is identical to (31) (A mpere's law). It is assumed that the current distribution on the 
2/2 dipole is sinusoidal. This is discussed In more detail in Sec. 6-5. 
Rearranging the three field components of Table 6-1 for a short electric dipole, we have 


E ШЕ 1 1 ] © 


Hs ay 


x pra 
nuzsw[ 1 1 _ 1 
m = ШЫ pe "EIER 2] (33) 
пыз a 1 
нна : 


We note that the constant factor in each of the terms in brackets differs from the factors of adjacent terms by 
afactor of 2л. 
Atthe radian distance (rı 


2л) the fields of (32), (33) and (34) reduce to 


n Ent es 
„ ылат " 
x 
„ УР Шым pg эһ 
The magnitude ofthe average power ш ог Poynting vector in the direction is given by 
S = Re EMG = Be; ty Re1/—90 = $E, Ho cost-390) = 0 en 


indicating that no power is transmitted. However, the product Е, Ha represents imaginary or reactive energy 
that oscillates back and forth from electric to magnetic energy twice per cycle. 
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In like manner the magnitude of > power flux or Poynting vector in the r direction is given by 


5 = пона) = руын es 
indicating energy ow in ther direction. 
Much closer to the dipole [o « 1/0), (32), (33) and (34) reduce approximately to 
ШЕРҮ 


ETAT (40) 


2500 
b= (ay, 
[IL sing 


)42( کو ا = 


From these equations it is apparent that 5, = S, = 0. However, the products E, H, and Ey Hl represent 
imaginary or reactive energy oscillating back and forth but not going anywhere, Thus, close tothe dipole 
there is a region of almost complete energy storage 

Remote from the dipole |; >> 1/(27), (32), (33) and (34) reduce approximately to 


5 —0 а 
Ey mE ш) 
m = jane es 


Since E, = 0, there is no energy flow in the direction (5, = 0). However, since E, He are in time phase, 
their product represents real power Now in the outward radial direction. This power is radiated. 

Many antennas behave like the dipole with large energy storage close to the antenna, 

The region near the dipole is one of stored energy (reactive power) while regions remote from the dipole 
are ones of radiation. The radian sphere at r, = 1/(2л) marks a zone of transition from one region to the 
other with a nearly equal division of the imaginary and real (radiated) power. 

The region close to the dipole may be likened to a spherical resonator within which pulsating energy is 
trapped, but with some leakage which Is radiated. There is no exact boundary to tis resonator region, but if 
we arbitrarily put itat the radian distance a qualitative picture may be sketched as in Fig. 6-6. 


6-4 Radiation Resistance of Short Electric Dipole 


Let us now calculate the radiation resistance of the short dipole of Fig. 6-15. This may be done as follows. 
The Poynting vector of the far field is integrated over a large sphere o obtain the total power radiated This 
power is then equated to 12 where / is therms current on the dipole and R is a resistance, called the radiation 
resistance ofthe dipole. 

Тһе average Poynting vector is given by 


S = PRE x н) a 
‘The far-field components are E, and H so that the radial component of ће Poynting vector is 
.de 00 


where E, and H; are complex. 
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Radian sphere 


T 
Radiation Radiation 
= = 


Figure 6-6 Sketch suggesting that within the radian sphere atr = 2л = 0.16 the 
situation is like that inside a resonator with high-density pulsating energy accompanied by 
leakage which is radiated, 


The far-field components are related by the intrinsic impedance of the medium. Hence, 


Ey = H (3) 
Thus, (2) becomes 
S = }ReZHH; = Bus Re % 


The total power P radiated is then 


rd 5,4. EAS ^ [uisi 8 dê dı (5) 
Sas | | lie ano vas ) 


where the angles are as shown in Fig. 6-2 and | | is the absolute value of the magnetic field, which from 
(6-3-18) is 


E 


[D (6) 
Substituting this into (5), we have 
1 PIRE fi. f. 
r- g fE ff odo dé m 
The double integral equals 8/3 and (7) becomes 
TeL 
P Үт 127 (8) 


This isthe average power or rate at which energy is streaming out of a sphere surrounding the dipole. Hence, 
itis equal to the power radiated. Assuming no losses, it is also equal to the power delivered to the dipole. 
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Therefore, P must be equal to the square of the rms current 1 flowing on the dipole times a resistance A, 
called the radiation resistance of the dipole, Thus, 


( ы ук o 


ao 
For air or vacuum TE = ү/и]в = 377 = 12072 so that (10) becomes" 

Dipole with AT E Radiation 

Uniform current 8 = A0? Z) = 00x72 = 3902 d гш an 


Аз an example suppose that Lı = qh. Then R, = 790. If L3 = DOL, then R, = 0.08 ©. Thus, the 
radiation resistance of а short dipole is small 

"n developing the feld expressions for the short dipole, which were used in obtaining (11), the restriction 
vas madethat). >> L.Thismadelt possible to neglectthephasedifferenceof feld contributions from different 
parts of the dipole. If £, = E we violate this assumption, but, as а mater of interest, let us find what the 
radiation resistance of a/2cipoleis, when calculated in this way. Then for L = 2, we obtain R, = 197 f 
The correct value is 168 © (see Prob. 6-6-1), which indicates the magnitude of the error introduced by 
violating the restriction that. > £ to the exten of taking L = 2/2. 

It has been assumed that with end loading (se Fig, 6- 1a) the dipole current is uniform. However, with no 
end loading the current mus be zero at the ends and if the dipole is short the current tapers almost linearly 
from a maximum at the center to zero atthe ends, sin Fig. 2-12, with an average value of } of the maximum 
Modifying (8) for the general case where the current is not uniform on the dipole, the radiated power is 


EEA 

YR 

Where la, = amplitude of average current on dipole (peak value in time) 
The power delivered to the dipoles s before, 


MERO a» 


P wy ш 


Р 


where la = amplitude of terminal current of cente-fed dipole (peak value in time). Equating the power 
radiated (12) to the power delivered (13) yields, for free space (u = jo and # = en) a radiation resistance 


һү р 
mija m Em 


3 татр = 3673 0. 377 and 1207 are convenient approximations 
Ths already given by (2-109) 
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For a short dipole without end loading, we have fy = Ho, as noted above, and (14) becomes 
„ m © as 
6-5 The Thin Linear Antenna 


In this section expressions for the far-field patterns of thin linear antennas will be developed. It is assumed that 
the antennas are symmetrically fed at the center by a balanced two-wire transmission line. The antennas may 
beofany length, butitis assumed thatthe current distribution is sinusoidal. Current-distribution measurements 
indicate that this is a good assumption provided thatthe antenna is thin, i.e., when the conductor diameter Is 
less than, say, 2/100. Thus, the sinusoidal current distribution approximates the natural distribution on thin 
antennas. Examples of the approximate natural-current distributions on a number of thin, linear center-fed 
antennas of different length are illustrated In Fig. 6-7. The currents are in phase over each 4/2 section and in 
Opposite phase over the next. 

Referring to Fig. 6-8, letus now proceed to develop the far-field equations for а symmetrical, thin, liner, 
centered antenna of length L. The retarded value of the current at any point = on the antenna referred to a 
point at a distance «is 


U= nsin EG „Дз à 


In (1) the function 


50 (475 

КАЙ, 
is the form factor for the current on the antenna. The expression (1/2) 4 z is used when z < 0 and (L/2) - 
is used when z > 0. By regarding the antenna as made up of a series of infinitesimal dipoles of length dz, the 
field of the entire antenna may then be obtained by integrating the fields from all of the dipoles making up 
the antenna with the resultè 


Figure 6-7 Approximate natural-current distribution for thin, linear, center-fed antennas of 
various lengths. 


de complete develogrmert, see the second ition of this ook, рр. 220-221. 
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To 
distant 


Figure 6-8 Relations for symmetrical thin, linear, center-fed antenna of length L. 


jUlo][ COSI(BL совө)/2] — cOS(BL/2) o 
ee "z sine 
Far fields of ar i 
centered dipole убору csl(#t-c0s0)/21 = costs /2) 
rb е. = 
where [1o] = ре”! and 
Eo = Valls " 


Equations (2), (3) and (3a) give the far fields H and E, of a symmetrical, center-fed, thin linear antenna of 
length L. The shape of the far-field pattem is given by the factor in the brackets. The factors preceding the 
brackets in (2) and (3) give the instantaneous magnitude of the fields as functions of the antenna current and 
the distance r. To obtain the rms value of the field, we let [o] equal the rms current at the location of the 
current maximum. Theres no factor involving phase in (2) or (3), since the center of the antenna is taken as 
the phase center. Hence any phase change of the fields as a function of 9 will be a jump of 180° when the 
pattern factor changes sign. 

А examples of the far-field patterns of linear center-fed antennas, three antennas of different lengths will 
be considered. Since the amplitude factor is independent of the length, only the relative field pattems as given 
by the pattern factor will Бе compared. 
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EXAMPLE 6-5.1 1/2 Antenna 
When L = 1/2, the pattern factor becomes 
costi /2) cos) 
T [7] 
This pattern is shown in Fig. 6-34. It is only slightly more directional than the pattern of an infinitesimal 
or short dipole which is given by sin 0. The beamwidth between half-power points of the 2/2 antenna is 
787 as compared to 90° for the short dipole. 


۸/2 antenna 


ADA n 


4 


i 
[vh 


Figure 6-9 Three-dimensional and polar plots of the patterns of 1/2, à, and 3 2/2 antennas. 
The antennas are center-fed with current distributions assumed sinusoidal as indicated. 
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EXAMPLE 6-5.2 Full-Wave (2) Antenna 
When L = 2, the pattern factor becomes 

costa cosa) + 1 
E s 


This pattern is shown in Fig. 6-9b. The hal. power beamwidth is 47°, 


EXAMPLE 6-5.3 Three Half-Wave (32/2) Antenna 
When L = 3 2/2, the pattern factor is 


cos 


cosa) 

6) 
sing 9 
The pattern for this case is presented in Fig. 6-9c. With the midpoint of the antenna as phase center, the 
phase shifts 180" teach null, the relative phase of the lobes being indicated by the + and — signs. In all 
three cases, (a), (b) and (с), the space pattern is a figure-of-revolution of pattern shown around the axis 
of the antenna, 


EXAMPLE 6-5.4 Fi 
Center-Fed Dipole 
The geometry for the field at the point P from a symmet- 
rical centered dipole of length Z with sinusoidal current 
distribution is presented in Fig, 6-10, The maximum cur- 
rent is Ip. It тау be shown that the z component of the 
electric field at the point Р is given by 


at Any Distance from 


“itm из im 

и ві 
+ 2cos . n 

[55-а] © 

The ¢ component of the magnetic field at the point Р A 


(Fig. 6-10] is given by 


y= al (meer at) в 


лг 


Whereas he other field equations for oscillating dipoles 
given in this chapter apply only with the restrictions of Figure 6-10 Symmetrical center-fed 
A> L and r > L, (7) and (B) apply without distance dipole with sinusoidal current distribution. 


restrictions The field component E. atany distance 
If P lies on the y axis (9 = 90°) and the dipole is can be expressed as the sum of three 
32 long, (7) becomes components radiating from the ends 


and the center of the dipole. 
o mh (9) 
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and (8) becomes 


D ao 
where 
ner 
2-зта 
o = maximum current = terminal current 
Ata large distance the ratio of E, as given by (9) to 11, as given by (10) is 
Е 
qi = 2 = 3770 = intrinsic impedance (resistance) of space an 
l 
The magnitude of Ha is 
1 
= Am) an 


6-6 Radiation Resistance of 1/2 Antenna 


To find the radiation resistance, the Poynting vector is integrated over a large sphere yielding the power 
radiated, and this power is then equated to (1;/ VŠ o, where Ro is the radiation resistance at a current 
maximum point and 1o is the peak value in time of the current at this point. The total power Р radiated 
was given in (6-4-5): in terms of М, for a short dipole. In (6-4-5), | He is the absolute value. Hence, the 
corresponding value of Ha for alinear antenna is obtained from (6-5-2) by putting | jlo] = lo. Substituting 
this into 6-4-5, we obtain 


pep 2 
А =n) EA m 
zh h sind 
" waf (cosI($L/2) cost] = costa L/D yy 00 
pu sing 
Equating the radiated power as given by (2) to ¿0/2 we have 
й 
ЗА a 
and 
s Г LID? 
m [| SO дуо] - cosiAL/DF yy m 
bine 


where the radiation resistance Ro is refered to the current maximum, In the case of а 3/2 antenna this is at 
the center of the antenna or at the terminals of the transmission line see Fig. 6-7) 


Sm ff Sod = ¿ETS Mg)? ds 
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Proceeding with theevaluationof (4) with the aid of thesine integral, Six), and thecosineintegral, Cinta), 
it may be shown that the radiation resistance of the 2/2 antenna is 


R, = 30Сїп2л) = 30 x 2.44 = 730 5 


This is the well-known value for the radiation resistance of a thin, linear, center-fed, 4/2 antenna with 
sinusoidal current distribution. The terminal impedance also includes some inductive reactance as discussed 
in Chap. 18. That is, 


z-nyjmso (6 


To make the reactance zero, thats, to make the antenna resonant, requires that the antenna be shorted a few 
percent less than 2/2, This shortening also results in a reduction in the value of the radiation resistance to 
about 65 п. 


6-7 Radiation Resistance at a Point Which is not a Current Maximum 


If we calculate, for example, the radiation resistance of а 32/4 antenna 
(see Fig. 6-7) by the above method, we obtain its value at a current maximum. 
This is not the point at which the transmission line is connected. Neglecting 


antenna losses, the value of radiation resistance so obtained is he resistance yf 
which would appear atthe terminals of transmission ine connected ata current 
maximum in theantenna, provided thatthe current distribution on theantennais TIT Je 


the sameas when tis center-fed as in Fig. 6-7. Since a change of the feed point 
from the center of the antenna may change the current distribution, the radiation 
resistance Ro is not he value which would be measured on a 31/4 antenna or 
on any symmetrical antenna whose length is not an odd number of 4/2. Нон. — 
ever, Ra can be easily transformed to the value which would appear across the Figure 6-11 Relation 
terminals of the transmission line connected atthe center of the antenna. Of current h at 
Thismay be done by equaling (6-6-3) to the power supplied by tetransmis- ansmission-ine 
sion line, given by 12R1/2, where lı is the current amplitude at he terminals terminals to current at 


and Rı i the radiation resistance at this point (see Fig. 6-11). Thus, current maximum. 
BOR 
R= Ro a 


Where Ra istheradiation resistance calculated athe current maximum. Thus, theradiation resstanceappearing 
atthe terminals is 


m=(2)o o 


‘The current lı ata distance х from the nearest current maximum, as shown in Fig. 6-11, is given by 
h= locos px a 
where 


1 = terminal current 


maximum current 


6-8 TwoHallWave Dipoles: Broadside and End-Fire (The Wa] K Array) m 


Therefore, (2) can be expressed as 


NE 
R= ome w 


When x = 0, Ri = Ro; but when x = 2/4, Ry = oc if Ra # 0. However, the radiation resistance measured 
ata current minimum (x = 2/4) is not infinite as would be calculated from (4), since an actual antenna is not 
infinitesimally thin and the current at a minimum point is not zero. Nevertheless, the radiation resistance at a 
current minimum may in practice be very large, i.e., thousands of ohms. 


6-8 Two Half-Wave 


les: Broadside and End-Fire (The WBJK Array) 
Аз an introduction to larger arrays in later chapters, we consider here two simple arrays each using two 2/2 
thin, linear dipoles. 

First, the case of two horizontal 2/2 dipoles fed with equal in-phase currents and stacked one above the 
other, as in Fig. 6-122, at a spacing of 1/2, the broadside array. 

Second, the case of two horizontal dipoles fed with equal opposite-phase currents situated side by side, as 
in Fig, 6-12b, ata spacing of 2/8, the end-fire (W8] K} array. 


Case 1 Broadside Array 


In this configuration the атау is fed by a twin-line which joins the two dipoles, sin Fig. 6-122. The pattern 
in the horizontal (x-y) plane s that of a single dipole 


Broadside 


вет 
‘cain = 
8148 

F 
VSWR = 10 
Matching —! 
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^ @ Ы 


Figure 6-12 Arrays of two 2/2 dipoles arranged broadside in (a) and end-fire in (b). 
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‘The self-impedance of an isolated 4/2 dipole is given by (11-6-7) as 


2=13+ Из 


dueto the presence of the other dipole there is also a mutual impedance given by 
Zn = 3 290 

so that the total impedance is 
2 =13-13+ }(43—2%) = 60 + ¡1402 


Tuning out the reactance with a series capacitor, the 60 © is transformed by a 4 of 200 © twin-line to an 
impedance 


Z = 2002/60 = 670 


This appears at the junction halfway between the dipoles. With the lines from both dipoles connected in 
parallel, the junction or driving point impedance is 667/2 = 333 f. 


EXAMPLE 6-8.1 VSWR and Gain of Broadside Array 
If the junction point (Fig. 6-12) connects to a 300-0 twin-line going to the transmitter or receiver, find: 
(a) VSWR on the 300- line, (b) the gain af the атау over a single 2/2 dipole and (c) the gin over an 
isotopic source 

m Solution 

The reflection coefficient is 


рь = (333 ~ 300)/(333 + 300) 


052 


and 
VSWR = (1+ 0052)/(1—0052) =1.11 Ans. (a) 


‘The field gain over 2/2 dipole = /Т5СТЗТ ТЗ) =1560r3:9d8 — Ans (b) 
158 x 164 = 4.00r 6.0 dBi Ans. (c) 


Gain over isotropic source 


Instead of feeding the array with 300-0 twin-line, the array could be fed with a coaxial line of convenient 
impedance via a balun 


The Closely-Spaced Ene. ire (WBJK) Array Story 
by) ohn Kraus 


111932 when | joined the|nstituteof Radio Engineers (IRE), thefore-runner of thelEEE, I was completing 
my Ph.D. degree on the propagation of 60 M Hz waves in and around Ann Arbor, Michigan. FM and 
TV were still many years in the future and no one except an occasional amateur was using such “high 
frequencies." Thefollowing year! received my Ph.D. degreefrom the U niversity of Michigan, publishing 
ту dissertation in the Proceedings of the Institute of Radio Engineers 


je McGraw-Hill Compani 


6-8 To Нан ауе Dipoles: Broadside and End-f ire (The WA) K Array) ns 


| read every issue with interest. On opening the January 1937 Proceedings | delved into а monumental treatise on 
"Directional Antennas” by George H. Brown (1) of RCA. Buried deep in the article was, to me, an astonishing 
calculation which indicated that parallel linear dipoles with spacings of 2/8 or less had higher gains than the 
customary larger spacings. 

Within one weak of the time | received my Proceedings | had designed and built an array of 4 close spaced 2/2 
dipoles atmy amateur tation WA)K.. Operating ata wavelength of 20m, the array was phenomenally effective. 
1 published the design and in subsequent articles extended it to an entire family of close spaced arrays. The antennas 
outperformed all others. I called them "atop beams” but everyone else called them W8]K arrays after my amateur 
station call sign. They were soon in use by thousands of amateur and commercial short-wave stations world-wide 
(Kraus, 6), 

11937 close spacing was a new and revolutionary concept In George Brown's autobiography he states (Brown-2): 


Ironically, the particular portion of my paper which Jahn Kraus used so effectively was а small paper which 
1 submitted to the Proceedings in 1932 only t have it rejected by a reviewer who denied its validity. When | 
prepared “Directional Antennas" | tucked this older material into the middle of this bulky manuscript on the 
assumption that the reviewer would not notice it. 


George Brown’s ruse worked and the word finally leamed of his idea but only after it had languished in obscurity 
for five years! Brown's new concept was to calculate gain оп the basis of constant power to the antenna instead of 
assuming constant currents, 


Case 2 End-rire (илк) Array 
With two 4/2 dipoles arranged as in Fig. 6120 and fed equal currents in opposite phase the gn s 44 dBi 
hen te dipoles are spaced 1/2 apart. However, ml e spacing reduced g the gain s greater, e wi 
э Tie тиш impedance of the wo pels pad, s hein Chap. 18, 1s 

2, = 44 jn 
so et he total pole mpedencels 

Z=134 }43- (64.4 — j5) =9+ ¡482 aq 
The array s fed rom е center pn line which has a cross-over bet the dipoles are fe in 
opposte prase. 


EXAMPLE 6-8.2 Gain of End-Fire (W8JK) Array 
Find the gain of the 2/8 spacing W8JK array. 


m Solution 
From (6-13-8), field gain over 2/2 dipole, 


D= VEX TIUS - 4H int /8) = 157 or 3.9 dB 
Gain over isotropic source = 157 x 1.64 = 4.04 or GldBi Ans. 


This gain assumes 100% efficiency. As the dipole spacing is reduced, the dipole currents increase for a 
constant power input so that efficiency becomes a consideration (see Sec. 6-13), Also with smaller spacing 
the O of the array increases, which reduces the usable bandwidth. However, when properly constructed, the 
WBJK array has proven highly effective for many applications, 
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Figure 6-13 The firstW8]K array (1937) with two ful wavelength (4 4/2) dipoles suspended 
between two 15-m-tall poles for 14-MHz (20-m) operation, The array had a gain of 8.0 dBi. It 
proved especial effective for long-distance (DX) communication, 


‘TheW ЈК array may befed with twin+linesof convenient valueand a matching stub asshownin Fig. 6-12. 
Thus, the array can be matched to the line going to the transmitter or receiver with a VSWR = 1.0, It may 
also be fed by coaxial line via a balun. 

For a loss resistance of 1 ©, the gain is 0.3 dB less, but in a well-constructed array using copper wire of 
suitable gauge, the loss resistance should be much less than an ohm. 

With both broadside and end-fire (W8JK) arrays at the same maximum height as in Fig. 6-12, the W 8) К 
атау is 4/4 higher above ground than the center of the broadside array. This results in a lower angle of 
maximum radiation for the W8)K array, making it especially effective for long-distance communication. The 
fist one constructed is shown in Fig. 6-13. 


6-9 Fields of a Thin Linear Antenna with a Uniform Traveling Wave 


A sinusoidal current distribution may be regarded asthe standing wave produced by two uniform (unattenuated) 
traveling waves of equal amplitude moving in opposite directions along the antenna. If, however, only one 
Such waves present on the antenna, the current distribution is uniform. The amplitudes constant along the 
antenna, and the phase changes linearly with distance as suggested by Fig. 6-14. 

Theconditionof auniform traveling waveon an antennas one of considerableimportance,asthis condition 
тау be approximated in a number of antenna systems, For example, a single-wire antenna terminated in its 
characteristic impedance, as in Fig. 6-15a, may have essentially a uniform traveling wave. This type of 
antenna is often referred to as a Beverage or wave antenna. A terminated rhombic antenna (Fig. 6-15) may 
also have essentially a single traveling wave, The Beverage and rhombic antennas are discussed further in 


since the fields ofan antera are not confined t the immediate vicinity of the antenna, tis nt possible to provide а note 
termination witha lumped impedance, How ever a lumped impedance may greatly reduce relartions at he termination. 
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m 


this Chapter. Other types of antennas that have, in the first approximation, a single outgoing traveling wave, 
are a long monafilaraxial-mode helical antenna and a long, thick linear antenna as illustrated in Fig. 6-15¢ 
and d. These antennas have no terminating impedance but behave in a similar way to terminated antennas. 


Thus, the thick linear conductor has a current distribution 
similar to a thin terminated linear conductor, and the pat 
terns are similar f the conductor diameter Is not too large. 
The results for a traveling wave on a linear conductor can. 
be applied to a helix, as shown in Chap. 8, by consid- 
ering that the helix consists of a number of short linear 
segments. On the linear antennas, the phase velocity of 
the traveling wave is substantially equal to the Velocity 
of light. However, the phase velocity along the conduc: 
tor of a monofilar axial-mode helical antenna may differ 
appreciably from the velocity of light. Hence, to make 
the results aplicable to any of the antenna types shown 
in Fig. 6-15, the fields from an antenna with a traveling 
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Wave direction 
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Figure 6-14 Current amplitude and 


wave will be developed for the general case where the phase relations along an antenna carrying 


phase velocity v of the wave along the conductor may 
haveany arbitrary value(A ford-1; K raus-7; Grosskopf-1). 


Wave, 


00 Terminated single wire antenna 


ware z 


ê 
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© Long helical antenna 
—ä [ 
© Long thick linear antenna 
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а single uniform traveling wave, 
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Figure 6-15 Various antennas having essentially a single traveling wave 
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Proceeding now to find the field radiated 
by atraveling wave on a thin linear conduc- 
tor, let us consider a conductor of length b 
coincidentwith the axis and withoneend at 
the origin of a cylindrical coordinate system. 
(p. 8,2) asin Fig. 6-16. tis assumed thata 
single, uniform traveling wave is moving to 
the right along the conductor. 

Since the current is entirely in the z 
direction, the magnetic field has but one 
Component Hg. The è direction is normal 
to the page at P in Fig. 6-16, and its pos- 9/5 we > 
itive sense is outward from the page. The conductor direcion 
magnetic field He can be obtained from the. 

Hertz vector П. Since the currentis entirely Figure 6-16 Relation of conductor of length b with 
Inthe с direction, the Hertz vector has only single traveling wave to cylindrical coordinate system, 
component Thus, 


эп 
jme e 1) 

det a 
Where П. is the z component of the retarded Hertz vector atthe point Р, as given b 


i (un 


Hy just x M, 


Axjme Ja r a 
чөе 
PS o 
—— 
т=рс Of (4) 


In (4), p is the ratio of the velocity along the conductor v to the velocity of light. This ratio will be called 
the relative phase velocity 

All the conditions required for calculating the magnetic field due to a single traveling wave on the linear 
conductor are contained in the relations (1) through (4), That is, if [71 in (3) is substituted into (2) and П, 
from this equation into (1) and the indicated operations performed, we obtain the field H, as follows: 


hop {sing 
TZ pose 


ГА 
zn [T= press? 


аан) 2) аә) ә 


Equation (5) gives the instantaneous magnetic field at large distances from the linear antenna carrying a 
single traveling wave of amplitude 1o, in terms of be distance л, direction angle ¢, relative phase velocity 
р radian frequency v, conductor length b time y and velocity of light c. The distant or far electric field E 
is obtained from He by Es = HZ, where Z = 377 ©. 

In (5) theshapeof the field pattern i given by the expression in the braces (J. The expression indicated as an 
angle Z gives the phase of the field referred to the origin of the coordinates see Fig. 6-16) as the phase center. 
The relative phase pattern at a constant distance is given by the right-hand term, [ыб / Ae fh — p cos. 
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Several examples will now be considered to illustrate the nature of the field patterns obtained on linear 
conductors carrying a uniform traveling wave. 


EXAMPLE 6-9.1 Linear :/2 Antenna 
Let us consider a linear antenna, 4/2 long as measured in free-space wavelengths. Thus, assuming that 
р = L, the phase velocity along the antenna is equal to that of light and the pattern calculated from (5) 
is as shown by Fig. 6-17a. The difference between this pattern and that for a linear 2,/2 antenna with a 
sinusoidal current distribution or standing wave (Fig. 6-98) is striking. The lobes are sharper and also 
tilted forward in the case of the traveling wave antenna (Fig. 6-17a). The tilt is in the direction of the 
traveling wave. Thetiltangle r of the direction of maximum radiation is 25° and the beamwidth between 
half-power points is about 60°. This is in contrast to т = D and a beamwidth of 78° for the 4/2 antenna 
with a sinusoidal current distribution or standing wave. 


Gain = 4.8 dBi 


© 


igure 6-17 Far-field patterns of linear 1/2 antenna carrying a uniform traveling wave (to 
right) for three conditions of relative phase velocity (р = 1.0, 0.8 and 0.6). The tilt angle r and 
the half-power beamwidths are indicated for each pattem 


As the phase velocity of the traveling wave on the 2/2 antenna is reduced, the tilt angle is increased and 
the beamwidth reduced further, as illustrated by the patterns of Fig. 6-17b and c, which are for the cases of 
0.8 and р = 06, respectively, 


EXAMPLE 6-9.2 Linear Antenna 5; Long 
The field pattern for a 5). linear antenna with a single traveling wave is presented in Fig. 6-18 for the case 
where р = 1 (thats, v = c). This pattern is typical of those for long, terminated antennas, the radiation 
being beamed forward in a cone having the antenna as its axis, The lt angle for this antenna is about 68° 
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эь 


Figure 6-18 Far-field pattern of 5% antenna carrying a uniform traveling wave (о 
Polar plot at left, three-dimensional at right. Gain = 10.7 dBi. 


EXAMPLE 6-9.3 Linear Antenna 2/2 to 25). Long 
Аз the length of the antenna is increased the tilt angle increases further, reaching about 78” (12° from 
antenna) when the length is 202 for p = 1. The variation of the angle of the conical beam from the 
antenna is shown in Fig. 6-19 as a function of the antenna length for a wave traveling at the velocity of 


light (p = 1). Note that a in Fig, 6-19 is the complement of the ilt angle т, thats, а = 90° — т. 
ix & [in 


legt, 


Figure 6-19 Angle « of main beam maximum from a linear traveling wave antenna as a 
function of antenna length in wavelengths (1. ) with = c (p = 1) for antennas 2.2 to 25: long. 


Моге on traveling wave antennas is given in Chap. 10. Table 6-2 presents patterns, direcivities and gains 
(Bi) for basic antenna types and simple arrays (K raus-8). 
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les (righi). Note that the highest gain for two. 


Four \/2 dipoles 
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thatthe array is in free space, е, at an infinite distance from the ground or | 
other objects, The fed intensity Ез) from a single element as a function. 1 2 
of 6 and ata large distance D (D >> d) in a horizontal plane (© = 90° of — Figure 6-20 
xy plane in Fig. 6-21a) is Broadside array of 2 
Eye) = kh (Ш imphase 4/2 elements, 
where isaconstant (© m7) involving the distance D and I is theterminal 
Current. Equation (1) is the absolute field pattern in the horizontal plane. It is independent of ¢ so that the 
relative pattern is a circle as indicated in Fig. 6-21b. 


Next let the elements be replaced by isotropic paint sources of equal amplitude. The pattern Еу) as a 
function of ¢ in the horizontal plane for two such isotropic in-phase point sources is given by (5-9-6) as 


6-10 Array of Two Driven 1/2 


Consider two center-fed 2/2 elements (dipoles) arranged side by side with a 
spacingd asin Fig. 6-20. Two special cases will be considered: thebroadside 
case treated inthis section, in which the two elements are fed with equal in- 
phase currents, and theend-fre case (Sec. 6-11), in which thetwo elements 
are fed with equal currents in opposite phase. The more general case where 
the currents are equal in magnitude but in any phase relation is treated in 
Sec. 6-12. 

6-10a Field Patterns 

The first part of the analysis will be to determine the absolute far-field 
patterns. It is convenient to obtain two pattern expressions, one for the hor 
izontal plane and one for the vertical plane. Ordinarily, the relative patterns 
would besufficient However, theabsolutepatters wll beneededin gain cal 
culations, Let the elements be vertical as shown in Fig, 6-212. Itis assumed 


lements. Broadside C; 


m) a 
where d, the distance between sources expressed in radians; thats, 
44 o 


Applying the principle of pattern multiplication, we may consider that E, is the field intensity from a single 
element at a distance D. Thus, 

Ey = Ex() = kh а 
Introducing (4) into (2) yields the field intensity (d) as a function of ¢ in the horizontal plane at a large 
distance D from the array, or 


na оюны 
Braddy = 22s (LE) меш (EE) pane o 
E — 


CCC 
bean end-fre lobe af qual magnitude as or example, when the spacing s]. 

žin theso-cal lad “end fire case” the patter always haser radiation broadside. The maximum sition always en fr! the spacing 
ls 5/2 ar less However, for greater spacings the maximum radiation |s. n general, not end ie. Since spacings of 2/2 or less are of 
Principal interest, the array may be referred to as cd еура 
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as 
ч 


27868 
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Figure 6-21 Field patterns for broadside array of 2 linear in-phase 2/2 elements with 
spacing d = 2/2 shown in 3-dimensional (3-D) pattern, at (a). Figures (b) and (d) show the 
2-dimensional (2-0) field pattern of one element while figures (c) and (е) show the 2-0 field 
pattern for the 2-element array. Figure (f) is а 3-0 field pattern of one element and Figure (g) is 
а 3-D field pattern of the 2-element array. Note the minor lobes at 45° in (g) which do nat 


appear in the 2-D patterns. 
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This expression may be called the absolute field pattern in the horizontal plane. The electric field at points 
in this planes everywhere vertically polarized. The shape of this pattern is illustrated in Fig. 6-21c, and also 
partially in Fig. 6-21a, for the case where d = 4/2. The maximum field intensity is at = 90° or broadside 
to the array. 

Thefield intensity E(0) as a function of Ө from a single /2 element ata distance D in be vertical plane 
(у: planein Fig. 6-21a) is, from (8-5-4), given by 

cost 2) cos] 
sina @ 

‘The shape of this pattern is shown in Fig. 6-214. Iis independent of the angle ¢. The pattem j, (0) in the 
vertical plane for two isotropic sources in lace of the two elements is 


E0) 


h 


Баб) = 289 aa 
Applying the principle of patem multiplication, we put 
Fy = Ex) (7b) 


so that the field intensity E?) in the vertical plane at a distance D from the array 15. 


соӊ[от/2) соз 
yn 081/2) 080] 


кө) 
d EZJ 


Vertical plane pattern. © 


This may be called the absolute field pattern in the vertical plane. This pattern has the same shape as the 
pattern for a single element in the vertical plane and Is independent of the spacing. The relative pattern is 
presented in Fig. 6-21e and also partially in Fig. 6-212. The relative 3-dimensional field variation for we 
case where d = 2/2 Îs suggested in Fig. 6-21a, 


6-10Ь Driving-Point Impedance 
Suppose that the array İs energized by the transmisslon-linearrangement shown in Fig. 6-22. Two transmission 
lines of equal length join at P toathirdlineextending to a transmitter, Letusfind thedriving-pointimpedance 
presented to the third line at the point P (Brown-1, 2). This will be called the driving point for the array. 

Let Vi be the emf applied at the terminals 


of element 1. Then 
W=hZn+hZn 10) мл 
where 1 is the curent in element 1, 1 the А 
Current in gerte Z11 isthe self-impedance i Element 
of element and Zu is the mutual impedance Ld 
between the wo elements. Likewise, if Va is Е 
the emf applied at the terminals of element 2, ому 
porter 
wê = Zn + hin a0) = 
where Zaz = the self-impedance of element 2 gon 
The currents are equal and in phase so [алий 
heh Ql) Figure 6-22 Broadside атау of 2 linear 
Therefore, (9) and (10) become 242 elements with arrangement for driving 


M = Zn + Zo) ад) elements with equal in-phase currents. 
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Liza + Zu) аз) 
The terminal impedance 71 of element 1 is 


en en 04) 
andthe terminal impedance Z for element is 
in 
2 + (15) 
Д 
Since he elements re identical 
Zu-Zu 
Therefore, he terminal impedances given by (14) and (15) are equal; tais, 
Zi = Z2 = Zu + Za ал 
Since Zi = Za and 1ı = tis necessary thatthe emf V applied atthe terminals of element 1 be equal and 


in phase with respect to the emf v; applied at the terminals of element 2. 
For the case where the spacing 4 is 5/2, the terminal impedance Z1 of each element is 


2ı = eu zn = Rut Rat Xu + Хш) 
= 73-134 3-2% 


= 60 + j14 0 = impedance of each element (18) 
Suppose that the reactance of 14 © is tuned out at the terminals by a series capacitance! The terminal 
impedance then becomes a pure resistance of 60 ©. If the length 1 of each transmission line between the 
antenna terminals and P is 4/2, the driving-point impedance of the array at Р is pure resistance of 30 0. 
This value is independent of the characteristic Impedance of the 4/2 lines. However, a resistance of 30 © is. 
too low to be matched readily by an open-wire transmission line. Therefore, a more practical arrangement 
would be to make / equal to 4/4. Suppose that we wish to have a driving-point resistance of 600 0. To do 
this, we let the characteristic impedance of each 2/4 line be /TZUU x BU = 269 2. Each line transforms the. 
60 to 1200 © and since to such ines are connected in parallel at Р, the driving-point impedance for me 
array equals 600 + jO ©. This is the impedance presented to the line to the transmitter. For an impedance 
match this line should have a characteristic impedance of 600 + j0 ©. 


6-10с Gain in Field Intensity 
‘As the last part of the analysis of the array, let us determine the gain in field intensity for the array. This could 


be done by pattern integration as in Chap. 5, but with self- and mutual-impedance values available a shorter 
method is as follows. 

Let the total power input (real power) tothe array be P." Assuming no heat losses, the power P in element 
lis 


P= (Ru + Ro) (19) 


FTT... shoring ват gy THis moses be restive compone of he mom and 
alo ate 20) ad puters tl Proa be ea al eec 

Эне arca aeo ала line, he general иманды нке fora reduces a Z = 28/24 мїн Zas Deir mac, 
.... mp Тыв. А, = VAST. 

‘tis mp be ata pomer P be considered итам. И ost estes ae ly con ишеп devies which be 
T! Ul he artea pomer as considerat cns by G . rovn 2 e advantages ot 
. yar Pa is ти е ima Cer a al hem cere cn. 
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and the power Py in element 2 is 
Pi = (Rn + Ru) (20) 
where I and Jp are rms currents. However, Ri; = Ri; and [2 = 1ı. M aking these substitutions and adding 
(19) and (20) to obtain the total power P, we have 
P = Pi + PM Ru) ey 


and 


ШЕЕ ЖЕРЕ 


CEN E 
Vara 


Suppose that we express the gain with respect to а single/2 element as the reference antenna, Let the same 
power P be supplied to this antenna, Then assuming no heat losses, the current 1 at its terminals is 


[7] 


оз) 


where Roo is the self resistance of the reference antenna (= В) 

In general, the gain in fed intensity of an array over a reference antenna is given by the ratio of the field 
intensity from the array о the field intensity from the reference antenna when both are supplied with the same 
power P. The comparison is, of course, made in the same direction from both the array and the reference 
antenna in the present case it will be convenient to obtain two gain expressions, one for the horizontal plane 
and the other for the vertical plane 

Inthe horizontal plane the field intensity Enw (9), as a function of ¢, ata distance from a single vertical 
centered 4/2 reference antenna is of the form of (1), Thus, 


Enw ($) = kl (24) 


Where fois theterminal current and "HW " indicates "Half-Wavelength (2/2) antenna." Substituting the value 
of a from (23), we obtain 


E 
y Roo 
Thefied intensity Eig) in he horizontal plane at a distance D from the array is given by (5) Introducing the 
value of the terminal current /; from (22) into (5) yields 


ss 
NP CL) as 
Vica (Ст) id 


The ratio of (26) to (25) gives the gain in field Intensity of the array (asa function of ¢ in the horizontal plane) 
with respect to a vertical 2/2 reference antenna with the same power input. This gain will be designated by 
the symbol G(6)1A/HW] where the expresion in the brackets is by way of explanation thatitis the gain in 


p (25) 


кө) =k 


The power gain discussed in Chap. 2 is equal to the square of the gain in field intensity. The power gain is the ratio of the ration 
intensities (power per unit salid angie) for the array and reference antennas, he radiation intensity being praportional to the square of 
he Red тетә. 
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field of the array (A) with respect to a hall-wavelength reference antenna (HW) İn the same direction from 
both array and reference antenna, Thus, 


ara Gain 174 
Ee (e) шау en 
Тан) ~ N =) Seis 


The absolute value bars | are introduced so that the gain will be confined to positive values (or zero) regardless. 
of the values of d, and 6. A negative gain would merely indicate a phase difference between the fields of the 
array and the reference antenna 

If the gain is the ratio of the maximum field of the array to the maximum field of the reference antenna, it 
is designated by Gy (nota function of angle. 

Theself-resistances Roy = R11 = 73 Q. For the case where the spacing is 4/2, d, = x and Ra 13 
so that (27) becomes 


m on 


In the broadside direction (¢ = 11/2), the pattern factor becomes unity. The gain is then 1.56. This is the 
ratio of the maximum field of the array to the maximum field of the reference antenna (see Fig. 6-23). Hence, 
Gy =156 


m 


A reference 


BROADSIDE ARRAY 


158 = G,- 22608 
oregoni 


Verica 2 
elements 


E 


jure 6-23 Horizontal plane field patterns of broadside array of 2 vertical in-phase 4/2 
elements spaced 2/2. The pattern of a single vertical 1/2 reference antenna with the same 
power input is shown for comparison. 


deen De may and the 1/2 reference antenna ae assumed to be in fee space Thus, to be more explicit, the expression 
% /// Array n Fee ¼ ( 
reference antenna in Free Space (НИГЕЗ, might be used However, ta simplify the notation, the letters TS" wil! be omitted when both 
antennas arein free space. 
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Itis also of interest to find the angle ф for which the gain Is unity. For this condition (28) becomes. 


(gene) он en 
E 

= x56 or 124 
————— 
weer 

Tega ard ratio lagen by te ten 

Gain = woe, db 


where Gy = gain in field intensity 

Thus, a fieid-intensity gain of 1.56 is equal to 3.86 dB. 

Turning our attention now to the gain in the vertical plane (yz plane of Fig. 6-21a), the feld intensity 
Ени (0) as a function of û in this vertical plane at a distance D from a single vertical 2/2 reference antenna 
with the same power input is of the form of (6). Thus, 

„ча /2) со50] (30) 
шиг 

Where 15 = the terminal current 
Substituting its value from (23), we get 


Ew (0) 


a [Pesem cose) e» 
VR ana 

‘The field intensity E(0) as a function of 0 in the vertical plane at a distance D from the атау is given by (8). 
Introducing the value of the terminal current 7 from (22) into (8), we have 


Ew (0) 


[CF costes [cose 
POTES sine 
Theratio of (32) to (31) gives the gain in field intensity, G (0)LA/ HW, of the атау as a function of Ө in 
the vertical plane over a vertical 2 reference antenna with the same power input. Thus, 


аз 


Gain of 2/2 
Broadside A]. кө) En 

arol A = ту. elementarra) (33) 
array [ж] Жөө Nr x rig 16.35 ы 


The gain isa constant, being independent of the angle #. For the case where the spacing is 4/2, (33) becomes 
4 
ola] = 156 (or 3.86 dB) es 


The shape of the pattern or the array and Гог the 4/2 reference antenna is the same as shown in Fig. 6-24 but 
the ratio of the radius vectors in a given direction is а constant equal to 1.56. 

If the reference antenna is an isotropic source instead of a 72 antenna, the gain in the vertical plane is a 
function of the angle 9. The maximum gain in field intensity of the array over an isotropic source with the. 
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Figure 6-24 Vertical-plane pattern of broadside array of 2 vertical in-phase 1/2 elements 
spaced 3/2. The pattern of a single vertical 2/2 reference antenna with the same power input is 
shown for comparison. 


same power input is JIBS times greater than the voltage gain over 2/2 reference antenna 002,2) = 1.64, 
see table at end of Chap. 2). Thus, when the spacing is 2/2, the maximum gain in field intensity of the array 
with respect to an isotropic source is 
А 
оа) заа 


This value is in the broadside direction (6 = 0 = 90°). 


0 (or 60 dBi)? (35) 


6-11 Array of 2 Driven 1/2 


Consider an атау of 2 center-fed vertical à /2 elements (dipoles) in free space 
arranged side by sidewith a spacing and equal currentsin opposite phaseas 
in Fig. 6.25 The only difference between this case and the one discussed in E 


lements. End-Fire Case 


Sec. 6-10 is that the currents in the elements are taken to be in the opposite 
phase instead of in the same phase. As in Sec. 6-10, the analysis will be 
divided into 3 subsections on the field pattems, driving-point impedance 
and gain in field intensity. 


61ta Field Patterns 
The field intensity E (¢) as a function of ¢ ata distance D in a horizontal 
plane (xy or ¢ plane in Fig. 6-26a) from a single element is 


Tun Figure 6-25 End-fre 
where атау of 2 linear 2/2 
elements with currents 
of equal magnitude but 
‘opposite phase. 


h 


a constant involving the distance D 
the terminal current 


олард between h- for gain wlth respect to a reference antenna (4/2 dipole În the present case] and "dBi" for gain with respect 
an isotropic source. 
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Figure 6-26 Field patterns for end-fire array of 2 linear out-of-phase 2/2 elements with 
spacing d= 2/2. 


Replacing the elements by isotropic point sources of equal amplitude, the pattern Eis (¢) in the horizontal 

plane for two such isotropic out-of-phase sources is given by (6-2-10) as 
4 E 

7 


Applying the principle of pattern multiplication, we may consider that £ is the field intensity from a single 
element at a large distance D. Thus 


кшш) = 2s (| o 


En = Бф) = kh o 

and the field intensity Ef) as a function of ¢ in the horizontal plane ata large distance D from the array ls 
de 

кө = ense (ZE) a 


‘Thisis the absolute field pattern in the horizontal plane The electric field at points in this plane is everywhere 
vertically polarized. The relative pattern for the case where the spacing d is 2/2 is shown in Fig. 6-26 and 
also partially in Fig. 6-26a. The maximum field intensity is at y = 0° and ф = 180°. Hence, the array is 
commonly referred to as an ed. fre type. 

The feld intensity E116) as a function of @ from a single 4/2 element ata distance D in the vertical plane 
(xz plane in Fig. 6-26a) is, from (6-5-4), given by 


соӊ /2)созө] 


B) 
Él sing 


[7] 
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The pattern Ei (6) asa function of g in the vertical plane or two isotropic sources in place of thetwo elements 
is, from (5-9-10), 


выш = argen (2802) 


2 


Note that is complementary to ¢ in (5-9-10), so cos = sing. 
Putting Eo = £1(0), the field intensity Е (Ө) as a function of Ө in the vertical plane at a large distance D 
from the array is 


6 


Aces үи, sing 
2)/3@етет iy) 0056/2 60501 ( E 


end-fire array ИШЕТ] 2) pattern i 


This is the absolute field pattern in the vertical plane. The relative pattern is illustrated in Fig. 6-26c, and also 
partially in Fig. 6-26a, for the case where the spacing is 2/2. The relative 3-dimensional field variation for 
this case (d = 2/2) is suggested in Fig. 6-26a. 


eie Driving-Point Impedance 
Let V, bethe emf applied to the terminals of element 1. Then 


Vi = Zu + hen [7 
Likewise, if Va is the emf applied to the terminals of element 2, 

vı = hZn n 8) 
The currents are equal in magnitude but opposite in phase so 

h h (9) 
Therefore, (7) and (8) become 

= ha - Za) 0) 
and 

va = 00-20 ш 
The terminal impedance 2 of element 1 is 

21 =- Zu (12) 

n 

and the terminal impedance Zp of element is 

h zu an a» 
Therefore, 

2= 2 = Zn 2 (а 
E 

ии 


ми аз) 
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Since 12 = — it follows from (15) that V2 = Vi. This 
means thatthe 2 elements must be energized with emfs whlch 
are equal in magnitude and opposite in phase. This may be 
doneby meansof acrossoverin the transmission line fromthe 


driving point Р to one of the elements as shown in Fig. 6-27. Bement 
The length 1 of each line is the same. “ee 

For the case where the spacing between elements is 1/2, 
the terminal impedance of each element is 

% = Ru = Ru + j (Xn xu) 
6 + 472 A = impedance of each element — (16) i \ 
Totaremiter 

Consider thatthe reactance of 72 © is tuned outby a series 
capacitance at the terminals of exch element. The terminal Figure 6-27 End-fire array of 2 
impedance is then а pure resistance of 86 ©. To obtain s linear 2/2 elements with arrangement 


driving-point resistance of 600 ©, let the length 1 of theline — for driving elements, with currents of 
from P to each element be 2/4 with a line impedance of equal magnitude but opposite phase. 
TUX BB = 321 2. For an impedance match, the line 

from the driving point Р to the transmitter should have a 

characteristic Impedance of 600 ©. 


6-11c Gain in Field Intensity 


Using the same method as in Sec, 6-10c, the current Js in each element for a power input P to the атау is 
given by 


h 


үп = an 
It is assumed that there are no heat losses. The current 1) in a single 2/2 reference antenna is given by 
(6-10-23). The gain in field intensity G (6)1A/HW] as a function of ¢ in the horizontal plane with respect 
toa)./2 reference antenna is obtained by substituting (17) in (3) and taking the ratio of this result to (6-10-25). 


This yields 

A 2s ju (Se 

orl] = n () 
For aspacing of 4/2, (18) reduces to 


влек | =2 IKZ) ese] a9) 


In the end-fire directions lê = 0° and 180°) the pattern factor becomes unity, and the gain is 1.3 or 23 dB. 
This isthe gain G (see Fig. 6-28) 

‘The gain in field intensity G j (LA/HW asa function of # in the vertical plane (х: plane of Fig. 6-26a) 
with respect to а 2./2 reference antenna is found by substituting (17) in (6) and taking the ratio of this result 
to (6-10-31), obtaining 


(18) 


Gain of 22/2 
elements (20) 
of Fig. 6-9 
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(by 
Figure 6-28 Horizontal plane field pattern (a) and vertical plane field pattern (b) of end-fire 


array of 2 vertical 2/2 elements with 2/2 spacing. The patterns of a vertical 1/2 reference 
antenna with the same power input are shown for comparison, 


which is of the same form as the gain expression (18) for the horizontal plane (note that maximum radiation 
Isin a direction = 90° 

The gain in field intensity бу of we array over an isotropic source with the same power input is 1.3 x 
VTA = 1.66 (or 44 dBi). 


with Equal Currents of Any 


In the preceding sections 2 special cases of an array of two 2/2 P 
driven elements have been treated. In one case the currents inthe 

elements are in phase (phase difference = 0°) and in the other 

the currents arein opposite phase (phase difference = 180°), In Element 
this section the more general casei considered wherethephase т, 


9-0 
difference may have any value. As in the preceding cases, he ——5 

Wo /2 elements are arranged side by side with aspacingd and . 

are driven with currents of equal magnitude. Figure 6-29 Array of 2 side-by- 


For the general hase case the radiation-field pattern in the side /2 elements normal to plane 
horizontal plane (xy plane of Fig. 6-26a) is, from (5-9-20), ol page. 
given by 
H m 
where y Is the total phase difference between the fields from element 1 and element 2 ata large distance in 
the direction ¢ (see Fig. 6-29). Thus, 

d cos +8 (2) 
where = the phase difference of the currents in the elements 


A positive sign in (2) indicates that the current in element 2 of Fig. 6-29 is advanced in phase by an angle 
5 with respect to the current in element 1; that is, 


ЕФ) = 2kh cos 


rera mare dele discussion of is case and also of be most general case where the curent amplitudes are unequal, se б. Н. 
Brown (2. 
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h-h 4 
or 
hsh Es o 
The voltages applied at each element are 
Vi = һап + hZ hli + АШ 0 
and 
V = hin + k = hn + Zl) © 
Thedriving-point impedances of the elements are then 
y 
n= = Zn + Zolā © 
and 
% 
а= каша o 
The real parts of the driving point resistances are 
Ry = Ra (Zl ostr +3) © 
and 
Ra = Raz + аде - à) o 
where 


the phase angleof the mutual impedance Zo (thatls, т = arctan X12/ Куз where Zia = Rıa+ j X12) 
Therefore, the power Ру in element Lis 


Py = Ih Ry = Аки + Zial coste + 8)1 o 
and the power P) in element 2 is 

Pa = |h? IR + Zia] cose — 51 ay 
Since Rıı = Ко, the total power P is 


P = P+ Pi = Ока + zulegt +8) + coste = 8N 
= 21M (Rn Eu cose cosa) 
= AMP + Ra cos) a» 


It follows that the gain in field intensity as a function of ¢ їп the horizontal plane? of the array over a single 
2/2 element with the same power input is 


Gain in field [ 2m | 
ا‎ osy) )چ چ‎ (| n 


horizontal plane 


Tale the plane of the page in Fig. 6-29. 
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A polar plot of (13) with respect to the azimuth angle ¢ gives the radiation-field pattem of the атау in the 
horizontal plane, the ratio of the magnitude of the radius vector to a unit radius indicating the gain over a 
reference  /2 antenna, Brown (2) has calculated such patterns as a function of phase difference ã and spacing 
. Examples of these are shown in Fig. 6-30. 

The radiation-field pattern in the vertical plane containing the elements (in the plane of the page of 
Fig. 6-31) is 


Phasing. 5 > 
as E 135 180 
Spacing s 
ر‎ 


Horizontal plane 
field patterns of 
2 vertical ۸/2 
elements with 
spacings dand 
phasing б. See 
sketch at bottom 
of figure 


Figure 6-30 Horizontal-plane field patterns of 2 vertical elements as a function of the phase 
difference à and spacing d. (After б. Н. Brown-2). Both elements are the same length and have 
currents of equal magnitude. The circles indicate the field intensity of a single reference element 
ofthe same length with the same power input. 
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кш) =2 cas ( 2) asa ES] 


sine 


Thus, the pattern in the vertical plane has the shape of the patterns of 0-0 
Fig. 6-30 multiplied by the pattern of a single 2/2 antenna. The gain in 

the vertical plane over a vertical 2/2 reference antenna with the same 
power input is then 


MESES 2 89 2 
colm] r (r cm 

itis often convenient to refer the gain to an isotropic source with 
the same power input. Since the power gain of a 2/2 antenna over an 
isotropic source is 1.64 1202/2) = 1.64, see table at end of Chap, 2], y 
the gain in field intensity as a function of 0 in the vertical plane of a ements 
vertical 4/2 antenna in fee space over anisotropic sources 


(м) 


Figure 6-31 Relation of 


polar angle û in the plane 


eegen of the elements. 


r 
on] mot i 


‘The gain in field intensity in the vertical plane of the array over the isotropic source is then the product of 
and (16) or 


ETO summ 


328% 


es (458 +3) itn Dense 
\ Rat Rp oss 


ing 


as) 


an 


EXAMPLE 6-12.1 Gain i 
Find the gain of this атау, (a) if s 


m Solution 
(а) From Table 11-1 the mutual resistance Ro: = +6.3 ©. Thus, from (13) 

Gain in field over half-wave antenna = (2 x 73.13/79.4)/2 = 1.841, So power gain over isotropi 
184 x164=3020r48dBi Ans. 

(b) Similarly from (13), power gain over isotropic = 2.42 x 1.64 = 3,97 or5.98dBi Ап 
(c) Similarly from (13), power gain over isotropic = 2.94 x 1.64 = 4.83 or 6.84 dBi — Ans 
Question Is there a spacing which gives even more gain? See Prob, 6-12-1. 


of Array of 2 % In-Phase Antennas 
0.42, (b) if s = 0.5 à and (c) if = 0.62 
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6-13 Closely Spaced Elements, Radiating Efficiency and Q. The W8JK Array 


Theend-fire array of two side-by-side, out-of-phase 2/2 dipole elements discussed in Sec. 6-11 can produce 
substantial gains when the spacing is decreased to small values As indicated by the R = Ocurvein the gain- 
versus spacing graph of Fig. 6-328, the gain approaches 3. dB at small spacings. At /2 spacing the gain 
is 23 dB. This curve is calculated from (6-11-18) for = 0° or (6-11-18) for = 40 As the spacing 
4 approaches zero, the coupling factor becomes infinite, but at the same time the pattern factor approaches 
zero, The product of the two or gain stays finite, leveling off at a value of about 3.9 dB (6.0 dBi) for small 
spacings, as illustrated by Fig. 6-32b. The fact that increased gain is associated with small spacings makes 
this arrangement attractive for many applications. 

Thus far it has been assumed that there are no heat losses in the antenna system. In many antennas such 
losses are small and can be neglected. However, in the WBJK antenna such losses may have considerable 
effect onthe gain (Fig. 6-320). Therefore, the question of losses and of radiating efficiency will be treated in 
this section In connection with a discussion of arrays of 2 closely spaced, out-of-phase elements. The term 
“closely spaced" will be taken to mean that the elements are spaced A /4 or less. 

A transmitting antenna is a device for radiating radio-frequency power. Let the radiating efficiency be 
defined as the ratio of the power radiated to the power input of the antenna. The real power delivered to 
theantenna thats not radiated is dissipated in the loss resistance and appears chiefly in the form of heat in the 
antenna conductor, in the insulators supporting the antena, et. An antenna with a total terminal resistance 
"Rar may be considered to have a terminal radiation resistance Ry and an equivalent terminal loss resistance 
Еи. (see Sec. 2-10) such that 


= a) 
It follows that 
m 
Radiating efficiency (%) = Ê x 100 2) 
adiing тории a 


Since many types of high-frequency antennas have radiation resistances that are large compared to any loss 
resistance, the efficiencies are high. In an array with closely spaced, out-of-phase elements, however, the 
radiation resistance may be relatively small and the antenna current very large, as illustrated by Fig. 6-33. 
Hence, a considerable reduction in radiating efficiency may result from the presence of any los resistance. 
The radiating efficiency may also be small for low-frequency antennas which are very short compared to 
the wavelength. Although the effect of loss resistance will be discussed specifically for an array of 2 closely. 
spaced 1/2 elements, the method is general and may be applied to any type of antenna. 

Let the equivalent loss resistance at the terminals of each element be Ry... The elements are center fed and 
are arranged side by side with a spacing d. The total terminal resistance Кут is as given by (1). The terminal 
radiation resistance Ris given by 


R= Ru- Ra a 
Substituting (3) in (1) the total terminal resistance for each element is then 
Rir = Ry + Ru Rn 4 


Ifa power P is supplied to the 2-element array, the current in each element is 


T 


uec Emp s 
IRN Ru — Ru s 
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Figure 6-32 (a) Gain of end-fre array of 2 out-of-phase 2/2 elements (W8]K array) with 
respect to a 4/2 reference antenna as a function of the spacing for 5 values of the loss 
resistance Ru. (b) Gain curve for R. = 0 with variation of its component factors, the coupling 
factor and the pattern factor, for ¢ 


‘The total terminal resistance Roy of a single, centered 4/2 reference antenna is 


(© 


Where Rog s the self-resistance and Roy the loss resistance of the reference antenna, The current Jo at the 
terminals of we reference antenna is then 
lo 


(rar 9 


The McGraw-Hill Compan 


6-13 Closely Spaced Elements, Radiating Efficiency and Q. The Wêj K Array a 


With the атау elements vertical, the gain in field intensity as a function of ¢ in the horizontal plane (xy plane 
in Fig. 6-26a) is obtained by substituting (5) in (6-11-3), 7) in (6-10-24) and taking the ratio which gives 


(8) 


55 
ET 
ll үжүк" ) (| 


This expression reduces to (6-11-18) if the los resistances are zero (Roz = Ru 
In asimilar way the gain in field intensity as a function of in the vertical plane ( 


0. 


Janein Fig. 6-26a) is 


Gani nad 
TTR | ТУ Mmi ig 
ELA " 
lr tetera 0 
— 


This reduces to (6-11-20) if the loss resistances 
зелето 

The effet of loss resistance on the gain of 
а closely spaced array of 2 out-of-phase 2/2 
elements over а 2/2 reference antenna is illus- 
trated by the curves in Fig. 6-32a. The gain 
presented ls the maximum gain which occurs in 
the directions of maximum radiation from the 
апау ( = 0 and 180°; 0 = 90°). The top curve 
is for zero loss resistance (Ra, = Rir, = D. The 
lower cuvesarefor different values of assumed 
loss resistance: 3, 1, 5 and 20 0, The assump- 


n 


tion is made thatthe loss resistance R of each ú é 
element of the array is the same as the loss resis- 01 07 03 04 05 
tance Кы. of the reference / antenna (that is, Spacing dA 

Ry, = Har). It is apparent from the curves 


Figure 6-33 Current lı and radiation resistance 
Ruin each element of a W8] K antenna as a 
function of the spacing. The currentis calculated for 
а constant input power of 100 W to the array. 


that a loss resistance of only 1 © seriously lim- 
its the gain at spacings of less than 2/10, and 
larger loss resistances cause reductions in gain at 
considerably greater spacings. If the loss resis- 
tance is taken to be 1 © (a not unlikely value 
for a typical high-frequency antenna), the gain is almost constant (within 0.1 dB) for spacings between 
4/8 and 2/4. Smaller spacings result in reduced gain because of decreased efficiency while larger spac- 
ings also give reduced gain, not because of decreased efficiency but because of the decrease in the 
coupling factor. A spacing of 2/8 has the advantage that the physical size of the antenna Is less. How- 
ever, resonance is sharper for this spacing than for wider spacings. Hence, a spacing of 4/4 is to be 
preferred if a wide bandwidth is desired. In some situations an intermediate or compromise spacing is. 
indicated 

The Q of an antenna, like the 0 of any resonant circuit, is proportional to the rai of the energy stored 
to the energy lost (in heat or radiation] per cycle. For a constant power input to the closely spaced array the 
Qs nearly proportional to the square of the current їп each element. Referring to Fig. 6-33, it is apparent. 
that the current for 2/8 spacing is about twice the value for 4/4 spacing. Hence the О for 4/8 spacing is 
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about 4 times the О for 1/4 spacing. A large O indicates a large amount of stored energy near the antenna in 
proportion to the energy radiated per cycle. This also means that the antenna acts like a sharply tuned circuit. 


Since the bandwidth (f it is narrow) is inversely proportional 
to the 0, a spacing of % provides about 4 times the band- 
width obtained with 2% spacing. Although the efficiency of 
an array with closely spaced, out-of-phase elements might be 
increased, eg. by using a large-diameter conductor for each ele- 
ment, any substantial increase in bandwidth requires an increase 
in the spacing between the elements, This increase also raises 
the radiating efficiency. 

A single-section horizontally polarizedW8JK closely spaced 
атау consists of two side-by-side, out-of-phase  /2 elements as 
indicated in Fig. 6-34. А single-section array is also shown in 
Fig. 6-35a. Five other examples of W 8J K antennas areshown in 
Fig. 6-35 with arrows located at current maxima, indicating the 
instantaneous current directions. The type at Fig. 6-35b has an 
additional collinear > /2 section, the 2 sections being energized 
from the center. A -section center iel array is illustrated in 
Fig, 6-35c. The additional sections yield a higher gain by virtue 


"d 


_ _/ Maximum 
radiation, 3 


radiation 


Matching T 
su 


s 


LL 


Figure 6-34 Horizontally 
polarized W8) K array with closely 
spaced elements carrying equal 
out-of-phase currents. 


of the sharper beam in the plane of the elements. The antennas of Fig. 6-35d, e and f аге end-fed types 
corresponding to the enter-fed arrays in the left-hand group. The spacing « is usually between 2/8 and 44. 

Referring to the matching stub in the W 8) K array in Fig. 6-34, the location of the short circuit S an the. 
vertical line is adjusted for resonance (total length from open end of horizontal dipole to S an odd number 
of 2/4 approximately). The distance of the tap point T above 5 is then adjusted for minimum VSWR on the 
line to the transmitter (or receiver), The other types in Fig. 6-35 can also be matched in the same way. Ап 
adjustable balun for matching a W8)K array to a coaxial line Is shown in Fig. 20-20. A W8JK array fed by 
constant- impedance lines without tuners is shown in Fig, 6-76. See also Table 6-2. 
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Figure 6-35 Six types of W8] K antennas with gains in dBi for d = 1/8 and Ry = 1/2 ©. 
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The field pattern of an array of many elements can often be obtained by an application of the principle of 
pattern multiplication. As an example, consider the volume array of Fig. 6-36 consisting of 16 12 dipole 
elements with equal currents, In the y direction the spacing between elements is d, in the x direction the 
spacing is а and in the z direction the spacing is h. Let the y-direction and z-direction arrays be broadside 
types and the x-direction array an end-f re type such that the maximum radiation ofthe entire volume array s 
in the positive x-direction. Let = h = 2/2 anda = 2/4. Consider that the currents in all elements are equal 
in magnitude and that the currents in the front 8 elements are in phase but retarded by 90° with respect to the 
currents in the rear 8 elements. By the principle of pattern multiplication the pattern of the array is given by 
the patter of a single element multiplied by the pattern of a volume array of point sources, where the point. 
sources have the same space distribution ав the elements, In general, the field pattern Ed. ¢) of a volume 
array as a function of and ¢ is 


кө, 4) = E, oe. di $)E, (0, 9 E (0,0) ш 
Where 
E,(0. 4) = pattern of single element 
E, (0. $) = patter of linear атау of point sources in x direcion 
E, (8. $) = patter of linear атау of point sources in y direction 
Feld. $) = pattern of linear array of point sources in = direction 
The productof the last 3 terms in (1) is the pattern of a volume array of point sources. If, for instance, we Wish 
to obtain the pattem of the entire array E19) as a function of in the xy plane (6 = 90°), we introduce the 
appropriate pattern expression in this plane for each component array in (1). For the example being considered 
the normalized pattern becomes 
Six sing) [7 
E) = NÝ) cos 2 
9 = Tamer Dang] |3 99 ш 
Only the E19) broadside pattern and the E, (д) end-fire pattem contribute to the array pattern in the xy 
plane, since in this plane the E, (4) pattern of a single element and the E, (4) broadside pattern аге uniform. 
The impedance relations for an array of any number n of identical elements are derived by an extension 
of the analysis used in the special cases in the preceding sections (Carter-1). Thus, for n driven elements 
wehave 


M = hin + hZņ + ha + + Zin 
W = hin + hin + hZa + + Һ2ь 
W = hn + hZņ  hZa + + Zm e 
Ve = hZa + hZa + BZa + + e 

where 


V, = terminal voltage of the nth element 
1 = terminal current of the nth element 

Zin = mutual impedance between element 1 and the nth element 

Za, = self-impedance of the nth element 

In matrix form (3) can be expressed as 


[Va] = 2] ч) 
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‘The driving-point or terminal impedance of one of the elements, say element 1, is then 
5 
If the currents in the elements and the self and mutual impedances are known, the driving-point impedance 


Z, can be evaluated. 


‘The voltage gain of an array of п elements over a single element can be determined in the same manner 
as outlined for the special cases considered in the previous sections. For instance, the gain in йе intensity 
as a function of ¢ In the xy plane ( = 90°) for the array of Fig. 6-36 with respect to a single vertical 2/2 
element with the same power input is 


Zw LEE 
ву) = i I 
HW JO y Ru + Кш. + Каз + Кв +R + F(R + Rie) + Es + Ria) 


sin sin ¢) 
MENE 


B 
Bz 
nen; 


[а-в] © 
where 


Ец =self-resistance of one element 
Ви. =loss resistance of one element 


Ju; = mutual resistance between 
element 1 and element 2 
fus = mutual resistance between 


element 1and element 3, er. 


The numbering of the elements is as indicated 
in Pig. 6-36, Ibis assumed tht = h = 2/2 
and a = 5/4 and that the current magnitudes are 
equal, the currents inthe front 8 elements being 
all Inthe same phase but retarded 90° with respect 
to the currents in the rear 8 elements Figure 6-36 Array of 16 4/2 dipole elements 
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In the previous discussions it has been assumed that the antenna is in free space, i.e., Infinitely remote from 
the ground, Although the fields near elevated microwave antennas may closely approximate this idealized 
situation, the fields of most antennas are affected by the presence of the ground. The change in the pattem 
from its free-space shape is of primary importance. The Impedance relations may also be different than when 
the атау is in free space, especially if the array Is very close to the ground. In this section the effect of the. 
ground on horizontal antennas is discussed. In Sec. 6-16 the effect of the ground is analyzed for vertical 
antennas. A number of special cases аге treated in each section, these being limited to single elements or to 
simple arrays of several elements. Perfectly conducting ground is assumed, 
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eise Horizontal 1/2 Antenna above Ground 
Consider the horizontal 2/2 antenna shown in Fig. 6-37 at à 

a height hı above a plane ground of Infinite extent. Owing to Z Anema 
the presence of the ground, the field at a distant point P is 

the resultant of a direct wave and a wave reflected from the ЕЯ 


T 
round sn Fig. 6-38. Assuming that he grounds prety | 
Conducting, ebngenia componentof ředecricadmut — 7777779077900% 


vanish at Ив surface. To fulfil this boundary condition, the ^ 
reflected wave must suffer a phase reversal of 180? at the point 1 
of reflection. pem 

To obtain the field at a distant point Р, it is convenient 2 


to transform the problem by the method of images. In this 
method the ground is replaced by an image of the antenna 
situated a distance k below the ground plane. By taking the cur- 
rent inthe image equal in magnitude but reversed in phase by 
180° with respect to the antenna current the condition of zero 
tangential electric fed is meta all points along a plane every- 
where equidistant from the antenna and the image. This is the 
plane of the ground which the image replace. In this way, the 
problem of a horizontal antenna above а perfectly 

conducting ground? of infniteextentcan be trans- 
formed into the problem already treated in Sec. 
6-11 of a so-called end-fire array. One point of 
difference is that in developing the gain expres- 
sion Itis assumed thatif a power Р is delivered to 
theantenn, an equal power is also supplied to the 
image. Hence, a total power 27 is furnished to the 
“end-ire array” consisting of the antenna and its 
image. 

‘Owing to the presence of the ground, the 
driving point impedance of the antenna is, in gen- 
«га, different from its free-space value. Thus, the 
applied voltage at the antenna terminals is бетеп? 

Г 


Figure 6-37 Horizontal 1/2 
antenna at height h above 
ground with image at equal 
distance below ground, 


LI 


Figure 6-38 Antenna above ground with 


ГЕНИЯ image showing direct and reflected waves, 


the image current 

the salf-impedance of the antenna 

the mutual impedance of the antenna and its image at a distance of 24 
—h the driving- or feed-point impedance of the antenna is 


Zu = Zm ” 


"visas posto apply the method of images to the case of a ground af infinite extent ut of frite conductivity o and of dielectric 
constant by properly adjusting e relative magnitude and phase of the mage current with respect to Ме antenna caren. 
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The real part of (2) or driving-point radiation. 100 
resistance is N 

Еу = KU K. a * 

1 = Ri- Ra "ELTE a 
The variation of this resistance at the cene of 5 
the 2/2 antenna is shown in Fig. 6-39 as afunc- %0 ڪڪ‎ 
tion of the antenna height above the ground. As =e 
the height becomes very large, the effect of the ] 
image on the resistance decreases, the radiation 
resistance approaching its free-space value ] 
Since the antena and image have currents of l 
equal magnitude but opposite phase, thereiszero 30 
radiation inthe horizontal plane, ie, inthe direc- 
tion for which the elevation angle о is zero (see ж 
Fig. 6-38). If the height iis 2/4 or less, the max- 10 
imum radiation is always in the vertical direction 
(cr = 90°). For larger heights the maximum radia- 00 as as OE 0505170405910 
tions, in general, atsome elevation angle bet een — 
and 90° 
Itis convenient to compare the horizontal 2/2 Figure 6-39 Driving- or feed-point 
antenna sta height aboveground withrespeciio resistance R atthe center of a horizontal 2/2 
322 antenna in free spaca with the same power dipole antenna as a function of its height 
input Atalargedistancethegain in feld intensity above а perfectly conducting ground 
of the Half-Wavelength antenna A bove Ground“ 
(HWAG) with respect to the “Half-Wavelength 
antenna in Free Space" (HWS) is given by 
RLF Ru 
= Hy Pin simon 4 


safresisance of 2/2 antenna 
Еи. = loss resistance of 2/2 antenna 

Zi = mutual resistance of 4/2 antenna and its image at a distance of 2 
Equation (4) gives the gain In the vertical plane normal to the antenna as а function of a (see Fig. 6-40). 

Thevericalplanepaltemsof a horizontal 2 antenna are shown in ig. 6-40 for heights = 0.1. 0.25, 0.5 
and 1.03. The circular pattern is for a /2 antena in free space (i.e, with the ground removed) with the same 
power input. It is assumed that loss resistances are zero. 

Itis also of interest to calculate the field pattern asa function of theazimuth angle for a constant elevation 
angle a. The radius vector to the distant point then sweeps out a cone as suggested in Fig. 6-41. To find th 
is field pattern, let us first consider the field pattern of a horizontal antenna in free space as in Fig. 6-42. The 
xy plane is horizontal. The field intensity at a large distance in the direction of « and ¢ is then given 
by the length OA between the origin and the point of intersection of a cone of elevation angle a 
and the surface of the 3-dimensional doughnut field pattern of the antenna as suggested in Fig. 6-42. 
This length is obtained from the field-pattem formula of the antenna in free space by expressing 
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Horizontal 
A2 antenna 


m 
— fee space 


2D 


D Bom T 22 Tod — 1 


Figure 6-40 Vertical-plane field patterns of a horizontal 2/2 dipole at various heights h above 
а perfectly conducting ground as calculated from (4) for R i. = 0. Patterns give gain in field 
intensity over a 2/2 dipole with the same power input Note that the presence of the ground 
increases the field by approximately 6 dB or more in certain directions. 
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the polar angle d^ from the antenna axis in terms of a and 
+. For the spherical right triangle in Fig. 6-42 we have 


cose! = cos cosa © 


or 

sing = 
Substituting these relations in the pattern formula, we get 
the field intensity in the direction a. œ. For example, by 
substituting (5) and (6) into (6-5-2), noting that їп (5) 
and (6) equals û in (6-5-2), we obtain for the field of a 
2/2 horizontal dipole antenna 
cost(z/2) cosó cosa] 

Tapes 

‘Then the relative field pattern of the horizontal 4/2 dipole 
antenna in free spaceas a function of d ata fixed elevation 
angle an is given by 


Терса в 


Eia, 6) o 


cosir/2) cos cosan] 


Еф) 
aa 


Cone of constant 
Horizontal | elevator ange, 


Figure 6-41 Horizontal antenna at 
height h above ground (xy plane) 
showing azimuth angle ¢ and 
elevation angle « for a distant point P. 


(© 


To obtain the field pattern of the antenna when situated at a height л above a perfectly conducting ground, 
we multiply the above free-space relations by the pattern of 2 isotropic point sources of equal amplitude but 


Cross section 
through doughnut- 
shaped field patera 


Gone of constant 
elevation ange. a 


Figure 6-42 Geometrical construction for finding the field intensity ata constant elevation. 


angle « in direction of ine 0A 
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‘opposite phase. The sources are separated by a distance 2 along the axis. From (5-9-10) the pattern of the 
Isotropic sources becomes inthe present case 


Eso 


йд, sina) [7 
where b, is the height of the antenna above ground in radians; hat is, 

ET] 

T 

The pattern is independent of the azimuth angle œ. M uliplying the free-space field pattern of any horizontal 
antenna by (9) yields the field pattem for the antenna above a perfectly conducting ground. Thus, for a 
horizontal 2/2 dipole antenna above a perfectly conducting ground, the 3-dimensional field pattern as а 
function of both e and ¢ is obtained by multiplying (7) and (9) which gives 

сол /2) cosó cosa] 


CDA ny, sina) (10) 
Кес 


h 


E 


where i, = the height of the antenna above ground, rad 

As an example, the field patterns as а function of the azimuth angle ¢ at elevation angles a = 10, 20 and 
30° arepresented in Fig. 6-43 as calculated from (10) for a horizontal 2/2 antenna ata height of 2/2 (it, = т) 
above a perfectly conducting ground of infinite extent. The relative magnitudes of these patterns at ф = 90 
ог 270° are seen to correspond to the field intensities at a = 10, 20 and 30° in the vertical-plane pattern of 
Fig. 6-40 for = 0.52. It should be noted that the field is horizontally polarized at = 90 or 270° and is 
vertically polarized at = 0° and ¢ = 180°. At intermediate azimuth angles the field is linearly polarized at 
ачап апде. 


Relative fela теплу | 


Figure 6-43 Azimuthal field patterns of horizontal 1/2 antenna 3/2 above ground at elevation 
angles а = 10, 20 and 30°. 
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6-45b  WBJK Antenna above Ground 
In this section the case of 2 horizontal, closely spaced, out-of-phase à /2 elements or W8JK antenna above a 
perfectly conducting ground is discussed. Referring to Fig. 6-44, let the 2/2 elements be at a height п above 
the ground and separated by a distance d. The gain in field intensity of this antenna relative to a /2 antenna 
in free space with the same power input is given by (K raus-5) 


f Ri + RIL 
as 
НЕЗ) YR + Кш. + Кы = Ёз = Кз} 
х\й — 1/4, cosa) - 1/20, sina) +1/4, соза +24, Чп ау ay 
acing of elements rad = 2/2 2 nn 
ielght of element above ground, rad “| 
Еп = se -resistance of а single element Я 
йи. = loss resistance of a single element т 
ia = mutual resistance of elements 1 and 2 Hr 
Ria = mutual resistance of elements 1 and 3, өк. t 
where the elements are numbered as in Fig. 6- 
44, The gain in (11) is expressed as a function of | Ground 


arin the vertical plane normal to the elements. 

Polar plots calculated by (11) for the gain 
in field intensity of a W8}K antenna consist 
ing of two 2/2 elements spaced 4/8 apart are i 
presented by the solid curves in Fig. 6-45 for He 
antenna heights of 2/2 and 34/4 above ground. 

Patterns of а single 2/2 antenna at the same | 
heights above ground and with the same power кше 
input are shown for comparison (dashed curves) = 

The gainin field intensity Isexpressedrelativeto Figure 6-44 WE) K antenna above ground 
24/2 antenna in free space with the same power 

input. 

їп Fig. 6-46 the gain is given as a function of height above ground for several elevation angles. Curves 
are showin for both a2-eement W8]K anda single horizontal à /2 antena. Itis assumed that loss resistances 
are zero. If, for example, the effective elevation angle at a particular time on a certain short wave circuit 
(transmission via ionospheric reflections) is 30°, we note from Fig. 6-46 that the optimum height for a 
Zelement W8]K beam is 0.52. For a single ./2 antenna the optimum height about 0.572. 

Itisinteresting to consider the effectof tilting the plane of тем 8J K elements by an angle y asin F ig. 6-47. 
Results calculated by an extension of the above analysis are illustrated in Figs. 6-48 and 6-49 for -element 
arrays at average heights of 2/2 and 3 /4 above a perfectly conducting ground (K raus-4). Patterns re shown 
for tt angles y = 0, 30, 45 and 30 In all cases the effect of the itis to increase the field intensity at large 
elevation angles and to decrease it at small angles. 


Tres been the brackets ar by way of explanation that he gainin Seld intensity is for the "Array Above Ground with respect a a 
Half-Wavelength antenna in Free Space 
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Figure 6-45 Vertical-plane patterns (solid curves) of 2-element W8] К antenna with 2/8 
spacing at heights of 1/2 and 31/4 above ground. The patterns are plotted relative to a 1/2 
antenna in free space with the same power input The vertical plane patterns of a single 2/2 
antenna at the same heights above ground and with the same power input are shown for 
‘comparison by the dashed curves. The left-hand quadrants of the vertical planes are mirror 
images, Since the W8] K has zero radiation vertically and maximum horizontally, itis very 
effective for low-angle long-distance communication, 
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Figure 6-46 Gain in field intensity of 2-elementW8) K antenna with 1/8 spacing (solid 
curves) and of a single 4/2 antenna (dashed curves) as a function of the height above а 
perfectly conducting ground. Gains are relative to a Single 2/2 antenna in free space with the 
‘same power input. Curves are given for elevation angles a = 5, 15 and 30°, We note that the 
gain of a 1-section (2-element) W8] K antenna ata = 15° and h = à exceeds 3 (=11.8 dBi). For 
а 4-section М8] K antenna at this angle and height the gain is about 16 dBi. 
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Figure 6-47 Tilted WBJK Figure 6-48 Vertical-plane patterns for horizontal 
antenna. 2-element W8JK antenna with A/8 spacing at an average 
height of ۸/2 above groung for tit angles y = 0, 30, 45 and 
90°. Patterns give gain in field intensity over a single 1/2 
antenna in free space with the same power input. 
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Figure 6-49 Same as for Fig. 6-48 but with array elements at average height of 32/4 above 
ground. 


6-15c Stacked Horizontal ;/2 Antennas above Ground 
Consider the case of two horizontal à/2 elements stacked in a vertical plane above a perfectly conducting 
ground of infinite extent. The elements have equal in-phase currents. The arrangement of the elements and 
their images is shown in Fig. 6-50. The height of the upper element above ground is A. Let the spacing 
between elements be 4/2 so thatthe height of the lower element above ground is h — 5/2. The gain infield 
intensity of this array over a single 4/2 dipole antenna in free space with the same power input is 
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E EE 
[ Roa + Ror 


y RT Ra Ru Ra fu 


x 2ifsin(h, sina) + заил, =) sina) aa 


where It; is the mutual resistance between elements 1 
‘and 2, Ria the mutual resistance between elements 1 and 
3, etc. The elements are numbered as in Fig. 6-50. This 
‘expression givesthegainasafunction of # andof theele- 
vation anglecr inthe vertical plane normal to the planeof a, 
the elements. As an example, the gain in field intensity 

for two stacked in-phase horizontal 2/2 elements over 

а free-space 2/2 antenna with the same power input 

is presented in Fig. 6-51 as a function of the height 4 Ground 
aboveground, for an elevation angle: = 20°, The gains , e, , e, 
ata = 20° for a 2-element W8]K antenna and a sin- 

le horizontal 2/2 antenna are also shown as a function. 
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6-16 Vertical Antennas Above Figure 6-50 Атау of stacked horizontal 
Plane Ground 20 elements. 


Consider a vertical stub antenna of length / above a plane horizontal ground of infinite extent and perfect 
conductivity as in Fig. 6-52. By the method of images the ground may be replaced by an image antenna of 
length 1 with sinusoidal current distribution and instantaneous current direction as indicated, The problem 
of the stub antenna above ground then reduces to the problem (treated earlier) of linear centered antenna 
with symmetrical current distribution. The electric field intensity as a function of the elevation angle « and 
distance r may be derived from (6-5-3), obtaining 


60 osil, Sina) ~ cost, 
EN E 


Ir ези Wim 


› a 


where 


LBl = (220, dimensionless 


Ru = selfresistance of a vertical stub antenna of length 
1 referred to the point of current maximum, C 

Ru = effective oss resistance of antenna referred to same 
point, © 

P = power input, W 


distance, m 


Values of the self-resistance referred to the current loop of a vertical stub antenna above a perfectly 
conducting ground have been given by Brown (1) and by Labus (1). These values аге presented as a function. 
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Figure 6-51 Gain in field intensity of array of 2 stacked horizontal 4/2 elements as a function 
of the height above ground of the upper element for an elevation angle of 20°, The elements are 
stacked 1/2 apart The gain is relative to a single 2/2 dipole antenna in free space with the same 
power input. Gains of a 2-element W8] K antenna and single 2/2 antenna as a function of the 
height above ground are also shown for comparison at the same elevation angle. At all heights 
less than 0.9» the W8] K antenna produces the highest gain. 


of antenna length in Fig. 6-53. Using these values of self-esistance, or radiation resistance, the field intensity 
of a vertical stub antenna of any length J and power input P can be calculated by (1) at any elevation angle a 
and distance r. Thus, the field intensity by (1) along the ground (a = 0) for a à/4 vertical antenna d, = 1/2) 
with a power input Р = LW at a distance of 1609 m is 6.5 mV т^. The value of Ru for 4/4 stub antenna 
is 36.5 Q, and Rı, is assumed to be zero. 

Vertical stub antennas, singly or in directional arrays, are very widely used for AM broadcasting. In this 
‘application the field intensity along the ground (a = 0) is of particular interest. It is also customary to 
Compare field intensities at some standard distance, say 1.61 km, and for some standard input such as 1 kW. 
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For this case (1) reduces u 


118d cost T 
ERES m) o — 
т: 


Vertical stub antenna 
E= 


Where Eisthe field intensity along the ground ata distance 
of 1.61 km for a power input of 1 kW. The variation of E LX 

ж given by (1) is presented in Fig. 6-54 as a funcion of Grand 
antennalength.Theveria-planepattemscalculatedby 1) 777707777% 
asa function of the elevation angle for vertical antennas 


| 
| 
of various heights are presented in Fig. 6-55 (Brown-2; | 
Smith-1). A length of about 0.64 yields the greatest field V 
i 


intensity along the ground, but as pointed out by Brown (1) 
the large high-angle radiation (at er = 60°) for this length 
reduces the nonfading range at broadcast frequencies (500 
to 1500 kHz) as compared, for example, with an antenna Figure 6-52 Vertical stub antenna above 
about 1/2 long. Thenonfading range is largest for an a ground plane. 

antenna height of 05282. It is assumed that the loss 
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Figure 6-53 Radiation resistance at the current maximum of a thin vertical antenna as а 
function of the height of the antenna, (After б. Н. Brown-1 and also J. Labus-1) 
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resistance Ry, = 0, that is, the entire input зю : 
to the antenna is radiated. The small amount Маха 
of high-angle radiation, which is an impor- pst 
tant factor in reducing fading, is apparent for 250 | 


the = 0.528% antenna as compared to other 
lengths (see Fig. 6-55b and c). 

The analysis of arrays of several vertical 
stub antennas can be reduced їп a similar 
fashion to arrays of symmetrical centered 
antennas. M any of these have been treated in 
previous sections. Inthiscaseitis often conve 
nientto compare the pattern and refer the gain 
to a single vertical stub antenna with the same 
power input, The situation of a symmetrical 
centered vertical antenna with its lower end 
some distance above the ground can also be 
treated by the method of images. In this case 
the antenna is reduced to а collinear array, 0 02 04 

Forthecaseof a linear array of vertical ele Height of 
ments of equal height and of the same current 
distribution, the pattern E (д) as a function of Figure 6-84 Field intensity at the ground (zero 
the azimuth angle 6 at a constant elevation elevation angle) ata distance of 1.6 km from a 


20 


Field inienety in mV m- at 1.61 km 


angle is given by vertical antenna with 1 kW input as a function of its 
В height. Perfectly conducting ground is assumed. The 
Ei) = Быш?) x Ey (3) solid curve is for an assumed loss resistance R, 
T" and the dashed curve for R = 19. 
sl) = relative pattern of array of isotropic point sources used to replace elements 


Ey = relative field intensity of a single vertical element at the elevation angle e 


‘The angle in the pattern formula of the array of isotropic sources is the angle with respect to the атау axis 
or x axis in Fig, 6-56a. Before inserting this formula into (3), it is necessary to express © In terms of the. 
azimuth angle ¢ and elevation angle (Fig. 6-56a). This is done by the substitutions. 


cos! coso cosa 10) 
and 
sin = /T-cs coda a 


If the relative field intensity formula £ of a single vertical element is given in terms of the polar angle, the 
elevation angle « is introduced by means of the substitution à = 90° — a, since, as indicated in Fig. 6-56, 
9 and a are complementary angles. 


6-17 Yagi-Uda Modifications 
6-17a Circular Polarization with a Yagi-Uda Antenna 


To produce circular polarization, 2Yagi-Uda antennas сап be crossed (elements at right angles on the same. 
boom) with the driven elements fed in phase quadrature, or both driven elements can be fed in phase but with 


The McGraw-Hill Companie 


6-17 Yag-Uda Modifications as 


1075 


0 га 
o um эш о EAV 
Бейеу А | Field intensity in 
0 ibn 195236 246 mm al hm 162 226 241 276 

© 6 (© 

1-0528 таз o BB 


A 
R, = 100% to che 

(d) 
Figure 6-55 Vertical-plane fied patterns of vertical antennas for several values of antenna 


height I The field intensity is expressed in millivolts per meter ata distance of 1.6 km for 1 kW 
input Perfectly conducting ground and zero loss resistance are assumed. 


‘one array displaced 2/4 along the boom with respect to the other, A nother alternative s to feed the crossed 


director pairs with а monofilar axlal-mode helical antenna (se Fig. 8-61). п advantage of this arrangement. 
is that it can be fed by a single coaxial transmission line. 


6-17b The Landedorter 
Shaped-Dipole Array 


The gain of a Yagi-Uda antenna can be 

increased by adding moredirectorsand p 

increasing the length of the array. As Шек 

with all end-fire arrays, twice the gain Z 

(3 dB improvement) requires a 4-fold Mna. ——ы waa 


increase in length. Another method of 
obtaining a 3 dB improvement is to 
stack 2 атау. As yet another alterna- 
tive, Landsdorfer (1, 2, 3) has demon- 
strated that higher gain can be obtained © 
by extending and shaping the con- 

ductors of a 3-element closespaced Figure 6-56 Geometrical construction for finding field 
Yagi-Uda antenna, intensity of linear array of vertical elements ata constant 

elevation angle a. 


[pem 
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Figure 6-57 (a) A 34/2 center-fed dipole and (b) its field pattern. (c) Center section folded 
into a 2/4 stub reducing length to 13. and (d) the field pattern. (e) Further shaping and addition 
of shaped director and reflector forms a Landsdorfer array with the field pattern (f). 


Consider the centered 3) /2 dipole shown in Fig. 6-572. Assuming a sinusoidal current distribution, the 
field pattern is as indicated in (b) (see also Fig. 6-8). There are small broadside lobes and also large lobes at 
an angle. If the center 2/2 section is folded into a 4/4 stub as in (c) the antenna reduces to an in-phase 12. 
dipole with a bidirectional broadside field pattern as in (4). Now pulling the stub apart and shaping it and the 
2/2 sections, it can be arranged with a similarly shaped director and reflector as done by Landsdorfer and 
Shown in (e) with the unidirectional pattern at (f). The overall length is 134 with gain reported to be about 
11.5 dBi, This compares to about 8.5 dBi for a close-spaced 3-element array of /2 dipoles. 


6-18 Phased Arrays 

6-182 Introduction 

Although the elements of any antenna array must be phased in some manner, the term phased array has come 
to mean an array of many elements with the phase (and also, in general, the amplitude) of each element being 
a variable, providing control of the beam direction and pattern shape including side lobes. These arrays are 
discussed in the second part of this section 

Specialized phased arrays given different names are the frequency scanning атау, the reroarray and the 
adaptive array. 

In the scanning array, phase change is accomplished by varying the frequency. These frequency scanning 
arrays are among the simplest phased arrays since no phase control is required at each element, Several of 
these arrays were discussed in Sec. 8-14. Additional ones are described in the next section (6-19). 

A retroarray is one which automatically reflects an incoming signal back toward its source. This type of 
array is considered in Sec. 6-20. 
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Adaptive arrays have an awareness of their environment and adjust to it in a desired fashion. Thus, an 
adaptive array can automatically steer its beam toward a desired signal while steering a null toward an 
undesired or interfering signal. In a more versatile adaptive array the output of each element Is sampled, 
digitized and processed by a computer which can be programmed to accomplish tasks limited mainly by the 
sophistication of the computer program and the available computer power. Such an array may be called а 
Smart antenna. These arrays are described in Sec. 6-22. 


6-18b Phased Array Designs 
‘An objective of a phased array isto accomplish beam steering without the mechanical and inertial problems 
of rotating the entire атау. In principle, the beam steering of a phased array can be instantaneous and, with 
suitable networks, all beams can be formed simultaneously, However, the look angle or field of view of a 
planar phased array may be more restricted than for a steerable array (although a phased array on a curved 
surface may cover as much solid angle). Also the beam of a rotatable array maintains its shape with change 
in direction whereas a phased array beam may not. 

Another objective of the phased атау is to provide beam control at а fixed frequency or at any number of 
frequencies within a certain bandwidth in afrequency-independent manner 

In its most simplistic form, beam steering of a phased array can be done by mechanical switching. Thus, 
consider the case of the rudimentary 3-element array of Fig. 6-58a. Let each element be a /2 dipole (seen 
end on in the figure). An incoming wave arriving broadside asin (a) will induce voltages in the transmission 
lines (or cables) in the same phase so that if ай cables are of the same length (11 h) the voltages wil 
be In phase at the (dashed) in-phase line. By bringing all 3 cables to а common point as in (b), the 3-element. 
array will operate as а broadside array. For an impedance match, the cable to the receiver (or transmitter) 
should be } the impedance of the 3 cables, or a 3 to 1 impedance transformer can be inserted at the common 
Junction paint with all cables of the same impedance 

Now consider a wave arriving at an angle of 45° from broadside as in Fig. 6-S8c. If the wave velocity 

on the cables, the (dashed) in-phase lineis parallel to the wave front ofthe incoming wave, as suggested 
in (с). However, if» < c, the lengths о and 13 must be increased as suggested in order for all phases to be the 
same (the in-phase condition). Then, if cables of these lengths аге joined as in (d) the 3-element array will 
have its beam 45° from broadside. 

By installing a switch at each antenna element and one at the common feed point as in Fig, 6-58e and 
mechanically ganging al switches together, the beam can be shifted from broadside to 45° by operating de 
‘ganged switch. 

By adding moreswitch points and more cables of appropriate length the beam can be steered to an arbitrarily 
large number of directions. With more elements, narrower beams can be formed. With diodes (PIN type") in 
place of mechanical switches, control can be electronic. However, even with these modifications itis obvious 
that for precision beam steering with many antenna elements, the required number of interconnecting cables 
сап become astronomic. M any schemes have been proposed to reduce the required number of cables One of 
these, called a Butler (1, 2) matrix, is a cable connected matrix which is the hard-wire equivalent of a discrete 
fast Fourier transform. For an N element, N output port matrix, forming X simultaneous beams, the number 
‘of required cables is reduced from N? to X In N, resulting ina significant economy for large values of N 
‘Computers can do the same thing by appropriate programming of sampled signals. 

Instead of controlling the beam by switching cables, a phase shifter can be installed at each element 
Phase shifting may be accomplished by а ferrite device. The same effect may be produced by the insertion 


їнїн (Poste Intrinsic Negative: high open-circuit impedance, low short-circuit impedance. 
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Figure 6-58 (a) Array of three 2/2 dipoles (seen end-on) with incoming wave broadside. 
(b) Equal length cables joined. (c) Incoming wave at 45° from broadside. (d) Appropriate 
lengths of cable joined. (e) Switches for shifting from broadside to 45° reception. 


of sections of cable (delay line) by electronic switching. Thus, insertion of cables of 4/4. 2/2, 31/4 (and 
по cable) provides phase increments of 90°. For more precise phasing, cables with smaller incremental 
differences are used, 

Figure 6-59a is the schematic of a phased array with a phase shifter and attenuator at each element. The 
feed cables аге all of equal length in a corporate structure? arrangement. Figure 6-59 shows an end-fed 


Named after the organizational structure of а corporation with president over 2 vice presidents each over 2 subordinates, өк. the 
diagram in Fig. 6-59a being an upside-down version. 
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Figure 6-59 (a) Schematic of phased array fed by corporate structure and (b) end-fed. 
(c) Phased array with each element fed from a matched transmission ine via а directional coupler. 


phased array, also with individual element phase shifter and attenuator. Since a progressive phase shift Is 
introduced between elements with a frequency change, the phase shifters must introduce opposing phase 
changes to compensate, in addition to making the desired phase changes, 

Figure 6-59c shows a 4-element end-fed phased receiving array with each element fed from a transmission. 
lineviaadirectional coupler, The transmission ine as a matched termination (zero reflection) so that (ideally) 
thereis a puretraveling waveon the line. Phasing isaccomplished by physically siding the directional couplers 
along theline. Element amplitude is controlled by changing the closeness of coupling. Reduction of amplitude 
can control or eliminate minor lobes as with a 1:3:3: 1 (binomial) amplitude distribution. 

The literature on phased arrays is extensive. Robert M illoux (1) gives a very comprehensive overview of 
the subject, updating an earlier review article by L. Stark (1). 


eise Rotatable Helix Phased Array! 
With monofilar axial-mode helices as elements of the array, phasing can be accomplished by rotating the 
helices on their axes, a rotation of 90° providing a 90° shift in phase of the (circularly polarized) wave. For 
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Figure 6-60 Three-helix lobe-sweeping array with 2 outer helices rotating in opposite 
directions producing a continuously swept beam at the O.S.U. Radio Observatory site. Note 
man on frame of far helix for scale. See Fig. 8-59 for feed arrangement and additional 
information, 


example, with 3 helices of the same hand connected as in Fig. 8-59 the beam direction can be steered 
by rotation of the outer helices (1 and 3) with helix 2 stationary. Thus, continuously rotating helix 1 
clockwise and helix 3 counterclockwise will result in a continuously sweeping beam between two angu- 
lar extremes. In this type of operation a lobe appears at the left extreme of the sweep angle, grows in 
amplitude as it sweeps to the right, reaching maximum amplitude at broadside. It then becomes smaller 
as it sweeps further to the right. After reaching the extreme right of the sweep angle, a new lobe appears 
at the left extreme and the process repeats. The angle of sweep is determined by the pattern of a single 
helix. 

John Kraus designed and built a 3-helix beam-sweeping array of this type in 1958 for operation at 25 to 
35 MHz atthe Ohio State University Radio Observatory for planetary (Jupiter) and solar radio observations 
shown in Fig. 6-50 (K raus-8, 5). Thehelices were 3 m in diameter, the outer 2 rotating in opposite directions. 
Each helix had 3 turns so that the beamwidth between first nulls (and sweep angle) was about 130°. With 
helix rotation at 3 revolutions per hour, the equatorial zone of the sky was swept or scanned from east to west 
every 20 min, 
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6-19 Frequency-Scanning Arrays 
6-19 Frequency-Scanning Lino-Fod Array 
Consider a line-fed array of uniformly spaced 


elements (dipoles) with a receiver connected >- 
attherightend of непе as suggested by the / 

Schematic of Fig, 6-61. Each element is fed í 

from the transmission line via a directional oars 
coupler This arrangement is similar to that — 
pler positions are fixed, with beam sweeping Of La by ls 

or scanning done by changing the frequency. Z ed Wee 

The transmission line is matched to elimi- ны os 


nate reflections and ensure an essentially pure. 
traveling wave on the ine. From (8-14-8), 


igure 6-61 Frequency-scanning line-fed array 

of uniformly spaced elements with tunable receiver 

0 atleftend. Beam angle ¢ is a function of he 
frequency. 


Jean angle from array axis, rad or deg 
р = phase velocity on transmission line = v/e, dimensionless 
lode number, dimensionless 

етеп. spacing, m 

free-space wavelength at center frequency of 

array operation, т. 


ao 


For p = Land m = 0, д = 0° (beam fixed at end-fire independent of ào). 
Consider now the situation for y =1,d = 1mand ag = 1m, or 
cosp=1-1=0 w 


and à = 90° (beam broadside). 
‘Suppose next that the frequency is increased so that the wavelength is 0.929 or 0.9 m; then 


cos =1-09=01 a 


and û = 84.39, or 5.7" right of broadside. Shifting to a lower frequency so that the wavelength is 1.140 or 
lim, 


cos = 1-1. 


and ф = 95.7, 015. lelt of broadside. 

Thus, а #10 percent shift in wavelength (or frequency) swings the beam 45.7? from broadside (total 
scan 114°) with larger frequency shifts resulting in larger scan angles. To eliminate or reduce beams at 
4 = -90 (mirror image), and also end-fire and backfire beams, the 2/2 dipoles can be replaced by identical 
Unidirectional elements, the scan angle then being restricted to the beamwidth of the individual element. 

This requency-scanning array has no moving part, no phase shifters and no switches, making It one of 
the simplest types of phased arrays 


-01 


The McGraw-Hill Compan 


m Chapter Elecvic Dipoles, Thin Linear Antennas and Arrays of Dipoles and Apertures 


6-196 Frequency-Scanning Backward Angle-Fire Grid and Chain Arrays 
The current on folded: wire antennas usually assumes а sinusoidal (standing wave) distribution. In the 1930s 
John Kraus constructed and used folded-wire antennas of this kind, such as the Bruce curtain (Fig. 6- 70b, and 
became familiar with their operation. A broadside array of these antennas (for increased gain) may require 
many interconnecting transmission lines to feed them. In thinking about these arrays during the winter of 
1961-1962 he wondered if it would be possible to construct a continuous wire grid as a broadside array and 
feed it ata single centrally located point. 

The basic arrangement he tried is illustrated in Fig. 6-62. The dimensions of each mesh of the grid are 
1= A by s = 4/2. Assuming standing waves the instantaneous current distribution would be as indicated by 
the arrows, one located at each curent maximum point. Currents on all of the short sides (à /2 long, horizontal 
in the figure) would be in phase, while on the long ides of the meshes (A long, vertical In the figure there 
areas many current maxima in one direction as in the opposite so that radiation broadside from the ong sides 
Should (ideally) be zero. Thus, the array should produce a linearly polarized (horizontal in the figure) beam 
broadside to the array with a gain proportional to the number of 2/2 sides (or elements) (31 in the figure) 

Kraus constructed an array similar to the one in Fig. 6-62, mounted it approximately 2/4 from a flat 
conducting ground plane and fed it with а balanced transmission line at the central point (1 in the figure). To 


Ex] Ee. ql з (а) 


h sf 


E" 


Figure 6-62 Freguency-scanning Kraus grid array. When fed at point 2 (with terminals at 
point 1 short-circuited and a matched load connected at point 3) the beam is at an angle ¢ 
"Which is a function of the frequency. A frequency shift of +14 percent swings the beam angle ¢ 
through about 75°. Switching the feed point to З and load to 2 puts the beam in the right-hand 
quadrant, making the total scan angle 150°. Typically, I= à, s < 4/2, h < 2/4. 
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his surprise, he found that the radiation was not in a single broadside beam but was split into 2 equal lobes, 
‘one left and one right of broadside. 

It was apparent that the current distribution was not that of a resonant standing wave but rather of two 
traveling waves, one to the left and one to the right from point 1. Accordingly, in order to have only one 
(left-to-right) traveling wave across the entire grid he short-circuited the terminals at point 1 and fed the 
grid with а coaxial line at the left edge (point 2). This resulted in a single beam in the backfire direction 
(opposite to the traveling wave) as indicated in Fig. 6-62, with the beam angle ¢ a function of the frequency. 
Thus, in this mode of operation, the antenna is a nonresonant frequency-scanning array with the long sides 
ol the meshes behaving essentially as transmission-line sections and the short sides as both radiating and 
transmissionlin sections, A though the terminals at the other edge of the array (point 3) may be let open, 
connecting a matched load reduces any reflected wave which could degrade the desired condition of а single 
leftto-ight traveling wave. Thus, the antenna may be regarded as a bebe g ce fed array of discrete 
radiating elements (Kraus-1, 12). 

Feeding the атау at point 2 (terminals at 1 short-circuited and З matched), the beam direction д as а 
unction of the grid parameters is given by 


sg . E олц 4 
n s 


length of short side, т 
length of long side, m 
ё = beam angle from array axis 
relative phase velocity along short si 
relative phase velocity long long side 
integer 
1, (4) becomes 


25 
s Case ) 65) 
or typically (1 =2.75s) 
cos = 237 2 [7 


тт 
The beam direction y” (complement to ¢ in Fig. 6-62) varies from about 15 to 90° for changes in s from 
013 to 0425. A wavelength (or frequency) change of +14 percent swings the beam through a scan angle 
‘of 75°. By switching the feed point to 3 and matched load to point 2 the beam can be placed in the right 
quadrant, increasing the total scan angleto 150°. A though this analysis is oversimplified illustrates the basic 
relations Comparing calculations with measurements indicates that the relative phase velocity p (= р, = py) 
isafunctionof thefrequency, as suggested by Fig. 6-63, and nota constant (= 1) as assumed above. А ditional 
measurements suggest further that р, # р, (K raus-13) 

The experimentally determined “best” average value of s (= 0.36) corresponds to an average value for 
the long sides of = 2.75s = 3. Thus, in practice the ong sides of the meshes are ~à long, as envisioned in 
the initial design, but the short sides are less than 2/2. 

Considering the array as a transmission line, the extra path length 2/2 between radiating elements reduces. 
the effective phase velocity (left to right in the ratio 5/15 + (2/2)]. Typically, I = 2.75s so that the effective 
phase velocity is about 0.4, making the grid a slow-wave structure. The average gain of a grid array as in 
Fig. 6-62 is about 17 dBi. 
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A microstrip version of the array is described by 
Conti (1). 

The Kraus grid array principle has been extended 
by Tiuri (1), Tallqvist and Urpo and by Tallqvis (1) to 
an array in which the meshes are divided into paral- 
lel matched chains, with a typical configuration as in 
Fig. 6-64. This Tiuri chain design is also well adapted 
to microstrip or printed circuit construction. The array 
showin has an endpoint input impedance of 50 Q for an 
impedance of 300 © for the individual chains. The cur- 
rent attenuation from input to matched output is about 
10 dB, which is considered optimum. Higher attenua- 
tion reduces the gain due to the large taper in current 
distribution while lower attenuation lowers the gain 
becausemorepower islostin thematched load. Average 
aperture efficiencies are typically about 50 percent. 

By bending the chain elements, Hendriksson (1), 
Markus and Tiuri have developed a circularly polarized 
chain array. 


6-190 Grid Array with Broadside Beam 
By reducing the size of the grid array of Fig. 6-62 
to 4 x 21/2 wavelengths, Hildebrand and M сМ amara. 
found that the array provides a single broadside beam 
with 18.5 dBi gain (Hildebrand-1). The array which is 
shown in Fig. 3-13 is printed on a 4/4 thick plastic 
sheet mounted on a ground plane. It is fed very simply 
by а 50-2 coaxial cable at a central point. The entire. 
array is encapsulated in hard plastic providing a durable 
flat-panel array which has found wide use. 


6-20 Adaptive Arrays and Smart 
Antennas 

‘The antenna elements and thelr transmission-line inter 

connections discussed so far produce a beam or beams. 

in predetermined directions. Thus, when receiving, 
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Figure 6-63 Beam angle аза 
function of frequency expressed in terms of 
% The dashed curves are calculated for 
different values of relative phase velocity р. 
The solid curve is measured, suggesting 
that pis a (weak) function of the frequency. 


these arrays look in a given direction regardless of whether any signals are arriving from that direction 
or not However, by processing the signals from the individual element, an array can become active and react 
intelligently to its environment, steering its beam toward a desired signal while simultaneously steering а null 
toward an undesired, interfering signal and thereby maximizing the signal-to-noise ratio of the desired signal 


‘The term adaptive array is applied to this kind of antenna, 


Also, by suitable signal processing. performance may be further enhanced, giving simulated patterns of 
higher resolution and lower side lobes. In addition, by appropriate sampling and digitizing the signals at the 


simulated patterns are anes that exist only in the sigral-processing domain. 
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lii 
Figure 6-64 Frequency scanning Tiuri chain атау for feeding at one end (point 1) with 
matched load at point 2, or vice versa, With array mounted about 0.15 from a fat conducting 
around plane, the impedance of a single chain is typically about 300 n and the terminal 
impedance (at points 1 or 2) typically 50 2. Polarization is horizontal. (After S. Таісе) 


terminals of each element and processing them with a computer, a very intelligent or smart antenna cn, in 
principle be built. For a given number of elements, such an antenna’s capabilities are limited, mainly by the 
ingenuity of the programmer and the available computer power, Thus, for example, multiple beams may be 
simultaneously directed toward many signals arriving from different directions within he field of view of 
the antenna (ideally = 2: sr for a planar array). These antenas are sometimes called Digital Beam Forming 
(DBF) antennas (Steyskal-1). 

Asa rudimentary example of an adaptive array, a simple 2-element system is shown in Fig. 6-65 with 2/2 
spacing between the elements at the signal frequency /,. Let each element be a 1/2 dipole seen end-on in 
Fig. 6-65 so that the patterns of the elements are uniform in the plane of the page. With elements operating 
in phase, the beam is broadside (up in the figure) 

‘Consider now the case of a signal at 30° from broadside as suggested in Fig. 6-65 so thatthe wave arriving 
at element 2 travels 4/4 farther than to element 1, thus retarding the phase of the signal by 90° at element 2. 
Each element is equipped with its own mixer, Volage Controlled Oscillator (VCO), intermediate frequency 
amplifier and phase detector, A n oscillator at the intermediate frequency fo is connected to each phase detector 
as reference. The phase detector compares the phase of the downshifted signal withthe phase of the reference 
oscillator and produces a voltage proportional to the phase difference, This voltage, in tur, advances or 
retards the phase ofthe VCO output so as to reduce the phase difference to zero (phase locking). The voltage 
far theV CO of element 1 would ideally be equa in magnitude but of opposite sign to the voltage for theV CO 
of element 2 so that the downshifted signals from both elements are locked in phase, making 


m= a 


phase of downshifted signal from element 1 
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Figure 6-65 Two-element adaptive array with signal-processing circuitry. 


Фф = phase of downstifted signal from element 2 
bo = phase of reference oscillator 
With equal gain from both IF amplifiers the volt- 
ages Vi and Vz from both elements should be equal 
so that 


Vi fai VA o 
making the voltage from the summing amplifier 
proportional to 21 (=2V2) and maximizing the 
response of the array to the incoming signal by 
steesing the beam onto the incoming signal. In our 
example, 45° phase corrections of opposite sign 
would be required by the VCOs (+ for element 1, 

for element 2). 

In our rudimentary 2-element example, the beam 
will be in the 0° direction for a signal from the 0° 
direction and at 30 for a signal from that direction, 
as shown by the pattems in Fig. 6-66. If interfering 
signals are arriving from the 210 and 330° direc- 
tions when the main signal is at 30°, the nulls at 210 
and 330° will suppress the interference. However, 
an interfering signal at 150° would be at a pattem 
maximum, the same as the desired signal at 30°. 


СЯ 


Figure 6-66 Patterns of 2-element 
adaptive array for signals from O and 30° 
directions. For the 0° signal, nulls are at 90 
‘and 270° while for the 30° signal, nulls are at 
210 and 330°. These patterns are identical 
with those of Figs. 5-15 and 5-18. 
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To provide more effective adaptation to its environment, an array with more elements and more sophisticated 

signal processing is required. For example, the main beam may be steered toward the desired signal by chang- 

ing the progressive phase difference between elements, while, independently, one or more nulls are steered 

toward interfering signals by modifying the array element amplitudes with digitally controlled attenuators. 
Many references on adaptive arrays are listed at the end of the chapter. 


6-21 Long-Wire Antennas 


Mostof the preceding parts of this chapter deal with arrays of individual, discrete elements (usually 2/2 long) 
interconnected by transmission lines. A linear wire antenna, many wavelenaths long, may also be regarded 
as ап array of 2/2 elements but connected in a continuous linear fashion with each element serving as both 
a radiator and a transmission line. The long-wire antennas discussed in this section are the V, rhombic and 
Beverage types. TheV antenna may be ether unterminated (with standing wave) or terminated (with traveling 
wave]. The rhombic and Beverage antennas are almost always terminated (with traveling wave). 


Sate V Antennas 
By assuming a sinusoidal (standing-wave) current distribution, the pater of а long thin wire antenna can 
be calculated as described earlier (Carte. 2), А typical pattern is shown in Fig. 6-672 for a wire 2A lon. 
The main lobes are atan angle 4 = 36° with respec to the wire. By arranging two such wires ina V with an 
included angle y = 72° asin Fig. 6-67b a bidirectional pattern can be obtained. This pattem is the sum of the 
patterns of the individual wires or legs. Although an Included angle y = 24 results in the alignment of the 
major lobes at zero elevation angle (wires horizontal) and in free space, it is necessary to make y somewhat 
less than 29 in order to obtain alignment at elevation angles greater tan zero (ARRL-1). This is because the 
space pattem of a single wire is conical, being obtained by revolving the pattern of Fig. 6-67a, for example, 
with the wire as the axis, 

Ifthe legs of the thin-wireV antenna are terminated in thelr characteristic impedance, as in FI. 6-67c, so 
"hat the wires carry only an outgoing traveling wave, the back-radiation is greatly reduced. The pattems of 
the individual wires can be calculated, assuming a single traveling wave as done earlier. 

A similar effect may be produced without terminations by the use of V conductors of considerable 
thickness, The reflected wave on such a conductor may be small compared to the outgoing wave, and a 
condition approaching that of a single traveling (outgoing) wave may result. For example, a V antenna 
consisting of two cylindrical conductors 1.252 [ang and 2/20 diameter with an included angle В = 90° has 
the highly unidirectional pattern of Fig. 6-674 (Dome). 


6-21ь Rhombic Antennas 
A rhombic antenna may be regarded as a double type. The wires at the end remote from the feed end are 
in close proximity, as in Fig. 6-68a. A terminating resistance, usually 600 to 800 ©, can be conveniently 
Connected at this location so that there is substantially a single outgoing traveling wave on the wires. The 
length of each leg is L, and half of the included side angle is ¢. The calculated patterns of a terminated 
rhombic with legs 62. long are shown in Fig. 6-68b and c (Harper-1). The rhombic is assumed to be 1.1. 
above a perfectly conducting ground, and ¢ = 70° (Bruce-1, Foster) 

In designing a rhombic antenna, the angle ¢, the leg length and the height above ground may be sn chosen 
that (1) the maximum of the main lobe coincides with the desired elevation angle (alignment design) or (2) 
themaximum relative field intensity E fora constant antenna current is obtained at the desired elevation angle 
«a (maximum E design) (Bruce-2) 
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Pattern of 
24 wire 


Pattern of two 
2A wires ina V 


Pattern of two 
2A wires ina 
terminated V 


Pattern of two 
1.251 cylindrical 
conductors in an 
unterminated V 


3% @ 


Figure 6-67 (a) Calculated pattern of 22 wire with standing wave, (b) V antenna of two such 
wires, (c) terminated V antenna with legs 22 long and (d) V antenna of cylindrical conductors 
1.25) long with measured pattern 


If the height above ground is less than that required for these designs, alignment may be obtained by 
increasing the leg length. If the height is maintained but the leg length is reduced, alignment may be obtained 
by changing the angle o. As a third possibility, if both the height and the leg length are reduced, the angle ¢ 
can be changed to produce alignment Any of these 3 modifications results in a so-called compromise design 
having reduced gain. If moderate departures from optimum performance are acceptable, а rhombic antenna 
сап be operated without adjustment over a frequency band of the order of 2 to 1. 

The pattern of a rhombic antenna may be calculated as the sum of the patterns of four tilted wires each 
with a single outgoing traveling wave. The effect of a perfectly conducting ground may be introduced by We 
method of images, For a horizontal rhombic of perfectly conducting wire above a perfectly conducting plane 
ground, Bruce (2), Beck and Lawry give the relative field intensity £ in the vertical plane coincident with the 
rhombic axis! as a function of a. $, L, and Н, as 


Tne radiation in this plane ie horizontally polarized, However in other planes Ње polarization is rt, n general, horizon 
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(cos фун, sin eollsint LP. 
y 


elevation angle with respect to ground 
hal included side angle of rhombic antenna. 
н, = Н/ = height of rhombic antenna above ground 
½ = leg length 
л Н, = 2a (H/A) 
251 254% 
d - sing cosa /2 
A uniform antenna curent is assumed 
and mutual coupling is neglected. 
Following te procedure of Bruce, 
Beck and Lowry, the various parameters 
may be determined as follows (Bruce-2) 
Forthemaximum £ condition, E Îs max 
imized with respect to 11, that is, we 


make 

ав 

dE 2 

зт; i 
which yields 

cosas H, sina 
which is satisfied when 

2H dna =n 
where = 1, 3.5. 

Forthelowest practical height, п. = 1. 
Therefore, 
1 
Mm 
Tne ы 
Equation (3) gives the height 4, for the Figure 6-68 Terminated rhombic antenna (а) 
antenna. To find the leg length, E is max- with azimuthal pattern (b) and vertical plane. 
imized with re- pattern (с) fora rhombic 6. long on each leg, 
spectto l., obtaining 4 = 70°, and ata height of 1.12. above a perfectly 
E Conducting ground, (After A. E. Harper1) 
L % 


NÍ 
Finally, by maximizing £ with respect to д and introducing the condition of (4), 


90 a (5) 
Substituting (5) back into (4) yields 
1 
= (6) 


E 


e McGraw-Hill Compan 


эю Chapter 6 Electric Dipole, Thin Linear Antennas and Arrays of Dipoles and Apertures 


Equations (3), (5) and (6) then give the height in wavelengths 11, the half-side angle ¢ and the leg length in 
wavelengths La, for maximum Е at the desired elevation angle а. This is for a uniform antenna current It 
does not follow that the field intensity at the desired elevation angle is а maximum for a given power input to 
the antenna. However, It is probably very close to this condition It is als of interest that for the maximum 
E condition the maximum point of the main lobe of radiation is not, in general, aligned with the desired 
elevation angle. 

In the alignment design the maximum point of the main lobe of radiation is aligned with the desired 
elevation angle а. For this condition, E ata is slightly less than for the maximum Е condition. Alignment is 
accomplished by maximizing E with respect to a and introducing the condition of (3). This gives 

0371 
D= I angea us 
Substituting (7) in (1) and maximizing the resulting relation for the field with respect to ¢ gives 


PE © 
as before Finally substituting (8) in (7) we obtain 
oan 
paa a 
^ ma d 


Equations (3), (8) and (9) then give #1, ¢ and Lı for alignment of the maximum point of the main lobe 
of radiation with the desired elevation angle а. Only the length is different in the alignment design, being 
0371/05 = 0.74 of the value for the maximum E design. 

The above design relations are summarized in Table 6-3 together with design formulas for 3 kinds of 
compromise designs. 

An end-to-end receiving атау of a number of rhombics may be so connected as to provide an electrically 
controllable vertical plane pattern which can be adjusted to coincide with the optimum elevation angle of 
downconing waves. This Multiple Unit SteerableA ntenna, or M USA, isa vertically steerable system of this 
Kind for long-distance short wave reception of horizontally polarized downcoming waves (Fiis-1), 


6-21c Beverage Antennas 
The electric field of a wave traveling along a perfectly conducting surface is perpendicular to the surface as 
in Fig. 6-69a. However, if the surface [s an imperfect conductor, such as the earth's surface or ground, the. 
electic field lines have a forward tilt near the surface as in Fig. 6-69b. Hence, the field at the surface has a 
vertical component Е, and a horizontal component E. The component E, Is associated with that part of 
the wave that enters the surface and is dissipated as heat. The E, component continues to travel along the 
surface 

The fact that a horizontal component E, exists is applied in the wave antenna of Beverage (1), Rice and 
Kellogg for receiving vertically polarized waves, This antenna consists of along horizontal wire terminated in 
its characteristic impedance at the end toward the transmitting station as in Fig. 6-69, The ground acts as the 
imperfect conductor, Theemfs induced along the antenna by the Е, component, asthe wave travels toward the. 
receiver, ll add up in the same phase atthe receiver. Energy from a Wave arriving from the opposite direction 
Is largely absorbed in the termination. Hence, the antenna exhibits a directional pattern in the horizontal plane 
with maximum response in the direction of the termination (to the left in Fig. 6-69¢). The Beverage antenna 
finds application as a receiving antenna in the lowi- and medium-frequency range. 


"eu the wave exhibits eliptical cros-fed Le, the ec vector seres an lips whose plane is parallel ta the direction of 
propagation. However he айа rato of tis ellipse 1s saly very are. 
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igure 6-69 (a) Wave front over a perfect conductor, (b) Wave front over imperfect 
conducto, (c) Beverage antenna. 


Table 6-3 Design formulas for terminated rhombic antennas. 


Maximum E stet ange 


Alignment of major lobe wah eleratan 


ames 
Reduced heintar md 
© а AT 
— for algnment u- E E 


p ө = 
where = and = ar tE 


Reduced length £ 


Comeromise design for algnmentat 


elevation angle 
i метш = 


Reduces ee ong £ — 
€—— "dors 
elevation angle a y БР 

where y = A ang py m2r E 


m 


The McGraw-Hill Compan 


m Chapter Electric Dipoles, Thin Linear Antennas and Arrays of Dipoles and Apertures 


6-22 Curtain Arrays 


In short-wave communications the curtain type of array finds many applications. As an example, a curtain 
type is illustrated in Fig. 6-70 that consists of an array of 2/2 dipoles with a similar curtain at a distance 
of about 4/4 acing as a reflector (Brückmann-1) If the атау is large In terms of wavelengths, the reflector 
curtain is nearly equivalent to a large sheet reflector. See also the атау of Fig. 15-15 (photograph) 

Several other examples of curtain arrays are the Bruce type (Bruce-1) of Fig. 6-70b, the Sterb curtain 
(Sterba-1) of Fig. 6-70c and the Chirex-Mesny type (Chirex-1) of Fig. 6-70. The arrows are located at or 
near current maxima and indicate the instantaneous current direction. T he small dots indicate the locations of. 
current minima. 


6-23 Location and Method of Fc 


ling Antennas. 


It is interesting to note the efect that the method and location of feeding has on the characteristics of an 
antenna. As illustrations, let us consider the following cases. 

I an antenna [s fed with a balanced 2-wire line, equal out-of-phase currents must flow at the feed point. 
Thus, a square loop 1. in perimeter and fed at the bottom as in Fig. 6-71a must have the current distribution 
indicated. The arrows indicatetheinstantanecus current directions and the dts helocations of current minima. 
‘The radiation normal to this loop is horizontally polarized 

Consider now the situation shown in Fig. 6-71. Here the loop is fed at the same location, However, the. 
loop is continuous and is fed at a point by an unbalanced line. In this case, the antenna currents flowing to 
the feed point are equal and in phase, so that the current distribution on the antenna must be as indicated, The 
radiation normal to this loop is vertically polarized. 

Thelocation at which an antenna is energized also may be important. For example, two 2/2 elements have 
in-phase currents when symmetrically fed asin Fig. 6- 71c but out-of-phase currents when fed from one end 
as in Fig. 6-71d. For the currents to be in phase when the array is fed from one end requires that the line. 
between the elements be transposed as in Fig. 6-71ê, 


6-24 Folded Dipole Antennas 


A simple 2/2 dipole has a terminal resistance of about 70 © so that an impedance transformer is required 
to match this antenna to a 2-wire line of 300 to 600 © characteristic impedance. However, the terminal 
resistance of the modified 2/2 dipole shown in Fig. 6-72 is nearly 300 © so that it can be directly connected 
to  2-wire line having a characteristic impedance of the same value. This "ultra close-spaced type of array" 
is called a folded dipole. М ore specifically the one in Fig. 6-72a is a 2-wire folded 2/2 dipole. The antenna 
consists of 2 closely spaced 3/2 elements connected together at the outer ends. The currents in the elements 
are substantially equal and in phase. 

Assuming that both conductors of the dipole have the same diameter, the approximate value of the terminal 
impedance may be deduced very simply as follows (K ing-1; Roberts) Letthe emf V applied to the antenna 
terminals be divided between the 2 dipoles as in Fig. 6-726. Then 


v 
z Uu hn a 


current at terminals of dipole 1 
current at terminals of dipole 2 
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Figure 6-70 (a) Array of 2/2 dipoles with reflectors, (b) symmetrical Bruce antenna, 
(c) Sterba curtain array and (d) Chirelx-Mesny array. Arrows indicate instantaneous current 
directions and dots indicate current minimum points, 
self-impedance of dipole 1 
tual impedance of dipoles 1 and 2 


1a. (1) becomes 


By 


a 
Further, since the 2 dipoles are close together, usually is of the order of 4/100, Zio = 7. Thus, the 
terminal impedance Z of the antenna is given by 
e 
2= n a 
Taking Zi; = 70 + j0 © for a /2 dipole, the terminal impedance of the 2-wire folded dipole becomes 
2 250 2 
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Figure 6-71 (a) Loop with 2-wire feed for horizontal polarization, (b) loop with 1-wire feed 
from coaxial line for vertical polarization, (c) center-fed broadside array of two 42 dipoles, 
(d) end-fed end-fire array of two 2/2 dipoles and (e) end-fed broadside array of two 4/2 dipoles, 
Arrows indicate instantaneous current directions and dots indicate current minimum points, 


Fora3-wirefoldeda,2 dipoleasin Fig. 6-72¢ theterminal resistance calculated inthis way is 9x 70 = 630.. 
In general, forafolded 2/2 dipoleof N wires, theterminalresistanceis 70N? 2, Equal currents in all wires are. 


ns : 
AE oler уре of fodere m 
antennas (K raus-14) are shown in Fig. 6- Y 
73. The one at (а) is a 3-wire type which 
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type 34/4 long and that at (d) is a 4-wire Figure 6-72 Folded dipoles. 
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T: 
ES © 
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— — љт 


Figure 6-73 (a) Three-wire folded 2/2 dipole, (b) 4-wire folded 2/2 dipole, (с) 2-wire 3/4 
antenna, (d) 4-wire 32/8 antenna and (e) 2-wire 3/8 stub antenna. Arrows indicate 
instantaneous current directions and dots indicate current minimum points. (After Kraus-9.) 


An application of the 3-wire folded 4/2 dipole of Fig. 6-73a to a W8]K array with 2/5 spacing is shown 
in Fig. 6-74 (Kraus-15). The impedance of each folded dipole in free space is about 1200 92 (resistive) but in 
the атау is reduced to 300 ©, which transforms via a 2/4 600-2 line to 1200 0. At the junction of the two 
transformers the impedance is half 1200 Q, or 600 ©, matching а 600-2 line to the transmitter or receiver. 
Thus, the W8)K array is fed entirely by lines of constant impedance (600 2) with no resonant stubs or tuning 
adjustments required. 


6-25 Mod 


ations of Fol. 


Dipoles 


Consider a -wire folded dipole shown in Fig. 6-75a. The terminal resistance is approximately 300 ©. By 
modifying the dipole to the general form shown In Fig. 6-75b, a wide range of terminal resistances can 
be obtained, depending on the value of D. This arrangement is called a T-match antenna (Kraus (16) and 
Sturgeon). Dimensions in wavelengths for providing an impedance match to a 600-2: line are shown in 
Fig. 6-756. 

A 2-uire folded 4/2 dipole is also shown in Fig. 6-76a. The arrows indicate the instantaneous current 
direction and the small dots indicate the locations of current minima. By pulling the dipole wires apart at the 
(center, the single-turn loop antenna of Fig. 6-76 is obtained. The length of each side is 4/4. The loop has a 
lower terminal resistance than the folded dipole, 

A 4-wire folded % dipole is shown in Fig. C. 6c. This dipole is the same type as shown in Fig. 6-73. It 
is, however, sketched in a different manner, By pulling this dipole apart at the center the -turn loop or quad 
antenna of Fig. 6-76d result, 
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hc 
E 


Figure 6-74 1/8 К array with 3-wire folded dipole elements fed by transmission lines of 
constant impedance. The dipoles are separated by wooden or plastic spreaders and supported 
by nylon rope. 
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(e) 
Figure 6-75 Folded dipole and T-match antennas. 


‘The directivity of all the types shown in Fig. 6-76 is nearly the same as for a simple 2/2 dipole, although 
the types at (b) and (d) are equivalent to 2 horizontal dipoles stacked ~0.18 giving a small increase. With 
the loop types vertical and the terminals at the lowest corner, the radiation normal to the plane of the loops is 
horizontally polarized. 
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Figure 6-76 (a) Two-wire folded dipole and (b) as modified to form single-turn loop, 
(c) Four-wire folded dipole and (d) as modified to form 2-turn loop. 
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Problems 


"6-2-1 


"6-2-2 


63-4 


64-5 


647 


Electric dipole. (a) Тис equ static electric charges of oppose sign separated by a distance 1. 
conste a static electric dipole. Show that he deci potential ага distance fom such a dipoles given 
/ „ бише 

MM 
where Q iste таопїшде of ach charge and à is the angle between the radius r and the ine joining the 
‘charges (ais of pole. Iis assumed that is very large compared to 1. (0) Find е vector value of 
fhe electric fed £ at a large distance from a staic electric dipole by taking ne gradient of ne potential 
expression in part (a) 
Short dipole fields. А dipole arterna of length 5 cm is operated at a frequency of 100 MHz with 
terminal eurent la = 120 mA. Attimer = 1s angle — 48°, and dices = 3 m, fod (a) Er, (B E, 
and) Hy 
Short dipole far fields. For the dipoleantenna of Prob 6-3-2, ata distancer = 1m, usethe general 
‘expressions of Table 6-1 to find (a) (e) Eo, and (c) Hg. Compare these result to those obtained using 
bete hes expressions of Table 6-1 
Short dipole quasi-stationary fields. For те dipole antenna of Prob 6-3-2, at a distance 
7 = 100 т, use the general expresos of Table 6-1 to find (a) Es (D) Ea, and (c) Hg. Compare these 
resulto those obtained using е far-field expressions of Tabie 6-1 
Short dipole fields. Aturatdstancefrona1-m dipoleantenna operated at 15 M Hz aretheamalitudes 
оета К, and Н, Within 1 percent of their far values? 
Isotropic antenna. Radiation resistance. An omridirectiona (isotopic) antena has el 
pattern given by E = 107/r (V m7), where 7 = terminal current (A) and r = distance (m). Find the 
tala resistance 
Short dipole power. i) Find the power radiated by a 10-cm dipole antenna operated at 50M Hz with 
an average current of SMA. b) Hom much average) current would be needed to radiate pomer of LV? 
Short dipole radiation resistance. (a) Find the radiation resistance of a 10-m dipole antenna 
operated at 500 kz (assume Iar > М. (| How log must this antenna be for a radiation resistance of 
Та! 
Short dipole. For а in centered dipole /15 long nd (a) directivity D, t) gain G (c) effective 
aperture A, (d) beam solid 2, and te) radiation resistance R: The antenna current ape liner from 
i value athe terminals to zero at Rs ends The loss resistance 61 
Conical pattern. An antenna hasa conical а patem wit uniform field for zenith angles 9) from 
0060 and zero бай from 60 to 180°. Find exact (a the beam solid argeand b] directivity. The pattern 
is independent of the azimuth angle (4 
Conical pattern. An antenna hasa conical Па patem witî uniform field for zenith angles 9) from 
000087 and zero el rom ds 180 Find exact a the beam sald angle, (1) dicti and (c) effective 
aperture. (d) Find the radiation resistance if the E = 5 V m- ata distance of 50 m for a terminal current 
Т= 2A (md. The patem is independent of the azimuth angle (o 
Directional pattern in û and ¢. An antenna has a uniform feld peter for zenith angles (9) 
between 45 and 90° and for azimuth (¢) angles between 0 and 120°. If E = ЗУ п! ata distance of 500 m 
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from the antenna and the terminal currentis 5 A, find the radiation resistance of the antenna. E 
within the angles given above. 

+6-4-8 Directional pattern in and ¢. An antenna has a uniform field E = 2V m- (rms) ata distance 
ОР 100 m for zenith angles between 30 and 60° and azimuth angles ¢ between 0 and 90° with E = 0 
elsewhere. The antenna terminal current is 3 A (rms). Find (a) directivity, (b) effective aperture and (c) 
radiation resistance. 

*6-4-9 Directional pattern with back lobe. The field patter of an antenna varies with zenith angle (0) 
as follows: Ex (= Enomaizas) = 1 between û = 0° and à = 30° (main lobe), Ex = 0 between = 30° 
and = 90° and En — 1/3 between Ө = 90° and Ө = 180° (back lobe), The pattem is independent of 
azimuth angle (д). (a) Find the exact directivity. (b) If the feld equas 8V m- (rms) for # = 0° ata 
distance of 200 m with a terminal current / = 4 A (rms), find the radiation resistance. 

6-4-10 Short dipole. The radiated field of a short-dipole antenna with uniform current is given by 
E| = 308 1U/r)sing, where! = length, 7 = curent r = distance and ө = pattern angle. Find 
the radiation resistance. 

6-4-11 Relation of radiation resistance to beam area. Show that the radiation resistance of an 
antenna is a function of its beam area £24 as given by 

se 
к= гал 


except 


where 
5 = Poynting vector at distance r in direction of pattem maximum 
1 = termina current. 

*6-4-12 Radiation resistance. An antenna measured ata distance of 500 mis found to have аага pattern 
of E| = E,¢sina) 5 with no ¢ dependence If E, = 1 V/m and 1, = 650 mA, indtheradiaton resistance 
of this antenna. 

6-5-1 1) antenna with standing wave. Calculate the feld pattern in the plane of the 1. antenna shown 
in Fig. P6-5-1. Assume that the current distribution on each wire ìs sinusoidal and that all currents are 
in-phase. Plot the pattern. 


2 


igure P6-5-1 1j antenna with standing wave. 


«8-6-1 1/2 antenna. Assume that the currentis of uniform magnitude and in-phase along the entire length of 
2% thin linear element. 
(a) Calculate and plot the pattern of the far field. 
(b) W hat isthe radiation resistance? 
(c) Tabulate for comparison: 
1 Radiation resistance of part (b) above 
2 Radiation resistance at the current loop of 3/2 thin linear element with sinusoidal in-phase current 
distibuton. 
3 Radiation resistance of 1/2 dipole calculated by means of the short dipole formula 
(a) Discuss the thre results tabulated in par (c and give reasons for the differences. 
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21 antenna. The instantaneous curent distribution of a thin linear center-fed antenna 2. long is 
sinusoidal as shown in Fig. P6-7-1. 

(a) Calculate and plot he pattern of the far feld. 

Ib] Whats the radiation resistance referred to а current loop? 

(c) W hat is the radiation resistance at the transmission Jine terminals as shown? 

(d) W hatis the radiation resistance 2/8 from a current loop? 

1/2 antennas in echelon. Calculateand plottheradiation-field pattem in the plane of to thin linear 
2/2 antennas with equal in-phase currents and the spacing relationship shown in Fig. P6-8-1. Assume 
Sinusoidal current distributions. 


a 
Figure Pe-7-1 2 antenna. 
— 
— a! 
1 


m 


1 
— — 
D ——2— 


Figure P6-8-1 1/2 antennas in echelon. 
11 and 10) antennas with traveling waves. (2) Calculate and plot the far-field pattern in he 
plane of a thin linear element 1 long, carrying a single uniform traveling wave fortwo cases of the relative. 
phase velocity p = 1 and 05. (b) Repeat for the single case of an element 10 long and p = 1. 
Equivalence of pattern factors. Show that the fed pattern of an ordinary end-îre array of a 
large number of collinear short dipoles as given by En. (5-13-8), multiplied by the dipole pattern sing, is 
equivalent to Eq, (6-8-5) for a lang linear conductor with traveling wave for р = 1. 

For computer programs, see Appendix С. 

Two 1/2-clement broadside array. (a) Calculate and plot the gain of a broadside атау of 2 side 
by-side 2/2 elements in free space as а function of the spacing d for values of d from 0 to 2. Express the 
ain with respect to а single 2/2 element Assume all elements are 100 percent efficient (b) What spacing 
results in the largest gain? (с) Calculate and plot the radiation field patterns for 2/2 spacing. Show also the 
patterns of the 2 reference antenna w the proper relative scale. 

Two 1/2-olement end-fire array. A 2-element end fie array in free space consists of 2 vertical 
side-by-side 2/2 elements with equal out-of-phase currents. At what angles in the horizontal plane is the 
‘gain equal to unity: (a) When the spacing is 2/2? (b) When the spacing is ۸/4? 

Impedance and gain of 2-olement array. Two thin center fed 2/2 antennas are driven in phase 
‘opposition. sume that the current distributions are sinusoidal. If the antennas are parallel and spaced 0.2, 
(a) Calculate the mutual impedance of the antennas. Б) Calculate the gain of the атау in free space over 
‘one of the antennas alone. 

Maximum gain of 2 in-phase half-wave antennas. What spacing of two in-phase side-by- 
side half-wave antennas produces the maximum gain? What is the gain in dBi? See Example 6-121. 
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6-12-2 Two-element VP array. Calculate and plotthe field and phase pattems of the far field for an array of 
2 vertical side-by-side 2 elements in free space with /4 spacing when the elements are: (a) in phase and 
(e) 180° outof phase. Forte in-phase case also include on the graph the pattems in both the yz or vertical 
planeand xy or horizontal plane of Fig. 6-21a. For the out-of phase case do the same for the pattern in both 
the xz or vertical plane and xy or horizontal plane of Fig. 6-262. 

6-12-3 Two-elemont array with unequal currents. (3) Consider two 2/2 ide y side vertical ele- 
ments spaced a distance 4 with currents related by 1) = a/1/3. Develop the gain expression in а plane 
parallel to the elements and the gain normal to the elements, taking a vertical 4/2 element with the same 
power input as reference (0 < a < 1). Check that these reduce to (6-12-15) and (6-12-13) when a 
(b) Plot the field pattems in both planes and also show the field patem of the reference antenna in proper 
relative proportion for the case where d = 1/4, = 1/2 and è = 120° 

6-131 WBJK array. Calculate the vertical and horizontal plane free space fied patterns of a W8]K antenna 
consisting of two horizontal out of phase 4/2 elements spaced 4/8. Assume a loss resistance of 1 2 and 
show the relative patterns of 2/2 reference antenna with the same pomer input. 

*6-14-1 Impedance of D-T array. (2) Calculate the driving-paintimpedance at the center of each element 
ofan in-phase broadside array of § side-by-side /2 elements spaced ۸/2 apart. The currents havea Dolph- 
“Tchebyschef distribution such thatthe minor lobes have 1/5 the field intensity of themajor lobe. (b) Design 
a fee system for the array. 


6-14-2 Triangle array. Three isotopic point sources of equal 
amplitude are arranged at the comers of an equilateral tran 
gle, as in Fig. P6-14-2. If all sources are in phase, determine 
and plotthe far-field pattem. 


6-14-3 Square array. Fourisotropic point sources of equal ampli 
tude are arranged atthe corners of a square, asin Fig. P6- 14-3. 
If the phases areas indicated by the arrows, determine and plot 
the far-field pattems. 


Figure P6-14-3 Square array 


. 4-48 angle. A linear broadside (in-phase array of 7 short dipoles has a 
separation of 0.35 beween dipoles, Find the angle from the maximum field for which the field is 4 dB (to. 
nearest 0.1), 


*6-14-4 Seven short dipol 


6-145 Square array. Four identical short dipoles (perpendicular to page) are arranged at the comers of а 
square 2/2 on а side. The upper left and lower right dipoles are in the same phase while the 2 dipoles at 
the other comers are in the opposite phase. If the direction to the right (x direction} corresponds to ¢ = 0°, 
find the angles ¢ for all maxima and minima of the fit pattern in the plane of the page. 
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6-14-6 


*6-14-7 


614-8 


615-4 
615-2 


616-4 


616-2 


6-16-3 


616-4 


Chapter 6 Electric Dipole, Thin Linear Antennas and Arrays of Dipoles and Apertures 


Collinear array of three 2/2 dipoles. An antenna aay consists of 3 in-phase collinear thin 3/2 
dipole antennas, each with sinusoidal —ͤ and space 2/2 apart The current in the center 
(pole is twice the current in the end dipoles (binomial array). (a) Calculate and plot the far eld patem 
fo) What isthe HPBW? (c) How does this HPBW value compare with the HPBW for a binomial array of 3 
isotropic point sources spaced 2 apar? 

‘Sixteen-source broadside array. A uniform nes array has 16 isotropic in-phase point sources 
with a spacing 3/2. Calculate exact (a) the hal poner beamwidth, (b) the level o the firt side lobe, (c) 
the beam solid ange (û) the beam епо, (e) the directivity and (1) the effective aperture 
Penci-beam patterns. For symmetrical circular pencil-beam patterns (function only of 4) show 
that the main beam solid angle y is given by 

12 fora Gaussian pattem 

0998 agp fra (sin x)/x pattern 

1.008 ө, for a Bessel pattem 


Where i isthe hat power beam with. Also show that Is given by 
1036 jp for a sinuu (square aperture) pattem 

whee = x = y. Notethat for a Gaussian pattem d = 0880, 5 пи = 4 

Sixteen-element and WBJK array gain equations. Confirm (511-6) so (6-15-11) 
staked 1/2 elements and WOJK array above ground. i) Deveiop[6-15-12).() Calculate 
%%% V 
А apart (sin Fig. 6-50) over a 1/2 antenna in free 
. a = 10°. Also calculate and plot Tor comparison on the same graph 
Фе gains ata = 10° for a element horizontal , 
function of the height above ground from = O to = 153. Note difference of these curves and hse or 
arn 20 in Fig. 6-5 

Twotower BC array. A broadcast station antenna array conss of to vertica 2/4 tones spaced 
2/4 apart The currents are equal in magnitude and in phase quadrature. Assume а perfectly conducting 
‘ound and zero loss resistance Calculate and ̃ айта fed pattern in millivolts (rs) per meter 
%%% angle — 0, 20,40,60 and 80". The towers are series ed 
Ethe base Assume та the towers are infinitesimally thin 

Twotowor BC array. Calculate and piot the réatve feid patem in the vertical plane trough the 
axis of the toner broadcast aray fling the requirements of Prob, 5-11-2 if the towers are / high 
Sd are series Ted atthe base Assume that thetowers are nfintesmally thin and that the ground is ретеу 
conducting. 

Three-tower BC array. Calculate and plot the eve fel pater in the vertica plane though he 
.... е requirements of Prob 3- 11-3 е toners re 3/8 igh 
Sd are series Ted atthe bace A sume that thetowersare nfintesmally tin and that the grandis efe 
conducting. 

BC array with null at a = 30°. Design a broad cast-station antenna aray of 2 vertical basefed 
toners 4/4 high and spaced 34/8 which produce a broad maximum of fed intensty to the north in the 
horizontal plane and a ul atan elevation angle = 30 and azimuth angle ¢ = 135° measured сон from 
north to reduce interference via ionospheric bounce Assume thatthe toners areinritesmaly tin, hat the 
around is erect conducting and hat he base currents of the bwo towers re ean Spec the orientation 
and phasing of he tomers: Calculate and piot the azimuthal feid patter ata = 10* and — 30° and also 
Me pater in the veica plane trough ¢ = 135°. The suggested procedure is as follows. Solve (6-16-43) 
for ф/ at the null. Then set o in the pattern factor in (6-12-13) equal to G and solve for the value à which 
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616-5 


16-166 


es-! 


e182 


618-3 


*6-21-1 


*6-21-2 


6213 


+6-21-4 


621-5 


*6-21-6 


6-21-7 


6-21-8 


6-21-9 


makes the pattern factor zero, The relative field intensity at any angle (ө, а) is then given by (6-12-14) 
where sinê = cosg’ = cosa соз the first pattern factor and 9 = 90° — a in the second pattem factor. 
BC array with null to west at all а. Design а broadcast-station array of 2 vertica! basefed 
towers 4/4 high that produces a broad maximum of Rel intensity to the north in the horizontal plane and 
anul at all vertical angles to the west Assume that the towers ae infinitesimally thin and that the ground 
is perfectly conducting. Specify the spacing, orientation and phasing of the towers. Calculate and plot the. 
azimuthal relative field pattem at elevation angles of a = 0, 30 and 60. 

Four-tower broadcast array. A broadcastaray has 4 identical vertical towers arranged in an east- 
west line with a spacing 4 and progressive phase shift 5. Find (a) d and (b) 5 so that there is a maximum. 
field at = 45° (northeast) and a null at ¢ = 90° (north). There can be other nulls and maxima, but no 
maximum can exceed the one at 45°. The distance 4 must be less than à /2. 

Eight-source scanning array. A linear broadside array has 8 sources of equal amplitude and 4/2 
spacing. Find the progressive phase shift required to swing the beam (a) 5°, 0) 10° and (c) 15° from the 
broadside direction. (d) Find BWFN when all sources are in phase. 

A 24-dipolo scanning array. A linear array consists of an in-line configuration of 24 2/2 dipoles 
spaced 1/2. The dipoles are fed with equal currents but with an arbitrary progressive phase stift between 
dipoles. What value of 3 is required to put the main- lobe maximum (a) perpendicular to the line of the array 
(roadside condition), (b) 25 from broadside, (c 50° from broadside and (d) 75° from broadside? (e) 
Calculate and plotthe four field pattems in polar coordinates. (f) Discuss the feasibility of this arrangement 
for a scanning атау by changing feet-line lengths to change ог by keeping the array physically fixed but 
changing the frequency. What practical limits occur in both cases? 

Three-helix scanning array. Three 4-tum right-handed monofilar axal-mode helical antennas 
spaced 1.5: apart are arranged in a broadside атау as in Fig. 6-60. The pitch angle « = 125° and the 
circumference C = à. (a) If the outer two helices rotate on their axes in opposite directions while the center 
helix is fixed, determine the ange of the main lobe with respect to the broadside direction and describe 
how ¢ varies asthe helices rotate. (8) What isthemaximum scan angle? (c) What is the ain lobe HPBW. 
asafuncion of 97 

Terminated V. Traveling wave. (a) Calculate and pot the far-field pattem of a terminated Y 
antenna with a legs and 45° included angle. (b) W hat is the HPBW? 

E-type rhombic. Design a maximum E-type rhombic antenna for an elevation angle a = 17.5 
Alignment rhombic. Design an alignment:type rhombic antenna for an elevation angle a = 17.5. 
Compromise rhombie. Design acompromisetyperhombic antenna foran elevation алде в = 17.5° 
ata height above ground of 2/2. 

Compromise rhombie. Designacompromisetyperhombic atennaforan elevationanglea = 17.57 
with leg length of 3. 

Compromise rhombic. Designacompromisetyperhombc atennaforan elevationanglea = 17.5° 
ata height above ground of /2 and a leg length of 3. 

Rhombie patterns. Calculatethe relative vertical plane patterns in the axial direction for therhombics 
of Probs. 6-24-2, 6-24-3,6-24-4, 6-24-5 and 6-24-6. Compare he patterns with the main lobes adjusted 
to the same maximum value. 

Rhombie equation. Derive (6-24-1) for the relative feld intensity of а horizontal rhombic antenna 
above a perfectly conducting ground. 

Alignment rhombic equation. Verify (6-24-3), (6-24-8) and (6-24-9) for the alignment design 
rhombic antenna. 


For computer programs, see A ppendix С. 
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Chapter 7 


Loop, Slot and Horn, 
Antennas 


‘The topics in this chapter include 


Slot antenna patterns 
Slots and their complimentary forms (Babi- 
nets Principle) 


Corrugated horns 
Aperture matched homs 


п Thesmall loop m Impedance of slot antennas 

m Comparison of Small loop and short dipole m Slotted cylinder antennas 

"i Patterns of loop antennas m Horn antennas (Fermat's Principle) 
Radiation resistance and directivity of loops Rectangular horns 

m Souareloops m Conical and biconical horns 

m Loop efficiency, Q, bandwidth and SNR. Ridge horns 

ш Slot antennas "b Septum homs 

п * 


7-1 Introduction 


This chapter deals with different types of antennas, Which may either be used as elements In arrays, as feeds 
for corner reflectors, Parabolic reflectors or lens antennas or as self contained antennas in them selves. These 
include loop, slot and horn, Antennas. 


7-2 The Small Loop 


The eld pattern of a small circular loop of radius а may be determined very simply by considering a square 
loop of the same area, that is, 

Pane a 
where d = side length of square loop as shown in Fig. 7-1. 

It is assumed that the loop dimensions are small compared to the wavelength It will be shown that the. 
far-field pattems of circular and square loops of the same area are the same when the loops are small but 
diferent when they are large in terms of the wavelength 

If the loop is oriented ав in Fig. 7-2, its far electric field has only an E, component To find the far-field 
pattern in the yz plane, itis only necessary to consider two of the four small linear dipoles (2 and 4).A cross 


7-2 The Small Loop am 


section through the loop in the yz planeis presented in Fig. 7-3 
Since the individual small dipoles 2 and 4 are nondirectional 
in the yz plane, the field pattern of the loop in this plane is 


he same as that for two Isotropic point sources as treated in Й 
Sec. 5-9, Thus, 
Epel + Бае o 
electric fied from individual dipole and a С 
E igure 7-1 Circular loop (a) and 
= sna e square loop (b) of equal area. 
itfollous that 
Es en (Gano) E 


The factor j in (4) indicates that the total field E, is 
in phase quadrature with the field Ego of the individual 
dipale This may be readily seen by a vector construcion 
of the type of Fig. 5-15b of Chap. 5. Now if d & 2, (4) 
can be written 


Eş = -j Esad, ino © 


The far field of the individual dipole was developed in 
Chap. 6, being given in Table 6-1. In developing the 
dipoleformula,thedipolewasin the direction, whereas 
in the present case itis in the x direction (see Figs. 7-2 
and 7-3). The angle in the dipole formula is measured 
from the dipole axis and is 90° in the present case. The angle û in (5) is а different angle with respect to the 
dipole, being as shown in Figs. 7-2 and 7-3. Thus, we have for the far field yo of the individual dipole 


Figure 7-2 Relation of square loop to 
coordinates, 


СИПА { : 

б & LAN Tode‏ رع 
E , к=‏ 

where [7] is the retarded curent on the dipole and b — 

r is the distance from the dipole. Substituting (6) in * A 

(5) then gives opet ATAN 

y= sita S00 " aa 
However, helength L of theshortdpoleisthesame Figure 7-3 Construction for finding far 
asd, thats, L = d. Noting also that d, = 224/2 Пе of dipoles 2 and 4 of square loop. 


and that the area A of the loop is dž, (7) becomes 


n 
AA m 


Small loop E. 
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‘Thisis the instantaneous value of the E, component of the far field of a small loop of area А. The peak value 
of the field is obtained by replacing [7] by Jo, where Jo is the peak current in time on the loop. The other 
Component of the far field of the loop is Hp, which is obtained from (8) by dividing by the intrinsic impedance. 
of the medium, in this case, free space. Thus, 


Isina А 
x 


a 


7-3 Comparison of Far Fiel and Short Dipole 


Itis of interest to compare the far-field expressions for a small oop with those for a short electric dipole. The 
Comparison is made in Table 7-1. The presence of the operator j in the dipole expressions and its absence in 
the loop equations indicate that the fields of the electric dipole and of the loop are in time-phase quadrature, 
the current being in the same phase in both the dipole and loop. This quadrature relationship is a fundamental 
difference between the fields of loops and dipoles, See Prob. 7-3-1. 

The formulas in Table 7-1 apply to a loop oriented as in Fig. 7-2 and a dipole oriented parallel to the 
polar or z axis. The formulas are exact only for vanishingly small loops and dipoles. However, they are good 
approximations for loops up to 4/10 in diameter and dipoles up to ./10 long. 


7-4 The Loop Antenna. General Са: 
The general case of а loop antenna with uniform, in- - 
phase current will now be discussed. The size of the. e A es 
loop is not restricted to a small value compared to ČO 


the wavelength as in the preceding sections but may 
assume any value. The method of treatment follows 
that given by Foster (1) and also Glinski (1) for small 
radii loops. pn 
Let the loop of radius a be located with its center g 
at the origin of the coordinates as in Fig. 7-4, The 
current 1 is uniform and in phase around the loop. 
Although this condition is readily obtained when the 
loop is small, it is not a natural condition for large 
loops energized at а point. For loops with perimeters 
of about) /4 or larger, phaseshifters of sometype must 
beintroduced at intervals around the periphery in order 
to approximatea uniform, in-phasecurrenton the loop. 
Assuming that the current is uniform and in phase, the 
far-field expressions will be derived with бе aid of Figure 7-4 Loop of any radius a with 
the vector potentia of the electric current The vector ‘elation to coordinates. 
potential will fe be developed for a pair of short, diè 
metrically opposed electric dipoles of length a d, as in Fig. 7-4. Then integrating over the loop, the total 
Vector potential is obtained, and from this the far-field components are derived. 
Since the current is confined to the loop, the only component of the vector potential having а value i Ag. 
The other components are zero: A, = A, = 0. The infinitesimal value at the point P of the ¢ component af 
A from two diametrically opposed infinitesimal dipoles is 
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Table 7-1 Far fields of small electric dipoles and loops 
. — Toop 


кесше Emm Emm 
Magnet п, — Are E A 


a 


¡where dM isthe current moment due to one palr 
‘of diametrically opposed infinitesimal dipoles of 
length, a dý. Inthe = 0 plane (Fig. 7-4) the 
component of the retarded current moment due 
to one dipaleis 


undo coso 


where [I] = Jg eleli-0/6! and 1, is the peak 
current in time on the loop. 

Figure 7-5 is a cross section through the loop 
in the xz plane of Fig. 7-4. Referring again to 
Fig. 7-5, the resultant moment 4M at a large 
distance due to а pair of diametrically opposed 
dipoles is 


2pacos 4 


Y 


ам = 2j1rladêcosesin } 0 


Perimeter ot log! 


where y = 28a cos sin radians 
Introducing this value for у into (3), we have 


ам 


jure 7-5 Cross section in xz-plane 
т loop of Fig. 7-4. 

а cosélsin(fa cosg sin 4)] do ш 
Now substituting (4) into (1) and integrating, 


julia 
Tar 


A 


[ smnocososino)cosácdé 6 
k 
E 


^ lh) © 


julia 
p 


Where J isa Bessel function of the first order and of argument (fa sin 6). The integration of (5) is performed 
‘om equivalent dipoles which are all situated at the origin but have different orientations with respect to œ. The 
retarded current [1] is referred to the origin and, hence, is constant in the integration. 
The far electric field of the loop has only a ¢ component given by 
Eg = -jedy m 
Substituting the value of А, from (6) into (7) yields 
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== (Basing © 
For all 2 ne ker 
loo um fields 
*. رع‎ EBAN sang © 


This expression gives the instantaneous electric field at a large distance r from a loop of any radius a. The 
peak value of E, is obtained by putting [7] = Ja, where Ip is the peak value (in time) of the current on the. 
loop. The magnetic field Н, ata large distance s related to E, by the intrinsic impedance of the medium, in 
this case, free space. Thus, 


вап 
x 


hipasino) (10) 


This expression gives the instantaneous magnetic field at а large distance r from a loop of any radius a. 


7-5 FarFiel 


Чета of Cire 


Loop Antennas with Uniform Current 


‘The far-field patterns for a loop of any size are given by (7-4-9) and (7-4-10). For a loop of a given size, fa 
is constant and the shape of the far-field pattem is given as a function of 0 by 


JIC, sini) a 
Where Cı is the circumference of the loop in wavelengths. That is, 


зла 
GT fa a 


The value of sin 4 as a function of @ ranges in magnitude between zero and unity. When 0 = 90°, the 
relative fied is (С), and as à decreases to zero, the values of the relative field vary in accordance with the 
Ji curve from (Со) to zero. This is illustrated by Fig. 7-6 in which a rectified first-order Bessel curve is 
shown as a function of C, sina 


ов 


05 
04 


02 Wi 
0 
0 V 
0 1 2 3 4 5 6 7 8 9 10 WM 12 13 14 15 16 
C sing 


Figure 7-6 Rectified first-order Bessel curve for patterns of loops. 
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7-5 Farfield Pattems of Circular Loop Antennas with Uniform Current E 


EXAMPLE 7-5.1 Feed System for 1; Diameter Lo 
The patterns of Fig. 7-7 assume uniform in-phase currents. (a) Design a feed system that does this for a 
1i diameter loop and (b) for a 02124. diameter loop, 

m Solution 

(a) The design of Fig. 7-82 provides in-phase currents with the amplitude variation of a rectified sine 
wave. All six 2/2 dipoles are fed at a common point. A though this system does not provide uniform. 
current itis a partial solution. 


Figure 7-7 Far-field patterns of loops of 0.1, 1, 1.5, 5, and 8 à diameter in polar plot 
(above) and 3-D (below). Uniform in-phase currentis assumed on the loops. The directivity in 
dBi ls given for each loop. 
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(b) The design of Fig. 7-8b provides in-phase currents having a constant amplitude with a + and — 25 
percent ripple. It is a better approximation to the complete requirement. A loop fed at one point, as in 
Fig. 7-9, will have in-phase essentially uniform current only for diameters of 0.1. or less. For larger 


loops, feed systems such as illustrated in Fig. 7-88 and b are required to approximate the desired 
condition. 


\ 


(a) Ы 


Figure 7-8 (а) Feed system for providing a 14 diameter loop with in-phase currents. 
(b) Feed system for providing a 0.2124 diameter loop with in-phase currents having а 
constant amplitude with a + and — 25 percent ripple. 


(a) 


Figure 7-9 (a) Loop fed by twi-ne. (b) grounded loop fed with coaxial cable. 
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7-1 Radiation Resistance of Loops = 


7-6 The Small Loop as a Si 


The relations of (7-4-9) and (7-4-10) apply to loops of any size, It will now be shown that for the special 
case of a small loop, these expressions reduce to the ones obtained previously. 
For small arguments of the first-order Bessel function, the following approximate relation can be used: 


12 a 


Where is any variable. When x = 2, the approximation of (1) is about 1 percent in error. The relation 
becomes exact as x approaches zero. Thus, if the perimeter of the loop Is 4/3 or less (C, < 1), (1) may 
be applied w (7-4-9) and (7-4-10) with an error which is about 1 percent or less. Equations (7-4-9) and 
(7-4-10) then become 


ө _ 1207 A 
Es bedr nend _ 0111s A o 
Small T en 
loop. ball Ihe sn IIS А fields 
m= -mi a 


These far-field equations for a small loop are identical with those obtained in earlier sections (see 
Table 7-1), 


To find the radiation resistance of a loop antenna, the Poynting vector s integrated over a large sphere yielding 
thetotal power P radiated, This power is then equated о the square of the effective current on the loop times 
the radiation resistance R, (Foster) 
2 

pate, ш 
where lo = peak current in time on the loop. The radiation resistance so obtained is the value which would 
appear at the loop terminals connected to the twin-line, as in Fig. 7-92 and coaxial line as in Fig. 7-9b. It 
15 assumed that the current is uniform and in phase for any radius a, this condition being obtained by means 
оГ phase shifters, multiple feeds or other devices (see Fig. 7-8). The average Poynting vector of a far held Is 
given by 

= np Rez o 
where l s the absolute value of the magnetic field and Z istheintrinsic impedance of the medium, which 
in this cases free space. Substituting the absolute value of Н, from (7-4-10) for 1| in (2) yields 


palo? 
s, = EEE E a 


The total power radiated P is the Integral of 5, over a large sphere; that is, 


dere 
p= f [astu [7 | Riwasnosnododo ч) 
hh 


"ror small arguments, the 1, cuneis nearly linear [ee Fig, 7-6). The general relation for a Bes funcion of any cen 
зи where EL 
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or 
P 


E Jl Ba sino) sino do 5 
A 


In the case of а loop that is small in terms of wavelengths, the approximation of (7-6-1) can be applied. 
Thus (5) reduces to 


m = 

pa Bat pati. | ат ваю 10 pat 6 
Since the area A = ra, (6) becomes 

нл o 


Assuming no antenna lasses, this power equals the power delivered to the loop terminals as given by (1). 
Therefore, 


2 
n E opta © 
and 
1 
A " (9 
loop "e resistance. 
or K. 21200 (4) © ao 


‘This is the radiation resistance of a small single-turn loop antenna, circular or square, with uniform in-phase 
current The elation isabout2 percentin error when the loop perimeter is /3.А circular loop of this perimeter 
has a diameter of about 4/10. Its radiation resistance by (10) is nearly 2.5 ©. 

‘The radiation resistance of a small loop consisting of one or more turns is given by (Alford-1), 


Small loop 


т 
a 
"TEES m 


where n = number of turns 
Let us now proceed to find the radiation resistance of a circular loop af any radius a. To do this we must 
integrate (5), However, the integral of (5) may be reexpressed. Thus, in general (Watson-1), 
as 


| Bessineysinaae 1 мә» ay 
А ch 


where y is any function 
Applying (11) to (5) we obtain 
ря 
P змне | Ja) dy (2) 


Equating (12) and (1) and putting fu = C; yields 
лс, 
муу (© аз) 
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This is the radiation resistance as given by Foster for a single tum circular loop with uniform in-phase current. 
and of any circumference C;. 
When the loop is large (C, > 5), we can use the approximation 


лс, 
[ 52i (14) 
Л 

‘so that (13) reduces to 

Largeloop y 


Radiation 
resistance (8) 


For a loop of 10% perimeter, the radiation resistance by 15) (s nearly 6000 ©. 
For values of C; between 3 and 5 the integral in (13) can be evaluated using the transformation 


a ac 
f oam | deo rA (16) 
b h 


where the expressions on the right of (16) are tabulated functions (Lowan-1). 
For perimeters of over 5. (C; > 5) one can also use the asymptotic development, 


-ue(-1)] a» 
Where = fa = 


a ay uio ak ah 
20d “шт 85 1060 2880 ) (18) 


h 3 

When = C, = 2 (perimeter of 23), the result with four 
termsisabout2 percentineror.Thissamepercentageerror me = 
is obtained with one term when the perimeter is about /3. эш ES 

А grephshowingtheradiatonresstanceofsingletum ^ ias 
loops with uniform current as а function o the circumfer- 7 
encein wavelengths is presented in Fig. 7-10. The data for »| 
the сиңе are based on Foster's formulas as given above. £ [f 
Curves for the approximate formulas of small and large 0 2 
loops are shown by the dashed Iines, fu | 

ў 
ic 
7-8 Directivity of Circular Loop Antennas =| 
with Uniform Current 

The directivity D of an antenna is shown in the table at the ki 
end of Chap. 2 as the ratio of maximum radiation intensity . 
to the average radiation intensity. The maximum radiation Eresin 
intensity for a loop antenna i given by r? times (7-7-3). Figure 7-10 Radiation 
Theaverageradiaton intensity solvenby (7-7-5) divided rasstance of single-turn circular 
by ar. Thus, the directivity of a loop is loop with uniform, in-phase current 


m as funcion of the kop 
20 [le ANJ circumference in wavelengths, Cı 


PSA, 
RT hiv dy 
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This ls Foster's expresion for the directivity of a 
circular loop with uniform in-phase current of any 
circumference C. The angleg in (1) is the value for 
which the feld is a maximum, 

For a small loop (С, < $), the directivity 


T { 

[small loop Cı =1/3 D = žsiněo = Dire) 2) © 

See тета Isa maiman = 90. The loe 

of isthe same as for a short electric dipole. This 

iste espe ince be patem of short paleis 

Te same as far a smali lop E UR] 

Fara age loop (C > 3) (1 resto om 
E AD (© Figure 7-44 Directly of circular loop 

From Fig 7-6 wenotethatfor any loop with cy = Mema with Ur i-phase cuentas 

Та madman valueol JC, a ® function ofloop ccumerence in 

Thus, the directivity expression of (3) for alargeloop Wavelengths, Ca. (Foster 

— 

Largeloop Cı 22 D=068C, rene | i 


The directivity of a loop antenna as a function of the loop circumference С, Is presented in Fig. 7-11. Curves 
based on the approximate relations of (2) and (4) for small and large loops are indicated by dashed lines. 


EXAMPLE 7-8.1 1/10 Diameter Loop 
Although small loops are commonly used for direction finding, they have the disadvantage that the two 
тш of the pattern result in a 180° ambiguity. However, with a ground plane the ambiguity disappears. 
Thus, the 2/10 diameter loop of Fig. 7-12a spaced 2/10 from the ground plane has the field pattern of 
Fig. 7-12c provided the ground plane is big enough (= 2) 

(a) What is the directivity or gain of the loop alone assuming no losses? 

{b} Whats the directivity or gain of the loop with ground plane assuming no losses? 


R. NO 
7 (a) T ri (e) 


Figure 7-12 (a) 2/10 diameter loop spaced 2/10 from ground plane. (b) Feed arrangment 
(like that for loop of Fig. 7-8b). (c) Field in polar plot. 
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m Solution 
(a) For the loop alone we have from (2), D = 150r1.76dBi. ans (a) 
(b) For the loop with ground plane we have from formula (1) of Table 9-1 that 


D = ЕТО = En) sine 1] x 15 (5) 


where. 
R, = self-resistance of loop, © 
(R = mutual resistance of the two loops, © 
From (7-6-9), R, = 197С} = 197017)* = 192 © 


It may be shown that Ry, = 1.60 2 
Introducing these values in (1), we have. 


[/IS32-180sn36] x 1.5 = 8.3 x 1.5 = 12.45 or 11dBi Аты) 


EXAMPLE 7-8.2 1/x Diameter Loo; 
A loop with a diameter of /л or circumference of 1 à is of particular interest. Figure 7-13 shows the 
loop at (a) with its square or quad antenna equivalent at (b) and its folded à/2 dipole equivalent at (С). 
AI of these antennas are close to resonance (reactance nearly zero) and have a radiation resistance R, 
of 200 to 300 0. Furthermore, when the loop is 4/10 from a ground plane its radiation resistance 
Re = 500 and its reactance R, = 0, making it easy to feed with 50-0 coaxial cable as in Fig. 7-14. 
Question: What is the directivity of this loop with ground plane? 

ш Solution 

From formula (1) of Table 17-1 


SQUARE LOOP 
‘OR QUAD 


FOLDED A/2 DIPOLE 


R= 3000 
D- 1.84 (2.15 aB) 


R= 2000 қ eben 
D = 1.5 (1.76 dB) D-17833) 
(a) (© 


Figure 7-13 Loop at (a), quad at (b) and folded 2/2 dipole at (c) all with total conductor. 
length of 1. 
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Ground plane 


ES 
0 
ossi || 
юп] a 
Side view Plan view 


Figure 7-14 1 circumference loop (diameter = 0.318 4) mounted 1/10 from ground plane 
and fed by 50-2 coaxial cable. 


D = (VRR оу sina 100] x 15 16) 
From (7-7-9), R, = 197 o. 


It may be shown that R, = 157 f. 
Substituting these values in (10), we have 


(2 TST/A0 sin 36) x 1.5 = 10.2 ог 101dBi. An. 


Even though this 0.318 2 diameter of loop has 1 dB less gain than the 0.1-4-diameter loop of Exam: 
ple 7-81, its much larger radiation resistance gives it a smaller 0, a broader bandwidth and less 
Susceptibility to losses. 


7-9 Table of Loop Formulas 


The relations developed in the preceding sections are sum- Square 
marized in Table 7-2, The general and large loop formulas. сач 

are based on Foster's results. 

7-10 Square Loops" i > 
Itwasshownin Sec. 7-4 that the far-field patterns of square 4 = 
and circular loops of the same area are identical when the 1 


loops are small (A < 2/100). Asa generalization, we тау 
say that the properties depend only on the area and that 
the shape of the loop has no effect when the loop is small. 6 = 
However, this is not the case when the loop is large. The 

pattern of a circular loop of any size is independent of the. 
angle y but is a function of 0 (see Fig. 7-2). On the other 
hand, the pattern of a large square loop is a function of both 
aand. Referring to Fig. 1-15, thepalternin aplanenormal—— Figure 7-15 Large square loop. 


deset Li circumference ar perimetar and many shapes are the basic elements use by Ben M urk in Chap. 20 on Frequency Sdectve 
Surface 
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7-2 Formulas for circular loops with uniform current 
meralexpression Small oop Tara oor 


Quantity Аллоо сср с-з 
ЕА — Same as general 
кеп, Same as general 
Hale Gore лом ama site, 
ГЕЯ ma i 428! Oc. 


tothe plane of the loop and parallel to two sides (1 and 3), as indicated by the line AA”, is simply the pattern 
‘of two point sources representing sides 2 and 4 of the loop, T he pattern in a plane normal to the plane of the. 
loop and passing through diagonal corners, as indicated by the line B, is different. The complete range in 
the pattern variation as a function of ¢ is contained in this 45° interval between AA" and ВВ' in Fig. 7-15. 

An additional difference of large circular and square loops is in the patterns. For instance, Fig. 7-7 (54) 
shows the pattem as a function of ог a circular loop 5% in diameter. By way of comparison, the pattern for 
а square loop of the same ares is presented in Fig. 7-16. The square loop ls 4.44% on a side. The pattern is 
in a plane perpendicular to the plane of the loop and parallel to the sides (plane contains AA' in Fig. 7-15) 
Comparing Fig. 7-7 (52 loop) and Fig. 7-16 we note that the pattern lobes of the circular loop decrease in 
magnitude as # approaches 90° while the labes of the square loop are of equal magnitude, This Illustrates 
the difference of the Bessel function pattern of the circular loop and the trigonometric function pattern of the 
square loop. In the above discussion, uniform in-phase currents are assumed, 


7-11 Ra 


ion Efficiency, Q, Bandwidth and Signal-to-Noise Ratio 


In Sec, 2-7 we noted that the ап G of an antenna wi respect to an stop source s identical with te 
antennes recy D provided o lasses ter than radiation re present For be mare general cas wen 
asin (2-7-6) that 
G=kD ш 
where = deno factor © = K < 1), dimensionless 
For alesis antenna, = 1, but with ohmic loses isles than 1 
IF an antena has a radiation resstance R and a os resistance R, hen ls (radiation) efficiency factor 
к, 
XA A 
and he gain 


R, Ardem g 
RR, OX x el 

For antennas which are small compared to the wavelength, he radiation resistance R is small and, if 
ohmic losses К, are significant, radiation efficiency is reduced, Thus, short dipoles and small loops may 
be inefficient radiators when losses are present. For example, when R, = R, the radiation efficiency is 


с 
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Figure 7-16 Three-dimensional and polar plots of square loop with uniform, in-phase 
current The loop is 4.442 on a side. Gain = 9.5 dBi. The polar plot is in a plane normal to the 
plane of the loop and through the line AA" of Fig. 7-15. 


50 percent; only half of the power input to the antenna Is radiated, the other half being dissipated as heat in 
the antenna structure. 

An rf wave entering a conductor attenuates to 1/e of its surface value in a distance 5 given by 
(Kraus), 


depth of penetration а 
Vinnie кин 
frequency Hz 


permeability of medium, Н m- 
е = conductivity of medium, cm- 


Itis assumed that >> we, The induced current density in the conductor also attenuates in the same way. 
This means that the current density associated with a wave traveling along a conductor is greatest close to the 
Surface, the so-called skin effect. The quantity š is referred to as the 1/e depth of penetration. I follows that 
the rf resistance of a round wire or solid cylindrical conductor is equivalent to the de resistance of a hollow 
tube of the same material of wall thickness à. Itis assumed that the wire or conductor diameter is much larger 
than 5. Thus, assuming that the perimeter or circumference L is much smaller than the wavelength зо that he 
current is essentially uniform around the loop, the ohmic (or loss resistance) of а small loop antenna is given 
by 


L L ře 
= کل‎ © 5 
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where 


oop length (perimeter or circumference), m 
wire or conductor diameter, m 


From (7-7-9) the radiation resistance of a small loop is 


ay 
a (2) aset (6) 


loop area (square or circular), m 
C/A, where C = circumference of circular loop. 


Assuming that the lop's inductive reactance is balanced by a capacitor, the terminal impedance will be 
resistive and equal to 


Ri = Rr + RL am 
and the radiation efficiency, or ratio of power radiated to input power, will be 
i 09 в) 


FRIR) 


For a Tun copperconductor circular loop (perimeter L= C) in air (о 


210 b m^ 
br 10 Hm, 


LE] m 
* ce 
where 
C = circumference of loop, m. 
fuss = frequency, MHz 


4 = wire (or conductor) diameter, m 
For small square loops of side length 1 (1. = 4), we may take C = 3.5. 


EXAMPLE 7414.1 Find the radiation efficiency of a 1-mdiameter loop (C 


m) of 10-mm- 
diameter copper wire at (a) 1 M Hz and (b) 10 MHz. 


M Solution 
(a) From (9), 
LE] 
O) (29) 
and the radiation efficiency 
H ys 
rig = > 20 (or 4030) (108) 


(5) A10 MHz weave 
k = 0.22 (0r-6.6 dB) an 
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for a small singleturn copper loop in air Is shawn 
in Fig. 7-17, It is assumed that the loop is small 
Compared to the wavelength (C < à) and that the 10 
wire or conductor diameter is small compared to the 

loop circumference (d < C]. Dielectric losses are 
neglected. 

In spite of the low efficiency of a small loop, there 
are many applications where such loops are useful in 
receiving applications provided the received signal- 
to-noise ratio is acceptable as discussed later in this 
section [see (19)] 

For loops with n tums, R, increases in proportion 
to ně while R, increases in proportion to п. Hence, 
for multitur loops (9) becomes 


. мю 
XC 


g 


8 


а» 


Radiation oficiency factor, k dB down 
š 


and the radiation efficiency & is increased by а factor 70 
which approaches n If /K. is large. In (12) the 
elfectofcapacitancebetween turns has been neglected во 


but if the tums are spaced sufficiently and are few in Ly 


number, (12) can be a useful approximation. Frequency, MHz 


‘The radiation efficiency of a multitum loop or coll 


antenna can be increased by introducing Figure 7-47 Radiation efficiency 
into the сой asin Fig. 7-18. Here the coil (horizontal factor as a function of frequency for a 


1 


to receive vertical polarization) serves the funcion 1-m-diameter single-turn copper loop in 


of both an antenna and also (with a series capacitor) 81 (C == m, d 
of the resonant circuit for the first (mixer) stage of а 


broadcast receiver (500 to 1600 kHz). 
"The radiation resistance of a ferrite loaded loop or coll is given by 


10 mm). 


Radiation 
resistance 


2 
Re 1200420 (2) ct (a. 


Ferrite 
loaded 
loop 


and the loss resistance (due to the ferite rod) by 


spe aw m 


'equency, HZ 
fective relative permeability of ferrite rod, dimensionless 
sal part of relative permeability of ferite material, dimension 


less 


зад пагу part of relative permeability of ferrite material, dimensionless 


a3 


a4) 
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Magnetic ЫЙ 
field ines Maer 


Figure 7-18 Ferrite rod antenna and associated tuned circuit of receiver frontend mixer stage. 


Ax x 107,8 mt 
number of ште 
ferrite rod cross-sectional area, т? 
length of ferrite rod, m 

Becauseof its open geometry (as contrasted toa closed coreor ring) a ferrite rod with a relative permeability 
и, will have a smaller effective relative permeability jier (due to demagnetization effect). Typically for a rod 
with и, = 250 and a length-dlamete ratio of 10, tne effective relative permeability is about 50. 

The ohmic loss resistance fr of the coil is as given by (5). The radiation efficiency factor for the ferrite 
rod coll antenna is then 

A 1 
Ги тти татав ТЕГ] 

Dielectric loss is neglected 

Knowing the total resistance (R, + R + Ry) of the ferrite rod antenna, one can calculate the O and 
bandwidth of the tuned circuit of which itis а part. The Q (ratio of energy stored to energy lost per cycle) is 
given by 


o 


us) 


rhol h 
RAR +R Afa 


(16) 


where 
fa = cente frequency, Hz. 
L = попара]! = inductance, U 
Aur = bandwidth at half-power, Hz 


Distinguish between £ for inductance in (16) and £ for length in S 
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EXAMPLE 7-14.2 The multiturn ferrite rod antenna of a broadcast receiver has 10 turns of 1-mm- 
diameter enameled copper wire wound on a ferite rod 1 cm in diameter and 10 cm long. The ferite rod 
и, = иу — n] = 250 — 25, Take i, = 50. At 1 MHz find (а) the radiation efficiency, (b) the O and 
(9 the falf-pawer bandwidth 


п Solution 
(a) From (13), R, = 181 x 1074 0. From (14), Ry = 031 9. From (4), 8 = 7 x 10-5 m. Thus, theratio 
% = 14.350 wecanuse(5) (Umesn), which makes R, = 0.026 0. Accordingly, (Ry +R)/ R, = 1790 


and k = 1/1790 = 5.6 х 10-*, (Dielectric losses are neglected.) 
(b) From (16), O = 162. 
(c) From (16), A far = 6.170 kHz. 


Although 6.17 kHz is adequate frontend selectivity for the 10-kHz channel spacing of the broadcast band, 
thelow aperture efficiency of less than 0.06 percent makes it uncertain whether the sensitivity is adequate. To 
determine this, a calculation of the signal-to-noise ratio for a typical application is required. From the Friis 
transmission formula (2-11-5), the power received from a transmitter of power Р, ata distance ris 
ШУУ 

an‏ س گے م 
where‏ 

Au = effective aperture of transmitting antenna, m? 

‘Aer = effective aperture of receiving antenna, m 


Fora smal loop receiving antenna, D = 350 
2 
pe) as 
where = radiation efficiency factor 
The signal-to-noise ratio (S/N) is given by 
SLP (dimensionless) a9 


NN 
Table 7-3 lists formulas for loops. 


732 


ction Finders 


Direction finding is one of the most challenging tasks in radio navigation of aircrafts and other space vehicles 
A loop antenna in conjunction with sense antenna is the most commonly used component employed or this 
Purpose. Figure 7-19a illustrates a rectangular antenna of length 'а' and width 'b which is mounted on a 
vertical plane to allow lts rotation along the vertical axis As shown in Fig. 7-196, a vertically polarized wave 
Coming from the east and making an angle"? with the plane of the loop is incident on the loop. This vertically 
polarized wave will induce voltages only in the vertical members o the loop. Though the magnitudes of the 
voltages in the two vertical ams will bec. where E is the cm. value of electric field intensity, their phases 
(shown in Fig. 7-19) will differ by an angle 29. The voltage in arm AB (represented by ОХ) shall lag the 
reference (i.e. the electric field at the center of the loop) by an angle and in arm СО (represented by OY) 
shall lead it by that angle The difference in path lengths being (2/2) coso the phase difference ¢ is given by 
ni z 


БЕТ 
* 2 


cosa a 
D n 
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Table 7-3 Radiation resistance, loss resistance and radiation efficiency of small loop antennas 
and also formulas for d. bandwidth and signal-to-noise ratio 


ا — 


mm pum auton for un 

Raises к салю (аа bare 
‘nj rn E 

pan as, wer i пага 
‘nen 

scene na Mt TE vas 

Fan ee oan 

тил, ato кшт лз 
— 

Losec, [m 
— 

Fan een, onas 
— 

a ona 

eee [n 


Sint nose rato (7-11-17) and 07-11-19) 


Figure 7-19 A loop antenna as a direction finder. 
If the field at the center of the loop is К) = VŽE costar), the voltages induced in AB (е) and СО (ez) 

are given as 
а = VIAE coslo = (xb/4)c050] (2) 


УЕ созин + (rb/2)c050] (2b) 


a 
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‘The resultant voltage e, in the loop is 
er = е-е = EIIcos = (xb/2) C050) = (cosor coe 

= aE зь) cosol sinter) a 

This voltage is represented by the phasor XY in Fig. 7- 19c. The voltage e Is in phase quadrature with the 


reference electric field and Ив magnitude depends on 9. Itis zero when à = 1/2 or 3л/2. 
For b € X: sin[(ber/2) SEN 
eı = VZEQ=/MabcosOsin(ar) = Er cosó sinon) [7] 
where, 
Er = VEEQs [ab 5 


їп view of (4), the output amplitude is proportional to cos 0, The polar diagram of the loop antenna is 
shown in Fig. 7-19d. In view of this “igure of eight, zeros or nulls occur when the plane of the loop is 
perpendicular to the direction of the arrival of the wave, i.e., parallel to the wave front. Examination of (5) 
reveals that the output voltage E, is proportional to the area of the loop and Ив phase reverses when the loop 
passes through a null, e, if in the “figure of eight”, the field of one lobe is leading the reference by 2/2, in 
the other obe it will be lagging by the same angle. Further, if the loop contains N turns, 


Ex VENTA e- (6 


The above conclusion is also true for the oops of other shapes (eg. triangular or circular) because all 
such loops may be considered to be composed of infinite number of elementary rectangular oops with thelr 
outputs proportional to the loop area, 

The directional property of а loop antenna, shown in Fig. 7-19c, can be used for direction finding but 
with ambiguity at null. This ambiguity can be resolved by using a sense antenna in conjunction with the 
loop antenna. The sense antenna or а vertical radiator is non-directional in the vertical plane, with an output 
voltage given by 


= кооп) m 


where k is the ratio of amplitudes of sense antenna output to the maximum loop antenna output, The two 
voltages e, and e, arein phase quadrature. If the phase of опе of them is changed by 90° and the two voltages 
are then added, sense finding is possible because the voltage from the loop will add or subtract from that of 
the sense antenna. This addition or subtraction will depend on the direction of arrival of the wave, If the phase 
of he loop output is changed by 90° making it 


dj = cos costar) 00 
the sum of the two voltages is the input to the receiver and is given as 

E; = kose COS costan) = (k + cost) c. © 
O and |E| =k — 1 fora = 90° a0) 


IE =k + Moró 


‘The polar diagram of the combined antenna can be obtained by plotting (£ | The resulting plots are shown 
in Fig. 7-20 for different values of k ideally, ¢ should be unity, which gives а cardioid pattern, The correct 
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direction of the wave and its reciprocal are clearly distinguishable in the combined output. For direction 
finding, the steps adopted are s follows: 

"With the sense antenna kept in a disconnected position, the following steps are carried out 

(i) The loop is first turned to give minimum signal and its angular position is noted. 

(ii) Next the loop is turned to give the maximum signal at around 90° and its exact position is again noted. 

(ii) The sense antenna is now connected, 

If the orientation of the loop is in the correct direction, the signal will increase and if is orientation Is 
incorrect, a decrease in the signal will be observed. 


(b)k<1 


Figure 7-20 Radiation patterns of loop antenna, sense antenna and their combinations. 


7-13 Slot Antennas 


Slot antennas are useful in many applications, especially where low-profile or flush mountings are required 
as, for example, on high-speed aircraft. Any slot has its complementary form in wires or strips, so that pattern 
and impedance data of these forms can be used to predict the patterns and impedances of the corresponding 
slots The discussion is based largely on а generalization and extension of Babinets (Ba-bi-naj's) principle 
by Henry Booker (1) 

The antenna shown in Fig, 7-21a, consisting of two resonant / /a stubs connected to a2-wire transmission 
line, isan inefficient radiator. The lng wires are closely spaced (u << à) and сату currents of opposite phase 
о that their fields tend to cancel. The end wires сату currents in the same phase, but they are too short to 
radiate efficiently. Hence, enormous currents may be required to radiate appreciable amounts of power 

The antenna in Fig. 7-21, on the other hand, is a very efficient radiator. In this arrangement 1/2 slot is 
cutin a lat metal sheet. Although the width of the slot is small (w<< à), the currents are not confined to the 
‘edges of the slot but spread out over the sheet This isa simple type of slot antenna, Radiation occurs equally 
from both sides of the sheet If the slots horizontal, as shown, the radiation normal to the sheet is vertically 
polarized 

А slot antenna may be conveniently energized with a coaxial transmission lineas in Fig. 7-22a. The outer 
conductor of the cable is bonded to the metal sheet. Since the terminal resistance at the center of a resonant 
4/2 slot in a large sheet is about 500 © and the characteristic impedance of coaxial transmission lines is 
Usually much less, an off-center feed such as shown in Fig. 7-22b may be used to provide a better impedance 
match. For a 50-02 coaxial cable the distance з should be about /20. Slot antennas fed by a coaxial line 
in this manner are illustrated in Fig. 7-22c and 4. The radiation normal to the sheet with the horizontal slot 
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Figure 7-21 Whereas the stubs of (a) are a poor radiator, the slot of (b) is a good, efficient 
radiator because the currents can spread out on the metal sheet. 


(Cable bond 


= | 


онота 
merma. polarized 
E 


(© (a) 
Figure 7-22 Slotantennas fed by coaxial transmission lines, 


(Fig. 7-22c) is vertically polarized while radiation normal to the sheet with the vertical slot (Fig. 7-224) is 
horizontally polarized, The slot may be 2/2 long, as shown, or more 
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A flat sheet with a 2/2 slot radiates equally on both sides of the sheet. However, if the sheet is very large 
(ideally infinite) and boxed in as in Fig. 7-23, radiation occurs only from one side. If the depth 4 of the box 
is appropriate (d ~ 2/4 for a thin slot), no appreciable shunt susceptance appears across the terminals. With 
such azero susceptancebox, the terminal impedance of the resonant /2 slo is nonreactiveand approximately 
twice its value without the box, or about 1000 ©. 


(а) 


Figure 7-23 Boxed-in slot antenna (a) and application to provide flush radiator (b). 


The boxed-in slot antenna might be applied even at relatively long wavelengths by using the ground as the. 
flat conducting sheet and excavating a trench 4/2 long by ./4 deep as suggested in Fig. 7-23b, The absence 
of any structure above ground level might make this уре of antenna attractive, for example, in applications 
near alrports, To improve the ground conductivity, the walls of the trench and the ground surrounding the slot 
‘can be covered with copper sheet or screen. Radiation is maximum in all directions at right angles to the slot 
and is zero along the ground in the directions of the ends of the slot, as suggested in Fig. 7-35. The radiation 
‘along the ground is vertically polarized. 

Radiation from only one side of a large flat sheet may also be achieved by a slot fed with a waveguide 
as in Fig. 7-24a. With transmission in the guide in the TEı mode, the direction of the electric field E is. 
as shown. The width L of the guide must be more than 2/2 to transmit energy, but it should be less than 
1 to suppress higher-order transmission modes. With the slot horizontal, as shown, the radiation normal to 
the sheet is vertically polarized. The slot opening constitutes an abrupt termination to the waveguide. It has. 
been found thatthe resulting Impedance mismatch is least over a wide frequency band if the ratio L/w is less 
than 3, 

A compact wideband method for feeding a boxed-in 0:15 illustrated in Fig. 7-24b. In this T-fed 
arrangement the bar compensates the impedance characteristics so as to provide a V SW R on a 50-0 feed line 
of less than 2 over a frequency range of nearly 2 to 1. The ratio L/w of the length to width of the slot is about 
3(Dome-1) 

Dispensing with the flat sheet altogether, an array of slots may be cut in the waveguide as in Fig. 7-25 so 
as to produce a directional radiation pattern (Watson-1). With transmission in the guide in the TÉ yy mode, 
the instantaneous direction of the electric field E inside the guide is as indicated by the dashed arrows. By 
cutting inclined slots as shown at intervals of às /2 (where 2, Is the wavelength in the guide), the slots are 
‘energized in phase and produce a directional palem with maximum radiation broadside to We guide. If the 
guide is horizontal and E inside the guide ls vertical, the radiated field is horizontally polarized as suggested. 
in Fig. 7-25, 
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Front view 


(a) Ы 


Figure 7-24 Waveguide-fed slot (a) and T-fed slot (b). 


7-14 


Itterns of Slot Antennas in Flat Sheets. Edge Diffraction 


Consider the horizontal 3/2 slot antenna of width w in a perfectly conducting flat sheet of infinite extent, asin 
Fig, 7-26a. The sheet is energized at the terminals FF , It has been postulated by Booker (1) that the radiation 
pattern of the slot is the same as that of the complementary horizontal 2/2 dipole consisting of a perfectly 
conducting Mat strip of width w and energized at the terminals FF , as indicated in Fig. 7-26, but with two 
differences. These are (1) that the electric and magnetic fields are interchanged and (2) that the component of 
the electric field of the slot normal to the sheet is discontinuous fram one side of the sheet to the other, the 
direction of the feld reversing. The tangential component of the magnetic field is, likewise, discontinuous. 
The patterns of the 2/2 slot and the complementary dipole are compared in Fig. 7-27. The infinite flat 
sheet is coincident with the x= plane, and the long dimension of the slot is In the x direction (Fig. 7-27a). 
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(a) (b) 


Figure 7-26 A 2/2 slotin an infinite fat sheet (a) and a complementary 1/2 dipole antenna (b) 


Slot in sheet in 
po 


00 [7] 


Figure 7-27 Radiation-eld patterns of sot in an infinite sheet (a) and of complementary 
dipole antenna (b). The patterns have the same shape but with E and Н interchanged. 


The complementary dipole is coincident with the x axis (Fig. 7-27b). The radiation-field patterns have the. 
зате doughnut shape, as indicated, but the directions of E and Н are interchanged, T he solid arrows indicate 
the direction of the electric field E and the dashed arrows the direction of the magnetic field Н. 

If the xy plane is horizontal and the axis vertical as in Fig. 7-27a, the radiation from the horizontal slot 
is vertically polarized everywhere in the xy plane, Turning the slot to a vertical position (coincident with the 
с axis) rotates the radiation pattern through 90° to the position shown in Fig. 7-28. The radiation in this case. 
is everywhere horizontally polarized i.e., the electric field has only an Eg component. If the slot is very thin 
(ш < 4) and 2/2 long (L = 4/2), the variation of Es as a function of Ө is given by 


cos[(r/2) cos g 
sine a 


Assuming thatthe sheets perfectly conducting and infinite n extent, the magnitude of the field component 
Ey remains constant as a function of for any value of Ө. Thus, 


p 


Е) 


constant a 
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Consider now the situation where the slot is cut 
ina sheet of finite extents suggested by the dashed 
lines in Fig. 7-28. This change produces relatively 
litte effect on the E, (0) pattern given by (1). How. 

ever, there must be a drastic change in the Es) 
pattern since in the x direction, for example, the 
fields radiated from the two sides of the sheet are 
equal in magnitude but opposite in phase so that 
they cancel, Hence, there is a null in all directions 
inthe plane of the sheet. For a sheet of given length 
Lin the x direction, the field pattern in the xy plane 
might then be as indicated by the solid curve in 
Fig, 7-292, The dashed curve is for an infinite sheet 
(L = oc). If one side of the slot is boxed in, there 
is radiation In the plane of the sheet as suggested 
by the pattern in Fig. 7-290. With a finite sheet 
the pattern usually exhibits a scalloped or undulat- 
ing characteristic, as suggested in Fig. 7-29. As 
the length L of the sheet is increased, the pattern 
undulations become more numerous but the magni 

tude of the undulations decreases, so that for a very 
large sheet the pattem conforms closely to a circular 
shape. Measured patterns illustrating this effect are 
shown in Fig. 7-30 for 3 values of L.A method due 
to Andrew Alford for locating the angular positions 
of themaxima and minima is described by Dome(1) 
and Lazarus In this method the assumption is made 
that the far field is produced by three sources (see 
Fig, 1-31), one(1) atthe slotof strength 1 sin or and 
two (2 and 3) at the edges of the sheet (edge diffrac- 
tion effect) with a strength Bente. — 3), where 
& << 1 and 3 gives the phase difference of the edge 
sources with respect to the source (1) at the slot At 
the point P atalargedistanceinthedirection o. the 
relative field intensity is then 
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Figure 7-28 Radiation pattern of vertical 
slot in an infinite fat sheet. 


Sheet 


Figure 7-29 Solid curves show patterns in 
xy plane of Fig. 7-26 for slotin finite sheet of 

length Z. Slot is open on both sides in (a) and 
closed on left side in (b). Dashed curves show 
pattern for infinite sheet All patterns idealized 


E = sinat +k Sinot — 8 — £) + Esintor - 3e) a 


where = (r/A)L cos 
By trigonometric expansion and rearrangement, 


E = (1 2kc086 cose) sin wr 
and the modulus of £ is 
[ 


According to H. б. Booker (1), the energy density in tre 
10707 that Tor an innit sheet. 


Т Te cosi COS Ят cosy? 


(Qk sinä cose) соза % 


60 


Jor 180 гет: is $ that for an infinite sheet, or the Beld паву is 
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a P 4 
2 
ES 5 


three lengths L = 0.5, 2.75 and 5.32. The width of the slots is 0.1 
Squaring and neglecting terms with 4?, since k « 1, (5) reduces to 
IE| = Мате © 


The maximum and minimum values of |E] ав a function of £ 
occur when £ = пл, so that 


cos 


na a 


where n is an integer. Thus 


т. E nd 
cop ай фаст © 
The values of for maxima and minima In the ¢ pattern are 
given by (8), These locations re independent of k and 8. f cos 
is positive, then the maxima correspond to even values of n and 
the minima to odd values of m 
7-15 Babinet's Principle and Complementary 
Antennas Fit 


By means of Babinet’s (Ba-bi-naý's) principle many of the 
problems of slot antennas can be reduced to situations involv- 
ing complementary linear antennas for which solutions have 
already been obtained. In optics Babinet' principle (Born-1) may 
be stated as follows: 

The field at any point behind a plane having a screen, if added to the 
complementary screen is substitute, is equal to the feld when no screen 


A 


jure 7-30 Measured -plane patterns of 2/2 boxed-in slot antennas in finite sheets of 


(After Dorne (1) and Lazarus). 


igure 7-31 Construction for 


locating maxima and minima of 
¢ pattern for slotin a finite sheet. 


field at the same point when we 
is present. 


The principle may be illustrated by considering an example with 3 cases, Let a source and 2 imaginary 
planes, plane of screens A and plane of observation В, be arranged as in Fig. 7-32. As Case 1, leta perfectly 
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Figure 7-32 Illustration of Babinets principle 


absorbing screen be placed in plane A. Then in plane В there is a region of shadow as indicated. Let the field 
behind this screen be some function / of x, y and z. Thus, 


SS a 
As Case 2 let the first screen be replaced by its complementary screen and the field behind it be given by 

Fox = hend a 
as Case3 with no screen present the field is 

В = fisv a 


Then Babinet's principle asserts that at the same point x. y. 
* Fa = Fo 0 
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The source may be а polnt as in the above 

‘example or a distribution of sources, The prin: 

ciple applies not only to points in the plane of 

observation В as suggested in Fig. 7-32 but 

‘also to any point behind screen A. Although Мм m 
болм 


the principle is obvious enough forthe sm- Ж 
ple Shadow case above it also applies where 
fifrection s considered. 

Babinets principle has been extended and 
generalized by Booker (1) to take into account 
The vector nature of the electromagnetic feld. 
in is extension it is assumed that bee: t 
i plan, pefediy conducting and infinies = a 
imally thin. Furthermore, if one screen is 
perfectly conducting (o = ос), the com- Stip 
plementary screen must have infinite ретте. 
ability (i = ax). Thus If one screen is 
a perfect conductor of electricity, the con-. Ne 
plementary screen Is а perfect "conductor 
S magneism. No init permeable mate o, 
rial exists, but the equivalent effect may be MA оз 
Obtained by making both the original and com 
desen en o potato sert] Figure 7-33 Ilustaton of Babinets principle 
nd wen appled to a slotin an infinite metal sheet and he 
netic quantities everywhere. The only perfect complementary metal strip. 
conductors are superconductors which soon may be available at ordinary temperatures for antenna aplica 
tions, However, many metals, such as silver and copper, have such high conductivity that we may assume the 
conductivity is infinite wth à negligible erro in most applications, 

Азап illustration of Booker extension of Babine’ principle, consider the cases in Fig. 7-33. The source 
in ali cases is a short dipole, theoretically an infinitesimal dipole In Case 1 the dipole is horizontal and the 
original screen is an infinite, perfect conducting, plane, infinitesimally thin sheet with a vertical slot cut 
out as indicated. At a point Р behind the screen the feld is Ey, In Case 2 the original screen is replaced 
by the complementary screen consisting of a perfectly conducting, plane, Inînitesimally tin stip of the 
same dimensions a the slot in the original screen. In addition, the dipole source is tumed vertical so as o 
interchange E and H. Atte same point P behind the screen the els £2. As an alternative situation for 
Case 2 the dipole source is horizontal and the strip is also tumed horizontal. Finally, in Case по screen Is 
present nd the feld at point i En. Then, by Babinet s principle, 


cee 


E 


Boc Es 5 
E 
RB. 6 
To Ee 


Babinet's principle may also be applied to points in front of the screens. Inthe situation of Case 1 (Fig. 7-33) a 
large amount of energy may be transmitted through the slot so thatthe field £1 may be about equal to the field 
Ep with no intermediate screen (Case 3). In such a situation the complementary dipole acts like a reflector 
and En is very small. (See Chap. 13 on frequency-sensitie surfaces) Since a metal sheet with a /2 slot or, 
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in general, an orifice of at least 1 perimeter may transmit considerable energy, slots or orifices of this size 
should be assiduously avoided in sheet reflectors such as described in Chap. 9 when E is not parallel to the slot. 


7-16 The Impedance of Complementary Screens 


In this section Babinet's principles applied with the aid of a transmisslon-line analogy to finding the relation 
between the surface impedance 2, of a screen and the surface impedance Z of the complementary metal 
screen (Booker), 

Consider the infinite transmission lineshon in Fig. 7-34a of characteristic impedance Zo or characteristic 
admittance Y, = 1/ Zo. Leta shunt admittance Y; be placed across the line. An incident wave traveling to the 
right of voltage V; is partly reflected at Ys asa wave of voltage V, and partly transmitted beyond Y; asa wave 
of voltage , The voltages are measured across the line. 

This situation is analogous to a plane wave of field intensity E, incident normally on a plane screen of 
infinite extent with a surface admittance, or admittance per square, of уз; that is, the admittance measured 
between the opposite edges of any square section of the sheet asin Fig. 7-34 is. Neglecting the impedance 
of the leads the admittance 


1 


n @ per square) o 
M мм, 
— Transmission line 
is analogous 
o 
& sja 
foe | — infinite screen in path 
— M (b) ^. of plane wave 
— neta 
— © 
ES f 
p .— Measurement of screen 
шы! Ov ‘admittance 
M © 


Figure 7-34 Shunt admittance across transmission Ine (a) is analogous to infinite screen in 
path of plane wave (b). Method of measuring surface admittance of screen is suggested in (c). 
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The value of Y is the same for any square section of the sheet. Thus, the section may be 1 cm square ог 
1 meter square. Hence, (1) has the dimensions of admittance rather than of admittance per length squared 
and is called a surface admittance, or admittance per square. The field intensities of the waves reflected and 
transmitted normally to the screen are E, and £,, Let the medium surrounding the screen be тев space, It has 
а characteristic admittance Yo which is a pure conductance Go. Thus, 


1 1 


am o © о 


The ratio of the magnetic to the electric field intensity of any plane traveling wave in free space has this value, 
Hence, 


Ho нњ 


© 


where М, H, and Н, are the magnetic field intensities of the incident, reflected and transmitted waves 
respectively, 
The transmission coefficient for voltage r, of the transmission line (Fig. 7-34a) is (Schelkunoff-1): 


"M 


m a 
У Min в 
ву analogy the transmission coset for he депле feld (Fig. 7-34) 

PE 

CN 5 

E M+M ii 


If now the original screen is replaced by its complementary screen with an admittance per square of уз, the 
пен transmission coefficient is the ratio of the new transmitted field Е; to the incident field, Thus, 


(6) 
Applying Babinet's principle, we have from (7-14-5) that 
E E 
pte m 
or 
1 (8) 
Therefore, 
эһ 2n © 


M+M И 2% +Y 
and we obtain Booker's result that 


nn-ad (10) 
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Since y = 1/7, Yz = 1/22 and Yo = 1/7, 


2 
а 
Thus, бе geometric mean of the impedances of the wo 
screens equals 3 the intrinsic impedance of the surrounding 
тейит. Since fr ree space, Za = 3767 0, 
зав 
یدږ‎ m a» 

M screen lian inf grating патом parallel metal 
strips as in Fig. 7-35a, then the complementary screen 5 (b) 
(screen 2) is an infinite grating of narrow slots as shown 
. tenancy panewaels Figure 7:35 Screen of parteh 
f pul SUBS 0 
tothe stipe Then the grating acts asa pret nean 
Screen and zero fed penales tthe er Thus Zi = 0 
and, Trom (12) Z = ео, o that tne complementary screen of slots (screen 2) ffs no impediment to the 
passage ofthe wate If the frequency is increased sufi) screen 1 begins to transit part of ne inden 
ave If at the frequency Fo screen Lhasa surface impedance Z: = 188 © per square, the impedence 72 
V% equally l. If screen 1 becomes more 
transparent (Z; larger) as the frequency is further increased, screen 2 will become more opaque (Zz smaller). 
tary frequency Ше sum of the lds transmitted tough screen 1 and rough sereen 2 ta contr and 
sql to he el without any sereen present 


да o VAAn-2 an 


— Screen 2 (siots) 


7-17 The Impedance of Slot Antennas 


In this section a relation is developed for the impedance Z, of а slot antenna in terms of the impedance Z, of 
the complementary dipole antenna (Booker-1). Knowing 2, for the dipole, the impedance Z, of the slot can 
then be determined 

Consider the slot antenna shown in Fig. 7-36a and the 
complementary dipole antenna shown In Fig. 7-36b. The 
terminals of each antenna are indicated by FF, and it is wW 


assumed that they are separated by an infinitesimal dis- 
tance. It is assumed that the dipole and slot are cut from 
an infinitesimally thin, plane, perfectly conducting sheet, \ = 


Leta generator be connected to the terminals of the slot. 
‘The driving-point Impedance Z, at the terminals is the ratio 
of the terminal voltage V, to the terminal current 1,, Let E, 
and Н, be the electric and magnetic fields of the slot at any 
point P. Then the voltage V, atthe terminals FF of the slotis complementary 
given by thelineintegral of E, over the path Cı (Fig. 7-36a) dipole 

as С approaches zero. Thus, © " 


v= lim, f E. 4 a 


jure 7-36 Slot antenna (а) and 
complementary dipole antenna (b). 
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where 1 = infinitesimal vector element of length al along the contour or path Cı 
The current J, at the terminals of the slot is 


к=? dim, нл (2) 
The path C is just outside the metal sheet and paral to its surface. The factor 2 enters Because only of 
the closed line integral is taken, the line integral over the other side of the sheet being equal by symmetry. 
Turing our atenion to the complementary dipole antenna, leta generator be connected to the terminals 
af the dipole. The driving-point impedance Za at the terminals is the айо of the terminal voltage V to the 
terminal current 1. Let E and Hy be the electric and magnetic lds of the dipole at any point P. Then the 
voltage at the dipole terminals is 


vı = dim, [ кей a 


and the currentis 


2 lim, f ңа [7 


аја 


Za dim, „= di (5) 
lim, [наа im, f E 16) 
Am Jc, . e zs dm Je е 


where Za is the intrinsic impedance of the surrounding medium. Substituting (3) and (2) in (5) yields 


o 
Substituting (4) and (1) in (6) gives 

E] 

ED e 
Multiplying (7) and (8) we have 

4 

т © 
or 

4 z 

Lu- «= z= (10) 
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Thus, we obtain Booker's result that the terminal impedance Z, of a slot antenna is equal to $ of the 
square of the intrinsic impedance of the surrounding medium divided by the terminal impedance Z of the 
complementary dipole antenna. For free space Za 


а 


‘The impedance of the slot is proportional to the admittance of the dipole, or vice versa. Since, in general, Zy 
тау be complex, we may write 
35.476 _ 35476 


вла Ar az -JM a3) 


Where Ry and Х are the resistive and reactive components of the dipole terminal impedance 2, Thus, if the 
dipole antenna is inductive, the slot is capacitive, and vice versa. Lengthening а 2/2 dipole makes It more. 
inductive, but lengthening a 2/2 slot makes it more capacitive. 

Letus now consider some numerical examples, proceeding from known dipole types to the complementary 
slot types. 


EXAMPLE 7-17.1 Thin 1/2 
The impedance of an infinitesimally thin 2/2 antenna (L = 0.5) and L/D = oo) is 73 + 425.0 (see 
Chap. 11). Therefore, the terminal impedance of an infinitesimally thin 4/2 slot antenna (L = 0.5) and 
Ше = pis 

35,476 
TEIS 


See Fig. 7-37a. 


63- 2112 04 


EXAMPLE 7-17.2 Resonant 1/2 Dipole 
Аз more practical example, а cylindrical antenna with а length diameter ratio of 100 (L/D = 100) is 
resonant when the length is about 0.475. (L = 0.4752), The terminal Impedance is resistive and equal 
to about 67 о. The terminal resistance of the complementary Sot antena is then 

а= Es j00 (as) 
SeeFig, 7-37. 

The complementary slot has a length L = 0.4754, the same as for the dipole, but the width of the slot 
shouldbe twice the diameter of the cylindrical dipole A at strip of width w is equivalent to а cylindrical 
Conductor of diameter D provided that w = 2, Thus, in this example, the width of the complementary. 
sitis 


lt the iini impedance Za of free space неге unknown, 11) provides a means af determining it by measurements of the impedance 
2, of a Sot antenna and he impedance 2 of the complementary dipole antenna. The impedance Zs hice the geometric means of 
РЕР 

атт 
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2L _ 2x 0475) 
„ 20 до = 60 0D. (16) 


EXAMPLE 7-17.3 Fullwave Dipol 
Asathird example, а cylindrica dipole with an L/D ratio of 28 and length of about 0.925). has a terminal. 
resistanceof about 710.4 j0 g. Theterminal resistance of the complementary slot is then about 50 + j0 2 
so that an Impedance match will be provided to а 50 £ coaxial line. See Fig. 7-37c 


z% БЕ 


а 
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Figure 7-37 Comparison of impedances of cylindrical dipole antennas with 
complementary slot antennas. The slot in (c) matches directly to the 50 © coaxial line. 


If the slots in these examples are enclosed on one side of the sheet with a box of such size that zero 
Susceptance is shunted across the slot terminals, due to the box, the impedances are doubled. 

Thebanduidth or selectivity characteristics of a slot antenna are the same as for the complementary dipole. 
Thus, widening a slot (smaller L/w ratio) increases the bandwidth of the slot antenna, the same as increasing. 
the thickness of a dipole antenna (smaller L/D ratio) increases its bandwidth. 

The above discussion of this section applies to slots in sheets of infinite extent. If the sheet is finite, the. 
impedance values are substantially the same provided that the edge of the sheet is at least a wavelength from 
he slot However, the measured slot impedance is sensitive to the nature of the terminal connections. 


сун 


А slotted sheet antenna is shown in Fig. 7-38a (A lford-2, 3; Jordan-1; Sinclair-1). By bending the sheet into 
a U-shapeas in (b) and finally into а cylinder as in (c), we arrive at a slotted cylinder antenna, The impedance 


der Antennas. 
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of the path around tne circumference of the cylinder may be sufficiently low so that most of the current tends 
to Пон in horizontal loops round the cylinder as suggested. f the diameter D of the cylinder is a sufficiently 
smal fraction of a wavelength, say, less than 2/8, the vertical slotted cylinder radiates a horizontally polarized 
field witha pattern in the horizontal plane which is nearly circular As the diameter of the cylinder is increased, 
the pattern in the horizontal plane tends to become more unidirectional with the maximum radiation from the 
side of the cylinder with the slot. For resonance, the length Z of the slot s greater than 2/2, This may be 
explained as follows. Referring to Fig. 7-39a, the 2-wire transmission line is resonant when it is 4/2 long. 
However, if tis line is loaded with a series of oops of diameter D as at (b), the phase velocity of wave 
transmission on the line сап be increased, so that the resonant frequency is raised. With а sufficient number 
of shunt loops the arrangement of (b) becomes equivalent to a slotted cylinder of diameter D. Typical slotted 
cylinder dimensions for resonance are D = 0.125, L = 0.75% and the slot width about 0.024. 

This type of antenna, pioneered by Andrew Alford, has found considerable application for television 
broadcasting of a horizontally polarized wave with an omnidirectional or circular pattern in the horizontal 
plane. Vertical-plane directivity may be increased by using stacked collinear slots in along vertical cylinder. 


‘Slotted sheet Curved sheet Cylinder 
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Figure 7-39 Slotted cylinder as a loop-loaded transmission line. 
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RECTANGULAR HORNS. CIRCULAR HORNS 


22 
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Figure 7-40 Types of rectangular and circular horn antennas. Arrows indicate E-field 
directions. 


7-19 Horn Antennas 


А horn antenna may be regarded as aflared-out (or opened-out) waveguide. The function of the horn ¡sto 
producea uniform phase front with a larger aperture than that of the waveguide and hence greater directivity. 
Horn antennas are not new. J agadis Chandra Bose constructed a pyramidal horn in 1897. 

‘Several types of horn antennas ae illustrated in Fig. 7-40. Those in the left column are rectangular horns. 
All are energized from rectangular waveguides. Those in the right column are circular types. To minimize 
reflections of the guided wave, the transition region or horn between the waveguide at the throat and free 
space at the aperture could be given a gradual exponential taper as in Fig. 7-403 or e. However, itis the. 
‘general practice to make horns with straight flares as suggested by the ther types in Fig. 7-402 The types in 
Fig. 7-40 and c are sectoral horns. They are rectangular types with a flare in only one dimension, Assuming 
thatthe rectangular waveguide is energized with a ТЕ mode wave electric field (E in the y direction), the 
horn in Fig. 7-40b is flared out ina plane perpendicular to E. This is the plane of the magnetic field Н. Hence, 


"Hors wth a straight fare tend to havea constant pase center while those witha taper do nt 
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this type of horn [s called a sectoral horn flared in the £ plane or simply an H-plane sectoral horn. The horn 
in Fig. 7-40c Is flared out in the plane of the electric field E, and, hence, is called an E-plane sectoral horn. 
A rectangular horn with Паге in both planes, as in Fig. 7- 40d, is called a pyramidal horn. With a TE so wave 
in the waveguide the magnitude of the electric field Is quite uniform in the y direction across the apertures 
of the horns of Fig. 7-40, c and d but tapers to zero in the x direction across the apertures. This variation 
is suggested by the arrows at the apertures in Fig. 7-40b, c and d. The arrows indicate the direction of the 
electric field E, and their length gives an approximate indication of the magnitude of the field intensity, For 
small Паге angles the field variation across the aperture of the rectangular horns is similar to the sinusoidal 
distribution of the TE 1 mode across the waveguide. 

Thehorn shown in Fig. 7-40 а conical type. When excited with a circular guide carrying a TE y; mode 
wave, the electric field distribution at the aperture is as shown by the arrows. The horns in Fig. 1-409 and h 
are biconical types. The one in Fig. 7-40 is excited in the TEM mode by a vertical radiator while the one. 
in Fig. 7-40h is excited in the TEn mode by a small horizontal loop antenna. These biconical homs are 
nondirectional in the horizontal plane. The biconical horn of Fig. 7-40g is like the one shown in Fig. 2-20c. 

Neglecting edge effects, the radiation pattem of a horn antenna can be determined if the aperture dimensions 
and aperture field distribution are known, For a given aperture the directivity is maximum for a uniform 
distribution. Variations in the magnitude or phase of the field across the aperture decrease the directivity. 
Since the H-plane sectoral horn (Fig. 7-406] has a field distribution over the x dimension which tapers to 
zero at the edges of the aperture, one would expect a pattern in the xz plane relatively free of minor lobes as. 
compared to the y= plane pattern of an E-plane sectoral пот (Fig. 7-40) for which the magnitude of E is 
quite constant over the y dimension of the aperture, This is borne out experimentally 

‘The principle of equality of path length (Fermat's principle] is applicable to the horn design but with a 
different emphasis. Instead of requiring a constant phase across the horn mouth, the requirement is relaxed to 
one where the phase may deviate, but by less than a specified amount 4, equal to the path length difference 
between агау traveling along the side and along the axis of the horn. 


From Fig. 7-41, 
ok 
кы. 1 
پر = وه‎ a 
“= ы 
= a 
Tareangle (û for E plane for H plane) deg 
aperture (a for plane, ay for plane), m 
horn length, m 
path length difference, m 
From the geometry we have also that 
2 
5 0 a 
and 
solui szort E 60 
x [Ет] 


re McGraw-Hill Compani 


7-19 Hom Antennas 25 


be, 
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Figure 7-41 (a) Pyramidal horn antenna, (b) Cross section with dimensions used in analysis 
The diagram can be for either E. plane or H-plane cross sections. For the Е plane the flare angle 
is 0x and aperture ar. For the H plane the Паге angle is б and the aperture ay. See Fig. 7-42. 


In the E plane of the horn, ã is usually held to 0.25. or less, However, in the #7 plane, 5 can be larger, or 
about 0.47, since E goes to zero at the horn edges (boundary condition, E, = 0 satisfied), 

To obtain as uniform an aperture distribution as possible, a very long hom with a small Паге angle is 
required. However, from the standpoint of practical convenience the horn should be as short as possible. An 
‘optimum horn is between these extremes and has the minimum beamwidth without excessive side-Lobe level 
(or most gain) for a given length. 

IF 3 is a sufficiently small fraction of a wavelength, the field has nearly uniform phase over the entire 
aperture. For a constant length L, the directivity of the horn increases (beamwidth decreases) as the aperture 
э and Паге angleg are increased, However, if the aperture and flare angle become о large that is equivalent 
to 180 electrical degrees, the field at the edge of the aperture isin phase opposition to the field on the axis, For 
all but very large flare angles theratio L (L + 5) is so nearly unity that the effect of the additional path length 
on the distribution of the field magnitude can be neglected. However, when ¿ = 180°, the phase reversal at 
the edges of the aperture reduces the directivity (increases side lobes). It follows that the maximum directivity 
occurs at the largest Паге angle for which à does not exceed a certain value (a). Thus, from (1) the optimum 
horn dimensions can be related by 


а= = optimum © 
— Eza] 
dimensions „ _ 4005/2) 


1588072) = optimum length m 
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It turns out that the value of dy must usually be in the range of 0.1 to 0.4 free-space wavelength! Suppose 
that for an optimum horn 89 = 0.252. and that the axial length Z = 102. Then from (5), © = 25°. This flare 
angle then results in the maximum directivity for a 10). horn. 

The path length, or à effect, discussed above is an inherent 
limitation of all horn antennas of the conventional type. The ela 
tions of (1) through (7) can be applied to ай the homs of Fig. 7-40 
to determine the optimum dimensions. However, the appropri- 
ate value of Jo may differ as discussed in the following sections. 
Another limitation of horn antennas is that for the most uniform. 
‘aperture illumination higher modes of transmission in the horn 
must be suppressed. t follows that the width of the waveguide at 
the thraatofthehorn must be between 4/2 and a, or if the excitar 
tion system is symmetrical, so that even modes are not energized, 
the width must be between 4/2 and 32/2. 


7-20 The Rectangular Horn Antenna? 


Provided that the aperture in both planes of a rectangular horn 
exceeds 1), the pattem in one plane is substantially independent 
of the aperture in the other plane. Hence, in general, the /I-plane. 
pattern of an H-plane sectoral horn is the same as the L diene ^ 


patter of a pyramidal hom with the same , ane cross section, © 
Likenie te E-plane patem of an E-plane sectoral horns hê Figure 7-42 plane and 
same as he E-plane patem of a pyramidal hom with de same Fara 7-42 Epone 


E-planecross section. Referring to Fig. 7-42, the total are angle 
inthe E planeis б, and the total Mare angle İn the Н plane ls. The axial length of the horn from throat to 
aperture is L and the radial length is R. Patterns measured by Donald Rhodes (1) are shown in Fig. 7-43. In 
(a) the pattems in the Е plane and Н plane are compared as a function of R. Both sets are for а flare angle 
of 20°. The E-plane patterns have minor lobes whereas the M-plane pattems have practically none, In (5) 
measured pattems for horns with R = Bi. are compared asa function of flare angle. In the upper row Z-plane. 
patterns are given asa function of the E-planeflare angle %, and in the lower row -plane patterns are shown 
asa function of the H-plane ire angle б. Fora Паге angle 0; = 50° the E-plane patr is split, whereas 
for y = 50° the H-plane pattem is ot This is because given phase shift atthe aperture inthe E-plane horn 
has moreeffecton the pattern than the same phase shiftin the #-planehorn Inthe f-planehor the fd goes 
to zero at the edges of the aperture, so the phase near the edge is relatively les important. Accordingly, we 
should expect the value of sa for the H plane to be larger than for the E plane. This is illustrated in Fig. 7-44 
and discussed in the next paragraph. 

From Rhodes's experimental pattems, optimum dimensions were selected for both E- and H1-plane flare 
as a function of flare angle and horn length Z. These optimum dimensions are indicated by the solid lines in 
Fig. 7-44, The corresponding half-power beamwidths and apertures in wavelengths are also indicated, The 


Ata given frequency the wavelength in the horn 2 is always equal to or greater than the free space wavelength à. Since, depende 
ов the ham dimensions, itis more convenient to express 3 in free space wavelengths 2. 

ln the lene-compensstes type of horn antenna (se Fig. 10-185 and Fig. 7-52) е velocity of the wave is increased near the ege of 
the harn wit respect to be velocity ae axis in order a equalize the phase over he aperture 

Barrow (1, 2), Chu) Terman (1), Risser (1), task 
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Figure 7-43 Measured E- and H -plane field patterns of rectangular horns as a function of 
flare angle and horn length. (After Rhodes-1.) 


dashed curves show the calculated dimensions for a path length dy = 0.25). and в, = 0.4. The value of 
0.25. gives a curve close to the experimental curve or E-plane fre, while the value of 045 gives а curve 
clase to the experimental one for H-plane flare over a considerable range of horn length. Thus, the tolerance 
in path length is greater for H-plane flare than for E-plane flare, as indicated above 

Suppose we wish to construct an optimum horn with length L = 103, From Fig. 7-44 we note that for this 
length the HPBW (E plane) = 11° and the HPBW (27 plane) = 13", the £-plane aperture a = 4.5). nd the 
H-plane aperture ay = 5.82. Thus, although the E-plane aperture is not so large as the -plane aperture, 
the beamwidth is less (but minor lobes larger) because the -plane aperture distribution is more uniform. For 
horn operation over a frequency band it is desirable to determine the optimum dimensions for the highest 
frequency to be used, since as measured in wavelengths is largest at this highest frequency. 

The directivity (or gain, assuming по loss) of а horn antenna can be expressed in terms of its effective 
aperture. Thus, 


т ы a 


effective aperture, m? 

hysical aperture, m^ 

aperture efficiency = A./Ap 
/avelength, m 
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Figure 7-44 Experimentally determined optimum dimensions for rectangular horn antennas. 
Solid curves give relation of fare angle & in E plane and flare angle бу in H plane to horn length 
(see Fig. 7-42). The corresponding half-power beamwidths and apertures in wavelengths are 
indicated along the curves. Dashed curves show calculated dimensions for 30 = 025 and 0.4. 


Fora rectangular horn A, = аран and fora conical horn A, = s?, wherer =aperture radius. Itisassumed 
that ag, ay oF are ай at least 14. Taking sap = 0.6, (1) becomes 


15А, 

Dez a 
id 154 

D=10109 (2572) (ай a 
Fara pyramidal (rectangular) horn (3) can also be expressed as 

D= 101090 Surana) “ 


Where 
E-plane aperture in à 


EXAMPLE 7-20.1 (2) Determine the length L. H-plane aperture and flare angles б and бн (in 
the E and H planes, respectively) of a pyramidal horn as in Fig. 7-40d for which the E-plane aperture 
0). The horn is fed by a rectangular waveguide with ТЕ у mode. Let = 0.22 in the E plane and 


0.375% in the Н plane. (b) What are the beamwidths? (c) W hat isthe directivity? 
m Solution 
Taking = 2/5 the E plane, we have from (1-19-4 that the required horn length 


a? 100 


PE (3) 
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‘and from (7-19-5) that the flare angle in the E plane 
"TENES 
Өк =2tan Ж Ds 9r (6) 
Taking = 34/8 in the 4 plane we have from (7-19-5) that the Nar anglein the 4 plane 
1 "HET . 
Өң = 2cos LT e 510375 122 m 
and from (7-19-5) that the H-plane aperture 
аң = 0а Y = 2 x 62.5 tan 626° (© 
From Table 7-4, 
se se 
HPBW (E plane) = E = 10 (22) 
6767 . 
HPBW CH plane) = p! (9b) 
From (3), 
p = 1010p (2542) = 10090510137 = 302.81 a 


The values used in this example are conservative. 
For an optimum horn, the 5 values are larger, result- 
ing in a considerably shorter horn but at the expense 
оГ slightly less gain (because fields are less uniform 
across the aperture of an optimum horn). 

Figure 7-45a shows the optimum dimensions for 
pyramidal (rectangular) homs versus gan or directivit 
. no loss) (Schrank-1). For a given desired gain, the 
‘graph gives the dimensions for the length La, E-plane 
aperture ар; and H-plane aperture , all in wave- 
lengths. For a given length, the graph also gives the 
appropriate apertures andthe gain. Thedimensions are 
closeto optimum. Such dimensions are only of impor- 
tance on large homs (many wavelengths long) where 
itis desired that the length be a minimum. For small 
(short) horns, optimization is usually unwarranted, 


7-21 Beamwidth Comparison 


It is interesting to compare the beamwidth between 
first nulls and between half-power points for uni- 
formly illuminated rectangular and circular apertures 


Lea ora, 


Figure 7-45a Dimensions of rectangular 
(pyramidal) horns (in wavelengths) versus 
directivity (or gain, if no loss). Thus, noting 
the dashed lines, а gain of 19 dBi requires 

a hom length L, = 425, an -plane 
aperture ayy = 3.7 and an E-plane aperture 
ак, = 29, These are inside dimensions. It is 
assumed that (E plane) = 025: and 5 (H 
plane) = 042, making the dimensions close 
to optimum. Itis also assumed that ssp = 0.6. 


е McGraw-Hill Companie 


Chapter? Loop, Slotand Horn, Antennas 


obtained in previous chapters with those for optimum rectangular horn antennas (sectoral or pyramidal). This 
isdone in Table 7-4. In general, therelations apply to apertures that are at least several wavelengths long. The 
beamwidths between nulls for the horns are calculated and the half-power beamwidths are empirical (Stavis-1). 


7-22 Conical Horn antennas 


The conical hom (Fig. 7-401) can be directly 
excited from a circular waveguide. Dimen- 
sions can be determined from (7-19-5), (7- 
19-6) and (7-19-7) by taking do = 0.32 
(Southworth; King-1). For optimum coni- 
cal homs King gives halt-power beamwidths 
of G0jag, in the E plane and 70/ан in the 
Н plane. Those are about 6 percent more than 
the values for a rectangular horn as given in 
Table 7-4. 

Thebiconical horns (Fig. 7-409 andh] have 


IL 


BIGGER 
бап es 


patterns that arenondirectonal in the horizon- — Figure 7-45b Dimensions of conical horn (in 
tal plane (axis of horns vertical). These horns wavelengths) versus directivity (or gain, if no loss). 
may be regarded as modified pyramidal horns Thus, noting the dashed lines, a gain of 20 dBi 
with a 360" Паге angle in the horizontal plane. — requires a horn length Lı = 6.0 and a diameter 


Theoplimum vertical-planeflareangleis about 


D; = 43. These (inside) dimensions are close to 


thesameasforasectoral hamof thesamecross optimum. 


section excited in the same mode, 


Figure 7-40b shows optimum dimensions for conical horns versus directivity (or gain if no loss) as adapted 
from King. For a given desired gain, the graph gives the length Lı. and diameter Da, of for а given length, the 


graph gives the appropriate aperture and gain. 


7-23 Horns 


A central ridge loads a waveguide and increases its useful bandwidth by lowering the cutoff frequency of the 
dominant mode (Cohn-1; Chen-1). A rectangular guide with single ridge is shown in Fig. 7-46a and with a 


Type of aperture 


under Nominated rectangular aperture 


orinearamay 
Under Muminated circular aperture 


(Optimum plane rectangular bam 


(Optimum H -plane rectangular horn 


—— 
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7-24 Septum Horns 


double ridge in Fig. 7-46b. A very thin ridge or fin 
isalsoeffectivein producing theloading of a central 
ridge. It may consist of a metal-clad ceramic sheet 
which facilitates the installation of shunt circuit 
elements as suggested in Fig. 7-46c (M ier) 

Of course, the cutoff frequency can be lowered 
by placing dielectric material in the waveguide, but 
this does not increase the bandwidth and it may 
Increase losses. 

By continuing a double-ridge structure from a 


m 
Fin 
u p 
П, n 
Sme бәне Fane win 
pus D 
© [7] © 


igure 7-46 Single- and double-ridge 
rectangular waveguide and fin-ne with diode. 


waveguide into a pyramidal horn as suggested in Fig. 7-47, the useful bandwidth of the horn can be increased 
manyfold (Walton-1).A quadruple-ridge horn connected to a dual-fed quadruple-ridge square waveguide can 
provide dual orthogonal linear polarizations over bandwidths of more than 6 to 1. 


7-24 Septum Horns 


Although the electric field in the 47 plane of 
а pyramidal horn tends to zero at the edges, 
resulting in a tapered distribution and reduced 
side lobes, the electric field in the Е plane may 
be close to uniform in amplitude to the edges, 
resulting in significant sidelobes. By introduc: 
ing septum plates bonded to the horn walls, a 
stepped-amplitude distribution can be achieved 
in the E plane with a reduction in £-plane side 


(a) (b) 
Figure 7-47 Double-ridge or vivaldi horn. 


with coaxial feed, The view at (a) is a cross 
section atthe feed point. 


lobes. Typically, thefirst side lobes of a uniform amplitude distribution are down about 13 dB. With a2-septum 
horn Peace (1) and Swartz were able to achieve a sidelobe level more than 30 dB down, which is lower than 


the side-lobe level in the H plane. 


A cosine field distribution is approximated with 1: 2: 1 stepped amplitude distribution with apertures also 
Inthe ratio 1:2: 1 as suggested in Fig. 7-48. To achieve this distribution the septums must be appropriately 


spaced atthe throat of the horn. 


Top 
aperure 


Central 
aperture 


воют 
aperture 


T x deine 
| y neon 
А 
| 
I 
Tan 
E 


Figure 7-48 Two-septum horn with 1:2:1 stepped amplitude distribution in field intensity st 
mouth of horn (approximating a cosine distribution), 
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Figure 7-49 Stacked septum horns with E-plane metal-plate lenses for feeding 110-m Ohio 
State University radio telescope. The aperture height ( 4h in Fig. 7-32) is 3 m. 


Figure 7-49 shows a stepped-amplitude septum horn with metal-plate lens for feeding “Big E: 
State University 110-m radio telescope. The dual-feed stacked twin horn with metal-plate -plane lens, as in 
Fig. 7-48, provides a compact arrangement f the length of a single horn. This twin hom is one of a pair used 
for radio astronomy observations at 1 to 2 GHz (Nash-1, 2; K raus-1). Both the aperture and field distributions 
have the ratios 1:2: 1 (binomial series ratio). 


7-25 Corrugated Horns 


Corrugated harms can provide reduced edge diffraction, improved pattern symmetry and reduced cross- 
polarization (less E field in the H plane). 

Corrugations on the horn walls acting as 4/4 chokes are 
used to reduce E to very low values at all horn edges forall 
polarizations. These prevent waves from diffracting around 
the edges of the horn (or surface currents Rowing around 
the edge and over the outside) (Kay-1) 

Consider the corrugations of width v and depth shown 
in Fig. 7-50.A square cross section (w by и), as indicated 
in the figure, constitutes the open end of a short-circuited 
field-ceil transmission line of length with a characteristic 
impedance Z = 377 0. The reactance at the open end is 
She praia by | 


m Figure 7-50 Corrugations of 
x = 3n (3 ) @) a width wand depth d. 


where d = depth, à 
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7-25 Comugated Ноте EI 


Má comugatons detach ме 
wave trom hom wall 


m" 
اا‎ ME comgaten 
1 
Hira Tain la Ж н] 
p 


AB сутїдайопв keep wave 
found as though toa 60— 


conducting surface 


igure 7-51 Cross section of circular waveguide-fed corrugated hom with corrugated 
transition. Corrugations with depth of 1/2 at waveguide act like a conducting surface while 
corrugations with 2/4 depth in hom present a high impedance. (After Chu-L) 


The reactance for any square area of the corrugations (such as 3w x 3u) is also as given by (1)-Thus, 
this is the surface reactance in ohms per square. It is assumed that the corrugations are air-filled and that the 
wal thickness is small enough to be neglected 

When d = 1/4, X becomes infinite, while when d = 2/2, X = 0 and, assuming no radiation or loss, 
R = 0and, hence, Z = 0. 

AS an example, a circular waveguide fed 
corrugated horn with a corrugated transition is : 
shown in Fig. 7-51, In the transition section 
the corrugation depth changes from 2/2, where -H+ 


P 


اسي 


the corrugations act like a conducting surface, 
to 2/4, where the corrugations present a high 
impedance, The corrugation spacing or width 
vo = 2/10, The corrugations аге air-filled. This | 

corrugated horn was developed by Chu etal. (1) Pow 


for feeding a 7-т millimeter-wave reflector 
antenna of the Bell Telephone Laboratories 

A simpler feed with choke corrugations was 
developed for deep dishes with F/D ratios 


vum n] 


of less than 0.35 by Wohlleben, Mates and US TEL a uentos) 
Lochner (1) for use on the Bonn 100.m radiote- TE 

lescope. It consists of a circular waveguide T 

equipped with a disk (or Rangel projecting 12. == 

beyond the quide and 4 chokes 2/5 deep as pem 

shown in Flg. 7-52. The location f the disk 

with chokes 3/8 behind the waveguide open- Figure 7-52 Cross section of circular 
ing gives а broad 130° 10.48 beamwidth with Wavegulde with lange and 4 chokes for 

а еер edge taper This results In high aperture ^ — Wide-beamwidth high-efficiency feed of low 


efficiency. F/D parabolic reflectors. (After Wohileben-1.) 
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7-26 Aperture-Matched Horn. 7 
cures 

By attaching a smooth curved (ar rolled) E 

Surface section to the outside of the section 


aperture edge of a hom, Burnside 

(1) and Chuang have achieved a sig- 

nificant improvement in the pattern, 

impedance and bandwidth characteris- 

tics. This arrangement, shown in Fig. 7- 

53 is an attractive alternative to a corru- 

gated horn. The shape of the rolled edge 

is not critical but its radius of curvature Figure 7-53 Cross section of Burnside and 

should be at least 4/4. Chuang's aperture-matched horn. The radius of 
curvature г of the rolled edge should be atleast 1/4. 
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7-3-1 Loop and dipole for circular polarization. If short dectic dipole antenna is mounted inside 
small loop antenna (оп polar axis, Fig. 7-3) and both dipole and loop are fed in phase with equal power, 
Show thatthe radiation is everywhere circularly polarized with a pattern as in Fig. 7-7 for the0.1 2. diameter 
loop. 


7-5-4 Tho 31/4 diameter loop. Calculate and plot the far-field pattem normal to the plane of a circular 
100p 32/4 in diameter with a uniform in-phase current distribution. 


Radiation resistance of loop. Whatis the radiation resistance of the loop of Prob. 7-5-11 


‘Small-loop resistance. (a) Using a Poynting vector integration, show that the radiation resistance 
of a small loop is equal to 3207441/42) © where A = area of loop (mě). (5) Show that the effective 
‘aperture of an isotropic antenna equals 1j. 


7-8-1 The 1/10 diameter loop. What is the maximum effective aperture of a thin loop antenna 0.1 in 
diameter with a uniform in-phase current distribution? 


7-9-1 Pattern, radiation resistance and directivity of loops. А circular loop antenna with 
uniform in-phase curent has a diameter d. What is (a) the far-field pater (calculate and plot), (b) the 
radiation resistance and (c) the directivity for each of three cases where 1) d = 1/4, (2) = 1.5 and 
G 


*7-9-2 Circular loop. A circular loop antenna with uniform in phase current has a diameter 4. Find (a) the 
far-field pattern (calculate and plo) (b) the radiation resistance nd (c) the directivity for the following 
three cases: (1) d = 1/3 (2) d = 0.75. and (314 = 22 


*7-10-1 The 1) square loop. Calculate and plot the far-field pattem in a plane normal to the plane ога 
Square loop and parallel t one side. The loop is on aside. Assume uniform in-phase currents. 


7-10-2 Small square loop. Resolving the small square оор with uniform current into four short dipoles, 
show that the far-field pattem in the plane of the loop is a circle. 
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Direction-finding antenna for 2 m. An amateur radio operator would like to join some fellow 
hams fora direction finding hunt with the transmitter operating at 146 М Hz with a bandwidth of 0.1 M Hz. 
The transmitting antenna will be а half-wave dipole wth only 10 W of power. [a] Design a loop antenna 
forthe amateur to use to find the transmitter. Note that direction finding is based on minimizing the signal 
Inthe antennas null and tht a loop needs to be small in circumference to have a null on axis. How close 
to the transmitter will he have to be before he can detect it, assuming he needs а 10 dB SNR? (b) With 
this in mind, what is the main drawback of using a loop or similar antenna for direction finding? (See 
Prob 20-9-3.) 

For computer programs, see Appendix С. 


Two 1/2 slots. Two 1/2: lot antennas are arranged end-to-end in а large conducting sheet with а 
spacing of 1. between centers. If the slots are fed with equal in phase voltages, calculate and plot the 
Tac fied pattern in the 2 principal planes. Note thatthe #7 plane coincides with the line of the slats- 


(od-slot impedance. W hatis the terminal impedance of a sot antenna boxed to radiate only in 
one half-space whose complementary dipole antenna has a driving point impedance of Z = 150 + ¡097 
The box adds no shunt susceptance across the terminals. 

slot. The complementar dipole of a slot antenna has a terminal impedance Z = 90 + j10 0. 
I the slot antenna is boxed so that it radiates only in one half-space, what is the terminal impedance of the 
slot antenna? The box adds no shunt susceptance at the terminals. 


Open-slot impedance. What dimensions are required of a slot antenna in order that its terminal 
Impedance be 15 + j0 ©? Theslotis open on both sides. 


Optimum horn gain. What is the approximate maximum power gain of an optimum horn antenna 
with a square aperture: on aside? 


Horn pattern. (u) Calculate and plot the E dene pattern of the horn of Prob. 7-20-1, assuming 
uniform illumination over the aperture. 

(6) Whats the half power beamwidth and the angle between fist nulls? 

'ctangular horn antenna. W hat is the required aperture res for an optimum rectangular horn 
antenna operating at 2 GHz with 12 dBi gain? 


Conical horn antenna. Whatis he require diameter of a conical horn antenna operating 2 GHz 
with a 12 dB gain? 


Pyramidal horn. (2) Determine the length L, aperture ay and half-angles in E and # planes for 
а pyramidal electromagnetic hom for which the aperture ағ = 8%. The hom is fed with a rectangular 
waveguide with TE 1o mode. Takes = 10 in the Е plane and = 2/4 in the H plane. 

(6) What are the M s in both Е and # planes? 

(e) Wiat is the directivity? 

(a) Whatis the aperture efficiency? 


For computer programs, see Appendix С. 


Chapter 8 


Helical Antennas 


Topics in this chapter include: 


Thehelical beam antenna story 
Helical geometry 

Helical antenna design. 

Helix without ground plane 

Dipole arrays with parasitic elements 
TheYagi-U da array story 

Yagi-Uda array theory 

Axial mode patterns and phase velocity 
The square helix 

Axial ratios 

Mutual impedances 

Wide band properties 


‘The axial-mode helix as aperiodic structure 
Theaxial-modehelix as phase and frequency 
shifter 

The axial-mode helix as a Polarizer and 
parasitic element in 7 applications 

‘The axial-mode helix as a parabolic dish feed 
Array of 2 to 96 helices 

The axial-mode helix on dielectric cylinder 
Conical taper and lat spiral terminations 
Bifilar, Quadrifilar, 4-lobed and normal modes 
Genetic algorithm S-segment helix 


8-1 Introduction 


This chapter deals with difference aspects of helical antenna including its types, basic properties, geometry 
influencing these properties, and different modes of operations. The use of axial mode helix as a frequency 
shifter, polarizer, and parasitic element is studied for number of applications, ts use as a feed antenna and 
in arrays is also explored, Finally the bifilar, Quadriflar, four lobed and normal modes of helix operation аге 
described 


8-2 The Helical 


jeam Antenna! Story by John Kraus 


In 1946, a few months after joining the faculty at Ohio State University, | attended an afternoon lecture on 
traveling-wave tubes by a famous scientist who was visiting the campus. In these tubes an electron beam is 
fired down the inside of a long wire helix for amplification of waves traveling along the helix, The helix ls 
only a small fraction of а wavelength in diameter and acts as a guiding structure. A fter the lecture asked the. 


Alsa calle the uus nose dcl antenna.” The normal, bilar, quadriflar four bed and other modes and other modes are discussed 
later in is chapter 
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Figure 8-1 The first helicakbeam antenna (1946). When | rotated the hand-held dipole. 
probe, there was no change in response, indicating circular polarization. 


visitor if he thought а helix could be used as an antenna. "No," he replied, "I ve tried it and it doesn’t work." 
The finality of his answer set me thinking. If the helix were larger in diameter than in a traveling-wave tube, 
| felt that it would have to radiate in some way, but how, did not know. | determined to find out. 

That evening in the basement of my home wound a seven-turn helical coll of wire 1 X in circumference 
and fed it via coaxial line and ground plane from my 12-cm oscillator (Fig. 8-1]. was thrilled to find thatit 
produced a sharp beam of circularly polarized radiation off its open end. 


Bearing wth 
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Figure 8-2 Helix-and-ground-plane mounted to rotate on the helix axis for current 
distribution measurements along the helical conductor using a loop probe. These were 
important for determining the phase velocity along the helix. (After Kraus (2) and Williamson.) 
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ен! wound ober helices with larger а 
enana gordos noting ее qa 
in erario Adding more uns Now. А 

la 


ES 
еге, resulted in sharper beams. Although в 
my inventon/discovery had come quickly, 
1 realized then that much work would 
be required to understand this remark- o 1 i E i 
able antenna, Actually it took years of 4 % ln by 
extensive measurements and calculations. _ 

My first publication ented “The Hel- Е 
cal Beam Antenna" appeared in the April 23 
1947 issue of Electronics, | followed with 2 2 
many aries, afew withsudentsto whom J 

| had assigned studies of specific proper- 

ties ofthe antenna (K raus-1, 5; Glasser-1; 
Tice), 

The steps taken to unravel the mystery 
ofthe helix went something like this. The 
input impedance was measured and found 
to beessentially resstiveand constant over 
a wide bandwidth, This suggested that the 
helix behaved like a terminated (matched) 
transmission line. This was hard to under- Distance song ne 
standbecausetheopenendofthehelixwas Figure 8-3 Typical measured current distribution 
completely unterminated. New insights (a) ata frequency below the axial mode of operation 
came when we measured the current dis- and (b) at a frequency near the center of the axial- 
tribution along the helix. This we did by mode region. (с) resolution of currents into outgoing 
rotating a helix and its ground plane while and reflected waves. (After Kraus (2) and Willamson.] 
holding a small loop (current probe) under 
thehelical conductor (Fig. 6-2) A ta low frequency (helix circumference about 2/2) there was an almost pure 
standing wave (VSWR — oc) all along thehelix outgoing and reflected waves nearly equal) (Fig. 8-32), but 
asthe frequency increased, the distribution changed dramatically. For a helix circumference of about 1. three 
regions appeared: near theinputend the current decayed exponentially, near the open end there wasa standing. 
wave over а short distance, while between the ends there was а relatively uniform current amplitude (small 
VSWR) which extended over most of the helix (Fig. 8-3b). The decay at the input end could be understood 
as a transition between a helix-to-ground-plane mode and а pure helix mode. The reflection of the outgoing 
wave atthe open end also decayed exponentially to a much smaller reflected wave, leaving the outgoing wave 
‘dominant over mostof the helix (VSWR small). The small VSWR ripple was sufficient, however, to measure 
the relative phase velocity (= 3/20) along the helix, which was useful for an understanding of the radiation 
patterns The current distribution resolved into outgoing and reflected waves is shown in Fig. 8-3c (Kraus (2) 
and Williamson), 

‘Our extensive pattern measurements showed that the end-fire beam mode persists over a frequency range 
of about 2 to 1 centered on the frequency for which the circumferences 1 2, Thus, the diameter | had chosen 
Tor the frst helix | tried was optimum! 

Although the helix s continuous, it сап also be regarded as a periodic structure. Thus, assuming that an 
vum helix is an end-fire array of n sources, | calculated the pattem using the formula (5-13-8) for the 


ы TERT сїй? eee 


Ы 


Dilaree song мна in welts, ky 


We seo ae amore wa E 
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ordinary end-fire condition. Surprisingly, the 
measured helix pattems were much sharper. 
Could the helix be operating in the increased 
directivity condition? 1 calculated patterns for 
this condition sing the formula (5-13-14) and 
obtained good agreement with the measured 
patterns, Furthermore, this condition persisted 
over a wide bandwidth, indicating that the 
phase velocity on the helix changes by just 
the right amount to maintain the increased 
directivity condition, The phase velocity mea 
surements we had made also confirmed tis 
Thus, the helix locks onto the increased 
directivity condition and automatically stays 
locked over the full bandwidth. 

Not only does the helix have a nearly uni- 
form resistive input over a wide bandwidth 
butitalso operates as a “supergain" end-fire 
array over the same bandwidth! Furthermore, 
itis noncritical with respect о conductor size 
and turn spacing. It is also easy to use in 
arrays because of almost negligible mutual 
impedance. 

The helix immediately found wide appli 
cation. | employeditin an array of 96 11-tum 
helices in a radio telescope | designed and 
built with my students in 1951 (Fig. 8-4). 
Operating at frequencies of 200 to 300 M Hz, 
the array measured 50 m in length and had 
а gain of 35 dB. With It we produced some 
of the first and most extensive maps of the 
radio sky (Kraus), Others employed the 
helix over a wide range of frequencies, some 
at frequencies slow as 10 M Hz 

Following Sputnik the helical antenna 
became the workhorse of space communi 
catlons for telephone, television and data, 
being employed both on satelites and 
at ground stations. Many U.S. satellites, 
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Figure 8-4 Radio telescope atthe Ohio State 
University Radio Observatory with array of 96 11-turn 
monoflar axial-mode helical antennas mounted on а 
titable ground plane 50 m long. This array was used 
to make some of the first and most extensive maps 
ofthe radio sky. 


| 
‘Sole pana 
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including its weather satellites, Comsat, Figure 8-5 GPS or GlobakPosition Satelite with array 
Fleetsatcom (Fig. 8-6), GOES (global ervi- of 12 helical antennas. Twenty four of these satellites are 


ronmental satellites), Leasat, GPS (Global 
Position Satellites) (Fig. 8-5), Westar and d 


in elliptical orbits around the earth. From them one сап 
jetermine one's absolute position anywhere on the earth 


tracking and data-relay satellites, all have (latitude, longitude and altitude), and at any time and in 


helical antennas, the latter with arrays of 30. 
Russian satellites also have helical antennas, 


any weather, to a precision of a few centimeters and 
relative position to a few millimeters. 


8-2. The Helical Beam Antenna Story m 


each of the Ekran class satellites being equipped with an array of 96 helical. The helical antenna has been 
carried to the M oon and Mars (Fig. 8-7), It is lso on many other probes of planets and comets, being used. 
alone, in arrays or а feeds for parabolic reflectors, Ив circular polarization, high gain and simplicity making 
itespecially attractive for space applications + 

Thisshortaccount provides brief Introduction to thehelixinwhichsomeof theexperimental and analytical 
steps taken to understand its behavior are outlined. Specifically, the helix can be described as а monofilar 
lone ite) axial-mode helical antenna, 


Figure 8-6 Fleetsatcom geostationary relay satellite with monofilar axial-mode helical 
antennas for transmission and reception with one as the feed for a dish. These satellites provide 
global communications for the U.S. government. (Courtesy TRW Corp, King-1.) 


аттата ае personal accountot his early work on the helical antenna is given by John Kraus in "Big Ear” 1995, Cygnus d 


во. 
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Figure 8-7 Helical beam antenna placed on the Fra Mauro highlands of the moon by the 
Apollo 14 astronauts Alan Shepard, J r, and Edgar Mitchel for radiaing information back to 
earth about conditions there. The helix wire is wound on a thin plastic tube. 
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lical Geometry 


Thebelix is abasic three-dimensional geometric form.  surtace ot imaginary 
A helical wireon auniformcylinderbecomesastraight ^ — maliccyinder 
wire when unwound by rolling the cylinder on a flat 
surface, Viewed end-on, a helix projects as a cir- 
cle. Thus, a helix combines the geometric forms of a 
straight line acircleand a cylinder. In addition a helix 
has handedness it can be either left- or right-handed, 

The following symbols are used to describe a helix 
(Fig. 8-8). 


diameter of helix (center to center) 
circumference of helix = x D 

spacing between turns (center to center) 
pitch angle = arctan 5/ р 

length of 1 turn 

number of turns 

axial length = nS 

diameter of helix conductor 


Thedamete Dand circumference c referto theimaginary " 
inde se sue passes rough me cone De 
Rey concer A abseits а tre dimension 1s 
Moked in ree at wenden Fr one Dal e 
halx damer in Tee space ová re 

| Тт cel hr ural on a fat plane, the 
ron between the spacing з, umi c um leg 
papales ia Murat mean iig $8 

"Th amene oes o a hels are concn rent bys 
ватан spacing carton, asin Fig 6-10 byadranfernce 
Spacing chart On his rat the dimensions ot a ny be 
кеша tern rectangular coordinates by the spacing 5, 
жгне С, nar coordinates Бу belengeh Т 
Tin Land de pin angea. When De pacing szea, иттеме spacing, urn length 

ard e als becomes op On Beate hand when 

FCC 
repress ops wl te sa as repens ne conducto Те атте arto beeen Бе Mo s 
юше gene cs ш te hla 

Suppssetialwehovea Hum hel with atum length of (La = 1). When = 0, Hebels lng 
. ары o La As Depth angles ets he ceumferene deis 
ani the dimensions o! he hea ove along бе La = d curve In Fig 10 nů, when а 00 be ha 
fra sigh conductors oe 

The als menors for vous operational modes are indicated in Fig. 6-1. Reference to these vl be 
maže we proceed trough һе биде 


Figure 8-9 Relation between 
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THE HELIX CHART 
BOUNDED BY LOOPS AND LINEAR CONDUCTORS 


Pitch angle, « 
e 15 w 


Tum length 


Ns 


i 
А 
8 


“ 
e 


Circumference in wavelengths, Cı 


lar mode —— Qusritiar mode 
(Patton) (Kilgus) 
más) 15 


1 


їз um engin] 
[n 
L [rro op ingar conductor 


3 18 12 i14 16 18 20 
spacing in wavelengths, Sa 


Figure 8-10 Helix chart showing the location of different modes of operation as a function. 
of the helix dimensions (diameter, spacing and pitch angle). As a function of frequency the helix 
moves along a line of constant pitch angle. Along the vertical axis the helices become loops 

and along the horizontal axis they become linear conductors. The 4-lobed, quadrifiar, billar and 
normal modes are discussed in Chap. 9, Part II. PointC is а biflar mode location (see Sec. 8-25). 
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8-4 The Helix Modes 
The modes of helix can be described in the following two ways: 


ee Transmission (T) Mo 
it describes the manner in which the electromagnetic wave propagates along an infinite helix as though the 
helix constitutes an infinite transmission line or waveguide. A variety of different transmission modes are 
shown in Fig. 8-11, The parameters used in this figure have been defined in connection with the helical 
geometry (8-3). In view of the mode order, T is the lowest mode wherein the charges are separated by 
several turns. Т, is a higher mode than Ta and the charges are separated by only one tum. The modes 72, 
et., are still higher modes. In 72, charges change thelr polarity twice in one turn or are separated by 90°, 
in Ts by 60° and in Tn by zm degrees where m is the order of the mode. The charge distribution for some 
of the higher modes is also shown in Fig. 8-11, 


G-4b Radiation (R) Mode 


Itdescribes the general form of the far fied pattern of a finite helical antenna. Though there is а possibility of 
many R modes, but the following two modes have higher significance. 

1. Normal or omni mode of radiation is denoted by Ro in which the radiation beam is perpendicular to the 
helix axis. 

2. Axial or beam mode of radiation is denoted by r in whsich the radiation beam is parallel to the helix 
axis 


(a) To mode 
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Figure 8-12 


Both of these modes areshownin Fig. 8-12 (a and b).Asillustrated in Fig. 8-12 (cand d) both transmission 
and radiation modes may also be specified, 


8-5 Practical Design Considerations for the Monofilar Axial-Mode Helical 
Antenna 


Before analyzing the many facets of the antenna individually, an overall picture will be given by describing 
the performance of some practical designs. 

Themonofilar axial-mode helical antennais very noncritical and one ofthe easiest of all antennas to build 
Nevertheless, attention to details can maximize Ив performance. 

‘The important parameters are 


1. Beamwidth 
2. бап 

3. Impedance 
4, Axial ratio 


Gain and beamwidth, which are interdependent [G x (1/HPBW?)], and the other parameters are all 
functions of the number of turns, the turn spacing (or pitch angle) and the frequency. For a given number of 
turns the behavior of the beamwidth, gain, impedance and axial ratio determines the useful bandwidth. The 
nominal center frequency of this bandwidth corresponds to a helix circumference of about 1 à (C; = 1). For 
a given bandwidth to be completely useful, all 4 parameters must be satisfactory over the entire bandwidth. 

The parameters are alsa functions of the ground plane size and shape, the helical conductor diameter, the 
helix support structure and the feed arrangement. he ground plane may be flat (either circular or square) with 
a diameter or side dimension of at least 32/4 or the ground plane (launching structure) may be cup-shaped 
forming a shallow cavity (Fig. 8-13) or replaced by loops (Sec. 8-4) 

A two-turnflush-mounted design described by Bystrom (1) and Bemsten for aircraft applications is shown 
in Fig. 8-13c. These authors found that two turns are required to obtain satisfactory pattern and impedance 
characteristics but that no significant Improvement is obtained with a deeper cavity and a larger number of 
turns since the size of the aperture opening remains the same (like an open-ended cylindrical waveguide). 

‘Thedeep conical arrangement of Fig 8- 13d iseffectivein reducing hes de and back-loberadiation [Carver 
(1-21]. Launching a wave on the helix may also be done without а ground plane using loops (Sec. 8-8) or to 
produce a back fire beam for a dish feed as in Fig. 8-6. 

Conductor size is not critical (Tice-1) and may range from 0.005 2 or less to 0.05 à or more (Fig. 8-14). 
The helix may be supported by a few radial insulators mounted on an axial dielectric or metal rod or tube 


je McGraw-Hill Compani 


8-5 Practical Design Considerations forthe Monoflar Axl Моде Helical Antenna Ed 


а- Zn 


— _ 


— 
a o 
А 
7 I 
: 
(by (d) 
(га) tc) 


jure 8-13 (a) Monoflar axial mode helical antenna on fat ground plane and (b in shallow 
cupped ground plane (see also Fig. 8- 18c). (c) General-purpose flush-mounted two-turn 
monoflar axial-made helical antenna with taper feed for matching to a 50-0 coaxial ne (after 


Bystrom (1) and Bernsten) (see also Fig. 8-18a and b). (8) Deep conical ground-plane 
enclosure for reducing side and back lobes. (After К. R. Carver (1, 2)). 


Figure 8-14 Peripherally fed monofilar axial-mode helical antennas with helix conductors of 
0.055, 0.017 and 0.0042 > diameter at center frequency of 400 MHz for determining effect of 
conductor diameter on helix performance. Only minor differences were measured. (After 


Tk. Tce (1) and J. D. Kraus.) The 0.055 » diameter tubing (4.1 cm diameter) is about the 
largest size which could be bent to the radius of 11 cm Ha) 
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whose diameter isa few hundredths of a wavelength, by one E 

or more longitudinal dielectric rods mounted peripherally - 
(secure direct t the helical conductor) or by a tina A = 
dielectric tube оп which Be helix is wound. With the late = V 


arrangement the operating bandwidth is shifted to lower fre- 
quencies so that for a given frequency the antenna is smaller. 
Several of these mounting arrangements are illustrated in 


Fig. 8-18 000000 O © 
The helix may be fed axially, peripherally or from any 


convenient location on the ground-plane launching structure 
with the inner conductor of the coaxial line connected to the = 


hal andthe outer conductor bonde to the rund plane, Ow 
eee, . 


within 20 percent by 


wa a (2) Figure 8-45 Monoflar ханове 

име ith peripheral feed Baker (1) le ts value ibm Neal antenna supported by axial- 

mpna radial insulators (a), by four peripheral 
150 dielectric rods secured to the helix (b) 


= (2 and by a dielectric tube on which the 


helix is wound (c). 


These relations have the restrictions that 0.8 
12.1 < æ < 14° andn > 4. 

With а suitable matching section the terminal impedance (resistive) can be made any desired value from 
less than 50 Q to more than 150 fl. Thus, by bringing the last f fim of the helix parallel to the ground plane. 
in a gradual manner, а tapered transition between the 140- o 150-9 helix impedance and a 50- coaxial 
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Figure 8-16 (a) Gradually tapered transition from helix to coaxial Ine with detalled cross 
section at (b). 
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сирей rond plane 
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Figure 8-16 (c) Typical peripherally fed monoflar axial-mode helical antenna with cupped 
‘ground plane matched to a 50-2 coaxial transmission line as in Fig. 8-16a and b. The turn 
spacing S = 0.225 2 and the circumference C = 4 at the center frequency. The relative phase 
velocity p changes automatically by just the right amount to lock onto end-fire (4 = 0°) with 
supergain over a frequency range of about one octave. Typical dimensions of the cupped 
‘ground plane are a = 0.75 à and b = a/2 at the center frequency. 


line can be readily accomplished. This can be done with either axially or peripherally fed helices but is mare 
convenient with a peripheral feed. Details of a suitable arrangement are shown in Fig. 8-16 and b. 

As the helix tubing is brought close to the ground plane, it is gradually fattened until it is completely flat 
atthe termination, where tis spaced from the ground plane by a dielectric sheet (or slab). The appropriate 
height (or thickness of the sheet) is given by 


h = a 


PIT 


where 
w = width of conductor at termination. 
A = height of conductor above ground plane (or thickness of dielectric sheet in same units as w 
s, = relative permittivity of dielectric sheet 
Zo = characteristic impedance of dielectric sheet 


EXAMPLE 8-8.1 If ће flattened tubing width is 5 mm, find the required thickness of a polystyrene 


sheet (er = 2.7) for matching to a 50-0 coaxial transmission line. 
m Solution 
From (3), 


5 


ye -19 
"privi 8" 


A typical peripherally fed monoflar axial-mode helical antenna with cup ground-plane launcher matched 
to a 50-0 line, as in Fig. 8-162 and b, is shown in Fig. 8-16c with dimensions given in wavelengths at 
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Figure 8-17 Dielectric-member-supported monoflar axia-mode helical antenna with fat 
circular ground plane. The pitch angle is 12.5°. The axial feed is direc from a 150.0 coaxial 
cable (no matching section required). The conductor tubing is 0.02 à in diameter. Note that the 
реп grid of the ground plane has both circular and radial conductors. Both are essential. (Bult 
by Kraus.) 


the center frequency for which C, = 1. Support may be an axial rod with radial insulators or one or more 
peripheral rods (Fig. 8-15 and bi. 

A monofilar xlal-modehelica antenna with fat circular ground planeand supported by dielectric members 
is shown in Fig. 8-17 and one with cupped ground plane supported by a dielectric cylinder is illustrated in 
Fig. 8-18. 

Measured patterns of a ur helix as a function of frequency are presented in Fig. 8-19 and patterns at 
the center frequency (С, = 1) as a function of length (number of turns) are shown in Fig. 8-20 

Based on alarge number of such pattern measurements K raus made during 1948 and 1949, the beamwidths 
were found to be given by the following quasi-empirical relations, 


52 
HPBW (half-power beamwidth) g — (deg [7 
ns 
i = 5) 
BWEN (beamwidth between firstnulls) = Ê — (deg С] 


The HPBW as given by (4) is shown graphically in Fig. 8-21. Dividing the square of (4) into the number of. 
square degrees in a sphere (41,253) yields an approximate directivity relation: 


D=15C%n8, (6) 


Т штей that the pattems of both field components are of the same shape and are hel fate around бе helix axis 
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Figure 8-18 Thin-vallplastc-cylinder supported 6}-turn monoflar axial mode helical 
antenna wit solid metal cupped ground plane. Feeding is via a matching ranston from a 50.0 
Cable connected through a fing mounted on the back of the cup ground plane ata point 
between the plastic cylinder and the ip of the cup. The helix is a Rat metal strip bonded to the 
plastic cylinder. The stip width is 0.03 3 (equivalent o a 0.015 diameter round conductor) 
The pitch ange is 12.8 Bui by the author for UHF TV band operation with VSWR < 2 fom 
channel 25 to 83 (524 to 890 MHz) and less than 1.2 from channel 27 to 75 (548 to 842 MHz). 


C= 85 C,- 97 C, -1.09 C,-122 
380 mz 400 MHz 450 MHZ 500 MHz 


jure 8-19 Measured field patterns of monoflar axial-mode helical antenna of 6 turns and 
14° pitch angle. Patterns are characteristic of the axial mode of radiation over a range of 
circumferences from about 0.73 to 1.22 à. Bath the circumference and the frequency (in 
megahertz) are indicated. The solid patterns are for the horizontally polarized field component 
(E) and the dashed for the vertically polarized (Ev). Both are adjusted to the same maximum. 
(After Kraus.) 
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Figure 8-20 Effect of number of turns on measured field patterns. Helices have 12.2" pitch 
angle and 2, 4, 6, 8, 10 turns. Patterns shown are average of measured E, and E, patterns. 
(After Kraus.) 


‘This calculation disregards the effect of minor lobes and the details of the pattern shape. A more realistic 
relation is 


іму D> Des, m 


Restrictions are that (4) to (7) apply only for 08 < Ca < 1.15, 12° < a < 14° andn > 3 

The measured gains of K ing (1) and Wong for 12.8° monofilar axial-mode helical antennas are presented 
in Fig. 8-22 as a function of helix length (Lı. = n5) and frequency. A though higher gains are obtained by 
an increased number of turns, the bandwidth tends to become smaller, Highest gains occur at 10 to 20 percent 
above the center frequency for which C, = 1. Although the gains in Fig. 8-22 tend to be less than calculated 
from (7), they were measured on helices with 0.08). diameter axial metal tubes 

Although pitch angles as small as 2°, as noted by M ас ean (1) and Kouyournjian, and as large as 25°, as 
noted by Kraus, can be used, angles of 12° to 14° (corresponding to turn spacings of 0.21 to 0.25 at C, = 1) 
are optimum. K ing and Wong found that on helices with metal axial tubes, smaller pitch angles (near 12°) 
resulted in a slightly higher (1 dB) gain but a narrower bandwidth than larger angles (near 14°) 

Turing to other parameters, the pattern, axial ratio and impedance (V SWR) performance as a function of 
frequency for а 6-tum, 14° pitch angle monofilar axial-mode helical antenna are summarized in Fig. 8-23. 
This is the same antenna for which the pattems are shown in Fig. 8-19, The half-power beamwidth is taken 
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Figure 8-21 Half-power beamwidth of monofilar axial-mode helical antenna as a function of 
the axial length and circumference in free-space wavelengths and also as a function of the 
number of turns for C, = 1.0 and æ = 12.5* (lower scale). (After Kraus.) 


between half-power points regardless of whether these occur on the major lobe or on minor lobes. This def- 
inition is arbitrary but is convenient to take into account a splitting up of the pattern into many lobes of large 
amplitude at frequencies outside the beam mode. Beamuidths of 180° or mare are arbitrarily plotted as 180°. 
The axial ratio is the value measured in the direction of the helix axis, The standing-wave ratio is the value 
measured on a 53-92 coaxial line. A transformer section 4/2 long at the center frequency is located at the 
helix terminals to transform the terminal resistance of approximately 130 to 53 ©. Considered altogether, 
these pattern, polarization and impedance characteristics represent remarkably good performance over a wide 
frequency range for a circular y polarized beam antenna, 

The onset ofthe axial mode at a relative frequency of about 0.7 is very evident with axial-mode operation, 
‘extending from this frequency over at least an octave for VSWR and axial ratio and almost an octave for 
pattern, 
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Figure 8-22 Measured (dashed) gain curves of monoflar axia-mode helical antennas as а 
function of relative frequency for different numbers of turns for a pitch angle of a = 12.8". (After 
Н.Е. King (2) and J. L. Wong) Calculated (sold) gain curves are also shown for different 


numbers of turns. 
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Cireumterence. C, 
Figure 8-23 Summary of measured performance of 6-turn, 14° monofilar axial-mode helical 
antenna. The curves show the НРВ\ for both field components, the axial ratio and the VSWR 
оп a 53-0 line as a function of the relative frequency (or circumference C; ) Trends of (relative) 
resistance R and reactance X are shown in the VSWR inset. Note the relatively constant R and 
small X for С; > 0.7. (After Kraus.) 


Axial ratio = (2n + 1/7 в 


Where n = number of turns 


EXAMPLE 8-5.2 16-Turn Helical Beam Antenna 
A 16-turn helical beam antenna (Fig. 8-24) has a circumference of 2, and turn spacing of 2/4, What is 
(a) HPBW, (5) axial ratio, (c) gain and (d) power pattern? 


m Solution 
The helix can be represented by an end-fire array of point sources spaced 2/4 with one source for each 
turn. For an ordinary end-fire array the phasing between sources is -90 and the fields from all sourcesadd 
in-phase on axis, The helical beam antenna or axial-mode helix, however, "self-programs" the phasing to 
3 = —10125° and the fields do NOT add in-phase BUT the beam is sharper and the GAIN IS HIGHER. 
Furthermore, this improvement is maintained over an almost 2-to-1 bandwidth. 

(а) From (8-3-4) HPBW = 26° — Ans 

(b) From (8-3-8), AR = 33/32 = 1.03 or only 3 percent from perfect circular polarization 

(c) Gain = 15.4 dBi from pattern integration. 

(d) The pattem is shown in Fig. 8-24. 


Figure 8-24 16-turn helical beam antenna and its power pattern 
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EXAMPLE 8-5.3 Design of Quad-Helix Earth Station Antenna 
Figure 8-25 shows an array of four right-handed axial-mode helical antennas for communication with 
satellites, Since the fields hug the helixes, there is minimal coupling or "cross talk” between adjacent 
helixes and the terminal impedance of each helix is approximately 50 < in the array, the same as when 
used alone. 

Determine (a) the best spacing based on the effective apertures of the helixes, (b) the directivity of the 
атау, and (c) connections for feeding ай helixes equally and in phase, 


M Solution 
The directivity of an arial-mode helix with circumference equal to A at the center frequency is 
approximately 

D=125, 
Where m = number of turns and 5, = spacing between turns in wavelengths, 

For each helix in the атау, n = 10 and S, = 0.236. Thus, 

D=12x 10 x 0236 = 283 
The effective aperture of each helix is then 
D 283 
De ے 2833 ے‎ 22512 
dr d. 


This is the area of a square equal to /775 = 1.5 A on a side. Therefore, a spacing between helixe of 
15 A isappropriate For a smaller spacing, the effective apertures of adjacent hetixes overlap, decreasing. 
the gain. А larger spacing does not increase the total aperture or the gain and may introduce grating lobes 
Ans. (a) 


n 


Tapered 
пазар 
ме 


Strip Ine on dielectric 
| Substrate on back sido of 

‘ground plane supporting 
— helix атау 


(a) (b) 
Figure 8-25 (a) Earth station with quad-helix array. (b) Strip-line feed. 
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at 15 2 spacing the four helixes have a total effective aperture of 225 х 4 = 922 for ап array 
directivity of 


1300548) ans b) 


A strp-line feed system is shownin Fig. 8-25b, which has 50- to 200-0 tapered transitions joined to match 
a 50-0 line, The tapered transitions have wide bandwidths which preserve the wide 2-to-1 bandwidth of 
thehelixes. ans (с) 


8-6 Helic: 


Beam Antenna With Loops Replacing the Ground Plane 


Although the helical beam antenna or axial-mode helix is conveniently fed with a ground plane, it may be fed 
by two loops (replacing the ground plane) as shown in Fig. 8-26 (Kraus-7). 


A 


= A 


jure 8-26 Ten-turn axial-mode helix with two loops instead of ground plane. Loop 1 is at 
the feed point (see inset). Loop 2 is 2/3 to 1/2 from the feed point 


8-7 Dipole Arrays with Parasitic Elements 


O | | 
all elements were driven, tatis supplied with power i 
constructed with "parasitic elements" in which cur- 
о NC знао 
СИН 


Although the helix can be used as а parasitic ele ъё е 
ment (Sec 10-9), this section discusses dipoles as the element 
parasitic elements. xXx 

Let us consider the case of an array in free space h 


consisting of one driven 2/2 dipole element (ele 
ment 1) and one parasitic element (element 2), as Figure 8-27 Array with one driven 
in Fig. 8-27, The procedure follows that used by dipole element and one parasitic element. 
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Brown (1). Suppose that both elements are vertical so that the azimuth angle ¢ is as indicated. The circuit 


relations for the elements are 


neu hin 
0= h in 


From (2) the current in element 2 is 


MAL VA 


A 
naia а 
E 
NES 
DE 
heret = + ry = min which 
tn = wan SB 
т 


Xn 
n = arctan 32 
s Ra 


where 


Ез + JXıa = Zi = mutual impedance of elements 1 and 2, © 
Raz + jXa = Z = self-impedance of the parasitic element, © 


The electric field intensity at a large distance from the array as а function of Is 


Et) = k(n + n сд) 


> 


where d, = jd 
Substituting (4) for fin), 


(+ sa ee) 


Solving (1) and (2) for the driving point impedance Z of the driven element, we get 
212 Zl e 


u- 7 
Zu Wal Za 


The real part of Z1 is 


Еф 


25 
= Ry cos, — a) 
Za 


Adding a term for the effective loss resistance, if any is present, we have 


zl 
= Ru + Ru e coss = 12) 


a 
a 


a 


“Y 


С] 


(6 


m 


(© 
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For a power input P to the driven element, 


(20) 
(AR A/A ja — a ! 


and substituting (10) for л, in (6) yields the electric field intensity at а large distance from the array as a 
function of œ. Thus, 


[ 7 ES 
E i= тшк ЫШ t +d, cos ш 
O Re Rin = Za] Zu ess — a) Za Leta cose) ) 


Fora power input P to a single vertical 2/2 element the electric field intensity at the same distance is 


Бад = kla =k a2) 
where 

Rog = self-resistance of single 4/2 element, © 

Ro. = loss resistance of single /2 element, 2 


The gain in field intensity (as a function of 9) of the атау with respect o a single > /2 antenna with the same 
power input is the ratio of (11) to (12). Since Rao = Ru and letting Roz = Riz, we have 


LEX qe 
| 1+ [22 Zê +d, cos ) 13 
] VRT ala * | LE ese, 3) 


If Zaz is made very large by detuning the parasitic element (e by making X; large), (13) reduces to unity, 
that is to say, the field of the array becomes the some as the single 2/2 dipole comparison antenna 

Ву means of a relation equivalent to (13), Brown (1) analyzed arrays with а single parasitic element for 
various values of parasitic element reactance (X22) and was the first to point out that spacings of less than 
2/4 were desirable 

The magnitude of the current in the parasitic element and | 


ив phase raion to the curent In the dien element depends 
on fts tuning. The parastie бетеп may have a ed length of 
272 the tuning being accomplished by Inserting a lumped reae- 
füceinseres with the antenna atts center pont Alternatively, | raion 


Maximum 


the parasitic element may be continuous and the tuning accom- 
plished by adjusting the length, This method is often simpler in 
practicebutis more diffcultof analysis, When the /2 parasitic пелед Driven 
element is inductive (longer than its resonant length) it acts == 
asa reflector. When itis capacitive (shorter than 5 resonant Figure 8-28 Three-element aray. 
length) itacts asa director. 

Arrays may be constructed with both a reflector and a director. A three-element array of this type is shown 
in Fig. 8-28, one parasitic element acting as a reflector and the other as a director. The analysis for the 
three-element array is more complex than for the duo element type treated above. 


Director 


From Fig. 12-5, we rate that the reactance of a thin linear deren varies rapidly as a function of frequency when is ant is about 
% going from positive (inductive) reactance through zero reactance resonance to negative (capacitive) reactance values asthe length 
reduced 
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Experimentally measured field patterns of a horizontal three-element array situated 1 à above a square 
horizontal ground plane about 13, on a side are presented in Fig. 8-29. The element lengths and spacings 
are as indicated, The gain at a = 15° for this array at a height of 1 à. is about 5 dB with respect to a single 
3/2 dipole antenna at the same height The vertical plane pattern is shown in Fig. 8-29a. It is interesting 
to note that because of the finite size of the ground plane there is radiation at negative elevation angles. This 
phenomenon is characteristic of antennas with finite ground planes, the radiation at negative angles being 
largely the result of currents on the edges of the ground plane or beneath it. The azimuthal patterns at elevation 
anglesa = 10, 15 and 20° areshown in Fig. 8-29b. A parasitic атау ofthis type with closely spaced elements 
has a small driving-point radiation resistance and a relatively narrow bandwidth. 


| 


O 


Figure 8-29 Measured vertical plane pattern (a) and horizontal plane patterns (b) at three. 
elevation angles for a three-element array located 1 + above a large ground plane. (Patterns by 
D.C. Cleckner, Ohio State University.) 


Shintaro Uda, an assistant professor at Tohoku U niversity, had not turned 30 when he conducted experiments 
оп the use of parasitic reflector and director elements in 1926, This led to his publication of a series of 11 
articles (from M arch 1926 to July 1929) in ће ошта! of the Institute of Electrical Engineers of Japan tiled 


CCF 
another, he gain as a function of devation angle ata given height (or as a function of height ata given dation angle) may, in general, 
fange from zero to infinity. 
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Figure 8-30 Shintaro Uda's experimental antenna with 1 reflector and 7 directors on the roof 
of his laboratory at Tohoku University for vertically polarized transmission tests during 1927 and 
1928 over land and sea paths up to 135 km using a wavelength 2 = 4.4 m. The horizontal 
‘wooden boom supporting the array elements is 15 m long 


"On the Wireless Beam of Short Electric Waves." (Uda-1). He measured patterns and gains with a single 
parasitic reflector, a single parasitic director and with a reflector and as many as 30 directors. One of his 
many experimental arrays is shown in Fig. 8-30. He found the highest gain with the reflector about 2/2 
in length and spaced about 2/4 from the driven element, while the best director lengths were about 
10 percent less than 4/2 with optimum spacings about 2/3. Even though many patterns were measured in the 
near field, these lengths and spacings agree remarkably well with optimum values determined since then by 
further experimental and computer techniques. A fter George Н. Brown demonstrated the advantages of close 
spacing, the reflector-to-driven-element spacings were reduced, 
Hidetsugu Yagi, professor of electrical 

engineering at Tohoku University and 10 
years Uda's senior, presented a paper with 
Udaatthe Imperial Academy on the Projec 
tor of the Sharpest Beam of Electric Waves 

in 1926, and in the same year they both pre- Das 
sented a paper before the Third Pan-Pacific — ! EE 
Congress п Tokyo titled "On the Feasibility 
of Power Transmission by Electric Waves.” 
The narrow beams of short waves produced со Daven 


1 


by the guiding action of the multiirector == 

periodic structure, which they called a "wave Figure 8-31 Modern-version 

canal,” had encouraged them to suggest 6-element Yagi-Uda antenna with 

using it for short-wave power transmission, dimensions. thas a maximum directivity 
an idea now being considered for beaming of about 12 dBi at the center of a 

solar power to the earth from a space station bandwidth of 10 percent at half-power. 


or from earth to a satellite, 

Itis reported that ProfessorY agi had received a substantial grant from Sendal businessman Saito Zenuemon 
which supported the antenna research done by Uda with Yagi's collaboration. Then in 1928 Yagi toured the. 
United States presenting talks before Institute of Radio Engineers sections in New York, Washington and 
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Hartford, and in the same year Yagi published his now famous article on "B eam Transmission of Ultra Short 
Waves” in the Proceedings of the IRE (Yagi-1). A though Yagi noted that U ба had already published 9 papers 
on theantenna and acknowledged that U da's ingenuity was mainly responsible for its successful development, 
the antenna soon came to be called "a Yagi.” In deference to U da's contributions, we refer to the array as а 
Yagi-Uda antenna, a practice now becoming common. U da has summarized his researches on the antenna in 
two data- packed books (Uda+2, 3). 

A typical modem-version 6-elementYagi-U da antenna is shown in Fig. 8-31. It consists of a driven element 
(folded à/2 dipole) fed by a 300-0 2-wiretransmission line (twin line), a reflector and 4 directors. Dimensions 
(lengths and spacings) are indicated on the figure. The antenna provides a gain of about 10 481 (maximum) 
with a bandwidth at half-power of 10 percent. By adjusting lengths and spacings appropriately (tweeking), 
the dimensions can be optimized, producing an increase in gain of another decibel (Chen-1, 2; Viezbicke-1) 
However, the dimensions are critical 

The inherently narrow bandwidth of the Yagi-Uda antenna can be broadened to 1.5 to 1 by lengthening 
the reflector to improve operation at low frequencies and shortening the directors to improve high-frequency 
‘operation. However, this is accomplished at a sacrifice in gain of as much as 5 dB. 


EXAMPLE 8-8.1 Yagi-Uda 1.5 Array 
For the 1.5 à array of Fig. 8-31, whats (a) HPBW, (5) axial ratio, (c) gain and (4) the pattern? 


m Solution 
(a) HPBW = 44° in plane of elements, HPBW = 64° in plane perpendicular to elements (from pattern) 
(b) AR = infinite (pure linear polarization). 

(9 бап = 9.4 dBi by pattem integration. 

(8) Pattern is shown in Fig. 8-32. 


Figure 8-32 Power pattern of the Yagi-Uda атау of Fig. B-31. The narrower pattern is in 
the plane of the elements. 


The polyrod antenna, as shown in Fig. 3-9, is another type of end-fire antenna, It may be regarded as an 
extended lens and is discussed in Chap. 10 with lens antennas. 
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8-9 Axial-Mode Patterns and the Phase Velocity of Wave Propagation on 
Monofilar Helices (Kraus-4) 


As a frst approximation, а moroflar (single conductor helical antenna radiating in the axial mode may be 
assumed to havea single aval wave of uniform amplitude along its conductor. By the principle! pate 
multiplication, he far-field pattern of aha is the product of the patter for 2 turn and the pattern for an атау 
Of isotropic point sources asin Fig. 8-33. The number n equals he number of ums The spacing S between 
sources is equal to the tum spacing, Wen the һе Is long (aj nS, > 1), е aray pater much sharper 
than he singe ur pattem and ence ату 
‘determines te shape of te tta facek ра 
tem Hence the approximate far field pater of 
along helix isglven by hearay patr Assum. ey 
Ingnow tathefa-iddvaratonisqvenby the 4 1 
array pattern or factor and that the phase differ- 17-7874 б 6 T e 
ce between sources of hera f a lo е Figure 8-33 Атау of isotopic sources, each 
phase shift over 1 turn length L; for a single n 
traveling wave, itis possible to obtain a simple, S0UrCE representing 1 turn of the helix. 
approximate expression or he phase velocity required to produce ака тобе radiation. This value of phase 
lot sten used in patter calculalons 

The ата patem or апау factor E for an атау of n Isotropic point sources arranged as in Fg. 8-33 is 
aivenby (513-8) Thus 


sin(ny/2) 


To distant 
point 


EOS a) 
umber of sources and 
5,с05ф+8 (2) 
where s, = 215/2. 
In the present case, (2) becomes 
b 
+ =2) - $) a 


where p = w/e = relative phase velocity of wave propagation along the helical conductor, v being the phase 
velocity along the helical conductor and c being the velocity of light in free space 

If the fields from all sources are in phase at а point on the helix axis (¢ = 0), the radiation will bein the 
axial mode, For the fields to de in phase (ordinary end-fire condition) requires that 

W= -2m 4) 

where m =0,1,2,3, 

The minus sign in (4) result from the fact that the phase of source 2 is retarded by 2л L /р with respect 
to source 1. Source 3 is similarly retarded with respect to source 2, et. 

Now putting ф = 0 and equating (3) and (4), we have 


aS, +m 5 


e have the relation 
or L- 


(6 
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This is an approximate relation between the turn length and spacing required for a helix radiating in the axial 
mode. Since for a helix L = a2 D? + S^, (6) can be rewritten as 


D, VB +1 m 


Equation (7) is shown graphically by the curve marked C, = Nc NT in Fig. 8-10. The curve defines 
approximately the upper limit of the axial- or beam-mode region 

When m = 1, (5) is appropriate for a helix operating in the first-order (73) transmission mode. When 
m = 2, (5) is appropriate for the Т; transmission mode, ec. A curve for m = 2 is shown in Fig. 8-10 by 
the line marked С, = 2/3, FT. Hence, m corresponds to the order of the transmission mode on a helix 
radiating a maximum field in the axial direction. The case of particular interest here is where m = 1. 

‘The case where m = Û does not represent a realizable condition, unless р exceeds unity, since when m = 0 
and p =1 in (5) we have L = S. This is the condition for an end-fire array of isotropic sources excited by а 
straight wire connecting them (a = 90°). However, the field in the axial direction of a straight wire is zero so 
that there can be no axial mode of radiation in this case 

Returning now to a consideration ofthe case where m 


1and solving (5) for p, wehave 


la 
aces’ © 
From he engl of Fig. 8-9, (8) cn also be expressed as 
— o 


Sina esa 


Equation (9 gives the required variation in the relative phase velocity p as a function of the circumference 
Cı for in-phase fields in the axial direction. The variation for helices of different pitch angles is illustrated 
in Fig. 8-34, These curves indicate that when a helix is radiating in the axial mode (3 < Cı < £) the value 
of p may be considerably les than unity. This is bore out by direct measurements of the phase velocity. 
In fact, the observed phase velocity is found to be slightly les than called for by (8) or (9), Calculating the 


TE 
Ы — 
Mm E 
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: LT 

a 
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Figure 8-34 Relative phase velocity p for different pitch angles as a function of the helix 
'umference C, for the condition of in-phase fields in the axial direction. 
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array pattern for a T-tum helix using values of p from (8) and (9) yields patterns much broader than observed. 
The p value af (8) or (9) corresponds to the ordinary end-fre condition discussed in Chap. 6. If the increased. 
directivity condition of Hansen and Woodyard is presumed to exist, (4) becomes 


ж=-(ит+®) 
Now equating (10) and (3), puting ¢ = 0 and solving for p we have 

P= rm + Om ш 
For the case of intrest т = 1 and 

p 

PFA + DP] i 

For large values of n, (12) reduces to (8), Equation (12) can also be expressed as 
1 
— ноуву a» 


FF 
Using р as obtained from (12) or (13) to calculate the array factor yields pattems in good agreement with 
measured pattems. The p value from (12) or (13) also is in closer agreement with measured values of the 
relative phase velocity, Hence, it appears that the increased directivity condition is approximated as a natural 
condition on helices radiating in the axial mode 

Another method of finding the relative phase velocity p on helical antennas radiating in the axial mode is 
by measuring the angle o at which the first minimum or null occurs in the far-field patter, This corresponds 
to the first null in the атау factor, which is at vp (see Fig. 5-34). Then in this case (4) becomes 


W = (em + do) 04) 
Now equating (14) and (2) and puting m = 1 and solving for p, we have 
La 
„ as 


50050 FLF (00/20) 

Three relations for the relative phase velocity p have been discussed for helices radiating in the axial mode 
with transmission in the 7; mode. These are given by (9, (23) and (15) 

A fourth elation for pappropriateto the Ту and higher-order transmission modeson infinite helices has been 
obtained by Bagby (1) by applying boundary conditions approximating a helical conductor to a solution of t 
general wave equation expressed in a new coordinate system Һе called "helicoidal cylindrical coordinates 
Bagby' solution is obtained by applying boundary conditions to the two points с and d in Fig. 8-35. His 
value of the relative phase velocity Is given by 

E 
"cosa SN LÀ 


where 
тл) 


AR = e ER T RET 


an 


Ttisto be notad that, as becomes large, hs elation (13) for increased directivity reduces to (9, 
2 The айа made regian is shown by the shaded [y area în Fig. 8-10. Hele with dimensions in this region radiate in the axial 
(moda and (9), oe more prap (13) applies, Outs de tis region these equations generally o rot apply. 


where 
m = order of transmission mode (= 1.2.3,...) 


(m0) 
R = radius of helix cylinder 
vež- are 
Constant 
Bessel function of argument ix 


The variation of p as a function of C, for a 13" 
helix as calculated by (16) and (17) for the case m = 1 
is illustrated by the curve A1 In Fig, 8-36.A curve for 
the 7; transmission mode (т = 1) as calculated for the 
in-phase condition from (9) is shown by By, A curve 
for the increased directivity condition on a 13°, -tum 
helix, with m = 1, is presented by C1. 

Curves for the T transmission mode for each of 
the three cases considered above are also presented in 
Fig, 8-36. In addition, a curve of the measured rela- 
tive phase velocity on а 13°, tum helix is shown for. 
circumferences between about 0.4 and 1.5 2. It is to 


Figure 8-35 
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Figure 8-36 Relative phase velocity p as a function of the helix circumference C, for 
13" helices. The solid curve is measured on a 13°, 7-turn helix. Curves Ay and А; are as 
calculated by Bagby for Tı and Tz transmission modes on an infinite 13° helix. Curves By and 
В; are calculated for in-phase fields and curves C and C for increased directivity for T and T; 
transmission modes. Curve D is from data by Chu and Jackson as calculated for the 


To transmission mode. (After Kraus.) 
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be noted that in the circumference range where the helix is radiating in the axial made (3 < C, < $), the 
increased directivity curve, of the three calculated curves, lies closest to the measured curve? T he measured 
curve gives the value of the total or resultant phase velocity owing to all modes preset (1. Ti, tc. saver 
aged over the region of thehelix between the third and sixth turns from the feed end, The vertical lines indicate 
the spread, if any, in values observed at one frequency. In general, each transmission mode propagates with 
a different velocity so that when waves of more than one transmission mode are present the resultant phase 
velocity becomes a function of position along the helix and may vary over a considerable range of values 
[Marsh (1] When ¿ < С, < $ the phase velocity as measured in theregion between the third and sixth turns 
corresponds closely to that ofthe 7, transmission mode. The Ta mode s also present on the helix but is only 
important near he ends. When the circumference C, < 3, the Ta mode may be obtained almost alone over 
the entire helix and the measured phase velocity approaches that for a pure Tp mode indicated by curve D in 
Fig. 8-36, based on data given by Chu (1) and Jackson. This curve indicates that at small circumferences the 
relative velocity of a pure To mode wave attains values considerably greater than that of Tight in free space 
ALC) = $, curve D has decreased to a value of nearly unity, and if no higher-order transmission mode were 
permissible, the phase velocity would approach that of light for large circumferences However, higher-order 
modes occur, and, when C; exceeds about 2, the resultant velocity drops abruptly, as shown by the measured 
curve in Fig. 8-36. This change corresponds to a transition from the 7 to the 7 transmission mode. For a 
circumference in the transition region, such as 0.7 2, both y and Ту modes are of about equal Importance. 

When C; is about or somewhat more, the measured phase velocity approaches а value associated with 
ihe Ty mode. As C: increases further, the relative phase velocity increases п an approximately linear fashion, 
agreeing most closely with the theoretical curve for the Increased directivity condition (curve C1). When C; 
reaches about $, а still higher order transmission mode (7) appears to become partially effective, causing 
further dips in he measured curve. However, the radiation may по longer be in the axial mode. 

The formulas given for helical antennas operating in the first-order transmission mode (m = 1) are 
summarized in Table 8-1. 


Table 8-1 Relative phase velocities for first-order transmission mode on helical antennas 
Condon 


hase elds (ordinary end fe) 


Increased deci 


U NÍ 
AA 
where nt as gen by (27) 


From fst nul at measured бей pattern 


Helcoléal cylindrical coordinate 
E 


As mentioned above, the approximate far-field pattern of a monofilar helix radiating in the axial mode is 
given by the array factor for n isotropic point sources, each source replacing а single tum of the helix (see 
Fig, 8-33) 


Trhe Increased directivity curve is the only curve calculate for a hi of 7 turre, The phase feld curve refers по specifi length 
while Bay's cure s for an infinite helix. 
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‘The normalized array factor is 


л sininy/2) 
БЕП as) 
where y = 2x18, сов — (12/001 

The normalizing factor is in(x/2n) Instead of 1/n since the increased directivity end-fire condition is 
assumed to exist (see Sec. 5-13, Case 3). For a given helix, S, and L are known and p can be calculated 
from (12) or (13), v is then obtained as function of o. From (18), these values of y give the field pattern, 

As an illustration, the calculated array factor patterns for a 7-tutn, 12° helix with Cı = 095 are shown 
in Fig. 8-37 for p values corresponding to increased directivity and also in-phase fields and for p = 1,09 
and 0.725.А measured curve (average of Eg and Eu) is shown for comparison. Itis apparent that the pattem 
calculated for the increased-directivity condition (р = 0.76) agrees most closely with the measured pattem. 
The measured pattern was taken on a helix mounted on а ground plane 0.88. їп diameter, The calculated 
patterns neglect the effect of a ground plane. This effect is small if the back lobe is small compared to the 
front lobe, asit is for p = 0.802 and р = 0.6. 

The sensitivity of the pattern to the phase velocity is very apparent from Fig. 8-37. In particular, we note 
tiataslitieas 5 percent difference in phase velocity from that required for the increased directivity condition. 
lp = 0.76) produces marked changes as shown by the pattems for p = 0.802 (5 percent high) and р = 0.725 
(5 percent low). 


E=sin 


(average ol 


ge 


Figure 8-37 Array factor patterns for 12°, 7-turn helix with C, = 0.95. Patterns are shown for 

= 1, 0.9, 0.802 (in-phase fields or ordinary end-fire condition), 0.76 (increased directivity) and 
0.725. A measured curve is also presented. All patterns are adjusted to the same maximum. 
The sensitivity of the pattern to phase velocity is evident. А change of as itle as 5 percent 
produces a drastic change in pattern, as may be noted by comparing the pattern for p = 0.802 
(5 percent high) and the one for p = 0.725 (5 percent low) with the one for p = 0.76 which 
matches the measured pattern, 


е McGraw-Hill Companie 


8-10 Monoflar Axal Mode Single-Tum Pattems of Square Helle ES 


8-10 Monofilar Axial-Mode Single-Turn Patterns of Square Helix 


In this section expressions will be developed for the far-field patterns from a single turn af a monofila helix 
radiating in the axial mode. It is assumed that the single tum has а uniform traveling wave along its entire 
length. The product of the single-tur pattern and the array factor then gives the total helix pattern, 

А circular helix may be treated approximately by assuming that itis of square cross section. The total 
fied from a single turn is then the resultant of the fields of four short, linear antennas as shown in Fig, 8-38. 
A helix of square cross section can, of course be treated exactly by this method, Measurements indicate that 
the difference between helices of circular and square cross section is small, 


— r 9 
тодар 
@ ®* © 
Figure 8-38 Square helix used in calculating single-turn pattern. 


Referring to Fig. 8-39, the far electric field components, Egr and Er, in the xz plane will be calculated 
asa function of ¢ for a single-turn helix. 

Lettheareaof thesquare helix be equal to that of the circular 
helix so that 


vD 
- a 


where g is as shown in Fig. 8-38a. 
The ar magnetic field fora linear element with a 
uniform traveling wave is given by (6-9-5). Multiplying 
(6-5-5) by the intrinsic impedance Z of free space, putting 
у = 67% +a + 0.1 = Û and b = g/cosa, we obtain the 
expression for the component E. of the Far fed in the xs Figure 8-39 Field components 
plane due to element 1 of the square helix as follows: with relation to single-turn helix, 


Es 


A) 
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pz 
Zen 
1- peasy 

E 
Ipecosa 
The expressions for Ez, Ез, etc, due to elements 2, 3 and 4 of the square tum are obtained in a similar 
way. Since the elements are all dissimilar sources, the total ¢ component, Esr, from a single square tum is 
obtained by adding the fields from the four elements at each angle ¢ for which the total field is calculate. 
The sum of the fields from the four elements is then 

sny ony 
А 


eee eee ay e + 2 E anon) 


SY sana! HES 
+03927 sin na / ва уе + ® (SS + gane п) 

sin BA" sina sin „ 3Le  w(35cosó 
Lion meine. u арс 2) -.)] el 


ato, y" = arccosisina ese) 
A =1 peasy’, A" =1 peosy" 
When a helix of circular cross section is being calculated, £ = = D/cose in (3), while for a helix of square 
cross section L = 4b. 

If the contributions of elements 2 and 4 are neglected, which is good approximation when bath and & 
are small, the expression for E is considerably simplified, М aking this approximation, letting = 1 and 
п = constant, we obtain 


sin BA 


Er-k 


siny 
Esr = TŽ sn BA /(-BA) 
a 


din BN /L-BA' - 2/1 + (5,0059 + VZD, Sing) [] 
Equation (4) applies specifically to helices of circular cross section, so that B in (4) is 
Dx 
8 = psa e 


Equation (4) gives the approximate pattern of the component of thefar field in the e planefrom asingle-turn 
helix of circular cross section, 

In the case of the 0 component of the far field in the xz plane, only elements 2 and 4 of the square tum 
contribute, Putting k = 1, the magnitude of the approximate v pattern of the far field of a single-turn helix of 
circular cross section can be shown to be 

sin sin BA" cosa. 
арлана 
WE sw wear oy 


sin¿[x(S,cosó — VFD, sing) = 2/78] (6 
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where B is as given by (5) and y” and A" 

areasin (3) E. 
Asanexample the Ear and Eor pattems 

for a singleturn 12° helix with С, = 1.07 

have been calculated and are presented in 

Fig. 8-40. Although the two pattems are of 


different form, both are broad in the axial 
direction (6 = 0) 

The individual Ey patterns of elements 
1 and 3 of the single tum are as suggested A 
in Fig. 8-41. One lobe of each pattern is 
nearly їп the axial direction, the tilt angle 
т being nearly equal to the pitch angle. Figure 8-40 Calculated patterns for 
The individual patterns add to give he Esr Ej and E, fields of single turn of a 12° 
paltenforthesingleturnasshowniseealso bi 
Fig. 8-40), 


0 „ =1 


itterns of Monofilar Н 


8-11 Complete Axial-Mode lices 


By the principle of pattern multiplication, 
the total far-field pattem of a helix radi- Q 


Jo pat 


айпа in the axial mode is the product of 
the single-turn pattern and the атау factor 
E. Thus, the total à component E, of the 
distant electric field of a helix of circular 
cross section is the product of (8-9-4) and 
(8-8-18) or 


Ep = EgrE a 


Thetotal à component £s is the productof. 
(8-9-6) and (8-8-18) or 


Eo = EE 


As examples, the approximate Es and 
Ey patterns, as calculated by the above 
procedure, for a 12°, 7-turn uniform helix 
of circular cross section with C, = 107 ni 
are presented in Fig. 8-42 at (a) and (c). інак 
The helix is shown at (e), with E, in the pes 


pine of he page ам normal 0 Pê Figure 8-61 Individual E, pers of elements 
poze The aray factors shown D T and and opatem o gle ur s The 
Тездеп paters e енні inge shown n plan view Des hane o 
do era) Marge FIS.8-36).The single tum and coordinate ases 
fave been rod around Же y xs so Rate 


increased directivity condition The prod- 
aer the single umn paterns (Fig ian direction (9 = 0) is toward the top of the page. 
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factor 
E 
‘Calculated Calculated 
Es E 


(b) (e) 


Measured 
E 


Measured 
E, 


Figure 8-42 Comparison of complete calculated patterns (product of single-turn pattern and 
array factor) with measured patterns for a 12°, 7-turn helix with C, = 1.07 radiating in the axial 
mode. Agreementis satisfactory. 


(d) m 


and the array factor pattern at (b) yields the total patterns at (a) and (c). The agreement with the measured 
patterns shown at (d) and (f) is satisfactory. 

Comparing the patterns of Figs. 8-40 and 8-42, itis to be noted that the атау factor is much sharper ben 
the single-turn patterns, Thus, the total E, and E, patterns (a) and c) (Fig. 8-42) are nearly the same, in spite 
of the difference in the single-tur pattems, Furthermore, the main lobes of the E, and E; patterns are very 
similar to the атау factor pattern. For long helices (say, n5 > 1) it is, therefore, apparent that a calculation 
of only the array factor suffices for an approximate pattern of any fied component of the helix. Ordinarily the 
singleturn pattern need not be calculated except for short helices. 

Thefar-feld patterns of a helix radiating in the axial mode can, thus, be calculated to а good approximation 
from a knowledge of the dimensions of the helix and the wavelength, The value of the relative phase velocity 
used in the calculations may be computed for the increased-directivity condition from the helix dimensions 
and number of turns. 

Theeffectof the ground plane on the axial-mode patterns is small if there аге at least a few turns, since the 
returning wave on the helix and also the back lobe of the outgoing wave are both small. Hence, the effect of 
the ground plane may be neglected unless the helix is very short (ns < 3) 

The approximate pattern of an axial-mode helix can be calculated very simply, while including the 
approximate effect of thesingle-turn pattern, by assuming that the single ит pattern is given by cos Then 
the normalized total radiation pattern is expressed by 
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90°) sin) 
sf A im. me A 
Where m = number of turns and 
= 3605, — cos) + 0/21 % 


The value of v in (4) is for the increased-directivity condition 
and is obtained by substituting (8-8-12) in (8-8-3) and simplify- 
ing. The first factor in (3) is а normalizing factor, i.e., makes the 
maximum value of Е unity 


Inthis ection theaxial ratio in the direction of thehelix axis ill 
be determined, and also the conditions necessary for circular 
polarization in this direction will be analyzed, 

Consider the helix shown in Fig. 8-43. Let us calculate the 
electric field components E, and Ev, as shown, at a large dis 
tance from the helix in the z direction. The helix is assumed to 
have a single uniform traveling wave as indicated. The relative. 
phase velocity is p. The diameter of the helix is D and the spac- 
ing between turns is 5. Unrolling the helix in the xz plane, the 
relations are as shown in Fig. 8-44. The helix as viewed from. 
a pointon the z axis is as indicated in Fig. 8-45. The angle is 
measured from the xz plane. The coordinates of a point O on. 
the helix can be specified as. z, The point O ¡sata distance 
1 from the terminal point 7 as measured along the helix. From. 
the geometry of Figs. 8-44 and 8-45, we can write 


„she 
„ = zp Ina 


айга 5 = arccos È a 
чабар (з 
re = cosa 
isthe distance from the origin to the distant point P. 
Atthe point Р the ¢ component Eg of the electric field for ahelix 
ofan integral number of turns n is 


nn )رمد‎ Le-) m 


pe 


where Ep s a constant involving the current magnitude on the hel. 


Figure 8-43 Field components 
as viewed from the helix axis. 


F 


ID 


igure 8-44 Geometry for 
calculating fields in the z direction. 


Figure 8-45 Helix of 
Fig. 8-43 as viewed from the 
positive 2 axis 


For a general discusion af eliptical and circular polation see Secs: 2-15, 2-16 and 2-17; за see K raus (6), Chap. 5. 
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From (1) the last two terms of the exponent in (2) may be rewritten. Thus, 


1na _ 1 rë 1 ong 
LE tana de 3) 
толы" epee) a 


where 


„ kene [7] 


When a = 0, the helix becomes a loop and q = —1/p. Therelation being obtained is, thus, a general one, 
applying not only to helices but also to loops as а special case. Equation (2) now reduces to 


E, 


. 
uni, f" апреле a 6 
a этеа ) 


where quantities independent of £ have been taken outside the integral and where 
2 25 

ok 

and 


1 
(5b 2 6 
nsns 2) © 
On integration (5) becomes 


E (cident 
те D m 


жери 


where Ey = Ebel, 
Ina similar way we have for the component Eo of be electric field at the point Р, 


а : ^ 
Eo = Eo f cose ep jef; E B © 
h cir op 
Making the same substitutions as in (2), we obtain from (8) 
JE Cara 
DE o 
‘The condition for circular polarization in the direction of the z axis is 
Es 
Baay a0) 
The ratio of (7) to (8) gives 
2 i 
E ir k a 
Accordingly, for circular polarization in the axial direction of a helix of an integral number of turns, & must 
equal +1 


Equation (11) indicates that E, and E, areín time phase quadrature. Therefore, the axial ratio A R is given 
by the magnitude of (11) or 


0 
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The axial rato will be restricted here to values between unity and infinity. Hence, If (12) is less than unity, ts 
reciprocal [s taken, 
‘Substituting the value of £ from (6) into (12) yields 
1 


ЖЕТ ИГУ 


(be BI ш) 


Either (13) or (14) is used so that 1 < AR < oc. 
From (13) and (14), it appears that the axial ratio can be calculated from the turn length Lı and pitch 
angle a of the helix, and the relative phase velocity р, If we introduce the value of p for the condition of 
in-phase fields (see Table 8-1), it is found that AR = 1. In other words, the in-phase field condition is also 
the condition for circular polarization in the axial direcion 
This may also be shown by noting that (11) satisfies the condition for circular polarization when I 


1 (ane 


Solving (15) for p, we obtain 


аз) 
or 


AR= 


or 
as) 


(16) 


which is identical with the relation for in-phase fields (ordinary end-fire condition). 

Our previous discussion on phase velocity indicated that р followed more closely the relation for increased 
directivity than the relation for in-phase fields. Thus, introducing p in (14) for the condition of increased 
directivity, we obtain 
LES 

x an 
where nis the number of tums of the helix. If n is large the axial ratio approaches unity and the polarization 
is nearly circular? 

When John K raus first derived (17) in 1947, it came as a pleasant surprise to him that the axial ratio could 
be given by such a simple expression. 

Аз an example, let us consider the axial ratio in the direction of the helix axis for a 13, 7-tur helix, The 
айа ratio is unity if the relative velocity for the condition of in-phase fields is used. By (17) the axial ratio 
for the condition of increased directivity is 15/14 = 1.07. This axial ratio is independent of the frequency 
or circumference С, as shown by the dashed line in Fig. 8-46. In this figure, the axial ratio is presented as a 
function of the helix circumference С, in free-space wavelengths. 

If the axial ratio is calculated from (13) or (14), using the measured value of p shown in Fig, 8-46, an 
axial ratio variation is obtained as indicated by the solid curve in Fig. 8-46. This type of axial ralio versus 
Circumference curve is typical of ones measured on helical beam antennas, Usually, however, the measured 
‘axial ratio increases mare sharply as C; decreases to values less than about $. This difference results from the 
fact that the calculation of axial ratio by (13) or (14) neglects the effect of the back wave on the helix. This is 


AR (on axis) 


"t aly polarized fed an АИ = 1 сап be obtained on the axis for a helix of any length according ta R. G. Vaughan (1) and 
1-B. Anders. They also dece He axial ratio as funcio af he off-axis angle 


re McGraw-Hill Compani 


E Chapter & Helical Antennas 


usually small when the helix is radiating in the axial mode but at lower frequencies or smaller circumferences 
(С, < 3) the back waves important. The back wave on the helix produces a wave reflected from the ground 
plane having the opposite direction of field rotation to that produced by the outgoing traveling wave an the 
helix, This causes the axial ratio to increase more rapidly than indicated in Fig. 8-46. 

The foregoing discussion applies to helices of an integral number of turns. Let us now consider a long 
helix where the number of turns may assume nonintegral values. Hence, the length of the helical conductor 
will be specified as £ instead of 2«n. It is further assumed that  İs nearly unity. Thus, (5) becomes 


E icine: sie: 
PETIT as 
jh 
Since = 4+1 = O, and itfollows that 
effet 14 у + De (19) 


Now integrating (18) and introducing the condition that is nearly equal to —1 and the approximation of (19), 
weave 


2 % Se =1 
( >) 9) 
Similarly the component £, of the electric field is 
mf, аба 
a en 


When the helix is very long. 
DESI 


4 5 8 7 8 3 10 i 12 14 14 15 
Hat cireumterence, С, 


Figure 8-46 Axial ratio as a function of helix circumference C; for a 13°, 7-turn monofllar 
axlal-mode helical antenna. The dashed curve is from (17). (After Kraus.) 
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and (20) and (21) reduce to 


Ei má a) 
Taking berto of vf. 

5 

EC (23) 


which fulfills the condition for circular polarization 
Still another condition resulting in circular polarization is obtained when 1); = 2m, where m is an 

integer. This condition is satisfied when either the positive or negative sign in k +1 is chosen but not for both. 
To summarize, the important conditions for circular polarization are as follows: 


1. The radiation in the axial direction from a helical antenna of any pitch angle and of an integral 
number of Lor more turns will be circularly polarized if  — —1 (in-phase fields or ordinary end-fire 
condition 

2. The radiation in the axial direction from a helical antenna of any pitch angle and a large number of 
turns, which are not necessarily an Integral number, is nearly circularly polarized if. is nearly —1. 


8-13 Wideband Characteristics of Monofilar Helical Antennas Radiating in the 
Axial M 


The helical beam antenna has inherent broadband properties, possessing desirable pattern, impedance and 
polarization characteristics over a relatively widefrequency range. Thenatural adjustmentof the phase velocity 
зо that the fields from each turn add nearly in phase in the axial direction accounts for the persistence of the. 
axial mode of radiation over a nearly 2 to 1 range In frequency. If the phase velocity were constant as a 
function of frequency, the axial-mode patterns would be obtained only over a narrow frequency range. The 
terminal impedance is relatively constant over the same frequency range because of the large attenuation of 
the wave reflected from the open end of the helix. The polarization is nearly circular over the same range in 
frequency because the condition of fields in phase is also the condition for circular polarization 

‘As shown n Fig. 8-47a, the dimensions of a helix in free-space wavelengths move along a constant pitch- 
angle line as a function of frequency. If F is the lower frequency limit of the axial mode of radiation and F> 
the upper frequency limit of this mode, then the range in dimensions for a 10° helix would be as suggested 
by the heavy line on the diameter-spacing chart of Fig. 8-47a. The center frequency Fo is arbitrarily defined 
as Fo = (Fi 7% 

Thepropertiesof a helical beam antenna area function of the pitch angle, The angleresulting in a maximum 
frequency range Fı — Fı of theaxial mode of radiation is said to bean "optimum" pitch angle. To determinean 
‘optimum angle, the pattem, impedance and polarization characteristics of helical antennas may be compared 
‘on a diameter-spacing chart as in Fig, 8-476. The three contours indicate the region of satisfactory pattern, 
impedance and polarization values as determined by measurements on helices of various pitch angle as а 
function of frequency, The axial length of the helices tested is about 1.6 2 at the center frequency, The 
pattern contour in Fig. 8-47b indicates the approximate region of satisfactory patterns, A satisfactory pattern 
is considered to be one with a major lobe in the axial direction and with relatively small minor lobes. Inside 
the pattern contour, the patterns are of this form and have half-power beamuidths of less than 60° and as small 
as 30°, Inside the impedance contour in Fig. 8-45b the terminal impedance is relatively constant and is nearly 


Tor monatiar wie таве helical antenna. 


EE 000200704 05 
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Figure 8-47 Diameter-spacing charts for monofilar helices with measured performance 
contours (b) for the axial mode of radiation. 


а pure resistance of 100 to 150 ©. Inside the axial ratio contour, the axial ratio in the direction of the helix 
axisis less than 1.25. Notethatall contours lie below the line for which D, = VZS; T T/a. This line may be 
regarded as an upper limit for the beam made. It is apparent that the frequency range Fz — Fi is small if the 
pitch angle is ether too small or too large. A pitch angle of about 12 or 14> would appear to be "optimum" for 
helices about 1.6 à long at the center frequency. Since the properties of the helix change slowly inthe vicinity 
ofthe optimum angle, there is nothing critical about this value. The contours re arbitrary but are suitable for 
a general-purpose beam antenna of moderate directivity. The exact values of the frequency limits, Fı and Fa, 
arealso arbitrary but are relatively well defined by the close bunching of the contours near the frequency limits. 

Based on the above conclusions, John K raus constructed а 14°, 6-turn helix in 1948 and measured its 
properties. The helix has a diameter of 0.31 à at the center frequency (400 MHz). The diameter of the 
conductor is about 0.02 à. Conductor diameters of 0.005 to 0.05 2 can be used with lite difference in the. 
properties of this helix in the frequency range of the beam mode (К raus-5). 

"The measured patterns between 275 and 560 М Hz are presented in Fig. 8-19. Itis apparent thatthe patterns 
are satisfactory over a frequency range from 300 MHz (С, = 0.73) to 500 MHz (C; = 1.22). 

A summary of the characteristics of this antenna are given in Fig. 8-23 in which thehalf-power beamwidth, 
axial ratio and standing-wave ratio are shown as a function of the helix circumference, 


8-14 Table of Pattern, Beamwidth, Gain, Impedance and Axial Ratio Formi 


Expressions developed in the preceding sections for calculating the pattern, beamwidth, directivity, terminal 
resistance and axial ratio for axlal-mode helical antennas are summarized in Table 8-2, These relations apply 
to helices for 12° < a < 15°, f < C, < $ andn > 3 or to the morespecifc restrictions listed in the footnote 
to the table. 


Radiation from continuous linear antennas carrying a traveling wave was discussed in Sec. 6-9. Although 
the helical beam antenna consists of a continuous conductor carrying a traveling wave, it is also a periodic 
structure with period equal to the turn spacing as considered in Sec. 8-9. 
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Table 8-2 Formulas for monoflar axia-made helical antennas 


m 
(meny -se [sa 2 
Bessere vnn = SE 
pecie m 
Beamwidth (first null awen = E 
اا‎ wem 
Beg) рз 
— 
ten race mm 
— кутта pie et 
‘Axial ratio (on ais am #1 (incre directivity 


= 


Aia rao (ona 


RETA 
Circumference in res pace wavelengths 

Spacing betwen usin Tree- space wavelengths 

Tim length in free-space wadenghs 

pihage 

fave pase осу 

angle with respect to helix anis 

йеайсйоп for beamwidth and directivity: 08 < C < 1I 12° < < аа > 3. 
Resticton or terminal resistance 03 < С, < 12:12" <a < тв = 4 
"Assuming ra losses 


Now letus develop the periodic structure approach in a more general way which illustrates the relation of 
helical antennas to other periadic-structure (dipole antennas? 
A linear атау of m isotropic point sources of 


equa amplitude and spacing iS shown In Fig, 8-48 Pasan 
representing a linear periodic structure carrying а P 
traveling wave. As discussed previously the phase we 
difference of the fields from adjacent sources as 5 
‘observed at a distance point is given by se^ 
3 Bound or 
v= sese - a guided wave 
» EET 
where 18228 0 
5 = spacing between sources, m Vela 
ag = free-space wavelength, m 


¢ = angle between array axis and direcion of Figure 8-48 Linear array of n isotropic point 


distant point, rad or deg sources of equal amplitude and spacing, S, 
phase difference of source 2 with respect. representing a linear periodic structure carrying 
to source 1, 3 with respect to 2, ес, a traveling wave. 

rad or deg 


"although he ai is aperiodic structure, itis continuous. The dipole arays are discontinuous 
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We assume that the array s fed by a wave traveling along it from left o right via a guiding structure which 
may, for example, be an open-wire transmission line, a waveguide or a helix The phase constant of the 
traveling wave is given by 


360° 
387 deg m. 2 
L Top d a 
free-space wavelength, m 
vc = relative phase velocity dimensionless 
wave velocity, ms 
= velocity of light, m s! 
The phase difference between sources is given by 
E 
5 (rad) = 388 s a 3) 
Top) 80) = зар 5 (oe) a 
where 5 = spacing between sources, m 
In general, for the fields from the п sources to be in-phase at a distant point requires that 
W=2m lead or deg) w 
Wherem = mode number = 0, +1, +2, ee 
Introducing (3) and (4) into (1) yields 
2 2 
2am = P sese - E 5 
Тш; * 
“ 
2em = fS cos — BS © 


Where fo = 2% = phase constant of fee space wave rad m 

o 
For mode треги = 0, the phase difference of the fields from adjacent sources ata disant pints zero; 
form — 1, the phase difference ls 2x; form — 2, Ме phase difference is s; et 

25 


ZZ = phase constant of guided wave, rad m- 
(Pos = éetrica distance between sources for a free-space wave, rad 
AS = electrical distance between sources for the guided wave, rad 
oS cos = electrical distance between sources for a free-space wave in direction 
of distant point 
From (6) wehave 


pine m 


тое = 


or 
В 22% 1, т 


ae RF T p a 


(© 


We assume a unfom traveling wave Although such a waveisasprosimatd with a тапай arial made helix, tis ot necessarily 
razed with the dipole arrays presented in this scan о he айап of suitable impetnce matching newark Inot shan], See 
Sec. 6-19 on Phased rays and Sec. 11-22 on L esky WaveA непа: 
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Letus now consider several examples. 


Relative phase velocity, p сөзә é direction 
1044 1 о m 
o Broadside 
le wih wave relé) -1 fn. Байте 


1 Imaginary No beam 


For the last entry (p < T). 9 ls imaginary. This implies that all of the wave energy is bound to the array 
(guided along it) and that there is no radiation (no beam). 


m Summary 

For p values from +1 to +эс and — оо to —1, the beam swings from end-fire (¢ = 0°) through broadside 
(ө = 90°) to back-fire (¢ = 180°). For p values between — and +1 (1 < p < 1) is imaginary (no 
radiation). We note that these results are independent of the spacing 5. 


EXAMPLE 8-15.2 Mode Number т = —1. Relative phase velocity p= 1(v = c) 
Fields from adjacent sources have 2л (= 360°) phase difference at a distant point in the direction of the 
beam maximum. For different spacings S, the beam angles 4, as given by (8), are as tabulated: 
— 6d. 
‘Spacing S cost й direction 
aD — Ur Beside 
b — 


T For is case thse are alsa egua beams mare (¢ = 0°) and taire = 180°). 
ken this case, there isan еди entre lobe ( = 0°), 
m Summary 
For spacings between /2 and à the beam swings between 90 and 180°, Larger spacings are required 
to swing the beam to angles less than 90° but other lobes also appear 


EXAMPLE 8-15.3 Mode Number т = -1. Relative phase velocity p = l 
wave} 
For different spacings 5, the beam angles o. as given by (8), are as tabulated: 


——.— ILE 
E Т ОЕТ Ende broadside 


m Summary 

For spacings between 1/3 and io the beam swings from back-fire (180°) through broadside (30°) to 
end-fîre (07), but for S = Ao broadside and back re lobes also appear. For spacings greater than 29 or 
less than 29/3. is imaginary (no beam). 
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EXAMPLE 8-15.4 Mode Number m 
wave) 


For different spacings 5, the beam angles ¢, as given by (8), are as tabulated: 


P 0 эр Broadside 
Е 1 Gm Вит 


m Solution 


For spacings between 2.0/4 and 49/6 the beam swings from end-fire, through broadside to back-fire. For 
spacings less than 20/6 ог more than 10/4, ¢ is imaginary (no beam). 


‘The results of Examples 2, 3 and 4 are shown graphically in Fig. 8-49, 

Another way of analyzing an array, and periodic structures in general, is to plot the electrical spacing fos 
of the free-space wave (as ordinate) versus the electrical spacing AS of the guided wave traveling along the 
атау (as abscissa). Dividing both coordinates by 27, we obtain 5/40 as ordinate and S/(pžo) = S/A as 
abscissa (where) = pho = wavelength on the атау). This type of 5-5 diagram: Is presented in Fig. 8-50, 
¡uva the three arrays of Examples 2 3 and 4 (shown ао in the $¢ diagram of Fig 8-49) 

For a relative phase velocity p = 1, 5/2 = S/2o, and the array operates along the р = 1 line (at 45 to 
wegen Back-fre occurs at 5/24 = $ and broadside se = 1 (Example 8-15.) 

Fora relative phase velocity р = 3, the array operates along the p = } line with backfire at 5/40 


Figure 8-49 Relation of spacing and beam angle for linear arrays with traveling waves of 


relative phase velocities р = 1, 3 and ¿ (Examples 8-15.2, 8-15.3, and 8-15.4) all with mode 
number m 


Same authors sek for ду and refer to the graph a 4-8 diagram, ава ale a Brillouin diagram after Leon Brillouin, 
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Array chart showing regions for roadside, end-re and back-ire operation with excursion 
distances or mono, bilar, дова а octalar ara mode helices and or log periodics 


і т ds 0 05 Y E 2 
Spacing in array wavelengths, Si For helix this = Cylcosa 


Figure 8-50 S - S diagram for linear traveling-wave antennas showing regions of operation. 
for different types of arrays including Examples 8-15.2 through 8-15.9. Note that for a helix, S. 
here corresponds to the turn length L, 


broadside at 5/40 = } and end-freat 5/4 = 1 at right edge of diagram (Example 8-153) 

For a relative phase velocity р = 3, the атау operates along the p = } line with back-fire at 5/20 = 2 
broadside at 5/20 = i and end-fire at S/ a0 = 1 (Example 8-15.4). For a higher mode number m = —2, the 
array again produces beams swinging from back freat S/Aa = 1, through broadside at 5% = 2 to end fte 
at 5/10 = } (off diagram at right). 

Let us consider several more examples of traveling-wave perlodic-structure arrays. On an 5-5 diagram each 
type of array occupies a unique location or niche whichis characteristic of the antenna's behavior. Differences 
between arrays are clearly evident from their locations on the diagram. 


EXAMPLE 8-15.5 Scanning Array of Dipoles with S = 10 at Center Frequency 
(Fig. 8-51) 

Beam scanning is by shifting frequency. Physical element spacing is constant Array is fed from the left 
end with a two-wire transmission line [р = 1). The mode number m = —1, so (8) becomes 

11 1 

pš“ Sha 

At the center frequency S = до and from (9) cose. = O and ¢ = 90° (beam broadside). Halving the 
Frequency makes S = 20/2 and o = 180° (beam back-fire). Doubling the frequency makes 5 = 220 and 


(© 
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60° (only 30° beyond broadside). To swing the beam further toward end-fire requires a further 
ease in frequency. The position of this scanning array is shown in Fig. 8-50 (line labeled Examples 
2and 5). It isto be noted that there are other lobes present not given by (9). 


Dipolos 
ey 


1 2 3 dum 
Example 8-15.5 


Figure 8-51 Scanning array of dipoles with S = 22 at center frequency, relative phase 
velocity p = 1 (v = c) and mode number т = 1. The beam angle ¢ (with respect to 
dipole 1) is outward from the page. (Example 8-15.5.) 


EXAMPLE 8-15,6 Scanning Array of Alternately Reversed Di 
S = 1a at Center Frequency (Fig. 8-52) 

Beam scanning is by shifting frequency. Physical element spacing is constant A rray is fed from the left 
end with a two-wire transmission line (р = 1). The mode number m = —4, so (8) becomes 


0080 =1 o 


257% 
At the center frequency S = 54/2 and from (10) cos = 0 and ¢ = 90° (beam broadside). Halving 
the frequency makes S = 29/4 and ¢ = 180° (beam back-fire. Doubling the frequency makes $=, 
‘winging the beam to ¢ = 60°. The position of this scanning array is shown in Fig. 8-50. 


Dipoles 


r | 
—— ve | 


1 


Figure 8-82 Scanning атау of alternately reversed dipoles with S = 4и? at center 
frequency relative phase velocity р = 1 and mode number m = ~}. The beam angle ¢ (with 
respect o dipole 1) is outward fom the page, (Example 815.6.) 


EXAMPLE 8-15.7 Scanning Array of Dipoles with S 
with slow Wave (p = 1) (Fig. 8-53) 

Beam scanning is by shifting frequency. Physical element spacing is constant A ra is fed from the left 
end by atwo-wire transmission line with ine length 25 between dipoles so that p = 3. Themode number 
m= =1, so (8) becomes 


лов at Center Frequency 
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ao 


Example 8-157 


Figure 8-53 Scanning атау of dipoles with S = io at center frequency, relative phase 
velocity p = 3 (slow wave) and mode number m = 1. (Example 8-15.7.) 


At the center frequency S = 2/2 and from (11) y = 90° (beam broadside). Reducing the frequency so 
4/3 makes ¢ = 180° (beam back-fire). Doubling the frequency makes 5 = до and o = 0° (beam 
end-fire). The position of bis scanning array is shown in Fig. 8-50 (line labeled Examples 3 and 7) 


EXAMPLE 8-15 
5 = 1o/4at Center Frequency with Slow Wave (p 
Beam scanning is by shifting frequency. Physical element spacing is constant Array з fed from the left 
end by atwo-wiretransmission line with line length 25 between dipoles so that p f. The mode number 
1,50 (8) becomes 


cosp =2 an 


Example 8-15.8 


Figure 8-54 Scanning array of alternately reversed dipoles with S = о at center 
frequency, relative phase velocity p = } (slow wave) and mode number m = — 1. (Example 
8158) 

At be center frequency 5 = ào/4 and from (12) 6 = 90° (beam broadside). Decreasing the frequency to 
1 makes S —25/6 and ¢ = 180" (beam backfire). Doubling the frequency makes 5 = 14/2 and = 0 

{beam end tre The position of this scanning атау is also shown in Fig. 8-50 
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Now let us consider the monofilar helical antenna in comparison to the above examples of other periodic 
structure arrays with traveling waves. 


EXAMPLE 8-15.9 Monofilar Axial-Mode Hi Antenna with Turn-Spacing 
S = 10/4 and Circumference C = io at Center Frequency (Fig. 8-55) 
As discussed in Sec. 8-3, the monofilar axial-mode helical antenna operates in the increased-directivity 


condition resulting in a supergain end fte beam ( = 0°). The mode number m = —1 and from (5) we 
have for o = 0" that 
x ns 
ж-® z an 
П ар 


umber of turns 
w/e) sina = relative phase velocity of wave in direction of helix axis (not along the helical 
conductor asin Sec. 8-3) 
a = pitch angle 
Resrranging (13) we obtain 
1 


PET 9 
TELEN 
P 
Forlargen, 
p 1 aa 


IFG 
Thus, end-fire (ф = 0°) with s = 20/4 requires that p = 020. IF the frequency decreases so that 
S = ho/S (a 25 percent change in frequency) we have from (5) that 
1 1 

7 3 Un 
making ¢ = 90° (beam broadside), However, with frequency change the beam does not swing broadside 
but remains locked on end-fire ( = 0°) because the phase velocity changes automaticaly by just the. 
rightamountto not only compensate for the frequency change but also to provide increased directivity 
and supergain, This is one of the very remarkable properties of the monoflar axia-modehelica antenna 


0080 = 


as 


Ground plane 
Beam 
H direction 
j 4 00 
ы Example us 


Figure 8-55 Monoflar axial-mode helical antenna which locks on end-fire ($ = 0°) with 
increased directivity over more than an octave frequency range by an automatic shift in 
relative phase velocity p (see Fig. 8-50). The mode number m = —1. 
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‘The incressed-directivity condition involves not only n. However, for large n the difference in p for 
the two end-fire conditions s small. Thus, for large n we find from (25) that р values range from about 
025 for S = 34/3 through 0.20 for S = 14/4 to 0.167 for S = 20/5, locking the beam on end-fire with 
Supergain over a frequency range of about 2 to 1, which is in marked contrast to the beam-swinging of the 
scanning arrays discussed above. The position of the monofila helical antenna over a 2 to 1 frequency 
range is shown in Fig. 8-50 for = 4,8 and 16 turns. For very large п, the position moves along the 
end-fire line which intersects 5/3. = 1 on the 5/20 = 0 axis. We note that while other arrays move 
along constant р lines as the frequency changes, the monofilar axial-mode helical antenna moves along 
a constant beam-angle (end-fire line, cutting across lines of constant p value. 

Another remarkable property and great advantage of the monofilar helical antenna is that the input 
Impedance is an almost constant resistance over an octave bandwidth, the resistance being easily set at 
any convenient value from 50 to 150 ©. This is in contrast to the large impedance fluctuations of the 
above dipole arrays with change in frequency. 


8-16 Arrays of Mont 


With arrays of monofilar axial-mode helical antennas the designer must strike a balance between the number 
and length of helices needed to achieve а desired gain. The choice is between more lower-gain antennas and 
fewer higher-gain antennas appropriately spaced, As an illustration consider the following problem, 


EXAMPLE 8-16. Design a circularly polarized antenna using one or more end-fire elements to 
produce a gain of 24 dB for operation at a given wavelength 2 

m Solution 

The highest end. fre gain is obtained with the increased-directivity condition which is automatic with 
monofilar axial-mode helical antennas. From (8-3-7) for a = 12.7 and C, = 1.05, the required length 
of a single helix is 


252 
TI 


requiring an 80-tur helix (Fig. 8-56a) 

А more compact configuration ̃ four 20-tum helices are used in a broadside array. Assuming 
uniform aperture distribution, the effective aperture of each helix is 
LES 
Wm 
Assuming a square aperture, the side length is 2.24). (= ST), With each helix placed at the center of 
its aperture are, the spacing between helices is 2.24 (Fig. 8-56) 

A third configuration results if nine -turn helices are used in a broadside array Fig. 8-56) 

A fourth possible configuration results if sixteen 5-turn helices аге used in a broadside array with a 
spacing of 1.12 à between helices (Fig. 8-560) 

Which of the above configurations should be used? The decision will depend on considerations of 
support structure and feed connections. The single helix has a single feed point and a small ground plane 
butis very long. The other configurations have larger ground planes but are more compact The 4- and 16- 
helix configurations have the advantage that the helices can be fed by a symmetrical corporate structure. 
Also the 16-helix configuration can be operated as a phased array. 
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Figure 6-56 Single monoflar axlal-mode helix with 80 turns (a) compared with an array of 
four 20-tum helices (b) an апау of nine 9-turn helices (c) and sixteen 5 шт helices (G) for 
worked example. Al have 24 dB gain. Note also that the product of the number of helices 
and number of turns foreach array equals 80 (+1). See Sec. 5-24. 


With the multiple helix arrays the mutual impedance of adjacent helices is a consideration. Figure 8-57 
showistheresistiveand reactive components of the mutual impedanceof a pair of same-handed 8-turn monofilar 
axial-mode helical antennas as a function of the separation distance in wavelengths (C, = 1.0 = 12 
as measured by Blasi (1). At spacings of a wavelength or more, as is typical in helix arrays, the mutual 
impedance is only a few percent or less of the helix self-impedance (140 © resistive). Thus, in designing the 
feed connections for a helix array the effect of mutual impedance can often be neglected without significant 
consequences. As examples, let us consider we feed systems for two helix arrays, one with 4 helices and the 
other with 96 helices. 


8-16a Array of Four Monofilar Axial-Mode Helical Antennas 
‘This атау, shown in Fig. 8-58a, bul by John K raus in 1947, has four 6-turn, 14° pitch angle helices mounted 
with 1.5 à spacing on a 2.5 x 2.5 à square ground plane (Kraus-3). The helices are fed axially through 
an insulated fitting in the ground plane. Each feed point is connected on the back side of the ground plane. 
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ож 


91 05 08 07 08 03 10 
‘Separation, 


jure 8-57 Resistive (R) and reactive (X) components of the mutual impedance of a pair of 
same-handed 8-turn monoflar axial mode helical antennas of 12° pitch angle as a function of 
the separation distance (center-to-center) in wavelengths. Helix circumference Cı. = 1 
Conductor diameter is 0.016 2. Seltimpedance Zi, = 140 + |0 ©. (After E. A. Blasi-1.) 


to a junction point at the center of the ground plane. Each conductor acts as а single Wire versus ground: 
plane transmission line with a spacing between wire and ground plane which tapers gradually so that the 
approximately 140 @ at each helix is transformed to 200 d at the junction. The four 200- lines in parallel 
yield 50 © at the Junction which is fed through an insulated connector to а 50-2 coaxial fitting on the front. 
(helix) side of the ground plane. Since the taper sections are about 1 à long, the arrangement provides a low 
VSWR on the 50-9 line connected to the Junction over a wide bandwidth. В eamwidth, axial ratio and V SWR 
performance of the array are presented in Fig. 8-58b. The array gain at the center frequency (800 M Hz) is 
about 18.5 dB and at 1000 M Hz about 21.5 dB. Compare with the quad-helix array of Fig. 8-56. 


8-16, Array of 96 Monofilar Axial-Mode Helical Antennas 
This array, shown in Fig. 8-4, which John K raus (8) designed and constructed in 1951, has 96 11-шт 12.5° 
pitch angle helices mounted оп а title lat ground plane 40 à long by 5 à wide for operation ata center 
frequency of 250 M Hz. Each helix is fed by a 150-0 coaxial cable. Equal-lengt cables from each helix of 
one bay ог group of 12 helices are connected in parallel to one end of a 2 à long tapered transition section 
which transforms the 12.5-2 (= 150/12) resistive impedance to 50 ©. Equal-length 50.0 coaxial cables 
then connect the transition section of each bay to a central location resulting in a uniform in-phase aperture 
distribution with low VSWR over a wide bandwidth. The array produces а gain of about 35 dB atthe center 
frequency of 250 MHz (2. = 1.2 m) and increased gain at higher frequencies. At 250 MHz the beam is 
fan-shaped with half-power beamwidths of 1 by 8°. 


8-17а Helix-helix (Fig. 8-59a) 


If the conductor of a 6-turn monořilar axíal-mode helical antenna is cut at the end of the second tum, the 
antenna continues to operate with the first 2 turns launching the wave and the remaining 4 turns acting as а 


parasitic director. 
8-17b Polyrod-helix (Fig. 8-59b) 


By slipping a parasitic helix of several turns over a linearly polarized polyrod antenna, 
polarized antenna 


becomes a circularly 
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Figure 8-58 (a) Construcbonal details for broadside array of four 6-tur, 14° monoflar 
axlal-mode helical antennas. Dimensions are in wavelengths at he center frequency. 

(b) Measured performance of4-heli array of (a) showing beamuidths, axial ratio and VSWR on 
а 53.0 Ine as a function of frequency (After Kraus-3.) 
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Figure 8-59 The monoflar aklal-mode helical antenna in seven applications as a polarizer 
parasitic element. 


8-17 Horn-helix (Fig. 8-59c) 


By placing a parasitic helix of several tusin the throat of a linearly polarized pyramidal horn antenna without 
touching the horn walls, the horn radiation becomes circularly polarize. 


8-174 Comerholix (Fig. 8-594) 
A parasitic helix in front of a comer-reflector antenna results in a circularly polarized antenna. 
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8-17e The 2-wire-line-helix (Fig. 8-590) 

Ifa parasitic helix of many tums is slipped over a -wire transmission line without touching It (helix diameter 
slighty greater than line spacing), it is reported thatthe combination becomes a linearly polarized end-fire 
antenna with E parallel to the plane of the 2-wie line [Broussaud-1] 


8-171. Holix-holix (Fig. 8-59f] 
If a parasitic helix is wound between theturns of a driven топо. 
lar axial-mode helical antenna without touching it (diameters ang. 

the same), Nakano et al. report that the combination gives an | mie T 

increased galn of about 1 d without an increase in the axial W 
length of the antenna. The increased gain occurs for helices of 


any number of turns between 8 and 20. The parasitic helix may 
be regarded as a director for the driven helix [Nakano-1, 2]. 


Figure 8-60 The monofilar 
axial-mode helical antenna as a 
8-17g Helix lens (Fig. 8-579) phase-shifting device. 

A monofilar axial-mode helical antenna (or, for that matter, any end-fire antenna) acts as a lens. An array af 
parasitic helices of appropriate length arranged in a broadside configuration can operate asa Large apesture-lens 
antenna, 


8-18 The Monofilar Axial-Mode Н‹ 
Shifter 


Antenna as a Phase and Frequency 


‘The monofilar axlal-mode helical antenna isa simple, beau- 

"ful device for changing phase or frequency. Thus, if the xe Ws 

monofîlar axial-mode helical antenna in Fig. 8-60 is trans- + 

miting at a frequency F, rotating the helix on їз axis by Siete 

90° will advance the phase of the radiated wave by 90° (ог 

retard it, depending on the direction of rotation). Rotating 

the helix continuously / times per second results in гг 

ation at a frequency F + f depending on the direction of 

rotation (see also Sec. 8-24). эе o 
As an application, consider the 3-heli lobe sweeping O / o 

antenna of Fig. 8-GLAII helices are of the same hand. By E 


rotating helix 1 clockwiseand helix 3 counterclockwisewith 4 * s 
helix 2 at the center stationary, а continuously swept lobe 
is obtained as suggested in the figure. In operation a small E 


lobe appears about 30° to the left, then grows in amplitude. 
while sweeping to the right, reaching a maximum at 0° (at 
right angles to the атау), Sweeping further to the right, the. = 
lobe decreases to а small amplitude at an angle of about 30° ЇЇ 
and simultaneously a small lobe appears at 30° to the left 

and the process is repeated, giving a continuously sweeping Figure 8-61 Array of 3 right-handed 
lobe (left to right) which crosses the 0° direction и times monofllar axial-mode helical antennas with 
рег minute for a helix rotation speed of n revolutions per outer 2 rotating in opposite directions to 
minute. By using more helices, the beamwidth of the swept produce a continuously sweeping lobe. 
lobe can be made arbitrarily small 
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John Kraus (9) and Richard M cFarland (2) operated this 3-helix obe sweeping array in 1957 for observing 
radio emissions from the planet Jupiter at frequencies of 25 to 35 M Hz. Each helix had 3 turns and was 3m in 
diameter. he sweeping lobe allowed one to identify celestial objects moving at sidereal or nearsiderea rates 
and distinguish them from terrestrial or near earth objects. See Fig. 6-60 fora photograph of the helix array. 

‘Another application of phase-shifting with a helix is discussed inthenextsection in connection with helices 
for linear polarization. 


8-19 Linear Polarization with Mono! 


r Axial-Mode Helical Antennas 


If two monofilar axial-mode helical antennas are mounted side by side and fed equal power, the radiation on 
axis will be linearly polarized provided the helices are of opposite hand but otherwise identical (Fig. 8-62a). 
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Figure 8-62 (a) Arrangement for producing left circular polarization (LCP), right circular 
polarization (RCP) or any plane of linear polarization (LP ) (b) Two helices of opposite hand in 
Series for producing linear polarization (LP). 
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With switch 1 right, switch 2 left and switch 3 up, polarization is linear. Rotating one of the helices on its 
axis 90° rotates the plane of linear polarization by 45°. Rotating one helix through 180° rotates the plane of 
linear polarization 90°. With switches 1 and 3 left, as in the figure, the polarization is LCP (left-handed circular 
polarization). With switches 2 and З right, the polarization is RCP (right-handed circular polarization). Thus, 
the two helices can provide either left or right circular polarization or any plane of linear polarization 

‘Another method of obtaining linear polarization is to connect а left- and a right-handed helix in series as 
in Fig. 8-626. 

A third method has already been discussed in Fig. 8-59e (2-wire-line-helix), 

Elliptical polarization approaching linear polarization can be obtained by flattening a helix so that its cross 
section is elliptical instead of circular. 


8-20 Monofilar Axial-Mode Helical Antennas as Fei 


Figure 8-63 shows a driven helix feeding an 
атау of crossed dipoles acting as directors for 
producing circular polarization, Although this 


arrangement has less gain and bandwidth than а / t 
full helix of the same length the crossed dipoles Driven Crossed 
тау be simpler to support than along helix. The sale rectors 


feed connections for the helix are also simpler 


that for a pair of crossed Yagi-Uda antenas, Figure 8-63 Monoflaraxalmode helical 


antenna as feed for an end-fire array of crossed 
which гате equal power wih voltage in enna y 
phase quadrature. 

Helices are useful as feed elements for parabolic dish antennas. An example constructed by Johnson and 
Cotton (1) is shown in Fig. 8-68 in which a 25-turn monofilaraxial-mode helix operates in the back-fire 
mode as a high-power unpressurized (200 kW) circularly polarized feed element for a parabolic dish reflector. 
Without a ground plane the helix naturally 
radiates in the backward axial direction. 
Another example of a back-fire helix feed 
is shown in Fig. 8-6 (King-1).A monafi- 
lar back-firehelical antenna was also con. 
structed by Patton (1) for comparison with 
bifilar backfire helical antennas. 

Short monofilar axial-made end-fire 
helices of afew turns with cupped ground 
planeareals useful as feeds for parabolic soy 
dish reflectors for producing sharp beams сок Impedance gine 
of circularly polarized radiation. Short аш 
conical helices (a constant, D and S 
increasing) are also useful because of 
their broad pattems for short focal-length 5 
dishes (see the helix in Fig. 8-67) 

For dish feeds covering a frequency jure 8-64 Short back-fire monoflar axial-mode 
range greater than provided by a single helix as high-power (200 KW) circularly polarized feed 
helix, wo or morehelices can be mounted for a parabolic dish antenna, (After R. C.J ohnson (1) 
coaxially inside each other with phase end R.B. Cotton.) 


je McGraw Hill c 


8-21 Tapered and Other Forms of AxlakMode Helical Antennas EI 


centers coincident as shown in Fig. 8-65. This combination is superior to a log-periodic antenna as the 
feed since the phase center of a log periodic antenna moves with frequency, resulting In defocusing of the 
parabolic reflector system. 
Holland (1) has built a feed of this type with a larger Libani his 
helix for the Z band and a smaller helix for the S band. 
The number of turns required for the helix feed antennas 
depends on the beamwidth desired. For the pattern to be 
1088 down at the edge of the parabolic dish reflector, the 
required number of tums is approximately given by ў 


8400 
"= a Stand eli 
where 
„ 1048 beamwidth Figure 8-65 Coaxially mounted 
5, = turn spacing in wavelengths peripherally fed monofilar axial-mode helical 
Thus, If 5, = 0.21 (a = 12°) and the required value of @Mtennas of same hand as parabolic dish 
Ф = LIS" we have from (1) etn = 3, feeds with same stationary phase centers for 


To reduce mutual coupling of the helices, Holland Covering а 5 to 1 frequency range. (Aer 
placed the peripheral feed points of the two helices on J-Holland-1.) 
Opposite sides of the axis, as suggested in Fig. 8-65, obtaining 2-port fixed-phase-center operation over a 5 
to bandwidth, 


8-21 Tapered and Other Forms of Axial-Mode Helical Antennas 


In this section a number of variants of the uniform (constant diameter, constant pitch) monofilar axlal-mode 
helical antenna are discussed. Some of these forms are shown in Figs 8-66, 8-67 and 8-68 which are 
reproduced here without changes from the first edition of Antennas (1950). In Fig. 8-66 we recognize in (a) 
a uniform helix with ground plan and in (c) a uniform helix without ground plane (the same configuration as 
in Fig. 8-64 for a back-fire feed). The double winding in (I) is similar to the one of Nakano (1) (Fig. 8-59f) 
except that both windings in (Î) are driven while in Nakano one is parasitic. 

Figure 8-67 shows forms of tapered monoflar axil-mode helical antennas grouped into 3 classes: 
(1) pitch angle constant but turn spacing 5 and diameter D variable, 2}dlameter D constant but pitch angle 
«x and turn spacing 5 variable and (3) turn spacing 5 constant but pitch angle а and diameter D variable. 
Many of these forms have been investigated the class (2) form by Day (1). 

Day measured patterns of monofilar axial-mode helical antennas of 6 tums with the diameter constant but 
a increasing or decreasing (D constant but and 5 variable as in Fig. 8-67d, e and f or the middle row of 
Fig. 8-67). The helix conductor diameter was 0.02. Pitch angles were varied on a given helix from 1 to 
20°, 5 to 17° or 9 to 15°, both increasing and decreasing. These were compared with a constant pitch angle 
of 12.5° at helix circumferences C, of 06, 08, 10, 1.2 and 1.4- a total of 35 cases. For pitch angle tapers 
between 5 and 17° and 0.8 < C, = 1.2, the pattem variations are minor. However, at C; = 1.2 and with the 
pitch angle decreasing from 17° atthe fed end to 5° atthe open end, the gain is 1 dB more than for C, = 1.2 
and a = 125 (constant pitch). This sa significant improvement since the highest gain for а uniform trn 
helix occurs when a is approximately 125 and the circumference C, approximately 1.2. Thus, the center 
helix (D constant, and 5 decreasing), of the 9 shown in Fig. 8-67 (ie, Fig. 8-67e), is a useful variant of 
the uniform helix 

The conical helix in Fig, 8-67a for which « is constant and D (or C) and S are increasing has been 
investigated by Chatterjee (1), Nakano (3), Mikawa and Yamauchi and others. With small pitch angles 
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Figure 8-66 Axial-mode helices showing various constructional and feed arrangements. 
(After Kraus.) 
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igure 8-67 Types of tapered monofilar axial-mode helical antennas. (After Kraus-1.) 


Chatterjee found that very broad pattems can be obtained over a 5 to 1 bandwidth. According to Nakano (3), 
Mikama and Yamauchi, the currents involved are those of the attenuating wave-launching region close to the. 
feed point [see Fig. 8-3b and c) 

Additional tapered types are shown in Fig. 8-68. The one at (a) has a tapered and uniform section but 
reversed in order from the uniform-to-taper type of Wong (1) and King and others. The other designs shown in 
Fig. 8-68 involve variation in the diameter of the helical conductor d or the width w of a flat strip conductor. 
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conductor size is tapered. (After Kraus.) 


Thus, there are 4 quantities which can be varied, 
a, D. S and d (or w). Since the characteris- 
tics af the monofilar axial-mode helical antenna. 
are relatively insensitive to moderate changes 
in dimensions, the effect of moderate depar- 
tures from uniformity is, in general, not large 
However, some changes may produce signif 

cant increases in gain, as discussed above, and 
significant decreases in axial ratio and V SWR. 


8-22 Multifilar Axial-Mode Helical 
Antennas 


Four wires, each 1/2 long and forming 3. 
Шт of a helix as in Fig. 8-69, produce а 
cardloid-shaped backfire circularly polarized 
pattern (HPBW = 120°) when the two pairs 
are fed in phase quadrature. This coil described 
by Kilgus (1) hastwo J-turn bifilar helices or one 
tum quadriflar helix. The antenna is resonant 
апа the bandwidth is narrow (about 4 percent). 
The: wires can also be /4 or à long. For these 
lengths the lower ends are open-circurted instead 
of short-circuited as for the 2/2 wires of Fig. 
8-69. Each bifilar helix can be balun-fed at the 


jure 8-68 Types of tapered monofiar axial-mode helical antennas including ones in which 


[pater 


Figure 8-69 Resonant narrowband backfire 
quadrifiar сой for very broad circularly polarized 
pattern. (After С. C. Kilgus-1.) Wires are situated 
in space as though wrapped around a cylinder 
as suggested in the figure, 
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top from a coaxial line extending to the top along the central axis. By increasing the number of turns K ilgus 
(2) reports that shaped. conical patterns can be obtained which may be more useful for some applications than 
a cardild (heart-shaped) pattern. 

А bifilar helix end-fed by a balanced 2-wire transmission line produces a backfire beam when operated 
above the cutoff frequency of the principal mode of the helical waveguide. The maximum directivity of this 
сой described by Patton (1) occurs slightly above the cutoff frequency. The pattern broadens with increasing 
frequency and at pitch angles of about 45° the back- fre beam splits and scans toward side-fire. 

Below thecutof frequency, there isa standing-wave current distribution along the helical conductor. Above 
cutoff, thestanding wave gives way toa gradually decaying traveling wave. With afurtherincreasein frequency 
the rale of decay increases and a low-level standing wave appears, indicating the existence of a higher-order 
helical waveguide mode, This establishes the upper frequency limit of the bifilar helix back fire radiation. 

Quadrifilar and octofilar axlal-mode forward end-fre circularly polarized helical antennas using large pitch 
angles (30 to 60°) have been investigated by Gerst (1) and Worden and Adams et al. (1) 


8-23 Monofilar and Multifilar Normal-Mode He 


Antennas 


The previous sections deal with asial-mode helical antennas with maximum radiation in the direction of the 
helix axis, The radiation may be (forward) end-fire or back-fire. In this section the normal mode of radiation 
is discussed, normal being used in the sense of perpendicular to or at right angles to the helix axis. This 
radiation with its maximum normal to the helix axis may also be described as side-fire or broadside, 

When the helix circumference is approximately a wavelength the axial mode of radiation is dominant, but 
when the circumference is much smaller the normal mode is dominant. Figure 8- 70а and с shows helices 
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Figure 8-70 Field patterns of axial, 4-lobed and normal radiation modes of helical antennas 
with relative size indicated. 
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(а) ных (b) Loop (c) орое 
Figure 8-71 Dimensions for helix, loop and dipole. 


radiating in both modes while Fig. 8-70 shows a 4-obed mode helix of Chire with the relative sizes for 
producing the modes being indicted. 

Now etus examine the requirements for normal-mode radiation in more detail. Consider a helix oriented 
with axis coincident with the polar or < axis as in Fig. 8-71a, If the dimensions are small (nd. <A), he 
maximum radiation is in the у plane for a helix oriented asin Fig. B- la, with zero field in the : direction 

When the pitch angle is zero, the helix becomes a loop as n 
Fig. 8- 71b. When the pitch angle is 90°, the helix straighten out 2 
int alinear antenna asin Fig. 8-71, the loop and straight antenna 
being limiting cases of the helix. 

The far feld of the helix may be described by two components А 
of ibeeeciic feld, E, and E, 3s shown in Fig. 8-71a; Letus now — 
develop expressions for the far-field patterns of these components dř 

T) 


for a small short hex. The development is facilitated by assuming 
thatthe helix consists of a number of small loops and short dipoles 
connected in series as in Fig. 8-72a. The diameter D of the loops @ ) 
isthe same as the helix diameter, and the length of the dipoles 515 
the same as the spacing between turns of the helix. Provided that Figure 8-72 Modified helix for 
thehelix is small, the modified form of Fig. 8-72a isequivalentto bofmef mode calculations. 
the true helix of Fig. 8-71a. The currentis assumed to be uniform 
in magnitude and in phase over the entire length of the helix. Since the helix is small, the far-field pattem is 
independent of the number of turns. Hence, It suffices to calculate the far-field pattems of a single small loop 
and one short dipole as illustrated in Fig. 8-72b. 
The far field of the small loop has only an E, component Its value is given in Table 7-1 as 
à 
120141310 A M 


sem ae 


where the area of heloop A = 102/4 

The far fied of the short dipole has only an E, component. Its value is given in the same table as 
Gor[11sin 5 
mE o 
where S has been substituted for Z. as the length of the dipole. 
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Comparing (1) and (2), the j operator in 2} and its absence in (1) indicates that £, and E, arein phase 
quadrature. The ratio of te magnitudes of (1) and (2) hen gives the axial rato of he polarization elise of 
Tiefe fid. Hence, dividing Ке magnitude of (2) by (1) we obtain for the axial rato 

E Sà 2928 
Eel EAT ED 


AR- a 

Three special cases of the polarization ellipse are of interest. (1) When E, = O, the axial ratio is infinite 
and the polarization ellipse is a vertical line indicating linear vertical polarization. The helix in this case is 
a vertical dipole. (2) When E, = 0, the axial ratio is zero? and the polarization ellipse is а horizontal line 
indicating linear horizontal polarization. The helix in this case s a horizontal loop. (3) The third special case 
of interest occurs when [Es] = |Eal. For this case the axial ratio is unity and the polarization ellipseisa circle, 
indicating circular polarization. Thus, setting (3) equal to unity yields 


zD-472 o C= 4) 
This relation was first obtained by Wheeler (1) in an equiva- — 
lent form, The radiation is circularly polarized in all directions 
in space but with zero field on axis (z direction, Fig, 8-71a). 
A monofilar normal-mode helix or Wheeler сой fulfilling con- 
dition (4) is shown in Fig. 8-73, Its a resonant, narrowband rm 
antenna, —.— 
We have considered three special cases of the polarization 6-01 
ellipseinvolving linear and circular polarization. In the general ane 
case, theradiaton iselliptically polarized. Therefore, wee. g Ts uon 


tion from a helix of constant turn-length changes progressively 
through the following forms as the pitch angle is varied. When Figure 8-73 Resonant 

«= 0, wehavealoop (Fig. 8-71b) and the polarizatlonislinear narrowband circularly polarized 
and horizontal. As а increases, let us consider the helix dimen= — monoflar normal-mode of Wheeler, 
sions as we move along a constant L. line (circle with center — Pattern is that of a short dipole. 
atorigin Fig. 8-10), As cr Increases fram zero, the polarization 

becomes elliptical with the major axis of the polarization ellipse horizontal, When e reaches a value such that 
C, = VZS the polarization is circular. With the aid of Fio. 8-9, this value of œ is given by 


a 


Asa increases stil further, the polarization again becomes eliptical but with the major axis of the polarization 
ellipse vertical. Finally, when a reaches 90°, we have a dipole (Fig. 8-71) and the polarization i linear and 
vertical. Wheeler's relation for circular polarization from a helix radiating in the normal mode as given by (4) 
or (5) is shown in Fig. 8-10 by the curve marked C; = VZ. 

In the preceding discussion on the normal mode of radiation, the assumption is made that the current is 
uniform in magnitude and in phase over the entire length of the helix. This condition could be approximated 
if the helix is very small (n1. < 2) and is end-loaded. However, the bandwidth of such a small helix is very 
narrow, and the radiation efficiency is low. T he bandwidth and radiation efficiency could be increased by 


The айа rato ls here allowed o range from Û o c instead of rom 1 to oc as customarily, in order to distinguish between linear 
verti and linear horizontal polarization. 
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Increasing the size of the helix, but to approximate the uniform, i-phase current distribution requires that 
Some type of phase shifter be placed at intervals along the helix. This may be Inconvenient or Impractical 
Hence, he production of the normal mode of radiation from a helix has practical limitations: 

An antenna having four slanting dipoles atis suggestive of a fractional-turn quadrifilar helix radiating in 
the normal mode had been built by Brown (2) and Woodward (see Fig. 20-197). Ther arrangement is based 
on a design described by Lindenblad (1) 

Resonant monoflar normal-mode helical antennas are useful as 0 
short, essentially vertically polarized, radiators. Referring to 
Fig. 8-74, the hé mounted on a ground plane with ais vertical acts 
as aresonantnarrowband substitute for a vertical stub or monopole 
above aground plane Thehelxin Fig 8- 74150.062.in heigħtor about 
$height of a 2/4 sub From (3) the arial ato of the helix is given by 


m 


as 2x00 
Mog om 6 


with the major axis of the polarization ellipse vertical. The polarization 
is, thus, essentially linear and vertical with an omnidirectional pattem 
inthehorizontl plane (plane of ground plane). Theradiation resistance 
isnearly thesameasforashort monopoleof height, abovetheground 


plane where, = nS, whch rom (2-10-8)or(6-4-12) (orashort Figure 8-74 Short resonant 
pci) номе by narrowband monofar 
i norma mode helical antenna 
P O o mounted over a ground planê as 
77% * Substitute for a 4/4 stub. 


Aang si ce arn cord ae ope, 
: 
sess (2) «e 


Thisis the radiation resistance between the base of the helix and ground, Connection to a coaxial line would 
require an impedance transformer, but with the shunt feed of Fig. 8-74 the helix can be matched directly toa 
coaxial line by adjusting the tap point on the helix. With such a small radiation resistance, any loss resistance 
сап reduce efficiency. The advantage of the helix over а straight stub or monopole is that its inductance can 
resonate the antenna 

A center. fed monofilar helix (а = 30°) with 5, = 1, Li = 2 and Cı = V3 has a d-lobed pattern, 1 lobe 
each way on axis and 2 lobes normal to the axis. Its location is indicated on the m = 1 line of Fig. 8-10 
Where the L} = 2 and = 30° lines intersect, for which also C, = 1.73 and S; = 1 (Chirelx design, see 
also Fig. 8-700). 

Patton (1) has demonstrated that a bifilar helix end-fed by a balanced 2-wire transmission line can produce 
circularly polarized omnidirectional side-fire radiation when pitch angles of about 45° are used. 

Some other monoñlar and multiflar normal mode (side fre helices for omnidirectional FM and TV 
broadcasting are described by King (3) and Wong and by Оин ате! (1). 


osa e) 


8-24 Axial-Mode Helix Terminations 


A dielectric tube supporting a helical conductor may significantly affect performance. The magnitude of the 
effect depends on the dielectic's properties and its geometry, especially the thickness of the tubing wall. 
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For a peripherally fed helix supported on a polyvinyl chloride (РУ С) tube with s, = 2.70, Baker (1), using 
the VSWR as a criterion, found that the relative frequency for the onset of the axial mode shifted from 0.72 
without the tube to 0.625 with the tube for а ratio of 1.25. Thus, the effective relative permittivity sae (with 
tube) = 1.32 (= 1.15%), making the terminal resistance at the center frequency 130 © (=150/VT32).A 
precision matching section designed by Baker converts this to 50 © with measured VSWR < 12 (p, < 

20 dB) over a 1.7 to 1 bandwidth. The helix wire is wound in a groove of half the wall thickness machined 
with a computer-controlled lathe. A II dimensions of the helix, matching section and supporting structure are 
specified in Baker's design 

Several arrangements have been proposed to reduce the axial ratio and V SWR to even lower values, These 
includea conical end-taper section by Wong (1) and K ing, Donn (1), Angelakor (3) and K afez and Jamwal (1) 
and Vakil, and a flat spiral termination by Baker (1). The flat spiral adds no axial length to the helix. The 
reflection coefficient (or VSWR) as measured by Baker for a 10-ur peripherally fed monofilar axial-mode 
helical antenna with and without the spiral termination is presented in Fig. 8-75. The improvement occurs at 
relative frequencies above 1.1 which, however, is a region where the gain is decreasing 


Retin cotícien, ав 


Relative frequency 
(or cicumference, C) 


Figure 8-75 Reflection coefficient and VSWR for an impedance-matched peripherally fed 
10-turn, 13,8" monofilar axial-mode helical antenna as a function of relative frequency (or 
circumference Сз) without spiral termination (solid) and with it (dashed). (After D. E. Baker-1,) 


8-25 Antenna Rotation Experiments. 


Consider the radio circuit shown in Fig. 8-762 in which both the transmitting and receiving antennas are. 
linearly polarized If either of the antennas is rotated about its axis at a frequency / (rs) the received signal 
is amplitude modulated at this frequency. The direction of rotation is immaterial, 


re McGraw-Hill Compani 


8-27 Genes Algorithm Fe Segment Hel Versus Circular Hei » 
. : > 
Frannie En 
(a 
— ET 


(b 

jure 8-76 Arrangements for antenna rotation experiments. (a) Antenna rotation produces 
amplitude modulation. (b) Rotating the monoflar axial-mode helix increases or decreases the 
signal frequency by the rotation rate. 


Consider next the radio circuit shown in Fig. 8-760 in which one antenna is circularly polarized and the 
‘other is linearly polarized. If one of the antennas is rotated about its axis ata frequency / (rls), the received 
signal is shifted to F +, where F is the transmitter frequency. This experiment may also be conducted with 
2 circularly polarized antennas of the same type. The frequency / is added or subtracted from F depending 
‘on the direction of antenna rotation relative to the rotation direction of E (ог hand of circular polarization) 


8-26 Bifilar and Quadrifilar Axi: резне 
Intertwining two 13° pitch-angle helices fed in phase opposition, 


as in Fig. 8-77, results in an improved pattern (smaller minor 
lobes) according to Holtum (1). Intertwining four helices fedin == 
progressive phase-quadraturestepsresultsinan approximation to зу V 


a continuous helical current sheet with reduced bandwidth due to tne 
the feed network, These helices operate with the reduced phase 
velocity of the monofilar helix in region А of Fig. 8-10. 

A bifilar helix with large (68°) pitch angle and small diameter 
(20.13) asa pattern thatscans in angleasa function of frequency 
{Zimmerman (1), Nakano (3). The phase velocity v = c. See 
point С of Fig. 8-10. 


Figure 8-77 intertwined 
axial-mode helices fed in phase 
opposition from a twin line 


8-27 Genetic Algorithm Five-Segment Helix Versus Circular Helix 


Using a genetic algorithm, Altshuler (1) has designed an antenna intended for use as the vehicular terminal of 
an LEO or MEO satellite link. Itis a wire with Пе straight segments of irregular length bent in the form ofa 
14-urm helix, thas a circumference of vi and a tm spacing af ~0.5 2. Its position on the chart Fig. 8-20 
is shown by the point G. It closely resembles the 13 tum "curl antenna” of Nakano (5). See Fig. 20-47-1, 
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An antenna of Altshuler's dimensions has been measured and compared with measurements for a regular 
circular 12 «um helix of the same circumference and length. The results are shown in Fig. 8-78 with patterns 
in decibels above isotropic (881) and polarization in inverse axial ratio (АВ = 1/AR) 

TheS-segment helix 150.5 IAR right-circularly polarized (RCP) on axis (0°) witha gain of 2 dBi changing 
to linear polarization (LP) at —75° and 50° and then to left-circular polarization (LCP) of 0.4 IAR at the 
¿round plane (490°). 
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Figure 8-78 Patterns in decibels above isotropic (dBi) of 5-segment helix (a) and of circular 
helix (b) flanked at left and right by the inverse of the axial ratio (JAR = V/AR ALIO the field is 
100 percent circularly polarized while at 0.0 itis linearly polarized. Measurements were made at 
1575 MHz on a 1.1 square ground plane. (Measurements by Kevin Sickles at the. 
ElectroScience Laboratory of the Ohio State University) 
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The circular helix is 0.84 IAR RCP on axis with a gain of 7.5 dBi changing to 0.25 IAR RCP at -90, 
LP at 70° and 0.4 IAR LCP at 90°. Comparing the two antennas, it is apparent that the S-segment helix 
‘approximates a circular helix. In this case, the circular helix has more gain on axis (7.5 В! vs. 2.0 dBi), more 
АСР purity on axis (0.84 vs. 0.5) and a wider RCP angle of 160° vs. 120°. 

‘The genetic-algorithm helix has more gain at large angles away from the axis but with impure polarization, 
Trends are similar for other cuts through the pattern. The S-segment helix measurements are similar to 
Altschuler's when one takes Into account that his measurements were made with an RCP horn antenna and 
the field was not resolved into right- and left-handed components as done above, 
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8-161 


A 10-turn helix. А right-handed monofilar helical antenna has 10 tums, 100 mm diameter and 70 mm 
tum spacing. The frequency is GHz. (a) WhatistheHPBW ? % Whatisthegain? c) W hatisthe polarization 
state? (a) Repeat the problem for a frequency of 300 M Hz. 

А 30-turn helix. A right-handed monofilr axial mode helical antenna has 30 turns, 2/3 diameter and 
2/5 turn spacing. Find (a) HPBW, (b gain and с) polarization state 


Helices, left and right. Two monofilar axial mode helical antennas are mounted side by side with 
ares parallel (їп the х direction). The antennas are identical except that one is wound left-handed and the 
other right-handed. What is the polarization state in the x direction if the two antennas are fed (a) in phase 
and () in opposite phase? 


Axial-mode helical antenna. Design a right circularly polarized (RCP) axial mode helical antenna 
with 17 dBi gain for operation at 1600 M Hz with tum spacing /. Find (a) number of turns, (6) tur 
diameter and (e) axial ratio. 

Yagi-Uda antenna. Design a Yagi-Uda six-element antenna for operation at 500 M Hz with a folded 
dipole feed. What are the lengths of (a) reflector element, (5) driven element, nd (с) four-directar element? 
W hatisthe spacing (4) between reflector and driven element and (e) between director elements? Whatis /) 
frequency bandwidth (upper and lower frequencies) and (g) gain? 

For computer programs, see Appendix С. 

See Table 8-2, p. 385, for a summary of important formulas for axial-mode helical antenna, 


An 8-turn helix. А monoflar helical antenna has u = 12°. n = 8, D = 225 mm. (a) What is p at 
400 MHz for (1) in-phase fields and (2) increased directivity? (6) Calculate and plot the field patterns for 
p = 10,03, and 05 and also for p equal to the value for in-phase fields and increased directivity. Assume 
each turn is an isotropic point source. (e) Repeat (b) assuming each turn has a cosine pattem. 

A елин helix. A monoñlar axial mode helical antenna has 6 turns, 231 mm diameter and 181 mm tum 
spacing. Neglect the effect of the ground plane. Assume that the relative phase velocity p along the helical 
conductor satisfies the increased-directivity condition. Calculate and plot the following pattems as a funcion 
074 (0 to 360°) in ев = 90° plane at 400 M Hz. U se the square helix approximation. (а) Egy for a single 
tum and Eg for the entre helix. (b) Repeat (a) neglecting the contribution of sides and 4 of the square turn. 
(e) Eor fot a single turn and Ey for the entire helix. 


Normal-mode helix. (a) Whatis the approximate relation required = 
between the diameter D and height H of an antenna having the configu- 
rason shown in Fig. P8-11-1, in order to obtain a circularly polarized far 
fed at all points at which the field is not zero? The loop is circular and 
is horizontal, and the linear conductor of length H is vertical. Assume D. 
and Н aresmall compared to the wavelength, and assumethe currentis of 
uniform magnitude and in phase over the system. (9) What isthe pattern Figure P8-12-1 
at the far circularly polarized бай? Normal mode helix. 


[= 


Design of quad-helix earth station antenna. An aray of four right-handed axial mode helical 
antennas, shown in Fig. 8-56, can be used for communications wit satellites. Determine (a) the best spacing 
based on the effective apertures of the helices, () the directivity of the array. Assume the number of turns is 
20 and the spacing between turns is 0.25 à. 


For computer programs, see Appendix С. 
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Reflector Antennas 
Topics In this chapter include: 
m Flatshet electors н Parabolic reftetors 
н Comer lech Bp Paternsoflargecircularapeures 


m Passive comer reflectors 


9-1 Introduction 


Reflectors are widely used to modify the radiation pattern of a radiating element For example, the backward 
radiation from an antenna may be eliminated with a plane sheet reflector of large enough dimensions. In 
the more general case, a beam of predetermined characteristics may be produced by means of a large, 
suitably shaped, and illuminated reflector surface. The characteristics of antennas with sheet reflectors or 
their equivalent are considered in this chapter. 

Several reflector types are illustrated in Fig. 9-1, The arrangement in Fig. 9-13 has a large, flat sheet 
reflector near a linear dipole antenna to reduce the backward radiation (to the left in the figure). With small 
spacings between the antenna and sheet this arrangement also yields a substantial gain in the forward radiation. 
The desirable properties ofthe sheet reflector may be largely preserved withthe reflector reduced in size as 
in Fig. 9-18 and even in the limiting case of Fig. 9-1c, Here the sheet has degenerated into a thin reflector 
element. Whereas the properties of the large sheet are relatively insensitive to small frequency changes, the. 
thin reflector element is highly sensitive to frequency changes. The case of a 4/2 antenna with parasitic 
reflector element was treated in Sec. 8-6. 

With two flat sheets intersecting at an angle «r (<180°) as in Fig. 9-14, a sharper radiation patter than 
from a fat sheet reflector (а = 180°) can be obtained. This arrangement, called an active corner reflector 
antenna, is most practical where apertures of 1 or 24 are of convenient size. A corner reflector without an 
exciting antenna can be used as а passive reflector or target for radar waves. In this application the aperture. 
may be many wavelengths, and the corner angle is always 90°. Reflectors with this angle have the property 
that an incident wave is reflected back toward its source as in Fig. 9-1, the comer acting as a retrorelector 

When itis feasible to build antennas with apertures of many wavelengths, parabolic reflectors can be used 
to provide highly directional antennas. A parabolic reflector antenna is shown in Fig. 9-11. The parabola 
reflects the waves originating from a source atthe focus into a parallel beam, the parabola transforming the 
curved wave front from the feed antenna at the focus into a plane wave front. M any other shapes of reflectors 
сап be employed Гог special applications. For instance, with an antenna at one focus, the elliptical reflector 
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Figure 9-1 Reflectors of various shapes. 
(Fig.9-19) producesa diverging beam with all reflected waves passing through the second focus of the ellipse. 
Examples of reflectors of other shapes are the hyperbolic (Stavis-1) and the circular reflectors (A shmead-1) 
shown in Figs. 9-1h and i 
The plane sheet reflector, the corner reflector, the parabolic reflector and other reflectors are discussed 
in more detail in the following sections. Feed systems, aperture blockage, aperture efficiency, diffraction, 
surface irregularities and frequency-selective surfaces are considered in later chapters. 


9-2 Flat Sheet Reflectors 
The problem of an antenna at a distance s from a perfectly conducting plane sheet reflector of infinite extent 
is readily handled by the method of images (Brown-1). In this method the reflector is replaced by an image 
of the antenna at a distance 25 from the antenna, asin Fig. 9-2. This situation is identical with a horizontal 
antenna above ground. If the antenna is a /2 dipole this in turn reduces tothe problem of heW8]K antenna 
discussed in Sec. 6-8, Assuming zero reflector lasses, the gain in field intensity of a /2 dipole antenna ata 
distance 5 from an infinite plane reflector is 

. 
ee sel ш 
where S, = 215/3. 
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The gain in (1) is expressed relative to a 2/2 antenna in free space with the Flat sheet 
same power input. The field patterns of 2/2 antennas at distances S = 4/4, 1/8 reflector 


and 1/16 from the fat sheet reflector are shown in Fig. 9-3. These patterns are 
calculated from (1) for the case where Ry. 
The gain as a function of the spacing 5 is presented in Fig. 9-4 for assumed 
antenna loss resistances R; = 0, Land 5 0, These curves are calculated from (1) 
for ¢ = 0. Itis apparent that very small spacings сап be used effectively provided "тазе. | Antenna 
that losses are small. However, the bandwidth is narrow for small spacings. With 
wide spacings the gain is less, but the bandwidth is larger. Assuming an antenna 
loss resistance of 1 2, a spacing of 0.125. yields the maximum дай. 
A large Mat sheet reflector can convert a bidirectional antenna aray into a 
unidirectional system. An example is shown in Fig. 9-5а. Here a broadside array 
of 16 in-phase. /2 elements spaced à /2 partis backed up by alarge sheet reflector 
so thataunidirectional beam is produced. The feed system for the array is indicated, 
equal in-phase voltages being applied at the 2 pairs of terminals F- F. Iftheedges Figure 9-2 
of the sheet extend some distance beyond the array, the assumption that the at Antenna with fat 
Sheetisinfriteinextentisa good firstapproximation. The choice of the spacing S sheet reflector. 
between the атау and the sheet usually Involves a compromise between gain and 
bandwidth, If a spacing of 2/8 is used, the radiation resistance o не elements of a large array remains about 
the same as with no reflector present (W heeler- 1). This spacing also has the advantage over wider spacings of 
reduced interaction between elements On the other hand, a spacing such as 2/4 provides a greater bandwidth, 
and the precise value of S is less critical in its effect on the element impedance. 


m] р 
А 
КО; 
p p — 
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Figure 9-3 Field patterns of 2/2 antenna at spacings of $, and 22 from an infinite fat 
sheet reflector: Patterns give gain п field intensity over a 2/2 antenna In free space with same 
power input For 1/8 spacing, the gain Б 2.2 (=6.7 dB = 89 dBi). 


Ganin fei EN 


5 02 0з 


040050607 


Spacing SA 


jure 9-4 Gain їп fied intensity of 4/2 dipole antenna at distance S from flat sheet reflector. 


Gain в relative to 2/2 dipole antenna in free space with the same power input. Gain in dBi is 
also shown. Gain is in direction ¢ = 0 and is shown for assumed loss resistances R, = 0.1 
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Figure 9-5 (а) Array of 16 2 dipoles with fat sheet reflector (billboard antenna). 
(b) Flatsheet reflector replaced by а back curtain of 16 2/2 dipoles for reduced wind resistance. 
Also by reversing the transmission lines at A, the beam direction can be reversed. 
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Many shortwave broadcast stations operating at 15 to 50 m wavelengths and beaming worldwide use large 
curtain arrays as in Fig. 9-Sb, supported by tall towers. The array in Fig. 9-50 has a gain of about 17 dBi. 
Adding another set of curtain arrays (both front and back) alongside the array of Fig. 9-58 for a total of 
64 dipoles increases the gain to about 20 dBi. Doubling again to 128 dipoles, the gain is about 23 dBi and 
doubling again to 256 the gain is about 26 dBi. Doubling once more to 512 dipoles the gain is about 29 dBi. 


EXAMPLE 9-2.1 Short-Wave Station with 512 1/2-Dipole Array 
This large атау is equal in size to 16 of the arrays of Fig. 9-Sb placed side-by-side. 
(a) If the tation transmitter delivers 25,000 W to the 512-dipole array what is the effective radiated power 


(ERP)? 
(b) What is the field strength at a distance of 7500 km assuming that the signal is trapped between the 
ionosphere ata height of 250 km and the earth? 


H Solution 
(а) antilog 2.9 = 794 


794 x 25,000 = 19.9MW Ans. (a) 
(b) ERP/2xrh = 19,9 x 10#/2л7.5 x 106 x 250 x 10° = 1.68 x 10- Wim? 


/T88 x 10-5 x 377 =25 mV Im, a very strong signal, Ans. (b) 


wz/mě 


W hen the reflecting sheets reduced in size, the analysis is less simple. The situation is shownin Fig. 9-63. 
There are 3 principal angular regions: 
Region 1 (above or in front of the sheet), In this region the radiated field is given by the resultant of be 
direct бей of the dipole and the reflected field from the sheet. 
Region 2 (above and below at the sides of the sheet), In this region there is only the direct field from the 
dipole. This region is in the shadow of the reflected field. 
Region 3 (below or behind the sheet), In this region the sheet acts аз а shield, producing a full shadow (no 
director reflected fields, only diffracted fields 
1f he sheet is 1 or 24 in width and the dipole is close to it, image theory accounts adequately for the 
radiation pattern in region 1. In region 2, the distant feld is dominated by the direct ray from the dipole. 
In the full shadow behind the sheet (region 3) the Geometrical Theory of Diffraction (GTD) must be used 
The pattern in this region is effectively that of 2 weak line sources, one along each edge. The fields in the 3 
regions are shown in Fig. 9-6b for the case of the sheet width dimension D = 2.25), and the dipole spacing 
4 = 3/8. It is assumed that the sheet is very long perpendicular to the page (>D). 
Narrower reflecting sheets result in more radiation into region 3 but this diffracted radiation can be 
minimized by usinga rolled edge (radius of curvature >) /4) and absorbing material, as suggested in Fig. 9-6. 


Diffraction ls ls discussed in Secs 5-21 and 7-13. For mare details on the principles of physical and geometrical faction theories 
pom 
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Figure 9-6 (a) Dipole antenna with 225). flat sheet reflector with 3 regions of radiation 
according to geometric optics. (b) Field pattern of dipole and sheet reflector according to 
‘geometric optics (heavy solid line) and according to geometric theory of diffraction (dotted ine). 
The solid circle indicates the field from the dipole alone (in free space) and the dashed line 
gives the pattern for dipole with an infinite sheet reflector. (c) Modification of edges of sheet to 
reduce diffracted back-side radiation (in region 3). 


e McGraw-Hill Companie 


m Chapter 9 Reflector Antennas 


9-3 Corner Reflectors 
9-3a Introduction by John Kraus 
In 1938 white analyzing the radiation from a dipole parallel to and closely spaced from a flat reflecting sheet, 
I realized that when the sheet is replaced by its image, the dipole and its image form a W8]K array, When 
the iat sheet (180° included angle) is folded into a square (90°) corner the theory calls or 3 images, and 
ту calculations showed correspondingly higher gain. Thus, the corner reflector developed as an extension 
of my analysis ofthe W8)« array. | immediately constructed several comer reflectors to obtain experimental 
confirmation. I tried parlll-wire rid reflectors, modifying both the spacing and length of the reflector wires 
to determine the limiting dimensions required. Figure 9-7 shows 90 corner for» = 1 m operation | built 
in 1938 with pattems measured by rotating the antenna on а turntable. 

The following discussion is based mainly on my articles in the Proceedings of the RE., in Radio and a 
patent filed for me by the Radio Corporation of America (RCA) (Kraus-2, 3, 4) 


Figure 9-7 90-degree or square-corner reflector on turntable for measurements atà = 1m 
outside my home in 1938, The reflector is made of copper window screen. The screen reflector 
is 70 cm square. 
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9-3b Corner Reflector Design 
Two flat reflecting sheets intersecting atan angle or comer as in Fig. 9-8 form an effective directional antenna, 
When the comer angle = 90°, the sheets intersect at right angles, forming a square-comer reflector. Corner 


angles both greater or less than 90° can be used Corner 
although there are practical disadvantages to angles — . 
much less than 90°, A corner reflector with o Transmission, Driven 
180" isequivalenttoafitsheetreñector and may be ine antenna 
considered as a limiting case of the comer reflector. i 
This case has been treated in Sec. 9-2. Ls 


Assuming perfectiy conducting reflecting sheets 
of infinite extent, the method of images can be 
applied to analyze the corner reflector antenna for Figure 9-8 Corner reflector antenna. 
anglesa = 180 /n, where is any positive integer 
This method of handling corners is well known in electrostatics (J eans-1). Corner angles of 180° (Nat sheet), 
90°. 60°, ete., can be treated in this way. Corner reflectors of intermediate angle cannot be determined by this 
method but can be interpolated approximately from the others 

In the analysis of the 90° corner reflector NE 
there are 3 image elements, 2, 3 and , located У 
as shown in Fig, 9-98. The driven antenna 1 
and the 3 images have currents of equal mag- 
nitude. The phase of the currents in 1 and 4 is 
the same. The phase of the currents in 2 and 3 
is the same but 180° out of phase with respect 
to the currents in 1 and 4. All elements are 
assumed to be A/2 long. 


At the point P at a large distance D from © 
the antenna, the ied intensity is Figure 9-9 Square-corner reflector with 
El) = 2kh|[C0s(S, cos d) images used in analysis (a) and 4-lobed 


= coats sai ау Pattern of driven element and images (b). 


urrentin each element 
pacing of each element from the corner, rad 
(5/2) 
'onstant involving the distance D, et. 

For arbitrary corner angles, analysis involves integrations of cylindrical functions which can be approx 
mated by infinite sums as shown by K lopfenstein (1). The emf Vy at the terminals at the center of the driven 
elementis 


Vi = Hau + hRu hZu 28120 o 
where 


zu =self-impedance of driven element 
Ви. =equivalent loss resistance of driven element 
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Zy =mutual impedance of elements 1 and 2 
Zy =mutual impedance of elements 1 and 4 


Similar expressions can be written for the emf's at the terminals of each ofthe images. Then if Р Is the power 
delivered to the driven element (power to each image element is also P), we have from symmetry that 


7 
= RT Rr ee ш 
Substituting (3) in (1) yields 
E@) = 2k | E cos S. cos o) coscs, sin ) Чч 


ROTACI а=: 
The field intensity at the point P ata distance D from the driven 4/2 element with the reflector removed is 


Envió) (5) 


کک 
VRu + Ru‏ 


where k = the same constant as in (1) and (4) 

This is the relation for field intensity of a 1/2 dipole antenna in free space with a power input P and 
provides a convenient reference for the corner reflector antenna, Thus, dividing (4) by (5), we obtain the gain 
in fied intensity of a square-corner reflector antenna over a single 2/2 antenna in free space with the same 
power input, ог 


ЕФ 
Envió) 
— — j 
RTT тея a cag; КЭМ бю) — сиз, sn © 
Where the expression in brackets is the pattern factor and the expression included under the radical sign is the 
coupling factor, The pattern shape is a function of both the angle and the antenna-to-corner spacing S. The 
pattern calculated by (6) has 4 lobes as shown in Fig. 9-9b. However, only one of the lobes is real, 

Expressions for the gain in field intensity of 
corner reflectors with corner angles of 60°, 45°, 
etc, can be obtained in a similar manner. The 
driven element is a 4/2 dipole. For the 60° cor- 
пег the analysis requires a total of 6 elements, 
1 actual antenna and 5 images as in Fig. 9-10. 
Gain-pattern expressions for corner reflectors of 
90 and 60° are listed in Table 9-1. The expres 
sion for a 180° “corner” ог flat sheet is also 
included, 

Inthe formulas of Table 9-1 itis assumed hat — Figure 9-10 A 60° corner reflector with images 
the reflector sheets are perfectly conducting and — used in analysis. 
of infinite extent. Curves of gain versus spacing. 
calculated from these relations are presented in Fig. 9-11. The gain given is in the direction 4 = 0. Two 
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Figure 9-11 Gain of corner reflector antennas over a 2/2 dipole antenna in free space with 
the same power input as a function of the antenna-to-corner spacing. Gain is in the direction 
Ф = O and is shown for zero loss resistance (solid curves) and for an assumed loss resistance 
of1 (Ry = 1) (dashed curves). (After Kraus.) 


‘curves are shown for each corner angle. The solid curve in each case is computed for zero losses (Riz = 0), 
hile the dashed curve is for an assumed loss resistance R, = 1 2. It is apparent that for efficient operation 
too small a spacing should be avoided. A small spacing is also objectionable because of narrow bandwidth. 
On the other hand, too large a spacing results in less gain. 

The calculated pattern of a 90° comer reflector with antenna-to-comer spacing 5 = 0.54 Is shown in 
Fig. 9-12a. The gain is nearly 10 d8 over a reference 2/2 antenna or 12 dBi. This pattern is typical if the 
spacing 5 is not too large. If S exceeds a certain value, a multlobed pattern may be obtained. For example, 
asquare-corner reflector with S = 1.02 has  2-lobed pattern as in Fig. 9-12. If the spacing is increased to 
15, the pattern shown in Fig. 9- 2c is obtained with the major lobe in the ¢ = O direction but with minor 
labes present, This pattern may be considered as belonging to a higher-order radiation mode of the antenna. 
The gain over a single /2 dipole antenna is 12.9 dB (715 dBi). 

Restricting patterns to the lower-order radiation mode (no minor lobes), itis generally desirable that 5 lie 
between the following limits: 


*Displacing the driven dipole rom the bisector of the comer angle shifts [quint the beam direction to the other side of he bisector 
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Figure 9-12 Calculated patterns of square-corner reflector antennas with antenna-to-corner 
spacings of (a) 0.52, (b) 1.02 and (c) 1.52. Patterns give gain relative to the / dipole antenna 
in free space with the same power input. 


Table 9-1 Gain-pattern formulas for corner reflector antennas 


Gain in feld intensity over 1/2 antenna in free space 
with same power input 
VRR E 


[a 
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The terminal resistance Rr of the driven antenna is obtained by dividing (2) by 1ı and taking the real parts of 
the impedances, Thus, 


Rr = Rut Ry + Ra 24˙ СД 
If Riz = 0, the terminal resistance is all radiation resistance. The variation of the terminal radiation 
resistance of the driven element is presented in Fig. 9-13a as a function of the spacing 5 for comes angles 
180,90 and 60°. We note that for а = 90° and S = 0.352, the resistance of the driven 2/2 dipole is the 
same as for a /2 dipole in free space. 
In the above analysis itis assumed that the reflectors are perfectly conducting and of infinite extent, with 
the exception that the gains with a finitely conducting reflector may be approximated with a proper choice 
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Figure 9-13a Radiation resistance of driven 2 dipole antenna as a function of the 
dipole-to-corner spacing for 60°, 90° and 180° corner reflectors (after Kraus). Note the 
convenient 50-2 radiation resistance for the 90° corner with dipole-to-corner spacing of 0.3 4 
(large dot 
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of Ri. The analysis provides a good first approximation to the gain-pattem characteristics of actual corner 
reflectors with finite sides provided that the sides are not too small. Neglecting edge effects, a suitable value 
for the length of sides may be arrived at by the following line f reasoning, An essential region of the reflector 
is that near the point at which a wave from the driven antenna is reflected parallel to the axis, For example, 
this is the point A of the square comer reflector of Fig. 9-13b. This point is at a distance of 1415 from the 
Corner C, where 5 is the antenna-to-corner spacing. I the reflector ends at the point B at a distance L = 25 
from the comer, as in Fig. 9-130, the reflector extends approximately 0.65 beyond A. With the reflector 
ending at В, it is to be noted that the only waves reflected from infinite sides, but not from finite sides, are 
those radiated in the sectors 1. Furthermore, these waves are reflected with infinite sides into a direction that 
is ata considerable angle ¢ with respect to the axis. Hence, the absence of the reflector beyond В should 
not have a large efect. It should also have relatively lite effect on the driving-point impedance. The most 
noticeable effect with finite sides is tha the measured pattern is appreciably broader than that calculated for 
infinite sides and a null does not occur at = 45° but at a somewhat large angle. If this is not objectionable, 
aside length of twice the antenna-to-comer spacing ( = 25) isa practical minimum value for square-comer 
reflectors. 

Although the gain of a comer reflector with / 
infinite sides can be increased by reducing the cor- 
ner angle, it does not follow that the gain of а 
Corner reflector with finite sides of fixed length 
Will increase as the corner angle is decreased, To 
maintain a given efficiency with a smaller cor 
ner angle requires that 5 be increased. Also on а 
60° reflector, for example, the point at which а 
wave is reflected parallel to the axis is at a dis 
tance of 1735 from the comer as compared to 
1415 for the sqiare-corner type. Hence, to res 
ize the increase in gain requires that the length of 
the reflector sides be much larger than for a square- 
comer reflector designed for the same frequency 
Usually this is a practical disadvantage in view 
of the relatively small increase to be expected in 
gain. 

To reduce the wind resistance offered by a solid 
reflector, a grid of parallel wires or conductors can 
be used as in Fig. 9-14. The supporting member \ 
Joining the midpoints of the reflector conductors 
may esther aconductororan insulator ingerec Figure 9-13b Square-cormer refector with 
the spacing з between reflector conductors should Sides of length L equal to twice the 
be equal to or less than 2/8. With a % driven antenne in corner spacing S. 
element the length R of the reflector conductors should be equal to or greater than 072. If the length R is 
reduced to values of less than 0.62, radiation to the sides and rear tends to increase and the gain decreases. 
When R is decreased to as little as 0.3, the strongest radiation is no longer forward and the "reflector" acts 
asa director. 
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The squrecomer reflector is а simple, paci, 
inherently wideband antenna producing susan ans 
(QT 4 d). турса design data Yor a 30" Gaia 
corner reflector with bow-tie dipole for wideband (2 to 1 sí 
(een range) operation are gue n Table 9-2 

Thediven cements 45" Brown Woodnard Bow 
те} dipole sae Fig. 9-8-3) en t as suggested in 
Fig 8-14, o ati fat sides are райы to the rea 
ти. The dipole can be fed y а 308 or 400-2 vi ine 
With low VSWR ove бе o 1 frequency range. None 
Of the comer reco dimensions are cla A mode 
trate паке or decrease nth recor dimensions Z 
and ze от the values п Table 9-2 als in only small 
changes in gain. Thus, a 10 percent icti n and 
Te can Increase the gain by a decibel or ess ийе а 10 
percent decrease n1 and R can decrease the pn by 
a decibel or more. Also the (center-to-center) spacing s 
beween refector rods can be increased with oniy азай 
gein retcion However, an icremein the rod алет 
can compensate tor ele secs keeping agan Wil Bow tie dipole for wideband operation 
(sena constant (Wong) 

For operan а а single frequency е dimensions for f. f or may be used depending on the gain 
desired, However, for fi or f values of S, L, R and I, fs values may be used for s and d, resulting in fewer 
reco demens 

The core rec s often used as again sandr 

The composte or hyd comereiecarYag da antenna of Fig, 9-16 popular design for the 5 
UHF TV band The lengths and spacings of 1€ directors are appropriate o he high-frequency end of the 


Figure 9-14 Square-corner (grid) reflector 


Table 9-2 Design data for wideband 90° corner reflector with bow-tie dipole (see Figs. 9-14 
and 9-15) 


TO A 
Length of телеси. = 34/4 atlowest Requency 
Refecbr ro length, к = 4/5 a ouestequercy 
VF 
Reflector red dect . 4/50 at hgnet fequercy 
Bow dipole length, = 4/5 mi frequency 


Di A Units 
— 027 m n 
Length at refector, Z 075 із i 
елесш rod length, R oat 120 à 
Refecbr та spacing, £ abe: a n 
Reflector rod dameter D1 ams 1 
Bow date length, 7 053 m i 
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band. With fewer reflector elements the comer 
reflector ls sill effective at the low and mid- 
frequencies while with more director elements the 
Yagi-Uda array is effective at the high frequencies 
resulting in a gain of 7 to 8 dBi over a bandwidth 
of nearly 20-1. This is adequate for the UHF 
band. Although less than the gain of a full-element 
comer reflector antenna, the hybrid has less wind 
resistance 

Compare with the wide bandwidth. comer 
reflector of Fig. 9-14 and also the Yagi-Uda- 
cornr-logperidic (Y UCOLP) array described п 
Sec. 9-8 

If 3-dimensional square comer (seFig.9-17) 
is driven by a /2 to 3/4 monopole spaced 0.9 
from the corner with d = 2, a beam is obtained 
in a direction making approximately equal angles 
withthe3 coordinate axes, and Inagaki (1) reportsa 
gain of 17 dBi with higher gains for smaller corner 
angles. By placing a cylindrical surface of con- 
stant radius from the apex of a comer reflector, 
Elkamchouchi (1) reports improved performance. 

To distinguish the corner reflector with dipole. 
(driven element) discussed in this section from cor- 
ners without dipoles (or monopoles), the ones with 
thedriven element may becalled active corners and 
the others passive (retro) corners. W hile the active 


comers may have any included angle, with 90° 
the most common, the passive corners are always 
square (90°). These corners are discussed further 
in the next section 


Figure 9-15 Sguare-corner grid-reflector 
bow-tie dipole antenna used by the million for 
UHF TV reception. It has an 11 to 14 dBi gain 
over a 2-to-1 bandwidth 


e. 


'assive (Retro) Corner Reflector 


A passive retro) comer consisting of 2 Mat reflecting sheets is shown in Fig. 9-1e. 
With 3 mutually perpendicular reflecting sheets, asin Fig. 9-17, each sheetextending adistanced = +11 
yi = а) from the origin, we have а cluster of eight 3-dimensional sauare-corner retroreflectors. Each 
Square comer occupies one octan (4/8 sr = 7/2 sr = 5157 square deg). Any ray or wave incident 
within this solid angle is reflected back In the same direction, as suggested in the figure. Together the 
Cluster of В square corners form a retroreflector for waves from any direction within a full sphere solid 
angle (= 4r sr = 41,253 square deg) with the equivalent (normal incidence) iatsheet reflecting area being 
a function of the angle of incidence. Is maximum value is /34? except that in the 6 directions, exactly оп 

the 3 axes (x. y and z), the area is 4d”, Just off these directions the area approaches zero, 

The enhanced reflection of radar signals from such passive corner clusters makes them useful for many 
applications. For example, small watercraft commonly carry one (usualy with reflecting surfaces of wire 
mesh) on a tall mast to make the craft's presence more visible on radar screens, To be most effective, the 
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нав spaced 


Figure 9-16 Sauare.corner-Yagi-Uda figure 9-17 Retroreflector of 8 


hybrid antenna. It has an average. square corners for reflecting back 
directivity of about 8 dBi over a2 to 1 ^ waves from any direction. Path of ray 
bandwidth. returning via triple bounce is shown. 


reflector dimensions should be many 2. and the periphery of the mesh hole «4/2. The surface should also 
be fiat to better than 2/16 and, to increase the probability that the radar echo will be noticed, the reflector 
can be rotated to avoid a persistent null condition. 

Truncating the sides of the reflecting sheets along the diagonal lines (dashed lines in Fig. 9-17 results In 8 
truncated corners, each bounded by an equilateral triangle (included angle 60°) with an aperture area of 242. 
If the surface of a sphere is divided into triangles (in the manner of a Buckminster Fuller geodesic dome) and 
‘truncated corner inserted in each triangular area, it is possible to array dozens of corner reflectors over the 
sphere and obtain a more uniform echo area as a function of angle of incidence over 4x sr, but at the expense 
of a smaller maximum value. 

Retrreflectors can also be constructed in other ways. Thus, a Luneburg lens (Sec. 10-10) with a reflecting 
cap over, say л sr, acts as aretrorelectorover this angle. The Van Atta array (Sec. 19-12) is another example. 


9-5 The Parabola-General Properties 
‘Suppose that we have a point source and that we wish to produce a plane-wave front over a large aperture by 
means of а sheet reflector Referring to Fig. 9-18a, It is then required that the distance from the source to the 
plane-wave front via path 1 and 2 be equal or! 


2L C % 
and 
u 
* = тра? a 


This is the equation for the required surface contour. Itis the equation of a parabola with the focus at F. 


"This an application of the principle of equality of pat length (Fermat princi) to the special case where a paths arein the same 
тейит. For the mare general stuaton involving mere than one medium see Chap. 10. 


Parabola 


А 


Direct 


(a) (b) 
Figure 9-18 Parabolic reflectors. 


Referringto Fig, 9-18b, theparaboliccurvemay — 
be defined as follows, The distance from any point parabola, 
Р on a parabolic curve to a fixed point F, called 

thefocus, is equal to the perpendicular distance to a 
fixed line called the directrix. Thus, in Fig. 9-186, 
PF = PQ. Referring now to Fig. 9-18, let AA’ 
be a line normal to the axis at an arbitrary dis- 
tance QS from the directrix. Since PS = QS —PO Z, 
and PF = PO, it follows that the distance eme Aperture 
from the focus to $ is © () 


РЕ 4P 


Thus, a property of a parabolic reflector is that all 
waves from an isotropic source at the focus that are 
reflected from the parabola arrive at a line AA’ with equal phase. The "image" of the focus is the directrix, 
and the reflected field along the line Aa’ appears as though it originated at the directrix as a plane wave. The 
plane BB (Fig. 9-18) at which a reflector is cut off is called the aperture plane. 

A cylindrical parabola converts a cylindrical wave radiated by an in-phase line source at the focus, as in 
Fig. 9-192, into a plane wave at the aperture, ог а paraboloid-of-revolution converts a spherical wave from 
an isotropic source at the focus, as in Fig. 9-180, Into a uniform plane wave at the aperture. Confining our 
attention to a single ray or wave path, the paraboloid has the property of directing or collimating radiation 
from the focus into a beam parallel to the axis (see Fig. 9-19). 


Paro 


p Point 


PF +QS-PQ os G Figure 9-19 Line source and cylindrical 
parabolic reflector (a) and point source and 
paraboloidal reflector (b) 


9-6 A Comparison Between Parabolic and Corner Reflectors 


Referring to Fig. 9-20 any radiation from the primary source or feed antenna at the focus of the parabola 
which is not directed into the parabola is not collimated but is radiated by direct paths over a large solid 
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angle This is not only inefficient but the distributed radiation can degrade the pattern of the radiation from the 
parabola. Thus, itis essential that a parabolic reflector have a directional feed which radiates all or most 
of the energy into the parabola. A corner reflector, on the other hand, does not require a directional feed 
since the directand reflected waves are properly combined (Image theory). Furthermore, a corner reflector 
has no specific focal point. 


Prcitl aperture dimensions for a sure comer reectr are Есе 
FC = 
and for a large parabola of many 2. aperture, a practical choice for D actor 
Me ea a eo гиге lden vi аситег lea! o 10. 


depending on the F/D ratio of the parabola (se Sec. 9-7). Corner 
angles of about 120° have the advantage that the beamwidths are 
approximately equal in both principal planes. 

Although the corner reflector differs in principle from the 
parabolic reflector, there are situations in which the two may be 
nearly equivalent. This may be illustrated with the id of Fig. 9-20. 
Let a linear antenna be located at the focus F of a cylindrical 
parabolic reflector, and let this arrangement be compared with a 
quare comer reflector of the same aperture and with an antenna- 
їо-сотег spacing AF. The parabolic and comer reflectors are 
superimposed for comparison in Fig. 9-20. A wave radiated in the 
positive у direction from Р is reflected at by the corner reflector 
and at 0” by the cylindrical parabolic reflector. Hence, His wave Figure 9-20 Cylindrical 
travels а shorter distance in the corner reflector by an amount 00”. parabolic reflector compared 
If AF = 23, the electrical length of OD, is about 180° so that a with square-corner reflector. 
marked diference would be expected in the field patterns of the 
two reflectors. However, if AF = 0.35) the electrical length of 00 is only about 30°, and this will cause only 
aslightdifferencein the field pattems. It follows that if AF is small in terms of the wavelength the exact shape 
ofthe reflector is not of great importance. The practical advantage of the comer reflector is the simplicity and 
ease of construction of the flat sides 


| reer aetna 


E 


9-7 The Paraboloidal Reflector 


The surface generated by the revolution of a parabola around its axis s called a paraboloid or a parabola of 
revolution (Frils-,Silver-1, Cuter-1, Slater-1). If an isotropic source is placed at the focus of a paraboloidal 
reflector asin Fig. 9-21a, the portion A of the source radiation thatis intercepted by the paraboloid is reflected 
as a plane wave of circular cross section provided that the reflector surface deviates from a true parabolic 
Surface by no more than a small fraction of a wavelength. 

If the distance L between the focus and vertex of the paraboloid is an even number of 4/4, the direct 
radiation in the axial direcion from the source will be in opposite phase and will tend to cancel the central 
region of the reflected wave. However, If 


T a 


where n = 1, 3.5,..., the direct radiation in the axial direction from the source will be in the same phase 
and will tend to reinforce the central region of the reflected wave. 
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Direct radiation from the source can be eliminated by means of a directional source or primary antenna" as 
in Fig. 9-21 and c. A primary antenna with the idealized hemispherical pattem shown in Fig. 9- 210 (slid 
Curve) results in a wave of uniform phase over the reflector aperture. However, the amplitude is tapered as 
indicated. To obtain a more uniform aperture field distribution o illumination, itis necessary to make small, 
as suggested in Fig. 9-21c by increasing the focal length Z while keeping the reflector diameter D constant? 


IF the source pattern is uniform between 
the angles +0 (solid curve), the aper- 
ture illumination is more nearly uniform 
(solid curve) but not entirely so, The path 
length from F tothe edges (at P and Pa) 
is greater than from F to V (atthe ver 
tex). Although ray paths via the edges (at 
Py and Py) and via the vertex V are of 
equal total length to the plane wavefront 
(see Fig. 9-182), giving phase equality, 
there ismore path length to the edges In а 
spherical (1/r) attenuating wave. Thus, 
the field at the edges is weaker, as will 
be calculated. То make the field com- 
pletely uniform acrosstheapesture would 
require feed pattem with inverse taper. 

A typical pattern for a directional 
source as indicated by the dashed curve 
in Fig.9-21c (left) gives a more tapered 
aperture distribution as shown by the 
dashed curve in Fig. 9-21c (right). The 
rester amount of taper with resultant 
reduction in ейде illumination may be 
desirable in order to reduce the minor. 
lobe level, this being achieved, however, 
at some sacrifice in directivity. 

The arrangement of Fig. 9-21 illus- 
traes the case of a small focal ratio. The 
arrangement in Fig. 9-21 illustrates the 
case of a larger ratio. 

Suitable directional patterns may be 
obtained with various types of primary 
antennas. As examples, a 4/2 antenna 
with a small ground plane is shown in 
Fig. 9-22a and a small horn antenna in 
Fig. 9-220. 


Secondary pattem 


Isotopic source pattern 
(primary pattern) 


x (a) 


TA [Y ы атава 


о 
MW 
| (b) 
LE 
patem Fold intensity 


Tapered ilumination 
with dashed primary pattern 


[` Nearly uniform urination 
with solid primary pattern 


5 (c) Relative dee 
intensity 

Figure 9-21 Parabolic reflectors of different focal 

lengths (1) and with sources of different patterns. 


“з conveniet to refer to the pattern of the source or primary antenna as the primary pattern and the patter of the entire antenna as 


ihe secondary pater, 


T hatis, by increasing the ratio of L to f. THis ratla is called the F ratio, the f ratio or the focal ratio (= L- 
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Figure 9-22 Full parabolic reflectors (a and b) and partial reflector with offset feed (с). 
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Figure 9-23 Cross sections of cylindrical parabola (a) and of paraboloid-of-revolution (b). 


The presence of the primary antenna in the path of the reflected wave, as in the above examples, has 2 
principal disadvantages. These are, first, that waves reflected from the parabola back to the primary antenna 
produce interaction and mismatching. Second, the primary antenna acts as an obstruction, blocking out the 
centra portion of the aperture and increasing the minor lobes. To avoid both effects, a portion of the paraboloid 
‘can be used and the primary antenna displaced as in Fig. 9-22c. This is called an ofset feed. 
Letus next develop an expression for the field distribution across the aperture of a parabolic reflector. Since 
the development is simpler for a cylindrical parabola, this case is treated first, as an introduction to the case 
Tor a paraboloid. Consider a cylindrical parabolic reflector with line source asin Fig. 9-23a. The line source 
is isotropic in a plane perpendicular to its axis (plane of page). For a unit distance in the z direction (normal 
to page in Fig. 9-23a) the power P in a strip of width dy is 
P=dyS, o 


where 5, = the power density at y, W m2 


rhs may be greatly reduced by using а circular polarized primary antenna, such as ап axlal-mode eln If the primary antena 
ration i попіса апу polarized, the wave reflected fram the parabola is mostly left circularly polarized and the primary antenas 
insarsitve o this polarization. 
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However, we also have that 
ГЕТА a 


where 7 =the power per unit angle per unit length in the z direction 
Thus, 
эу = ав а 
and 
s 1 
T = War a 
where 
u 
= 6 
I+cose © 
This yeas 
Li e050 y 
з= ено m 


‘The rato of the power density Sy at to the power density Sy at = Dis then given by the ratio of (7) when 
û = û to (T) when a = Û, or 


Si _ 1+ cose 
اا چ‎ (© 
‘The field-Intensity ratio In the aperture plane is equal to the square root of the power ratio ог 
Ev 
5 ° 
= (9) 


where . Ea is the relative field intensity ata distance у from the axis as given by y = R sin 6, 
Turning now to the case of a paraboloid-of-revolution with an isotropic point source as in Fig. 9-23 the 
total power P through the annular section of radius p and width dp is 


P=2xpdpS, [o] 


Where 5, = the power density at a distance p from the axis, W m? 
This power must be equal to the power radiated by the isotropic source over the solid angle 2 sin Ө 40. 
Thus, 


25 800 40 U an 
where U — the radiation intensity, W sr- 
Then 

pdpS, = sinodoU (12) 
or 

S sno 

T = pp a» 


Where p = Rsino = 22287, 
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This yields 


(1+ cosa)? 
zu a4 


The ratio of the power density 5, at the angle to the power density sy at U 
$ _ A+ cose)? 


isthen 


- as) 
mo 2 (as) 

where E, / Ep is the relative field intensity at a radius p from the axis as given by p 

9-8 Patterns of Large Circular Apertures with Uniform Illumination 

The radiation from a large paraboloid with (unio. 

uniformly illuminated aperture is essentially plane 

‘equivalent to that from a circular aperture of pem 

the same diameter D in an infinite metal plate TS T 

with a uniform plane wave incident on the ае ELS 


plate as in Fig. 9-24. The radiation-fieid pat- 
tem for such a uniformly illuminated aperture. 
can becalculated (Slater, Silver- 1) by apply- 
ing Huygens principle in a similar way to that 
for a rectangular aperture in Chap. 6. The nor 
malized field pattern E16) as a function of o 


4 


pe 
T 


[o ване fela 
and Dis | = — [ш 

2% Aled /2)sing} eo rte sheet 
re eee o 
where e" s 


D = dime net m inia реш a and equalentunformy 
à = free-space wavelengthm illuminated aperture of same diameter D in infinite 
4 = angle with respect to the normal to flat sheet (b) 

the aperture (Fig. 9-24) 
J = first-order Bessel function 


The angles do to the first nulls of the radiation pattem are given by 


” 


since Ju(x) = 0 when x = 3:83. Thus, 
12% 


заз. 
de = эсап SER = асып HA a 
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W hen a is very small (aperture large) 
12 
^ 


10 
(rad) = z dep [7] 


Where D; = ру) = diameter of aperture, à 
Thebeamwidth between frstnullsistwicethis. Hence for large circular apertures the beamwidth between 
СЕТА 
мо 
вит = e) a 
By way of comparison, the beamwidth between first nulls for a large uniformly illuminated rectangular 
aperture or a long linear array is 


awe = ш o 
sha logiae 
s 
veo шр m 
o 
m " 


where D, = the diameter of the aperture, 2 
The power gain G of a circular aperture over a; /2 dipole antenna is 

G-6p? a9 
For example, an antenna with a uniformly illuminated circular aperture 10) in diameter has a gain of 600 or 
nearly 28 dB with respect to a 4/2 dipole antenna (= 30 dBi) 

For asquare aperture the directivity is 

2 á 
D =r, = 1261} ш 


and the power дап over a à/2 dipoleis 
a-lnl a» 


where Lı =the length of aside, à 

For example, an antenna with a square aperture 10). on aside has again of 770 or nearly 29 dB over a 4/2 
dipole (=31 dBi). 

Theabove directivity and gain relations are or uniformly illuminated apertures atleast several wavelengths 
across, If the illumination is tapered, the directivity and gain are les, 

‘The patterns for a square aperture 10; on aside and for a circular aperture 10. in diameter are compared in 
Fig. 9-25. In both cases the feld is assumed to be uniform in both magnitude and phase across the aperture. 
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Figure 9-25 Relative radiation patterns of circular aperture of diameter D = 10. and of 
square aperture of side length L = 105. 


The patterns are given as a function of ¢ in the xy plane. The patterns in the xz plane are identical to those 
in the xy plane. Although the beamwidth for the circular aperture Is greater than for the square aperture, the 
side-lobe level for the circular aperture is smaller. A similar effect could be produced with the square aperture 
by tapering the illumination, 


Beamwidths, directivities and gains are summarized in Table 9-3. Beamwidths are compared with horn 
antennas in Table 7-4, 


9-9 Reflector Types (summarized) 


Figure 9-26 illustrates different types of reflectors. Many of the aspects of some of these reflectors were 


illustrated earlier in Figs. 9-18 to 8-23. This section contains some of the related information (Skolnik) in a 
summarized form. 


w "og. 9 


© 
Figure 9-26 (a) Cylindrical parabola (b) Parabolic reflector (c) Truncated paraboloid 
(d) Short cylinder with plates (pill box antenna) (e) Cheese antenna. 
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Table 9-3 Beamwidths, directivties and gains of circular and rectangular apertures with uniform 
aperture distributions 


женит 
— ectanguiar 
wee ben r E 
— тай ш ш 
—— PE 
балону рде 2 Yat 


here 
1, = side length. à. 
1} Z length of other side f aperture В square, Lf 


Figure 9-26a) represents parabolic cylinder, which is generated by moving the parabolic contour parallel 
to itself. It provides a rectangular mouth and has a line instead of a point as the focus. This may illuminated by 
alinesource/ a collinear array of dipoles directing their radiation towards the cylindrical surface/ a broadside 
атау of slots or by a thin pillbox (cheese antenna). This configuration can be used to generate fan beam 
(required in search radars) with large (8:1) aspect ratio. 

Figure 9-26) represents a conventional and most commonly used paraboloidal reflector. It is fed by 
а point source-normally, a wave-guide horn. It generates a pencil beam. The paraboloidal reflector has а 
3-dimensional curved surface generated by rotating a parabola about its own axis. 

Figure 9-26(c) represents reflectors that are unsymmetrical sections cut from a parabolic surface. These 
also be employed to generate fan beams in azimuth or elevation depending on the location of asymmetry. 

Figure9-26(8) represents a cylinder thats short in axial direction and provided with conducting end plates. 
Itis also sometimes called pillbox. It can be fed simply by a probe or by extending the inner conductor of а 
coaxial cable to the space between plates, It can also be fed by a wave-guide hom or by a waveguide itself. Two 
of these feed methods are illustrated in the figure. This type of antenna can be used to generate а fan beam. 

Figure 9-26{e) illustrates a cheese antenna, which is a combination of a 
pillbox and a parabolic cylinder. 

Another version in this class of reflectors includes, a parabolic torus, which 
is generated by moving the parabolic contour over an arc of a circle whose 
center is an axis of parabola. It is normally illuminated by a moving feed. It is 
used in surveillance (search) radars whose scan angle is less than 120°. 

Features of different typeof reflectors are summarized below. Some of these 
are further elaborated in Section 16-4 dealing with the design aspects of large 
aperture antennas. 


J 
5 


9-9a Paraboloidal Reflectors (Figure 9-27) 
(a) Itisthe conventional and most commonly used reflector 
(b) It generates a pencil beam required in tracking radars and in point-to- 


point communication Figure 9-27 Geometry 
(c)  Itbearsvariousnames such as parabolic dishdish eflector/microwave for shaped reflectors 
dish/parabolic reflector or simply a dish antenna 
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9-9b Spherical Reflector 
(a) Wider scanning angle than a paraboloid because of symmetry 
(b) Simple spherical reflector does not produce an equiphase radiation pattern (plane wave) and the 
pattern is generally poor 
(c) Contains surfaceaberrations resulting in degraded pattern. These aberrations can be minimized either 
by: 
(I employing a reflector of sufficiently large radius so that a portion of sphere can be approximated 
to a paraboloid 
(il) compensating aberrations with special feeds or correcting lenses 
(ill approximating a sphere by a stepped paraboloid 


9-90 Cassegrain Antenna (Figure 9-28) 

(a) Widely used in telescope design and monopulse tracking 

(b) Permits reduction in axial dimensions of antenna 

(C) Permits greater flexibility in design of feed system and eliminates the need for long transmission 
lines 

(d) Larger the subreflector, nearer it will beto the main reflector and shorter will be the axial dimension 
of antenna assembly 

(e) Larger the sub-refector-larger the aperture blocking. Also, smaller the sub-reflectr, lesser is the 
aperture blocking. But since it has to be farther from the main reflector, a compromise in size and 
distance of a sub-reflector is to be made 

% Losses in the transmission line can degrade the receiver sensitivity 

(9) To reduce aperture blocking, the sub reflector can be made of horizontal grating of wires. Such а 
sub-reflectr is called a transreflector 
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(a) (by 
Figure 9-28 Cassegraln antenna. 


(m А transteflector passes the vertically polarized wave with negligible attenuation and reflects 
horizontally polarized wave radiated by ће feed 

(i) The main parabolic reflector is often coated with polarization twisters, also called (twist reflectors) 
A twist reflector is equivalent to a quarter-wave plate which produces a 90° rotation of plane of 
polarization 
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(i) Horizontally polarized waves reflected by a sub-reflector are rotated by twist reflectors at the surface 
‘of the main dish, are thus transformed into vertically polarized wave and passthrough a sub-reflector 
with negligible attenuation 


S-9d FID Ratio of 
Some observations about //D ratio of parabolic reflectors based on electrical and mechanical considerations 
are summarized as follows: 

(a) For deep-dish reflectors, //D ratio is small and for shallow-dish reflectors it has to be large. 

(b) Shallow dishes are mechanically easier to support and move 

(c) Feed has tobe farther from the reflector 

(d) Farther feed results in narrow primary pattern 

(e) Feed has to be larger also, 

(f) JD ranges from 0.3-0.5 in general and 0.5-1.0 for mono-pulse tracking radar antennas 


9-9e Reflector Surfaces 
‘The reflector surfaces may be made of 

la) solid sheets which are heavy, have more wind pressure, costly 

(b) wire screens 

(c) meta grating 

(d) perforated metal 

(e) expanded metal sheets (aluminum more popular 

Advantages of reflector surfaces listed at (b) to (е): 

(a) Lightweight 

(b) Low wind pressure 

(c) Low cost 

(d) Еау to fabricate and assemble 

e) Ability to conform to different shapes 

Reflector surfaces listed at (b) to (e) above also have some negative aspects. These include 

(a) Permit energy leak 

(b) Result in back lobe and side lobes 

() As relative intensity of side lobe (mainly of that adjacent to the main beam) Increase, efficiency 

decreases 

Theicedeposition on the surface of a parabolic reflector falling nto the category of (b) to (el results in the 

alteration of mechanical and electrical properties. Some of these effects are listed below. 


A-Mechanical Effects 
(a) Weight of antenna increases, thus more stronger support structure is needed 
(b) Thereis more wind pressure dueto reduction in porosity of the structure 
(c) Mechanical movement of antenna becomes difficult 

B-Electrical Effects 


(a) Iceisseen by electromagnetic wave as a dielectric, thus reflection properties get altered 
(b) Due to reduction in porosity the total reflecting surface increases. 
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9-10 Feed Methods for 


'abolic Reflectors 


The concept of primary and secondary radiation patterns has already been introduced earlier. The locations of 
feed have been illustrated in Figs. 9-21 and 9-22. In this section some of the salient features of different types 
of feed ugs their shapes and locations are summarized. Feeds to the parabolic reflectors may include 


9-102 Dipoles 


9-10b  Dipoles with Parasitic Reflectors (Figure 9-29(a]) 
These parasitic reflectors may be of the following types: 

% Another dipole 

(b) А plane sheet 

(9 Half cylinder 

(9) A hemisphere. 

Disadvantages of the above feeds 

la) Radiates along length only 

(b) Poor polarization characteristics 

(9. Part of radiation is perpendicular to primary pattern which causes cross polarization and hence 

reduction of gain 


9-100 Open-Ended Waveguide Better phase characteristics 
(a) More energy directed in forward direcion 
(b) Circular paraboloid Fed by circular waveguide in TE1 mode 
(c) ТЕза mode of rectangular waveguide does not give circular symmetry of radiation pattern, since 
dimensions in E and H plane and hence current distributions (in planes) are different 
(d) Rectangular waveguide feed is good for generating fan beam 


9-104 Waveguide Horns (Figure 9-29 (b-e)) 


(a) More directivity 

(b) Acts as point source with large reflectors 

c) For uniform radiation pattern across parabolic aperture only a small angular portion of the pattern 
should be used 
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Figure 9-29 Diferent feed methods for parabolic reflectors. 
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(d) Theratio //D should be large for uniform illumination. 

(8) А part of energy radiated by feed and not intercepted by the paraboloid amounts to loss. This loss or 
spillover results in lowering the overall efficiency and defeats the purpose of uniform illumination 

(M Iftheratio fD is increased further, spillovers less, intercepted energy increases and thus efficiency 
increases. But since illumination is more tapered, the aperture efficiency decreases 


As illustrated by Fig. 9-26, the parabolic reflectors can be fed in different ways, These methods include 
rear feed; front feed and offset feed. The salient features of thee feeds are discussed below. 


Food (Figure 9-29 (b)) 

(a) Transmission line is not in center and this results in an asymmetrical pattern 

(b) In case transmission line is in center as in case of dual aperture feed waveguide is in the center of 
dish and energy is made to bend 180° at the end of waveguide by a properly designed reflecting plate 

ic) Itforms a compact system 

(d) Minimum length of transmission line is required resulting in less line loss 


9-10f Front Food (Figure 9-29 len 


(a) Obstructs aperture 

(b) Impedance mismatch in feed results 

(c) Reflections from dish cause standing waves in transmission line which again cause impedance 
mismatch and degrade performance of transmitter 

(d) By using impedance matching and apex matching plates mismatch can be reduced, results in lower 
gain 


9-109 Offset Feed (Figure 9-29 (ch) 


(a) Only half of the parabola is used 
(b) Normally hog horn is employed in place of conventional pyramidal horn 
(c) No aperture blocking 

(d) No impedance mismatch 

(e) Seriously affects performance 

(f) More difficult to scan 
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t reflector. Calculate and plot the radiation patem of a 2/2 dipole antenna spaced 0.15% 
from an infinite fat sheet for assumed antenna loss resistance R; = 0 and 5 2. Express the patterns in gin 
over a /2 dipole antenna in free space with the ame power inpu (and zero loss resistance). 

Diffraction by ground plane. Using the UTD program calculate the йе pattem for a 2/2 dipole 
Ъ/4 above a 1. square iatsheet reflector. Obtain the pattern in all 3 regions of Fig. 9-6. [a] How many 
de down is the maximum field in region 2 from the maximum in region 1? (b) How many dB down is the 
maximum in region 3 from the maximum in region 17 

Diffraction by a larger ground plane. Repeat Prob 9-2-2 for a ground plane 2 square 
Square-cornor reflector. A square-corner reflector has a driven /2 dipole antenna space 2 from 
the corner, Assume perfectly conducting sheet reflectors of infinite extent (ide reflector), Calculate and plot 
the radiation pattern in a plane at right angles to the driven element 

Square-corner reflector. (a) Show thatthe relative field pattem in the plane of the driven 2/2 element 
of a square-comer reflector is given by 


c0s190° cosa) 
ne 

where v is the angle with respect to the element axis. Assume that the corner. reactor sheets are perfectly 
conducting and of infinite extent. 

(B) Calculate and plot the field pattern in the plane of the driven element for a spacing of /2 to the comer. 
Compare with the pattern at right angles (Prob. 9-3-1). 

Sauare-cornor reflector. Calculate and plot the pattem of an ideal square-corner reflector with 3/2 
driven antenna spaced  /2 from the corner but with the antenna displaced 20° from the bisector of the comer 
angle The pattem to be calculated is in a plane perpendicular to the antenna and to the reflecting sides. 
Sauare« reflector. (2) Calculate and plot the pattem of а 90° corner reflector with a thin 
entered 1/2 driven antenna spaced 0.35) from the corner. Assume that the corner reflector is of infinite 
extent, 

(8) Calculate the radiation resistance of the driven antenna 

(c) Calculate the gain of the antenna and comer reflector over the antenna alone. Assume that losses are 
negligible 

‘Square-corner reflector versus array of its image elements. Assume that the comer 
reflector of Prob. 9-3-4 is removed and that in its place the tree images used in the analysis re present 
physically, resulting in 4-element driven атау. 

(a) Calculate and plot the pattern of this array. 

(b) Calculate the radiation resistance at the center of one of the antennas. 

(c) Calculate the дап of the array over one of the antennas alone. 


E = 11 — cos, sino. 
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Chapter 9 Reflector Antennas 


Square-corner reflector array. Four 90° 
cormerrelector antennas are arranged in line as a 
broadside array. The comer edges are parallel and 
‘de by-sideasin Fig. P9-3-6. The spacing between 


т 
Comet Ie. Tel аала ach oer oe } 
t 
1 


22 element spaced 0.4. from the comer Al anten- 
паз are energized in phase and have equal current 
amplitude. Assuming that the properties of each or 
ner are the same as if its sides were of infinite extent 
what is (a) the gain of the array over a single 4/2 
antenna and (b) the alf power beamwidth in the H 
Plane? 


igure P9-3-6 Square- 
corner reflector array. 
Corner reflector. 1/4 to the driven element. A squarecomer reflector has a spacing of 4/4 
between the driven 2/2 element and the comer. Show that the directivity D = 12.8 dBi. 

Corner reflector. 1/2 to the driven element. A square-comerreflectorhasa driven 2 element 
3/2 from the comer. 

(2) Calculate and plot the far-field pattern in both principal planes. 

(b) Whatarethe HPBWs in the two principal planes? 

(c) What is the terminal impedance of the driven element? 

(6) Calculate the directivity in two ways: (1) from impedances of driven and image dipoles and (2) from 
HPBW's and compare. Assume perfectly conducting sheet reflectors of infinite extent. 

Corner reflector with bow-tie dipole. A 90-деугее comer reflector with 0.75 bow-tie dipole 
asin Fig. 9-15 has 20 reflector rods 1.23 long spaced 0.12. (a) Draw the field patem and (b) calculate the 
directivity. 

wer received by corner reflector. Find the maximum power delivered to 50.02 matched load 
by a1 нуті field from a U.S. channel 36 (602-608 M Hz) station into а 90° corner reflector with 11 dBi 
ain 

Optimum antenna height under multipath conditions. A U.S. channel 44 (650-656 MHz) 
station transmits а horizontally polarized signal from a 300-m tower. What is the optimum height for a 
horizontally polarized comer reflector antena to receive the station at a distance of 10 km? Assume flat, 
perfectly conducting ground. 

Trihedral square-cornor reflector antenna. Three fat mutually perpendicular conducting 
sheets intersecting ata point make a trihedral square comer reflector like one of the corners of Fig. 9-17. If a 
24 stub monopoles place ata distance 5 from the comer find: (a) the value of 5 which provides a match to 
250.0 coaxial feed line and (b) the directivity of the antenna. Assume infinite perfectly conducting sheets. 
Sauare-cornor monopulse radar antenna. Design a square comer reflector antenna with 2 
off-axis feeds to operate as a monopulse radar. See footnote preceding Equation (9-3-7). 

raboloidal reflector. Calculate and plot the radiation pattems of a paraboloidal reflector with 
uniformly illuminated aperture when the diameter is and when the diameter is 16. 

rabolic reflector with missing sector. А circular parabolic dish antenna has an effective 
aperture of 100 m2. If one 30° sector of the parabola is removed, find the new effective aperture. The rest of 
the antenna, including the feed, is unchanged 


For computer programs, see Appendix С. 
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Chapter 10 


Lens Antennas 


Topics in this chapter include 


Dielectric lens antennas Reflector lens antennas 


m Fermat's principle Polyrod antennas 

m Artificial dielectric lens antennas M ultiple-helix lens antennas 
E-plane metal-plate lens antennas Luneberg lens antennas 

m Tolerances on lens antennas m The Einstein gravity lens 

* 


H-plane metal-plate lens antennas 


10-1 Introduction 


Lens antennas may be divided into two distinct types: (1) delay lenses, in which the electrical path length is 
Increased by the lens medium, and (2) fast lenses, in which the electrical path length is decreased by the lens 
medium. In delay enses the wave is retarded by the lens medium. Dielectric lenses and H-plane metal-plate 
lenses are of the delay type. E-plane metal-plate lenses are of the fast type. The actions of a dielectric lens 
and an E-plane meta-plate lens are compared in Fig. 10-1, 

The dielectric lenses may be divided into two groups: 


1. Lenses constructed of nonmetallic dielectrics, such as lucite or polystyrene 
2. Lenses constructed of metallic or artificial dielectrics 


These types are considered in the next two sections (10-2 and 10-3), E-plane metal-platelenses are discussed 
in Sec, 10-4, tolerances in Sec. 10-5 andthe #-planemetal-platelensin Sec. 10-6.A reflector lensis presented 
in Sec 10-7, 

All lens antennas of the delay type may be regarded basically as end-fre antennas with the polyrod and 
monofilar axial-mode helical antennas as rudimentary forms as suggested in Fig. 10-2. Likewise, the director 
structure of a many-element Yagi-Uda antenna is a rudimentary lens. Polyrods are covered in Sec.10- 
monafilar axial-mode helical antennas and Yagi-Uda antennas having already been discussed in Chap. 8. 
Lenses of multiple helices are also described in Sec. 10-9. The last section of this chapter (10-10) discusses 
two spherically symmetric lenses of special type, the Luneburg and Einstein lenses, the latter utilizing a large 
mass as the focusing device. 

At millimeter wavelengths low-loss dielectric lens antennas are competitive in weight and performance 
with reflector antennas (Goldsmith-1, 2, 3), 
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Figure 10-1 Comparison of dielectric (delay) lens and E-plane metal-plate (fast) lens actions. 


10-2 Nonmetallic Dielectric Lens Antennas. Fermat's Principle (Equality of 
Path Length) 


Thistypeissimilarto the optical lens (Risser-1). Itmay be designed by theray analysis methods of geometrical 
optics. As an example, let us determine the shape of the plano-convex lens of Fig. 10-1 for transforming 
the spherical wave front from anisotropic point source or primary antenna into a plane wave front! The 
field over the plane surface can be made everywhere in phase by shaping the lens so that all paths from the 
source to the plane are of equal electrical length. This is the principle of equality of electrical (or optical) 
path length (Fermat's principle). Thus, in Fig. 10-3, the electrical length of the path OPP“ must equal the 
electrical length of the path 000/0", or more simply OP must equal OQ". Let OQ =L and OP =R, and let 
the medium surrounding the lens be air or vacuum. Then 
ROL, c 
x 


a 


where 
‘ho = wavelengthin free space (alr or vacuum) 
du = wavelengthin thelens 


A wave rats defined as a surface on all points of which the field is in the same phase, a phase front 
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igure 10-2 Three forms of basic lens antennas, 


Multiplying (1) by до, 
R=L+n(RcosO = L) о 


where n = g/kg = Index of refraction. 
In general 


ут 


Ты vá уй 
Where 


f = frequency, Hz 
velocity in freespace, ms 
ч = velocity in dielectric, ms 
и = permeability of thedielectric medium, um- 

є = permittivity of the dielectic medium, Fm 
иа = permeability of freespace = 4x x 1077, Um. 


so = permittivity of freespace = 8.85 x 10-Ü,Fm-! Figure 10-3 Path lengths in 
However, dielectric lens. 


иш, % 


am Caper 10 Lens Antennas 
and 
E © 
where 
нє = Ë = relative permeability of dielectric medium 
m 
ае = 2 = relative permittivity of dielectric medium 
а 
‘Thus, from (3), 
n = r © 


For nonmagnetic materials u, is very nearly unity so that 
n= 


Theindex of refraction of dielectric substances is always greater than unity. For vacuum, «, = 1 by definition. 
For alr at atmospheric pressure, е, = 1.0006, butin most applications itis sufficiently accurate to take sy = 1 
for air. The relative permittivity (or dielectric constant), index of refraction and power factor for a number of 
lens materials are listed in Table 10-1 in order of increasing «Although the permittivity of materials may 
vary with frequency (s, for water is 81 at radio frequencies and about 1.8 at optical frequencies), the table 
Values are appropriate at radio wavelengths down to the order of 1 cm, The power factor s also a function of 
frequency. The values listed merely indicate the order of magnitude at radio frequencies. 


Table 10-1 Permitivity and power factor of materials 
LT Todaro Fower 
Material permittivity « retraction» factor 
Fa TT Tr d 
Poleyene n 15 00003 
Lucio Plexiglas lmethacryli resin) 26 16 aot 
Polystyrene 25 16 0.004 
Fintglass 1 25 0004 
Pola ТЮ or trate Ale) ast m m 
кше ТО; ESTI — 00006 


Returning now to Eq, (2) and solving for R, we have 
(DL 
ncoso -1 m 
This equation gives the required shape of the lens. It is the equation of a hyperbola. Referring ta Fig. 10-3, 


the distance Z is the focal length of the lens? The asymptotes of the hyperbola are at an angle dy with respect 
to теак. The angle û, may be determined from (7) by letting R = эс. Thus, 


© 


The F number of alens is theratio of the fecil stance to the ameter A of the lens aperture. Thus, F = 1/4. 
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The point Ø is at one focus of the hyperbola. The other focus is at 0”. For а point source at the focus, the 
3-dimensional lens surface is а spherical hyperbola obtained by rotating the hyperbola on its axis. For an 
in-phase line source normal to the page (Fig. 10-3) as the primary antenna, the lens surface Is а cylindrical 
hyperbola obtained by translating the hyperbola parallel to the line source. 

Although E. T) for the lens surface was derived without using Snell's laws of refraction? these laws are 
satisfied by the lens boundary as given by (7). 

The plane wave emerging from the right side of the lens produces a secondary pattern with maximum 
radiation in the direction of be axis. The shape of the secondary pattern is а function of both the aperture A 
and the type of illumination. This apertre pattern relation has been discussed in previous chapters. 

For an isotropic point-source primary antenna and a given 
focal distance L, the field at the edge of the lens (9 = 1) is 
less than at the center (0 = 0), the effects of reflections at the 
lens surfaces and losses in th lens material being neglected. 
The variation of field Intensity in the aperture plane of the 
spherical lens can be determined by calculating the power per 
unitarea passing through an annular section of theapertureas 
a function of the radius p (Risser-1). Referring to Fig. 10-4, 
thetotal power Р through the annular section of radius p andi Figure 40-4 Annular zone. 
width dp is given by 

Р = 2p dp Sy 0 
where 5, = power density or Poynting vector (power per unit area at radius р 
This power must be equal to that radiated by the isotropic source over the solid angle 2л sino do. Thus, 


„5040 U (10) 


where U = radiation intensity of the isotropic source (power per unit solid angle) 
Equating (9) and (10), 


pdpS, = sinê dû U m 
and 
„ зпо 
T = papa 08 
However, p = S0 a, and introducing the value of R from (7), 
(п соб — 1)? 
5 


[EE 
The ratio of the power density Sy at the angle to the power density 50 at the axis (0 
ratio of (13) when 6 = 6, to (13) when @ = 0. Thus, 
* 2 
3 _ (neos - Dy б 
R a-u cos 


T nes tams of refraction are (1) that the incident ray, the refracted ray a the normal to the surface lein a plane and (2) that he ratio 
of the sine of the angle af incidence to the sine ofthe angle of refraction equals a constant for any twa теза If he medium of the 
incident wave isar, he constant 1s the Index of refraction wa е medium wit the refracted ray. Thus, in usin — n, whee ithe 
angle beteen the incident ray in air and the ormal ta the surface and А is the angle een the refracted ray in he аел medium 
эпа the normal to the surface. 
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In the aperture plane the field-intensity rato is equal to the square root of (10), or! 


Eo [S01 [асове 101 


п - 050 пы) 


Fao 25 
and 
Es : 
-013000 


Hence, for nearly uniform aperture illumination an angle 4 to the edge of the lens even less than 20° is 
essential unless the pattern of the primary antenna is an inverted type, i.e., one with less intensity in the axial 
direction (9 = 0) than in directions off the axis. 

Instead of uniform aperture illumination, a tapered illumination may be desired in order to suppress minor 
lobes. Thus, in the above example with = 40°, the field at the edge of the lens is 0.14 its value at the center. 
The disadvantage of this method of producing а taper is that we lens is bulky (Fig. 10-5а). An alternative 
arrangement, shown in Fig. 10-5, has a lens of smaller 0 value with the desired taper obtained with а 
directional primary antenna at a larger focal distance (relative to the aperture) The lens in this case is less 
bulky, but the focal distance is larger (F number = ./ larger). 

For compactness and mechanical lightness it would be desirable to combine the short focal distance of 
the lens at (a) with the light weight of the lens at (b). This combination may be largely achieved with the 
short focal distance zoned lens of Fig. 10-Sc. The weight of this lens is reduced by the removal of sections 
or zones, the geometry of the zones being such that the lens performance is substantially unaffected at the 
design frequency. Whereas the unzoned lens is not frequency sensitive, the zoned lens is, and this may be а 
disadvantage. Thethickness: of a zone step is such that the electrical length of z in the dielectric is an integral 
number of wavelengths longer (usually unity) than the electrical length of in air. Thus, for a 1A difference, 


[c] 


an 


hs 


З Equation (15) sto aspherical lens, Attenuation in the lens is aere. For a cylindrical lens the el ca ratio is 


PPC 


as 


мег Ea /En is we dame fes intensty ata distance y from the anis given by y = sino, 
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jure 10-5 Shortfocus lens (a), long-focus lens (b) and zoned lens (c) 


Thus, in this case, the electrical length of z in the dielectric is 32, while the electrical length ol 
(see Fig. 10-50) 

In lens antennas the primary antenna does not interfere with the plane wave leaving the aperture as it does 
in a symmetrical parabolic reflector antenna (with prime focus feed) (see Сар. 9). However, the energy 
reflected from the lens surfaces may be sufficient to cause a mismatch of the primary antenna to its feed line 
ог guide. In the lens of Fig. 10-62 reflections from the convex surface of the lens do not return to the source. 
‘except from points at or near the axis. This is not serious, but the wave reflected internally from the plane 
lens surface is refocused at the primary antenna and may be disturbing. In this case, the wave is reflected at 
normal incidence, and the reflection coefficient is 


iris. 


(18) 
Zo = intrinsicimpedanceof freespace = lua [E0 
Z = intrinsicimpedanceof dielectric lens material = TE 
Thus, 
(ZYD-1 _ «=1 w 


DFi wel 
the index of refraction of the dielectric lens material 
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Figure 10-6 Reflected waves entering primary antenna (a) and refocused to one side of 
primary antenna (bl 


Forn = 15, p = 02, while for n = 4, p = 0.6. Hence, for a small reflection a low index of refraction is 
desirable. The reflection can also be minimized by other methods. For example, a i /4 plate can be applied to 
the plane lens surface with the refractive index of the plate made equal to JF, wheren is the refractive index of 
the lens proper. Another method isto tilt the lens slighty as indicated in Fig, 10-6b so that the reflected wave. 
refocuses to one side of the primary antenna. Even though the lens is tilted, the antenna beam remains on axis. 


10-3 Artifici 


ў 
Instead of using ordinary, nonmetallic dielectrics for the lens, \ 
Kock (1) has demonstrated that artificial or metallic dielectrics \ 


Dielectric Lens Antenna: 


yA 
con be substituted, generally with a saving in weight Whereas у Lit |. 
theordnar dielectric consists of molecular particles of micro- | 


scope яе, the аппа dielectric consists of discrete metal 7] 
parties of mecrosco size. The ize of he mel particles 1 

Should be small compared to the design wavelength to avoid pane 
resonance effects, tis found that hs requirement is sats- vow 


fied if the maximum particle dimension (paralel to the electric 
field) isless than 2/4. A second requirementis that thespacing 
between the particles be less than à to avoid diffraction effects 

The particles may be metal spheres, disks, strips or rods. 
For example, a plano-convex lens constructed of metal spheres is illustrated in Fig. 10-7. The spheres are 
arranged in a 3-dimensional array or lattice structure. Such an arrangement simulates the crystalline lattice 
of an ordinary dielectric substance but on a much larger scale. The radio waves from the source or primary 
antenna cause oscillating currents to flow on the spheres. The spheres are, thus, analogous to the oscillating 
molecular dipoles of an ordinary dielectric. 

An artificial dielectric lens can be designed in the same manner as an ordinary dielectric lens (Sec. 10-2). 
To do this, It is necessary to know the effective index of refraction of the artificial dielectric. This can be 
measured experimentally with a slab of the material or it can be calculated approximately by the following 
method of analysis. M etal disks or strips are generally preferable to spheres because they are lighter in weight. 
‘The strips may be continuous in a direction perpendicular to the electric field as indicated in Fig, 10-8. Since, 
however, the sphere is more readily analyzed, the method will be illustrated for the case of the sphere. 


Figure 10-7 Artificial dielectric lens 
of metal spheres. 


Än general the refractive indo of 22/4 matching plate between two тайа should be equal to the geomdric mean of theindices of the 
two теа. This is equivalent to saying that he intrinsic impedance 2, of he plate mataria is made ea to the geometric mean af he 
Intrinsic impedances 2, and 2; of the two mesa Thus, Zp = VZT. 
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N = number of spheres per cubic meter 
vector of length joining the charges 
The electric displacement D, the electric field intensity E and the polarization P are related by 
b E E +P a 
where cy = dielectric constant of free space 
Thus, the effective dielectric constant of the artificial dielectric medium is 


m 0) 


Hence, if the number of spheres per unit volume and the dipole moment of one sphere per unit applied field 
are known, the effective dielectric constant can be determined. Let us now determine the dipole moment per 
unit applied field. 


(a) (b) 
Figure 10-9 Charged sphere and equivalent dipole. 
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We have E = — VV. Then in a uniform field the potential 


n 
h 


where 0 is the angle between the radius vector and the field (see Fig. 10-98). The potential Va outside the 
sphere placed in an originally uniform field is the sum of (1) and (5), or 
qi cost 


Vo = -proso + EST © 


v ‘Er coso 5 


ale sphere (radius a) (6) becomes! 


Басов + 2095 
9050 + даврй 


and solving for gi/ we obtain 


в 


Сн a 
adc bis eet dipole monent peru al en) 

£ = eg re Na? 

„ 1 4 Nas (8) 


where s, = effective relative permittivity of the artificial dielectric 

If the effective relative permeability of the artificial dielectric is unity, the index of refraction is given by 
the square root of (B). However, the lines of magnetic field of а radio wave are deformed around the sphere 
since high-frequency fields penetrate to only a very small distance in good conductors. The effective relative 
permeability of an artificial dielectric of conducting spheres is 


be = 1-28 (9) 
The effective index of refraction of the artificial dielectric of conducting spheres is then given by 


- + NGL In Na?) [o] 


Equation (20) gives a smaller n than obtained by the square root of (B) alone. According to (10) the 
index of refraction of an artificial dielectric of conducting spheres can be calculated if the radius a 
of the sphere (in meters) and the number N of spheres per cubic meter are known. The relative per- 
meability of disk or strip-type artificial dielectrics is more nearly unity so that one can take ту as 
their index of refraction, Theoretical values of «v.p, and n for artificial dielectrics made of conduct 
ing spheres, disks and strips are listed in Table 10-2 (Kock-1). According to Kock the table values 
are reliable only for е, < 15, and only approximate for larger sr. For s, > 1.5, becomes suf- 
ficiently large tat the particles interact because of their close spacing. This effect is neglected by the 
formulas, 


pa pote of the sphere s eo since there isas much positive as negative charge on (scare 
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Table 10-2 Artificial dielectric materials 
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-Plate Lens Antenn: 


Wht cyt dice pnt | 
we eee memas n ae te aie ea 
Gases rs depends Ia eaten maca Бе 

vty besa mel meten pa 

риши be im ш nel eic Тай. Meg 

Stig 100 te dac vl punt TE a 

sna nes ron teaver oig 

ba dee orby Clu 

a MM ш 
VT- (29/2by 4 


where K 


зо = velocity in free space 


— 


igure 10-10 Wave between 
A = wavelength in free space plates in E-plane type of 


spacing of plates or sheets ‘metal plate lens. 


The plates act as a guide, transmitting the wave for values of 
54/2. The spacing b = 20/2 is the critical spacing since 

for smaller values of b the guide is opaque and thewaveis not e., 
transmitted: The variation of the velocity for a fixed wave: 
length as a function of the plate spacing » is illustrated in 
Fig. 10-11, The velocity of the wave between the plates is 
always greater than the free-space velocity 1o. It approaches ° 
infinity as b approaches 0.520, and it approaches va as b 
becomes Infinite. 

Theequivalentindex o refraction of a medium constructed 


"s 1 


o 
$— 05 18 15 20 
bin fre space wavelengths, ko 


of many such parallel plate with a spacing is НЕЯ 
s between paralel plates and 
nate h-(2) PE- 
vola a function of spacing b between 
The Index ls always less than unity as shown In Fig. 30-13, plates 


Tikov, for typical spacings ot = 3/4 at normal incidence the transmission coefficient is pearly unity. 
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The acceleration of waves between plates has been 
applied in a metal-plate lens for focusing radio waves 
(Kock-2). For instance, a metal lens equivalent to tne 
plano-convex dielectric lens of Fig. 10-1a or Fig. 10-3 
isaplano-concave type asillustrated in Fig. 10-12. The 
plates are cut пот flat sheets, the thickness; atany point 
being such as to transform the spherical wave fromthe — 
source into a plane wave on the plane side of the lens, 

The electric field is parallel to the plates. 

The lens plate оп the axis of the lens in Fig. 10-12 Figure 10-12 E-plane type of 
is shown in Fig. 10-13. The shape of the plate can be metal plate lens. 
determined by theprincipleof equality of electrical path 
length (Fermat's principle), Thus, in Fig. 10-13, OPP’ 
must be equal to 000' in electrical length, or 

L R L— RCSD 


+ o 
where 
Jo = wavelength in free space 
û, = wavelength in lens 
me 
deme 
* 14050 а 


This relation is identical with (10-2-7). However, to keep both numerator and denominator positive 
(sincen < Linthepresentcase), the numerator and denominator of (10-2-7) should be multiplied by minus 1. 
With < 1, (4) is he equation of an ellipse. The 3-dimensional concave surface of the lens in Fig. 10-12 
would be generated by rotating the contour for the center plate, as given by (4), on the axis. If the primary 
antenna were a line source perpendicular to the page in Fig. 10-13, all the plates would be identical and the 
lens surface would bein the form of an elliptical cylinder. 

Waves entering the lens of Fig. 10-12 at the point P obey Snell's laws of refraction. However, this is not 
necessarily the case for waves entering at P where the metal plates constrain the wave to travel between 
them. E-plane metal-plate lenses may be constructed that have only such constrained refraction, Two types 
are illustrated in cross section in Fig. 10-14, Both have а line source normal to the page. The electric field 
Eis parallel to the source, All lens cross sections perpendicular to the line sources are the same asthe ones 
shown inthe figure. 

In the ens (o) the spacing between lts unio, but the width vis rom plateto pate. Inteles 
at (b) all plates have the same width, but the spacing varies. 

A disadvantage of the E-plane mela plate ens as com- 
pared to the dielectric type is that it is frequency-sensitive, 
ie, the lens has a relatively small bandwidth. To deter 
mine the bandwidth, consider the geometry of Fig, 10-15 
(Risser-1). At the design frequency f we have from (3) that 


LOR 
А, © 
o 


Figure 10-13 Geometry for E-plane type 
of metal-plate lens. 
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Figure 10-14 Cross sections of constrained types of E-plane metal: plate lenses. 


or t 
Laken © p 

wheren = index of refraction at the design frequency / D 

At some other frequency f^ 2 
m o SE 

where. 


3 = the difference in electrical path length of OQ and OPP" 
index of refraction at the frequency / 
Subtracting (6) from (7), 

8= Ant 


Where An =n! n, 
For a small wavelength difference A2, 


эп 
مھ‎ = Lan 
Tm 


Introducing n from (2) into (9), differentiating and substituting this value of An in (8) yields 


or 
[ег 


The total bandwidth В is twice (11) so 


mar n m 
Tuc 21-а 
where 


maximum tolerable path difference in free-space wavelengths 
thickness of lens plate at edge of lens in free-space wavelengths 


If we arbitrarily take 3 = 0.253. 


Figure 10-15 Geometry for 
bandwidth considerations. 
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50n 
=r % аз 
DELIS 
Form = 05 and: = 6), the bandwidth 
2-559 


Thus, the usable frequency band for this antenna is 5.5 percent of the design Frequency”. Although zoning а 
dielectric lens Introduces frequency sensitivity, the effect of zoning an E-plane metal-plate lens is to decrease 
the frequency sensitivity. Hence, zoning is desirable with E-plane metal-plate lens, both to save weight and to 
increase the bandwidth. An E-plane metal-plate lens 40 square with nine zones is illustrated in Fig. 10-16. 
The patterns of this len, fed with a short primary horn antenna, are shown in Fig. 10-17. 

The bandwidth of a zoned Z-plane metal-plate lens is given approximately by 


50x 
тю % wW 


index of refraction at the design frequency 
number of zones, the zone on the axis of the lens being counted as the first zone 
A zoned lens comparable to the unzoned lens of n = 0.5.1 = 6%+ and B = 5.5 percent has n = 0.5 and 
since with n = 0.5, К ~ 1,/2.The bandwidth В of this zoned lens is 10 percent, or nearly double the 

bandwidth af the unzoned lens. 

Тһе aperture efficiency to be expected of large lens antennas is about 0.6 so that the directivity is about the 
same as for optimum horns of the same size aperture (see Chap. 7). 

Referring to Fig. 10-188, the thickness z of a zone step is given by 


1 


or 


as 
The equation for the contour of the zoned lens s the same as (4) for the unzoned lens except that L is 

replaced by La, where 

(K 2 

— 

Forthefirstzone (on theaxis) Le 


Li=L+ +K -Ie [c] 


2 etc. 


„forthesecond zone Le = L-+z, forthe third zone Le 


Заль аа WDA) ا‎ А) 
TC x C WW 7 Rh 


EN 
rare 
> D 


A = design wavelength 
design frequency 

shart wavelength imit of band 

22 = long wavelength limit of bard 

А = high-frequency limit of band 

їп = иштеше limit af band 
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Figure 10-16 Zoned type of E-plane metal-plate lens with a square aperture 40) on a side, 
(Courtesy W. E. Kock, Bell Telephone Laboratories.) 


то shield against stray radiation from the source 
side of a lens, a metallic enclosure may be used 
as in Fig. 10-18b. This enclosure forms an elec- 
tromagnetic horn of wide fare angle with a lens at 
the aperture. Without the lens an optimum hom of 
the same aperture would be much longer (smaller 
Паге angle), The fact that the lens permits a much 
shorter structure for the same size aperture is, per- 
haps, the principal advantage of a lens or lens-horn 
(combination over a simple horn antenna. 


10-5 Tolerances on Lens Antenna: 


In a dielectric lens, differences in the path length 
тау be caused by deviations in thickness from the 
ideal contour and by variationsin the index of refrac- 
tion (Risser-1). Assigning an allowable variation of 
20/32 rms to either cause, we have as the thickness. 
tolerance that 


10 O 10 20 3r 
Angle rom ais 


5 25 


Figure 10-17 E-plane pattern (solid) and 
H-plane pattern (dashed) of 40). square zoned 
E-plane lens of Fig. 10-16.(Kock-1, 2). 
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pare “ 
oe р 
= 
0 ъ 
Figure 10-18 (а) Zoned lens plate. (b) Horn with lens. 
aa 
à ow 3 
“ 
A- 
or 
w 
Forn 
м = 00640 
For thetalerance ona 
M 
tate 
or 
оз 
„ a 
Were, = thickness of lens in free-space wavelengths 
Dividing (2) by n 
wl w a 


Ifn =15 and t = dio, An/n = 1%. 
In an E-plane metal: plate lens the path length may be affected by both the thickness of the lens and the 
spacing b between lens plates. Assigning 4/32 to each cause, we have as the thickness tolerance that 
. 0039 


“= am l-n bd 
and for thetolerance on the spacing b between plates 
Abo m " 


7m * 
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Itis interesting to compare these tolerances with the surface contour requirement of a parabolic reflector. 
A displacement Ax normal to the surface of the reflector at the vertex (i.e, a displacement in the axial 
direction) results in a change in wave path of 2Ax. Thus, for the same effect as either Ar or An, Ax must be 
as large. 

2 This Is a severe requirement for a large reflector at a small wavelength, placing a strict limitation on the 
allowable warping or twisting of the reflector. In contrast to this, the thickness tolerance on a lens refers only 
to the thickness dimension. It does not imply that the lens contour be maintained to this accuracy. With a 
lens, a relatively large amount of warping or twisting can be tolerated, and this isan important advantage of 
this type of antenna. Furthermore, the lens axis can be tilted a considerable angle т with respect to the axis 
through the primary antenna and center of the lens (see Fig, 10-6b) without serious effects. 

The above-mentioned tolerances are summarized in Table 10-3, Tolerances for zoned lenses are also listed, 
These are derived from the unzoned lens tolerances by taking the dielectric lens thickness as nearly equal to 
даут = 1) and the metal plate ens thickness as nearly equal to 1a/(1 — n), All tolerances in the table assume. 
20/32 rms for the individual lens variations and 2/64 rms for the reflector variation resulting, in each case, 
in а gain-loss factor t, = 0.16 d as calculated from (16-2-3), provided the correlation distance >). and 
‘other conditions of (16-2-3) are met. For a combination of random variations (as Index and thickness) the. 
net effective variation is given by the quadrature sum of the individual variations. 


Table 10-3 Tolerances on lens and reflector antennas 


Type of antenna’ Type of tolerance: стиш 
Parable refecior Surface contour Daly 
Dieci est (unzaned) Thickness зза 
Index of refraction 
Dialectic es" (zoned) Thickness 


Index of retraction 


кише metatplate lens? (venei) Thickness шш 
Plate spacing E 

(plane meta pate lene! (zoned) Thickness ж 
Piate spacing ЕЯ 


10-6 H-Plane Ме! 


Plate Lens Antennas 
A wave entering a stack of metal plates oriented parallel to the 17 plane (perpendicular to the E plane) as in 
Fig. 10-193 is little affected in its velocity. However, the wave is constrained to pass between the plates so 


Lite erence in rason fld paterns of n plane mea lat lens antenna is revealed for a lt angle as large as 30° according 
"o patterns presented by Friis (1) and Lewis 
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Direction Direction 
ot wave. ol wave 


] = 


v = 


(e) (4) 


Figure 10-19 (а) H-plane stack of flat metal plates. (b) H-plane stack with increased path 
length. (c) Slanted H-plane plates. (d) H-plane metal-plate lens using slanted plate constuction, 


that, once inside, the path length can be increased if the plates are deformed, as suggested in Fig. 10-19». 
Ап increase in path length can also be produced by slanting the plates as at (с). The increase of path length 
is S — T. Using the slant-plate method of increasing the path length, an H-plane metal-plate lens can be 
designed by applying the principle of equality of electrical path length, This type of lens is called an H-plane 
type since the plates are parallel to the magnetic field (perpendicular to the E-plane) (K ock-3). 
Referring to Fig, 10-19b, the condition for equality of electrical path length requires that 
ReosO -L 


o 
or 
BEES a 
Where = 1/cos = effective index of refraction of the slant-plate lens medium 

In this case the index of refraction is equal to or greater than unity so that (2) s identical with (10-2-7) for 
a dielectric lens, The index n depends only on the plate slant angle and is not a function of the frequency 
asin the E-plane type of metal plate lens, The most critical dimension is the path length in the lens. This 
may be affected by а change in T or ing. Assuming a maximum allowable variation 5 = 14/8 in electrical 
path length, the tolerance in S is given by 

AS = 400629 a 

A disadvantage of the H-plane metal plate lensis thatthistypeof construction tends to produce unsymmetrical 
aperture illumination in the E plane. 
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10-7 Reflector.Lens Antenna 
This antenna combines а dielectric lens with a fat reflecting sheet as suggested in Fig, 10-20 (Kraus) An 
incoming ray traverses the lens twice and is brought to a focus at F. For thin lenses the distance R is given 
approximately by 
(ШОЛ 
Qn = Icos =1 * 


index of refraction of lens 
xal length (in same units as R) 


This reflector lens ls approximately half 
the thickness and half the weight of а sim- 
ple dielectric lens (Figs. 10-13 or 10-3) А 
and is an alternative to a parabolic reflec: 
tor. An interesting, specialized application 
would be to use a pool of conducting lig- 
uid for the flat surface with a long focal 
length reflector lens situated above as in Ч 


Dielectric 
Fig. 10-20. Beam squinting by horizon- bis 


tal displacements of the feed would allow k 
‘observations of a region near the zenith 

Orly the thickness of the lens is critical Figure 10-20 Reflector-lens antenna consisting of a 
since the flatness of the reflecting surface is plano-convex dielectric lens on a flat reflecting sheet. 
maintained automatically, thanks to gravity. 

The lens need not be in contact with the flat surface. A meridian-transit millimeter-wave radio astronomy 
application at low cost is envisioned, 


10-8 Polyrods* 


A dielectric rod or wire can act as a guide for electromagnetic waves ( Hondros-1; Schelkunoff-L 
Whitmer-1), The guiding action, however, s imperfect since considerable power may escape through the wall 
of the rod and be radiated. This tendency to radiate is turned to advantage In the polyrod antenna so called 
because the dielectric rod is usually made of polystyrene (M ueller (1) and Tyrrell). A 6. long polyrod antenna. 
is shown in cross section in Fig, 10-21a. The rod is fed by a short section of cylindrical waveguide which, in 
turn, is energized by a coaxial transmission line? This typeof polyrod acts as an end-freantenna (Wilkes-1) 

The phase velocity of wave propagation in the rod and also the ratio of the power guided outside the rod to 
the power guided inside are both functions of the rod diameter D in wavelengths and the dielectric constant? 


During Wert War, George E- M ueller and W. A. Tyrrell of he Bell Telephone Laboratories developed the polyrod for use in arrays 
of 16 or more ods as a sip bone radar antenna operating a 20 cm wavelength. Following te war, Dr. Muelle joined the Electrical 
CCC 
‘hen palla program which put the U.S. astronauts on ne топ. As af 2001 he ls CEO of he K ister Aerospace Corporation, Kirkland, 
Washington 

hn entire polyod antenna тау be regarded as a degenerate or rudimentary form o lens antenna witha effective lens cross section 
af heorder of a wavelength. Se Gilbert Wilkes (1. 

The dative parity sz = 25 for polystyrene. See Table 10-1, 
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Maximum 
radiation 


Y 
Coaxial feed ine. 


(b) 


Figure 10-21 (3) Cross section of cylindrical polystyrene antenna 62 long. (b) Radiation 
pattern. (Mueller (1) and Tyrrell) 


of the rod material (Mueller (1) and Tyrrell). For polystyrene rods with D < 3/4, the rod possesses litle 
guiding effect on the wave, and only a small fraction of the power is confined to the inside of the rod, The 
phase velocity in the rod is also close to that or the surrounding medium (free space). For diameters of the 
order of а wavelength, however, most of the power is confined to the rod, and the phase velocity in the rod is 
nearly the same as in an unbounded medium of polystyrene. For increased directivity operation the diameter 
D, in free-space wavelengths of a uniform rod (length L; > 2and 2 < £ < 5) is 


D= yy +02 a 
PF 


In practice, polystyrene rod diameters in the range 0.5 to 0.32 are used ! The rod may be uniform orto reduce 
minor lobes can be tapered as in Fig. 10-212. This polyrod is tapered half way and is uniform in cross section 
the remainder of its length. The diameter D is 0.52 at the butt end and 0.3. at the far end, The radiation-field 
pattern for this polyrod as given by Mueller (1) and Tyrrell is shown in Fig. 10-218. The gain is about 16 BI. 

То a fist approximation the radiation pattern of a polyrod antenna excited uniformly along its length 
тау be calculated by assuming that it is a continuous array of isotropic point sources with a phase shift of 
about 360 (1 + 1/2,) degiwavelength of antenna, where L, is the total length of the antenna in free-space 
wavelengths? 

"The relative field pattern as a function of the angle 0 from the axis is then given by 


EA) o 


Eo) = 
0 — 572 


To transmit the lowes (ТЕ) mode in a circular waveguide, the diameter о! the guide must be at least 58 7, where se 
free-space wavelength an r, is the гаа ме parity of the guide. Thus, for a rod of polystyrene (er = 25) ed from a circular 
waveguide as n Fig. 10-21a, the quie diameter must be at least 0372 bo alow transmision in the теш tute. 

This is the Hansen and Woodyard condition far cres directivity of an en ire ara. 
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where y! Bb so = 2x1 (Lb) [ro - n -4] 


The radiation fied could be calculated exactly by applying Schelkunoff's equivalence principle, provided. 
the fields on the surface were known (Schelkunoff-2). By this principle the fields at the rod surfaces are 
replaced by equivalent electric and fictitious magnetic current sheets, and the radiation feld is calculated from 
these currents. An approximate calculation has been made by assuming a field distribution (Watson-1). 

The directivity D of a polyrod antenna is given approximately by Mueller (1) and Tyrrell as 


ПЯ a 
andthe half. power beamwidth by 
Hpaw = S [ 


where Lı = length of polyrod in free-space wavelengths 

Polyrod antennas may also be of squareor rectangular cross section. A nother possibility is to usea dielectric 
sleeve of circular or square cross section, the interior of the sleeve being air-filled. In this case the appropriate. 
diameter of the sleeve may be of the order of 14 (K iely-1). 

The rods and cones of the retina of a human eye are similar to polyrod antennas but with unity frontto- 
back ratio and diameters of 1 to 22. as compared to the high front-to-back ratio and 2./2 diameter or less of 
the polyrod of Fig. 10-21. The retina has an array of more than 100 million "polyrods." Curiously, to an 
antenna engineer, all of the feed system and connections (axons and dendrites) are in front of the "polyrods." 
However, this sll right because the "wiring" is transparent. For more detail see, for example, K raus (1) and 
Fleisch 


10-9 Multiple-Helix Lenses 


Аз mentioned earlier, an axial-mode monofilar helical antenna is a rudimentary form of lens antenna (see 
Fig. 10-26). A multiplicity of parasitic axial-mode monofilar helices can also be arranged as in Fig. 10-22 
to form a phase-controlled lens. Helices of opposite hand are mounted back-to-back on a spherical shell 
with the center at the focus. The helices on the outer side of the shell receive the incoming wave which Is 
retransmitted to the focal point by the helices an the inner side of the shell. The lens is focused by rotating 
each helix pair with respect to a reference pair (at the center) to compensate for path-length differences, 
Rotation of a helix pair through an angle 0 shifts the phase by 20. The number of turns m of each helix ls 
given by 


dn, 


ISIN ш 


where 
Ap 
5, = helix turn spacing 
М = number of helix pairs 


To avoid grating lobes the spacing between helix pairs should be less than 2. The helices and coaxial 
Interconnections should, of course, be matched. A helix lens 1.3 m in diameter with 1213 helix pairs has been 
constructed for operation at 8.15 GHz (i. = 3.7 cm). At this wavelength the lens diameter is 355 producing a 
half-power beamwidth of about 2°. 


lens area 
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Figure 10-22 Helix lens. Focusing is accomplished by rotating helix pairs. 


10-10 Luneburg and 


The Luneburg lens (Luneburg-1) shown in Fig. 10-23 is a spherically symmetric delay-type lens formed of a 
dielectric with index of refraction n which varies as а function of radius, as given by 


in Lenses. 


o 
rond ‘conical he 
radial distance from center of sphere TS pose 
R = radius of sphere ii 
тше? fo receiver: 
When r = R, n = 1 while at the center of the di ji 
sphere (r = 0), n = VŽ (its maximum value). A To receiver 3 
Thelenshastheproperty thatan incident plane Pa 
Wave is brought to a focus on the opposite Wave 1 
side of the sphere as suggested for wave 2 in retina lire 


Fig. 10-23. Simultaneously, waves from other Figure 10-23 Luneburg lens. A plane wave incident 
directions will be brought to a focus ata point on one side is brought to a focus on the opposite side, 
ontheoppositesideof thesphere, as suggested 

їп Fig. 10-23 for waves 1 and 3. Thus, signals can be received simultaneously with а Luneburg lens from 
as many directions as there is space available on the sphere to place feed horns or other receiving devices. 
For steering a single beam the receiver (or transmitter) can be switched to different feed horns, or а single. 
movable feed horn can be used. The variable index required can be obtained with an artificial dielectric 
material (Sec. 10-3) or with concentric shells of dielectric of different indices of refraction. 

fa Luneburg sphere is cut in half and a reflecting sheet placed on the flat side, a Luneburg refectar-lens 
antenna results with incoming wave at an angle of incidence 4, brought t a focus at the corresponding angle 
of reflection 0, = б, 

‘The full spherical Luneburg lens provides beam steering in both polar coordinates (9 and ¢). For steering 
in only one coordinate (9), a plane (paralle-sided) section through the center of the sphere can be used. 
However, the beam is no longer the same in both coordinates due to vignetting in the 0 direction, Kelleher 
gives a good review on the Luneburg lens and its variants (K elleher-1). 
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tein gravity lens. A plane wave incident on a large mass (such as the sun) 
is Drought to a focus along a line extending from a minimum distance to infinity. Large gains are 
possible, 


Although the idea had been mentioned earlier, A bert Einstein's brief note in Science in 1936 was the first 
analysis of lens action by the gravitational field of a star such as the sun (Einstein). Actually any large 
mass the sun, Jupiter, the earth, a neutron star or a black hole would do. Incident electromagnetic waves 
passing around a star are deflected through an angle whichis proportional to the mass of thestar and brought to 
focus on the far side, as suggested by the Einstein gravity lens of Fig, 10-24. T here is no single focal point, 
rather a focal line extending from a minimum focal distance to infinity. The gain of the lens is proportional to 
the mass of the star and inversely proportional to the wavelength. At = 1 mm a solar lens can, in principle, 
give a gain of more than 80 dB. If the spacecraft on the focal ine has an antenna with 80 dB gain, the total 
system gain is 160 dB, equivalent to the gain of an array of 100 milion 80 dB -gain antennas. 

The minimum focal distance in the case of the sun is about a dozen times the distance of Pluto so that we 
must walt until its possible to send a properly equipped spacecraft to that distance before the sun can be put 
to use asa gravity lens. 

More details on the Einstein lens with a worked example are given in Radio Astronomy (K raus-3) based 
on the very extensive treatment of Von R. Eshleman (Eshleman-1). Se also Maccone (1). 
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Problems 
10-2-1 Dielectric lens. (2) Design a plano-convex dielectric lens for 5 GHz with a diameter of 10. The lens 
material is to be paraffin and the F number is to be unity, Draw the lens cross section. (b) What type of 
primary antenna pattern is required to produce а uniform aperture distribution? 
10-2-2 Cylindrical lens. Prove (10-2-15). 
10-3-1 Artificial dielectric. Desgnan artificial dielectric with relative permittivity of L4 for useat 3 GHz 
when the artificial dielectric consists of (a) copper spheres, (0) copper disks, (c copper strips 


*10-4-1 Unzoned metal-plate lens. Designan unzoned plano-concave -plane type of metal plate lens of 
the unconstrained type with an aperture 10. square for use with a 3-бН line source 102 long. The source 
isto be 20. from the lens (F = 2). М ake the index of refraction 0.6. (a) What should the spacing between 
the plates be? (b) Draw the shape of the lens and give dimensions. (c What is the bandwidth of the lens if 
the maximum tolerable path difference 5/47 


10-9-1 Helix lens. Confirm (10-9-1) 
For computer programs, see A ppendix С. 
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Broadband апа 


Freguency-Independent 
Antennas 
Topics inthis chapter include: 
m Broadband basics m Thelliinisstry 
Infinite and finite biconical antennas Planar log spirals 
т Directional biconicals or vees, conicals, disk ш Conical spirals 
tones and bow ties т Logperiodi antennas 
m Thefrequency-independent concept, m YUCOLP composite antenna 


Rumsey's principle 


11-1 Broa 


What is the difference between a broadband and a narrowband antenna? The curved-biconical constant 
impedance, twin-line vee antenna of Fig. 11-1а Is a broadband type. It is basically a transmission line of 
constant impedance Z (ratio of conductor spacing 5 to conductor radius r constant). If the length L is a 
wavelength or more, most of the energy of the outgoing wave is radiated with very little energy reflected 
The antenna is a nonresonant low- Q radiator with an input impedance that remains essentially constant over 
а wide frequency range. The antenna is well-matched to space providing а smooth transition from the guided 
ware on the input transmission line to a free-space wave. 

Thearrous in Fig. 11-1a indicate the direction and magnitude ofthe energy flow, most being radiated with 
little reflected back 

By contrast, the short dipole of Fig. 11-10 has an abrupt transition from a guided wave on the transmission 
line to space with a large reflection of energy which oscillates back and forth near the dipole lke in a resonator 
before being radiated, The dipoleisa resonant relatively high- О antenna with aninputimpedance that changes 
rapidly with frequency resulting in a narrow bandwidth, The arrows in Fig. 11-10 indicate the large energy 
storage before radiation 

If there are no losses both vee and dipole radiate all of the power input but the vee does it with a smooth 
transition. 

TheVSWR may be less than 2 over this bandwidth. By contrast the V SWR of the dipole may be less than 
2 over a bandwidth of only a few percent 


апа Basics 


EXAMPLE 14-14 Bandwidth of Curve 
Referring to Fig, 11- 1a, what is the bandwidth if 


iconical Vee Antenna of Fig. 11-12 
4mm and р = 100 mm? 
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m Solution 
Assuming that the spacing d = 2/10, the shortest à = 4 x 10 
A = 100 x 2 = 200 mm. 

Thus, the approximate bandwidth 


0 mm, For D = 100 mm, the longest 


00/40 = 5t1 Ап, 


This discussion is oversimplified but illustrates some aspects of bandwidth behavior of individual antenna 
elements. Due to mutual coupling the behavior in an array, however, may be different. 

‘The constant-impedance curved biconical "V" (Fig. 11-13) is a traveling-wave antenna, The axíal-mode 
helical antenna (Fig. 11-2) is also a traveling-wave antenna. Litle energy is reflected from the open end so 
the input impedance remains essentially constant over a wide bandwidth. Typically, the VSWR < 1.5 over 
a 2 to 1 bandwidth. And this behavior is maintained even in an array of many helices because of the small 
mutual coupling of helices. 


Broad bandwidth vee 


Narrow bandwidth dipole 


Large energy storage 
Narrow bandwidth 


(b) 


Figure 11-1 (a) Wide bandwidth constant-impedance curved biconical vee antenna and 
(b) narrow bandwidth dipole antenna. Arrows indicate energy flow. 

Axial-mode helix 
Arrows indicate energy 
Пом magnitude and 


direction 
— 


PM Traveling wave antenna wit constant 
coma impedance over wide bandwidth 
ed 


Figure 11-2 Wideband helicakbeam antenna. 
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11-2 Infinite and Finite Biconical Antennas 
An infinite biconical antenna acts as a guide for a traveling outgoing spherical wave in the same way that а 
uniform transmission line acts as a guide for a traveling plane wave, 


The two situations are compared in Fig. 11-3, They both have a constant characteristic impedance Z and 
since they are infinite the input impedance Z, = zi. These values аге purely resistive so the input resistance. 


R= 2-2 а 
For the infinite biconical antenna 
R; = 120Incot /e) a 


where = cone angle 

The solid ine of Fig. 11-4 shows the variation of the input resistance R; as a function of cone angle. If 
the lower cone is replaced by a large ground plane (see insertin Fig, 11-4) the resistances 2 the value given 
by (2) as shown by the dashed line in Fig, 11-4. Note that a single cone of 90° angle has an input resistance 
of about SO 0. 

With the infinite biconical antenna as an introduction, et us пом consider be practical case of a biconical 
antenna of finite radius r (Fig. 11-5) 

When the outgoing spherical wave reaches а radius r part of the energy Is reflected, resulting in energy 
storage. The remaining energy Isradiated, with more radiated perpendicular to the axis than dose to the cones 
as suggested in Fig, 11-5. 


bote 
biconical 
antenna 
e Infinite. 
тан ME E 
— ا‎ 
T “а 
Plane 
traveling | 
wave 
@ [] 


Figure 11-3 An infinite biconical antenna (a) ls analogous to an infinite uniform transmission 
line (b). 
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Figure 11-4 Characteristic resistance Ry of infinite biconical and single cone antennas. 
Since the antenna is infinitely long, the input resistance Rj = Ry. 


The input impedance Z; is 
given dy 


Ze + ¡Zn tan pr 
NESE 


201 cot (6/4) 
Zm = Ra + Xn 


The Rm and Xy values are 

given by Schelkunoff (1) for Figure 11-5 Finite biconical antenna enclosed in hypothetical 

thin cones (9 < 5°) by sphere where energy flowing near the cone is reflected but with 
energy escaping perpendicular to the axis in the equatorial region. 


Ry = 60 Cin 241 + 300.571 + In pl — 2 Ci 241 + Ci 481) cos 241 
+ 3006Î 491 —25i 26% g ( а 


X, = 6051281 + 30(C 4р1 — In AI — 0577) 81281 
30Gi 480 cos261 ( a 
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113. Directional Biconicals, Conicals, Disk Cones and Bow Ties an 
Simple v icon Y ‘curved biconical v 
0 D e 


pole ГЕ 


jure 11-6 (a) Simple V, (b) biconical V and (c) curved biconical V antennas having 
increasing bandwidth. The arrows indicate that the simple V is bidirectional with the others more 
nearly unidirectional to the right. The length Z is a wavelength or more. 


Measured values by RRL (1) of the VSWR for larger cone angles over a 2 to 1 bandwidth are: 


Tone sear 
Pi а 
b 2 


Thus, the lowest V SWR over a given Bandwidth is obtained with the largest cone angle 
11-3 Direction: Is, Conicals, Disk Cones and Bow Ti 


Figure 11-6 shows a progression of V-type antennas from the simple V at (a) tothe biconical V at (b) to the 
curved biconical V at (c). The characteristic Impedance Z of the simple V at (a) is nat constant and the V 
has а narrow bandwidth. Its pattern is bidirectional 
ThebiconicalV at) 
hasaconstant character. 
istic impedance Z+ and 
the antenna has a wider 
bandwidth. It also tends 
to be unidirectional @ Ener 
The curved biconi- ses 
cal antenna (c) also has. 
a constant characteristic 
impedance Ze, is more 


unidirectional and has a — — 
still wider bandwidth, 2 

Figure 11-7 shows a (b) <<a] bid 
progression of conical — 


antennas with coax feed 
The one at (a) is a full Figure 11-6-1 Comparison of curved biconical V antenna with а 
biconical, The one at ‘esistance-loaded uniform transmission line. Both have similar current 
(b) has the upper cone distributions, decreasing from left to right The virtual resistances of the 
replaced by a thin sub, biconical antenna radiate energy whereas the real resistances of the 
‘while at (с) the cone ig Uniform line absorb energy which is lost as heat 
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Figure 11-7 Coaxial fed conical antennas for mounting on masts with omnidirectional 
radiation in the horizontal plane, 


Bow-tie dipole Open-wire biconical dipole 


DAR 
= V. 


2 а 
(а) 


(b) 


Figure 11-8 (a) Flat plane bow-tie antenna and (b) open-wire biconical dipole antenna 


replaced by a disk. The coax feed makes these antennas convenient for mounting on masts. Radiation is a 
maximum in the horizontal plane. 

A bow-tie antenna (Brown (1) and Woodward) is а at plane version of the biconical antenna, The 60° 
bow tie of Fig. 11-8a provides a VSWR. < 2 over a2 to 1 bandwidth for L = 0.8 atthe center frequency. 
An open-wire version of the biconical antenna is shown in Fig. 1-8b with properties nearly the same as with 
solid surface cons 

Figure 11-8-1 shows Brown and Woodward's results for conical and triangular antennas operating against 
a ground plane as a funcion of the length I or height) for flare angles 4 of 30, 60 and 90°. Although 
the conical measurements were made with open-ended cones, Brown and Woodward found no significant 
differencein impedance values fora 60° cone with and without end caps. The gain of сопіса dipoles of length 
21, with respect o a 2/2 dipoleis shown in Fig. 11-8-2. The gains are calculated from measured patterns 

Although the conical antennas have a smaller resistance fluctuation with frequency than the triangular 
antennas, the Па geometry of the triangles is attractive. The measured performance of a Brown-Woodward 
(bow-tie) antenna 34 cm long connected to a 300-2 twin line for frequencies between 480 and 900 MHz 
(UHF TV channels 15 to 83) is presented in Fig. 11-8-3. 
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Figure 11-8-1 Measured resistance (a) and reactance (b) values for monoconical and 
monotriangular (fat sheet) antennas as a function of length |, for flare angles 0 of 30, 60 and 
90°. (Brown (1) and Woodward.) 


Gain overa 2 аре, dB 


5 A 
Length, 2, 


Figure 11-8-2 Gain of biconical antennas with respect to a 3/2 dipole as a function of 
length 21, for full cone (Паге) angles # of 30, 60 and 90°. (Brown (1) and Woodward.) 


11-4 The Frequency-Independent Concept: Rumsey's Principl 


A true frequency-independent antenna is physically fixed in size and operates on an instantaneous basis over 
a wide bandwidth with relatively constant impedance, pattern, polarization and gain. These kinds of antennas. 
are discussed in subsequent sections. 

Beginning while at the Ohio State University in the early 1950s, continuing from 1954 to 1957 at the 
University of Illinois, and later at the University of California, first at Berkeley and subsequently at San 
Diego, Victor H. Rumsey (1) developed and introduced a new way of looking at antennas and their operation 
asa function of the frequency (Jordan-1; Mayes-1) 
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Figure 11-8-3 Gain in dBi and VSWR of UHF Brown-Woodward (bow-tie) antenna with 60° 
flare angle as a function of the length 21;. (Brown (1) and Woodward) The field patterns shown 
in (a) are actually those with the plane of the bow бе perpendicular to the page (rotated 90° оп 
its axis) instead of with the plane of the bow tie parallel to the page as drawn. 


Rumsey was intrigued with M ushiake's observation in 1949 that self-complementary antennas have a 
constant impedance of Zo/2, or half the intrinsic impedance of space, atall frequencies (M ushiake-1; U da-1). 
This is remarkable since there is an infinity of self-complementary shapes. A self-complementary planar 
antenna has a metal area congruent to the open area; е, the two areas can be brought into coincidence by а 
rigid motion. Three examples of self-complementary antennas are shown in Fig, 11-9. The metal and open 
areas are congruent since a rotation of ether brings both into coincidence. 

Theslotand complementary dipole antennas of Chap. 7 aresimilarly related butusually requirea translation 
for colncidence. М ushiake's 2/2 result comes directly from Booker's relation for complementary slots and 
dipoles as given by (7-16-11) 

Rumsey's principle is that the impedance and pattern properties of an antenna will be frequency- 
independent if the antenna shape is specified only in terms of angles. 

Thus, an infinite logarithmic spiral should meet the requirement. 

The biconical antenna of Secs. 11-2 and 11-3 are examples of an antenna that can be specified only in 
terms of the included cone angle, but it is frequency-independent only if it is infinitely long. When truncated 
(without a matched termination) there s a reflected wave from the ends of the cones which results in modified 
impedance and pattern characteristics, 

To meet the frequency-independent requirement in a finite structure requires that the current attenuate 
along the structure and be negligible at the point of truncation. For radiation and attenuation to occur, as 


Thecanceptof complenenryanlerasapgiessicyonlytoinnitimally in planar, perfactiy conducting stapesofirfirite entent 
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Figure 11-9 Three self-complementary planar antennas. Theoretical terminal impedance is 
188 


stated in Chap, 2, charge must be accelerated (or decelerated) and this happens when a conductor is curved 
ог bent normally to the direction in which the charge is traveling. Thus, the curvature of a spiral results in 
radiation and attenuation so that, even when truncated, the spiral provides frequency-independent operation 
over a wide bandwidth, 


11-5a The Illinois Story 


Rumsey's principle was implemented experimentally by John D. Dyson at the University of lios, 
who constructed the frst practical ̃ spiral antenas in 1958, first the bidirectional 
planar spiral and then the unidirectional conical spiral. These two types are described in this and the 
next section (11-6). Further work on spirals at Illinois was done by Dyson, Paul Mayes and G. A 
Deschamps. Concurrently Raymond DuHamel and Dwight Ibal were developing the log-periodic dipole 
array, and in 1961 Mayes and Robert Carrel described the logpeiodic array with У-ро elements 
(Sec, 11-7). 


11-5b The Frequency-Independent Planar Log-Spiral Antenna 


The equation for a logarithmic (or log) spirat 
is given by 
rea! a 


or 
Inr = 0lna о 
where, referring to Fo. 11-10, 
radial distance to point P on spiral 
angle with respect to x axis 
Constant 


o 
From (2), the rate of change of radius with 
anglels 


Ina © 


2 
% Latina 
m Figure 11-10 Logarithmic or log spiral 


The McGraw-Hill Compani 


m Chapter 11 Broadband and Freguency-Independent Antennas 


The constant in (3) is related to the angle 8 between the spiral and а radial line from the origin as given by 


4 1 
a= Tuy a 
‘Thus, from (4) and (2), 
9 = пип @ 


The log spiral in Fig. 11-10 is constructed so as 
to maker = 120 = 0 andr = 220 = 
These conditions determine the value of the con- 
stants а and В. Thus, from (4) and (5), В = 77.6" 
anda = 1247. Thus, the shape of the spiral is 
determined by the angle й which isthe same or all 
points on the spiral. 

Let a second log spiral, identical in form to 
the one in Fig. 11-10, be generated by an angular 
rotation so that (1) becomes 


Spiral 


nad © 
and a third and fourth spiral given by 
gea m 


and 
at в 


‘Then, for a rotation à = л/2 we have 4 spirals 
at90" angles. Metalizing the areas between spirals 
land 4 and 2 and 3, with the other areas open, — Figure 11-11 Frequency-independent 
self-complementary and congruence conditions arê planar spiral antenna. 
satisfied, Connecting a generator or receiver across. 
the inner terminals, we obtain Dyson's frequency-independent planar spiral antenna of Fig, 11-11 (Dyson-1). 
‘The arrows indicate the direction of the outgoing waves traveling along the conductors resulting in right- 
circularly polarized (RCP) radiation (IEEE definition) outward from the page and left-circularly polarized 
radiation into the page. The high-frequency limit of operation is determined by the spacing 4 of the input 
terminal and the low-frequency limit by the overall diameter D. The ratio D/d for the antenna of Fig. 11-11 
Is about25 to 1. If wetaked = 2/10 at the high-frequency limit and D = 2.2 at the low-frequency limit the 
antenna bandwidth is 5 to L, The spiral should be continued to a smaller radius but, for clarity, the terminal 
separation shown in Fig. 11-11 is larger than it should be. Halving it doubles the bandwidth. 


ша 


FTC 
Archimedes spiral as given by r — að ..,. positon ога the spiral, However remote rom te originan 
A tight Archimedes spiral, f approaches a next constant angle and the Archimedes spiral becomes a close approximation of a hy 
жола lag spiral (Bawer May) 
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созда cable bonded 
to spiral am 


Ground plane 


Figure 11-12 Frequency-independent planar spiral antenna cut from large ground plane. 


In practice, itis more convenient to cut the slots for the antenna from a large ground plane, as done by 
Dyson, and feed the antenna with a coaxial cable bonded to ane of the spiral arms as in Fig. 11-12 the spiral 
acting as a balun. A dummy cable may be bonded to the other arm for symmetry but is not shown. 

Radiation for the antennas of Figs. 11-11 and 11-12 is bidirectional broadside to the plane of the spiral. 
The patterns in both directions havea single broad lobe so that the gain is only afew dBi. Theinputimpedance 
depends on the parameters 5 and а and the terminal separation. According to Dyson, typical values are in the 
range 50 to 100 © or considerably less than the theoretical 188 © (=Z0/2). The smaller measured values are 
apparently due to the finite thickness of spirals. 

Referring to Fig. 11-11, the ratio K of the radii across any arm, such as between spirals 2 and 3, is given 
by the ratio of (7) to (6), or 


ГЕР ЫШ 19) 
п 


For the antenna of Fig, 11-11, 


k= 3207? = 7 
п 


This is seen to be the ratio uf the radial distances to the spiral of Fig. 11-10 at successive 90° intervals. 


0 


Taane ta unbalance transformer See Chap. 20. 
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11-6 The Frequency-Independent Conical-Spiral Antenna 


A tapered helix is а conical-spiral antenna 
and these were described and investigated 
extensively in the years following 1947. 
in we first article on the helical antenna 
which Kraus (1) published in 1947, he 
described a tapered helix which he con- 
structed and measured, Figure 11-134 andb 
show tapered helical or conical spiral anten- @ e 
masinwhichtepitchangleisconsanti? ^ Figure 11-13 Tapered helical or conical-spiral 
diameter and turn spacing variable. These orward-fire) CP antennas 

figures appeared in the fist and second 

editions of this book. These tapered helix 
or conical spirals were investigated by 
Springer (1) (1950) and by Chatterjee (1) 
11953, 1955) and others, and more recently 
Бу Nakano (1), M ikawa andy amauchi, and 
found capable of bandwidths of 5 to 1 or 
more. Chatterjee also described a planar 
spiral antenna 

However, it was not until 1958 that 
John D. Dyson (2) at the University of i- 
nois madethetapered helix or conical spiral 
fully Frequency-independent by wrapping 
or projecting multiple planar spirals onto а 
conical surface. 

A typical balanced 2-arm Dyson conical 
spiral is shown in Fig. 11-14. The coni- 
са spiral reainsthefrequency independent 
properties of the planar spiral while pro- 
viding broad-lobed unidirectional circularly 
polarized radiation off the small end or apex 
of the cone. As with the planar spiral, the 
two arms of the conical spiral are fed at 
the centerointor apex from a coaxial cable 
bonded to one of the arms, the spiral acting 


Figure 11-14 Dyson arm balanced conical pial 
(backward-fire) antenna. Polarization is RCP. Inner 
жааш For menya m, cable Conduct of coax connects 1o dummy азр 


gested їп Fig. 11-14. In some models the metal straps are dispensed with and the cables alone used as the 
spiral conductors. According to Dyson, the input impedance is between 100 and 150 d for a pitch angle 
а = 17° and full cone angles of 20 to 60°. The smaller cone angles (30° or less) have higher front-to-back 
ratios of radiation 

The bandwidth, as with the planar spiral, depends on the ratio of the base diameter (-2/2 at the lowest 
frequency) to the truncated apex diameter (7/4 at the highest frequency). This ratio may be made arbitrarily 
large. 


11-7 The Log Periodic Antenna a 


E 
Coaxial ine Ground 
plane 


Figure 11-15 Selfcomplementary toothed log-periodic antenna of DuHamel and Isbell. 


Conical and planar spirals with more than 2 arms are also possible and have been investigated by 
Mayes (2) and Dyson and by Deschamps (1), all at the University of Illinois, and also by Atia (1) and 
ма, 


11-7 The Log-Periodic Antenna 


While the planar and conical spirals were being developed, Raymond DuHamel (1) and Dwight Isbell, also. 
atthe University of Ilinois, created a new type of frequency-indenendent antenna with a sef-complementary 
toothed structure as suggested in Fig. 11-15. In an alternative version, the metal and slot areas of Fig. 11-15 
areinterchanged. Since f + f2 = 90° thesell-complementary condition is fulfilled, The expansion parameter 


LES 
nlt a 
and the tooth-width parameter 
n- o 


Further work atthe University of Ilinois showed that the self-complementary condition was not required 
and by 1960 Dwight Isbell (1) had demonstrated ̃ first og- periodic dipole array The basic concepts that 
a gradually expanding periodic structure array radiates most effectively when the array elements (dipoles) 
are near resonance so that with change in frequency the active (radiating) region moves along the атау. This 
expanding structure атау differs from the uniform arrays considered in Sec, 11-5. 


‘so called because the structure repeals periodically with the logarithm fe fee Put another way, the structure doubles far each 
outing of the wavelength, 
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The arrangement of Fig. 11-16 consists of an adjustable 2/2 dipole made of two drum-type (roll-up) 
pocket rulers. If L is adjusted to approximately +/2 at the frequency of operation, the impedance and | 
pattern remain the same. Strictly speaking, the element thickness or width w and the size of the drum| 
housing should also be adjusted, but if these dimensions remain small compared to 2, this effect s 
‘small and for many purposes may be negligible. This simple antenna illustrates the requirement that the| 
antenna should expand or contractin proportion to the wavelength in order to be frequency- independent 
or if the antenna-structure is not mechanically adjustable as above, the size of the active or radiating| 
region should be proportional to the wavelength. 
This mechanically adjustable antenna can 

provide wideband operation for a scanning — | " j 
receiver if the dipole length is adjustedin = 


Sling contact 


synchronism with the receiver wavelength. 7 z 
This adjustment could be continuous or in nde 
incremental eps, as, for example 11 step, 


In a comparable lag. periodic dipole array Dumps J j 
(Fig. 11-17) wideband operation isachieved pocket iors енн 
with an array of 11 dipoles of graduated 
lengths mounted herringbone fashion dong Figure 11-16 Adjustable 1/2 dipole of 2 
atransmissionline.lthasbeenproposedthat — drum-type rulers illustrates the requirement that 
computer controlled laser beams replacethe to be frequency-independent an antenna must 
rulers (or other antenna elements) to pro- expand or contract in proportion to the 

vide instantaneous frequency control witha wavelength. 

“plasma antenna.” See Sec. 20-29 


Log periodic dipole array 


Inactive (stop) 
mw region (1 A2) 

is (rating) 

{transmission ine) gend 4) 


п 


igure 11-17 Isbell log-periodic frequency-independent type of dipole array of 7 dBi gain 
with 11 dipoles showing active central region and inactive regions (left and right ends). 
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Thelog-perlodic dipole атау isa popular design. Referring to Fig. 11-17, the dipole lengths increase along 
the antenna so that the included angle o is а constant, and the lengths and spacings s of adjacent elements 
are scaled so that 


[o 


E 


a 


Ie н 

Where k is a constant At a wavelength near the middle of the operating range, radiation occurs primarily 
from the central region of the antenna, as suggested in Fig. 11-17. The elements in this active region are about 
КИЛ) 

Elements 9, 10 and 11 are in the neighborhood of 12. long and carry only small currents (they present а 
large inductive reactance to the line). The small currents in elements 9, 10 and 11 mean that the antenna is 
effectively truncated at the right of the active region 

Any small fields from elements 9, 10 and 11 also tend to cancel in both forward and backward directions. 
However, some radiation may occur broadside since the currents are appraximately in phase. The elements 
at the left (1, 2, 3, etc) are less than 2/2 long and present a large capacitive reactance to the line, Hence, 
currents in these elements are small and radiation is small 

Thus, at a wavelength 2, radiation occurs from 
the middle portion where the dipole elements are = 
/ long. When the wavelength is increased the fines e 


radiation zone moves to the rightand when the wave- 

length is decreased ltmovesto theleftwith maximum le 

radiation toward the apex or feed point of the array. 2 
At any given frequency only а fraction of the ! 


antenna is used (where the dipoles are about 2/2 
long). Attheshortwavelengthlimitofthebandwidth Figure 11-18 Log-periodi array geometry 
only 15 percent of the length may be used, while at for determining the relation of parameters. 
thelong-wavelengt limita larger fraction is used but 
SBI less than 50 percent. 

From the geometry of Fig. 11-18 fora section of the атау, we have 


tna = en 1/2 m 
or from (3) 
tna Пн) a 
Taking 1 = 4/2 (when active) we have 
1-00 
m M 
where 
а = apex angle 
scale factor 


spacing in wavelengths shortward of 2/2 element 


Specifying any 2 of the 3 parameters a, k and s; determines the third. The relationship of the 3 parameters is 
displayed in Fig. 11-19 with the optimum design line (maximum gain for a given value of scale factor £) and 
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Figure 11-19 Relation of log-periodic array parameters of apex angle a, scale factor k and 
spacing s, [from (6)] with optimum design line and gain values according to Carrel and others 
(see text for detalls). 


gain along this line from calculations of Carrel (1), Cheong (1) and King, DeVito (1) and Stracca and Butson 


(1) and Thomson. 
‘The length / (and spacing s) for any element n + 1 is k" greater than for element 1, or 


ba 


Per "m 


h 


Where F = frequency ratio or bandwidth 
Thus, if k = 119 and n = AF = 0 
element 1. Thus, with 5 elements and 4 = 1.19, the frequency ratio is 2 to 1. 


+ 1) Is twice the length д of 


EXAMPLE 11-7.1 Design a log-pesiodic dipole array with 7 dBi gain and a 4 to 1 bandwidth. 
Specify apex angle а, scale constant k and number of elements 


m Solution 
From Fig. 11-19, the 7 dBi point on the maximum gain line corresponds to the apex angle a = 15° and 
k = 12. (Wealso note that s, = 0.15.) From (7), 


к=к or mink=InF (8) 
and 


Ink 182 a 


Taking n = В, n + 1 = 9.Adding 2 more elements for a conservative design brings the total to 11% 


CCC 
тое elements than for aon gin design so that the bandwidth than given by i. 
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The array in Fig. 11-17 corresponds to the parameters of be above example. The E-plane HPBW > 60. 
The H-plane beamwidth is а function of the gain as given by 


HPBW (H plane) = 


spia (© (10) 


For the antenna of the example D 


41,000 


HPBW (H plane) = E 


ш 


Details of construction and feeding are shown In Fig. 11-20. The arrangement in (a) is fed with coaxial 
cable, the one аг (b) with twin line. To obtain more gain than with a single log-periodic dipole array, 2 arrays 
may bestacked H owever, for frequency-independent operation, Rumsey'sprincplerequiresthatthelocations 
of all elements be specified by angles rather than distances. This means that both log-periodic arrays must 
have a common apex, and, accordingly, the beams of the 2 arrays point in different directions. For а stacking 
angle of 60°, the situation is as suggested in Fig. 11-21 for dipole arrays of the type shown in Figs. 11-17 
and 11-20. The апау in Fig. 11-21b is a skeletontooth ог ейде Геј trapezoidal type. Wires supported by a 
central boom replace the teeth of the antenna of Fig. 11-15 

For vey wide bandwidths the log periodic array must be correspondingly long. To shorten the structure, 
Paul Mayes (3) and Robert Carrel, of the University of Illinois, developed a more compact V-dipole array 
which can operatein several modes. In the lowest mode, with the central region dipoles ~à /2 long, operation 
is as already described. However, as the frequency is increased to the point where the shortest elements are 
too long to give 2/2 resonance, the longest elements become active at 3/2 resonance. As the frequency is 
increased further, the active region moves to the small end in the 3/2 mode. With still further increase in 
frequency the large end becomes active in still higher-order modes, The forward tilt of theV-dipoles has lite 
effect onthe /2 mode butin the higher modes provides essential forward beaming. A n example of aV-dipole 
атау is shown in Fig. 11-21. 


Figure 11-20 Construction and feed details of log-periodic dipole array. Arrangement at 
(a) has a 50- or 75-2 coaxial feed. The one at (b) has criss-crossed open-wire line for 300-2 
twin-line feed 
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Figure 11-21 Stacked log-periodic arrays, with dipole type, as in Figs. 11-17 and 11-18 
at (a) and trapezoidal or edge-fed type at (b). 


11-8 The Composite Yagi-Uda-Corner-Log- Periodic (YUCOLP) Array 


For ultimate compactness and gain, o cover the 54 to 890 M Hz U.S. TV and FM bands, a hybrid composite 
YUCOLP (Yagj-Uda-Comer-Log Peiodic)aray is popular design. A typical model, shown in Fig. 11-22, 
has an = 43°, = 1З1Р атау of S V-dipoles to cover the 54 to 108 M Hz TV and FM bands with a 6 dB 
¿aininthe/2 mode the 174 to 216 M Hz band with 8 or 9 dBi gain in the 3A /2 modeand asquare-comer-Y U 
array to cover we 470 to 890 UHF TV band with а 7 to 10 dBi gain The otal included angle of the V-dipoles 
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Figure 11-22 YUCOLP (Yagi-Uda-Corner-Log-Periodic) hybrid array for covering U.S. VHF 
TV and FM bands and ИНЕ TV band. The YU-corner combination provides higher gain for the 
UHF TV band than an extension of the LP dipole array. 


| 120°. The cornes-Y U array is similar in design to the one in Fig. 11-17. As frequency increases, the active 
region moves from the large to the small end of the LP array in the 2/2 mode, then from the large to the small 
end in the 34/2 mode, next to the corner reflector and finally to the атау. The cornes-Y U array provides. 
more gain for the UHF band than possible with a high-frequency extension of the LP array. 
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Problems 


11-2-1 Single cone and ground plane. Prove that the characteristic impedance of 2, for a single cone 
and ground plane is half Z for a biconical antenna. 


*11-2-2 The 2° cone. Calculate the terminal impedance of a conical antenna of 2° total angle operating against 
a very large ground plane. The length of the cone is 3/8. 


11-5-41 Log spiral. Design a planar log spiral antenna of the type shown in Fig. 11-11 to operate at frequencies 
from to 10 GHz. M ake a drawing with dimensions in millimeters. 


11-7-1 Log-periodic. Design an “optimum” log periodic antenna of the type shown in Fig. 11-17 to operate 
at frequencies from 100 to 500 MHz with 11 elements. Give (a) length of longest element, (b) length of 
shortest element, and (c) gain. 


11-7-2 Stacked LPs. Two LP arrays like in the worked example of Sec. 11-7 are stacked asin Fig. 11-21a. 
(a) Calculate and plot the vertical plane field pattern. Note that pattern multiplication cannot be applied. 
(B) Whatis the gain? 


For computer programs, see Appendix С. 


chapter 12 


The Cylindrical 
Antenna and the 
Moment Method (MM) 


The topics in this chapter include: 


тш Integral-equation method ım Charge distribution by the Moment M ethod 
m Current distributions on cylindrical antennas m Current distribution and Impedance by the 
Input impedance of thick and thin cylinders M ament Method 
m Patterns т Self-impedance, mutual impedance and radar 
m Conical or tapered input sections сто section using the Moment Method by 
m Spheroidal antenna Edward H. Newman 
mm Current distribution on long cylindrical 
antennas 


12-1 Introduction 


Inpreviouschapters,theassumptionismadethatthecurrent distribution on a finite antennais sinusoidal. This 
assumption is a good one provided that the antenna is very thin, In this chapter, а method for calculating the 
current distribution of a cylindrical center-fed antenna is discussed, taking ino account he thickness of the 
antenna conductor. 

This is a boundary-value problem. The antenna as а boundary-value problem was treated many years ago 
by Abraham (1), who obtained an exact solution for а freely oscillating elongated ellipsoid of revolution. 
However, the earliest treatments of the cylindrical center-drlven antenna as a boundary-value problem are 
those of Hallén (1) and L. V. King (2) 

Hallén'smethod leads to an integral equation, approximate solutions of which yield the current distribution. 
Knowing the current distribution and the voltage applied at the input terminals, the input impedance is then 
obtained as the ratio of the voltage to the current at the terminals. 

An outline of Hallén's integral-equation method follows in the next section with results given in Sec, 12-3. 
Laterin the chapter the M ment M ethod (M M) is applied to the solution of the current distribution, impedance 
and radar cross section of a short dipole antenna, 

More details оп Hallé's integral-equation method are presented in earlier editions of this book. 


12-2 Outline of the Integral-Equation Method 


The objective of the method is twofold: 
l. To obtain thecurrent distribution of acylindrical center-fed antenna in terms of its length and diameter. 
2. To obtain the input impedance. 
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An outline of the procedure is given by the following steps. These are treated more fully in the sections 
which follow. 

The fied E inside the conductor is expressed in terms of the current and skin effect resistance, 

The field E outside the conductor is expressed in terms of the vector potential 

The tangential components of E are equated, obtaining a wave equation in the vector potential A. 
The wave equation їп A is solved as the sum of a complementary function and a particular integral 
given as 


1 
2 
3 
4 


А; = (C cos; 


z 
cono E [rinse 
ek 


5, The constant Cz in the solution is evaluated in terms of the conditions at the input terminals. 
6, The vector potential A is expressed in terms of the antenna current. 
7. The value of C from 5 and of A from 6 are inserted in the solution 4, obtaining Hallén's integral 
equation. This is an integral equation in the current 7. 
8. А partial solution for the current 7 is then obtained by evaluating one of the integrals so that the 
current is expressed as the sum of several terms, some of which also involve 1. 
3, Neglecting certain terms in , an approximate (zero-order) solution is obtained for 7. 

10. This value of 7 is substituted back in the current equation, obtaining a first-order approximation 
for the current This process of iteration can be continued, yielding second-order and higher-order 
solutions. 

u. The constant ci s evaluated and an asymptotic expansion obtained for the current; that is, 

jVr [Яй = у) + (61/09) + by 22) + 

AS 
where Q' = 2 In(21/a), where is the half-length of the antenna and а the radius. The first-order 
approximation involves terms only as high as 1/2 and d/92. A second-order approximation 
involves bp/ 2? and da/ 2°, et, 

12. The input impedance is then obtained as the ratio of the input terminal voltage Vr to the current at 
the input terminals Zr. This is discussed in Sec. 12-4. 

It is assumed that » a and fa < I. The condition that 3> a will be arbitrarily taken to mean that 


1 ay 


1260 
‘The ratio //a equals the ratio of the total length of the cylindrical antenna to the diameter, Thus, 

Total length _ 21 

Diameter” A 


The above discussion deals with uniform cylindrical antennas, i.e, antennas of circular cross section 
(radius = a). According to Hallén (3), uniform antennas with noncircular cross section can also be treated by 
taking an equivalent radius. For square cross sections of side length e (Fig. 12-1), the equivalent radius is 


59g 
while for thin Rat strips of width w the equivalent radius is 
a=025w 


For any shape of ross section there exists equivalent radius. in all cases it is assumed that the cross section 
is uniform over the entire length of the antenna 
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Figure 12-1 Conductors of square and flat crass section with equivalent circular conductors 
of radius a. 


12-3 Current Distributions 


The amplitude and phase of the current along cylindrical antennas of three lengths and two values of the total 
length-diameter ratio (1/а) are presented in Figs. 12-2, 12-3 and 12-4. Figure 12-2 is for a 2/2 antenna 
(21 = 2/2), Fig. 12-3 for afull-wavelength antenna (21 = 2) and Fig. 12-4 for a 52,/4 antenna (2! = 51/4) 
For each length the relative amplitude and phase of the current are presented for © = 10 and 9 = с 
corresponding to total lenath-diamete ratios (1/a) of 75 and ос. The amplitude curves are adjusted to the. 
same maximum value, and all phase curves are adjusted to the same value at the ends of the antenna. 

It is generally assumed that the current distribution of an infinitesimally thin antenna (/ = ос) is 
sinusoidal, and that the phase is constant over a 2 interval, changing abruptly by 180° between intervals, 
This behaviors illustrated by the solid curves in Figs. 12-2, 12-3 and 12-4. 

The dashed curves illustrare the current amplitude and phase variation for 1/a = 75 (2: = 10) 
The difference between these curves and the solid curves (i/a = ос) is not large but is aprecia 
Ме The dashed curves (1/a = 75) are from the distributions given by King (1) and Harrison, the 


° 
25 20 35 10 05 Il 15 38 35 20 25 
Distance trom center of antenna, A 


Figure 12-2 Relative current amplitude and phase along a center-ed 4/2 cylindrical 
antenna (21 = /2) for total length-diameter ratios (1/ a) of 75 and infinity. (R. King (1) and 
C.W. Harrison, J r) Distance from the center of the antenna is expressed in wavelengths. 
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Figure 12-3 Relative current amplitude and phase along a center-ed full wavelength 
cylindrical antenna (21=%) for total length-diameter ratios (1/a) of 75 and infinity. (After R. King (1) 
and C. W. Harrison, Jr) Distance from the center of the antenna is expressed in wavelengths 


‘Curent apie 1 


Figure 12-4 Relative current amplitude and phase along a center-fed 5/4 cylindrical 
antenna (21=5%/4) for total length-diameter ratios (I/ а) of 75 and infinity. (R. King (1) and 
C.W. Harrison, jr) Distance from the center of me antenna is expressed in wavelengths. 
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current being expressed in terms of its amplitude and the phase angle relative to a reference point. 
Thus, 


m а 


The effect of the length thickness ratio on the current amplitude is well illustrated by Fig. 12-3 for a 
full-wavelength antenna, When the antenna is infinitesimally thin, the current [s zero at the center. As the 
antenna becomes thicker, the current minimum increases and at the same time shifts slightly toward the end 
of the antenna. 

The effect of the length-thickness ratio on the phase variation is well illustrated by Fig. 12-4 for a 52/4 
antenna. When the antenna is infinitesimally thin, the phase varies as a step function, being constant over 
24/2 and changing by 180° at the end of the 2/2 interval (solid line, Fig. 12-4). This type of phase variation 
is observed in a pure standing wave. As the antenna becomes thicker, the phase shift at the end of the 2/2 
interval tends to become less abrupt (dashed curve for 1/a = 75). For still thicker antennas (L/a < 75), it 
might be expected that this trend would continue and for very thick antennas would tend to approach that of 
A pure traveling wave, as indicated by the straight dashed lines in Fig. 12-4. 


12-4 Input Impedance 


Theinputimpedance Zr of acenter-fed cylindrical antenna is found by taking the ratio ofthe input ar terminal 
voltage Vr and the current r at the input terminals; that is, 


Err ш 
where 
Tr = 10) 


Ry = terminal resistance 

Xr = terminal reactance 

Therefore, inserting this value of current in (12-2-1) yields Hallén' relation for the input impedance, 
08 m 

‘Sn pre (1/07. 


This is first-order approximation for the input impedance. If the second-order terms are Included, Hallén's 
Input-impedance expression has the form 


[ә + а/а) + уау 
27 = eno A 
жа [аа вт ло 


z= -maf er 


ar 


This relation has been evaluated by Hallén (1), who has also presented the results in chart form (Hallén-2) 
Impedance spirals based on Hallén's data are presented in Fig, 12-5 for center-fed cylindrical antennas 
with ratios of total length to diameter (1/a) of 60 and 2000. The half-length 1 of the antenna is given 


pot 
)))) The quantities b and d have been calculated in terms of real and imaginary functions by 
Kirg (Lnd Harrison for several values of and curves give 
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along the spirals in free-space wavelengths. The impedance variation is that which would be obtained as 
а function of frequency for an antenna of fixed physical dimensions. The difference in the impedance 
behavior of the thinner antenna (1/a = 2000) and of the thicker antenna (% = 60) is striking, the 
variation in impedance with frequency of the thicker antenna being much less than that of the thinner 
antenna, 

The impedance, given by (2) or (3), applies to center-fed cylindrical antennas of total length 21 and 
diameter 2a. To obtain the Impedance of a cylindrical stub antenna of length 1 and diameter 2a operating 
against a very large perfectly conducting ground plane, (2) and (3) are divided by 2. The impedance curve 
based on Hallén's calculations for а cylindrical stub antenna with an 1/a ratio of 60 is given by the solid 
spiral in Fig. 12-6. The length of the stub is indicated in free-space wavelengths along the spiral. The 
measured impedance variation of the same type of antenna (1/a = 60) as given by Dome (1) is also shown in 
Fig, 12-6 by the dashed spiral. The agreement is good considering the fact that the measured curve includes 
the effect of the shunt capacitance at the gap and the small but finite antenna terminals (Brown-1; King, 
D. D.-1; Tai-1; King, R=), 

The measured input impedance of a cylindrical stub antenna with an 1/а ratio of 20 is shown in 
Fig. 12-7. Comparing this curve with the dashed curve of Fig. 12-6, it is apparent that the trend toward 
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Figure 12-5 Calculated input impedance (R X, t) for cylindrical center-fed antennas with 
ratios of total length to diameter (21 / 2a] of 60 and 2000 as a function of l (along spiral). After 
E.Hallén-2) 
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Figure 12-6 Comparison of calculated (solid curve) and measured (dashed curve) input 
impedance (R +jX, ©) for cylindrical stub antenna with ground plane for the length-radius ratio 
(1/8) of 60 as a function of. (along spiral) 


decreased impedance variation with smaller! /a ratio (increased thickness) suggested by Fig. 12-5 is continued 
to smaller [a ratios. A measured impedance curve for 1/a = 472 is also included in Fig. 12-7 

Anantennais sai to beresonant when theinput impedance isa pureresistance, On the impedance diagrams 
of Figs, 12-5, 12-6 and 12-7 resonance occurs where the spirals cross the X = 0 axis, At zero frequency all 
the impedance spirals start at R = 0 and X = o, As the frequency increases, the reactance decreases and 
theresistance also increases, although moreslowly, The first resonance occurs when thelength/ of the antenna. 
isabout/4. Theresistance atthe frst resonance is designated A sthe frequency is increased, the length of 
theantenna becomes greater and the second resonance occurs when the length is about /2. The resistance at 
the second resonance is designated R. A the third resonance (resistance = Ra), the antenna length is about 
32/4 and at the fourth resonance (resistance = Ra) is about 1. As the frequency is increased indefinitely, 
ап infinite number of such resonances can be obtained except where the impedance stays reactive: 

Since itis common practice to operate antennas at or near resonance, the values of ће resonant resistances 
are of interest, Curves based on Hallén's calculated graphs are presented in Fig. 12-8 for the first four 
resonances of а cylindrical stub antenna with large ground plane as a function of the length-radius ratio (/a) 
The lowest value of 1/a for which Hallén gives data is 60, since the accuracy of (3) (Hallen-3) tends to 
deteriorate for smaller 1/a values. Thus, the solid part of the curves (1/a > 60) are according to Hallén's 


deen їп Fig 12-7 are base on data presented by Dorne (1). 
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Figure 12-7 Measured input impedance (R +jX, €) of cylindrical stub antenna with ground 
plane for the length-radius ratio (1/ a) of 20 and 472 as a function of E (along spiral 


calculated values. The dashed parts of the curves are extrapolations to smaller values of /a. The extrapolation 
is without theoretical basis but is probably not much in error. A few measured values of resonant resistance 
from Dome's data (Dome-1) are shown as points in Fig. 12-8, the dotted lines indicating to which resonant 
resistance the points correspond, 

Figure 12-8 illustrates he difference in the effect of antenna thickness on the resistance at odd and even 
resonances, The resistance at odd resonances (R, Аз, etc is nearly independent of the antenna thickness. 
The first resonant resistance Ry is about 35.9 and the third resonant resistance Rs is about 50 © over a 
large range of % ratios. On the other hand, the antenna thickness has а large effect on the resistance at 
even resonances (Rz. Ru, eit] The thicker the antenna, the smaller the resistance. For example, the second 
resonant resistance R s about 200 0 when 1/а = 10 and increases to about 1500 Q at ½ = 1000. The 
fourth resonant resistance behaves in a similar fashion, the values being somewhat less. 

The difference in the resistance behavior at odd and even resonances is related to the current distribution. 
тїш, atodd resonances the antenna length isan odd number of 4 (approximately), and a current maximum 
appears at or near the input terminals. At even resonances the antenna length is an even number of 1/4 
(approximately), and a current minimum appears at or near the input terminals. As indicated by the current 
distribution curves of Figs. 12-3 and 12-4, one of the most noticeable effects of an increase in antenna 
thickness is the increase of the current at current minima. Thus, when a current minimum is at or near the 
input terminals, an increase in the antenna thickness raises the input current 7 for a constant input voltage 
Vr so that the resonant resistance given by the ratio Vr / is reduced. 
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Figure 12-8 Resonant resistance of cylindrical stub antenna with ground plane as a function 
of the length-radius ratio (I/ a). Curves are shown for the first four resonances. For cylindrical 
center-fed antennas (total length 21) multiply the resistance by 2. 


12-5 Patterns of Cylindrical Antennas 


Formulas for calculating the far-field patterns of thin linear antennas were developed in Chap. 6. Although 
these relations apply strictly to infinitesimally thin conductors, they providea first approximation to the pattern 
of evenardalively thick cylindrical antenna. Thisis illustrated by the patterns in Fig. 12-9 for cente-fed linear 
cylindrical antennas of total length 2 equal to ./2, La, 31/2 and 22. The calculated patterns for infinitesimally 
thin antennas are shown in the top row. Three of these patterns were given previously in Fig. 6-9. In the next 
three rows patterns measured by Dorne (1) are given for /а ratios of 450, 50 and 8.7. The principal efect 
of increased antenna thickness appears to be that some of the pattem nulls are filled in and that some minor 
lobes are obliterated (note the patterns in the third column for 21 = 31/2) 


12-6 The Thin Cylindrical Antenna 


Iftheassumpion ismadethat thecylindrical antennais infinitesimally thin (£2 — oc), thecurrentdistribution 
is given 
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BU сор m 
Although s approaches infinity, the ratio Уу / may be maintained constant by also letting Vr approach 

infinity. According to (1), the shape of the current distribution is sinusoidal; that is, 


1. ksin a = cn о 
where k = a constant 
Theinputimpedance Z is the ratio Уу / Ir where Ir isthe current at the terminals 
vr 
a 


Zp = ME = ја 


aso 


Figure 12-9 Field patterns of cylindrical center-fed linear antennas of total length 21 as a 
function of the total length-diameter ratio (1 / a) and also as a function of the total length (21) in 


wavelengths. 
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In (3) we may regard © as large but finite. The terminal impedance Zr according to (3) Is а pure reactance 
Xr Equation (3) is identical to the relation for the input impedance of an open-circuted lossless transmission 
line of length BI provided that 609 is taken equal to the characteristic impedance of the line. If, by analogy, 
600 is taken equal tothe average characteristic impedance Z, (ave of the center-fed cylindrical antenna then, 


4) 


This relation is of the same form as Schelkunoff's (1) expression for the characteristic impedance Z: of a thin 
biconical antenna since for small cone angles the = а/ sa 


д 0n 5) 


where = end radius of the cone as shown in Fig, 12-10. 
The average characteristic impedance of a center-fed cylindrical antenna as given by Schelkunoff is 


(2 1) 6) 


The average impedance of a cylindrical stub antenna witha 
large ground plane is } the value of (6) 

Asla > o, (6) reduces to the form glvenin (4). However 
for finite values of a, the average characteristic impedance 
of a cylindrical antenna is the same as for a biconical antenna 
of the same length but with an end radius a which is larger 
than the radius of the cylindrical conductor. For example, а 
cylindrical antenna with an 1/a ratio of 500 has an average 
characteristic impedance equal o that of a biconical antenna 
of the same length with an end radius 28 times larger than the 
radius of the cylindrical conductor. 

In Fig. 12-5 the calculated input impedance is presented 
Tor cylindrical center-fed antennas with total length-diameter 
ratios (21/2a = 1a) of 60 and 2000 The average characteristic 
impedance of these antennas by (6 is 454 and 873 ©, respec 
tively. The curve for the //a ratio of 60 [Z; (ave) = 454 o] 
has approximately the same form as the calculated impedance 
spiral fora 27° half-angle biconical antenna (Z: = 450 © 

In Fig. 2-7 the measured input impedance is shown for 
cylindrical stub antennas with 1/a ratios of 20 and 472, The 
average characteristic impedance of these antennas as given by Figure 12-10 Biconical antenna of 
3 of (6) is 161 and 350 9, respectively, end radius a and length L 


E 


12-7 Cylindrical Antennas with Conical Input Sections 


It is common practice to construct cylindrical antennas with short conical sections at the input terminals as 
indicated at the bottom of Fig. 12-9. f the cylinders are of large cross section, the conical sections are particu 
larly desirablein order to reduce the shunt capacitanceat the gap. Since the measured impedance of an antenna 
includes the effect ofthe gap capacitance and the small but finite terminals, the measured impedances will 
differ more or less from the theoretical values. tis to be expected that measured values will agree better with 
calculated ones when end cones are used rather than when the ends ofthe cylinders are butted close together 
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. The Spheroidal Antenna 


The solution of a boundary-value problem may be facilitated if the 
boundary can be specified by one coordinate of an appropriate coor. Г — 
dinate system, А spherical antenna ог one in the shape of an elongated | 
ellipsoid of revolution (prolate spheroid), as in Fig. 12-11, is amenable 
to such treatment since the surface of the spheroid corresponds to apar E 
ticular value of ane coordinate of a spheroidal coordinate system. Ву 
varying the eccentricity of the ellipsoid, one may study the properties 
of the sphere at the one extreme of eccentricity and of a long thin con- Figure 12-11 Prolate 
ductor at the other extreme, This problem has been treated at length spheroidal antenna, 
by Stratton (1) and Chu and by Page (1) and Adams. Stratton and Chu 
give admittance and impedance curves for various length diamete (L/D) ratios (ее Fig. 12-11). For long, 
thin ellipsoids the Impedance characteristics are similar to those deduced by other methods. The current 
distribution for thin 2/2 spheroids is also found to be nearly sinusoidal 

А point of interest is that for spheroid of the order of /2 long, the impedance variation with frequency 
decreases with decreasing L/D ratios (thicker spheroids); that is to say, resonance with thick spheroids is 
broader than with thin ones. This is in agreement with the well-known fact that thick antennas have broader 
band impedance characteristics than thin ones. 


12-9 Current Distributions on Long Cylindrical Antennas 


Оп a matched lossless transmission line an outgoing wave has а uniform current magnitude and a lin- 
esr phase change with distance (Fig. 12-12). If the line is mismatched and the reflected (returning) 
wave is 1 the magnitude of the outgoing wave, a standing wave appears on the line with VSWR given 
by 


_ ra loth lel 
MT E As s a 
where 


current magnitude of outgoing wave 
current magnitude of returning wave 


The phase change is also nonuniform (fluctuating with distance), as indicated in Fig. 12-12. 


When the line is completely mismatched [open or short-circuited), so that the returning wave equals the. 
outgoing wave, the V SWR = oc and the phase changes in a stepwise fashion (Fig. 12-12) 


The phase velocity of а wave an the line is given by 


Б) dejar 


о 


"propa this should be SW far the current standing-wave ratio, However the VSA = ISWR, although heir standing wave ptr 
are displaced in postion. 
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Figure 12-12 Current distribution and phase variation (1) of single uniform traveling wave 
(solid lines), (2) of two waves traveling in opposite directions with magnitudes 1 and 3 (dash-dot 
lines) and (3) of 2 waves of equal magnitudes (dashed lines). The last case represents a full 
(pure) standing wave, 


where 


agp 
4 = phase, rad or deg 
л/. rd (or degit 


In general, for buo opposite current waves of unequal magnitude and velocity, the phase velocity is (M arsh-1] 


v = opi +2 cos + fobs + nf [io = BB hhh -A 


dh ah 
«ч = их + у] зт: + Ao e (nre A) a 
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where 
ho = 2x0 
B= 
Aa = wavelength for outgoing wave, m 
24 = wavelength for returning wave, m 
= phase difference of two waves, rad or deg 


For the case where y = 0, the velocity of both waves is the same (fa = fa), lo and 1ı are constant with 


distance and (3) reduces to 
d + I + эли созот) @ 
PoE- R) 


Pax _ (la + Y = 
, 
E 
: Р 
Е 
[Prase Н 
і 
г T" 
ip / 
ih . 


Figure 12-13 Current, phase and relative phase velocity р for two waves traveling 
in opposite directions with magnitudes 1 and 1 (VSWR =3 and relative phase velocity ratio =9) 
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Figure 12-14 Measured current distribution on a long (52), thick (0.2 diameter) cylindrical 
conductor with attendant phase and relative phase velocity (р) of the total wave. (J. A. Marsh-1.) 
Resolution into outgoing and returning (reflected) waves is indicated. 


Comparing (5) and (1) we note that 


2 
ртк _ (+h? (так 2 
Tes nir (vn) VSR Lu 


The variation of p (= v/c), phase (4) and current magnitude (111) for 11 = 210 are presented in Fig, 12-13 
over a distance of 2. We note that theV SWR = 3 and the relative phase velocity ratio equals 9, and also that 
the relative phase velocity p іза maximum where / is a maximum. 

The current and phase measured by Marsh (1) along a 5% 

‘open-ended cylindrical conductor 0.2. in diameter are shown. p 
inFig. 12-14, aswell asthe deduced relative phasevelocity vari unit 

ation and the magnitudes of the outgoing and reflected waves. s. 

The attenuation o the outgoing and reflected waves is evident, 

It is interesting to compare the current distribution of Fig. Figure 12-15 Electric potential V 
12-14 for the long (5i), thick (0.2. diameter open-ended) at point P is inversely proportional to 
Cylindrical conductor with the distributions of Fig. 8-3 for a the distance r from charge Q. 
tum helix with much thinner conductor (0.02. diameter at 
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С, = 107). When C; = 0.60, the helix has a nearly uniform standing wave, indicating outgoing and return: 
ing Ta mode waves of almost equal amplitude When C, = 107 the outgoing Ti mode wave attenuates 
rapidly with energy transferred to a nearly uniform Ту mode wave over the rest of the helix. At the open end, 
а reflected or returning To mode wave is excited which attenuates rapidly while transforming into a small 
nearly uniform returning 7, mode wave. 

On the cylindrical conductor (Fig. 12-14) a Ty mode wave attenuates gradually over the length of the 
conductor and on reflection from the open end excites a gradually attenuating returning wave. 


The behavior of the two antennas is summarized in Table 12-1. 


Table 12-1 Comparison of currents on long, thick cylindrical antenna and on helical antennas 


WERTE 
Antenna Mode Velocity pim Lell Remarks 
Суваа An B Gradual элелозйот al 
cc алдоо and returning 
el Cı =0 un, a nior equal outgoing 
ara rouno Ta waves 
Hela, Cı 107 matends, a Ta waves atenuate ару 
(ана тобе) 7i over remainder <1 (08) A waves ийт 


12-10 Integral Equations and the Moment Method (MM) in Electrostatics 


‘Asan introduction to the moment method, let us consider its application to an electrostatics problem, 
In calculus we deal with differential equations as, for example, 
de 
ar 
or the rate of change of distance (x) with time (г) equals the velocity (v). It is implied that we know x as a 
function of ог how х varies with бте [s n 
On the other hand, suppose we know how the velocity varies as a function of time [v (7) Then the distance 
is given by the integral of the velocity with respect to бте or 


s i vodi o 


If vis constant, then (2) becomes 


a 


a 


ог x isthe distance traveled at velocity in time n. Now suppose that x is known atr = Û and r = ry but 
vis not known during this period of time Then (2) is an integral equation with the problem being to obtain 
a solution for the velocity as а function of time lui 

Referring to Fig. 12-15, a basic relation of electrostatics is thatthe electric potential V ata point P dueto 
a charge Q is given by 


v {1 
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where 

0 = charge C 

r = distance from Pto the chargeQ. m рУ 


є = permittivity of medium, F A 


For aline of charge of density pz (C m-1) asin 
Fig. 12-16, then V at some observation point P is 
given by the Integral of (4) over the length 1 of the. 
line or 


v èl pu gy в) Rod with charge density p (x) 
Beh 
Figure 12-16 Electric potential V at point P 
where pz Cx) = charge per unitof length of ineas due to а rod with charge density p (x) which 
a function of x, Cm is a function of position (x) 


EXAMPLE 12-10.1 Charge Distribution on Wire 
Let the Jine be an isolated conducting rod or wire of radius a and length 1 = Ва on which 
a total charge +0 has been placed. Since like charges repel, it may be anticipated that the 
charge will tend to separate and pile up near the ends of the rod, making the charge distribu 
tion along the rod nonuniform. The problem is to determine this charge distribution р(х) using 
an incremental numerical technique or moment method as an introduction to integral equations. 


m Solution 
First letus divide the rod of length into 4 segments or increments with each segment of length 2a asin 
Fig, 12-17 (| = 8a). Let the total charge on segment 1 be О; and on segment 2 be 02. By symmetry, 
the charge on segment 3 is the same as on segment 2, or 2. Likewise, the charge on segment 4 Is equal 
to 0з. Specifically, our problem is to 

find the ratio of Q to 0; [a first step or 


Conducting 


m ‘Observation points 


approximation in solving for р, (+). a Jul o а 

Let us assume that all of the charge TEE U 

оп each segment is concentrated on а cr- sia 18 — ke = 
Cle onthe surface of Me segment sound LASA 

its midpoint withthe observation or test TT 
points onthe wire axis Since he distance P- 

r from an observation point to any point points 


onthecircleot charge constan wemay 
Consider thatalofthechargeot a segment 
isaton point chagecrsourcepoin) as 108 4 segments of equal length (2) for 
Тт, 12-17, Thestuaton may now ie calculation of charge ratos. 

regarded as one ith 4 points of charge (source points) in empty space with the potential at observation 
or test points on the axis to be determined, Thus гот (4) the potentia! at point a is given by 


jure 12-17 Charged rod of radius a divided 


e McGraw-Hill Companie 


ао Chapter 12 The Cylindrical Antena and the Moment Method 
р s BB у, ЧА в 
[ка Yara? Vedi! тутт 
Likewise at point Ру, the potential is given by 
1 [ Qi 0 22 о ] 
vipa) = ب 2 =— + ا‎ a m 
Au VES Vx Vb Van 


A boundary condition is that [even though the charge density varies along therod) the potential is constant 
Therefore, Va) = У (Рз) so that equating (6) and (7) we find that 


01 14502 (8) 


Thus, the charge (or average charge density) for the outer segments [s 45 percent greater than for the inner 
segments and we can write 


03:02 = 145:100 (9) 
Dividing the rod into 6 segments and proceeding as above results in the ratios 
(01:02: 03 = 184:103:100 ao 


The charge density distribution along the rod is shown by the step or pulse functionsin Fig. 12-18 for the 
ases of 4, 6 and 8 segments. A smooth curve s also drawn through the centers of the pulse functions. 
To simplify the above calculations we neglected the effect f theend surfaces of therod. For 4 segments 
the cylindrical area of a segment is 4 times the end of the rod so that the effect of neglecting the ends is 
not large, However, with more segments the effect becomes greater, especially for the charge on the end 
segments 
‘Let us now discuss the problem more formally. From (5), 


22 i d 22 
зло оле ough 
Soman oe | 
20 rn Jeo 
i s а 
Hm 8 T 
H number ot | 
a pin JM 
iod ! А n 
Hm T 
abo ¿Ne DW 4 
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Distance along conductor of length | 


Figure 12-18 Relative charge density along straight conducting rod of radius a and 
length Ва as calculated by the moment method using 4, 6 and 8 segments 
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ro feto 
[a an 


Referring to Fig. 12-19, let the line be divided into N segments of equal length Ax with average charge 
density px (x), for segment Ax. Then the charge on segment n is given by 


O, Mam, 11.2.3. —. (2) 
and the total charge on the wire by 
2=Y0 аз} 


= 
Equation (11) can now be written as 


Inn On = Va aay 


m 12.3 as) 
5 


rod radius 


axial distance of observation or test point m 
х' = axial distance of source point at middle of segment n 
In matrix notation (14) is 


пол = [Vn] (16) 
or 

Mm m h „тот pu 

mod їз һо) | ve 

mode hs ay || 03 | =| vs an 

ta du dus > ualon) Lvu 


Thus, the integral equation (11) has been transformed into a set of N simultaneous linear algebraic 
equations (17) where inn represents a known function (the inverse distance relation), V, represents 
potentials determined by the boundary conditions and O, represents the N unknown charges whose 
Values are sought. 
Observation points 
nat han nna nas 


ax mi me 


ESA 1 


“Source point 


Figure 12-19 Charged rod for calculation of charge density distribution. 
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In the charged rod example we have from symmetry that M 
that 


М /2 and from the boundary condition 


1 =* (18) 
For 4 segments (m = 2, n = 4), (17) then reduces to 
ог 
hi ha ha he) 02 
[s la la al 0 ш 
la 
Introducing (15) for Imn (19) is identical in form with (6) and (7) for increments of Ax = 2a, where m 


designates the test or observation points (Руз for m = 1 and P3 for m = 2 in Fig. 12-17) and ry, ÎS 
equal to the distance between the test point m and the source point of segment n. Thus, rzs is the distance 
between test point = 2 (Pas in Fig. 12-17) and the center of segment 3, 


If риб) is known as a function of « then (5) сап be Integrated in а straightforward manner, However, if 
px x) в not known, (5) represents an Integral equation with the problem being to find a solution for p (+) 

їп the above we have used а pulse or step-function approximation in which the boundary condition 
(V = constant) is not enforced everywhere along the rod but only at certain observation or test pots. In 
between observation points the boundary condition may not be satisfied. However, as the number of segments 
and observation points increase, the boundary condition is enforced at more points (the solution converging) 
andthe accuracy of the results should improve: In the sense that the residual discrepancies or moments should 
vanish with a sufficient number of properly selected pulse functions, the procedure we have discussed may 
be called a moment method. 


12-11 The Moment Method (MM) and Its Appli 


Аз discussed in the previous section, an integral equation can be =» 
transformed into a set of simultaneous linear algebraic equations 
(or matrix equation) which may then be solved by numerical tech- 
niques. Roger Harrington (1) hasunifiedthevarlousproceduresinto. 
а general moment method (ММ) now widely used with powerful 
computers for solving electromagnetic field problems. 
In this section the method will be developed for а wire antenna 
and applied о an example for a short dipole. r 
Consider a cylindrical current-carrying conductor (or wire) of 
radius а isolated in free space (Fig. 12-20). Let its conductivity 
о = оо so that we can consider the radio-frequency current to be | 
entirely on the surface (1/е depth = 0), The total current at point 
on the conductor is 


ID a 


surface current density at z' (A mA) 

AIL of the current is at a distance a from the conductor axis 
axis) and we will consider it as lowing in empty space along an Figure 12-20 Cylindrical 
infinitesimally thin filament parallel to the г axis at a distance a, as conductor of radius а with 

in Fig. 12-21, with the conductor no longer present surface current density K (Am), 


jon to a Wire Antenna 
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The electric fied of charges and currents given by 
E= ee VV 
where 


А = vector potential 
У = scalar potential 


For current only in the 


rection (2) becomes 


av 
Е, = = jou, 


= joa 


Pa 
GE tona.) 


1 (č E ) 
= 1 (4: д 
jwen \ az ۴ 
Fora current element dz, the vector potential 


Ж 
ar 


i: = free space Green's function 


Ca 
bservation point 
urce point (see Fig, 12-22) 


o 


o 


Figure 12-21 Conductor replaced 
by current flament I = 2хаК (A) at 
distance a from the z-axis. 


ч) 


5 


(6 
m 


@ 


(9) 
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The field from this current element is then 


1© (а 2 ) ‚ 
IO ee gitg, a0) 
ds aate + a» 
For a conductor of length L, the total field is given by 
the integral of (10), known as Pockingtor's equation 
(Pocklington-1) 
1 paa A 
pides Gz: + Foz: (Ia! d AL 
MD v 
золе 
E, is the radiated field due to the current 1 (^, resulting par 
from an impressed or source field E,, from, for example, a 
Voltage applied at the antenna terminals or from an incident. Figure 12-22 Source point on 
plane wave (scattering case). On (and inside) the conductor current flament with field dEz at 
the sum of these fields must vanish (a = oc) 50 distance ron the z-axis. 
E, = E, a2 


Richmond (1) has differentiated and rearranged (11) in а more convenient form as follows: 


am pue 
вау / „ pe + inar — 30) 


Brat d m аз) 
where 
r = distance between source and observation points 
меғ, т 
zı = 370 
With parameters in dimensionless form, (13) becomes 
E las n (8) ааа % w 
where 
„ = r/ dimensionless 
V = voltage developed by Ez) over Az, V 
For brevity let E" in (14) be written as 
Er [Crd UU as) 


ET 
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where 
pen ae 
Gta) = | arn 2- (2) Jra) (16) 
m = observation pint 


source point 
Approximating the current with а series expansion we let 


-N an 


where F(z) is а pulse function (equal to zero or unity) for Incremental segments Az. (Other functions are 
possible, e o. overlapping segments, each with a triangular or piecewise sinusoidal current distribution.) For 
the mth segment we have 


= Dh f, o па) 

mi JM 
Girne) dz! = Gir) A: (19) 

(18) becomes approximately 
Em) = Або + бн ++- + Һбыз +++ + In Ga (20) 


and the antenna equation now takes the form of a network equation, Writing (20) for each of the N segments 
(m =1,2.3..... N), we obtain a set of equations: 
би + h. h 
һбщ+ ken- = IyGay = Eee 


au 
абм + буз Gy = Ye 
hich may be expressed in matrix form as 
Gu Gp Gw]ph] [Een 
Ga Gi Gay || 1 -E 
m бп wn en P 
Ga Gas бух) 1) UEK. 
and in compact notation by 
IG] ef mt) оз) 


The piecewise sinusoidal distribution (section of asine curve) is assumed to be sarmewhat more apropt than a stil triangular 
T... .. between Ga ations are mos significant for 3 
эта! number of segments Wi a large number of segments he different gh den functions shouid al give equivalent real 
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where 

m=1,2,3, 

1-123. 
Multiplying both sides ofthe equation by the distance Az, 

Айбы = АЛЕ] V) (24) 


we have on the left the product of an impedance (Z) and current (1) and on the right a voltage (V) as in an 
electric circuit equation (Ohm's law): 


1211 = = M) (25) 


EXAMPLE 12-11.1 Current Distri 
the Moment Method 

To illustrate the application of the moment method 
(circuit equation) technique, use (16), (19) and 


ution and Impedance of a Short Dij 


by 


(21) to calculate the current distribution and input Someta faz, 
asco conc elo ЫЫ 

nea let олуш аис a бай We A 

prom n iles wht Ds impar == TIA 


Current distribution should be except that the current 
distribution is symmetrical 


m Solution l 
Referring to Fig. 12-23, the dipole is divided into Semi fall 
3 segments Az’ = 0.033%, long and each assumed B 
to have a uniform current over each segment (pulse D 
function) given by Л, з and 1з. Thus, А = 3 and PE 
(21) becomes. Observation penn 
һби + 6р + AO = - Ei) N me 
nen- han hen = Elch 06) “ D 
Gn ben hon ECG) Figure 12-23 Short center-fed dipole 
The upper and lower halves of we dipole are sym- L. long divided into 3 segments Az: = 
metical sothatr = nı = a en end, n. ^A 033) long. 
Alsorn = пз = ras According, weneed to evalu 


ate (16) for only 3 distances, rı1, л and з, between he source and observation points (point matching) 


tacui lest Ce VIR a А: OO o (iO 
ENT 
—— nan x 0060 
0090], , > К 
Данн «омер (BOB) а оов 


-253-)14 (025 en 
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Similarly, * 


би = -200+ 352,700 (ох ов) 
Gy =-58- 2,800 (ох es 

Since the integrand of (16) is sensitive to small changes in r 

when r is small (particularly in the region where r = /T3a по] | {source 


or less), Guz was divided into 5 subsegments, as indicated in point 
Fig. 12-24, The segment with the smallest r contributes neg- 

ligible resistance to the dipole impedance but a large negative 
reactance. For larger r's there is a contribution to the resistance 
and the reactance becomes positive. 


The change in sign of the reactance occurs atr = VS. вы 
To perform the integration [by summation of (19), the con 
tributions of the subsegmenis are added to obtain the value in noosa 


(28). Likewise, Giz was subdivided into 2 segments and the 


contributions added to obtain (29) а 
Introducing (27), (28) and (29) in (26) and multiplying by 
0332) we obtain 
Amps Ohms vots 
10086 — 1739) 10855 822) (1035439. = 0) Lena 
1,025.42) +120066 — 139+085 + 582 -v GD | AVA ns 
20.85 + j39) +0085 + 7422) 4+13(0.66 — /1739) a» c dd 
WES rei 
By symmetry һ = 13; also for a centerted dipole oes 
Vy = Vy = 0 so (30) and (32) are identical. Intro- 
ducing the condition that V = 0 in (30) yields a Figure 12-24 Halfof one 
current rto of dipole segment divided into 5 
P subsegments for calculations 
4 2025470000 an of Gu in the example 
В. Pulse function 
Putting this ratio in (31), dividing by 2 and NE 


setting Vz = 1V yields an input impedance of 
z n R+jX 
LA 


11-15080 (ns) G3) 


Forashortcente-fed dipole the curent distribu- 
tion is nearly triangular so that the pulse function ER 
current ratio 1/12 should be $ as suggested in p 
Fig. 12-25. Ideal the momentmethod should yield 

this value. If this ratio (3) is substituted in (31) we igure 12-25 Stepped (pulse function) 
in approximation and actual (triangular) 

current distribution on short center-ed 
z-12- ¡1580 (34) dipole antenna, 


Fora dipole of the same length (0.12) but only à the radius (000012), Richmond's convergence value 
of Z = 1.852 - ¡16950 
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It is not expected with the few segments used and the assumptions made that high accuracy would be 
obtained, The purpose of the example is to illustrate the moment method with actual numerical values for 
а simple case which can be solved with a small pocket calculator. It took the author an hour or so using 
one. However, such calculations if done frequently are most appropriately accomplished with a computer, 
especially one programmed to accommodate more segments and a range of dipole parameters such as length 
and diameter. The literature describing programs for doing this is extensive. The book Antenna Design Using 
Personal Computers by David М. Pozar (1) includes a number of programs on wire antennas, One of these 
called DIPOLE uses a standard moment method solution in a 254-step BASIC program which can handle а 
wide range of dipole dimensions 

The use of personal computers for antenna problems has been presented by Miller (1) and Burke with 
discussions of the Numerical Electromagnetics Code (NEC) and its subset MININEC for wire antennas. 
Many additional references on computer programs are listed at the end of this chapter and in App. С. 

For MININEC programs, see also the book's website 


12-12 Self-Impedance, Rada 
Dipoles by the Method of Moments By Edward Н. Newman" 


In this section the moment method (M M ) with piecewise 
sinusoidal current modes is used to calculate the current dis- 


n-a 
Expansion modes 


n-a 
tribution, Input impedance and radar cross section of a short Weighting L = 
dipole. The mutual coupling of two adjacent short dipoles functions 


is also calculated, Using a simplification of the mutual 
impedance equations of Howard E. King (King, H. E.-1) 
the calculations can be done on a scientific hand calculator 
in an hour or so. Thus, the MM can be illustrated without 
resorting to a digital computer and taking the ime and effort 
to write an appropriate computer program. Feat 
Asin (12-11-17), thedipolecurrentcan beapproximated 
by the series expansion? 


Dare a 
= 


ПЕ 


Where F(z’) is a piecewise sinusoidal mode. For example, 
the dipole may be divided into 4 equal segments of length 


шге 12-26 Three piecewise 


а = 1/4asshown in Fig. 12-26. Segment extends froma, sinusoidal dipole modes on a dipole 
to zns. The piecewise sinusoidal modes are placed on the divided into 4 equal segments for 
dipole in an overlapping fashion, with made n existing on Example 12-121, 


segment and n + 1. Mode n has endpoints z, and z, and center or terminals at zn-+1. F, İs a filament of 
electric current, located a radius a from the wire centerline (ie, on the surface of the Wire) and with current 


sin pd 
ЕЛ 


l) 


[y 


Elactrosclence Laboratory, Оо State University. 
We assume tat he dipole is perfectly conducting and thatthe surrounding тейит ls free space. 


е McGraw-Hill compan 


12-12 Selfimpedance, Radar Cross Section and Mutual Impedance of Short Dipoles. LI 


where = 2n 
F(z) is zero at ts endpoints and rises sinusoidally to a maximum at its center with terminal current of 
һа = Расел) = LA. Note that the piecewise sinusoidal modes produce a curent which is continuous and 
also zero atthe dipole endpoints. Exceptat the dipole endpoints, the dipole currentof (1). s 1, amperes. 
Equation (1) produces a sinusoidal interpolation of he current values at the N + 2 points 
We require that the radiated and impressed fields satisfy (12-11-12). Substituting (1) into (12-11-12) we 
have 


a 


where 


Ezy = free-space z component of the electric field of F 
Е, = z component of the incident field 


Ez, is available in terms of simple functions given by Schelkunoff (1) and Friis and H. E. King (1). 

The weighting functions in the M M solution are chosen identical to the expansion functions, except that 
they are located along the centerline of the dipole. This is because we enforce (12-11-12) on the centerline. 
Then multiplying both sides of (3) by the sequence of № weighting functions, Fy (т = 1,2,..., M), (3) 
becomes an N x М system of simultaneous linear algebraic equations which can be written compactly in 
matrix form as 


Izu-v (4) 
Here / is the current column vector whose N components contain the /, of (1). [Z] is the N х N impedance 
matrix whose typical tem is 

Zan == | kr fue (5) 


In general [Z] is dependent on the geometry and material composition ofthe scatterer, but not on the Incident 
fields. typical element of the right-hand-side or voltage vector V is given by 


Va = [вена © 


The integration in (5) and (6) is on the dipole centerline, and over the extent of Fp, that is, from z = zw 
10 5,2. The dimensions of the elements of [Z] and V are volvamperes (VA), while the elements of 1 are 
dimensionless. If the Zm were divided by Io xg, then the Z would have dimensions of ohms (2). Since. 
in cur case the тойа! terminal currents are Jo = LA, Zn can be considered to have the dimensions of ohms. 
In any case, the [Z] matrix is usually referred to as an impedance matrix and V as a voltage vector since the 
matrix equation (4) resembles an N-port generalization of Ohm's law. 

The major problem in an MM solution is usually the evaluation of the elements in the impedance matrix. 
Typically this involves numerical integrations and/or the evaluation of special functions. As a result, most 
ММ solutions are done on a digital computer and require a great deal of programming time and effort. For 
this reason, most M M solutions are not suitable as a simple example problem which can be accomplished in 
about an hour using only a hand calculator. Relatively simple expressions for the elements in the dipole M M 
Impedance matrix are presented here, thus eliminating the need for a digital computer to carry out the ММ 
solution to the examples given. 
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For the dipole antenna, the elements in the 
impedance matrix, as given by (5, are the mutual 
impedances between parallel piecewise sinusoidal 
dipolemodes Figure 12-27 shows two paralel piece- 
wisesinusoidal dipolemodesof length 2d. Thebottom 
of weighting mode m is located a distance k above 
the center of expansion mode n, and the modes are 
staggered by the distance г. For convenience, the 
expansion mode has its center at z = 0. Exact expres- 
sions for the mutual impedance between these modes 
has been given by H. E. King (1). King's expressions 
are very lengthy and also require the evaluation of 
sine and cosine integrals, In order to simplify K ing's 
expressions we assume thatthe modes are electrically 
small and electrically close. Specifically, if weassume 
that jd, Ph and fir are all «<1, it may be shown that 
King's expressions for the mutual impedance between 


Figure 12-27 Geometry for the mutual 
impedance of 2 parallel piecewise sinusoidal 
dipoles, 


modes т and n reduce to? 
Ran + jns m 


2044) (© 


30 " 
Xan = oggi MA + 6B — 4C + D + E + 4 IQA + 2h) 


— 6(d +) INQB + 2h + 24) +424 U INC + 2h + 4d) 
+@-ву!п@р + 2h — 24) — Bd + h) INE + 2h + 601 [7] 
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ESPECIA 
Equations (8) and (9) are suitable for a hand calculator, since they involve no operations more complicated 
than а logarithm and square root. Note that R is the well-known formula for the radiation resistance of 
a short dipole, and is independent of mode separation, Equation (9) can be further simplified if we assume 
а & d (wire radius much less than the segment length) and also consider certain special values of For 
self-impadance terms, m = n, and 
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A appreciate the assistance of Linda Bingham in obtaining these simplified expressions, 
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For adjacent modes with one overlapping segment, [m — n| = 1 and 


ef ш 


2, then the modes share a single point and 


[LT 


E] 
хый = d) = = 51-0068) a2 


If lm = n] > 3, then the modes are nat touching and. 


30 42 % p ef y 
FF 
Now consider the evaluation of the right-hand-side vector V. As seen in (6), V is dependent upon the = 
component of the incident electric field. 

First, consider the case where the dipole is excited by a voltage generator, The simplest, and probably 
the most commonly used, model for a voltage generator is the so-called delta-gap model (Stutzman (1) 
and Thiele), A delta-gap generator is one that creates an extremely large, but highly localized, electric field 
polarized parallel to the wire centerline. A delts-gap generator located at = = = has the incident field 


РЕТТЕ ua 


Хм > 24) = аз) 


where 

ste) 

Normally the generators are placed at the center or terminals of the piecewise sinusoidal modes. Thus, 
referring to Fig. 12-26 for a dipole with N = 3 modes, the generator could be placed а T 


which would be at the terminals of modes 1, 2 or 3, respectively. Inserting the incident field from (14) into 
(6) shows that, if a delta-gap generator of v, volts is placed at the terminals of mode m, then 


Vn = tm us) 


Element m of V is nonzero only if a nonzero generator is placed at the terminals of mode т. 

Now consider the effect of placing a lumped load in the wire. A lumped load of Zi, ohms, placed at the 
terminals of mode m, will produce a voltage of — Zn Ziq volts at these terminals. If we treat this voltage as 
A dependent delta-gap generator, then according to (15) we should add J. Zin to Vn. However, this is an 
unknown voltage, since initially J, is unknown. Sinceitis conventional to writeall unknowns оп the left-hand 
side of the matrix equation, we add J. Zi, to both sides of row m of the matrix equation. T hus, it can be seen. 
that a lumped load of Zim ohms placed at the terminals of mode m simply results in Zm being replaced by 
Zum + Zim 

‘There is no physical break or gap in the wire where a generator or load is placed. Thus, the current Is 
continuous through generators and loads. However, there is a slope discontinuity, or jump in the derivative of 
the current, at the generator or load. Note that the piecewise sinusoidal modes account for this behavior by 
enforcing continuity of current on the wire and by allowing a slope discontinuity at their terminals, 

Next consider the situation where the wire is excited by a normally incident plane wave. If а z-polarized 
plane wave is incident from the +x axis with magnitude Eo, then 


Ey = Eel (as) 


Jenerator voltage 
unit area Dirac delta function 
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Inserting (16) into (6) and integrating yields 


00 " 


Ye 


EXAMPLE 12-424 istribution and Input Impedance 
Compute the current distribution and input impedance of a center-fed dipole antenna, The dipole length 
T= 2/10 and radius a = 4/10,000, 


п Solution 
As illustrated in Fig. 12-26 we use N = 3 piecewise sinusoidal modes on the dipole and segment the. 
dipole into N + 1 = 4 equal segments of length d = 1/4 = 0.0253. In this case the 3 x ЗММ matrix (4) 
сап be explicitly written as 


Zu Zu 21ГА] [Ww 
Zn Za Zn» l2 |= |v (e) 
Zu Ze Zalln] (M 


Since the current on the center-ed dipole is symmetric, / = Is. In this case, we can add column 3 of the 
matrix equation to column 1 and reduce the order 3 matrix equation to the order 2 matrix equation 


uz) 22а] (W a9 
(Zn + Z) Zalla)” (m. 
Reducing theorder of the matrix equation from 3 to 2 greatly reduces theeffort in the hand calculations 
required to solve the matrix equation. 


Although [Z] in (18) and (19) contain 9 elements, only 3 are distinct, since from the symmetry of the 
dipole, 


Table 12-2 Elements ofthe [Z] matrix (VA) for Example 12-121 


. — 
FEES E 576 
Ze _ пів! ee tali 
Zu (20) 
Zn Za en 
en = Zn en 


The real part of each Z, Is given by (8) as 
Ros = 0.4935 VA (23) 


‘The imaginary part of the Zinn can be computed from (9); however, here we choose to use the simpler 
forms of (10), (11) and (12). Table 12-2 shows the elements in the first row of the [Z] matrix of (18) 
computed by (7), (8), (10), (11) and (12) and by King's exact expressions. Note thatthe approximate 
Values of [Z] are within 11 percent of the exact values. 

1f the approximate values of [Z] from Table 12-2 are substituted into (19) we obtain 
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09869 — 3324 0.4935 + 1753] [n] [U a 
0.9869 + j3506 0.4935 — j3454 | 1, 11. k 


Where we have set V; = 1 VA since there s a 1-V generator at the terminals of mode 2. Equation (24) 
сап be easily solved using Cramer's rule. The results for the elements in the dimensionless current vector 


are 
һ 0.0003286 //89 892° (25) 
la = 00006230 /89.926° (26) 


Dividing (26) by (25), the current ratio /2/ is very nearly equal to 1.9, indicating a nearly triangular 
current distribution on the dipole. 

Thedipale current in amperes can now be obtained by inserting these coefficients into (1) with N = 3. 
Thus, the dipole input or terminal current is 2 amperes. The input impedance is given by the ratio of the 
Input voltage to the input current that is, 


083 — ¡160582 (ns) an 


n 
By contrast, If we were to use the exact values of [Z] from Table 12-2, then the results for the current 
distribution and input impedance would be 


h 0.0002498 /90.0° (28) 
0.0005219 8 (29) 


16892 - 19160 (Ans) 600 


EXAMPLE 12-12.2 Scattering from а Short Dipole 
Compute the radar cross section of the same dipole considered in Example 12-12.1 for a wave at narmal 
(broadside incidence with the dipole terminated in а (conjugate) matched load, 


m Solution 
To terminate the dipole in its conjugate matched load, we place a lumped load of Zi, atthe center of the 
dipole, i.e., at the terminals of mode 2. Using the value of Zin from (27), 


Zo = Zî, = 2083 + 1605 9 an 


The impedance matrix or the loaded dipole is identical to that of the unloaded dipole except that we add 
Zo to the sef-impedance of mode 2 to obtain 


Zra = (04935 — 3454) + (2.083 + j1605) = 2.576 — ¡1849 VA en 


If the incident electric field is a unit amplitude z-polarized plane wave incident from the +x axis, then 
the elements of the right-hand-side vector are identical and given by (17) with £o = 1: 


Va =0.02505VA, т=123 (33) 


poe 
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Since the excitation and loading of the antenna are symmetric with respect to the center of the dipole the 
Current on the dipole remains symmetric. Thus, the current vector can still be computed from the order 2 
matrix (19) 


0.9869 — j3324 0.4935 4/1753) [1 
0.9869 + 3506 2.576 — /1849 1, 


Equation (34) can be solved using Cramer's rule. The results for the elements in the dimensionless current 
vector are 


з) 


0,025 05 
002505. 


h = I3 = 0.006515 /0581° (35) 
в = 001235 0.548" (36) 


‘The scattered field is given by 


pa an 
Exi 


Where Esa is the free-space electric field of expansion mode F as in (3). For a field point on the +x 
axis (e, in the backscatter direction) and in the far zone of the dipole, the electric field of F; will b 
polarized and given by 


E, 


-o 


Using (38) and the above values forthe J, the far.zone backscattered electric field is 


0 (38) 


=) em 


E, =01199 406 Ут (39) 
The radar cross section of the dipoles 
EL až 
„re 018063 (Ans. ao) 
d ans) (40) 


Ву contrast, if we were to repeat this example with the exact value of [Z] from Table 12-2, the results 
would be 


Jy = 1 = 0.006199 0.0" (a1) 
һ = 001295 /00° (42) 
а = 0180122 (А) (43) 

From Example 2-101 the maximum effective aperture of a short matched lossless dipole is given by 
Am = ge eoe? (aay 


provided thatthe dipole length < 2. The total scattering aperture equals A, and the radar cross section 

is this value times the short dipole directivity D (=1.5) or 

15x3 
Br 

эз compared to 0.1806 and 0.1801? above. 


„Da m (a5) 
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EXAMPLE 12-123 Mutual Impedance of 2 Short 
Compute the mutual impedance of 2 short side-by-side dipoles separa 
dipoles are identical to the ones in Examples 12-12.1 and 12-122. 


Dipole Dipole 


by 4/100 as in Fig. 12-28. The 


Г 
To simplify the computations, we place 
only one piecewise sinusoidal mode on each 
dipole. Thus, the order N = 2 тайх E ou 
equation for this examples " 1 * 
] von 2 
zu Zu [A] Ги a 
ч) 
E а] -le! 


опу Zu and 7 need be computed, since ; 
from thesymmety ofthe dipoles Za = Zap EAN 

and Zu = Zu. Zn is evaluated from (7), 

(8) and (10) with 4 = —h = 1/2 = 0.05). Figure 12-28 Geometry for 2 coupled dipoles 
nd O00. Zn isevdusted rom 1 Example 3. The radius of each dipole 

the same equations with a replaced by s — 18 0.0001 

0.012, since h = —d. The results for Z and Zz are shown in Table 12-3 where they are compared with 
the exact values of H, E. King (1) and of Richmond (2). For this simple one mode per dipole solution, 
Zn the mutual impedance between the two dipoles 

Inserting the approximate values from Table 12-3 into (46) we obtain 


12-3 Elements of the [Z] matrix (VA) for Example 12-123 


T jum 
OH 


19739 — 2328 1.9739 ¡1992 || 0. un 


In (47) weset Уз = 1, since to compute the input impedance of dipole 1, we place a 1-V generator at the 
terminals of mode 1. Equation (47) has the solution 


0.000 509 0 89.955" (48) 
0.000 059 49 /-89.616" (49) 
The input impedance is then 


[5 1992 1.9739 ЧЕ А 


n 
n 


p x 1539 — мо (50) 


TheN 


1 mode solution for the input impedance of dipole 1 alone is 
in = Zu =1974- ¡19920 (51) 
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If the exact values of Table 12-4 are used, the impedance of dipole 1 in the presence of dipole 2 is 
2 = 1382 - 1820 (52) 
Table 12-4 gives a summary of self-impedance, mutual impedance and radar cross section Гог short dipoles. 


Table 12-4 Summary of self-impedance, mutual impedance and radar cross section for 


short dipoles 
ZNA WT appar Кц BU 

= 2000 oa кешир” Za exact Tabie 12-3 
ate ee abet Кац 127) 

e лова teste (809 

lern ons beste, J.H. Richmond 2) 
se- N levaetkingi* FORTRAN W progam 

(see References belon) 

Zaim- pa N 1 approx Ka) Zu (approx Table 12-3 
тө аза еш л exact, Tabie 12-3 


Zaz- Zn =0000- eg N Let King)" 151) -Zo (approx) 
сооз вво у leractKing Zu (eac) -Za (erac 


7 = 01806: арти. Kang 3 
алш? (exact kin" из, 
02704 (short pole theory) HLE king (û) las) 
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Problems 
12-6-1 Dipole impedance. Calculate the input impedance of a cylindrical center-fed dipole antenna 1/12. 
Jong with a length diameter ratio of 25 
1240-4 


12424 


12422 


Charge distribution. Determine the electrostatic charge distribution on а cylindrical conducting rod 
with alengt» diameter ratio of 6. 


Input impedance of short dipole. Calculate the current disbution and input impedance of a 
center fed dipole antenna 2/15 long with a length diametr ratio of 200 using M M 


Mutual impedance of short dipoles. Calculate the mutual impedance of 2 side by side dipole 
antennas separated by 2,/25 with each dipole 2/8 long and 2/100 diameter using MM 


3/10 dipole impedance. Show that the convergence or true value of the sal impedance Z, of the 
dipole of Table 12-4 is 1.852 — /1895 2, 


For computer programs, see Appendix C. 
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‘Topics in this chapter include: 


m Definition of FSS m Complementary surfaces and Babinels 
m Basic dipole and slot FSS principle 
m Dielectric slab FSS for radome ım Oblique angles of incidence 
m Slotted metal radome m Element types 
Hybrid radome " Controlling bandwidth withangleof incidence 
п ideal stealth radome and polarization 
m Transmission and reflection properties of m Other applications: dichroic surfaces and 
simple periodic surfaces of wires meanderline polarizers 


13-1 Introduction. Definition of FSS 


A Frequency-Selective Surface (FSS) is a surface which exhibits different reflection and/or transmission 
properties as a function of frequency. Two basic types are ап array of wires and the array of slots, as shown 
in Fig. 13-1. This is followed by a dielectric slab as the FSS, A surface which is NOT frequency-selectve ls 
a fiat perfectly conducting sheet 

These surfaces perform only for linear polarizations with E as shown in Fig. 13-1. To perform for all 
polarizations, crossed dipoles and crossed slots can beused butonl y successfully for normal angleof incidence. 
For a discussion of elements in general see Sec. 13-9. 

Frequency-Selective Surfaces (FSSs) have many important applications in today’s technology. Perhaps. 
the most interesting is for making radomes that are either Improved in their performance or designed to have 
special features. 

Basically, a radome can be considered as merely a protective cover placed in front of an antenna. 
Thus, a radome should be mechanically strong and at the same time transparent at the operating 
frequency of the antenna. While an exhaustive treatment of the classical radome theory is given else- 
Where (Tice-1), we shall in this chapter limit ourselves to very simple radome types that lead to the 
more exotic combinations of FSS and a stratified dielectric medium usually referred to as a “hybrid 
radome” 


TElectroScience Laboratory. The Ohio State University- 
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12-1a Basic Dipole and Slot FSS 


Ап атау of resonant dipoles (Fig. 13-1) acts as a band-stop filter, passing waves above and below the dipole 
resonant frequency but not at the resonant Frequency. The complementary array of slots acts as a bandpass 
filter, passing waves at the resonant frequency of the slots but rejecting them at higher and lower frequencies. 

The action of the dipoles is equivalent to that of a serestuned circuit on a transmission line as suggested 
in Fig. 13-16, while the action of the slots is analogous to that of a parallel tuned circuit In each case the 


оров 


incident 


El 
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Figure 13-1 Basic frequency selective surfaces: Array of dipoles (above) acts as a 
band-stop fiter while the array of complementary slots in a perfectly conducting sheet (below) 
acts as a bandpass fiter. The equivalent transmission lines are also shown. The transmission. 


coefficient for both cases is shown at (c). Note that for the dipoles E is vertical but for the slots E 
is horizontal or His vertical 
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Inductor and capacitor resonate at the "pass" or "stop" frequencies. Note: Theequivalentcircuit will in general 
vary with angle of incidence and polarization. 


13-2 The Halfwave Dielectric Radome 


‘The earliest radornes were often quite primitive, being designed of simple dielectric materials, even plywood. 
Ideally, a radome should be designed to transmit all of the energy incident upon it and reflect nothing. The 
simplest approach is to use a dielectric sheet of electrical thickness equal to one-half wavelength inside 
the dielectric. This simply ensures that the reflections from the front and back will cancel each other (they 
are equal in amplitude but with opposite phase). A distance of  /2 leaves the phase difference unchanged, 
Where s, equals wavelength in the dielectric. 


Tranemisson (B) 
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Figure 13-2 Typical transmission curves as a function of frequency for a simple dielectric 


sheet with «= 4. (.,/2 radome). Note: the equivalent circuit at the bottom is valid only at 
normal angles of incidence. 
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However, considerable complications arise from the fact that radomes must function for different angles 
of incidence as well as polarizations. Fundamentally, all stratified media with typical slab thickness d 
will have electrical thickness equal to fed созу, where й, = 2%, is the propagation constant in 
the dab, and п, is the angle of propagation inside the slab measured from the normal (see Fig. 13-2, 
bottom) 

Thus, as we increase the angle of incidence, cos, will be reduced. In general, the trend for a stratified 
medium without FSS is thatfull transmission or resonance is observed at a higher frequency when р, Is higher 
yielding dy cos, about the same as for normal incidence. 

A typical set of transmission curves for various angles of incidence as well as polarizations is shown in 
Fig, 13-2, top. Here we show the case of a dielectric slab of thickness d ~ 0.75 cm and dielectric constant 
s, = 4.0. This is seen to give us a perfect transmission around 10 GHz for normal angles of Incidence. 
However, as we increase the angle of incidence we clearly see how the resonant frequency is moving upward 
as predicted earlier. Only when the incident E-fed is parallel to the plane of incidences this hard to observe. 
The reason is simply that in this case we will observe the Brewster's angle when perfec transmission Is 
obtained from "dc to THz,” Le, we are washing out any resonance whatsoever 

More specifically we observes narrowing of the resonant curves for E orthogonal to the plane of incidence 
and a broadening in the parallel case. This has to do with a change of the characteristic impedances ofthe 
‘equivalent transmission lines, as will be discussed later 


13-3 Slotted Metal Radome 


‘Themere suggestion of aradome made of metal mightatfirst sound like an absurdity, However, if a conducting 
surface is provided with small slot elements arranged in a periodic pattern, this arrangement can be perfectly 
transparent at one frequency. The possible shapes of such slots are discussed later; see Sec, 13-9, We shall 
here limit ourselves to show a typical example of three-legged loaded elements as shown at the bottom of 
Fig. 13-3, Note hat the bandwidth becomes narrower for higher angles of incidence when the Incident E-field 
is orthogonal to the plane of incidence in much the same way, ав was the case for the purely dielectric case 
in Fig, 13-2. However, there is a notable difference between the two cases, namely, that while the resonance 
frequency moves up for oblique anglesof incidence in the dielectric case, it moves downward in the dielectric: 
metal sandwich of Fig. 13-3. This strongly suggests to the creative designer that a combination of dielectric 
and metallic surfaces could lead to designs with more stable resonant frequency. Such surfaces are usually 
denoted "Hybrid Perlodic Surfaces,” as will be discussed next. 


13-4 The Sit 


The simplest form of hybrid radome is obtained by combining the slotted surface in Fig. 13-3 with 
the dielectric slab shown in Fig. 13-2. Typical transmission curves obtained from the PM M program 
are shown in Fig. 13-4, We observe that the resonant frequency remains fairly constant with angle of 
incidence as expected, since the metallic and dielectric surfaces went in opposite directions with the 
angle of incidence. However, the bandwidth still changes dramatically. This feature may not be of 
any great concern if the radome merely has to let energy through in a narrow frequency range. How- 
‘ever, as shown in the next section, there are important cases when we must require much more than 
that! 

Note also that the resonant frequency of the slotted surface should be very close to the frequency where the 
dielectric slab is electrically one-half wavelength thick. Otherwise transmission loss will occur. This feature 
makes this design somewhat difficult to work with in practice. 
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Figure 13-3 Transmission curves as a function of frequency for various angles of incidence 
on an FSS of loaded trislot elements bounded by dielectric sheets as shown at the bottom. The 
perimeter of the elements is ~0.81 in air or ~1.4 in the dielectric at 10.5 GHz, yielding а 
circumference of 1.14 on average. Along the centerline of the slot element the circumference ls 
10А on average. 


13-5 The Ideal Stealth Radome 


То see but not be seen is the objective of a "stealth" radome. It is well known that the Radar Cross Section 
(RCS) of an antenna can be significant. For example, а planar array can have an RCS as high as that of a 
flat plate with an area equal to the total aperture of the array (for normal angle of incidence and no grating 
lobes]. However, while it never can be higher (1), it can be significantly lower by proper design of the 
атау. In fact, it may for proper matching of the elements and no grating lobes in principle be equal to zero. 
Unfortunately a good match can only be maintained over a limited bandwidth. Thus, when the antenna is 
exposed to frequencies outside the matching range of the array, the RCS will increase and eventually be as 
large as that of an equivalent flat plate as mentioned above. To reduce the RCS of any antenna outside its 
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Figure 13-4 Typical transmission curves as a function of frequency for the combination of 
the 4./2 slab in Fig. 13-2 with the FSS design in Fig. 13-3. Such a combination is usually called 
for a hybrid radome. 


‘operating frequency range we may place a radome with bandpass characteristic in front of it as illustrated in 
Fig. 13-5, top. The concept here is simply that the antenna can receive and transmit freely in the frequency 
range where the radome is transparent; se the typical transmission curve in Fig. 13-5, bottom. In that range 
theradome wil notaffectthe RCS of the antenna that consequently bears the major responsibility for attaining 
a low backscattering signal. However, in the frequency range when the radome is opaque, an incident signal 
will always be strongly reflected in the bistai directions). If the radome is shaped "right" as shown, for 
example, in Fig. 13-5, top, only a small signal will be reflected in the backscatter direction; i.e., we obtain 
low RCS. 

Ideally, the bandpass curve for the radome should look like the curve in Fig, 13-5, bottom; i.e. havea flat 
top inside the passband and skirts with fast roll-off outside toward the opaque region. 


m Chapter 13 Frequency-Selectve Surfaces and Periodic Structures 


Concept for Hybrid Radome 


Quo reg 


Array: Healy kw 
RÉS n band 


Definition o Hybrid Radome: 
Mature of FSS (tin) and Dielectric 


Ideal band pass radome 


(Al polarizations! 
Au scan angles] 


Out ot band Out ot band 


“Transmission costicient 


Frequency 


Figure 13-5 Use of a hybrid radome (top) with an ideal bandpass characteristic (bottom) to 
reduce the antenna RCS out of band, No reduction wil be observed in the pass band of the. 
radome. 


Conceptually this sounds like a simple classical network problem. However, in actuality the situation 
is complicated significantly by the fact that the shape of the bandpass curve has to be maintained for ай 
polarizations and a large range of angles of incidence. This is a complex problem that will be discussed in the 
next sections. 

13-6 Transmission and Refle Surfaces of 
Wires 


n Properties of Simple Perio 


In this section we will discuss the fundamental physical properties of periodic surfaces of wires, Thus, we 
show in Fig. 13-6 the simplest FSS, namely, the one comprised of simple straight elements arranged In a 
rectangular array. However, let us emphasize right at the start that this type of FSS is rarely used. First of ай 
itwill only handle one polarization. W hile this problem could eventually be remedied by using, for example, 
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Figure 13-6 А periodic structure of electric conductors ("dipoles") with load impedances 2. 
excited by an incident plane wave Ej which is being party reflected in the specular direction 
(E) and partly transmitted in the forward direction (Ет). s, and s; denote the directional cosines 
along the x and z-axes, respectively) 


crossed elements, such a surface will in general exhibit many undesirable features such as a second resonance 
close to the fundamental and also poor stability of the resonance frequency with angle of incidence. For 
а survey of more suitable element types, see Sec. 13-9. For an in-depth discussion and actual calculated 
resonance curves, see Munk (1) 

We denote the length of the elements by 21 and the interelement spacings by D, and D. as shown in 
Fig. 13-6. While such a configuration is exposed to an incident plane wave with field vector E, a wave E, 
will be reflected in the specular direction while another part E, of the incident signal will be transmitted 
through the surface in the forward direction 

We define the specular reflection coefficient as 


E, 
er = Ё " 
z a 
and similarly the transmission coefficient in the forward direction as 
sE 
T-E a 


When we change the frequency we will find that the reflection as well as the transmission coefficient also 
changes as indicated in the inserts of Fig. 13-6. 
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A physical explanation is simply that series capacitances are associated with the gaps between the elements 
while the strips themselves exhibit а series inductance (see Fig. 13-6, bottom). Thus, itis not surprising thata 
typical equivalentcircuit consists of an equivalent transmission line with a series LC cireuitin shuntas shown, 
Athe resonant frequency J. the reflection coefficient for the electrical field r = —1, and transmission field 
ET = 0, ie, the periodic structure acts as a groundplane. At other frequencies the periodic structure is partiy 
transparent. Thus, such a structure can be used as a simple filter. It is often called a "requency-Selective 
Surface" (FSS). By cascading two or more surfaces and by proper use of dielectric slabs we can obtain highly 
sophisticated filters, as will Бе discussed later. 

We further show in Fig. 13-7 an infinite атау of slots in an infinite perfectly conducting groundplane. As 
above we now expose this configuration to an incident plane wave; however, we now require the incident Н 
vector to be parallel to the elements as shown. 

We define the reflection and transmission coefficients analogous to (2) and (2) above except that we (in 
general) refer to the H field rather than the E field. This notation leads to avery convenient symmetry between 
thetwo cases, 

The conducting strips in Fig. 13-6 can be considered as dipoles short-circuited at their center, Thus, this 
type of periodic surface is often referred to as a dipole or wire case while similarly the case in Fig. 13-7 is 
referred to as a slot case. Note that both configurations alternatively can be reactively loaded at their centers. 
Аз we shall see later, this feature plays an important role in reducing the physical size of the elements which 
is an absolute must for producing high-quality FSS. If we, for example, add a series inductor to the dipole 
case the resonance f will be lower. The slot surface in Fig. 13-7 will exhibit a resonance similar to its 


sors 


Figure 13-7 A periodic structure of "slots" with load admittance ¥, . Passively excited by an 
incident plane wave A; being party reflected in the specular direction (F) and partly 
transmitted in the forward direction (FT). 
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counterpart in Fig. 13-6. However, instead of being reflective at that frequency it is completely transparent. 
A physical explanation is suggested by simply considering the edges of the slots as two twin lead transmission 
lines of length —./4 and in parallel as shown in the insert of Fig. 13-7, bottom. Since the ends of the two 
transmission-line segments are short-circuited the impedances at the centers of the slots will be infinite and 
thereby allow perfect transmission of the incident field. The equivalent circuit for a typical slatted surface 
is also shown in Fig, 13-7, bottom. It consists of a transmission line shunted with a parallel LC circuit At 
resonance the incident signal will go through the surface with no attenuation while the reflected signal Is 
zero; see inserts for 1 and 2 in Fig. 13-7. Note: The equivalent circuits are only valid for no grating lobes and 
change with angle of incidence and polarization, 


13-7 Complementary Surfaces and Babinet's Principle 


If placing the dipole array in Fig. 13-6 on top of the slot array in Fig. 13-7 leads to a complete, infinite, 
perfectly conducting surface, the two surfaces are called complementary to each other. In that case the 
reflection and transmission coefficients for one of them equal the transmission and reflection coefficients of 
the other, respectively, as shown in Fig. 13-1 (do not forget to rotate the incident field vectors Е, and 11, as 
shown), 

This is a simple example of Babine''s principle, which is well known from optics. For it to be valid, 
however, we must observe certain requirements 

1. The surfaces must be perfectly conducting and “infinitely thin.” In practice the screen thickness 
should be less than ~1/1000 in order for Babinet’s principle to be reasonably accurate, 

2. Addingathin ayer (< ~0.052) of dielectric will lead to lower resonant frequency in both the dipole 
and the slot cases of approximately the same amount. However, use of thicker slabs leads to quite 
different results for the two cases. 

3, Cascading two or more surfaces behind each other leads to radically different transmission and 
reflection curves in the two cases, 


13-8 Oblique Angle of Incidence 


The discussion in the last section has assumed that the angle of incidence is constant, However, peri 
ойс structures should always be carefully examined for variations with the angle of incidence as well as 
polarization. 

A completeand exact restmentof this subjectis beyond the scope of this chapter. For an In-depth treatment. 
see Munk (1), Vardaxoglou (1) and Wu (1). It will be sufficient here to say that the changes with angle of 
incidence essentially are 


l. Change of the resonance frequency, usually downward. 
2. Change of bandwidth 

The first problem, namely, change of resonance frequency, can usually be minimized by keeping the inerele- 
ment spacings D, and D. small in terms of wavelength like < 0.43 (this requires either small elements or 
interlacing them into each other). The second problem is harder to handle. It can be shown (M unk-2) that the 
bandwidth variation of any periodic surface can be essentially explained by a variation of the characteristic 
impedence of the equivalent transmission line, shown in Fig, 13-6, bottom right, namely, it should be divided 
by cos n (n = angle of incidence) when E is orthogonal to the plane of incidence and multiplied by соз y when 
Е is parallel, Elementary network theory then readily shows that this leads to а broadening of the resonance. 
curve for E orthogonal and vice versa for E parallel 
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Consistently we find in the slot case asin Fig. 13-7 thatthe intrinsic admittance of the equivalent 
transmission line should be divided and multiplied by cos y when H is orthogonal and parallel to the plane 
of incidence, respectively. А gain, as above in the dipole case, İt leads to a broadening of the resonance curve. 
when H is orthogonal and vice versa for the parallel case. 

Note how the dipole and slot cases are similar in their behavior with angle of Incidence as a result of 
referring to the E fled in the dipole case and to the H field in the ot сазе as well as working with impedance 
versus admittance in the tuo cases. Several actual calculated examples of resonance curves for slotted surfaces. 
are shown in Figs. 13-3 and 13-4, Note the broadening of the resonance curves with angle of incidence when 
Н is orthogonal to the plane of incidence, 


13-9 On the Shape and Development of Elements 


Arriving at various element shapes is often clouded in a mystery. Actually a good starting point is to con- 
sider the straight dipole element shown in Fig. 13-8a. When it is ~A,/2 long it will resonate and scatter 
effectively. However, the problem with this element is that the resonance in general may change consider- 
ably with angle of incidence because the Interelement spacings must be larger than 1. /2. One remedy is 
simply to shorten the elements. They then no longer resonate but they can be tuned back to resonance by 
being "loaded" with a small inductance at its center as shown in Fig. 13-8b. Alternatively, this inductance 
сап be replaced by a two-wire transmission line as shown in Fig. 13-8c. And finaly, it can be made into 


e, 


‘Shor Dipole Short Dole Bipolar Version 
Resonating — (osdedwih besen, ot FourLegged 
webe Inductance ‘Transmission Line Loaded Eement 
(a) (b) (© (a) 
Three Logged 
Loaded Bement Hexagon Loop 
(e) (f) (9) 


Figure 13-8 The development of the so-called “loop” elements originates with a simple 
straight / dipole that is shortened and inductively loaded. The loop elements are preferred 
for making high-quality FSS for ablique angle of incidence. All loop elements resonate when 
their average circumference is ~2. 
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a bipolarized version called а “four-legged loaded element” as shown in Fig. 13-84, It is interesting that 
although we start our element development with a straight dipole we are actually ending up with an de 
ment that can be considered а loop. It simply resonates when the circumference s equal to à., leading to 
relatively compact elements. They are naturally in a rectangular array. If a triangular array grid 1s preferred 
‘one should use the "three-legged loaded element" shown in Fig. 13-8e. Finally, the sides of the three-legged 
loaded element can be “pulled” outward into а hexagon element as shown in Fig. 13-8f or alternatively into 
an ordinary loop as shown in Fig. 13-80. АП of these elements will resonate when thelr average circum- 
ference is ~2.. Their differences Пе in their bandwidth as illustrated in Fig. 13-9, Here, the three-legged 
loaded elements have been expanded into hexagon elements. The diference in bandwidth is seen to be ~2.5 
(actually the bandwidth of the hexagon array could be made considerably larger by reducing the interelement 
spacings 

Other element types can also be obtained by “shooting” elements out from the center. However, the 
reader should be warned not to cross two 2/2 dipoles, as logical as it seems (not shown). First of all 
as stated earlier, the 2/2 dipole is not a particularly good element by itself but when two are crossed 
(and touching) it can quite often go terribly wrong. Not for normal incidence nor oblique when orthog- 
‘nally polarized, However, for oblique incidence and parallel polarization we will observe not just one 
but two resonances close to each other. While this may sound like a minor point, the fact is that 
we also will obtain a null between the two resonance frequencies. This null can easly occur at the 
same frequency where resonance is observed for orthogonal polarization. Thus, an FSS with crossed 
elements is complex and in general not recommended. For an in-depth discussion see Pelton (1) and 
Munk 
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Figure 13-9 By expanding the three-legged loaded element (lef) into a hexagon element. 
(right), the bandwidth can be greatly increased, Note: the two arrays have identical interelement 
spacings as well as element circumferences ( 
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Figure 13-10 The ‘center connected," or “N-pole" elements, all have a "second" resonance 
as illustrated in Fig. 13-11 for the three-legged unloaded element. 


The problem with double resonance can be avoided if we instead use the unloaded tripole element as 
shown in Fig. 13-108. In that case the two resonances degenerate into one. Alternatively, end capaci- 
tances can be added to obtain the anchor element shown in Fig. 13-105. Similarly, end capacitances can 
be added to a four-legged unloaded element, yielding the Jerusalem cross depicted by Fig. 13-10c. The 
effect of the end capacitance is simply to move the lowest resonance well below the second resonance as. 
well as the null. Thus, this element is OK. Finally we show in Fig. 13-108 the so-called square loop ele- 
ment. It is characterized by being very broadbanded, almost as broadbanded as the hexagon element in 
Fig. 13-81. The elements in Fig. 13-10 are often called "center connected" or "N-poles." They are char- 
acterized by having all of their element arms connected at the center, This simply means that not only 
can an even mode exist on these elements but also an odd mode, for oblique incidence as shawn in 
Fig, 13-11, bottom, Typically the odd mode will resonate at a frequency about twice the even or funda- 
mental. We show an example in Fig. 13-11, top, for an unloaded three-legged element for 45° angle of 
incidence for both orthogonal and parallel polarizations, The fundamental resonance is at ~10 GHz while 
the odd (for paralel polarization) is at ~17 GHz. Further, it is a fundamental fact in the theory for peri- 
odic surfaces that two resonances always will have a perfect null somewhere between them, in our case 
at ~13 GHz, This null is often referred to as а modal interaction null. To exist, the periodic structure. 
must be lossless and have no grating lobes. Al center-connected elements have at least one modal interac- 
tion null. The loop types are characterized by having thelr fundamental resonance when the circumference 
of the elements is about one wavelength in the dielectric surrounding them, This leads to relatively small 
elements, typically about A /3 to 4, /4 across. This is smaller than the center-connected elements that typi: 
cally measure à. /2 from tip to tip. Since a small interelement spacing is а must to obtain periodic structure. 
that is stable with angle of incidence, it is clear that the loop types in general will be preferable to the 
center-connected. 

Theelements, in Fig. 13-12, top, are called "solid interior” or “plate” elements. Because of their simplicity, 
they were among the first elements to be investigated, see (K eburtz-1; Lee-1; Chen-1). However, they are not 
very effective resonators, and when they do resonate, itis usually associated with the onset of a grating lobe. 
In other words, they are not at all like their similar-loaking counterparts in Fig. 13-8. They are, in general, 
not recommended for precision work 

Finally, there is an endless list of combinations and special-purpose elements as shown in Fig. 13-12, 
bottom, The first element to the left is merely a four-legged loaded element provided with end capacitors 
like the Jerusalem cross. Further, the element in the middle and to the right represents types without any 
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шге 13-11 Typical reflection curves for an FSS of unloaded tripoles. Note the odd 
resonance at ~17 GHz for parallel polarization due to excitation of an add mode as shown 
below to the far right Also nate the “modal interaction null” at ~13 GHz 


"floating" Interior such as the case is with the loop elements. These elements have merit if they are produced 
by electroforming. 
A detailed examination of most of he types shown in Figs. 13-8 to 13-12 is given in Munk (3). 


13-10 Controlli 


Angle of Incidence and Polarization 


g Bandwidth мй 


Based on the discussions earlier, the bandwidth of a typical FSS will either increase or decrease as ~cos n 
depending оп the polarization, Thus, since most FSS are exposed to arbitrary polarization, the bandwidth 
variation typically will be as high as cos y or ~4: 1 for 60° angle of incidence. Although some reduction in 
this variation can be obtained by choice of elements, this approach is basically academic compared to what s 
really needed. In fact, itis fairly safe to state that a "superelement“ capable of producing constant bandwidth 
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jure 13-12 Top: the “solid interior” or “plate type” elements. Bottom: some of the many 
so-called "combination" elements. 


for changing angle of incidence and polarization simply does not exist unless we consider nonplanar elements 
(See English-1; Andre-1; Kent-1; Ng-1; Schuman-1; Lin-1). 

The most practical solution to this problem is simply to use one or more FSSs placed in an appropriate 
stratified dielectric medium. A couple of practical examples will be shown next. 

First, we show in Fig. 13-13, top, the same single FSS as presented in Fig. 13-3 but now provided with 
additional dielectric slabs on each side as shown at the bottom (e, > 1.3). These surfaces are seen to be 
substantially thicker, namely, slightly more than à, 4 as compared to the thin substrate next to the FSS. The 
purpose of the thicker slabs is to make the bandwidth much more stable with angle of incidence, while the. 
thin ones (often referred to as "dielectric underwear") essentially provide mechanical protection as well as 
dielectric loading (M unk-1, 4). 

Note that while the bandwidth of the FSS in Fig. 13-3 varies approximately as ~4 : 1 (for 60° angle of 
incidence] it has been reduced to ~1.4 : 1 in Fig. 13-13. Greater stability of the resonance frequency with 
angle of incidence is possible 

Although the monoplanar design shown in Fig. 13-13 is satisfactory for some applications, it is often 
desirable to produce a transmission curve with а flat top (see Fig. 13-5). This is accomplished by cascading 
two or more surfaces behind each other as shown in Fig. 13-14, We show the transmission curves for two 
cascaded surfaces of the same type as used in Fig. 13-3. These two surfaces have been placed in a stratified 
dielectric medium comprised of three dielectric slabs plus substrates, as shown in the insert. Again the effect 
of the dielectric slabs in the case at the bottom is spectacular: The bandwidth varied less than 1.2: 1 as 
compared to ~4: 1 in the nondielectri case. A closer analysis is give in M unk (4) where it is shown that the. 
outer dielectric slabs are responsible for producing the constant bandwidth while the slab in the middle is 
responsible for the flatness of the top of the transmission curves, 
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Figure 13-13 By adding dielectric slabs of the proper thickness and dielectric constant to 
the FSS shown in Fig. 13-3, we can obtain a hybrid radome with a bandwidth that is fairly 
stable with angle of incidence as well as polarization. 


13-11 Other Applications 


The discussion so far has been directed mostly toward one application, namely, the hybrid radome. However, 
periodic surfaces have many other uses, We shall present a few. 


13-44a Dichroic Surfaces 
Dichroic refers to two frequencies, and a typical situation would be where the surface is transparent at one 
Frequency and opaque at another. А common application is shown in Fig. 13-15, where the subreflector in а 
Cassegrain system has been designed to be transparent at the frequency fi and reflective at fr Placing feeds 
‘operating at these frequencies (or bands) enables us to operate the Cassegrain antenna over a wider Frequency 
band. 
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Figure 13-14 The typical transmission curve for a biplanar hybrid radome showing almost 
constant bandwidth with angle of incidence as well as polarization. Also note the fat tops in 


contrast to the case in Fig. 13-13. 
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Figure 13-15 Use ofa Figure 13-16 Ап X-band arry (left) s looking 
periodic structure as a through a polarizer and a dichroic main reflector 
Cassegrain subreflector. reflecting Q-band. 


In Fig. 13-16, we hare made the entire main reflector of dichroic material and placed itin front of an array 
‘operating in X-band, This is the frequency band where the reflector is transparent while it is opaque where 
the feed horn operates, We obtain in this way a very compact design that could be used, for example, in the 
periscope of a submarine. 

Note also the polarizer in front of the array. It transforms the linear signal from the array into a circularly 
polarized signal. The meanderline polarizer is discussed in Sec. 13- 1c. 


13-11b Circuit Analog Absorbers 

Periodic structures with elements made of resistive materials find application as absorbers as shown in 
Fig. 13-17. A periodic array of crossed lossy elements is placed in front of a groundplane. As explained in 
Fig. 13-6, the elements provide us with capacitance and inductance in series while the resistivity of the ele- 
ments adds a series resistance leading to an equivalent circultas shown in the middleof Fig. 13-17. Finally we 
show in the Smith chart atthebottom how the impedance (3) atthe front ofthe absorber is obtained as a parallel 
combination of the groundplane impedance ¥, (1) and the circuit analog sheet Y, (2). Cascading more sheets 
can leadto analog absorbers with morethan 25 В attenuation over a10: 1 bandwidth. For details seeM unk (5) 


13-110 Meanderline Polarizer 


Generally speaking, polarizers are devices that transform a linear polarized signal into а circular or vice versa. 
‘One type called the meanderiine polarizer is shown in Fig, 13-18, top. It consists of a structure of vertical 
meanderlines. A plane wave with its Е vector F tilted 45° as shown is incident upon this structure, 

‘The workingsof such a polarizer are readily understood f wedecomposetheincident field E into a vertical 
component E* and a horizontal component E". To the first of these components, the meanderline will act 
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Figure 13-17 Circuit analog absorbers are made of periodic structures of very lossy 
material. They have more bandwidth per given thickness than most other absorbers. The 
reflection coefficient of two designs is shown at lawer right. 


like a shunt inductance while it will act as a shunt capacitor to the horizontal component. Thus, the equivalent 
circuits for these two components will be equivalent transmission line with shunt inductance or capacitance 
as shown in Fig. 13-18, bottom. From basic network theory we readily see that the transmitted field of the 
vertical component will be advanced in phase while the horizontal component will be delayed. If the two 
transmitted signals have the same magnitude and a net phase difference of 90°, the combined transmitted field 
will be circularly polarized. 

Itis interesting to note that requiring a 45° advance or delay of a single meanderline sheet invariably leads 
to a reflection coefficient that is numerically equal to the transmission coefficient (Le, half the incident signal 
is reflected). 

This problem can be overcome by using two or more mesnderline sheets cascaded after each other. In that 
way we require the phase advances and delays of each sheet to be only half or less than 45”, This again leads 
to smaller reflections per sheet. And in addition the reflections from the individual sheets can be designed ta 
largely cancel each other. In this way we can obtain polarizers with a bandwidth exceeding an octave. For 
references see Marino (1), 
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Figure 13-18 A meanderiine structure acts like a shunt inductance for vertical polarization 
and as a shunt capacitance for horizontal. For a net difference of 90° a signal tited 45° as 
shown will be transformed into a circularly polarized signal. 


EXAMPLE 13-11.1 Sandwich Comparison 
Compare the —3 dB bandwidth of tislots, dual 3-legged elements and hexagons, all in dielectric 
sandwiches. 
m Solution 
The comparison is shown in Fig. 13-19 with trislots at (a), dual 3-egged elements at (b) and hexagons 
at (c). The shaded areas in (a) and (b) include transmission for parallel (1) and perpendicular (1) polar- 
ization and for 0° to 60° angles of incidence. Only normal incidence (0°) for both polarizations is shown 
in (c). Note the Nat-topped wideband transmission for the dual 3-legged elements in (I 

The —3 dB bandwidths are: 
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13-9-1 Unloaded tripole. Determine the approximate length of the legs of an unloaded slot operating at 
f = 13 GHz with (a) No dielectric substrate. (b) Dielectric substrate sy = 2.2 and thickness 050 mm 
located on both sides of the FSS (use arithmetic average of s, and c for se). (c) Determine D, just short 
enough that no grating lobes are present when scanning in the xy-plane far any angle of incidence. 


13-9-2 | Fourlegged loaded element. Determine the approximate dimensions for a four-legged loaded 
dement operating at f = 13 GHz with (a) No dielectric substrate. (8) Dielectric substrate s, = 2.2 and 
thickness 050 mm located on only one side of the FSS (estimate ze (c) Leave a separation of 1 mm 
between adjacent elements (rectangular grid; determine the lowest onset frequency for grating lobes for any 
angle of incidence. 


For computer programs, see Appendix С. 
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Microstrip Antennas 


This chapter includes: 


Introduction 
Some salient features of microstrip antennas Ш 
‘Advantages and limitations m Techniques for increasing bandwidth 
Rectangular microstrip Antennas Techniques for size reduction 
Feed methods m Arrays of microstrip antennas 

a 

а 


Methods of analysis 
Methods for MSA tuning 


Characteristics of microstrip antennas Applications 
Impact of different parameters on CAD model 
characteristics 


14-1 Introduction 


In Section 3-10, the patch antenna was introduced and a brief description was added along with Fig. 3-11. 
Patch antennas are assigned different names such as printed antennas, microstrip patch antennas or simply 
microstrip antennas (МА), Microstrip antennas are often used where thickness and conformabilt to the 
host surfaces are the key requirements, Since patch antennas can be directly printed onto a circuit board, these 
are becoming increasingly popular within the mobile phone market. They are low cost, havea low profile and 
ae easily fabricated. In the following text, a number of aspects of patch antennas are discussed in detail 


14-2 Some Salient Features of Microstrip Antennas 


1. А patch antenna basically is a metal patch suspended over a ground plane, The assembly is usually 
contained in a plastic radome, which protects the structure from damage. Patch antennas are simple. 
to fabricate, easy to modify and customize and closely related to microstrip antennas. These are 
constructed on a dielectric substrate, usually employing the same sort of lithographic patterning as. 
used to fabricate printed circuit boards. 

2. In its most basic form, a microstrip patch antenna consists of a radiating patch on one side of а 
dielectric substrate which has a ground plane on the other side. The simplest patch antenna uses а 
half-wavelength-long patch with a larger ground plane to give better performance but at the cost of 
larger antenna size. The ground plane is normally modestly larger than the active patch. The current 
flow is along the direction of the feed wire, so the vector potential and thus the electric field E follows 
the current Such a simple patch antenna radiates a linearly polarized wave. The radiation can be 
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regarded as being produced by the radiating slot’ a top and bottom, or equivalently as a result of 
the current lowing on the patch and the ground plane. 

3. А patch antenna is а narrowband, wide beam antenna fabricated by etching the antenna element 
pattern in metal trace bonded to an insulating dielectric substrate with a continuous metal layer 
bonded to the opposite side of the substrate which forms a ground plane. 

4. Опе of the key drawbacks of such devices is their narrow bandwidth In order to achieve wider 
bandwidth a relatively thick substrates used, How ever, the antenna substrate supports tightly bound 
Surface wave modes which represent a loss mechanism in the antenna, The loss due to surface wave 
modes increases with the substrate thickness, Itis desirableto develop conformal microstrip antennas 
which enjoy wide bandwidth, yet do not suffer from the loss of attractive features of the conventional 
microstrip patch antenna 
Some patch antennas eschew a dielectric substrate and suspend a metal patch in air above a ground 
plane using dielectric spacers; the resulting structure is less robust but provides better bandwidth, 
Because such antennas have а very low profile, аге mechanically rugged and conformable, they 
are often mounted on the exterior of aircraft or spacecraft, or are incorporated into mobile radio 
Communications devices 

5. The microstrip antenna was first proposed by G.A. Deschamps in 1953. The proposed concept of 
microstrip antennas to transmit radio frequency signals could not gain much ground till the 1970$. 
Its practicability remained hampered due to various inherent defects, Further researches by Robert 
E. Munson and others who usedthethen available low-loss soft substrate materials enhanced Its uility 
prospects. Further, the development of the Printed Circuit Board (PCB), microwave techniques, and 
many kinds of low-attenuatng media materials made the use of microstrip antennas more practical. 

e. Microstrip patch antennas are often used where thickness and conformability to the surface of mount 
or platform are the key requirements. The primary limitation of this type of antenna îs the bandwidth, 
which is less than 5% for most single-substrate designs, However, a second substrate can be added 
to create a dual band design or a broadband design with a bandwidth of up to 35%. 

1. The microstrip antennas may have a square, rectangular, circular, triangular or elliptical shape. 
Theoretically, M SAs can be of any other continuous shape. Use of regular shapes of a well-defined 
geometry not only simplifies analysis butalso helpsin performance prediction. The two mostcommon 
geometries, rectangular and circular, are widely employed, Square patches are used to generate а 
pencil beam and rectangular patches for a fan beam. In view of their straightforward fabrication, 
circular patches can also be used but the calculation of current distribution in circular patches is 
relatively more involved, Figure 14-1 is illustrates three different shapes of microstrip antennas 
alang with the feed arrangements and coordinate systems. 

3. Thesizeof a microstrip antenna is inversely proportional to its frequency, At frequencies lower than 
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Figure 14-1 Configurations of rectangular circular and triangular patch MSA. 
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foranAM radio at1M Hz, themicrostrip patch would beof thesizeof a football field. For amicrostrip 
antenna designed to recelve an FM radio at 100 M Hz, its length would be of the order of 1 meter 
which is sll very large for any type of substrate. At X-band, the microstrip antenna size will be of 
the order of 1 cm which is easy to realize on soft- board technology. 

9, A microstrip antenna configuration employs a metallic patch which is positioned on the top surface 
af a dielectric substrate. The dielectric substrate has the bottom surface coated with а suitable metal 
to form a ground plane. A hole is formed through the ground plane and through the dielectric to 
allow access to the bottom surface of the patch. A center conductor of a coaxial cable is directly 
‘connected to the patch. The center conductor of the coaxial cable is surrounded by a metallic housing 
within the substrate area, Thus, the probe length is reduced by retaining a coaxial transmission line 
within the substrate, The patch forms a first plate for the capacitance while the diameter of the coaxial 
cable outer housing within the substrate is increased to form another plate on the end of the coaxial 
cable. The value of capacitance can be adjusted by the area of the metallic housing, the relative 
dielectric constant of material between plates, and the spacing between the plates. The microstrip 
patch antenna input impedance using the direct probe connection is adjusted and centered at a desired 
Center frequency and many such frequencies can be accommodated, 

10. The microstrip antenna is constructed on a thin dielectric sheet using a printed circuit board and 
etching techniques, The most common boards a dual copper-coated pol ytetraluoroethylene (Teflon) 
fiberglass as it allows the microstrip antenna to be curved to conform to the shape of the mounting 
surface. The patch is generally made of conducting material such as copper or gold. The radiating 
patch and the feed lines are usualy photo etched on the dielectric substrate, 


14-3 Advantages and Limitations 


ї4-за Advantages 
Microstrip antennas are of light weight, smaller size and lesser volume. In view of their conformal structures 
of low profile planar configuration, these can easily be molded to any desired shape and hence can be attached 
to any host surface. Relatively, their fabrication processes are simple, production is easy, and the fabrication 
costis ow, and thus they can be manufactured in large quantities. Ther fabrication process is compatible with 
microwave monolithic integrated circuit (М MIC) and optoelectronic integrated circuit (OEIC) technologies. 
These can support both linear as well as circular polarization and are capable of dual and triple frequency 
operations. They are mechanically robust when mounted on rigid surfaces, With the microstrip antennas it is 
easy to form large arrays with half-wavelength or lesser spacing. 


414-36 Limitations 
Microstrip patch antennas suffer from a number of disadvantages as compared to conventional antennas. 
These are low bandwidth, low efficiency and low-gain antennas with low power-handling capacity, The 
design complexity gets enhanced due to their smaller size. An effort to improve their bandwidth, which is 
usually limited to the range of 1 to 5%, results in additional complexity. These are resonant devices by their 
inherent nature. These antennas also suffer from the efect of radiation from feeds and junctions. These are 
poor end-fire radiators, except thetapered slot antenas. Besides, the surface wave excitation in these antennas 
isan added limitation. 

Some of theabovelimitations can be addressed by (i) using thick substrates, (1) cutting slots in the metallic 
patch, (ii) introducing parasitic patches either on the same layer or on top of the main patch, and (iv) using 
aperture coupled stacked patch antennas. 
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Figure 14-2 Basic structure of a rectangular microstrip antenna. 
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Figure 14-3 Patch antenna with E field distribution. 


14-4 Rectangular Microstrip Antennas 


Figure 14-2 illustrates the basic structure of the rectangular microstrip antenna, by far the most popular type 
of microstrip antennas, The ground plane and dielectric underneath are shown in Fig. 14-1. The dimension 
L is universally taken to mean the ong dimension, which causes resonance atis half-wavelength frequency. 
The radiating edges are atthe ends of the L «dimension of the rectangle, which sets up the single polarization, 
Radiation (f any) that occurs at the ends of the W-dimension s far less and is referred to as the cross 
polarization. 

Figure 14-3 illustrates the side view of Fig. 14-2 and is an attempt to show the distribution of the E-field 
under the patch. Dueto the half-wave nature of the patch, the fields under the Ledges are of opposite polarity 
and when the fied lines curve out and finally propagate out into the direction normal to the substrate they are 
now in the same direction (bth facing left). In the far field perpendicular to the substrate, the radiation from 
the two sides adds up because the fields are in phase. It can be seen that in directions of off-bore-sight the 
intensity drops as the fields of the two edges go farther and father and out of phase. At two angles, the fields 
exactly cancel. Thus, the microstrip patch radiation intensity depends on the direction itis viewed from as it 
has gain and directivity. 

For effective radiation from a microstrip antenna, the structure needs to be a half-wavelengt resonator 
with a thicker dielectric material of low dielectric constant under the patch but the height stil needs to be a 
fraction of a wavelength. 

The rectangular shape is the simplest and most widely used configuration for fabrication of microstrip 
antennas. Consider the microstrip antenna shown in Fig. 14-4, fed by a microstrip transmission line. The 
microstrip or patch antenna, microstrip transmission line and the ground plane are made of a high conductivity 
metal, The patch is of length L, width W, and siting on top of a dielectric substrate of thickness 4 wit 
permittivity «r. The thickness of the ground plane or of the microstrip is not critically important. Typically 
the height is much smaller than the wavelength of operation. 
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Figure 14-4 Geometry of a microstrip (patch) antenna, 


‘The frequency of operation of the patch antenna of Fig. 14-4 isin general determined by the length L. The 
critical or center frequency f can be approximately given by 


e 1 
LYE T 


where is the velocity of light, so and ио re the permittivity and permeability of free space respectively, and 
+, isthe permittivity of the dielectric substrate. As an example, a patch antenna (with dimensions L = 1.56 cm 
and W = 1.25 cm) is mounted on а substrate with s, = 2.2 and = 0.795 mm having critical frequency of 
4.37 GHz from (1). A ccording to this equation, the patch antenna should have a length equal to one half of а 
wavelength within the dielectric (substrate) medium. 

According to a recently published article, the frequency of operation of a patch antenna also depends on 
W along with the length £ and the governing equation can be given by 
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“The expression for dominant mode is given as under, 
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In the above equations, AL and AW are the incremental length and width which account for the fringing of 
field at the respective edges. The other symbols have their usual meanings". Itis to be noted that the fringing 
length AL is also dependent** on W. In this reference", the variation of the operating/resonant frequency is 
shown to be the function of the aspect rai, with a fixed length of patch, 

‘The width W of the antenna controls the input impedance. For a square patch fed in the manner above, the 
input impedance will be of the order of 300 ohms. Ву increasing the width, the Impedance can be reduced 
However, to decrease the input impedance to 50 ohms, often а very wide patch is required. The width further 
controls the radiation pattern, The normalized pattern of the antenna can be obtained by plotting the field E, 
and E, which is approximately given as 
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Figure 14-5 Radiation patterns of MSA. 
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In (4) and (5), Ev and £ are the and components of 

electric field intensity Е; 0 and ¢ are the elevation and the 

azimuth angles of radiation pattem and kk = 27/2) is the 

wavenumber. The net magnitude of electric eld at any point 

isa function of and ¢ and is given by 


cOs{(kL/2) sin? cose] cose. 6) 
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кө, ф) = E + ED o 


In view of (4), (5) and (6), the radiation patterns obtained 


bee pulse 


Normalized magnitude 


Tor a specific case of W ›/2\пф =O and = 90° \ 
plane are illustrated in Fig. 14-5, E 

Normally, the directivity of patch antennas is below 10 dB ڪڪ‎ 
and the field for center-fed rectangular patches is linearly we (econ) d 


polarized 
Ifa short Gaussian pulse, shown in Fig. 14-6,islaunched Figure 14-6 Incident (ransient) pulse 

from an end of a microstrip transmission line (shown in — ed to a patch antenna, 

Figs. 14-4 and 14-7) it will travel down towards the path antenna. When it incidents upon the patch, а 

part of the energy of the pulse gets reflected back while the remaining gets radiated, The pulse shown can be 
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Figure 14-7 Contact feeds for patch antenna, 


characterized by the expression 10-07, where Т is the time delay suffered by the electric field traveling 
through the microstrip line to the patch and 7 is a parameter that controls the rate of rise and al of the pulse. 
On arrival atthe patch, the ld will be disturbed. Some of the field will be reflected, some radiated and some 
wil stay below the patch and eventually radiate анау or reflected back down the microstrip line. The ratio of 
Fourier transforms of incident pulse and the reflected signal leads to a quantity which is termed as he return 
loss 


14-5 Feed Methods 


Microstrip patch antennas can be fed in a variety of ways. These feeding methods can be classified under 
the categories of (a) contacting, and (b) nan-contacting feeds. In the contacting method, the RF power is 
fed directly to the radiating patch using a connecting element such as a microstrip or a coaxial line, In the. 
non-contacting scheme, electromagnetic coupling is dane to transfer the power between the feed line and the. 
radiating patch. Some of most popular feed techniques include (i) microstrip line, (il) coaxial probe, (ili 
aperture coupling, and (iv) proximity coupling. The first two of these techniques fall into the category of 
contacting schemes, and the last two are non-contacting schemes, 


14-58. Microstrip Feed 
In this technique, a conducting strip is connected directly to the edge of the microstrip patch, The conducting 
strip is much smaller in width as compared to the width of the patch, This kind of feed arrangement has the 
advantage that the feed can be etched on the same substrate to provide a planar structure. There are many 
versions of microstrip feeds which are described as below. 

(al Center teed Itis illustrated in Fig. 14-4 wherein the microstrip line is in the center of the patch. 

(6) Offset feed Itis illustrated in Fig. 14-7a wherein the microstrip line is notin the center of the patch, 
(е) Inset feed When an antenna is fed in the center of the width (Fig. 14-4) or at an end (Fig. 14-73), the. 
Current is low at the ends of a half-wave patch and increases in magnitude towards the center along with 
dimension L. This arrangement yields a high input impedance. The input impedance can be reduced if the. 
patch is fed closer to the center (e, nearer to middle of the length L. Figure 14-7b illustrates the inset feed 
method of a microstrip antenna wherein the transmission line extends by a distance A from the end. 

The purpose of the inset cut in the patch is to match the impedance of the feed line to the patch without 
the need for any additional matching arrangement. This is achieved by properly controlling the inset position. 
Hence, this is an easy feeding scheme, since it provides ease of fabrication and simplicity in modeling as well 
as impedance matching, However, as the thickness of the dielectric substrate increases, surface waves and 
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spurious feed radiations also increase. This reduces the antenna bandwidth. The feed radiation also results in 
undesired cross-polarized radiation. 

Assuming the patch to be half-waveleng long (i.e, 2 = 21 the phase change in the length is given by 
2л RI(2L)=x RIL, With the further assumption of sinusoidal distribution of current, the departure from the 
fend by a distance R will increase the curent by cos RIL), The voltage will lso decrease in magnitude by 
the same amount as that when the current increases, The input impedance (Z = VII) can be given as 


Zin (R) = co (r R/L) Zu (0) a 


In (1), Zin(0) is the input impedance if the patch is fed at the end. By inset feeding of the patch, the input 
impedance can be decreased. As an example, let R = 1/4, cos RIL) =cos\-r/4) and cos! (1/4) = 0.5, Thus, 
2248 inset would decrease the input impedance by 50%. This method can be used to tune the input impedance. 
to the desired value. 

(dI Quarter-wave line feed The microstrip antenna can also be matched toa transmission line of characters 
tic impedance Za by using a quarter-wave section of characteristic impedance Zi. This arrangement is shown 
in Fig. 14-76, If the impedance of the antenna is Z4, then the input impedance viewed from the beginning of 
the quarter wave section is 


21/24 (2) 


Zy 


This input impedance 2, can be altered by suitable selection of Zi, so that Zin = Zo and the antenna 
Impedance is perfectly matched. The parameter 7; can be altered by changing the width of the quarter-wave 
strip. 

Another way to look attheinputimpedance 
‘of a microstrip patch isto look about how far 
isthefeed from an open circuit. If thefeedisat 
the center, it amounts to a short circuit in both 
directions, because itis a quarter-wave from a 
short circuit. If the feed is at any of the edges, 
it is equivalent to an open circuit, because it 
is half-wavelength away from another open 
circuit. The dielectric constant that controls 
the resonance of the antenna isthe effective 
dielectric constant of the microstrip line. 

Figure 14-8 depicts the relative intensity 
(and direction) of the E and H-felds along 
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ofthe paper. At the edges of the strip [x/L 
(0 (0%) and x/L = 1 (100%), the H -feld drops to zero, because there is no conductor to carry the RF current 
and it is maximum in the center. The E-field intensity is maximum in magnitude and of opposite polarity 
at the edges (x/L = 0 and s/L = 1 ) and zero at the center, The ratio of E to H field is proportional to 
the impedance Thus, by suitably locating the feed point between the center and the edge, theoretically any 
desirable value of Impedance can be obtained including that of 50 ohms. 
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145b Coaxial F 
The coaxial feed, or probe feed, is a very common technique used for feeding microstrip patch antenas, As 
shownin Fig. 14-9, teinner conductor of the coaxial connector extends through the dieectríc and is soldered 
to the radiating patch, while the outer conductor is connected to the ground plane. The position of feed can 
фе altered (as before) to control the input impedance. 

Themain advantage of this typeof feed scheme Is that the feed can be placed at any desired location inside 
thepaichin order to match withitsinputimpedance. T his feed method is easy to fabricateand has low spurious 
radiation. However, its major disadvantage is that its ground plane coaxial provides а narrow bandwidth and 
is difficult to model since a hole has to be drilled in the substrate, and the connector protrudes outside the 
ground plane, thus allowing it to remain completely planar or thick substrates. Also, for thicker substrates, 
the increased probe length makes the input impedance more inductive, leading to matching problems. The 
coaxial feed introduces an inductance into the feed that may need to be taken into account if the height gets 
larger In addition, the probe may Introduce radiations into undesirable directions. 

In view ofthe above, it is seen that a 
thick dielectric substrate provides broad 
bandwidth, but the microstrip and the 
coaxial feeds suffer from numerous dis- "| 
advantages and neutralize some of the 
gains of a thick substrate. The non- 
contacting feed techniques discussed 
below solve some of these problems. Figure 14-8 Coaxial or probe feed patch antenna. 
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14-50 Aperture-Coupled Feed 
Thisfeedtechniqueisalso called theelectromagneticcoupling scheme. In this scheme, two dielectric substrates 
are used such that the feed line is sandwiched between the two and the radiating patch is on top of the upper 
substrate. The feed circuitry is shielded from the antenna by a conducting plane with а holelslotaperture to 
transmit energy to the antenna, as shown in Fig. 14-108. The coupling aperture is usually centered under 
the patch, leading to lower cross-polarization due to symmetry of the configuration. The amount of coupling 
between the feed and the patch is determined by the shape, size and location of the aperture, Since the ground 
plane separates the patch and the feed line, spurious radiations are minimized. Generally, а thin and high 
dielectric material is used for the bottom substrate, and a thick and low dielectric material is chosen for the. 
top substrate to optimize radiation from the patch. 
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Figure 14-10 Non-contacting feeds. 


The main advantage of this feed technique is that it eliminates spurious feed radiation and provides very 
high bandwidth (as high as 13%), dueto overall increase in the thickness of the microstrip patch antenna This 
scheme also provides choices between two different dielectric media, one for the patch and one for the feed 
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line to optimize the individual performances. Matching can be achieved by controlling the length of the feed 
line and the width-to-line ratio of the patch. The major disadvantage of this scheme is that it is difficult to 
fabricate a microstrip line because of the two dielectric layers which need proper alignment. Also, there is an 
increase in the overall thickness of the antenna, 


14-54. Proximity-Coupled (or Indirect) Food 

If the inset feed (Fig. 14-7b) is stopped just before the patch antenna or the probe feed (Fig. 14-9) is trimmed 

such that it does not extend to the patch antenna, the new arrangement can be termed as a proximity-coupled 

oras indirect feed. This feed system is shown in Fig, 14-10b. The advantage of a coupled feed is that it adds 
Table 14-1 Comparison of different feed methods 
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an extra degree of freedom to the design. The gap introduces a capacitance into the feed that can cancel out 
the inductance added out by the probe feed, 


All the characteristics of an antenna summarized atthe end of Chapter 2 are equally applicableto the microstrip 
antenna (MSA). Some of the more important characteristics ae briefly described below. 


14-68 Radiation Pattern 
In Fig. 14-5a and b, two radiation patterns in ¢ =0 (ie in azimuth) and ¢ = 90° (in elevation) were shown. 
Yet another typical radiation pattern for a linearly polarized patch antenna was shown in Fig. 14-5c. This 
figure shows a cross-section in a horizontal (azimuth) plane. The pattern in the vertical (elevation) plane Is 
similar though not identical. The scale is logarithmic, so (for example) the power radiated at 180" is about 
15 dB less than the power in the center of the beam, Le, at 90°. The beam width is about 65° and the gain 
is about 9 dBi. An infinitely large ground plane would prevent any back radiation, but the real antenna has а 
fairly small ground plane, and the power in the backward direction is only about 20 dB down from that in the 
main beam, 

To understand the radiation process in microstrip antennas, consider the side view of a patch antenna, 
shown in Fig. 14-4(b). In connection with the inset feed, it was mentioned the in an end-fed case, the current 
will be low at the ends and high in the center of the antenna, The above statement can further be remodeled 
for the assumed sinusoidal current distribution thatthe current will be (theoretically) zero a the (open circuit) 
‘ends of the patch and maximum atthe center of the half-wave patch, Sincethe patch isa conductor, the voltage 
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and current are out of phase. Voltage will be maximum (say +V volts) at the end of the patch and minimum 
(-V volts) atits mid-point. Thus the field underneath the patch will resemble that of Fig. 14-3a. This figure 
roughly displays fringing of we field around the edges. This fringing field near the surface of the patch isin 
the y direction. It is this fringing field that is responsible for the radiation. It is to be noted that smaller the 
s, more ‘bowed is the fringing field as it extends farther away from the patch. Therefore, use of а substrate 
with smaller e, yields better radiation. Also, in the locations where no power is to be radiated (e. microstrip 
transmission lines), a high value of , Is to be used. Such a selection allows more tight coupling of the field 
with less fringing and hence less radiation. This is one of the trade-offs in patch antenna design. It needs to 
be further mentioned that in an end-fed antenna, since there is low current at the feed, the impedance has to 
be high. The variation of E, H and Z with the ratio of distances is illustrated in Fig. 14-8. 


14-6b Beam Width 


Figure 14-5 illustrates diferent radiation pattems for an M SA.. From these illustrations, It can be noted that 
MSA's generally have a very wide beam width, both in azimuth and elevation. 


146e Directivity 


In view of the cavity model of an M SA, the simplified expression for directivity D for TM 1,9 mode can be 
written as 


A uz 
ул 


Where rs the thickness of the substrate, Р, is the radiated power, W' = W + I, по = 1207, Ko is the wave. 
number and En is the magnitude of the z-directed electric field intensity inside the cavity given by 


a 


T. cos TEE a 


Here Z is the length of the patch along the x axis and W is the width of the patch along y axis 


E, = Бос" 


146d Gain 


Gain of a rectangular microstrip patch antenna with air dielectric is roughly estimated between 7-9 dB in 
view of the following counts. 


‘© Gain of the patch from the directivity relative to the vertical axis is normally about 2 dB, provided 
the length of the patch is half a wavelength 

. Ifthe patch is of square shape the pattern in the horizontal plane will be directional. Such a patch is 
‘equivalent to а pair of dipoles separated by half-wavelength. This counts for another 2 to 3 dB gan. 

‘If the addition of the ground plane cuts off most or all radiation behind the antenna, the power 
averaged over all directions is reduced by a factor of 2 and thus the gain is increased by 3 dB. 


14-60. Bandwidth 
‘The impedance bandwidth of a patch antenna is strongly influenced by the spacing between the patch and 
the ground plane. As the patch is moved closer to the ground plane, less energy is radiated and more energy 
is stored in the patch capacitance and inductance: that is, the quality factor О of the antenna increases and 
impedance bandwidth decreases. 

A patch printed onto а dielectric board is often more convenient to fabricate and is a bit smaller, but the 
Volume of the antenna is decreased, The bandwidth decreases with the increase of O roughly in proportion 
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to the dielectric constant of the substrate. Real patch antennas often use ground planes only modesty larger 
than the patch, which also reduces performance. The feed structure also affects the bandwidth. 

The voltage standing ratio 8 is an important parameter to be accounted, particularly at the input and 
under resonance conditions, If Oo is the unloaded radiation quality factor itis related to the bandwidth by the 
following relation: 


5-1 
Bandwidth = 
[m 


In view of this relation, it can be concluded that as 5 increases, the impedance bandwidth increases 


a 


34-6 Quality Factor 
Microstrip patch antennas have a very high quality factor. The quality factor” ° represents the losses 
associated with the antenna. A large O leads to narrow bandwidth, and alow efficiency O can be reduced by 
increasing the thickness of the dielectric substrate But as the thickness increases, a large fraction of the total 
power delivered by the source transforms into a surface wave, This transformation amounts to an unwanted 
power loss since it is ultimately scattered at the dielectric bends and causes degradation of the antenna 
Characteristics. The surface waves can be minimized by using photonic band-gap structures. Problems of low 
ain and low power handling capacity can be overcome by employing array configurations. 


14-69 Efficiency 

The total loss factor for an MSA can be given by 
Lr = IL. + La +L, (4) 

where, L is the os in radiation, L, Is the lossin the conductor and L, is theloss in the dielectric, The oss 

Inthe conductor and dielectric substrates) results in the reduction of radiation efficiency which is given by 
Р, 

TARA » 


where P, istheradiated power, P. isthe power dissipated dueto conductor loss, and Py is the power dissipated 
due to the dielectric. 


п 


en Polarization 
A ninherentadvantageof patch antennasis their ability to have polarization diversity. Patch antennas can easily 
be designed to have vertical, horizontal, righthand circular (RHCP) or left hand circular (LHC P) polarizations, 
using multiple feed points, or asinglefeed point with asymmetric patch structures. This unique property allows 
patch antennas to be used in many types of communication links that may have varied requirements. 

Circularly polarized waves can be obtained from patch antennas when a square patch is excited by two 
feeds, with their inputs having a 90° phase shift. With this arrangement, the leve of two currents will be such 
that when the vertical current Пон is at maximum, the horizontal current will be at minimum (zero). It will 
result in a vertical radiated electric field. After one quarter-cyce, the situation will be reversed and the field 
will be horizontal. The radiated field of the same magnitude will thus rotate in time, producing a circularly 
polarized wave. Itcan also be obtained by using a single feed with the introduction of some sort of asymmetric 
slat or other feature on the patch, causing the current distribution to be displaced. 

The above techniques are equally applicable to circular patches to result in circularly polarized waves, 
However, a circular patch does not necessarily radiate a circularly polarized wave. A symmetric circular patch 
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igure 14-11 Variation of return loss with frequency. 


with a single feed point will create linearly polarized radiation. A nearly square patch, with length а bit less 
than the resonant length and width а bit more (or vice versa) and driven at the corer will result in a circularly 
polarized wave. 
146i Return Loss 
The return loss is defined as the ratio of the Fourier transforms of the Incident pulse and the reflected signal 
It isan important parameter to reckon with. Figure 14- 11a illustrates the variation of the return loss with two 
resonance frequencies 
‘Asan example, consider a square patch antenna ed atthe end as before, Though the M SA s operate at much 
higher frequencies (Fig. 14-113) and are of much smaller size, but for a moment assume that the antenna 
dimensions ae L = W =1.5mand h =3 cm with i lor Styrofoam with permittivity equal to 1) as substrate. 
Such an antenna will be resonant at 100 M Hz. When matched to a 200-ohm load, the magnitude of the retum 
loss will be as shown in Fig. 14-11b, This figure leads to the following important conclusions. 
(0 The bandwidth of a patch antenna, in general, is very small. The bandwidth of rectangular patch 
antennas is typically of the order of 3%. 
(i) The antenna designed to operate at 100 MHz is resonant at nearly 96 MHz. This shift is due to 
fringing fields around the antenna, which makes the patch appear a ite longer. Thus, when a patch 
is designed itis customary to trim the length by 2-4% to achieve resonance at the desired frequency. 


14-6] Radar Cross-section 
TheGPS guidance systems require low radar cross-section (RCS) platforms. Contrary to the requirement, the 
RCS of a conventional patch antenna is often too high to be acceptable. A standard technique used to reduce 
the RCS of a conventional patch is to cover the patch with a magnetic absorbing material. This treatment 
however reduces the antenna gain by several ds, 


14-7 Impact of Different Parameters on Characteristics 


The parameters (L, W, h, A and a,) shown in different illustrations of rectangular patch antennas control 
the antenna properties. Therefore, the nature and quantum of impact of these parameters is to be properly 
accounted for an efficient design, 

In view of (2) of Sec. 14-4 it can be stated that the length L and the width W, 
patch, controls the resonant frequency. 


r the aspect ratio of the 
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Earlier, it was also noted that the width W controls the input impedance and the radiation pattern. The 
wider the patch becomes, the lower will be the Input impedance. Since the dimension helps in maximizing 
the efficiency, the best choice Гог the dimension W is given by (7) of Sec. 14-4. 


RT FIT a 


In this equation, the net dielectric constant used is the average of be dielectric constant of the substrate and 
that of air to obtain a half-wavelength. 

The permittivity , of the substrate controls the fringing field. Lower thes, wider more will be the fringing 
and better will be the radiation. A decrease in «also increases the antenna bandwidth, The efficiency of the 
antenna also increases with the lower value for permittivity. The Impedance of the antenna increases with 
higher permittivities. Higher values of permittivity result in ‘shrinking’ of the patch antenna. In cell phones, 
there is given very lite space and the antenna needs to be half-wavelength long. One technique is to use a 
substrate with a very high permittivity. 

Equation (1) of Sec. 14-4 can be manipulated to yield a relation for Z which is given as below: 


L= ½ RES a 
Thus, if the effective permittivity is increased by a factor of 4, the required length decreases by а factor of 2 
Using higher values for permittivity is frequently exploited for miniaturization of antennas. 

As a general principe, ‘an antenna occupying mare space in а spherical volume will have a wider band: 
width’. The impact of this principle is noticed when the increased thickness of a dipole antenna increases 
its bandwidth, Since increase in height increases the volume, the bandwidth is bound to increase. Thus, the 
height ої the substrate controls the bandwidth. Besides, the increase in height also results in a more eff 
cient antenna. Increase of height, however, induces surface waves that travel within the substrate This may 
result in undesired radiations which may couple to other components. Equation (3) shows the dependence of 
bandwidth on various parameters discussed above 


w 


-bw 
nač a 
Similarly, the bandwidth can also be written in terms of the proportionality relation, i.e, 
[EUNT] [7 


14-8 Methods of Analysis 


There are three most popular models for the analysis of microstrip patch antennas. These include 
(i transmission tine model, (1) cavity model, and (il) full-wave model. These are briefly described as 
below. 


14-62 Transmission-Line Mod 
The transmission-line model was developed in 1970 by Munson. It is the simplest of all models and gives 
good physical insight but is less accurate. Although the transmission-line model is easy in implementation, it 
has some inherent disadvantages. In this model, the radiating edges of the patch located at the end opposite 
to the feed end are modeled as а pal of transmission lines excited 180° out of phase, This model neglects 
variations along the radiating edges and the effect of feed. It requires an empirically determined correction 
factor for accounting fringing field at the edges, It is specifically useful for patches of rectangular shape and 
does not suit the circular or arbitrary shaped geometries 
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‘This model represents the microstrip antenna by two slots of width W and height л, separated by а 
transmission line of length 4. The microstrip is essentially a non-homogeneous line of two dielectrics, 
typically the substrate and air. M ost of the electric field lines reside in the substrate and parts of some lines 
in air, Asa result, this transmission line cannot support the pure ТЕМ mode of transmission, since the phase 
velocities would be differenti the air and the substrate. Instead, the dominant mode of propagation would be 
the quasi TEM mode. Hence, an effective dielectric constant sy is to be obtained in order to account for the. 
fringing and the wave propagation in the line. The value of eg; is slightly less then s, because the fringing 
fields around the periphery of the patch are not confined in the dielectric substrate but are also spread in theair, 


148b Cavity Me 
In this model, the interior region of the dielectric substrate is modeled as a resonant TM n Cavity bounded 
by electric walls on the top and bottom. These walls may be considered as perfectly electrically conducting 
surfacesand perfectly magnetically conducting ribbons around the edges. Fieldsin MSA arederivedby solving 
for TM mn mode in the cavity. Radiation is accounted by estimating loss tangent in the material or reflection 
Coefficient at the ribbon. Within the cavity TM o, represents static capacitance and loss in conductor. The 
TM y and higher modes are radiative, This model works well for cavities of simple shapes such as rectangular 
and circular. For arbitrarily shaped cavities, the derivation for TH, mode is often tedious and numerical 
techniques are to be employed to solve integral equations. T he commonly adopted methods include the finite 
difference time domain method and the method of moment. This model is more suitable for M SA s with thin 
substrates confirming to the condition 4 < h. Since the substrate ls thin, the field in the interior region does. 
not vary much in the normal direction to the patch, 

‘The cavity model is more rigorous and hence more accurate. It gives good physical insight butis complex 
in nature, The limitations of the transmission-line model can be overcome by using the cavity model, 
14-8¢ Fullwave Model 
The full-wave models primarily involve integral equations/moment method. These are extremely accurate, 
versatile and can equally treat single elements, stacked elements, arbitrary shaped elements, finite and infinite 
arrays and the coupling. The full-wave models, however, give less insight as compared to the first two models 
and are far more complex in nature. 


14-9 Methods for MSA Tuning 


Most patch antennas work in a very narrow frequency band, commonly close to 1% to 3% of the operating 
frequency. Since the resonant frequency can drift out of band, special care needs to be taken to overcame the 
above drawback. Some of the techniques employed for tuning a (square) patch antenna to а desired frequency 
are described below: 


14-9a Using Two Stubs 
In this method, two stubs are positioned on the opposite radiating edges of the patch antenna. The patch is 
tuned in an iterative manner by systematic trimming of ether of the stubs. Narrow stubs allow fine tuning, 
whereas wide stubs are useful for larger tuning ranges. The tuning is only possible fram a lower frequency to 
a higher one. 


14-95, Using Shorting Posts 


Shorting posts or pins provide reactive loading. These conducting posts are placed between the patch metal- 
lization and ground plane. These shorting posts present a parallel inductance and thus result in the increase 
in resonant frequency of the patch. 
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14-90 Adjusting Thickness of the Air Layer 
The effective dielectric constant of the substrate is a function of the thickness of the air layer. When there are 
changes in thickness, the effective dielectric constant varies resulting in a new resonant frequency, 


14-94. Using Defected Microstrip Structure (DMS) 


Here the technique used is based on the behavior of a defected microstrip structure wherein the resonant 
frequency shifts down by increasing the antenna's electric length, 


14-10 Techni 


As stated earlier, low bandwidth is the main draw back of M Sas To improve the bandwidth many techniques 
have been devised, some of which are discussed below. 


14-40a Use of Thick Substrate 
This is one ofthe simplest methods which may be used to increase the bandwidth of an M SA, The bandwidth 
increases with the thickness but at the cost of some negative aspects, The thick substrate tends to trap surface- 
wave modes, especially those with high dielectric constant. Longer coaxial/probe feeds may experience high 
inductive-field effect, With larger thickness, modes higher than the fundamental may get excited. In view of 
these negative aspects, the radiation pattern may get degraded and the input impedance of the M SA may get 
detuned. 


14-40b Use of Low Dielectric Constant Substrate 


The resonant length of an MSA increases with the reduction in dielectric constant which, in tum, improves 
the directivity and hence bandwidth. 


14-102 Use of Stacked MSA's 
This technique is mainly suitable for circular 
patches Asillustratedin Fig. 14-12, two patches 
may be placed one over the other by using dielec- 
tric substancelspacers for separation, The lower stes 
patch is probe fed, while the upper one is elec- 

tromagnetically coupled to the lower patch. With 
the size of the upper patch kept less than that of 
the lower patch, further improvement in band- 
width is reported. In this method, improvement 
in the bandwidth is at the cost of increased antenna height and overall volume. Besides, the distance between 
two stacked patches also affects the antenna performance, When separation is less, impedance bandwidth 
improves. In case of large separation, the parasitic patch tends to act as director. In this case it Is the gain 
which improvesrather than theimpadance bandwidth. The impact of separation between the main and parasitic. 
patches which has been divided into regions is illustrated in Fig. 14-13, 


igure 14-12 Stacking of patch S 


14-40d Use of Non-contacting Feeds 


In Fig. 14-10, two non-contacting feed methods were shown. Both of these methods result in improvement 
of bandwidth of M SA 


The McGraw-Hill Compan 


ss Chapter 10 Microstrip Antennas 


Figure 14-13 Impact of separation between stacked patches. 


(8) Aperture-coupled feed (Fig. 14-108) also uses two stacked layers of substrate which are separated by а 
ground plane. The upper substrate is referred as superstrate and the lower layer as simply substrate. The patch 
is printed on the top of the superstrae, and the feed line is printed on the bottom of the substrate. A п aperture. 
iscutinto GP located between the two dielectric layers and the feed line is coupled through this aperture, This 
feed line is printed on a thin substrate with a high dielectric constant to limit spurious feed-line radiations. 
‘The operation of an antenna is better with a thick substrate with lower dielectric constant as it maximizes the 
radiation efficiency. A perture-coupled antennas allow the feed and patch to use different substrates, and thus 
the performance of both can be optimized. Further, the GP between the patch and feed line isolates the patch 
radiator from feed radiations and the surface waves. This leads to better polarization purity and radiation 
pattern. The coupling due to magnetic dipole is much stronger than that with electric dipole. Also, coupling 
from a long thin elliptical aperture is much stronger than through a small circular aperture. The long thin 
rectangular aperture parallel to the width of the patch is the ideal aperture shape. 

(0) The proximity feed (Fig. 14-109) also uses two stacked layers of substrate with the patch printed on the 
top side of the upper substrate [superstrate) The feed line is located on the top surface of the lower substrate. 
and the ground plane (GP) on the bottom of the lower substrate, The location and length of the open-circuit 
capacitive shunt stub on the feed line may be used to tune the input impedance of the antenna, 


14-11 Techni 
14-414 Size Reduction in Rectangular MSA's 

Theclassica resonant patch length of arectangular SA isof theorder of 2. Itisrestrictivewhen applications 
require a compact antenna design as in the case of mobile hand sets. Thus, the reduction in the size of the. 


antenna becomes a pressing need, To achieve this goal, many methods have been adopted. A few of these are 
described below, 


Shorting of Patch If the half-wave patch is shorted to the ground plane maintained at zero potential, the 
resonant length will be reduced by a factor of two and will result in a rectangular patch of 3/4 length. 


Change of Shape | further reduction in size is require, it can be done by changing the shape of the patch. It 
is to be donein such a manner that the performance of the M SA remains acceptable from rectangular patches 
with a resonant length of less than 2/4. 


Partial Shorting Partial shorting of zero potential plane increases the effective path length of the current 
оп the surface of the patch and thus decreases the resonance frequency of the М SA. The input impedance. 
and resonance frequency of а partially shorted М SA can be controlled by changing the width of the shorting 
stub. As the strip size decreases, the inductance of the patch increases which corresponds to a decrease of the 
resonance frequency. 


for Size Reduction 


14-11b Size Reduction in Circular MSAs 
Figure 14-143 illustrates removal of two sectoral sections of a circular patch and shunted with conducting 
strips. Such removal basically alters the current distribution on the surface of the patch which is normally 
uniform otherwise. Since the current at the edge of the patch is ow, the Input impedance seen by a microstrip 
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Figure 14-14 Sectoral circular patch MSA: (а) two section (b) four section. 


edge feed is high. The removal of sectoral sections, and addition of shunting stubs, results in a wide variation 
of current along the edge of the patch. Thus, itis possible to tune the input impedance of a microstrip edge- 
feed by changing the position of the shunt stubs and feed point. In addition, the circumference of the patch 
is lengthened by the removal of the sectoral sections, It allows the sectoral circular patch antenna to have 
a lower resonant frequency and hence size reduction, The two-section sectoral patch antenna is about 20% 
smaller than a classic circular patch antenna with the same resonant frequency. Itis possibleto further increase 
both the beam width and the impedance bandwidth ofthe antenna by removing two more sectoral sections 
as shown in Fig. 14-14b, This results in further size reduction to about 60 % with respect to a conventional 
circular patch antenna of the same dimension, 


14-12 Array of Microstrip Antenn: 


It is possible to construct complex arrays of patchimicrostrip antennas by employing the printed-circuit 
techniques on a dielectric substrate. Such arrays may have high gain, customizable beam and return loss 
properties, and other unique features at low cost, Depending on the directivity requirement, such arrays may 
contain from few to a very large number of elements. Use of such arrays with large number of elements is 
‘quite common in radar applications for electronic scanning. One of the major drawbacks of such arrays is 
the element-to-element mutual coupling. Techniques used to reduce the coupling include (i) increasing patch 
height and decreasing substrate permittivity, (i) using parasitic patches in another layer (stacked geometry) at 
thecosto increased antenna thickness, (ii) using parasitic patches inthe same layer (coplanar geometry) atthe 
cost of undesirably increased antenna lateral size making antennas unsuitable for antenna array applications, 
and (iv) surrounding patch elements with metal walls. This last technique effectively prevents surface wave. 
modes from being excited in a substrate, thus allowing the substrate thickness to be increased without serious 
effects. 


14-13 Applications 


Microstrip antennas are increasingly gaining popularity for usein wireless applications dueto their low-profile 
structure Therefore, they are extremely compatible for embedded antennas in handheld wireless devices such 
as cellular phones and pagers. The telemetry and communication antennas on missiles need to be thin and 
conformal and are often microstrip patch antennas. Another area where they have been used successfully 
is in satellite communication, Also, microstrip antennas have widespread applications in microwave and 
millimeter wave systems, These have been employed in airborne and spacecraft systems because of their low 
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profile and conformal nature. М any of these applications require a dielectric cover over the radiating element 
to provide protection from heat, physical damage and environment. When a microstrip antenna is covered 
with a dielectric layer (superstrae), ts properties like resonance frequency and gain are changed which may 
serlously degrade the system performance. Therefore, the effects of such coverage are to be carefully studied 
and necessary corrective measures are to de taken in its design and fabrication. 


Table 14-2 Applications of microstrip antennas 


— — Frequency 
Т ANC атт ЭБИН: ane Ee CHE 

„ Cemar phone 24-849 MHz and 569-695 MHz 
„ Cenlar video ace 

a Colson awidanceradar 60 GHz, 77 GHz, and 94 GHz 

„ Dieet broadcast satelite 117-125 Ghz 

© Gibalpostnbgsaeite 1575 MHz and 1227 MHz 

„ osm 390-915 MHz and 935-960 MHz 
p 931-032 ин: 

8. Personal communication system 1.85-1.99 GHz and 2.18-2.20 GHz 
10 Wide area computernetmaris — 60GHz 

eee area networks 240-248 GHz and 54 GHz 


While most of the advances in microstrip antennas and arrays are due to military and space applications, 
the utility of this technology is rapidly gaining ground in the commercial sector. The specifications for defense. 
and space applications typically emphasize maximum performance with little constraint on cost. Commercial 
applications, however, demand low-cost components, often at the expense of reduced electrical performance. 
Thus, microstrip antennas for commercial systems require low-cost materials, and simple and inexpensive 
fabrication techniques. Some of the commercial systems, along with the aplication frequency, that presently 
use microstrip antennas are listed in Table 14-2, 

Microstrip antennas are frequently used in these applications owing to their small size and other advantages. 
listed earlier, In phased-array radars, where low-profile antennas are required and bandwidths less than a few 
per cent are acceptable, microstrip antennas are quite popular. In satellite radio receivers (X M, Sirius, ec), 
the antenna is often mounted in a vehicle (like satellite television dishes in homes) where the angle in the 
X-Y plane relative to the satellite is not fixed. Thus, circular polarization is employed for satellite radio, and 
the angle of patch with respect to the satellite doesn't matter, 


14-14 Computer Aided Design (CAD) Mo: 


Computer Aided Design (CAD) software is one of the most pervasive subjects in the fields of microwave 
and antenna engineering. Such software not only makes the work easy but also helps in solving complicated 
problems. CAD relations are closed-form approximate expressions that describe the basic properties af the. 
patch antenna, viz., resonance frequency, Input impedance, etc. There are manifold advantages of a CAD 
model 


% CAD relations are independent of specific feeding mechanism with the exception of input resistance. 
(ii) These require less computation time. 
(lí) These can be implemented with ease. 
(iv) | These do not require rigorous mathematical steps 
(V) These have good accuracy. 
(vi) They lead to results closer to those obtained experimentally, 
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Two of the commercially available CA D packages are the following: 


(a) PCAAD 3.0 isa window based general-purpose antenna analysis and design tool. It can treat several 
types of antennas and arrays and includes a cavity-model solution for the basic aperture coupled 
antenna element. 

(b) ENSEMBLE 2.0 implements a general moment- method solution and is capable of handling arbitrarily 
shaped patches, coupling apertures and feed networks. 


Besides the above, there are a number of papers and books wherein tools for designing microstrip antennas 
are discussed. A few of them are listed below, 


(a) A CAD tool named CY LINDRICAL presentsan algorithm which utilizesthe cavity model to design 
and analyze linearly and circularly polarized probe-fed rectangular microstrip antennas conformed 
onto cylindrical structures 

(b) A paper”” presents a fast and accurate closed-form model for interactive computer-aided design 
and optimization of circular microstrip antennas on suspended or composite substrates. This model 
facilitates the computation of the resonance frequency, Input impedance and bandwidth. 

(©) Anotherpaper'+* presents a new CAD model to calculate accurate resonant frequencies of Inverted 
microstrip circular patch antennas having a wide range of parameters. This model incorporates all 
the effects of various dimensions and dielectrics used. 

ld) А bock with an IBM PC-compatile diskette contains a number of computer programs and а 
user-friendly guide. It illustrates sample design cases and expected results to assist in the analysis 
and design of specific microstrip antennas and arrays. It contains design approaches, techniques, and 
equations along with the required information for the design of antennas and RF microwave circuits. 
Step-by-step coverage of the design of various singleelement radiators, including rectangular, ir 
cular, broadband, and CP patches аге the essential features of the text. Interaction between design 
parameters and antenna performance is also discussed. 
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Topics in this chapter include: 


Electrically small antennas 
‘Small genetic algorithm antenna 
Physically small antennas 


‘ground 
Ground plane antennas 

Sleeve antennas 

Turnstile antennas 

The superturnstile antenna 

Other omnidirectional antennas 
Cireulaly polarized antennas 

The high-gain omni 

Submerged antennas 

Surface wave and leaky wave antennas 


Receiving vs. transmitting considerations 


15-1 Introduction 


Antenna siting and the effect of Imperfect 


Antenna design for satellite communication 


Antennas for Special 
Applications 


Bandwidth considerations 
‘Architecturally acceptable antennas 

ILS (Instrument Landing System) antennas. 
The Sugar Scoop Antenna and the 3K Cosmic 
Sky Background Story 

LEO (Low Earth Orbit) satellite antennas. 
Asteroid detection antenna 

Leaky transmission lines as antennas. 
Artistic antennas 

Cell phone antennas. 

Ground Penetrating Radar (GPR): Pulse bed 
width 

Embedded antennas 

Ultra-Wide Bandwidth (UWB) antennas for 
digital applications 

Plasma antennas. 


Previous chapters cover the properties of many basic types of antennas which are the mainstream of antenna 
technology. in this chapter, more specialized, application-oriented antennas are discussed. These include 
antennas that are electrically small (but sometimes physically very large) and ones that are physically small 
(but sometimes electrically large), siting of antennas and the effect of typical ground, feeding and matching 
arrangements, and antennas for specialized applications from vehicular to satellite communication 


15-2 Electrically Small Antennas 
‘The radiation efficiency of an antenna is given by 
R, 


RE R, + RL 


(dimensionless) 


a 
523 
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where 
в, = radiation resistance, © 
Rj, = loss resistance, d 
From (6-4-15), radiation resistance of a short dipole is given by 
Re =2003 (©) a 
Where l. = length of dipole in wavelengths, dimensionless 
Ith = O.L R, = 20; if |, = 0.01, R, = 0.02 ©. With such low values of radiation resistance it is 


apparent that even small values of loss resistance can result in low radiation efficiency. 


EXAMPLE 18-2.1 Referring to Fig. 15-1a, a 100-kH2 transmitter feeds a 150-m vertical antenna 
against ground. The loss resistance is 2 ©. Find (a) the effective height, (b) the radiation resistance and 
(c) the radiation efficiency. 


acting 


Ground "Fond across 
базе паша 


@ (5 


Figure 15-1 Electrically small antennas. (a) 150-m tower for operation at Ag = 3000 m. 
(b) Two nonradiating towers supporting flat top for increasing effective height. 


п Solution 
(a) At 100 kHz (A = 3000 m), the antenna (physical) height п, = 0.052. (=150/3000) and with a 
triangular current distribution (current zero at top increasing linearly to а maximum value Jo at the base) 
we have, from (2-10-3), that the effective height /. = 1/2 = 0.025. 

(6) The radiation resistance for a short vertical monopole is given by 


er 


and for the 150-m vertical radiator, we have 
400 0.05? 


ii assumes in (21 an (3) at he verge rra ceris b teil алеп. 
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15-2 Electrically Small Antennas = 


le) From (1) the radiation efficiency 


R, 1 
RE = gy = j = 023 or 33 percent 


To increase the radiation efficiency requires an increase in the radiation resistance R or a decrease in the 
loss resistance Rz or both. T he loss resistance involves losses in the ground system, antenna insulators, tuning 
сой, conductors (including the tower itself) and corona. These may be reduced but only at a certain соя. On 
the other hand, doubling the physical height of the antenna quadruples the radiation resistance and increases 
the radiation efficiency. However, to double the tower height might cost 8 times as much (cost proportional 
approximately to the cube of the height). A nother alternative would be o use 2 towers 150 m tall supporting 
а vertical wire with Nat top as suggested in Fig. 15-15, making the current distribution along the vertical 
conductor more uniform (day > 41) and the effective height more nearly equal to the physical height. This 
vil not quadruple R, but could iñcreaseit by some factor less than 4. The currents on the top are in phase 
opposition and, being separated by a small fraction of a wavelength, have only a small effect on the radiation. 
What steps, if any, are taken to increase the radiation efficiency involve trade-offs with cost considerations a 
determining factor: 

According to Harold Wheeler, a figure-of-merit for an electrically small antenna is its radiation power 
factor: 


radiated power _ Re 


OF = اا‎ a 
where 
R, = radiation resistance. 
X = reactance 
This is notthe same as 1/0 since 
о = Py Stored per unittime X _ center frequency ۳ 


energy Tostper unittime ~ R; +R; ~ — bandwidth 
Thus, increasing ether R, or Ry, or both, reduces О and broadens the bandwidth. However, only an increase 
in R, increases Wheeler radiation power factor (Wheeler, 2; Hansen-1). 

Harold Wheeler defines an electrically small antenna as one which occupies a volume of less than a radian 
sphere, Le, a sphere of radius r = 2/27 (=0.16 2). The significance of this definition is that stored energy 
dominates inside the radian sphere while radiated energy is important outside. Wheeler shows further that the 
radiation power factor for а small antenna is equal to the ratio of the antenna volume to a radian sphere or 

3 


antenna volume zs, (2er m 
e) 
where 
= radius of antenna volume, m 
wavelength, m 
According to (6), the PF or figure-of-merit of small antenna varies asthe cube of its dimension If R = 
in (5), we have from (4) and (6) that 
1 
es т 
[zx 
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Thus, an electrically small lossless antenna (2x1, < 1) is inherently high O and narrow bandwidth. We 
note from (5) that losses decrease O and increase bandwidth, 

To reduce the attenuation through salt water, very low frequencies (10 to 50 kHz) are used for transmitting 
to submerged submarines. At a frequency of 10 kHz (A = 30km) antennas may have fat tops covering 
many square kilometers and rank as the world's largest antennas (physically), yet they are electrically small 
(he < 0.014). (See Prob. 15-12-1) 


я5-2а Short Stub Antenna, Small Genetic Algorithm Antenna and Small Serios-Tuned 
Loop Antenna 


A short tub antenna of height = 4/20 as in Fig, 15-1-12 has a radiation resistance from (15-2-3) given by 
R, = 4004/2)? = 400(1/20)? = 1. 


If the height is reduced to »/40 butthe current is uniform instead of tapered as in Fig. 15-: 
resistance from (15-2-3) is 


R, = 16000. = 1600(1/40)? = 1 Q 


A resonant 10-segment genetic algorithm antenna with height 
resistance R, = 14 Q (Altshuler-1). 


1a, the radiation 


[25 asin Fig. 15-1-1b has a radiation 


(e) 


B л 
* IC 
м. =. = 


m 
Rin -tan җ-02п 


Figure 15-1-1 (а) Stub antenna of height h = 4/20, (b) genetic algorithm antenna of height 
h=/25 and (c) resonant series-tuned loop antenna of height h 25 


A resonant seres-tuned LC circuit acting as a small loop antenna of height = 2/25, as in Fig. 15-1-1c, 
is analogous to the 10-segment antenna of Fig. 15-1- 1b (Walter-1). From (7-7-108) the radiation resistance 
of thelaop is 


R, = 31,200(nA 22)? = 31,2002 22/5042)? = 0.2.0 


15-3 Physically Small Antenn: 


Heinrich Hertz and other radio pioneers used meter and centimeter wavelengths, but the demonstration of 
long-distance communication with kilometer wavelengths by Guglielmo Marconi and others soon moved 
interest from the short to the long wavelengths. However, over the intervening years this trend has been 
reversed and now active radio technology extends down to millimeter and submillimeter wavelengths, One 
of the bonuses of the short wavelengths s the spectrum space available for many wide-bandwidth video and 
high-data-rate channels, 
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Antennas for these short wavelengths include printed and patch antennas and ones with built-in (integrated) 
active elements (amplifiers and ̃ These active elements can compensate for the increased 
transmission tine losses at millimeter wavelengths. 

Theexponential V described earlier is well 
adapted for printed-circuitfabrication, as sug- 
gested in Fig. 15-2. Here the V takes the 
form of an exponential notch in the conduct- 
ing surface of а circuit board with coupling 
from a 0-0 strip line on the other surface of 
the board. Bandwidths of 5 to 1 are possible 
but with only small gain (Prasad-1). How- 
ever, many such printed notch radiators сап 
be stacked to farm highly directional phased 
arrays (Armitage-1), 1 ee 

Visible wavelengths (blue to red) extend а 
from 400 to 700 nm. Infrared wavelengths Figure 15-2 Exponential notch antenna with 
extend from 700 nminto the micrometer range 50-0 microstrip feed. 
where they merge with radio. Whether these 
micrometer wavelengths are called infrared or radio is arbitrary. Wilh printed-circuit tecnologies now able 
to fabricate structures in the micrometer and nanometer range (Robinson-1), it тау be possible to construct 
antennas for even shorter wavelengths. 


| Thickness: 
exaggerated 


15-4 Antenna Siting and the Effect of Ty 


al (Imperfect) Ground 


їп Secs. 6-15 and 6-16 the vertical plane patterns for Diet 
horizontal and vertical antennas were calculated assum- ray 
ing that he ground was perfectly conducting (o = co). 
Let us consider now the more general situation of a flat elected 
ground which is not perfectly conducting, considering ади 

fist he case for horizontal polarization. Referring to pss 
Fig. 15-3, the electric field from the horizontal dipole 

is perpendicular (1) to the page or plane of incidence. 
Assuming the ground is nonmagnetic (u = a), it may 
be shown that the reflection coefficient (p. ) is given by 


sina = Ve, Oa у Pat erence 
Sina ve, cote [ 


where Р 
s, c relative permittivity of the ground e кез 


where jure 15-3 Geometry for horizontal 
ground permittivity dipole at height h above а flat earth or 
air (or vacuum) permittivity ground. 

elevation angle (= 90° minus angle of Inci- 

dence measured from the zenith) 


ч 
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и, 3> 1, h reduces to 
sine -n 
„ай-е 2 
P тп a 
where = „у = index of refraction 
The гаа electric field at a large distance is the resultant of the direct ray from the dipole and the ray 
reflected from the ground, as suggested in Fig. 15-3, as given by 


+p [hsna a 


2% 
height of horizontal dipole above ground 
elevation angle 
p. = reflection coefficient 
24h sina = path length difference of direct and reflected 
rays, rad 
In its complex form 


4j = = w 
From (2) we note that if the ground is: (1) perfectly conducting (o = oc) or (2) a lossless dielectric (o = 0) 
of large relative permittivity >> 1), 
pun (5) 
and the patterns for the two cases are the same 
Consider now the situation or vertical polarization. 
Referring to Fig, 15-4, he electric fied from the short 
vertical dipole is parallel (1) to the page or plane of 
incidence. Assuming that the ground is nonmagnetic 
(и = na), тау be shown that the reflection coefficient 
(py) is given by (Kraus (1) and Fleisch) 
sešn Va 


p ZTE © 
1 eyna + Vey 0Sa 
Ife, > 1, (6) reduces to 
PE UR T 
sina pT 
Where n = “r= index of refraction Figure 15-4 Short vertical dipole at 


‘As with the horizontal dipole, the field ata large dis. height h above a fat ground 
tance is the resultant of the direct ray from the vertical dipole and the ray reflected from the ground, as 


suggested in Fig. 15-4, as given by 
Ej = cosal1 + py 28h sna) в) 
where 
„ 25% 
h = height of center of short vertical dipole above ground 
a = elevation angle 


оу = reflection coefficient 
24h since = path length difference of direct and reflected rays, rad 
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02 oa ns an 18 
Relative feid 


Figure 15-5 Vertical plane patterns for Example 15-4.1 of horizontal 2/2 dipole 2/2 above а 
flat earth with s = 16 and o = 10-25 m at 1 MHz (solid curve) and at 100 MHz (dashed 
curve), The pattern for perfectly conducting ground (о = as) is essentially the same as the solid 
curve. Patterns to left (90° < а < 180°) are mirror images. 


From (7) we note that if the ground is: (1) perfectly conducting (o = ос) or (2) a lossless dielectric 
(o = 0) of large relative permittivity (< > b. 


o = +1 o 
and the patterns for the two cases are similar, except at small values of sina 
To illustrate the significance of we above relations let us consider several importan cases. 


EXAMPLE 18-41 A horizontal 2/2 dipole is situated 2/2 above a homogeneous flat ground of 
rich, clay soil typical of many midwestern U.S. states (e; = 16, о = 10-2 U m- 1), Calculate and plot the 
vertical-plane electrical field pattern broadside to the dipole t (a) 1 M Hz and (0) 100 M Hz. 


п Solution 
From (4), the los term of the relative permittivity at 1 M Hz is equal to 


"A 10 N 
rS wey Dar x I0 BBS x 10 T 


which is large compared to the dielectric term s; = 16. However, at 100 MHz, s = 1.8 and is small 
compared to £; = 16. 

(a) 1 MHz case. Putting e, = 16 — j180 in (2) for p. as a function of the elevation angle o and then in 
(3) with = 1/2, the electric field pattern as a function of a is given by the solid curvein Fig, 15-5. The 
loss permittivity £+ is sufficiently large at 1 M Hz that the pattern is essentially the same as for a perfectly 
conducting ground. 

(b) 100 M Hz case. Putting ғ, = 16 — j1.8in (2) for p. asa function of a and then in (3) with h = 2/2, 
the pattem is as shown by the dashed curve in Fig. 15-5. 

Comparing the 2 cases, we note that at 1 М Hz the pattern has а vertical null (at = 90°) which is filled 
in at 100 M Hz and also that the gain is greater at the lower frequency (up 1 dB at = 30°), 


180 


For table of ground and water constants, se Ape. A, Sec A-6. 
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EXAMPLE 15-4.2 

A short vertical dipole (! = 3/10) LE(0) 

as for Example 15-41, Cal- 

culate and plot the electric 

field pattern at (a) 1 MHz and 

(6) 100 MHz. 

m Solution 

(a) 1MHzcase. Putinge, 

16 — ¡180 in (7) for py asa 

function of а and then in (8) 

with = 4/2, the pattern is 

given by the dashed curve in 

Fig. 15-6, 02 04 ов os 

(0 196 MHz сме, ating lave feld 
в — [18 in (7) for pr 

ná henin (8j with = 5/2, 

the pattern is as shown by the 

dotted curvein ig 15-6. The 

solid pattern is for perfectly 

conducting ground (o = ос) 

(same at all frequencies 


osa is located à /2 above ground with the same constants 


РА 
тнг 90 


00 A a 


Figure 15-6 Vertical plane pattems for Example 15-4.2 of 
short vertical dipole 2/2 above a flat earth with e; = 16 and 

© 21072 Um" at1 MHz (dashed curve) and at 100 MHz (dott 
curve). The pattern for perfectly conducting ground (а = x), as 
shown by the solid curve, is the same at all frequencies. Patterns 
to left (90° < а < 180°) are mirror images. 


EXAMPLE 15-4.3 
Repeat Example 15-42 for the case where 
the vertical dipole is at the ground (vertical 
monopole) so that we may set = 0. 


m Solution 
Since = 0, (8) reduces to 
E = cosa(1 + p) an 
and introducing (7) 
2nsine 
Е = a +1 e» 


Evaluating (11) for the 2 frequencies results 


in the curves shown in Fig. 15-7. The patem 
for 1 M Hz is given by the dashed curve and 
at 100 MHz by the dotted curve. The pattem 
is or perfectly conducting ground (о =). 
At 100 MHz (27 = 16), solid the field 
along the ground (о 07) is Zero and the max 
imum field is down almost 5 dB from the field 
for perfectly conducting ground (o = ос). 


Figure 15-7 Vertical plane pattems for Example 
15-43 of short vertical dipole at the surface of a 
fatearth with s; = 16 and o = 10 Um- 

at | MHz (dashed curve) and at 100 MHz (dotted 
curve). The pattern for perfectly conducting ground 
(same at all frequencies) is shown by the solid 
Curve, Patterns to left (90° < a < 180°) are mirror 
images. 


"15" — 2010/3/22 — page 530 — 48 


e McGraw-Hill c 


15-4 Antenna Siting and the Effect of Typical (imperfect Ground E 


ALL MHz (e = 180), the situation is intermediate with the maximum field down about 2 dB from 
the perfectly conducting case. For higher ground conductivity the pattem approaches the o = эс curve. 


The approximate solutions in the above examples involve the assumption that s, >> 1. More rigorous, 
and necessarily more complex, studies have been conducted, beginning with Arnold Sommerfeld's classic 
solution of 1909 (Sommerfeld-1). Nevertheless, our examples illustrate some of the principal changes caused 
by typical ground as compared to perfectly conducting ground (Terman-1; King-1, 2; Lindell-), 

Let us summarize some of the principal differences of nonperfectly versus perfectly conducting ground. 
With a perfectly conducting ground therelected-ray amplitudes equal to thedirect-ray zmplitude Fig. 15-4), 
which means that in some directions the fields may add in phase, doubling the field (quadrupling the power) 
fora6-dB gain. On theother hand, in some other directions the 2 rays may be out of phase or cancel resulting 
in zero field (zero power) for an infinite dB loss. Thus, with a perfectly conducting ground, there is the 
possibility of anything from a +6 dB to a — dB change from the free-space condition 

With nonperfectly conducting ground the reflected-ray amplitude tends to be less than the direct ray 
amplitude Thus, in directions for which the fields add in phase, the maximum gain is less than 6 dB but in 
directionsfor which the fields are outof phasetheretends tto be complete signal cancellation (a null) except 
at low frequencies. Referring to Figs. 15-5, 15-6 and 15-7, the above nated trends are apparent, with less 
gain and filled nulls in Figs. 15-5 and 15-6 and also much reduced field strength along the ground (а = 0°) 
for the vertical antennas in Figs. 15-6 and 15-7. 

Comparing Figs. 15-5 and 15-6, wenote that for perfectly conducting ground the maximum for horizontal 
polarization is at an elevation angle of 20 with a null at O°, while for vertical polarization the null is at 30° 
with the maximum at 0°. If both the vertical and horizontal antennas are short dipoles, 2/2 above perfectly 
conducting ground, and are connected together as a George Brown turnstile to transmit circular polarization, 
a circularly polarized antenna will receive a constant signal as а function of elevation between 0 and 30° (no 
nulis, no maxima) but 6 dB below the vertical or horizontal maxima. 

In the above discussion it s assumed that the direct and reflected rays are parallel (distance very large). 
However, if the receiving antenna is closer so that the direct and reflected rays are not parallel, the received 
signal can fluctuate many times between maxima and nulls as a function of height, linear polarization being 
assumed. In general, avoiding a null with linear polarization may require ether raising or lowering the 
receiving antenna (see Prob. 15-10-1, the accompanying figure and solution). Thus, although the siting 
procedure of Fig. 15-8 is unorthodox, the result has some credibility. 


ET ES 


HE 


Figure 15-8 Siting the antenna. (Reprinted with special permission of King Features 
Syndicate, пс) 
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Another siting effect occurs when, for example, aY agi-U da array is located less than 3 /2 above ground, 
the proximity detuning the elements and reducing the gain, 


15-5 Ground-Plane Antennas 


Several types of ground-plane or related antennas are shown in Fig. 15-9. The type at (a) has a vertical 1/4 
stub with а cicular-sheet ground plane about 4/2 п diameter. The antenna is fed by a coaxial transmission 
line with the inner conductor connected to the 2/4 stub and the outer conductor terminating in the ground 
plane. In (b) the ground plane has been modified to a skirt or cone. By replacing the 2/4 stub with a disk as 
in (c), a Kandoian discone antenna (K andoian-1, 2) is obtained. The dimensions given are appropriate or the 
center frequency of operation, In Fig. 15-94 the solid-sheet ground plane is replaced by 4 radial conductors. 
А modification of thisantennais shown at (e) in which a short-circuited à/4 section of coaxial line is connected 
in parallel with the antenna terminals This widens the impedance bandwidth and also places the stub antenna 
at dc ground potential. This is desirable to protect the transmission line from lightning surges. 

With reference to solid-sheet ground-plane antennas, it should be noted that the radiation pattern of а 
vesical 2/4 stub on а finite ground sheet differs appreciably from the pattern with an infinite sheet This is 


[erase section 


Sonal) 


Figure 15-9 (a) Stub antenna with fat circular ground plane, (b) same antenna with ground 
plane modified to skirt or cone, (c) Kandoian discone antenna, (d) stub antenna with 4 radial 
conductors to simulate ground plane and (e) a method of feeding ground-plane antenna. 


“hace radial conductor ground plane antennas (Fig. 15-4 an) were invented in 1938 by George H Brown, ess Epstein and Robert 
Leis 
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illustrated by Fig, 15-10. The solid curves the calculated pattern with a ground sheet of infinite extent. The 
dashed curve is for a sheet several wavelengths in diameter and the dotted curve for a sheet of the order of 
12 in diameter. With finite solid-sheet round planes 
themaximamadiaion is generally notinthedirection 
of the ground plane btatan angle sboveit In order 
that maximum radiation bein the horizontal lane the 
ground plane may be modified as in Fig. 15-9b or с. 
The maximum radiation rom the Kandoiandiscone 
antenna is nearly horizontal (normal to axis) over a 
considerable bandwidth. Figure 15-10 Vertical-plane patterns of 

By top-loading a vertical stub antena it may be 4 stub antenna on infinite ground plane 
modified through the successive stages of Fig. 15-11 (vola) and оп Mile ground plan several 
to he form in Fig. 15-214. This antenna consists of = wavelengths in diameter (dashed) and about 
a circular disk with an annular slot between itand he Ie dete Game 
ground plane. The ground plane is depressed below 
the disk forming a shallow cavity (Pistolkors-1; R hodes-1). The radiation pattern of the antenna td) is quite 
similar to the pattern for the vertical stub ta), 


Carrying the ground-plané modification of Fig. 15-10b a step further results in the vertical 2/2 sleeve antenna 
of Fig. 15-12, Here the ground plane has degenerated into a sleeve or cylinder à /4 long. Maximum radiation 
is normal to the axis of this antenna. 

Another variety of sleeve antenna is illustrated in Fig. 15-120 (Block-1). The antenna is similar to a stub 
antenna with ground plane but with the feed point moved to approximately the center of the stub, This is 
accomplished by enclosing the lower end of the stub in a cylindrical sleeve. By varying the characteristic 


“Оу TŘ 
. 14 (Ж 


aM 


Sur Top loaded Dec 
emma ib antenna anima. 
© () (e 


Flush der 


(a) 
jure 15-11 Evolution of flush-disk antenna from vertical 4/4 stub antenna. 
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impedance of this 4/8 section, some control is afforded over the impedance presented to be coaxial ine at 
the round plane. 

A balanced: sleeve dipole antenna corresponding to the sleeve stub type of Fig. 15-12615 illustrated in 
Flo. 15-126 Itis shown with a coaxial line feed and balance to-unbalance transformer or balun. This antenna 
may be operated over a frequency range of about o 1 such that Lisi the range from about } to L 


15-7 Turnsi 


Antenna 


Currents of equal magnitude but in phase quadrature. 


Consider 2 crossed infinitesimal dipoles energized with e 
This arrangement, shown in plan view in Fig. 15-13, = 


produces a circular patter in the plane since the fied T Jj 
pattem E as a function of and time i given by H 
Н a 
Е = пө coscur + COSA Sin we T TT 
" i ШТ 
which reduces to H Н 
E =ч +) o 
Atany valueof o themaximum amplitudeof £ is unity at 
someinstant during each cycle Hence, therms field pat- 00 00 


tern is circular, as shown by the circle in Fig. 15130 
At any instant of time the pattern is a figure-of-eight 
af the same shape as for a single infinitesimal dipole. 
An instantaneous pattern is shown in Fig. 15-130 for 
‘or = 135°. As a function of time this pattern rotates 
completing 1 revolution per cycle. In the case being 
considered in Fig. 15-13, the pattern rotates clockwise. 
Thus, the phase of the field as a function of 0 is given 
by @ + wr = constant and, if the constant is zero, by 


PER a 


ifthefiedisamaximuminthedireciong = Oatagiven 
instant, then according to (3) the field is а maximum in 
theo = —45° direction 1-репой later. 

Theabove discussion concerns the field n theo plane e 
(planeofthecrossed dipoles). Thefieldintheaxial direc- — Figure 15-12 (a) 1/2 sleeve antenna, 
tion (normal to the crossed infinitesimal dipoles) hasa (j sleeve antenna above ground plane and 


сопе magnitude given by (c) balanced-sleeve antenna. 
em 
¡E Va or ki = 1 % 


Thus, the field normal to the infinitesimal dipoles s circularly polarized. In the case being considered in 
Flo. 15-13 the field rotates in a clockwise direction. 

Replacing the infinitesimal dipoles by 2/2 dipoles results in a practical typeof antenna with approximately 
the same pattern characteristics. This kind of antenna is a George Brown turnstile antenna (Browr-1). Since. 
the pattern of a 2/2 element is slightly sharper than for an infinitesimal dipole, the ó-plane pattern of the 
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turnstile with 4/2 elements s not quite circular but departs from a circle by about +5 percent. The relative. 
pattern is shown in Fig. 15-14a. The relative field as a function of 4 and time is expressed by 
_ £05(90° cos) cos(90" пө) 


cosa + S Sn) sin ar 5 
sine T cose " 


Although theo-planepattern with /2 elements differs from thepattern with infinitesimal dipoles, heradiation 
is circularly polarized in the axial direction from the 4/2 elements provided that the currents are equal in 
magnitude and їп phase quadrature, 

А turnstile antenna may be conveniently — Ve 
mounted on a vertical mast. The mast is сой 


cident with the axis of the turnstile. То Increase. ды — 
the vertical plane directivity, several turnstile ррое! pattem 
units can be stacked at about 4/2 intervals as in aut das 
Fig. 15-145. The arrangement at (b) is called a Fins patton 
“4-bay" turnstile. It requires 2 bays to obtain a (a) Ы 


field intensity approximately equal to the max- 
imum feld from a single 2/2 dipole with the Figure 15-13 George Brown turnstile with 
same power input. short (infinitesimal) dipoles. 

In order that the currents on pe; /2 dipoles 
bein phase quadrature, thedipoles may becon 
nected to separate nonresonant ines of unequal 
length. Suppose, for example, thatthe termi 
nal impedance of each dipole in a single bay 
turnstile antenna is 70 + j0 ©. Then by сот " 
necting 70-0 lines (dual coaxial type), as in A Vertical mast 
the schematic diagram of Fig. 15-153, with spon текин 
the length of one line 90 electrical degrees 0 6 
longer than the other, the dipoles will bedriven 
with currents of equal magnitude and in phase Figure 15-14 George Brown turnstile with 2/2 
quadrature. By connectinga35-®linebetween dipoles. 
the junction point P of the two 70-2 lines 
andthetransmitter, theentietransmission-line 
system is matched. "T" 

Another method of obtaining quadrature — 
currents is by introducing reactance in series 
with one ofthe dipoles (B rown-2 and Epstein). 


‘Suppose, for example, that the length and 2 à 
diameter of the dipoles in Fig. 15-150 result 
їп a terminal impedance of 70/0. By Lia 


feel 


| ла dipole 1 


A2 dipole 2 


introducing a series reactance (inductive) of ! © 
+70 © at exch terminal of dipole 1 as in 
Fig, 15-15, the terminal impedance ofthis sa 
dipolebecomes 70 + 70:2. Withthe2 dipoles © 
connected in parallel, the currents are 

i Figure 15-15 Arrangements for feeding 

— turnstile antennas. 
771770 
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and 
v 
2= 0% e 
where 


V = impressed emf 
1, = current at terminals of dipole 1 
2 = current at terminals of dipole 2 


and 
n= из o 
ES 
so that 1, and J are equal in magnitude but fp leads 1 by 90°, 
The 2 impedances in parallel yield 
1 1 
COO J+ OO = FTO} 


so that a 70-02 (dual coaxial) line will be properly matched when 
connected to the terminals ЕЕ 


z= =70+j0© (8) 


15-8 Superturnstile Antenna 


In order to obtain a very low V SWR over a considerable bandwidth, 
the turnstile described above has been modified by Masters to the. 
form shown in the photograph of Fig. 15-16. In this arrangement, or 
Masters superturnstile, the simple dipole elements are replaced by 
flat sheets ог their equivalent (M asters-1), 

Each "dipole" is equivalent to a slotted sheet about 0.7 by 0.52 
as in Fig. 15-17a, The terminals are at F F. As in the slotted cylin- 
der antenna, the length of the slot for resonance is more than 2/2 
{about 0.72). The dipole can be mounted on a mast as in Fig. 15-170. 
To reduce wind resistance, the solid sheet is replaced by a grid of 
conductors. Typical dimensions for the center frequency of opera 
tion are shown. This arrangement gives a VSWR of about 1.1 or less 
over about а 30 percent bandwidth, which makes it convenient asa Figure 15-16 Six-bay 
‘mast-maunted television transmitting antenna for frequencies as low ^ Masters superturnstile 
as about 50 M Hz. Unlike the simple turnstile there is relatively itle antenna. (Courtesy RCA.) 
radiation in the axial direction (along the mast), and only one bay is 
required to obtain a field intensity approximately equal to the maximum field from a single 2/2 dipole with 
the same power input. For decreased beamwidth in the vesical plane the supertums le bays are stacked at 
intervals of about 1. between centers. Impedance matching is discussed by Sato et al. (Sato-1). 
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pozn 
nearly circular in the horizontal 57 
plane dane e sois es [ 
Матери ш older ps 

E being undestnd tt “omnia Z | 
tional” refers only to the horizontal Ba -> 0 | 


‘The radiation patterns of the slotted- 
cylinder and turnstile antennas are | 


plane Tubing 
As shown in Chap. 7, a circular 

loop with a uniform current radiates а 
maximum in theplane of theloop pro- 
vided that the diameter D is less than 
about 0.58). The pattern is doughnut 
shaped with а null in the axial direc- 
tion as suggested by the vertical plane Figure 15-17 Single dipole element of Masters 
cross section in Fig. 15-183 superturnstile antenna. (a) Solid-sheet construction, 

(в) tubing construction showing method of mounting on mast. 


|- - 0.0052 


M 


Electus diameter 


(e) (d) 


Figure 15-18 (a) Circular loop antenna and (b) approximately equivalent arrangements of 
"clover-eaf"type, (c) triangular-loop" type and (d) square or Alford loop. 
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‘Onemethod of simulating the uniform loopisillustratedin Fig. 15- 18b. Here4 smaller loops are connected 
in parallel across a coaxial line. This arrangement is called a "cloverleaf“ antenna [Smith-1). Another method 
is shown in Fig. 15-18c, 3 folded dipoles being connected in parallel across a coaxial line (Kandolan-3). 
A third method utilizing a square loop is illustrated in Fig. 15-184 (A ford-1). The terminals are at FF. The 
side length L may be of the order of 4/4. A single equivalent loop or bay of any of these types produces 
approximately the same field intensity as the maximum field from a single 2/2 dipole with the same power 
input. For increased directivity in the vertical plane, several loops may be stacked, forming a multibay 
arrangement. 


15-10 Circularly Polarized Antennas 


Circulaly polarized radiation may be produced with various antennas. The monofilar axial-mode helical 
antenna (Fig. 15-19a) is a simple, effective type of antenna for generating circular polarization. Circular 
polarization may also be produced in the axial direction from а pair of crossed  /2 dipoles with equal currents 
in phase quadrature (Fig. 15-198) asin a turnstile antenna. If radiation in опе аа! directions ight-circularly 
polarized, it is left-circularly polarized in the opposite axial direction. 

A third typeof circularly polarized antenna consists of 2 in-phase crossed dipoles separated in space by 1/4 
asin Fig. 15- 9c. With this arrangement the type of circular polarization is the same in both axial directions. 

Any of these 3 arrangements can seve аз a primary antenna that illuminates a parabolic reflector or they 
can be placed within a circular waveguide so as to generate a circularly polarized Ey, mode wave. By faring 
the guide out into a conical horn, a circularly polarized beam can be produced. 

Another technique by which a circularly polarized beam may be obtained with a parabolic reflector of large 
focal length with respect to he diameter is with the aid of a metal grid or grating of parallel wires spaced ./8 
from the reflector and oriented at 45° with respect to the plane of polarization of the wave from a linearly 
polarized primary antenna, 


(a) (e) (t) 
Figure 15-19 Antenna types for circular polarization. 
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Threearrangements for producing an omnidirectional pattern of circularly polarized radiation areillustrated 
by Fig. 15-190, e and f. At (d) 4shortaxial-modehelicesof the same type are disposed around a metal cylinder 
with axis vertical and fed in phase from a central coaxial line (K raus-1). In the system at (e) vertically polarized 
omnidirectional radiation is obtained from two vertical 2/2 cylinders when fed at FF and horizontally 
polarized omnidirectional radiation is obtained from the slots fed at F F. By adjusting the power and 
phasing to the 2 sets of terminals so that the vertically polarized and horizontally polarized fields are equal 
in magnitude and in phase quadrature, а circularly polarized omnidirectional pattern is produced (Smith-1) 
AL) 4 in-phase 1/2 dipoles are mounted around the circumference of an imaginary circle about 2/3 in 
diameter (Brow-2) Each dipole is inclined to the horizontal plane as suggested in the figure. 

їп general, any linearly polarized wave сап be tansformed o an elliptically or circularly polarized wave, 
ar vice versa, by means of a wave polarizer (Braun). For example, assume that a linearly polarized wave 
is traveling in the negative + direction in Fig. 15-20 and that the plane of polarization is ata 45° angle with 
respect to the positive x axis. Suppose that this wave is incident ona large grating of many dielectric slabs of 
depth L with ir spaces between. А section of this grating is shown in Fig. 15-20, T he slab spacing (in the x 
direction) is assumed to be a small part of a wavelength. 

Theincidentelecti feld E can beresolvedinto two components, 
опе parallel to the x axis (E,) and the other parallel to the y axis 
(Ep) that is, E = ФЕ, + Ey. The x component (Ex) will be 
relatively unaffected by the slabs. However, Ey will be retarded 
(velocity reduced). If the depth 1. of the slabs s just sufficient to 
retard E, by 90° in time phase behind E,, the wave emerging from 
the back side of the slabs will be circularly polarizedif |E, = |E, | 
Viewing the approaching wave from a point on the negative = axis, 
the E vector rotates clockwise 

IF the depth of the slabs is Increased to 2L, the wave emerging 
from the back side will again be linearly polarized since E, and 
E, are in opposite phase, but E is at a negative angle of 45° with Z 
respect to the positive x axis. Increasing the slab depth to 3L makes 
the emerging wave circularly polarized but his me with a coun. Figure 15-20 Wave polarizer. 
terclockwiserotation direction for E (as viewed from a point on the 
negative = axis). Finally, if the slab depth is increased to 4, the emerging waves linearly polarized at slant 
angle of 45°, the same asthe incident wave. The dielectric grating in this example behaves in a similar way to 
the atomic planes of a uniaxial crystal, such as calcite or rutile, o the propagation of ight, For such crystals 
the velocity of propagation of light, linearly polarized parallel to the optic axis, is different from the velocity 
for light, linearly polarized perpendicular to the optic ais 


15-11 The High-Gain Omni 
A high-gain (high-directivity) antenna which is also omnidirectional involves a contradiction. The directivity 
D of an antenna is given by 

D=% W 


where О = beam area 
A hypothetical isotropic point source has a beam area © = 4x, making it completely omnidirectional. 
From (1), its directivity D = 1, which is the lowest possible directivity, For the directivity (or gain of a lossless 
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radiator) to be more than unity requires bet he beam area be less than 4x so that the antenna is no longer 
omnidirectional. Thus, for a simple antenna, high directivity is incompatible with an omnidirectional (4 sr) 
patter. The combination of both is a theoretical and a practical impossibility. However, in the digital signal- 
processing domain of a large phased array the combination is theoretically possible, giving an arbitrarily large 
Number of simultaneous high-directivity beams but, due to inherent losses, not necessarily ones of high gain. 


15-12 Submerged Antennas 


In (15-4-1) for the reflection coefficient p. itis assumed that the wave originates in the less-dense medium 
(ait) and is incident on the earth or ground of relative permittivity «,. If the wave originates In the denser 
тейит and travels from it into air (15-4-1) becomes 


sina — VED TOA ti 
Sina + йү oTa 


where s, = relative permittivity of denser medium. 


елата 
waves (or rays) 


Il 
amata. № 
EN 
ПЕ 
mA 
Ша \ I y 
e (| 
| ns P" 
N l) ee 


талата 
Figure 15-21 Rays from submerged antenna at angles « below 83.6" are totally internally 


reflected. Rays between 83.6 and 90° are transmitted through the surface into air above and 
spread out over almost 180°, 
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If Mey = cosa, p. is complex ̃ = 1. Under this condition, the incident wave s totally reflected 
back into the more dense medium. When the radical in (1) is zero, p, = 1/0°, which defines the critical 
angle (see Fig. 15-21) 


о 


Forallangleslessthan a |р. | = 1, and the wave originating in the denser medium is reflected back from the 
interface It may be shown that for w < « the electric field in the less dense medium decays exponentially 
away from the interface evanescent wave) and propagates without loss along the interface (surface wave) 
(Kraus (1) and Fleisch; King-3; Delogne-1) 


EXAMPLE 15-12.1 A 60-MH2(i9=5 m) radio transmitter feeding a monofilr axial-mode helical 
antenna is situated 20 m below the surface of a freshwater lake with constants и, = 1, e; = 80 and 

33 x 10-24) m-?Thehelix axis is vertical. SeeFig. 15-21. (a) Fora given transmitter power how 
many tums should the helix have to maximize the signal at an elevation angle of 10° above the surface? 
[b] W hatis пе relative power density radiated above the surface а function of the elevation angle above 
the surface? (с) If the transmitter power is 100 W, what is the signal level at an elevation angle of 10° at 
a distance of 1 km from the submerged antenna ste? The receiving antenna is a George Brown turnstile 
with reflector elements. 


m Solution 
(a) А160 M Hz the los term of the relative permittivity 
„è 133х102 
no^ EE KK“ id 


and the complex relative permittivity 

ay =f = je = 80 = jå w 
The water is not lossless but >> «?, so neglecting 4 we have from (2) that the critical angle is given 
by 


83 55 (5) 


Thus, all rays from the helix at elevation angles less than 83.58> are reflected back into the water, and 

only rays а elevation angles greater than 83.58" emerge into theair, as suggested in Fig. 15-21. Thehole 

through which the rays emerge is 12.84° wide [= 2(90° — 83.58°)| centered on the zenith (а = 90°). 
From Snell's law we have approximately that 


cosas = ез = В сова (8 


elevation angle of ray transmitted above the surface 
10°, we have from (6) that а = 83.687 or just 0.1° 


3.68" — 83.58") above the critical 
angle. 
Fora monofilar axíal-mode helical antenna with number of turns n > 3, pitch angle 12° < и < 14° 


Tiso the case for ether perpendicular or parallel polarization, 
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and circumference 0.8 < C, < 1.15, the beamwidth and directivity from (8-4-4) and (8-4-7) are 


52° 
DS m 

and 
D = Cs, 18) 
Taking С, =1 a = 12.5° and n = 12, the HPBW = 32.0° and D = 31.7.1 The half-power angle off 


axis is given by HPBW /2 = 16.09, as compared to 6 327 (= 90° — 83.68") for the ray which emerges at 
aa, = 10°. Thus, with 12 turns the beam is broad enough that at or close to the critical angle the signal 
level is down from the maximum (on axis) only about 0.3 dB. Doubling the length of the helix (n = 24) 
increases the directivity from (8) by about 3 dB, but narrows the beamwidth sufficiently (by 1/ J that at 
thecritical angle the signal level is down about another 0.5 dB. Thus, doubling п results in a net increase 
in the level of the radiation emerging at an elevation angle ay = 10° above the surface. However, the 
narrower beam requires that he helix axis be set within 1° of vertical. Thus, а helix with about 20 turns 
isa reasonable compromise 
B) The relative power density 5 of a ray reflected back into the water is given by 

s, = اما‎ + (ЕПА? ө 
where E 


electric field perpendicular to the plane of incidence 
electric field parallel to the plane of incidence 

reflection coefficient for perpendicular component (Eq. (15-4-1) with s, inverted] 
election coefficient for parallel component [Eq (15-4-6) with s, inverted] 


Assuming circular polarization (Е. = Ej) from the helix within the critical-angle hole, (9) reduces to 


S, = Has? + lay?) ao 
The relative power density 5, transmitted through the surface and emerging above iis then given by 
S 1-8. a» 


Evaluating (10) and (11) for s, = 80 asa function of the elevation angle, yields the curveof Fig, 15-22a 
and the pattern of Fig. 15-220. Both graphs give the power radiated relative to its value at the zenith 
(a, = 907) 
(c) Note that the dimensions of the helix are reduced to 1/ /r; = 0.11 or 11 percent of the dimensions in 
ai Thus, the submerged helix diameter D = io/(/77:) = 5 m/( VEO) = 0.178 m, 

The loss component of the permittivity 67 = 4 and since £” < s, the attenuation constant for the. 
water is given by? 
son 4 р 
= 5 ТМ?" 
and the attenuation in the water path d by 


po rot confuse a bere for eix pitch angle witha in (6) or elevation ang 
. constant (= real part of propagation constant y) with for hali pitch angle or for elevation 
angle. Unfortunately, the English and Greek habes do rot have enough ts o go around. 
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Attenuation (water 


20 log „ = 201g 722822 — 49 dB 


‘The loss atthe interface is given from (11) for elevation angle a (water) 
The directivity of the 20-turn helix is given by 


D ichs, = 12 20 x 02 
and its effective aperture by 
Dif 2 5 


= 83,68" as10l0g0.51 = 306 


52.8 


= 105 mě 


A George Brown turnstile (Sec. 15-7) with reflector elements has a directivity D = 3 and effective 
aperture at ¿9 = 5 m of 6 т. Taking the distance between transmitter and receiver as 1 km we have 


from the Friis transmission formula that the received power less water attenuation and surface (interface) 
lossis 


Bader _ 100 x 105 x3 
E ES 
‘The water attenuation and surface (interface) loss total 52 dà 
is given by 
Р, 


P= 


!9 +3) so the net (actual) received power 


25 x 107 antilog 5.2 = 8 x 107W = 8 nW 


ora bitless than 1 mV on a 100-0 transmission line. 


D EJ E m 
Bevaton angle, a 209 


(a) 


(o) 


Figure 15-22 (a) Ratio of power density at elevation angle v to power density at zenith 
(907) for waves transmitted above surface of lake from submerged transmitter. (h) Pattern of 
radiation transmitted above surface in polar coordinates. 
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‘The transmitted energy-carrying field emerging above the surface goes to zero at the surface (elevation 
angle a, = 0°), as indicated in Fig. 15-22a and b. There is also a reactive wave traveling out along 
(above) the surface that accompanies the totally internally reflected wave. However, itis a reactive wave 
and carries no energy (E and Н are in time phase quadrature). Its fields decay exponentially with height 
above the surface (being simply the matching fields at the surface of the relected-wave fields below) 
and are called evanescent fields. Due to the difference in transmission of the parallel and perpendicular 
fled components through the surface, the received wave İs not necessarily circularly polarized (A #1). 
However, the receiving antenna should be circularly polarized and of the same hand as the transmitting 
antenna, an implicit assumption made in solving the example problem. 

Its also assumed in the example that the water surface is smooth. If itis not smooth, as under windy 
conditions, the situation is different and fluctuations (noise) will occur in the received signal. 


The problem of electromagnetic wave transmission from water into aris analogous to that of transmission 
through the earth's ionosphere to an extraterrestrial point above it. In each case, refraction is from a medium 
with lower velocity to one with higher velocity of wave propagation with ray-bending and total internal 
reflection at small enough elevation angles, (See Probs. 17-3-9 and 17-3-10.) 

However, there are some fundamental differences in that he ionosphere is inhomogeneous and anisotropic 
(a magnetized plasma) with polarization changes by Faraday rotation. These effects make circularly polarized 
antennas essential. 

We note thatthe radio situation differs from the optical onein that sy > 80 for water at radio wavelengths 
bute, = 175 for water at optical wavelengths. Thus, for light waves the critical angle, = 41° as compared 
to 84° for radio waves. 


15-13 Surface-Wa 


and Leaky-Wave Antennas 


Traveling-wave antennas discussed in previous chapters include the monofilar axll-mode helix, long-wire 
and polyrod antennas. Surface-wave and leaky-wave antennas аге als traveling-wave antennas but are ones 
which are adapted to flush or low-profile installations as on the skin of high-speed aircraft. Typically, their 
bandwidth is narrow (20 percent) and their gain is moderate (~15 081) 

Consider the plane boundary between air and a perfect conductor as shown in Fig. 15-23a with a vertically 
polarized plane ТЕМ wave traveling to the right along the boundary. From the boundary condition that the 
tangential component of the electric feld vanishes at the surface of a perfect conductor, the electric field of 
a TEM wave traveling parallel to the boundary must be exactly normal to the boundary, or vertical, as in 
Fig. 15-23a. However if the conductivity «of the conductor is not infinite, there will be a tangential electric 
field E, atthe boundary, as well as the vertical component E, so that the total field will have a forward tit 
asin Fig. 15-235 

The direction and magnitude of the power flow per unit area re given by the Poynting vector with average 
value 


Su-jReExH* Wm) a 
Atthe conducting surface the average power into the conductor (y direction) is 
„ de . a 


This is power dissipated as heat in the conductor. 
The space relation of E, М. (or 12) and 5, is shown in Fig, 15-24a. Since 
E. 


m a 
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where Z = intrinsic impedance of the conductor 
‘Then from (2) the power Пон into the conductor can be written es 


JAH? Rez, = - io Rez. w 


=Hae 
нае" = complex conjugate of Н: 
базе lag of H; with respect to E, 

y = propagation constant = + jA 


The power flow parallel to the surface (x direction] is 


Rey: атт © 
Thespacerelationof l, H and 5, is shown in Fig, 15-246. Since 
n 
Bou © 
where 2, = intrinsic impedance of the dielectric medium (air) above the conductor 
Then from (5) the power flow along the conductor (x-direction) can be written 
„ = JH Rez, wm) т 


" | meat 


E 
мейит 
Denen. | 
en energy tow 5 
/ er tow 
Hol” nofe ~ 
še 
мейит 2 (pet conductor) ena cance 
(a) (b) 


Figure 15-23 Vertically polarized wave traveling to right (a) along surface of a perfectly 
conducting medium and (b) along surface of medium with finite conductivity. 


© () © 


Figure 15-24 Fields and Poynting vector at the surface of a conducting medium with a 
vertically polarized wave traveling parallel to the surface. 
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The total average Poynting vector is then 
н 
Sa = AS +58, = Вели Rezo) (e) 
Figure 15-24c shows the relation of Sas to is and y components, tis apparent that the average power low 
is not parallel to the surface but downward at an angle v. This angle is the same as the forward tilt angle of 
the electric field (see Fig, 15-230). If the conductivity of the conductor is infinite (o = co), the tilt is zero 
ШИГ) 
From (8) thetilt angle. 
-1 Reze 
Rez; 


(9) 


EXAMPLE 15-13.4 Findthetiltangle r for a vertically polarized 3-GHz wave traveling in ir along 
a flat copper sheet. 

m Solution 

At3GHz, wehaveforcopperthatRe Z, = 14.4 таз. Theintrinsicimpedanceof air isreal andindependent 
of frequency (= 377 ©. From (9) we have 

-1144 x 102 


Бы 377 


0.0022" AnS, ao 


Although r is very small itis not zero, indicating some power flow into the copper sheet If is small or if 
the conductor is replaced by a dielectric, т may amount to afew degrees. In the Beverage antenna (Sec. 6-24c) 
the horizontal field component (E,) is parallel to the antenna wire and induces emf's in iL 


EXAMPLE 15-13.2 Find the forward tiltangle r for a vertically polarized 3-GHz wave traveling in 
alr along the smooth surface of a freshwater lake. 

m Solution 

At 3 GHz the conduction current of fresh water is negligible compared with the displacement current 
[e] < ef) so the water may be regarded as a dielectric medium with e, = £; = 80. Thus, from (9), 


cae ms ш 


The ilt angle z calculated above is ап average value. in general, its instantaneous direction varies with 
time. For the wave traveling along the copper sheet, E, and E, arein phase octature (45° phase difference), 
so that at one instant the total field E may be in the x direction and ¿-period later in he y direction. For the 
3.GHz wave of Example 15-13.1, E, and E, vary with time as in Fig. 15-252. The locus of the ip of E 
describes across field ellipse as in Fig. 15-25b, with positions shown as a funcion of time (or). The ellipse 
is notto scale, the E, values being magnified by 5000. The variation of the instantaneous Poynting vector is 
shown in Fig. 15-26 with ordinate values magnified by 5000. Itis of note thatthe tip of the Poynting vector 
travels around the ellipse twice per cycle 

Whereas copper has a complex intrinsic impedance, fresh water at 3 GHz (as in Example 2) has a real 
intrinsic impedance so that Ex and E, ae essentially in phase апа the cross feld ellipse collapses to a straight 
line with a forward tilt of 64 
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© С] 


ire 15-25 (a) Magnitude variation with time of E, and E, components of E in air at the 
surface of a copper region for a 3-GHz TEM wave traveling parallel to the surface. (b) Resultant 
values of E (space vector) at 22.5" intervals over one cycle, ilustrating elliptical cross-feld at 
the surface of the copper region. The wave is traveling to the right. Note that although E has x 
and y components (cross-field) itis linearly polarized as seen from the x direction. 


oe 


Figure 15-26 Poynting vector in alr ata point on the surface of copper reglon ora 
3-GH2 TEM wave traveling along the surface (to right), The Poynting vector ls shown at 22.5° 
intervals over a 3-cycle. The ordinate values are magnified 5000 times compared with the 
abscissa values The tip ofthe Poynting vector travel around the ellipse ice per cycle 


‘The forward tilt of E or downward tilt of 5 in the above examples tend to make the wave energy hug the 
surface, resulting in abound wave ог surface wave, The phase velocity of this wave is less than the velocity с 
of light i.e, itisa slow wave (v < c). To initiate а wave along the surface, a launching device, such asa horn, 
with a height of several wavelengths can be used as in Figs, 15-27 and 15-28, 
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In 1899 Arnold Sommerfeld showed that a wave could be guided by a round wire of finite conductivity 
(Sommerteld-1. Jonathan Zenneck pointed out that for similar reasons a wave traveling along the earth's 
surface would tend to be guided by it (Zenneck-1). 

The guiding action of a fat conducting surface can be enhanced by adding metal corrugations. These 
and the hor launcher in Fig. 15-27 form a surface-wave antenna. The corrugations have many teeth per 
wavelength [s < 2/5). The slots between the teeth support a TEM wave involving E, which travels up and 
down the depth of the slot (a standing wave), Each slot acts like а short-circuited section of a parallel-plane 
2-conducto transmission line of depth d. Assuming lossless materials, the impedance Z presented to a wave 
traveling down the slots is а pure reactance given by 


EN] 


[Л 


e a2) 


tisic impedance of medium filling the dots, 2 
lative permittivity of the medium, dimensionless 
a = free-space wavelength, т 
d= depth of slots m 
For air-filled slots (Zy = 377 © and e, = 1), (12) reduces to 
or en @ a» 
n 

The sos store energy from the passing wave. When d < 29/4, the plane long the top of the teeth is 
inductively reactive. When d = 9/4, Z = 20 and the plane along the top is Ке ап open circuit (nothing 
below), whilewhen d = 54/2, Z = 0 and the plane appears like the conducting sheet below it (a short circuit. 

The guiding action of a Nat conducting surface can also be enhanced by adding a dielectric coating ог 
slab of thickness d. With a launcher, as in Fig. 15-28, the combination forms another type of suface wave 


| i | E 


Figure 15-27 Corrugated surface-wave antenna with horn wave-launcher. 


Wave 
Е drecion 


E 


Figure 15-28 Dielectric-slab surface-wave antenna with horn wave-launcher. 
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antenna, The electric field is vertically polarized but has a small forward tlt at the dielectric surface. For a 
sufficient thickness d, the fields attenuate perpendicular to the surface (y direction) as e“, where 
25 
ж 
For +, = 2, the attenuation is over 50 dB 2-1. Thus, the fields аге confined close to the surface. 
Corrugated and dielectric slab surface-wave 
antennas, as in Figs. 15-27 and 15-28, with a 
length of several and a width of L. or mare into 
page), produce end-fire beams with gain propor. 


Mom [7] 


Baral rogar casarme SE EN 
the conducting surface (ground plane) extends oe 
beyond be taf he сатирата sab I [ie] = 
tok Be Bem direcion апа o beon enfre UGE C = 


(elevated). For optimum patterns, the depth of 


the ots or thickness of the slab may betapered ^ Figure 15-29 Open. op waveguide antenna 
R both ends, with continuous energy leakage. 

Although surface-wave antennas take many 
forms, the ones described above are typical. They are traveling-wave antennas carrying a bound wave with 
the energy flowing above the guiding surface and with velocity v < c (slow wave). E would be perpendicular 
to the surface except for its forward tilt. 

Leaky-waveantennas arealso traveling-wave types butonesin which radiating energy leaks continuously or 
periodically from along the length of the guiding structure, with most of the energy flow within the structure. 
Typically, but not necessarily, the structure carries a fast wave (v > с). A hollow metal waveguide is an 
example. With one wall removed, energy can leak out continuously all along the guide. 

A leaky-waveguide antenna of this type is shown in Fig. 15-29. Since the wave velocity v in the gulde is 
faster than the velocity c of light, the radiation forms a beam inclined at an angle ¢ with the guide as given by 


(15) 


8°, Since v is a function of 
the frequency, the beam angle ¢ may be scanned 
by a change in frequency. 

A leaky-wave antenna may also be constructed 
by cutting holes or slots at a regular spacing along 
the waveguide wall asin Fig. 15-30 (see also the 
slotted waveguide of Fig. 7-23). Leakage may be 
controlled by theslotor hole size. Fora lator hole 
perimeter of ~12, leakage is large but decreases 
rapidly with a decrease in perimeter. This periodic 
Schr radiates ata beam ange 6 given rom Figure 15-30 Sloted-waveguide antenna 
(8-14-8) by with leakage at periodic (discrete) intervals. 


(16) 


ole or slot spacing, m 
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ravdength in guide т 
m = mode number, 0, 53, 42 


EXAMPLE 15-13.3 Find the beam angle for, = LSa, = 5а and m = -1. 


= Sol 
From ( 


109,5" (п back-fire direction) 


Ifthe slots are spaced 4/2 instead of 1, proper phasing requires that alternate ones be placed on opposite 
sides of the centerline. For this case т = 2 in (1). The beam angle д may be scanned by a change 
in frequency. Although described here аз a leaky-wave antenna, the antenna of Fig, 15-30 may also be 
considered as simply an атау of waveguide slots. 

Consider now a dielectric slab wavequde of thickness 
d with wave injected at small enough a (below the crit 
ical angle) so that the wave is totally internally reflected 
and propagates by multiple reflections inside the slab 
The situation is similar to that for the submerged radio 
transmitter in Sec. 15-12, except that here the denser 
medium has upper and lower boundaries and a thickness 
of the order of La. Although the energy is transmitted 
inside theslab, fields exist above and below. These, how- 
ever, are evanescent and decay exponentially away fom Figure 15-34 End view of dielectric slab 
the siab. They convey no energy. (Recall the evanescent waveguide with E parallel to the siab 
Wave above the water surface n Sec. 15-12.) surfaces. Propagation в into the page 

it might be suppose that any wave injected into the Arrows and graph (at lefi indicate variation 
slab atan angle below the critical value will propagate, in magnitude of E across the thickness d of 
but because of mulplerefecion interference, waves the slab. The field outside the slab is 
wili only propagateatcertainangles (eigenvalues) (Kraus evanescent and transmits no energy. 

(0 and Fleisch; M arcuse-1), Figure 15-31 is an end view 

of a dielectric slab waveguide carrying a wave with electric field parallel to the surfaces (perpendicular to 
the plane of incidence). In the notation of Sec. 15-12 this is an E. feld. Propagation is into the page. 
The evanescent field above and below the slab matches the fel inside but caries no energy. However, 
discontinuities on the slab surface can cause energy leakage from inside and radiation. Thus, a dielectric slab 
with surface discontinuities can act as a leaky-wave antenna. 

A dielectric cylinder can also serve as a guide in the same manner as a slab. At or near optical wavelengths 
the cylinder diameter can be physically smal or threadlike, Such guides, or optical bers, consist typically of 
A transparent glass core surrounded by a glass sheath or cladding of slightly lower index of refraction, with 
the sheath enclosed in an opaque protective jacket А typical core fiber 25 ит in diameter is as fine as a 
Human hair and can сату one thousand 2-way voice communication channels with an attenuation as small as 
148 km at light or infrared wavelengths (2 to um] 

The literature on surface- and leaky-wave antennas is extensive, Summary treatments are given by 
Zucker (1) and by Oliner (1). 
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15-14 Antenna Design Considerations for Satellite Communication’ 


In 1945, while a radar officer in the Royal Air Force, Arthur C. Clarke (now Sir Arthur) published an 
article in Wireless World in which he proposed the use of artificial satellites and, in particular, those in а 
geostationary orbit, as а solution to the world's communication problem (Clarke-1). The idea then seemed far 
fetched to many but 12 years later Sputnik went up and only 6 years after that, in 1963, the first successful 
geostationary satellite, Syncom 2, was put into orbit and Clarke's proposal became a reality. Now there are 
nearly 1000 satellites in the geostationary or Clarke orbit with more being added at frequent intervals. The 
satellites move with the earth as though attached to it so that from the earth each appears to remain stationary 
above a fixed point onthe equator. These satellites form a ring around the earth at a height of 36,000 km above 
the equator, putting the earth in the company of other ringed planets, Saturn and Uranus, with the difference 
that the earth's ring is man-made and not natural. Arthur Clarke has observed that the ancient superstition that 
our destinies are controlled by celestial bodies has at last come true, except that the bodies are ones we have 
put up there ourselves, 

Having a transmitting (transponder) antenna on а Clarkeorbit satellite is like having it on an invisible 
tower 36,000 km high. Since earth-station dishes look upward at the sky, ground reflections are eliminated 
but the ground is stil involved through its effect on the antenna noise temperature Ма side and back lobes. 

The spacing of satellites in the Clarke orbit is closely connected with the design of both satelite and 
earth-station antennas, Thus if beamwidths and side lobe levels are reduced, the spacing can be reduced and 
more satellites accommodated in orbit. 

The full orbit utilization problem involves not only satellite placement and spacing but also the available 
spectrum. Thus, satellites may be parked closer together than beamwidtns would allow if they operate in 
different frequency bands. However, both orbit space and spectrum space are limited resources which must 
beallocated in an optimum manner to meet the tremendous international demand for satellite communications. 
The problem of maximizing access to the Clarke orbit is under study and planning by the satellite orbit-use 
(ORB) sessions of the World Administrative Radio Conference (WA RC), with its first session (OR B-1) in 
1985 and a second session (OR B-2) in 1988. 

То permit closer spacings than otherwise, North American satellites sharing the same frequencies use 
an alternate linear polarization technique. For example, the even-numbered channels of a satellite may be 
polarized parallel to the orbit with odd-numbered channels perpendicular to it, while the adjacent satellites 
оп either side have the polarizations reversed (odd-numbered paralel and even-numbered perpendicular to 
the orbit. Some satellites serving other parts of the world use circular polarizations of opposite hand to do 
the same thing. Thus, the response level of the earth-station antenna to the opposite state of polarization is a 
factor (Weiss), 

Its necessary that the earth-station antenna have gain and pattern properties capable of providing а 
satisfactory SIN ratio with respect to noise and interference sources (as from adjacent satellites). The satellite 
transponder power, antenna gain and pattem are also factors. At the Clarke-orbit height of 36,000 km, а 
satellite spacing of 1° amounts to a physical separation of 630 km. Although each satellite wanders about 
its assigned orbital location (usually in a systematic manner), this "sation-keeoing" motion is required by 
regulation to be less than 60 km (0.1°) so that spacing even closer than 1° is possible without danger of 
satelites colliding? 


Recall Sec. 17-3 regarding SNR, 

"The satelite antena pointing accuracy in fall, pitch and yaw is ава usually of the order of 017 or less. Roch and yaw are of 
primary cocer in the satelite antenna design but of secondary importance in the earl station antenna design. TheA stra satelites have 
Specifics 0.08 rall, DOT le 0.22" yaw and ± 005° sion кеип. 
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Some of the antenna design aspects may be illustrated by an example. 


EXAMPLE 15-14.1 Earth Station-Satellite 
Determine the required parabolic dish diameter of a 4-GHz (C-band) earth-tation antenna if its system. 
temperature =100 K for an S/N ratio of 20 dB and bandwidth =30 MHz with satellite transponder 
5 W, satellite parabolic dish diameter =2 m and spacing between satellites = 2°. 


From the Friis transmission formula and the Nyquist noise-power equation, we have from (17-3-3) that 
theS/N (actually C/N or carrier-to-noise) ratio for isotropic antennas and a transmitter power of 1 W is 
given by 


2 


TE w 


= wavelength 
downlink distance, 36,000 km 

k= Boltzmann's constant = 1.38 x 10-3] K- 
Tays = system temperature, K 

B = bandwidth Hz 


Introducing the indicated values in (1) we obtain 


61.808 a 


for the downlink at 1 W isotropic. 
For the D = 2-m-diameter satellite dish at 50 percent aperture efficiency, the antenna gain G, is 

given by 

ыл. 


HE = 35508 a 


2 
) 16m 


075m 
The transponder power of 5 W gives an additional 7 dB (— log 5) gain. The required earth-station 
antenna gain G must then be sufficient to make the system S/N ratio =20 dB, or 


Ge 220.161.8355 7 = 3934 w 


Thus, the required earth-station effective aperture 
сө? 
m 


‘At an assumed aperture efficiency of 50 percent the required physical aperture А, is twice this, or 
7.6 m making the required diameter of the earth-station antenna 


зат? 6 
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(6) 


we should know the illumination taper across the dish aperture. This is not given. However, we assumed 
50 percent aperture efficiency which implies substantial taper. Accordingly, the beamwidths may be 


estimated as og hi 
HPBW = >= TROIS = 16 m 
and 
BWFN = в) 
Main boa 


I 
! 


Varaton Satelite positions Varaton (582) 
nominal 


Figure 15-32 Pattern of C-band earth-station dish for worked example. Pattern is shown. 
with respect to satellite positions at 2° spacing in the Clarke orbit. 
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Thus, first nulls or minima are approximately 1.75* either side of the satellite or 025° less than the 2° 
spacing of the adjacent satellites, as indicated in Fig. 15-32. 

The first side-lobe level of a tapered circular aperture should be at least 20 dB down and since the 
adjacent satellites are closer to the first nulls or minima than the first sidelobe maxima, the adjacent 
satellite levels should be at least 25 dB down, which could make the total nois level about 18 dB down, 
Although this may not be satisfactory, the use of an opposite state of polarization on the adjacent satellites 
should reduce ther interfering signal level to an acceptable level provided the earth-station response to 
cross-polaration is small 

The sttion-keeping accuracy of the satellites and the pointing error of the earth-station antenna are 
also factors. Since these may vary independently, the effects will be random and must be assessed by 
statistical methods giving upper and lower limits to the overall S/N ratio. 

Assuming an earh-station antenna pointing error of -+0.1°, the same as the required satellite station 
keeping tolerance, means that the satellite position may vary a maximum of +0.2° with respect to the 
first null, This is indicated in Fig, 15-32. We note that at one extreme the satellite is almost at the null 
but at the other extreme is only about 4 dB below the first side-lobe maximum. These and other factors 
are discussed by Jansky (1) and Jeruchim. 

Although we have made a number of assumptions, the example illustrates many of the important 
factors involved in determining suitable dimensions and pattern characteristics of an earth-staton antenna. 
(Fig. 15-32). 


15-15 Receiving versus Transmitting Considerations 
15-182. Receiving Case 


The receiving antenna collects a power P4 from the incoming wave. See Fig. 15-338, Assuming a perfect 
match between antenna and transmision line, Zire = Ra, and line and load, Rx = Ra (see eqivalent circuit 
Fig. 15-336) we power delivered to the receive (or load) is given by 


Pre 


а/а + ЕР, M a 


where 


Ry =recelver impedance, g 
Ra = antenna radiation resistance, © 


Fora perfect match, Ry = Ra, so that 
05р, М) a 


Prac 


Ек [tg + КР: 


and the receiver gets 1/2 the power collected by the antenna. The other half is reradiated. 
This is the condition of maximum power transfer, M ore generally, this condition requires a conjugate 

match, that is 
Ra + iXa = Rine— ¡Xime a 


where 


ntenna reactance, © 
line reactance, & 


Xa 
Xin 
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© 
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ROR 


igure 15-33 In the receiving case, (a) and (b), maximum power transfer delivers half the 
power collected by the antenna to the receiver (or load). In the transmitting case, (c) and (d), 
the power radiated Prai may be nearly equal to the power Py generated by the transmitter. 


15-15b Transmitting Cas 
Here the transmitter generates a power Py with a transmitter internal resistance Ry as shown in Fig. 15-33¢ 
and d. Thus, assuming no line losses, the power radiated Pag is given by 


Raja + RIP, q 
00 Q and Rr = 5.2 
Prag = 100/100 + 5)1P7 = 095P, (М) 5 


Accordingly, maximum power transfer at 50% efficiency is the best we can do with a receiving antenna. 
However, maximum radiating efficiency is of paramountimportance in transmitting antenna with efficiencies 
that can approach 100%. This requires, in the transmitting case, more precise matching of the transmission 
line and antenna, not only for maximum efficiency but also to eliminate line reflections which could produce 
ghosts on a TV picture, especially if the line is long. 

According to the principle of reciprocity, the field pattern of an antenna is the same for reception as for 
transmission. However, it does not always follow that because a particular antenna is desirable for a given 
transmitting application it is also desirable for reception. In transmission the main objective is usually to 
obtain the largest field intensity possible at the point or points of reception To this end, high efficiency and 
gain are desirable, In reception, on the other hand, the primary requirement is usually a large signal-to-noise 


Pas 


ик, 
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ratio. Thus, although efficiency and gain may be desirable they are important only insofar as they improve 
the signal-to-noiseratio, Accordingly, a receiving antenna with low side lobes may be more desirable than one 
with higher gain or an adaptive antenna may be required to null-out interfering signals. However, by way of 
Contrast, suppose that circuit noise in the receiver is the limiting factor. Then high antenna gain and efficiency 
would be important in order to raise the signal-to-noise ratio. 

In direction-finding antennas, the directional characteristic of the antenna is employed to determine the 
direction of arrival of the radio wave. If the signal-to-noise ratio is high, a null in the field pattern may be used 
to find the direction of arrival. With a low signal-to-noise ratio, however, the maximum of the main lobe may 
provide a mare satisfactory indication (Alforé-). 


15-16 Bandwidth Consider 


The useful bandwidth of an antenna depends, in general, оп both its pattern and impedance characteristics 
Im thin dipole antennas the bandwidth is usually determined by the impedance variation since the pattern 
changes less rapidly? However, with very thick cylindrical antennas or biconical antennas of considerable 
cone angle, the impedance characteristics may be satisfactory over so wide a bandwidth that the pattern 
variation determines one or both of the frequency limits. The pattern may also determine the useful bandwidth 
of horn antennas, metal plate lens antennas or Zoned lens antennas. 

If the acceptable bandwidth for pattern exceeds that for impedance, the bandwidth can be arbitrarily 
specified by the frequency limits F and Fy atwhich the SWR on the transmission line exceeds an acceptable 
value, W hat is acceptable varies widely depending on the application. In some cases the SWR must be close 
to unity. In others itmay be as high as 10 to 1 or higher. The bandwidth canbe specified as the ratio of F2 — Fı 
to Fo (the center or design frequency) or in percent as 


в-һ 


Another definition is the simple ratio F2/ Fi (or F2/F to 1) where F > Fy 
The bandwidth due to the impedance can also be specified (if the bandwidth is small) in terms of its 
reciprocal or Q at Fo, where 
total energy stored by antenna 
7 energy dissipated or radiated per cycle 


15-17 Architecturally Acceptable Antennas 


Many municipalities prohibit roof top antennas and antennas in the yard. However, weather-vanes, chimneys 
and flagpoles аге acceptable, Thus, theres а need for antennas that don‘ look lke antennas. 

15-172 The Weather-Vane Antenna 

Two methods of using a weather-vane as an antenna are shown in Fig. 15-34, In (a) the mounting rod for 
the plastic vane acts as a 4/4 vertical stub antenna and the 4 2/4 radials as the ground plane producing 
an omnidirectional vertically polarized pattern. In (b) the radials act as two horizontal 2/2 dipoles fed in 
phase quadrature (90°) producing the omnidirectional horizontally polarized pattern of а turnstile antenna 
(see Sec. 15-7) 


The pattern is understood to include polarization characteristics. 

24 spole / long has hal pone beamwidth of 78°, f he frequency is reduced so that he dipole length approaches an nfritsimal 
fraction o a wavelength. the beamwidth oniy increases from 78 to 90°, while if thë frequency is doubled so that the dipole long, 
Aba bearri cih decreases from Tt about 47 
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igure 15-34 (а) The weather vane as an omnidirectional vertically polarized antenna and 
(b) as an omnidirectional horizontally polarized antenna turnstile antenna, 


The coaxial line impedance at point А is about 35 © which is transformed by a 50 © 4/4 section to about 

70 © at B. Thus, a functioning weather-vane can double as either a vertically polarized or а horizontally 

polarized antenna, 

15-17b Тһе Flagpole Antenna 

‘Two ways of using a flagpole as an antenna are shown in Fig. 15-35. In (a) the grounded 2/4 metal pole is 

shunt fed (1/2 of a T-match) while in (b) the vertical 2/4 conductor is enclosed in a plastic (PVC) pipe fed 

directly by а coaxial cable, Thus, a flagpole 10 m tall can function as a vertically polarized omnidirectional 

antenna for the 40-m wave bands. The plastic pipe could also be used to contain other vertically polarized 

pole mounted antennas. Or if the pipe is large enough in diameter it could contain a horizontally polarized 

slotted-cylinder antenna. 

15-17e The Chimney Antenna 

Patch antennas may be mounted on the sides of an existing chimney with a sheet plastic cover that matches 

the chimney's brickwork. Or an all-plastic chimney containing a variety of antennas may be added to a roof 
The above examples illustrate ust a few of the many possibilities there are for “architecturally acceptable 

antennas.” 


15-18 ILS (Instrument Landing System) Antenna: 


A typical ILS system has 3 components: (1) azimuth or horizontal guidance for aligning with the runway, 
(2) vertical guidance for aligning with the 3 degree vertical elevation angle of the approach path and (3) range 
markers for distance to therunway.? See Fig, 15-36 


prapor ith the assistance of Professor Richard McFarland, Avionics Engineering Center, Oho University, 
Athens and Dr. Eric Walton, ElecroScince Laboratory, hia State University. Columbus, 
Maintenance of ILS Facts, U.S, Dept of Transportation, Federal Aviation Administration. 
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Figure 15-35 (a) The grounded shunt fed flagpole antenna and (b) the direct fed version. 
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Figure 15-36 ILS antenna locations with azimuth or localizer antennas at the far end of the 
runway, the vertical guidance or glide-slope antennas alongside the runway and the range 
makers along the approach path. 


(1) Azimuth guidance (also called the localizer) may be provided by 6 collinear horizontally polarized 
corner reflector antennas close to the ground at the far end of the runway. The system operates at 110 MHz. A 
bose on beam aligned with the runway is produced with all cornersin-phaseand asplit-beam with null aligned 
withthe runway is produced with the 3 left and the 3 right comers fed in opposite phase. A double-sideband 
 modulatedsignal provides carrier and sidebands for the nose-on lobe and sideband only modulated signals of 
‘opposite phase for the two lobes of the spit-beam.A vertical needle in the cockpit moves left to indicate that 
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the aircraft must Пу left and 
to the right to indicate that 
theaircraft mustfly right See 
Fig, 15-37. 

(2) Vertical guidance for 
the glide slope is provided 
by two comer reflector anten- 
nas stacked one above the 
other on a 10-m tower along- 
side therunway. SeeFig, 15- 
38, The system operates 
at 330 MHz. The upper 
antenna and its image pro- 
duce a split lobe with null 
aligned with the approach 
angle. Thelower antenna and 


its image produce a nose Figure 15-37 ILS cockpit display. With needles as shown, the 
оп lobe aligned with the zireraftis aligned with the runway and is on the proper glide 
approach angleusually. A slope. When a needle deflects from normal you “chase the 
oublesideband modulated needle" by fying left or right or up or down. In newer systems the 
needles may be replaced by a computer generated image. 


4 


Figure 15-38 Airport installation of two Corner reflectors at the heights of Example 15-182 
to produce a glide slope at 3 degrees elevation angle. 
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provides carrer and sidebands for the nose- on lobe and sideband only modulated signals of opposite phase 
for the two lobes of the split beam. А horizontal needle in the cockpit moves up to indicate that the aircraft 
„must climb and down to indicate that it must descend, See Fig. 15-37. 

The region of the ground where the reflection takes place is protected as а "critical area" where vehicles 
and obstructions are not permitted. Deep snow can raise the effective height of the ground which could raise 
the slope angle an undesirable amount. 

(3) Distance or range to the runway is provided by 75-M Hz marker signals at various distances from the 
runway. As the aircraft passes over a marker beam there is both a visual and audible Indication In the cockpit 
with coding to indicate the distance. 


EXAMPLE 15-18.1 Azimuth or Localizer Antenna: 
Design an antenna system which fulfills the azimuth guidance requirements of paragraph (1) 


m Solution 
The beams are provided by 3 horizontally polarized ordinary end-fire arrays each with 12 12 dipoles as 
in Fig. 15-39.The arrays are located at the far end of the runway as shown in Fig. 15-36. With ordinary 
‘ground there will be adequate signal at low elevation angles. For a null aligned with the runway, arrays 1 
and 3 are fed in opposite phase. Array 2 provides the nose on beam with carrier. The other arrays сату 
the sideband signals. For a spacing d = 1.5 à between arrays 1 and 3, the first maximum either side of 
the null is at an angle w = їп 0.5 2/1.5 à) = 195° (see insert in Fig. 15-39). This 2 source pattern 
multiplied by the pattern of an ordinary end-firearray of 12 point sources with 4/4 spacing and multiplied 
‘once more by the pattern of a 2/2 dipole results in the dashed-line field pattern in Fig. 15-39b. — Ans. 
‘Actual localizers may be more elaborate, but this simple configuration illustrates the basic principles. 
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igure 15-39 (a) 12-element end-fre localizer antennas for azimuth guidance and 
(6) their field patterns 


EXAMPLE 15-18.2 Vertical Guidance Antennas 
Design an antenna system which fulfills the vertical guidance requirements of paragraph (2) for a glide 
slope at an elevation angle of 3°. 
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m Solution 
Using a ground-bounce or image system, a corner reflector with a horizontal dipole js placed at a height 
h above the ground which is assumed to be perfectly conducting. As suggested in Fig, 15-40, the direct 
wave from thedipoleand its image ata depth л below the surface will reinforce attheanglew and produce 
a maximum when d = 0.52, 1.52, etc or produce а null when d = 1A, 22, ec. 

Thus, for the split-lobe beam with a null at 3 degrees 


sin, ы 
а= 


or 


машу 


Zana 283° 
For the позе on beam at 3 degrees 
озу _ 05 
Isna = Taine — 
Thus, with one comer at 9.6 and another at half the height (4.82), the requirements are satisfied. See 
Fig. 15-41. To restrictthe beam in azimuth, 3 collinear dipoles are customarily used in the corner reflector, 
See Fig. 15-38. 


(max аз 
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Figure 15-40 Corner reflector antenna and its image. 
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igure 15-41 Spiitlobe and nose on beams of corner reflector antennas for glide path at 
elevation angle of 3 degrees in expanded angle display. 


EXAMPLE 15-18.3 Range Marker Antennas 

Design an antenna system which fulfills the distance or range requirements of paragraph (3) above. 

E Solution 

Two in-phase 4-elementY agi-U da antenna, as in Fig. 15-422, set at 45° from vertical to the lêft and right 
of the approach path, produce the pattern shown in Fig. 15-426 


— ———À4 


= | | зт Р) / X 
Dm S” L 


(a) (b) 
‘igure 15-42 (a) Four-elementYag-Uda antennas and (b) field pattern of the twin array 
for the range marker. The glide path is perpendicular to the page. 


15-19 The "Sugar Scoop Antenna" and the 3K Cosmic Sky Background Story 


The sky temperature is about 25 К ati = 1 m but only a few kelvin toward the zenith at = 10 cm 
(see Fig. 15-44). Before 1965 it was generally thought that the sky temperature at the zenith at centimeter 
wavelengths would be close to absolute zero (0 K 

The Bell Telephone Laboratory needed more accurate data to determine the SNR of intercontinental radio 
links via GSO satellites, So in 1965 Arno Penzias and Robert Wilson of the laboratory were comparing the 
antenna temperature 7, of alargealt-azimuth-mounted horn-reflector that resembles a giant sugar scoop with 
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15-19, The Sugar Scoop Antenna" and the 3K Cosmic Sky Background Story эз 
Table 15-1 Temperature budget of horn-refiector radio telescope of Penzias and 
Wilson at 4.08 GHz (see Appendix Е) 
Temperature measured at zenith 671086 
Temperature accounted for as follows: 
Atmospheric absorption 23403 
Ohmic losses 08504 
Ground pickup via back lobes <01 
Total accounted for 37405 32405 
Residual (unaccounted for) temperature 35:10K 


the temperature of a precision calibrated cold load 7, (Fig. 15-43) at à = 74 mm. When switching between 
the two gave а null result, it meant that the sky temperature and load temperature were equal, or Т 
The value Penzias and Wilson measured near the zenith in regions devoid of radio sources was 6.7 K 

Of this 23 K could be attributed to radiation from the earth's atmosphere and 0.9 K to losses or spurious 
pickup by the antenna, See the temperature budget in Table 15-1. This left 3.5 K unaccounted for This was 
not large but not the absolute zero expected, Bird droppings and poor connections in the horn were suspected 
asthe source but after the horn was cleaned and the joints were covered with conducting tape the results were. 
unchanged. 

Thus, whenever Penzias and Wilson tumed the scoop toward apparently empty sky, the 3 K residual 
persisted. This temperature is believed to be the background radiation from the cosmic fireball of the "Big 
Bang" that created the universe. It establishes a limit to the sensitivity of all sky scanning antennas. In 1978 
Penzias and Wilson shared the Nobel Prize for their discovery. See Fig. 15-45. 

Subsequent measurements with the Cosmic Background Explorer satelite (СОВЕ) in 1983 set the 
temperature at 2.726 + 0.010 K. See Fig. 15-46, lso Example 15-191. 

The microwave background. radiation comes from the greatest distance in the universe, even beyond 
the quasars, and affords the ultimate ook back times many billions of light-years. For review articles see 
Wilson (1), Wilkinson (1) and Peebles and K raus (2) 

The sugar-scoop antenna is also referred to as a Hogg horn after D. C. Hogg of the Bell Laboratories 
(Crawford-1 The horn turned vertical with beam horizontal is widely used on microwave towers for phone 
and data links. 
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Figure 15-43 The sugar scoop and cold load with switch for null measurements. 
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ire 15-45 Arno Penzias (left) and Robert Wilson with the giant sugar scoop’ 
horn-reflector antenna with which they found the primordial fireball. A small discrepancy led 
them to the grandest of all possible answers. (Courtesy, Bell Telephone Laboratories.) 
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Figure 15-46 Microwave sky background measurements compared with a 2.7 K blackbody 
Spectrum. Cosmic Background Explorer (CODE) measurements (1983) set the temperature at 
2.726 + 0.010 K. (After Wilkinson (1) and Peebles, and Weiss-1.) 
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EXAMPLE 18-19.1 Horn Absorber 
If a perfect absorber with the impedance of space — 
77 адим) is placed so as to completely cover the front { 

‘of ahorn antenna, twill ideally produce an antenna temperature 
‘equal to the absorber s thermometer-measured temperature (see 
Fig. 15-46-1), If the absorber is completely shielded from the 
outside (open only to the hor) and Is cooled, it can provide 
calibration temperatures for the radio telescope, Thus, If cooled 
to liquid helium temperature it will give a 4.1 K calibration. Or 
if the absorber temperature can be controlled so that when the 
absorber isin front of the horn the radio telescope response isthe 
semeas with the absorber removed, the temperature of the object 
ог region being observed by the radio telescope Is equal to the 
absorber temperature. This null typeof measurement wasusedon — 
the Cosmic Background Explorer (СОВЕ) satellite to remeasure pee 
the3-K,4-GH.2 sky background originally discovered by Penzias nln 
and Wilson. Thetemperture has now been evaluated more accu: 
rately as 2.13 K. Thistemperatureis believed о be from therem- Figure 15-46-41 
nantof the primordial Big Bang andisthelowestpossibleantenna temperature for asky-scanning antenna. 
If a narrow-beam 4-GH2 antenna looking at essentially empty sky at the zenith has an antenna 
temperature of 4.73 К, how much is due to side lobes or antenna loss? 


Absorber 


Hom 


Ans. 


15-20 LEO Satellite Link Antennas! 
The penetration of base station towers into metropolitan and suburban areas now provides satisfactory service 
for many. However, the prospector in the Andes M ountain valley or the camel driver in the Sahara Desert may 
ве ой of cell-tower range. To serve them and, in fact, anyone else almost anywhere on the earth, there are 
constellations of satellites in orbit, with more planned (M iller-1). See Fig. 15-47. 

Ata cost of billions of dollars, Motorola deployed the Iridium system (1.65 GHz) with 66 satellites in 
Iow-earth orbit (LEO) at 780 km [Schuss-1). These satellites are positioned in six polar-crossing orbits with 
11 satellites per orbit 

The Globalstar system [1.6 and 2.5 GHz) put up 48 satellites in low-earth orbit at 1414 km (Dietrich) 

The Teledesic system (19 GHz downlink, 29 GHz uplink) is planned to have 288 satellites at 1400 km or 
less, This system is to provide high-speed data links whereas the other's primary mission was phone service 
(Wertz-1) 

Because of their orbits, LEO satellite signals can come from high angles in the sky in contrast to 
cell-tower signals at low angles closeto the horizon. As a result, cel-tower signals usually penetrate indoors 
and under trees better than signals from LEO satellites. Furthermore, cell-tower cell phones arelighter and less 
expensive. The LEO satellite constellations are also expensive to put up and to maintain, The LEO satellites 
are on the order of 100 times farther from the user, resulting in a 40 d8 signal loss. And the 19 and 29 GHz 
(Ka band) frequencies are subject to attenuation from rain, These factors and the possible limited potential 


ethan Fred]. Dietrich of F-D Engineering for assistance on this section. 
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Figure 15-47 The electrons (in the ionosphere), the 
satelites (LEO to GEO) in space above the earth. Note 
imperceptible on this figure. 
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market pose a challenge for the LEO systems. However, the LEO systems are not faced with the NIM BY 
problem, 

Fred J. Dietrich comments as follows: “Satellite antennas vary widely in wer gain, beamwidth and 
coverage performance depending on the application (Dietrich-2). Higher gain always means higher Effective 
Radiated Power (ERP) for transmit and higher signal to noise for receive, but higher gains involve smaller 
coverage areas, thus resulting in tradeoffs.” Furthermore, he states: “In modern communications, which is 
almost all digital, methods of calculating RF circuit performance have changed. For example, with forward 
error correction and methods of demodulation, good communications can take place with lower SNRs ben 
were previously possible, reducing power and antenna gain requirements.” The details of the antennas used 
and all the tradeoffs involved are too extensive to include here; however, it is instructive to calculate power 
requirements for several antenna system combinations 


EXAMPLE 48-204 Hand-H. 
at 780 km and 1.65 GHz 
The satelite receiver has a temperature Tr = 45 K and an RCP antenna with 6 dB gain. The bandwidth 
corresponds to a channel of 96 KHz 

Assuming that audio communications ae used so thatan SNR = 10 dB required and with he satellite 
10° off zenith, find the hand-held uplink power and satellite downlink power for hand-held antennas as 
follows: 

(8) Uplink power for vertical 2/2 antenna 

(b) Downlink power for vertical 4/2 antenna 

(c) Uplink power for horizontal 4/2 antenna 

(d) Downlink power far horizontal 2/2 antenna 

(e) Uplink power for quadriflar helix antenna directed atthe zenith. thas RCP with again of 3 di 

(f) Downlink power For quadriflar helix directed at zenith 


Uplink and Downlink Powers with LEO Sat 


H Solution 
From the lis transmission formula. 
P, Arda _ рр? 
57 C 
and since 
P 
Y 
the desired power can be found by 


n 


SYN (үлгү? 
(s) C) 
working in dB for convenience 


Prag = SN Ras = Drea = Drag + Ма Le 
where the spreading of the energy as it propagates is being displayed as a spatial loss factor, that is, 


u (ey (ipsas 


A4 x 1077 


dac. EXER Tum 
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(а) Uplink power for vertical 1/2 dipole 
‘The satellite antenna mostly subtends the earth, so the 


satelite antenna temperature for our purposes will be Sy ER 
300 K and the satellite system temperature is V re 
Tag = Ta + Ty = 300 + 45 = 345 K & 
Thenolse power is кеш 
N = ъв 14 x 107 x 345 x 9.6 x 10? Pd 


4.64 x 1077 = 163 dB 
From (5-5-4), the pattern factor for the dipole can be 


fund 
os (2522) / sna i 
7 


Where = zenith angle (see Fig, 15-47, also sketch below). 
So for = 10°, Е = 0.137 or -17.2 dB, Also since the dipole is linear polarized and the transmitter 
is circular polarized, there will bea —3 d8 loss in coupling between the two. 


P= 10 (4215 -172  -3 —(+6) +(-163) -(-155) = 14.05 dB 
SNR Ovegan Pas CPiLPlos Sit ant Мове Prap lase 


0r 254W required for SNR —10dB Ans. (a) 
(b) Downlink power for vertical 1/2 dipole 


About of the beam area of the vertical 2/2 dipole antenna subtends the sky while the other half subtends 
the e hand and ground (200K) see ach. Thus, the апата temperatures 
n 
d (dass Јал) = sek 
m 
Thenolsepoweristhen 


N 214x102 x 231 x 96 x 10% = 3.10 x 10-7 = —165 d8 


Ever 2/2 dipole) 


Ta 


so 


A= 10 -4215 -172  -3 46) +165) —(-155) = 12.05 dB 
{йй Dipegan kr ie СР? оа Satan Мане Prop- lase 


or 16.0W required power. Ans. (b) 


(с) Uplink power for horizontal 1/2 dipole 


With the 2/2 dipole being horizontal, the worst case Is for 4 = 80° in (6-5-4) for which E = 0,978 or 
-0.2 dB. Thus 


P= 10 -4215 -02 -3 —(+6) +(-163) -(-155) = -295 dB 
SMa oe, Patac CPtOLPloss Saat Noise Prop less 


07507 mW required power for SNR = 10 dB. Ans. (c) 
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(d) Downlink power for horizontal 1/2 dipole 
Asin Problem (b) with the horizontal dipole pattern factor 
P= 10 -6215 -02 % 440 +(-165) — (155) 
SNR Dipolegan Ра бс CPtoLPless Smart Noise Prop lose 
ûr 320 mW required power for SNR = 10 dB, Ans. (d) 
(е) Uplink power for RCP quadrifilar helix antenna 


Proceeding as in Problem (a) except with the quadrifilar helix gain and a pattern factor as in Problem (c) 
(see sketch). In addition, since the helix is a circular polarized antenna there is no polarization loss, so 


-4.95 dà 


P= 10 -03 -02 %% +(-163) —(-155) = 680 d8 
SNA dete, Рабас Saat Nose Popis 
Or 209 mW required power for SNR = 10 dB. Ап (e) 


(0 Downlink power for RCP quadrifilar helix antenna 
A bout 85% of the beam area of the hand-held helix antenna subtends 
the sky (6 K). See sketch. The remaining 15% subtends the hand, 
head and ground (300 K ) Thus, 


рге 


т, 


be erung on- 


The hand-held receiver has a temperature of 75 K so the hand-held 
system temperature is 


Tas = Ta + Te = 50475 
The noise power is then 


4 х10- x 125 98 x 10 = 1.68 x 107 


25K 


N 


168 dB 


P= 10 -43 -02 -(+6) +(-168) —(-155) = 11.80 08 
SNR wel, kf, Saam Noise dopise 

огб mW required power per channel for SNR —10d8. Ans. (f) 

Summary of results: 

(a) Uplink power for vertical à/2 dipole is 25.4 W. 80 6K 

(b) Uplink power for horizontal 4/2 dipoleis 507 mW. 

(c) Uplink power for RCP quadrifilar helix antenna is 

209 mW. 

(6) Downlink power for vertical 4/2 dipole is 16.0W. 


(e) Downlink power for horizontal 4/2 dipole is = auaditiar 

320 mW. hic antenna 

(1) Downlink power for RCP quadrifilar helix antenna abies 

1566 mW. Pere 
ET! 


Thetypeand orientation of antennas play an impor- 
tantroleinthepowerbudgetin communications. They 
need to be a part of the engineer's trade-off studies 
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EXAMPLE 15-20.2 Hand-Held Uplink and Downlink Power to LEO Satel 
1400 km and 1.6 GHz 

The conditions are the same as in Example 15-20.1 except that / 
satelite antenna with 25° x 25° RCP spot beam. 

Modern digital communication techniques uses code division multiple access (CDM A) with digital 
encoding. Signal quality is expressed, not as SNR, but as E,/N,, where E, = energy/bit, N, = signal 
powerHz. A 6 dB En/N, ratio provides satisfactory quality. Both E. u, and SNR are dimensionless. 
With a bandwidth for an individual communications channel the same as an audio one or 9.6 kHz, find 
(a) the uplink and (b) the downlink power for RCP quadrifilar helix hand-held with peak at the spot beam. 
half-power level and the satellite overhead. Find the uplink power for the satellite at 10° from the horizon, 
which puts the separation distance at 3500 km. 


m Solution 
From Example 15-20.1 the propagation oss factor for bis satellite overhead is 
2 


t 


6 GHz, height = 1400 km, and 


136 x 10715 = -159d8 


40000 


Satelite дап = 282 


64 or 18.108 


(а) Uplink power 
‘The satellite antenna temperature is again 300 K and the satellite system temperature 


300 + 45 = 345K 


Tas = Ta + TR 


‘The noise power is 
A x 10-3 x 345 x 96 x 105 


64 x 1077 


16348 
so 
һ=6 0 -(182 +(-163) —(-159) = -19.108 
SUR нш saat Nose prop loss 
or 12 mW required power for SNR —6B. Ans. (a) 
(b) Downlink power 
From (f) of Example 15-20.1, the helix hand-held Tays 


25K so N = —168 dB. Thus 
P=6 -(3) (10 +(-168) —(-159) = -24.108 
SUR мандат sman ee plas 
ог3.9 mW required power per channel for SNA —6dB. — Ans.(b) 
(с) Uplink power with satellite 10° from the horizon 


‘Assume that the helix has about the same pattern near the horizon so the only difference is the separation 
distance. The propagation loss factor is then 


à y? (3x 108/16 x 10°)? 
G 


ou 
É 13:45 1817 x 10 16748 
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6 (43) —(+181) +(-163 -(-167) = -11.1 dB 
SR нт озшш ное о тюш 


ог78 mW required power per channel for SNR = 6. — Ans.(c] 


Satellite receivers have higher noise temperatures at 30 GHz. Thus, 7x = 300 K, satelite antenna 
75 K, f = 30 GHz, height 1400 km, bandwidth per channel = 9.6 kHz, RCP satellite gain = 10. 
dii with 10 dB attenuation for rain. 

For uplink find (a) earth station antenna gain required for SNR = 10 48: (b) the size required for a 
parabolic dish antenna with 70% aperture efficiency that tracks the satellite; and (c) the HPBW of the 
dish beam; and (d) earth station power. (е) For downlink find satellite power required with the determined 
antenna parameters. 


m Solution 

From Example 15-20.1 the propagation loss factor here is 
Aš (3 108/3.0 x 10002 

(5) (бања) 


231 x 10015 = —185 d8 


(a) Uplink antenna gain 
Asin Example 15-20.1 the starting polntisFris transmission formula, which can be rearranged to solve 
for the dish gain 


E ES 


Wherethenolse was factored explicitly into the expression. Noting that SN = Р, / M and assuming that 
the transmitted power is assumed to be 1 W and with 


Туз = Ta + Te = 275 + 300 = 575K 
so that 
ММ) = 14x10 x 575 x 9.6 x 10 = 7.7 x 107 or ~161 d8 


Then using decibels for convenience and adding propagation loss due ta rain 


Drag = -Dias + SNRus + Ма = Laas — dune 
So 

D,= = (10) +(+10) —(-185) +16) —(-10) = 3488 or 2512 

sagn о о тш een eee 

But since the parabolic dish aperture efficiency is only 70%, the gain must be increased by а factor of 
1/0. or therefore should be 3588 ог 35.5 dB for SNR = 10@8. Ans. (a) 
(ы) Uplink dish size 
From Example 3-7.1 the dish gain is G = 28(£)? where R is the radius of the dish or 
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Dish diameter 


Commercial dishes for this purpose can be found that 
are about 450 mm, which would give a nice safety Factor over the 226 mm calculated here. Ап (0) 
(с) Dish HPBW 


From (2-7-9) the HPBW ir 
Ans. (c) vs 
ondary 

(d) Earth Temperature Powe Er 
With the conditions of (8), (b), and (c) met as above, the ues 
required earth terminal power is 1 W for an SNR = 10 dB Feed 
Ans (9) Я 
(е) Satellite pow \ 
With the antenna parameters determined above and with the 
dish antenna 7, = 10 K and the earth terminal receiver Ty = Primary 
300 K and using the Parabolic ы 

Ты = 10 + 300 = 310K = 
or 

N = 14x 107 x 310 x 9.6 x 105 Ц 

2107 or ~164 68 


And equation for be transmitted power from Example 15-2021 with rain attenuation added 


Һа = SN Rea = Dis — Die + Мв — Lade — Шапа 
or 
A = +0410) —(4355) = (+10) +(-164) — (-185) -(-10) = -45@8 


ог355 mW for SNR = 10 dB. Ans (e) 


Note that the downlink satellite power of 355 mW is about 1/3 the uplink earth terminal power of 
1W because the beam of the earth receiving antenna-subtends more sky on downlink then the satellite 
receiving antenna on uplink. 


‘Another antenna option isshown in Fig. 15-47-1. 


15-21 Asteroid Detection Antenna 


‘Theearth was builtup over billions of years by aster- 
0145 striking the earth and adding to its mass. Over 
time the rale of impact has decreased but impacts 


continue. Millions of years ago an asteroid striking Figure 15-47-1 The curl antenna 
the Yucatan peninsula is believed to have wiped out (Nakano-1) is another candidate for the 
the dinosaurs, The impact is thought to have kicked earth terminal handset antenna. 
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up enough dust and debris to form a continuous cloud cover that blocked the sun resulting in а long dark 
Winter all over the earth with catastrophic effect for both animal and plant life. 

Less than a hundred years ago, on June 30, 1908, the Tungska fireball slammed into the earth with the 
force of thousands of Hiroshima bombs, enough to destroy a major city. Luckily it hita remote, uninhabited 
Siberian forest laying waste to an area the size of Los Angeles, There was no advance warning (M allove-1). 

In July 1994, Comet Shoemaker-Levy-9's collision with Jupiter provided a dramatic example of a comet 
or asterold-sized object's impact with a planet. And a few years later an asteroid whizzed by the earth too 
close for comfort. 


EXAMPLE 15-214 Asteroid Detection Antenna 
Assume an asteroid with diameter 1 km and a power reflection coefficient of 0.4 that of the RCS of а 
perfectly conducting sphere, which is similar to earth's. А radar transmitting at 4 GHz with a peak power 
of LGW is used, The aperture efficiency, a, of the dish antenna is 75%, Since a typical asterold's orbit 
i519 ТАЙ and the orbit of Mars is 1.5 AU, then itis plausible that when earth and M ars re at their 
closest to one another we would first need to pick up the erant asteroid at a distance of only 04 АШ from 
earth A typical steroid s speed is 20 km/s 

(e) What diameter dish antenna is required to providea 10 68 SNR return signal f the system temperature 
(Tay) s 10 K with a1 MHZ bandwidth? 

(0) W hat is the doppler shift of the retum signal? 

(c) W hat is the úmeřdely between the transmitted pulse and its reception? 

(8) How much time is there before the possible impact? 

(e) What steps do you propose be taken f it appears that the asteroid will strike the earth? 


m Solution 
The radar cross section of a perfectly conducting sphere is given by 


apec = za 
where a is the radius of the sphere. If the power reflection coefficient for the asteroid is 0.4 and İt radius 
15500 m, its radar cross section would be 
Ax sx 10 mj 


Since 1AU=1.5 x ЧЁ km, then the asteroid is 101 m from earth. The wavelength, 
4GHz = 0.075 m. 
(a) From the radar equation (17-5-3) and Eq, (2-9-6), we can write 


l6 x 10° т? 


is300M ms / 


np 
TUAE 
Fora circular aperture, thegain, or in this case directivity since we wl assume lossless antenna is given 
by Eq, (3-8-9). The noise power in the system is given by Eq, (17-1-3). Dividing the above equation by 
(17-1-3) to obtain the signal to noise ratio SNR, plugging in (9-8-9) and solving for the diameter of the 
dish 4, weobtain 


i BECKTgBSNR 
mn 
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or 


pt 89075746 109038 x 102000 x 1000 a 
(0.75) L x T) x 10) m 


72410 mé 
so 4 = 292 m. 
(b) The doppler shift can be found from 
pe a 
v= = par 
or 
2 20105 


af 533kHz 


x^ Ww" 


(c) Thetime delay for the radar signal, remembering that we must take into account the travel time to the 
object and back, [s found from 


2. _ 204 x15 104) | 
ers жаш 


100 = 6.67 min 


(d) The time before impact would be 


„ 04x15 x 10% 


fs= 
sie M — 553x s 47 days 


(e) The size of the dish necessary to give even this short amount of response time is very large. Arecibo 
15 305 m in diameter. So it would be necessary to utilize the biggest dish in the world to search the orbital 
plane for just 35 days of lead time. 


15-22 Leaky Transmission Lines as Antennas 


There is a need for communication with cellular phones and other wireless devices Inside buildings Two 
simple methods are to use: (1) a leaky coaxial transmission line which can be installed over the false ceilings 
of the rooms in a building or (2) a Goubau or "G-string" (Goubau-1). 

In a regular flexible coaxial cable the wire strands of the outer conductor are tightly woven to prevent 
leakage. By using fewer strands and a more open weave the line will leak radiation along its length, providing 
the desired linkage to wireless devices. 

A dielectric-coated single wire waveguide is shown in Fig. 15-48 for guiding a wave between launcher 
and collector. The openness of the system allows radiation which can permit communication with cellular 
phones or other wireless devices, For example, stringing the wire high above the floor between the ends of a 
large exhibition hall can permit wireless communication throughout the hal 


15-23 Artistic Antennas (Fractals) 


Three artistic antennas are shown in Fig. 15-49. The Sierpinsky-rlangle bow-tie antenna and the Bamsley- 
Fern dipole antenna are examples of a large class of fractal antennas. Fractals are structures that preserve 
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Wire diameter 
sdam à x 
Hom-ype 


Нотыуре' win coating 
launcher dcs nk collector 


Figure 15-48 Single coated-wire open waveguide, or "G string.” (Goubau-1) 


their shape at different scales. Many are exotic in appearance. They also provide new insights into antenna 
‘and array design (Barnsley-1; Prusinkiewicz-1; М andelbrot-1; Kim-1; and Werner-1). 

The promethea moth antenna in Fig. 15-49 is an example of many insect antennae* that look like radio 
antennas, Historically, it is the other way around, What we now call а radio antenna was known originally 
as a wireless aerial. Marconi and other early pioneers then began to call them antennas because of their 
resemblance to insect antennae, 

The moth antenna resembles a twin log-perlodic antenna with elements that are like folded dipoles. 
Interestingly, the sef-repeating different-ize structure of alog-periodic antenna qualifies itas a fractal form, 

Thelmpedance variation of two M inkowski fractals, a solid plate and square loop are shown in Fig. 15-50. 


Inurban areas cell-tower antennas can be camouflaged in building cornices, church steeples, and bell towers, In 
suburban areas the artificial tree has become popular. A steel and aluminium tower with antennas is encased in 
aplastic tree trunk with protruding plastic limbs. In colder climates the trees" are made o resemble pine and 
spruce trees. In warmer climates they are made to resemble palm trees, 


15-25 Antennas for Terrestrial Mobile Communications Systems by Pertti 
Vainikainen? 


The rapid development of mobile communication systems has led to the use of novel antennas for base 
station (BS) and mobilestation (M 5) vehicular and hand-held applications (Fujimoto (1) and J ames; Siwiak-1). 
The frequencies of terrestrial mobile radio systems range from below 200 M Hz to over 60 GHz. The most 
significant of these are the analog and digital cellular radio systems, whose main frequency ranges are around 
800-1000 M Hz and 1700-2200 M Hz, and the Wireless Local Area Network (WLAN) systems at around 
24-25, 5.1-5.8 and 17 GHz. The bandwidths of cellular systems vary from about 8 to 17% with typically 
two distinct frequency bands for each system due to Frequency Domain Duplexing (FDD). The bandwidths 
of WLAN systems are below 5% dueto higher center frequency and the use of packet type data transmission. 


15-25a Base Station Antennas 
The BS antennas should direct signals to the wanted coverage area as effectively as possible. In the case 
of cellular systems, it is also beneficial that the distribution of the power is restricted accurately in order to 
‘minimize the frequency reuse distance їп the system. 


Note that or nets the plural is antennae (the Latin plural versus antennas for radia. 
haci Laboratory, Наз! University of Technology. 
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Sierpinsky-Triangle Bow-Tie Antenna 


Bipectinate antenna of Promethea Moth 


Figure 15-49 Three examples of artistic antennas that are fractal types. The lowest one is 
the antenna of a math, 
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Figure 15-50 Impedance variation with respect to 50 © for Nat plate, square wire loop and 
Minkowski fractals of first and second iteration. Note the extreme impedance fluctuations of the 
fractal antennas compared with the plate and square loop. The two radials are 17 cm overall. 
(Impedance measurements courtesy of Dr. Daniel Fleisch, Aeroflex-Lintek Corp) 
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Nonadaptive Base Station Antennas. The gain of the BS antenna toward the coverage area should 
beas highas possible. On the other hand he coverage rea must be large, so the directivity cannot be increased 
much in the horizontal plane. This is the case n traditional nonadaplive antennas. Thus, the gain is increased 
by decreasing the beamwidth in the vertical plane, which results typically in gain vales of 5 to 17 dB 
The horizontal plane beamwidth varies typically between 50° and 360°. Directive antennas are used at the 
sectorzed BS sites usually having 2 to 3 sectors. In a typical 3-sector configuration the beamwidth of a single 
antenna is usually about 65° Instead of the obvious 120° to optimize the coverage and interference in the 
network (see Fig. 15-512) 

The vertical beamwidth varies typically between 10 and 70°. The beam of BS antennas may be tilted 
(typically less than 15°) down to reduce the interference level in neighboring cells (Fig. 15-510). Sometimes 
the beam is shaped so that the vertical plane side lobes above the main beam are minimized (Fig. 15-58). 

In addition to the radiation characteristics and bandwidth, important aspects of BS antennas re Weight, 
wind lod, size and appearance. Common types are dipoles, comer reflectors, patch arrays (Zürcher-1) and 
horns. By adjusting the angle of the corer reflector between 60° and 270°, horizontal half power beamwidths 
of 60° to 180° can be obtained, Indoor environments can employ leky lines atthe basestation. A leaky ineisa 
coaxial cable With a leaky outer conductor (see Sec. 15-22). The radiation from a leaky feeder is characterized 
by the coupling factor giving the ratio between the power traveling in the cable and the power received by а 
half-wavedipolelocsted ata certain distance from the cable. Typical norm distanceis 3 mand then thecoupling 
factor is typically 70 to 80 dB. With higher coupling giving the coupling factor of 50 dB the attenuation in 
the cable increases. Normally the attenuation is about 5 В 100 m at 900 М Hz for a cable having the outer 
diameter of 20 mm. The cable can be terminated with a matched load or with ап antenna. 

Base station powers may be over 300 W outdoors and 30 W indoors. 


Antenna Diversity for Base Stations. Diversity techniques can be used in base station receivers to 
reduce the effects of multipath fading, In antenna diversity several receiving antennas are used to obtain 
independent samples of the incoming field, It is unlikely that all these signals will experience a deep fade 
simultaneously. The diversity gain compared to single-antenna reception is а statistical feature depending on 


Silos. 


Татиана 
regon 


(b) 


Figure 15-51 Typical beam patterns for base station antennas: (a) horizontal plane pattern 
fora 3-sector base station site, (b) vertical plane pattern. 
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the probability distribution of fading, the selected probability level, the number of diversity branches, the 
correlation between the signals in different branches, the relative signal levels, and the diversity combining 
techniques used (J akes-1; Vaughan (2) and Andersen), The most common number of diversity branches in 
mobile systems is 2, which combines low complexity with fairly high system gain of up to 10 dB at 99% 
cumulative probability level for selection combining of Rayleigh fading channels. If the envelope correlation 
between the diversity branches is below 0.7 and the difference between the average signal levels below 5 dB, 
thereduction of diversity gain is fairly small. The diversity reception techniques range from simple selection of 
the strongest signal in "selection combining” to optimal in-phase combining of signals weighed according to 
thelr signal to noise ratios in "maximal ratio combining." In a digital communicator system with substantial 
signal processing capacity, maximal ratio combining is used at the base station as it provides the highest 
diversity gain. 

The most popular antenna diversity techniques at cellular base stations are space and polarization diversity. 
In space diversity, low correlation between the signals is achieved by locating the diversity antennas far enough 
from each other. The required distance is determined by the spatial correlation properties of the incoming 
field. The correlation properties depend on the angular distribution of the multipath signals, so that wider 
angular distribution (larger angular spread) results into shorter correlation distance, Antenna separation of 
20 to 40 wavelengths is typically required at traditional elevated base stations, as the scatterers are inthis 
case concentrated close to the hand-held unit. In urban areas small cells ("micro and “pico” cells} are used 
to achieve more capacity. In these, the base stations are usually situated below the rooftops or indoors. In 
this case the angular distribution of the signals at the base station is wide and an antenna separation of less 
that one wavelength is adequate to ensure low correlation between the diversity branches, The feasibility of 
polarization diversity is based on the low correlation between vertically and horizontally polarized electric 
field components especially in urban environments (Vaughan-1), Polarization diversity is useful for hand-helds 
since these have both vertical and horizontal components due to tilting of the phone. A t the base station 45° 
slanted linear polarizations can be used to obtain equal signal levels in both diversity branches (Lindmark-1; 
Ojanpera.1). 


Adaptive Base Station Antennas. In terrestrial mobile communications, the user distribution and 
propagation channel for each user changes continuously. The basic task of the adaptive BS antenna is to 
improve the Signal-to-Interference and Noise Ratio (SINR) of single connections and maximize the coupling 
between the base station and the wanted user while minimizing the coupling with other users (Bach-1) 
This may be accomplished equally well both in the uplink (from MS to BS) and in the downlink direction. 
This requirement creates an obvious optimization problem as the complex multipath propagation channel can 
usually be fully detected only at the base station and thus information required for adaptation is available only 
for uplink. The respective information for downlink must be either estimated, which is difficult especially for 
FDD systems where the duplex separation is often larger than the correlation bandwidth of the propagation 
channel, of feedback control should be used, which increases the required signaling capacity. Therefore, the 
downlink direction is critical for the system gain obtained through the use of adaptive BS antennas, The 
benefits obtained by using adaptive BS antennas can be classified as 


Increased capacity due to increase of the SINR 
+ Increased coverage or range due to higher apparent gain of the BS antenna 
+ Reduced output power especially at the MS, where battery lifetime is critical 


‘Three Types of Adaptive Base Station Antenna Options 


(1) Switched beam antennas. A straightforward means to adapt to the changing mobile station distribution 
is to use a BS antenna with several selectable beams, of which each covers а certain part ofthe cell area (see 
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Fig. 15-528). Typical Implementation of such a switched beam antenna is based on a Butler matrix, which 
provides one orthogonal beam per antenna element The benefit of be switched beam antenna is that only 
fairly simple RF signal processing is required, which makes it possible to apply the techniques also in existing 
systems. The draw back is the limited adaptivity. 

(2) Beamforming. Adaptive beamforming implemented at RF or baseband can be used to form pattern 
maxima to wanted directions and nulls to unwanted directions as shown in Fig. 15-520. However, due to the 
limited number of antenna elements in practical adaptive BS antennas, only a few maxima and nulls can be 
realized simultaneously. Furthermore, road multiple null minima may be required, because the path between 
BS and MS is spread in angular domain due to local scattering around the mobile unit (see Fig. 15-520) 


(b) 
TR 24 
E 
ose 
Unt 
TREN 


(© 


Figure 15-52 Adaptive antenna principles. (a) Beam patterns of a switched beam antenna 
realized with a Butler matrix and a linear array of four reflector-backed dipoles, (b) beamforming 
with maxima toward wanted signal paths and a broad minimum toward an interferer, 

(c) adaptive array configuration with optional RF beamforming network Ike a Butler matrix for 
beamspace combining. 
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(3) Adaptive arrays. The most comprehensive and complex configuration for adaptive BS antennas is the 
fully adaptive array, where each antenna element is connected to a separate transceiver and digital signal 
processing is used to control the signal weights (see Fig. 15-52c). Beamspace combining with, for example, 
a Butler matrix as the RF beamforming network can also be used to improve signal-to-noise ratio in receiver 
adaptation. Direction-Of-Arrival (DOA) finding and optimization algorithms are used in reception (uplink 
direction) to select the complex weights separately for the multipath propagation channel of each mobile user. 
The weights can be reused in transmission quite directly for TDD systems. For FDD systems the transmission 
weights are estimated based on the DOA information 

The use of adaptive arrays at both ends of the radio link would increase the link capacity. The efficiency of 
the Multiple Input-M ultiple Output (M M O) systems is based on the existence of several parallel independent 
channels in scatter-rich environments (Foschini-1), 


15-25b Mobile Station Antennas 
The antenna for a mobile phone should enable connection to the base station in all locations and orientations 
ofthe mobile unit. For small cellular hand-held, the Incoming field consists of several multipath signals so the 
antenna receives several signals with random directions of arrival and polarization . Therefore, itis difficult 
to set any clear requirements for the antenna, In most environments vertical polarization dominates making а 
vertically polarized omnidirectional antenna, like a vertical dipole, preferable. But the head of the user may 
block some of the signal. The most critical performance goals especially for the antennas of small portable 
phones are adequate bandwidth (se Sec. 15-258) and high efficiency, which are difficult to achieve simulta- 
neously for small antennas (Hansen-1). As small antennas for cellular systems are usually sel-resonant, their 
performance can be evaluated by using the unloaded quality factor, from which the bandwidth with certain 
matching criterion at the edge of the band can be calculated in the following way: 
5-1 
ви = 51 1 
05 ш 


where 


aw 
s 


relative impedance bandwidth, dimensionless 
SW R at the ейде of the frequency band, dimensionless 

0, = unloaded quality factor of the antenna, dimensionless 

Equation (1) holds for he situation wherethematching af the antenna is perfectat the center frequency, i.e, 

With critical coupling of the resonant antenna to the feed circuitry. The typical matching criteria are retur loss 

of 10 dB giving S = 1.9 and BW = 2/(30,) and retum loss of 6 dB giving 5 = 3.0 and BW = 1.16/0, 

About 10% wider bandwidth can be obtained with slight overcouping(Hirasawa-1; Wheeler) 


Antennas on Cellular Handsets. The volume of a typical handset is less than 100 ст? and of the 
antenna is no more than about 5 cm. At 800 to 900 MHz, this requirement makes it difficult to achieve 
system bandwidths of 10% without inducing currents on the entire handset chassis, making the antenna 
element act more as a coupling structure than а radiating element (Fujimoto-1; Vainikainen-1). Another 
possibility combines small effective volume and large bandwidth by using a retractable whip antenna. 


Dipole and Monopole Antennas. The retractable whip antenna is typical on handsets (see lowest 
Photograph opposite page 1). It may be considered equivalent to ether a monopole with the phone chassis as 
the ground "plane" or ап unsymmetri dipole, whose other half is the phone chassis. The length of the whip. 
can be 2/4 or 34 /8. The reason for using 3A/8 whips is to shift the current maximum farther away from the 
user and reduce the currents on the phone chassis, In this case the antenna works above its resonant frequency, 
Which has to be taken into account in the matching circuitry. The unloaded quality factor of a 2/4 monopole 


15. — 2010322 — page 582 — #60 


The McGraw-Hill со 


15:25 Antennas for Terrestrial Mobile Communications Systems se 


or 3/2 dipole is around 5 (see Chap. 6), which means that with them it is fairly easy to obtain the required 
impedance bandwidth. The whip antenna is usually retractable so that а normal-mode helical antenna can 
"take over” as the whip is retracted Fig. 15-538, b). 


Normal-Mode Helical Antennas. A normal-modehelical antenna may be used for circular polarization 
(Sec. 8-22). Dual band operation is obtained by using two different pitch angles 


Internal Antennas. Тһе antenna may be enclosed inside the handset. There аге two main types of these 
antennas: planar antennas and chip antennas. A planar antenna is usually a 4/4 microstrip mounted on the 
conducting chassis of the handset (Fig. 15-53c). Planar antennas are 4/4 microstrip antennas or Planar 
Inverted-F Antennas (PIFAS) (Ollikainen-1), The chip antennas are very small and they must be mounted in 
а certain manner on the circuit board of the phone (Nagumo-1). M iniaturization methods like meandering 
or high permittivity are often used with internal antennas. Internal antennas may result in a sacrifice in 
performance, especially if the hand is over the antenna or the unit is close to the head. 


Antenna Diversity for Mobile Stations. Antenna diversity is difficult to Implement on handsets 
because of limited space. Therefore, simple diversity combining techniques like selection combining are 
preferred. Theangular distribution of theincoming field for themabilestation stypically quiteomnidirectional 


A pole. 
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Figure 15-53 (a) Handset with dual frequency normal-mode helix and à/2 dipole retracted, 
(b) Handset with 2/2 dipole extended, (c) Planar internal multiband antenna, 
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and thus the correlation distance is an the order of half wavelength. It has been shown that low correlation 
between the outputs of two antennas can be achieved in cellular handsets with antenna spacing less than 0.2 
wavelength In this case, however, the decorrelation is caused partly by differences in the power patterns and 
polarization properties of the antennas (Braun-1; Ko-1). 


15-26 Antennas for Ground Penetrating Radar (GPR): Pul indwidth 
Radar techniques are used for the detection of underground anomalies both natural and man-made. These 
anomalies include all kinds of buried metallic and nonmetallic objects, voids under highways and earth 
inhomogeneities. Like above-ground-radar, a GPR recelves and displays the radio echo of a short transmitted 
radio pulse, but with some important differences (Pelers-1; M ontaya-1). 

1. Distances are usually so small that the object is in the near field of the GPR antenna, Thus, the radar 

equation which assumes far-field conditions cannot be applied without modifications. 

2. The ground is a lossy medium with attenuations ranging from 10 dB/m at 3 to 300 MHz to 100s of 
Bim at GHz frequencies 
There is a large mismatch at the alr-ground interface under the GPR antenna. 
Pulse lengths must be short, of the order of a few nanoseconds with repetition rates of 50 Hz to 
1 MHz with resulting spatial resolution of 0.3/ 77 to 3/ yz; m where +, = relative permitlivity 
of the ground. The short pulse generates a broad spectrum signal. Thus, a 1-ns pulse generates a 
spectrum measured in GHz. 
Theantennals a very critical component of a GPR system. F 


Typically two dipole antennas are used, one for transmitting 
and the other for receiving, with the pair of dipoles placed «>> 
paralel to and closeto the ground. To reduce reflection of he 

pulse rom the ends ofthe dipole to avoid "bouncing pulses" ERE 

and “ringing effects, he dipole elements may be made of 

resistance sip as suggested in Fig. 15-54. The wide angle 

рап has low resistance and the narrow angle pat has high — 

resistance per unit length, forming, in effect, a resistance 
C 
linesbewell matched at all junctions. Thefollowing example. n او ج‎ Tor GPR.Plan view 
illustrates the principles, 


3 
4 


EXAMPLE 15-26.1 Ground Penetrating Radar for Highway lı 
Erosionandsubsidenceunderhighways deen ee 

сап cause pavements to collapse, To ment dene 

detect such conditions before collapse, EM 

(GPR can be used with a pair of bow- 
tie antenas, as in Fig. 15-54, towed 
in a cart along the highway (о right in 
Fig, 15-55) 

п Problem 

To detect such pockets a short Gaus- 
sian pulse is transmitted using а carrier 
frequency low enough to penetrate the 


Figure 15-55 Arrangement of bow-tie antennas with 
respectto pavement. Antennas are perpendicular to the 
Page and are towed to the right. 
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15-26 Antennas for Ground Penetrating Radar (GPR): Pulse Bandwidth эв 


lossy pavementThe pulse must be short enough to resolve the weak echo off the pavement bottom 
from the strong echo off the top of the pavement as suggested in Fig. 15-55. 

Let the echo time off the top of the pavement =, off the bottom of the pavement=12 and off the 
bottom of the water pocket = n. If n=0.3ns, 1122.4 nsand з=14.А ns, find the thickness ofthe pavement 
а and of the water pocket. 


m Solution 
di = (n-e = 2.1 x 1079 x 3 x 10/2/85 = 0.16 m = 16cm 
de = (n-e y= 12 x 107° x 3 x 10/2/81=020m=20cm. Ans. 


EXAMPLE 15-26.2 Design of Bow-tie Antennas for Exampl 
Jonathan D. Young! 

A radar with Gaussian pulse at kHz repetition rate that digitizes the band-limited "Impulse response“ 
echo requires an antenna with a wide bandwidth. A ssuming that the radar uses a Gaussian baseband pulse 
Whose 3 dB duration is 1/2 the required differential time delay ray, = 2 ns as calculated in Example 
15-262 or 1 ns. By Fourier transform, the required antenna bandwidth fa for this short pulse is 


h 


m Problem 
(a) Calculate the required bandwidth for the antenna, 
(b) Does a 60° bow-tie antenna have adequate bandwidth for the 1 ns pulse? 


H Solution 
(a) te =23—0.3=2nsand fa =2/2ns=1GHz. Ans (a). 
(b) Make thebow-tielenath such that the antenna second resonance (X 
Assume that the pulse generator [s matched to the 180 © antenna resistance at 1 GHz (see Fig. 9- 

Atthis "center frequency” f. the power transfer Р, is given by P. = V/4R,. At other frequencies 
fy the power transfer is given by 


Py = У?Р ЛЕС + RP) + XU 
Dividing, wehave Py / P; = AR. Ry /[R; + RU) + x( l. Using theimpedance data of Fig. 11-8-1, 
the impedance bandwidth ofthe 60° bow-tie antenna may be estimated by finding the limiting frequencies 
where 
71201 
Since the center frequency is 1 GHz and the length is such that 1/2. 
1 = 10 cm (see Fig. 15-54). From the impedance curves of Fig. 11- 
frequency is ав shown in Fig. 15-56, 
The lower frequency limit is 400 M Hz. The upper frequency limit is well above 1.4 GHz. Thus, the 
60° bow-tie antenna will provide ample bandwidth for the pulse. Апе (b). 
Adding tapered resistance sections to the bow-tieas in Fig.15-54, reduces reflections, primarily at 
lower frequencies, making itessierto match the antenna to the generator. The presence of steel reinforcing 


15-26.1 by 


тан 


33, the bow-tie half-length 
a and b, the power transfer vs. 


TelecroscenceLaborabry Ohio State University- 


15. — 2010322 — page 585 — 463 


The McGraw-Hill со 


эв Chapter 15 Antennas for Special Applications 


igure 15-56 Relative power transfer for a 60° bow-tie antenna of half-length / 
using the curves of Fig. 11-8-1a and b. 


the problem. However, the bar spacing is usually sufficient forming an “open-type" structure or mesh that 
permits microwave penetration 

In most antenna applications the pattem is of primary concern. In this application bandwidth is the 
critical factor 


ост 


15-27 Embedded Antennas 


A 2/2 dipole embedded in a dielectric medium will resonate when its physical length is 0.51. /7; where 
%% infinite extent. Thus, if s, = 4, the )/2 dipole 
will beonly half its free-space size. In a dielectric of finitesize the reduction is less butit may bean advantage. 

The 4-patches of the CP array of Fig. 7-41-1 are embedded in dielectric. They are located on a dielectric 
substrate and are covered by a dielectric sheet or radome. Thus, the patch conductor Is part of a dielectric- 
conductor-didectic sandwich. The conductor elements of the frequency-selecive surfaces of Chap. 13 are 
also embedded in dielectric. 

In Bluetoot technology, wireless links replace coaxial cables for interacting RF networks at short ranges 
(50 m or less) (Perez-1). Here embedded antennas are useful because of space restrictions. For example, а 
2/2 dipole for 26 M Hz which would be 5.8 cm long in air is reduced to about 3.5 cm in a dielectric module 
of e, = 3.0 as shown in Fig. 15-57. 


15-28 Ultra-Wide-Band (UWB) Antennas Applications? 
In converting to digital transmission, it was found that many antennas that worked satisfactorily with analog 
Waves worked poorly with digital ones. The reasons are: 


1. Digital signals use short pulses and these require wide bandwidths. Thus, digital TV is allocated 
twice the bandwidths of analog TV, 


named for “Bluetooth” the 10th century King Harald 11 of Denmark. 
2Wethank Praf. Jonathan D. Young, Electrosclence Laboratory, Ohio State University for assistance on s seco, 
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5вот- ] 


EM 
A2 dipole 
E 
embedded 
т dieser 
30 


Figure 15-57 Half-wavelength dipole embedded in a dielectric for Bluetooth application. 


2. A pulse will radiate from different parts or the antenna at different times causing phase dispersion of 
the pulse and degrading of the signal 


For example, the vee antenna of two rhombic-shaped plates of Fig. 15-588 can radiate from the feed and 
corners of the plates. These pulses have different time delays as function of both frequency and angle. Thus, 
the problem is complex. The following analysis provides insights that are useful for modifying the antenna 
so that it will transmit a pulse without significant distortion or phase dispersion. 

The standard definitions for gain and beamwidth become inadequate for UWB applications, since they 
are defined on the basis of a single frequency. In order to overcome this situation, modified definitions are 
proposed by Gwynne and Young (Gwynne-1; Young-1) to define a compact means for determining a UW 
antenna's merit These functions define the normalized spectral pattern and transient functions, as well as 
gain and beamwidth parameters 

Since the matching of the antenna will normally vary over such large bandwidths, it Is necessary to take 
this into account in the definitions. Transfer functions defining the power transfer between the antenna and 
the transmitter or receiver are the starting points. 

For the transmitting case, the transfer of power 7,( f. 0.4) from the voltage generator Vr with impedance 
Zr into radiated power of an antenna with impedance Z is 


EG) 


= a 


LN 
ZZ 


= т 


where E(f.0, ¢) = radiated field (V m=), Z, = intrinsic impedance of free space (©), ТЫ(/.0.4) = 
transmitting transfer function from the total power expended in the system to the total power radiated and is 
a function of frequency (T) and angle (9, 9) with units of m2. The total power radiated, Ps, as in Sec. 2-7 
can be related to the gain of the antenna G such that 


và 
VĚ 77 


Geh 
pare ral] я 


Чылгы a 


where r = far field distance, m 
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Figure 15-58 Rhombic Vee antenna. (a) Top and side view of vee antenna of two rhombic 
plates and (b) its pulse time dispersion (or normalized transient pattern function) versus angle 
from 0.3 to 2 GHz (100 cm to 15 cm wavelengths 


Thus, the Transmitting Power Transfer Function is 


тыл. a 


Where the phase term has been reinstated into the equation. This can also be related ta the effective height i 
of he antenna using the equations in Sec 2-10 such that 

[x em 
^ WEE al 
Шс 


(4) 
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where the effective height ı = E Vac, with units (m), Iste parameter that relates the incident field to its 
open-circuit voltage. 
For the receiving case, the transfer of power, f. . 0, 6), from the antenna into the terminal load with 
impedance Z is 
Е СТАД Y 
E 0.0.9) = Z 
where R,(/. 0.4) = the Receiving Transfer Function from the power recelved inthe antenna to the power 
delivered to the load. From Sec. 2-9, the power received is 
Y 
25 
where A, = effective aperture (mě). Therefore, 


w 5 


wy (6 


vd. ) = A, (т) m 


Again utilizing the definition of the effective height, it can be shown that the Receiving Power Transfer. 
funcion is 


Ry. 60 = m (a 


EE 
A Normalized Spectral Pattern Function may now be defined, as а UWB generalization of the single 
frequency normalized antenna pattern, Normalizing the transfer functions to their on-axis responses (ог 
maximums if the on-axis value is a null) deconvolves the antenna on-axis response from the pattern data, 
which removes the dependence on impedance matching. Thus, the Normalized Spectral Pattern Function is 
TRA.) Rol fot 6) 
ТЫРА ФА) PT 
where the subscripts denote the on-axis angle 
Nexta Normalized Transient Pattern may be defined, This helps identify and visualize the radiation centers 


afa broadband antenna through the delay of energy in theresulting plots. tis achieved by Fourier transforming 
the individual spectra of the Normalized Spectral Patterns into the time domain, such that 


TUHH (dimensionless) (19) 


PG 


(dimensionless) 5 


where Wi f) = dimensionless windowing function (Le. Hamming window to reduce Gibb's phenomenon), 

To illustrate, the rhombic vee (Fig. 15-582) has a pulse response function, or pulse time dispersion, versus 
angle as shown in Fig. 15-58b, As a consequence of on-axis normalization, the on-axis time response is а 
"best approximation" of a perfect impulse, given the finite frequency band of measurement. In this case, its 
-ns pulse reflects a measured data range of 0.3 to 2.0 GHz (100 cm to 15 cm wavelength) in 0.1-GHz steps. 
The pulse travel time "tracks" traced by the impulse energy bursts versus angle can be diagnosed as energy 
from radiation centers such as the rhombic corners and Ups. This leads to pulse distortion off-axis. If his 
antenna were used for UWB synthetic aperture radar imaging, the echo of a single small off-axis radar object 
would create а string of pulses, as if several objects were present. As a digital communications antenna, the 
off-axis coherent signal might get distorted sufficiently to create an error. However, if the antenna is of a 
gradually tapered smooth design (no corners), like the antenna in Fig. 15-59, the dispersion is significantly 
reduced both on and off axis. 
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Figure 15-59 Tapered smooth Figure 18-60 Plasma-tbe antenna, 


vee antenna in io and side view. 
15-29 The Plasma Antenna 


A plasma surface wave can be excited along а column of low-pressure gas (such as argon) by adequate RF 
power coupled to the column in a glass tube as in Fig. 15-60, The length of the column that is excited is a 
function of the power applied. Radiation efficiency is în the range of 25 to 50% (Borg-1) 

The plasma antenna has applications where the antenna R CS should be small compared to a metal antenna 
when no power s applied. When not transmitting the RCS is only that of the thin-wall glass tube, With a laser 
beam producing the plasma column in air in place of the plasma tube, the RCS becomes zero when the laser 
is off (Anderson (1) and Aiksnoras). 
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Problems. 


145-41 Horizontal dipole above ground. A thin 2/2 dipole is parallel to a fa, perfectly conducting 
ground at а height above it. (а) Calculate and plot the дап of the dipole in the zenith direction as a 
function of eight for heights from zero to à. Express the gain with respect to a /2 dipole in free space. 
‘Assume zero losses (b) Repeat (a) for dipole loss resistance RL = 1 0. 


15-4-2 Horizontal dipole above imperfect ground. Calculate the vertical plane field pattem bros: 
Side to a horizontal 2/2 dipole antenna  /4 above actual homogeneous ground with constants = 12 and 
9 =2 10707 m? аца) 100 kHz and (b) 100 MHz. 
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15-43 


15-44 


15-91 


159-2 


15-93 


Short vertical dipole above imperfect ground. The center of a short vertical dipole (| < 
210) is located 3/4 above actual homogeneous ground with the same constants as in Prob. 15-4-2. 
Calculate the vertical plane field pattern at (a) 1 M Hz and (b) 100 MHz. 

Antennas over imperfect ground. Write and run computer programs for Probs 15-4-2 and 
15-4-3 with a menu for height, frequency and ground constants «and. 


‘Square loop. Calculate and plot the far-field patem in the plane of loop antenna consisting of four 
22 cetered dipoles with sinusoidal curent distribution arranged to form a square 4/2 on a side. The 
dipoles are all in phase around the square. 


Triangular loop. Calculate and plot the far-field pattem in the plane of a loop antenna consisting of 
three 1/2 centr fe dipoles with sinusoidal curent distribution arranged to form an equilateral triangle 
2/2 on aside. The dipoles are all in phase around the triangle. 

DF and monopulse. Many direction-inding (DF) antennas consist of small (in terms of 1) loops 
giving a fgureof-cight pattern as in Fig. Р15-9-За. Although the null is sharp the bearing {direction of 
transmitter signal) may have considerable uncertainty unless the SIN rato is large. To resolve the 180° 
ambiguity of the lop pattern, an auxiliary antenna may be used with the loop to give а саго pattern 
with broad maximum in the signal direction and null in the opposite direction. 

Themaximum of a beam antenna pattern, asin Fig. P15-9-3b, can beemployed tn obtain a bearing with 
ihe advantage of a higher SIN ratio but with reduced pattern change per unit angle, However, if 2 receivers 
and 2 displace beams are used, as in Fig. P15-9-3c, a large pow er-pattern change can be combined with а 
high SIN rai. An arrangement of this Kind for receiving radar echo signals can give bearing information 
оп a single pulse (monopulse radar). If the power received on beam Lis Ру and on beam 2 is P, then if 
Pa > P the bearing is to the right If Ру > Ру the bearing is to the left and Ру = Ру the bearing is on 
айз огей). (With 4 antennas, bearing information left-right and up-down can be obtained.) (a) If the 
power pattern is proportional t cas, as in Fig. P15-9-3c, determine руу Р, if the interbeam (squint) 
angle = 40° for Adi = 5 and 10°. (a) Repeat fora — 50°. (c) Determine the 70, P of the single 
Power pattern of Fig. P15-9-36 for Ad = 5 and 10° if the power pattern is also proportional to cos, 
(a) Tabulate the results for comparison and indicate any improvement of the double over the single beam. 


(o) 


Figure P15-9-3 Direction finding: (a) with loop mull, (b) with beam maximum and (c) with 
double beam (monopulse). 
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Chapter 15 Antennas for Special Applications 


Overland TV for HP, VP and CP. (2) A typical overland microwave cell-phone communications 
circuitforAM, FM orTV between a transmitter on a tall building and a distant receiver involves 2 paths of 
transmission, one direct path (length o) and one an indirect path with ground reflection (length ^1 + r2), 

as suggested in Fig. P15-10-1. Let iy = 300 m and d = 5 km. Рога frequency of 100 M Hz calculate 
the ratio of the power received per unit area to the transmitted power as a function of the height hz of 
the receiving antenna. Plot these results in decibels as abscissa versus A as ordinate for 3 cases with 
transmitting and receiving antennas both (1) vertically polarized, (2) horizontally polarized and (3) right: 

circularly polarized for a values from 0 to 100 m.A ssumethatthetransmitting antenna is isotropic and that 
the receiving antennas are also isotropic (all have the same effective aperture). Consider that the ground is 
flat and perfecty conducting. (b) Compare the results for the 3 types of polarization and show that circular 
polarization is best from the standpoint of both the noncriticalness of the height and theabsenceof echo 
or ghost signals. Thus, for horizontal or vertical polarization the direct and oround-reflected waves may 
Cancel а certain heights while at other heights, where they reinforce, the images on the TV screen may 
be objectionable because the time difference via the 2 paths produces a double image (a direct image and 
its ghost). (c) Extend the comparison of (b) to consider the effect of other buildings ог structures that may 
produce additional paths of transmission. 

Note that direct satellite-to-earth TV downlinks are substantially free of these reflection and ghost image 
effects. 


Transmitting antenna 
3 " 


pa 
Figure P15-10-1 Overland microwave communication circuit 


ath difference on overland radio link. |f h = i; and d >> fy in Prob. 15-10-1 
(Fig. P15-10-1), show that he path difference of direct and reflected rays is 214 /d. 


Signaling to submerged submarines. Calculate the depths at which a 1 V m~} fied will 
be obtained with E at the surface equal to 1 V m~ at frequencies of 1, 10, 100 and 1000 KHZ. What 
‘combination of frequency and antennas is most suitable? 

Surface-wave powers. A 100-MHz wave is traveling parallel to a copper sheet Ze] = 3.7 x 
10-2 2 with E(=100 Y т 1 rms) perpendicular to the sheet. Find (a) the Poynting vector (watts per 
Square meter) parallel to the sheet and (b) the Poynting vector into the sheet. 


Surface-wave powers. ^ 100 l. e wave is traveling parallel to a conducting sheet for 
Which 12,1 = 0.02 07. If E is perpendicular to the sheet and equal to 150 V тг (rms), find 
(2) wats per square meter traveling paralel to the sheet and (b) watts per square meter into 
he shet. 


Surface-wave power. A plane3-GHzwaveln airistraveling parallel tothe boundary of aconductin 
medium with H parallel to the boundary. The constants for the conducting medium area = 107 27 m 
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1543-7 


15-18-1 


and jy = er = 1. If the traveling-wave rms electric field Е = 75 mV m}, find the average power per 
Unit area lostin the conducting medium. 

Surface-wave current sheet. A ТЕМ wave is traveling in alr parallel to the plane boundary of 
a conducting medium. Show thatif K = s v, where K isthe sheet curent density in amperes per meter, 
x is the surface charge density in coulombs per square meter and v the velocity of the wave п meters per 
second, it follows that К = Н, where H is the magnitude of the H field of the wave. 


Coated-surtace wave power. Shon that for a dielectric coated conductor, as in Fig. 15-28, the 
Tatio of the power transmitted in the dielectric Ру to the power transmitted in theair Р, is given by 


ET 
= Fagin ted - 2p 


where a isthe thickness of the dielectric coating. 
Coated-surtace wave cutoff. A perfectly conducting flat sheet of large extent has a dielectric 
coating (s, = 3) of thickness d = 5 mm. Find the cuff frequency for the TM o (dominant) mode and its 
attenuation per unit distance. 

Lunar communication by surface wave. Discuss the possibilities of using didectric-slab 
surface modes for radio communication around the moon over ong distances (1000 km or more). Note that 
the moon has no ionosphere. See, for example, W. W. Salisbury and D. L. Femald, “Postoculaion 
Reception of Lunar Ship Endeavour Radio Transmission” Mature, 34 95, Nov. 12, 1971; also 
A.F. Wickersham, Jr, “Generation, Detection and Propagation on the Earth of HF and VHF Radio Surface 
Waves" Nature, 230, 125-130, Apr. 5, 1971. 

Antenna heights for 3° glide path. What are the 2 antenna heights required for a 3° vertical 
angle glide slope far an ILS system? 

For computer programs, see Appendix С. 
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Practical Design 
Considerations of Large 
Aperture Antennas 
Toples In this chapter include: 
m Aperture distribution and efficiency mo Cassegrain feed; offset feed 
п Surface irregularities and gain loss m. Lowsidelobe considerations 


16-1 Aperture Distributions and Efficiencies? 
As an introduction to aperture distributions and 
efficiencies, afew basic concepts discussed in ear- 
lier chapters are reviewed briefly. Then a number 


of criteria useful in antenna design are develope. E m 
Leta plane wave of power density 5 (W m-2) 
be incident on an antenna, as in Fig. 16-1. The F 
power P delivered by the antenna to the receiver 
isthen 
P=SA, w 


Figure 16-1 Wave of flux density S incidenton 


where A, antenna delivers а power P to the receiver R. 


or 


fective aperture of the antenna 


E a 


A completely polarized point source is assumed with the antenna matched to the wave. 

1f ohmic losses are not negligible, as assumed above, we may distinguish between the actual effective 
aperture (including the effect of ohmic losses) and an effective aperture based entirely on the pattern (losses 
neglected). Thus, we may write 


nu a 
where 

л. = actual effective aperture, m? 

к, = ohmic-loss factor, dimensionless(0 < k, < 1) 


Aup = effective aperture as determined entirely by pattern, т? 


This section (16-1 and the following sections (16-2 and 16-3) are rom. d. Kraus, Radio Astronomy, 2 ей, Cygnus- Quasar, 1986, 
596 
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Using these symbols, the directivity of an antenna is given by 
dr dn 


-M а 
from which 

pow 5 
and 

җа, © 
where 

a = antenna beam solid angle, or total beam area sr 

2 = wavelength, m 
Theaperture efficiency yp is defined asthe ratio of the effective aperture А, to the physical aperture А, or 

а= = m 
so thatthe ratio of the aperture and beam efficiencies is 

бв ARa _ ы? d 


[inp 
where 


ем = м/а = beam efficiency, dimensionless 
Oy = main beam area, sr 


Although the physical aperture A, may not have a unique meaning on some apertures, 
readily defined on apertures that are large in terms of wavelength, 
The directivity of an antenna depends only on the radiation pattern, so that the directivity D is given by 


its value tends to be 


m 
Da А, 00 
The gain G is then 
am 
G= Diy ba, (10) 


The maximum directivity D will be defined as the directivity obtainable from an antenna (assumed to be 
large in terms of 2) if the field is uniform over the aperture, i.e., the physical aperture. Hence, 
a 
Dn = Ar ш 
In designing an antenna, one may have a certain design directivity D one wishes to achieve. In general, 
this will be less than Dw, since, to reduce side lobes, some taper will probably be introduced into the aperture. 
distribution, Thus we may write 


ar 
Da = rA = Duku an 
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The factor fy is called the utilization factor. It is the ratio of the directivity chosen by design to that 
obtainable wit a uniform aperture distribution, or 

k= os 1 as 
After designing and building the antenna and measuring its performance, It wil! probably be found, however, 
that the actual directivity Ds less than te design dirty D Itis possible, but unlikely, hat D exceeds 
Da. The actual directivity may then be expressed as 

D = Data = Ры [7] 


Where k s the achievement factor, which is a measure of how well the objective has been achieved. Thus, 


O< ka < 1 (usually) as) 


‘The gain G of the antenna can now be written as 


G= рак 06) 
We may also write 
Aap = КАР an 
Ae = kokukaAp (19) 
A 
ta = д haba ag 


Ap = effective aperture (as determined entirely by pattem) 
А, = actual effective aperture 


А basic definition for the directivity of an antenna is that the directivity is equal to the ratio of the maximum 
to the average radiation intensity from the antenna (assumed transmitting). By reciprocity the directivity will 
be the same in the receiving case. Hence, 


Un 
Us 


D (20) 
where 


vaximum radiation intensity, W sr? 

erage radiation intensity, W sr 

‘The average value may be expressed as the integral of the radiation intensity U, ¢) over a solid angle of ar 
divided by 4x. Thus 


Un а, 
Trueman PF en 
d 


Where P is the total power radiated. From (21) the effective power (power which would need to be radiated 
if the antenna were isotropic) is 


DP Anil, e 
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Let us now consider an aperture under two conditions. Under Condition 1 ће field distribution is assumed 
to be uniform, so that the directivity is Dy. The power radiated is P', Under Condition 2 the field has its 
‘actual distribution, and the directivity and power radiated are D and P, respectively, If the effective powers 
are equal in the two conditions, 


DP = DP (23) 


and 

Da Dye = Ba, Ше э Ц ы, (24) 
JE 

In (24) the surface of integration has been collapsed over he antena, with part of the surface coinciding with 

the aperture. Further, itis assumed that all the power radiated flows out through the aperture. In (24) Z is the 

intrinsic impedance of the medium (2 per square) and Ea, i the average field across the aperture, as given 


m 
x [eM (25) 


where Ets, p) isthefedatany point C. y) of heaperture. Rearanging(24) we havefor theactual directivity 
* 2 (26) 


This relation was developed originally by Ronald N. Bracewell (1). Following Bracewell's discussion and 
Aire ren on by de leon cy, econ wre oe the een ie 
ат 


= E Ce 


where the primes indicate the design field values. The right-hand factor in (27) may be recognized as the 
utilization factor ku. Multiplying am dividing (26) by ku, as given in (27), yields 
m 


Ы ES CO 


en 


EE) oe 
We also have, from (14), 
D = Dl. 29 


Thus, the last factor in (28) is the achievement factor, a result given by Bracewell, Further, as done by 
Bracewell, let 


Es. у) = Eu + SE my (30) 
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or 
m a» 


Where is the complex deviation (factor) of the field from its average value. Thus, the denominator of the last 
factor in (28) may be written as 


ffaroa+sr asar (32) 


Since the average of û ога" over the aperture i zero, (32) simplifies to 


1+ [raue вз 


Where var 5 is used to signify the variance of 3 or average of ав" 
be written more concisely as 

1 levas 
“oT Eval 1+ vars 


i) over the aperture. Thus, (28) may 


(34) 


We also have thatthe utilization factor 
Н 
трат 
and the achievement factor 
levant 
Tar 


Turning now to the beam efficiency м, or the ratio of the solid angle of the main beam Qu to the total 
beam solid angle ©, we have. 


Gs) 


n 


(36) 


Ге, аа 
a E 
EE en 
1 
where P (0, ¢) = antenna power pattern (= E E* = |El?) 


Let us consider next the effect of the aperture field distribution on the beam and aperture efficiencies. We 
take first the simplest case of a 1-dimenslonal distribution, i.e, a rectangular aperture (Lı by L2) with а 
uniform distribution in the у direction (aperture 7) and a distribution in the х direction (aperture L) as in 
Fig. 16-2, given by 


Et) = Kı + Ka р &[ зв) 
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where 
E(x) = field distribution. 

Ку = constant see Fig. 16-2) 
constant (see Fig. 16-2) 
= aperture width, à 
23.) 
J the distribution is uniform. If K1 =0, 
the distribution is parabolic for n = 1 and more 
severely tapered toward the edges for larger values of 
п, as indicated in Fig. 16-2. The beam and aperture 
efficiency of a 1-dimensional aperture with n = 1 
has been calculated by Nash (Nash-1) as а function 
of the ratio Ку/СК + K2), with the results shown 
in Fig. 16-3. For K1 = 0, the distribution tapers to 
zero at the edge (maximum taper). As the 
abscissa value in Fio. 16-3 [ratio K1/(Kı + 
куу increases, the taper decreases until at an 
abscissa value of 1 (К = 0), there is no taper; 
ie, the distribution is uniform. The curves of 
Fig. 16-3 show thatthebeam efficiency tendsto 
increase with an increase In taper but the aper- 
ture efficiency decreases, Maximum aperture 
efficiency occurs for a uniform aperture distri- 
bution, but maximum beam efficiency occurs 
fora highly tapered distribution. In most cases 
Ataper is used that is intermediate between the 
tuo extremes of Fig, 16-31K1/(K1+ Ка = 0 
(r 1], and a compromise is reached between 
large beam and aperture efficiencies. For a 
2-dimensional aperture distribution, a е. a re- 
angular aperture (La by L. with the same 
type of distribution in bath the x and у direc- 
tions, the beam and aperture efficiencies as а 
function of taper have been calculated by Nash 
(1). A field distribution as given by (38) with 
n = 1 is assumed (Kz part of distribution 
parabolic). Thus, for this case. 


TS 


L2 
D 


3 ue 


„ 2 
Figure 16-2 Various shapes of aperture 
distribution 


10 

Е 

Bos 

& 

08 

o 10 
Full No 
taper taper 


Figure 16-3 Beam and aperture efficiencies for 
а -dimensional aperture as a function of taper. 
‘The aperture efficiency is a maximum with no 
taper, while the beam efficiency is a maximum with 
full taper. A parabolic distribution for K is assumed 
(see n = Lin Fig. 16-2). (Nash-1) 


n 


2y 


*[-G 


(39) 


CCC 
Rhodes Shows that he ecc dd component prpndiu to the айе of a planar structure must varish as the ist рона ofthe 
distance trom the ge and that he component pral to the edge must varish a е second power See D. R. Rhodes (1). 
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Nash's data, which also show the effect of random phase errors across the aperture, are presented in 
Fig. 16-4a. There is a family of 4 curves for the aperture efficiency (solid) and another family of 4 curves for 
the beam efficiency (dashed) for random displacements (or errors} of 0, 0.04, 0.06 and 0.082 rms deviation. 
то obtain these curves the aperture and beam efficiencies calculated for the smooth distribution (39) were 
multiplied by the gain-degradation (or gain-loss) factor of Ruze (1), given by 

Dad (40) 
where 5 is the rms phase front displacement from planar over the aperture, It is assumed that the correla- 
tion intervals of the deviations are greater than the wavelength. The curves of Fig. 16-4a indicate that the 
controlling effect of the taper on the efficiencies (beam and aperture) tends to decrease as the phase error 
increases. The efficiencies ae also reduced by the presence of the phase erro, since such errors tend to scatter 
radiation into the sidelobe regions. Thus, the phase errors constitute a primary limitation on the antenna 
efficiency. 

The gain loss formula (40) of Ruze assumes specifically that the deviations from the best-fit paraboloid 
are random and distributed in a Gaussian manner, that the errors are uniformly distributed, thatthe region 
over which the errors are substantially constant is large compared to the wavelength and that the number of. 
such uncorrelated regions is large. 

A circular aperture of diameter D, with a distribution as given by (38), where x is replaced by r and Lı by 
D, has also been investigated by Nash, with the results shown in Fig. 16-4b. Two families of 4 curves each are 


10 


os П 


0 75 то 
кш K No 
taper KTE taper 


Figure 16-4a Aperture efficiency (solid) and beam efficiency (dashed) of a rectangular 
aperture as a function of taper and phase error. A parabolic distribution for Ko is assumed (see 
n=1 in Fig. 16-2). (Nash-1) 
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LE 
aperture 
ов, 
0 10 
E No 
taper taper 


Figure 16-4b Aperture efficiency (solid) and beam efficiency (dashed) of a circular aperture 
as a function of taper and phase error. A parabolic distribution for K2 is assumed (see п 
Fig. 16-2). (Nash-1) 


given forthe beam and apertureefficlencies for 4 conditinsof random phaseerror. Itis assumed that 
partof distribution parabolic). The curves of Fig. 16-4b (circular aperture) are seen to be very similar to those 
of Fig. 16-4a for the rectangular aperture. For reflector antennas with an rms surface deviation it should 
be noted that the phase front deviation in (40) will be approximately вісе as large; that is, 5 = 25. 

Another problem to be considered with reflector antennas is the efficiency with which the primary, or feed, 
antenna illuminates the reflector. This may be defined as the feed efficiency sy, where 


DEZ 


TJ Pro. фий un 
de 
where 


Pyl.) = power pattem of feed 
xr = solid angle subtended by reflector as viewed from feed point 


If the first nul of the feed antenna pattern coincides with the edge of the reflector, the feed efficiency given 
by (41) is identical with the beam efficiency of the feed." 


Commen practics isto taper the feed ena by 10 d8 or so at the edges of the releclor. 
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In the general situation with a reflector antenna, the beam efficiency of the system may be expressed as 


J P0949 pogan 


mI ок 


m TPO nan TPA 


* > 


[7] 


rms surface error of reflector. 
power pattern of reflector due to aperture distribution produced by the feed assuming no 
phase error 

power pattern of feed 


Surface leakage is neglected. If it is appreciable, another factor is required 


An experimental procedure Гог determining the beam efficiency e y of a large antenna using a celestial 
source is as follows. The main-beam solid angle 2 is evaluated from 


a den, Sr (43) 


kp = factor between about 1.0 for a uniform aperture distribution and 1.13 for a Gaussian 
power pattern 


Өн» = half-power beamwidth ioplane, гай 
ён» = half-power beamwidth ingplane, rad 


The half-power beamwidths are measured, while k, may be calculated or estimated from the pattem 
shape. The half-power beamwidth in right ascension in degrees is given by the observed half- power beamwidth 
of a drift profile in minutes of time multiplied by cosá/4, where à is the declination of the observed point 


dure bas 
невр Pin casa а 
теша team sald angle sone ron rain 
к? 
== (45) 
wrth етене ипие A, 1s determined by sin а сей pal source of known ик e 
pen 
un 
di x (46) 


Combining relations, the beam efficiency is then given by 


йм yf dp ATA 


ww un 
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where 
k = Boltzmann's constant(= 1.38 x 10-234 KU 
T, = antenna temperature due to radio source (measured value corrected for cable loss] K 
5 = flux density of radio source, W m“? Hz? 


and where ky, бн» and dup are as defined in 43). 


A procedure for determining the aperture efficiency s of a large antenna is to observe a celestial source 
of known flux density to find A, by (46), from which 
== ча) 

Where д, = physical aperture 

Itis often of interest the antenna designer, however, to break гъ, up into a number of factors, as in (19), in 
order to account as completely as possible for all the causes of efficiency degradation. Thus, from knowledge 
of the antenna structure and its conductivity the ohmicloss factor k, may be determined. The utilization 
factor k, can be calculated from design considerations. The achievement factor k could be calculated from. 
the relation in (28) if the actual fields across the aperture were accurately known; however, these are rarely 
measured. Аз an alternative the achievement factor can be separated into many factors involving the random 
surface eror, feed efficiency, aperture blocking, feed displacement normal to axis (squint or coma), feed 
displacement parallel to axis (astigmatism), etc, of the (parabolic) reflector antenna, It is assumed that each 
of these subfactors can be independently calculated or estimate, 


The aperture efficiency ssp may then be expressed as 


ТЯ 


= koku [| be (49) 
where 
ku = utilization factor (by design) 
7172 — random reflector sutface-eror(gain-loss) factor 
feed-efficiency factor 
aperture blocking factor 
squint factor 
astigmatism factor 
surface-leskage factor 


ec. 

А close agreement between cy as calculated by (49) and as measured by (48) does not necessarily mean 
that the designer has taken all factors properly into account (some could have been overestimated and others 
underestimated), but it does provide some confidence in understanding the factors involved. However, if 
there is significant disagreement between the two methods, the designer knows the analysis is Incorrect 
‘or incomplete in one or more respects. This comparative method has been used by Nash in analyzing the 
performance characteristics o a 110-m radio telescope (Big Ear) (Nash-2).A discussion of olerancesin large 
antennas is given by Bracewell (1) 
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EXAMPLE 16-1.1 Determine the aperture efficiency and the beam efficiency sy = 2/4 fora 
50) diameter circular aperture with aperture distribution of the form (1 — r2)", where r = 0 atthe center 
and = Lattherim for various values of n. Show the results graphically. 


m Solution 
The aperture efficiency is obtained from (50). The beam efficiency is obtained by integrating the pattern 
over & for Q2, and over the main beam for Rar, using numerical methods. The results are shown in 
Fig. 16-5 with efficiency as ordinate and side-lobe level as abscissa, with aperture distribution shape as 
given by n also indicated. For an m = 2 distribution the aperture efficiency is about 56 percent and the 
first side lobe 31 dB down. 

For continuous apertures which are large (>) some conclusions аге: 


a 
à 
a 
2 
HE 
а 
e 
а k — 
HA 
bn 0 % ey Highly tapered. 
10 distribution distribution. 
¿La 1 1 


First sidelobe level (ов) 
Figure 16-5 Aperture and beam efficiencies for various aperture distributions and 
side-lobe levels from worked example. Uniform phase is assumed. With phase variation, 
aperture efficiency decreases and side lobes increase. 


1, A uniform amplitude distribution yields the maximum directivity (nonuniform edoe-enhanced 
distributions for supergain being considered impractical). 
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2. Tapering the amplitude from a maximum at the center to a smaller value at the edges reduces the 
side obe level but results in larger (main-lobe) beamwidth and less directivity. 

3. A distribution with an inverse taper (amplitude depression at center) results in smaller (main 
lobe) beamwidth but in increased side loe level and less directivity. (The amplitude depression 
at the center might be produced inadvertently by a primary (feed) antenna blocking the center of 


the aperture) 


4, Maximum aperture efficiency occurs for a uniform aperture distribution, but maximum beam 
efficiency occurs for a highly tapered distribution. 


Aperture phase errors are а primary limitation on antenna efficiency. 
Depending on aperture size (in à) and phase error, there is a frequency (or à) for which the gan 


peaks, rolling off to smaller values as the frequency is raised (see Fig. 16-8.) 


For in-phase fields over a lossless aperture, the aperture efficiency is given from (26) by 
2 


= 8 


where 
Е = field at any point in aperture. 

Eav = average of E over aperture 

(E ay = average of Е? over aperture 


16-2 Surface Irregular 


Referring to Fig. 16-6, consider the idealized case 
of a гейесйпд surface with irregularities which 
depart а distance 3' above and below the ideal sur- 
face (Christiansen (1) and Hogbom), Plane waves 
reflected from the irregular surface will be advanced 
or retarded with respect to waves reflected from the 
uniform surface by 


АОИ 


à 
Alo ah a 


where 
8 = surface deviation [surface error) 
8 = twice surface deviation = 25 


Referring to the phase diagram of Fig. 16-7, the 
resultant field 
E = Бусо5Аф 


(50) 


les and Gain Loss. 


Ideal uniform 
зла 


les 


Figure 16-6 Geometry for determining the 
effect of surface irregularities. 


E = Epcos 36 


PLE 
ы 


Figure 16-7 Phase variation due to surface 


where дө = 4(8 /AJad = 720008772) = 38 regularities 


(8/2) = phase error 
Assuming that the separation (correlation distance D,) of the irregularities is at least as large as the 
wavelength and that there are as many positive as negative irregularities, the (normalized) surface gain-loss 


factors j 
(ET) ca. ) a 


ot (no 
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EXAMPLE 16-2.1 А surface has an rms deviation 4" = 4,20. Find the reduction in gain. 
M Solution 


same 
B 


Gain factor), di loss 


E 
т т ж 39 ap 5 6 O Re 
Fins surface deviation x 2 (= 720" 84) 


Figure 16-8 Gain-loss factor of reflector antenna as a function of twice the rms surface 
deviation expressed in degrees of phase angle (of the reflected wave) as calculated from (3) 
and (16-1-40). The vertical dashed lines correspond to phase angles for rms surface 
deviations expressed in fractions of a wavelength. See text for assumptions involved. 

From (3), 


PE w 
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and 
ы = cos? 36° = 0.65 в 
ora gain reduction of 1.8 dB (as may be noted in Fig. 16-8). 


where t, = gain-los factor (0 < ky < 1), dimensionless 
The variation of the gain-los factor as a function of rms surface deviation in wavelengths and degrees 
as calculated from (3) is given in Fig. 16-8, The gain-loss factor as calculated from the Ruze rela 
tion (16-1-40) (gest 3/2)? is also shown. Correlation distances of at least a wavelength are 
assumed, 
‘Assuming 50 percent aperture efficiency (A, = £A,) and а circular dish diameter D, 


— 60 


Introducing the gain-loss factor for surface irregularities from (3), 


0) | 


Е 
((Z) n 
here = ms surface deviation 


Values of the gain calculated from (6) are shown in Fig. 16-9 for various surface deviations 3' and 
circular dish diameters D = 4,20 and 100 m. Measured gains of three radio telescope dishes (dashed 
curves) are shown for comparison. It may be inferred from Fig. 16-8 that the equivalent rms sur. 
face deviations of the Onsala and Nobeyama dishes are about 150 ит and of the Bonn dish about 
500 um. 

Referring to Fig. 16-7, the quadrature field components are given by 


2 


E, = зп [7 


For equal positive and negative irregularities these total zero. Suppose, however, that in some other 
direction they all add in phase. The power level of this minor lobe relative to the main lobe Is 


then 
Eninor\? _ (NESINAd\? a 
(кы) = (Karas) e в 
where м = number of melee 


Equation (8) gives the maximum leve a minor lobe could have dueto these Irregularities. Consider, on the 
other hand, that the quadrature fields add randomly. Their total is then /N Ea sin A and the power level of 
the resulting minor lobe relative to the main lobe is 


tan? A9 00 


(к=) (LL) 


p 


EXAMPLE 16-2.2 If the rms phase error is 36° and the number of irregularities 
maximum and random sidelobe levels. 


100, find the 
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m Solution 
From (8), 


Maximumside — lobelevel = tan? 36° 
ог down 28 dB from the main lobe. From (9), 

Side — lobelevel(randomcase) = I tan? 36° 
ог down 22,8 dB from the main lobe. 


E 


0527 
w 
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E] 


5 10 a 35 85 106 200300 800 1000 
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Figure 16-9 Gain peaking and roll-off with decreasing wavelength. The curves show 
antenna gain as a function of operating wavelength for various rms surface deviations (i) and 
antenna diameters (D) equal to 4, 20 and 100 m as calculated from (6). Since scales are 
logarithmic, other values of D and a can be readily interpolated. Curves for Onsala, Nobeyama 
and Bonn dishes are shown dashed. See text for assumptions involved. 
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Although the gair-loss factor (3) s not a function of the number о irregularities, the sidelobe lev 
(9 for thë random case dos depend on N and decreases as N increases, Small-scale irregularities with 
correlation distances which are ута! compared to Ве wavelength result in els which smooth out st large 
distances from the elect surface and, accordingly, hese small-scale irregularities do not afec he gan 
ar ie ote level as discussed above 

КЕТЕ fp 
fect surface the main lobe and near 
side lobes are determined pri 
cipally by the aperture distribu- fromt hat at 
tion and taper, while the minor Moyen 
lobes a larger angles to 90° or 
so are influenced by scatter from 
Фе eed support этсе Back 
fadaion is a function of spillover — m 
and diffraction around the edge 
af the refector. For a circular 
dish a substantial back obe may 
occur оп axis (180° from the main 
lobe) due to all diffracted waves 
adding In phase (see Pig. 16-10) 
То reduce diffraction the refe 
tor should havea rolled edge with 


Strut blockage 
and сайеппа 


ras of cuvature teas 4a. v . V 
the longest wavelength of opere e Pe 
tion (Bumside-1) PŘ 

Due to te force of gravity, a facon 
ground-based steerable parabolic 
rector deforms as therefector is роны 


tilted so that for a given wave- 
length there is а maximum diam- 
eter which cannot be exceeded by 
‘adding metal to the backup struc- 
ture, However, this limit can be Figure 16-10 Typical parabolic reflector with feed (ог 
‘exceeded by a homologous design subreflector), Front part of field pattern (main lobe and side 
in which one paraboloid deforms lobes) is determined by aperture distribution, surface 

into another. The next limit is then irregularities and scattering from feed and struts. Back half of 
imposed by thermal deformation pattern (axial back lobe and near lobes) is determined by 
(Von Hoerner-1) spillover and diffraction around dish, 


16-3 OffAxis Operation of Parabolic Reflectors 


When the feed of a parabolic reflector antenna is displaced laterally from the focal point the beam is shifted 
(squinted) off-axis in the opposite direction to the feed displacement, Such squinting is accompanied by 
‘gain loss, beam broadening and the appearance of a coma side lobe. The amount of such degradation in 
performance is a function af the F/D ratio and the feed displacement, as illustrated in Fig. 16-11 (Baker-1), 
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With F/D = 1.0, the gain loss is 03 dB for a feed displacement of 10 HPBWs but with F/D = 0.25 
the loss is 10 dB for the same displacement. Thus, a long focal length parabola is more tolerant of feed 
displacement than a short focal length parabola. 

Calculated patterns for a 530). diam- o 
eter parabola with F/D=12 are 
shown in Fig. 16-12 for 5 values of 
squintangle as calculated by Baker (2). 
The aperture distribution is uniform, 
resulting in symmetrical firstsidelobes 
17.6d8 down as shown for 0° squint 
As the squint angle increases, the gain 
decreases, the beamwidth increases, à 
the pattern becomes asymmetrical and 
a first side lobe increases (coma lobe). 

Thus, at a squint of 4° the gain is 
down 18, the HPBW has increased 
from Ё to 8.5' and the coma lobe is 
only 10.508 down (up 7.148 from 
the 0° squint condition). Squinting 
With multiple feeds deployed near the 


Loss, в 


prime focus (or by а movable feed for 10 

tracking) is frequently useful in spite 

of some degradation in performance. D * Ш 
More detailed discussions of off-axis Squintin HPBWs 


operation are given by Baker (1), LO Figure 16-11 Universal squint diagram for parabolic 

(1), Rudge (1) and Withers, Rusch (1) antennas of any size showing the gain loss as a function of 
and Ludwig, Sandler (1) andvonGniss һе squint displacement in HPBWs for 3 values of F/D ratio. 
(1) and Ries The loss for other F/D ratios may be interpolated. (Baker-1) 


Patterns tor 5 squint angles 
2010001020 2010001020 201001020 201001020 201001020 
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Figure 16-12 Calculated patterns of a 5304 diameter parabola with F/D = 1.2 for 5 squint 
angles. At 4^ squint the gain is 1 dB down, the HP BW has increased from B to 8.5 (arcminutes) 
and the coma lobe is up 7.1 dB. (Baker-2) 
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16-4 Cassegrain Feed, Shaped Reflectors, Spheric: 
Fe 


Subreñectos offer flexibility of design for reflecting 
telescopes, The classical arrangement introduced by 
N. Cassegraln of France over 300 years ago uses a 
subreflector of hyperbolic shape which surrounds 
the prime focus point of the main parabolic reflec- 
tor. Referring to Fig. 16-13, we require that ll rays 
from the focal point F form a spherical wave front 
(circle of radius CF" ) on reflection from the (hyper- 
bolic) subreflector (as though radiating isotropically 
from the parabola focus Р”) or by Fermat' principle 
of equality of path length that 


Reflectors and Offset 


oF 
5 0% 


Viral focus 
c + FA = САЪРА a at focus of 
parabola 
Noting that CA = СР' af and that 


20A we obtain 


Hyperboc 


FA — A'F 220A = BA a е 
which is the relation for a hyperbola with standard form -— 
2 „ po 


H a Plane of symmetry 
‘of hyperbole geometry 
wherea = ОА = ОВ, f = OF! = OF, and x and / 


у areas shown in Fig. 16-13, Or 


] 
=) „Gg % 


The hyperbolic subreflector is then truncated at 
point P for which a ray reflected from the hyperbola 
hits the edge of the parabolic reflector. The hyperbolic Figure 16-13 Geometry for 
reflector then subtends an angle 6 from the feed loca Cassegrain reflector. 

tion at the focal point F while the (main) parabolic 

reflector subtends an angle 0 from the focal point F” of the parabola. Thus, the feed hom beam angle Is 
Increased in the ratio 6/9 to fill the parabola aperture. 

An advantage of the Cassegrain design is lts compactness, with feed and amplifier near the vertex of 
the parabola, Higher aperture efficiency may also be realized by shaping the subreflector (or modifying the 
hyperbolic contour) to correct the primary pattern of the feed and produce a more uniform field distribution 
across the parabola aperture? 


ČI he rays are lowed to pass trough the focus of the parabola instead of Бап; intercepted by the hyperbolic (conven) Casan 
surface asín ig 16-13, they can be reiecta by a concave ellipsoidal surface beyond (lo the ight of Ithe focus. This typeof suirelector 
‘scaled Gregorian afte nes Gregory of England who devised it about 180. 
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RefeningtoFig. 16-14, thesurfaceat A 4" isdeformed to 
enlarge or restrict the incremental ray bundle 8.2, thereby 
decreasing or increasing the watts per steradian in the bundle. 
and finally the watts per square meter in the aperture plane 
of the parabola. This shaping technique may be extended 
over the entire subreflector and often both subreflector and 
parabola are shaped. As a result а more uniform aperture 
distribution and higher aperture efficiency can be achieved 
but with higher first side lobes and also more rapid gain loss 
as the feed is moved off-axis to squint the beam. 

А constraintontheC assegrainarrangementisthatto min- 
тіге blockage the subreflector should be small compared. 
to the parabola, yet the subreflector must be large compared 
to the wavelength, Detalls on Cassegrain reflectors are given 
by Love (1). 

In Fig. 16-15 a parabola is given by 

2 4% © 
where f = focal distance = VF 

This parabolaiscompared withacircleofradius R = VC. 
It may be shown that for small values of x, the circle is of 
nearly the same form as the parabola when 

R-M © 

Over an angle and aperture radius 

капе a 


the circle differs from the parabola by less than AR. If 
AR < 2 (or specifically 22/16) the field radiated from 

apointsourceat F within an angle and reflected from the 

circle will be within 45° (— 2 x 360°/16) of the phase of a 

field radiated from F and reflected from the parabola, Figure 16-14 Geomety for 

LetFig. 16-15 represent the cross section of a reflecting shaped reflectors. 
sphere and parabotoid-of-revolution. Then a feed antenna at 
the focal point F which illuminates the sphere only within the angle &' will produce a plane wave over the. 
aperture of diameter 2r having a phase deviation of less than 45°, this amount of deviation occurring only 
near the edge of the aperture. 

It is apparent that with a spherical reflector of 2x sr solid angle, which remains fixed in postion, a beam 
can be scanned over almost all of this solid angle by moving a suitable feed antenna along a spherical surface 
of radius R/2, as suggested in Fig. 16-16, 

Although the spherical reflector is fixed and does not need to be moved, only a fraction of its total aperture 
x R?) is used." If the primary feed beam angle 0 is increased, the phase degradation increases at the edges 
of the beam aperture. The effects of this spherical aberration can be reduced by suitable corrections of the. 
feed distribution. Ashmead and Pippard considered the necessary corrections when the spherical aberration 


However, with тид feats multiple simultarenus beams could be produced, 
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is small (Ashmead-1) Spencer, Sletten and Walsh (Spencer-1] and Love (1) describe a phase-correting line 
source. Diffraction theory of large spherical reflectors is given by Schell and means of correcting for spherical 
aberration are discussed by Rumsey (Schell-1; Rumsey-1). See Chap. 15 for discussion of the elaborate feed 
system of theArecibo spherical reflector. 

The loss in aperture due to feed antenna 
blockage with attendant catering and 
minor lobes can be avoided by the use of 
an offset feed as in Fig, 9-22c. Although 
the asymmetry of the offset feed makes 
full mechanical steerability more awk- 
ward for ground-based antennas, the asym: 
metry is less of a problem under the 
‘weightless conditions of space. However, 
with the standing-curved reflector tiltable: 
flatreflector (K raus-type) radio telescope, 
aperture blockage can be made zero or 
nearly so (see Chap. 15 and Fig. 15-6). A 
fully steerable offset fed paraboloid is also 
described in Chap. 15 (see Fig. 15-4). 

An extreme exampleof an offset feedis 
provided by the horn reflector of Fig. 16-17 parabola parabola ше 


in which the energy from the feed point ÎS Бшге 16-15 Circle and parabola compared, with 


ule sie топ athe theres raduz of crie equal o ice de Prai length of he 
pao 


‘one used by Penzias and Wilson in thelr dis- 
covery of the 3 K cosmic background radiation (see Sec. 17-1). The absence of aperture blocking and the 
shielding by thehorn sructureresultedin very low side and back lobes so thatthe ground contributed negligibly 
(les than èy of 1 percent of the nominal 300 K ground temperature) to the antenna temperature, 


16-5 Low-Side-Lobe Considerations 


Referring to Fig, 16-10, itis to be noted that the 
sidelobes in the forward direction (0 to 90°) of a Center ot 
large parabolic dish reflector are determined (1) 
by the aperture distribution, (2) by the irregu: 
lattes of the dish surface, (3) by scattering or 
diffraction from the feed structure and support 
struts and (4) by diffraction from the edge of 
the dish. Effect (3) is absent with offset feeds or 
with the hor-refiector antenna. The side lobes to 
the rear (90 to 180°) are determined (1) by the 
spillover and (2) by diffraction around the edges 
of thedish. Schrank gives a thorough summary of 
low-sideobe reflector antennas (Schrank-1). 

For an isotopic source the directivity D=1 Figure 16-16 Fixed spherical reflector of 
(Od8i)sotheisotropiclevel andtherelativepower 24 sr solid angle with movable feed for beam 

Steering over nearly 27 sr. 


Secondary or 
sphercal antenna 
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кал 
Section through аа 1 


jure 16-17 "Sugar scoop" low-side-lobe horn-reflector antenna in cross section and 
front view. 


o 
— 
" а 
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тш 


Isotopic Highest (55 aB up аву 
20 lever side lobe- 


\ A 


igure 16-18 Main beam and side lobes with respect o the isotropic level. 
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level (uniform in all directions) arethesame, 
As D increases, the main lobe rises above 
the isotropic leve! in proportion to D. In the 
hypothetical (but typical) pattem shown in 
Fig. 16-18, the directivity D = 225 dBi 
(= lossless gain) and the highest side lobe is 
17 dB below (the main-lobe maximum) or 
5,5 dB above the isotropic leve! (5.5 dBi), 
Side-lobe levels are usually referred to the 
main lobe but sometimes to the isotropic 
level 

As shown in Fig, 19-2 a triangular or 
cosine tapered aperture distribution drops to 
zero field at the edge of the aperture, yet it 
results in front side lobes. Back side lobes 
should, in principle, be absent. However, 
the cosine squared or Gaussian distribu- 
tions have no side lobes but the НРВМ are. 
greater 

Dish surface irregularities with a regular 
(periodic) spacing of a wavelength or more 
аге apto result in side lobes called grating 
lobes Diffraction from the sharp edge of а 
dish also contributes to the side lobes both 
front and back. To randomize the phase of 
the diffracted rays, the edge may be serrated 
(saw-tooth edge) as in Fig. 16-19. The tooth 
dimensions should beof the order of a wave- 
length or more. Thestraight versus diagonal 
ог sawtooth effect may also be noted with a 
square dish or ground plane. Thus, as sug- 
gested in Fig. 16-20, the side lobes in the 
plane of the diagonal tend to be les than in 
the plane of the sides. 

Edge diffraction may be reduced by 
means of a rolled edge with (or without) 
absorbing material, as illustrated in Fig. 9-6 
An oversize parabolic dish with reduced: 
ейде illumination might also be used to 
reduce edge diffraction but а problem with 
this approach is that the underilluminated 
edge and outer regions of the parabola 
(with its irregularities) still contribute to а 


(| ® 
P 
72 ш 


Figure 16-19 (а) Sharp edge and (b) serrated 
or sawtooth edge for reduced side-lobe level. 


Square dish тшен 
ar ground КАР 
plate po 


Figure 16-20 Square dish or ground plane 
with lower side labes in plane af diagonal, 


Figure 16-21 Reflector antenna with cylindrical 
shroud of absorber for reducing far-out side lobes. 


"Grating lobes re pia for arrays with interelement spacings af or more (see Ser. 19-6), 
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diffracted field. However, if the outer region of the dish is curved away from a parabolic contour and blended 
into a rolled or curved edge, diffraction effects are much reduced (see Sec. 21- 4d) (Bumside-1), 

Although the horn-reflector antenna (Fig. 16-17) has very low wide-angle side lobes, а side lobe tends 
to appear at 0 = 90°, which may be objectionable. Thomas has used а serrated edge (blinder) to reduce it 
(Thomas-1) 

Another side and back lobe suppression technique involves the addition of a cylindrical absorbing shroud 
attached to the edge of the dish as in Fig. 16-21, The outer surface of the shroud may be metal ог dielectric. 
Dybdal (1) and King found that with a shroud twice as long as the dish diameter the far-out side lobes were 
60 to 75 d8 down, although the on-axis back lobe (0 = 180°) was only 50 dB down, 
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Problems 


161-1 


161-2 


164-3 


16-1-4 


16-1-5 


16-1-6 


16-1-7 


16-1-8 


Cylindrical parabolic reflector. Calculate the radiation pattern of a cylindrical parabolic reflector 
of square aperture 16 on aside when theilluminatian is uniform over the aperture and when the field intensity 
across the aperture follows a cosine variation with maximum intensity at the center and zero intensity at he 
edges. Compare the two cases by plotting the normalized curves on the same graph. 


Paraboloidal reflector aperture distribution. (2) Show that the variation of field across the 
aperture of parabaloidal reflector with an isotropic source is proportional to 1/11 + (0/2270 where p is 
the radial distance from the axis of the paraboloid. Show that this relation is equivalent to (1 + co50)/2. 
(6) If the parabola extends to the focal plane and the feed is isotropic over the hemisphere subtended by the 
parabola, calculate the aperture efficiency. 


Efficiency of rectangular aperture with partial taper. Calculate the aperture efficiency 
and directivity of an antenna with rectangular aperture.x v with a uniform field distribution in the y direction 
andacosinefiéd distribution nthe direction (zero atedges, maximum at center) э = 202 and v) = 10. 
Efficiency of rectangular aperture with full taper. Repeat Prob. 16-1-3 for the case where 
the aperture field has a cosine distribution in both the x and y directions. 


Efficiency of aperture with phase ripple. A square unidirectional aperture (л v1) İs 10: ona 
Sde and hasa design distribution for the electric field which is uniform in the x direction but triangular in the 
y direction with maximum at the center and zero at the edges. Design phase is constant across the aperture. 
However, in the actual aperture distribution there is a plusand-minus-30° sinusoidal phase variation in the 
x direction with a phase cycle per wavelength. Calculate (a) the design directivity, (b the utilization factor, 
(9 theactual directivity, (d) the achievement factor, (e) the effective aperture and (f the aperture efficiency. 
Rectangular aperture. Cosine taper. An antenna with rectangular aperture x.v; has a uniform 
field in the y direction and a cosine field distribution in the x direction (zero at edges, maximum at center). 
xy = 163. and yy = Ba, calculate (a) the aperture efficiency and (b) the directivity. 

Rectangular aperture. Cosine tapers. Repeat Prob. 16-1-6 for the case where the aperture 
field has a cosine distribution in both the х and у directions. 


А 201 line source. Cosine-squared taper. (2) Calculate and plot the far-field pattem of a 
continuous in-phase line source 20A long with cosine squared field distribution. (b) What is the HPBW? 


For computer programs, see Appendix С. 


Chapter 17 


Antenna Temperature, 
Remote Sensing and 
Radar Cross Section 


Topics in this chapter include: 


ım Antenna temperature m Radar (active remote sensing) 
m System temperature! m Doppler radar 

m SNR (Signal-to-Noise Ratio] m RCS (Radar Cross Section) 
ша Passive remote sensing 


17-1 Antenna Temperature 


The noise power per unit bandwidth available at the terminals of а resistor of resistance R at a temperature 
T, (Fig. 17-1a) is given by the Nyquist (1) relation as 


т, (Инг!) a 


p = power per unit bandwidth, Me- 
k = Boltzmann's constant = 1.38 х 102K) 
T, = absolute temperature, K 


CCC 
T. (Fig. 17-18), the noise power per unit bandwidth available at the antenna terminals is the same ав in (1) 
provided T, = J.. 

Мон if the antenna is removed from the anecholc chamber and pointed at a sky of temperature 7, 
(Fig. 17-1c) the noise power per unit bandwidth is again the same asin (1) (provided Т, = 7,), and we can 
say that the antenna has a noise temperature Ta equal to the sky temperature Т,.2 

Using an antenna to measure a distant temperature in this way is passive remote sensing, and he antenna 
in this application may be called a radio telescope This passive remote sensing sin contrast to he active 
remote sensing of radar. 


For a more detailed treatment see]. D. Kraus, Rao Astronomy, 24 e. Cygnus Quasar Panel, Ohio, 1986, pp. 3-39 to 3-45, 
itis assumed thatthe entire antenna patern “sees” the sky of temperature 7 
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лана 
— 
rN 
— 
s = 
Е / 
LA 
(а) (b) (с) 


Figure 17-1 (a) Resistor at temperature T. (b) Antenna in an anechoic chamber at 
temperature T.. (c) Antenna observing sky at temperature Ts, The same noise power per unit 
bandwidth is available at the terminals in all three cases ИТ, = Te 


To measure the distant or sky temperature 7, the antenna noise temperature may be compared with that 
of a resistor at an adjustable temperature 7, by alternately connecting antenna (directed at sky) and resistor 
to arecelver. When the receiver detects no difference, Ta = T, = T. 

The noise temperature Ta of the antenna (assumed lossless} is equal to the sky temperature Tx, and not the 
physical temperature of the antenna, This contrasts to the resistor of Fig, 17-13, which is completely lossy 
and, therefore, has a noise temperature equal to its physical temperature. Thus, for a radio tlescope antenna 
the nose power per unit bandwidth is given by 

ИТЕ a 
Where 7, istheantenna (noise temperature) ог temperature of the antennas radiation resistance, determined 
by the sky temperature at which the antenna beam is directed. 

Hence, aradio telescope antenna (and receiver) may be regarded asa radiometer (or temperature measuring 
device) for remote sensing the temperature of distant regions coupled to the system through the radiation 
resistance of the antenna, An extreme view isto imagine that with a radio telescope we сап, in effect, stretch 
the wires from the terminals in Fig. 17-12, until the resistor А comes into contact with the distant regions 

Inthe above we have assumed thatthe antenna has no thermal loses and also that all of its pattern is 
encompassed by the region being observed (negligible side and back lobes). 

Multiplying (2) by the bandwidth В, we obtain the total power available as 


P 


TAB W) a 


where В — receiver bandwidth, Hz 
Itis often convenient to express the received power per unit bandwidth in terms of а Пих density 5, Thus, 

dividing (2) by the effective aperture A, of the antenna, we have 

Ta 

In the above development we have assumed a single celestial source whose extent is greater than the antenna 

beam, In practice the antenna temperature may include contributions from several sources, or the source 


(W m? Hzc) W 
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under observation may be superimposed on a background temperature region. To measure the temperature of 
source under these circumstances, ће radio telescope beam is moved onto and then off of the source, and an 
incremental ог difference temperature AT, ismeasured. Thus, (4) for thesource Пих density can be rewritten as 


_ ката 


r А, 


(Wm Hz) ^ Sourcefin density 6) 


Note that the units for the flux density S (W m-2 Hz-1) are the same as for the Poynting vector per unit 
bandwidth, so we may regard the flux density as a measure of the Poynting vector (per unit bandwidth) 
received from distant regions. In radio astronomy observations, Пих densities are very small, and the unit 
of convenience is the jansky (Ју) = 1072 W m-? Hz ^, after Кап б. Jansky who made the first radio 
astronomy observations in 1933. 

If the remote source is small compared to the antenna beamwidth, il of AT, is due to the source, and (5) 
gives the correct Пих density, but АТА Is not equal to the source temperature. However, if the source solid 
angle ©, and the antenna beam solid angle 02, (Fig. 17-2] are known, the source temperature Т, is given 
very simply by 


Beam ange 
Antenna 
Soure E 
A ) 
PA 
Figure 17-2 Situation where source 0, is smaller than the beam area a. 


EN 
uan K © 


T, = source temperature, K 
AT, = incremental antenna (noise) temperature, К 
2, = source solid angle [see figure), sr 

па = antenna beam solid angle (see figure sr 


Itis important to note that the antenna temperature has nothing to do with the physical temperature of the 
‘antenna provided the antenna is lossless. 
Let us now apply (6), by way of an example, to а classic, historic remote-sensing observation. 


EXAMPLE 17-1.1 Mars Temperature 
The incremental antenna temperature forthe planet Mars measured with the U.S. Naval Research 
Laboratory 15-m radio telescope antenna at 31,5-mm wavelength was found to be 0.24 K (M ayer-1). 
Mars subtended an angle of 0.005" at the time of the measurement. The antenna HPBW = 0.116", Find 
the average temperature of M ars at 31.5-mm wavelength, 
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п Solution 
‘Assuming that, is given by thesolid angle within the HPBW, wehave from (6) thattheM arstemperature 


Da one 
BEATA = pqs = 168K 


This temperature is less than the infrared temperature measured for the sunlit side (250 K), imply- 
ing that the 315-mm radiation may originate farther below the Maran surface than the infrared 
radiation. This is an example of passive remote sensing of the surface of another planet from the 
eant. 


Ans 


Thesource temperature inthe above discussion and example isan equivalent temperature. It may represent 
the physical temperature of a planetary surface, as in the example, but, on the other hand, a celestial plasma 
cloud with oscillating electrons which Is at a physical temperature close to absolute zero may generate 
radiation with an equivalent temperature of thousands of kelvins. The temperatures we are discussing are 
thermal (olse) temperatures like those of a perfectemiting:absorbing object called a blackbody. A hotobject 
filling the beam of a receiving antenna wil ideally produce an antenna temperature equal to its thermometer- 
measured temperature. However, the oscillating currents of a transmitting antenna can produce an equivalent 
temperature of millions of degrees (K) even though the antenna structure is at normal outdoor temperature It 
may be said that te antenna (and its currents) have an equivalent blackbody (or noise) temperature of millions 
of degrees. 

АП objects not at absolute zero produce radiation which, in principle, may be detected with a radio 
antenna-eceives A Ген objects are shown in Fig. 17-3 with the equivalent temperatures measured when the 
hor antenna is pointed at them, Thus, the temperature of a distant quasar is over 10 K, of Mars 164 K, 
of a transmitter on the earth 10° K, of a man 310 K, of the ground 290 K while the empty sky at the 
zenith is 3 К. This temperature, called the 3 K sky background, is the residual temperature of the primordial 
fireball which created the universe and Is the minimum possible temperature of any antenna looking at 
the sky. 

A assumption was made in the above discussion which requires comment. twas assumed thatthe antenna 
and source polarizations were matched (same polarization states on the Poincaré sphere). Although this is 
possible for the transmitting antenna in Fig. 17-3, itis not possible for the other sources because their radiation 
is unpolarized and any antenna, whether linearly or circularly polarized, receives only half of the available 
power, Hence, for such sources the Пик density of the source at the antenna is given by twice (4) or 


KATA 
А, 


Wm2Hzi)  Sourcefix density m 


We have considered two extreme cases, one where the source extent is much broader than the antenna 
beamwidth and one where the source extent is much less than the beamwidth, Let us consider now the general 
situation for any source beamwidth- sizerelation. For this general situation thetotal antenna temperature Ta is 


pes 
nos seemeem (К) © 
ah h 


Assuming the objects intrinsic impedance = 377 n. 
“Dueto reflection, more realistic values for a human and the ground might be less 
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Empty + Distant quasar 
sky "Tek. 
aK 
Mare, 164K 
Transmitting 
po 


1 Human, 310K 


Figure 17-3 Horn antenna directed at various objects senses different temperatures as 
suggested. 


Ground 290K 


where 
Ta = total antenna temperature (not ATA). K 
тб, ө) = brightness temperature of source or sources as a function of angle, K 
руб, ө) = normalized antenna роне patter, dimensionless 
94 = antenna beam solid angle, & 
ай = sing dû дө = infinitesimal element of slid angle, sr 

Note that 7, in (8) is the total antenna temperature including not only contributions from a particular 
source in the main beam but from sources of radiation in all directions in proportion to the pattern response. 
Note lso that he temperatures arein kelvinsK (= Celsius degrees above absolute zero). 

In contrast to the above example, let us recall the temperature measurements made by Arno Penzias (1) 
and Robert Wilson in 1965 at 4 GHz on their 6.2.m horn-refectr antenna which resulted in thelr discovery 
of the 3K sky background. When directed at regions of "empty" sky near the zenith, Penzias and Wilson 
measured a total antenna temperature T4 = 6.7 K 


EXAMPLE 17-1.2 Antenna Temperature 
A circular reflector antenna of 500 m effective aperture operating at à = 20 cm is directed at the zenith. 
What is the total antenna temperature assuming the sky temperature is uniform and equal to 10 K? Take 
the ground temperature equal to 300 K and assume that half the minor-lobe beam area is in the back 
direction (toward the ground) + The beam efficiency is 0.7 (= 244/24). 


m Solution 

Assuming that the antenna aperture efficiency is 50 percent, its physical aperture is 1000 m and its 
diameter 35.7 m (= 2,/T000/x m). At. = 0.2 m the diameter is 1795, implying that the HPBW = 0.4" 
(= 109/179). Thus, the antenna is highly directional with the main beam directed entirely at the sky 
(close to the zenith). 


ince much sky radon reaches the antena via reflection from the ground, а more realistic ground temperature might be less than 
эшк, 
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Since the (main) beam efficiency is 0.7, 70 percent of the beam area 2, is directed at the 10 K sky, 
half of the remainder or 15 percent at the sky and the other half of the remainder or 15 percent at the 
300 K ground, Thus, integrating (8) in 3 steps, we have 


"— 


"m 
заасан = (10x 30304) =15K 


Y (0. 
—Á (жю 0304) -r 
ч 
€A—— 


Note that 45 of the 53.5 K, or 84 percent, of the total antenna temperature results from the back-lobe 
pickup from the ground, With no back lobes the antenna temperature could ideally be only 10 K, so that 
in this example the back lobes are very detrimental to the system sensitivity (see Sec. 17-2). Itis for this 
reason that radio telescope and space communication antennas are usually designed to reduce back- and 
sidelobe response to a minimum. 

‘The information given regarding aperture and wavelength is relevant to the problem only to the extent 
that it indicates that the main beam is directed entirely at the sky. 


Contributions to this temperature were measured as 
23 03K dueto the atmosphere 
0.8 + 0.4K dueto ohmic losses 

01K dueto back lobes into the ground 
32405 


Thediference, 6.7 32 = 35K, they attributed to the sky background. Theirs was the first measurement 
of the residua temperature of the primordial (ig Bang) fireball which created the universe, and sets lower 
limit to the temperature of any antenna looking at the sky. See Sec. 20-19, 

The0.1 ground pickup by the antenna of Penzias and Wilson is one of the smallest values ever measured 
for an antenna. Note also that, in their analysis, they tribute 0.8 K to ohmic losses in the antenna and rotary 
joint 

The antenna noise temperature from the sky as а function of frequency (and wavelength) is presented in 
Fig. 17-4. A beam angle (HPBW) of less than a few degrees and 100 percent (main) beam efficiency are 
assumed, Curves are given for beam angles from the zenith (complementary to elevation angles). At lower 
frequencies the temperature is dominated by radiation from the galaxy. At higher frequencies the atmosphere 
introduces noise due to absorption. A bove the ears atmosphere (in space) this noise is avoided, but there is 
universal photon or quantum noise temperature limit at still higher Frequencies given Бу the photon energy 
hf divided by Boltzmann's constant, or 


hf 
Toc © 


т 
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where 
h = Planck's constant = 6.63 х 10%] s 
f = frequency, Hz 
k = Boltzmann's constant = 1.38 x 10-3) K7* 
Across the spectrum between these sources of noise there is the noise background ar floor of 3 K (or more 
precisely 2.7 K) dueto radiation from the primordial fireball. The low-noise region between galactic radiation 
and atmospheric absorption defines an earth-based radio window, while the region between galactic radiation 
and quantum limit establishes а cosmic radio window. 


17-2 System Tem 


An antenna is part of a receiving system con- 
sisting, in general, of an antenna, a receiver 

and a transmission line which connects them. Te 
The temperature of the system, or system tem- ме 
perature, is a critical factor in determining x j 
the sensitivity and signal-to-noise ratio of а 7 M rne 
receiving system. — 

Letus consider a receiving system as shown / 
schematically in Fig. 17-5, with an antenna, a пета 
receiver and a transmission line (or waveguide) тета 


cnet 
E Figure 17-8 Antara, ansmssn ine and 


temperature of тле у, theground and antenna Се МЕГ for system temperature determination, 
environs, the antenna pattern, the antenna thermal efficiency, the receiver nose temperature and the efficiency 
of the transmission line (or waveguide) between the antenna and receiver. The system temperature at the 
antenna terminals is given by 


п (2) л) dm n 


Antenna 


Transmission 


antenna noise temperaturelasgívenby (17 
antenna physical temperature, K 

antenna (thermal) efficiency(0 < £1 < 1), dimensionless 
line physical temperature, & 

line eficiency(0 < «2 < 1), dimensionless 

receiver noise temperature (see next paragraph). K 
‘The receiver noise temperature is given by 


by B 
6162 A o 


ШЗ 


mn. 


e апе = ateo constant (Np . and t 
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where 
Tı = noise temperature of first stage of receiver, K 
Tj = noise temperature of second stage, K 
f3 = noise temperature of third stage, K 
Gy = power gain of first stage 
Gz = power gain of second stage 


Terms for additional stages may be required if the temperatures are sufficiently high and the gains 
sufficiently low. 


EXAMPLE 17-21 System Temperature 
A receiving system has an antenna with a total noise temperature of 50 K, physical temperature of 300K 
and an efficiency of 99 percent, a transmission line at a physical temperature of 300 K and an efficiency 
of 90 percent, and a receiver with the first 3 stages all of 80 K noise temperature and 13 48 gain. Find 
the system temperature 


m Solution 
From (2) the receiver noise temperature is 


80 80 
Te 60 р + gp = 8044 +02 = 842K 
From (1) the system temperature is 
1 1 1 
зо 300( q yg 1) +300( gy -1) 58642 
5043433349367 180K 


Note that due t losses in the antenna, ts physical temperature contributes 3K , Theline contributes about 
33 K and the receiver about 94 K 


Tys 


The sensitivity, or minimum detectable temperature, A Tun, of a receiving system is equal to the rms noise 
temperature A Ting of the system, as given by 


Tos 


n Alis a 


VAT 
system constant (order of unity), dimensionless 
system temperature [sum of antena, line and receiver temperatures as given by (1), K 
rms noise temperature Ain K 
Af = predetecion bandwidth of receiver, Hz 
1 = postdetection time constant, s 

The criterion of detectability is that the incremental antenna temperature A7, due to а radio source be 

equal to or exceed Tin, that is, 


where 


АТА > АТ (4) 


е McGraw-Hill Companie 


eo Chapter 17 Antenna Temperature, Remote Sensing and Radar Cross Section 


and the signal-to-noise (S/N) ratio is then! 
5 _ АТ, 2 
NT An k 
Many space communication systems, radio telescopes and remote sensing systems operate at such high 
sensitivity (low signal levels) that a low system temperature is essential 


EXAMPLE 17-2.2 Minimum Detectable Flux Density 
The Ohio State University 110 by 21 т radio telescope antenna (see Fig. 17-6) had а physical aperture 
of 2208 m2, and at 1415 MHz an aperture efficiency of 54 percent and a system temperature of 50 K. 
The rf bandwidth was 100 M Hz, the output time constant 10 s and the system constant was 2.2. Find the 
minimum detectable Пих density. 


M Solution 
From (3) the minimum detectable temperature was. 
кты 
0035K 
van 


203 m2, From (17- 


Theeffectiveaperture А, = A pčap = 2208 x 0.545 7) the minimum detectable 
flux density is 
Aon _ 2x 138 x 1072 x 0.0035 
r -R  — 
= 81x 10W т?н 71 = Bmjy* 

Ву repeating observations and averaging, the minimum can be further reduced (a ITF, where 
п = number of observation). 
In a large sky survey at 1415 MHz, about 20,000 radio sources were detected and cataloged at fux 
densities above 180 mj y. Thus, he signal-to-noise ratio for these cataloged sources is 

S _180my _ АТ, _ 00785К 

NT Romy Ama = 0.0035K 


Аза = 


=25 


17-3 sun ( 
Let us consider next the signal-to-noise ratio for a receiving system which is part of a communication link. If 
a transmitter radiates a power P, isotropically and uniformly over a bandwidth A, it produces a flux density 
ata distance r of // def: Afi). A receiving antenna of effective aperture A,, a а distance r can collect a 
power 


to-Noise Ratio) 


P Afr 


-ira % a 


Distinguish between s here for signal and s elsewhere for fux density or Poynting vector. 
?The minimum detectable gral îs given by S = A or S/N = 1. Therat is sometimes egresó (S + АА and for the minimum 
detectable signal case this ratio equals 2 


“Bilan where 1 Jy = 10-55 e. 
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where 
P, = radiated transmitter power, W 


As = effective aperture of receiving antenna, т? 
Af, = receiver bandwidth, Hz 
Af, = transmitter bandwidth, Hz 


distance between transmitter and receiver, m 
Itis assumed that Af, < A, 

With a transmitting antenna of directivity D = Ат, /22, the received power becomes 
LY 


a 


where 
A = wavelength, m 
As = transmitter effective aperture, т? 
For Af: = Af; (bandwidths matched), (2) is the Friis transmission formula, 

The sensitivity of a receiving system (antenna and receiver) depends not only on the antenna temperature 
T, but also on the temperature or noise contribution of the receiver and the transmission line connecting the 
antenna to the receiver. The resultant of these temperatures is called the system temperature Tas, which is a 
factor in the signal-to-noise ratio (5/ or SNR) for a radio link as given by 


5 _ E. ‘Signalto-nciseratio 
xum mesones Seer 


e 


EXAMPLE 17-3.1 Downlink Signal-to-Noise Ratio 
The criterion of detectability of signal is the signal-to-noise ratio (S/N) (3). For a transmitter power of 
1W and an isotropic (nondirecional) antenna, the signal-to-noise ratio of a lossless line-of-sight radio 
link is given by 


Lr ET 


à = wavelength, m 
distance from transmitter to receiver, m 
k = Boltemann’sconstant = 1.38 x 10722 K 
Tas = System temperature, K 

7 = bandwidth, Hz 
For aClarke-obit geostationary satellite C-band transponder downlink to an earth station (Fig, 17-6), 
the transponder power = 5 W, distance = 36,000 km, à = 7.5 cm, and antenna gain = 30 dB. If the 
earth station antenna has 38-45 gain and the earth station receiver а system temperature of 100 K, find 
the earth station S/N. The bandwidth В = 30 М Hz for frequency-modulated (FM) TV signals. 
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Note: The S/N ratio as used in this example actually represents the carrier-to-noise (C/N) ratio, 
defined as the ratio of the power in the unmodulated carrier to the noise power. For FM video signals 
as employed by the Clarke-orbit satellites, the S/N at the output of the FM demodulator can exceed the 
carrier-to-noise ratio (C/N) by 35 dB or more, provided that the C /N is above the "FM threshold" of 
approximately 10 dB. The amount of enhancement depends on the signal's modulation index, the ratio of 
the peak frequency deviation to the modulation frequency. In practice, satellite designers strive for a C/N 
of 13 to 20 dB, corresponding to 3 to 10 dB of link margin to allow for antenna misalignment, attenuation. 
along the propagation path, attenuation due to water or snow in the earth-station dish, transponder power 
variations, and demodulator inefficiency. 


— Equator Айкап 
American satelites P. 


(a) 


Figure 17-6 (a) Geostationary TV and communication relay satelites in Clarke orbit 
around the earth. (b) Effective radiated power contours, or footprint, in decibels above 1-4 
isotropic of typical transponder downlink over North America. Note that the footprint gives 
radiation contours over a spherical surface (the earth's) and, in most cases, at an oblique 
angle. Only when the satelite beams directly down on the earth's equator with a relatively 
папом pattern wil the footprint contours approximate the true antenna pattern contours 
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m Solution 
For 1W and isotropic antenna, 
s * 
W ЛЫН 
0.075 
EE E 
6.64 x 1077 61.8 dB 
For transponder antenna gain = 30 dB and transponder power = 5 W = 7 dB, 


ERP (effectiveradiated power) of transponder = 30 + 7 


= 3708 (over 1W isotropic) 


For earth station gain = 38 dB, 
S/N (downlink) = 37 + 38 -61.8 =13.2dB Ans. 
Thisis 32 dB morethan the minimum S/ x ratio considered to be acceptable. 


where 


transmitter power, W 
effective aperture of transmitting antenna, т^ 
effective aperture of receiving antenna, m? 
distance between transmitter and receiver, m 
wavelength, m 

bandwidth, Hz 

Boltzmann's constant = 1.38 x 1072] K- 
system temperature, K 


Tas 
In (3) matched polarizations and bandwidths are assumed. 


A radio telescope is a remote sensing device whether it is earth-based and pointed at the sky for observing 
Celestial objects or on an aircraft or satellite and pointed at the earth. In this section we consider the case 
where the radiation detected or sensed by the telescope originates in the objects being observed, making for a 
passive remote sensing system in distinction to radar or active remote sensing where signals re transmitted 
and their reflections observed and analyzed. The active case is discussed in the next section. 

Consider the situation of Fig. 17-7 a, in which the earth-based radio telescope antenna beam is 
completely subtended by a celestial source of temperature 7, with an intervening absorbing-emitting cloud 
of temperature J. With no cloud present, the incremental antenna temperature AT, = T;, but with the cloud 
it may be shown that the observed antenna temperature 


та- 


утех (К) a 
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Figure 17-7 (a) Earth-based radio telescope remote-sensing celestial source through 
intervening interstellar cloud. (b) Radio telescope on satelite remote-sensing the earth through 
forest (с) Receiver detecting antenna output through transmission line. The cloud, forest and 
transmission line have analogous emitting-absorbing properties. 


Where re = absorption coefficient of the cloud’ (= 0 for no absorption and = oo for infinite absorption). 
‘Thus, knowing 7, and te, the cloud's equivalent blackbody temperature T, can be determined. 

Now, referring to Fig. 17-7b, let us reverse the situation and put the radio telescope on an orbiting satellite 
for observing the surface of the earth at temperature Т, with the antenna beam completely subtended by а 
large forest at a temperature Ту. The incremental satellite antenna temperature is then 

Ат = Tle) + Tee «› a 
Where ту = absorption coefficient of the forest. Knowing T, and ry, the temperature of the forest can be 
determined, or knowing Т, and Ту, the absorption coefficient can be deduced, It is by such a technique that 
the whole earth can be surveyed and much information obtained about the temperatures of land and water 
areas, and from absorption coefficients about the nature of the surface cover, 


EXAMPLE 17-4.1 Forest Temperature by Remote Sensing 

The remote-sensing antenna of a 3-GH2 orbiting satellite measures a temperature AT, = 300 K when 
directed at tropical forest region having an absorption coefficient r = 0.693 at vertical incidence. 

If the earth temperature Т, = 305 К, find the temperature of the forest. 


m Solution 
Since тү = 0.693, e" = 0.5, so from (2), 
ATA = Ee, _ 300-305 x 0.5 


98 K 


T 


1-03 


If the antenna transmission line receiver system is viewed from the receiver terminals as in Fig. 17-7 
(instead of from the antenna terminals as in Fig. 17-5), we note hat the analogy between the remote-sensing 


Astronomers call x the “optical depth The quantity is equivalent to the ficiency factor in Hr. 
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situations discussed above extends here to the transmission line. Thus, the emitting-absorbing transmission 
line of Fig. 17-7c isliketheemiting-absorbing cloud of Fig. 17-7a and like the emitting-absorbing forest of 
Fig. 17-75. The analogy may be emphasized by comparing (1) and (2) with the temperature as seen from the 
receiver terminals, so that the equations for the 3 situations have identical form as follows: 

Antenna looking at celestial source (see Fig. 17-74): 


are Ede ze (К) a 
Antenna looking at earth from satellite (see Fig. 17-76: 

AM Td e + Teh (К) w 
Receiver looking at antenna (se Fig. 17- 7c): 

re e, b. 6 


where 
AT, — incremental antenna temperature, K 


T, — doud temperature, K 
x. = Cloud absorption coefficient optical depth), dimensionless 
Т, = celestial source temperature, К 
Ту = Forest temperature, К 
ту = forest absorption coefficient, dimensionless 
T, = temperature of earth, K 

Tie = transmission line physical temperature, K 


transmission line attenuation constant, Npm-* 
1 = length of transmission line, m 

Note that the system temperature should be referred to the antenna terminals as in (17-2-1) and not to the 
receiver terminals as in (5). Thus, if the line is completely lossy (e™! = ¢2 = 0), (17-2-1) gives an infinite 
system temperature which is correct, meaning that the system has no sensitivity whatever. However, with this 
condition, a system temperature" viewed from the receive terminal, as in (5), would equal the temperature 
Tp of the line plus the receiver temperature, a completely misleading result since it indicates that the system. 
stil has sensitivity. 

The Mars measurements an example of passive remote sensing in which the temperature of a very distant 
object Is determined with a radio telescope. As another example of passive remate sensing, many satellites 
circling the earth carry radio telescopes which are directed down at the earth for measuring the temperature 
ofthe earth's surface in great detail in the same way that the telescope in the worked example was used to 
determine the surface temperature of Mar, By contrast, radar detection is active remote sensing since signal 
is transmitted and an echo received. 


17-5 Radar and Radar Cross Section 


Consider now the situation shown in Fig, 17-8 where ether a transmitter or a receiver can be connected to an 
antenna. Now, with transmitter connected to the antenna, a pulse is sent out that strikes a passive reflecting- 
scattering objectasin Fig. 17-8, The power intercepted by the objects given by the riis transmission formula 
(17-3-2) as, 
Pia 
Puby objet) = e W) а 
where a = radar cross section of the object, m. 
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Figure 17-8 Double-path geometry (wave out and scattered wave back) used in obtaining 
radar equation. The antenna can be switched between transmitter and receiver. 


‘The term radar isan acronym for radio direction and range. Assuming that the object scatters isotropically 
(D = 1) itsefeciveapertrefrom (2-9-7) is 2/4, othe scattered power from theobjectwhich sreceived 
back atthe transmitter location is, by another application of the Friis transmision formula (2-11-5), given by 


P, (Power received by antenna) 
Pre (Power intercepted by abject) A, 42 
e e 

Now, connecting the antenna to the receiver (before the backscattered pulse or echo arrives), the ratio of the. 

backscattered power collected by the antenna to the transmitted power yields the radar equation as given by 


w a 


5 
Lorena be, menos) Radeon o 


Where A = A« = effective aperture of antenna (same for transmitting and receiving), m2 

Its assumed in (3) that polarizations are matched (no cross-polarized component of the backscattered 
wave), ê, F = 1 oF MM, = D and also that the antenna and receiver are matched. I polarizations are not 
matched, then (3) should be multiplied by F from (2-17-5. 

From (3), the radar cross section (RCS) is 


„ шг? 
Г г: m 


or 


— — scattered power _ " 
"T S.T Sw Incident power density"? cross-section 


where 
isotropically backscattered power density at distance r 
IP, (by antenna]]/A, W m ? 

power density incident on object 

(AAJA, W m? 


Sine 
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In words, the radar cross section « of an object is its effective ares intercepting the incident power density 
Sine Which, if scattered isotropically, would resultin the backscattered power density S, 

For a large perfectly reflecting metal sphere of radius а, the radar cross section is equal to the physical 
cross section a, For imperfectly reflecting spheres, the radar cross section is smaller. For example, at meter 
wavelengths, the radar cross section of the moon is about 0.1 of its physical cross section. 

To measure accurate far-field values of the Radar Cross Section (RCS) of objects, the radar antenna should 
beata distance well in excess of w2/à, where w = maximum width (or height of the object being measured, 
in order that the radar wave front be sufficiently planar. At high frequencies and/or for big objects, this may 
require an impractically large distance. A solution is to use a parabola to convert the spherical wavefront from 
the radar to a plane wave. This greatly reduces the distance required and results in what is called a “compact 
range." The Ohio State U niversity 110-m radio telescope doubled as a compact range for RCS measurements 
of large objects, See Figs, 17-6 and 17-8. 

Noticein (3) that the backscattered power at the radar receiver is inversely proportional to the fourth power 
ofthe distance. This means that if you have a receiver as sensitive and an antenna as large as the radar s, you 
should be able to detect the radar at greater distances than it can detect you. The signal needs to cover the path 
to you only once (1/72 attenuation), but it must cover it twice to get back to the radar (1/r# attenuation). 

In pulse radar the antenna is connected to the transmitter while the pulse is sent. It is then switched to 
the receiver which listens for the echoes. The greater the range being observed, the longer the time needed 
between pulses. In doppler radar the antenna is connected continuously to both transmitter and receiver 
through a circulator which isolates the receiver from the transmitter, and the transmitter is on all the time. 
The term CW (continuous wave) doppler is used to describe this mode of operation, which measures only 
velocity By measuring both time delay and frequency shift of the echoes from a pulse radar, we have what is 
called pulse doppler radar which measures both distance and velocity. 

Radars have wide application for ship and aircraft navigation; for harbor, airport and highway surveillance; 
for weather forecasting (storms, rain, hal, ec; for terrain mapping; for measuring the distance to the moon. 
or the rotation of Venus (whose surface is hidden by clouds); for monitoring the speed of a pitcher's fast ball; 
‘or determining the velocity of a hummingbird. 

The radar cross sections of several objects are listed in Table 17-1 where its assumed that the objects are 
large compared to the wavelength. Note that, whereas the RCS of a sphere is equal to its cross-sectional area, 
the RCS of a plate or sheet is large than its area (see Prob. 17-5-7). See also the RCS data in Fig. 17-8. 

In pulse radar thetime Ar between the transmission of the pulse and reception of its echo gives the distance 
dof the abject as 


м (т (6) 
where c = 300 Mm s^! (fr air) and Ar = delay time of echo, s. 
Table 17-1 Radar cross sections! 


"бст Radar cross section» 


Sphere, adus « m 
Flat plate, area A m 
Cylinder radius a, length l eor! 


. 
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RESONANCES 
SPHERE: D - 033,078 STRAIGHT WIRE: L = 0464 
LOOP: D = 0254 HELIX (a = 4.57: L = 0554 
DISK: D - 0.454 HELIX (a = TEL 078K 


20 


Ros 


de ге] 74 75 08 ar ~os 
LENGTH LOR DIAMETER DU) 


Figure 17-9 RCS (Radar Cross Section) values of wire, loop, disk, sphere and helices. The 
wire, loop, and disk values are from Kouyoumjian (1), the sphere from Mie (1) while the helix 
values аге from measurements by Kraus (1). 


In doppler radar the change in frequency A of the echo with respect to the transmitted frequency o 
gives the velocity u of the object as 


a 


(doppler) shift of Frequency, Hz 
transiting frequency, Hz 

c = 300Мт (for air) 
Forposiivevaluesof A (increasein echo frequency), theobjectisapproaching; for negative values (decrease 
in echo frequency) itis receding (going away) 

By moving or scanning the antenna beam, a radar can provide information on the direction, distance, and 
velocity of objects within its Мен, Also, since а returning pulse cares а characteristic signature, different 
objects may be recognized, a very short pulse response being the Fourier transform of the object's frequency 
response. 
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17-5а Pulse Doppler Weather Radar 
Coherent pulse doppler radars measure both the amplitude and the phase of radar echoes. The phase of the 
return is related to the distance to the scattering object and the wavelength by 
dar 
Маг им 
This differs from the one-way phase shift 2/2. by a factor of 2, since radar scattering is a two-way process. 
If the source of the radar echo is moving, the phase of the return changes with ime as 


Are + wt) " 


ёа 


where v, = velocity component along the radar Jine of sight 
The time derivative of this changing phase is an angular frequency Ao: 


(10) 
The doppler frequency shift due to motion of the scatterer is, therefore, 
apa ۳ے کے‎ єн ay 


In a pulse doppler radar, both the distance to the echo source and its velocity are measured by transmitting 
a series of pulses and measuring the phase of the return for each pulse. From the Nyquist requirement of 2 
samples per cycle, the maximum doppler frequency shift which may be unambiguously measured Is 


1 
Ала = р HD a2) 

where T = pulse repetition interval (PRI), s. 

If a total of N pulses is used to determine the velocity, the total measurement time is NT seconds. Two 
Frequencies may be resolved in this time if one of them undergoes an additional cycle of phase change in the 
‘observation period. Thus, the frequency resolution of a pulse doppler radar is 

1 
Afin = р 
Where N = number of pulses observed and T = pulse repetition interval, s. 

Pulse doppler weather radar uses scattering from water droplets and fluctuations in refractive index to 

measure the intensity of rain and wind velocity. 


аз) 


EXAMPLE 47-5.1 Weather Ri 
For an X-band (10-GHz) weather radar, find: 
(a) the minimum pulse repetition frequency 
(PRE = 1/PRI) which may be used to unam- 
biguously measure the wind velocity in a tornado 


with a wind speed of 350 km h-1 (Fig. 17-10), (b) LI 
Atthis PRF, how many pulses must be sampled to 
resolve in frequency two portions of the tornado Tar 


with a differential velocity of 1 km h-17 


m Solution 
(a) Using (11), the doppler shift for a velocity of 
250 em is 
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тз 


20. 


Af 65kHz 


From (12), 


3 
Afa 27 


1 i 
ZAR N65x105 


1 
тузт di: Ans. (a) 


(b) Rearranging (13) to solve for gives 
1 
алат 
For two scatterers with Ar = 1 km h^, we have from (11) 


T 11x 105 = Tus 


1 
E <= 


ва dea аә lm) 


ал-ал DE AE = SU AOL 18542 


Therefore, 
1 
тт = ars = ses АМА 


47-55 Tho Corner Reflector (Dihodral and Trihedral) 
A square-corner dihedral (or two-surface) reflector, as in Fig. 17-118 with internal angle = 90°, acts as a 
retroreflector aver a wide, almost 90° angle, as suggested in Fig. 17- 11b and c. 

To distinguish this typeof comer reflector from the onein Fig. 9-8, this one may be called a passive corner 
and the one of Fig, 8-8 an active corner. 

‘The measured radar field strength return from a square-corner reflector is shown in Fig. 17-12, The corner 
surfaces are large compared to the wavelength, There is strong reflection from the front side of the reflector 
over a broad angle (almost 90°). There are also four strong but narrow spikes of reflection from the Nat sides 
at normal incidence. But there Is only a tiny spike return from the sharp edge of the back side of the corner. 
Thus, the front sides of corners and flat surfaces at normal incidence are good to enhance detection, but they 
should be avoided to escape detection. 

‘Adding a third side tothe dihedral corner results in atrihedral corner. Clustering eight of them together as 
in Fig. 17-13 a rerroreflector is obtained that provides a strong reflection over almost 4 sr. Such reflectors 
are widely used to enhance radar return, See Fig. 17-17. 

For example, small watercraft commonly сату one (usually with reflecting surfaces of wire mesh) on а 
tall mast to make the craft's presence more visible on radar screens and reduce chances of being rammed in a 
fog. See the yacht in Fig. 17-15. To be most effective, the reflector dimensions should be many wavelengths 
and the periphery of the mesh hole less than 2/2. 

The surfaces should be flat to better than 3./12. And, to increase the probability that the radar echo will 
be noticed, the reflector can be rotated to avoid a persistent low return in the directions of the three planes of 
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DIHEDRAL CORNER 


Angle of retection = angle ot incidence 


(b) te) 


Figure 17-11 Sguare-corner reflector at (a) with ray diagrams at (b) and (c) showing 
retroreflective action at different angles of incidence. 


Square comer 


== Ditacion los 
X = comet edge 


Very weak, narrow reflection — 
ben back side of comer 
Strong, broad reflection 


Z 
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‘rom at sides 


Figure 17-12 Measured radar field strength return from corner reflector. The corner 
dimensions are much larger than the wavelength. 


the reflector. Such a retrareflector may not give an echo like the Queen Elizabeth 11 but it can make a litle 
watercraft appear like a sizable ship. Aircraft also need large RCS values to be easily detected and tracked by 
airport radars. 
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Figure 17-13 Cluster of eight tihedral corner reflectors providing retroreflective action over 
almost an sr. 


47-50 Bistatic Rax 
"The monostatic radar we have been discussing uses the same antenna for both transmitting and receiving (or if 
rot the same antenna, both are at the same location). However, in bistatic radar the transmitting and receiving 
antennas are at different locations as suggested in Fig. 17-14. The two may, or may not, be coordinated. 
‘Thus, the transmitting antenna may be any of 100s of radio antennas transmitting in the area (short-wave 
to microwave). For example, the signal from a weak distant FM station may momentarily increase with the. 
passage of an abject like the wedge in Fig. 17-14. I the station's location is known, this gives the object's 
direction with its distance likely to be about halfway to the station. Although this informal bistaic system is 
less precise than the monostatic radar, it may be useful 

Thespace shuttle or other objects in low-earth orbit can often be detected bistatically from the magnetohy- 
drodynamic (M HD) ripples they produce in the ionosphere. If the undisturbed electron density is just below 
the critical value, the electron density in the crests of the ripples may exceed the critical value permitting 
bistatic reflection between transmitting and receiving antennas separated by 100s or 1000s of km. 

Typical RCS values that might be expected for a variety of objects are displayed in Fig, 17-15 for a radar 
wavelength of 3 cm (frequency = 10 GHz). The values are nominal maxima. An exception isthe yacht which 
has both a maximum and a minimum value depending on the yachts orientation. Whereas the yacht's RCS 
may vary, the RCS of the tihedral corner is essentially constant over 360°, Another exception Is the space 
shuttle where the large value is from the ionospheric disturbance caused by the shuttle, Моге accurate RCS 
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Figure 17-14 Monostatic and bistatic reflections from wedge. The monostatic reflection from 
the edge is small but the bistatic reflection from the flat side is large with the angle of reflection 
equal to the angle of incidence (% = 0). 
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jure 17-15 Land, sea, air and space objects with RCS values in square meters at 10 GHz, 
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values require а consideration of the polarization, angles of incidence and observation, and the geometry and 
composition of the object. For more detailed information see K ouyoumjian (1) and Skalnik (1) 
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Problems 


417-24 Antenna temperature. An end rear is directedatthezenith. The array is located over Matron 
reflecting ground. 0.92 swith 45° of the zenith and 0802, Between 45° and the horizon calculate 
theantennatemperature. Thesky brightness temperatureis 5K between the zenith and 45° from the zenith, 
50 K between 45° rom the zenith and the horizon and 300 K for the ground (below the horizon). The 
antenna is 99 percent efficient and is ata physical temperature of 300 K 

117-2-2  Earth-station antenna temperature. An men dish of 100 m? effective aperture is 
directed at the zenith, Calculate the antenna temperature assuming that the sky temperature is uniform 
and equal o BK. Take the ground temperature equal to 300K and assume tha 1/3 of heminor-lobe beam 
area sin the back direction. The wavelength is 75 mm and the beam efficiency is 0.8 

47-34 Signal-to-noise ratio. Show thatthe S/N ratio fora radio link with 1 W transmitter and isotropic 
antennas is 
s E 
NT BRK 


where symbols areas given in Eqs. (17-3-1) and (17-3-3 


+47-3-2 зм ratio. What isthe S/N ratio of a communications link operating with 50 M Hz bandwith (for 5 
TV channels at 10 MHz each) over a distance of 1500 km if the parabolic dish antennas are 1 m diameter 
operating at 3 GHz? The transmitter power is 10 W and the receiver system temperature is 200 К 


*47-3-3 Signals from Pioneer 10 beyond the solar system. In М arch 1992 Pioneer 10 was 8 
billion kilometers (8 x 1012 m) distant, well outside the solar system into deep space. Launched by 
NASA 20 years earlier, on March 1972, it was the first man-made object to escape from the solar system. 
Signals from its 8 W transmitter were still being received, informing us, among other things, that the 
sola wind was stil observable Ploneer 10 gave us our first close up views of Jupiter and has become our 
first interstellar probe. But even at its velocity of 40,000 km/h it will be nearly а million years before it 
reaches the nearest stars, Although its radio may presently fil, the craft carries a gold-anodized aluminum 
plaque with an engraved symbolic message from us. If Pioneer 10 antenna gain is 36 dBi and the NASA 
‘earthstation antenna gain is 66 dB, ind the following as of the year 2000 assuming that Pioneer 10 travels 
ata constant speed анау from the earth and that the vansmiter i still operating: a] the signal time delay 
(Pioneer 10 to earth), (b) the received power, and (c) the maximum bandwidth for a signal-to-noise ratio 
(of (or 8.5 dB) ata wavelength of 10 cm and system temperature equal to 20K. 
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174-8 


1736 


тал 


1723-8 


Satellite TV downlink. A transmitter (transponder) ona Clarke orbit satellite producesan effective 
radiated power (ERP) atan earth station of 35 dB over 1 W isotropic. (a) Determine the S/N ratio (dB) 
if the earth station antenna diameter is in the antenna temperature 25 K, the receiver temperature 75 К 
and the bandwidth 30 M Hz, Take the satellite distance as 36,000 km. Assume the antena is a parabolic 
reflector (dish-type) of 50 percent efficiency. (See Example 7-31.) (o Ifa 10-88 5/1 ratio is acceptable, 
whatis the required diameter of the earth station antenna? 

System temperature. The digital output of a 1.4 GHz radio telescope gives the following values 
arbitrary units) as a funcion of the sidereal time while scanning a uniform brightness region. The 
Integration time is 14 s, with 1 sidle time for printout. The output units are proportional to power. 

If the temperature calibration gives 170 units for 2.9K applied, find (a) the rms noise at the receiver, 
(ву theminimum detectable temperature, (c) the system temperature and (4) the minimum detectable flux 
density. The calibration signal is introduced at the receiver. The transmission line from the antenna to 
the receiver has 0.5 dB attenuation. The antenna effective aperture is 500 mě. The receiver bandwidth is 
T MHz, The receiver constanti = 2. 


System temperature. Find the system temperature of a receiving system with 15 К antenna tem. 
perature, 0.95 transmission ineefficlncy, 300 K transmission ine temperature, 75 K receiver first-stage 
temperature, 100 K receiver second-stage temperature and 200 K receiver third-stage temperature. Each 
receiver stage has 16 dB gain. 

Solar interference to earth station. Tuíce ayearthesun passes through the apparent decina- 
tion of the geostationary Clarke-orbit satellites, causing solar noise interference to earth stations. А 
typical forecast notice appearing on U.S. satelite TV screens reads: 


ATTENTION CHANNEL USERS: 
WE WILL BE EXPERIENCING 
SOLAR OUTAGES FROM 
OCTOBER 15 TO 26 
FROM 120070 15:00 HOURS 


(a) If the equivalent temperature of the sun at 4 GHz is 50,000 К, find the sun's signal-to-noise ratio (in 
decibes for an earth station with a 3-m parabolic dish antenna а 4 GHz. Take the sun's diameter as 0.5" 
and the earth-station system temperature as 100 K. (b) Compare this result with that for the carrero- 
noise ratio calculated in Example 17-3.1 for a typical Clrke-obit TV transponder. (с) Нон long does 
the interference last? Note that the relation © = 32/A. gives the solid beam angle in steradians and 
notin square degrees. (d) Why do the outages occur between October 15 and 26 and not at the autumnal 
equinox around September 20 when the sun is crossing the equator? (e) How can satellite services work 
around a solar outage? 

Voyager 2 at Neptune. On August 24, 1989, Voyager 2 made a close encounter with Neptune 
sending back closeup pictures of the planet. With its 2.5-m-dlamete parabolic dish antenna and 10W, 10 
GHz transmitter, what maximum earth station system temperature is permissible to provide а signal: 
noise (S/V) ratio of 5 dB for reception of a picture with 3 x 10 pixels (picture elements) in 3 minutes if 
"he earth station antenna diameter is 70 т? Assume aperture efficiencies of 70 percent. Theearth-Neptune. 
distance = Aight hours 


ups Time  Ouiput 


nas ms omo n 
no m ns om 
Ris ne n» m 
no 20 Ba 2% 
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Critical frequency. МОЕ. Layers may be sid to exist in the earth's ionosphere where the ioniza- 
tion gradient is sufficient to refract radio waves back to earth. (Although the wave actually may be bent 
oradualy along a curved path in an ionized region of considerable thickness, a useful simplification 
for some situations is to assume that the wave is refecta as though from a horizontal perfectly con- 
ducting surface situated at a (virtual) height b.) The highest frequency at which this layer reflects а 
vertically incident wave back to the earth s called the critical frequency J, Higher frequencies at the 
vertical incidence pas through. For waves at oblique incidence (¢ > 0 in Fig. P17-3-9] the maximum 
usable frequency (M UF) for point-to-point communication on the earth is given by MUF = f. ese. 
where = angle of incidence. The critical frequency f, =9/N, where N = electron density (num 
Ber m 3). N is a function of solar irradiation and other factors. Both у, and A vary with time 
of day, season, latitude and phase of the 11-year sunspot cycle. Find the MUF for (a) a distance 
а = 13 Mm by £2-layer (à = 325 km) reflection with Fr he electron density у = 6 x 10 m 
(Ы a distance d = 1.5 Mm by Fp-layer (h = 275km) refecion with Y = 10 m-3; and (c) a 
distance d = 1 Mm by sporadic Eiche (h = 100 km) reflection N = 8 x 101 m3. Neglect earth 
curvature. 


Jonospheric 


Transmitter, Receiver 


Earths surface 


Figure P17-3-9 Communication path via reflection fram ionospheric layer. 


MUF for Clarke-orbit satellites. Stationary (ee 


communication (relay) satelites are placed in the Clarke 
огы at heights of about 36 Mm. This is far above the 
ionosphere, o that the transmission path passes com- 
pletely through theionosphere twice, asin Fig. P 17-3-10. 
Since frequencies of 2 GHz and above are usually used 
the ionosphere has ite effect. The high frequency also 
permits wide bandwidths. If the ionosphere consists of a 
layer 200 m thick between heights of 200 and 400 km 


ү, | \ 
with uniform electron density N = 1012 mr, find the poem 


ouest frequency (or minimum usable frequency, mUF) V IN 
which can be used with a communication satelite (а) T 
for vertical incidence and (b) for paths 30° from the Earth's surae 
zenith. (с) For an earth station on the equator, what is 
the mUF fora satellite 15° above the easter or westem Figure P17-3-40 Communication 
horizon? path via geostationary C larke- 

orbit relay satellite. 
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Minimum detectable temperature. A radio telescope has the following characteristics: 
antenna nose temperature 50 K, receiver noise temperature 50 K, transmissiondine between antenna 
and receiver 1 B loss and 270K physical temperature, receiver bandwidth 5 M Hz, receiver integra- 
tion time 55, receiver (system) constant i = 7/7 and antenna effective aperture 500 mè. If two 
records re averaged, find (a) the minimum detectable temperature ad (b) the minimum detectable flux 
density. 


Minimum detectable temperature. A radio telescope operates at 2650 M Hz with the follow: 
ing parameters: system temperature 150K , predetection bandwidth 100M Hz, postdetection time constant 
5, system constant = 2.2 and effective aperture of antenna 800 mě. Find (a) the minimum detectable 
temperature and (b) the minimum detectable Пих density. (c If four records are averaged, what change 
results in (a) and (bj? 


Interstellar wireless link. If an extraterrestrial civilization (ETC) transmits 10° W, 10 s pulses 
of right-hand circularly polarized 5 GHz radiation with a 100-m-diameter dish, what is the maximum 
distance at which the ETC can be received with an SNR = 37? Assume the receiving antenna on the earth 
also has 100-m diameter antenna responsive to right circular polarization, that both antennas (theirs and 
ours) have 50 percent aperture efficiency, and that the earth station has a system temperature of 10 K and 
bandwidth of 0.1 Hz. 


Backpacking penguin. This penguin 
(Fig. P17-3-14) participated in a study 
of Antarctic penguin migration habits. Its 
backpack radio with % antenna transmit 
ted data on its body temperature and its 
heart and respiration rates. t also provided 
information on its location as it moved with 
its flock across the ice cap. The backpack oper 
ated at 100 MHz with a peak power of 1 W and 
а bandwidth of 1 kHz of one modulated data 
signals If Tays = 1000 K and SNR = 30 8 
what is the maximum range? The transmitting 
and receiving antennas are ./4 stubs. 


Figure P17-3-14 Antarctic 
backpacking penguin. 


Satellite carrier-to-noise ratio. Sincethe signal-to-noise ratio as defined Eq, (17-3-3) depends 
оп the bandwidth of the receiver, which in tum depends on the modulation applied to the signal, commu- 
nications satelite engineers usea related quantity called the carrier-to-noise or C/N. This represents the 
ratio of the power in the carrier signal to the noise power per hertz of bandwidth and is given by 


€ ae 
W 


wherec = poner density carrer (W /Hz) and N = nojsepowe density (WH). Findthecarrier-to-noise 
ratio for the system described in Example 17-32. 


Full-path C/N. Show thattheful pao 


rut (up and downlink) carier-to-noiseratioisgivenby 
суты = (C/N ex, 


Where (C/N Jug and c / Mor are the uplink and downlink carrier-to-noise ratios 
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Low earth orbit communications satellite. A communications satellite in low earth orbit 
(LEO has yp = 1500 km and ron = 1000 km, with an uplink frequency of 1425 GHz and a downlink 
frequency of 12 GHz. Find the full-circuit C/N И the transmitting earth station ERP is 60 dBW and he 
satellite ERP is25 dBW. A ssumethesatellite receiver G/ T isSdBK andtheeath station G/ Т is30 dB. 
Direct broadcast satellite (DBS). Direct broadcast satelite services provide CD quality audio 
tocorsumersvlasatelitesin geosynchronousorbit The WorldA dministrativeRadio Conference (WA RC] 
has established these requirements for such services. 

(a) Findtheeffectveradired power (ERP) over W isotropic needed to producethe specified lux density 
atheearth's surfacefrom a DBS satellite in a 36 000-km orbit. (b) If the satellite has a 100-W transmitter 
and is operated at 12 GHz, what size circular parabolic dish antenna must be used to achieve the required 
ERP? Assume 50 percent efficiency. (c) Does a consumer receiver with circular 1 m dish antenna with 50 
percent efficiency and system noise temperature of 1000 K meet the specified G/T7? (d) By how much 
does the system specified in parts (a) through (c) exceed the required euer . rate ratio? 


Tea PP 
Minimum power fus density db dBW ir 


Recehr gure of mert (G/T) 603K 
Minimum carertonaise rato | 1405 


Simplified expression for C/N. The expression for C/N provided in Р17-3-15 may be simpli 
fied by making the following substitutions: 


Effective isotropic radiated power = ERP = AG, W) 
Link path les — Lin, = rri 
The carrier-to-noise ratio may then be written a 
c 116, 
* Tine E Tays 


Where G,/ Tays the receive antenna gain divided Бу the system noise temperature. This ratio, referred 
to as "G over T is commonly used as a figure of merit far satellite and earth station receivers. Find the 
(C/N ratio for the uplink to a satellite at the Clarke orbit (r = 36.000 km) equipped with a 1 m parabolic 
dish antenna with efficiency of 50 percent and a receiver with noise temperature of 1500 К. Assume that 
the transmitting earth station utilizes a 1 KW transmitter and a 50 percent efficient 10 m dish antenna and 
operates ata frequency of 6 GHz. 

Carrior-to-noise and maximum data rato. The importance of carrier-to-noise density ratio. 
(C/N,) in communication links was established in 1949 by С. E, Shannon (1). A ccording to Shannon's 
theorem for the information capacity of a communication channel, the maximum data rate of a channel 


with bandwidth # is given by с 
ES] 
NE 


where М = channel capacity (bits, В = channel bandwidth (Hz), C = carrier signal power (W), and 
Na = noise power density W/H2), Show that the maximum data rate for any channel, even if infinite 
bandwidth is used, is 
c c 
БИТЕ 
Hint Letx = C/(N4E) and us the relation 


lima o's = 
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Satellite communications relay system. A proposed global communication system uses a 
Ting of medium earth orbit (MEO) satellites to relay signals from one side of the earth to the other and to 
relay data from distant spacecraft to ground stations. The ground stations use receives with G/T of 20 
ВК and have transmit power of 10W. The uplink frequency is 14 GHz, downlink frequency is 12 GHz, 
and intersatellite frequency is 100 GHz (since there is no atmospheric absorption between satelites). 
Each satellite has an ERP of 5000 W and receives G/T of 5 dB/K. (a) Find the full-link carrier-to-noise 
Tatio and maximum data rate if three satellites are used to link two earth stations, (b) Find the full-line 
carrier-to-noise ratio and maximum data rate between а probe at Saturn (distance = 1.5 x 10° km) with 
ERP of 500 W if a single satellite îs used to relay the signal to the receiving ground station. 


Galileo's uncooperative antenna. When the Galileo spacecraft arived at Jupiter in 1995, 
ground controllers had been struggling for 3 years to open the spacecrafts $m high-gain com. 
munications dish, which was to operate at 10 GHz (X band). Unable to deploy this antenna 
because of prelaunch loss of lubricant, a low-directivity (G = 10 dB) S-band antenna operat 
ing at 2 GHz had to be used to relay all pictures and data from the spacecraft to the earth. For 
а spacecraft transmit power of 20 W, distance to earth of 7.6 x 10% m, and 70 m dish with 
50 percent efficiency at the receiving station, find (a) the maximum achievable data rate if the 5 
m X-band antenna had deployed and (b) the maximum data rate using the low-gain Lm S-band 
antenna. 


Antenna temperature with absorbing cloud. A radio source is occulted by an interven: 
ing emitting and absorbing cloud of unity optical depth ала brightness temperature 100 К. The source 
has a uniform brightness distribution of 200 K and a solid angle of 1 square degree. The radio tele- 
scope has an effective aperture of 50 m2. If the wavelength is 50 cm, find the antenna temperature 
when the radio telescope is directed at the source. The cloud is of uniform thickness and has an angu 
lar extent of 5 square degrees. Assume that the antenna has uniform response over the source and 
doud. 


Passive remote-sensing antenna. Design 3 3.GHz antenna for an earth-resource passive 
remote-sensing satelite to measure earth surface temperature with 1 km resolution from a 300-km 
orbital height 


Forest absorption. An earttresource satellite passive remote-sensing antenna directed attheA ma: 
zon River Basin measures a night-time temperature Ta = 21°C. If the earth temperature 7, = 27°C and 
theAmazon forest temperature Ту = 15°C, find the forest absorption coefficient rp. 


Jupiter signals. Flux densities of 10-22 W m-? Hz” are commonly received from Jupiter at 
20 MHz. W hatis the power per unit bandwidth radiated at he source? Take the ear Jupiter distance as 
40 light minutes and assume that the source radiates isotropically. 


Red shifts. Powers. Some radio sources have been identified with optical objects and the Doppler 
or red shift z (= 43/2) measured from an optical spectrum. The distance red shift or Hubble relation is 
y m-le 

I msl, 
where R = distance in megaparsecs (1 megaparsec = 1 Mpc = 3.26 x 105 light-years), v = velocity 
af recession af abject in ms Î, m = (e + 19,0 = velocity of light and Н, = Hubble's constant 
75 kms” M pe, Determine the distance R in light-years to the following radio sources: (а) Cygnus 
A (prototype radio galaxy), z = 0.06 (b) 3C273 (quasistellar radio source, ог quasar), z = 0.16: and (c) 
00172 (distant quasar), z = 3.53. The above sources have flux densities as follows at 3 GHz: Cygnus. 
600 Jy: 3C273, 30 Jy: 00172, 2Jy (1 Jy = 10-26 W m-2 Hz). (d) Determine the radio power per 
unit bandwidth radiated by each source. Assume that the source radiates isotropically. 


R= 
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Chapter 17 Antenna Temperature, Remote Sensing and Radar Cross Section 


Radar detection. А radar receiver has a sensitivity of 10-12 W. If the radar antenna effective aper- 

ture is 1 m? and the wavelength is 10 cm, find the transmitter power required to detect an abject with 
5 т radar cross section at a distance af 1 km. 

Venus and moon radar. (2) Design an exth based radar system capable of delivering 10-15 W 
оГ peak echo power rom Venus to a receive, The radar is to operate at 2 GHZ and the same antenna is 
to be used for both transmitting and receiving. Specify the effective aperture of the antenna and the peak 
transmitter power. Take the earth. Venus distance as 3 light minutes, the diameter of Venus as 12.6 Mm. 
and the radar cross section of Venus as 10 percent of a sphere. (b) If the system of (a) is used to observe 
the moon, what will the received power be? Take the moon diameter as 3.5 M m and the moon radar cross 
section as 10 percent of a sphere. 


RCS of electron. The altemating electric H 
of a passing electromagnetic wave causes an elec- 
von (initially at rest) to oscillate (Fig. P17-5-3). This ааш 


7 


dent Poynting vector is given by (ие anger. 

where е nd m are the charge and mass of the elec: Paten 
tron and s the angle of the scattered radiation with " 

respect to the direction of the electric field E of the Figure PIRES 
incident wave. This ratio times an is the radar cross 
section of the electron. Such reradiation is called 
Thompson scatter. 


Thompson-scattor radar. A ground-based vesical looking radar сап be used to determine dec 
tron densities in the earth's ionosphere by means of Thompson scatter (see Prob, 17-5-3), The scattered 
power radar return is proportional o the electron density. If a short pulse is transmitted by the radar, the 
backscattered power as a funcion of time is а measure of the electron density as a function of height. 
Design a Thompson-scater radar operating at 430 M Hz capable of measuring ionospheric electron den 
sites with 1 km resolution in heightand horizontal position to heights of 1 M m. The radar should also Бе 
capable of detecting a minimum of 100 electrons at a height of 1 М m. The design should specify radar 
рек power, pulse length, antenna size and receiver sensitivity (G ordon-1). 


Detecting one electron at 10 km. If the Becton 
Arecibo ionospheric 300.m- diameter antenna oper- 
ates at 100 MHz, how much power is required to 
detect a single electron at a height (straight up) of 


Wannen SNR we See Fig f The Se 
Darin en un ти = 10 K and the aperte 
cn = 50 percert 


Effect of resonance on radar cross section of short dipoles. (2) Calculate the 
radar cross section of a lossless resonant dipole (2, = —/Xa) with length = 2/10 and diameter 
= 1/100. (See Secs. 2-9 and 12-12, (b) Calculate the radar cross section of the same dipole from 
341 pÁIn(L/2b) — P, where L is the dipole length and » is its radius. (с) Compare boh values with 
te maximum radar cross section shown in Fig. 17-9, Comment on results. 

Radar cross section of sphere, disk and cylinder. Vhat are the radar cross sections at 
û. = 10 cm fora) a -m diametr sphere (b) a L-m?-fat disk, and (с) а cylinder 1 m long and 4 mm in 
diameter with L parallel to the plane of polarization. All areperfecty conducting and at normal incidence. 
(6) Same as (c) but cross polarized 
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17-511 


"17-512 


17-523 


17-5214 


17-545 


17-516 


Radar cross section. What is the radar cross section cf an object at a distance of 10 km which 
gives a return of 1 nM for a transmitted power of 1 kW? The transmit receive antenna is a 1-m-diameter 
dis operating at 3 GHz. Take aperture efficiency as 50 percent 

Tornado radar. For a maximum doppler shift of 5.3 kHz with the weather radar of Example 17-51 
scanning tomado, find (а) the maximum wind speed in the tomado funnel. (b) If the lowest doppler shift 
observable is 920 Hz, how fastis the tornado approaching or receding from the weather radar antenna? 


ROS of bird band. (a) What isthe maximum RCS of a bird leg band that is 2 mm wide by 3 mmin 
diameter made of aluminum 0.1 mm thick? (b) What is the frequency for the maximum RCS? (c) How 
far can the band and bird be tracked with a 100-W peak power radar using а 100 wavelength diameter 
dish antenna for a5 dB SNR? 


Radar range. Find the maximum range at which a flat plate of area А = 1 m can be detected with а 
3 cm radar having a peak power of 10 KW anda 3.m- diameter dish antenna with 70% aperture efficiency 
for SNR = 10 dB. The receiver system temperature = 100 K and the bandwidth B = 1 MHz. 
Fastball velocity. A 20GHz radar measures a Doppler shiftof 6 kHz on baseball pitcher's fastball 
What is the fasthal's velocity? 


Radar power for fastball measurement. To measure the velocity of the fastball of Prob. 17- 
5-12 with the 20-GHz radar ata distance of 100 m, what power is required for an SNR = 30 dB The radar 
Uses a conical horn with diameter = 8 cm and aperture efficiency ap = 0.5. The ball diameter = 7 cm 
and it has a radar cross section (RCS) half that of a perfectly conducting sphere of the same diameter. 

Anticollision radar. To provide anticollision атп. forward-looking radars on automobiles, 
"rudes and other vehicles (see Fig. P17-5-14) can alert the driver of vehicles ahead that are decelerating 
too fast or have stopped. The brake light on the vehicle ahead may not be working or it may be obscured 
by poor visibility. To warn of clear-distance decrease rates of 9 m/s or more, what doppler shift must а 


2 


GPS antenna 
2 


Beamwidth and power of anticollision radar. For the anticollision 20.GHz radar of Prob. 
17-5-14 to avoid false warnings from parked cars and bridge abutments along the side of the road, the 
beamwidth between first nulls should be 10 m ata range of 250 m. То avoid return from bridges crossing 
the highway, the vertical beamwidth should be one half as much. Assume that the radar antenna is а 
fat panel broadside атау of path antennas with uniform aperture distribution. (a) What are the antenna 
dimensions (b) To detecta 1 m? objectatarangeof 300m with an SNR = 30dB, what power is required? 


Anti-CFIT radar. For aircraft to avoid flying into mountainous terrain during normal flight in poor 
Visibility, called controlled fight into terrain (CFIT), a forward-looking radar is required that is similar 
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tothatin Prob. 17-5-14 for highway vehicles but with different range nd closure rates. Thus, fora range 
of 15 km and rate of distance closure of 100 mis or more, find (a) pulse rate and (b) power required for 
ıa 10-GHz radar with 33-08 gain antenna and SNR = 30 dB. 

Radar altimeter. Fora 10-GMzpulseradaralimeterto measure altitudes of 100m to 10km, (a) what 
power and b) pulse rate are required? The antenna is а 3 x 30 cm downward- looking iat panel patch 
array with uniform aperture distribution. A frequency of 10 GHz has been chosen to avoid the water 
absorption band at 20 GHz. Although an altimeter is a valuable navigation aid, an ant CFIT radar is also 
needed to мат of rapidly rising or steep terrain. The optimum system isto have both altimeter and CFIT 
radar working in conjunction with the aircrafts navigational radar and а GPS display that indicates the 
aircraft's postion and the elevation of the terrain in the vicinity. 


Police radar. A pulsed speed measuring radar must be able to resolve the returns from two cars 
separated by 30 m. Find the maximum pulse width that can be used to prevent overlapping of the returns 
from the twa vehicles. Note that it takes r = 2 /c seconds for a signal to travel from the transmitter to 
ıa target and retum, where r is the ime, R is the range and с is the velocity in the media. If r is the pulse 
width, then it can be shown that the range resolution (the minimum range difference between objects for 
which the returns do not overlap in time) is given by 


AR = Ra RI 


7 


where the subscripts denote the different objects. 


Ground penetrating radar resolution. For a ground penetrating radar operating in sandy soil 
with е, = 8 and y = 0.01, what pulse width is required to resolve two buried objects at depths of 10 
and 15 mî 


еа clutter. Search-and-rescue aircraft using radar to locate lost vessels must contend with backseat 
ter from the surface of the ocean. The amplitude of these returns (know as sea clutter) depends on the 
frequency and polarization of the radar waveform, the size d the illuminated patch on the surface, the 
angle of incidence, and the sea state. The scattering geometry is shown in Fig, P17-5-20.To characterize 
‘sea cluster independently on the radar footprint on the surface, the scattering cross section of the ocean 
тау be specified per unit area. This parameter, designated ор, has dimensions of square meters of dB 
above a square meter dBm). The total RCS of a patch of ocean surface is found by 


питай 
patch 


Figure P17-5-20 Sea search-and-rescue geometry. 
multiplying ос by the area of the patch. For area scattering, the radar equations written 


de 
пепла 
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For a pulsed radar with pulse width and 3 dB antenna beamwidth of ad, the illuminated area or low 
grazing angle is approximately (er/2)(r9). The radar equation may therefore be writen as 


Be, fe open 
ne noo un = n Smet 
aer Er 


(a) Determine the received pomer from sea clutter at a range of 10 km for a monostati pulsed radar 
transmitting а 1 из pulse with 1 kW peak power ta frequency of 6 GHz. Assume a LS m circular dish 
antenna with 50 percent efficiency and sea state 4 (ag = —30 dB nim at С. band), (b) For a receiver 
bandwidth of 10 KHZ and noise figure of 35 dB, find the receiver noise power. (c) If this radar is used to 
search for a ship with RCS = 33 Вт under these conditions, what signal-to-noise and gnato clutter 
ratos can be expected? 


For computer programs, see Appendix С. 
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Self and Mutual 


Impedances 
Thetopicsin this chapter include: 

m. Reciprocity theorem for antennas m Mutual impedance of parallel side-by-side 
m ThejiOradatonresstnceofai/2antenna antennas 
п Radiation resistance of antenna with ш Миша impedance of paralel collinear 

off-center current maximum antennas 
m. Setimpedance of tin linear antennas mo Миша Impedance of antennas in echelon 
m Mutual impedance of two parallel linear 


antennas 


18-1 Introduction 


The impedance presented by an antenna to a transmission line 
can be represented by a 2-terminal network. This is illustrated 
in Fig. 18-1 in which the antenna is replaced by an equivalent 
impedance Z connected to the terminals of the transmission line. In 
designing a transmitter and Its associated transmission line, it is 
convenient to consider that the antenna is simply a 2-terminal 
impedance. This impedance into which the transmission line oper- 
ates is called theterminal or driving-pointimpedance. If the antenna 
is isolated, i.e., remote from the ground or other objects, and is 
lossless," its terminal impedance is the same as the sef-Impedance. 
of the antenna. This impedance has a real part called the self- 
resistance (radiation resistance) and an imaginary part called the 
self-reactance. The self-Impedance is the same for reception as for 
transmission 

In case there are nearby objects, say several other antennas, the. 
terminal impedance can still be replaced by a 2-terminal network. 
However, lts value is determined not only by the self-Impedance 


Antenna. 


/ 
pw 


z 


Equivalent 7 
impedance 


jure 18-1 Transmission 
line with antenna and with 
equivalent impedance. 


Tay lossless is meant that ere is no oule heating associated with the antenna, There may, of course, be radiation. |f the antenna is ot 
losis, an equivalent os resistance appears at the terminals in series wit he self-esistance or radiation resistance 
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of the antenna but also by the mutual impedances between it and the other antennas and the currents 
flowing on them. The terminal impedance is the same for both transmission and reception (see next 
section) 

In developing the subject of antenna impedance, an important and much-used theorem isthatof reciprocity. 
Accordingly, this topic is discussed first and then applied to the impedance problem, 


18-2 Reciprocity Theorem for Antenna: 


The Rayleigh-Helmholtz reciprocity theorem has been generalized by Carson to include continuous media 
(Rayleigh-1; Carson-1, 2; Ballantine-1). This theorem as applied to antennas may be stated as follows: 


If an emf is applied to the terminals of an antenna A and the current measured at the 
terminals of another antenna B, then an equal current (in both amplitude and phase) will 
be obtained at the terminals of antenna A if the same emf is applied to the terminals of 
antenna B. 


It is assumed that the em s are of the same frequency and that the media are linear, passive and also 
Isotropic. An important consequence of this theorem is the fact that under these conditions the transmitting 
and receiving patterns of an antenna are the same. Also, for matched impedances, the power flow isthe same 
either way. 


Case 1 Let an emf V, be applied 
to the terminals of antenna A as in 
Fig, 18-20. This antenna acts as 


a transmitting antenna, and energy v. ж 
flows from it to antenna B, which tow 

may be considered as a receiving Antena B 
antenna, producing a current I, at 

its terminals? It is assumed that Antena A 

the generator supplying the emf and (a) 


the ammeter for measuring the cur. 
rent have zero impedance o, if nat 
zero, that the generator and ammeter 


impedances are equal d 

Case 2 If an emf V, Is applied to „ == 

the terminals of antenna В, then it tow 

acts as a transmitting antenna and Artea 

energy flows from itto antenna А as 

InFlg. 18-2, producing a current 1, Alema A 

atits terminals. (b) 

Now if V, = Va, then by the reci 

d e Figure 18-2 ilustalions for reciprocity 
theorem. 


3Allhough the emf Ya and the current 1, are scalar space quantities, they are complex or vector quantities with respect to time 
phase The tom phase Is sometimes use to distinguish such a quantity fom a rue space vector, 


@) (b) 
Figure 18-3 Equivalent circuits used in proof of reciprocity theorem. 


‘The ratio of an emf to a current is an impedance. In Case 1, the ratio of V, to 1, may be called the transfer 
impedance Zun, and in Case 2 the ratio Vy to 1, may be called the transfer impedance Zi, Then, by the 
reciprocity theorem it follows that these impedances are equal. Thus, 
% Ya 
Ť i a 
In order to prove the reciprocity theorem for antennas, let the antennas and the space between them be 
replaced by a network of linear, passive, bilateral impedances. Since any 4-terminal network can be reduced to 
an equivalent 7 section", the antenna arrangement of Case 1 (see Fig. 18-2a) can be replaced by the network 


of Fig. 18-34. 
The cute through the meters 
2 
D a 
ara e 
№ Vua 255 © 


21+ [223/22 AZ 2223+ A 
Introducing (3) into (2) yields the currentthrough the meter in terms of theemf V, and thenetwork impedances. 
Thus, 
T. =. [7] 
5 
If the locations of the emf and current meter are interchanged, as in Fig. 18-35, we obtain 
Vaz: 
Mo (5 
217 +7273 +731 
Comparing (4) and (5), it follows that if у, 


Va then д, = 1i, proving the theorem. 


18-3 The 73 2 Radiation Resistance of a 1/2 Antenna 


To find the radiation resistance or гей part of the self-impedance, the Poynting vector is integrated over a 
large sphere yielding the power radiated, and this power is then equated to (10//2)* Ro, where Ro is the 
radiation resistance at a current maximum point and 1 is the peak value in time of the current at this point. 


mie та as he ltd and phase of theinpu voltage and output current are concerned. 
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18-3 The 73 © Radiation Resistance ofa 4/2 Antenna = 


The total power P radiated was given in (6-4-5) in terms of A for a short dipole. In (6-4-5), |Æ] is the 
absolute value. Hence, the corresponding value of H for a linear antenna is obtained from (6-5-2) by putting 
LU] = Zo. Substituting this into (6-4-5), we obtain. 


г р 
ET IAEA m 
EJ 
ang J, sets = сови) qy a 
JA sing 
Equaling the radiated power as given by (2) to г} Ra/2 we have 
m 
Am a 
and 
: К p 
00 / {eos 2) cose = саз) yy M 
== n 


where the radiation resistance Re is referred to the current maximum. In the case of а 2/2 antenna this is at 
the center of the antenna or at the terminals of the transmission line (see Fig. 18-4). 
Proceeding now to evaluate (4), let Curent distrbution 


и=0050 and du = sin êdê 
by which (4) is transformed to 


а 4 Р 
10-00 [costa m 22 


ноне, 
: "e Figure 18-4 2/2 antenna with 
it o maximum curent ia at terminals 

Tr "Orme ire oftansmission ins 


Alsa puting — RE2, (6 becomes 
ku cos) ku — со)? 
„ = 0 / [LOS = osř, costu = cosi a, m 
Tee Te 
This integral зн the radiation resistance for a thin linear antenna of any length L. For the special case being 
considered where L = 2/2, we have k = ıx /2. Thus, in the case of a thin 2/2 antenna, (8) reduces to 


+ cost(ru/2) | costGru/2) 
ЕТА [umm c A | a © 
Now in the rst tem let 
lus” ond ab) 


and in the second term let 


and 


ue ш 
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Noting also that (v — л)/2 = (x — 9/2, Eq, (9) becomes 


ma [P Se e, a» 
But cos*(x/2) = }(1 + cosx) so that 
т=з f Dien) Ji аз) 
bo ba er in (13) isoen eps Cino Thus 
cmo f E a = fac 
0.577 + Inx = Ci (14) 


where y = e = 1.781 of Iny = с = 0.577 = Euler's constant 
‘The pat of this integral given by 


Cita) = пух Cinta) as) 
is called the cosine integral. The value of this integral is given by 


cin f tas 


[c] 


When x issmall (x < 02), 

Cita) = пух = 0577 + Inx an 
When x islarge (x > 1), 

с) = 212 (18) 
A curveof the cosine integral as a function of х is presented in Fig. 18-5. Itis to be noted that C(x) converges. 
around zero at large values of x. From (16) and (14) we obtain Cin(x) as an infinite series, 

Tn 

-m te- (9) 
While discussing Cin(x) and C(x, mention may be made of another integral which commonly occurs in 
impedance calculations. This is the sine integral, Six), given by 


Cinta) 


siw ig 
When x is small x < 05), 
si) = ey 
When x islarge (x > 1), 
= [7] 


A curve of the sine integral as a function of + is presented in Fig. 18-5. It isto be noted tha Si(s] converges 
around 1/2 at large values of x. 
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18 sis, 


с 


5 т 4 4 D 


Figure 18-5 The sine integral Silx) and cosine integral Ci(x). The sine integral converges 
around x/2 while the cosine integral converges around zero, 


Returning now to (13), this can be written as 


Radiation resistance. 
of / antenna 


30Cin(2x) = 30 x 244 = 730 


(23) 


This is the well-known value for the radiation resistance of a thin, linear, center-ed, 4/2 antenna with 
sinusoidal current distribution. The terminal impedance also includes some inductive reactance in series with 
y (see Sec. 18-5). To make the reactance zero, е, to make the antenna resonant, requires that the antenna be 
afe percent less than à,/2. This shortening also results in a reduction in the value of the radiation resistance. 


18-4 Radiation Resistance at a Point Which is Not a Current Maximum 


If we calculate, for example, the radiation resistance of a 34/4 antenna (see Fig. 6-7) by the above method, 
we obtain its value at a current maximum. This is not the point at which the transmission line is con- 
nected. Neglecting antenna losses, the value of radiation resistance so obtained is the resistance Ro which 
would appear at the terminals of a transmission line connected at a current maximum in the antenna, pro- 
vided that the current distribution оп the antenna is the same as when it is center fed as In Fig. 6-7, Since. 
a change of the feed point from the center of the antenna may change the current distribution, the radi 
ation resistance Ro is not the value which would be measured on a 32/4 antenna or on any symmetrical 
antenna whose length is not an odd number of 1/2. However, Ro can be easily transformed to the value 
which would appear across the terminals of the transmission line connected at the center of the antenna, 
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This may be done by equating (6-6-3) to the power sup- 
plied by the transmission line, given by 121/2, where E 
1, is the curent amplitude at the terminals and Kı is the 


10 
radiation resistance at this point (see Fig. 18-6). Thus, n 
i ё Dig 
Ên = Ln а : 
where Ra isthe radiation resistance calculated at the current Figure 18-6 Relation of current 


1 attransmission-line terminals to 


8 me lt Ko moana 
monum. ДЕ eoi, 
А 
0 (ву a 
CCC 
Ae mens a 
vier 


h = terminal current 

Ta = maximum current 
Therefore, (2) can be expressed as 

Ra 
m- 

17 tos Bx 
When x = 0, Ri = Ry; but when x = 1/4, Ry = oc If Ra #0. However, the radiation resistance measured 
ata current minimum (s = A4) snot infinite as would be calculated from (4) since an actual antenna is not 
infinitesimally thin and the current at a minimum point is not zero, Nevertheless, the radiation resistance ata 
current minimum may in practice be very large, i., thousands of ohms. 


w 


18-5 Self-Impedance of a Thin Linear Antenna 


Section 12-18 discusses how the current distribution and self-impedance of a dipole antenna can be obtained 
using the moment method. Here we use an induced emf method. Only the self-impedance can be determined 
with this method, the current distribution being assumed at the outset. M easurements indicate that the current 
distribution on thin dipoles is nearly sinusoidal, except near current minima. This distribution results in 
satisfactory values for dipoles with length-diameter ratios as small as 100, provided the terminals are at a 
Current maximum, Omitting the 50-step derivation, we obtain a self-Impedance given by 


Zu = Rn + }Хи = (Cin) NS 0 a 
or 

Zu = 3010.577 ]- Cin) + {Si xm] ( a 
The self-esistance is 

Ец = 30Cin en) = 300.577 + Inn) = Cid] (0) a 


and the selfreactance is 
Xn =3050л) (0) 10] 
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18-5 Seltimpedance of a Thin Linear Antenna [1 


These equations give the impedance values for a thin — 
linear center-fed antenna that is an odd number (n) of 

2/2 long, The curent distribution is assumed to be sinu- 

soidal (Fig, 18- Ta). The values are those appearing atthe V 


terminals at the center of the antenna, 
In the case of a 2/2 antenna as shown In Fig. 18-78 


and we have for the self-resistance and self- @ ® 
reactance 
вш=30С0л) (© (5) Figure 18-7 2/2 and 32/2 antennas 


with current distribution, 
and 


Хы =308i27) (0) © 


The value of (5) is identical with that given for the radiation resistance of a 5/2 antenna, in Sec. 18-3, 
Eq, (18-2-23). Evaluating (5) and (6), we obtain or the self-impedance 


Zn = Rut jX 


73+ /42.5 — Selfimpedance of 2/2 antenna m 


Since Хи is not zero, an antenna exactly 2/2 long is not resonant. To obtain a resonant antenna, itis common 
practice to shorten the antenna a few percent to make X; = 0. In this case the sell-resistance is somewhat 
less than 73 0. 


Fora 34/2 antenna as shown in Fig. 18-7b, n = 3 and the self-impedance is 
zu =230/Cin(6x) + j Sie] 
or 


Zi = 105.5 + 74550  Sef-impedance of 32/2 antenna (8) 


It is interesting that the sef-reactance of centered antennas, an exact odd number of 4/2 long, is always 
positive since the sine integral Sin) is always positive. For large п the sine integral converges around а 
value of л/2 (see Fig. 18-5) which corresponds to a reactance of 47.1 ©. It should be noted that for antenna 
lengths notan exact odd number of 2/2 the reactance may be positive or negative. However, the foregoing 
analysis of this section is limited to antennas that are an exact odd number of /2 long 
For large n, the sef-resitance expression (3) approaches the value 
Ец = 3010577 + Inn (9 


since Ci(2xn) approaches zero, Thus, the self-resistance continues to increase indefinitely with increasing n 
but at a logarithmic rate. 

The more general situation, where the antenna length Z is not restricted to an odd number of 2/2, has 
also been treated. The antenna is centered, and the current distribution is assumed to be sinusoidal. The 
self-resistance for this case is 


BL BL 
of (2 - co PE capt + deol cing 


Ra 


BL 


конда. 28% m o) 
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When the length Z is small, (10) reduces very nearly to 
Ru-sQLP (0) an 


whichisthesameas (2-10-9) of Example2-10.1 when fy = (1/27 

For the special case of L = nà/2, where n =1,3,5..... (10) 
reduces to the relation given previously by (3). 

The above discussion of this section applies to balanced center-ed 
antennas. For a thin linear stub antenna of height perpendicular to 
an infinite, perfectly conducting ground plane as in Fig. 18-8a, the 
Sel mpedonce i 4 that or de corresponding balanced уре The Ы 
‘general formula (10) for Fig. 18-8b self-resistance can be converted 
for a stub antenna above а ground plane by changing the factor 30 to 
15 and making the substitution Z. = 27. The formulas (3) and (4) сап Figure 18-8 Stub antenna of 
be converted for a stub antenna with ground plane where the antenna length | at (a) and centered 
isan odd number n of 2/4 long by changing the factor 30 to 15. Thus, antenna of length L at (b). 
for a 5/4 antenna perpendicular to an infinite, perfectly conducting 
round plane, the sl-impedance is 


Zu 


654/21% Self-impedance of 4/4 stub antenna a2 


18-6 Mutu 


¡ear Antennas. 


Impedance of Two Parallel 


The mutual impedance of 2 coupled circuits is defined in circuit == 
theory asthe negative ofthe ratio ofthe emf Va induced in circuit 2 ^ 
"othecurent n lowingin circuit 1 with circuit2 open. Consider, for 5 Ve 
example, the coupled circuit of Fig. 18-9 consisting of the primary 

m = 


and secondary coils of a transformer. The mutual impedance Zar is. 


Figure 18-9 Coupled circuit 
U or transformer. 


a NS 
rc Je- |ы 
їп one circuit to the resulting current in another with all circuits M 
Is Oe I MEN OPER нене we a ts 
eee dd 


v 


in 2 
This impedance is not the same as the mutual impedance 221 К : 
givenin (1) Figure 18-40 Parallel 


coupled antennas, 
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18-7 Mutual impedance of Parallel Antennas Side-by-Side = 


Instead of the coupled circuit of Fig. 18-9, let us consider now the case of 2 coupled antennas 1 and 2 as 
shown in Fig. 18-10.Suppose a current А, in antenna 1 induces an emf Vay atthe open terminals of antenna 
2. Then the ratio of — Va, to / is the mutual impedance Z21. Thus, 


Yn ө 


Za 


D 

If the generator is moved to the terminals of antenna 2, then by reciprocity the mutual impedance 7; or 
ratio of — Vi to 1215 the ате ав before, where Vız is the emf induced at the open terminals of antenna 1 by 
the current 72 in antenna 2. Thus, 


va va 

a 

n m “ 

To calculate the mutual Impedance, we nee to know Ул and A. Let the antennas be in the z direction as 

shown in Fig. 18-10, The emf Va Induced at the open terminals of antenna 2 by the current п antenna is 
given by 


2 


vue f Lud: 5 
zh 


where 1z is the maximum current and J. the value at a distance z from the lower end of antenna 2 with ils 
terminals closed, and where Ezı s the electric field along antenna 2 produced by the current in antenna 1. 
‘Assuming that this current distribution is sinusoidal as given by 


k = hsings (6) 
so that (5) becomes. 


00 


n в) 


This is the general expression for the mutual impedance of two thin linear, parallel, center-fed antennas 
with sinusoidal current distribution. We will consider first the situation where both antennas are the same 
length L, where L is an odd number of 2/2 long (1. = nà/2:n = 1,3,5....).A case of particular interest 
is where both antennas are 2/2 long (n = 1), The relative postions of the antennas may be divided into 
three situations: side-by-side, collinear or end-to-end, and staggered or in echelon. These arrangements are 
illustrated in Fig. 18-11. Mutual impedance expressions forthe three arrangements are given in the following 
sections 


18-7 Mutual Impedance of Ра! by-Side 


Let be separation of the antennas. Referring to the arrangement of Fig, 18-124 and Fig. 18-12, 
wehave 


Antennas 


a 


a 


= Chapter 18 Self and Mutual impedances 


Side-by-side ~ Calines Siaggeredorinechón 


(a) (5) (e) 
Figure 18-11 Three arrangements of two parallel antennas. 


The mutual impedance then becomes 


E | 
zn- af = P 6 4 a 
өе уп VET ^ 
Carter has shown that upon integration of (3), 
Za = 3W|2Ei- jga) — EI T + 1)] 
ATREA m Ш 
where the exponential integral 
Бау = Сз) j Si) 6 
Thus, the mutual resistance is 
Ra = 30/2014) CHAVA 1)]-Ci[a(VF FE I (m © 


and the mutual reactance is 


хи = 30025084) ATTE SH 
where 


Ra + Хи = Zn = Zn = Ки + jX (a 


and where L = ni/2 form odd 

‘The mutual resistance and reactance calculated by (6) and (7) for the case of 2/2 antennas (L = 2/2) are 
presented by the solid curves in Fig. 18-13 as a function of the spacing d. The mutual resistance Ras is also 
listed in Table 18-1, 

An integral-equation method for the calculation of the mutual Impedance of linear antennas has been 
presented by King (1) and Harrison and by Tal (1). The method is related to that discussed in Chap. 12. 
In this method the diameter of the antenna conductor is a factor. By way of comparison, curves for the 
mutual resistance and reactance given by Tal are also shown in Fig. 18-12. The dashed curves are for a 
total length-diameter ratio (L/D) of 11,000 (very thin antenna) and the dotted curves for a ratio of 73. 


ng © m 
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18-7 Mutual impedance of Parallel Antennas Side-by-Side = 


In Table 18-1 the quantity Ri, — Ray, which is important атау 
calculations, is also tabulated. When 4 1з small, it has been shown 
by Brown (2) that this quantity is given approximately by the simple 


mito d 
mall m 0 
z) -malí 

"—— Та on 6 сине в 
sia pct 005 aut ac when | 
Hen 

ine тот дена ston мее be em km 1 kart a., 
restricted to an odd number of 2./2, the mutual resistance and reactance Mita к= A. © 


are given by Brown (1) and King as 
Figure 18-12 Parallel 


1 
ап ea esc pa coupled antennas with 
Lu) dimensions. 
tet HATE g e U, 
+ cospL[Ci A(VZT H + Ci p(V FE 4 L)) 
а 
7 bes 
ы È 
Бето 
Pink 5 
bon 


a 


cal 


0 02 04 os оз 10 12 i4 16 18 20 
Distance between antennas, d 


Figure 18-13 Curves of mutual resistance (R 1) and reactance (X 1) of two paralel 
side-by-side linear 2/2 antennas as a function of distance between them. Solid curves are for 
infinitesimally thin antennas as calculated from Carter's formulas. Dashed and dotted curves 
between O and 1.0% spacing are from Tais data for antennas with L/D ratios of 11,000 and 73, 
respectively. 
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+ sn [sia Vr FT +L) Si (УЙГЕ T - L) 


28 


PUTT sT] © m 


"b 
МИЕ [2esen 


seas Pr[s $F FE- L) + VAT + 1] 


cos L[Si f (Va + Lî — L) + Si p(V ITF E + L)] 


амалат -UMÍTE 1) 


в 


алатта y 0m B- œ e» 


In the special case of L = mi./2, where n is odd, (10) and (11) 


1 2 

reduce to the relations given previously by (6) and (7) T 
The above relations of this section apply to balanced center-fed 

antennas. The mutual Impedance of two stub antennas of height E i 


1 = L/2 above an infinite, perfectly conducting ground plane as in 
Fig, 18-14 is } that given by (6) and (7) or (10) and (11) These 
relations are converted to the ground-plane case by changing the Teun pane 
factor 30 to 15 and making the substitution Z = 27 


Figure 18-14 Two coupled 
linear parallel stub antennas. 


Let each amema ean ota ube a long and aranges as in Fg 18-14 For Ме cs where Б 
greater than L, Carter (1) gives the mutual resistance and reactance as n 
a= азана 20098 назан n + 2ا‎ o- ۰ ) چچ‎ ([ 
+ 1Sn PMS авй L) 512и + а) m 
" 
хи 5008 AIZS 2 SI 2A — 1) = SI 280 D Ing 


ДЕЕ a 


18-9 Mutual Impedance of 


For this case the antennas are staggered or in echelon as in Fig. 18-11c. Each antenna is an odd number of 
3/2 lang, The mutual resistance and reactance of two such antennas are given by Caster (1) and King (1) as 


Ry = -15cosøn(-2Ci A - 2CLA + CÎ + CI + CIC CL C) 
415sinph2SiA - 251A -Si B+ SIB SiC + SIC). (©) a 
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18-9 Mutual Impedance of Parallel Antennas in Echelon 


Table 18-1 Mutual resistance versus spacing for thin center-fed side-by-side 4/2 antennas 
(AL = 180°), with sinusoidal current distribution 


Note that at a spacing d =0.125 between the dipoles, the total resistance (self-mutual) is 
only 8.7 versus 73% for a single 2/2 antenna. At smaller spacings the total resistance 
decreases rapidly, In the presence of any appreciable losses, the result is loss of gain and low efficiency. 
This is discussed in more detail in Sec. 5-13 on "Closely Spaced Elements and Radiating Efficiency.” 


and 
Xn = —15cos ph SL A +251 4" 
+ 15 sin PRACÍ A - 2Ci A 


where 
A = УЕ +h) 
A = VER =) 


B= R[F LF + (h = n] 
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5 804 


сїв+сїв' 


Sic-sic) 


Cic «ci chan 


a 


The McGraw-Hill Compani 


өз Chapter 18 Self and Mutual impedances 


C =й ЕТ + (h + 0] 


C= VET OTE +13] 
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Problems 


*18-4-1 А 51/2 antenna. Calculate the self-resistance and self-reactance of a thin, symmetical cente fed 
linear antenna 54/2 lang. 


18-6-4 Parallel side-by-side 1/2 antennas. Calculate the mutual resistance and mutual reactance for 

two parallel side-by-side thin linear 2/2 antennas with a separation of 0.15). 
48-6-2 Brown's equation. Prove Brown's relation К — Ку = 6024/2)? given in (8-7-9), 

*18-6-3 Three side-by-side antennas. Three antennas are arranged as shown in Fig. Р 18-6-3. The 
currents are of the same magnitude in all antennas, The currents are in-phase in (a) and (c), but the current 
їп {г} is in antiphase. The self-resistance of each antenna is 100 ©, while the mutual resistances are 
Ran = Rie 40 and Rye = —10 ©. What is the radiation resistance of each of the antennas? The 
resistances are referred to the terminals, which are in the same location in all antennas. 


а) (b (с) 
Figure P18-6-3 Three side-by-side antennas. 


18-8-1 Two 1/2 antennas in echelon. Calculate the mutua resistance and reactance of bro parallel thin 
linea 2/2 antennas in echelon for the case where d = 0.25). and h = 1254 (see Fig. 18-16) 


18-9-1 Solfresistanco and mutual resistance. Explain why the mutual resistance of tuo antennas 
can be both positive and negative but the self-resistance of a single antenna can only be positive. 


Chapter 19 


The Fourier Transform 
Relation between 
Aperture Distribution and 


Far-Field Pattern? 
The topes in this chapter include: 
т Continuous aperture distribution m Aperture synthesis and multiple aperture 
т Aperture distin versus field pattern ams 
т Spatial frequency response and patem ш Grating lobes 
smoothing Two-dimensional aperture synthesis 
m Simple adding interferometer E Phase closure and self-calibration; “clea 
maps 


19-1 Continuous Aperture Distribution 


Consider a continuous-current sheet or fied distribution over an aperture as in Fig. 19-1. Assuming a current 
or field perpendicular to the page (y direction) that is uniform with respectto y, the electric field at a distancer 
from an elemental aperture dı dy ls 


ar 


weer sota (= fff ai gee) sm“ 


J, = current density, A m? 
E(x) = aperture electric-field distribution, V m: 
Z = intrinsic impedance of medium, square” 
Frequency), rads} 
и = permeability of medium, Н m 


ө = Daf ( 


“IE we could traval 10000 00 light-years aut into space and look back, isis how our galaxy might apps. The arrow points to where 
тке бану һе inside a spiral arm but we could sae our sun rm Wis distance. Our solar system isse minuscule tati s maler 
than the tiniest dot in the picture and V 
100,00 light-years in diameter. This photograph is of Ње beautiful spiral galaxy Messer 1 which is believes to closely resemble our 
ur. (Phata courtesy К.А. Strand). 

тма chapter istakan from Chap. 6f J. D. K raus Radia Astronomy, 26 ей. Cygnus-Quatar, 1986, 

Зоны ку Ha = ds Where (up in Fig. 13-1) is the thickness of the curent sheet A lso JE = ЧЕ, 
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To distant 
pont 


Field 
distribution. 


En 


$ Aperture ry 2 


Figure 19-1 Aperture of width a and amplitude distribution E(x) 


For an aperture with a uniform dimension у perpendicular to the page and with the field distribution over the. 
aperture a function only of x, the electric field as function of ¢ ata large distance from the aperture (r > a) 
is, from (1), 


ке-ше" PP po near a 
The magnitude of E) is then 

ие E, U. bel. o 
Zam 


where = 2/2. For a uniform aperture distribution [E (x) = Ex], (3) reduces to 


EI w 


and on axis (0 


5 


where 


E, = electric field in aperture plane 


For unidirectional radiation from the aperture (in direction o = 0 but not in direction ¢ = 1807 
twice the value given in (5). 

Integration of (4) gives 
sinl(fa/2) sing} 

(Barm sine i) 


E) is 


a 
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From (6-12-17) the field of along array of n discrete sources of spacing d is 


sinl(Ba'/2) sing) 
[ET 


where the length of the long array isu’ = (n — Dd = nd and Ea = field of one source. Itis also assumed in 
(8) that ¢ is restricted to small angle, This is not an undue restriction if the array is large and only the main 
lobe and first side lobes are of interest, Under these conditions it is clear that the field pattern (8) of the long 
array of discrete sources is the same as the pattem (6) for the continuous array of the same length (а = a) 
(as already noted in Sec. 5-19), 


E e) 


19-2 Fourier Transform Rel 
Aperture Distribution 


According to Booker (1) and Clemmow a 1-dimensional aperture distribution (x) and its far-field 
distribution (sin 4) are reciprocal Fourier transforms as given by (Booker-1; Bracewell-1) 


ions between the Far-Field Pattern and the 


En) = kühe w 
E 

көз) E Eising) H ed w 
where x, = x/h. For real values of ¢, Ising < 1, the field distribution represents radiated power, while 


for [Sn 0 > 1 it represents reactive or stored power (Rhodes). The field distribution E sing), or angular 
spectrum, refers to an angular distribution of plane waves. Except for sin д] > 1 the angular spectrum for 
A finite aperture is the same as the far-field pattern £ (¢) (the far-field condition r >> a does not hold for an 
infinite aperture, e, where a = ос). Thus, for a finite aperture the Fourier integral representation af (1) may 
be written 


* 
ЕФ EI Gehren dx, al 


Thisisidentical with (19-1-2) except for constant factors. Equation (19-1-2) is an absolute relation, whereas 
(3) is relative. Examples of the far-field patterns E) for several aperture distributions (xi) of the same 
extent are presented in Fig. 19-2. 

Taking the uniform distribution as reference, the more tapered distributions (triangular and cosine) have 
larger beamwidths and smaller minor lobes, while the most gradually tapered distributions (cosine squared 
and Gaussian) have still larger beamuidths but no minor lobes, On the other hand, an inverse taper (less 
amplitude at the center than at the edge), such as shown in Fig. 19-21 yields a smaller beamwidth but larger 
minor lobes than for the uniform distribution. Such ап inverse taper might inadvertently result from aperture 
blocking dueto a feed structure in front of the aperture. Carrying the inverse taper to its extreme limit results 
in the edge distribution of Fig. 19-29. This distribution is equivalent to that of a 2-element interferometer and 
has a beamwidth 2 that of the uniform distribution but side lobes equal in amplitude to the main lobe. 

А uniform line source or rectangular aperture distribution (Fig. 19-28) produces the highest direc 
tivity. However, the first side lobe is only about 13 dB down. Thus, aperture distributions used in 
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FOURIER-TRANSFORM APERTURE-FAR-FIELD RELATIONS 
FOR RECTANGULAR APERTURES 


Antenna aperture Far-feld pattem ^ — Farfedpatem 
fid distibulon m HPBW Side-lobe level 
e 
умют рте 
m pier 
Sha, ieee 
— — V v » 
юй "a | 
cosine 
© 
a -nm 
cosine 


(e) کے‎ 8578, 49 dB 


—.— 
o مال‎ 
2sm des 
m 
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Figure 19-2 The near-field distributions across linear or rectangular aperture antenna (at 
left). Fourier transforms to the far-field patterns (at right) with the half-power beamwidths 
(HPBWs) and first side-lobe levels indicated. Thus, measuring the near field with a probe can 
give you the far-field pattern, 


je McGraw-Hill Compani 


19-2 Fourier Transform Relations between the Far-Fleld Pattern and the Aperture Distribution en 


practice are a trade-off or compromise between desired directivity (or gain) and sidelobe level, as already 
discussed, 

For circular dish antennas the relation between aperture, beamwidth, and first sidelobe level is shown in 
Table 19-1, 

Theoretically, the directivity of a uniform aperture distribution can be exceeded (supergain condition) by 
large field fluctuations near the edges of the aperture. However, according to Rhodes (2), to obtain a $ dB 
increase in directivity from a 5A aperture requires that the field near the edges be at least 20 times the fied for 
‘uniform aperture. The currents to produce these fields would have 228 losses which offset any gain unless 
all conductors were perfectly conducting and the surrounding media were completely lossless. Furthermore, 
the antenna would have an enormous Q and an extremely narrow bandwidth, making supergain attempts 
impractical 

Thesituation hereis reminiscent of theW 8) K array which theoretically has a 4-48 gain over a single dipole 
‘even when the spacing between elements approaches zero; however, enormous currents would be required. 
With appreciable losses and for usable bandwidths a minimum spacing of /g is a practical limit. 

A useful property of (3) isthatthe distribution may be taken as thesum of 2 or more component distributions, 
у), Eola) ec. the resulting pattern being the sum of the transforms of these distributions. Thus, 


Table 19-1 Beamwidth and side-lobe level for rectangular and circular aperture distributions? 
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Rectangular or linear apertures E(x) beamwidth side lobe, dB. 


Taper in {нен 0а 
i " "m 
ot 
Tapered oz steve Р Я 
-e dm +± E 
[жет 
Ter tone Р Е 
ааа A = z 
= 
m E E 
== 
Tapered J atedge ~10 dê dia + E 
mon 


экы a: = 


The McGraw-Hill Compani 


СЯ 


19-3 Spatial Freguency Response and Pattern Smoothing 


Ithas been shown further by Booker (1) and Clemmow that the Fourier transform of the antenna power pattern 
is proportional to the complex autocorrelation function of the aperture distribution. Thus, 


тык I- ко, эде m 


where 


Px) = Fourier transform of antenna power pattern, (9) ox autocorrelation function of aperture 
distribution. 


Eio) = fied pattern 
E(x) = aperture distribution 
x, = х/% = distance à 


хы = 1/20 = displacement, à 
The autocorrelation function involves displacement x, multiplication and integration. The situation for a 
uniform aperture distribution is illustrated by Fig. 19-3. The aperture distribution is shown at (b) and as 
displaced by xx, at (a). The autocorrelation function, as shown at (c), is proportional to the area under the 
product curve of the upper 2 distributions or, in this case, to the area of overlap. It is apparent that the 
‘autocorrelation function is zero for values of 1, greater than the aperture width v; since P(x,,) = 0 for 
hag] >а; 

If a source moves through the beam of an antenna (or if the source s fixed and the antenna is rotated) the. 
observed response of this scanning process is proportional to the convolution of the antenna power pattern 
and the source brightness distribution. Thus, 


sem = [^ moii oe a 


where 


Soo) = observed power distribution, W m? Hz 

true source brightness distribution, W m-? Hz! sr 
mirror image of normalized antenna power pattern 
displacement angle (scan angle) 


Itfollows that 
3i) = Boa) Puh a 


where thebars mean the Fourier transform. Since (1) varies as the autocorrelation function of the aperture 
distribution, it follows that (x) and So) are zero where Px.) = 0, This means that there is a cutoff for 
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Figure 19-3 The autocorrelation function of the aperture distribution yields the Fourier 
transform of the antenna pattern. 


all values of xı, greater than аз (Bracewell-2). The quantity xa, is called the spatial frequency (wavelengths 
per aperture) and а; its cutoff value. Thus, 
а 4 
where x, = spatial-frequency cutoff 

The reciprocal of x, gives an angle 
L ہم‎ = 273 tog 

It follows that this (cutoff) angle д. is equal to } the Beamwidth between First Nulis (BWFN) for a 
uniform aperture distribution (4; = BW FN /2), and 15 12 percent greater than the beamwidth at half-power 
(4. = 1.12 HPBW). The significance of ¢, IS that structure in the source distribution having a period of 
less than BWFN /2 will not appear in the observed response. Thus, the antenna tends to smooth the true 
brightness distribution (Bracewel-2). This is illustrated in Fig. 19-4. Half of the beamwidth between first 
nulis (8 WEN /2) is equal to the Rayleigh resolution. Thus, 2 point sources separated by this distance will be 
just resolved, as indicated at the right in Fig, 19-4 

The observed half-power width as a function of the source width in half-power beamwidths for a large 
uniform liner-aperture antenna and a uniform 1-dimensional source is shown in Fig. 19-5, A source of 
half-power width equal to the antenna half-power beamwidth produces about 20 percent beam broadening, 
ог an observed width of 1.2 beamwidth. For larger source widths the observed width approaches the actual 
source width, Thus, from the amount of broadening an estimate may be made of the equivalent source extent 


de (5) 


The Rayleigh resolution can, in principle. be improved upon in the signal processing domain of an adaptive атау. 
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Observed dsrbulion, 5 


Figure 19-4 Smoothed distribution S observed with antenna pattern P 


19-4 The Simple (Adding) Interferometes 
4 


‘The resolution of an antenna or of a radio telescope 
can be improved, for example, by increasing the 
aperture a. However, this may not be economi 
cally feasible. A common expedient is to use two 
antennas spaced a distance s apart, as in Fig. 19-6, 
If each antenna has a uniform aperture 
distribution of width a, the resulting autocorrela 
tion function sas shown in Fig. 19-7. tis apparent 
that by making observations with spacings out to 
s; Its possible to obtain higher spatial-frequency 
Components in the observed patter to a cutoff 


Observed widi in beam te 
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Sure extent in beam widths 


1 +a © 
Figure 19-5 Observed halt power width as а 
and a smaller resolution angle function of source width in half-power beamwidths 
1 513 fora large uniform linear apertue antenna and a 
a a= ар @ uno dimensional source 
In the following analysis it wil be shown that If ај 
observations are made to sufficiently large spac- Б 
ings its possible, In principle, t deduce the true 
source distribution. i i 
The normalized far-field pater of the 2- — 5 == 
element ray is EI 
Bi) = көз o 
where Figure 19-6 Simple element interferometer, 
Е,46) = normalized fd pattern of individual array element 
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Eb) 


Figure 19-7 Autocorrelation function of aperture distribution of simple 2-element 
interferometer. 
The relative power pattem is equal to the square of | (d), or 


14 созу 
2 
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For large spacings the pattern has many lobes, which, in optics, are referred toas fringes, The first null occurs 


көө! 


ново = ey? 


"P в 


Thisis the BWEN /2 value for a continuous array of aperture width ai 
of the same length (Lı = 5. 
The pattern maxima occur when ¥ 
a 573n 
ba = ك‎ (rad) 


1. or large array of discrete sources 


лп, where n (=0, 1,2, 3, ...) is the fringe order. Thus, 


(deg) (6 


Referring to Fig, 19-8 the first factor in (4) represents the individual-element pattern, as shown in (a), and 
the second factor the pattern of the array of 2 elements, as in (b). The product of the 2 factors gives the 
interferometer pattem, as indicated in (c). In these patterns а point source s implied. In the general case, for a 
source of angular extent a the observed flux density is the convolution of the tue source distribution and the 
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rm (a) 
(b) 


Figure 19-8 (a) Individual-element pattern, (b) array pattern and (c) the resultant. 
Interferometer pattern for the case of a point source. 


antenna power pattern. Assuming that the source extent is small compared to the individual-element pattern, 
so that |Æ (@)| s essentially constant across the source, we have in the 1-dimensional case that 


Sé lee, Jf non cents snom d 


Raa m 
i| [77 mordos T Be) cen sine - one] 


» y 
n 
= emo {+ ванна, snis - endo] o 
m 
were 
Sigo, s.) = observed flux-densty distribution, W т? Hz 
Big) = true source (brightness) distribution, W m Hz 


фа = displacement angle (= hour angle), rad 
source extent, rad 
sj there s = interferometer element spacing) 


flux density of source, W m 2 Hz? 
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The observed distribution as function of displacement or scan angle is shown in Fig. 19-9 for 3 cases: 
Fig. 19-9a source extent very small compared with the lobe spacing (a < %, the same as in Fig. 19-8; 
Fig. 18-9b source extent comparable to, but smaller than, the lobe spacing (a < 1/5, and Fio. 19-9с source 
distribution uniform and equal in extent to the lobe spacing (a = 1/51). 

Assuming thatthe observations are made broadside to the array orthatthesourceistracked by theindividual 
array elements, so that IE, c = 1. (7) becomes 


eft 
зө = 50+ f , P toss, sino = 91149 (e) 


If the source is small, so that dy — ¢ < т, we may write 
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Figure 19-9 Interferometer pattern (а) for point source, (b) for a uniform extended source of 
angle а < 1/5, and (с) fora uniform extended source of angle а = 1/5, 
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where 
A - 
Vides) = siano |77 HO) asarê dê 
Ei laa 
Y we 
+ intei. ( BO) sn nd ш 
5 a 
The variable term may also be expressed asa cosine function wth a displacement Ago, Thus, 
Vide. ss) = Vols) 08020, do — ддз 0 
“ 
Viga.) = indes er фо COS дла Ado + 8йп2л фа п Zn Ago) a» 


The quantity Vals) represents the amplitude of the observed lobe pattern, e. the fringe amplitude. Itis also. 
called the fringe visibility or simply the visibility. As a function of s, it may be referred to as the visibility 
function, The angle Ago represents the fringe displacement from the position with a point source. Hence, 


әп 
Vots) toii Ado z [77 deco as 
U 
and 
1 pea 
wee bse nabe f a bre as) 
hoa 
It follows that 
" "M " 
— mum 
ols) ЕМАС Ф (16) 


‘The quantity Ина; Je? is called the complex visibility function. I the sourceis contained within a small 
angle, the limits can be extended to infinity without appreciable eror, giving 


1 758 
Vom) east = sf Bipy e qe an 


According to (17), the complex visibility function is equal to the Fourier transform of the source brightness 
distribution (times 1/51). By the inverse Fourier transform we obtain 


MTM aa) 


" 
ЛАУ ЕГ 09 


According to (18) and (19), the rue brightness distribution of a source may be obtained, in principle, as the 
Fourier transform of the complex visibility function (an observable quantity). 

To do this in practice requires observations at suitable intervals out to sufficiently large spacings, а high 
source signal-to-noise ratio and no other (confusing) sources of significant power in the individual-element. 
response pattern. Thus, there are practical limits to the detail with which the source distribution can be 
determined. According to Bracewell (3), the spacing interval need be no smaller than 1/«, where a is the full 
source extent, 
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Referring to Fig. 19-9 the visibility may be read from the observed record as 


й an — Smin 

Lo i$ sibility (20) 
where 

Уш) = visibility [0 < Vots) < 1] 


Referring to Fig. 19-108 the value of the integral in (8) s proportional to the net shaded ares, the areas above 
the ¢ axis being positive and the areas below negative, This integral (times 1/5) is the variable quantity 
Ven. 1), and its variation with respect to dx for a fixed s, is а cosine function, as suggested by the solid 
curvesin Fig. 19-10, one far a point source (a — 0) and the other for an extended source. For symmetrical 
source distributions (even functions) the fringe displacements zero or 1-fringe (Agu = 3 .Forunsymmet 
rical sources, such as the one shown by the dashed lines in Fig. 19- 10а, the fringes will have а displacement 
Ado, as suggested in Fig, 19-106. 
For symmetrical sources the visibility is, from (14), 
жай 


Vats) NE e 


80 
Fora uniform source 809) = cons and noting thata (G) = Sa, (21) reduces to 


sin2asa/2) 
Mo) = EET (22) 
21 
Symmetrical = 
Unsymmetical 
— T 
(a) 
үз) 
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ND беттеше) 
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Figure 19-10 Interferometer patterns for symmetrical and unsymmetrical source distributions. 
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A graph of the visibility Vo(s,) asa function of s, is presented in Fig. 19-11 for the case where the source is 
uniform and 1° in width. As the source extent becomes small compared to the fringe spacing (а << 1/s;), the. 
Visibility Vos.) approaches unity, but as the fringe spacing becomes very small compared to the source extent 
(a > 1/9), Vots) tends to zero. The visibility is also zero (for a uniform source) when the source extent is 
equal to the fringe spacing (1/5) or integral multiples thereof. For symmetrical sources we have from (19) 
that the source power distribution is given by the Fourier cosine transform of the visibility function, ог 


nee uche. e 
Also, from (13), 

Vie.) = Wo Pend m 
sna om 3 

sen) = vnn ева аана es 


Curves of V (do. s.) as a function of s; for several values of до are also shown in Fig. 19-11 for the uniform 
Y source, 

Examples of visibility functions for other source distributions are given in Fig. 19-13, Thecaseofauniform 
source of extent a with a symmetrical hole of extent is shown in Fig. 19-132 for several cases of hole 
width. When В approaches а, the distribution approaches that of 2 point sources with a separation a. When 
В = 0, the source distribution is uniform. In Fig. 19-138 the visibility function is presented for a uniform 
Source with a bright center of 4 times the side brightness. 

Itis to be noted that the visibility functions of Fig, 19-133 can be obtained as the visibility for a uniform 
source distribution of width « minus the visibility of a uniform source of width В, while in Fig. 19-136 the 
result can be obtained as the sum of 2 uniform distributions of widths a and f. 

Comparing (17) with (19-2-1) and (19-2-3), itis apparent that the complex visibility function is related 
to the source brightness distribution in the same manner that the far-field pattern of an antenna is related to 
the antenna aperture distribution. Accordingly, the graphs of Fig. 19-2 may also be interpreted as giving the 
visibility functions for various source distributions and the graphs of Fig. 19-13 the fied pattems for various 
aperture distributions. The restriction holds that the source extent is small and the aperture extent large. 

For simplicity only 1-dimensional distributions have been considered. This cseis of considerable practical 
importance. Theprinciplesmay beextended also to the more general 2-dimensional case. A thorough treatment 
of the 2-dimensianal problem is given by Bracewell (3) and Thompson (1. 


EXAMPLE 19-4,1 Source Ob: ion with 2-Element Interferometer 
A uniform source of unknown extent is observed with a simple 2-element interferometer at spacings up. 
to 100). for determining the source visibility function. Find the source extent 

m Solution 

Substituting (22) in (23), 

sin 253 (2/2) 


r * о 


т) = 25 | савола 
h 
This equation has the form 


Bio) ee ہے‎ en 
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where 
L sdama/2 
Lose 
‘The definite integral (27) is well known and yields 
28x _% 
Bem = 207-9 WH ts 


Bid) 


for -1 < m < +1 and Вр) = O form < —Land 
m > +1 Bo 

Suppose that the visibility function is like the one 
in Fig. 19-11 with the visibility going through zero at 


an interferometer spacing of 51.3, (© = 57.3) oF 
a (source with) = H = Ea =r E "E 
а mn oo 
With the resulting source brightness 


Figure 19-12 Source distribution 
reconstructed from visibility function. 


(W m7? Hz” rad 


where So = source power density 

The source has this brightness in the range —}° < dy < +1” (1 < m < +1) and is zero outside, as 
indicated in Fig. 19-12. 

By scanning a source with an interferometer over а range of spacings the visibility function was 
obtained. Then by taking the Fourier transform of the visibility a source brightness distribution was recon- 
structed (Fig. 19-12) which is the same one discussed earlier in our analysis, Thus, in this hypothetical 
example we have gone full circle 


In the above discussion monochromatic radiation at a single frequency is assumed. If the antennas and 
receiver respond uniformly over a bandwidth fo + А//2 with the radiation considered to be made up of 
mutually incoherent monochromatic components, the result for a point source is similar in form to the one. 
above for a uniform source of width а, but with a/2 replaced by Af/2. A result of too wide а bandwidth is 
that the higher-order fringes may be obliterated. 


19-5 Aperture Synthesis and Мин 


Theexampleof the preceding section isillustrative of 1-dimensional aperture synthesis. To obtain resolution of 
the 1° uniform source of the example to a Rayleigh resolution (= B WEN /2) of 0.1° requires a single aperture. 
573. in length [= 114.6°/(2 x 0.17]] An interferometer, on the other hand, can produce the same result with 
two small (say, 5A) apertures operated at various spacings provided that the source is strong enough to give 
a satisfactory signal-to-noise (S/N) ratio with the small apertures. Thus, the interferometer can synthesize а 
large continuous aperture— hence the term aperturesynthesis. 

Instead of using only 2 apertures and moving one or both of them, a number of apertures can be employed 
with unequal spacings in order to provide data points on the visibility curve. 

In radio astronomy observations, the baseline separation of the apertures and the angle of the baseline 
changes with the earth's rotation providing more visibility data, making it possible to do 2-dimensional 
aperture synthesis and produce 2-dimensional maps of the source distribution. Spreading the apertures over a 


perture Arrays 
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Figure 19-13 (a) Visibility functions for a source of uniform brightness with holes of various 
widths 4; (b) visibility function for a uniform source with а bright center. 


plane (instead of all in-line) also improves the data, Typically, a celestial objectis tracked (as the earth rotates) 
by a number of radio telescope antennas with each antenna pair combination producing a complex visibility 
function (amplitude and phase) as a funcion of displacement (hour) angle. A map or image of the object or 
sky region is then constructed as a Fourier transform of the complex visibility. 

The largest and most elaborate aperture synthesis array as of 2000 is the УГА (Very Large Array) of the 
National Radio Astronomy Observatory built at а cost of $78M (1975 $) on the Plains of San Augustin near 
Socorro, New Mexico. This array consists of 27 Cassegraln-type reflector antennas (apertures), shown in 
Fig. 19-14 each with a diameter of 25 m. Each dish can be moved along one of three radial railroad tracks 
21 km long so that the dishes can be deployed п a Y-shaped configuration with spacings of 0.6 to 36 km in 
Order to maximize the visibility data with the ears rotation. In the photograph 9 dishes are shawn In their 
most compact, close-in configuration along one track. Synthesized sky maps of 10? pixels (picture elements) 
сап be produced with sensitivities of 1 m y or better. At. = 6 cm the resolution is about 3 arcsecond. 

Radio telescope antennas separated by intercontinental distances have also been operated as interferometers 
atevenhigher resolution. With antenna apertures separated by 10,000 km, milliarcsecond resolution is possible 
ata, = бст. In this Very Long Baseline Interferometry (V LBI), signals are downconverted and the IF signals 
taped and sentto a central location. By synchronizing the tapes using atomic standards, a real-time comparison 
Can besimulated. Such observations require high degree of coordination between participating observatories 
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Figure 19-14 Antennas of the Very Large Array (VLA) of the National Radio Astronomy 
Observatory in compact configuration. The array, on the Plains of San Augustin, New Mexico, 
has 27 steerable Cassegrain-type reflector antennas 25 m in diameter mounted on 3 ral tracks 
(radials at 120°), each 21 km long for deployment in a variety of aperture spacings. Where the 
tracks cross highways, signs warn motorists: “Caution, Radio Telescope Crossing: (National 
Radio Astronomy Observatory.) 


and being time-consuming have only been performed on an intermittent basis. A dedicated full-time Very 
Long Baseline Array (VLBA) has 10 antennas (apertures) with locations coast-to-coast in the continental 
United States and in Puerto Rico and Hawaii (Kellemann-1]. 

A next step is to add an orbiting antenna to the array, increasing the resolution and visibility data resulting 
in maps with better detail and dynamic range The rapid change of baseline distances for an orbiting antenna 
also reduces the mapping time. Ultimately with 2 or more orbiting antennas, all of the interferometry could 
be done above the earth's atmosphere obtaining higher phase stability, High eliptical or circular orbits of 
10,000 to 60,000 km apogee or radius are contemplated (Burke-1; Preston-1). 

Aperture-synthesis arrays were pioneered by Sir M artin Ryle of Cambridge University, England, and used 
by him and his students for mapping celestial radio sources (Ryle-1). A very complete and definitive work on 
aperture synthesis is the book by Thompson (1), Moran and Swenson. 


19-6 Grating Lol 


If a uniform linear array of n elements has a spacing 4; between elements exceeding unity, side lobes appear 
Which are equal in amplitude to the main (center) labe. These so-called grating lobes have a spacing from the 
main lobe of 


t= 


tE (ed) wherem 1.2.3 a 


I4, l. this reduces approximately to 
а= (€) a 
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Figure 19-15 Grating lobes with array of n widely spaced elements. Solid line: pattern with 
isotropic elements (array factor). Dashed line: total pattern with directional elements, each with 
pattern of dotted line. 


with the fist side lobe (m = 1) at 1/4; as given by the solid line (атау factor) in Fig. 19-15 [individual array 
elements are nondirectional (isotropic)]. To suppress all grating lobes including the first requires directional 
elements, each with an aperture of approximately G.. This puts the first пи! of the individual element pattern 
‘onthe fist grating lobe, but the array is now equivalent to a continuous aperture. With less directivity (smaller 
aperture) elements, with pattern as suggested by the upper dashed line in Fig. 19-15 the resultant (total) 
patter is as suggested by the lower dashed line with some grating lobe suppression but not elimination. 


19-7 Two-Dimensional Aperture Synthesis’ 


In 2-dimensional aperture synthesis with  multidement array, а celestial object is tracked by the system 
(as the earth rotates) so Pa(0, d) = 1 with each antenna-pair combination producing a complex visibility 
(amplitude and phase) asa function of hour angle. A map or image of the objector fied is then constructed as 
‘Fourier transform ofthe complex visibility. For good maps itis necessary that there be adequate coverage of 
antenna-pair separations and orientations on the uv plane (perpendicular to the direction of the abject). This 
may require observations with many pair combinations over a wide range of hour angles. 

The observing geometry Is shown in Fig. 19-16 with the z-axis directed to the center of the field to be 
mapped and the x-y plane tangent to the celestial sphere at the center of the field, Parallel о the xyz system 
of coordinates is a ww system as shown, 


%%% 
J.. ̃ ͤÄ when applied ta instruments iketna V LA. T hisis because, In genera, 
der m еуі aperture far such an instrument The power reception pattem of an aperture antenas the Fourier transform of the 
... For an instrumen ie eV LA, the Fourie transform of the power reception patern is 
the function that represents he spatia spactral sensitivity in he v, e plane, which is an ensemble of elliptical ares This function should 
‘correspond to the autocorrelation of the equivalent aperture, but in fat there ns ro aperture distribution which when cordata 
vil resultin a series of disconnected elliptical arcs So it cannot be said that e VLA synthesses an aperture in an precise manner 
(One can опу say tnat it produces a beam of wich equal to that of some aperture of dimensions comparable to the size of е amo A 
further objection to the tem aperture synthesis is that it suggests tat there is something fundamentally desirable about a large aperture 
However, Interferometry theory shows that to obtain high resolution we nee to sample the visibility function (or mutual coherence 
function) in a uniform ranner aver amide range af spacings Use of a large aperture is oniy one way, and not the most ecient wa, f 
obtaining such information.” 
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For simplicity the field to be mapped is shown at the moment it is on the meridian and with only one 
pair of antennas of the synthesis array. The actual (ground distance) separation of the antennas (1 and 2) in 
wavelengths ss, and theprojectionsof thisdistanceon ешт plane re. and s, with theaxial displacement 
distance s (= s, cosó coso). 

With the field center at the zenith, sı, = 0 and the visibility function (amplitude and phase of the inter- 
ferometer pair or correlator is an exact 2-dimensional Fourier transform of the brightness distribution of the. 
object Butif sj. # 0, the output of the interferometer is 


Hie di y 
visse fi f E Afecto =.) te dy a 
la у 


where 
Уш... 


Bi 


visibility function. 


у) = brightness distribution of abject, W m“? Hz sr! 
E 


tenna separation ins directio 
* = say = antenna separation iny directio 


tena separation i 
rection cosine with respect to x direction 
direction cosine with respect to y direction 


Zenith 


Brightness distribution 
of feld being mapped 
зки 


Figure 19-16 Geometry for 2-dimensional aperture synthesis relations. 
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‘and the factor ejžr on me left side represents the fringe pattem. Only х and y need to be specified since x, y 
and are related by 


“+ and 
For small x and s, HT JF = z = Land weget 


BI елнын dydy o 


varnos == 
a T537 
Thus, far small and y. V isindependentof w and we can replace V (u. 
transform yields the object or field brightness distribution as 
Me f f Vin, nye PO) ди de a 
but with restrictions on the size of be field that can be accurately mapped ( and у small), Alternatively, (3) 
canbewriten o, 
mn | [Уш Bato” da dns 0 


) by Уб, v). The inverse Fourier 


19-8 Phase Closure or Self-Calibration for "Clean" Maps 


If an interferometer or aperture synthesis system has phase errors п ts images introduced by the atmosphere, 
by the ionosphere or by its own instabilities, Ив maps or images are degraded. R. C. ennison (1) has described 
а method of phase closure or self-calibration by which such phase errors can, in principle, be eliminated, 
Thus, consider 3 antennas, A, В, and C, of a switched interferometer which form 3 interferometer pairs АВ, 
BC and AC. 

Let antenna A be the reference for phase. Next let an, nc and 4c represent the phases of the complex 
Fourier transforms of the 3 interferometer pairs due to the source structure; oy and ос the time variable 
phase rotation of the interferometer at antennas B and C; 9з and de the phase angle produced by the position 
of the source relative to В and С; and da and 4e the atmospheric and/or internal interferometer instability 
errors at B and C. Then the АВ phase output is given by 


[ED a 
while the BC phase output is given by 

one + шс on + Oc nN Bc an w 
and the AC phase output is given by 

Bac + wc tee lc B) 
‘Adding (1) and (2) we obtain 

Ban + Onc + wc + фс + бс 04 
Subtracting (3) from (4) yields 

бав + Pac die 5) 


The rotation, position and error phase angles cancel, leaving only information due to the actual source 
structure, With more antennas and interferometer pairs, additional error-free information about the source 
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RADIO CLOUD. CENTRAL CORE RELATIVISTIC JET RADIO CLOUD 
OR ENGINE 
f 


0.03 Approx. 00 000 light-years 


Figure 19-17 Radio picture of the exploded galaxy Cygnus A ata distance far outside our 
galaxy as observed with the 27 dish array of the VLA (Fig. 19-14) at 5 GHz using aperture 
synthesis. For its distance see Example 19-8.1, (source Data enhancement by J PL. 
Photograph Courtesy of National Radio Astronomy Observatory.) 


structure сап be obtained and used in the construction of an improved "clean" image. Itis noteworthy thatthe 
errors can be removed by a computer after the observational data has been recorded, Real-time corrections 
are not required. 

The above technique has been expanded in scope by Readhead (1) nd Wilkinson, Comwell (1) and 
Wilkinson and others and applied to maps made with the VLA, Westerbork, MERLIN (University of M anch- 
ester) and various VLBI arrays. An excellent discussion of the technique and Ив historical development is 
given by Ekers (1) 

А spectacular example of the application of these techniques to VLA maps is presented in Fig. 19-17 
(Cygnus) 

These VLA observations by Perley (1), Dreher and Cowan revealed for the first time the relativistic jets 
from the central core or engine to the radio clouds as well as a wealth of detailed filamentary structure as 
shown in Fig. 19-17. 


EXAMPLE 19-8.1 The Very Distant Su 
{a} Ifthe overall extent of the galaxy shown in Fig. 19-17 is 500,000 light-years, what isthe distance of 
the galaxy? 

(b) If the maximum V LA spacing is 36 km, what is the resolution or pixel (picture element) size? 

(c) Approximately how many pixels does Fig. 19-17 contain? 

(8) If the average flux density between 1 and 2 GHz is 2.5 x 10722 Wm, whats the radio power of the 
galaxy assuming isotropic radiation? 


m Solution 
(a) From Fig. 19-17 the overall extent of the galaxy а 


032° so 


Distance = діву extent/sin a 
= 4 x 10° sin 0.032" 
= 7x 10° or 700 million lightyears Ат 


(b)Assuming the maximum resolution of a uniform aperture distribution, the pixel size = 51° /a, where 
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а; % = 36 x 103 m/60 mm 
Thus, resolution or pixel size = 85 x 10- degrees. 
85 x 3600 x 10-5 arc seconds 
0.31 are seconds ats 
(c) The area of Fig. 19-17 is approximately 0.008? x 0.03" 

24 x 10”? square degrees 

31x W arcsec 


Thus, the number of pixels = 3.1 x 108/0.31? = 32 x 108 
or more than 3 million pixels ats 
(d) CygnusA radio power 
их density x 4 (distance)? x bandwidth 
25 x 1072 x 4147 x 10 light-years)? x 10° watts 
Where 1 light-year = 365 x 24 x 3600 seconds x 3 x 10° m/s 
=14x107W — Ans 


Thisis more than a trillion, trillion, trillion watts where 1 trillion = 10%, By comparison the earth's total 
electric power consumption is 10 trillion watts 


EXAMPLE 19-8.2 100-m Dish for Deep-Space Communication 
The aperture distribution of a 100-m-diametr dish antenna is tapered to one-third at the edge or about 
1008 down (atypical value). See Table 19-1. At 10 GHz, whatis its (a) HPBW, (b) gain rom beamwidth, 
(cl gain from effective aperture, and (d) first side obe level? 


m Solution 

From Table 19-1, HPBW = 66°/D; = 66° x 0.03/100 = 002°. Ans. (a) 
From (2-7-9), 

41.000 А 

НЕТ = 105 x 10° or 80.481 А 


From (2-9-2) and (2-9-6), for gain from effective aperture, 


Ar Atay _ 42%(50)%(0.725) 
UE CC y 


80x10 —79dBi | Ans (c) 
First sidelobe level: -23dB. Апе. (d) 


Gain 


Booker H.G. (1) and P. C. Clenmon, “The Concent of an Angular Spectrum of Plane Waves and Its Ration o That of Polar Diagram 
% 

Bracewell, A. N. (1), Radia Astronomy Techniques” in 5 lige ed], Handbuch der Physik, 5, Springer Verlag OMG, Bern, 1962, 
PP. 42-129 (a more general 2 dimensral cas), 


е McGraw-Hill Compani 


e Chapter 19 The Fourier Transform Relation between Aperture Distribution and Far Fiel Pattern 


Bracenl, A.. (2), and A Roberts "Aerial Smoothing in Radio Astronomy" Australian J. Phys, 7,615-640, 1954 

%%% Sources” Proc. IRE, 697-105, J nay 1058 

Burke В. F. 11 "Orbiting VLBI: A Survey: in R. Fanti, K. Kelermann and б. Sti eds] VLBI and Compact Rado Sources Reda 
E^ 

Cornel T. J. Land P. N. Wilkinson, А New M нод of Making Maps with Unstable Radio interferometers” Mon. Not Roy. Ast 
Sec. vol. 196 po. 1067-1086 1981. 

kas, R. D. (1, "The Almost Serendipitous Discovery of Sal Calibration” po. 154-159, in "Serendipitous Discoveries in Radio 
Astronomy” К. Kellerman and B. Sheets, es, NRAO, Green Bark, 1983. 

benden R. C. (1, Fourier Transforms and Conlon for е Exgerimentalist, Pergamon Press, New Yok, 1961 

Kellermann, KI) sn. R. Thompson, "The Very L ong Baseline ̃ Science, Z2, 123-130, 1985. 

Napier P.J. (1i, and A. R. Thompson and R. D. Ekers, "The Very LargeA may: Design and Performance of a M oden synthesis Radio 
Telescope Proc. IEEE, 71, 1205-1320, November 1983 (includes 155 references). 

Petey. R.A. (1), J. W, Dreher and J.J. Cowan, "The Jets and Filaments in Cygnus A" Astrophys. ma L 335-38, 19. 

Prestan, A-A. (1), B. F Burke В. Dorsey. Jordan, S.H, Morgan, D. H Roberts anal. |. Shapiro, "The Futureof VLBI Observations 
%%% Techniques, Cepafues, 1983. 

рете, A. C.S. (1), and P. N. Wilkinson, "Mapping of Compact Radio Sources from VL BI Data” Astrophys | vl. 223, pp. 25-36, 
E 

Rhodes, D. R. (1, "The Optimum Line Source far the Best M om Square Approximation to a Given Radiation Pato,” IEEE Trans 
Aris Prop Араз, 440-446, ly 1963. 

Rhodes, D. A. (2 On an Opimum Line Source for M imum Directv.” IEEE Trans Ants: Prop, AAG 485-492 July 1971 

Ryle, М. (1), A. Hewish and |. R. Shakesat, The Synthesis of Large Ratio Telescopes by the Use of Radio ntafromaers? IRE 
Trans An. Prop. AB,S120-124, December 195, 

Thompsan, A.R. .J. U. Meran and G. W. Swenson, Jt, Interferometry and Synthesis in Radio Astronomy, Wiley-Interscience, New 
York 1986 


— 
A сананы de lp 
E کے‎ ушул 
0 N k- rr 
> 
sin? л 
o  m- vere y = Fra ine 
"n Au 
mem OE) mcer 


19-2-2 Fourier transform. Apply the Fourier transform method to obtain the far-field pattem of an array 
of 2 equal in-phase isotropic point sources with a separation d. Reduce the expression to its simplest 
trigonometric form 


19-2-3 Pencil-boam patterns. For symmetrical circular aperture penc beam patterns (function only of 4) 
show that the main beam solid angle 2 Is given by. 


LI36dy for a Gaussian рабат 
0988 id fra sings patern 
1.008 d, for a Bessel pattem 
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where бнр is the half-power beamwidth. Also show that yy is given by 1.036 pene for a sintu)/u 
(square aperture) pattern. 


*19-3-1 Pattern smoothing. An idealized antenna patem brightness distribution is illustrated by the 
-dimensional diagram in Fig P19-3-1. The brightness distribution consists of a paint source of flux density 
5 and a uniform source 2° Wide, also of lux density 5. The point source is 2° from the center of the 2° 
Source The antenna pattern is triangular (symmetrical) with a 2° beamwidth between zero points and with 
zero response beyond. 
(a) Draw an accurate graph of the observed flux density as a function of angle from the center of the 2° 
(0) W hat isthe maximum ratio of the observed to the actual total flux density (2517 

в 


F 


Figure P19-3-1 Pattern smoothing 


19-4-1 Interferometer. Pattern multiplication. An interferometer antenna consists of 2 square 
broadside in-phase apertures with uniform field distribution. 
(a) If the apertures are 1Û. square and re separated 60% on centers, calculate and plot the far-field pattern 
to the first null of the single aperture pattem. 
(0) How many lobes are contained between first nulls of the aperture pattern? 
(c) What is the effective aperture? 
(d) Whatis the HPBW of the central interferometer lobe? 
(e) How does this HPBW compare with the HPBW for the central lobe of two isotropic in-phase point 
sources separated 6057 


49-4-2 Visibility function. Show thatthe visibility function observed with a simple interferometer of spacing 
s; fora uniform source of width « with a symmetrical uniform bright center of width = a/6 is 
245 


if the center brightness is 4 times the side brightness (see Fig. 19-130) 
19-4-3 Visibility function. Show thatthe visibility function observed with a simple interferometer of spacing 
ж for 2 equal uniform sources of width а/6 spaced between centers by 5u /6 is 
sinana) 28 20 
ETS 


v 


19-4-4 Interferometer output. Show thatthe output of a simple interferometer of spacing s and bandwidth 
Ja + Af /2 for a pointsourceis given by 


Eo) 
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19-4-8 Interferometer bandwidth. Show tht for an interferometer with bandwidth fp + A//2 
(Prob, 19-4-4), the condition Afg < 1/ я, where п = fringe order, must hold in order that the fringe 


amplitude not be decreased. 
19-6-1 Number of elements. In Fig. 19-15 how many elements n have been assumed? 


For computer programs, see Appendix С. 


The McGraw-Hill Compan 


Baluns, etc. 
By Ben A. Munk" 


Topics in this chapter include 


Balun types: 1, Il, ul and chokes 
Bandwidth 

Sleeve-dipole baluns 
Modifications of Type! baluns. 
Mast baluns for dipoles and loops 
Printed baluns 

Bypass balun 


Balanced transformer 
Cutaway baluns 

Natural baluns 
Folded dipole to J-match 
Matching stubs. 

Traps 


20-1 Introduction 


The term balun is an abbreviation of the words balance and unbalance, tis a device that connects a balanced. 
two-conductar line to an unbalanced coaxial line. 

Since baluns add complexity and expense to a system, let us consider the consequences of not using one. 
For example, in Fig. 20-13 a horizontal dipole antenna is center fed directly from a coaxial cable. The inner 
conductor feeds the left half of the dipole while the outer conductor feeds the right half. However, current 1; 
will low down the outside of the outer conductor making it parto the radiating system. The result isa mixture 
‘of horizontal polarization as in Fig. 20-16 and vertical and horizontal polarization as in Fig. 20- c. Thus, the 
pattern is not that of a horizontal dipole. For this, a balun is required. However, in receiving situations where 
here is an adequate signal-to-noise ratio (SNR) a balun may not be needed. 


20-2 Balun Types I, and Choke 


Figure 20-2 shows five common types of baluns. After Nelson and Stavis (1) the baluns in Fig. 20-22, b and 
Care designated Types |, 11 and Il Type in (a) has a /4 sleeve (shorted at the base which presents an 
infinite impedance (ideally) at the tp. Type II in (b) has two Type 's in series providing more bandwidth 
and load balance at all frequencies Type Il in (c) is a more compact form. The inner conductors form а two 
conductor /4 line shorted at the base and presenting an infinite impedance at the top. Italso features a sliding 
short-circuit bar for frequency adjustment See equivalent circuit as shown in (d). Figure 20-2e has a Type | 


and 
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Figure 20-1 A horizontal dipole fed directly from a coaxial Ine as in (a) produces a mixture 
of balanced horizontal polarization (b) and of vertical and horizontal polarization (c). 
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Figure 20-2 (a) Type | balun or “bazooka; (b) Type II balun, (c) Type IIl balun, (8) Type Il 
balun equivalent circuit, (e) Type I balun with dipole antenna and ( dipole antenna with Type II 
balun minus sleeve. [Figures (a), (b) and (c) adapted from Nelson (1)] 
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20-3 Bandwidth e 


balun with dipole. Figure 20-2! has a 
dipole fed by a Type III balun minus 
shielding cavity. The length Z of all 
these baluns is about 2/4 at the cen 
ter frequency. In (e) and (f) a reactive 
impedance Z = + j Zo tan BL appears 
in parallel with the dipole, where 
Zo = characteristic impedance of the 
balun line of length Z. 
Two more baluns are shown in 
Fig, 20-3, These are choke types. The 
onein Fig. 20-3 as he coaxial cable Figure 20-3 Two types of choke balun. 
wound into a coll producing a high 
impedance on the outside of the col. The coil and its capacitance C form a parallel LC circuit that should 
resonate at the operating frequency. 
А feritebead choke is shown in Fig, 20-35 with cylindrical ferrite beads placed on the outside of the 
coaxial cable With good-quality ferrite beads large bandwidths may be obtained (an octave or more. 
TheTypelll balun works on he principlethatthe vltageat point A in Fig. 20-42 is zero. Therefore, a cable 
leaving at this point has zero voltage on Ив outside. Thus, with the coaxial line connected as in Fig. 20-4b 
balances maintained. To facilitate obtaining an infinite impedance across the terminals at the dipole а siding 
short may be used as suggested In Fig, 20 - 4b 


Ferre beads 


A 
Т 
| 
1 (b) 


20-3 Bandwidth 


From the discussion above one might think that theTypelll balun is inherently narron-banded. However, this 
isnot quite so. First of all, because of symmetry, as discussed earlier, a balanced voltage will always result in 
по current on the outside of the coaxial cable. In other words, it will balance perfectly from DC to terahertz 
(atleastin principle). 

The limitation in bandwidth comes from the shunt impedance jX, (see Fig. 20-24). Since it is purely 
reactive the parallel combination Z X will if plottedin a Smith Chart, belocated on acirclegoing through 
ZA and the point (0, 0) as shown in theFig. 20-5a, where Z, In this example, is real, At the frequency where 
fil, = 2/2 the parallel combination Za |X, will reduce to Z,. At lower frequencies j X, will be inductive 
and Za] ¡Xy will consequently be located in the upper (inductive) pat of the Smith Chart; Prob. 20-3-1 
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Figure 20-4 (a) Basic structure of Type Ш balun and (b) the balun with coaxial line connected. 


McGraw-Hill Compani 


өз Chapler20 Baluns, өк. 


How to get more bandwidth 
Balanced ží 


ы 
Я ма 


ма 


| 


Unbalanced 
terminais 


Figure 20-5 (a) The antenna impedance Za in parallel with the fork impedance ¡Xp (see 
equivalent circuit, let, and Smith Chart, right). (b) The series reactance jXs counteracts the 
parallel impedance ¡Xp as a function of frequency: see Smith Chart to right. 


illustrates how much as a function of frequency. Further, as illustrated in Prob, 20-3-2, If Za is a half-wave 
dipole, where Z is capacitive at frequencies below resonance, the addition of the inductive component jX p 
сап somewhat improve the matching of Z to the balun. 
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The ultimate limitation in bandwidth is realized when pl, = z. In that case ¡Xy = 0 @ and Z4 is con- 
sequently completely shorted out However, tis incorrect to assume thatthe bara is limited to merely 
“2:1. Typically we may go as ow in frequency as fly ~ 7/4 and es high In frequency as fly ~ 7 
That gives a frequency range of about 3:1 or more, di depending on the tolerance for mismatch. Ses 
Prob. 20-3-1 

More bandwidth can be obtained by passing the inner conductor through a hole and continuing it inside 
theright рап of the balun a sown in Fg. 20-5 (ee big атон) The electrical length 1, Inside this am is 
2/4 at the center frequency and Iis terminated in an open circuit This modification was made by Roberts 
(1) in 1957, 

Let the characteristic of he stub inside the right rm = Z and is length = 1. Note that itis terminated 
In an open circuit thus, the input impedance i 


jX, = j Za OU, 


where 8, = propagation constant inside the stub. 

Inspection of the equivalent circuit in Fig. 20-Sb left shows that the parallel combination Z4 lj X, is the 
same as above, as indicated in the Smith Chart, right. Adding the impedance j X, in series gives circles going 
through 2. jX, and we can follow further along the circles to а desired point. 

Theincreasein bandwidth results from by thefactthat jX, and jX, always have oppositesigns (if designed 
correctly). At lower frequencies, for example, j Xp is inductive, Le, Za | Xp will be located in the upper 
half of the Smith Chart. In contrast, jX, is capacitive, Le. it will push Za j X, downward toward the lower 
half of the Smith Chart as indicated in Fig. 20-Sb right. At higher frequencies the opposite is true while no 
(Compensation of Z4 is observed at the center frequency. The net result is that the total impedance observed. 
atthe top of the balun is closer to the original Impedance Z4, ie, we obtain broadband compensation. See 
Prob. 20-3-3. 


Two examples are shown in Fig. 20-6 of baluns incorporated as part of the antenna. The balun in Fig. 20-6a 
isa Type ll while the one in (b) is a Type II. The length L is about /4 at the center frequency, 


20-5 Modifications 


The Type Ill balun has some very desirable features, namely, it always provides a perfect balance and a 
wide bandwidth. However, it can also be modified in several ways and provide transitions to ather types of 
baluns. A though these could be explained by a direct approach, it is helpful to tie them in with the Type It 
balun. Also, it will often enable the designer to create a unique type. As a first example Fig. 20-62 shows а 
modification where the single balun at Fig. 20-3 has been replaced by two arranged in series, This doubles 
the shunt reactance seen at the balanced port and should thus increase the bandwidth 

To obtain a large bandwidth requires that the shunt reactance jX» of the balun be as large as possible. 
Quite analogous, the bandwidth of the balun types in Fig. 20-78 and b is determined by the sum of the two 
Coaxial stubs made up of the inside of the enclosure and the outer conductor of the feed cable. However, 
the characteristic impedance of coaxial lines is smaller than for a two-wire transmission line. This could be 
remedied by increasing the diameter of the enclosure. However, the characteristic impedance ofa coaxial line 
is a logarithmic function of the ratio between inner and outer conductors, so the benefit of this approach Is 
modest and the enclosure becomes bulky. 
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Figure 20-6 (2) Cylindrical sleeve dipole with Type Ill balun and (b) cylindrical sleeve dipole 
with Type И balun. (Adapted from Bock-1.) 


Alternatively, the material in the cavity may be changed to a material with a higher intrinsic impedance. 
An example is shown in Fig. 20-7c. Here the cavity has been filled with ferite with ye > io. Unfortu- 
nately, the permittivity «of the ferrite will, in general, also be larger than ғо, which limits he effect of the 
increase in и. Note that, the two cavities have been modified to a conical shape. This can increase the shunt. 
reactance and improve the bandwidth, Note also that an increase in u as well as e leads to reduced cavity 
dimensions, 


20-6 Mast 


A Туре! balun modification is shown in Fig. 20-8 as mounted on а groundplane with the enclosure removed. 
The groundplane may be the large conducting cylinder of a mast, making it a “mast balun.” The shunt 
impedance j X, Is considerably higher than for the coaxial versions shown in Fig. 20-7c, so we can obtain 
a larger bandwidth. If a series reactance in the form of an open-ended quarter-wave stub s added additional 
broadband compensation is obtained precisely in the same manner, as was the case with the compensated 
Туре II balun, shown in Fig, 20-5. This type of design can lead to bandwidth exceeding 4:1. Note also 
the balanced output connected to two pairs of balanced lines in parallel. Each balanced line has two coaxial 
cables with characteristic impedance Zo in series, Le, total impedance is 24 When the left and right sides 
are connected in parallel as shown, we obtain а total impedance of Zo. Thus, we have a perfect match at all 
frequencies. 

Note that voltage is present between the balanced output and the mast. Thus, in case of snow or ice the 
balun needs a dielectric cover or radome. 

All the balun types shown in Figs. 20-6, 20-7 and 20-8 are characterized by having the shunt reactance 
jX, made up of two reactances in series, namely, one from the top and one from the bottom part. If the 
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Figure 20-7 (a) A Type Il balun with two coaxial ines. (b) A variation of the balun in (a) but 
with a transformer. (с) A variation of the balun in (a) where the cavity has been reshaped and 
filed with ferrite to obtain greater bandwidth. 


two halves are of a little different dimensions they may resonate at somewhat different frequencies. Thus, 
somewhere between these two resonant frequencies the reactance of one half will be as inductive as the other 


half is capacitive. Since they are in series they will add up to zero (assuming no losses). This makes the balun 
unusable at that frequency. 
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Figure 20-8 The cavity in Fig. 20-7(a) has been essentially removed and substituted by the 
mast as shown in (b). The output cables consist of two pairs of series-connected coaxial ines in 
parallel yielding the total impedance Zo needed or broadband match (>4:1) 


Note that the length of the open-ended stubs used in the balun in Fig. 20-50, and in the mast balun in 
Fig, 20-8, should be cut approximately 4 to 10% shorter than their mechanical length depending on the 
diameter This will compensate for the end capacity of the open-end transmission line. 


20-7 Printed Baluns 


Figure 20-9a shows а printed balun and dipole fed by a coaxial cable. In Fig. 20-9b, the situation is basically 
the same except that the feedline is also printed and an open-ended compensation stub has been added similar 
to Fig. 20-5b. Note that the inner conductor between the dipole gap at the center has been reduced. This 
suppresses radiation from the feed line 

Finally, Fig. 20-0с has а printed version of what s basically the mast balun shown in Fig. 20-8. 
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Printed uit version 
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шге 20-9 Printed versions of various baluns: (а) Type II balun and dipole fed by coaxial 
cable. (b) Same as (a) but fed by microstrip line and with reactive compensation (Roberts-1) 
(c) Printed version of Type II balun. This is covered with a ground plane. 


20-8 The 1/2 Bypass Balun* 


Thebalun types considered so far have with he exception of the onein Fig. 20- 7b merely providea transition 
from the balanced to the unbalanced terminals withoutany impedance transformation Balunscan also provide 
impedance transformation. 

An example is shown in Fig. 20-10. From the unbalanced terminals а coaxial cable with characteristic 
impedance Za branches out into two coaxial cables with characteristic impedance 221. One of these cables 
is 4/2 longer than the other. Thus, the voltages will be 180° out of phase with the other cable and the total 
voltage difference between the two cables will be 2V; fe, the impedance change will be 4: 1. Thus, if the 
balanced terminals are loaded with a resistance equal to 4p the two branch cables are effectively terminated 
with 229, Le, the input impedance of each is equal to 270 and their parallel combination at the branch point 
is then equal to Zo as required for perfect matching 

The 2/2-bypass balun is only perfectly balanced when the bypass cable is exactly 4/2 long. At lower 
frequencies the voltage through the bypass cable is delayed less than 180° and vice versa at the higher 
frequencies, Fortunately, this can be compensated to some extent. See Fig, 20-11. 

In Fig, 20-11а the voltage at the output terminal of the bypass cable ls shown for мо values of its 
characteristic impedance, namely, for Z, < 229 and for Z, > 22. In the first case, we arrive at point А 


This typeof balun was patented in Germany in 1931 (Water) It was caled аз /2Umveglelun. 
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locatedintheinductivepartofthecomplex planeandin the 
second case at point В located in the capacitive half-plane 
of the Smith Chart. As shown in Fig. 20-116 we now for 
2, < 270 add in series the impedance of an open-ended 
2/4 stub (now shown in the Smith Chart). At the lower 


n 


[rr 


frequencies this stub impedance is capacitive, Le., drives a E 
the impedance at A downward to point C. This simply 

corresponds to a further delay and can by proper design . 

be equal to 180° at some of the lower frequencies. — 


Similarly, as shown in Fig. 20-11c for the case 
Z, > 2Z a short-circuited stub impedance is added in 
parallel, In this case the stub impedance isinductive at the 
Tower frequencies and will consequently move up toward 
the inductive half-plane, i.e., obtaining a total phase delay 
of 180° as desired. 


20-9 


lalanced Transformer 


Its sometimes desirable to add а transformer to the bal- 
anced side of a balun, An example of such a device Is Figure 20-10 The 2/2 bypass balun. 
shown in Fig. 20-124. It consists of two coaxial lines with Ine input cable with characteristic. 
characteristic impedance 279, At the low-impedance end impedance Za splits up into two cables in 
(lower terminals) theinner and outer conductors of oppos- — Parallel with characteristic impedance 
ing cables are connected in parallel but with the to inner 2 Z o- One cable is 1/2 longer than the 
conductors having oppositepolarity asshown. Atthehigh- Other producing a balanced voltage 
impedanceterminalsthetwo cablesareconnected in series difference of 2V. It is balanced for 81 
and sincetheinner conductors have opposite polarity their 8d quadruples the impedance. 

total voltage difference is 2V; e, the impedance evel is 

increased by a facto of 4 

This transformation is relatively independent of the cable length. However, the two outer conductors are 
connected atthe high-impedance terminals, Thus, when seen from the low-impedance terminals the wo outer 
conductors form a fork that has a certain fork impedance in parallel with the input impedance, By making 
the length of the fork equal to / a the shunt impedance becomes infinite and will consequently not affect the 
input impedance. 

Instead of coaxial cables twin lead cables may also be used as shown in Fig. 20-125. If these twin lead 
cables are wound into coils they will exhibit a high resistance for unbalanced but not for balance currents. 
Thus, they will be effective as a balun as wel, similar to the designs shown in Fig, 20-2. In addition, we may 
apply a ferrite core. It has the potential of increasing the coil impedance and thereby the bandwidth (>10: 11 
They are very popular and inexpensive for low power. 

A combination of Type li balun and a transformer is shown in Fig. 20-13 left We observe that the two 
fork impedances are in parallel; thus the bandwidth will be somewhat reduced (see also Problems 20-3-1, 
20-3-2 and 20-3-3). However, compensation can be provided by an open-ended 2/4 stub; see Fig. 20-5b. 

A more compact version is shown in Fig. 20- 3b. Here the transformer lines are folded down along the 
balun fork (the outer conductors can touch each other everywhere). Besides being shorter, there is now only 
one fork impedance instead of two in parallel, although the characteristic impedance of the fork has been 
lowered somewhat due to the effective increase in cable thickness. 
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Figure 20-11 (a) At frequencies below the center frequency the delay on the bypass cable will 
be less than 180°. For Z < 2 Zo it wil be in the inductive part of the plane and for Z: > 22, in the 
capacitive part. (b) For Z < 220 adding an open-ended ~2/4 stub increases the delay to 180" 
(c) For Ze > 220 parallel to a short-circuited 2/4 stub is added to increase the delay to 180° 
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Balanced transformers 4:1 
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Figure 20-12 By connecting two cables in parallel at the low- impedance end and in series 
at the high- impedance end as shown we may double the input voltage V. (a) A version made of 
coaxial cables. (b) A version made of twin leads wound on ferite core. 


Finally, Fig, 20-14 shows a very clever combination of balun and a builtin transformer. By using stil 
more forks connected to a single branch-point, baluns can be designed with a transformation ratio equal to 
1:9 and even 1:16 (Ruhrmann-1 and 2). 


20-10 Cutaway 


‘This ype of balun is shown in Fig. 20-15 and starts with a coaxial cable at the lower end. The outer conductor 
is then slowly peeled away in a tapered fashion until it becomes a two-wire transmission line at the upper 
end. It works by the fact that the taper s very gradual thereby making internal reflections very small. This 
design principle also leads to a rather long design (approximately 2,2 at the lowest frequency), And It is 
primarily the long length that leads to a high impedance for the unbalanced currents. In fact, the upper 
frequency is limited to the excitation of higher-order modes in the coaxial cable (Duncan-1). In contrast to 
the other transforming baluns such as given in Figs. 20-10 to 20-14, this type of balun can be designed to 
have transformation ratios that typically range from ~1.5: 1 to 5:1 with a bandwidth approaching 100:1, 
but it must be long! 
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Figure 20-13 (a) A combination of Type Ill balun and the transformer shown in Fig. 20-122. 
(b) The transformer section in (a) has been folded down along the fork (b). 


Figure 20-14 A candelabra" version of Type II 20-15 А coaxial cable is 
balun with transformation ratio 4 : 1. Note the gradually cut in a tapered fashion 

broadband compensation by use of open-ended апа transitioned into a pair of twin 
stubs. By using more arms transformation ratios of leads. Capable of very large 

9:1 or 16 :1 can be obtained bandwidth (100 : 1). 
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Ап interesting “mix” is shown in Fig. 20-16. Here the outer conductor has been cut away on two sides 
While the inner conductor continues to the top where it is connected to the right part of the outer conductor. 
Thus, it can be considered a cross between the tapered balun above and the Type III balun. However, in. 
contrast to the later, some impedance transformation will take place, A typical ratio of ~2: 1 has been my 
experience as we move from the coaxial Input toward the dipole. 


Figure 20-16 A'mix of a balun: two tapered "sls" are cut at opposite sides in the outer 
tubing reminiscent of the cutaway balun in Fig. 20-15. However, the inner conductor is 
connected to one side similar to the Type Ill balun in Fig. 20-4. 


20-11 Natural Baluns 


Some antennas have zero potential somewhere. A classical example is a folded dipole shown in Fig. 20-17c 
Where a null is observed in the middle of the unbroken dipole half, Just as was the case with the Type! balun 
shown in Figs. 20-3 and 20-4, the coaxial cable is attached at that point. The balance is always perfect and 
only the antenna impedance of the folded dipole is seen at the Feed point. In other words, not only a natural 
buta perfect balun! 

‘The loop baluns shown in Fig. 20-18 are also natural baluns. See also the loop baluns of Figs. 7-8, 7-12 
and 7-14, 

Another example is shown in Fig. 20-17, namely, a full-wave (or so) dipole. Also shown is the current as. 
well as the voltage distributions. As can be seen, the voltage distribution is zero somewhere in the middle of 
the twa antenna sections, Thus, this is precisely where both antenna halves can be supported without affecting 
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Figure 20-17 (2) A folded dipole has zero potential at the midpoint of the lower dipole half at 
ай frequencies. Thus, this point is ideal to attach a coaxial cable. (b) Similarly, а full-wave dipole 
has approximately zero potential near the middle of the two dipole halves over a significant 
frequency range. (с) This point is ideal for support as well as feeding. 


(at least appreciably) the current distribution. The inside of one of these supports (namely, the left) is also 
Used to feed the antenna, 

The bandwidth of this arrangement is obviously not infinite but still adequate in practice to work over an 
‘octave bandwidth. The zero potential point where the support is attached is best found experimentally. First 
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igure 20-18 Two baluns for feeding loops on a mast. 


‘measure the antenna impedance without support. Then with your hand on the antenna you observe a change in 
theantenna impedance Slide your hand along one ofthe dipole sections until there is no changein impedance. 
This indicates the proper support position. (After this exercise you may claim "hands-on experience. 


lipole to J-Match 
Figure 20-19 shows the five steps in the evolution of a J-match coaxial cable-fed dipole, 


20-13 Matching stubs. 


An array of dipoles with wo-conductor transmission line can be fed with acoaxial lineas shown in Fig. 20-20. 
First, the short-circuit on the stub is adjusted for maximum current (or resonance) with the array excited from 
а nearby transmitting antenna (step 1). The coaxial feed line is then connected and moved up and down the 
stub for minimum VSWR on the line to the transmitter (step 2) 

‘This balun feed with simple 2-step tune up can be used for a curtain array (asin Fig. 20-20), aW JK array, 
a rhombic or other array or a single dipole of any length. The effect of the support structure or other objects 
in the environment are ll accounted for by the tuning of this feed system. 


20-14 Tr 


In many wide-bandwidth applications it is not necessary to have a frequency -independent antenna for con- 
tinuous spectrum coverage but rather an antenna which can operate at spot frequencies. This is possible, for 
example, with a center en dipole by means of tuned traps, as shown in Fig. 20-213, each trap consisting 
of a parallel-tuned LC circuit At frequency F1, for which the dipole is 2/2 long, the traps introduce some 
inductance so thatthe resonant length of the dipole is reduced. At twice the frequency F (= 271) the traps 
are resonant (mL = 1/wC) and the high impedance they introduce effectively isolates the outer sections of 
the dipole, the inner part becoming a resonant 4/2 dipole at frequency F2. Thus, in this simple example, 
the antenna can perform simultaneously as a matched 2/2 dipole at 2 frequencies, Fı and Р, separated by 
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(a) Folded dipole 


(b) Modified folded dipole 
N / (c) Delta match 


(d) Esten 


(e) J- or gamma match 


Figure 20-19 Five steps in the evolution of a J-match fed dipole from a folded dipole via 
modified folded dipole, delta-match and T-match (Kraus (1) and Sturgeon) 


Figure 20-20 Dipole array with matching stub and Type Ill balun coaxial feed. The spacing 
of the stub conductors is exaggerated for clarity. 
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Figure 20-21 (2) Dipole with traps for operation at wo frequencies separated by an octave 
(Fx = 2F 1). (b) Four in-phase 2/2 elements with phase-reversing coils. (c) Vertical 
omnidirection in phase 3/4 monopole. 


an octave. With more traps, operation may be extended to ther frequencies. Although in our example the 
2 frequencies are harmonically related, this is not a requirement. Note, however, that the end segment must 
present alow impedance to the trap to be isolated (i.e, mismatched). In Fig. 20-21a the end segment s ./4 
long at F so this requirement is met. 

A coil (or trap) can also act as a 180° phase shifter as in the collinear array of 4 in-phase % elements 
in Fig. 20-21b. Here the elements present а high impedance to the coil which may be resonated without an 
external capacitance due to its distributed capacitance. The coil may also be thought of as a coiled-up 1/2 
element This 4-element array has a gain of 6.4 dB as compared to 3.8 and 5.3 dBi gain for 2- and 3-element 
collinear arrays of 4/2 elements 

Cutting the antenna of Fig. 20-216 at point A and turing the section vertical above ground plane results 
in the in-phase 32/4 omnidirectional monopole antenna of Fig. 20-21c with 8.3 dBi gain. To match the 
approximately 150-0 terminal resistance to a 50- to 75- coaxial line, a capacitance inductance network can 
be used. 


20-15 Conclusion 


We have considered a wide variety of baluns and transformers. No claim is made as to completeness 
However, we have made an attempt to explain the underlying principles and limitations of baluns. It is our 
hopethatitwillinspirethereaderto produceauniquedesign thatoften must becustomized for a particular need. 
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Problems 


20-3-1 Balun 200 9, antenna 70 9. А Туре balun hasthecharacteristic impedanceequal to Z, = 200 2 
and the electrical length is equal w., = 7.5 cm. It is connected to an antena with impedance 2, = 70 2. 
(al Find the balun impedance jx. at / = 500, 1000 and 1500 M Hz. (b) Calculate the parallel impedances 
Zallj Xp at 500, 1000 and 1500 M Hz and plot them in a Smith Chart normalized to Zo = 50 ©. Check 
аса! these impedances ie on a circle with a diameter spanning over (0, 0) and ZA = 70 п. Altematively, 
You may determine Z4 J v, graphically in a Smith Chart (c Explain what effect it would have on the 
bandwidth if we changed Z, to 150 © or 250 ©. 


20-3-2 Balun 200 ©, antenna 80-420 2. ete. Using the sameType III balun asin Prob. 20-3-1, change 
theantennaimpedancetn Z = BÛ — j20,75 and 80 + 20 at / = 500. 1000 and 1500 M Hz, respectively. 
la) Calculate ZA] jX at f = 500, 1000 and 1500 MHz, and indicate their impedances in a Smith Chart 
normalized to Zo = 50 ©. Check that all these impedances are located on the appropriate circles spanning 
Za and (0,0).A purely graphical approach is satisfactory. (b) Repeat the problem for Z4 = 70 + 720.75 
‘and 70 — j20 at / = 500, 1000 and 1500 M Hz, respectively. Which of these o cases has the potential for 
the largest bandwidth? 


20-3-3 Balun with stub. We now modify the same Type!!! balun asin robs. 20-3-1 and 20-3-2, to the more 
brosdbanded version shown in Fig. 20-5b. The characteristic Impedance of he coaxial stub is Z, = 125 
and the dielectric constantis ey = 22520 (a) Find the length of the stub for the center frequency y = 1000 
MHz. (b) Calculate the stub impedance jX, at f = 500, 1000 and 1500 MHz, respectively. (c) Calculate 
ZAL X + jX, а the same three frequencies as above. Plot the vale in a Smith Chart normalized to 
Zo = S0. (d) Compare the potential for large bandwidth for this compensated design with the 
uncompensated designin Prob. 20-3-1. 

Discuss the implications upon bandwidth if the stub characteristic impedance Z,, is changed from 
Za = 125 21050 0. 

‘This last variation should illustrate that to solve а problem successfully you must not only have the right 
idea it must also be designed correct. 
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VSWR for dipole antenna. CalclstetheVSWR on a 65- line connected to the L/D = 60 dipole 
antenna over а 30 percent bandwidth if an open-ended line of 40 c characteristic impedance а connected in 
parallel with the antenna terminals. The line is 180° long at the center frequency of F, 

Stub impedance. (a) What is the terminal impedance of a ground-plane mounted stub antena fed 
with a 50 — @ air-filled coaxial line if the V SWR on the line is 2.5 and the first voltage minimum is 0.17 
from the terminals? (b) Design a transformer so thatthe VSWR = 1. 
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Antenna Measurements 
By Arto Lehto and Pertti Vainikainen? 


Topics in this chapter include: 


Basic concepts instrumentation 
m Reciprocity HP Measurement of different antenna parameters 
m Near field and far field m Directional pattern 
Coordinate system Gain 
m Sources of error m Phase 
m Phase error and amplitude taper m Polarization 
m Reflections m impedance 
Measurement ranges Efficiency 
ш Elevated ranges m Current distribution 
m Ground-reflection ranges m Large antennas 
Anechoic chambers and absorbing materials Electrically small antennas 
ım Compact antenna test ranges m Effective gain 
m Near-field ranges m Specific absorption rate 
mp Testing of ranges 


21-1 Introduction 


‘Accurate measurements are necessary to establish the actual performance of antennas: their gain, pattern, 
polarization, bandwidth efficiency, ec. Antennas having strict specifications are needed in many applications 
asin mobile and personal communications, satellite communications, remote sensing, and radar. For example, 
antennas of а point-to-point radio link have to fulfil certain gain, sidelobe level, and cross-polarization 
requirements set by standards to get type approval 

In many cases, antenna properties can be calculated theoretically very accurately. However, for complex 
antennas this might not be possible— оо many idealizaions or simplifications have to be made, Often the. 
modeling of the usage environment is difficult, e.g., if the antenna is clase to the human head ors installed on 
ап airplane. Even if the properties of ideal antennas can be calculated, performance оГ real world antennas has. 
to be checked by measurements, because due to fabrication tolerances, and in some cases due to fabrication 
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errors, they may not work as well as predicted. The measurement results give valuable information for 
troubleshooting 

In this chapter, methods and techniques are discussed for experimental measurements of antennas. Basic 
concepts, typical sources of measurement errors, measurement ranges and their instrumentation, measurement 
methods of different antenna parameters, and some miscellaneoustopicslike measurementof electrically large 
and small antennas, effective gain, and specific absorption rate аге treated. 


21-2 


Concepts. 


The most common antenna measurement is to measure 
its radiation properties like directional pattern, gain or 
phase pattern in the far field, In this section we define 
the basic concepts of such measurements. Typical con- 
figuration of the measurement of radiation properties is 
showin nig. 21- I. Thebasic procedureisto placeatrans- 
miting or receiving source antenna at different locations 
with respect to the Antenna Under Test (AUT ) and thus 
geta number of samples of the pattem. The different loca 
tions arenormally achieved by rotating the AUT. To ensure. 
the “sharpness” of the pattern sample only one direct sig- 
nal path should exist between the AUT and the source 
antenna. This can be achieved in a reflectionless emviran- ^5 
ment like in an anechoic chamber or in fee space (SE Figure 24.4 Typical configuration for 


is the measurement of the radiation 
properties of an antenna, 


21-2a Reciprocity in Antenna Measurements 
It was indicated already above that the AUT can act as either a receiving antenna or a transmitting antenna. 
This is of course due to the reciprocity principle discussed in Sec. 18-2. Two important consequences of the 
principle from the antenna measurement point of view were given: 


The transmitting and receiving patterns are the same, 
m Power flow is the same either way, 


‘Thus it is clear that all radiation parameters of the AUT can be measured in either transmission or reception 
mode. This is especially useful in cases, where, for example, the AUT is an integral part of a larger device 
acting as ether a receiver or a transmitter thus defining the direction of the signal. 

However, in practical antenna measurements one has to be careful in applying the reciprocity principle In 
Sec. 18-2 also several important conditions for the validity of the principle were given: 


тш The emfs in the terminals of the interchanged antennas are of the same frequency. 
ш The media are linear, passive and isotropic. 
тш The power flow is equal for matched impedances only, 


їп standard careful measurements the 1st condition should be met without problems. The 2nd condition 
should be considered always, when the AUT includes any active or ferrite components as an integral part 
The 3rd condition is perhaps the most difficult and may lead into measurement results, which seem to violate 
the reciprocity principle. The situation is clarified in Fig. 21-2 showing a typical configuration with the 
instrumentation for the measurement of the radiation properties of an AUT. 
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Figure 21-2 Typical instrumentation for the measurement of the radiation properties of 
Antenna Under Test (AUT). 


Wecan usually estimate that the multiple reflections between the AUT and source antenna are insignificant 
dueto high free space loss 1/1 (see Fig. 21-2). By using, for example, Пом graph techniques we can now 
derive the voltage transmission for the configuration of Fig. 21-2: 


ук ena ena 
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where 


voltage detected by the receiver from transmission line 2, V 
ioltage supplied by the transmitter into transmission line 1, V 
omplex propagation factor of transmision ne 1 between the transmitter and source antenna, 
Ба 
-omplex propagation factor of transmission line 2 between theA UT and receiver antenna, m} 
tı = length of transmission line 1, m 
length of transmission line 2, m 
voltage reflection coefficient of the transmitter output 
psa = voltage reflection coefficient of the source antenna 
paur = voltage reflection coefficient of the AUT 
pn = voltage reflection coefficient of the receiver input 
trs = Voltage transmission coefficient between the antenna terminals 
Above it has been assumed that the voltage transmission coefficients of the transmitter output, source 
antenna input and receiver input are included in the calibration procedures into Vr. Va and rs, respectively. 
Therefore, only the voltage transmission coefficient 1 — pav of the AUT output is taken into account, The 
first and last term on the right side of (1) are the voltage transmission coefficients of the transmission lines 
including multiple reflections. Now, according to the reciprocity principle we can exchange the input and the 
‘output (Vy and Vr) if we fulfil the conditions above. However, this is not possible normally, because we 
have to exchange at least the transmitter (generator) and receiver and sometimes also parts of the cabling. In 
this case the exchange does not change the result significantly, if the numerators of be first and last term on 
the right side of (1) do not change much, which means that: 
L The reflection coefficients pr and px and the cables (length, attenuation) are identical, which Is 
seldom the casein practice, or 
2. The reflections are small, e, Jorpsal. [pk paur], lprpaur| and lp psal ~ 0. This depends on 
the measurement system and can usually be approximated to be true only for a measurement where 
a calibrated vector network analyzer is used. 
It can be seen from the above that problems occur especially when the matching of the antennas or the 
measurement devices is poor. In this case the exchange of the generator and receiver will change the result 
and it would appear that the reciprocity principle does not hold 
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21-2 MearFiold and far i. 
Based on Huygens principle it does not matter, where the sampling of the field takes place provided enough 
information is obtained on some surface surrounding the AUT. However, the measuring practices and con 
strains depend largely on the distance of this surface from the AUT (Hansen-1). has been defined already in 
Sec. 2-13 that опе can find several regions of radiated field in the vicinity of the antenna. These are the rec 
tive near-field region (adiansphere the radiative near-field or Fresnel region, and the far-field or Fraunhofer 
region (Fig. 21-3) 

Аз we are almost always interested in the radiation properties in the far feld, itis obvious that the mea- 
surement usually also takes place in the far field. Теге аге several advantages of the far-field measurement: 


т The measured field pattern is valid for any distance in the far-field region; only simple transformation 
of the field strength according to 1/ is required. 

Im Ia power pattern is required, only power (amplitude) measurement is needed. 

m Тһе result is not very sensitive to the changes in the location of the phase center of the antennas and 
thus the rotation of the AUT does not cause significant measurement errors, 

ım Coupling and multiple reflections between the antennas are not significant. 


The main disadvantage of the far-field measurements is the required large distance between the antennas 
leading to large antenna ranges. The distance can be too large for a measurement in an anechoic chamber or it 
can result in atmospheric attenuation. In these cases one needs to consider measurements in the radiating 
near-field region, where so-called near-field measurements take place. The reactive or evanescent near- 
field region is seldom used for antenna measurements, because it normally is located too close to the AUT 
(see below) and because mutual impedance caused by reactive coupling between the antennas makes the 
measurement complicated. 
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Figure 21-3 Radiation patterns in near-field and far-field regions. 


е McGraw-Hill compan 


21.2 Basic Concepts n 


The borders of the regions around the AUT are defined based on dominances of certain properties of the 
field. As the dominance is a relative concept also these distances may vary depending on the definition, but 
below we give the most common values. The outer boundary of the reactive near-field region is typically 
defined to be at the distance beyond which the amplitude of the far-field component is larger than those of 
reactive near-field components. For small elementary dipoles, itis at the distance determined by the radius of 
the radian sphere, that is, 


m= m a 


where 


ү = distance to small AUT at the outer boundary of the reactive near field, m 
% = wavelength, m 


For near-field measurements of larger antennas it can be estimated that the evanescent near fields are typically 
insignificant when the measurement distance is over 32 (Slater-1), 

The inner boundary of the far-field region is most often defined as the distance, where the curvature of the 
spherical wave front atthe ейде of the AUT causes a phase difference of л /8 radians (22.5) compared to the. 
Center of the antenna, which is equal to a curvature of 2/16. This leads to the well-known Rayleigh distance. 
giving the border between the Fresnel and Fraunhofer regions: 


205 
= m a 
where 
rrr = distance to AUT at the inner boundary of we far-field region, m 


A. = wavelength, т 
D = largest dimension of the physical aperture of the antenna, m 

In some cases the allowed error due to the curvature is smaller and thus larger far-field distances like 
2% are sometimes applied. For small antennas, the curvature criterion may not be adequate to define 
the far-field condition. Actually, when D < 2/4, гуу is smaller than r7! Thus in these cases addi 
tional criteria for the proper distance for far-field measurement must be used. One such criterion 15 that 
the assumed total amplitude of the near-field components should be sufficiently lower than that of the 
far-field components. If we assume that the near fields add in random phase to the far field and set 
the peak-to-peak ripple caused by this to AL (dB), we get an additional condition for the measurement 
distance: 


тг 


-mm (m (4) 
where 

бр = distance to AUT with certain level of the reactive near fields, m. 

AL = peak-to-peak error caused by the reactive near fields, 08 


In (4) we have assumed that the near-field components decay as 1/r?, where r is the distance to the AUT. 
Often the near-field level is required to be at least 35 dB below the far-field component, In this case the 
peak-to-peak ripple AZ = 0.388 and r = 102, Another far-field condition is based on the requirement 
that the change in the measurement distance r due to rotation of the AUT should not have a large effect 
оп the result obtained. Setting the peak-to-peak limit of this effect to AL (dB), we get the condition 
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distance to AUT with certain effect of the rotation, m 
Dy, = largest mechanical dimension of the antenna, m 
AL = peak-to-peak error caused by the rotation of AUT, dB 


In (5) we have estimated that the peak-to-peak change of the distance between the phase center of the AUT 
and the source antenna is D,,/2. 


Distances for a Normal-Mode Helix on 


A normal-mode helical antenna is located on top of a handset at 900 MHz. The length of the antenna is 
25 mm and the length of the handset chassis 110 mm. Find the distances where different near- and far 


field criteria are met, when the required peak-to-peak measurement uncertainty due to proximity effects 
is 05dB. 


M Solution 


Now the maximum dimension of the antenna should be estimated to be the combined length of the phone 
chassis and the antenna element, so D = Dy, = 135 mm. This is due to the fact that for a device smaller 
than half wavelength typically the whole metallic body is occupied by the currents inducing the radiation. 
(а) The outer boundary of the reactive near field is at a distance given by Eq. (2) 


0333/27) т = 53 тт Ans (a) 
(b) The Fraunhofer region starts at a distance given by Eq. (3): 
туу = 0. 00:135)2/0:333) m = 110mm Ans. (b) 


(c) Now AL 
is small enough: 


dB and we get from Eq. 4) the minimum distance, where the effect of the near fields 


у = (0333/2). 34.2)m=18m Ans. (o) 
(d) Eq. (5) gives the minimum distance, where the effect of the rotation of the AUT is small enough: 
fy = (20.135) 820) m = 2.2m Ans. (d) 


EXAMPLE 21-2.2 Near. and Far-Field Distances for a Pyramidal Standard 
Gain Horn Antenna at 10 GHz 


The length of the horn is 350 mm and the aperture size 200 mm x 150 mm, For this precision antenna 
the required peak-to-peak uncertainty due to proximity effects is 0.2 dB. 


m Solution 
Now D = 200 mm and Dy, = 350 mm. Following the procedure in Example 21-2.1, we get: 
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(2) пы =48mm ats (a) 
(0) % —2.022/003m-27m — Ans. (b) 

(9 rj, = 0.0048-86.4m = 041m Ans. (e) 

(d) % 2.035 2 2 = 149m Ans. (d) 

We notice that as we now set a tight limit for AL, the measurement distance is determined by (5), if 
attention Is not paid to keeping the movement of the phase center small. 


is obvious that rey = (2. (0.5)*/103) m = 500 m is determining the measurement distance. 
AL 300GHz the attenuation of the atmosphere is around 10dB/km making (among other things) the 
measurement difficult in full-size ranges, In this case a compact antenna test range (see Sec. 21-40) is 
typically applied 


21-20 Coordinate System 
The IEEE standard spherical coordinate system is shown in Fig. 21-4 (IEEE-1). TheAUT is atthe origin. The 
elevation angled is measured from the z-axis (zenith). Theazimuth angle ¢ is measured from the projection of 
theradius vector to the xy- (horizontal) planewith ¢ = 0 atthe x-axis increasing counterclockwise. Normally 
the coordinate system is defined based on the mechanical structure of the antenna typically зо that the assumed. 
direction of the peak radiation is on the x-axis. 

M oving the source antenna along lines of constant ¢ or constant results in conical cuts or ¢ cuts, when 0 
is constant, and greatcircleculs ar? cuts, when ¢ is constant Thecut along the equator with = x /2 belongs 
to both of these categories. Based on the assumed characteristics of the antenna normally two principal-plane 
cuts are defined. These are orthogonal great-circle cuts through the axis of the main lobe of the antenna, With 
linearly polarized antennas the cuts are selected to coincide with the assumed direcion of the E and H fields 
in the main lobe and then they are called E- and H-plane cuts, 

In measuring the polarization of the antenna a standard practice is to establish a local coordinate system for 
‘each measurement direction (0, д). Herethe reference direction Is normally selected to be along theunit vector 
us ofthe standard spherical coordinate system of Fig. 21-4, A tthe z-axis separate definition for the reference 
direction is required for instance along the positive y-axis. The sense or handedness of the polarization Is 
defined considering the AUT as the transmitter thus having the wave propagation direction (and observation. 
direction] away from the AUT. 


21-3 ту 


Any measured quantity has a margin of error. Thus, the complete value for the gain of an antena might be 
15 dBi 40.5 dB indicating а half decibel uncertainty. To reduce the measurement uncertainty to an acceptable 
level, the critical sources of error have to be recognized. 

A pure plane wave uniform phase and amplitude) is an ideal test field for the measurement of far-field pat 
terns. However, there areinevitably deviations from the plane wave: insufficient distancebetweentheantennas 
‘causes phase curvature and amplitude taper, reflection from surroundings cause amplitude and phase ripple. 
Phase curvature and amplitude taper can have a significant impact on the main beam, whereas ripples may 


al Sources of Error in Antenna Measurements 


The McGraw-Hill Compan 


т Chapter21 Antenna Measurements 


0 
2" Elevation angle 


Conical cut 


Principal 


Direction ot 
main beam 
злу) 


Great circle ол 


6 = 180 


Figure 21-4 Standard coordinate system for antenna measurements showing conical, great 
circle and principal plane cuts. 


spall the accuracy of sidelobe measurements. These test field imperfections are virtually indistinguishable 
from antenna errors and therefore, itis worth to spend a lot of expense and labor to reduce them. 

Coupling to the reactive near field, alignment errors, interfering signals, effects of the atmosphere, leaking 
and radiating cables, instrumentation errors, etc., are further sources of error in antenna measurements. 


21-3а Phase Error and Amplitude Taper Due to Finite Measurement Distance 
Let us assume that he AUT is a planar antenna, which is receiving a wave coming from the direction of the 
main beam axis. If the measurement distance is too small, the fields received by different parts of the AUT 
will not be in phase and there will be a quadratic phase error (Fig. 21-5]. At the far-field limit 202/2, the 
phase difference between the aperture edge and center is 22.5°. Doubling the measurement distance halves. 
this phase error 

Dueto thephase error, the measured gain is smaller and theside lobes arehigher than in the ideal plane wave 
case. Also the nulls of the radiation pattern become filled, For measuring antennas having moderate de Jobe 
levels (down to about ~30 dB), the distance 2D? /2 19 usually adequate. A tthis distance, the measured gain is 
about 0.06 dB smaller than the real far-field gain. If the measurement distance gets shorter, the measurement 
errors increase rapidly and the near-in side lobes merge with the main beam and either appear as shoulders or 
disappear altogether. 

For low-side-lobe ( 30dB and less) antennas, the 202/2 distance may be inadequate (Hacker (1) and 
Schrank). The near side lobes are especially sensitive to phase error. The error on the first side lobe is much 
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igure 21-5 Phase error and amplitude taper across the aperture of an AUT. 


larger than theerrors on the second and third side lobes, For antennas having very low side lobes, phase errors 
‘of 5° or less may be required. However, for measurements of the far-out side lobes larger phase errors may 
be tolerated. 

Thefinite measurement distance also causes transverse and longitudinal amplitude errors In the transverse 
plane, the field amplitude is smaller at the edges of the AUT due to the source antenna pattern and a slightly 
larger distance to the edge (Fig. 21-5). Usually, an amplitude taper of 0.25 dB is acceptable. This taper 
decreases the measured gain by about 0.1 dB and causes small errors on the close-in side lobes. In principle, 
the test field amplitude could be made mare uniform by using a source antenna having a broader beamwidth. 
However, this may not be wise in practice because more power will be reflected from surroundings, which 
in turn may cause unacceptably large field ripples. The longitudinal amplitude taper causes errors In the 
measurement of long end-fire antennas. 


21-2b Reflections 
Reflections from surroundings produce field variations (amplitude and phase ripples) in the test zone as the 
direct wave and reflected waves interfere. The ripple length may be of the order of wavelength because the. 
path length difference of the waves changes rapidly asthe function of position. 

Even small reflected waves may cause large measurement errors, because the fields of the waves are added, 
not the powers. For example, a reflected wave which has a field 2048 below the direct wave field (1% of 
the power density of the direct wave) causes an error of ~0.92... 40.8348 (21... +19% error in power) 
depending ûn the phase difference between the directand reflected field. The error limits in phase measurement 
are £5.7>. If the reflected wave is 4008 below the direct wave, the error limits in the measured amplitude 
‘and phase are 0.098 and 40.6", respectively. 

Reflections are especially harmful in the measurement of low side lobes. A small reflection coupled to 
the AUT through the main lobe may completely mask the direct wave coupled through the side labe, If the. 
coupled direct and reflected waves are equally strong, the measured side-lobe level may be 6 dB too high ог 
there may even be a null in the measured pattern. 

On outdoor ranges, waves are reflected from the ground and close-by objects like trees and buildings, In 
anechoic chambers, reflections come from the walls, oor, and ceiling. A so the reflections from the antenna 
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support structures and multiple reflections between the antennas may be significant. Different ways to reduce 
the reflections or their influence are described in Sec. 21-4. Imaging the sources of reflections is treated in 
Sec. 21-41 


21-30 Other Sources of Error 


Phase error, amplitude taper, and ripples due to reflections are deviations from the ideal test field. In addition 
to these common measurement range imperfections, there are some other possible sources of error: 


ım Coupling to the reactive near field may be significant at low frequencies. Coupling s considered neg- 
ligible when the distance s larger than 10). [see Eq, 21-2-4], but at V HF band and lower frequencies 
this limit may correspond to a large distance. 

ım Antenna measurements are three dimensional vector feld measurements. Therefore, many kinds of 
‘alignment errors are possible. Careless alignment of the source antenna may increase the amplitude 
error of the test zone and make the illumination asymmetrical. Correct source alignment is important. 
also in the measurement of low cross-polar levels. To make proper pattern cuts, the AUT should be 
aligned correctly with respect to the axes of the positioner, i.e., the coordinate systems of the AUT 
and positioner should coincide. The phase center of the AUT and the axis of rotation should coincide. 
Otherwise, the AUT will wander in the test zone during the rotation. 

ım Man-made interfering signals may couple to the sensitive receiver especially on outdoor ranges. The 
interfering signal may be at the measurement frequency or at some other frequency at which the 
receiver has significant response, as at some harmonic sideband frequency of the input mixer. 

"b Atlarge measurement distances, the effects of the atmosphere may be considerable. Variations of the 
refractive index can cause scintillation and multipath propagation. At millimeter and submillimeter 
Wave frequencies, the attenuation of the atmosphere is high and, thus, there may be noticeable 
amplitude variations during the measurement. 

m Incorrect use of cables may cause errors. Cables which have insufficient shielding may leak and act 
as antennas. Also unbalanced transmission lines can radiate as currents may flow on the outer surface 
of the cable. 

ım Impedancemismatchesbetween the instruments and antennas may cause errorsin gain measurements. 

m Imperfections of the transmitter, receiver, and positioner cause measurement errors, However, in 
most measurements these instrumentation errors are negligible. 


21-4 Measurement Ranges 


Generally, one wants to know the far-field performance of an antenna, since the majority of antennas operate. 
inthis mode. In a basic far-field measurement, tte AUT is separated from the source antenna by a distance that 
is at least 20 0 Small antennas can be measured indoors п an anechoic chamber. Often, however, far-field 
ranges haveto be physically large outdoor ranges. А lom frequencies, the ground reflection cannot be avoided. 
In ground-reflecion ranges the direct wave and the reflected wave interfere in a controlled manner. Compact 
antenna test ranges and near-field ranges avoid the problem of large size and can be installed Indoors, For 
the measurement of large millimeter and submillimeter wave antennas having far-field distances of several 
kilometers or more, a compact antenna test range or а near-field range ls a necessity. 

Which range type suits best for the measurement of a certain antenna depends mainly an the physical size 
and frequency of the antenna. Sometimes, the best measurement site is the environment where the antenna is 
used. For very large fixed antennas, tests using an airborne vehicle can be made. Satellites and celestial radio 
sources can be used for some tests (Sec. 21-5b). 
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Radar Cross-Section (RCS) measurements have much in common with antenna measurements: а target 
illuminated by a plane wave acts like a certain field distribution or an antenna. Therefore, many antenna test 
ranges, especially compact antenna test ranges, and their instrumentation are used for RCS measurements. 
Correspondingly, radar techniques are applicable in some antenna measurements (Sec. 21-58). 


21-4a Elevated Ranges 
The basic far-field range is an elevated range (Fig. 21-6). Antenas are placed high on towers, buildings or 
hilis to reduce the effects of environment. In most cases, the AUT is operated as а receiving antenna. If the 
source antenna is near the ground and the AUT is on a tower, the range is called a slant range. 

The range length is usually determined by the far-field criterion. For the measurement of low-sidelobe 
antennas even longer ranges than 2D / may be needed, The range width should be sufficient to keep the 
main beam of the source antenna within it. However, the and area needed for a long and wide test range may 
be impractically large and expensive Then а shorter range must be used. 

If the errors due to the phase curvature of the short distance cannot be tolerated, the measurement results 
сап be partly corrected by computer using Fourier transforms. The aperture field of the AUT is calculated 
from the measured complex (amplitude and phase) pattern, then the aperture phase is corrected, and from 
the corrected aperture field the corrected far-field pattem is calculated. Defocusing is another technique to 
obtain far-field pattems when the measurement distance is too short. This technique cannot be applied to all 
antennas, A reflector antenna can be defocused from infinity to a finite measurement distance by displacing 
its feed. For ranges as shortas D: 18; the measured main lobe is clase to the far-field pattern, but side lobes 
‘cannot be measured accurately. 

The antenna heights and the source antenna pattem should be selected so that the main beam of the source 
antenna does not illuminate the ground between the antennas. A s low side lobes are а desirable feature for 
the source antenna to keep ground reflections low. I the measurement distance is large, it may be difficult 
to place the antennas high enough. The lower limit for the source antenna diameter, Dr, follows from the 
requirement that the first null of the pattern should fall above the base of the test tower: 
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Figure 21-6 Elevated range to minimize reflected waves. 
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A narrow beam of the source antenna leads to a low level of elections but at the costo a large-amplitude 
‘oper inthe test zone. From the maximum accepte amplitude aper of 0.25 В follows the upper limit or the 
source antenna diameter: 

or m 00 

БЕ) 

where 

A. = wavelength, m 

R = separation between the antennas, m 

D = diameter of heAUT, m 

Combining the two above mentioned requirements forthe source antenna diameter gives that the AUT 
should be mounted at least ive times as high as its diameter D. 

Itis not possible to eliminate completely the illumination of the ground. Problems may arise especially in 
the measurement of elevation cuts when the main beam ofthe AUT is pointing at the ground. However, itis 
possible o make the measurement without pointing the AUT below the horizon: the AUT is turned upside 
down after half of the pattern has been measured. For the measurement of low back lobes, itis advantageous 
to place the AUT higher than the source antenna, 

"he level of the reflected field in the test zone can be reduced with diffraction fences which are metallic 
screens. Fences intercept waves that would be normally reflected from the ground toward the test one and 
reflect them skyward and away from te AUT. Diffraction from the edge of the fence to the test zone should 
be avoided. Оеп several fences are used. Time domain techniques to reduce the influence of reflections are 
discussed in Sec. 21-4 


EXAMPLE 21-4.1 Amplitude Taper on Test Ran 
‘The source antenna and theAUT are both parabolic reflector antennas, which havea diameter of 1 meter, 
The operating frequency is 10 GHz and the separation of the antennas is 20 A. Estimate the amplitude 
taper 

п Solution 

Thehalf-power beamwidth of а parabolic reflector is about ses = 70*1/D = 2.19. A tthe measurement 
distance 2D. = 66.7 m, this angle corresponds to a transverse distance of 2.1 66.7/180 m=2.48 m, 
It can be assumed that the shape of the main beam (measured in decibel) is nearly parabolic. Therefore, 
"he pattern leve of the source antenna is [0.5/(2.44/2)}? (~3 48) = —0.50 dB atthe edge of the AUT. 
It can be verified also from Eq, (2) that the source antenna diameter (1 m) is too large if the maximum 
allowed edge taper is 0.25 dB. 


214b Ground-Reflection Range: 
ALVHF and lower frequencies, ground reflections are difficult to avoid because a directional source antenna. 
is very large and а ground-refection range (Fig. 21-7) can be used. 

Antennas are placed above a Nat reflecting surface with (or without) buried ground screen. The specular 
reflection appears to come from the Image source, The real and image source form together an interference. 
pattern, The AUT is placed in the first lobe of the interference pattern. This lobe has the fattest amplitude 
distribution. Assuming that the image is negative, e, the reflection coefficient of the surface is —1, the peak 
of the first lobe is at the height 
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Figure 21-7 Ground-reflection range with direct and reflected waves. 


avelength, m 
Separation between the antennas, m 
ıelght of the source antenna, m 


This equation indicates that the des heightisa function of wavelength. Therefore, the height of the source 
antenna or AUT may need to be adjusted for each measurement frequency. The height of the AUT should be 
atleast 3.30 to make sure that the amplitude taper is less than 0.25 dB. 

In practice, the reflection coefficient at horizontal polarization is about —1 at small grazing angles 
% (= 90°— angle of incidence). However, with vertical polarization the reflection coefficient may vary rapidly 
as the function of grazing angle. This polarization dependency of the reflection coefficient may give troubles 
in polarization measurements. 

"The surface of a ground-reflecion range should be smooth, which requires that the rms height variation of 
the surface, Ал, is small enough 


P 
„agg ™ 4) 


wavelength, m 
smoothness factor (16, for example) 
grazing angle 


21-4e Anechoic Chambers and Absorbing Materials 
The walls, ceiling and floor of an anechoic chamber are covered completely with absorbing material 
(Emerson-1). An anechoic chamber simulates a reflectionless free space and allows all-weather antenna 
measurements in а controlled laboratory environment. In an anechoic chamber, the test area is isolated from 
interfering signals much better than at outdoor ranges. The Isolation can be improved further by shielding. 
Shielded chambers are suitable also for electromagnetic compatibility (EM C) measurements. 

Anecholc chambers can be used for the far-field measurements of small antennas, Often the end wall can be 
‘opened and the anechoic chamber may be combined with an outdoor range. Large antennas can be measured 
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оп compact antenna test ranges and near-field ranges, which are usually installed in anechoic chambers. 
Complete lining of the chamber with absorbers is then nat necessary. 


Absorbing Materials! Absorbing materials are an integral part of antenna technology. They are used 
both in measurement ranges and also as antenna components for reducing sidelobe and back-lobe radiation. 

An ideal absorber provides an impedance match for incoming waves at all frequencies and angles of 
incidence. А tapered impedance transition from free space to be back of the absorber can be obtained by 
changing the resistivity of the medium gradually or by geometric shaping. 

The broadband absorbers used in anechoic chambers are usually made of carbon-loaded polyurethane 
foam. Pyramids and wedges ̃ used shapes (Fig. 21-8). Pyramids work bestat normal incidence, and 
they scatter as a random rough surface they are large compared to the wavelength (DeWitt). Atmicrowave 
frequencies, the reflection coefficient may be below —50dB at normal incidence, if the length of the absorber 
is at least a few wavelengths. At higher frequencies, the reflection coefficient is larger (Lehto-1), whereas at 
lower frequencies, the absorbers have to be very thick. Near grazing incidence pyramidal absorbers give large 
backscattered fields, On the ther hand, wedges work wall at large incident angles with the wedge direction 
along the plane of incidence but nat as well as the pyramids at normal incidence 

Other ways to make absorbersare magnetic materials with loses, Salisbury screens, and) auman absorbers 
If a medium has both magnetic and electric losses and the relative permeability and permittivity are equal 
(a, = к), the wave impedance of the medium is equal to the free space impedance (377 2).A waveincident 
оп such medium can enter it without reflection. 

The Salisbury screen has а resistive sheet placed 1/4 from a reflecting plate. f the sheet has а surface 
impedance of 377 © per square, а normally incident wave is completely absorbed, The transmission line 
equivalent of the Salisbury screen is shown in Fig. 21-98. The reflection coefficient varies rapidly as the 
function of frequency and angle. The  auman absorber has a broader bandwidth than the Salisbury screen. It 
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Figure 21-8 Absorbers: (a) pyramids, (b) wedges. 


See pperdixD, 


The McGraw-Hill Companie 


21-4 Measurement Ranges m 
„Shot Short 
2 „ cma ъ-1 1 
— I 
(a) 
Short 
sg s 1 
mrt ij oat i$ iR af d 
HA 


(b) 
Figure 21-9 Transmission line equivalent of (a) Salisbury screen, (b) J auman absorber. 


is made by stacking resistive sheets. The surface impedances and spacings of the sheets increase with distance 
from the short as shown in the equivalent circuit in Fig. 21-96. 


Anechoic Chamber Types. Anechoic chambers аге usually rectangular or tapered. Figure 21-102 shows 
a rectangular chamber. The end walls and the center parts of the sidewalls, flor and celing are covered with 
pyramids, Other parts re covered with wedges, The antennas are placed on the middle line of the chamber; 
the source antenna close to one end wall, the AUT а lite further away from the other end wall. The test 
zone where the reflections are minimized is called the quiet zone. The dimensions of the chamber should be 
Such that the angle of incidence on sidewalls is less than 60°. At larger angles the reflections would be large. 
Typically, the length to width (or height) rat is 2: 1. The source antenna should be chosen so tat ts main 
beam does not illuminate the sidewall, ceiling, and floor. 

Atfrequencies below about 1 GHz, the rectangular chamber having absorbers of reasonable size has a high 
level of reflections. Then a tapered chamber works better, In а tapered chamber (Fig. 21-108), the source 
antenna is close to the apex of the tapered section and the specular reflections occur close to the source. 
The phase difference of the direct wave and the specular reflections changes slowly in the quiet zone which 
results ina more planar wavefront than in the case of a rectangular chamber At higher frequencies, the source 
is moved fram the apex closer to the rectangular section and the chamber s used as a normal rectangular 
chamber, Sec. D-1 has more on absorbing materials with two worked examples 


21-44 Compact Antenna Test Ranges (CATRs) 
Compact antenna test ranges (САТА) simulate ап infinite range length by producing a flat phase front with 
а reflector, lens, horn, атау, or hologram (Johnson-1). Most CATRs are based on one or more reflectors. 
А CATR is usually installed indoors in an anecholc chamber but very large CATR are outdoor ranges. Even 
some radio telescopes can be used as а CATR. See Fig. 15-8. 

Figure 21-11 shows a CATR based on an offset-fed parabolic reflector, which transforms the spherical 
wave radiated by the feed to a plane wave in front of the reflector. The quiet zone diameter is limited by 
diffraction and is about a third of the reflector diameter. Because the beam is collimated, the required power 
Is less than on a far-field range 
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Figure 21-10 Anechoic chambers: (a) rectangular, (b) tapered. 


Room reflections, amplitude taper, edge diffraction, feed leakage, and depolarization inherent for the. 
offset geometry limit the quality of the test field. The direct radiation from the feed to the test zone should 
be suppressed by placing absorbers between the feed and test zone. At high frequencies, also the surface 
accuracy of the reflector is of importance. The surface accuracy should be 2/100 or better. 

‘The waves diffracted from the reflector edge into the test zone may cause large ripples. For low diffraction, 
the illumination of the reflector edge should be low, but this accompanies a large-amplitude taper, Therefore, 
the feed antenna should have а shaped pattern. Corrugated horns have symmetric patterns, low side lobes, and 
lou cross-polarization levels, and are used widely as the feed. An array feed is more complicated but allows 
better control ofthe beam shape. Beam shaping can be accomplished also by feeding a subreflector with а 
horn antenna, 

In addition to beam shaping, diffraction can be reduced by edge treatment. Three methods are in use 
serraing the edge (Fig. 21-12), rolling the edge (Fig. 21-126], and resistive tapering. The serrated edge 
should be designed to keep the edge diffracted fields outside the quiet zone. The rolled edge illuminates the. 
chamber walls more than the serrated edge but produces better quiet zone field (Lee-1). The transition from 
the parabola to the rolled edge should be very smooth, 

Dual-reflector CATRs provide some advantages compared to the basic single-relector CATR: a larger 
quiet zone for a given reflector size and cancellation of cross-polarization. There are many possible dual- 
reflector configurations. A CATR may base on two orthogonally placed cylindrical reflectors, one of which 
callimates in azimuth and the other in elevation. The special feature of the Gregorian type dual-reflector 
system is that the reflectors can be placed in two chambers having a small opening between them as shown 
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Figure 21-13 Dual-chamber Gregorian-fed САТА. 


in Fig, 21-13 (Pistorus-1). With this arrangement, the fields diffracted from the edge of the subreflector and 


the feed spillover can be kept out of the quiet zone. 


Figure 21-14 shows a CATR which has a hyperbolic subreflector and parabolic main reflector (Steiner) 
The geometry does not produce any cross-polarization, The size of the main reflector is 7.5 m x 6m without 
the serrations, and the diameter of the quiet zone is about 5 m. The rms surface accuracy of the reflectors Is 
better than 20 ит which allows measurements up to 200 GHz. Due to the long effective focal length, the 


plane wave direction can be scanned accurately by lateral movement of the source. 
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An approximation of the plane wave 
can be generated also with а halo- 
Sram (Hirvonen:1). A CATR based on 
an amplitude hologram is shown in 
Fig, 21-15. The hologram is made by 
etching a shaped pattern to a thin metal 
layer ona dielectric fim, Thehologram 
modulates the amplitude of the spher- 
ical wave in such a way that a plane 
wave emanates on the other side. The 
surface accuracy requirement is about 
УЛО which is much less stringent than 
in case of the reflector. The strong fre- 
quency andpolarizatondependencesre Figure 24-14 Dualrefector CATR. Serrations 
disadvantages of the hologram CATR and the absorbers of the chamber are not shown, 


21-40 NearField Ranges 
If we know the fields radiated by an antenna over a closed surface (with antenna inside), we can calculate 
the field at any point of space outside that surface. Thus, from the near-field measurements, e.g., the far-field 
patterns can be computed. This is the basis of near-field measurements (Ү aghjian-1), 

Fortunately, we do not need to measure the field continuously over the surface cited above, According 
to the sampling theorem, a limited number of samples is enough to describe the field complete. Also the 
measurement surface need not to be closed, if the field of the AUT is negligible at certain parts of the surface. 
surrounding the AUT, ед, behind a high-gain reflector antenna. 

Near-field measurements have many advantages compared to conventional far-field measurements. 
Near-field ranges are very compact; thus antennas having large far-field distances can be measured Indoors 
їп а small space. Because the measured field is a complete description of the radiation, many kinds of 
antenna parameters can be computed from the data. N ear-field measurements are also a useful diagnostic tool; 
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jure 21-15 САТА based on a hologram. 
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eg. defective elements of an array are found easly, If the measurements are performed carefully, far-field 
patterns of very low-side-lobe (55 dB) antennas сап be determined accurately (Francis-1). However, near 
field measurements may be technically very demanding as described below. Because the phase has to be 
measured accurately, most near-field ranges are limited at frequencies below 60 GHz, 

The near-field measurement is realized by scanning the feld close to the AUT on a known surface with a 
known probe antenna. The probe antenna should besmall and have a broad beam; e.g., open-ended waveguides 
are used. The probe is placed in the radiating near field at least a few wavelengths from the AUT, Both 
the amplitude and phase at two orthogonal polarizations are measured at the sampling points. From the 
measured field data, the far-field pattem is computed as theoretical patterns are computed from theoretical 
field distributions. 

The basic measurement coordinate systems are planar, cylindrical, and spherical system (Fig. 21-16) 
For the planar system, the AUT is fixed and the probe moves. Planar measurements are suited for high-gain 
antennas. The calculations are simple and can be done rapidly with a computer. For the cylindrical system, 
theAUT rotates and the probe moves on a linear track. Antennas having dipole-type patterns can be measured 
with the cylindrical system, The calculations are more complicated than in the case of the planar system, 
Omnidirectional antennas can be measured with the spherical system where the AUT rotates and the probe is 
fixed. The calculations are quite complex. 

Planar near-field measurements are by far the most common, Let us assume that the scan surface Is in 
the xy-plane. Data is measured at equally spaced points in both the x and y directions. The planarity of the. 
scan surface (z-position inaccuracies) should be /100 or better. The positioning accuracy of the robe in the 
xy-plane is not as demanding. The scan area should be somewhat larger than the area of the AUT. This area 
determines the maximum angle g, to which accurate far-field patterns can be expected, The spacing between 
sampling paints should be slightly less than 2/2. However, for directive antennas spacings in the order of A 
of even more may be sufficient to get accurately the main beam of the far-field pattern, 

From the measured data plane wave spectrum, e, an angular spectrum of plane waves (angular spectrum 
‘of cylindrical and spherical waves for respective scanning geometries), is computed using two-dimensional 
Fourier transform. For a rectangular grid of data points, the fast Fourier transform algorithm, FFT, can be 
used. The plane wave spectrum is distorted because includes the directive and polarization characteristics of 
the probe, The spectrum can be corrected with the probe spectrum. This operation is called probe correction, 
After the probe correction, the far-field pattern, gain, and polarization of the AUT can be calculated, 
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Figure 21-16 Near-field scanning geometries for close-up measurements of an aperture 
antenna in its near field: (а) planar, (b) cylindrical, (c) spherical. 
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The error sources are manifold in the near-field techniques: inaccurate probe positioning, reflections, 
moving cables, receiver nonlinearity, inaccurate probe correction, limited scan area etc, (Newell-1). Accurate 
positioning requires that the mechanical scanner is a precision instrument whose distortions dueto gravitation 
and temperature are minimized, Lasers can be used to measure the location of the probe. Then the errors 
caused by inaccurate -positioning can be reduced by correcting the measured phase. Multiple reflections 
between the probe and AUT are reduced by covering the scanner and supports with absorbers. The influence. 
of reflections can be reduced by averaging far-field values obtained for several scan planes, Phase errors due 
to moving cables may be a problem at high frequencies. Because the measurement may take several hours, 
the stability of equipment is more important than usual 
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where itis assumed that Er < Ep. For example, 1 dB ripple means that the reflected field is 24.8dB below 
the direct field. It should be noted that the measured fields are those which are coupled to the antenna- they 
are not the total fields. A directive probe antenna cannot gather all reflections, If the main lobe peak of the 
probe is not pointed to the source, the coupled direct field is reduced by 107/21, where is the pattern level 
of the probe toward the source. Then the measured reflectivity is obtained by adding а (48) to the value 
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Figure 21-17 Free-space voltage standing wave ratio method of testing a range. 
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calculated from Eq, (10). Often the reflectivity is measured using standard antennas, e.g., 20 dB gain hors, 
for various orientations of the probe antenna. 


EXAMPLE 21-4.2 Testing a Range Using the VSWR Method 

The probe antenna is pointed to the sidewall of an anechoic chamber. The pattern level varies between 
22.38 and ~23.7 as the probe is moved. Find the reflectivity. 

m Solution 


The amplitude ripple. 
The reflectivity 


237-223 = 1.408 and the pattern level a = (22.3 + 23.7)/2 
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The VSWR and APC methods are basically identical. In the APC method, the pattern Is measured at 
several locations within the test zone. The patterns are superimposed on one other so that their main lobe 
peaks coincide. The maximum variation of the field ata given aspect angle corresponds to the ripple measured 
with the VSWR method. 

TheVSWR and APC methods reveal the existence of reflections but cannot identify their sources, If there 
is only one dominant reflection, the interference pattern is periodic. In case of transverse movement of the 
probe, a spatial period of 2/sin сап be observed, if the angle between the directions of waves s $ and the 
probe moves in the same plane as the waves are propagating. Generally, there are several reflected waves. 
In principle, the sources of reflections can be mapped with a directive antenna but the coupling of the direct 
wave prevents the measurement of low reflections. 

Reflections can be separated with aFourier analysis. TheF ourier transform ofthe measured field (amplitude 
and phase) over a plane surface results in a plane wave spectrum, i.e, the magnitude of reflections versus 
angle of arrival. This analysis is closely related to the planar near-field measurements. Another approach 
is the synthetic aperture imaging technique (Seville-1. A focused synthetic aperture array is formed from 
the measured field samples, This method reveals the directions and distances of scattering objects. Also a 
monostatic synthetic aperture radar can be used for mapping the sources of reflections 


21-49 instrumentation 
Figure21-18showsatypical instrumentation of an elevated range. This igureapplies with some modifications 
also for ground-reflection ranges, anechoic chambers, and compact ranges. Antenna measurement ranges are 
‘general-purpose installations and should allow measurements over а large band of frequencies. 

Due to the reciprocity, the direction of signal propagation does not matter the AUT can be as well the 
transmitting antenna as the receiving one. The advantage of having the AUT as the receiving antenna is that 
the data processing and antenna manipulation can occur at one site as in Fig. 21-18. At short ranges there. 
may be RF transmission lines between the towers. The source antenna may be a log periodic antenna at lower 
frequencies, a horn or reflector at higher frequencies. 


‘Transmitters and Receivers. To make accurate pattern measurements, a sufficiently powerful 
transmitter and a good receiver is needed, The transmitter is usually close to the source antenna and is 
remote controlled, Also the source antenna polarization is remote controlled, The transmitter should have а 
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Figure 21-18 Typical instrumentation of an antenna measurement range with Antenna 
Under Test (AUT) atleft, source antenna at right and control equipment below. 


stable frequency and pure spectrum. Stable signal allows the use of a narrow receiving bandwidth, which 
is prerequisite for a sensitive receiver. Simple signal generators can be used in many measurements but 
sophisticated sweeping frequency synthesizers аге best for demanding measurement applications. 

The receiver should be sensitive, narrow-band to suppress interfering signals, linear, and should have a 
large dynamic range. Heterodyne receivers dedicated for antenna measurements and Vector Network Ana- 
lyzer (V NA) systems modified for antenna measurements are available for demanding measurements, If the 
measurement bandwidth of a heterodyne receiver is 1 kHz, the noise level may be below —120 dB m and the 
dynamic range may be more than 80 dB. Similar performance can be obtained with aV NA. A short distances, 
antenna measurements with aV NA are performed as ordinary measurements of scattering parameter Sz. At 
larger distances, the reference signal has to be regenerated at the receiving site. If the separation between the 
AUT and receiver is large, the use of an extemal harmonic mixer mounted close to the AUT eliminates the 
need for long high-frequency cables. For simple measurements, spectrum analyzers, power meter, or crystal 
detectors can be used. With these receiving systems only amplitude information is obtained. The dynamic 
range of power meters and detectors is only about 40 dB 

Often there is a reference antenna at the receiving site to tune the receiver if the signal frequency drifts 
during the measurement. The reference antenna provides also a phase reference, W hen measuring large signal 
level variations the receiver may saturate. A precaution is to insert a known attenuation in the receiver input 
path when the main beam peak is measured. 

The measurement speed or time required for a single measurement depends on the transmitter tuning 
speed, receiver lock-on time, and measurement bandwidth. Larger bandwidth allows higher data rates but 
at the cost of sensitivity. Sensitivity can be improved by postdetection averaging but again the measurement 
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speed suffers. The time per measurement point and required angle resolution set also a limit for the speed of 
rotation. 


Positioners. TheAUT is placed on a pedestal usually having two orthogonal axes of rotation. Figure 21-19 
shows the two basic types: azimuth over elevation and elevation over azimuth positioner. Constant ¢ cuts 
‘and constant û cuts can be measured by using the azimuth over elevation positioner. With the elevation over 
azimuth positioner the cuts are not along constant or, except on the principal planes. When the positioner 
has second azimuth axis it is called upper azimuth over elevation over lower azimuth positioner. Simple 
azimuth positioners have only one axis. Both ф and à cuts can be measured by mounting the AUT on an 
azimuth positioner and the source on а carriage that moves along a fixed semicircular arch above the AUT. 

The positioning system includes dc or stepping drive motors, synchro systems ог digital encoders for shaft 
position measurement, a position controller, and a position indicator. Rotary joints may be included in the 
mount. 

Load bearing capacity, torque, and speed are the fundamental parameters of the positioner. For the 
measurement of large and heavy antennas a very robust positioner is needed because the AUT exerts large 
forces and moments on the mount. Of particular concern isthe case when the mass of the antenna must be 
placed far from the axis. A Iso the inertial effects must be taken into account when large masses are involved, 

Nonorthogonality of the rotation axes, shaft position errors, and deflections due to temperature changes or 
changes in the forces applied to the positioner cause angle errors. Typical synchro angular accuracy is 0.03". 
Backlash is typically 0.1, but the effects of it can be eliminated by rotating always to the same direction. The 
speed of rotation should be low enough to avoid distortions in the measured patterns, 


Data Processing. Simple measurements can be made manually, but in more complex measurements 
automation is an essential feature because there are large amounts of data involved, The computer controls 
the transmitter, receiver, and positioner, The receiver output is fed to a conventional pattern plotter, either 


N 


Figure 21-19 Positioners for rotating the Antenna Under Test (AUT): (а) azimuth over 
elevation, (b) elevation over azimuth. 
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a rectangular or polar plotter, or it is converted to digital format and saved to a computer memory. Angle 
information is obtained from the synchros, 

‘The use of a computer permits many ways for processing and analyzing the data. Different plots, 
ед, three-dimensional or constant contour presentations can be produced. The measurements can then be 
compared to the theoretical results. It is also possible to interpolate between the measured cuts. The power 
pattern can be integrated to get the directivity. 

‘The effects of reflections can be reduced by transmitting short pulses and keeping the gate of the receiver 
‘open as the direct pulses arrive. However, due to the duty factor and the spread of spectrum, the dynamic 
range is reduced, Time domain measurements can also be simulated with a computer without the loss of 
dynamic range. Time domain and frequency domain are related through the Fourier transform and inverse. 
Fourier transform. Therefore, the impulse response can be calculated from the measured frequency response 
(amplitude and phase of the received signal), Reflections arrive after the direct wave and can be filtered out 
of the time response. The corrected time response is then transformed back to the frequency domain. M adem 
vector network analyzers include software to perform these transformations. Time resolution is inversely 
proportional to the measurement bandwidth, that is for 10 ns resolution (path length difference 3m) the 
bandwidth should be about 100 M Hz. Thus, this technique is not suited for narrow-band antennas. 


21-5 Measurement of Different Antenna Parameters 


To describe an antenna completely, several radiation and circuit parameters are needed. In this section, 
measurement techniques for pattern, gain, phase, polarization, Impedance, efficiency, and current distribution 
are discussed 


21-58. Directional Pattern 
‘The directional pattern, power or amplitude patter, is usually measured by rotating the AUT on a positioner 
and by detecting the received power versus angle. The field radiated by the AUT can be divided into twa 
orthogonal components, Correspondingly, the total power is divided between two patterns, the co-polar 
pattern and cross-polar patter. It should be noted that the definition of cross-polarization, which applies 
for all angles, is ot self-evident (Ludwig-1). Usually, the co-polar pattern represents the wanted radiation 
Whereas the cross-polar pattern represents “leakage” radiation. Often the pattems are measured only in the. 
principal planes, e.g, in the E and H planes of a linearly polarized antenna, Sometimes several 6 or cuts are 
measured and a three-dimensional pattern is constructed of them. The use of a frequency synthesizer allows 
pattern measurements at several frequencies during a single rotation. 

The source antenna polarization should match the co-polar and cross-polar fields in the corresponding 
pattern measurements. For example, for the measurement of a linearly polarized AUT, the polarization vectors 
of the antennas should be parallel in co-polar measurements, whereas the vectors Should be in an angle of 
90° in cross-polar measurements. If the AUT has alow cross-polarization level, the angle should be adjusted 
very carefully. Often, the fine adjustment is performed by minimizing the received power to the direction of 
the co-polar main lobe peak. If the alignment is not correct, an attenuated co-polar pattern may be obtained 
instead of the intended cross-polar pattern, 

Beamwidth, pattern shape, sidelobe levels and directions, and null directions are parameters which are 
obtained easily from the measured pattern. The directivity of an antenna, D, cannot be measured directly. 
However, it can be computed from the normalized power pattern P, (9. ¢) as 
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EXAMPLE 21-5.1 Alignment Error in Cross-Pol 
The level of cross-polarization of an ideal, linearly polarized antenna is measured. The source antenna 
is also linearly polarized. What is the measured level, if the antennas are aligned carelessly so that the 
difference of the tilt angles is 88" instead of 90°? 


m Solution 
Let us denote the field illuminating the AUT by E, = 1. This field can be decomposed to the co- 
polar component Е, sin 88° = 0.9994 and the cross. polar component E, cos 88° = 0.0349. Thus, the 
measured cross-polar level is 20 10g 0.0349 = —29 dB relative to the co-polar field. 


21-5b Gain 
There are many antenna gain definitions depending on which imperfections are included. Traditionally, it 
is assumed that there are no impedance and polarization mismatch losses. When the reflection loss due to 
impedance mismatch is taken into account, the term realized gain is used, Often one wants to know a partial 
gain, Le, the gain for a given polarization. 

Absolute method and comparison method are the two basic gain measurement methods. Celestial radio 
sources can be used if the far-field distance is too large Гог a terrestrial measurement Also radar techniques 
and near-field measurements can be used for gain determination (Newell-2) 


lute Method. The absolute method is based on the Friis transmission formula. 


momen) wn o 


ower received, W 
ower accepted by the transmitting antenna, W 

jain of the transmitting antenna 

jin of the receiving antenna 

iavelength, m 

separation between the antennas, m 

Itis assumed that the polarizations of the antennas are matched, the main lobe peaks are aligned with the line 
of measurement, and far-field conditions prevail. 

In the two-antenna method, two identical (or near identical) antennas are required (Gr = Gx). The gain 
of the antennas is determined from R, à and the measured powers using Friis transmission formula (2). If wo 
Identical antennas are not available, then a third antenna is needed. In the three-antenna method, three sets 
‘of measurements are performed, one with each pair of antennas. From the three simultaneous equations, the 
three unknown gains can be solved straightforwardly, 

There are many sources of error in the absolute method: the misalignment of the antennas, polarization 
mismatch, Impedance mismatch both in the transmitting and receiving system, the uncertainty of the power 
meter or calibrated attenuator used for the measurement of Ру / Pr, and the test field imperfections. The 
uncertainty in separation R may be significant, if the antenna length is a considerable part of the measurement 
distance, 

Impedancemismatch complicates the power measurement. The power accepted by thetransmitting antenna 
‘cannot be measured accurately by replacing the antenna with a power meter, The same applies on therecelving 
side, The efficiency of power transfer between a generator and a load is 
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where 


в = complex reflection coefficient of the generator 
‘pL = complex reflection coefficient of the load 


Thus, to correct the measured powers, the reflection coefficients of the antennas, transmitter, and receiver 
have to be known. If only the magnitudes of the reflection coefficients are known, the uncertainties for the. 
power measurements can be computed. 

Gain reduction due to the phase curvature and amplitude error can be pary corrected: if the measurement 
distance is 22/3. and the amplitude taper is 0.25 dB, about 0.15 dB should be added to the measured gain. 
Due do the test field ripples, the received power may be sensitive to the location. This effect can be reduced 
by averaging the powers which are received at slightly different locations. 


Comparison Method. In the comparison method (gain-transfer method), the powers received with the 
AUT and with a known reference antenna are compared as shown in Fig. 21-20. This measurement can be 
performed on either a free-space or а ground-reflection range. The gain of the AUT is 


10] 


power received with the AUT, W 
power received with the reference antenna W 
Grey = gain of the reference antenna 


Grey has been determined by some other means, eg., by absolute method or theory. Half-wave dipoles 
and horn antennas are commonly used reference antennas because they have a predictable gain and pure 
polarization. The calibration uncertainty of the reference antenna gain is typically +0.25 dB. The power ratio 
сап be measured simply with a calibrated attenuator: the attenuation is adjusted to give the same output 
indication with both antennas, and the power ratio is obtained from the attenuator settings. 

Itis assumed in Eq, (4) that both the AUT and the reference antenna are perfectly matched to the receiving 
system (transmission line and receiver) and they have the same polarization. Differences in polarization 
mismatch, impedance mismatch and transmission line losses cause errors. If the AUT and the reference 
antenna resemble each other, i, they have about similar aperture distributions, the errors due to the phase 


| 


Figure 21-20 Gain measurement by comparing the Antenna Under Test (AUT) with a 
reference antenna. 
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curvatureand amplitude taper are about the same for both antennas and thus are partly canceled. If the antennas 
are mounted close to each other and side by side as in Fig. 21-20, there may be unwanted coupling between 
them. Often this can be avoided by mounting the antennas on the positioner back-to-back and by rotating the 
System 180° between the measurements. 

The gains of circularly or elliptically polarized antennas are usually determined by measuring the partial 
gains for two orthogonal linear polarizations. First the polarizations of the linearly polarized source and 
reference antennas are set horizontally and the gain G is measured. Then the measurement is repeated for 
vertically polarized source and reference antennas and the gain Gv is obtained, The total gain, Gaur, isthe 
sum of the two partial gains: 

Total gain = Gavr = Gu + Gv (5) 
where 


jain of the AUT at horizontal polarization 
ап of the AUT at vertical polarization 


Sources. Celestial radio sources can be used for pattern and gain measurements of very 
large antennas that cannot be tested any other way. There are many radio "stars" e.g., supernova remnants or 
rádio galaxies, which have an accurately known flux density 5 (Table 21-1). These sources are broad-band 
noise sources and have the usual random polarization. However, some radio sources show a significant degree 
‘of polarization. Flux density is the measure of power incident on a square meter per hertz. Usually itis given 
in Janskys (1 jansky = 1 Jy = 10728 Wm-?Hz- 1). The spectral index o describes the frequency dependence 
of the lux density: s oc f 

Ifthe angular extent of the radio star is much smaller than the half-power beamwidth of theAUT, the power 
received is 


ын _ SP Gaur B 
SD ш 


w © 
where 


source lux density, Wm 282-1 
A, = effective area of the antenna, m? 

В = bandwidth, Hz 

1. = attenuation of the atmosphere. 

wavelength, m 
башт = gain of the AUT 
Itisassumed that the source is randomly polarized and thus the polarization efficiency is 1/2. The recelved 

power can be set equal to the noise power kT, В. From this the gain of the antenna can be written as 


A 
бит =ar m 
where 
k = Boltzmann's constant = 1.38 x 1072 J/K 


ATA = measured antenna noise temperature due to the source, K 


1. = attenuation ofthe atmosphere 
S = source ux density, Wm? Hz ~} 
› = wavelength, т 
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If the source cannot be treated as a point source, a correction factor should be determined. Very large 
antennas experience structural deviations due to gravity and therefore should be tested as the function of 
elevation angle. 

A sensitive, calibrated radiometer is required for the measurement of small changes of antenna noise 
temperature. The radiometer is usually calibrated with two loads having accurately known noise temperatures, 
ер, oneabsorberatroom temperature, theother immersed in liquid nitrogen (77 K } or liquid helium (4K |. The 
absorbers should be placed in front of the feed antenna of the radiometer so that they cover the feed pattern 
completely. Calibrated radiometers can be used for many kinds of remote sensing and radio astronomical 
applications, eg., for the measurement of the З К (more accurately 2.73 К) cosmic background radiation 
which is believed to be from the remnant of the primordial Big Bang (see Sec. 20-19). 


EXAMPLE 21-5.2 Gain and Aperture Efficiency from Celestial R: 
Measurements 
Find the gain and aperture efficiency of the Ohio State University 110-m radio telescope antenna at 
14 GHz if the measured increase in antenna temperature from Cygnus is 687 К. The physical aperture 
is 2210 m2, Assume that there is no atmospheric loss (L = 1). 
m Solution 
From Table 21-1, the flux density of Cygnus at 1.4 GHz is 1590 Jy. From (7) the gain 

BrkATA _ Bx x 1.38 x 10-23 x 687 

n 1880 Ib ST = 327 x 10 = 55081 
The effective area 
G2 _ 327x105 x 0.214? 
LES a 
The aperture efficiency 
A. _ 1190 
А, 2010 


190m? 


0.54 or 54 percent. 


Radar Techniques. The gain of a single antenna can be measured using radar techniques. By placing 
a sufficiently large flat reflector far enough from the AUT, we have an arrangement that corresponds to the 
absolute method with two identical antennas: the AUT sees is mage behind the reflector, This measurement 
may require a very large reflector. 

IFtheAUT illuminates a target with known radar cross section, the gain can besolved from the transmitted 
and received powers using the radar equation. Reflecting spheres are widely used as radar calibration targets 
because they have a known radar cross section which does not depend on angle. For a perfect reflecting 
sphere, o is equal to its physical cross section ra? when its radius a >> A. With a sphere as a target, the gain 
‘can be solved from the radar equation: 


(8) 


separation of the radar and target, т 
radius of the target (sphere), m. 
wavelength, m 
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Py = power received, W 
Pr = power transmitted, W 


‘The gain of the AUT can be measured also by illuminating it with a calibrated radar. If the AUT is short- 
circuited, it will reradiate the power which it has received. The radar cross section corresponding to this 
reradiation is 

2 


Pa Я 
в, = Абат Ag 9 
A, r (mě) (3) 
where 
A, = effective area of the AUT, m? 
Gaur = gain of the AUT 
wavelength, m 


By moving the position of the short circuit, it is possible to separate о, from the scattering of the aperture. 
and support structures, 


21-50 Phase 
Knowledge of the antenna phase pattern and phase center is for many applications of importance. In most 
cases, one wants to know the phase pattem у. ¢) only in the principal planes for co-polar component For 
complete description of the field, the phase pattern should be measured to all directions for both the co- and 
cross polar components. 

Measurement of the phase pattern is equivalent to finding an equiphase surface in the far field, The center 
of the coordinate system must be clearly defined with respect to the antenna structure within a fraction of а 
wavelength, I only the position of the phase center is wanted, the AUT Is moved with respect to the origin 
of the coordinate system until a constant phase is observed over the main beam, However, for many antennas 
there is no unique phase center 

Figure 21-21 shows three arrangements to measure the phase pattern. In the direct method (Fig. 21-21), 
the phase difference between a sample of the transmitted signal and the received signal is directly measured, 
asthe probe antenna is moved along а circle. If the AUT is rotated, the probe can be fixed. The direct method 
can be applied at short distances. For larger distances, he reference antenna method may be used. In the 
reference antenna method (Fig. 21-210), the receiving AUT is rotated and beside it there is a fixed reference 
antenna, and the phase difference between the received signals is measured 

In the differential phase method (Fig. 21-210), no phase reference is needed. The transmitting AUT is 
rotated and the phase difference is measured with a two-channel receiver, The phase pattern can be calculated 
fromthe measured phase difference pattern (Tuovinen-1). In amodificatian of this method, the phase difference 
is calculated from three power readings, which are measured with a single power meter (M allat-1). The 
advantage of the differential method is that no rotary joints or flexing cables are needed in the measurement 
System, At millimeter wave frequencies these components might cause large phase errors 


21-54 Polarization 


As discussed in Secs. 2-15, 16 and 17, any field can be expressed as the sum of two orthogonal components 
that may be linear, circular, or elliptical, Far example, an arbitrary elliptically polarized field E can be divided 
into its linear & and Y components, E, and Ey, as in (2-15-4), that is 


E = RE, costar) + YE, costar +3) a9 
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Figure 21-21 Phase measurement methods: (a) direct method, (b) reference antenna 
method, (c) differential method. 


where 
= unit vector 
Y = unit vector 

w= 297 = angular frequency, 57 


à 


time s 
phase difference of the x and y 
Components, radians 

The field could also be divided into its left-hand circular and right-hand circular components, 

The polarization ellipse is described in terms of the axial ratio AR, tilt angle c (direction of the major 
axis), and the sense of rotation (left or right). А complete description of the radiation pattern requires the 
measurement of polarization as a function of direction, Often, the complete polarization information is nat 
necessary and only the amplitudes of the co- and cross-polarized components are needed. 

There are many polarization measurement methods. n the polarization-pattern method (Fig. 21-22), the 
angleof polarization of a linearly polarized source antenna is rotated. The amplitude versus the tilt angle ofthe 
Source antenna in polar form is called the polarization pattern. The axial ratio and tilt angle of the polarization 
ellipse is obtained from this pattern. The sense of rotation can be determined comparing the outputs of two 
circularly polarized antennas (eg, axial-mode helical antennas) which have opposite senses of rotation. 

If the polarization of a linearly polarized source antenna s rotated rapidly and at the sametimethe direction 
of the AUT is changed slowly, a pattern like that in Fig. 21-23 can be obtained. This method is called the. 
rotating-source method, The maxima and minima correspond to alignment of the source with the major and 
minor axes of the polarization ellipse, respectively Thus, the axial ratio is obtained from the envelopes of the 
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pattern, This method is used for testing nearly Measured 
circularly polarized antennas. ӯ пва ampitude 

The parameters Ex, E. and 5 defining the 
polarization ellipse can be measured with two. 
fixed linearly polarized antennas which are 
mounted at right angles. The amplitudes of the 
fields and their phase difference are measured. 
Also two circularly polarized antennas of oppo- 
site senses of rotation could be used. In this 
method, the AUT Is used as the transmitting 
antenna, 

‘The polarization ellipse can be determined 
also from 4 amplitude measurements (or from 
3 independent amplitude ratio measurements) 
with antennas having different, known polar 
izations. Also thegainsof thesesampling anten- 
nas have to be known. Often 6 antennas are 
used giving some redundancy: vertically pola- Figure 21-22 Polarization-pattern method. The 
ized, horizontally polarized, linearly polarized axial ratio= a/b. 
both at 45° and at 135° tilt angle, left-hand and. 
righthand circularly polarized 
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Figure 21-23 Testing of a circularly polarized antenna with the rotating-source method. 


In all the above-mentioned methods, it is assumed that an antenna or antennas having known polarizations 
areavallable Thethree-antennaabsolutemethod does nothavethislimitation.A complex responseis measured 
two times for each of the three combinations. In each case, the second antenna is rotated 90° for the second 
measurement. Polarizations for all three antennas can then be determined. 

For a more extensive discussion of polarization measurements, see the second edition of this book, 
pp. 835-839. 


21-50 Impedance 


From the circuit point of view the antenna is viewed as an impedance (or one-port). Thus, its impedance. 
can be measured with any impedance measurement method taking into account the transmission line type at 
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"he antenna feed. The most common of such methods are the slotted line measurement, swept measurement 
with directional couplers and network analyzer measurements (Sec. 21-27). As the vector network analyzer 
(VNA is commonly found in laboratories working in the area of microwave or millimeter wave engineering, 
itis also the most obvious selection for the measurement of antenna impedance. It also enables simultaneous 
measurement of the input impedance (Sy) and radiation properties (5; 

Traditionally the impedance properties of an antenna have been connected to its role as the termination 
of a feed network. Here the most important information required Is the VSWR (return loss, magnitude of 
reflection coefficient) of theAUT often as a function of frequency. Thusa scalar measurement with one of the 
methods mentioned above is adequate. Sometimes also the complex impedance of the AUT defined at some 
reference plane at the antenna feed is necessary. This requirement is usually connected to cases where the 
AUT isan integrated part of a system as in antenna arrays or with small radio devices 

The requirements for the measurement 
environment for antenna impedance are nat 
aluaysasstringentasfortheradiation prap- 
erties. If moderate accuracy is adequate as 
in preliminary checking of the impedance, 
the measurement can usually be performed 
in a normal laboratory room if no strong 


scatterers are situated close to the AUT, The — 
situation can be improved significantly by 
placing absorbers in the radiating near field 
of the AUT to cover ай significant direc- 
tions of radiation. In this case the far-field 
conditions do nat have to be fulfilled, For a 


small antenna with a broad radiation pattern 
the AUT can be placed inside an “absorber (a) (b) 


S fl g ß f ars d Figure 21-24 Impedance measurementin a 
laboratory room: (a) omnidirectional antenna in 


horns it is usually adequate to direct the B 
a bean want абедае 5 dermis an “absorber box,” (b) directive antenna pointing 
toward an absorber. 


in Fig, 21-24, It is also useful to repeat the 
measurementin afew close-by locations for theA UT and average theresult. Themostaccuratefinal impedance 
measurements are, however, best to perform in a proper anecholc chamber, eg., in conjunction with the 
radiation pattern measurements. 

Specific arrangements are required when the impedance of a single antenna element of a multielement 
antenna system is measured. typical example of this is the measurement of the active impedances of antenna 
array elements including the effec of mutual coupling when all the elements are fed normally. For small arrays 
‘or multifeed antennas like quadrifilar helices all the coupling coefficients between the elements ar feeds can. 
be measured and the active impedances for all feeding variations can then be obtained by summing the 
‘contributions via the couplings to the reflection of the driven element. For an N-element system we get: 
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jas = the complex active reflection coefficient of element n corresponding to а normalized active 
Impedance arr = (1 + дил )/(1 pud 
V+ = thevoltage wave traveling inward, V 
V- = the voltage wave traveling outward, V 
San = V] Vis the S-parameter connected to voltage waves at the reference planes of elements 
тапап, dimensionless 


An example ofthe impedance measurement for a multielement antenna is shown in Fig. 21-25. For larger 
arrays determination of all the N x М S-parameters is cumbersome and thus for them specific simulators with 
metal side walls to cover a part of the array with a smaller number of elements are usually used. With these. 
certain feed combinations can be tested to find the respective active impedances (Evans-1). 


21-51 Efficiency 
The efficiency of an antenna is defined as the ratio between the power radiated by it and the power delivered 
into the antenna, It can also be defined as the ratio between power gain and directivity in certain directions. 
Depending on the definition of gain one can obtain several different efficiencies (see Sec, 21-5b). These may 
includein addition to theinternal losses, which aretheonly ones taken into accountin he traditional definition 
of radiation efficiency nr, the effect of impedance mismatch with matching efficiency np, and the effect of 
polarization mismatch with the polarization efficiency p. For radiation efficiency one has to also define the. 
interior of the antenna, which is not always self-evident. Often there аге losses introduced by the vicinity of 
the antenna like the matching circuit, the radome, ог the head of the user of a cell-phone handset, which are. 
always present in а normal usage situation and can thus be considered as an integral part of the antenna. 
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Figure 21-25 Measurement of the active impedance of element 3 in a five-element array, 
For the sake of clarity, the outward-traveling voltage wave V is shown for element 3 only. 
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Directivity/Gain Method. The most straightforward method to measure the efficiency is to determine 
directivity and gain as described in Secs. 2-7, 21-58 and 21-5b. As the directivity is often computed based on 
the integration of the power pattern according to Eq. (1) the method can in these cases be also called pattern 
integration method. Estimates for the directivity based on beamwidths are also given in Sec. 2-7. 

The ditectivity/gain method is general and simple in principle but is difficult to realize with precision. The 
problem is associated especially with the full 3D radiation pattern measurement. In addition to the normal 
error sources of power pattern measurements like reflections in the anechole chamber one has to cope with 
specific problems of full 3D measurements like those created by the feed cable of the AUT, The problems are 
especially difficult with antennas of low directivity as there are no “silent” directions, where the cables can 
be placed, Taking all the error sources into account it has been estimated that the uncertainty obtained with 
the pattem integration method for the efficiency (in percent) of microstrip antennas is +15... +28 percent 
units equivalent to about +1... #1.5 d8 uncertainty for gain (Pozar-1). The directivity of the antennas in 
the estimation ranged from 7.5 to 15 dB. Normally, high directivity can be estimated with lower uncertainty 
than that of low-gain antennas, because the contribution of the sidewall reflections of the anechoic chamber 
is smaller, However, especially for small antennas with very low directivity the random errors caused by 
reflections are partly averaged out in different parts of the radiation pattern and therefore lower uncertainties 
than that estimated above can be achieved with careful measurements. 


Radiometric Method. A lossy antenna can be modeled with a combination of a lossless antenna with 
similar directional pattern and an attenuator with power loss L = D/G = 1/п,. If a lossless antenna is 
directed toward an absorber, its output power is defined by the temperature of the absorber only. By measuring 
the output noise power of the AUT with a low-noise receiver like а radiometer the efficiency can be defined 
according to the following equation: 


Ty L-1 
Pao + 


60 400 bn) W) a» 


where 
Рим = Output noise power of the receiver, W 

ain of the receiver, dimensionless 
oltrmann's constant = 1.38 x 10-23 JAK 
vise bandwidth of the receiver, Hz 
vise factor f the receiver, dimensionless 
оне loss of the attenuator describing the losses of the AUT, dimensionless 
tenna noise temperature, K 
antenna physical temperature, K 
90K 

Now three independent measurement results of Р, „а, are required to define L. Typically, two of these 
сап be obtained according to Fig. 21-26 by placing ihe antenna first to an anechoic chamber or smaller 
enclosure covered with absorbers (7x = Tan = 290 K) and then toward clear sky (ТА = Tac = 10 — 50 Kı 
see Chap. 17), The warm-target measurement can be replaced by connecting a matched load to the input of 
the receiver, There is obvious uncertainty associated with the ground radiation in the sky measurement in 
spite of the reflector (Fig. 21-260). The third measurement can be another cold-target measurement with a 
lossless standard antenna, with a well-known antenna pattern and antenna noise temperature contributions of 
the sky and ground, Another option is to connect a calibrated noise source to the receiver input. 

From (12) one observes thatitis also possibleto obtain independent measurements by changing the antenna 
physical temperature Tar. This can be done by putting the AUT in an anechoic chamber and placing it inside 
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Figure 21-26 Radiometric method for the measurement of the antenna efficiency: 
(а) measurement configuration, (b) warm target, (с) cold target. 


a styrofoam enclosure transparent to radio waves. A gain lossless antenna or noise sources can be used for one. 
or two of the three measurements. Here the difference between the power outputs is smaller than with a cold 
load and thus the method is more sensitive to errors in the measurement system. A so the response time may 
be long if the antenna is large. 

‘The problems of the radiometric method are that special equipments needed and tha errors may be caused 
by inaccuracy of the noise sources, mismatch of the AUT and drift of the receiver gain. 


Random Field Method. The radiometric method was based on exposing the AUT with an evenly dis- 
tributed signal source. A Similar effect can be achieved in reverberation chambers, which are usually 
rectangular multimode resonant cavities equipped with 1 to З mode Strrers having typically the form of 
a propeller. Dueto the rotation of the mode stirrers the mode pattern changes as a function of time. Sometimes 
the stress are replaced or accompanied by rotation of the AUT or the source. The technique is similar to 
that applied in microwave ovens. By investigating the average output power of the AUT over several stirring 
periods should give the same result as if the AUT would be receiving a nose ike signal with even angular 
distribution (Corona-1) In this case the output power of an antenna depends оп its efficiency only. Thus, the 
efficiency can be obtained by comparing the AUT to a low-loss reference antenna. 

The size ofthe cavity has to be at least а few wavelengths in each direction to ensure adequate mode 
density. The direct signal between the source and AUT should be blocked with metallic wall 


Wheeler Cap Method and Other Measurement Methods for Small Antennas. The fes part of 
the impedance of a small antenna may be assumed о consist of loss resistance Ry caused by the interna losses 
and radiation resistance R,. In this case the efficiency is 


a3 
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where 
п, = radiation efficiency of the AUT, dimensionless 
R, = radiation resistance of the AUT, O 
Ry = loss resistance of the AUT, © 


The internal losses are defined by the current distribution of the antenna. If the antenna is placed inside a 
small nonresonant metal shield, which prevents its radiation, butis large enough not to disturb the currents, the 
real part of the impedance should reduce to Ry. This is the idea of the well-known Wheeler cap (W heeler-1). 
Originally Wheeler recommended the use of a spherical shield with the radius 27 of the radiansphere to 
enclose the AUT. Later the method has been applied mainly to antennas having а groundplane by covering 
them with a cap andit has been shown thatthe shane and size of the cap can be chosen quite freely provided the 
current distribution of the antenna is not disturbed, good contact is maintained between the edge of the cap and 
the groundplane, and cap resonances are avoided. This limits the maximum size of the AUT approximately 
to 2/4 (Newman) 

The Wheeler cap method can provide results with low uncertainty, estimated to be +2 percent units 
of efficiency (Pozar-1). The problems associated with it are (1) that the small cap may change the current 
distribution of theAUT and thus the R,, (2) thattheloss mechanisms may include sometňat cannot be described 
with опе resistor only (both longitudinal and parallel loss mechanisms), and (3) that in measurements of 
resonant antennas Eq. (13) does not work due о resonance detuning. The changes of the current distribution 
‘can be estimated by investigating the change in the reactive components in the equivalent circuit of the AUT 
due to the cap. As the change of these is normally only on the order of 1 percent, it сап be estimated that 
the change in Кү is not large. The second and third problems appear especially for resonant antennas and can 
be avoided by employing measurement techniques of resonant circuits (see Example 21-5.3). The AUT is 
described with a lossy feed structure terminated with a resonant circuit. The electrical length of the feed line 
does not have to be known and the resonant frequency does not have to stay unchanged 


EXAMPLE 21-5.3 Wheeler Cap Measurement of Antenna Efficiency 
When measuring a resonant-type antenna in a Wheeler cap, the typical result for the power reflection 
coefficlentis as shown in Fig. 21-27. Far from the resonance one obtains some constant return oss, far + 
which is 0 dB, if there are по losses in series with the resonant circuit like those in the feed circuitry. 
IF 4, %, > O, then the attenuator in the equivalent circuit model of the AUT in Fig. 21-27 has value 
Ls = Lr far /2 in dB). 

The reum loss Lx at the resonant peak gives the value for the resistor R in the series resonant 
circuit, which we can assume without loss of generality: 


Lt lal 
Roz © 14) 
тра : 
а = 1006 tse) 


where 
R, = resistance of the series resonance circuit (see Fig. 21-21), © 
haracteistic impedance of the feed line, © 
oltage reflection coefficient of the resonance circuit, dimensionless 
return loss at the resonant frequency, dB 
return loss far from the resonance, dB 
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ANTENNA MEASUREMENT BY WHEELER CAP METHOD 
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Figure 21-27 Measurement configuration for a resonanttype antenna with the Wheeler 
сар method. (a) Circuit model, (b) magnitude of we reflection coefficient, (c) complex 
reflection coefficient 


e McGraw-Hill c 


21-5 Measurement of Diferent Antenna Parameters m 


In (14) the lower sign is for the overcoupled and theupper sign for the undercoupled case. The coupling 
can be determined by investigating the size of the resonant circle for the complex reflection coefficient 
of the AUT, If the diameter multiplied with 102" is larger than 1, we have the overcoupled case and 
If <1 the undercoupled case. Now we get the total efficiency by determining the resistor values А: and 
e with and without the Wheeler cap, respectively, and using Eq. (13) and L., which does not change 
when the cap is placed on top of the antenna: 


as) 


radiation efficiency of the AUT, dimensionless 

а = resistance of the series resonance circuit with the W heder cap, © 
resistance of the series resonance circuit without the Wheeler сар, © 

n far [2 = loss of the series attenuator in the equivalent circuit, de 


Note that the small change of the resonant frequency caused by the cap or the rotation of theimpedance 
locus on the Smith Chart (see Fig. 21-27) had no effect on the result obtained. 


To avoid some problems associated with the Wheeler cap method it has been proposed to place the AUT 
inside a large waveguide to collect and measure the power radiated by it (Johnston-1). Here the basic idea 
is to treat the AUT as a 2-port with the output to free space and define the S-parameters of the 2-port with 
the waveguide measurement setup ether with a transmission or reflection measurement. In both cases sliding 
shorts are used atthe ends of the waveguide section to provide proper reflections for each case. The estimated 
uncertainty of the method is about +1 percent units. The result is also quite insensitive to the location of the 
antenna in the waveguide. When compared to the Wheeler cap method the waveguide method is more general 
as it does not require any assumption on the equivalent circuit of the AUT. The waveguide has also somewhat 
larger clearance around the AUT (width 32/4, height 3/8) than the Wheeler cap and thus the near fields of 
the AUT are disturbed less in the waveguide. On the other hand, the waveguide method requires somewhat 
‘complicated waveguide setup with high-quality sliding shorts. 

Both the Wheeler cap method and the waveguide method are limited to the size of the AUT. Also in the 
case of small antennas one has to often include the environment of the antenna as for a cell phone in the 
‘evaluation of the total efficiency of the antenna, This subject is discussed more in Sec. 21-66. 


21-59 Current Distribution? 
In many cases it is important to know the current distribution along an antenna, For example, if both the 
magnitude and phase of the current are known at all points along an antenna, the far field can be calculated, 
The current can be sampled by a small pickup loop placed close to the antenna conductor, Loop and 
indicator can be connected to a single unit. The output of the loop probe can be detected and transferred as 
low-frequency signal with high-impedance lines (Schmid-1). To obtain also the phase information the RF 
signal can be transferred either directly with a thin coaxial cable or by using a fiber-optic link (М asterson-1). 
This technology has close connections to measurements of small antennas and the specific absorption rate (see 
Secs. 21-6b and 21-64). However, at short wavelengths the indicating instrument may be too large to place 
near the antenna without disturbing the field. To remove the indicator from the antenna field the arrangement 
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Figure 21-28 Slotted antenna and sampling loop arranged for measurement of current 
amplitude and phase. 


of Fig. 21-28 can be used. Here the loop projects through a longitudinal latin the hollow antenna conductor. 
‘The output cable from the loop is confined within the antenna conductor and is brought out through the end of 
a grounded stub as shown. The arrangement in Fig. 21-28 permits both amplitude and phase measurements. 
The phase is measured by comparison with a reference current as suggested by the dashed connections in the 
figure. The signal picked up by the loop is mixed with a signal of approximately equal amplitude extracted 
by a probe оп a matched slotted line. With the antenna sampling loop fixed, the line probe is moved to give a 
minimum indication, The phase shift between the line-probe positions then equals the phase shift between the 
two antenna sampling-loop locations, The phase shift is a linear function of distance on а line with matched 
termination. Assuming the phase velocity equals that of light in free space, the phase shift 0 along the line. 
in degrees per unit length is given by 360/20, where o is the free-space wavelength of applied signal. The 
phase change between two points on the line is then the distance between the points multiplied by 0. 

In Chap. 12 on cylindrical antennas Fig, 12-14 shows the current distribution on a 5 cylindrical monopole. 
antenna 0.22 in diameter measured using an arrangement similar to that in Fig. 21-28. 


21-6 Miscellaneous Topics 
21-62 Largo Millimotor and Submillimotor Wave Antennas 

Millimeter and submillimeter wave radiometers up to 3THz are planned for the future remote sensing and 
radio astronomy satellites, The antennas of these instruments will be large, of the order of 1 meter (= 10,000 
wavelengths at 3THz), and provide a challenge for the measurement techniques. A s the frequency increases, 
antenna measurements get more and more difficult for many reasons: available power decreases, receiver 
sensitivity reduces, reflectivity of absorbers increases, dimensional accuracy requirements become tighter, 
etc. Thus, the upper frequency limits of the existing measurement ranges are at the most 200 GHz. 

The far-field distance for а 1 meter antenna operating at 1 THz is 7 km. Water vapor has several 
strong resonances which make the atmosphere nearly opaque at submillimeter waves. Therefore, a far-field 
measurement is not practical. 

А near-field measurement would be extremely demanding, The number of measurement points would be 
very large, in the millions. The instrumentation (transmitter, receiver, scanner) should be stable, accurate, and 
capable of gathering a large number of samples per second. 
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A compact antenna test range seems to be the most promising alternative. large, accurate reflector would 
be needed. The attenuation of alr may be significant even at short distances: close to the resonance frequencies 
attenuation may be more than 1048 per meter. Therefore, the measurement chamber should be very dry or 
nitrogen-filled. 


21-6b Electrically Small Antennas 
Electrically small antennas, which are used, e.g., in portable radio devices form a specific group when it comes 
to their measurements. This [s especially true for the measurement of their radiation properties, Impedance 
measurements are less specific, but the strong frequency dependency like the common resonant-type behavior 
oftheimpedanceof small antennasshould berecognized, Here equivalent circuits may form auseful viewpoint 
(see Example 21-53), 

The typical feature of electrically small antennas is their low directivity. From the measurement point of 
view this is beneficial in that sense that measurements of low sidelobe levels are not required. On the other 
hand, the low directivity means that one has to measure 3D pattern of the antenna or most of it, because 
there is по specific main lobe or polarization. This is quite difficult and sets specific requirements for the. 
vicinity of the antenna like cabling. A Iso, the usage environment in the vicinity of the antenna lke the user of 
A handheld phone has to be included in the measurement setup to obtain realistic results in both radiation and 
Impedance measurements. This can be done by using human body phantoms (see Sec. 21-68) or with test 
persons (Pedersen-1). An example of this is shown in Fig. 21-29. The number of points required to sample 
the pattern with adequate resolution depends on the size of the antenna defining its directivity. Ап estimation 
Tor the number of points is given as 16x(D/2)* (Evans-1) by assuming that 2 pattern points are required 


Figure 21-29 30 antenna pattern measurement fora handheld cellphone with a test person 
in anechoic chamber. (Courtesy of Center forPersonKommunikation, Aalborg University.) 
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per 3dB beamwidth (=D, rad), where D is the largest dimension of the physical aperture of the antenna. 
This issue can also be studied by performing modal analysis of the pattern of the antenna with spherical 
wavemodes (Hansen-1). Typical grid spacing for a handheld cell-phone antenna measurement with the user 
155010 degrees. 

The3D radiation pattern can be used to estimate the efficiency of the small antenna, which is probably the 
mostsignificant single factor describing its performance. The necessity to include the effect of the user limits 
the use of other less complicated efficiency measurement methods described in Sec. 21-5f. The minimum 
configuration for а handset antenna containing the handset and a head phantom is too large for the Wheeler 
cap or waveguide methods. The stirred mode chamber has adequate size but the effect of the lossy phantom on 
the average field intensity in the chamber has to be compensated, A Iso the radiometric method can be applied 
with careful consideration of the effect of the changes in impedance matching due to the phantom. 

As mentioned in Sec. 21-20, for electrically small antennas, e.g., the nominal far-field border given by the 
Rayleigh distance of Eq, (21-2-3) may be closer han the reactive near-field range of Eq. (21-2-2), Thus one 
has to consider all the Eqs, (21-2-3) to (21-2-5) when defining the measurement range for small antennas. 
For AL < 1dB one can find that if the size D of the antenna is smaller than about 0.3%, the dominating 
criterion is theeffect of the near fields according to Eq, (21-2-4), For antennas larger than that but still being 
in the category of small antennas, the most significant criterion for the measurement distance seems о be the 
effect of the change in the measurement distance according to Eq, (21-2-5) 

Another specific problem in measuring a small antenna is the effect of the cable connected to the AUT. As 
the radiation pattern is more or less isotropic, the cable can be easily situated in some essential part of the 
pattern. Furthermore, when the cable is connected to the small antenna, it changes the current distribution of 
it. There area few options to improve the situation with small antennas in this respect: 


1. Usenongalvanic connection to theA UT like optical fiber orhigh-impedancewireand a diode detector. 
2. Reduce currents flowing on the cable with chokes. 

3, Place the cable in such a postion that it has the least effect on the field. 

4, Use a battery-powered small transmitter connected to the AUT. 


In all cases except (4) the cable makes the rotation of the AUT in 3D measurements difficult. Thus it 
is beneficial to use measurement methods, where the AUT can be in a fixed position or possibly rotated 
around one axis only. Here near-field measurements offer often a good solution but also far-field setups like 
the one in Fig, 21-29 can be used. Option 1 has certain limitations compared to the use of RF cables. The 
transformers between optic and RF signals provide phase information and have bandwidth of several GHz, 
but with their batteries are somewhat bulky. This technique is, however, developing rapidly as applied to 
mobile communications systems. Another option is to use the passive method with modulation of an optical 
signal with ће signal (М asterson-1), The diode detectors provide only amplitude information and have the 
well-known problems with limited dynamic range. The typical solution for option 2 isto use ferrite bead-type 
common mode chokes on top of the cable shield (Saaro-1), However, as the goal is to keep the current 
distribution in the vicinity of the small AUT unchanged, these are often not the best solution as the ferte 
chokes are resistive and hus absorb the curent Instead of forming an "open circuit” for them. We have 
proposed a solution utilizing a balun-ype cap on he surface of the cable (Fig. 21-30) (Ichein-1}. The cap 
prevents effectively changes on the surface curent distribution of the mobile phone chassis. The limitation of 
this solution is its fairly limited bandwidth of around 20%, which means that one has to change the cap when 
typical dual-frequency antennas are measured. 

Option 3 has ben investigated by Saario et al, who have shown that the cable should be positioned 
perpendicularly to the polarization investigated (Saaro-1), This condition, however, makes dua polarized 
and full 3D radiation patern measurements dificult Option 4 enables normally only amplitude measurements 


e McGraw-Hill Compani 


21-6 Miscelaneous Topics 


RF absorber 


Coaxial fend cable 


Figure 21-30 Balun-type cap to prevent currents flowing on the surface of the measurement 
cable, 


‘and thus prevents phase pattern or near-field measurements T his limitation can be avoided by using two source 
antennas and phase comparison (Tuovinen-1). 


21-60 Efectivo Gain 
Typically the antenna receives a signal coming from a well-defined source, which is most often а point source 
as inthe caseof anther antenna. In radiometer measurements of radio astronomy and passive remote sensing 
the source is a distributed one but signals arriving from different directions are noncohesent and the position 
of te antenna s known. Thus, itis fairly simple to derive the connection between the source and the received 
signal from the information in the power pattern of the antenna. The situation becomes complicate if the 
antenna receives several coherent signals from random directions or the position of the antenna varies. Thisis 
thecasein mobilecommunications involving multipath signals. Thus, for mobile terminals a special statistical 
approach is required to characterize the performance of the antenna. The parameters used here are efective 
gain and mean effective gain. Effective gain С, is the power received by the AUT compared to the power 
received by a reference antenna like isotropic antenna or half-wave dipole with certain signal distribution. 
The definition of б.у is Jakes1) 


P, 
Gut VR; a 
where 
быу = effective gain of the AUT 
ia = average power received by an isotropic 0-polarized antenna, W 
B, = average power received by an isotropic ó-polarized antenna, W 


In the numerator of Eq. (1) we can consider the local received power and thus obtain information also 
оп the possible efect the antenna has on the short-term fading. However, to get the reference power in the 
denominator it is necessary to eliminate the short-term fading by averaging over a distance of at least some 
wavelengths, because otherwise Ger might become infinite locally. 

As the signal distribution in mobile communications Is changing continuously, one has to investigate 
"he statistical characteristics of the signal received by the antenna in a number of locations, typically atest 
measurement route Andersen-1) Неге itis possible to study, e, the cumulative distribution of G, to find 
certain reliability level, The mean of 4, is also often used and Iis called Mean Effective Gain (MEG) 
(Тада), As he idea of MEG is to describe the performance of an antenna in а certain usage environment 
(urban, suburban, rural, indoor, etc.), it is defined as an average of G, over some representative sample 
of the environment like a test route. The standard procedure is to consider the statistical distribution of the 
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incoming waves and combine that with the information an the 3D radiation properties of the AUT. In this case. 
one obtains based on Eg. (1): 


25 p7] XPR 1 


MEG = mean effective gain of the AUT, dimensionless 


XPR=P.o/Pig is the crosspolaizaion ratio of the incident field in the environment 
dimensionless 


00. ¢) =9 component of the gain pattern ofthe AUT, dimensionless 

бә, 6) = ¢ component of the gain pattem of the AUT, dimensionless 

Ро, д) = 0 component of the angular density function of the power of the incoming plane waves, 
dimensionless 


Pak) = ¢ component of the angular density function of the power of the incoming plane waves, 
dimensionless 


The distribution functions are normalized as: 
CHE 

JÍ [ism gebe; dhe = sr mee (3a) 
hh 


a 5955 
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Where rs, = tatal efficiency of the AUT, dimensionless 

The normalization of the gain pattern includes the total efficiency with the effect of both internal losses 
and mismatch of the antenna, This is due to the purpose of M EG to describe the total behavior of an installed 
typically small antenna having poor matching often as unavoidable property, The distribution of the incom- 
ing waves can be assumed uniform as a function of ¢ in mobile communications, Gaussian distributions 
Were determined as a function of # for P6. ¢) and Pa(0, ¢) in measurements in an urban environment in 
downtown Tokyo (Taga-1). The parameters obtained are presented in Table 21-2. The results in Table 21-2 
show the typical feature in urban environments that the average direction of arrival of the signals Is some- 
what elevated. The reason is that the waves received by the mobile antenna have first propagated above 
rooftops and then diffracted down to the street level. The value of XPR is also quite typical for urban envi- 
ronments, when the basestation antenna has vertical polarization, and shows that the signal is not totally 
depolarized in spite of the complex propagation environments. In indoor environments one can expect to 
obtain wider and in suburban and rural environments narrower distributions as a function of 9 than in the. 
urban environment. 

Тада calculated also the M EG of a halfwave dipole antenna with different orientations and Gaussian field 
distributions, It was shown that for a halfwave dipole antenna with an inclination of 55° from vertical the 
MEG = —3@В practically independent of the XP or the distributions (бу, dm 1, av, он) ofthe incoming 
Waves. Thus, this antenna can be used to define the total incident power P, + by multiplying the average 
power obtained with it by 2 
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Table 21-2 Measured parameters of the distributions of the incoming waves as a function of à 
in urban environment in Tokyo 


Тїр IT E 
e у A ao 


EXAMPLE 21-6.1 Mean Effective Gain (MEG) of a Small Antenna 
Let's consider the MEG of a small lossless antenna having the pattern of an elementary electric dipole. 
For simplicity, lets assume that the dipole is vertical and the means of the distributions af the Incoming 
Waves are duv = б = 90°. The other parameters of the considered distributions are: 

(a) Rural-type distribution: ay = 5°, zu = 20°, ХРА = 1598. 

(b) Urban-type distribution: oy = 30°, ан = 50°, ХРА = 6dB 

(c) Indoor-type distribution: oy = 60°, ан = 90°, ХРЕ = 308 


m Solution 
The normalized gain patterns of the small dipole and the signal distributions are: 


G0.4) S, Cee = PHO. 


where Ay is a normalization parameter. 
We notice from Eq, (2), however, that for this vertical dipole we have to consider Р, only. Now, in each 
case (a) to (c) wehaveto first solve А, using Eq. (3) as 


RE lona] 
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(a) Ay =0.730 XPR/1+XPR) = 04108 MEG=13dB Ans. (a) 
(b) A = 0.139 XPR/C + XPR) =-0.9748 МЕС =0088 Ans. (b) 
(0 A» = 00961 XPR/C + XPR)—-18d8 MEG = 1408 Ans. (€) 


The significance of polarization mismatch is obvious especially in the urban and indoor environments, 
promating thus the use of polarization diversity or adaptivity in mobile communications terminals. 


By determining the 3D gain patterns for antennas of terrestrial or satellite mobile communications systems 
Including the effect of the user or vehicle and combining the result with, e.g., measured distributions of the 
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incoming wavesin diferent environments one can predictthe behavior of the mobile antenna without perform. 
ing tedious test route measurements for each prototype (Pedersen-2; Kalliola-). Another possibility is to use 
atest environment having certain random field distribution with typical characteristics like uniform azimuthal 
distribution. This method, however, gives the performance of the antenna in one average environment onl, 


21-64 Specific Absorption Rato (SAR) and Exposure Standards 
‘The quantum energy of radio frequency radiation so low that the radiation cannot ionize biological materials 
like human tissues, Thus the harmful biological effects of radio frequency radiation are (according to current 
scientific information) limited t those caused by the rise of the temperature of the tissues due to absorption of 
the RF energy. The so-called nonthermal effects on the nervous system, cell membranes or the development 
of cancer have been studied extensively, but the results are controversial and no conclusive proof af such 
effects has been found. Due to the vast Increase of exposure of the general public to RF energy along with 
the increased use of portable communication devices, the studies in the area of both thermal and nonthermal 
effects are continuing. In the investigation of the health issues of RF transmitters and antennas it is essential 
to determine the absorption of the energy per unit mass of tissue described with a quantity called the Specific 
Absorption Rate (SAR) (Kuster-1; USAF-1). 

dP, E 


SAR = CTs e (Wik) [7] 


Specific Absorption Rat 


where 


SAR 
ар, 
ат 


specific absorption rate, W/kg 
power absorbed to volume of the tissue, W 

the mass of a certain infinitesimal volume, kg. 

local effective conductivity of the tissue material, S /m(G/m) 
local density, kg/m“ 

magnitude of the electric field at the inspection point, V/m 


Usually this local SAR is averaged over certain volume or mass of tissue and it is applied for localized 
exposure, for example, in the case of hand-held cellphones, Traditionally the exposures of potentially harmful 
RF radiation have mostly occurred either in the nea field of low-frequency devices like industrial RF heaters 
inthe 13 MHz and 27 M Hz range or in the far field of broadcast or radar transmitters, Thus, the determination 
of SAR has been mainly performed by measuring the unperturbed electric or magnetic field and studying the 
absorption in the whole body or parts of i like the head using dosimetric models (USA F-1; Hagmann-1). Due 
to the increased use of portable radios since the 1980s the localized SAR values close to the transmitter have 
gained a lot of Interest in both research and standardization. As the localized SAR values have the closest 
Connection to antenna design, this section will mainly concentrate on discussion on the determination of those. 

The exposure standards for the RF radiation define the SAR limits for persons in both controlled (occu- 
pational exposure) and uncontrolled (general public exposure) conditions (ICNIRP-1; prENV-1; IEEE-2; 
ARIB-1).According to major international and national standards, the limit value for the average whole body 
SAR for controlled conditions is 0.4 W kg and for uncontrolled conditions 20% of that, Le. 0.08 W/kg In the 
frequency range of 10 М Hz to 6 GHz. For localized exposure the average whole body value limit may be met, 
but still the exposure can be harmful. Thus there are separate values for the local peak SAR. An overview of 
the peak values for most parts of the body and the parameters used in their definition is given in Table 21-3. 
Higher values are applied for hands, wrists, feet and ankles, The estimated temperature increase in the brain 
dueto local SAR = 2 W/kg is around 0.1°C (Anderson-1). 
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Table 21-3 Local peak SAR values and respective parameters! 


USA” ICNIRR Europe and Japan. 
ТЕГЕЛ ТЕТ IWS 
Averaging period domas bmn 


Averaging mass and shape lüube усе" 


As SAR can be defined in laboratory conditions only, the standards define limits at different frequency 
ranges for electric and magnetic field strengths, plane wave power density, and induced and contact current, 
which, when applied infield tests, should ensure thatthe wholebody SAR valuesarenat exceeded. However, п 
thedeterminationof peak SAR onehasto takeinto account thelocal properties of the tissue and thetransmitting 
device This can be performed either by numerical electromagnetic simulations or by measurements. 

In the simulations the tissue can be described In a very detailed manner involving 15 to 30 tissue types 
with resolution on the order of 1 to 3 mm in the head based on information obtained by Magnetic Resonance 
Imaging (MRI) (Lazzi-1). Disadvantages of simulations are difficulties in describing the transmitter and 
antenna with required amount of details and lengthy calculation times. Thus, the simulations can be utilized 
best at the design phase of mobile handset antennas. The most popular method for SAR calculation Is the. 
Finite Difference Time Domain (FDTD) method; see Fig. 21-31. Numerical methods allow the simulation of 
the ine structure of the tissues but the absolute accuracy is not sufficient for compliance tests. 

In measurements SAR is determined by defining the electric field Е emitted by the transmitter and AUT 
inside. phantom simulating the human body. The SAR is calculated according to Eg. (29) based on the known 
properties of the tissue equivalent material in the phantom. Several types of phantoms have been used with 
different levels of details for the shape and the tissues, There аге also phantoms for only part of the body like 
thehead or torso and for fll body. A s the standards require rather detailed determination of SAR, 1 g of brain 
tissue is equivalent to about 1cm?, the most practica solution is to use so-called homogeneous phantom, 
which has anatomically shaped surface layer and the phantom is filled with tissue-equivalent liquid. The 
electric held is measured in the liquid using a mechanical 3D scanner and a probe including typically З small 
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шге 21-31 An example of calculated SAR distribution inside a head model at 900 MHz 
(left and 1800 MHz (right, 


кее body s hest sensors arein the in, RF heating can cns tly without much awareness. Thus, safe energy guidelines are 
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dipoles and detectors; see Fig. 21-32 (Schmid-1). With measurements the actual product can be tested and 
automated measurements are also faster than numerical simulations. The disadvantages of the measurement 
are the limited description of the tissue and difficulties in obtaining low uncertainty due to several error 
sources. 


21-7 Analyzers 


Noise is the classical limitation of electronic devices and communication systems. The noise and distortions 
limit the range of devices, effectiveness of measurement techniques and make the results erroneous, In most 
electronic devices, noise occurs due to the random motion of electrons. Due to the involvement of a very 
large number of such electrons and independency of their mations, variations in current Пон are bound to 
exist These random variations can be only statistically accounted. According to the centra limit theorem of 
statistics, the variations take on а bell-shaped curve, commonly known as the Gaussian Probability Density 
Function (PDF ). This PDF explains some of the characteristics of a noise signal seen on an instrument, such 
asan oscilloscope, used to measure a base-band signal having only a real part Besides the above, antennas in 
general operate in а noisy environment In relation to the communication systems, these two noises are often 
referred as internal and external noises. The quantitative assessment of the signals, distorted due to noise, 
can be carried out in many ways including by using RF network analyzer and spectrum analyzer. The basic 
aspects of these analyzers are discussed below. The sources of errors in antenna measurements have already 
been discussed in Section 21-3 in detail 


21-7a Spectrum Analyzer 
An oscilloscope displays the time waveform on the screen, A spectrum analyzer also produces a visible 
display only of the frequency content ofan input signal, With proper settings, an analyzer can also display the 
time waveform and the spectrum. M ost spectrum analyzers re of heterodyne type which may also be called 
scanning spectrum analyzers. A heterodyne analyzer is basically a very sensitive and selective radio receiver 
which, ike an oscilloscope, cannot tolerate large signals. In cases where more than one input signal isto be 
applied, he maximum allowable amplitude рег signal must correspondingly decrease 

In communication systems, itis often required to extract frequency contents from а time-varying voltage 
signal x). The digital storage oscilloscope can provide the solution by calculating FFT of the signal from 
stored samples, Another way to arrive at the solution is to pass (r) through a long series of very narrow 
band pass filters with adjacent pass bands and then plot the amplitudes of he filter outputs. If bandwidth of 
these filters s small enough, the filter output will be the frequency components X /) X (f2), et. This is, 
of course, not a very practical solution. A better way out can emerge from the simple property of a Fourier 
transform, Herein, if a signal (in the time domain) is multiplied by a sinusoid, the spectrum of the signal is 
shifted in frequency by an amount equal to the frequency of the sinusoid M thematically it can be expressed 
by) 


1 


st cose fl) > FT — 3 — fo ., fo o 


This equation can be realized with the aid of he following block diagram: 

Figure 21-33 illustrates heterodyning or frequency mixing. Instead of a bank of narrow band filters, it 
requires only one narrowband (band pass) filter (BPF) centered at a fixed intermediate frequency fj. The 
signal spectrum can now be scanned across this filter by multiplying x (r) by а sinusoid by varying frequency 
fo. In a spectrum analyzer, the bandwidth of an intermediate amplifier can be selected in accordance with the 
application. In an ordinary AM and FM radio tuning of the receiver amounts to the selection of to pass 
а desired signal through the filter. In spectrum analyzers, this frequency is automatically (and repeatedly) 


2 


The McGraw-Hill Companie 


21-7 Analyzers 18 


SPECIFIC ABSORBTION RATES (SAR) 
XYZ positioner 


Computer 
onto 


Voltage meter 
Р la 


WWW WWW 
> pos 
S „ pe y 


Ha. 


pM 
phone = ПА 
[Www 


00 


Dipole sensors Highiy resistive leads 


Measurement 
configuration 


NAANAAAA, 


\oamm 27m 10mm 
\ L 


Probe 
e TA Emm Vm 


(5) 


Example of 
measured SAR 


Figure 21-32 SAR measurement (a) measurement configuration of field inside of head and 
body phantom, (b) probe for the measurement of the magnitude ofthe electric field, (c) example 
of measured SAR. (Courtesy of STUK Radiation and Nuclear Safety Authority, Finland.) 
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Figure 21-33 Illustration of the process of heterodyning or frequency mixing. 


scanned over a range. This selection must be such that the frequency component X /) is shifted to / and is 
passed by the filter. For example, if the frequency contents of 20) from fi to fa are to be viewed, fi is to be 
scanned from fi + fr to Ja + fi In general, before mixing, the signal 1 first passed through а low pass filter 
(LPF) whose bandwidth is chosen to eliminate image frequencies. 

Most of the scanning spectrum analyzers are multiple conversion analyzers, Le, they have multiple 
intermediate frequency stages at successively lower frequencies. This arrangement allows achievement 
of two conflicting goals: (i) to have the filter bandwidth as small as feasible, and (1) to allow scan over 
large frequency ranges. Since it is difficult to build sharp narrow filters at high frequencies and also to build 
multipliers to work over large frequency ranges, the narrow band filtering is achieved at low intermediate 
frequencies by shifting the frequency down in several steps. The digital storage oscilloscope's display of FFT 
has the advantage of capturing one-shot event as well as being able to store the FET in memory or a disc. The 
scanning spectrum analyzers, however, still hold the ground over FFT in terms of frequency range, dynamic 
range andthe sensitivity. Thus, the spectrum analyzer is more suited for measurements in communication area 
especially in RF and microwave range. The simplified block diagram illustrating the basic building blocks of 
a spectrum analyzer is shown in Fig. 21-34. 

As shown in Fig. 21-34, the signal under test is fed to the mixer via an input circuit The mixer is 
automatically tuned by the swept frequency oscillator driven by a time-base generator. The output of a mixer 
is fed to the detector after passing through an IF amplifier. The detector output is fed to the dc amplifier for 
further amplification which at last is displayed in analog form, 

Since the signal is scanned in time by a linear ramp voltage from the time base, the horizontal position 
of the beam is proportional to variations in frequency and the horizontal axis is the time axis, The output of 
the mixer contains a variety of frequencies. The components lying within the pass band of the IF amplifier 
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Figure 21-34 Spectrum analyzer with the provision for analog display. 
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are boosted, detected and again boosted by a wide band amplifier and fed to theY plate of CRT. Thus, the 
vertical deflection of the beam is proportional to the power carried by some narrow portion of the signal 
spectrum, There is also a builtin generator which inserts frequency marks on the CRT screen to identify 
various spectrum components 

Figure 21-35 illustrates a simplified block diagram of a spectrum analyzer with digital display. According 
to the illustration, the input signal is fed and mixed with the output of a local oscillator which is again driven 
by a sweep generator. The output of the mixer is fed to the IF stage having a defined resolution bandwidth 
(RBW) which is essentially the bandwidth of the fixed narrow band filer. The output of the I stageis detected 
and fed to the next stage which in case of large variations of detector output is а logarithmic amplifier. The 
‘output of log amplifier is again filtered through a smoothing filter with a bandwidth usually termed as video 
bandwidth (VBW ) and is equal to the RBW. RBW determines haw close frequency components in the signal 
spectrum can be displayed as distinct components on the screen, whereas V BW reduces the noise displayed, 
making the power levels easier to see, 


- 
Generator 


Figure 21-35 Spectrum analyzer with the provision for digital display. 


Spectrum analyzers are most commonly used in their logarithmic (log) display mode, in which the vertical 
axis is calibrated in decibels. When a spectrum analyzer is in a log (dB) display mode, results are normally 
averaged before being displayed. This averaging can be accomplished in various ways including averaging 
‘of (i) multiple traces, (1) envelope by the action of the video filter, and (iii) results across the x-axis by the 
noise marker, The average nolse power in decibels is the logarithm of that average power. 

The basic (scalar) spectrum analyzer measures only the magnitude of a signal. It responds to the magnitude 
ofthe signal within pass band of its resolution bandwidth (RBW, i.e., the bandwidth of the final IF), Noise 
in this bandwidth still has a Gaussian PDF, but few RF instruments can display PD F-related matrics. Like an 
oscilloscope, the spectrum analyzer also has markers to aid proper measurements, 


21-7b RF Network Analyzer 
Ап RF network analyzer is an active test instrument for measuring the response of an RF device under test 
(DUT). It is not to be confused with network analyzers used for analyzing data networks. The RF network 
analyzer contains astimulusor RF signal sourcewhichis essentially a form of signal generator which generates 
a signal that is applied to the DUT. These signal generators generally operate in two modes. In one mode it 
‘sweeps the power level, while in the second it sweeps the frequency. 

The signal sources for RF network analyzers may ether be open-loop voltage controlled oscillators or 
digitally synthesized. The open-loop oscillators are much cheaper to design and fabricate and generally 
provide a good phase noise performance but their frequency accuracy and flexibility are relatively low. 
Digitally synthesized oscillators are more expensive but are able to provide an accurate frequency signal 
‘essential for measurement of narrow band devices such as filters. Such measurements, however, require low 
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levels of phase noise to avoid degradation of performance and cost addition. Presently, the mast common 
sources are only of the synthesized variety. 

These analyzers are widely used for characterizing or measuring the response of a variety of components 
including filters, mixers, frequency sensitive networks and the devices. The frequency range in which the 
analyzes operate varies from very low to very high including microwaves. Based on modes of measurement, 
these analyzers can be broadly categorized as under: 


4, Scalar network analyzer (SNA) The scalar network analyzer is a simple form of RF network 
analyzers and is useful for measuring only the amplitude response of a variety of components or DUT. 
SNA effectively works like a spectrum analyzer operating in conjunction with a tracking generator. 
The tracking generators sweep signals at exactly the same frequency that the spectrum analyzer is 
receiving. If a constant output from the tracking generator is directly fed as input to the spectrum 
analyzer, a constant line appears on display indicating the amplitude ofthe tracking generator output. 
Ifa DUT (whereof the amplitude is frequency dependent) is inserted between a spectrum analyzer 
and the tracking generator, the spectrum analyzer will display amplitude variations. 

2. Vector network analyzer (УМА) The vector network analyzer is a more useful form of an RF 
network analyzer than the SNA as it is able to measure more parameters including the amplitude 
response, phase response, scattering parameters and the transmission and reflection coefficients. 
Thus a vector network analyzer provides more comprehensive information than SNA. A V NA is lso 
referred as gain-phase meter or an Automatic Network Analyzer 

з. Large Signal Network Analyzer (LSNA) The large signal network analyzer is specialized form of 
SNA and measures characteristics of devices under large signal conditions. It may also account for 
the harmonics and non-linearity of a network. An earlier version of LSNA was called the Microwave 
Transition Analyzer, M TA. 


‘The above RF network analyzers not only differin their circuitry butalso in measurement techniques, SNA 
is relatively cheap but provides less information. УМА on the other hand provides more information, but are. 
expensive, 

RF network analyzer contains a signal separator, generally referred as test set. This separator may either be 
a separate box or is integrated within the main instrument. The signal separation hardware mainly performs 
the following functions: 

1. Measures a portion of the incident signal to provide a reference for what is termed ratioing, and is 
normally accomplished either by using а splitter or a directional coupler. 

2 Separates the incident and reflected traveling waves at the input of the DUT. 

‘The signal separators may be either splitters or directional couplers. Splitters are broadband in nature, but 
introduce losses. Directional couplers have low loss, good isolation and better directivity but have an inherent 
high pass response usually with a low-end frequency limit. his draw back results in their application restricted 
only to microwave range, Despite their drawback of frequency limitation and use of bridges at microwaves 
causing higher loss, couplers are still preferred in view of their relative merit 

Опсе the signal passes through DUT and is separated from the signal source, It is processed. The pro- 
cessor is essentially a superheterodyne radio receiver with good sensitivity, selectivity, dynamic range and 
barmonic/spurious signal rejection. The narrow band filter within the receiver enables wide band noise to 
be limited and provides a significant sensitivity improvement. The LO is locked to either RF or IF signal sa 
that the receiver in the network analyzer is always tuned to RF signal generated by the source and present at 
the input IF signal is filtered using a band pass filter which reduces the receiver bandwidth and improves its 
sensitivity and dynamic range. The output of the analog section of the receiver, with Its intact magnitude and 
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phase information, is fed to an analog-to-digital converter (А DC). The digital signal processing (DSP) tech- 
niques are now applied to process the signal. This processed RF signal from the receiver and detector section 
is displayed in a suitable interpretable format. With modern processing techniques, some very sophisticated 
solutions are available in RF network analyzers, M ost RF network analyzers Incorporate features including 
linear and logarithmic sweeps, linear and log formats, polar plots, Smith charts, etc. Trace markers, limit 
lines and also pass/fail criteria have also been incorporated in many products. The tuned receiver approach Is 


always used in vector network analyzers, 


Major differences between RF network analyzers and spectrum analyzers 


Spectrum analyzer 


RF Network analyzer 


mayas mensure ОТП 


Generales a Signal and uses The same TW analyze 
a network or device, 


Normally used to measure Characters oF 3 50; 
nal. The parameters measured may include signal or 
Carrier level, sidebands, harmonics, phase noise, et. 


Used to measure response Uf components, 
devices, circuits and sub-assemblies. 


Most commonly configured as а sigle channel 
recelver without a source. As compared to most RF 
network analyzers, a spectrum analyzer has much 
wider IF bandwidth due to flexibility required to 
analyze signals. 


Cons both a source and mulüple receivers 


Iss to gera traceon Hegg c BUTTE ETT 
of results may be much more difficult than with а 
network analyzer. 


Displays ample ava OTT phase Tn'ormation- 
(frequency or power sweeps) and normally in a 
ratio format. 


Tn conjunction wit the табат generator, TE Can be 
used for testing networks such a filters. 


Looks Tor a known signal, Te, 3 known Tre 
quency, atthe output of DUT, sinceitisa stimulus 
response system. 


TT can Бе used Tor scalar component testing [mag 
tude versus Frequency, but no phase measurements) 


With Vector eor correction, a newark analyzer 
provides much higher measurement accuracy 


than a spectrum analyzer. 
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Problems 


21-2-1 Енесі of cabling on gain measurement. Consider the measurementof an AUT, whoseV SWR. 
= 2 witha sourceantenna having VSWR = 1.2. The output return ossof the transmitter in the measurement 
system is 1208 and the input return loss of the receiver 228. The lengths of the coaxial cables connecting 
"he measurement system to he AUT and source antenna are 15 m and 5 m, respectively. The permittivity of 
the dielectrics of the cables is 2.2 and the attenuation 0.25 dB /m. The center frequency in the measurement 
is 12 GHz. Sketch the gain result obtained around the center frequency with the gan comparison method, 
Where the reference antena is similar to the source antenna. (а) When the AUT is transmitting. (b) When 
the AUT is receiving. 

21-3-1 Uncertainty of pattern measurement due to reflected wave. The levei of а wave 
reflected from the ground 4508 below the level of the direct wave. How large errors (in B) are possible 
inthe measurement of: (a) main lobe peak; (b) —13 dB side lobe; (c) —35 dB side lobe? 

21-3-2 Range length requirement due to allowed phase curvature. The maximum allowed 
phase curvature in the measurement of a very low-side lobe antenna is 5°. The width of the antenna îs 8 m 
and it operates at 5.3 GHz. Find the required separation between the source and AUT. 

21-4-1 Design of elevated range. Designan e'evated range (range length, antenna heights, source antenna 
diameter) for the measurement of a 1.2 m reflector antenna operating at 23 GHz. 

21-4-2 Time required for near-field scanning. Estimate the time needed for a planar near-field 
measurement of a 2 m antenna at 300 GHz. The sampling speed = 10 samples per second. 

21-5-1 Power requirement for certain dynamic range. TheAUT has again of 40 dBi at10GHz. The 
¿gain of the source antenna is 20 dBi. The separation between the antennas is 200 m. The receiver sensitivity 
(signal level that is sufficient for measurement) is 105 dBm. Find the minimum transmitted power that is 
needed for a dynamic range of 60 dB. 

21-5-2 Gain measurement using three unknown antennas. Three hom antenna, A, B, and C are 
measured in pairs at 12 GHz. The separation of antennas is & m. The transmitted power is +308 m. The 
received powers are —31 dBm, ~36 dBm, and ~28 dBm for antennas pairs AB, AC, and BC, respectively. 
Find the gains of the antennas. 
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Gain measurement using celestial radio source. At 27 GHz the antenna temperature 
increases 50 K as a 20 m reflector is pointed to CygnusA. Find the antenna gain and aperture efficiency. 
Impedance in laboratory. You try to measure the impedance of a horn antenna with 15 dBi gain at 
10GHzin a normal laboratory room by pointing the main Labe af the antenna perpendicularly towards a wall 
2 m away. The pomer reflection coefficient of the wall is 0.3 and it сап be assumed to cover practically the 
whale beam of heAUT. Estimate the uncertainty of the measurement of the reflection coefficient of the AUT 
due to the reflection of the wall 


Radiometer method for efficiency. Consider the measurement of antenna efficiency with the 
radiometer method. In the measurement, first the AUT pointed toward clear sky and then a calibrated noise 
diode with excess noise ratio EN R — 30 dB is connected to the input of the test receiver. The output naise 
power P, sy is measured with the AUT and with the noise diode switched on (Ту =(10EN2/M + 55 
and off (Ту = To). The power ratios obtained are —1.3dB between the AUT and the “cold” diode and 
254B between the "hoť and "cold diode. The estimated antenna noise temperature in the sky measurement 
Tae = 20 K taking into account the contribution of the ground. (a) Determine the efficiency of the AUT 
and the noise figure of the test receiver. (b) W hat is the uncertainty of the result if the uncertainty of ENR 
is 0.248, the uncertainty of T, 19:25 K and the uncertainty of the gain of the receiver between different 
measurements (gain fluctuation) +0.1 dB? 

Wheeler cap method for efficiency. Derive Eg, (21-5-14). 


Efficiency and two-port model. The antenna can be described as atwo- port with a matched output 
to free space. Present the radiation efficiency of the antenna with its two-part S-parameters. 


Moan effective gain. Deive Eq. (21-6-2). Assume a random propagation environment 


Mean effective gain, practical examples. (a) What is the mean effective gain (MEG) of 
an antenna in a diffuse signal environment where the polarization and direction of the signal are random? 
(b) Definethe MEG fora vertical half-wave dipolein signal conditions of the K abuto-cho routein Table 21-2. 


For computer programs, see A ppendix C. 
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Basics of Wave 


Propagation 
Topics inthis chapter include: 
m Introduction m Modes of wave propagation 
m Definition and broad categorization m Noise 
Wave classification Ray and mode concepts 
m Wave environment m Wave applications 


22-1 Introduction 


Modem radio engineering soneof the most powerful tolsin spreading thescientific and technical knowledge 
and the fruits of its progress among the masses It has penetrated all branches of national and international 
economy, science, industry, culture and our everyday life. One of its most important applications involves 
long distance communication by means of electromagnetic waves. 

The electromagnetic spectrum encompasses a frequency ange from a small fraction of a hertz to 102 Hz 
and even more. The term radio wave is arbitrarily applied to electromagnetic waves in the frequency range 
from 0,001 to 1016 Hz. In terms of wavelength, the lower limit of radio waves propagated in free space (or 
vacuum) is 3x 10! and the upper limit is 310—8 m. The frequencies down to a few thousandth of a hertz 
are Involved in some natural phenomena. Such frequencies, for example, are generated by fluctuations of 
the solar electron proton stream as it penetrates the earth's atmosphere. These waves are closely related to 
magneto-hydro- dynamic waves (mechanical waves produced by the ion plasma of the atmosphere). Lightning 
discharges also produce these waves. The frequency of 0.001 Hz isan arbitrary limit, which may go down with 
further advances in scientific knowledge The lower init of the frequencies used by transmitters is normally 
setto be 10° Hz. On the higher side, radio wave spectrum presently extends to the limit of 10 Hz. 

. spectrum into bands on decimal basis, with bands named according 
to the frequency or wavelength they encompass. This division of radio waves (Included in Table 1-3) helps 
not only in he study of characteristics of waves but also in identifying different applications and the design 
of transmitters, receivers, antennas (or channels in case of guided waves). The UHF and SHF, sometimes also 
refered as microwave and millimetric wave, are further classified into sub-bands as given in Table 1-3 

The waves longer than 10m (sub-audio and audio waves) have little or no commercial usage and are 
‘employed solely in research. The waves having wavelengths between 102-10° m, find applications in sub- 
marine and mine communication, since they can penetrate deeper ino water and earth. Besides, the waves 
having extremely high frequencies (ог extremely short wavelengths) of tera herz (TH) range are now 


m 
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gaining ground in optical communication systems owing to thelr high bandwidth capability, very high speed 
and several other significant advantages. 


22-2 Definition and Broad Categorization 


22-2a Basic Definition 
Ап electromagnetic wave can be conceived in terms of electric and magnetic field vectors E and H. These 
vectors obey the mathematical relations VE = prd? Ear? and VH = ned? ar? respectively. Study of 
these wave equations leads to the following definition: 

“If a physical phenomenon that occurs at one place at a given time is reproduced at other places at later 
times, thetimedelay being proportional to the space separation from thefirst locaton, the group of phenomena 
constitutes a wave. The term wave also has an entirely different usage, viz, a recurring function of time at а 
point, as in the expression of sinusoidal voltage wave. A wave, however, may not necessarily be a repetitive 
phenomenon in time." 

Depending onthe natureand location of space encountered, some or all the characteristics of a propagating 
wave may get altered. The possible phenomena which may lead to characteristic modifications may include 
reflection, refraction, diffraction, absorption and the rotation of plane of polarization. These are mainly dueto 
variation of media parameters (o, and и) on the way or the shape and characteristics of obstructing objects. 
The paths to be adopted by the electromagnetic waves to arrive at the destination (normally, a receiving 
antenna) may thus differ from situation t situation. These may also depend on the heights of transmitting and 
receiving antennas, the angle of launch of electromagnetic energy into the space, the frequency of operation, 
the polarization and other factors. In view of variations, factors, applications and situations, electromagnetic 
Waves canbe classified in a numberof ways (as subsequently discussed), But before that, the wave study may 
broadly be categorized as under. 


22-2b Guided Waves 
These include the waves guided by manmade structures such as paralel wire pairs, coaxial cables, wave 
guides, strip lines, optical fibers, etc. Guided waves havea very large sphere of applications for signal and data 
Communication. Long haul telephone trunk lines such as Trans-A tanti coaxial cables, wire pairs and cables 
Used in local area networks (LAN), closed circuit TV, interconnections used for providing Internet services, 
cable networks used by cable TV operators and networking of computers located in the same room, building, 
locality or campus. These are only a few applications where waves are guided through transmission structures. 


22-20 Unguided Waves 
These include waves propagating in the terrestrial atmosphere, over and along the earth and in outer space 
Unguided radio waves also find many and extremely important applications in science and engineering and 
the sphere of these applications is increasing day by day. These include the transmission of information over 
shortandlong distances through telegraphy and telephony, radio broadcast television, mobile communication, 
satellites, radars, telecontrol, radio location, radio navigation, remote sensing and distance measurements by 
radio means, Unguided propagation is also used in geophysics, in the study of upper atmosphere, radio 
astronomy, study of activities of sun, stars and nebulae inside and outside our galaxy. The most common 
features of all (guided or unguided) waves are that they all employ a radio circuit or link, consisting of a 
transmitter, a receiver and a propagation medium. The order of distances involved between transmitting and 
receiving points тау vary from very small to very large. Table 22-1 illustrates the probable distances between 
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Table 22-1 Probable physical distances between processors 


Tm TUE таз Tow TRU 
im System Mu processor 
шт oom 
E Buling Local nemo 
lim Campis 
1m cy Long haul nemor 
100 km Country 
1000 km Country Content Planet Interconnection of long haul networks 


transmitters and receivers (or processors). T hese distances may bequiteshort located in ће ате circuit board 
‘or may be quite large as in different continents ог even planets. 

From the above, it is evident that the study of different aspects of wave propagation is immensely 
important and useful for any student of the communication stream of engineering and for those working 
in communication-related industries. These aspects may include various modes of propagation, the types and 
basis of classification of radio waves, the environment faced by the propagating wave, the characteristics 
‘exhibited by waves therein and the applications of waves in different ranges of frequency, 


22-3 Classification of Electromagnetic Wa 


The energy generated by a transmitter is fed toa transmitting antenna which in turn radiates the same into the. 
space, This radiated energy travels all through the space and this mode of travel is termed as electromagnetic. 
wave, Basic definition of the wave along with its governing equations has been given earlier in Section 22-2a 


22-3a General Classification 
Plane wave In phasor form, a plane wave is defined as one for which the equiphase surface is a plane 
Uniform plane wave If the equiphase surface is also an equiampliude surface, the wave is called a uniform 
plane wave. A uniform plane wave progressing in the direction z (say), will have по E, component. It, 
however, may have E, andlor E, components). in a uniform plane wave E is entirely transverse. In à 
uniform plane wave, E and are at right angles (orthogonal) to each other. 

T... planewave, the equiphaseand equamplitudesurfacesarenether 
some nor they re parallel. Also, in a non-uniform plane wave, E and H need not necessarily be orthogonal 
‘Slaw wave When the phase velocity normal to the equiphase surfaces is less than the velocity of light 
thewaveis referred to as a slow wave. In certain microwave devices (e.g, TWT) special structural shapes аге 
employed to slow down the speed of the wave. 

Forward wave A wave traveling in an assigned direction from the point of origin is called forward wave 
provided there is no hindrance to cause reflection? 

Backward wave The backward wave is, In general, a reflected wave which results, when a forward wave 
strikes a reflecting surface. The reflection of a wave may be total or partial depending upon the conductivity 
and roughness of the surface it strikes. The reflection also occurs in transmission lines when It is terminated 
in impedance other than the characteristic impedance of the line. The word transmission line generally 
encompasses parallel wire lines, coaxial cables, waveguides or an optical fibre. 

Traveling wave When a wave s progressing only in one direction and there is no reflected wave present, 
itis called a traveling wave. In such a wave, the maximas or minimas of E and Н at different time instants 
appear at different space locations as illustrated in Fig. 22-1 (a) and (c) 
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Iure 22-1 Variation of Е with space parameter x in (а) traveling wave, (b) standing wave, 
and in (c) traveling wave with attenuation. 


Standing wave If both forward and reflected waves are simultaneously present, they combine to result in 
a wave called standing wave, Such a wave does not progress and maximas or minimas (of E and 17) for 
different time instants will appear at the same space location but with varying magnitudes. The traveling and 
standing waves are illustrated in Fig. 2-19) 

Surface wave If а wave is supported by some kind of surface between two media, it is called a surface 
wave. In other words, a surface wave is one that propagates parallel to the interface and decays vertically to it 
Ground waves may be composed of surface waves (originating from antennas located near to the ground) and 
space waves (originating from elevated antennas). n case of sip lines, the wave travels as a surface wave 
Trapped wave Sometimes a surface wave is also called a trapped wave because lt carries Ив energy within a 
эта! distance from the interface. This wave does not radiate except at discontinuities, such as the termination 
of the structure. A traveling wave carried by а two-wire line with discontinuities placed at regular Intervals 
along the lines a surface wave. The ducting phenomenon in space wave mode of propagation also amounts 
to trapping of the wave within its lower and upper bounds, 

Leaky wave When discontinuities are densely placed along the line, making it а continuous perturbing 
structure, another type of traveling wave results and is a called a leaky wave. There is some leakage of energy 
mainly from the top bounds of the duct. 


22-3b Classification Based on Orient: 
A wave may also be classified according to the polarization or time-varying behavior of the electric field 
vector E at some fixed point in space. A wave may be polarized along xly direction or it may be linearly, 
circularly or elliptically polarized. Further, the circularly or elliptically polarized wave may have a left-hand 
or aright-hand sense, 

Besides, if in a wave E is parallel to the boundary surface or perpendicular to the plane of incidence їе, a 
plane containing the incidence ray and the normal to the surface), the wave s termed horizontally polarize. 
In case E is perpendicular to the boundary surface ог parallel to the plane of incidence, it is called vertically 
polarized, These waves originate from the horizontal and vertical antennas respectively with reference to the 
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surface of the earth. However, it is seen that, whereas E of a horizontally polarized wave is horizontal, E 
of a vertically polarized wave is not wholly vertical but has some horizontal component. M ore appropriate 
designations, therefore, are perpendicular and parallel polarization, to indicate that E is perpendicular or 
paralel to the plane of incidence. 


22-30 Classification Based on the Presence of Field Components 
Thewave propagating between two parallel planes or waveguides assumes altogether a different nomenclature, 
namely, transverse electric (TE) or H wave and transverse magnetic (ТМ ) or E wave. In a transverse electric 
wave, E has no component in the direction the wave progresses, and in a transverse magnetic wave, Н has 
по component in the direction of propagation. Thus, in an Н wave, E is entirely transverse, whereas in E 
wave Н is entirely transverse, A special case, which results from TM wave, only in case of parallel planes, 
is that of transverse electromagnetic (TEM) also termed as EH or HE wave. In a TEM wave, E and Н both 
are transverse and there is no component of E or H in the direction the wave progresses. The use of TEM 
‘waves ismainly confined to the parallel plane / parallel wire transmission line. Since the cutoff, le, the lowest 
limit of frequency for a TEM wave is zero, it is best suited where low frequency transmission is involved 
such as powerlines. The other two (TE and TM) modes of propagation are commonly used in waveguides 
‘and coaxial cables in vien of their high cutoff frequencies. The nomenclature of Е wave, Н wave, EH / HE 
wave is more frequently used for waves propagating in optical fibers while TE, TM and TEM terminology is 
generally assigned to waves traveling between paralel lanes and in wave guides. 


22-34 Classification Based on Modes of Propagation 
In case of long distance unguided waves, the communication link may be established through ground waves, 
space waves or sky waves. The selection of a particular mode depends on frequency range and applications 
Table 22-2 shows modes of wave propagation used in different ranges of frequencies. As evident from the 
table, In some of the ranges more than one mode of propagation is employed. Figure 22-2 illustrates the above 
and the ranges in which the waves (i) are vertically or horizontally polarized (ii) follow curved or straight line 
paths, (il) are fully absorbed/refected, and partly absorbed/refected by different layers of the ionosphere, 
and (iv) penetrate in earth and water. 


Table 22-2 Modes of radio wave propagation“ 
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Figure 22-2 Wave characteristics in different frequency bands. 


22-4 Wave Environment 


‘The study of wave propagation requires a complete understanding of the nature and characteristics of media, 
which a wave may encounter during the course of its travel. An electromagnetic wave is visualize in terms of 
the variations of electric and magnetic field quantities with space and time. These quantities are susceptible 
to the changes in media parameters (+, y, and o). Thus the media require an in-depth study and must be 
Classified so as to spell the true nature of variations in space and time. The following terminology is normally 
used to define a media. 


Homogenecusinon-homogeneous media A homogeneous medium isonefor which s, y and areconstant 
throughout the medium. I ether of these parameters (є, y and о) has different values at different locations, 
the media is called heterogeneous or non-homogeneous. 

Isotropicjanisotropie media A mediumisisotropic if £ (or y) is a scalar constant, so that Dand E (or Band 
Н) have the same direction everywhere. If either of the media parameters varies with the space parameters, D. 
and E (or Band H) will have different orientations and such a media is termed as anisotropic/non-isotropic. 
Source-tree region A source-free region is one in which no impressed voltages or currents (ie, no 
generators) are present. 

Though theaboveclassfication isalso valid in caseof wave propagation butin view of different propagation 
modes altogether different nomenclature is used in connection with the waves, These are as given below. 
Troposphere |t is а region containing atmosphere and almost all weather phenomena including cloud for- 
mation takes place here. It extends from the earth's surface to nearly 8 to 10 km at poles, 10 1012 km for 
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moderate latitudes and 16 to 18 km atthe equator. With the exception of water vapour content which strongly 
depend on weather conditions and sharply decrease with height, the percentage of gas components does not 
vary with height. The temperature of troposphere decreases with height at an average rate of 6 degree. 
There may be a lot of turbulence because of variations in temperature, pressure and density. These conditions 
have a profound effect on the propagation of radio waves. The upper boundary of the troposphere is called 
tropopause which is a narrow region of constant temperature. 

Stratosphere This region is located between the troposphere and ionosphere and extends from upper limit 
ftroposphereto the lower limit of ionosphere. The temperature throughout this region is almost constant and 
there is е water vapor present In this region matter is partly ionized, Because it is relatively calm region 
with little or no temperature change, he stratosphere has almost no effect on radio waves, 

tonosphere This region extends from limits of stratosphereto nearly 400 to 500 km into space and is the most 
important region of the earth's atmosphere for long-distance point-to-point communication. In this region, 
matter is totally ionized. Since theexistence of the ionosphere s directly related to the radiations emitted from 
the sun, the movement of the earth about the sun or change іп the sun's activity results in variations in the 
ionosphere These variations are generally categorized n accordance with their occurrence and can be termed 
as regular and irregular. The regular variations more or less occur in cycles and, therefore, can be predicted 
with reasonable accuracy. The irregular ones are the result of abnormal behaviour of the sun and cannot be 
predicted. Both regular and irregular variations affect the radio wave propagation to the tune of thelr severity. 
The regular variations can be divided into daily, 27-day, seasonal and 11-year variations. 

The daily variations are the result of ultraviolet energy radiated by the sun. It results in the formation of 
four cloud- like layers of electrically charged gas atoms called ions through a process called ionization. The 
high-energy ultraviolet ight waves of differing frequency emanated from the sun enter the atmosphere and 
strike neutral gas atoms to make some of their electrons free. The atoms from which the electrons are librated 
become positively charged and are called positive ions, The ultraviolet rays of higher frequency penetrate 
deeper than those of the lower frequency. Thus, higher frequency rays resultin the formation of lower ionized 
layers whereas the lower frequencies form the upper layers. The ion density contents of these ionized layers 
are determined by the location of the sun or more specifically its elevation angle. In view of the frequent 
Change in the suns location, the height and thickness of the ionized layers keeps on changing with the time of 
theday and the seasons of the year, Itis to be noted thatthe ionization process is nota stable phenomenon. The 
{reed electrons and the positive ions keep on colliding with each other. In the process some of them recombine 
and the positive ions return to their original neutral state. Like ionization, the recombination process also 
depends on the time of day. Between eariy morning and late afternoon, the ionization process dominates since 
the radiation from sun in this period is more intense. During this period, the ionized layers have the greatest 
density and have maximum influence on the wave propagation. From late afternoon to early morning the 
recombination process dominates and results in reduction of layer densities. Further details about the referred 
four layers are incorporated with the discusion of sky wave propagation. 

Besides the four ionized layers, there are certain belts containing Ionized particles and are capable of 
Influencing wave propagation. These radiation belts called Van A len Belts (VAB) occupy the outer region of 
theionosphere and are referred as VA B-1, VA B-2 and VA 8-3, girdling the earth and consisting of the charged 
particles rapped by the terrestrial magnetic field, having the shape of magnetic lines of force. Within these 
radiation belts, the charged particles are in oscillatory and rotational motion along and around the magnetic 
lines of force. Some more details related to these belts аге as below. 
as. Theiner belt is situated in the interval of geomagnetic latitudes between (35° to 40°). In the plane 
ofthe geomagnetic equator, it begins at an altitude of about 600 km in the Western Hemisphere and 1600 km 
in the Eastern Hemisphere and extends out to a distance of about an earth radius. Protons with an energy of 
10 electron volts and electrons with an energy of 10° electron volts occupy the inner zone. These particles 
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are presumably produced by the decay of the neutrons emitted by the earth's atmosphere under the action of 
cosmic rays, 

чав-2 The outer belt begins at an altitude of about 20,000 km in the plane of the geomagnetic equator and 
extends out to a distance of seven earth radi. This belt has the shape of a horseshoe and comes within 300 
to 1,500 km of the earth's surface in the interval of geomagnetic latitudes between +. (55° to 70°). The outer 
part of this belt appears to be filled with particles of solar origin energies from a few tens of kilo-electron 
volts to mega electron volts. 

чав-з The third radiation belt occurs inthe interval of distances from 55,000 to 75,000 km (8.5 to 11.5 earth 
radii). Itis filled with electrons of relatively low energies, but greater than 200 electron volts. Its size depends 
оп the extent of geomagnetic disturbances. 

In case of ground waves, the environment nearer to the earth's surface and the roughness of the earth 
surface and the electrical properties of the earth are of prime importance. In case of ionospheric (sky) wave 
propagation, the structure and characteristics of the ionospheric layers; their hourly, seasonal and yearly 
Variations and effect of sunspots and other solar activities are of importance. For space waves, the refractive 
index profiles (which depend on temperature, pressure and humidity, et.) are the decisive factors for proper 
establishment of communication. If the destination of a wave is a geo-synchronous satellite, М oon, a planet 
ог any other object far removed from earth, the wave may have to pass through the Van A len belts which 
are related with solar activity and the earth's magnetic field. Thus, before establishing a communication link, 
the distance to the destination and the hazards to be faced by the wave are to be systematically explored. 


22-5 Different Modes of Wave Propagation 


The energy radiated from a transmitting antenna may travel all through space with (or without) alteration in 
its characteristics, after refraction due to variation of media parameters on the way or after reflection from 
obstructing objects including earth surface to arrive at the receiving antenna. The path to be adopted by the 
electromagnetic waves о arrive at the receiver will not only depend on the characteristics of the space between 
the two antennas and the angle of launch of the energy into the space but will also be affected by many other 
factors, Figure 22-3 illustrates many possible propagation paths. 

Thewave ( marked 1) adopts astraight- 
line path in free space and is some- 
times referred as direct wave (DW). The 
Wave [marked 2) adopts a curved path in 
Чен of refraction phenomena in the tmo- 
sphere. The wave (marked 3) reflected or 
scattered in the troposphere is termed as 
tropospheric wave. This mode of prop- 
agation is the result of irregularities of — Troposheré 
troposphere, which extends to nearly 10 to т 
15 km from the earth surface. The commu- 
nication utilizing the tropospheric waves arth 
iscalledtropospheric communication. The 
wavelmarked 4) reaching therecever ater Figure 22-3 Different modes of wave propagation. 
getting refracted and reflected from the ionosphere is called ionospheric or sky wave (SKW ). This is some 
times also referred as ionosphericall reflected or ionosphericlly scattered wave. This mode of propagation 
is used for beyond the horizon communication or very long distance communication and is operated in high 
frequency (HF) range. This mode is also employed in over-the-horizon (OTH) radars. The wave (marked 5) 


Ionosphere 


Stratosphere 
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propagating over paths near the earth's surface is often referred as ground wave (GW ). Ground (surface) 
waves are vertically polarized and exist if antennas are close to earth. All broadcast signals In daytime are 
‘ground waves. Beside broadcasting, these аге also used for ground wave radars. 

In view of the Sommerfeld analysis, the ground wave is divided into two parts, namely, the surface wave 
(SUW) and the space wave (SPW). The space wave predominates at larger distances above the earth, whereas 
the surface wave is more significant near the earth's surface. 

Space wave is made up of the direct wave (comprising the signal reaching the receiver through the straight 
path from the transmitter) and the ground reflected wave (containing the signal arriving at the receiver after 
reflection fram the surface of the earth). Such waves are used for beyond-the-horizon communication, Space 
waves are the only means of communication beyond the 30-M Hz range. A surface wave also includes the 
energy received as a result of diffraction around the earth's surface and reflection from the upper atmosphere, 


22-6 Wave Applications 


The electromagnetic waves encompass a variety of applications ranging from radio and TV broadcast to radars 
and satellites. Some of the wave applications along with the frequency range of communication systems are 
illustrated in Figs, 22-2 and 22-4. 

‘One of the most important applications of wave propagation is related to the time and frequency standards, 
‘Almost for all space vehicles, aircrafts and ships, for their takeoff, landing/docking, parking and for transmit- 
ing and receiving messages and commands, it is necessary that an accurate time schedule is observed. This 
requires an accurate measurement of time and frequency. The propagation time from one point to another for 
aVLF wave can be very accurately measured and the variations therein, can be predicted and compensated 
up to а great extent The diurnal variations obtained at the NWC station in Austalia operating at 22 kHz are 
about 50 ys. Thus, the time standard can be obtained up to 50 js accuracy. Since the propagation delay varies 
less if observed at the same time every day, the measurement accuracy can be further improved by applying 
correction factors for the time of day. The measurement of stable propagation delay automatically leads to the 
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Figure 22-4 Communication Services through Un-guided waves. 
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stable measurement of frequency. A V LF transmitter transmitting power of the order of MW, atan accurately 
monitored frequency and modulation can provide time and frequency standards for across the globe as far as 
10,000 km. 


22-7 Noise 


Noises the classical limitation of electronic devices and communication systems. The noise and distortions 
limit the range of processing and detection devices, measurement techniques and make the results erroneous. 
Noise can be defined as an unwanted electromagnetic signal. With addition of noise, the amplitude and/or the 
phase of the desired signal may get altered. Noise can be broadly categorized as internal and external. Internal 
noise occurs due to random mation of electrons in most of the electronic devices, Due to the involvement of а 
very large number of such electrons and independency of their motion, variations in curent low are bound to 
exist Theserandom variations can beonly statistically accounted In thecontextof wave propagation, theinter- 
па oiseis relatively of esser significance. External nose is of greater significance and requires a little more 
attention in the scenario of wave propagation. The external noise generally includes manmade interference, 
atmospheric noise, cosmic noise and thermal nose. These constituents are briefly described below. 
Manmade interference Electrical motors, home appliances, induction heaters, automobile ignition and 
other industrial and household electrical plants are the major contributors to this type of noise. It is stronger 
in big cities. The vertically polarized waves, nearer to the earth, are more likely to be affected by manmade 
interference since such interference, by паше, is mainly vertically polarized. Therefore in applications, viz. 
TV and FM broadcasting horizontally polarized waves are generally preferred in order to discriminate from 
vertically polarized interference. 

Atmospheric noise Itis lso called precipitation static. Its main causes the natural occurrence of lightning 
flashes. About 100 lightning discharges occur every second around the globe, mostly in tropical belts of the 
continents. 

Cosmic noise Itis the main source of interference in metric waves and is a result of emissions from various 
radio sources from in and outside our galaxy and from the sun. The quantum of impact of the sun depends on 
its quite and disturbed states. 

Thermal noise The reradiation of the energy, absorbed by water vapour (at about 22 GHz) and oxygen 
molecules (at about 60 GHZ), is the mejor cause of thermal noise 


22-8 Ray and Mode Concepts 


Inthesubsequent chapters, the tems ray and mode arefrequentiy used. Ray is defined as the perpendicular 
drawn to an equiphase plane and the tem ‘mode’ was introduced in Section 22-3. There are mainly two 
methods of analyzing the wave phenomena, These are referred as ray theory’ and made theory. Ray theory 
is applicable only if the distance between two reflecting layers is several wavelengths long; while for shorter 
distances, mode theory is normally employed, When using гау theory, а surface wave needs to be separately 
taken into account, whereas it is not necessary in mode theory. The surface wave tht is of importance isthe 
Norton surface wave. The attenuation of the surface wave as a function of distance is strongly dependent on 
the ground conductivity. Effects of ionosphere are relatively un-important. At VLF, waves can be analyzed 
ebe by ray theory or mode theory. In fact, ray theory would be valid only at the upper edge of theV LF range 
or in the LF range: In ray theory, the phases and amplitudes of all rays that can reach а given observation 
point from a given origination point are calculated. If the receiver is very far (>2000 km) from the transmitter 
then the number o hops (i.e. number of times the wave gets reflected) becomes very large and mode theory 
calculations are preferred. 
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The modes of propagation in the esrth-ionosphere cavity аге similar to the modes of propagation between 
parallel conducting plates, The ionosphere and the earth both act as good reflectors especially in the lower 
VLF range. For rigorous treatment of the problem, one must assume a spherical earth and take appropriate 
models of electron and collision frequency variations with height. To understand made theory, the problem 
can be simplified by assuming the earth to be flat and the ionosphere to begin abruptly at a height л above 
the earth. Effective reflection coefficients (in general, complex quantities) for both parallel and perpendicular 
polarization at ground and at lower edge of ionosphere can be calculated. The simplest mode of propagation 
isthe TEM mode with zero cutoff frequency. For ТЕ and TM modes, the cutoff frequencies are much higher, 
TEM mode is dominant only at frequencies below 1 kHz. At higher frequencies, losses are too high. 


Note (References are given at the end of chapter 25) 


Chapter 23 


Ground Wave Propagation 


‘Topics inthis chapter include: 


п Introduction m Impact of imperfect earth 

mb Plane earth reflection m Reduction factor and numerical distance 

m Space and surface waves. "b Earth's behaviour at different frequencies 
Transition between surface and space wave ш Curved earth reflection 

е 


Tilt of surface waves 


23-1 Introduction 


The waves, which while traveling, glide over the earth's surface are called ground waves. Ground waves 
are always vertically polarized and induce charges in the earth. The number and polarity of these charges. 
Keep on changing with the intensity and location of the wave field This variation causes the constitution of a 
Current. In carrying this current, the earth behaves like a leaky capacitor. As the wave travels over the surface, 
it gets weakened due to absorption of some of its energy. This absorption, in fact, is the power loss in the. 
earth's resistance due to ће flow of current. This energy loss is partly replenished by the diffraction of energy, 
downward, from the portion of the wave present somewhat above the immediate surface of the earth This 
process is shown in Fig. 23-1. 

Theenergy propagated over paths near the earth's surfaces considered to be made possible through ground 
waves, The earth's surface s normally considered to bea plane, provided the distance between the transmitter 
and the receiver does not cross a barrier d which is given by 


а 80 / uin miles a 


(9) Side view (©) Frontview (e) Earth represented by 
a leaky capacitor 


Figure 23-1 Front and side view of the gliding wave and a leaky capacitor. 
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Beyond this distance, the effect of the curvature of the earth is to be accounted. Thus, the study of wave 
propagation can be divided into two parts, Le, the waves that propagate over (1) the plane earth, and (1i) the 
spherical earth. 


EXAMPLE 23-1.1 Calculate the distance beyond which the earth's curvature is to be accounted at 
Frequency of (a) 100 kHz, (b) 1 M Hz, and (c) 10 MHz. 


m Soh 
їп view of (1), d 5и iz) in miles 


(a) 100 kHz =0.1 M Hz, 1=50/10.1)*/3=50/0.46 
(b) 1 MHz, 
(c) 10 MHz, d = 5010)" 


107.75 miles 


02.1544 =23-21miles 


23-2 Plane Earth Reflection 


For elevated transmitting and receiving antennas within the line of sight of each other, the received resultant 
signal is a combination of the signal reaching the receiver through a direct path and that reaching after being 
reflected by the ground. These two paths are shown in Fig. 23-2. 

For a smooth plane and finitely conducting earth, the magnitude and phase of the reflected wave differ 
from that of the incident wave. W hen the earth is rough, the reflected wave tends to be scattered and may be 
much reduced in amplitude compared with smooth earth reflection. The roughness is generally estimated by 
the Raleigh criterion given by the relation: 

R = hrasno fi. a 
where, 
a is the standard deviation of the surface irregularities relative to the mean surface height, 
9 is the angle of incidence measured from the normal angle, and 
A is the wavelength. 
If R < 0.1, the reflecting surface is considered as being smooth 
If R > 10, the reflecting surface s considered to be rough. 

From the rough earth, the reflected wave tends to be scattered and may be much reduced in amplitude 
compared with that reflected from a smooth surface. Besides, a surface may be considered rough for waves 
incident at high angles (ie, large). It may approach to be smooth as the angle of incidence approaches the 
grazing angle (i.e, 0 —0). Also, when the incident wave is near grazing over a smooth earth, the reflection 
coefficient approaches minus one for both polarizations. 


(TY TT wach 


Figure 23-2 Direct wave (DW ) and reflected wave (RW) between Т, and R, 
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The problem of reflection at the surface of a perfect dielectric results in the reflection factors for 
perpendicular and parallel polarizations. The earth, although not a good conductor like copper or silver, is 
also not a perfect dielectric, The relations for reflection factors for perpendicular and parallel polarizations 
obtained for perfect dielectric (4 and 5 below), therefore, need modification by accounting finite conductivity 
of the earth 

For a medium having dielectric constant and conductivity o. Maxwell's equations can be written as 


Vx H= J+ aper =a E U. a 
In view of sinusoidal time variation le. j he above relation can be manipulated to yield 
Vx H =e Ef a 


where, e! = [e + (rjj) isa complex quantity 
Theexpression for reflection coefficients E,/ Ej) for horizontal polarization y and for vertical polarization 
(Ry) are given as 
Ru = [ricos — Vica = e1 Sin /i cost + ig = e1 Stay w 
Ry = liez/r)) cost — l(e2/ex) sin? ONI/I(ez/e) case + (ez/e1) — sin? a1 5 
IF the medium 1 is free space with £1 = су and the medium 2 is be flat earth surface with c) = £7 = {e + 
(o / jo)), the above expressions can be modified as under 
Ru = [/eocoso—ylle+(0/j0)] — so Sin? 0/1 fen cost. Vile + (0/5u)) — so sin* (6) 
For ¥= a= 90° 0 or 9=90—y.cost = sin and sino =cosy 
Ең = (eo cos(90" — v) — Ile + (анд) — eosin? 90 HH 08180? — y) 
tlle + (9/7) = eosin 00 — Yan 
(eosin w — lle + ajo) — (eo соз V)II/LVeosin y 
t Ile + (ej) Ec у 
(sin y — Ille/eo)-+(a/jeeo)) cos? W1)/ Ag W + КС ео) (о/з) cos? WI (7) 
Putting [es = s, and aJl jea) = x or Reis] = оДоко) or >(18x10%)a/fz =(18 100/12 
Ru = (Sin yr — Ver = jx) = cos? H/ lan ¥ + vies — ja) = cos? vll 18) 
Similarly, the expression (5) of be reflection coefficient for parallel (vertical) polarization can be modified as 
under. 
Ry = [er = jx) біту = Alter = jx) = cos WII/ Mer — jasin tis, = jx) = cos wl) (8) 
Since R and Ry are both complex quantities, these can be written as 
Ен kn ku. and Ry =|Ry|ZRy (10) 
where] Rıı| and [Ry |aretheamplitudesand Z Ен and Z Ry are the phase angles of Ки and Ry respectively, 
From (8), (9) and (10), it is evident that the reflection factors are of complex nature and that the reflected 
wave will differ from the incident wave, both in magnitude and phase. The variation of these factors with 
angles of incidence, values of x and frequencies (/) is shown in Figs. 23-3 and 23-4. The parameter x 
obtained for different relative dielectric constant (s+), conductivity (7) of the earth over а range of fre- 
quencies (from 0.5 to 1000 MHz) may vary from 2 to more than 200. The relative dielectric constant is 
of the order of about 7 for a poor (low conductivity) earth, 15 for an average earth and about 30 for a 


good (high conductivity) earth. These curves for different relative values of x and / yield the following 
information: 


22-2 Plane Earth Reflection E 
"IS == а =] 
КЕ: VZT = 


Angle n degrees ° 


monon an heheheh йди» 


nonono enden 
* e 


Figure 23-3 Variation of |R,| and ZR; with incident angle. 
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Figure 23-4 Variation of Jy and “Ry with incident angle, 


When the incident wave is horizontally polarized (Fig. 23-3) 

. The phase of the reflected wave differs from that of the incident wave by nearly 180° for all angles 
of incidences, 

‘= For angles of incidence near grazing ( = 0), the reflected wave is equal in magnitude but 180° out 
of phase with the incident wave for all frequencies and for all ground conductivities. 

+ As the angle of incidence is increased, both the magnitude and phase of the reflection factor 
change, but not to а large extent. The change is greater for the higher frequencies and lower ground 
conductivities, 

When the incident wave is vertically polarized (Fig. 23-4) 

+ Atgrazing incidence E, the reflected wave is equal to that of the incident wave and has an 180° phase 
reversal for all finite conductivities 

‘= As the angle increases from zero, the magnitude and phase of the reflected wave decrease rapidly. 
The magnitude reaches a minimum and the phase change goes through —90° at an angle known 
as pseudo-Brewster angle (or just Brewster angle) by the analogy of a perfect dielectric case. At 
angles of incidence above this critical angle, the magnitude increases again and the phase approaches 
zero 
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For very high frequencies and low conductivities, the Brewster angle has very nearly the same value 
asithas for aperfectdlelectric. For «,=15, the Brewster angle occurs at la S for the perfec dielectric 
case, 


+ For lower frequencies and higher conductivities, the Brewster angle is less, approaching zero as х 
becomes much larger than e, 

+ When the incident wave is normal to the reflecting surface ( = 90°), it is evident that there is 
no difference between horizontal and vertical polarization. The reflection coefficients Ry and Ry 
should have the same value, as E will be parallel to the reflecting surface in both cases. Com, 
parison of these figures illustrate that Ry and Ry have the same magnitude but differ by 180° 
in phase. This is due to the different positive directions assigned for the reflected waves in two 
cases, 


« For angles of incidence near grazing, a more accurate plot of reflection coefficient is often require. 
Such curves platted on logarithmic scales аге available. 


Figures showing variation of the earth's constants (viz, conductivity and permittivity) in different regions. 
of the globe are also available. The values of ғ, and o for some commonly encountered terrain are given in 
Table 23-1. 

‘The curves shown by Figs, 23-3 and 23-4 are labeled in terms of relative values of x and f. The actual 
Curves may be obtained by substituting desired values of o, £, and f in the relevant equations. A curve 
obtained for a particular х (say for good earth) will correspond to a particular frequency. This same curve 
тау also apply for another frequency if the conductivity of the earth is changed to that of a very poor 
eat, 


EXAMPLE 23-2.1 Obtain the roughness factor at 3 M Hz for an earth having o =0.5, with a = 30°, 
Calculate the ratio of roughness factors for the same earth and same 0 if frequency is doubled. 

п Solution 

In view of (1), R =4 x 0 sino Ja 

Since at 3 MHZ =100m 

В =4 05 x sin 30°/100 = 2/100 = 0.031415927 


EXAMPLE 23-2.2 Evaluate the roughness factors for the earth at 10 MHz if a 
(a) 30°, (b) 45°, and (c) 60°. 

M Solution 

In view of (4), R =4 x0 sin 9/2 

Since a. at 10 MHz =30m 

ax 5 x sin 30°/30 = 107/30 = 2/3 = 10472 

1x5 x sin 45°/30 = 202/3042 = „21/3 = 1481 

ax 5 x sin 607/30 = 107 V3/30 = (37/3 = 18138 


foro equal to 
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EXAMPLE 23-2.3 Estimate the values of parameter х for flat earth with o = 4x10-Sat 
(a) f =300 KHz, (b) 1000 KHz, and (c) 3 MHz 

m Solution 

In view ofthe relation, x = 18x10% Hz 

% f =300kHz =03 MHz, x = (18 x 10°) x 4 x 10-5/03 
(b) 1000 kH: MH: 18 x 10) x 4x1075/ 
(c) 3MHz 810% 4x107%/3 = 721072 13. 


23-3 Space Wave and Surface Wave 


According to Sommerfeld, the ground wave can be 

divided into two parts, а space wave and а surface 

wave. The space wave dominates at larger distances 

abovetheearth, whereasthesurfacewaveisstronger 

nearer to the earth's surface. The expressions given 

by Norton for the electric field of an electric dipole 

abovethesurfaceof a finitely conducting planeesrth 

dearly show the separation into space and surface bed 

waves. Figure 23-5 Vertical dipole and its image. 
At larger distances, the field expressions for the 

vertical dipole after neglecting the terms containing 

the higher orders of 1/ and 1/2, reduces to 


Ez = j30p1dI|cos? ep — jBRI)/ R1] + Rv lexp(—jBR2)1/ R21) 


+1 — кууй — «d caf cos? у) exp — jA RAN RN ш 
Ep = ~j30 allen v cos (exp ~jBR3)1/ Ba}  Rellergij8 Ray в) 
cos. = Ry ul AÀ — nè cos? руе [pL двара + 05 sin? vy o 


The dimensional parameters iy, hr, Ку, a and are shown in Fig. 23-5. 
Ez and E, are the z and p components of Е respectively. R, Rz and d are the respective distances from 
dipole and its image to the point P. Ry is the reflection coefficient discussed earlier, and F is he attenuation 
function that depends upon the earth's constants and the distance to the receiving point P. 

u= (s, 0 (e, x and parameters involved in it are defined earlier) 

Equations (1 and 2) may be combined and separated into the following two parts. 

The field strengths for space and surface waves can be given as 


Ess (space) = EŻ (space) + Espace) 
130814! cos w((Lexp(—j8Ry)1/ Fa] + Ry [[exp(= já RD Rz (3) 
Fa (surface) = JEZ surface) + EA surface] 
1308141 — Ry)F {[ехрс- j8R21/R2)] 
VIL = 2u? + (cos? ww SSE (4) 
In the above relations, и“ and higher order terms are discarded. 
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A surface wave (also called Norton surface wave) contains the additional function F representing the 
attenuation. 

The expressions (3) and (4) represent the electric field of a vertical dipole abovea finitely conducting plane 
earth, When the dipole is at the surface of the earth, the expression for the surface wave part of this field 
reduces to 


Essa (surface) = j3081dI(1 — Ry) F [exp — ја R)I/ R)Ila;(1 — и?) 
+ a, сов, + 05s? н — už cos? 9) © 


Inthisexpresslon R (R >> 2) isthe distancefrom the dipoleto the point at which the ld is being considered, 
а; and a, are the unit vectors respectively parallel to and perpendicular to the vertical dipole associated with 
Е, and E, Also, 


U- Velero (6 
© = (jA R — i cos w) 201 + sin /! 7 cos! VN m 
gif = QI a Pdv © 


When fis quite large, the wave is a plane wave 
and the space wave field is the total ground wave 
field. When л, is quite small, the incident wave will Antena 
not be a plane wave. The expression for the total ‘beaten 
reflected field must contain terms in addition to ШО) 


those given by the space wave field. These add 
tional terms are those which account for the surface ШШ. 

wave. 

23-4 Transition Between Surface voní 


and Space Wave Figure 23-6 Transition between 


In case of vertical polarization i the antenna height surface and space waves, 
is less than the barrier A-A (Fig. 23-6), the surface. 

wave dominates, Е is not a function of h, and л, and the ray action is not present. Above this barrie, the 
space wave dominates, ray action (DR and RR) comes into picture, Е is a function of frequency, conductivity 
and polarization and if a is finite, is less over the earth surface and large over the sea surface. In case of 
а horizontally polarized wave, hu = 1/10 for much smaller o , even less than for good earth and sea water. 
Ground wave is almost negligible especially for f > 30 MHz. 


23-5 Tilt of Wave Front due to Ground Los: 


In Section 23-1, it was mentioned that the waves glide over the surface of the earth, Initially, E (and 
hence the displacement current) originating from a vertical antenna can be considered to be entirely 
perpendicular to the earth. During the passage of travel, it gets weakened due to energy absorp- 
tion by the earth. The farther It travels, the more energy is absorbed and weaker it becomes, The 
energy absorbed is the result of а current flow beneath the earth's surface up to a certain depth and 
the presence of earth resistance. As shown in Fig. 23-7, the wave front starts tiling in the for- 
ward direction as it progresses The magnitude of tilt will depend upon the conductivity and permittivity 
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ОГ the earth. The forward tilt of E results in a horizontal component of the current, and hence of 
the power 7. sufficient to furnish the power dissipated in earth over which the wave is passing. 
In general, the components of E parallel and perpendicular to earth 

will neither be in phase nor will have equal magnitude and thus E 
above the earth will be elliptically polarized. 

The illustration of Fig. 23-8 gives an idea about tilting of the 
wave during its travel, It shows the distribution and the alter- 
nation of the feld (E) and charge (0) just above the ground 
with the wave travel, It also shows the current flow inside the 
earth. The lengths and tips of arrows represent the magnitudes 
and direction of currents at different instants of time, The deeper 


the current penetrates, smaller is its magnitude. As long as the Figure 23-7 Elliptic 
surface supporting the wave is а perfect conductor, Е and О dis- polarization and tit of E atthe 
tribution shall remain confined tothe surface and E will be entirely еа surface for, =5 and 
vertical for different values of x. 


‘Themoment conductivity becomesfinite,ahorizontal component 
ofthe field E comes into existence resulting in current Пон inside the media. The moreis the deviation, more 
will be the depth of penetration. Thus this distribution is true for any media having finite conductivity, 
The surface wave impedance Zs of earth is given by 

Zs = Slop) Mo? + аде) Z (0/2) tan (o wen] a) 
Also, the horizontal and vertical components of E are 


b = Js, and E, =m a 
Thus, 


a 


m CEE 
cora 
mo PP H 

pu: 1 


Figure 23-8 Electric field, charge and current distribution. 
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EXAMPLE 23-5.1 Evaluate the value of surface impedance if o = 5510-5, s, =15, u = uo at 
(a) 5 kHz, (b) SO kHz, and (c) 500 kHz. 


m Solution 
In view of (1), 1251= y Тон 1 lo? + айя] 


LEE 


(à) f =SkH2, ш =2л/ =2л x 5 10 = ¥ x 108,0? 
op = 10 4 x 107 =4 x 10 


wen o x 10 x 15 

о? kořen = 25 x 1079 +15 x 109 = 15 x 10° 

Yio? kořen) = JAS x 109 = 3873 x 10* 

[oe] V? Nen = 1004/3873 x 109] = 103 x 107% 

1251 = lap Vio? + айкай] = V103 x 1075 
= 321x103 

(b) /=50Н2 a =2 =2xx 50x10 = л 105,0? =10!, wte 
XM x 4 x10? = 


=15 x102 
4, ue = x 10 x15 
92 4+ e = 25 x 070 415 x 101 = 15 x 10! 


ou 


2.247 x 10° 
03266 x 10:6 


Vlož + айга) = 050 x 10) 
[on] vio? ben = 0.9/12247 x 10 
175] = Von fo? + аде] = (3.266 x 107%) 
= 1807x104 
=500kHz,w =2л/ = 27 x 500x10? = z x106, u? = 108, деу =15 x10 
ош = я 10 хал x 107 = x 105% 15 
o^ айе = 25 x 107 415 x 101 215 x 10 
уе? + айе) = JAS x 105) = 12.247 x 10° 
[o o? U = 4/12.247 x 108 = 0.3266 x 107% 
25 


a/ (o? e = /10.3266 х 1075) 
5.715 x 107 


The depth of penetration of the current into the ground is the function of the ground constants and the 
frequency. Penetration of the order of 15 m occurs at broadcast frequencies, decreasing to one or two meters 
atthe frequencies of short-wave communication. At low frequencies, the surface wave is dependent malnly 
on the conductivity, whereas at higher frequencies a high permittivity is Important. Thus, over all frequencies, 
surface wave is best over sea and worst over dry land. 
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23-6 Impact of Imperfect Earth 


Figure23-9 Illustrates vertical radiation patterns (VR Ps) of vertical dipole (V DP), and Fig. 23-10 illustrates 
vertical radiation patterns of a horizontal dipole (HDP) located at different heights above the earth's surface. 
Similar illustrations were included earlier in Chapter 15 in Figs. 15-5, 16-6 and 15-7. The parameter shown. 
in the figures is computed by the relation "n = x / v for of an average earth. From these figures, it can 
be noted that due to finite conductivity, the chief effect occurs at low angles where the space wave is much 
reduced from its value over that of a perfectly conducting earth, This is because the phase of R, changes 
rapidly for angles of incidences near the Brewster's angle. At Brewster's angle, the phase is nearly zero, 
Whereas below this angle it is — 180". 


According to the Sommerfeld analysis, the ground wave strength E (for flat earth case) is given by the 
relation 


a 


()VRP ofa VOP at h=0 (b)VRP ota VDP at he 2 


Figure 23-9 Vertical radiation pattern of vertical dipole at = 0 and  — 2/2. 


(2) VRP of а HDP at 2/4 in th (9) VRP of a HDP at 
perpendicular to the axis of the dipole perpendicular o the axis of the dipok 


Figure 23-10 Vertical radiation pattern of horizontal dipole at h = 2/4 and h = 22. 
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Where Ey is the field strength of the wave at the surface of the earth at a unit distance from the transmitter 
after neglecting the losses in this unit distance. Itis a function of the transmitted power Р, and the directivity 
of the antenna in the horizontal and vertical planes. Thus, if P is 1 KW, Eo Is obtained to be 300 mW at 1 km 
distance 

Thesymbol stands for the distance from the transmitting antenna to the pointat which F isto beestimated, 
and Aisa factor called reduction factor which accounts for ground losses and is a function of the conductivity 
a, permittivity ғ, frequency / and distance d in terms of the wavelength à. The factor A can be expressed in 
terms of two auxiliary parameters р and b, where the parameter p is called the numerical distance and b, the 
phase constant. Parameter b is a measure of the power factor angle of the earth. Both p and are functions 
of a, f and characteristics of the earth taken as а conductor of radio frequency current or the power factor of 
the earth impedance. 

For p < 1. A slightly differs from unity, e, the loss in earth has little effect on ground wave field strength 
and Е is inversely proportional to the distance. 

For p > 1, A decreases rapidly. 

For p > 10, A varies as inversely proportional to the square of distance. 

‘The values of p and b for vertically and horizontally polarized waves can be obtained from the following 
relations: 


(A) For Vertic: 


y Polarize Waves (VPW 
ES a 


P 


Since ground waves are generally vertically polarized the following approximation can be made in order to 
arrive at some simplified and meaningful results. 
(i) For conducting earth 


H وو‎ a 

(li) For dielectric earth 
w 
5 


In the above equations, 
b=180'-b, s—180x1275/f, d/aisthedistancein wavelength, о is the ground conductivity, 
f is the frequency and ғ is the dielectric constant of the ground referred to air as unity, and c is the velocity 
ША 
In view of the above, A may be approximately expressed in terms of р and b by an empirical relation for 
b <90". 


2403p ڪڪ‎ 
OE D 
ттт и Үтеп © 
When =0 fora vertically polarized wave and 180° for a horizontally polarized wave, areisiweimpedance 
is offered by the earth to the flow of RF current 
For x >> sy, at broadcast frequencies, b= O 
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For x << sy, at HF and above, b = 180° 
Forb 


0° earth often offers а capacitive impedance for either polarization. 


of elevation. The other related parameters are 
Antenna efficiency = 50%, o 


x = (18 холин; 
2 10 m. E = E аа 


4 


For a vertically polarized wave, 
ES 
cosh = cos(88.38) 


tnb = 15 + 1)/0.45 = 16/0.4 


028 


E atthe transmitting end = E; x d/ A 
P =(442.48/137.6)' = 10.34 KW 


18 x 1055 x 1075/2 = 0.45, ) at 2 MH: 
05 x 10-V/m 


3555. 


62832 x 10 x 0028 _ 


ү “Чань = р 19 x 028 = 
_ 2403p 2403 «26 
MUTET 


EXAMPLE 23-7.1 A ground wave of 0.5 mV [m at 20 km distance is obtained from a transmitter 
operating at 2 M Hz. The vertically polarized held produced is proportional to cos, where is the angle 


x10-5 and e, = 15. Estimate Е at the transmitting end. 


150m, 


=% 


ee ee 338 
(05 x 10-3) 25104700226 =442.48 V/m 


23-8 Earth's Behavior 


ıt Different Frequenci 


In view of Fig. 23-11, the following conclusions can be drawn. 


(i) At Broadcast and Lower Frequencies 


+ Ratio of capacitive reactance of the earth to 
theearth resistivity (p = ris >> 1. Thus, 
theearth may be regarded aspure resistance. 

. Values of A and p for a given physical dis- 
tanceis determined by A which isa function 
of the term (1/0). 

(ii) At HF (10 MHz) and Above 

(i) The impedance represented by the earth 
is primarily capacitive and A is a function 
of theterm [f / (e +1). 

+ Thevalues of o and e that govern A of the 


ground wave are suitably averaged values 
of the quantities for a distance below the 


Numerical distance p 


igure 23-11 Variation of attenuation 
factor A with numerical distance p. 
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earth's surface. This distance referred is the depth to which there are ground currents of appreciable 


amplitudes and is called the depth of penetration 


« The depth of penetration depends on f, о, є and ranges from a few feet at HF to 100' of feet at 


broadcast and lower frequencies 


+ The earth's constants are not particularly sensitive to conditions existing at the actual surface of the 


‘ground, Le, rain, ec. 


23-9 Electrical Properties of the Earth 


The conductivity s and permittivity « of earth 
widely vary for different types of soil. Values of a 
few typical soils and water are given in Table 23-1. 
It needs to be mentioned that hilly or mountainous 
regions normally have low conductivity (10-3 to 
3х10-3 mhosim), whereas fat regions have rel- 


Table 23-1 Typical ground constants 


ыта 
Fresh aater 

Pastor low hils, Rich soll 
Pastoral medum s, Fosstaton 
Racky sol fat sandy 


atively high conductivity (10x10 to 30x103 „Cies, hausral areas 


mhosim). Also, the conductivity varies with tem- 
perature and salt content 


23-10 Curved Earth Reflecti 


It was stated earlier that the efect of the curvature of the earth is entirely negligible up to a certain dis- 
tance and all the relations obtained are valid up to this distance given by [d = 50 (y)! ^]. When this 
distance gets doubled, the errors introduced in the estimation of various parameters remain small. For stil 
rester distances, reduction in field strength below the free space value is much more. This enhanced reduc- 
tion is mainly due to the curvature of the earth rather than due to losses in the ground. This is mainly 
because of the bulge of the earth which prevents surface waves from reaching the receiver by a straight 
line path. The surface waves arrive at the receiver either through (a) diffraction around the earth, or (b) 
refraction in the lower atmosphere above the earth. The space-wave propagation too is affected by the 
earth's curvature, In this case, the wave from the ground is reflected from the curved surface instead of 
a fat surface. As a result, this wave will have а more diverged nature and hence will be weaker while 
Teaching the receiver. As illustrated in Fig. 23-12, the effective antenna heights r, and i are less than 
the actual antenna heights J and hz, and thus all equations obtained for flat earth are to be suitably 
modified. 

At fist glance, it appears that the problem of curved earth is easy and can be tackled by the application 
of Maxwell's equations in а simple manner as it was done in the case of flat earth. In Fig. 23-2, d is the 
distance between the transmitting and receiving antennas In view of the curvature of the earth (Fig. 23-12), 
this distance elongates and exceeds d of Fig. 23-2. The curvature also results in an increase of the reflection 
angle which is now greater than уз of Fig. 23-2. Since = 90° — w or 90° — з, it will be different from 
that af iat earth. On the substitution of these пен parameters in (1) and (8) of Sec. 23-2, altogether different 
values may result. Also, since Ry and R, are complex quantities, |], |R, ZR, and ZR, and the curves 
obtained therefrom will obviously differ. The estimation of field components Е. and Ep, et. shall also be 
influenced by the change in A, and R,. Apparent), the problem appears to be Simple and straight forward. 
Jordan? however, has opined as under: 

"The available solutions to this problem are much more involved than the lane earth solutions. One such 
solution is in the form of an Infinite series of spherical harmonics with coefficients containing twelve Bessel 
functions. The convergence of the series is extremely slow, the main contribution being given by those terms 
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Figure 23-12 Effective and actual antenna heights 


for which n is of the order of the ratio 274% , where al is the radius of the earth in wavelengths. For 
‘commonly used radia frequencies, this rato is ofthe order of 10° to 105." 

To understand the further complexity of the problem, one may still refer to the paper of J. А. Wait? and 
the references cited therein, particularly from 42 to 61. 

The problem of spherical earth basically revolves around the question whether transmitting and receiving. 
antennas are within line-of-sight range or not To address the problem, consider Fig. 23-13a which shows an. 
elevated antenna A and apoint C on the ground. The problem reduces to finding the distanceto visible (optical) 
horizon, If the radius of the earth is a, antenna height is / and the angle is a then from the right-angled 
triangle OAC 

la 


cosa = a 
nx a 
апай practical problems is small. Thus for small а, 
“ 

cose 21-9 w 
From (1) and (2), 

a= dija = ута a 
Thus, the horizontal distance is 

dı = Vím u 
Similarly, from Fig. 23-13b, 

de = Taha m 6) 


If Figs, 23-138 and 23-130 are joined together by overlapping OC, it results in Fig. 23-13c and the total 
horizontal distance 4 can be given by 


= dı + da = Via (Vii + Vin) D 
а = VEX ET (улт + ign) 


357 (из + Vm) кт m 
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в [7 
Figure 23-13 Effective and actual antenna heights 


‘The distance dı canbe termed as line-of-sight (LOS) distance/range, Let us confine our study to thecase when 
the antennas re A and B and the distance d < d. As in case of flat earth, the total field at R, should be the 
Sum of DR (AB) and RR (ACB). The curvature of the earth has the following effect on the wave propagation 
within the LOS range: 


1. For fixed antenna heights, the path length difference between DR and RR will be different from that 
of flat earth case. 

2. The reflection at the convex surface will result in divergence of the RR path and hence will reduce 
the power received via RR. 


To understand the process, consider Fig. 23-12. It illustrates а tangent plane MIN touching the earth at the 
point of reflection. The antenna heights can now be measured from this plane instead of the earth's surface. 
The heights and # so obtained are the reduced heights and can be used for the actual heights and h2 
wherever they appear in equations, It needs to be mentioned that Fig, 23-12 does not represent parameters in 
true proportion as heights of antennas are much smaller than the radius of the earth. Practically, there is litle 
difference between fı, and I and / and Aj and the deviations can be writen as 


hsm Al ad di 


h2 als (© 


In Fig. 23-12, Alı and Айз are shown as A"A' and B" N. Since dy and dz represent the LOS ranges at 
heights л and h respectively from (4) and (5) 


{па эй Ala = ла ө 
From (8) and (9) 
M=h-děža ad h 


Ah: 


2 а (10) 
From triangles OAC and OBC shown in Fig. 23-12 with angles of incident and reflection being the same, 
(a hy) costa + ya) = 


Equation (11) is justified since hand hz << a, and v (У = Vs the grazing angle ACM and BCN. From 
the figure, 


cos ve and (a+ ha) COSC + Yo) = acosa au 


cosa — cosa 


sing dl 


EI 


In the derivation of (12), no assumptions were made. Therefore, the resulting expression is so rigorous that It 
cannot be solved analytically and requires graphical or some other approach for getting the solution. It may, 
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Problems m 


however, be simplified since and hy << а and а and f are also small. Thus, we may set 


(13) 
m m 
п/а — a? поја — BŽ, 
Ts а-тын PR as 
The above equation can also be expressed in terms of distances dı and dz, (d = d + de) to get 
hija —di/2 _ hafa = 42/2 
tan = EE UT (16) 
М di di en 
Since in ameta practical cen > Aadi (16) esto 
z PP 
-— C an 
40 +30 - 12) 
When d d erecto potis located ye putos rate ине have e form 
n 
а DES and (18) 


The expression for path difference (for fat earth case) given by (5) of Sec. 24-2 can be written in the modified 
form as below. 


Ad = th ~ dı = hta jd (19) 


This equation can be modified for spherical earth by replacing actual antenna heights r and hz by thereduced 
heights hj and x. This results in 


КЕКЕ (20) 
Similar, in case of fat earth 
tany = ELEH and for small angle y = 71+ 2 ey 
This equation too gets modified in case of spherical earth and can be writen as 
дүң a» 
Problems. 


231-1 Distance beyond the earth's curvature. Calculate the distance beyond which the earth's 
curvature is to be accounted ata frequency of (a) 30 kHz, (b) 3M Hz, and (c) 30 MHz. 

23-2-1 Roughness factor. Obtain the roughness actor at 10 M Hz for an earth having v =5x 1075 neden 
Tore equal to (a) 5°, (b) 10°, and (c) 30°. 

23-22 Roughness factor. Evaluate the roughness factors for the earth if 
o (a) 10 kHz, (b) 100 KHz, and c) 1 MHZ. 


10 


15° and f equal 
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Parameter x. Estimate the values of the parameter x for fiat earth with =3x10- Sat (a) / =100 KHz, 


б) 500 kHz, and (c) 3 MHz. 
Surface impedance. Evaluate the value of surface impedance if 
(al 5 KHz (b) 10 KHz, and (с) 20 kHz. Calculate the rate of change of Z, with doubling of frequency. 
‘Transmitted power. A ground wave of 05 m/m at 20 km distance is obtained from a transmitter 
operating а 2 M Hz, The horizontally polarized field produced is proportional to cos where isthe angle 
af elevation. The other related parameters are 

antenna efficiency = 30%, a 510-5 and s, = 12. Estimate the transmitted power. 


Note (References are given at the end of chapter 25) 
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Space Wave Propagation 


Topics in this chapter include: 


Absorption by atmospheric phenomena 
Variation of field strength with height 


Path loss calculations 


т Introduction m Super refraction 
m Effect of imperfection of earth m Meteorological conditions 
m Effect of curvature of earth m Scattering phenomena 
m Effect of interference zone 7 Tropospheric propagation 
m Shadowing effect of hilis and buildings m Fading 

а * 

* 


24-1 Introduction 


Figure 24-1 shows the attenuation of ground waves for good and poor earth, It can be seen from these 
figures that with the increase of frequency, the rate of attenuation increases. The signal strength in case 
‘of poor earth reduces to the same level in 800 km for 1 MHz and a little over 200 km for 10 MHz. 
Similarly in good earth case, the signal strength reduces to —30 dB at about 1850 km for 1 MHz and 
nearly 750 km for 10 M Hz. If the same rate of reduction is assumed, signal strength at 30 M Hz in both 
the cases will reduce to almost negligible amplitudes after traveling only a very short distance. Except in 
case of sporadic E layer, the ionosphere too does not reflect energy towards earth at these frequencies. In 
such a situation, the space wave propagation is the only useful means for any effective and meaningful 
‘communication. 

From Fig. 24-2, it can be seen that the energy contents of space.wave travel from transmitter to 
receiver partly through direct wave (DW) or direct ray(OR) and partly through the reflected wave (RW ) 
ог reflected ray (RR). In this figure, the earth curvature is neglected for simplifying the illustration and. 
the analysis, The net feld strength at the receiving antenna will be the vector sum of DW and RW 
fields. Up to a certain range of frequencies, the wave traveling through the space shall have negligi 
ble attenuation other than that caused by spreading phenomena. Also, DR and RR are almost 180° out 
‘of phase for both vertically and horizontally polarized waves, Beyond these frequencies, waves will 
be subjected to attenuation by rain, fog, snow, and clouds and due to absorption by gases present 
in the atmosphere. The field strength of a wave, in general, follows the inverse relation with the 
distance. 
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Figure 24-1 Variation of signal strength with distance at different frequencies. 


24-2 Field Strength Relation 


When the distance (d) between transmitting and receiving antennas is sufficiently large in comparison ta 
antenna heights (hr and r), the Incidence ende ofthe ray on earth is small. In view of Fig. 24-3, reflection 
from earth, irrespective of polarization, can be assumed to have no change in magnitude but with reversal of 
phase. Thus the two waves arriving at the receiver will have equal amplitudes but different phases. Assuming 
Ез to be the amplitude of DW and RW at a unit distance at a distance d, the amplitudes of both (DW and 
RW) reduce to £ = Eo/d. 

Figure 24-4(a), a modified version of Fig. 24-2, illustrates Direc wave 
different parameters. These include the transmitting antenna T т 
located at A, with height л, receiving antennas R located at 
В with height h,, Ry the distance traveled by DW, R the dis- 
tance traveled by RW both between 7 and R and the angle. 
The Ro shown is the distance between T and R via 0, Le, the 
point from where the wave reflects, Altenativey, t is the dis- — 
tence traveled by RR from 7* to R where 7* is theimageof Е 4—— A 
the transmitting antenna, Since the earth s assumed to be flat T-Tenemiter K- Receiver 
and perfectly conducting, the image will be a perfect réplica Figure 
of the source T and exactly h,below the ground. The resul. кйш 24-2 Directand reñected 


Pallclod wave 


deat tat 
sam 


tant fied Е can now be obtained from Fig. 24-4 (a and Б) as Wees 
below, 
RE = (hy e +a o Ry = dl + G = he)? pd? i? ay 
and RE = (hy +h, ог Ra = ddA (hr U /H a 


If distance (d) is taken to be much greater than the heights of antennas (h, and I), the wave fronts of be 
direct and ground-reflected waves can be assumed to coincide. Equations (1) and (2) can bere Written as 


24-2 Field Strength Relation m 


igure 24-3 Variation of amplitude and phase of reflection coefficients for VPW and HPW. 


Ra = dL + һа) or de du = hr)? Rad a 
amb Ry l + du eh gl or dde C = hr)? 2d) (4) 
The difference in path lengths Ry - Ry is obtained to be 
Ra = Ry = |, he)? = (hı = by IP = 2h, hy fd (5) 
The phase difference corresponding to this path difference is 


(ax hy ud radians. (6) 
EI 


ол Dh hod 


Ej dleosts-6) 


n] 


ырен 
| 


eee С 


e 
Figure 24-4 (a) Illustration of parameters (b) Illustration of field component of DW and RW. 


itis because of this angle that the direct and indirect (reflected) waves fall to cancel and the resultant of two 
waves is 2 sin [25 fy ler ul] imes the amplitude of one of the waves (i.e, Eo). Thus the Nel strength 
E atreceiveris 


EG I hy ha m 


When (2: iad is less than 0.5 (true for large 4), the sine of the angle can be replaced by the angle itself 
and thus 7 reduces to, 


E = (QE ofa) Qa hr ha] = [4л hi hr (A Eg (8) 


In the above equations, Zp is the field intensity produced at a unit distance by direct ray emanating from 
transmitting antenna in the desired direction, £y will depend upon the directivitylgain (G,) of the antenna 
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and the transmitted power Р, For the half-wave elevated transmitting antennas, Eo = 137.6 Hin пит at 
one mile distance. 

It needs to be mentioned that in all above relations, the radiating and receiving elements are assumed 
to be omnidirectional. Rigorous analysis can, however, be done for vertically/horizontaly polarized waves. 
emanating from dipoles. 


24-3 Effects of Imperfect Earth 


To understand the effect of imperfection of the earth, the following aspects are to be noted 


Bod is the field strength which actually corresponds to DW. It will also correspond to RW for 
perfectly conducting earth. 
© , and [Ry] both are less than 1 foro 4 oc, the condition which normally prevails, T hus, the field 
strength at a distance 4 is always be less than Бу. 
« Besides, ¢ 4180", Le, there is no total phase reversal of RW. Thus RW < DW and the total field is 
less wen that at «= с. 
+  Theeffectis less on HPW than in case of VPW. For VPW, |Ry |<<} Ralat small angles. 
When a = oc, horizontal components of incident electric field E, and reflected electric field E, get 
cancelled at reflected surface and vertical components add together. 
+ Fora <, [Ry] <1, neither here is complete cancellation nor complete addition. 
‘The variation of field strength with distance, obtained from (7) of Sec. 24-2 is illustrated in Fig, 24-5. 

In Fig. 24-5 (a), d' is the distance at which free space field and oscillating field for a perfectly conducting 
earth become equal. It is less than the value that makes the angle [(2 fy) àd] greater than à / 6. It сап 
be observed that the field strength oscillates about the value Eojd, which corresponds to the strength of the 
direct ray (often called the free space (FS) wave). For a perfectly conducting earth, the maximum amplitude 
of these oscillations is twice of the free-space value, These maxima occur at such distances (related to the 
antenna heights), where DW and RW add in phase. The minima or nulls have zero amplitude in the case of a 
perfectly conducting earth, and occur at distances such that the DW and RW cancel each other. For d > 4 
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Figure 24-5 Variation of field strength with distance. 
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24-6 Shadowing Effect of Hils and Buildings юз 


path lengths of DW and RW always dif 
fer by less tan à / 6, in such cases £ falls 
rapidly in accordance withthe proportion: 
ality with distance square. Ford ><, the 
angle of incidence is so small ha efec 
tion takes place with the reversal of phase 
and no change in amplitude for both pola 
izations. The resulting field will be less 
than the free space value 

Ifthe argumentof sinein (7) is changed Figure 24-6 DR and RR over curved earth, 
(say doubled), by changing 1, or the 
frequency the resulting field will be as shown in Fig. 24-5 (b). In this case the field fluctuates more rapidly 
and the average field strength at any distance 1 more than in case shown by Fig. 24-5 (a). Also, d” > d' 
where d” is the distance at which free space and oscillating fields are equal for perfectly conducting earth, 


DIRECT RAY 


GROUND -REFLECTED RAY 


end те ea nih rn 


24-4 Effects of Curvature of Earth 


Dueto Curvature of Earth: 


+ The effective and actual antenna heights shown in Fig. 24-6 differ. The quantum of difference will 
depend on the separation between 7, and А, 

. There isa change in the number and location of maximas and minimas as illustrated in Fig. 24-5. 

. There is reduction ind beyond which the two waves tend to be out of phase 

e Thewavereflected by the ground diverges. Thus, RW at R, antenna is weak. This effectis less when. 
the incident angle is moderate or large and more when this angle Is small, Near grazing angle, the 
field strength of RW reduces significantly at the receiver by the divergence effect. 

. At large distances, for small incidence angles and DW and RW in phase opposition, the resultant E 
at R, is appreciably greater than that if earth were flat. 

. The last two effects of curvature try to neutralize each other. Thus, (8) of Sec. 24-2 is reasonably 
accurate 


24-5 Effect of Interference Zone LOS intererence zone 


This effect is shown in Fig. 24-7 wherein if the Ойна 
receiving antena falls in the shadow zone, logically Shadow zone 
"here should not be any reception. However, in view 

of diffraction phenomena some signal arrives at he Figure 24-7 Result of diffraction phenomena 
receiver, 


24-6 Shadowing Effect of Hilis and Bı 


ALVHF and above, serious disturbances in space wave propagation are caused by trees, buildings, hills and 
mountains, These obstacles cause reflection, diffraction and absorption. Losses caused by absorption and 
scattering increase with the increase of frequency until f exceeds 3 GHz, Beyond this frequency, building 
wallsand wood becomeopaqueto the waves. A thigher frequencies, thereceived signal strength is considerably 
reduced at position on the shadow side of any hill. Figure 24-8 illustrates the shadowing effect of hills and 
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building. In view of Fig. 24-8 (a), the reduction in R can be seen and thus equations (7) and (8) of Sec. 24-2 
will yield an altogether different result It is not only the reduction in fe. de obstructive object also scatters 
the energy. Therefore, to estimate the real impact the analysis in normally carried out by replacing the actual 
obstruction by an equivalent knife edge shown in Fig. 24-8 (b). 


24-7 Absorption by Atmospheric Phenomena 


In very high frequency ranges, the rain attenuates the wave partly due to absorption and partly by scattering. 
This attenuation is а function of wavelength, permittivity, drop diameter and drop concentration, and the 
losses due to scattering, Serious attenuation is observed at 2 = 3 cm for heavy rains (nat cloud burst) and at 
2 =1 em for moderate rains, Since attenuation is proportional to the mass of water/unit volume and drop size 
for cloud and fog are smaller than rain drops, serious attenuation occurs below 2. = 1 cm due to clouds and 
fog. Losses in ice are considerably less than in liquid water, The attenuation by dry hall storm is less than that 
due to rain except in mm region where itis comparable. A s water content in even a heavy snow storm is quite 
small, the attenuation caused by snow is always small, Due to molecular interaction, absorption of energy 
takes place at certain wavelengths due to water vapors and gases with peaks noted at = 1.33 ст, 1.7 mm 
and 1 mm. Peaks due to absorption by O2 molecules occur at =5 mm and 2.5 cm. 


24-8 Variation of Field Strength with Height 


‘The impact of height on the distribution of field is shown in Fig. 24-9, Figure 24-9(a) illustrates the impact 
when the earth is assumed tobe latand Fig. 24-9(0) for a curved earth. The locations of minimas and maximas 
depend on hy, f, frequency and the distance between the transmitter and receiver. The field strength contours 
are produced by a transmitter located on ground radiating a vertically polarized wave. 
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Figure 24-9 Variation of feld strength with height. 
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24-9 Super Refraction 
The refractive index ‘n’ (= J) for free space is given by the relation: 


n=14 ips (P+ <) a 
F T 
where, T is the absolute temperature of alr, P is be air pressure in milibars and w is the partial pressure of 
water (humidity) in millibars. 


In connection with n, the following points need to be noted: 


. The gradient of the refractive index п is not always uniform. 

+ Itis often divergent from the mean value, particularly in the lower 5 km of the troposphere. 

‘= The variation becomes important if à < fı; (where л is the height above the ground), since ray paths 
are dependent on variation of n with height. 

. Thevariation of n leadsto the phenomena such as reflection. refraction, scattering, fading and ducting, 

e The duct can be assumed to be a waveguide with leakage. 


The actual 'n' is often replaced by a modified index * . bearing the relation: 
hija a 


Relation (2) involves radius of earth ‘a’ (a = 6.37 x10% m) and thus ' M, accounts for the earth's curvature. 
N is always approximately equal to unity since k << a. In view of the importance of its actual value, It is 
further convenient to introduce a new parameter called the refractive modulus A, 


M = (N —1) x 10 a 
The gradient of can be written as 


AN gh DAP (S SOOW) AT 4800 
ait ж-т Jan TT ar 
In this equation the first term on the right-hand side is always negative and the last term is always positive 
Signs of the other two terms depend on atmospheric conditions In standard atmosphere, temperature decreases 
with height @ 6.5°/km and w decreases linearly. Thus, the second and third terms are both negative and their 
values in standard atmosphere are such that dN /dh is positive with a value usually taken as 0.118 x 1076 т, 
This value is expressed in terms of dM /dh is given as 0.118M unitsim and corresponds to —0.039 x 10-9. 

Under certain atmospheric conditions, dT/dh and dw/dh may greatly differ from standard values, 
particularly when warm dry air passes over а cool sea surface. The air close to water will be cooled and an 
increase in temperature with the height will result. Also, water vapour contents will decrease with height 
much more rapidly than usual. Both of these factors reduce dM (dh which may become negative over a region 
close to sea surface and result in what is called а surface duct. Under certain other conditions, dM ¡dh may 
assume negative value a litle higher In the atmosphere making an elevated duct! conditions which make 
dN [dh less than the standard values are called super-standard and improve radio wave propagation. Also, the 
conditions which make dM [dh greater than the standard values are called sub-standard making the signals 
below normal. Figure 24-10 shows different type of refractive index profes observed. 

When dH dh is negative, the curvature of rays passing through the atmosphere is greater than tht of 
the earth, As а result energy, originated from the antenna and initially directed approximately parallel to 
the earth surface, tends to be trapped and propagates around the curvature of the earth in a series of hop. 
dM dh = 0.036 Units/ft for standard atmosphere. Normally, at quite high altitudes v is not a function of 
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Figure 24-10 Different type of refraction index profiles. 


height, dM oh = 
Fig, 24-11. 

Thus, the radius of the earth is to be simultaneously adjusted so as to preserve the correct relationship 
between the ray path and the curvature of the earth This adjustment has to be such that the ray path and the 
curvature are to be seen as parallel and the ray path as a straight line. The amount of change in the earth's 
radius required to achieve the above is to multiply the radius by a factor k, where s given by 


1048 une t. the effect of different rates of variation of n on wave propagation is shown in 


Equivalent earth radius _ 0048 


A Actual earth radius. dM/dh 


[] 


In (5), dM Jáh representsthechangein M with height. For Jah. 
conditions: 


| k isinfiniteand for standard atmospheric 


0048 а 


9036 3155 (© 


dM /dh = 0.036, thus k = 


The maximum possible distance at which direct Wê ninereases 
transmissionispossible between a transmitting and receiving wih height 
antennas with heights h, and, is often referred ste line of 

sight(LOS) distanceand is equal to thesum of horizontal dis- 
tances calculated separately Tor individual antenna heights. 
When distance involved is less than LOS value, the path is 
often referred to as being optical. This is in the sense that 


Kanara 
aimosprere 


„ „ 


тәлеге a 
the ray can pass directly between transmitting and receiving 

antennas. When duct propagation exists, LOS and diffrac- Figure 24-11 Effect of variation of 
tion zone concept no longer apply and energy travels long "0n Wave propagation. 


distances with low attenuation, 
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Optical and Radio Horizon terms are also frequently used in connection with the point-to-point communica 
ton and radars, In order to understand these terms, let us consider different segments of Fig. 24-12. In view 
of Fig. 24-123, the line of sight is the straight line distance between Т, and A, thats tangent to the surface 
of the earth This distance dp along LOS is 
Моћ + (2Ka, m 
where i, and fi, are height transmitting and receiving antennas, a is the earth's radius and K is the factor 
‘accounting for refraction due to a uniform gradient of refractivity. The point af tangency of the LOS with the 
earth is termed as geometrical or optical horizon. A good optical path requires that the ground, including any 
obstructions thereat, be outside the first Fresnel zone surrounding the direct path, The Fresnel zone may be 
defined as a cylindrical surface of revolution having the direct path as its axis, and possessing a contour such 
thatthe distance from the transmitting antenna to point on the surface plus the distance from this point to the. 
receiving antenna is one half wavelength greater than the direct path between 7, and K. 

To further elaborate the effect of refraction, consider a transmitting antenna ata height, above the earth's 
surface, The geometrical horizon distance dg can be obtained from Fig, 24-128. From the geometry, with 
Jy << a such that ois small for the tangent falling at В, 


Rara 18) 
TA ЕШ 
dig ab na a PETE VIR TAE (9) 
ГЕТ] ra 
Sincehy << a 
dg = yI (10) 


The radio horizon distance dr can be obtained from Fig. 24- 2c following the same procedure. 
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Since K > 1, dr has to be greater than dg. Since for standard atmospheric conditions, K 


horizon distance dr is 
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Figure 24-13 Ray and waveguide concepts of duct propagation, 


If AM is the total decrease in М (generally not greater than 50 units) from bottom to the top of the duct the 
wavelength 2. = ы, at which the duct propagation ceases is given by 


эмо = 25ha ЛАМ x 10-5] (13) 
where, ha is the height of the duct as shown in Fig. 24-13 and may be of the order of 10's of feet to 100's of 
feet. There is always some leakage of energy from the duct which increases as the ratio of м, increases, 

Duct propagation is limited to UHF and microwave frequencies. For 
duct formation, it is necessary that antenna height remains less than or 
equal to hy. Ground-based ducts over sea or water stretches occur less 
frequently and generally temporarily. Elevated ducts are always present 
over oceans or in trade wind belts, For surface duct of helght ha, Xwas 
for which trapping occurs is more accurately given by 


Height above the ground 


a,‏ س | 2 = سد 


The duct formation and its waveguide equivalent are shown in Fig, Figure 24-14 Variation of 
24-14, signal strength with height. 


EXAMPLE 24-9.1 Thetransmitting and receiving antennas with respective heights of 49 m and 25 m 
are installed to establish communication at 100 M Hz with a transmitted power of 100 watts. Determine 
the LOS distance and the received signal strength thereat. 

m Solution 

2 at 100 MHz =3 m. In view of (7) for 4/3 model and а = 6370 


Мат = (ATI (VT + VA) 


= PT (ук+ ук) -an (Ve 
Thus, LOS distance = 4.12 (,/49 + 25) 212 x 4.12 249.44 km 

Е, = [88,/P./(24?)] hı he V/m = 188,/100/ (3 x (49.44 x 1057] 49 x 25 
1880/13 x (2444 1060 x 1225 = 12 x 107“ x 1225 = 147W 
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EXAMPLE 24-9.2 Calculate the maximum distance at which signal from transmitting antenna with 
144 m height would be received by the receiving antenna of 25 m height A so, calculate the radio horizon 
distance for & =4/3 model earth of 6370 km radius 


12 (Yh, + hy 
Thesurfacerangeto theradio horizon rom radar = ZK,- 


12 (144 + 25) =412 x 17 =70.08km 
256310 18 


12/18 49.44 km 


EXAMPLE 24-9.3 A transmitting antenna of 100 m height radiates 40 kW at 100 M Hz uniformly 
in azimuth plane. Calculate the maximum LOS range and strength of the received signal at 16 m high 
receiving antenna at a distance of 10 km. At what distance would the signal strength reduce to 1mV/m ? 


12 (% + Ve) 5422 (100 + 16) 2432 x 1 3m 
BVP, _ 880717 
Field strength алдкт = к, = S, = TT x 100 x 16 
= 9836 mV [m 


Distance at which the field strength will reduce to 1V m 


a 


EXAMPLE 24-9.4 A directional antenna with 10 dB gain radiates 500 watts. The receiving antenna 
at 15 km distance receives 2 micro-wats. Find the effective area of the receiving antenna. Assume 
negligible ground and ionospheric reflections. 


M Solution 
Given d =15 km, G, =10, W, =500 W, W, =2x 106W, to find A, 
Sine W, ж, A, 
r Trat 


WAmPO 210-6 x 4r x (15 x 103)? 
WG, 500 16 


EXAMPLE 24-9.5 Calculate the maximum frequency which can be transmitted by a duct of height 
1000 mif the total change in M is of the order of 0.036. 


m Solution 
In view of (13а) 
Atas = 2Sha АМ x 10-5] = 25 x 1000 x (0.036 10 


0.19 x 2500 x 107? = 0.475 
» 15/0475 = 631.6M Hz 


Thus, fmax 


Dates 
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24-10 Meteorol 


ical Conditions Predicting Super Refraction 


Both the conditions associated with fine, calm and anti cyclonic weather, Le, Increase in temperature (called 
temperature inversion) and rapid decrease of w (humidity) with height resultin decrease of refractiveindex n 
with height In cold, rough weather the lower temperature is usually well mixed and s more or less standard. 
When the day is warm, land and air both become warm. A fter sunset, if the sky is clear, land radiates its heat 
and its temperature falls rapidly. As a result, earth and lower layer of atmosphere col down but the upper 
layer remains unchanged. It results in temperature inversion. If this inversion is sufficiently intense, it results 
in super reflection. Though this effect is common over deserts, it can also occur anywhere if the sky is clear 
and the land is dry. It maximizes in early morning and disappears after sun rise. Such conditions frequently 
exist over the sea, particularly near coasts where air close to sea tends to be damp and cool while the upper 
layer is dry and warm. 


24-11 Scattering Phenomena 
Reception far beyond the optical horizon in VHF and UHF Scattering area 
rangeis possible due to scatter propagation. B oth troposphere E 


andionosphereare in continual state of turbulence. This gives Main energy 
riseto local variation in ^ of the atmosphere. Waves passing 

through such turbulent regions get scattered, When >. is large 
compared to the sizeof the turbulent eddies, waves scatter in 

all the directions. When à is small compared to these irregu- 
elles then mostof thescatteringtakesplacewithinanarrow т. aid 
cone surrounding the forward direction of propagaionofüte M en, 
incident radiation. To receive scattered signal at a point well 

beyond the horizon, the transmitting and receiving antennas jure 24-15 llustraction of the. 
must beof high gain and must beso oriented thattheir beams Scattering process, 

overlap in a region where forward scattering is taking place. 

The scattering angle should also be as small as possible, This process is shown in Fig. 24-15, Since the 
scattering proces is of random nature, the scattered signals continuously fluctuate in amplitude and phase 
over a wide range. The scattering is of significant practical utility in the following regions: 


+ 500M Hzonwards with troposphereasthescattering medium. [is called tropospheric scattering. 
Depending upon the bandwidth of transmitter, its maximum range lies between 300 to 600 km. 

. 301050 MHz with ionosphere as medium. It is called ionospheric scattering and mainly occurs 
in the E region with maximum range of about 2000 km. The level of scattered signals in this case is 
much small, some 10 to 20 dB below the free space signal for the same distance. 


Scattering алде 0 


‘Scattering signal 


24-12 Tropospheric Propa 


The scattering phenomena discussed above can be utilized for the communication purpose. А general 
mathematical relation governing the received power at a distance can be derived as below: 

Consider an omnidirectional antenna which radiates uniformly in all directions. Let the transmitted power 
be denoted by P, and the power density (ie, the power per unit area) in free space at a distance R from the 
transmitter is denoted by Ру. It will be equal to the transmitted power divided by the surface area 4x R?of 
an imaginary sphere of radius R. Thus 


watts a 


The McGraw-Hill Compan 


24-12 Tropospheric Propagation m 


If the transmitting antenna is directional with gain G,, the increased power reaching the point of observation 
as compared to the power that would have been reaching in case of an omni-directional antenna is given by 


AG, 


iy = 25, wans 2 
"EF (2) 
At the point of observation, the receiving antena Е 
wil cape a ponton of tis radiated power IIe É 
effective capture area of the receiving antenna is A, Ba “HE - 
berge power vl be B erre 
264 1 
Per рер WAS e & 260 L L 
The antenna дап G, and the cie ares 4, for ENS 
receiving antenna bear the following relations: "or smooth earth and standard atmosphere 
m ph Figure 24-16 Relative received power 


(4) for observed field and computed field. 


a oaste 
Substitution of A, in the expression of Р, results in 


n PGG A? m " 
areny e o 
In all above relations à is the wavelength. == к=н 
In case of involvement of scattering process, = me 
Ps Will be obtained by multiplying RHS af (5) by an s NN © 
attenuation factor F given by 4 1 — 
P y E 
F Vav © ш ү К“ 
m БЫ Kee] 
where o (6) is the effective scattering cross-section, = VŘ 
т is the scattering (common) volume and 0 is the EN X 
scattering angle, both shown in Fig. 24-15 E < 
As reported in the literature, the received power Sel My 
at different distances was computed for smooth earth Zas 


and standard atmospheric conditions in view of (9) 
of Sec. 24-9 alone and after Incorporating attenuation 
factor spelled by (10). Itisfurthermentionedthatwhen Figure 24-17 Variation of attenuation 
he power at these distances was experimentally mea- — actor F index n with distance. 

sured, the results were quitesurprsing. Figure 24-16 

Illustrates a plot of received power vs the distance containing these results. It can be noted that the theoreti- 
cally computed values have much steeper slope than for those experimentally obtained in the shadow zone, 
To further elaborate, Fig. 24-17 illustrates variation of attenuation factor F with distance for a number of 
Frequencies. There are mainly two interpretations for the availability of strong signals which are termed as 
turbulent scattering theory and layer reflection theory. 


Distance in km 
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i Turbulent Scattering Thay P According / 
Ina wi hag Telling sa wavy pace shoves We eats 
See шау eam and random erate space ean ghey egre: 
esi be neret arauen varaton a 

2 Laye Refection Thary P Intisten, 
eee tha thee we large none E 
otra al tes wider 
ы Theses etin * 
Smg pea екшшшк) а 
seem 


Height Km 


Whether there is a turbulent change of n or 
there are large number of randomly dispersed ' 
layers in common Volume, it is observed that 
attenuation does not exceed 100 dB even in the 
Worst case ata distance of 500 km, 
Figure 24-18 illustrates the refractive index -55 
profile plotted by a refractometer (with fading) at Po ida 
3.67 GHz. it can be noted that despite fading of 
the signal, the profile is sufficiently stable. Figure 24-18 Variation of refraction with height. 


EXAMPLE 24-121 A waveoriginate from the transmitting antenna with 10 d8 gain and 100 watts 
radiating power at 10 M Hz. It is received by an antenna with 15 dB gain located at a 20 km distance. 
Calculate the received power if the wave (а) travels in free space, (b) gets attenuated due to scattering 
from common volume of 1000 т with an effective scattering cross-section of 0.1 mě. 


m Solution 
In view of (25 and 26) 
(a) Pep BEEE REDD ig. dm 


6) F = 67070 = Her VOTE TOO = ¥ = 0565 x 10 


Net J. = 21.1 x 0.565 x 10-5 = 119215 х 10-watts 


24-13 Fading 


The tropospheric signals often suffer from шы 
fading which [s a phenomenon of reduc 
ton of signals due to variation in refractive È ы 
index. This variation is attributed to sud 
den changes in temperature, pressure and и 
humidity. Figure 24-19 shows the variation 
of signal in view of the fading phenomena. 

Fading normally is of Rayleigh nature. It s тт A 
can be classiffedin many ways, ILca be fast A 


Power in das 


Figure 24-19 Fading phenomena, 
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(r slow, single path or multi-path and short term or long term. For fast or multi-path fading, the duration is of 
the order of 0.01 second. Also, for long-term fading, on an average, the variation of the signal is of the order 
‘of 10 dB. It has been observed that the summer signals are about 10 dB stronger than winter signals. Also, 
the morning and evening signals are nearly 5 dB more than afternoon signals. 

The fading phenomena may occasionally resultin sudden disruption of communication. To avoid the same, 
the techniques employed are called diversity techniques. These include (two or four fold) space diversity, 
frequency diversity, time diversity, modulation diversity and the polarization diversity. 

Though the frequency range for tropospheric communication links varies between 300 to 10000 MHz, 
frequencies from 700 to 5000 MHz are more commonly used, Below 700 MHz, the antenna becomes too 
large and the scattering volume too inadequate. A Iso, above 5000 M Hz, there are excessive attenuation due 
to oxygen, water vapors and rain. Besides, non availability of high power transmitters also makes the use of 
higher frequencies impractical. 


24-14 Path Loss Calcul: 


The basic path loss for general communication is given by the relation 

path loss = 32.45 + 20109101: + 201091 dim ay 
The total path loss in dBS = Loss = Lys + Lo + La + Lat + Leg + Gr = Gr w 
where L p, s be free space path loss and is given by 


Lj, = Mlognatbrd/mě a 
L, isthe medium scattering loss and is given by 
Lu =1 4100 000дан f eh fermo 1) d) Seeg. ue 


6 = (0001 —02)=1(d — dı = d2)/R] (180/7) degrees (5) 
Lrg = -0205 — 310), М, = (n, — 1) x 1075 

п, isthe surface refractive index, Sesttered signal 

Lia is the fading margin in dBs, and 

len is the aperture to medium coupling loss and is given by 


Lag = 0.07 exp [0.055 (G, + 6.0108 o 


(G, and G, are gains of transmitting and receiving antennas. igure 24-20 Parameter involved 
The parameters бу, 0, 0, d, dı and dz are shown in Fig. 24-20. in loss calculation. 


e 


EXAMPLE 24-14.1 Find the basic path loss for communication between two points 3000 km apart 
ata frequency of 3 GHz. 


M Solution 
їп view of (1) 


Path loss 


2.45 + 201019 fuz + 20 00 km 
2.45 + 20 109103000 + 20109353000 
32.45 +20 x 3.4771 +20 x 3.4771 
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Problems 


24-91 


24-14-1 


LOS distance. The transmitting and receiving antennas with respective heights of 64 m and 25 m are 
installed to establish communication at 10 М Hz with transmitted power of 100 watts. Determine the LOS 
distance and the received signal strength thereat. 

Maximum distance and radio horizon distance. Calculztethe maximum distanceat which 
signal from transmitting antenna with 121 m height would be received by the receiving antenna of 16m. 
height. Also, calculate the radio horizon distance for k =4/3 model of earth with standard value of radius. 


Signal strength. А transmitting antenna of 100m height radiates 50 kW at 30M Hz uniformly in 
azimuth plane. Calculstethe maximum LOS range and strength of the received signal 9 m high receiving 
antenna ata distance of 20 km, At what distance would the signal strength reduce to half of that received 
at20 km? 

Effective area. A directional antenna with 20 dB gain radiates 300 watts. The receiving antenna at 
25 km distance receives 10 y. Find the effective area of the receiving antenna. Assume negligible ground 
and ionospheric reflections 

Maximum frequency. Calculate the maximum frequency which can be transmitted by a duct of 
100 m height if the total change in М is of the order of 0.040. 

wor received. Calculate the power received at 100 km distance if a wave originates from the 
transmitting antenna with 10dB gain and 500 watts radiating power at 15 MHz. Assume the same gain for 
the receiving antenna. 

Basic path loss. Find the basic path loss for communication between two points, 2000 km apart, at 
a frequency of 5 GHz. 


Note: (References are given at the end of Chapter 25) 
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Sky Wave Propagation 


Topics in this chapter include: 


п Introduction 
m Structural details of ionosphere 

m Wave propagation mechanism 

m Refraction and reflection of sky waves 
ш Ray path, skip distance and MUF 

m Critical frequency and virtual height 


Impact of solar activity 
Multi-hop propagation 

Takeoff angle 

Energy loss in ionosphere 
Primary and secondary services 
Wave characteristics 


25-1 Introduction 


This made of wave propagation is confined to the high-frequency range and its application to the broadcast 
services with the exception of OTH radars. The propagation of sky waves (also called ionospheric waves) 
revolves around the refraction mechanism in the ionosphere. The electromagnetic waves arelaunched towards 
the ionosphere wherefrom, under suitable conditions they return to the earth due to the refraction mechanism. 
Their satisfactory return depends on a number of factors including frequency of operation, angle of takeoff and 
ionospheric conditions. In thefollowing text, various aspects of ionospheric propagation are discussed in detail. 


25-2 Structu 


Details of the Ionosphere 


The ionosphere is a region above the earth and is composed of ionized layers. In genera, four layers, namely 
D, E, F and Fare assumed to exist at different heights. The distances of these layers, from the earth, are 
normally referred to the heights at which the concentration of ionized electrons is maximum. These layers 
are shown in Fig. 25-1. 

D layer It exists between 50 to 90 km above the earth's surface. It is а daytime phenomena and s largely 
absent In the night. Ionization in the D layer is low because less ultraviolet light penetrates to this level 
At VLF, the space between the D layer and the ground acts as a huge waveguide, making communica- 
tion possible but only with large antennas and high power transmitters, At LF and MF ranges, this layer 
is highly absorptive and limits daytime communication to about 300 km. It is responsible for much of 
the daytime attenuation of HF waves, This layer starts losing its absorptive nature in the MHz range 
and at 30 MHz, waves cross the D layer un-attenuated. Its structural details are not yet known with 
certainty 


e McGraw-Hill Compan 


ms Chapter 25 Sky Wave Propagation 


e a a 


LIA me Pw 


чаа шана атан 


зонт e ee ge. 


Rd 1 


jure 25-1 lonospheric layers with some of the salient features, 


v It exists between 90 to 140 km above the earth's surface, with maximum density at about 110 km. It 
is almost constant with itle diurnal or seasonal variations. Itis closely governed by the amount of ultraviolet 
light from thesun and uniformly decays with timeatnight T his layer permits medium distance communication 
in LF and HF bands. At night, the D layer slightly rises and the E layer slightly lowers to form one layer, 
which is again called the layer. 

Es layer It exists between 150 to 250 km above the earth's surface in summer and 150 to 300 km in winter. 
This layer is also almost constant with little diurnal or seasonal variations, 

Р» layer It exists between 250 to 400 km. At night, the layer slightly rises and the F layer slightly lowers 
to form one layer, which is again called the Fz layer, It is sometimes also referred as the F layer, It is more 
Variable in nature. The F2 layer is responsible for most of the HF long-distance communication 

‘Sporadic Е Itis the result of an anomalous phenomenon and falls under the category of irregular variations. 
Its occurence is quite unpredictable and is observed both during day and night. The cause of its appearance 
is still uncertain. It occasionally appears in and around the E layer, at discrete locations and then disappears. 
It often occurs in the form of clouds of charged particles of varying size from a fraction of a kilometre to 
several hundred kilometres across, It can be so thin that radio waves penetrate it and are returned by the upper 
layers, or it can extend up to hundreds of km. This layer may appear anywhere between the E and Е, layers 
or within the range of the E layer itself. 

‘Thenegativeaspectsof the sporadic € layer are that sometimes prevents the use of higher, morefavourable 
layers and at some frequencies it may also result in (i) additional absorption, (i) multipath problem, and 
(ili additional delay in return of the waves. Its positive aspects include that it has greater critical frequency 
and thus permits long-distance communication at much higher frequencies than the usual ones for well-defined 
layers. Sometimes the locations falling in skip zones canbe illuminated by the returns from the sporadic E layer. 

A few authors have also mentioned about the existence of a C layer between heights of 50 to 70 km. It 
is said to exist only during the day and disappears in the night. Its impact on wave propagation is of little 
significance. 

In addition to Fig. 15.47, a complete picture showing different layers encircling the earth during day and 
right is again illustrated by Fig. 25-2. Details about Van-A llen-Belts were included in Chapter 22. Further 
details about characteristics of various ionospheric regions are included in Table 25-1. 


25-3 Wave Propagation Mechanism 
25-3а Refraction In The Absence Of Earth's Magnetic Field 


To understand the refraction mechanism, first assume that the earth's magnetic field is either absent or its 
effect is almost negligible. Later the effect of earth's magnetic field on the propagation mechanism can be 
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Figure 25-2 lonospheric layers and Van-Allen-Belts girdling the earth. 


Table 25-1 Characteristics of the various regions of the ionosphere 


Parte T T F 
Tis Ten or WU wit ТОБЕ CF aT gare O ZAH By UV, 
Lyman-alpha radiaton, sof Xrays decrease of recombk X-rays and probaly 
lonizatien af al gases by nation соейсел wih corpuscular adaton 
iot bean, 
Height 60-90 by day, 100-140 180-240 by dy, 230-400 
mi disappears at ight disappears at ight 
Маесшаг por 5100100 Машай m 
dense 
Electron 10210 recs Upmjomášv 10. by 2x10 4e 1d Ma 2 x 10 by day 
rion denser? 108-10 Ef n ау in winter 
fied at about 5 = 10 to max 2 x 105 by day 
атт summer. 
3200 at night m 
Calin second 10 ater edge w ш Ex 
Recombinaton — 10-107 w n E ib e, 
ocení 3 x10 atnight 


incorporated to get the real picture, With this assumption, the following two interpretations about the bending 
‘of ionospheric waves are generally accepted. 

Interpretations The wave phenomena can be mathematically derived in terms of electric and magnetic 
field vectors E and kt from Maxwell's equations. Further, the ionosphere, а region wherein the matter 
is completely in the ionized state, is composed of ionized particles, viz., electrons and protons. A charge 
0 in an electric fied E experiences a force F in accordance with the relation F = О E. The force 
exerted on electrons causes them to vibrate, in sinusoidal fashion, along with the lines of electric flux. 
These vibrating electrons can be visualized as small loops with the current I, The current density J is 
proportional to the velocity of vibration U. in accordance with the relation J = д. U, where pe is the 
electron charge density. The maximum Velocity Ume: lags behind E. Thus the current I resulting from 
these vibrating electrons is inductive їп nature. In view of the M axwell equation, Y x Н =0D/dr = aE/ar 
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orthe displacement current density J with the conduction current Is assumed to bezero in free space, Thus, 
the displacement current or the capacitive current (1) already exists within the medium due to the presence 
кс the vectoc Пе B. These two currens (JL 200 24), being of inductive and copaciive nares 
tract, resulting in the decrease of net current, due to the presence of Ionized electrons. Since Jy = £ JEJ, 
and there is no change in E, the decrease in the net current is viewed by the wave as a change (reduc 
tion) of £. A decrease in » will result in bending of path of the wave, from a high electron-density region 
to a low elecron-density region. Since the average velocity of the vibrating electrons is inversely propor. 
tional to the frequency /, the magnitude of current is greater for lower frequencies and smaller for higher 
frequencies. When f is lower enough, the capacitive and inductive currents are equal and the resultant 
Current is zero, amounting to = 0. The wave which was gradually bending away from ће normal due 
to smooth change in « towards the lower side suddenly finds its value to be zero. At his point, the wave 
starts bending downward and travels back to the ground, where it may be received by a user antenna. 
interpretation- According to the second interpretation, each 


vibrating electron acts а a small radio antenna extracting energy z 
from the passing wave. This extracted energy is later re-radiated by 

these microscopic antennas. Since due to this reradiated energy F 

lagsEby 90°, these electrons, acting as parasitic antennas, aretuned 2 
toofferaninduchvereactance The neteffetist alter the direction Ay Y 


in which the resultant energy flows. Though ions in the path also 
behave in the same manner as electrons but since they are heavier 
they vibrate at a much slower rate than the electrons, under the Figure 28-3 F, U and B along 
influence of the electric field, and hence have negligible efect on orthogonal coordinates x, y and z. 
the propagation mechanism. 

The above two interpretations ultimately result in smooth bending of the wave towards the earth in the 
absence of a magnetic field. Since the earth's magnetic field is a real entity, its impact on the bending process 
needs special consideration, which is given as below. 


25-3b Refraction in the Presence of the Earth's Magnetic Field 
‘The vector force F on a charge in motion (having a velocity U) in the presence of the earth's magnetic field 
Bis given by the relation F = O (U x B). These (orthogonal) vectors are illustrated in Fig, 25-3. 
thigh frequency, a component of Batright angles 

to E of the incident wave causes vibrating electrons 
to follow elliptic paths. The new E (=F/Q) will have 
two components, one parallel and the other perpendic-. 
ular to E of the wave. Thus, the polarization of E will меле, 
be rotated by 90° in space with respect to the incident 

wave. Since some of the portions of such paths have И 
Components at right angles to E of the wave, the elec- 
trons, from the passing wave, absorb some eneroy. This 


Mane 


Бата magro as 
see about 
Жа 


energy Isre-radiated with polarization hats rotated by E» st 
90 in space with respect to the polarization of Iheinci- 2 
dent wave, Thus, the earth's magnetic field (shown in Еа 


Fig. 25-4) wil normally cause plane polarized radio 
wave to become elliptically polarized after it travels 
some distance in the ionosphere. 


igure 25-4 The earth's magnetic field 
and its orientation. 
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As stated earlier, heaverage velocity is inversely proportional to te frequency. Thus, at higher frequencies 
electrons vibrate along very narrow elliptical paths, whereas at lower frequencies, the effect on is greater 
vibrating electrons. Аз frequency decreases, the amplitude of vibration increases, ог the minor axi ofthe 
llipse increases, and the ellipse becomes larger and larger. If the frequency is further decreased a cyclotron 
resonance occurs, the ellipse breaks and electrons start following а spiral path of steadily increasing radius. 
The frequency (2400 kHz) at which this resonance occurs is called the gyro frequency f. Figure 25-5 
illustrates the whole process of change with frequency and breaking of the ellipse at gyro frequency. At still 
lower frequencies, electrons follow a relatively complicated path having components of motion, both parallel 
and perpendicular to the plane of polarization. 


Theeffect ofthe magnetic fied will greatly depend on relative 
orientation of flux lines with respect to the plane of polarization 
ofthe wave, i.e, there will beno effectatall if Band E are paral- 
И i D 4 


[be ts ile mariam efe eee epei 
The magnete i do causes the wave tapit to compe: 

neis Tese compo тааап ene каный 

жуул ий ave la plena нар a 

Же aros Themo il fed by diferet eee Fim 28-6 Efecto reavency 
ize! medium boda eet obs These ey 
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25-4 Refraction and Reflection of Sky Waves by Ionosphere 

In view of Fig. P17-3-9 and Fig. 25-6, the refraction phenomena in the ionosphere is governed by the 
following relations: 

n= Jê = 0-м) a 

sing = sing o 

and vp = c/n a 


where, n is the refractive index of the ionosphere, £ (= s+) is the permittivity relative to free space, N is the 
number of electrons per cubic cm, / is the frequency in kHz, ¢ isthe angle of refraction at Р, фу is the angle 
of incidence at the lower edge of ionosphere and с is the velocity of light. 

To understand the relation given by (1), let 


us assume that a plane wave is traveling the Unper edge of ay 
positive Z-direction. Its electric field E has СЫР # 

a component only along the x-axis (i.e, E, u 

and Eare zero), Thus, E can be written s ONOSPHERE - 

E Ela, Where E, = E sin wt, Also, Lo 
A AE 2. em um um 
H = % a, (н, and Н. are 0). This wave м K "= 
mois n lig Pe lc 

Presence al een те еттт r 

кч 


Figure 25-6 Bending of wave from an 


ek. % ionospheric layer. 
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This force results in acceleration of electrons in the x direction. From Newtan’s law, 


тх 

"п = eB, = -eE sina 5 
(5) with initial zero condition results in 

de f [кчы de Rese © 


Ifthereare N electrons per cubic meter in the space, each carrying a charge -e and having mass m, the current 
density 4 represented by this motion of electrons is 

NE pensar m 
This current density must be included in Maxwell's equations, and in а particular case the term is generally 
represented by J = o E 


ds 
Jaane = 


vet 
where = © 
їп view of Maxwell's equations, 
ар ЗЕ эв __ эн 
Vad ase Banks (ay and ухЕ= = cam o 


and the assumption that £ has only the x component and #1 has only the y component. T hefollowing relations 
emerge. 


e 
1+ as (10a) 
am, ao 
Substitution of Eqs (7) and (8) in Eq, (108) gives 
jež a 
LES " 
ve? Než 
& (a- VÉ = li - 
(m) (as) ud 
věší ےو‎ 
here 1 il (13) 
where quae аз) 
Sicethereochie iners = JE, 
ма ү? nè ү? 
«(уле Y^ o 14 
(ma) (mer) ~( a 
Fore 2159 x 10719 c, m =9 x10-3 kg and f in Hz 
N(1.59 x 10-192 722 81! 
b 37 €) 9 x ODF, eae] ( CE as) 
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From (15), it can be noted that m is а function of frequency so the velocity of the wave is also frequency 
dependent This is the same phenomenon as observed in waveguides, giving rise to two velocities known as 
phase velocity and group velocity. 


The phase velocity 
D = + = тшу бн, D (163) 
The group velocity 
» Er 


E 
a- 2 


From (26), it can be concluded that the phase velocity is directly proportional to the frequency whereas the 
‘group velocity is inversely proportional to the frequency. Lastly, (16a and b) lead to the well-known relation: 


an 


A critical study of (1, 2 and 3) reveals the following possibilities. 
L n > 1: This condition requires the term 8LN / /to be negative which is not possible in view of the 
nature of involved parameters. Thus, this condition does not exist. 


2. п < 1: This condition requires that BIN / f? < 1, This condition always exists In vien of (3) and 
this condition, u is always greater than с 


E This condition means that the term 81 / f? = 0. In this case, v, = c and from (3), à = фо. 

4. m=0:Thiscondition requires thatthe term 81N / /2=10r LN = f2. Atthis point, f = fe (where f. 
is termed the critical frequency), and the inductive current iz equals the capacitive current ic. Also, 
in this case yy = oo and from (3), 020, 

5. ForBlN] f? > Lor f? < BLN, n is an imaginary quantity. In this case, the ionosphere shall nat be 


able to transmit a wave at such a frequency, Instead, the wave will ge attenuated. 


When vy — c is large for BL, the wave front advances faster in the region where У Is large than that 
where N is es. The wave gradually bends and follows the optical law given by (2). Smaller the до, smaller 
then, a higher N is required for the wave to retum to the earth. 

From he critical frequency relation f? e&LN, f, correspondsto the maximum N of layer As V increases, 
the refractive index n decreases. For j < /., the wave will get reflected back from the layer irrespective of 
do. For f > f the wave will retum only when ¢, is sufficiently small or when go satisfies (2). The wave will 
penetrate the ionosphere otherwise 

The reflection n sno = ingo gives the path of a ray only when the change of п with height is small in а 
distance corresponding to 2. in the medium, otherwise there is an appreciable reflection as well as refraction 
and the propagation can no longer be described in terms of а simple ay path. If change in mis very large in 
the space of à, the wave has a true reflection from a well-defined boundary. For an intermediate situation, а 
mixture of reflection and refraction takes place 

The phase velocity v, is related to c and n by the relation (3). Since n < 1 for an ionized medium, vp 
is always greater than с. The difference up — с is large for large NI ^. As а result, when a wave enters 
the ionosphere, the edge of the wave front in the region of highest electron density will advance faster than 
the part of the wave front encountering region of lower electron density. The wave path in the ionosphere Is 
accordingly bent. This bending of a wave follows optical law (Le, n sin ¢ = sin) shown in Fig. 25-6. 
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Here, m is the refractive index at the point P, ¢ is 
the angle of refraction at Р, ф is the angle of inci- 
dence at the lower edge of the ionosphere, and Pay is 
referred as the highest point of refraction from where 
the wave changes its direction downward. In view 
of this, smaller the gp, smaller the п, higher the N 
required to return the wave towards the earth. At 


ith 


нень 
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The vation of есп densty ле wit height Figure 25-7 Variation of electron density 
‘a isillustrated in Fig. 25-7, The igurealso indicates . with height . 
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25-5 Ray Path, Critical Frequency, МИР, LUF, OF, Virtual Height and SI 
Distance 


‘These terms are very commonly used in connection with sky wave propagation and thus all these terms 
require proper understanding for establishing ionospheric communication links. The definitions and detailed 
discussion related with these terms are given below. 


Ray Path Thepath followed by a wave 
is termed ray path. Figure 25-8 illus- 
trates six different paths followed by a 
wave under different conditions. 

When f> fe, the effect of the iono- 
sphere depends on the angle of inci 
dence go. According to Fig. 25-4 
can infer the following: 


1. When бо ls lately large 
бетше sis He aon 
=й. When opts 
than 1 Be wave ems ater к en M e 
slight penetration (Ray) la 

NE pool eee SY ere 
CCC 
. 

3. When фу further decreases, (2) 
of Sec. 25-4 cannot ue sed even wit the maximum econ densty of be layer, е wave 
рон and crosses е laye (hay 3 nd 6 

a. Inve of We peint Zand om Fg 25 can be seen hat he distance at ich he wave rums 
%%% 
FC 

„ When o Tra decreases endis less than hence of dum Trst increases (Ray-4 and then 
panera е laye 
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25-5 Ray Path, Critical Frequency, MUF, LUF, OF, Virtual Height and Skip Distance m 


EXAMPLE 25-5.1 Calculate the skip distance for fat earth with M UF of 10 M Hz if the wave is 
reflected from a height of 300 km where the maximum value of n is 0.9. 


m Solution 
In view of (1), 

n? = 081 = (1 - 81N/f?) 
425581 = [0 — 0810/8 
2345х100 
9/Nmax = 9V/(23.45 1010) = 9x4 8425x107 = 4.36M Hz 
2h A finu — 2200 1/367 — 1] = 6006.527 
= 3916.2km 


азуух? 


EXAMPLE 25-5.2 Thecritica frequencies atan instant observed for E, F; and layers were found 
to be 3.5 and 9 MHz. Find the corresponding concentration of electrons in these layers 


ш Solution 


fem Nea or Noa =/2/81 

ForElayer, o 3MHz be = /2/81 = 9109/81 =0.111x10" 
ForFilayer fo = SMHz de = {2/81 = 25x1012/81 = 03086102 
ForFalayer.fe=9MH2 de, = 42/81 = 81x10?/81 = 10? 


EXAMPLE 25-5.3 Calculate the critical frequencies for E, Fı and Fz layers if Nmax for each 
corresponding layer reduces to 80% of the values obtained in Problem 25-5.1. 


B Solution 


For layer, Na. - 080111102 f=) 
ForFalayer, Nmax=0.8x0.3086:102 f, 
For Falayer, Мы =0.8x102 fe 


\/ Маз =9/0.0888x 10 —2 68M HZ 
Nine =9,/024688х10 — 4.47 M Hz 
Nm =9,/0.8% 1082 =8.05M Hz 


Critical Frequency The highest frequency that returns from an ionospheric layer at а vertical incidence is 
Called the critical frequency for that particular layer. For a regular layer, it is proportional to the square root of 
maximum electron density in the layer. Figure 25-9 shows the critical frequencies for different ionospheric 
layers at different instants of time in (a) winter, and (b) summer seasons, 
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Figure 25-9 Critical frequencies for different ionospheric layers. 


Maximum Usable Frequency Earlier, itwas mentioned thatthe critical frequency f ¡ste highest frequency 
that retums from an ionospheric layer at a vertical incidence. When the frequency exceeds (. the return 
will depend upon the angle of incidence at a particular ionospheric layer. Thus, for a specified angle of 
incidence, there will be a maximum frequency which will be reflected back. The maximum possible value of 
frequency for which reflection takes place for a given distance of propagation is termed as maximum usable 
frequency (МЕ) for that distance and for the given ionospheric layer. Beyond M UF, the wave will not return. 
Figure 25-6 shows that at the point of reversal of path to return to the ground, the sky wave requires the angle 
of reflection to be 90°. Thus, if g is the incident angle and ¢, is the reflection angle, the refractive index n 
can be written as 


sing, _ sings _ mum w 
Эп, © 9190 Hus 
sin? gy =1- — o 
But as discussed earlier, 
SÈ = elne a 
2, B 2 " 
Thus, я» o toa C] 
fur sec? di 5 
Finally, we get 
/мик = fc Sc o. (6) 


Equation (6) is known as secant aw. It indicates that fixu is greater than f. by a factor sec, It gives the 
maximum frequency which can be used for sky wave communication for a given angle of incidence between. 
two locations 

Figure 25-10 illustrates the maximum usable frequencies at different times destined for coverage of various 
distances. 
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25-5 Ray Path, Critical Frequency, MUF, LUF, OF, Virtual Height and Skip Distance 


Lowest Usable Frequency The frequency below which the 
entire power gets absorbed is referred to as lowest usable fre- 
quency (LUE. 

Optimum Frequency The frequency at which there is opti- 
mum return of wave energy is called the optimum frequency 
(ОР). 

Figure 25-11 illustrates the LUF, ОР, МИЕ and the 

critical frequency fe оп a frequency scale, Limits of all these 
frequencies are different for different layers. 
Virtual Height It may be defined as ‘the height to which a 
short pulse of energy sent vertically upward and traveling with 
the speed of light would reach taking the same two-way travel 
time as does the actual pulse reflected from the ionospheric 
layer! 

Figure 25-12 illustrates that there s по sharp change of the 
direction of wave and it starts bending down gradually (from 


= 
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Figure 25-10 Maximum usable 
frequencies at diferent times of the day. 


the point E) through the process of refraction in the ionosphere. ust below the ionosphere (the point F), the 
incident and refracted rays follow exactly the same path as would have been followed by them if the reflection 
had taken place from a surface located at a greater height (the point 8) which is often referred as the virtual 
height If the virtual height of a layer is known, the angle of incidence required for the return of wave to the 


‘ground at a selected spot (the point C) can easily be calculated 
Figure 25-12 illustrates two different cases 


containing (e) flat earth, ond (b) curved earth 4 ＋ у 
The above discussion s ше for both cases Оп ping gaa baad Hs 
comparison of Fig. 25-12 (a) and b it can eas Lo Грете 


ily be concluded that both the actual height and 
the virtual height in case of curved earth аге less 
"han that for flat earth The virtual height, how- 
ever, is always greater than the actual height of 
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Figure 25-12 Actual and virtual height and the related parameters for (a) flat earth, and 


(b) spherical earth. 
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Figure 25-13 Virtual heights at diferent times of a day. 


reflection because the exchange of energy that takes place between the wave and the electrons of the iono- 
sphere causes the velocity of propagation to be reduced. The difference between virtual and true heights is 
influenced by the electron distribution in the regions below the level of reflection. It is usually quite small 
but on occasions may be as large as 100 km or more. Figure 25-13 shows the virtual heights for different 
ionospheric layers at different instants of time in (a) winter, and (b) summer seasons. 

Skip Distance The minimum distance at which the wave returns to the ground ata critical angle ¢, istermed 
the skip distance. Figure 25-8 illustrates two different skip distances which correspond to rays 2, 3 and 4. As. 
„mentioned earlier, the skip distance and the maximum usable frequency correspond to each other. 


25-6 Relation Between MUF and the Skip Distance 


Flat Earth Саве Figure 25-142 illustrates the ionized layer which is assumed to be thin with sharp ionization 
density gradient so as to obtain mirrorlike reflections. For shorter distances, the earth can be assumed to be 
flat In the figure, iis the height of the ionospheric layer, dis the skip distance, 0 isthe angle of incidence 
and 6, is the angle of reflection, In view of the geometry of the configuration, 


ka OB Ж Lor Ae s a 
Сав TTR VAR 
In view of (4) of Sec, 25-5, 
n aie Flug Mae 
Foe a O d 
fw _ Jules | 
B lm -im © fuer a 
Equation (3) gives M UF in terms of skip distance. A Itematlvely, from (1) 
flr a 40 fwr 2 һу | йш 
ue meee © (n) -E-i и = an к т 
d = (2h), (ШИ -i (4) 


VOR 
Equation (4) gives skip distance with MUF 
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25-6 Relation Between MUF and the Skip Distance E 


e 


Figure 25-14 Skip distance and related geometrical parameters for (а) fat earth, and 
(b) spherical earth. 


25-148 This shows theionized layer and the curved earth Itis again assumed that 
the ionospheric layer is thin with sharp ionization density gradient so as to obtain mirror like reflections. In 
this figure, 2 is the angle subtended by the skip distance d at the center of the earth, From the geometry of 
Fig. 25-148, the following relations are obtained; 


Area" 5 
Anglezo (6) 
AD = SNO, OD=Reose, Вр=0Е+ЕВ-Ор 
+h Rose 0 
AB = (ADT E (BDF = VRANOV E (CER Ras в) 
P R + — Reaso i 
АБ © Teams CER Rese 
h — со? 
sopo Biharo . 0 
TRAAY FTK- 00507 
2 ay 
Since = (os) 


theskip distanced’ is maximum when 9 is maximum. The curvature ofthe earth limits both the M UF and the. 
skip distance, This limitis obtained when a wave leaves the transmitter at a grazing angle ОАВ = 90°, Under 


this condition, 
04 R 
cost = اڪ‎ ЕЖЕ (10) 
Since the actual value of s very small, this relation can be expanded as 
R R 
C080 = —— = — m de h/R) =(1-h/R), since h/ K << 1 (11) 
R+h ТИЕН ТҮГҮ Un h Hs; / un 


coso = У 8070 ж (10021 — 2/2 for small 0 ш 
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From (11) and (12), 


-- e A as 
In view of (5) and (13), 
Ago? = AIDE = вик or d = ЙЕ an 
2 
From (4). = к as 
їп (14) and (15), 4 is the maximum skip distance. 
Equation (11) can now be rewritten in view of (15) as 
"m 
- т (16) 
Also in view of (14) and (16) 
aj fae an 
кы Г: ЖЕТ 
Again in Мен of (4), of Sec. 25-5, and (9), (16), and (17) 
IR +h = RÛ dB 
Wee IR += ла ї 
Lo (eed? [Ry 
DTA KTERY na 
шк 20 (h + ABR _ 2270 m 
Po th + d778Ry AFAR 
М 
а т 20) 


fre fu aa 


Equation (20) gives maximum usable frequency in terms of skip distance. To get the expression of skip 
distance in terms of maximum usable frequency, (19) can be rewritten as 


d? afr 
atp u Qu 


(22) 


Similarly, (22) isaf quadratic form which will yield thevalue of the skip distancein terms of maximum usable 
frequency as given below. 


apar 3) 
Uv]. 1. (24) 


where X 
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25-7 Impactof Solar Activity ms 


EXAMPLE 25-6.4 Calculate the maximum single hop distance for D, E, Fa and Fz layers if their 
heights are assumed o be 70, 130, 230 and 350 km respectively above the earth and the angle of incidence 
is 10° in all cases. 
m Solution 
In view of (1), 

һ » 


cost, 


d 
For D layer, d 
For E layer, 


25-7 Impact of Sol 


Like any other heavenly body, the sun also Pur Mu. 
rotates on its axis and completes its rotation In ff wo w 26 
27. days. It is also known that certain areas ŠŠ 25 
af the sun are relatively more active than o $S © M 
ers in terms of flares, corona formation and 85 „ EB 
ionic disturbances. Theionosphereandthemag- — B5 J. 84 
netic field of the earth are bound to be affected <= + 

when these areas are towards he earth, This 8 QE 


orientation results in moreionospheric and mag- 
netic disturbances and sometimes even in severe 
storms, Recurrence of such disturbances and 


Figure 25-15 Recorded data of sunspot number 
Storms тешу тесе the electveness of 20 cca requencfor Flyer over a period of 
ionospheric wave propagation. Thestudleshave 2076: 

shown that decrease in the critical frequency results in more absorption in the D layer and increase in virtual 
height of the F layer. The effects on E and Fi layers are, however, less pronounced. The effect is observed 
to be more severe when transmission paths are nearer to the earth's magnetic poles, Besides, lesser efect 
has been noted when frequencies remain below 100 kHz. Thus, in LF range communication is better than at 
higher frequencies. Communication outage for 15-16 minutes has been reported due to more sun spots facing 
the earth In order to understand the impact of sun status, Fig. 25-15 illustrates a variation in the number of 
Sun spots and the corresponding critical frequencies, 

To elaborate the Influence of solar activity can be summarized under different captions as given below. 
Sunspots are the dark, irregularly shaped areas on the surface of the sun which keep on appearing and 
disappearing in two cycles, every 27 days and every 11 years. These are believed to be caused by violent 
eruptions on the sun and are characterized by strong magnetic fields. The occurrence of sunspots, thelr life 
span, shapes, sizeand location on thesun'ssurfaceareall variable and unpredictable. Sunspots cause variations 
in the ionization level of the ionosphere and hence affect the propagation characteristics of the waves. 
‘Sudden lonospheric Disturbances (SID) may occur any time and may last from minutes to several hours, 
The occurrence of SID is due to solar eruptions producing intense bursts of ultraviolet light which are not 
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absorbed by upper ionospheric layers. These bursts mainly cause an immense Increase of D -layer ionization 
density resulting in absorption of all frequencies at the upper edge of M F range. These may result in the total 
outage of HF communication 

lonospheric storms are caused by disturbances in the earth's magnetic field and are related to solar eruptions 
and the 27-day cycle of the sun, The effect of these storms may lead to а turbulent ionosphere and erratic 
sky wave propagation. These storms mainly affect the F layer, reducing its ion density and causing critical 
frequencies to be lower than the normal. 


25-8 Multi-Hop Propagation 


In Fig. 25-8, the distances between transmitter (T) and two receivers (R,1 and К.з) were marked as skip 
distance- 1 and skip distance, The wave originating from 7, arrives at R,ı and R,z In one go, Le, without 
touching the ground anywhere in between, These distances аге termed as one hop distances, In Fig. 25-8, It 
Was also shown that the energy may arrive at R either through the ray 2 or the ray 4, These rays are termed 
as lower ray (LR) and upper ray (UR). Normally, it is the lower ray which is preferred for establishing the 
communication. The upper ray which is also called Pedersen ray isnat very important. The upper ray is weaker 
than the lower ray in terms of its energy contents since over a given solid angle it spreads more as compared 
to the lower ray. It becomes important only when the lower ray is prevented from reaching the receiver in one. 
hop. This situation arises ether when the earth's curvature prevents one hop lower ray or when the distance. 
between the transmitter and receiver is greater than the skip distance. In such cases, a multi hop system is an 
alternative for establishing the communication. Also, if the frequency used falls between critical frequencies 
of E and Ру layers and the receiver is beyond the skip distance for E layer, two or even three separate layers 
may contribute to the propagation of energy. The link between transmitter and receiver, in such cases, may be 
maintained in many ways. These propagation modes shown in Fig. 25-16 include ( single hop single ayer, 
(i) single hop mult layer, (iii) multi hop single layer, and (iv) multi hop multi layer systems. 


25-9 Take-Off Angle 
We have seen earlier that at f = cutoff frequency f 


BEN. 
Also, n sin à = sin do 
Sinceat f = fe, ¢ =90° 


n asinga = VUL- (fel fI 1- sin? фа = (fel SA cose f? = [2 S or f = fe sec 9h 

Thus, we get the secant law for flat ionosphere given earlier by (6) of Sec. 25-5. 

From Fig. 25-17 for fat earth or for smaller distances: 

VT rum o 
D 


In (1), d is the maximum distance from transmitter (located оп earth) at which the ray returns or is the 
maximum skip distance. 
Ford > 100 Vi, the following relation accounting for the earth radius (6367 km) is used. 
EL 


d 1+ (h'/R) = costd/2R) Lal 


жө 
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25-9 Take-Off Angle m 


(а) One-hop multilayer propagation (b) Skip distance less than 
half of the distance to the receiver 


(c) Distance to the В, Is greater than (d) Multilayer propagation 
maximum possible one-hop distance for LR 


Figure 25-16 Mult-hop multiayer propagation. 


‘The angle A(shoun in Fig. 25-17) where 8 = 90° — do Is called the take off angle (for fat earth). For curved 
earth, A is given as 


B = 90 — o - 5730/28 a 
esp „ _ cose cos 
sin de ITUR nz RR or м mR (4) 


The i’ given above is the virtual height defined earlier. When 8. = 0, qu is maximum, Le, for flat earth 
¢ = 90° and for curved earth 


„ = 90 —5734/2R 6 


Figure 25-17 Take-off angle and secant law. 
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EXAMPLE 25-8-1 An ionospheric wave s reflected from a layer of height of 200 km. The takeoff 
angle is 20° and the earth's radius is 6370 km. Calculate the skip distance if the earth is considered as 
(a) Mat surface, and (b) spherical. 


00 km, R=6370 km 
(a) Forflatearth f = 90° — фу do = 90° — f or do = 70° 


pue 03397 
In view of (1J, 
FAA an 200/2 
E . 
s D Уат 1 emi 


(b) For spherical earth 
В = 90 -po 57.3% % po = 90° — 8 — 5734/28 
ж = 90° — 20° — 57.3 x 200/2 x 6370 = 69.1 


42 200/2 


Kev ы 
Мо 1 веб 1 


818 


25-10 Energy Loss in lonosphere and Sky Wave Signal Strength. 


Even though gas pressure in the ionosphere is very low, the vibrating electrons collide with gas molecules 
from time to time. The kinetic energy acquired by electrons from the wave is lost. The amount of this loss 
depends on the gas pressure, velocity of vibration, likelihood of collision and frequency of collisions, Most 
of the absorption loss takes place a a lower edge of the ionized region, where the atmospheric pressure is 
greater (Le, in he D layer and lower partof E layer). Other things being equal, the absorption is less at higher 
frequencies and maximum at gyro and lower frequencies, This absorption cn be analyzed by assuming that 
the ionosphere has a conductivity "o" along with". The curves shown in Fig. 25-18 illustrate these losses 
for different layers. 

At high frequency, the energy loss due to collision occurs mainly just below the E layer (in the D layer) 
where product of collisional frequency and electron density is maximum. This уре of loss is called non: 
deviative absorption loss The attenuation constant for non-deviative absorption in Е layer in dB unit length 
of path is given by 


Ue] D a 


where fe = f for the E layer, fis the wave frequency and k is а constant which is a function of collisional 
frequency. Similarly, a can be obtained for a D layer. 


25-11 Primary and Secondary Services 


The region about a broadcast transmitting station in which the signal strength in the daytime is strong and 
adequate to override ordinary interference is termed as daytime primary service area. The coverage of this 
Service area depends on the transmitted power, antenna directivity, ground wave attenuation factor and the 
frequency of broadcast, For high power transmission at lower broadcast frequencies and highly conducting 
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Figure 25-18 Absorption coefficients for different regions. 


earth, this coverage is normally between 50 to 100 miles. Outside this area where signal is still trong but not 
‘enough to override interference is called the daytime secondary coverage area, This region is also determined. 
by the factors noted for primary area but extends to several hundred miles at receiving locations where the 
noise is low. 

At night, sky waves of considerable strengths return to the earth. Near the transmitter, the sky wave Is 
relatively weak compared to the ground wave and later predominates. A s the distance from the transmitter 
increases, the ground wave attenuates and sky wave becomes stronger, thus both become approximately equal 
in strength. At still larger distances, the sky wave tends to become still stronger. It maintains а relatively high 
and constant signal up to a considerable distance, This phenomenon is illustrated in Fig. 25-19, 


25-12 Wave Characteristics 
Some of the characteristics exhibited by the waves in different modes af propagation and different frequency 
ranges are summarized below. 

25-12a VLF Wave Propagation 


+ Range of VLF spreads over 3 kHz - 30 kHz. 
+ Low carrier frequency limits the bandwidth and hence the information contents and thus cannot be 
used for conventional communication, 
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Figure 25-19 Primary and secondary service areas. 

« These waves can penetrate deeper into sea aswell asthe earth, and therefore can beused for submarine 
and mine communication. 

< Waves can travel thousands of kilometers along the earth's surface and have a very steady phase. 
Therefore, aV LF wave can be used for navigation and for time and frequency standards. 

+ These waves find extensive applications in magnetospheric probing. These waves travel from one 
hemisphere to the other in the earths’ magnetic field lines in whistler mode. A study ofthese whisllers 
reveals information on magnetospheric electron and ion densities 

+ In general, VLF has attenuation of about 3 48/1000 km for propagation over seawater and about 
6 481000 km over land, Frequencies around 20 kHz show the least attenuation. 

© An antenna has to be comparable to wavelength for meaningful radiation. Thus, VLF antennas have. 
to be very large in length (i.e, several kilometers long). Horizontal antennas can be made quite long 
but their efficiency is less than 1%. Vertical antennas have efficiencies greater than 70% but need 
‘expensive ground plane and top hat structures 

. In VLF range, lightning discharges are the main source of noise. The level of noise at this range is 


considerably higher than that at higher frequencies. 
+ VLF waves are almost completely reflected both by the lower ionosphere and the earth. Thus they 


are guided in the region between ground and ionosphere much like waves in the waveguides. The 
helghtof the waveguide may be around 70-80 kilometers. 
20 kHz - 100 kHz 
+ This range encompasses part of the V LF band and pen of LF band. 
© In this range, ground waves have relatively low attenuation, 


25-12 Wave Characteristics as 


Received ground wave signals show litle diurnal, seasonal and yearly variation, 
Ground-wave mode is mostly used up to 1000 km. 

Sky waves are reflected back to the earth only after little absorption and slight penetration in the 
ionosphere. 

Received signal shows diurnal and seasonal variations. 

Signals are stronger at night than in day. 

Signals are stronger in winter than in summer. 

Although signals even after traveling great distances behave in a fairly regular manner, neither daily 
nor yearly cycles repeat exactly vis-a-vis signal strength. 

For distances greater than 1000 km, mostly the sky wave mode is used, 

Average yearly intensity correlates fairly well with 11-year sunspot cycle. 

‘© Fading in the normal sense does not occur. 

400 kHz 535 kHz 


This range encompasses part of the LF band and a part of МЕ band, 
Ground waves attenuate more rapidly as the frequencies are raised above 100 kHz. 

Range of ground waves reduces as the frequency increases. 

Sky waves become the obvious choice for moderate distances. 

lonospheric losses tend to be high in daytime but remain low at night 

Dueto relatively high ionospheric absorption in day time, long-distance communication in day time 
is not dependable, 

Nighttime communications for long distances by sky wave are reliable, 

535 kHz- 1600 kHz 


This range is a segment of МЕ band, 
This range encompasses frequencies primarily used for broadcast purposes. 
Daytime broadcast depends entirely on ground wave propagation. 

Daytime signal strength decreases more rapidly with distance for ground waves, 
Lower the earth's conductivity, the higher is the frequency of the signal 

Sky waves їп this range are completely absorbed in day. 

1600 kHz - 30 MHz 


This range encompasses part of the МЕ band along with the entire HF band. 

+ Ground waves attenuate very rapidly. Thus, this mode of propagation is of no use except for very 
shart distances, 

. Almost all long-distance communications use ionospheric reflections. 

‘= The range of frequencies to be used depends on the given set of conditions. 

+ The lower-frequency limit depends on the ionospheric absorption over the path, the radiated power 
and the noise level at the receiver. 

‘+ Тһе maximum usable frequency (M UF) depends on the distance, height and electron density atthe 
location of reflection in the ionosphere. 

. Thefrequency which gives the best signa is the optimum frequency (ОЕ), normally taken 15% below 
the maximum usable frequency. It allows short-term fluctuations in M UF. 

+ OF tends to be high (20 to 20 M Hz) in the day for long paths and is low (5 to 10 MHZ) at night for 
short paths and is normally greater in summer than winter. 

+ Optimum frequencies are susceptible to sunspot activity and tend to be higher for paths with lower 
altitude. For similar conditions, signals over north-south paths are stronger than over east-west paths. 
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This is mainly because of lage variation in the quantum of sunlight and hence the ionization on. 
east- west paths. 

«For long-distance communication (beyond 1000 km), OF is determined mainly by the F layer. OF 
may also be determined by E or Fy layers under certain circumstances at noon. 

« For medium distances (200 01000 km) at lower heights, the E layer causes ду to be glancing than 
for Fa layer; E layer alone determines M UF. 

Sporadic E may cause increase in OF (maximum 80 to 100 M Hz is reported and 20 to 40 MHz is 
соттоп) 

« Sporadic E is more prevalent in summer and may control ranges up to 2000 km at 15 M Hz. 

« ОЕ increases with path distance for one hop transmision. On an average, it is 4000 km for F layer 
and 2000 km for E layer. 

For short distances, OF = f; and for long distance MUF =3 f for F2 layer, 

When d = h, В is large, when d >> h, f is small (5° to 15°) Fig. 25-20 

For A < 3.5, energy leaving the transmitter tends to be absorbed by the earth near the transmitter. 

Major variations of transmitting conditions including diurnal, month to month and yearly variations) 

an be predicted at least 3 months in advance. Day-to-day variations cannot be predicted accurately. 


Frequencies above 30 MHz, i.e., all bands above HF 
« Rarely reflected back to earth by ionosphere except occasionally from sporadic E in the 30 to 
60 MHz range, 
„Usefulness above 30 M Hz depends mainly upon space wave propagation 
+ Communication even with reasonable transmitted power is normally not appreciably possible beyond 
line-of-sight distance. 
«Heights of transmitting and receiving antennas determine the distance. 


25-12b VHF (metric) Waves 
«All modes of propagation possible, Le, as ground and tropospheric waves along the earth surface 
and also between 4 m to 10 m wavelength as ionospheric wave, 
«Capable of passing through ionosphere as direct wave, 


25-120 UHF (decimetric) and SHF (contimetric) Waves 
+ Can propagate as ground wave over short (LOS) distance. 
+ Communication for long distances through tropospheric waves (mainly due to scattering from 
irregularities and lees due to ducting). 
‘Diffraction in this range is negligible 


Figure 25-20 Takeoff angle û, height / and skip distance d. 
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‘= Practically, no molecular absorption or absorption in precipitation particles, 
‘© Absorption due to rain, hail, snow at 3-5 cm and due to water vapours at 1.35 cm are significant. 


25-124 EHF (millimetric) Waves 
No effect of ionosphere, troposphere causes bending due to atmospheric refraction. 

Rain, fog, hail, snow and other forms of precipitation particles responsible for marked absorption, 
Heavy rain and dense fog will completely stop propagation, 

Strong molecular absorption by tropospheric gases, especially water vapor and oxygen, 


25-126 | Sub-millimetric and Optical Waves 
Сап propagate only as ground and direct wave. 

Atmospheric refraction causes bending of path. 

Heavy rain and dense fog will completely stop propagation. 
Wal suited for space communication outside the troposphere. 
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25-6-1 Skip distance. Calculate the skip distance for flat earth with M UF of 20 MHz if the wave is reflected 
from a height af 200 km where the maximum value af n is 0.35. 


25-6-2 Concentration of electrons. The critical frequencies at an instant observed for E, F and Fz layers 
were found о be4, 6 and 10 M Hz. Find the corresponding concentration of electrons in these layers. 

25-6-3 Critical frequency. Calculate the critical frequencies for E, Fy and F layers if Nuus for each 
Corresponding layer reduces to 90% of the values obtained in Problem 25-1 

25-6-4 Skip distance. An ionospheric waveis reflected from a layer of height of 300 km. The takeoff angle is 
10° and the earth's radius is 6370 km. Calculate the skip distance if the earth is considered as (a) fiat surface 
(b) spherical 

25-6-5 Maximum single hop distance. Calculate the maximum single hop distance for D, E, Fa and Fa 


layers if their heights are assumed to be 50, 110, 200 and 300 km respectively above the earth and the angle 
of incidence is 20° in all cases. 
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Topics Included in we A ppendices are: 


A-1 Antenna system relations 
A-2 Transmission line formulae 

A-3 Reflection and transmission coefficients 
and VSWR 

A-4 Characteristic impedance of coaxial, 
2-wire and microstrip transmission lines 
А-5 Characteristic © impedance of 
transmission lines in terms of distributed 
parameters 

А-6 Material constants 

А-7 Permittivity relations 

A-8 Maxwell's equations 


А-9 Antennas for different ranges of 
frequencies and applications 


B-1 Books 
B-2 Video tapes 

B-3 Selected articles for further reading 
C Computer programs 

D Absorbing materials 

E Measurement error 

F Answers to problems 

G Objective questions 

Author index 

Subject index 
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Tables for Reference 


A-1 Table of Antenna and Antenna System Rel 


А. E 
Aperture efficiency, sep = © = CEP (dimensionless) 


2 
— E аб 
Атау factor (n sources o equal amplitude and spacing), 
PEEL 
EIU 
where y = fd cos з (rador deo) 
Bezm felt cu = D (mente 


f[5992 om 


Beam solid angle (approx), Qa = Mhp due 15) = fe in deg) 
Charge current continuity, 7 


Beam solid angle, ©, 


se 


Circular aperture, HPBW = 
(uniform distribution) 


Circular aperture, WEN = HE 
(uniform distribution) 2 

Circular aperture, directivity = 9.90? 
(uniform distribution} 

Circular aperture, gain over à/2 dipole = 6D? 
(uniform distribution} 

Dipole (short), directivity, D = 1.5 


Dipole (short), radiation resistance, 


(0, = diameter inà) 


L688) , 
mz) () © 


Sande o page references giving mare deals on these relations. Also see inder for tbe (ist of) for obe rations 
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A-l Table of Antenna and Antenna System Relatons sa 


Dipole (2/2), directivity, D = 1.64 (= 215081) 
Dipole (2/2), self-impedance Z = R, + jX = 73 + j42.5 Q 


Diety, р = = dz "б-ды ames 


2 
Directivity (approx), p = PEN - $1,000 deg?) 


[rr 
100054 
оему (ete approx), p = 2000094, 
Y etr D Ear 
Flux density, 5 = ZA (wm? Hz) 
2k Ann 
Flux density, minimum detectable, Азап = 25 (W m? Hz 
—— 
Gan,G=kD | (dimensionless) 
У iw 1 für [ТЕ А, 
Height effete, he = Y . 1 fex 
чен E d To Jo Y Zo (m 


Helical antenna, monofilar axia-mode, directivity, p =12(£)'22 


Liner aray tantem ine wen = È ba-. 
Loop (single tum) radiation resistance, R, = 197C5 (2) 

; 
Nearfield-farfield boundary, R= ZÊ — (т) 


Noise power, receiver, N U, (W) 
Nyquist power, ш Ar (И Hz") 
Boo Ro 
Radar equation, 5. = pra 
2762 
n 
— س‎ 


50. ned 
Rada esas p, = Sie (ay 
Rectangular aperture HPBW = SE 
(uniform distribution} s 


Rectangular aperture, BWEN 


(dimensionless) 


Radiation power, P = 


ns 
Rectangular aperture, directivity = 12.621 
Rectangular aperture, gain over 4/2 dipole = 7.7L L4 
BWEN 
Resolution ange = HEN 
Signal-to-noise ratio, а Баба 
9 É N FF. ARA 
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d 2 
Signal-to-noiseratio, S 
ee b noise ralo, T = Ter AP 
{above 1W isotropic) 
Ta 
System temperature, Tas = Та + 1p (2 ~1) +0 К) 
Temperature, antenna (through emitting: absorbing Cloud), 


n-2Ld-e"yené*" (К) 
Temperature, minimum detectable, A Tin = 
Wave power (average, ellipticlly polarized], 


Ehe az (К) 


(wm) 


Wavelength and frequency, 2 7 т} 
(air or vacuum) 


А-2 Formul 


for Input Impedance of Termin: 
Formulas for the input impedance 7, 


appearing at a distance x from а load of === 
terminating impedance Z, on a transmis- 

Slon line of characteristic impedance Zo as z 2 z 
showin in Fig.A-1 arelisted in the table for 3 o 


load conditions: (1) any value of impedance 
Zu, (2) Zı = 0 or short-circuited line and 
(3) 71. = sc or open-circuited line. For each 
load condition there are columns for 2 cases 
(1) the general case in which attenuation is 
present on the line (a # 0) and (2) the loss 
less case where the line losses are negligible 


Figure A-1 Transmission line of characteristic 
impedance z, length xand load 2. 


General case Tensions cose 
condition [PET (eol 
EZE . 
мушел жең инн. TEILS 
d T21 MIS 
— d дүшди: aims 
3 * тетт ۴ 
oben ereus ine n Wee Е 


ликт aR 
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A-& Characteristic Impedance of Coaxial, 2.Wire and Microstrip Transmission Lines эв 


A-3 Reflection and Transmi 


ion Coefficients and VSWR 


For a transmission line of characteristic impedance Za terminated in a load Impedance Z,, the reflection 
coefficient for voltage p, the reflection coefficient for current p, the transmission coefficient for voltage or 


relative voltage at the load r, , the transmission coefficient for current or relative current at the load z and the 
VSWR are given Бу 


Reflection coefficient for voltage p 


Reflection coefficient for current pi 


Transmission coefficient for voltage ^ 
Transmission coefficient or curent E 
Voltage standing waverato (VSR) — 1* m 
Magnitude of reflection coefficient ды = = US l 


VSWRTI 


А-4 Characteristic Imps 
Lines 


ince of Coaxial, 2-Wire and 


Type of tine 


Coal les weh тейит of relative ретту s) 


cose ele) 


€— repre) 5) 
Tue (nal lo >l -m 


нетін: A7 MTA 


Its assumed the lines are lossless (or R << coL and G << wC) and also that ће currents are confined to the 
conductor surfaces to which the radi refer. This condition is approximated at high frequencies owing to the 
small depth of penetration. It is also assumed that the lines are operating in the TEM mode, 
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‘The microstrip relation approaches exactness as the ratio w/ h becomes very large. For strips of width w 
less than 21, the formula for a single wire above a ground plane can be used. Thus, 


zit" = 138000 کے‎ 


© 


spacing between wire and its Image = 2h 
wire radius = w/4 


The flat svip is considered equivalent to a circular conductor of diameter $ of the svip width. 


А-5 Charact 
Parameters 


ic Impedance of Transmission Lines i 


‘Terms of Dist 


uted 


In the following table the characteristic impedance Zo of a transmission line is given for 3 cases: (1) general 
case where losses are present, (2) special case where losses are small and (3) lossless case Inthe table 
25 = characteristic impedance, © 
Ry = characteristic resistance, O 
Z = series impedance, ат! 
series resistance, оті 
series inductance, Н m? 
shunt admittance, mA 
shunt conductance, m~? 
shunt capacitance, F m 
R+ jul 


Y-GjoC 


General case 20 


Small losses Zo 
Lossless case! 
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A-6 Material Constants (Permitivity Conductivity and Dielectric Strength) a 


EEK 


My Dielectric strength, 


Material F como мут 
Air (atmaspherk pressure) 10006 — 0 П 3 
Aluminum 1 o ise 
ene B m rm E 
Carbon axis! 
Copper 1 D DT 
Glass рав) s оз aen E] 
Graphite 1 
мез D 02 ws 200 
o miren a om ae 1 
Paper impregnated) 3 m ы 
Parafin a оюм caes E 
Plexiglas m 
Раат 105 
Polystyrene a abe ib E] 
Polpinyichbide(P NC) 25 
Porcelain s m 
PVE (рапава) n 
Quart s p aen E 
Rubber neoprene s om wa as 
кише titanium dose) 100 m 
Snow, tesh 15 05-0003 
Sot clay n зи 
Soi, sandy м 255 
Stone (imestone} w 
Stone, slate 7 
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4 a 
Vacuum v o o 
Vaseline 22 m 
Teton u m ws a 
Water dess so 0+ 
Water tesh so n 
Water sea m ams 
Wood, fr plywood 2 ои 
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ж Тш, 


ehe 


Act. for small PF 


Powerloss = o Ei, ED W m) 
where 
s, = relative permittivity = e/a, dimensionless 
£ = permittivity, Fm? 
o = permittivity of vacuum = 8.85 х 107 F mt 
4) = relative permittivity related to displacement current 
/ = relative permittivity related to equivalent conduction current 
а dc conductivity; m} 
a = equivalent conductivity. mo! 


relative permittivity related to hysteresis effects 
relative permittivity related to de conductivity 


PF 
E 


power factor 
electric field, V ml 


a [uc fora! S 


E! = power loss due to dc conductivity, W - 


ve" E! = power loss due to hysteresis effects, W m 


А-8 Maxwell's Equations 


The first table gives Maxwell's equations in differential form and the second table in integral form. The 
equations are stated for the general case, free-space case, harmonic-variation cas, steady case (static fields 
but with conduction currents) and static case (static fields with по currents). In the table giving the integral 
form, the equivalence is also indicated between the various equations and the electric potential or emf V, the 
magnetic potential or mmf U, he electric current 7, the electric lux y and the magnetic Пих v 
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А-В Maxwells Equations 
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с-1 Introduction 


One of the challenges of studying antennas is to visualize the currents and resulting radiated fields. This 
has motivated researchers in this discipline to find ways to make their jobs simpler and more produc- 
tive. The original approach was to develop measurement techniques that produce pattern and impedance 
plots. This is still one of the best ways because the results represent how the antenna is actually con- 
structed. As discussed in Chap. 21, however, the associated errors must be understood and controlled. 
In addition, measurements can be time-consuming and difficult to do, especially for three dimensional 
patterns. 

The availability of computers in the 1960s provided antenna designers with an altemative. They could 
develop software to simulate the performance of antennas. In general, these techniques either numerically 
Solve Maxwell's equations by discretizing the problem using integral techniques such as Moment Methods 
(Мом) as discussed in Sec. 12-11, or differential techniques, such as finite elements or finite difference- time 
domain. It is also possible to approximately solve some antenna problems using high-frequency asymptotic 
methods, such as the Uniform Geometrical Theory of Diffraction (UTD), as discussed in Sec. 9-2. It is 
beyond the scope of this book to go into detail about any of these or the various other methods that have been 
developed. However, some of these computer codes have become user-friendly enough to be further explored 
by interested individuals 

This Appendix describes a few of the commonly available antenna simulation codes. It is recognized 
that this is still a rapidly developing and growing area, To avoid presenting too much information that will 
be obsolete before the ink s dry, it is intended that the accompanying Web sites for the book will provide 
up-to-date computer codes, problems sets, and other illustrative materials. In this way, as different types of 
computers and operating systems become available, the provided software and links to other sites сап be kept 
current. tis nat possibleto stall the excellent software available Iis only intended to givea small sampling 
of them and more importantly to stimulate the student and working engineer to look for the best methods to 
suit their needs and preferences. 


CCC 
1111. ̃᷑ ,, ̃ . fewer assumptions. However, a big 
% % 
.... inta ba problem, and also we can е design information. Thus Ме numerical techniques will 
eve relace god (accurate but simple) analytical results 
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McGraw-Hill provides a Web site for Antennas, for All Applications that can be reached through 
wuw.mhhe comjcatalogs/semJengineering. It provides links to another site that also can be reached through 
VACANTES COR T Эй, her useful sites can be accessed from these locations 


C-2 Software Modeling Philosophy 


Before going into specifics tisimportantto take a moment to discuss issues that affectall software modeling 
approaches, It is very Important that an engineer using a computer code develops good habits and learns from. 
thebest practices that have evolved through experience of the user community. The specifics might bedifferent 
for each computer code or technique, but the underlying principles will nat change. First and foremost, it is 
very important to realize that just because the answer came from a computer does not make it right. Each 
result must be carefully evaluated, It is strongly believed that the fundamentals learned in this book will give 
the reader the necessary tools to be a critical evaluator of any result, whether measured or calculated, The 
Table of Antenna and Antenna System Relations in Appendix A provides many easily remembered values and 
‘equations for this purpose. 

The more a user knows about the theory behind a computer code the better. However, the typical engineer 
usually does not have the time to go deeply into all the methods of solutions that are or will be available in 
the future. However, it is usually possible, with well-documented codes, to understand the basic limitations 
associated with the techniques involved. For example, M ethod of Moments codes need the discrete wire 
modes representing the local current amplitudes small enough to accurately reproduce the currents shape. 
High-frequency asymptotic techniques, like the Uniform Geometrical Theory of Diffraction, need to be large 
enough in electrical size to fit the large distance approximation used in the development of the diffraction. 
coefficients, So even withouthaving a complete understanding of why a limitation exists for the use of a code, 
the user can understand thatthe physical model must be defined within these bounds to maintain accuracy. 

Modeling uncertainties commonly arise in two ways when a user is developing and analyzing а model 
in a computer code. The first is associated with the physical model, The user should understand how well a 
‘computer model matches the actual one, Often it is nat possible to exactly model every bolt and rivet in the. 
real antenna, nor i it necessary. If the objects aresmall in terms of a wavelength, their effects will be small. In 
addition, it should be noted that patterns are an integration of the currents, so they are relatively insensitive to 
small current variations. However, voltage-current relationship ata feed point might vary enough with small 
variations of the geometry to change the Impedance of the model. A proper choice of modeling technique or 
just mare carein modeling may be necessary depending on the situation 

Secondly, uncertainties arise associated with the numerical model, These can be characterized as equation 
errors and solution errors. Equation errors arise because the numerical results may not exactly satisfy the. 
modeling equations, such as round-off problems associated with finite number representations In digital 
‘computers. This type of error is expected to increase with the electrical size of the problem. Solution errors 
arise because techniques such as М ОМ uses a finite number of unknowns or UTD uses a finite number of 
images andor diffracted rays interacting with one another. 

The most important way that a user can be assured of the accuracy and relevance of results is through 
validation. Validation is time-consuming but extremely essential and unavoidable, It can take on two forms: 
internal and external. Internal checks are composed of self-consistency tests such as convergence of MoM 
solutions with increased discretization of geometry, power conservation, and satisfaction of boundary condi 
tions. In addition, the user should ask if the beamwidth and/or gain make sense forthe size of the object in 
terms of the wavelength. Does the number of peaks and nulls correspond to the size? If not check the units ог 
the frequency. Does the peak o sidelobe ratio make sense? See the helpful values and equations in Appendix 
A of this book, It is also essential that the user takes time to start a problem in the simplest way possible 
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where the results are easily understood and many comparable results exist. Various figures in this book сап 
be useful, Then as the problem is built up into its more complicated final form, each step can be checked 
along the way. Even if an example to check against is not readily available this procedure is useful because it 
improves the chances of finding where a problem occurs and allows the user to gain experience and insight. 

External checks are associated with comparing the results to known or alternatively obtained solutions. 
These can be analytic, experimental, or numerical alternative methods. Analytic solutions are available for 
only a small class of problems, many of which can be found in this book. А етае numerical solutions 
can be used to validate similar ideal models If the numerical solution is of the theoretical type, however, it 
may only prove that the two results are consisten with one another, not that they are completely correct, If 
the numerical solutions re of differing type, and the results compare, then a stronger case can be made that 
two solutions re correct. Experimental solutions are very good checks for comparison if they are carefully 
done, since, as Chap. 21 points out, many potential errors are possible However, if a numerical solution and 
an experimental solution match, itis a very strong statement of accuracy. 


с-з Codes Illustrating Results in Antennas 


As discussed above, computer codes are very useful tools for students and working engineers. Computer 
codes are available on the Antennas Web site that directly use the classical theories presented in the book. In 
addition, a modem wireantenna code based on Method of Momentsisalsoavalable, as discussed in Sec. С-4. 

The following codes are downloadable as PC executables. Other versions will be provided as the need 
warrants. The PC executables have simple, descriptive (self-documenting), fil-in-the-blanks dialog boxes 
for input of the geometry. The radiation patterns are plotted based on the user choice, as field, power, or dB 
quantities in rectangular or polar form. Is important that the user first checks his or her ability to use the 
coves by duplicating the applicable figures in the book 


C-3a Code for Calculating the Pattern and Directivity of Arrays 


ARRAY PATGAIN is a computer code for calculating the directivity of linear arrays using the theories pre- 
sented in Chap. 5. The array element spacing can be specified, The array pattern factors (isotropic elements) 
сап be determined for uniform, binomial, Dolph-Tchebyscheff and other amplitude distributions. In some 
cases additional information needs to be provided, as for the Dolph-Tchebyscheff distributions where the 
sidelobe levels need to be specified by the user and the code then outputs the element weights. Phase dis- 
tributions can be added to scan the beam. Directivity for various orientations of dipole elements, also, can 
be found. The user should be able to duplicate the results illustrated in Figs. 5-41 and 5-48 as well as the. 
information in Sec. 5-17. It can be used in conjunction with most of exercises from Probs. 5-15-4 through 
5-16-6. Additional problems are provided on the Web site, 


C-3b Codo for Calculating Patterns of an Antenna over a Flat Reflector or in a 
Corner Reflector 


CORNEREFLECT isa computer codeto calculate the patterns of dipoles over an infinite or finite lator comer 
reflector. For the infinite cases, image theory is used to find the resulting patterns. For the finite cases, the 
Uniform Geometrical Theory of Diffraction (К ouyoumjian and Pathak-1) is used to add the diffracted fields 
from the knife-edges and junction between the two plate sides. This code complements the theory presented 
in Chap. 9. The user can specify the distance of the dipole from the origin as illustrated in Figs. 9-3 and 9-9 
as well as the angle between the plates and ther lengths. The user should be able to duplicate the patterns 
їп Figs, 9-3, 9-6, and 9-12, It can be used in conjunction with Probs. 9-2-1 through 9-3-8. Additional 
problems are provided on the Web site. 
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C4 Expert MININEC for Students 


Many of the antennas studied in this book and used in practice are wire antennas. In addition, many aperture 
antennas сап be modeled using wire antenna codes through the use of duality. So computer codes that model 
this class of antennas are very useful. The technique most often implemented to analyze wire antennas is the 
Method of Moments (MoM ) (see Sec. 12-11). One of the first codes to be widely distributed to the general 
engineering community using PCs was MININEC (Julian (1), Logan, and Rockway), It was writen using 
BASIC for an Apple computer with 64 Kilobytes of memory. Since that time, it has been greatly improved 
with more practical applications in а user-friendly Windows environment (Rockway (1, 2) and Logan) 

A student version of this software is made available on an EM Scientific Web site linked through the 
Antennas, 34 Edition Internet location as aPC executable, This very powerful numerical analysis tool contains 
many of the useful features of the professional versions. It is an excellent way to learn about the Method of 
Moments and most importantly about how antenna design can be performed. M any of the design philosophies 
discussed in Sec. C-2 have arisen from the experiences of the authors of MININEC and the many engineers 
in its and related codes! users! community 

TheE xpert М ININEC Websitecontainsmany useful examples of inputand outputsetsalong with problems 
"hat can be used in the classroom. Documentation is available to help with using the code. However, the user 
interface has convenient input templates for modeling Vee dipoles (also straight ones as a subset), loops, 
‘dual quad, three-element Yagi-U da's, etc. It can provide currents and charges on the wire, impedance and 
admittance, radiation patterns (dBi or electric field, power or directive gain), These antenna models and their 
results can be coordinated with the study of the corresponding presentations in Chaps. б, 7, 8, 12 and 18. Itis 
important thatthe beginning user first validate his or her ability to use the code by checking output with results 
provided in the documentation, Problem sets are available to help employ the specific features of this code 


с-5 Other Useful Co 


The computer codes and Web sites listed above are obviously not complete. There are many available codes 
for the design of antennas using different methods, Some are available for at most a nominal fee and others 
‘are commercial products, Itis difficult соте up with alist that will be complete and current, so one will not 
be attempted here. But inks are provided on the Antennas 3d Edition Internet location to several very useful 
sites. For one example, the Applied Computational Electromagnetic Society's Web site has useful listings 
related to numerical antenna codes as well as links to other sites, The reader is encouraged to explore these 
sites and others. 
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Absorbing Materials 


Wave-bsorbing materials are now an integral part of antenna technology, They are used both in measurement 
ranges and also as antenna components for reducing side- and back-lobe radiation. 

The use of a sheet of space cloth (Z = 377 © per square) placed 2/4 from a reflecting plate to completely 
absorb a normally incident wave was invented by Winfield Salisbury (1) at the Harvard Radio Research 
Laboratory during World War I! andtheresistive (carbon-impregnated cloth sheets heused arecalled Salisbury 
screens. At normal incidence the arrangement gives а 13 to 1 bandwidth for a reflected wave at least 20 dB 
down 

Thetransmissionlineequivalentisshownin Fig. D- 1a withthecharacteristicimpedanceofthetransmission 
line equal to 377 ©. For simplicity let us divide by 377 ©, obtaining normalized (dimensionless) impedances 
asin Fig. D-1b, 

Consider now the situation shown in Fig. D- c witha number of resistances shunting theline over a distance 
‘of about 1). The (normalized) resistances range from small to large values with distance from the short The 
spacings also increase with distance from the short? As shown in Fig. D-2, the path of the normalized line 
admittance Y moves from the = oo position atthe short viaincremental steps о! distance and conductanceto 
the enter of the chart (match point), The advantage oi thisincrementally tapered termination is tatit provides. 
а low reflection coefficient over wider bandwidths than the singleresistor termination of Fig. D- a and b. 
The space equivalent of Fig. D-1 is shown in Fig. D-1d consisting of a àa stack of Salisbury sheets with 
impedances per squares indicated and backed by a reflecting plate. Stacks of this kind with sheets sandwiched 
between layers of plastic (dielectric) were developed in Germany during World War 1 by J. Jaumann. An. 
historical summary of the development of wave absorbing material and its application is given by Emerson (1). 

Increasing both the resistance and number of sheets (and decreasing thelr spacing) results in the limitin a 
continuously tapered medium, 

If both the permeability and permittivity «of a medium includea loss term but with the medium, although 
lossy, will have a real impedance equal to that of free space as given by 


а 
o 
The wave erben resonates also for sheet opat stances of 31/4, 51/4, ele, but he banda is narrower. 
вой resistance and spacing increase in an approximately exponential manner 
865 
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Figure D-1 (a) Transmission line and single load with 40/4 stub as matched termination. 
(6) Same configuration in terms of normalized impedances. (c) Line with 6 loads distributed 
Over Lig as wideband matched termination. (d) Space equivalent with stack of Salisbury sheets. 


Figure D-2 Path of normalized admitanceY from short via incremental steps to match point 
at center of Smith Chart for the line with 6 distributed loads of Fig. D-1c (5 to 1 bandwidth for 
reflected wave 20 dB down) 
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In principle, a wave incident on a uniform medium of such material can enter it without reflection and, if 
the medium is thick enough, be completely absorbed. Such a medium, being uniform, Is in contrast to the 
tapered media discussed above. 


EXAMPLE Ю.Я Find the reflection coefficient |, for a 3-mm-thick absorbing sheet backed by a flat 
perfectly conducting metal plate at 3 GHz if the constants of the sheet are = Û, н, = s, = 10 — 10. 


ш Solution 
The propagation constant. 


e 
y sa + jA = 1500-1) a 


E 


Therefore, 


u = 2x x 100 = 628Npm 
and the relative field intensity of the wave emerging from the sheet after reflection from the metal plate 
is given by 


Е мө = 37) р 
Fx ip.) ee en = 0.02 
в" 


or down 33 dB from the incident wave. 


Although lossy media with д, = s appear attractive п principe, the parameters of the more popular types 
оГ absorber are typically: и, = 1 and £, ~ 2 — j1. Popular shapes are in the form of pyramids and wedges 
as illustrated in Fig. D-3 and 5. The pyramids behave like a tapered transition (as discussed above) for 
normal (noseron) incidence. However, DeWitt (1) and Burnside find that pyramid absorbers tend to scatter as 
a random rough surface with large reflection coefficient at large angles of incidence, wedges being far superior 
at these angles provided the wave direction is nearly parallel to the ridge of the wedge. At large incidence 
angles the wave direction is almost broadside to the side faces of the pyramids, resulting in reflection due to 
media mismatch, 


EXAMPLE D.2 (a) Find the normal (nose-on) reflection coefficient at 3 GHz ( = 100 mm) for an. 
array of pyramids 30 cm from tip to base with о = 0, н, = 1 and e, = 2 — jl. (b) Find the reflection 
coefficient at 10 GHz (à = 30 mm) assuming that o. и, and +, are the same as at 3 GHz, 

m Solution 

Referring to Fig. D-3a, the effective impedance presented by the pyramid array to a normally incident 
wave is essentially 377 0" at the tip, increasing gradually (over 33 at 3 GHz and 10. at 10 GHz) to an 
Impedance of 


зп 277 


z maire 


ук VES 


atthe base. Due o the long taper, letus assume negligible reflection at the interface of the media (air and 
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pyramid). Without the taper, the media mismatch would give a reflection coefficient of 


242% (252413371 
= 4 = | | = 02 or Nes 


This is a much larger reflection coefficient than for normal (noseon) incidence (as calculated nert) 
and accounts for the large reflection coefficient at large angles of incidence (almost broadside to the sides 
of he pyramids asín Fig. D- 3a) 

As a frst approximation ог {he noseon reflection coefficient, let us assume that the pyramids are 
equivalent to a solid medium of $ of thelr height. Thus, he propagation constant 


J035) 


and the attenuation constant 
2Npm > 


25 
а= ×35 


The reflection coefficient is then 
mes да 


lel 0123 


(a) At3 GHz this is ~38 dB 
(b) At10 GHz itis about —125 dB, 


Normal (nose-on) 
асот 


эта 
Large angie 
ot incidence 


Pyramids „> 


тет 
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Angle olineidonce 
Ter hc wedges 
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Wedges 
Base! 
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Figure D-3 (a) Pyramid and (b) wedge forms of wave absorbers. 


— 2010/3/20 — page 868 — #4 


1 McGraw Hill Companie 


References эө 


In practice, the reflection coefficient is unlikely to be as small as this at 10 GHz although it may be 
substantially smaller than at 3 GHz. The inhomogeneity of some commercial absorbers can also Increase the 
reflection coefficient and backscatter (DeWitt-1). 
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AI measured quantities involve error. Thus, the measured area of a sphere might be given as 2.76 +0.03 m? 
Indicating an error or uncertainty of 40.03 mě. If this is the root mean square (rms) or standard deviation, It 
means thatthe chances are roughly 2 to 1 that the true value is between the limits, ie, greater than 2.73 and 
less than 2.79 m2, For a finite number n of readings the 


[arava 
AA 
Where dz, г. are the measured deviations from the mean of a set of n observations: 

Somelmes т error given the probable errar, which 1s 0,6745 times the ms eror. А probable err 
indicates that the chances are even (or o 1) thatthe ue value is between the mis id 

When an emo is given Itusually implies thata set of measurements has been made А singe measurement 
is anomalous, and any error associated with it must be an estimate 

Wherever measured values are cited In is book is undestod that they are subject to error whether 
—— example he gain of an antenna may be quoted as 365 181 However, lo be 
xplicit, an appropriate error should be included. Thus, i he errar i 40. dB the дап should be given as 
36510505) 

However, for brevity, rors hateusually not been included A n exception involves the antenna temperature 
measurements of Penzias and Wilson as discussed n Sec. 17.1 (pp 25-20) The results are 


23 0.3K dueto the atmosphere 
08 + 0.4K dueto ohmic losses 

< 0.1 K dueto back lobes into the ground 
32 + 0.5K ша! 


Their measured sky temperature was 6.7 + 0.8 K which, less 3.2 + 0.5 K, gave a residual of 3.5 + LOK.* 
Penzias and Wilson's attention to the errors led to their discovery of the 3-K sky background, for which 
they subsequently received a Nobel prize. 


ms deviation = a 


Nate that heze total errors ars (root sum square) (quads unrelated) not ms (root mean square (single quantity err) Thus 03 
and 04 (in above tabulation] are rms but he total 05 Вз. 
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Chapter 2 


273 384661. 
24 (a) 2.05 х 10! (431 dB); (5) 1.03 x 10“ (40.1 dB). 
293 71621 

2122 ~11kW, 

us 152m^RCP. 


264 149kW. 
217-2 (a)AR =15; (b) r = 90°; (e) CU. 

217-4 (b) AR =138;(c) x = 45°, 

217-6 Straightline with z = 45°, 

217-7. (a)AR = -2.33 (RH); (b) x = 45°; (c) RH. 

2-129. (a)AR = =5; (5) RH; (c) 34 mW m? 

217-11 (а}АВ = 30; (b) t = 22.5% (e) CW; (a) LH. 
Chapter 3 

221 Change la) L = 054. w — 0; (b) Z, = 363 — j211 9; (c) 1.64. 
342 200d 

35-1 (a) 24.702, (b) 310 (24.9 dBi); (c) 186 (22.7 dBi). 

352 019m. 

353 175mm. 


3-6-1. (E plane) = 45°, (H plane) = 45° for a symmetrical pattern. 


Chapter 5 


5-3-1 (0) 1539W m-2 (b) 429 x 1026 W; (c) 762V mA 
552 (а) 5.1, 6, 7.07; (b) See Prob. 2-7-3, 
5-9-1. (c) Max. at0°, 180°, 4418", +1382° 
Nulis at 194^, 90°, +160.6° 
Half-power at 9.69, 4170.49, 430°, +150°, +56.5°, 413,5". 
(a) Max, at 0°, +909, 180° 


en 
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Nulis at 430°, +150° 
Half-power at +14.5°, +165.5°, +48.6°, +131.4°. 
le) Max, at 0°, 180°, £14 5*, 2165.5", 430°, +150", 449°, 41319, +90° 
Nulls at +7°, 1739, 4229, 4158", 239. 41419, 461°, 4119" 
Half- power at +3.6°, 2176.59, 411°, +169, +18.5°, 4161.59, 426°, 
41547, 434.57, 4145.59, 443.5°, 41365, 454.5", 41255", 470° 4110, 
(лу Max. 0°, 180° 
Half-power at 90°, 
593 0% 
513-4 (а) and (b) 1 major and 5 minor lobes. 
(c) ordinary D ~ 7; incident direcion: D ~ 12. 
513-6 ()66()63. 


1sin(§zsing) as 
F 


(b) Ec) cos; sin ¢) or $ сов(#х sing) + fcos(žx sing). 
5162 961 
5162 (a) 0.52, 0.82, 1.00, 0.82, 0.52 
(5) Max. at 39°, 141°, 4909, 
Nulls at +30°, +54°, 1267, 150° 
шз. 
5: 0.93, 0.84, 1.00, 1.00, 0.84, 0.93 
7.065 0.80. 1.00, 100, 0.80, 0.69 
10:053, 0.78, 1.00, 1.00, 0.78, 0.53 
The lower the side lobes the steeper the taper needed. 


snžý 
5167. (a) E= 2127 where = d cos +3 
andy 
(6)5=0,(1):1,1,1,1,1,(2):1,4,6,4,1,(3):1,0,0,0,1. 
5191 250. 


521 (a) 44°, (b) -13.348,(c)0.17x sr (d) 089, (e) 24, (4) 1.93? 
5251 Max. 0°, 180°, 460, 400°, 4120° 
Min, 41.49, ®75.5°, 4104.57, +138.6° 


Chapter 6 


exi % = SSB z, = SST. z; =o. 
6-3-2. (a) 286 x 10-2 9° V/m; (b) 8.88 x 1072 -810 V/m (e) 2.39 x 10-4 -81 A/m. 
6-3-4. (a) General: 282 пүт, quasi-stationary: 121 mV [m 
(6) General: 242 mV [m, quasi-stationary: 61 mV /m 
(c) General: 784 uA [m, quasi-stationary: 338 нА/т. 
641 3330, 
64-2. (2) 2.74 uW; (b) 30A. 
64-5. (a) x sr; (b) 4 
647. 3540. 
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GAB (1) 21.9; (b) 17432; (c) 68 2. 

649 (a) 8.16; (b) 6540 

ea (02320 

&61 (u) E = tanasin (5 сов); (5) 1680; (e) 168, 73,197 2 

sno 

691 (b= 
(0) 40-obed pattern 

6101 067). 

6112. (4)52 j219%; (b) Grima) = 155 

EIL (a) Land6:63 + 728; 2 and5: 46 — j2; 3 and 4:53 4 ¡100 

ema 117° 

647. () 67227; (b) -13.15 dB; (c) 7/4 sr; (d) 0.89; (e) 16; (7) 127 22. 

6166 (a) 03543; (5) — 2 

0) 


[ат (2 - cose), lobed pattems 
D 


761 1900 
7-9-2. (1) 180 Q, 15; (2) 1550 ©, 12; (3) 4100 ©, 36. 
710.1. 4-lobed pattern 

7161 4740, 

7162 179- j67 

7201 750, 


8-44. (a) 10; (0) 6 cm; (c) 1.05 (95 percent pure RCP) 
8-6-1 (a) 28.8 cm; (b) 27.6 cm; (c) 26.4, 264, 25.8, and 24.0 cm; (4) 30 cm; (e) 191 cm; 


(f) 465 to 535 M Hz; (g) 11 dB. 
във (1) 0.802; (2) 0.763. 


BILL 0% 
Chapter 9 


9-3-4. % 73.0; (b) 1048, 
9-3-6. (a) 16 dBi; (b) 126° 
972 166m 


Chapter 10 
10-41. (a) 62.5 mm; (c) 28%, 
Chapter 11 

122 2104/2500. 


УП js (b) E = sina, 
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Chapter 15 


1592. (a) 5°, 1.108; 10°, 22 dB 
(5) 5°, L4 dB; 10°, 2.9 dB 
c) 5°, 0.06 dB; 10°, 0.26 dB. 


100 


Jo Horizontally polarized (HP) 


[3 Cecuary polarized (CP) 


LEEREN 
Signal level, dB 


Figure P15-10-1a Solution to part (a) showing variation п versus height above ground. 


35-30-1 (i) Figure P 15-10-1 shows the variation of vertical, horizontal and circular polarization 
signals with eight above ground. 
(6) Note that the level with the CP antennas is the same as would be obtained with either the 
VP or HP antennas if the signal was received by the direct path only (no ground reflection 
However, with CP antennas the signal level is essentially independent of the height, while 
with the HP and VP antennas the level varies for 6 dB more to no signal at all. 
Another important factor for TV reception is that with CP antennas the signal is received 
(ideally) over only the direct path while with the HP and VP antennas the signal is received 
Via both direct and reflected paths. At maximum, the direction and reflected path signals are 
essentially equal in level but arrive at different times. If the time difference is of the arder of 
a microsecond, objectionable ghost images will occur, degrading the picture quality. 
15121 106,35, 11 and 3.5 m. 
15-131 (a) 265W m; (o) 184,W m2 
15133 13500 m 
15136. 1. =0. 889 Np mt 


Chapter 16 


16-13 0.81, 2036. 
16-14. 0.66, 1651. 
16-16. 811%, 1304 or 31.2 dBi. 
1618 (0) 42° 
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usk 
256K 

3308 

(a) 10; (0) 6.9 x 10 22 W; (e) 50 Hz. 

(a) 122 dB; (b) 23m. 

(a) 0.08 K; (b) 009 K (c) MS K; Ш) 500 пуу. 

(a) 12.7 8; 05 dB; (c) ~13 min, 

242K 

(a) 15.6 MHz; (b) 26.1 MHz; (c) 410 MHz. 

(а) 0.06 K; (5) 320 туу. 

LY. The data rate is slow but the first trans-Atlantic cable wasn't much faster. To put 1000 
light-years (LY) in perspective, recall that be circumference of the earth is 1/7 light-second, 
thedistanceto Jupiter 45 ight-minutes, to the plant Pluto ligh-hours, and to the nearest stars 
Alightyears.A distance of 1000 LY 15250 times farther, ye itis only 1 percent of the distance 
across our galaxy and there are billions and billions of other galaxies, some at distances of 
morethan 10 bilion light-years. If the ETC message could be deciphered and understood and 
the earth sen a reply, it would be at least 2000 years before we might expect an answer. But 
would we have the vision and patience to wait 2000 years? Even though it is technologically 
possible, dialogues over such distance may never occur. We will just listen and wonder 
17-31. 650 km line-of-sight. 

1-312 108408 

17-3-18 (a) 8.16 x 10° W; (b) LO m; (c) Yes(G/T = 7.4 dB K-N; (d) 32 dB. 

1-41 236K 

17-44 6S1KW Hz". 

1-5-3 56x 10 m? 

17-5-5 560TW peak power, 

I-57. (a) x m (b) 40x m?; (c) 0.04% mě; (d) ~0 mě, 

17-58 08m 

17-529, (а) 79.5 mis; (b) 46.7 m/s toward radar. 

17-5-12. 45 m/s (= 162 km/h = 101 mih). 

17-513 160 mW. 

155-14 12kHz. 


17-518 66 ns. 
S (a) 3.1 x 10-5 W; (b) 9.0 x 10-1 W; (e) Signal-to-noise = S/N = 31 dB, sgna-to-cluter 
= S/C =16 d8. 
Chapter 18 


1841 1214460, 
1863 R,=500,R,=200,R,=500, 


Chapter 19 
131 1/2 
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1, TheLorentz gauge condition is given by Ve А = 


(a) led e — (b) —nsdě/ar СЕ) o 
2, The Coulomb gauge condition is given by V e A = 

(a) -uePejd? — (b) —nsdě/ar СЕ o 
3. The free space wave number до is defined as 

(a) ko = VOT (b) ko = p TEST 

[EE (d) ka = up ESTIS 


4, If Es isthe ied intensity vector identified as a phasor by its subscript s’ and o is be wave number, 
equation V E« = {Er is known as 


(a) Poisson's equation (6) Coulombs gauge equation 
(el Vector Helmholtz equation (d) Diffusion equation 
5. The induction and radiation fields of an oscillating dipole becomes approximately equal ata distance 
d (by 24 (98 (9 22 
6, Radiation resistance of a hypothetical current element of length is 
(a) 800 (41/A) (b 400% (¢) 60% (© 400 (% 


7. The ratio of effective aperture to the actual aperture is а direct measure of antenna effectiveness in 
radiatina/receiving the power to ог from the desired direction. Depending on the type and design, the 
normal value of this ratio for reflector antenna ranges between 

(a) 25-45% (b) 35-65% c) 45-75% (9) 75-95% 

8, In a plane containing an isolated Hertzian dipole the radiation pattern of the antenna isa 

(a) Circle and the radiation is circularly polarized 

(b) Circle and the radiation is linearly polarized 

(c) Figure of eight and the radiation is circularly polarized 
(9) Figure of eight and the radiation is linearly polarized 


876 


je McGraw-Hill Compan 


AppendxG Objective Questions en 


9. The boundary between the near field and far field may be arbitrarily taken to be ata radius R, which ls 
related to the wavelength à and maximum dimension Z (in meters) of the antenna as: 


СЕБ (b) 2 (9 22/L (o) 25% 
10. The following terms spell the same meaning in reference to an antenna 
(a) Near field and Principal zone (b) Near fied and Fresnel zone 
(c) Near field and Fraunhafer zone (9) Far field and Fresnel zone 
11. The standard reference antenna for the directive gain is 
(a) infinitesimal dipole (b) elementary doublet 
(c) half wave dipole (9) none ofthe above 
12. The antenna used as standard reference for directive gain is: 
(a) quarter wave dipole (b) isotropic antenna 
(c) elementary double (9) half wave dipole 


13. There are four antenna configurations ( a simple 4/2 dipole (il) a flat sheet placed in front of simple 
2/2 dipole (ii) a fiat sheet place in front of an атау of two 2/2 dipoles and (iv) a fat sheet folded 
into to a 90° square comer and is placed in front of simple ./2 dipole The directivities of the above 
four configurations will be in the order of: 


(8 164369 (0) 1644812 (©) 164:5:10:15 (d) 164:5:1020 
14. Theinputimpedance of a dipole antenna having tip-to-tip physical length equal to half wavelength is: 
(8) Pure resistance (b) Pure capacitance 
(©) Inductive impedance (d) capacitive impedance 
15. Theinputimpedance of а short dipole with length nearer to 0.23 2. contains a reactance, which is 
normali 
(8 асеми сарае (Ы) small and capacitive 
(9 large and inductive (9) small and inductive 
16. The near zone fields of an oscillating time varying dipole are: 
(а) dynamic (b) static 
(©) quasi-static (9) none ofthe above 
17. For half wave dipole the directivity D (in 8 's) is obtained to be: 
(a) 176 (0) 215 () 334 (a) 164 
18. The directivity of a half wave dipole is given by: 
(e) 151 (0) 164 0 203 (a) 254 


19. If an antenna is ata height h, above the earth (radius) simple geometry gives line-of-sight distance 
(a) to the horizon: 
(8) d = 2Rh [EL (9 VIRR (0) YAR 
20. In relation to the directional characteristics of the dipole antennas the terms and ¢ polarization are 
synonymous with and may be used for the following terms in that order: 
(a) Horizontal and Vertical Polarization (b) Vertical and Horizontal Polarization 
(c) Circular and Elliptic Polarization (а) Elliptic and Circular Polarization 
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21. When the current ratios and phasings are properly chosen sharp directivity with an array of fixed 
length but sufficiently large number of elements can be obtained. With this phasing and close spacings 
between elements the radiation resistance: 

(a) Reduces to very low value (b) Increases to very high value 
(c) Remains unaffected (d) Changes only slightly 


22. The Tchebycheff polynomial Tacx) is commonly used in design and synthesis problems. For m = 0 


and m = Lits values are 
(a) Lando. (b) 1and oo (9 Oand1 d) sonát 
23. A straight dipole radiator fed in the center will cause maximum radiation 
(a) in the plane parallel to its axis: (b) in the plane normal to its axis 
(c) atthe place of feed (d) at its extreme ends 


24, The impedance of half wave dipole antenna mounted and radiating into an unbounded ideal dielectric 
medium is: 


(a) a pure resistance (b) a pure capacitance 
(¢) an impedance with capacitive reactance (d) an impedance with inductive reactance 
25. If Z Is the input impedance of a simple dipole, the impedance of fold dipole is 
(a) nz (b) mèz ( 2% [27 
26. A dipole antenna fed at the extreme left end will produce а beam, which will be: 
(a) tilted toward left (b) tilted toward right 
(c) perpendicular to the dipole (d) parallel to the dipole 
27. The radiation resistance of a quarter wave monopole (if = 1/2) is given by 
(a) 2000/2? (b) 200 (4/1) (c) 3000/22 (9) 400 (4/2)? 


28. If the radiated power of a quarter wave monopole Is given by (1/2) ө 0.609p/2e11/2x the radiation 
resistance (in Ohms) of a half wave dipole is obtained to be 


(a) 365 (b) 1825 00 75 (a) 146 
29, The unit pattern of the following will be a figure of eight shape: 

(a) buo elements with 2 spacing (b) two elements with 1/2 spacing 

(c) мо elements with 2/4 spacing (d) two elements with 3,/4 spacing 
30. At450 M Hz the half power beam width of a 3-element array is 

(a) 10° (by 12° («в (a) 28° 
31. At450 M Hz the half power beam width of a 7-element атау is 

(a) B (5) 10° 0 12° (a) 28° 


32. An атау consisting a number of radiators equally spaced along a line and carrying current of the same 
Phase, shall mainly radiate 
(a) ina plane parallel to the line of array 
(0) in a plane perpendicular to the line of array 
(c) at 30° angle from the line of array 
(9) at 60° angle from the line of array 
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33. An array consisting of a number of dipoles of equal size, equally spaced along a straight line, with al 
dipoles fed in the same phase from the same source is called: 


(а) End-fire атау (b) Back fire array 
(c) Broadside array (9) Binomial array 


34. An array consisting a number of equidistant dipoles of equal size, fed with the same currents and 
phase is called 


(a) Endfirearray (Ы) Backfrearay (e) Broadsidearray (8) Binomial array 
35, The following antenna array has no side lobes: 
(a) Endfirearray (Ы) Back-frearray (e) Broadsidearray (8) Binomial array 
36. The side lobe less broadside arrays are called: 
(a) Uniform array (b) End-fire атау 
(©) Log periodic атау (9) Binomial array 
37. The width of the major lobe is almost exactly inversely proportional to the array length if: 
СТЕЙ 60 7%, (9 302 2, (d) 1> m 


38. Side lobes in а broadside array will be entirely eliminated provided the spacing between adjacent 
antennas does not exceed: 


(8 4/2 Ja CEI ČEN 
39. The directional pattern of an end йге array using isotropic radiators is substantially independent of the 
spacing of the antenna radiators provided this spacing does nat exceed: 
(a) 4/8 (5) aya (9 3.8 @›? 
40. The vertical radiation pattern of a center fed vertical dipole shown in Fig. G-1(B)is for the dipole 
length (of Fig. G-11A)] 
(a) 2 (b) 34/2 (4) 34/4 
41. The radiation pattern of two non-directional radiators fed with equal currents (with o phase shift) 
shawn in Fig. G-2 belongs to: 
00 =- (b 474 -9 
[P [PE 
42. In an optimum horn shown in Fig. G-3 the difference in the path length 5 along the edge and the 
center of the hom in Е plane is made: 
(а) 52/10 ЕД (9 inm [E 
43. If Ihe distribution of amplitude of element excitation of a center-symmetric linear array with L << i 
is such that the farther the element from the center, the lower s the excitation, than compared to the 
Uniformly excited array, the radiation pattern of such a graded array will have: 
(8) wide beam width 
(0) narrow beam width 
(9) almost the same beam width 
(d) beam width related with grading function 
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mM o 
Figure G-1 


48, Identify the incorrect statement. 
(a) Dipole antennas are balanced antennas if fed by two conductor transmission line 
(b) Dipole antennas are un-balanced antennas if fed by two conductor transmission line. 
(c) Dipole antennas are narrowest bandwidth antenna 
(9) Short dipole has the same directivity as that of а small loop. 

45. The directivity of the small loop and short dipole has the following ratio: 


(a) 12 (b) 21 0 11 (a) 14 
46. To qualify as a small loop or short dipole their dimensions should be 
(a) santo [E [ES (0 =22 


47. Ifa dipole has been cut from a metal sheet leaving a slot, the dipole and slot are said to be 
complimentary. The terminal impedance of dipole Z, and that of slot Z, are related to the intrinsic 
impedance of space Zo by Z, =: 


(a) 27/40 (b) 423/20 (9 22/420 (a) 423/20 
48, The radiation resistance fis of a circular loop with M number of turns and diameter D is 
(a) 19000 v /e (b) 19000 Nip 
(c) 19000 ipfi () 19000 vto pt 
49, Patch is 
(a) High gain wide band antenna (b) High gain narrow band antenna 
(¢) Low gain narrow band antenna (d) Low gain wide band antenna. 
50. The field patterns for the following antennas are identical provided Е and Н fields are interchanged: 
(8) Dipole and Patch antenna (b) Dipole and Horn antenna. 
(c! Dipole and Loop antenna. (d) Dipole and Yagi antenna 


51. The maximum gain for 1-plane sectoral horn with slant length or 12 occurs when aperture width is: 
(b) 3 (e) 62 @ 12 
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52. Maximum beam width for E-plane sectoral hom is about: 


(a) 10° (5) 20° (9 30° (d) 45° 
53. The sharpest beam and highest gain for a given mouth size of a horn are obtained by a lare angle 
which is 
(8) very small (6) small (c) large (d) very large 


54. In view of the similarity of directional pattern with elementary doublet the antenna, which is referred 
to as a magnetic doublet is: 


(а) Yagi атау (b) Turnstile antenna 
(с) Helical antenna (9) Small loop antenna 
55. A helical antenna is used for satellite tracking because of its: 
(а) Circular polarization (b) Maneuverability 
(c) Broad bandwidth (d) Good front to back ratio 
56. Helical antennas are often used for satellite tracking at V HF range because of 
(а) Troposcatter (b) super refraction 
(9) lonosphericrefraction (8) the Faraday effect 
57. When a mono-flar helical antenna is operated in normal mode, the maximum radiation occurs in the 
plane: 


(8) parallel to the helix axis 
(b) perpendicular to the helix axis 
(с) located at 45° to the helix axis 


(6) arbitrarily located in respect to the helix axis 
58. In mono-filar helices, the term transmission mode is used to describe the manner in which the 
ectromagnetic wave is propagated along: 


(а) a very short helix (b) a medium length helix 
(9 along helix (6) an infinite helix 

59. Reflector antennas are preferred for gains greater than: 
(а) 5048 (6) 4008 (c) 3008 (d) 2008 


60. The radiation pattern of а Paraboloidal reflector antenna with a horn antenna as в primary fed is: 
(a) the same as that of horn antenna 
(b) the square of the horn antenna pattem 
(C) the square root of the horn antenna pattern 
(d) none ofthe above 
61. When thefield across the mouth of the parabolis everywhere of the same phase the beam generated is: 
(г) omni directional 
(b) sharply unidirectional 
(9 main beam accompanied by two minor side lobes 
(6) bifurcated in two major lobes 
62. Cassgrain feed is used with a parabolic reflector to: 
(8) increase the gain of the system 
(B) increase the beam width of the system 
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(с) reduce the size of the main reflector 
(6) allow the feed to be placed at a convenient point 
63, Beam widths for corner reflectors are approximately equal in both principal planes, provided 0 
(а) 120° (b) 90° (c) 60° (d) 45° 
64. A parabola reflects the wave originating from a source at the focus and transforms 
(a) a plane wave front from feed at focus into spherical wavefront 
(b) a plane wave front from feed at focus into cylindrical wave front 
(с) any curved wave front from feed at focus into plane wavefront 
(8) a cylindrical wave front from feed at focus into spherical wave-rant 
65. For large parabola of many wavelength aperture a practical choice for feed can be corer reflector 
with a camer angle (depending on F/D ratio of parabola) of 
(а) 09-457 (b) 45°-90° (c) 60°-90° (d) (а}90°-18° 
66, Zoning is mainly used in dielectric lens antennas in order to: 
(a) reduce the bulk of the lens 
(Ы) increase the band width of the lenses 
(c) Permit pin point focusing 
(80 correct the curvature of wave front from a hom tht [s too short 
67. In Yagi antennas the gain per element approaches unity when the number of directors is 


(a) 33 (b) 25 0 13 (99 
68, InYagi Uda antenna the spacing between elements is normally kept between 

(a) 015-03 (b) 03-05 ( 05-5 0 i2. 
69. Which of the following terms does not apply to be Yagi Uda array: 

(8) good band width (b) parasitic elements 

(c) folded dipole (0) fixed frequency antenna 


70. Letthe frequency of transmission assigned to the driven element and the frequencies to which 
reflectors and directors are resonant be Jo, fı and fa respectively. These frequencies bear he 
relationship: 

(a) A < fo but f= fo (b) A> fa but f = fo 
(9 fi < and fo > fa (d) fı > fo and fa < fo 

71. Thebi-conica antenna will have broadband impedance characteristic provided the fete angle lies 
ES (Ы 60°-90° (c) 60°-120° (û) 909-120" 

72. Best broadband impedance characteristics of а discone antenna are obtained at o 

PES (b) 45° (9 60° (9 15° 

73. The height of the discone at the lowest operating frequency should be at least: 

D (5) 4/3 [20 (a 
74, The discone antenna is: 

(8) а useful direction finding antenna 

(b) used as a radar receiving antenna 

(c) circularly polarized like other circular antennas 

(6) useful as VHF receiving antenna 
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75. The lower frequency limit of the conical spiral occurs when the base diameter is: 


(a) 4/8 [n (c) 3/8 CE 
76. The higher frequency limit of the conical spiral occurs when the apex diameter is: 
(a) 2/8 (0) 2/4 (9 3/8 (© 2/2 
77. The conical spiral is fed by: 
(a) Two wire transmission line (b) A waveguide 
(c) A horn antenna (9) A coaxial cable bonded to one conducting 
strip 


78. A longitudinal slot na cylinder has a radiation pattern, which is practically in a plane perpendicular 
to the axls provided the cylinder diameter in terms of wavelength is of the order of: 
(a) 4/2 (0) % (9 7 (ЖЛ 
79. Atthe operating wavelength à the active region of a log periodic dipole атау consists mainly of 
several dipoles whose lengths are approximately equal to 


ta tbi (9 32 (d) several à 
80. Normally the VLF horizontal antennas have the efficiency of the ode of: 
(a) <1% (b) 10% (9 20% (8 20 
BL. Normally the VLF vertical antennas have the efficiency of the order of: 
(a <10% (b) 20% 19 50% (d >70% 
82. As per the classification of broadcasting stations for class 1 station the minimum) and maximum 
power in KW is 
(a) Gland! (b) 05 and 19 02520450 (9) 108450 
83. MF broadcasting transiting antennas are generally vertical radiators with their heights ranging 
ЕРИНИ 0 2/4-59/8 (9 2/6-52/8 8) 2/8378 
м. Top loading is sometimes used with an antenna In order to Increase is: 
(a) efeciveheight — (0) bandwidth e beamwidth 08) input capacitance 


85. An ungrounded antenna near the ground: 
(8) acts as a single antenna of twice the height (Ы) Is unlike to need a ground screen 
(c) actas an antenna array (d) must be horizontally polarized 
86. An ungrounded antenna near the ground acts as: 
(8) a single antenna of twice of its actual length 
(b) a single antenna of half of lts actual length 
(9) an antenna array 
(d) a point source. 
87. In case of the wire antennas the aerodynamic considerations limit the angle between a fixed wire and 
the airstream to about: 
(a) 10° 00 15° (9 30° (9) 45° 
88. The relative gain of a glass-mounted antenna in comparison to the roof-mounted antenna is: 
a) Less by 308 (b) Less by 5 û8 (c) Moreby3dB (d) More by G dB 
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89. Identify the correct answer. 


(a) only length 4/2 is the resonant length. (b) only length à is the resonant length. 

0 both 2/2 andà are the resonant length. (8) none of these is a resonant length. 
90. One of the following consists of non-resonant antennas 

(a) Rhombic antenna (b) Folded dipole 

(9 End-fire array (d) Broad side атау 
91. One of the very useful multi-band HF receiving antenna is: 

(a) Conical hom (b) Foldeddipole (e Log-periodic (0) Squareloop 
92, Which of the following antennas is best excited from a waveguide: 

(a) Biconical (b) нот (c) Helical (8) Discone 
93, Indicate the antenna that isnot wide band: 

(a) Folded dipole (Ы) Discone (c) Helical (8) Marconi 
94, An antenna thats circularly polarized is the 

(a) Helical (b) Small circular loop 

(c) Parabolic reflector (d) Yagi Uda 


95. Indicate which of the following reasons Гог using counter poise with antennas is false: 
(a) Impossibility of a good ground connection. 
(Ы) Provision of an earth for the antennas 
(c) Rockiness of the ground itself 
(9) Protection of personne! working underneath 
96, Ina Rhombic antenna the angle of elevation of the main beam is controlled mainly by 
(а) Height of antenna above the ground 
(Ы) Length of the side wires forming the rhombic 
(c) Tiltangle 
(9) The terminating resistance 
97. The input and terminating impedances in a rhombic antenna are usually about equal and of the order 


af 
(a) 150-2000 (6) 200-400 2 (с 300-600 © (9) 600-800 2 

98, One of the following is very useful as mult-band HF receiving antenna: 
(a) Half wave dipole (b) Quarter wave mono-pole 
(9 Tworelement array (d) Log periodic antenna. 

99, Radio transmission at frequencies above about 30 M Hz used for TV, FM Radar, et. is normally by: 
(a) Ground waves (b) Spacewares e Sky waves (6) Direct waves 


100. Identify the resonant antenna illustrated by Fig. G-4 below along with their lengths and current 
distributions: 


(a) Only (a) (b) Orly (b) (c Both (a) and (b) (8) None 
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Absolute field pattem 96 

Absolute power pattern Bà 

Absolute temperature 621 

Absorbing materials 727 

Absorption 772 

Absorption by atmospheric 
phenomena 804 

Absorption coefficient 634 

Acceleration 5 

Achievement factor 598, 599 

Active comer reflector 368 

Active comers 382 

Active or passive reflector 55 

Active remote sensing 621, 633 

Actual effective aperture 598 

Adaptive base station antenna 
types: switched beam antennas 
580, 581, beam forming 58, 
adaptive arrays 582 

Adoptive array 217, 224 

‘Advanced potential 72 

Advantages of MSA 502 

лайда 

Aerials 1 

Aiford loop 54 

Alignment design 227, 230 

Alignment errors 724 

Alignment rhombic 245 

Alignment rhombic equation 245 

Alpine horn antenna 68 

Ampere (A) 3.4. 

Amplitude pattem 738 

Amplitude taper 730 

Analog to digital converter 767 

Analyzers 762 
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Electromagnetic waves and antenna basics 


+ an overview, summary, tutorial about the basics of electromagnetic waves and 
the way in which they affect RF antenna and RF antenna design. 


Radio signals are a form of electromagnetic wave, and as they are the way in which radio signals 
travel, they have a major bearing on RF antennas themselves and RF antenna design. 


Electromagnetic waves are the same type of radiation as light, ultra-violet and infra red rays, 
differing from them in their wavelength and frequency. Electromagnetic waves have both 
electric and magnetic components that are inseparable. The planes of these fields are at right 
to one another and to the direction of motion of the wave. 


wave 


An electromagn 


‘The electric field results from the voltage changes occurring in the RF antenna which is radiating 
the signal, and the magnetic changes result from the current flow. It is also found that the lines of 
force in the electric field run along the same axis as the RF antenna, but spreading out as they 
move away from it. This electric field is measured in terms of the change of potential over a 
given distance, e.g. volts per metre, and this is known as the field strength. Similarly when an RF. 
antenna receives a signal the magnetic changes cause a current flow, and the electric field 
changes cause the voltage changes on the antenna. 


There are a number of properties of a wave. The first is its wavelength. This is the distance 
between a point on one wave to the identical point on the next. One of the most obvious points to 
choose is the peak as this can be easily identified although any point is acceptable. 
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Wavelength of an electromagnetic wave 


The wavelength of an electromagnetic wave 


The second property of the electromagnetic wave is its frequency. This is the number of times a 
particular point on the wave moves up and down in a given time (normally a second). The unit of 
frequency is the Hertz and it is equal to one cycle per second. This unit is named after the 
German scientist who discovered radio waves. The frequencies used in radio are usually very 
high. Accordingly the prefixes kilo, Mega, and Giga are often seen. 1 KHz is 1000 Hz, 1 MHz is 
а million Hertz, and 1 GHz is a thousand million Hertz i.e. 1000 MHz. Originally the unit of 
frequency was not given a name and cycles per second (c/s) were used. Some older books may 
show these units together with their prefixes: kc/s; Mc/s etc. for higher frequencies 


‘The third major property of the wave is its velocity. Radio waves travel at the same speed as 
light. For most practical purposes the speed is taken to be 300 000 000 metres per second 
although a more exact value is 299 792 500 metres per second, 


Frequency to Wavelength Conversion 

Although wavelength was used as a measure for signals, frequencies are used exclusively today. 
Itis very easy to relate the frequency and wavelength as they are linked by the speed of light as 
shown 


lambda = c/f. 


where lambda = the wavelength in metres 

frequency in Hertz 

speed of radio waves (light) taken as 300 000 000 metres per second for all practical 
purposes. 


Field measurements 


It is also interesting to note that close to the RF antenna there is also an inductive field the s 
as that in a transformer. This is not part of the electromagnetic wave, but it can distort 


me 


measurements close to the antenna. It can also mean that transmitting antennas are more likely to 
cause interference when they are close to other antennas or wiring that might have the signal 
induced into it. For receiving antennas they are more susceptible to interference if they are close 
to house wiring and the like. Fortunately this inductive field falls away fairly rapidly and it is 
barely detectable at distances beyond about two or three wavelengths from the RF antenna, 
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The wavelength of an electromagnetic wave 
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me 


measurements close to the antenna. It can also mean that transmitting antennas are more likely to 
cause interference when they are close to other antennas or wiring that might have the signal 
induced into it. For receiving antennas they are more susceptible to interference if they are close 
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Antenna feed impedance 


- overview, summary, tutorial about RF antenna or aerial feed impedance and 
the importance of matching RF andtennas to feeders. Radiation resistance, loss 
resistance, and efficiency are also detailed. 


When a signal source is applied to an RF antenna at its feed point, it is found that it presents a 
load impedance to the source. This is known as the antenna "feed impedance” and it is a complex 
impedance made up from resistance, capacitance and inductance. In order to ensure the optimum 
efficiency for any RF antenna design it is necessary to maximise the transfer of energy by 
matching the feed impedance of the RF antenna design to the load. This requires some 
understanding of the operation of antenna design in this respect 


‘The feed impedance of the antenna results from a number of factors including the size and shape 
of the RF antenna, the frequency of operation and its environment. The impedance seen 
normally complex, e elements as well as reactive ones. 


Antenna feed impedance resistive elements 


higher thn would be measured at DC. Ii proportional to the circumference of the 
conductor and to the square root of the frequency. 


The resistance can become particularly significant in high current sections of an RF 
antenna where the effective resistance is low. Accordingly to reduce the effect of the loss 
resistance it is necessary to ensure the use of very low resistance conductors. 
+ Radiation resistance: The other resistive element of the impedance is the "radiation 
tance". This can be thought of as virtual resistor. It arises from the fact that power is 
ipated" when it is radiated from the RF antenna, The aim is to “dissipate” as much 


power in this way as possible. The actual value for the radiation resistance varies from 
опе type of antenna to another, and from one design to another. It is dependent upon a 
variety of factors. However a typical half wave dipole operating in free space has a 
radiation resistance of around 73 Ohms. 


Antenna reactive elements 


There are also reactive elements to the feed impedance. These arise from the fact that the antenna 
elements act as tuned circuits that possess inductance and capacitance. At resonance where most 
antennas are operated the inductance and capacitance cancel one another out to leave only the 
resistance of the combined radiation resistance and loss resistance. However either side of 
resonance the feed impedance quickly becomes either inductive (if operated above the resonant 
frequency) or capacitive (if operated below the resonant frequency). 


Efficiency 


It is naturally important to ensure that the proportion of the power dissipated in the loss 
resistance is as low as possible, leaving the highest proportion to be dissipated in the radiation 
resistance as a radiated signal. The proportion of the power dissipated in the radiation resistance 
divided by the power applied to the antenna is the efficiency 


А variety of means can be employed to ensure that the efficiency remains as high as possible. 
‘These include the use of optimum materials for the conductors to ensure low values of resistance, 
large circumference conductors to ensure large surface area to overcome the skin effect, and not 
using designs where very high currents and low feed impedance values are present. Other 
constraints may require that not all these requirements can be met, but by using engineering 
judgement it is normally possible to obtain a suitable compromise. 


Summary 


It can be seen that the antenna feed impedance is particularly important when considering any 
RP antenna design. However by maximising the energy transfer by matching the feeder to the 
antenna feed impedance the antenna design can be optimised and the best performance obtained. 


Antenna resonance and bandwidth 


- overview, summary, tutorial about antenna or aerial resonance and bandwidth 
and the impact of RF antenna resonance and bandwidth on radio 
communications systems. 


Two major factors associated with radio antenna design are the antenna resonant point or centre 
operating frequency and the antenna bandwidth or the frequency range over which the antenna 
design can operate. These two factors are naturally very important features of any antenna design 
and as such they are mentioned in specifications for particular RF ntennas. Whether the RF 
antenna is used for broadcasting, WLAN, cellular telecommunications, PMR or any other 
application, the performance of the RF antenna is paramount, and the antenna resonant frequency 
and the antenna bandwidth are of great importance, 


Antenna resonance 


Ап RF antenna is a form of tuned circuit consisting of inductance and capacitance, and as a result 
it has a resonant frequency. This is the frequency where the capacitive and inductive reactances 
cancel each other out. At this point the RF antenna appears purely resistive, the resistance being 
а combination of the loss resistance and the radiation resistance. 


Antenna Antenna 
impedance impedance 
capacitive inductive 


\ 


Impedance 


Resonant Frequency 


frequency 
Impedance of an RF antenna with frequency 


‘The capacitance and inductance of an RF antenna are determined by its physical properties and 
the environment where it is located. ‘The major feature of the RF antenna design is its 
dimensions. It is found that the larger the antenna or more strictly the antenna elements, the 
lower the resonant frequency. For example antennas for UHF terrestrial television have relatively 
small elements, while those for VHF broadcast sound FM have larger elements indicating a 
lower frequency. Antennas for short wave applications are larger still 


Antenna bandwidth 


Most RF antenna designs are operated around the resonant point. This means that there is only a 
limited bandwidth over which an RF antenna design can operate efficiently. Outside this the 


levels of reactance rise to levels that may be too high for satisfactory operation. Other 
characteristics of the antenna may also be impaired away from the centre operating frequency. 


‘The antenna bandwidth is particularly important where radio trans 
damage may ccur to the transmitter if the antenna is operated outside its operating range and the 
radio transmitter is not adequately protected. In addition to this the signal radiated by the RF 
antenna may be less for a number of reasons. 


nitters are concerned as 


For receiving purposes the performance of the antenna is less critical in some respects. It can be 
operated outside its normal bandwidth without any fear of damage to the set. Even a random 
length of wire will pick up signals, and it may be possible to receive several distant stations 
However for the best reception it is necessary to ensure that the performance of the RF antenna 
design is optimum. 


Impedance bandwidth 


‘One major feature of an RF antenna that does change with frequency is its impedance. This in 
turn can cause the amount of reflected power to increase. If the antenna is used for transmitting it 
may be that beyond a given level of reflected power damage may be caused to either the 
transmitter or the feeder, and this is quite likely to be a factor which limits the operating 
bandwidth of an antenna. Today most transmitters have some form of SWR protection circuit 
that prevents damage by reducing the output power to an acceptable level as the levels of 
reflected power increase. This in turn means that the efficiency of the s is reduced outside a 
given bandwidth. As far as receiving is concerned the impedance changes of the antenna are not 
as critical as they will mean that the signal transfer from the antenna itself to the feeder is 
reduced and in turn the efficiency will fall. For amateur operation the frequencies below which a 
maximum SWR figure of 1.5:1 is produced is often taken as the acceptable bandwidth. 


In order to increase the bandwidth of an antenna there are a number of measures that сап be 
taken. One is the use of thicker conductors. Another is the actual type of antenna used. For 
example a folded dipole which is described fully in Chapter 3 has a wider bandwidth than a non- 
folded one. In fact looking at a standard television antenna it is possible to see both of these 
features included. 


Radiation pattern 


Another feature of an antenna that changes with frequency is its radiation pattern. In the case of a 
beam it is particularly noticeable. In particular the front to back ratio will fall off rapidly outside 
a given bandwidth, and so will the gain. In an antenna such as a Yagi this is caused by a 
reduction in the currents in the parasitic elements as the frequency of operation is moved away 
from resonance. For beam antennas such as the Yagi the radiation pattem bandwidth is defined 
as the frequency range over which the gain of the main lobe is within 1 dB of its maximum. 


For many beam antennas, especially high gain ones it will be found that the impedance 
bandwidth is wider than the radiation pattern bandwidth, although the two parameters are inter- 
related in many respects. 


Antenna directivity and gain 


+ an overview, summary, tutorial about the basics of RF antenna directivity 
(aerial directivity) and gain including isotropic radiators, polar diagrams and 
antenna dBi figures and antenna dBd figures. 


RF antennas or aerials do not radiate equally in all directions. It is found that any realisable RF 
antenna design will radiate more in some directions than others. The actual pattern is dependent 
upon the type of antenna design, its size, the environment and а variety of other factors. This 
directional pattern can be used to ensure that the power radiated is focussed in the desired 
directions, 


It is normal to refer to the directional patterns and gain in terms of the transmitted signal. It is 
often easier to visualise the RF antenna is terms of its radiated power, however the antenna 
performs in an exactly equivalent manner for reception, having identical figures and 
specifications 


In order to visualise the way in which an antenna radiates a diagram known as a polar diagram is 
used. This is normally a two dimensional plot around an antenna showing the intensity of the 
radiation at each point for a particular plane. Normally the scale that is used is logarithmic so that 
the differences can be conveniently seen on the plot. Although the radiation pattern of the 
antenna varies in three dimensions, it is normal to make a plot in a particular plane, normally 
either horizontal or vertical as these are the two that are most used, and it simplifies the 
measurements and presentation. An example for a simple dipole antenna i 
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polar diagram of a half wave dipole in free pace 


s are often categorised by the type of polar diagram they exhibit. For example an 
ign is one which radiates equally (or approximately equally) in all 
An antenna design that radiates egually in all directions in ай 
planes is called an isotropic antenna. As already mentioned it is not possible to produce one of 
these in reality, but itis useful as a theoretical reference for some measurements. Other RF 
antennas exhibit highly directional patterns and these may be utilised in a number of 
applications. The Yagi antenna is an example of a directive antenna and possibly it is most 
widely used for television reception. 
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Polar diagram for a yagi antenna 


RF antenna beamwidth 


‘There are a number of key features that can be seen from this polar diagram. The first is that 
there is a main beam or lobe and a number of minor lobes. It is often useful to define the beam- 
width of an RF antenna. This is taken to be angle between the two points where the power falls 
to half its maximum level, and as a result it is sometimes called the half power beam-width. 


Antenna gain 


An RF antenna radiates а given amount of power. This is the power dissipated in the radiation 
resistance of the RF antenna. An isotropic radiator will distribute this equally in all directions. 
For an antenna with a directional pattern, less power will be radiated in some directions and 
more in others. The fact that more power is radiated in given directions implies that it can be 
considered to have a gain. 


‘The gain can be defined as a ratio of the signal transmitted in the "maximum" direction to that of 
a standard or reference antenna. This may sometimes be called the "forward gain”. The figure 
that is obtained is then normally expressed in decibels (dB). In theory the standard antenna could 
be almost anything but two types are generally used. The most common type is a simple dipole 
as itis easily available and it sis of many other types of antenna. In this case the gai 
often expressed as dBd i.e. gain expressed in decibels over a dipole. However a dipole does 
radiated equally in all directions in all planes and so an isotropic source is sometimes used. In 
this case the gain may be specified in dBi i.e. gain in decibels over an isotropic source. The main 
drawback with using an isotropic source (antenna dBi) as a reference is that it is not possible to 
realise them in practice and so that figures using it can only be theoretical. However itis possible 
to relate the two gains as a dipole has a gain of 2.1 dB over an isotropic source i.e. 2.1 dBi. In 


other words, figures expressed as gain over an isotropic source will be 2.1 dB higher than those 
relative to a dipole. When choosing an antenna and looking at the gain specifications, be sure to 
check whether the gain is relative to a dipole or an isotropic source, i.e. the antenna dBi figure of 
the antenna dBd figure. 


Apart from the forward gain of an antenna another parameter which is important is the front to 
back ratio. This is expressed in decibels and as the name implies itis the ratio of the maximum 
signal in the forward direction to the signal in the opposite direction. This figure is normally 
found that the design of an antenna can be adjusted to give either 
maximum forward gain of the optimum front to back ratio as the two do not normally coincide 
exactly. For most VHF and UHF operation the design is normally optimised for the optimum 
forward gain as this gives the maximum radiated signal in the required direction. 


RF antenna gain / beamwidth balance 


It may appear that maximising the gain of an antenna will optimise its performance in a s 
‘This may not always be the case. By the very nature of gain and beamwidth, increasing the gain 
will result in a reduction in the beamwidth. This will make setting the direction of the antenna 
more critical. This may be quite acceptable in many applications, but not in others. This balance 
should be considered when designing and setting up a radio link. 


Antenna directivity and gain 


- an overview, summary, tutorial about the basics of RF antenna directivity 
(aerial directivity) and gain including isotropic radiators, polar diagrams and 
antenna dBi figures and antenna dBd figures. 


RF antennas or aerials do not radiate equally in all directions. It is found that any realisable RF 
antenna design will radiate more in some directions than others. The actual pattern is dependent 
upon the type of antenna design, its size, the environment and a variety of other factors. This 
directional pattern can be used to ensure that the power radiated is focussed in the desired 
directions, 


It is normal to refer to the directional patterns and gain in terms of the transmitted signal. It is 
often easier to visualise the RF antenna is terms of its radiated power, however the antenna 
performs in an exactly equivalent manner for reception, having identical figures and 
specifications 


In order to visualise the way in which an antenna radiates a diagram known as a polar diagram is 
used. This is normally a two dimensional plot around an antenna showing the intensity of the 
radiation at each point for a particular plane. Normally the scale that is used is logarithmic so that 


the differences can be conveniently seen on the plot. Although the radiation pattern of the 
antenna varies in three dimensions, it is normal to make a plot in a particular plane, normally 
either horizontal or vertical as these are the two that are most used, and it simplifies the 
measurements and presentation. An example for a simple dipole antenna is shown below. 


Directions of 
maximum 
radiation 


Axis of antenna 


Antenna designs are often categorised by the type of polar diagram they exhibit. For example ап 
‘omni-directional antenna design is one which radiates equally (or approximately equally) in all 
directions in the plane of interest. An antenna design that radiates equally in all directions in all 
planes is called an isotropic antenna. As already mentioned it is not possible to produce one of 
these in reality, but it is useful as a theoretical reference for some measurements. Other RF 
antennas exhibit highly directional patterns and these may be utilised in a number of 
applications. The Yagi antenna is an example of a directive antenna and possibly it is most 
widely used for television reception. 


Direction 
ofthe 


1 main heart 


Major lobe 
Minor iches 
Polar diagram for a yagi antenna. 


RF antenna beamwidth 


There are а number of key features that can be seen from this polar diagram. The first is that 
there is a main beam or lobe and a number of minor lobes. It is often useful to define the beam- 
width of an RF antenna. This is taken to be angle between the two points where the power falls 
to half its maximum level, and as a result it is sometimes called the half power beam-width. 


Antenna gain 


An RF antenna radiates a given amount of power. This is the power dissipated in the radiation 
resistance of the RF antenna. An isotropic radiator will distribute this equally in all directions. 
For an antenna with a directional pattern, less power will be radiated in some directions and 
more in others. The fact that more power is radiated in given directions implies that it can be 
considered to have a gain. 


‘The gain can be defined as a ratio of the signal transmitted in the "maximum" direction to that of 
a standard or reference antenna, This may sometimes be called the "forward gain’. The figure 
that is obtained is then normally expressed in decibels (dB). In theory the standard antenna could 
be almost anything but two types are generally used. The most common type is a simple dipole 
as it is easily available and it is the basis of many other types of antenna. In this case the gain is 
often expressed as dBd i.e. gain expressed in decibels over a dipole. However a dipole does not 
radiated equally in all directions in all planes and so an isotropic source is sometimes used. In 
this case the gain may be specified in dBi i.e. gain in decibels over an isotropic source. The main 
drawback with using an isotropic source (antenna dBi) as a reference is that it is not possible to 
realise them in practice and so that figures using it can only be theoretical. However it is possible 
to relate the two gains as a dipole has a gain of 2.1 dB over an isotropic source i.e. 2.1 dBi. In 
other words, figures expressed as gain over an isotropic source will be 2.1 dB higher than those 
relative to a dipole. When choosing an antenna and looking at the gain specifications, be sure to 
check whether the gain is relative to a dipole or an isotropic source, i.e. the antenna dBi figure of 
the antenna dBd figure. 


Apart from the forward gain of an antenna another parameter which is important is the front to 
back ratio. This is expressed in decibels and as the name implies itis the ratio of the maximum 
the forward direction to the signal in the opposite direction. This figure is normally 
found that the design of an antenna can be adjusted to give either 
maximum forward gain of the optimum front to back ratio as the two do not normally coincide 
exactly. For most VHF and UHF operation the design is normally optimised for the optimum 
forward gain as this gives the maximum radiated signal in the required direction. 


RF antenna gain / beamwidth balance 


It may appear that maximising the gain of an antenna will optimise its performance in a system. 
‘This may not always be the case. By the very nature of gain and beamwidth, increasing the gain 
will result in a reduction in the beamwidth. This will make setting the direction of the antenna 
more critical. This may be quite acceptable in many applications, but not in others. This balance 
should be considered when designing and setting up a radio link. 


Balanced antenna feeder 


cluding open wire, two-wire, twin, and ribbon feeders 


Balanced feeder is a form of feeder that can be used for feeding balanced antennas (i.e. antennas 
that do not have one connection taken to ground). It is mainly used on frequencies below 30 
MHz can offer the advantage of very low levels of loss. The feeder or transmission line is also 
referred to by other names including twin, two wire, open wire, and sometimes even ribbon 
feeder. These names often depend upon the type of construction of the particular form. 


It is used less than coaxial feeder or coax, although it is able to offer some significant advantages 
over coax in some applications. 


Balanced feeder basics 


A balanced or twin feeder consists of two parallel conductors unlike coax that consists of two 
concentric conductors... The currents flowing in both wires run in opposite directions but are 
equal in magnitude. As a result the fields from them cancel out and no power is radiated or 
picked up. To ensure efficient operation the spacing of the conductors is normally kept to within 
about 0.01 wavelengths. 


The feeder exists in a variety of forms. Essentially it is just two wires that are closely spaced in 
terms of the radio frequency of operation. In practical terms manufactured feeder is available and 
it consist of two wires contained within a plastic sheath that is also used as a spacer between 
them to keep the spacing, and hence the impedance constant. Another form commonly called 
‘open wire feeder simply consists of two wires kept apart by spacers that are present at regular 
intervals along the feeder. It has an appearance a little akin to a rope ladder. 


Cross section Top view 


Conductors: 


Plastic dielectric to ас! as \ / 
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‘Twin feeder a form of balanced feeder 


Balanced feeder impedance 
Like coaxial cable, the impedance of twin feeder is governed by the dimensions of the 


conductors, their spacing and the dielectric constant of the material between them. The 
impedance can be calculated from the formula given below. 


Zo = 976 log (0/8 
Je 


Where 
D is the distance between the two conductors. 

dis the outer diameter of the conductors 

Epsilon is the dielectric constant of the material between the two conductors 


‘Types of balanced feeder 


‘This type of feeder can take a variety of forms. An "open wire" feeder can be made by having 
two wires running parallel to one another. Spacers are used every fifteen to thirty centimetres to 
maintain the wire spacing. Usually these are made from plastic or other insulating material. 
‘Typically this feeder may have an impedance of around 600 ohms, although it is very dependent 
upon the wire, and the spacing used. 


"The feeder may also be bought as flat 300 ohm ribbon feeder consisting of two wires spaced with 
a clear plastic. This is the most common form and is the type that is used for manufacturing 
temporary VHF FM antennas. If used outside this type absorbs water into the plastic dielectric. 
Not only does this significantly increase the loss on damp days, but the moisture absorbed causes 
the wire to oxidise which in turn leads to increased losses over the longer term. 


‘The feeder can also be bought with a black plastic dielectric with oval holes spaced at intervals 
in spacing. This type gives far better performance than the clear plastic varieties which absorb 
water if used outside. 


Coaxial feeder or RF coax cable 


+ an overview of coax cable often called coaxial feeder or RF cable, used to feed 
antennas and deliver radio frequency power from one point to another. 


‘This coax cable tutorial is split into several pages: 
[1] Coaxial feeder overview [2] Coax impedance [3] Coax cable loss or attenuation [4] Coax 
cable power rating [5] Coax cable velocity factor [6] Coax cable environmental factors [7] Coax 
table data and specifications [8] Coaxial cable installation tips 


The most common type of antenna feeder used today is undoubtedly coaxial feeder or coax 
cable. Coax cable, often referred to as RF cable, offers advantages of convenience of use while 
being able to provide a good level of performance. In view of this vast amounts of coax cable, 
coax feeder are manufactured each year, and it is also available in a wide variety of forms for 
different applications, 


Applications of coax cable 


Соах cable or coaxial feeder is used in many applications where ¡t is necessary to transfer radio 
frequency energy from one point to another. Possibly the most obvious use of coax cable is for 
ion down-leads, but it is widely used in many other areas as well. While it 
stic connections between receivers and aerials, it is likewise also used for 
commercial and industrial transmission lines connecting receivers and transmitters to antennas. 
However itis also sued where any high frequency signals need to be carried any distance. Its 
construction means that signals that the levels of loss and stray pick-up are minimised. In view of 
this it is also used in many computer applications. Coax cable was used for some early forms of 
Ethernet local area networks, although now optical fibres are used for higher data rates, ог 
twisted pairs where frequencies are not so high as these cables are much cheaper than coax. 


History of RF coax cable 


RF coax cable is a particularly important part of today's RF and electronics scene. It is a 
component that could easily be overlooked with little thought of how it appeared. In the late 
1800s there were a huge number of basic discoveries being made in the field of electricity. 
Radio, or wireless as it was originally called was not understood well, and the first transmis 
were made in the 1890s. Some transmissions were made earlier but not understood, 


‘The first known implementation of coax cable was in 1884 when Ernst von Siemens (one of the 
founders of the Siemens empire) patented the idea, although there were no known applications at 
this time. It then took until 1929 before the first modem commercial coax cables were patented 
by Bell Laboratories, although its use was still relatively small. Nevertheless it was used in 1934 
to relay television pictures of the Berlin Olympics to Leipzig. Then in 1936 an a coaxial cable 
was installed between London and Birmingham in the UK to carry 40 telephone calls, and in the 
USA an experimental coaxial cable was installed between New York and Philadelphia to relay 
television pictures. 


With the commercial use of RF coax cable establishing 
shorter runs. It quickly established itself, and now 
domestic applications 


ll. many other used the cable for 
is widely used for both commercial and 


Coax cable basics 


Coax cable, coaxial feeder is normally seen as a thick electrical cable. The cable is made from a 
number of different elements that when together enable the coax cable to carry the radi 
frequency signals with а low level of loss from one location to another. The main elements 
within a coax cable are: 


l. Centre conductor 


Insulating dielectric 


3. Outer conductor. 


4. Outer protecting jacket or sheath 


The overall construction of the coax cable or RF cable can be seen in the diagram below and 
from this it can be seen that it is built up from a number of concentric layers. Although there are. 
many varieties of coax cable, the basic overall construction remains the same: 


Outer 

protective Central 

sheath conductor 
Outer, Dielectric 
braid spacing 


Cross section though coaxial cable 


1. Centre conductor The centre conductor of the coax is almost universally made of 


copper. Sometimes it may be a single conductor whilst in other RF cables it may consist 
of several strands. 


2. Insulating dielectric © Between the two conductors of the coax cable there is an. 
insulating dielectric. This holds the two conductors apart and in an ideal world would not 
introduce any loss, although it is one of the chief causes of loss in reality. This coax cable 
dielectric may be solid or as in the case of many low loss cables it may be semi-airspaced 
because it is the dielectric that introduces most of the loss. This may be in the form of 


long "tubes" in the dielectric, or a "foam" construction where air forms a major part of the 
material 


3. Outer conductor The outer conductor of the RF cable is normally made from a copper 
braid. This enables the coax cable to be flexible which would not be the case if the outer 
conductor was solid, although in some varieties made for particular applications itis. To 
improve the screening double or even triple screened coax cables are sometimes used. 
Normally this is accomplished by placing one braid directly over another although in 
Some instances a copper foil or tape outer may be used. By using additional layers of 
sereening, the levels of stray pick-up and radiation are considerably reduced. The loss is 
marginally lower. 


4. Outer protecting jacket or sheath © Finally there is a final cover or outer sheath to the. 
coax cable. This serves little electrical function, but can prevent earth loops forming, It 
also gives a vital protection needed to prevent dirt and moisture attacking the cable, and 
prevent the coax cable from being damaged by other mechanical means, 


How RF coax cable works 


A coaxial cable carries current in both the inner and the outer conductors, These current are 
equal and opposite and as a result all the fields are confined within the cable and it neither 
radiates nor picks up signals. 


‘This means that the cable operates by propagating an electromagnetic wave inside the cable. As 
there are no fields outside the coax cable it is not affected by nearby objects. Accordingly it is 
ideal for applications where the RF cable has to be routed through or around buildings or close to. 
many other objects. This is a particular advantage of coaxial feeder when compared with other 
forms of feeder such as two wire (open wire, or twin) feeder. 
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RF Coax Cable Connectors 


an overview of the different types of RF connectors that can be used with coax 
cable or feeder including the UHF (SO239 / PL259), BNC, TNC, N-type, SMA, 
SMB, SMC, MCX, etc.. 


This RF coax cable conenctors reference is split into several pages each of which addresses. 
different aspects of RF coax cable connector operation and technology: 


[1] RF coax cable connectors overview [2] BNC connector [3] TNC connector [4] C- 
type connector [5] N-type connector [6] SMA connector [7] SMB connector [8] UHF 
connector, 50239 and PL259 


Coax cable connectors, often called RF connectors are in widespread use. Wherever radio 
frequency or RF connections need to be made there is the possibility of using coaxial connectors 
Where signals reach frequencies above a few million Hertz, these coaxial connectors need to be 
used. The need for their use arises because it is necessary to transfer radio frequency, RF, energy 
from one place to another using a transmission line. The most convenient, and hence the most 
commonly used form of transmission line is coaxial cable which consists of two concentric 
conductors, an inner conductor and an outer conductor, often called the screen, Between these 
two conductors there is an insulating dielectric. 


Coaxial cable has a number of properties, one of which is the characteristic impedance. In order 
that the maximum power transfer takes place from the source to the load, the characteristic 
impedances of both should match. Thus the characteristic impedance of a feeder is of great 
importance. Any mismatch will result in power being reflected back towards the source. 


It is also important that RF coaxial cable connectors have a characteristic impedance that 
matches that of the cable. If not, a discontinuity is introduced and losses may result. 


There is a variety of connectors that are used for RF applications. Impedance, frequency range, 
power handling, physical size and a number of other parameters including cost will determine 
the best type for a given applications. 


UHF connector 


‘The ИНЕ connector, also sometimes known as the Amphenol coaxial connector was designed in 
the 1930s by a designer in the Amphenol company for use in the radio industry. The plug may be 
referred to as а PL259 coaxial connector, and the socket as an 50239 connector. These are their 
original military part numbers 


‘These coaxial connectors have a threaded coupling, and this prevents them from being removed 
accidentally. It also enables them to be tightened sufficiently to enable a good low resistance 
connection to be made between the two halves. 


‘The drawback of the ИНЕ or Amphenol connector is that it has a non-constant impedance. This 
limits their use to frequencies of up to 300 MHz, but despite this these ИНЕ connectors provide a 
low cost connector suitable for many applications, provided that the frequencies do not rise. Also 
very low cost versions are available for applications such as CB operation, and these are not 
suitable for operation much above 30 MHz. In view of their non-constant impedance, these 
connectors are now rarely used for many professional applications, being generally limited to 
CB, amateur radio and some video and public address sys 


N-type connector 


‘The N-type connector is a high performance RF coaxial connector used in many RF applications 
‘This coax connector was designed by Paul Neill of Bell Laboratories, and it gained its name 
from the first letter of his surname. 


This RF connector has a threaded coupling interface to ensure that it mates correctly. It is 
available in either 50 ohm or 75 ohm versions. These two versions have subtle mechanical 
differences that do not allow the two types to mate. The connector is able to withstand relatively 
high powers when compared to the BNC or TNC connectors. The standard versions are specified 
for operation up to 11 GHz, although precision versions are available for operation to 18GHz. 


‘The N-type coaxial connector is used for many radio frequency applications including broadcast 
and communications equipment where its power handling capability enables it to be used for 
medium power transmitters, however itis also used for many receivers and general КЕ 
applications. 


BNC connector 


‘The BNC coax connector is widely used in professional circles being used on most oscilloscopes 
and many other laboratory instruments. The BNC connector is also widely used when RF 
connections need to be made. The BNC connector has a bayonet fixing to prevent accidental 
disconnection while being easy to disconnect when necessary. This RF connector was developed 
in the late 1940s and it gains its name from a combination of the fact that it has a bayonet fixing 
and from the names of the designers, the letters BNC standing for Bayonet Neill Concelman. In 
fact the BNC connector is essentially a miniature version of the C connector which was a 
bayonet version of the N-type connector. 


Electrically the BNC coax cable connector is designed to present a constant impedance and it is 
most common in its 50 ohm version, although 75 ohm ones can be obtained. It is recommended 
up to 4 GHz and it can be used up to 10 GHz provided the special 
top quality versions specified to that frequency are used. 


TNC connector 


‘The TNC connector is very similar to the BNC connector. The main difference is that it has a 
screw fitting instead of the bayonet one. The TNC connector was developed originally to 
‘overcome problems during vibration. As the bayonet fixing moved slightly there were small 
changes to the resistance of the connections and this introduced noise. To solve the problem a 
screw fixing was used and the TNC coax cable connector gains its name from the words 
‘Threaded Neill Concelman 


Like the BNC connector, the TNC connector has a constant impedance, and in view of the 
threaded connection, its frequency limit can be extended. Most TNC connectors are specified to 
11 GHz, and some may be able to operate to 18 GHz. 


SMA connector 


‘This sub-miniature RF coaxial cable connector takes its name from the words Sub-Miniature A 
connector. It finds many applications for providing connectivity for RF assemblies within 
equipments. It is often used for providing RF connectivity between boards, and many microwave 
components including filters, attenuators, mixers and oscillators, use SMA connectors 


‘The connectors have a threaded outer coupling interface that has a hexagonal shape, allowing it 
to be tightened with a spanner. Special torque spanners are available to enable them to be 
tightened to the correct tightness, allowing a good connection to be made without over-tightening 
them, 


‘The SMA connector was originally designed in the 1960s for use with 141 semi-rigid coax cable. 
Here the centre of the coax forms the centre pin for the connection, removing the necessity for a 
transition between the coax centre conductor and a special connector centre pin. However its use 
extended to other flexible cables, and connectors with centre pins were introduced. 


SMA connectors are regularly used for freguencies well into the microwave region, and some 
versions may be used at frequencies up to 26.5 GHz. For flexible cables, the frequency limit is 
normally determined by the cable and not the connector. 


SMB connector 


The SMB connector derives its name as it is termed a Sub-Miniature B connector. It was 
developed as a result of the need for a connector that was able to connect and disconnect swiftly. 
It does not require nuts to be tightened when two connectors are mated. Instead the connectors 
аге brought together and they snap fit together. Additionally the connector utilizes an inner 
contact and overlapping dielectric insulator structures to ensure good connectivity and a constant 
impedance. 


SMB coaxial connectors perform well under moderate vibration only and the 50 ohm versions 
are often specified to 4 GHz. 75 ohm versions of the SMB coaxial connector are also available. 
but there are often not specified up to the same frequencies, often only about 2GHz. 


SMB coaxial connectors are not as widely used as their SMA counterparts. They are used for 
inter board or assembly connections within equipment, although they are not widely used for 
purchased microwave assemblies in view of their inferior performance. 


SMC connector 


A third SM type connector is not surprisingly the Sub Miniature C or SMC coaxial cable 
connector. It is similar to the SMB connector, but it uses a threaded coupling interface rather 
than the snap-on connection. This provides a far superior interface for the connection and as a 
result, SMC coaxial cable connectors are normally specified to operate at frequencies up to 10 
GHz. 


SMC coaxial cable connectors provide a good combination of small size and performance. They 
may also be used in environments where vibration is anticipated. In view of their performance. 
they find applications in microwave equipment, although they are not normally used for military 
applications where SMA connectors tend to be preferred. 


MCX connector. 


A number of mico-miniatiure RF connectors have been developed by a variety of manufacturers 
to meet the growing demand for cost effective, high quality smaller connectors. These are 
finding high levels of use, for example in the cellular phone industry, where size, cost and 
performance are all important. In fact the MCX is about 30% smaller in both size and weight 
than an SMB connector to which it has many similariti 


Опе connector that falls into this category is the MCX (MicroCoaX) coax connector. This was 
developed in the 1980s by Huber and Suhner of which MCX is a trade name. The MCX 
connector has many similarities with the construction of the SMB connector using a quick snap- 
оп interface, and utilising an inner contact and an overlapping dielectric insulator structure. 


‘The MCX connector is normally speci 
a variety of arenas including equipment for cellular telecommunicatio 
positioning (GPS) and other applications where size and weight are 
are generally below 5 GHz. 


¡ed for operation up to 6 GHz, and it finds application: 
s, data telemetry, Global 
nportant and frequenci 


n 


MMCX connector 


Another connector which is being widely used is the MMCX connector. Being some 45% 
smaller than an SMB connector, the MMCX is ideal where a low profile outline is a key element 
It is therefore ideal for applications where board height is limited, including applications where 
boards may be stacked. As such it is being widely used in many cellular telecommunications 
applications. 


‘The connector provides a snap fitting and also utilises a slot-less design to minimise leakage. 


Overview 


a great variety of RF coaxial cable connectors in use today. The list above ck 
some of the more popular types of RF connector, but there are nevertheless more varieties 
available. When choosing a coaxial cable connector, the requirements should be carefully 
matched to the available options to see which RF connector will provide the best choice. In i 
way the best compromise between size, weight, performance and cost can be achieved. 


Waveguide basics tutorial 


- overview, summary, tutorial about the basics of what is a waveguide and the 
basic waveguide theory. 


‘This waveguide tutorial is split into several pages: 


1] Waveguide basics [2] Waveguide theory [3] Waveguide impedance [4] Flexible waveguide [5] 


Waveguide couplers and transitions [6] Waveguide dimensions and sizes [7] Waveguide flanges 


RF waveguides are a form of RF feeder used for microwave applications. For use, the basics of 
waveguide technology are easy to comprehend, although the mathematics involved can become 
complicated when wave theory and the like are used. Waveguides are a guide for 
electromagnetic waves and this gives rise to the name waveguide. 


Waveguides effectively confirm and direct a wave within a given boundary. Within many 
electronic circles, waveguides are most commonly used for microwave RF signals, the same 
principles can be used for many forms of wave from sound to light. 


RF waveguide basics 


Waveguides are used in a variety of applications to carry radio frequency energy from one pint to 
another. In their broadest terms a waveguide is described as a system of material that is designed 
to confine electromagnetic waves in a direction defined by its physical boundaries. This 
definition gives a very broad view of waveguides, but indicates that waveguide theory can be 
applied in a number of areas and in a variety of different ways. 


Electromagnetic waves propagating in open space travel out in all directions and can be thought 
of as spherical waves travelling out from a central source. As a result the power intensity 
decreases as the distance increases - it is proportional to the power of the source divided by the 
square of the distance. The waveguide operates by confining the electromagnetic wave so that it 
does not spread out and losses resulting from this effect are eliminated. 


Typically a waveguide is thought if as a transmission line comprising a hollow conducting tube, 
which may be rectangular or circular within which electromagnetic waves are propagated. 
Unlike coaxial cable, there is no centre conductor within the waveguide. Signals propagate 
within the confines of the metallic walls that act as boundaries. The signal is confined by total 
internal reflection from the walls of the waveguide. 
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Rectangular waveguide 


Waveguides will only carry or propagate signals above a certain frequency, known as the cut-off 
frequency. Below this the waveguide is not able to carry the signals, The cut-off frequency of the 
waveguide depends upon its dimensions. In view of the mechanical constraints this means that 
waveguides are only used for microwave frequencies. Although it is theoretically possible to 
build waveguides for lower frequencies the size would not make them viable to contain within 
normal dimensions and their cost would be prohibitive. 


As a very rough guide to the dimensions required for a waveguide, the width of a waveguide 
needs to be of the same order of magnitude as the wavelength of the signal being carried, As a 
result, there is a number of standard sizes used for waveguides as detailed in another page of this 
tutorial, Also other forms of waveguide may be specifically designed to operate on a given band 
of frequencies 


Types of RF waveguide 
‘There is a number of different types of RF waveguide that can be used, bought and designed. 


‘Typically waveguides are thought of as being rectangular in cross section as this is the most 
common form of waveguide. However other types and approaches may be used. 


+ Rectangular waveguide: This is the most commonly used form of waveguide and has a 
rectangular cross section, 

* Circular waveguide: Circular waveguide is less common than rectangular waveguide. They 
have many similarities in their basic approach, although signals often use a different mode of 
propagation. 

+ Circuit board stripline: This form of waveguide is used on printed circuit boards as a 
transmission line for microwave signals. It typically consists of a line of a given thickness above 
an earth plane. Its thickness defines the impedance. 


In addition to these basic forms, there are also flexible waveguides. These are most widely seen 
in the rectangular format. Flexible waveguide is often used to connect to antennas, etc that may 
not be fixed or may be moveable, 


Summary 


Waveguides are more expensive than other forms of RF feeder. However waveguides offer a 
number of advantages that mean they are the only feasible solution in many applications 
Although waveguide is not nearly as widely used as other forms of feeder such as coax, it still 
forms and essential method of transferring RF power, especially are microwave frequencies. 


Dipole antenna 


- overview, summary, tutorial about the basics of the dipole antenna or dipole 
aerial that is widely used on its own and as the basis for other RF antenna 
designs. 


‘This dipole antenna tutorial is split into s 
of dipole antenna technology: 


ral pages each of which addresses a different aspect 


1] Dipole antenna [2] half wave dipole antenna 


‘The dipole antenna or dipole aerial is one of the most important and commonly used types of RF 
antenna, It is widely used on its own, and it is also incorporated into many other RF antenna 
designs where it forms the radiating or driven element for the antenna, 


Dipole antenna basics 


As the name suggests the dipole antenna consists of two terminals or "poles" into which radio 
frequency current flows. This current and the associated voltage causes and electromagnetic or 
radio signal to be radiated. Being more specific, a dipole is generally taken to be an antenna that 
consists of a resonant length of conductor cut to enable it to be connected to the feeder. For 
resonance the conductor is an odd number of half wavelengths long. In most cases a single half 


wavelength is used, although three, five, ©. wavelength antennas are equally valid. 


Current 


The basic half wave dipole antenna 


‘The current distribution along a dipole is roughly sinusoidal. It falls to zero at the end and is at a 
maximum in the middle. Conversely the voltage is low at the middle and rises to a maximum at 
the ends, It is generally fed at the centre, at the point where the current is at a maximum and the 


Voltage а minimum. This provides a low impedance feed point which is convenient to handle. 
High voltage feed points are far less convenient and more difficult to use. 


When multiple half wavelength dipoles are used, they are similarly normally fed in the centre. 
Here again the voltage is at a minimum and the current at a maximum. Theoretically any of the 
current maximum nodes could be used 


Current 


Voltage 
re 


Three half wavelength wave dipole antenna 


Dipole feed impedance 


As with any RF antenna, the feed impedance of a dipole antenna is dependent upon a variety of 
factors including the length, the feed position, the environment and the like. A half wave centre 
fed dipole antenna in free space has an impedance 73.13 ohms making it ideal to feed with 75 
ohm feeder. 


‘The feed impedance of a dipole can be changed by a variety of factors, the proximity of other 
objects having a marked effect. The ground has a major effect. If the dipole antenna forms the 
radiating element for a more complicated form of RE antenna, then elements of the RF antenna 
will have an effect. Often the effect is to lower the impedance, and when used in some antennas 
the feed impedance of the dipole element may fall to ten ohms or less, and methods need to be 
used to ensure a good match is maintained with the feeder, 


Dipole polar diagram 


‘The polar diagram of a half wave dipole antenna that the direction of maximum sensitivity or 
radiation is at right angles to the axis of the RF antenna. The radiation falls to zero along the axis 
ol the RF antenna as might be expected. 
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Polar diagram of a half wave dipole in free space 


If the length of the dipole antenna is changed then the radiation pattern is altered. As the length 
ol the antenna is extended it can be seen that the familiar figure of eight pattern changes to give 
main lobes and a few side lobes. The main lobes move progressively towards the axis of the 
antenna as the length increases. 


Antenna length 


‘The length of a dipole is the main determining factor for the operating frequency of the dipole 
antenna, Although the antenna may be an electrical half wavelength, or multiple of half 
wavelengths, it is not exactly the same length as the wavelength for a signal travelling in free 
space. There are a number of reasons for this and it means that an antenna will be slightly shorter 
than the length calculated fora wave travelling in free space. 


For a half wave dipole the length for a wave travelling in free space is calculated and this is 
multiplied by a factor "A". Typically it is between 0.96 and 0.98 and is mainly dependent upon 
the ratio of the length of the antenna to the thickness of the wire or tube used as the element. Its 
value сап be approximated from the graph 
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Multiplication factor "А" used for calculating the length of a dipole 


In order to calculate the length of a half wave dipole the simple formulae given below сап be 
used: 


Length (metres) = 150 x A / frequency in MHz 


Length (inches 


5905 x A / frequency in MHz 


Using these formulae it is possible to calculate the length of a half wave dipole. Even though 
calculated lengths are normally quite repeatable it is always best to make any prototype antenna 
slightly longer than the calculations might indicate. This needs to be done because changes in the 
thickness of wire being used etc may alter the length slightly and it is better to make it slightly 
too long than too short so that it can be trimmed so that it resonates on the right frequency. It is 
best to trim the antenna length in small steps because the wire or tube cannot be replaced very 
easily once it has been removed. 


Dipole basics summary 


‘The dipole antenna is a particualrly important form of RF antenna which is very widely used for 
radio transmitting and receiving applications. The dipole is often used on its own as an RF 
antenna, but it also forms the essential element in many other types of RF antenna, As such it is 
the possibly the most important form of RF antenna, 


"This dipole antenna tutorial is split into several pages each of which addresses a different aspect 
of dipole antenna technology: 


1] Dipole antenna [2] half wave dipole antenna 


"The standard dipole is widely used in its basic form, However under a number of circumstances 
a modification of the basic dipole, known as a folded dipole provides a number of advantages 
that can be used to advantage. 


In its basic form a dipole consists of a single wire or conductor cut in the middle to a 
the feeder. It is found that the feed impedance is altered by the proximity of other obje 
especially other parasitic elements that may be used in other forms of RF antenna design. This 
сап cause problems with matching and because resistance losses in the RF antem 
start to become significant 


tem can 


Additionally many RF antennas have to be able to operate over large bandwidths and a standard 
dipole may be unable to fulfil this requirement adequately, 
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‘The basic folded half wave dipole 


A variation of the dipole, known as a folded dipole provides a solution to these problems, 
offering a wider bandwidth and a considerable increase in feed impedance. The folded dipole is 
formed by taking a standard dipole and then taking a second conductor and joining the two ends 
In this way a complete loop is made as shown. If the conductors in the main dipole and the 
second or "fold" conductor are the same diameter, then it is found that there is а fourfold increase 
in the feed impedance. In free space, this gives a feed impedance of around 300 ohms. 
Additionally the RF antenna has a wider bandwidth. 


In a standard dipole the currents flowing along the conductors are in phase and as a result there is 
по cancellation of the fields and radiation occurs. When the second conductor is added this can 
be considered as an extension to the standard dipole with the ends folded back to meet each 
other. As a result the currents in the new section flow in the same direction as those in the 
original dipole. The currents along both the half-waves are therefore in phase and the antenna 
will radiate with the same radiation pattems etc as a simple half-wave dipole. 


‘The impedance increase can be deduced from the fact that the power supplied to a folded dipole 
evenly shared between the two sections which make up the antenna. This means that when 
compared to a standard dipole the current in each conductor is reduced to a half. As the same 
power is applied, the impedance has to be raised by a factor of four to retain balance in the 
equation Watts = 1^2 x R. 


Folded dipole applications 


Folded dipoles are sometimes used on their own, but they must be fed with a high impedance 
feeder, typically 300 ohms. However they find more uses when a dipole is incorporated in 
another RF antenna design with other elements nearby. This has the effect of reducing the dipole 
impedance. To ensure that it can be fed conveniently, a folded dipole may be used to raise the 
impedance again to a suitable value. 


Distributed Antenna System DAS 


- overview, summary, tutorial about the DAS, Distributed Antenna Systems 
technology used for gaining better coverage and using a lower power. 


‘The concept of a Distributed Antenna System, DAS has many advantages in some applications. 
A Distributed antenna system, DAS is a network of antennas spaced apart from each other, but 
connected to a common source. In this way the DAS is able to provide wireless or radio coverage 
within a given area. 


‘The idea of a distributed antenna system is being adopted increasingly as it enables a number of 
advantages to be gained. However this is at the cost of a larger more complicated system. 
Nevertheless, distributed antenna systems are being used in a variety of areas to enable the right 
coverage to be gained for several applications. 


Although the concept of distributed antenna systems has been known about for many years, itis 
with the increased deployment of wireless systems within buildings and other difficult coverage 
areas that the idea of distributed antenna systems has come to the fore. 


Distributed antenna system advantages and disadvantages 


Advantages of using a distributed antenna system 


+ Better defined coverage 

+ Fewer coverage holes 

+ Same coverage using a lower overall power 

+ Lowers health risk as a result of using lower overall power levels 

+ Individual antennas do not need to be as high as a single antenna for the equivalent 
coverage 


Disadvantages of using a distributed antenna system 
+ Higher cost as a result of additional infrastructure required 
+ Possible greater visual impact in some applications as a result of greater number of 
antennas, although they are likely to be much lower in height. 


Basic concept of a distributed antenna system 


‘The basic idea behind the distributed antenna system is to utilise several different antennas over 
the required coverage area. Using this approach the overall power required is less because these 
more localised antennas can be placed more effectively for a small area, rather than having a 
single, larger antenna that is a compromise for the wider coverage needed. By adopting a 
distributed antenna system approach, this helps overcome the shadowing and penetration losses 
because a line of sight link is available more frequently. As a result the levels of absorption are 
lower and this means the overall power levels can be reduced. 


The Yagi antenna 


- overview, summary, tutorial about the Yagi antenna sometimes called the Yagi- 
Uda RF antenna that is widely used where gain and directivity are required from 
an RF antenna design. 


The Yagi or Yagi-Uda RF antenna or aerial is one of the most successful RF antenna designs for 
directive applications. It is used in a wide variety of applications where an RF antenna design 
with gain and directivity is required. It has become particularly popular for television reception, 
but it is used in very many other applications where an RF antenna design is needed that has 
gain. 


‘The full name for the antenna is the Yagi-Uda antenna, It was derives it name from its two 
Japanese inventors Yagi and his student Uda. The RF antenna design concept was first outlined 
in a paper that Yagi himself presented in 1928, Since then its use has grown rapidly to the stage 


where today a television antenna is synonymous with an RF antenna having a central boom with 
lots of elements attached. 


The Yagi antenna 


‘The Yagi RF antenna design has a dipole as the main radiating or driven element. Further 
"parasitic" elements are added which are not directly connected to the driven element. Instead 
they pick up power from the dipole and re-radiate it such a manner that it affects the properties of 
the RF antenna as a whole. 
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Basic concept of a Yagi antenna 


The parasitic elements of the Yagi antenna operate by re-radiating their signals in a slightly 
different phase to that of the driven element. In this way the signal is reinforced in some 
directions and cancelled out in others. It is found that the amplitude and phase of the current that 
is induced in the parasitic elements is dependent upon their length and the spacing between them 
and the dipole or driven element. 


Using a parasitic element it is not possible to have complete control over both the amplitude and 
phase of the currents in all the elements. This means that itis not possible to obtain complete 
cancellation in one direction. Neverthele: I possible to obtain a high degree of 
reinforcement in one direction and have a high level of gain, and also have a high degree of 
cancellation in another to provide a good front to back ratio. 


To obtain the required phase shift an element can be made either inductive or capacitive. If the 
parasitic element is made inductive it is found that the induced currents are in such a phase that. 
they reflect the power away from the parasitic element. This causes the RF antenna to radiate 
more power away from it. An element that does this is called a reflector. It can be made. 
inductive by tuning it below resonance. This can be done by physically adding some inductance 


to the element in the form of a coil, or more commonly by making it longer than the resonant 
length. Generally it is made about 5% longer than the driven element. 


If the parasitic element is made capacitive it will be found that the induced currents are in such a 
phase that they direct the power radiated by the whole antenna in the direction of the parasitic 
element. An element which does this is called a director. It can be made capacitive tuning it 
above resonance. This can be done by physically adding some capacitance to the element in the 
form of a capacitor, or more commonly by making it about 5% shorter than the driven element. 


It is found that the addition of further directors increases the directivity of the antenna, increasing 
the gain and reducing the beamwidth. The addition of further reflectors makes no noticeable 
difference. 


‘The antenna exhibits a directional pattern consisting of a main forward lobe and a number of 
spurious side lobes. The main one of these is the reverse lobe caused by radiation in the direction 
of the reflector. The antenna can be optimised to either reduce this or produce the maximum 
level of forward gain. Unfortunately the two do not coincide exactly and a compromise on the 
performance has to be made depending upon the application. 


Direction 
ofthe 
rrain "heart 


Major lobe 
Minar iches 
Polar diagram of the Yagi antenna 


G 


‘The gain of a Yagi antenna is governed mainly by the number of elements in the particular RE 
antenna. However the spacing between the elements also has an effect. As the overall 
performance of the RF antenna has so many inter-related variables, many early designs were not 
able to realise their full performance. Today computer programmes are used to optimise КЕ 
antenna designs before they are even manufactured and as a result the performance of antennas 
has been improved. 


Feed impedance 


It is possible to vary the feed impedance of a Yagi antenna over a wide range. Although the 
impedance of the dipole itself would be 73 ohms in free space, this is altered considerably by the 
proximity of the parasitic elements. The spacing, their length and a variety of other factors all 
affect the feed impedance presented by the dipole to the feeder. In fact altering the element 
spacing has a greater effect on the impedance than it does the gain, and accordingly setting the 


ign technique to fine tune the required feed impedance. 
the impedance below the 50 
inces less than 0.2 


required spacing can be used as one de 
Nevertheless the proximity of the parasitic elements usually reduc 
‘ohm level normally required. It is found that for element spacing dis 
wavelengths the impedance falls rapidly away. 


‘To overcome this, a variety of techniques can be used. One is to use a folded dipole for the 
driven element. This provides an increase in impedance of around four times dependent upon the 
ratio of the thicknesses of the basic dipole conductor and the "fold" conductor. Other techniques 
involve using gamma matches, delta matches, baluns and the like. Delta matches can be very 
convenient. They involve "Tanning out" the connection to the driven element. This method has 
the advantage that the driven element does not need to be broken to apply the feed as shown. As 
this is really applicable to a balanced feeder, a balun is required if coaxial cable is to be used. 


A gamma match is another alternative that is often used. The outer or braid of the coax feeder is 
connected directly to the centre of the driven element. This can be done because the RF voltage 
at the centre is zero at this point. The inner conductor of the feeder carrying the RF current 
taken out along the driven element. The inductance of the arm is then tuned out by the variable 
capacitor. When adjusting the RF antenna design, both the variable capacitor and the point at 
which the arm contacts the driven element are adjusted. Once a value has been ascertained for 
the variable capacitor, its value can be measured and a fixed component inserted if required. 


Summary 


The Yagi antenna is a particulary useful form of RF antenna design. It is widely used in 
applications where an RF antenna design is required to provide gain and directivity. In this way 
the optimum transmission and reception conditions can be obtained. 


Satellite antenna 


- Overview, of the typical RF antenna design types used with satellites, both on 
the ground and on the satellite. This includes satellite television (tv) reception. 


А variety of forms of antenna can be used for transmitting to and receiving from satellites. The 
most common type of satellite antenna is the parabolic reflector, however this is not the only 
type of antenna that can be used. The actual type of antenna will depend upon what the overall 
application and the requirements, 


Antenna gain 


‘The distances over which signals travel to some satellites is very large. Geostationary ones are a 
particular case. This means that path losses are high and accordingly signal levels are low. In 


addition to this the power levels that сап be transmitted by satellites are limited by the fact that 
all the power has be generated from solar panels. As a result the antennas that are used are often 
high gain directional varieties. The parabolic reflector is one of the most popular. 


Antennas on satellites 


Although there is fundamentally no difference between the antennas on satellites and those on 
the ground there are a number of different requirements that need to be taken into account. In the 
first instance the environmental conditions are very different. As conditions in space are 
particularly harsh the antennas need to be built to withstand this. Temperatures vary considerably 
between light and dark and this will cause expansion and contraction, The materials that are sued 
in the conduction need to be carefully chosen. 


‘The gain and directivity of the antenna need to be chosen to meet the needs of the satellite. For 
most geostationary satellites the use of directional antennas with gain is mandatory in view of the 
path losses incurred. These satellites are more likely to cover a give area of the Earth, and as they 
remain in the same position this is normally not a problem. However the attitude of the satellite 
and its antenna must be carefully maintained to ensure the antenna is aligned in the correct 
direction. The antennas on board the satellite are typically limited in size to around 2 - 3 metres 
by the space that is available on the satel 


structure. 


For satellites in low earth or 
are likely io be received and transmitted over a much wider angle, and these will change as the 
satellites move. Accordingly these satellites seldom use parabolic reflector antennas. 


Ground antennas 


Ground antennas used for receing satellite signals and transmitting to the satellites vary 
considerably according to their application. Again parabolic reflectors are the most widely used, 
but Yagi antennas may be used on occasions. 


‘The size of the antennas may vary considerably. The parabolic reflectors used for satellite 
television reception are very small. However thos sional applications are much 
larger and may range up to several tens of metres in size. 


‘The satellite antennas are carefully chosen by the system designer to match the particular 
requirements. It is possible to calculate the exact specification for the antenna, knowing the path 
loss, signal to noise ratio, transmitter power levels, receiver sensitivities, etc. A small 70 
centimetre antenna may be sufficient for direct reception of satellite TV programmes but would 
not be suitable for transmitting programmes up to the satellite where a much higher signal level 
is required to ensure the best possible picture is radiated back to Earth. 


Satellite television antennas 


It has already been mentioned that satellite television antennas use parabolic reflector or "dish" 
antennas. They are also incorporate what is termed an LNB. This is a Low Noise Block 
converter. The satellite transmits signals at frequencies between 12.2 and 12.7 GHz. Signals at 
these frequencies would be very quickly attenuated by any coaxial feeder that was used. As 
feeder lengths may run into several metres or more in many installations, this would mean that 
the signals that reached the television would be very weak. To overcome this problem the LNB 
is installed at the feed point of the antenna, Its job is two fold. It amplifies the signal, but more 
importantly it converts it down to a frequency (usually 950 to 1450MHz) where the loss 
introduced by the coaxial feeder is considerably less. The amplification provided by the LNB 
also enables the loss introduced by the cable to be less critical. By performing these two 
functions it means that domestic coaxial cable can be used satisfactorily, while maintaining 
sufficiently high signal levels at the receiver. 


Smart Antennas Tutorial 


- an overview, summary, or tutorial about the basics of smart antennas ог the 
adaptive antenna array and smart antenna technology used with SDR, cognitive 
radio, MIMO, and other new technologi 


Smart antennas and smart antenna technology using an adaptive antenna array are being 
introduced increasingly with the development of other technologies including the software 
defined radio, cognitive radio, MIMO and many others, 


Smart antenna technology or adaptive antenna array technology enables the performance of the 
antenna to be altered to provide the performance that may be required to undertake performance 
under specific or changing conditions, 


"The smart antennas include signal processing capability that can perform tasks such as analysis 
of the direction of arrival of a signal and then the smart antenna can adapt the antenna itself using 
beam-forming techniques to achieve better reception, or transmission. In addition to this, the 
overall antenna will use some form of adaptive antenna array scheme to enable the antenna to 
perform is beam formation and signal direction detection, 


Smart antenna functions 


While the main purposes of standard antennas are to effectively transmit and receive radio 
signals, there are two additional functions that smart antennas or adaptive antennas need to fulfil: 


* Direction of arrival estimation: In order for the smart antenna to be able provide the required 
functionality and optimisation of the transmission and reception, they need to be able to detect 
the direction of arrival ofthe required incoming signal. The information received by the antenna 
array is passed to the signal processor within the antenna and this provides the required 
analysis. 

+ beam steering: With the direction of arrival of the required and any interfering signals 
analysed, the control circuitry within the antenna is able to optimise the directional beam 
pattern of the adaptive antenna array to provide the required performance. 


Types of smart antenna 


With considerable levels of functionality being required within smart antennas, two main 
approaches or types of smart antenna technology have been developed 


+ Switched beam smart antennas: The switched beam smart or adaptive antennas are designed 
зо that they have several fixed beam patterns. The control elements within the antenna can 
then select the most appropriate ane for the conditions that have been detected. Although this 
approach does not provide complete flexibility it simplifies the design and provides sufficient 
level of adaptivity for many applications. 

+ Adaptive array smart antennas: Adaptive antenna arrays allow the beam to be continually 
steered to any direction to allow for the maximum signal to be received and / or the nulling of 
any interference. 


Both types of antenna are able to provide the directivity, although decisions need to be made 
against cost, complexity and the performance requirements regarding which type should be used. 


Summary 


With many applications including MIMO, Software Defined Radio - SDR, and Cognitive Radio 
- CR requiring antenna systems to be more adaptive and provide greater levels of adaptivity. 
Smart antenna technology or adaptive antenna technology will become more widely used. 


Five eighths wavelength vertical antenna 


- overview, or summary about the basics of a five eigths wavelength vertical 
antenna, a form of RF antenna widely used for mobile radio communications 
applications. 


Vertical antennas find widespread use in applications where an "all round" radiation pattern is 
required. In these applications it is necessary to keep the maximum amount of radiation parallel 
to the earth. It is in applications such as these that the five eighths wavelength vertical antenna 
has become widely used. One particular applications where they are widely used is for mobile 
radio communications. They are partcularly suited to mobile radio communications because 
there is not need for the antenna to be reorientated as the mobile station moves, and in addition to 
this the antenna provides gain over a quarter wave vertical 


Development 


The most straightforward vertical antenna is the quarter wavelength version. However it is found 
that by extending the length of the vertical element, the amount of power radiated at a low angle 
is increased. If a half wave dipole is extended in length the radiation at right angles to the 
antenna starts to increase before finally splitting into several lobes. The maximum level of 
radiation at right angles to the antenna is achieved when the dipole is about 1.2 times the 
wavelength. 


RF antenna gain 


When used as a vertical radiator against a ground plane this translates to a length of 5/8 
wavelength. It is found that a five eighths vertical has a gi to 4 dBd. To achieve this 
gain the antenna must be constructed of the right materials so that losses are reduced to the. 
absolute minimum and the overall performance is maintained, otherwise much of the advantage 
of using the additional length will be lost. 


Matching to the RF antenna 


For most applications, it is necessary to ensure that the antenna provides a good match to 50 ohm 
coaxial cable. It is found that a 3/4 wavelength vertical element provides a good match, and 
therefore the solution to the 5/8 wavelength antenna is to make it appear as a 5/8 radiator but 
have the electrical length of a 3/4 element. This is achieved by placing a small loading coil at the 
base of the antenna to increase its electrical length. /p> 


‘Mechanical considerations 


Five cighths wavelength vertical antennas are often used on automobil 
main constraint 


s. Accordingly one of the 
о ensure that the coil at the base of the antenna is be kept rigid and does not 
bend as the antenna flexes with the movement of the car. If there is too much flexing then the 
match to the feeder will change and the operation will be impaired. 


Radio Signal Path Loss 


- summary, tutorial or overview about the essentials of radio signal path loss, its 
causes and prediction, and its use in radio coverage and wireless survey tools. 


‘This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link budget 


[1] Understanding signal path loss [2] Free space path loss [3] Link budget 


Radio signal path loss is a particularly important element in the design of any radio 
communications system or wireless system, The radio signal path loss will determine many 
elements of the radio communications system in particular the transmitter power, and the 
antennas, especially their gain, height and general location. The radio path loss will also affect 
other elements such as the required receiver sensitivity, the form of transmission used and 
several other factors. 


As a result, it is necessary to understand the reasons for radio path loss, and to be able to 
determine the levels of the signal loss for a give radio path. 


‘The signal path loss can often be determined mathematically and these calculations are often 
undertaken when preparing coverage or system design activities. These depend on a knowledge 
ol the signal propagation properties. 


Accordingly, path loss calculations are used in many radio and wireless survey tools for 
determining signal strength at various locations. These wireless survey tools are being 
increasingly used to help determine what radio signal strengths will be, before installing the 
equipment. For cellular operators radio coverage surveys are important because the investment in 
a macrocell base station is high. Also, wireless survey tools provide a very valuable service for 
applications stich as installing wireless LAN systems in large offices and other centres because 
they enable problems to be solved before installation, enabling costs to be considerably reduced. 
Accordingly there is an increasing importance being placed onto wireless survey tools and 
software. 


Signal path loss basies 


‘The signal path loss is essentially the reduction in power density of an electromagnetic wave or 
signal as it propagates through the environment in which it is travelling 


"There are many reasons for the radio path loss that may occur: 


+ Free space loss: The free space loss occurs as the signal travels through space without 
any other effects attenuating the signal it will still diminish as it spreads out. This can be 
thought of as the radio communications signal spreading out as an ever increasing sphere. 
As the signal has to cover a wider area, conservation of energy tells us that the energy in 
any given area will reduce as the area covered becomes larger. 

+ Absorption losses: Absorption losses occur if the radio signal passes into a medium 
Which is not totally transparent to radio signals. This can be likened to a light signal 
passing through transparent glass. 

+ Diffraction: Diffraction losses occur when an object appears in the path. The signal can 
diffract around the object, but losses occur. The loss is higher the more rounded the 
object. Radio signals tend to diffract better around sharp edges. 

. Multipath: in a real terrestrial environment, signals will be reflected and they will reach 
the receiver via a number of different paths. These signals may add or subtract from each 
other depending upon the relative ph: 
scenario will change and the overall received signal will be found vary with pos 

Mobile receivers (e.g. cellular telecommunications phones) will be subject to this effect 

which is known as Rayleigh fading. 

o Terrain: The terrain over which signals travel will have a significant effect on the 

ignal. Obviously hills which obstruct the path will considerably attenuate the signal, 
often making reception impossible. Additionally at low frequencies the composition of 
the earth will have a marked effect. For example on the Long Wave band, itis found that 
signals travel best over more conductive terrain, e.g. sea paths or over areas that are 
marshy or damp. Dry sandy terrain gives higher levels of attenuation. 

+ Buildings and vegetation: For mobile applications, buildings and other obstructions 
including vegetation have a marked effect. Not only will buildings reflect radio signals, 
they will also absorb them. Cellular communications are often significantly impaired 
within buildings. Trees and foliage can attenuate radio signals, particularly when wet. 

+ Atmosphere: The atmosphere can affect radio signal paths. At lower frequencies, 
especially below 30 - SOMH7, the ionosphere has a significant effect, reflecting (or more 
correctly refracting) them back to Earth. At frequencies above 50 MHz and more the 
troposphere has a major effect, refracting the signals back to earth as a result of changing 
refractive index. For UHF broadcast this can extend coverage to approximately a third 
beyond the horizon, 


‘These reasons represent some of the major elements causing s 
system, 


ignal path loss for any radio 


Predicting path loss 


Опе of the key reasons for understanding the various elements affecting radio signal path loss is 
to be able to predict the loss for a given path, or to predict the coverage that may be achieved for 
а particular base station, broadcast station, etc. 


Although predi issessment can be fairly accurate for the free space scenarios, for real life 
terrestrial applications itis not easy as there are many factors to take into consideration, and it is 
not always possible to gain accurate assessments of the effects they will have. 


Despite this there are wireless survey tools and radio coverage prediction software programmes 
that are available to predict radio path loss and estimate coverage. A variety of methods are used 
to undertake this. 


Free space path loss varies in strength as an inverse square law, i.e. 1/(range)^2, or 20 dB per 
decade increase in range. This calculation is very simple to implement, but real life terrestrial 
calculations of signal path loss are far more involved. 


Most path loss predictions are made using techniques outlined below: 

+ Statistical methods: Statistical methods of predicting signal path loss rely on measured 
and averaged losses for typical types of radio links. These figures are entered into the 
prediction model which is able to calculate the figures based around the data. A variety of 
‘models can be used dependent upon the application. This type of approach is normally 
used for planning cellular networks, estimating the coverage of PMR (Private Mobile 
Radio) links and for broadcast coverage planning. 

+ Deterministic approach: This approach to radio signal path loss and coverage 

es the basic physical laws as the basis for the calculations. These methods 

sideration all the elements within a given area and although they 

tend to give more accurate results, they require much additional data and computational 

power. In view of their complexity, they tend to be used for short range links where the 

amount of required data falls within acceptable limits 


‘These wireless survey tools and radio coverage software packages are growing in their 
capabilities. However it is still necessary to have a good understanding of radio propagation so 
that the correct figures can be entered and the results interpreted satisfactorily 


Summary 


Radio signal path loss can be caused by many factors. Only in the free space scenario is the 
calculation straightforward. In a terrestrial environment there are many factors that affect the 
actual RF path loss. When planning any radio or wireless system, it is necessary to have a broad 
understanding the elements that give rise to the path loss, and in this way design the system 
accordingly. 


Free Space Path Loss and Formula or 
Equation 


- summary, tutorial or overview about the free space path loss, FSPL, and how to 
caleulate the loss using the RF path loss formula or equation. 


"This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link budget: 


[1] Understanding signal path loss [2] Free space path loss [3] Link budget 


"The free space path loss is used in many areas for predicting radio signal strengths that may be 
expected in a radio system. Although it does not hold for most terrestrial situations as there are 
several situations in which it can be used and it is also useful as the basis for understanding many 
real life radio propagation situations. 


Despite this, the free space path loss is an essential basic parameter for many RF calculations. It 
сап often be used as a first approximation for many short range calculations, Alternatively it can 
be used as a first approximation for a number of areas where there are few obstructions. As such 
itis a valuable tool for many people dealing with radio communications systems. 


In addition to this, these calculations can be used in wireless survey tools. With the growing 
requirements to be able to analyse wireless or radio coverage, wireless survey tools are being 
sued increasingly to enable coverage to be predicted at the early stages of design. Accordingly 
these wireless survey tools are being used increasingly in the development and installation of 
radio and wireless systems. 


Free space path loss basies 


‘The free space path loss, also known as FSPL is the loss in signal strength that occurs when an 
electromagnetic wave travels over a line of sight path in free space. In these circumstances there 
are no obstacles that might cause the signal to be reflected refracted, or that might cause 
additional attenuation, 


‘The free space path loss calculations only look at the loss of the path itself and do not contain 
any factors relating to the transmitter power, antenna gains or the receiver sensitivity levels. 
These factors are normally address when calculating a link budget and these will also be used 
within radio and wireless survey tools and software. 


To understand the reasons for the free space path loss, it is possible to imagine a signal spreading 
ош from a transmitter. It will move away from the source spreading out in the form of a sphere. 
As it does so, the surface area of the sphere increases. As this will follow the law of the 
conservation of energy, as the surface area of the sphere increases, so the intensity of the signal 
must decrease 


As a result of this it is found that the signal decreases in a way that 
the square of the distance from the source of the radio signal. 


versely proportional to 


Signal = 1 


distance? 


Free space path loss formula 


‘The free space path loss formula or free space path loss equation is quite simple to use. Not only 
is the path loss proportional to the square of the distance between the transmitter and receiver, 
but the signal level is also proportional to the square of the frequency in use for other reasons 
explained in a section below. 


FSPL = (A m dla) 


(Amdf/c)! 


Where: 
FSPL 
dis the. 
a 


the Free space path loss 

stance of the receiver from the transmitter (metres) 
s the signal wavelength (metres) 
the signal frequency (Hertz) 

© is the speed of light in a vacuum (metres per second) 


‘The speed of light is 2.99792458 x 10" metres per second, although for most practical purposes, 
this is taken to be 3 x 10° metres per second. 


‘The free space path loss formula is applicable to situations where only the electromagnetic wave 
is present, ie. for far field situations. It does not hold true for near field situations. 


Free space loss formula frequency dependency 


Although the free space loss equation given above seems to indicate that the loss is frequency 
dependent. The attenuation provided by the distance travelled in space is not dependent upon the 
frequency. This is constant 


‘The reason for the frequency dependence is that the equation contains two effects: 


here over which the energy 
square law. 


1. The first results from the spreading out of the energy as the 


any antenna can pick up 


ignals and this term is frequency dependent 


As one constituent of the path loss equation is frequency dependent, t 
frequency dependency within the complete equation. 


Decibel version of free space path loss equation 


Most RF comparisons and measurements are performed in decibels. This gives an easy and 
consistent method to compare the signal levels present at various points. Accordingly it is very 
convenient to express the free space path loss formula, FSPL, in terms of decibels. It is easy to 
take the basic free space path loss equation and manipulate into a form that can be expressed in a 
logarithmic format 


ЕРІ. (dB) = 20 logi (d) + 20 logro (0) + 32.44 


Where: 
d is the distance of the receiver from the transmitter (km) 
fis the signal frequency (MHz) 


Affect of antenna gain on path loss equation 


The equation above does not include any component for antenna gains. It is assumed that the 
antenna gain is unity for both the transmitter. In reality, though, all antennas will have a certain 
amount of gain and this will affect the overall affect. Any antenna gain will reduce the "loss" 

when compared to a unity gain system. The figures for antenna gain are relative to an isotropic 
source, i.e. an antenna that radiates equally in all di 


FSPL (dB) = 20 logi, (d) + 20 logo (f) + 32.44 -Gtx - Grx 


Where: 
Gtx 
Grx 


the gain of the transmitter antenna relative to an isotropic source (dBi) 
s the gain of the receiver antenna relative to an isotropic source (dBi) 


Summary 


"The free space path loss equation or formula given above, is an essential tool that is required 
when making calculations for radio and wireless systems either manually or within applications 
such as wireless survey tools, etc. By using the free space path loss equation, it is possible to 
determine the signal strengths that may be expected in many scenarios. While the free space path 
loss formula is not fully applicable where there are other interactions, e.g. reflection, refraction, 
ete as are present in most real life applications, the equation can nevertheless be used to give an 
indication of what may be expected. It is obviously fully applicable to satellite systems where the 
paths conform closely to the totally free space scenarios 


Link Budget 


- summary, tutorial or overview about the essentials of link budget and how to 
calculate the link budget for satellite and other radio systems. 


‘This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link budget: 


[1] Understanding signal path loss [2] Free space path loss [3] Link budget 


When designing a complete, i. end to end radio communications system, it is necessary to 
calculate what is termed the link budget. The link budget enables factors such as the required 
antennas gain levels, radio transmitter power levels, and receiver sensitivity figures to be 
determined. By assessing the link budget, itis possible to design the system so that it meets its 
requirements and performs correctly without being over designed at extra cost. 


Link budgets are often used for satellite systems. In these situations itis crucial that the required 
signal levels are maintained to ensure that the received signal levels are sufficiently high above 
the noise level to ensure that signal to noise levels or bit error rates are within the required limits 
However larger antennas, high transmitter power levels that required add considerably to the 
cost, so it is necessary to balance these to minimise the cost of the system while still maintaining 
performance. 


In addition to satellite systems, link budgets are also used in many other radio communications 
systems, For example, link budget calculations are used for calculating the power levels required 
for cellular communications systems, and for investigating the base station coverage. 


Link budget style calculations are also used within wireless survey tools. These wireless survey 
tools will not only look at the way radio signals propagate, but also the power levels, antennas 
and receiver sensitivity levels required to provide the required link quality 


What is link budget? 


As the name implies, a link budget is an accounting of all the gains and losses in a transmission 
system. The link budget looks at the elements that will determine the signal strength arriving at 
the receiver. The link budget may include the following items 


Transmitter power. 

Antenna gains (receiver and transmitter). 

Antenna feeder losses (receiver and transmitter). 

Path losses, 

Receiver sensitivity (although this is not part of the actual link budget, itis necessary to 
know this to enable any pass fail criteria to be applied. 


Where the losses may vary with time, e.g. fading, and allowance must be made within the link 
budget for this - often the worst case may be taken, or alternatively an acceptance of periods of 
increased bit error rate (for digital signals) or degraded signal to noise ratio for analogue systems 


In essence the link budget will take the form of the equation below: 


Received power (dBm) = Transmitted power (dBm) + gains (db) - losses (dB) 


‘The basic calculation to determine the link budget is quite straightforward. It is mainly a matter 
ol accounting for all the different losses and gains between the transmitter and the receiver. 


Link budget equation 


In order to devise a link budget equation, it is necessary to investigate all the areas where g: 
and losses may occur between the transmitter and the receiver. Although guidelines and 
suggestions can be made regarding the possible areas for losses and gains, each link has to be 
analysed on its own merits. 


A typical link budget equation for a radio communications system may look like the following: 


Рах = Prx + Рух + бах + бах - Lex - Les - Le - Lax 


Where: 
Pax 
Prx 


received power (dBm) 
ransmitter output power (dBm) 


ransmitter antenna gain (dBi) 
receiver antenna gain (dBi) 
transmit feeder and associated losses (feeder, connectors, etc.) (dB) 
Los = free space loss or path loss (dB) 
Lp = miscellaneous signal propagation losses (these include fading margin, polarization 
mismatch, losses associated with medium through which signal is travelling, other los 
Lax = receiver feeder and associated losses (feeder, connectors, etc.) (d)B 


) (dB) 


NB for the sake of showing losses in the link budget equation is “minus 
LTX or LFS, ete should be taken as the modulus of the loss. 


figures, e.g. 


Antenna gain and link budget 


‘The basic link budget equation where no levels of antenna gain are included assumes that the 
power spreads out equally in all directions from the source. In other words the antenna is an 
isotropic source, radiating equally in all directions. 


‘This assumption is good for theoretical calculations, but in reality all antennas ra 
some directions than others. In addition to this it is often necessary to use antennas with gain to 
enable interference from other directions to be reduced at the receiver, and at the transmitter io 
focus the available transmitter power in the required direction. 


In view of this itis necessary to accommodate these gains into the link budget equation as they 
have been in the equation above because they will affect the signal levels - increasing them by 
levels of the antenna gain, assuming the gain is in the direction of the required link 


When quoting gain levels for antennas it is necessary to ensure they are gains when compared to 
source, i.e. the basic type of antenna assumed in the equation when no gain levels 
are incorporated. The gain figures relative to an isotropic source are quoted as dBi, i.e. dB. 
relative to an isotropic source. Often gain levels given for an antenna may be the gain relative to 
a dipole where the figures may be quoted as dBd, i.e. dB relative to a dipole. However a dipole 
has gain relative to an isotropic source, so the dipole gain of 2.1 dBi needs to be accommodated 
if figures relative to a dipole are quoted for an antenna gain. 


Effect of multipath propagation 


For true free space propagation such as that encountered for satellites there will be no noticeable 
reflections and there will only be one major path. However for terrestrial systems, the signal may 
reach the receiver via a number of different paths as a result of reflections, etc that will occur as a 
result of the objects around the path. Buildings, trees, objects around the office and home can all 

cause reflections that will result in the signal variations. 


"The multipath propagation will cause variations of the signal strength when compared to that 
calculated from the free space path loss. И the signals arrive in phase with the direct signal, then 
the reflected signals will tend to reinforce the direct signal. If they are out of phase, then they 

will tend to cancel the signal. If either the transmitter or receiver moves, then the signal strength 
will be seen to vary as the relative strengths and phases of the different signals change. 


In order to allow for this in a link budget, a link margin is added into the equation to allow 
this. 


Summary 


Link budget calculations are an essential step in the deign of a radio communications system. 
The link budget calculation enables the losses and gains to be seen, and devising a link budget. 
enables the apportionment of losses, gains and power levels to be made if changes need to be 
made to enable the radio communications system to meet its operational requirements. Only by 
performing a link budget analysis is this possible. 


+ Home 
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Link Budget 


= summary, tutorial or overview about the essentials of link budget and how to 
calculate the link budget for satellite and other radio systems. 


"This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link budget: 


[1] Understanding signal path loss [2] Free space path loss [3] Link budget 


When designing a complete, i.e. end to end radio communications system, it is necessary to 
calculate what is termed the link budget, The link budget enables factors such as the required 
antennas gain levels, radio transmitter power levels, and receiver sensitivity figures to be 
determined. By assessing the link budget, it is possible to design the system so that it meets its 
requirements and performs correctly without being over designed at extra cost. 


Link budgets are often used for satellite systems. In these situations itis crucial that the required 
signal levels are maintained to ensure that the received signal levels are sufficiently high above 
the noise level to ensure that signal to noise levels or bit error rates are within the required limits 
However larger antennas, high transmitter power levels that required add considerably to the 


сом, so it is necessary to balance these to minimise the cost of the system while still maintaining 
performance. 


In addition to satellite systems, link budgets are also used in many other radio communications 
systems, For example, link budget calculations are used for calculating the power levels required 
for cellular communications systems, and for investigating the base station coverage. 


Link budget style calculations are also used within wireless survey tools. These wireles 
tools will not only look at the way radio signals propagate, but also the power levels, 
and receiver sensitivity levels required to provide the required link quality. 


What is link budget? 


As the name implies, a link budget is an accounting of all the gains and losses in a transmission 
system. The link budget looks at the elements that will determine the signal strength arriving at 
the receiver. The link budget may include the following items: 


‘Transmitter power. 
Antenna gains (receiver and transmitter). 

Antenna feeder losses (receiver and transmitter). 

Path losses. 

Receiver sensitivity (although this is not part of the actual link budget, it is necessary to 
know this to enable any pass fail criteria to be applied. 


Where the los 
budget for thi 
increased bit error rate (for digital signals) or degraded signal to noise ratio for analogue. 


may vary with time, e.g. fading, and allowance must be made within the link 
- often the worst case may be taken, or alternatively an acceptance of periods of 
systems. 


In essence the link budget will take the form of the equation below 


Received power (dBm) = Transmitted power (dBm) + gains (db) - losses(dB) 


The basic calculation to determine the link budget is quite straightforward. It is mainly a matter 
of accounting for all the different losses and gains between the transmitter and the receiver. 


Link budget equation 


In order to devise a link budget equation, it is necessary to investigate all the areas where gains 
and losses may occur between the transmitter and the receiver. Although guidelines and 


suggestions сап be made regarding the possible areas for losses and gains, each link has to be 
analysed on its own merits 


A typical link budget equation for a radio communications system may look like the following: 


Рах = Prx + Рух + бах + бах - Тах - Les - Le - Lax 


received power (dBm) 
transmitter output power (dBm) 
ransmitter antenna gain (dBi) 
receiver antenna gain (dBi) 


mismatch, losses associated with medium through which signal is travelling, other losses...) (dB) 
Lax = receiver feeder and associated losses (feeder, connectors, etc.) (d)B 


NB for the sake of showing losses in the link budget equation is "minus" actual loss figures, e.g. 
LTX or LFS, ete should be taken as the modulus of the loss, 


Antenna gain and link budget 


‘This assumption is good for theoretical calculations, but in reality all antennas radiate more in 
some directions than others. In addition to this it is often necessary to use antennas with gain to 
enable interference from other directions to be reduced at the receiver, and at the transmitter io 
focus the available transmitter power in the required direction. 


In view of this it is necessary to accommodate these gains into the link budget equation as they 
have been in the equation above because they will affect the signal levels - increasing them by 
levels of the antenna gain, assuming the gain is in the direction of the required link. 


When quoting gain levels for antennas it is necessary to ensure they are gains when compared to 
an isotropic source, ie. the basic type of antenna assumed in the equation when no gain levels 
are incorporated. The gain figures relative to an isotropic source are quoted as dBi, i.e. dB. 
relative to an isotropic source. Often gain levels given for an antenna may be the gain relative to 
a dipole where the figures may be quoted as dBd, i.e. dB relative to a dipole. However a dipole 


has gain relative to an isotropic source, so the dipole gain of 2.1 dBi needs to be accommodated 
if figures relative to a dipole are quoted for an antenna gain, 


Effect of multipath propagation 


For true free space propagation such as that encountered for satellites there will be no noticeable 
reflections and there will only be one major path. However for terrestrial systems, the signal may 
reach the receiver via a number of different paths as a result of reflections, ete that will occur as a 
result of the objects around the path. Buildings, trees, objects around the office and home can all 
cause reflections that will result in the signal variations. 


‘The multipath propagation will cause variations of the signal strength when compared to that 
calculated from the free space path loss. If the signals arrive in phase with the direct signal, then 
the reflected signals will tend to reinforce the direct signal. If they are out of phase, then they 
will tend to cancel the signal. If either the transmitter or receiver moves, then the signal strength 
will be seen to vary as the relative strengths and phases of the different signals change. 


In order to allow for this in a link budget, а link margin is added into the equation to allow for 
this. 


Summary 


Link budget calculations are an essential step in the deign of a radio communications system. 
‘The link budget calculation enables the losses and gains to be seen, and devising a link budget 
enables the apportionment of losses, gains and power levels to be made if changes need to be 
made to enable the radio communications system to meet its operational requirements. Only by 
performing a link budget analysis is this possible. 
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Multipath Fading 


- summary, tutorial or overview about the essentials multipath fading, а 
phenomenon that is present on many radio signals, cellular, HF and УНЕ. 


"This multipath propagation and fading tutorial is split into several pages each of which address 
different aspects of multipath propagation and fading: 


[1] Multipath propagation basics [2] Multipath fading [3] Ravleigh fading 


Multipath fading affects most forms of radio communications links in one form or another. 
Multipath fading can be detected on many signals across the frequency spectrum from the HF 
bands right up to microwaves and beyond. It is experienced not only by short wave radio 
communications where signals fade in and out over a period of time, but itis also experienced by 
many other forms of radio communications systems including cellular telecommunications and 
many other users of the VHF and ИНЕ spectrum, 


Multipath fading occurs in any environment where there is multipath propagation and there is 
some movement of elements within the radio communications system. This may include the 
radio transmitter or receiver position, or in the elements that give rise to the reflections. The 
multipath fading can often be relatively deep. i. the signals fade completely away, whereas at 
other times the fading may not cause the signal to fall below a useable strength. 


Multipath fading may also cause distortion to the radio signal. As the various paths that can be 
taken by the signals vary in length, the signal transmitted at a particular instance will arrive at the 
receiver over a spread of times. This can cause problems with phase distortion and intersymbol 
interference when data transmissions are made, As a result, it may be necessary to incorporate 
features within the radio communications system that enables the effects of these problems to be 
minimised. 


Multipath fading basics 


Multipath fading is a feature that needs to be taken into account when designing or developing a 
radio communications system. In any terrestrial radio communications system, the signal will 
reach the receiver not only via the direct path, but also as a result of reflections from objects such 
as bı hills, ground, water, ete that are adjacent to the main path. 


‘The overall signal at the radio receiver is a summation of the variety of signals being received. 
As they all have different path lengths, the signals will add and subtract from the total dependent 
upon their relative phases. 


At times there will be changes in the relative path lengths. This could result from either the radio 
transmitter or receiver moving, or any of the objects that provides a reflective surface moving. 
‘This will result in the phases of the signals arriving at the receiver changing, and in turn this 
result in the signal strength varying as a result of the different way in which the s 
together. It is this that causes the fading that is present on many signals. 


Selective and flat fading 


Multipath fading can affect radio communications channels in two main way 
the way in which the effects of the multipath fading are mitigated. 


This can given 


1. Flat fading: This form of multipath fading affects all the frequencies across a given 
channel either equally or almost equally. When flat multipath fading is experienced, the 
signal will just change in amplitude, rising and falling over a period of time, or with 
‘movement from one position to another. 


2. Selective fading: Selective fading occurs when the multipath fading affects different 
frequencies across the channel to different degrees. It will mean that the phases and 
amplitudes of the signal will vary across the channel. Sometimes relatively deep nulls 
may be experienced, and this can give rise to some reception problems. Simply 
‘maintaining the overall amplitude of the received signal will not overcome the effects of 
selective fading, and some form of equalization may be needed. Some digital signal 
formats, e.g. OFDM are able to spread the data over a wide channel so that only a portion 
of the data is lost by any nulls. This can be reconstituted using forward error correction. 
techniques and in this way it can mitigate the effects of selective multipath fading. 


Selective multipath fading occurs because even though the path length will be change by 
the same physical length (c.g. the same number of metres, yards, miles, etc) this 
represents a different proportion of a wavelength. Accordingly the phase will change 


across the bandwidth used. 


Selective fading can occur over many frequencies. It can often be noticed when medium 
wave broadcast stations are received in the evening via ground wave and skywave. The 
phases of the signals received via the two means of propagation change with time and 
this causes the overall received signal to change. As the multipath fading is very 
dependent on path length, itis found that it affects the frequencies over even the 
bandwidth of an AM broadcast signal to be affected differently and distortion results 


Selective multipath fading is also experienced at higher frequencies, and with high data 
rate signals becoming commonplace wider bandwidths are needed. As a result nulls and 
peaks may occur across the bandwidth of a single signal. 


Cellular multipath fading 


Cellular telecommunications is subject to multipath fading. There are a variety of reasons for 
this. The first is that the mobile station or user is likely to be moving, and as a result the path 
lengths of all the signals being received are changing. The second is that many objects around 
may also be moving. Automobiles and even people will cause reflections that will have a 
significant effect on the received signal. Accordingly multipath fading has a major bearing on 
cellular telecommunications. 


Often the multipath fading that affects cellular phones is known as fast fading because it occurs 
over a relatively short distance. Slow fading occurs as a cell phone moves behind an obstruction 
and the signal slowly fades out. 


‘The fast signal variations caused by multipath fading can be detected even over a short distance. 
Assume a frequency of 2 GHz (e.g. a typical approximate frequency value for many 3G phones). 
‘The wavelength can be calculated as 


p = elf 


3x10" / 2x10 


0.15 metres 


Where: 
speed of light in metres per second 
requency in Hertz 


f 


To move from a signal being in phase to a signal being out of phase is equivalent to increasing 
the path length by half a wavelength or 0.075m, or 7.5 cms. This example looks at a very 


simplified example. In reality the situation is far more complicated with signals being received 
ia many paths. However it does give an indication of the distances involved to change from an 
in-phase to an out of phase situation. 


Ionospheric multipath fading 


Short wave radio communications is renowned for its fading. Signals that are reflected via the 
ionosphere, vary considerably in signal strength. These variations in strength are primarily 
caused by multipath fading 


When signals are propagated via the ionosphere it is possible for the energy to be propagated 
from the transmitter to the receiver via very many different paths. Simple diagrams show a single 
ray or path that the signal takes. In reality the profile of the electron density of the ionosphere (it 
is the electron density profile that causes the signals to be refracted) is not smooth and as a result 
апу signals entering the ionosphere will be scattered and will take a variety of paths to reach a 
particular receiver. With changes in the ionosphere causing the path lengths to change, this will 
result in the phases changing and the overall summation at the receiver changing. [See the pages 
оп ionospheric propagation within the Radio Wave Propagation section of this website for 
further details of this form of propagation] 


‘The changes in the ionosphere arise from number of factors. One is that the levels of ionisation 
vary, although these changes normally occur relatively slowly, but nevertheless have an effect. In 
addition to this there are winds or air movements in the ionosphere. As the levels of ionisation 
аге not constant, any air movement will cause changes in the profile of the electron density in the 
ionosphere. In turn this will affect the path lengths. 


Tropospheric multipath fading 


Many signals using frequencies at VHF and above are affected by the troposphere. The signal is 
refracted as a result of the changes in refractive index occurring, especially within the first 
kilometres above the ground. This can cause signals to travel beyond the line of sight. In fact for 
broadcast applications a figure of 4/3 of the visual line of sight is used for the radio horizon. 
However under some circumstances relatively abrupt changes in refractive index occurring as a 
result of weather conditions can cause the distances over which signals travel to be increased. 
Signals may then be "ducted" by the ionosphere over distances up to a few hundred kilometres. 
[See the pages on tropospheric propagation within the Radio Wave Propagation section of this 
website for further details of this form of propagation] 


When signals are ducted in this way, they will be subject to multipath fading. Here, heat 
from the Earth's surface will ensure that the path is always changing and signals will vary in 
strength. Typically these changes may be relatively slow with signals falling and rising in 
strength over a period of a number of minutes. 


Summary 


Multipath fading is a feature of many radio communications links. Multipath fading occurs as а 
result of the many signal paths that are in existence on all terrestrial radio communications links 
whether they are used for applications such as cellular telecommunications, mobile radio, or for 
НЕ or VHF radio communications. As such it is necessary to account for multipath fading in the 
design of many radio communications systems, 


Rayleigh Fading 


- summary, tutorial or overview about the essentials of Rayleigh fading and how 
it applies to radio signal paths where multiple reflections and paths are availabl 


‘This multipath propagation and fading tutorial is split into several pages each of which address 
different aspects of multipath propagation and fading: 


[1] Multipath propagation basics [2] Multipath fading [3] Ravleigh fading 


Rayleigh fading is the name given to the form of fading that is often experienced in an 
environment where there is a large number of reflections present. The Rayleigh fading model 
uses a statistical approach to analyse the propagation, and can be used in a number of 
environments. 


‘The Rayleigh fading model is normally viewed as a suitable approach to take when analysing 
and prediction radio wave propagation performance for areas stich as cellular communications in 
a well built up urban environment where there are many reflections from buildings, ete.. НЕ 
ionospheric radio wave propagation where reflections (or more exactly refractions) occur at 
many points within the ionosphere is also another area where Rayleigh fading model applies 
well. It is also appropriate to use the Rayleigh fading model for tropospheric radio propagation 
because, again there are many reflection points and the signal may follow a variety of different 
рай». 


‘The Rayleigh propagation model is most applicable to instances where there are many different 
signal paths, none of which is dominant. In this way all the signal paths will vary and can have 
aan impact on the overall signal at the receiver. 


Rayleigh fading basics 


The Rayleigh fading model is particularly useful in scenarios where the signal may be considered. 
to be scattered between the transmitter and receiver. In this form of scenario there is no single 


signal path that dominates and a statistical approach is required to the analysis of the overall 


nature of the radio communications channel. 


Rayleigh fading is a model that can be used to describe the form of fading that occurs when 
multipath propagation exists. In any terrestrial environment a radio signal will travel via a 
number of different paths from the transmitter to the receiver. The most obvious path is the 
direct, or line of sight path. 


However there will be very many objects around the direct path, These objects may serve to 
reflect, refract, etc the signal. As a result of this, there are many other paths by which the signal 
may reach the receiver. 


When the signals reach the receiver, the overall signal is a combination of all the signals that 
have reached the receiver via the multitude of different paths that are available. These signals 

will all sum together, the phase of the signal being important. Dependent upon the way in which 
um together, the signal will vary in strength. If they were all in phase with each 
other they would all add together. However this is not normally the case, as some will be in 
phase and others out of phase, depending upon the various path lengths, and therefore some will 
tend to add to the overall signal, whereas others will subtract. 


As there is often movement of the transmitter or the receiver this can cause the path lengths to 
change and accordingly the signal level will vary. Additionally if any of the objects being used 
for reflection or refraction of any part of the signal moves, then this too will cause variation. This 
‘occurs because some of the path lengths will change and in turn this will mean their relative 
phases will change, giving rise to a change in the summation of all the received signa 


‘The Rayleigh fading model can be used to analyse radio signal propagation on a statistical basis 
It operates best under conditions when there is no dominant signal (e.g. direct line of sight 
signal), and in many instances cellular telephones being used in a dense urban environment fall 
into this category. Other examples where no dominant path generally exists are for ionospheric 
propagation where the signal reaches the receiver via a huge number of individual paths. 
Propagation using tropospheric ducting also exhibits the same patterns. Accordingly all these 
examples are ideal for the use of the Rayleigh fading or propagation 


Ground Wave Signal Propagation 


- the ground wave used for radio communications signal propagation on the long, 
and medium wave bands for local radio communications 


Ground wave propagation is particularly important on the LF and MF portion of the radio 
spectrum. Ground wave radio propagation is used to provide relatively local radio 
‘communications coverage, especially by radio broadcast stations that require to cover a 
particular locality. 


Ground wave radio signal propagation is ideal for relatively short distance propagation on these 
during the daytime. Sky-wave ionospheric propagation is not possible during the day 
n of the signals on these frequencies caused by the D region in the 
ionosphere. In view of this, radio communications stations need to rely on the ground-wave 
propagation to achieve their coverage. 


A ground wave radio signal is made up from a number of constituents. If the antennas are in the 
line of sight then there will be а direct wave as well as а reflected signal. As the names suggest 
the direct signal is one that travels directly between the two antenna and is not affected by the 
locality. There will also be a reflected signal as the transmission will be reflected by a number of 
objects including the earth’s surface and any hills, or large buildings. That may be present. 


In addition to this there is surface wave. This tends to follow the curvature of the Earth and 
enables coverage to be achieved beyond the horizon. It is the sum of all these components that is 
known as the ground wave. 


Beyond the horizon the direct and reflected waves are blocked by the curvature of the Earth, and 
the signal is purely made up from the diffracted surface wave. It is for this reason that surface 
wave is commonly called ground wave propagation. 


Surface wave 


‘The radio signal spreads out from the transmitter along the surface of the Earth. Instead of just 
travelling in a straight line the radio signals tend to follow the curvature of the Earth. This is 
because currents are induced in the surface of the earth and this action stows down the wave- 
front in this region, causing the wave-front of the radio communications signal to tilt downwards 
towards the Earth, With the wave-front tilted in this direction it is able to curve around the Earth 
and be received well beyond the horizon, 
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Ground wave radio propagation 


Effect of frequency 


As the wavefront of the ground wave travels along the Earth's surface it is attenuated. The degree 
of attenuation із dependent upon a variety of factors. Frequency of the radio signal is one of the 
major determining factor as losses rise with increasing frequency. As a result it makes this form 
of propagation impracticable above the bottom end of the HF portion of the spectrum (3 MHZ) 
‘Typically a signal at 3.0 MHz will suffer an attenuation that may be in the region of 20 to 60 dB 
more than one at 0.5 MHz dependent upon a variety of factors in the signal path including the 
distance. In view of this it can be seen why even high power HF radio broadcast stations may 
only be audible for a few miles from the transmitting site via the ground wave. 


Effect of the ground 


‘The surface wave is also very dependent upon the nature of the ground over which the signal 
travels. Ground conductivity, terrain roughness and the dielectric constant all affect the signal 
attenuation. In addition to this the ground penetration varies, becoming greater at lower 
frequencies, and this means that itis not just the surface conductivity that is of interest. At the 
higher frequencies this is not of great importance, but at lower frequencies penetration means 
that ground strata down to 100 metres may have an effect 


it is found that terrain with good conductivity gives the best result. 

il type and the moisture content are of importance. Salty sea water is the best, and rich 
agricultural, or marshy land is also good. Dry sandy terrain and city centres are by far the worst. 
‘This means sea paths are optimum, although even these are subject to variations due to the 
roughness of the sea, resulting on path losses being slightly dependent upon the weather! It 
should also be noted that in view of the fact that signal penetration has an effect, the water table 
may have an effect dependent upon the frequency in use. 


Effect of polarisation 


‘The type of antenna has 
attenuation than horizontally polarised signals. In some ce 
several tens of decibels. It is for this reason that medium wave broadcast 
antennas, even if they have to be made physically short by adding inductive loading. Ships 
making use of the MF marine bands often use inverted L antennas as these are able to radiate a 
significant proportion of the signal that is vertically polarised. 


At distances that are typically towards the edge of the ground wave coverage area, some sky- 
wave signal may also be present, especially at night when the D layer attenuation is reduced. 


‘This may serve to reinforce or cancel the overall signal resulting in figures that will differ from 


those that may be expected. 


Tropospheric propagation 


- overview, tutorial or article about tropospheric propagation and the way in 
which radio signals at VHF and above propagate over greater distances than 
strictly line of sight in the troposphere 


On frequencies above 30 MHz, it is found that the troposphere has an increasing effect on radio 
signals and radio communications systems. The radio signals are able to travel over greater 
distances than would be suggested by line of sight calculations. At times conditions change and 
radio signals may be detected over distances of 500 or even 1000 km and more. This is normally 
by a form of tropospheric enhancement, often called "topo" for short. At times signals may even 
be trapped in an elevated duct in a form of radio signal propagation known as tropospheric 
ducting. This can disrupt many radio communications links (including two way radio 
‘communications links) because interference may be encountered that is not normally there. AS a 
result when designing a radio communications link or network, this form of interference must be 
recognised so that steps can be taken to minimise its effects. 


‘The way in which signals travel at frequencies of VHF and above is of great importance for 
those looking at radio coverage of systems such as cellular telecommunications, mobile radio 
communications and other wireless systems as well as other users including radio hams. 


Line of sight radio communications 


radio communications links at VHF and above follow a line of 
ons radio signals 


ight. 


It might be thought that mos 
sight path. This is not strictly true and it is found that even under normal conc 
are able to travel or propagate over distances that are greater than the line or 


‘The reason for the increase in distance travelled by the radio signals is that they are refracted by 
small changes that exist in the Earth's atmosphere close to the ground. It is found that the 
refractive index of the air close to the ground is very slightly higher than that higher up. As a 
result the radio signals are bent towards the area of higher refractive index, which is closer to the 
ground. It thereby extends the range of the radio signals. 


The refractive index of the atmosphere varies according to a variety of factors. Temperature, 
atmospheric pressure and water vapour pressure all influence the value. Even small changes in 
these variables can make a significant difference because radio signals can be refracted over 
Whole of the signal path and this may extend for many kilometres. 


Nu 


It is found that the average value for the refractive index of air at ground level is around 1.0003, 
but it can easily vary from 1.00027 to 1.00035. In view of the very small changes that are seen, a 
system has been introduced that enables the small changes to be noted more easily. Units called 
"N" units are often used. These N-units are obtained by subtracting 1 from the refractive index 
and multiply the remainder by а million. In this way more manageable numbers are obtained. 

N = (mu-1) x 10^6 


Where mu is the refractive index 


It is found that as a very rough guide under normal conditions in a temperature zone, the 
refractive index of the air falls by about 0.0004 for every kilometre increase in height, i.e. 400 N 
units / km. This causes the radio signals to tend to follow the earth’s curvature and travel beyond 
the geometric horizon. The actual values extend the radio horizon by about a third. This factor i 
often used in most radio communications coverage calculati 
broadcast radio transmitters, and other two way radio communications users such as mobile radio 
communications, cellular telecommunications and the like. 


Enhanced conditions 


Under certain conditions the radio propagation conditions provided by the troposphere are such 
that signals travel over even greater distances. This form of "life" in conditions is less 
pronounced on the lower portions of the VHF spectrum, but is more apparent on some of the 
higher frequencies. Under some conditions radio signals may be heard over distances of 2000 or 
more kilometres with distances of 3000 kilometres being possible on rare occasions. This can 
give rise to significant levels of interference for periods of time. 


‘These extended distances result from much greater changes in the values of refractive index over 
the signal path. This enables the signal to achieve a greater degree of bending and as a result 
follow the curvature of the Earth over greater distances 


Under some circumstances the change in refractive index may be sufficiently high to bend the. 
signals back to the Earth's surface at which point they are reflected upwards again by the Earth's. 
surface. In this way the signals may travel around the curvature of the Earth, being reflected by 
its surface. This is one form of "tropospheric duct” that can occur. 


It is also possible for tropospheric ducts to occur above the Earth's surface. These elevated 
tropospheric ducts occur when a mass of air with a high refractive index has a mass of air with a 
lower refractive index underneath and above it as a result of the movement of air that can occur 
under some conditions. When these conditions occur the signals may be confined within the 


elevated area of ai igh refractive index and they cannot escape and return to earth. Аз 
a result they may travel for several hundred miles, and receive comparatively low levels of 
attenuation. They may also not audible to stations underneath the duct and in this way create a 
skip or dead zone similar to that experienced with HF ionospheric propagation 


‘Mechanism behind tropospheric propagation 


Tropospheric propagation effects occur comparatively close to the surface of the Earth. The radio 
signals are affected by the region that is below an altitude of about 2 kilometres. As these regions 
are those that are greatly affected by the weather, there is a strong link between weather 

conditions and radio propagation conditions and coverage. 


Under normal conditions a there i 


ach gradient of the refractive index with height, the air 
being closest to the Earth's surface having the highest refractive index. This is caused by several 
factors. Air having a higher density and that containing a higher concentration of water vapour 
both lead to an increase in refractive index. As the air closest to the Earth's surface is both more 
dense (as a result of the pressure exerted by the gases above it) and has a higher concentration of 
water vapour than that higher up mean that the refractive index of the air closest to the earth's 
surface is the highest. 


Normally the temperature of the air closest to the Earth's surface is higher than that at a greater 
altitude. This effect tends to reduce the air density gradient (and hence the refractive index 
gradient) as air with a higher temperature is less dense. 


However, under some circumstances, what is termed a temperature inversion occurs, Thi 
happens when the hot air close to the earth rises allowing colder denser air to come in close to 
the Earth. When this occurs it gives rise to a greater change in refractive index with height and 
this results in a more significant change in refractive index. 


‘Temperature inversions can arise in a number of ways. One of the most dramatic occu 
area of high pressure is present. A high pressure area means that stable weather conditions will 
be present, and during the summer they are associated with warm weather. The conditions mean 
that air close to the ground heats up and rises. As this happens colder air flows in underneath it 
causing the temperature inversion. Additionally it is found that the greatest improvements tend io 
occur as the high-pressure area is moving away and the pressure is just starting to fall. 


A temperature inversion may also occur during the passage of a cold front. A cold front occurs 
when an area of cold air meets an area of warm air. Under these conditions the warm air rises 
above the cold air creating a temperature inversion. Cold fronts tend to move relatively quickly 
and as a result the improvement in propagation conditions tends to be short lived. 


Fading 


When signals are propagated over extended distances as a result of enhanced tropospheric 
propagation conditions, the signals are normally subject to slow deep fading. This is caused by 
the fact that the signals are received via a number of different paths. As the winds in the 
atmosphere move the air around it means that the different paths will change over a period of 
time. Accordingly the signals appearing at the receiver will fall in and out of phase with each 
other as a result of the different and changing path lengths, and as a result the strength of the 
overall received signal will change. 


Summary 


Any terrestrial signals received at VHF and above will be subject to the prevailing propagation 
conditions caused by the troposphere. Under normal conditions it should be expected that signals 
will be able to be received beyond the normal line of sight distance. However under some 

ircumstances these distances will be considerably increased and significant levels of 
interference may be experienced, 


Electromagnetic waves and radio 
propagation 


‘This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link bu 


Ш Electromagnetic waves [2] Reflection, refraction, diffraction of e/m waves [3] 
Polarisation of e/m waves — [4] Electromagnetic spectrum 


Radio signals exist as a form of electromagnetic wave. These radio signals are the same form of 
radiation as light, ultra-violet, infra-red, etc., differing only in the wavelength or frequency of the 
radiation. 


Electromagnetic waves have two elements. They are made from electric and magnetic 
components that are inseparable. The planes of the fields are at right angles to each other and to 
the direction in which the wave is travelling 


It is useful to see where the different elements of the wave emanate from to gain a more 
complete understanding of electromagnetic waves. The electric component of the wave results 
from the voltage changes that occur as the antenna element is excited by the alternating 
waveform. The lines of force in the electric field run along the same axis as the antenna, but 
spreading out as they move away from it. This electric field is measured in terms of the change 
ol potential over a given distance, e.g. volts per metre, and this is known as the field strength. 
‘This measure is often used in measuring the intensity of an electromagnetic wave at a particular 
point. The other component, namely the magnetic field is at right angles to the electric field and 
hence it is at right angles to the plane of the antenna. It is generated as a result of the current flow 
in the antenna. 


Like other forms of electromagnetic wave, radio signals can be reflected, refracted and undergo 
diffraction. In fact some of the first experiments with radio waves proved these facts, and they 
were used to establish a link between radio waves and light rays. 


Wavelength, frequency and velocity 


‘There are a number of basic properties of electromagnetic waves, or any repetitive waves for that 
matter that are particularly important 


Опе of the first that is quoted is their speed. Radio waves travel at the same speed as light, For 
most practical purposes the speed is taken to be 300 000 000 metres per second although a more 
exact value is 299 792 500 metres per second. Although exceedingly fast, they still take a finite 
time to travel over a given distance. With modern radio techniques, the time for a signal to 
propagate over a certain distance needs to be taken into account. Radar for example uses the fact 
that signals take a certain time to travel to determine the distance of a target. Other applications 
such as mobile phones also need to take account of the time taken for signals to travel to ensure 
that the critical timings in the system are not disrupted and that signals do not overlap. 


Another major element of a radio wave is its wavelength. This is the distance between a given 
point on one cycle and the same point on the next cycle as shown. The easiest points to choose 


these are the easiest to locate. The wavelength was used in the early days of 
to determine the position of a signal on the dial of a set. Although it is not used 
for this purpose today, it is nevertheless an important feature of any radio signal or for that 
matter any electromagnetic wave. The position of a signal on the dial of a radio set or its pos 
within the radio spectrum is now determined by its frequency as this provides a more accurate 
and convenient method for determining the properties of the signal. 
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Wavelength of an electromagnetic wave 


Finally the frequency of an radio signal or electromagnetic wave is of great importance. This is 
the number of times a particular point on the wave moves up and down in a given time (normally 
а second). The unit of frequency is the Hertz and it is equal to one cycle per second. This unit is 
named after the German scientist who discovered radio waves. The frequencies used in radio are 
usually very high. Accordingly the prefixes kilo, Mega, and Giga are often seen. 1 kHz is 1000 
Hz, 1 MHz is a million Hertz, and 1 GHz is a thousand million Hertz i.e. 1000 MHz. Originally 
the unit of frequency was not given a name and cycles per second (c/s) were used. Some older 
books may show these units together with their prefixes: kc/s; Mc/s etc. for higher frequencies. 


Frequency to Wavelength Conversion 


Although wavelength was used as a measure for signals, frequencies are used exclusively today 
Itis very easy to relate the frequency and wavelength as they are linked by the speed of light as 
shown 


where lambda = the wavelength in metres 
= frequeney in Hertz 

speed of radio waves (light) taken as 300 000 000 metres per second for all practical 

Purposes, 


Electromagnetic and the radio spectrum 


Electromagnetic waves have an enormous range, and as a result it is very convenient to see 
where each of the different forms of radiations fits within the spectrum as a whole. It can be seen 
that radio signals have the lowest frequency, and hence the longest wavelengths. Above the radio 


spectrum, other forms of radiation сап be found. These include infra red radiation, light, 
ultraviolet and a number of other forms оГ radiation. 
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The spectrum of electromagnetic waves 


Even within the radio spectrum there is an enormous range of frequencies. It extends over many 
decades. In order to be able to categorise the different areas and to split the spectrum down into 
more manageable sizes, the spectrum is split into different segments 
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The spectrum of electromagnetic waves 


Summary 


Electromagnetic waves, and in the context of this website, radio waves, are affected by the media. 
through which they travel. The degree to which they are affected, and the way in which they are 
affected, often depends upon the frequency. Signals can be reflected, refracted, and diffracted, 
altering their paths. At other times signals may be absorbed, reducing the distances over w 
they may travel. However many signals may travel for light years, as in the case of signals 
travelling from stars. However, for most of us the 
cellular telephone may be of more interest. 


Electromagnetic waves - reflection, 
refraction, diffraction 


- a summary or tutorial about the basics of the way їп which electromagnetic 
waves are reflected, refracted and diffracted 


‘This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link budget: 


Ш Electromagnetic waves [2] Reflection, refraction, diffraction of e/m waves [3] 
Polarisation of e/m waves [4] Electromagnetic spectrum 


As electromagnetic waves, and in this case, radio signals travel, they interact with objects and the 
media in which they travel. As they do this the radio signals can be reflected, refracted or 
liffracted. These interactions cause the radio signals to change direction, and to reach areas 
which would not be possible if the radio signals travelled in a direct line. 


Reflection 


Reflection of light is an everyday occurrence. Mirrors are commonplace and can be seen in 
houses and many other places. Shop windows also provide another illustration for this 
phenomenon, as do many other areas. Radio waves are similarly reflected by many surfaces. 


When reflection occurs, it can be seen that the angle of incidence is equal to the angle of 
reflection for a conducting surface as would be expected for light. When a signal is reflected 
there is normally some loss of the signal, either through absorption, or as a result of some of the 
signal passing into the medium. 


A variety of surfaces can reflect radio signals. For long distance communications, the sea 
provides one of the best reflecting surfaces. Other wet areas provide good reflection of radio 
signals. Desert areas are poor reflectors and other types of land fall in between these two 
extremes, In general, though, wet areas provide better reflectors. 


For relatively short range communications, many buildings, especially those with metallic 
surfaces provide excellent reflectors of radio energy. There are also many other metallic 
Structures such as warehouses that give excellent reflecting surfaces. As a result of this signals 
travelling to and from cellular phones often travel via a variety of paths. Similar effects are 
noticed for Wi-Fi and other short range wireless communications. An office environment 
contains many surfaces that reflect radio signals very effectively. 


Refraction 


Itis also possible for radio waves to be refracted. The concept of light waves bi 
very familiar, especially as it can be easily demonstrated by placing a part of stick or pole in 
water and leaving the remaining section in air. It is possible to see the apparent change or bend 
as the stick enters the water. Mirages also demonstrate refraction and a very similar effect can be 
noticed on hot days when a shimmering effect can be seen when looking along a straight road. 
Radio waves are affected in the same way. It is found that the direction of an electromagnetic 
wave changes as it moves from an area of one refractive index to another. The angle of incidence 
and the angle of refraction are linked by Snell's Law that states: 


nl sin (theta 1) = n2 sin (theta 2) 


For radio signals there are comparatively few instances where the signals move abruptly from a 
region with one refractive index, to a region with another. It is far more common for there to be 
comparatively gradual change. This causes the direction of the signal to bend rather than undergo 
an immediate change in direction. 


Diffraction 


Radio signals may also undergo diffraction. It is found that when signals encounter an obstacle 
they tend to travel around them. This can mean that a signal may be received from a transmitter 
even though it may be "shaded" by a large object between them. This is particularly noticeable 
‘on some long wave broadcast transmissions. For example the BBC long wave transmitter on 198 
KHz is audible in the Scottish glens where other transmissions could not be heard. As a result the 
long wave transmissions can be heard in many more places than transmissions on VHF FM. 


To understand how this happens it is necessary to look at Huygen's Principle. This states that 
ach point on a spherical wave front can be considered as a source of a secondary wave front. 
Even though there will be a shadow zone immediately behind the obstacle, the signal will 
diffract around the obstacle and start to fill the void. It is found that diffraction is more 
pronounced when the obstacle becomes sharper and more like a "knife edge”. For a radio signal a 
mountain ridge may provide a sufficiently sharp edge. A more rounded hill will not produce such 
a marked effect. It is also found that low frequency signals diffract more markedly than higher 
frequency ones. It is for this reason that signals on the long wave band are able to provide 
coverage even in hilly or mountainous terrain where signals at VHF and higher would not. 


Polarisation of electromagnetic waves 


+ and their importance in radio wave propagation 


ss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link budget: 


[1] Electromagnetic waves [2] Reflection, refraction, diffraction of e/m waves [3] 
Polarisation of e/m waves — [4] Electromagnetic spectrum 


‘The polarisation of electromagnetic waves often has a significant effect on the way in which 
radio wave propagate. While it is important to match the polarisation of the transmitting and 
receiving antennas, the choice of polarisation is also important for the signal propagation. 


What is polarisation 


‘The polarisation of an electromagnetic wave indicates the plane in which it is vibrating. As 
electromagnetic waves consist of an electric and a magnetic field vibrating at right angles to each 
other it is necessary to adopt a convention to determine the polarisation of the signal. For this 
purpose the plane of the electric field is used. 


Vertical and horizontal polarisations are the most straightforward forms and they fall into a 
category known as linear polarisation. Here the wave can be thought of as vibrating in one plane, 
i.e. up and down, or side to side. This form of polarisation is the most commonly used, and the 
most straightforward. 


However this is not the only form as it is possible to generate waveforms that have circular 
polarisation, Circular polarisation can be visualised by imagining a signal propagating from an 
antenna that is rotating. The tip of the electric field vector can be seen to trace out a helix or 
corkscrew as it travels away from the antenna. Circular polarisation can be either right or left 
handed dependent upon the direction of rotation as seen from the transmitting antenna. 


It is also possible to obtain elliptical polarisation. This occurs when there is a combination of 
both linear and circular polarisation. Again this can be visualised by imagining the tip of the 
electric field tracing out an elliptically shaped corkscrew. 


Importance for propagation 


For many terrestrial applications it is found that once a signal has been transmitted then its 
polarisation will remain broadly the same. However reflections from objects in the path can 
change the polarisation. As the received signal is the sum of the direct signal plus a number of 
reflected signals the overall polarisation of the signal can change slightly although it usually 
remains broadly the same. When reflections take place from the ionosphere, then greater changes 
may occur, 


In some applications there are performance differences between horizontal and vertical 
polarisation, For example medium wave broadcast stations generally use vertical polarisation 
because ground wave propagation over the earth is considerably better using vertical 
polarisation, whereas horizontal polarisation shows a marginal improvement for long distance 


communications using the ionosphere. Circular polarisation is sometimes used for satellite 
communications as there are some advantages in terms of propagation and in overcoming the 
fading caused if the satellite is changing its orientation. 


HF Ionospheric Radio Signal Propagation 


- the basics of HF ionospheric radio propagation and how the ionosphere enables 
radio communications links to be established over large distances around the 
globe using what are termed sky waves or skywaves. 


‘This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link budget: 


[1] HF ionospheric propagation basics [2] The ionosphere [3] Critical frequency. MUF 
and LUF [4] HF ionospheric propagation and sunspots [5] lonospheric absorption [6] 
How the sun affects radio signal propagation [7] Sunspots [8] Solar disturbances — [9] SID 
sudden ionospheric disturbance [10] Solar indices for prediction radio propagation [11] 
Radio propagation prediction software [12] NVIS near vertical incidence skywave [13] 
voradic E 


As electromagnetic waves, and in this case, radio signals travel, they interact with objects and the 
ıedia in which they travel, As they do this the radio signals can be reflected, refracted or 
ffracted, These interactions cause the radio signals to change direction, and to reach areas 
which would not be possible if the radio signals travelled in a direct line 


НЕ radio communications is dependent for most of its applications on the use of the ionosphere. 
‘This region in the atmosphere enables radio communications signals to be reflected, or more 
correctly refracted back to earth so that they can travel over great distances around the globe. 
Ionospheric propagation is normally though of as an HF propagation mode, although, it use can 
extend above and below the HF portion of the spectrum on many occasions 


The fact that radio communications signals can travel all over the globe on the HF bands is 
widely used by many by broadcasters, news agencies, maritime, radio hams and many other 
users. Radio transmitters using relatively low powers can be used to communicate to the other 
side of the globe. Although radio propagation using the ionosphere may not be not as reliable as 
that provided by satellites, it nevertheless provides a very cost effective and efficient form of 
radio communication, To enable the most to be made of ionospheric propagation many radio 
users make extensive use of HF propagation programmes to predict the areas of the globe to 
which signals may travel, or the probability of them reaching a given area, 


‘These HF propagation prediction programmes utilise a large amount of data, and many have 
been developed over many years, along with data about the prevailing conditions. However it is 
still useful to gain a view of how signals travel when using ionospheric propagation and to 


understand why signal conditi 
propagation. 


change. In this way the best use can be made of ionospheric 


Radio communications signals in the medium and short wave bands travel by two basic means. 
‘The first is known as a ground wave (covered on a separate page in this section), and the second 
а sky wave using the ionosphere. 


Skywaves 


When using ionospheric radio propagation, the radio signals leave the Earth's surface and travel 
towards the ionosphere where some of these are returned to Earth. These radio signals are termed 
sky waves for obvious reason. If they are returned to Earth, then the ionosphere may (very 
simply) be viewed as a vast reflecting surface encompassing the Earth that enables signals to 
travel over much greater distances than would otherwise be possible. Naturally this is a great 
over simplification because the frequency, time of day and many other parameters govern the 
reflection, or more correctly the refraction of signals back to Earth. There are in fact a number of 
layers, or more correctly regions within the ionosphere, and these act in different ways as 
described below 


D region 


When a sky wave leaves the Earth's surface and travels upward: t region of interest that it 
reaches in the ionosphere is called the D region. This region attenuates the signals as they pass 
through. The level of attenuation depends on the frequency. Low frequencies are attenuated more 
than higher ones. In fact it is found that the attenuation varies as the inverse square of the 
frequency, i.e. doubling the frequency reduces the level of attenuation by a factor of four. This 
means that low frequency signals are often prevented from reaching the higher regions, except at 
night when the region disappears. 


‘The D region attenuates signals because the radio signals cause the free electrons in the region to 
vibrate. As they vibrate the electrons collide with molecules, and at each collision there is a small 
loss of energy. With countless millions of electrons vibrating, the amount of energy loss becomes 
noticeable and manifests itself as a reduction in the overall signal level. The amount of signal 
loss is dependent upon a number of factors: One is the number of gas molecules that are present. 
The greater the number of gas molecules, the higher the number of collisions and hence the 
higher the attenuation. The level of ionisation is also very important. The higher the level of 
ionisation, the greater the number of electrons that vibrate and collide with molecules. The third 
main factor is the frequency of the signal. As the frequency increases, the wavelength of the 
vibration shortens, and the number of collisions between the free electrons and gas molecules 
decreases. As a result signals lower in the radio frequency spectrum are attenuated far more than 
those which are higher in frequency. Even so high frequency signals still suffer some reduction 
in signal strength. 


E and F Regions 


Once a signal passes through the D region, it travels on and reaches first the E, and next the F 
regions. At the altitude where these regions are found the air density is 
means that when the free electrons are excited by radio signals and vibrate, far fewer collisions 
‘occur. As a result the way in which these regions act is somewhat different. The electrons are 
again set in motion by the radio signal, but they tend to re-radiate it. As the signal is travelling in 
an area where the density of electrons is increasing, the further it progresses into the region, the 
signal is refracted away from the area of higher electron density. In the case of HF signals, this 
refraction is often sufficient to bend them back to earth. In effect it appears that the region has 
"reflected" the signal 


The tendency for this "reflection" is dependent upon the frequency and the angle of incidence. 
As the frequency increases, it is found that the amount of refraction decreases until a frequen 

reached where the signals pass through the region and on to the next. Eventually a point 
reached where the signal passes through all the regions and on into outer space. 
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Refraction of a radio signal as it enters an ionised region 


Different frequencies 


To gain a better idea of the characteristics of HF propagation using the ionosphere, it is worth 
viewing what happens to a radio communications signal if the frequency is increased across the 
frequency spectrum. First it starts with a signal in the medium wave broadcast band. During the 
day signals on these frequencies only propagate using the ground wave. Any signals that reach 
the D region are absorbed. However at night as the D region disappears signals reach the other 
regions and may be heard over much greater distances. 


If the frequency of the signal is increased, a point is reached where the signal starts to penetrate 
the D region and signals reach the E region. Here it is reflected and will pass back through the D 
region and return to earth a considerable distance away from the trans 


As the frequency is increased further the signal is refracted less and less by the E region and 
eventually it passes right through. It then reaches the FI region and here it may be reflected 
үр back through the D and E regions to reach the earth again. As the F1 region is higher 
than the E region the distance reached will be greater than that for an E region reflection. 


Finally as the frequency of the radio communications signal rises still further the it will 
eventually pass through the Fl region and onto the F2 region. This is the highest of the regions in 
the ionosphere and the distances reached using this are the greatest. As a rough guide the 
maximum skip distance for the E region is around 2500 km and 5000 km for the F2 region. 


v 
Signals reflected by the E and F regions. 


Multiple hops 


Whilst itis possible to reach considerable distances using the F region as already described, on 
its own this does not explain the fact that radio signals are regularly heard from opposite sides of 
the globe using HF propagation with the ionosphere. This occurs because the signals are able to 
undergo several "reflections". Once the signals are returned to earth from the ionosphere, they 
are reflected back upwards by the earth's surface, and again they are able to undergo another 
"reflection" by the ionosphere. Naturally the signal is reduced in strength at each "reflection", 
and it is also found that different areas of the Earth reflect radio signals differently. As might be 
anticipated the surface of the sea is a very good reflector, whereas desert areas are very poor. 
This means that signals that are "reflected" back to the ionosphere by the Pacific ог Atlantic 
‘oceans will be stronger than those that use the Sahara desert or the red centre of Australia. 


Layer nine onospnere. 
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Multiple reflections 


It is not just the Earth's surface that introduces losses into the signal path. In fact the major cause 
of loss is the D region, even for frequencies high up into the HF portion of the spectrum. One of 
the reasons for this is that the signal has to pass through the D region twice for every reflection 
by the ionosphere. This means that to get the best signal strengths itis necessary signal paths 
enable the minimum number of hops to be used. This is generally achieved using frequen. 
close to the maximum frequencies that can support communications using ionospheric 
propagation, and thereby using the highest regions in the ionosphere. In addition to this the level 
of attenuation introduced by the D region is also reduced, This means that a radio signal on 20 
MHz for example will be stronger than one on 10 MHz if propagation can be supported at both 
frequencies. 


HF propagation summary 
HF propagation using the ionosphere is still a widely used as a form of radio communications. 
While not as reliable as satellite communications, it is not nearly as expensive, and can provide a 
useful back-up in case the satellite communications fail, It is also widely used as the primary 
form of radio communications by many organisations from radio broadcasters to radio amateurs, 
as well as ship to shore and many other forms of point to point communications. As a result HF 
propagation using the ionosphere is likely to remain in use indefinitely as a form of radio 
communications technology 
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The Ionosphere and Radiowave Propagation 
- an overview or tutorial about the ionosphere, and how it affects radiowave 


propagation and radio communications. 


‘This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link bu 


[1] HF ionospheric propagation basics [2] The ionosphere [3] Critical frequency. МОЕ 
and LUF [4] HF ionospheric propagation and sunspots [5] lonospheric absorption [6] 
How the sun affects radio signal propagation [7] Sunspots [8] Solar disturbances — [9] SID 
sudden ionospheric disturbance [10] Solar indices for prediction radio propagation [11] 
Radio propagation prediction software [12] NVIS near vertical incidence skywave [13] 
Sporadic 


As electromagnetic waves, and in this case, radio signals travel, they interact with objects and the 
media in which they travel. As they do this the radio signals can be reflected, refracted or 
diffracted, These interactions cause the radio signals to change direction, and to reach areas 
which would not be possible if the radio signals travelled in a direct line 


‘The ionosphere is a particularly important region with regards to radio signal propagation and 
radio communications in general. Its properties govern the ways in which radio communications, 
particularly in the HF radio communications bands take place. 


‘The ionosphere is a region of the upper atmosphere where there are large concentrations of free 
ons and electrons. While the ions give the ionosphere its name, but itis the free electrons that 
affect the radio waves and radio communications. In particular the ionosphere is widely known 


for affecting signals on the short wave radio bands where it "reflects" signals enabling these 
radio communications signals to be heard over vast distances. Radio stations have long used the 
properties of the ionosphere to enable them to provide worldwide radio communications 
coverage. Although today, satellites are widely used, HF radio communications using the 
ionosphere still plays a major role in providing worldwide radio coverage. 


‘The ionosphere extends over more than one of the meteorological areas, encompassing the 
mesosphere and the thermosphere, itis an area that is characterised by the existence of positive 
ons (and more importantly for radio signals free electrons) and it is from the existence of the 
ons that it gains its name. 


Basics 


‘The free electrons do not appear over the whole of the atmosphere. Instead it is found that the 
number of free electrons starts to rise at altitudes of approximately 30 kilometres. However it 
not until altitudes of around 60 to 90 kilometres are reached that the concentration is sufficiently 
high to start to have a noticeable effect on radio signals and hence on radio communicatio; 
systems. It is at this level that the ionosphere can be said to start 


‘The ionisation in the ionosphere is caused mainly by radiation from the Sun. In addition to this, 
the very high temperatures and the low pressure result in the gases in the upper reaches of the 
atmosphere existing mainly in а monatomic form rather than existing as molecules. At lower 
altitudes, the gases are in the normal molecular form, but as the altitude increases the monatomic 
forms are more in abundance, and at altitudes of around 150 kilometres, most of the gases are in 
a monatomic form. This is very important because it is found that the monatomic forms of the 
gases are very much easier to ionise than the molecular forms. 


lonisation 


The Sun emits vast quantities of radiation of all wavelengths and this travels towards the Earth, 
first reaching the outer areas of the atmosphere. In creating the ionisation it is found that when 
radiation of sufficient intensity strikes an atom or a molecule, energy may be removed from the 
radiation and an electron removed, producing a free electron and a positive ion. In the example. 
given below, the simple example of a helium atom is give, although other gases including 
oxygen and nitrogen are far more common. 


Pexiction from Sun Radiation fiom Sun 
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Jonisation of molecules by solar radiation 


‘The radiation from the Sun covers a vast spectrum of wavelengths. However in terms of the 
effect it has on the atoms of molecules it can be considered as photons. The electrons in the 
atoms or molecules can be considered as orbiting the central nucleus consisting of protons and 
neutrons. Electrons are tied or bound to their orbit around the nucleus by electro-static forces, the 
electron is negatively charged and the nucleus is positively charged. There are equal numbers of 
electrons and protons in any molecule and as a result it is electro-statically neutral. 


When a photon strikes the atom, or molecule, the photon transfers its energy to the electron as 
excess kinetic energy. Under some circumstances this excess energy may exceed the binding 
energy in the atom or molecule and the electron escapes the influence of the positive charge of 
the nucleus. This leaves a positively charged nucleus or ions and a negatively charged electron, 
although as there are the same number of positive ions and negative electrons the whole gas still 
remains with an overall neutral charge. 


Most of the ionisation in the ionosphere results from ultraviolet light, although this does not 
mean that other wavelengths do not have some effect. Additionally, each time an atom or 
molecule is ionised а small amount of energy is used. This means that as the radiation passes 
further into the atmosphere, its intensity reduces. It is for this reason that the ultraviolet radiation 
causes most of the ionisation in the upper reaches of the ionosphere, but at lower altitudes the 
radiation that is able to penetrate further cause more of the ionisation. Accordingly, extreme 
ultra-violet and X-Rays give rise to most of the ionisation at lower altitudes. This reduction in 
these forms of radiation protects us on the surface of the Earth from the harmful effects of these 
rays 


‘The level of ionisation varies over the extent of the ionosphere, being far from constant. One 
reason is that the level of radiation reduces with decreasing altitude. Also the density of the gases 
varies. In addition to this there is a variation in the proportions of monatomic and molecular 
forms of the gases, the monatomic forms of gases being far greater at higher altitudes. These and 
a variety of other phenomena mean that there are variations in the level of 
altitude. 


‘The level of ionisation in the ionosphere also changes with time. It varies with the time of day, 
time of year, and according to many other external influences. One of the main reasons why the 
electron density varies is that the Sun, which gives rise to the ionisation is only visible during the 
day. While the radiation from the Sun causes the atoms and molecules to split into free electrons 
and positive ions. The reverse effect also occurs. When a negative electron meets a positive ion, 
the fact that dissimilar charges attract means that they will be pulled towards one another and 
they may combine. This means that two opposite effects of splitting and recombination are 
taking place. This is known as a state of dynamic equilibrium. Accordingly the level of 
ionisation is dependent upon the rate of ionisation and recombination. This has a significant 
effect on radio communications. 
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A simplified view of the layers in the ionosphere over the period of a day 


Other effects like the season and the state of the Sun also have a major effect. Sunspots and solar 
disturbances have a major impact on the level of radiation received, and these effects are covered 
in other articles on this website on Sunspots and Solar Disturbances. The season also has an 
effect. Again this is covered in other articles on the Radio-Electronics.Com website. However 
very briefly, the radiation received from the Sun varies in the same way that heat from the Sun 
varies according to the season, and accordingly the level of ionisation and free electrons changes. 
However this is a very simplified view as other facts also come into play 


lonospherie layers 


‘The traditional view of the ionosphere indicates a number of distinct layers, each affecting radio 


structure of the ionosphere it is not exactly correct. Ionisation exists over the whole of the 
in level may be considered as the different 


ionosphere, its level varying with altitude. The peal 
layers or possibly more correctly, regions. These regi 
F regions. There is also a C region below the others, but the level of ionisation is so low that it 
does not have any effect radio signals and radio communications, and it is rarely mentioned. 
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‘The typical electron distribution in the ionosphere 


The different layers or regions in the ionosphere have different characteristics and affect radio 
communications in different ways. There are also differences in the exact way they are created 
and sustained. In view of this it is worth taking a closer look at each one in detail and the way 
they vary over the complete day during light and darkness. 


D Region 


The D region is the lowest of the regions within the ionosphere that affects radio 
communications signals to any degree. It is present at altitudes between about 60 and 90 
kilometres and the radiation within it is only present during the day to an extent that affects radio 
waves noticeably. It is sustained by the radiation from the Sun and levels of ionisation fall 
rapidly at dusk when the source of radiation is removed. It mainly has the affect of absorbing or 
attenuating radio communications signals particularly in the LF and MF portions of the radio 
spectrum, its affect reducing with frequency. At night it has little effect on most radio 
communications signals although there is still a sufficient level of ionisation for it to refract VLF 


signals 


chiefly generated by the action of a form of radiation known as Lyman radiation 
which has a wavelength of 1215 Angstroms and ionises nitric oxide gas present in the 
atmosphere, Hard X-Rays also contribute to the ionisation, especially towards the peak of the 
solar cycle 


E Region 


‘The region above the D region is the E region. It exists at altitudes between about 100 and 125 
kilometres. Instead of attenuating radio communications signals this layer chiefly refracts them, 
often to a degree where they are returned to earth. As such they appear to have been reflected by 
this layer. However this layer still acts as an attenuator to a certain degree. 


Like the Р region, the level of ionisation falls relatively quickly after dark as the electrons and 
ons re-combine and it virtually disappears at night. However the residual night time ionisation in 
the lower part of the E region оше attenuation of signals in the lower portions of the HF 
part of the radio communications spectrum. 


‘The ionisation in this region results from a number of types of radiation, Soft X-Rays produce 
much of the ionisation, although extreme ultra-violet (EUV) rays (very short wavelength ultra- 
violet light) also contribute. Broadly the radiation that produces ionisation in this region has 
wavelengths between about 10 and 100 Angstroms. The degree to which all of the constituents 
contribute depends upon the state of the Sun and the latitude at which the observations are made. 


F Region 


The most important region in the ionosphere for long distance HF radio communications is the F 
region. During the daytime when radiation is being received from the Sun, it often splits into 
‘two, the lower one being the Fl region and the higher one, the F2 region. Of these the Fl region 

more of an inflection point in the electron density curve (seen above) and it generally only 
exists in the summer. 


‘Typically the FI layer is found at around an altitude of 300 kilometres with the F2 layer above it 
at around 400 kilometres. The combined Е layer may then be centred around 250 to 300 
kilometres. The altitude of the all the layers in the ionosphere layers varies considerably and the 
F layer varies the most. As a result the figures given should only be taken as a rough guide. 
Being the highest of the ionospheric regions it is greatly affected by the state of the Sun as well 
as other factors including the time of day, the year and so forth. 


The F layer acts as a "reflector" of 
wide radio communications to be es 
propagation, 


in the HF portion of the radio spectrum enabling world 
ed. It is the main region associated with HF signal 


Like the D and E layers the level of ionisation of the F region varies over the course of the day, 
falling at night as the radiation from the Sun disappears. However the level of ionisation remains 
much higher. The density of the gases is much lower and as a result the recombination of the 
ons and electrons takes place more slowly, at about a quarter of the rate that it occurs in the E 
region. As a result of this it still has an affect on radio signals at night being able to return many 
to Earth, although it has a reduced effect in some aspect 


‘The F region is at the highest region in the ionosphere and as such it experiences the most solar 
radiation. Much of the ionisation results from ultra-violet light in the middle of the spectrum as 
well as those portions of the spectrum with very short wavelengths. Typically the radiation that 
causes the ionisation is between the wavelengths of 100 and 1000 Angstroms, although extreme 
ultra-violet light is responsible for some ionisation in the lower areas of the F region. 


Summary 


‘The ionosphere is a continually changing area of the atmosphere. Extending from altitudes of 
around 60 kilometres to more than 400 kilometres it contains ions and free electrons. The free 
electrons affect the ways in which radio waves propagate in this region and they have a 
significant effect on HF radio communications. 


‘The ionosphere can be categorised into a number of regions corresponding to peaks in the 
electron density. These regions are named the Р, E, and F regions. In view of the fact that the 
radiation from the Sun is absorbed as it penetrates the atmosphere, different forms of radiation 
give rise to the ionisation in the different regions as outlined in the summary table below 


Summary of forms of radiation causing ionisation in the ionosphere. 


Region Primary Ionising Radiation Forms 
C Сәс 

D Lyman alpha, Hard X-Rays 

E Soft X-Rays and some Extreme Ultra- Violet 
FI Extreme Ultra: violet. and some Ultra. Violet 


12 Ultra-Violet 


The ionosphere is a continually changing area. It is obviously affected by radiation from the Sun, 
and this changes as a result aspects including of the time of day, the geographical area of the 
world, and the state of the Sun. As a result radio communications using the ionosphere change 
from one day to the next, and even one hour to the next. Predicting how what radio 
communications will be possible and radio signals may propagate is of great interest to a v 
ol radio communications users ranging from broadcasters to radio amateurs and two way radio 
communications systems users to those with maritime mobile radio communications systems and 
many more. 


Critical Frequency, LUF, and MUF 


- the Critical Frequency, Lowest Useable Frequency, LUF, and Maximum Usable 
Frequency, MUF used in radio communications and radio signal propagation 


‘This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link budget: 


[1] НЕ ionospheric propagation basics [2] The ionosphere [3] Critical frequency. МОЕ 
and LUF [4] HF ionospheric propagation and sunspots [S] lonospheric absorption [6] 
How the sun affects radio signal propagation [7] Sunspots [8] Solar disturbances [91510 
sudden ionospheric disturbance [10] Solar indices for prediction radio propagation [11] 
Radio propagation prediction software [12] NVIS near vertical incidence skywave [13] 
iporadic E 


As electromagnetic waves, and in this case, radio signals travel, they interact with objects and the 
jedia in which they travel, As they do this the radio signals can be reflected, refracted or 
ffracted. These interactions cause the radio signals to change direction, and to reach areas 
which would not be possible if the radio signals travelled in a direct line. 


When looking at ionospheric or short wave radio signal propagation for planning a radio 
communications network or system, or when predicting the HF propagation conditions, there are 
several frequencies that are important, and are often mentioned in radio signal propagation 
prediction programmes and in other literature associated with signal propagation. The 
frequencies include the Critical Frequency, the Lowest Useable Frequency (LUF), and the 
Maximum Usable Frequency (МОР). Their definitions are at the centre of determining which 
frequencies will provide the optimum performance for the radio communications system or 
network, 


Critical Frequency 


‘The critical frequency is an important figure that gives an indication of the state of the 
ionosphere and the resulting HF propagation. It is obtained by sending a signal pulse directly 
upwards. This is reflected back and can be received by a receiver on the same site as the 
transmitter. The pulse may be reflected back to earth, and the time measured to give an 
indication of the height of the layer. As the frequency is increased a point is reached where the 
signal will pass right through the layer, and on to the next one, or into outer space. The frequency 
at which this occurs is called the critical frequency 


The equipment used to measure the critical frequency is called an ionosonde, In many respects it 
resembles a small radar set, but for the HF bands, Using these sets a plot of the reflections 


against frequency can be generated. This will give an indication of the state of the ionosphere for 
that area of the world 


LUF - Lowest Usable Frequency 


As the frequency of a transmission is reduced further reflections from the ionosphere may be 
from the D layer increase. These two effects mean that there is a 
frequency below which radio communications between two stations will be lost. In fact the 
Lowest Usable Frequency (LUF) is defined as the frequency at below which the signal falls 
below the minimum strength required for satisfactory reception 


From this it can be seen that the LUF is dependent upon the stations at either end of the path. 
Their antennas, receivers, transmitter powers, the level of noise in the vicinity, and so forth all 
affect the LUF. The type of modulation used also has an affect, because some types of 
modulation can be copied at lower strengths the LUF is the practical 
limit below which communication cannot be maintained between two particular radio 
‘communications stations. 


гу to use a frequency below the LUF then as a rough guide a gain of 10dB must be 
made to decrease the LUF by 2 MHz. This can be achieved by methods including increasing the 
transmitter powers, improving the antennas, etc. 


MUF - Maximum Usable Frequency 


When a signal is transmitted using HF propagation, over a given path there is a maximum 
frequency that can be used. This results from the fact that as the signal frequency increases it will 
pass through more layers and eventually travelling into outer space. As it passes through one 
layer it may be that communication is lost because the signal then propagates over a greater 
distance than is required. Also when the signal passes through all the layers communication will 
be lost. 


The frequency at which radio communications just starts to fail is known as the Maximum 
Usable Frequency (МОР). It is generally three to five times the critical frequency, dependent 
upon the layer being used and the angle of incidence. 


Optimum working frequeney 


‘To be able to send signals to a given location there are likely to be several different paths that 
can be used. Sometimes it may be possible to use the either the E or the F layers, and sometimes 
а signal may be reflected first off one and then the other. In fact the picture is rarely as well 


defined as it may appear from the textbooks. However itis still possible to choose a frequency 
from a variety of options to help making contact with a given area. 


In general the higher the frequency, the better. This is because the attenuation caused by the D 
layer is less. Although signals may be able to travel through the D layer they may stil suffer 
significant levels of attenuation. As the attenuation reduces by a facto of four for doubling the 
frequency in use this shows how significant this can be. 


Also by increasing the frequency it is likely that a higher layer in the ionosphere will be used. 
‘This may result in fewer reflections being required. As losses are incurred at each reflection and 
each time the signal passes through the D layer, using a higher frequency obviously helps 


When using the higher frequencies it is necessary to ensure that communications are stil 
reliable. In view of the ever-changing state of the ionosphere a general rule of thumb is to use a 
frequency that is about 20% below the MUF. This should ensure that the signal remains below 
the MUF despite the short-term changes. However it should be remembered that the МИЕ will 
change significantly according to the time of day, and there fore it will be necessary alter the 
frequency periodically to take account of this 


HF Radio Propagation and Sunspots 


+ an overview of the basics of the effects that sunspots have on HF radio 
propagation and radio communications in general including two way radio 
communications, maritime mobile radio communications, mobile radio, radio 
broadcasting and amateur radio communications. 


‘This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link bu 


[1] HE ionospheric propagation basics [2] The ionosphere [3] Critical frequency. МОЕ 
and LUF [4] HF ionospheric propagation and sunspots [5] lonospheric absorption [6] 
How the sun affects radio signal propagation [7] Sunspots [8] Solar disturbances — [9] SID 
sudden ionospheric disturbance [10] Solar indices for prediction radio propagation [11] 
Radio propagation prediction software [12] NVIS near vertical incidence skywave [13] 
Sporadic 


As electromagnetic waves, and in this case, radio signals travel, they interact with objects and the 
media in which they travel, As they do this the radio signals can be reflected, refracted or 
diffracted. These interactions cause the radio signals to change direction, and to reach areas 
which would not be possible if the radio signals travelled in a direct line 


НЕ radio communications of various forms including two Way radio communications, maritime 
mobile radio communications, radio broadcasting, amateur radio communications, and in fact 


апу form of radio communications that uses the HF bands and ionospheric radio propagatio 
very dependent upon the state of the ionosphere. The higher the levels of radiation received from 
the Sun, the greater the levels of ionisation in the ionosphere and in general this brings 
propagation conditions for HF radio communications. 


It is found that the number of sunspots on the Sun has a considerable effect on the levels of 
radiation emitted and hence impacting on the ionosphere. In turn this has a marked effect on 
radio communications of all forms. Sunspots are therefore of great interest to anyone involved in 
HF radio communications, as it affects the radio propagation conditions so significantly. 


What are sunspots? 


If the sun is viewed by projecting its image onto a screen, dark areas can be seen from time to 
time. These can last anything from a few hours right up to several weeks. These spots are cool 
areas (relatively speaking) on the surface of the sun. The temperature is around only 3000 


авай 


sta sizzling 6000@C for the rest of the surface. It is much hotter under the surface reaching 
temperatures in excess of a million degrees Celsius, 


NOTE: Under no circumstances should the sun be viewed directly, even though dark glasses. 
In the past many people have had their sight damaged by doing this. 


‘These sunspots are areas where there is intense magnetic activity. The fields in these areas are 
enormous and as a result the surface of the sun is disrupted. In these areas the surface cools 


spot there is an area called a plage. This is slightly brighter than the surrounding 
large radiator of cosmic rays, ultra-violet light and X-rays. In fact it results in the 
overall level of radiation coming from the sun to increase. In turn this increased radiation level 
from around the sunspots causes the ionosphere to become ionised to a greater extent. This 
means that higher frequencies can be reflected from the ionosphere. 


Аз sunspots appear in groups, especially the larger ones a sunspot number was devised. This 
not the number of sunspots that are observed but а number indicating the level of sunspot 
activity. The number is very closely related to the actual amount radiation received from the Sun. 
In this way it is a good measure of solar activity. The daily readings are smoothed 
mathematically to take out the erratic variations to give the Smoothed Sunspot Number. 
Sometimes the abbreviation SSN is seen, and it is this smoothed sunspot number that it refers to. 


Eleven year cycle 


"The number of sunspots on the surface of the sun varies with time. At times very few or even 
none may be visible, whereas at other times the number is very much greater. Although the 
number varies greatly over short periods of time as the sun rotates, careful analysis using the 
SSN reveals a longer term trend. It is found that over a period of approximately eleven years 
‘over which the sunspots vary. At the peak of this cycle conditions on the bands at the top of the 
short wave spectrum are very good. Low power stations can be heard over remarkably long 
distances. At the bottom of the cycle bands around 30 MHz will not usually support normal 
propagation via the ionosphere. 


Sunspots have been observed by the Chinese since before the birth of Christ. However it was not 
until the mid-eighteenth century that astronomers started to keep records of sunspot numbers. By 
looking at these over the years it is possible to see the trend since then, and the cycles which 
have occurred since then. Cycle number 22 officially started in September 1986. It started with a 
sunspot number of 12 and rose rapidly over the following 33 months to reach a peak of 158. 
From its peak the sunspot number fell slightly and rose again to give a second, smaller peak 
before falling to bring the cycle to an end in 1996 


Summary 


‘The sunspot activity is of great importance to anyone involved in HF radio communications. 
Whether two way radio communications, maritime mobile communications, general mobile 
communications, point to point radio links, amateur radio communications, radio broadcasting or 
whatever form of radio communications. The level of sunspot activity has an enormous effect on 
the ionosphere and hence on HF radio propagation conditions. Accordingly even a superficial 
understanding is advantageous. 


onospheric Absorption of Radio Signals 


+ an overview of absorption or loss of radio signals in the ionosphere, particularly 
by the D layer - an essential element when planning a radio communications 
network and predicting HF propagation. 


‘This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link budget: 


[1] HF ionospheric propagation basics [2] The ionosphere [3] Critical frequency. МОЕ 
and LUF [4] HF ionospheric propagation and sunspots [5] lonospheric absorption [6] 
How the sun affects radio signal propagation [7] Sunspots [8] Solar disturbances — [9] SID 
sudden ionospheric disturbance [10] Solar indices for prediction radio propagation [11] 
Radio propagation prediction software [12] NVIS near vertical incidence skywave [13] 

Е 


As electromagnetic waves, and in this case, radio signals travel, they interact with objects and the 
media in which they travel. As they do this the radio signals can be reflected, refracted or 
diffracted. These interactions cause the radio signals to change direction, and to reach areas 
which would not be possible if the radio signals travelled in a direct line. 


‘The behaviour of the ionosphere is one of the key areas to consider when planning a radio 
communications network or system, or when predicting HF propagation conditions. 


‘The ionosphere is usually thought of as an area where radio waves on the short wave bands are 
refracted or reflected back to Earth. However itis also found that signals are reduced in strength 
ог attenuated as they pass through this area. In fact ionospheric absorption can be one of the 
major contributors to the reduction in strength of signals. 


Most of the attenuation occurs in the D layer. There is some in the E and F layers, but the level is 
very much less than that experienced in the D layer and it can generally be ignored 


When signals enter the D layer they transfer energy to the electrons and set them in motion, 
vibrating in line with the radio signal. As the electrons vibrate in this manner they can collide 
with other molecule, ions, or electrons. Each time a collision occurs a small amount of energy is. 
dissipated, and this is manifested as a loss in the strength of the signal. 


The amount of energy that is lost depends primarily upon the number of collisions that take 
place. In turn this also is dependent upon a number of other factors. The first is the number of 
other molecules, electrons and ions that are present. In the D layer the density of the air is 
relatively high, and so there are a large number of other molecules around and the number of 
collisions is high. The second factor is the frequency of the signal. As the frequency is decreased, 
so the displacement of the vibrations increases and зо does the number of collisions. In fact itis 
found that the amount of ionospheric absorption that occurs varies inversely as the square of the 
frequency. In other words if the frequency is doubled, then the attenuation will fall by a factor of 
four. This is one of the major reasons why when a number of bands or frequencies will support 
HF propagation between two radio stations, then the highest one will yield the better results. It is 
also found that the level of attenuation is so high for signals on the medium wave radio broadcast 
band that during the day when the D layer is present, no signals through it, and signals are only 
propagated via the ground wave. At night when the D layer disappears, signals are heard from 
much further afield, 


The Sun and HF radio propagation 


A summary of the way in which the Sun affects ionospheric propagation (HF 
radio propagation) for two way radio communications, mobile radio 
communications, broadcasting, etc. 


"This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link budget 


[1] HE ionospheric propagation basics [2] The ionosphere [3] Critical frequency. МОЕ 
and LUF [4] HF ionospheric propagation and sunspots [5] lonospheric absorption [6] 
How the sun affects radio signal propagation [7] Sunspots [8] Solar disturbances — [9] SID 
sudden ionospheric disturbance — [10] Solar indices for prediction radio propagation [11] 
Radio propagation prediction software [12] NVIS near vertical incidence skywave [13] 
Sporadic 


As electromagnetic waves, and in this case, radio signals travel, they interact with objects and the 
media in which they travel. As they do this the radio signals can be reflected, refracted or 
diffracted. These interactions cause the radio signals to change direction, and to reach areas 
which would not be possible if the radio signals travelled in a direct line 


‘The Sun has an enormous impact on HF radio propagation because it affects the ionosphere 
which gives rise to most of the long distance effects that enable long distance radio 
communications on the HF bands. As a result is greatly affects many forms of radio 
communications from the typically two way radio communications systems that are sued by 
many organisations, and various forms of mobile radio communications using the HF bands to 
radio broadcasting, point to point radio communications and radio amateur transmissions. As a 
result, a knowledge of how the conditions on the Sun affect radio signal propagation is essential 
for radio planning and prediction HF propagation conditions. Radio propagation prediction 
software also takes the state of the Sun into consideration when it calculates its estimates of the 
propagation conditions. 


To look at the way the Sun affects the ionosphere and radio propagation conditions, it is 
necessary to take a quick look at the various areas in the atmosphere to see which areas influence 
radio propagation and how the sun affects them. These factors are important in being able to 
predict propagation conditions and when using radio propagation prediction programmes. 


The ionosphere 


For many years it has been known that there are ionised layers in the upper reaches of the 
atmosphere that affect various forms of radio communications. This region is known as the 
ionosphere, although the existence of the an ionised region was first proposed just after the turn 
of the century, separately by two scientists, namely Kennelly in the USA and Heaviside in the 
UK. Since then far more has been learned about these layers, especially since the first rockets 
managed to pass through the ionosphere to collect data. 


In most regions of the atmosphere it is found that the gases are in a stable molecular form, 
However in certain areas of the atmosphere some of them start to become ionised, splitting into 
free electrons and positive ions. Of these itis the free electrons that affect the radio signals, 
although the layer where these ions and electrons are found is still called the ionosphere. This 


generally starts to happen at an altitude of around 30 km, although at 
ionisation are very small and they do not have an effect on radio signal 
increases the number of ion: 


height the levels of 
However as the altitude 


‘The ionosphere is traditionally thought of as having a number of distinct layers. While it is often 
convenient to think of the ionosphere in this way, it is not strictly true. The whole of the 
ionosphere contains ions and free electrons, although there are a number of peaks, and which 
may be considered as the different layers. These layers are given the designations D, E, and F. A 
diagram of the approximate levels of ionisation is shown below. This can only be very 
approximate because the levels of ionisation vary as a result of a number of factors. 
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‘The approximate levels of ionisation in the ionosphere 


The lowest of the layers is the D layer. This is found at altitudes between 60 and 90 km. It only 
exists during the daytime when it is in view of the sun. Above this is the E layer at around 110 
km. This exists during the day, and then at night when itis not in sunlight it becomes very much 
weaker. Finally there s normally existing as two layers 
during the day. These are designated the Fl and F2 layers. They are found at altitudes of around 
300 and 400 km in summer, and then during the winter they may fall to around 200 and 300 km. 
At night the two layers generally combine to form a single layer and this is generally around an 
altitude of 250 to 300 km. It should be remembered that these figures are only a rough guide 
because they change quite considerably according to the time of year and the state of the sun. 


Radiation from the Sun 


КЕГШ 


па 
‘Variations of the ionosphere over the day 


Formation of ions 


‘The ionisation in the ionosphere is generated when radiation from the sun strikes the gas 
molecules in the upper atmosphere. The radiation is of sufficient intensity that it gives the 
electron in some molecules sufficient energy to leave the molecular structure. This leaves a free 
electron and the gas molecule, having one electron too few becomes a positive ion. 


At very high altitudes the atmosphere is very thin, and as a result the levels of ionisation are very 
low. As the atmosphere become denser, so the level of ionisation starts to rise. However the 
ionisation process uses up the energy of the radiation, and after a certain distance the energy of 
the radiation is such that it does not ionise as many gas molecules as before and the level of 
ionisation begins to fall 


It is also found that for the higher layers including the F and E layers most of the ionisation 
results from ultra violet light. The D layer being at a lower altitude results mainly from X-rays 
that are able to penetrate further into the atmosphere. 


It is also found that the free electrons and positive ions slowly recombine. In other words the 
radiation is causing them to ionise, and then they slowly recombine afterwards. In chemistry this 
state of affairs is called a dynamic equilibrium. It means that if the source of radiation is 
removed, then the levels of ionisation will fall. As a result the D layer disappears after nightfall, 
and the E layer is greatly reduced in intensity. In view of the high levels of ionisation in the F 
layers and the fact that the air density is so much less, it takes longer for the recombination 
process to take place and consequently it remains over night, although its level is reduced. This 
сап be seen in the way that radio communications vary over the course of a day 


Effect of the ionosphere 


‘The different layers of the ionosphere affect radio ways in slightly different ways. When a signal 
enters the D layer it sets the free electrons vibrating. As they vibrate they collide with nearby 
molecules, and after each collision some energy is lost. As a result radio signals entering the D 
layer are attenuated. It is found that the level of attenuation is inversely proportional to the 
square of the frequency. In other words doubling the frequency reduces the attenuation by a 
factor of four. It is found that low frequency radio signals are completely absorbed by it. This 
can be shown by the fact that radio stations on the medium wave broadcast band can only be 
heard over short distances during the day, and then at night when the D layer disappears they can 
be heard over much greater distances. 


‘The effect is slightly different for the higher layers. Being higher in altitude the gas density is 
much less. Аз a result a different effect predominates. Again the electrons are set in motion, but 
fewer collisions take place they act on the signal to bend it away from the area of highest 
ionisation. In other words the signal is refracted back towards the earth. It is also found that the. 
effect decreases with frequency and as a result the signal will eventually pass through one layer 
and on to the next. 


ns in the ionosphere 


The effect of the ionosphere is greatly linked to the amount of radiation it receives. This varie 
over the period of a day. At night when the ionosphere receives no radiation from the sun, the 
level of ionisation falls and communication may not be possible over some paths or different 
frequencies may have to be used. 


Other changes also affect the ionosphere. In just the same w: 
that part of the earth receives less warm from the sun, so th 
and the levels of ionisation in the ionosphere fall 


that winters are colder because 
mosphere receives less radiation, 


Sunspots 


Changes on the sun itself also affect the ionosphere. One of the major changes occurs as the 
result of the sunspots that appear on the surface of the sun. 


If the sun is viewed by projecting its image onto a screen, then a number of dark areas may be 
seen from time to time. These spots may last from anywhere between a few hours to days or 
even weeks. The spots are areas where the surface of the sun is cooler than the surrounding 
areas, The temperature of the spots is only about 3000 C. This is quite cool when compared to. 


the temperature of the rest of the surface that is around 6000 C! However 
under the surface where temperatures reach in excess of a million degrees. 


is very much hotter 


‘The sunspots are areas of intense magnetic activity. The magnetic fields in these areas are 
enormous and as a result the surface of the sun is disrupted. This causes the surface temperature 
to fall in these areas causing a darker area to be perceived. 


Around the sunspot itself there is an area that is known as a plage. This is slightly brighter than 
the surrounding area and is a large radiator of ultra-violet radiation and X-rays. The amount of 
radiation emanating from the plage means that there is an overall increase in the level of 
radiation from the sun. In fact it is noticed that the level of radiation from the sun can be 
estimated from a knowledge of the number of sunspots that appear on the surface. 


As sunspots often appear in groups, a method of trying to estimate their effect has been devised. 
А figure known as the sunspot number is used. This number does not represent the number of 
spots themselves, but the level of activity on the sun and the sunspot number is very closely 
related to the amount of radiation received from the sun. 


‘The daily readings of the sunspot numbers fluctuate considerably. То overcome this, the readings 
аге smoothed mathematically to take out the erratic nature of the readings and so that the 
underlying trend can be seen. This number, called the Smoothed Sunspot Number (SSN) is often 
quoted in association with propagation reports 


The sunspot cycle 


‘The number of sunspots on the Sun's surface varies. On some days very few, or even none may 
be seen, whereas at other times there are very many. The daily number varies cons 
short period of time as the sun rotates, but if the smoothed sunspot number is used 
that there is a much longer-term trend. This trend shows that the number of sunspots rises and 
falls over a period of approximately eleven years. This number is only an approximate guide 
because there is a considerable amount of variation on this, 


Records of the sunspot numbers have been kept since the mid-eighteenth century, and by 
referring to these records it has been possible to track the cycles since then. Cycle 22 started in 
September 1986 with a number of 12. It rose rapidly over the next 33 months to reach a peak of 
158. From then it fell slightly and rose again to give a second smaller peak before ending in 
1996. Now cycle 23 has started and the numbers are rising. 


The effect of the sunspot cycle 


Most short wave radio listeners and DX'ers look upon rising sunspot numbers with anticipation, 
‘The increased numbers of sunspots mean increased levels of radiation. In turn this means that 


there are greater levels of ionisation in the ionosphere. Accordingly this affects propagation on 
the HF bands. It is found that the maximum frequencies that can be reflected are increased. 


At the sunspot minimum frequencies of around 15 to 20 MHz are normally supported during the 
day. However at the maximum, frequencies in excess of 60MHz may be affected. This means 
that popular ham bands like 24 and 28 MHz may not support communications via normal 
ionosphere modes in the sunspot minima, Often 28 MHz appears dead with no stations audible 
However during periods of around the maximum it is an excellent band. Low power stations or 
those with poorer antennas find it particularly good. As the D layer attenuation is much less, 
even low power stations can make excellent contacts, 


‘The sunspot number can be used to give a very rough guide to what conditions may be like. The 
figure tends to vary from about 65 at the minimum of the cycle to over 300 at the maximum. For 
good conditions on the higher frequency bands it is found that a figure of in excess of about 100 
is required. Up to date figures can be accessed from a variety of web sites including 
http:/Avww.sunspoteycle.com 


HF Radio Propagation and Sunspots 


+ an overview of the basics of the effects that sunspots have on HF radio 
propagation and radio communications in general including two way radio 
communications, maritime mobile radio communications, mobile radio, radio 
broadcasting and amateur radio communications. 


‘This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link bu 


[1] НЕ ionospheric propagation basics [2] The ionosphere [3] Critical frequency. МОЕ 
and LUF [4] HF ionospheric propagation and sunspots [5] lonospheric absorption [6] 
How the sun affects radio signal propagation [7] Sunspots [8] Solar disturbances [9] SID 
sudden ionospheric disturbance [10] Solar indices for prediction radio propagation [11] 
Radio propagation prediction software [12] NVIS near vertical incidence skywave [13] 
Sporadic 


As electromagnetic waves, and in this case, radio signals travel, they interact with objects and the 
media in which they travel, As they do this the radio signals can be reflected, refracted or 
diffracted, These interactions cause the radio signals to change direction, and to reach areas 
which would not be possible if the radio signals travelled in a direct line 


НЕ radio communications of various forms including two way radio communications, maritime 
mobile radio communications, radio broadcasting, amateur radio communications, and in fact 


апу form of radio communications that uses the HF bands and ionospheric radio propagatio 
very dependent upon the state of the ionosphere. The higher the levels of radiation received from 
the Sun, the greater the levels of ionisation in the ionosphere and in general this brings better 
propagation conditions for HF radio communications. 


It is found that the number of sunspots on the Sun has a considerable effect on the levels of 
radiation emitted and hence impacting on the ionosphere. In turn this has a marked effect on 
radio communications of all forms. Sunspots are therefore of great interest to anyone involved in 
HF radio communications, as it affects the radio propagation conditions so significantly. 


What are sunspots? 


If the sun is viewed by projecting its image onto a screen, dark areas can be seen from time to 
time. These can last anything from a few hours right up to several weeks. These spots are cool 


areas (relatively speaking) on the surface of the sun. The temperature is around only 3000 


авай 


sta sizzling 6000@C for the rest ot the surface. It is much hotter under the surface reaching 
temperatures in excess of a million degrees Celsius, 


NOTE: Under no circumstances should the sun be viewed directly, even though dark glasses. 
In the past many people have had their sight damaged by doing this. 


‘These sunspots are areas where there is intense magnetic activity. The fields in these areas are 
enormous and as a result the surface of the sun is disrupted. In these areas the surface cools 


spot there is an area called a plage. This is slightly brighter than the surrounding 
large radiator of cosmic rays, ultra-violet light and X-rays. In fact it results in the 
overall level of radiation coming from the sun to increase. In turn this increased radiation level 
from around the sunspots causes the ionosphere to become ionised to a greater extent. This 
means that higher frequencies can be reflected from the ionosphere. 


Аз sunspots appear in groups, especially the larger ones a sunspot number was devised. This 
not the number of sunspots that are observed but а number indicating the level of sunspot 
activity. The number is very closely related to the actual amount radiation received from the Sun. 
In this way it is a good measure of solar activity. The daily readings are smoothed 
mathematically to take out the erratic variations to give the Smoothed Sunspot Number. 
Sometimes the abbreviation SSN is seen, and it is this smoothed sunspot number that it refers to. 


Eleven year cycle 


"The number of sunspots on the surface of the sun varies with time. At times very few or even 
none may be visible, whereas at other times the number is very much greater, Although the 
number varies greatly over short periods of time as the sun rotates, careful analysis using the 
SSN reveals a longer term trend. It is found that over a period of approximately eleven years 
‘over which the sunspots vary. At the peak of this cycle conditions on the bands at the top of the 
short wave spectrum are very good. Low power stations can be heard over remarkably long 
distances. At the bottom of the cycle bands around 30 MHz will not usually support normal 
propagation via the ionosphere. 


Sunspots have been observed by the Chinese since before the birth of Christ. However it was not 
until the mid-eighteenth century that astronomers started to keep records of sunspot numbers. By 
looking at these over the years it is possible to see the trend since then, and the cycles which 
have occurred since then. Cycle number 22 officially started in September 1986. It started with a 
sunspot number of 12 and rose rapidly over the following 33 months to reach a peak of 158. 
From its peak the sunspot number fell slightly and rose again to give a second, smaller peak 
before falling to bring the cycle to an end in 1996 


Summary 


‘The sunspot activity is of great importance to anyone involved in HF radio communications. 
Whether two way radio communications, maritime mobile communications, general mobile 
communications, point to point radio links, amateur radio communications, radio broadcasting or 
whatever form of radio communications. The level of sunspot activity has an enormous effect on 
the ionosphere and hence on HF radio propagation conditions. Accordingly even a superficial 
understanding is advantageous. 


Solar Flares and Disturbances for Radio 
Propagation 


+ an overview of the basics of solar flares and other disturbances including CMEs 
and how they affect ionospheric HF radio propagation conditions for two way 
radio communications, maritime mobile radio communications, point to point 
radio communications and radio broad. 


‘This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link budget 


[1] HE ionospheric propagation basics [2] The ionosphere [3] Critical frequency. МОЕ 
and LUF [4] HF ionospheric propagation and sunspots [5] lonospheric absorption [6] 
How the sun affects radio signal propagation [7] Sunspots [8] Solar disturbances — 9] SID 


sudden ionospheric disturbance [10] Solar indices for prediction radio propagation [11] 
Radio propagation prediction software [12] NVIS near vertical incidence skywave [13] 
Sporadic 


As electromagnetic waves, and in this case, radio signals travel, they interact with objects and the 
media in which they travel. As they do this the radio signals can be reflected, refracted or 
diffracted. These interactions cause the radio signals to change direction, and to reach areas 
which would not be possible if the radio signals travelled in a direct line 


‘The condition of the Sun has a major impact on ionospheric radio propagation, Accordingly it 
affects a variety of forms of HF radio communications including two way radio communication: 
maritime mobile radio communications, general mobile radio communications using the НЕ 
bands, point to point radio communications, radio broadcasting and amateur radio 
communications 


As the Sun provides the radiation that governs the state of the ionosphere and hence HF radio 
propagation, any flares or other disturbances are of great importance. Under some circumstances 
these can enhance radio communications and the HF radio propagation conditions. Under other 
circumstances they can disrupt radio communications on the HF bands, while at the same time 
providing some radio propagation conditions that can be used at УНЕ by radio amateurs. 


there are a number of types of disturbance that are of particular interest for radio 
communications, Flares are one of the most obvious. However, apart from solar flares there are 
other disturbances that occur. One is the coronal mass ejection, and there are also coronal holes. 


Solar flares 


Solar flares are enormous explosions that occur on the surface of the Sun, They result in the 
emission of colossal mounts of energy. In addition to this, the larger solar flares also eject large 
amounts of material mainly in the form of protons, 


Flares erupt in just a few minutes with apparently no warning. When they occur the material is 
heated to millions of degrees Celsius and it leaves the surface of the Sun in a huge arch, 
returning some time later. The flares normally occur near sunspots, often along the dividing line 
between them where there are oppositely directed magnetic forces 


Itis the magnetic fields appear to be responsible for the solar flares. When the magnetic field 
between the sunspots becomes twisted and sheared the magnetic field lines may cross and 
reconnect with enormous explosive energy. When this occurs an eruption of gases takes place 
through the solar surface, and it extends several tens of thousands of miles out from the surface 
of the Sun and follow the magnetic lines of force to form a solar flare. The gases from within the 
sun start to rise and the area becomes heated even more and this causes the level of visible 
radiation and other forms of radiation to increase. 


Solar Паге 
Image courtesy NASA 


During the first stages of the solar flare, high velocity protons are ejected. These travel at around 
a third the speed of light. Then, about five minutes into the solar flare, lower energy particles 
follow. This material follows the arc of the magnetic lines of force and returns to the Sun, 
although some material is ejected into outer space especially during the larger flares. 


Effect of solar flares: For most solar flares, the main effect felt on Earth is an increase in the 
level of solar radiation. This radiation covers the whole electromagnetic spectrum and elements 
such as the ultra-violet, X-rays and the like will affect the levels of ionisation in the ionosphere 
and hence it has an effect on radio communications via the ionosphere. Often an enhancement in 
ionospheric HF propagation is noticed as the higher layers of the ionosphere have increased 
levels of iononisation. However if the levels of ionisation in the lower elvels start to rise then this. 
сап result in higher levels of attenuation of the radio communications signals and poor conditions 
may be experienced. Additionally an increase in the level of background noise at VHF can also 
be detected easily. 


Flares generally only last for about an hour, after which the surface of the Sun returns to normal 
although some Post Flare Loops remain for some time afterwards. The flares affect radio 
propagation and radio communications on Earth and the effects may be noticed for some time 
afterwards. 


Solar Flare Classifications: Flares are classified by their intensity at X-ray wavelengths, i.e. 
wavelengths between 1 - 8 Angstroms. The X-Ray intensity from the Sun is continually 
monitored by the National Oceanic and Atmospheric Administration (NOAA) using detectors on 
some of its satellites. Using this data it is possible to classify the flares. The largest flares are 
ermed X-Class flares. M-Class flares are smaller, having a tenth the X-Ray intensity of the X- 
Class ones. C-Class flares then have a tenth the intensity of the M-Class ones. 


It is found that the occurrence of these flares correlate well with the sunspot cycle, increasing in 
number towards the peak of the sunspot cycle 


CMEs 


Coronal mass ejections, СМЕ», are another form of disturbance that can affect radio 
communications. Although much greater than flares in many respects, CMEs were not 
discovered until spacecraft could observe the Sun from space. The reason for this is that Coronal 
Mass Ejections, CMES can only be viewed by looking at the corona of the Sun, and until the 
space age this could only be achieved during an eclipse. As eclipses occur very infrequently and 
snl last for a few minutes. Using a space craft the corona could be seen when viewing through a 
coronagraph, a specialised telescope with what is termed an occulting disk enabling it to cut out 
the main area of the Sun and only view the corona. This enabled the corona to be viewed. 


Although ground based coronagraphs are available, they are only able to view the very bright 
innermost area of the corona. Space based ones are able to gain a very much better view of the 
corona extending out to very large distances from the Sun and in this way see far more of the 
activity in this region, and hence view СМЕ». 


Coronal Mass Ejections, CMEs are huge bubbles of gas that are threaded with magnetic field 
lines, and the bubbles are ejected over the space of several hours. For many years it was thought 
that solar flares were responsible for ejecting the masses of particles that gave rise to the auroral 
disturbances that are experienced on earth. Now it is understood that CMEs are the primary 
cause 


now understood that CMEs disrupt the steady flow of the solar wind producing a large 
increase in the flow. This may result in large disturbances that might strike the Earth if they leave 
the Sun in the direction of the Earth. 


sociated with solar flares eruptions but they can also 
frequency varies according to the position in the 
sunspot cycle, peaking around the sunspot maximum, and falling around the minimum, At solar 
minimum there may be about one each week whilst at the peak two or three may be observed 
each day. Fortunately they do not all affect the Earth. Material is thrown out from the Sun in one 
general direction and only if this is on an intersecting trajectory will it affect the Earth. 


(CME can give rise to ionospheric storms. These can provide a short lived enhancement to 
ionospheric radio propagation conditions but before long this can result in a black out to radio 
communications via the ionosphere. 


Coronal Holes 


Coronal holes are another important feature of solar activity. They are regions where the corona 
appears dark. They were first discovered after X-ray telescopes were first launched into space 
and being above the Earth's atmosphere they were able to study the structure of the corona across 


the solar disc. Coronal holes are associated with "open" magnetic field lines and are often 
although not exclusively found at the Suns poles. The high-speed solar wind is known to. 
originate from them and this has an impact on ionospheric radio propagation conditions and 
hence on all HF radio communications 


Summary 


Solar disturbances are responsible for many of the major changes in the ionosphere. The effects 
of both СМЕ» and solar flares can cause major changes to ionospheric radio propagation, often 
disrupting them for hours or sometimes days. Аз a result a knowledge of when they are 
happening, and their size can help in predicting what ionospheric radio conditions may be like. 


Sudden Ionospheric Disturbance (SID) 


- overview of the sudden ionospheric disturbance, SID, that affects HF radio 
signal propagation 


‘This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link bu 


[1] HE ionospheric propagation basics [2] The ionosphere [3] Critical frequency. МОЕ 
and LUF [4] HF ionospheric propagation and sunspots [5] lonospheric absorption [6] 
How the sun affects radio signal propagation [7] Sunspots [8] Solar disturbances [9] SID 
sudden ionospheric disturbance — [10] Solar indices for prediction radio propagation [11] 
Radio propagation prediction software [12] NVIS near vertical incidence skywave [13] 
Sporad 


As electromagnetic waves, and in this case, radio signals travel, they interact with objects and the 
media in which they travel. As they do this the radio signals can be reflected, refracted ог 
diffracted. These interactions cause the radio signals to change direction, and to reach areas 
which would not be possible if the radio signals travelled in a direct line. 


Sudden lonospheric Disturbances or SIDs are often experienced on the HF or short wave bands 
where they may also be called blackouts, short wave fades (SWF), or they are sometimes 
referred to as the Dellinger effect, after the person who first noted them. As the name implies 
they occur suddenly. and they cause a blackout of ionospheric radio propagation for a number of 
hours. This may cover part, or even all of the HF radio spectrum. 


Cause 


‘There are a number of types of blackout that may be experienced on the НЕ bands. Sudden 
Ionospheric Disturbances, SID, only last for a few hours, but they may be the precursor for a 
longer blackout. Generally a SID is caused by a large solar flare (М or X class - see the article on. 
Solar Disturbances on this website). Along with the flare there is a massive increase in the level 
of radiation that is emitted by the Sun. It takes just over 8 minutes for the radiation from the Sun 
to reach the Earth, at which point the effects start to be noticed and the SID begins. As light takes 
the same time to reach the Earth, there is no prior warning of an event happening. 


The radiation from the Sun caused by the flare is not limited to one form of ra 
includes all forms including a high level of X-ray: 
the D layer or D region of the ionosphere and 
ionisation in the D region. This res 
attenuation, 


оп, but it 
‘The X-rays are able to penetrate through to 
a result they give rise to a high level of 

Iis in a very significant increase in the level of D region 


Although the increase in the level of radiation is rapid, it takes time for the level of ionisation to 
rise. As a result the lower frequencies are affected first, and as the degree of ionisation increas 
so the higher frequencies are affected. During a normal day the D region normally affects 
frequencies up to two or three MHz, but the increase in radiation from a flare can cause much 
higher frequencies to be affected. Often it can result in a complete black out of the HF bands. At 
other times a SID may only affect the lower frequenci 


Other effects 


‘There are a number of other side effects that may be noticed, especially at the onset of a Sudden 
Ionospheric Disturbance, SID. The D region is affected by the large increase in X-rays, but other 
forms of radiation, including ultra-violet also increase in intensity. This gives rise to an increase 
in the degree of ionisation in the higher regions of the ionosphere. This can result in an increase 
in the maximum usable frequency, especially at the beginning of a radio blackout when the D 
region attenuation is not as high. 


е сы ше 


Summary of the effects оГ solar disturbances 


SID duration 


A SID may last only a few hours. As recovery starts, the high frequencies are affected first. After 
the flare as the level of radiation falls, so will the D region ionisation. As its intensity falls, so it 
will affect the higher frequencies less, and HF propagation conditions will slowly return to 
normal unless they are part of a larger disturbance. 


It is also worth noting that it is only the sunlit side of the earth that is affected. Any areas that 
were in darkness when the flare occurred escape the effects. A further effect of a flare is that at 
the same time as the X-ray radiation reaches the Earth giving rise to a blackout, it is found that 
noise bursts from the increased levels of radio frequency radiation may be monitored at VHF. 


Radio Propagation Prediction using Solar 
Indices 


+ an overview, article, tutorial about the basics of radio propagation prediction 
using solar indices. This is applicable for two way radio communication, mobile 
radio communications, radio broadcasting, maritime mobile communications 
and for radio amateurs. 


"This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link budget 


[1] HE ionospheric propagation basics [2] The ionosphere [3] Critical frequency, МОЕ 
and LUF [4] HF ionospheric propagation and sunspots [5] lonospheric absorption [6] 
How the sun affects radio signal propagation [7] Sunspots [8] Solar disturbances [9] SID 
sudden ionospheric disturbance — [10] Solar indices for prediction radio propagation [11] 
Radio propagation prediction software [12] NVIS near vertical incidence skywave [13] 
Sporadic 


As electromagnetic waves, and in this case, radio signals travel, they interact with objects and the 
media in which they travel. As they do this the radio signals can be reflected, refracted or 
diffracted, These interactions cause the radio signals to change direction, and to reach areas 
which would not be possible if the radio signals travelled in a direct line 


Ionospheric radio propagation is notoriously changeable. However for many applications radio 
propagation prediction is necessary. For example for broadcasting as well as for users of two 
way radio communications links that utilise the HF bands as well as mobile radio 
communications, maritime radio communications, and many other point to point radio users, a 
knowledge of the propagation patterns that will be in existence at a particular time are almost 
essential, In this way radio communications users who require propagation via the ionosphere 
сап choose the best times and frequencies in which to establish their radio communications. 


Radio propagation prediction 


‘There are many indicators that enable the HF radio propagation conditions to be predicted. 
However itis indicators of the level of solar radiation and geomagnetic activity that give the best 
clues to the possible state of radio communications propagation conditions via the ionosphere. 
‘The main indicators are the solar flux and the geomagnetic indices. Using these it is possible to 
manually deduce what conditions may be like. However there several packages of radio 
propagation prediction software that are available. These take the various indices into account 
along with the position on the globe, time of day, season, and the position in the sunspot cycle. 


Solar flux 


One of the major indicators of solar activity used for radio propagation prediction is known as 
the solar flux and it has a major impact on radio communications propagation conditions. It 
provides an indication of the level of radiation that is being received from the Sun. This solar 
index is measured by detecting the level of radio noise emitted at a frequency of 2800 MHz (10.7 
cms). The index is quoted in terms of Solar Flux Units (SFU). An SFU has the units 105-22. 
Watts per metre^2 per Hz. 


‘The level of solar radiation varies around the globe. Even when correction factors have been 
applied it is not easy to be able to provide a consist series of figures. To overcome this, the 
standard is taken as the reading from the Penticton Radio Observatory in British Columbia, 
Canada. Thus these figures are of great interest for ionospheric radio propagation prediction. 


‘The level of ionising radiation that is received from the Sun is approximately proportional to the 
Solar Flux. There is a statistical relationship rather than a direct one because the level of radio 
noise received at 2800 MHz is about a million times less in intensity than that of the radiation 
that creates the ionisation in the ionosphere. However the Solar Flux provides a good first order 
approximation, particularly for the F region that is responsible for most long distance ionospheric 
radio communications propagation. The best correlation is with levels of the Smoothed Sunspot 
Number (SSN). 


It is possible to relate the daily sunspot number to the Solar Flux. A number of equations are 
available but the one given below is straightforward and sufficiently accurate for most purposes: 


Solar flux (SFU) = 73.4 + 0.62R 
Where R is the daily sunspot or Wolf number. 


A slightly more accurate, although more complicated equation indicates the relationship between 
the two values is not totally linear. 


Solar flux (SFU) = 


3.7 + 0.728 R + 0.00089 RAZ 


‘The values of Solar Flux vary over a wide range. At their lowest (typically during the periods of 
the sunspot minima) they may be as low as 50 but rise to maximum values of around 300 
(around the times of the sunspot maxima), 


As the values of Solar Flux provide an indication of the level of ionisation in the ionosphere. In 
turn this gives an indication of what the Maximum Usable Frequency (MUF) for radio 
communications may be. Low values of Solar Flux indicate that МОЕ figures may be low. High 
values of Solar Flux indicate that the MUF may be higher. It should be remembered that there 
must be several consecutive days of sustained high solar radiation with the absence of solar 
disturbances for high MUFS for HF band radio communications. 


Geomagnetic indices 


Apart from the Solar Flux, another important influence on the ionosphere and hence radio 
propagation prediction is the level of geomagnetic activity. While the geomagnetic activity is a 
measure of the state of the Earth's magnetic field, this in turn is influenced by the Sun, To 
indicate the state of Geomagnetic activity, there are two indices that are used that are related io 
each other: 


+ Kindex 
+ alndex 


Although different, both these indices give indications of the severity of magnetic fluctuations, 
and hence the level of disturbance to the ionosphere. 


K Index: Тһе K index is a three hourly measurement of the variation of the Earth's magnetic 
field compared to what are "quiet day" conditions. The measurement is made using a 
‘magnetometer. This indicates the variation of the magnetic flux in nanoTeslas. This reading is 
then converted to the K index. The relationship is quasi-logarithmic, ie. an almost directly 
proportional on a logarithmic scale.. 


‘The K index is measured at many different places around the world. The magnetic field varies 
around the globe and accordingly a different value for K is created at each measurement station. 
‘Owing to the fact that the magnetic field varies in different ways around the globe dependent 
upon the way in which the magnetosphere is affected, itis not possible to have a simple 
relationship between one station and a global K index. Instead the individual K indices are 
averaged around the globe to give what is termed the Kp or planetary K index. 


Kp Index: The planetary or Kp index has values that range between O and 9. The values of the 
index give a good indication of geomagnetic activity: values between 0 and 1 indicate quiet 
‘magnetic conditions and would give rise to virtually no degradation in HF band radio 
communications conditions. Values between 2 and 4 provide an indication of unsettled magnetic 
conditions that indicate the possibility of some degradation on the HF bands for radio 
communications. A value of 5 signifies a minor storm and 6 a larger one. Values through to 9 
indicate steadily worsening conditions with 9 representing a major storm that is likely to result in 
a blackout in HF ionospheric propagation for several hours. 


A Index; The A index is a linear measure of the Earth's field. As a result of this, its values 
extend over a much wider range. It is derived from the K index by scaling it to give a linear 
value which is termed the "a" index. This is then averaged over the period of a day to give the A 
index. Like the K index, values are averaged around the globe to give the planetary Ap index. 


Values for the A index range up to 100 during a storm and may rise as far as 400 in a severe 
geomagnetic storm, 


Relationship between "K" and "a" Indices 
ap Inde Kp Index Description 
0 0 Quiet 


1 2 Unsettled 


27 4 Active 


ap Inde Ep Index Description 


80 6 Major storm 
208 8 Very major storm 


Geomagnetic and ionospheric storms are very closely related. However they are separate effects. 
Geomagnetic storms relate to disturbances of the Earth's magnetic field, and ionospheric storms 
relate to disturbances of the ionosphere. However it is found that geomagnetic storms often lead 
to ionospheric ones, but not on every occasion. 


Interpreting the figures 


‘The easiest way to use these figures for radio propagation prediction is to enter them into radio 
propagation prediction software. This will provide the most accurate prediction of what might be 
happening. These programmes will take into account factors such as signal paths because some 
will cross the poles and they will be far more affected by storms that will those across the 
equator. 


However it is still possible to gain a good insight into what the figures mean in terms of radio 
propagation for all forms of radio communications using ionospheric propagation purely by 
assessing them mentally. Obviously high levels of solar flux are needed for good radio 
communications propagation. Generally the higher the flux the better the conditions will be. 
However the levels need to be maintained for some days. In this way the overall level of 
ionisation in the F2 layer will build up. Typically values of 150 and more will ensure good HF 
propagation conditions, although levels of 200 and more will ensure they are at their peak, In this 
way the maximum useable frequencies will rise, thereby providing good conditions for HF band 
radio communications. 


‘The level of geomagnetic activity has an adverse affect, depressing the maximum useable 
frequencies. The higher the level of activity and hence the higher the Ap and Kp indices the 
greater the depression of the МОЕ, The actual amount of depression will depend not only on the 
severity of the storm, but also its duration, 


Summary 


Having an understanding of the solar indices is of great help when using HF radio 
‘communications, be it two Way radio communications, mobile radio communications, radio 
broadcasting or any form of point to point radio communications using ionospheric or НЕ 

propagation. It helps with radio propagation prediction and enables a quick assessment to be 


made of the possibility of communications being disrupted. Also having a general understanding 
enables any errors in entering data into the programmes to be quickly noted and corrected. In this 
Way it enables the best to be made of the radio communications equipment and the most reliable 
communications to be obtained. 


Radio Propagation Prediction Software 


+ an overview, article, tutorial about the basics of radio propagation prediction 
software for use on the HF bands for predicting broadcast coverage, as well as 
the possibility of establishing two way radio communications, maritime mobile 
radio communications, and for many more applications. 


‘This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link budget: 


Ш HE ionospheric propagation basics [2] The ionosphere cal frequency, MUF 
and LUF [4] HF ionospheric propagation and sunspots absorption [6] 
How the sun affects radio signal propagation [7] Sunspots [8] Solar disturbances [91510 
sudden ionospheric disturbance [10] Solar indices for prediction radio propagation [11] 
Radio propagation prediction software [12] NVIS near vertical incidence skywave [13] 

iporadic E 


As electromagnetic waves, and in this case, radio signals travel, they interact with objects and the 
media in which they travel. As they do this the radio signals can be reflected, refracted or 
diffracted. These interactions cause the radio signals to change direction, and to reach areas 
which would not be possible if the radio signals travelled in a direct line. 


While it is possible to gain an idea of what HF radio propagation conditions may be like, and 
what the likelihood of establishing a particular radio communications link may be, purely from a 
general knowledge of HF radio propagation and a knowledge of the solar indices. However for a 
more exact analysis of the possibility of establishing two way radio communications, mobile 
communications, or for assessing broadcast coverage it is necessary to undertake a more rigorous 
and mathematical approach. This lends itself very well to a computer and software orientated 
approach. 


‘There are very many radio propagation prediction software packages that are available, Many of 
these radio propagation prediction software packages have been developed over many years, 
Some were developed for broadcasters, while others were developed for military applications. 
With the reduction in the use of the HF bands for military and broadcast applications many of 
these software packages have been released for free use or for purchase at a minimal cost. This 
has considerably widened the use of these packages which are now within the reach of many 
radio communications users. 


‘This radio propagation prediction software can now be freely used by all manner of radio users 
including two way radio communications applications, maritime mobile radio communications, 
radio broadcasters (small and large), point to point radio applications, radio amateurs, etc. In this 
way all these users are able to choose the optimum frequencies and times of day to establish their 
radio communications link, or to broadcast to a particular area with a far greater degree of 
certainty of being able to successfully achieve their goal 


Radio propagation prediction software 


Radio propagation prediction software uses many factors to determine the statistical probability 
ol a particular path being open. Built in to the programme there is always a considerable amount 
of data that has been gained over many years of research. Items such as the time of day, the 
variations of HF propagation that are experienced over different areas of the globe. The season 
and time of day also have significant impacts of the radio propagation prediction as well 


In addition to these various other inputs are required to enable the radio propagation predictions 
to be made. The indicators of the level of solar radiation and geomagnetic activity are also 
needed. These may be required in various forms but they can generally be obtained from a 
variety of sources on the Internet. These need to be entered along with the required path or 
coverage area needed and obviously the location of the transmitter. 


Radio propagation prediction software packages 


‘There is a large variety of radio propagation software packages that have been developed. Many 
are very sophisticated and have been developed over many years. These radio propagation 
software packages are used by all users of the HF radio communications from broadcasters who 
need to know the likely coverage areas for their radio transmissions and other professionals radio 
communications users who need to be able to know which frequencies to use to establish a link 
to a given area to radio amateurs. 


NVIS Propagation 


- overview, article, tutorial about NVIS, Near Vertical Incidence Skywave 
propagation used for radio communications and radio broadcasting. 


This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link budget: 


[1] HF ionospheric propagation basics [2] The ionosphere [3] Critical frequency. МОЕ 
and LUF [4] HF ionospheric propagation and sunspots [S] lonospheric absorption [6] 
How the sun affects radio signal propagation [7] Sunspots [8] Solar disturbances [91510 
sudden ionospheric disturbance [10] Solar indices for prediction radio propagation [11] 
Radio propagation prediction software — [12] NVIS near vertical incidence skywave [13] 


Sporadi 


agnetic waves, and in this case, radio signals travel, they interact with objects and the 
media in which they travel, As they do this the radio signals can be reflected, refracted or 
diffracted, These interactions cause the radio signals to change direction, and to reach areas 
which would not be possible if the radio signals travelled in a direct line 


NVIS, or Near Vertical Incidence Skywave propagation is a form of ionospheric radio 
propagation that can be used where radio communications links are needed to cover short 
distances. NVIS is particularly useful where radio communications coverage is required in 
regions where the ground is mountainous or rough because other modes relying on more direct 
coverage have significant areas where the radio signal is masked or shadowed. If MF or HF radio 
communications were used, the ground wave would be attenuated by the hills and mountains, 
and similarly line of sight radio communications using УНЕ or above would not be possible. 
Using Near Vertical Incidence Sky Wave (NVIS) itis possible to have a signal with a high angle 
of elevation that is not shielded by the terrain. 


In view of this, NVIS is particularly suited to professional radio communications applications in 
geographical regions that are poorly served by land lines or line of sight repeaters, and it can 
provide a very useful and cost effective alternative to satellite links. It also has advantages over 
УНЕ radio in many applications for built up or forested regions as the buildings and trees 
introduce very significant levels of loss making line of sight VHF radio communications links 
virtually unworkable їп many instances. 


Use of NIS 


Using NVIS propagation, a high angle or near vertical signal is transmitted towards the 
ionosphere. This must be at a frequency that is below the critical frequency. i.e. the maximum. 
frequency at which a vertically incident signal is "reflected" by the ionosphere. The near vertical 
incident signal is “reflected” by the ionosphere and returned to the Earth over an area of many 
Kilometres either side of the transmitter. In this way good local coverage can be obtained. This 
form of propagation is particularly useful in rough terrain because the coverage area is 
illuminated from above and undulations in the Earth's surface do not create shadow areas that 
cannot be reached. 


lonisedregion 


Near Vertical Incidence Skywave, NVIS 


Typically radiation should be at angles greater than 75 or 80 degrees to the horizontal so that 
good local coverage is achieved. Typically coverage areas may have a radius of between 35 and 
350 km. The frequency needs to be chosen carefully. Usually this is between about 2 and 10 
MHz, although during the periods of the sunspot minimum, maximum frequencies may be 
limited to 6 to 7 MHz. By using these frequencies, the losses from the D region can be 
overcome, and the higher layers of the ionosphere are still ble to reflect the high angle signals. 
without them passing right through the ionosphere. 


Antennas for NVIS 


radiate the majority of power at a high angle of radiation, i.e. near to the vert 
the antennas to be designed specifically with this application in mind. In many instance 
radio antennas are designed to provide a much lower angle of radiation. This requires radio 
antennas specifically designed to enable the required high angle of radiation to be achieved. 
‘Typically this is achieved by using a horizontally polarised antenna. In addition to this the 
antenna should be mounted at an elevation that will maximise the high angle of radiation. 
Normally this means that it will not be particularly high. 


NVIS summary 


Although NVIS is has not been particularly widely used as a concept until recently, its use is 
growing, especially for specialised applications such as broadcasting in what are termed the 
ropical” broadcast bands where it is possible to achieve a relatively local coverage area, 
especially in mountainous or forested regions. In addition to this, NVIS can also be used for a 
number specialist two way radio communications or mobile radio communications applications. 


Sporadic E 


‘This radio path loss and link budget tutorial is split into several pages each of which address 
different aspects of radio path loss and link budget 


ПШ HF ionospheric propagation basics [2] The ionosphere [3] Critical frequency, МОЕ 
and LUF [4] HF ionospheric propagation and sunspots [5] lonospheric absorption [6] 
How the sun affects radio signal propagation [7] Sunspots © [8] Solar disturbances — [9] SID 
‘sudden ionospheric disturbance — [10] Solar indices for prediction radio propagation [11] 
Radio propagation prediction software [12] NVIS near vertical incidence skywave [13] 
Sporadi 


agnetic waves, and in this case, radio signals travel, they interact with objects and the 
media in which they travel. As they do this the radio signals can be reflected, refracted or 
lffracted, These interactions cause the radio signals to change direction, and to reach areas 
which would not be possible if the radio signals travelled in a direct line. 


Sporadic E is a form of propagation that can arise with little warning, and enable frequencies of 
100 MHz and more to travel over distances of a thousand kilometres and more, Many people 
experienced it in the days of the old VHF television transmissions. When sporadic E propagation 
arose, it would result in severe interference to the signals. Even now VHF FM broadcasts in the 
88 - 108 MHz band can be affected. In many instances the arrival of sporadic E can cause 
unwanted interference as signals that are normally too distant to be heard appear. As a result it is 
ol great interest when planning a radio system or network and for predicting achievable 
distances. 


What is sporadic E? 


Sporadic E arises when clouds of intense ionisation form in the region of the E layer. These 
clouds can have very high levels of ionisation, allowing frequencies up to about 150 MHz to be 
reflected on some occasions. The clouds are usually comparatively small, measuring only about 
50 to 150 kilometres in diameter. Their shape is irregular, Sometimes they may be almost 
circular, whereas others may be long and thin. They are also surprisingly thin, often only 
measuring a few hundred metres in depth. 


‘The clouds appear almost at random, although there are times when they are more likely to 
occur. They form in the day, and dissipate within a few hours. They are also far more common in 
summer, peaking approximately in mid summer. As they form the level of ionisation gradually 
builds up, affecting first the lower frequencies, and later higher frequencies as the level of 
ionisation increases. 


Propagation via sporadic E occurs in the same way as normal ionospheric propagation. Signals 
from the transmitter leave the earth as a sky-wave, travelling towards the ionosphere. Here they 
are reflected (or more correctly refracted) back to earth where they are heard at a considerable 


distance from the transmitter. Like normal ionospheric propagation it is the free electrons that 
affect the signals, causing them to bend back towards the earth. In view of the fact that the 
sporadic E clouds occur at around the same height as the E layer, similar distances are achieved. 
‘Typically the maximum distances are about 2000 km. 


It is found that the sporadic E ionisation clouds move. Being in the upper atmosphere they are 
blown by the winds in these areas and can drift at speeds of up to 300 kilometres per hour. This 
means that when sporadic E is being experienced, the area from which stations are heard will 
change over the life of the cloud. 


Sporadic-E theories 


‘There are many theories about sporadic E and how it occurs. Some believe that it may be related 
to thunderstorms, others think it results from the winds in the upper atmosphere. None of these 
theories have been established, leaving the reasons behind sporadic E a mystery, and predictions 
of when it will occur have to be left to statistics. However even though the mechanism behind 
the formation of sporadic E is not fully known it is still possible for radio amatei 
them to enable them to make contacts over long distances. 


Signal propagation for satellites 


- the effects of the atmosphere on satel 


е signals 


Satellites are widely used these days for everything from navigation, in the case of GPS, satellite 
television broadcasting, communications, mobile phone technology, Internet broadband weather 
monitoring and much more. They normally use frequencies that are in excess of 500 MHz where 
signals are not unduly affected by the ionosphere or troposphere. However some effects can 

be noticed and are important, especially when planning, installing or setting up a satellite system. 


Ground to satellite paths 


When signals travel from the ground up to the satellite they pass through four main regions. 
‘These are the troposphere, above which is region that is often termed inner free space which is 
above the troposphere and below the ionosphere. The next region is the ionosphere, and finally 
there is the outer free space. 


‘There are a number of different of effects that are introduced by these regions. Transmission in 
free space has unity refractive index and is loss-less (apart from the spreading effect that reduces 


the 
lost. 


mal power over a 


ed area with distance away from the source, but no power is actually 


‘The troposphere and ionosphere have refractive indices that differ from unity. ‘The troposphere 
greater than unity and the ionosphere is less than unity and as a result refraction and absorption. 
‘occur. The inner free space region also has little effect. 


Faraday rotation 


A further effect that is introduced by the ionosphere is known as Faraday rotation which results 
from the fact that the ionosphere is a magneto-ionic region. The Faraday rotation of a signal 
causes different elements of a signal to travel in different ways, particularly rotating the plane of 
polarisation, This can create some problems with reception. A linearly polarised signal can be 
considered as two contra-rotating circularly polarised signals. The phase velocities of these two 
signals vary in a magnetic medium such as the ionosphere and as a result the polarisation of the 
signal changes. The degree of change is dependent upon the state of the ionosphere and it 
follows the same pattern as that experienced for HF ionospheric communications changing over 
the course of the day, with the seasons and over the sunspot cycle. 


Another of the effects introduced by the ionosphere is termed “ionospheric scintillations." These 
scintillations manifest themselves as a variety of variations of amplitude, phase, and polarisation 
angle. They can also change the angle of arrival of the signals. These variations change over a 
period of between one to fifteen seconds, and they can affect signals well into the microwave 
region. 


‘The variations are caused primarily by the variations in electron density arising in the E region, 
often as a result of sporadic E but also in the F layer where a spreading effect is the cause. The 
level of scintillation is dependent upon a number of factors including the location of the earth 
station and the state of the ionosphere, as a result of the location, the sunspot cycle, the level of 
‘geomagnetic activity, latitude, and local time of дау. 


‘The scintillations are more intense in equatorial regions, falling with increasing latitude away 
from the equator but then rising at high latitudes, i.e. in the auroral zone or the region where 
auroras take place. The effects are also found to decrease with increasing frequency, and 
generally not noticeable above frequencies of 1 - 2 GHz. As such they are not applicable to many 
direct broadcast television signals, although they may affect GPS, and some communications 
satellites. 


Tropospheric effects 


There are a number of effects that the troposphere introduces including signal bending as a result 
of refraction, scintillation, and attenuation. 


‘The signal refraction in the troposphere is in the opposite sense to that in the ionosphere. This is 
because the refractive index in the troposphere is greater than unity, and it is also frequency 
independent. The signal refraction gives them a greater range than would be expected as a result 
ol the direct geometric line of sight. Tropospheric ducting and extended range effects that are 
experienced by terrestrial VHF and UHF communications may also be experienced when low 
angles of elevation are used. 


intilations induced by the troposphere are often greater than those seen as a result of the 
ionosphere. They occur as a result of the turbulence in the atmosphere where areas of differing 
refractive index move around as a result of the wind or convection currents. The degree to which 
the scintillations occur is dependent upon the angle of inclination, and above angles of around 15 
degrees the effect can normally be ignored. At angles between 5 and 10 degrees the changes can 
often be around 6 dB at frequencies of around 5 GHz. 


Doppler shift 


Frequency changes as a result of the Doppler shift principle may be in evidence with signals. 
from some satellites. Satellites in Low Earth Orbits move very quickly, and as a result a Doppler 
frequency shift is apparent in many cases. With the satellite moving towards the earth station the 
frequency appears higher than nominal, and then as it moves away the apparent frequency falls. 
The degree of shift is dependent upon a number of factors including the speed of the satellite 
(more correctly its speed relative to the earth station) and the frequencies in use. Shifts of the 
order of 10 kHz may be experienced. As most satellites operate in a cross mode configuration, 
the Doppler shift is not just applicable to the band on which the signal is received, but to the 
cumulative effect of the uplink and downlink transmissions. In many instances the effects will 
subtract because of the way the satellite mixing process is configured. 


Summary 


Although satellites generally operate at frequencies that may be thought to be immune from 
tropospheric and ionospheric disturbance, these regions still have a significant effect and this 
needs to be taken into account when designing satellite systems. 


Radiowave Propagation and the Atmosphere 


- overview of radio signals and radiowave propagation and how different areas оГ 
the atmosphere affect radio communications. 


‘The way that radio signals propagate, or travel from the radio transmitter to the radio receiver is 
of great importance when planning a radio communications network or system. This is governed 
to a great degree by the regions of the atmosphere through which they pass. Without the action of 
the atmosphere it would not be possible for radio communications signals to travel around the 
globe on the short wave bands, or travel greater than only the line of sight distance at higher 
frequencies. In fact the way in which the atmosphere affects radio communications is of 
tremendous importance for anyone associated with radio communications, whether they are for 
two way radio communications links, mobile radio communications, radio broadcasting, point to 
point radio communications or any other radio. 


In view of the importance of the atmosphere to radio communications, an overview of its make- 
up is given here, 


Layers of the Atmosphere 


‘The atmosphere can be split up into a variety of different layers according to their properties. As 
different aspects of science look at different properties there is no single nomenclature for the 
layers. The system that is most widely used is that associated with. Lowest is the troposphere that 
extends to a height of 10 km. Above this at altitudes between 10 and 50 km is found the 
stratosphere. This contains the ozone layer at a height of around 20 km. Above the stratosphere, 
there is the mesosphere extending from an altitude of 50 km to 80 km, and above this is the 
thermosphere where temperatures rise dramatically. 


‘There are two main layers that are of interest from a radio communications viewpoint. The first 
is the troposphere that tends to affect radio frequencies above 30 MHz. The second is the 
ionosphere. This is a region which crosses over the boundaries of the meteorological layers and 
extends from around 60 km up to 700 km. Here the air becomes ionised, producing ions and free 
electrons. The free electrons affect radio communications and radio signals at certain 
frequencies, typically those radio frequencies below 30 MHz, often bending them back to Earth 
so that they can be heard over vast distances around the world. 


i 


Regions of the Atmosphere 


Troposphere 


The lowest of the layers of the atmosphere is the troposphere. This extends from ground level to 
ап altitude of 10 km. It is within this region that the effects that govern our weather occur. To 
give an idea of the altitudes involved it is found that low clouds occur at altitudes of up to 2 km 
whereas medium level clouds extend to about 4 km. The highest clouds are found at altitudes up. 
to 10 km whereas modern jet airliners fly above this at altitudes of up to 15 km. 


Within the troposphere there is generally a steady fall in temperature with height and this has a 
distinct bearing on some radio propagation modes and radio communications that occur in this 
region. The fall in temperature continues in the troposphere until the tropopause is reached. Т! 

the area where the temperature gradient levels out and then the temperature starts to rise. At 


this point the temperature is around -50 ФС. 


The refractive index of the air in the troposphere plays a dominant role in radio signal 

ın and the radio communications applications that use tropospheric radiowave 
propagation. This depends on the temperature, pressure and humidity. When radio 
Communications signals are affected this often occurs at altitudes up to 2 km. 


The ionosphere 


The ionosphere is an area where there is a very high level of free electrons and ions. It is found 
that the free electrons affect radio waves and hence they have a marked effect on radio 
communications in many instances. Although there аге low levels of ions and electrons at all 
altitudes, the number starts to rise noticeably at an altitude of around 30 km. However it is not. 


until an altitude of approximately 60 km is reached that the it rises to a suffi 


a major effect on radio signals. 


ient degree to have 


‘The overall way in which the ionosphere is very complicated. It involves radiation from the sun 
striking the molecules in the upper atmosphere. This radiation is sufficiently intense that when it 
s the gas molecules some electrons are given sufficient energy to leave the molecular 


structure. This leaves a molecule with a deficit of one electron that is called an ion, and a free 
electron. As might be expected the most common molecules to be ionised are nitrogen and 
oxygen. 


caused by radiation in the form of ultraviolet light. At very high 
ses are very thin and only low levels of ionisation are created. As the radiation 
penetrates further into the atmosphere the density of the gases increases and accordingly the 
numbers of molecules being ionised increase. However when molecules are ionised the energy in 
the radiation is reduced, and even though the gas density is higher at lower altitudes the degree of 
ionisation becomes less because of the reduction of the level of ultraviolet light 


At the lower levels of the ionosphere where the intensity of the ultraviolet light has been reduced 
most of the ionisation is caused by x-rays and cosmic rays which are able to penetrate further 
into the atmosphere. In this way an area of maximum radiation exists with the level of ionisation 
falling below and above it 


In terms of its radio communications properties, the ionosphere is often thought of as a number 
ol distinct layers. Whilst it is very convenient to think of the layers as separate, in reality thi 
not quite true. Each layer overlaps the others with the whole of the ionosphere having some level 
of ionisation. The layers are best thought of as peaks in the level of ionisation. These layers are 


given designations Р, E, and Fl and F2. 


1. D layer: The D layer is the lowest of the layers of the ionosphere. It exists at altitudes 
around 60 to 90 km. It is present during the day when radiation is received from the sun. 
However the density of the air at this altitude means that ions and electrons recombine 
relatively quickly. This means that after sunset, electron levels fall and the layer 
effectively disappears. This layer is typically produced as the result of X-ray and cosmic 
ray ionisation. It is found that this layer tends to attenuate signals that pass through it. 


2. Elayer: The next layer beyond the D layer is called the E layer. This exists at an 
altitude of between 100 and 125 km. Instead of acting chiefly as an attenuator, this layer 
reflects radio signals although they still undergo some attenuation. 


In view of its altitude and the density of the air, electrons and positive ions recombine 
relatively quickly. This occurs at a rate of about four times that of the F layers that are 
higher up where the ай 


the sunspot maximum that will be 


There are a number of methods by which the ionisation in this layer is generated. It 
depends on factors including the altitude wi 
latitude. However X-rays and ultraviolet produce a large amount of the ioni 
especially that with very short wavelengths. 


3. F layer: The F layer is the most important region for long distance HF communications. 
During the day it splits into two separate layers. These are called the F and F, layers, the 
F, layer being the lower of the two. At night these two layers merge to give one layer 
called the F layer. The altitudes of the layers vary considerably with the time of day, 
season and the state of the sun. Typically in summer ће F; layer may be around 300 km 
with the Fo layer at about 400 km or even higher. In winter these figures may be reduced 
to about 300 km and 200 km. Then at night the F layer is generally around 250 to 300 
km. Like the D and E layers, the level of ionisation falls at night, but in view of the much 
lower air density, the ions and electrons combine much more slowly and the F layer 
decays much less. Accordingly it is able to support radio communications, although 
changes are experienced because of the lessening of the ionisation levels. The figures for 
the altitude of the F layers are far more variable than those for the lower layers. They 
change greatly with the time of day, the season and the state of the Sun. As a result the 
figures which are given must only be taken as an approximate guide. 


Most of the ionisation in this region of the ionosphere is caused by ultraviolet light, both 
in the middle of the UV spectrum and those portions with very short wavelengths 


Summary 


‘The way in which the various regions in the atmosphere affect radiowave propagation and radio 
‘communications is a fascinating study. There are very many factors that influence radio 
propagation and the resulting radio communications links that can be established. Predicting the 
ways in which this occurs is complicated and difficult, however it is possible to gain a good idea 
of the likely radio communications conditions using some simple indicators. Further pages in this 
section of the website detail many of these aspects. 


Practical Applications for Distributed 
Antenna Systems 


Simon Jones of ATB Wireless looks at the way Distributed Antenna Systems, 
DAS, can be used to provide widespread wireless coverage 


With an ever increasing requirement for high bandwidth mobile broadband on cellular networks, 
a Distributed Antenna System (DAS) can provide an attractive solution. One such system on 
Oxford Street is owned by shared infrastructure provider Wireless Infrastructure Group (WIG). 
‘This system has the potential to provide wireless coverage for multiple operators and multiple 
technologies for 2km along this busy urban location. 


Radio System Design 


Radio waves are all around us and are used to carry prolific amounts of information to all points 
of the globe. Even the most modest of transmitting equipment can produce a signal that can 
effectively be received over millions of cubic meters of space. Radio waves travel at the speed of 
light and can cover huge distances with litle loss of intensity. Radio telescopes routinely detect 
signals that have travelled billions of miles over millions of years. They do have one drawback 
however. Unlike other forms of radiation they can be stopped dead in there tracks by something 
as insignificant as a piece of tin foil. Other materials are more or less ‘transparent’ to radio signals. 
than others. Air for example has very little effect on a radio transmission, stone walls do. 


Because of this ‘shadowing’ effect the design of a radio system covering a building or dense 
urban environment is very different to a similar system covering a rural or less cluttered outdoor 
area. 


Fading 


As well as attenuation of the radio signal as is passes through walls and floors or any other 
relatively dense structure, another problem occurs that is generally referred to as fading’. This 
effect is seen in any wave like transmission - even light waves. The result of fading is a large 
variation in signal strength over a short distance. Fading occurs when a signal arrives at a point 
simultaneously from 2 directions. E.g. I signal arrives directly: the other one has bounced off the 
side of a building and also arrives at the same point, Because the signals have effectively 
travelled different distances their wave forms may no longer coincide with each other and have a 
difference in ‘phase’ 


‘The effect of this is to cause partial or complete cancellation of the two radio signals creating a 
large variation in the signal level detected by the receiver 


| < 


Two signals travel same Two signals travel different 
distance are still in-phase distances become out of phase 


ignal phasing from different antennas 


"The above illustration shows firstly two signals in phase, The effect of this is a slight increase in 
the received level. The second illustration shows 2 signals perfectly out of phase. If both signals 
are of the same amplitude, the signal can theoretically be completely eliminated. Even a 
significant increase in the power of the transmitter would make no difference. 


Coverage Concepts 


‘To overcome coverage problems the simple answer would be to have a higher power transmitter. 
However within buildings and dense urban areas the opposite is true. Radiating from a single 
location exacerbates the effects of shadowing and fading described above. The following 
illustrations show computer generated coverage predictions for a single high power point source 
system along with a system using several low power point sources. 


Coverage predictions for a single high power point source 


Single point source shows good coverage near the antenna but varying coverage around the 
building with much of the signal being lost outside. 


Coverage predictions using multiple low power sources 


Multiple point low level point sources result in a more even signal distribution with less radiation 
outside the building 


Distributed Antenna System DAS Basics 
For building and dense urban environments therefore, a system is required to distribute the radio 
signal more evenly from several point sources rather than a single one, hence the concept of a 
Distributed Antenna System. 


The concept of a conventional distributed antenna system is shown below: 


@ 


Multiple antennas used by a 


In simple terms most Distributed Antenna Systems are made up of a central base station 
connected to several antennas via conventional copper coaxial cable. This system would be 
described as 'Passive' in that all of the distribution components such as the cable itself along with 
any splitters, combiners, couplers attenuators or other components do not require additional 


power to function 


"The high power signal from the base station is distributed along the coaxial cable usually to a 
collection of Nodes where a small amount of the signal is 'tapped off to feed individual sections 
of the DAS. The technique for this is generally referred to as "Trunk and Spur due to its tree like 
topology. 


‘The advantages to this approach are its simplicity and high reliability. In most cases nothing 
short of actual physical damage to a system component will cause a failure, 


‘The system does, however suffer from one major drawback common to any system employing 
copper based distribution, resistance! 


Like any other form of electrical signal, radio transmissions use electrical currents to travel from 
the base station to the transmitting antenna and, like any form of electrical current they can be 
affected by the finite resistance of the copper based cables used to distribute them. The effect of 
this is a gradual loss of the signal level along the cable. This results in a finite distance the radio 
signal transmission can travel before it is completely dissipated as heat along the cable. This 
effect is worse at higher frequencies and is also subject to a phenomenon called 'Skin Effect’ 
where the signal does not travel over the whole thickness of the copper conductor. Other factors 
also cause loss of the signal along the cable such as partial radiation of the valuable RF signal. 


‘The obvious way around this is to make the cable thicker so reducing the electrical resistance. 
‘This has practical limitations such as the cost of the cable and the actual process of installing 
thick cables within building infrastructure or along streets. A copper based DAS is therefore 
limited in the area it can cover particularly at higher frequencies. A VHF system at 160MHz 
could potentially cover cable runs of several hundred meters whereas a cellular 3G 2100 MHz 
system would struggle over more than 200 metres. Higher frequency systems also require more 
radiating antennas as their coverage properties through the air are reduced due to the increased 
wavelength and reduced antenna field strength. 


Where long distances are involved between the base station equipment and radiating antennas, an 
alternative distribution technology is required 


RF over fibre 


The technology deployed by the Oxford Street DAS is Radio Frequency over Fibre (RFOF). 
Fibre optic systems have existed for many years and are often used to distribute data over long 
distances. Signals are converted to optical (light) waves generally using a laser diode. These light 
Waves are injected in to a single piece of very thin glass fibre which is used to connect to a 
similar apparatus at the remote end. Fibre optic signals not only offer wide band width due to the 
extremely high frequency of light waves but are also subject to very little loss along the fibre 
optic cable. A typical optical system can cover more than 20 km while only suffering from a 0.5 
dB (10%) loss in signal per km. Compare this to 100 dB (99,99999999% )loss for a high quality 
coaxial cable at 1000 MHz and you can begin to see the advantages. 


So how are optical system used to distribute radio waves? - Clearly some kind of conversion 
process needs to take place before a radio system can be connected to a fibre optic cable. This is 
achieved by connecting the radio base station to an optical ‘master’ unit. This interfaces to the 
radio equipment and performs the essential conversion process. Fibre optic cables from the 
master unit are then used to connect to a series of optical remote units. These powered units 
convert the optical signal back to radio frequencies which are then distributed to radiating 
antennas using a conventional copper based network. Although copper is still used at each end, 
the optical system eliminates the requirement for long runs of copper coaxial cable. 


Optical remotes 


Radio 
Basestation 


Optical fibre 


DAS using optical remote stations 


So, master and remote units carry out the conversion to and from an optical signal in both 
directions (transmit and receive) with the rest of the DAS consisting of standard passive 
components. This solves the problem of distance distribution but does have disadvantages of its 
own. 


Additional equipment means additional cost. АШ of the optical equipment is active and generally 
complex so is gives rise to reliability and maintenance issues. The remote units also require 
electrical power at each location which gives rise to the necessity for a separate 240volt power 
distribution system 


‘The remote units are also generally limited in the range of frequencies they can accommodate 
and the amount of power they can generate. Unlike passive systems which for example can 
generally cover all 3 cellular bands, normally one remote unit per band would be required. 


Modem cellular systems need to cover all 3 operating bands so this could in effect mean 3 
remote units at each location. On complex cellular systems using many individual transmitters 
(carriers) the coverage from each remote unit can be severely limited due to the power available 
for each of these carriers. 


Hybrid systems 


‘The inclusion of optical components on a typical DAS often gives rise to a Hybrid system. This 
type of deployment uses antennas connected directly to the base station via copper as well as 
antennas utilising the optical system. The reason for this is that most base station equipment is 
intended for external use and hence has a relatively high output power of 25 to 50 Watts per 
channel. Optical systems however require very little signal level to drive them, typically 1 mW 
so there is a significant excess of power to be used conventionally. If all of the antennas are 
located some distance from the base station then the excess power is often dissipated as heat in a 
dummy load. This is a waste of energy and in the current energy conservation era in which we 
live, is a practice becoming ever more frowned upon. 


Combining equipment 


Another benefit of using optical equipment is the reduced cost of the combining equipment for 
multiple technologies. With conventional systems where multiple technologies and services are 
connected, a specialised combiner is required to avoid interaction between systems connected to 
the DAS. This type of equipment generally takes the form of multiple high quality filtering 
devices connected to the common DAS output. Isolation requirements for this equipment can be 
ery high particularly for cellular systems which results in an expensive device which can rival 
the cost of the rest of the DAS. Because the optical system uses very low power levels, the 
required isolation can be achieved by the simple attenuation devices used to drop the drive power 
to the required levels. This represents a significant reduction in cost compared to the standard 
high power combiner, 


Unfortunately the Hybrid system loses out as it still requires the high power combiner equipment 
as well as components to drive the optical system. 


Oxford Street DAS 


‘The DAS at Oxford Street in London, UK was originally designed to provide 2G coverage from 
seven antennas along Oxford Street. Each antenna is connected back to cellular base station 
equipment located in the basement of the Marble Arch Thistle Hotel. 


‘This particular DAS is not a hybrid design due to the distances between base station and antenna 
and also because of the installation challenges involved in connecting street level antennas to the 
base station equipment. 


Each remote unit is located within existing CCTV equipment cabinet and connected to a local 
antenna via conventional copper. The antennas are located on top of street lamp poles at the 
major road intersections. 


‘The original system design was based on а 2G deployment, following a planned upgrade the 
system will support 3G and WiFi 


Urban DAS benefits 


Being located in a dense urban environment with many local roof top cell sites one could ask the 
question "why deploy a DAS in this location"? Surely there is sufficient coverage from these roof 
tops sites? Adequate cellular coverage would be available without the Oxford Street DAS but the 
system does have several advantages over a roof top ‘macro’ based network. 


1. Signals from the base station are radiated evenly along the Oxford St DAS resulting in a 
continuous signal level 

2. Antennas are in close proximity to subscribers resulting in consistent signal quality and higher 
quality of service. 

3. Penetration into nearby shops and cafes is improved compared to the ‘coverage from above" of 
rooftop sites. 

4. Traffic capacity in the area is improved and evenly distributed along the DAS In this urban 
environment DAS has the potential to reach more subscribers than roof top systems. 

5. System capacity can be tailored for each radiating antenna to maximize efficiency. 

6. The network can be efficiently and cost effectively extended as far as the fibre optic network 
reaches. 


AIB Wireless helps organisations gain the maximum benefit - with the minimum level of risk - 
from wireless technologies. Our portfolio of services includes wireless surveys, audits, wireless 
network design and management. AIB Wireless assists WIG in the maintenance of the Oxford St 
DAS. 


Wireless Infrastructure Group - WIG is a leading provider of shared communications 
infrastructure in the UK. The company owns and manages over 1,000 radio sites and is planning 
to deploy a number of operator neutral DAS solutions over the next five years. WIG works 
closely with the building, venue or local authority host to agree an acceptable coverage solution 
before making delivery commitments to the operators. 


One of the founders of AIB Wireless, Simon Jones has more than 20 years experience in the 
design, development and deployment of electronic communication and control sys 


G7FEK Limited Space Antenna 


G7FEK Multi-band "Nested Marconi" Antenna - 2008 Version (rev 5) 


A 46 ft multi band antenna for small gardens that works well on 80 meters 
Main bands (@~50 ohm) are 80m / 40m / 30m / 17m / 15m / 12m 
Other bands (see text): 20m / 10m 
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This antenna was frst conceived as a simple dual band antenna in 1988, in an attempt o achieve sensible dual band operation in 
a small garden of 14m (46 f length. Evolving from a simple and-fed Marconi for ВОт, the idea was to use the opposing harmonic 
relationships of wo % wave elements so that they could be fed on odd harmonics without mutual coupling. This principie has been 
used with nested dipole antennas and other specialist mult-band antennas such as the Cobweb, but because о! interaction and 
coupling issues, i's rarely implemented on end fed wire antennas. With this version of the antenna, interaction between elements 
and top resonance have been turned to our advantage allowing for excellent mull-band working, while maintaining a useful 
radiation pattern and efficiency оп almost all Amateur Radio bands. 


The suggested dimensions provide for low radiation angle (30 to 40 degrees) on ай bands except 30m where the antenna acts as a 
ful size horizontal dipole. Low VSWR is achievable on most bands and, with careful construction, up o four bands can be used 
without ATU. Radiation resistance is in the range 25 to 200 ohms on all bands, ensuring high radiation efficiency, even with moder 
ate earthing arrangements. Unlike the Windom or GSRV, the fundamental bands can be resonated independently 


(G7FEK's antenna was built from GSRY leftovers it looks a Ише like a small, olf centre, GSRV. If anyone has Мей a G5RV їп 46 ft of 
garden you wil know that performance ls not that great, and tho "уз size" GSRV is completely useless on 80 meters. 


During sunspot minimum, putting out a good signal on 80m can mean the diference between operating HF radio or not, as most 
other bands are notin good shape. This antenna allows anyone to achieve an effective ful size 80m antenna in a small garden 
with excellent low angle DX performance, closely matching а ful size dipole installed at the samo height. 


Зо what is it ? 


(G7FEK original "Nested Marconi Antenna’ was first designed in 1988 and comprised two quartor-waves in parallel, fed against 
ground in inverted L. The original antenna was roughly 50 feet long x 22 feet high. During 2007 the antenna was optimised and 
tested at sunspot minimum Lo improve performance and mult-band operation. The difference in feed impedance between elements 
determines which element is coupled to the feeder and which element floats, thus automatic band switching occurs without the 
need for traps. For the higher bands this antenna utlises the odd harmonic resonance of these elements which are also at low 
Impedance. in each case some radiation is coupled from the driven element into the main antenna, producing a useful radiation 
pattem and omni directional ow angle performance. On 30m, the top horizontal section works as an end fed dipole with % wave 
transformer feed, as in the Zeppelin antenna, giving a dipole radiation pattem while assuring a low impedance feed. The 
dimensions have been carefully optimised for best mult band performance and to maintain а low angie radiation ранет on all 
bands for best DX working, while taking up only a small physical space. 


This design is very easy and cheap to bull and unlike many limited space antennas, it works very well on 80 meters, а band that 
many Radio Amateurs with restricted space have previously been denied. 


Mike, G7FEK is grateful for the feedback received from several Radio Amateurs including: Lee Crocker WOOY for his original 
attempts at modeling the antenna with EZNEC, Martin GBODE for his thorough detailed testing and modeling with MMANA-GAL 
and to Scott, VESSCP, for providing such detailed analysis of his own real installation along with details of the many DXCC 

contacts he is making with Just 100W on 80m with the antenna. User contributions and feedback are helping me gain a better 

Understanding of what is happening with this antenna in diffrent “real world” scenarios and are always welcome. 
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Construction Guide 


In this article | have laid out the current recommended design dimensions below. Whatever variation you make from. 
this, one thing that is certain is that this antenna performs extremely well on 80 meters in a small space, and it is very 
difficult to get it wrong for that band. On tests it is comparable to a full size dipole at similar height for DX working 


Even if you don't have an antenna analyser or a noise bridge, or you have to compromise a lite with instalation, at 
these dimensions this antenna will usually trim up nicely with your ATU on all of the main amateur bands. 


Resizing the Antenna 


The antenna can be resized within а certain range of dimensions. For each amount of extra height, the same amount 
must be removed from each end. So if you can get more height you can fit the antenna into an even smaller garden, 


There is some scope for experimentation with length vs height. So long as the overall length of each quarter-wave ele- 
‘ment remains intact, (vertical + horizontal extension) the base operating frequencies should not be seriously affected. 
Remember that unlike a horizontal antenna, longer does NOT mean better. A longer / lower antenna reduces efficien- 
су and bandwidth on 80m by shortening the vertical radiator and increasing loading while lowering radiation resist- 
ance. The antenna has been tested well and it is best to use the recommended dimensions for all round ma band 
performance. 


The Basic G7FEK Antenna 


— (zm) an(sm) 
зат 250) omo 
Tune this end for resonance on 3.7 MHZ Tune this end for resonance just below 7.1 MHZ 
‘Suppor the antenna only at the ends if possible. 
Avoid using a melal mast direct alongside the vertical 
It you need support at he feeder, use а Fbregass тан. 
248 Am) 
(The Shack End) (Bottom of Garden) 
Twin feeder or ladder ine. 
impedance в пой important. Spacing 
should not be too smal (20mm) 
‘Short both ends of vertical elements together 
and connect to coax inner 
50 Ohm Coaxial 
Jf Counterpoise or earth connected to coax outar - see text 
EARTHING OPTIONS 


The minimum requirement for the counterpoise (resonant elevated radial) is a single 65 ft insulated wire (20m) laying 
in the general direction of the 80m horizontal extension. This can run around a corner to fit in your garden, but keep it 
just above real ground, and raised at the far end. | also recommend at least one 33f (10m) counterpoise is also used 
to ensure proper tuning of the 7Mhz element. 


For simplicity and for portable operation, while not the most efficient earth, laying two “well insulated” wires (2.5mm? 
insulated copper wire) of approximately -60ft (19m) and -30ft (9m) directly along the ground has proved very 
effective and easy to match to 50 ohm. You must raise the last three meters above the ground up to approximately 
50cm height. You should be able to achieve very law VSWR on 80m and 40m using this method and easy tuning. 


If preferred, a more traditional ground of several buried radials can be used. Make these about 30ft (10m) long (any 
longer is not a big advantage) but you will need at least 4 (and preferably a lat more) for a usable earth. 


Note that with a good earth and the antenna working close to maximum efficiency, the VSWR wil be higher on 80m 
and the impedance lower (-25 ohms at antenna). Thus an ATU will be needed. For the best DX, a good earth 
arrangement is preferred over a 1:1 VSWR, because high radiation efficiency is the ultimate goal for antenna design, 
not lowest VSWR. 
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Basic Set ир Procedure 


Step 1 - Impedance matching 


To start, experiment with the counterpoise length & position for VSWR dip somewhere around 3.7 MHz and 7.1 MHz. Tho exact 
resonant frequency is not importan yet and wil be fine tuned afterwards, I the dip occurs far too high In frequency or cannot be 
located, your earthing arrangements are probably not good enough and need further work. 


Step 2 - Fine tune the antenna elements to resonance 


(Once you have a low VSWR (< 2:1) at a nearby frequency, fine une the two elements to resonance on 3.700 and 7.100 MHz 
respectively. f you find the SWR dip occurs too low in frequency (say 3.58 MHz), then just shorten the appropriate element end by 
folding and twisting the wire back on self (No need to cut it. When you have tuned resonance to 3.7 and 7.1 MHz, the antenna is 
ready for use on ай other bands. Initially, you might want to make the wires а litle longer than shown to allow for a wider range of 
adjustment 


Expected Performance 


Most of my recent tests through 2007/2008 were compared with a 100ft doublet antenna at the same height of 24ft Most testing 
Was carried ош on Bm as this band was the real challenge for a small garden. Detalls of some tests can be found at 
ww grfek co.uk 


My own experiments over the years have shown that the G7FEK (and other similar vertical antennas) can equal and are 
‘sometimes better than a ful size dipole for DX for medium to long skip contacts. One thing you wil notice is that for very short skip 
(100 - 400 mies) the G7FEK Antenna may be down slightly on a ful size dipole of equivalent height, by around 6 to 10 dB (1-2 S 
points) on 80m due to the low angle of radiation. NVIS performance is stil much better tan "straight ир" vertical antennas, as the 
"inverted L" style of tho G7FEK full size elements gives rise to some useful high angle radiation for short skip contacts. 


DX Contacts on 80m 


‘Several users have reported excellent DX results on 80m, even during our present sunspot minimum, with just 100W. In my own. 
tests | have also been able o work good DX on this antenna. When I've worked DX outside Europe on 80m It has always been on 
this antenna as my Doublet doesn't perform as well. This is no surprise as It is well known that a ow angle of radiation is needed 
Tor DX and is delivered by this antenna. 


Short Skip and NVIS on 80m. 


While the 80m band is open" most "short skip" 100W contacts made with a good dipole antenna at each end, achieve signals of 
around S9 +1548. With the G7FEK antenna you can expect tha same "short skip" signals to be received above S9 under the same 
conditions. So, although this antenna is low angle on 80m. it stil has sufficient high angle of radiation to be useful for short skip. 
Just for comparison, the signal from a 511 "hal size GSRV" (f you can feed it on ВОт) would most koly be well below S7 or, more 
koly, lost in the noise. 


Higher Bands 
Al the other bands seem to perform about the samo as my doublet antenna with very tio difference noted, except on 14MHz 
Where the doublet was superior. This was to be expected since the standard G7FEK antenna was not resonant on 14MHz without 
ап additional element (see text). Оп 14MHz without the element, the antenna was stil tunable with acceptable performance, but 
‘adding his extra element gives a vast improvement for DX working, 

Signal to Noise 

1 have a low noise floor оп 80m with very ttle interference from man made devices. | find that the G7FEK antenna has a lower 
atmospheric noise than my doublet. This may be generally Ino of vertical % wave antennas as most of their signal comes in from 
the horizon and they may be less sensitive to atmospheric nois from space. | regularly hear weak stations that others cannot hear 
оп 80m at my location 


it you live in a town ог City or have a large amount of ‘man made” noise (above atmospheric noise floor). You wil find thee is liie 
difference in noise between this antenna or any other antenna, 


ARM duo to skip. 


When working very short skip (local contacts) interference from distant stations may be greater on this antenna than a dipole 
because of it low angle performance. However signals on 80m are normally strong enough to overcome any potential problems. 
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G7FEK Antenna Design Notes and Suggestions 
Resizing the antenna: Vertical Height versus Horizontal Length 


For practical installations you can vary the antenna height versus length. (This may 
‘affect mult band operation and an ATU may bo necessary). 


Don't make the vertical section (Ihe twin feeder) any longer than the available height. 
For example, do not be tempted to run 24ft (7 Ат) of vertical feeder up a 161 (Sm) 
fibreglass pole, leaving the remainder of the vertical section laying on the ground. 


Instead, If you cannot achieve the recommended 24ft height, make the antenna 
vertical shorter and the overall length longer by the same amount at each end. This is 
because on lower bands most of the radiation comes from the Vertical section and 
поле of it should be laying on the ground. 


Note: Reducing the height below 241t also reduces radiation efficiency and therefore 
performance. 


Counterpoise / Radials 


For optimum DX performance a good earth or radial system is required. However, in 
tests, we were not able lo see a hugo difference between multiple buried radials and а 
simple double counterpoise arrangement. Unless you are seeking out the weakest 
DX, you can start off with two counterpoise (radii) wires around the perimeter of your 
‘garden running in opposite directions, and you can add to your earthing system at a 
later date if needed. Start off with 331 and 651 for the radials. Radials do not have to 
o in a straight ine. 


Buried radials, earth rods or any other earthing system can be tied. Earth rods 
‘generally do not perform well for RF unless your вой is particularly conductive. More 
buried radials are needed than resonant elevated radials, but they can be shorter 
(typically <10m long) and work over a wider bandwidth. Do not use insulated wire for 
buried radials. 


Construction Tips 


“Tho easiest way to make a neat antenna, is to uso a 
standard ribbon dipole centre at the top of the feeder 
and a coaxial dipole centre at the feed point. (Make 
Sure the contre of the coax is connected tothe vertical 
section and not to вап). Test before assembly! 


An example ofthe coax feed point used by G7FEK is 
shown in the picture on the right ->> 


Support Pole 


The antenna can be supported at the ends, leaving the 4 Jc G7FEK amenna fo 
vertical hanging in the clear. The top section мії not be 

fat because the 7МН end wil hang more vertical due 
to the weight of the feeder, but this is not a 
disadvantage - remember this is mostly a vertical 
antenna. If you use heavy duty wire (2.5mm), you can. 
increase the horizontal tension to keep the vertical 
height and make a údy Installation. 


paid bere weber wih 
Sel amalgamating tpe 


K, ike me, you prefer to support the antenna with a 
pole at the feeder, изе a fibreglass or wooden pole if 
fossile, Iis more convenient. you can usa ameta Cf E 
Pole at the bottom and make the top fibreglass, PVC or th Pre fedes aio 
Wood to insulate 1 and ауд a resonant length !)) 
metal pole. Оп my antenna (left) | use a 20ft (Gm) = 
fibreglass pole which is attached to a Sf (1.5m) steel 

pole with heavy duly cable as, making It easy for me j 
fo take it down and change antennas 


ро NOT INSTALL AS INVERTED-V / 


Although some downward slope is tolerable, this 

antenna is not a dipole antenna and wil not work tee Compa PIE 

propery in a fully inverted- V configuration. in faa metal ma oe 
— ston e oz 
lear of the mas 
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MORE USEFUL NOTES 


Add a Choke 


When using this antenna without a perfect ground, a feed-Ine choke is advisable to 
ensure that the RF retum path is only via the counterpoise and not via the radiol. A 
simple common mode RF choke is made from winding 20 of RG58 coax on a 4 to 
8 inch (1°00 to 200mm) diameter PVC drainpipe. 


This is normally added at the coax feed-point, but on this antenna itis can also be 
used nearer the radio end, at about 558 down the coax from the antenna. While a 
litle unusual, placing it here allows part of the coax itself to contribute to the. 
grounding effect by working like an additional counterpoise, while stil keeping the 
ВЕ return current away from the transmitter. 


Vertical twin impedance is net critical 
The antenna vertical twin feeder is used as part of the antenna elements and NOT as a dipole feeder. Therefore the 
actual impedance of the line is not critical. 450 ohm line works well. Spacing should be greater than 20mm. 


Make element wires longer to start with 
The dimensions given are typical when set up to work on most amateur bands but may vary in different installations, 
Start with longer lengths to allow for proper tuning of the antenna to resonance. 


Keep the vertical in the clear 
The vertical section does most of the radiating on the lower bands. Keep it in the clear. ie. don't nail it to a tree or place 
it right next to buildings. 


Using a Metal Pole 
While fibreglass is preferred, a metal support pole can also be used. Avoid resonant lengths if possible and extend the. 
pole to full height with a short length of wood or PVC pipe to make up 2411. Keep the vertical element clear of the pole 
by sloping it away by a small distance (1 - 21). 


Actually Build i 
With any antenna the best way to test it is to build it, even if its just a lash up for proof of concept. If you have been 
unable to use 80m because of your garden size, and want a useful mult-band antenna for all HF bands, this is a good 
solution. Computer modelling may be fun but is not 100% accurate and definitely no substitute for the real thing. 


Provide Feedback 
So that | can keep other users informed, please let me know how you get on and if you experience any difficulties. 
This allows me to provide hints and lips to other users. 
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Theoretical Modes of Operation 


1.8 MHz and below 
Below 3.5 MHz tha antenna makes good receive antenna for ground wave signals such as Medium / Long wave radio and NOB beacons. 


Transmit operation on 1.8 Mz is possible with а very high qual low oss coax and а good substantial ATU, however he aalen of a loading сой 
is advisable to reduce system losses and improve performance, Winout а loading сой, niz antenna was not intended for 1.8 MHz baten Use, 


iE оң curent 


Very Low Z | Very High RF Currant / Capacitive Reactance 
You сап ада а 38 to 45 loading сой here for 1 8 MHz (des soon] 


3.7 MHz (80 Meters) 
оп ВОт, the antenna is working as а ful size quarter wave Marconi n veri- configuration. There is some high angle radiation for local (short 
ip contacts) but the ғайаіоп predominant low angle and ideal for DX working. Win а reasonable eat, s antenna can outperform a full 


siz dipole a he same height on 80m for DX, yet опу needs 46 feet of space. (lass han a / ze GSRV). Here hs antenna works wall and per- 
formance on 80m ls excelent. This design is optimised fr the 8m phone section. 80m in a small garden without the compromise I 


a 


High Angle 


SSS ото 
= A 


Strong Low Angle 


Lowz Heinz 


Energy easly coupled to 37 MHz element only 
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7.4 MHz (Marconi 


Just ike on 3.7 MHz, this is a quarter wave Marconi antenna in invered-L confguraon. There is some high angl radiation for lacal (short skip 
Sontacs) but he radiation is pracominanty юм angle and ideal for DX working. Dua to interaction, useful excitation along the lop horizontal occurs 
"isis tne second primary band af operation апа # should be possi з independenty tune lo resonance and low VSWR оп tis band by adjusting 
the shorter end. 


Y wave) 


feeder as Je wave transformer 
simar i Zepp 


е 


[VIC 


Energy easily coupled at 7 MHZ 


10 MHz (a bit like a Zeppelin Antenna) 


This antenna also includes operation on the 10 MHz Бапа. Hore we take advantage of the horizontal top section combined with the vertical, this 
time as form af a feeder. This element в actually resonant on about 10.8 MHz so, n band, we wil need an ATU to tuna cut the capacitive reactance 
and kasp е radio happy. 


At 24 feet, the feeder length makes a quarter wave transformer (ust Ik a Zepp) to match the end of the horizontal to approximately 50 Ohms. This 
unusual feed arrangement looks a bit ike the single feed of tne Windom (non resonant wie feed) but is funcional more Ike the Zapp (resonant - 
Y wave matching Ine) on his band. 


Radiation в mosty as a horizontal dipole and is high angle. Like the Windom and Zapp, зеге i a small low angle vertical component radiating from 


кш : 


o ouo 
Henz 


feeder as J wa 
Simlar to Zepp 


= * 


impedance ranstomer 


m 


Energy easily coupled at 10 MHz 
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14 MHz (20 Meters) - optional % wave vertical 


This band is not my favourite and so | didn't make any effort include this in the original design. am a regular ORP operator and after patiently 
breaking pie ups with my 5 watts, | was usualy greeted with “Echo do you're fve апа nine, ORZ What 7, of course m not Буе and nine you 
idiot Im using ori 5 watts for heaven's sake and you re using а wat Is that ай te conversation | get for my efforts? No thanks old mani. So 
"ge 18 Me паша, ле fendi OX band! 


You can use the original antenna on 14 Mhz as itis. Both the main element are resonant and in the same phase 
in paralel) but thay provide а high impedance to the coax. Having bath elements working in parallel seems о make this fall. 
Impedance is not as high as he end of a single half wave element Without he addtional 14MH element, you can expect some loss on this band 
Фе to high VSWR, especialy I you ve used RG5B, and expect a higher angle of radiation. 


The antenna is easy modified for low angle operation and a very good match and performance on due 
How to add the 14 MHz Element 


There is a simple fx for 14 MHz if you want to see а good (<1.5:1) match here and achieve a low angle of radiation for ОХ. Simply connect an 
%, the 7 MHz section wh some sting and a cable tie (shown here in blue). This 
етеп! can be tuned lo resonate on 14.2 MHz wih very low SWR. This also excites he main elements о some extent, by parasti coupling. as 
they ar bath resonant and effectively floating with а high Z o ground at he ends. This modification has bean tested and has proved very осі. 


оно 
nylon sting 


185 R optional wire for 14 MHz 


man2 tenz 
lenz 


Dificut maten to main antenna ав HZ but energy is easly 
‘coupled at 14 MHz wih atonal Low Z optional lem 


18 MHz (17 Meters) - Long-wire 


оп 18 MHz the 3.7 MHz element resonates at its Sth harmonic. So the element works like а long wire in inverted as a БА wave antenna. Because 
the horizontal section is resonant оп ts second harmonic !.. some energy wil b coupled and radiata from this section, giving rise to 
ровка radiation. On inis band ће radiation patem wil contain several lobes towards the end of зе antenna. At ts height radon angie 
‘Should bo Fay ow and polarisation predominantly horizontal 


Ы ә 
— ouo 


Lowz Haz 


Energy easily coupled at 18 MHz to the 3.7 MHz element 
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21 MHz (1 wavelength long-wire + % wave vertical) 


The vertical section is% a wavelength at his frequency во the impedance wil also be low tthe coax and a reasonable match to 50 ohm. Thus the 
top horizontal section wil radiate power as a horizontal long-wea with strongest lobes at angles rom the ends (бона ine) 


The 7 Mz vertical section is lov impedance and a resonant vertical at 21 MHZ. So this element absorbs power easly and provides a low 
impedance mate to he coax (scd rd nej. The current In this element probably alo contributes othe exciton f ho top horizontal saco 
‘Shoe ho currents n simdar phase, while adding some high angle vertical radiation to the palem. 


Lowz 
Energy easily coupled at 21 MHz 


24 MHz Band 


1 don't know how this antenna performs hera or what the radiation pattem is Ike but expect itis similar to 21 MHz | do know that it tunes up easily 
wih an ATU. Resonance is а Ийе high here at just above 25MH. but is easy to tune on this band, sit should work reasonably чей 


| never use this band. Does anyone use this band? Maybe we need more sunspots before сап evaluate the antenna era 


moderately Low Z & high currant but reactive load 
Energy easily coupled at 24 MHz with ATU to tune out reactance 
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28/29 MHz (3/2 wave horizontal) 


On this band the horizontal section is 3/2 wavelengths long. It is resonant and tha point at which i is fed is а current node and low impedance 
Unfortunately, the length af fader at 24 fet is % of a wavelength and transforms the impedance up o igh value and no longer 50 ohms. Thus 
i band дов nat match wel ta the low Impedance feed of 50 ohm coax Use an ATU for this band, bul expect some coax oss due to the high 
VS WR you use ROSS. 


Other solutions for 10m 


Ifyou have a small garden itis not too difficult to find а much better solution for this band than а wire antenna, a CB radio 5/8 wave vertical for 
instance is cheap and effective, It wal give much better omni-directional and low angle performance than а wire. Mos long wire antennas have 
highly deectonal narrow lobes and аге not deal on this band 


High 2 
Energy NOT easly coupled a 28 Mz 
АТО and good coax needed 


Summary 


Thi antenna в very easy to construct and easy to get going on 8040/30/20/17/15 and 12 meters. Getting a "perfect system working оп al Ama- 
ieur bandes а tle more challenging. as wth any muti band antenna, but wih an ATU the lw mpedance faed seen on most of Ie bande s very 
easy to vim to a perfect match for your, and even fit not buit perfect, the antenna wil work fna a most installations. 


"you have been using a У sized GSRV dipole antenna, prepare o be amazed at how much better this wil work, eepeciaty for BO meters and 40 
meter DX. In fact on 80 meters, you wil be performing almost as though you had a ful sized dipole in your yard, even though this antenna is only 
taking up 46 fet of space - something that's totaly impossible to achieve wih the 52 foot sized GRV. 


Зо have a go and do some experimenting. An antenna analyser wil be very helpful, but if you dont have one, just make the antenna to the dimen- 
‘Sons given and you wil not до far wrong. 


Parts 
All you need i.. Chock Bloc, Cable ties, wire, string. and some 300 or 450 ohm ribbon or ladder ine and some 50 ohm coax 
Self amalgamating tape is useful to waterproof things when you have a working antenna 


Good luck and keep experimenting. 


соруун 1968-2000 Ме Denis MIEEE, GTFEK. A rights reserved. This documen may be ated eby in an unchanged аме whilst retaining Ња соруун 
Tn.... and saria se desire lr топ conv soy ad нам Kan reward amare Placed 
er nen probar ary noma bis a nee енун. ТО inc Pe auo atou Ри аде. реди Vi еше a дык ту и шен 
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G7FEK Nested Marconi - 160m Modification 


Proposed variant for Top Band experimenters. Not yet tested, By G7FEK 
Raison resistance wil below -50 а good sare essential 


Number of tums to be found by experimentation. 


Vertical Section 


~ 20 tums on 150mm diameter 
PVC pipa. Length af winding 
480mm. Wire diameter up lo 
ттт OSD 


‘Actual No. of turns to be found by 
Experimentation, tuned for part of 
band o be used. 


Big Coax Switch or relay 
NON SHORTING Type s 
se a heavy gauge wire 


Radals 
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Proposed G7FEK Variant by Jouko, OH5RM 


for low angle radiation and improved matching (for ОХ operation) on 30m 


In this modification Juko has used a shorted Ya wave stub to isolate the vertical section at 10Mhz. This converts the. 
operation from a horizontal Zepp style end fed dipole to a % wave vertical (Marconi) radiator in line with other bands. 
With 7.2m of feeder and the 5.5m shorted stub itis apparently possible to achieve very low VSWR on 30m and low 
angle of radiation, Juko also claims that VSWR is improved on other higher bands too, according to MMANA-GAL 
‘modelling. At the time of writing, this has not been verified on а real antenna by G7FEK. Keep an eye on 
ww.g7fek co.uk for test results of this and other variants coming soon. 


Please fel free to contribute your own variations. Any variants that offer a genuine advantage Io users and con be verified in the 
real world, will be happily published here in the main document. 


‘Additional Stub by Juko 


Y 


4/4 WL shorted stub 


(104MHz) 
8f Q5m) 


Tune this end for resonance on 3.7 MHZ une ts end for resonance just below 7.1 MHZ 
Support the antenna only at the ends if possible. 

‘Avoid using a metal mast directly alongside the vertical, 
IF you need support at the feeder, use а fbregiass mast 


248 Zam) 


1 
(The Shack End) \ 
For 20m operation add ү 

red wire 16.5 (51m) 


diei Garden) 
-AMR 


im to resonate on 


‘Shor both ends of vertical elements here. 
and connect to coax inner 


50 Chm Coaxial 
Counterpoise or earth connected to coax outer 


No az | нкт) | kom | sweso | һава | Gaani | Fees | Ev | Ground | adan | Por 
19 5603 7 — 0563 = з аз xmo ны о мт 
3m [2105 вм man 12 = 587 00 297 Rel 00 ња 
їт wes as 8056 142 = 186 — 02 — 397 кш [00 e 
36 eo өм ола 32 m 136 066 37 [Real 00 мп 
05 452 592113 = 446 оз 313 Real 00 et 
m [355 259 змт er = 1808295 Reel 00 ма 
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SIMPLE 
WIRE HF ANTENNA 


OZAUKEE RADIO CLUB 
W9IPR AND GROUP 


The ARRL. p 


| ANTENNA 
| BOOK. 


HANDBOOK 


ARRL’s Wire n 

^ Antenna Иц 
Classics Antenna 
Classics 


HF Wire Antenna 


* Dipoles 
* Polarization — Simple 
* Impedance — Sloper 
* Long Wire — Inverted V 
— Fan 
* Loop 
. — Trap 
= Windom — Folded 
* Vertical + SSR 
* Antenna Tuners * Zepp 
— End fed 


— Center fed 


Simple HF Wire Antenna 


Typical Amateur Radio 
Transmitting Antenna 


We will explore typical 
variations of the wire dipole 
high freguency (HF) antenna 


sur | ЕНЕ | 


Electromagnetic 
Wave Polarization 


Electric and magnetic waves are at 
right angles to each other 
Magnetic wave dissipates within a 
few wavelengths of antenna 
Electric wave facilitates 
communications 

Polarization is the orientation of 
the electric field of the 
electromagnetic wave 

A horizontally orientated antenna, 
such as a dipole, emits a 
horizontally polarized electric 
wave that is parallel to surface of 
the earth (like the antenna) 

A vertically orientated antenna, 
such as a mobile whip, emits a 
vertically polarized electric wave 
that is perpendicular to the 
surface of the earth (like the 
antenna) 


How many meters? (or feet?) 


Radio wave oscitating 
ala frequency =f 


during one суде = à. 


Racio wave waves atthe speed of кун (c) 
253x108 meters 


à= c/f = 300 / fin MHz 


К 299792510 
ава kz 


where Anger the Greek letter lambda, is the free-space 
wavelength in meters. 


Expressed in feet, Eg 1 becomes: 


1 = 9835712, 9836 
fMHz © [MHz 


(Eq 2) 


RF Signal Polarization 


Vertical 
Polarization Horizontal 
4 Polarization 
1 Dipole 
Dipole ! 
I = 
г Ф 7> 
Y “оет or / 


Electric Field 


Fig 19—Vertical and horizontal polarization of a dipole 
above ground. The direction of polarization is the 
direction of the maximum electric field with respect to 
the earth. 
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Support 


Support 
w 


о 05 —‏ ر 


= to stotion 


Fig 57—The 1.8-MHz inverted L. Overall wire length 
is 165 to 175 feet. The variable capacitor has a 
capacitance range from 100 to 800 pF, at 3 kV or more. 
Adjust antenna length and variable capacitor for lowest 
SWR. 
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Antenna Impedance Z = e/i 


* Voltage and impedance 
is high when end fed 


FUNDAMENTAL (HALF WAVE) 


1 

* Voltage and impedance 
5 is low at center on odd 
harmonics 


* Voltage and impedance 
is high at center on 
even harmonics 


Random Length Long Wire Antenna 


Random length wire - usually 
one wave length at lowest 
freguency 

Requires a “tuner” due to 
wide range of Z 

Unbalanced (single ended) 
feed 


Typically employs a “pi 


section” tuner 
RF in the shack 


Ground wire length may 
figure into antenna length 


Fig 28—The “invisible” end-fed antenna. 


Long Wire or Half Sguare 


een eren 


Fig 29— Typical 50 water half-oquaro, with 2/4-high 
vertical loge and a 2/2-10ng horizontal leg. The antenna 


corner, the feed point is a low-impedance, current-feed. 
When fed at the bottom of one of the wires against а 
{pall ground courterpoiee, the feed point ie a high- 
Impedance, voltage-feod. 


— — 


E 


Fig 30—An 80-meter half-oguare configured for 
{o-fot high supporto; The ende have bon bent 

to reresonate the antenna. The performance 
— — 


Horizontal Loop 


*Need not be a square Balanced load 

«Works well as multi- band antenna *May require balun 

*Open wire or coax feed line Will require an antenna tuner 
Usually cut to one wavelength at Polarization same as plane of loop 


lowest frequency 


Windom Multi-band Wire Antenna 


* Requires a “tuner” due 
to wide range of Z 

+ Unbalanced (single 
ended) load and feed 

* Typically employs a “pi 
section, T section or L 
section” tuner 

* RF in the shack similar 
to long wire 


Feed Point 


de 


Fig 12—The Windom antenna, cut for a fundamental 
frequency of 3.75 MHz. The single-wire feeder, 
connected 14% off center, is brought Into the station 
and the system is fed against ground. The antenna is 
also effective on Из harmonics. 


Multiband Antennas 7-7 


Half-Wavelength Dipole 


Most common HF antenna in amateur radio 
* Resonate antenna on the frequency for which it is designed 
* Le = 468/f in MHz 


Vertical Wire Antenna 


1 ТЯ 


Actually а vertically orientated 
resonate 1/2 wave ole with 
the earth being the “return" 
half 

Due to poor ground 
conductivity a set of 1/4 
wavelength long radials may be 
reguired 


Emits a low angle vertically 
polarized electric field 

Used where space is limited and 
for DX which reguires a low 
angle of radiated signal for 
longest signal hop 

Perfect ground conditions result 
in a 36 ohm radiation resistance 
for a 1/4 wave vertical but in 
practice it will be 30 to 100 
ohms 


Multiband Wire Verticals up a 
Tree 


Fig 21—The 3/2 dipole antenna and its 1/4 ground-plane 
counterpart. The “missing” quarter wavelength is 
supplied as an image in "perfect" (that is, high- 
conductivity) gro 
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E 


| 
| 


ЕШ 
i 
| 
qi 


Inverted “1” 
Antenna 


Support 
Support 


— 
-=== 
| 


> to station 


Fig 57—The 1.8-MHz inverted L. Overall wire length 
is 165 to 175 feet, The variable capacitor has a 
capacitance range from 100 to 800 pF, at 3 kV or more. 
Adjust antenna length and variable capacitor for lowest 
SWR. 
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Unbalanced (single ended) 
"L", "Pi" and "T" Section Tuners 


[2] s 
-F Ph 
© . 


HA 


Unbalanced transmitter output to 
unbalanced feed line (coax) and 
antenna 

Transforms the antenna impedance at 
the feed line output to 50 ohms to 
match the transmitter 50 ohm output 
impedance 

The capacitors and inductor setting 
must be varied as the operating 
frequency and resulting antenna 
impedance vary 


Half-Wavelength Dipole 


Resonate antenna on the freguency for which it is designed 

Lee = 468/f in MHz 

Radiation resistance of 72 ohms when elevated at 0.25 wavelength 
Balanced Load 

Horizontally polarized 

Most common antenna for HF 

Invented by Heinrich Hertz about 1886 


Center fed dipole is a 
simple, effective antenna 


Feed Point 
Feed Une. 


Fig 1 One tthe simples antennas used 
by hams, t is also one of the 
(Most etisctive. considering he relatively 
‘small space it requires. In s simplest 
form, a dipole is a wire fed at ts Conter. 


Table 1 


Approximate Lengths of Half-Wave 
Dipoles for the MF/HF Нат Bands* 


Frequency Length 
28.4 MHz 161, 6 in, 
24.9 MHz 22 4.20% 
21.1 MHz 
18.1 MHz 
14.1 MHz 
10.1 MHz 
7.1 MHz 
36 MHz 
1.8 MHz 
"Genera equation tor halt rave dipole lengi: 
12 468 =f, where ie engin in leet and ia 


Radiation Pattern Varies With 


Frequency of Operation & Height 


Impedance Varies with Height 


" | 
оз or oz оз oe os as a7 ов 09 10 
Part d Herzenin Ha Wave nitro 


for perfectly conducting 
ry the radiation resistance of 
at low height over real 
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Many Other Types of Dipoles 


e . on numerous; at A, an inverted V: at B, a ! дрон: at ©. а варто dipole 


Da ‘and at E, e тоела pera ‘and folded varieties can 
[ies 1 apa ^ trap dipole. Otpoles of the multband paralel, rap 


Inverted “V" Dipole 


Relative to Horizontal 


Dipole 


Single support 

Slightly less gain 

Slightly less directionality 
Slightly longer for freg. 
Slightly lower feed point Z 


© ә» юш 


SWR varies with арех angle 


Fig 1—The invente 


' dipole. The length should be adjusted as doseribed in the text. 


Half Wavelength Sloper Dipoles 


* Favors signals off the 
front of antenna 


* No gain over dipole 


* Metal support acts as a 
parasitic element and 
impacts gain and 
pattern 


Off Center Fed Dipole 


50 or 75-0 Coax 
Any Length 


Е 
1 4 
зат 


Fig 18—The off-center-fed (OCF) dipole for 3.5, 7 and “en 
14 MHz. A 1:4 or 1:6 step-up current balun is used at а 
the feed point. 


Multiband Dipoles 


Fan Dipole for several bands 
*Each dipole is a resonate 
circuit tuned to the band of 
interest. 

«The non-resonate dipoles 
reject unrelated power 


Trap Dipole for 40/80 meters 


The LC circuit presents a high 
impedance at 40 meters and 


low impedance at 80 meters 
L 


o 


Using Current Chokes 


Transmitter current travels on center conductor and inside of the shield of co-axial cable feed 
line – shield current feeds antenna leg and outside of shield — RF current on outside of shield 
radiates like a vertical antenna and also travels back into the shack — current choke balun at 


feed point “chokes" the RF current on outside of co-axial feed line 


Fig 24—Drawing showing various current paths at feed 
point of a balanced dipole fed with unbelanced coaxial 
cable. The diameter of the coax is exaggerated to show 
currents clearly. 


Coupling the Line to the Antenna 26-17 


Using Z Matching and Current Baluns 


be ee 
| Аба Tuner 
к> um |, Fig 13—Layout for flattop “Carolina Windom” antenna. 
бла т 


eee 
Fe ten n er 
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Sees 


Deubie-Shieldes 


© = 


zí му э 


Feed lines 


Conducts transmitted power 
from transmitter to antenna 


Parallel conductor and coaxial 
cable 


Air insulated conductors have 
less loss per foot 


As signal freguency increases the 
signal loss per foot increases 


Open Wire (Ladder Line) Feeders 
1. Ladder line provides a balanced 


feed to a balanced load (antenna) Unbalanced to Balanced 


Net zero feed line radiation 
j; P Antenna Tuner 
Allows multiband operation 


Tolerates high SWR and voltage 


E 
Very low transmission line loss m EH 
n “ 3 * наг 
Requires a balanced to m 
unbalanced" tuner w m 
= 
mr M Ф наг 
» ЕЗ 
| o © 


охла 09.909 


Fig AA center fed antenna system for mulüband uso, 


Short Resonate Dipoles 


. Entire length of dipole does 
not have to be co-linear 


. Bentends may change 
resonate frequency slightly 


. Bentends will change 
radiation pattern 


. Use of open wire feeder and 
tuner may allow multi-band 
operation 


BENT DROOPING DIPOLE 


Dipoles vs. Folded Dipoles 


LETLITTI 


All have same radiation pattern 
Dipole Z = 72 ohms 

Folded Dipole Z = 300 ohms 

3 wire Dipole Z = 450 to 600 
ohms 

Multi-wire dipoles may require a 
balun and will require a tuner 
Multi-wire dipoles have wider 
frequency range with lower SWR 


“Clothesline Folded Dipole” 


A32 т. or Bowe regency of 80 meters (15 мн), 264 A for 180. 


G5RV Multiband Wire Antenna 


Fi э—Сботтлоп dimensions or 


. 


3.5 to 28 MHz 

102 ft. center fed dipole 
with 34 ft open wire 
feeders 

Open wire feeders act 
as a matching section 
Requires use of tuner 
with balanced output 


Zepp (Zeppelin) Wire Antenna 


* Multi-band antenna 


* Use length for lowest 
desired frequency 


je More wire — more gain 


"Se 


* May require a balun 


* Will require an 
antenna tuner 


Ө} 


voltage 


Lood Not 
Matched 
to Line 


Note that as the transmitted 
signal deviates from the 
antenna design frequency the 
antenna reactance and SWR 
increases 

Increasing SWR results in 
increasing losses in feed line 
Modern transceivers will 
reduce power when SWR is 
greater than 3 

SWR = Emax / Emin 

The forward and reverse 
power/voltage can be 
measured using a directional 
coupler 


HF Wire Antenna 


Polarization 
Impedance 
Long Wire 

Loop 

Windom 
Vertical 
Antenna Tuners 


* Dipoles 
— Simple 
— Sloper 
— Inverted "v" 
— Fan 
— Trap 
— Folded 
* GSRV 
* Zepp 
— End fed 
— Center fed 
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Classics 


PE Free Power Mobile Phone Detector (From Cellphone Antenna) - Gunock 


Gunook 


Home technology Athome art Workshop play foods outside Costumes 


Home > Technology» Free Energy Mobile Phone Detector from Mobile Phone Anu 


Free energy / mobile phone detector (from the CU The latest update 
mobile phone antenna) — © 


To семе a TARDIS model 
batery upgrades in he car camera 
4 eggs LED Umer game 
Knex asked mobile 
& soft chocolate cookies 
Cool background background 


Popular articles 
heat shrink coin & Buton Battery 
high performance ne soft ntle 
memo ina cup of prank 

4 Budget friendly Home Made Re Bobcat 

5 handsaw pizza cuter 

(6, Howto Recharge Your Apple Motio 
How to Make a Marvel: "Agent Venom” 


в 90-minute Roasted Turkey 


by day 
— holder 

beg runa ec. tanicrs cor 
ceding mato corro nc 
ani pan 


telescopes astronomy observation 


pictures 5 minute hacks with hot glue 
| mear again beatlestiefel 


achine racer 250 sky program 


Ft: win gunock oomírele-energie-mobileleondetoktorvon der mobateiton antenna 


ananos 


Ft: win guncck oomíreler-energje-mobieleondetoktorvon der mobateiton antenna 


Free Power Mobile Phone Detector (From Cellphone Antenna) - Gunock 


pen spinning com bla 
pumpkin carving broken hand board 
template ton man helmet 

prediction temperature arduino 
dough consistency for samosas 


PE Free Power Mobile Phone Detector (From Cellphone Antenna) - Gunaok 


This simple circuits able to detect signal from your cell phone antenna and convert it int 
о power to an LED (the best part is that its completely passive and does not require any b 
alteris) this circuit requires: r diode (search ebay for : RF diode or microwave diode) LED 
abundance of wire solder ve noticed that it only detects that phones work (EDGE) occasi 
orally works on 36 have a low level of knowledge about RF, but T iind it has with the Sh 
аре and / or length of antennas, So, if you can help make it work better, please do зо. (Thi 
sis based on a video saw on your tube along time ago) the video had no instructions. Н. 
cere is the link http :// . youtube com / watch ? = CNVhZOJWgU & playnext = 1 & 
list = PLBACFDEA7FASAA51 (RF power, LED, Tesla, passive, power) 


Step 1: LED + RF diode 


Ft: fin gunock oomíeie-energje-mobieleondetokiorvon der mobateiton antenna 


PE Free Power Mobile Phone Detector (From Cellphone Antenna) - Gunock 


| 


First solder the LED parallel to the RF diode 


Step 2: RF diode + LED + wires 


Solder a fiber of wire to each end of the RF diode that will function as an antenna 
Step 3: Make а call and place the circuit next to the phone 


The LED lights when the circuit is clase enough to the phone during a call 
{noticed that this only works when you are on EDGE. 
you are on 3G, it only works accasionaly and the LED is very DIM 


Related Reading 


Ft: ou guncck oomíreier-energje-mobieleondetoktorvon der mobateiton antenna 
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ÚVOD 


Prijímací televízni anténa je špecifickou součástí prenosového 
fetézce, začínajícího ve studiu a končícího televizním pfijímačem. Samot- 
ná anténa má pomerné jednoduchou mechanickou konstrukci, její funkce 
však rozhodující mérou závisí na podmínkách, v nichž je inštalovaná. 
Správna funkce antény hraje v príjmu televizního signálu rozhodující roli. 
Objektivni zméfení elektrických vlastností antény je komplikované a vy- 
myká se možnostem bežného uživatele. Podmínkou správne instalace 
antény, zejména pri amatérske stavbe, je dodržení alespoň základních 
zásad anténní techniky. 

Situace, které pri stavbe a instalaci prijímací antény mohou nastat, jsou 
rozmanité a není možné je zde popisovat všechny. V této knize se proto 
jednotlivé problémy probírají i s nástinem jejich fyzikálního pozadí, což by 
mélo čtenáři umožnit jednotlivé závery pfizpúsobit jeho konkrétním pod- 
mínkám. 

Vysílání družicové televize se stalo realitou a přineslo s sebou radu 
nových problému v oblasti prijímacích antén. Část knihy je proto venova- 
ná také otázkam stavby antén pro príjem družicové televize v pásmu 
12GHz. 

Součástí knihy jsou i detailní návody na amatérskou stavbu antén. Pri 
jejich aplikaci je vhodné požadavky návodu konfrontovat se zásadami 
uvedenými v prvních částech knihy. 


L ZÁKLADNÍ POJMY 


1 ELEKTROMAGNETICKÉ VLNY 


Televizní signál je od vysílače k prijímači přenášen pomoci ener- 
sie elektromagnetického pole. Elektromagnetické pole je charakterizová 
no dvěma základními veličinami, intenzitou elektrického pole a intenzitou 
magnetického pole. Jejich prostorové uspořádání a jejich časový průbéh 
jsou svázány jednoznačnými vztahy, ktoré podlé dnešního stavu vedomosti 
vystihují fzikálni podstatu elektromagnetického pole. 

Zmena pole v některém bode prostom vyvolá vzruch, který se z tohoto 
bodu šíri konštantní rýchlostí — rýchlostí svetla. Probíhají-li zmeny pole 
periodicky, je tento bod zdrojem kulové vlny. Energie, jíž jsou zmeny 
vyvolaný, se širi všemi smery rýchlostí svetla. Mezi kmitočtem zdroje 
а dělkou elektromagnetické vlny platí vztah 
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© rychlost světla (c = 300000 km/s). 

Základní jednotkou kmitočtu je hertz (Hz). 1 Hz je kmitočet periodic- 
kého jevu, jehož jedna perióda trvá jednu sekundu (cyklus za sekundu), 
Rozdelení elektromagnetických vin podlé kmitočtu a tedy i podlé délky 
Je na obr. 1. Pro prenos informací lze principiálne použít viny jakéhokoliv 
kmitočtu. Nejnižší použitelný kmitočet pro prenos konkrétní informace je 
din množstvím informace, kterou je treba přenést za jednotku času. Shora 
je použitelné kmitočtové pásmo omezeno pouze technologickými mož- 
nostmi. 

Aby se zamezilo vzájemnému rušení mezi jednotlivými uživateli kmi- 
točtu, je nutné jejich provoz vhodným způsobem koordinovat. Cult 
jednotnosti byla jednotlivým druhûm vysílání vymezena kmitočtová pás- 
ma. Tato pásma se dále delî na kanály. Kanály jsou uživatelům přidélová- 
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mezněrocní zkratka 


Ом. 1. Ronen kmitočtového spektra 


пу tak, aby pri zarucení nerušeného provozu byly kmitočty optimálne 
využitý 

Pro televizní vysílání byly vymezeny kmitočty 50 MHz až 960 MHz pro 
Pozemní vysílače a kmitočty 11,7 GHz až 12,5 GHz pro vysílání z družíc 
V oblasti Evropy. Počíta se s použitím kmitočtových pášem 41 GHz az 
43 GHz a 84 GHz až 86 GHz. Pridelené kmitočty jsou uvedený v tabulce 
v kapitole УШ. 

Přenášenou informaci je treba zahrnout do vysílané elektromagnetické 
Vlny а na strane prijímače ji zpětné z této vlny získat, Vtisknutí informace 
se nazýva modulace a na strane prijímače probíhá demodulace. 

Způsobů, jimiž je nosný kmitočet modulován, existuje mnoho. Pro 
televizní vysílání pozemními vysílači se používa aplitudová modulace. Pri 
aplitudové modulaci se aplituda nosné vlny mení v souladu s prúbéhem 
modulačního signálu a kmitočet nosné vlny je konštantní. Pri kmitočtové 
modulaci je naopak amplitúda nosné vlny konštantní a modulační signál 
způsobuje zmenu kmitočtu nosné vlny (obr. 2). 


ом. 2. Modulace 
з) amplitudowî — vlnové délka zůstává 
onstanini, b) kmitočiová — amplituda je 
ы К 


Сїт větší je objem prenesených informaci, tím větší šírku pásma modu- 
lovany signál zabírá. Viiv na absolútni šírku pásma má i způsob modulace; 
kmitočtová modulace vyžaduje pri stejném modulačním signálu nékolika- 
násobné širší pásmo než aplitudovaá modulace. Podrobněji је o modulač- 
ních metódach pojednáno v kapitole il 

Jak jsme již uvedli, ve volném prostoru vyžaruje zdroj elektromagnetic~ 
kých vin svou energii ve forme kulových vin. To znamená, že energie 
vyzáfená zdrojem v jednom časovém okamžiku je po určité dobé rozpro- 
stfena na kulové ploše s polomérem rovným vzdálenosti, jakou urazí 
svetlo za tuto dobu. Plocha koule je úmerná druhé mocnine polomeru, 
takže plošná hustota energie vyžarované bodovým zdroje ubývá s druhou 
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mocninou vzdálenosti. Není-li energie ze zdroje vyžarovaná všemi smery 
stejné, zmeni se pouze „účinnosť prenosu energie zdroje daným smérem; 
charakter ubývání energie pole zůstává stejný 

V praxi je vždy vzdálenost prijímače od zdroje mnohonásobné větší než 
příčný rozmer vinoplochy ovlivňující priem. V misté průjmu je tedy 
možné tuto vinoplochu pokládat za rovinnou, hovoríme о rovinné viné. 
Úkolem antény je převést energii rovinné vlny nesoucí signál na napětí na 
svorkách antény. 

Důležitou vlastností rovinné elektromagnetické viny je její polarizace, 
v niž je zakádován způsob, jakým byla do volného prostoru vlna vyzifena. 
Pro lepší predstavu pripominame, že jednotkou intenzity elektrického 
pole je volt na metr (V/m). Intenzitu 1 V/m má elektrické pole, v némz 
lze mezi body vzdálenými jeden metr namétit elektrické napétíjeden volt. 
Je-li možné v elektromagnetické zins zmérit toto napětí (samozrejmé 
střídavé, s daným kmitočtem) pouze v jednom smeru, jde o vlnu lineárne 
polarizovanou. Takovou vlnu vyžaruje napríklad dipól. Je-li vysílací dipól 
umisién rovnobežné se zemí, je vysílaná vina polarizována vodorovné 
(horizontálne). Svisle orientovaný dipól vyžaruje svisle (vertikálne) pola- 
rizovanou vinu. Anténa pro prijem lineární polarizace převádí intenzitu 
elektrického pole vlny na парё na svých svorkách. Musí být proto 
orientovaná souhlasné s prijimanou polarizací; v kolmém smeru je inten- 
zita pole nulová. Napriklad dipól použitý jako prijímací anténa musí být 
rovnobežný s rovinou polarizace a tedy i s vysílacím dipólem. Pri natáčení 
dipólu klesá napětí na svorkách, až pri kolmé poloze zcela zanikne. 

Polarizace múze bjt i jiná než lineární, napr. pro vysílání z družíc se 
často používa polarizace kruhová. Zatímco v lineárne polarizované vlné 
se periodicky mení intenzita elektrického pole vjednom smeru, у kruhové 
polarizované viné má intenzita elektrického pole konštantní velikost, ale 
její smer se otáčí s osou ve smeru šírení elektromagnetické vlny úmerné 
kmitočtu zdroje. Pri průjmu kruhové polarizované vlny anténou pro line- 
ámi polarizaci je na svorkách antény парё poloviční než pri použití 
antény pro príjem kruhové polarizace. To je způsobeno tím, že anténa pro 
horizontální polarizaci reaguje jenom na zmenu pole ve vodorovném 
smeru, zatímco kruhové polarizována vlna mení intenzitu pole i ve smeru 
svislém, 

Podlé smeru otáčení intenzity pole se rozlišuje kruhová polarizace pravo- 
točivá a levotočivá, Analogicky s lineární polarizaci je levotočivé polarizo- 
vána anténa necitlivá k pravotodivé polarizovaným vlnám а naopak. 
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2. ZÁKLADNÍ ROZDÍL MEZI DISTRIBUCÍ TELEVIZNÍHO 
SIGNÁLU POZEMNÍMI VYSÍLAČI A DISTRIBUCÍ 
POMOČÍ DRUŽÍC 


V reálném prostredí se elektromagnetické viny pochopitelné Siri 
komplikovaněji než v idealizovanom prikladu bodového zdroje ve volném 
prostom. Různé terénni prekážky způsobují odraz a lom vlny a za témito. 
prekážkami vzniká stín. Na šírení rádiových vin má vliv také zemská 
atmosféra; vlny se atmosférou tlumí, ohýbají se a mohou se odrážet od 
některých rozhranní atmosféry. Vliv atmosféry па šírení rádiových Мп 
závisí na vlnové délce. V zásade lze fci, že vlny vétších vlnových délek se 
па prekážkach ohýbají snadněji a mohou proniknout i do oblasti stínu, 
kratší vlny „vrhají ostreší stín“ a spolehlivé se iri jen na krátkou vzdále- 
most za oblast přímé viditelnosti vysílače 

Velmi krátke vlny používané pro televízni vysílání jsou z hlediska šírení 
natolik krátke, že se iri téméf jen v oblasti přímé viditelnosti. Piesto je 
rozdíl mezi šírením vin I. televizního pásma a IV nebo V. televizního 
pásma z hlediska vlivu terénních překážek. Odraz od jednotlivých vrstev 
atmosféry se ve všech televizních pásmech uplatňuje jen velmi sporadicky 
a neni treba jej brat v úvahu (s výjimkou dálkového príjmu). 

Kvalitního pokrytí rozsáhlejšího území TV signálu nelze dosáhnout 
jedním pozemním vysílačem práve pro omezený dosah vln pásma VKV. 
Je nutné zbudovat pomerné hustou st vysílačů, což je náročné jak ekono- 
micky, tak technicky. 

Dosah vysílače Ize zvětší, umistili se ve výšce nad zemským povrchem, 
Na této úvaze je obecné založen princíp družicového vysílání. Vysílač 
umístěný na družici je zcela „viditelný“ z celého obsluhovaného území, 
takže požadované pokrytí Ize zajistit jedním vysílačem. 

Pokrytí území prostřednictvím družicové televize má v porovnaní 
s pokrytím klasickou sítí pozemních vysílačů mnoho výhod, ale z hlediska 
současné technológie je nepomérné složitější 

Z družice na geostacionární dráze lze ozáfit rozsáhlé území signálem, 
který je bezvadný, není znehodnocen odrazy a interferencemi. Cena, 
kterou se za to platí, je náročnost průjmu slabých signálu. Technicky by 
sice bylo možné do značné míry zvýšit výkon vysílače na družici, ale z rady 
důvodů se touto cestou vývoj nebude ubírat. Zvyšovaní vyžarovaní výko- 
mu by napr. vedlo ke zvýšení úrovne rušivých signálu v celosvétovém 
merítku, což je nežádoucí. 


15 


3 DRUŽICOVÁ TELEVIZE 


Družicová televize využíva družíc umístěných na geostacionární 
dráze. To je kruhová dráha v rovine rovníku s polomérem 42 165 km; 
družice se tedy nachází nad zemským povrchem ve výšce asi 36 000 km 
(obr. 3). Obežná doba telesa na takové dráze je práve jeden den. To 
znamená, že obihi-li družice správnym smérem, jeví se vzhledem k otáče- 
jící se Zemi nehybná. Z velké vzdálenosti družice od prijímače vyplýva, 
že prijímač musí byt schopen zpracovat extrémne slabé signály. 


(Obr. 3. Družice na geostacionární dráze svazek pokrývající obsluhované území 


Radiokomunikační rád rozeznává dva druhy vysílání z družíc, družico- 
‘you pevnou službu (DPS) a družicovou rozhlasovou službu (DRS). Druži- 
сохі pevná služba slouží ke spojení pozemních stanic s předem známou 
polohou, je tedy jakousi obdobou radioreléové site. Družicová služba 
slouží stejné jako rozhlasové a televízni vysílače k přímému šírení signálu 
k posluchačům. Přívlastek rozhlasová vznikl překladem anglického termí- 
mu broadcasting, a zahrnuje tedy v sobé vysílání nejen rozhlasu, ale 
i televize. Pro evropskou oblast jsou pro vysílání družic v pásmu 12 GHz 
vyhrazeny kmitočty 10,7 GHz až 11,7 GHz pro DPS a 11,7 až 125 GHz 
pro DRS. 

Z administrativniho hlediska je mezi vysíláním DRS a DPS podstatný 
rozdil. Družicová pevná služba má povahu profesionálního prvozu; tele- 
vizni signál se zde přenáší ke smluvné vázaným uživatelům, kteří jej dale 
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distribuuji, zpravidla televizním kábelovým rozvodem. Výkon vysílaný 
z družice mize být tedy menší, na prijímací strane lze vyžadovat nákladné 
kvalitní zařízení. Požadavky na vysílání družicové rozhlasové služby nao- 
pak spočívají v nutnosti umožnit prijem pokud možno jednoduchým 
a levným zařízením. Vyšší vyzafovaci výkon, predpokladaný u DRS, 
vyvolal nutnost omezit plezafování za hranice obsluhovaných území 
Zavedení tvarovaných anténních svazků na družice samozrejmé kompli- 
kuje technickou i administrativni realizaci DRS. 

V roce 1977 se v Ženeve na püdé Mezinárodní telekomunikační únie 
konala konference WARC 77, která stanovila závažný kmitočtový plán 
pro vysílání DRS v pásmu 11,7 až 12,5 GHz pro Evropu a další podmínky 
pro provoz DRS. Vývoj se ale ubíral poněkud jiným smérem, než konfe- 
rence predpokladala. V dobé jejího konaní byl oprávnený predpoklad, že 
zařízení pro prijem DPS bude i nadále mnohonásobé dražší než prijímač 
predpokladaný pro DRS a že dominantní formou družicové televize se 
stane DRS. Neúspech pri vypustení družice OTS-1 а vleklé problémy 
Projektu TV-SAT vedly v radé zemí k bouřlivému rozvoji kábelových 
rozvodu a k vývoji v oblasti prijímaču DPS. Cena přijímacího zařízení 
postupné klesla na úroveň ceny kvalitního televízoru a individuální priem 
vysílání DPS se rozmohl v nepredpokladanom merítku. Tím se DRS 
dostala do nevýhodného postavení. Z komerčního hlediska by mohla jen 
velmi obtížné konkurovat vysílání DPS, omezení pro DRS, daná konfe- 
tenci WARC 77, jsou dnes priliš svazujíí 

Situace y družicové televizi není na konci osmdesátých let ustálená 
a odhadovat smer dalšího vývoje lze jen velmi obtížné. Jednoznačný 
úspech vysílání družicové televize prostřednictvím DPS totiž vede i k 
částečné konzervaci dalšího vývoje. To se projevuje napriklad v situaci se 
zavádéním nové normy televizního vysílání. Prenosové metódy typu MAC 
odstraňují nevýhody frekvenčné multiplexovaných systému SECAM, 
NTSC a PAL a jsou jednoznačné perspektivni. Zahájení vyslání DRS je 
jedinečnou príležitostí k zavedení nové prenosové normy; náklady na 
normový adaptér potrebný pro využití stávajícího televizoru by se zahrnu- 
ly do ceny družicového prijímače. Koordinované zavádéní nových norem 
v rámci vysílání DPS je ale znesnadňováno komerční povahou vysílání 
DPS. 

Na formy družicového vysílání v devadesátých letech bude mít pravde- 
podobné vliv i zavádéní televize s velkým rozlíšením — HDTV. Nároky na 
Sirku přenášeného pásma jsou zde enormní, vysílání HDTV se predpokla- 
dá výhradné z družic, pravdepodobné v pásmu 20 GHz. 
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Vzájemné porovnaní pokrytí obsluhovaného území pozemní sítí vysila- 
čů a vysílání družicové televize lze shrnout takto: 

Distribuce signálu pozemní sítí je nepomérné jednodušší. Bez velkých 
obti Ize pokrýt velkou část území dosti kvalitním signalem, s malými 
nároky na zařízení na strane prijímače. Zákonité se však vyskytnou časti 
území s nekvalitním signalem a је velice obtížné tuto situaci vylepšit. 
Kapacita pozemních sít je omezená a ve véttiné zemí je téméf vyčerpaná. 

Vysílání televize z družíc pokryje rozsáhlá území signalem stejnomémné 
kvality, která je větší, než jaké'lze dosáhnout pozemní sítí vysílačů. Prem 
tohoto signálu ovšem vyžaduje mnohem komplikovanejší zařízení. Kapa- 
cita družicového vysílání je nepomérné větší než kapacita pozemní sítě, 
provoz družicového vysílání vychází z ekonomického hlediska pfiznivéii 
než provoz pozemní sítě 


Il TVAR, OBSAH A ZPŮSOBY ŠÍRENÍ 
TELEVIZNÍCH SIGNÁLU 


4. TVAR SIGNÁLU POZEMNÍCH VYSÍLAČŮ 


Přenášený obraz je ve snímacím zařízení pfeménén na elektrické 
napětí, jehož časový průbéh ho jednoznačné popisuje. Čím je obraz 
rozmanitejší, tím vyšší kmitočet elektrického napětí je treba přenést 
V používaném systému rozkladu černobílého obrazu je nejvyšší kmitočet 
až 6 MHz. Pri amplitidové modulaci je nutné, aby nosný kmitočet byl 
alespoň osmkrát vyší než nejvyšší modulační kmitočet, tedy asi 48 MHz. 


ы 
Obr. 4. Kmitosioné spektrum televizního signálu 

з) ampliadovi modulace s částečně potlačeným postranním pásmem (VSB AM), 
D) kmitočtové modulace (použito v družicové televizi) 
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Při amplitudové modulaci vzniknou kolem nosného kmitočtu dvě po- 
stranní pásma s celkovou šířkou rovnou dvojnásobku maximálního modu- 
laéního kmitočtu, tedy 12 MHz. Aby vysílaný signál nezabíral příliš velký 
rozsah, tj. aby bylo možné zvětšit počet možných kanálů, potlačuje se ve 
vysílači dolní postranní pásmo na 1,25 MHz. Vzhledem k symetrii po- 
strannich pásem se tímto opatřením nezmenší informační obsah signálu. 

K informaci o černobílém obrazu je třeba ještě přidat informaci o zvu- 
kovém doprovodu a о barvě obrazu. Zvuk se na nosný kmitočet moduluje 
kmitočtovou modulací se středním kmitočtem vzdáleným od nosného 
kmitočtu obrazu о 6,5 MHz v soustavách OIRT a o 5,5 MHz v soustavách 
CCIR. Obdobně je vložena barevná informace, bud kmitoctovou modula- 
el (SECAM), nebo amplitudovou modulací (PAL). Výsledný tvar spektra 
je па obr. da 

Potřebnou šířkou pásma je dán odstup jednotlivých kanálů. V I. až Ш. 
televizním pásmu (47 až 230 MHz) byla zvolena šířka kanálu v soustavě 
D (OIRT) $ MHz a v soustavě B (CCIR) 7 MHz. Ve IV a V. televizním 
pásmu (470 až 1 000 MHz) byla zvolena šířka kanálu $ MHz v soustavách 
G i K (CCIR i OIRT), 


5. TVAR SIGNÁLU DRUŽICOVÉ TELEVIZE 


Současné systémy družicové televize vysílají kmitočtově modulo- 
vaný signál. Kmitočtová modulace vyžaduje při přenosu větší vysokofek- 
venění šířku pásma než modulace amplitudová, ale na druhé straně je 
energeticky mnohem méně náročná. V družicových spojích je energetické 
hledisko prvořadě, požadavek větší šířky pásma vysokofrekvenčního si- 
málu nečiní v oblasti centimetrovich vin zásadní obtíže. 

Kmitočtová modulace směsí televizního signálu spočívá v tom, že 
obrazový signál je modulován na základním nosném kmitočtu s šířkou 
pásma kolem 30 MHz (obr. 4b). Zvukový doprovod je analogicky pozem- 
ním systémům kmitočtově modulován na pomocné nosné uvnitř základní- 
ho signálu, takže po modulaci základní nosné je vlastně dvojnásobně 
kmitočtově modulován. 

V družicové televizi je obvyklé přenášet větší počet zvukových dopro- 
vodů modulovaných na různé pomocné nosné kmitočty. Nároky na vý- 
slednou vysokofrekvenční šířku pásma se redukují kompres při modulaci 
sekundárních zvukových signálů. Řada signálů DPS je v současné době 
"ybavoxina i přenosem diitalizovaného zvukového signálu. 
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V projektovaných systémech družicové televize se nepředpokládá od- 
klon od kmitočtové modulace, nicméně tvar signálu v základním pásmu 
je předmětem intenzivního vývoje. Předpokládaný nástup systému televi- 
ze s vysokým rozlišením (HDTV) zcela jistě ovlivní tvar družicového 
signálu. 


в. ŠÍŘENÍ ELEKTROMAGNETICKÝCH VLN 
V L AZ V. TELEVIZNÍM PÁSMU 


Jak již bylo řečeno v minulé kapitole, velmi krátké viny se šíří 
Podobně jako světlo přímou vlnou, a proto se televizní vysílače stavějí 
vidy na vyvýšených místech, aby byla zajištěna co největší přímá viditel- 
nost. 

Přímá vlna se v terénu odráží od každé překážky, zejména od vodivých 
předmětů. Tím vznikají ostré ,stíny", tedy prostory, které mají velmi 
Špatný příjem, i když jsou v blízkosti vysílače. Čím vyšší je kmitočet, tím 
je „stín“ vrhaný překážkou ostřejší 

Výsledné pokrytí území je ovlivňováno terénními překážkami nejen 
vytvářením „stínů", ale i vlněním odráženým od těchto překážek. Skládá- 
ní přímého a odraženého pole ize znázornit na příkladu loďky zakotvené 
па hladině rybníka (obr. 5). Kámen vhozený do středu rybníka (bod A) 
vyvolá vlnění hladiny, které postupuje všemi směry a lze ho přirovnat 
k elektromagnetickému vlnění. Když vlnění dospěje k překážce (bod В), 
odrazi se od ní a ЫН se radiálně od překážky. Vlnění odražené v bodu B se 
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Obr. s улык sojtého vinênî а sti dopadem na překážku 


n 


v každém bodu hladiny sčítá s vlněním šířícím se z bodu A. Výsledkem je 
stojaté vlnění. Vytvořila se místa, kde jsou pohyby hladiny maximální, 
a mista, kde se hladina nepohybuje nebo se pohybuje minimálně. Tato 
místa mají na hladině nehybnou pozici a vyskytují se v roztetich souvisejí- 
cích s vlnovou délkou, 

Dalším příkladem, na němž je názorně vidět podstata stojatých vin, je 
kmitám struny, Na obr. 6a je nekonečná struna, která je zdrojem rozkmitá- 
vina. Po struně postupuje vlnění rychlostí v (pro názornost je zakreslena 
situace krátce po „zapnutí“ zdroje). Je-li struna ve vhodné vzdálenosti 
pevně uchycena („překážka“), tak jako na obr. 6b, vznikne stojaté vlnění, 
polohy uzlů a kmiten se nemění. Chceme-li z kmitající struny odvést 
energii, je nutné ji odebírat mimo uzel kmitání, nejlépe v kmitně. 


B) postu! vina spol s odraženou vinou 
vytvoří stojaté Vni vzmknou pevná mita nulového rozkmitu (zl) a místa 
maximálního rozkmitu (kmity) 


Vysílání elektromagnetických vln není ovšem jednorozměrný děj, ani 
rovinný děj, ale je to děj prostorový. Navíc je ve skutečnosti více míst 
odrazu než jedno, takže výsledné pole je v prostoru rozloženo nerovno- 
meme. Maxima a minima se střídají ve směru vodorovném i svislém а jsou 
od sebe vzdálena i méně než 1 m. 

Ze zkušenosti víme, že dobrý příjem je možný i v místech, odkud nent 
vidět vysílač, a lze přitom vyloučit ohyb i odraz vln překážkami. Je to 
způsobeno lomem vin v atmosféře. Rychlost šíření vin je v atmoslěře jiná 
než ve vakuu a závisí na složení atmosféry a zejména na atmosférickém 
tlaku. Ten s výškou nad zemským povrchem zpravidla ubývá, takže 
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prostředí se stává opticky řidším. Z optiky je známo, že paprsek se při 
přechodu z prostředí opticky hustšího do prostředí opticky řidšího lomí 
směrem od kolmice, takže elektromagnetická vlna vyzařovaná šikmo od 
zemského povrchu se poněkud ohýbá tak, že se od povrchu vzdaluje 
pomaleji, Takový lom se nazývá standardní atmosférický lom. Aby bylo 
možné brát v úvahu tento atmosférický lom při šíření velmi krátkých vin, 
zavádí se pojem ekvivalentní poloměr Země, což je poloměr, jaký by 
musela mít Země, aby paprsek šířící se po přímce měl stejný dosah 
Jako křivočarý paprsek nad skutečnou zemí (obr. 7a). Průměrná hod- 
nota ekvivalentního poloměru Země pro velmi krátké vlny je R 

= 8433 km = 4/3 R.. V závislosti na počasí se hodnota ekvivalentního 
poloměru Země samozřejmě v jistých mezích mění, takže obsah vysílače 
kolísá. Při mimořádných podmínkách — při teplotní inverzi a pfi 


obe 7. Znázornění chybu vin v atmosféře zavedením ekvivalentního zemského 
poloměru 
3) standardní atmosférický lom, b) kritický om, c) superefrakce 


rychlém ubývám vlhkosti vzduchu s výškou — může nastat kritický lom 
(obr. 7b) nebo dokonce tzv. superrefrakce (obr. 7c), kdy se paprsek od 
zemského povrchu nevzdálí. Tento jev je jednou z příčin mimořádných 
příjmových podmínek, 

Elektromagnetická vlna je dále charakterizována svou polarizací. Po- 
zemní televizní vysílače pracují s lineární polarizací; většinou se voli 
Polarizace horizontální, protože je méně tlumena sloupy, stožáry a stromy. 
Dalším důvodem je, že značná část zdrojů rušení má svislou polarizaci. 
V místech, kde nelze kmitočtovým odstupem zajistit, aby se dva vysílače 
pracující v I. až Ш. televizním pásmu vzájemně nerusily, se na jednom 
vysílači používá s polarizace a využívá se necitlivosti antény na 
kolmou polarizaci (např. vysílač Wroclaw v Polsku používá vodorovnou 
polarizaci a vysílač Ústí nad Labem používá svislou polarizaci na témže 
kmitočtu). 

Vlivem odrazů dochází ve vzdálenějších oblastech k depolarizaci elek- 
tromagnetických vin, takže účinek natočení přijímací antény není tak 
výrazný. Přesto však lze aspoň z větší části (o 8 až 12 dB) potlačit 
vzájemné rušení dvou vysílačů 


1. PŘÍJEM VL A II. TELEVIZNÍM PÁSMU 


Dosah televizního vysílače v prvním pásmu je závislý na jeho 
výkonu a na výšce antény nad terénem a je nejvíce 200 km. Ve velkých 
vzdálenostech závisí příjem také na počasí. V prvním pásmu je lepší 
příjem, je-li mezi vysílačem a přijímačem mlhavo a vlhko. Intenzita signálu 
od vzdálenějšího vysílače významně závisi na roční době. Nejhorší jsou 
podmínky na přelomu února a března a koncem roku (obr. 8). 


\| Obr 8 Záxisios podmínek 
pim v 1. televizním pásmu; 
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8. PŘÍJEM VE III. TELEVIZNÍM PÁSMU 


V blízkosti vysílače dochází k intenzivním odrazům a tím i k 
mnohocestnému šíření (či. 6). Ve vzdálenějších oblastech závisí kvalita 
příjmu zejména meteorolgických podmínkách, na roční a denní době a na 
sile vysílaného signálu. Tyto vlivy se stupňují s větší vzdáleností od 
vysílače a s vyšším kmitočtem, 

Ve velkých vzdálenostech dochází ke krátkodobým únikům s periodou 
opakování od jedné sekundy do několika minut, Je to způsobeno tím, že 
stojaté vlny v místě antény, způsobené složením přímé vlny s vlnou šířící 
se atypickým způsobem, mění svou polohu vzhledem k anténě následkem 
změn při šíření rušící viny. 2 principu tvorby stojatých vln vyplývá, že 
takovýto únik je kmitočtové velmi závislý, takže dochází i k rozdílnému 
kolísání mezi obrazovým signálem a signálem zvukového doprovodu. 


9. PŘÍJEM VE IV. A V. TELEVIZNÍM PÁSMU 


V těchto pásmech převládá přímočaré šíření elektromagnetic- 
kých vin. Ohyb a lom na horských hřebenech a překážkách je proti I. a 
III. pásmu zanedbatelný. Také odrazy od ionosféry nevznikají. Proto je 
příjem ve IV a V. pásmu obtížnější, ale není rušen vzdálenějším signály. 
Nevýhodou je poměrně malý dosah vysílače, omezený převážně па oblast 
přímé viditelnosti; mimo přímou viditelnost se intenzita signálu rychle 
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zmenšuje. Vzhledem k značnému útlumu při šíření jsou i odražené signály 
slabší než v nižších pásmech, 

Komplikovanější poměry nastávají v těchto pásmech v blízkosti vysla- 
če. Skládáním přímého paprsku a odrazú od země v blízkosti antény se 
vytvoří výrazné stojaté vlnění, nazývané oscilační pole (obr. 9). Takové 
pole v 1. až Ш. pásmu není výrazné a sahá do vzdálenosti nejvíce 4 až 
5 km. Ve IV a V. pásmu se projevuje na vzdálenost 12 i vice kilometrů. 
Zvláště nepříhodné je, je-li vysílač umístěn v blízkosti většího města. Tam 
Je vliv oscilačního pole znásoben ostrými „stíny“ budov a větších překá- 
žek. To způsobí nepravidelné střídání dobrého a naprosto nedostatečného 
signálu. Jsou známy příklady sídlišť, kde je ve vzdálenosti 5 až 10 km od 
vysílače kvalitní příjem nemožný, navzdory přímé viditelnosti vysílače. 

Značný útlum při šíření elektromagnetického vlnění, větší ztráty v na- 
pájeci a menší citlivost přijímačů (přesněji větší šumové čislo — či. 12) 
kladou v tomto pásmu velké nároky na přijímací antény. 


10. PODSTATA DÁLKOVÉHO PŘÍJMU 


Popsané vlastnoti elektromagnetického vlnění jsou do značné 
míry stálé a příjem vzdálenějších vysílačů je možné zlepšovat použitím 
kvalitních antén a jejich vhodným umístěním. V některých obdobích však 
nastávají mimořádné jevy v atmosféře, které umožňují dálkový příjem 
televize na podstatně větší vzdálenosti, než je obvyklé. V článku 6 již byl 
popsán kritický lom v atmosféfe a superrefrakce. Jinou příčinou dálkové 
ho příjmu je odraz od vrstev atmosféry 

Vlivem slunečního záření dochází ve vyšších vrstvách atmosféry k ioni- 
zaci vzduchu а vytvoří se ionosférické vrstvy (obr. 10). Za normálních 
okolností je kritický kmitočet ionosféry, tedy nejvyšší kmitočet, kdy je 
Мпа ještě odražena, asi 20 MHz a vlny televizních pásem ionostérou 
procházejí. 

Míra ionizace závisi na mnoha faktorech, zejména na sluneční aktivitě. 
Maxima sluneční aktivity se opakují v jedenáctiletém a ve stodesetiletém 
cyklu. Při silné ionizaci může dojít k odrazu vin I. televizního pásma od 
nejvyšších částí vrstvy F atmosféry a od tzv. sporadické vrstvy E, (obr. 
1). Vrstva E se vytváří ve výšce řádné vrstvy E. Příčiny vzniku nejsou 
známy, souvisi však se sluneční činnost 

Poslední maximum stodesetiletého (a také jedenáctiletého) cyklu bylo 
y roce 1947. Tehdy byly v Praze běžně zachytitelné mobilní radiostanice 


% 


(Obr. ib. Verikální ойе zemské atmostéry 


taxislužby v New Yorku, pracující v pásmu 50 MHz. Známým příkladem 
mimořádného ionosférického šíření je den 1. 7. 1962, kdy na celém území 
ČSSR bylo možné přijímat vysílač Madrid a kdy dokonce intenzita signálu 
znemožňovala pem místních vysílačů pracujících na blízkých kmitoč- 
tech. 

Vzhledem k nestálosti sporadické vrstvy E, i mimořádně ionizované 
vrstvy F, je ionosférické šíření v I. televizním pásmu jev krátkodobý. 
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Nejlepší podmínky pro vznik ionosférického odrazu jsou v době od 11 do. 
13h a od 19 do 20 h místního času. Obě maxima jsou prostorově ohrani- 
bend. takže plocha, na kterou odražený signál dopadá, mívá kruhový tvar 
S průměrem asi 280 km a po zemském povrchu se přesouvá rychlostí 
kolem 300 km/h. 


Ом. 11. Dálkový přáem v L až Ш. televizním pásmu mimořádným одпает od 
iomostery 

а — dosah přímého signálu (do 100 km), b — odraz od vrstvy E (200 až 3000 km), 
© — výjimečný odraz od vrstvy Р, (až 8 500 km) 


Další vrstvou, od níž se mohou odrážet vlny I. televizního pásma, je 
rozhraní atmosférickich front (obr. 12). V letních měsících se při setkání 
vlhké teplé fronty se suchou studenou frontou tvoří výrazné rozhraní 
opticky nestejně hustých prostředí, od nějž se vlny odrážejí tak, že odraže- 
ný signál dopadá na zem ve vzdálenosti 300 až 1 000 km. 

Ve IIL. televizním pásmu se již ionosfěrické odrazy nemohou uplatnit 
stejně jako odraz od rozhraní mezi atmosférickými frontami. Příem ve IIL 
pásmu па velké vzdálenosti se zlepšuje při tlakové výši a zejména při 


M —" 
miseris, 


rozhraní vzdušných front v letním 
období 


teplotní inverzi. Je zřejmé, že příčinu kze spatřovat v příznivém atmosféric- 
kém lomu (či. 6). Pro přenos je také příznivé, je-li atmosféra mezi vysila- 
čem a přijímačem klidná. Poryvy větru narušují skladbu atmosféry tak, že 
lom v atmosféře působí pouze únik signálu. 

Šíření vln ve IV. a V. televizním pásmu má zákonitosti analogické šíření 
Ма ve IIL. pásmu; rozdíl je jen v tom, že kratší vlny mají větší útlum, 


п. PŘÍJEM У VI. TELEVIZNÍM PÁSMU 


Signál se v mikrovinném pásmu síří stejně jako světlo, tedy pouze 
po přímce. Pro příjem družicového signálu je tedy nezbytný nezastiněný 
výhled směrem k příslušné družici. Vlny s kmitočty nad 10 GHz se 
neodrážejí od ionosféry ani od jiných vrstev atmosféry. Podstatný vliv na 
útlum mikrovlnného signálu při průchodu atmosférou mají vodní částice, 
zejména déšť a dešťová oblaka. DruZicové systémy musí být proto dimen- 
zovány tak, aby К výpadkům signálu vlivem atmosférických dějů nedochá- 
zelo častěji, než je pro systém přípustné. Všechny systémy družicové 
televize zaručují příjem signálu po nejméně 99.9 % času, jinými slovy 
celková doba výpadků během jednoho roku nepřevýší 9 hodin. 

Pro příjem družicového signálu je kromě absolutní hodnoty vysílaného 
výkonu rozhodující také tvar anténního svazku vysílaného z družice. Pro 
družicovou pevnou službu je charakteristické použití poměrně širokých 
svazků, systémy družicové rozhlasové služby jsou projektovány se svazky 
omezenými pouze na obsluhované území, nároky na přijímací zařízení 
mimo toto území prudce rostou se vzdáleností od osy svazku. 


12 KVALITA TELEVIZNÍCH SIGNÁLŮ, ODRAZY A ŠUM 


(Výslednou kvalitu přijímaného signálu ohrožuje mnoho faktorů, 
daných jednak lokalitou přijímače a jednak vlastním přijímacím zaříze- 
nim. Mezi objektivní skutečnosti Ize zejména počítat pokrytí místa užiteč- 
ným signálem, úroveň rušivých signálů včetně odrazú přijímaného signálu 
a okolní šum. Vlastní přijímací zařízení může zhoršit signál zejména 

— rušením nežádoucími signály pronikajicími do napáječe, 

— zkreslením v důsledku nepřizpůsobení antény a přijímače k napáje- 
— zkreslením průchodem signálu neprávně instalovaným napáječem, 
— zkreslením v předzesilovači. 


а, 


» 


Vhodným použitím antény však Ize do značné míry eliminovat i vliv 
měkterých objektivních faktorů zhoršujících kvalitu signálů, 

Objektivni hodnocení kvality televizního signálu není možné jednodu- 
chými prostředky. Je velmi obtížné nalézt změřitelnou veličinu, jejíž 
hodnota by byla úměrná kvalitě, jak ji pociťuje spotřebitel. Proto byla 
dohodnuta fada stupnic vystihujících subjektivní hodnocení. Nejpouziva- 
nější je stupnice Evropské rozhlasové unie (EBU) — tab. 1 


Tabulka 1. ae nt stupnice Estoy rozhlasové unie 


Sipen | кома obrazu Hodnocení obrazu 
m mem epozorovatelné zkreslení 

2A dobrá prát poamovatel zkreslení 

зА Jess dobri геги je pozorovatelné, le c 
ал К pontkud závadný obraz 

EN pe obraz je závadný, le ho však pozorovat 
EN nepoužitelná nepoti obraz 


Šest stupňů hodnocení (písmeno A označuje použitou stupnici) zahr- 
muje celý přenosový řetěz od televizní kamery po stínítko obrazovky 
televizoru. Předpisy určující kvalitu tohoto řetězce od kamery po vysílací 
anténu zaručují, že vysílaný signál umožní příjem s kvalitou LA. V další 
části fetézce, od vysílací antény k přijímací, nelze v reálných podmínkách 
zamezit zkreslení vysílaného signálu. V optimálních podmínkách a na 
přijímacím zařízení špičkové kvality Ize u nás dosáhnout v I. a Il. televiz~ 
ním pásmu nejvýše kvality 2.5 A, ve IV. televizním pásmu nejvýše kvality 
2A 

Pro dobrou činnost každého přijímače je nezbytné přivést na jeho vstup 
signál s intenzitou dostatečně převyšující intenzitu šumu na daném kmi- 
toétu. Signál musí mit od šumu patřičný odstup. Tento dostup signálu od 
Sumu se udává v decibelech (či. 13) a je to důležitý parametr signálu při 
příjmu. 

Sum a rušení se přidají k signálu při jeho šíření v prostoru v důsledku 
vyzařování zdrojů šumu a rušení. Zdroje rušení jsou zpravidla důsledkem 
lidské činnosti (průmyslové rušení), šum je kromě umělých zdrojů produ- 
kovan také přírodními zdroji jako projev tepelného pohybu molekul. VI. 
až V. televizním pásmu je obvyklé vyjadřovat úroveň šumu a rušení jejich 
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obr. 13. Hladiny šumu a rušení jsou udány pro šířku pásma 4,5 kHz. 
Křivka / platí pro tiché výboje statické elektřiny ve dne, křivka 2 platí pro 
noc. Kmitočtovou závislost kosmického šumu vyjadřuje křivka 3. Křivka 
4 přísluší úrovní průmyslového rušení. Křivka 5 udává velikost šumu 
produkovaného vlastním přijímačem a křivka 6 udává kmitočtovou zivi- 
slost tepelného šumu. 

Při příjmu amplitudově modulovaného signálu se uplatňuje především 
vliv statické elektřiny, který se zvětšuje v době bouřek a při sněžení za 
větších mrazů. Průmyslové rušení se výrazně uplatňuje v I. televizním 
pásmu. To je jeden z důvodů, proč se od vysílání v L. pásmu postupně 
upouští 

V oblasti centimetrových vlnových délek je obvyklejší vyjadřovat üro- 
veň šumu pomocí šumové teploty. Pro představu stačí vědět, Ze па svor- 
kách každého rezistoru se díky nepravidelným pohybům volných elektro- 
nů vytvoří napětí úměrné teplotě rezistoru, vyjádřené v kelvinech; 
T(K) = 273,15 + (0). Šumová teplota zdroje záření udává, na jakou 
teplotu by musel být zahřát rezistor, jehož odpor se rovná vnitřnímu 
odporu zdroje šumu, aby se jeho tepelný šum rovnal šumu skutečného 
zdroje. Na obr. 14 je vynesena Sumová teplota přirozených zdrojů šumu 
a zdrojů šumu vytvořených člověkem. Praktický význam а váhu těchto 
údajů poznáme v dalších kapitolách. 

Kvalita vlastniho přijímače je tím lepší, čím mene šumu přidají 
obvody přijímače k příjímanému signálu. Příspěvek vlastního šumu 
je charakterizován šumovým číslem příjímače, které se rovná poměru 
výkonu šumu na výstupu přijímače k výkonu šumu, který by byl na 
výstupu, kdyby přijímač neobsahoval žádný vlastní zdroj šumu a zesiloval 
by pouze tepelný šum vznikající v impedanci zdroje přijímaného signálu. 
Šumové číslo je možné udávat také v decibelech; pak mluvíme o mite 
šumu a, (obr. 227) 


10 log F 


Sumové číslo kvalitních televizorů v I. a III. televizním pásmu je asi 7, 
ve IV. a V. televizním pásmu asi 16, ale vyskytují se i televizory s šumovým 
číslem větším než 28. 

Je-li přijímaný signál bezvadný, je úroveň signálu nezbytná pro dosaže- 
ni požadované kvality černobílého obrazu závislá na šumovém čísle přijí- 
mage podle tab. 2. 
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Tabula 2. Požadované úroveň vstupního signálu černobílého televizoru 


Stupeň kvality Minimální úroveň vstupního signálu (4V/300 0) 
Sumové io F(KT) 
4 s n 15 20 
1A 1000 | 130 | 160 | 190 | 210 
2A 450 өю 750 so | 100 
EN 240 E] аю am E 
EN мо 20 230 2 эю 
ES по 10 m 2m 


Sumové vlastnosti zesilovačů s velmi malým šumem je výhodné vyja- 
dřovat pomocí efektivní šumové teploty 7, definované vztahem 


-. nebo mopak P14 f. 


kde Т, je skutečná teplota v kelvinech. 

Teplota Tumožňuje mnohem jemnější rozlišení nebo vzájemné porov- 
памі šumových vlastností jednotlivých zesilovačů nebo přijímačů, neboť 
např. interval šumových čísel F= 1 až 2 se rozšiřuje na interval teplot 
T= 0 až 290 K. Na výstupu zesilovače s efektivní šumovou teplotou Tse 
objeví stejný Sum jako na výstupu ideálního zesilovače připojeného ke 
zdroji signálu, jehož vnitřní impedance má teplotu Т. 

Vliv šumu na zhoršení barevného obrazu je značně větší než u mono- 
chromního přenosu. Stupeň zhoršení vlivem šumu je různý u různých 
přenosových soustav (SECAM, PAL), v zásadě však platí, že je potřebné 
přivést na svorky barevného televizoru napětí asi o 20 až 25 % vyšší než 
u černobilého televizoru. 

Sumové číslo přijímače rozhlasové družicové služby záleží na provedení 
přijímače. V současné době při použití přímého směšování se dosahuje 
hodnoty šumového čísla 32 až 4,4 (5 až 6,5 dB), s použitím zesilovače 
s tranzistory řízenými elektrickým polem se dosahuje hodnoty Sumového 
čisla 125 až 16 (1 až 2dB). Vzhledem k tomu, že při příjmu signálů 
z družic je anténa s velkým ziskem nezbytností, je obvyklé hodnotit 
přijímač a anténu jako jeden celek. Zavádí se činitel jakosti přijímače GI T 


E 


(dB/K), ti. podíl zisku antény k šumové teplotě vztažené Ке vstupu 
Přijímače. Výhodou tohoto parametru je to, že sdružuje do jediného čísla 
všechny veličiny vztahující se ke vstupu přijímače. Tím umožňuje jedno- 
duše charakterizovat jakost zařízení a vystihuje i cenové relace. 

V projektech DRS se předpokládá použití skupinových přijímačů 
s činitelem jakosti G/T = 14 dB/K nebo individuálních přijímačů s 
GIT = 6 aB/K. 

Rušení nežádoucími signály může podstatně zhoršit kvalitu příjmu. Na 
rozdíl od šumu, který má náhodný charakter, se rušivé signály projevují 
deformacemi výsledného obrazu. Typickým projevem interference pfl. 
maného signálu s jiným vysokofrekvenčním signálem je moaré (obr. 15) 


Ом. 16. Vznik odraženého signi; přímý signál je navíc zastíněn, takže odražený signál 
může být svěří 
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nebo šikmé pruhy přes obraz. Je-li rušivý signál vyzařován vzdáleným 
vysílačem, je možné rušení odstranit použitím vhodné směrové antény. 

Za rušivý signál Ize pokládat i signál přijímaného vysílače, odražený od 
terénních překážek (např. v situaci znázornéné na obr. 16). Dráha odraze- 
ného signálu je delší než dráha řádného signálu, takže do přijímače tyto 


Obr. 17. Projev odražených чий. 
— nakolikanávobné obrysy (ит. duchy) 


ee 


amm А 
Ом. 18, Рода rušivých signálů směrovostí antény 
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ním obrysů v obrazu (tzv. duchy, obr. 17). Příjem le opět zlepšit vhodnou 
anténou. 

Správným umístěním antény Ize rovněž omezit vliv průmyslového ruše- 
ní z blízkých zdrojů. Na obr. 18 je využito směrových vlastností antény, na. 
obr. 19 je naznačeno odstínění antény od zdrojů rušení 

Rusivé signály se mohou na vstupu přijímače dostat také nevhodným 
napáječem (svodem), zejména je-li použito symetrické vedení — dvoulin- 
ka — a není-li toto vedení správně instalováno, Problematice vysokofiek- 
venčních vedení je věnován či. 15. 

Z podstaty rušení vyplývá, že se uplatňuje zejména v soustavách po- 
zemních vysílačů. To je také (jak již bylo několikrát řečeno) jedním 
z důvodů pro zavádění družicové televize. 


13. VÝPOČTY У ANTÉNNÍ TECHNICE 


Při práci s anténami se nelze vyhnout alespoň základním počet- 
ním úvahám, aby bylo možné alespoň přibližně stanovit, jakou anténu je 
třeba použít, jakým způsobem ovlivní instalace jakost signálu při spojení 
antény s přijímačem а jaká další opatření si zajištění kvalitního příjmu 
vyžádá. Většinou jsou to jednoduché výpočty, které Ize v praxi použít bez 
hlubších znalostí. 

Charakteristickým rysem výpočtů je vzájemné porovnání různých veli- 
čin, jejichž hodnoty se mění v širokých mezích. Pro usnadnění manipulace 
s velkými a velmi malými čísly se místo základních jednotek používají 
Jejich násobky. Například místo 12 000 000 000 Hz (dvanáct miliard her- 
їй) se píše 12 GHz (gigahertzü) nebo místo 0,000 01 V (jedna stotisicina. 
voltu) se píše 10 uV (mikrovoltů). Pfedpony označující násobky a jejich 
značky jsou stanoveny normou a jsou uvedeny v části IX. 


M. — DECIBELY 


Při práci s veličinami, jejichž rozsah hodnot je velký, je výhodněj- 
Ši používat logaritmické měřítko. Například změna výkonu 10 uW o 1 uW 
je stejně významná jako změna výkonu 10 WolWaneoluW. To 
znamená, že například v grafickém vyjádření by bylo výhodně, aby délka 
úsečky mezi 10 V а 11 KW byla stejná jako mezi 10 W a 11 W, což platí 
právě v Jogaritmickém měřítku, 
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Používání logaritmického měřítka s sebou nese jedno úskalí. V každém 
vzorci musí spolu korespondovat rozměry fzikálních veličin na obou 
stranách. Prostým logaritmováním změní veličina svůj původní roz- 
měr, což by mohlo být zdrojem obtíží. Proto se zavádí jednotka zvaná 
bel (pojmenovaná na počest fzika Alexandra Bella), která udává 
logaritmus poměru dvou výkonů. Takový poměr je bezrozměrná veli- 
Gina (např. 3), takže ho lze logaritmovat bez nesnází. V praxi se 
výhodně používá jednotka desetkrát menší než bel — decibel (dB) 
Je-li např. ztráta výkonu na vysokofrekvenčním vedení 20 dB, je 
poměr vstupního výkonu P k výstupnímu výkonu P, 100, výkon se 
tlumí 10Okrát, protože 


E = 10108 (100) = 2048 
Р, HOA „ 

V definici belu je sice výslovně uvedeno, že je určena k porovnávání 
výkonů, ale obvykle зе tato jednotka používá i pro vyjadřování jiných 
veličin, 

Ve výpočtech týkajících se přijímacích antén se obvykle porovnává 
napětí. To je možné proto, že např. přenos výkonu od antény k přijímači 
zpravidla probíhá při zachování stálého odporu podél přenosového vede- 
ni, takže výkon je úměrný druhé mocnině napětí; platí 


P шун) uy ГА 
101082) = 10108 (228) = 10 10g (22) зоо 0 
elp) {л “( de) 
V praxi je velice důležité si uvědomit, jaká veličina je v decibelech 
vyjádřena. Například údaj 6 dB znamená poměr výkonu 


A Y 
Be 2-2 
* pomêr nape % 

Protože údaj v decibelech vyjadřuje poměr dvou veličin, je vždy nutné 
k údaji o hodnotě např. výkonu nebo napětí udat, k jaké hodnotě je údaj 
vztažen. Někdy se tato hodnota připojuje k údaji. Malé napětí se obvykle 
udává v decibelech nad mikrovoltem (dBuV), ti. udává se, kolikrát je 
napětí větší než 1 uV, výkon se obvykle udává v decibelech nad miliwat- 
tem (dBmW) (někdy také dBm) atd 
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V příkladu па začátku článku lze výkon 10 uW udat jako 
10.1075 w) 


= -20 dBm; 


podobně 11 uW = — 19,59 dBm; 
10W = 40dBm; podobně 11 W = 40,41 dBm. 


Je vidit, že rozdíl 0,41 dBm je stejný mezi hodnotami 10 f a 11 pW 
10 W a 11 W. 


Ом. 20, Pd pro vjpotet napětí ma vstupu příměs 15 
a) napájení eto b) napájení зоосу kabelem 


Význačnou vlastností logaritmů je, že logaritmus součinu je součet 
logaritmů, takže výpočty se použitím decibelů výrazně zjednoduší. Uki- 
žeme to na dalším příkladu: Vzdálenost televizního přijímače od antény 
je 50 m. (Pro názornost předpokládáme, že vstup přijímače je symetrický, 
300 fi, přestože to v současné době již neni typický případ.) Na svorkách 
antény je napětí 20 mV Je třeba stanovi, jaké napětí dodá do přijímače 
symetrické vedení (dvoulinka) s napěťovým útlumem 16 dB na 10m 
(obr. 20а) nebo souosé (koaxiální) vedení s útlumem 0,8 dB na 10 m (obr. 
20d). Pro symetrické vedení vyjde útlum svodu $ dB, napětí se zmenší 
па 20 mV.0,398 = 8 mV. Při použití souosého kabelu s celkovým útlu- 
mem 4 dB je třeba mezi svod a anténu a mezi svod a přijímač zařadit 
symetrizační člen, jehož útlum je 1 dB. Při výpočtu bez použití decibelà 
vyjde20mV.0,89.0,628.0,89 = 10mV; s použitím decibelů ze útlum 
vypočítat zpaměti: 1 dB + 448 + 1 dB = 6dB, takže napětí je 
20mV.0,5 = 10 mV 
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Vyřádříme-li i napětí v decibelech, je 20 mV = 86 dBuV a výsledek 
vyjde 80 dBuV = 10 mV. Vzájemný převod mezi údaji v decibelech a ve 
standardních jednotkách Ize provést například pomocí obr. 226 v kapitole 
IX. Vyjádření napětí v dBuV je v tomto příkladu samozřejmě samoúčelné 
a bylo provedeno jenom jako ilustrace; ve složitějších případech je však 
přínosem. 


. TECHNICKÉ VLASTNOSTI JEDNOTLIVÝCH ČÁSTÍ 
ANTÉNNÍ TECHNIKY 


15. VYSOKOFREKVENČNÍ VEDENÍ 

Přenos signálu ze svorek antény na vstup přijímače je zprostied- 
kován vysokofiekvenčním vedením nazývaným napáječ. Charakterit 
kým znakem takového vedení je, že jeho délka bývá větší než přenášená 
vlnová délka a příčné rozměry vedení jsou s vlnovou délkou srovnatelné. 
Tuto skutečnost je třeba respektovat pfi konstrukci napáječe a při jeho 
používání, 

Pro vytvoření představy o podstatě vysokofiekvenčního vedení je vhod- 
né ууй z přenosu energie elektromagnetickým vinéním. Ve volném pro- 
storu se energie ЫН všemi směry formou kulové elektromagnetické viny 
(či. 1). Vhodným uspořádáním vodičů je možné tok energie prostorem 
usměrnit tak, že se vlnění šíří podél těchto vodičů. Vliv prostorového 
uspořádání vodičů se zvětšuje se zvyšováním přenášeného kmitočtu, 
V oblasti nízkých kmitočtů je podstatná část energie nesena proudem, 
který je veden celým průřezem vodiče. Vlnovou podstatu přenosu není 
třeba (s výjimkou speciálních případů) brát v úvahu. Při rozvodu síťového 
napětí s kmitočtem 50 Hz lze s vodiči pracovat stejně jako při roz- 
vodu stejnosměrného napětí. Při dálkovém přenosu je však třeba 
respektovat vlnovou podstatu přenosu, protože délka vedení je srovna- 
telná s vlnovou délkou (6 000 km). Při kmitočtech používaných v I. až 
V. televizním pásmu prochází elektrický proud v tenké vrstvě па 
povrchu vodiče a podstatná číst energie je přenášena elektromagne- 
tickým polem v prostoru obklopujícím vodiče. Se zvyšujícím se 
kmitočtem ztrácí analogie se stejnosměrným vedením smysl. V mikro- 
vinných pásmech (např. VI. televizní pásmo) se běžně používá jako védem 
vinovod — dutý válec s vodivými stěnami. Vodivé stěny vinovodu zabra- 
ují rozptylu energie do prostoru, při vhodných geometrických rozměrech 
se energie šíří formou vlny podél osy vinovodu. Zde již popis pomocí 
napětí a proudu zcela ztrácí smysl, přenos je charakterizován tokem 
energie. 


41 


16. POUŽÍVANÉ TVARY VYSOKOFREKVENČNÍCH VEDENÍ 


V L až V. televizním pásmu se téměř výhradně používá buď 
symetrické. dvouvodičové vedení, nebo souosý kabel. V VI. televizním 
pásmu se vedle souosého kabelu používá také vlnovod a mikropáskové 
vedení. 

Rozložení elektromagnetického pole u dvouvodičového symetrického 
vedení (dvoulinky) je na obr. 21. Elektrické i magnetické pole тай složky 


Ом. 21, Rorloení elektrických a magnetických silotar podél hu 


kolmé k ose vedení, poděl níž se vlnění šíří. Díky přítomnosti izolantu, 
který určuje tvar vedení, je rychlost šíření energie menší než ve volném 
prostoru. Významnou skutečností je, že energie je vedena v poměrně 
velkém okolí vodičů, což bývá zdrojem problémů při praktickém použití 
dvoulinky. Potíže s rozptylem elektromagnetického pole do okolí vedení 
odpadají při použití souosého kabelu (obr. 22). Zde je energie vedena 
mezi vnitřním a vnějším vodičem, vnější vodič poměrně dokonale oddilu- 
Je přenášené pole od okol. 


Ом. 22. Rozložení lekrckých (Obr. 23. Rozložení elektrických star 
a magnetických sločar poděl sovosého ve vlnovodu 
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Většina antén pro I. až V. televizní pásmo má své svorky uspořádány 
symetricky, takže připojení symetrického svodu je snadnější než použití 
svodu nesymetrického. Tato skutečnost vedla k výrobě stíněné dvoulinky 
— symetrického dvouvodičového vedení obklopeného vodivým pláštěm, 
podobným plášti souosého kabelu. Stíněná dvoulinka spojuje příznivé 
vlastnosti obou druhů vedení. Ukázalo se však, že jednoduchost připojení 
stíněné dvoulinky nevyváží obtíže spojené sjejí výrobou, takže v současné 
době se stíněná dvoulinka nepoužívá. 

V mikrovinném pásmu (VI. televizní pásmo) se používají také souosé 
kabely. Kmitočet přenášené viny klade vysoké nároky na kvalitu materiálu 
použitého na jeho výrobu i na přesnost provedení, takže se v mnoha 
případech používají vinovody, jejichž aplikace je sice méně pohodlná, ale 
svými elektrickými parametry dosud předčí jiné druhy vedení. Na obr. 23 
je znázorněn možný tvar elektrických silocar ve vlnovodu obdélníkového 
průřezu. Přenášené vlnění se od vodivých stěn (zpravidla postříbrněných) 
odráží a skládá se s vlněním odraženým od ostatních stěn. Je zřejmé, Ze 
Přenosové vlastnosti vinovodu závisejí na poměru jeho rozměrů k vlnové 
délce. Tento poměr totiž určuje, zjednodušeně řečeno, pod jakým úhlem 
musí vlnění dopadnout na stěnu, aby bylo po odrazu a pti součtu s postu- 
pující vlnou ve fizi s postupující vlnou. Detailnější popis vinovodové 
techniky přesahuje rámec této publikace; na některé skutečnosti ještě 
upozorníme v popisu praktické aplikace. 

Posledním druhem mikrovlnného vedení je vedení mikropáskové, tvo- 
kene vodivým páskem umístěným nad vodivou podložkou (obr. 24). Me- 
chanicky je pásek nesen dielektrickou, zpravidla korundovou deskou. 
Permitivita (dielektrická konstanta) této desky je velká, takže podstatná 
část přenášeného pole je soustředěna mezi páskem a vodivou deskou. 
Svou kompaktností je mikropiskové vedení vhodné pro realizaci složitěj- 
ších obvodů. Mikropáskovou technologií jsou zpravidla realizovány vstup- 
ní dily přijímačů DRS. Zásadně se umísťují v blízkosti antény nebo jsou 
přímo jejich součástí. Podstatná část svodu tedy přenáší kmitočet 1. mezi- 
frekvence, který již spadá do I. nebo V. televizního pásma, 


delektrkum g 24, Rozložení slekrických siločar poděl 
m mikropéskového vedení 
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17. VLNOVÁ IMPEDANCE 


Nejdůležitější veličinou popisující vysokofiekvenění vedení 
je jeho vlnová impedance (podle staršího: názvosloví charakteris- 
ticki impedance, nesprávně vlnový odpor). Vinovou impedanci 
vedení je možné odvodit z kapacity mezi jeho vodiči a z jejich in- 
dukénosti. Na obr. 25 je náhradní schéma bezeztrátovich symetrických 
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Ом. 25. Náhradní schéma ideálního vodeni Gymetrického) 


v němž indukčnost a kapacita, rozprostřené po vedení, jsou na- 
hrazeny elementárními indukénostmi AL a elementárními kapaci- 
tami AC. 
Veličina 


se nazývá vlnová impedance vedeni; její jednotkou je ohm (Q). Důležité 
je si uvědomit, že její velikost nezávisí na délce vedení, ale je dána pouze 
příčnými rozměry vedení, popř. permitivitou dielektrika mezi nimi. Ve 
zorci pro vlnovou imperdanci indukčnost i kapacita skutečně závisejí na 
délce vedení stejným způsobem (velikost na jednotkovou délku krát 
délka), takže jejich podíl je konstantní, 

Volba hodnoty vlnové impedance vedení je kompromisem mezi poža- 
davky na mechanickou konstrukci, požadavky na elektrické vlastnosti 
(arity závisejí také na příčných rozměrech vedení, jak ještě ukážeme) 
a jednoduchou návazností na ostatní části přenosového řetězce. Podle 
doporučení mezinárodní komise pro elektroniku (IEC) jsou ve všech 
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státech (kromě SRN) vlnové impedance vf vedení pro anténní napáječe 
normovány jednotným způsobem, a to 
souosý kabel 75 О, v SRN 60 Q, 
symetrické vědem 300 Q (4 X 75), v SRN 240 Q (4 X 60), 
symetrické stíněné vedení 150 O, v SRN 120 Q. 


s. IMPEDANCNÍ PŘIZPŮSOBENÍ 


Pro maximální přenos vysokofrekvenční energie ze zdroje do 
zátěže je třeba, aby vlnová impedance zdroje byla stejná jako vlnová 
impedance zátěže. Konkrétní příklad přenosu energie od antény k při 
mači je па obr. 26. 

Necht je vlnová impedance na svorkách antény Z = 0. У místě 
připojení napáječe jsou zdrojem svorky antény, zátěží (spotřebičem) je 
napáječ. Je tedy nutné, aby vlnová impedance napáječe byla rovněž. 
Z, = Z = 300 Q. V místě připojení přijímače je zdrojem vedení a zátě- 
ži přijímač, takže musí být Z = Z, = 300 Q. Význam impedanéniho 
Přizpůsobení ukáže následující úvaha. 


Obr. 26, Podmínkou pro bezezrátový přenos energie od 
en k přijímač je impedanční přizpůsobení 


Nekonečným vedením nebo vedením zakončeným přizpůsobenou zátě- 
2 se šíří vlnění od zdroje tak, jak to vyplývá z podstaty vědem. V libovol- 
něm místě vedení si Ize představit příčný řez, který je vlastně místem, kde 
k jedné části vedení (zdroji) je připojena druhá část vedení (zátěž) 
Připoji-li se v tomto místié místo druhé části vedení jiná zátěž s vlnovou 
impedancí stejnou, jako má vedení, z hlediska první části (zdroje) se nic 
nezmění — zdroj pracuje do stejné impedance jako při homogennim 
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vedení. Je-li vedení zakončeno impedancí odlišnou od jeho vlnové impe- 
dance, energie vlny postupující po vedení se nepřenese do zátěže celá, ale 
část se odrazí a ЇН se zpět ke zdroji. Poměr odražené energie k dopadající 
energii se nazývá výkonový činitel odrazu. V anténní technice se obvykle 
pracuje s napěťovými úrovněmi, a definuje se tedy napěťový činitel 
odrazu jako poměr napětí odražené viny k napětí dopadající vlny. Velikost 
napěťového činitele odrazu se stanoví z vlnové impedance vedení ZO a z 
impedance zátěže 7. 


Celkové napětí poděl vedení је v každém bodě součtem napětí 
viny postupné a vlny odražené, Jejich fizow posun je dán vzdále- 
nosti od tohoto mista k odrážející zátěži a zpět, a je tedy v tomto 
bodě konstantní. Lze tedy najít mista, kde jsou napětí ve fizi, a výsled- 
né napětí je tedy maximální, a mista, kde postupné napětí a ойга- 
žené napětí jsou v protifázi, takže jejich součet je minimální. Výsledkem 
Je stojaté vlnění, jehož maxima a minima jsou od sebe vzdálena polovinu 
vlnové délky. Poměr maximálního a minimálního napětí podél vedení зе 
nazývá činitel stojatého vlnění. Mezi činitelem odrazu a činitelem stojaté“ 
ho vlnění ie vztah 


=> mo 2 
Um 17 Z z 

Vznik stojatého vlnění na vedení je nežádoucí nejen proto, že do zátěže 
není předána část energie, ale také proto, že energie není podél vedení 
rozdělena rovnoměrně, Je totiž podstatný rozdíl, zda je místo napojení 
v místě maxima nebo v místě stojatých vln. Lze samozřejmě nalézt vhod- 
nou délku vedení pro jeho připojení, ale v praxi to přináší značné kompli- 
kace. 

Podobně jako se přizpůsobená zátěž jeví ze strany vedení jako jeho 
homogenní pokračování, nehomogenita působí na vedení stejně jako 
nepřizpůsobená zátěž. Nehomogenita vzniká na vedení například při 
přiblížení vodivých předmětů do blízkosti nestinéné dvoulinky nebo při 
mechanickém poškození souosého kabelu. 
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19. ZTRÁTY 


Ztráty v napáječi vznikají jednak vlivem jeho impedanéního 
nepřizpůsobení a jednak vlivem konstrukce samostatného napáječe. 

Při dokonalém přizpůsobení zátěže (přijímače) k vedení se přenese 
všechen výkon z napáječe do zátěže. Není-li zátěž přizpůsobena k vedení, 
nedostane se do zátěže plný výkon (P. ), ale jen jeho část (P). Odražený 
výkon není v zátěži využit. Mezi činitelem stojatého vlnění na veden 
a množstvím výkonu dodaného do zátěže platí vztah 


ЕД 4 me ENARA 
= 2+0+— ká n 
Pro napětí na zátěži analogicky pla: 
ШАРТ Es PS ar da ру 
Um рожі eee, e 
10 — 5 ——{ 
== 
М 
R LER —| 
M 
“ al 
a 
“ 
a 2 3 4 $ 67890 


Ом. 27. Zita výkonu (napětí) vivem soja vedení — 
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Graficky jsou tyto závislosti vyjádřeny na obr. 27. Typickým příkladem 
ztrát vznikajících vlivem nepřizpůsobení je připojení souosého kabelu 
з vlnovou impedancí Z, = 75 © na symetrický vstup příjímače s vlnovou 
impedancí 300 Q. Cinitel stojatého vlnění а = 300/75 = 4a napěťový 
přenos je 


208, d 1908 


Je-li napáječ přizpůsoben k anténě, všechen výkon odražený od vstupu 
přijímače se vyzáří anténou zpět do prostoru. Není-li spojení antény 
s napájetem bezodrazové, odrazí se část výkonu do zátěže a vzniknou 
vícenásobné odrazy. Vzhledem k tomu, že na védem je stojaté vlnění, 
záleží výsledný přenos energie vedení na délce vedení. Vicendsobné 
odrazy však vždy zhoršují kvalitu signálu, což se projeví zejména u delších 
napáječů. Degradace obrazu je podobná jako při interferenci přijímaného 
signálu se signálem odraženým od okolního terénu (či. 12, obr. 17). 


aR A 


IR BR 
کا ا کے‎ 


Ом. 28. Náhradní schéma vedení se riam 


Zatímco ztráty signálu nepřizpůsobením napáječe je možné odstranit 
správnou instalací, ztráty v samostném napáječi jsou dány jeho konstrukcí 
aje nutné vždy s nimi počítat. Na obr. 28 je náhradní schéma skutečného 
symetrického vedení. Oproti ideálnímu vedení (obr. 25) jsou zde navic 
parazitní sériové odpory AR a parazitní paralelní vodivosti AG. Je vidět, 
že ztráty ve vedení jsou způsobeny jednak nedokonalou vodivostí vodičů 
а jednak nedokonalostí dielektrika mezi vodiči. Velikost ztrát závisí na 
délce vedení, proto se ztráty udávají v decibelech na jednotku délky, nej- 
častěji v dB/100 cm. Vysokofrekvenční odpor vodičů se s časem výrazně 
nemění, takže jeho vliv na ztráty je dán konstrukcí vedení, např. kvalitou 
opletení souosého kabelu, provedením středního vodiče (svazek tenkých 
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vodičů, tzv. licna, má větší vî odpor než hladký vodič) atd. Kvalita 
dielektrika, určující paralelní vodivosti, se časem zhoršuje, dielektrikum. 
мате. Příkladem muže byt dvoulinka vystavená povětrnostním vlivům, 
па jejímž povrchu se zejména v průmyslových oblastech usazují nečistoty, 
а dále nevhodný souosý kabel vystavený dlouhodobému slunečnímu záře- 
ní, do kterého může pronikat i vlhkost 

Typické průběhy ztrát у jednotlivých případech jsou nakresleny na obr. 
2 


а 


хэ ий CK) 
pls 

Obr, 29. Kmitočtová závislost útlumu vysokofrekveněních vedení 

3 — оюў kabel, b — nová dvoulinka, b, — volně visi b, — na izolačních 
Tozpěrkách 95 mm od stěny, с — dvounka po třech etch, с, — volně vs, c, — па 
"aolataich rapěrkách 95 mm ой stěny, û — dvoulinka po jednom roce v městském 
E 


20. ČINITEL ZKRÁCENÍ 


Rychlost, jakou se energie šíří vysokofrekvenčním vedením, závií 
па konstrukci vedení; vždy je však poněkud menší než rychlost ve volném 
prostoru. Proto je vlnová délka vlnění kratší než vlnová délka vlnění se 
stejným kmitočtem ve volném prostoru. Tuto skutečnost je třeba respek- 
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tovat vždy, používá-li se úsek vedení s předepsanou délkou. Proto se 
zavádí ještě jedna veličina charakterizující vedení — činitel zkrácení. 
Cinitel zkrácení je poměr vlnové délky na vedení k vlnové délce ve volném 
prostoru. 


21. PŘÍKLADY PRŮMYSLOVÉ VYRÁBĚNÝCH NAPÁJEČŮ 


Průmyslově vyráběné napáječe se liší svým provedením, svým 
určením a cenou. Na obr. 30 jsou různé typy dvoulinek. Složitější wary 
průřezu jsou voleny tak, aby elektromagnetické pole bylo co nejméně 
ovlivňováno vnějším povrchem dielektrického nosiče, který působí перН- 
nivě z hlediska ztrát. Nejjednodušší plochá dvoulinka (obr. 30a) ve 


Obr. 30 Různé typy symetrického vedení 
а а) pásková dvoulinka, b) а c) пове 
/ Роў dart лоша, d) oválná dvoulinka s pěnovým 


bce toue 


ochranný 
жа? 


většině případů vyhoví jen v I. až Ш. televizním pásmu; ve IV. a V. 
televizním pásmu je její útlum tak velký, Ze se tato dvoulinka nemůže 
použít. Barva dielektrického nosiče neni rozhodující a neoznačuje jeho 
Vlastnost nebo určení. 

Ка obr. 31 jsou tfi typická provedení souosého kabelu. Souosé kabely 
se liší také dielektrikem, kterým jsou plněny (tuhé a pěnové), a kvalitou 
vnějšího ochranného pláště (odolnost proti povětrnostním vlivům). Z řa- 
dy běžných sériových kabelů se vymykají kabely pro televizní kabelové 
rozvody (obr. 31c). Jejich vnější plášť je tvořen svařovanou trubkou, která 
Je Sroubovicové zvlněna, aby ji bylo možné ohýbat. Tyto kabely jsou 
určeny pro přímé uložení do výkopu, a proto jsou velmi odolné proti vlivu 
prostředí 

Význačné parametry vysokofiekvenčních vedeni jsou zachyceny 
viab. 3, 


22. VOLBA NAPÁJEČE, 


Při volbě druhu napáječe je třeba zvážit přednosti a nedostatky 
jednotlivých druhů v konkrétních podmínkách. 

Výhodou symetrického svodu je jednoduchost jeho připojení k anténě, 
neboť naprostá většína antén v 1. až V. televizním pásmu má symetrickou 
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Ом. 32. Zmenšení vinové impedance dvoulinky v blizkosti vodivého předmětu 
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impedanci 300 ©. Na straně příjímače již výhoda není jednoznačná, neboť 
moderní typy přijímačů bývají vybaveny pouze souosými vstupy. 

Ztráty ve dvouvodičovém vědem jsou v I. až Ш. televizním pásmu 
výrazně menší než ztráty v souosém védem. Ve IV. a V. pásmu plochá 
 dvoulinka již nevyhovuje z hlediska útlumu. Útlum oválné (popř. tubulár- 
ni) dvoulinky je srovnatelný s útlumem souosého vedení. Důležitou sku- 
tečností je, že je-li svod vystaven povětrnostním vlivům, jeho parametry 
se v průběhu času zhoršují. Výrazněji se stárnutí projevuje u symetrických 
napáječů, zejména u ploché dvoulinky. Zkušenosti ukazují, Ze po jednom 
roce až po dvou letech instalace v městské zástavbě nemívá ani v I. až Ш, 
televizním pásmu symetrický svod menší ztráty než svod souosým kabe- 
lem. 

Nezbytnou podmínkou dosažení malých ztrát nestíněného symetrické- 
ho svodu je správná instalace. Vzhledem ke způsobu šíření elektromagne- 
tického pole je škodlivé, zasahuji-li okolní předměty, zejména vodivé, do 
blízkosti svodu. V blízkosti překážky se totiž zmenšuje impedance vedení, 
takže dochází ke ztrátám odrazem výkonu (obr. 32). Při montáži není tedy 
možné vést nestinénou dvoulinku instalačními trubkami nebo pod omit- 
kou a je třeba zabránit dotyku svodu zejména s anténnim stožárem, 
s hranou okapu atd. Vyhovující způsob montáže — s distanénimi rozpér- 
kami — je na obr. 33. 

Při použití souosého kabelu problémy рН instalaci odpadají. Povétr- 
пози! vlivy, zejména sluneční záření, je však třeba brát v úvahu; pro části 


(Obr. 35. Příklad vedení dvoulinky podél budovy 
5з 


vystavené nepříznivým vlivům je nutné používat souosý kabel se zvláštní 
povrchovou ochranou (např. s polyetylénovým pláštěm mezi opletenim 
а ochranným obalem) nebo kabel se svafovanjm pláštěm, určený pro 
televizní kabelové rozvody (např. VCCZE 75-6,4 obr. 310). 

Je-li svod veden v místech ohrožených vysokofiekvenénim rušením, je 
vhodné volit kabel s měděnou föliî (obr. 31b), kabel pro televizní kabelové 
rozvody nebo alespoň typ s hustým opletením. 

Některé typy souosých kabelů mívají střední vodič tvořený svazkem 
tenkých vodičů — tzv. licnou. Takové kabely se snáze ohýbají, ale mají 
větší útlum než kabely s jedním středním vodičem. Většinou jsou určeny 
pro účastnické šňůry nebo pro podobné krátké spojky. 

Závěrem lze shmout, že pro trvalou montáž je ve všech televizních 
pásmech výhodné použít souosý svod. Je-li svod vystaven povětrnostním 
vlivům, musí být povrchově chráněn, Nejvhodnější je použití kabelu pro 
televizní kabelové rozvody, ale v praxi mohou nastat obtíže sjeho mecha- 
nickou nepoddajností a s požadavkem velkých poloměrů ohybu. 


23. PRINCIP PŘIJÍMACÍCH ANTÉN 


Přijímací anténa odebírá z elektromagnetického pole část jeho 
energie a předává ji do napáječe. Princip činnosti antény spočívá v tom, 
že anténa svou přítomností deformuje pole dopadající viny tak, že tok 
energie směřuje do svorek antény. Na obr. 34 je schematicky znázorněn 


(Obr. 34. Přijímací anténa v poli rovinné viny; do antény přejde energie, 
vymezenou plochou = efektivní plochou antény 


s 


tok energie v rovinné vlně v přítomnosti antény. Je vidět, že množství 
energie, která přejde do antény, je úměrné velikosti vyznačené plochy, tzv. 
efektivní plochy (náhradní plochy) antény. Velikost efektivní plochy anté- 
ny závisí na míře deformace dopadajícího pole. Deformace je způsobena 
tím, že v anténě se indukuje elektrický proud, který na pole zpětně 
působí. V praxi se k výkladu činnosti antény používají oba přístupy; 
představu efektivní plochy antény je výhodné uplatňovat zejména u re- 
flektorovych antén, funkci anten dipólového typu je vhodnější popisovat 
prostřednictvím indukovaných proudů, 

Ramena dipólové antény (obr. 35) vodivě spojují mista prostoru, mezi 
nimiž je v poli rovinné vlny elektrického napětí úměrné intenzitě pole 
a rozměru dipólu. Toto napětí vyvolá elektrický proud procházející dipó- 
lem. Proudový vzruch se šíří vodičem (ramenem dipólu) konečnou rych- 
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kem, f) skupinový (dvě patra) 
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lost. Je-li dipól dlouhý tak, že doba, za kterou proud proide z jednoho 
konce dipólu na druhý, je stejná jako perioda kmitů elektromagnetického 
vlnění, říkáme, Ze dipól má rezonanční délku. Osamocený tenký dipól je 
v rezonanci, je-li jeho délka násobkem poloviny vlnové délky přijímané 
vlny. Nejčastěji se používá dipól půlvinný (délka je X/2) nebo celovmný 
(délka je X). Z praktických důvodů se kromě jednoduchého dipólu použí- 
зай skládané dipóly nebo i jinak tvarované dipóly (obr. 36). V některých 
ze svých podob bývá dipól stavebním prvkem většiny antén pracujících v I 
až V. televizním pásmu. 


м. VLASTNOSTI PŘIJÍMACÍCH ANTÉN 


Funkční vlastnosti antén Ize charakterizovat několika veličinami. 
Nejdůležitější jsou směrovost, činitel zpětného příjmu, zik, impedance 
a Sirokopásmovost 

Z teorie vyplývá úzký vztah mezi vlastnostmi přijímací antény a vysílací 
antény. Tento fakt se odráží v používaném názvosloví. Mluvíme např. 
о vstupní impedanci přijímací antény, přestože z hlediska toku výkonu 
přijímací antény je tato impedance vlastně výstupní, v literatuře se často 
používá pojem vyzařovací diagram přijímací antény atd 


a) Směrovost antény 

Požadavek na smérovost antény vyplývá z toho, že v místě příjmu se 
zpravidla skládá přímý signál od vysílače se signály odraZenjmi (obr. 16). 
Vzhledem k tomu, že dráha přímého signálu je kratší než dráha signálu 
odraženého, jsou signály v místě přijímací antény navzájem časově posu- 
nuty. V lepším případě se obraz televizoru synchronizuje podle silnějšího 
signálu a slabší signál vytvoří další obrysy v obrazu (tzv. duchy). V horším 
případě, mají-li signály srovnatelnou intenzitu, dochází k rozpadu syn- 
chronizace a k nestabilitě odrazu. 

Anténa, která přijímá signál z jednoho směru lépe než z jiných směrů, 
se nazývá směrová anténa. Použitím takové antény je možné vliv nežádou- 
cich signálů podstatně omezit nebo ho úplně odstranit, Směrové vlastnosti 
antény se nejčastěji znázorňují diagramem poměrné směrovosti. V něm je 
graficky znázoměna velikost napětí na svorkách antény v závislosti na 
úhlu, pod kterým dopadá na anténu rovinná vlna (samozřejmě s konstant- 
ní intenzitou). Pro znázornění se používá buď pravoúhlá souřadnicová 
soustava, nebo polární souřadnicová soustava. Použití polární souřadnico- 
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vé soustavy je názornější a její nevýhoda — malá přesnost při čtení 
y blízkosti středu — není v obvyklých aplikacích závažná. 

Při posouzení antén podle diagramu poměrné směrovosti je třeba 
rozlišovat, zda je napětí vynášeno ve voltech nebo v decibelech; záměna 
bývá často zdrojem nedorozumění. 

Na obr. 37 jsou směrové diagramy púlvinného dipólu v rovině dipólu 
a v rovině kolmé na dipól. V rovině kolmé na dipól přijímá dipól všesmě- 
nově — směrový diagram je kružnice. V rovině dipólu záleží na úhlu, pod 
nímž vina na dipól dopadá. Nejvyšší napětí na svorkách dipólu je, dopa- 
dá-li vlna kolmo na dipól. Při šikmém dopadu je napětí přibližně úměrné 
průmětu dipólu do ¿ela vlny. V polárních souřadnicích má tedy diagram 
smérovosti tvar osmičky s osou kolmo k dipólu. 


a ote ы 


Ом. 37. Směrový diagram dipólu 
а) v rovině dipólu, b) v rovně kolmé na dipól 
(tvi kolmé та dipól je dip vesměrový) 


Přidáním dalších prvků k dipólu je možné směrový diagram výrazně 
ovlivnit a zlepšit směrovost antény. Směrový diagram se přitom rozpadne 
ma hlavní lalok a na postranní laloky. Mírou směrových vlastností je 
velikost úhlu (označeno a na obr. 38), vjehož rozsahu neklesne napětí na 
anténě o vice než 3 dB (70,8 %, U. 50 % pokles výkonu), tzv. třídecibelo- 
vá šířka hlavního svazku. Jednotlivé laloky směrového: diagramu jsou 
odděleny místy minimálního příjmu, kterým se říká směry nulového 
příjmu. Polohy takového směru ize využit při potlačení nežádoucího 
signálu (obr. 39). Potlačení nežádoucího signálu může být větší, jeli 
anténa k rusivému signálu směrována nulovým směrem i za cenu, že 
užitečný signál nedopadá ve směru hlavního maxima. 
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b) Cinitel zpětného, příjmu 

Ginitel zpětného příjmu je poměr napětí na svorkách antény při příjmu 
уе směru hlavního maxima k napětí při příjmu ve směru maxima největší“ 
ho postranního laloku v zadní části směrového diagramu. Tento směr 
obvykle nesplývá s osou hlavního laloku, takže někdy používaný název 
pedozadní poměr není zcela správný. 

Velikost činitele zpětného příjmu výrazně ovlivňuje kvalitu výsledného 
signálu v místech vicenásobného příjmu, typických např. v městské zástav- 
bé. Při konstrukci antén nejvíce ovlivňuje velikost činitele zpětného příjmu 
počet správně nastavených reflektorů nebo odrazová stěna. Při spojení dvou 
nebo více antén do anténní soustavy se činitel zpětného příjmu anténní 
soustavy v porovnání s osamocenou anténou téměř nezmění. 


c) Zisk 

Zisk antény udává, kolikrát větší napětí dodá na své svorky anténa 
přijímající ve směru svého hlavního maxima v porovnání s referenční 
anténou. Obvyklou referenční anténou v pásmu decimetrových vin je 
normalizovaný půlvinný dipól. Někdy se používá také izotropní (všesmě- 
rový) zářič nebo elementární dipól. Zisky antén uvádí následující tabulka. 
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Palvinng dipól ze na rozdíl od ostatních vztažných antén v L až 
V. televizním pásmu snadno realizovat, takže se všeobecně dává přednost 
údajům vztaženým k němu. Nicméně někteří výrobci udávají zisk antén 
vzhledem k izotropnímu zářiči, neboť jeho číselná hodnota je o 2,15 dB 
vyšší 

Zisk antény G vzhledem ke všesměrovému zářii je úměrný velikosti její 
efektivní plochy А, Platí 


= 
Go. 
Vime-li například, že napěťový zisk pülvinného dipólu vzhledem k izot- 
ropní anténě je 2,15 dB, je velikost jeho efektivní plochy 
n 
4 041 = 


V tomto případě má efektivní plocha tvar elipsy s osami dlouhými айл 
(obr. 40). Závislost velikosti plochy na vlnové délce vyjadřuje pokles 
Шон] antén те vyších pásmech, 
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benou zátěží. Pro рйїмїппў dipól s impedancí 300 Q (např. skládaný 
Шы = 0,644 Е (uV; m, uV/m) 
Napětí jiné antény s impedancí 300 Q bude při stejné intenzitě elektric- 
ntm eim 


Poměr napětí k proudu na svorkách antény se nazývá vstupní impedan- 
ce antény. Velikost impedance je významná, neboť má vliv na přizpůsobe- 
ní antény k napáječi (či. 18). Impedance antény je obecně komplexní, 


skládá se z reálné části (činný odpor) a z imaginární části (jalových 
složek). Je-li např. dipól v rezonanci, má impedanci čistě reálnou; je-li 
dipól poněkud delší než X/2, má jalová složka, indukční charakter (+j); 
je-li dipól kratší než X/2, má jalová složka charakter kapacitní (— j). 
Z požadavku přizpůsobení vyplývá, že je žádoucí, aby výsledná impedan- 
ce antény byla čistě reálná. Ideální tenký palvinny dipól umístěný ve 
volném prostoru má impedanci 73,13 Q. To je nevýhodné z hlediska 
připojení k napáječi se standardní vlnovou impedancí a navíc, přiblíží 
se dipól k okolním předmětům, jeho impedance rychle klesá. To je 
zdrojem závažných problémů při konstrukci složitějších antén, kde se 
uplatňuje vliv okolních prvků. Impedanci dipólu je možné zvětšit boční 
kovým napájením (obr. 36d) nebo použitím skládaného dipólu (obr. 36b, 
c). Volbou počtu vodičů a jejich vzdálenosti a poměrem jejich tlouštěk Ize 
měnit vstupní impedanci dipólu v širokých mezích, 
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Ом. 41. Pokles skutočného zisku antény vivem impedaněního nepřizpůsobení 


Častěji než údaj o impedanci antény se udává činitel stojatého vlnění při 
spojení antény s vedením se standardní impedancí. Přijatelná hodnota je 
o < 1,5, větší hodnoty о mají za následek zmenšení zisku antény a jsou 
zdrojem dalších komplikací (či. 18). Pokles zisku antény vlivem nepfizpú- 
sobent je znázomén na obr. 41 
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e) Širokopásmovost 

Zisk antény a zejména její impedance závisejí na kmitočtu přijímané 
viny. Sirokopásmovost antény udává, v jakém rozsahu se může měnit 
přijímat přijímaný kmitočet, aniž by se podstatně změnily vlastnosti 
antény. Tento údaj je důležitý při konstrukci antén pro skupinu kanálů 
nebo pro celé pásmo a je významný i u antén pro příjem signálu jednoho 
kmitočtu. Na obr. 42 je průběh činné a jalové složky impedance púlvinné- 
ho skládaného dipólu. V rozsahu jednoho televizního kanálu se impedan- 
ce mění natolik, že při rigoróznim posuzování je samotný dipól nepouzi- 
telný. V praxi se samozřejmě samotný dipól používá pouze v místech 
silného signálu, takže ztráty nepřizpůsobením nejsou rozhodující. 


Е lan Cere itp iin 
Л a a 
Н 12 
лю а Й p" 
40 Ж Qu. 42 Průběh impedance dipólu 


lan emen jednoho televizního kanálu 


25. — VZÁJEMNÉ SOUVISLOSTI MEZI PARAMETRY ANTÉN 


Jednotlivé veličiny popsané v minulém článku spolu navzájem 
souvisejí a při konstrukci antény jsou výsledné hodnoty kompromisem 
mezi požadavky a možnostmi realizace. Nelze například zkonstruovat 
širokopásmovou anténou s velkým ziskem a s přijaelnými rozměry a stej- 
ně tak malou anténu s velkým ziskem. 

Antény s větším ziskem mají zpravidla užší hlavní lalok a jsou smérovtj- 
ší než antény s menším ziskem, ale není jednoznačná závislost mezi těmito 
veličinami a např. činitelem zpětného příjmu. Můžeme si představit diag- 
ram poměrné směrovosti, který má vedle velmi úzkého hlavního svazku 
postranní laloky s relativně vysokou úrovní. Anténa s takovým diagra- 
mem je vhodná pro příjem v místě, kde rušivý signál dopadá ve směru 
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málo odchýleného od směru užitečného signálu, ale má menší zisk než 
anténa, jejíž hlavní lalok je sice širší, ale která má vice potlačené postranní 
laloky. Přesné porovnání zisku antén podle směrových diagramů je možné 
ma základě podílů ploch vymezených v diagramu úhlových sektorem 
menším než třdecibelová šířka svazku a plochy vymezené celým diagra- 
mem. Většího zisku nebo lepších směrových vlastností antén se zpravidla 
dosahuje zvětšováním počtu prvků antén, což s sebou nese zmenšení šířky 
pásma antény, Respektuj e-i se požadavek na udržení šířky pásma, musi 
se při přidávání prvků kompenzovat kmitočtová závislost na úkor zvětšo- 
vání zisku. Podobné skutečnosti platí i pro činitel zpětného příjmu. Platí, 
že úzkopásmová anténa má při stejném uspořádání reflektoru vždy lepší 
činitel zpětného příjmu než anténa širokopásmová. 


2. ANTÉNA TYPU YAGI 


Anténní strukturu skládající se z dipólového zářiče, reflektoru 
а soustavy direktorů navrhli vr. 1926 japonští vědci Н. Yagi a S. Uda. Pro 
svou jednoduchou konstrukci, snadnou reprodukovatelnost a dobré elek- 
trické vlastnosti se antény Yagi staly nejpoužívanějšími v pásmech УКУ. 
Na obr. 43 jsou vyznačeny prvky antény Yagi a jejich základní rozměry, 


Obr. 43. Anténa Yagi — hlav části а označení 


Za přijímacím dipólem (zářičem) je umístěn reflektor tvořený jedním 
prvkem nebo několika prvky, popř. reflektorovou stěnou, před záticem 
jsou umístěny direktory. Stanovení délek jednotlivých prvků a jejich 
vzájemných vzdáleností není díky vazbám mezi nimi jednoznačné: zvole- 
né řešení má vliv na výsledné vlastnosti antény (či. 24). Optimalizace 
rozměrů antény s ohledem na požadované vlastnosti je velice obtížná. Pro 
větší počet prvků než tři bylo donedávna možné provádět optimalizaci 


62 


rozměrů antény pouze experimentálně, pomocí empirických vzorců 
a pouček. Až rozvoj výpočetní techniky umožnil teoreticky zvládnout 
i návrh složitějších antén. Ve většině případů proto při amatérské stavbě 
antén nelze doporučit experimentování s rozměry realizované antény. 

Antény typu Yagi patří do skupiny antén s povrchovou vlnou. Na 
br. 43 jsou vymezeny význačné oblasti antény z hlediska její funkce 
— vinovodová část, transformační část a obvod zářiče. Jednotlivé stavební 
prvky antény jsou zářič, reflektor a direktory. 


a) гане 

Zářič antény Yagi je většinou tvořen půlvinným dipólem, zřídka celo- 
vinným dipólem. Jak již bylo uvedeno, impedance jednoduchého dipólu 
je malá a nevyhovuje. Zvětšení impedance se dosahuje vytvořením skláda- 
ného dipólu. Princip zvětšení impedance spočívá v tom, že paralelní prvek 
odvádí část proudu procházející dipólem mimo svorky antény. Pfedpoklá- 
dime-li pro jednoduchost, že celkový proud procházející dipólem je 
u jednoduchého dipólu i u skládaného dipólu stejný, prochází přizpůso- 
benou zátěží skládaného dipólu při použití vodičů se stejným průřezem 
poloviční proud. 2 požadavku stejného výkonu předaného do zátěže 
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takže impedance skládaného dipólu vyjde čtyřikrát větší, což odpovídá 
požadavku symetrického napáječe s impedancí 300 Q. Zvětší-li se podíl 
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Ом. 44. Impedance sist, 
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proudu procházejícího celistvým dipólem tím, Ze se volí tlustší nebo 
dvojitý dipól (obr. 36c), impedance skládaného dipólu se zvětší 

Druhou možností, jak upravit impedanci dipólu, je bočníkové napájení 
(obr. 33d). Odebírá-li se výkon z bodů vzdálenějších od středu dipólu, 
prochází zátěží menší proud (obr. 35) při větším napětí. Graficky je 
průběh impedance podél dipólu znázorněn па obr. 44a. Je-li ovšem 
rozpětí bočníku větší, uplatňuje se indukčnost jeho přívodů. To je třeba 
kompenzovat, např. zařazením paralelního kondenzátoru (obr. 44b) ladě- 
ného do rezonance na požadovaném kmitočtu. Toje zdrojem obtíží, neboť 
v amatérských podmínkách je nesnadné stanovit dostatečně přesně hod- 
notu parazitní indukčnosti a u průmyslové vyráběných antén s bočníko- 
vým napájením se projevuje časová nestilost kapacity. Další nevýhodou 
dipólu napájeného bočníkem je nesnadná mechanická montáž na ráhno 
antény. U moderních antén Yagi se z těchto důvodů dává jednoznačná 
přednost skládaným dipólüm. 

Zisk zářiče nemá vliv na zisk celé antény, významný je však vliv zářiče 
па výslednou impedanci. 


b) Reflektor 

U vysílací antény je úkolem reflektoru soustřeďovat energii wyzafova- 
nou záficem směrem k direktorúm a tedy do směru vysílání. Analogicky 
u přijímací antény je možné vysvětlit činnost reflektoru tak, Ze odráží zpět 
tu Gist energie, která nebyla zachycena zářičem, a tím zvětšuje zisk. 
Z jiného hlediska reflektor „odstiňuje“ zářič od energie dopadající ze 
zadního směru, a tím zvětšuje činitel zpětného příjmu (zmenšuje podíl 
nežádoucího signálu). 

Délka jednoprvkového reflektoru a jeho vzdálenost od zářiče musí být 
takové, aby proudy procházející reflektorem byly v protiizi vzhledem 
k zářiči, neboť pak dochází k odrazu. Reflektor tedy musí být vzdálen 
0,15 4 až 025 ой zářiče a musi být o něco delší než 0,5 A. Několikaprv- 
kové reflektory jsou vice širokopásmové, délka jejich prvků již není tak 
kritická, 

Pro širokopásmové antény Yagi pro IV. a V. televizní pásmo se někdy 
používá. úhlový reflektor. Tvar reflektoru zde vhodným způsobem kom- 
penzuje kmitočtovou závislost vlastností ostatních částí antény, 

Reflektor zvětšuje zisk antény tím, že odráží energii, která by jinak 
minula zářič. Rozhodující vliv má reflektor na velikost činitele zpětného 
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с) Direktory 

Třetí skupinou prvků antény Yagi jsou direktory. Direktory umožňují 
Vznik vlny vedené podél antény, takže se zvětšuje prostorová oblast, z níž 
energie může přejít do napáječe, a tedy i efektivní plocha antény (a zisk). 
Jednotlivé direktory jsou v podstatě dipóly se zkratovanými svorkami. 
Vina přijatá direktorem se od tohoto místa zkratu odráží a je zpět 
vwyzifena s fizovim zpožděním daným délkou direktoru. Jsou-li vzájemné 
rozteče direktorů v souladu s fizovjmi posuny vyzařovaných vin, vznikne 
vedená vlna, která energii s přispěním reflektoru předá prostřednictvím 
zářiče do napáječe. Rozměry, počet a vzájemné rozteče direktorů mají 
rozhodující vliv na směrové vlastnosti antény, 

Z mechanismu vzniku vedené vlny vyplývá, že stejného zisku Ize dosá- 
hnout buď anténou s kratšími direktory s menším rozestupem, nebo 
anténou s delšími direktory s větším rozestupem (samozřejmě v přijatel- 
ných mezích). Nejednoznačnost vztahu mezi ziskem antény a uspořádá“ 
ním direktorů ukazuje, že výsledný tvar antény lze v širokých mezích 
optimalizovat různými kombinacemi délek a uspořádáním direktorů. 

Postupným zkracováním direktorů směrem od zářiče a postupným 
zvětšováním jejich roztečí je možné zvětšit potlačení postranních laloků 
a dosáhnout větší šířky pásma. 

Význačné postavení mezi direktory zaujímá kompenzační direktor 
umístěný nejblíže zářiče. Ten má největší vliv na výslednou impedanci 
zátěže, takže je možné jeho polohou vzhledem k zářiči kompenzovat vliv 
ostatních prvků antény na jeho impedanci. Vzdálenost kompenzačního 
direktoru od zářiče vychází zpravidla podstatně menší než rozteče ostat- 
ních direktorů, jeho délka bývá kratší než délka direktoru druhého 
v pořadí 


d) Zisk antény Yagi 


Rozhodující vliv na zisk antény Yagi má její délka podél ráhna. Zl. 
slost maximálního dosažitelného zisku na délce antény (vztažené k vlnové 
délce) je na obr. 45 vyznačena plnou čarou. Je vidět, že od jisté délky již 
zvětšování zisku antény nevytváří komplikace plynoucí z jejího dalšího 
prodlužování. V praxi je zisk antény zpravidla menší, jeho hodnota spadá 
do oblasti vyznačené na obr. 45. Posuzování zisku antény podle počtu 
prvků je méně vhodné, neboť stejného maximálního zisku antény dané 
délky Ize dosáhnout různým počtem prvků. 
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Efektivní plocha antény Yagi má tvar kruhu s poloměrem r závislým na 
kmitočtu a zisku antény (obr. 46) podle vztahu 


à 
r(G, = — 109? (memos 
(od в Ü 
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Ом. 46. Tvar efektivni plochy 
amény Yagi 


Do myšleného válce vymezeného efektivní plochou podél osy antény 
asi 1/24 směrem dozadu a nejméně 3 směrem dopředu by neměly 
zasahovat žádné překážky, protože jinak dochází k výraznému zhoršení 
vlastnosti antény. 


a. REFLEKTOROVÁ ANTÉNA, 


Reflektor antén Yagi je součástí budicí části antény a podílí se na 
přenosu energie povrchové vlny do svorek antény. Nabízí se myšlenka 
odebrat vhodným reflektorem energii přímo z rovinné vlny, soustředit ji 
do malého prostoru a odtud ji odvést do napáječe (tedy způsobem 
obvyklým v optice). 

Na obr. 47а je parabolická anténa pro použiti v mikrovinném pásmu 
(VI. televizní pásmo). Vzhledem k tomu, že průměr reflektoru je podstat- 
ně větší než vlnová délka (typicky d > I m, А ~ З cm), existuje analogie 
mezi anténou a optickým reflektorem (obr. 47b), tedy plocha ústí reflek- 
toru tvoří přibližně její efektivní plochu. 

Příčný rozměr relektorových antén používaných ve IV a V. televizním 
pásmu je s přijímanou vlnovou délkou srovnatelný (nelze použít optický 
přístup), nicméně základní princip reflektorové antény je stejný 


a) Reflektorové antény pro VI. televizní pásmo 

Mikrovinná reflektorová anténa se skládá z hlavního reflektoru, pri- 
márního zářiče a popř. pomocného welten. Reflektor je zásadně 
olen souvislou příslušně tvarovanou vodivou plochou. Jednotlivé „pz- 
prsky" musí na primární zářič dopadat ve fázi a to klade značné nároky 
na přesnost tvaru reflektoru. Případné nerovnosti by měly být menší než 
A/16, ti. 16 mm. 

Nejčastěji používaný primární zářič je trychtýřová anténa (obr. 48) ve 
spojení s vinovodovym napájecím traktem. Trychtýřovou anténu lze pova- 
Žovat za bodový zdroj záření vyzařující kulové vlny. Z toho vyplývá 
Požadavek na tvar reflektora — mus být tvořen rotačním paraboloidem. 
Při použití jiných primárních zářičů může být optimální použití jiného 
tvaru reektom, ale pro příjem družicové televize se jiné tvary reflektorů 
nepoužívají. 

Tvar parbolického reflektoru je charakterizován poměrem ohniskové 
vzdálenosti reflektoru k jeho průměru, f/d. Čím je tento poměr menší 
tim je reflektor meli, To je výhodné z hlediska vyzařování větší vzdá- 
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nost zářiče od reflektoru však přináší mechanické komplikace. Vždy je 
debe respektovat vyzařovací diagram primárního zářiče, aby jim byl 
ozářen celý reflektor, ale aby nedocházelo k přezařování přes jeho okraj 
Typickou hodnotou f/d antén pro individuální přjem družicové televize 
je 35. 

Velikost poměru f/d při dané stavební délce antény Ize zmenšit použi- 
tím pomocného hyperbolického reflektoru znázorněného na obr. 49. Toto 
uspořádání antény se nazývá Cassegrainovo uspořádání a často se používá 
při konstrukci velkých antén. Pro individuální příjem družicové televize 


(Obr. 48. Trychtýřová anténa — přechod mezi 
inovodem а volným prostorem 
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— přechod mezi vinovode a volným reflektor zkrátí stavební délku antény) 
prostorem 


zpravidla vyhoví jednoduché uspořádání, při použití složitějších primár. 
ních zářičů se i zde může Cassegrainovo uspořádání jevit výhodnější. Na 
tomto místě se o Cassegrainové uspořádání zmiňujeme zejména proto, že 
Jeho princip se uplatňuje i u antén pro pásma UHF. 


b) Reflektorové antény pro IV. a V. televizní pásmo 


V pásmech UHF je rozměr reflektoru srovnatelný s délkou viny, efek- 
tivní plocha antény je menší než její geometrická plocha, Určení tvaru 
reflektoru je složité, protože primární zářič tvořený zpravidla širokopás- 
movou směrovou anténou s menším ziskem (typicky 8 dB) není bodovým 
zdrojem a výslednou konfiguraci antény není možné určit pouze na 
základě geometrických úvah. Typické tvary primárních zářičů jsou na 
obr. 50. Pro méně směrové zářiče vychází reflektor hlubší, při použití 
zářiče s větším ziskem naopak měl. Krajním příkladem je zářič s vel- 
kým ziskem těsně před rovinnjm reflektorem — anténa Backfire, popsa- 
ná v i. 28. 

Vstupní impedance reflektorové antény je dána zejména vstupní 
impedancí samostatného, primárního zářiče, амак ovlivňuje ji také 
blízkost reflektoru. Viiv primárního zářiče je tím menší, čím menší 
je efektivní plocha zářiče. Z hlediska použití zářiče s malým ziskem 
Je výhodný hluboký reflektor, zatímco z impedančního hlediska je 
výhodnější větší vzdálenost reflektoru a zářiče, tj. mělký reflektor. 
(Výsledný tvar malé reflektorové antény (2/2 S 5) bude tedy vždy kom- 
promisem. e AN тээ vs, cc 
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Ом. 50, Tvar primárních zářičů pro parabolické antény ve IV. а V. televizním pásmu 


Požadavky na provedení reflektoru jsou méně přísné než u mikrovln- 
mjchpásem. Reflektor bývá zpravidla tvořen sítí vodičů, např. drátěným 
pletivem s galvanicky propojenými oky. Sit musi být dostatečně hustá, aby 
nedocházelo k poklesu zisku následkem průniku vf energie reflektorem. 


28. ANTÉNA SE ZPĚTNÝM ZÁŘENÍM - ANTÉNA, 
BACKFIRE 


Anténa se zpěným zářením je tvořena řadou direktorů 7 před 
rovinným reflektorem 2 (obr. 51). Teoreticky Ize takto dosáhnout zisku 
většího o 3 dB než u samotné antény Yagi stejné délky, neboť direktory 
působí na elektromagnetickou vlnu dvakrát. Nejdříve soustředí energii na 
reflektor a potom odraženou vlnou anténa zpracuje jako běžná anténa 
Yagi malým reflektorem 4 a zářičem 3. Ve skutečnosti je možné dosá- 
hnout zisku většího asi o 25 až 28 dB v porovnání s prostou anténou 
Yagi. Podmínkou však je, aby reflektor beze ztrát odrážel veškeré vlnění 
soustředěné direktory. To vyžaduje rozměrný reflektor s délkou hrany 
alespoň 10 Д a s oky menšími než 4/10, Tato skutečnost je významná, 
neboť se ukazuje, že antény s parabolickim reflektorem těchto rozměrů 
dosahují stejného zisku při podstatně menších nárocích na nastavení celé 
soustavy. Aby soustava direktorů vedla povrchovou vlnu oběma směry, 
musí mít všechny direktory stejnou délku. Takové uspořádání je úzkopás- 
mové (či. 26). Všeobecně Ize říci, že anténa Backfire je z hlediska součas- 
ného stavu anténní techniky překonaná. 
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V praxi se často používají modifikace antény Backfire. První z nich je 
známa pod označením Short Backfire (SBF); je na obr. 52. Oproti klasic- 
ké anténě se zpětným zářením zde není vinovodová část direktorů a mezi 
reflektory R; a R, je pouze zářič Z. Reflektor R, bývá ještě lemován 
prostencem. Anténu SBF je možné podle jejího uspořádání řadit mezi 
reflektorové antény (či. 27). Rozdíl spořívá v tom, že reflektor je rovinný. 
To má za následek, že zisk SBF je menší než zisk parabolické antény se 
stejnými rozměry. Prstenec lemující reflektor můžeme považovat za korek- 
ci tvaru reflektoru. Tim, že se odchylky od tvaru optimálního z hlediska 
geometrické optiky v uspořádání SBF vzájemně kompenzují, je způsobe- 
mo, že SBF je více úzkopásmová než antény s parubolickými reflektory. 
Výroba rovinného reflektoru je však méně náročná. 


Obr. S1. Anténa se zpětným zářením 
= Backfire 


ом. 52. Krátká anténa e zpětným 
zářením (SBF) 


Druhou modifikací antény Backfire je SBF s předřazenou vlnovou 
fadou direktorů (SBF-L). Tato anténa je na obr. 53. Zde řada direktorů 
působí stejně jako u antén Yagi, jiné je pouze uspořádání zářiče. 


2. ANTÉNY SE SOUFÁZOVÉ BUZENÝMI PRVKY 


Mezi amatéry je velmi oblíbeným typem antény buzená patrová 
soustava, a to jak pro její snadnou realizovatelnost, tak pro její dobré 
vlastnosti. Na obr, 54 je čtveřice zářičů, na něž dopadá rovinná elektro- 
magnetická vlna. Dopadá-li kolmo na rovinu antény, indukují se napětí na. 
svorkich zářičů ve fázi, takže výsledný výkon přenášený do zátěže je 
součtem výkonů dodávaných jednotlivými zářiči. Dopadá-li vlna pod 
jiným než pravým úhlem, jsou dráhy jednotlivých paprsků různé a přenos 
energie je menší. Krajním případem je, rovná-li se fázový rozdil mezi 
dvěma гана 4/2, Energie přijatá jedním zářičem je pak druhým zářičem 
beze zbytku vyzářena zpět do prostoru. Je tedy zřejmé, Ze v homogenním 


Obr. Sá. Cove soutázov buzených (Obr. 55, Soustava ria 
24820, smërovaná kolmo па dopadající Vadálených vzájemně 1/4 (je 
sima рошёло rušení z kolmého směr) 
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poli Ize soufizové buzenou patrovou soustavou dosáhnout značné sméro- 
vosti, Nehomogenita dopadajícího pole má za následek výrazné zhoršení 
vlastností patrových antén, neboť zářiče skiběji ozářené vyzáří část energie 
přijaté silněji ozářenými zářiči. 

Volbou rozteče mezi jednotlivými patry se ovlivní směr, ze kterého je 
příjem potlačen. Obvyklá rozteč patra bývá A/2, to znamená, že signál 
přicházející kolmo na směr příjmu (rušení pouličním provozem) dopadá 
па jednotlivá patra s fázovým posunem 180 a jeho energie se ze svorky 
antény nepřenese (obr. 55). Rozteč pater X/2 umožňuje také jednodušší 
napájení jednotlivých zářičů. Je-li totiž spojovací vedení dlouhé polovinu 
vinové délky, je možné v něm vznikající fizowy posun kompenzovat jeho 
„Přepólováním“ (па obr. 55 to jsou spojeny mezi 1. a 2. nebo 3. a 
4, patrem). Spoj mezi 2. a 3. patrem není překřížený, celá soustava musi 
být symetrická vzhledem k napáječi. 


(Obr, зв. Сурагон šestnáctprvková Obr. 57. Sesipatrov soustava 
soustava 


Základním stavebním prvkem buzené dvoufázové soustavy bývá celo- 
vinný dipól. Tím je dána její značná širokopásmovost, a tedy i menší 
citlivost na drobné chyby při výrobě. Ve Ш. televizním pásmu se nejčastěji 
používá čtyřpatrová šestnáctiprvková soustava (obr. 56), ve výjimečných 
případech i Sestipatrová soustava (obr. 57). Ve IV. a V. televizním pásmu 
se místo rellektorovich prvků používá reflektorová stěna (obr. 58). 


7 


К баа 


= al 
ооа 
ы 
(Obr 58, Modifikace patrové soustavy Obr. $9, Anténa se skupinovými 
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в) nt, b) skutečné provedení 
30. — ANTÉNY YAGI SE SKUPINOVÝMI DIREKTORY 


U soufázových anten se většího zisku dosahuje použitím několika 
zářičů. Jinou cestou ke zvětšení zisku je zdvojení řady direktorů v anténě 
Yagi. Na obr. 59 je jedno provedení antény se skupinovými direktory; 
možné tvary direktorů jsou na obr. 60. 

Antény se skupinovými direktory jsou kompromisem mezi jednodu- 
chou konstrukcí antény Yagi a výhodnými vlastnostmi fázových anténnich 
soustav. Vzhledem k přijatelným rozměrům se používají ve IV a V. 
televizním pásmu. I zde je však svislá rozteč prvků malá, takže пеше 
dosáhnout zisků, jaké by měly klasické anténní soustavy se stejným poč- 
tem optimálně umístěných prvků. Anténa se skupinovými direktory je 
však natolik kompaktní, že při praktickém použití se dosahuje parametrů 
blízkých teoretickým hodnotám, 
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(Obr. 60, Některá používané seskupení direktorů 
3i. | SMYČKOVÉ ANTÉNY - ANTÉNY QUAGI 


V pásmech krátkých vin využívaných amatéry se často používají 
antény, jejichž prvky nejsou přímé, ale jsou tvořeny smyčkami různých 
tvarů (obr. 61). V pásmech krátkých vin je jejich použití výhodné z mnoha 
důvodů (menší rozměry, u vysílacích antén možnost vyzáření většího 
výkonu atd.), které však pro příjem v televizních pásmech nejsou podstat- 
né. Zisk antén Yagi se smyčkovými reflektory je jen asi o dB větší než 
Zisk antén s přímkovými prvky, u delších antén je zisk větší ještě o méně, 


водой мге 


oO тат 
VO 


be 61. 
Tvary smyček 
pro antény Quagi 


Navíc smyčky mají oproti skládaným dipólům poloviční impedanci, takže 
vznikají problémy s přizpůsobením k napáječi. Odůvodněné je použití 
malých ((říprvkových) antén pro příjem dostatečně silného signálu v ne- 
homogenním poli 


31 LOGARITMICKO-PERIODICKA ANTENA. 


Dosud popisované antény s rezonanéními prvky mají z princi- 
přálních důvodů omezenou šířku pásma, v němž jsou použitelné. Logarit- 
micko-periodická struktura naproti tomu nemá teoreticky omezené pro- 
vozní pásmo, neboť vyzařovací diagram a impedance se s kmitočtem 
téměř nemění. Tato skutečnost předurčuje logaritmicko-periodické anté- 
ny k použitíjako referenčni pro měřicí účely a ve IV. a V. televizním pásmu 
pro příjem v místě, kde Ize přijímat větší počet vysílačů s dostatečnou 
intenzitou. Na obr. 62 je základní tvar logaritmicko-periodické antény, 


h 


Ом. 63. Obvyklé tary 
plošných oe. 


vyplývající z teorie. Je to plošný útvar s rezonanénimi unipóly lichoběžní- 
kového tvaru. Jejich rezonanční kmitočty, vynesené do grafu v logaritnic- 
kém měřítku, mají mezi sebou konstantní rozestupy (odtud pochází název 
antény). Na obr. 62 je také naznačeno rozdělení antény na část aktivní 
(A), jejíž prvky jsou v blízkosti rezonance, a па část přenosovou (7), 
zprostředkující přenos energie do napáječe. Zbytek antény se neuplatiu- 
je. Zisk antény je tedy menší než zisk jiných antén se stejnými rozměry, 
anténa je však Sirokopásmová. Při praktickém provedení je ve IV. a V. 
televizním pásmu použití plechového zářiče z obr. 62 nevhodné, ale 


(Obr. 65. Dvojitá plošná 
Iogartmicko periodická, anténa 


používá se modifikace s trubkovimi prvky, uvedená па obr. 63. Obvyklé 
je uspořádání dvou takových zářičů do prostorové logaritmicko- periodic- 
ké antény (obr. 64). V podstatě jde o dvě soufizové napájené antény. 
Kmmitočtovou nezávislost impedance soustavy zajišťuje vhodná volba úhlu 
rozevření q>. Antény však nejsou rovnoběžné, a to omezuje zvětšení zisku 
zdvojením antény na 1 až 3 dB. 

Prostorová anténa přejde v plošnou, je-li їр =0 а použije-li se 
zářič uvedený na obr. 63d. Výsledné uspořádám je na obr. 65. 

Ve IV. а V. televizním pásmu je možné plošnou anténou dlou- 
hou 3,1 m, s 58 dipóly dosáhnout zisku 12 dB. To je také praktická 
hranice zisku logaritmicko-periodické antény pro kmitočty 500 až 
1000 MHz. 


эз. POKOJOVÉ ANTÉNY 


V místech silného signálu mnohdy není třeba používat venkovní 
antény a stačí náhražkové antény umístěné poblíž přijímače. Při jejich 
použití si je třeba uvědomit, že uvnitř místnosti je elektromagnetické pole 
značně nehomogenní a navíc jeho rozložení je závislé i na pohybu osob 
y místnosti. V takových podmínkách ztrácí použití složitějších antén 
smysl, neboť v deformovaném рой se jejich vlastnosti podstatně mění, 
Není-li možné prostým dipólem získat uspokojivý signál, nemá zpravidla 
сепи dále experimentovat 

Je-li některé okno místnosti obráceno přímo k vysači, je nejvhodnější 
pokojovou anténou púlvina$ dipól (např. z dvoulinky, obr. 66) připevněný 
у okně. 


"d 
d 


коё 


(Obr. 66. rung dipól z dvoulinky, vhodný pro upevnění па okno místnosti ( = 1/2) 
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34. IMPEDANČNÍ PŘIZPŮSOBENÍ ANTÉNY K NAPÁJECI 


V článku 18 jsme ukázali význam impedanéního přizpůsobení 
jednotlivých článků vysokofrekvenéního řetězce pro přenos energie. Pro- 
tože není možné, aby všechny články řetězce měly shodnou vlnovou 
impedanci, je nutné použit transformační členy, Tyto ccm mohou trans- 
formovat nejen velikost vlnové impedance, ale i jeji povahu (symetrická 
— nesymetricki), což umožňuje připojení antén, které mají zpravidla 
symetrickou impedanci, na souosé vedení. Nejsnáze realizovatelné symet- 
rizační obvody jsou takové, které současně transformují impedanci v po- 
wem Zu Zam = 1/4. To je jeden z důvodů. proč norma předepisuje 
vlnovou impedanci symetrického vedení 300 Q a vlnovou impedanci 
souosého kabelu 75 Q. 


Obr. 67. Pokles zisku а deformace směrového diagramu antény následkem 
„esymetického napájení 


Z konstrukčních důvodů je výhodné, aby anténa měla symetric- 
kou impedanci. Dipóly napájené souosým kabelem (tedy s nesy- 
metrickou impedancí) se používají zřídka a pro amatérskou praxi 
nejsou vhodné. PH pokusu jednoduše připojit symetrické anténní 
svorky k nesymetrickému vedení vzniknou ztráty výkonu nepfizpú- 
Sobením a navíc fázové chyby, které deformují vyzařovací diagram 
antény (obr. 67). Anténa „šilhá“ a zmenší se její zik. Deformace vy- 
zařovaného diagramu vede často k mylným úvahám o směru, ze kterého 
je signál přijímán. 
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Prinicp symetrizačních vedení i impedančních transformátorů fe zalo- 
zen na vlastnostech vf vedení. Vina po průchodu úsekem vedení dlouhým 
1/2 změní svou fiel na opačnou. Je-li na jednom konci úseku vedení 
dlouhého 2/4 maximální napětí, je na druhém konci napětí minimální 
a naopak, 


2202 er ae) 


Obr. 68, Symetrizace а transformace impedance 
beben smyčkou 


Symetrizace využívající púlvinné vedení je znázorněna na obr. 68. 
Proud přicházející sousosým vedením do bodu Б se dělí na dvě poloviny, 
Jedna prochází do symetrické impedance, druhá postupuje smyčkou, 
takže v bodě a má opačnou fizi, tzn. že je v souladu s proudy na 
symetrickém vedení. Jestliže napětí středního vodiče vzhledem k plášti 
kabelu v bodě b označíme U, = U, je v bodě a napětí mezi středním 


vodičem a pláštěm U, = — U. Celkové napětí mezi body Z) a a je 
U, - U, = 2U. Skutečně tedy 


Vnější vodič nesymetrického kabelu není v symetrické impedanci př 
pojen, je uzemněn. Je vhodné si uvědomit, Ze tato skutečnost nebrání 
přenosu energie proto, že napětí na symetrické impedanci sou symetrická 
právě vzhledem k zemi (tj. např. k anténnímu ráhnu vodivé spojenému se 
středem skládaného dipólu). 
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Pálvinná smyčka je zpravidla vyrobena z vedení se stejnou impedancí, 
jakou má vedení symetrizované. Není to však podmínkou. Důležité je 
pouze správné stanovení délky smyčky (viz činitel zkrácení). Na daném 
kmitočtu / pracuje symetrizační člen beze ztrát, jeho vlastnosti se nemění 
v rozmezí 0,9/až 1,1/. Ve IV. a V. televizním pásmu se často používá 
vedení vytvořené na oboustranně plitované desce pro plošné spoje mean- 
drem nad vodivou deskou (obr. 69), tedy mikropáskové vedení. V tako- 
vémto provedení je obtížné nalézt elektrickou délku, především proto, že 
Vlastnosti použitého materiálu nejsou definovány, 


Ом. 69. Рам smyčka, tvořená Obr. 70. Pålvinná smyčka z miniaturní 
meandrem na desce ploného wee, dvoulinky 


Jiná varianta púlvinné symetrizační smyčky pro UHF, tvořená minia- 
turní dvoulinkou, je na obr. 70. Dvoulinka je navinuta na trn s průměrem 
37 ай 38 mm (např. vrátek) tak, že tvoří 5 závitů a uprostřed (tj. po 2,5 
závitech) je překřížena. Po vyjmutí trn je třeba závity vyztužit lepidlem, 
např. polystyrénovým. Konce dvoulinky by měly být co nejkratší 

Úsek vedení dlouhý 2/4 se s výhodou používá jak v symetrizačních 
(obvodech, tak pro impedanční přizpůsobení dvou vedení s různou impe- 
danci. Impedance Z, připojená k jednomu konci étvrtvinného vědem se 
na druhém konci jeví jako impedance Z,, Platí 


zz. 
tj. vlnová impedance vedení r je vždy jejich geometrickým průměrem. 
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Kdybychom. přizpůsobili spojení symetrických vedení s impedancemi 
750 a 3000, stačí je propojit čtvrtvinným úsekem s impedancí 
Z, = 153000 = 150 ©. Je-li třeba současně změnit charakter impe- 
dance z nesymetrické na symetrickou, je možné použít uspořádám podle 
obr. 71. Ctvrtvinnd vedení mají opět vlnovou impedanci 150 Q, takže 
jejich paralelní spojení v bodě a má impedanci Z, = 150/2 © = 75 © 


Ом. 72. Exvviané vedení, 
navinuté na dvouděrovém jádru 


sew 


Ом. 73. Асу v symetrzatim obvodu 
pro пша jádra 
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a sériové spojení v bodě b má impedanci Z, = 2.150 Q = 300 ©. Vlast- 
nosti étyrtvinného vedení umožňují současně uzemnit bod a a střed 
vedení v místě b. Tím je dosaženo požadovaného charakteru impedancí 
(Obvykle se čtvrtvinná vedení realizují miniaturní dvoulinkou, stočenou na 
jádrech z izolantu (organického skla) nebo na fritových jádrech (obr. 72). 
Feritové jádro zkrátí vlnovou délku, takže fyzické rozměry symetrizačního 
členu vyjdou malé iv I. a Ш. televizním pásmu. Na obr. 73 je závislost ztrát 
V symetrizačním obvodu na pracovním kmitočtu a na rozměrech jádra. 
Přizpůsobovací obvody na dvouděrových jádrech jsou ideální pro široko- 
pásmové použití 


35. PŘIZPŮSOBENÍ NAPÁJEČE K PŘIJÍMAČI 


Odchylka vstupní impedance od jmenovité hodnoty způsobí 
impedanční nepřizpůsobení, které při použití dalšího napáječe má za 
následek zhoršení obrazu. Je-li jako napáječ použita dvoulinka, je zjištění 
nepřizpůsobení jednoduché. Má-li pohyb např. prstu podél vedení vliv 
pouze na intenzitu signálu dodávaného do přijímače, je napáječ dobře 
Plizpüsoben. Změny v kvalitě obrazu podle rytmu pohybu ruky jsou 
známkou nepřizpůsobení. V takovém případě je možné obalit napáječ 
plechovým páskem (provizorně vyhoví i hliníková fólie) tak, aby vzniklý 
prstenec nebyl vodivě uzavřen. Šířka pásku je pro 1. a Il. televizní pásmo 
65 až 70 mm, pro Il. televizní pásmo 35 az 40 mm a pro IV. a V. televizní 
pásmo asi 15 až 20 mm. Napáječ je přizpůsoben, je-li prstenec v poloze, 
při níž je přijímaný obraz nejlepší. Nevyhovi-li tento způsob přizpůsobení, 
lze použít pahýl vedení připojený paralelně ke vstupním svorkám televizo- 
ru. Pahýl je dlouhý přibližně 4/4 a na konci zkratovaný nebo otevřený. 
Nastavení je obdobné jako nastavení pásmové propusti nebo zádrže tvoře- 
né úsekem vedení (či. 36). 

Moderní přijímače mají souosý vstup, takže dodatečné přizpůsobení 
napáječe by bylo složitější. Praxe ukazuje, že přijímače se souosým vstu- 
pem mají vstupní impedanci v takovém rozmezí, že není třeba souosý 
kabel dále přizpůsobovat. 


36. POTLAČENÍ RUŠIVÝCH SIGNÁLŮ 
PÁSMOVÝM FILTREM TVOŘENÝM ÚSEKEM VEDENÍ 


Rusivy signál pronikající na svorky antény lze potlačit pásmovou 
zádrží na napáječi. Je-li v okolí užitečného signálu více rušivých signálů, 
používá se pásmová propust. 
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Pásmové propusti a pásmové zádrže tvořené úsekem vedení jsou kon- 
strukéné velmi jednoduché a ize s nimi dosáhnout dobrých výsledků 

Védem dlouhé 4/4 (nebo jeho lichý násobek), na konci zkratované, 
představuje paralelní rezonanční obvod. Na napáječi takový pahýl vytvoří 
kmitočtovou propust. Stejné vedení na konci otevřené je sériový rezona- 
nění obvod a na napáječi vytvoří kmitoctovou zádrž. Otevřené vedení ize 
jen obtížně realizovat dostatečně přesně, výhodnější je vytvořit zidrz 
úsekem vedení dlouhým sudý násobek 4/4, na konci zkratovaným. Vlast- 
nosti zkratované dvoulinky jsou stejné jako u ideálního zkratovaného 
vedení. 

Pahýl vedení je paralelně připojen ke svorkim přijímače. Osvédéilo se 
nastavovat jeho délku pomocí holicí čepelky, přikládané kolmo na vedení. 
Zářezy v izolaci dvoulinku nepoškodí, takže po nalezení optimální polohy 
použitou dvoulinku definitivně zkrátíme a vodiče spojíme pájkou. 

Šířka propustného pásma je dána kvalitou dvoulinky použité k výrobě 
pahýlu. Jestliže maximum potlačení není zcela zřetelné nebo je sice 
zřetelné, ale současně zhoršuje kvalitu obrazu, je nutné použít dvouvodi 
čové vedení vlastní konstrukce, nejlépe z měděného smaltovaného drátu 
s průměrem asi 2 až 35 mm. Rozteč vodičů musí být konstantní. Vlnová 
impedance vedení závisi na poměru osové rozteče vodičů D a jejich 
průměru d Distanční rozpěrky z polyetylénu nemají na impedanci vý 
znamng viiv. Vlnová impedance pahýlu má být obecně stejná jako vlnová 
impedance vlastního vedení, tedy 300 Q. Je-li však úsek vedení kratší než 
A/2,je z hlediska rozptylu vysokofrekvenční energie výhodnější vlnová 
impedance kolem 20082. Z grafu па obr. 228 tedy vyjde poměr 
D/d- 61 pro 2 = 300 0 a D/d = 27 pro Z = 2000. Složitější 
odladovač je popsán v či. 73. 


„ SLUČOVÁNÍ SIGNÁLŮ Z VÍCE ANTÉN 
DOJEDNOHO NAPÁJECE 


Při zlepšování vlastností anténního systému pro příjem jednoho 
kanálu řazením antén do anténních řad nebo při příjmu více různých 
sitnálů vyvstává problém sloučit napáječe do společného svodu. Při příjmu 
více různých signálů je sice možné použít několik svodů až k přijímači, ale 
toto řešení zpravidla není uspokojivé. Sdružování signálů je třeba věnovat 
Pozornost, neboť při nesprávném provedení je část výkonu přijatá jednou 
anténou vyzařována ostatními anténami zpět do prostoru, 
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38. ANTÉNNÍ ŘADY 


Neposkytne-li nejvhodnější anténa uspokojivý signál, je možné 
zlepšit příjem uspořádáním dvou nebo více antén do anténní řady. Lze tak 
zvětšit zisk nebo smérovost, popř. Ize vhodným uspořádáním antén potal- 
čit příjem nežádoucích signálů. Při příjmu vertikálně polarizovaných sig- 
nálů je sdružování antén jediným způsobem jak tvarovat vyzařovací dia- 
gram v horizontální rovině. 

Použitím dvou antén místo jedné kze za ideálních podmínek dosáhnout 
dvojnásobného zisku, tedy + 3 dB. Základním předpokladem však je 
bezdrátové sloučení jednotlivých signálů. Kvalitní sloučení signálů je 
v praxi proveditelné jen tehdy, jsou-li slucované signály stejné nebo jsou-li 
alespoň ve fázi. Jinak řečeno, antény musí být umístěny v homogenním 
elektromagnetickém poli, což nelze předpokládat zejména v místech 
velmi slabého signálu. Z toho vyplývá, že teoreticky odvozené uspořádám 
antén je zpravidla nutné přizpůsobit podmínkám v konkrétním místě 

Zlepšení směrovosti u anténních řad je způsobeno stejným mechanis- 
mem jako u fázově buzených soustav (obr. 54). Jsou-li tedy antény umístě- 
ny vedle sebe ve vodorovné rovině, zúží se horizontální směrový diagram; 
jsou-li umístěny nad sebou, zúží se vertikální směrový diagram. Směrové 
diagramy ve druhé rovině se nemění. Zúžení směrového diagramu je 
v ideálním případě takové, že šířka svazku 3 dB je poloviční (obr. 74) 


Ом. 74. Zülen směrového diagramu Оһ 75. Uspořádání Мур antén způsobem 
Př použi dvou antén v řadě dvakrát v obou směrech 
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V řadě složené že čtyř antén se zvětší zisk na čtyřnásobek (+6 dB), 
podle uspořádání se tHdecibelovi šířka svazku zúží buď čtyřikrát 
(antény vjedné rovině) nebo dvakrát v obou směrech (uspořádání podle 
obr. 75). 

V homogenním poli je jednoznačně výhodnější uspořádání antén ve 
vodorovné rovině, neboť směrovost se zvětší pouze v azimutální rovině. 


La, 


— al 


Li 


Z mechanismu šíření elektromagnetických vln vyplývá, že pfi příjmu za 
rídiovým horizontem není úhel, pod nímž vlna přichází, stálý. Svise 
uspořádaná anténní řada je však konstrukčně výhodnější, Tyto skutečnos- 
ti je třeba vždy uvážit a při návrhu soustavy je respektovat. 

Rozměry antén tvořících anténní řadu jsou optimalizovány pro osamo- 
cenou anténu (či. 24). Při seskupování antén je tedy nutné dodržet 
vzájemnou minimální vzdálenost mezi anténami. Na obr. 76 jsou tri 
možné konfigurace dvou antén (s vyznačenou roztečí). Optimální rozteč 
závisí na zisku použitých antén a na jejich vzájemné orientaci. Křivka 7 na 
(obr. 77а odpovídá dosažení maximálního zisku, křivka 2 udává rozteč, při 
níž jsou maximálně potlačeny postranní laloky směrového diagramu. 
Obdobné křivky na obr. 77b udávají závislost optimální rozteče na trideci- 
belové šířce svazku v rovině antény (obr. 38). Šířka svazku v sobě již 
zahrnuje směrové vlastnosti v požadované rovině; diagram z obr. 77b se 
nejlépe osvědčil pro nastavování antén ve skupině 
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Ом. TI. Určení optimální rozteče antén 
а) podle zisku použitých amén, b) podle Му svazku antén 


39. NASTAVENÍ OPTIMÁLNÍCH ROZTEČÍ ANTÉNNÍ ŘADY 


Pro přesné nastavení anténní řady je nutné použít objektivní 
indikaci pro napětí na svorkich antény. Není-li k dispozici příslušné 
měřidlo, je možné si vypomoci běžným televizním přijímačem. Napětí 
AVC je úměrné (nikoliv přímo!) úrovní na vstupu přijímače. Pomocí 
běžného měřidla stejnosměrného napětí je tedy možné indikovat maxi- 
mal příjem. Dále je pro nastavení třeba indikovat úroveň о 3 dB nižší než 


ат 


maximální. Odpovídající výchylku měřidla zjistíme, vložíme-li do napájecí 
cesty útlumový článek 3 dB, přičemž anténa je stile nasmérována na 
maximální příjem. Vhodný útlumový článek pro souosé vedení je např. 
odporový článek T (obr. 78). Odpor 210 © je možné přibližně realizovat 
paralelním spojením odporů 390 © a 470 O. 
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(Obr. 78. Опол} článek 3 dB pro nesymesrické 
vedení 750 


Při měření úrovní na střeše je výhodné nechat přijímač na místě trvalé 
instalace a k anténě zpět přivádět pouze napětí AVC. Vady je třeba mit 
jistotu, 2e vf ûrove není zvyšována jinými interferujícími signály. U velmi 
slabých signálů je dále třeba respektovat to, že signál mění vlivem nestá- 
losti atmosféry svou intenzitu často i v kratších než minutových interva- 
lech. 

Při nastavování anténní řady v uspořádám podle obr. 76a, bude nutné 
měřit natočení antény v azimutu. Vhodný je tento přípravek: pevný 
úhloměr s rozsahem asi +60" a ukazovátko připevněné ke stožáru. 

(Osvědčený postup využívá křivky z obr. 77b. Nejprve připevníme na 
stožár jednu anténu do defintivní polohy. Po nalezení maxima příjmu 
а ocejchování poklesu 3 dB na měřidle určíme střídavým vychylováním 
antény na obě strany od maxima tHidecibelovou šířku svazku. Z diagramu 
ma obr. 77b přečteme pravděpodobnou rozteč příslušející změřenému 
úhlu a připevníme další anténu. Po novém ocejchování poklesu 3 dB 
zmétime šířku svazku soustavy. Měla by být poloviční. Není-li tomu tak, 
změníme rozteč o malou hodnotu (nejvíce 0,2 2) a měření opakujeme. 
Zvětí-i se šířka svazku, změníme rozteč v opačném smyslu. Při každé 
změně rozteče by se teoreticky vždy mělo znovu cejchovat měřidlo, 
Změna maximální hodnoty však bývá malá a chybu cejchování Ize zaned- 
bat. Výsledné uspořádání je vhodné překontrolovat přesně. Vhodné je 
také orientačně překontrolovat úroveň postranních laloků otočením sou- 
stavy o 360°. 

Nastavujeme-li anténní řadu ve vodorovné rovině, je třeba všechny 
rozteče měnit současně; výsledná Sika svazku je příslušně menší. Při 
nastavování anténní řady ve svislé rovině je popsaný postup mechanicky 
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obtížně proveditelng. Optimální rozteč zpravidla stanovíme pouze podle 
maxima příjmu. Nejde-li již změnou rozteče zvýšit úroveň signálu, posu- 
neme horní anténu dozadu (asi 0,054) a opět nalezneme optimální rozteč 
Misto mechanického posuvu fáze je možné měnit vzájemný fázový posuv 
v napáječi (obr. 85) 


40. TVAROVÁNÍ SMĚROVÉHO DIAGRAMU 
ANTÉNNÍ RADY 


Řazením antén do soustav Ize tvarovat diagram příjmu tak, aby 
byl potlačen nežádoucí signál (obr. 79). Rozteč antén není nastavována na 
maximální zisk, podstatný je směr nulového příjmu. Vznik nulového 
příjmu je patrný z obr. 54. Velikost úhlu, při němž vlna dopadá na 
jednotlivé antény právě v protifázi, závisí na rozteči antén. U bodových 


1 ом. 70. Vynoření nulového 
o plümo v požadovaném směru 


zářičů vyjadřuje vztah mezi roztečí antén a úhlem nulového příjmu jedno- 
duchy trigonometrickf vzorec. Při použití běžných antén Yagi s vodorov- 
nou polarizaci, umístěných vedle sebe (obr. 76a), nalezneme nejvhodnější 
rozteč antén v diagramu na obr. 80. Liší-li se směr užitečného signálu 
a směr rušivého signálu málo, vychází rozteč velká a to má za následek 
zmenšení zisku soustavy (či. 37). V takových případech se vyplatí ple 
směrovat soustavu stranou od směru maximálního příjmu než zvětšovat 
rozteč antén (obr. 39). 

Při příjmu horizontálně polarizované vlny přistupujeme k seskupování 
antén do řad poměrně zřídka, zatímco při příjmu vertikálně polarizované 
Vlny by se jednotlivá několikaprvková anténa měla používat pouze výji- 
mecne. Směrový diagram antény Yagi je v rovině kolmé k prvkům značně 
široký a zpravidla dochází k potížím způsobeným mnohocestným šířením, 
Sdružením dvou nebo čtyř antén lze zpravidla dosáhnout uspokojivého 
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ом. во. Závislost 
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výsledku a navíc mechanická konstrukce svisle polarizované anténní řady 
(obr. 81) nepřináší zvláštní obtíže, neboť i samostatná anténa musí být 
připevněna na výložném ramenu. 


41. VZÁJEMNÉ PROPOJENÍ ANTÉN V RADE 


Řady televizních přijímacích antén se zásadně napájejí soufizo- 
vě, tedy v místě spojení napáječů dvou nebo několika antén musí mít 
signály od jednotlivých antén stejnou fázi a stejnou velikost. Při spojování 
vysokofrekveněních vedení s takovými signály je možné počítat s vinovimi 
impedancemi podobně jako s odpory v odporové siti. Podmínkou je 
samozřejmě, že výsledné spojení napáječů je impedanéné přizpůsobeno, 
(Cílem řazení antén je dosáhnout v místě připojení k napáječi vlnové 
impedance napáječe, tedy impedance 300 ©. Z obr. 82 је vidět, v jakém 
vztahu jsou impedance členů řady k celkové impedanci pro různá sesku- 
pení odporů (antén). Jednotlivé antény v řadě mají zpravidla vstupní 
impedanci 300 Q, pouze ve výjimečných případech je impedance antén 
volena s ohledem na řazení do soustav (např. buzená patrová soustava na 
obr. 56, 57, 58, kde impedance jednoho patra je volbou průměru prvků 
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Obr. 82. Výsledná impedance spoje prvků 
з), b) paralelního, c) d) sériově paralelního 


nastavena na 1200 Q). Je tedy nutné buď antény s impedancí 300 Q 
Vhodně uspořádat (obr. 82c, d), nebo výslednou impedanci soustavy 
transformovat na impedanci 300 Q vhodným transformačním prvkem, 
zpravidla čtvnvinným úsekem vědem, 

Aby byla dodržena podminka stejné fáze, musí být napáječe všech 
antén stejně dlouhé nebo se mohou lišit o nisobekvinové délky. Liší-li se 
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délky napáječů o lichý násobek poloviny vlnové délky, jsou jejich signály 
v protifázi a je třeba jeden napáječ překřížit („přepólovat"). Na obr. 83a 
je nakresleno paralelní spojení čtyř anten. Výsledná impedance soustavy 
je tedy 300 0/4 = 75 Q, ztráty nepřizpůsobením tedy budou 19 dB, což 
sice zisk 6 dB s porovnáním s jednou anténou nenuluje, ale ztráta je to 
výrazná. Zapojením podle obr. 83b (nebo 82c) je dosaženo úplného 
Přizpůsobení při použití běžné dvoulinky s impedancí Z = 300 ©. 
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Přizpůsobené spojení dvou wysokofrokvenčních vedení s různými vino- 
vými impedancemi 2 a Z, lze realizovat čtvrvlnným úsekem vedení 
(vedení dlouhé 4/4 nebo lichý násobek 4/4) s vlnovou impedancí 


2 32122 
Je-li třeba sloučit dvě antény do společného napáječe s impedancí 
300 Q, je třeba, aby napáječe antén měly v míst připojení impedanci 
600 Q (musí se ze strany svodu jevit jako konce vedení s vlnovou impedancí 
600 ©). Vstupní impedance antén je 300 Q, étvrtvinné transformační vede- 
ní mezi anténou a místem spojení musí mů vlnovou impedanci 


Zam = [306000 = 449 


wog 
Obr. 84. Spojení antén 
transormačním vedením 
аву 1/4; úseky vedení 

2 6000 jsou kredeny jen pro 


názornost 


Na obrázku 84a je pro názornost nakreslen i úsek vedení s impedancí 
600 0 ve skutečnosti však toto vedení není podstatné (může mít nulovou 
délku), 

Symetrické vedení sjinou vlnovou impedancí než 300 © není komerčně 
dostupné, obvykle se realizuje dvěma rovnoběžnými vodiči s kruhovým 
průřezem. Vlnová impedance takového vedení závisí na průměru vodičů 
а na jejich rozteči D podle vztahu 


2D 
Zp 
(Graficky je wanih nenten та obr, 228 v kapitole IX.) Použijeme-li 


např. vodič s průměrem 1 mm, vyjde roztoč transformačního vedení 
(Z = 4250) р = 17,3 mm. 


x 
бы 

Ом. 85. Směrování patrové soustavy Obr. 36. Propojení yë amén 
změnou délek propojovacích vedení transormačními vedeními; délky všech 


úseků jou liché násobky 1/4 


Na obrázku 85 je znázorněno uspořádání patrové antény. Antény jsou 
spojeny vedením délky A/2, napáječ je připojen v jeho středu. Posunem 
místa připojení napáječe je možné respektovat široký dopad signálu. 
Vzniklé impedanční nepřizpůsobení (transformační vedení nemají přesně 
délku 4/4) není při malém posunu příliš podstatné. 

Podobným způsobem je realizována čtyřpatrová soustava (obr. 86). 
Transformační úseky mají impedanci 425 Q. V bodech A je pak dosažena 
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Na obrázku 84a je pro názornost nakreslen i úsek vedení s impedancí 
600 ve skutečnosti však toto vedení není podstatné (může mít nulovou 
délku), 

Symetrické vedení sjinou vlnovou impedancí než 300 Q není komerčně 
dostupné, obvykle se realizuje dvěma rovnoběžnými vodiči s kruhovým 
průřezem. Vlnová impedance takového vedení závisí na průměru vodičů 
а na jejich rozteči D podle vztahu 


2-2л6020. 
a 
(Graficky je vztah znázomén na obr. 228 v kapitole IX.) Použijeme- 


např. vodič s průměrem 1 mm, vyjde rozteč transformačního vedení 
(Z = 4250) D = 173 mm. 


x 
(Obr. 85, Směrování patrové soustavy Obr, 86. Propojení yî amén 
změnou délek propojovacích vedení ‘ransformatnimi vedeními; délky všech 


ей jou liché násobky 1/4 


Na obrázku 85 je znázorněno uspořádání patrové antény. Antény jsou 
spojeny vedením délky 4/2, napáječ je připojen v jeho středu. Posunem 
místa připojení napáječe je možné respektovat široký dopad signálu. 
Vzniklé impedanční nepřizpůsobení (transformační vedení nemaji přesně 
délku 4/4) není pfi malém posunu рН podstatné 

Podobným způsobem je realizována čtyřpatrová soustava (obr. 86). 
Transformační úseky mají impedanci 425 Q. V bodech A je pak dosažena 
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impedance 300 ©, а lze na ně pohlížet stejně jako na dvoupatrovou 
soustavu z obr. 85. Při vertikálním směrování soustavy se posouvá jak spoj 
A, tak připojení v místě B. Velikost posunutí v místě B musí být dvojná- 
sobná oproti velikosti posunutí v místě A, neboť rozteč fiktivních antén 
tvořených dvojicemi I. IL a IIL, IV je dvojnásobná v porovnání s roztečí 
antén Га П nebo Ш a IV Při dodržení této zásady je soustava dobře 
mafázována při dosažení maximálního příjmu. 

Pro nastavování jiných konfigurací anténních řad Ize snadno odvodit 
analogické vztahy mezi fázovými korekcemi v jednotlivých spojích. 


42. SLUČOVÁNÍ RŮZNÝCH SIGNÁLŮ 
DO JEDNOHO NAPÁJECE 


PH příjmu několika signálů je zpravidla třeba použít několik 
antén, protože širokopásmová anténa většinou nevyhoví svým. ziskem 
а navic signály obvykle přicházejí z různých směrů. Z ekonomických 
důvodů je žádoucí, aby všechny antény byly připojeny na jeden napáječ. 
Spojení jednotlivých svodů musí být takové, aby vf energie z antény přešla 
pouze do společného napáječe a nikoli do svodů od ostatních antén, které 
by ji vyzářily zpět do prostoru. Navic se toto spojení musí z hlediska 
jednotlivých svodů jevit jako přizpůsobené, aby nedocházelo k odrazům 
(či. 18), 

Principiálně není možné slučovat signály bez ztrát energie. Čím více se 
však kmitočty slučovaných signálů liší, tím je slučovací odvod jednodušší 
a ztráty energie jsou menší, V zásadě existují dva způsoby sloučení 
signálů. Jeden je založen па použití kmitočových propustí a kmitočtových 
zádrží, druhý využívá přenosových vlastností úseků védem. 


a) Slučovač tvořený odvody LC 

Signály s dostatečně odlišnými kmitočty se slučují téměř výhradně 
pomocí kmitočtových propusti. Způsob slučování je schematicky znázor- 
něn propustí. Způsob slučování je schematicky znázorněn па obr. 87. 
Mezní kmitočet f, obou propust je volen tak,že dolní propust je pro nižší 
kmitočet průchozí a pro vyšší kmitočet; má maximální útlum a horní 
propust má vlastnosti právě opačné, Z hlediska signálu větve 1 se tedy 
větev 2 jeví jako zkrat a veškerá energie postupuje do větve 3. Analogicky 
prochází signál druhé větve. Podmínkou dobré funkce je, aby kmitočtové 
charakteristiky propustí byly natolik strmé, že kmitočty / a /, nebudou 
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v jejich přechodových částech. Dále musi být propusti impedaněně při- 
způsobeny na vfvedení. Impedanční nepřizpůsobení slučovačů bývá často 
příčinou nepsrávné funkce — kromě ztrát dochází i ke zhoršení kvality 
obrazu. Pro kmitočtové bližší signály je obtížné dosáhnout potřebné 
strmosti kmitoctovjch charakteristik propustí, takže slučovač způsobuje 
podstatné ztrát. 
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„e opt KT. Princip sloučení Signo dag 
knotty E 


V kapitole IX. jsou uvedeny vztahy pro návrh pásmovích propustí 
a zádrží, podle nichž lze na základě konkrétních požadavků realizovat 
Slučovače. Na obr. 88 je schéma jednoduchého slučovače, vhodného ke 
sloučení signálů 1. a HI. televizního pásma se signály IV. a V. televizního 
pásma. Konstrukční uspořádání selektivního slučovače v nesymetrickém 
provedení je na obr. 89. V místech, kde jsou součástky připevněny, je 
2 desky odstraněna fólie; vzdálenost součástek od fólie by měla být asi 
3 mm. Přenosová charakteristika popsaného slučovače je na obr. 90. 

Složitější výhybka pro sloučení signálů L. HI. a IV., V. televizního pásma 
je na obr. 91, па obr. 92 jsou průběhy útlumú. Mezní kmitočet větve I je 
asi 100 MHz, je tedy použitelný i pro FM rozhlas. Rozšíření slučovače 
о vstup pro VKV-FM II je na obr. 93 a 94, 

Častým požadavkem je slučování signálů v jednom pásmu. Dostatečně 
strmé útlumové charakteristiky Ize realizovat pásmovými propustmi. Pří- 
klad slučovače pro kanály 21, 24, 27, 30, 35 a 41 je na obr. 95 a 96, 
Uvedený slučovač je ještě v amatérských podmínkách realizovatelný, ale 
bez možnosti jeho proměření není úspěch stavby zaručen. Výhodný prů- 
běh útlumové charakteristiky je zaplacen citlivostí slučovače na jeho 
nastavení, 
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Slučovač signálů pásem UHF a VHF je možné vytvořit z transfor- 
mačního členu používaného na účastnické šňůře pro společné te- 
levizní antény (obr. 105). Transformační člen je použitelný v „obou 
směrech“ a navíc obsahuje symetrizační obvody, což zjednoduší instalaci 
antén. 

Sloučení signálů sousedních kanálů nebo kanálů oddělených jed- 
nim kanálem selektivním  slučovačem není uspokojivé. Vhodnější 
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je slučovač tvořený směrovým vedením (zejména při slučování silnějšího 
signálu se slabým) nebo kruhovým vedením (při slučování rovnocenných 
signálů). 
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ом. 95. Slut kanálů v pásmu UHF 
C, — skleněný tmr 0,5 až 4,5 pF, pro kanály 21, 24, 2, 30 С, 22 při pro kanály 35 
ai G = 1pE C, — 2% 1 př v séri, C — pahýl miniaturní dolinky, dlouhý 
25mm, L, ~ 85 йш měděným smakovaným drátem o průměru 0,5 mm na tmu 
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Ом. 96, Prenosové charakteristiky slutorabe kanálů v písmu UHF 


b) Slučovač tvořený směrovým vedením 


Slučovač tvořený směrovým vedením (obr. 97) využívá toho, že je-li 
čtvrtvinný úsek souosého vedení opatřen pomocným vodičem, přenáší se 
signál 2 vedení 2 do společného svodu a přenos signálu po vedení 


/ zůstává téměř neovlivnén. Slučovač je tedy vhodný pro slučování slabé- 
ho signálu (malý průchozí útlum na vedení /) se silným signálem (signál 
se zeslabí vazebním útlumem mezi vedením 2 a 1). Tvarem směrového 
vedení Ize zmenšit vazební útlum, avšak zvětší se útlum průchozí. Dva 
typické příklady kmitočtové závislosti průchozího útlumu, vazebního 
útlumu a oddělovacího útlumu slučovače pracujícího v I. až III. pásmu 
sou na obr. 98 


amiro 1 ЕП 


satek Obe. 97. шта tvořený směrovým 
vodenim 


Souosé vedení s pomocným vodičem není běžně dostupné. Obvykle se 
nahrazuje miniaturní dvoulinkou obalenou hliníkovou Il. Př slučování- 
dostatečně silných signálů náhražka vyhovuje. 

Pro amatérské potřeby je vhodná realizace směrového vedení z desek 
pro plošné spoje. Průřez takovým vedením je па obr. 99, přesné rozměry 
vedení závisejí především na elektrických vlastnostech izolantů. Při návr- 
hu je třeba respektovat diclektrickou konstantu materiálu. V tab. 4 jsou 
uvedeny elektrické parametry plátovaných materiálů dostupných v ČSFR. 
Zarátový úhel e je mírou útlumu vysokofrekvenční energie v izolantu; 
menší hodnota te дје výhodnější. V posledním sloupci tabulky je uveden 
činitel zkrácení, Y = 1/Je, Závislosti příčných rozměrů směrového ve- 
denî na relativní permitiv pro tři různé hodnoty vazebniho útlumu jsou 
na obr. 100. Pro jednoduchost se předpokládá, ze střední desky s vytézo- 
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Tabulka 4. Dielektrické vlastnosti plánovaných materiáli 

Эта mares & Сайа zkrácení 
sus 0,58 2 0,36 

боген 42 050 22040 

Nory Ed 060 а 056 

Polyřenylenoná 062 
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(Obr. 100 Závislost vazebního útlumu směrového vedení па jeho příčných rozměrech 
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Ом. 101. Mechanické provedení slušovsče tvořeného směrovým vedením 


vánými drážkami jsou ze stejného materiálu jako plátované desky. Délka 
vedení L je pak dána vztahem 


L= 

4f 

Mechanické provedení směrového vedení na základní desce z plátova- 
ného materiálu je na obr. 101 


103 


©) Slučovač tvořený kruhovým vedením 

Slučovač tvořený kruhovým vedením využívá periodického opakování 
viny na vedení. Podle obr. 102 jsou napáječe antén / а 2 připojeny ke 
společnému svodu 3 úseky vedení dlouhými 4/4, Napáječe jsou navzájem 
spojeny vedením dlouhým 7, Vlnová impedance všech úseků kruhového 
vedení je stejná jako vlnové impedance napáječů, tedy 75 Q. Symetrické 
vedení není z konstrukčních důvodů vhodné. Signál v bodě J se dělí na 
dvě poloviny. Jedna polovina přijde přímo do napáječe se zpožděním 4/4, 
druhá polovina přijde přes bod 2 se zpožděním A + 1/4, tedy ve fii 
s první polovinou. V bodě 2 je zpoždění první poloviny 4/4 + 1/4 = 
= 1/2, zpoždění druhé poloviny je A. Signály z bodu 7 jsou v bodě 2 v 
protifázi, takže k přenosu energie z napáječe 7 do napáječe 2 nedojde. Ze 
symetrie kruhového vedení vzhledem k napáječům / a 2 plyne chování 


oa antény 1 


(Obr, 102. таё tvořený kruhovým vedením 


signálu z napáječe 2 Slučovač tvořený kruhovým vedením je tedy vhodný 
pro slučování rovnocenných signálů s blízkými kmitočty. Slučované signá- 
ly musí být ze stejného televizního pásma. Vlnová délka, k níž se vztahují 
délky vedení, se zpravidla určuje ze středního kmitočtu 


fan ff: 


Popsaný slučovač bohužel není možné přizpůsobit k napáječům, část 
energie se vždy odrazí zpět k anténě. Další nevýhoda slutovate, vyplývají 
ci ze skládání signálů ve dvou větvích, je, že přijímá-li jedna anténa 
i signál, pro nějž je použita druhá anténa, dojde ke zhoršení kvality 
obrazu. Není-li možné směrováním použitých antén zabránit parazitnimu. 
příjmu, musí se před vstupem do slučovače použít selektivní propust. 


d) Hybridní obvod 

V kabelových rozvodech televizního signálu se pro slučování rovnocen- 
ných signálů a pro rozbočování signálu používá hybridní obvod (obr. 103). 
Transformátor je proveden na dvouotvorovém feritovém jádru, které se 
používá u symetrizačních členů. Hybridní slučovač je širokopásmový, 
kmitočtový rozsah je 50 až 800 MHz. Průchozí útlum obou větví je asi 
35 dB. Proto je tento typ slučovače vhodný pro sloučení silnějších signálů 
přijímaných anténou s předzesilovačem. Popsaný hybridní obvod je ko- 
merčně dostupný pod označením TESLA PBC-21 
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e) dálkové přepínání antén 

Všechny popsané slučovače vnášejí do cesty signálům průchozí útlum. 
Při příjmu slabých signálů bez předzesilovače bývá zvětšení útlumu пей- 
nosné. Řešením může být přepínání antén dálkově ovládaným mechanic- 
kým spínačem, např. podle obr. 104. РН použití vhodných relé, např. 
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(Obr, 104, Přepínání antén elektromagnetickými relé 


mikrorelé TESLA ON 59925, je průchozí útlum vnesený spínačem zaned- 
batelny. 

Uspořádání na obr. 104 umožňuje přepínat mezi třemi anténami, při 
čemž ovládací napětí je vedeno po vf vedení. Kontakty relé x musí být 
upraveny tak, aby byly v klidové poloze sepnuty. Vysokofiekvenční du. 
mivky ti jsou běžné tlumivky vytvořené asi 20 závity drátu s průměrem 0,4 
(Cu-smalt) na trnu s průměrem 4 mm. 


43. ROZDĚLENÍ SIGNALU PŘED PŘIJÍMAČEM 


Kanálové voliče televizních přijímačů mají zpravidla oddělené 
vstupy pro pásma VHF a ОНЕ Moderní přijímače jsou vybaveny společ- 
ným souosým konektorem a signály jsou rozděleny uvnitř příjímače, Starší 
televizory mají oddělené zdířky pro I. až III. a IV a V. televizní pásmo, je 
tedy třeba signály různých pásem nejprve oddělit. 
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ом. 105, Schéma Xy pro společné antény 


Ом. 106. Kmitočtová výhybka pro 
sdělení rozhlasového signálu 

C, = l6pk 

C, = 18PEL = 011 uH, 
DEM] 


Kmitottové rozdělení signálů je analogické slučování signálů u antény 
slučovači s obvody LC. Problémy s blízkými kmitočty nevznikají, pásma 
УНЕ а ОНЕ jsou vzájemně dostatečně vzdálena. Plně se osvědčil tran- 
sformaéní obvod z účastnické šňůry pro televizi pro společné televizní 
antény. Její zapojení včetně symetrizačních členů je na obr. 105, 

Je-li svodem veden i rozhlasový signál, je třeba zařadit kmitočtovou 
výhybku (např. podle obr. 106). 


44. ROZBOČENÍ SIGNÁLŮ 


Častým požadavkem v praxi je připojení několika přijímačů 
kjednomu svodu. Účastnické zásuvky pro společné antény PZK 11 jsou 
vhodné pro rozvod silného signálu; jejich vazební útlum je kolem 14 dB. 
Při menším počtu odboček lépe vyhoví použití hybridního členu jako 
rozbočovače; útlum vložený rozbočováním je asi 4,5 dB. 
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Osvědčený jednoduchý způsob odbočení signálu vedeného symetrie- 
kým vedením je naznačen na obr. 107. Napáječ zůstává neporusen 
dvoulinky jsou k sobě pouze přiloženy v délce / V I. а II. televizním pásmu 
je vhodná délka / = 80 až 120 mm, ve HI. televizním pásmu délka 50 až. 
80 mm a ve IV. a V. televizním pásmu délka 20 až 40 mm. Čím je délka 
/ větší, tím menší je vazební útlum a průchozí útlum se naopak zvětšuje 
Důležité je, aby délka přívodu k přijímači v odbočné větvi nepřesáhla 5 m. 
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IV. © KONSTRUKCE ANTÉN 


Výsledek amatérské stavby antény zivisi zejména na pečlivost 
mechanického provedení. Ne všechny konstrukční detaily však mají pod- 
statný vliv na elektrickou funkci antény. Při stavbě antény je tedy třeba si 
uvědomit skutečnosti probrané v kapitole Ш a z jejich hlediska dodržet 
přiměřenou přesnost výroby. S ohledem na realizační možnosti nebyly 
zařazeny návody na antény, u nichž jsou požadavky na přesné dodržení 
rozměrů neúměrné. 

Při volbě typu antény je třeba brát v úvahu podmínky v místě instalace, 
zejména intenzitu elektromagnetického pole a jeho homogenitu, přítom- 
nost n&ivich signálů a další faktory, uvedené v předcházejících kapito- 
lách. Mnohá zklamání při použití jinde osvědčených typů antén jsou 
způsobena nerespektováním uvedených skutečností 

(Výběr typu antény je ovlivněn i možnostmi jejího mechanického upev- 
nění na stožáru. Velikost profilu antény vystaveného tlaku větru je omeze- 
na tuhostí stožáru a kvalitou jeho kotvení. 

Nedílnou součástí výstavby anténního systému musí být i ochrana před 
účinky atmosférické elektřiny. To je také důvod, proč všechny popisované 
antény mají nosnou konstrukci kovovou а jsou vodivé spojeny s jednotli- 
vými prvky i v případech, kdy to z vysokofrekveneního hlediska není 
potřebné (např. ráhno antény Yagi). 


45. — KONSTRUKČNÍ MATERIÁL 


Na materiál použitý při stavbě antény jsou kladeny protichůdné 
požadavky z hlediska mechanické odolnosti a stálosti na jedné straně a z 
hledisla jednoduchosti výroby na straně druhé. 

Vhodným materiálem jsou slitiny hliníku s hořčíkem (Al-Mg), tzv 
dural. Vykazují dobrou pevnost, mají malou hustotu, vzdorují korozi a při 
trvalém namáhání se jejich vlastnosti nezhoršují. Osvědčené jsou materiá- 
ly ČSN 42 4401.61 (na ráhno), ČSN 42 4413.9 (na trubky) a ČSN 42 
4254.61 (na tyčové profily). 


109 


Čistý hliník není příliš vhodný, је poměrně měkký a málo pružný. Je-li 
vystaven trvalému tlaku, nevratně se deformuje („teče“). Zcela nevyhovu- 
сіт materiálem je mosaz. Tento materiál navlhá, neboť voda vniká mezi 
krystaly zinku. Vlivem změn teplot se struktura rozruší tak, že zpravidla 
po jedné zimě se mosazná trubka úplně rozpadne 

Slitina Al-Mg po krátké době na povrchu oxiduje, Vzniklá vrstva oxidu 
působí jako ochrana proti dalšímu postupu koroze. Vliv oxidované vrstvy 
na výsledné vlastnosti antény je zcela zanedbatelný. Je sice pravda, že se 
vysokofrekvenční ztráty v pásmech VHF a UHF vlivem špatné vodivosti 
oxidu zvětší řádově 1OOkrát, ale vliv vysokofrekveněních ztrát na účinnost 
antény je tak zanedbatelný, že stonásobné zvýšení vf ztrát se projeví 
zmenšením účinnosti asi o 1 K. Podobně jako oxidační vrstva působí 
ochranný nátěr ocelových částí; ani tímto nátěrem se elektrické vlastnosti 
antény výrazně nezmění. Někteří zahraniční výrobci antén inzerují antény 
z postříbřeného materiálu, který má vynikající vysokofrekvenční vlastnos- 
ti; z hlediska funkce antény je to však pouze obchodní reklama. 

Nejčastěji používané profily laděných prvků jsou trubky a tyče kruho- 
vého nebo fidčeji čtvercového průřezu, někdy se používají i ploché pásko- 
vé vodiče. Profil laděného prvku má viv na jeho elektrické vlastnosti. 
Používají-li se laděné prvky s jiným průřezem, než pro jaký je anténa 
navržena, je třeba tuto změnu vhodným způsobem kompenzovat. Méně 
přísné jsou požadavky na pomocné části antény — ráhno, vzpěry a víztu- 


| 
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Obr. 108. Konstrukční prvky antén 
1 — timen pro uchycení antény 5 na stožár, 2 — příchytky prvků 6, 7, 8 па ráhno, 3 — 
zaslepovací zátky, 4 — ochranná krabice svorek, 6 — záři, 7 — reflektory, 8 = 
direktor, 9 — pomocné ráhno reektorů 
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hy. Jistá opatrnost je potřebná v pásmech UHF, zejména v V. televizním 
pásmu, kde jsou průřezy pomocných prvků zpravidla větší než dvacetina 
vlnové délky. Záměna antény Yagi nevodivou tyčí (což odporuje pozaday- 
kům ČSN 34 1380 а ČSN 34 1390, viz. kap. VIL) se projeví i v pásmech 
VHF. 

Jednotlivé problémy konstrukce antén ukážeme na anténě typu Yagi 
(obr. 108). Závěry však ize použít pro ine typy antén pro I. až V. pásmo. 


46. — ZMĚNA PROFILU LADĚNÝCH PRVKŮ 


Navržené rozměry prvků dipólového typu, používaných zejména 
pro antény Yagi, platí ve většině publikovaných návodů pro kruhový 
průřez. Z konstrukčních důvodů je zejména u antén pro pásma UHF 
mnohdy vhodné použít prvky z páskového vodiče (obr. 109). Ма obr. 110 
Je graficky znázorněna závislost poměru průměru ekvivalentního kruho- 
vého profilu k šířce  plochého pásku na poměru tloušťky & pásku k jeho 
šířce f. Plochý profil musí být orientován delší stranou rovnoběžně s osou 
antény (obr. 109). Mezními případy jsou čtvercový profil ( = 1,184) 


Ом. 109. Prvek z půskového vodiče 
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Ом. 10. Závislost průměru ekvivalentního kruhového profi na toutes pásku 


a nekonečně tenký pásek (£ = 0,51), znázorněné na obr. 111. Ostré hrany / 
obdélníkových profilů by měly být na koncích prvků otupeny (parazitni/ 
indukčnosti) / 
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47. — ZMĚNA PRÜMÉRU LADĚNÝCH PRVKŮ 


Délka laděných prvků kruhového průřezu závisí na jejich tloušť- 
се. V praxi se často vyskytne požadavek použít prvky jiné tloušťky, než na 
jakou je anténa navržena. Typickým důvodem je přepočet rozměrů antény 
па jiný kmitočet, než na jaký byla navržena. To je jednoduché, stati 
zachovat poměr všech rozměrů antény k vlnové délce. Takto vypočítané 
průměry prvků jsou však často z mechanického hlediska nepřijatelné a je 
třeba stanovit délky prvků příslušné realizovatelné tloušťce. 

Pro dipól v rezonanci se definuje činitel zkrácení, který je poměrem 
délky dipólu zadané štíhlosti k délce dipólu ideálně tenkého. Stihlost 
prvku se udává poměrem jeho délky L k jeho tloušťce, £. Závislost činitele 
zkrácení na štíhlosti dipólu je graficky znázorněna na obr. 112. Přestože 
závislost platí přesně pouze pro dipóly rezonanční délky, její použití pro 
prvky laděné mimo rezonanci (direktory a reflektory) nezpůsobí podstat- 
nou chybu. Postup přepočtu je patrný z následujícího příkladu: 

Anténa pro příjem 26. kanálu (518 MHz) má první direktor dlouhý 
278 mm, s tloušťkou 6 mm. Při přepočtu na kmitočet 750 MHz vyjde 
délka direktoru 
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Tloušťka vyjde 4,15 mm. Při použití prvků s průměrem 6 mm nej- 
pre zjistíme délku ideálně tenkého dipólu. Štíhlost prvku je 
192/4,15 = 46,25, z grafu přečteme činitel zkrácení 0,891. Ideálně 
tenký direktor by byl dlouhý 192:0,891 = 215,5 mm. Prvek tloušťky 
6mm má štíhlost 32, tedy ideální direktor je třeba zkrátit na 
215,5 0,873 = 188 mm. Zvětšení tloušťky direktoru ze 4,15 mm na 
6 тат je tedy kompenzováno jeho zkrácením o 4 mm, což je výrazná 
změna. 
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ШЇ | ом. 112. Závislost 
F = činitele zkrácení na 
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Cinitel zkrácení nezávisí na štíhlosti prvku lineárně. Je-li štíhlost prvku 
malá, je obtížné určit činitel zkrácení s dostatečnou přesností. Proto se při 
změnách průměrů prvků nedoporučuje zmenšovat štíhlost pod 20. 

Platí zásada, že kompenzace zmenšení štíhlosti prvků jejich zkrácením 
je nezbytná, zatímco při zvětšení štíhlosti bez kompenzace prodloužením 
prvků se vlastnosti antény podstatně nezhorší. Souvisí to se skutečností, 


из: 


že nad horním koncem kmitočtového pásma antény se její zisk zpravidla 
rychle zmenšuje, zatímco při snižování pracovního kmitočtu se zisk anté- 
ny zmenšuje povlovněji 

Н / 
48. VLIV POMOCNÝCH PRVKŮ 


Pomocné prvky — ráhno antény, vzpěry, stožár a popř. výložné 
rameno — by měly co nejméně deformovat uspořádání elektromagnetic~ 
kého pole v blízkosti antény, respektive jejích částí majících vliv na 
elektrické vlastnosti antény. Je-li u vyzkoušených konstrukcí doporučeno 
uspořádání pomocných prvků, vyplatí se je dodržet, protože případné 
parazitní vlivy bývají kompenzovány. Podstatný vliv na tvar pole mají 
vodivé tyče orientované rovnoběžně s polarizací dopadající viny. Zásadně 
se proto výztuhy a nosníky umísťují kolmo k přijímané polarizaci (polari- 
zace je v 1. až V. televizním pásmu lineární). Příčný průřez pomocných 
prvků by měl být malý v porovnám s přijímanou vlnovou délkou. Tento 
požadavek může být příčinou mechanických obtíží u antén pro IV a V. 
televizní pásmo, kde např. tloušťka ráhna přijatelná z hlediska délky viny 
vychází dosti malá. 


РСЕ 
(Obr. 113. Upevnění vertikálně (Obr. 114. Horizotálně polarizované 
polarizované antény aniéna na výložném rameni 


Stejným způsobem je třeba respektovat vliv stožáru. Antény pro příjem 
vertikální polarizace musí být upevněny na výložných ramenech v odsta- 
tečné vzdálenosti od stožáru (obr. 113). Horizontálně polarizované antény 
by měly být upevněny ke stožáru tak, Ze osa stožáru leží v rovině symetrie 
Prosté připevnění ráhna antény ze strany ke stožáru je přípustné, nepře- 
kročí-li vzdálenost osy ráhna od osy stožáru velikost 4/30 a je-li uchycení 


na 


ráhna ke stoZiru rozměrově přiměřené. Ve IV. a V. televizním pásmu 
je proto často třeba upevnit i horizontálně polarizovanou anténu na 
výložné rameno, samozřejmě tak, aby ani rameno nepüsobilo rušivě 
(obr. 114). 


49. — KONSTRUKČNÍ DETAILY 


Při konstrukci antény se vyskytne celá řada problémů, zejména 
V provedení prvků a jejich mechanickém tvarování, vzájemném spojení 
jednotlivých součástí, statické pevnosti antény, odolnosti proti větru 
а ochraně proti korozi. 

Antény pro І. a II. televizní pásmo jsou značně rozměrné а k problé- 
mûm se statickou pevností přistupuje i požadavek snadného složení anté- 
my z rozměrově přijatelných částí v místě instalace, kde je manipulace 
zpravidla obtížná. 

Duté trubky rozměrných antén by měly být zaslepeny nejen z důvodu 
ochrany proti korozi, ale také proto, že vzduchový sloupec v otevřené 
trubici může ve větru rezonovat a rozechvivat konstrukci. Další, na pohled 
konuiózní, ale reálné nebezpečí pro rozměrné antény znamenají ptáci, 
kteří s oblibou i ve větším počtu usedají na jejich prvky. Správně konstruo- 
vaná anténa by měla snést zatížení 1 kg na konci prvku. 


a) Upevnění antény na stožáru 


Pevné spojení antény se stožárem zajistí jednoduchý třmen na rihnu 
(obr. 115). Jednoduchý třmen neumožňuje změnu elevaënîho úhlu antény, 
Průmyslově vyráběné třmeny jsou přizpůsobeny pro pohyb v elevační 
rovině, Varianta vhodná pro amatérskou výrobu je na obr. 116. 


а) b) 


Ом, 115. Konsrakee men 
a) jednoduchý timen, b) timen spojující dělené jádro 


us 


b) 


Obr. 116. Konstrukce menu umožňující změnu clevačního úhlu antény 


(Obr, 117. Uchycení parabolické antény 
„ ы a) na tenký stožár, Б) па tasty stožár 


Některé reflektorové antény využívají stožár k vyztužení konstrukce 
(obr. 117). Je-li stožár příliš silný nebo je-li třeba měnit elevační úhel 
antény, osvědčilo se uchycení na pomocný stožár (obr. 117b). 


b) Ráhno 


Rahno musí mít příčný rozměr v rovině prvků zanedbatelný v porovná- 
ní s rozměrem prvků. V pásmech VHF je tento požadavek splnitelný, 
obtížnější je dosažení dostatečné tuhosti ráhna u delších antén v pásmech 
UHF. Nevyhovuje-li pevnostně profil, který je k dispozici, je nutné ráhno 
zpevnit podpůrnou výztuhou (obr. 118a) nebo soustavou výztuh (obr. 
118b). Vzájemné rozteče výztuh a ráhna nejsou kritické, volí se v rozmezí 
80 až 150 mm. 
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Neleží-li reflektory antény Yagi v jedné rovině, je mechanicky výhodné 
uchytit prvky na pomocném ráhnu (obr. 119). Řešení výhodnější z elek- 
trickóho hlediska je na obr. 120a. Při větším počtu reflektorů (obr. 120b) 
je tento způsob nezbytný, protože svislé pomocné ráhno by neúnosně 
zasahovalo do obvodu zářiče, 


c) Uchycení prvků na ráhno 

Z funkčního hlediska nemusí být prvky antény vodivé spojeny s rá- 
mem. Teoreticky dokonce může vodivé spojení nepřesně symeticky umis- 
těného půlvinného рук zhoršit vlastnosti antény (ráhnem procházejí 
vyrovnávací proudy). Při dostatečné přesnosti výroby však tato situace 
nemůže nastat, 

Celovinné prvky mají ve svém středu kmitnu napětí, a proto zde 
nesmějí být uzemnény. Celovinné prvky bývají obvykle vetknuty do nena- 
vihavého izolantu (např. organické sklo). Vodivé upevnění celovlnných 
prvků musí být umístěno v bodech vzdálených 2/4 od středu, což v praxi 
přináší komplikace. 


о 121. Uchycení 
prvků na ráhno 


4 S hekruhovým profilem 
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Upevnění prvků k ráhnu musí být natolik pevné, aby nedocházelo 
k posunutí prvků vzhledem k ráhnu nebo k vychýlení prvků od kolmice 
k ráhnu. U antén Yagi je tolerance asi + 3* od kolmice, kolmost prvků 
bližších k zářči je kritičtější. 

Volba mezi rozebíratelným a nerozebíratelným spojením prvků a ráhna 
je podmíněna jednak rozměra antény a způsobem její instalace a jednak 
dílenskými možnostmi. Vhodné je uvážit, že po několikaletém provozu 
antény je její rozebiratelnost problematická, 

Pro rozebíratelné spojení jsou výhodnější ráhna s nekruhovým průře- 
zem, u nichž se lépe zajisi rovnoběžnost prvků s rovinou polarizace 
Kolmost prvku zaručuje použití třmenu (obr. 121a). Prvky připevněné 
jednoduchým šroubovým spojením (obr. 121b, c) jsou centrovány Ab. 
kem v ráhnu. 

Nerozebíratelně se prvky připevňují bud svařováním, nebo pevným 
vetknutím do předvrtaných otvorů v ráhnu (obr. 122) a jejich zajištěním 
(парі. deformací spoje důlčíkem). Nevýhodou této (jinak elegantní) 
metody je, že otvory v ráhnu musí být vrtány s velkou přesností. Možným 
kompromisem je vyvrtat otvory o něco větší a prvky do otvorů Мері, 
např. epoxidovim lepidlem. Vůle v otvorech umožní srovnat prvky před 
zatuhnutím spojů. Skládaný dipól není možné jednoduše vetknout do 
ráhna, Je-li vyroben ze dvou dilû, vyztužuje se jeho spojení s ráhnem 


> ج‎ 
Ом. 122. Zajištění prvku v йш Obr. 123. Upevnění skládaného dipólu 
5 kruhovým profilem k ránu 
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převlečnou trubkou nebo vloženou tyčkou (obr. 123). Vodivé spojení 
ramen dipólu zaručí např. zavrtané šrouby. 

Dipólové prvky antény musí být rovnoběžné s přijímanou polarizaci, 
ale nemusejí ležet přesně v jedné rovině. Je-li to konstrukčně jednodušší, 
mohou být do jisté míry umístěny mimo osu. Typickým případem je 
vytvoření zářiče antény a řady direktorů (obr. 124). Podmínkou správné 
funkce antény je, aby prvky ležely uvnitř úhlového sektoru + 25", nazna- 
čeného na obr. 124. 


Obr. 124. Přípustné vyosení 
prekà vzhledem k a 


d) Připojení napáječe 


Spojení napáječe se svorkami antény musí být dobře vodivé a je třeba 
mu věnovat náležitou pozornost. Místo připojení napáječe je vhodné 
pocínovat a celý spoj dále chránit. Nebezpečná je elektrolytická koroze, 
vyvolaná kontaktním napětím mezi mědí a hliníkem. Doporučuje se 
opatřit svorky antény ochranným krytem, zpravidla krabicí z plastu. Kryt 
je vhodný i pro umístění symetrizačního členu, popř. anténního zesilova- 
če. Vývody z krabice musí být upraveny tak, aby do ní nestékala voda 
Nejlépe je všechny kabely vést spodem. Není správné krabici neprodyšně 
uzavírat, protože kondenzační vlhkost by způsobila značnou korozi. 


e) Ochrana proti korozi 


Dobře provedená protikorozní úprava podstatně prodlužuje život anté- 
ту, zejména v agresivním prostředí, jaké је v průmyslových oblastech. Jak 
Již bylo uvedeno, hliníkové slitiny jsou pokryty tenkou oxidovanou vrst- 
vou, která poskytuje dobrou ochranu. Ocelové díly je bezpodmínečně 
nutné chránit. V amatérské praxi nepřichází v úvahu galvanické pokovo- 
vání a je nutné ocelové součástky opatřit nátěrem v několika vrstvách. 

Zvláště pečlivě je třeba chránit šroubové spoje. Osvědčeným prostřed- 
kem konzervace spojů je Rezistin ML, používaný k nástřiku dutin karosé- 
rif automobilů, Prostředkem Rezistin je možné natřít celou anténu, ovšem 
utrpí tím její vzhled. 
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50. ANTÉNY YAGI 


Nejpopulárnějším typem antén pro amatérskou stavbu jsou anté- 
пу Yagi, a to z mnoha důvodů. Jejich-mechanická konstrukce je jednodu- 
chá, dodržení přesných rozměrů je v porovnání s jinými anténami méně 
důležité a zisk antény je dobrý. Při dálkovém příjmu se navíc vhodně 
uplatní selektivnita kanálové antény — potlačí se navíc interference 
parazitnich signálů. 

Rozměry prvků antény a jejich vzájemné rozteče musejí mít patřičný 
улай k přijímané vlnové délce. Principiálně tedy stačí u dané antény uvést 
rozměry vztažené k vlnové délce. Případné změny v tloušťce prvků, 
vyvolané konstrukčními požadavky, se pak provedou podle či. 47. Jistá 
Volnost ve volbě rozměrů poskytuje prostor k optimalizaci z hlediska 
mechanické konstrukce. Proto pro amatérskou stavbu existuje řada sta- 
vebních návodů s konkrétními rozměry. Osvědčené konstrukce jsou po- 
psány v dalších článcích. 


51 ANTÉNY PRO 1. A II. TELEVIZNÍ PÁSMO A PRO PÁSMA 
VKV-EM 


Vzhledem ke značné relativní kmitočtové šířce televizního kaná- 
lu v La Il. pásmu jsou všechny antény konstruovány selektivně na jediný 
kanál nebo na příslušné pásmo VKV —FM. 
a) Skládaný dipól (obr. 125, tab. 5) 


Je vhodný pouze pro místní příjem, a to pouze tam, kde nedochází 
k mnohosměrovému šíření. 


“Tabula 5. Rozměry k obr. 125 


Rozměry (mm) 
Kanál Slo 

ж] s [ow 

1 2 27 a | as 

2 & 20 m | 15 

3 w [1750 | mn 

4 s (160 | m | 13 

5 5 fisoj æ | B 

уку-ғмі | в [200 | 7 | 1з 

кусми | з | isso] oo | on 


mm 


f © 


ом, 125. Skládaný dipól pro 1. а Il. televizní pásmo a pro pásmo VKV—FM 


(Obr. 126. Thiprvkord anténa pro kanály I. a IL televizntho pásma а písma УКУ-РМ. 


Tabulka 6, Rozměry k obr. 126 


Rozměry (mm) 
Kaná шю. 

R z D П H а 

1 soo | 260 | zuo | 1150 | ss | ш 

2 2460 | 2190 | 200 | s | ns | 18 

3 190 | 160 | 150 | ms | so | 16 

4 1790 | iso | iso | вю | so | 16 

5 160 | 140 | i30 | ею | so | м 
уку-Ем1| 210 | 190 | imo | so | os | i 
vkv-man| 16% | 140 | iso | 60 | so | м 


m 


b) Tříprvková anténa (obr. 126, tab. 6) 


Je to nejpoužívanější anténa v I. a II. televizním pásmu a v pásmu 
УКУ—ЕМ, není-li přijímaný signál znehodnocen odrazy od členitého 
okoli. 


Technické údaje 
provozní zisk 46 až 52 dB 
činitel zpětného primu —12 aż —14 dB 
o < 125 

а 77 až 68 

a 105 


Кае @ је činitel stojatého vlnění, 
a.  tidecibelová šířka svazku ve vodorovné rovině (tedy v rovině 
polarizace, 
a. | třídecibelová šířka svazku ve svislé rovině 


(Obr 127. oH anténa pro kanály 1. a IL televizního pásma a pásma VKV.- FM 1 
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©) Ctyřprvková anténa (obr. 127) 


‘Tato anténa je vhodná do mist slabšího až slabého signálu bez větších 
odrazů. Její rozměry pro kanál č. 1 až 5 a pro pásmo VKV—FM I jsou 
v tab. 7. 


Technické údaje 
provozní zisk зав 
činitel zpětného příjmu —16 dB 
o <16 
a. e 

в, D 


Tabulka 7. Волну k obr. 127 


d) Pětiprvková anténa s dvojitým reflektorem 
(obr. 128) 


1. Provední se zářičem (obr. 128b, rozměry jsou v tab. 8a). Tato anténa 
je vhodná pro příjem v městských čtvrtích a tam, kde členitost okolí 
způsobuje mnohosměrové šíření. Je zejména necitlivá na signály přicháze- 
jící zezadu. Je velmi vhodná pro svislou polarizaci. 

2. Provedení se zářičem (obr. 128c, rozměry jsou v tab. 8b). Tato 
anténa je zlepšenou verzí pětiprvkové antény s dvojitým reflektorem 
а zářičem, uvedené na obr. 122b. Je to velmi výkonná anténa pro I. a II 
televizní pásmo. Vyrábí se sériově pro společné antény v místech s velmi 
špatnými podmínkami příjmu. 
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Tabulka Ba. Rozměry v provedení se ftem, робе obr. 128 


Rorměry (mm) 
Kandi Elo 


* 2a {нн 


1 3700 275% | 2500 | 2420 | 1640 10 
2 | 2600 | 2320 | 207 | 2010 | 1360 | 850 
FMi [2300 | 2020 | 1820 | 1750 | 1100 | ss 
з | 2030 | 1770 | 1600 | 1550 | 1055 | вө 
3 | 140 | 1600 | 1450 | 1410 | 950| 600 
mun | 1650 | 1470 | 1340 | 1300 | aso | so 


* ulslslalal a 
1 | ж (100, © | uo] n | z | 5 
2 | 20 | soj e | mo| n | z | is 
PMI | 165 | вв 40 | no| n | 2 | 6 
3 | wo | oo} 30 | 9| ю | m | uw 
4 [15 | вю з | вю | » | 2 
mu) 180 | so| 9 | ю | 10 | 2 | 12 


4 — průměry ракман prvků; pli 4 = d dojde k jistému impedančnímu 
nepřizpůsobení 


Ом. 128. Pëiprvková anténa pro kanály 1. a IL televizního pásma a pásma VKV—FM 
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Tabulka Sb. Rozměry y provedení se zářčem podle obr: 1286 


Rozměry (mm) 
ná lo. 

a z 5 » 

1 amo | 295 | 250 | 240 

2 280 | 250 | 210 | 200 

FM) | 2390 | 200 | 1760 | 18% 

B 2m | 19x | 160 | 150 

H 190 | 17 | 1520 | 100 

ran | reo | 1&0 | 100 | 1310 


mlm sele 


t [vo [ro] ao Î ıe [2220 
2 | wo | soj s | ав [ise 

eur | o | mof зо | as [iso 
3 jum | ro] م‎ | e fisoj | 
4 | | eo] т | is [230 


mau | no | sof зо | as | 1200 


4 — proms všech prvků weet tive 
L — celková de antény 


Technické údaje pro anténu se zářičem z obr. 128c 


provozní zisk 6 až 644В 
činitel zpětného příjmu —2dB 

° <13 

a 65 

а, 75° 


e) Pětiprvková anténa s jednoduchým, reflektorem 
(obr. 129, tab. 9) 


Tato anténa je vhodná do míst s velmi slabým signálem, avšak bez 
rušivých signálů ze zadního směru. Je to nejvýhodnější anténa pro kanály 
€. 1 až 4. Tam, kde její zisk nestačí, je vhodné přidat přímo na vstupní 
svorky předzesilovač. 
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52. ANTÉNY PRO KANÁL С. 5 A PRO PÁSMO 
VKV-FM II 


a) Ctyfprvková anténa (obr. 130) 

Tato anténa je vhodná pro příjem pásma VKV—FM II ve středně 
obtížném prostředí a pro příjem stereofonních pořadů v dobrých podmín- 
kách příjmu. Lze ji považovat za standardní anténu pro stereofonní 
příjem. Průměr trubek je 14 mm. 


Technické údaje 

provozní zisk 55 dB 

činitel zpětného příjmu —i8 dB 

a < 15 
P: 

* 95 


b) Šestiprvková anténa (obr. 131a) 


Je určena pro příjem pásma УКУ—ЕМ a pro příjem stereofonního 
rozhlasu v místech velmi slabého signálu, ale v rovinném terénu bez 


Technické údaje 
provozní zisk вав 
činitel zpětného риш s dB 
a E 

ss 
a 5 

% 
XS 
а 
E) 


el 
(Obr, 130. cle anténa pro pásmo VKV—FM It 


ps 


d) Devítiprvková anténa (obr. 132) 


Tento typ antény, určený pro příjem v pásmu VKV—FM II, má velmi 
dobré směrové vlastnosti а dobré přizpůsobení k napáječi, a je proto 
předurčen pro příjem stereofonniho rozhlasu v pásmu VKV—FM IL 
Vyrábí se také průmyslově a dodává ho n. p. Kovoplast Chlumec n. C. 
(Všechny prvky mají průměr $ mm, 

Technické údaje 


provozní zisk 1048 
činitel zpětného příjmu — 26 dB, 
o BE 

а 50 až 60" 
в, 60 až 70° 


(Obr, 132. Devpvková anténa pro pásmo VKV ЕМ Il 


e) Devitiprvková anténa pro dálkový příjem kanálu 
č. 5 а VKV-FM II (obr. 133) 

Jde o velmi dlouhou anténu, konstruovanou na maximální zik bez 
ohledu na činitel zpětného příjmu. Je vhodná do mist velmi slabého 
signálu bez zpětného příjmu; pro další zlepšení Ize použít předzesilovač: 

Technické údaje 


provozní zisk 10 až 11 dB 
činitel zpětného příjmu 13 až —15 dB 
o <15 

а 30 

а, w 


Ob, 133, Devtiprková anténa 
pro kandi & $ a pro dálkový pijem 
V pásmu УКУ ЕМ Ш, prvky majt 
průměr 4mm 


1) Patrová anténa pro dálkový příjem VKV—FM II 
(obr. 134) 

Anténa s vynikajícími vlastnostmi pro dálkový příjem. Jistou neviho- 
доп plynoucí z uspořádání direktorů je malé potlačení postranních laloků 
ve vertikální rovině. V praxi to znamená, že stožár antény musí být 
dimenzován tak, aby anténa ve větru nekmitala. Výkyvy antény ve svislém 
směru způsobují nepříjemné kolisim signálu. 


Technické údaje 
kmitočet (MHz) 88 94 10 02 
provozní zisk (dB) эз юз п 9 
činitel zpětného 

příjmu (dB) 21 2 2 is 
o 3 15 28s 4 
a) 49 45 38 42 
4. () 53 47 36 30 
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53. ANTÉNY PRO Ш. TELEVIZNÍ PÁSMO 


Relativní šířka kanálu ve III. televizním pásmu, které je menší než 
šířka v1. a IL televizním pásmu, umožňuje zhotovit pásmovou anténu. Její 
Vlastnosti jsou však mnohem horší než vlastnosti kanálových antén, 


54. KANÁLOVÉ ANTÉNY PRO III. TELEVIZNÍ PÁSMO 


a) Tříprvková anténa (obr. 135a, tab. 10a) 
Tříprvková anténa je vhodná pouze do míst s kvalitním signálem bez 

odrazü. Pro své rozměry je vhodná pro montáž na okenní rám, ovšem 

pouze v tom případě, kdy je směrem k uvažovanému vysílači volný 


prostor 
Technické údaje 
Provozní zisk 5208 
činitel zpětného příjmu 12 až -14dB 
ZEN <12 
a a har 
"a E TS 
Tabulka 10a. Rozměry k obr 1354 Tabulka 10b, Rozměry к ob. 1350 
Rozměry (mm) Romy (тт) 
Kanal so Kend lo 
e]z]° NEE 
ет [sm | mo | vo ът | sis | ms | ns | es 
&» | wo | mo | eo % wo | то | so | 60 
mung | тю | 60 | ею | | 10,11,12 | 765 | es | aos | ses 
Prime ише viech pr je 10mm Průměr trubek —— mm 


b) Pétiprvková anténa (obr. 135b, tab. 10b) 

Je vhodná do mist s dostatečným signálem, a to tam, kde je možné 
předpokládat mnohosměrové šíření, tedy zejména v městských čtvrtích 
poblíž vysílače. Svými vlastnostmi je vhodná i pro montáž na bal- 
kónech nebo па stěnách domů s přímým výhledem na uvažovaný 
vysílač. 
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provozní zisk 65dB 
činitel zpětného příjmu —20 až —24 dB 
a «145 

а 6s 

a, 73 


а тур wp» — 7 шша 5 ый өр Sn эриди 


sw | ose | oz | ose | s | s | sot | ss | oi | ov | armo 
ose | see | ox ose | sec | siz | © | ок | or oe 
ж | ise | о sa | sm | sec | m | oc | om 19 
a[alulwe[a lw lw} wala lala le 
se | ws | os | ws | ws | ss | sus | sas | se | ow | ss 
os | | 09 | os | os | c» | mo | oss | оз | om | ож 6 
or | o || оз | s» | soo | sm | su | su | ош | sw t 
a (oa (a | oa la (oa | a oa | u lz oa 
‘opp ine 
[DEM 


ү 
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Ом. 136. Dramtipkové anténa pro skupinu kanálů MI. televizního pásma 


c) Dvanáctiprvková anténa pro skupinu kanálů 
(obr. 136) 


Tato anténa má velmi výhodný diagram záření a velmi přesné přizpůso- 
beni. Doporučuje se pro místa se slabším signálem nebo pro místa, kde 
délka napáječe je větší než 25 m. Rozměry pro jednotlivé skupiny kanálů 


sou uvedeny v tab. 11. Všechny prvky i zářič jsou z hliníkové kulatiny 
s průměrem 6 mm. 

Technické údaje 

provozní zisk >102 dB 

činitel zpětného риш asi —25dB 

а <13 

а as 

а se 


d) Třináctiprvková anténa délky 1,82 
(obr. 137, tab. 12) 


Anténa je vhodná pro místa se slabým signálem, pro místa s vyšší 
hladinou rušení a pro příjem svisle polarizovaných signálů. Přidáním 
dalších dvou reflektorů (vyznačených na obr. 137a čárkovaně) se zlepší 
činitel zpětného příjmu asi o 4 až 5 dB. То je vhodné v místech, kde rušení 
přichází na anténu ze zadního směru. 
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Tabulka 12 Rozměry k obr 137 


Kanál čilo 


Tabulka 12. Remmtry K obr. 137 — pokračování 


s 5. [ul ж 
s pe | 26 | us | 20 | ам | эю | эз 

7 | seo | me | ona | зт | эв | ats | omo 

s | 59 | ж | sis | zs | so | эш | 28 

9 | ss | 22 | эю | 25 | зм | omo | 286 

ю | sis | ж | ж | 26 | xo | ж | ms 

м | ws | 24 | ж | 255 | м | 268 | 265 

n | ae | ms | m0 | 28 | 35 | 20 | 255 
Primés trubek viech prvků je 10 mm : 
„ . 

Technické údaje v závorce jsou hodnoty pto pětiprvkový reflektor) 


vovozní zisk 12,5 (13) dB 


йе! zpětného příjmu —21 (—25) dB 
o <14 8 
а E y 

в, Aram) y 


e) Čtrnáctiprvková anténa délky 2,74 (obr. 138) 

Tato anténa má mimořádně dobrý diagram záření a velmi dobré při- 
způsobení, Je určena pro příjem v okrajových podmínkách a pro společné 
televizní antény, Je vhodná i pro příjem svisle polarizovanjch signálů, 
Všechny prvky zářič jsou z hliníkové kulatiny s průměrem 6 mm. Rozmě- 
ту jsou uvedeny v tab. 13. 


(Obr. 138, Čirnácprrková anténa pro skupinu Kandi Ш, televizního pásma 
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ташда 13. Rozměry k obr 138 


Kanál raněný (nun) 

MIERESESESESESESRESE 
6 | ors | sss | m0 | 160 | zs | 735 | m0 | no | 695 
7 | oss | 900 | no | zs | ns | ж | eo | sso | ess 
в | ss | sss | тю | өз | es | ею | eo | eo | 6% 
9 | ass | so | es | es | es | es | 635 | e | аю 
10 | з | 7% | 650 | 60 | вю | o | 610 | sos | sss 
n | 79s | 165 | 625 | 615 | es | sos | sas | ss es 
12 | 75 | 750 | es | sos | sss | ss | sos | 555 | 345 
DOES | # | mM SERERE] 

6 | 680 | 610 | 655 | es | sio | ass | as | zs | 285 
7 | 60 | өю | вю | es | eo | 265 | e | 260 j zs 
8 | 625 j sis | eo | so | ато | эю | % | 250 | 265 
9 [ею | зю | зв | ss | aso | ns | з | 20 | 29 
a | srs | ses | sss | sis | ло | mo | ю | 20 | 29 
u ss | oss | sas | ss | as | зю | 67 | 20 | zs 
az | osas | зв | sis | sos | so | 300 | e | aus | 22s 
mle) #, | # | a | a Ha | L 
6 | эю | 350 | sm | аз | мз | аю | 510 | эю | aao 
7 | 305 | sss | 365 | so | as | aso | 20 | 520 [xo 
в | 290 | эю | зе | so | aio | so | eo | s | аот 
9 | 260 | so | ss | sa | эю | a2 | aso | 475 | 300 
10 | zm | 295 | sm | зво | xs | aos | азо | ass | зт 
и | 260 | 25 | зю | ss | зю | зю | ss | мө | зво 
m | 20 | ms | 300 | з | sso | эз | am | «s |3555 


Technické údaje 
provozní zisk 12 50 
činitel zpětného příjmu -2308 
o <13 

а x 

a 45 
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(Obr, 139. Patnátprvkové anténa pro dvojici 
алай ul tlvizního pásma 


f) Patnáctiprvková anténa délky 2,54 
(obr. 139, tab. 14) 


Je to anténa s největším ziskem ve III. televizním pásmu. Tvar 
vyzařovacího: diagramu je velmi vhodný i pro velmi obtížné pod- 
mínky příjmu a pro příjem svisle polarizovaných signálů. Dalšího 
zvětšení zisku ve IIl. televizním pásmu Ize dosáhnout pouze skupinou 
těchto antén, 
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Tabulka 14, Rozměry k obr 139 


P Ronnisy (m) pro kanály č 
ед ca | ras | sare | oaio ihnen 
R эю | mo | ss | s» | so | s 
2 wo | æ | wo | тю | бз | во 
2, mo | mo | 60 | eo | as | ss 
D, no | 70 | om | өю | s | 55 
ГА ms | € | é | вю | s | ss 
ГА ло | ss | so | e | so | sss 
ГА w | e» | eo | өю | so | se 
o oo | вш | e» | өю | seo | ss 
D, % | 60 | em | so | so | 525 
D, om | es | em | so | ss | sis 
D, eso | es | & | so | зз | зз 
D, s» | es | so | ss | ss | so 
D. o | cs | so | so | xs | so 


Prim trubek všech prvkû je 10 mm. 


Technické údaje . Pn 
provozní zisk 138d + Mg 

činitel zpětného příjmu сав / M 
a <S v. 

в a . 

2i 4 


h) Šestnáctiprvková anténa (obr. 140, tab. 15) 

Je konstruována pro dosažení co nejlepšího činitele zpětného příjmu 
а со nejužšího tvaru diagramu záření ve svislé rovině. Na rozdil od 
ostatních antén je výstupní impedance této antény upravena přesně na 
hodnotu 300 © vhodným rozdílem průměru celistvé části a dělené části 
skládaného dipólu (EL 23, obr. 36c). Průměr celistvé části je zvětšen 


plechovým nástavcem, který musi být s trubkou zářiče vodivě spojen 
(např. připájením nebo svafenim). 

Technické údaje 

provozní zisk ELI 

činitel zpěmého руаш 1250B 

a <12 

а 35 

а ar 


м 


жанрі OZ PU uj ox види pago bei a0 


тамда 15, Roamêry k obr 140 


s Rozměry (mm) pro kanály č 
meten Dou; | suo [nam 
R "E E 
z LEE өю 
D, 75 | лю 60 
D, 70 | 60 65 
D, тз | 65 sis 
m zo | 6 90 
D, юз | 6% E] 

D, вю | es vs 
» es | en 565 
D. PEE E] 

D. шз | oss E 
Dy 0 | ж ES 


i) Stavebnicová kanálová anténa pro kanály č. 6 až 
12 pro osm až osmnáct prvků (obr. 141) 


Tuto kanálovou anténu Ize realizovat jako osmiprvkovou, třináctiprvko- 
vou a osmnáctiprvkovou. Je vhodná do mist, kde je přijímaný signál rušen 
Jinými nežádoucími signály, především však z bočních směrů. Na obr. 141 
Je tato anténa naznačena jako třináctiprvková, při stavbě osmiprvkové 
antény se vynechají direktory D, az D,, Při stavbě osmnáctiprvkové 
antény se přidají direktory Dyg až Ру roztečích H, až His. Rozměry jsou 
uvedeny v tabulce 16, 


Technické údaje M 

Sprků is рей — 18 prvků 
provozní zisk (dB) 8.5 % 11592122 1314 
činitel zpětného 
přímu (3B) ^00 ad 18 ай —20 ab- 
o ET <17 <18 
a) i РА 38 35 
4. 0 s a зв 


Thr TA A 
ont ent наши шиши ики! 


3 


U € 30 38 0 20 25 
= мш 


(Ob. 142. Závislost zisku antén па kmitočtu pro jednotlivé kanály 


Průběhy závislosti zisku na kmitočtu pro kanály č. 6, 7, 8, 9 a 12 jsou 
naznačeny na obr. 142; analogicky probíhají i křivky pro kanály č. 10 a 11 
které jsou z grafu pro přehlednost vypuštěny. Tuto kanálovou anténu Ize 
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“Tull 16. Rozměry stavebnicové antény podle obe. 141 


(sm Ry (mm) pro kanály č 
cl Ta a CEE 
105 [ioo | эю | эз | юз | we | эп 

ws | юв | wo | тю | zo | ns | en 

m | ns | es | es | eo | eo | s 

75 | ms | өю | «s | вз | em | ss 

m | mo | & | es | ws | юе | ж 

тю | m | em | se | es | se | ss 

m | en | es | ms | sos | уз | ss 

e | em | van | ss | ms | зы | зм 

64 | юз | аю | ss | so | m | эм 

ex | 4o | ss | 52 | se | ss | 45 

н | © | am | zs | тв | n | 22 | 2 
т | ж | ш | x | ашп | эв | so | зт 
a, | on | mw | is | m | о 
m | эз | am | as | мө | зв | эв | х5 
a | m | ms | зо | зв | ж m 
mata] m | зы | 3 | ms | m | om | 2л 
Dead.) es | m | зз | s | su | мз | ws 
Mam] эю | зм | me | ms | m | эп | э 


Průměr weber vtech prvků je 10 mm 


5 úspěchem použít i pro příjem dvou až tř sousedních kanálů s nižšími 
kmitočty. Tedy např. anténu pro kanál č. 9 ze bez znatelného zmenšení 
zisku i zhoršení ostatních parametrů použít pro příjem kanálů č. 8, 7 i 6, ne 
Мак pro příjem kanálu e. 10. Diagram záření je na obr. 141b a platí 
dostatečně přibližně pro všechny kanály Ш. televizního pásma. Plně vytaze- 
ná čára platí pro vodorovnou rovinu, čárkovaná čáru pro svislou rovinu. 

U třináctipkové antény a zejména u osmnáctiprvkové antény je nutné 
vyztužit ráhno (viz obr. 118) 


55. PÁSMOVÉ ANTÉNY PRO III. TELEVIZNÍ PÁSMO 


a) Tříprvková anténa (obr. 143) 

Tuto anténu іе považovat pouze za náhražkovou anténu. Je vhodná 
pro upevnění na okenní rám, sméfuje-li okno, u něhož je umístěn televi- 
zor, na vysilač a je-li před ním dostatek volného prostoru. Pro umístění na 
střeše není vhodná ani v místě velmí silného signálu, protože má malý 
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Obr, 143, THprvkowd anténa pro el II televizní pásmo; průměr pe je 10 mm. 


činitel zpětného příjmu. Impedanéni přizpůsobení antény rovněž neni 
dokonalé, 


Technické údaje 
provozní zisk задав 
činitel zpětného příjmu —8а# 12 dB 
a <22 

а 90 až 95° 

а, 110 až 125° 


b) Sestiprvková anténa (obr. 144) 


Tato anténa tvoří základ dvanáctiprvkové antény uvedené na obr. 145, 
To je výhodné v případě, že šestiprvková anténa svými parametry nevyho- 
ví a musi se rozšířit 

Šestiprvková pásmová anténa je vhodná pouze do míst ve volném 
prostranství, kde je dostatečná intenzita dvou nebo více vysílačů pra- 
cujicich ve IIL. televizním pásmu a kde nedochází k mnohosmérovému. 
šíření vlivem odrazů. Délka napáječe by u této antény neměla přesáhnout 
15m. 
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Ом. 144, Sestiprvková anténa pro celé IIL televizní pásmo; průměr prvků je 10 mm 


Technické údaje 

provozní zisk 7 až BAB 

činitel zpětného příjmu —13 až —15 dB 
o <23 

а 55 až 60 

4. 75 až 80° 


©) Dvanáctiprvková anténa (obr. 145) 

Tato anténa vznikla ze šestiprvkové antény, uvedené na obr. 144, 
přidáním čtyř direktorů a dvou reflektorů. Tato anténa je standardní pro 
mista, kde Ize přijímat více televizních kanálů ve Ш. pásmu, a to alespoň 
přibližně ze stejného směru. 


Technické údaje 
provozní zisk 9,5 až 1048 
činitel zpětného рти 18 aż —22dB 
° <22 

а 43:02 48° 

a 52 al 85 


d) Ctrnáctiprvková anténa (obr. 146) 

Je vhodná pro příjem slabšího signálu i v místech většího rušení (např 
vlivem městského provozu). Podmínkou pro využití její Sirokopásmovosti 
je možnost natáčet anténu, neboť svazek antény je již poměrně úzký. 
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Technické daje 


provozní zisk 
činitel zpětného příjmu ig až —20dB 
° <21 

а 38 af 42. 

в, 50 až 55° 


Patnáctiprvková anténa (obr. 147) 
Je to pásmová anténa s největším možným ziskem dosazitelajm při 
amatérské konstrukci. Je vhodná pro dálkový příjem, avšak pro její 
využítí je nezbytné její dálkové nebo přímé natáčení, Zde ji uvádíme stejně 
jako čtmáctiprvkovou anténu spíše pro úplnost, obvykle je lepší misto 


e) 
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Širokopásmové antény s tak velkým ziskem použít několik kanálových 


antén, 


12 až 12,5 dB 
—18 až —20 dB 
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ом. 147. Patnáctiprvkorá 

na pro celé Ш. televizní 
pásmo; průměr prrků je 
Tomm 


56. ANTÉNY PRO IV. A V. TELEVIZNÍ PÁSMO 


Ve IV. a V. televizním pásmu je relativní Sitka televizního kanálu 
mnohem menší než ve IIL televizním pásmu, takže nastavit víceprvkovou 
anténu па jediný kanál je dosti obtížné, zejména při amatérské výrobě 
Proto se wischte pásmech konstruují antény pro skupiny kanálů, Pásmové 
antény se navrhují jak samostatně pro IV. a V. pásmo, tak i pro obě pásma 
společně. 

Pro pem slabého signálu, pro nějž jsou antény s velkým ziskem 
určeny, je výhodné používat úzkopásmové antény s ohledem na vzíjem- 
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mou interferenci v zesilovači nebo ve vstupním dílu přijímače. Je však 
třeba uvážit, že nároky na přesnost při výrobě úzkopásmových antén pro 
kmitočty vyšší než 470 MHz zpravidla přesahují běžné amatérské mož- 
nosti. Ani zde však nepřestává platit, Ze nejlepší anténa přijímá pouze 
požadovaný signál a potlačuje vie ostatní. Všechny prvky (není-li uvede- 
по jinak) jsou z trubek s průměrem 8 mm nebo s páskového hliníku 
s rozměry 100 X | mm. U zde popisovaných antén nedoporučujeme 
použít jiné rozměry trubek nebo pásků. 


„„ ANTÉNY PRO SKUPINU KANÁLŮ 
IV. A V. TELEVIZNÍHO PÁSMA 


a) Stavebnicová anténa od sedmi do jedenadvaceti 
prvků (obr. 148, tab. 17) 

Anténu Ize podle potřeby rozšiřovat od sedmi prvků až do jedenadva- 
сей prvků. Je určena vždy pro příjem skupiny pěti sousedních prvků. Její 
zisk je dobrý, impedanční přizpůsobení je výborné, Jako sedmiprvková 
a dvanáctiprvková anténa je vhodná do běžných až obtížných podmínek 


příjmu. 
Technické údaje 
7 prků 12 prvků 21 prvků 
provozní zisk (dB) 92 123 16,5 
činitel zpětného 
příjmu (dB) -16 -2 -25 
o <12 <12 <12 
а () 50 40 2 
4. () вз 43 25 


b) Dvanáctiprvková anténa pro kanály IV. televizní“ 
ho pásma (obr. 149, tab. 18) 
Tato poměrně velmi jednoduchá anténa je určena do míst, kde je 
silnější signál, avšak je rušen odrazy. Důležité je dodržet vzdálenost mezi 
zářičem a Sirokopásmovim direktorem, 


Technické údaje з 
provozní zisk 11,0 az 12,5 dB (podle kanálu) 
činitel zpémého přímu —22 až -25 dB Я 

o <13 : 

а 42 až 46° cox 
ЖЕУ N 44 22 487 ců 
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Tabulka 17. Razmêry stavebnicové antény podle oby, 148 pro jednotlivé skupiny kanálů 


Kanály č. 210224 | 25220 | state ЕЛЕШЕ ЛЕ ШЕТ 
к | m | m | 32 | m | эш | эю | as | 2% 
z | m | мт | ж | тз | 29 | м | ж | ms 
D | Ns | эв | zo | ж | uw | ш | їп | 18 
Day | D, | me | zm | ш | wr | ws | im | з | 1% 
ке |р | xs | ms | mo | ms | їз | m | мз | ass 
D | m | mz» | m | ws | m | om | at | ass 
D» | mo | z | ж | m | m | ө | vo | 152 
к D | B | ms | ж | wo | їз | ша | ase | 1% 
ә u | ш m эт т es в 
m | з | ө | as аж | oam | шз | ne 
p 9 36 w » 66 e w 
Rame | M, | 265 | as | m m 19 18 m 
рма | н 76 T 65 El E n а 
н (© | w | oam m | m | w | ш 
„% | we | 1% | м$ w | m | n | ш 
н | ım | ш | 1% в | mo | m | ous 


Obr. 148, Stavebnicková anténa pro pěticí kanálů ТУ, а V. televizního pásma; měrový 
diagram je pro 21 prvků 


c) Sedmadvacetiprvková anténa pro kanály 
IV. televizního pásma (obr. 150, tab. 19) 

Tato anténa, dlouhá asi 5,54, představuje maximum zisku i směrovosti 
ve IV. pásmu u antén Yagi, dosažitelné v současných podmínkách. Je 
určena pro příjem v nejobtížnějších podmínkách. Kde ani tato anténa 
nestačí, he řadit dvě až буй tyto antény do soustavy, 
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Technické údaje 
provozní zisk 
činitel zpětného příjmu 


а 
а, 
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38 dB 


Obr. 1498 


Tabulka 18. Rozměry dvanátiprvkové antény podle obr 149 


Kanály e EE | 25027 | 280851 | 310235 EE 
R эз | m | m | m | m 
z % ж | zo | в | 25 
D, ж | c5 | 20 | m | as 

Rozměry | Dy ж | ms | 29 | mo | ms 

Dao, | £0 | 20 | ms | ms | xo‏ | سم 
DD | as | ms | zo | 20 | ws‏ 
рер | 20 | zs | as | ms | ss‏ 
D, ms | m j mw | 29 | m‏ 


py Obr 149. Dvaniciprvid aména pro 
skupinu kanálů TV. televizního pásma 
N 
d) Pětatřicetiprvková anténa pro skupinu kanálů 
V. televizního pásma (obr. 151, tab. 20) 

Tato úzce směrová anténa, dlouhá asi 9,54, představuje pro kanály 
V. televizního pásma stejné maximum u antén Yagi jako anténa z obr. 150 
pro kanály IV. televizního pásma. Rovněž jeji použiti je stejné jako 
u sedmadvacetiprvkové antény. 


Technické údaje } 
provozní zisk 16 až 17 4B 

činitel zpětného příjmu ET 

a <12 

а 24 a 26° 

в Hd 27 229 


Kanály & max | nam | эзе» 
R m эю эю 
z E E] 
D, 25 246 ms 
D, ЕЛ 2n E] 
D, D, 255 27 ЕЛ 
Romy | pap, 250 EI m 
(em) Dia рь из E 208 
Dy 88 Du 2 m E 
Dat Dy ns as i» 
Dy Du E] из 195 
D; m 208 


e) Devitiprvková anténa pro skupinu kanálů 
IV. а V. televizního pásma, s celovinnjm 
zářičem (obr. 152) 


Tato anténa využívá vlastností celovinného dipólu, umístěného před 
odraznou stěnou. Je vhodná především pro místa s rušivými signály 
přicházejícími ze zadního nebo bočního směnu (jak plyne z diagramu 
záření na obr. 152b). 

Zvláštností této antény je, že jako zářič používá celovinný skládaný 
dipól. Se zřetelem na rozložení napětí nelze celovinny dipól uchytit 


"Tabulka 20, Rozměry ptatřctorvkové antény podle obr. 151 (na dal stranê) 


[70 neu | san | sao 
R 260 240 20 
z E 20 
D ms E im 
айр, 200 ws 165 
Remy | papí E 180 160 
- D, D 190 us iss 
Duat Ds ms mo 150 
Day at Ds E des p 
дуа Dy ns 160 p 
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Ом. 151, aten anténa pro skupinu kanálů V televizního pásma 
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слаб 
a ue ч 


Dewtiprvkov anténa в celovinným zie pro skupinu kanálů IV. a V. 


br. 152. 
relevo pásma 


"там 21. йону devipvkové antény z cckovionjm zářiče podle obr. 152 


Fm Rozměry (mm) 
exem | jaz | uges | mesata | 1v arso 
R эю m m so 
к, з ss sis 450 
z ws ал ЕЯ E 
D, E m 194 vo 
байо, E E] 178 156 
н, 178 з? 17 120 
н a E d6s а 
тан. E а эту E 
ГА 2 © s E] 
н, E тв е a 
т 104 » 30 m 
ГА us 10% » 20 


uprostřed jako půlvinný dipól. Zářič je uchycen v kmitnách proudu tak, 
jak je to znázorněno na obr. 152c. к 
Závislost zisku této antény pro příslušné skupiny kanálů jsou vyznače- 
пу na obr. 153. Rozměry pro jednotlivé skupiny kanálů jsou uvedeny 
v tab. 21. Průměry trubek všech prvků jsou 8 mm; provedení reflektoru 
je stejné jako u reflektoru na obr. 161Ь. weiss чу 
== z 


s rii 


—2 ма 
Obr. 153, Kobus závislost zisku amény z obr. 152 
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58. PÁSMOVÉ A DVOUPÁSMOVÉ ANTÉNY YAGI PRO 
IV. A V. TELEVIZNÍ PÁSMO 


a) Stavebnicová anténa od šesti do pětatřiceti prvků 
pro kanály č. 21 az 34 

Anténa na obr. 154 může být zhotovena s libovolným počtem prvků od 
6 do 35. Lze tak splnit většinu požadavků na příjem ve IV. televizním 
pásmu. Pětatřicet prvků je hranicí zvětšování zisku antény. Popisovaná 
anténa má menší zisk na spodní části pásma, zisk se plynule zvětšuje 
směrem ke kanálu č. 34. Smíříme-li se s jistým zmenšením zisku, je tato. 
anténa použitelná až do kanálu č. 39. 


Technické údaje a 
prvků 10 Pla — 20prkü 35 prvků 

provozní 

Zisk (AB) 1s — 9531] 138216 15a£19 


i 


zpětného = 
Prim (dB) —15 a2 —25 —18 až —25 —21 až —35 ~21 až —35 
DI 522058 — 42ak47 — 253233 18 45 28 
4. 0 650282 46 45 560 25 ak 3 — 182229 


b) Osmiprvková anténa s trojitým reflektorem pro 
kanály č. 21 až 60 (obr. 155) 


Tato anténa je nejjednodušší anténa pro celé dnes používané pásmo 
UHF. Je vhodná pro místa se silným signálem a s poněkud členitým 
okolím (např. ve městech), kde může dojít k odrazům ze zadního směru. 
Je vhodná i pro umístění na okenní rám, což ale vyžaduje přímý výhled 
na vysílač. 


Technické údaje >. H 

"d bend! &. 21 p kanál č. 60 
provozní zisk . тав 8,5 n 
činitel zpětného příjmu —29 aB ET 
o „ SDS ы EU 
а Uo. A 47 
в. w EI 
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c) Osmiprvková anténa s dvojitým reflektorem 
pro kanály č. 21 až 60 (obr. 156) 

Tato anténa má poněkud užší hlavní lalok diagramu záření i poněkud 
větší zisk než osmiprvková anténa z obr. 155. Má Мак horší činitel 
zpětného příjmu, a proto je vhodná do míst s dosti silným signálem, ale 
bez odrazú ze zadního směru, 


Technické údaje 


kanál č. 21 kanál č. 60 
provozní zisk „1 вав ; 9,5dB 
činitel zpěmého příjmu -20dB —18dB 
o <16 <20 
а EE 8 — 4 
o Dm S s 


d) Třináctiprvková anténa pro kanály & 21 až 60 
(obr. 157) 
Je vhodná pro místa se středně silným signálem v méně členitém 
prostředí, např, ve vilovjch čtvrtích bez výškové zástavby. 


E Po 
Technické údaje лига 

Ut kanál & 21 anal č. 60 
provozní zisk 78 dB 12dB 
činitel zpětného příjmu -aa ^ —230B 
o NL «125 
a sr ar 
a Two. * 


c) Devatendctiprvková pásmová anténa pro kanály 
č. 21 až 60 (obr 158) а p 


Je to standardní širokopásmová anténa pro místa se středním až slabým 
signálem v členitém prostředí větších měst nebo v mímě kopcovitém 
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(Obu 157, Třináciprvková anténa pro kanál č 21 a 60 
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(Obr, 159. Osmadvaceiprvková anténa pro kanály č. 21 ай 60 
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1) Osmadvacetiprvková pásmová anténa pro kanály 
č. 21 až 60 (obr. 159) 

Je velmi výkonná anténa, vhodná pro místa slabšího signálu v členitém 
terénu nebo v městských čtvrtích s různě členitou zástavbou. Tam, kde 
tato anténa svými parametry nestačí, je vhodné použít üzkopismovou 
anténu, např. z obr. 150 nebo z obr. 151 


Technické údaje 


kanál č. 21 kanál č. 60 
provozní zisk 9508 мав 
činitel zpětného příjmu 25 aB -38 
o m <125 

" 43 ж 

" E 40° 


59. DALŠÍ ŠIROKOPÁSMOVÉ ANTÉNY 


Kromě antén Yagi jsou pro amatérskou výrobu vhodné reflekto- 
тоё antény a soufázově buzené antény. 


a) Širokopásmový dipól s úhlovým reflektorem a s 
širokopásmovým reflektorem 

Vzhledem k velkému činiteli zpětného příjmu je tato anténa (obr. 160) 
\ hodná do mist se středně silným a silným signálem, rušeným odrazy ze 
zadního směru, tedy zejména do městských čtvrtí s výškově členitou 
zástavbou. Diagram záření na obr. 160c platí pro kmitočet 730 MHz, při 
němž má tato anténa největší zisk. Cinitel zpětného příjmu je v celém 
rozsahu IV. a V. televizního pásma téměř rovnoměrný. Elektrické para- 
metry jsou na obr. 161. Na obr. 162 je pohled na skutečné provedení 
antény s úhlovým reflektorem. 


b) Buzená celovinná patrová soustava pro kanály 
e. 21 až 81 
Tato anténa (obr. 163) je velmi vhodná pro amatérskou stavbu, protože 
není tak náročná na přesnost jako např. antény Yagi a dává vždy dobré 
výsledky. Reflektorová stěna může být bud ze sítě s velikostí ok 
20 X 20mm (obr. 163a), nebo může být zhotovena podle obr. 163b. 
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(Obr. 160. a) Sirokopásmová anténa з úhlovým reflektorem (celovlnný zářič je ve středu 
izolovaně uchycen na nosné ráhno) 


У obou případech je však nezbytné všechny křižující se dráty vzájemně 
spájet cínem nebo celou reflektorovou stěnu v ohni pocínovat (galvanické 
Pocínování nestačí). Elektrické hodnoty jsou v celém pásmu téměř rovno- 
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Ом. 160. b) detail poloviny úhlového reflektoru; všechny spoje jou propájeny «йет, 
©) směrový diagram antény s Mom reflektorem 


měrné (viz také obr. 171). Anténa je vhodná i do míst s nehomogenním 
polem, je podstatně méně citlivá na kvalitu dopadajícího pole než antény 
typu Yagi. 


m 


Н 
af 
ЕЦЕ 
ха 
Lama 
ERU 
ax = 60 = LJ 


I] 
Obr 161. Eicktrické parametr antény з úhlovým reflektorem 


Ом. 162. Pohled na anténu s úhlovým 
reflektorem 


Technické údaje 
provozní zisk 1248 
činitel zpětného příjmu лав 
o «125 
а 34 


a, se 
Zisk buzené celovinné patrové soustavy Ize při zachování základních 
vlastností zvýšit asi o 2 dB přidáním řady direktorů ke každému zářičí 


m 


(obr. 164). Nosiče direktorů jsou па obou koncích opatřeny závitem, 
umožňujícím snadné zabudování i do již hotové antény. 

Dalšího zvýšení zisku s dosáhne uspořádáním čtyř antén do soustavy 
(obr. 165). Rozteč antén v ose soustavy je volena tak, aby vzdálenost mezi 
jednotlivými zářiči byla konstantní. Reflektory těchto antén se tedy pře- 
‘vail, je vhodné je příslušně zkrátit. Sloučení antén je vhodné provést 
sériově paralelním spojením podle dl. 40. 


Technické údaje 

500 MHz 800 MHz 
provozní zisk 15,5 dB 20dB 
činitel zpětného příjmu EI EL 
° <18 <1в 


c) Krátká reflektorová anténa se dvěma řadami 
vinovodú (obr. 166, tab. 22) 

"Tento typ antény vyniká malými rozměry a velmi dobrými elektrickými 
vlastnostmi i v místech slabého signálu. Provedení reflektorové stěny — až 
па celkové rozměry — je shodné s provedením reflektorové stěny použité 
u antény na obr. 160. Rovněž zářič je obdobný jako u antény na obr. 160. 
Jeho rozměry a způsob uchycení na ráhno jsou zřejmé z obr. 166b. Misto 
hranolu z polystyrénu Ize použít vhodnou anténní krabici, rozměry je však 
třeba zachovat, Tento celovinng zářič neni spojen se zemí, a proto рӯ јео 
umístění vně budovy je třeba spojit každou polovinu zářiče s ráhnem 
pomocí tlumivky (tlumivka je tvořena asi 25 závity drátem Cu smalt 
s průměrem 0,5 mm, vinutými samonosně na průměru 4 mm) 

Uchycení řady direktorů je naznačeno па obr. 166c. Důležité je dodržet 
vzdálenosti 8, až S,, protože mají příznivý vliv na celkový výkon antény. 
Zdůrazňujeme, že důležitá je vzdálenost konců direktorů, které jsou 
zapustény (např. zateplá nalisovány) do polystyrénových hranolů (obr. 
166). 


Technické údaje 
provozní zisk 134B 
činitel zpětného příjmu  —25 aB 
o <13 
а 28 

а а 
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Obr. 166 Krátká reflektorová anténa se dvěma řadami vinovodů; všechny direktory mají 
průměr 6 mm : 
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Tabulka 22. Rozměry k obr. 166 


Rozměry (mm) 
Kanál č. 
һа [ [2 [|е D, | a | , J . 
зам es | аю | so | so | ass | 261 | 257 | з | 250 | 206 | мз | 2 
вид 605 | эм | 495 | so | 250 | us | 200 | ms | zm | 20 | ms | 222 
ЕГЕ ser | 352 | мв | که‎ | эз | zo | ze | z2 | zo | 206 | 213 | 200 
EFE ss | 382 | Mo | که‎ | zo | 216 | из | 210 | 207 | эм | 2m | 108 
EFE яз | ais | 42 | ш | mo | 28 | 208 | m | 200 | 196 | i2 | 100 
D. J. sss sls|sls s 
nan ms [эю | в | % | m | з | ма | 106 | asa | 202 | л 
БЕР] zo | 217 | 73 | % | ив | ам | i3 | ass | om | 190 | 206 
man zor | mos | e | as | ж | ue | 1 | ме | 62 | 1з | 1% 
Baw ws | 192 | که‎ | so | ده‎ | no fiz | ms | ass | 168 | 100 
maw 187 | 185 | 63 | в | o» [uos | us | 2 | 206 | 160 | 173 
mM | # | . Û # I . A KG 
nan au | wo | 30 | s | 0 [| 9 | no| m | io | vo. 190 ою 
25228 ze | 0 | as | e | e | s | юз | m | no | i к 196 
man 206 | m | 2 | 4 |е |в | т | иа | a | 150 s 
Baw 14 | m |as | a | se | os |. a| mě | ace | an is m 
Em we | © | 2 | 4 | som | a7 | mo | o | 195 m m 
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d) Thiadevadesátiprvková vícenásobná anténa Yagi 
pro IV. a V. televizní pásmo 

Na obrázcích 167 a 169 je velmi výkonná širokopásmová anténa, která 
obsähne IV. a V. televizní pásmo. V současné době je tato anténa považo- 
vána za nejdokonalejší modifikaci antény se skupinovými zářčí 

Celkový pohled na tuto anténu je na obr. 167a. Z něhoje patrný způsob 
vyztužení ráhna, který se musi dodržet. Výztuha je od ráhna vzdálena 
330 mm. Celkové rozměry jsou na obr. 167b. Detail uspořádání prvků 
okolo zářiče je па obr. 167c. Direktor DI je galvanicky spojen s ráhnem, 
ostatní direktory jsou uchyceny izolovaně. Tvar zářiče a jeho rozměry jsou 


1% 


el 
Ом. 167, Třadovadosiprvková vícenásobná anténa Yagi pro IV. x V. televizní pásmo 


uvedeny na obr. 168a; ochranná krabice není pro přehlednost zakreslena, 
Také u této antény není zářič galvanicky spojen se zemí, a proto је třeba 
sobě poloviny zářiče uzemnit pomocí tlumivek, obdobně jako na obr. 166. 
Detail poloviny reflektorové stěny je na obr. 167b. Vněší rám je zhotoven 
2 pozinkovaného drátu s průměrem 2,5 mm, vnitřní výplet je z pozinkova- 
ného drátu s průměrem 2 mm. Direktor D, je tvořen páskem dlouhým 
150 mm se stejným profilem jako u zářiče. Záfi je uprostřed přinstován 
ma ráhno, Direktory D, až D, (kromě direktoru D) тай shodný tvar 
(obr. 1693). Direktor D, je doplněn další čtveřicí direktorů (obr. 16%) 
Rozměry direktorů D, a D. jsou па obr. 169a, 169b a Бой uvedeny v tab. 
a. 

Upozorňujeme, že směrodatné rozměry direktorů па obr. 169a, b jsou 
kótovány včetně upevnění v izolantu, a to je třeba (obdobně jako u antény 
podle obr. 166) přesně dodržet. Na přichycení direktorů je výhodné 
zhotovit formu, protože spoj se opakuje 4Skrit. Technické parametry 
této antény, která se v zahraničí sériově vyrábí, uvádíme v tab. 24 a na 
obr. 171 
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(Ob. 168. Detaily k anténë z obr. 167 


3) tar a rozměry zářiče, b) 
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Ом. 16. Detaily k anténě 
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e) Parabolická anténa 
Anténa s parabolickým reflektorem je na obr. 170. Jde o provedení, jaké 
se v zahraničí prodává pod názvem Parascope. Primární záhc je tvořen 
dvojicí dipólà před pomocným reflektorem. Pro snazší 


robu Ize parabo- 


lický tvar reflektoru nahradit kulovým vrchlíkem; vzniklá chyba není 
v tomto případě podstatná. Technické parametry antény v tomto prove- 
dení jsou v tab. 25 


ом. 170. 1. ást. Parabolické anténa Parascope pro IV, a V. televizni pásmo 
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Obr. 170. u. část. Parabolické anténa Parascope pro IV. а V.telznipésmo „ te, 
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Obr. 171. Vzjemné porovnání zisku Brokopésmových antén pro IV а V. televizní 
pine 

а — bozená Byfparov soustava (obr 163), b — anténa X Color (KCHIBL) se 
skupinovými dircktory, © — anténa Parasope род obr. 170, d— tradevadeipeiona 
vcenóscená amna Yagi (obr. 167) © — anténa Pariscope s refickiorem ромуўт 


обоо sit ри T E ты. 


Zisk antény (zvlaste na horním konci pásma) neodpovídá plose reflek- 
toru. Je to způsobeno tím, že reflektor je příliš řídký. Poknje-li se 
reflektor vodivou sítí s velikostí ok asi 20 X 20 mm, zisk antény se výraz- 
ně zlepší 

Teoreticky je možné dále zvětšovat zisk popisované antény zvětšováním 
průměru reflektoru. Pole přijímané vlny však neni v praxi dostatečně 
homogenní, takže větší antény nejsou účelné, 

Na obr. 171 je grafické porovnání zisků typických širokopásmových 
antén pro UHF. 


1) Devatenáctiprvková — logaritmicko-periodická 
anténa pro kanály č. 21 až 81 


Podle závěrů v či. 32 je na obr. 172 navržena logaritmicko-periodická 
anténa. S malým počtem prvků se u ní dosáhne dobrého zisku a zejména 
výborného impedanéniho přizpůsobení. Na obr. 172a je rozměrový náčr- 
tek, ve kterém jsou vynechány zářiče Z, až Z,. Reflektor je vcelku a je 
připevněn na spodní sběrač. 
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Ом. 172. Logarimicko-perodiká anténa s reflektorem 


“Tula 26. Rozměry jednotlivých prvků ogarimicko periodické antény z obr. 172 


m Daa | memet | Romet 
Pe | mm | "T | ш) | cm (am) 
n EJ P. wo | i | м-в 
& эю Za W | aos 87 
| E Za б | һә | 09-835 
А 2m Za ja | Re Ее 
2 э E us | лево | mans 
1 20 2 їз | k= 76 | has 
2 тз Ze ш | м-т | hens 
2 m 2 ю | k- ез| ња 
Z 2m z me | ym of | 38 
z 1m 


Na obr. 172b je detail upevnění zářičů včetně připojení souosého 
kabelu. Sběrače jsou z ocelového pásku s rozměry 30 X 3 mm, reflektor 
a zářiče jsou z ocelového pásku s rozměry 12 X 0,5 mm, prvky jsou ke 
sběračům přinýtovány. Jako distanční rozpěrka mezi sběrači je použit 
rázuvzdorny polystyrén s tloušťkou 6 mm. Rozteč mezi sběrači je tedy 
6 mm. Při změně permitivity izolantu se musi dbát na to, aby charakteris- 
ticki impedance sběračů byla 75 ©. Výstupní impedance je 75 ©, Rozmě- 
1y prvků jsou v tab. 26. 


Technické údaje 
kanál č. 21 kanálč. 60 kanál č. 81 
provozní zisk 10 05 1,548 104B 
činitel zpětného 
příjmu —25dB 32 48 —30dB 
о (pro Z = 750) «105 «10 m 
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ANTÉNNÍ STOŽÁR A JEHO UCHYCENÍ 


Umístění antény na stěně budovy nebo v půdních prostorách 
Většinou nevyhovuje a je třeba postavit anténní stožár na střeše budovy. 
Přestože se ke stavbě stožáru nevyžaduje stavební povolení, vyplatí se ke 
stavbě přistupovat zodpovědně. Zejména je třeba dodržet příslušná usta- 
novení ČSN 34 2820 (Bezpečnostní předpisy pro antény) a ČSN 34 1390 
(Předpisy pro hromosvody). 


60. PRÜMÉRANTÉNNÍHO STOŽÁRU 


Z elektrického hlediska by měl být stožár co nejtenčí. Tenký 
stožár má také menší plochu, kterou je vystaven tlaku větru. 2 obou 
důvodů је tedy výhodné volit pro stožár co nejkvalitnější ocel. 

Limitujicím faktorem při statickém návrhu stožáru není hmotnost an- 
tén, ale síla vyvozená tlakem větru. Mémy tlak větru v našich podmínkách 
dosahuje hodnoty р = 700 Pa (tj. 700 N/m’), v horských oblastech se 
počítá s dvojnásobkem. Sila působící na anténu je úměrná měrnému tlaku 
а ploše antény vystavené větru. Platí 


P= Spe (№ mè, Pa, —) 


Konstanta c je aerodynamický součinitel, jehož hodnota se podle pory- 
vů větru pohybuje mezi 15 a 7. Plocha antény je přibližně součtem ploch, 
jimiž jsou jednotlivé prvky vystaveny větru. Například buzená čtyřpatrová 
soustava TVA 21 — 60 má reflektor tvořený sítí vodičů s průměrem 
2,5 mm s rozměry 1000 X 600 mm. Vodorovných vodičů je v siti 40, 
svislých 8 (obr. 163b). Plocha reflektorové sítě je asi 40 X 600 X 25 + 
+ 1000 X 8 X 2,5 = 80000 mm = 0,08 m. Po započítání ostatních 
prvků vyjde plocha antény 0,122 m’. Jednoduchý výpočet vychází z před- 
pokladu laminárního proudění vzduchu a je splněn, jsou-li jednotlivé 
prvky antény vzájemně dostatečně vzdáleny. Při použití hustého ple- 
tiva (průměr oka menší než 15 mm) se síla působící na anténu značně 
zvětší 
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з бш ю БШ жо зйшо 
— кїн! 


Ом. 173. Dimenzování anténního stožáru podle jeho délky а zatīžení 


Dimenzování trubky z oceli ČSN 42 5715 podle sty působící na anténu 
v dané výšce udává graf na obr. 173. Při instalaci několika antén na jeden 
Stožár se síly působící na jednotlivé antény přepočítají na fiktivní síly 
v místě nejvyšší antény a ty se sečtou. Je-li nejvyšší anténa 1 ve výšce fy 
а ostatní antény jsou ve výškách В, Jy ... Je výsledná sila pro statistický 
výpočet 
HHH 
h h 

Uvedené výpočty platí pro vetknutý stožár bez dalšího kotvení. Další 
pomocné konstrukce stožár staticky zpevňují, takže hodnoty pro vetknutý 
stožár poskytnou bezpečný odhad rozměrů. Další podrobnosti pro návrh 
stožáru jsou obsaženy v těchto předpisech: 

ČSN 73 0031 Výpočet stavebních konstrukcí a základů 

ČSN 73 0035 Zatížení konstrukcí pozemních staveb 

ČSN 73 1401 Navrhování ocelových konstrukcí 

ČSN 73 1430 Navrhování ocelových konstrukcí anténních stožárů 
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61 UMÍSTĚNÍ STOŽÁRU 


V praxi je volba umístění antény omezena možnostmi ukotvení 
stožáru, vyplývajícími ze stavebního uspořádání střechy. Zpravidla však 
zbývá jistá volnost. Umístění antény výhodné z elektrického hlediska 
vychází z typického rozložení intenzity elektromagnetického pole v blíz- 
kosti budovy (obr. 174). Největší intenzita pole je uprostřed šikmé střechy 
přivrácené k vysílači. Zajímavé je, že v dolní polovině odvrácené strany je 
také poměrně velká intenzita pole. Nejméně výhodně je umístění antény 
па hřeben střechy. Umístěním v dolní polovině střechy lze navíc odstranit 
rušivé signály (obr. 19, 175). 


ET 


+ 
ÓN 


Ом. 175. Umístění antény vhodné pro odsínění rušení působené pouličním provozem 
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Velká intenzita pole na přivrácené straně střechy je způsobena tím, že 
pole dopadající viny se sčítá s polem vlny odražené od střechy. To má za 
následek, že výsledné pole není homogenní, takže použitá anténa nemusí 
vykazovat předpokládané vlastnosti. Na ploché střeše je výhodné. umístit 
anténu poblíž středu střechy, a to jak z hlediska odstínění, tak z hlediska 
homogenity pole. Ideální je stanovit umístění stožáru na základě měření, 
nejlépe s anténou plánovanou pro instalaci 

Výšku upevnění antény je třeba volit podle individuálních podmimek 
s ohledem па blízké překážky ve směru К vysílači. Zkušenosti s dálkovým 
příjmem na výškových domech ukazují, že optimální výška antény nad 
plochou střechy nezastinéného domu je 2 až 3 m, zvětšováním výšky 
antény se příjem spíše zhoršuje 


62. KOTVENÍ STOŽÁRU 


a) Upevnění stožáru na konstrukci valbové střechy 
Upevnění stožáru na trámovou konstrukci valbové střechy je па obr. 
176. Délka stožáru musí být úměrná rozteči upevněných bodů, 
Napáječe antén jsou vedeny středem stožánu, takže odpadají další 
průchodky střešní krytinou. 4 


> 


(Ob. 176. Upevnění stožáru k rámové konstrukci valbové střechy 


a 
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b) Upevnění stožáru ke komínu 
Připevnění stožáru ke komínu je zpravidla nouzové. Použitelný je pouze 
komín s ověřenou pevností. Zcela nevhodné jsou komíny topných systé- 
mů, z nichž vycházejí horké plyny. Ty svou agresivitou znehodnotí napáječ 
a později anténu. 
Do konstrukce komínu nelze zasahovat. Prijatelné upevnění stožáru je 
ma obr. 177. 


9 


ә 


Obr. 177. Upevnění stožáru ke komínu bez narušení jeho konstrukce 


c) Kotvení stožáru na ploché střeše 


Z hlediska optimálního příjmu je výhodné umístit stožár poblíž středu 
střechy. To však vyžaduje, aby alespoň pata stožáru byla osazena do střešní 
konstrukce již při stavbě, protože dodatečný zásah do konstrukce střechy 
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většinou vede k poškození střechy. Relativně nejmenším zásahem do 
konstrukce střechy je ukotvení stožáru pomocí troj nožky (obr. 178). 
Trojnožka je tvořena třemi betonovými bloky, volně položenými na 
střešní krytině. Je-li střecha kryta asfaltovou lepenkou, je třeba zabránit 
poškození její celistvosti. Osvědčilo se složit betonové bloky z několika 
desek, přičemž nejnižší deska je překryta pásem lepenky přilepeným ke 
krytině. 


Blok 


О. 178. Trjnožka pro umístění stožáru 
па plochou střechu 


Druhou možností je připevnit stožár К hlavní zdi (obr. 179). Při 
tomto způsobu kotvení může dojít k přenosu vibrací stožáru do 
konstrukce domu, což je při větrném počasí velmi nepříjemné. U pří- 
zemních nebo jednopodlažních staveb se osvědčila montáž stožáru 
uvedená na obr. 179b. Stožár je ukotven ve vlastním betonovém zá- 
kladu, spojení s budovou nenese jeho hmotnost, a může být tedy vhodně 
tlumeno. 

Prüchodka pro napáječe antén v obvodovém zdivu by měla být vedena 
šikmo, protože tím se zabrání zatékání vody. Při umístění stožáru upro- 
střed střechy děláme průchody napáječů střešní konstrukcí pouze v kraj- 
ním případě. 
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Obr. 179. Uchycení stožáru ze strany 
” budovy 


63. NOSNÍK PRO VYLOŽENÍ ANTÉNY MIMO OSU 
STOŽÁRU 
Při instalaci většího počtu antén na jeden stožár ze použít vlož- 
né rameno. Jeho použití je nezbytné u svile polarizovaných antén. Kon- 
strukce nosníku je na obr. 180. 
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Ом. 180, Nosnik pro vyložení antény mimo osu stožáru 


64. INSTALACE NAPÁJEČE 


Napáječ je vodič, a proto musi být veden tak, aby nedeformoval 
elektromagnetické pole v blízkosti prvků antény. Vždy by měl být veden 
poděl ráhna antény a podél stožáru. Na obr. 181 jsou příklady vedení 
napáječe u složitějších soustav, u nichž by nevhodným vedením bylo 
možné přepokládaný příjem výrazně zhoršit. Je-li použito symetrické 
nestiněné vedení, situace se dále komplikuje tím, že je třeba dodržet 
minimální vzdálenost napáječe od vodivých předmětů. K tomu jsou 
určeny rozpěrky a držáky (obr. 182 a 183). 

Dvoulinka vystavená větru může kmitat, což často vede k jejímu mecha- 
nickému poškození. Odolnost dvoulinky proti kmitání se zvětší, je-li mezi 
jednotlivými úchyty překroucena. Skroucení dvoulinky rovněž zmenšuje 
indukci rušivých signálů do svodu, což je známý nedostatek dvouvodito- 
vého vedení. 

Vedení dvoulinky k přijímači bude vždy kompromisem mezi elektrický- 
mi požadavky a mechanickou proveditelností. Souosý kabel je možné 
uložit do běžných elektroinstalačních trubek nebo přímo pod omítku 
nebo ho přichytit na povrch stěn, Uložení v instalační trubce má oproti 
uložení do omítky výhodu v tom, že је možné napáječ vyměnit. Aby tato 
výměna byla reálná, nesmějí být na trase trubek ostřejší ohyby, které 
manipulaci znemožňují. Je třeba respektovat skutečnost, že je-li kabel 
zatahován nepřiměřenou silou, dochází k nepřípustným deformacím a te- 
dy k impedančním nehomogenitám. Vzhledem k tomu, že Ize předpoklá- 
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Obr. 181. Příklady vedení napáječů 
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тайну 
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(Obr. 182. Držáky a vozpěrky pro vedení dvoulinky 


ы 


е 
Ом. 183, Držáky a rozpěrky pro vedení dvoulinky 
dat dobu života kabelu uloženého v omítce asi 30 let, stojí za úvahu, zda 
Je požadavek vyměnitelnosti kabelu opodstatnény. Rozhodneme-li se pro 
vyměnitelné uložení svodu, je třeba pamatovat na to, že úsek svodu mezi 
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anténami a budovou bude třeba během doby života svodu v budově 
několikrát vyměnit. Osvědčilo se opatřit svod rozebíratelnou spojkou, 
umístěnou např. v půdním prostoru. 


65. | DÁLKOVÉ SMĚROVÁNÍ ANTÉN 


Signály z různých směrů je možné přijímat jednou směrovou 
anténou, natáčenou do směnu příjmu dálkově ovládaným servomechanis- 
mem — rotátorem, Použití rotátoru pro televizní anténu je však jen 
málokdy opodstatněné. Příjem signálů nenáležejících do základního po- 
krytí území má zpravidla povahu dálkového příjmu; je tedy třeba použít 
antény s velkým ziskem, opatřené předzesilovačem. Nejsou-li signály 
kmitočtově blízké, je požadavek па šířku pásma antény a na pfeladitelnost 
zesilovače dosti omezující. Většinou je výhodnější pro každý přijímaný 
vysílač umístit na stožár zvláštní anténu a napáječe antén pak sloučit 

Pro příjem rozhlasu VKV - FM je použití rotátoru opodstatněné, ne- 
bot používané antény vždy pokrývají celé pásmo a případný předzesilovač 
bývá vždy přeladitelný. Navíc hlavní svazek antény pro pásmo VKV — FM 
je tak široký, že nevznikají problémy s přesností směrování, dosažitelnou 
rotátorem. 

Při amatérské stavbě rotátoru je konstrukce ovlivněna zejména součást- 
kami, které jsou k dispozici, a dilenskjmi možnostmi. Je vhodné řídit se 
těmito zásadami: 

K natáčení je výhodnější použít motor bez kolektoru. Jiskřící kontakty 
jsou zdrojem rušení, které ztěžuje směrování antény. Nejvýhodnější je 
použít krokový motor. Indikaci polohy a směrování je pak možné realizo- 
vat číslicovými logickými obvody, Potřebný výkon motoru je menší než 
10W. 

Pro analogovou indikaci polohy antény jsou nejvýhodnější selsyny. 
Obvyklé je také použití potenciometru spřaženého se stožárem; je však 
třeba zvolit typ potenciometru vhodný do klimatických podmínek, v nichž 
bude pracovat. Potenciometrický snímač polohy je vhodné použít v ser- 
vosmyéce, kde je v můstkovém zapojení s ovládacím potenciometrem. 

Otáčení stožáru musí být omezeno zarážkou, aby nedošlo k poškození 
napáječů. 

Převod mezi motorem a stožárem musí být volen dostatečně lehký, a to 
nejen s ohledem na výkon motoru, ale i pro přesnější směrování. Lehký 
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převod navic klade větší odpor samovolnému natáčení antény. Správně 
navržený převod by měl být samosvorný 

Motor by měl být napájen bezpečným napětím (36 V). Není-li to 
možné, musí být přívod k motoru izolován proti silové siti transformáto- 
rem zkoušeným na 2 500 V. 
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VI. АМТЁММЇ MĚNIČE A PŘEDZESILOVAČE 


V mnoha případech je napětí па svorkách antény příliš nízké pro 
požadované použití, a tedy výkon dodávaný do svodu je pis malý. 
Důvodem jsou buď velké energetické ztráty v rozvodu (dlouhý svod. 
napájení většího počtu účastníků), nebo malá intenzita signálu v místě 
příjmu. Potom je možné použít vhodný anténní zesilovač (předzesilovač). 
V prvním případě spočívá důraz na výstupním výkonu zesilovače, ve 
druhém jsou rozhodující jeho šumové vlastnosti. Omezení vyplývající 
2 šumového čísla zesilovače je zásadní. Je naprosto nesprávné kompenzo- 
Yat zesilovačem malý zik antény. Nasazení předzesilovače je opodstatne- 
né, je-li současně použita anténa nebo anténní soustava з velkým ziskem. 

Pro názomost zopakujeme některé skutečnosti z či. 12, důležité рН 
použití zesilovače. Podmínkou kvalitního příjmu je, aby do demodulátoru 
přijímače přicházel signál s patřičným odstupem šumu. Není-li již na 
svorkách antény dostatečný odstup signálu od šumu, nelze situaci zlepšit 
použitím zesilovače. Ten zesiluje i Sum, takže odstup signálu od šumu se 
nezlepší. n průchodu signálu zesilovačem (nebo vstupním dílem televi- 
Zoru) přibude k signálu jeté vlastní šum zesilovače. Velikost tohoto šumu 
je úměrná šumovému číslu zesilovače. Z toho vyplývá, že poměr signálu 
K šumu se nezhorší, jeli úroveň vlastního šumu zesilovače zanedbatelná 
У porovnání s úrovní šumu v signálu, Je tedy žádoucí, aby zesilovač 
zpracovával signály dostatečné úrovně. Pro přesné stanovení míry šumu 
Kaskády předzesilovač — napáječ — přijímač Ize použít graf na obr. 184 
Veličina a, označuje Sum přivedený na vstup přijímače. Stanoví se z miry 
šumu předzesilovače a jeho zesílení A a ztrát v napájči L podle vztahu 


dm = an + AL (do) 

Použití graffi ukážeme na příkladech. 

Na obr. 184 je čárkovaně vyznačeno řešení pro hodnotu q = 6 dB, 
zesílení 18 dB a ztráty v napáječi 12 dB, tedy ды = 12 dB. Je-li mira 
šumu přijímače také 12 dB, vyjde výsledná mím šumu soustavy 15 db. 

Je vidit, že útlum svodu by se měl soustředit do mist, kde je dostatečná 
úroveň signálu, To je jeden z důvodů, proč má být předzesilovač umístěn 
со nejblíže u antény (pokud možno přímo na jejích svorkách). 


199 


Druhým důvodem pro umístění předzesilovače и antény je snaha ome- 
zit projevy impedanéniho nepřizpůsobení zesilovače k anténě, 

Z obr. 184 vyplívá, že kvalitni předzesilovač s malým šumovým číslem 
může vylepšit příjem i v případě, že signál je slabý, že televizor neposkytne 
uspokojivý obraz, ani když je umístěn přímo u antény (neuplatňují se 


ztráty ve svodu). Sumové vlasnosti kaskády předzesilovač — vstupní 
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Obr. 184. Graf pro určení miry Suma kaskády dvou zesilovačů ~; 


dil televizoru závisejí především na předzesilovači a ten Ize zhotovit tak, 
že má menší šumové čislo než vstupní dil. 

Poněkud jiná je situace u rozhlasu pro pásma VKV—FM. Vstupní dily 
přijímačů VKV—FM jsou zpravidla tak kvalitní, že použití předzesilovače 
Je oprávněné jen ke krytí ztrát v napáječi. 

U zesilovačů pro napájení větších rozvodů (společné televizní antény) 
Jsou požadavky odlišné. Přijímaný signál má zpravidla dostatečnou úroveň 
а úkolem zesilovače je dodat patřičný výkon do rozvodu. Zde je obvyklé 
umísťovat soustavu zesilovačů do klimaticky vhodného prostředí (např. 
půdní prostory) i za cenu větší vzdálenosti vedení nezesileného signálu. 

Druhou zvláštností zesilovačů pro společnou anténu je kmitočtová 
konverze signálů ze IV. a V. televizního pásma do I. a Ш. televizního 
pásma, kde útlum vnesený součástmi rozvodu je podstatně menší, U indi- 
viduálních antén je použití konvertoru opodstatněné jen v některých 
případech dálkového příjmu. 
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6% POŽADAVKY NA ANTÉNNÍ PŘEDZESILOVAČ 


Sumové číslo, šířka přenášeného pásma a linearita jsou navzájem 
úzce související parametry, podstatné pro použití zesilovače, 

Nelinearita přenosové charakteristiky zesilovače ve svých důsled- 
cich zhoršuje kvalitu zesilovaného signálu, zejména intermodulačním 
zkreslením a křížovou modulací. Intermodulace je vzájemné smě- 
Sováni jednotlivých harmonických signálů vlivem nelinearity, takže 
ma výstupu zesilovače se objeví i kmitočty v původním signálu ne- 
obsazené, 

Křížová modulace je směšování signálu s jinými rušivými signály při- 
chézejicimi na vstup zesilovače. 

Kdyby byla přenosová charakteristika zesilovače čistě kvadratická 
(ideální směšovač), zůstala by přenášená informace nenarušena. Ke 
zkreslení signálu však dojde vždy. V obrazu se křížová modulace pro- 
jeví tak, že na pozadi přenášeného obrazu je patrný obraz z jiného 
vysílače. Nefou-li synchronizační impulsy rušeného i rušivého signálu 
shodné, pohybuje se m$ obraz po obrazovce. Patrně bývají ze- 
jména pruhy způsobené zatemňovacími impulsy. Na křížové modu- 
laci je zvláště záludné to, že míra zkreslení není jednoduše úměrná 
poměru mezi intenzitami rušeného a rušivého signálu. Nejlepším pro- 
středkem, jak zabránit křížové modulaci, je omezení šířky pásma zesilova- 
če (a antény) tak, aby do aktivních prvků zesilovače přicházel pouze 
přijímaný signál. 

Dalším důvodem pro použití úzkopásmového zesilovače je, že šumové 
čislo zesilovače je úměrné šířce přenášeného pásma. Dále má na šumové 
Vlastnosti zesilovače vliv jeho vstupní tranzistor a šumové přizpůsobení 
tranzistoru 

Pro uspokojivou funkci musejí být vstupní impedance i výstupní impe- 
dance zesilovače takové, aby činitel stojatého vlnění při připojení na 
napáječ nebo na anténu nepřekročil hodnotu g= 2, a to v celém přená- 
šeném pásmu. 

Zesílení zesilovače je údaj podstatný pro energetickou bilanci, ale nent 
rozhodujícím faktorem při volbě zesilovače. РН individuálním příjmu se 
obvykle nepožaduje větší zesílení než 20 dB а tomu běžné zesilovače 
vyhoví, 
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67. — TRANZISTORY PRO ZESILOVAČE 


Nejběžněji používané tranzistory jsou křemíkové bipolární tran- 
sory. Stále vice se však začínají uplatňovat tranzistory řízené elektric- 
kým polem (FET, MOSFET). Prvořadými požadavky na tranzistor jsou: 
„malé šumové číslo a vysoký tranzitní kmitočet (nad 1 000 MHz). U zesilo- 
vačů s větší šířkou pásma přistupuje požadavek lineární nebo přesně 
kvadratické převodové charakteristiky a konstantní vstupní impedance 
s malou reaktancí 

‘Tranzistory řízené elektrickým polem se od bipolárních tranzistorů tší 

— vstupní a výstupní impedancí — u tranzistorů FE je až o tři řády 
E 

— větší strmosti — 40008 а vice při kmitočtu 600 MHz. 

— malým šumovým číslem — pod LT, 

— přesně kvadratickou převodovou charakteristikou, 

— citlivostí na předpětí a statickou elektřinu, 

— relativně nižšími tranzitními kmitočty. 


es NAPÁJENÍ ZESILOVAČŮ 
Napájecí napětí se pohybuje od 10 do 12 V, někdy bývá 24 V 


nebo i 36 V. Typický proud jednotranzistorového kanálového zesilovače 
je 2mA, pásmového zesilovače asi 40 mA. Proud 2 mA lze s výhodou 
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Ом. 185. Napájení 
змею předzesilovače 
pro vysokofekvoněním 
К) 


tranzistor. 
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Ом. 186, Jednoduchý šrokopásmoný zesilovač 


Jednoduchý zesilovač se dvěma tranzistory BFR 91 je na obr. 186a. Na 
obr. 186b je uspořádání součástek na desce plošných spojů. Součástky 
označené tečkou () jsou umístěny ze strany měděné fólie. Rezistory 
označenými hvězdičkou se nastavuje pracovní bod tranzistorů. Jejich 
hodnoty musejí být takové, aby tranzistorem TI procházel proud 7 mA při 
napětí U = 7 V a tranzistorem T2 proud 17 mA při napětí U, = 8 V. 
Při oživování zesilovače je třeba pomalu zvyšovat napájecí napětí а sledo- 
vat proud procházející do zesilovače. Připojení nenastaveného zesilovače 
na plné napájecí napětí časo vede ke zničení tranzistorů. 

V zápojem jsou použity Фё cívky; cika L, je tvořena 175 závitu 
z drátu Cu smalt s průměrem 0,5 mm na průměru 3 mm, cívka L, má th 
závity z drátu Cu smalt з průměrem 02 mm na průměru 15 mm, 

Zisk zesilovače je asi 30 dB v pásmech VHF a asi 24 dB v pásmech 
UHF. Sumové číslo dané zejména vstupním tranzistorem je asi K7, 
(4.8 dB) 

Pokles zisku ve IV. a V. televizním pásmu je v zapojení na obr. 187 
kompenzován dalším tranzistorem, zesiujícím pouze tato pásma. 

Pracovní body tranzistorû jsou II = 142 mA při 1, =0.69V, 
1, = 29,1 mA pli U, = 07 Val, = 866 mA pfi U,, = 066 V. Odběr 
proudu celého zesilovače je 110 mA. Předpisy pro navjení civek jsou 
Улар, 27 


Tabulka 27. Předpis pro maven elvek pro zoslova z obr. 187 


Průměr Průměr 
сма | P| drátu | provedeni | PAM | иш | Pormámka 
závitů (m) 
(mm) тт) 
L 03 |Oma | 25 | 25 
© оз | steno Зо | stoupání 2mm 
po O8 [seno | 40 
u 05 | cusmi | 36 | 40 
d 05 | cu smat 45 
L 05 | Самак | 31 | 40 
L 03 | Сазык | 85 | 25 
L 05 | cusmi | so | 40 
L 05 | Самын | 44 | 40 
žá 03 | Cu smale 30 | terorê jádro 
2 
Las | 165 | 025 | Cu smat 15. | feritové jádro 
1 х9 
La 185 | 03 | orsmk | as | 25 


Ом. 187. Siokopásmový zesilovač s odáěenýmí vstupy 
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Vstupy jsou chráněny diodami typu 1N448. Jejich náhrada jinými 
бру s větší parazitní kapacitou má za následek zhoršení vlastností 
zesilovače, takže obvyklým, i když poněkud rskantním řešením je jejich 
vynechání 

Sumové čislo zesilovače je opět asi ЗЕТ, (4,8 dB), zesílení je 30 dB ve 
všech pásmech. 


70. — ZESILOVAČ S PROPUSTÍ SE SOUSTŘEDĚNOU 
SELEKTIVITOU 


Moderní koncepce úzkopásmového zesilovače spočívá v předřa- 
zenî kmitočtové propusti před širokopásmový zesilovač. Propust zajit, že 
Již na první tranzistor přicházejí pouze žádané kmitočty, zpravidla jedno- 
ho kanálu, takže nezávisle na šířce pásma zesilovače se celek chová jako 
izkopásmovy zesilovač. V klasických laděných zesilovačích je první tran- 
zistor součástí laděného obvodu a jeho nelinearita se může projevit. 
(Vstupní propust navíc chrání zesilovač před účinky atmosférické elektli- 


(Obr. 188, Zesilovač se soustředěnou selektivitou 
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Jistou nevýhodou zesilovače s propustí se soustředěnou selektivitou je 
nepatrně horší šumové číslo, než jaké by bylo dosažitelné s použitým 
tranzistorem v jiném zapojení, protože předřazená propust vnáší i na 
jmenovitém kmitočtu jistý útlum. Při realizaci je zhoršení šumových 
vlastností ještě. přijatelné. 

Pro amatérskou i průmyslovou výrobu je zesilovač se soustředěnou 
selektivitou výhodný tim, že propust a zesilovač je možné nastavit odděle- 
ně a že zesilovač je stejný pro všechny kmitočty. 

Příklad zesilovače s propustí se soustředěnou selektivtou je na obr. 188. 
(Vlastní širokopásmový zesilovač je v běžném zapojení; místo tranzistoru 
BFR 34a lze použít každý obdobný tranzistor s lineární převodní charak- 
teristikou (BFR 91, BFR 30, BFY 90). Cívka L, je tvořena třemi závity 
smaltovaného nebo pocínovaného drátu s průměrem 0,8 mm na průměru 
4 mm, s roztečí závitů 2 mm. Odbočka je uprostřed, tedy u jednoho a půl 
závitu. Cívka L2 je stejná jako LI ale bez odbočky. Tvarováním cívky lze 
upravit přenosovou charakteristiku zesilovače, optimální tvar je na obr. 
189. Tlumivka ti se použije pf napájení zesilovače po souosém kabelu. Je 
navinuta па feritovém válečku s průměrem 2 až 2,5 mm, dlouhém 12 až 
15 mm (materiál HI až H10). Vinutí tvoří 15 závitů drátem Cu smalt 
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Ом. 189, Přenosová charakteristika samotného zesilovaðe z ом. 188 


s průměrem asi 0,6 mm. Na obr. 188 jsou maznačeny obe alternati 
— napájení po svodu i po zvláštním vodiči. Čárkovaně vyznačené bloko- 
vání výstupní svorky se použije, má-li zesilovač sklon ke kmitání. 
Uspořádání propusti pro jeden kanál z rozsahu kanálů č. 21 až 60 je na 
(obr. 190. Krabice s rozměry 75 X 75 X 43 mm je vyrobena z pocínované- 
ho plechu s dostatečnou tuhostí (vhodný je také plátovaný Cuprextit). Při 
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použití Cuprextitu musejí být přepážky z oboustranně plátovaného mate- 
riálu. V zadní části krabice je prostor pro umístění zesilovače, v přední 
části jsou rezonátory z tenkých měděných trubek s vnějším průměrem asi 
9 až 10 mm. Povrch trubek by měl být pocínovaný nebo alespoň natřený 
ochranným lakem (po pečlivém vyleštění). Nastavitelné kondenzátory 
musí být co nejkvalitnější (vzduchové dielektrikum), maximální kapacita 
je 5,5 pF. Jestliže kapacita kondenzátorového trimru na nižších kmitočtech 
nestačí, zvětší se připojením paralelního kondenzátoru. Délka rezonátorů 
je 50 mm. Rezonátory musejí být mechanicky stabilní. Lze je pájet natupo, 
ale lepším uchycením je prostréit trubky těsnými otvory ve stěně a připájet 
je z obou stran. Trubky musejí být umístěny přesně ve středech komůrek. 
Vazbu mezi rezonátory zprostředkují vazební smyčky V, z pocínovaného 
nebo měděného smaltovaného drátu s průměrem 0,6 mm. V přepážkách 
jsou ve výšce asi 22 mm otvory pro průchod vazebnich smyček, 
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Nastavení propusti se nejlépe provede pomocí rozmítaného generátoru 
a osciloskopu. Jednotlivé rezonátory naladime a vazbu mezi nimi upravi- 
me tak, aby přenosová charakteristika propusti měla tvar uvedený na obr. 
191. Útlum vnesený propustí je asi 0,8 dB na kmitočtu 500 MHz a asi 
12 dB na kmitočtu 800 MHz. 

Pro kmitočty 1. až Ш. televizního pásma již nelze použít dutinové 
rezonitory a propust je osazena vinutými civkami (obr. 192). Krabice má 
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(Ob, 192. Propust $ obvody LC pro kanály 1. až Ш. televizního pásma 


stejný tvar jako u propustí UHF, rozměry však mohou být díky vinutým 
civkim menší. Předpis pro navíjení cívek je v tab. 28. Vazebni cívka L. se 
ladí stlačováním nebo roztahováním závitů. Čím je indukčnost cívky L 
větší, tím šiší je přenosová charakteristika. Charakteristika druhého ob- 
Vodu se tvaruje indukčností cívky 1; čím je větší, tím je přenosová 
charakteristika užší. Hodnoty kapacit jsou pro pásmo VHF 
CI = C, = 15 pF, C, = 82pF а pro pásmo UHF CI= C2 = 12 pF 
a C, = 48 pF. 

Propust se nastavuje po částech. Přenosová charakteristika obvodu 
L, — L, s cívkou L. má mit tvar znázorněný křivkou J na obr. 193, 
přenosová charakteristika obvodu L, — L, s kondenzátorem C2 má mit 
‘war znázorněný křivkou 2. Výsledná přenosová charakteristika propusti 
je označena 3. 

Při dálkovém příjmu je v řadě případů vhodné realizovat na vstupu 
zesilovače zádrž odstraňující silný signál místního vysílače. Příklad zesilo- 
vate pro pásmo UHF s odlaďovačem 26. kanálu je na obr. 194. Indukč- 
ností jsou tvořeny 2,5 závity drátu o průměru 0,8 mm, navinutými па tmu 
© průměru 3 mm. Tlumivka má 20 závitů drátu o průměru 0,5 mm na trnu 
© průměru 3 mm. Odpory rezistorů označených hvězdičkou je treba 
nastavit tak, aby tranzistory procházel jmenovitý proud. Zisk zesilovače ve 
IV. a V. televizním pásmu je 20 dB, šumové číslo je 3,5 dB. 
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wende 28. Předpis pro navýení cis pro propust z obr. 192 Mae 


(rem pers 
Омка оба | аы | Provedení | S74 | mu | poznámka 
жы m) fo) | om) 
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Obr, 193, Přenosové charakteristiky jednotivých stupňů propustí 
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Ом. 194, Zesilovač se záde pro kanál č 26 
n INTEGROVANÉ OBVODY 


Bouřlivý rozvoj technologie integrovaných obvodů zasáhl i oblast 
vysokofrekvenčních zesilovačů. Na trhu se objevilo mnoho monolitických 
i hybridních integrovaných zesilovačů s malým šumem. Integrace součás- 
tek na jeden substrát umožňuje dosáhnout lepšího vzájemného přizpůso- 
bení jednotlivých prvků, než jaká je dosažitelná diskrétními součástkami, 
Výsledkem је velmi dobrá linearita širokopásmových zesilovačů a samo- 
zřejmě i malé šumové čislo. 


Obr. 195, Zapojení monolitického гейге CGY 21 


эп 


Příkladem monolitického zesilovače FE Ga As je typ CGY 21 (Sie- 
mens) па obr. 195. Kmitočtový rozsah zesilovače je 40 až 1000 MHz, 
šumové číslo je 2,77, zesílení je 20 dB. Vnější obvody zesilovače jsou 
omezeny na přívod napájecího napětí; tlumivky a zejména přívod do bodu 
2 musejí mít minimální parazitní kapacitu. 


Na obr. 196 je hybridní obvod řady OM firmy Valvo. Zde již vnější 
prvky zcela odpadají, rozměry jsou 30 X 10 X 3 mm. Kmitočtový rozsah 
je opět do 1 GHz, šumové číslo je menší než ЗАТ, (4,8 dB). 


72. PRŮMYSLOVĚ VYRÁBĚNÉ ZESILOVAČE 


Ve výrobním programu podniku TESLA je ucelená řada zesilo- 
‘ati s příslušenstvím pro společné televizní antény, označená TESA — S. 
Základní kanálové zesilovače v pásmech UHF a měniče kmitočtu v pás- 
mech UHF jsou určený pro zesílení dostatečně silných signálů pro další 
rozvod. Důraz je kladen na stavebnicovou koncepci, možnost přímého 
sloučení výstupních signálů, snadnou regulaci zisku а mechanickou ro- 
bustnost, Šumově číslo je menší než 10K7,. Kromě kanálových zesilovačů 
je v základní řadě také širokopásmový zesilovač ZTF 130 pro celé pásmo 
VHF. Praktické zkoušky prokázaly, že je použitelný i jako další zesilovač 
 kaskádě v rozsáhlém rozvodu, 

Součástí soustavy TESA — S jsou také kanálové předzesilovače řady 
ZKD. Tyto předzesilovače jsou určeny k montáži do krabice, která se 
upevní na stožár poblíž antény. Vstup i výstup jsou proto nesymetrcké, 
75 О, Zesilovače jsou osazeny tranzistory BFY 90; technické údaje jsou 
КОЕ) 

Přímo na anténu se do standardní krabice umísťují kanálové předzesilo- 
vate ТАРТ 01 a TAPT 03 (TESLA 4926A a 4928A). Jejich vstup a výstup 
sou symetrické, 300 ©. ТАРТ 01 má steinomémé oddělený výstup, je 
možné jej bez dalších úprav napájet svodem. Technické údaje jsou 
v tab, 30. 
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Tabulka 29. Technické údaje kantlových předzeslovačů TESLA ZDK 


E zok п | zox z21 | zok з | zok « [ zox s1 
‘Televi pismo 1 an fm [m [y 
Zink (В) 22 | em [22 | sm | zm 
Mia šumu (4B) se | 56 [36 | 265 | sss 
е] 
na vstupu ei] sts] 216 | <17 | sar 
Сайы stjeého мана 
výstupu ваз | si | say] зав | sas 
Maximální výstupní úroveň 
(BAV) os | wo | e |o | s 
Ое pronde pří 24 V 
(may П E of a | s 

Таба 20, Technické údaje pledzeslorato TESLA TAPT 
тр Dm TAFT OS 
Televizní pásmo u m. NY 
Zik (ву nan iis 
Mio Sam (48) x6 du T 
(Odběr proudu pli 9V (mA) g Cs 


таза 31. Rozpiska di k cbr. 197 (na da stranê) 


Da Mooii [Nee | 


Vico 


бой MB X 1 


SES ans 


plech Cu 0,5 


‘Vito — plech Cu 0,5, seno 
= plech Cu 05 
Doraz — plech Cu 05, síbřeno 
TWELEXON 26 — 154mm 
Panelová zásuvka BNC 75 22=7 55 ui 
Šroub МЭ x 5, CSN 02 1151.49 


1 Rezonátor — ploch Cu 19-112 X 175 
SN 42 8306.2 ~ 42 3005.11, scan 
1 Kapacita Боом — 
ČSN 42 8306.02 — 42 3005.21, steno 
1 Kapacita koncová — plech Cu 0,4 
ČSN 42 8306.02 — 40 3005.21, steno 
оиб | Umarex GES 1 — 15mm 

1 Stěna — plech Cu 03, steno 

1 

1 

2 

1 

2 

id 

1 

1 


CSN 02 1131.89 
Matice lemovací M3 X 2 
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73. ODLAĎOVAČ RUŠIVÝCH SIGNÁLŮ 


Při dálkovém příjmu může nastat situace, že kmitočtové blízký 
signal je natolik silný, že strmost křivky propustnosti použitého zesilovače 
а selektivnost antény jsou nedostatečné, Osvědčilo se zařadit do cesty 
signálu ойайоуаё — kmitočtovou zádrž, laděnou na rušivý kmitočet. Ve 
IV. a V. televizním pásmu je možné s výhodou použít modifikaci souosého 
dutinového rezonátoru. Na obr. 197 je výkres rezonátoru laděného na 
kanál č. 26, rozpiska dilû je v tab. 31 


fez n 


B os. r 


Obr. 197. Odlaďovaě z dtinového souosého rezonátoru 
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VI. — DRUZICOW PŘÍJEM 


74. ZÁKLADNÍ POJMY 


Vysílání televizního a rozhlasového signálu z družic představuje 
kvalitativně vyšší službu ve srovnání s vysláním pozemní stě vysílačů. 
Individuální příjem družicových signálů je možný a je jisté, že v budouc- 
nosti význam družicového vysílání dále vzroste. 

Příjem družicových signálů představuje rozsáhlou škálu nových problé- 
mů, které musí zájemci o družicový příjem řešit, Rozdily oproti pozem- 
nimu vysílání vyplývají z odlišného kmitočtového pásma, vyžadujícího 
speciální anténu a přijímač 

Zařízení pro družicový příjem se skládá z parabolické antény, měniče 
kmitočtů (konvertoru) s malým Sumem, zpravidla umístěného přímo 
ohnisku antény, laditelného přijímače a popřípadě dekoděru pro příjem 
kódovaných signálů. Parabolická anténa, obvykle o průměru 1 až 2 metry, 
je nasměrována na družici а svým velkým ziskem umožňuje zachytit extrém- 
ne slabý signál z družice. Instalace antény může být řešena tak, aby bylo 
možné anténu snadno přesměrovávat z jedné družice na druhou. Měnič 
kmitočtů s malým šumem slouží k převodu kmitočtu signálu z pásma 
centimetrovych vln (mezi kmitočty 10,7 až 12,75 GHz) na mezifrekvenčm 
kmitočet kolem 1 GHz. Centimetrové viny je obtížné přenášet po vědem 
bez nepřiměřených ztrát, takže je obvyklé umístit měnič kmitočtů (konver- 
tor) přímo do ohniska antény. Mezifekveném signál je již možné vés 
souosým kabelem bez větších problémů: vlastní přijímač se umisťuje u tele- 
vizoru. Úkolem přijímače je z mezifrekvenčního signálu vybrat žádaný kanál 
(podobně jako kanálový volič televizoru ze signálu z antény), demodulovat 
kmitočtově modulovaný signál, oddělit obrazovou a zvukovou informaci 
a předat je do televizoru. Spojení televizoru s přijímačem je možné buď 
signály v základním pásmu (video, audio), nebo vysokofrekvenční cestou. 
Většina přijímačů je vybavena modulátorem AM 

Některé signály družicové pevné služby jsou kódovány, aby se zabránilo 
neautorizovanému příjmu. Příslušný dekodér se pak zařazuje mezi přijí- 
mač a televizor, dekódování probíhá na úrovní obrazového signálu. Ste- 
ným způsobem se zařazuje transkodér MAC — PAL. 
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75. INSTALACE ANTÉNY 


Družice jsou rozmístěny na geostacionární dráze, tj. na kružnici 
o poloměru 42 165 km, ležící v rovině rovníku. Jednoznačným údajem 
určujícím polohu družice na geostacionární dráze je zeměpisná délka 
bodu na rovníku, nad kterým se nachází. Například pozice družice 
ASTRA je 10 E nebo jinak +19"; zeměpisná délka roste směrem na 
východ. Protože přijímací anténa je umístěna na zemském povrchu, tedy 
mimo zemskou osu, je na poloze družice závislý nejenom azimut, ale 
i elevace antény. Největší elevace je k družicím umístěným nad polední- 
kem, na němž se přijímač nachází (pro 50° severní šířky vychází elevace 
32,5), elevace ubývá se vzrůstající vzdáleností družice od místního poled- 
níku, až pro vzdálenost asi 80" je družice již pod obzorem. Rozumná mez 
použitelné elevace je asi 15”. Viditelný oblouk geostacionární dráhy je 
znázorněn na obr. 198, azimuty a elevace antény pro některé družice jsou 
ула. 42. 
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Obe. 198. Viditelný oblouk geostacionární dráhy z místa 14 E 30, 50 N 05 (Praha) 


Současně s azimutem a elevací antény se pfi směrování mění i sklon 
polarizační roviny přijímaného signálu, což je v případě lineární polariza- 
се používané v DPS podstatné. Elektrické pole vertikálně polarizované 
viny má směr rovnoběžný se zemskou osou. Elevace rovnoběžky se 
zemskou osou je doplňkem zeměpisné šířky do 90°, jak je vidět na 
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obr. 199. Sklon polarizace antény musí odpovidat úhlu, рой kterým se 
rovnoběžka se zemskou osou jeví při pohledu na družici. Při azimutu 
antény 180, tedy přesně na jih, je vertikální polarizace skutečně svislá, pi 
azimutu 90° nebo 270° by (teoreticky) odklon vertikální polarizace byl 
roven zeměpisné šířce, tj. 50°. Nutnost korigovat polarizační úhel při 
změně azimutu antény byl jedním z důvodů volby kruhové polarizace pro 
DRS. 


(Ob. 19. Elewce rovnoběžky se zemskou osou 


Белене 
E 
pm теңге» 
us 


obs 200. a) Azimutlní montáž antény, b) polární montáž antény 
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76. ZPŮSOBY MONTÁŽE ANTÉNY PRO DRUŽICOVÝ 
PŘÍJEM 


Požadavek směrování antény na družice na různých pozicích 
geostacionární dráhy klade značné nároky na řešení uchycení antény, 
směrování na družice na různých pozicích vyžaduje změnu azimutu i ele- 
vace svazku antény. 

Na obr. 200a je znázorněna azimutální montáž, na obr. 200b je polární 
montáž, 


т. AZIMUTÁLNÍ MONTÁŽ 


Azimutální montáž je konstrukčně nejjednodušší, anténa se otáčí 
kolem svislé osy v horizontální rovině a pomocí druhého kloubu se 
nastavuje její elevace. Správná orientace antény při azimutální montáži je 
poměrně jednoduchá, svislost osy otáčení lze s uspokojivou přesností 
dodržet i při použití primitivních pomůcek. Nalezení družice anténou 
s azimutální montáží je jednoduché. Nejprve se přibližně nastaví azimut 
antény na požadovanou hodnotu. V této pozici se co nejpřesněji nastaví 
elevace. Vhodná pomůcka k měření elevace je na obr. 201. Dosažitelná 
přesnost je kolem 1°, což je při průměru antény do tří metrů dostačující 
Jemnými pohyby v azimutu v rozsahu asi + S. je již možné zachytit signál 
družice a podle jeho velikosti, indikované měřidlem v místě antény 


(Obr. 201. Pomůcka k nastavení 
elováčního úhlu antény 
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(S — metr), anténu definitivně dosmérovat, Jednoduchost směrování je ale 
zaplacena nutností změny obou nastavovacích prvků pfi změně zamíření 
antény. 


78 POLÁRNÍ MONTÁŽ 


Požadavek automatické změny zamíření antény vedl k aplikaci 
polární montáže, známé z techniky optické astronomie. Polární montáž 
umožňuje změnu zamíření antény v širokém rozsahu změnou jediného 
nastavovacího prvku. Princip polární montáže osvětluje obr. 202, znázor- 
ující hypotetickou situaci, kdy je anténa umístěna na zemském pólu (ve 
skutečnosti není družice na geostacionární dráze z pólu dosažitelná, 
nacházi se hluboko pod obzorem). Pro celou geostacionární dráhu je zde 


s 


i 


Obr. 202. Princip polární montáže antény (z pólu je celá geostacionární dráha viditelná 
od jedním cloacal de) 


(Obr, 203. Základní roky polární 
„montáže 


stejná elevace antény, přesměrování znamená jenom změnu azimutu. 
Mimo zemské póly nemůže obdobná situace nastat, ale pfi orientaci osy 
montáže antény rovnoběžně se zemskou osou Ize s dostatečnou přesností 
obsáhnout podstatný úsek seostacionární dráhy. 

Základní prvky polární montáže jsou na obr. 203. Osa montáže má 
elevační úhel е, Jeho doplněk e je vlastně odchylkou směru zemské osy 
od svislice; plati tedy é = 90° р, £ = gy kde gje zeměpisná Sika 
mista instalace, Deklinační úhel ¿je korekce elevace svazku (v příkladu 
ma zemském pólu je úhel д roven elevaci). Azimutální úhel polární 
montáže je samozřejmě roven 07. Anténa v polární montáži se otáčí kolem 
oy A = A’, 

Chyba způsobená „přenesením“ polární montáže mimo zemský pól se 
projeví jistou nepřesností v nasměrování. Tu je ale možné kompenzovat 
změnou úhlů д a e. Polární montáž je obtížně realizovatelná s anténami, 
jejichž svazek je příliš úzký a klade velké nároky na mechanickou robus- 
nost anténní montáže. Při použití antény do průměru dva metry obtíže 
nenastávaji 

Nejjednodušší vzorec pro výpočet úhlů kompenzované polární montá- 
deje 

e= p+ 07sng 
d-67 
a- 
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Ом. 204. Přesnost вате polární montáže pro 50" severi Sky 
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Příklad přesnosti zamiteni pro Prahu (e = 50,6") je na obr. 204. Je 
vidět, že při dodržení přesnosti nastavení montáže 1° nepřekročí chyba 
zamíření obvyklou šířku anténního svazku. 

Největší obtíží při instalaci polární montáže je určení požadovaných úhlů 
S dostatečnou přesností. Zatímco chybu určení severu u azimutální montáže 
Le eliminovat po nasměrování první družice, nesprávně nastavený úhel 
а může orientaci polární montáže znemožnit. Obecně lze říci, že polární 
montáž vyžaduje mnohem větší zkušenost ve srovnám s montáží azimutální 

Osvědčený postup orientace polární montáže je sice poněkud zdlouha- 
vý, ale spolehlivě vede k cili. Postup vyžaduje opakovaně směrovat anténu 
па různé družice. Je proto výhodné, jestliže montáž antény umožní snad- 
mou změnu nastavovacích prvků a indikaci nastavených hodnot. Po pli- 
bližném nastavení polární montáže se anténa nasměruje na družici blízkou 
středu požadovaného bloku geostacionární dráhy; obvyklá je některá 
2 družic Eutelsat. Pak se anténa střídavě směruje na družice na obou 
koncích oblouku, např. Intelsat 60E a Intelsat 27,5W. Dosměrování 
y krajních bodech se děje elevačním úhlem montáže £ a deklinačním 
úhlem û, Korekce ve středu oblouku se uskutečňuje změnou azimutu 
montáže а, Cílem je dosáhnout právě opačných chyb zaměření na krajích 
oblouku (obr. 205). Nyní je elevace montáže е správná. Následuje zivé- 
rečná korekce azimutu montáže а a nastavení deklinačního úhlu д. 

Druhý možný postup vychází ze skutečnosti, že na základě znalosti 
změny deklinačního úhlu д, potřebného k dosměrování antény na družici 
se známou polohou, lze vypočítat skutečné úhly £ a a. Oprava polohy 
polární montáže je pak při znalosti její skutečné orientace relativně 
snadná. Tabulka 41 v příloze uvádí hodnoty e а a platné pro Prahu při 
využití signálu družic Intelsat E, Intelsat W a ECS 1-Р2. Postup určení 
úhlů je následující: Nejprve je třeba ustavit polární montáž do předpoklá- 
dané polohy a nasměrovat anténu na Intelsat E (60°E). Výsledný dekli- 
mační úhel je referenčni. Potom se anténa nasměruje na družici Intelsat 
W (27,5W) a ECS 1-F2 (13°E). Při tomto směrování se z nastavovacích 
prvků mění pouze deklinační úhel ð. Velikosti změn úhlu d, vztazeného 
k deklikačnímu úhlu na Intelsat E, udávají v tab. 41 skutečné hodnoty 
všech tří úhlů. 

Tabulka 41 byla stanovena pro zeměpisné souřadnice antény 14 E 30, 
50 N 05, ti. pro Prahu. Její použití pro anténu v jiném místě vede 
k chybnému určení úhlů a, © a ð. Je-li ale montáž podle těchto údajů 
nastavena s orientací, jaká odpovídá souřadnicím 14 E 30, 50 N 05, chyba 
zamíření se dostatečně kompenzuje 


m 


Obr. 205. Chyba zamíření pří 
nastavování polární тюпде 


79. KONSTRUKCE AZIMUTÁLNÍ MONTÁŽE 


Azimutální montáž je výhodná z hlediska výroby а instalace. 
Základní nosný prvek je orientován svisle a při směrování se změnou 
azimutu nemění elevace a naopak. Nejjednodušší konstrukce, vhodná pro 
upevněnou anténu do průměru 2 m. je na obr. 206. Základní svislá trubka 
je upevněna buď k trojnožce, nebo přímo ke konstrukci budovy. Pomocí 
svorníků je k trubce připevněn držák umožňující nastavení elevace antény 
Je výhodné tento prvek vybavit měřidlem, na němž Ize odečíst elevaci. 
Nastavení azimutu se děje pootočením celého držáku po povolení svomí- 
ků. Nosnou trubku je dobré vybavit indikací azimutu. 
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Plocha parabolické antény je z hlediska sil vyvolaných větrem značná 
Mechanická pevnost anténního stojanu a jeho stabilita má prvořadou 
důležitost. 


80. KONSTRUKCE POLÁRNÍ MONTÁŽE 


Princip polární montáže je popsán v či. 78. Při příjmu signálu 
z několika druzic je polámi montáž víceméně nutností. Osvědčená kon- 
strukce je па obr. 207. Celý mechanismus je opět upevněn па svislé nosné 
trubce. Pomocná osa je upevněna v kluzných ložiscích, která musejí být 
dimenzována na poměrně velké tlaky, vyvozované reflektorem. Vzhledem 
k tomu, že natáčení antény není z hlediska opotřebení ložiska příliš časté 
а rychlost otáčení osy je malá, je vhodné uložení osy v teflonových 
vložkách. 


Požadovaná přesnost orientace polární montáže vyžaduje pečlivou 
mechanickou konstrukci, umožňující definované změny nastavení jedno- 
ich prvků 


Ом. 207. Konstrukee 
Polární montáže (část obr. 
Y příloze) 


Polární montáž antény bývá vybavena servomechanismem  (aktuáto- 
тет) pro automatické směrování antény. Mechanismus je tvořen vzpěrou 
proměnné délky, obvykle dlouhým šroubem a maticí, s níž otáčí elektro- 
motor (zpravidla 36 V). 
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в PARABOLICKÁ ANTÉNA 


Pro příjem slabých mikrovlnných signálů se užívají výhradně 
reflektorové antény. Obvyklý tvar reflektoru je rotační paraboloid, který 
soustředí paprsky rovinné vlny, dopadající na jeho ústí, do jednoho bodu 
— ohniska (obr. 208). Zisk reflektorové antény je úměrný ploše jejího 
ústí, Na obr. 233 je vynesena závislos šířky svazku parabolické antény na 
jejím průměru, 


l: 


(Obr. 208. Průchod paprsků parabolickou anténou 
a) antém s malým poměrem //D (mělká), b) aména x velkým poměrem //D 
(boi) 


Tvar parabolické plochy je dán vzdáleností ohniska od vrcholu. V an- 
ténní technice se spíše než údaj o ohniskové vzdálenosti užívá poměr 
Vzdálenosti ohniska / k průměru paraboloidu D. Veličina f/D plně cha- 
raktorizuje tvar reflektoru, Typická hodnota f/ D u antén pro individuální 
příjem z družic se pohybuje kolem 0,3. Čím je hodnota F/D menší, tim 
je reflektor hlubší. To je sice výhodné z mechanického hlediska, anténa 
S ozafovačem je kompaktní, ale velké zakřivení reflektoru přináší fadu 
obtíží a komplikuje se i konstrukce ozafovate, který musí vyzařovat do 
širokého úhlu. 

Snaha po zmenšení vzdálenosti ozařovače od reflektoru vedla k anté- 
nám s pomocným reflektorem (na obr. 209 je anténa typu Cassegrain 
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Ом. 209. Anténa s pomocným Ом. 210, Princip antény s vyoseným 
reflektorem (Casegnan) reflektorem (ofsetová parabola) 


s hyperbolickým subreflektorem) a k vyoseným anténám. Použití anten 
typu Cassegrain je obvyklé při konstrukci velkých antén, vyosené (ofšeto- 
vě) reflektory se stávají dominantním typem malé antény pro příjem 
družicové televize. Na obr. 210 je ukázán princip ofsetového reflektoru. 
(Velkou výhodou tohoto reflektoru je, že při elevačním úhlu na družici je 
reflektor svislý, což je výhodné z hlediska instalace např. na domovní zdi. 
Z hlediska amatérské výroby ale nesymetrie ofšetového reflektoru značně 
komplikuje stavbu. 1 nalezení polohy ohniska antény s neznámými para 
metry (u symetrické antény jednoduché) je u ofetové antény obtížné, 

Jistým problémem je provoz parabolické antény v zimním období 
Námraza a napadaný sníh představují mechanické nebezpečí a zhoršuj 
elektrické vlastnosti antény. Ofetová parabola je díky svému sklonu 
výhodnější z hlediska usazování sněhu uvnitř reflektoru, ale zdrojem 
obtíž se stává ozařovač, který je zde mnohem více exponován. Luxusní 
antény proto тай vyhřívaný reflektor. 

Vedle antén s parabolickým reflektorem se (zatím zřídka) objevují 
ploché antény, které soustředění paprsků dopadající vlny dosahují svou 
mikrostrukturou. Konstrukce plochých antén s dostatečnou plochou je 
velice nákladná a jejich užití pro příjem družicové televize není v současné 
době ekonomicky opodstatněné. Jiná situace asi nastane u příjmu číslico- 
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vého rozhlasového vysílání z družic, kde se předpokládá relativně malý 
zisk přijímacích antén realizovatelných například plochou anténou o plo- 
Se menší než im 


82. | VÝROBA PARABOLICKÉ ANTÉNY 


Amatérská výroba antény pro druzicovou televizi je uskutečnitelná y kva- 
litê odpovídající profesionálním výrobkům, ale nároky na řemeslnou 
zručnost jsou značně, V této kapitole jsou shrnuty podstatné zkušenosti, 
získané při výrobě parabolického reflektoru. Jednoznačně nejvýhodnější 
Postup samozřejmě neexistuje, vždy je ho třeba přizpůsobit individuálním 
podmínkám, 


Technologie 

Parabolický reflektor se vyrábí laminovánim, tvářením kovů nebo tvá 
enim plastů. Nejprogresivnsisim způsobem je tváření plastů, ale stejně 
Jako tváření kovů je vhodný zejména pro průmyslovou výrobu. V amatér- 
ských podmínkách je volba laminování jednoznačná. Nejlepším materii- 
lem je pryskyřice EPOXY 1200. Má vhodné vlastnosti při výrobě (poma- 
lu tuhne) i ve finálním stavu Ge lehká a stabilní). Levnější polyester je také 
použitelný, ale па slunci časem degeneruje. 


Forma 


Forma, па niž je pryskyřice nanásena, může být přenosná nebo stabilní. 
U přenosné formy je zásadním problémem její mechanická fixace. Není- 
forma dokonale tuhá, má výsledný reflektor zboreený tvar a jeho elektric- 
ké vlastnosti jsou degradovány, Nebezpečí zborcení varu hrozí i při 
odvozování formy od jiné parabolické antény. Stabilní forma je tedy 
bezpečnější, омет za cenu komplikací s jejím umístěním. 

Při výrobě formy je třeba nejprve vyrobit šablonu. Šablona je tvořena 
segmentem, otočně upevněným ke svile vetknuté ose (obr. 211). Ideální 
je zhotovení šablony z ocelového plechu na číslcově keene белсе, Poža- 
dovanou přesnost bam asi 0.3 mm ze dodržet i ručním opracováním 
tvaru narýsovaného v souřadnicové sti 5 X 5 mm. Otočné uložení Sablo- 
ny musi mít minimální vůli. Po uchycení šablony k ose je třeba pečlivě 
zkontrolovat správnost úhlu a mezi osou a šablonou, nejlépe odměřením 
vzdáleností od vodorovně napnuté pomocné struny. 
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"Tělo formy je vhodné vytvořit z betonové směsi, povrch pak například 
ze směsi cementu а křídy, latexovým tmelem, stěrkou na vyrovnávání 
podkladových betonů. Pohodiného opracování povrchu lze dosáhnout 
zkoseným břitem Šablony, který pří otáčení jedním směrem ubírá materiál 
a v opačném směru povrch uhlazuje. Do vnitřku formy je třeba zabudovat 
rozvod vzduchu, např. polyetylénovými hadicemi ústícími na povrchu, 
Bez rozvodu vzduchu je nemožné sejmout hotový reflektor bez poškození 
Středová osa musí být samozřejmě řešena tak, aby ji bylo možné před 
laminovinim vyjmout. 


deny жос fer 


Ою. 211. Sablon pro výrobu 
formy parabolického reflektoru 


Povrch formy musí být dokonale hladký, osvědčilo se jeho napuštění 
včelím voskem, rozpuštěným v benzínu. Po vyleštění povrchu je vhodné 
marýsovat na plochu sit poledníků a rovnoběžek. Ta při laminování 
prosvítá a usnadňuje orientaci. Vlastní separační vrstva se obvykle vytvoří 
pastou na parkety, PVA apod. 


Skladba reflektoru 

Postupně od povrchu formy se pokládá 

= vrstva tenké tkaniny (100); problémy s finální úpravou zjednoduší 
přidání titanové běloby do pryskyřice; 

— odrazná vrstva, tvořená segmenty hliníkové fólie (alobalu); fólie 
musi být dokonale odmaštěná, je vhodné ji lehce namořit v roztoku louhu; 

— dvě vrstvy laminátu se silnější tkaninou (350); — po zaschnutí se na 
plochu uloží ocelová obruč se zhruba polovičním průměrem oproti reflek- 
toru; doporučuje se obruč tepelně upravit vyžíháním, aby při teplotních 
změnách nedeformovala reflektor; 
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— pásky tkaniny přes obruč, jedna vrstva dovnitř obruče; 

— radikální výztuže od obruče k vnějšímu okraji, obvykle trubky 
0 6 mm ze slitin hliníku; 

— pásky tkaniny přes výztuže a mezi výztuže segmenty tkaniny 

Výsledná skořepina musí na formě řádně ztuhnout. Doba záleží na 
okolni teplotě a obvykle je kolem čtyř dnů. Sejmutí skofepiny z formy je 
nejlepší uskutečnit tlakem vzduchu z kompresoru do vzduchového rozvo- 
du. 


Odrazná vrstva 


Odrazná vrstva antény je tvořena hliníkovou fólii pod první vrstvou 
laminátu. Jednotlivé segmenty fólie se musí překrývat, aby reflektorem 
mohl procházet vysokofrekvenční proud. Fólie mize být perforovaná. 
Perforace z elektrického hlediska nevadí а umožní lepší spojení lamináto- 
vých vrstev. 

Odraznou vrstvu je také možné vlepit do hotového reflektoru, ale 
obvykle vznikají obtíže se vzduchovými bublinami pod fólií a s její časo- 
‘vou stálosti. Podobně je nestálá i plazmově nanesená vrstva kovu (Sopová- 
ni). 


Vyhřiváni reflektoru 

Problémy se sněhem a námrazou v zimním období odstraní zabudování 
topného systému do plochy reflektoru. Topný systém se vytvoří meandry 
topného drátu, uloženého mezi druhou a třetí vrstvu tkaniny. Příkon 
systému by měl být asi 200W. Vzhledem k provozní elevaci antény 
postačuje uložit topný systém do třetinové výseče reflektoru. Samozřejmě 
Je třeba při tvarování meandru respektovat zamýšlené otvory do reflekto- 


Mechanické, detaily 

Při laminování reflektoru je žádoucí patřičně vyztužit místa pfedpoklá- 
daného namáhání, např. v místě vývodů topného systému, otvorů a upev- 
ovacích prvků. Těsnost reflektoru proti pronikání vlhkosti do konstrukce 
je velmi důležitá. Pozornost je třeba věnovat upevnění tripodu, nesoucího 
konvertor v ohnisku antény. Častým řešením je upevnění tripodu k Mau. 
Zovaci obruti. Tripod potom prochází otvory v reflektoru. Jeden z otvorů 
by měl být dimenzován tak, aby jím prošel mezifrekvenční kabel s konek- 
torem. 
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. KONVERTOR S MALÝM ŠUMEM 


Singil soustředěný parabolickým reflektorem do ohniska antény 
je zpracován konvertorem s malým šumem (LNC, met jednotka). Kon- 
лепог slouží k zesílení signálu v kmitočtovém pásmu 11 GHz a jeho 
převedení na mezifrekvenéni kmitočet v pásmu zhruba 0,7 až 17 GHz. 
Základními parametry konvertoru jsou samozíejmě kmitočet místního 
oscilátoru (různý pro pásma DPS a DRS) a šumové číslo. Standardní 
hodnota šumového čísla je kolem 14 dB, kvalitní konvertory vykazují 
šumové číslo 12 dB, konvertory se šumovým číslem konvertoru a nutného 
průměru antény je na obr. 212 
K přenosu mikrovlnného signálu z ohniska antény do konvertoru slouží 
ozařovač (feeder). Jedná se o mikrovlnnou součástku, jejíž parametry 
„musejí korespondovat s tvarem antény a se vstupním vedením konvertoru. 
Vstup konvertoru je standardizován (vinovod R120). Reflektory různých 
výrobců mají parametr f/ D různý v dosti širokém rozmezí, od 0,25 do 
0,65. Je-li v reflektoru použit ozařovač pro jiný poměr f/ D, dochází ke 
ztrátám signálu. Buď není využita celá plocha reflektoru, nebo naopak 
část energie přichází do ozařovače z oblasti mimo reflektor a zhoršuje 
poměr sinálu k šumu. Důležité je také správné impedanční přizpůsobení 


Ом. 212. Závislost požadovaného 
průměru antény na kumovém čisle 
konvertoru а na výkonu vyzařovaném 
pe 


SALAS брао ipae s uus шш s eu JUANA IE 0 


9 тә aun aparo, Autos коло, фор, 


Vstupní jednotka musi být přizpůsobena i polarizaéné. Přizpůsobení se 
dije patřičným natočením jednotky (či. 85). Z hlediska komfortu obsluhy 
je žádoucí dálkově ovládané natočení jednotky. Osvědčené uspořádání 
konvertoru s mechanickým natáčením celé jednotky je na obr. 213. Oza- 
Tovač je zde otočně upevněn mezi plastové segmenty, což zpravidla zaručí 
dostatečně robusní otočné uložení celé vnější jednosky ve válcovém pou- 
эйе. Mezi ozařovač a konvertor je zařazena součástka s otvorem odpoví 
dajícím vinovodu R120, jejíž obvod je ozubený. Přenos sily od motorku 


Je řešen tak, aby válcové pouzdro mělo minimální možný průměr, což je 
žádoucí z hlediska zastínění ústí reflektoru. 


Elegantnější řešení polarizačního přizpůsobení je na obr. 214. Změna 
Polarizace je ralizována natáčením sondy v kruhovém vinovodu. Jako 
akční člen se obvykle užívá elektromagnet a rohatka ovládající dielektric- 
ký nástavec sondy, Na rozdíl od mechanického natáčení celé vnější jed- 
notky vyžaduje. realizace polarizátoru zkušenosti a hlavně přístrojové 
vybavení pro práci s mikrovlnnou technikou. 


s. PŘIJÍMAČ 


Přijímač (tuner, vnitřní jednotka) přijímá signál, přicházející 
z konvertoru s malým šumem. Z širokopásmové směsi vybírá příslušný 
kanál a ten zpracovává až po odrazový a zvukový signál. Podobně jako 
televizor bývá vybaven pamětí pro předvolbu kanálů, kde kromě informa- 
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се o kmitočtu předladěného kanálu může byt u luxusnějších typů uložen 
i údaj o nastavení antény (polarizace a popřípadě i pozice družice) 

Příjem je obvykle napájen mezifiekvenénim kabelem z konvertoru 
s malým šumem. Napájecí napětí se ustálilo na hodnotě 14 až 24 V a tento 
rozptyl hodnot respektují téměř všichni výrobci. Je tak možné volně 
kombinovat přijímač se vstupní jednotkou. Poněkud komplikovanější situ- 
ace je ale u ovládacích signálů pro řízení polohy antény a polarizace. 

Normalizovaná vysokofrekvenční šífka pásma je pro DRS 27 MHz 
a pro DPS 36 MHz. Teoreticky by přijímač měl mit odpovídající šířku 
pásma. Zpracovává-li přijímač větší šířku pásma, než vyžaduje přijímaný 
signál, zhoršuje se zbytečně poměr signál/šum detektorovaného signálu. 
Je-li naopak vysokofrekvenční šířka pásma přijímače menší, je detektova- 
ný signál zkreslený (zkreslení je kritické zejména pro normu NTSC, 
normy PAL a SECAM jsou i v tomto ohledu odolnější). V praxi je situace 
dále komplikována různou hloubkou zdvihu modulace, používanou při 
vysílání DPS. Obvyklá vysokofrekvenční šířka pásma komerčních přijíma- 
čů DPS nepřekračuje 34 MHz, což je plně vyhovující. Navic je řada 
přijímačů vybavena přepínačem, umožňujícím volbu jedné ze dvou mož- 
ných šířek pásma, takže je možné poměry na detektoru kmitočtové 
modulace do jistě míry přizpůsobit přiímanému signálu. 

Zvukové doprovody jsou v signálu družicové televize přenášeny na 
pomocných nosných kmitočtech. Jejich poloha není u DPS normalizová- 
na, takže přijímače zpravidla umožňují nastavení kmitočtu pomocné nos- 
né. Luxusnějí typy uchovávají údaje o nastavení v paměti předvolby. 

Kabel, spojující přijímač s konvertorem s malým šumem, musí mit 
přiměřené vysokofrekvenční vlastnosti. Měrný útlum kvalitního kabelu se 
pohybuje kolem 30 dB/100 m. Vzhledem k tomu, že systém konvertor 
— přijímač má dynamický rozsah mezifrekvenění úrovně 20 až 30 dB, je 
při menší délce svodu použitelný i koaxiální kabel, běžný v anténní 
technice. Typy konektorů, jimiž je vybaven konvertor s malým šumem 
a přijímač, jsou rozmanité, nejčastěji se vyskytují konektory typu F, pak 
N a řidčeji BNC. 


85. — ROZVOD SIGNÁLŮ DRUŽICOVÉ TELEVIZE 


Amplitudové modulovaný signál z výstupu přijímače je možné 
dále rozvádět rozvodem stejně, jako signály pozemní televizní sítě. V roz- 
vodu je ale přenášen pouze kanál naladěný na přijímači, což je neuspoko- 
Jjivé. Přijímače určené pro napájení televizních kabelových rozvodů, sadou 
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taditelmích jednotek analogických modulů společných televizních antén, 
nejsou běžně dostupné. Osvěděeným kompromisem je rozvod mezifrek- 
venéniho signálu k několika přjímačům. Překlenutelný útlum 30 dB 
umožňuje zásobit dostatečným signálem asi čtyři přijímače. Omezení na 
jednu společnou polarizaci není v takovém rozvodu příliš závažné 


85. — PERSPEKTIVY DRUŽICOVÉ TELEVIZE 


Vývoj družicové televize je v druhé polovině osmdesátých let 
nesmímě dynamický. Takový іле předpokládat i v letech devadesátých. 
Ze současného pohledu se rýsují dva významné cíle — televize s velkým 
rozlišením (HDTV) a digitalizace přenosového řetězce. 

Televize s velkým rozlišením (HDTV) je nekompromisním způsobem 
distribuce velmi kvalitního obrazového signálu. Systém HDTV s 1 125 
řádky a snímkovým kmitočtem 60 Hz prokazuje kvalitativní parametry, 
které v řadě ohledů předčí parametry 35milimetrového filmu. Požadavky 
па šířku pásma při přenosu signálu HDTV jsou ale značné. Distribuce 
takového signálu přichází v úvahu až v pásmu kmitočtů 20 GHz a vyšších, 
PH použití metod komprese signálu Ize i signál HDTV přenášet dnes 
standardním družicovým kanálem, ale znamená to již kompromis, vedle 
něhož obstojí i jiné metody přenosu televizního signálu s vyšší kvalitou 
(парї. ED — MAC). Družicový přenos bude dominantní formou distribu- 
се nových forem televizního signálu. 

Digitalizace signálů přenášených družicemi zásadním způsobem ovlivní 
přijímací techniku. Číslicové modulační metody obecně umožní zmenšení 
poměru signál/šum па vstupu demodulátoru, což povede mimo jiné ke 
zmenšování rozměrů přijímacích antén. Přenos obrazového signálu v čí- 
slicové formě až k uživateli je zatím nereálný, v oblasti rozhlasu (plenos 
zvukových pořadů) je již obvyklé přenášet v jednom družicovém kanálu 
až 16 stereofonnich signálů v kvalitě kompaktní desky. Pro dnužicový 
rozhlas je perspektivní pásmo kolem 15 GHz, ve kterém je možné provo- 
zovat družicové přijímače v automobilu. 


2м 


Viil. VÝŇATKY Z BEZPEČNOSTNÍCH PŘEDPISŮ 


Při stavbě antény a rozvodu televizního signálu je třeba zajistit 
zejména bezpečnost mechanické konstrukce antény, ochranu před účinky 
atmosférické elektřiny a ochranu před dotykem nebezpečného napětí 
Anténa svou činností nesmí rušit příjem rozhlasu a televize v okolí i v 
bezprostředním sousedství. 

Pro ochranu před účinky atmosférické elektřiny musí být anténa vždy 
uzemnéna. Platí to i pro antény umístěné v půdním prostoru. Zemnící 
vodiče musejí mít patřičný průměr, nejméně $ mm (ocelový pozinkovaný 
drát) nebo 3 X 20 mm (ocelový pozinkovaný pásek). Zemnicí vodič musí 
být k anténnimu stožáru připevněn v nejnižší části. 

Ochranu před přímým úderem blesku ani před atmosfěrickým přepětím 
nemusejí mít pouze antény, které jsou 

a) alespoň 3 m pod okapem střechy, nevyčnívají více než 18 m od stěny 
a jsou od svodu hromosvodu vzdáleny nejméně 2 m, 

^b) umístěny uvnitř budovy a vzdáleny nejméně 2 m od sis hromosvodu, 

©) vestavěny do přijímače. 


Další hlavní zásady pro stavbu antén 


Vzdálenost mezi anténou a vodiči nízkého napětí nesmí být menší než 
3m. Anténa nebo její části se nesmějí křižovat s telekomunikačním 
vedeními. Není-li vyhnutí, je třeba dodržet vzdálenost nejméně 3 m. 

Pro připevnění antén se nesmějí používat jímací tyče hromosvodů, 
stojany a stožáry nadzemních sdělovacích nebo silnoproudých vedení 
a stromy. 

Vedení anténního rozvodu nesmějí být vedena ve společné trubce, 
instalační krabici a rozvodové skříni se silovými nebo sdělovacími veden 

Při křižování se silovým vedením smí být nejmenší vzdálenost obou 
vedení 10 mm, 

Při nutném souběhu vedení anténního rozvodu a silových vedení musejí 
byt vedení od sebe vzdálena natolik, aby se zamezilo nepříznivým vlivům 
silového vedení na rozvod (např. oteplení). Pro jednotlivé druhy vedení 
stanoví norma minimální vzdálenosti 
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87. — SEZNAM МОКЕМ ČSN PŘÍMO SOUVISEJÍCÍCH 
S MONTÁŽÍ A PROVOZEM ANTÉN 


ČSN 34 1010 Ochrana před nebezpečným dotykovým napětím 

CSN 342820. Předpisy pro antény 

CSN 34 2830 Předpisy pro společně přijímací televizní a rozhlasové 
antény a jejich rozvody 

ČSN 34 2850 Ochrana rádiového příjmu před rušením 

ČSN 34 2860 Odrušení elektrických strojů, přístrojů a zařízení 

ČSN 34 2865 Odrušení vysokofrekvenčních účelových zařízení 

ČSN 34 2875 Odrušení motorových vozidel a jiných zařízení se spalo- 
vacími motory 

ČSN 34 2876 Odrušení elektrického zařízení motorových vozidel 

ČSN 342880 Odrušení vedení vn аууп 

ČSN 34 2888 Odrušení elektrické trakce 

ČSN 34 3800 Revize elektrických zařízení a bleskosvodů 

ČSN 34 3810 Směrnice pro vykonávání revizí elektrických zařízení 
a bleskosvodů 

CSN 35 7610 Součástky pro bleskosvody а uzemňování 

ČSN 36 7210 Televizní přijímací antény 


88. ZÁKON O TELEKOMUNIKACÍCH Z 18. 6. 1964, 
ČÁST 48, C 110, $11, ČLS 


Pro stavbu vnějších přijímacích rozhasových a televizních anten. 
pokud jsou při ni dodrženy technické normy nebo jiné všeobecné technic 
ké předpisy a pokud anténa nekřižuje pozemm komunikace nebo vedení 
není potřebné stavební povolení ani souhlas vlastníka (správce) nemovi- 
tost, jestliže se anténa umístí na stejné nemovitosti, kde je rozhlasový 
nebo televizní přijímač. Vlasníka (správce) nemovitostí je třeba o zamys- 
ené stavbě antény včas vyrozumět. Individuální vnější antény není dovo- 
eno zřizovat na objektech, kde už byla postavena společná anténa, vhod- 
ná pro požadovaný příjem. Stavební úřad při státním stavebním dozoru 
může nařídit přeložení nebo úpravu antén, které ohrožují stavební stav 
nemovitostí nebo bezpečnost okolí nebo které ruší jejich vzhled. 
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TABULKY A DIAGRAMY 


ROZDĚLENÍ ROZHLASOVÝCH A TELEVIZNÍCH PÁSEM 
A JEJICH KMITOČTY (tab. 32. až 36, obr. 215) 


MHz em МНЕ en МНЕ m MHz т kiz т 
woes 1000-30 1004-3 0 P30 10007300 
F ne 9 


wp тэ 0 
m" wj? sp" ij? mi 
m т 
45 45 Ы "er 450 
woh? fn ofS aim elm 
2000 f 00 f 60 sos 5460 soosoo 
, 
soot? ме. N y ГЕЗИ 
а "ы "ho Cia "ins 
so fe p gm gw 


25003-12 гю{ 2512 254-120 250-1200 


2000415 2002150 MES zo 209 f 1500 


woz 1504200 1520 15 ооо 15032000 


noz 120 250 1225 12 аво 120 2800 


1000-Eso 100. K 3 10-Ёзо 1 Ёзоо 100 Ёзооо 


Obr. 215. Přepočet kmitočtu па délku viny 
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‘Tabula 35a. Кайойу кели signo v 1 až I, рб podle normy OIRT 


a 
Piso кый 

oe obrazu P 

n 1 1850 м5 зз 

2 жав 6575 

u 3 16 арз 8975 

4 м а о 9175 

s 92 ато 99.75 

[1 6 TA айз 18175 

7 182 2190 16535 

E 190 22196 19775 

э 198 02206 20575 

10 2 sna 2135 

п p тилу 

Lon m am 22975 


"Tabula 3%. Knitty televizních signal v 1. a IM pásmu podle normy CCIR 


Nosný keitoet (MHz) 


mam | hh 
^ паз Фал (zvuku 

i > | saw | эв | юз 
› | swe | ss | as 

i | азн | as | ав 

m } | mem | me | ms 
„ mam | oma | ws 
ШЕ | юв | ges 

+ | seam | me | cs 

s | mam | юз | os 

5 | mans | mm | xm 

no | mem | omm | mm 

„ mam | me | zm 
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Tabulka 342. Кайоду televizních Чул) ve IV. pásmu pro normy OIRT a CCIR 


Nosný kmitote (ME) 
кыа | Rio somat 
obrazu E 
| 2 окт EN 
a mas mas amas 41675 
2 478 28486 479.5, 38875 48475 
з КЕ 45725 20375 45275 
n 4042502 19525 ES 5075 
25 КЕ] E 50975 E 
E] S10 af 518 5125 sus 51675 
т 518 2 526 51925 Ec E 
2 S26 al SM Er E ES 
» Suus E S15 E34 
E] E E E sas 
» EPI Er E p 
» 55 až 566 E E] 56475 
3 E^ 56725 sus sus 
и EP EC suas Ex 
s sparso E юзу ёл 
E] E sas sons эел 
Б (5082606 59925 55 po 
Tabulka 34b. Kale televizních sil v V. pás pro normy OIRT а CCIR 
"a Nosný been (MHz) 
мы p em 
Окт CC 
E] LE ens ans eus 
» 614 ab 622 61525 82135 62075 
а 6223860 62325 эд 6875 
а 60268 БЕ) E 63625 
2 638266 esos E 4415 
ә p p p 6235 
“ вив 65525 66175 ол 
45 КЕД 66325 E p 
46 67008678 ens 6235 61635 
47 678 22686 67925 E 6415 
n 6862604 68725 50375 бюз 
* 69498 702 p тиз 70035 
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Tabulka 34b. — Pokračování 
Г 

= э} ange (ME) 

р ham. ks 
D сак. 
E] quare 025 7091s 70875 
E 71048 718 mugs 15 11675 
s КЕ 71925 туз mas 
s 12538734 mas 73375 Tes 
E Turno 13525 ns 18075 
ss E 25 was 79875 
s 75021758 75125 ms 15675 
s 758 až 766 79925 16575 16475 
s зва 16725 TIS mas 
ss Tat 2 71525 Tus 780,5 
E тюлю 78325 18975 788,75 


“Tabulka 35. Knitoiy televizních kanálů v VL pásmu 


Dade v intervalech po 8 MHz, ОКТ do kanálu č. 81, CCIR do kanálu & 68 


Střední kmitočet Střední көдө 
Kanál (мн) ш (MHz) 
1 n n m 
fos 1179646 n 1213026 
з 1176584 B 1214944 
* 1178892 ж 1216862 
s 1180420 2 Ero 
s 123 26 1220688, 
7 119056 т 1222616 
4 1186178 в muss 
9 188092 E] 12264.52 
10 119000 El 1228370 
u 1191928 a 1230286 
2 1193846 E 1232206 
is 1195764 з nun 
м 1197682 з 1236042 
15 1159600 35 1237960 
16 1201548 * 1239878 
n 1203436 » 1241796 
18 1205354 з 124374 
19 120272 » 145632 
E] 1200190 0 1240550 
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90. ODPOROVÉ ÚTLUMOVÉ ČLÁNKY TVARU T (obr. 216) 
A TVARU П (obr. 217) 
Utlumové články s hodnotami odporů, vypočítanými z tab. 40, je 
možné viadit do ví vedení; jejich impedance je přizpůsobena vlnové 
impedanci vedení. Pro článek T platí 
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Použitelné rezistory je třeba vybírat na základě měření. Vždy je lepší 
nedodržet zadanou hodnotu útlumu, než se odchýlit od jmenovité impe- 
dance. 


Tabulka 38. Vypočtené odpory úilumových článků T a П pro Z = 75.0 


саат сект 
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91 SLUCOVAČE А VÝHYBKY 


У článku 42 jsme popsali slučování signálů pomocí propustí LC. 
Základní princip spočívá v tom, že v propustném pásmu je vstupní 
impedance propusti shodná s vlnou impedancí vedení Zo v nepropust- 
ném pásmu je podle typu propusti vstupní impedance buď nulová, nebo 
nekonečná. V praxi se kmitočet v propustném pásmu volí tak, aby 
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аз up de coc М тен 
ü i 
i E т 1 
de p S 
a » 
a 
(Obr. 218, Dolní propest LC mare T A 
3) symetrická, 6) nesymetcká, c) průběh impedance ул 
1 ‘ D 
ca E E ЖОЛА. 
E 
m 
ст cn 
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Obr. 219. Dolní propast LC vara П. 
3) symenricks, b) nesymerrická, c) průběh 
impedance 
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08 Z. Symbol Z, označuje 


impedance byla Zo = 1,25 Z, nebo Zo 
ema. U popsaných propustí 


hodnotu, k níž se impedance bi( na kraji 
platí 


Hraniční kmitočet zde ze definovat jako rezonanční pro 
L/2 a C/2, tedy 
12 


hese — 


LC . 


a) Dolní propust tvaru T (obr. 218) a tvaru П (obr. 219) 
Pro hodnoty L а C platí 


1 алау e 
tfa po" 
2 

CT AZ (HS Oy is d 


Pro článek T platí Z, ~ 1,25 25 a pro článek П platí 


s 


» ы 


Ом. 220. Напі propust LC varu T 
3) symetická, b) nesymetrická, c) průběh impedance 
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Obr. 221. Horní propast LC tvaru П 
з) symerická, b) nesymetrická, c) průběh impedance 


tum (a) 


0 


DE- он 222. Рано propust LC vara T 
AE y pea Gunn, Ûy канен. 
о J 


Б) Horní propust tvaru T (obr. 220) a tvaru П (obr. 221) 
Pro hodnoty L a C platí 


22, 
1-22 mom) 
ажр AA 
ce F; Hz, © 
zz C 


Platí Z, = 1,25 Z, pro článek T a Z, = 0,8 Z, pro článek П. 
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(Obr. 222. Pásmová propust LC ran 


(Obr. 224. Pásové zádrě LC tvaru T o- 
3) nesymetrická, b) symetrická vá pe 92 


Platí Z, = 1,25 Z pro článek T a Z, = 08 Z, pro článek П. 
©) Pásmowd propust tvaru T (obr. 222) a era on 22) 
Střední kmitočet je 


-KR St 


Šířka pásma 
Af F. fe ЮЛ Sheet t M 


Analogicky limitní impedanci se volí střední impedance Z, = 125 Z, 
pro článek Т, Z, = 0,8 Z, pro článek П. 


Platí 
PR ce 
2naf 2 al; 
— a 
E 
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Ом. 225. Раі zádr LC aru TT 
з) nesymenická,b) symetrická, с) průběh lum 
d) Pásmová zádrž tvaru T (obr. 224) a tvaru M (obr, 220 
Stejně jako u pésmové propusti plat 
.f, AP fm Je in 
Pro článek T je Z, = 1,25 Z, a pro článek П je Z, = 082, 
Pro hodnoty L a C platí 
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92. NASOBKY MERNYCH JEDNOTEK (ub.39) * 


Tabula 39. Násodky měrných jednotek ч 
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93. PŘEVOD POMĚRŮ NAPĚTÍ NA DECIBELY 

Na obr. 226 je graf pro přepočet poměru napětí na decibel. 
POZOR! Pro převod poměru výkonů je třeba údaj v decibelech dělit 
dvěma. 
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94. — PŘEVOD SUMOVÉHO ČÍSLA NA MÍRU ŠUMU (obr. 227) 


95. — VLNOVÁ IMPEDANCE SYMETRICKÉHO VEDENÍ 
(obr. 228) 


96. — VSTUPNÍ IMPEDANCE SYMETRICKÉHO DIPÓLU 
(obr. 229) 


Z- R+jX 
97. PŘÍPUSTNÉ ÚROVNĚ ODRAZENYCH SIGNALU 


Na obr. 230 je křivkou vymezena hranice, kdy odražený signál 
začíná působit ně. 


„. NAPĚTÍ NA SVORKÁCH PŮLVLNNÉHO DIPÓLU 
V ZÁVISLOSTI NA INTENZITÉ 
ELEKTROMAGNETICKEHO POLE (obr. 231) 
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5) kruhový pre vodičů 
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(Obr. 228. Vlnová impedance symetrického vedení ^ 
b) obdélnikový průřez voči 


99. — ÚTLUMY TYPICKÝCH SOUČÁSTÍ ANTÉNNÍCH 
ROZVODŮ (ab. 40) К 

100, PARAMETRY SYSTÉMŮ DRS A TELEVIZNÍHO ^'^ 
PŘENOSOVÉHO KANÁLU put 


Základní charakteristiky systému DRS pro ČSFR 
(Charakteristika přenosu 8 vl přenosových kanálů pro TV 
se zvukovým doprovodem 
Modulace | FM pro TY, EM/FM pro zvuk na 
subnosné 6,5 MHz 
Šířka přenosového pásma 27 MHz při poklesu —3 dB 


Svazky K3, K7, Kil, KIS, K19 
CIN, s. CIN 144B, 1048 а 
Pozice družice rw B 
Stabilizace družice ve třech osich s přesností £O". 
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0—0 Ж Ж. Mw Ж 

— euer 
(Obr. 231. Ула mezi intenzitou elektrického pole а napětím na svorkách pvinngho 
dipat 


EIRP 63,8 až 64 dBW/kanál 
Vysílací svazek 1,5" X 0,6" se ziskem 44,9 dB. 
Polarizace kruhová, levotočivá 


Cinitel jakosti standardního skupinového přijímače je 14 dB/K. 
Činitel jakosti standardního individuálního přijímače je 6 dB/K. 


101. URČENÍ ORIENTACE POLÁRNÍ MONTÁŽE 


Tabulka 41 umožňuje zisit absolutní orientaci polární mon- 
táže družicové antény na základě zamifeni tří družic. Hodnoty uvedené 
v tabulce byly určeny pro družice Intelsat E (60E), ECS 2— Fl (13E) 
а Intelsat W (27,5 W), zeměpisná poloha antény je 14E 30, 50 N 05 
(Praha). Údaje jsou vztaZeny k družici Intelsat E a tabelovány jsou 
Parametry polární montáže pro korekce deklinačního úhlu v roz- 
sahu 557 
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Postup nastavení polární montáže 

1. Pomocí dostupných pomůcek (busola, vodováha) přibližně oriento- 
vat všechny prvky montáže. 

2. Nastavením deklinačního úhlu zaměřit družici Intelsat E (60E). 

3. Zaměřit družice ECS 2-F1 (13E) a Intelsat W (27,5 W) a v obou 
případech odečíst nutnou korekci deklinačního úhlu. 

Údaje v tab. 41 udávají skutečné hodnoty azimutu a elevace polární osy 
a deklinačního úhlu. Na jejich základě je možné korigovat orientaci 
montáže, relativní změny nastavení jsou zpravidla dobře proveditelné. 


Poznámka: Při nastavování polární montáže v místě sjinými souřadnicemi 
sice vede použití tab. 41 k systematické chybě v určení orientace polární 
montáže, ale tato chyba je vlastně žádoucí korekcí orientace, vyžadovanou 
změnou stanoviště. 


102. URČENÍ AZIMUTU A ELEVACE GEOSTACIONÁRNÍ 
DRUŽICE 


Pozice geostacionární družice je jednoznačně určena zeměpisnou 


délkou místa na rovníku, nad nímž se nachází. Azimut a elevace zamíření 
antény na družici jsou dány těmito vztahy 


sn |+» 
Bi 


(směr na jih má azimut 180) 


Azimut 


Шеше 
(cos — 04511 
рез [=з 

Т] 


p Je pozice družice na geostacionární dráze 

A je zeměpisné délka místa pozemní stunice 

# je zeměpisná šírka místa pozemní stanice 
В = arccos (cos p cos 4) 
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Při výpočtu poloměru geostacionární dráhy GSO pro střední Evropu se 
dosazuje za poloměr Země hodnota R=6366km. 650 = 
= 6,623 5. R = 42 165km 
Pro vzdálenost družice platí 


D = [6507 + 0 2050 R cos $ 
Na obr. 198 je znázorněn oblouk geostacionární dráhy viditelný z mista 
A= 1430, p = 505" (Praha) 
103. — AZIMUTY A ELEVACE NĚKTERÝCH DRUŽIC 


V tabulce 42 jsou uvedeny azimut a elevace zamíření antén na 
některé družice pro krajská města ČSFR. 
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Obr. 232. Závislost poměru J/D na výšce antény 
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Tabulka 42. Pokračování 


Dam | Sie 
m | æ | so | os 
1 | 28 | 48 | 50 
n | 23 | 49 | as 
u % ô | a0 
1s | so | so | 13 
18 | 16 | 49 | so 
16 | as | 49 | دا‎ 
17 | os | 48 | os 
w | on | as | os 
a fas || 


104. URČENÍ POMERU //D PARABOLICKÉ ANTÉNY 


Poměr f/D osově symetrické parabolické antény lis určit z výšky 
Paraboloidu pomocí grafu na obr. 232, 


105, — ŠÍŘKA DIAGRAMU A ZISK PARABOLICKÉ ANTÉNY 
(obr. 233, 234) 
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ом. 2238, Závislost útky svazku na průměru parabolické antény 
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Obr. 233b. Závislost SP svazku na průměru parabolické antény 
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Foreword 


If antenna gain alone is not sufficient to bridge the path between two stations, the 
alternative is to increase RF power. Hams have been aware of this fact since the earli- 
est days, and that is why RF power amplifier projects have always been popular. 

In RF Amplifier Classics we have assembled а collection of articles published in 
OST magazine, and its sister technical journal, QEX. The collection spans the early 
1980s through 2003 and includes many prominent authors. In those few instances 
where an author provided a design revision (or correction) after the article was pub- 
Jished, that revision is included in the article as presented in this book, 

See the leatest issue of QST for other ARRL RF design-related publications, or 
visit our on-line bookstore at www.arrLorg/catalog. Please take a few minutes to give 
us your comments and suggestions on this book. There's a handy Feedback Form for 
this purpose at the back, or you can send e-mail to pubsfdbk@arrl.org. 

‘Our thanks to the many authors whose work appears in this book, Without their 
willingness to share their knowledge with the amateur community, RF Amplifier 
Classics would not be possible 


Dave Sumner, KIZZ 
Executive Vice President 
Newington, Connecticut 
August 2004 


By Gary Breed, K9AY тот OST, February 1994 


An Easy-to-Build 25-Watt 
MF/HF Amplifier 


Do you need a medium-power linear amplifier for 
SSB or CW? Congratulations—you just found it! 


res а 25-W, L3- through 30-MHz, 
Jass-A linear power amplifier that's 
Simplicity itself. Whar makes it simple is 
the use of a sellbiased transistor module 
requiring few external components. To 
(mr harmonic output, а set of five sec 
боа low-pass filters is included. Power- 
supply requirements are +28 V at 2.5 A and 
SV at 200 mA. With a gain of about 13 
Эв, 1-to 1.4-W driving signal is all that's 
heeded to deliver 25 W output. Gain is flat 
Within 20.75 JB across the covered tro 
quency range. 
125W isn't enough for you, it’s easy to 
dieci apply the design information to 
build 50-W amplifier а] you do uso a. 
Target transistor module! Another step to- 
ward project simplicity is the availability 
(of kits Each kit contains ай the major com. 
ропот for either a 25- or 50-W version 


‘Amplifier Design 

"When designing a power amplifier, the 
fist step is to select the right transistors). 
Excellent bipolar-juncton transistors 
(BITS) and field-effect transistors (FETS) 
ме available from well-known companies 
sch as Motorola, M/A-COM PHI, SOS- 
“Thomson, Philips, Mitsubishi and others. 
A number of smaller companies also make 
power transistors, usually for more-spe- 
ыле applications, MicroWave Tech. 
tology, Polyfet RF Devices, and Directed 
Energy may be company names unfamiliar 
to you. but they all make power transistors 
for MF and HF applications 

In this amplifier, Гахе the SLAM-01 11 
from Microwave Technology. 1 didn't 
choose it because of its gain, its efficiency, 
‘or even its price; I selected it because it's 
very asy to use. The device consists of two 
power JFETS (ihe particular specialty of 
MicroWave Technology), operating in 
push-pull. Since JFETs behave similarly to 
{ode vacuum tubes, the company dubbed 
them Solid State Triodes. SLAM (Solid 
statectriode Linear Amplifier Module) 
devices include thick-film bias resistors in 


the package with the transistors, These re- 
sisters set the gate bias for class-A opera 
tion, and establish a 50-a input impedance, 
At the rated power and supply voltage the 
push-pull output impedance is also 50 Q! 
"With such convenient input and output 
impedances, matching the devices to a 80-0. 
system merely requires 1:1 balun transform- 
esa the input and output, Because the bias 
voltage is internally generated, the only 
other external circuitry required is a suitably 
bypassed and isolated 28-V power supply. 


Circuit Description 
The amplifier schematic is shown in Fig 
1. The balun driving the gates of the 
push-pull transistors is а conventional 
transformer. The primary und secondary 
windings are each three turns of #28 wire, 
wound on a two-hole ferrite balun core of 
73 material (д, = 2500). These transform- 
ers are broadband enough to provide 1.8- 
10 30-MH2 operation and offer de isolation 
with no additional components. The input- 
transformer primary is center-tapped and 
bypassed to provide access tothe gates Tor 
external de bis (more on this later). 
"The output transformer is constructed 
n the same manner as the input trans 
former it’s just larger. Two ferrite beads 


77 material (p, = 2000) make a two-hole 
core, with primary and secondary windings 
of three turns each, using #24 hookup wire 
‘The primary (transistor side) is center. 
tapped and bypassed to provide de voltage 
to the drains, Feeding de through a center- 
tapped transformer eliminates the need for 
the usual bifilar RF choke seen in push-pull 
amplifiers another redaction in the com- 
ponent count, Multiple bypass capacitor 
Values (0.01, 0.1 and 10 pF) are used to 
Cover the МЕНЕ range, That's the basic 
amplifier block: two transformers, a SLAM 
device, and a few bypass capacitors! 


Class-A Operation Notes 

By definition, transistors operating in 
class A conduct over the entire 360 degrees 
Of ihe signal (that’s allthe time, of course). 
This operational mode assures that the ran- 
sistor is always operating in the linear 
region of its inputto-output transfer char- 
acteristic. To do this, the device must be 
biased to handle the maximum signal at all 

Obviously, this class of operation is 
pretty inefficient, since full current is 
drawn whenever the amplifierison. А "per- 
feet" transistor operating class A can only 
фе 50-регсет efficient, and real transistors 
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Fig 17 Schematic diagram ol the 25-W class-A ampliar Unless otherwise specited, resistors are TW, Sic olerance carbon- 


Compositor im vns. Equivalent pars cán 

J1—Panel moun! ВАС socket, 

35 501238 connector. 

Ja Phone jack. 

P1— pin male Jones plug 

KI—SPDT relay with a 24V ас col. A 
‘surplus Potter č Brumfield KHP sores 4- 
pole relay s shown in Fig 6; one pole s 
nuse (Ай Electronics Catalog number 
APALY-24N [$4] or Ocean Stale 
Electronics A12-1703-24 1610.90] ar 
suitable. See tne Рап Suppliers List on 
ре 38-40 of The 1994 ARAL Handbook 
Sr addresses and telephone numbers 
Te 


do no bener than about 40 percent. This 
amplifier draws 2.5 A from а 28-V power 
Supply for an input power of 70 W. When 
it is providing 25 W, its 36-percent eff 
cient (When there is no input, it's O-per 
‘cen efficient) 

"To help seduce the heat generated by an 
amplifier that requires 70 W, a negative 
bias can be applied o the gates when not 
transmiing, А bias of —5 V results in a 
025-А standby drain current instead of the 
full 2.5 A. The intemal bias resistors are 
about 50 — on each gate, and dissipate a 
‘maximum of 1 W. Under these biasing con 
ditions, the resistors each dissipate 0.5 W. 
Don't iy to cut off the transistors com- 
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be substiuted 


S1—2-pole, T position ceramic rotary 
‘wich, My switch i made гот two. 

surplus CAL ‘poston switch waters and 
ап indexing assembly providing 
Selectato stops. The waters are spaced 
авом 1» inches apart. CAL PA-200 
Зайва switch waters and РА 200 series 
Shalt and Indexing assemblies are 
Suitable (switches aro availabe fom 
Newark Electronics: te 312-784-5100, 
тах 312-704-5100, ext 3107, 10 locale 
your nearest Newark distributor) 

Ti Primary: 3 tums #28 AWG; 

ondary, 3 turne #28 AWG, conter- 
tapped. Core: Fair Pite #2873002402 
Balun (amidon BN 73-2402). 


pletely with greater bias voltage! You'll 
Fisk burning out the resistors, 

Some may ask, "If class A is this power 
hungry. why use i?” In a word: linearity. If 
you want excellent linearity (which means 
minimum distortion caused by harmonics 
ог intermodulation}, class A is the way to 
(80, For example, ill small-signal amplifi- 
rs for receivers and low-level transmitter 
stages operate class A because they must 
handle signals without distortion. Howe 
ever, they operate at very low power, so 
power dissipation is rarely an issue, This 
power amplifier further minimizes distor 
tion by using push pull operation, which 
cancels even-ofder distortion products in 


T2- Primary, 3 turns #24, centertapped, 
Secondary, 3 turn #24. Core: twa Fair 
нї #2677006301 beads (Amidon FB 77- 

Son), 

UT- SUAM-O11 uiralinear 25-W, class- 
“sat biased power FET module dr SCAM. 
0122, SOW version (Microwave 
Technology, 4268 Solar Way, Fremont, 
CA 4538 al 510-651-6700, fax 510 
851-2208) 

Misc: AG-174 coax, enclosure (31 x 4 X 
5% inches [HWD]) heat sink (3 x 2x 

‘Vis inches (MWD), PC-board material 
клаб, mounting hardware. 


the output and makes the next part of the 
design easier than usual, 


Harmonic Filter Design 

As mentioned previously, the amplifier 
uses several low-pass filles to cover the 
nine MF/HE amateur bonds, Each filter was 
initially designed fora cutoff frequency 20 
percent higher than the upper end of their 
respective 160, 80, 0, 30, 20, 15 and 10- 
meter ham bands. The 15-mete filer is 
also used for 17 meters, and the meter 
Tiler for 12 meters 

With no filtering, even-order harmon- 
ics (2nd, 4th, ete) are more than 40 dB 
below the carrier, the result of good push- 


Table 1 
Fitter Circuit and Comparison of Ide 
deal Filter Values 


Оло! Freq C1, C5 C3. L2 l4 en es сз 1214 

Quo бю е miy (ФЕ) p uh) 

40^ 1821 2820 4551470 E аат 
(1000 > 470) (2200+ 680) (SO Lon 1502) 

аю ve. 1% 227 805 1430 237 
(560-270. (10002430) (22 ton 7.50.2) 

эз ат тв з 05 820 125, 
(81007502) 

1218 00 зв ою зо ES 0360, 
(14 Ton T-50:2) 

тз эг зв ом 220 это 0706 
(270 + 100) (12 ton T-50-6) 

эм 42 244 озм 160 240 0460 
потоп T-50:6) 

эи 102 176 ош шю 180 0314 
(8 ton T50) 


In some cases it is necessary 1o parli two 
vales of capactance fo Cr, C and Us. 


ho inductors aro wound on 1:60. ог 7.90: coros. Inductors for the 160- and so-meter 
Mers мге wound eth 426 AWG Wire In oder 10 l tame оп Ie cores the oer malos 


ar wound wih #22 wi 


1 and Final Component Values. 
‘Actual Filter Values. 


smalorsatue capacitors to obtain the proper 


pall balance using factory-matched tran 
Fistor, The 3rd and Sth harmonics are more 
than 15 dB down, To reduce the 3rd har. 
monic to at least 50 dB below the cari 
five-section Chebyshev filter with low 
passband ripple is an appropriate choice 
This type of filter has a good SWR in the 
passband, and а smooth roll-off character- 
etc The design process began by creating 
deal designs using а public-domain filter 
design program. 

deal designs rarely correspond to stan- 

itor or inductance values that 
ized with a discrete number of 
ares on common toroid cores. Using a ir 
‘uit analysis program. the ideal designs 
were analyzed to see the effects of such 
тајно limitations on harmonic rejec- 
tion and SWR performance, 

First, the ideal component values were 
entered into the program, and varied 220 
раен to sce which ones had the greatest 
‘effect on performance. Cl and CS (sce Fig 
and Table 1) were found to be least sen- 
live to variations, L2 and L4 were moder- 


Fig 3- Mechanical assembly of the 
‘ampli module PO board, aluminum. 
Spacers and heat sink. 


ately sensitive; varying C3 had the greatest 
Нес on both passband and stopband per- 
formance, The ideal capacitor values were 
then replaced with Standard capacitor 
values or d some cases- parallel com- 
binations of two common capacitor vales, 
Inductors were given the nearest value 
available for coils wound on either T-50.2 
‘or T-50-6 toroid cores. The final filler de- 
Signs are the result of trade-offs between 
inductance, capacitance and filter perfor- 
mance. Table I shows the filter topology. 
slong with a comparison of the origin 

ideal filter component values and the val- 


sink (see Fig 5, next раде) 
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Fig 2--Schemali of the fter used Tor 
aon band 


Construction 
1 built my amplifier and low-pass filter 
modules on single-sided PC boards, using 
pads to mount the components. No holes are 
filled (except for mounting screws) and all 
leads are attached by soldering them to the 
pads. The PC-board patterns for the ampli 
ber and filters are available (sce Note 2) 
Fig 3 shows the amplifier-assembly 
parts. This assembly is mounted to a heat 
Sink (see Figs 4 and 5) capable of dissipat- 
ng more than 40 watts without excessive 
temperature rie. (This assumes а worst 
case of SO-percent transmitting time, and 
tion in standby.) A cutout in 
the middle of the amplifier board allows 
placement of the SLAM device. The PC 
board leaves a conducting path around the 
ends of the SLAM to maintain a ground 
Potential across the entire board. Four 
‘mechanical components make up the am: 
plitierassembly. The first is 0.1875-inch- 
thick aluminum base plate to which ihe 
SLAM is mounted, Next ace two aluminum 
0.L-inch-thick spacers, which are placed 
between the base plate and the circuit 
board. These spacers set the proper dis- 
tance from the base plate to SLAM leads, 
‘The SLAM is installed through the top of 
the PC board, and its leads are soldered to 
the traces on top of the board. 


Fig 4—The assembled ampliler-module PC board in position and secured to the heat 
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Fig $—Rear view of the completed ampifier showing the hefty 


Fig 6 This interior view of the ampliar shows iis simple and 
‘lean layout The band switch is centered on the fron panel 
Immediately beneath the band swen is te Mor assembly 
Behind th swch and to the loft 1s te TA relay, K1. A four pin. 


Construction is easiest if the trans- 
‘Tones plug power connectors mounted onthe rear panel behind 

former connections to the SLAM are not land lo ne lel of the relay. On the bottom, near ne outside їр of 

soldered until after the SLAM is installed. the rear pane) la 1. Above i le 42, win 16 to a пот Mast of 


Tr Shae he pry ate foe eet Rom rt ECL сё 
Fdo enia таайан ые BUN et cam neg as Мы er ee 
pie AT ty rer dee pace KDE Fee Eje ane en cpp ioe 
BSM ine baso piate a teca AS 
be dar e nd he beak d 
is il ei a E 
Petters Aon 
эйе mii poule bad lenge 

e ene eee ee A 
eee e F mn boot der ere dee, + ету 
VV 
.. . ( 
spacing over three-quarters of the core cir- small advantage of linear amplfication a e, "pies are ауар пот Marin P. 
Kuen ee irte ee eee ТИ СА СОЧ 
КЕГИ CN deer e cete. Г; 
capacitors were used in he prototype e. secus in class-C am Peri м og ne projet are маме rom 
рки do e V mann m Summa Er EE eps 


‘work equally well, “This project shows how new RF prod- components or ihe emper module and 
777. 
iier board (see Fig 6), short lengths of eur equipment very casy. Home-brewers ̃ ] an onda Conese or 
hookup wire ean connect the filers othe can benefit 
swich wafers Product engineering: reducing develop- ee Saga uang пе larger ELMO 
A spacious box houses he filter and ment time By using “super components” may De mase oy chech money crier VISA, 


amplifier assemblies, along with а TR re- that require few external components and Mastercard or American Expres. 


an old-timer forget 


lay that alo switches the standby bias, Jin engineering time 10 design them imo py, PG, 206 paterns for he arg and 
Power and relay control leads ме bypassed product, ur ашу o he feces Capitan 
where they emer the enclosure. secondary purpose os poietisio Sc Apt 38 an d OREN, 


store final кету. gave е panels show hw even impie software sol cen 

, PESCAR TATE a 

Blok with oiled sandpaper. Band ту used o dss he атра въ pass fl. [ESC dr% 

ret deeds Арест ewes, r 

dem on a шде, adhesive bated abel quencies in the МЕНЕ bands Inc, OL CASIO, tak . 

sachet the ot pa, they mode фондын ox waders Saye, Meat ades gy, 1 t 
amene andardoahé componen for 


AMPLIFIER PC BOARD TEMPLATE, n: 


rtormance stron deren fie teat Rain i egg Fes Design 
"Amplifier gain ranges fom 125 to 14 bull, measure and Tuck ech one p 
am mori and Ue Te gaint, There inca power apli 5 Po ore nat do 


ness is basically а function of the input and with good gain and performance, Its un- 301619702, tel 3037704709 (рап 
basically af the input апа with good gain and perf 1 ГЕ MNO 


output transformers. (I's possible о make | complicated design leaves lite room for ^ oap nd 
the amplifier gain fla within 1 dB from error, and no fancy text equipment is NOVA, азр mie ono НЕ Robert 
1 Mitto 100 MHzusing transmission-line needed to successfully Build i. Projects Šokmárě Senice pan ANPO-0991 6120057 
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| By H.O. Granberg, KTES/OH2ZE 


LA Compact 1-kW 2-50 MHz 
Solid-State Linear 
Amplifier 


Sri ue hs power linear amplifiers 

jare becoming more and more popular 
inthe field of ham radios the prices of HE 
power transistors continue to fall. 250-W 
devices are now available for almost half 
the price they were selling fora few years 
эро. RF power FETs are still more expen 
‘ive, bur eventually their prices will also 
fall, although not as fast since they are still 

| novelty items and the manufacturing yields 
are low due to ESD problems and requi 
ment for cleaner facilities for wafer pro- 


Generat 


ї is much easier to design wideband 
power amplifiers with FETS than bipolar 
transistors mainly due te thei higher input 
impedances at last up to УНЕ. Their input 
impedance also varies ess with Frequency 
ап that of bipolar devices and changes in 
the output load ine are reflected back to 
the input to a lesser degree because of the 
much lower value of Feedback capacitance 
(collector to base vs drain o gate), Pract 
cally all RF power FETs on the market 
today are of the enhancement MOS type, 
meaning that positive voltage at the gate in 
respect to the source is required to turn the 
device on. 

‘The LAW amplifier described here 
would be difficult. if not impossible, to 
design to cover four and a hall octaves with 
‘comparable performance using inexpen 
Sive bipolar transistors. In addition, а so 
Ges of power spliners and combiners 
‘would be required to each high power ev 
els, Biasing to class AB linear operation is 
also much simpler with FETs since the gate 
does not draw any de current, whereas а 
current equal to (peg must be sup 
plied to the base of a bipolar device, One 

И Example ofthis and the splitter-combiner 
complexity is presented in the Application 
Note AN-158 by Motorola, nc 

This anicle features а state of the att 
extremely compact design using а pair of 


FETs rated for 600 W of power output each 
It would be capable of a power output of 
1.2 KW as a push-pull circuit, but with the 
шла matching employed, which is opti 
mized at around 80 % the unit starts satu- 
Tating a around 1 KW at а 30-V de supply 
Fesulting in high IM distortion, Similarly at 
a 40.V supply, it would be usable up to 
800 W. The type output matching trans 
former employed allows only integers as 
1:4, 1:9. 1:16, ete, The 1:16 impedance 
ratio transformer would make the output 
matching optimized at 1400 W, which 
would result ina poorefliciency м 1200 W 
and lower power levels. The only way to 
compensate for this would be to adjust the 
Supply voltage accordingly, in this case 
45-46 V. However, the 1:16 rato trans 
Former of this уре is physically much more 
difficult to fabricate than the Tower ratio 
ones, and may not be available in the com- 


The Blas Regulator 

The gate bias regulator (C in Fig 1) 
allows he main supply voltage to be varied 
or the use of an unregulated supply while 
Keeping the gate bias voltages and the FET 
idle currents constant Since the maximum 
operating voltage of the regulator IC is only 
40 V. a Zener diode (DI) is employed to 
keep itat à safe level. The regulator supply 
terminals are separated from the main 
power supply permiting the usc of a sepa- 
fate bias supply И desired. There is also an 
option for a thermistor connection to stabi 
Tie the idle currents against temperature 
changes, The thermistor should be in a 
Physical contact preferably with a mount 

Flange ol one af the FETs, The gate 
voltages are individually adjustable (RI 
R2) making gate threshold voltage match 
ing ofthe devices unnecessary. In case of 
a device failure, such as а drain-gate short 
D2 and D3 block the full supply voltage 
rom being fed back o destroy the regula 
tor. RIO, RIT and C3, C4 are merely AC 


filters to protect the regulator from possibly 
strong ВЕ fields. To set the idle currents, RI 
and R2 must be adjusted to minimum. R3 is 
then adjusted for a regulator output voltage 
‘of about double the FET gate threshold vol 
ages (IC, pin 3), The current is monitored 
fat the min supply voltage point while ad 
jvsting Ri for 3 desired ийе current, typi 
Sally 800 mA-1.0 A, R2 is then advan 
until the current is doubled, resulting in 
equal idle currents for both devices. After 
this procedure, the senings of RI through 
R3 should remain until one or both FETS 
must be replaced, 


The RF Path 


The amplifier is designed to operate into 
the industry standard 50-ohn input and 
output interface. The impedance matching 
tothe low impedance levels of the FETS is 
accomplished with broadband RF trans 
Formers. Both the input transformer (ТЇ) 
and the output transformer (T2) are of the 
So-called conventional type in contrast to 
Transmission line transformers." Both 
employ only one turn in how impedance 
winding. T2 is far more critical than Т1 
because it determines the efficiency and the 
high frequency end gain characteristics, 
plus it must be able to handie a large 
Amount of RF power. For increased band 
width characteristics, its low impedan 

one turn winding consists of three paral- 
Teled 10-ohm coaxial cables, resulting in a 
tight and controllable coupling between the 
primary and secondary. According to for 
mulas given in Reference 2, approximately 
twice the presen 4.7 em? ferrite cross sec. 
tional area would be required in order for 
the соге not to saturate with the calculated 
127 gauss Flux density. The saturation 
matniy occurs at the lowest frequencies, in 
this case at 2-3 Mil. Unfortunately most 
ferrite manufacturers do not give informa. 
tion on saturation flux densities that applies 
to applications such as this, However, it is 
known that high permeability ferrites, in 
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Unless otherwise noted all resistors are 
YW metal tim type. Al chip capactore 
except C13 are ATC туре 100/2008 or 
шеси Laboratories (pe C17. 
(NOTE: The PCB mount BNC output 
conector usod s туре BNFS4, available 
from ORA Electronics, tel 818-701-5848) 


Fig 1—Cireuit Diagram—2 to 50 MHz Amper 2-50 MHz amo er Components List 


RIR2-1 ка singletum Trimpots 
R3—10 ка single-tum Támpot 
Рато 2 wet 

son 
BSRI2RIS—2 ма 
pum 

FB Exact value depends on thermistor R9 used (typically 5-10 kO) 
FS Thermistor Keystone RL1 009-820-97-0! or equivalent 

eg 100 0, TW carbon. 

AI RIS EMO Technology model 5908 or KOI Pyrofim PPR 
'870:150-3 pomer resisto, 25 0 

DIA NS35/A or equivale 

D2.D3 1148 or equivalent 

ICI —MC1723 (723) voltage regulator 

C1—1000-pF ceramic ase capacitor 

ce cd Сао ГР coram aise capacitor 


genera, saturate easier than low perme- 
ability materials, Thus, the lowest perme- 
ability material shouldbe selected that will 
Satis the minimum inductive reactance 
requirement at the lowest frequency of 
‘operation, The formula to calculate this is 
NX, = 2й у where: X, inductive reac 
tance for one turn, N = number of turns, 
Ra, = source or load impedance. Low 
permeability material is also less lossy at 
high frequencies, resulting in les heat gen 
erated in the transformer. TI, which must 
handle only 8:12 W of power, is made of 
higher permeability ferrite. This makes it 
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problem for 


possible to make the unit physically small 
as well, In Ti, the secondary consists of 
metal tubes (sce Ref 1), where three turns 
of the primary wite is threaded through. 
Metal tubes are also used in T2, but only to 
hold the structure mechanically together 
At high-power levels generated with 
solid-state devices, which operate at rela- 
tively low voltages, the impedance levels 
automatically become low. This creates а 
iding passive components, 

especially capacitors to handle the high RE 
currents involved, In vacuum tube circuits 
A similar problem exist, butin the form of 


C5—001.4F ceramic chip capacitor 

CS C12. 1i ceramic chip capactor. 

C7.CB -Two 2200-9 ceramic chip capacitors In p 

Ca aao ceramic chp capacitor 

Sec cd cerami chip capacitor 

CTS 0.47-uF ceramic chip capacitor or wo smaller values in 
paralel 

014 Unencapsulated mica, 500 V. Two 1000-рЕ units is seras, 
„mounted under T2. 

ALZAS пн, connecting wires to R14 and R15, 1.5 cm each 
420 AWG 

L310 н, 10 ums 412 AWG enameled wire on Fair-Rite 
Produkts Corp ferte toroid 45061000401 or equivalent 

VV 
EG00-3 and AF2007.3 A, respectively (RF Power Systems, 
ав E Corne Or, Phoenix, AZ 88032) 


high voltages. In this design, C14 gets the 
roughest treatment It must be able o carry 
RF currents in excess of 10 amperes at the 
higher frequencies, alhoezh the voltage 
across it is only 75 V rms. At frst, several 
good quality ceramic chip capacitors were 
tried in parallel, but temperature excursions 
caused them to crack resulting in AF ares 
that burned the circuit board in he area as 
well. Finally, two unencapsulated mica 
Capacitors (brand names such as Unelco, 
Underwood, Standex, Elmenco and Semco) 
жеге soldered in series by attaching the 
terminal tabs together, making it a sym- 
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merical structure. Since each is double the 
total value required and with double the 
namber of plates, this increases the RF 
current carrying capability and provides a 
larger area tobe soldered to the board metal 
foil to make he cooling more efficient. The 
low impedance winding terminals are then 
soldered to the tops of the capacitor metal 
casings, leaving the effective capacitance 
across the winding. For further ine tuning, 
Am Arco (Elmenco) #469 ог Sprague AGM 
40900 compression mica trimmer can be 
soldered to he fronttop terminals of the 
transformer. Slot openings in the metal foil 
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(Fig 7) located on each side of the output also be of good quality. The center tap of 
transformer, next to the drain termisals, T2 should be free of AF ifthe circuit is 
were provided to increase the series induc” balanced. This may not always be the case, 
tance for certain highfrequency narrow- їп which case these capacitors will aid this 
band applications. This tunes st some of function. L3 and СІЗ form an additional 
the FET output capacitance resulting in filter, ensuring that no RF energy is being 
increased efficiency. А lower frequencies fed back tothe power supply. Switchmode 
(below 80 MHZ) however, they only add to power supplies especially are sensitive 
the IR loss and should te shorted. The оса: against RF and may actually get damaged 
tion of C9 is also critical and should be from i 


placed approximately as shown in Fig 7. Negative feedback is provided through 
‘This will affect tke input VSWR at frequen. the networks LI-R14 and L2-RIS, ls pur- 
cies above 30 MH, pose is to produce a relatively flat power 


Bypass capacitors CIO through CI2 must fain versus frequency response. It also 
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improves the input return loss and helps to 
stabilize the amplifier at low frequencies, 
where the power gain would be 25-30 dB 
бош it, The feedback is at its minimum 
the high frequency end and at maximum 
at low frequencies, where most power is 
dissipated in RI4 and RIS. This power is 
roughly the difference in power input with 
‘ut the feedback between 2 and 50 MHZ 
assuming a constant power output (in this 
case 25-30 W). A simple formula for cal- 
culating the feedback resistor values a 
well as ber dissipation ratings is given in 
Reference 5. Reference $ also includes 
information on physical construction of RF 
transformers such as used here. 


Thermal Aspects 

Assuming a 50% worst case efficiency 
{or the unit, each FET dissipates 500 W of 
heat in an area of 1 х 1. inch. Iis impera- 
tive that the transistors are mounted on the 
Surface of а material with low thermal re 
sistance such as copper. This is called а 
heat spreader as it is then attached to a heat 


Fig Amplifier 
mounted 1 the 
Feat Spre 


sink made of material with poorer thermal 
resistance. П should extend about one inch 
beyond the edges of the FET mounting 
flanges at least on three sides, It is even 
more practical to make the heat spreader as 
large or larger than the amplifier itself, This 
would allow all circuit board spacers to be 
an equal height of 0.125 inch. The thick 
ness of the heat spreader should be a mini- 
mum of 0.315 inch, The heat spreader 
then separately attached to the actual he 
sink, which can be a 12-inch length of 
Wakefield Engineering type 4559 extru- 
Мов or equivalent. Heatsink compound 
must be applied to all thermal interfaces 
and the recommended transistor mounting 
procedure should be followed, including 
the screw torque. Fig 9 shows the amplifier 
‘mounted tothe heat spreader. Although the 
heat sink is not shown, one mus be used 
for continuous operation and for test peri 
ods longer than a couple of minutes. For 
continuous operation, two S-inch muffin 
fans under the heat sink will suffice. They 
will keep the device case temperature at 


below 80°C, and the die temperature, 
which equals to device thermal resistance 
X power dissipation + case temperature = 
0.13 500 + 80, at less than 143°C, which. 
is well below the 200-degrce maximum 
recommended value. We must realize that 
the 500-wat dissipation is only valid when 
the unit is operated into a 50-ohm load. 
Under mismatched conditions, depending 
‘on the phase angle, the dissipated power 
may be lower or higher than this value 


Performance 

Some of the amplifier performance 
characteristics are shown in Figs 2 through 
S. Although at 30 MHz and above all 
harmonies are 25 dB or more below the 
fundamental, an output filter is required to 
‘comply with FCC regulations. However, it 
can be à simpler one than required forthe 
Tow frequencies, where the third harmonic 
may be only attenuated 12-15 dB. in push 
pull amplifiers, the even harmonies are not 
Usually a problem since they аге attenuated 
by the balanced operation of the circuit 
Information on high power low-pass filters 
for applications as this can be found in Ref- 
tence 7. These filters are automatically 
relay switched with BCD code available in 
"most modern transceivers. 
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By W 


A Broadband HF 
Amplifier Using Low-Cost 
Power MOSFETs 


Pari 1—With only 1 W of drive, you'll get over 40 W 
out—from 160 through 10 meters! 


ike Kossor, WA2EBY 


“any articles have been written en- 
Lcowaping experimenters to use 
Power MOSFETs to build HE RF ampli 
ers. That's because power MOSFETs 
popular in the design of switching power 
Supplies сом as little as $1 each, whereas 
RF MOSFET prices sar at about $35 each! 
Over the years, I tucked away Several of 
these articles, waiting for an opportunity to 
experiment with them, That opportunity 
сате when I received a сай from Al 
W2OBJ. Al wanted a low-cost linear ampli 
Fier to use with his 5 W ORP transmitter 
when band conditions got poor. Ideally. the 
amplifier would generate atleast 25 W on all 
the НЕ bands, Al's inquiry renewed my in- 
terest in the topic and provided the motiva 
Чоп I needed to get my project underway. 
Al provided me with an extensive list of 
RF-amplifier construction articles that use 
power MOSFETS "^ These articles provided 
Useful information about MOSFETs and 
general guidelines for working with them, 
including biasing, parastic-oseillation sup: 
pression, broadband impedance-matching 


techniques and typical amplifier perfor 5 
mance data. Il war clear from the perfor eei 
mance dala that АГ desire to et 25 W out- Lese 
ра from power MOSFETs on 81030 MHZ R 
Was going to be a challenge! The RF output sE = 
powerofmod ofthe ampliliers deseritedin | ЮЖ 
Beanicls dropeotí 1010 Wortessas fe. | E BL = 
juency increases just to 14 MHz. НЕ 
auency increases Н -= 
An Idea Brows ИЧЕ 

After hundreds of hours of experimen- | 35 
tation came up with a design that exceeds % 
‘original objective: One watt of input == = 
power produces over 40 W of output (after “ H 10 E 2 25 
armonie firing tom 160 through 10 NESE 
meters. To te basic amplifier, added an 


JJ 
fiers designed to suppress harmonic out afd Kinka, OST, Jan 1808 py 5051 


140 Chapter 1 


TR SWITCH 


E ыб из 
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Figure 2_Боһәтайс ofthe MOSFET alLband HF ampilier. Unless otherwise spacified, resistors are Ya W, 5% tolerance, 


VCC 


ге Mouser (Mouser Electronic, 


SON мал SL Mansfeld, TX 76068; tel 600 346.6873, 817-409-4420, lax 817-489-0901; sales Mouser.com. 


ретин mouser-com) See Nolo 9 


1-08—0.1 uF chip (140-CC5022 104M) 
SAT pF chip (140 COSÓ2NA70)) 
Clo too uF, 55 V (140 HTRLaSVIOO) 
CI C1915 uF, 38 V (ТАОМ АЗУ) 
Gl pF, 50У (140-MLRLSOVT.O) 
GM 2 2 F, зв V tantalum 
5 
15-001 uF chip (10.CC5028109k) 
1ê. en 0.00 u спр 
(145 050281020) 
oi e 5.1 V, 1 W Zener diode 
(83-14734) 
МАСА 5614004) 
D2, D3—1NA148 (583. 1NA 148) 
OS 1NATASA, 15 V, 1 W Zener diode 
[T 
9821807239 UHF connector 
e ec 


K1—12 V DPDT, 960 col, 12.5 mA 
VIS OVR SH 2121) 

LI. L291 tums #24 enameled wire, 
ose wound 26. ID. 

LS i» шта 424 enameled wiro, closely 
"wound 0-199-n. 0 

о} Q2- 18510 power MOSFET 
(5701RF510) 

(93723904 (610-2N3904) 

Bt, R20 ka vim pot (323-5000-10K) 

Яз. RAZI Q. a W (208-97) 

ABZ ки chip (263-1 

RI 47 ki бир 263-471) 

Ra 130 û, 1 W (281-1307 lor 7 dà pad 
(S Win, i Would, 

a a i 2 W (282-43); for 7 dB pad 
(5 Win, 1 W out) 

А10 2130 û, 3 W (203-130); tor 7 dà pad 
Win, TW ош) 


ва, R10—300 û, 1 W (273-300); tor 
Зав pad (2 Win, 1 W out) 

ROTO, 1 W (281-18); Tor 348 pad 
2W in, ои) 

вїї-га kO, W (290-210 

Ti—10 bitta turns #24 enameled wire on 
fan FT-50 43 coro. 

1210 bifilar turns #22 enameled wire on 
‘wa stacked FT-50-43 cores 

den 2 uma, sec 3 turns #20 Tation- 
‘covered wire on BW-43-3912 balun core. 

Mise: Alarinum enclosure 3.526206 inches 


mounting kits (5944724), heat 
compound (577-1877). ampliler PC board 
{see Note 9), heat sink (AAVIO [Mouser 
532244609802} se tex), about two feet 
01 RG-68 coax, #24 enameled wire and 
120 Tenonnsulated wir 
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put and comply with ECC requirements, 
"The amplifier is built on double-sided PC 
board and requires ло tuning. Another PC 
board contains the low-pass filters. Power 
supply requirements are 28 V de at 5 A, 
although the amplifier performs well at 
138 V de 

Several of these amplifiers have been 
built and exhibit similar performance, Al 
has been using his amplifier on each of the 
HF bands, logging well over 500 contacts 
in 18 moni. Signal reports indicate а no 
iceable improvement it seadabilty (about 
fuo S units on average) over his 5 W rig. No 
indications of in stability, CW key clicks 
от distortion on SSB have been reported. 
To make it easy for you to duplicate this 
project, PC boards and parts kits are avail 
able ай at a cost of about $1001 


An Overview of MOSFETs 
MOSFETs operate very differently 
from bipolar transistors, MOSFETs are 
vollage-controlled devices and exhibit a 
very high input impedance at de, whereas 
bipolartransisorsarocurrent-conrolled de- 
vices and ave a relatively low input imped 
ame. Biasing a MOSFET lor linear 
‘operation only requires applying а fixed 
Voltage to its gate via а resistor. With 
MOSFETs, no special bias or feedback cir- 
alle is required о maintain the bias point 
‘ver temperature as is required with bipolar 
iransistors to prevent thermal runawey 0 
With MOSFETs, the gate-hreshold voltage 
increases with increased drain current, This 
works to tur off the device, especially at 
elevated temperatures as transconductance 
decreases and Rin (stati rain-to-souree 
on resistance) increases, These built-in sel 
regulating actions prevent MOSFETs from 
being affected by thermal runaway. 
MOSFETs do not require negative feedback 
to suppress low-frequency gain as is oñen, 
required with bipolar RF transistors. Bipo: 
Tar transistor gain increases as frequency de- 
creases. Very high gain а б: and low fre- 
quencies can cause unwanted, low. 
frequency oscillation to occur in bipolar 
isansistor RF amplifiers unless negative 
feedback is employed to prevent it 
Low-frequency oscillation can damage bi- 
polar transistors by causing excess power 
dissipation, leading to thermal runaway, 


MOSFET Limitations 


(Ofcourse, MOSFETs do have their limi- 
tations. The high gate impedance and the 
device siructure make them susceptible to 
electrostatic discharge (ESD) damage. 
Some easily applied precautions prevent 
this: Use aalderingiron with grounded tp; 
use а wrist strap connected 10 ground 
through a | МО resistor to bleed off excess 
body charge while handling MOSFETs and 
do ай work on an anti-static mat connected 
10 ground via a 1 МО resistor. 

“The sensitivity of a MOSFET"s gate to 
static and high-voltage spikes also makes it 
vulnerable to damage resulting from para- 
sitie oscillation, This undesired elf oel 
lation could resul in excessive gate-to- 
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A rear panel view showing tne beat sink. 


source voltage that permanently damages 
the MOSFETs gate doe Another 
MOSFET limitation is ше eapactence 
This parameter limits he frequency at 
F 
азай amplifier, recommend reviewing 
the referent of Noles 1- yo ме inter 
Suc ja mote detailed information dr 
Mosrere 


Power MOSFET RF Amplifiers 

'Of the several power MOSFET ampli 
fiers I built to check their performance, the 
‘one providing the best performance is the 
Push-pull design described by Jim Wyckoff, 
‘ARK, in QST (sce Note 3). T used JRESIO 
power MOSFETs rater tan the IRFS1 1s 
Specified. The performance of this power 
MOSFET amplifier design is summarized in 

"igure 1; its asic design is very similar to 
another amplifier described in the referent 
of Note , written 10 years earlier. That am- 
plifier uses a pair of moe-expensive 
MRF138 MOSFETs designed specifically 
for RF applications. 

‘As Figure I shows, the Hints and Kinks 
amplifier performance isexcellent from 1-8 
МН; to 7 MHz and far exceeds the pub- 
lished figure of 30 W output on 3.5 MHz. 
As frequency increases above 10 MHz, 
however, output drops off rapidly, falling 
below 10 W above 21 MHz. (These levels 
Were measured after harmonie filtering.) 

Although the amplifier is identified as 
stable, my first atempt at duplicating the 
amplifier sesulted in oscillations that de- 
siroyed one of the IRFS 10s. 1 was puzzled 
by this. At first, [thought the problem was 
caused by my substitution of the slightly 
more robust IRFSID MOSFETs for the 
called-for IRFS1 1s. That idea proved 
"wrong when my second attempt to power 
up the amplifier with IRFS11 MOSFETs 


installed also resulted in a blown TRESM 
(Thank goodness these are $1 power 
MOSFETs, not $35 RF MOSFETs!) 1 

nally achieved good stability when added 
a small amount of inductance in series with 
the MOSFET source to ground (just two 
turns of #24 wire, 0.125 inch diameter) 
With this added inductance, I was able 10 
remove the ferrite beads from the circuit 
‘without any sign of instability, believe the 
Substitution of the IRESIO and minimizing 
Source lead inductance are the reasons 1 
obtained significantly higher RE output 
power and wider bandwidth than described 
їп е referent of Note 3. This experiment 
underscores the need to observe exact con- 
struction techniques and physical layout if 
Similar performance isto be expected, Even 
Though used PC board construction, I got 
significantly different results because my 
Tayout was not the same as the author 


Modifying the Design 

‘Although the amplifier performed Det 
ter than expected, its bandwidth was Si 
nificantly less than desired, Considerable 
‘experimentation (and I do mean consider 
able!) resulted in the circuit shown in Fig- 
‘re 2. This amplifier consists of two power 
MOSFETs operating in push-pull and em- 
ploys an RF-sensed TR relay 

During receive, TR relay KI is deener- 
ized, Signals from the antenna аге con- 
fected 02 and roued through KI toa tans. 
ceiver connected to J1. (This path loss i less 
than 0.3 JB from L8 MHz through 30 MHZ.) 
In transmit, RF voltage from the transceiver 
is sampled by C17 and divided by R6 and 
87. D2 snd ОЗ rectify the RF voltage and 
charge C16. Q3 begins conducting when the 
detected RF voltage across C16 reaches ap- 
proximately 0.7 V. This energizes KI, which 
hen routes the transmitted RF signal from JI 
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“a standard 50 in fiter. Such dillroncos. 


Improv tho impedance matching Dehraen the ampliler and the load. Capacitors are all 


oped rica unis. 

1,63, cs 1500 pF 
982.1900۷1800) 

G2 2700 pF (5982-19-5002700) 

4, C6, Сё—в20 oF (5982-19-500۷820) 

G7, C8 430 pF (3882-15-5007430) 

ee C1430 pF (98219. 
300350) 


бо бе input of the amplifier and sends the 
‘utp of the amplifier to the antenna at 2. 
„sense relay response is very Tast. No 
noticeable clipping of the first CW character 
hasbeen reported! 

1 made provision to include an RF at 
renuator (consisting of RB, RO and RIO) to 
enable adjusting the amplifier input power 
ol W. (The parts list contains resistor val 
testo reduce the output of 2 or 5 W drivers 
194W.) The 1W signal isthenapplied tothe 
primary of TI via an input impedance- 
etching network consisting of L3. T) js a 
TEL balun thar splits che RF signal into two 
outputs 140 degrees out of phase, One of 
these signals is applied by CI to QI's gate 
The other signal is routed via C2 to Q2's 
gate. The drains of QI and Q2 are connected 
to the primary of output transformer T3, 
where the two signals are recombined in 
phase to produce a single output. T3 also 
provides impedance transformation from 
the low output impedance of the MOSFETs 
to the 30 0 antenna роп, De power is pro- 
vide to the drains of QI and Q2 by phases 
seversal choke, T2. This is a very effective 


C11—560 pF (5982-19:500v560) 
CIS, C17-180 pF (5982-15-590V180) 

CIS oo pF (5982-15-500V200) 

Сте. Ste 2100 pF (5982-10-590V100) 

5 pole, 6 position rotary (10026) 
Misc: low-pass iter PC board (See Note 9) 


method to provide powerto Ql and Q2 while 
presenting a high impedance to the RF sig- 
nal over а broad range of frequencies, The 
disinchokesforQ1 and Q2 are wound n the. 
Same core, and the phase of one of the chokes 
{See the phasing-dot markings on T2) is re- 
versed. C9 incteases the bandwidth of im- 
pedance transformation provided by T3, cs 
pecially at 21 MHz. 

"The 5 V bias supply voltage is derived 
from 28 V by Zener diode DI and current 
limiting resistor R22. Bypass capacitors 
C5, Cà; CS, C6 and C13 remove RF vol 
“ages from the bias supply voltage. Gate bi 
Tor QI and Q2 is controlled independently 
RI adjusts QI's gate-hias voltage Ма R3 
and LI. R2 works similarly for Q2 via RA 
and L2. 

At Tow frequencies, the amplifiers i 
put impedance is essentially equal to the 
Series value of ЕЗ and R4. LL and L2 im- 
prove the input-impedance match at higher 
frequencies. The low value of series resis- 
lance provided by R3 and R4 also reduces 
the Q of impedance-matehing inductors LI 
andL2, which improves stability. De block- 
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ing capacitors Cl and C2 р 
the gate bias supply voltage: 

CH keeps transistor Q3 conducting and 
KI energized between SSB voice syllables 
or CW elements, Without C14, KI would 
chatter in response to the SSB modulation 
envelope and fast keying Increasing the 
value of C14 increases the time K remains 
energized during transmit, The reverse 
voltage generated by K1 when the relay is 
deenergized is clamped to a safe eve! Ву 
DA, DS drops the 28 V supply to 13 V to 
power 12 V relay KI. DS can be replaced 
With a jumper if KI has a 28 V de coil or if 
you intend to operate the amplifier with a 
1338 V do supply. 


ent loading 


Harmonic Filtering 

Although biased for class AB linear op- 
eration, this amplifier (like others of its 
type) exhibits some degree of nonlinearity, 
resulting in the generation of harmonics 
This push-pull amplifier design cancels 
even-order harmonics 2, t 6f, ete) in the 
output transformer, ТЭ. Odd- order harmon 
des are not canceled. Second order harmon- 
ies generated by the amplifier are typically 
less than 30 dBc (30 dB Below the carrier) 
whereas third-order harmonics are typically 
only Lo dae FCC regulations requireall HF 
RF-amplifier harmonic output power to be 
atleast 40 dBe at power levels between 50 to 
500 W. To meet this requirement, it is com- 
mon practice for HF amplifiers tà use low- 
pass filters. Separate low-pass filters are 
needed for the 160, 80, 40 and 30 meter 
bands, The 20 and 17 meter bands can share 
the same low-pass filter. So, too, the 13, 12 
and 10 meter bands can share à common 
low-pass filter; see Figure 3, 

‘Switching among the six filters can bea 
messy wiring problem, especially on the 
higher-frequency bands where lead lengths 
should be kept short for optimum perfor: 
mance. This problem is solved by mount 
ing all six low-pass filters on a PC board. A 
1wo-pole, sit position rotary switch (S1) 
mounted directly on the same PC board 
manages all filter interconnections, One. 
pole of SI connects the amplifier output to 
one of the six filter inputs, while ST'sother. 
Pole simultaneously connects the corte» 
ponding filter's output to the TR relay, 
Kl. Only two coaxial-cable connections 
are required between the RF amplifier and 
the low-pass filter board 


Next Month 

їп Part 2, ГЇЇ wrap up with amplifier 
construction and adjustment, and discuss 
"he amplitier's overall performance. See 
you then! 
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e eee 
Terre cores, balun core ana magnet and 
lon wre o wind e transformers or the 
НЕ апре Pro $3 50 pus shipping Low 
pass Mer coras к! (Amidon PIN НЕК, con 
E gores ana wre d 

"es Motorola Appleaton Fieports 0195, 
МБР Apolcaton Hepor ARSE. 

Thermal runaway is a condition Fat occurs 
C 
eases. ee condition causes an 
Sees ampere, añ ther т 

oar k, Оный and iz 

Permanent damaged. 


Mik 


From QST, Api 


А Broadband HF 


Amplifier Using Low-Cost 
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Part 2—Let's put the finishing touches on this all- 


band HF amplifier! 


ast month!" 1 covered the history and component. Don't apply too much heat ro 

evelopment ofthis 40 W(average)am- chip capacitors. The metalized contacts on 
ler. Pre sure you're anxious to get your the capacitor can be damaged or completely 
amplíe finished and on the air, so let's removed if то much heat is applied. Use a 


rn 151020 W soldering iron and limit soldering 
time to five seconds, 
Ampliar Construction. Mount axial-leaded resistors, diodes and 


The amplifiers constructed on a double- remaining capacitors next, To avoid dam. 
Ме РС board with plated through holes to aging them, mount inductors and trans 
‘orld top-side ground connections. used formers last. LI and L2 are wound oi 
77. | 0.2S-inch dril-bit shafi. By wrapping the 
on, but leaded capacitors may work if wire around the shaft 10 times, you"H get 
Head lengths are kept short. First, assemble rs. The last turn aros ашу a Ћао 
ll hp capacitors and resistors on the PC 

Toa Tweezers help lo handle chip compo. PC bowed, L3 is 
“rent. Werk with only one component value wound on a 0.190- 
alime (chip caps and resistors are very inch diameter drill 
(eu to identity). Chip capacitor and bit with 3: turns 
тей movning is simplified by tinning wound the same 
te side ofthe PC board trace with solder way as LI and L2 
afore positioning the capacitor or resistor Mounting KI is sim- 
‘Teach the saldering iron tip o the capacitor plified by first bend: 
reer o ack it i place. Finish mount. — img all its lends 90° 
Jag by soldering the opposite side of the outward soit lies flat 
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on the PC board, Use a wrist strap con- 
леге to ground through a 1 МО resistor 
то blood off static body charge while han: 
dling MOSFETs, and do ihe work on 
эп anti-static mat connected to ground via 
al МО resistor. The gate input can be dam- 
aged by electostatic discharge! 

‘When winding T3, wind the primary 
first and add (he secondary winding over 
the primary. Be sure to use Teflon insulated 
wire or T3's windings: the high op 
temperatures encountered will likely melt 
standard hook-up wire insulation. 
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Figure 5—Elficioney comparison of o Hint 
and i one. 


Heat Sinking 

Together, QI and Q2 dissipate up to 
59 W. А suitable heat sink is required 10 
‘event the transistors from overbeating and 
damage. I used an AVID 244609802 heat 
sink originally designed fordo-0-de power 
converters. The amplifier PC board and heat 
sink are attached to ап aluminum enclosure 
by two 4-40 screws drilled through the PC 
board, enclosure and heat siak at diagonally 
opposite corners, A rectangular cutout in the 
enclosure allows QI and Q2 direct access to 
the heat sink. This is essential because of 
the large thermal impedance associated with 
the ТО-220 package (more on this topic 
later). Mark the locations of the transistor: 
tab mouming-hole location in the center of 
the heat sink in between the cooling биз. 
Disassemble the heat sink to drill 0.1 13 inch 
holes for 44-40 mounting screws, or tap 
44-40 mounting holes in the center of the 


insulators and grommets 
when mounting Q1 and Q2 to prevent the 
31-40 mounting screws from shorting the 
10-220 package drain connections (tabs) 
to ground. Coat both sides of the mica insu- 


эла Kink ampliar 


lator with a thin layer of thermal compound 
то improve the thermal conduction be- 
tween the transistor tab and the heat sink 
Be sure o install the mica insulator on the 
heat sink before assembling the amplifier 
PC board to the enclosure and heat sink 
The mica insulators are laser than the cut 
outs in the PC board, making it impossible 
to install them alter the PC board is 
mounted, 


Low-Pass Filter Construction 
Inductor winding information for the 
low-pass filters is provided in Table 1 


Single Band 

A РС-вом trace is available on the 
amplifier PC board next to amplifier output 
3) toallowtbeinsallationof single band 
ow=pass filter between the terminals of 33 
and K1's input, J4, This is handy if you in- 
tend to use the amplifier on one band only. 
The input inductor of the low-pass filter 
connects from J3 to the single PC race ad. 
jacentto 3. The output inductor connects in 
Series between the single PC race to J4, The 
three fer capacitors connect from J3, М 


Figure 6—inpur SWR comparison ofthe mo amplis. 


and the PC-boant race near J3 to ground. 
This single race is not used when multiple 
fiters are required. Remember to remove 
"he single trace adjacent to J3 on the ampli- 
Tier PC board before attaching the amplifier 
board between the RF connectors on the 
enclosures rear panel. 


Multiple-Band fers 
Using the amplifier on more than one 
band requires diferent approach, A set of 


Table 1 


Low-Pass Filter Inductor Winding 
Information 
(Refer to Figure 3 in Part 1) 


"ductor No. of 
Number Tums Cow 
27 зошта T502 
la 22 шта T502 
1516 16те T502 
Ld táimse T302 
9010 tums T06 
e Blume T506 
Note Al induc wound with #22 


ала wire except or LI La, which 
© wound with #24 enameled wire. 
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Figure 8—Tharmal performance of Ine amplifier during Key-down 
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Performance of tne 
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PC board with plated through holes 
рне topside gund comes». А 
d mount, two-pole, siv-position 
choo al owas filter se 
. Silver-mica, leaded capacitors 
in all the filters. On 160 through 
eters, T-50-2 toroids are used in the 
"750-6 toroids are used for in- 
oc oa 20 through 10 meters, The num- 
of turos wound on a toroid core are 
d'on the toroid’s OD a the wire 
through the core center (The ARRL 
"provides complete details for 
ing torods), Assemble one Filter sec- 
at atime starting with the 160, 80, 40- 
fir, then the 30-meter filter. With 
eswitth mounting position а your upper 
thefilterinput (C1) is near the topedge 
the board and the filter output (C3) i 
the bonom edge. The last two filters 
ом of sequence: the 15-10 meter filter 
before the 20-17 meter filter) and 
inputs/outpus are reversed to simplify 
“ThePC-board layout. The input capacitors, 
/CI3 and C16, are mounted on the board 
‘edge, and ouput capacitors, CIS. 
С1&, ме on Ас top edge. 
‘Use care when assembling the rotary 
AU 14 terminals must fit through 
РС board without damaging or bending 
pins, Make sure there are no bent pins 
‘you attempt assembly. Insert the 
switch into the PC board. Do nor 
the rotary switch all the way into the 
Board holes Nush with the ground 
Ifyou do, the top Mange of the signal 
тау short o the ground plane. 


Adjustment 
‘The biasing procedure is straightforward 
eques only а multimeter to complete 
set and R2 fully counterclockwise, 
JV on the gates of QI and Q2). Terminate 
RF input and outputs with a 50 © load. 
/tontect the 28 V supply to the ampl 
ein series with à multimeter set 10 tbe 
DO mA current range. Measure and 
he idling curent drawn by the 5 V 
supply. The value shawid be approxi 
ly 95 mA (28 S.1 V) / 24 KQ 
mA). Set QI 's drain current to 10 mA, 


by adjusting RI until the 28 V supply cur- 
ent increases by 10 mA above the idling 
шеш (9.5 + 10 = 19.5 mA), Next, adjust 
R2 for a Q2 drain current of 10 mA. This 
is accomplished by adjusting R2 until the 
28 V supply current increases by an add 
tional 10 mA (1029.5 mA). 


Amplifier Performance 

With a 28 V power supply and 1 W of 
drive, the RF output power of this amplifier 
exceeds 40 W from 1.8 MHz through 
28 MHz. Peak performance occurs ar 
10 MHz, providing about 75 W afier fiker- 
ing! A performance comparison between 
{his amplifier and my modified version of 
the Hint and Kink amplifier mentioned 
earlier is shown io Figure 4. 

‘As shown in Figure 5, this amplifier 
achieves an efficiency of better than 50% 
over is frequency range, except at 7 MHZ 

here the efficiency drops to 48%. In con- 

+, the Hint and Kink amplifier delivers 
greater efficiency between | Band 7 MHz, 
but it drops rapidly to only 20% as fre- 
quency is increased, 

Figure 6 compares the input SWR of the 
two amplifiers. The Hint and Kink am- 
Plfiers SWR is acceptable (< 2:1) only at 
1.8 MHz. This amplifier is better, however 
it, too. exceeds 2:1 above 14 MHz, The in- 
put SWR of this amplifier can be improved 
to better than 2:1 on all bands by adding а 
38 pad (RS-R1O of Figure 2) at the input 
and supplying 2 W to the pad input. This 
keeps the amplifier drive at 1 W. 

Figure? graphs this amplifiers RF ou- 
put power as a function of drain supply 
Voltage. During this test, the amplifier RF 
drive level was kept constant at 1 W, As 
you can see, even whea using a 13.8 V de 
Supply, the amplifier provides over 10 W 
output (a zaivof more than 10 dB) from i 
1030 MHz. 


Operation 

‘The amplifier requires no tuning while 
operating on any HF amateur hand, You 
must, however, be sure to select she proper 
low-pass filer prior o transmitting. Ifthe 
wrong low-pass filer is selected, damage 
to the MOSFETs may result. Damage will 
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likely result if you attempt to operae the 
amplifier on a band with the Jow- pass filter 
Selected Гог a lower frequency. For ox 
Ample, driving the amplifier witha 21 MHz 
Signal while the 1.8 MHz low-pass filter is 
Selected will likely destroy QU and/or 02. 

"The amplifier can also be damaged by 
‘overheating. This limitation is imposed by 
the TO-220 packages in which Q and Q2 
are housed. The thermal resistance from 
Junction to case is a whopping 3.5'C/W. 
This huge value makes it virtually impos- 
sibleto keep the junction temperature from 
exceeding the +150°C target for good 
reliability. Consider the following condi- 
tions: key down, 1 W input, 53 W output 
on 7 MHz (worst-case band for efficiency). 
The amplifier consumes 28 V x 4 A 
112 W, of which 53 W are sent to the an- 
tenna, so 59 W (112 W -53 W = 59 Ware 
dissipated in QU and Q2. Assuming equal 
‘current sharing between QI and Q2, each 
transistor dissipates 29.5 W. To keep the 
transistor junction temperature be 
+150°C requires preventing the xansistor 
čase temperature from exceeding 46.8°C 
(150 — {3.5 x 29.5) while dissipating 
29.5 W. Also, these is a temperature rise 
arross the micz insulator between the tran- 
Sistor case and heat sink of 0.5°СЛУ, That 

тае the maximum allowable heatsink 

temperature limited to 46.8 — (0.5 x 29.5) 
=32°C. In other words, the heat sink must 
dissipate 59 W (29.5 from each transistor) 
with only a 7°C rise above room tempera- 
ture (25°C), Even if the junction tempera- 
tures were allowed to reach the absolute 
‘maximum of 175°C, the heat sink tempera- 
ture must not exceed 57°С. Accomplish 
ing this require a heat sink with а thermal 
resistance of (57 = 25) / 59 = S4 CNW. 
This is far less than the 1.9'C/W rating of 
the AAVID 244609102 heat sink 1 used, 
The situation may seem bleak, but all is not 
lost. These calculations make it clear that 
the amplifier should not be used for АМ, 
FM or any other continuous-carier opera- 
tion, The amplifier should be used only tor 
CW and SSB operation where the duty 
cycle is significantly reduced 

“Thermal performance of the amplifier 
is illustrated in Figore 8. Data was taken 
under de operating conditions with power- 
dissipation levels set equal to conditions 
"under RF operation. A RadioShack brush- 
Jess 12 V de fan (RS 273-243A) blows air 
across the heat sink. Key down, the maxi- 
mum rated junction temperature i 
їп as Tite as five seconds as illas 
Figure 8. Prolonged key down 
sions should be avoided for this reason 

‘Under intermittent CW conditions, the 
situation is very different. Transistor case 
temperatures reached 66°C after operating 
four minutes under simulated CW condi- 
tions at 20 WPM. (60 ms on, 60 ms off). 
The corresponding junction temperature is 
+141°C (based on an equivalent RMS 
power dissipation of 21.7 W per transis- 
Tor). This keeps the junction temperature 
under the 150°C target (see Figure 9). One 
Simple way to reduce power dissipation is 


тат 


to reduce the power-supply voltage to 
24 V. RF output power will decrease about 
10 W from the maximum levels achieved! 
with a 28 V supply. 

From a thermal standpoint, the IRFSIO 
power MOSFET is a poor choice for this 
RF amplifier application, Although I must 
say fam impressed with the robustness of 
these devices considering the times I spent 
testing them key down, five minutes at a 
time, without failure. QI and/or Q2 may 
need to be replaced after а year or so of 
‘operation because of the compromise in 
reliability. Considering their low cost, tat 
is not a bad trade-off. 


Stability 
High gain, broad bandwidth and close 
input/output signal routing (within the TR 
relay) all work against stability. With a 
good load (< 2:1 SWR) the amplifier is 
Stable from LS MHz through 39 MHZ 
Oscillation was observed when the trans- 
mitter frequency was increased to 40 MHZ. 
The output load match also affects stabil- 
у. Oscillation was observed on 27.5 MHz 
when the load SWR was 3:1. This should 
hot he a problem since the frequency is 
outside the ham bands. I spent а great deal 
of time trying to make this design uncondi- 
tionally stable even with loads exceeding 
3:1 SWR without sacrificing output power 
(gain) at 28 MHZ without success. | did 
identify some reasonable compromises. 
One of the easiest ways to improve sta- 
bility and the input SWR seen by the RE 
source isto add an RF attenuator (pad) at the 
amplifier input. An attenuator is absolutely 
required if the transmitter (driver provides 
morc than | W tothe amplifier. RS, RO and 
RIO form an RF utenuator that attenuates 
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‘the transmitter drive level, but does not 
териме received signals because it is only 
inthecircuit when K is energized. To drive 
this amplifier with a 2-W-ouspat transmit 
ler requires use of а 3-48 pad. The pad 
improves the amplifier input SWR and the 
isolation between the 
output. The drawback is that 1 W. 
їп the pad. Likewise, а 5-W driver requires 
use of a 7-0B pad, but 4 W are wasted in the 
pad. (Values for RB, R9 and RIO to make à 
Зав pad and a 7-48 pad are given in the 
parts list) Installing a pad requires 
the PC board trace under R9, otherwise RS 
‘would be shorted out by the trace. Make а 
Small cut (0.1 inch wide) in the race under 
R9 before soldering R9 in position. RS and 
RIO have the same values, but may have 
different power ratings. Connect RIO be- 
tween the RF input side of R9 and ground. 
Install RB between the amplifier side of R9 
and ground 

An impedance mismatch between the 
output of a 1-N-output driver and the am- 
plifier input can be à source of instability. 
{Obviously if the driving transmitter's out: 
put power is only 1 W you can't use a pad 
as described earlier) if you encounter sta 
bility problems. гу these remedies: Place a 
resistor in parallel with LI and L2 to de- 
Crease the Q of the amplifier matching net- 
work (y Values between 50 and 220 О} 
Try reducing the value of L3 or eliminating 
L3 entirely. Both of these modifications 
improve stability, but reduce heampliier's 
output power above 21 MHz 


Summary 

This projet demonstrates how inexpen- 
sive power MOSFETs can be used to build 
an all-band linear HF power amplifier, Fre 


quency of operation is extended beyond the 
limits of previous designs using the IRFSIO 
and improved inputimpedance matching. 
Long-term reliability isrecognizeds acom. 
promise because ofthe poor thermal perfor. 
mance of the low-cost 10-220 package. 

1f you have been thinking about adding 
an amplifier to your ОКР station, this 
project is a good Way to experiment with 
amplifier design and ап excellent way to 
become familiar with surface-mount 
"chip" components. I made arrangements 
with Mouser Electronics and Amidon Inc 
da provide parts kits for this project at à 
discounted price (see the parte list im 
Part 1). These parts kits make it very easy 
lo get started and more economical to 
"homebrew" this project 
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A 1.8 to 54 MHz 5-Watt 
Amplifier 


[es a rugged and stable amplifier for 

[your multiband ORP rig? Not only has. 
бедел been optimized ona pricey com- 
puer program called Touchstone (by 
бези) for unconditional stability, it has 
tually survived a variety of poor loads. — 
twas used to sweep filles with 5 W of RF. 
The gain of the two stage amplifier was 
measured o be between 28 and 30 dB in 
be amateur bands, though there is another 
4B of gain around 37 MH. 

For ruggedness and ease of design, a 
(Motorola MRF 137 was selected as the 
tal tnsistor, While the MRF 138 may be 
тше linear, insufficient design informa- 
боа was available to ensure а stable 
design. While some amateurs will balk at 
бе high cost of these devices (324 in 
November 1991), such savings are easily 
Jost the cheaper device has a habit of 
Blowing up. Also, one picks up a real clean 
ЗВ nal he high-order IMD products 
ие way down compared to typical bipolar 
Amplifiers. For instance, the worst IMD on 
357.14 and 28 MHz was -38 dB on 28 
Ml, with the Sth order products 61 dB 
own (relative to РЕР). The device was 
puting ош 5-W PEP while being biased at 
ОЗА CV supply). 

Perhaps the Biggest law is the power 
requirement these FETS really like to see 
High oltages for best performance, and the 
MRF 157 sno exception. I biased the MRF 
137 for 0.55 A and 282 V. It drew 0.6 A 
hen putting ош 46 W at 28 MHz. The 
iver runs off your normal 12-У supply. 

"The input amplifier shown in Fig la is 
ey straightforward bipolar 2NS109 

the feedback networks adjusted to 
‘compensate the gain of the MRF 137. A 
Series network of a 470-3 resistor and à 
124F capacitor was tacked between the 
collector and ground to ensure stability at 
All fewuencies. The MRF 137 rolls off a 
few dB at 54 MHz, but the bipolar ampli 
fier adequately compensates for this gain 
deficiency. The input return loss is better 
than 18 dis between 14 and 29.9 MHz, but 
degrades to 12 dB al 50 MHz. The input 
SWR was пог tested with poor loads 
By well the MRF 137 amplifier stage 


shown in Fig Ib (sce next page) makes an down for good grounding. After making 
excellent 16-dB gain block between | and holes for the MRE 137 transistor and the 
32 MHz, having less than 0.5 dB of gain mounting serewsia the board and a spacer, 
variation, The transmision line trans made of 0.0S0-inch aluminum, I attached 
former on the input seems to help the input the spacer, the circuit board, and the MRE 
rotor loss/SWR, keeping these numbers | 137 10 a heal sink tapped with 4-40 screw 
above I8/below [310 I between | and 50 holes. Standard ground-plane construc 
MHz. I suppose that putting another trans- tion was used to attach the ole parts. The 
mission line transformer on the output 2N5109 amplifier was built on its own 
Could be used to get а more powerful am- ground plane КЕ amplifiers work better 


plifier with less gain over a similar fre- if there isn't too much gain in one place, 
quency range, but this variation has not Three additional amplifiers were built by 
Been investigated Mike Gruber, WAISVF, for use in the lab 


"The simplest circuit board I could think Не noted that RS had 10 be changed from 
of was used I cst two pads in а piece of 47 то 1 КОло bias the amplifiers at 0.5 
double-sided circuit board for the gate and amps. Apparently, the MRF [37s he used 
drain leads. Then I wrapped the edges of have a higher gate threshold voltage. Oth- 
the board with copper tape and soldered it erwise, performance was as expected. 


Fig 1a-Low-lovel атый designed to compensate or the gain roo fom the power 
amplifier 

От 2N5109, 2 5-W heat-sinked AF transistor, is 1200 MHz. 

TICs ums bitlar #28 on FT-37-49 toroid core 


MF/MFIVHF Amplifiers (1 to 54 MHz) 1-19 


Fig 1b—5-W TMOS power атре 

LiL 6 tums no. 26 enameled wire on T-44-2 
toroid. 39 uh 

о2=МВЕ 137 transistor, 

d 10%) tum potentiometer for bias setting 

ec 21 turns of по. 26 enameled wirê on 
ЕН. 37-67 tonos. 

(TED tums 25-0 coax on FT-50-43 toroid core. 
‘The 25-0 coax ls actually two 50-0 coax run 
sido oyalde. The prototype used AG 196) 


eros 5-v regulator. 


ө 


1-20 Chapter 1 


y Joel Р: 


N6AMG 


From QST, September 1992 


Ап Experimental Solid- 
State Kilowatt Linear 
Amplifier for 2 to 54 MHz 


Many kilowatt amplifiers could anchor a small boat, 
and don't cover 6 meters. Combined with its power 
supply, this kilowatt weighs less than 35 pounds. 


is article describes progress tow: 
achieving a well-defined goal: building 
fhe smallest posible MF/HE/VHF 
Amplifier capable of at east 1000 watts out- 
ot Nicknamed the Solid State Kilowatt 
ISSKW). the project has its roots in an 
"acl by Неше Granberg of Motorola in 
(Oktober 1986 RF Design! Two water 
Фе amplifiers of that design, built by 
Mike Stal (K6MYC) of M2, had many prob. 
Some of them were device related: 
aden, power-supply related. (More about 
Фе issues later) In February 1990 rebuilt 
fone of the water-cooled units using the old 
design and (wo new transistors. Optimized 
for $0 MH, this amplifier could just reach 
fhe 1000-watt level. After using it for three 
teks of South Pacific DXpeditioning, 1 
cided to construct an air-cooled unit, 1 
фен he spring, summer and fall of 1990 
Bilding the SSKW and geting it ready for 
ether DXpedition in the fll 


бесш! Description. 

Motorola" article reprint AR-347 de- 
ferides the basic amplifier design. July 
1990 QEX also carried an article about it? 
Fig 1 shows the amplifier schematic, 
Bien, the circuit consists of two MRFIS4 
RE power MOSFETs in push-pull. Bach of. 
Bese transistors is capable of 600 watts 
‘nip up 100 MHz, The input and output 
Amasformers, 9:1 and 19 respectively, use 
(res of #67 ferrite material, The output 
imasformers 1:9 ratio is a compromise that 
optimum at about 800 watt 

Incorporating the Motorola building 
Mock into а DXpedition-teady package re 
quired experimentation and probiem-solv 
ingas|describedatthe 1991 Centra States 
УЙЕ Conference.” Here's where the sys 
теп stands today, 


TR Switching 

"The SSKW includes TR relays that by 
pass the Fig 1 circuitry in receive mode. 1 
designed their control circuitry to eliminate 
the possibility ofthe high RF fields in the 
amplifier compartment causing relay 
falsing problems, and to simplifies field 
repair by keeping parts count low. The re- 
lays are sequenced to allow the output 
relay to close before the amplifier pots out 
Power. Because relays take a few millisec- 
‘nds to operate, sequencing is necessary to 
keep the relay from hot switching the am- 
plifier output. (Hot-switching 1 KW will 
destroy a relay rapidly) 

“This design has two small problems, For 
"he short time n takes the amplifiers input 
relay to close оп switching from receive to 


the exciter operates 


exciter keying. The other problem is the 
Telay's closure time changes as the relay 
heats, This can be solved two ways: Use 
extemal electronics todo the delay, or tem. 
perature-compensate for the resistance 
change, 


SWR Protection 

1 haven't yet built SWR protection into 
the amplifier In January 1983 OST, Helge 
Granberg described an SWR-protection ir 
cuit for a 2-10 30-MH2 amplifier! phone 
conversation with Helge indicated that this 
Sicut wil work to 54 MHz, so it should 
suffice, How much mismatch the MRFIS4s 
‘an tolerates unknown, however, so don't 
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6-Meters: DXpeditioning with a Difference 


Making the most of 6 meter DXpedtioning depends on 
knowing where and when 1o go I you want to work Europe. 
from the Canary Islands summertime is best because spo- 
radic E propagation is best then il you want o work the US 
Tom EAB go when fal shifts into winter o take advantage of 
eastwest 2 layer propagation ts always more exciting to go 
toa rare place but nol necessarily more fun: 

‘Once you ye decided on a OXpedition site plan your travel 
оп the assumption that you I want to stay on site for at least 
two weeks This gives you about a 50% better chance of hav- 
ing good openings within a given month 

ay particuiar attention to the RF prospects of your accom- 
modatons Ideally you d be able to see ocean п all directions 
Tf that s not possible ай в not lost A direct oceanic path isn t 
always the best propagation may bo better over the backseat 
ter path You want to get your antenna up ав high as possible 
to minimize radiation angie and AFI And consider EMI and NI 
possiblities carefuly Some areas of the word use NTSC 
hannel 2; others, PAL on channel 1. right in the middle of 
the band! if your AF gets into a resort САТУ system you I 
arive 60 


pi 
DXpediion power, health, licensing and logistical concerns 
in detail зо see that book lor more about those topics li add 
‘one thing though t helps to find a local ham with FAX capa- 
bity as well as HF who can help you with questions on licens- 
ing and living accommodations 


This can fake 80% of the surprises out of the expedition! 


ч 


The authors setup at CNJP, Rabat, Morocco. Efficiency 
counts more than neatness while you re busy making 900 
contacts оп б and 20 on 2-meter EME! (DXpediton photos 
courtesy of те author) 


DXpediioning would be по fun at ай without antenna work! 


Equipment 
"What | bring and use on G-meter DXpeditons is based 
largely onthe experiences of Jim Treybig, WJKV, in his many 
years of 6 meter DXpedioning. The core of the approach is 
pretty much this: Run as much power as permitted and bring 
is big an antenna as possib There are practical limits d 
ie; Bullet your ingenuity direct your thoughts. | consider 100 
Was a minimum, 300 watts good and 1000 watts as optimum, 
High power ets you take advantage of scatter paths tat im: 
ply won't work at 100 watt. Its very fustrating to hear a мей 
‘quipped station that you cannot work! 


Which Antenna? 

A DXpodion antenna must be compact, ight and repro: 
адре he Yagi uso has si elements ona 30 oot boom, 
piimized by Ban (K6STI) Beeztey s Yagi optimization pro- 
фат YO кз led wih a T match and а hal wave balun fe 
Boom loas down o two 40 ncn sections, each 2 inches in 
‘ameter Most По element pieces it inside the two 40-inch 
Sons. The antenna is it enough tot wih one han 

A rottabl antenna l mandatary. Youll need to tum your 
antenna o ina he best direction ol propagation, The antenna. 
mast, 20 fee long overal, consists df 40 inch sections of 
ich aluminum tubing Joined win internal sleeves. The 
fator Isat o mast bottom end there's а spring atte me 


{op just below tno Yagi (Having the rotator atthe bottom makes 
putting the antenna up easier by minimizing weight at the 
Upper end ofthe mast) 

Tuse Dacron rope for guying. How much rope should you 


want to use the SSKW to calibrate its own 
SWR-protection circuitry! 

The amplifie's output can be reduced 
two ways: by turning down the exciter 
power via amplifier generated AL 


ancement-mode FETs, so positive bias is 
necessary to turn them on.) The ALC option 
is better because it does not affect the 
Amplifiers linearity. A no-output-load con- 
ition must shot down the amplifier 
‘quickly as possible. 


st way is to just 
changes the ampli 


Overdrive Protection 


the 5-4В pad fails to attenuate, or if the particular MRFISAs used. If the bias de. 
exciter puts out too much power he ampli- creases too fast with rising temperature, 
Fier must be shut down rapidly. 
The amplifier must also be shut down if put voltage must never exceed 40 volis. 
or by the transistors flange temperature exceeds 
reducing the amplifier bins. (These are en. 40°C. Shutdown can be done two ways. 
‘depending on how the ampliferis used. The 
ım down the bias, Which amplifier comply with FCC signal-purity 
jer's linearity. The sec 
ond way is to totally turn off the amplifier, 
ı This must be done gracefully so the ampli- 
Tier does not shut down while producing filters should be considered. 
full power. The following shutdown se- 
{quence is essential: 1) Turn down the bias: 


increase the value of RE, The LM723 s in- 


Output Filtering 
Filtering must be added to make the 


regulations. The reactance of these filler 
away from their intended passbands must 
be taken into account. Absorpive low-pass 

Such filters 
dissipate harmonic energy as heal rather 
than reflecting it back to the amplifier ran. 


Overdrive can destroy power MOSFETs (2) open the input relay; and (3) open ihe  sisors, 


instantly, so a drive limit control is essen- output relay. 
Ча. A threshold detector should be incor- 

porated. The SSKW's input includes а 
SB attenuator so 100-watt exciters can 
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Bias 


"The SSKW's bias circuitry is straight 
ye the amplifier without damaging it If forward. R8's value must be tailored to e ampliicr weight ists aluminum heatsink 


Packaging 
1 intended to make this amplifier as 
small and light as possible. Most of the 


fake? Simple: Estimate what you need, multiply by 2.5 and 
ee make бацају bing wo diameters, н ата 


Bring а! least мо radios: one for HF liaison (usually at 10 
peters) and another for 6 meters. | recommend maximizing 
“eddancy by taking two radios that both cover 10 and 6. At 
Teastone ol ine -mele rigs should include an excellent noise 
Hor power ine problems and motorbikes, I! must als 
able to drive a kilowatt amplifier 1 full outpuj ол 6. (1 use 
Kenwood 15-6805 and one ICOM 575. Receive cov- 
between 10 and 6 meters is another plus, Where I's 
listening (o nonamaleur services between 45 and 
МН: can be very important in determining the direction of 


Bring 12-volt supplies capable of operating at the line 
“and frequency at your DXpediton destination. The 
‘should also be able to handle wide Ino voltage varia 

around nominal. Carry мо of them—one for each radio. 

e mine by adding ine fitering and fusing. Parallel а 

arcam receptacle of some kind with your supplies по plug 

“able. Two prong, polarized Jones plugs work wel You 
а ше them on everything for quick setup and breakdown. 
(Bing а memory keyor for uso as a beacon end in normal 

Cw paration. Ао consider taking a laptop computer 1 now 

‘se а computer for logging, taking notes, calculating baart 

ces, and determining ihe footprint of the aun. 


ting 
¡outra operating subjects are of prime importance. Ten- 
meter icon comes ist. You must use 10 meters o got up- 
[edate propagation information and find out who's being 
grt Wren youre feeling your way through a pie o sta- 
yeu can sometimes miss very rare propagation oppor- 
“ties i you don't check 10 meters ol 
'Stemeler contact procedures come next. Ins very difficult 
everyone happy on 6 meters when you're the DX. You 
тшй ег ues and stick to them. Pick a frequency and do your. 
pit when the band gets busy. Try to not work the 
‘again, especialy during pileups. 
1o give as many people as possible a new coun- 
as possbie боп discuss 
24 he kos just gives fewer 
рер a chance to work you. Leave that info to the OSL 
¡Cards! Which should you operale—phone or CW? The an- 
is "Probably both.” CW penetrates weak conditions 
Beer han phone, and i gives more people at the edge of 


Xperia is also about menting people. Here's Tarik 


Selects f. and friends, 


propagation a chance at working you. Then, when you go to 
hone, everyone who can will work you again. | favor CW 
Dxpediton operation because of my experiences on the non- 
DX ena. 

Should you operate on a single trequency or spilt? Go to 
split when there's a massive opening and you're being 
нме by people calling you. This usually happens during 
intense backscatter openings. Hams on he 10-meter liaison 
frequency can tell vou when ORM gets too heavy. 


Conclusion 

Six-meter DXpeditioning is a blast. And the SSKW makes 

ч even more fun: сап devote more weight to antennas! 
NGAMG 


copper heat spreader. How much heat 
needed depends on the duty eyele 
Tdecided that a duty cycle of 30% 
fless was acceptable. The resulting weight 
the package, 14 pounds, is very accept- 
The SSKW is 8 inches wide, 12 inches 
and 5 inches high, 
The key to making the package light was 
juse thë smallest possible heat spreader. I 
ded o use enough -inch thick copper 
surtound each MRFISA with at least 1 
of spreader. I machined the spreader 
nd attached to the heat sink, also 
jined l. After attaching the copper lo 
aluminum, resurfaced the copper again 


between the copper and aluminum, 
another layer between the copper and 
transistors 


With two high-pressure, 24-volt fans 
blowing on the sink, the resultant duty 
суйе limit is а Tittle tes than 50%. These 
fans are in series across the amplifiers 
50-чой supply. The small fan in the com- 
partment isa 12-volt unit that just barely 
їй». (The compartment needs to be a title 
deeper) A fan is necessary here, however, 
because compartment airflow dramatically 
Keeps the output отапа отет ferrite from. 
gening hot 

‘A cat sink with more fins and a thicker 
base, but the same fin depth, would raise 
the dury-cycle limit. (The copper spreader 
should be made larger as well) These 
changes would also make the amplifier 
heavier. 


Construction Techniques. 
А milling machine is required for 
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surfacing all of the amplifier's hea-con 
ductive interfaces. Physical fatness is 
essential for maximum beat conductivity 
and to avoid warping the transistor cases 
‘The Motorola bulletin specifies the torque 
of the screws on the MEFISAS Manges. 
‘Tightening these screws uniformly assures 
thatthe flanges won't warp during tempera 
ture cycling, 

RIA and RS, the feedback resistors, are 
flange-mounted. Their beryllium copper 
leads cannot be flexed very many times be- 
fore they break. (According to their manu- 
facturer, that may be only once!) These uo 
resistors just barely fit, So, make sure the 
two МЕР154в are separated properly 


Power Supply 


To keep the amplifier small and light, I 
use a switching power supply. A Lambda 
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Fig 1—The basic SSKW circuit can produce at feast 1 KW fram 2 to 54 MHZ, Duplicating his сс requires adational information not 
given here. Output tering a also necessary to ensure complanco wit FCC emission purty rules. Sos the text, Motorola Application 


Note AN-287, July 1990 EX and the 


LLFS-50-48 (net weight, 20 pounds) does the 
joby with good results, Sized at 15 inches 
long, 7.5 inches wide and 5 inches high, it 
can Source 50 amperes at 50 volts. This 
power supply produces significant radio 
poise up to 30 MHz, most of it radiating 
rom the supply 's ac-line leads. I EMI- 

tered the supply s leads with good success 
(We need beter, RF-quicter switching sup- 
plies!) Because linear supplies generate 
Tile or no RF EMI, they are superior to 
‘switching supplies for Fixed-station use 


Overshoot is a regulated power supply 
characteristic that’s panic 
some in switching supplies. 
из when а regulator responds too slowly 
10 keep its output voltage down in response 
to short-duration, high-curren loading. Ina 
50-vol switching supply, and depending on 
the Toad, overshoot transients of more than 
100 volts may result. I've seen overshoot 
destroy expensive transistors! The SSKW. 
Supply must be able to safely handle the 
Power supply demand that occurs 


%%%, The Селта! States write-up 


includes SSKW performance graphs and spectrograms in addition lo a diagram of tho amis relay control ccu. 


during SSB and CW transmission. 

Power-supply RE sensitivity is another 
consideration, Some power supplies are sen- 
sitive to RE. Their output voltages may vary 
with the presence and amplitude of RF on 
their input and output leads. The SSKW's 
supply must be free of such effects 


Hints and Kinks. 
Be careful when applying de to the 


amplifier for the first time, Do not use à 
high-curren supply for initial tests, Use a 
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‘Two Motorola MRF154 RF power MOSFETS in push-pull make 
the SSKW perk, A 20 walt wicker drves the ampli o full 
output. ampiir photos by Kirk Kleinschmidt: NTOZ) 


Without is two 24-vol fans, the SSKW heat sink and spre 
‘would have lo be mach arger. 


luggage weight the SSKW ampiler conserves can bo put to 


"Uf 2 maler moonbounce ger 


, the author completed 20 EME contacts-—Morocco's first 
ber 1991. On the same trip, the SSK performed Ike а 
rough 800 contacts ih 56 counties on 6 meters 


limited, 3- or 4-ampere supply to 
the regulator and set the bias, The 
fer should have а reverse polarity 
tion diode rated at a voltage appro- 


ke sure that you have à S0-ahm load 
be amplifier output. The bias circuitry 
ol act correctly if there is no load. 
increase drive, Watch the output 
= andthe current drain to make sure 
ein line with efficiency. I the input 
ehis bad, check C7 and C3. I the an. 
does not achieve its efficiency capo- 
RF that doesn't make it to the load 
ley to leave via the de input line. This 
ше C12 to explode off of the under- 
the board. Also, under normal op- 
the singe unit Motorola specifies 
Cl can barely handle the RF current 
rough n. recommend paral- 
0b ton 0.05- or 0. 1-uF chip capaci: 
а ясай of using a single 0.1-4 Chip 
problemis difficult to analyze because 
jon the underside of the board. 
mentioned earlier, the SSKW's bias 
(may have to be tailored to the 
MRFIS45 used. One thing not 
ed on the schematics is the addi- 
ofan Arco 365 variable capacitor (C15 
Fig I) across C14 to cancel some of the 


inductive reactance in the output trans- 
former at 6 meters. 


Performance 

Witha S0-volt power supply, the SSKW 
‘can produce over 1.1 kW from 21054 MHz. 
‘AL this power level, the MOSFETs! drain 
current runs at around 40 amperes, depend. 
ing on the operating frequency. Table 1 
shows amplifier performance data taken at 
six different frequencies, The SSKW can 
produce up to 1.5 kW below 30 MHz. 

Especially below 30 MHz, the SSKW's 
harmonic output rises with output power. It 
may be possible to use only four low-pass 
filters to cover the 2 to $4 MHz range if a 
Second harmonic of -40 B can be tolerated. 
Since the transistors operate in Push pull the 
second harmonie is usually not a problem. 

Without its 5-08 input pad and operat- 
ing with a 50-volt supply, e amplifier ex 
hibits an input SWR of less than 2:1 de. 
ferred o S0 ohms) throughout its frequency 
range. Only below S MHz does its input 
SWR exceed 16:1. Inserting the 5-dB pad 
‘adds 10 dB of return loss and Keeps the 
input SWR below 1.3-1 through the 
amplifiers operating range. I have not yet 
— two-tone, 
thirdorder IMD performance. 


[Table 1 
SSKW Performance Versus Frequency 
Drive Power 
Freg Power Output lp Gain Elliciency input Vo. 
н) (Wm 00 (M B CU ^ SMA 
2 245 1000 391 161512141 50 
4 210 1000 934 168 599 139 50 
s 171000 324 168 599 139 50 
15 165 1000 323 177 619 19% 50 
30 195 1000 415 171 4820 187 50 
5o 29 1000 307 154 504 151 50 
Final Notes 


For tow, 1 can say that my goal of u 
compact, lightweight amplifier capable of 
at least | KW output is a reality. The SSKW 
has served me well in its intended 
DXpeditionary application. Nonetheless, 
"he amplifier in its present form is still ex. 
perimental. Before the SSKW could be 
acceptable for general use, output filtering 
and failureproof protection circuitry would 
have tobe added. The next generation ison 
its way, The next project? Use the same 50. 
volt supply with power FETS ca 
covering 144 10 432 MHZ, and build it into 
A similar package! 
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By Jerry Pittenger, KBRA 


An All-Band, 1500-Watt- 
Output 8877 Linear 
Amplifier 


full-legal-limit output, can be built at home. It is, 
however, a major project requiring dedication 


is article is the result of a 10-month 

project o build a legal-limit linear am- 
plier. The amplifier uses the popular 
EIMAC 8877 (3CXIS00AT) high-mu 
power triode that can provide a continuous 
RF output of 1500 W to the antenna, 

In recent years, I have built several dif- 
ferent linear amplifiers, and 1 must admit 
that this previous experience was neces 
Sary o obtain the results achieved with this 
project." I hope ún by sharing this expe. 
fence, others Will benefit from iu. Any 
amplifier design depends on the various 
components used and individual prefer- 
ences. Therefore, you may not want. orbe 
Able- ҷо duplicate this amplifier exactly 

"The comment receive most often from 
the amateur fraternity is about the high cost 
to build an amplifier like this. The criticism 
is valid. This amplifier is not inexpensive 
10 build. Plan o spend from $1000 to $1200 
for the RF deck, and another $500 to $600 
оп the power supply. If you really think 
about it though, these costs are a bargain 
when you consider the performance and 
quality of the final product and the cost of 
n equivalent commercial unit. 

This article is presented in two parts. In 
this рап, I will describe the RE deck and 
power supply in general terms. Schematic 
iagrants and parts considerations are in- 
cluded, Part 2 gives detailed instructions 
for constructing the two units and consid 
erations for the final testing and operation 


Preliminary Thoughts 
Finding Parts 
Finding parts can be a big task. Even the 


most difficult parts to find, such as the 
Vacuum variable capacitors, vacuum relays 
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and commitment. 


Table 1 
Recommended Tools 
ог aril fixture (wih set of 


+ Band saw capable of cuting Vine 
+ Chassis punches fa. cen to 1 inch) 
© Fly cutter, 2inch radius. 
MS 
Set ot taps 
2 Common hanstools (screwdrivers, 
‘lies, soldering iron ала gun) 
+ Voltohmmeter 
+ Variable power supply (5-28 V, 1 A) 
+ Dip oscilator 


and door-knob capacitors are available, 
however, and appear for sale in the ade 
(QST Ham-ads and the Yellow Sheets), or 
at hamfests and Mea markets. Probably the 
Best source of pars is other hams who are 
actively building equipment. Go talk to 
these people and let them know what you 
are looking for. I's amazing how others 
will help, and even let you into their per 
Sonal stores. There ace people, like myself, 
‘who like to build amplifiers. Once you an 
who these individuals are, keep in touch 
‘with them. They can help find the key parts: 

Parts that are not available in the sue 
plus market can be purchased new. This 
wil be necessary for some pars, such a 


Top interior view of the 8877 linear amplifier RIF deck. 


ele. Just remember that when you 
new commercial amplifier, vou pay 
price for every component. 


dassortment of hand tools, as well 

power ool, are necessary to com. 

is project. Table 1 shows the tools I 

homend.In particular, recommend that 

press nd band saw be available, You 

he job without all of the tools listed, 
job will be much more difficult. 


is probably the most valuable re- 
formost of us, and hc one that may 

1o find, This project took well 

150 hours to complete. The key is to 
Fight, and not hurry. Build the 

ina place where you can leave 

шн о e table and walk away. Plan 
sep and build in discrete modules 
ln oar or so whenever possible, and 
Est, but surely, the modules will take 
ris amazing how much you can 

hab using these small time seg. 

Also, great strides can be made on 
ray ог а Sunday. Commitment and 
pey are the virtues required to fin- 


Deck Circuit Description 

RF deck is designed to be а table- 
see title photo). The power supply 
Лу controlled and can be located 
anywhere. The amplifier design 
fon proven circuitry. Included ae al 
required to provide а clean signal 
yell as adequate protection devices for 
met oeramic 8877 tube 


'Creuity 
Fi 2 hows the schematic diagram for 


theamplifier control circuitry and low-volt- 
age power supply. The 117-У ac input from 
the high-voltage power supply enters the 
RF deck through a S-conductor intercon- 
necting control cable. Each control line is 
terminated in а pi-seetion filter as it enters 
the RF deck, to prevent RF from getting 
into the control cable and power suppl. 
The pisection filters are constructed as an 
independent module. 

The amplifier is powered up by the FIL, 
ON/OFF switch, ST. Engaging SI turns on 
the blower, filament power and 26-V de 
power supply. The current inrush to the 
tube is limited by Ri, in series with the fila 
ment transformer primary. After approxi- 
mately I second, KI energizes and KIA 
Shorts Ri thus providing fll filament volt 
age tothe tube, The KT delay is controlled 
by R2 and CI across the relay coil. R3, in 
Series with the otber leg of the filament 
transformer primery, is adjusted to provide 
the proper filament voltage (4.85 V ac) to 
the tube under load 

"The 8877 requires a 3-minute warmup 
period to reach proper operating tempera- 
ture, A solid-state timing circuit, formed 
by QI and Q2, locks the amplifier out of 
operation until the warmup period has 
elapsed When the 26 V de comes on, C2 
charges through the 500-kilobm time- 
delay adjust and [.2-megohm resistors. QI 
эла Q2 form a high-impedance Darlington 
circuit, and the emitter of Q follows the 
Voltage rise on C2. The high-impedance 
Darlington circuit is required to prevent the 
capacitor charge from draining through the 
transistors. Afer approximately three min- 
utes, the potential at the emitter of Q2 
reaches 18 V at which point the PDT re- 
lay. K2, engages. K2A applies 26 V de to 
the K2 relay сой, removing the relay cur- 
rent load from Q2. The voltage also tums 
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оп the TIME pilot ight located on the am- 
plifier from panel to indicate that the 
warmup period is over. The sane line also 
applies 26 V de to S2B of the НУ ОХ push- 
button switch, which, when engaged, sends 
26 V de to the RF inpuvontpat relay cir 
cuits. K2B connects а 100-kilohm resistor 
across C2 to drain the charge from C2. This 
resets the 3-minute timer should the ampli- 
Fier be turned off and immediately back on. 

K2C and K2D ate wired in parallel and 
apply 117 V ac to HV-ON switch S2A to 
energize the high-voltage power supply. 
‘The high-voltage power supply can't be 
turned оп even if the HV-ON switch is 
engaged until sher the 3-minute warmup 
period has ended. IN/OUT switch $3 al- 
Jows the amplifier о be put in the standby 
mode with the amplifier turned оп, Both 
HY-ON and IN/OUT front-panel push-but 
ton switches must be engaged to key the 
amplifier, thereby making it impossible to 
operate the amplifier without high voltage 
on the tube. 

The amplifier is keyed by grounding the 
base of Q3 through the exciter TR-relay 
contact. A transistor is used to limit the 
Current switched by the exciter VOX 
‘This avoids a potential problem if the ex- 
citer VOX relay sparks on closure, which 
could damage the relay contacts. The "grid 
trip” break in the relay line causes the 
lays to drop out if the grid trip circuit actu- 
ates from too much grid current (approxi 
mately 120 mA), During normal operation, 
the grid tip break is shorted by а normally 
closed set of contacts on K3 (see Fig 3) 

"When the amplifier is keyed, the output 
ЕР relay must be closed before drive is 
applied tothe tube otherwise the tube will 
transmit for a brief period without а 50- 
‘ohm antenna load. This would not only be 
harmful to the tube, but also cause the pid 
"rip circuit to actuate. Therefore, a timing. 
cireuit, comprised of a 50-ohm resistor and 
100-~iF capacitor, is included across the RF 
input relay K4 to allow vacuum relay KS 
time to close. The capacitor value depends 
on the relay used. Do not make the delay 
too long, since during the delay time, the 
exciter does not have a proper S0.ohm load. 
Check the time delay by placing a low volt 
age across the relay contacts and monitor 
ing the contact closure on a dual-race 
scope. I used a delay of about 20 ms. 


RF Amplifier Circuit Design 

"The RF amplifier circuit is shown in Fig 
3. The amplifier uses tuned input network 
to minimize distortion products and provide 
a proper impedance match between the cx- 
ier and the tube. The input network is re- 
motely switched, using small DPDT relays, 
to connect the correct pi-section for the se- 
lected hand. A homemade switch deck is 
mounted on the band-switch shaft, in front 
Of he subpanel, to ground the 12-V de line 
Tor the proper input relay as selected by the 
‘main band switch. On 160 meters, the switch 
also controls a solenoid relay to add a 160- 
pF capacitance in parallel with the TUNE 
Vacuum variable capacitor 
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An effective ALC circuit, adjustable 
from а front panel control, is included to 
aveid overdriving the tube. This feature is 
essential m this amplifier because the drive 
requirement is ому about 80 W for 1500: 
W output, The ALC resit samples the RF 
drive level through a 27-pF mica capacitor 
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to generate a de voltage that is fed back to 
the exciter for drive-power control. 

The grid-trip-protection Circuit shuts 
down the amplifier if grid current exceeds 
120 mA. This protects the tube from tuning 
errors or other problems such às losing the 
Antena, or a tube flashover during opera 


Fig 2—Ampifier control circuit and іон 

уаде power-supply schematic diagram. 

Part nurmaars shown in parentheses are 

Radio Shack 

B—Blower, Dayton 400041 

Di-Dé~Dlode, 1 KV, 25А. 

Fo—Fomte bead, 

К1-ка—ррт 24 ас roly, 

Potter а Brumfield KUST, 

KS SPOT vacuum тову, 26-V de colt 

91702213053 NEN transistor 

QS IPSI NPN transistor (276-2017) 

Ri—25 û 20 W. 

F2—1500,2W. 

F325 0. do W variable. 

ce шта no. 14 enam wire on Jin- 
‘am lere rod 

S153. Alca 16TL5-11 SPST. 

S2 Aco 16TL5-22 ОРОТ. 

S4— Alco 1672 plot ight 

Ti Flament vanslormer, $0 V ac, 10 A, 
Peter Dahl Co, 

7226.2 V ac, 1.0 A, Stancor P8469. 
ESO, 4-A bridge recor. 


tion, Although grid current flows through 
all paths from ground to the В Toe, most 
Of the grid current goes through RI, The 
current passing through RI develops a volt 
age drop. For example, if 100 mA of grid 
current is drawn through RI, I volt is devel- 
oped (E = IR 0.100 x 10) This voltage is 
used to turn on ihe transistor switch, Qi 
When Qi turns on, the grid-trip relay. K3, 
energizes and opens the grid trip break in 
the RF relay control line to shut the ampli 
fier down: R2 sets the current level at which 
Qi turns оп. The front-panel GRID TRIP 
lamp goes ош ifthe trip circuits activated, 
‘The switch is reset by pressing S3. 

"The plate tank circuit uses а pi-L con 
figuration because this design provides 
approximately 20-4B better harmonic sup: 
pression than the conventional pi design. 
The TUNE and LOAD capacitors are 
vacuum variable types to minimize space. 
requirements and also optimize perfor 
mance on 12 and 10 meters where small 
Capacitance values are needed to achieve 
an acceptable tank circuit Q. The 10-1040. 
meter tank сой is homemade from W-inch 
copper tubing that is silver plated to mini 
mize skin resistance. The SD-meter, 160. 
meter and L-coils are toroid designs to 
minimize space. Using à toroid for the L 
сой also helps isolate the L network from 
The rest of the tank circuit because of the 
Voroid's self-shielding characteristits. 

“Metering circuits monitor plate and grid 
current, as well as filament voltage, Plate 
current is monitored by placing а meter in 
series with the В — line. Therefore, only 4 
small de voltage is across the meter. Ал 
additional poston can be included on the 
FIL/GRID meter for plate voltage, but one 
is not shown in this design because a sepa- 
тие high-voltage meter is included in the 
power supply. И would be a good idea to 
include a high-voltage scale on the meter 
in case the RF deck is ever used with a 
ferent highvoltage supply. Grid curent is 
monitored by measuring the voltage drop 
across RI, R3 is adjusted to give the cor 
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|9-RF amplifier schematic diagram (see Part В on next page). 


variable capacitor, 375 pF, 10 kv, RECS—Choke, 1 mH, 800 mA. 


BECA 110 tuns no. 20 enam wire on "in dam fiber rod. 

RECS Flament choke, 18 Бат turn no. 14 enam wire on 
"fei diam ferrite rod, ê Inches long 

PC Three 150-ohm. 2.0 carbon resistors in parallel with 2inch 
horseshoe loop of -nch silver plated strap: 

LTAS Soe Table 2. 

MIM2- Simson Wide-Vuo panel mter, 01253 bezel and 01165 
Tighting kit (See tex) 

5779 position, 2-pole switch, Radio Switch model 88, 19V, 
EX 


922 Solenoid солио switch; see tex. 


SS- SPST normally closed momentary switch, Асо 16TL-11 with 
'ST red lans. 


сараа 
transmitting capacitor, 100 pF. 
ansmttng capacitor 3 x 400 pF. 5 kV. 
vacuum capacitor, 2 x 80 pF, 20 КУ. 
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Fig 38—see previous page. 


rect gridcusrent meter reading. Filament 
Voltage is measured by converting the ac 
voltage to de and displaying the de voltage 
‘on M2, The 3.1-V Zener diode expands the 
meter scale by not allowing conduction 
until the voltage reaches 3.1 V. 

A vacuum relay isused forthe amplifier 
‘ouput: The relay is small in size, quiet and 
capable of handling large RF currents. 


ВЕ Deck Parts Selection 

Finding all the parts for the RE deck is 
а major task. If you are planning to build 
an amplifier begin collecting parts as soon 
as possible. It is the first step because the 
Physical layout of the amplifier will de- 
pend on the components available, Don't 
try to exactly duplicate the components 1 
used. For example, vacuum variable ca 
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pacitors come in many different shapes and 
Sizes, with different mounting provisions 
Actually, the parts you find may be bette 
‘than the parts used in my RE deck, As an 
example, à 1500-9 vacuum variable 
LOAD capacitor woui be much better 
than the 1000-pF unit used. Therefore, use 
whatever resources you have available to 
acquire the parts But a word of caution! 
Do not compromise too much when gath- 
ering components. If you cannot find what 
You need оп the surplus market, buy the 
parts new. It may cost a little more, but if 
{he project is not done right, you will never 
Be happy with the final result 


Vacuum Variable Capacitors 
Vacuum variable capacitors е often 
difficult to locate at reasnable prices. Plan 


to spend about $50 for the TUNE capa 
and $75 to $100 for the LOAD capacitor 
vacuum capacitors are used, The TUNE 
Capacitor should be at least 300 pF at 7 kV, 
‘and the LOAD capacitor should be at least 
1000 pF at 3 kV. 

An air variable capacitor can be used 
forthe LOAD control if desired. The mini 
mum capacitance for the LOAD capacitor 
is 112 př for 10 meters, which is not diff 
Cult to obtain with an si variable type. A 
rating of 1 КҮ, minimum, is recommended. 
However, it is a different story for Me 
TUNE capacitor. The minimum required 
capacitance is 26 pF. The direct interelec- 
trode capacitance of the 8877 tube in 
grounded-prid service is 10 pF; therefore, 
the TUNE capacitor must have а minimum 

ıf not more than 16 pF tor 10 meters. 
"This is nearly impossible with а 300-PF 
air variable. In addition, the voltage re 
quirements for the TUNE capacitor make 
any air variable rather large. For have rea- 
sons, а vacuum variable is recommended 
for the TUNE capacitor 


Motors 

iood-quality meters with bezel are es- 
sential for good appearance. The Simpson 
Wide Vue meter used were purchased 
ata beten The bezels were ordered 
rectly from Simpson because they seldom. 
appear on the surplus market, Actually, al- 
most any meter movement can be ved, so 
don't pass up à good meter just because it 
reads 50 V or 100 mA on the scale. Any 
meter with a movement from 100 HA to 
Sima can be used, This allows use of ap- 
proximately 90% of the meters available on 
{he Surplus market. will give instructions 
later for calibrating any meter to read what- 
ever current ts voltage is required. 


RF Band Switch 
Good RF band switches are very diffi- 
cult to locate, More problems are exper 
enced with arcing band switches han with 
any other amplifier component. If the band 
switch selected has insufficient voltage in- 
ulation, i will are to the wiper rotor on the 
high-impedance 10-meter position when 
operating on the lower frequency bands, 1 
obtained the band switch lor my amplifier 
from Radio Switch Cos) The model 88 
switch is a 2-pole, 9-position urit with a 13- 
КУ peak lashoverr30-A contact rating. This 
switch will not are! Is list price js currently 
$107, and itis well worth the money! 


Miscellaneous Parts and Materials 

Many of the small parts (capacitors, re- 
lays and resistors) can be purchased at 
Radio Shack, Their parts selection is goo 
and continues to inerease. You can usually 
finda sore around the corner in almost any 
city. Pioneer Electronics is also а good 
Source for commercial grade components? 
Good-quality PC-board material can be 
found at almost any hamfest. Don't com- 
promise here- use GIO plas epoxy board, 
‘As for coils? Make them. Complete "how 
io instructions are given later 


Pg —High-vottage power supply top interior view. 


otage Power Supply Circuit 
Homage ply 
1 tey to mimo duy in a Wigh 
eri amplifiers the power supp 
be abl 1 deliver the required voi. 
tad curent on a continuous basis 
supplies are usually the limiting. 
in тті linear amplifiers. 
Ажоо OF CAUTION 15 IN ORDER. 
is a very dangerous piece 
pment Give it proper respect. One 
can be fatal. Use proper preca. 
ia he construction and esting ofthis 
Band be careful to bald a safe unt 
[commend that the power supply be 
fis. The construction is ot complex 
ean serve as a training ground for 
fer building techniques particularly 
fée hn ime builder 


Supply Design 
"Tie power supply is shown in Fig 4, 
biie schematic diagram is shown in Fig 
Bypersil power transformer has а. 
IV эс primary, and a 3300. ас sec- 
that is tapped at 2600 V. This se 
Gon of о output voltages allows for a 
end lowpower capability, An alter 
to this approach is to include a 
'or Powerstat® autotransformer 
апное primary. 
The primary circuit of бе power trans- 
Includes а step-start circuit to pro 
"We diode bank during the initial 
of CI, the 53-UF filter capacitor. 
ea be power supply is turned on. Two 
m, 25-W resistors, one in each leg of 
máry, ar shorted by time-delayed 
s approximately 3 to 4 seconds after 
fon of power, The more current 
through the resistors at start up. the 
re voltage drop realized and this, ln 
ве diode bank. The delay is 
ed by the time constant of he 500- 
resistor and 100-uF capacitor, The 
ил must be dc types. Those I used have 
ч coils which allows power to be 
ld from one 117-V leg of the pri- 


mary. 1f90-V relays can't be obtained, 24- 
Y de relays can be substituted. А 24-V de 
power source must be provided if this is 
done. 

The rectifier unit is a full-wave bridge 
with eight diodes in each leg. A 470 
Kilohmn resistor and a 001 р, I-kV ca- 
pacitor are wired in parallel wiih each di 
ode to equalize the voltage and protect the 
diodes from voltage spikes 

The power supply is controlled re- 
motely from the RF deck. A tes itch has 
been incorporated to allow the supply to 
be energized without the RF deck. A 
shorted Cinch-Jones plug must be inserted 
into a socket in the rear of the supply for 
test switch S1 to operate. 

Two pilot lights are mounted on the 
front panel, One pilot light is on whenever 
234 V ac is present in the supply. The other 
Tights when the power supply is activated. 

A high-voltage meter is included on the 
front panel. The metering is done across а 
25-ohim, ЗДУ resistor in series with the 
bleeder" resistor. This voltage divider 
Keeps the total high voltage off the meter, 
A Sb-ohm, SO-W resistor in series with the 
high-voltage B+ circuit protects the tube 
and power supply from any current surge 
resulting from a tube flashover or other 
cause. In addition, a 0.6-ohm, 1-W resis- 
torin series with the B+ ine acts as a fuse 
resistor. A large current surge will cause 
the resistar to explode—an inexpensive 
protection device should » problem occur. 


High-Voltage Power Supply Parts 
Selection 
Transformer 

Tt is important to find a good power 
transformer that can provide the proper 
operating voltages for the tube. Remember 
that some voltage drop will occur when 
current is drawn from the transformer, The 
voltage drop depends largely onthe quality 
ofthe transformer (cose and wire size), and 
can range from 200 V to over | XV. The 
transformer should have а 234-V ac pri 
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mary. Transformers with 117-V primaries 
are usable only if wwo identical units can be 
wired in series o provide a 234-N primary. 
‘The secondaries can by wired in series or 
parallel, depending on the voltage require 
ments. Remember that the transformers 
must be identical 

"The required transformer secondary 
voltage depends on the fmal voltage 
quirement of the tube and the power-sup- 
ply circuitey. If a bridge rectifier is used, 
the power-supply high voltage will be 
Бо \ А times the secondary voltage. If a 
voltage doubler is used, the high voltage 
Will be about 2.8 times the secondary vot 
age. A voltage doubler requires two filter 
capacitors, or more, so if a single oil-filled 
filter capacitor is to be used, the design 
can't be a voltage doubler. The ARAL 
Handbook contains circuits for both types 
of power supplies." 

‘The power-handling capability of a 
transformer can usually be estimated by its 
weight. As a rule, the heavier the trans: 
former, the greater the power capability 
‘The transformer for a 1300-W, continuous- 
duty amplifier will weigh 60-80 Ib. The 
transformer used in this power supply was 
obtained from Peter Dahl Co” The hypersil 
design provides à good ratio of power co 
pability to size and weight. I have used 
Several Peter Dahl transformer designs in 
the past and found them to be of excellent 
quality and reasonably priced, 


Fiter Capacitor 

Enough filter capacitance is required to 
obtain good voltage regulation, What is 
enough? I have used as little as 18 pF and as 
much as 100 F in power supplies. The re- 
quired capacitance can be obtained with а 
Single oil-filled capacitor or with a series 
String of computer grade electolytcs. . 
thor way, I recommend at least 25 pF be 
used, with at least a 10% voltage safety ac 
tor. The filer capacitor used in this power 
Supply is a single oil-filled unit rated at 53 
NĚ at SKY de. The capacitor was obtained 
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точне capacitor. 
D1— Diode bridge rector assembly, Peter de 
D209- Diode, 1 kV, 25 A. 

ЕТЕ? Fuso, 15 A 


КТТ 2РОТ mercury plunger relay, Dayton 6508-3 
Ко к3—$РОТ relay. Potter Seer ee PRO? DYOROVOC. Misco 


ee 
S2—-Moatiod GPST swi 


Elghtpin CinchrJones connector. 


590) 
ite, Fair Radio Sales. 


ТТС Power transformer, 2000/3300. ac sec, Peter Dan! Co. 


Mi high-voltage meter, 3'lrincn Simpson Wide-Vue, 01253 elan re 1672, 
Cabinet CTS model MCLS 10-17-14 black and white, SPP 


bezel and 01165 gti КЕ. 
ZIZ2. MOV transient suppressor, 


17 V ac (276-568) 


bee n Cinch-dones socket апа plug (274201 and 274.202) 


from Peter Dahl Co, and is physically very 
small for the voltage and capacitance rating. 


Diode Bridge Rectifier 

"The full-wave, diode-bridge rectifier is 
made up with 1000-PIV diodes rated at 3 A. 
‘The unit is à commercial module sold by 
Peter Dahl Co. Each diode string is built on 
A separate glass-cpoxy board. The module 
is supplied with I-inch angle brackets on 
‘each end, but because of space restraints, 
theangle was removed and the module was 
(mounted in a vertical position using two 
Nylon bolts. 

‘Should you decide to build the rectifier 
assembly, use good-quality diodes, such as 
НЕР-170 or INS408s. Be sure to parallel 
each diode vith а 470-kilohm resistor and 
1 0.04. I-kY capacitor 


High- Voltage Switch 
"The transformer has two tps on the sec- 
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ondary to provide a high- and low-voltage 
capability. The fron panel VOLTAGE 
3600-4600 switch is fabricated from a 
position, heavy-duty ceramic switch (Ra 
dio Switch Corp pla 65). The switch detent 
nd ай but the second and fifth contacts are 
removed. New stops are fabricated from 
slas-epoxy board. Full high voltage appears 
across this Switch, and therefore, it mus be 
‘wel insulated The switch is mounted on txo 
pieces of inch Plexiglas® to provide 
inch spacing from any chassis or panel 
ground. A fiber shaft protrudes from the 
switch through the front panel, To protect 
the contacts, this switch must never be actu- 
чей when the power supply is on. 


Construction Details 

Next month, I will describe the unique 
‘construction details for building this high- 
power linear amplifier and power supply. 
În the meantime, should you be so inclined, 


T2,T3—"Translormer, 26 V ac, 300 mA (273-1286). 


'GT-4 (yellow) ала 67.2 (red lenses. 


1014 black side panels. 


get out there and find the parts! Remember 
that you should build the power supply 
first, so concentrate on those components, 
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Ап All-Band, 1500-Watt- 
Dutput 8877 Linear 
Amplifier 


Part 2—Here's what you've been waiting for: 
detailed instructions for building a 1500-W RF deck 
and power supply. 


"month described the circuitry and sistor. Using Ohm's law. 
ts required for the 8877 linear am- resistor should be appro potentiometer was used. The meter used 
erand high-voltage power supply. This (19 mA x 25 ohms/S he required originally had a 0-50 scale. The scale was 
ill cover the construction of both wattage rating oftheresistoris0.23 W (PR changed to read 0 to 5 kV. 
is The power supply construction 
lare given first. Assuming that we 
Jl he required parts in hand. we can 
Bemine the physical design ofthe power 
"To avoid costly mistakes, il ts im 
и to do adequate upfront planning 
he first hole is drified 


Supply Construction 
Selection and Labeling 
y meter with a movement from 100 
lo mA can be used for the high- volt- 
metr. This meter measures the volt 
ms the 25-ohm resistor at the 
п (B-) end of the bleeder string (see 
$ in Part 1). The more sensitive the 
f he higher the resistance setting of 
arbe L-kilobm calibration resistor. 
ling of the resistor is a simple 
Is law problem. The maximum 
supply voltage on the meter scale 
з curent equal to the meter move. 
ing to Пом through me meter, and | 1958 [| | 
give а full-scale reading. For ax. 
the maximum seule on the meter in 
ply is 5 kV de. The meter has a 
BA movement; therefore, if the supply 
ILS RV, 5 mA must flow through the 
don resistor and the meter for a 
reading. Looking at the comple 
fing, the total resistance is the 
fof the two 103-KQ bleeder resistors 
he 25-ohm resistor, or 206,025 ohms. 
SKY, approximately 24 mA (5000/ 
iS) lows through the string. The | * 
ofthe calibration resistor, therefore, 
selected to allow 5 mA through the Fig 6-—Typica computer prepared layout drawing, Some component labels have been. 
raná 19 mA through the 25-ohm re- | enlarged for logy. 


= 0005 x 0.005 x 95), and а 10, 2-W 
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103K 100 WATTS. 
SEEK 100 WATTS. 


'BLEEDER RESISTOR 
'SLEEDER RESISTOR 
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Panel/Chassis Layout 
1 do all my layouts with an Apple® 
Macintosh computer. An example of this 
layout is shown in Fig 6, A manual method 
may be used, instead. Cut ош a piece of 
poster board the size of the front panel or 
Chassis, as well as all the major compo 
nents. Shuffle the pieces until you get an 
acceptable layout. This may seem like a lot 
of extra work, but “one picture's worth 
1000 words." You will save time inthe long 
run by going through this procedure, and 
ин have to correct errore that otherwise are 
certain to occur, The panel layout should 
be symmetrical. Align switches and center 
meters. Make sure that components are 
properly spaced to accommodate the physi- 
Cal size of the parts behind the panel 
‘The computer-generated or manual lay- 
outs serve ак а guide during construction, 
But are by no means sacred. Once you start 
patting the pats in place, you probably will 
make minor changes. Go ahead and make 
the changes, but always update the docu 


Front-Panel Assembly 
You probably will not be ready to cut 
metal until you are 3 to 4 months ino the 
Project. Do the front panel first, since the 
parts locations are fixed for symmetry. 
Parts behind the front panel can be moved 
to accommodate the tont panel design 
Cover the front panel with 3-inch-wide 
masking tape, The tape not only protects 
the panel from scratches, but also provides 
A way to lay out the panel with а pencil ог 
pen. Before any holes are drilled, place all 
{he major parts in their proper place in the 
cabinet to be sure that nothing obstructs the 
arca behind the panel. Remember you have 
Only one chance. Miss and it means a new 
panel, or cabinet! 
Remove the front panel from the cabi- 
not and center punch the panel where holes 
ме to be drilled, as marked on the tape 
Carefully drill a very small hole at each 
punch mark to serve as a guide, then cut the 
holes to final size. Holes up to approxi- 
mately "a inch can be drilled with either a 
hand dell or a drill press. Holes larger than 
ны inch should be made with chassis 
pinches. The meter hole is rectangular and 
îs cut with а nibbler after drilling an access 
hole. Cut the meter hole about Уш inch 
smaller than needed and finish with a large 
file tosaighten the edges. Be careful us- 
ing the lie n ig very easy to let the file 
slip oot of the hole and make a big scratch 
inthe panel. The meter hole doesn't have to 
be perfect since а meter bezel is used 
‘After the frost panel metal work is com- 
plete, carefully remove the masking tape. 
The front panel should be labeled before 
‘mounting the components, Labeling is 
done with dey-transfor lettering available 
From art stores or Radio Shack, Apply the 
{being by laying the leer or figure on the 
panel in le proper postion and rubbing 
‘over itwith a soft pencil, The character will 
be transferred to the panel. Fa mistake is 
made, the character can be removed with 
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masking or Scotch tape. There is a 
mattefinish spray available io protect the 
lettering. | do not recommend using this 
spray. Iwill peel if bumped and does not 
work well 

"The parts can now be mounted on the 
panel. The cabling to the front panel is 
Connected through nylon multipin connec- 
tore available from Radio Shack) to allow 
casy panel removal, The sume technique is 
бей in the RF deck 


Rear-panel Assembly 

Placement of parts on the rear panel is 
not as critical as on the front panel. Atten 
tion should still be paid to symmetry, how- 
ever. I have found that it is best to mount 
near panel parts after the major paris have 
been mounted inside the cabinet, The rear 
panel is drilled and labeled ia a manner 
Similar to the front panel. The black rear 
panel requires white lettering. White let- 
tering kits are available at art supply stores 
“and some electronics supplies 

Fig 7 shows the inside rear panel of the 
power supply. The contro! and power 
Cables enter the rear panel and are routed 
directly to barrier strips. Each terminal is 
labeled for clarity. The rear panel is acces 
sible by removing the front panel and the 
transformer, И sounds like а big job, but it 
сап be accomplished in about 10 minute, 
Tris necessary to provide good strain relier 
for the cables, Immediately inside the rear 
panel, а piece of J. weh aluminum angle 
Stock is mounted, to which each cable is 
clamped. Large rubber grommets are used 


in the holes for cable protection. 


Major Chassis Assembly 
Power-supply components are extremely 
heavy and a good supporting structure is 
required. The Vicinchhick bottom cover 
supplied with the cabinet is replaced with a 
inch thick base plate to provide an ad. 
equate foundation. The heavy plate is cut to 
size on a commercial metal shear. Ater the 
transformer, relays and filter capacitor are 
mounted, rubber wheeled casters are bolted 
1othebollomso that the supply can be rolled, 
rather than carried from place to place. 

The cabinet sides are formed by two re- 
movable panels. Parts can be mounted to the 
inner panel using countersunk screws and 
then covered with the inch painted cover 
plate to provide а professional appearance 
A 'icingh-thick sheet of Plexiglas® is 
mounted above the filter capacitor to sup: 
port the high/low voltage switch, the diode 
bank and the bleeder resistors The Plexiglas 
is supported by drilled and tapped holes for 
no, 6-32 countersunk screws in the rear and 
side panel. A post of «inch aluminum bar 
Stock supports the front-left comer of the 
Plexiglas. 

The mercury-weted power relay is 
mounted on the rear panel and must be posi 
tioned vertically. Meccury-wetted relays 
haveatendency to buzzifmountedona solid 
surface. Use a rubber grommet to make а 
bushing in each mounting hole, or mount the 
relay on a rubber pad. The stepstart relays, 
K2 and K3, are also mounted on "inch: 
‘hick rubber sheet to minimize noise, 

‘Once ihe major componens are 
‘mounted, wire them together, performing as 
much testing as possible along the way 
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v 
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Fig 7—nteror view of rear panel. Nolo the mercury plunger relay mounting, Relays K2 
эла Ka are at the lower right 


nd rear-panel components are 
d and wired before hose that 
te cabivet sides and base plate. 


ру Testing 
you are satisfied that dhe power 
as ben correctly wired and care- 

kel, o have а cup of colfce and 

ales when your mind is fresh 
k the wiring one mote time. Re- 
er that this power supply can be a 
mire. One wrong move could be 


[testing of the power supply is ac- 
im three steps. Remove the 
fromthe primary ol he transformer 
geatemporary line cord with a small 
"Wlotanstormer directly from a 
EV ac ine to the primary. Turn the 117 
lowly run the variable zutotrans- 
эр. М 117 V, the power supply 
be resdiog half scale voltage, This 
that the diode bank and filter 
re correctly wired. Now is 
lime to calibrate the front-panel 
Using the variable uto-transformer, 
utp voltage ar a level that another 
(am measure accurately. For ex 
most VOMS can measure | kV. 
the calibration resistor зо thatthe 
nel meter reads the same as the 


secondtes checks the primary 24-V 
With the 234-V lines still dis- 
8 from the primary. plug the 
py line cord imo à 234-V 
Remember that the shorted two- 
a plug must be inserted into the rear- 
socket. Turn the power supply on 
ihe test switch and listen for a 3- 104. 
lime delay forthe step-start relays. 
that 234 V appears across the two 
disconnected from the primary. 
Te final ts is to ry the entice power 
у wilh 234 V applied to the primary 
ke high- and low-voltage indica 
on the front-pane! meter. 


pply Performance 
design results in a husky supply that 
about 4.6 kV and 3.8 kV (no load) 
gh: and low-voltage positions, te- 

In either position the power чир. 
ps less than 400 V under full load, 
e performance you need to achieve 

у and good linearity. 


Construction. 
physical design ol the RF deck re- 
planning long before construction 
‘Again, 1 used the Macintosh com- 
for my initial "paper design, 
process can be done using paper and 
ei The importan thing sto lay out the 
br components so (hat everything fils 
ly before starting to drill holes and 
{etal You must have all the major com- 
ls in hand before doing the physical 
so you know what you have to work 


Fig $ shows the scaled Macintosh de- 
fs for the front, top and bottom views of 
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ig 8— Scala layouts of the RE deck koni, p and Boom views, as prepared on the 


Macintosh computer. Some component labels have been enlarged or иу ыу. 
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"he amplifier. It is necessary to match the 
designs so that the font-panel controls end 
up at the right place on the panel, Every- 
thing must be drawn o scule to obtain the 
relaive positions of the components. 
When designing the bottom and top lay 
outs, only the major circule boards and 
components like the grid trip, input net- 
work, low-voltage power supply. coils, 
Capacitors and filament transformer arc 
considered, The smaller components cun 
be fined in later, I is important that the. 
unit be designed with maintainability in 
mind. Every component, large and small, 
must be accessible alter the unit is com- 
pleted, The amplifier was constructed in 
the following steps. Each major step is dis- 
cussed in more detail later 

© Fabricate, build and test all printed 
circuit boards or the RF deck 

+ Con ape holes in the front panel 

* Perform the major metal work on the 
subpanet and chassis plate 

+ Mount the vacuum capacitors and 
band switch o the subpanel. 

* Mount the PC boards, filament trans 
former and tube socket to the chassis plate 

уйре and test the under-chassis con- 
trol circus 

+ Fabricate and install the RF tank ci 

* Label and calibrate meters. 

* Complete the front panel and mate it 
to the chassis and cabinet 

+ System test the amplifier with the 
power supply 


Printed-Circut Board Fabrication 

Making PC boards can be tedious, bur 
with a little practice, good results can be 
biained. Grouping interconnected circuits 
on the same PC board minimizes the cable 
harness between modules in the amplifier 
їп this design, nine PC board modules are 
required 
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Fig 9— Things don’ always work out. Three attompts were mado to Tabrcato tha ori ip 
amd bias PC board. The good board at lefi was subsoquenty damaged, requiring a 


Tour от 


Board Size 


Y) taput network. 4X6 
2) Low-voltage power supply and timer 
circuit axe 


3) Gridarip and bias circuit "x6 
4) Switch bank harness interface to front 
panel TX 
$) Filament step-start circuit 2 x 37. 
©) RF input/output relay timing circuit 

E 
7) Line filters for control cable and 
blower Vy x Sle" 
8) Fslament-voltage-meter circuit 
Tye" 2" 
9) ALC circuit [E 


All boards, escept tas. 4, 7, 8 and 9, are 
mounted on ch channel to the chassis 
Plate. Therefore, the PC board layouts in- 
lude a ground strip on the edges of each 
board to mount the boards to the channel 

The Macintosh computer, with a soft- 
ware package called "Draw," was used io 
lay our te crest boards. The design of PC 
boards with the computer is beyond the 


scope of this article. PC boards can also be 
laid out using pencil and paper. Once the 
design is 158 out ta seale, the layout must 
be transferred to the board. First wash the 
board with a mild detergent о remove all 
grease and dit. Using tape and special dry 
transtees (Radio Shack p/n 276-1577), copy 
the design onto the board, The transfer are 
not exact, and the hand drawing only serves 
Aa guide Suhmarge the boot into an eteh- 
ing solution to remove the exposed copper, 

Толе ferric-chloride etchant, A Flood lamp 
over the etching tray warms the solution and 
speeds the etching process, Agitate the volu- 
tion occasionally. The final result should be 
A nicely etched board ready for drilling the 
holes fec mounting parts. Believe me, how 

ever, it doesn't always go as planned. 

Fig 9 shows three tries at making the 
grid-irip and bias board. Actually the third 
Board, on the left, was damaged, and a 
Fourth was necessary, However, once you 
get the hang of it, i usally goes well 

After etching the board, polish it with 


Fig TI Sebpanl installation in tho cabinet. Note positon of 

chassis plato. vacuum variable capacnors and бапа sw 

Aluminum ange чо used to mount the subpanel 1 ho 
S plate and cabinet sides, 


stel wool and drill the component 
ing holes with a small dell, Use dry 
to bel the connections required 
the board, before mounting puris This 
avoid wiring mistakes when the wir- 
installed. Finally. mount and 
he components onto the board. 
fest each board as much as possible 
final assembly. For example, Fig 10 
the input network being tested by 
ing up coaxial cable and running 100 
ke each section into а 50 ohm 
my load. The coils were adjusted at 
ne to give a flat 1:1 SWR. A power 
is needed to energize the relay for 
len being tuned 


nel Fabrication 
the font panel with masking tape 
teet it from scratches, and mark the 
fing positions of the components, 
your time with this step since itis 
[to recover if an стог is made. Mark 
front panel where the holes are to be cut 
мећу drill а small pilot hole fo: 
by the correct hole size. The holes 
the band switch, capacitor control 
TALC control and lter switch 
"rich diameter and can be mado with 
lar dill bit. The holes for the power 
з ме inch diameter and require 
i panch. The meter. mounting holes 
Vbi most difficult o make. The rectan 
Cutouts are marked about inch 
than required te protect against 
ing Use а nibbler to cut the holes 
lly hen file them the exact size of 
meer bezels. Be careful that the file 
Tt slip and serch the panel (disa 
Using a large file will help avoid this 


recommend doing all the front panel 
оф at one time to ensure proper 
fent layout. When the metal work is 
дне. leave the masking tape on the 
for protection us u will bo used as a 

чө locate the parts mounted be 
фе front panel. 


is and Subpanel Metal Work 
amplifier design has very tite 
ork tat requires more than a hack- 
anda file, The chassis plate was pur- 
with the cabinet, The only other 
cep for front and rear panels isthe 
hat mounts perpendicular o the 
plate, and 3 inches behind the front 
The subpancl shields me meter com 
fom RF and sers as a mounting 
A vacuum capaci 
and 30 mete toroid col 

"Te chassis e mounted 39 inches from 
"tors of the cabinet to allow room 
the chassis plate or the filament 
шег. Therefore, the subpanel is cut 
foe I inches, Referring to Fig 11 
h aluminum angle is attached with 
оаа edge ofthe subpanel to pro- 
з mounting flange to the chassis plate 
сазы side walls. The top piece of 
stock provides a mounting surface 
fa piece of gold-plated finger stock that 


seals the subpanel to the cabinet top plate. 

Two large holes are required, A -inch 
diameter hole is required in the chasis plate 
for the tube socket. А S-inch-dlameter hole 
is cut in the cabinet top plate and aligned 
directly above the tube socket 10 vent the 
sir flowing from the tube and chimney. Use 
а large fly-cuter. available at most hard 
yarestores For safety, the fly-cuner should 
be used only on a drill press never witha 
hand drill. Therefore, If you don't have à 
drill press, find a friend who has one. Be- 
fore cutting the large holes, use Sinch 
masking tape o cover the chassis ріне and 
top panel to mark where dhe holes are to be 
drilled, and 10 protect the surfaces, For 
Safety. clamp the panels omo a board and 
the base of the drill press before drilling. 

Cut a piece of perforated aluminum 
stock to be slightly larger than the hole in 
{he cabinet top panel. Ceap the perforated 
‘metal well, and spray with paint to match 
the cabinet color. Fasten the perforated 
piece to the inside top panel with several 
Small countersunk screws painted to match 
the cabinet, 


‘Mounting Vacuum Variable Capacitors 
and Band Switch 

The vacuum variable capacitors and 
band switeh are mounted to the subpanel. 
but their control shafts must be aligned with 
the ront panel design. Allow enough sack 
m the positioning of these components to 
perform precise alignment with the front- 
Panel hořos when the front panel is in- 
Stalled, To mark the hole postions оп the 
Subpazel, slide the subpanel against the 
rear of the front panel while both the front 
panel and chassis plate are bolted into place 
{nthe cabinet. Cover the subpanel with 
masking tape and mark the exact centers of 


the holes for the components. Drill the two 
holes in the subpanel for the vacuum vari- 
able capacitors with hole saws. Mount the 
vacuum variable capacitors and band 
switch on the subpanel. 


‘Mounting Major Components to the 
Chassis Plate 

‘The major components (PC boards, fila 
ment transformer and tube socket) ate 
mounted toihe chassis plate as shown in 
Fig 12. The PC boards are first mounted to 
"pinch aluminum channel using sheet- 
metal screws for easy removal. Cover the 
bottom oí the chassis plate with masking 
tápe Position and mark the PC boards, fila- 
ment transformer and tube socket accord. 
ing tothe planned physical layout Drill the. 
mounting holes in the chassis plate, then 
redrill the holes from the top with a coun 
tersink bit to allow flat head countersunk 
screws to be used for mounting. This re- 
tains the flat surface on top of the chassis 
plate. With the finch channels on the PC 
Boards, mark the hole positions on the bt 
тот of cach channel with a pencil, using 
the predriledchassis-plate mounting holes 
эз а template, Remove the channels from 
the PC boards, mount the channels on the 
chassis plate, and remount the PC boards 
fon the channels 


Under-Chassis Wiring 
‘Complete the under-chassis wiring, ac- 
cording to the schematic diagram, using 
‘Teflon insulated wire. The nylon cor 
rectors near the front of the chassis con: 
nect to the front-panel power switches, the 
ALC potentiometer and the multimeter 
switch. This allpws the front panel to be 
easily removed for rear-panel access. The 
Smal board in the front center of the chas- 


Fig 12: вонот view of he RF deck showing placement of PC beards, transformer and 
tubo socket 
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sis provides an easy way to mate the 12-pin 
nylon connector going to the power 
Switches with the wiring haraesses under 
‘he chassis plate (see Fig 13), When mak- 
ing the PC boards, try to put all the connec- 
tions to the board on one side, This allows 
access to the boards for maintenance with 
out removing the wiring. Just unscrew (he 
Board from the channel and fold the board 
p 

Fach wire is labeled at each end with 
numbered tags, because the Teflon wire 
used is mostly the same color, А version ol 
the schematic diagram was maintained 
‘withthe wire numbers noted for easy wire 
tracing, The final wiring is cabled into har 
nesses with plastic cable ties. Don't be 
afraid to use plenty of ties, but at first only 
put a tie every inch or two. The ties will 
Undoubtedly be cut several times during 
wiring to putin missing wires that are over 
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Fig 13- Bottom view of the AF deck showing hamess wiring in place. 


Fig 14Plate tank coil set. Above: the various coils of the tank 
circuit. Rig he L toro mounted onthe rear ofthe band switch 


looked. When all wiring is complete and 
tested, put a cable tie every Y inch on the 
major harnesses 


Amplifier Tank Circuit 

"The plate tank-coil set is shown in Fig 
14. Before making the coils, detennine the 
tankeircuit parameters Tor the given tubo 
plate impedance. The plate impedance can 
be determined from Eg I 


Plate impedance = plate voltage (1.57 x 
plate current) (Eq) 


Assuming the amplifier runs at 60% 
efficiency, the input power required for 
1500-W output is approximately 2500 W. 
‘with 3200 V on the 8877 plat, plate eur- 
rent will be approximately 781 mA. From 
Eg I, a tank circuit designed for approxi- 
mately 2600 ohms is appropriate. А table 


‘of pi-L network component values is con- 
tained in МОГЫ article, and the values 
used in this amplifier are summarized in 
Table 2." 

The 80- and 160-meter coils are wound 
on an assembly of three T225.2 toroid 
cores taped together with Scotch no. 27 
lass cloth tape. Use plenty of tape to pro- 
Vide good voltage insulation Irom the 
cores. The SO-meter сой is wound with 11 
turas of no, 10 wire covered with Teflon 
мемар The 160-moter сой is wound with 
19 turns of no. 12 wire, also covered with 
“Teflon sleeving. The cores of both coils are 
mounted from | to 2 inches Irom the 
‘mounting wall on ceramic insulators. Each 
evil is sandwiched between two pieces of 
fiberglass material held together by ce- 
ramie standoff running through the middle 
Of each toroid (ce Fig 15). Wind а coils 
in the same direction (clockwise or coun- 

relockwise), to avoid а “bucking” action 
between coils 

‘The 10- through 40-meter сой is made 
from inch soft copper relrigerator tub- 
ing. Clean the tubing using line steel wool 
(000) шй the surface is smooth and bright 
Use a piece of pipe with an OD equal to ihe 
desired сой ID and carefully wind the cop- 
per tubing around the pipe. Afer the smaller 
diameter part of the coil has been wound, 
change the pipe to a larger diameter, and 
Wind the larger part of the сой. The induc- 
tance ofthe сой can be easily checked using 
а known fixed-mica capacitor with Jow in 
ternal inductance and a dip meter, After 
determining the resonant frequency. calcu 
Tate the inductance using Eq 2. 


Inductance = lé л PC)  Е 


Always wind the inductor with a fe 
extra йит and then remove turns until the 
esed inductance is achieved. The induc- 
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ies long, 10m tap at 3 turns. 
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Network Design Parameters (See Fig 3, Part 1) 


|L 1012 meters —6 turns ‘einen silver-plated copper tubing, 2 fes outside diameter, 


дате. 4 inches long, Tm tap al 2 turns, 20-0 tap at 4 turns, 40-m lap at 12 tums| 

% 

Powder toroidal cores tapes together with Scotch no. 27 даве сон 

100 meters—19 turns of no. 12 wire in Teflon sieeving over thee T225A-2 toroidal 
Y win Scotch no. 27 glass-cloth oloctrcal tape. 

4 091-20 turns of no. 20 wira in Тооп slaeving over two 1300:2 ion powder 

"tial cores aped logather with Scotch no. 27 glass-clolh electrical tape. Tap as 


E) 


134 
E 
124 
122 
122 
120 
120 


"ical tape. 


160 
20 


measurement is only an approximate 
becuse there is always stray induc- 
introduced by the interconnecting 
nd the band switch. 
|The copper tubing is silver plated only 
the ends are configured to march the 
ing lugs inthe amplifier. Silver plat 
simple with the right materials- Go to 
olographic lab and get a couple of gal- 
оГ used fixer solution. Fixer solution 
Pot usable when it becomes saturated 
silver The labs usually sell the spent 
for silver recovery. vo you may have 
pay ori. Clean the сой by giving it 
brushing with steel wool, wash it 
oughly ina mild detergent and rinse it 
Before plating. Put he fixer solution 
large plastic container and submerge 
eal mi. A bright silver plate will form 
seconds. The silver plate is not very 
but its sufficient to Keep the copper 
furnishing. The coil taps are small 
found clamps made from silver 
'Ysinch-wide copper strap. Plate 
inches of copper strap, then drill a 
none end for a no. 8-32 screw. Using 
pies of winch tubing asa jig, bend 
od sharply around the tubing with a 
of duckbil pliers. Drill a second, 
ching hole, but squeeze the clamp into 
de Ligh fit around the coil stock 
ithe clamp with a flat washer on each 
to provide а compression fit- The 
р should fit tightly, Don't solder the 
ps uml after the amplifier is tested. 
the tap location s verified, heut the 
mp and сой with а large solder gun and 
solder into the connection. After sol- 
ering the coil taps, spray the coil with а 
оа о clear plastic to retain the bright 
finish. 
"Tie L coil is wound on a pair of T300. 
Jord cores taped together with glase- 
ape. The coil is mounted on the back 


of the hand switch and supported by the 
connections to the coil, The leads are not 
soldered to the band switch, but are held in 
place with no. 6-32 screws, 

‘Other major considerations in the RF 
tank circuit are the TUNE and LOAD ca- 
pacitors. The TUNE capacitor is a 3757 
Vacuum variable. Table 2 shows that 
though this capacitor will easily cover 10 
through 80 meters, it is too small Tor 160 
meters, One solution is to use a 500-pF 
vacuum variable, but units in this size class 
are not readily available in the surplus 
market, and you probably don’t want to buy 
a new one at approximately $500. I solved 
the problem by switching in an additional 
160-pF capacitor in parallel with the 
vacuum variable for 160 meters 

A 24-V de solenoid, mounted on the 
subpanel, grounds a pair of 80-pF fixed 
vacuum capacitors. The solenoid is pow- 
cred by a small 12-V relay that is energized 
by the 160-meter contro line on the input 
network control switch. The grounding 
Strap is made from a stiff piece of Brass 
Stock obtained at a hobby shop. A hinge is 
made by soldering a small piece of brass 
tubing to the strap and putting a solid rod 
through the tubing. The rod is supported on 
each end by a smal piece of Plexiglas and 
allowed to pivot, thus forming а hinge. А 
piece of flexible braid is connected from 
the brass strap to ground for a good con: 
nection. The strap is held in the open posi- 
tion by a small spring pulling the strap back 
toward the subpanel. The contacts on the 
strap and the vacuum capacitors are from a 
25-A power relay and soldered in place. A 
piece of inch brass bar stock is used to 
mount he contact on the vacuum capacitor 
side and to absorb the shock from the elo 
Sure. А rubber grommet on the Bras strap, 
‘where the rod from the solenoid hits the 
strap, also absorbs some of the shock. This 
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Fig 15—Mountng details of 80- and 160- 
meter 1010105. 


scheme works smoothly and once thought 
ut, took about one evening to instal 
"The LOAD capacitor is a 1000-pF, 3- 
XV unit with a fixed 100-pF, 5-КУ fixed 
mica transmitting capacitor in parallel 
This provides а total of 1100 př for 80 
meters: On 160 meters, the band switch 
adds an additional 1200 pF in parallel to 
provide a toral of 2300 pF. The 1200-pF 
Capacitor consists of three 400-pF mica 
transmitting capacitors in parallel. 


Marking and Calibrating Maters 
Any meter with a movement from 
100 pA to 5 mA can be used for the front- 
panel meters. Use two identical meters, if 
for esthetic reasons. In a very 
ment, begin by removing any 
internal meter shunts (on ammeters), or any 
series resistors inside the meter (on volt- 
meters) 10 obtain only the basie meter 
movement. Nothing else need be done for 
the multimeter, since the calibration resis- 
tors are a part of each metered circuit, A 
shunt resistor must be made for the plate- 
current meter, Wind about 2 feet of no. 22 
enameled wire оп a 2-W resistor of any 
Value over SO ohms, soldering the wire 
ends to the resistor terminals. Mount the 
resistor across the meter terminals to form 
8 shunt. Connect the meter in series with 
another meter of known calibration and an 
Adjustable power source. Trim the enam- 
eled wire | inch at a time until the meters 
Tead the same, Ifthe meter being calibrated 
reads too low, the wire is too short. When 
the meters read the same, slip а piece of 
heat-shrink tubing over the resistorand seal 
the shunt. 

Carefully remove the plastic face cover 
and the calibrated face plate from the 
meter, Do this in a clean environment be- 
cause the magnet in the meter will tract 
metal shavings that could damage the 
movement. With a pencil eraser, rub off 
the original meter leering, but not the 
analog scale tick marks. With small dry- 
transfer letters put the new numeric scale 
fon the meter. Be careful not to bend the 
Pointer when reassembling the meter, 


Mounting tho Front Panel 
Remove the masking tape from the 
139 


panel, and carefully label the font panel 
"with dry-tansfer lettering before mount- 
ing any components. Mount the meters, 
potentiometer and switches in place, and 
Complete the wiring. Wire nylon connec- 
fors to the power switches, ALC control, 
multimeter switch and meters to mate with 
the connectors in the RF deck. This will 
result in а totally removable panel. 

"When mounting the front panel to the 
cabinet, give careful attention to aligning 
the vacuum-capacitor and band-switch 
shafts. Loosen the composent mounting 
Screws and mate the shafts, then reighten 
the serews. Continue the alignment process 
until the controls operate smoothly. 


Rear-Panel Assembly 

Upto now, nothing has been done to the 
rear panel, Mount the panel and decide 
where the components Should mount to 
obtain short connections. Lay the rear panel 
ош in the same way as the front panel, and 
cut the necessary holes, 

Mount the blower off the rear panel 
located to allow good circulation of air up 
to the front of the under-chasis ares and 
back to the tube socket. Positioning of the 
blower is not critical as long as ai is not 
directly blown across the tube socket, 
which could cause backpressure 

Mount all components to the rear panel, 
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and mount and wire the panel to the RF 
deck. The rear panel is not easily remov- 
able Tike he front panel. 


Testing the Amplifier and Power 
‘Supply 

Testing is he big moment and the el. 
max of several months” work. First hook 


up the power-supply control cable and the 
ground cable, Leave the high-voltage cable 
Off. Test the conto] circuits to ensure that 
the power supply can be turned on from the 
RE deck and the 3-minute time delay 
works 


Make sure that the tube filaments 


glow. Let the tbe run for about 10 min- 
tes, then turn the power off, Immediately 
remove the tube and feel if the hase is hot, 

Test the amplifier first on 20 or 40 
meters, since these bands use the midrange 
of the TUNE and LOAD capacitors. With 
high voltage applied fo he tbe, first key 
the amplifier with no input drive power. 
"The resting idle current should be between 
100 and 200 mA onthe plate-current meter. 

Now apply a litte drive power to the 
tube, The plate current should rise. Move 
the I LINE and LOAD controls until power 
outputis indicated on a wattmeter. Increase 
the drive while adjusting the TUNE and 
LOAD controls to achieve about 20 mA 


grid current and 650 to 790 mA of plate 
Current, to realize 1500 W oupat. if the 
amplifier works properly on this band, pro- 
‘ceed tothe other bands and repeat the test 

Efficiency should Бе at least 60% on all 
bands, except perhaps 10 and 12 meters, 
where efficiency may drop го 55% If effi 
ciency is poor, try moving the coil taps, but 
recognize that moving the taps also 
changes the Q of the coil. Decreasing the 
inductance and increasing the capacitance 
in the tank circuit will increase the Q. The 
amplifier may provide more power output 
over a larger frequency range with a lower 
Tankcircuit ©, but harmonic suppression 
will also decrease and the amplifier could 
start generating Interference or not meet 
FCC standards 

must wam you one last time. This de- 
vice could you in one instant you get 
tied into the high-voltage circuit Put a 
оой ground on both power supply and RE 
deci, and ireat tne equipment with proper. 
respect! 


Conclusion 
1 have spent many enjoyable hours op- 
erating with this amplifier/power supply 
‘combination, with nothing but good signal 
reports, It was an exhausting task, but now 
that it's finished, I'm glad 1 did it. Try 
building one and you'll sec what I mean, 


не 300 and 500-W 40-meter ampli- 
фев evolved from а series of under 
uds student projects at Caltech. Our 
LB was to design an inexpensive ampli 
Tet that amateurs can easly duplicate 
Tis amplifiers use inexpensive, readily 
labe power MOSFETs that can be 
Hia by « ORP transceiver in our case, 
De NaCl 40A. A block diagram of our 
Hs i shown in Figure 1. The compo 
he sation ae shown in Figure 2 
‘Our 300-W amplifier uses an Interna 
Rectifier (IR) IRFPAGO; the 5007 
employs an IRFP450. These ran- 
or ac widely used in switching power 
gne, but we have nol seen them previ 
reported for use as RF amplifies, The 
OSFETs have a maximum drain voltage 
80 V, with maximum RMS drain cur. 
шо А forthe IRFP440, and 14 A for 
IRFP4SO. Both transistors are available 
боз Digi-Key: The 440 costs S; the 450 
sl 
Clase amplifiers are extremely eff 
(de about 90%. Because ofthe low loss, 
cooling fan is required, No TR switch is 
fiet, he received signal ls piped 
ah т: amplifier sel. Even without 
йети filter, the amplifiers meet the 
FOC requirements for spurious emissions 
“Tey can be built and tuned up with an RF 
le meter, a multimeter, oscilloscope 
Ee ems. Tanta comia of 
WV 
Ap coil to se the power level 


e as suis, ba the me con- 
Py on, andthe ohe: al complete 
neee 
eee shoot 
Il enc and s capacitance of several 
sid сша: when sf Losses a 

‘Heatly reduced in switching amplifiers, but 
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igh-Efficiency Class-E 
ower Amplifiers 


Part 1—With З to 12 W of drive, you can push 300 
to 500 W CW out of an $11 transistor! The trick is to 


use Class E. 


there is a penalty: The 


‘output power по 
longer depends onthe 
drive power, but 


rather on the supply 
Voltage. This means 
that switching ampli 
fiers are not linear 
amplifiers, and they 
are mor suitable for 
SSB without addi 
tional "limiting and 
modulating circuits. 
However, they are 


fine for CW, FSK and 
FM. 

Ina Class-D amplifier, a pair of transis 
tors switch on and off, out of phase across an 
output transformer, Fred Raab, WATWLW, 
recently developed a Class-D power ampli 
бег that produces 250 W on 40 meters with 
an efficiency of 75%. However, Class-D 
amplifiers are relatively complex. On the 
‘other hand, the Class-E circuit has signifi- 
cant advantages for the homebrewer because 
‘only one transistor, without gate bias or out- 
put transformer, is needed, and it can be 
riven by a low-power transceiver. 


The Class-E Amplifier 
"The Class-E amplifier was invented and 


patented by Nathan Sokal, WAIHQC, and 
‘Alan Sokal, WAIHQB, in 1975. I mini 
mizes heat loss by having as litle overlap 
эз possible between voltage and current, 
Figure 3 shows an idealized Class-E cir 
cuit, As the switch opens and closes, the 
current alternately flows in the switch and 
in the load network. The switch voltage and 
current waveforms are shown in Figure 4, 
It may be easiest to understand the wave- 
forms by starting at the beginning of the 
oil ne interval, When the transistor turns 
off, the current Flows into the resonant load 
network, and there is a transient voltage 
that rises and falls, With a properly de- 


= | [же] As 
Figure 1- Block diagram of the Class E ampifior salon. 
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signed load network, the voltage retumas to 
2210 smoothly with zero slope, The transi 
tor switches on when both the voltage and 
the current are small, keeping losses low 
even if the switching is slow or slightly 
mistimed, Once the transistor turns on, the 
current rises smoothly until it switches off 
again, andthe cycle repeats, The resonant 
Toad network does limit а Class-E ampli 
fier to single-band operation 

Fora given de input power, the power 
output ofa 90% efficient Class-E amplifier 
is three times greater, and the dissipated 
power is seven times smaller, than that of 
A 30% efficient Class-A amplifier. This 
means that for a given dissipated power, 
we can get 2/ times more power from a 
Class-E amplifier 


The Caltech Power Amplifiers 

Both amplifiers have а common dia- 
‘gram Figure 5) and PC board, but use com: 
ponents with different values, Several com. 
ponents are added to the basic Class-E 
circuit for matching and filtering. The 
MOSFET's gate impedance is rather low, 
‘and primarily capacitive, with а reactance 
Of about 4 There is also a resistive com- 
ponent of about 2 d from parasti series 
Fesistance in the gate itself, and the drain 
оп resistance that is capacitively coupled 
tothe gate. TI reduces the 50- impedance. 
of the drive circuit to about 2 £210 match 
the low resistance of the gate and sets the 
de bias to 0 V. LI is adjusted to cancel the 
gate capacitance: the input SWR is typi- 
cally 1-5:1. CI shunts L1 at high frequen- 
cies to reduce ringing in the VHF range. 
‘The 0-V gate bias ensures that the transis- 
toris off when it is not driven, because this 
is far below the threshold voltage, which is 
about 4 V. We have never seen oscillations 
in these amplifiers 

Ci and L2 form a resonant network that 
produces the rising and falling voltage 
Waveform needed for the Class E ampli 
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Fore 2e ET 
Components ol no oe 

Glass E ampitier se b | 
Staton. Cocos 

iron baton lat he a 


diplexer. amplifier, 


Figure 3—An idealized Class-E amplifier 
The transistor i roprosontod by a switch 
hat opens and closes at AF. 


Keye and a pulse- 
stretching апа 
Shaping бги, 


Tu a e 


Figure 4— Class-E voltage and current 
wavolorms. Class-E ampitiers reduce loss 
by keeping tho overlap between voltage 
эла curent lon, 


Figure 5 Cireut diagram and parts let or ne amplifiers. Mica capacitors are available 
om Newark L2, L3 and L4 aro made with #10 THWN solid insulated house vire sold n 
hardware stores, Tis gore an RF400.0, avaiable from Communications Concepts, 
{Gee Note 1 or supplier information). L is a Toko 10K (2.2 ин), avaliable rom О Коу. 
ECT ie a J. W. Miler typo 5240, available rom Newark 


1-10 pF, 500 V mica 14300 W, S tums; 500 w, 5 tums #14 
CAU W. 270 pF: 500 W, 390 pF; (For THWN wound on a inch diam dril bit 
‘C2 through CS, Cornell Dubie mica form, lume spaced о occupy 1 inch 
capacitors, ypo COVIS, 1 KV, 5% Pr Ciner Jones P302AB 
CE 860 W, 1300 pF: 506 W, 2000 pF Ол—ЕР44О for 300-W amplifier, IRFPASO 
8. 300 ала $00 W, 100 pr for 500-W ample: (use International 
C300 W 680 pF: 500 W, 820 pF Se transistors only) 
gene 14V ceramic dec. REGIA MH ЗА 
3. J£ CBNC or 50-299 connectors TU Pn: 300 W, 5 tums: 500 W 6 tums 
ҮТСӘ гин, Toko 10K: avatabie Yom Dig- #26 stranded hookup wire; wound on 
кеу, ЯЕ400-0 соге, avaiable from 
LZ oo w, 9 tums; 500 W, 8 tume 410 Communications Concepts 
TW wound on 1 inct-OD paste pipe Мс: Berquist K10-104 Insulating pad 
form: spread ште to Roles n PO board. (Mermalrasitanos of 0.2 KW. CAV 
1$ S00 W, tms 500 W, 3 tums 414 Breakdown rating) avaiable from Di. 
THN wound closely spaced on а Key. 
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Figure 6—Insice the 500-W amplifier. Tho large collis L2; L3 is 


Beeman col. To circuit board is mounted on “inch standoll. 
'Gonoectors aro used tor the FIF input and output, No harm ie 
Lore f he RF input and output are accidentally interchanged. 


Ae. CS and L3 act as а notch filter for the 
жй harmonic. Without the notch filter, 
фе second harmonic is typically between 
25 and -30 Be instead of the 40 авс 
‘atthe FCC requires оп HF. In addition, 
Sant L3 transform the 50-0) antenna im- 
pedanoeosbout 109, the appropriate load 
fra Сі Е amplifier. RFC! converts the 
OJO 12-V dc input from the power supply 
юз curent source, and C6 helps keep RE 
egy out of the power supply. 

"Cd and LA form a low-pass filter to re- 
"ove VHF harmonics. Without the filter, 
there ae several harmonics at levels from 
240 10 -60 dBc in the frequency range 
fiom 130 o 210 MHz. With the filler, the 
УНР harmonics are reduced to the -70 to 
0 -Bc level 


Anpliler Construction 

Tie 500-W amplifier is shown in Fig- 
tee 6 with its cover removed. The transis- 
foes mounted on a dad inch heat sink 
эй Lich fins (уре Н550-3.0 from RI 
Pans, with а thermal resistance of 2 KAW 
wih no fan) with а 46-32 Бой and not. The 
аг generates most of he heut (about 
MW of the de power) in the amplifier, so it 
mas have good thermal contact to the heat 

k Because the transistar's case reaches 
high voltages, it must be electrically iso- 
dní om the heat sink. We use a Kapton 
ud manufactured by Berquist that has a 
Bernal resistance of 0.2 K/W and a break- 
down voltage of 6 kV. The heatsink 
surface must be free of burrs, and the ran 
sisor should lie Nat on the surface with 
minima) siress on the leads. {Га torque 
Screwdriver is available, International 
Rectifier recommends a mounting torque 
0f Dinch-Pounds. The heat-sink baseplate 
faa aluminum L bracket bent from 0.050: 
joch-hick aluminum sheet, A U-shaped 
enclosure cover is made of 0.016-inch- 
{hick aluminum sheet. A hole in the cover 
Allows insertion of a plastic screwdriver 
ешип Lt 

Solder Q1 and C2 flush to the PC board 
to reduce VHF ringing on the gate signal. 
(Good electrical contact is needed between 
QU source lead and the heat sink. Use a 


46:32 bolt and nut, with washer spacers so 
that the source lead does not bend. Scope. 
probe piguilssolderedto QU s gate and drain 
leads poke through holes in ine baseplate 
Rubber grommets in the holes prevent the 
pigtails from shorting to the chasis 
LA, L3 and L2 are made by winding solid 
insulated wire on pipe and dril 
Orien the coils at right angles to cach other 
to reduce coupling between them. L2 has 7- 
Мн» Q of 350; L3 and LA, а Q of about 170. 
For €2, C3 und CS, use only LXV mica ca- 
pacitors—even 500-V capacitor fail spec- 
facularly with a burst of flame. If à ГАУ, 
100-pF capacitor is not available for C4, sub: 
ls-connected pair of 500-V 
200-pF mica capacitors. For best filtering, 
mount C4 and L4 directly on the center pin 
and ground lug of J2. Mount L with is axis 
Serial to reduce coupling to the other coils. 


‘The NorCal 40A Driver 

Fora driver, we use a NorCal 404, but 
its 2-W output is not enough to drive these 
amplifiers. Fortunately, the NorCal 40А 
can be modified to deliver greater power 
output We recommend 3 to 4 W drive for 
the 300-W amplifier, and 6 to 12 W for the 
500-W amplifier. These drive levels give 
an efficiency in the 90% range (Figure 7) 
Drive levels lower than these give poor 
efficiency; higher drive level increase the 
dissipated power without improving effi- 
blen). Don't drive the 300-W amplifier 
with less than 2.3 W, and the 500-W ampli 
icr with ess than 5 W, At these low power 
levels, the transistor may not čar on fully 
at all supply voltages, subharmonic spuri- 
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Figure 7—The measured ofciency potted against RF input 
power, These measurements were laken wit Ino heat sink at 
Тооп temperature In operation, he heat. ink temperature rises 
and ne on resistance increases, so that ho efficiency drops 
VVV 
JVC 
жаң calculated from voltage and curiont measurements mado. 
Wih Fluke 87 mulimeters the RF output power was determined 
Wi а Bird 43Р watimetar using а 800W ветот. Bird its Io 
y of is wattmetaras 225 W, but wo were able to 
"a accuracy of tha measurement to an estimated 1% by 
thermal caibraton. RF input power was measured with a 
Diamond $3200 wattmeter 


ous components may be generated, and the 
amplifier may not key properly. 

"The recommended drive powers pro- 
duce peak gate voltages of between 15 
and 20 V. International Rectifier specifies 
A maximum peak gate voltage of 20 V to 
avoid rupturing the gate. Although the 
drive levels are close to this limit, experi- 
nce shows them to be quite safe. The 
20-У limit is more appropriate for the low 
frequencies used in power supplies than 
for RF voltages. In controlled tests, we've 
pushed the 300-W amplifier to 60-V gate- 
Voltage peaks, hree times the manu- 
facturer's voltage limit, without damage. 

Next month, we'll discuss the keyed 
power supply, keying waveform shaper 
and tune-up. Join us! 
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эн month? we talked about Class-E 

lier fundamentals and began con- 
metion of a 40-meter unit. Now we'll 
"ale the power supply, keyed. waveform 
(tápe and develop some power 


Aleyed Power Supply 

Nonlinear Clas-E operation sharpens 
ech Keying envelope, causing annoy- 
[ыу clicks. To prevent this. we key the 
[peer supply to shape the supply voltage. 

punit а 712 inch (HWD) enclosure 
Howes te de supplies, а sietcher circuit 
delivers a stretched pulse to the driver 
fadashaper hat produces the shaped pulse 
rhe amples Figure 8 shows how these 
жын connect 

Seth the КЕ drive docs not end before 
Ihe shaping pulsc, the keying pulse to the 
GC A driver is stretched a ew ml 
anods. The ccichr (Figure 9) takes a 
leyes CMOS logic signal and provides a 
ré keying waveform to he shaper and 
verched keying waveform 1o he NorCal 
AX driver. De supplies (Figure 10) pro 
ie 12 V ce to run tho ICs and O to 120 V 
кв, amplifier. A wave shaper (Figure 
eves ais 0 10-120 V de suppl voltage 

noe rise and fall time o avoid key 
Шах Figure 12 shows the keyed power 
йу wit its cover removed. 

Bic we йг vanas 1 шора 
Lll power supply to control the output 
e The amplifier power dissipation ie 
at all supply voltage levels, so that loss 
ike low throughout а keying pulse, Be 
faethe keyed power supply also acts as 
ee TR switch, a relay is nol 
esed This is because the supply voltage 
foo except during key down: (This fea 
fu works well with the NorCal 40A. 
зше i, too, docs not use a relay for 
aber, At zero voltage the drai-to- 
fiestas i's MONTE qe 

and the signal from the antenna is fed 
eh he amplifier with a loss of oniy 
ы ТВ The NorCal 40A receiver sew 
n is excellent. and a 7 dB signal loss 


High-Efficiency Class-E 
Power Amplifiers 


Part 2—Class-E operation permits low-cost 
MOSFETs to develop considerable power. 


does not hurt reception at al, А 7-08 loss 
degrades the MDS to -130 dBm, still far 
Below typical 40-meter antenna noise lev 
els of -90 10 -110 dBm. On the postive 
Side, with 7 dB attenuation, the receiver is 
less susceptible to intermodulation distor- 
tion тот оет signals in the 40 meter nd, 


In addition, the amplifier reduces AM 
broadcast signals by about 20 dB. The 7- 
B lose docs need to be made up at the audio 
fend. For this, we mount a 2-inch-diametor 
Speaker in а cardboard mailing tube cut io 
resonate at 650 Hz for CW reception. This 
gives а sound level that is quite adequate. ® 


Transceiver, amplifier, and power supply lor a 40-meler, 500-W station. The NorCal 40A 
transceiver anver is ол tne let a 800. ample ls in the center and the power supply 


o the right. The ampliler heat sink and transistor mounting screws are visio. The 
large dll controis me variable autovansiormer, varying the RF output power 
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mmilentergrises com; paf mhjenteoriees.com (Keer louis usn Cuts ICs 
can be ound i recent edens of The ARAC Handbook Ed] 
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The Diplexer. 

For greater reduction of spurious emis- 
sions, we recommend following the amplifier 
with a band: pass diplexer (sce Figure 13) to 
terminate out-of-band spurious components 
їпа50 load 1 Our diplexer (in a ere 
iach [HWD] box) uses the equivalents of a 
100-p series capacitor, an 100 fr shunt ca 
pacior and air. wound inductors. Stretch or 
‘Compress L2 o achieve minimum SWR. The 
measured loss of 40 meter signals was ex- 
tremely low, only 4% Our experience shows 
thata diplexer can reduce all spurious compo- 
nents to more than -55 dBc. 


Tune-Up 
Refer to Figure 3 in Part 1. There are 
tuo amplifier coil adjustments. First, with 
the cover on and the de input off, LI is set 
Tor minimum input SWR with full RF in 
put. Typically, the SWR can be reduced to 
TL FF cannot be brought below 2:1, try 
adding or subtracting a «ur from LI. 
Output power is peaked by stretching or 
squeezing L2. Note: For safety, the ampli 
Tier's cover should always be attached 
when the RE drive is applied. The cover 
also significantly lowers the inductance of 
L2 Be sure to tom off the supply voltage 


before you touch any amplifier parts! A 
high RF voltage will burn the skin. RF 
burns are deep and heal slowly. Having a 
keyed power supply helps here, because the 
amplifier supply voltage is zero except 
during key down, 

‘Attach a dummy load and power meter to 
12. With the RF input applied continuously, 
Slowly increase the de input voltage, while 
‘monitoring the gate and drain voltages us- 
ing an oscilloscope with 10x high-imped 
ance probes. (You should see waveforms 
similar to those in Figure 15, although the 
peak drain voltage shoud be about half of 


be wagered on a 


Figure 9 Gietcher circu diagram, WAND gate A acts as а bull and produces а koying Pule for tne shaper. One input has an RC. 
"lay lo prevent koying glitches when the power is turned on. Gales B and C ato connected by an AG network nat causes a pulso to 

Ming edge. R2 s adjusted ta ensure that the RIF output from the NorCal 40A laris longer пап ihe shaping Pulse, 
‘The components aro assombieg on pertooard 


— 
en) 


Figure 10—De supplies diagram There are two isolated supplies one with an unregulated O o 120-V output controlled by an 
ulated output Twa bleeder resistors help Keep capacitor voltages at sale levels when 


aulovanstormer, and another wih a +12: 
the supply i turned ої or ts output reduced. 


Newark. We serounges the isolation ransformer and variable autoranslormer rom old eq 
purchase equivalents from Newark (Magnete NSSM 250-VA isolation transtormer ond the 
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е 4A оодо recle is an RSAOALR Бу Diodes, Inc, avalate from Digi-Key. Tro. 
Panasonic 1000 and 2000-uF electoytics n he Hier are avaliable ,,, Stancor С-2686 25.mH choke ie avaliable Ir 


Moment Look lr tnam at унар met, 
taco 201 3-A variablo aulotransformer) 


fs he figure.) The RF output should 
йи rise. Increase the de input until the 
RF output power is 25% of full 
а. Make sure the output SWR is 1 5:1 
ess. Measure ne de input voltage, and 
12 give 25% power at 60 V de 
ing L2 reduces ts inductance and 
the output power, but usually 
the amplifiers efficiency. Squeez 
ut power and usu. 

increases amplifier efficiency 
reae the de input voltage until the 
reaches maximum output power. 
e should now be between 


Lower volt 


of the REstage MOSFET should be be: 
tween 380 and 420 V. Larger peak drain 
voltages run the risk of transistor failures. 

ics may indicate an excessive 
drain current, which can lead to a failure. If 
the voltage is too high, stretch the coils а 
bit more. If the voltage is too low, squeeze 
the coils. Check the RF drive and input 
SWR again, You may find that they have 
changed somewhat and that readjustment 
is needed. Measure the de supply current 
and voltage, and calculate the amplifier 
efficiency to ensure that it ls RS% or above. 
Use a 0.001-pF capacitor to bypass the 
voltmeter terminals because an RF voltage 


‘here can cause a significant measurement 
error, (In addition, you should realize that 
RF power meters often have error factors 
as high as 10%.) 


Keyed-Waveform Shaping 

The keying envelope is controlled by 
the three potentiometers in the shaper and 
stretcher circuits. R3 in the shaper circuit 
Sets the rise time, RÀ sets the fall time, R3 
also helps control the power supply droop 
as the amplifier is keyed. R2 of Figure 9 
determines the stretch in the pulse that keys 
the NorCal 40A, so that й does not stop 
transmitting before the end of the shaped 


Except as indicted, decimal 
oues of соросйолее are 
recess others 
are in picoforad? (pF): 
fesiatdnces are in am; 
Ке 1000, м= 1,000,000 

IG Pins Not Shown ore Unused 


r circuit diagram. A pair of oplicaly isolated MOSFET drivers (type PVI1050) turn O1 on and off to bring the supply 
ge up and down. Keying wavetorin rise and fall imes are adjusted by НЗ and F4, which control tne current to each MOSFET 
F The 270-0 resistors Imt ihe LED current to a safe level. The TURN-ON potentiometer i also used o Keep Ine overshoot from 
regulated power supply о a reasonable level. D1 provenis Q's gate volgo from diing negativo. СІ ard C2 are НЕН 
ies. To keep the supply voltage нот appearing across exposed contacte, a female socket s used at Ji. Al components aro 
dl rom Digi Key. Point-io-poini wiring on репоовга is Used. 


12—The keyed power supply with the cover removed, 


forthe side T1 is mounted on the back pit, along with 
use and connectors for тле Ge output, a keying \лё to e. 

ФА and the ас ine Input, The TUNE switch eys te 

s tor testing, The variable autotransformer i on ihe lel, 

10 ле ron panal In tho center foreground, mountod о the 
plat, is L1, he 25-mH choke. Mylar sheets are taped o he 
дага tor ebctical isolation. The largo components are 

JJV 
V 
тө aná a torque of 10 inch pounds. The other shaping circuit 
fonponents are mounted on pefboard. Layou isnot cial 


inimi 


Figure 13—Schemati of our diplexer, П uses six 150 pF 
capacitors, two 910-рЁ capacitors and ai-wound inductors mado 
of Shrinch-wide copper tape (see Note 1). 
VVV 
"суто; available tron Newark Electonics, seo Noto 1) 
C7. 087910 pF (same type as above) 
Ida sum o nen wide copper ape, 1% inch ID; see 
te 
12—4 turns of inch wide copper tape, 1 inch ID; see Note 1 
e bee 2W (approx) termination, sameco part number 71458; 
"avalabig rom Jaroeo Electronics, 1355 Shoreway Rd, 
Belmont. CA 94002, te 475-802-8097; fax 415-302-2503 and 
AT 595 2664) 
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Figure !4—Кейпу wavelorm ol he 500: 
amplior at 30 WPM. The horizontal axis а. 
10 ms per division. The rise and fai times 
же about e 


pulse, We recommend using a keyer with 
Adjustable weighting to offset the pulse 
‘etching. The potentiometer settings in 

{erat somewhat, and there are Variations at 
different sending speeds, so t is best to set 
‘them at the speed you commonty use. Ad. 

just the controls for rise and fall mes be- 
tween 2 and 5 ms, and for a smooth keying 
envelope. Figure 14 shows Keying at 30 
WPM with rise and fll times of about 3 ms. 


VHF Ringing 

їп many Class-E amplifiers, ringing in 
the VHF range can be seen on the gate and 
drain waveforms (Figure 15). This ringing 
сап be quite pronounced, with bumps sev- 
gral volts high on the gate or drain or both. 
The bumps disappear when the RF input is 
removed, and that is why we refer to this as 
ringing rather than oscillation. We have 
compared measured spectral plots with 
PSPICE simulations and believe that the 
waves are driven by the sudden turn-on and 
turn-off of the transistor, acting rather like 
the gong of a bell. 

We notice two distinct time periods and 
frequency ranges for the ringing. During 
the time the transistor is on, the ringing fre- 
‘quency is about 80 MHz. This appears to 
be aresonance of the external drain capaci- 
tor combined with the internal inductance 
of the capacitor and the transistor and may 
indicate a mismatched load. The on-ring- 
ing is usually small if the load is matched 
so that the drain voltage comes smoothly o 
zero before the transistor turns on. 

"The ringing while the ransstor is off 
covers a broad range of frequencies from 
130 10 210 MHz. If the output low-pass fl. 
ter is removed, the ringing can be seen eas- 
ily ona spectrum analyzer at levels betwe 
40 and -60 dBc. The off-ringint appears 
то be caused by a resonance of the external 
drain capacitor and it internal inductance, 
together with the transistor” internal drain 
capacitance and its inductance. The internal 
drain capacitance varies greatly with the 
гип voltage, so that the frequency is modu- 
lated as the drain voltage rises and falls, The 
low-pass filter reduces these harmonics to 
the 70 to -80 obe range. 
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Figure 15—Drain waveform and 
ringing. Osciloscope tace of the 
ale апа drain votages ol the 
100-W ampli with 3 W drivo 
The de supply voltage is 120 Vi 
the input SWR ls 1671 Time 
Scale ls 20 ns per division: de 
transistor off ano on times are 
Shown. Tho transistor i of when 
the gate voltage is below the 
threshold, typically 4 V, and on 
When the gate voltage is several 
Vote above the tnechold. Peak. 


n 
‘hin the Manufacturers ratings 
(120 and 500 V, respectively, 


On the Air 

"The amplifiers meet the FCC require 
ments for spectral purity [confirmed in the 
ARRL Lab £4]. NorCal 40A designer 
Wayne Burdick, ХКК, emphasizes that it 
is important to correctly tune the band- 
pass filter following the transmit mixer to 
inimize spurious emissions from the 
Norcal 404.11 

"These amplifiers are excellent for chas- 
ing DX, schedules and "rapchews," par- 
ticularly at shis low point of the sunspot 
cycle. The amplifiers require no warm-up, 
no tune-up, and produce no fan or relay 
noise, We can vary the power from 1 W to 
full power via the variable autotransformer. 
The antenna SWR should be I.T or better 
because the amplifier is not protected 
against large mismatches. With а high 
SWR, the transistor will probably overheat. 
Check the de voltage when the amplifier is 
delivering full power to the antenna to en- 
Sure thatit remains between 115 V and 120. 
V. Readjust the coils if the voltage is too 
high or too low. 

‘Our most common problem has been a 
poorly mounted PA transistor. If the tra 
Sistor is not Mat against the heat sink, heat 
transfer is poor and the transistor becomes 
quite hot; efficiency suffers (becoming 
Usually less than 8556) and the amplifier 
may not reach full power. The output power 
may also drift downward, а sign that the 
transistor temperature is increasing and 
that the transistor is under stress. 

Component temperature can be а good 
diagnostic tool. For the 500-W amplifier, 
‘our experience is that for CW QSOs longer 
than 30 minutes, the temperature of C3, CS 
(Figure 5) and the heat sink rises to about 
60x C. For the 300-W amplifier, the heat- 
sink temperature is about 50x C. This is hot 
to the touch, and сап be checked with а 
Jabthermometer. The temperature will vary 
according to your operating style, and if 
the temperature is higher than you ike, you 
can add a fan. 


The Future 


We see room for improvements: pro- 
tection against antenna mismatches and 


employment of an inexpensive keyed 
switching power supply that is as tight- 
weight as the amplifiers. Finally, it ода 
be interesting to develop Class-E amplifi- 
ers for the other bands, We have built 
250.W amplifier for the 20 meter band that 
exhibits an efficiency of 88% with 10 W 
drive, We believe that Class-E amplifiers 
provide amateur with good building chal 
lenges and operating fun at modest cost. 
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100-W MOSFET HF 
Amplifier 


We had the power supply in Mar/Apr’ and the 
diplexer filters in Jul/Aug,” here's the main event: 

a reliable FET power amplifier that needs only 

10 dBm of drive to produce a pristine 100 W output. 


two-stage amplifier described in this 
Ale and shown in Fig 1 is intended 
ISSWCW/Data operation on all nine HF 
и bands, An input (R,=50 CD of 

10 mW (+10 dBm) is amplified to 

DW (PEP or average), continuous duty, 
again of 40 1.048 from 1.8 10 29.7 
Third-order, two-tone intermod. 


jdBbelov 100 W, and higher- 
are also within the hien ge 
amateur SSB equipment, as shown in 
[2 The main goal for this amplifier is to 
as adver with low adjacent-chan 
interference, for a legal-limit 1500-W 
amplifier. At this power level, 
channel reduction ix especially 
ran. And, of course, i is used in the 
bot mode as well 
The pomer supply (40 V at 8 A) for the 
pull. class-AB MRFISOMP (matched. 
) MOSFET output stage was described 
ly (see Note 1) Six diplexer filters 
ge Note 2) also known as invulnerable 
provide more than adequate har 
tension for all nine HF bands 
у present а broadband load impedance 
e MOSFET; that helps to assure free 
from regeneration and oscillation, and 
IMD performance, A resistive load 
pedarce between 45 0 and 55 @ is rec- 
ded for best performance 
The MRF 150 was chosen because it is 
далей for linear, class-AB SSB opera- 
and because it has high gain (em) at 
A0-MHz end of the HF spectrum. А 
sable feature of the MOSFET power 
o ix its ability to achieve low val 
ofthe higherorder IMD produets."* As 
ed previously, these products 
Ас to adjacent channel SSB inter- 
rece. The first stage uses high-gain, 
+A push-pull MRF426 (matched pair) 
BTS that require 13.5 V at about 10А 


from a separate supply. This supply is also 
the main supply for othe system compo: 
nents. Matched pairs of both transistors are 
available for a small exta fee from at least 
two sources.34 They are both listed in the 
‘current Motorola manual.” 

‘One main ides for this amplifier is to 
operate it in a very low=stress manner that 
helps assure а low probability of failure for 
а very Tong time, which offsets the initial 
ost of the high-quality transistors. The 
MRFISO is a SOV transistor operated at 
40 Vi the MRF426 is a 28-У transistor oper- 
мей at 13.5 V, The required input level is 
low enough sn most ot the amplification at 
the signal frequency occurs in one gain 
block, Because of the good layout, circuit 


design and decoupling, the 40-48 gain value 
docs not result in any stability problems. 

"The balanced amplifier greatly reduces 
even-order harmonics —especialy de чес 
ond_priortoany output filtering, as shown 
in Fig 3 fora 7.0.MHz signal. It should be 
40 dB or more below a 100-W CW signal 
for each amateur band. This reduction has 
been found reliable, once achieved. The 
lowlevel signal source that drives (is 
amplifier must have at least 50 dB of sec 
‘ond-hatmonie attenuation, since this am- 
plitier will not suppress that harmonic. This 
easy to accomplish, but must be consid- 
ered during the equipment system design 
(Gee Fig 9) and while bench-testint the 
amplifier as shown in Fig 4. 


Fig t 


"The 100-W broadband amplior. 
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Fig 2 Two-tone IMD products: (A) 3.8 MHz, (B) 14.2 MHz, (C) 21.2 MHz, (D) 285 MHz 


Circuit General Discussion 

Fig 5 is the schematic of the two-stage 
amplifier. T utilizes 1:1 choke baluns and 
+4 (impedance) step-up and step-down 
transmission line (Guanella) transformers. 
The choke baluns significantly improve the 
balance ol the input and output stages. 
Notice also that T2, T3 and T4 have float: 
ing center taps rather than bypasses to 
ground, This is recommended to improve 
the even-harmonie balance! (verified). T4 
and TS cun slightly warm as compared 10 
conventional transformers that gei quite 
hot The 5-W feedback resistors get warm, 
but their large surface area limits their tem. 
perature rise. They also receive cooling air 
tom the fan, АП power resistors in the RF 
circuits are the excellent metal-oxide types 
(see Note S) that are quite stable with age 
and temperature, and have very low reac- 
tance at 30 MHz (measured). Metal-film 
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1% resistors are used in several critical 
locations. 

The first stage has resistance and induc- 
tance loading from collector to collector, A 
powerful free-running oscillation in the 
First stage at about 32.5 MHz was being 
triggered occasionally at the moment of de 
Supply turn-on while a fairly large 28.0 lo 
29.7 MHz input was present, The loading 
reduces stage gain and suppresses the para- 
Sitie collector circuit resonance that pro 
duced the oscillation. It also helps to 
baden the amplifier frequency response. 

"The second stage has a very low value 
of RE resistance, 15 О, from each gate to 
ground that helps o assure stability. Be 
ane these resistors are in parallel with the 
large inpet capacitance of the MOSFETs, 
they also help to flatten the frequency 
response. Both sages have negative feed 
Back networks that farther assure stability 


[7] 


and flatness of frequency response 

“Two biasing networks are employed, 
The LM317 provides a highly regulated 
gate voltage for the second stage. The РЕТ 
dissipation and linearity are very sensitive 
to this voltage: the bias voltage for SSB is 
fine-tuned for best signal purity using two- 
tone tests and a spectrum analyzer. Note 
the four 562-a resistors, Ifthe LM317 fails 
short circuit, the voltage on the FET gates 
does not exceed 6.8 V, which will not dam- 
age the gates. The large drain current that 
results from this failure also does no dam- 
age because the 40-V power supply has 
Current limiting and voltage fol-back that 
prevent harmful FET dissipation, The FETs 
эге thus kept well within the safe-operat, 
ing-area (SOAR) as defined in datasheets? 
(verified), It is important that each 56241 
resistor from gate to round be permanently 
attached directly between the gate and 


ce tabs of the FETS themselves so that 
estes are never Moating, Wrap the esi 
leads around the tabs so that they cannot 
Ine loose. This avoids accidental static 
ges that might ruin them, On the other 
itis better to tack and not wrap the 
lector and gate drain signal leads 
that they can be easily disconnected. We 
to be able to test individual segments 
йе circuitry easily. In my experience, 
MRFISO has proven to be а rugged 
sor, much more so when operated 
atively and with the power-supply 
ds that I mentioned. 

The LM31? provides about 5.8 V forthe 
uae pair of FETs that $ used, Indi 
ul pairs of FETs will probably require 
afjostment of this voltage for idling cur 
and for IMD products that resemble 
2 Theadjustment procedure is described 
t: This bias value i5 set o emphasize the 
tion of the higher-order products 
than third- and fifth order products. 
lower-order products do not contrib. 
as much to adjacent channel interfer 
in fact, an SSB specch processor will 
them worse anyway. The higher-order 
ela need to be reduced and the 

150 has his capability. 
"The 2N3906 PNP transistor is a bias- 
source, The value ofthis current is 
ined by the 4,7-2 resistor and the 
“ground voltage of the 2N3906, The 
Ж resistors force equal base cur 
imo the MRF426s. This helps to 
equal performance. The 047-0 re 
is part of a negative-feedhack bias 
M collector current increases, the 
e across this resistor Increases and 
reduces the base current. Thermal run- 
is avoided by this strategy because 


the reduced base bias restricts the current 
increase to a small value. Because of the 
low dissipation of the MRF4265 and the 
good heat sink, this method is very effec 
live. These transistors ae also well inside 
their SOAR requirements, This stage is 
very linear and contributes almost nothing 
to the overall IMD products. To verify this, 
it is necessary о tum off the drain voltage 
to the MRFI50s and connect a spectrum 
analyzer across one of the 15-0 resistors. 

The diplexer filter method was decided 
uponafter a lot of experimentation with 
other low-pass filter methods as а solution 
thar is free of problems caused by complex 


Fig 9—Wideband spectrum for a 7-MHz signal. 


interactions between the filters and the out 
put transistors. A special peculiar problem 
ls discussed later, The МЕР150 has high 
gain into the УНЕ region; the diplexers 
eliminated all problems associated with this 
fact. This approach is recommended as a 
Simple way to assure correct operation for 
НЕ amateur band operation of these high- 
Frequency MOSFETs, Iwas beto get good. 
enough operation with the more conven: 
tional low-pass filters, but this approach 
was by far the most satisfactory for anan 

‘eur and amplitier as confirmed by swept 
Frequency tests at all power levels into a 
50.62 load, More about complex loads later. 
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fen) Schema diagram of a wo 
A, Loo ameter Шева ote 
Bild wo Y, Ss tolerance carbon 
gestiona lm esas Henr 
faded vis an asterisk we metal ано 


ие malohod pairs. Al capacitors are 2 V. 


less otherwise indicaod. 


Frequency Compensation 

The bipolar transistors have gain val- 
Mes ta decrease as frequency increases. 
"he MOSFETS have large capacitances 
Aha alo affect frequeney-response rol 
ff It was a major exercise ıo design net 
orks that flatten the response from 1 310 
197 MHz. Fig 5 shows the approach. The 
йа so compensate smoothly from input 
engen in such a way that neither of the 
Iwoslages is over-driven at any frequency 
Helke for this о check IMD prod. 
{ets and harmonics during the design pro 
Жен. hich involves approximate analysis 
[ж the MOSFET Stage Simulation 
Sieber) and negative feedback Beyond 
en 32 МН», the gain falls off f 
Му but not too rapidly). This is also de- 
sable 

‘When testing the frequency response 
"itg the test setup of Fig 4, it is necessary 
(p measure the frequency response of the 
Api path from tracking. generator to 
gestum analyzer while bypassing the 
100-8 amplifier. This reference response 
li ten compared with the response with 
eanpliierinthe path, as shown in Fig 6. 
Note the vertical scale: 1.0 dB per de 
sion. For the most credible results and ease 
M measurement, it is very desirable that 
fBeimpedance looking back from the input 
DEDI 


Signal Level Testing 


We vant to verify that the first stage is 
operating normally by measuring its RF 


Fig 6—Gain variation. 1.8 MHz to 29.7 MHZ, 1.0 dB per division vertical scale—The 
Tower trace la a reference Swap that Буравге the 100-W ampitier "Tho response 


bump at ow frequency is an апас! st te tracking generator. 


voltages at 4.0 MHz. The class-A first 
Stage input impedance is close to 50 Q, and 
the input level is +10 dBm. Temporarily 
disconnect the signal leads to the gates of 
the FETs, The voltage at each output of T3 
is about 1.35 V. Reconnect the gate signal 
leads. The final output over the enire range 
into an unfiltered, wide-band 50-12 load is 
then observed using the setup in Fig 4. A 
spectrum analyzer with tracking generator 
is very valuable for this. The accuracy of 
the wattmeter should be verified or cali 
brated by some means at both the 100-W 
and the 25-W levels (he power ofeach tone 
of a two-tone, 100-W PEP signal) in each 
Amateur band, 

Ifthe second stage is working correctly, 
the output power is 100 W, or 71 V RMS 
across 50 £2. These procedures assure that 
both stages are working properly and am- 
plfying as intended. Because of the varia- 
боп» in the fabrication of the transistors, 


— 


971A) drain and (B) drain-to-drain oscilloscope wavetorme, 


the total gain can vary а deci up or down 
despite the use of negative feedback in each 
Маре. 1 suggest the 3-dB attenuator at the 
input not be modified for simplicity reasons, 
The drain-to-drain load impedance of 
the class-AB output stage is 12.562 and the 
CW output power is 100 W, so the drain-to- 
drain ac voltage is 35.4 V. Fig 7 shows the 
шато scope waveforms (chop mode) 
on each drain, superimposed on the 40-V 
Supply, and also the diiin-o-drain wave- 
form that is confined to the linear region, 
The thin harmonic content is visible. It is 
interesting to note that although these 
waveforms show considerable non-linear. 
ity, the fundamental component is quite 
lincar with respect to the gue signa level. 
T also found that a 50-V de supply created 
more heat, but at 100W, did not improve 
linearity enough to make it worthwhile 
‘The 354 V ac also appears across the two. 
series-connected 10042 feedback resis- 


— 
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тогу; they dissipate about (35.42)/200 = 
63 W, or 3.2 W per resistor (64% of the 
SW ating), 

A broadband, untuned power amplifier 
with lat frequency response und low distor. 
tion is not, by necessity, especially energy 
efficient (ratio of RF output power to dc 
power), The output stage is less than 40% 
efficient for this reason. For SSB use, where 
the average power is not more that 25 W, 
even with speech processing, this is no prob. 
lem at all. For continuous Key-down at 100 
W, the cooling fan is more than adequate 

Here is an important caution about us- 
ing oscilloscope probes at the FET drains 
and the output connector. А 10:1 probe 
could be damaged (t happened to me) if 
used directly at this RF voltage level, espe- 
cially at the upper end of the HF range, Use 
instead the homemade probe described pro- 
viously (see Note 2) with a 50.6 terminar 
ing resistor, 

"The quality of balance is checked by 
looking at the second harmonic on з spec- 
teum analyzer using the setup in Fig 4 with 
the diplexer fiters out ofthe signal path. At 
100 W output, check the harmonies in each 
‘of the nine amateur bands, Capacitor C, in 
Fig 5 is used (if needed) to improve the 
secondharmonic phase balance on the 
higher amateur bands. If the value is nor 
well below 40Be use С, atone gate or the 
other to achieve 45 dB. Extra pads are 
provided on the PC board for this capaci 
for. A value of between 22 pF and 56 pF 
should be adequate. Overkill is neither nec 


essary nor desirable: The output filters will 
Чо the rest. For each decibel of power out 
put below 100 W, the second harmonic 
Formally drops about wo decibels. 


Construction Notes 
Fig 1 shows how my version of the 
amplifier is constructed, A 0.05 інс (or 
0.062-inch) double-clad PC board, 3.25 x 
3.0 inches, is firmly attached to the heat 
sink. suggest using this compact size for 
best reproducibility. The beat sink shown 
тау not be presently available from RF 
Parts (see Note 5), but T also purchased à 
Model 99 sink from OCI (see Note 6) that 
is 6.5x12 inches. This can be easily tai- 
тоге to the appropriate size with a band 
saw that has а metal. cutting blade. Pieces 
jle and sheet aluminum can (hen be 
ely fashioned to accommodate the 
Tan (RadioShack 9273.242) and the PC 
board that contains the 
transistors are bolted directly to the heat 
sink (through cutouts in the PC board) us- 
ing heatsink compound and tapped (and 
carefully deburred) #4-40 holes. Careful 
mounting ofthe transistors is essential. The 
‘main PC board has small sections of copper 
removed underneath the base and collector 
tabs of the MRF426 and underneath the 
gate and drain tabs of the MRF 150x, so that 
accidental grounding is avoided. Use a 
hobby knife to define the areas and а hot 
soldering iron to peel off the copper. 
A bottom cover is advised, as shown, so 
that ай is funneled through the heatsink 


fins efficiently, For a 100-W, continuous, 
single-tone output, the exhaust sir tempera- 
ture reaches SUC. 1 used a RadioShack 
#22-174 multimeter with its temperature 
probe mounted inside the fins to monitor 
temperature during the design and texting 
phase. 

“The components are mounted on aset of 
seven small PC boards, six of which are 
mounted vertically (as shown) and bolted 
to the drilled-andispped heat sink through 
the PC board, using 4-40 screws and small 
angle brackets. I used stiff, right angle #6 
Solder logs that worked out very nicely. The 
Seven PC boards are cut from a single 4х8- 
inch two-sided PC board, shown in Fig 8 
"The bias circuit board has a ground plane; 
the others do not This set of boards is ava 
able from FAR Сиш, 

1 chose this method because it is easy, 
makes the amplifier more compact, reduces 
stray L and C that can degrade the wide- 
band frequency response and reduces stray 
couplings that can impair stabil and hare 
monic balance. I also allows the ground 
plane to be one continuous surface, which 
Isa plus factor. This approach worked out 
very well and 1 recommend it as а simple 
approach, 


Temperature Rise 

The cooling fan is important. This 
amplifier, as designed, should have the fan 
running, and I have found that a simple and 
reliable way to keep everything safe, It has 
been tested a 100 W continuously, for sev 


LJ oo 
"ELT 


Fig а нтр pattern for а 4x6 inch (finished size) PC board that provides the seven individual boards 
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MOSFET Stage Simulation 
simple analysis of the secant 
MOSFET stages presented (rg АЛО 
ee the elect of the roisivo 
eps fodback ol ho 100-0 res 
fore ел pF gtotdra capaci 
tance. The simulator diagram shows 
the votagecontelld curen sources 
thine Geo 6.0, whieh assumed 
Сопат over iequoncy. The gato: 
ше capacitance в 360 pF and ic 
dio source сараойапс e 200 pF 
Tose numbor аге rom fne MARIO 
pepe 
ыл eqieoy pt rg B) obtained 
fom ihe ARAL Hio Designer po- 
n shows he gain, MS (2б), ih 
wer 1808) and minut ee 
fave те 100- feedback resistors 
. 
boul 633 10 abou 5 98 em. 
а model (good enough lr is 
maion) the gain ао caused by 
the capactors, especialy he 40-2 
espacios whose ee Is real 
аута by the Mier elect 1 h8 
i capacitance is eliminated trom 
Seren te lreuency repone 
Maraton ven witout the dee 
See oss an 1.08, s soon 
| he upper ace 
ia power output at 15 МН: iso 
te ol consiant, te ums rato ol he 
| Spot tanlormirand ine value o he 
фак resistors can bo manipulated 
eee Wal end. The simulation: 
owe heta turns ratio of 1: y2 anda 
e каше о 120 t goes is. The 
ЖЕТ end impedance l naw 25 2 in 
cee Tne creased voltage 
makes tho hilo slot grear 
e he gam arator (ower 
Ager] 19 23 dá, ne drain to.Srain 
lage is now 50 V instead oi 35 V. 
And bis esus бег drain o: 
moy oro MOSES However, he 
dab pul Y 42 tamara transmis: 
еге vanstomor i not as smpie 
ате 2 nat vens 29.0 саа ancor 
Ше bal was th determining factor 


P 


Fig AA circuit used to analyze the PA output stage with ARD. 
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Fig B—The analysis results. 


ours. The MOSFETs well separated on 
fou heat sink and with efficient airflow 
ot have à temperature-contralled gate- 
rangement because | diê not find it 
ry a this power level. Because af 
spread in threshold voltage of indi- 
ual matched pairs, a one-time adjust- 
of gate bias is needed. The following 
Ме procedure is used: 
“Replace R21 with a resistor decade 
set at 750 11 
‘Place a 0-10 A meter in the +40-У line. 
With no signal input, switch on the 
fier and let the current reach its final 
which should reach about 1.5 A as 
FETs warm up. 
"Adjust the resistor value until DD is 
А. Alter cach adjustment, allow time 
‘he FETs to reach a steady current 
je. This tina) value is not critical, but 
Jû be within 10% 
chert the two-tone IMD at 100 W 


PEP (50 W average) and make further small 
changes, if needed, to resemble the IMD 
pattern in Fig 2. 

їп this amplifier, we are able to use the 
self-limiting feature of the MOSFET. This 
approach would not be appropriate in 
higher-power, higher temperature amplifi- 
ers because of herma runaway possibilities, 
where the decrease with temperature rise of 
the gate threshold voltage exceeds the de 
crease of the de transconductance” If fan 
reliability is a concern, add a thermal cutout 
switch to the +40-У line. 


Load Impedance 

Swept- and fixed-frequency tests at 
many signal levels and voltage valuesusing 
various values of parallel conductance and 
capacitiveinductive susceptancedid not re- 
veal instability problems at SWR values less 
than 2:1. A tendency to oscillate in a pecu- 
liar manner occured inthe 20.0 1029.7 MHz 
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range, but only with input signal applied (a 
driven oscillation) and certain values of 
drive level, supply voltages les than 30 V, 
SWR of 3:1 or more, and a certain range of 
shunt capacitance tthe output of the ampli- 
fier itself or at the output of the 12/10 meter 
diplexer. The instability shows up as а 
Christmas tree pattern in which discrete, 
uniformly-spaced 2- to 4-MHz sidebands 
appear on the main carrier, I is due to à 
parametric elfect involving the voltage 
Variable capacitances of the MOSFET tan 
Sistors that ix somehow enhanced by the 
Shunt test capacitance, Shunt indactance did 
not produce the problem. The amplitude 
modulation of the carrier by the low-fre- 
quency oscillation is clearly visible on an 
‘oscilloscope. The low-frequency oscillation 
itself can be seen on a spectrum analyzer, At 
SWR values less than 2:1 and drain voltages 
greater than 35 V (40 V is recommended), 
the safety margin is large. The 0224, 
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Зере network at the output greatly assisted plex load impedance values to the correct response of the complete system from 1.3 to 
with this problem. A coax cable rom the PA tube plate load resistance at resonance, 29.7 MHz, the circuitry that drives this 
tothe diplexer assembly that is foot or less Its difficult to achieve stability ia a amplifier should also have a flat response 
duplicates my test setup. Under these condi- broadband, transistor power amplifier. and a 50-C output resistance —bolh easy to 


tions, there is no stability problem on азу Having done so, 
into the correct 50-0 load as closely as actly 50 O, it may be necessary to slightly 
my testing could ideptify. Actually, a possible. The moniter 


Band caused by Toad 


pedance values that 


SH wise to operate achieve. If it is not perfectly flat or not ex- 


of forward and adjust the drive level on each band, whichis 


resistive load between 45 £2 and $5 01 гос. reflected power in Fig 9 is helpful for this пот difficult. As mentioned before. the sec- 
‘ommended for best SSB linearity, ss men- and assures clean, stable and reliable ор. ond-harmonic production of the circuitry 
tioned previously, While driving a high- eration. This circuitry will cut back the | preceding this amplifier must be of suffi- 


drive level to a value that protects the out. ciently low level (50 Вс) that balanced, 


SSB output, adjust its input impedance to 50 put stage from excessive drain current or push-pull operation is necessary. Narrow. 
resistive as closely as possible on each gate drive. Incidentally. the first stage goes bund resonator filters are also very com 


band, using SO-2 directional wattmeter. A то saturation 
broadband (untuned) solid-state driver am- vould damage the MOSFETs 


plifir such as this опе requires such anten- 


tion to load value for best results as com. System Design 


below the level that тоту used for amateur band harmonic re- 


duction in low-level exciter circuitry. , 
"The directional coupler detects exces- 
sive forward and reflected power. Both of 


pared to pi-network vacuum.tube PAS that Fig9 suggests a system implementation these are displayed on a panel meter. The 


am transform a fairly wide range of com- ofthe amplifier. Por the atest frequency directional couplers forward port is also a 


Parts List 


C1—160 pF SM 
C2, 3, 6, 7, 10-12, 14, 20:23—0.1 iF, 80-V СКОБ 
C4, e 00038 uF, 50V СКОБ 

C5, 9. 0047 uF, 50-V CKOS 

C13, 25, 26, 28 1.0 uF, 38-V tantalum 

C15, 16; 18, 19—0.022 JF, 100-V CKOS 
©17—56 pF SM 

G24— T uF, 100.V CKOS 

027—470 uf, 36-V aluminum 

Ca9—470 i, 15-V aluminum. 

D1—INA4S4À or equivalent 

L1, 20.68 ин, 150-2 core, 10 tums #26 AWG 
130.80 uH, T50-2 core, 12 turns #26 AWG 
L4 8N43:3312, 4/: turns #22 hookup wire 

15 8—27 ин molded 

18—022 uH, T50-2 core, 5 tums 126 

L7—2 F8:43:5621 cores, 1 tums #12 stranded 
Qt, 2-MAF#26 matched pair 

Оз, 4—MAF150 matched pair 

Q5 "283906 PNP 

87 3-270 0, k W, 5% tolerance 

Нала à, Y W, 5% tolerance 

R4, 9—178 O, 1. W metal fim, 1% tolerance 
BS, 873.9 0, W, 5% tolerance 


R6, 7—12 0, Ya W, 5% tolerance 
RIDLS1 0,2 W metal oxido 

911—100 42, 2 W metal oxide 

RIZ, 16—51 0. 2 W metal oxide 

R13, 17—100 à, 5 W metal oxide 

R14, 15, 18, 19,26, 27- 562 de metal fim, 1% tolerance: 
R20—215 û, Y W metal fim 1% tolerance 

R1—767 0, Ya W metal fim 1% tolerance, ost selected 
822—047 0, SW wire-wound 

2347 Q, e W 6% tolerance 

R24—56 кй, "a W, 5% 

R5—390 0, e W, 5% 

Ti—BN-43-202, 21 turns #32 AWO, bifilar 
тгл, B—8N43:202, 2, ums #32 AWG, bif 
TBA, B—BN-43.3312, 2 turns 25-0 miniature coax" 
TAA, B—() FB-43-5621, 1% turns 2542 minature coax" 
TS- 2) F8-43-5621, 2%: turns 50-0 miniature coax 

ШІ LNG17 adjustable voltage regulator 


Notes 
"Hicrodot 0260-418-000 available from Communication Con- 
cepts, inc. 

Ай coros are available from Amidon. 

Closely matched transistor pairs are irom RF Parts (seo Note 5). 
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Fig 9—Sysiem implementation ofthe 100W ampiñer 
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of ALC voltage, These control volt 
Are fed back to the appropriate gain- 
rolled stages in the exciter. Gain 
of the transistors in the 100-W am- 
s mot recommended because 
s in base or gate bias will degrade 
fier linearity, IMD products and pos- 
(е flat frequency response. There are 
ways to accomplish the gain-control 
such as preferably in a lowlevel IF 
fer. With respect to IMD, we are try- 
to control the odd-order curvature of 
MOSFET transfer characteristic — 
jally for the higher-order products — 
Seting the gate-bias point. The bias 
is found by looking at IMD on each 
band and selecting the best com- 
ise value. This was discussed previ- 
in this article. 
“The diplexer filters are linked to the 
ande switch circuitry so that the cor- 
filler is always switched in. The TR 
is at the output of the diplexers. Do 
hot switch the diplexer filters because 
might damage the inexpensive relays 


sion 
In conjunction with the power supply 
‘Note 1) and the diplexer filters (see 
2), the amplifier described here is a 
module for homebrew equipment that 
satisfy the requirements for a 100- 
pomer level, а 1.8 to 29.7 MHz band- 
and а high-quality signal. I should 
е Пее for a very long time. The 
cot of the four transistors is about 
ни they will last indefinitely if cared 
properly. The ones that I use were 
{Considerably during the experimen- 
and continue to work perfectly. The 


approach that I suggest is best implemented. 
with diplexer filters and a preamplifier that 
has very low second-harmonic output and 
Tow IMDboth easy to get at +10 dm. The 
payoff for me is excellent performance and 
reliability, once the design was completed. 

‘This project is suggested for the 
homebrew enthusiast who has at east some 

ime access to lab-qualty test equip- 

ment. Others who do not care to build may 

find the article, together with numerous 

other sources, interesting background 

formation regarding MOSFET power- 
amplifier design and test methods. 

"Any attempt at building and testing this 
amplifier should also use the 40-V power 
Supply in the referent of Note | or some- 
thing similar. The automatic current limit- 
ing м 8 A, the automatic reduction of drain 
voltage, the short-circuit limiting to 4 A 
and the manual control down to 24 V help 
to protect the MOSFETs from mishaps hat 

re bound to occur. 
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From QST, June 2003 


The FARA HF Project 


Ose hs arger aná mor active radio 
clubs in the Cape Cod, Massachusetts 
area is the Falmouth Amateur Radio Asso- 
ciation (FARA). Some of its members a 
affectionately referred to as the "hackers 
those who enjoy the construction phase of 
Amateur Radio, The renewed interest in 
low power (ORP) radios in the 2 to 5 W 
output range resulted in the desire for a 10. 
10 12 dB gain RF linear amplifier produc- 
ing 30 to 40 W of output power. Commer- 
cial amplifiers capable of being driven with 
fess than 50 W below 30 MHz are prohi 
ited by FCC regul 

teur, you are per 
amplifier per year for your personal use, 
The amplifier described here is relatively 
easy o fabricae, given a basic knowledge 
fof electronics and some familiarity with 
hand tools. This article describes in detail 
the construction of a 12 dB, nominal 30 W 
output, 18 to 30 MHZ RF power amplifier. 
Wis intended for 12 to 13.7 V de operation, 
making it ideal for mobile use. 


‘Amplifier Description 

The design of the amplifier u based 
upon common engineering practices. Ideas 
gathered from researching the handbooks 
published by the ARRL and The Radi 
Society of Great Britain (RSGB), as w 
as articles published in QST and other jour- 
nals formed the basis of the design. This 
amplifier uses readily available compo- 
пем. many of the earlier designs were 
based on the Motorola MRF series of RF 
devices that are no longer available orare 
prohibitively expensive 

"The amplifier is housed in a 5x 7x 2 
inch aluminum box. li consists of two 
мастей circuit boards—an RF amplifier 
and а low-pass filter. The completed 
amplifier is shown in Figure 1. Figure 2 is 
Фе schematic diagram of the RF assembly 
together with the amplifier and low-pass 
filter pans ist and Figure 3 is the low-pass 
filer schematic. The amplifier can be 
driven by 2105 W at the RF input; an input 
attenuator consisting of RI, R2 and R3 
must be selected (as noted in Figure 2) to 
ensure the proper drive level (2 W) for the 
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Would you like an economical and relatively easy to 


build 30 W HF amplifier? For about $130 worth of 
parts you can give that QRP rig an extra 12 dB of 


muscle! 


1 
* 


err 


Figure 1 
pass itr switching. 


push-pull QSC2312C device types) class 
‘AB amplifier stage. Т1 is wound on a small 
binocular core with a 4:1 ratio as detailed 
‘onthe schematic. The low impedance se 
ondary is а single turn center tapped; it 
carries the bias voltage to the output tan- 
Sistors. The bias voltage is derived from 
the LM317 regulator, which is operated as 
A switched current source. The LMBI7 is 
Switched on when the internal PTT line is 
activated, Bias voltage is developed across 
the FES) diode, which is in intimate ther 
‘mal contact with the output transistors. The 
output transformer (T2) is also wound with 
341 ratio; thas a single-turn sense wind. 
ing. The single-turn feedback winding 
provides some degree of negative feedback 
to fatten the gain and stabilize the input 
impedance over the HF frequency range 
"The RC network inthe input base circuit 
establishes the overall gain, The 6.8 W 
Series resistors determine the gain below 
14 MHz, while the 4700 pF capacitors are 
effective above 14 MHz. 

Figure 4 shows the output power versus 
frequency characteristics of the amplifier, 


“The completed 30 W meer The band switch 
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The low-pass filter assembly utilizes 
relays to select the proper filter network for 
the various frequency ranges. Relays were 
‘chosen to simplify the RF switching and to 
minimize cost The six filters cover the nine 
amateur bands from 1.840 30 MHz: the fre 
‘quency ranges and circuit constants are as 
noted on the LPF schematic diagram. The 
inductor cores and wire to wind the coils 
are available as a kit of parts from Amidon." 
The LIC constants are (he same as those 
recommended by WAZEBY for ihe 
MOSFET RF amplifier in The ARRL Hand: 
book. The filters are not used when the 
amplifier is off or when the PTT line is not 
activated. this permits muli-band listen- 
ing and limited VHF use when o wide fre- 
quency transceiver i n use (like the Yaesu 
FT-817). There is no provision for ALC 
feedback, so caution must be exercised зо 
as not to overdrive the amplifier, 


Construction Hints 

Although no step-by-step instructions 
are provided, a few hints will ease the 
assembly process. The circuit boards pic- 
tured are the prototype assemblies they are 
met solder-plated, However, the available 


master has also set up a site for the project. h a A 
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Circuit Board Preparation ‘here are a number of holes to be RF Amplifier Circuit Board 
/ pinned on each board; these are A view of the completed RE board can 

%%% placements diagrams. be seen in Figure 6. The following sog 

diky when soldering we foil. Plated Wires should be inserted through the tions pertain to the amplifier board 


tars are best they ate easier to solder. board, bent іно the shape of a Z. formed © Wind the secondary winding on T2 
Some solder Nox may improve the solder. flat against the board, soldered and eut. and mount it o the circuit board first 
%%% on cach board «Те emitters of the 2SCISI2S (Q3, 
ein core solder and a non-corrosive flux. "ust be sized as a clearance hole for the 4- Q4) are intended to be grounded through a 
* Carefully inspect all soldered connec. 40 mounting hardware, hole оп the pad. The following modifica 
tons for cold older joint. Good soldering  * Components should be mounted flush рок аак а, bond a thin Drass or cop 
%% capacitors should be per strap into a "U" shape and solder iron 
the amplifier, mounted as close to the foil as possible. both sides of the board This lowers the im- 
Periodically, the flux should be re- > Thelargerectangular blocks on the RF pedance to ground. 
moved from the board during the construc. board must be trimmed in order to mount ¢ Next, mount the smaller fixed compo 


Aon phase witha suitable chemical cleaner, the RF Output transistors and the bias diode. nents, the resistors and capacitors 
he semiconductors and the relay 

mount last. 
= Do not mount D6, Q3 and Q4 until he 


— — assembly is Fixed in the chassis and posi 
EE tioned relative o the heat sink. 


WFR 19008 Le р ИШ 
Senie Monor Sor ihe various components, The LPF board 


ET Poe bie jv SE an be seen in Figure 7. it muy be necessary 
bens mien to form the capacitor Ide silly lo con 
FARA Air Омри cee. form tothe hole spacing 

Frequency iz) RF ыра iW) 2nd Harmonie (dB) з Haman (d) * Mount the filter components first, fol- 
тма -= = ә lowed by the bypass capacitors and the 
Jumper wires, Refer to the schematic for 

component values by frequency range. 
* The relays mount last, Do not over 
heat their mounting pins when soldering. 
“Do not mount the LPF assembly until 
the initial tune-up is completed, Jı is rec 
ommended їшї yoo precwire he band 
Sith. It mounts between the two circuit 
Boards when they are installed in the chas- 


Low-Pass Filter Circuit Board 
‘This is a double-sided board: the reverse 
side is a ground plane with clearance etches 


yo 5--Tho circu boards toro wiring, Tre RE baard is an se lot and the LPF 
Visto tha ight. Noto the pinned and soldered holes. 


Figure 6—The completed AF assembly 
oon 


Figure 7 —Tne completed LPF board. Note 
{he rolaye at are used 88 Mer ucho- 
thay are selected by he band switch 


sis and it is difficult 10 get to. 


(Chassis, Panel and Heat Sink 
ie templates for the chassis and. 
he found on the Web site. Trim 


to the aluminum box and heat sink, Iis 
important to center ponch the holes and 
drill a small pilot hole at each location. 
Enlarge the holes to size according to the 
dimensions. Lener the panel with dry trans- 
fer lettering available at office supply 
stores. Spray on several light coats of clear 
lacquer to protect the lettering. Mount the 
heat ink and the panel components, but do 
mot mount the bandswitch at this time. 
Mount the RF amplifier board using a 
couple of 4-40 flat washers as spacers be 
tween the chassis and the circuit board at 
each corner. Install he 4-40 standoffs t6 
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hold the assembly in place. Mount D6, 03 
and Q4, using the TO-220 thermal pads and 
hardware to isolate the transistor mounting 
та from the chassis. It is not necessary to 
isolate D6. Use RG-174 miniature coa 

cable for the internal RF connections. 


Tuneup and Testing 

As this is a broadband design there is o 
tune-up: only the bias adjustment needs to 
beset. A 1210 14 V de current limited vari- 
able supply is recommended for initial ad- 
бохтем and testing. Use a dummy load at 
the amplifier output. Drive level refer ty 
the attenuator output, И used. 

+ Connect a temporary jumper between. 
the Fy and Fay pads on the RE board. 

+ Preset КЇЗ (1 КО potentiometer) so 
thatthe wiper is at ground. 

+ Apply 12 V de and ground the PTT 
line (the relay should pull in). 

* Briefly drive the input with 1 W at 14 
МН and note the power output, 

= Again apply 1 W and increase bias 
(RISJuntil the output increases about 15%, 

+ Increase drive to 2 W and note the 
power output (about 25 W). 

+ Increase voltage to 147 V de; note the 
output with 2 W of drive (about 35 W). 

Remove power; remove the temporary 
jumper mount the band switch; connect 
and install the LPF board, Verify that the 
power output over the range of 1.810 29 
MI is as expected. A view inside the ber 
tom of the amplifier, with the LPF board 
visible is shown in Figure 8. 


Final Comments 
"The FCC has placed stict limitations 
‘on power amplifiers used below 30 MHz, 
Please review the appropriate FCC regular 
tions before constructing this amplifier 
Kits offered for sale, even partial amplifier 
kits that require additional parts are pro- 
hibited by current FCC regulations? 
Construction time, assuming that all the 
components are o hand and the boards are 
properly prepared, is about 4 hours. SSB 
‘operation results in the heat sink barely 
‘getting warm, and cooling under key down 


gre 8A totem vow ide a, 
[Slated apt The LPF bond в 
коа blow the RF эшет у: 


conditions is more than adequate 

"Aprojectof this scope is more fun when 
‘others participate. Harry. W2RKB, pro- 
vided the necessary prodding to get it 
started. He also fabricated the cir 
"boards and the filter assemblies or the pro- 
Aotype amplifiers. Dave Hosom assisted 
the photographs. A generous thank 
you is extended to them both. Give the 
FARA amplifier a шу... it's а practical and 
rewarding project! 


Notes 
gral Communications Commission. See 
Le Note 1. 
e Ascites, og, 240 Brags Ave 
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wrw amidornduetive com 
ira 2003 ARAL Handbook, pp 17.91-17.97. 
FAA Союш», 18N640 Feld Cour, Dundee, IL 
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A Compact “Brick” for 


6 Meters 


ost transceivers available for the 6- 
(meter band provide 10 W output. This 
power level provides satisfactory comms 
cations during good sporadie-E open- 
ings, but is not adequate for making 
long-haul contacts on meteor scatter or 
during F-layer openings. For the average 
tin, ап output level of 100 W seems to 
he a reasonable compromise between a 
HOW excines aod а kilowatt amplifier. 
Unfortunately, 50-МН amplifies: in this 
power class аге not readily available. 
Tbegan operating on the 6-meter band а 
few years ago, near the lowest point in sun 
spot cycle 21. Sporadic E kept my interest 
Nigh, and soon it became evident that T 
медед an amplifier. Being a builder at heart 
decided to “roll my own” and began to 
seach the Amateur Radio erature for de 
Sign examples. I found very few solid-state 
Amplifiers, and only one inthe 100-W class. 
T built the amplifier as specified, and 1 
qt good results. My 6-meter effectiveness 
Fade а quantum leap! One highlight was 
Working Europe witha 12-foot-boom Yagi 
The amplifier performed so well that sev- 
жы of my Sriende asked me to Duil them 
duplicates of it. With each revision, Lied 
lo add design innovations, including on 
ard TR relays, a cartier-operated-relay 
(COR) circuit and transistor biasing, as 
well as low-pass filtering and more čom- 
Mel packaging. The product of these 
Тоң; is described in this article. At least 
Bol hex units have been constructed and 
же now in use. Several cf these amplifiers 
ve been used on DXpeditions in beacon 
Service, and as drivers for kilowatt-class 
Amplifiers, and results have been excellent 
Ifyou are looking for a low-cost 100-W 
amplifier, this proven design would make 
(nice addition o your 6-meter station. This 
‘revit can also be adapted for use with an 
MRFISO FET, which produces over 160. 
output with less than 10 W drive. Seethe 
sidebar for more detail, 


Does your six-meter signal need some extra kick? 
This inexpensive amplifier bridges the gap from 10 


to 100 watts. 


Circuit Highlights 

The amplifier circuit, shown in Fig 1, is 
single-stage, 10-4B-gain, class-B design 
using the popular Motorola MRF492 tran- 
sistor, The RF circuitry is based on a test 
circuit in Motorola's RF Device Data 
book? Input and output impedance match 
ing is done with Iow-Q lumped circuits 

ther than with broadband transformers 
he amplifiers bandwidth is about 1.5 
MHz, which covers the DX portion of the 
6-meter band with plenty to spare. And, the 
output network has a secondary dip at about 
53 MHz, allowing CWISSB work and FM 
‘operation without the need to retune the 
amplifier. The narrowband nature of the 
matching networks helps reduce harmon 
ies. A half-wave low-pass filter in the 
output circuit further reduces harmonic 
content to meet current FCC specifications 
(see Fig 2) 

"The COR circuit is based on a high-gain 


operational amplifier that provides the sen 
sitivity required for SSB operation, This 
circuit is much more effective than the 
Darlington-ansistor COR circuits found 
їп most commercial amplifiers. It works 
well with low-power SSB rigs that do not 
have easily accessible PTT lines, although 
A separate PTT inpot is also included, 

The amplifier PC board is mounted in 
a die-cast aluminum box (Hammond 
15908, Bud CU-247 or Jameco ран по. 
B5006) with an extruded-aluminum heat 
sink bolted to the bottom, (I used a 6-inch 
length of Wakefield no. 1527 heat sink. 
Any aluminum heat sink with similar 
dimensions should work fine.) The com- 
pleted amplifier is operated invested, with 
the removable lid serving as the bottom. 
The enclosure is painted Пи black and 
labeled with white rub-on lettering, Stick 
‘on rubber feet are attached at the corners of 
the bonom cover, The finished product 


VHF/UHF Amplifiers 2-1 


en 


Fig 1— Schematic of tho 100WI meter amplife, Libera use of bypass capacitors and feito beads helps ensure stabilny and keeps 


FP out othe power supply, 

ЕТО gerame es, 

Cao иг. polyester lim. 
ЖУР, 


Polyester fim, 
c=: to 180-0F mica compression 


671000 F, 63 V. aluminum. 
eee 

Cl I20 pF. 100 V, silver mica. 

Ста 022062 pF, 100 V, siver mica. 

‘Cia, C20- 50- to a80-pF mica, 

“compression immer, Arco no. 485. 

CT B8. to 280-pF mica compression 
Timmer, Arco по. 464. 

DT ebe 

D2—INT200 stud-mount diode. 


looks professional, and also does a good 
{ob of cooling the power transistor and blas 
diode. 


Construction 

The amplifier is assembled on а double- 
sided printed circuit board. АП RF compo: 
nents are surface-mounted on the component 
side of the PC board (se Fig 3). The COR 
22 Chapter 2 


FB1, FB Ferte bead, Amidon no. 
842-003 or similar: 

FB2—VK-200 wide-band choke, 2% turns 
по. 24 gold wie on Amidon no 

FBAS-STTT lomte core. 

e Female AF connector (UHF, BNO, 
Н өк). 

18" Přono 

к, Т ому. 12:V de сой, Omron 
de ee Aviat rom 


и: tume no, 14 enam wro, "hs in 
amt 

PEZ luna ho В anam wire, % n. аал, 
rx 


‘components, including the relays, connect 
o traces on ihe other so ol the board. The 
remaining non-componentside foil serves 
э a ground plane, and is electrically co 


то. 18 AWO wires 
‘soldered to both sides of the board, or, pref- 


Uris 


Miscellaneous. 

Suitable cio-cast aluminum enclosure and 
heatsink 

Palo! binding posts or other suitable do- 
Supply conector. 

Two 1- Sm, Strips of double-sided loam 
tape. 

‘Two LED holders. 

Seven по. 4-40 X 4 in, machine screws. 


erably, copper rivets such as those available 
from Frontier Microwave and Down East 
Microwave The relays also mount in 
plated-through holes, The PC-board pat 
{ems and part placement overlay are avail 
able from the ARRI Technical Department 
Secretary.” 

Drill the сазе for the switches, connec 
tors and indicators you'll use. Begin PC- 


Tg 2 Mo cas special dop ol he 
TR 6-meter ampliar. Vertical dvisions 
Be een 19:48; horizonta! ins are 

ТО MHz. Output power was appro 
тиву 100 W at 502 МН; AF harmonies 
(ne spurious emissions аг at least 60 dB 
Below peak fundamental output when the 
"ampliar is tuned as descrived in ho tox. 
‘The 100-W ampilier complies with current 
FFF 
киртеп in this power-output clase and 
ee range Веле spectral purty can 
фә obtained by using an extemal output 
lar see tne referent of note 1 fora 
"tabla Wet circu), 


board construction by mounting the parts 
"Bat are soldered to traces on he other side 
‘ofthe board. This includes the COR parts 
and relays, the RG-174 jumper, and diode 
DL. Make sure that the diodes and Q2 are 
properly oriented. 

"The solderside paris are surface 
‘mount. Keep lead lengths to a minimum 
йо more than inch) on these pats, The 


bypass capacitors should have the shortest 
possible leads, and should be surface- 
mounted on the PC board. 

"Wind the coils using Y- and “inch 
sil bits as temporary forms, Cut the coil 
leads to V inch, bend them 90°, scrape the 
insulation off the ends and solder the coils 
tothe board. Some of the coils may need to 
De compressed or spread during tune-up to 
get maximem output power, so allow for 
This when mounting them. Use Fig 3 as a 
guide. Mount the mica trimmers by bend- 
Ing the solder tabs parallel to the board and 
surface-mounting them. (Some trimmers 
have extra tabs that may short to the PC 
board; 1 cut these off with side cutters lo 
eliminate this risk.) When surface-mount- 
ing the larger components, a high-wattaze 
Soldering gun is useful, but be careful: The 
traces may separate from the PC board if 
excessive heat is used 

When the PC board is complete, tempo- 
тату place the MRF492 in its mounting 
hole in the PC board, making stre to orient 
the transistor properly (the beveled Jead is 
the collector). Place the PC board inside 
the box assembly. Carefully mark the tran- 
sistor-mounting holes and the single PC- 
board mounting hole on the enclosure 
through the PC board, Remove the PC 
board from the case then drill and tap these 
holes for no. 4-40 hardware. Mark and drill 
the heat sink using the enclosure asa guide. 

Drill and tap four more no. 4-40 holes 
near the corners of the case, through the 
case and into the heat sink. Apply heat 
Sink compound between the die-cast box 


Раз тн inside view of tne 100-W amplifier shows the circus simplicity. On the PC 
Mar, counterclockwise fom uppat let tne COR сист: три matching and bras 
нога, switches and indicators lower to; МНЕ 492 (omer center) collector choke 


ld оиро network (ower пум. The TA relays and connectors 


' at the upper center, 


d bias resistor RT l ust o the let of centr. 


and the heat sink, then use no. 4-40 screws 
in these holes to secure the heat sink to the 

Place the BC board into the case/heat 
sink assembly again, and mark the location 
Of the stud-mounted bias diode, Remove 
the board and drill and tap а ch cet 
по. 10-32 hole in the case/heat-sink assem- 
bly. The diode's threaded stud is more than 
"inch long, and should be carefully cut off 
(witha hacksaw) to J inch. 

"The rear of the PC board must be insu- 
{ated rom he box assembly, because many 
of the COR-circuit traces on the under 
Side of the board are not at ground poten- 
tial. use irinch-thick double-sided foam 
чаре to cover the solder-side traces and to 
Support the board away from the case. 
Make sure the component leads are cut off 
closely at the rear of the PC board so that 
they don’t punch through the foam tape a 
Short to the box assembly, Mount the board 
inside the case, then screw the bias diode 
snugly into its mounting hole in the case/ 
heat sink assembly. 

Solder the MRF492 onto the board as 
the last step, after the transistor case has 
been mounted in the board and screwed 
into place. (This eliminates the possibility 
of cracking and ruining the $15 device) 
Be sure to use a liberal amount of silicone 
heatsink compound between the transis- 
tor and the box, 

Mount the front panel LEDs, switches 
and the RF connectors of your choice to the 
box. Any suitable RF connectors can be 
used, The connectors are wired à the РС 
board with no. 18 tinned bus-wie jumpers. 
Make these as short as possible, used по. 
24 insulated hookup wire to connect the 
‘witches and LEDs to the PC board. Fi 
nally. mount the de-power binding posts to 
the rear panel. These are wired to the PC 
board with по. 18 bus wire run through 
FT-43:301 ferrite beads, 


Initial Testing 

After the switches, LEDs and connec- 
tors have been wired, carefully check all 
connections. Make certain that the jumper 
from the PC board to bias diode D2 is con 
nected! If all looks good, connect the 
amplifier to a 13.8-V power supply capable 
of sourcing | A. UF you have one, a small, 
currest limited power supply is best for 
testing.) your power supply does not have 
reliable current metering, > meter capable 
of measuring 0-500 mA should be ріка in 
series with the positive supply le 

With the amplifier turned off, turn on 
‘the power supply. The meter should indi 
cate 0. Turn on the amplifier and note 
the total indicated current. It should be 
Between 50 and 300 mA. IF itis much 
greater than 300 mA, quickly turn off the 
power supply and look for problems, 

the current is wikis these limits, you 
can go about setting the operating bias 
This involves changing the value of Ri 
until the collector current is between 75 
and 175 mA. Note that this ix not total 
circuit current, which includes the diode 
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Using a MOSFET to Get More Power from the Basle MRF492 Ampltier 
Circuit 

Tho MAF492 amplier circuit described in the main text ie easily modified 
or use with an МВЕ140 VMOS power FET, which has about 15 dB gain and over 
160W output substantially more than the МАРА. Even Ine device cases are tha. 
Samo, so the changes required to operate this circuit with an MRF140 are quio 
Straightforward. Specie details ot the modifications required, Including asehematio 
diagram, are avalable from the author for an SASE, 

"The main diferences between the devices are that the MRF140, a MOSFET, 
needs diferent biasing and a higher supply potential (28 Y) than the MAF492, and 
is more expensive ($88 versus $15 for the MAFAS2, at this writing). But you have 
а 20.V supply and need more than 100 W or have а 5-W exciter, the chango is 
probably worthwhile. The ̃ is easily biased wiih a three-terminal regulator 
an LMÁT7T works wel) and requires very low component changes other than 
those in the bias circuit. An addtional capacitor and inductor are also required at he 
MRF 40's gate. 

Because Тө medie ampli: quires a 24-1928 supply derent TR relaye 
must бе used, or, alternately, 12-V-col relays can be wired la series. (The COR 
гсш! needs no modification because the LM358 works fino at 28 V. 

(Good heat sinking is more critical to amplifier performance at Ine higher power 
level, so used a 3- x 5- inch slab of Yeinch-thick copper between tho device and 
the case as a heal spreader. A larger heat sink and/or forced-air cooling aro also 
desirable NALTÀ 


current and POWER LED current. The best — capable of indicating at lest 100 W at $0 
way to measure collector current is to lift MHz should be connected at the amplifier 
FB3 and insert а milliammeter in series output, and the meters ошрш to а 50-0 
"with thecollector-supply lead at that loca. — load. It is also desirable to measure input 
tion, An alternative method is to use e power from the excite, as well as ampli- 
following equation to approximate collee- — Her-input SWR, but these can be measured. 


tor canon Alier Initial tune-up if wo meters aren't 
available. 
Je под = (Var RD + Set the input-cireuit tiers (ES and 
Wa- 11 + 1000) C14) near midrange. erster the output 
шен Д circuit can be tuned several ways for the 
where proper impedance тална, t's im- 
1, = collector current in milliamperes portant to preliminarily adjust the output 
ensured voltage across RI ^ Сш by compressing СЇЗ all the way, 
measured supply voltage then backing olf one fll turn, before bo: 


ginning tune-up. Do the same for C21, then 

This equation lets you calculate collec- back C20 out almost all the way. Turn on. 
tor current by Subiracting the current е amplifier and apply about 2 W drive. 
through RI (Vg, + R) and the current The COR should sense the input RF and 


through the POWER LED (Vee — 1] + switch immediately into transmit. Using a 
1000) from the total supply current. nonmetallic tool une the two inputcireult 
Using either method, substitute differ- trimmers for maximum power output, then 


ем resistors at RI until the collector cur. tune the three output trimmers (C13, C20 
Tent falls into the 75. to 17S-mA range. In and CAD for peak output. These adjust 

Almost every сазе, а 5-W resistor of 82,91, ments interact, so continue tweaking for 
100, 110, 120 or 130 0 will bring the cur. maximum power. 

rent into that region. (I have never had to. During tuning, pay attention to the fem 
Substitute more than three resistors to ar. peratures ofthese varlable capacitors, If 
rive in this bla current range) These 5.W heating is noticeable (especially ln C13), 
resistors can be purchased for less than reset these capacitors and start gain. Limit 
$0.40 each, so, although а 200-2, 5-W key-down periods to 10 seconds, and allow 
wire-wound potentiometer could he used for cooling in between, Increase drive lo 
lor RI, all six resistors can be purchased about 9 W. Output should be 95 to 105 W, 
for far less, And, these days high-wattage and the output-tuning capacitors should 


potentiometers are hard to find be cool tothe touch just after RF drive is 
removed, 
Tune-Up Input SWR should be less than 12:1. If 


When the bias current has been set, the — not, adjust the input-circui trimmers for 
amplifier can be initially tuned. For this the’ best compromise between low input 
procedure, the amplifier should be con- SWR #44 maximum power output. The 
nected to a power supply capable of deliv- amplifier ls now ready for operation. Some 
ering at least 15 A at 13.3 V. A power meter MRF4925 seem to be “hotter” (exhibit 
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more gain) than others: I have seen some 
devices produce 115 W easily and others 
Strain to put ош 95 W, On the air, the dif- 
ference is зо slight that it can"t be detected. 
For best IMD performance, | recommend 
Tunning the amplifier at about 85 W output 
on SSB. 


FM Operation 

"This amplifier also works well on EM, 
but the power output should be limited tà 
about 15 W because of FM's more demand- 
ing duty cycle. As mentioned earlier, the 
amplifiers bandwidth characteristic is 

jouble-humped, if it's tuned up at 50.1 

МН, tne second hump falls in the 53-MHz 
area, allowing for SSB and FM operation 
‘without retuning, 

the amplifier is to be used for beacon, 
CW oF FM operation exclusively. I suggest 
You configure it for class-C operation 
Efficiency in class-C operation is in the 
72% range, versus 60% for class B. To cone 
figure the amplifier for class-C use, con- 
nect the inductor using FB2 (the mult-hole 
ferrite bead) from Q1 base to ground, and 
eliminate ай of the other bias components, 
including D2. Ifyou like, you can add a 
panel switch 10 change between class-C 
and class-B operation 

"The amplifier should never be operated 
lass C on SSB. Doing so results in severe 
distorion. 


Conclusion 
Y hope that you enjoy building this 
poles and ibe mova 50 
z operation. Аз 1 write thi Japanese 
stale ме bci worked om the Бан 
Cost, und al coninenis are frequently 
heard. Inthe years lo come, the regular 
occurrences of sporadic-E openings and 
meteor scatter ll help il the nals be- 
tween Faye openings Hurry and gt 
on ie excitement on the "Magic Band 


My Tamana “A Sol Sate омы Linear 

er Vel Can Bota OST. May 1982, 
ТЗ, T ere was based onan MAFA 
feat беш! in Motorola s AF Device Data 
Я 


“миома RF Deuce Data. Fourth egion 
y ii ne 198) op 3'382 ому ва 
городе parts including gr 
' BO board min pisted- inrough roly 
alite rom tne author or $160 (UPS der 

edad Shae ТЕБ ondas 
terminala, heal sin and соттаса are re 
омей The PO board sone e avaiable or 
SI? posipad anc а Маск arodizod alum 
um esl ia avaaja sepa lr $18 
Te ihe star} m 
Fronter Microwave, AD 1. Box 467, Ote 
'ER 1042. ev 


тат rear sides of ne amper PC Боз 
Жа е part placement over. 


By Richard Frey, KAXU. 


[излеб article. [described a 50 MHz, 
128 V. 250 W class-C amplifier using 
BAJE highvoltage MOSFET de- 
ге! This paper describes an improved 
ion of an amplifier that is capable of 
BAB linear operation. The design 
required and the procedures 
poled are explained and demonstrated 
descriptions ofthe amplifier ard 
struction are presented, as well as 
measured performance. 
High-voliaze, high-power MOSFETs 
been shown to be very capable RF 
ec amplifiers, The metal gate archi- 
fof the ARF series fom Advanced 
"Technology has raised the Tre- 
y limits for this type of device to 
D Mit. The АРТЗАЌА/В is typical of 
Series. It has a 68.000xguare-mi die 
ê breakdown voltage rating, BY of 
IS V. The device is provided in the inex- 
le TO-247 plastic package, and is 
le in common-source symmetric 


Tollage, V, has a negative tempera 
efficient This makes operation as а 
Mt amplifier difficult or impossible 

y compensation, 

‘When forward biased with a constant 
Маре, the quiescent drain current 
asthe temperature of the die increases 

авав al the typical drain voltage for 

Parts, about one third of the rated 
fas бе power dissipation caused by the 
ing dq results n "ho spotting” and 

i thermal runaway, This is an 
able system. The dissipation increases 
y tht the outside surface of the 
her not follow internal junction 
ature well. As а result, a Махсот 
lion scheme char uses temperature 

а cannot Keep up with ihe V, tin 

Me device is destroyed. 

"Mie power dissipation within the die is a 
сноп of the operating voltage By 

ing he operating voltage, the thermal 


From QEX, May 1999 


300-W MOSFET Linear 
Amplifier for 50 MHz 


Everyone is looking to go ОНО on 6 meters. 
Build this “almost a brick" to boost your signals 


from 15 to 300 W. 


loop gain can be reduced to a point where 
the gatethreshold shift can be compensated 
Thermal stability can be achieved by sens- 
ing the case temperature. Linear operation 
thas becomes practical at 10D V und below 
While this is ess than 25% ofthe rated BY y, 
and produces less gain, а very rugged and 
Useful linear amplifier is the result 


Amplifier Description 

The following were tbe design gouls for 
the amplifier: 

+ Frequency range 50 to 51 MHz 
прш SWR < LSI 

* Gain» 1308 

+ Output power 300 W PEP or CW 
+ Efficiency 50% 

+ IMD3 > 25 dB below РЕР 

‘A push-pull topology was chosen for 
best output power and minimum harmonic 
content. The previously reported class-C 
design used Vy = 125 V. Since this s too 
high or reliable class-AB operation, 30 V 
was eventually chosen for this design, This 
is a compromise between gain, eMiciency 
and thermal stability. 

Since the gate input impedance is very 
low, it magnifies the effects of any stray 
inductance in the gate matching circuit. In 
A pust-pll design, it is critical to maintain 
absolute symmetry between the two sides 
This fact was demonstrated during the ini 
tial design work. One preliminary design. 
had a slight asymmetry in the PCB artwork 
The amplitier exhibited low efficiency, hot 
ert in the output transformer balun and 
poor distortion characteristics with asym. 
metrical IMD product amplitudes, This 
clearly demonstrates the benefit of sym- 
metrically packaged devices 

A multiple-aperture ferrite bead was 
chosen for the input transformer: Brass tub- 
ng wasused for the secondary, and the pri- 
mary was wound inside the brass tubes to 
provide a very broadband balanced wans- 
Former design with minimum leak pge reac 


lance. Several cores and construction 
methods were evaluated, and this wel 
tried design proved best 

"The typical HF push-pull amplifier 
employs a bifilar choke to decouple the 
fraig-voltage feed. As frequency and 
power increase, tis feed method becomes 
fess practical because the need to seduce 
the number of windings to offset the stray 
capacity and the need to prevent cote satu- 
sation conflict. In this design, a powdered: 
iron toroid was chosen for the feed choke 
core. This proved far superior to any of the 
ferrite cores evaluated. Y is inexpensive 
and easy to reproduce. 


Design. 

Three main areas must be addressed 
‘The input matching must provide a bal 
anced feed to a pair of low-impedance 
gales. The output must be matched to a 
suitable load impedance, and then trans 
formed toa 50-62 unbalanced load. The bias 
must be thermally compensated to track the 
negative temperature coefficient of the 
gate bias threshold 

“The input is reasonably straightforward. 
Each gate input is 0.2 40.5, as estimated 
from the data sheet. The push-pull topol- 
ору puts these two impedances in series, 
which makes the matching less difficult. А 
Smith Char? program makes the actual 
design easy. The program used here is 
WinSmih.* The two gate impedances are 
added in series, and а network synthesized 
to transform the resulting impedance up to 
50 0. The Smith Chart program only works 
‘with single-ended circus, so the center tap 
ers added later. See Fig 1 

"The inpot-ranstormer design was cho- 
sem for its simplicity and relative eave af 
construction. Of several attempls using 
dilfereat material permeabilities, multiple 
bends and different conductor types, this 
proved to be the best and most consistent 
Performer. The core is Fair-Rite "multi 
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Fig 2 Output matching network and calculation. 


aperture” core, part number 2843010402. 
"The type-43 material has a j, of 350. At SO 
Miz, type-61 material (ju, OF 125) would 
also be satisfactory, This transformer is 
essential lo provide balanced drive to the 
gales of the MOSFETs. The secondary 
Winding is "l-inch brass tubing. Copper 
shim stock forms the connections te the 
brass tubing at each end of the transformer 
secondary, The two-tuen primary is wound 
inside the tubing. This construction pro- 
Vides a very reproducible transformer with 
‘minimum leakage reactance and а very 
broad frequency response, It would be à 
suitable input transformer fora broadband 
amplifier covering 110 100 MHz. 

"The leakagg reactance of the input trans- 
former referred to the secondary —is 
about 18 nH and is represented as Li on the 

implified input schematic in Fig 1. The 
gate lod is represented by the "Load R 
L2 and C3. Using all three parts ofthe gate 
impedance allows proper evaluation ofthe 
etwork bandwidth. pi network consist 
ingof C1,TL1 and C2 js used to step-up the 
Bale loud tothe 12.5 2 needed by the trans- 
former and compensates for TI's leakage 
feactance. Notice that the net stray induc- 
lance of the gate is almost enough to effec 
a match with a single shunt capacitor. This 
фаз actually been done, but jt was not easy 
o fit all the рап in the available space; so 
it was judged unacceptable here. To trans 
form the network into the required balanced 
configuration, the series TL1 is split into 
two equal parts the shunt capacitors remain 
the same, and а neutral center tap is pro- 
vided atthe transformer secondary. 

Because of the high currents 
ing in the input network, itis im 
that C2 be а larger sized elass- dielectric 
(COG or NPO) capacitor, t must be a lead- 
less, surfacemount chip type, or the value 
will need to be adjusted, The input tuning 
capacitor, a 900 pF mica compression tim- 
mer, is mounted directly to the end of the 
input transformer. 

"The output network i also stalghtor- 
ward. The proper load impedance for clas 
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Fig 3-560 Mz amplifier schematic diagram. 
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calculated from the formula: 


[un 


¿Po 


(Ea) 


ты ise load for each device, ad Po 
ше halfof ihe total ins push pul icit 
hate by the ори араалоо C, 
и дие for e ae cite, Бой on 
ihe tol output impedance. The 
3 for both devices m push-pull is 
D i parallel it 15 pE, half he oul 
pane 9C a single device, Though 
deg goni was 00 W PEP, oe ampli- 
as actually designe or 400 W lad 
Ths gives a good compromise be- 
licen and scary 
Laden design, a suitable vans 
end be used sib load imped. 
nd either the output power or e 
jag Voltage woul be ajos o fi 
able rm: ratio. Normally, in a 
lag HF design, the output capaci. 
fs ignore boca iie shod by a 
smile load resistance. At 30 Mit, 
ic of he ouput capacitance must 
беләме, so a ig Шеге м a- 
A was taken in ie cu 
cl v used again to design the 
"matching. See Fig 2. The output 
of 30 aed south by the 
ON he sinnt patin С 
ions present themselves for com 
йу. Some addiiond shunt capaci- 
оша be added o uns educe the 
nt series real рап to 12.5 ©, a 
бы. used o resonate the resul te 
Chen at transformer used to оно 
A However, building а reproducible 
a 4:1 balanced masoner was very 
dh. and compensating а акаде re 
further complicates the design. The 
opion vas used: The equivalent 
ари capacitance vas rana 
фе more veros inductance was 
fio roate the load ail the way up tothe 
do conductance circle Finally, а 
capacitor was used 10 resonate ihe 


nz 


Fig 5--РСВ artwork (not to scale, orginal size 3-35 (7 00 inches). 


added v. The extra L and shunt C form an 
L-nerwork, which transforms the 20-0 
esuivalent series output impedance up to 
50 о. This results in an easily duplicated 
design with а smooth, low.Q match. 

"The de feed to the drains is provided 
through a shunt bifilar choke. А! this fre- 
quency. most ferrite materials exhibit too 
much loss ww be used at this impedance level 
A powdered-iron core works famously here 

"The balun-transformee function is pro- 
vided by а simple coax and wire trans 
former. Two of the windings are provided 
by 3041 Talon coax, and the third balanc- 
ing winding by an additional single wire. 

The bias network requires some expla 
mation. Power MOSFETS have normal lot 
оли variations in gate threshold voltage, 
Ny, forward transconductance. Gp. and 
other parameters. A number of devices 
‘were checked or Vy ind they егей very 
lose. They were ай from the same die lol 
"The die lot number is marked on the pack 
age. For comparison, devices from another 
lor were checked and were uniformly а half 
а volt lower, Were this the case or he de- 
vices o bo used in the amplifier, ade block 
would need to be added to each side atthe 
transformer, and the bias-feed network 
duplicated for each device, Since these de 
vices were uniform, the additional compli- 


cation of individual gate-bias adjustments 
wa» omitted in this desig, 

Because the gate-bias voltage required 
to maintain а particular value of idling 
‘rain current decreases as the temperature 
of the die increases, it is necessary to ther- 
mally compensate (he zate аа source, or 
the devices will "run away.” А commonly 
available NTC resistor tracks the tempera- 
ture of the case. (Refer to Fig 3.) This bias 
дсй has been in the Шегәйшге for many 
years. The ratio of RI в R3 in par deter- 
ines the degree of compensation. A 
smaller value of RI, ora larger value of RS, 
will increase the thermal sensitivity. A drop 
of thermally conductive glue keeps the 
thermistor in contact with the case. Proper 
‘operation is indicated when the set value of 
1a, does not change after the heat sink gets 
hot from prolonged operation. 


Construction 

Refer to Fig 4 for the pans layout. A 
photo master of the artwork is shown in Fig 
5. The original size of ihe artwork is 3.3547 
inches, The circuit board is 1-ошасе-сор- 
per, double-sided "inch G-10 PCB ma- 
terial. АП four edges of the board and the 
three sides of the two rectangular cutouts 
Tor the transistors are wrapped with cop- 
per-foil tape that was soldered in place to 
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Fig 6—55В IMD performance 


Fig 7—Ampliler onde and gain 


Table 1—Ampliflor Parts List. 
elo r, 35 V oloctroyto capacitor 
1215790 pF Arco" 1469 mica compression immer 
C2, 68, C7 000 pF, 500 V NPO Өм cap, KD s2020N102501P 
63 20-180 pF Arco #463 mica compression timmer 
C4-C5, С8-С9— 0.0! pF, 500 V спр espacio 
D1 68 v, 1 W Zener dide. 
0 nH, St 418 AWG enameled wire 091-neh diameter 0.25-inch long 
LAA 420 AWG on Fair-Rite 9284301 0402 bead yy = 850 
G1 ARFaaBA 


sos AG ABY 


RG- кй, O.W 10-tur immer 
Т1 Primary 2t ¥20 PTFE, Secondary "heinch brass tube on Falr-RIe #2843010402 
balun core 
1281 billar #20 PTFE on Amidon 47.942 torold ju = 10 
T3—8t RO-318 coax, 3t 120 PTFE on three FAIRING #8961001001 toros 
mo 
Li, 2-00: printed line, 06 inches long 


provide a low-impedance continous Hoes apped it he bas ofthe heatsink 
fun — fo se ly 
‘ioe sd eia мор hole are the gh RE wages oe prone 
only holes inthe board. Alot De parts are 
Stace mounted, which permits he board Power Supply 
tobe monte directly to Ве heat sink. Power for the amplifier needs to be 
This ampli was bu ora Tench tiny wellregulted nee ty pre wi 
length of AAVID 460765 heat sink eno show in ihe opa signal as usted 120- 
Sion? ice ches wide, ines esp He AM. For аай xing a the ators 
And has nie fins; With 50 СЕМ of a home, a voy simple power supply was 
blown aros t the devices wil easily Const using э 500 W, 120.034) V 
maii emma abili mra ا‎ o drive a fane 
теша. Ты het sink not bi епови conerapped тола ici wi 50,00 
For ating but very imermiuem vil pF of king Under SSB conditione is 
— across adequate or CM И needs some otr 
the б. Te input and output conentor: repuallonortieoupupovecvilleagover 
и each secured by то 88:40 screws amd the length of a daah, and dere wll be ome 
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detectable hum. A regulated supply ca- 
pable of providing 80 V at 6 A is needed 


Performance 


‘This is the first-known, class-AB appli 
cation of the ARF448 parts. Until now, the 
only other linear application is in а pulsed- 
mode linear amplifier for magnetic-teso- 
nance imaging, The SSB performance was 
encouraging because these devices were 
developed to serve the ISM plasma-gen- 
eration market and no attention to linear 
performance was given in their design. The 
IMD performance with 200 mA of quies- 
cent bias was better than expected. (See 
Fig 6) The amplifier was tested with up to 
(0.5 A of lay While the IMD performance 
improves somewhat at this level, the effi 
ciency degrades significantly. 

The gain and efficiency objectives have 
been met, as shown in Fig 7. The gain is 
14.3 dB at 300W PEP. The efficiency peaks 
at 51% at the same power. Under single 
tone conditions, the drain efficiency is 61% 
1250 W. The bandwidth of the amplifier is 
determined by the input network. The 
‘Smith-Chart plot of the input impedance 
shows the tracks for 50, 305 and 51 MHZ 
With the network adjusted for best match at 
50.5 MHz, the SWR at the = 0.5 MHz band- 
‘width points is 1:3:1. It would be difficuli 
o increase this SWR bandwidth enough to 
cover the full 4 MHZ of the amateur б-т 
band without resorting to resistive loading. 
‘which would then reduce the available gain. 


Conclusion 
‘This paper has presented a SO MHz, 300. 
W PEP linear amplifier using plastic-pock- 
aged, high-voltage MOSFET transistors, 
This is the first-known implementation of a 
fullsduty-eycleclas-AB amplifier using 
these transistors. The design challenges, 
approaches to their solution and the result- 
ing amplifier performance are shown. The 
parts, construction and mechanical layout al 
have been described in sufficient detail to 
permit duplication. The new line of plastic- 
packaged RF power transistors from APT 
Offers designers à new cost-effective solu 
tion for efficient layout and performance, 
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By Paul He 


From ОЕХ, July 2000 


A No-Bandswitch, Dual- 
Band VHF Desktop 
Amplifier 


Jzal-band VHF amplifiers are by no 
means new in Amateur Radio. Several 
designs have appeared over the years, both 
commercial and homebrew.' The most 
тесем commercial design was the Henry 
Tempo 6N2, now out of production for 
тоге than 20 years. There has never been а 
desktop capable of the new 1500.W PEP 
amateur power limit for both the 6- and 2 
meter bands, until now. The amplifier I 
describe was designe’ primarily for 
meteor -scatter and weak-iignal work, Dut 
fhe conservative design of the power sup- 
ply and cooling system makes it well suited 
for ЕМЕ (moonbounce) ako. The 
amplifier uses а pair of Svetlana 
3CXSDOATs, operating in class AB2-push- 
pall on 2 meters and AB2-porallel on 6 
ete. Features include: legal-limit out- 
u no band 


switching, either-or ope 
drive for 1500 W PEP output on both bands, 
Smali size and light weight. In an effort to 
make this design easier to duplicate, off- 
e-shelf com- ponents and materials were 
used wherever possible. If you prefer orto 
"rol your own,” Alpha Power should have 
a commercial version available soon. 


(Output Tank Circuit and Construction. 
Details 


Since this was а new tank design, 1 
decided to use a box in box approach for 
the layout to make adjusting and debugging 

much easier. This should also make dupl 
ation OF the tank circuits much easier for 
Mose of you who wish to use a separate, 
outboard power supply. The tank compart- 
ment (See Figs 1, 2 and 7) starts with à 


An old design idea together with new tubes yields 
legal-limit output on 6 and 2 meters from a small 
box. 


il bin ceramic sockets? mounted three mounting scheme due to possible instabil- 
inches apart (center-to-center) and four ity problems at UHF. One problem en- 
inches from the rear of the chassis. The countered while mounting the sockets this 
sockets are mounted l. nen below hechas: way is the small amount of tube exposed 
sis in 2/sinch-square holes with each — above the chimney to grasp for removal. 
socket oriented at 45° to the hole (Fig 3). This is easily solved by connecting several 
This is similar to an Eimac 2216 socket for Vrineh-wide hose clamps together end 10 
the 8877. The Eimae 41906 chimneys were tothe anode cooler 
used in the normal manner, This i prob- ту handle. 

ably the upper frequency limit for this The font, top and sides of the tank com- 


Fig 1—A lop view of the ampliar. The plat transformer inthe front right and high- 
уйдө pomer assembly nex то occu he majorly otha соме to и? te ower, 


JJ siting Just behind The tank compartment with the 
Cover removed shows the plate ine on ts Plexiglas stand, 
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Fig 2. Side view of tank compartment. The 2-meter load capacitor оп its ceramic 
Standoff mounted tothe Plexiglas stand is in ne center wih he 6 meter lank со! just 
Visible below the spine shaft assembly. The @meter tune capacitor on is L bracket is in. 


the Tower right font 


wih cathode comparment cover removed The amont 
choke is to ro right wih the 2.metar input полно, vba centered between Vie, 
‘Sots Bol tuning separis потона on a eur panel und ome of Та G- 

Petar input cals just sible onthe iet. Note ne use of coax for excer Ines to keep. 


feedback pains minimized. 


Apartment are all made trom Ys. inch alumi 
num with Из елик aluminum angle 
‘brackets tall corners. The completed com: 
partment measures Pace inches 
(WHD). The front and right-side compari- 
ment panels extend to the top of she main 
cabinet cover to Keep wel end outlet air 
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separated. The compartment cover (not 
Shown) has 176 02-itch holes above the 
Tubes for cooling exhaust. When this box is 
attached to he floor of the main cabinet, it 
leaves a 4xT-nch hole at the back before 
the rear panel is attached. This opening 
serves as access for a dip meter when 


checking the 2-meter tank resonance and 
tuning range. 

"The 2-meler tank circuit consists of a 
shorted M4 balanced tine section, tuned by 
a homebrew split-tator capacitor at the 
tube end of the line, Designing this type of 
tank circuit is made very pain-less with 
information and design examples pro- 
vided in references. There are several ad- 
‘vantages of using a push-pull tank circuit 
instead of a parallel arrangement at 144 
MHz. la the push-pull arrangement, Coy 
and C, of the tubes are in series, allowing 
этш! and C,, that опе quarter of that 
‘vith the parallel arrangement, This allows 
lower values of loaded О, resulting in 
higher efficiency and reduced compo-nent 
heating, minimizing thermal drift, The low 
value of С. in this cose allows the use ор 
à MÀ line in place of а A2 line, increasing 
bandwidth and decreasing size 

"The line section, L2 of Fig 4. is made 
from inch type-K copper pipe; the 
shorted end is made from one standard 90° 
copper elbow and one “street” 90° copper 
elbow. The open ends of the line are closed 
With brass plugs ofthe same outside diam- 
eter as the pipe, with а portion machined 10 
Fit inside the pipe. Standard copper pipe 
caps could be substituted for these plugs. 
‘The total length of the line section is 7% 
inches, from the ends to the inside of the 
shorted end. The plate-to-anode con- 
nections are made with inch copper 
plate fastened between copper fuse clips 
‘onthe anode connectors and threaded holes 
in the ends of the brass plugs. 

The line section is supported by a 
Plexiglas stand and held in place by two 
copper clamps. The stators of the 2-meter 
TUNE capacitor, C3, are sup-ported by 
inch ceramic standoffs attached to the 
Plexiglas stand (Fig 5). A inen ear 
from each stator attaches to a 
Strap around each ofthe tubes” anode cool- 
‘ers. The rotor of C3 i a two-inch dish oF 
ech copper, which їз mounted to a 
piece of 14x28 brass allthread rod. The 
threaded rod is held by « brass біп 
(tapped for Чс) tha Is attached to the 
Plexiglas sand, The threaded rod is coupled 
to a sliding spline shaft consisting of . 
inch Plexiglas rod inside a 7-inch piece of 
Teflon rod that has been drilled through the 
center. The Teflon tube is attached to а 
hort piece of "inch stainless-steel rod 
"hat exits the tank compartment through a 
Vrinch panel bushing. This shaft is coupled 
ло the turns counter with a synchronous 
gear belt (Fig 6). This shaft relocation via 
the gear belt serves only to improve the 
front panel appearance: it may be omitted 
if desired 

"The 2-meter tank circuit is coupled to 
ihe antenna by an adjustable reso-nant link 
‘The link position is adjusted by а #10-24 
screw through a threaded Plexiglas block, 
to which the link is attached (Pig 2). One 
‘end of the adjusting screw is supported by 
the top-cover angle bracket and the other 
‘end by a2inch-long piece of пе angle 
‘mounted to the Front panel of the compart- 


pom 


Fig 4— Details of 2-moter input and output tark Indicators and tho water TUNE capacitor stators. 


Fig S—Rear view with the plato ine removed showing the 2-meter TUNE capacitor. 


теш. The link is made from lagen 
‘Siverplated copper strap, covered With a 
"inch Teflon sieeve: И is attached to the 
Plexiglas block with four 110-32 nylon 
serevs, Silver-plated coax braid attaches 


the link to the 2-meter LOAD capacitor, 
C2, and the isolation relay, K3. The link 
adjustment screw is accessed through 
"inch hole in the main cabinet top cover 
during initial setup, then the hole is cov 


ered with a plastic plag. 

‘AS with all push-pull circuitry, he key 
to successful operation is symmetry. АЙ 
stray capacitance must be divided equally 
between both sides of the line and tubes 
Also, try to keep ferrous materials out of 
the tank compartment to prevent imbalance. 

"The meter tank ia normal x network 
designed fora pare load resistance of 1 150 
W with a loaded Q of approximasely 22. 
‘The design parameters are shown in Table 
1. The input of the x network is connected 
to the center of the shorted end of the bal- 
anced line section where а #10:32 brass 
Stud has been soldered in place. This is the 
Tescimpedance point of the line section, 
and anything but à dead short can be 
Attached here without affecting the perfor- 
mance of the line. To verify hat the physi- 
cal center of the line is also the RF center, 
‘couple а dip meter to the line and tune for 
a dip around 144 MHz, Then without 
‘moving the dip meter (DM), touch the tip 
‘ta lead pencil at points along the line шиш 
you find the spot that has the least effect on 
the DM. This is the attachment point for 
the plate choke and the -meter tank 

To Keep the loaded Q of the x network 
as low as possible, full 51-54 MHz opera- 
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Table 1—Print out of operating parameters for the 6-meter input and output networks 

The values for tne PI matching network were calculated wit Conduction Angle = 1878 Degrees 

Elmer (SFO) Wingheid's new formulas found in the more recent v 

ABRIL handbooks. 

FREEWARE Courtesy of KD9JO 

Triode Атрбег Program Version 20 

For Grounded Grid Oparation Poio Load (РЕР) = 

(2) USER Biased 3CXB00A7 at 50.0 MHz Rated lor FORCED AIR DO Power input = 

DC Piate Vote 270% V (2800 V Max) Efficiency 2 | 
Мах Plate Voltage юа у Power Gain = 

Peak Pate Swing 19000 v Gah to Grid Cap = 

Min Plate Vollago 2500 „ Prato to Grid Cap = 

Plate Curent Peak 3368 A 

Plate Current DC ШЕ T Match Input Pi Match Output 
Grid curren DC = 0063 A AS = 5000 11548 0 
Cath Current Peak 3651 A 2 > OH 500 pF 
Design Plate RL nsi om Q 1 «дворе 02377 uH 
RL for Matching пав а doc «ro E 
Plate Dissipation 805.5 W (1600 W Max) BPO = 0.108 aH 5000 
ола Dissipation 32 (аума) Zn = 264990 220 
Cathode Bias 22 v a — “so 


tion was not attempted. The 6-meter TUNE, 
capacitor, Cl, operates very near its mini 
mum capacitance because of strays and the 
Сы of both tubes, These strays account for 
a Targe portion of the 6-meter tune capaci 
tance, shich causes the majority of he tank 
circulating current to flow through the 
blocking caps, C7-C8. I used parallel 
Centralab 858 “door knobw" for the block- 
ing capacitors and I haven't experienced 
any problems. Capacitors with larger cur- 
Tent ratings (such as HT-575) would be a 
better choice for longer duty cycles. 

"The 3-30 pF vacuum-variable capac- 
itor is mounted to the floor of the tank 
‘compartment with an Lebracket bent from 
"winch aluminum, Use the bearing re- 
tainer nut to attach the capacitor to the 
bracket, but be sure to add shims to the 
bearing to make up for space lost by the. 
thickness of the bracket, or backlash will 


occur. The other end of the capacitor is 
Supported by 46-32 brass screw inthe end 
‘ofthe capacitor that pases rough a piece 
of Teflon bar stock mounted to he Moor of 
the cabinet A 86-32 hex nut holds the end 
OF and а piece of Yrinch sap (which 
supports C7 and CB) ght to the end of the 
‘vacuum cap. The other end of L3 is sup- 
ported by xl inc Teflon standoff. Si- 
Ner lated braid tes this end to the meter 
LOAD сар, which is mounted on the 
‘sidewall of he tank compartment. 


‘Setting the Output Tanks. 

The Gemeter tank cam be checked 
for tuning range with an SWR analyzer at 
‘the output connector. Connect a 1.1 КО, 
noninductive resistor from one of tha tube 
‘anodes to ground to simulate the 1100-W 
plate-load resistance. You should be able 
to achieve а 1:1 match at both ends of the 


gt fiet жөн ol he anger wih ort panel led down 


bac dee power-supply components at 
Darrah pay Boars val nha 
the ina panel meter 
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"and the gear-pal! 
za 


desired tuning range. Some stretching or 
compression of L3 may be required to bring 
the tuning range to 50-51 MH, Be sure the 
op cover of the tank compartment is in 
place, as the stray capacitance it intro 
‘duces accounts for a portion of the tuning. 
‘capacitance for 6-melers. 

"The Z weis, tank was set up entirely 


— 4 


Fig 7—AF deck schematic. Unless oneris 
ое, ше a lean carton 
ово e m sein, See Table er 
фатир contact werner 

CI 9.30 pF vacuum variable capactor 
eee 1400 VCapactor 


Lr d 'arvarile (see ext and 


CAS s pF severable, 1400 capacitor 
GS, C0 S75 pF APC a агаа 


‘immer capacitor 

сї, C8-1000 pF, 5 KV doorknob capacitor 

C9-—2500 pF, 2.5 KV eee o capacitor 

DI—82 V; S W stuc-mocN Zener code 
webe 


onde RIA SPOT vacuum rey, 
285 V de al 
кї, Ks Dono 


model 2608 wit C" 
20.54 col 
(o A contact, 24 V de col 


9 

152 ums ol sine sirap. Weiner 
diameter 2 inches long 

VE Seo Fig 4 

15—85 inches ol 414 Teton covered copper 
miro win 6 inches ved Булу, 
aom 

Lê 7 ште, einen wan inch long Teflon 
Coveted #14 AWG copper иле 

U tums eine 102% ino long Teflon 
‘covered M14 AWO copper mire 

LB So ume 426 AWG eramelea wire on an 
Amidon T-S7-17 powder ron core over 
"enter conductor ol coax 

мї OA 35-nch Simpson pane! meter 


ME 2300 mA, S noh Epson no 
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witha dip meter inserted through the open- 
ng ithe back af the compart-ment, Set the 
output link about inch from the top plane 
‘ofthe line; this lose to the final position 
and adds stray capacitance. To keep loaded 
‘low. try to set the ine length so it doesn't 
take very much tune capacitance to reso 

mate the line at 144 MHZ. Start with а line 
Section a little longer than shown and care- 
fully trim it to resonance. Remem-ber that 
1 inch of line length equals approximately 
10 MHz of tuning range! The tank should 
resonate at 144 MHz with about Ye inch of 
space between the plates of СЗ. When the 
desired tuning range is found, install a 
3128 lock nut on the threaded shaft of C3 
to stop travel at the upper frequency limit 
This will prevent accidental tuning of the 
tank to the third harmonic of 50 MHz, 
which could potentially damage che front 
end of a 2-meter exciter, Remember that 
the isolation of most coax relays is very 
poor at 144 MHz: It was only 35 dB with 
the DowKey 260B used here. For this reas 
son, a Jennings ЕЛА vacuum relay, K3, 
Was added in series with the 2-meter trans- 

fer relay. The vacuum relay disconnects the 
2-meter link from the coax and terminates 
the coax in a resistive load during 6-meter 
operation. Make sure the electrical length 
Of the coax between the relays is more than 
ЭЛ0 and less than 3278 at 144 MHz. With 
these safety measures in place, hird-har 

monic energy atthe 2-meter input роп was 
measured at -17 dBm during 1500-W 
‘meter operation. 


Input Networks 

‘The 2-meter input network consists of 
A single tuned-link, air-core transformer 
(Figs 3 and 4). This coupling method 
requires slightly more drive than a link- 


Fig 3 Vow ol he right-hand side panel folded down showing the two transte relays 
эпа the low-voltage power supply. Tro flamen!transiormer a vise lo те right cl he 
Plate transformer: Note те use of EO mm fan covers for tha cooing air inlets. 


Plate voltage no load, 2350 V. 
Plate voltage © 1A, 2180 V 
Zero signal plate currant, 35 mA 
Motor drive, single tone, 49 W 
ee, power output 1420 W 
-Meter piate current. 980 mA 

© Metar or curent, 75 mA, 


2Melor drivo, Single tone, 50 W 
2Metor power output, 1275 W 
Meter plate curent, 950 mA 
Meter grid current, 68 mA 


"Table 2—Operating parameters of the amplifier 


Apparent efficiency. 87.4% (feed-hwough power not subtracted) 


‘Apparent on dene 62.4% (led through power not subtracted) 


Table з—Рапв suppliers 
Fair Radio Sales Co, Ine 

1016 East Eureka St 

PO Box 1105 

Lima, OH 45804 

tel 419-227-6573, 419-223-2196 
fax 419-227-1313 

e-mail fairadio O weol.com 
URL http:/www.fairradio.comv 


Mouser Electronics 
2401 Huy 287 N 

Mansfield. 7X 76063 

el 800-346-6873 

fax 817-483-0931 

e-mail sales G mouser.com 
URL http:/www.mouser.com/ 


Newark Electronics 
4801 N. Ravenswood Ave 
Chicago, IL 60640-4496 

tel 800-463-9276, 773-784-5100 
URL hitp;www.newark.com/. 


Peter W. Dahl Co, Ine 
5869 Wayoross Ave 

El Paso, TX 79924 

tel 915-751-2300. 

Tax 915-751-0768. 

e-mail pwdcoG pudahl.com 
URL http:Iwww.pwdahL.com/ 


RF Parts Co 
435 S Pacilic St 

‘San Marcos, CA 92069 

tel 760-744-0700, 800-737-2787 
(orders only) 

fer 760 Тала 

e-mail rip@rfparts.com 

URL nttpy/www.rfparts.com! 


‘Surplus Sales of Nebraska 
1502 Jones St 

Omaha, NE 68102-3112 

Tel 402-346-4750, 800-244-4567 
(Orders only) 

fax 402-346-2039 

-mall grinnell@ surplussales.com 
URL htip:/www.surplussales.com/ 


Svetlana Electron Devices 
8200 S Memorial Pkwy 
Huntsville, AL 35802. 

Tel 256-882-1344, 800-239-6900 
Tax 256-880-8077 

e-mail sales@svetlana.com 
URL http:/iwww.svetlana.com/ 
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ed, alf-wavelength resonant ine: 
ave ao of space Two reference 
gre formulas and rules of thumb for de- 
signing is type of transformer but it til 
Feed afi ol "сы and try" before suit 
Able sizes for L4 and LS were found, The 
Жыз © ot ie resonant input ink ар 
roms 35 before he couple re- 

nee from Ihe secondary mis i 
The degree of mutual coupling of air-core 
benen is an elusive value that makes 
Ae fia loaded Q difficult o calculate 
Mie input tuning capacitor, CS, could be 


changed ta 25-pf unit since the one used 
here turned ош to be mach larger than 
needed. Both sides of CS are above chassis 

«quires a nonmetallic screw. 


around; it 
driver to adjust 


Sitemeter drive and B- are applied to 
the center tap of LA, providing parallel 
cathode drive for SO-MHz operation, A 
common T network, with a loaded Q of 
five, matches the 50-W line to the 24.6-2 
input impedance cî the parallel tubes. АП 
he cathode pins of the sockets are ted 
together with buss wire in а star pattern: 


‘One-inch-long bus-wire leads connect the 
ends of L4 to the center of the bus-wire 
Stars on the sockets. Again, symmetry is 
all-important in balanced operation, 

Both input networks were setup with an 
antenna analyzer and two S0-W carbon 
resistors o simulate the input load imped- 
ance, Tack-solder the resistors from eath- 
ode io ground om each socket with the 
shonest-possible leads. Short leads are 
very important on 2 meters because lead 
inductance and stray capacitance become 
quite significan. The resistors present 


E o 
o 


al Фа 


Except as indicted, decimo 
solves of coperte re 
Inimerstotis (uP, thers 
er peo (BP) 

k= 1,000, M=1,000,000 
e etl an 


par-cupplier contact information. 


Dive 140781 squire- cage Dower 
F. 4500 V ое dene 


GEL. pF, S0 V electroiytio 


36—1N5409 1200 PIV, 3 A Silicon 
тесеп, Pour diodes por siring. 
E220 A, 250 V coram last blow fuse. 
3 3 A. 250 V fuse 
A low-blow uso 

I DPST roly, 25 A contacts, 24 V dc coll 

PST relay, 25 A contacts, 120 V ac coll 
MOV 130 V metal oido агат, VISOLAS 


RI—1500 25 W wire-wound resistor 

Род RB 50 KO 50 W wire wound 
resistor 

ROO Q, 1 W carbon resistor 

Rd- ee ко 1 W metal fim resistor 

P3033 кп, 1 W metal fm resistor 

PITTS KO, 1W melal im resistor 

Ятә—70 û. 25 W wre wound resistor 

25 0. 25 W wire-nound resistor 

R14—250 2, 25 W rhoostat 

R158 KO. 10-tutn potentiometer 


Fa 9—Power-supply schematic. Unless otherwise specied, use Ya W, 5%loleranco carbon composition or im resistors, See Таре 3 


FCI, RFC2—12 bitlar tums of #18 AWG 
'anameled wire on "inch diameter 
Tation rod 

SIZ SPST S A lighted panel switch 

Sá Temperature snap-dise control 
Grainger 26245 

83- SPDT 5 A microswitch 

Ti Peter Dan! plate trnlormor: 240 V 
many, 1800 V. 1 A CCS secondary 

127240 V primary, 18,8 A secondary 

13120 V primary, 20 V, 2 A secondary 

отто. 

0 5 A, 50 V recor bridge 
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W to the parallel -meter network and 
JO W to the 2-mter push-pull network. 
Con-nect the analyzer to the respective 
input ports and adjust each network for 
lowest SWR. Some adjustment of the 
meter input coils (L6 and L7) may be 
required to achieve а 1:1 match. IF the 
2 meter network docs not present а good 
match, some adjustment in length of Li and 
LS may be necessary. Again, the covers 
must be in place and tubes must be in 
their sockes when measuring the match 
Both filament leads and the filament choke 
must be in their final positions because the 
cathode--filament ‘capacitance affects 
input tuning at 144 MHz. Remember, this 
analyzer method only gets you close to the 
Final tuning points: settings will be differ 
ent under live conditions. Finally, don't 
forget to remove the temporary resistors 
{rom the cathode and tank circuits after the 
inital adjustments are done. 


AC Mains and Low-Voltage Power 
Supplies 

Several protective measures are built 
into the amplifier to protest the tubes and 
the operator The ас mains are brought into 
the amplifier with four-conductor cord to 
Keep the neutral and ground separated per 
the NEC (Fig 9). Three fuses are used to 
keep the blower's ас source separate from 
the fused plate transformer, This was done 
so the blower's cool-down delay stili fanc- 
tions after a high-voltage fault, which 
removes ac from the entire amplifier in 
dual-fuse designs, A thermal snap switch 
in the tank compartment keeps the blower 
Tunning alter shutdown or a high-voltage 
fault if the exhaust air has been above 
110°F and is not yet below 90°. This only 
happens after several minutes of continu 
ous operation. You may want to use à 
switch with slightly higher ratings (120°F 
оп, 110°F off) if your shack is often warmer 
than the 90° off point used here. The 
SCXSOOAT's filaments dissipate only 20 
W each during cutoff and natural convec- 
tion is more than enough to cool the tubes 
when shut off 

AC voltage for K2, the main control 
relay, is also taken from F3, the blower 
fuse, to make sure blower voltage is aval 
able betore the amplifier can be powered 
up. A safety switch that closes when the 
top cover is in place supplies acto Sl. the 
main power switch. Powersupply inrush 
protections provided by KI which closes 
approximately one second after K2 and 
effectively removes RI from the trans 
former primaries. The delay period is se 
by R3 and C3, There are two MOVs across 
the ac lines after the contacts of K2 and K1 
Arcing at the relay contacts сап and will 
produce voltage spikes and spike protec- 
ion on the fuse side ot K2 will not always 
save the high-voltage diode strings and 
other components. Filament voltage is 
adjusted at the primary of T2 by RI4, u 
250-0, 25-W rheostat. Filament voltage is 
measured at the filament choke via two 
Teads brought to the back panel of the 
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amplifier. Purists may want to measure 
voltage at the filament pins, but the Jow 
filament-current demand of these tubes 
makes the voltage drop between the sock- 
t» and the choke negligible. The rheostat 
also provides passive filament-inrush pro- 
tection - 

"The low-voltage supply—conssting of 
T3, U1 and U2—supplies regulated 24 V at 
1 A. The bridge rectifier ond 24-М regulat 
tor are mounted toa piece of Vl ach eh. 
minum angle that is placed directly ба the 
Sooling-air inlet path (Fig В). 


High-Voltage Power Supply 


The high-voltage power supply consists 
of a Peter Dahl Hypersil plate transformer 


and а full-wave bridge rectifier with 
apactorinput iter. The supply is capable 
‘of producing 2150 V at | A CCS. The entire 
Supply is assembled as one piece, then 
installed on the floor of the main cabinet 
next f the plate transformer (Fig 6). The 
les filter capacitor is sandwiched 
beween (wo 3x6v-inch pieces of 
Plexiglas, in turn held together with four 
10-24 -inch-long fin bead screws. The 
dealer strings and high-vollage-meter 
multiplier resistors aro mounted to а 
hep PC board supported by "inch 
spacers on the same four screws. А 3x6)» 
inch piece of fiberglass board holding the 
two Bleeder resistors, B+ current limiting 
resistor and B- Moat resistor tops off the 


с" 


1/0 Foam 


T 


D 


Fig 10—Layout of tn» lower modifications or sound reduction. 


Fig 11—View of control board. 


H 


"lues of copoclonte. 
jm merotorads СЕ). others 


Fig 12 Control schematic. Unless 

otherwise deere use 1: W, 

Sh 10lerance carbon composition or tim. 

resistors. See Table or part-supplir. 

‘Contact information 

C122 uf, 50 Y electrolytic capacitor 

C2100 uF, 50 V electrolytic capacitor 

D51—24 V lamp part of SY (see Fig 9) 

D52, 0S3, 055" 24 V panel light 

DS4 24 V lamp рап of $7 

088: 24 V lamp рап of 52 

K7, кв, KO ОРОТ А DIP relay, 24 V de 
E 

RTS Мо PC-mount potentiometer 

2, 81 ка PC mount potentiometer 

Si Normally closed momentany conta 
"lighted panel switch 

S2 SPST lighted panel switch 


stack, АП of the power resistors on the top. 
hoard are mounted on one-inch ceramic 
standoffs, High voltage is routed to the tank 
compartment with testlead wire and a 
high-voltage feed-through capacitor. The 
diode strings do not use equalizing resis- 
tors or capac-iors as they are from the 
same batch and there is plenty of PIV head- 
Toom. Spike protection for the string is in 
the transformer primary, where it belongs. 
The high-voltage supply has three bleed: 
down paths for the filler capac-itor: the 
bleeder resistors, the high-voltage meter 
multipliers and а 7.5 МО, 7.5-КУ resistor 
м the terminals of the capacitor ill 
Even with these redun-dant safety mea. 
sures, never assume that they are working, 
Always follow standard safety procedures 
when working with any high voltage, in 
Чий the ac mains: П can МИ you. 


Cooling 

‘Whole-eabinet cooling is accomp- 
lished via a Dayton model 4761 squirrel- 
cage blower, Cooling air is drawn into the 
cabinet at the right-hand side through two 
Dicinch holes, one oneach side of the plate 
irans-former. This removes heat from the 
bleeder resistors and other components be- 
fore it enters the blower inlet. The Svetlana 
3CX800A7 datasheet recommends airflow 
ОГ 11 fm at back pressure of 0.2 inches 
(of water) for 600 W dissipation at sea 
level and 25°C inlet air temperature per 
tube, For two tubes, this is 22 cfm at 0.2 
inches for 1200 W of dissipation. At a 
1500-W output level with 60% efficiency, 
the tubes only dissipate 960 W. 

The socket sub-mounting method [used 
resulted in a back pressure of 0.2 inches 
‘with this blower, as measured on my bench 
with à home-brew manometer. Since the 
blower is rated for 43 efm at 0.2 inches (sea 
level assumed), there should be plenty of 
headroom for different elevations and inet 
air temperatures. Remember thatthe above 
calculations are for continuous dissi 
pation, while SSB and CW operation rarely 
approaches 50% of these values. 

The mounting flange at the bottom of 
the blower was cut off so the outlet can 
align with the 2-inch-tall cathode chassis. 
‘The blower motor was taken off its squirrel 
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cage and mounted to an aluminum 1. 
bracket, The squirrel cage was mounted 19 
een piece of inch aluminum that 
supports the L bracket through а piece of 
‘winch toam (Fig 10). This sound-isolation 

хавой was borrowed from Alpha Power 
©, and it works very well 


Control Board and Metering 
The control PC board (Fig 1) is 
mounted on nylon standoffs just below the 
panel meters and above the row of switches 
and panel lights, As with most indirectly 
healed, oxide-ceated cathodes, a warm-up 
period is required: for the 3CXBODAT, & 
imum of three minutes is recom 
mended, When the amplifier is turned on, 
regulated 24 V is applied to the warm-up 


Fig 13-19) View of panel showing KT 
эла K2. The bias hoa! sink and assemly 
(S viable below ino тет meostat 


me 


aid 


СЗЯ 
Except os indicated, decima! 
iss of capacitance ore 
m este others 
Bos же in picota (pF). 
pr 
кю. 


Fig e Schematic о! the dual keying-circult PC board, Unless otherwise ee usa VW, S oorance carbon composition or fim 
resistors. Ses Table 3 for part-suppler contact information, 


2-18 Chapter 2 


delay circuit consisting of QI, RI and CI 
е 12). When sufficient voltage appears 
te base of Q1, relay KT closes, with one 
set of contact latching the relay on while 

other set of contacts resets Cl. Ir high: 

age is present, Q4 is switched on and 

closes, lighting DS3 and supplying 24 V 
the rest of the ang ner Diode DI was 
led between the field of K8 and the field 
“GLK? to make sure KT closes first. The 
potinity of the control board to the mag; 
lic ea of the plate transformer affects 
thetiming of K7 slightly. 

With the ow grid-dissipaton rating of 
Dose tubes, rid aver-current protection is 
ему. Grid current is measured 
(svolge drop across RI of Fig 7, а 10-0, 
EW wire-wound resistor. R3 on the con 
rl board is set to fire KO with Q3 at a grid 

iment of 120 mA. One set of contacts 
Inches the relay оп; the other set interrupts 
the 24-V lin to the OPR (operate) switch 
Capacitor C2—across the field of К9— 
ора relay chatter on voice peaks. Lamp 
S$ is part of the grid-reset switch SI, and 
айыз while K9 is energized, A second 

current-sensing circuit, using Q2, isset 
Blight 057 on the front panel at 75 mA. 
This LED is used as a grid current warning 


The trip points of these 
wo circuits and the grid-current meter 

ing are adjusted while the amplifier is 
"icon nected from the ac supply. 

"To do so, connect а 24-V external sup- 
eee 24.V bus of the amplifier after the 
fing circuit. Connect the positive lead of 
а varable-vollage de supply to the un- 
founded side of RI of Fig 7 through an 
ewe de milliammeter. Connect the 
lend to the 


fibe bench supply until he milliam-meter 
ches the set points of 120 mA for grid 
арава 75 mA forthe warning LED. Adjust 
Rand R2 (Fig 12), respectively, o set the 
p points. Alter the tip points re set, re- 
Senec: the grid-current meter and adjust 
R4 (Fig 7) lor a full-scale reading of 
100 mA using the same method as for the 
ір points, This "cold" method of seting 
(pH wip points is а lot safer for the tubes 
а removing B+ and then applying drive 
Jeinduce gri current 
‘The pans] meter, M2, serves as the high- 
voltage meter as well as the grid-cursent 
meter. The calibration of the high-voltage 
m was “roughed in" with the amplifier 
Off and all voltages removed. A 15-V de 
supply was connected to the mulipir side 
ARIS on the high-voltage rectifier board, 
then RIS is adjusted for a full-scale read 
ngon M2, This corresponds toa full-scale 
eating of 3000 V. Meter calibration was 
then checked with a high-voltage probe and 
accurate DMM, after the amplifier was 
turned on 
Plate current is measured directly in the 
B-line of the high-voltage supply, which is 
el slightly above ground by R12 on the 
power-supply assembly. Both meters are 


© 


Fig 15- Dota ol the 2- and 6-meler low-pass fiters. See Table 3 for рап-виррїег 


contact information: 

50 MHz 

C1, С2—50 pF doorknob capacitor, 

Li, L3— lume #14 AWG copper, "heinch 
Топол Tong, 

12s tums #14 AWG copper, heinch ID 
xl inch long 


protected by INS408 diodes; two series- 
Connected diodes on the B- bus keep it 
below approximately 1.4 V and two more 
are connected back-to-back from the mul- 
timeter to ground, 

There are elative-output bar-graph dis 
plays for each band above the tune and load 
controls, These displays use two LM3914 
bar-graph drivers per 20-segment display. 
A current-transformer pickup unit is used 
for 6 meters and a voltage-sensing pickup 
for 2 meters. The dual-bar-graph display 
schematic can be found in Forrest Mims 
Book? and the 6- and 2-meter pickups are 
shown in Fig 7. The displays look appeal- 
ng but turned out to be more trouble than 
they are worth, since Т still use external 
wattmeters while tone, The br graph dis- 
plays" rapid response time would be better 
Suited for plate- and grid-current meters. 


Bias and Koying 

Operating bias is developed across DI 
of Fig 7, an 8.2-V, 50-W stud-mounted 
Zener diode. The Zener, along with K6, R2 
nd R3, is mounted on à 23-inch piece of 
0-100-inch aluminum that serves as а heat 
sink (Fig 13). The entire assembly is 
mounted on two іп Teflon stand-otfs 
fon the back panel of the cabinet. The 2-A 
cathode fuse is mounted on the back panel 


144 мне 

C3, С6—25 pF doorknob capacitor 

CA. 65—40 рғ doorknob capacitor 

Та 35 tus 216 AWG siver.platod 
Copper wire, inch О етеп long 


alongside the ac-line fuses. 
"The keying PC board is mounted on the 
rear floor of the main cabinet (Fig 8). The 
PC board contains keying circuits for both 
6 and 2 meters (Fig 14). Because they are 
identical, only describe ће operational 
At rest, Q2 is biased on, holding the base 
ог Q1 low. Grounding J2 will take the base 
of Q2 low, turning it off. This allows volt- 
age to appear at the base Q1, turning it on 
amd energizing KS. Alternatively. applying 
+12 Уло 1 will also turn QI on, keying the 
amplifier. Both keying inputs are logic- 
compatible, The bias relay is energized 
through DI or D2, which comprise a two- 
input OR gate, Fach transfer relay is à 
ow Key #2608 with ne "C" option, which 
isa pair of DPDT signaling switches. Each 
of the relays’ supply voltages is routed 
"rough one of the opposite relay s п 
mally closed signaling contacts. This 
mechanical EXCLUSIVE-OR gate keeps 
the amplifier from being simultaneously 
keyed on both bands. The normally open 
contacts are used t light transmit LEDS on 
the front panel; these are mounted between. 
their respective tune and load controls to 
help eliminate confusion while tuning. 
With this type of transfer relay, input 
and output relay sequencing is obviously 
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Fig 16—Tho completed amplifier ready or its 
(E) back panel. 


not an option, and hot switching of the re- 
lays will result unless preven ive measures 
are taken, One option is to key the amplifier 
and let it key the exciter, Each relay 's spare 
set of signaling contacts was brought 
19 the back panel for this possible use. 
Another option, which employ, iso use an 
outboard keying sequencer. The sequencer 
takes care of my mast-mounted preamplifi- 
ers as well as the exciter-amplifer timing, 
A suitable sequencer can be found in the 
references.” When using separate excites 
for each band, the spare set of signaling 
contacts can be used for audio muting of the 
lunkeyed exciter while transmitting. 


General Construction Notes 

The entire amplifier cabinet was built 
using common hand and power tools. All 
aluminum was cut with carbide saw blades 
їп а radial arm saw and table saw. Blades 
with a 5° negative hook angle seem to work 
best for aluminum. The main amplifier cabi- 
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Fide to tne mountain top. (A) Front view, 


net measures 18x16:T inches (WDH). 
The plate transformer determined the cabi- 
ner height, The entre cabinet is built rom 
0.100-inch aluminum sheet © and 
"ooločheinch aluminum angle stock. All 
outside comers are secured with 8-32 pan- 
head screws tapped into the angle stock, The 
area under the plate transformer and high- 
‘voltage supply assembly was beefedup with 
A second layer of 0.100-inch aluminum on 
the cabinet floor. A square hole cut in the 
cabinet flor provides access the cathode 
compartment; itis normally covered with a 
piece of %u-ineh aluminum. All round holes 
‘were cut with chassis punches. The cabinet 
was painted with Dupont Chromaclear, 
which is a two-step (color coaWclear coat) 
automotive paint. After the base coat was 
applied over the primer, dry transfer letter- 
ing was applied to the front panel controls 
nd Brothers P-touch labels were applied to 
the rear panel, Two coats of clear were ap- 
plied over the base coat to finish the job. 


All interior wiring was done with scrap. 
Teñlon-coated wire, The wiring harnesses 
were arranged so that all side panels can be 
removed and laid flat next to the chassis for 
case of alignment and debugging. The 
Internal coax runs were made with Teflon- 
dielectric coax to handle these high power 
Jevels, most other coax falls short, particu. 
larly at 144 MHz. 


Adjustment and Operation 

Use an ohmmeter to check the ac paths 
and RF deck for possible shorts and wiring 
mistakes. Be sure to blow out the entire 
eber with compressed air to remove any 
hidden debris. Set the filament-voltage 
costat to maximum resistance. If you 
haven't already done so, apply 24 V from an 
external supply to the 24-V bus and check 
‘he ding, control and keying circuitry for 
proper operation. Connect the amplifier toa 
Suitable ac mains supply and connect an 
“accurate DMM to the lilament-voltage test 
points. Connect а 2-meter exciter and 
dummy load, Turn on the main power 
‘witch and quickly set the filament voltage 
1013.5 V, or slightly less. Never operate the 
filaments below the 12.9-V recommended 
minimum. Be sure to check the filament 
voltage again after 5 to 10 minutes to detect 
аву thermal drift in the rheostat. Verify that 
"he plate is at approximately 2375 V. 

Both tank circuits should be set to we 
tuning values found during initial setup. 
Alter the three-minute delay has elapsed, 
key the amplifier with no drive and check 
for a cathode idling current of approxi- 
‘mately 30-50 mA. Apply a litle 144-MHz 
drive and tune CS in the input circuit for 
minimum reflected power. The 2-meter 
output link should be preset approximately 
"hz inch above the top plane of the balanced 
Tine. Still with litle drive, adjust the 
2emeter tuning capacitor for maximum 
power output. Adjust the 2-meter load 
Capacitor for peak output power and then 
leave it there until you are finished. Next, 
adjust ink spacing as you would a Toad 
capacitor. Keep increasing the drive while 
Increasing the ink coupling for maximum 
power output, without exceeding grid-cur- 
Теш limits and while also touching up the 
‘main tune capacitor, C3. Once the desired 
output power level is reached, check the 
Tink coupling by slowly decreasing the cou- 
pling until a slight decrease in output power 
fs observed. Then increase the coupling 
slightly past the point where output power 
peaks and grid current is reduced to within 
Operating limits. This should be very close 
to critical coupling, which will result in 
„maximum efficiency. Go back and touch 
up the inputnetwork for minimum reflected 
power. The link is now set for operation 
And any further tuning adjustments can be 
made with C2 and C3. 

"Tune the (c meter tank circuit the same 
way you would any other p net-work: by 
slowly increasing drive and tuning for 
maximum power output and best efficiency 
While touching up the input network for 
lowest reflected power. Then increase 


With values of loaded Q below 30 inthe 
ut tanks, there is no way to keep 
s below the 60-dB-down figure 
ted by the FCC without outboard fil- 
| Harmonic filters are à very small 
opas for the higher efficiency, lower 
mequire-ment and reduced thermal 
that the lower loaded Q provides. I've 
ей descriptions of two suitable fil- 
from the references; 0! they are very 
to build. The silver-mica capacitors 
lly in the filters have been replaced 
surpissdoor-knob capacitors for bet- 
powerhandling capability. With both 
installed all harmonics and spurious 
ls are more than 70 B down from the 


‘This amplifier was completed just be- 
the summer E-skip season and was 
ely put on the air. On-the-air sig- 
роп» were all good, and they com 
ell to the 8877 amplifier normally 
Close in IMD testing was done with 
Teip of NNIDX who is located nine 
away, over flat ground. Results 
ed no excessive signal bandwidth 
leour antennas were positioned to bring 
is down to 5-9 levels during 1500-W 
testing. The amplifier runs cool to 
ouch even after several hours. 
"The biggest problem encountered with 
ioerition of the amplifier had to do with 
8 With certain exciters. Some of 


the new multiband exciters provide mul: 
tiple antenna ports that can be configured 
for HE, 6- and 2-meter outputs, but provide 
only one buttered keying lin. The ICOM- 
746 is built this way, but it does provide 
two unbuffered Keying lines: one Tor HF 
and 6 meters and one for УНЕ. The ICOM- 
“T-series radios also provide two unbuf. 
fered lines but only two antenna ports. Both 
of these radios require some sort of external 
switching for the keying line—and the an- 
tenna line in the ease of the 7706 it this 
amplifier and an HF amplifier are both 
used. ICOM does provide band logic as à 
variable voltage at the radio's ACC plu 

I've designed a simple decoder/bulfez that 
uses this logic and the radio's internal 
power supply to automatically switch the 
keying line between HF, 6- and 2-meter am 
plifiers The buffer will sink up to 3 A of 
Telay current. It also selects from three 
Separate ALC input lines for those of you 
that employ sequencers using the ALC line 
for transmit inhibit, The decoder is de 
scribed in "Automatic Amplifier Selection 
Tor the ICOM 1C-746, -736 and -706МКП 
Transceivers,” OST, May 2000, pp 33-36. 
With the decoder in place, amplifier selec- 
tion with ап 1C-746 becomes totally auto- 
matic when changing bands between HF. 6 
and 2 meters. For the IC-706 series, an ad- 
ditional coaxial relay can switch one of the 
antenna ports between HF and 6 meters to 
allow automatic selection. The decoder 
also works with the ICOM IC-736, choos 
ing between HF and 6 meters, Although 
not verified, I've been told that the Yaesu 


FT-847 does have separate buffered key- 
ing lines foreach of its four antenna ports, 
making interface to this amplifier easy 
Performance figures for the amplifier are 
listed in Table 2 and the completed ampli 
fier is shown in Fig 16. Enjoy! 
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From QST, June 2000 


An 8-Watt, 2-Meter 
‘Brickette’ 


he DSP-10 transceiver! can be used 
with UHF/microwave transverters or as 
а very-QRP all-mode rig on 2-meters. The 
is 20-mW power output is sufficient for 
“barefoot” QSOs with locals, but that’s 
hardly a big signal а any distance. Adding 
this litle amplifier increases your fun quo- 
tient by raising the power level to 8 W, the 
high end of the QRP plateau. This brickete 
can also be used to drive an even higher 
power, cascaded amplifier. Being a linear 
amplifier, is suitable for use on all modes, 
including SSB, CW and FM. 

The amplifier front panel is quite 
simple, consisting of five monitoring 
ТЕР». Knowing that everything is working 
correctly justifies the small amount of cir. 
alte needed to operate these lights. The 
functions monitored include de power оп, 
transmiVreccivestatus, power output, SWR 
and de overvoltage. All amplifier control is 
‘done atthe transceiver, Two RF cables cor 
nect to the transceiver output and receiver 
input, avoiding the need for an input relay 
inthe amplifier. 

This amplifier isn't limited to use with 
the DSP-10; any 2-meter transmitter that 
San deliver an output of 20 mW to drive the 
amplifier should work fine. In some cases 
it might be desirable to use an input TR 
relay; here is sufficient room in he ampli- 
fier for adding one 


Circuitry 

At the heart of this amplifier is an inte 
grated power-ampliier module, manufac- 
tured by Mitsubishi, Such modules are used 
in many commercially manufactured trans- 
ceivers and using one here makes amplifier 
Construction and alignment simple. Within 
the module are two cascaded linear-ampli 
Fier transistors, along with their associated 
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Put 20 mW into this little amplifier and get a 26-08 
increase in transmitted power! Although the 
amplifier was designed initially for use with the 
DSP-10 transceiver, any 20-mW-output 2-meter 
exciter can enjoy the boost! 


The five LEDS on the Brickotte's tront panel signal the ampiier operating status. The 
pomer output (RF OUT) and SWR (mam vswR) LEDS vary in brightness depending on 
{he forward and төлөсө power io 


matching networks and biasing circuits for later). Next is a five-pole low-pass filter. 
lass AB operation. The module has 50:0 Forsimplicity itis configured withthe same 
input and output impedances, АП we need сой and capacitor types as are used in the 
to do is add a circuit to turn on the bias directional coupler. This filter attenuates 
transmit, install а low-pass the second and higher-order harmonics. 
for harmonic control and include an — Separate connector are available on the 
antenna-switching relay. To monitor am- DSP-10 for the transmitter output and the 
plifier operation, we tack on some simple receiver input. This simplifies adding the 
ircuitry. “antenna relay for the amplifier since no 
Refer to the schematic in Figure 1. Atte | switching is required at the amplifier input 
input pin of the RF module, Ul. we apply 20 A miniature relay is adequate at the ampli 
mW of drive. Blocking capacitors for the RF fier output. Providing an isolation of about 
input and output ports are included within 30 dB, the relay, along with he PIN ate 
the module. Bypass capacitors оп the three ator that is part of the DSP-10, provides 
power leads are external, however. Ferrite plenty of protection for the receiver 
Beads, L6 to LA, prevent problems that might © A lumped.element directional coupler. 
occur И RF gets on the power leads, consisting of L2, L3 and CS to CIO, deliv 
An L network consisting of LI and Ci ers power samples of the forward and 
nprove the impedance match to the mod- reflected output signals. This directional 
ule. Adding the network increases the output coupler works quite well, providing a cou- 
power by about 025 dB. Following an, pling of about 28 dB and a directivity of 
fer is a directional coupler (discussed 20 dB, but only over a narrow (12-MHz) 


indvidih. For our application, this is ad- 
“equate. Two diode detectors, built around 
Dé and D7, generate low-level de signals 
atiodicate the forward and reflected pow- 
These signals, in turn, are amplified by 
о sections of op amp U2, The resulting 
ges are displayed on two LEDs, green 
AF QUT (forward) power and red for 
н VSWR (reflected) power. The LEDs 
as rough indicators of proper ampli- 
operation. 
‘The OVERVOLTAGE indicator lights 
the de supply voltage exceeds 14.5 V, 
docs not automatically shutdownthe am- 
lier The idea here is to supply a warning 
echanism. When RF is not applied to the 
fier itis quite resistant to supply over. 
lage As long as the supply overvoltago 
dition sets an alarm light, an observant 
‘will defer applying RF until the 
lage is reduced. 
Amplifier control is handled by the 
10. That transceiver has software. 
olles relay sequencing. providing 
'V during wrammit, Q2 and Q3 drive the 
ana relay from this control, A ferrite 
d, LLL, and C24 keep RF zá the antenna 
iy from getting back into the control cir- 
its DIO shuns the inductive kick from the. 
iate relay coil. An LED, D2 (хип). 
the relay displays the amplifier TR 


Qi provides ап output that ean controla 

linn amplifier. This output isan open 
lector, eround-on-transmit type, com. 

ble with many commercial and 
tilt amplifiers. For added driver cir 

protection, a reverse-vollage shunting 
DIU is used. 


Ing the Amplifier 
You could build the amplifier ona scrap 
board. In fact, my first version is built 
way (see the sidebar), For many build- 
however, a PC board? is a more conve. 
way to assemble the project and that 
oso in the photos. 
This PC board is double-sided, with 
through holes. The backside isa solid 
d plane allowing the board to be fas- 
тесу to the aluminum enclosure, 
X construction works very well for RF 
ds because a low-inductance ground 
lh can be maintained throughout, reduc- 
any interactions between the various 
i. However, this mounting method 
es not allow component leads to extend 
ond the bottom surface of the board. I 
with this primarily by using surface- 
ini parts" and by carefully bending the 
ponent leads so they behave like sur- 
mount parts 
Af the chip resistors, chip capacitors, 
des, surface. mount ICS and ferrite-bead 
ps are soldered to their board pads con- 
jonally. Install the amplifier module 
the board is mounted ın be box. The 
flenna relay, fuse clips and the viable 
йог all have heir leads bent away from 
irhost. Avoid making any bends close to 
component body: make the bends at a 
bout inch away from the compo- 


nent body. This approach eliminates 
mechanical stress on the lead attachment. 
"These components end up about Y inch 
hove the board s top surface after they are 
soldered in place, 

Figure 2 shows the consiruction of the 
four toroidal inductors, L2 through LS. Ex- 
perience shows the inductor values are quite 
repeatable if the turns are always distributed 
in the same manner around the core. As th 
tums аге pushed closer together, the induc 
tance increases considerably, The matching: 
network сой, LI, is noncritical and it should 
be wound as shown in the part list and Figure 
2; it should need little, if any, adjustment. 

"The LEDs all have long leads and ure sol- 
dered tothe board after bending the lead ends 
by about inch. Be sure to keep track of the 
LEDs" longer (anode) leads: Those leads 
connect to the current Jimiting resistors, 


Putting the Board in a Box 

Once the PC board is assembled, usc it 
as a template for marking the hole loca- 
tions inthe enclosure, a standard Hammond 
die-cast box, Mount the board fat agains. 
the box bottom using #4-40 hardware, Be- 
cause there will likely be some mold marks 
and box-identification letters where the 
board and RF module lie, make the 
enclosure's inner bottom surface reason- 
ably flat: you can do this with 60-gri sand- 
paper, Bend the leads of the five LEDs to 
apply a slight forward pressure on thr lighis 
as they slide into the holes in the box font 
‘That holds the LEDs in alignment without 
needing adhesive. 

"Také care when tightening the PA mo 


ule mounting screws to be sure that no gres 
sure is applied to the ends of the module 
cover. The leads from the module need some 
trimming. They are above the board and need 
Forming to get to the board level for solder- 
ing. Don't apply pressure at the edge of the 
module cover when doing this. You may 
need to hold cach lead with noedle-nose pli 
esto keep from damaging the case, lt should 
һе possible for the leads to reach the board 
surface within inch of the cover 

"Three short pieces of 50.0 сол attach 
the board to 1, J2 and J3. Sold lugs under 
the jacks provide for ground connections at 
опе end and Pe board pads take care ofthe 
other end of the coax. 

"Three leads un between connectors 14, 15 
and J6 and the PC board, Each of these leads 
has а bypass capacitor (C28, C6 and C27, 
respectively) at the connector. Short low in 
ductance leads are important on these 
capacitors To help keep the RF signals inside 
the ол, а smal inductor wound on a ferrite 
core (LÍA, LAS and L16) is placed on each 
"wire. Position these inductor close to their 
connectors. If #22 or 823 stand hook up 
wire wit thin insulation is used, is possible 
19 wind the coils with the hookup wire. 


Turning on the Amplifier 
Now, to see it work! First, connect a 
500) nominductive dummy loud to the 
amplifier output. If you have а variable“ 
Voltage power supply to use for initial est 
ing, slowly raise the de supply voltage from. 
DV 10 13.8 V. Otherwise, you'll need o rel 
on the poser supply fuse as protection from 
any serious constuction errors when apply 


Did the Amplifier Always Look Finished? 

No, li didn't. Some people may beable to put a finished amplifier ona PC board and have 
it work fine. 1 on? seem ta be able о do Pat 

My first step in designing In» amplifier was to search for suitable AF modules, mosty 
via the Internet Once | selected the 4577321 as having suitable power, дап and dc 
operating voltage, 1 drew a schematic in my notebook. Originally, re cic had automate 
Shutdown for high SWA and ful voltage regulation to deal with overvolage. This looked too 
complex. It was necessary о cl off the drive to the ample, andthe regulator Pad o be 
CCC 
%%% an integrated regulator that met my require- 
meats and the hough о! building one using op amps and transistors used moro pats than 
T could just. 

CCC 
(male part aver to tho operator A new 
Î went tothe ARAL Radio Designet and Simulated the dreional couper and low-pass 
Miter. A o playing around with the simulation showed that а single inductor value could 
be used for bo вира. 

den 1 buit the “breadboars version using scraps of PC board. Testing showed that 
almost everthing worked as expected. The overvoltage light dd not have snap action, 
though. That was caused by using а resistor where ͤͤ bead, L13, now. ran the 
input voltage temporary up lo 16 V and everything continued 1o function. Next | let the 
amplior running lor an hour and nothing overheated: | checked the intermodulaton prod- 
cts and harmonics and found them to be а! satisfactory levels. 

\ was now time to layout Ie PC board. Tho experience of puting tne breadboard 
together allowed a smarter nal layout. The first version was on two boards апа some of 
the connectors ended up onthe Iront panel. This was all worked out for he final design. 
Bob Larkin, W7PUA 


TARAL order no. 6796, ARAL punto ar avaiatla Kom your local dealer or roty tom he 
ARL. Sae тг ARAL Bookcase sonar issue or cheek ou Ке APR Web ileal RUP 
ee ee 
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jo 3— Schematic of ha 8-4 атри. 
resistors are 6% 1208 chips, These are 
rabie in small quanties rom Mouser 
кто (icon. Unies otharwiseeoted 
Mespactors are either 1206 or 0808 ср 
[eter size Ite on ro board). Capacitors” 
из rao 470 pP аге NPO, whi values 
fom 470 pF and up aro any general 

ose Cerami, saeh ae XTA cr 250 

e Ме hore are 


‘change the chip components to 
types. Component designations for 
LEDS alr om OST style. Parts used 
he ampli ro available from one or 
9 e folowing sources. Source 

tons used Ie part Is precede 
opary name: (DK) Cid Key Corp 
(rooks Ave S, Te! River Fa, MN 


20009; tel 000.757 2767, 760.744 
db peng. 


07 D9, D10- 9AA74 diode (OK 
SANADXCT) 8 
EA. SO power кесп, © 

{ок SSACDIETY 

Seve 
о (ок 598007 
„ 
Oron Gs. 0 (OK 2774) 
Гр, #20 ос 22, nina 1D; ee 


Boro o 
3—52 пн; 5 tums, 126 enameled 

е a 25.17 bool; soe Figure 3. 
17,9, L10; L11, 18 kene SMT 

д. 1206, 600 ti at 100 MHz, Stewart 
TEMOR 
I2 ene SMT bead, 3 A, 1206, 


`5г0-тип fuse (OK FDA) wih 
Ivo cips (DK БВ) 

e Phono jacks (RS 274-346) 
ENC Jack (AS 27809) 


ozs (DK FMMT3006CT) 
Qe. FMNT904 NPN transistor, 
{30725 esd 
Па adjustable resistor, Bourne 

aH 1-202 (OK 33291-202) 
PF атри module, Mitsubishi 
7732 С (RP M67 7321) 

ФМ dual op arp (OK 


25 -V postive regulator, 50.8 
даре ee 

dee aroma A MD 
Hammond 150089 (OK FHS) 


1 


— 


Figure 2. Col detalis. Arrange the tums on the four (ото as shown here. L2 and L3 
‘ight need o hevê thai fors spacing adjusted during tune-up 


perm 


Poner пет) 


Figure 3- Measured power T 


Not 


atthe output power scale (s not in decibels. This makes the output appear loss 


compressed than i real is. The 1-48 compression pontis at about 4 W, 


Figure 4— Measured intermodulation 
distortion wih a PEP output of 8 W. 

Трка ичет product ага dawn about 

28 Gb from peak power, fairy typical of 
{his ampifier ype" Perhaps more impor- 
ark e that не fh ала Napor-ordor 
products continue 10 drop of аз tno order 
increases. These higher-order products 
эле fares tram thn operating frequency. 
тапа thus goneraly more disruptive fo 
Peary stations. The current drawn during 
Ж wo tona test was 670 mA. 


ing the full 153 V. Ar full voltage, the cure 
rent drawn by the amplifier uring receive 
should pe about 10 mA, Next, set the OVER, 
VOLTAGE alar. Adjust the voltage at the 
wiper terminal of R15 104.68 V." 1Г you can 
vary the de supply voltage, the OVERVOLT- 
AGE LED should tight at нта 14. V, 

When making he following adjustments, 
itis necessary to adjust the tums spacing on 
the toroidal inductors. For safety, do his 
‘nly when no RF drive is applied. 

Connect the TR contro o the 08. 0 
and connect 11, the amplifier's RF input, to 
te DSP-10 antenna connector: tn CW mode, 
increase the DSP-10' RF power slowly ur 
til the AF OUT LED (D3) glows. Then adjust 
Metams spacing on Lnd 13 to extinguish 
те нн VSWR light (D4). This indicator is 
about 10 times more sensitive than the RF 
QUT LED. but it should be possible o extin- 
guish the HIGH VSWR LED completely 
‘Comings this adjustment process while in 
creasing the drive power. You can measure 
the voltage at the output of the SWR op amp 


CC 

‘he Орлон ee bed module can be seen fastened to the base at he 

enclosure, which serves ав à heat sink forthe module. The relay s at the Upper ight 
"d'a kludge area а visible at the lower right behind the ont pa 


There 
clearly labeled. 


(U2 pin 14) and continue to minimize shis 
voltage, although the VSWR LED is not lit. 

Optimize te amplifier matching by meu- 
suring the power output as indicated by the de 
voltage at U2 pin 7 and adjusting Ls tum 
spacing (and perhaps changing the value of 
Či or maximum output at high drive. Don't 
‘expect major changes with these adjustments 
as the amplifier is inherently quite well 
matched, 

While in transmit, check that the bias 
voltage at pin 3 of UI is about 4.9 V and 
that he idling current with no RF drive ap- 
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panel view of wo 8-W Brickete shows compact but uncrowded VO connectors 


plied is about 140 mA. 


Performance 

Figure 3 shows the power output and 
current level for various drive levels. The 
CW output is over 8 W forthe two devices 
that I tested, When tested with a two-tone 
input signal and an output of 8 W PEP, the 
IMD level is down 28 dB for third-order 
products and 43 dB for fifth-order products 
(Gee Figure 4). The strongest harmonic is 
the second (at about 292 MHz) and this is 
65 dB down from peak output, more than 


enough to meet FCC 2002 requirements” 


‘Concluding Thoughts 
Several areas on the PC board have ei- 
ther a ground plane section or pads for 
mounting transistors, resistors and other 
Components. These areas are available to 
otto use for modifications or additions to 
the amplifier (perhaps you have an appli- 
"ation that needs an input TR relay or you 
‘need a different control circuit) 
Now you're ready to get on the air with a 
You сап increase 
power even further by cascading another 
шр. Or, use some of the signal pro 
‘essing а the DSP-10 to work deeper into 
Uthenoise. ORP power levels have pushed the 
{dea of "working smarter instead of harder." 
Notes 
BoD Larkin, ТРОА, The OSP-10:An AI Mode. 
(Меш Transceiver Using a DSP IF and 
PO-Conroted Froni Panel: QST. Part 1 
‘Sept 1909, pp 55-41 Part 2 Oci 1999, 34 
0. ar S Nov 1999, pp 42-45, Action 
тав on tat project is avalan on e 
thors. Wab "si, htp./hwirw promis. 
Tomm Any Ture nior. 
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From QS: 


903-MHz Linear 
Amplifiers 


Ts in, atu Radio bard 002 
928 MHZ) is becoming well populated 
iamany areas of the country. Propagation 
en has traits similarto both 432 MHZ 
fed 1296 MHz, but has characteristics all 
li own at times, making it a very interest- 
ing band. 10s pleasantly surprising what 
you can do with а few watts on 903 MHz 
With high-gain oop Yags antennas. 

Articles have been published on trans- 
yeners amplifiers and receivers for 33cm. 
described a 759-МН local oscillator 
intended to be used with a 144-MHz IF for 
регийоп оп 903 MHZ. Ir you've built the 
inei section of a transverer that gets 
yeu to the 10-mW level, or if you've pur 
used a commercial transvester such as 
own East Microwave's low-power, no- 
fune unit, you'll need to bring your пал. 
шег power up to a usable level. Instead 
Of showing a typical transmit-amplifier 
дш, many of which have been described 
ln Amateur Radio literature, 1 will discuss 
leven different gain blocks, for several 
йет gains and power levels, in this 
two-part series. 

Y suggest that you build each amplifier 
fits own enclosure, rather than trying to 
‘build more than one amplifier in one box to 
eliminate connectors or reduce size. IF you 
ме building your own equipment, you 
probably aren't too concerned about size 
And compactness, and having separate en- 
osures makes for much casier tuning and. 
troubleshooting, Many transistors used in 
296-Mitz projects are suitable for use at 
MO Mia, some even have more gain at 
эз. 

Transistors with SD prefixes used in the 
following designs are manufactured by 
SOS-Thomson Microelectronics" Some of 
hese transistors don't operate at 12 V. 


Part 1—Looking for a gain block or two for your 
903-MHz station? Here are eleven of them to 
cover just about any need you may have, from a 
simple receiving preamplifier to one with 23 dB 
gain and over 4 W output! 


Again, in building your own equipment, | both sides with clear tape and cut the pat 
this shouldn't be a major problem. Gains tern in the tape with an X-ACTO knife. 
listed are averages for several different de- Then, remove the tape from the Areas to Be 
vives tied. АП of the amplifiers can be etched and etch the boards in ferric chio- 
driven harder than indicated —for CW or ride in a crock pot on low heat, Do this in a 
FM operation only—hut should be used at well-ventilated area! Etching takes abou 
for below their rated power output for SSB half an hour without agitation. The crock 
‘work, All the designs can be used at lower pot is a no-mess way to etch boards. Only 
power output; they are all linear amplifiers, ап inch or so of ferric-chloride solution is 
needed. OF course, so use a pho 


Construction tographie method to make boards, as 1 do 
Allofthe amplifiersarebuiltusingsimi- for multiple or complicated boards 
lar techniques. Each design uses common aller the PC board is eiched, clan it 


"orineh-thick, G- 10, double-sided, Fiber. with steel wool and drill hotes at all do and 
%% RF-ground points using a no. 50 drill. No 
circuitry. The ground.plane side ofeach PČ holes are needed for component leads, as 
board is unetched all components ме mounted on the miceo 

"The microstrip boards can be made sirip side of each РС board. RP grounds 
using what 1 call the "X-ACTO®-ctch” must be located as close to the areas to be 
method. Thisinvolves usingapieceofelear grounded as possible, to ensure low-induc- 
tape as the resist, (Fouranch-wide clear tance ground paths, There are at least two 
tape is available at stationery stores.) After ways to do this. One is to install a rivet 
drawing the pattern on the board witha im each hole, Mare it with an awl or ice 
pencil or fine-tipped marker, cover it on pick. then flatten it by tapping with а small 
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‘Thermally conductive compound is re 
quited between the devices and their heat 
‘Sinks. For studless devices, a small piece of 
brass shim stock soldered from the bottom 
of the device to the ground-plane side of 
the PC board should work Tine 
Aneasy way to enclose an amplifier like 
those described is to make а housing using 
double-sided PC board or brass sheet 
for the four walls and bottom cover. The 
amplifier PC board makes the top cover 
Input and output connectors (N, BNC or 
SMA) can be bolted or soldered to the end 
walls with their center pins soldered 
directly tothe microstrip input/output lines 
in an end-launch configuration. When 
using PC-board material for housings, 
mount the side walls in such a way that the 
[rounding is continuous from the connec 
tors o the ground-plane side of the ampli 
Fig 1 Schema of ne 50330 receive preampliterlow level vanerit stage, RECT and fier board. 
C 
Roten a) D1 a gw Zenar, Cl а TEE ter. arado hom E ore nece 
Hammond 1590 series, also work great for 
enclosing these designs. Die-cast boxes 
usually provide sufficient heat sinking for 
amplifiers operating at less than 2 W out- 
put. Device studs or flanges should be 
rtáched directly 10 the boxes in these 
eases, АП component leads must be kept as 
Short as possible. This also applies to trim. 
mer caps. Mount then flush to the PC board 
зо that they act as сарасйогу—пот as in- 
ector/capacitor combinations. Use mul 
tiple rivets (or bus wires) to ground the 
trimmers. 


Components 
Use ceramic chip capacitors for the de 
blocks and high-frequency bypassing 
Some of the larger. value bypass capacitors, 
like 0001 uF and 0.01 pF. are available in 
hip form also. These epoxy types are good 
far all the designs described here. Г use 
inexpensive chip caps from Mouser Elec 
trontes.* Chip caps and Johanson piston 
trimmers are available from Microwave 
Components of Michigan." Transistors are 
hammer on an anvil or other hard surface, available from RF Parts*and RF Gain, Lid." 
Then, solder the rivets on both sides of the Components, rivers amd PC boards are 
PC board. Alternatively, pieces of bus wire available from Frontier Microwave," 


Fig 2—Amplifier No. 1, a 10¢mW-output stage that's well sulted o receiving applications, 
in prototype form. 
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eran ate placement is gute TuneUp 
ua o E 


placement drawings for ай of the designs, cent collector current Ia) initially will have 
e ЫТАН 
ema ent Hood vat. I en ker сака Mita te 
— À шишани | esses ˙⅛ ЕНИ De lr cake and ers 
questions that you might have when pr milliammeter in series with the choke. 

аата Айг ы Бу changing he vate fe 
‘All of the amplifiers described, except Collector bias resistor or by changing the 
those operating under the 300-mW level, collector voltage. All amplifiers requiring. 
rue some et Чие. А amall by 12 V сал be powered died Tm owe 
е forme add panebut cement, ГУ de sources (a reč termina 
Minin ako ш oro are 12 realtor, for example. Ampli 
needed for the flanged-device amplifiers, running on 14-18 V de or21-23 V de can be 
pomera y an ENT do LAK d 

Fg Fuse Po-poaganwor formo Jable ego. Se ihe regule ча, 
10-mWw SD1330 amplifier. Black areas. ы 
т 1880 ames Black areas, orn minimum while monitoring ling 
e current canbe adjusted sult 
Sen he ee ырш: E Sdn. Your gain an power ont requirements 
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designs (sto tex) 
C1, Co-12.5-9F trimmer, Mouser no. 
240007 


Sa disc ceramic, 
55% % Zener. 


Dum] 


Fig 5—Fulracale PC-board network for he 100: and 250-mW amplifiers Black areas 
represent notched copper loi Al parts aro mounted on the Tal ide o he board. 


Amplifier No. 1: A Receive 
Preamplifier or 10-mW-Output, 
ib ds. Gain Transmit Stage 

‘The amplifier shown in Figs 1 ond 2 is 
A low-power stage using an SD1320, 
Motorola MRE9OI or NEC NEG4535, This 
Stage is best suited о the receiving side of 
Ateansverter, With a noise figure (NF) of 
2B, it makes а fine front end by itself. 
Wi a good, low-noise GaASFET pream- 
plier in front of it, you'll have all the sen 
Siivity you need in front of ihe receive 
mixer. For transmitting applications, 
еге а low noise figere isn't important, 
an MMIC amplifier would be better be“ 
Cause it is a lot easier to build for the same 
таш. 

"The SD1320 amplifier i built on 0-10 
double sided board; the artwork appears in 


3. Afteretching the board, install rivets 
atthe RF and de grounds, To mount the 
(device, drilla hole in the PC board he size 
‘of QI'S macro-X ease, This allows all four 
leads to be soldered to the microstrip with 
ош bending them 

The idling current for this amplifier 
should be set to 5 mA or less for good noise 
figure. The idling current is kept constant 
for different transistors and over diferent 
voltages and temperatures by current Jim 
iting resistors RI and R2 and Zener diode 
DI Tune the input trimmer for best NF or 
maximum gain if ar NF-measurement 
Setup ist available 


Amplifier No. 2: 10 mW in, 190 mW 
ош 
The SDI333 transistor, а maero-X plas 


Fo 4- Schematic of the 801333 ала 801359 amplifiers (Amplifiers No. 2 and No. 2). АП components except OT are common o both 


RECS, RFC3—8 turns of no, 24 enam. 
wira, 0.1 inch ID, coseweund. 


tic-packaged device used in this design 
delivers 100-125 mW. This device is 
capable of a reasonable noise figure (2-3 
AB) and good dynamic range, which allows 
it to be used as a second stage (following 
A GaAsFET preamplifier) in a receiving 
System. (Motorola's BERSO/MRESGU/ 
MRP962 also work well in this circuit the 
BROS nas slightly ess gain.) Fit 4 shows 
the amplifier schematic and Fig 5 shows 
the full-scale artwork. 

Zener diode bis is used for simplicity 
and some temperature compensiton. Set 
the quiescent current to 40-50 mA (not 
critical) by varying RI. A pot can be used 
initially, then the pot can be replaced by а 
fixed. value resistor, Or the collector volt 
age can be varied slightly 

‘Alter the rivets are installed in the PC 
board, drill a hole the diameter of QI's 
‘molded package in the PC Board. Mount 
the device im the board so its unbont leads 
are soldered directly 10 the microstrip 
board. Use the small variable capacitors to 
tune for maximum gain. 


Ample но. 3: 9 as Gain, 250 mW 
ut 

"This unit is a slightly higher-power v 
sion of the previous amplifier, using 
SDI 359 or Motorola TRESS) plastic-pack 
aged device. The artwork and schematic 
are identical to that of Amplifier No. 2 
ent, 40-50 mA, can be optimized 
i the collector supply between 
10 and 13 V to set the stage gain 

After the РС board rivets are installed, 
drill a hole in the PC board to accept QI. 
Mount the device in the board so its wnbent 
leads are soldered directly to the microstrip 
board, Toning is as discussed with Ampl 
fier No. 2 
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input Мор 
Transmit 
Mixer 


Fig €—Schematc o tha MSA 0204/M4C5809L amplifier. 


C7. G9 —100-pF chip. FL1—Two stage Toko helical fiter (Dig 
ČB, Ст ТОРЫР ceramic dise. Key no. c 


CA 
Qs 


CFC 
0204 stages betore and aer те пенса! iter o provide adgional gain The biasing 
components the 7808 and associated pars) аге mounted on Ine outside of he. 
‘enclosure for convenience, 


= 


Fig 8—Fu-scalo PC-boara artwork for the 200-mw ampier Black veas represent 
unid copper to 
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RFC1— turns of по, 26 enam wire, 0.1 
inch ID, elosewound, 
REC 1-30 molded choke 


Amplifier No.4:0.8 mW In, 200 mW 
Out 

The amplifier shown in Figs 6 and 7 isa 
high-gain unit that can be used to follow 
the output of your 903-MHz transmit 
mixer, An Avantek MSA 0204 or Mini- 
Circus MAR-2 MMIC is used for the fint 
stage, followed by a Toko two-stage hel 
cal fiter.10 (In the prototype amplifier 
shown in Fig 7.1 used two MMIC stages i 
addition to the helical filter, before he 
final stage.) The output stage is an NBC 
MCSSOL thick-film hybrid module. This 
NEC hybrid module is one of four such 
‘units intended for hand-held cellular tele“ 
Phones operating in the 800- to 960-ME 
range. The MC3809-series amplifiers ae 
fated at 150 mW minimum power output at 
7.5 V de. Using а more readily available 
power source (a 7808 regulator), te 
NESBODs 1 tried were linear at over 200 
mW output, These hybrid amps are easy 
‘use and are stable into any load 

"The full scale PC-board artwork ls 
shown in Fig 8. The helical filer is sed 
between stages to clean ар the transmiter 
signal hy filtering out the Iocal-oscitltor 
amd image frequencies, but isn't required 
for applications where such filtering i 
done in other stages. A three-stage Toky 
filter! will also fit on the board, and cod 
be used for beter filtering. The filter leads 
are bent othe side to allow soldering toe 
PCboard traces. See Fig 9 for parts place 

"This amplifier is easy to build and ge 
working. Because both active stages andthe 
filter are designed for 50 d in and ош, the 
amplifier uses 50-0 microstrip throughout 
No trimmer capacitors are needed and т 
bias adjustments аге necessary just apply 
the de voltages and the drive signal, an 
peak the helical filter for maximum power 
output at 903 MHz! 

Because more ginis available roms 
design than T needed, 1 tried mixing tw 
Signals at the input of the fre stage. Using 
ATconnectionaí te input of the first tag 


used the circuit to mix a 759-MHz local 
oscilar with а 144-MHz IF signal. The 
901-MHz output signal was about 175 mW 
And was fairly clean, Using MMIC ampli 
без for gain blocks, almost anything can 
e used as а mixer? 


Amplifier No. 5: 35 mW In, 350 mW 
‘out 


‘The amplifier shown in Fig 105 practi- 
‘ally simple as an MMIC amplifier. The 
transistor, an 501508, produces more than 
50 mW output when mounted in a 50-02 
lise. The 501598 (originally another part 
amber was designed by Bill Olson, 
ЗНО, years ago, when he was an 
ployed by Solid State Microwave (now 
§GS-Thomson Microelectronies). I've 
"sed this transistor, which I refer lo as a 
hot 2N3866," in amplifiers and frequency 
multipliers at frequencies from 144 MHz 
1933 GHz. The 501598 is in a studded 
puchage and the SDISOR.L is a studless 
Package; either style is suitable for use at 
SOME P've built two-stage 501598 am- 
pliers with 50-2 lines that work from 400. 
1300 MHz. Such a two-stage amplifier fits 
pioelyintoa 1.5 3.6 x c Bud CU-123 
еам! box. Gain is 10 dB per stage at 903 
Mil and 8.9 AB per stage at 1296 MHZ. 
PC-boand artwork isn't necessary for 
this amplifier, as the 50-0 line can be eas- 
ily made ona piece of G-10 PC board using 
an ХАСТО Knife and a straight edge. A 
SO line on 0-10 PC board is about 0.1- 
BA inches wide. After cutting the edges 
fhe 50.5 line, cot another line about a 
artc inch from, and parallel to, the 50-0 
Tine on cach side of the 50-1 line, Using a 
soldering iron, heat the quarterinch-wide 
ips between the 50-0 line and the outer 
{actions and remove them with the knife or 
а acedle-nose pliers. Leave some copper 
tar the transistor for connecting QUS 


emitter leads to the mierostripline. 

Drill a hole in the board for the transis- 
tor such that the lads ol e transistor cam 
be soldered flush to the microstripline and 
ground foils. This is important: Excessive 
{ead lengths drastically reduce the gain of 
this amplifier. Attch a small heat sink to 
ihe stud of the device 

The SD1598 can be powered by a 12-10 
18-V supply. depending on the gain and 
power output required. Use an LM3177 
Voltage regulator in the power supply, and 
vary the voltage to set the gain of this 
lowlevel stage, This is an easy way to 
match the drive levels needed by the fol. 
lowing stages 

Set QI's quiescent current, lo. 10 30- 
50 mA. Vary RI to get the соте! idling 
current. This bias current is not critica. 


and depends on the device and the collec- 
tor voltage used, Tune up is simple: Adjust 
CR for maximum power output 


Amplifier No. 6: 100 mW In, 1 W Out 

А pair of 5015985 and а Wilkinson 
power divider/combiner combination are 
used in this design. The schematic for the 
combined amplifier is shown in Fig 11, and 
‘the PC-hoard artwork is shown in Fig 12-1 
didn't make an effort to terminate the 75-0 
Wilkinson divider/combiner; the amplifier 
works fine as is. Power sharing between 
the two devices is excellent, and a 3-08. 
improvement in power output is available 
over a single device. Saturated power out 
Dats well over LW, 

"The supply voltage and idling currents 
are the same as single-device Amplifier 


TTE 


FC 
ıe foll side of ne board, Nolo fna locations o! vols At each V. lend on Ino MOSEDOL. 
(pins 5 and 9), instali a 100.pf chip capacitor and a 0.OTuF dia to ensure proper 


bypassing 


Fo 10—The 350-mw amplior Glue D1 to O1's ceramic body or thermal composition 


Sagora feedthrough. 
Са 08. o 8-pF Johanson piston trimmer. 
Deom 


Q1— 51598. 
RI-LSA6 KO, ew 


RECI, AFC2—8 tums of no. 26 enam 
"We; closewound, 0.1 inch D. 
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Leh 


Fig 11—Tno 2x SD1598 armpiior. Give D1 10 07 ceramic body for thermal composition, 


са, C90.6- to Вр Johanson piston От, 92--501598 НЕСТ, ЯРСЗ--6 tums of по. 28 enam. 
‘timer RIO ka W wire, closewound, 0.1 Inch ID. 
of INO! 


Fig 12—Fulscale PC-board artwork for 
the 2x 801598 amplifier. Black areas 
= ‘present unetched copper fol 


n ml 


ig 13—The 500-MW broadband amplior For power levels over 500 mW output, ue DT to QS ceramic body or ermal 
Compensation. RFC! and ВЕС? are imploimonted as PC-boara aces. 


Q1—SD1598 or 01598-1. REC3--8 turns of no, 28 enam wire, Z1-25—Microstripinos. See text and Fig 
2 18 F % eW Slosewouná, 01 inch 10. " 
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No. (Fig 10). 1 this amplifier is mounted 
na diecast box, no additional heat sink 
Jd 8 required; I not, а small heat sink 
should be attached 10 the stud of each 
ме. Adjust СВ and C9 for maximum 
power output 


Amplifier No.7: 12d8 Gain, 500mW 
‘out 


‘The amplifier shown in Fig 13 is a 
reodband design that's teen around or 
Stout 6 years. Bill Olson, W3HOT, de- 
Signed it as a 1296-MHz amplifier. (The 
196 MHz version differs in that it has a 
Small piston trimmer on the output circuit, 
about an inch from Qi's ceramic cap.) 

“Thisumplifierisa very versatile design; 
ft works from 900-1300 MHz and has à 
power gain of 10-13 dB over this range. 1 
Boiltiwo test amplifiers for this design one 
for the studded transistor and one Tor the 
Manged version. Over a dozen different 
devices were tried in these test circuits, 
both 903 MHz and at 1296 MHz. Classes 
А. AB, C and pulsed-class-C operation 
were all ried, and all worked well 

The studded SD1598 is used in this de- 
sign. Full-scale anwork appears in Fig 14; 
Fig 15 shows parts placement, As with the 
‘ther designs, rivets are used at all de and. 
RF grounds. After the rivets are soldered 
йа place, drill a hole in the board for the 
device. Trim Q's leads with scissors, then 
solder them directly to the microstriplines. 
And ground foils. If the amplifier is to be 
mounted in a die-cast box, the box will 
provide sufficient heat sinking. If you use 
other mounting method, attach a small 
heat sink to QU's stud 

Tor SSB is 500 mW, and 


Fig 14 газале FC agar patra и 
КО e 8 

Fun 

ined copper fot ae 


"UIS a 


E S Bor 


Fig 15—Part placement diagram forthe broadband S00-mW SD1598 атріќог The PC- 
board edges are not shown. AI components are mounted on the foii side Of the PC board 
(xcept those mounted 1o the enclosure). 


Fig 16—The two-stag 

10-0.001-uF feedthrough. 

G11, C1306. to 8 pF Johánson piston 
"memor 


1W SD1598 amplifier. Glue D1 to Q2's ceramic body for thermal compensation 


(01801698 or SD-1598-1 RECI-RFCS-8 tums of no. 24 enam wire, 
927021601008 ‘losewound, 0.1 inch ID. 
Až, R3—15-16 KO, 4 W. 
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Fig 17Fu-scale PC board patem forthe two-stage, 1AW 301598 amplifier, Black 


areas roprosont unotched copper Toi 


up to 1 W for CW and FM, depending on 
the device. In applications where the 
device will deliver over 500 mW, a IN4001 
(DI) diode can be glued to Q1 for thermal 
Stabilization, as shown pictoraliy in Fig 
15. Power gain at 1 W output is dB or so. 
By varying R2. set QUS for 30-50 mA 
tor power levels up to 500 mW, and 15-20 
mA for higher levels. 

For low-level stages tup to 200mW out 
you can use the SDI 9-1 studless part in 
this circuit. Solder the studless device 10 
the microstrip, then solder a piece of hobby 
brass to the device x gold-plated bottom 
area and to the ground plane. This provides 
enough heat sinking to dissipate a few hun- 
dred milliwatts. 

A1903 MHz. no output trimmer capaci- 
tor s required, Some improvement in the 
‘output match can be achieved by trimming 
the widih of the output line by a few thou- 
sandths of an inch with an X-ACTO knife. 
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Amplifier No. 8: 10 mW In, 1 W Out 

A second Томан amplifier, this one 
using a pair of SD1398°s driven by a single 
SD 1598, is shown in Fig 16, This design is 
similar to that of Amplifier No.6, with the 
addition of а driver stage, The artwork 
appears in Fig 17. 

or the driver transistor, you can use an 
¡SDI598. studless device, as QI must pro- 
Vide only a hundred milliwatts or so. The 
driver is mounted in a hole in the PC board. 
A small piece of brass shim stock is sol 
dered to the bottom of the device and to the 
ground plane side of the PC board for he 
Sinking 

"This amplifier runs on 14-18 V de, The 
idling current foreach device is around 30- 
50 mA. Again, the supply voltage can be 
provided by an LM3I7T regulator. Adjust 

2 and R3 to individually set each device s 

idling current. Then, tune the amplifier by 
adjusting C1, C12 and C13 for maximum 


output. Vary the supply voltage to optimize 
the required power output or gain. 

The 24 x 4.4 x Linch Bud CU-124, or 
an equivalent die-cast box, is a suitable cn- 
Closure for this amplifier. Mount the con- 
nectors on the ends of the box, and place 
the amplifier PC board inside the box body, 
instead of on the inside of the cover, The 
box provides sufficient heat sinking forthis 
amplifier. 

Next month, I'll describe three more 
903-MHz linear amplifiers, including two 
4W units 
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By Dave Mascaro, Wi 


903-MHz Linear 
Amplifiers 


Part 2—Did you like the projects in Part 1? Here are 
three more amplifiers to suit your 903-MHz, 50-ohm 
gain-block needs. 


fa Par: 1.1 covered construction methods 
ıe 903-MHz linear amplifi 

шз described in this meren series. The 

amplifiers described this 

higher power range than 


nonth cover а 
age tha te da Pu I E 

шїн; with a 2-W-output design, and fin- 

fing with a pair of 4-W output units (one 

Pb [SB gai, the other with 23 dB gain) — 


Amplifier No. 9: 100 mW In, 2 W Out. 

‘The transistor used in vis amplifier, an 

IBDISS3, is a class-A device in a “strip. 

The PC-board ar 

8. and the schematic Fig 16.—FulLscale PC-board pattern for the 2W 01968 ample. Black areas 
parts-placement represent unelched copper fl 


wed 2 Pe 


Fig 19 Tre 2W SD1853 ampifer. RFCY and RFCZ are implemented as Po-board acos. 


ст, ono to pF Johanson piston О1—5р1853. Z1.25—Merostipinos, See 
trimmer. Ria, 1W. ext and Fig 18 
ОЧКА РАТА 20-V, 1-64 Zener, RECS tüms of по 26 enam wire, 


‘losewound, 0.1 1D. 
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"hose mounted to the eneiosure) 


Fig 20—Panis placement diagram for he 2W SD1853 ampier The PO-board edgy 
эг not shown AI components are mounted on the race side ol ne PC board (except 


Fig 21—The prototype 2-W ampliler. 


diagram is shown in Fig 20, and a photo of 
my prototype appears in Fig 21 

After the board is etched and rivets are 
installed, cut a hole and file its edges 10 
accept QU's flange. The 51853 must be 
mounted to a heat sink, (A Bud CU- 124 or 
equivalen die-cast box is adequate.) Use a 
Piece of G-10 PC board between the ampli 
fier board and the heat sink, to allow the 
device to be mounted flush to the 
microstrip. The device flange is the emit 
ter, and a Tost-inductance ground connec: 
tion is a must, Make this connection by 
using a piece of copper-foil tape soldered 
to the microstrip ground plane and placed 
Between QI's flange and the heat sink 
Mount the transistor to the heat sink with 
по. 4-40 screws, Use heatsink compound 
‘between Q1 and the heat sink. 

An LM3ITT (or LM317K) adjustable 
regulator can be used to supply the voltage 
required by this amplifier. Use а 10-lurn 
pot for the ADJUST control; smooth 
Adjustment of the supply voltage to this 
amplifier is a must, Insert а milliammeter 
in series with current-limiting resistor RI 
and slowly adjust the regulator output up 
from minimum until the idling current is 
200-225 mA without RF drive applied, The 
‘exact supply voltage depends on the beta of 


Fig 22 (bolow)—The 4-W, 2 x 501853 
‘amplifier. 

с1@-—0.- to 3-pF Johanson piston 

D IMP47A 20-1, 1-W Zener, 

01702 591898. 

97. 0. 1W. 

RECT, АРС2- 18 turns of no. 26 enam wire, 
‘losewound, 0.1" ID. 

21-28 Miciostipines. See text and Fig 
2. 


* 


pw pum 
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Ql, the value of RI, and DI's breakdown 
voltage. Idling current caz be adjusted 
slightly o optimize gain and/or power out 
put. The supply voltage must be removed 
during receive to minimize device heating. 
“Tune-up is simple, Apply drive and tune 
CJO and CIT alternately for maximum 
power output. If you have access toa return: 
Toss bridge ог network analyzer, you may 
want to trim the width of Z2 o improve the 
input return loss, Verify stability (as indi- 
cated by no output and no change in supply 
current) by tuning the trimmers through 
their ranges with no input signal applied, 


Amplifier No. 10: 200 mW In, 4 W Out. 

“This high-gain design consists of a pair 
of 5018935 combined in а Wilkinson 
Power dividercombiner. As before, I made. 
o tor to terminare the 1542 Wilkinson 
dividerkombiner with balancing resistors 
T worked just fine without them. Even the 
1296-MHE version, which uses the same 
board layout, worked well in this configu- 

Fig 22 shows the schematic of this 
Fg Z3—Par placement dgram forthe 2 x 501853 ampie The PO-board edges are class amplifier, and Fig 23 shows pars 
fil бояп. Al Components mount to Me race side of INe PU board (except hose placement. The PC-board pattern, the same 
feared o he enclosure). 


H 
d 


Fg 2i This prototype 4-W ampler was bull 


ith Fi 25 The 4.W ampliar heat sink, bolted direct to the 
„pero driver stage Thats bypassed wiin a br id if у 


devices, must be positioned such nal cooling air can flow over 
‘uring ampliler operation. 


Fig 28—Tho two-stage, 4-4, SD1598/801863 ampliar. 
Jef, C12.C14—0 3- t0 $-pF Johanson piston trimmer. 
DI. 1ma7azA 20.V, 1-W Zoner 

(01301508 

ог, 05. 501883, 
FG. 15-17 KO, JW. See text, Part 1, June 1990 QST, p 24 
SEE 

РСТ АРС ume ol no. 26 enam wire, closewound, 0.1" ID. 
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as that for Amplifier No. 8, is shown in Fig 
(shown in Part 1). The board's driver 
stage traces are by passed witha brass strip 
in this amplifier. Fig 24 shows my proto 
type mounted in a PC-board enclosure. A 
single base bias source, using a current 
limiting resistor and Zener diode, feeds 
both devices. Total idling current, mea- 
sured in series with RI, is 400-450 mA. 
"The same mounting arrangement used 
with the single-SD1858 amplifier (Ampli 
fier No. 9) applies to this unit, The device 
fanges must have low-inductance ground 
connections. Mount the transistors toa heat 
Sink about 2x3 inches with Vs inch or taller 
fins, as shown in Fig 25. Again, the supply 
voltage is switched on only during trans. 
mit. To tune this amplifier, adjust C4, CS 
sna C6 alternately for maximum output 


Amplifier No. 11: 20 mW In, 4 W Out 
A second 4-W amplifier, using a pa 


of 
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SDI853s driven by a single SDIS9S, is 
Shown in Fig 26. The fmal stage is Ampli- 
fier No. 10, and the driver is the same as 

и used in Amplifier No. 8. The PC-board 
artwork is shown in Fig 17; the pans place- 
ment can be done using Figs 23 and 16 as 
guides 

"The power-supply and blas adjustments 
эге the same as those for the previously. 
described amplifiers using these devices. 
Transistor mounting is also the same 
before, bul extra heat sinking is required 
with this unk because of the class of opera- 
Чоп and the power output 


Higher Power Output 

Higher-power devices usable at 903 
MHZ are available from several manufac- 
turers, NEC's NELI320 QSC3542) pro- 
duces 18-20 W linear output at 903 MHz. 
‘These devices also work on the 1296-МНа 
band. These transistors, as well эв single- 


and dual-vage amplifiers based on them, 
are available пот Down East Microwave 
(DEM). (The DEM two-stage 3318PA runs 
around 18 W output for about 1 W input). 

SOS-Thomson Microelectronics also 
makes high-power devices for the 800- to 
‘960- MH range. For example, the 801423 
isa 4-W-in, 30-W-out class AB device, and 
the SDI660 is a class-AB transistor that runs 
A whopping 120 W output for about 35 W 
‘rive, Both of these devices run on 28 V de. 


‘Summary 

Ag I've shown in this two-part series, 
‘there's really nothing difficult about build 
ing your own 903-MHz equipment—from 
the local oscillator to the final amplifier. 
This ease of construction is a vast improve: 
ment over what it was just a few years 
ago—and the 903-МН band's population 
has grown as a reflection of that. See you 
on the microwaves! 


From QST, August 1988 


25-Watt Linear Amplifiers 
for 144 and 200 MHz 


Do you need more punch from your hand-held or 
portable rig for 2 meters or 220 MHz? These little 


Мр шун hera 220 мне 
and-held rigs and low-power por 
тые SSB rigs these days. Unfortunately 
many of these radios have limited useful- 
ness because of their low power output 
Ако, as hand-held radios get smaller, so 
do he NiCd packs that power them—a few 
Jong-winded transmissions on high power 
and the battery is dead! The low-power 
node is usually good only for han range 
simplex operation, or repeater use when 
you're close to the repeater, High-capacity 
егу packs are available for most hand. 
eld mes, bul using them takes away the 
size and weight advamage of today's 
smaller hand-held transceivers Some rigs 
offer the option of removing the battery 
Pack and plugging the unit directly into 
TV de, which gives you a small light 
‘weight rig, but you're still stuck with rela- 
tively low power 

"The solution to this problem is the addi- 
tion of a lincar amplifier. An amplifier 
afier the hand-held transceiver or portable 
fig that сап give you 25 to 30 W of output 
power (depending on the output of the dv 
erigywithout imposing large weight, cost 
and current-drain constraint is а great 
addition to your VHF station. An amplifier 
lso allows you to use the same low. pow 
fered rig in the house and in the car with 
high power output. You can mount an 
amplifier under the seat or in the trunk of 
Your car, and minimize the possibility of 
Theft by tuking the radio with you when you 
leave the car. 


Amplifier Design 

The amplifiers described in his article 
ме capable of 25 to 30W of RF output for 
fhe drive power available [rom common 
andheld and portable rigs. The 2-meter 
and 220-MHZ designs are so similar that 
we can describe ther both їп one discus- 
sion. The differences in the designs are 
covered in detail. Design, assembly. tun 


amplifiers can supply it! 


ing and use of the amplifiers is virtually 
identical for both versions. Both versions 
even use the same PC board! (Note that two 
different boards are shown im the lead 

were prototypes of the fmal 


Receiving preamplifiers are included in 
both units, They, too, are quine similar, dif- 
fering only ia some component values 

This power amplifier uses а single 
Sp 1274 bipolar transistor manufactured by 
"Thomson Čomponents/Mostek Corp.1 The 
device is operated class АВ for alLmode 
‘operation. Nominal de power-supply volt- 
age is 13.8. The amplifier will operate on 
элу de supply voltage between 12 and 14.5 
(the typical automobile supply voltage 
range). 

‘The main amplifier PC board is a micro- 
spline design оп standard winch. 
thick, double-sided, G-10 fiberglars epoxy 
board. Input and output tuning capacitors 
are provided for maximizing gain and 
power output in a given band segment. If 


desired, the amplifiers can be tuned for 
broadband operation with only а slight re 
duction in power output across the operat 
ing frequency range 

The 2-meter and 220-MHz amplifiers 
are narrow-band designs. The 2-meter ver 
sion gives 25 W output for 2 W of drive 
from 138 10 150 MHz, with a single tuning 
setting, When tuned for narrow-band 
operation, the amplifier gives about 20 W 
output for 1 W of drive. With the Kenwood 
TH-21AT on high power, my 2meter 
amplifier puts ош 25 W, Of low power, I 
can adjust the amplifier for a maximum nár 
tow- band gain, which gives about 7 o 8 W 
output, Efficiency is 5010 60%, depending 
on tuning and power output 

‘The tuning range of the 220-MHz am- 
plifier is 200 to 230 MHz. When tuned for 
narrow-band operation. the amplifier gives 
abou: 10 W outpot Tor Wof drive. Driving 
the amplifier with my ICOM IC-3AT on 
high power (about 1.5 W), the amplifier 
puts ош 20 W. With the IC-3AT on low 
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mee | уубу 


Fig 1~Schematc of the 2510 VHF amplios. The 5-A fuse is included I tne power lead (охота to те amplifier), Be extremely 
careful when mounting the power . pats ist below, values orina 220-MHz version are given 
in parentheses where they for rom those in tne 2-meter version, Asterisks indicate parts hor used In the 220-MHz version, 


с1—15-#. € de. cee age 4044 to 60 pF (Arco e fg 1040 u W. 
COAT pF dise. 15 o 20 pF) 5100-4) miniatura potentiometer. 
C3- 2:pF siver mica C250 uF dise. 862700 4 W. 
Са C29, C26 e ro or siver mica S 0.001 ur disc. R1, Ато 1 W. 

o Únolco Сз, Озе 25-pF (18-pF) Олеко, TE RW. 

©8—270- to 470.pF (300 pF) siver mica  C36--10-pF timmer, RECT, RF2, RFCA— ar i molded 
or Unico 07702-1%атав or 1N914. choke 

с CT C14, C18, C19, C24—001-uF 89 D4—1 N4001 or egui, BECS'—0.15-,H molded choke 

ose OS. ECO 581 or equiv. 'RECS-6 turns (5 tums) no. 16 enam, 
св—0.22.Ё disc. 98 eb "ein 1D 
C9 e siver mica or Uneico. FB- rernto bead RFCE dea ferrite choke. 
©то—Ако 408-4 1o 60 pF (Arco 402—4 КІ Отот LZN203-UA-DC12 DPOT $1- Miniature SPDT toggle. 

10 40 pF) roly. UILMSTTY voltage regulator 
CH. CIS uF, 15: tantalum. i$ dime (1 tum) no. 18, clesewound, Miscellaneous 


Ciz e (120-9F) Unslco 2 BNG or М connectors (see tex) 


Сз, C18 220 pf Uno, {х4 x Tin heat ink 
C17- ee pr (GT-p*) Uneico. 13 NPN Darlington. S-A fuse and in tine holder 
e 38V electroyte. ят патака u W. 23 m, sarap of thin sheet brass, 
der weer siver miea of деко. e 500-0, 10-tur potentiometer 


power (about 150 mW), 1 сап tune the am- 40W at 2 meters and 35 Wat 220 МН? with diode (DS) supply a stiffer bias voltage to 
iier to give 4W output. Efficiency is these relays. They present a good match ta the base of QI than the more common volt 


about the same as the 2=meter version. SO Q. The loss through the amplifiers agesdivider bias networks. This low-imped- 
The saturated power output for both (when mot in ase) resulting from these ance bias source keeps the bias voltage con- 
versions is more than 35 W in РМ opera- relays is less than 1 dB. This is typical Гог stant over the tange of RF drive levels With 
tion. The maximum FM power input i 2-meter and 220-MHz amplifiers, A voltage-divide bias network, bias voltage 
4W. Minimum power input for proper RF Tn addition to switching the transmitted сап be upset by the base-emitter rectifica 
sensed Keying operation is 100 mW. and received signals, the relays also switch tion (self bias) developed by the RF driving 
the de supply voltage. In the transmit mode, signal. In such а case, over driving the ame 


‘The Power-Amplifier Circuit KI switches 133 V de to the input of the plifier causes the base bias Jo decrease, 
See Fig 1. KI is similar to relays used bias regulator. UI. The regulator IC and its resulting in non-linear amplification. Tis 
in VCR RF circuits. I have switched up to associated resistors (RJ, R$) and bias elfeciislimitd with the regulator type blas 
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Fig 2—Main PC-boare layout 

for the 2 moter and 220 MM2 

mps, Artwork is ul scale. 
inis i a merostioino 


faces. The board must bo 
riled for rivets, mounting 
hardware ang transistor 
mounting at he locations. 
marked. The transistor 
mounting hole s 0.38-п. 
diam and should be ала at 
е + near ne center ofthe 
РС board. А other poles 
{oxcopt for tne relay-mounting 
holes near the output miro 
stripline) are tor rivets and no. 
S40 mounting hardwar. 


eicit used in these amplifiers. 

TR switching is accomplished by an RF 
sensing circuit. A small amount of RF is 
Sampled by C3 and rectified by DI and D2, 
bich turns on Keying transistor Q2. Q2 
фи in KI, which switches the amplifier 
fio the tin, 

"When SI is in the SSB position, а short 
‘drop-out delay is added in the RF-sensed 
eying circuit to keep the amplifier keyed 
during brief pauses in speech. Thisdelay is 
adjustable by varying R3. In the FM posi 
tion, no delay is needed. 51 does not change 
the class of operation ot QI it merely 
switches in the delay circuit 

"The switching relays are wired so the 
amplifier can remain in-line at all times 
with or witkout the supply voltage con- 
nected Applying the supply voltage allows 
you touse the amplifier and preamp. With 
ur the supply voltage connected, ali wans- 
mitted and received signals pass through 
the amplifier, 

"The spectral output of these amplifiers 
js quite good, but 10 ensure clean signals, 
Tye added fillers to the output of cach unit 
Alhough there isn't much extra room for 


the filter components inside the amplifier 
cabinet, you cas mount them on the back 
over or in another small enclosure. The 
Filters shown in the title photo, are very 
simple to build and tune. 


Construction 

Each amplifier consists of two PC 
boards: the power-ampliier board and the 
preamp board if used). After the PC boards 
are etched, holes are drilled with a no. 50 
Bit for installation of tinned grounding riv- 
ens at all RE and de grounds (see Fig 2)? 
Install the rivets on the board as follows: 
After inserting the rivets, lare the Inserted 
end with an awl. Next, fatten the rivet by 
Tapping it lightly with hammer, using an 
anvil or other solid surface under the PC 
board asa support. Solder the rivets on both 
sides of the PC board. Alternatively, 
Of wire can be soldered through the board. 
but because the wires will not be flush with 
the board, mounting the hea sink may be 
инан 

Drill the holes for Q1 and the board- 
mounting screws as indicated in Fig 2. No 
holes are needed for component mounting 


because all parts are mounted on the trace 
side of the PC board. АП the components 
‘except the preamp board are mounted next 
(The preamp board is mounted after the 
amplifier has been tested, to prevent pos 
Sible damage to the preamplifier.) Connect 
A piece of miniature 50:02 ТеПоп® or 
RG-SE coaxial cable between KI and the 
ampliier-iaput microsripline (see Fig 3). 

After drilling or milling holes for QU in 
a suitable heat sink (sce Fig 4), tap the 
‘mounting holes in the heat sink for no. 4-40 
hardware, and mount the PC board to the 
heatsink, Trim the four leads of QI to about 
half their original length to make mounting 

ОТ can be mounted in one of several 
ways. The distance between the underside 
fof the leads of Ol and the heat sink mount 
ing arca of О! is larger than the thickness 
of rin. G-10 board material. Because of 
this, the heat sink must be milled (see Fig 
4), or small pieces of copper оп brass must 
be soldered under each lead of Q1 to make 
up the difference in height, Alternatively, а 
second piece of G-10 material can be cut 
to the sime size as the amplifier PC board 
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Fi S. Pans placement diagram jor he VHF amplllers Al рап are mounted on the foirrace Side о o PC board, The power 
"transistor mounting stud passes trough the board and into ino host sink. 08:5 20006 tothe ceramic сар o! O1- RZ (10-urm 
Poteniomotor 1s epoxid o the PO board as indicated, wih tre pns facing up.0 


and used as à spacer between the PC board 
and heat sink 

Be careful not to crack the body af Qt 
where the leads of the device meet itis 
can release berylliumoxide (BeO) dust, 
which is lethal. The leads of the transistor 
Can be bent down slightly to the PC board 
without affecting RF performance, but 
never force them i the opposite direction 
alter the transistor has been tightened to the 
heat sink. Mount the transistor to the heat 
sink first, then solder its leads to the board, 
and лог vice versa. Use thermally conduc- 
tive compound beween ФГ mounting 
surface and the heat sink 

Си а piece of hobby-store sheet brass 
about as wide as the bias regulator IC and 
twice us long s the body of the device, This 
will be a heat sink for the bias regulator. 
When mounting the regulator IC, use ther 
mally conductive compound between it and 
the brass sheet, and between the brass and 
the main PC board. After tightening the IC. 
hardware to the PC board, bend the Brass 
sheet im а U shape over the IC, leaving 
enough clearance for heat o escape between 
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the IC andthe brass heat sink. This heatsink 
rangement can be seen near the bottom 
center of each amplifier in the lead photo- 
graph, 


The Preamplifier Circuit 
"The high gain and loe noise figure (МЕ) 
ofa GaASPET preamp are not necessary in 
amplifiers in this power class, I designed 
the preamp circuit (Fig 5) to use an inex- 
pensive U310 FET, It has more than enough 
ain to overcome the Josse af the amplifier 
Switching circuits and the feed line to the 
amplifier. The preamp has more than 12 dB 
iin and noise figure of about 2 dB. 

"When S2 is closed, K2 closes, activat- 
ing the preamplifier by applying the de 
supply voltage to the drain circuit of Q3 
and to the preamp ON LED. 052. In the 
transmit mode, K switches off the supply 
voltage to K2, allowing K2 to drop ош, 

The preamp circuit is optional and © 
didn't clade ic on the main amplifier PC 
board, If you're not going to build the 
preamp, solder foiltape or wire jumpers 
Between the two points on the main ampli 


Tier PC board where the preamp connects 
during assembly 


Building the Preamplifier 

‘The schematic of the preamplifier cir- 
cui is shown in Fig 5. As mentioned 
earlier, although some component Values 
differ between the 2-meter and 220-MHz 
versions, the two are essentially the same 
in all other respects. Components that have 
dierent values for the two versions are 
marked with asterisks on the schematic 
and the parts list. Unlike the main ampli 
Tier PC board, most preamp components 
эге mounted through the board sa sol 
dered on the Bottom side, The РС band 
layout and parts-placement diagrams are 
shown in Figs 6 and 7, respectively 

As with most FET VHF preamplifiers, 
shield is necessary between the input fe- 
uctor and the active device, Solder a piece 
‘of scrap brass sheet to the ground foil be- 
tween these circuit elements, (This preamp 
shield can be seen in the right-hand ampli 
Tier in the lead photo, just behind LI J 

After building he preamplifier, tune 


ES 


4—Heat-sink ailing dimensions for the VHF open ee Overall heatsink size tan 
a, but should be close tothe dimensions shown. As an alternative 10 miling the 

еш sink to accept G1, a ресе of win. double-sided “ 

Sehim, Bo careful not io stress the transistor lead tobody connections during mounting. 


for maximum gain with a signal generator 
oran on-the-air signal. If one is available 
lo you, use a noise-figure meter and tone 
the preamp for best NF. 


вито the Output Filters 
1 built the output iles foreach ampli- 
fer on scrape of PC-board material. The 
onstruction is shown is the title photo. 
Mer building the files, it's a good ideato 
vs some silicone sean on cotes 
шу in he 2 mer fitter) to hold the col 
fum расе Install the iter in a suitable 
“ше. or in the amplifier cabinet. 
“To tunete filers, yo Ii need areceiver 
ble of receiving the second harmonie 
af ine fundamental One МН: for the 2- 
fee filter, and 440 МИ forthe 220-MHz 
fie) anda signal generator or an onthe. 


air signal, Connect the filter between the 
antenna (or signal generator) and the 
receiver, and tune C36 for minimum sec- 
ond harmonie signal level 


Enclosures 

1 used the main amplifier PC board as 
the top cover for the unie (with the heat sink 
mounted on i). made the sides and bottom. 
cover of the enclosure from PC-board 
material, The side walls are soldered to the 
amplifier board, and the bottom cover is 
attached to the side walls with small brack- 
es (also made of PC-board material) 
Soldered to the bottom cover. Alternatively, 
the amplifier can be mounted in an alumi- 
num enclosure. 

‘Although used BNC connectors for RF 
input and output, N connectors can also be 


used. Make the connections from the input 
connector to the PC board with apiece of no. 
16 wire ог a Yrineh-wide strip of bras to 
{he input microsripline At the output, con- 
nect de-blocking capacitor C26 between the 
microstripline and the antenna connector 
Check the board for proper component 
placement and good solder joints, and get 
beach to tune up the amplifier! 


Amplifier Tune-Up 

As with the amplifier-cireuit design and 
description, the tune-up procedure is very 
similar for both. The only difference i the 
exciter you use, Here's how to tune either 

Disconnect RFC4 from the base of QI. 
Connect a voltmeter to the free end of 
RECS, Apply 13.8 V de to the amplifier 
supply voltage leads. Using the voltmeter, 
verify that RS is mounted so that ovqput of 
Ut increases with clockwise rotation of RS. 
"Turn RS fully counterclockwise (minimum 
UL output voltage). Reconnect RFCS, 

Set the quiescent (to-irive) current to 
Q1 as follows: Disconnect one end of RFCG 
and connect an ammeter in series with it, 
‘Apply 13:8 V de to the amplifier through a 
S-A fuse. Tor the preamp off, Do not apply 
RF drive during this adjustment. Using aclip 
lead. ground the collector of Q2. This should 
actuate KI, Check the TX LED. DSI, for 
‘operation. (IË KI actuates and the TX LED. 
does not light, the LED may be installed in. 
reverse.) Slowly adjust RS for an idling cu 
rent (through RECÓ) of 75 to 100 mA. The 
amplifier should be stable instabilities ar 
indicated by erratic variation of QU's quies- 
сом current as RS is adjusted 

Disconnect the ground lead of Q2. Ol. 
collector current should drop to zero, Ifthe 
Collector current does not drop to zero, the 
amplifier is unstable, If all is well, remove 
the ammeter and reconnect REC6. If the 
amplifier is unstable, check all bypass ca- 
pacitors and solder connections, 

‘Apply about 100 mW of drive to the 
amplifier and check that the COR and 
delay circuits work properly. Adjust Cid 
and C22 for maximum power ouput. 
Increase drive power and retune for 
maximum output. After fmal assembly, 
tune the amplifier forthe desired frequency 
and power level. 


Final Assembly 

‘The preamplifier board can now be in- 
stalled on the main PC board. Mount the 
preamp on its edge (refer to the title photo 
and Fig 3) and solder the input and output 

icrostriplines in place. Solder the ground 
Той of the preamp board to the ground foil 
ofthe main board ina few places to support 
the preamp board. Connect 52 and DS? lo 
‘he preamp board with hook-up wire (see 
Figs 5 and 6 for connection points). Apply 
power and check for proper operation of 
S2, K2 and 052. 

"The enclosure сап now be painted if you 
wish. Use masking tape to cover Ihe con- 
nectorsandheat sink. (Mount the LEDs and 
switches fter painting.) You may want to 
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Fig S—Schemati ol the preamplifier 

cul. K2 в identica! to КТ on the main 

“ampliar board. S2 апа DSZ are mounted 

ол he rent panel of tne атыш in ne 

Parts tst below, values for 220-МН2 

Version are given n parentheses whore 

Thay dor rom those of ne mete 

C28, C29, C33 -0.01-nF disc. 

920-20. siver mica, 

C31, C32—20-pF trimmer. 

88 460, 

De Naco! 

A, L28 tus (4 tur) по. 16 enam, 
03,10, 

K2=Orron LZN203-UA-DC12 ОРОТ 
тезу, 

аз aro rer. 

BIO s-ko, % w. 

Bora hw. 

BOT MECO балан molded choke. 

S2 Miniature SPOT toggle. 

Miscellaneous. 

f x Sin. sinp of thin sheet brass 


T 


C 
P board. man cn pear canem are monti оп mno raeo see he 
boar 


Fig 7—Pars-oiscement diagram for the VHF preamplifier. Mount ай components on the 
ground. plano side except for C30 and СЗ, Us a ril o clear the fol away 
Чот all mounting holes on Ine ground plane side ofthe board (except (ог rough board 
%%% connections оп both sides of the PC board (see 
а lor e eee instructors). Soler a brass-stip shield to the ground fll 
Between L1 and Q3 on the component ste of the PO board. 


addstick-on rubber feet to the bottom cover with my Kenwood TH-21AT hand-held 
to keep it from sliding around and being and ICOM 1C-2028 SSB/CW transceiver. 


scratched. T use one in my shack and one mobile 
both at more than 25 W output. 1 drive the 
Amplifier Operation 220-МНе version of the amplifier with an 


"The 2-meter amplifier works very well ICOM IC-3AT (in its high-power mode). 
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Limit the amplifier power output to 
25 W during linear operation. All SSB 
amplifiers have a rated linear power out 
put that should not be exceeded, even 
though the amplifier may be driven above 
that level. To keep your signal clean, de 
or overdrive any amplifier. For exciters 
‘with fixed power outputs that would over 
drive the amplifier, use the loss of a length 
of RG-58, ога discrete attenuator, between 
he radio and the amplifier to prevent over- 
drive. The gain of the preamplifier (if used) 
will overcome the attenuator or cable los 
during receiving. 

"When using any amplifier or transverter 
m the shack, itis а good practice to “hard 
key" it. Hard keying is simply forcing the 
amplifier or transverter into the transmit 
mode with a switch closure ог an applied 
Voltage. To do this, run a keying line Нот 
the exciter to the amplifier, (Ground the 
collector of Q2 to hard key these amplifi- 
ers.) I added а phono jack to the 220-MHz 
amplifier to facilitate hard Keying. If a 
positive voltage is used for keying, а 
3N2222 transistor inverter can be used 
between the transceiver and the collector 
of Q2 (see the inse in Fig 1). 


Summary 

‘These amplifiers have served me well 
їп the саг and at home. After building one. 
of these amplifiers, you'll probably find 
what I did: They're so handy to have 
around, and so easy to build, that you can't 
build just one! 


Notes 
Thomson ComponentsMostox Corp, Semi- 
PAM CIE RET 
Sisto are avaliable rough RF Gain. LS, 
Toone Ra, pollo Contr, NY 11570 
e 
le folowing pert are амайаше rom Fron 
Ve eme Rb d Sox 48, Otal A 
18042: 100% led rivets: SA relays (X 
ffn 
ARC ала GST no way wartan i oor 


By David О. Meacham, W6EMD 


A High-Power 2-Meter 
Amplifier Using the 
New 3CX800A7 


Tired of hearing exotic ОХ on 2 meters but not being 
able to work it? Build this amplifier, and you'll transform 
your pip-squeak signal into a real rockcrusher. 


he 3CX8O0A7 triode recently 

nounced by Varian EIMAC has a plate 
dissipation rating of BOO W and modest 
fooling requirements, Its oxide cathode 
fives high emission with only 20 W of 
fester power. With full ratings up to 350 
MHz, this tube is a scaled-up version of 
the 8874 — a proven performer in amateur 
and commercial gear, 

“The amplifier described here is based on 
design presented by Raymond F, Rinaudo. 
W620, in January 1972 QST. Мом of the 
changes in the new amplifier (Fig. 1) are 
designed to accommodate the larger size of 
the SCXBOOA7 and its attendant higher ca- 
pueitances and currents. A plate-cutrent 
meter is not included because my station 
power supply is already well metered. How- 
ber there is room on the front panel of the 
amplifier for a plate-current meter if an- 
oder builder wishes to add one. Other 
‘changes 10 Rinaudo' design are minor 


Construction 

The amplifier chassis is mounted on а 
standard 19-inch wide, $4-ineh-high alu. 
"inum rack panel (Bud No. SFA-1853) А 
5x 13x weh aluminum chassis (Bud No, 
C-422) is spaced 14 inches behind the 
panel by two aluminum end brackets. 
А ЗИ, X 4%: x inch aluminum chassis 
(Bud No. AC-1402) houses the input cir 
айну and is mounted on the larger chassis 
between it and the front panel. The rigi 
hind end bracket has à large Tip on the rear 
for mounting the heater transfor 
and connectors. Fig. 2 shows mechanic 
details of the chassis and end brackets. The 
feabinet chosen is a lightweight aluminum 
unit made by TenTee (No. 19-0525), 


From QST, April 1 


Input Circuit 
In the cathode-driven configuration, the 
input impeda1ce of the 3CX800A7 appears 
asa nomina] capacitance of 26.5 pF in par 
allel with aresistive component that varies 
with operating conditions but is typically 
about 49 ohms. The compoterdesigned in 
put circuit of this amplifier operates at a 
loaded © of about 2.1. It can be set any 
where in the 2-meter band for а VSWR 
of less than 1.31. C1 and C2 are predomi- 
nantly matching and tuning control 
respectively: there is some interaction 
between them, however, When the input is 
toned at 144.5 MHZ, the input VSWR will 
те less than 14:1 from 144 to 145 MHz, 
The tube socket is an IMAC SK-1900 
‘ora Johnson part No. 124-311-100. ts сеп 
ter is mounted 2 inches from the end ofthe 
input box, adjacent to e mountin 
bracket. The tube pins and input circuit are 
cooled by a small amount of airadmiied to 
the input box from the pressurized output 
box. Three holes, made with a по. 50 dril, 
provide adequate flow, These holes arc 
spaced in a close triangle and are located 


diagonally across from the variable capaci 
tors, Air exhausts through the tuning holes. 
Fig, 3 shows details of the input circuitry 

"The heater circuit includes two choke 
Feedthrough capacitors, the filament trans- 
former, a voltage-dropping resistor and а 
switch. The chokes are wound with a turn- 
{o-uen spacing of about one-half the wire 
diameter. They are sell-esonant (parallel 
resonant) just above the 2-meter band 
Nominal heater voltage forthe 3CX800A7 
is 13.5 V. The closest available commer- 
cial transformer has а 14.0-V secondary, 
so R3 is used in the primary. Switching is 
sek up so that the blower must be on before 
the heater can be activated. Conversely, 
this arrangement allows the blower to be 
left on after switching off the heater—a 
highly recommended practice 

Cathode bias is provided by a 5.1-V 
Zener diode, D3. RI prevents the cathode 
voltage from soaring if the Zener fails. F2 
will blow if excessive cathode current is 
drawn. K2 nearly cuts off plate current on 
receive. Because ihe grid is at de ground, 
thenegative supply lead must be kept above 
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Re S. 


مهه 


Fig. 1 — Schematic diagram of the 3CX800A7 ampli. 
B1 — Blower (Dayton 40012 or equiv.); өө tx. 

C1, с — 1.7144 pF ar variable (E. F. Johnson 180-5054 or 
Em 

СЗ 500 pF, 1 disc ceramic. 

©. 05, Св — Coramicteaciough, 1000 pF, 500 V 
(Erie 357.001). 

сї — EMI feedthrough fiter, 1500 pF, 2.5 KV (Erie 1280-060). 

Са, Co — 50 pr, 75 KV, NPO (HEC HT-50 882) 

C10, C11 — Sos tox. 

Di, D2 — 14001 

D3 — Zener diode, 5.1 V, 10 W (1N3996A). 

DS1 NEST In holder with bun dropping resistor. 

F1 — Slow blow fuse, 2 А (Buss MDL- or eau) 

F2 — 18 А luso (Buss AGE 1% or equ) 

J BNC bulkhead teedthrough oonnoctar(UG-492 AVU) 


ground for grid-current metering by MI 


open up. DI, D2 and СЗ protect the meter 
from transients and RE voltages, 


CF-800 fmger stock is screwed and then 
R4 keeps the negative side of the plate soidered on both top and bottom. The chas 
supplyirom rising if MI, DI and D2 all sis and stripline are both slotted to allow 
Sin inch of shorting-block travel to set the 

of the capacitive-tuning 


2 — Type N female connector (part of C10 assembly — see 
to). 
48:14 — High-vottage connector (Millen 37001 or equiv) 
Lr ит no. 16 tinned wire, in 10, "hin long 
12 — 6 tums по. 16 tinned wire, "iin ID, "fx in long 
15 — Plate ino, Me m wide, Bw in long. See text and Fig. 4 
Ri, RA — 200 ahs, 12 W. 
Ра 100. 121W. 
B3 — 35 ohms, 12 W. 
5 — 80 ohms, 50 W. 
C 
CCF 
ВЕС — 10 tums по, 16 Innes wire, ein ID, 17 1n long: 
TTE: Element transformer, 180.4, 2-A secondary 
(Triad F-2153 or equi) 


Assembly No. 720407, For this amplifier, 
the outer conductor was lengthened to reach 
the front panel, The grid collet is also avail- 
able from EIMAC as part No, 720359, 

Tn addition to RECA and feedthrough 


paddle, А -inch-long Teflon standoff sup- capacitor C7, an energy-obsorhing resistor 


Output Cireuit 
‘The output tank circuit is a silver-plated 


capacitances at, and near, ts open end. I 
operates at а loaded О of approximately 


ports the center of the line 
The tuning (C11) and loading (CIO) 
quaner-wave strip line (Fig. 4) foreshort- paddles are Ph inch diameter discs made 
ened by ihe tube, loading and tuning from silver-plated, ock let brass 
They are spaced 1% inches centerto-cen- 


тег. The output loading paddle is nearest the 


(RS) is wired in series with the de plate 
Supply. This resistor will protect he tube 
and power supply in the event of a 
highvoltage arc. I provides necessary pro- 
tection while dissipating only 12.5 W ar 
500-mA de plate current 


20. The silver-plated anode collet (Fig. 4) tube, and its center is 1% inches from the 


is mado of 0062400 


1 inch long. At the far end of the Tine, а 


thick brass sheet tube cooler surface, Spacing between the 
With Tech Etch 1348 finger stock soldered paddle and line during operation is about 
on the inside. It is Supported by two 0.13Sinch. The output tuning boss, IMAC 
‘Teflon® standoffs -inch in diameter and part No. 720162 

7.28 threaded rod, The output loading сот. column static pressure. This amount of 


Cooling 
The blower specified provides a meas 
sured 25 СЕМ airflow through the output 


is tapped. for a Бох and tube cooler at 0.42 inch of water 


silver-plated shorting block contacts the trol and output connector are two separate cooling is sufficient for 800 W of plate dis- 


chassis and the strip line. This block 


(Fig. 4) is made from "/w-inch-thick brass They are available from EIMAC as S 
MAC Assembly No. 720361 and Sliding Probe dissipation at 5000 feet of altitude with 


Т inches wide and 1 inch high. 
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EIMAC assemblies combined into one unit 


Sipation at sea level with inlet air tempera“ 
ipport turesup to 35" C. Itis adequate for the same 


near temperatures up 10 25° C, 

Nac evident from the photographs is the 
‘are taken to separate outgoing hot ir from 
Incoming cool air. This is accomplished by 
the addition of a simple dividing wall 
aside the cabinet running from the rear 
Фазы» cover of the output box to the res 
of the cabinet. The material used is rigid 
Fiberglass insulation — the kind you cut. 
‘ith asa. It provides a measure of blower 
toise suppression in addition to assuring 
сой inlet ai 

Hot air leaving the anode cooler is di 
tected 10 a homemade “honeycomb” RFI 
{ite through a chimney made from rolled- 
p Teflon sheet, The filter is made of brass 
bing and sheet with the honeycomb 
Material soldered in place. See Fig, S for 
construcion details. This filter acts as a 
манере сусма: сно? having high 
menustion at 144 MHZ, 

The equation for caleulating attenuation 
by this type of filter is 


= Eq.) 


here A, = aperture attenuation (dB), D. 
length of pipe, and d = inside diameter of 
bee In this case, the "pipe" is each cell or 
the honeycomb. The basic material for the 
Honeycomb is cadmium-plated brass heat- 
fadiatorcore.? Each hexagonal-shaped cell 
Tasa width between fat sides (diameter) of 
11100 inch. The material is inch thick. 
Plugging these values into the equation 
yields an A, of 160B more than enough! 
From a practical standpoint, i is usually 
suficient to make cell length at least three 
dines the nominal cell diameter. 


Tune-up 

Initial work may be done with a dip 
(petr, particularly on the output circuit 
With the tube in place, but with no voltages 
Applied, the shorting block оп the end of 
Mhe plate Jine should be set to give a paddle- 
Muning range that straddles the desired 
operating frequency. Beat in mind that 
When the tube is “hot.” he resonant fre- 
pencey will be somewhat lower than it is 
Without electron flow. 

The input-tuning capacitor can be dip- 
meter resonated with the matching capaci- 
for sel at one-half mesh for a start. Further 
work here must be done "hor" with a VSWR 
measuring device on the input. 

‘Set the inital spacing between the out- 
pot paddle and the plate line to не, Con- 
‘ect the output to а SO-ohm dummy load 
capable of handling at least 700W ar 144 
Mile through an accurate VHF wattmeter, 
Sach as a Bind mode! 45. Connect a driver 
арар: of delivering about 20 W to the in- 
pet trough a VSWR-measuring device, 

"The heater of the SCXROOA? should be 
та for at least three minutes before apply- 
dna plate voltage. After the warm-up, short 
the TR terminals and apply about 1000 V to 
the plate, This should result in а small 
amount of idling plate current, Next, apply 
enough drive to produce а rise in plate cur- 
Jen and adjust the plate tuning Гога peak 


—A— 4 


mac omen 
[— -— vel 
i 

Ser — — 


Fig 2—Mechanical details of he chasels and ond brackets. The ond brackets are mado 


from 0.092- aluminum, 5052 alloy ог softer. 


in output power. Now tune ans match the 
input circuit for minimum input VSWR. 
Next, adjust the output loading paddle for 
maximum power output while keeping the 
plate current dipped with the plate tuning 


paddle. Apply full plate voltage and higher 
drive power, and then repeak the output 
tuning and loading controls. Touch up the 
input tuning and matching, and the ampli- 
fier is ready for service. 
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EE illl 


as possible. 


Fig 3—Close-up of the input circuitry and tube socket wiring. Keep all loads as short 


FO 6- Mechanical delis of he exhaust 
air AFI itr. The honeycomb mal 
Soldered inside a Zn OD, 0 066. wa 
brass tube. The lange, which boli 1o the 
chassis, Is made from 0.125 MI bass 
Shoot 


Ш 
бнз рше ОТ 


pe 


Fig 4 — Mechanical details cf he plate 
line, anode collet and shorting Block; 
‘The plate ine s made ното 032.1- 
эск siver pated brass, although 
copper or aluminum (5082 alloy or 
Sohier) of ne same скло may be 
used The йр on the plate ine a 
Screwed othe one end cl 

Capacitors, The anode co 
‘ade ното 062:nahice si 


the blocking capacitors. Tech Etch no. 
1348 finger stock soldered around the 
inside ofthe anode coilet grips ine 
SSGXBOQA7. Finger stock on (he silver- 
Plated brass shoring heck ensures, 
Sood eoniaet beween the crassis and 
Pate ine. 
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Fig 7 Rear view of ha amplifier win the 
Pite-comparimení cover in place. Note 
he honeycomb REI Mer at the hot-air 
exhaust 


Table 1 
Operating Conditions tor the 


3CX800A7 Amplifier 
Plate supply voltage — 2200 
Zero-signal plate current” 65 тА 
Single-tone plato ситет | 500 mA 
опа bas (Zener bias) Блу 
Singletone grid cumont 40 mA 
Driving power 19.5 w 
(Output power тоги 
Gain 15.008 
Efficency" 64% 
alas may vary consiceraby rom tube o 


“Actua ube ofciency is about one percent 
honer because ol power los 1 . 
‘him sena resistor the pat lac (FS) 


A few words of caution are in order. Re- 
member thatthe heater voltage must neverte 
applied without the blower ranning, and that 
the heater must warm up a least three min 
utes before applying plate voltage. Never 
exceed 60-mA de grid ситет, even during 
tune-up, Alo, because e the relatively low 
grid dissipation of the 3CXBODA7, RF drive 
must never be applied unless plate voltage is 
applied to the tube and a suitable load is con- 
nected to the output. Following these simple 
rules will substantially increase tube life and 
amplifier reliability 


‘Typical Operating Conditions 

With Zener diode bias, the 3CX800A7 
is best operated in Class АВ for linear 
service. Туе data in Table I represent mea- 
sured performance in linear service at 144 
MHz. Complete data sheets are available 
from EIMAC. This amplifier is easily ca 
pable of conservative operation at 70:9 
Output, Two of these tubes will run at the 
1500-W output legal limit 

This amplifier uses straightforward 
construction techniques and is easily du- 
plicated. Any builder will be rewarded with 
A great deat of satisfaction and a reliable 
amplifier. 


пове 

fm = in x 25.4; m = tx 0.3048. 

One souic lor the honeycomb radiator coro 
malo 1 Тест Wes Dilo, 320 Noth 

Fig 6—Various views of Ina completed 3CX800A7 ampli Кора St, Santa Barbara, СА 99103, 
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By Russ Mil 


From QST, December 1994 


The Quick Powerhouse 


Tired of missing a new grid square while waiting for 
your amplifier to warm up? Build this almost-instant-on, 
1.2-kW linear power amplifier for 2 meters. 


s that typical, early summer afternoon, 

when, ош ofthe blue comes co-channel 
interference to the low-band (channels 2 
through 6) TV channels, Time to turn on 
the 2meter receiver, Whoops! There's a 
sporadic-E opening, and stations are boom 
ing in from over 1000 miles away. Quickly, 
hit the switches to warm up my linear 
amplifier. Time marches on, and now the 
amp is eady-—only took 3 or 4 minutes 
But that juicy, far-away clatter via sporadic 
E is gone! Woe is me! 

Having had this happen more than once, 
1 was delighted to find that Eimac was pro- 
ducing à new tube with an almost instant 
warm-up filament that functions well at 
2 meters he 3CX1200Z7." The 27 is dif. 
ferent from the 3CX1200A7 by virtue of its 
external grid ring, redesigned anode assem. 
bly and a 6.3- V ac filament One advantage 
tothe 3CX120027 is the wide range of plate 
Voltages that can be used, from 2000 to 
5500. This amplifier looks much like the 
easily duplicated W6PO design. except for 
the plate collet and the addition of some 
control circuitry. The plate collet is adapted 
Trom the W6PO 222-MIHZ design. The RF 
deck is а compact unt, designed for table 
top use (Figure 1). Table 1 gives some data 
om the 3CX 12007; Table 2 lists CW oper 
ating performance for this amplifier. 


Input Circuit 
The tuned-filzment T network matches 
the 50-0 drive source to the filament input 
impedence, providing a very low input 
SWR. Tuning is easy and docile. Grid 
bias is provided by an 82-V, 50-W Zener 
diode. Cutoff bias is provided by a 10-0, 
25.W resistor. A relay on the control board 
shorts out the cutof-bias resistor, to place 
the amplifier in the TRANSMIT mode. 

T didn't use a tube socket. Instead, 1 
bolted the tube directly to the top plate of 
the subchassis, using the four holes (d 
tocleara 46 screw) in the grid flar 
nections to the heater pins are via dr 
and slotted brass rods. The input circuit is 
contained within a 3/5¥6%7"Jeinch (HWD) 
Subchassis (Figure 3), 
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Figure 1—This table-top 
2meter power ampliar 
usas а quek-warm-up 
tubo, а rei plus when 
the band suddenly 
opens for DX and you 
Want to jon in. 


Table т 
3СХ120027 Specifications. 
Maximum Ratings 

Plato voltage: 5500 V 

Plate current 800 mA 

Piate dissipation: 1200 W 
Grid dissipation: 50 W 


Table 2 
CW Operating Data 

Plate уойадо: 2200 V 

Plate current (operating): 750 mA 
Plato current (190) 190 mA 
бла curent 165 mA 

DC Power input. 2400 W 

НЕ Power output: 1200 W 

Plato dissipation: 1200 W 
Efficiency: 80% 

Drive power: 85 W 

Input reflected power: 1 W 


Control Circuit 

"The contro circuit (Figure 4) is neces 
sity, It provides grid overcurrent protec- 
tion, keying control, and filament surge 
‘control, To protect the tube filament from 
Stressful surge current, a timer circuit 
places a resistor in series with the primary 
Df the filament transformer. After four so- 
fonds, the timer shorts the resistor, allow 

Tull filament voltage to be applied. C2 
and R4 establish the time del 

“Another timer inhibits Keying for a total 
of 10 seconds, to give the intemal tube tem 
peratures a chance to stabilize. CI and R3 
determine the time constant of this timer, 
‘After 10 seconds, the amplifier can be 
keyed by grounding the keying line. When 
the amplifier is not Keyed, it draws no 
plate current. When keyed, idle current is 
approximately 150 mA, and the amplifier 
only requires drive to produce output. A 


Figure 2—Schematic diagram of the 2- 

metor amplifier. 

©1-Са—тоо pF, 5 KV, type 860 

571000 př 5 V 

CS Anode -tuning capacitor see text and 
Figure 5 lor detal 

C? “Ourputioaaing capacitor; seo text and 
Figure 7 lor detalis 

сё-б10—1000-рЁ silver mica, 500 V 

CTI So pF air variable 

12001 uF, 1 KV. 

D1—1000 PIV, 3-A diode, 1N5408 or equiv 

e SOW Zener dioda, ECG 5249A 

St Chassis mount BNC connector 

Type M connector ted 10 output 
coupling assembly (see Figure 7) 

Li, Line ines, see text and Figure 6 
or dera 

LS to. 1 
wound 

LETS tna. 14, einen diameter, inch 
‘spacing 

РСЗ? пола, inch diameter, 1% 
8 long 

НЕСә, AFCI—10 1 no, 12, 

Ach diameter, 2 Inches long 

Ti Flamont wanstormer, Primary: 120 V; 
oondary: 8.8 V, 25 A, conte tapped 

Rvalabis пот Avatar Magnets 

Ronald С. Wiliams, WOVE, 240 

Tamara Trail, Indianapolis, IN 46217, 

317-783-121): part number AV 539. 
Му Grid miliammeter, 200 mA de fal 

scale 

e Cathode ammeter, 2 A do ful scale 
MOT! —140 tear cim, 120-V ac 
lower, Dayton 40442 or equivalent 

Sources for some of the “hard to ge pars“ 

Fair Radio Sales, 1016 E Eureka, Lima, 
Он 45602, el 419-227-6573; 

Surplus Sales of Nebraska, 1502 Jones 
‘Soot, Omaha, NE 6602, tel 402-345- 
4750, 


ben diameter, close 


safety factor is built in: the keying circuit 
requires +12 V from the high-voltage sup- 
ply. This feature ensures hat high voltage 
ls present before the amplifier is driven. 
"The grid overcurrent circuit should be 
set to trip if grid current reaches 200 mA. 
When it trips, the relay latches and the 
NORMAL LED extinguishes. Restoration 
requires you to press the RESET switch. 


Plate Circuit 
Figure 5 shows an interior view of the 
plate compartment: The anode collet is pat 
fered after the one used in the W6PO 222. 
MHz amplifier. The differences are sm 
A 4x2 lcinch tuning capacitor plate and а 
2x2.inch output coupling plate are cen- 
тегей on the collet. These parts are the same 
Size and shape as those used on the 2-meter 
W6PO amplifier. The remaining difference 
is the diameter of the hole for the 
3CX120027 anode, Sufficient clearance 
Figure 3—Thi view of the eathode-clrult compartment shows the input tuned ес! must be left for the Fingerstock. The hole 
find lament chokes. diameter will be approximately Y inches. 
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Figure 4 Schematic diagram of the amplifier contol circus 


C3—0.47-uF, 25-V tantalum capacitor 

D1-D3 140i or equivalent 

BB—1N4007 or equivalent 

887 Yellow LED 

DS2—Green LED 

BSG Red LED 

KT Koyingrnhiit relay, РОТ, 12: de 
сой, VA contac! rating (RadioShack 
275.249 or equivalen 

KZ Amplio keying relay, SPOT, 

талу de сой, 2-A contact rating 
{RadioShack 275-248 or equivalent) 

KS Flamen! delay relay, SPST. 12-V de 
со, 2A contact rating 
(RadioShack 275-248 or equivalent) 

14 -Gna-overcurent relay, ОРОТ, 
12.V ac сой. 1-A contact tating 
(Ragoshaek 275249 or equivalen!) 

О! Q2, Q5. 2N222A or equivalent 

Оз—МРР1О2 or equivalent 

04 se or equivalent 

'Si—Normaly closed, momentary 
pushoutton ewiten (RadioShack 
275-1549 or equivalent 

TI power transformer, 120-V primary, 
102W, TA secondary 

UI=+12 V regulator, 7812 or equivalent 
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Figure 5—Tnis 
{op view of he 
pas 
Comparment 
shows the 
А 
Arangomont 
СС and Te 
output coupling 
somo. 


Figure 7- 
Betas o 

ИГЕ 
coupling 
assembly 


Figure е e ino dela ———— d 


i «г ent dete, экы stn of Dr 
L1" Бани” 


E diagram of ho high-voltage power supply recommended for use with the power amplifier. 


0104510098 of 4 each, 1000-PIV,3-A — (1-mA meter movement used with senos T1—High-voltaga power tranatormer, 
"godes, ISAO or equivalent e shown n drawing) 240. primary, 2250.V. 12:A secondary 
KIZOPST relay, 120.V ас coll 240:V-ac, — MOTI Cooling an, Torin TA-300 or {avatar АУ Зв or equivalent) 
20-A contacts (Midland Ross equivalent 12- Slepdown transformer, Jameco 
187321200 or equivalent) Q1 2N2222A or equivalent 112128, 240 to 120.4, 100 VA, 
Ка SPOT miniature relay, 12.V de coil Q2—MPF102 or equivalent 13 power vanstormar, Jamaco 104379, 
(Radio Shack 275-248 or equivalent) $1—20-A hydraulicmagneti circuit 120.4 primary, 16.4 V, 1-A secondary 
Mi High voñego meter, 5 К Ос ful scale — breaker (Potter and Brumfield att used) 


W69X20 12-20 or equivalent 
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Figure 6 is a drawing of the plate line and 
Figure 7 is a drawing of the output coupling 
assembly. 


Cooling 

The amplifier requires an air exhaust 
"rough the top cover, as the plate compart- 
ment is pressurized. You сап fashion a 
chimney from „ inen waste. water cou 
pling (black РУС) and a piece of inch, 
{hick Teflon sheet. The PVC should extend 
down from the underside of the amplifier 
cover plate by ПА inches, withthe Teflon. 
sheet extending down % inch from the 
Bottom of the PVC. 

The base of the 3CX120027 is cooled 
by using bleed air from the plate compart- 
‘meal, which is directed at the tube base, 
rough a cinch tube set into the sub-chas- 
sis wall at a 45° angle. 

The recommended blower will supply 
more tban enough si for any temperature 
zone, A smaller blower is not recom- 
‘mended, a n doubtful that the base area 
will be cooled adequately. The 3CX120027 
filament draws 25 A at 6.3 V! lt alone 
generates a great deal of heat around the 
{ube base seals and pins, so good airflow is 
critical 


Construction 


‘The amplifier is built into а 12x12x10- 
inch enclosure. A 12x10-iach partition is 
installed T inches from the rear panel. The 
area between the partition and the front panel 
contains the filament transformer, control 
board, meters, switches, Zener diode and 
miscellaneous small parts. Wiring between 
the front-panel area and the rear panel is 
lbrougba inch brass tube, located near the 
эдей ndo the igh had pine Ше 

High voltage is routed froman МНУ jack 
‘onthe rear panel, through a piece of RG-59, 
Just under the shorted end of the left-hand 
plate line. The cable then passes through the 
partition о a high-voltage standoff insula- 
tor made from nylon. This insulator is 
fastened to the partition near the high-volt- 
age feedthrough capacitor. A 10-0, 25% 
resistor is connected between the insulator 
and the feed-through capacitor, 

"The plate lines are connected to the de- 
blocking capacitors on the plate collet with 
Plox2-inch phosphor-bronze strips. The 
bottom of the plat lines are attached tothe 
sides of the subchassis, with the edge ofthe 
L-shaped mounting bracket fish with the 
bottom of the subchasss 

When preparing the subchassistop plate 
for the 3CX 120027, cut a 2'/u-inch hole 
in the center of the plate. This hole size 
allows clearance between the tube enve 
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Table 8 
Power Supply Specifications 
High voltage: 0200 V 

Continuous current: 12 A 
intermitent current 2 A 
Stop/Stant delay: 2 seconds. 


торе and the top plate, without putting 
stress on the envelope in the vicinity of the 
grid flange seal 

Exercise care in placing the movable 
tuning plate and the movable output cou- 
pling disc, to ensure they cannot touch their 
fixed counterparts on the plate collet, 


Operation 

"When the amplifier is first turned on, it 
cannot be keyed until 

10 seconds has elapsed 

"High voltage is available, as confirmed 
by presence of +12 V to the keying circit 

Connect the amplifier to а dumy load 
through an accurate power meter capable. 
of indicating 1500 W full scale. Key the 
Amplifier and check the idling plate cur 
rent. With 3200-V plate voltage, it should 
be in the vicinity of 150 mA. Now, apply à 
small amount of drive and adjust the input 
daring for maximum grid current. Adjust 
"he output tuning until you see an indica- 
tion of RF output. Increase drive and adjust 
the output coupling and tuning for the 
desired output, Do not overcouple the out 
put; once desired output is reached, do not 
Increase loading 

"When you shut down the amplifier, 
leave the blower running for at least thes 
minutes after you turn off the filament volt 
age. I found the 3CX1200Z7 1o be an 
excellent tube. tried withexessive drive, 
plate-current saturation, excessive plate 
dissipation-—all the abuse it's likely to 
encounter in amateur applications. 1 had 
no problems, but 1 dos recommend you 
repeat these tests! 


А Companion Power Supply 

A good, solid-state high-voltage power 
supply is а necessity to ensure linearity in 
SSB operation. Specifications ofthe power 
supply I built are given in Table 3, Figure 
8 i5 a schematic diagram of the supply. A 
power supply for 4 high-power linear 
Amplifier should operate from a 240-V cir- 
cuit, for best line regulation. 1 have spect 
Tied a special, hydraulic/magnetic circuit 
breaker that doubles as the main power 
switch [don't recommend you substitutes 
regular switch and fuses for this breaker, as 


fuses won't operate quickly enough to pro- 
tect the amplifier in case of an operating 
abnormality. The bleeder resistor dissi 
pates about 100 W, so 1 included a small 
Tan to remove the excess heat. 


Power Supply Construction. 

"The power supply can be built into а 
17x13x10-inch cabinet. The power 
transformer is quite heavy, so use "inch 
aluminum for the cabinet bottom, and rein 
force it with aluminum angle for extra 
strength, The diode bridge consists or four 
legs, each containing five diodes. 


Power Supply Operation 
When the front-panel breaker is turned 
on, the two, 25-0 resistors in the primary 
circuit limit inrush current as the filter 
capacitor charges. After two seconds, KI 
activates, shorting both resistors and allow: 
ing АШ line voltage to be applied to the 
nsformer. 
‘As with all high-voltage power supplies, 
you must be extremely careful? Before 
opening the cabinet, remove the ac-line 
plug from its receptacle, and confirm that 
the filter capacitor is discharged before 
working on the supply 


Conclusion. 

‘This amplifier is a reliable and cost- 
effective way to generate a big 2-meter sig 
nal_almost as quickly as a solid-state 
amplifier. 

To ensure thatthe output of my amplifier 
meets current spectral purity requirements, 
Tuse a high-power version of the half-wave 
output filter that appears as Figure 16 on 
page 39-10 of the 1993 and 1994 editions of 
The ARRL Handbook. Although Т did not 
make spectral measurements of the output, 
T can run fall output while my wife Mary 
Lou watches TV in a nearby room of our 
home 

Another suitable filter is the one that 
appears in the 1990 ARRL Handbook (Fig 
tire 150, on page 31-72) as part of the 
description of “A Legal-Limit 2-Meter 
Tetrode Amplifier" 


"Suggested real price of the 9CX120027 is 
SÉR You сап cotan t rom Keny Radi 
280 Suny De Las Angeles СА 96028 tel 
310-820-1234: Acta Electores, 401W 
267 Kotinger Rd. La Fox: IE 60147, 18 708- 
26-2200 AF Pare, 438 South Pacte St 
‘San Marcos, CA 92069, tl 619-744-0700. 

AW, Оп. Бако: Radio ce 23r et 
lanápola: Howard W. Same and Со. 1987, 
50 182 rough 187 

tive project 16 alao described i the Rado 
Handbook. po 16:1 troupe 18:18 


By David Munyon, W7DVB om OST, September 1984 


A Cathode-Driven 
Tetrode for 6 Meters 


Stability, power, low cost: Is this what you're looking for 
in a 6-meter do-it-yourself project? !f so, look what's 
here! 


he advantages of grounded-grid ampli — - 
fiers are numerous and have been 


ment is abundant driving power. Usually, || E 
Bis isa small price to pay, Unless the driver 

You intend to use is one of the many popu =- 
lar, low-power (10-10 25-W-output) УНЕ || 6 ө 

transceivers. Also, with the tremendous 
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Enter the Tetrode 
For many years, tetrodes (most often control and screen grids to RF with low- die discussion of the screen-grid circuit 
connected as triodes) have been used in inductance bypass capacitors, and then would be complete without some mention 
grounded.prid circuits. But we have good place operating voltagesonthem, Thecath of an overcurrent protection circuit, Se 
reasons to consider the tetrode as а cath- ede can be driven in a normal fashion, and eral solutions have been offered in the past 
‘ode-driven performer in its own right. the tube operated in any class consistent (including the use of no protection circuit!) 
First, the drive requirements are reduced. with ineat service. Class АВ has low and each has its disadvantages. Sensitive 


A 4-400A requires 40W of drive power for est drive requirements and is the easiest relays are expensive and their use can 
{ull output when triode connected. Only with which to work. have an adverse effect on screen-voltage 
half that amount is needed to grive its class regulation, Curren-limiting supplies do an 
ABI counterpart, The second reason is Тегобе Ve. Triode excellent job of protecting tne tube, va бо 


cost. Tetrodes are still available as hamfest I concede that the addition of a screen not inform you when something is wrong. 
and surplus items atafraction thei оу: element complicates the overall circuit, Since screen current is extremely sensitive 
nal cost (Some of the newer triodes cost especially if the screen-crcuit provisions to minor plate-voltage excursions. and 
‘more than the exciers that drive them!) are made properly. But, the circuit need be | plateloading conditions, the builder has to 

‘Dut not ali tesedes can be triode con- no more complex (ап that of its grid- be absolutely certain that these are correct, 
nected. All of the external anode family driven equivalent. The cathode-driven tet- | and hat pte voltage s always present with 
of tubes, and a few others, have internal ode requires grid bias anda welltegulated screen voltage, if the screen-protection с 
/// isno correct way cutis to be eliminated. The Protection cir- 
pation to be greatly exceeded if the tube is to load a tetrode without meterto monivor cuits welt worth the small cost involved, 
Operated as a triode. Therefore, those tubes the sereen-grid current. This device is n- This amplifier incorporates an inexpensive 
should be cathode driven only as tetrodes, valuable and should not be omitted for the and simple circuit that contains none of the 
The usual way to do this is to ground the sake of economy disadvantages mentioned earlier. 
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C1 4709F, 25KV dac-ceramic (see Jon hot ond. 
ton), 12 ê urs no. 10 bara wire, 1-ineh-dia, 
C2, C3 — 0001-15, 500 silver mica. 10 inches lang 

Cs — Pari of tube socket assembly (see — AFC1 — 18 tums no. 16 enameled wire 
tox), "losewound on a incida ferto rod. 
05 —S00-0F, Sky ceramic (Centalab gc — 17k inches no. 22 enameled wire 
"8586-500 or onu) аве мошта on a Lech des Tellon® 


св See tot (approx, 6 pF). tod 
CT — 120-07 air variable, receiving pe, — RFC3— Ohmite 250 (or equi. 5-10 pH 
Ca — 75 pF coramic (Central 8903.79N "АР choke). 

‘or equi. VÎ socket Elmac SK-600 or SK:620. 
LT ae по. 14 bare wire, einch- — Vichmney — Eimac Seeds, 

‘ia, 1% Inches long, tapped one tum, 


> aks suven mea 


Fig 3—Sereen ovorcurrent-protecilon Grou, Rosistors are VN, 10%-1olorance Typos. 


D11. D12-1.4V. 28-A silicon diodes. K2—DPDT 12У de relay, 1-A contacts 
D144, 200- ЗОН (Jameco 10881, {see tex) 
ECG 5488 or equi) 
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A Cathode-Driven 4CX250B 

T became aware of the cathode-driven 
tetrode years ago while tying to get a 
4-1000A 10 wotk on 50 MHz. The results 
were so good that, when it came time to 
build an amplifier for my new solid-state 
transverter, Í decided that building а grid- 
driven amplifier would be а giant step. 
backward 

"The ACX2SOB is an excellent tube for 6- 
meter use. This tube has a high plate-dissi 
pation rating for its small physical size, has 
reasonable power-supply requirements, 
and requires approximately 10 W of drive 

а cathode-driven,class-ABI configura 
Чоп. (If much more drive is available, an 
appropriate attenuator must precede the 
input circuit) The only differences be. 
teen this design and its prid-drivon 
equivalent are the filamentfeathode and 
control-grid circuits 


FilamentiCathode Circuit 


In Fig. 1, notice that the cathode and 
‘one of the filament connections are tied 
together. Normally, the isolation created 
by the physical separation of the two ele- 
ments i sufficient to ensure stability, and 
A filament choke would not be required. 1 
felt that this would not be the case on 50 
MHz, and а callo Bimae confirmed it. At 
Bill Orr's recommendation, I tied the cath- 
de and filament together, and fed the 
filament through a choke. The cathode 
impedance is approximately 120 ohms. In 
the interest of best linearity and minimum, 
drive requirements, a tuned input circit is 
used. The tank coil is tapped to present an 
input impedance of 50 ohms. 

There are many sockets designed or use 
with this family of tubes. I recommend that 
you use one that incorporates а built-in 
Sereen bypass capacitor (1100 or 2700 pF); 
either one will do. A few of these types of 
Sockets are so constructed that the four 

hode pins are grounded internally; do 
not use one of these. An Eimac SK-600 or 
SK-620 socket is recommended. The four 
cathode pins (2,4, 6, 8) and one of he fila- 
‘ment pins (7) of the socket must he wired 
together to form one Tow-inductance con 
nection. The easiest way to do this is 10 
carefully bend pins 1 and 3 parallel to the 
chassis, and then strap together pins 2,4, 6, 
Tand S. Make certain that this strap forms 
A complete circle around the socket. For 
sirap material, T use some stretched 
and flattened shield braid removed from 
RG-58 coaxial cable. All connections 
made to the cathode, or the filament (pin 
T). can be made anywhere along this ring. 
See Fig. 2 for details. 


Grid Circuit 

The tube grid is accessed through the 
Socket center connector and is bypassed to 
ground by Cl. The capacitance of CI is not 
as important as its physical size. CI should 
be a high Voltage, dise-ceramic type (2 KV 
or more), whose body nearly spans the dis- 
tance between the connection points. This 
provides for an absolute minimum lead 


Fig. 4 — Power supply section of the G-meler amplifier. Unless otherwise specified, 
Teditors are "lei, {0% 0lerance types: feedthrough and bypass capacitor have $00-V 


"sings. 

BI — Squirelcage blowor, 86 CFM 
mimi, 117:V ac motor. 

1-010, ind. — ky, 25-8 silicon diodes. 

з BV, SW Zener diode. 

XI — SPDT 12- de relay, S-A contacts. 

Ka — SPST 234-V ac төшү, 3-A contacts 
(soe tox). 


Jength Use a solder lug on the grid pin, and 
Solder the other capacitor lead directly to 
the inside of the air duct on the tube-socket 
borom. 

When my amplifier was first tested, 1 
found that the plate currest ied at about 
AD mA, and was completely independent of 
grid voltage. This self biasing was traced 
do а parasitic in the grid circuit, and was 
eliminated by the addition of a series-con- 
nected resistor. RI. If you wish to 
experiment, RI should be a W, carbon- 


TI 117 primary: BV. 28-А secondary 
{tee tex), 

TEC TIT primary: 580 сл, 75-тА 
Secondary with 8.5- and V атат 
windings (sco төк). 

TSS THN primary: 12-V. 1-A secondary. 


‘composition resistor with a resistance value 
that is the minimum required for complete 

bility RE should be placed as shown in 
Fig. 2; [found that а 3.9-ohm resistor kept 
"my amplifier unconditionally stable 

In the interest of stability, don't use 
‘chokes in place of R2 and R3 in the grid 
and screen circuits. MI, the grid-current 
meter, can have a range of from 0-1 mA to 
0-20 mA or so, and is included only o en- 
sure that prid current is never drawn, and 
the operation remains class-AB I. 


Screen Circuit 

Relay contacts K2B are part of ihe 
screen overcurent protection circuit, the 
‘operation of which will be discussed later. 
Because the 4CX250B draws negative 
screen current on occasion, the screen-cur- 
Tent meter should ideally De of the zero- 
center type. As these meters are expensive 
and not readily found, a standard meter can 
be pressed into service by using bleeder 
string, RA. Notice that 15 mA of bleeder 
‘current is drawn through the meter when- 
‘ever K2 is open (normal), This offsets 
the actual zero reading of the meter to the 
15-тА position and allows a negative cur 
тем of 15 mA 10 be metered, This is more 
than adequate for the 4CX250B, If a zero- 
center meter is used, Rå may be eliminated 
unless the sereen supply shunt regulator is 
replaced by a seres regulator. In that case, 
the bleeder would be necessary to offset 
the effects of secondary emission. 

For the overeurrent-protection circuit 
(Fig. 9, an SCR (DIA) seems to be a natu- 
ral. A very small gate voltage, developed 
across R7 by the screen current, turas on 
the SCR and causes K2 to close. This 
removes screen voltage from the tube and 
grounds the screen, preventing further 
Abuse. A second set of relay contacts (K2C) 
js used to light а front-panel-mounted LED, 
D14 continues to lock ош the screen volt- 
age until the SCR is reset by removing its 
anode voltage. This is done by momen- 
tarily pushing che RESET switch, 53, 

DIT, CIS and the filament windings of 
T2 provide de power for a 12-V relay 
at K2. A relay with a different voltage rat- 
ing can be used if this supply is modified 
accordingly. The value for R7 was found 
experimental by substituting а va 
low-voltage supply for the screen supply. 
A 0-100 mA meter and load resistor were 
placed in series with RT, and the voltage, 
Slowly increased until the gare chreshold 
was reached and the SCR fired. The thresh- 
old current was noted, and R7 varied until 
ıe desired current would trigger the SCR. 
With RT equal to 9.1 ohms, the SCR fired 
consistently at 45 mA. 

Since 15 mA of the current drawn 
‘through R7 will be bleeder current, this 
allows a maximum of 30 mA for screen 
current, which is well below the 12:W 
Screen dissipation rating for the tube. Note 
that the entire overcurrent- protection eir- 
uit is hot with screen voltage, so proper 
precautions must be акеп during construc- 
"ion. I buit the protection circuit on a PC 
board, but it could have just as easily been 
ehassis-mounted using terminal strips, 


Construction 

‘The amplifiers built on a 3x8 17-inch 
chassis; a 3 х 5 x -inch chassis houses the 
‘output network components. А 10% x 19- 
inch rack panel is used for the amplifier front 
panel, The general physical layout should be 
followed, as itis well dictated by the flow of 
the circuit АШ RF leads should be kept as 
short as posible, especially the bypass ca- 
pacitor leads. Keep the de leads cabled and 
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Fig 5—The finaLampliercompanment cover has been removed for this photo. 


аз far away as possible from the RF leads. 
Mos power-supply components are 
mounted on fiberglass terminal board that 
is secured against the side of the chassis 
K3, D9, CI 1 and RS (Hx. 4) constitute 
а time-delay circuit for filament inrush 
current protection, and can be included if 
you feel that this is important Аз И stands, 
ihe delay is approximately 1 second, which 
is more than ample. The 234-V ac relay is 
used on de, and closes at about 70 V. The 
charging rate of CIL is controlled by its 
capacitance nnd the ohmic value of RS, and 
сап be varied by changing their values. 
Ideally, the input and output relays 
should be coaxial types: however, I used a 
Single open-frame, SPDT type and encoun- 
{ered по problems. The center pole is used 
for control (KIC), as that increases the iso- 
lation between the input and output cir. 
cuits, In grid-driven amplifiers, 1 have 
never been able to use an open frame relay 
for input and output switching, Because of 
the lower gain of this cathode-driven 
amplifier, I find no evidence of feedback or 
instability. Don't use plug-in type relays in 
their original form Tor KI. Remove the 
case, plug and connecting wires, and 
bolt the relay directly to the chassis. Use 
omiakcsble braid to make the RF con 
nections. The power supplies (Fig. 4) are of 
Standard design. They may be replaced by 
any supplies yielding similar voltages, and 
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need not reside on the same chassis as the 
amplifier. The high-voltage supply should 
produce 2-£V de under load, Si turns on all 
Supplies, including the external high-volt 
age supply. S2, the STANDBY/OPERATE 
switch, supplies power to KI, which allows 
the amplifier to be placed in operation: oth- 
«гыс, the amplifier is simply bypassed. 

1736.3-V ас filament transformer is used 
for Т1, R6 wil have to be included to drop 
the filament voltages 6 V. The ohmic value 
‘of R6 will ave to be determined experimen- 
tally, Use a resistor with the highest wattage 
rating practical for good voltage sabi. 
With an accurate voltmeter. measure the fila- 
ment voltage atthe tube socket with the fila- 
ment choke in place, as there will be а slight 
voltage drop across the choke, Nothing will 
cause a 4CX250B to “go south” quicker han 
high filament voltage, and that means any 
thing in excess of 6 V. 

The filament choke (RECI) consists of 
15 bifilar turns of no, 16 enameled wire 
wound on half ofan Amidon Vs-inch-diam- 
eter ferrite rod. The rod can be cut to а 
proper length by filing а small groove 
around its circumference, and then break 
ing it clean. Cover the rod with heat shrink 
lubing or electrical tape before and after 
Winding the choke. This will keep the rod 
and winding together, and make it self-sup- 
porting by йз four leads. 

“The meters I used all have 0-1 mA 


movements and homemade shunts. The 
original meterface calibration marks were 
carefully erased, and new ones applied 
Using dry-tansfer labels, Most such labels 
are ideal for panel marking, but are a bit too. 

иге for meter-Tace use. Your local statio- 
пету store should have transfers with 
smaller-sized numbers. During amplifier 
operation, care should be taken to avoid 
accidental contact with the plate-voltage 
meter, as it has high voltage on it. 

Most VHF amplifiers have a higher- 
than-necessary © in the output circuit 
because of the use of high minimum- 
capacitance air-variable capacitors. This is 
acceptable providing the rest of the output 
components are heavy-duty types and can 
handie the higher circulating currents. (Fhe 
small vacuum variable used is admittedly 
first class. and it may not be used by many 
other builders.) Rather than using an air 
variable capacitor, a homemade two-disc 
system isa referred choice. If you can find 
A neutralizing capacitor with plates of 2 
inch diameter or so, that would he ideal. If 
you must use an air variable capacitor, use 
‘one with the least minimum capacitance: 
remove all unnecessary plates leaving just 
enough to do the job, 


Tune-Up 

Before the tube is placed in the socket, 
close SI and check that all af the operating 
voltages are correct. Ground the bottom 
end of the bias string at KIC, and check 
that the BIAS potentiometer range will 
supply 5010 60 V; then setitat -55 V. JI 
should be connected to the external circuit 
control jack ol your exciter so that it is 
grounded when your exciteris keyed. Open 
Stand make certain all voltages have bled 
down, then install the tube. Close S1 and 
$2, Alter the tube warms up, with no drive 
applied, Key the exciter and adjust the 
BIAS potentiometer so that the plate idling 
currentis exactly 100 mA, 

While the tube is idling, rotate ай the 
tuning controls throughout their respective 
ranges. I there are no sudden plate-current 
Increases, the amplifier is stable. With 3 
small amount of drive applied, tune the 
GRID and PLATE controls for maximum 
ошрш. Once you аге satisfied that both 
af these controls will provide resonance, 
"apply full drive and retune the plate to 
resonance. Irerease loading slowly, retun- 
ing the PLATE corto! each time, until a 
Screen current of 5 mA (ie meter actually 
reads 20 mA) is indicated. Observe how 
Sensitive the screen current i to the opere 
tion of the LOAD control, and that it is 
by far the best indicator o plate resonance. 
1f grid current is indicated, you're over 
driving the amplifier. 

‘Adjust the drive level and the plate 
TUNE and LOAD controls зө that the 
platecurrent meter indicates 250 mA and 
the sereen current meter indicates 5 MA at 
resonance, Under these conditions, this 
amplifier develops a power output of about 
310 W. With modulation, voice peaks 
Should not exceed 150 mA on the plate 


Fig &—A bottom view ofthe 6-metor атри, 


The screen protection circuit is mounted 


ойе PC board tothe rig of he tube socket, 


Current meter, and a small amount of nega- 
live screen current is normal 


Summary 

This amplifier has been in operation 
вом for over a year, and all reports of its 
operation have been complimentary. hope 
that this amplifier will be duplicated by 


many who had previously resigned them- 
Selves to grid.driven designs, Much of the 
material presented here is general enough 
tw encourage interest in the cathode-driven 
tetgode as а viable alternative to the 
arounded-grid triode. 1 will be glad to an. 
Swer all letters of inquiry regarding this 
amplifier; please include an dae 


Fig 7—Speotral photo of the 6-metor 
amplifier without external iteing, Vortcal 
divisions are each 10 3B; horizonial 
divisions are each 50 МН; The 
fundamental (second pip from the left) has 
Been notched approximately 40 dB by 
means of nolan antes 10 prevent 
analyzer overload: The seventh narmonic 
їз approximately 48 dB below peak 
fundamental сири, 


Fig 8—The addition of a simple fiter (see 
Fig 9) at to amplior output provides for 
excellent harmonic attenuation, and is use 
їз recommended. А! conations are 
‘otherwise tho same as those of Fig 7. 


m 
lio 


Fig 9—This simple harmonic suppression 

for, or one of Simlar characteres, 

Should be used al the output of the 

Amplis. Tho Нот may be contained in a 

Be Bix bin (WD) aluminum box 

C16-C19, Incl —110 pF, 14V silica. 
capacitors. 

LES. 4 ins no. 14, Чыр, in 
Ton 

ы” turns no. 14, єўї, "hin lang 
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By John Reed, W6lOJ 


A UHF Amplifier-from 


Scratch 


МЕНЕ АЕ csuipme designs 
involve undefined reactance. For 
‘example, the se inductance of a variable 
‘capacitor, or simply the method of attach- 
ing a 50-ohm cable to the circuit may 
constitute reactance that is critical to the 
‘operation of the circuit. The result is that 
complete success in duplicating а circuit is 
not likely unless the components and lay- 
ош are exactly the same as in the original, 
"This is nearly always а limiting factor 
the do-it-youtselfer wanting to duplicate a 
project. This class-C UHF amplifier project 
Uses homemade components that anyone 
‘ean assemble, Tess show that their use has 
resulted in Title or no compromise in the 
performance of the amplifier over a design 
using far more expensive commercial 
parts. My amplifier shows more than 45 W 
‘Output with less than 2 W input at 435 MHz, 
‘The output stage efficiency is approxi 
mately 60%, and includes а double-tuned 
filter for improved spectral purity. 

The key to his design is the glue-down 
stripline technique I have used in many 
‘other UHF projects! This method permits 
časy modification of stripline parameters 
for optimizing circuitry. Sriplines are cut 
from double-sided, glass-epoxy PC board 
having the same dimensions that you would 
choose using the etched-PC-board method. 
‘One side of the stripline is smeared with 
glue (Radio Shack all-parpose adhesive, 
64-2307) and firmly pressed against the 
common bate PC board. Parts can be sol- 
{ered to the stripline immediately (without 
waiting for the glue to dry). No de connec- 
tion is required between the glueline foils, 
and changes can be made within minutes 
by lifting the glue-down stripline with a 
knife and replacing it with one having 
altered dimensions. This project gives 
another example of how stripline param- 
eters can be varied to optimize a circu 
homemade variable capacitors, 
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Combine PC-board material, transistors and glue—what 
do you get? Two watts in and 45 watts out at 435 MHz! 


Circuit Details 

See Fig I. The two-stage amplifier 
uses an MRF641 (driver) and an MRF646 
(final)? They were chosen primarily 
because af their availability in the surplus 
market. These are controlled-Q devices 

a combined minimum gain of 12.6 JB. 
‘Although the output stage i rated at 45 W, 
typical saturated output with а 13.6-V col 
lector supply is about60 W (including drive 
power. 

"The home-brew compression-type vari- 
эме capacitors, shown in Fig 2, dictated 
the overall design. I made them as small as 
possible (to minimize sellinductance), but 
kept them large enough to provide the nec- 
essary capacitance. The nominal inch- 
Square compression plate result in a maxi 
mum capacitance of about 10 pF The 
material used for the capacitor plates is 
0.031-inch-thick Reynolds sheet alumi- 


and home-supply stores. [Hobby store 
sheet brass works well in this application, 
is also commonly available, and is far 
er to solder; it is a good alternative to 
luminum Ed.) The capacitor dielectric 
material is 2.7-mil polyethylene from a 
Dow Ziploc® heavy-duty freezer bag- 
Although I have tested this dielectric at a 
much higher voltage than it is subjected to 
їп this application (at a high-impedance 
point in a vacuum-tube VHP amplifier), 
double thickness is used asa safeguard. The 
sulato between the adjustment кте 
‘compression plate is made from 
Polymer, Most clear plasties used for mis- 
fellaneous household applications aro of 
this type. I use plastic from a box used in 
packaging a tube of Grumbacher acrylic 
artists paint, Glass-cpoxy insulation 
Will work also, but at the higher-voliage 


"LS 


Fig 1—Schemat of te 435-МН 45-W amplo. 
C1-C11—Homemade capacitors; вве text J1—Female BNC connector. P1 Male BNC connector. 
13 Fig 2 or eta, VTXS Qlue-down sinpines; see text and gige 
CAPA ур. 36-V electrolytic Fig 3 or deta Ga--Mnreao. 


© 
©з. 15, 16, 8. 20, 210.007 pr, BO 
sk coram. 

C14, 5970-14, SO disk ceramic 


applications (especially at CIO and C11) 
there will be some loss and component 
heating. 

Once I settled on the capacitor configu- 
ration, the input and output stripline ch 
acteristics were determined experimentally 
for optimum matching to QI and Q2. The 
related glue-down stripline and pad details 
areshown in Fig 3, The L2 LA cinch wide 
siciplines act as RF chokes, making the 
inductance associated with the subsequent 
discceramic capacitors uncritical. The 
pads include a number of the capacitor st 
tors (C1, C4, CS, C6, CT and C9), Foi 
which contact stator-adjustmentserews are 
reamed out to approximately “inch diam- 
eter to isolate the no, 2-56 screw from the 
Stator, did this with a large drill (cinch), 
Seren contact with the bottom foil may also 
cause adjustment irregularities, so the foil 
‘was reamed appropriately. The stator plates 
„must be completely deburred to prevent 
puncturing the plasticbag dielectric. 

"The amplifier output is coupled through 
C9 to a 1:1 inductively coupled, double- 
tuned filter. This SO-ohr filter consists of 
two stiplines that are mounted parallel to 
each other and close together above the 
Base PC board, as shown in Fig 4, Their 
close positioning establishes the necessary 
‘mutual coupling. Each line is tuned to reso- 
nance with a variable capacitor 

As indicated in Fig 1, desupply 
decoupling is identical for both stages. The 
u disk capacitors eliminate a bother- 
some low-frequency instability mode. RF 
chokes following these capacitors include 
dae wen sections with pencillead cores to 
minimize the possibility of parasitics. The 
AT-IF capacitors eliminate low-frequency 
power-supply instability problems, 


16,17 "А-дар siipinos; see text and 
Fig à Yor ost 
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Fig 2—Variable-capaditor construction detalls. The “rotor. plates are made from 0.081- 
Ingh Reynoids aluminum shoot stock and polished with 320-grt sandpaper to ensure that 
по Бота are lol inat may puncture the dielectric material. Pate center holes are inch 
ameter. Connections are mado to the capacitors by means of no. 26 timed copper 
wire, gr wrapped (and crimped in a vise) around the tab on the capacitor and 


soldered o the approprate ecu board connection. Make these connections careful 


to ensure good 
materials 


Assembly 

"The vansistor-lead configurations are 
slightly modified to accommodate the glue- 
down stripline. Both the base and collec- 
tor leads are bent up into an S shape so 
thatthe lead wall overlap the stripline by 


reveal contact, See ext or cetala an 


"islecri and washer 


approximately 1716 inch when the transis- 
tor and stripline are mounted flush with 
the base PC board, The leads are only 
0.005-inch thick and can bebent easily with 
long-nose pliers. Care must be taken to 
minimize stress at the lead-ceramic june- 


VHF/UHF Amplifiers 261 


— 


Iel o 


EN 


| 
„JE 


EE U a 


sve vn E 
“| © III. 


Fig 3— Giu down sta 
0.886 inch ick douen 
wool to remove алу burs. 


tions, Also, % inch of each emitter lead 
„must be cut off with scissors to allow room 
for the glue-down pads 

Details of ihe mounting arrangement 
are shown in Fig 5. My transistor mounting 
method was dictated by the dimensions. 
of an old U. inch-tick aluminum panel 
(with many miscellaneous holes), which 
Tpressed into service as а һем sink. First 
1 mounted cach transistor on separate 
aluminum subbases. I then fastened the 
Sub-bases to the heat sink. Thermally con 
ductive compound is used between the 
transistors and the subbases and between 
the sub-bases and the heat sink. This ar- 
rangement permits removal of the heat sink 
‘without disturbing the transistor mountings 
when I need access to the bottom PC-board 
foil. Note that the bise PC board cutout 
includes notches atthe base and collector 
leads of the transistors to prevent shoring 
10 the common foi 

Detailed assembly like that shown in 
Fig 6 is easy once the transistors are 
mounted, Simply smear glue on the pads 
and fit them into position. Start by posi- 
tioning LI, followed by the C1 stator, then 
CI, C2 and СЭ. Drill holes in the base PC 
Board for the no. 2-56 capacitor-adjustment 
screws as you go along. At the same time, 
Solder the no. 2-56 nuts on the reverse side 
(sing а эсте to hold them in position). 
Bend the capacitor abs to make certain the 
plates willbe Hush with the stator, insert 
ing the capacitor dielectric as the Tal sep, 
Make certain the dielectric has been pushed 
in between the capacitor plates as far as 
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pad construcion details. Siots are cut win a hacksaw and Y 
(де glass-epoxy circuit board material Afer calling and fling the pac 


n pol 


with а partem fle. The material ie 
must Be polished with fine steel 


possible (maximum safety margin), and they can be damaged permanently with just 

se an awl lo puncture the dielectric atthe one voltage transient. For example, an ac- 

Adjustment-serew position, The adjust: | cidental short by a probe 

ment screw can then be easily started shooting exercise, or the discharge of a 

cough the dielectric. probe capacitor at the transistor” base led 
Can be disastrous, Another common prob- 


Operation Tem is instability oh 


ring a trouble- 


uses selfoscillation 


UHF transistors are great devices, but and excessive collector voltage (no insta- 


S 


Fig 4— Construction dela of the double-uned output iter, The assembly is supported 


by Sooper brackets and part of the variable capacitors. 
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Fig 5—Pictorial ol ransistor mounting method. The same scheme is used or both the 


er and nal гапат, 


bility modes are evident in the amplifier surprising how litte readjustment is re 
described here) These possible failure quired when the collector potential is in- 
"modes can be avoided by limiting the col- creased to 13 V. (If you can't reduce your 
lector supply to 5 V (of less) duringtune-up, power supply voltage, you may want (o use 
as practically ай instability modes will be а2М3055аз pass transistor, driving it with 
evident at tis lower potential (particularly an LM317T regulator [Radio Shack 276- 

the input drive is varied over a wide 2041 and 276-1718, respectively] ) This 
range). Following alignment at 5 V, itis low-voltage tes! procedure is mentioned in 


Fig б--Сисин board layout of the competed amplier. Begin construcion by measuring 
{he contoro.contor distance tom Q1 to G2 and then mount the transistors, working 
"away from thom as you mount the other components, Use great care when mounting and 
Soldering tna transistors Io tho circuit 18 avoid damaging Inem. The PC Board 
measures 97% in x 8 in., andis made from double-sided, авз орону material (Meshna 
РСв28 see note 1), 


Motorola Application Note AN-S#6A.? 


Tune-Up 
The dummy loai/power-measuring as- 
sembly and narrow-band peak detector 
pick-off assembly used in tune-up are the 
ame as the ones that 1 used with my 15-W 
ransnitter The dummy load consists of 
ten lo W resistors connected in parallel and 
arranged in a circle to minimize self-indue- 
tance. Power measurements were made by 
calibrating dummy-load temperature rise 
‘with а de input (ambient air temperature 
conditions, no forced-air cooling). This 
information is then compared to the 
temperature rise of the dummy load result 
ing from the RF output of the amplifier. 
The “thermistor” used for measuring the 
temperature rise is a IN34A (reading the 
reverse resistance). 

Under key-down conditions during 
alignment, I place a blower at he chassis 
fend to assist the limited heal-sink capabili- 
ties of the amplifier. Also, the dummy load 
requires forced-air cooling, as it becomes 
very hot in about two minutes under 
keydown conditions. 

Miscellaneous lengths of RG-8M and 
RG-58 were used as attenuators to increase 
power measurement capability ofthis sy 
en, In testing the 45-W amplifier, I used 
A total cable attenuation of 6.4 dB. This 
increases the power. measurement capabil- 
ity by 4.4 times, 

With а 5-V collector supply and 2 W of 
drive, first tune the input capacitors for 
maximum QI collector curren, then tune 
the remaining capacitors for maximum 
Power output. The output should be about 
AW. Increase he collector supply to 13 У, 
minor readjustment will probably be re- 
‘quired, My final measurements showed an 
ouput of 48 W, 


Summary 

This is a well-behaved amplifier, Ar 
completing an experimental version on the 
breadboard, I built а new assembly using 
the data in this article. Alignment of this 
final model was completed without any 
problems, and operation is flawless. The 
lue-down stripline technique is very eli 
ble in this application, and is simple to use. 


Notes 
V дева "A Simple ae Transmiter," 
(AST May 1988, pp 14:10, 45, 
Sag 1820.18 Grand Aro, San Marcos. 
BORG, lel 619-760-0720 
в nale is reproduced in Motorola AF Device 
Baa edi, pn. зб ar 
SGT rough 6-5, Trus бок vale 
"rom Motorola erature Oltra, PO 
Box 20918 Phoen AZ 5098, te О a 
бел, Cost в $475 pus 15 percent of ha 
total fr shipping. 
See ale 1 
SMS ue measurements indicated кате 
(Gar šsdhas anateruaton cf 048 por 
100 teat (apecied as 75 dB por 100 feet at 
AD Mio) e AG паа 15 338 por 100 eel 
(specihedas 12.008 par 100 ela 400 MH, 
ayaiable from John Masha, jr. In, 19 
‘heron St тупп, MA 01904, le 17395 
ans 
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By Tarmo Tammaru, WB2TM 


From QS; 


Мау 1982 


A Solid-State 6-Meter 
Linear Amplifier You Can 


Build 


1 new breed of o 10-W, solid-state 

vhf transceivers offer compactness and 
relative freedom from TVI. However, there 
are times when 10 W wili not do the job, 
This amplifier can correct that situation. 1 
used it during the September vhf QSO party 
and was able to work every station T 
‘except one. 

"The transistor used in the amplifier is a 
Motorola MRF-492, which is designed for 
use as an fm amplifier in the “vhf low” pub- 
lic service band. In this service, the nomi- 
‘nal output is rated at 75 W with a 12.5.V 
‘collector supply. The manufacturers data 
Sheet shows a maximum output of 120 W at 
16V, Hence, in seb service, I ei would be 
safe to operate a the 100.W PEP level from 
a 135-V supply. Although no numbers 
are given, the MRF+92 is claimed to have 
“Toad mismatch capability at high line and 
ef overdrive." 


Circuit Description 
schematic diagram is 

Чо not believe in 

the output match- 
ing network was taken directly from the 
Motorola data sheet. This network, incor- 
porating 12 and L3 in the signal path, 
Should provide excellent harmonic rejec- 
tion, The network transforms the 50-6 load 
impedance to the optimum transistor load 
9106.20 0. Note that this unit, ike most 
rf amplifiers, does not have a 50-0 output 
impedance. We simply adjust the output 
‘network to obtain the rated power into а 
50-0 load. Fig. 2A is an amplifier output 
spectral display. While the harmonie sup: 
pression is good, additional filtering is 
required before using the unit on the air. A 
simple, S-pole, lowpass filter was placed 
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Does your 6-meter signal need a little more punch? 
This amplifier will solve your problem—without 


breaking the bank! 


at the amplifier output, and the resulting 
spectrum is shown in Fig. 2B. The low-pass 
filter circuit is given in Fig. 3. 

Because the data sheet does not give val 
ues for input impedance in Clas B service, 
the input circuit was derived basically by 
trial and error (he second version worked), 
The T matching network transforms the 
highly ‘capacitive input impedance of 
approximately 1 0 to a 50-0 nonreactise 
ond for the exciter. 

їп a Class B amplifier it is necessary to 
forward bias the dase-emiter junction. 
There are basically two ways of doing 
this: the shunt diode method, and the 
emitter-follower method. The latier method 
undoubtedly results in lower inter-modula- 
tion products, but have destroyed оо many 
transistors using that method o try it with a 
$20 device. Forward bias is achieved by 
using he shunt regulator diode DI. Thi 
‘ode must be connected to the same heat sink 
asthe MRFAS2, Q1. The voltage across Dl is 


adjusted to give а Q1 collector curent of 
100 mA with no drive applied. Do not at- 
tempt o set the bias point by measuring the 
Base voltage of 01 use a milliammeterin 
the collector supply lead. T used an un- 
marked surplus, 15-A diode for Di 
Almast any diode will work, including 
power Zeners. I prefer а stud-mounted di 
оде because itis easy to place in contact 
With the heat sink. Just be sure the polarity 
is such that the cathode is connected о the 
case, Several Motorola application notes 
Specify a INS997 for this applicatio. 
Unfortunately, this is a press-fit device. In 
any case, the Beat sink must be grounded. 


Parts Procurement 

All parts, with the possible exception of 
эп adequate heat sink, are readily avail- 
able. The MRF492 has recently been 
advertised by Westcom? and Semiconduc- 
tor Surplus RECI is a Nytronics shielded 
ferrite choke, designed to reduce coupling 


Fg. 1 — The schematic diagram of the amolfer circuit board. Decimal value capacitors 
э disc ceramic and oolarized caoaciors ar electrolyte Resistors are 10% carbon 


wo. 
C1 — 910 180-pF mica compression L2— Hal оор of po. 14 bare copper vire, 
"Hiner, Arco 463 or saul "чы inch nigh, he inch long eee 
C2, Ca, CS — 50- sd e mica. protograph). 
compression immer, Atto 488 or equiv. £3—21 af No. 14 bare copper wire, 
C3 B0: to 480-pF mica comprassion en ID, le inch long 
trimmer, Arco 466 ог sau. QT Motorola d power transistor. 
D1 T5-A, 50-V rector diode Maa. 
Р Ferrite bead, Radio Shac RFC! ~ 6.8 ин, Nytronios SWD 6.8 or 


asserimanl or equi. 

Lf 2t al no, 14 baro copper wire, 

"cinch 1D, inch ong. wound over tl le 
Carbon resistor 


ex) 


o 
Fig. 2 — The amplior output matching network provides some harmonic suppression 
(A). To turner reduce harmonics, а simple low pass fter shouid be used (8), WIN the 
"itr au harmonies and spunous Signal are more han 80 dB below the carrier, thus 
mesing current FCC spurious emission requirements fr commercial equipment In 
ese displays. the carr lovo! has been reduced by means of a notch fir o dvo 
Analyzer overload. Verical divisions aro each 10 dB and tne horizonta! disons aro 
BEY 50 МНЕ These measurements wore made inthe AFRE iab. 


between the base and collector circuit. The 2-meter amplifiers would be ideal. 
LW, Miller 9250-682 should be as good. A 

toroidal inductor of 1 10 10 ИН would also The Circuit Board 

be suitable, since itis across an impedance All the components shown in Fig. | 
of 1. Arco trimmers should be available mount on, of through, the circuit board 
fromyour local jobber. used a surplus heat (Fig, 4). Use double-sided glass epoxy 
sink, measuring 3%: x 470 ̃ inches, board and cut away marrow channels to 
which is quite adequate for sb. Anything separate the various land (foil) areas. To 
much smaller will require a fan, Remem- — form the channels, use a steel ruler and a 
ber it must be fiat on one side. A replace- sharp utility knife to cut through the foil. 
ment heat sink for any of the 80-10 100-W Next, pull a hot soldering iron along the 


Fig. 3 A simple low-pass itr for use 
with the é-meter amplifier The design 
Information for ths tor was taken from 
"по 1982 ARAL Radio Amateurs 
Hancbock If the ler is mounted outside 
the amplíe cabinet, t shouid be enclosed 
in a metal box lor shielding. 


Cê, C7 — Bê-pF, 1000-V sivermica. 


4t o! ro, 14 enameled wire. 

Ane TD, el jong win enh ead 
(approzimaly 0.156 

ЫР ото. 14 onamolod wre, lech 
10, nen ong wit inch leads 
(approximate 0.2 p 


strip of foil to be removed. You should see 
it curl up and away from the board. Start at 
опе end, and pry up with the knife if it els 
Stuck. You will have to drill two holes 
Slightly more than . inch in diameter, 
through the board to provide clearance for 
QU and DI, Use à small round fil to make 
the two clearance areas for the flanges of 
QI. Connect the ground foils on the top 
and bottom of the Board together by plac- 
ing short lengths of wire through holes 
drilled in the board. Place the wires close 
to the transistor emitter tabs and near each 
‘corner of the board. Use pieces of the same 
type of wire you used to make the induc- 

tors, and drill the holes just large enough to 
pass the wire. Solder the wire on both sides. 


Assembly 
Make sure you have all he paris on hand 
before you solder anything to the board. 
This will ensure that everything fts prop- 
erly. To keep the inductors in place, 1 
drilled holes through the Board and stuck 
ееп of the wire into the holes. You will 
have to remove the foil from around these 
holes on the bottom of the bord to keep 
from shorting the inductors to ground. A 
large di bit works fine for this. Center the 
board on the heat sink, and drill the mount- 
ing holes for Q1 and DI. Although you may 
be able to use screws and nut o attach QT 
Vd DI (depending on the heat sink design), 
а better method i to tap the holes for the 
desired screw thread. Mount the board to 
the heat sink near the corners, shimming it 
‘with washers o he same depth аз the QI 
‘mounting flange. Drop QI in from the top 
ofthe board. The tabs of QI should rest just 
above the top of the board when the lange. 
is in contact with the heat sink. Do not put 
элу upward pressure on the transistor tabs. 
Never cut or file ant power transistor body 
— they contain berillium oxide. tis highly 
toxic in powdered form and could be in- 
haled or absorbed through the skin. 
Fasten QI to the heat sink before sol- 
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Fig 5- Gcnemaiic diagram of the bias-adiust circuit and other components пот mounisd. 
on ihe circuit board. Decimal value capacitors are disc ceramic, and polarized unis are 
ele type. Resistors are wire wound type 


220A, 50-V rectifier code, 
АРС One tur of wire through a TV 


deringit in place, Use thermal grease when 
mounting Q1 and Di. Be sure to solder the 
full length of he tabs to the board, fight up 
to the body of the transistor. This is espe- 
cially important for the emitter labs, 
because nanohenrys of inductance here 
translate to decibels of gain loss, 

(Break off the little tabs on the sides of 
ıhe mica compression trimmers, Bend the 
ends of the mounting terminals with pliers 
то aid in soldering the trimmers to the 
board. In doing this, be sure the adjusting 
screw wilt sat touch the board when it isali 
the way down, C2, C3 and C4 should be 
oriented so that the screw is connected ta 
the ground end of the capacitor. For CI and 
CS let the screw end be the 5040 side. 


Putting it All Together 

Linsalled the circuit board and heat sink 
оп the back wall of a 3% x 6 x 10-inch 
Minibox. This is much larger than neces- 
sary, but does provide room for relays and 
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balun core (part of Radio Shack 273-1571 
fscontment or equi) 


A receiving preamp for an eventual remote 
installation. T usually discard the top (plain 
U-shaped) half of these boxes and bend up 
а new piece that fits over the other half, 
instead of sliding imo it 

Fig. 5 shows the biasing circuit and other 
chassis mounted parts. Control schemes for 
use with а transceiver are described by 
Xapplin? and Ridpath® (also see the ARR 
Radio Amateur's Handbook), D2 does not 
have tobe heatsinked. It only hasto last long 
enough to blow the fuse in case the wrong 
Supply polarity is inadvertently applied. On 
"be other hand, the 50- bias adjust control 
(RI) gets quite wam, and should be mounted 
to the enclosure. In wiring the bias circuit, 
attach one wire from Ri to DI and another 
wire from DI to the bias point on the circuit 
board; all other connections are made to the 
circuit board. IF RI were connected to the 
en board, with a strap going to DI, you 
would almost certainly damage the transis- 
tor if the strap to DI broke, 


Fig 4—Full-scale circuit-board pattern and parts placement guide for to 6-metar amplifier. Black represents those areas where copper 
has been removed by cutting or etching, The 10.onm base гово is Connected between the base and ground foe, and is posliono0 


Alignment 

It is necessary to set the bias before 
aligning the rf circuits. For an initial check, 
disconnect the wire between DI and the cir 
cuit board (RI is connected to DI). Apply 
ponce and measure the voltage across DI, 
i should be possible to lower tto 0.65 V, 
or less, by varying RI. Set RI fos the low. 
fest voltage and connect the wire from DI to 
the circuit board. Now reduce the resistance 
of RI until the collector current is 100 mA. 
Ве sure you are measuring collector cur- 
rent and not rota supply current (you have 
About 300 mA flowing into DI). 

For aligning the trimmers you will need, 
at least, an SWR indicator and а 50-0 
ummy load. You will, of course, not know 
"how much power you are getting unless 
you alio have a wattmeter, Connect the 
Amplifier output to a dummy lad and 
apply about | W of drive to the input 
through the SWR indicator. Adjust CI and 
C2 for an SWR of 1:1, With CS snug, but 
not tight, adjust СЭ and C4 for minimum 
Collector current. With the SWR indicator 
or waltmeter connected between the 
‘output and the dummy load, adjust an the 
trimmers for maximum output, If more 
han one setting gives he same power, pick 
the оре that corresponds to the lowest col- 
lector current, Slowly bring up the drive 
and keep readjusting all the trimmers. With 
8 W of drive you should get an output of 
100 W. The collector current will be ap- 
proximately 15 А. Readjust the input fora 
1:1 SWR at fll power. This may, or may 
not coincide with maximum gain and you 
may have to compromise 

During testing you might consider 
using a harmonica to generate а multitone 
Signal to reduce the average power dissi- 
pation (keep the speech processor off). If 
at any time the heat sik gets зо hot you 
cannot hold your hand on it for fis 
fonds, let it cool off. As a rough indication 
Of power output, 1 found that at 100 W, a 


Drake DL 300 dummy load become too hot 
to hold alter two minutes of key-dowa 
‘operation. To prevent rf burns, do not touch 
the dummy load while rf power is applied, 
То maintain linearity, adjust the output 
circuits for 100 W, even if you are going to 
‘operate at 75 or 80 W. T evaluated the am- 
plitier linearity by making two-tone IMD 
measurements with a spectrum analyzer. 
Ata PEP output of 100 W, the third order 
products were 25 dB below the PEP. At 
ЗОМ PEP they were down 30 dB. In over 
100 contacts. I have not received any ad- 
verse comments on the signal quality. 


FF 
ee AŽ: Motorola no, 1880) p 6-15 
AWesicom, 1320 Grana Ave. San Marcos, CA 

2069 
Semiconductor Surplus, 2822 N. 3nd St, No. 
T Phoen, AZ B5008. 
m= inches X25 4. 
55, Kappin "Boots for QAP Rigs” GST. July 
‘gate po. 192. 
вог view ofthe G-meler amplifier showing the parts arrangement used by the author. — fL йери, Т.Я Switching with PIN Diodes 
The input matching network i at the rignt ol the photo. GST Match 1081. рр. 1821 
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By Wilson Но: 


g, WASOLT 


Build A 6-Meter 
“Mini-Lini” 


Tired of being a ORP station? Boost your low-level 
signal with a pair of sweep tubes. 


S low power enough for equality on 6 

meters? Perhaps, bu it has Tong been my 
contention that some stations are more 
equal than others! One of he great features 
of 6 meters is the ability to make contacts 
‘with justa few watts when the band is open. 
As solar activity begins to decline, band 
openings will be shorter and less frequent. 
This amplifier will add punch to your ОКР 
signal. 

The current offerings of solid-state 
‘meter transceivers and transverters pro- 
vide operating ease and good signal quality, 
but at the expense of rf power output, This, 
coupled with the paucity of linear ampli 
ers, resulting from the infamous amplifier 
Ban, has caused an overall reduction in the 
average power output on 6 meters 

"When I acquired my first solid-state rig 
(an 1C-551) some time back, my tendency 
was o use its sean feature to locale а signal 
and then work the station with a 240-watt 
"ube-typerig. A minor panic occurred when 
the tube rig "rolled over and died” midway 
through the 779-80 F2 season. The Mini 
Lini resulted from that panic. 


Design Approach 

‘The amplifier was designed to be com- 
“patible with common power supplies, use a 
Feadily available tube, provide pushto- 
talk operation with the IC-551 and have 
approximately the same rf output as most 
tube-type transceivers, Fortunately, a de> 
sign incorporating most of these features 
had been developed by Ed White, 
WASRIA.! The major changes [made were 
in the methods of switching and bias 
adjustment. The tube used js the 686, 
‘which is inexpensive, available and "happy" 
150 MHz The biasing arrangement, an dea 
borrowed from Doug DeMaw 2" allows the 
tubes to be matched for safe parallel oper: 
tion. This amplifier provides about 50 watts 
of output when driven by а 10-wat excite, 
More than one year of almost daily use has 
been trouble fee and productive (42 states, 
248 Chapter 2 
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including KH6 and КІЛ, plus JA and sev 
eral Europeans). 


Circuit Details 

"The circuit is conventional and typical 
ог many low- band amplifiers. The original 
design used acapacitive input, bur [thought 
that the parallel tuned input method shown 
in Fig. 1 would provide more output when 
used with other QRP drivers. This was 
proven in practice: The amplifier delivers 
about 20 wats of output when driven by an 
1C.502. The potential problem of operat 
ing unmatched tubes in parallel has been 
avoided by biasing each tube individually. 
Component values shown will allow cov 
erage of the entire 6-meter band. 

"The output network will not reject har- 
monic energy, and the second harmonic, as 
measured in the ARRL lab, was less than 
40 dB below the fundamental (Fig. 2). This 
works out to a healthy 5 mW at 100 MHZ 


Most fm receivers in the neighborhood will 
detect this easily. FCC requirements Гога 
commercial amplifier at this frequency аге 
to have ай spurious radiation at least 60 dB 
below the fundamental. 

То meet this requirement (and to pre 
vent а lot of КЕТ complaints) a 7-pole 
Chebyshev low-pass filer was built from 
data given in the 1982 Radio Amateur's 
Handbook, pages 6-11 and -12. Details of 
a filter with DOLGB ofrippleanda60.MH2 
cutoff frequency are given in Fig. 3. The 
coils can be wound on toroids, ог be air 
core types. Amidon Т44-10 (or larger) 
cores should be adequate. The number of 
turns required will depend on core size or 
сой diameter, and can be calo 
data given оп pages 2-12 and 2- 
Handbook. This file reduced the second 
harmonic output to more than 65 dB below 
the fundamental (completely gone for all 
practical purposes) See Fig. 4. 


DEN e (OS C HV Relay Соло 


Fig. 1 — Schematic diagram of the 6-meter linear ampltier, The tube flaments can be wired In series, eliminating the need for a 


Separate 63 V supply. 


C1 — 50-pF miniature air variable, кт — эрй 12: de сой, rt type prefered, РТ — Chassismountoctal plu 
Csrcwel 148-4 or equi or KÁP140G. G1 — NEN power transistor Бат or 
(8. C3— 2204F electrolytic, 50 V. Аб шпа по. 14 enameled wire, Ye equivalent (RS no, 2762017) 
(4 C 25.0 air variable, we-apaced inch ID x inch ong, tapped at RIZ TOKO, 2W potentiometer. 
Nernmarund HF30X or едим, approximately 19% turns. ECT — 300: choke wiin ferrite Dead 
© Johnson 149-5 L2=> $ штп 12 enameled wie, 1% "on the ground leas, 
or equ inch ID X 24 inches long REC? — 83 turns no. 28 enameled wire on 
TON 132 tome no. 12 enameled wire, 1% A inch diamalor ceramic form. The 
Da, inch 10 z inch long сов? inches long 
31, 48 — 80239. ТАС 0-300 mA do meier, 219272 Vom no. 16 enameled wire on 
22 Phono Jack MOT — TIT fan motor 4741, 2 rosso 

Construction 10x 2% inch chassis (BUD AC-1418) for 


It should be possible to duplicate his base, with 8 x S-inch end panels. The 
amplifier for $40 or less, depending on the © panels were flanged with / x inch alu 
status of your junkbox. Oddly enough, the minum channel for attachment of a сапе 
tube sockets proved to be the most dificult metal cover or safety and TVI protection, 
component to locate, since they are not | Component placement is not critical, but 
A common catalog item, The 666 uses a all component leads should be as short as 
-pin NOVAR socket, and the best source possible. The resulting layout was deter- 
turned out to be a shop that specialized in тілей largely by some mid project design. 
ТУ replacement parts. Tuning capacitorC4 — changes aimed at making the unit compat 
is a junkbox item of questionable parent- ible with a newly acquired IC-502. Visible 
age. Any spacing greater than about 0.060 оп the lower-tigh front panel are potenti- 
inch (mm = inches x 25,4) should бе okay, ometers that were reserved for control of a 
RADIOKIT of Greenville, New Hamp: © planned rf-operated T-R relay * 

Fig 2—Spectral display of the amplifier Shire would de a good source for all of the The tube sockets are modified slightly to 
ойл. Vertical амволе are васп 10 а, variable capacitors. ground the necessary tube elements. Copper 
{and horizontal divisions are each 10MM. My amplifier is constructed on an 8 x washers, cut from Mashing copper, fit inside 
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ТШШ ric Doi 
mo Ei a d display of th 
эте output with 
A pole Chebyshev 
ter ee 
rere CAPACITANCE divisions are each 
‘ithe tne Soran 1098 and 
horizontal divisions 
Fig A Schematic diagram of a 7-pola Chebyshev low pase iter эге each 10 MHz, 


Capacitors are sivermica unis, combined in parallel or seras to 
"bain te design values. The text has information about winding 
the inductors 


Fig 5—Bottom view of the amplior chassis. Note the washers 
fn the tube sockets, used to provide a ground connection for 
the appropriate pins. 


Fig 6 —Top view of the Min- Lini chassis, Large heat-dissipating 
plato cape and a fan help maintain cool operation of ino tubes. 


he pins on the underside ofthe sockets Pins 
1,47, Band9 are bent over and soldered to schematic diagram, involves the use of a Connect the exciter to the amplifier 
de washer. The washers are grounded Ip relay for KI The ground lege of КІ though an SWR indicator, Actuate KI and 
Chassis with short pieces of mo. М wire on арй R2 can be wired rough one of the аруу a small amount of drive. Adjust the 
Oppos sides of te socket Pies 2 and 6 of normally open contacts. This lifts the po. position of the tap on Ll for minimum 
Бой tubes are bypassed to ground by on- tentiometers above ground inthe receive mm 
necting Gans u dise-ceramie capacitors mode, applying full bias voltage and cut. time you move the tap position! 
from thee pins to the copper washers (Fle. ting ofthe tubes ‘Next apply drive tothe amplifier and 
5), The contol grids ae raised above © The bias voltage source and relay driver adjust Cl, Cd and СЭ for maximum power 
Ground while providing pahforrfreum. are “hard wired" on a small piece of perf output For those lacking ever an 
f also permits us o apply а do bis fo the board. The signal for Т.К switching is SWR indicator set in the FORWARD posi 
Control grid. This will establish the class applied to J2, This + 8-V signal Is obtained ton can be used in the line between the 
%% accessory socket, amplte andthe dummy load. 
ceive if desired For use with other igs a9-V bater, wired 

Cols LI, L2 and L3 are wound with trough а foot switch, works well Current Conclusion 
solid TW-insulated house wire from the drain on this batery is low. An e-operated ‘The Mini-Lini should be ideal for those 
local hardware store. L stripped / ///, 
Чоп from the wire before winding LI aná directly Keyed one described in his article. rigs. Typical operating parameters are 50 
12, bul eft on L3 to prevent aecidental 52 disable the relay driver by removing watts out for 10 watis of drive, with 1050-V 
Contac wiih L2. The inside diameters the 126-V ac source inthe standby pos de onthe plats Reporsof signal quality have 
Shown are more the result of available tion to permit stmighthrough operation. been complimentary. Enhance your “equal. 


cylindrical shapes than any electrical cal- ity” and come join the fun on 6! I would be 
culation. Coil spacing was adjusted, with Tune-Up and Operation happy to answer any questions about the 
‘he tubes in place, using a dip meter to Initial tune-up is simple and ordinary. amplifier — enclose аввале, please, 


e ci rr "Aon a sector pg re 

Go thermal dres has been evident 750- to 1200-V de should be satisfactory. 20074070 e МАМА e 

‘whether cooling is desired during standby on the other voltages. Actuate K1 to ground °0; DeMaw, “Some ‚тона About TV Sweep 
CI te 
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Fig, 1 — Schematic diagram of the amplifier. 
81 5018 а mimin blower, Ripley SK2754-2A or equiv. їл — 3%; tums no. 16 enam. wire, "inch (19 mm) long, inch 
CI, C2 — Air-variabie capacitor, 15 pF, E.F. Johnson 189.0565. (6 mm) diameter. 
o1, 160-0107-001 or equi. 12 — We ure no. 16 anam. wira, inch (16 mm) long, ' inch 
CZCS, па. — Feedthrough, capacitor, 00 pF, 300 V. (8 mm) diameter. 
68:68: inet — Homemade lapper capacitor. Details of Mi — TA meter movement with shunt to provide 800-тА fui 
Sonsiructon in text and Fig. 3, ‘scale deflection. 
C9, C10 — Electrolytic capacitor, 500 uF, 25 y. MÊ LIMA meter movement with shunts to provide 90-mA (grid 
87 — болмай, 8.2 vot Zener diode, I 2:9307-C or equiv. ‘current and 3V (plate voltage) ful-scale detection. 
12.06, inc. — 1-A, 1000-PIV diode, 1N4007 or equi. RÁ Gr ourrení shunt 
D6 — 50-walt, 2i-vot Zener diode (options! see tek), RECT — 10 tums po. 18 enam. wire, close wound, inch 
Fi, F2 — 3A fuses, (8 mr) diameter, 
41 — Chassis mount BNC female connector, UG-1094U. RÉCZ, RFCS — 10 tums no. 16 enam. wire, close wound, l. inc 
22 Z Chassis mount N female connector, UG 56AU. (еттт) diameter 
18 —_Figh-votaga connector, Millen 37001 REGA — 6 tums no. 16 wire, one inch (25 mm) long, «inch 
ê, эв — Power connectors, as available. (6 mm) diameter, 
38; 7 — ACA phono jacks. 81 — Toggle switch, ври, 
Kî Timerdoly relay. 80 second, normally open contact, S2 — Toggle switch, spet 
Ampere VISNOOOT 53 — Rotary swich, single pole, three position. 
K2 бото! roly, 28-volt сой, 1-A pdt contacts. Sa — Toggle switch, spst (optional, seo tex). 


Kû, Ka — Coma relays equipped with suñable connectors. ka TI — Filament ánsformor, 6.3wol 3-A, Stancor P-8466 or 
‘should have N connectors, K3 may be BNC or N. БТИ 
TÊ Transtormor, 12.6 volts, 1 A. 
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By Stephen J, Powlishen, K1FO 


From QST, October 1979 


A Grounded-Grid Kilowatt 


Amplifier for 432 MHz 


Stable, linear operation for tropo or moonbounce DX... 
that's the end result of this project. 


Jine last few years I've built several 
igh-power 432-MHz amplifiers that 
bed tubes fom the 4CX250 family. While 
worked well in Class C, ei рейт. 

ce when biased for linear operation left 
thing to be desired. My previous ex- 
фшелсе with grounded-grid triode ampli 
son 2 meters was so good that [decided 
чу the same approach on 79 om. An 
8874 high-mu triode was selected 

Ey his design and a crude prototype was 
їп a few evenings. After the design 

a verified, the amplifier described in this 
le was built. It is stable, compact and 
livers over 500 watts output while re- 


quiring only a high-voltage supply and а 
Source of about 25 walls of drive. The 
amplifier has been trouble free in over three 
years of heavy usage. 


Circuit Description 

A schematic diagram of the 432-MHz 
Kilowatt is given in Fig. 1. WI is à half 
wavelength stripline which is tuned and 
loaded by C6 and C7 respectively. Plate 
choke RECS is connected at the approxi- 
mate electrical center of the plate ine. СВ. 
functions as the plate-bypass capacitor. 
The half- wavelength cathode line js com- 
prised of W2, L2 and C2. LI and Cl serve 


to match the tube input impedance to the 
amplifier 50.0hm input. As the grid is 
grounded for de as well as rf, DI is used to 
develop operating bias at the cathode, R3 
is switched in to supply near-cutoff bis 
during standby periods. MI is used solely 
o monitor plate current in the high-volt- 
age supply negative-ceturn Lead. M2 is 
‘Switched о read grid current, high voltage 
and relative output. The later function is 
bby means of an external line samples 
With ће exception of the multimeter func- 
tions the metering and bias circuits are 
similar to those in a 220-MHz amplifier? 
‘Separate coaxial relays attached to the 


high-power uht amplifier. The toggle switches control flament power and standby/operat functions respectively. Multimeter 


ig electos wih the Such located between tno motor 


Bs end homemade meter faces give the ampliter a commercial appearance 


"Wee ho plate tuning and leading coros are al the пот Modern. 


input and output terminals allow the ampli- 
fier to be switched in and out of the Jine in 
a manner popular with hf amplifiers, Time- 
delay relay KI prevents the amplifier from 
Being switched into service for 90 seconds 
afier the tube heater is energized, allowing 
{he element to reach operating temperature. 
A normally closed contact of K2 applies 
full voltage to the heater during standby 
periods, The voltage is reduced during 
Operation as recommended by the man 


Construction 

Plate and cathode-compartment con 
suction is rom 0.032 inen (08mm) hk 
Aluminum sheet attached to inch (13 
т) aluminum angle stock. Some angle 
Stock may be anodized, giving the surface 
3 dull appearance. This material must be 
any sanded to remove the anodized 
metal, which isa poor conductor Holes are 
dle in the angle stock to allow attach- 
ment of the covers; these are tapped for 
то. 4-40 ктем. Details Of the 103 кх 
Sinch (267 x 102 х 76-mm) plate compari- Тор view of the amplifier, with the plate compartment cover removed. The tubo, plate 
ment may be seen inthe top view photo. Ine (W2) and AFCA may be seem ‘he tap 3 the photo, Note he large numberof 
Construction of the cathode compartment oles Sted nthe plate compartment receive the cover old down screws. A ight 
is similar, nd may be seen inthe photo of eR required to prevent anda leaks. 
the underside. Te measures 4 x 4 x 1% 
inches (102 x 102 x 44 mm). The alumi 
Sum brackets holding the rf enclosures 10 
фе front panel also serve as end covers for 
the compartments. Compartment spacing 
From the panel is Tour inches (102 mm). A 
Sox 19Anch(1332483-mm) rack panel is 
E 

“The plate line was fabricated from a 
piece of finch (cmm) thick brass. Fig 
eves detailed information for making he 
Tine. In addition to brass, lines were made 
from copper, both unplated and silver 
plated, with no discernible difference in 
Efciency. Double-sided G-10 printed cir- 
Suit board would probably work as wel 
Best thermal stability was obtained with 
the unplated solid copper line. The line Thi bottom view shows the cathode compartment and tne shafts for C6 and C7. A cover 

supported by 1.5-inch (38-mm) long ce- is placed over the cathode compartment during tuneup and operation. 
fam iscltors ahhough апааа made." PASO? over e de companment duin nup and ops 
of Teflon will also serve. C6 and Cl are 
made from beryllium copper sheet. Details 
‘diner construction appear in Fig. 3. These 


“парра” are moved with fishing line inadequate, it is rated at 1000 volts per mil 
which is tied to “inch (64-mm) fiber (003 mm) thickness. It is necessary to coat 


shafts. These shafts may be seen in the the dielectric with Dow Corning type 


Underside view. DC-4 silicone grease to fil in any impor. 
Te anode collet (imac no. 008294) is facon in the surface that mig allow a | 

secured to the bottom of WI with standard leakage path and subsequent capacitor | 

JJ 


Tobolihecsletiplcedurngiketoer елди pan mar Teton“ А о 
Ing operation, The id cole msc ne. deren Mos eom wed te ol dc 
E e 
CC — 
peor гош conection fore grid wil (Ji) ameter masher sliced from 
/ Teflon rod and used to center the stew in — 
Fen or make he иш lal waren olla a tives detal оГ nc n. 

С йс plet caet mado 
from ive bss pte м mounted on EE 
ther side of the plate compartment. А “Atematiely, an Evie 2498-001-xsu0-102m  Fi9 2- Dimensions of th plate Iina are | 
% os pao mayen emque The in ay ps const 
thet is sed forthe dete material. BED FORTE БАЕ Y da Cart pe e ou fe ed 
Wile wis Teflon lekne may wem Fe РО BOr Бан бана NY raan, e рете аре 
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By ER. “Chip” Angle 


From GST, March 19% 


A Quarter-Kilowatt 23-cm 
Amplifier 


Imagine, a linear amplifier with great efficiency and 
long-term stability that is super quiet and small in 


Ts er tine more trating 
than having to dig through a construc. 

tion artiche v tind out exactly what perfor. 

mance you can expect from the finished 
product, So here it is: 

1) Grounded-grid 7289/2039 cavity 
amplifier, single tube 

2) Linear operation (what you put in, 
you get ош, only more of i. 

3) Covers 1240 to 1300 MHz. 

A) Power. gain ranges froth 12-20 dB. 
pending on output power, input power, 
Joading, anode voltage and grid bias volt- 
че 

5) 50-ohm input and output — no stub 
tuner required. 

6) Power output greater than 200W 
with about 12-W drive. 

‘This is Part | of a two-part article 
Im this installment, Т describe the design 
and construction of the RF deck. Part 2 
describes power-supply construction, test 
ing and operation. 

This amplifier is a tried and proven 
design. Much development work has gone 
into this project. The amplifier works well, 
Istelable and can be duplicated, More than 
S0 of these amplifiers have been built to 
date. 1 have successfully worked many 
1296. МН» EME (earth-moon-earth sta- 
‘dens with one of these amplifiers and à 
ABirelement jcop-Yagi array during the 
past year, Amplifiers of this design were 
sed on both ends of the first California 
Hawaii QSO оп 1296 MHz. Another Unit 
bas logged more than 20,000 hours of con 
tinuous operation at the KHGHME beacon. 


General Design Approach 
A cavity amplifier is similarto a conven 
tional amplifier designed for lower frequen. 
des. The tube anode excites а resonant 
кий, and power is in turn coupled into 
Joad, usually 50 ohms. Instead of using coils 
and capacitors, as at lower frequencies, the 


size. Sounds like HF? Not exactly. 


cavity provides the resonant cic 
sary to tune the amplifier output, 

"The anode cavity of this amplifier is a 
squat cylinder. Cylinder height is set by 
mechanical tube requirements, The inside 
diameter of the cylinder sets the highest 
resonant frequency: Any capacitance added 
rom the top to the bottom of the cavity will 
lower йз resonant frequency, as wi 
Increasing the cavity diameter 

This amplifier uses Va-inch-thick cop- 
per plates or the cavity top and atom, 
nd a thick-wall aluminum ring, eut from 
tubing, for the walls! This heavy construc- 
tion virtually eliminates all resonant fre- 
quency variations caused by thermal and 
mechanical changes. 

Fig. | is a Schematic diagram of the 
cavity amplifier. The circuit is simple. 
Filamer voltage and cathode bias enter the 
RF deck through feedthrough capacitors 


(C4, C5) and RECI and 2. High voltage is 
fed to the anode through RFC3. C8, the 
anode bypass capacitor, is homemade from 
Teflon dielectric sandwiched between а 
‘copper plate and the chassis. 

"The input pi network easily tunes the 
entire band at any power level it is made 
from two Johanson piston trimmer capaci 
tors and а “coil” made from copper wire 
Ап input cavity is not necessary at 23 cm. 

Output coupling is through а rotatable 
loop that serves as a variable loading 
control, This allows amplifier-tuning flex 
ibility: it may be tuned for maximum gain 
or for maximum power. Light loading can 
produce stable power gains of up to 20 dB, 

Amplifier tuning is accomplished with 
а homemade cylindrical coaxial capacitor 
with Teflon dielectric (C6). There are no 
moving metal parts to Cause erratic perfor- 
‘mance. The Teflon rodiube screws in and 
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Fig, 1 — Schematic diagram ol the 23-em 

этийет. 

C1 — ЗЕ dipped mica capacitor. 

©з 1. o 10-pF piston trimmer 

capacitor (Johanson no. 3957, 5201 or 
equiv), 

CÊ Anode-tning capacitor. See text 
an Fig. 11 

c7 — Añode bypass capacitor, 90 pF. 
Homemade irom copper late and Teton 
Sheet Seo text and Figs 5, 12 and 15. 

cs Dise сотто 0.0047-4F; SKV 
capacitor. 

JE Sm SMA connector, chassis 
mount. female 

J “деа Туре connector, See text 
and Fig. 7. 

J“ Female chassis-mount BNC 
connector 

LIS Loop dl no. 18 bus wire soldered 
between 02 and C3. Seo Fig. 15, 

LZ — Quipucoupiing loop. Part oj output- 
connector assembly. See tox and Fig. 7. 

AFGI, ВЕС? — 5 tums no. 20 bus wire, 
"eiat 0, 

яє©з = 3 turns no. 20 bus wire wound on 
A 200m, 1W carbon composition 
Tesis 


ош of the coaxial capacitor, increasing ог 
decreasing he capacitance by changing the 
amount of Teflon dielectric inside the yl- 
inder. With the rod all the way i, the di 
electric is all Teflon; with the tod all the 
‘way ош, the dielectric is all air, 

Teflon has a relative dielectric constant 
(relative to air = 1) of 2.05, which means 
that the value of the capacitor with the 
то all the way in is twice the valve of the 
capacitor with the rod all the way out, Full 
capacitance will pull the resonant fre- 
quency ofthe amplifier down to 1240 MHz. 
Use of only one tuning adjustment means 
‘the amplifier will have more gain because 
cavity shunt capacitance has been mini- 
mized. 


Thermal Considerations 
‘The cavity walls are formed by a thick- 


wall aluminum ring, which is sandwiched 
Between two thick Copper plates. RF and 
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TEMPLATE CONSTRUCT 


тон 


о NERENENTS 


DES 


PE 


Fig 2—Complete dimensions for the alumini 


thermal properties of these two metals are 
reasonably close, whereas brass is rather 
poor im both respects. The 7239/2C39 
{ube used in this amplifier is being runat 2- 
2 times its normal dissipation rating: 
therefore t's important to havea cavity that 
remains thermally stable, 

Most previously described amplifiers 
have used sheet brass in their construction: 
This has usually meant constant retuning 
‘of resonance о maintain output power at or 

"The copper and aluminum construction 
in this amplifier has solved all thermal sta- 
bility problems. The amplifier can easily 
be run key down for over an hour at 200-W 
output without retuning. This, of course, is 
obtained only with à good tube and water 
cooling. A practical water cooling sys 
Will be described in Part 2 of this article. 

"Water cooling keeps the internal struc- 
ture of che tube thermally stable. When air 
cooling is used for output levels of 100 to 
150 W, output power fluctuations are a 
direct result of internal tube changes. These 
changes vary from tube to tube and must 
be tested for. In some cases, otherwise 
perfectly good RF tubes have had poor ther- 
mal stability. Such tubes can make good 
divers at lower power levels. 


“Using Simple Hand Tools Will 

Hand tools are great if you are skilled 
and patient. Most people want to hurry up 
and finish their new project. if that’s you, 
then have a machine shop make all of the 
рап», leaving you only the final assembly. 
should cost about $200. The parts are not 


um template 


difficult to fabricate, but the process istime 
consuming. 17 you have the time and 
patience to do it yourself, this amplifier can 
be very inexpensive. 


Gathering the Materials 

Al of the materials used in this ampi 
tier are fairly common and should be avai 
able from suppliers in most metropolitan 
areas. Some suppliers have "short sale" 
racks, where they sell odd pieces cut off 
Standard lengths or sheets at reduced 
prices. The parts for this project are sma 
Enough to be fashioned from cutoff stock. 
Surplus-metal houses have some great 
buys, so start there if oe s nearby, 

"The key to successfully completing thi 
projet is careful layout work before cut- 
ting or drilling any parts. Invest in a can of 
marking dye, a sharp scribe, an accurate 
rule, vernier calipers and several center 
ponches. These tools are available ar any 
machinists" supply shop. The marking dye 
will make cutting and filing lines much 
easier to see, Measure all dimensions a 
carefully as you can and then recheck them 
before cutting. Mark with a sharp scribe 
because the sharper the scribe the finer the 
marked line, and the finer the marked line, 
the closer your cut will be to where it should 
be. Remember—the accuracy of your 
drilled holes js only as good as your center 
poaching ability, so use a fine punch 
for the first mark and then a bigger one to 
enlarge the mark enough for drilling. 

‘Access to à drill pres is a must. It's 
extremely difficult to drill holes accurately 
with a hand drill Although they are 


‘ot absolutely necessary, you should have 
access to a lathe or milling machine, 

Aber tools that will aid you with this 
project are a nibbling tol, a set of punches, 
Bnew set of files and some sharp dell bits, 
AM you don't already have one, purchase а 
file card to clean metal shavings out of your 
files as you work. Clean, sharp files are 
Такс and more accurate to work with. 
You'll also reed an assortment of запора. 
рег for the firal finish work. 


‘The Template Approach 

1 highly recommend fabrication of a 
single template for marking and drilling the 
‘mode plate, anode bypass capacitor, cav- 
йу ring, grid plate and front panel. The 
template shown in Fig. 2has all ofthe holes 
for these parts. If you use the template, 
you'll only have to make the careful mea 
urements once — after tha, t's simple to 
mark and drill the rest ofthe pats, 

"The template approach offers several 
iiber advantages. A template makes it 
much easier to maintain accuracy between 
the anode plate, cavity ring, ard plate and 
front panel; these parts will fit perfectly 
because they were all drilled fromthe same 
master, The template approach also makes. 
possible to set up a small production line 
Ж you decide to build more than cne of. 
hese amplifiers and combine then for 
higher power, or if a friend wants to build 

mplifier along with you. 

See Fig. 2 for complete template dimer. 

sions. Start with а piece of Yu-inch-thick 
Aluminum stock that s larger han you need 
and degrease it with soap and water. Dry it 
off and spray it with marking dye. Scribe a 
Linch square on the stock and cut the tem. 
plate to size. A shear will make this job 
much easier, but it can be cut with hand 
fools and filed to size, 

Carefully measure and scribe an holes, 
Note that holes A and B are on the circum 
ference of circles, Use а compass to seribe 
the circles, and then locate the holes. After 
you have marked and checked all holes, 
Genterpunch and drill them. The holes 
Should be drilled witha -inch or smaller 
Bi. Recheck all measurements, Ifyou goof, 
star again. The time you spend making the 
lemplate as perfect as you can will save 
you much time and aggravation when you 
ike and assemble the other parts. 

‘When you finish the template, mark the 
front side for future reference. All plates 
made from the template are marked and 
dalled from the front side (as viewed from 
the front panel). 


Making the Copper Plates 

Once you have completed the template, 
fa will be easy to make the copper plates. 
[The anode plate, grid plate and anode- 
bypasscapacitor plate are all made from 
Yeinch-thick copper. See Figs. 3, 4 and 5 
dor the dimensions of these pieces. 

Measure and cut the three plates (o the 
over dimensions. Carefully break (deburr 
Ail sharp edges to avoid small cuts to your. 
fingers and hands 


Fig 3 Dring details for the anode plate 
See Fig 2 for additonal Information оп. 
hole location. 


Fig 4—Driling details or the grid plate. 
Sto Fig 2 or ава опа! information on 
бое location. 
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Fig 5—Drling detail һә he anode 
bypass capacitor a 


See Fig 2 for 
ional information on hol location, 


tes with alcohol and spray 
ing dye. Clamp the alumi- 
тит template to each plate, and carefully 
scribe the correct holes. Remember that all 
plates do not have the same holes The a 
оде plate uses holes A, B, C, F and H; the 
id plate uses holes A, C, D, G and H. The 
‘anode-bypass-capacitr plate uses holes В, 


Band 

Use a small center punch to punch all 
holes lightly. If they then look accurate, 
enlarge them enough for drilling 

‘Copper isn't the easiest metal to work 
with. I's very stringy, and drilling it can be 
frustrating. You'll need the proper drill bits 
for best results, Special drills can be pur- 
chased, or you can use à grinder to care- 
fully remove the sharp points on the outer 
edge of the cutting surface of each side of 
a standard drill bit. This will eliminate any 
tendency for the copper to grab. Practice 
‘on an old bit and be sure o grind it sym. 
metrically. Modified drill bits can still be 
used on aluminum and other metals. 

‘Always start with a smaller drill and 
work up to the final hole size. It's safer and 
more accurate. The larger holes can be cut 
with a Пусийег, ог you can drill a series of 
smaller holes around the inside of a larger 
hole and file to finish, Either way is fme. 
Use lots of cutting fluid to lubricate the 
drill bit, and wear safety glasses and an old 
Shirt. Remember, some cutting Muids are 
‘not to be used on aluminum, 

Start with a no.50 (0070-Inch) ог 
smaller bit and drill pilot holes at each of 
your punched marks. The details for fin- 
ishing each hole are listed in the drawings. 
Some holes are countersunk or tapped. Pay 
attention to the details, and take your time. 

"When you are through drilling, you 
must deburr each hole. Copper is soft, so it 
tendstorise up around the hole during drill 
ing and deburring. Use a fla file [or the 
initial cut, and then remove any remaining 
material with a countersink. File the cop- 
per plates flat again; a flush fit on both sides 
of the aluminum ring is importan 

When all copper work is done, you 
should be able to stack the plates and sec 
all pertinent holes align correctly. Enough 
tolerance is included in the dimensions to 
accommodate minor errors. After the holes 
are drilled, it can be difficult to tell which 
side of each plate is which, so mark the 
front side of each plate with a permanent 
marker. 


Machining the Ring 

The aluminum ring that forms the 
cavity wall is cut (sliced) from a length of 
3/zinch OD tubing with a cinch wall 
thickness. See Fig. 6. The tubing ID is 
about 2 inches, The dimensions of the 
ing are the most critical in this amplifier. 
"Tolerance of the ring thickness is = 0.005 
inch to maintain full band coverage. 

‘The ring can be hacksawed or band 
sawed out of the tubing, but take extreme 
care to be accurate. Cutting tubing straight 
isn't easy. Clamp the tubing to prevent 
rotating on the band saw. The final finish 
cut is best done on a lathe or milling 
machine, but careful filing will work 

‘Once the ring is the correct thickness, 
deburr the sharp edges and spray it with 
marking dye. Notice that the outside and 
inside diameters are not concentric. This is 
normal for large tubing. Lay the ring flat 
and fmd the thickest wall section. Scribe a 
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cavity ang. See Fig 2 for 
Saona intonation on 
бае location 
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Fig 7—Outputpropelconnector assembly 
tals 


line across the walt at this point, across the 
center of the ring and across the wall on the 
‘other side. The scribed lines om each side 
of the ring will be used to align the tem 
Plate. The output connector will be placed 
Bathe thick wall section, 

Carefully align notch оп the template 
with the line scribed on the thickest wall 
Section on the ring. Clamp the template 
onto the ring. Mark each of the 11 holes 
labeled А on the template, After you mark 
he holes and remove the template, check 
alignment with the copper plates just in 
case, If everything lines up, center punch 
allelevenhoies on one side of the ring only, 
"and drill each bole completely through the 
ting. Use lots of cutting fluid. File the ring 
Mat before and after deburring, taking care 
fot to change the wall thickness. Tap exch 
hole to accept no. 4-40 machine screws 
Each hole will have to be tapped toa dep 
of atleast inc from both sides because 
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long taps don't exist The inside of the ring 
doesn't need to be polished. 

The hole for mounting the output con- 
rector can now be drilled. There are two 
ways 10 mount this connector, and either 
scheme works fme. Read ahead to the sec 
tion on making the output connector for 
more information, The first method of 
mounting the connector involves tapping the 
ring with a no. 7h24 tap and using a lathe 
to cut matching threads on he output con- 
nector coupling sleeve. Large taps are ex- 


pensive, but tp and die for Type-N con- 
ce are handy if you do much building. 

Tr you don't have access to a lathe or a 
large tap, the second method is easier 
Make the output connector coupling sleeve 
from "cinch-OD brass or copper tubing 
and drili the ring to just clear it. Then drili 
amd tap the grid-plate side of the ring above 
ihe output connector to accept а setserew 
Also, drill a clearance hole in the grid 
plate for the setserew. Use the setserew to 
Secure the output connector. 


Output Connector 

A standard Type-N__chassis-mount 
female connector (silver plated) is used for 
the ouput probelconnector. See Fig, 7. 
First, remove the Range with a hacksaw 
and file flush with the connector body. 
Next make the output coupling sleeve that 
is sight for your application (threaded 
Srunthreaded, depending on how you fab 
riemed the ring). The sleeve will be the 
Same length in either case. The output-cou: 
pling loop is fashioned from a piece of 
6,032-inch-thick copper sheet that is Sis 
inches wide. Bend it to the dimensions 
Shown in Fig. 7. We will solder the output 
connector together later. 


Grid Compartment 

The grid compi 
inches square by 1% inches high, See Fig 
8. is made from brass and can be sawed 
ош of square tubing or bent from sheet 
The cover can be made from any material. 

‘use two small PC boards (Fig. 9) for 
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Fig 8—Inputcompatment details 
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holding the fmger stock that makes contact 
with the filament pin and cathode ring on 
the 2039 tube, These boards are cut from 
Yieinch-thick, double-sided G-10 glass- 
pony stock. The copper pattern is identi- 
‘a for both sides of each piece. Mark and 
{ll or file the holes first, and then cut the 
boards to size. Small boards are difficult to 
Bold while drilling them. Mark each side of 
each board and score the copper foil with a 
sharp knife. 

The unwanted copper can be removed 
easily by heating the foil with a soldering 
iron and lifting it off. Use a fat file to 
deburr the boards. Do not use a countersink 
Because the copper oil must be as close to 
the holes as possible to facilitate soldering 
"he finger stock in place 

"The input connector that use isa S-mm 
SMA type. This is an excellent RF connec- 
lor, especially for low power UHF appli- 


cations, 1 highly recommend use of an 
SMA, but any small screw-on connector 
will do. If you really feel you have to use a 
BNC then do so, but it's a lousy connector 
at frequencies above 200 MHz. Remember 
19 move the connector hole to accommo- 
date its larger size. 

"The input connector must be ás close as 
possible to the first input capacitor. The 
lead length of the input de blocking capaci- 
tor must be as short as possible, The 3-pF 
capacitor is series resonant at 1200 MHz 
only with short (inch or les) leads. 


Miscellaneous Bits and Pieces 

There are still several small, but very 
important parts to fabricate. The front panel 
Tusc is shown in Fig. 10. It is made from a 
piece of cb tek aluminum sheet 
Some builders may wish to mount the 
amplifier on a rack panel. Wash and dry 
Your front-panel material and spray it with 
marking dye. Clamp it to the template and 
mark the holes. Check the hole alignment 
with the copper grid and anode plates. I all 
lines up correctly, center punch and drill 
the holes. The only front-panel control is 
for the anode tuning capacitor, which is 
adjusted by a Winch shaft protruding 
‘through a inch panel bushing in hole C. 

The anode tuning collar, shown in Fig 
11A, is made from a piece of "finch OD 
brass rod. This rod has а Yeinch hole 
drilled through its center, and it is turned 
downto inch OD forhal is length. The 
inside of the V inch-OD end is tapped to à 
depth of % inch to accept -24 read, 
"This collar will be inserted into hole C on. 
the grid plate. 

Fig. HIB also shows the anode tuning 
post. Tt is simply a length of U ei 


brass rod that inserts into hole C on the 
copper anode plate. This rod will form one 
plate of the anode tuning capacitor 

"The anode tuner (Fig. 11C) is machined 
froma piece of doeh Op Teflon od. One 
end of the rod is drilled ош with a no. 21 
drill. The outer wall of this end is threaded 
with а no. 5-24 tap. This isthe end that 
will thread into the anode tuning collar and 
Slip over the anode tuning post. The other 
end is turned down to fit inside a cinch 
Shaft coupler. 

Fig. 12 shows the remaining parts. The 
tuning shaft (A) is made from a piece of 
"inch brass rod. A coupler (B) to connect 
the tuning shalt to the anode tuner may be 
purchased or made. This also applies to the 
front-panel spacers (C). The Teflon dielec- 
ипе for the anode bypass capacitor (D) is 
made from 0.010-inch-thick Teflon sheet 
Use the template to locate holes B and H. 
Teflon washers and inserts (F) are used to 
insulate the mounting hardware for the 
anode bypass capacitor from the chassis. 
The inserts are made from “/einch-OD 
Teflon rod. The washers are made from 
Teflon sheet. Sharpen а piece of "inch 
aluminum tubing and chuck it up in a drill 
press. This tool will cut neat, round wash- 
Ers from the sheet 

"The box that encloses the anode com- 
partment (Fig. 13) is fabricated from a Bud 
‘AU-1083 utility cabinet. Clean the chassis 
and spray it with marking dye. Secure the 
template o the side of the enclosure that 
contacts the anode plate and scribe the 
holes labeled F. Make sure that these holes 
Tine up with the holes on the copper anode 
plate. If they do, center punch and drill 
them to size. If air cooling is used, the 
blower will mount to this box 
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Fig 10—Front panel details. 


Fig 11—Anode-tuning capacitor deals 


Microwave Amplifiers 3-5 


+ 
EZ 
a 


Te 
gu 


"d 


RUM 


Desa, e ae ET b 
— 
+ 
LT 


Fig 13—Anode-enciosure detal. 


Soldering the Subassemblies 

Once all copper and brass parts are 
drilled and deburred, they should be 
cleaned with alcohol and Scotch-Brite”, a 
nonmetaffic pot cleaner, and washed in 
alcohol again, Set rhe pieces aside and 
avoid touching them. Fingerprints will in- 
Bibit soldering. 

Ihave found that the best way to solder 
the heavy brass and copper part isto first 
build the soldering fixture shown in Fig. 
14, This soldering fixture, made from . 
incithickaluminum plate, will evenly heat 
the entire assembly to be soldered. Even 
eating will allow you to do a much better 
soldering job than you could otherwise 

"The Soldering fixture should be pre 
heated on a stove or hot plate until bits of 
solder placed oo its surface just melt. At this 
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tensions ofthe soldering. 
Seo Fig 2 fr mor information on 
hole location. 


point, reduce the heat slightly. Avoid exces- 
sive һем. If he copper parts placed on the 
fixture suddenly шт dark, it's too ho 
Solder the grid plate assembly ist You 
will need the copper grid plate, grid finger 
Stock, anode tuning collar and brass input 
compartment.” Look at the drawings agai 
то be sure that you know which paris go 
where, Insert the grid finger stock into hole 
Н on the grid plate. As viewed from the 
front-panel side, the curved fingers will 
protrude out the back side, away Irom you, 
‘Apply liquid or paste Пих and set the grid 
plate in the soldering fixture. The finger 
Stock will fit ia hole Н in the Fixture, allow 
ng the grid plate to rest flash withthe sur- 
face of the fixture, Next, apply Пих to the 
anode tuning collar and insert itin hole C of. 
the grid late. Par of the tuning collar will 


slip into hole C in the soldering fixture. 
Make sure the collar seats flush with the 
grid plate. The flux should start to bubble 

Carefully apply solder directly to the 
Joints of the installed parts. The solder 
Should melt almost immediately and flow 
bright and smooth. Next, place the square 
brass input compartment in place and 
apply flux. In a few seconds, И can be sol 
dered by running solder around the joints, 
inside and outside. I you have trouble ge. 
ting it to flow on both sides, merely tap the 
brass box aside (^ inch) and return jio its 
‘original postion 

Now comes the hard part — geting the 
soldered assembly away from the heat 
‘without disturbing the alignment. A pair of 
forceps is recommended, but long pliers 
will do. Carefully lift the assembly off the 
soldering fixture and set on a cooling rack 
Do this without moving any part, The cool- 
ing ack can be any two pieces of metal that 
will allow clearance for the protruding 
parts, You сап expedite cooling by using 
an ordinary hair dryer in the "cool" posi- 
tion to gently Blow air across the assembly. 

While the grid assembly is cooling, 
assemble the output connector. See Fig. 7. 
Place the modified Type-N female connec- 
tor, threaded end down, on the soldering fix- 
ture. Apply flux to the top and install the 
output coupling sleeve. Allow both purs 
то heat betore applying Solder, Carefully re 

nove the soldered output connector from 
thefixtre, When it has cooled, solder one end 
ofthe loop to the center pin ofthe N conne 
{orand the other to the output coupling sleeve. 

Now place the anode plate од the sol 
dering fixture and allow to heat. Apply flux 
to hole C. Insert the anode tuning post 
(Chineh-OD brass tube) and allow to heat 
apply solder. Remove the parts and соо. 
Next, solder the finger stock in hole H on 
the anode bypass capacitor plate.“ 

‘This completes the work with the sol- 
dering fixture. Be sure to let it cool off 
before handling! Save the fixture for future 
construction: you never know when you 
might want it again. 

"The anode plate and the anode-bypass- 
capacitor plate must be filed and then 
sanded flat on their but surfaces to assure 
that there are no solder bumps or sharp 
points to puncture the Teflon dielectric. 
‘This must be done after soldering. The 
Teflon sheet is adequate insulation for 
many times the anode potential of this 
amplifier, but only if the surfaces it sep 
Tates are smooth! 

Next clean the cathode and filament FC 
boards, Install the fmger stock in hole Hof 
the cathode board. Apply flux to both sides 
ofthe board. Heat with hot iron and apply 
solder around the circumference of hole Н, 
Soldering the finger stock on both sides 
Df the board. Use the same technique t0 
install the filament pin 

After all parts have cooled, us a spray 
can of flux remover to clean them. Slight 
Sorubbing with Scotch-Brite pot cleaner 
will finish them nicely. Congratulations 
You have finished the pieces and are now 


Fig 15— Assembly details for te Namen 
and cathode boards (А), Ine anode Bypass 
Capacitor (8) and the input pi network (C). 


ready to bolt the amplifier together. 


Silver Plating 

Over the years, many people have 
pushed silver plating as the only way to go. 
You may wish to silver plate the amplifier 
components before soldering them to- 
gether, but de not think it's necessary. T 
dan several tests o prove how much vari- 
ов types of plating affect performance of 
this amplifier. Remember that the RF skin 
conductivity of aluminum and copper is 
реу good at 23 cm: they are much better 
than brass. 

Four amplifiers were built for this test. 
They were plated as follows, 

1) Nickel plated 
2) Tin plated 
3) Silver plated 
4) Unplated 
‘There was no difference in performance 
among the tin-plated, silver plated and 
plated versions. The nickel plated am. 
pier exhibited 3-В less gain. 

Inother words, itis not necessary to sil- 
ver plate this amplifier; however, И does 
improve appearance by making the parts a 
Similar color. Silver does tarnish, esper 
call with fingerprints. The decision to 

te or not to plate is up to you 


ll pars, assembly 
simple. Figs. 15 through 17 show assem 
bly details. Loosely fasten the grid and 
элде plates to the ring. Mount the input 
meter and capacitors on the input com, 
nt. Loosely install the cathode and 
jament boards and their respective spac 
See Fig. 15А. 

Now inser a 7289/2C39 tobe. This will 
fer up all finger stock, Place the Teflon 
tuner in йз collar on the grid plate 
screw it most ofthe way in. Now tighten 
of the screws. The 7289/2C39 tube 
ийа slide in and out snugly, and the an- 
tuner should screw in and out smoothly 


Fig. 18—The completos cavity ring and. 
ode plate with anode tuning post 
soldered In place аге shown at A The 
photo at B shows the gra pate with inger 
Stock input compartment and anode 

tuning collar soldered in pace. The, 
completed anode tuner \ at he right 

E anos the cay тр ached he 
C 
3S ready for installation. ALO, he teror of 
the cavity as seen нот tho grid piate side 
le visible. The output propelecnnector 
assembly is installed. The anode bypass 
Capacitor and anode enclosure have been 
Installed on the anode plat 


© 


Fig AA tho көтел Be completed 
T compatiment s vale The protest 
бона he interior of те anode 
omparinant wi tne anode bypass 
APOS, C8 and 13 instale 


The Teflon sheet and anode bypass 
capacitor plate can be installed now (Fi. 
15B). Assemble the remaining input com- 
ponents, the filament feedthrough capaci- 
tors and RFCS (Fig. 15C). Screw the 
output probe into the cavity ring (or push in 
the probe and tighten the setscrew, depend. 
ing оп which method you chose). Install 
‘he high-voltage connector and other parts 
in the anode box. Mount the amplifier on 
the front panel and install the anode tuner 
shaft. This completes the assembly. Part 2 
of this article will describe a complete 
power supply for the amplifier, a practical 
Water cooling system, testing procedures, 
microwave radiation safely hazards, and 
Amper tune-up and operation. 


Notes 
ют = in хова, 
po linger stock fortis project а тапыас- 
{ured by instrument Specialties, Or Box А, 
Delaware Water Gap. PA 18237, Contact 
for he name of ina closest бараме 
The рап numbers lor the. ampten are: 
эбе bypass capacior plate, no. 97-704: 
e e рова, no 
"ment board 10. 97 280A 


3500 note 2 
‘See note 2 
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By E.R. "Chip" Angle, N6CA From QST, Apri 


A Quarter-Kilowatt 23-cm 
Amplifier 


Part 2—Last month, we described the design and 
construction of a 23-cm cavity amplifier. This 
installment describes the rest of the components 
needed to put it on the air. 


fer you complete Construction ofthe for the 7289/2C39 fila the follow 
cavity amplifier described in March 1 A. I have found that the use of 1) exter 

OST, you are ready to assemble the rest of 6.3:V ас, LA transformer only slightly ground 

the components needed to put it оп the air. increases the tube emission without much 2) low-power components 

This month, vill discuss the filament, bias Joss of tube life. The filament should be 3) variable bias to accommadsi tube 

and high-voltage supplies: a whisper-quiet, allowed to warm up before operating the to-tube variations 

high-efficiency water-coolingsystem test amplifier, so the filament, bias and high- 4) TR switchable with relay contact or 


perating requirements: 
bias supply referenced to 


ing and hookup: and, finally, tune up and voltage supplies incorporate separate pri: transistor to ground 

operation, Mary switches 5) bias-supply protection in ease of a 
defective or shorted tube. 

Power Supplies Biasing U2 provides a variable bias-voltage 

"The filament and bias sup Many biasing schemes have been pub- source, adjustable by RI. The output oF U2 

amplifier are shown schema lished for grounded-grid amplifiers, Fig, 1 drives the base of Ql, which is used to 


shows a bias network that satisfies all of increase the current handling capability of 


Fig 1— Schematic diagram of the cavity-ampliier аттен and bias supplies, Al resistors are Y W carbon уров unless otherwise 
ole 
J1—Fenale chassis mount proto conector. seconda 24 to 28 V at 50 mA ot (UMB17T or equiv). 


Ti Flamen ansiomer primary, 117 V; greater ZV Z2 20V unipolar motaoxide ene 
secondary, 83 V at VÀ U Bridge rector, 50 PIV, 1 A. (General Semiconductor SAZO or equ) 
таоме? tanstormer, Primary, 117 V. — UZ—Adjistable 3 terminal regulator Of mo 20.4, 1-W Zener diodes. 
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Fig 2- Schemalic diagram of he ample high-voltage supply. 


C1.C4— Eloctrolyic ca 
450 V. 

ТОА оксоп rectifier, 1000 PIV, ЗА 
Fi—High-vatage fuso, 2 KV, 1 A 


ictor, 360 lf. 


бе bias supply. QI must be mounted on a 
heat sink JI is connected to the station TR 
switching system so that RI is grounded on 
transmit and disconnected on receive. The 
approximate range of the bias supply is6 to 
20 V. Z1 and Z2 provide protection for QI 
incase of a shorted tube. The amplifier can 
be ron without Z1 and Z2 if you keep the 
anode voltage below 1100 V. 


High-Voltage Power Supply 
A safe, reliable high-voltage power sup- 
ply is described here. Of course, you can use 
any readily available HV supply; keep in 
ind, however, that the 7289/2039 anode 
potential should never exceed 1400-V de at 
Fall оза and thatthe amplifier will withstand 
1900-V de at low cathode current and cut 
off-bias conditions. For maximum power 
output, assuming adequate drive power is 
Available, anode voltage under full load 
should be about 1200- to 1400-V de, 

Fig. 2isaschematic diagram ofthe high- 
voltage supply. A power transformer (T2) 
Жа delivers 900-26 1050-V ac s ideal. The 
‘ype of rectifier circuit used will depend on 
the type of transformer chosen. Each leg of 
the rectifier is made from two 1000-PIV, 
ЗА silicon diodes connected in series. Each 
diode is shunted with a ООР capacitor 
(a suppress transient voltage spikes, and а 
470 equalizing resistor. 

Filtering is accomplished with a string 
a four 360-14 450-7 electrolytic capac! 
tors connected in series, R3-R6 equalize 

ie voltage across each capacitor in the 
string and serve as bleeder resistors OF 
‘course, a single oil-filled capacitor may be 
‘sed here if available. Whatever type of 
filter you use, the total capacitance should 
фе бош SO Fat a voltage rating of at least 
1300-V de. This value allows adequate 
“droop” of the anode voltage under high 
current loads to protect the amplifier in 


JI Chaseis-mount female BNC or MAV 
‘Connector. 

FFF 

Ti Variable autorenstormer, 500 VA. 


case of RF overdrive or a defective tube 


Protective Circuitry 

Some type of start-up protection should 
be incorporated in the primary. Fully dis- 
charged filter capacitors look like à dead 
Short at supply turn-on, Initial surge cur 
Tent (until the capacitors charge) may be 
high enough to destroy the rectifiers. RI 
and R2 provide some surge-curren limit 
ing, but either of the two primary configu- 
‘ations shown in Fig. 2 should be used, Т1, 
A variable sutotransformer (Vatiac and 
Powerstat are two common trade names), 
is ideal. In addition to allowing you to bring 
the primary up slowly (and charging the 
capacitors gradually), it also allows full 
control of amplifier output power by vary- 
ing anode voltage 

"The second method, а "step-stan” sys- 
tem, uses a resistor in the T2 primary to 
limit the turn-on surge current, When the 
capacitors have charged, KI is energized, 
Shorting out RIL and applying full voltage 
o the T2 primary. 

FI and R7 protect against high-voltage 
are-overs or short circuits. If sustained 
vescurren is балп, FI will open and re- 
move B+ Trom the RF deck, Use a hen. 
Voltage fuse here; standard fuses may arc 
when blown and not interrupt the В+ R7 
provides current limiting to protect the 
amplifier and power supply in case of a 
high-voltage are 


Safety 

An HV meter should always be used to 
monitor the status of the power supply. The 
Values for R-RIDshown in Fig. 2 will give 
ıa 1500-V de full-scale reading on a 0-1 mA 
‘meter. RG-58 or -39 coaxial cable should 
be used for the high-voltage interconnec- 
tion between the power supply and the RF 
deck. Ground the shield at both ends for 


transformer. Primary, 
у, 900 o 1050 V at 


be dene, 
117 V. socor 
500 mA 


sale and a good de return, 

Safety must be observed when working 
with all power supplies. These voltages are 
lethal! Always disconnect ac power and 
ten discharge the filter capacitors before 
‘working on the power supply. Never guess 
ог make assumptions aboot the status of a 
power supply. Assume it is hot 


Metering 

Cathode-current monitoring is all that's 
really necessary for observing amplifier de 
performance. Cathode current (Iy) is the 
Sum of the plate (I) and grid (lg) currents, 
Normally, when this amplifier s driven to 
300: ог 400-mA L the grid current will be 
‘around 40 to SO mA. The inclusion of a 
arid current meter is not really necessary 
and only makes biasing anê TR switching 
complicated. 


Cooling 

Desired output power and the level of 
rive power available will dictate what ype 
of cooling to use. For intermittent duty 
(SSB, CW) at output levels less than 50 W, 
air cooling is satisfactory, Any small 
blower may be easily mounted to the 
aluminum box surrounding the tube anode. 
For high-duty-cycle modes and/or output 
levels greater than 50 W, water cooling is 
highly recommended, Greater than twice 
"he normal air-cooled output power can be 
obtained from a water-cooled tube, and 
water cooling is quiet, 


Tubo Modification and Water Jacket 

"The first step is to remove the ай radia- 
tor from the tube. The air radiator screws 
оп, so it may simply be unscrewed without 
damage to the tube. 

First, place a hose clamp around the tube 
anode, Secure the radiator fms in a vise and 
grip the hose clamp with a pair of large 
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Fig Dotais о! he solderon water 
Jacket 


Fig 4—Details of the screw-on water 
jacket 


pliers. Gently unscrew the tube from the 
radiator. If the hose clamp slips slightly, 
tighten it 

Some 7289/2C39 tubes use an air radia- 
tor that is attached with setscrews, To 
remove the radiator, Simply remove the 
selserews and pull һе radiator of. 

"The air radiator will be replaced with a 
water jacket that allows water to be circu- 
Tated past the tube anode and through a 
radiator, where it is cooled and circulated 
past the tube anode again. 1 have success 
fully used wo different types of water jack- 
ets; both are described here. 

The water jacket shown in Fig. 3 will 
work with any type of 7269/2039, IL is fab- 
ricnted from a l-inch-OD copper tubing 
сар and two short pieces of "inch-OD. 
brass tubing. The copper tubing cap should 
e available from a local hardware store or 
Plumbing supply house. Brass tubing is 
available (rom many hobby stores and 
metal supply houses. 

Mark and dil the copper cap so that the 
‘brass tubing isa snug fit. Thoroughly clean 
the pars ший they shine. Push the tubing 
into the holes in the end cap and degrease 
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aran vac 


Fig 5— Details of the water cooling system. Recommended pumps aro: (1) Lite Giant 
Pump Co, Model 142A or larger, avaiable тот most hardware stores; or (2) Calvert 
Engineering, Cal Pump Model 8755 (160 да), available vom Calvert, 7051 
%%% Te low indicator (Model 
156; requires two "inch NPT adapters) is valable rom Proteus Industrias, 240 
Polaris Ave. Mountain View, CA 94043 tel. 415-964-4163, 


те assembly with alcohol, Using plenty of shop. Complete screw-on water jackets are 
Fux, solder the seam around each section also available from the author. 
of tubing. Allow the jacket assembly to” Alier you unscrew the air radiator from 
cool, the 7289/2C39, check for and remove any 
Meanwhile, thoroughly clean the 7289/ burrs from the tube anode, The anode sur 
2C39 anode to a bright finish. Check the face must be fiti the rubber gasket is tobe 
water jacket for fit, In some cases, You'll effective. Screw the water jacket onto the 
have io use а 0.005- to 0.010-inch-thick | tube, Tighten by hand only. Do not use any 
copper shim to fill the gap between the tools, or you could damage the tube or 
‘copper cap and the tube anode, This shim jacket! Do not use the water inlet and outlet 
helps eliminate pin holes in the solder. tubes for leverage they have thin walls 
Using plenty of flux, solder the water and break easily. 
jacket to the tube anode, Solder it quickly 
"With a hot, high-wattage iron. Allow the Water System. 
tube to cool in the air after soldering to Fig. 5 depicts the complete water-cool 
avoid thermal shock and possible break- ing system. Recommended pumps and 
‘age. After the tube has cooled, use plenty accessories that have proven reliable and 
of alcohol to remove all traces of Пых from effective are listed in the caption. 
the tube and water jacket. ‘Any small pump, such as a fountain 
‘The second уре of waterjacketis shown pump, that can deliver 160 to 200 gallons 
in Fig. 4. This jacket will work only with per hour can be used here, Most inexpen 
"7289/2C39 tubes that have а screw-on air sive pumps are not self-priming, which 
radiator It is designed to thread onto the means that they won't pump water if they 
tube anode just like the air radiator did. This have air in the rotor. Although water can be 
jacket is machined from a piece of forced through the pump for the initial 
inch aluminum rod. The water inlet and prime, my system uses gravity priming The 
outlet tubes are made from "h-inch-OD, water reservoir is a 210041 
"inch О aluminum tubing thatisepoxied OD plastic pipe that is available from hard 
in place, A rubber gasket seals the jacket ware or plumbing stores. The outlet is at 
against leaks the bottom, and the inlet about halfway up 
you have access to a lathe, you should the column. The inlet is located here to 
have no trouble duplicating the jacket. You eliminate aeration that ionizes the water 
could have one made up at a local machine and reduces its effectiveness, The outlet 


Microwave Radiation Safety 

Intense RF radiation concentrated on body tissues сап 
produce heat damage; the extent and penetration wil depend 
(m the radio frequency In use and on exposure duration You 
Should bo aware of the approximate intensity of АР radiation 
of the transmitting equipment and antennas you come in 
Contact with. 

RF intensity is commonly expressed in millwatis per 
square centimeter (miem) which s tho power flowing away 
from a source through a eit sampling or interception area at 
some spectied distance. Although the United States as yet 
has no federal AF protection standard, a useful interim guide 
is ine 1982 standard of the American National Standards 
Institute (ANSI 82). The most stringent level in tis standard 
1s 1 mWicmi for frequencies between 30 and 300 MHz. Above 
300 MHz, the protection level rises unt it reaches er 
at 1600 MHz. Beyond 1500 MHz, the recommended level 
femains at 6 mien These levels represent the average 
power density alowed over any sh minuto period and are for 
е sum of ah polarizations from а given source. 

"AL 1296 MHz, where one wavelength (^) equals 23 om, a 
thick resonant dipole feeding a calibrated power meter with 
matched coaxial cable (itself ree of pickup) may be used to 
‘bain an indication of power density. A reasonably lossless 
resonant dipole has an effective aperture 017.18. at 23 om this 
866 cm. The power meter reading in miliwatts, divided by 
66, s the indicated power density. For his to be a reliable 
indication, the dipole must be positioned far enough from the 
ВЕ souros to bo in its far held: For a small source, Ihe distance 
should be at least 2, and here that would be about 12 cm (45 
inches). The dipole should be oriented for alignment withthe 
dominant polarization, Note that the power mater must be 
сараре of readings well below 1 mW. 

“This arrangement would ba useful for checking leaks along 
the coaxial route that the high power (nere 250 W) takes to a 
load, be î dummy load or antenna, Cable connectors may not 
be tightly secured, or they may be faulty. For equipment op- 
erating in the SHF region, wavegulde flanges may not bo 
clamped properly. 

Direct measurement of electric field strength near an 
antenna (witha calibrated instrument, preferably one withthe 


indicating meter shielded and possibly positioned at the 
conter of me sampling dipole) is another way to check 
{or adequate protection. А fokd strength of 60 V por meter 
(Vím) corresponds to 1 ben 134 Vim corresponds to 
5 тиот Ata distance 60 cm (2 feel) кот an isolated dipole 
lad with 26 watts, the field streng would bo about 
{60 Vim, Thsisaar-eld eld strength for al frequencies where 
Ihe half wavelength is less than 60 em, ortor frequences above 
250 MHz. For ful 250 watts applied io the dipole, the 60 Vim 
level occurs at a distance of 1.3 meters (6 feel), and at this 
distance this holds for ай requencies above 80 МН? 

‘With SSB or CW keying, the fields during Amateur Radio 
operation are ih intermittent, and usually include consid- 
ratie pauses or intervals lor feng. These factors reduce 
the average power density over the six-minute averaging 
period, 

Further information on RF safety and protection estimates 
сап be found in Chapter 7 of The Satelite Expenmenters 
Handbook, published by the ARAL, The following rules ol 
good pracice for AF protection are recommended 

* Never operate an RF amplio with equipment shielding 
removed 

" Nover handle antennas with RF power applied 

$ Мемет guess that RF levels aro sale. Take Ihe time to 
consulta relablo reference for an estimate, or measure ie. 
fis carefully. Allow a "cushion" of about 6 В (actor of four in 
‘ower density). possible, borrow an AF radiation monitor 
{atter learning how o uso ilj, or consult with a ham who s well 
informed on AF protection. 

~ Never look into an open endo! a power waveguide: never 
point a powered directive antenna (a beam or a paraboloid. 
for example) toward people. Keep ай VHF and UHF transmit- 
ting antennas as high as possible, distant from humans. 

* Use good-qualty, well constructed coaxial cable and 
connector to avoid AF leaks 

" Think RF and electrical safely first; test later! 

+ Watch OST for news on RF measurement techniques 
and progression, protection standards and proposed federal 
эла sate RE regulations —David Davidson, WIGKM 


directly feeds the pump. The pump andthe For this application, a small automobile 
reservoir outlet роп should be mounted im — transmission-oil cooler works great. Most 
the same plan, The pump should be ori- aute. parts stores and speed Shops have 


ational vehicle suppliers are my main source 
for these parts. They are used extensively in 
drinking water systems for mobile homes 


етей so that air bubbles will rise into the а good selection. Pick one that is Similar and travel trailers. Procure the fittings when 


impeller output port and cun be blown out in Size and aspect ratio to a whisper fan 
approximately 4 x 4 x | inches). Some there are many variables to consider, 

come with mounting brackets. Look for a 
cooler with the input and output ports on 
Water cooling is best described as the top so air bubbles wil rise tothetop and 
There is no noisy fan to move on without becoming trapped. 
Trapped air degrades cooler performance 
you use the amplifier for high duty- 
or cut off during amplifier operation. tube cycle modes such as АТУ or FM, or for 
еа CW transmissions (EME, 
Flow interlocks and switches to shut for example), you should use a small axial 
whisper fan to increase the effectiveness of 
the heat exchanger, A fan isn't necessary 
expensive and during normal operation, or even for sus 
reliable. A flow indicator has а spoked tained operation at moderate power levels, 
rotor that tums as water passes through the Ыш highly recommend ane if you plan 
чий. If the wheel is turning, there is Water prolonged operation at maximum power 


once the pump stars running, 
Flow Indicator and Heat Exchanger 
“super quiet. 


reassure you that the tube is receiving 
adequate cooling. I water Пом is reduced 


‘damage is virally assured Tong, slow. 


down the amplifier if water flow is reduced 
fare hard to find asd expensive. Flow indi 
спот, however, are i 


you have the rest of the pars in hand, as 


You can use any relatively sofi, thin- 
wall vinyl tubing for all water lines. The 
main runs aro made from lch hose, 
While Hoineh.ID stock js used to connect 
lo the 7289/2C39 water jacket, The 
/cinch-ID tubing tts snugly over the 
"Tarineh.OD inlet and outlet tubes on the 
water jacket, so no clamps are required, АП 
other hose connections should be secured 
with stainless-steel clamps to prevent leaks. 
Any leaks mean air in the system and dete 
rioration of cooling performance: 


Safety 
The tube anode, and hence the water 


Fw; it not, you have a problem. Changes Locate the fan so the warm exhaust air jacket and wate, are in direct contact with 


in flow rate can be observed by watching won't heat up other equipment 


forspeed changes in the rotor, А small lamp 
illuminates the flow indi 
easy to see rotation. The Пом indicator 


пог, making it Hoses and Fittings 
Most hardware stores carry a complete 
should be mounted where it can be seen line of brass fittings and adapters that can be 


the high-voltage supply, so Some safely 
precautions must be observed. Approxi- 
mately 1210 18 inches of tubing should rua 
between the 7289/2C39 jacket and any 
other component in the cooling system, 


{rom the operating position and monitored used for this projet, Brass, however, will This will allow enough resistance in ihe 


during operation 


the heat from water as it passes through. 


eventually corrode and pollute the water 
Heat exchangers, or radiators, remove supply. Plastic пр ate cheaper und don't 
Corrode, but they are harder to find. Recre 


water to provide adequate current limiting 
Should the water contact any components 
that are grounded 
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Fig 6—Репоптапсе graph ofthe wator-coo 


Iris best to ground the water supply at 
the pump. Do this by replacing a short sec- 
tion ofthe tubing that runs to the How indi 
caor with a piece of brass or copper 
tubing Solder a wire to this metal tubing. 
and connect the other end of the wire to 
your station ground, Use at least 24 inches 
of vinyl tubing between the anode cooling 
jacket and the ground point 

On the warm-water side of the 72897 
2039, гип 12 inches of vinyl tubing to à 
‘small metal fitting or short section of metal 
tubing, and then another 12 inches of vinyl 
tubing to а grounded point (this can be at 
the heat exchanger). You can measure the 
‘water leakage current o ground by placing 
а mieroammeter between the metal fing 
that connects the two vinyl hoses and 
ground. Leakage current should be less 
than 10 HA with clean water and an anode 
potential of 1 kV. As the water ages, the 
Teakage current will rise; when this hap- 
pens, replace the water 

Grocery stores carry distilled water for 
use in steam irons, И may be deionized and 
not truly distilled, but it works fine for 
“bout four to six months in this applica- 
tion. Filters can be purchased from scien- 
tific supply houses, but they're hot really 
‘worth buying because deionized water is 
so cheap. 

Do not use tap water under any circum- 
stances! When you turn on the water sys- 
теп for the first time, run a gallon of water 
through it for half an hour to wash ош fab- 
Fication impurities. Replace with clean 
water before using the system to cool the 
amplifier 

Water was chosen because it's inexpen 
sive, nontoxic, nonflammable and easy to 
ean up if you have a leak. Bette liquid 
coolants are available, but they are toxic 
Don't use them! 


Cooling Performance 
T have used water-cooling systems for 
several years with no problems whatso- 


ever, Fig. 6 is a graph of several transmit/ 
receive cycles on a water-cooled, 500-W 
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jing system, 


output, 23-em power amplifier. For this test, 
used wo of the amplifiers described in this 
artide coupled with a pair of hybrid combi 
ers. This particular cooling system used 1 
gallon of water, Experiments indicate that, 
‘uring extended operation, the water tem: 
perature rises only 30° to 35°F above ambi 
ni room temperature. Typically, the tube 
anode and water average 10° to 15°F above 
ambient during casual operating 

Flow rates in this system are typically 
эһ, gallon per minute per tube, which is 
more than adequate. At this rate, more than 
300 W of dissipation from a single inei 
cient 7289/2C39 were required to boil the 
water in the water jacket The water should 
not be allowed to boil because this will heat 
the rubber gasket. 


Tubes 
It is not really necessary to buy à new 
7289/2039. Used tubes can be found sur- 
plus for around 1 to $5 and, in many cases, 
Will perform as well as anew tube. Most 
used tubes have been siting around for 
several years so it'sa good idea to run them 
through the dishwasher to clean them up. 
and then run the filaments for about 24 
hours. This will restore operation in many 
IE you buy a new tube, you should be 
aware that the 7289/2C39 Is being run far 
їп excess of its ratings in this amplifier. 
"The manufacturer's warranty will not cover 
tubes run in this application. 
‘Contrary to popular opinion, glass tubes. 
will work. Physically, they are not as rug 
fed as the ceramic version, but the glass- 
„metal seal seems to provide better shelf 
Tife than the ceramic seal. The glass tubes 
make great driver tubes and will work fine 
for power levels up to 100-W output, Pulse 
lubes (7815, 7211) are not recommended. 
because of their poor thermal stability at 
high power levels. Also, they generally are 
30 to 40 MHz lower in resonant frequency 
in this amplitier compared to the 7289/ 
2039. Some 7289 tubes can be as much as 
30 MHz lower in frequency. Minor length 


adjustment of the anode-tuning post may 
be required to accommodate amplifier and 
tube differences, 


Tube Insertion 

Extreme care must be exercised when 
inserting the 7289/2C39 tube, Never force 
the tube in place, as damage (bending) 
of the cathode finger stock may result 
‘Observe the layout of the finger stock to 
get an idea of how the tube inserts Care- 
fully position the tube so it is straight as 
{you gently push, It should slide in snugly 
without any solid resistance. 


Testing 

After you have completed all of the 
parts for the amplifier, irs time to test 
Everything before hooking it all together. 
‘Test the water-cooling system by turning it 
оп and watching for steady water flow as 
Indicated on the flow meter. The tube and 
water jacket can be removed from the cav- 
ity amplifier for this test 

Check all of the power-supply voltages 
first without connecting them to the RF 
deck. Then, without the tube in place, hook 
"he bias and filament supplies to the cavity 
and check the voltages again at the tube 
fmger-slock connections. Connect the 
high-voltage supply to the RF deck and 
bring the voltage up slowly with a variable 
autotransformer, Monitor the high voltage 
on the anode-bypass-eapacitor plate, 
land look and listen for any possible arcing 
Between the anode-bypass-capacitor plate 
and ground. Use extreme care when mea- 
Suring and testing the high-voltage supply. 
If everything looks okay with the power 
supplies, shut them off and disconnect 
them. 

You can make a safe, low-power test of 
the cavity resonance without applying any 
voltage. With the tube in place, insert à 
2-inch-long coupling loop on the end of a 
piece of coaxial cable between the spring 
Fingers of the anode down into the cavity. 
Connect the amplifier output probeícon- 
nectorto a device capable of detecting low- 
level RF at 23 cm (for example, a spectrum 
analyzer or microwatmeter). Feed a sig- 
nal from an L-band signal generator into 
саме attached to the wire coupling loop 
that you inserted into the cavity. Set the 
signal generator for various frequencies 
inthe 23-em band and tune the amplifier 
anode tuner, There will be sharp peak in 
Output at cavity resonance 

This testing method сап be used 10 
determine cavity tuning range, anode-by. 
passcapucitor effectiveness and resonance 
of various tube types for use in his ampli 
Tier. Any cavity amplifier can be tested 
completely without ever applying high 
Voltage. The better your test equipment, the 
easier the amplifier is to est. If all dimen- 
Sions were followed strictly, the amplifier 
will tune as designed. 


Amplifier Hookup 
Installation and operation of this 
amplifier is relatively straightforward, but 


as wih any amplifier, several precautions 
must be followed. If these are adhered to, 
‘the amplifier will provide years of reliable 

The amplifier is designed o be operated 
dn à 50-ohm system and should never be 
tured on without a good SÜ-ohm load con 
nected to the output connector, Never op- 
erate jt into an antenna that has not been 
toned to 50 ohms! 

Drive power to the amplifier should 
ever exceed 15 W. Never apply drive 
powerin excess of 1 W unless all operating 
Voltage are present and the tube is biased 
on. Otherwise, the ¿ade grid-dissipation 
tating willbe exceeded and you will prob 
ably ain it 

As in all TR-switched systems, some 
өре of interlock or sequencing of transmit 
And receive functions should be incorpo. 
fated. In most systems, the sequence Tor 
going into transmit is something like this 
First, switch the antenna changeover relay 
from the receiver to the power amplifier. 
Next, bias the power amplifier on. Last, key 
the exciter and apply drive to the amplifier. 
To go to receive, unkey the елей, remove 
operating bias from the amplifier and switch 
he antenna relay back o the receiver. 

Ifthe antenna relays are switched while 
the power amplifier is operating and put 
ting out power, damage to the relay con- 
tacts and/or the amplifier is likely. If there 
% a momentary removal of the antenna. 
While the power amplifier is biased on, 
‘oscillation may occur. This can damage the 
TR гешу, the tube or even the receive 
preamplifier. 


Tune-up and Operation 

This is it — the big moment when you 
will see your project come to life! Connect 
an accurate UHF power meter and a 
Só-ohm antenna or load to the amplifier 
Output connector. A Bird Model 43 watt- 
meter with а 100- or 280 W. 400-1000 
MHZ slug will give reasonable accuracy, 
depending on the purity of the drive signal 
Apply filament power and tube cooling 
and allow 3 to 5 minutes for the filaments 
do warm up. Turn on bias supply (the 
amplifier will draw maximum current if the 
mode voltage is applied without bias). 
Apply 300 to 400 V to the anode. There 
Should be no current flowing in the tube as 
indicated on the cathode-current meter 
Ground JI on the bias supply to apply trans 
mit bias and observe cathode current, As 
RI, the bias control, is turned clockwise, 
‘quiescent idling current should increase 
Set for about 25 mA. 

Apply 1 W of RF drive power, Tum the 


Fig 7—Perlonmance of tha cavity amplior 
utor ferent drive and pg ele 
conditions. 


anode tuner while observing the RF output 
power meter and tune for maximum out 
put. The output should go through a pro 
nounced peak at cavity resonance, Adjust 
C2 and СЗ on the input tuning network for 
maximum amplifier output If possible, use 
A directional wattmeter between the driver 
and the amplifier input to check that best 
input SWR and maximum amplifier output 
occur at roughly ihe same setting 

Depending om the amount of drive 
power available, you may want to tune the 
amplifier for maximum power output oF 
maximum gain, Fig. 7 shows what you can 
expect from different drive levels 

Once the amplifier is tuned for best in- 
put SWR and maximum output with | W or 
drive, anode voltage and drive power сап 
be increased. Increase both in steps; be sure 
10 keep the anode tuner peaked for maxi 
mum output power. When you get to the 
100-W output level, very carefully read- 
just the input circuit for maximum output 
"The input capacitor closest to the cathode 
isertical and should need to he rotated less 
than 90 degrees maximum. Maximum out 
put power will be roughly coincident with 
Best input SWR. 

Increase the drive power and keep the 
anode tuner peaked for maximum output 
Increase the drive until you reach the 
desired output level, but do nor exceed 
400 тА I! At 1400-V de and 350-4 f. 
output power with a good tube shouid be 
about 200 o 250 W. At lower anode volt 
ages, Ix will be higher for the same output 


power. Higher anode voltages result in 
higher gain, lower drive levels, lower grid 
current and lower plate current fora given 
output power. 

‘The anode tuner's tuning rate is ap- 
proximately 5 MHz per turn. Clockwise 
rotation of the tuner lowers the resonant 
frequency of the cavity. This control will 
require readjustment as you make large 
frequency excursions within the 23em 
band (for example, if you go from 1296 
weak-signal work to the 1269-MHz satel- 
lite segment), You should also check the 
input SWR if you move more than 15 Miz, 
Generally, amplifier tuning does not 
change much after initial setup. You should 
be able to turn it on and use it without re- 
tuning as it heats up. Slight adjustments 
may be necessary, however, depending on 
cooling, inherent thermal differences from 
tube to tube and duty cycle of the operating 
mode. Always keep the anode tuner peaked 
for maximum output, and check it from 
time to time, especially while you are first 
earning how the amplifier operates. 

"The output loading control is the output 
connector and probe assembly. Loading is 
changed by minor rotational adjustment of 
the N connector. First loosen the jam-nut 
(or setscrew) slightly. While observing 
output power and Keeping the anode tuner 
peaked, rotate the loading солго! 230 de- 
grees maximum for greatest Output power. 
This should be done only once and should 
mot need repeating unless another tube is 
installed. Even then it may not be required. 


Conclusion 
This cavity amplifier forthe 23-em band 
is capable of safe, reliable operation at 
output powers in excess of 200 W. More 
than 50 of these amplifiers are in opera- 
tion, and you can build one, too. | would 
ke to thank Mike Stahl, КӨМҮС, Bill 
"Troetschel, K6UOH, William Jungwirth, 
AAGS, Lem Moeschler, W6KGS and Jo- 
seph Cadwallader, K6ZMW, for their helo 
and encouragement during the develop- 
ment of this project. 
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2-W, 13-cm Amplifier 


his amplifier uses a resistively stabi- 

lized Hewlett Packard ATF-44101/ 
AT-8 140 power GaAs FET running class A 
to provide 14 dB of gain and a 2-W output 
It wasn't too difficult to choose the 
device hore aren't that many linear 
devices that cover the 2.3 GHz band at this 
power level. Unfortunately, it is fairly 
pricey; the circa 1990 price was around $90. 
Ви since this transistor has been around a 
long time, it may be available surplus. Sev 
eral hundred were sold at the bargain price 
‘of $3 cach about a year and a hall ago. | 
bought a few should have bought more 

Even if you do buy your FETs at bargain 
prices, you stili wll want vo ensure that they 
are biased safely. As has been pointed out 
many times in the literature, having the 
negative gate bias supply fail while the 
¿rain supply is applied may result in the 
destruction of the device. Thus, designers 
have devised elaborate protection schemes 
то shut off the drain supply i the gat sup 
ply fails. 

Tig I shows a simpler power-supply cir- 
cuit, The drain supply is controlled by an 
ordinary 723 voltage regulator with cure 
imiting. The current limiting protects the 
device instead of the expensive FET get 

ос and seif-destructing, the cheap TI 

30 power transistor gels warm. Doing this 
eliminates the need for complex shutdown 
circuits to handle a failed bias supply 
While there are more modern regulator 
chips than the 723, they aren't significantly 
better for this application, In fact, some are 
improved” to the point where they are 
tougher to use, For example, chips with 
ettercurtent sensing circuits ten require 
special low-value resistors. While you 
could use the copper wire table in the ARRL 
Handbook to make your own low-value 
resistors from wire, it makes more sense to 
me tousea 723 with standard, readily avail- 
able pars. 

The gate bias supply is produced by an 
NESSS timer running as an oscillator and 
driving а voltage inverter. An LM337 ad- 
Jusable seminal voltage regulator con. 
"eol the gate supply. Now, you have to be 
a litle careful using adjustable voltage 
fegulatorswith bias supplies. While I 
haven't experienced this myself, it is 
entirely possible that noisy potentiometer 
could momentarily present ап open circuit 
between the wiper and the resistance ele- 
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ment, Conceivably, in some circuits, this 
could result in voltage spikes at the output 
of е voltage regulator as the voltage is 
adjusted, The cure for this is to wire the 
potentiometer so that it never presents an 
open circuit, even with an intermittent 
wiper, as I've done with R9 in Fig I 

For some other GaAs РЕТ circuits, it 
тау be advantageous to use an active Nas. 
supply which operates inside the feedback 
loop of the current limited supply. This 
allows the bias point to be unaffected by 
temperature variations. The current limit 
ing acts as a failsafe, protecting the transis- 
tor if a more negative gate supply voltage 
is unable to turn off the transistor. I've 
successfully used this circuit when only а 
milliamp of bias current was needed, Due 
to the high current required by the gale cir- 
cuit ol the 2-W amplifier, I decided it was 
impractical to active-bias the FET in this 
application: the ICL7660 can't provide the 
needed current. But there are hghercurrent 
versions of this chip, Tor those who don't 
mind the price 


ВЕ Design 
1 found the AT- 140 rather difficult to 
ger unconditionally stable. ended up plac- 


ing a 10041 chip resistor from gate to 
ground, which resulted in pretty good sta- 
bility, except around 2.3 GHz, Омоти 
nately, it doesn't appear possible to de 
decouple this resistor without adversely 
affecting stability, so quite a bit of bias 
Current is needed. Because of this, itis 
conceivable that you may find a FET that 
needs too much gate voltage or a typical 
10041 chip resistor to handle. Whether 
this is the case with а particular FET 
‘depends on bath the threshold voltage and 
the transconductance of the device, The 
threshold voltage сап vary quite a bit, 
particulary in older devices, though the 
manufacturers have tightened up this speci- 
fication in recent data books. Worst case 
would be а large negative threshold volt- 
age and а high transconductance. Stacking 
hip resistors in parallel might be a solu: 
tion, tough this might also invite un 
wanted parallel resonance effects, similar 
to what is seen with paralleled capacitors, 

"While in-band stability is not too criti- 
cal, since the source and load impedance 
matching is usually pretty good at the oper 
ming frequency, 1 used a Series resistor in 
"he gate decoupling line to make the ampli 
fier unconditionally stable, according to 


MGE 1801 Output Output бат 

over 

(авт) (dem) (авт) bee, 
57 


So 1967 тат 
00 125 ж 141 
30 195 207 142 
40 165 308 мз 
So 175 307 142 
80 184 326 142 
% 192 $3 141 
go — 23 929 136 
„% 22 зат 131 

%% 221 мв 125 

130 242 349 107 
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Table 1—Measured Amplifier Performance 
Imputto Оте AT 8140 AT 8140 


The 1-28 compression point is at 34.1532 dBm output 
Comparing measurements made using an НР85еЗЕ spectrum analyzer against hose 
made with an HP 4338/84018 power moter, a signal that measures 4.7 бт on the 
Spectrum analyzer reads out ав 3.8 dBm оп the power meter, The values sled aro 

fam the spectrum analyzer, taking Into account a 30248, 25-W Bird attenuator 
Inserted between the amplior and tho analyzer 


Gote Supply 


Fig 1—Ронег supply for he 2.W, is on ampio, 


the computer model, This series resistor 
also improved the input match bandwidth, 
эп important consideration if you don't 
‘Want o Lone the amplifier, OF course, im- 
proving the bandwidth with resistance also 
‘reduces the gain. The loss isn't oo bad, 
however, seeing as this design is within a 
few dB of the maximum stable gain the data 
sheet specifies. The design was optimized 
with 150 @ of series resistance, but I de- 
cided that such a high value was unwise. 

To accommodate such a high series resis. 

tance, it is entirely likely that the negative 
Supply voltage would have to be more 
negative than the VGS limit. Then, i the 
10041 resistor were to fail opencitcuited, 
the supply could damage the gate of the 
transistor. For this reason, I chose to use а 
5041 series resistor. didi t reoptimize the 
design for 50 Q of series resistance, since 
"he likely improvement was small com- 

pared to the variations I've seen when op- 
isicing the unit on the bench. 

Finally, 1 discovered that additional 
gate circuit bypassing was required at 
audio frequencies to prevent the circuit 
from oscillating. This was done with a 
Ex capacitor that is nor shown in the com> 
pater model. This frequency range wasn’t 
covered by the model 

Several dB of additional saturated output 
power was obtained by modifying the out- 
Put network with foil tabs. AT-8140% satu- 
Fate at about 22 W output with around 200 
mW of drive, An advantage to optimizing 
the circuit by modifying the 5041 sipines 
atthe input and output of the amplifier |s that 
he stability should not be adversely af- 
fected. But the board does have to be made 

сг to accommodate such tuning- 

The original design was optimized 
using Microwave Harmonica, with the re- 
sults shown in Table 2 and Fig 6. After I 
tweaked the output network 19 gat maxi- 
‘mum output power, | entered the changed 
circuit components into the computer and 
analyzed the circuit, resulting in the analy- 
sis shown in Table 3 and Fig 7. Table 1 
shows the performance of the circuit in its 
final configuration 


(Construction Notes 
То ground the drain bypass capacitor 
and the gate resistor, Т cut slots in the board 
and connected the pads to the ground plane 
with I-mil copper foil. Copper foil was also 
used to connect ihe gate bypass capacitor, 
though in this case [trimmed the board 
50 that it wasn’t necessary to cut a slot. 
For high-quality grounding without lots 
огу screws, I decided to try using a heat 
spreader made ош of I-mil copper oil T 
cut a hole in the circuit board for the FET 
and then carefully soldered the foil across 
the hole in the circuit board, taking care not 
to put any solder where it would interfere 
with heat-inking action. I didn't want any 
air pockets, as they are extremely poor con. 
ductors of heat. Then, after attaching the 
board to a piece of 0.25-ineh sheet alumi- 
num with suitably tapped holes, 1 used a 
Scrivet punch holes for the 0-80 screws to 
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Fig Schematic diagram for the 2 W amphi 


Ci, C2—10-pF, high-quality porcelain chip 31, 42—SMA jacks. The absoluta maximum channel 


CCCP 

‘though 100-mi capacitors should work medium power GaAs FET. This device _ junction thermal resistance s 23 CM. 

justine Must be propery heat sinked. TALI-16—Microstiplines olehod on 0031. 
(net lek е, = 285 Telon ocu board. 


сї. ©5_1000-рЕ NPO chip capacitors 
© ЁТ, 16 tantalum capacitor. 
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[Table 2— Microwave Harmonica Analysis 
(Original Circuit) 


Table 3—Microwavo Harmonica Analysis. 
(Optimized for Output Power) 


Fig 4—Parts placement diagram for he 
2W amplifier, Points labeled XX should 
Бе connected to the ground plane using 
copper to 


board. 


Fig 5— Etching pattem or the 2-W amplifer. Use .031-nchhick, v, = 2.55 Teflon circuit 


MICROWAVE HARMONICA PC VES 
dee 


monowave mammona PO vss 


Fig б—Монано Harmonica analysis of the circuits S 
parameters after computer optimization 


‘mount the PET. Ideally, clean holes would 
be punched into the copper, but 1 couldn't 
figure ош a way to do that with the tools L 
have available. used 0-80 screws, which 
эге the largest screws I've found that will 


fit in the mounting holes, While I've used 
smaller screws in the past, 1 prefer using 
the largest screws possible since laps gen 
erally get tougher to use as they get smaller, 
T built one amplifier using 0.1 25-inch thick 


Fig 7 Aer the output network was opliized on ine bench or 
maximum output power, Microwave Harmonica produced this 
Analysis ofthe resulting circu. 


{5061 aluminum, but found that 10 be loo 
thin 10 easily make the tapped holes for 
attaching the connectors and brass st 
although the finished mounting plate was 
‘iff enough 
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By Al Ward, WBSLU 


1296-MHz Solid-State 
Power Amplifiers 


Explore the DX possibilities of the 23-cm band with 


ith the ever-increasing number of 

ready-to-go 1296-MHz transvedters 
available on the market today, there is a 
{eat demand for a simple and economical 
Way (0 generate higher power than the 
typical 0.5 10 | W output shese transverters 
provide. If 1 W or less is used to anve a 
typical 2C39/7289 stripline or cavity 
amplifier, the low output power is often dis- 
appointing. A tube-type amplifier run with 
TKV on the plate typically offers » gain of 
10 dB. This means that, at best, You can 
expect 5- 10 10-W output from yout I-W or. 
Tess input. 

A popular way of generating higher 
power is to cascade two tube-type amplifi: 
ers Tor 50- to 100-W output, Here | will 
Show you an alternative: two solidstate 
amplifiers that can replace the tubetype 
driver amplifier and provide 10- to 20-W 
output enough to drive a two-tube ampli- 
fier to full output. 

"The NEC NEL1306 and ihe NELI320 
1300-MHz power transistors are an eco- 
nomical solid-state approach to generating 
moderate power levels (10-20W) at 1269 
and 1296 MHz. These amplifiers can be 
used for terrestrial or sateffite work, When 
OSCAR 10 was designed, it was thought 

at 10 W imo a modest gain antenna 
(20 dBi) would produce usable signals 
from the sateffite. Unfortunately, ите 
Were some problems, and the sensitivity of 
АО-10 was not as originally expected for 
the Mode.L uplink. These amplifiers can, 
however, be used аз a driver for а higher. 
powered tube amplifier for Mode-L ser- 
Vice. If all goes according to plan with the 
Jaunch of AMSAT-OSCAR Phase IIC, 10 
10.20 W with a 20-48 pain antenna will 
produce acceptable downlink signals 

The NEL1306 is rated for 6-W oup 
1296 MHz at the 1-48 compression point 
the NEL 1320 is rated ш 20 W. These do- 
vices offer several advantages for amateur. 
experimenters. They were designed for 
collector voltages of 12- to 13.6-V de, 
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these modern amplifiers. 


making them ideal for portable and mobile 
‘operation. Although the price may seem 
high to someone familiar with HF parts, 
these devices are less expensive than most 

rowave power transistors. The NEL 
1306 is in the $26 price range, while the 
NEL1320 costs about $42. California East- 
em Laboratories makes these transistors 
available in single lor quantities, so you 
don't have to be "in the business” to get 
your hands on them. 

The performance of the amplifiers 1 
built and tested is shown in Table I. The 
NELI306 is a good buy. With LS-W input, 
6- to 8-W output сап be achieved. When 
the amplifier is tuned up at lower power 
Jevels, power gain can be as high as 10 dB. 
With 200-mW drive from my homemade 
transverter, an output power level of 2 W is 
stainable. 

Power gains as high as 17 dB are pos 
sible with п dae lege amplifier (an 
NEL1306 driving an NELI320). With a 
mere 200 mW of drive, 10-W output is 
possible. When the pair of amplifiers is 


driven with 1 W and tuned for maximum 
power output, the 1-48 compression point 
OF 18 W will be achieved. 


Circuit Details 

The basic design, shown schematically 
in Fig. I, is an adaptation of a circuit 
described inthe NEL 300 series datasheet. 
The design incorporates 30-ohm quarter- 
wavelength microstriplines on the input 
asd output. C3, C4, C7 and C8, along with 
LI, form a pi network that matches the low 
input impedance of the device to 50 ohms. 
CS. Сб, CO and CIO and the 30-ohm trans- 
mission line (L2) form an output pi 
Network that maximizes power transfer 10 
50 ohms. CIO is not always necessary, de 
pending on variations among devices and 
Circuit board material. 

T designed the amplifiers for 0.031 -inch- 
thick, double-sided glass-epoxy circuit 
board, A 30-ohm line in this dielectric 
equates to a line Width of 0.121 inch, which 
is equivalent to the width of the collector 
and base leads of the NEL1300 series 


Table 1 
‘Typical Operating Conditions for the 
Amplifiers 


Device NEIOS81-12  NEL132081-12 
Paid . лен 
compression 

рот) 

Gain (1-68 6 aB yp. вевур 
compression 

рату 

ele, 4050% p 
bee, 

Тато curent 50 ma 150 mA 
PCS зол 
отровот 

point 

p» 135 sv 
Pomor input haa W 405W 


1296-MHz Solid-State Power 


1000 000, 


F 


moor EApACIANCE ANE т MICROPARADS Гук): 
БИЕ 


RESSTANEES ARE м onus; 


Fig, 1 Sehomat diagram ol the МЕГ 1306 and NEL1320 1296-MHz solid-state power aspis. The schematic i Identical for boty 


‘versions. Component values aro the same except аз noted. 


C1, C2, CH, C17—10-pF chip capacitor. — C12,C14—100-9F chip capacitor 
©з, C4, C5, C6—3.6- to 5.0-рЁ chip C13, Č16.-0.171F disc ceramic capacitor. 
e Сте пор electrolytic capacitor 
C7, C1 8 to eo ge miniature timmes D1- 1N4007 diode. 
capacitor (Mouser 24AA070 or equi. E L2- Sd eee 
E тот long (see tex) 
CCC 
NEL1306 amplior. For the NELISoO NELIS2081-13 (18 W) transistor 
version, 0.8- to 10.ре piston tammers RI—Be-10 10042 resistor, Z W minimum. 
Bre aea ботала 8200 sores or Vary for specified iding current. 
equiv 


Ta 


Fig 2 Paris placement diagram and fuerza etching pater for the solid-state 
1256 MHz power amplies. АП components mount onthe etched 3100 of the board. 
‘The same PC boards are used for each version 


210-0, YeW carbon-composiion 
resistor with zero: lead length, See tes, 

gr dsh. 1W carbon-composition 
resistor 

AFCT= Si no. 24 wiro, 0.125 inch ID, 

spaced t wire dam. 

es Ino. 24 wie, 0.126 inch 10. 

spaced 1 wire diam. 

RECS 1nd RF choke; 18t no. 24 onam. 

Сове зрана on а 150-10 toroid core. 


devices. This minimizes the discontinuity 
between LI, L2 and QI. 

Bias is provided by RI, R2 and DI. RI 
can be optimized, if desired, to adjust the 
collector idling current 

selected RFC! and RFC? by choosing 
the lowest possible reactance that will not 
affect power gain or output power, The RF 
chokes and the 10-pF bypass capacitors 
afford adequate decoupling at the fre 
‘quency of operation. The values of RECI 
find REC? are purposely made different to 
avoid oscillations caused by bias-choke 
coupling 

‘After building several of these amplifi- 
ers, noticed that the transistors sometimes 
generated low-frequency spurious signals. 
Although these signals were very low in 
amplitude and caused no problems, they 
were annoying. I found that 1 could elimi 
nate them by keeping the high-frequency 
RF chokes in the collector circuit as small 
as possible and adding the parallel 
RAIREC3 combination, as well as bypass 
capacitors C14, CIS, C16. RFC? must be 
capable of handling 1 A forthe NEL1306 
and 3A for the NEL1320, so 1 made special 
RF chokes to withstand the current 


Construction 

Identical construction techniques аге 
used for both amplifiers. Most of the com. 
ponents are mounted to the PC board. and 
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the board and transistor are mounted to an 
aluminum base plate made from lich. 
{hick stock. PC-board layout is shown in 
Fig. 2. Two separate boards are used. one 
forthe input side and one for the output 
and they are mirror images of each other. 
Тһе copper is retained on the bottom side 
and servesasa ground plane. The grounded 
areas on the top side must have a good 
‘connection o the bottom ground plane for 
Tow-inductance grounding of the transistor 
emitter leads, matching capacitors and bias 
circuitry. Etched PC boards and partial 
paris kits for this project are available from 
A & A Engineering.” 

Several effective methods of connect 
ing the top and bottom ground planes are 
summarized here. 

1) Plated-through holes at the cee! 
grounding areas mentioned earlier, 

2) Use of pins or screws that penetrate 
through the circuit board into the alumi- 
num base plate at the critical areas. 

3) Use of “wrap-around” foils on all 
edges of the ground plane 

Plated-through holes are often used in 
ıhe commercial and military electronic 
marketplace but are not so easily repro- 
duced in the average builder scircuitboard 
‘hop. I've found thatthe best technique for 
the home builder is a combination of meth- 
‘ods 2and 3. ist, wrap thin copper or brass 
foil around the board edges and then solder 
the foil o the top and bottom. Sometimes 
called "shim stock,” thin sheet metal is 
often available from hobby shops or metal 
Suppliers. Next, drill holes through the 
hoard and use no. 4-40 screws to tie the 
circuit board to the base plate at the critical 
areas shown in Fig. 2 

"The transistor must be mounted so that 
its leads lie flat against the PC board. This 
poses а slight problem, since the transistor 
leads protrude from the device 0.165 inch 
above the bottom of the flange, and the PC 
boards are only 0.031 inch high. There are 
a couple of ways around this problem. They 
‘work equally well, so choose the method 
that is easiest for you, 

If you have access te a machine shop, 
you can mill out a 0.240-inch-wide by 
.090-ineh-deep slot in the aluminum base 
plate to clear the transistor flange. This is a 
Simple task on а milling machine, and you 
can probably find a local machine shop that 
will do small jobs when business is 
slow, The other method is to mount the 
transistor to the base plate and use a piece 
‘of 0.090-inch-thick aluminum sheet to 
bring the input and output PC boards up to 
the right height. The 0.090-inch dimension 
allows a wrap-around foil and solder 
ийдир of 0.040 inch, maximum. 

1 use L'inch-long screws to secure the 
transistor to holes drilled and tapped in the 
aluminum base plate, The extra screw 
length that protrudes from tte bottom of 
The bae plate allows the use of an external 
heat sink, which is suggested if continuous 
operation is desired, 

The clearance holes in the NELI300 
devices are for no. 4-40 hardware. I drilled 
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Fig 3— Constrcton details for бе solid-state 1296-MHz power ampilier, Soe text Tor 
addtional топтап, 


out the holes to accept no, 6:32 screws to amplifier in an aluminum die-cast box (Bud 
make the assembly more rugged, although CU-124B or Hammond 15908) and run 
this may not be necessary. Be careful if miniature S0-ohm coaxial cable such as 
you decide a drill out the holes to accept RG-174 from Qe amplifier board to the con- 
no. 6-32 hardware he transistor flange is nector. The amplifiers shown in Figs. 4 and 
зой copper, and you could damage the 5 use standard SMA connectors mounted to 
device. Use a smali vise to holû the transis- the walls of the metal Box. BNC or Type-N 
tor flange during the drilling operation, connectors should work equally as well 
Solder the components to pads on the When preparing each end of the coaxial 
board using surface-mounting techniques. cable, st to keep the pigtail leads as short as 
Silver solder (2%) is recommended forthe possible (Ук inch or Tess) otherwise the 
chip capacitors, but SN63 will work fine. — mismatch will be dificult to tune out 
Usea 15-W iron and solder quickly to avoid 1 compared the performance of an am- 
burning the metallization off the capacitors. plifier with end-launch connectors to that 
"The transistor leads should be soldered of another that used the approach just de- 
in place only after the circuit boards and scribed. I could measure no difference in 
transistor have been firmly bolted down to gain or 1-4B compression point. 
the base plate. This is necessary to mini- Considerable effort was put forth to make 
mite any buildup of stress in the transistor sure the amplifiers are stable, The devices 
leads. Chio capacitors СЗ, C4, CS and C6 have fairly high gain at the frequency of 
should be soldered directly onto the leads operation, 50 layout and good construction 
of QI to ensure the shartest possible lead practices are very important. Here are some 
length. Keep DI close to Q1. Thermal com- construction hints that can help ensure am- 
pound will enhance heat transfer to DI to pice performance and stability. 
Ensure minimal drift in idling current with 
temperature changes. 1) Use the smallest (physical) size vari 
Th the original design of these amplifi- able capacitors that will still handle the RF 
ers, Johanson piston-trimmer capacitors | current 
(5200 series or equiv.) were used for C7, 2) Use wrap-around ground foils as 
{€8,C9 and C10. These capacitors are fairly noted. Grounding screws are required at the 
large, and in some instances the coupling critical RF-ground areas near the shunt 
between the bodies of СВ and C9 was variable capacitors, shunt bypass capaci 
enough to cause an in-band oscillation, tors and QI emitters. 
Smaller variable capacitors should be used 3) Connect braids from the coaxial- 
ifatall possible. I've used a 1.8- to 6.0-pF саме jumpers to the same ground as the 
miniature ceramic trimmer capacitor, shunt variable capacitors, 


Mouser Electonics part number 24AA070, ) Use as little lead length as possible 
a the input and output networks of the оп R2 less than '/ inch. 
NEL1306 amplifier and in the input net. 5) In some instances when the large pis- 


work of the NELI320 amplifies with no ton trimmers are used, a shield approxi 
performance degradation I did use We mately % inch high mounted on top of QI 
Johanson piston trimmers in the output and grounded vis the mounting screws Can 
network of the NEL1320 amplifier because improve isolation between CB and C9, 
of the high RF currents involved 
"The PC board makes use of end-laynch Tune-up and Operation 
SMA-type connectors, Fig. 3 illustrates Measuring RF power at 1296 MHz can 
%% be difficult. I used a calibrated 20-48 
SMA connectors can be mounted to the directional coupler along with enough a 
ейде of the base plate using two of te four | tenuator pads to allow power to De read 
mounting holes. Drill and tap the base plate with a Hewlett Packard HP430C power 
Tor no. 2-56 hardware. Be careful—it's meter and an HP477B thermistor mount 
easy to accidentally cross-thread orover Even better is the HP431 power meter with 
torque the no. 2-56 hardware its associated HP478A thermistor mount (a 
‘An alternative approach is to mount the newer version of the HP430C that does not 


Fig 4—Tnis НЕС 30б ampliar was bull inside а die-cast Бох. 
тул to the connectors 


Miniature соаха сав, 


suffer from temperature-drit problems) 
Bird offer several low-power elements for 
the popular model 43 in this frequency 
ange, Bird 400-1000 MHz elements are 
common, and they can be used with de- 
creased accuracy. 

Begin initial setup of each amplifier by 
terminating the input and output in good 
50-ohm loads. recommend that you use а 
ose in the collector lead of QI to protect 
the device until you are suce everything is 
working normally. Start with al capacitors 
at minimam. Apply 12- to 13.5-V de to the 
Ver and bias terminal. The collector idling 
current should be as shown in Table 1. Vary 
the value of RI for correct idling current 

For the NEL1306 amplifier, мап out 
with 50 to 100 mW of drive. Adjust the 
output network for maximum power out- 
put and then peak the input network for 
‘maximum output power, Increase drive 
and repcak both matching networks for 
rated performance as shown in Table 1, 
Similarly, мап out with approximately 1 
Woof drive for the NEL1320 and follow the 
same procedure. After а minute or two 
of operation at maximum power output 


remove RF drive power und check to see 
thatthe collector idling current has noi 
increased more than 25% over the inital 
setting. Keeping DI in close contact with 
QI will minimize drift in idling current 
‘with temperature changes 

Tf you're going vise transistor switch 
ing to apply de to the power amplifier 
‘tages during transmit, consider the follow- 
ing technique. Apply 13.5-V de to the Vec 
terminal during receive and transmit. Use а 
Series transistor switch to apply 13.5-V de 
to the bias terminal during transmit. A 
power transistor capable of carrying only a 
Tow hundred milliamperes of bias current, 
as opposed to several amperes of collector 
current, will be required. More important, 
the voltage drop across the transistor 
Switch in the Voc line will be eliminated, 
This will ensure maximum power output of 
the NELI300 devices by keeping Voc at 
13.5-V de 

Switching the bias port off during 
receive is important for another reason. 
‘Normally during receive periods, the am- 
plifier is left unterminated, Sometimes the 
Input port is also eft open. Depending on 


TESTS NELIS20 ampir is vinualy drial oe 
NüLT300 version of Fig 4, except lo the capactore on Ine output 
Sirip ine. C10 was nol necessary On ths version: 


the length of the unterminated 50.0hm 
cable on the amplifies ports, the unit may 
Show signs of instability if it is drawing 
idling current. 

‘Several amateurs in the Dallas area have 
duplicated these amplifiers with no prob- 
Jems. Other amplifiers of this design are in 
use in different рап» of the country. The 
NEL1300 series amplifiers offer a simple 
and inexpensive means of generating me- 
dium power on 1296 MHz. You'll be 
amazed at what you can work with 18 W 
hat you can't with 1 W. 

Т wish to thank everyone who offered 
technical advice, especially Wes Atchison, 
WASTKU, for helping with the construction 
and evaluation of he prototype amplifiers. 


Notes 

WEC transistora are available ram Calloria 
Eastern Laboratories, 3260 Jay Sty Santa 
lara, CA VA, ta 408-988 3500 

2Complate constucion dese tar th rans- 
‘ner may oe found m Chapter 32 0l ine 1906 
ЛАА Handbook 

ARE A Engineering. 7970 Orchid Dr Buona 
ark, GA BORGO, tel 714-821-4160. 

*Meusor Electronics, 11433 Woodside Ave. 
(Same, CA 92071. tl 619.449 2222. 
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Amplifier Care and 
Maintenance 


With few moving parts, your amplifier can be 
easy to overlook. Here are some ideas for taking 


mplifiers come in all shapes and sizes, 
large and small light or heavy, tube or 
Solid-state, VHF or HF. Regardless, they 
Эйпеейа!йе TLC from ime to time. They 
San сом as much as top-of-the-line radios, 
Sois important that they get file main. 
tenance on а regular basis 
‘While chie article Focuses on amplifiers 
that use vacuum tubes, many of the ideas 
presented here can and should be applied to 
ny amateur amplifier -HF or VHF/UHF. 
Solid-state amplifiers operate at lower 
voltages and generally have fewer points 
of failure, but they stil need occasional 


Safety First 

H is important 10 review good safety 
practices. Tube amplifies use power sup. 
‘ly voltages well in excess of 1 KV and the 
RF output at full throne can be hundreds 
of volts, as well, Almost every voltage in 
an amplifier can be lethal! Take care of 
yourself and use caution! 

© Power Conrrol.-Know and control 
the state of both ac line voltage and de 
power supplies. Physically disconnect ine 
Cord: and other power cables when you are 
not working on live equipment, Use a lock- 
ош on circu breakers. Double-check vi 
sally and with a meter to be absolutely 
sure power has been removed, 

e Interlocko—Unless specifically in- 
structed by the manufacturer's procedures 
to doo, never bypass ог "rig" an interlock. 
This is rarely required except in trouble 
shooting and should only be done when 
absolutely necessary. Inorlocks are there 
to protect you. 

© The One-Hand Rule- Keep one hand 
in your pocket while making any measure 
ments on live equipment. The hand in your 
pocket won't give current а chance to flow 
{hough you. Ins also a good idea to wear 
shoes with insulating soles and work on dry 
surfaces. Current can be lethal even at mil 


care of amplifiers. 


liampere levels—don’t tempt ihe laws of 
physics 
Patience—Repaiing an amplifier 

isn'ta race. Take your time, Don't work on 
equipment when You're tired or frustrated. 
Wait several minutes after turning the 
amplifier off to open the cabinet. capaci 
{ors can take several minutes to discharge 
through their Bleeder resistors, 

® A Chicken Stick Make this simple 
safety accessory shown in Figure | and use 
it whenever you work on equipment in 
which hazardous voltages have been 
present. The ground wire should be heavy 
duy (12 gauge minimum) due o the high 
peak currents (hundreds of amperes) 
present when discharging a capacitor or 
{ripping a circuit breaker. When equipment 
is opened, touch the tip of the stick to every 
exposed component and connection that 
you might come in contact with. Assume. 
nothing accidental shorts and component 
failures can put voltage im places it 
shouldn't be. 

e The Buddy System and CPR- Is al- 
ways & good idea to use the buddy system. 


when working around any equipment that 
has the potential for causing serios injury. 
‘The buddy needn't be a ham, just anyone 
who can be nearby in case of trouble. Your 
buddy should know how to remove power 
and administer basic first aid. Since hams 
"work around electrical equipment fo 
quently, it would be a good idea to have 
Your buddy or someone in the household 
Know CPR, as well” 


Cleanliness 
"The first rule of taking good care of an 
amplifier is cleanliness. 1 realize that 90 
percent of ham shack have just failed the 
first rule. Amplifiers need not be kept spar- 
Kling new, but their worst enemy is heat. 
Excess heat accelerates component aging 
amd stresses those expensive tubes and 
transformers, There are two areas to Keep 
clean ihe inside and the outside. 
Guide ба pie, Jon ned 
went dust and obstructions from block 
the paths by whieh heat is removed: TM 
„means keeping all ventilation holes free or 
the ever-present dust bunnies, pet hair and 
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aripller Wat should Do dischargad actualy le: сап de 


Amplifier Maintenance 4-1 


insects. Fan intakes are particularly sus- 
ceptible to inhaling ай sorts of “доор.” Get 
out the vacuum cleaner and clean not only 
the amplifier, but the surrounding areas. 
Don't even think about letting liquids any- 
where near the amplifier. One spilled cup. 
of coffee can cause hundreds of dollars of 
damage. 

Keep papers or magazines off the 
amplifier even if the cover is solid metal. 
Paper acts as an insulator and Keeps heat 
from being radiated through the cover. 
Amplifier heat sinks must have free air ci 
culation to be effective. There should be at 
Teast a couple of inches of free space sur 
rounding an amplifier on its sides and top. 
If the manufacturer recommends а certain 
clearance, mounting orientation or airflow, 
follow those recommendations. 

Just as the outside needs to be kept 
clean, so does the inside. High voltage 
(HV) circuit attract dust like crazy. The 
„dust slows heat dissipation and will even- 
tually build up to the point where it ares or 
<arbonizes. Ош friend the vacuum cleaner 
should make another appearance to remove 
any dust or dirt. If you find insects (or 
worse) inside the amp, try o determine how 
they got in and plug that hole. Window 
screening works fine to allow airflow while 
keeping out visitors. While you're clea 
ing the inside, this is a great time to pe 
form a visual inspection as described in the 

Vacuuming works best with an attach- 
ment commonly known as a “crevice 
cleaner? Figure 2 shows a crevice clean- 


ing attachment being used with a small 
paintbrush to dislodge and remove dust, 
Don tuse the vacuum cleaner brush attach- 
ment: they re designed for floors, not elec 
tronics. Some vacuums also have a blower 
mechanism, but these rarely have enough 
punch to clean as thoroughly as a brush, 
Besides, that dust you blow all over is go- 
ing to wind up in some other equipment, so 
it's best to take it ош of circulation, s0 to 
speak, The brush will root dust out of tight 
places and off components without dam 
aging them or pulling on connecting wires. 
Tf you can't get а brush or attachment 
(lose enough, a spray can of compressed 
air will usually dislodge dust and dirt. If 
you use атар or towel to wipe down panels 
or large components, be sure not to leave 
threads or lint behind. Never use a solvent 
or spray cleaner to wash down components 
unless the manufacturer advises doing so- 
you might leave behind a residue or dam- 
age the component. 


Visual Inspection 

Once the amplifier has been cleaned, 
it's time for a visual inspection, Remove 
any internal covers or access panels 
amd. stop! Get out the chicken stick, clip 
Уз ground lead securely to the chassis and 
touch every exposed connection, Now 
using a song light and possibly a magni- 
Tier, look over the components and 
connections. Amplifiers have far fewer 
‘components than transceivers do, so it's 
quite feasible to look at every component 
And insulator. Look for cracks, signs of 


Figure 2—A small paintbrush and a vacuum cleaner crevice attachment make dust 


removal easy 
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arcing, carbon traces (thin black lines), dis 
‘coloration, loose connections, melting of 
plastic, and anything else that doesnt "look 
Fight” This is a great time to be sure that 
‘mounting and grounding serews are tight. 
While you're in there, does anything smell 
burnt? The nose can quickly detect the 
odors of toasted transformer, cooked 
Pacitor or roasted resistor. Learn the smells 
‘of healthy and not-so-healthy components 
Make a note of what you find, repair, or. 
replace even if it's absolutely nothing. If 
You don’t keep a shack notebook, start опе. 
A simple spiral notebook with notes about 
‘maintenance, wiring, color coding, antenna 
behavior and so forth can be a big time- 


Electrical Components 
An amplifier contains many heavy-duty 
ну and RF components, These can be cx. 
pensive and hard 1o replace so it s impor 
fan that you take good сше of hem Lets 
мап withthe power suppi 
Тиге are re basie paris ө amplifier 
wer supplies She ac uansformer an 
те device, the тесийе e and the 
reterinprgulaion circuit. Transform. 
а need litle maintenance except 10 be 
фер cool and be mounted securely. Line 
Components such aw switches, Circuit 
еде and fuses, if mechanically sound 
and adequately rated, are usually electri 
йу okay, as wel 
Rectifiers and the capacitors that filter 
the HV de requie occasional cleaning 
Look for discoloration around componens 
mounted оп a printed circuit board (PCB) 
and make sure hal all wire connections are 
secure. HV capacitors are generally elec. 
"oye or oil and should show no signs of 
leakage, swelling or outgassing around ter- 
minds 
Located at the output of the filter, com- 
ponents that perform metering and regula- 
боп of voltage and current can be affected 
by heat or heavy dist W there has been a 
failure оГ some other component in the 
amplifier such as a ube- ihe circuits 
aun be stressed severely. Resistors may 
Survive substantial temporary overloads, 
but may show signs of overload, such as 
discoloration or swelling 
Amplifiers contin two types of re- 
laygcontral and RF. Control relays 
sitchac and de voltages and do not handie 
input or output RF energy. The usual prob- 
lem encountered with control relays is oxi 
ation or pitting of their contacts, A bur- 
fishing tol can be шей to clem relay 
Contacts Ina pinch a р of ordinary paper 
can be pulled betucencontacis geny held 
Closed. (Avoid the temptation to over clean 
Silver -plated relay and switch contacts, as 
the author points ош later. T is easy to re 
move contact plating with excessive poli 
and wile silver plated relay and switch 
сомасы may appear lo be dark in color. ori- 
Sized silver (black) is suli good conductor. 
Once the silver's gone, 109 gone; contact 
erosion will then be pervasive i 
sista inspection shows heavy pining or 


discoloration or resistance measurements 
Show the relay to have intermittent contact 
quality, it is best replaced 

RF relays are used to perform transmit- 
receive (TR) switching and routing of RF 
signals through or around the amplifier cir- 
culty. Amplifiers designed for full break 
in operation will usually use а high-speed 
vacuum TR relay. Vacuum relays are scaled 
and cannot be cleaned or maintained. When 
you replace RF relays, use а diret replace- 
ment рап or one rated for RF service with 
the same characteristics as the original. 

Cables and connectors are subjected to 
heavy heat and electrical loads in amplifi- 
en. Plastics may become brittle and con- 
nections may oxidize. Cables should re- 
main flexible and not be crimped or 
pinched under clamps or tie-downs. s a 
good idea to gently wiggle cables while 
‘Watching the connections at each end for 
looseness or bending. Connectors can be 
unplugged and reseated once or twice to 
clear oxide on contact surfaces, Carefully 
inspect any connector that seems loose. Be 
especially careful with connectors and 
‘ables in amplifiers that have RF decks that 
fare in separate enclosures from those of 
their power supplies, Those interconnects 
are susceptible to both mechanical and 
electrical stress and you don't want an en- 
ergized HV cable loose on the operating 
desk. Check both the soldered electrical 
integrity and the mechanical stability of 
"hose cables and make sure they are tightly 
fastened. 

AS with relays, switches found in am 
plifiers are either control function orien 
fated or RF routers. Adequately rated con- 
"rol switches, if mechanically sound, are 
usually okay. Bandswitches are the most 
common RF switeh- usually a rotary phe 
moli or ceramic type. A close visual jn 
Spection should show no pitting or oxida- 
tion onthe wiper (the part of the switch that 
rotates between contacts) or the individual 
contacte. Arciag or overheating wil 
quickly destroy rotary switches, Figure 3 
îs a photo of a heavy-duty band switch that 
has suffered severe damage from arcing. 
Slight oxidation is acceptable on silver. 
plated switches. Phosphor-bronze contacts 
Can sometimes be cleaned with alight scrub. 
from a pink pencil eraser, but plating can 
be easily removed, so use caution with this 
method and be sure to remove any eraser 
‘crumbs, Rotary switch contacts cannot be 
replaced easily although individual wafer 
sections may be replaced Fan exact match. 
ing рап can be obtained, 

Amplifiers use all types of capacitors 
and resistors, When replacing them, be sure 
touse a part rated for the use to which it will 
be put. Voltage and power handling ratings 
are particularly important, especially of 
hose handling high RF currents. An RF tank 
capacitor replacement should be checked 
carefully for adequate RF voltage and cur- 
тем ratings, not just de. НУ resistors are 
generally long and thin to prevent arcing 
Across their surfaces, Even if a smaller (and 
cheaper) resistor has an equivalent power 


‘ating, resist the temptation o substitute it 
їп а pinch, a series string of resistors of the 
appropriate combined value can be used to 
replace one HV unit. Don't use carbon re- 
sisters for metering circits, use metal or 
carbon film types The carbon composition 
types are 100 unstable 

If you are repairing or maintaining an 
old amplifier and manufacturer specific 
parts are no longer available, the ham com. 
‘munity has many sources for RF and HV 
‘components. Fair Radio Sales and Surplus 
Sales of Nebraska are familiar names. 
Hamiests and Web sites such as www. 
cham.net or www.kldwu.nevhamtrader 
often have amplifier components for sale. 
You might consider buying another ampli- 
fier of the same type in non-working con- 
dition for parts use 


Tubes 


The single most expensive component 
in an amplifier is usually the vacuum tube 
that performs the amplification. Good 
maintenance of tubes starts with proper op- 
eration of the amplifier. Follow the 

anufacturer's instructions for input drive 
levels, duty cycles, tuning and output 
power level, Frequently check all metered 
Voltages and current to be sure that the 
tubes se being operated properly and giv- 
ing you maximum lifetime. Penta Labs has 
эп excellent Web page on maintaining 
power tubes. 

"The internal mechanical structures of 
tubes generally do not deal well with me- 
chanical shock and vibration. so be gentle, 
The manufacturer may also specify how 
the amplifier is to be mounted, о read the 
‘operating manual 


Tubes generate a lot of heat, so it's in. 
portant that whatever cooling mechanism 
employed is kept at peak efficiency. Air- 
ways should be clean including between 
Че fins on metal tubes. All seals and chim- 
neys should fit securely and be kept c 
Wipe the envelope of glass tubes clean af 
ter handling them—fingerprints should be 
removed to prevent baking them into the 
surface 

Or metal tubes that use Finger-stock 
contacts, be sure the contacts are clean and 
make good contact all the way around the 
Tube, Partial contact or dirty finger stock 
‘can cause asymmetric current and heating 
inside thc tube, resulting in Warping ot in- 
ternal grids and possibly causing harmon. 
ies or parasites. 

Plat cap connections and VHF parasitic 
suppressors should be secure and show no 
signs of heating. Overheated parasitic sup- 
Pressors may indicate that the neutazation 
Cirevitisnotadjusted properly. Inspect socket 
contacts and the tube pins o be sure all con- 
nections are secure, particularly high current 
filament connections. Removing and insert- 
ing the tubes once or twice will clean the 
socket contacts. 

Adjustments to the neutralizing net- 
work, which suppresses VHF oscillations 
by negative feedback from the plate to grid 

cuit are rarely required except when you 
Are replacing a tube or after you do major 
rewiring or repair of the RF components 
‘The manufacturer will provide instructions 
оп making these adjustments. If symptoms 
of VHF oscillations occur without chang- 
ing à tute, then perhaps the tube character 
istics or associated componens have 
changed. Parasitic oseillations in high. 


Figure 3—Тһе band swith ston on the lef leary shows he signs of destructive 
acing 
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power amplifiers сап be strong enough to 
cause arcing damage. Perform a visual in- 
spection prior to re-adjusting the neutral 
izing circuit. 

Metering circuits rarely fail, but they 
play akey part in maintenance. By keeping 
record of "normal" voltages and currents, 
you will have a valuable set of clues when 
things go wrong. This is perfect informa 
tion for the shack notebook, Record tuning 
Settings, drive levels, and tube voltages and 
currents on each band and with every an- 
tenga. When things change, you can refer 
back to the notebook instead of relying on 


Mechanical 


While the amplifier is primarily a elec- 
tronic beast, it has а significan number of 
mechanical parts that affect its well-being. 
Thermal cycling and heatrelated stresses 
сап result in mechanical connections loos 
ening over time or material failures. 

‘Switch shafts, shaft couplings and panel 
bearings all need to be checked for tight 
ness and proper alignment. All mounting 
hardware needs to be tight, particularly if 
it supplies а grounding path. Examine all 
panel-mounted components, particularly 
RF connectors, and be sure they re 
tached securely. BNC and UHF connec 
tors that are mounted with a single nut in à 
round panel hole are notorious for loosen. 
ing with repeated connectdisconnections 

Rubber and plastic parts аге particularly 
stressed by heat. If there are any belts, 
gears or pulleys, make sure they re clean 
nd that dust and Tnt are kept out of their 
lubricant, Loose or slipping belts should 
be replaced. Check O-rings, grommets and 
sleeves to be sure they are not brittle or 
cracked. If insulation sleeves or sheets are 
used, check to be sure they are covering 
what they're supposed to, Never discard 
themorreplace them with improperly sized 
or rated material 

Enclosures and internal shields should 
эйе fastened securely with every required 
Screw in place. Watch out for loosely over- 
Tapping metal covers. И а sheet metal 
screw has stripped out, either dill а new 
hole or replace the screw with a larger size, 
taking care to maintain adequate clearance 
around and behind the new screw. Tip the 
amplifier from side to side while listening 
ior loose hardware or metal fragments, 
which should all be retrieved, 

A great time to clean the from and back 
panels and get gummy finger deposits off 
Before they cause permanent finish damage 
is during maintenance. If the amplifier is 
‘missing à foot on the cabinet or an internal 
Shock mount, replace t A clean unit with a 
‘complete cabinet will have а significantly 
Higher esti value than a dirty, grubby one, 
soles in your interest to keep the equipment 
Boking its best. 


Shipping 

"When you are traveling with an ampli- 
fier or shipping it, some care in packing 
will prevent needless damage. Improper 


4-4 Chapter a 


packing can also result in difficulty in col 
Jecting on an insurance claim, should dam- 
аре occur. The original shipping cartons 
are a good method of protecting the ampli- 
fier for storage and sale, but they were not 
made to hold up to frequent shipping. If 
You travel frequently, it is best to get © 
Sturdy shipping case made for electronic 
equipment 

Some amplifiers require the power 
transformer tobe removed before shipping. 
Check your owner's manual or contact the 
manufacturero tind out, Failure to remove 
it before shipping сап cause majo struc 
tural damage to the amplifir's chassis and 

Tubes should also be removed from 
their sockets for shipment. lt may not be 
necessary 10 ship them separately if they 
сап be packed in the amplifiers enclosure. 
With adequate plastic foam packing mate- 
vial. If the manufacturer of the tube or 
amplifier recommends separate shipment, 
however, do it 


Cleaning and Maintenance Plan 

This discussion should have given you 
plenty to think about. It's easy to deter 
maintenance, but as with a vehicle, perfor- 
mance and lifetime are improved if a regu. 
lar program is put into place, For amateur 
use, there is little need for maintenance 
more frequently than once per year. there 
is а period of the year in which you are 
most active, put a note on the calendar 
about six weeks in advance to “open the 
hood,” giving you time to obtain and re 

lace any components. 

Consider the maintenance requirements 
of your amplifier and what its manufacturer 
recommends, Sit down with your ampli 
fier's manuals and make up a checklist of 
what major steps und tools are required, 
When maintenance time rolls around, 
you'll be prepared and be able to perform 
the job in the most efficient manner. 


Troubleshooting 

A benefit of regular m 
be familiarity with your ampli 
you ever need to repair it. Knowing what it 
Tooks (and smells ike inside will give you 
а head мап on effecting а quick repair. 

The following discussion is intended to 
lustrate the general flow of a troubleshoot. 
ing effort not be a step-by-step guide. Fig- 
ure 4 shows а moderately high level 
troubleshooting flow char, Before starting 
оп your own amplifier, review the amplifier 
manual's "Theory of Operation“ section and 
familiarize yourself with the schematic. If 
there is a troubleshooting procedure in the 
manual, follow it, of course, 

"You might be surprised how many "am 
plifieris dead" problems turn out to be sim- 
Ply a lack of ас power. Before even open 
ing the cabinet of an unresponsive 
amplifier, be sure that ac is really present at 
the wall socket and that the fuse or circuit 
breaker is really closed, Assuming thar ac 
power is present, trace through any inter- 
al fases, interlocks and relays all the way 


trough to the transformer primary termi- 

Hard failures in a high voltage power 

ly are rarely subtle, so it's usually 

if here ix a problem and what compo- 

Dents are involved, When you repair a 

power supply, take the opportunity to 

check all related components. If all defer: 

tive components are not replaced, the fail 

ures may be repeated when the circuit is fe 
energized. 

Rectifiers may fail open or shorted— 
test them using а DVM diode checker. An 
‘open rectifier will result in a drop in the 
HV output of SO percent or more but will 
probably not overheat or destroy itself. А 
Shorted rectifier failure is usually more 
dramatic and may cause additional rectifi- 
fers ог filter capacitors to fail. If one esti 
fier in a string has failed, it may be a good 
idea to replace the entire string as the re- 
maining rectifiers have been subjected to 8 
higher-Dan-normal voltage. 

igh voltage filter capacitors usually 
fail shorted, although they will occasion- 
ally Jose capacitance and show a rise in 
ESR (equivalent series resistance). Check 
the rectifiers and any metering compo- 
nents—they may have been damaged by 
the current surge caused by a shorted filter 
Power transformer failures usually man 
fest themselves by insulation failures with 
consequent arcing of the windings, Either 
can result in the unmistakable aroma of 
overheated transformer. A failed trans 
former is generally not repairable 

Along with the НУ plate supply, tet- 
rode screen supplies occasionally fail to. 
The usual cause is the regulation circuit 
that drops the voltage from the plate evel. 
Operating without à screen supply can be 
damaging to a tube, so be sure to check the 
tube carefully after repairs. 

Ifthe power supply checks out okay and 
the tube's filaments are lit, check the rest- 
ing or bizs current. IFit is excessive or very 
low, check all ias voltages and de current 
paths to the tabe, such as the plate choke, 
Screen supply (for tetrodes) and grid or 
cathode circuits 

Having exhausted power supply and de 
problems, you will then turn to the RF com- 
ponens or “RF deck.” There is a 
Tendency to forge ahead and swap in a 
Known-g00d tube or tubes. Don't! Tubes 
эге expensive and if the problem is else- 
‘where, you may damage the spares, Walt 
to swap tubes until you are sure that the 
tube is likely to be defective. 

‘Check the input SWR to the amplifier. 
IT it has changed (you did write down the 
normal SWR and drive levels, didn't you?) 
then you likely have a problem in the input 
circuitry or one or more tubes have failed. 
Perform a visual check of the input cir- 
saty and the band switch, followed by an 
‘ohmmeter check of all input components 

Z input SWR is normal and applying 
drive does not result in any change in plate 
current, you may have a defective tube, 
tube socket, or connection between the in- 
put circuits and the tube. Check the TR 
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Figure 41 


‘moderate-lovel low chart i a good way 10 identify ampliar problems 


‘quickly in eu of Misplaced or nonexistent manulacturer® Woublesho0tng procedure, 


comal circuits and relay. If plate current 
‘changes, but not as much as normal, try 
adjusting the output toning circuitry this 
has Tittle or no effect, he tube may be de- 


fective or a connection between the tube 
and output circuitry may have opened. If 
retuning has an effec, but at different set 
tings ar usual, the tube may be defective 


‘or there may be а problem in the tuning 
Circuitry. А visual inspection and an ohm- 
meter check are in order 

The key to finding the trouble with your 
amplifiers tobe careful and methodical and. 
o avoid jumping to false conclusions or 
making random tests, The manufac-turer's 
Customer service department will likely be 
helpful if you are considerate and have taken 
careful notes detailing the trouble symptoms 
“and any differences from normal operation, 
‘There may be helpful guidelines on the 
manufacturer's Web pages or from other 
Internet resources. Sometimes there is more 
‘anne problem they work together to act 
like one very strange puzzle. Just remember 
tht поч problems are very inp an 

be isolated by careful, step-by-step tests. 


Summary 
Amplifiers have been рап of ham radio 
Vor many years, They эге simple, reliable 
pieces of equipment that respond well lo 
basic care and common sense. Take the 
imp-—inside and out. 1 
it will reward you with 
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1:1 Voltage Balun for HF wire dipoles 


Heres a neat 1:1 50 ohm balun for use on HF horizontal wire dipoles. It uses an AM radio ferrite rod, with 
3x14 turns of wire. 10-14 turns should be good for 2-30MHz. I used 18SWG enammeled copper wire. It all 
fits in a small project box. Great for setting up portable. For 20 metres, | started with 6 metres of wire per 
element, and trimmed each down until it has minimum S.W.R. I managed to get а 1:1.1 S.W.R. on my 
desired frequency. Bandwidth from the resonant frequency is about 200KHz either way, any more needs an 
ATU. The wire and ferrite core | had already, the box, terminal plugs and 50-239 came to about £6. The 
balun can also be built on a ferrite toroid such as an FT140-43 or FT240-43. 


tite rod voltage balun 


This website uses cookies to improve your experience. We'll assume you're ok with this, but you can opt-out if you wish. 
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500. 
Unbalanced 


500. 
Balanced 


1:1 Voltage Balun on Ferrite Rod - MOUKD 


Bar ch far tum. | didn't have ro 


nay be increased by more spacing 


is tiny ferit rod, but it 
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El Voltage balun ("Robe") 
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10-15 trifilar burns on Ferrite rod. 


ok with this, but you can opt-out if you wish. 
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1:1 voltage balun ("Ruthroff") 


хаде Diagram 
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End Fed Half Wave Antenna Coupler (EFHW) 


PA 


| The finished End Fed Half Wave antenna couple 


Centre fed half wave dipoles make great, simple and effective antennas for the HF bands. Sometimes 
however, the centre feed is not ideal, for example when you want to use it as a vertical, Being able to feed 
the dipole from one end gives you more options on how to erect an antenna and makes portable operation 
easier. A vertical, a sloper, a piece of wire hung in a hedge are all good examples. A ground mounted half 
wave vertical has a peak radiation angle of 20”, so it makes а good choice for DX. 


1 have been experimenting with feeding end fed half wave antennas matched by a parallel tuned circuit 
coupler. This article will explain my findings and reasons for constructing it the way | did. 


А dipole can be fed anywhere along its length. A centre feed gives around 700. A ‘Windom’ type off centre 
fed dipole (fed 38% along its length) provides around a 2000 feed. The feed impedance at the very end of a 
half wave is thousands of ohms, usually somewhere between 20000 to 50000, which we need to match to 


our 500 transceiver. The problem with end feeding a half wave is also its advantage. The high impedance 
means that the feedpoint has a very high voltage but low current, therefore very little ground is required. A 
very small counterpoise should be adequate from 7 to 30MHz, or you can even use the coax and transceiver 
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Below is the schematic of the final build. 
End Fed 
Half Wave T 

Pri: 2t 

Sec: 16t (1.54H) 

1:8 turns ratio 

1:64 impedance ratio 

500 to 32000 

т1 
15-350pf 500 
O Counterpoise / 
Coax Ground 
Switch 
Counterpoise 
7-30MHz End Fed Half Wave Coupler - MOUKD.com 
End Fed Half Wave Antenna Coupler Schematic ~7-30MH2 
For calculating the length of a half wave in metres, | use 141+/ (MHz) for wire elements. These dimensions 
were derived from modelling the antenna in EZNEC. | have found this calculation to work well, however it 
depends on many factors such as wire used, location etc. | have made a javascript calculator below for 
simplicity with a 15m halt wave ready to go! 
Enter the frequency: [21,25 MHz 
| Calculate 
— — —ͤ 
This website uses cookies to improve your experience. We'll assume you're ok with this, but you can opt-out if you wish. 
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ascos A EE 


EZNEC 
INF 


206 Freq MHz 218 
Freq ANZ 

эн 12 

2 3015 ato deg 


= 3075 +1 5.808 ohms 
Rel cen 0.02904 at 170.15 deg. 

= 002983 +0 0008624 
RelLoss 30508 


End Fed Half Wave (6,65m @ 21.2MHz, ground mounted) SWR — Actual bandwidth on the 500 side of 


feed point SWR at 32000 


couple 


due to the tuned circuit we are using. This is sho 
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ascos eee eee eee 
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Curent along the half wave. Notice how the feedpoint is not quite 
as high impedance as we top of the antenna. 

First off, construction will be a juggle between available components and the desired band coverage. | had a 

capacitor that | wanted to use, which is a Johnson 154-2 air variable capacitor, with a range of 15-353pf. I 

would like to cover 7 to 30MHz with my coupler if possibe, so the next thing | needed to design was ап 

inductor that would resonate in a parallel LC circuit at just above 30MHz when the capacitor is at 

minimum. Using this Resonant LC Calculator, I worked out that an inductance of 1.5нН will resonate at 

about 33MHz when the capacitor is at 15pf and 6.9MHz when the capacitor is at its maximum of 353pf. 

Sounds perfect to me! if you have a smaller value capacitor, for example 200pf maximum, it should stil 

cover 10MHZ to 30MHz. A switch could be added to add a further capacitance of 150-200pf to 

include 7MHz operation. 


So, lets build the secondary transformer inductor first. | wanted to transform 500 to around 30000. This 
would require a 1:8 turns ratio. Impedance transformation is calculated by squaring the secondary turns ratio 
(note ratio, not actual turns) B? is 64. 50x64=32000 (our input impedance х 8). looked at using a T200- 

S iron powder toroid, but the problem was i. Suti required only 12 tums. As | wanted a 1:8 turns ratio (for a 
1:64 impedance ratio), I needed a primary of 1.33 turns, which was going to be impossible. | could have 
made it 16 turns and a 2 turn primary, but then the inductance would be too large for 30MHz. 


So, | decided to use an air wound transformer. This way, | can build it with a 16 turn secondary, and at the 
inductance I wanted by altering the diameter and/or length of the coil. Using this Air Inductance Calculator, 
1 worked out that а 19mm diameter, 52mm long, 16 turn inductor should give an inductance of 1.5uH, so this 
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Winding the secondary inductor 
Once it was wound, | tested it on an LC meter, which confirmed it was around 1.5uH. You can expand or 
contract the inductor to fine tune the impedance to suit. The importance is that it remains 16 turns to match 
with the 2 turn primary. | then wound the primary coil, which had to be a slightly larger diameter so that it 
could fit over the secondary coil and provide inductive coupling. You can see the finished 2 turn primary and 
16 turn secondary below. 


т 


отринев inductors. They have their differe 


but i váli make 


| ета happy ‘couple’! 
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| secondary and a terminal block glued to а small block of MDF for the primary. The coax is soldered to the 
primary, the terminal block is just to hold it in place. There is a counterpoise connection on the side, the 
antenna connection on the front and the capacitor, 50239 and counterpolse/coax ground switch on the rear. 
Some photos of the completed unit are below. 


ıt Wave Coupler 


This website uses cookies to improve your experience. We'll assume you're ok with this, but you can opt-out if you wish. 


Read More 


So] 


The tuning control, SO; nd switch and on the right, the counterpoise connection. 
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this is due to extra stray capacitance, I tuned the coupler to resonance into a resistor (in my case З.2КО) so 
a 1:1 SWR was obtained on my chosen frequency ot 21.25MHz, then | removed the resistor and attached 
the half wave antenna (6.65m) and counterpoise (66cm) from the above calculator. Without adjusting the 
variable capacitor, | had a 1:1 SWR. This confirmed that I had a resonant half wave and that I was feeding it 
at or very close to the peak voltage point and the feed impedance was around 32000. | found that a small 


counterpolse was required. Sometimes, the stray capacitance to ground was good enough on its own, 
especially on the higher bands and if the coupler was laying on the ground. i its all away from ground, | get 
consistent results using the above setup. | have had good success also by using the coax as the return, by 
connecting the ‘bottom’ of the primary and secondary together via a switch to use the coax shield and 
transceiver as a counterpoise. 


You may be able to adjust the capacitor to match the antenna if ts not a perfect half wave, but then it will be 
a higher current feed and the simple ground system will be inadequate. The coupler will also not be working 
as it was designed and will be inefficient, generating heat. The coupler is a tuned impedance transformer, 
notan antenna ‘tuning’ unit. Stick to the above, and it should be a sure thing! 
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A half wave vertical for 21MH2. 6.65 metres of wire an a 9 mete fibreglass pole, The coupler is mounted 2 
‘metres up and attached to the top of the fence. The 67em counterpoise just hangs dawn in ree air. 


Below is a short video from my second test with the coupler, here on 17m. 
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Small НЕ Antennas 


= The Small Space and Big Antenna Dilemma 

= Constraints i 
+ Covenants 
+ Restricted lot size 
* City Bylaws // 
+ Boards of V 
+ Strata Rules 
۰ Neighbor complaints of unsightly * “structures” 
+ What else if that's not rough? 
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The Challenge 


= How to make HF antennas perform in small spaces 


= Small antennas 
+ Small means shorter antennas that fit available space 


= How to make Stealth antennas 
* Ant's that are visible but don't look like antennas 


= How to Hide antennas: 
* Out of sight but somewhere in/on the housing structure 
s“ 
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Operating Issues 


= Performance issues using short antennas 
+ Lower gain — less “wire in the sky” 
+ Narrower bandwidths — tuning required 
+ Non-50 ohm feed point impedances — tuner needed 


= Interference more likely А 
* Proximity t to audio, video, AM, FM, 
+ ОАР to 100 watts probal 


Tel, etc equip 


= Safety issue 
+ Youand the antenna may обы the same space 
* RF biological exposure limits to be checked 
+ Structural integrity of mounted antennas — make secure 


s i 
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Building RF Transparency 


= Conducting materials at Y wavelength spacing 


= Wooden frame structures 
+ RF transparency - good 
+ Internal conductors — “antennas” 
» Power, telephone, cable, alarm etc wi 
» Copper plumbing 
» 


f 


= Concrete structures / 
* RF shielded at HF / 
> Rebar and metal framed windows - small aperture 
» Metal 2 x 4 framing inside building 
> Internal conductors 
s i 
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Which Floor? Apt/Condo 988 


= Top floor 
+ access to roof top antennas 
+ short feeder runs 
+ best separation from tenants, none above 
= Bottom 
+ access to ground mounted antennas 
+ grounding systems 
+ feeder runs OK 
+ tenant spacing, top 8 2 sides 
= Mid floors 
+ interior or balcony mounted antennas 
+ tenants all around 


s i 


12/2/2006 NSARC HF Operators 5 


= Basic antenna forms - only 21 
+ Hertzian form 
+ Marconi form 


= Understanding Short antennas 
+ Properties 
+ Behavior 
+ Performance 


= What type might be best depends on circumstances 
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Antenna Circuit 


= Generator — the transmitter 

= Feedline - two conductors 

= Antenna - two wires 

= Antenna as R = radiation resistance at resonance 


= Complete the circuit = current must flow entirely around 
the loop 


current 


= 
transmitter feedline > antenna 


“aren 
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Hertzian Antenna 


= No earth connection required for Antenna - good! 
= Antenna radiates independent of ground 


Dipole, half wave 


7 earthground 
= Rig grounded by green wire in power cord - SAFETY 
= This ground is not part of the antenna system. 
- 
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Marconi Antenna 


Len... c9 --..oo -. c|5. .-. 
Antenna operates “against” ground. 
Ground circuit is required — real earth or artificial 
Ground is the other half of the antenna circuit 
Ground consists of a conductive surface to 
mirror the top half of the antenna 


vertical 


+ 


Vertical quarter wave - 


earthground 


= Rig grounded by green wire in power cord - SAFETY 
= Safety ground could become part of antenna system 
= Not desirable _- 
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Standard Antenna 


to which most other antennas are compared 


= Resonant Half Wave dipole 


= At resonance, feed point ~ 50 ohms (radiation resistance) 
+ Good match to 50 ohm coax * 


= Short antenna performance measured against this 
+ gain, impedance, bandwidth, 
s А 
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Short Antenna Properties 


= Antenna no longer resonant at desired frequency 


Antenna gain is reduced due to shortness 


Feed point impedance changes 
* radiation resistance dro i 
+ capacitive reactan 
+ feedline matching becomes poor and & high VSWR results 


Efficiency айр» 
+ ohmic losses become a significant part of the feed point Z 
Ф : i 
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Solutions 


= Dipoles 

= Loops 

= Verticals 

= Long (actually short) wires 


= Other? 
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Restore Resonance 


Short antenna “looks” capacitive 


Restore feed point impedance to look resistive 


Add an inductor somewhere “in” the antenna 
+ nulls out the capacitance — creates resónant circuit - 
+ used with both dipoles & Verticals - E 


/ 


Add a capacitor to the end of antenna 
* make antenna look longer (electrically) than it is 
* used most often with verticals 


s i 
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Use an External Tuner 


= Antenna is not brought back to resonance 


+ no inductive or capacitive loading added 


= Tuner matches complex antenna ея роїпї Impedance 163 n 
ohm output of transmitter 


= Tuning быдла may be evident if tuner cannot match the 
antenna / feed line ped 


= Rig tuners not SOE to off-resonant antennas 
s i 
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Loading Coils 


Loading Coils are inserted in series with antenna 
+ “makes up for shortness” 


Spi-Ro Manufacturing offers “Shortners” 
+ http://www.spiromfg.com/ 1 


Cancels the Capacit е compo! 


7 


Resonates the antenna 


Coil placement / 
+ Dipoles — one in each leg 
+ Verticals — one towards or at the bottom 
s“ 
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Coil Loaded Dipole 


Loading Coils (2) — “Shortner" 


e—a 


Balanced system Balun 


Single band 
No ground issues 
Reduce lengths 
+ 80m dipole from 132 ft to 69 ft 
+ 40m dipole from 66 ft to 38 ft 
+ most likely an outdoor application 
Radio tuner ought to be OK 


http://www.spiromfg.com/ 
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Wire Antennas 


= Shortened, loaded balanced multi-band dipoles 
No ground issues 


Multi band 
+ Outdoor 
= Alpha Delta http:/www.alphadeltacom.com/ б 


+ DX-EE 40 ft / 40 thru 10 
+ Radio tuner probably OK - 


= B&W  ntp/www. bwantennas.com/ 
BW O series 20 ft / 20 thru 10m 


+ Radio tuner OK 

= Radio Works | nttp://radioworks.com/ 
+ G5RV all band mom ut 
* External tuner.needed 


2 
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Compact Dipoles 


= Ventenna 
+ 20 to 10m 
+ 80 8 40m options 
+ length unknown 
+ http://www.ventenna.com/hfp-dipole.html — 


= Buddipole © 
+ 40to2m 
* coil loaded 
+ collapsible 
+ 16 feet extended 
+ http://www.buddipole.com/ 


Ф 
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Compact Vertical 


= Ventenna 
+ 40 to 10m 
+ 80m option 
+ length 10' 6” (3.2m) 
+ http://www.ventenna.com/hfp-2.html 
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МЕ) Loop Antenna 


= Small and very suitable for apartments 

= 36 inch diameter 

= No ground system required 

= MFJ-1786 20 thru 10m 

= МЕЈ-1788 40 thru 15m 
= Good performance reviews on eHam 
= Low noise advantage / 

Self tuning — no external tuner needed 
Inside or outside dwelling 


Ф 
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Wire Loop Antenna 


= Home made - construct wire loop 

= Could reside inside dwelling 

= Hang horizontal or vertical 

= Requires external tuner & balun 
+ LDG Z-100 tuner + RBA balun 
+ http://www.Idgelectronics.com 

= No ground required 

= Random length loop — big as possible кер 


| feedline nb 
Transmitter Antenna Balun 
Tuner 


TIL ITA 
éarth ground 
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Compact Yagi's 


= Hybrid Ouad 
+ Model MO-1 
+ 20 thru бт 
+ 11 ft elements / <5 ft boom 
+ http://www3.sympatico.ca/ 
= G4MH Mini Beam 
+ 10 /15/ 20m З élement: 
+ 2m boom / 5m elements 
= ZX Mini-2000 Beam 
+ 10/15/20m 3 element 
+ 3m boom / 3.4m elements 


= Bothat http://www.dxzone.com/cgi-bin/dir/jump2.cgi?ID-4044 
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Vertical Antennas 


= Verticals are unbalanced antennas 
= Require a ground plane or counterpoise 


= Copper plumbing and Safety ig a wiring NOT a good 
choice for RF grund 


= Mounting possible off balconies, rooftops or at ground level 


= Inside a dwelling, maybe not so practical 
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Radial System 


Multiwire 


= A system of wires at base of vertical 
* minimum 2 per band if using multi band vertical 
+ single band, try for 8 as long as possible, up to 4 wave 


= Lay radials out symmetrically as possible 


= Bend ends to fit, no bends at base 


= Lay radials on surfaces 
+ roof, holdin place with bricks 
+ lawns - trench and bury (staples avail. from DX Engineering) 
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Counterpoise 
Single Wire 


= A conductor(s) used as a substitute for earth or 
ground in an antenna system. 

= Usually just one or two wires 

Counterpoise will have RF on it and d will radiate Ta 

Undefined © operation FERIAS copper pl pipe 

or safety ground wiring as counterpoise. 

= MFJ-931 Artificial Ground — loads a short 
counterpoise РА 
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Coil Loaded Vertical 


Coil at base = feed point 


Intended for mobile applications 


T 


Uses car body as /counterpolse.. EE 


Use as base with a radial or 


counterpoise system ~ 5 feet high 
htto://www.mfjenterprises.com/ Change bands by 
Moving tap on coil 


s 
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Capacity “Hats" are- 


m 


А 
== YY) 


= Capacity “Hat” placed at end (top) of antenna 


= Resonates the antenna 


= Removes the Capacitive com Jonent Ў 


= Placement most effective at end of antenna 
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Capacity “Hats" 


40 thru 2m 

No Radials 

Feed line balun 

12 feet high 

24" footprint 

80/86 m 4) 
Needs, guys & radials 
MFJ-1796 33 feet high 
http://www.méjenterprises.com/ MFJ-1792 
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Current Baluns 


Coax feedline to vertical — use a current choke / balun 
Keep RF from flowing on coax & entering shack 
Isolates rig / ant from safety ground 
Coax coil choke 

+ СО magazine Oct 2006 pg 44 


= Snap On chokes [Testers JA 
+ RF Parts or DX Engineering 
+ http://www.dxengineering.com/ 
+ http://www.rfparts.com/choke.html 


Coaxial Cable [Pvc Tube 


= Ferrite Beads 
+ Palomar Engineering model BA-8 
+ http://www.palomar-engineers.com/ 
Ф 
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Some Vertical Antennas 


= Trap 
+ Good for ground mount or flat roof 

to 30 ft high 

Requires ground system 

Multi-band 80 thru 10m 

MFJ http://www.mfjenterprises.com/ 
Hygain http://www.wb0w.com/hygain/hygain.htm. 
rewdriver 

Motorized, tuneable 

Multiband, fully resonant 80 —10m 

Extends to ~ 9 ft, some shorter 

Requires ground system 

High Sierra  http://www.cq73.com/ 

Tarheel http://www. tarheelantennas.com/home 


t+...» 


S 


o 


+++» +++ 6 
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ЕСЕП тае 
= Mobile Whip 
+ Reguire ground system 
+ Ham Sticks, monoband, ~ 6 ft 
> http://www.hamstick.com/ 
+ Outbacker multiband ~ 7.5 ft 
> Use Outpost tripod for ground mounting ; m 
» http://www.alphadeltacom.com/pa9.htm 


Li Balcony Verticals , 
+ Designed for balcony mont 


Reguire ground system / 

~6ft / 

Multiband 40 - 10m [es 
MFJ 1622 

B&W AP-10A http://www.bwantennas.com/ 


t+...» 


a 
Radials / counterpoises generally required. 
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Balcony Mounted 


= Short verticals mounted on railings 
+ Metal railings as counterpoise 
+ Wooden railings, run counterpoise 
wires on wood or on floor; cover with mat 


= Longer verticals — 
+ Painter pole, retračtable, telescoping ‘ “mast” 
+ Mobile whips 
+ June 2006 TCA 
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Моге Balcony Mounts 


= http://www.eham.net/forums/AntennaRestrictions 
= Pigeon “preventors” 
= Ideas, reviews, comments .... 
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Long Wire Antennas 


= Random lengths of wire — long as possible 
+ easy to build - string outdoors, #22 insulated black 
+ need to support two ends 


Typically non resonant 


/ 


è /) РА 
Must have a tuner (other than rig) 


= Tuner must have a “ground” or counterpoise connection 
РЙ i 
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Stealth 


= ARRL Book 
= Flagpole Verticals - ground mounted 
= Wires lying on roof tops 
+ Black insulation, small dia, #22 
= Wires on Gable ends 
+ No good under AL eaves with AL gutters 
= Wires on Fences - Loops 
= Attics for yagi’s 
= VHF/UHF on short mast looks like TV antennas 
= Vent pipe VHF/UHF verticals, roof mounted 
+ Ventnna 
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Subsurface Dipole 


Really ?? 


= If on ground floor and able to trench the yard 
+ Buried - 8 inches | 


= Reported 16dB less gain 
+ ~ 38S points less than a comparable, low dipole 
= Rather “experimental" 
+“ 
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Safety 


= Exposure to RF fields 
+ Biological heating 
+ Safety Code 6 — Canadian Standard 
> hitp://strategis.ic.gc.: ca/epic/internet/insmt-gst. nsf/en/sf01635e.html 
+ Exposure Factor - closeness 10 antenna. Xd 
hd Exposure Faß ransmitter power levels > 


= Antenna Volfáges / 
+ RF burns from ends of antennas 


+ “Hot" grounds at unknown locations if safety ground or 
plumbing used as counterpoise 


s i 
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Exposure Calculation 


= Approximates Safety Code 6 — uncontrolled environment 


= Calculate safe field strength 
http://n5xu.ae.utexas.edu/cgi-bin/rfsafety.cgi 


Calculate Radio Frequency Power Density Calculation Results 
Wk he average pově of th anton; = Average Power at the Antenna 20:00 Watts 
In wats [7 Antenna Gan al oar 
What is the antenna gain in dBi: A bee Area af Interest | 5.00 feet 
Enter 22 for dipoles; add 22 for antenna sated in dBA! © | Frequency of Operation [20.000 MHz 
What is the distance to the area of interest: гг“ [ Are Ground Reflections Calculated? | No 
From the center of the antenna, in feet Estimated RF Power Density 0.0686 опуса 
What is the frequency of operation: * 
In MHZ Controlled [Uncontrolled 
г Environment Environment 
E . 225 усп. [046 mulen 
Do you wish w incide tects of ground reflections? С ve. E No Exposure P) [225 mwlem |046 mw 
a 11 2.00 feet 
Cate F ee, Sen Vates 
Does the Area of Interest 
yes yes 


Appear to bein Compliance? 


Ф 
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Summary 


= Consider balanced antenna systems first 


= Verticals work will work but require radials or counterpoise 
= Long wires will work but require counterpoise 


= Try and get the antenna outside somewhere | 


= Do not create г a “special” 
your RF ground pats 


= Keep antenna away from metallic objects 
+ Aluminum window frames 
+ Service entrance / 
= If moving, choose antenna friendly site 


Ф i 
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An Efficient 2 Meter Antenna 
Disguised as a TV Satellite Dish 


This vertically pol 


ized horizontal slot antenna, cut into 


the reflector of a TV dish, might be the ultimate stealth antenna. 


John Fortune. W6NBC 
wondered if it would be practical 
то hide ап efficient 2 meter base-station 
antenna in а TV satellite dish. My home- 
owners covenants, conditions, and restric- 
tions (CC&R) committee couldn't force 
me take it down. But would all the metal 
їп the TV dish compromise a 2 meter 
antenna? Finally, it struck me: don't fight 
the metal, take advantage ofi, by cutting a 
half-wavelength-Jong slot antenna into the 
TV dish reflector, 


Tye lon 


A slot antenna is а narrow rectangular 


asa TV satellite dish, Slot antennas are 
familiar in the commercial radio world 
"They're common in TV broadcasting, the 
skin of астай, and in radar, microwave, 
and cel phone applications. This TV dish 
(sce Figure 1) slot is the complement to a 
dipole. Itis also a great way to learn about 
slot antennas 


The Slot Antenna 
A slot behaves like а dipole, Both have 
roughly 2 dBi gain perpendicular to the 
antenna and they are omni-directional on 
axis. I found that а slot is easy to work 
with, 1 was delighted to find that this one 
displays good agreement with theory. The 
width of a slot — like the conductor diam- 
eter of a wire dipole — determines its 
bandwidth. My first slot was arbitrarily 7 
inch in width, but all smaller 


Figure 1 — Note the low valy of the slot in 
rm) mods satelite TV dn, 


the slol. The horizontal dish slot is correct 
for vertically polarized 2 meter repeaters, 


Dish Size and Slot Size 
The common 22 x 32-inch SlimLine 
DIRECTV™ dish, or equivalent, is a good 
choice. It has a large enough surface 
area, My Antennas textbook suggests 

that classical slot behavior is 


‘widths I subsequently tried The horizontal achieved fora surface larger 
also worked well, The one dish slot is correct than / A by 2.2 This made 
described here is a single for vertically me wonder if even a Slim- 
jigsaw blade сш. I reasoned polarized 2 meter Line dish would be too small, 
that the thinner the slot, the repeaters. but tests suggested otherwise. 


Jess neighbors would notice 
it, Figure 2 graphs its very adequate band- 
‘width — less than 1.5 to 1 SWR over the 


"There are differences between a slot dipole 
and a wire dipole. The horizontal slot is 
vertically polarized because of the RF cur- 
rents flowing in the entre surface around 


This slot behaves classically. 
1 welcome reader comments on their ex- 
perienees. 

There isn't enough zoom for a straight 
slot in a SlimLine DIRECTV dish — the 
ends must droop in order for the slot to fit 
This only slightly “softens” the gain and 
directivity. Figure 3 shows the comparison 


Frequency, Mie 


Figure 2 — Bandwidth of a ande es dae. 
ОТУ den siot antenna. 


Figure 3 — Elevation raaton paterna to a 
ЖО wra атыша iw it at и) 
SB abunde abl respecte 


between wire equivalents of the slot, and 
‘of a dipole. 1 used wire equivalents for the 
simulations because EZNEC is not suitable 
Tor slots. 


Cutting the Slot 
"To cut the slot, remove the reflector from 
the mount and LNB assembly. Mark a 
straight 24-inch horizontal line and two 
75-inch drooped ends (39 inches total) on 
the back, Position them as shown in Fig- 
(re 4, Exact position is not critical. Make а 

igsaw сш with a 21 tpi HSS metal- 
cutting blade, File the edges smooth and 
apply clear plastic spray paint to prevent 


ios Maren 2016 1 


DIRECTV 


Figure 4 — A horzonta slot antenna, wih, 
борпо ands, curio te recto af a Sam. 
tne DIRECTV sata aen. 


“аит 


Figure 5 — SWR tor a ей point approximately 


тч. Do not cover the slo, The neighbors 
Won't notice the slot at this width. 


му 40-inch-long cut i a little too long. T 
did this intentionally to cause the slot to 
tune a ile low in frequency. А 1oo-short 
slot would have been dif- 

ficult to lengthen with the 


Figure 6 — The coax eed ine Includes a ix 
henes tom me sorana 


A center-fed wire dipole impedance is 
Sete О. increasing off-center toward 
ihe ends. Conversely, е slot dipole imped- 
ance is high in the middle (Z,,7493 О). 
and decreases toward the ends. My Anten- 

nas textbook estimates the 


For a good path to 50 0 points at roughly 
2 meter repeaters, 0.05 2 from either end. 


dish in location. 1's much mount the dish at [The wire dipole and slot 
casi and just as IEC. евз at roof height, dipole are complementary 
to “shon” a slot end with аз you would any structures, Their cener- 


heavy aluminus 
hardware store item). I the 
short îs large compared to the slot (roughly 
LS x 1.5 inches) capacitive coupling 
makes it unnecessary to remove the paint 
from the dish, 


For stability, the dish needs a rigid plastic 
brace across the slot (back center). 1 used 
3 inches of 05-inch square nylon bar stock 
attached with four 6-32 bras screws. The 
plastic handle of ап old paint brush, for 
example, would also be fine. 


Feeding and Matching 
Attach the feed coax braid to one side ofthe 
slot and the center conductor to the other 
side directly across, though not in the mid- 
dle. Coax feed for a slot is done off-center, 
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tape (а meter antenna. fed impedances are related 


by (376 aeg . 
and their electric and magnetic fields, and 
thus polarizations, are swapped. — EA] 
Using my MFJ-2598 antenna analyzer, 1 
‘easily found the match pear the textbook 


1 initially used an easy-to-move feed. le 
attachment fixture and found that the feed 
point locaton is not touchy (see Figure 5) 
‘You needn't duplicate my movable fixture 
— just directly make à permanent attach- 
ment asin Figure 6 


The match is good anywhere from 3 10 6 
inches from an end. Be sure to use а I: 
current choke balun, The one shown is 6 


tums of RG-58 coax secured with UV- 
stabilized Ty-Rap cable tes. 1 used clear 
silicon adhesive to attach the choke to the 
back of the dish 


Using the Dish 
After seeing my dish, my ham friends 
‘asked if one dish could be used for both 2 
meter activity and TV reception. Possibly, 
but recalling that the slot has azimuth doo 
tivity, you might want to point your slotted 
dish at the repeater(s). However, it's omni- 
directional in elevation, so you can tilt it 
upward as if it were receiving TV satellite 
signals. For a good path to 2 meter repeat- 
ers, mount the dish at least at roof height, as. 
you would any 2 meter antenna. 


Dual operation may not be practical be- 

transmissions might interfere 
‘with TV reception. I have not tested this, 
and welcome reader comments. I prefer 
separate dishes, on opposite sides of my 
house. 


Finishing the Dish 
eft the TV LNB assembly as-is. The апи 
is perpendicular o the slot and the whole 
assembly is likely not resonant. With a 
Title effort, though, a false non-metallic 
feed assembly could be fabricated. I did not. 
consider the effort worthwhile. 


With one of these disguised dishes, next 
time you're talking on your local repeater 
you can say, Tin coming to you through 
my TV satellite dish” Tha should spice up 
the channel chatter, 


Notes 
USS? CFR Secta 1.4000, October 1296, pro- 
ls restictons that impar. antennas iso 
‘ese ies ar sie aa ss 
БАА 


тыз. эи Eston, Chapter û, p. 308. 


dote Portune, WSNBC can be reached at 519 
W Tayor а SPE 111, Santa Мала, СА i, 
Sy el pora 


For updates to this article, 
see the QST Feedback page at 
Www.arrLorgfieedback. 
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EMERGENCY 


Amateur Radio Club 


END FED 6-40 Meter Multiband HF Antenna 


Introduction 


This EARC project produces an inexpensive, multiband, end fed HF antenna matchbox that is 
quick and easy to setup and use. The end fed feature adds portable convenience, but does 
present another issue. The problem with an end fed half wave antenna is that the antenna 
presents high impedance, creating a significant miss match with the usual transceiver 
impedance of 50 ohms. This miss match is significantly greater than typical tuners can 
accommodate without a matching transformer. 


This project creates a trifilar wound, 9:1 UNUN (unbalance to unbalance) toroid matching 
transformer that will match the high input impedance of an end fed antenna into the range where 
most antenna tuners can produce good performance. The matchbox handles 100 watts of 
power. This project requires an antenna tuner to achieve satisfactory SWR. If you need an 
auto tuner, we recommend the LDG line of auto tuners, shown to work well with these matchbox 
antennas, and highly rated by users. They are reasonably priced and available at most ham 
stores. 


‘The matchbox project uses readily available common hardware and materials listed below. 
Matchbox Parts List 


small plastic enclosure (shown right) 
powdered iron toroid 7130-2 
20" pieces of 18 AWG solid insulated copper wire in red, green, and black 
# 8-32 x 3/4" hex head machine screws 
#8 lock washers 
#8 ring wire lugs 
#8 flat washers 
#8 lock washerlnut combination 
#8 wing nut. 
80-239 panel mount connector to fit keyed enclosure opening 
1 


30' 418 AWG insulated stranded wire antenna with ring lug attached Small 
amount of clear silicone caulk to secure toroid in place 


Preparing the MATCHBOX Plastic Enclosure 


The enclosure needs one 5/8" hole for the 50-239 
connector, and one 11/64” hole for the counterpoise wing 

nut on the lower side of the enclosure. An 11/64" hole оп P 
the upper right side of the box facilitates antenna connector. ў 
mounting, 


TOROID WINDING 


First, wind the three 20" pieces of insulated solid wire onto 
the toroid. Place the wires as shown green-black-red, and 
wrap the toroid 9 turns so that it looks like the photo on the 
Tight. Notice there are three wires extending from the left 
winding and three wires extending from the right winding. 
As the connections are completed, the steps refer to the 
specific wires by left or right and color. 


NOTE: Count turns by counting the number of times the. 
wire goes thru the toroid center. 


Crimp together and solder the left black wire with the 
right red wire When the step is completed, it will look 
like the right photo. 


The next three steps should appear as shown in the first 
photo on page 3. Crimp and solder a #8 lug to the left 
red wire about 2" from the toroid. The completed lug will 
later connect to the antenna connection bolt on the 
Upper inside of the enclosure. 


‘Twist the left green wire with the right black wire. Strip 
the ends of the two wires and twist together at about 2”. 
This twisted pair will solder to the center connection of 
the 50-239 connector in a later step. 


Trim and strip the remaining right green wire at about 2°. Cut an additional 2" piece of green 
wire, and crimp and solder both wires to a # 8 lug. The 2" green wire will connect to the ground 
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connector on the SO-239 already installed in the enclosure. Strip remaining green wire end 
3/8" and bend into a hook for 
connection to the SO-239 
ground connector. 


The 50-239 connector and 
ground lug should be installed 
through the keyed hole in the 
lower right with the mounting 

nut securely tightened. 


Solder the green and black 
twisted pair to the 50-239 

center connector. Solder the 
green wire hook to the ground 
lug on the SO-239 connector. 


From inside the box, place an 
8-32 machine screw through 
a lock washer, the # 8 lug on 
the green wire, then through 
the lower 11/64" mounting 
hole. Place a flat washer on 
the outside protruding 
machine screw followed by # 
8 lock washer/nut and tighten 
securely. Place a # 8 wing 
nut on the machine screw to 
finish the counterpoise 
connector. 


Position the toroid inside the box to allow connection of the red 
antenna wire lug to an 832 machine screw and lock- washer on the 
upper box side. Place a flat washer on the outside of the box followed 
with a # 8 lock washer/nut. Tighten the nut securely. Next, place the 
wing nut on the antenna connector and your project appears as 
shown above. 


A small spot of clear silicone compound is used to secure the toroid from movement in the 
enclosure. The final assembly step is to secure the box cover in place with four screws. 


Preparing the Antenna Wire 


Matchbox performance will be determined by two factors: The length of the antenna wire, and 
the capability of the tuner. The length of the antenna wire should be between 24 and 60 feet for 
best performance. Additional counterpoise is not normally required, as the coax shield provides 
the counterpoise function. Wires longer than 60 feet may have excessive impedance for some 
tuners to properly match. Wires shorter than 24 feet may not radiate as effectively. A 30 foot 
insulated 18 gauge stranded wire antenna and connecting lug is included with the project and 
should meet most requirements without need for any counterpoise. 


Experience has shown that most external tuners and some internal tuners will tune 80-6 meters 
with an antenna length of 24° to 30’. If a longer antenna is desired, the provided antenna can be 
lengthened. 


Some tuners, in particular internal tuners, may not tune the full 80-6 meter range. You may 
need to try different wire lengths to optimize your antenna configuration. If you are having 
difficulty getting your rig to tune, start with a 26' wire. This should produce good results on at 
least 40-6 meters using the narrowest performance range of internal tuners. 


Best performance is achieved with a coax of 16' or longer, with the coax shield providing the 
counterpoise function. Additional counterpoise is usually not required in this design, although 
the lower wing nut provides а convenient counterpoise connector if needed. The end fed 
antenna system works well in horizontal, sloper, and vertical configurations. 


Observe established safety practices when working with antennas, and avoid proximity to power 
or utility wires. Permanent installations should be equipped with appropriate static and lighting 
protection. 


Keep amateur radio safe and fun! 


Toroid Wiring Schematic 


ANTENNA CONNECTION 


Red wire 


Black wire 


Coax center 


INPUT Green wire 


Coan shield 


Feedback on 6-40 End Fed Matchbox Antennas 


‘The antenna is amazing. | receive fantastic signal report from DX stations as well as hams around the 
country. | previously used a short version GR5V that was in an inverted V configuration on the roof of our 
house. This antenna was noisy but worked. Your antenna out performs the prior antenna and is much 
quieter. Thanks again for the fine product that your club offers. May 2012 


1 took me 10 minutes to install and WOW - within 10 minutes | made my first HF contact (from CT to GA). 
And in the span of 4 hours made 3 more !! | was transmitting just 5 Watts from Yaesu 857ND using this 
antenna. This antenna rocks ! Thanks a lon ! 73 May 2012 


‘The 6 - 40 Matchbox antenna works great! Easily tunes with the 2100 tuner - very low SWR's on 20m thru 
10m. Antenna was up about 45 feet on tree branch - wire length was about 52.5 feet, slight slope, 55 feet 
of coax, line isolator at radio. Work Hawaii for the very first time. Guess the antenna wanted to call 
home :.) 57 report, 100 watts, 15 Meter band, Icom 718. A great portable antenna that | will use often 
at Montrose Harbor along the lakefront in Chicago. Thank you for a fine, well made product. April 2012 


It arrived today in fine shape. | got is up in the air this afternoon using a 31 foot radiator. Top is at 45 feet. 
Loads on all bands 80-10M with my LDG auto-tuner absolutely no problem, My first QSO was KH7X in 
the ARRL SS contest with 100W. Amazing. This thing rocks! I's a great antenna! Nice job and a great 
buy. November 2011 


| set-up my jackite pole today and tried a 68' wire with the 9:1 unun matchbox. | set it up as an inverted L 
with about 26 feet vertical and 42 feet horizontal. With my 1C-703 it tuned 80 through 6 all well below 
1.5:1. 1 am going to leave the antenna up a few days and make a few contacts. | think the matchbox is 
terrific. October 2011 


My 6 — 40 meter end fed arrived through the UK holiday mail and | departed from my norm of a sloper and 
mounted it vertically on a 10m fishing pole. It is surprisingly effective and rewarded me with a surprise 
contact on 17m into the Falkland Islands at 20:30UT last night. January 2012 

When attached it to a 10m fiberglass fishing pole and went vertical - wow! Easy 5/9 contacts out to 
6,000+ miles when propagation was anything better than the worst. My simple ATU easily matches the 
antenna with SWR never greater than about 1.4 on any band itis built for. December 2012 


You can dither and procrastinate, but with this antenna, you'll be talking to the world in no time on any 
band that happens to be hot - and with your hard-earned cash hardly touched! January 2012 


Just wanted to report back that I have tossed the antenna into a tree about 20' up in an inverted vee 
shape and | am pleased to report that | can tune anywhere | need on 40-10M using the TS-590 internal 
tuner!! My first contact was on 40M within 10 minutes of erecting the antenna and was all the way to TX 
from my condo here in MI using just 10 watts. This is by far the best HAM related investment | have made 
in a long time. Living in a condo with strict association rules, | am able to conceal this wire in a tree out 
ту bedroom window and talk all over. Im very happy and would recommend this antenna to anyone in a 
similar situation. March 2013 


1 have had your multiband end fed antenna installed here in Singapore for a few weeks now and am very 
pleased. | used the wire from my previous antenna which is 66 feet long. It works beautifully! I have it 
hanging vertically outside my 15th story apartment window on a 5 foot horizontal pole (to get it away 
from the reinforced concrete building). A couple of fish weights on the end keep it from blowing around 
too much. | would recommend this antenna to anyone who is facing a challenging QTH. April 20131 
received my antenna yesterday, a quick 4 days since | ordered it. | attached it to a 31 foot pole and my 
IC-706MK2. Within minutes, | made my first contact with 9A4KW in Zagreb, Croatia on 20 meters. Being 
able to reach out over 4,000 miles gives me real confidence that I have found my portable antenna. 
Thanks for your rapid response and fine product. May 2013 


In only 2 weeks of casual on-air time. If you could see how 1 had to zig-zag it through a big tree above the 
roof of my RV, you'd be saying like | am, "how the heck can that work? | worked 90% of the stations | 
called, and just added Mexico City on 18m that gave me a 5x9. September 2013 


Just wanted to let you know how pleased | am with my ERAC matchbox antenna. | put the EUR 
antenna in the backyard with the feed point at 4 feet and the wire sloping up to 35 feet. I have 125 feet of 
coax feed line. My transceivers built-in antenna tuner will adjust the SWR to below 1.2 to 1 on all bands 
80.6 meters. Last weekend | worked 65 countries оп 5 continents. | live in an antenna restricted 
‘community and this antenna has allowed me to enjoy ham radio again. February 2014 


I used the EARC Matchbox today. It works GREAT on 20m with a 30 ft radiator in vertical positioning, fed 
with 25ft of RG175/u coax. Ive been talking up and down the east coast with 3W on SSB all afternoon! 
People ask me to repeat my power output again and again. | can't wait until | get the chance to use it at 
night, where | think itll really shine! This has a permanent place in my portable kit. Thanks for the great 
product! April 2014 


| performed a simple install in Virginia making it vertical by using a 28 foot fiber glass kite pole. Within 30 
minutes (NO KIDDING) | was receiving Lebanon on 17 meters! | also worked Russia and Eastern Europe 
that night on 20 meters. | love this antenna and | give it a 100% (5 STAR) rating. May 2014 


This litle box is magic. NY, IA and NM from GA with ease on 100w June 2014 


Just wanted to let you guys know, this matchbox is wonderful. | built the matchbox, connected it to 55 
feet of solid #14 about 20 feet in the air. My rig is a Yaesu FT-817ND connected to a MFJ-971 tuner with 
coax running between the tuner and the matchbox. So far | have worked Slovenia twice, Morocco, St. 
Helena Island, Cuba, Cost Rica, Vermont, Wyoming, Florida, North Dakota, Brazil, and Colombia. This 
setup works really well on the higher bands. Thank you for putting this design on the internet. | like it so 
much its become permanent here. September 2014 


This antenna continues to amaze me. It worked well U-shaped "indoors" with 50 watts, and now outdoors 


as a sloper. It easily loads 10-40m with my TS-570s internal tuner. I'm sold on it and own two of them 
now. 'm working at least 90% of the DX | chase. | have no RFI in the shack either. November 2014 


EARC Antennas are operating in virtually every state, these countries and 
more! 


Argentina Australia Belgium Brazil Canada Chile Denmark Greece 


Hong Kong India Ireland Israel Italy Mexico Mozambique New Zealand Russia Singapore 
Sweden Tasmania United Kingdom 


ORDERING A MATCHBOX ANTENNA FROM EARC 


Volunteers of the Honolulu Emergency Amateur Radio Club (EARC) carefully assemble the 6- 
40 End Fed matchbox antennas for those who prefer not to build one. For a donation of $56 
(Including USPS priority mail shipping) club volunteers will build and deliver a 6-40 matchbox 
with а 30 foot antenna wire anywhere in the U.S., we do not ship internationally. Note that coax 
cable is not included. 


Payment by PayPal 


To pay via PayPal, make your payment to paypal@earchi.org using any major credit card. 
Include your name, mailing address, and email address with the order. 


We will ship promptly and you will likely receive the order in the US in 7 days or less. If you 
have any questions about your order, please email webmaster@earchi.ora 


‘Thank you for your interest in the activities of Honolulu Emergency Amateur Radio Club and 
amateur radio. 


e 


First Edition, 2012 


ISBN 978-81-323-3025-7 


© All rights reserved. 


Published by: 

Research World 

4735/22 Prakashdeep Bldg, 
Ansari Road, Darya Ganj, 
Delhi - 110002 

Email: info@wtbooks.com 


Table of Contents 


Chapter 1 - Dipole Antenna 
Chapter 2 - Horn Antenna 

Chapter 3 - Radio Telescope 
Chapter 4 - Parabolic Antenna 
Chapter 5 - Antenna (Radio) 
Chapter 6 - Television Antenna 
Chapter 7 - Radio Masts and Towers 


Chapter 8 - Omnidirectional Antenna & Directional Antenna 


Chapter 1 


Dipole Antenna 


Length 143/f(MHz) meters 


75 Ohm feedline 


A schematic of a half-wave dipole antenna that a shortwave listener might build. 


A dipole antenna is a radio antenna that can be made of a simple wire, with a center-fed 
driven element. It consists of two metal conductors of rod or wire, oriented parallel and 
collinear with each other (in line with each other), with a small space between them. The 
radio frequency voltage is applied to the antenna at the center, between the two 
conductors, These antennas are the simplest practical antennas from a theoretical point of 
view. They are used alone as antennas, notably in traditional "rabbit ears" television 
antennas, and as the driven element in many other types of antennas, such as the Yagi 
Dipole antennas were invented by German physicist Heinrich Hertz around 1886 in his 
pioneering experiments with radio waves. 


Electric fields (blue) and magnetic fields (red) radiated by a dipole antenna 


Elementary doublet 


An elementary doublet is a small length of conductor 54(small compared to the 
‘wavelength A) carrying an alternating current: 


el. 


Неге w=2rfis the angular frequency (and fthe frequency), and sis VTT, so that ris a 
phasor. 


Note that this dipole cannot be physically constructed because the current needs 
Somewhere to come from and somewhere to go to. In reality, this small length of 
conductor will be just one of the multiple segments into which we must divide a real 
antenna, in order to calculate its properties. The interest of this imaginary elementary 
antenna is that we can easily calculate the electrical far field of the electromagnetic wave 
radiated by each elementary doublet. We give just the result 


Rus the far electric field of the electromagnetic wave radiated in the 0 direction. 
the permittivity of vacuum. 

cis the speed of light in vacuum. 

ris the distance from the doublet to the point where the electrical field Zis 
evaluated. 


» bis the wavenumber 


m 
T 


The exponent of eaccounts for the phase dependence of the electrical field on time and 
the distance from the dipole. 


The far electric field £yof the electromagnetic wave is coplanar with the conductor and 
perpendicular with the line joining the dipole to the point where the field is evaluated. If 
the dipole is placed in the center of a sphere in the axis south-north, the electric field 
would be parallel to geographic meridians and the magnetic field of the electromagnetic 
wave would be parallel to geographic parallels. 


Near Field 


The above formulas are valid for the far field of the antenna (7 > А/ (277), and are the 
only contribution to the radiated field. The formulas in the near field have additional 
terms that reduce with 7 and 7’. These are, 


where E = н/е = 10020) = ME The energy associated with the term of the near 
field flows back and forward out and into the antenna, 


Short dipole 


— ڪا 
— — 


A short dipole is a physically feasible dipole formed by two conductors with a total 
length Every small compared with the wavelength A. The two conducting wires are fed at 
the centre of the dipole. We assume the hypothesis that the current is maximal at the 
centre (where the dipole is fed) and that it decreases linearly to be zero at the ends of the 
wires. Note that the direction of the current is the same in both the dipole branches - to 
the right in both or to the left in both. The far field Exof the electromagnetic wave 
radiated by this dipole is: 


eosin E „ы 
dr A 


Es 


Emission is maximal in the plane perpendicular to the dipole and zero in the direction of 
wires which is the direction of the current. The emission diagram is circular section torus. 
shaped (right image) with zero inner diameter. In the left image the doublet is vertical in 
the torus centre. 


Knowing this electric field, we can compute the total emitted power and then compute 
the resistive part of the series impedance of this dipole due to the radiated field, known as 
the radiation resistance 


т Ly 
Res = 520 (5) (or zea) 


where Zo is the impedance of free space. Using a common approximation of Zo = 120x 
ohms, we get: 


Antenna gain 


Antenna gain is the ratio of surface power radiated by the antenna to the surface power 
radiated by а hypothetical isotropic antenna: 


The surface power carried by an electromagnetic wave is: 
DNE PES 
(E)... = 89 Ed 
The surface power radiated by an isotropic antenna feed with the same power i 
6) ge 
Siue 


Substituting values for the case of a short dipole, final result is: 


دي 


жей -15 


dBi simply means decibels gain, relative to an isotropic antenna. 


76 dBi 


Half-wave antenna 


EM 


“м 


‘Typically a dipole antenna is formed by two quarter wavelength conductors or elements 
placed back to back for a total length of A/2 A standing wave on an element of a length 
A/A yields the greatest voltage differential, as one end of the element is at a node while 
the other is at an antinode of the wave. The larger the differential voltage, the greater the 
current between the elements. 


Assuming a sinusoidal distribution, the current impressed by this voltage differential is 
given by: 


T= Т.е? coskt 


For the far-field case, the formula for the electric field of a radiating electromagnetic 
wave is somewhat more complex: 


= ily cool F009) j(ut-hr; 
E. = seer rJ Doer м 


alfa 
But the fraction sing. is not very different from sinê 


The resulting emission diagram is a slightly flattened torus. 


‘The image on the left shows the section of the emission pattern. We have drawn, in 
dotted lines, the emission pattern of a short dipole. We can see that the two patterns are 
very similar. The image at right shows the perspective view of the same emission pattern. 


This time it is not possible to compute analytically the total power emitted by the antenna 
(the last formula does not allow), though a simple numerical integration or series 
expansion leads to the more precise, actual value of the half-wave resistance: 


А 
Ву = 00129) = 0[n(224) — Ci27)] = 120 А 3 mem , 
i. ree guy" 
Pao Tp ge + = (ЧУ, 


This leads to the gain оГа dipole antenna, 


BY 390 120 —‏ رې 
P WR 3uü ETA‏ 


120 
31200 1. 64 2.15 dBi 


The resistance, however, is not enough to characterize the dipole impedance, as there is 
also an imaginary pan it is better to measure the impedance. 


In the image below, the real and imaginary parts of a dipole's impedance are drawn for 
lengths going from 0.4 Mo 0.5 A, accompanied by a chart comparing the gains of dipole 
antennas of other lengths (note that gains are not in dBi but in natural number) 


UHF-Half-Wave Dipole, 1.0-4 GHz 


O 
3 6 5 S 8 5 8 2 Bb SB 


04 0.42 044 046 O48 Q5 252 054 0.56 058 06 
Length, wavelengths 


Gain of dipole antennas 
length L in A Gain Gain(dB) 


«01 1.50 L76dB 
оз 1.64 2.1548 
10 1.80 2.5508 
15 2.00 3.0148 
20 2.30 3.6208 
30 2.80 447dB. 
40 3.50 5444В 


80 7.10 8.51dB 


Ouarter-wave antenna 


ground 


The antenna and its image form a ždipole that radiates only upward. 


The quarter wave monopole antenna is a single element antenna fed at one end, that 
behaves as a dipole antenna. It is formed by a conductor in length. It is fed in the lower 
end, which is near a conductive surface which works as a reflector. The current in the 
reflected image has the same direction and phase as the current in the real antenna. The 
quarter-wave conductor and its image together form a half-wave dipole that radiates only 
in the upper half of space. 


In this upper side of space the emitted field has the same amplitude of the field radiated 
by a half-wave dipole fed with the same current, Therefore, the total emitted power is 
one-half the emitted power of a half-wave dipole fed with the same current. As the 
current is the same, the radiation resistance (real part of series impedance) will be one- 
half of the series impedance of a half-wave dipole. As the reactive part is also divided by 
2, the impedance of a quarter wave antenna is ŽE =30-+i21ohms. Since the fields above 
ground are the same as for the dipole, but only half the power is applied, the gain is twice 
GAB over) that for a half-wave dipole (3), that is 5.14 dBi. 


‘The earth can be used as ground plane, but it is a poor conductor: the reflected antenna 
image is only clear at glancing angles (far from the antenna). At these glancing angles, 
electromagnetic fields and radiation pattems are thus the same as for a half-wave dipole. 


Naturally, the impedance of the earth is far inferior to that of a good conductor ground 
plane — this can be improved (at cost) by laying a copper mesh. 


When ground is not available (such as in a vehicle) other metallic surfaces can serve as a 
ground plane (typically the vehicle's roof). Alternatively, radial wires placed at the base 
ol the antenna can simulate a ground plane. For VHF bands, the radiating and ground- 
plane elements can be constructed from rigid rods or tubes. 


Dipole characteristics 
Freguency versus length 


Dipoles that are much smaller than the wavelength of the signal are called Hertzian, 
short, or infinitesimal dipoles. These have a very low radiation resistance and a high 
reactance, making them inefficient, but they are often the only available antennas at very 
Jong wavelengths. Dipoles whose length is half the wavelength of the signal are called 
half-wave dipoles, and are more efficient. In general radio engineering, the term dipole 
usually means a half-wave dipole (center-fed). 


A half-wave dipole is cut to length / for frequency f MHz according to the formula. 
1 143 6: 
where / is in metres or ЈЕ where / is in feet. This is because the 


impedance of the dipole is resistive pure at about this length. The length of the dipole. 
antenna is about 95% of half a wavelength at the speed of light in free space. 


The magic numbers above are derived from a one Hz wavelength which is the distance. 
that light radio travels in one second. Speed of light in vacuum is 299,792,458 m/s, which 
is divided by 1 million to account for MHz rather than Hz, which is then divided by 2 for 
a half-wave dipole antenna. A fudge factor of approximately 0.95 is multiplied to account 
for the damping due to radiation, which results in the magic number of 143 m-MHz or 
468 MHZ. 


Radiation pattern and gain 


Dipoles have an omnidirectional radiation pattern, shaped like a toroid (doughnut) 
symmetrical about the axis of the dipole. The radiation is maximum at right angles to the 
dipole, dropping off to zero on the antenna's axis. The theoretical maximum gain of a 
Hertzian dipole is 10 log 1.5 or 1.76 dBi. The maximum theoretical gain of a 2/2-dipole 
is 10 log 1.64 or 2.15 dBi. 


is linear. 


Gain of a half-wave dipole (same as left). The scale is in dBi (decibels over isotropic). 


Feeder line 


Ideally, a half-wave (142) dipole should be fed with a balanced line matching the 
theoretical 73 ohm impedance of the antenna. A folded dipole uses a 300 ohm balanced 
feeder line. 


Many people have had success in feeding a dipole directly with a coaxial cable feed 
rather than a ladder-line, However, coax is not symmetrical and thus not a balanced 
feeder. It is unbalanced, because the outer shield is connected to earth potential at the 
other end. When a balanced antenna such as a dipole is fed with an unbalanced feeder, 
common mode currents can cause the coax line to radiate in addition to the antenna itself, 


and the radiation pattern may be asymmetrically distorted. This can be remedied with the 
use of a balun. 


Common applications 
Set-top TV antenna 


A "rabbit-cars" antenna with a UHF loop antenna. 


‘The most common dipole antenna is the type used with televisions, often colloquially 
referred to as "rabbit ears" or "bunny ears." While in most applications the dipole 
elements ate arranged along the same line, rabbit ears are adjustable in length and angle. 
Larger dipoles are sometimes hung in a V shape with the center near the radio equipment 
оп the ground or the ends on the ground with the center supported, Shorter dipoles can be 


hung vertically, Some have extra elements to get better reception such as loops 
(especially for ИНЕ transmissions), which can be turnable around a vertical axis, or a 
dial, which modifies the electrical properties of the antenna at each dial position, 


Folded dipole 


Folded dipole antenna 


Another common place one can see dipoles is as antennas for the FM band - these are 
folded dipoles. The tips of the antenna are folded back until they almost meet at the 
feedpoint, such that the antenna comprises one entire wavelength, This arrangement has a 
greater bandwidth than a standard half-wave dipole. If the conductor has a constant radius 
and cross-section, at resonance the input impedance is four times that of a half-wave 
dipole 


Shortwave antenna 


A DIY-made dipole antenna with mast 


Dipoles for longer wavelengths are made from solid or stranded wire. Portable dipole 
antennas are made from wire that can be rolled up when not in use. Ropes with weights 
on the ends can be thrown over supports such as tree branches and then used to hoist up 
the antenna. The center and the connecting cable can be hoisted up with the ends on the 
ground or the ends hoisted up between two supports in a V shape. While permanent 
antennas can be trimmed to the proper length, it is helpful if portable antennas are 
adjustable to allow for local conditions when moved. One easy way is to fold the ends of 
the elements to form loops and use adjustable clamps. The loops can then be used as 
attachment points. 


It is important to fit a good insulator at the ends of the dipole, as failure to do so can lead 
toa flashover if the dipole is used with a transmitter. Various purchased ог improvised 
insulators can be used. 


Whip antenna 


The whip antenna is probably the most common and simplest-looking antenna. These are 
monopoles, and the most common and practical is the quarter-wave monopole which 
could be considered as half of a dipole using a ground plane as the image of the other 
half. The commonly referred-to end-fed dipole is actually just a half-wave monopole 
whip antenna. 


Dipoles versus whip antennas 


Dipoles are generally more efficient than whip antennas (quarter-wave monopoles). The 
total radiated power and the radiation resistance are twice that of a quarter-wave 
monopole. Thus, if a whip antenna were used with an infinite perfectly conducting 
ground plane, then it would be as efficient in half-space as a dipole in free space an 
infinite distance from any conductive surfaces such as the earth's surface. 


Large constructed half-wavelength dipole towers include the Warsaw radio mast — the 
only half-wave dipole for longwave ever built — and Blaw-Knox Towers. 


US Military personnel occasionally use a ‘doublet’ antenna, especially during dismounted 
unconventional warfare. A radio operator may choose to bring several doublet antennas 
for different frequencies, such as an antenna cut to length for the set MEDEVAC 
(medical evacuation) frequency, NCS (net control station) frequency, and tactical 
frequency (the frequency used by troops in the field). This approach may not be 
acceptable depending on the mission. Note that a doublet antenna will not work with the 
standard SINCGARS radio when using frequency hopping(FH) but is effective for single 
channel (SC). A doublet antenna is more practical for radios not intended for FH. 


Collinear antenna systems based on dipoles 


«| Ul 


J-Pole Antenna 
Dipoles can be stacked end to end in phased arrays to make collinear antenna array: 
which exhibit more gain in certain directions—the toroidal radiation pattern is flattened 
out, giving maximum gain at right angles to the axis of the colinear array. 


Slim Jim or J-pole 


A Slim Jim or J-pole is a form of end-fed dipole connected to a quarter-wave stub 
matching section. 


Dipole types 
Ideal half-wavelength dipole 


This type of antenna is a special case where each wire is exactly one-quarter of the 
wavelength, for a total of a half wavelength. The radiation resistance is about 73 ohms if 
wire diameter is ignored, making it easily matched to a coaxial transmission line. The 
directivity is a constant 1.64, or 2.15 dB. Actual gain will be a little less due to ohmic 
losses. 


Ifthe dipole is not driven at the centre then the feed point resistance will be higher. If the 
feed point is distance x from one end of a half wave (1/2) dipole, the resistance will be 
described by the following equation. 


Il taken to the extreme then the feed point resistance of a 2/2 long rod is infinite, but it is 
possible to use a 4/2 pole as an aerial; the right way to drive it is to connect it to one 


terminal of a parallel LC resonant circuit. The other side of the circuit must be connected 
to the braid of a coaxial cable lead and the core of the coaxial cable can be connected part 
way up the coil from the RF ground side. An alternative means of feeding this system is 
to use a second coil which is magnetically coupled to the coil attached to the aerial, 


Folded dipole 


A folded dipole is a half-wave dipole with an additional wire connecting its two ends. If 
the additional wire has the same diameter and cross-section as the dipole, two nearly 
identical radiating currents are generated. The resulting far-field emission pattern is 
nearly identical to the one for the single-wire dipole described above; however, at 
resonance its input (feedpoint) impedance Ris four times the radiation resistance of a 
single-wire dipole. This is because for a fixed amount of power, the total radiating current 
Jn is equal to twice the current in cach wire and thus equal to twice the current at the feed 
point. Equating the average radiated power to the average power delivered at the 
Teedpoint, we may write 


Eo pet E 
55 = SRra(h/2 
58418 = s Ra (10/2) 
It follows that 

Rya = АВ» 202.520 
The folded dipole is therefore well matched to 300-Ohm balanced transmission lines. 
Hertzian dipole (current element) 
The Hertzian dipole is a theoretical short dipole (significantly smaller than the 
wavelength) with a uniform current along its length. A true Hertzian dipole cannot. 
physically exist, since the assumed current distribution implies an infinite accumulation 


of charge at its ends. 


The radiation resistance is given by: 


where Zo is the impedance of free space. This is precisely four times the radiation 
resistance of the real short dipole with the linearly tapered current distribution. 


The radiation resistance is typically a fraction of an ohm, making the infinitesimal dipole. 
an inefficient radiator. The directivity D, which is the theoretical gain of the antenna 
assuming no ohmic losses (not real-world), is a constant of 1.5, which corresponds to 


1.76 dB. Actual gain will be much less due to the ohmic losses and the loss inherent in 
connecting a transmission line to the antenna, which is very hard to do efficiently 
considering the incredibly low radiation resistance. The maximum effective aperture 


эе 
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A surprising result is that even though the Hertzian dipole is minute, its effective aperture 
is comparable to antennas many times its size. 


Dipole as a reference standard 


Antenna gain is sometimes measured as "x dB above a dipole", which means that the 
antenna in question is being compared to a dipole, and has x dB more gain (has more 
directivity) than the dipole tuned to the same operating frequency. In this case one says 
the antenna has a gain of "x АВА". More often, gains are expressed relative to an isotropic 
radiator, which is an imaginary aerial that radiates equally in all directions. In this case 
опе uses dBi instead of dBd. As it is impossible to build an isotropic radiator, gain 
measurements expressed relative to a dipole are more practical when a reference dipole 
aerial is used for experimental measurements. 0 dBd is often considered equal to 2.15 
dBi. 


From Babinets principle, a dipole antenna is complementary to a slot antenna consisting 
ofa slot the same size and shape as a dipole cut from an infinite sheet of metal; both give 
the same radiation pattem. 


Dipole with baluns 
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Coax and antenna both acting as radiators instead of only the antenna 


A dipole, being composed of two symmetrical ungrounded elements, works best when 
fed by a balanced transmission line, such as ladder line. When a dipole with an 
unbalanced feedline such as coaxial cable is used for transmitting, the shield side of the 
cable, in addition to the antenna, radiates. This can induce RF currents into other 
electronic equipment near the radiating feedline, causing RF interference. Furthermore, 
the antenna is not as efficient as it could be because it is radiating closer to the ground. 
and its radiation (and reception) pattern may be distorted asymmetrically. At higher. 
frequencies, where the length of the dipole becomes significantly shorter than the 
diameter of the feeder coax, this becomes a more significant problem. To prevent this, 
dipoles fed by coaxial cables have a balun between the cable and the antenna, to convert 


the unbalanced signal provided by the coax to a balanced symmetrical signal for the 
antenna, 


Several type of baluns are commonly used to transmit on a dipole: current baluns and 
coax baluns. 


Current balun 
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Dipole with a current balun. 


A current balun is a bit more expensive but has the characteristic of being тоге 
broadband. It can also be as simple as winding the coax cable over a ferrite core. Or 
nothing but coax cable: 


Соах balun 
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Here is a dipole using a coax balun 


А coax balun is a cost effective method to eliminate Feeder radiation, but is limited to a 
narrow set of operating frequencies 


= One easy way to make a balun is a (2) length of coaxial cable, The inner core of 
the cable is linked at each end to one of the balanced connections for a feeder or 
dipole. One of these terminals should be connected to the inner core of the coaxial 
feeder. All three braids should be connected together. This then forms а 4:1 balun 
which works correctly at only а narrow band of frequencies. 


Sleeve balun 


Here is a dipole using a sleeve balun. 
At VHF frequencies, a sleeve balun can also be built to remove feeder radiation, 


Another narrow band design is to use a 2/4 length of metal pipe. The coaxial cable 
is placed inside the pipe; at one end the braid is wired to the pipe while at the 
other end no connection is made to the pipe. The balanced end of this balun is at 
the end where the pipe is wired to the braid. The 0/4 conductor acts as a 
transformer converting the infinite impedance at the unconnected end into a zero 
impedance at the end connected to the braid. Hence any current entering the balun 
through the connection, which goes to the braid at the end with the connection to 


the pipe, will flow into the pipe. This balun design is impractical for low 
frequencies because of the long length of pipe that will be needed. 


Chapter 2 


Horn Antenna 


Pyramidal microwave horn antenna, with a bandwidth of 0.8 to 18 GHz. A coaxial cable 
feedline attaches to the connector visible at top. This type is called a ridged horn; the 
curving fins visible inside the mouth of the horn increase the antenna's bandwidth. 


A horn antenna or microwave horn is an antenna that consists of a flaring metal 
‘waveguide shaped like a horn to direct the radio waves. Horns are widely used as 
antennas at UHF and microwave frequencies, above 300 MHz. They are used as feeders 


(called feed horns) for larger antenna structures such as parabolic antennas, as standard 
calibration antennas to measure the gain of other antennas, and as directive antennas for 
such devices as radar guns, automatic door openers, and microwave radiometers. Their 
advantages are moderate directivity (gain), low SWR, broad bandwidth, and simple 
construction and adjustment. 


One of the first horn antennas was constructed in 1897 by Indian radio researcher 
Jagadish Chandra Bose in his pioneering experiments with microwaves. In the 1930s the 
first experimental research (Southworth and Barrow, 1936) and theoretical analys 
(Barrow and Chu, 1939) of horns as antennas was done. The development of radar in 
World War 2 stimulated horn research. The corrugated horn proposed by Kay in 1962 has 
become widely used as a feed horn for microwave antennas such as satellite dishes and 
radio telescopes. 


Ап advantage of horn antennas is that since they don't have any resonant elements, they 
can operate over a wide range of frequencies, a wide bandwidth. The useable bandwidth 
of hom antennas is typically of the order of 10:1, and can be up to 20:1 (for example 
allowing it to operate from 1 GHz to 20 GHz). The input impedance is slowly-varying 
over this wide frequency range, allowing low VSWR over the bandwidth. The gain of 
hom antennas ranges up to 25 dBi, with 10 - 20 dBi being typical. 


Description 


А horn antenna is used to transmit radio waves from a waveguide (a metal pipe used to 
carry radio waves) out into space, or collect radio waves into a waveguide for reception. 
It typically consists of a short length of rectangular or cylindrical metal tube (the 
waveguide), closed at one end, flaring into an open-ended conical or pyramidal shaped 
horn on the other end. The radio waves are usually introduced into the waveguide by a 
coaxial cable attached to the side, with the central conductor projecting into the 
waveguide. The waves then radiate out the horn end in a narrow beam. However in some 
equipment the radio waves are conducted from the transmitter or to the receiver by a 
waveguide, and in this case the horn is just attached to the end of the waveguide. 


How it works 


Corrugated conical horn antenna used as a feed horn on a Hughes Direcway home 
satellite dish. 


A horn antenna serves the same function for electromagnetic waves that an acoustical 
horn does for sound waves in a musical instrument such as a trumpet; it provides a 
gradual transition structure to match the impedance of a tube to the impedance of free 
space, enabling the waves from the tube to radiate efficiently into space. 


Ia simple open-ended waveguide were to be used as an antenna, without the horn, the 
sudden end of the conductive walls causes an abrupt impedance change at the aperture, 
from the characteristic impedance of the waveguide to the impedance of free space, 377 
ohms. When radio waves travelling through the waveguide hit the opening, it acts as a 
bottleneck, reflecting most of the wave energy back down the guide toward the source, so 
‘only part of the power is radiated. It acts similarly to an open-circuited transmission line, 
or to a boundary between optical mediums with a high and low index of refraction, like a 
glass surface. The reflected waves cause standing waves in the waveguide, increasing the 
VSWR, wasting energy and possibly overheating the transmitter. In addition, the small 
aperture of the waveguide (around one wavelength) causes severe diffraction of the 
Waves issuing from it, resulting in a wide radiation pattern without much directivity 


To improve these poor characteristics, the ends of the waveguide are flared out to form a 
hom. The taper of the horn changes the impedance gradually along the horn's length. This 
acts like an impedance matching transformer, allowing most of the wave energy to 
radiate out the end of the horn into space, with minimal reflection. The taper functions 
similarly to a tapered transmission line, or an optical medium with a smoothly-varying 
refractive index. In addition, the wide aperture of the horn projects the waves in a narrow 
beam 


The hom shape that gives minimum reflected power is an exponential taper. Exponential 
horns are used in special applications that require minimum signal loss, such as satellite 
antennas and radio telescopes. However conical and pyramidal horns are most widely 
used, because they have straight sides and are easier to fabricate. 


Radiation pattern 


The waves travel down a horn as spherical wavefronts, with their origin at the apex of the 
horn. The pattern of electric and magnetic fields at the aperture plane of the hom, which 
determines the radiation pattern, is a scaled-up reproduction of the fields in the 
waveguide. However, because the wavefronts are spherical, the phase increases smoothly 
from the center of the aperture plane to the edges, because of the difference in length of 
the center point and the edge points from the apex point. The difference in phase between 
the center point and the edges is called the phase error. This phase error, which increases 
with the flare angle, reduces the gain and increases the beamwidth, giving horns wider 
beamwidths than plane-wave antennas such as parabolic dishes. 


At the flare angle, the radiation of the beam lobe is down about -20 dB from its maximum 
value, 


The increasing phase error limits the aperture size of practical horns to about 15 
wavelengths; larger apertures would require impractically long horns. This limits the gain 
of practical horns to about 1000 (30 dB) and the corresponding minimum beamwidth to 
about 5 - 10° 


Optimum һогп 


Large pyramidal hom used in 1951 to detect the 21 cm (1.43 GHz) radiation from. 
hydrogen gas in the Milky Way galaxy. 


Fora given frequency and horn length, there is some flare angle that gives minimum 
reflection and maximum gain. The reflections in straight-sided horns come from the two 
locations along the wave path where the impedance changes abruptly; the mouth or 
aperture of the horn, and the throat where the sides begin to flare out. The amount of 
reflection at these two sites varies with the flare angle of the horn (the angle the sides 
make with the axis). In narrow horns with small flare angles most of the reflection occurs 
at the mouth of the horn, The gain of the antenna is low because the small mouth 
approximates an open-ended waveguide. As the angle is increased, the reflection at the 
mouth decreases rapidly and the antenna's gain increases. In contrast, in wide horns with 


flare angles approaching 90° most of the reflection is at the throat. The horn's gain is 
again low because the throat approximates an open-ended waveguide. Аз the angle is 
decreased, the amount of reflection at this site drops, and the horn' gain again increases. 
This discussion shows that there is some flare angle which gives maximum gain and 


imum reflection. This is called the optimum horn. Most practical hom antennas are 
designed as optimum horns. In a pyramidal horn, the dimensions that give an optimum 


horn are: 
BALE an= Ne 


Fora conical hom, the dimensions that give an optimum horn аге: 


d= YL 


where 


agis the width of the aperture in the E-field direction 
an is the width of the aperture in the H-field direction 
Leis the slant length of the side in the E-field direction 
Lyis the slant length of the side in the H-field direction. 
dis the diameter of the cylindrical hom aperture 

L is the slant length of the cone from the apex. 

2 is the wavelength 


An optimum horn does not give maximum gain for a given aperture size; this is achieved 
by a very long hom. It gives the maximum gain for a given horn length. Tables showing 
dimensions for optimum horns for various frequencies are given in microwave 
handbooks. 


Gain 
Horns have very little loss, so the directivity of a horn is roughly equal to its gain. The 
gain G of a pyramidal hom antenna (the ratio of the radiated power intensity along its 


beam axis to the intensity of an isotropic antenna with the same input power) is: 


ARA 
G= e 


For conical horns, the gain is 


where 


A is the area of the aperture, 

dis the aperture diameter of a conical horn 

Lis the wavelength, 

e4 isa dimensionless parameter called the aperture efficiency, 


‘The aperture efficiency ranges from 0.4 to 0.8 in practical horn antennas. For optimum 
pyramidal horns, e4 = 0.511., while for optimum conical horns e, = 0.522, So an 
approximate figure of 0.5 is often used. The aperture efficiency increases with the length 
of the horn, and for aperture-limited horns is approximately unity. 


Types of horn antennas 


Aperture-limited corrugated horn, used as a feed horn in a radio telescope for millimeter 
waves. 


‘These are the common types of horn antenna. Horns can have different flare angles as 
well as different expansion curves (elliptic, hyperbolic, etc.) in the E-field and H-field 
directions, making possible a wide variety of different beam profiles. 


« Pyramidal horn - a horn antenna with the horn in the shape of a four-sided 
pyramid, with a rectangular cross section. They are the most widely used type, 
used with rectangular waveguides, and radiate linearly polarized radio waves. 

. Sectoral horn - A pyramidal horn with only one pair of sides flared and the other 
pair parallel, It produces a fan-shaped beam, which is narrow in the plane of the 
flared sides, but wide in the plane of the narrow sides, 

о E-plane hom - A sectoral horn flared in the direction of the electric or E- 
field in the waveguide, 

o H-plane horn - A sectoral horn flared in the direction of the magnetic ог 
H-field in the waveguide. 

+ Conical horn - A hom in the shape of a cone, with a circular cross section. They 
are used with cylindrical waveguides 

+ Corrugated horn - A horn with parallel slots or grooves, small compared with a 
wavelength, covering the inside surface of the horn, transverse to the axis. 
Corrugated horns have wider bandwidth and smaller sidelobes and cross- 


polarization, and are widely used as feed horns for satellite dishes and radio 
telescopes 

. Ridged horn - A pyramidal horn with ridges or fins attached to the inside of the 
horn, extending down the center of the sides. The fins lower the cutoff frequency, 
increasing the antenna's bandwidth. 

» Septum horn - A horn which is divided into several subhorns by metal partitions 
(septums) inside, attached to opposite walls 

+ Aperture-limited horn - a long narrow horn, long enough so the phase error is a 
fraction оГа wavelength, so it essentially radiates a plane wave. It has an aperture. 
efficiency of 1.0 so it gives the maximum gain and minimum beamwidth for a 
given aperture size. The gain is not affected by the length but only limited by 
diffraction at the aperture. Used as feed horns in radio telescopes and other high- 
resolution antennas. 


50 ft. Holmdel horn antenna at Bell labs in Holmdel, New Jersey, USA, with which Arno 
Penzias and Robert Wilson discovered cosmic microwave background radiation in 1964, 
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Large 177 ft. Hogg horn antenna at AT&T satellite communications facility in Andover, 
Maine, USA, used in 1960s to communicate with the first direct relay communications. 
satellite, Telstar 


Hogg microwave relay antennas on roof of AT&T telephone switching center, Seattle, 
Washington, USA. 
Hogg antennas 


Hogg horn antenna 


A type of antenna that combines a horn with а parabolic reflector is the Hogg antenna, 
invented by Р. С. Hogg at Bell labs around 1960. It consisted of a horn antenna with a 
reflector mounted in the mouth of the hom at a 45 degree angle so the radiated beam is at 
right angles to the horn axis, The reflector is a segment of a parabolic reflector, so the 
device is equivalent to a parabolic antenna fed off-axis. The advantage of this design over 
a standard parabolic antenna is that the horn shields the antenna from radiation coming 
from angles outside the main beam axis, so its radiation pattern has very small sidelobes. 


Also, the aperture isn't partially obstructed by the feed and its supports, as with ordinary 
front-fed parabolic dishes. The disadvantage is that it is far larger and heavier for a given 
aperture area than a parabolic dish, and must be mounted on a cumbersome turntable to 
be fully steerable. This design was used for a few radio telescopes and communication 
satellite ground antennas during the 1960s. Its largest use, however, was as fixed 
antennas for microwave relay links in the AT&T Long Lines microwave network 
Probably the most photographed and well-known example is the 15 meter (50 foot) long 
Holmdel Horn Antenna at Bell Labs in Holmdel, New Jersey, with which Arno Penzias 
and Robert Wilson discovered cosmic microwave background radiation in 1965, for 
which they won the 1978 Nobel Prize in Physics. 


Chapter 3 


Radio Telescope 


‘The 64 meter radio telescope at Parkes Observatory 


A radio telescope is a form of directional radio antenna used in radio astronomy. The 
same types of antennas are also used in tracking and collecting data from satellites and 
space probes. In their astronomical role they differ from optical telescopes in that they 
‘operate in the radio frequency portion of the electromagnetic spectrum where they can 
detect and collect data on radio sources. Radio telescopes are typically large parabolic 
("dish") antennas used singly or in an array. Radio observatories are preferentially located 
far from major centers of population to avoid electromagnetic interference (EMI) from 
radio, TV, radar, and other EMI emitting devices. This is similar to the locating of optical 


telescopes to avoid light pollution, with the difference being that radio observatories are 
often placed in valleys to further shield them from EMI as opposed to clear air mountain 
tops for optical observatories. 


Early radio telescopes 


Full-size replica of the first radio telescope, Jansky's dipole array now at the US National 
Radio Astronomy Observatory 


The first radio antenna used to identify an astronomical radio source was one built by 
Karl Guthe Jansky, an engineer with Bell Telephone Laboratories, in 1931. Jansky was 
assigned the job of identifying sources of static that might interfere with radio telephone 
service. Jansky's antenna was an array of dipoles and reflectors designed to receive short 
wave radio signals at a frequency of 20.5 MHz (wavelength about 14.6 metres). It was 
mounted on a turntable that allowed it to rotate in any direction, earning it the name 
"Jansky's merry-go-round”. It had a diameter of approximately 100 ft (30 m). and stood 
20 ft (6 m). tall. By rotating the antenna on a set of four Ford Model-T tires, the direction 
of the received interfering radio source (static) could be pinpointed. A small shed to the 
side of the antenna housed an analog pen-and-paper recording system, After recording 
signals from all directions for several months, Jansky eventually categorized them into 
three types of static: nearby thunderstorms, distant thunderstorms, and a faint steady hiss 
of unknown origin. Jansky finally determined that the "faint hiss" repeated on a cycle of 
23 hours and 56 minutes. This period is the length of an astronomical sidereal day, the 
time it takes any "fixed" object located on the celestial sphere to come back to the same 
location in the sky. Thus Jansky suspected that the hiss originated well beyond the Earth's 
atmosphere, and by comparing his observations with optical astronomical maps, Jansky 
concluded that the radiation was coming from the Milky Way Galaxy and was strongest 
in the direction of the center of the galaxy, in the constellation of Sagittarius. 


Reber's first "dish" radio telescope - Wheaton, IL 1937 


Ап amateur radio operator, Grote Reber, was one of the pioneers of what became known 
as radio astronomy when he built the first parabolic "dish" radio telescope (9 metres 

(30 ft) in diameter) in his back yard in Illinois in 1937. He was instrumental in repeating 
Karl Guthe Jansky's pioneering but somewhat simple work at higher frequencies, and he 
went on to conduct the first sky survey at very high radio frequencies. The rapid 
development of radar technology during World War II was easily translated into radio 
astronomy technology after the war, and the field of radio astronomy began to blossom. 


Types 


A cylindrical paraboloid antenna. 


The range of frequencies in the electromagnetic spectrum that makes up the radio 
spectrum is very large. This means that the types of antennas that are used as radio 
telescopes vary widely in design, size, and configuration. At wavelengths of 30 meters to 
3 meters (10 MHz - 100 MHz), they are generally either directional antenna arrays 
similar to "TV antennas" or large stationary reflectors with moveable focal points. Since 
the wavelengths being observed with these types of antennas are so long, the "reflector" 
surfaces can be constructed from coarse wire mesh such as chicken wire, At shorter 
wavelengths "dish" style radio telescopes predominate. The angular resolution of a dish 
style antenna is determined by the diameter of the dish expressed as a number of 


wavelengths of the electromagnetic radiation being observed. This dictates the dish size a 
radio telescope needs for a useful resolution, Radio telescopes that operate at 
wavelengths of 3 meters to 30 em (100 MHz to 1 GHz) are usually well over 100 meters 
in diameter. Telescopes working at wavelengths shorter than 30 cm (above 1 GHz) range 
in size from 3 to 90 meters in diameter, 


Big dishes 


RT-70 planetary radar 


World's largest single-aperture radio telescope at Arecibo Observatory in Puerto Rico 


ALMA construction site 


The world's largest filed. aperture telescope (i e. a full dish) is the Arecibo radio 
telescope located in Arecibo, Puerto Rico, whose 305 m (1,001 ft) dish is fixed in the 
ground. It was designed by engineer Bill Gordon (d. 2010). The suspension system was 
designed by George and Helias Doundoulakis, for which Helias Doundoulakis received a 
patent along with assignee William J. Casey, ex-Central Intelligence Agency Director 
under President Ronald Reagan. The antenna beam is steerable (by means of a moving 
receiver) within about 20° of the zenith. The largest individual radio telescope of any 
kind is the RATAN-600 located near Nizhny Arkhyz, Russia, which consists of a 576- 
meter circle of rectangular radio reflectors, each of which can be pointed towards a 
central conical receiver. 


The largest radio telescope in Europe is the 100-meter diameter antenna in Effelsberg, 
Germany, which also was the world's largest fully-steerable telescope for 30 years until 
the slightly larger Green Bank Telescope was opened in West Virginia, United States, in 
2000. The third-largest fully-steerable radio telescope is the 76-metre Lovell Telescope at 
Jodrell Bank Observatory in Cheshire, England. The fourth-largest fully-steerable radio 
telescopes is four the 70-metre radio telescopes: RT-70, Goldstone. Feature of these 
telescopes is that it is the world's largest planetary radars (except Suffa RT-70). 


A typical size of the single antenna of a radio telescope is 25 meters. Dozens of radio 
telescopes with comparable sizes are operated in radio observatories all over the world. 


China officially started construction of the world's largest single-aperture radio telescope 
in 2009, the FAST. The FAST, with a dish area as large as 30 football fields, will stand in 
a region of typical Karst depressions in Guizhou, and will be finished by 2013. 


Radio interferometry 


‘The Very Large Array, an interferometric array formed from many smaller telescopes, 
like many larger radio telescopes. 


‘One of the most notable developments came in 1946 with the introduction of the 
technique called astronomical interferometry. Astronomical radio interferometers usually 
consist either of arrays of parabolic dishes (e E. the One. Alle Telescope), arrays of one- 
dimensional antennas le g. the Molonglo Observatory Synthesis Telescope) or two- 
dimensional arrays of omni-directional dipoles (¢.g., Tony Hewish's Pulsar Array). All of 
the telescopes in the array are widely separated and аге usually connected together using 
coaxial cable, waveguide, optical fiber, or other type of transmission line. Recent 
advances in the stability of electronic oscillators also now permit interferometry to be 
carried out by independent recording of the signals at the various antennas, and then later 
correlating the recordings at some central processing facility. This process is known as 
VLBI (Very Long Baseline Interferometry). Interferometry does increase the total signal 
collected, but its primary purpose is to vastly increase the resolution through a process 
called Aperture synthesis. This technique works by superposing (interfering) the signal 
waves from the different telescopes on the principle that waves that coincide with the 


same phase will add to each other while two waves that have opposite phases will cancel 
each other out. This creates a combined telescope that is equivalent in resolution (though 
not in sensitivity) to a single antenna whose diameter is equal to the spacing of the 
antennas furthest apart in the array. A high quality image requires a large number of 
different separations between telescopes. Projected separation between any two 
telescopes, as seen from the radio source, is called a baseline. For example, the Very 
Large Атау (VLA) near Socorro, New Mexico has 27 telescopes with 351 independent 
baselines at once, which achieves a resolution of 0.2 are seconds at 3 em wavelengths). 
Martin Ryle's group in Cambridge obtained a Nobel Prize for interferometry and aperture 
synthesis. The Lloyd's mirror interferometer was also developed independently in 1946 
by Joseph Pawsey's group at the University of Sydney. In the early 1950s the Cambridge 
Interferometer mapped the radio sky to produce the famous 2C and 3C surveys of radio 
sources. The largest existing physically-connected radio telescope array is the Giant 
Metrewave Radio Telescope, located in Pune, India. A larger array, LOFAR (the 'LOw 
Frequency ARray) is currently being constructed in western Europe, consisting of 25 000 
small antennas over an area several hundreds of kilometres in diameter. VLBI systems 
using post-observation processing have been constructed with antennas thousands of 
miles apart. Radio interferometers have also been used to obtain detailed images of the 
anisotropies and the polarization of the Cosmic Microwave Background, like the CBI 
interferometer in 2004. 


Astronomical observations 


Many astronomical objects are not only observable in visible light but also emit radiation 
at radio wavelengths. Besides observing energetic objects such as pulsars and quasars, 
radio telescopes are able to "image" most astronomical objects such as galaxies, nebulae, 
and even radio emissions from planets. 


Chapter 4 


Parabolic Antenna 


A parabolic antenna at Erdfunkstelle Raisting, the biggest facility for satellite 
communication in the world, based in Raisting, Bavaria, Germany. it has a Cassegrain 
type feed. 


A parabolic antenna is an antenna that uses а parabolic reflector, a surface with the 
cross-sectional shape of a parabola, to direct the radio waves. The most common form is 
shaped like a dish and is popularly called a dish antenna or parabolic dish. The main 
advantage of a parabolic antenna is that it is highly directive; it functions analogously to a 
searchlight or flashlight reflector to direct the radio waves in a narrow beam, or receive 
radio waves from one particular direction only. Parabolic antennas have some of the 
highest gains, that is they can produce the narrowest beam width angles, of any antenna 
type. They are used as high-gain antennas for point-to-point radio, television and data 
‘communications, and also for radiolocation (radar), on the UHF and microwave (SHF) 
parts of the radio spectrum, The relatively short wavelength of electromagnetic radiation 
at these frequencies allows reasonably sized reflectors to exhibit the desired highly 
directional response. 


With the advent of TVRO and DBS satellite television dishes, parabolic antennas have 
become a ubiquitous feature of the modern landscape. They are also widely used for 
terrestrial microwave relay links, ground based and airborne radar antennas, wireless 
WANILAN links, satellite and spacecraft communication antennas, and radio telescopes. 


History 


The idea of using parabolic reflectors for radio antennas was taken from opties, where the 
power of a parabolic mirror to focus light into a beam has been known since classical 
antiquity. The designs of some specific types of parabolic antenna, such as the Cassegrain 
and Gregorian, come from similarly named analogous types of reflecting telescope, 
which were invented by astronomers during the 15th century 


German physicist Heinrich Hertz constructed the world's first parabolic reflector antenna 
in 1888. The antenna was a cylindrical parabolic reflector made of zinc sheet metal 
supported by a wooden frame, and had a spark-gap excited dipole along the focal line. Its 
aperture was 1.2 meters wide, with a focal length of 0.12 meters, and was used at an 
operating frequency of about 450 MHz. With two such antennas, one used for 
transmitting and the other for receiving, Hertz demonstrated the existence radio waves 
which had been predicted by James Clerk Maxwell some 22 years earlier. 


‘The first parabolic antenna used for satellite communications was established in 1962 at 
Goonhilly in Cornwall, England, ОК and was intended to communicate with Telstar. 


Types 
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Main types of parabolic antenna feeds. 
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Parabolic antennas are distinguished by their shapes: 


. Paraboloidal or dish - The reflector is shaped like a paraboloid, This is the most 
common type. It radiates a narrow pencil-shaped beam along the axis of the dish 
o Shrouded dish - Sometimes a cylindrical metal shield is attached to the rim 
of the dish. The shroud shields the antenna from radiation from angles 
outside the main beam axis, reducing the sidelobes. It is sometimes used to 
prevent interference in terrestrial microwave links, where several antennas 
using the same frequency are located close together. The shroud is coated 


inside with microwave absorbent material. Shrouds can reduce back lobe 
radiation by 10 dB. 
» Cylindrical - The reflector is curved in only one direction and flat in the other. 
The radio waves come to a focus not at a point but along a line. The feed is often 
а dipole antenna located along the focal line. It radiates a fan-shaped beam, 
narrow in the curved dimension, and wide in the uncurved dimension. The curved 
ends of the reflector are sometimes capped by flat plates, to prevent radiation out 
the ends, and this is called a pillbox antenna. 
o "Orange peel” - Another type is very long and narrow, shaped like the 
letter "С". This is called an orange peel design, and radiates an even wider 
fan beam. It is often used for radar antennas. 


‘They are also classified by the type of feed; how the radio waves are supplied to the 
antenna: 


+ Axial or front feed - This is the most common type of feed, with the feed antenna 
located in front of the dish at the focus, on the beam axis. A disadvantage of this 
type is that the feed and its supports block some of the beam, which limits the 
aperture efficiency to only 55 - 60%. 

= Offset or off-axis feed - The reflector is an asymmetrical segment of a paraboloid, 
so the focus, and the feed antenna, are located to one side of the dish. The purpose 
of this design is to move the feed structure out of the beam path, so it doesn't 
block the beam. It is widely used in home satellite television dishes, which are 
small enough that the feed structure would otherwise block a significant 
percentage of the signal. 

+ Cassegrain - In a Cassegrain antenna the feed is located on or behind the dish, 
and radiates forward, illuminating a convex hyperboloidal secondary reflector at 
the focus of the dish. The radio waves from the feed reflect back off the secondary 
reflector to the dish, which forms the main beam. An advantage of this 
configuration is that the feed, with its waveguides and "front end" electronics 
does not have to be suspended in front of the dish, so it is used for antennas with 
complicated or bulky feeds, such as large satellite communication antennas and 
radio telescopes. Aperture efficiency is on the order of 65 - 70% 

» Gregorian - Similar to the Cassegrain design except that the secondary reflector is 
concave, (ellipsoidal) in shape. Aperture efficiency over 70% can be achieved 


Design 


The operating principle of a parabolic antenna is that a point source of radio waves at the 
focal point in front of a parabolic reflector will be reflected into a collimated plane wave 
beam along the axis of the reflector. Conversely, an incoming plane wave parallel to the 
axis will be focused to a point at the focal point. 


A typical parabolic antenna consists of a parabolic reflector with a small feed antenna at 
its focus, pointed back toward the reflector. The reflector is a metallic surface formed into 


a paraboloid of revolution and usually truncated in a circular rim that forms the diameter 
of the antenna. 


The reflector dish can be of sheet metal, metal screen, or wire grill construction, and it 
can be either circular or various other shapes to create different beam shapes. A mesh 
sereen reflects radio waves as well as a solid metal surface as long as the holes are 
smaller than 1/10 of a wavelength, so screen reflectors are often used to reduce weight 
and wind loads on the dish. To achieve the maximum gain, it is necessary that the shape 
of the dish be accurate within a small fraction of a wavelength, to ensure the waves from 
different parts of the antenna arrive in phase. Large dishes often require a truss structure 
behind them to provide the required stiffness. 


The feed antenna at the reflector's focus is typically a low-gain type such as a half-wave 
dipole or more ofteh a small horn antenna called a feed horn. In more complex designs, 
such as the Cassegrain and Gregorian, a secondary reflector is used to direct the energy 
into the parabolic reflector from a feed antenna located away from the primary focal 
point. The feed antenna is connected to the associated radio-frequency (RF) transmitting 
or receiving equipment by means of a coaxial cable transmission line or waveguide. 


Feed pattern 


The radiation pattern of the feed antenna has a strong influence on the aperture 
efficiency, which determines the antenna gain. Radiation from the feed that falls outside 
the edge of the dish is called "spillover" and is wasted, reducing the gain and increasing 
the backlobes, possibly causing interference or (in receiving antennas) increasing 
susceptibility to ground noise. However, maximum gain is only achieved when the dish is 
uniformly "illuminated" with a constant field strength to its edges. So the ideal radiation 
pattern of a feed antenna would be a constant field strength throughout the solid angle of 
the dish, dropping abruptly to zero at the edges. However, practical feed antennas have 
radiation patterns that drop off gradually at the edges, so the feed antenna is a 
compromise between acceptably low spillover and adequate illumination. 


Gain 


The directive qualities of an antenna are measured by a dimensionless parameter called 
its gain, which is the ratio of the power received by the antenna from a source along its 
beam axis to the power received by a hypothetical isotropic antenna. The gain of a 
parabolic antenna is 
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where: 


= Ais the area of the antenna aperture, that is, the mouth of the parabolic reflector 
+ 415 the diameter of the parabolic reflector 


his the wavelength of the radio waves. 
+ e4 is a dimensionless parameter called the aperture efficiency. The aperture 


efficiency of typical parabolic antennas is 0.55 to 0.70. 


The largest dish antenna in the world, the radio telescope at Arecibo Observatory, Puerto 
Rico, 305 meters (1000 feet) in diameter. It has a gain of 10 million, or 70 dBi, at 2.38 
GHz 


It can be seen that, as with any aperture antenna, the larger the aperture is, compared to 
the wavelength, the higher the gain. The gain increases with the square of the ratio of 
aperture width to Wavelength, so large parabolic antennas, such as those used for 
spacecraft communication and radio telescopes, can have extremely high gain. Applying 
the above formula to the 25-meter-diameter antennas used by the VLA and VLBA radio 
telescopes at a wavelength of 21 em (1.42 GHz, a common radio astronomy frequency) 
yields an approximate maximum gain of 140,000 times or about 50 dBi (decibels above. 
the isotropic level). 


As of 2009, the largest "dish" antenna in the world is the Arecibo Observatory's radio 
telescope, at Arecibo, Puerto Rico, which has a diameter of 1,000 ft. (305 m). It has a 
gain of about 10 million, or 70 dBi, at 2.38 GHz. The dish is built into a valley in the. 
landscape, so it is not steerable. To steer the beam to different points in the sky, the feed 
antenna is moved. For this reason, the dish actually has a spherical rather than a parabolic 


shape. A spherical reflector does not have a single focal "point", however, the Arecibo 
antenna is a three-reflector variety of Gregorian telescope, and uses its secondary and 
tertiary reflectors to focus the radio waves to a single point. 


Aperture efficiency e is a catchall variable which accounts for various losses that reduce 
the gain of the antenna from the maximum that could be achieved with the given 
aperture. The major factors reducing the aperture efficiency in parabolic antennas are: 


+ Feed spillover - Some of the radiation from the feed antenna falls outside the edge 
of the dish and so doesnt contribute to the main beam. 

+ Feed illumination taper - The maximum gain for any aperture antenna is only 
achieved when the intensity of the radiated beam is constant across the aperture 
area. However the radiation pattem from the feed antenna usually tapers off 
toward the outer part of the dish, so the outer parts of the dish are "illuminated" 
with a lower intensity of radiation. Even if the feed provided constant illumination 
across the angle subtended by the dish, the outer parts of the dish are farther away 
from the feed antenna than the inner parts, so the intensity would drop off with 
distance from the center. So the intensity of the beam radiated by a parabolic 
antenna is maximum at the center of the dish and falls off with distance from the 
axis, reducing the efficiency. 

+ Aperture blockage - In axis. ad parabolic dishes where the feed antenna is located 
in front of the dish in the beam path, the feed structure and its supports block 
some of the beam. In small dishes such as home satellite dishes, where the size of 
the feed structure is comparable with the size of the dish, this can seriously reduce 
the antenna gain. To prevent this problem these types of antennas often use an off- 
axis feed, where the feed antenna is located to one side, outside the beam area. 
‘The aperture efficiency for these types of antennas can reach 0.7 to 0.8. 

+ Shape errors - random surface errors in the shape of the reflector reduce 
efficiency. The loss is approximated by Ruze's Equation, 


For theoretical considerations of mutual interference (at frequencies between 2 and с. 30 
GHz - typically in the Fixed Satellite Service) where specific antenna performance has 
not been defined, a reference antenna based on Recommendation ITU-R S.465 is used to 
calculate the interference, which will include the likely sidelobes for off-axis effects. 
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Wire grid-type parabolic antenna (Wi-Fi / WLAN antenna) at 2.4 GHz). 


C-band Satellite dish, Bucharest, Romania 


The angular width of the beam radiated by high-gain antennas is measured by the half- 
power beam width (HPBW), which is the angular separation between the points on the 
antenna radiation pattern at which the power drops to one-half (-3 dB) its maximum 
value. For parabolic antennas, the HPBW 0 is given by: 
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where K is a factor which depends on the shape of the reflector and the feed illumination 
pattem, For a "typical" parabolic antenna k = 70 when 0 is in degrees. 


Fora typical 2 meter satellite dish operating on C band (4 GHz), like the one shown at 
right, this formula gives a beamwidth of about 2.6”. For the Arecibo antenna at 2.4 GHz 
the beamwidth is 0.028°. It can be seen that parabolic antennas can produce very narrow 


beams, and aiming them can be a problem. Some parabolic dishes are equipped with a 
boresight so they can be aimed accurately at the other antenna. 


It can be seen there is an inverse relation between gain and beam width. By combining 
the beamwidth equation with the gain equation, the relation is 
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Chapter 5 


Antenna (Radio) 


Whip antenna on car 


Half-wave dipole antenna 


Large parabolic antenna for communicating with spacecraft 


Rooftop directional antennas, typical for use at УНЕ and UHF frequencies 


An antenna (or aerial) is an electrical device which couples radio waves in free space to 
an electrical current used by a radio receiver or transmitter, In reception, the antenna 
intercepts some of the power of an electromagnetic wave in order to produce a tiny 
voltage that the radio receiver can amplify, Alternatively, a radio transmitter will produce 
a large radio frequency current that may be applied to the terminals of the same antenna 
in order to convert it into an electromagnetic wave (radio wave) radiated into free space. 
Antennas are thus essential to the operation of all radio equipment, both transmitters and 
They are used in systems such as radio and television broadcasting, two-way 
radio, wireless LAN, mobile telephony, radar, and satellite communications. 


receivers 


Typically an antenna consists of an arrangement of metallic conductors (or "elements") 
with an electrical connection (often through a transmission line) to the receiver or 
transmitter. A current forced through such a conductor by a radio transmitter will create 
an alternating magnetic field according to Ampěre's law. Or the alternating magnetic field 
due to a distant radio transmitter will induce a voltage at the antenna terminals, according 
to Faraday's law, which is connected to the input of a receiver. In the so-called far field, 
ata considerable distance away from the antenna, the oscillating magnetic field is 
coupled with a similarly oscillating electric field; together these define an 
electromagnetic wave which is capable of propagating great distances, 


Light is one example of electromagnetic radiation, along with infrared and x-rays, while 
radio waves differ only in their much lower frequency (and much longer wavelength). 
Electronic circuits can operate at these lower frequencies, processing radio signals 
conducted through wires. But it is only through antennas that those radio frequency 
electrical signals are converted to (and from) propagating radio waves. Depending on the 
design of the antenna, radio waves can be sent toward and received from all directions 
("omnidirectional"), whereas a directional or beam antenna is designed to operate in a 
particular direction, 


‘The first antennas were built in 1888 by Heinrich Hertz (1857-1894) in his pioneering 
experiments to prove the existence of electromagnetic waves predicted by the theory of 
James Clerk Maxwell. Hertz placed dipole antennas at the focal point of parabolic 
reflectors for both transmitting and receiving. He published his work and installation 
drawings in Annalen der Physik und Chemie (vol. 36, 1889). 


Terminology 


The words antenna (plural: antennas) and aerial are used interchangeably; but usually a 
rigid metallic structure is termed an antenna and a wire format is called an aerial. In the 
United Kingdom and other British English speaking areas the term aerial is more 
common, even for rigid types. The noun aerial is occasionally written with a diaeresis 
mark—aërial—in recognition of the original spelling of the adjective aérial from which 
the noun is derived. 


The origin of the word antenna relative to wireless apparatus is attributed to Guglielmo 
Marconi. In 1895, while testing early radio apparatuses in the Swiss Alps at Salvan, 
Switzerland in the Mont Blanc region, Marconi experimented with early wireless 
equipment. A 2.5 meter long pole, along which was carried a wire, was used as a 
radiating and receiving aerial element. In Italian a tent pole is known as antenna 
centrale, and the pole with a wire alongside it used as an aerial was simply called 
l'antenna. Until then wireless radiating transmitting and receiving elements were known 
simply as aerials or terminals. Marconi's use of the word antenna (Italian for pole) would 
become a popular term for what today is uniformly known as the antenna. 


In common usage, the word antenna may refer broadly to an entire assembly including 
support structure, enclosure (if any), etc. in addition to the actual functional components. 


Especially at microwave frequencies, a receiving antenna may include not only the actual 
electrical antenna but an integrated preamplifier and/or mixer. 


"Rabbit ears" dipole antenna for television reception 


Satellite link antenna used by Himalaya Television Nepal 
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Yagi antenna used for mobile military communications station, Dresden, Germany, 1955 


"Super Turnstile” type transmitting antenna for VHF low band television broadcasting 
station, Germany, 


Large Yagi antenna used by amateur radio hobbyist 


A vertical mast radiator, Chapel Hill, North Carolina 


Overview 


Antennas are required by any radio receiver or transmitter in order to couple its electrical 
connection to the electromagnetic field. Radio waves are electromagnetic waves which 
carry signals through the air (or through space) at almost the speed of light with almost 
по transmission loss. Radio transmitters and receivers are used to convey signals 
(information) in systems including broadcast (audio) radio, television, mobile telephone 
wi-fi (WLAN) data networks, trunk lines and point-to-point communications links 
(telephone, data networks), satellite links, many remote controlled devices such as garage 
door openers, and wireless remote sensors, among many others. Radio waves are also 
used directly for measurements in technologies including RADAR, GPS, and radio 


astronomy. In each and every case, the transmitters and receivers involved require 
antennas, although these are sometimes hidden (such as the antenna inside an AM radio 
or inside a laptop computer equipped with wi-fi). 


According to their applications and technology available, antennas generally fall in one 
of two catagories: 


1. Omnidirectional or only weakly directional antennas which receive or radiate 
more or less in all directions. These are employed when the relative position of 
the other station is unknown or arbitrary. They are also used at lower frequencies 
where a directional antenna would be too large, or simply to cut costs in 
applications where a directional antenna isn't required. 

2. Directional or beam antennas which are intended to preferentially radiate or 
receive in a particular direction or directional pattern 


In common usage "omnidirectional" usually refers to all horizontal directions, typically 
with reduced performance in the direction of the sky or the ground (a truly isotropic 
radiator is not even possible). A "directional" antenna usually is intended to maximize its 
coupling to the electromagnetic field in the direction of the other station, or sometimes to 
cover a particular sector such as a 120° horizontal fan pattern in the case of a panel 
antenna at a cell site. 


One example of omnidirectional antennas is the very common vertical antenna or whip 
antenna consisting of a metal rod (often, but not always, a quarter of a wavelength long). 
A dipole antenna is similar but consists of two such conductors extending in opposite. 
directions, with a total length that is often, but not always, a half of a wavelength long. 
Dipoles are typically oriented horizontally in which case they are weakly directional: 
signals are reasonably well radiated toward or received from all directions with the. 
exception of the direction along the conductor itself; this region is called the antenna. 
blind cone or null. 


Both the vertical and dipole antennas are simple in construction and relatively 
inexpensive. The dipole antenna, which is the basis for most antenna designs, is а 
balanced component, with equal but opposite voltages and currents applied at its two 
terminals through a balanced transmission line (or to a coaxial transmission line through 

a so-called balun). The vertical antenna, on the other hand, is a monopole antenna. It is 
typically connected to the inner conductor of a coaxial transmission line (or a matching 
network); the shield of the transmission line is connected to ground. In this way, the. 
ground (or any large conductive surface) plays the role of the second conductor of a 
dipole, thereby forming a complete circuit. Since monopole antennas rely on a conductive 
ground, a so-called grounding structure may be employed in order to provide a better 
ground contact to the earth or which itself acts as a ground plane to perform that function. 
regardless of (or in absence of) an actual contact with the earth. 


Antennas fancier than the dipole or vertical designs are usually intended to increase the 
directivity and consequently the gain of the antenna. This can be accomplished in many 


different ways leading to а plethora of antenna designs. The vast majority of designs are 
fed with a balanced line (unlike a monopole antenna) and are based on the dipole antenna 
with additional components (or elements) which increase its directionality 


For instance, a phased array consists of two or more simple antennas which are connected 
together through an electrical network. This often involves a number of parallel dipole 
antennas with a certain spacing. Depending on the relative phase introduced by the 
network, the same combination of dipole antennas can operate as a "broadside array" 
(directional normal to a line connecting the elements) or as an "end-fire array" 
(directional along the line connecting the elements). Antenna arrays may employ any 
basic (omnidirectional or weakly directional) antenna type, such as dipole, loop or slot 
antennas. These elements are often identical. 


However a log-periodic dipole array consists of a number of dipole elements of different 
lengths in order to obtain a somewhat directional antenna having an extremely wide 
bandwidth: these are frequently used for television reception in fringe areas. The dipole 
antennas composing it are all considered "active elements" since they are all electrically 
connected together (and to the transmission line). On the other hand, a superficially 
similar dipole array, the Yagi-Uda Antenna (or simply "Yagi"), has only one dipole 
element with an electrical connection; the other so-called parasitic elements interact with 
the electromagnetic field in order to realize a fairly directional antenna but one which is 
limited to a rather narrow bandwidth. The Yagi antenna has similar looking parasitic 
dipole elements but which act differently due to their somewhat different lengths. There 
may be a number of so-called "directors" in front of the active element in the direction of 
propagation, and usually a single (but possibly more) "reflector" on the opposite side of 
the active element. 


Greater directionality can be obtained using beam-forming techniques such as a parabolic 
reflector or a horn. Since the size of a directional antenna depends on it being large 
compared to the wavelength, very directional antennas of this sort are mainly feasible at 
UHF and microwave frequencies. On the other hand, at low frequencies (such as AM 
broadcast) where a practical antenna must be much smaller than a wavelength, significant 
directionality isn't even possible. A vertical antenna or loop antenna small compared to 
the wavelength is typically used, with the main design challenge being that of impedance 
matching. With a vertical antenna a loading coil at the base of the antenna may be 
employed to cancel the reactive component of impedance; small loop antennas are tuned 
with parallel capacitors for this purpose. 


An antenna lead-in is the transmission line (or feed line) which connects the antenna to а 
transmitter or receiver. The antenna feed may refer to all components connecting the 
antenna to the transmitter or receiver, such as an impedance matching network in addition 
to the transmission line. In a so-called aperture antenna, such as a horn or parabolic dish, 
the "feed" may also refer to a basic antenna inside the entire system (normally at the 
focus of the parabolic dish or at the throat of a horn) which could be considered the one 
active element in that antenna system. A microwave antenna may also be fed directly 
from a waveguide in lieu of a (conductive) transmission line. 


An antenna counterpoise or ground plane is a structure of conductive material which 
improves or substitutes for the ground. It may be connected to or insulated from the 
natural ground. In a monopole antenna, this aids in the function of the natural ground, 
particularly where variations (or limitations) of the characteristics of the natural ground 
interfere with its proper function. Such a structure is normally connected to the return 
connection of an unbalanced transmission line such as the shield of a coaxial cable 


An electromagnetic wave refractor in some aperture antennas is a component which due 
to its shape and position functions to selectively delay or advance portions of the 
electromagnetic wavefront passing through it. The refractor alters the spatial 
characteristics of the wave on one side relative to the other side. It can, for instance, bring 
the wave to a focus or alter the wave front in other ways, generally in order to maximize 
the directivity of the antenna system. This is the radio equivalent of an optical lens, 


An antenna coupling network is a passive network (generally a combination of inductive 
and capacitive circuit elements) used for impedance matching in between the antenna and 
the transmitter or receiver. This may be used to improve the standing wave ratio in order 
to minimize losses in the transmission line (especially at higher frequencies and/or over 
longer distances) and to present the transmitter ог receiver with a standard resistive 
impedance (such as 75 ohms) that it expects to see for optimum operation, 


Reciprocity 


It is a fundamental property of antennas that the characteristics of an antenna described in 
the next section, such as gain, radiation pattern, impedance, bandwidth, resonant 
frequency and polarization, are the same whether the antenna is transmitting or receiving. 
For example, the "receiving pattern" (sensitivity as a function of direction) of an antenna 
when used for reception is identical to the radiation pattern of the antenna when it is 
driven and functions as a radiator. This is a consequence of the reciprocity theorem of 
electromagnetics. Therefore in discussions of antenna properties no distinction is usually 
made between receiving and transmitting terminology, and the antenna can be viewed as 
either transmitting or receiving, whichever is more convenient 


A necessary condition for the above reciprocity property is that the materials in the 
antenna and transmission medium are linear and reciprocal. Reciprocal (or bilateral) 
means that the material has the same response to an electric or magnetic field, or a 
current, in one direction, as it has to the field or current in the opposite direction. Most 
materials used in antennas meet these conditions, but some microwave antennas use high- 
tech components such as isolators and circulators, made of nonreciprocal materials such 
as ferrite or garnet. These can be used to give the antenna a different behavior on 
receiving than it has on transmitting, which can be useful in applications like radar. 


Parameters 


There are several critical parameters affecting an antenna's performance that can be 
adjusted during the design process. These are resonant frequency, impedance, gain, 


aperture or radiation pattern, polarization, efficiency and bandwidth. Transmit antennas 
may also have a maximum power rating, and receive antennas differ in their noise 
rejection properties. All of these parameters can be measured through various means. 


Resonant frequency 


Many types of antenna are tuned to work at one particular frequency, and are effective 
only over a range of frequencies centered on this frequency, called the resonant 
frequency. These are called resonant antennas. The antenna acts as an electrical 
resonator. When driven at its resonant frequency, large standing waves of voltage and 
current are excited in the antenna elements. These large currents and voltages radiate 
intense electromagnetic waves, so the power radiated by the antenna is maximum at the 
resonant frequency. 


In antennas made of thin linear conductive elements, the length of the driven element(s) 
determines the resonant frequency. To be resonant, the length of a driven element should 
typically be either half or a quarter of the wavelength at that frequency; these are called 
half-wave and quarter-wave antennas. The length referred to is not the physical length, 
but the electrical length of the element, which is the physical length divided by the 
velocity factor (the ratio of the speed of wave propagation in the wire to cy, the speed of 
light in a vacuum). Antennas are usually also resonant at multiples (harmonics) of the 
lowest resonant frequency. 


Some antenna designs have multiple resonant frequencies, and some are relatively 
effective over a very broad range of frequencies. or bandwidth. One commonly known 
type of wide band antenna is the logarithmic or log-periodic antenna. 


‘The resonant frequency also affects the impedance of the antenna. At resonance, the 
equivalent circuit of an antenna is a pure resistance, with no reactive component. At 
frequencies other than the resonant frequencies, the antenna has capacitance or 
inductance as well as resistance. An antenna can be made resonant at other frequencies 
besides its natural resonant frequency by compensating for these reactances by adding a 
loading coil or capacitor in series with it. Other properties of an antenna change with 
frequency, in particular the radiation pattern, so the antenna's operating frequency may be 
considerably different from the resonant frequency to optimize other important 
parameters, 


Gain 


Gain is a parameter which measures the degree of directivity of the antenna's radiation 
pattern. An antenna with a low gain emits radiation with about the same power in all 
directions, whereas a high-gain antenna will preferentially radiate in particular directions. 
Specifically, the antenna gain, directive gain, or power gain of an antenna is defined as 
the ratio of the intensity (power per unit surface) radiated by the antenna in the direction 
ofits maximum output, at an arbitrary distance, divided by the intensity radiated at the. 
same distance by a hypothetical isotropic antenna. 


The gain of an antenna is a passive phenomenon - power is not added by the antenna, but 
simply redistributed to provide more radiated power in a certain direction than would be 
transmitted by an isotropic antenna. An antenna designer must take into account the 
application for the antenna when determining the gain. High-gain antennas have the 
advantage of longer range and better signal quality, but must be aimed carefully in a 
particular direction. Low-gain antennas have shorter range, but the orientation of the 
antenna is relatively inconsequential. For example, a dish antenna on a spacecraft is a 
high-gain device that must be pointed at the planet to be effective, whereas a typical Wi- 
Fi antenna in a laptop computer is low-gain, and as long as the base station is within 
range, the antenna can be in any orientation in space. It makes sense to improve 
horizontal range at the expense of reception above or below the antenna. Thus most 
antennas labelled "omnidirectional" really have some gain. 


In practice, the half-wave dipole is taken as a reference instead of the isotropic radiator. 


The gain is then given in dBd (decibels over dipole): 


NOTE: 0 dBd = 2.15 dBi. It is vital in expressing gain values that the reference point be 
included. Failure to do so can lead to confusion and error. 


Radiation pattern 


BF seem Fate bo 


polar plots of the horizontal cross sections of a (virtual) Yagi-Uda-antenna. Outline 
connects points with 3db field power compared to an ISO emitter. 


‘The radiation pattern of an antenna is a plot of the relative field strength of the radio 
waves emitted by the antenna at different angles, It is typically represented by a three 
dimensional graph, or polar plots of the horizontal and vertical cross sections. The pattern 


of an ideal isotropic antenna, which radiates equally in all directions, would look like a 
sphere. Many nondirectional antennas, such as monopoles and dipoles, emit equal power 
in all horizontal directions, with the power dropping off at higher and lower angles; t 
called an omnidirectional pattern and when plotted looks like a torus or donut. 


The radiation of many antennas shows a pattern of maxima or "lobes" at various angles, 
separated by "mulls", angles where the radiation falls to zero. This is because the radio 
waves emitted by different parts of the antenna typically interfere, causing maxima at 
angles where the radio waves arrive at distant points in phase, and zero radiation at other 
angles where the radio waves arrive out of phase. In a directional antenna designed to 
project radio waves in a particular direction, the lobe in that direction is designed larger 
than the others and is called the "main Jobe". The other lobes usually represent unwanted 
radiation and are called "sidelobes". The axis through the main lobe is called the 
"principle axis" or "boresight axis" 


Impedance 


As an electro-magnetic wave travels through the different parts of the antenna system 
(radio, feed line, antenna, free space) it may encounter differences in impedance (E/H, 
VII, ete). At each interface, depending on the impedance match, some fraction of the 
wave's energy will reflect back to the source, forming a standing wave in the feed line. 
The ratio of maximum power to minimum power in the wave can be measured and is 
called the standing wave ratio (SWR). A SWR of 1:1 is ideal. A SWR of 1.5:1 is 
considered to be marginally acceptable in low power applications where power k 
more critical, although an SWR as high as 6:1 may still be usable with the right 
equipment. Minimizing impedance differences at each interface (impedance matching) 
will reduce SWR and maximize power transfer through each part of the antenna system, 


is 


Complex impedance of an antenna is related to the electrical length of the antenna at the 
wavelength in use. The impedance of an antenna can be matched to the feed line and 
radio by adjusting the impedance of the feed line, using the feed line as an impedance 
transformer. More commonly, the impedance is adjusted at the load (see below) with an 
antenna tuner, a balun, a matching transformer, matching networks composed of 
inductors and capacitors, or matching sections such as the gamma match. 


Efficiency 


Efficiency is the ratio of power actually radiated to the power put into the antenna 
terminals. A dummy load may have an SWR of 1:1 but an efficiency of 0, as it absorbs 
all power and radiates heat but very little RF energy, showing that SWR alone is not an 
effective measure of an antenna's efficiency. Radiation in an antenna is caused by 
radiation resistance which can only be measured as part of total resistance including loss 
resistance. Loss resistance usually results in heat generation rather than radiation, and 
reduces efficiency. Mathematically, efficiency is calculated as radiation resistance 
divided by total resistance, 


Bandwidth 


The bandwidth of an antenna is the range of frequencies over which it is effective, 
usually centered on the resonant frequency. The bandwidth of an antenna may be 
increased by several techniques, including using thicker wires, replacing wires with cages 
to simulate a thicker wire, tapering antenna components (like in a feed horn), and 
combining multiple antennas into a single assembly (array) and allowing the natural 
impedance of suitable inductive RF filter traps to select the correct antenna. All these 
attempts to increase bandwidth by adding capacitance to the surface area have a 
detrimental effect on efficiency by reducing the Q factor. They also have an adverse 
effect on the rejection of unwanted harmonies, on both received and transmitted signal 
frequencies. Small antennas are usually preferred for convenience, but there is a 
fundamental limit relating bandwidth, size and efficiency, 


Polarization 


The polarization of an antenna is the orientation of the electric field (E plane) of the 
radio wave with respect to the Earth's surface and is determined by the physical structure 
of the antenna and by its orientation. It has nothing in common with antenna 
directionality terms: "horizontal", "vertical" and "circular". Thus, a simple straight wire 
antenna will have one polarization when mounted vertically, and a different polarization 
when mounted horizontally. "Electromagnetic wave polarization filters" are structures 
which can be employed to act directly on the electromagnetic wave to filter out wave 
energy of an undesired polarization and to pass wave energy of a desired polarization. 


Reflections generally affect polarization, For radio waves the most important reflector 
the ionosphere - signals which reflect from it will have their polarization changed 
unpredictably. For signals which are reflected by the ionosphere, polarization cannot be 
relied upon. For line-of-sight communications for which polarization can be relied upon, 
it can make a large difference in signal quality to have the transmitter and receiver using 
the same polarization; many tens of dB difference are commonly seen and this is more 
than enough to make the difference between reasonable communication and a broken 
link. 


Polarization is largely predictable from antenna construction but, especially in directional 
antennas, the polarization of side lobes can be quite different from that of the main 
propagation lobe. For radio antennas, polarization corresponds to the orientation of the. 
radiating element in an antenna. A vertical omnidirectional WiFi antenna will have. 
vertical polarization (the most common type). An exception is a class of elongated 
waveguide antennas in which vertically placed antennas are horizontally polarized. Many 
commercial antennas are marked as to the polarization of their emitted signals. 


Polarization is the sum of the E-plane orientations over time projected onto an imaginary 
plane perpendicular to the direction of motion of the radio wave. In the most general 
case, polarization is elliptical, meaning that the polarization of the radio waves varies 
‘over time. Two special cases are linear polarization (the ellipse collapses into a line) and 


circular polarization (in which the two axes of the ellipse are equal). In linear polarization. 
the antenna compels the electric field of the emitted radio wave to a particular 

orientation. Depending on the orientation of the antenna mounting, the usual linear cases 
are horizontal and vertical polarization. In circular polarization, the antenna continuously 
varies the electric field of the radio wave through all possible values of its orientation 
with regard to the Earth's surface. Circular polarizations, like elliptical ones, are classified 
as right-hand polarized or left-hand polarized using a "thumb in the direction of the 
propagation” rule. Optical researchers use the same rule of thumb, but pointing it in the 
direction of the emitter, not in the direction of propagation, and so are opposite to radio 
engineers use. 


In practice, regardless of confusing terminology, it is important that linearly polarized 
antennas be matched, lest the received signal strength be greatly reduced. So horizontal 
should be used with horizontal and vertical with vertical. Intermediate matchings will 
lose some signal strength, but not as much as a complete mismatch. Transmitters 
mounted on vehicles with large motional freedom commonly use circularly polarized 
antennas so that there will never be a complete mismatch with signals from other sources, 


Transmission and reception 


All of the antenna parameters are expressed in terms of a transmission antenna, but are 
identically applicable to a receiving antenna, due to reciprocity. Impedance, however, is 
not applied in an obvious way; for impedance, the impedance at the load (where the 
power is consumed) is most critical. For a transmitting antenna, this is the antenna itself. 
For a receiving antenna, this is at the (radio) receiver rather than at the antenna. Tuning is 
done by adjusting the length of an electrically long linear antenna to alter the electrical 
resonance of the antenna. 


Antenna tuning is done by adjusting an inductance or capacitance combined with the 
active antenna (but distinct and separate from the active antenna). The inductance or 
capacitance provides the reactance which combines with the inherent reactance of the 
active antenna to establish a resonance in a circuit including the active antenna. The 
established resonance being at a frequency other than the natural electrical resonant 
frequency of the active antenna, Adjustment of the inductance or capacitance changes 
this resonance. 


Antennas used for transmission have a maximum power rating, beyond which heating, 
arcing or sparking may occur in the components, which may cause them to be damaged 
or destroyed. Raising this maximum power rating usually requires larger and heavier 
components, which may require larger and heavier supporting structures. This is a 
concern only for transmitting antennas, as the power received by an antenna rarely 
exceeds the microwatt range 


Antennas designed specifically for reception might be optimized for noise rejection 
capabilities. An antenna shield is a conductive or low reluctance structure (such as а 
wire, plate or grid) which is adapted to be placed in the vicinity of an antenna to reduce, 


as by dissipation through a resistance or by conduction to ground, undesired 
electromagnetic radiation, or electric or magnetic fields, which are directed toward the 
active antenna from an external source or which emanate from the active antenna. Other 
methods to optimize for noise rejection can be done by selecting a narrow bandwidth so 
that noise from other frequencies is rejected, or selecting a specific radiation pattern to 
reject noise from a specific direction, or by selecting a polarization different from the 
noise polarization, or by selecting an antenna that favors either the electric or magnetic 
field. 


For instance, an antenna to be used for reception of low frequencies (below about ten 
megahertz) will be subject to both man-made noise from motors and other machinery 
and from natural sources such as lightning, Successfully rejecting these forms of noise is 
an important antenna feature, A small coil of wire with many turns is more able to reject 
such noise than a vertical antenna. However, the vertical will radiate much more 
effectively on transmit, where extraneous signals are not a concern. 


Basic antenna models 


Typical US multiband TV antenna (aerial) 


There are many variations of antennas. Below are a few basic models, More can be found 
in Category:Radio frequency antenna types. 


The isotropic radiator is а purely theoretical antenna that radiates egually in all 
directions. It is considered to be a point in space with no dimensions and no mass. 
This antenna cannot physically exist, but is useful as a theoretical model for 
comparison with all other antennas. Most antennas’ gains are measured with 
reference to an isotropic radiator, and are rated in dBi (decibels with respect to ап 
isotropic radiator). 

‘The dipole antenna is simply two wires pointed in opposite directions arranged 
either horizontally or vertically, with one end of each wire connected to the radio 
and the other end hanging free in space. Since this is the simplest practical 
antenna, itis also used as a reference model for other antennas; gain with respect 
to a dipole is labeled as dBd. Generally, the dipole is considered to be 
omnidirectional in the plane perpendicular to the axis of the antenna, but it has 
deep nulls in the directions of the axis. Variations of the dipole include the folded 
dipole, the half wave antenna, the ground plane antenna, the whip, and the J-pole. 
‘The Yagi-Uda antenna is a directional variation of the dipole with parasitic 
elements added which are functionality similar to adding a reflector and lenses 
(directors) to focus a filament light bulb. 

‘The random wire antenna is simply a very long (at least one quarter wavelength) 
wire with one end connected to the radio and the other in free space, arranged in 
any way most convenient for the space available. Folding will reduce 
effectiveness and make theoretical analysis extremely difficult. (The added length 
helps more than the folding typically hurts.) Typically, a random wire antenna 
will also require an antenna tuner, as it might have a random impedance that 
varies non-linearly with frequency. 

‘The horn is used where high gain is needed, the wavelength is short (microwave) 
and space is not an issue. Horns can be narrow band or wide band, depending on 
their shape. A horn can be built for any frequeney, but horns for lower frequencies 
are typically impractical. Horns are also frequently used as reference antennas. 
‘The parabolic antenna consists of an active element at the focus of a parabolic 
reflector to reflect the waves into a plane wave. Like the horn it is used for high 
gain, microwave applications, such as satellite dishes. 

‘The patch antenna consists mainly of a square conductor mounted over a 
groundplane. Another example of a planar antenna is the tapered slot antenna 
(TSA), as the Vivaldi-antenna. 


Practical antennas 


"Rabbit ears" set-top antenna 


Although any circuit can radiate if driven with a signal of high enough frequency, most 
practical antennas are specially designed to radiate efficiently at a particular frequency. 
‘An example of an inefficient antenna is the simple Hertzian dipole antenna, which 
radiates over wide range of frequencies and is useful for its small size. A more efficient 
variation of this is the half-wave dipole, which radiates with high efficiency when the 
signal wavelength is twice the electrical length of the antenna. 


Опе of the goals of antenna design is to minimize the reactance of the device so that it 
appears as a resistive load. An "antenna inherent reactance” includes not only the 
distributed reactance of the active antenna but also the natural reactance due to its 
location and surroundings (as for example, the capacity relation inherent in the position 
of the active antenna relative to ground). Reactance diverts energy into the reactive field, 
Which causes unwanted currents that heat the antenna and associated wiring, thereby 
wasting energy without contributing to the radiated output. Reactance can be eliminated 
by operating the antenna at its resonant frequency, when its capacitive and inductive 
reactances are equal and opposite, resulting in a net zero reactive current. If this is not 
possible, compensating inductors or capacitors can instead be added to the antenna to 
cancel its reactance as far as the source is concerned. 


Once the reactance has been eliminated, what remains is a pure resistance, which is the 
sum of two parts: the ohmic resistance of the conductors, and the radiation resistance. 
Power absorbed by the ohmic resistance becomes waste heat, and that absorbed by the 
radiation resistance becomes radiated electromagnetic energy. The greater the ratio of 
radiation resistance to ohmic resistance, the more efficient the antenna, 


Effect of ground 


Antennas are typically used in an environment where other objects are present that may 
have an effect on their performance, Height above ground has a very significant effect on 
the radiation pattern of some antenna types. 


At frequencies used in antennas, the ground behaves mainly as a dielectric. The 
conductivity of ground at these frequencies is negligible. When an electromagnetic wave 
arrives at the surface of an object, two waves are created: one enters the dielectric and the 
other is reflected. If the object is a conductor, the transmitted wave is negligible and the 
reflected wave has almost the same amplitude as the incident one. When the object is a 
dielectric, the fraction reflected depends (among others things) on the angle of incidence. 
When the angle of incidence is small (that is, the wave arrives almost perpendicularly) 
most of the energy traverses the surface and very little is reflected. When the angle of 
incidence is near 90° (grazing incidence) almost all the wave is reflected. 


Most of the electromagnetic waves emitted by an antenna to the ground below the 
antenna at moderate (say < 60°) angles of incidence enter the earth and are absorbed 
(lost). But waves emitted to the ground at grazing angles, far from the antenna, are almost 
totally reflected. At grazing angles, the ground behaves as a mirror. Quality of reflection 
depends on the nature of the surface. When the irregularities of the surface are smaller 
than the wavelength reflection is good. 


<a 


The wave reflected by earth can be considered as emitted by the image antenna 


This means that the receptor "sees" the real antenna and, under the ground, the image of 
the antenna reflected by the ground. If the ground has irregularities, the image will appear 
fuzzy. 


Ifthe receiver is placed at some height above the ground, waves reflected by ground will 
travel a little longer distance to arrive to the receiver than direct waves. The distance will 
be the same only if the receiver is close to ground. 


In the drawing at right, we have drawn the angle ófar bigger than in reality. Distance 
between the antenna and its image is a. 


‘The situation is a bit more complex because the reflection of electromagnetic waves 
depends on the polarization of the incident wave. As the refractive index of the ground 
(average value ~2) is bigger than the refractive index of the air (+1), the direction of the 
component of the electric field parallel to the ground inverses at the reflection. This is 
equivalent to a phase shift of aradians or 180°. The vertical component of the electric 
field reflects without changing direction. This sign inversion of the parallel component 
and the non-inversion of the perpendicular component would also happen if the ground 
were a good electrical conductor. 


The vertical component of the current reflects without changing sign. The horizontal 
component reverses sign at reflection. 


This means that a receiving antenna "sees" the image antenna with the current in the same 
direction if the antenna is vertical or with the current inverted if the antenna is horizontal 


Fora vertical polarized emission antenna the far electric field of the electromagnetic 
wave produced by the direct ray plus the reflected ray is: 


LE. | = 218, [cos (E sin 0)| 
The sign inversion for the parallel field case just changes a cosine to a sine: 
| Bal = 218 ро (& sme) 
In these two equations: 
+ Fotis the electrical field radiated by the antenna if there were no ground. 


ра 
«k= is the wave number. 
* Ais the wave length. 


+ dis the distance between antenna and its image (twice the height of the center of 
the antenna). 


Le 


Radiation patterns of antennas and their images reflected by the ground. At left the 
polarization is vertical and there is always a maximum for 8-0. If the polarization is 
horizontal as at right, there is always a zero for n. 


For emitting and receiving antenna situated near the ground (in a building or on a mast) 
far from each other, distances traveled by direct and reflected rays are nearly the same. 
There is no induced phase shift. If the emission is polarized vertically the two fields 
(direct and reflected) add and there is maximum of received signal. If the emission is 
polarized horizontally the two signals subtracts and the received signal is minimum. This 
is depicted in the image at right. In the case of vertical polarization, there is always а 
maximum at earth level (left pattern). For horizontal polarization, there is always a 
minimum at earth level. Note that in these drawings the ground is considered as a perfect 
mirror, even for low angles of incidence, In these drawings the distance between the 
antenna and its image is just a few wavelengths, For greater distances, the number of 
lobes increases. 


Note that the situation is different-and more complex at reflections in the ionosphere 
occur, This happens over very long distances (thousands of kilometers). There is not a 
direct ray but several reflected rays that add with different phase shifts 


This is the reason why almost all public address radio emissions have vertical 
polarization. As public users are near ground, horizontal polarized emissions would be 
poorly received. Observe houschold and automobile radio receivers. They all have 
vertical antennas or horizontal ferrite antennas for vertical polarized emissions. In cases 
where the receiving antenna must work in any position, as in mobile phones, the emitter 
and receivers in base stations use circular polarized electromagnetic waves. 


Classical (analog) television emissions are an exception. They are almost always 
horizontally polarized, because the presence of buildings makes it unlikely that a good 
emitter antenna image will appear. However, these same buildings reflect the 
electromagnetic waves and can create ghost images. Using horizontal polarization, 
reflections are attenuated because of the low reflection of electromagnetic waves whose 
magnetic field is parallel to the dielectric surface near the Brewster's angle. Vertically 
polarized analog television has been used in some rural areas. In digital terrestrial 


television reflections are less obi 


ive, due to the inherent robustness of digital 
signalling and built-in error correction, 


Mutual impedance and interaction between antennas 
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Mutual impedance between parallel 3dipoles not staggered. Curves Re and Im are the 
resistive and reactive parts of the impedance. 


Current circulating in any antenna induces currents in all others, One can postulate a 
mutual impedance Ztzbetween two antennas that has the same significance as the 
jwMin ordinary coupled inductors. The mutual impedance Zizbetween two antennas is 
defined as: 


where is the current flowing in antenna 1 and Uzis the voltage that would have to be 
applied to antenna 2-with antenna 1 removed-to produce the current in the antenna 2 that 
жаз produced by antenna 1 


From this definition, the currents and voltages applied in a set of coupled antennas are: 


m = ifu + aa + 
m = Аы + ifa + 
mm = Alm + ble + + 25 


where: 


* vis the voltage applied to the antenna i 
Luis the impedance of antenna i 
+ Zijs the mutual impedance between antennas i and j 
Note that, as is the ease for mutual inductances, 


Zj-. 


This is a consequence of Lorentz reciprocity. If some of the elements are not fed (there is 
a short circuit instead a feeder cable), as is the case in television antennas (Yagi-Uda 
antennas), the corresponding are zero. Those elements are called parasitic elements. 
Parasitic elements are unpowered elements that either reflect or absorb and reradiate RF 
energy 


In some geometrical settings, the mutual impedance between antennas can be zero. This 
is the case for crossed dipoles used in circular polarization antennas. 


Antenna 


Antennas and antenna arrays 


A Yagi-Uda beam antenna. 


Rooftop TV antenna, It is actually three Yagi antennas, The longest elements are for the 
low band, while the medium and short elements are for the high and UHF band. 


Examples of US 136-174 MHz base station antennas. 


Low cost LF time signal receiver, antenna (left) and receiver (right). 


"Rabbit ears" antenna 


AM loop antenna 


Antennas and supporting structures 


A building rooftop supporting numerous dish and sectored mobile telecommunications 
antennas (Doncaster, Victoria, Australia. 


A water tower in Palmerston, Northern Territory with radio broade: 
communications antennas 


ing and 


A threc-scctor telephone site in Mexico City 


Telephone site concealed as a palm tree. 


Diagrams аз part of a system 
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Antennas may be connected through a multiplexing arrangement in some applications 
like this trunked two-way radio example. 


Antenna network for an eme 


ey medical services base station. 


Chapter 6 


Television Antenna 


A Winegard HD-7084P 68 element VHF/UHF aerial ant 


A television antenna, or TV aerial, is an antenna specifically designed for the reception 
of over the air broadcast television signals, which are transmitted at frequencies from 
about 41 to 250 MHz in the VHF band, and 470 to 960 MHz in the UHF band in different 
countries. To cover this range antennas generally consist of multiple conductors of 


different lengths which correspond to the wavelength range the antenna is intended to 
receive. The length of the elements of a TV antenna are usually half the wavelength of 
the signal they are intended to receive. The wavelength of a signal equals the speed of 
light (с) divided by the frequency. The design of a television broadcast receiving antenna 
is the same for the older analog transmissions and the digital television transmissions 
Which are replacing them Sellers often claim to supply a special "digital" or "high 
definition" antenna advised as a replacement for an existing analog antenna, even if 
satisfactory: this is misinformation to generate sales of unneeded equipment. 


Simple/indoor 


Very common "rabbit ears" set-top antenna of older model 


Simple half-wave dipole VHF antennas or UHF loop antennas that are made to be placed 
indoors аге often used for television (and УНЕ radio); these are often called "rabbit ears" 
or "bunny aerials". because of their appearance. The length of the telescopic "ears" can be 
adjusted by the user, and should be about one half of the wavelength of the signal for the. 
desired channel. These are not as efficient as an aerial rooftop antenna since they are less 
directional and not always adjusted to the proper length for the desired channel. Dipole 
antennas are bi-directional, that is, they receive evenly forward and backwards, and also 
cover a broader band than antennas with more elements, This makes them less efficient 
than antennas designed to maximise the signal from a narrower angle in one direction. 


Coupled with the poor placing, indoors and closer to the ground, they are much worse 
than multi-element rooftop antennas at receiving signals which are not very stron 
although often adequate for nearby transmitters, in which case they may be adequate and 
cheap. These simple antennas are called set-top antennas because they are often placed on 
top of the television set or receiver. 


The actual length of the ears is optimally about 91% of half the wavelength of the desired 
channel in free space, Quarter-wave television antennas are also used. These use a single 
element, and use the earth as a ground plane; therefore, no ground is required in the feed 
Une a 


Outdoor 


Ап aerial or rooftop antenna generally consists of multiple conductive elements that are 
arranged such that itis a directional antenna. The length of the elements is about one half 


gth. Therefore, the length of each element corresponds to a certain 


of the signal wavele 
frequency 


Ina combined VHF/UHF antenna the longer elements (for picking up VHF frequencies) 
are at the "back" of the antenna, relative to the device's directionality, and the much 
shorter UHF elements are in the "front", and the antenna works best when "pointin 


to 


the source of the signal to be received. The smallest elements in this design, located in the 
"front", are UHF director elements, which are usually identical and give the antenna its 
directionality, as well as improving gain. The longest elements, located in the "back" of 
the antenna form а VHF phased array. Other long elements may be UHF reflectors 
Another common aerial antenna element is the comer reflector, a type of UHF reflector 
which increases gain and directionality for UHF frequencies. 


Ап antenna can have a smaller or larger number of directors; the more directors it has 
(requiring a longer boom), and the more accurate their tuning, the higher its gain will be. 
For the commonly used Yagi antenna this is not a linear relationship. Antenna gain is the 
ratio of the signal received from the preferred direction to the signal from an ideal 
‘omnidirectional antenna. Gain is inversely proportional to the antenna's acceptance angle. 
‘The thickness of the rods on а Yagi antenna and its bandwidth are inversely proportional; 
thicker rods provide a wider band, Thinner rods are preferable to provide a narrower 
band, hence higher gain in the preferred direction; however, they must be thick enough to 
withstand wind, 


Two or more directional rooftop antennas can be set up and connected to one receiver. 
Antennas designed for rooftop use are sometimes located in attics 


Sometimes television transmitters are organised such that all receivers in a given location 
need receive transmissions in only a relatively narrow band of the full UHF television 
spectrum and from the same direction, so that a single antenna provides reception from 
all stations. 


‘Types of outdoor antenna 


A UHF television antenna 


An antenna pole setup in a chimney, reaching 35 feet (10.7 meters) off the ground 


‘Small multi-directional: The smallest of all outdoor television antennas. They are 
designed to receive equal amounts of signal from all directions. These generally receive 
signals up to a maximum of thirty miles away from the transmitting station, greatly 
depending on the type. But, things such as large buildings or thick woods may greatly 
affect signal, They come in many different styles, ranging from small dishes to small 
‘metal bars, some can even mount on existing satellite dishes. 


Medium multi- directional: А step up from the small multi-directional, these also 
receive signals from all directions. These usually require an amplifier in situations when 
long cable lengths are between the television receiver and the antenna, Styles are 
generally similar to small multi-directionals, but slightly larger. 


Large multi-directional: These are the largest of all multi-directional outdoor television 
antennas. Styles include large "nets" or dishes, but can also greatly vary. Depending on 
the type, signal reception usually ranges from 30 to up to 70 miles, 


Small directional: The smallest of all directional antennas, these antennas are multi- 
element antennas, typically placed on rooftops. This style of antenna receives signals 
generally equal to that of large multi-directionals. One advantage that small directionals 
hold, however, is that they can significantly reduce "ghosting" effects of television 
picture. 


Medium directional: These antennas are the ones most often seen on suburban rooftops. 
Usually consisting of many elements, and slightly larger than the small directionals, these. 
antennas are ideal for receiving television signals in suburban areas. Signal usually 

ranges from 30 to 60 miles away from the broadcasting station. 


Large directional: The largest of all common outdoor television antennas, these. 
antennas are designed to receive the weakest available stations in an area. Larger than the 
medium directional, this type of antenna consists of many elements and is usually used in 
rural areas, where reception is difficult. When used in conjunction with an amplifier, 
these antennas can usually pick up stations from 60 up to and over 100 miles, depending 
on the type. 


The use of outdoor antennas with an amplifier can improve signal on low signal strength 
channels. If the signal quality is low repositioning the antenna onto a high mast will 
improve signal 


Installation 


A short antenna pole next to a house: this setup would only work well for receiving 
signals on that side of the house as they would not go through stone, especially. 


Multiple Yagi ТУ aerials in Israel 


Antennas аге commonly placed on rooftops, and sometimes in attics. Placing an antenna 
indoors significantly attenuates the signal available to it. Directional antennas must be 
pointed at the transmitter they are receiving; in most cases great accuracy is not needed. 
In a given region it is sometimes arranged that all television transmitters are located in 
roughly the same direction and use frequencies space closely enough that a single 
antenna suffices for all. A single transmitter location may transmit signals for several 
channels, 


Analog telev 


ion signals are susceptible to ghosting in the image, multiple closely- 
spaced images giving the impression of blurred and repeated images of edges in the 
picture. This was due to the signal being reflected from nearby objects (buildings, tree, 


mountains); several copies of the signal, of different strengths and subject to different 
delays, are picked up. This was different for different transmissions. Careful positioning 
of the antenna could produce a compromise position which minimized the ghosts on 
different channels. Ghosting is also possible if multiple antennas connected to the same 
receiver pick up the same station, especially if the lengths of the cables connecting them 
to the splitter/merger were different lengths or the antennas were too close together. 
Analog television is being replaced by digital, which is not subject to ghosting, 


Rooftop and other outdoor antennas 


Acrials are attached to roofs in various ways, usually on a pole to elevate it above the 
roof. This is generally sufficient in most areas. In some places; however, such as a deep 
valley or near taller structures, the antenna may need to be placed significantly higher, 
using a lattice tower or mast. 


The higher the antenna is placed, the better it will perform. An antenna of higher gain 
will be able to receive weaker signals from its preferred direction. Intervening buildings, 
topographical features (mountains), and dense forest will weaken the signal; in many 
cases the signal will be reflected such that a usable signal is still available. There are 
physical dangers inherent to high or complex antennas, such as the structure falling or 
being destroyed by the weather. There are also varying local ordinances which restrict 
and limit such things as the height of a structure without obtaining permits. For example, 
in the USA, the Telecommunications Act of 1996 allows any homeowner to install "An 
antenna that is designed to receive local television broadcast signals", but that “masts 
higher than 12 feet above the roof-line may be subject to local permitting requirements." 


Indoor antennas 


As discussed previously, antennas may be placed indoors where signals are strong 
enough to overcome antenna shortcomings. The antenna is simply plugged into the 
television receiver and placed conveniently, often on the top of the receiver ("set-top"). 
Sometimes the position needs to be experimented with to get the best picture. Indoor 
antennas can also benefit from RF amplification, commonly called a TV booster. Indoor 
antennas will never be an option in weak signal areas. 


Attic installation 


Sometimes itis desired not to put an antenna on the roof; in these cases, antennas 
designed for outdoor use are often mounted in the attic or loft, although antennas 
designed for attic use are also available, Putting an antenna indoors significantly 
decreases its performance due to lower elevation above ground level and intervening 
walls; however, in strong signal arcas reception may be satisfactory. One layer of asphalt. 
shingles, roof felt, and a plywood roof deck are considered to attenuate the signal to 
about half. 


Multiple antennas, rotators 


‘Two aerials setup оп a roof. Spaced horizontally and vertically 


It is sometimes desired to receive signals from transmitters which are not in the same 
direction. This can be achieved, for one station at a time, by using а rotator operated by 
an electric motor to turn the antenna as desired. Alternatively, two or more antennas, each 
pointing at a desired transmitter and coupled by appropriate circuitry, can be used. To 
prevent the antennas interfering with each other, the vertical spacing between the booms 
must be at least half the wavelength of the lowest frequency to be received 
(Distance=W/2). The wavelength of 54 MHz (Channel 2) is 5.5 meters (A x f= c) so the 
antennas must be a minimum of 2.25 meters, or ~89 inches apar. It is also important that 
the cables connecting the antennas to the signal splitter/merger be exactly the same 
length, to prevent phasing issues, which cause ghosting with analog reception. That is, the 
antennas might both pick up the same station; the signal from the one with the shorter 
cable will reach the receiver slightly sooner, supplying the receiver with two pictures 
slightly offset. There may be phasing issues even with the same length of down-lead 
cable. Bandpass filters or "signal traps" may help to reduce this problem. 


For side-by-side placement of multiple antennas, as is common in a space of limited 
height such as an attic, they should be separated by at least one full wavelength of the 
lowest frequency to be received at their closest point. 


Often when multiple antennas are used, one is for a range of co-located stations and the 
other is for a single transmitter in a different direction, 


Safety 


+ TV antennas are large conductors of electricity and attract lightning, acting as a 
lightning rod. The use of a lightning arrestor is usual to protect against this. A 
large grounding rod connected to both the antenna and the mast or pole is 
required. 


+ Properly installed masts, especially tall ones, are guyed with galvanized cable; no 
insulators are needed. They are designed to withstand worst-case weather 
conditions in the area, and positioned so that they do not interfere with power 
lines if they fall. 


+ There is inherent danger in being on the rooftop of a house, required for installing 
or adjusting a television antenna, 


Chapter 7 


Radio Masts and Towers 


Masts of the Rugby УГЕ transmitter in England 


A dismantled radio mast in sections 


Radio masts and towers are, typically, tall structures designed to support antennas (also 
known as aerials) for telecommunications and broadcasting, including television. They 
are among the tallest man-made structures, Similar structures include electricity pylons 
and towers for wind turbines. 


Masts are sometimes named after the broadcasting organisations that use them, or after а 
nearby city or town. 


The Warsaw Radio Mast was the world’s tallest supported structure on land, but it 
collapsed in 1991, leaving the KVLY/KTHI-TV mast as the tallest. 


In the case of a mast radiator or radiating tower, the whole mast or tower is itself the 
transmitting antenna. 


Mast or tower? 


A radio mast base showing how virtually all support is provided by the guy-wires 


The terms "mast" and "tower" are often used interchangeably. However, in structural 
engineering terms, a tower is a self-supporting or cantilevered structure, while a mast is 
held up by stays or guys. By contrast, in broadcast engineering, a tower is an antenna 
structure attached to the ground, whereas a mast is a vertical antenna support mounted on 
some other structure (which itself may be a tower, a building, or a vehicle). Masts (to use 
the civil engineering terminology) tend to be cheaper to build but require an extended 
area surrounding them to accommodate the guy wires. Towers are more commonly used 
in cities where land is in short supply. 


‘There are a few borderline designs which are partly free-standing and partly guyed. For 
example: 


+ The Gerbrandy tower consists of a self-supporting tower with a guyed mast on 
top. 

+ The few remaining Blaw-Knox towers do the opposite: the 
section surmounted by a freestanding part 

« Zendstation Smilde a tall tower with a guyed mast on top (guys go to ground) 


have a guyed lower 


+ Torre de Collserola а guyed tower, with a guyed mast on top. (Tower portion is 
not free-standing.) 


Materials 
Steel lattice 


Steel lattice tower 


‘The steel lattice is the most widespread form of construction. It provides great strength, 
low weight and wind resistance, and economy in the use of materials. Lattices of 
triangular cross-section are most common, and square lattices are also widely used. 


When built as a stayed mast, usually the whole mast is parallel-sided. One exception is 
the Blaw-Knox type. 


When built as a tower, the structure may be parallel-sided or taper over part or all of its 
height. When constructed of several sections which taper exponentially with height, in 
the manner of the Eiffel Tower, the tower is said to be an Fiffelized one. The Crystal 
Palace tower in London is an example. 


Tubular steel 


Guyed masts are sometimes also constructed out of steel tubes. This construction type has 
the advantage that cables and other equipment is protected from weather influence and 
that the structure may look nicer. They are mainly used for FM-/TV-broadcasting, but 
Sometimes also as mast radiator, wherefore the big mast of Múhlacker transmitting 
station is a good example. A disadvantage of this mast type is that it is much more 
affected by winds than masts with open bodies. In fact several tubular guyed masts 
collapsed: in the UK, these were masts the Emley Moor and Waltham TV stations, which 
collapsed in the 1960s, in Germany that of Bielstein transmitter, which collapsed in 1985. 
Not in all countries such masts were built: while in Germany, France, UK, Czech, 
Slovakia and the former Soviet Union multiple tubular guyed masts were built, there are 
nearly none in Poland and North America, 


At several cities in Russia and Ukraine, between 1960 and 1965 several tubular guyed 
masts with crossbars running from the mast structure to the guys were built. All these 
masts are exclusively used for FM and TV transmission and are except of the mast in 
Vinnytsia between 150 and 200 metres tall. The crossbars of these masts are equipped 
with a gangway and are equipped with smaller antennas. Their main purpose is 
oscillation damping, 


First modern TV Tower їп Stuttgart 


Reinforced concrete 


Reinforced concrete towers are relatively expensive to build but provide a high degree of 
mechanical rigidity in strong winds. This can be important when antennas with narrow 
beamwidths are used, such as those used for microwave point-to-point links, and when 
the structure is to be occupied by people. 


In the 1950s, AT&T built numerous concrete towers, more resembling silos than towers, 
for its first transcontinental microwave route. Many are still in use today. 


In Germany and the Netherlands most towers constructed for point-to-point microwave 
links are built of reinforced concrete, while in the UK most are lattice towers. 


Concrete towers can form prestigious landmarks, such as the CN Tower in Toronto, As 
well as accommodating technical staff, these buildings may have public areas such as 
observation decks or restaurants. 


The Stuttgart TV tower was the first tower in the world to be built in reinforced concrete. 
It was designed in 1956 by the local civil engineer Fritz Leonhardt, 


‘Tokyo Tower 


Fibreglass 


Fibreglass poles are occasionally used for low-power non-directional beacons or 
medium-wave broadcast transmitters. 


Wood 


There are fewer wooden towers now than in the past. Many were built in the UK during 
World War II because of a shortage of steel. In Germany before World War II wooden 
towers were used at nearly all medium-wave transmission sites, but all of these towers 
have since been demolished, except for the Gliwice Radio Tower. 


Ferryside Relay is an example of a TV relay transmitter using a wooden pole. 


Other types of antenna supports and structures 
Poles 


Shorter masts may consist of a self-supporting or guyed wooden pole, similar to a 
telegraph pole. Sometimes self-supporting tubular galvanized steel poles are used: these 
may be termed monopoles. 


Buildings 


In some cases, itis possible to install transmitting antennas on the roofs of tall buildings. 
In North America, for instance, there are transmitting antennas on the Empire State 
Building, the Willis Tower and formerly on the World Trade Center towers. When the 
buildings collapsed, several local TV and radio stations were knocked off the air until 
backup transmitters could be put into service. Such facilities also exist in Europe, 
particularly for portable radio services and low-power FM radio stations, 


isguised cell-sites 


Completed in December 2009 at Epiphany Lutheran Church in Lake Worth, Florida, this 
100 tall cross conceals equipment for T-Mobile 


Many people view bare cellphone towers as ugly and an intrusion into their 
neighbourhoods. Even though people increasingly depend upon cellular communications, 
they are opposed to the bare towers spoiling otherwise scenic views. Many companies 
offer to hide cellphone towers in, or as, trees, church towers, flag poles, water tanks and 
other features. There are many providers that offer these services as part of the normal 
tower installation and maintenance service. These are generally called "stealth towers" or 
"stealth installations" 


The level of detail and realism achieved by disguised cellphone towers is remarkably 
high; for example, such towers disguised as trees are nearly indistinguishable from the 
real thing, even for local wildlife (who additionally benefit from the artificial flora). Such 
towers can be placed unobtrusively in national parks and other such protected places, 
such as towers disguised as cacti in Coronado National Forest. 


Even when disguised, however, such towers can create controversy; a tower doubling as 
а flagpole attracted controversy in 2004 in relation to the U.S. Presidential campaign of 
that year, and highlighted the sentiment that such disguises serve more to allow the 
installation of such towers in subterfuge away from public scrutiny rather than to serve 
towards the beautification of the landscape. 


Mast radiators 


A mast radiator is a radio tower or mast in which the whole structure works as an 
antenna. It is used frequently as a transmitting antenna for long or medium wave 
broadcasting 


Structurally, the only difference is that a mast radiator may be supported on an insulator 
at its base. In the case of a tower, there will be one insulator supporting each leg. 


Telescopic, pump-up and tiltover towers 


А special form of the radio tower is the telescopic mast. These can be erected very 
quickly. Telescopic masts are used predominantly in setting up temporary radio links for 
reporting on major news events, and for temporary communications in emergencies, 
They are also used in tactical military networks. They can save money by needing to 
withstand high winds only when raised, and as such are widely used in amateur radio. 


Telescopic masts consist of two or more concentric sections and come in two principal 
types: 


+ Pump-up masts are often used on vehicles, and are raised to their full height 
pneumatically or hydraulically. They are usually only strong enough to support 
fairly small antennas. 

+ Telescopic lattice masts are raised by means of a winch, which may be powered 
by hand or an electric motor. These tend to cater for greater heights and loads than 
the pump-up type. When retracted, the whole assembly can sometimes be lowered 
to a horizontal position by means of a second tiltover winch. This enables 
antennas to be fitted and adjusted at ground level before winching the mast up. 


Balloons and kites 


A tethered balloon or a kite can serve as a temporary support. It can carry an antenna or a 
wire (for УГЕ, LW or MW) up to an appropriate height. Such an arrangement is used 


occasionally by military agencies or radio amateurs. The American broadcasters TV 
Marti broadeast a television program to Cuba by means of such a balloon. 


Other special structures 


For two УГЕ transmitters wire antennas spun across deep valleys are used, The wires are 
supported by small masts or towers or rock anchors. The same technique was also used 
for the Criggion УГЕ transmitter. 


For ELF transmitters ground dipole antennas are used. Such structures require no tall 
masts. They consist of two electrodes buried deep in the ground at least a few dozen 
Kilometres apart. From the transmitter building to the electrodes, overhead feeder lines 
run. These lines look like power lines of the 10 kV level, and are installed on similar 
pylons. 


Design features 


Economic and aesthetic considerations 


A radio amateur's do it yourself steel-lattice tower 


Felsenegg-Girstel TV-tower 


Uetliberg TV-tower 


Communications tower, camouflaged as a slim tree 


+ Тһе cost of a mast or tower is roughly proportional to the square of its height. 

+ A guyed mast is cheaper to build than a self-supporting tower of equal height. 

+ A guyed mast needs additional land to accommodate the guys, and is thus best 
suited to rural locations where land is relatively cheap. An unguyed tower will fit 
into a much smaller plot. 

« A steel lattice tower is cheaper to build than a concrete tower of equal height, 

+ Two small towers may be less intrusive, visually, than one big one, especially if 
they look identical 

+ Towers look less ugly if they and the antennas mounted on them appear 
symmetrical 

+ Concrete towers can be built with aesthetic design - and they are, especially in 
Continental Europe. They are sometimes built in prominent places and include 
observation decks or restaurants, 


Masts for HF/shortwave antennas 
For transmissions in the shortwave range, there is little to be gained by raising the 


antenna more than a few wavelengths above ground level. Shortwave transmitters rarely 
use masts taller than about 100 metres. 


Access for riggers 


Because masts, towers and the antennas mounted on them require maintenance, acces 
the whole of the structure is necessary. Small structures are typically accessed with a 
ladder. Larger structures, which tend to require more frequent maintenance, may have 
stairs and sometimes a lit, also called a service elevator. 


to 


Aircraft warning features 


Tall structures in excess of certain legislated heights are often equipped with aircraft 
warning lamps, usually red, to warn pilots of the structure's existence. In the past, 
ruggedized and under-run filament lamps were used to maximize the bulb life. 
Alternatively, neon lamps were used. Nowadays such lamps tend to use LED arrays. 


Height requirements vary across states and countries, and may include additional rules 
such as requiring a white flashing strobe in the daytime and pulsating red fixtures at 
night. Structures over a certain height may also be required to be painted with contrasting 
color schemes such as white and orange or white and red to make them more visible 
against the sky. 


Light pollution and nuisance lighting 


In some countries where light pollution is a concern, tower heights may be restricted so 
as to reduce or eliminate the need for aircraft warning lights. For example in the United 
States the 1996 Telecommunications Act allows local jurisdictions to set maximum 
heights for towers, such as limiting tower height to below 200 feet and therefore not 
requiring aircraft illumination under U.S. Federal Communications Commission (FCC) 
rules. The limit is more commonly set to 190 ог 180 feet to allow for masts extending 
above the tower. 


Wind-induced oscillations 


One problem with radio masts is the danger of wind-induced oscillations. This is 
particularly a concern with steel tube construction. One can reduce this by building 
cylindrical shock-mounts into the construction. One finds such shock-mounts, which look 
like cylinders thicker than the mast, for example, at the radio masts of DHO38 in 
Saterland. There are also constructions, which consist of a free-standing tower (usually 
from reinforced concrete), onto which a guyed radio mast is installed. The best known 
such construction is the Gerbrandy Tower in Lopik (the Netherlands). Further towers of 
this building method can be found near Smilde (the Netherlands) and Fernsehturm, 
Waldenburg, Baden-Wiirttemberg, Germany). 


Hazard to birds 


Radio, television and cell towers have been documented to pose a hazard to birds. 
Reports have been issued documenting known bird fatalities and calling for research to 
find ways to minimize the hazard that communications towers can pose to birds. 


Law 


Since June 2010, Telecom operators in the USA can erect new telecom masts or towers 
as the government has lifted the moratorium, which was earlier placed on the issuance of 
permits for the construction of telecommunication towers. 


Chapter 8 


Omnidirectional Antenna € Directional 
Antenna 


Omnidirectional Antenna 


Omnidirectional radiation pattern of a vertical dipole antenna. In this graph the antenna is 
at the center of the "donut", Radial distance from the center represents the power radiated 
in that direction. The power radiated is maximum in horizontal directions, dropping to 
zero directly above and below the antenna. 


An omnidirectional antenna is an antenna which radiates power uniformly in all 
directions in one plane, with the radiated power decreasing with elevation angle above or 
below the plane, dropping to zero on the antenna's axis. This radiation pattern is often 
described as "donut shaped”, Note that this is different from an isotropic antenna, in 
which the gain is uniform in all directions ("spherical"). Omnidirectional antennas 
oriented vertically are widely used for nondirectional antennas on the surface of the Earth 
because they radiate equally in all horizontal directions, while the power radiated drops 
off with elevation angle so little radio energy is aimed into the sky or down toward the 
carth and wasted. Omnidirectional antennas are widely used for radio broadcasting 
antennas, and in mobile devices that use radio such as cell phones, FM radios, walkie- 
talkies, Wifi, cordless phones, GPS as well as for base stations that communicate with 
mobile radios, such as police and taxi dispatchers and aircraft communications, 


Types 


Common types of low gain omnidirectional antennas are the whip antenna, "Rubber 
Ducky", ground plane antenna, vertically oriented dipole antenna, discone antenna, mast 
radiator and the horizontal loop antenna (or halo antenna) (Sometimes known 
colloquially as a ‘circular aerial’ because of the shape). 


Higher gain omnidirectional antennas can also be built. "Higher gain" in this case means 
that the antenna radiates less energy at higher and lower elevation angles and more in the 
horizontal directions. High gain omnidirectional antennas are generally realized using 
collinear dipole arrays. These arrays consist of half-wavelength dipoles with a phase 
shifting method between each element that ensures the current in each dipole is in phase. 
The Coaxial Colinear or COCO antenna uses transposed coaxial sections to produce in- 
phase half-wavelength radiatiors. A Franklin Array uses short U-shaped half-wavelength 
sections whose radiation cancels in the far-field to bring each half-wavelength dipole 
section into equal phase 


‘Types of higher gain omnidirectional antennas are the Coaxial Colinear (COCO) antenna 
and Omnidirectional Microstrip Antenna (OMA). 


Some planar antennas (constructed from printed circuit board) are omnidirectional 
antennas. 


Vertical polarized VHF- UHF biconical antenna 170 — 1100 MHz with omni directional 
H-plane pattern, 


Analysis 


Omnidirectional radiation patterns are produced by the simplest practical antennas, 
monopole and dipole antennas, consisting of one or two straight rod conductors on a 
common axis. Antenna gain (С) is defined as antenna efficiency (е) multiplied by 
antenna directivity (D) which is expressed mathematically as: G = eD. A useful 
relationship between omnidirectional radiation pattern directivity (D) in decibels and 
half power beamwidth (HPBW) based on the assumption of a sinê / 50 pattern shape is: 


101. 
HPBW — 0.00272(H PBW) 


D = 10005, ( 


Directional Antenna 


Log-periodic dipole array 


A directional antenna or beam antenna is an antenna which radiates greater power in 
one or more directions allowing for increased performance on transmit and receive and 


reduced interference from unwanted sources. Directional antennas like yagi antennas 
provide increased performance over dipole antennas when a greater concentration of 
radiation in a certain direction is desired. 


All practical antennas are at least somewhat directional, although usually only the 
direction in the plane parallel to the earth is considered, and practical antennas can easily 
be omnidirectional in one plane. 


‘The most common types are the yagi antenna, the log-periodic antenna, and the corner 
reflector, which are frequently combined and commercially sold as residential TV 
antennas. Cellular repeaters often make use of external directional antennas to give a far 
greater signal than can be obtained on a standard cell phone. Satellite Television receivers 
usually use parabolic antennas, 


For long and medium wavelength frequencies, tower arrays are used in most cases as 
directional antennas, 
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Sensitivity of Multi Turn Receiving Loops 


William E. Payne, N4YWK 


Abstract 


Multi turn wire loops are often used as low frequency receiving antennas. Applications such as 
geophysical research, oil exploration and survivable communications require maximum sensitivity of 
receiving loop antennas. The loop sensitivity decreases as frequency decreases, becoming a formidable 
problem below 1 Hz. Basic electromagnetic theory is developed here as it relates to electrically small 
multi-turn loops at low frequencies. Simple algebraic expressions are produced describing the sensitivity 
of loops in simple geometries. The concept of antenna factor (effective aperture) is introduced, which 
allows comparison of different loops, and conversion of observations to common magnetic units of 
measure. It is hoped this work will be a useful reference to geophysical researchers, and to anyone 
designing loops for low frequencies. 


Introduction 


Magnetism is manifested as a "field of vectors’, that is, any point in the magnetic field has not only а 
magnitude, but a direction in space. The four Maxwell equations describe how electric and magnetic 
vector fields behave and interact. These "fields" are actually primordial root forces and motions of our 
spacetime continuum, It is well said that all the laws of physics can be derived from the Maxwell 
equations, given here in integral form: 
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(a) J. Ben da = 4. 0 No magnetic monopoles 
(b) f Den da = q. Sum of flux is electric charge. 


(e) [н Xnda = Y op V Curl of magnetic field due to electric flux change 


(4) IE Xnda - Yat I Curl of electric field due to magnetic flux change 


According to Maxwell, an electric field cannot change without creating a magnetic field, and a magnetic 
field cannot change without creating an electric field. Any change in one force field creates a vortex or 
wake in spacetime appearing as the other aspect of the force. Electromagnetic waves have both electric 
(E) and magnetic (H) components, and propagate as ripples in the fabric of our continuum. The E and H 
aspects appear 90 degrees apart in space dimensions and in phase in the time dimension. Loops of wire 
are often used as antennas to interact with and detect the magnetic aspect of the electromagnetic force. 


Suppose we have a varying magnetic field ‘out there which we want to detect and measure. This field 
may originate naturally or artificially. To make the analysis more tractable, the loop is assumed to be 
electrically small, the dimensions being much smaller than a wavelength of the frequencies of interest. 
We also take the distance to the source as being much larger than the loop dimensions. These conditions 
are usually well satisfied in geophysics. We will use vector calculus to derive from first principles the 
response of such a loop. Those unfamiliar with this branch of mathematics may skip down to equation 
(10), where the going gets easier. 


Theory of Magnetic Loops 


Magnetic field intensity, H, expressed in units of amperes per meter, produces a magnetic flux density , 
B, expressed in volt seconds per square meter. Flux is proportional to applied field. 


а) В= рн 


I. expressed in Henrys per meter, is ће magnetic permeability of ће medium, the analog of electric 


permitivity. We will let H equal Ho, the permeability of a vacuum (spacetime itself). This assumption is 
well justified for air core loops surrounded by non magnetic media, including air, water, dirt, vegetation, 
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ete. 


The total magnetic Пих, O. in volt-seconds, threading an area is the flux density integrated over the area. 
The vector n denotes a unit vector normal to da, the element of the surface being integrated over. 


0) Ф Joes da 


Voltage around a loop is proportional to the rate of change of the amount of flux threading the loop area. 
When multiple turns are in series, the total voltage is the sum of the individual turns. 


@) ven 4% 


Notice from (3) that a motionless loop in a constant de field produces no voltage. Combining these three 
equations gives an expression for the terminal voltage of a multiturn wire loop. The vector normal 
component of the H field is integrated over the loop area, and differentiated by time. 


И) V=yoN Ye fren ae 


When the Н field is uniform over a planar loop, we can take Н out of the integral and express its vector 
normal component as the magnitude times the cosine of the angle between the H vector and the loop 
axis. 


(5) V = ug N cose 4%. IH] fe 


and the integral becomes simply the loop area. 
© V = po NA cose A 


Most of the calculus is solved, but the time derivative of Н remains. We can reduce it to simple algebra 
by examining a discrete frequency (Ct) component of Н, with peak amplitude HO. 
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Which transforms equation (6) into: 

@ -% NA cosd Y y, (Eo sin(cot)) 
So we now rid ourselves entirely of calculus: 

(9) V= NA cos H co cos(cot) 


Taking the magnitude of the signal, we get loop terminal voltage as a straight algebraic product of six 
terms; 


(10) У=2лш N A H f cose 
Where: 

2л is a constant 
N is the number of turns 
A is the loop area, in square meters. 
Ho is the applied magnetic field, in amperes per meter. 
E is the frequency, in Hertz 
cos is the cosine of the angle between the loop axis and the field. 


The persistent product of N and A are the only remaining terms which describe characteristics of the loop 
itself. This product suggests a figure of merit for loop antennas, the "effective aperture", Ae , which is the 
physical area times the number of turns. 


We can now express the on-axis sensitivity of a loop, which is the terminal voltage divided by the 
applied magnetic field, as the product of only three terms: 


(1) УН = л f A, 
Where: 
VIHo is the output voltage per unit magnetic field strength applied 
2ro is a constant = 7.89 x 106 
А, is the loop effective aperture, in sguare meters. 
f is the frequency, in Hertz. 
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Equation (11) clearly shows the problem of loops at low frequencies: as f approaches zero, so does the 


loop voltage! Although we can't do much to change 277, we might try increasing H above Ho by using a 
ferrite loop core, but this becomes impractical with large areas. Our only recourse is to increase the 
effective aperture. 


Effective Aperture 


We now have a rigorously derived expression for loop antenna sensitivity, reduced to the simple product 
of three terms, a constant, the frequency, and the effective aperture, which is the antenna factor. By 
knowing the effective aperture, we can relate the loop output back to the magnetic field strength. We can 
also compare the sensitivities of different loops, making possible the correlation of data from researchers 
using different loops. This effective aperture is simply the loop area times the number of turns, expressed 
in square meters. 


The areas of some common loop geometries are: 
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Maximizing Ae 
For maximum sensitivity, we want maximum effective aperture. Practical limitations dictate the effective 
aperture we can achieve. For example, we might be limited to SIb loop mass of copper wire, and can 


handle wire as small as #30 AWG. What is the maximum effective aperture we can achieve? 


From the NIST copper wire tables we get: wire diameter = 0.010 in, length = 16435 ft, and resistance = 
526 ohms. For а circular loop, the wire length and loop area are: 


(12) N= I/ d 
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аз) А= 14 Ф 


So the antenna sensitivity for a fixed wire length is 


(14) A-NA- Да 


The d term appearing in the numerator tells us to deploy a fixed length of wire as a single turn for 
maximum sensitivity. The diameter will then be : 


(15) а= ½¼ = 5230 fl 
With an antenna factor of: 
(16 A = NA = A = 21,500,000 f = 2,000,000 mé 


A large effective aperture, but our trepidation in handling a one mile diameter loop of #30 AWG wire 
leads us to now limit the loop diameter to ten feet. Equations (12) through (14) give us: 


the turns N = 523 
the area A = 78.5 № 
the aperture A. = 41,100 #2, or about 3800 m?. 


This is a manageable structure, but sensitivity has been reduced 523 times. 
Some rules of thumb for loop sensitivity are: 
+ Fora fixed number of turns: 
Sensitivity goes up as loop diameter squared, and up as wire length squared. 
+ Fora fixed wire length: 
Sensitivity goes up as the loop diameter, and down inversely as the number of turns. 
+ Fora fixed loop diameter: 
Sensitivity goes up as number of turns, and up as wire length. 
Which shows that "Turns are good, but size is better!" and "Use as much wire as you can!" 


Practical Examples And Considerations 
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The 'octoloop' is an easily built, well shielded, VLF loop, small enough to gimbal, which was my primary 
design goal, The design files for the 'octoloop' are available here, and on the LWCA BBS. The octoloop 
characteristics are: 


A 3.42 m2 
N = 50 turns 
Ae = 171 m^2 


1 also built a fixed loop of six pair telephone wire 160 feet in diameter in the backyard: 


A = 1865 m^2 
N 12 turns 
Ae = 22,381 m^2 


Obviously, the fixed loop is more sensitive, by a factor of about 130. In antenna terms, this is a gain 
increase of about 42 db, a substantial improvement! However, if by gimballing the octoloop, I can get a 
50 db deep null in interference, and stay above my receiver noise floor, the octoloop still has an 8 db 
advantage. On the other hand, with the fixed loop, if I filter out the power grid interference, I can go 130 
times lower in frequency before falling below the thermal noise floor. 


The octoloop is more useful for sferics and OMEGA reception, but the fixed loop is capable of deep 
infrasonic frequencies and geomagnetic work. Below some point in the spectrum, one must forego 
gimballing and portability to gain very large antenna effective apertures. Larry Grants "Life at 1200 
Turns" loop probably has an aperture near Ae = 2000 m^2, approaching the practical limit for portable 
loops. In oil exploration, loops of several hundred feet of multiconductor cable are transported by rolling 


them up on spools. 


Other Factors 


If an electric current flows in the loop, the terminal voltage and the sensitivity will be modified from that 
derived above. Current may be drawn by resistively loading the loop output, which will decrease the 
available voltage. Parasitic capacitance, as well as external capacitance will also cause a current flow, but 
one which is leading in phase. Capacitance neutralizes the lagging phase of the loop inductance and 
causes a frequency resonance, increasing the aperture while reducing the bandwidth. The magnitude of 
these tuning effects are maximum when loop resistance is minimum, Capacitively tuned loops are useful 
for their sensitivity to a single discrete frequency. 


Mechanical motion of a conductor in a steady DC field induces a voltage, leading to microphonic effects. 
Microphonics may be reduced by structural stiffening and damping, to reduce vibrational resonances and 
shift them out of the frequency bands of interest. Many loop structures will have an axis of minimum 
vibrational response, which may be aligned with the local field to further reduce microphonics. 
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Temperature effects in dissimilar metallic junctions cause Seebeck voltages to be produced, which 
generally have time constants as long or longer than the thermal cycle. Temperature also causes voltage 
drift in high gain DC coupled amplifiers. Thermal effects may be controlled by isolating amplifiers and 
‘metallic junctions from temperature changes, by DC blocking, or by chopper stabilizing DC amplifiers. 


Direction of Future Work 


The fixed loop was originally intended for OMEGA (the 10 to 14 KHz squeal) reception, but Larry Grant 
and Bob Confrey have me interested in geomagnetics. Presently, I am working out an improved 
preamplifier design for geomagnetic frequencies. 1 am convinced the best way to go is a fixed moderate 
gain first stage at the loop, using a biomedical instrumentation amplifier such as Analog Devices AD620, 
and then put more gain with adjustments, filtering, etc in a separate indoor unit. For large aperture loops, 
the preamp must tolerate very high 60 Hz hum levels without desensing or intermodulation, 


Also I am looking for yet more antenna aperture. Just today, I screeched my truck to a halt and leaped 
into a muddy excavation wearing my good pants because I believed I saw an abandoned length of 600 
pair telephone trunk cable. The area of my backyard is about 6300 m^2, which enclosed with 1200 turns 
(600 pair) would give Ae = 7,500,000 m^2. This would be the most sensitive loop I know how to make 
here, having three times the aperture of the hypothetical one mile turn of wire discussed above, and 
should be useful to below 0.01 Hz. 


A DC block below 0.001 Hz or so will be required to remove the Seebeck potentials from 1200 spliced 
joints, and the antenna may be buried to reduce microphonics. I am at a loss for a feasible method of 
removing seismic microphonics, which I believe will appear as the next envelope boundary, although 
seismic microphonics may in themselves be a worthwhile study. 


Conclusion 


The sensitivity of loop antennas at low frequencies has been mathematically derived, and expressed in 
practical terms. The concept of effective aperture, and how to maximize it has been presented. It is my 
heartfelt recommendation that researchers calculate and report the effective apertures of the loops they 
use, and refer their measurements to loop terminal voltage. In this way, all geomagnetic observations can 
be converted to a common unit of measure. 
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This article is protected under US and international copyright laws. Please obtain the author's 
permission before redistributing this document or reproducing it in any other form. 


Return to Receiving Equipment Library. 


Go to Longwave Home Page. 
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Magnetic Loop Antenna's. 


Why is an Magnetic Loop antenna so special, this antenna is picking only the MAGNETIC 

part of the ELEKTRO MAGNETIC radio wave. The big advantage of this antenna is that the 
electric interference from the big city (streetlights, television's , cars etc...) have 
no influence on the received signal. With the lodp you can hear other stations that you 
can't hear if you use a DIPOLE, with a dipole tha stations are buried in the noi: 


Multi Turn Magnetic Loop. l 


This is the first loop I build from a Article in the QST from February 1996, it's 30 
Inch-diameter, and it's designed by G2BZ0/WĎ for 80 M., 
S Я 
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t one turn loop that I built was made from 75 
explanation in the RSGB handbook radio amateurs 
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coax and the results of the loop where good.Thé next Тәр built is a octagon loop in 
15mm copper tube with a circumference of ` 
4.8 meter (16 feet). T T \ 
The frequency range of this loop goes fróm 14 МНЯ to 7 MHz and works fine. The biggest 
problem is the tuning capacitor, if you transmit with a power 
of 100 W you need a capacitor with a voltage rating of 5000 Volt. 
A capacitor which can handle this voltage ig hard to find over here and if you find one 
they are very expensive. ZLA 
The first capacitor I built was a design from GW3JPT from a article in the RADIO 
COMMUNICATION from Feb; 1994. It is a split stator-capacitor with a capacitance of 
140 pF and with a voltage rating of 6000 Volt. 
The capacitor is remote tuned' with the use of a small BBQ spit motor. 

=, 


IA 


O 1 patt da nyl ت‎ daiga E 
oo а. aplicaba: \ 

The capacitance is 5-65 pr and the voltaje rating ie 7200 volte! 1 used 

зе for the emall loop with a dia. of Зар me (2.60 feet) aña /the frequency range of this 
loop is from 28 Miz to 14 Miz. The Aluminum plates of Lam 

for the capacitors are cut with a ла SAN. X 


Most asked Questions: ^ 


Tid like to talk a little more on youF~setup. it seems like something whichT could get 
together if only some more data was availabla. do you have anynotes etc still laytng 
about since its build ? 5 = i 
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The theory for calculating the loop is very simple. The cirčunfere 


nce of a magnetic loop 
is 1/4 wave of the desighfrequency.. * 


„ | | 


300 / 14 MHz = 21.428 m is 1 wave 


21.428 / 4 = 5.357 m is 1/4 wave circumference 


D 


1.706 m diamet, 


5.357 / 3:14 


The recommendations are that you can tune the loop from the design frequency to the 
frequency divided by 2 to keep the effiecency aceptable 


-14 Miz /-2 = 7 Muz 


1 mide the small loop (sds J zl, rh from soft kopper Журе on a role that you can buy 
in a plumbershop|and it's easy to make a nice circle if yoy draw on the ground a circle 


with a rope and a piece of chalk. | - \ 


For mounting the loop to the hardboard I used plastic clamps 
that they use for mounting copper tube on the wall. 


why is a butterfly capacitor better? < — 


Lota $ 
For high voltages and-cürrents the use of Capacitors with wiper contacs is not ET 
recomended. That's why they us8-capacitors in serie's.The pro for serie's capacitors is 
that the voltage rating is doubled The-anti is that the value of capacitance is divided 


by 2. NES 
RSS > 
For the apli stator capacitor the 2 


F " 
by the shaft (bleu) and the red spots on the | || | | 
айлалы кену зе SS z 


are directly connected 
in series by the rotors and gives less 


For the butterfly capacitor the 2 capacitors W 
T 


los: 


Do you know of anyone that has built a similar loop that 
outperformed a garden variety dipole? 


Compare antennas is very difficult , sometimes I have for 60 % better signals in RX and 
ex on the loops then on the dipole. 
on ро: у 
In Theorie is the performance of а magnetic loop |- 0.4 dS lerer then a dipole or a 
vertical . | al \ 
\ E \ 
(S 
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only 7 m(23 ft), for a good performance on 40 m the dipolenust have a height of 1/2 wave 
А Чураан E адни а 
contacts іп Ешгоре апа not good for ОХ, now the ^W loop tuned to 7 MHz with a 
.... ) and а angie FASE af about 20 degrees Pottors 
better than the dipole bécause the vertical magnetic 1o. 

ground as a angle radiatio! the dipole don't. 


only 1 М above 


Another advantage is that the receptisn-on a loop is mutch better, 

on 20m I have with the dipole S5 noise from the big city, if I switch to the | — 
loop I have 81 noise and hear stations who are burigd in thà noise when 

1 use a dipole: 


ka 


Coupling loop dimensions? Sa 


from coax RG213 or RGS, I tried the gamma match bud I had problems to keep the VSWR low 
on all Bands, the shielded loop gives on all bands VSWR 1.1 and reduce more noise pick- 
wp then the gamma match. 


1 found out that if you use a 1/5 
Faraday loop, that the loop is to big, 
making the loop smaller with 0.5 inch by 
the time in circumference and checking 
with a field strength meter you can s 
that the radiated power increase. 


Solder Outher on Outher 


The place off the feeding loop is placed 
at the electrically neutral point on the 
loop and that is 180 from the capacitor Dia. LOOP/5 
and I have the best results with the 

feeding loop close to the ground and che 
capacitor far from the ground. 


Solder outher on inner 


І was wondering if you worried about the 
resistance of the mechanical joints (copper pipe bolted to the capacitor) significantly 


reducing your radiation efficiency as I think the radiation Of, these antennas can get as 
low as .01 ohms : po 


spacers and the plates ià ALU that, with welding everything Аз gona BeÑa from the|heat 


Soulder or weld the capacitor plates is always the best, büE-I'm afraid if you e the 
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and I know from practice ( I work in a maintenance workshop ) that welding ALU is 
coarse. Another possibility is using all brass or copper and solder, there are haňe that 
using double PC board for the plates. 

I made а ỌSO in phone with Florida, ВРАТ 5-5 and the other station sed a vertical 
antenna, with the small loop (800mm and theoretical effiecency 41 % on 14 Mc) vertical 
in the garden and the states side is through the house. I was very happy with the 
results , so I think that a capacitor 

maded with torqued compressed joints is good enough for using 100 W. 


Have the dissimilar metal joints weather well? 


To keep the oxidation low on the dissimilar metals I-used althih coat of vaseline after 
emble the capacitor and with the tuppér ware 4 like plastic box it is good protect 
against all wheather conditions 


How to find the radiation angle of the antenna? 
[: lum 


Finding the radisten of a magnet 
loop is very easy, with a TL-lichgt 
tube you can sée it, with abt 10 w 
power on the the loop with the TL- 
tube in the piain-of the loop at 
Fight angle to the Seele you s 

the tube lightning, there where the 
the light is the farest on the tube 


thats the radiation angle. A 
Redon Ange 


== 


When! you refer to washers, nuts and rods you use the term "М6" РІ; forgive my 


ighorance, but to what does "M6" refer? Does this mean 6mm? 


M6 is (M=metrical) and 6 is indeed 6 mm chr. od End. 
you can compare the size with Wl/4" (6.35mm) 


A very easy to build Piston al 
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7 
z 7] оета 


2) Coax RGB 0 213 


3) Double PCB 


4) Threaded Rod 114" 


5) Brass nut 


Б) Meter with redukton or stepper mar 


T) Copper Elbow a0" 


8) Loop 


зу Sue g rom ot var restr 


10) Couple shaft (РМС) 


hitpviwvew.qs.netimnqrp/LoopiMag_Loops.him (7 of 10) [9/6/2004 8:22:32 РМ] 


Magnetic Loop antenne 


‘Washers or Nuts 


Fi Gap wit spacers 


ROTOR 


STATOR| 


омса 


Шш 


you can use GREY PVC or 2 sheets pcboard together with the copper removed . 


The best material for the washers, nuts (M6) and threaded £Gd-(M6) is br 
steel, ( NON MAGNETIC MATERIALS for the losses) 


For the spacing of the vanes you can use 2 washers M6= ( 6Kv) or a nut M6 
you use aluminum plate 1 mm thick. 


If you use a nut then the best thing to do is remove the thread by drilling with? 6.2 


The effective area for the vanes is 11.7 cm? and with the formula 


for 2 washers = (0.0885 x 11.7 cm*)/ 0.1 cm = 10.35 pF for 1 air gap. 


for 1 nut = (0.0885 x 11.7 cm:)/0.2 cm = 5.17 pF for l'air gap 


Example. A 


Misses vagus feed seated! чадыр chen qos eave 1 ai ropas 


\ 
[ 
10.35 pF x 10 = 103 pF + 10 pF stray capacitance | 113 pF / 2 = 56 pF 


The final result is a capacitor with a value from 5 - 56 př. 
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Last Update 03 December 1999. ОМАСЕО Van Herck, Tony ОТН: Anwerp( JO21FF ) BELGIUM. 
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Loop 
А Saga by Linus ım 


BACKGROUND 

It all started with finding a nice, wooden embroidery hoop at a local flea market, about 22 1/2" in 
diameter. Close to two feet across. It is about an inch and a half wide. | got to thinking about 
making it into a loop antenna, and since it was only three dollars, | went ahead and bought it, 
figuring the idea would hit me at some point. Well... After guessing, thinking, over the last few 
weeks, | just went into my shop and started building what my mind had started to see, What has 
resulted is a very stable, well-balanced and powerful loop antenna, light-weight and able to achieve 
deep nulls, and is so far really impressing те! It's in a fairly preliminary, ‘prototype’ stage, and 
improvements and additions are forthcoming, but for now read on. 


MAKING THE "HOOP LOOP" 

1 knew | wanted it mounted to a stable base/lazy susan for rotation, and that was easy. The big 
outer hoop mounts to a 9" square, 1" thick piece of plywood. Easy. Then, | wanted to make the 
inside hoop swivel to get an altazimuth feature like the big Kiwa model, which would surely assist in 
deep nulling of unwanted signals, noise and so on. Very carefully, | measured where my two points 
would be to hinge it with the best balance (more on balance later) and drilled the holes for the nylon 
screws | had in the junk drawer. It worked fine, and it swivels beautifully. 


After drilling the holes and inserting the 
screws to test the ease of angling, | then 
removed the screws and began the tedious 
work of affixing the wire to the outside 
surface of the inner hoop. | realized | had 
to wind the loop in two sections, so that the 
screws for the altazimuth hinges could be 
accomodated. Measuring and testing, 1 
found that I could wind 6 turns of #22 
insulated wire on опе side of the inner 

hoop, wound with no spacing between 
turns, THEN leaving about 1/8" space for 
the screw holes, and then another 6 turns 
to complete the 12 turn loop, 


1 thought about simply pulling the 7th turn 
away from the first Set of 6 turns, at the 
bottom of the hoop, and then continuing 
the rest of the winding, leaving two equally 
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sized ‘sets’ of windings, but continuous, 
leaving a space for the screws on the sides 
of the hoop... but this seemed kind of too 
quick and dirty for my mood, It will work 
though, but my method is kind of hard to 
describe. 


1 drilled four holes in the bottom of the 
inner hoop, and placed my starting end of 
wire into the farthest hole. Then, when | 
got to six turns (so long as you keep good 
tension on the wire as you wind it, it won't 
fall off the hoop. You could try to use tape 
or something to hold it, but it was pretty 
easy for me without it. Just keep it taut!), 1 
cut the wire and inserted that end into the 
next hole. Pulling it through the hoop, | 
anchored that end to a small eyehook for 
temporary tightness. 


[Then | started another end of wire, 
following the same direction as the first set 
of 6 windings, and anchored the end to 
keep it tight, and finished the last 6 turns. 
Then, put the end of the winding into the 
last of the four holes | had drilled, and 
anchored that too. When that was done, | 
had two sets of 6 turns each, each set 
wound without spacing, but the two sets 
spaced from each other about an 1/8" apart 
to accomodate the screws for swiveling 


its a lot easier to see it and do it than to 
describe it. See the images. (They're 
homemade MSPaint images, sorry if they're 
not clear enough). 


Anyway, the two anchored wires from the 
center of the hoop (where the space is 
made for the screws) are soldered to each 
other, keeping them tight. Now you've got 
a continuous loop. The other ends of the 
loop go to a 365pf variable capacitor which 
rests on the inner hoop, inside the hoop. 
Again, see image to get the concept. 

Now, the loop will rotate side to side AND 
top to bottom. 
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Detail of Loop Winding 
Bottom of inner hoop, underside view 


tato 


Detail of Loop Winding, Hook-up 
Bottom of inner hoop, Top view 
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outer hoop 


Detail of swivel/ hinge.. 
Nylon serews/washers/nuts 
кей winding. 


front view 


[The next thing was to get it to lead out to my receiver (R75) which does not have a ferrite antenna 
built in. | spent some time on this question, then as a quick experiment | took a small ferrite rod, 3" 
1 think, and wrapped it with about 20 turns of #18 insulated wire, The two ends of this winding | 
soldered to a length of small coax cable (RG174), one end to the center conductor of the coax, the 
other end to the shield/braid. The other end of the coax hooks into the + (center conductor) and -- 
(Shield) terminals of the HiZ antenna input on the R75. | left enough cable to allow free movement 
and rotation of the loop, no less than a foot of cable, Too much cable might de-tune or upset the 
balance of the loop, but experts may be able to answer this question. 


inner hoop ferrite pick up 365pf cap 


Base of hoop, front view, showing capacitor and ferrite pick-up coil 
(ferrite is slightly angled for clarity, it should be perpendicular... 


[At any rate, the ferrite rod bundle is placed on the inner hoop next to the 365pf cap, facing 
perpendicular to the plane of the loop (just as you would place a portable radio in relation to a 
loop)... the ferrite rod is attached with some double-sided foam tape, but a more permanent mount 
сап be created. This is, after all, a prototype! :-) 


In order to get good balance, | had to mess with how wide | had the outer hoop opened up (recall, 
this is an embroidery hoop, you know the type, you have to open it up to place the fabric into it, and 
tighten it again to secure the work) and where the holes were drilled for the swiveling screws. | also 
had to add some counter weight to the top of the inner hoop to balance the weight of the 365 cap. 
and ferrite bundle on the bottom of the inner hoop. | used some very sticky double sided foam tape, 
and attached a spent AA battery. Tried the swiveling, but still bottom-heavy. Then | added another 
battery and so on until | had five AA batteries up there, and now when | angle the inner hoop, it 
stays put it any position! Lucky me. 


[The obvious thing to do now is to find а decent weight that looks nicer and is a little more accurately 
weighted for really good balance for angling and staying put. Also, | want to add a varactor-tuned 
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system, to allow me to remove the small 365 air-core variable AND the ferrite pick-up loop, leaving 
опе wire (probably RG174) coming from the inner hoop, to а small control box (tuning knob, circuit 
and battery!) at my fingertips. This would decrease the bottom weight of the inner hoop, and 

demand less counterweight accordingly. The coax to the receiver would come from the control box, 
not the loop, so no pick-up loop or ferrite is required, and therefore less stress and drag on the loop. 


Also, it seems much better in null balance than any other loop I've used. Perhaps it's the two sets of 
windings rather than a single, spaced set of turns. All | know is, at night time, I can find the same 
dB of nulling at 180 degrees of either rotation. It's not skewed at all! 

Мо, it's no Kiwa, has no Q-multiplication or amplifier, or heavy base for stability like the Kiwa, but 
the electronics can be added to the control box if | wanted to do so. It's light enough to be placed on 
а simple wooden base, and rested atop a plastic lazy susan, without stressing anything at all. It's 
very smooth in rotation and angling. I'll probably give the whole thing а good paint job when I'm 
done, to look a bit nicer (what are we if nat civilized?) but even as it is, it's REALLY working well. 


Nulls are deeper, sharper, than any other homebrew loop | have used, and the size of the loop FAR 
outperforms the S-A-T and the Terk loops, and in terms of nulling AND strong-signal handling, works 
better than the 4' box loop | used to think was my best loop (it was until now!) 


RESULTS ARE QUITE IMPRESSIVE 
Between 10:30 pm and 1 am, | was able to null two very strong locals, to complete silence, enabling 
me to copy two stations | had not been able to hear before. Ever. 

Also, one of my age-old DX targets has been KNX1070, Los Angeles. | used to listen to them all the 
time when | lived there, but have only been able to hear them in SW Missouri once or twice over the 
last decade, even with an MF} phasing unit and two very long wires. This loop was able to get rid of 
offending sports and gospel stations (well, ‘offending’ isn't really the word, | like sports and gospel 
music... 1 should say ‘unwanted’ stations!) on the same frequency, and while there was still some 
noise, | logged KNX1070 for the first time in years! All attempts at achieving the same level of 
clarity with the phased antennas could not compare to the loop. In fact, I could not hear the signal 
оп either of the longwire antennas, and phasing only resulted in very weak copy with a lot of hash 
and two hets whining away in the background. In average conditions, this loop heard something that 
no other antenna *1* use could hear. Very impressive for те! 


Daytime use has proven to me how deep and lasting the nulls this loop can acheive really are. 
[Across the band, | nulled into oblivion all major stations in my area (560, 940, 990, 1060, 1220, 
1260, 1510 and 1610, three of which transmit at full power less than ten miles from my location). It 
also picks up а number of daytime broadcasters within a five hundred mile range in а clean, 
noiseless manner which is superior to my longwires, phased or not, during the day. The signals are 
there on the phased array, and louder than the loop, but far noisier and when properly nulled are 
still much noisier than the loop gives me. 

їп short, the Altazimuth Hoop-Loop project has been WELL worth the effort, and only cost $3 since | 
had everything else in the junk boxes. If | had to get it all new, it might be a $20 project (the wire, 
about 70 feet of #22, the tuning cap is about $10 from the Xtal Set Society, small and smooth- 
tuning, and the hoop, well, if you can find one, who knows? Cheap-cheap!) 


WHAT'S IN A NAME? 
1 thought about calling this loop the KIWOOD Loop, but thought Craig S. at Kiwa wouldn't like that 
much. His loop is state-of-the-art, of course. The Termite's Feast? Washington's Teeth Special? The 
Lumber-Loop? 


Whatever the name, this is a very worthy passive, altazimuth round loop, which covers the whole 
MW band and affords the user with excellent nulling and directionality. | like surprising myself! You 
may be surprised too! 


Stay sincere! 


us, The GrtPmpkin im 
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Dave's first homemade loop antenna. 


hitp:/iwwew.schmarder.conviradiosimise-stutfloops.him (1 of 12) (9/6/2004 8:22:47 РМ] 


Introduction 


Welcome of my homemade loop antenna pages. All the loops described here were designed and built by myself. The 
features are not real different from loop to loop, These loops are made to enhance radio reception in the broadcast band 
range. Some of the loops are just one coil, some have tuning capacitors and some have an extra coupling coil. Read on. 
and discover the fantasy of loop antennas. Or fetish in my case. 


‘The loop shown above is my first loop and it has only one winding. This ended up connected to my 4 tube radio. I used 
pine wood cut to 5/8 inches by 3/4 inches. There are three pieces 12 inches long and another 16 inches long. The squares 
in the center are about 3x3 inches und are 3/16 inches thick. 


The wire is 23 gauge enameled magnet wire, but you сап use what you haye and what looks cool. There аге 15 full urns 
of wire, I drilled 15 small holes starting 3/8 inch in and at 3/8 inch intervals. The bottom leg (the 16 inch long) has an 
extra hole at the bottom so the winding will start and end on that section of the loop. You will have to spool out 70 feet 
of wire and thread it all the way through. Be careful that the wire doesn't kink and you should have a big enough space 
and two people to do this job. I did it by myself, but it took a long time to wind this loop. 


After the loop is done, take a piece of wood, or some left over garolite like I did and drill two countersink holes to attach 
to the frame and two more holes for the connection hardware, 


1 made the base with two pieces of oak wood, One is about 7 inches square and the other is 4 inches square, Use what 
you have. Sand, stain and shellac the wood, then attach them together with 4 flathead wood screws. Drill а 1/4 inch hole 
їп both the base and the loop and put in а dowel rod to attach both together. If the dowel doesn't easily go in, sand it until 
you get a better fit. 


Check out my crystal loop antenna/receiver. 


Loop For My Old Sparton Radio 


Dave's Loop Antenna Page 


Here it is friends. I made а loop specifically for one radio. This my loop #6. 1 was using my "test" loop (which is shown 
below) to see how my Sparton radio Would perform. I was impressed and since I use that my Sparton a lot, it deserved 
it's own loop. 


1 decided that this antenna had to be lightened up a little. The two garolite squares had to go. I cut a notch in both pieces 
of wood so that they would interlock. The pieces are glued and fastened with a single flat head wood screw. 


‘The wire is wound with some of my litz wire, Litz isn't really necessary but the wire is more flexible than the magnet 
wire, This makes a nice looking wiring job when finished. You will need 70 feet of wire for the tuning coil and about 14 
feet for the outer coil. I thread the wire for my loops outside where there is room to pull the wire, The drilling and other 
details are contained in the drawing shown below 


1 used litz wire between the loop terminals and the base box. Earlier I had used 18 gauge PVC covered wire. This was 
100 stiff and the loop would not stay in the position it was turned to. Just one of those little learning things. 


A base box isn't necessary. All the parts could be mounted on the loop itself, or a small board could hold the loop with a 
small panel for the other parts, But I like those busswood boxes that I have. 


‘The Sparton radio is a multi band set and the shortwave bands require a different antenna. 1 added a switch and some 
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terminals to accommodate this need. The radio antenna is switched between the loop coupling coil, or an external 
antenna and ground. The other switch is a high low band switch and adds a 300 pf capacitor across the 365 pf variable 
capacitor. A larger value of variable capacitor would tune the whole band in one chunk. 


"This loop is not real expensive to build, but they require a lot of building time. Use your imagination and you will be as 
proud of your loop as Lam of mine. 
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Loop Antenna (c) 2003, D. Schmarder 


Loop schematic 


Coupling: 2 turns on the outside 
Tuned winding : 15 um Right & Left & Top Ends | 


00000000000000000 
ШЫ 


=  Чоооооооооооооооо%®©; 


Вопот 
© 3/32" dia. 69 Holes to pass the wires through 


ә 1/16" dia. 4 Holes to keep wires fastened г 1 
Holes оге 3/8" inch apart except for the two at the end 


The mast is 30 inches toll 
The arm is 25-112 inches long. T 
The wood is 3/4" x 1/2". The holes are drilled into the 3/4" side. 


Loop Antenna Measurements (c) 2003, D. Schmarder 


Hole drilling detail for my homemade loops. 
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R & D Loop 


This is my 4th loop. Sorry for leaving #2 and #3 off the site, but those were so much like my first that I decided I would 
wait for something worthwhile to offer. This is worthwhile. I wanted a loop with lots of bells and whistles to do my 
radio experiments. Look at what this loop has to offer. 


This loop has two windings. The larger winding (15 turns) is connected to a variable capacitor for a large tuned circuit, 
Since a single 365 pf capacitor will not tune the entire broadcast band, more capacitance has to be added, In the case of 
my dad's loop (shown below). he switched а 300 pf fixed capacitor across the 365 to allow tuning down to 540 khz. 1 am 
using a ganged capacitor and a switch. Included is a third position of having no capacitor across the coil. did this as 
some of my radios tune the antenna loop by а ganged capacitor inside the radio. 


‘The other winding (2 turns) is to connect to the antenna input of the old BC radio. I picked two turns as that emulates the 
single turn that my dad had on his larger loop. 


‘This loop has 3 wood pieces. The arms are 12-1/2 inches long, and the main pole (vertical part) is 30 inches tall. This is 
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a little larger than my earlier loops so that I would have room for that extra winding, After the holes are drilled, I stained 
the oak with Minwax Red Mahogany stain. After the gloss deft dried, assembled the loop using two 3x3 inch square 
pieces of garolite, Thin wood, plastic or anything you have around will work, Before you mount everything, fit it 
together and take a look to see if it looks right. 


Another change from my first loop is how the ends of the wires are handled, So that the wire wouldn't work loose, I 
drilled an extra hole close to each end hole on my loop. This makes 2 extra holes I had to drill, What the heck, holes are 
cheap so I splurged. The extra holes are about 3/16 inch from the end holes. The wire can be then looped around а 
couple of times. This holds the ends secure and looks neat too. 


On the top of the mast pole and each side arm, I drilled 17 holes. 1 used a 3/32 inch drill but it isn't too important the size 
of the hole. Each hole is 3/8 inch from each other and I started 3/8 inch from each end. 


‘Then measuring down from the top of the pole 25 inches, I drilled a series of 21 holes going back up the pole, 15 holes, 
опе for each turn, one for the end winding, Then two extra holes close spaced for ending the tuned winding. , When the 
wire is wound on this loop, it will look like a square. 


‘Three more holes are drilled for the untuned winding. I looped the both wires once through the middle hole as with this 
winding, having the ends so close wouldn't matter. I think that comes out to 21. Lets sec.... 15+142 +3 = 21. Good thing 
stayed awake in the first grade! 


You with me so far? Good. After I wound the wire, I made a little 4 terminal connection block from another piece of 
garolite. I also drilled а 1/4 inch hole in the bottom of the pole and inserted a dowel rod in the hole. This is the weak 
point of the loop. Ifthe loop falls over the dowel will break and need replacing, 


Next I built the box that serves as a base for the loop and holds the capacitor. 1 used a cut down basswood box, a piece of 
3/4 inch thick oak as a base and some 1/8 inch garolite as a panel, I took a 1x1x3 inch piece of wood and screwed it to 
the garolite. This is so the 1/4 inch dowel will be stable in the loop base. 

Using that big thick 14 gauge wire, I make the connections to the capacitor and link switch. In my case, I used a З gang. 
capacitor, That made it easy to use a single link switch to do what I wanted it to, You could make two spst link switches, 
опе to add a fixed or second gang and the other to disconnect the capacitor from the circuit. I built mine the way 1 
wanted, and you can build yours any way that is handy for you. 

So I can use this loop several ways: 

Connect а radio to the untuned 2 turn loop and tune the main coil with the capacitor. 


Hook an antenna and ground to the two turns and a diode and earphone on the tuned side for a cool crystal set. Or if 1 
was really close to the station, forget the antenna and ground. 


Use the untuned winding as a tickler coil in a regenerative set. 


Use only the large loop without the tuning to connect to u radio. This loop could be used to replace a built-in loop on a 
radio. 


Connect the coupling loop between a wire antenna and а crystal set for а wave trap. Make sure the loop is turned to null 
the station you want to trap. 


Maybe I could use this loop to strain my spaghetti. Anyway, below are some pictures of how I constructed the loop. If 
something is unclear or you have a better idea on something, please e-mail me. These loops are very cheap to build but 
take a long time to make, But they sure look cool sitting on top of your old radio. Best of luck with yours! 

Dave 


Underneath view with old time wiring. 


Panel view with loop removed. 


Dave's Loop Antenna Page 


Left side arm showing 17 holes with wires. 
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15 tums connection 


SPDT c/o 


E 


Single ~ None ~ Double 
(©) 2003, D. Schmarder 


2tums connection 


3 gang 
365 pf 


Multi-purpose Loop Antenna 


Schematic 


Coupling: 2 turns on the outside 
Right & Left & Top Ends |. 


Tuned winding : 15 turns 


ооооооооооооооооо 
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sebbeebbe 


Bottom 
© 332" do. 
ә 1016" dia. 4 Holes to keep wires fastened г 
Holes оге 3/8" inch apart except for the two at the end 
The mast is 30 inches toll 
The arm is 25-1/2 inches long. T 
The wood is 3/4" x 1/2". The holes are drilled into the 3/4" side. 

Loop Antenna Measurements (c) 2003, D. Schmarder 


69 Holes to pass the wires through 


Hole drilling detail for my homemade loops. 
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Air Variable Capacitors, Shafted. 
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RECEIVING LOOP AERIALS FOR 1.8 MHz 


by Lloyd Butler VK5BR 


Originally Published in Amateur Radio September 1990) 


cap IN TUBULAR screen LOcalised noise in the receiver can be reduced by 
E using a small loop aerial. Shielded coax loops, 
unshielded loops and ferrite rod loops for 1.8 Mhz 
have been compared here. Best peformance has been 
eo achieved with with 6 & 1/2 turns unshielded on a 0.8 
metre frame and connected via a balanced interface 
amplifier. 


Basic Shielded Loop 


Introduction 


The theory of how a small loop aerial can reduce locally generated noise is described in a previous article 


In the March 1982 issue of ‘Amateur Radio’, Clarrie Castle VKSKL described a receiving loop aerial for 1.8 MHz. 
The octagonal shaped loop, some three metres in length and breadth, was formed by a single turn of coaxial cable, 
the outer braid of which provided the electrostatic shield, From all accounts, the aerial was very successful in 
improving the received signal-tonoise ratio in the presence of localised noise interference. 


It seemed to me that perhaps the same performance could be achieved with a loop of smaller dimensions but with 
more than one coaxial turn, This would allow operation in a more confined space and even inside the radio shack. 
With this in mind, the performance at 1.8 MHz of an 0.8m square multi-turn coax loop aerial has been investigated. 
Also examined is an unshielded version of the same sized loop aerial and a ferrite core loop aerial made for the 
1.8MHz band. The performance of each is individually discussed and then compared. 


Loop Sensitivity 


For a tuned loop oriented to give maximum signal (that is, its plane in line with direction of signal source) the loop 
sensitivity (Es/e) can be defined as follows: 


Es/e = (2nNAQ)/lambda 
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where Es = Output Voltage from loop 

Field strength in Volts per metre 
‘umber of loop turns 

Loop area in square metres 
Loop Q factor 

lambda = Wavelength in metres 


Three-Turn Loop 


Comparing the 0.8m square loop to the larger VKSKI, loop, the area is only 0.64 square metre compared to 6.2 
square metres for the latter. This reduction factor of around 1:10 means a loop sensitivity loss of around 1:10, but 
this can be partly compensated by increasing the number of turns, However, increasing the number of turns also 
increases the inductance of the loop and its inherent shunt capacitance thus reducing the loop natural resonant 
frequency. This frequency must be higher than the operating frequency (1.8 MHz) otherwise it cannot be tuned to 
the operating frequency. 


Three coax turns of 0.8 metre square appeared to approach this limit, and an experimental 0.8m square loop was 
assembled with three turns of 75 Ohm TV coax. There was no particular reason for selecting this type of coax except 
that I happened to have a piece just the right length! The construction of this aerial is illustrated in figures I and 2. 
Observe that the outer braids of each of the coax turns are broken at the apex of the loop, and all braids are joined at 
the base of the loop. The square loop is oriented with its diagonals vertical and horizontal, The reason for this is that 
it is convenient to mount the loop interface box, with its connection to the loop, on one of the crossed pieces of 
wood which support the loop. It also makes it convenient to hang the loop from a hook in the wood at the apex, 
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Figure 1 - 3 Turn Coax Loop Aeri Figure 2 - 3 Turn Coax Loop Aerial 
Circuit Diagram Assembly 


The increase in the number of turns of three to one does not fully compensate for the loss of 1:10 in area. However, 
the smaller three-turn loop measured a © factor of 54 compared with 16 for the larger one-turn loop. The net result 
of all this was that loop sensitivity (Es/e) calculated as 3.9 for the smaller loop compared with 3.7 for the larger 
loop. Hence their performances could he expected to be much the same. 


The natural resonant frequency of the three turm loop was found to be around 3.5 MHz and well above the 1.8MHz 
operating frequency. Itis possible that four turns could also have provided a natural resonance above 1,8 MHz, with 
a possible further improvement in sensitivity. However, this was not checked out. 


Unshielded Loop Aerial 


Theory on how a shielded loop aerial reduces localised noise interference was given in my earlier article on loop 
aerials for VLF-LF (Reference 1). If localised noise is not a problem, loop sensitivity can be improved by not 
shielding the loop.This reduces the loop self capacitance and hence the number of turns for a given upper frequency 
limit can be increased. I found that seven turns of lightgauge hook-up wire, spaced 5mm apart on the 0.8m square 
frame, produced a natural resonance of 2 MHz, just conveniently above the 1.8 MHz required. The © factor at 1.8 
MHz measured 39 and loop sensitivity calculated to a value of 6.5, which is very close to а value calculated for a 
10m high vertical aerial. 
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Figure 3 Unshielded Loop Aerial 
Conductor Size 


As we have discussed earlier, the loop sensitivity at resonance is directly proportional to its © factor which, in turn, 
is the ratio of its inductance to series resistance. The resistance is the sum of radiation resistance and the AC loss 
resistance in the loop, the latter being the prominent factor as the value of radiation resistance is very small. The AC 
loss resistance can be reduced by increasing the surface area of the loop conductor. 


The original seven-turn unshielded loop was wound with 0.4mm diameter wire and produced a © factor at 1.8 MHz 
of 39. The wire was ultimately replaced with a 1.7mm stranded conductor to improve the О. A side effect in doing 
this was an increase in the selfcapacitance of the loop, making it barely possible to peak the loop tuning at 1.8 MHz. 
To correct for this, the inductance was reduced by reducing the number of turns to 6.5 or, more correctly, one of the 
seven turns was returned from halfway around the loop across one of the crossarms so that the one turn had half the 
area of the others. The larger diameter conductor increased the © factor to around 100. It would have been higher 
had it not been limited by the 200 kOhm input resistance of the interface amplifier. Correcting for the reduced area 
of one turn and the increase in Q, the loop sensitivity (Es/e) was derived as a value of 15.6, considerably higher than 
the 6.5 derived for the 0.4mm conductor. 


In all fairness to the original VKSKL large single-turn loop, I must point out that this was made with RG8 coax, 
which has an inner conductor diameter around 2.2min compared with the smaller diameter 0.8mm conductor in the 
coax used for my tests. The © factor of the VKSKL loop might well have been much higher than I have quoted and 
hence its sensitivity greater. It also follows that I could have achieved higher sensitivity in my three turn coax loop 
had RG8 been used. However, it is assumed that relativity between the signal sensitivities of the two shielded loop 
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forms tested would have been much the same had the larger cable been used in each.. 


Loop interface 


To obtain the best advantage of the high Q factor of the loop (and hence its highest sensitivity) the loop is tuned to 
resonance at the operating frequency and connected via a high impedance input interface circuit. For the 
experiments described, this was achieved with the circuit shown in figure 4. 


ave 


NI ~ LF953 
DI-DG — ой202. 


Figure 4 Loop Tuner and Interface Amplifier 
For 6 & 1/2 Turn Loop, C2 is 3-56 pf miniature variable Capacitor 


The circuit makes use of twin JFET amplifier package type LF353 connected for balanced input, For the benefit of 
those who might not be quite familiar with operational amplifier theory, we will examine the stage gains. In the 
amplifier circuit around МІВ, the gain via the inverting input is defined by the ratio R6/ R5 and since R5 and R6 are 
equal, the inverting gain is equal to -1. However, the gain via the non-inverting input is defined by the ratio 
R6/(R5+R6) and hence the non-inverting gain from the lower loop connection in the diagram is equal to 2. 


‘The other loop connection is fed via the non-inverting input of NIA. As the circuit around NIA is identical to that 
around NIB, it also has a gain from the non-inverting input of 2. Since this connection of the loop is in anti-phase to 
the other connection, its signal via NIA must be inverted in mixing with the other signal in NIB. This is done via the 
inverting input of NIB without change of amplitude. 


The loop aerial output is equally shared between the two amplifier inputs and hence the overall gain, balanced to 
unbalanced, is 2 or 6dB. This is about the limit one can get from the LF353 package at 1.8 MHz as its gain- 
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bandwidth product is 4 MHz. 


Tuning of the loop is set by variable capacitor C2 and, where necessary, parallel fixed capacitor Cl. The input circuit 
resistance is 200 kOhms, set by R3 and R4 in series. This is sufficiently high to prevent the loop © from being 
lowered excessively, 


The output resistance is largely set by R7, included for stability. Operational amplifiers can be very temperamental 
if operated directly into a capacitive load (such as a coaxial cable) without some series resistance. 


The multitude of diodes at input and output are protection against excessive RF signal which might happen to be fed 
in. At the home installation, the loop aerial amplifier was connected via a switch into the receive side of the 
transceiver transmit/receive relay. This provided an interlock to prevent feeding the transmitter directly into the loop 
circuits. However, there was still a concern about RF induced from the transmitting aerial back into the loop and 
hence the diodes were included 


The amplifier circuit provides a very high impedance to low impedance conversion without loss of signal voltage 
developed by the loop Q. 


Ferrite Core Loop Aerials 
A further exercise was carried out to compare the performance of the loop aerial wound on a ferrite rod with that of 
the larger air-wound loops. Whilst this type of loop aerial has a very small loop area, the loss in area is compensated 
by the large number of turns which can be used and a high multiplying factor determined by the ferrite material 
permeability. For the aerial oriented to give maximum signal, the loop sensitivity formula is expanded to the 
following 


Es/e = (2nNAQu')/lambda 


Where u' 


The corrected permeability 


Permeability requires some explanation, Permeability (u) of the material is the multiplying factor which applies to 
the inductance of the winding compared to when it is air wound, assuming all lines of magnetic flux pass through 
the winding. In the ferrite rod, not all lines of flux pass through the winding, so there is leakage flux. The inductance 
is therefore less, and a multiplying factor called rod permeability (ud) applies. Curves relating rod permeability to 
material permeability, for different rod length to diameter ratios, are published in the ARRL Antenna Handbook 
(reference 2) and in Amidon Associates brochures. 


The corrected permeability (u') is the multiplying factor applied to the loop formula. If the coil winding is the full 
length of the ferrite rod, then corrected permeability is equal to rod permeability. If the rod is longer than the 
winding, the corrected permeability is increased as follows 


u' = urod x cube root(a/b) 


where a = Length of the rod 
b = Length of the winding 
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To carry out my tests, I purchased a ferrite rod (Cat L1401) from Dick Smith Electronics. The rod dimensions аге 
20cm. long by 9.5mm diameter. No information seemed to be available on permeability, hence the rod permeability 
was derived by calculating the ratio of inductance, measured for a given number of turns on the rod, to that for the 
same sized winding in air. The inductance in air was determined by two different methods which gave much the 
same answer. The first method was to apply the well-known Wheeler's formula for air-wound coils which can be 
found in many handbooks. The second method was to wind the same number of turns on a length of bamboo which 
happened to have the same diameter as the rod, and the inductance of this coil was then measured. The value of rod 
permeability was determined as 74, and from the curves previously mentioned, material permeability appeared to be 
around 120. 


To operate at 1.8 MHz, 64 turns of O. lamm single-core PVC-covered wire were wound around the ferrite rod. For 
this number of turns, the maximum which could be achieved, self-resonance was just above the 1.8MHz band at 2 
MHz. The 64 turns occupied 7cm of the length of the rod and, from this measurement, a corrected permeability of 
81 was derived. 


The © factor of the loop at 1.8 MHz was measured as 57, and loop sensitivity was calculated as 0.86, considerably 
less than all the air-wound loops discussed. 


Comparison of Loop Sensitivities 


The characteristics of the various loop aerials discussed are compared in Table 1. Despite its smaller area, the 0.8m 
square coax loop (В), with more turns and higher О, has a signal sensitivity as good as the larger single-turn coax 
loop (A). With a self-resonance at 3.5 MHz, well above the required frequency of 1.8 MHz, it is probable that the 
sensitivity of (B) could have been improved further by adding another turn, still being tunable to 1.8 MHz. 


The additional turns made possible by not shielding the seven-turn loop (C), enabled a higher signal sensitivity to be 
achieved comparable with that of a 10m vertical aerial (F). The importance of using a large sized conductor to 
reduce AC resistance is shown by comparing aerial (C) with aerial (D), which is similar to (C), but which has a 
large diameter conductor. The sensitivity of (D) is considerably higher than that of (C). 


The ferrite rod loop aerial (E) works quite well because of the high permeability of its core, but it is no match їп 
terms of signal sensitivity when compared with the larger air core loops. 


Operational Performance 


With the various loop aerials connected in turn to a receiver, the relative signal levels received followed much the 
same pattern as loop sensitivity shown in Table 1. Signal levels received on the three turn coax loop were 
comparable with those received on a sloping wire Marconi aerial loaded for 1.8 MHz and normally used as the 
transmitting aerial. The unshielded loops, with more turns, delivered considerably higher signal levels than the 
sloping wire. Some of the extra level is due to the 6dB gain in the interface amplifier but, even taking this into 
account, there was still quite a level difference. 


Quite apart from the ability of the loop aerial to reduce interference from a localised noise source, its directional 
properties can be used to improve the signal-to-noise ratio in the presence of atmospheric noise. This particularly 
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applies if the noise has a directional property and the loop is oriented so that its null position faces the direction of 
maximum noise. Of course, the same technique can be applied to a source of ORM. For these applications, the 
unshielded loops, with their higher signal sensitivities, seemed to work best and they clearly improved the 
readability of signals otherwise difficult to copy on the sloping wire. 


Опе would expect that the coax loop aerial would be more suitable than the unshielded loop in an environment of 
high local noise. Notwithstanding this, the seven-turn unshielded loop did not appear to be any more sensitive to 
localised noise which was introduced in the radio shack, 


In actual fact, the unshielded loops could be expected to have quite reasonable rejection of the electric field 
component when operated into the type of interface amplifier circuit used. The electric field component of localised 
noise is the one which is the highest level and this is induced into the loop in a common mode with equal voltage at 
the loop output terminals referred to ground, The amplifier has a differential input circuit and hence the electric field 
component is essentially balanced out (see footnote). If the balance is good, there would appear to be a lesser need 
for electrostatic shielding to reduce localised noise.The additional shield might be needed more in using the loop for 
accurate direction finding (DF) work where a small amount of pick-up as a vertical aerial (called vertical or antenna 
effect) could make an error in the position of the signal null. 


The ferrite rod loop aerial has an advantage in its small size and suitability for portable applications. However, its 
performance when connected to a receiver did not match that of the 0.8m square loops, 


Conclusions 


The performance of 0.8m square loop aerials for 1.8 MHz has been discussed. It is concluded that a three or four- 
turn coax loop aerial of this size would work as well as the larger single-turn coax loop aerial. The discussion has 
also extended to experiments with the ferrite rod loop aerials. As stated earlier, the aerial has its limitations, 


By using a loop of unshielded turns to reduce the capacitance, the number of turns and hence the loop sensitivity, 
can be increased, Provided that the unshielded loop aerial is operated in a balanced mode, rejection of localised 
noise is still quite good. Loop sensitivity is dependent on its © factor, and to achieve a high Q, the conductor size, or 
at least its surface area, should be as large as practicable. 


Provided that the loop circuit is well balanced, I see little point in shielding the loop unless accurate DF work is 
envisaged. Some texts describe a step down coupling transformer to interface the loop to the receiver input. As a 
preference, I favour the use of the high impedance amplifier for the following reasons: Firstly, the transformer 
reflects a load from the receiver input and this must lower the loop О. Secondly, the transformer provides a high-to- 
low-impedance transfer with step down of voltage. The amplifier does this as a voltage follower, or even with 
voltage gain. The only precaution is that the amplifier must be selected for a noise level below that received 
expected from the loop. The higher the loop sensitivity, the less is the chance of this being a problem. 


My recommendation for a good performance 1.8MHz loop aerial, small enough to operate both inside the 
radio shack or outside, is six or seven turns of a heavy gauge copper wire spaced 5mm to 10mm on a 0.8m 
square frame (See Figure 3). As an alternative to ordinary wire, one might consider connecting up the outer 
braid of the old style heavy shielded wire or some discarded coax cable. Connect via the interface amplifier of 
figure 4. Use an input tuning capacitor 3-56pf (miniature variable). The amplifier is mounted at the base of 
the frame to keep short connecting leads to the loop. 
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1. Lloyd Butler VKSBR - VLF-LF and the Loop Aeri; 


2. CH Castle VKSKL - A 10 ft Diameter Receiving Loop Aerial on 1.8 MHz - Amateur Radio, March 1982. 


3. The ARRL Antenna Handbook 15th Edition 1988 - Chapter 5, Loop Antennas, and Chapter 14, Direction 
Finding Antennas. 


Footnote 


T have pointed out in the text that when the loop is connected via the differential input circuit the electric field 
component is induced in a common mode against carth and is essentially balanced out by the circuit. This 
should be qualified as being conditional on the loop dimensions being small compared with a wavelength. If 
the plane of the loop is in line with the direction of signal, a phase difference must exist between the voltages 
\duced into each side of the loop. This will develop a differential voltage between opposite sidewires of the 
loop. In the loop aerials discussed, the distance between the sides of the loop is 0.8m, small compared with a 
wavelength of 160m. Hence, the phase difference is small and the voltage generated is also assumed to be 

smal 


Back to HomePage 
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SHORT 8 EASY MEDIUM WAVE LOOP 
ANTENNA 


From: Ron Hardin 
Date: Tue, 01 Jul 1997 15:15:15 -0400 
Organization: AT&T WorldNet Services 
Newsgroups: rec. radio. shortwave 


Short and easy MW tuned loop construction, with Radio Shack parts: 


Build an 18" square wooden frame, 2" wide, to wrap wire on; 

wrap 14 turns of thin insulated solid copper hookup wire around it 

(buy 100' of say #22 insulated wire, $5.00), spacing it out, and attach 

the ends to the leads of a variable capacitor. (You can extract the variable 
capacitor from a Radio Shack crystal set kit $8.00) Duct tape the capacitor 
to the wooden frame of the loop. 


Done! 


Place a radio inside the loop, tune to a station, and wiggle the capacitor 
knob for maximum; there's an amazing increase in signal strength DURING THE 
DAY. There's not much effect seen at night because the signals are already 
too strong. 


If the capacitor is too noisy when tuned (you have to wiggle for a sweet spot)? 
You could get a real one from an old radio, or buy one also at Radio Shack. 
The variable capacitor should be 365 pf or higher value. 


Removing a turn of wire raises the frequency range of the loop; adding 
a turn lowers it. The thing tunes slightly less than the whole band, 


This at least gets you started and you can see what you'll get. 


You can also turn this into a crystal set by adding a high impedence 
earphone, and a diode. Wire the earphone in series with the diode and 
place these in parallel across the capacitor/loop. 


Ron Hardin 


+ Back to the DX News and information page 
+ Back to the Utility News and Information page 
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+ Back to the SPEEDX Shortwave and DXing Home page 


Although we have mado every effort to ensure the reliability of our 
sources, we do not assume responsibilty for thelr accuracy. 
Standard disclaimer applies! 


© 2000 Bob's Radio Web 
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How to Get Better AM Radio Reception 


Last updated March 7, 2003. 


Introduction 


AM radio offers challenges for good reception. It is more susceptable to various kinds of interference, 
both natural and man-made, and sometimes its hard to find a radio that gives you decent AM reception. 
But I enjoy many stations on AM for the programming they offer, and have searched out ways on my 
own to get better AM reception. I will share them with you here. 


I've spent considerable time searching the internet, and haven't found a web-site devoted to helping the 
average person get better AM radio reception. I hope this web site fills that need, and offers some help. 
I've tried to keep this as non-technical as possible. Also, please remember that any reference I make to 
any specific product is my opinion, and that it is your responsibility to be a careful consumer. Shop 
carefully, whether on-line or in person, and be aware of the seller's return policy (just in case) and any 
product warranties. :-) 


AM Radio Reception 


The Antenna is 90% of Your Radio 


Who ever thinks about the antenna for AM? Yes, for FM you have the rod antenna that you pull up and 
move around, or that piece of wire that came with your stereo that most people leave dangling in a tangle 
behind the entertainment center (then wonder why their FM reception is no good...). 


Your AM radio has an antenna, too. In most portables, transistor radios, boom-boxes and table radios, the 
AM antenna is built in. It consists of a ferrite rod around which is wound thin wire. Since we don't see 
this antenna, we tend not to think about it, but it's there nevertheless. 


This antenna is directional-- that is it picks up signals from some directions better than others. This built- 
in antenna is best at picking up stations coming in from a direction perpendicular to the rod. It is least 
sensitive picking up signals coming at it end- on. This phenomenon can be used to your advantage. To get 
a station in better, try turning the radio. By doing so, you are aiming the antenna inside for a better signal. 
And if there is interference, you may be able to get the antenna rod pointed end-on toward the 
interference, thereby reducing it or cutting it out completely. 
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What if you have a nice stereo system, with a receiver or a rack system? In those cases, the AM antenna 
is often a loop of wire wrapped around a small plaste frame that you connect to AM antenna terminals on 
the back of the stereo. Let's hope you didn't throw this away with the packaging. If you did, get a length 
of wire, maybe 20 feet or so, and wrap it around something non-metallic to make your own loop. You 
might try using a cheap plastic food dish, for example. Wind it around its circumfrence, then strip the 
ends of the wires and connect them to the AM antenna terminals, As with the ferrite rod described above, 
в directional, so experiment with the correct placement. 


Many old stereo tuners and receivers had the ferrite rod antenna mounted to the back of the cabinet on a 
hinge. Again, experiment with aiming it for the best results. 


Buying a Better Antenna 


Still need more signal? Try a better antenna. I'll tell you up front, sometimes this isn't pretty. And it can 
be dirt-cheap, or very expensive. Sometimes when you walk into the local electronics store and ask for a 
better AM antenna, the sales clerk will look at you like you have 2 heads. But don't give up. Take a print- 
ош of this sheet and stand your ground, 


« The Cheap, But Effective Long Wire 
The old fashioned long-wire antenna may work for you. But to use it you need two things: 


> An AM antenna terminal on your AM radio, and 
> Some place you can string up 50-75 feet of wire 


If you can't do this, read down for ideas on indoor antennas. 


The long-wire antenna is simply a long copper wire strung between two high places, with a lead- 
in wire going to the AM antenna terminal of your radio. RadioShack sells these items as a pre- 
packaged kit (catalog #278-758, 59.99 in their 2000 Catalog.) I have provided instructions on 


building a long-wire antenna on a separete page. 


« The RadioShack Indoor AM Loop Antenna Catalog Number 15- 
1853 


This is an attractive loop, about 12 inches in diameter, with a tuning knob. "Fully adjustable 
antenna electrically matches specific AM frequency you are trying to receive..." You put it next to 
your radio, tune the knob for best reception. It couldn't be easier! There's an antenna jack on the 
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back for hookup to AM antenna terminals if you have them. (RadioShack catalog # 15-1853 
$29.99 in the 2000 Catalog) 


« The Terk AM Advantage, Model AM-1000 


Terk makes an indoor loop antenna for AM radio. It is a 12" loop that is very attractive, and can 
sit next to your radio. As with the RadioShack antenna above, you put it next to your radio, tune 
the knob for best reception. It couldn't be easier! There's an antenna jack on the back for hookup 
to AM antenna terminals if you have them, and it comes with a short cable for that purpose. 1 
bought one myself for $50 at a local stereo store. Look around, ask, and see if someone can order 
it if they don't carry it. 


« The Select-A-Tenna 


This is another tunable loop like the Terk AM-1000, but is reputed to be even more powerful. I 
haven't personally tried this one, but I has a good reputation. It comes in several versions, one of 
which includes a regerative amplifier to really boost reception. It is available by mail-order from: 


+ The C. Crane Company Based in California, they specialize in things for listening to radio. They 
have an on-line catalog. 

+ Universal Radio a company specializing in products for Amateur (Ham) Radio operators and 
shortwave radio listeners. 


« The Kiwa Loop: Very expensive, very nice. 


The Mother of all AM Antennas. I wish I had the $350 bucks for this one. If you do, again you 
can get one from: 


> The С. Crane Company 
> Universal Radio 


This is an amplified tunable loop antenna that can be aimed both in the horizontal and vertical 
planes. It uses what is called a "regenerative amp" to take a small amount of signal and boost it to 
usable levels. In the process, it also increases the selectivity of your radio (the ability to "zero in" 
оп a signal stuck between two others on the dial). This antenna is intended for people who are 
dead serious about their AM radio, and use a high-quality communications receiver, although 
theoretically one could use it with the RadioShack 12-603 or the GE Superradio III or even a good 
stereo receiver, since they have antenna terminals. I've seen pictures and read articles about this 
antenna, A couple of technical friends of mine drool over this, and they hope that their ship comes 
in someday so they can buy one. So do I. But like I said, it costs over $350.00! Be very careful to 
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ask about the seller's return policy on this item, especially since it is special order! 


Sources of Interference 


But the antenna is only the start. You also have to deal with interference. AM radio is more susceptable 
to natural and man-made interference due to the way the signal is carried over the air and demodulated 
(or "decoded") in your radio. The following things can cause interference on your AM radio: 


Florescent lights 
Nearby businesses with neon signs, or lots of florescent lights 

Light dimmer controls (including your neighbor's if you're in an apartment) 

Touch lamps (the kind you touch to turn on or off) 

Television sets 

Computers and computer monitors 

Electric motors 

Dirty or faulty insulators on nearby electrical utility poles 

Radio equipment or medical equipment in your neighborhood (such as a nearby police station, 
hospital or clinic) 

Microwave ovens 

Electronic Bug Zappers and Electronic Pest Controllers 

A lightbulb that is about to burn out 

Automatic lights (indoor or out) 

Hard-wired smoke detectors 

Blinking lights (such as Christmas lights) 

Туе even gotten interference in my car from traffic light controls, and also every time I drive past 
a police station (they have electronic equipment in there that cause interference). 


The idea is to shut off any sources of interference that you can. Sometimes this is difficult, as you can’t 
ask the bar next door to shut off its neon sign. But control whatever interference you сап. 


Sometimes moving the radio to a different location, or even turning it (so the internal antenna is aimed in 
a different direction) may be enough to reduce or eliminate interference, yet still leave enough signal to 
listen to the station you want. 


If you are not sure where the interference is coming from, get a battery operated radio. If the interference 
disspears, then it was coming through the AC power line. RadioShack and other retailers of electrical 
parts and accessories sell AC Line Interference Filters that can reduce this kind of interference. If the 
interference does not go away, then it is coming through the air. 


hitp/geocities com/SunsetStrip(Towers/2332/amradio.htm (4 ot 10) [9/6/2004 8:22:57 РМ] 


Better AM Radio Reception 


If this is the case, use the battery operated radio as a "direction finder" to locate the interference. Tune to 
a weaker station, and walk around with it until you come to where the interference is strongest. If it turns 
out that the interference is strongest near a utility pole, call the electric company, and see if they'll come 
out to wash or repair the insulators on the pole. Otherwise, you have the source of the interference, and if 
it is something you can control then you're all set. Caution! Do not mess with electrial circuits or devices 
unless you are а qualified technician. Leave that to the professionals as it is dangerous. 


Radios that are Good for AM. 


Unfortunately, AM radio is often an afterthought when they're designing home entertainment products. 
It's a sad fact that the $2000 super-duper surround sound system you just bought probably has an AM 
section no better than a cheap clock radio, if it's even that good! Maybe manufacturers believe there's no 
demand for a decent AM section, though the fact that you're here reading this is probably proof that their 
wrong! (There are a very few exceptions, McIntosh being one that comes to mind, but their stuff is 
mucho-mucho expensive!) 


Still, if you care about your AM reception, there are a some portable radios out there that do a good job 
at receiving stations. The products I mention here are the ones that I know about costing less than $100 
(with one exception at $159.95). Although there may be others that also do well, I haven't been able to 
evaluate them myself. Remember, your results may vary, as reception is different for everyone, although 
I would suggest that if these radios cannot pick up the station you want when used with a good antenna, 
it may not be possible. 


‘As with anything you buy, always ask about the return policy of the store or dealer and ask about the 
warranty before you buy, їп case you need to return it, or have a problem. RadioShack's ESO - "Extended 
Service Option” is available on many of their products, and is a good deal. RadioShack's policy with their 
ESO is usually to forget the fine-print and make the customer happy. Always save the receipt and 
packaging, no matter where you buy! Be a smart shopper! 


» RadioShack High Performance Radio (cat# 12-903, $59.99 as 
shown on the RadioShack web site.) 


I reviewd the now-discontinued version of this radio, the 12-603. I have not had an 
opportunity to thoroughly evaluate the new version, but after a short evaluation I believe it 
to be essentially the same radio with cosmetic changes. 


Most radios under $100 give you mediocre reception, but this is one radio that excells! It's called 
the Radio Shack High Performance Radio. It is specifically designed for people who want good 
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AM reception. It has a good built-in antenna and high performance tuning sections that provide 
great reception and sound. It has a bandwidth switch for AM that allows the radio to narrow the 
"reception window,” to use a non-technical term, so you can zero-in on a station and cut out 
interference from stations on either side on the dial. You can also switch to Wide mode to open up 
this "window" and get better sound quality when there's no interference. In Wide mode the sound 
quality is so good that with a strong signal, your friends will think you've tuned into FM! 


It has terminals on the back for both AM and FM antennas (which is rare on portable AM/FM 
radios). It has nice sounding built-in speakers, using a 5" woofer for good bass and a tweeter for 
clean highs, The sound quality is very nice, no matter what kind of music or programs you enjoy. 
It also gets good FM reception. It runs on batteries or AC. It is similar to the GE SuperRadio III, 
and is rumored to be made by GE with the RadioShack name on it, but this cannot be oficially 
confirmed and I have heard there are actually some significant differences between them, I know 
the speaker is smaller, and the ferrite rod antenna may also be shorter. I have not verified the latter 
difference personally. 105 sold and warrantied by RadioShack, 


The list price is $59.99 as of 03/07/03, and it goes on sale every once in a while. 


« The GE SuperRadio Ill 


This is the most well-known high performance AM radio currently available. It is the one that the 
RadioShack version is based upon, There are those who say it out-performs the RadioShack 
version, I have not personally verified this. This is the Mother of all AM Portables. It has a very 
good built-in antenna and high performance tuning section that provides great reception and 
sound. It also includes a bandwidth switch. This switch can be set to "narrow" to zero-in on a 
station and cut out interference from stations on either side on the dial, or switched to "wide" to 
open up and get better sound quality when there's no interference. 


Ithas antenna terminals on the back for both AM and FM (which is rare on portable AM/FM 
radios). It boasts a powerful amp, and a big 6" woofer for good bass and a tweeter for clean highs. 
It sounds as nice as a decent boom-box. It gets good FM reception, too. It runs on batteries or AC. 


The price varies, I've seen it at some places for $59.95, and other places for less. I recently saw 
one at Sears for $49.99, 


« The CC Radio 


The CC Radio, manufactured by Sangean for the С. Crane Company is designed specifically for 


AM Radio listeners. (It also includes FM, TV Sound and the Weather Band with alert.) I have not 
tested this radio personally, but have read some excellent product reviews in some major 
magazines, and it has been reccomended by a visitor to this web-site. The published specifications 
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look good. It is reported to be very sensitive and selective (meaning it can "zero in" on a station 
located on the dial between two other stations). The sound quality is tailored to the range of the 
human voice, making it great for listening to talk shows and news from distant AM stations. It 
sells for $159.95 (as of 05/27/2000 in their magazine ad), including shipping. Yes, a bit 
expensive, but remember that this is a specialty product designed for someone who really wants 
good reception. It includes antenna terminals, and is reported to perform well on FM as well. 


Is there a strong signal in your area? 


Know When to Hold 'Em, Know When to Fold 'Em: You can't hear 
what isn't there. 


Everything I write from here on down assumes that you have already have a decent AM radio and 
antenna, but even if you don't, or can't use a good antenna for whatever reason, the following information 
is still important. 


+ Daytime Stations and Reduced Night-Time Power If your favorite station is a small daytime 
only station, you won't be able to receive it after sunset. While this may seem obvious, you would 
be surprised at how many folks come to me because they can't pick up a particular station at night, 
and it turns out to be a daytimer. Some stations don't go off the air altogether, but reduce their 
power to very low levels, and can't be picked up more than a few miles away after dark. If you are 
not sure if your favorite station shuts down or reduces power at night, you can call the station, or 
check the station databases I have links to on the main radio page. 


+ Small Transmitters Sometimes an AM station station may be broadcasting with low-power, and 
just not reach your location. While having a good radio and antenna is important, there has to be 
some signal in the air for your radio to pick up to begin with. Again, many people don't realize 
this is the case. 


+ Directional Transmitter Antennas Many radio stations have directional antennas; that is, they 
concentrate the signal in one direction or towards a particular geographic area. This is often done 
to prevent interference to other staions in the area, or to concentrate the signal where the greatest 
number of people may live. For example, the huge 50,000 watt WBZ near my home town has an 
antenna that beams the signal west-- which makes good sense, since there is no point in wasting 
power broadcasting out over the Atlantic Ocean! Likewise, the little college FM station that I was 
оп (Oh! Those carefree college days!) beams it's signal to the south, to avoid interfering with 
another station close on the dial to the north of us. AM stations do this also. One local AM station 
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in my area has a directional antenna that beams half the signal over the ocean, and the other half 
clean across some of the finest undeveloped woodland in the state. What were they thinking? As a 
result, hardly anyone can get it. Local radio engineers joke that they are "feeding the fish." 


This sometimes explains why your friend who lives the same distance in miles from the station, 
only a few towns over, can get the station while you can't. It may be the station’s antenna is aimed 
at his or her town, and away from yours. So, try to determine where you are in relation to the 
station's transmitter not just in terms of distance, but also in terms of direction? Again, a call to 
the station or search on the databases I've linked to may answer this question for you. 


+ Obstructions between You and the Transmitter An obstruction between you and the 
transmitter, such as a mountain or tall buildings sometimes blocks the signal. And as I explain 
below, the construction of your house or office may block AM radio waves 


+ Where is the transmitter? Sometimes the transmitter is located in a different city from the 
studio. For example, the transmitter for 680 WRKO Boston, Massachusetts is a few miles west of 
the city in a town called Burlington. And the transmitter for 1030 WBZ Boston is a few miles to 
the south-east in the town of Hull, Massachusetts. Getting certain "Boston" FM and AM stations I 
like is a challenge as many are located as far as 25 miles north of Boston! (And I, obviously, live 
30 miles to the south.) Those extra miles can make a difference. Just because a station says on the 
air that they're in "Your City” doesn't mean much for reception becasue their transmitter and 
antenna may be in "East Overshoe." Why do they do this? Well, first of all, where are you going 
to put up four 500 foot tall antenna towers in the middle of a city, and second, the prestige of 
being associated with a bigger town or city lends to the station a certain air of authority that can 
attract advertising dollars. Hence, stations petition the FCC to allow them to identify themselves 
as being where their studio is, in the city, rather than where the transmitter/antenna is, often way 
out there. Again, a call to the station, or a look at the on-line database will answer this for you. 


+ Listening from inside Certain Buildings Sometimes people can't get any AM reception in 
certain places, such as their workplace. I often hear this complaint. The building may be made of 
metal, use reinforced concrete walls (metal rods in the concrete to strengthen them) or have a 
metal roof. There may be computers or machines that cause interference, and hundreds of 
florescent lights in the ceiling. They may get no AM reception at all-- even on the huge 50,000 
watt powerhouses. Unfortunately, there is not much one can do here. I always suggest putting the 
radio by a window, and the usual reply is that their desk or work-station is too far away from the 
window to do that, and they wouldn't be able to turn it up loud enough to hear it over the noise, or 
without disturbing their co-workers from that far away. 


If you can string an antenna to the outside of the building, try that, although again somethimes 
that's not practical. (C. Crane Company offers a version of the Select-A-Tenna for this 

application.) One customer of mine lived in a trailer-- a metal trailer, and couldn't get anything! 
He got the RadioShack 12-603 (mentioned above) and ran a wire outside from the AM antenna 
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Better AM Radio Reception 


terminal. Now he's happy as he can pull in even the weak stations. Again, that depends on what 
Your situation is, and what the boss will let you do. 


If this isn't possible, it may be time to consider using a cassette or CD player, and leave the radio 
listening for home. 


Tape it, like you tape TV shows! 


So you can't get your favorite AM station at work to listen to that talk show, or maybe you can't 
listen because of the nature of your job. So tape the show. One visitor to this web-site sugggested 
putting the radio and tape recorder (a boombox may work nicely here) on one of those light timers 
you can get for a few bucks. Tune in the station, press the record button then unplug it, plug into 
the timer, and set the timer. Of course, the longest cassette you can buy is 120 minutes, 1 hour per 
side, two hours if your cassette recorder auto-reverses. It's better than nothing. Also, a couple of 
the above mentioned companies offer special radio-recorders that can get up to 8 hours on a single 
cassette! They do this by modifying the cassette recorder so it runs the tape very slowly to fit 8 
hours onto a 1 hour tape. Of course, these specially-recorded tapes can't be played on a regular 
cassette player, but a couple of these companies also offer also offer special personal tape players 
with headphones that will play the tapes. This way you can listen at your convenience. 


Or, use your VCR. That's right, I said "VCR." An engineer friend of mine uses a HI-FI VCR to do 
this. He runs a patch cable from the headphone jack of the radio to the audio input on the back of 
the VCR, switches the VCR to the line-input (consult your VCR's instruction book on how to 
switch to this input) and has it record at the SLP (also called EP) speed so he can get 6 hours on a 
T-120 tape. Play it back through your stereo if the VCR is hooked up to it, or just use your TV 
(you'll hear the program but the screen will be blank, obviously). Although I haven't tried this 
with a non HI-FI VCR, it may still work. Not all VCRs can do this, but if you have one, try it! 
This feature may not be documented in your VCR's manual. Remember, for this to work, instead 
of using the external timer, you program the VCR to come on at the right time, and the radio is 
already turned оп and tuned to your station. Again, for instructions on programming specific 
VCRs, consult your owner's manual. (Please do пог e-mail me asking how to program your VCR! 
There are hundreds of models out there, going back nearly 20 years -how time flies! - and I only 
worry about my own VCR and my Mom's. The rest of you, please read the manual, or enlist the 
help of your friendly neighborhood whiz-kid!) 


Other Resources 


RadioShack As they say, "You have Questions, We Have Answers!" They say that over 90% of 
the population lives within a 5 minute drive of a RadioShack. Plus, as you know from reading 
this, they have a lot of the stuff you need for better AM listening. 
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Better AM Radio Reception 
DX-ing.com A resource provided by Universal Radio for people interested in receiving long 


distance (hence, "DX") radio and TV sig 


The С. Crane Company offers information on their web page about getting good AM reception (in 
order to sell their products, of course, but the info is good). 


Grove Computers and Radio A company offering products for better radio reception, also 
publishing the magazine "Monitoring Times,” a publication for radio enthusiasts. 


Better AM Radio Reception a page with some tips for getting better AM radio reception. 


Return to the Radio Reception and Resources Page 


Go to the Pilot of the Airwaves’ Main Page for links to 80s Music, Humor, and assorted historic 
and serious things! 
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Contruction, tips, help, questions, and websites are welcome to the group. 1 


hope this group will help. Also ferrite Loop Antennas here too. So get out the. 
wood, magnet wire, variable capacitors, and don't forget the electrical 
components, and lets start sharing some tips, and ideas,guestions about loop 
antennas, 


In addition we can also talk about the assembled loop antennas; how to use a 
loop antenna; and modify a loop antenna to certian requirements. Some loop 
antennas to consider are the Select A Tenna, TERK AM (MW) Loop Antenna, 
Justice АМ (MW) Loop, and directional loop antennas . Ham's, SWL, 
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their radio and receiver. Our discussion is based on loop couplers, loop 
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antenna creations that cover SLF to EHF, 


BTW: This group will not ever shut down, we are upgrading and getting 
more interesting projects here as well. 


Join us! Leave a Post whil 
projects with us, 73 


you are at iLalso share some suggestions, antenna 


Be sure to learn more and get more links and groups from this membership 
here! http://groups. yahoo. com/group/gecradiodxworld/ and 
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ups yahoo, com/groupígecloopantennadesig 


hitp://www.geocities.com/gecengineering/ and also 
hup://www.geocities.com/gecradioseienceobserver1978/intro.html 
http://www. groups.yahoo.com/group/Radio-Science/ 

Be sure to check out upcoming projects, and other groups postings here, we 
invite everyone from all over the world to participate. 


Also visit our groups here called For Your Interference Solutions from the 
Community hitp://eroups.yahoo.com/eroup/eccradiodx/. 

For You Interested In Making A Ferrite Rod Antenna 

hup.//groups yahoo.com/group/FerriteRodAntenna/ 
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ARES RACES Antenna Projects. 


EQUIPMENT AND PROJECTS 


The following are some good emergency antenna projects to consider building. There 


are several reasons to consider building your own antennas for emergency work which 
include: 


1. They are not expensive so if you loose them, or they get destroyed during the 
event you're not out big bucks! 

2. You will gain a greater understanding of RF technologies especially antenna 
design. 

3. You will learn how to improvise! 

4. Last but not least, its fun! 


Each antenna has a unique use. Please consider experimenting and playing! Share 
your success on the weekly nets as well! 


Build a J-Pole for any frequency - Includes an Excel Spreadsheet! 
Plans for a J-Pole 
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ARES RACES Antenna Projects 


Pocket J-Pole 

Half Wave J-Pole 
Stacked 5/8 

Field 2 meter Colinear 

2 meter Colinear in PVC 
2 meter Halo 

Eggbeater Loop Antenna 
HF Antenna Designs 
Trickle Charge Circut 


Off Site Plans 


NVIS Short Range Antenna Systems for HF 
NVIS Discussions 
KB1DIG's Home Site 
Copper Cactus Plans 
N7QVC's J-Pole Plans 
ouis Vertical (10-40m) 
Windom - 6 bands in one antenna 
Quickie Vertical- By KO6RH 
Wide Band Folded Dipole 
Horizontally Oriented, Horizontally Polarized Large Wire Loop Antennas 


Disaster Supply Kit 


Being ready for an event or disaster reguires preperation before the call comes. This 
means getting a supply kit together and knowing what is in it. We have included a article 


to help start your list. 


Buffalo, NY- 
‘©Copyright 1997-2000 
This page was last updated on : undefined 
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The Ultimate AM Antenna. 


How to Make the Ultimate AM Antenna 


Carver Corporation of Lynnwood, Washington once made the ultimate AM Stereo/FM Stereo tuner, the 
Carver TX-11b. The performance of this tuner was nothing short of spectacular on FM; the AM side м; 
even more impressive, as it was designed to have an audio bandwidth of 20 Hz - 15 KHz -- the same as 
broadcast FM! 


In order to receive clear AM Stereo signals -- on the TX-1 1b or any other AM radio, however, you have 
to have a good antenna. So Carver gaye a plan for making what they called "The Ultimate AM Antenna." 
Here are the plans for this antenna. 


1. Construct a wood frame that measures 12 inches from point to point (17 inches across each bar), 


ы 


Secure the frame to a base. 


. Wrap the frame with four turns of #22 insulated solid wire. 


4, Twist the wire ends together approximately 2 turns per inch (I made a change here. On the base, I 
installed a two-wire terminal so I could easily connect a different length lead wire. I connected the ends 
of the wire from the loop to the terminal block and then connected a shielded wire to the terminal block 
to act as a lead-in. The ground (shield) lead connects to the ground terminal of the radio, the center wire 
connects to the "external AM antenna” terminal of the radio, You may have to experiment with your own 
radio to find what works best) 


5. Strip wire ends and connect to the AM terminals on the back of the radio (unless you used my changed 
design in 4 above). 
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The Ultimate AM Antenna 


The idea is that the size of the antenna acts as a long wire antenna, but the loop acts as a local noise 
eliminator. I have found it to work quite well in the Los Angeles area, where at night I can often pick up 
very distant stations with ease. 


Other ideas you may try are simple long wire antennas (good for distance or eliminating long-distance 


atmospheric noises) or if you are in an office that doesn't like the look of the "ultimate antenna,” just 
placing a portable radio near a window. 
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Doug's Radio-Electronics Loop Antenna 
Page 


Part 5 of a series on antennas appears in Radio-Electronics Magazine for June, 1983 on page 83. Its title 
is "All About Loop Antennas for VLF-LF." 


I'l reproduce the text, but there are several illustrations that I can't duplicate. It would be worthwhile to 
find yourself a complete copy of the article. My copy is pretty poor and I can't even tell what's in many 
of the figures! 


Added December, 2001 - 1 have recently found a better copy of this article and scanned it, complete with 
separate scans of the graphics. Go back to the Short Wave Radio Page and look for the link. 


Perhaps the most important difference between loop antennas and the whip antennas that we have 
previously discussed is the loop's directivity. (The vertical whip is, of course, omni-directional and 
cannot indicate the direction from which a received wave comes.) Before we can talk more about this 
directive property, we have to take a look at how an electrical signal is induced in the loop by a passing. 
electromagnetic wave, and at some general electrical characteristics of loop antennas. 


Loop antenna characteristics 


A current is set up in a loop antenna by a changing magnetic field. (That current is equal to the integral of 
the electric field that is induced around the loop.) The sensitivity of a loop is directly poroportional to the 
loop area and to the number of turns in the loop. It is, in general, inversely proportional to the wavelength 
of the signal, Small receiving loops for 60 KHz (WWVB) require a preamplifier with a voltage gain of 30 
dB or more to make them comparable in performance to a small active whip antenna. [Ed. Note: notice 
the key word 'active' here!] 


The inductance of the loop winding itself makes loop antennas frequency-sensitive, Because of that, it 
becomes difficult to make such antennas with wide-band characteristics. To increase the sensitivity of a 
loop, multiple-turn coils are used at the VLF-LF range. However, the distributed capacitance of the 
windings acts with the loop's inductance to decrease the antenna's frequency response. That however, is 
not always a disadvantage. The frequency selectivity of a loop winding is often an advantage in that it 
can provide for rejection of out-of-band signals (in other words, it can form a sharply tunable antenna. 
system). Loop antenna systems seldom have intermodulation-distortion problems because of their lower 
sensitivity, lower impedance level, and better selectivity. 
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irectivity of loops 


Perhaps the most significant and valuable property of loop antennas is the fact that they can be used to 
determine the direction of an arriving signal. Let's look at how they can do that, Consider a loop and а 
vertically polarized passing electromagnetic wave as shown in Fig. 1-а. (SORRY!] A voltage will be 
induced in the vertical members of the loop, but none in the horizontal ones. If the voltages induced in 
each vertical member are the same (as they would be if the plane of the loop were perpendicular to the 
direction of travel, Z, as shown), then no current will flow. [editor's note: the advancing wave front hits 
the entire loop broadside, all at the same time, so there is no conductor cutting a magnetic line of force.] 
However, if the plane of the loop is parallel to the direction of travel of the oncoming wave, as shown if 
Fig. 1-b, then the wave will reach one side of the loop before the other, the total voltage around the loop 
will not be zero, and current will flow. [transformer action!] The voltage induced in the vertical 
members is proportional to the height of the loop, and voltage difference between the vertical members is 
proportional to the width of the loop. Therefore, the voltage around the entire loop is proportional to the 
product of its height and the width - that is, its area. 


Another way of reaching the same conclusion is to say that the voltage induced around the loop is 
Proportional to the rate of change of the magnetic-flux linkages through the loop. Then it is obvious that 
the area of the loop is the controlling factor, and the loop will receive the most signal when its plane is 
normal (perpendicular) to the magnetic field (H) of the oncoming wave (or in the same plane as the 
direction of travel of the oncoming wave). 


Direction-finding shortcomings 


The directional properties of loop antennas that we have just described permit you to null out interference 
or to obtain a broad peaking of a signal merely by rotating the loop. However, loops, though they are 
often used because of their relative simplicity, are not ideal direction-finding antennas. 


Loops cannot distinguish between signals that arrive from opposite directions (for example, north and 
south). Another drawback is that trying to determine the source of a signal that arrives at an angle 
different from that of the ground wave (not exactly head-on) will usually result in an error. Ground 
waves themselves frequently arrive "tilted." That tilting is often due to the magnetic effects of such 
things as the steel I. beams of buildings (which distort the boundary conditions even for close-in ground 
wave reception). One way tht the problems caused by downcoming ("tilted") waves can be reduced is by 
using an Adcock antenna. We won't discuss that antenna in any detail except to say that it operates by 
canceling out voltages induced in its horizontal members. A third problem that loop antennas have in 
direction-finding applications, especially at low frequencies, is due to the antenna effect. The antenna 
effect is seen when a direction-finding antenna acts like a simple, non-directional one. Loop antennas, 
when used at low frequencies, are subject to that effect because their size is aonly a fraction of a 
wavelength, and they pick up interference from a signal derived from the electric, rather than the 
magnetic, field. A loop's symmetry should ideally cause that signal to be cancelled out, but in real 
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systems the effect is often the source of problems. 
Resolving those problems 


1f you were to turn a loop antenna through 360 degrees and observe the strength of the signal received, 
you would obtain a reception pattern that looked like a figure-8. Such a pattern leaves you with a 180 
degree uncertainty as to which direction the signal is from. That uncertainty can be resolved by using a 
whip antenna in conjunction with the loop to cancel one of lobes of the figure-8 pattern. That is done by 
coupling the output of the vertical antenna to the loop so that the voltage induced in the loop by the 
coupling is 90 degrees out of phase with the voltage the passing wave induces in the vertical antenna. 
Figure 2 [in the magazine only] shows the cardioid directional pattern that results from combining the 
figure-8 with the omnidirectional pattern from a whip. The sense of the incoming signal is usually 
determined by rotating the loop to cancel one of the lobes of the figure-8. In practical systems it is 
necessary to provide some phase- and amplitude-balancing between the two antennas. 


To reduce the antenna effect that distorts the loop's directional pattern, and to obtain the best 
performance (in terms of detecting sharp nulls and uniform amplitude-peaks as the loop is rotated), the 
loop should be mounted within an electrostatic shield. That arrangement balances the loop by making 
sure that all parts of it will have the same capacitance to ground. That shield or cavity also protects the 
loop from the induction field created by nearby disturbances. The induction field refers to the electric and. 
magnetic fields in the immediate vicinity of an antenna. Those fields decrease rapidly in strength with 
distance, and the induction field is usually ignored (and the radiation field is all that is considered). 
However, wires and other metal objects near the loop can take energy from a passing wave and produce 
induction (and radiation) fields that can induce spurious voltages in the loop. 


A shield over a loop antenna (one type of shielded loop is shown in Fig. 3 [but nor here/] ) will not 
appreciably decrease the amount of magnetic flux that passes through (and links with) the loop when a 
wave goes by - as long as it does not form a complete (shorted to itself) turn. An insulated segment or 
gap is always left in the shield so that it does not become a shorted turn. Without the gap, the shield 
would form a shorted turn and it would reduce the magnetic field linking the loop so that no signal could 
be received by the internal wire(s). With the insulated segment or air gap, alternating currents can be 
induced in the metal shield (but no current will flow), and voltages will be induced in the internal wire(s). 
Some experimenters have wound loops inside slit Hula-Hoops and then shielded them by wrapping the 
outside with aluminum tape, leaving a gap in the tape at the top of the loop. Ferrite-core loops (which we 
will discuss shortly) are usually mounted axially in a trough or U-shaped channel (with the top and ends 
open to prevent a shorted turn) for electrostatic shielding. 


A method for making a square box-frame loop is shown in Fig. 4 [sorry again]. A long length of U- 
channel is formed into a box frame by cutting slots into the side of the channel and then bending the 
material. [The bottom of the U is toward the inside of the box. The slots are cut in the "upright" arms of 
the U.] A small gap with a plastic insulator in it is left at the top of the frame; the insulator holds it 
together and prevents it from forming a shorted loop. The coil winding is supported on plastic foam, just 


hpj/usee.netonacom.nat-swordman/Radio/re-oop-ariicie. him (3 of 8) [9/6/2004 8:23:10 PM] 


htrp;/user.netonecom.neU-swordman/Radio/re-loop-article htm. 


below the outer edges of the U-channel. 
Winding loops 


The distributed capacitance of the loop may, especially at low frequencies, cause the current to vary at 
different points on the loop and cause deviations in the directional pattern. A technique for reducing the 
distributed capacitance of the loop windings is to make the loop in a mobius form. A mobius loop is one 
where the coil is "twisted" so that (except at the start/finish point where the wires cross) all the "even- 
numbered" turns are adjacent to one another, with the same being true for the "odd-numbered" turns, The 
distributed capacitance of the mobius-type antenna shown in Fig, 5 is about one-half that of the antenna 
illustrated in Fig. 4 - even though both contain the same number of turns. The mobius-wound antenna 
also has a wider bandwidth, 


Effective length 


When we discussed active-antenna systems [in a prior article in the series, and which I don't have], we 
frequently mentioned the effective length of an antenna (often referred to as effective height). We can also 
talk about the effective vertical length of a loop antenna, An approximation for computing the effective 
length, LL, of loop antennas is 


LL = (2*pi*n*A*Mu)/(wavelength) [Eg. 1] 


Where wavelength is in meters; n = the number of turns in the loop; A = the cross-sectional area of one 
turn in square meters; Mu = the effective permeability of the core material ( = 1 for air core); and 
wavelength = (3*(10**8))/(frequency in Hz). [That's wavelength = three times ten to the eighth power, 
then divided by frequency.] 


Small-size ferrite-core loop antennas 


Tt is often useful to consider the smallest practical size of loop antenna that can be used, say for reception 
of signals such as those from WWVB at 60 kHz, Using a ferrite core increases the effective permeability 
of the core and, as you can see from equation 1, that increases the effective length. Ferrite cores are 
available commercially in several different permeability ranges. Figure 6 is a chart that illustrates the 
effective permeability of a ferrite rod compared to the bulk permeability of the ferrite materia 


The whole idea of using a ferrite-rod core is to increase the magnetic flux density through the loop. For 
the maximum effect, you want to have as much of the core exposed to the winding as possible. Compact, 
multiple-layer coils in the center of a long core-rod are never as sensitive as a single-layer coil that 
covers almost the whole length of the rod, Unfortunately a long coil has a problem in that the distributed 
capacitance of the coil winding is quite high, and the Q of the long coil will not be as good as a coil with 
a better "shape factor" (smaller length-to-diameter ratio). To maximize the coil's sensitivity to the 
magnetic field in space, the product of the number of turns and effective permeability of the rod should 
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be as large a number as possible. From Fig. 6 it can be seen that the whole length of the rod should Бе 
used to maximize the effective permeability. Another factor to consider is the effect that the ferrite 
material used has on the Q of the coil. (At low frequencies, the maximum Q that can be obtained depends 
on the core material, its size, and the signal frequency.) Figure 7 describes the effect on Q for an 800 Mu 
bulk-ferrite-material rod that measures 1/2 x 7 x 1/2 inches. It also describes the antenna's response with 
and without external capacitances added. The winding properties of the ferrite-core loop are included in 
Table 1, and Fig. 8 shows the ferrite-core loop-antenna itself. 


‘Comparing loops 


The comparative properties of a ferrite-rod antenna and the two air core box frame loops (shown in Figs. 
4 and 5) are shown in Table I. The scramble-wound box loop, which is in a slightly smaller U-channel, 
has a higher winding capacitance that results in a resonant frequency of 180 kHz. The mobius flat-wound 
loop has only half the winding capacitance and almost the same inductance. That results in a higher 
resonant frequency of 275 kHz. Both of the air-core box loops are intended to be operated in the 
wideband mode with no external tuning-capacitance. [editor's note: this is the only place I've seen this 
"no tuning capacitor wideband mode" mentioned.) The mobius box-frame loop has exceptionally deep 
nulls of 40 dB or more in the 60-kHz to 100-kH frequency range. The ferrite-rod loop is intended for 
fixed-frequency use (tuned to 60 KHz with an external tuning capacitor) for WWVB reception, Similar 
ferrite loops (where the loop coil and housing is different for each frequency band) that cover a wider 
frequency range are available commercially from several sources. 


For an untuned box-loop, the upper-frequency limit is determined by the self-resonant frequency of the 
coil and its distributed capacitance. The effective length is greatest at that point, and it decreases by a 
factor of 10 or зо at the 10-kHz low-frequency end, The box loop can also be tuned by placing a tuning 
capacitor in parallel with the loop coil. That will increase the Q, but a preamplifier with a higher input 
impedance will be required. The best power transfer from the loop coil to the preamplifier is usually 
obtained when the loop impedance and the preamplifier input impedance are in the same range - which is 
not at highest Q. In designing loop antennas there is always a compromise to make between selectivity 
and sensitivity. An untuned loop with a rather broad self-resonant frequency peak (which is the case for 
the flat mobius-coil box-loop) provides the best sensitivity and also the deepest nulls of the antennas 
compared in Table 1. 


Balanced Loops 


As we discussed previously, to obtain the best null performance, loop antennas should be operated so that 
the capacitance between the antenna and electrostatic shield is the same at all points along the loop. With 
a single winding that’s a problem, since one end of the winding has to be grounded in some way. A loop 
with a center-tapped winding is often used together with a preamp with a balanced input, but there is a 
better way of winding loops on long ferrite rods that also reduces the inductance of the whole winding 
and results in a single-ended termination for the loop. 
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The technique developed by the U.S. Army Signal Corps many years ago, involves making right-hand 
and left-hand-sense windings starting at the center of core. The resulting loop, shown in Fig. 9%, still has 
opposite-phase nulls off opposite ends, but now has excellent electrostatic symmetry with respect to the 
trough shield. (The ferrite core loop discussed earlier was a balanced loop.) The sensitivity of this coil is 
about the same as that of a coil wound in a single direction from one end to the other, but the inductance 
is reduced, resulting in a higher self-resonant frequency. The termination point in the center of the core 
practically eliminates induction-field noise pickup, even with a single-ended preamplifier system. When 
winding a coil with a relatively large number of turns, it is advisable to check the winding for inductive 
balance because the ferrite core material may not be uniform from end to end. Another factor 
contributing to non-uniformity is that it is difficult to wind a perfectly spaced coil by hand. That is why 
the figures indicating the number of turns on each side of the antenna described in Table 1 are different. 


To tune the balanced loop coil arrangement shown in Fig. 9* to resonance at 60 kHz, a fixed capacitor of 
about 500 pF can be placed in parallel with a small variable capacitor of up to 350 pF (and the 330 pF 
distributed capacitance of the coils). That allows the total capacitance to be set to about 1000 pF - the 
capacitance required for resonance with the 6.89 mH inductance indicated in Fig. 7. 


Balun method 


Another technique for making the capacitance of a single-winding loop symmetric with respect to the 
electrostatic shielding is to employ a toroidal balun (BALanced-line to UNbalanced line) transformer 
between the loop winding and the preamplifier. That technique is illustrated in Fig. 10. The balun is used 
with the air core box loops shown in Fig. 4, which have no center tap on the loop windings. The trifilar- 
wound transformer consists of about 30 turns of No. 30 insulated wire-wrap wire twisted 6 to 8 turns-per- 
inch and wound on an Amidon (12033 Otsego St., North Hollywood, CA 91607 [www.amidon.com I 
think] FT82-75 high-permeability ferrite core, That makes the loop coil, which is a balanced source, look 
like an unbalanced source to the preamplifier, Baluns can also be used with ferrite core antennas wound 
їп а single direction (instead of the right-left method of Fig. 9). 


Loop antenna locations 


Loop antennas are much less sensitive than small whips, but they have the advantage of having more 
selectivity as well as having directional null- and peaking- properties. It's a good idea to place a loop in 
the attic of a house well away from the electrical appliances and power lines, and to keep it away from 
major steel structural members (which distort the local magnetic field). 


High-gain preamplifier 

When designing an active whip antenna, we considered the whip to be a voltage source with a high 
internal impedance requiring current amplification, and (to reduce attenuation due to a mismatch) we 
wanted the preamplifier also to have a high input impedance, However, with a loop antenna, which is 


considered to be a low-impedance current source, we want a low impedance voltage amplifier. 
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Almost all LF loop antennas will require a preamplifier with a voltage gain on the order of 430 dB. Low- 
noise performance is more important here than with whip antenna preamps because of the lower signal 
levels at the loop terminals. There is а great varietyu of circits possible, but one of the simplest uses а 
power-FET or VMOS-FET like the one shown in Fig. 11. That preamp should be mounted directly at the 
terminals of the loop in a weatherproof shielded box or inside of a trough shield (with the balun 
transformer, if required). The output of the amplifer is fed (through a coaxial cable ) back to the same 
receiver coupler that we used with the active antennas described in previous articles. The gate bias 
voltage divider trimmer potentiometer is adjusted so that the operating current of the receiver coupler is 
about 40 mA. The VMOS transistor used can be the Siliconix VN10KM. You can also use an ITT В5170 
= which has properties similar to those of the VNIOKM, but a different pinout. The series resistor for the 
gate bias, about 15,000 ohms, is chosen to approximately equal the reactance of the loop coil at the 
highest or cutoff operating frequency. If a tuned loop coil with higher Q is used, then the value of the 
resistor should be increased in value to 100,000 ohms or so. The output transformer can be the primary 
winding (about 200 or 600 ohms) of a subminiature or ultraminiature audio transformer. The secondary 
can be left open for operation up to the 500 kHz region. At higher frequencies а bifilar toroid - such as 
the one wound on an Amidon FT50-75 core for the wideband active whip preamplifier - can be used as 
ап output transformer. The preamplifier will have a voltage gain of about 30 dB when driving a 50 ohm 
load at the receiver coupler. 


Bench testing loops 


You can evaluate the resonant frequency of a small loop antenna system by connecting a coupling coil 
and a 50 ohm load resistor in parallel as a termination at the end of a coaxial cable from a signal 
generator. For low frequency testing (below 500 kHz) the coil can be a 1-mH pi-wound RF choke. The 
probe is brought very close to the loop under test to inject a small amount of signal by magnetic or 
inductive coupling. The output from the loop and/or a suitable preamplifier are then observed (either оп 
an oscilloscope or a receiver) as the signal generator is tuned over the desired frequency range. The 
coupling sensitivity of both the probe coil and the loop will decrease at lower frequencies. This simple 
magnetic probe will allow you to obtain a good idea of the loop resonance and its general performance. 
You can also estimate the loop inductance by placing known capacitors in parallel with the antenna and 
then observing the response. The coil's distributed capacitance can be estimated by computing the 
difference between the resonant frequencies of the loop with and without the added tuning capacitance. 


* for Fig. 9, take the piece of wire to wind the loop with and fold it in half. Lay the wire on a table in a 
long, narrow V layout. Set the rod core on top of the wire close to the apex of the V and put a dab of glue 
there to hold it. Then roll the rod along the wire so that the wire winds up around the rod and expands 
the coil toward both ends at the same time. That's the bidirectional coil shown in Fig. 9. 


[Note: I hope that MS Word's spell checker caught all of my multitudinous typing errors! If not, 
SORRY!] 
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Reception techniques: An easy loop 


AN EASY VLF LOOP 


200Hz-20kHz reception without transformers 
by Renato Romero and Marco Bruno 


A warm afternoon, in a summer day of this year, | was yellow painting an old hula-hop. My wife looked at me, saying 
What are you doing?". "I'm yellow painting a hoola-hop" | answered. My wife replied: "I see, but why are you painting 
oh my God! Another antenna!" 

"Yes, but this antenna is different from the other ones”, And she, laughing: "I see, it is yellow(*)". | explained: "With this 
kind of antenna | can receive signals that are not received with the others one". And she: "It does mean you will put all 
the other antennas away?" "Not exactly ..." | answered. 

But my wife is right: there are antennas at every comer in my garden. Well, this antenna will nat solve your family 
problems, but it can give some advantages їп VLF reception, in comparison to the Electric field receivers like RS4; 
especially when the noise conditions are not very good, like in the city or near the house. The preamplifier of this antenna 
is very easy to build. 


() we have a new theory, on antenna colour affecting radio performance, expecially in foggy environments ) 


WHY ANOTHER LOOP PROJ ECT 


The original small loop project started some year ago, in 1995. The electric circuit is 
reported in "RECEPTION TECHNIQUES / Active an passive system on this web site. It 
Was a good project and a copy of this receiver has been used also by the "Astronomical 
Association of Urrbria" to study the correlation between VLF and Meteor events. But its 
construction can give some problems: the loop antenna is easy to build but the 
preamplifier has a lot of active components (many gain stages, much noise). Some 
people asked me how to find the input transformer: | used an old impedance. 
transformer, taken by an old Phonola tube radio; but where to buy other similar 
components? 

Dave Ewer helped me with his loop amplifier project, as descripted in "RECEPTION 
TECHNIQUES / Mobile stereo NATURAL RADIO 2". His project, based on mine, gives 
better results in term of S/N ratio. Dave in his project uses only standard components, 
like a Mauser device as transformer. 

The project here presented was based on ideas by Marco IKIODO, and doesn't uses 
any transformer. The loop is connected to the preamplifier circuit directly and the circuit 
contains only one active component. 


The signal output can be connected directly to the LINE input of the Sound Blaster card, or LINE input of a tape recorder. 


THE LOOP PROJ ECT 
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The choice of loop dimensions must take two factors in account: to have an antenna big enough to be sensitive and small 
enough to be transported or installed on a balcony without disturbing too much the view.The choice of the support fell 
again on a plastic hula hop because of the economy in materials, conserving a clean look. Dimensions and turns number 
have been calculated with Rjeloop3.exe by G4FGO. 


1990594 


20 
1990574 
5 


The program works assuming a square loop, while the hula hop is round, so a square has been calculated with the same 
area, resulting in a side of about 66 cm The loop has 40 turns of copper wire of 0.6 mm2 section for a total of 106 m and 
a resulting inductance value of 3.2 mH. 

Mechanical detalls are not given here since we are talking about a simple shielded coil in air. The hula-hop tube was cut on 
the outer rim to allow the insertion of the wire, one tum at a time. The shield is made from aluminum foil wrapped around 
the whole loop, except for 10 cm in its superior part where the shield is interrupted. Everything was covered with adhesive 
PVC tape to protect from bad weather and painted with a protective enamel. The shield is not indispensable (see later), 
during al trials | haven't seen any difference between the antenna with shield and without it. The final result is shown in 
picture and is esthetically very similar to to the RCM preceding model. 


THE CIRCUIT 


The circuit uses a low-noise and stable op-amp, the well known OP27. 
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E T 
RCM? - IKIQFK Ago. 2000. 
EASYLOOP, Electric scheme 


Compared with other common devices like the TLOBI or нА741, this opamp has interesting characteristics. The intrinsic. 
noise voltage is very low at 3nV/sqr(Hz), to be compared with 18nV/sqr(H2) for the quiet TLOB1 or 90nV/sgr(Hz) for the 
A741! To improve this value you need special and sophisticated circuits. The input noise current is also very low, so you 
may use it on very low impedances like loops. An impedance step-up transformer is simply not needed. 

The circuit is simple, being derived from the configuration used with low-impedance dynamic microphones. There is an 
important difference between this circuit and other seen previously: the loop is terminated in a zero impedance (the virtual 
ground at the input of the op-amp). So, the useful signal is the current developed in the loop; other designs use the 
voltage developed on the loop, wich is terminated on a high impedance. Using a low-Z amplifier allows operation to low 
frequency using small loops, and the sensitivity is very good. 

The overall DC voltage gain is determined by the ratio between the 27k negative feedback resistor (pins 2-6) and the DC 
resistance of the loop (few ohm). It has to be determined experimentally if you decide to alter the number of turns, or the 
size of wire, to achieve DC stability and sufficient gain. 

Input capacitors and the 330pF one limit the frequency response of this loop to about 22 kHz, and stop MF and HF 
interferences. 

The 27k resistor between pins 2 and 3 acts only in case of disconnection of the loop; it may be omitted. The 10k resistor at 
the output limits "pops" when connecting the output of the preamplifier to the SB input; it could also be omitted. 

The circuit is powered by a single supply between 12 and 24V, and requires a single adjust ment for the offset voltage. 
With the loop connected to the preamplifier apply power and turn the 10k potentiometer (ideally, a 10-turn device) to have 
exactly half the power supply voltage between pin 6 and ground. Allow some minutes for thermal stabilization of the 1С. 
The OP27 is not a consumer product, but is available from distribution chains like RS or Distrelec in Europe, Jameco or 
Radio Shack in the USA. The price is about $2. 

Beeing the whole loop a low impedance device closed into a short circuit, and taking in account the common mode 
rejection ratio of the op-amp, the shielding is not necessary. A good shield, with a low impedance path against ground, 

and a metallic box for the preamplifier will contribute to the long life of the IC. In any case install it on a socket, and buy 
more than one... we purposedly included no protections for the IC in this project. 


SOME MEASUREMENTS 


Some measurements on the circuit in my implementation: 
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BJ The voltage gain decreases with F, 
compensating the increasing loop 
sensitivity. The output signal is constant 
respect to F, and is only funtion of the H 
" vector flow thru the loop. More later 
~ see section 2 (to be published) for a 
~ more theoretical treatment of the loop 
` frequency response. 


In our case, the DC loop resistance is about 8 Ohm. The loop has an impedance of 8+]8 Ohm at 300 Hz; this is the low 
frequency comer of the system. Under this frequency the loop resistance prevails over the reactance, and we have a 
6dB/octave rolloff in the output signal. 

Increasing the wire section allows going to lower cutoff frequencies; the limit is the input noise of the OP27. In section 2 
we will demonstrate that the low frequency comer is only determined by the WEIGHT of the copper used, and not by the 
number of tums! (please don't start buying shares of copper mines ... | already bought everything with the VLF community 
in mind), 


THE RESULTS 


The quality of a design should be evaluated looking at the results. The EASYLOOP is compared here with a large Marconi 
"tee" antenna, giving the best results in VLF/ELF in my installation. In the following spectrogram statics, line harmonics 
and tweeks are visible. The E field antenna has more statics, and the loop is less sensitive under 1.5 kHz. Tweeks are 
stronger and cleaner with the loop; anyway, the results are very similar, but the area occupied by the loop is about 500 
times smaller, 


The same signal, received by Marconi T antenna (11m high with 45m top) compared with the easyloop. 

The following spectrogram covers the full 22 kHz band allowed by the SoundBlaster. Here also the results are very similar, 

and the RTTY signal around 18-20 khz are loud and clear. The russian Alpha signals are even cleaner, with less statics. 
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Bem Loop Antenna, on OP 27 Amplifier 


The loop was oriented for best power line noise rejection, and positioned at the base of the Marconi vertical antenna, to 
have similar noise conditions. 


CONCLUSIONS 


A simple, but in our opinion innovative, small loop antenna for VLF/ELF has been described. The design is open to 
experiments and improvements, and your suggestions are welcome. 

"Nihil sub sole novi" (nothing new under the sun, say the Latins), but the simplicity of this design in relation to results 
makes this project an interesting one. In urban noisy areas you may tum the loop to minimize interference, and this 
resource is very useful. The great simplicity of the preamplifier circuit, built without hard-to-find transformers, is ideal for 
home building. 

The loop is a low impedance device, is floating respect to ground, and may be powered via long wires without 
compromising the performance. 


Horrible English translation and circuit theory by Marco IK10DO; building and experimentation by Renato IKIQFK) 
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AMANDX PRESENTS 
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AN UNAMPLIFIED THREE OR FOUR FOOT BOX LOOP 
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Below you will find plans to build a three or four foot box loop for the AM broadcast. 
band. The 

loop will tune from 530 to 1710 kHz covering the whole band including the new 
expanded band . 

This loop design was first produced by Don Moman back in the early 1980's and has 
proven to be 

a good solid design. The main advantage of this loop's design is that it uses almost 
no metal. This 

allows the loop to keep its pattern and increases the loop's ability to null 
stations. 


The loop is Based on Don Moman's famous loop his drawing is at the bottom of the 


page. 


The instructions below are for a four foot loop. If you do not have room for such a 
large loop all 
you have to change is: 


The two cross arms should be 33.5 inches in length not 45.5 inches. 


I have included drawings as well as pictures of my four foot loop at the end of the 
article. 
These should help you visualize the loop as you build it. 


PARIS: 


1- Variable capacitor of 0-365 pf, You can often find these in old AM radios that can 
be found at 

flea markets or garage sales or on eBay at www.ebay.com. or KW TUBES at 
http://kwtubes.s5.com/ or at Midnight Science at http://www.midnightscience.com/ 


1- Knob for the tuning capacitor. You can use a vernier knob for finer tuning. 
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175 feet of wire.. 20 gauge coated/insulated works well. The wire can be solid or 
stranded. 


4- Pieces of 2 x 2 cedar cut 7 inches long These will be the end pieces. 


2- Pieces of 2 x 2 cedar 45.5 inches long (33.5 inches for the 3 foot loop). These 
will be the cross 


2- Pieces of 1 x 2 cedar 6 inches long. These will be the braces to tilt the loop. 
1- 1.5 inch diameter wood dowel 36 to 40 inches long. This will be the mast. 


1- Piece of 2 x 1 cedar 6 inches long. This will allow you to mount the tuning 
capacitor 


1- Piece of 2 x 2 cedar 4 inches long. This will be a brace support. 


1- Outdoor plastic umbrella stand and a piece of PVC pipe to fit the mast into it. 
The stand should 

be filled with sand to give it weight to balance the antenna. The pipe should be 
about 12-15 inches 

long. You may substitute another stand but try to insure it has as little metal as 
possible. To much 

metal will distort or decrease your nulls. 


1- Wire connector to connect the wires. 
2- Bolts with nuts 3.5 inches long 

- Wood screws 1.5 to 2 inches long 

1- Length of coax to feed antenna to the radio. Keep as short as you can but remember 
that the 

loop must still be able to tilt and rotate. 

PREPARATION OF THE PARTS. 

I used 2 x 2 and 2 x 1 cedar to build the loop but you may wish to substitute the 


type of wood 
with another variety. Just make sure it is a strong wood with few knots. 
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CROSS ARMS 
To form the cross arms find the center of the 45.5 inch pieces of 2 x 2. Measure 3/4 
of an inch on 
either side of center. Shade this area in. Cut out the shaded area as shown in Figure 
с. Cut out the 
shaded area to a depth of 3/4 of an inch. This will form a notch on each arm that 
will allow you to 
fit the arms together to form an X. 


END PIECES 
Take each of the 7 inch long pieces of 2 x 2 and line them upside by side.. Mark off 
a line across 

all of the pieces every half an inch. This should give you 13 lines spaced one half 
an inch apart 

across all four end pieces. You then will have to cut a grove about 1/4 of an inch 
deep in each 

line. This will give you 13 grooves on each end piece as shown in Figure A. 

Once that is done turn all the pieces over to the other side that has not been 
grooved. You will 

have to make a notch cut similar to the one cut on the cross arms. Find the center of 
each end 

piece and again measure 3/4 of an inch from center. Shade in this area as shown in 
figure B. Cut 

out a notch in the shaded area to a depth of about 1/4 of an inch deep. This will 
form a notch that 

will fit to the ends of the cross arms. You must do this to all four end pieces and 
try to be as 

accurate as possible to insure a balanced fit. 


BRACES 
To form the braces as shown in Figure E drill two holes on the flat side of the 6 
inch 2 x 1 

wooden pieces. Each hole should be centered one inch from the end of the wooden 
piece. The 

size of the hole should allow the bolts you are using to slide through as tight as 
possible. 


DOWEL STAND 
Figure F shows the 36 to 45 inch long 1.5 inch diameter dowel and the 4 inch long 
piece of 2 x 2 
assembled. To make these two pieces fit you must cut a notch into the dowel. Cut a 4 
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inch long « 
inch deep notch out of the end of the dowel. The 4 inch long 2 x 2 will sit on this 
notch to form a 
support for the cross arms. Drill a hole centered about 1 to 1.5 inches from the top 
of the 2 x 2 
piece. The hole should match the bolt you are using. 


ASSEMBLY 


DOWEL STAND 
As shown in Figure F Take the 4 inch long 2 x 2 piece and fit it into the notch on 
the dowel with 

the hole on top. Once you are sure of a good fit glue the two pieces together with a 
good wood 

glue. You could use a screw but it is not necessary. This dowel stand will now fit 
into the 

umbrella stand and should rotate easily. 


TUNING BOARD 
Take the 6 inch long piece of 1 x 2 as shown in Figure D and mount your wire 
connector 1 to 2 

inches from the end of the board. On the under side of the board mount the tuning 
capacitor at the 

opposite end of the board. Keep the capacitor close to the front of the board with 
enough 

clearance to attach the knob. You can use a glue or double sided tape to mount the 
capacitor. 


END PIECES 
Attach each of the four end pieces to the ends of the cross arms. First of all fit 
the cross arms 

together to form an X shape. You can use some wood glue to keep them together. You 
attach each end piece using glue and you can put a 1 to 1.5 inch long wood screw 
into the center 

of each piece so it will be secured to the end of the arm. This is shown in Figure D. 


MOUNTING THE TUNING BOARD 
As shown in Figures G and D mount the tuning board on the top side of any of the end 
pieces. 

The Top will be the side with no grooves оп it. This will now be the bottom of the 
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loop as shown 
in Figure G. 


MOUNTING THE BRACES 
Take one of the bolts and put it through one brace as in Figure E then through the 
piece of 2 x 2 

attached to the dowel as shown in Figure F and finally through the second brace. 
Secure the bolt 

using the nut (I used a wing nut to make it easier). You now have a stand with a 
rotating and 

tilting mechanism. This can be placed into the umbrella stand as in Figure G. 


MOUNTING THE LOOP 
Slide the loop between the two braces and see where it would balance for tilting and 
rotating with 

out hitting anything such as lights in the ceiling. I drilled a hole 17 inches from 
the center of the 

loop on the bottom arm with the tuning unit attached to it. You can slide the second 
bolt through 

a brace then through the hole in the cross arm and then through the second brace. 
Secure the loop 

bolt with a nut as you had done with the first bolt as shown in Figure G. 


PICK UP LOOP 
In order to install a pick loop of wire into the assembled loop you must drill a hole 
3.5 inches 

from the tip of the loop arm in each arm. The hole need only be big enough to feed 
you wire 

through. The pick up loop of wire is now wound the inside of the loop. You will have 
to drill one 

more hole on the bottom arm about 1 inch above the first hole. Attach one end of the 
wire to the 

wire connector and then string the wire through the holes around the loop until you 
reach bottom 

again. Keep the wire fairly tight so there is little or no slack on the winding. Wind 
the end of the 

wire through the second hole on the bottom arm and attach this end to a separate 
section of your 

wire connector. The two ends must remain separate and not attached, 


ATTACHING THE COAX FEED LINE 
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To attach the coax feed line to your loop strip off some of the covering to expose 
some of the 
center conductor and some of the braid. Attach the center of the coax to one side of 
the 
connector and the braid to the other side of the connector which the pick up loop is 
attached to. 
Check these connections to insure that they are tight and that they are isolated from 
each other. 
If you want you can try placing a capacitor in line with the center feed of the coax. 
I used a 680 pf 
capacitor to help match the loop and the coax . Do not attach this to the braid of 
the coax. 


WINDING THE MAIN COIL 
To wind the main coil of the loop Solder the end of you wire to the solder lug on the 
variable 

capacitor . Then proceed to wind the wire around the loop pushing the wire into the 
groves on the 

end pieces of the arms. After you have completed winding the wire around the loop 
attach the end 

of the wire to the from of the capacitor with some solder. The winding such be kept a 
tight as 

possible as you did on the pick up loop. You are now ready to tune the loop. 


TUNING THE LOOP 
The first step is to attach the coax feed line to your receiver. Tune the radio to 
around 1000 kHz. 

Tune the capacitor to peak the signal even if it is just static. Now go up and down 
the band 

peaking the capacitor to see what the loop's true range is. You will have to re-tune 
the capacitor 

about every 50 to 100 kHz. You will probably find that you can not tune the top of 
the band 

(1710 kHz). If this is the case then take one winding off of the loop by unsoldering 
the wire 

attached to the frame of the capacitor and unwinding once around the loop. Cut the 
wire and 

reattach the new end to the frame. Re-tune the loop and see what its new range is. 
With the plates meshed in you should be able to tune to about 525 kHz and with them 
fully out to 
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hp:/www.angelfire.com/mb/amandx/loop html 
about 1710 kHz. You may have to take off 1 or 2 or even 3 windings to tune the loop 
to insure it 
covers all the frequencies. If you take off more than one winding make sure that you 
end up with 
а balanced number of open grooves on each end of the end pieces. 


COMPLETED 
Once you have this all set up the loop is ready to use and the DX will flow in. You 
will have to 

experiment with tilting and rotating the loop to get the best nulls possible. The 
main things to 

remember are: 

-Tune the capacitor to the frequency you are listening to for the best signal. 
-Rotate the loop to get a null as deep as possible. 

-Tilt the loop to increase the null. 

-Experiment with tilting and rotating slowly to peak the nulls as best you can. You 
may find that 

the nulls are very narrow and you have to be careful. 

-The best nulls are a combination of tilt and rotation. 

-Using a vernier tuning knob will allow you to fine tune for the best signal peaks. 


Please remember this is a guide and NOT written in stone. Feel free to experiment 
with the plans to 
suit your needs and situation. 


1f you have any questions please write me care of saxelrodémb.sympatico.ca 


Link to further loop information. 


[EJucAntennas for MW by Don Moman 

[bdiicLoop Antennas On the HCDX site 

[bduieDXers Tool Box Has a construction article. 

[ы]неМїппевоїа DX ClubLoop Information 

[buile] Meter Loop From Radio Australia. 

[bıllıeA Remotely Tuned MW Loop Construction Article. 

[buile] oe Carr's Tech Notes Has articles on antennas. 

[bdieVans Think Tank Contains a good list of antenna links. 

Треће Electronics Hobby Page Another site with a excellent listing of antenna and DXing links. 
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hup/www.angelfire.com/mb/amands/loop-html. 
[zdneThe Electronic Hobby Page Has an extensive list of loop and radio information. 
[bieLoop Discussion Has postings from various USNET groups. 
[beSmall Transmitting Loop for the HF band also has links to other loop sites. 
[bdeBelar LP-1 and LP-1A AM shielded loop antenna 
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Here is a pic of the loop Tom Doty built with some mods to the plans above. He used a microphone stand. 
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AM/FM Reception Tips 


Jump to: 
+ AM Reception 
+ FM Reception 
+ Sources for AM and FM Antennas 


Also view our: 
+ CPR Network Мар 
Statewide 2-Channel Details 


Program Descriptions and Schedule 
Listen online! 


Colorado Public Radio transmits signals from AM and FM station and translator antennas across the 
state. All radio reception is affected by distance, physical obstacles and other broadcast signals. But 
often the handicaps imposed on radio signals can be lessened with relatively simple enhancements. 
Below are some general tips and a few examples of the kinds of antennas that may improve your 
reception. At the end we suggest some places to find a wide array of antennas to help you enjoy your 
radio more. 


What Affects AM Reception 


AM reception, which travels both on the ground and through the air, is prone to 
interference by a variety of sources: other radio stations, lightning storms, and nightfall, 
when an outlying AM station's signal can reflect off the ionosphere and skip over areas 
that receive the signal during the day. 


How To Improve AM Reception 


With their external antennas, car radios tend to receive AM radio best, but sound and 
signal quality varies from car to car. Cars that employ their rear window defrosters as 
antennas may receive AM signals better than those with traditional external antennas; 
some people can find improvement by replacing their factory-installed antenna with an 
aftermarket antenna of higher quality. Reception may be disturbed as a car moves from 
опе location to another, passing in and out of areas where the signal is obstructed by 
power lines or tall buildings. 


Portable and desktop radios also often work well with AM broadcasts. Many contain 
internal, ferrite loop antennas; sometimes the power cord is also the antenna. These 
antennas are relatively directional, meaning that the quality of the received signal 
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AM/FM Reception Tips 


changes depending on where you put the radio. You may improve reception simply by 
moving your radio around until you are able to catch more of the signal. In some cases an 
external AM antenna may improve reception with a portable radio as it does with a 
‘component receiver. 


When it comes to AM reception, not all 

component AM/FM receivers are created 

equal. Some have built-in antennas; some co eqs] 
not. Many high-end receivers, however, do 

have an external connection for an AM loop =~ 
antenna, which might have come with the 

receiver when you purchased it. If your stereo receives AM poorly or not at all, you will 
need to install this loop antenna-usually a rectangular piece of plastic with two wires that 
‘connect to two screws on your receiver-and orient it appropriately for the best reception. 


Better external loop antennas are also available. These are usually 
8 to 12 inches in diameter and can be oriented and tuned just like 
you tune your radio to help eliminate nighttime interference and 
noise. Some must be hooked up directly to the external 
connections on your receiver; others need only be placed in close 
proximity to your receiver's existing AM antenna. 


What Affects FM Reception 


FM broadcasts deliver greater audio fidelity and are less susceptible to static, but they do 
have their own reception-related challenges. All radio waves travel in straight lines, and 
‘an unobstructed, line-of-sight path to a transmitting antenna makes for the best FM 
reception. Naturally, the farther the signal reaches, the weaker it gets, especially when 
ош of line-of-sight. And when there are reflecting surfaces-tall buildings or mountains, for 
instance-near your receiving antenna, FM radio waves are also prone to a disturbance 
known as “multi-path.” Like ripples in a small pool, these multiplied waves can cancel out 
the original broadcast signal at select points. 


How To Improve FM reception 


Because of multi-path reception, car radios are usually the worst receivers for FM. As 
your саг moves, your antenna gathers signal reflections from multiple directions, wiping 
out the stereo portion of the signal and adding noise. One solution is to shorten the height 
of your antenna, reducing the sensitivity of your tuner so that it locks in on only the main 
broadcast signal. 


Portable and desktop radios often have telescoping antennas or use the power cord or 
headphone cord as the antenna. When using one of these receivers, the position of the 
Unit and the orientation of the antenna can be critical. If your receiver uses its power cord 
аз an antenna, stretching out or moving the cord can improve reception. The same is true 
for units using the headphone cord as the radio antenna. 
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Most high-end component AM/FM stereo receivers 
require an external antenna, and many manufacturers 
supply the simplest kind: a T-shaped, flexible wire 
antenna called a dipole antenna. Attach this to the 
receiver's antenna terminals and orient the dipole as 
needed for best reception. If the dipole offers no 
appreciable improvement, you may need an external 
antenna. Designed specifically for FM reception, these 
look like TV antennas and are usually installed on a roof, on the sides of buildings or in ап 
attic. Again, after connecting the antenna to your receiver, orient it until you get the best 
reception. 


‘Sources for AM and FM Antennas 


First, a word of caution: Make sure that any antenna you purchase is returnable if it does 
not give you the result you desire. That said, there are many sites both locally and on the 
Internet that offer antennas or the instructions necessary for building your own. 


Radio Shack and similar electronics and hardware stores often stock antennas for both 
АМ and FM reception. A good AM loop antenna sells for $10 to $50 depending on 
features and looks. FM antennas and combined AM/FM antennas are often available аз 
well, for prices that can range from $20 to $200 depending on the features you want. 
Often it is best to call around first to find someone knowledgeable about radio antennas. 
And there are also many online resources, including: 


Radio Shack: www.radioshack.com 
Terk Technologies: www.lerk.com 

C. Crane Company: www.ccrane.com 
OneCall: www.onecall.com 


If you find a good source for information and products for improving reception, please let us know, either 
by calling 1-800-722-4449 or by contacting us online. 


[ Home ] [ Listen ] [ Support ] [ Schedules and Links ] [ Classical Music Playlist ] [ Colorado. 
Matters ] [ Colorado Spotlight ] L Events I People/Info ] [ Contact ] 


resigned and Developed by Colorado Public Radio. 
Privacy Statement 
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Your guide for English shortwave broadcasts to North America 
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DX News, Tips, and Info 


Recent DX News and Tips 2 


+ Special Shortwave Broadcasts during SWL Winterfest from Radio Europe and WBCO. - via Cumbre 
DX 


. Changes at BBC Ws North American Service 
no longer used by the BBC to America 
still being used to South America 


« Vacation BCL Contest 2002 
+ OHSTA's DxPedition to Hailuto Island 


+ Standoff between US government and Kentucky State Militia Radio - from Cumbre DX Special 


+ "Media Network" Radio Netherlands' DX Radio Show Ended!!! 
isten to NPR over AFRTS shortwave relays - in Upper Sideband! 


+ BUG in PGP - PGP Security - PGP ADK Security Advisory 
+ ИТС Tadil/Link-11 ran Test Schedules, 


e Enigma Machine Stolen from Bletchley Park 


+ The latest Cumbre DX Special Edition - from Cumbre DX 
+ Cumbre DX sends spare parts to Radio Gaalcaya! - You too can help! 
. Glenn Hauser World of Radio Page 


+ Glenn Hauser's DX Listening Digest 
e Radio H.F. Internet Newsletter - By Sheldon Harvey 
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+ When it's Hurricane Season! - - various links 


. Check Out my friend DJ Stevie's RADIO 510 Webpage 

. Listen in Real Audio to Radio 510% Special SWL Winter Fest Program. - from KIDD 
Information about the 14th Annual Winter SWL Festival - March 9 and 10, 2001 

+ Sights and Sounds from The 1998 12th Annual SWL WinterFest 


Recent Information Posted on Various Listservers: 


2m list 


+ Re: [2M] Greenville SC repeaters 
Sat, 2001 Nov 17 05:26:26 Walt R Mitty «rgdong @juno.com> 


50Mhz list 
+ [SOMHz] VHF: 6m 8877 Amplifier Efficiency 
Sat, 2001 Dec 1 15:56:32 Lance Collister <w7gj © bigskyspaces.com> 


amfmtvdx list 
+ [AmFmTyDx] Saturday HCI 40 Meter Net 
Fri, 2001 Nov 30 22:10:04 "Duane Fischer, WSDBF" <dfischer@usol.com> 


+ [AmEmTyDx] HCI Global Glow Tonight 
Wed, 2001 Nov 28 10:14:29 "Duane Fischer, W8DBF" <dfischer© usol.com > 


HardCoreDx Listserver 
+ [HCDX] test tranmisson to North America 23-25 December 
> From: "Konstantin Gusev" <gusev@itep.ru> 


hsms list 


+ [HSMS] Leonids pictures 
Sun, 2001 Nov 25 18:00:47 "Shelby Ennis, WSWN" <w8wn@arrl.net> 


milcom list 
+ Re: [MilCom] Altitudes Question 
Wed, 2001 Nov 14 09:26:49 Ken Litton <klitton@ highpoint.net> 


rec.radio.shortwave 
+ What radio should I buy? - various, rec.radio.shortwave news group 


spooks list 


+ [Spooks] N&O #43 
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Sat, 2001 Dec 1 11:39:25 ary Gluna.nl 


+ [Spooks] Telephone History 
Tue, 2001 Nov 27 17:06:20 "Schlake ( William Colburn )" <schlake@nmt.edu> 


swl list 

+ [SWL] Radio Bangladesh 

at, 2001 Dec 1 02:29:33 Thomas Roth <th.roth@knuut.de> 

+ [SWL] ALL INDIA RADIO : B-2001 COMPLETE SW SCHEDULE 
Fri, 2001 Nov 16 13:07:42 Thomas Roth <th.roth@knuut.de> 


« Yatcht Boy 400 Problem - Joseph Lee, SWL list 
re: Yatcht Boy 400 Problem - Duane Fischer, SWL list 


wun list 
+ [WUN] Artic Radio 
2001 Dec 1 21:27:18 Jack NeSmith <nesmith@ bitstorm.net> 
+ [WUN] AERO: Arctic Radio ARINC on 8891 
Sat, 2001 Dec 1 18:08:23 "Mike Leary" <mleary2001 ©montana.com > 


+ Info on Monitoring Shuttle Launch! - R. Baker & A.Stern via WUN Listserver 
Slow Scan TV Project on MIR! - from AE4RO & WUN Listserver 


Selected Radio Monitoring Listservers with News £ Tips 


+ Recent postings on HARD-CORE-DX listserver - archive for 2000 


+ Recent postings on Rec.Radio.Shortwave - on Deja.com 
. Recent postings on Rec.Radio.Shortwave - on InfoCop.Com 


Check out these listservers from QTH.net: 


+ Archive of Recent postings on the AMFMTVDX listserver 
+ Archive of Recent postings on the ANTENNAS Listserver 
+ Archive of Recent postings on ће ACARS Listserver 


Archive of Recent postings on the ACARSLOGS Listserver 
Archive of Recent postings on the ATLANTIC Listserver 
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+ Archive of Recent postings on the BOATANCHORS Listserver 


+ Archive of Recent postings on ће MILSURPLUS 
+ Archive of Recent postings on the FEDCOM Listserver 

+ Archive of Recent postings on the HEARSAT-L Listserver 
+ Archive of Recent postings on the LOWFER Listserver 

+ Archive of Recent postings on the MILCOM Listserver 

+ Archive of Recent postings on the SCANNER Lis 
+ Archive of Recent postings on the SPOOKS Listserver 
+ Archive of Recent postings on the SWL Mailing List 

+ Archive of Recent postings on ће WUN listserver 


erver 


Selected Radio Monitoring email lists on the Yahoo eGroups Listserver 


+ Amateur-repairs + RailScan + scantech 
+ amfmiv + уйе + RealDX (audio) + scan ky wv 
+ antenna + MidlandPirates + Real-Scan-Audio . scan michigan 
+ antique-radio + Milcom2 e safs + SoCalTAlkRadio 
+ armyradios + MML + scand + SWpirates 
+ Broadcast-Band- e MNscan + scan-nyc . swrs 
DXing + MONIX + SCAN-PA + TampaScan 
+ cnjscanner + monmouth-races + ScanAtlanta + TexasScan 
+ connscan + mil-scan . + TpaBayscanner 
+ cothen + MWDX-Midwest e + TubeSWL 
+ dxbands + ni scanner es + UKMidlandscanner 
+ FloridaScan + nnj-scan . + usedhamgear 
+ frequencies + nordic-vhf + Scanlndiana + UtahScanner 
+ hamásale + NZSCANNERS + scaniowa + VermontScanner 
+ Hamfest + OHfregex + scanner + vhískip 
+ HobbyScanning + OTTAWASCAN + SCANnorCAL + VirginiaScanner 
+ i95-scanning + PacificRimDx + SCANSNE + waveguide 
. icdx + PacNWMilCom + scansweden + wpascanner 
+ ISSmonitors + phlscanner 
+ kc-scannin, 
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AM BroadCast Band DX News 


AM-DX News Flash 


« AM-DX NEWS FLASH - June 07 2001 (62k) 
AM-DX NEWS FLASH - June 14 2001 (31k) 
AM-DX NEWS FLASH - June 28 2001 (100k) 
AM-DX NEWS FLASH - June 14 2001 (73k) 


+ AM-DX NEWS FLASH - June 28 2001 (57k) F 


BCB Reports and DX peditions 


+ Archive of Recent postings on the AMFMTVDX listserver 

+ Directory list of AMFMTVDX 

+ Subscribe to the AMFMTVDX Listserver - type Subscribe amfmtvdX in the message Body 
Post a logging to the AMFMTVDX Listserver at: amfintvdx © qth.net. 


. Canadian DX Message Board with BCB DX 
FM & TV DX skip announcements From Finland. 


+ Broadcast Band DX Propagation Log 
An interactive log book for reporting BCB DX Openings! 


e Report from Newfoundland 97 DXpedition - on Werner Funkenhoauser's site 
« Mika Makelainen's DXpedition to Lemmenjoki, Finland 


BCB DXing Clubs & Organizations 


+ AMANDX Canadian DX Website 
. IRCA, International Radio Club of America Homepage -- IRCA Text Homepage 
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CPC DX Tests from the IRCA and NRC 
+ LWCA, LongWave Club of America Homepage 
+ MWC, Medium Wave Circle home page 


+ NRC. National Radio Club Homepage 
+ DXLC, DX Listener's Club LW to SW Beacon List 


+ WTEDA, World TV/FM DX Ass 


BCB DXing Lists and Loggings sites 


+ Werner Funkenhauser's WHAMLOG and Mediumwave DX Links 
+ William Demmery's Canadian AM Radio Directory - find those 
+ David Onley's Mediumwave DX Page - in Australia 

. Lee Freshwater's BCB DX Logbook 

+ Peer Axel's European MW page 

+ Peer Axel's Medium Wave Frequency Survey for Central Europe 

+ David Sharp's Most Excellent Homepage - Moderator AMFMTVDX Listserve 
+ Robert Kramer's Medium Wave Homepage 

+ Paul Ormandy's South Pacific DX Resource Page - good BCB DX resource 

+ Medium Wave Alliance home page 

+ DX midAMerica Web page 

+ Medium Wave DXing in Northeast USA. 

+ Mizars AM Radio page - w/loggings 

+ Joseph Cooper's Tuning Up Your BCB Monitoring Station 


- Terrific website! 


anadian Unids here! 


+ FTP site with list of North American BCB stations (whamlog.zip) 
e Search FCC Datadase for AM Radio Statior 
e Airwaves’ FCC Broadcast Station Database Search 


e Bob's list of Long Wave DXing Links 


+ Industry Canada Frequencies Lists 
+ AMANDX AM/FM/TV UNIDs Message Board 


+ AE4RO, Tom's AM ВСВ 0515 


+ AM Broadcast Band DX List - from various sources (searchable) 
+ Industry Canada's North America AM List - from Werner Funkenhauser's Archives 


+ Broadcast Station Location Page by John Kodis - may be down. 
+ Chris Ridley's European And UK Frequency Lists - AM,FM 
+ Search Ultimate's US TV Station Lists 
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+ AM Broadcast Station Search - from ASD at fcc.gov 
ation Search - from ASD at fcc.gov 
from ASD at fec.gov 
. Other goodies on the FCC Audio Services Di 


n site 


+ Archive of Recent posting on the LOWFER - Listserver 


TIS and Extended Band info 


+ Bill Harms’ TIS and HAR Frequency List web page 
+ Harry Helms’ Extended AM Band Logging page 

+ Shawn Axelrod's North American XBAND List - AMANDX website 

+ FCC Authorized Expanded Band Allotment plan - on USNET by Mark Roberts 
+ Dale Bickel's TIS Frequency Search - from ASD at fec.gov 


TV and FM Monitoring Info 


e Jeff Kadet's TV DX Photo: 
e Више TV Schedules of the World 

e G4FBZ's DXTV at the height of Cycle 22 - DXTV Photos 
« Fernando Garcia's TV DX via горо - from Mexico 


Identifying TV DX from Mexico - from NLADxer 
+ NLADxer's TV DX EXHIBITION 


Great TV DX Site 


e TV Broadcast station search - from ASD at fec.gov 
e TV Guide Eastern Zone edition 


jood TV/FM station Search 

ion Location Page by John Kodis - search for TV stations 
e Search Ultimate's US TV Station Lists 

« Ultimate TV Homepage 

e TV Carrier Frequencies in the US 

fic area TV video carriers 

. US TV Carrier Frequencies 

TV Transmitters in Africa and Middle 
e TV Transmitters in Far East and Расій 


- From Equinox 
From Equinox 
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e TV Transmitters in Europe - From Equinox 
The Radio and Television Transmitters list 


e The Radio and Television Ti Site 


British TV & FM Circle Homepage 

+ DDXLK. Dansk DX Lytter klub - with TV/FM 
• ТЕРА, World TV/FM DX Assciation, 

. The EM & TV DX Plaza From Finland 


+ EM & TV DX Plaza skip announcements - From Finland. 


+ WB2VVV's Radio Page with FM Dxing info 


. The EM DX Web - w/syndicated lists 

« Elliott Broadcast Services FM Database 

« Radio TV Dial Pages 

« Matts Tallahassee TV DX Page 

. Mikes's EM DX Page 

+ EM Broad tion search - from ASD at fcc.gov 
e Search the FCC's AM/FM database 


+ Industry Canada Frequencies Lists 


+ TV/FM Skip Log 
+ 26 mHz FM Relay Stations - posted on WUN 


[LOP|Antennas|AmDx|Clubs|Ham|Pirate|Revrs|UTE|Bookmarks|QSO|LogBook| 


Selected UTE Sites with News & Tips 


. Bob's UTE News Web Page - on this site! 

+ Mike's OhioScan € DXing Page 

« Spy Centre: Spy Numbers Stations 

+ Hugh Stegman's Utility World 

« The Spooks Newsletter, Numbers and other oddities - Good numbers Info 


+ an Julian's Pacific-Rim Monitor page 
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e Marius Rensen HF-FAX Web Page 

+ PY2VHF's UTE Webpage 

. Rick "RD" Вакег UTE page 

. World Wide Utility News, WUN Homepage 

• The European Utility Newsletter 

+ Scramble Inteligence Service Bulletin 

+ Monitoring Times 

+ BDXC's WEFAX Information and Frequencies 

+ WUN Military Channel Designator's List 

e Tigger's Military Callsigns list Page 

ard Lacroix's Military Communications Home Page 

. ITU Ship's database. Interogate for callsign, name or selcal. 
e Aerobea 
e Klingenfuss's Hot Frequency List 

. DIGI and RTTY Decoder Information 

. Plan of the Day Report for the Hurricane Hunters 


web site 


• The Community Air and Space Report. - (satellite and shuttle info) 

+ TODAY at NASA, daily space news updates 

e Receiving Space Shuttle Voice Communications - on USENET by H.Flashman 
. IRC #monitor Information - on A Pile's Site 

+ Subscribe to VHFSKIP 


server. 


+ Archive of Recent postings on the WUN listserver 
+ Archive of Recent postings on the MILCOM listserver 


+ Al Waller's QTH.NET Mailing Lists - all the lists you could ever want! 


+> UTE News and Information Page 


Selected HAM Radio Sites with News & Tips 


« Amateur Radio Links and Info page 
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+ AC6V's DX News page 

+ AE4RO, Brother Tom's Homepage 

+ AMSAT News Service 

+ Al Waller's QTH.NET Mailing Lists - all the lists you could ever want! 
e Bry's Ham Radio Files page 

+ Buckmaster World Wide Ham Call Search 

+ РАКС - Deutscher Amateur Radio Club 

+ DK3XT's Make More Miles on УНЕ 

+ DXER.ORG, "DX NEWS" - Various Ham Info, News & Links 
« Equinox HF News page 

« Equinox HAM Radio Web site - Specializing in VHF/UHF 


. kg7fu's Linux Ham Pages 
+ NCDXE/IARU International Beacon Network - 20 to 10 meter beacon info 


+ OSL.NET - Various Ham sites provided by Al Waller 
• Топу Lacy's NuMorse / NuTest HAM Page - (Starting ош Ham Info) 


e Ham Radio FAQ #1 on Oakland.edu 
+ Ham Radio FAQ #2 on Oakland.edu 
+ Ham Radio FAQ #3 on Oakland.edu 


+ List of DX Packet Clusters 
+ OH2BUA DX Web Cluster World Desk 

+ The JA Web Cluster in Japan 

+ the DX Web Cluster in Japan 

+ the DX Propagation Logger - for posting Propagation Alerts. 
+ real-time Greyline Map - in black & white 

+ Near-Real-Time MUF Map - shows Greyline 

+ Last 25 WWV reports 


Amateur Radio Listservers 


+ Archive of Recent postings on the 2M Mailing List 

+ Archive of Recent postings on the SOMHZ Mailing List 
Archive of Recent postings on the NEWSVHF Mailing Li: 
+ Archive of Recent postings on the BUTLER VHF Mailing List 

Archive of Recent postings on the ELECTCHESTER VHF Mailing List 
Archive of Recent postings on the ROCKY MOUNTAIN VHF Mailing List 
Archive of Recent postings on the VHF-EA-CT Spanish Mailing List 
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+ Archive of Recent postings on ће HSMS Mailing List 
+ Archive of Recent postings on the METEOR-SCATTER Mailing List 
+ Archive of Recent postings on the 222EME Mailing List 


. Subs 
e Subs 


be to the UK VHF-CONTESTS Reflector 
ibe to the UK VHI ISCUSS Reflector 

+ Subscibe to the UK VHF-DX-WARNINGS Reflector 
+ Subs USA 6 Meter Reflector - Type subscribe six-list in the message body. 

+ Subscibe to the Japanese VHF Reflector - Type subscribe 6m-dx in the message body. 

i Type subscribe vhf in the message body. 

Subscibe to the Swedish EME Reflector - Type subscribe еше in the message body. - Info here! 
. Send message to Moon-Net EME Li: 


server - or Get Mailinglist Commands 


+ Ham Equipment rec.radio.amateur.equipment 
+ Ham HomeBrew rec.radio.amateur.homebrew 


Amateur Radio Links and Information Page 


Shark River Radio 
— ato Radio _ 


Free « Pirate Radio S 


+ Alfa Lima International 
+ Andrew Yoder's HobbyBroadCasting.Com 


tes with News & Tips 
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e Clandestine Radio Broadcasting Web Page - List of Clandestines around the world 
+ Hermon Boel's, "Free Radio Stations" list 

+ the Free Radio WebRing - maintained by WKJCE 

+ Mining Company's Pirate/Free Radio Page 

e Nick Grace's Clandestine Radio Intelligence Web 

e Nick Grace's page on ClandestineRadio.com 

« Radio Waves International Free Radio Web Page 

Chris Smolinski's PIRATE Page 

e Peer Axel's Alternative Radio for Europe 


Clandestine Radio Watch, CRW 
+ Clandestine Radio Watch Newsletter 
. Pirate Radio Pages 


+ OSL Information Pages 
+ Martin Schoech's SRS Deutschland Radio Home page 


Free Radio Network, FRN 
+ FRN Top Home page 
+ ACE Home page 
+ ACE Articles & News 
+ ACE Past Loggings page 
+ FRN Chat 
+ FRN's "Grapevine" 
e Radio Free Internet - by Andrew Yoder 
. REI's Pirate News 
RI 


e Kirk Trummel's Workshop 


Free Waves 
e Free Waves Web site - in Italy 
e Free Waves' "Hot News" 
« Free Waves' Audio Files in RA £ Wav 


Radio 510 International 
« Radio 510% Home page 
« Radio 510% Relay Rates 
e News from Radio 510 
« Radio 510's IRRS Schedule 
e Radio 510% WBCQ Schedule 
e Listen to Radio 510's 1998 Special SWL Winter Fest Program. - in RealAudio 
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Swedish Report Service, SRS 
« Swedish Report Service Home page 
« SRS "The Free Radio Page" - Piracy info & resources 
SRS Pirate new 


e Various Pi ind Free Radio Bookmarks 


RZE 
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DX Clubs with News & Tips 


425 DX News, Amateur Radio Bulletin 
e 425 DX News, Bulletin Page 


« DX Calendar Page 
e Links Page 
e 425 DX News, Italy. Homepage 


Alberta/Manatoba Radio DX Club, AMANDX 
+ AMANDX AM/FM/TV UNIDs Message Board 
+ Shawn Axelrod's North American XBAND List 
« The GREAT WHITE NORTH Antenna 
e Obtaining a QSL Verification from a Station 
+ Info on French and Spanish Pronounciation 
+ AMANDX Homepage 


American Radio Relay League, ARRL - (Ham Radio) 
+ ARRL Web Site Index 
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+ ARRL Awards Program. 
+ ARRL Technical Information Service 


+ ARRL WIAW Bulletins 

+ WIAW Schedules 

+ Hamfest and Convention Calendar 

e Learn About Ham Radio 

+ American Radio Relay League Homepage 


American Shortwave Listener's Club, ASWLC 
DX SWL Programs 
e Hot Spots Listening 
+ Shortwave Loggings from West Coast USA 
« Your Special Listening Dates Calendar 
International Bro: 
+ ASWLC club Message Board 
+ American Shortwave Listener's Club Homepage 


Araucaria DX Group, ADXG 
+ ADXG, Club News 
+ ADXG, Araucaria DX Group, Amateur Radio club, Brasil - (in Portugese) 


Asian Broadcasting Institute, ABI 
+ ABI's Asian Shedules page 
+ Asian Broadcasting Institute Homepage - in Japan 


Asociacion DX Barcelona, ADXB 


e Frequency Lists 
+ Mondo DX Bulletin #215 


+ Noticias DX Bulletin #025 
+ Utility DXing Links 

+ Radio Stations Direct in RealAudio 

+ Radio Statio RealAudio Archive 

+ ADXB, Asociacion DX Barcelona, Spain, Homepage 


Asociancion Espana la de Radioescucha, AER 
+ EL-Dial Bulletin 


+ Emisoras International 


+ List of Shortwave stations using Realaudio 
+ AER, Asociacion Espanola de Radioescucha, Spain, Homepage 


Asociazione RadioAmatori Italiani, ARI 
+ ARI, Amateur DX Info Page 
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ARI, DX News Page 
+ ARI, Assiciazione RadioAmatori Italiani, Italy - (in Italian) 


Association of Clandestine Enthusiasts, ACE 
+ ACE Home page 


+ ACE Loggings page 
+ ACE Articles and News 


Association of North American Radio Clubs, ANARC 
. 1999 ANARC Awards 


. 1999 North American DX Championships 

+ ANARC Club list - with links 

. Dave Kirby's ANARC SWL Net Home page 
+ ANARC Homepage 


Assoziation Deutschsprachiger DX-er, ADDX 


+ ADDX Current Hour English Broadcasts 
+ ADDX Shortwave Schedules 


e Radio Statio 
+ ADDX Homepage 


оп the Internet 


Australian Radio DX Club, ARDXC 


+ ARDXC, Classified Page 
+ ARDXC, Australian Radio DX Club 


The Benelux DX Club - BDXC 
+ Benelux Homepages 

+ Benelux DX-Club "Monthly Bulletin" 
+ DX Programmes to Europe" 

+ English Transmissions to America 

+ English Transmissions to Europe 

+ WEFAX Information and Frequencies 
The Benelux DX Club Homepage 


British DX Club 
+ British DX Club's Articles Index 
+ British DX Club's DX Program Guide 
+ British DX Club's Afi 


British DX Club Homepage 


an Station List 


British FM & TY Circle 
. the "Skywaves" Bulletin 
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+ CB and Amateur Radio Prefix List 
. ЕМ Rea 


e Latest DX Loggings 
« Meteor Shower Calendar 


+ "On Screen" Long Distance TV Loggings 
e British TV & FM Circle Homepage 


ег Reviews 


Broadcast Listening Club, BCNEWS, Italy 
e Media News 
e Audio Gallery 
. OSL Gallery 
+ BCLNEWS. BCL News Club, Italy 


Canadian International DX Club, CIDX 
« CIDX Bulletin, the Messenger 
« Special Feature "Catch 26" 
еп to the International Radio Report in RealAudio - 1530 ш Sundays 


. Canadian Internation DX Club Homepage 


Central Florida Listeners Group, CFLG 
+ Disney World Frequency List 
+ Central Florida Repeater List - (Zip file) 
+ CFLG Upcoming Events 
e Central Florida Listening Info 
+ CFLG Member Homepages 
e CFLG Links Page 
. CFLG, Central Florida Listeners Group 


Clube DX-ista da Amazonia, CDXA 
+ CDXA. Radio Station Recordings page - (in МРЗ) 
• СОХА, Tropical Band Stations 
+ CDXA, DX Radio Programs 
+ СОХА, Receiver Reviews 


+ CDXA. DX Club List page 
+ CDXA. Clube Хіма da Amazonia, Belem, Brasil Homepage - (in Portugese) 


+ CDXA's Loggings page 
e Club DX-ista da Amazonia Homepage 
DXing with Cumbre 
+ Cumbre Dx Bulletin Arci 
DXing With Cumbre Radio Program - in RealAudio 
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« DXing With Cumbre Radio Schedule - by Marie Lamb 

« DX Station Audio Samples 

+ QSL Gallery 

+ Special Edition News DX Items Too Hot to wait for the Newsletter 
e Club B; 
+ Cumbre DX Pagina en Espanol 
+ Cumbre DX Homepage 


Czechoslovak DX Club, CSDXC 
« CSDXC, "DX Revue" Bulletin 


« CSDXC, Czechoslovak DX Club, Czech Rep. Homepage - (in Czech) 


Danish Shortwave Clubs Internationa, DSWCI 
+ DSWCI, Latest New 
+ DSWCI, Members Loggings 

+ DSWCI, Danish Shortwave Clubs International, Homepage 


Danish DX Listeners Club, DDXLK 
+ DDXLK, Tips and Loggings 

+ DDXLK, DXing Book Service 

+ 25 Mhz Frequency 

+ Local Radio in Denmark 

+ Pics from Radio limfjord (for men only! Hit 
+ DDXLK, DX Articles - most in Danish 

+ DDXLK Links page 

+ Nordic DX Championships Page 

. Niels Holst's Homepage - member 

+ Peter Witten's Radio-siden Page - member 
+ DDXLK, Dansk DX Lytter klub - most in Danish 


Hi!) 


DX Antwerp, DXA 
+ DXA's "DX MONITOR" - DX News compiled by Mark Vissers 
+ DXA's Shortw hed 


Antwerp Homepage 


DX Clube do Brazil, DXCB 
« DXCB, DX Articles Page 
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DX News, Tips and Information page 
+ DXCB, Loggings Page 
+ DXCB, Transmissions in Potugese 
+ DXCB, Ut 


+ DXCB, DX Club do Brazil Homepage 
DX Clube Paulista of Brazil, DXCP 
+ Logs Ondas Medias - BCB and SW loggings 
laps 
+ DX Clube Paulista of Brazil Homepage 


er's Club Norway, DXLC 


LW to SW 


+ DXLC's "Solar Terrestrial Report” 
+ DX Listener's Club Homepage 


Electronic DX Press, EDXP 
+ EDXP, List Archive 
. Asia Link 
+ Bob Padula's Electronic DX Press, EDXP 


El Dial, Spanish Listeners Club news 
AM BroadCast Band Loggings 
+ EL Dial, Shortwave Loggings 


European DX Council, EDXC 
+ EDXC, Conference page 


+ EDXC, Members page 
+ EDXC, European DX Council Homepage 


Finnish DX Association, SDXL 
+ Raimo Makela's Tropical Band Station List 
+ Raimo Makela's Portable Shortwave Radio Reviews - in Finnish 
+ Radio Station Schedules and Frequencies - in Finnish 
« Finnish DX Association Homepage - In Finnish 


Federation of Mexican Radio Experimenters, FMRE 
+ Boletínes Domini 
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IARU Info 

+ "ESTACIÓN DX" Radio Program 

+ RED NACIONAL DE EMERGENCIA 

+ EMRE, Federation of Mexican Radio Experimenters Homepage - (in Spanish) 


German Signal Search Ring, GSSR - UTE Monitoring 
+ Digital Sounds Page 
e Frequen ts 

+ Number Station logs and audio 
+ Hardware Projects and info 

+ Medium Wave Loop antenna 

+ Decoder Software 


GSSR, German Signal Search Ring Homepage - (German & English) 


Grupa DX Mediterraneo, Medi DX 
+ Intro to Long Distance Medium Wave DXing 


+ Antennas Page 
+ Medium Wave Stations from 


+ Medi DX, Grupo DX Mediterraneo Homepage - (Spanish and English) 


Gruppo d'Ascolto Due Mari, GADM 
+ GADM, DX FanZine 

+ GADM, Shortwave, Community and Alternative Stations in Italy 
+ GADM, Shortwave Stations on the Internet 

+ GADM, Italian DX Vocabulary 
ирро d'Ascolto Due Ма! 


taly - (in Italian) 


Gruppo Radioascolto Liquria, GRAL 
+ GRAL, Cover Photo of GRAL "Media News" Bulletin 

+ GRAL, QSL Column 2000 

+ GRAL, Italian DX Club Links 

+ Mediterranean Media News 

+ Gruppo Radioascolto Liguria, Italy Homepage - (in Italian) 


Hard-Core-DX 
+ Last 10 Articles posted to Hard-Core-DX 
+ Search Hard-Core-DX 

+ Britti-Dx, Tampereen DX Club Page 

. Distance-On-Line DX Page 

g Links Page 

+ Freeze, DXing Artic Style Page 
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+ Latin American DX 
Medium Wave DX 


SWB, Shortwave Bulletin Web Page 
Ib of Tampere Web Page 
+ Hard-Core-DX Homepage 


Indonesian DX Club, IDXC 
+ IDXC, Indonesian Shortwave Broadcastings 
+ IDXC, DX Diploma 

+ IDXC, QSL Images 

+ Indonesian Radio Web by Nick Grace. 


+ Indonesian DX Club Homepage 


International Broadcasting Bureau, IBB 
+ IBB, Jamming Sounds page 

+ IBB, Frequency and Language Schedules 

+ VOA, Voice of America Homepage 

+ RFA, Radio Free Asia Homepage 

+ RFE/RL, Radio Free Europe / Radio Liberty Homepage 

+ Radio Marti Homepage 

+ IBB, International Broadcasting Bureau Monitoring Homepage 


International Correspondence DX Group of Australia, ICDX 
+ ICDX Mailing List Info - (on eGroups) 
+ ICDX Bytes and Bits Computer Column Archive 
« Selected News from "Crossfire", the ICDX Bulletin 
. Selected Pacific AM BC Station News. 


+ "Power Plant" ICDX Equipment Reviews 
+ International Correspondence DX Group Homepage 


International Radio Club of Am 


+ IRCA's Hot BCB Tips 
+ IRCA and NRC CPC DX Tests 


+ International Radio Club of America Homepage - medium wave only club 


‘a, IRCA 
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Broadcasting in Russia 
Irkutsk DX Circle Homepage 


JA-DXing in Japan 
+ Jembatan DX Bulletin 

+ Yokohama DXing Index 

+ Russian DX Page 

+ Listen Points News 

+ JA-DXing Homepage - by Nobuo Takeno 


Longwave Club of America, LWCA. 
+ Longwave Message Board messages 


+ LF Utility Stations Resource page 
+ LWCA Homepage 


Medium Wave Circle, MWC 
+ MWC Publications/Reprint Service 
+ Intro to long distance MW listening 
+ DXing NAVTEX 


+ Medium Wave Circle home page 


Michigan Area Radio Enthusiasts, MARE 
+ MARE, Mid East Situation Info 


Schedules 
+ MARE, Sony 2010 Fag 
+ Michigan Area Radio Enthusiasts Homepage 


Minnesota DX Club, MDXC 
+ Loop Antennas - good resource 

+ Winter Shortwave Frequency List 

+ Pavek Museum of Broadcasting 

+ Minnesota DX Club Homepage 

+ James Dale's Homepage - MDXC host 


Mohawk Valley Shortwave Listeners Club 
+ MVSWLC Clandestine Page 
What in the World? Page 


+ Articles and Special Reports (DX Camps) 
+ Mohawk Valley Shortwave Listeners Club Homepage 


Nagoya Dxers Circle, NDXC 
« NDXC, Newsletter Index 
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+ NDXC, Nagoya Dxers Circle Japan - (in Japanese) 


National Association of Shortwave Broadcast, NASB 


« NASB, Newsletter 
« NASB, Members 
oN. Associates 


+ NASB, National Associaction of Shortwave Broadcasters 


National Radio Club, NRC 
+ NRC's International DX Digest directory listing - MW loggings 
+ NRC Publications and Reprints 

+ National Radio Club Homepage - medium wave only club 


New Zealand Radio DX League, NZRDXL 
+ DX Forums Page 


inks featured innthe NZ DX Times Magazine 
+ DX Articles and Info Page 
+ Paul Ormandy's South Pacific DX Resource Page - good BCB DX resource 


+ NZRDXL, New Zealand Radio DX League 


North American Shortwave Association, NASWA 
+ NASWA's Journal Highlights 
+ NASWA's Shortwave Listening Guide - by John Figliosi 
+ North American Shortwave Ass 


Ontario DX Association, ODXA 


+ ODXA's "Target Listening Guide" - by Harold Sellers 
. 0 edi: i 


Play DX, DX News Magazine 
+ Play DX, DX Clubs in Italy 

+ Play DX, Private MW and SW Stations in Italy 
+ Play DX, RAI Stations on LW and MW 

+ Play DX, Medium Wave Station in Spain 

+ SWRS, Shortwave Relay Service Homepage 

+ Dario Monferini's "Play DX" Homepage 


Radio Rama, Italy's DX Magzine 
+ RadioRama, Web Site FAQ 
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+ RadioRama, DX Radio Services 


+ RadioRama's Homepage 


Society to Preserve the Engrossing Enjoyment of DXing, SPEEDX 


+ Daniel Sampson's Shortwave Broadcasts to North America 
+ DX and Other Interesting Programs List 

+ Interactive DX LogBook. 

+ DX QSO Link 

+ Tropical Band List 

+ SPEEDX Homepage 


Society of Osaka Radio Audience, SORA 
Reports 
+ DX Links page 


+ Members Homepages 
+ SORA, Society of Osaka Radio Audience Japan - (in Japanese) 


South Asia Radio Guide, SARG 
+ SARG, Radio News 
+ SARG, Frequency Database 
+ SARG, English Shortwave Schedules 
+ SARG, All India Radio Schedules 
+ SARG, South Asia Radio Guide Homepage 


Swedish DX Federation, SDXF 
+ SDXF's "DX-Relaterat" - Not in English 
+ SDXF's DX Tips board 

+ Swedish DX Federation Homepage 


SWL.NET, by Al Waller, 
+ Central Florida Listeners Group, CFLG 

+ Club Babalu Homepage 

+ Newcastle Scanner & Shortwave Group, NSG 

. Radio China, All about radio in China 

jurfer DX Club 

+ SWL.Net Master Index page - List of all the pages on ul net 
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+ Archive of Recent postings on the SWL Mailing List 
+ Subscibe to the SWL Email List - type subscribe SWI in the message Body 
+ Al Waller's QTH.NET M: 


12 Lists - all the lists you could ever want! 


UK Six Meter Group, UKSMG - (50 Mhz Radio Amateurs) 
* Check the UKSMG 6m DXCluster 
+ 6 Meter Audio Beacon List - (listen in RealAudio) 
. Listen to 6 Meters, 50110 Live with a FT650 From the UKSMG. 
« UKSMG Announcements Page 
« UKSMG Six News Archives. 
. What is Six Metei 


« UK Six Meter Group Homepage 


Union Radioaficionados Espanoles, URE 
+ URE EA DX 

+ ENLACES A PAGINAS DE RADIO 

+ LOS SERVICIOS DE LA URE 

+ MATERIAL Y PUBLICACIONES 
+ URE, Union Radioaficionados Espanoles, Amateur radio, Spain, Homepage - (in Spanish) 


Universal DX League, UDXL 
+ UDXL Dial Scan page 
+ UDXL DX News page 
+ UDXL WRTH Update page 
« The UDXL's DX Grapevine (Summer 97) - old but interesting 
o Universal DX League Homepage 


Umeza Broadcast Listeners Club Japan, UBCK 
+ Communications Receivers 
« Frequency Program Guide 


+ DX Links page 
+ UBCK, Umeza Broadcast Listeners Club Japan - (in Japanese) 


WorldWide DX Club, WWDXC 
+ WWDXC, WorldWide DX Club "TOP NEWS" - Compiled by Wolfgang Buschel 
+ WWDXCs Previous week's "TOP NEWS" Compiled by Wolfgang Buschel 

+ AGDX, WWDXC's Parent club 


+ WorldWide DX Club Homepage 


World Wide TV-FM DX Association, WTFDA 
+ EM Radio Related Web links. 


+ WTFDA Member Homepages. 
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WTEDA "MailRoom" Page. 
Treasury Of Techncal Articles. 
TV Related Web Links. 

WorldWide TV-FM DX Asso 


ion Homepage 


WorldWide Utility News, WUN 

WUN File Archives - Loaded with UTE monitoring Goodies 

WUN Special Topics Reports Archive - More UTE monitoring Goodies 
WUN Newsletter 

IRC #WUN & ¿MONITOR 


World Wide Utility News Homepage 


ıt Information 


jump to Clubs: A-C- D- E-1-L-N- S-U- W- Non-Club sites - Radio sit 


Some Very Nice Non-Club Pages with DX News & Tips 


Sonny Ashimori's DX North Korea Page 
Hermon Boels 
Simon Collings’ Radio Page - (language recognition pages!) 

English Shortwave Broadcasts to North America Page - By Daniel Sampson 
Sven Ohlsson's Shortwave Broadcast Schedules Page 

ike Bierwirth's Radio Pages with SW Schedules 


Byron Hicks! Shortwave Radio Schedule Guide 

Hans van den Boogert's Radio China Homepage 

Literature of Shortwave Radio by Ed Janus - Reviews of SWL Books (excellent!) 
MondoRadio DX Club of Italy - Italian Shortwave Resources Page 

Paul Ormandy's South Pacific DX Resource Page - good BCB DX resource 

еп to Paul Ormandy's DX Report on RNZI's "Mailbox" program in Realaudio 
Page 1700 Radio from DC to Light Large collection of links 

Raimo Makela's Tropical Band Station List 


Scan Cat Software and DXing files Page 
Klaus-Dieter Scholz's "www.dxing.de" DX Homepage 


Peter Costello's Shortwave/Radio Catalog 

Shortwave Catalog Index 

Shortwave Catalogue AM/EM Listening page 

Shortwave Catalogue Radio Services page - (FAQs, Propagation, Clubs, etc) 
Shortwave Catalogue Radio Topics page - (Internet Radio, Scanners) 
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+ Shortwave Catalogue Satellite Radio page 
+ Shortwave Catalogue Shortwave page - (Broadcasters, Ham) 


Mark Fine's Fineware WWW page 
+ Mark Fine's Fineware link Homepage 
+ Mark Fine's SWBC Schedules 


George Jacobs and Association 
. George Jacobs NewsFlash 
. George Jacobs Station Schedules 
. George Jacobs and Association Homepage 


Russian SWL and TV DX Page 
e Russian Radio and Television Stations on the Internet 


e Russian Radio and Television Stations list in Russian 


edules 
an DX Publications 
Clubs 


e Russian DX 
+ Whats New 
e Russian SWL-Radio, TV and DX Page - (in Rus 


Sven Ohlsson's DX Web Site 
e Sven Ohlsson's English Home page 
+ Sven Ohlsson's English Schedules page 
e Hialosa DX News by Sven Ohlsson 
+ "Torget" DX News - by Sven Ohlsson 


Chris Ridley's DXers Toolbox 
+ Chris Ridley's DXer's Toolbox Home page 
+ How To... Page - (Verify, SINPO, Projects, etc) 
+ DX Theory Pages 


« European and UK Frequency Pages - Am, FM, LW 


Tom Sundstom's TRS Consultants 
+ TRS Consultants Home Page 

+ TRS Radio Page - Top Radio page 

+ DX News page - Good up to date DX News 
+ TRS Events page 

+ IRC #SWL info page 

+ TRS Links page - One of the Best! 
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Radio Station sites with News & Tips 


Radio Havana Cuba 
+ Amie Coro's "DXers Unlimi 


+ RHC's Homepage 


Radio Netherlands 
+ Real Radio Page - with Receiver Shopping Reviews and Listening Tips 
+ WRN, Radio Netherlands' "Media Network" Program Archives 


e "Media Network" RealAudio Archive Page 
« Radio Netherlands Homepage 


Radio Sweden 
e "Media Scan" Webpage Communications Media News 


« Radio Sweden Homepage 


Voice of America 
+ VOA Programs in RealAudio Page 
+ WRN, VOA's "Communications World" Program Archives 


+ VOA IBB Monitoring Web Site 
+ VOA World Wide Web Home Page 


Glenn Hauser's "World of Radio" 
+ Glenn Hauser's "World of Radio" Web Page & Schedule 
+ WRN, Glenn Hauser's "World of Radio" Program Archives 


+ Glenn Hauser's SW/DX Report 


[jump to Clubs: A- C- 


> OUR COLLECTION OF DXING BOOKMARKS 
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Antenna, Propagation, and Tech Info 
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antenna info and projects 


+ Archive of Recent postings on the ANTENNAS Listserver 
+ Directory list of ANTENNAS listserver archives in Digest format. 


+ AntennaX Zine Homepage 
+ Antenna Elmer - Wire antenna info 

+ Ham Radio - Antenna - Files 

+ Amateur Radio A to М - Files and Info 

+ Amateur Radio Antenna Resource - K3URT 

+ ACTIVE ANTENNA for the Shortwave Region - Good Construction Project 
+ ARRLWeb: The ARRL Publications Catalog (Antennas) - ARRL Info 

+ ORIO! 
+ ACGV's Homebrew Antenna Page 

+ Build your own T2FD antenna, Kees van Engelen, The Netherlands 

+ K3KY's Limited Space, Flags and Pennants Antenna Page - for restricted areas 
+ NordicDX Center's Antenna Info Page 

+ K60GH's Homepage with Antenna Resource Links 

+ Phone Line as SW Antenna - via Bill McFadden's page 

+ Antenna Info and Projects - on funet.fi 

+ Index of /pub/ham/antenna/ - Finland's FUNET Info 

+ A simple LONGWIRE Antenna - on AMANDX website 

+ Longwire Impedance Matching - from BADX 

+ The GREAT WHITE NORTH Antenna on AMANDX website 

The DIPOLE Antenna / Info and Design - on AMANDX website 

+ Antenna Advice for UHF TV DXing - on AMFMTVDX by Neil Kazaross 

+ Discussion on BEVERAGE Antennas - on USENET by G.Kipple 

Inc. Antenna Factors - Names and Terms 


s Antenna Tech and Simulations 


+ Myers Engineering Internation: 

+ Low Noise Antenna Connection - from BADX 

+ Grounding and FeedLine Info by John Doty - on Delphi Web 

+ Grounding Discussion - from BADX 

« Review of ICE Matching Transformer - from BADX 

+ A Grounding System for Shortwave Listeners - on AMANDX website 

e A Simple Anti-Static Device for your Antenna on AMANDX website 
am Radio WWW Server. 


active antenna info 
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+ Gary's Electronic Hobbyist Page - w/Antenna Projects 
. R. Newell's Radio Resources, with Antenna circuits and designs 


« Rainbow Kits ACA-1 Active Antenna - for sale! 
e Naval Electronic Active Antenna MF-HF Reception - for sale! 
North Country Radio, Active antenna for portable radios - for sale! 


Ameco Corp products and services - sells active antenna! 
МЕЈ Enterprises, Inc. - sells antenna accessories 


loop antenna info 


+ Loop Antennas - via MDXC 

+ Review of Radio Plus Electronics Quantum Loop 

+ Shawn Axelrod's 4 foot unamplified Box Loop design 

+ The AMANDX page with The BOX LOOP Info - on AMANDX website 
+ Bru er's's AM Antenna Info 

+ Gerard's Tuned Loop Antanna 

+ LOOP Antenna Discussion on USENET by various postings 

+ A Short and Easy MW LOOP Antenna - on USENET by R.Hardin 
+ Wakko's Radio Page/ - David Moisan's Carpet Loop Antenna 

+ Antennas West Home Page 

+ Kiwa's Pocket Loop Page 

+ Joseph Cooper's BCB page - with Passive Loop plans 


propagation info 


+ Propagation Basics - on AMANDX website 

+ Solar Terrestrial Dispatch Homepage 

+ Near-Real-Time MUF Map - shows Greyline 

+ Aurora Map from the above site 

+ Current Aurora belt picturefrom uiowa.edu 

+ Space Environment Center - Boulder CO, 

+ Space Environment Center's Radio User's page 

+ US Naval Observatory Astronomical Applications Department 
+ GeoClock's Home Page 

+ WWV Indices - Current Flux count 

+ WWVR 


time Indices - current flux count 
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+ WWV Alert and Warnings - current flux count 
e Last 25 WWV reports 


Radio Receivers and Misc Listening Info 


radio receiver info 


+ John Lloyd's collection of Shortwave RECEIVER Reviews 

+ John Lioyd's Reviews on PY2VHF's webpage 

e Dave's Radio Receiver Page 

+ Receiver Shopping List via Radio Netherlands 

+ Shortwave Receiver Info - on funet.fi 

e Receiver and Antenna Re - by Robert Kramer. 

« Basic Receiver Specs Defined - on AMANDX website 

. Collins R-390 Resource homepage - by Chuck Rippel 

+ R-390 Improved Audio Modification - posted on USENET by Chuck Ripple 
+ Posts about DX390 Static damage - on rec.radio.shortwave 


+ DX440/ATS803a resource Page - by Jill Dybka 
+ DX440 helpful Tips - posted by JJ Hitt & Charles Mikelson 


+ DX440 Mod for inproved Gain using the Whip - posted by Frank 
Kenwood R-5000 Handbook 

+ GE SuperRadio - by Werner Funkenhauser 

. David Moisan's GE SuperRadio FAQ - a must read! 

e Joes Radio page - GE SuperRadio 

« Sony ICF 2010/2001d 'FAO' from MARE 

« Sony 2010 filter mod- on USENET by JR. Crabtree 


. Dav 


+ Crystal Radios: Xtal Set Society 

+ Xtal Set Society Articles by Joseph Cooper 
+ Build Your Own Crystal Shortwave Receiver 
+ Recent Posts about CRYSTAL RADIOS on AMFMTVDX list 
+ Antique Radio Page: Articles - Build a "Foxhole Radio” 

+ military radio and Vehicle locator 

+ Boat Anchor resources - on our Bookmarks page 


hitp:vraven.cybercomm net/~slapshovdunews tmi (30 of 35) [9/6/2004 8:23:55 PM] 


DX News, Tips and Information page 


receiver accessories info 


web 


Accessories primer for the Beginner Listener - on AMANDX website 
Add-On BFO Project - posted on USENET by Michael King 
Another Add-On BFO Project - on USENET by Hugo Caron 
DXtreme Radio Software Web Site 
1005 Ham Homebrew 
HARRY's HOMEBREW HOMEPAGE 
REling Computers. 
s Modster Madness - (DX440, YB400, DX398, etc) 
Radio Mods from Oakland FTP Site 
Radio Mods from SUNY Buffalo FTP site 
Jamie Bucher's Radio Mods page 
ORZ.com's Radio Mods page 
AC6V's Technical Reference page 
AC6V's Radio Mods page 
Shortwave Converter Project by Bob Liesenfeld - on gsl.net 
Shortwave Converter Project - on funet.fi 
Build a O-MULTIPLIER 
Build a CRYSTAL TESTER 
KB9JJA Heathkit Ham Radio Page 
МЕЈ Shortwave Products 
Helpful info about NICADS - posted on the Scanner Echo by Bill Cheek 
Sci. Electronics FAQ: Battery Info Menu 
Ramblings about NiCd Batteries 


controlled receivers 


Listen to a FT747 and a Icom PCR1000 in Sweden! 

Listen to an Icom PCR1000 and a SRT CR91 in Norway! 

Listen to 2 Meter Repeaters in Wash DC area w/R7000! 

Chilton's R8 Shortwave Radio 

SW440 in New York State 

Java Radio Server Homepage 

Listen to 6 Meters, 50110 Live with a FT650 From the UKSMG. 


DIGI and RTTY Decoder Information 
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+ RTTY/FAX FAQ on Oakland.edu by NIKGH 
« Packet Radio FAQ on Oakland.edu 


miscellaneous listening info 


e Radio Acronyms by Hugh Stegman (3000+) 
+ Introduction to Shortwave Radi 


+ Intro to LongWave Broadcast Stations - on AMANDX website 

+ The DXers Toolbox - with Basic DX info 

+ The Literature of Shortwave Radio - Excellent Shortwave Book Reviews 
+ Obtaining a OSL Verification from a Station - on AMANDX wel 
+ Info on French and Spanish Pronounciation - on AMANDX website 

+ To convert to UTC time, try this Univ of Illinois page! 

+ PLUG IN Music Reference Guide and Info - WorldWide Music Charts 
c's Guide to Latin Music - Audio Clips 

+ Cuban Music Samples - Audio Clips 

+ La Romana On-Line Dominican Music Samples - Audio Clips 

+ the Sounds Of Shortwave - Audio Clips 

. Wel 
+ Monitoring Times 

+ Popular Communications 

+ Index of FTP.FUNET.Fl:/pub/ham area - Top FUNET menu page 
+ QRZ.com's Ham Files Download page 

+ Index of /pub/hamradio/oak/arrl/bbs - Top ARRL menu page 

+ IRCA Bookstore and Reprints 

+ NordicDX Center's DXer's Lab Page 


NRC Publications and Reprints 
+ The Medium Wave Circle - Publications/Reprint Service 


e Caravan Mus 


me to Tiare Public 


ions 


miscellaneous info and Articles 


+ A Visit to BBC's Hong Kong Relay - posted by Richard Buckby 


hitjraven.cybercomm.nel/-slapshotidknews himl (32 of 35) [3/6/2004 8:23:55 PM] 


DX News, Tips and Information page 


Use DEJANEWS to search for USENET messages 


1 pick-up the FIDO NET SW-Echo from Fred Hatfield's DIGITAL COTTAGE BBS. (504-897-6614) 


[LOP|Antennas|AmDx|Clubs|Ham|Pirate|Revrs|UTE|Bookmarks|QSO|LogBook| 


Some of the Interactive Pages on this site 


The DX QSO LINK is an interactive message page for the exchange of radio 
and DX information. You could try calling CO someone may come back to you. If I'm on at the 
same time, we can talk. 


For the informal sharing of UTE DX information! Also used as a 
supplement to our Internet DX LogBook. 


For notification of SKIP OPENINGS and PROPAGATION 
ALERTS! Many radio amateurs visit this page every day 


Please submit a LOGGING to our LOGBOOK! 


Other Interactive pages and Lists on this site! 


DXProp | VHF 


0 | MS Rocks | BCB Prop | UTE Log | QSO Link | DX Talk 


DXPrograms | ADDX List | TropList | BCBDXList | Hurricane List | UTE List 
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Please feel free to try out and use these pages!!! 


. 16 Bit Netscape 4.08 (Win3.1)(8880k: 
e 32 Bit Netscape 4.08 StandAlone (Win95/NT)(9968k) 
ЕТР site w/Recent Netscapes available here 


+ 32 Bit Netscape 3.04 (3430k) 


Although we have made every effort to ensure the reliability of our 
sources, we do not assume responsibility for their accuracy. 
Standard disclaimer applies! 


Return to the Shortwave and DXing Homepage 


[LOP|Antennas|AmDx|Clubs|Ham|Pirate|Revrs|UTE|Bookmarks|QSO|LogBook| 


8 The Noon Witch In 
DVer ska Goblin Rede 


[Load this image to be 8] 
Number of hits on this page since Nov Sth{counted.) 


[LOP|Antennas|AmDx|Clubs|Ham|Pirate|Revrs|UTE|Bookmarks|QSO|LogBook| 
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Joe Carr Tech Notes 


DXing.com 


Joe Carr's Tech Notes 


Noted author, Joseph J. Carr, has created a series of short articles on topics of 
interest to the shortwave listener. Universal Radio Research is pleased to provide 


Up Front them here in PDF format. 

# {Title [Pages 

(01 [Directional or Omnidirectional Antenna? 7 

[02 [What is a "Good Ground" le 

[03 [Connecting Your Receiver to the Antenna g 
Features 04 [Installing Coaxial Connectors la 

(05 [Connecting the Transmission Line to the Antenna 5 

[07 [Filter, Attenuator, Preamplifier, Preselector — or Barefoot? | 10 

[08 [Small Loop Antennas 7 

109 |Using the Small Loop Antenna |s 


If you enjoy Joe's clear and informative writing style and would like to learn 
more about shortwave antennas we recommend . . . 


Radio Basics 
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Radio Terms E 


Xx 
RECEIVING 


Introduction to 


Shortwave stoning ANTENNA 


HANDBOOK 
Tuning 150 kHz to 30. 


AM Band DXing 


hitp:/iwvew.dxing.cominotes. htm (2 of 3) [9/6/2004 8:23:57 PM] 


Joe Carr's 
Receiving 
Antenna 

Handbook 


By Joseph Carr 

This guide to high 
performance antennas is 
written in Joe's clear, 
easy to understand, 
friendly style. Arguably 
the best book devoted to 
receiving antennas for 
longwave through 
shortwave. An excellent 
book for the shortwave 
listener who likes to 
experiment with 
different antennas, 
©1993 Hightext 189 
pages. 

Ошу $19.95 


Available from 
Universal Radio and 
other select radio and 
book dealers. 


Click here to visit 
Universal Radio's 


online catalog. 


Joe Carr Tech Notes 


Radio Links 


©1999-2004 by Universal Radio Research. All rights reserved. 
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Rectangle Loop 


Choose units for a , h and w = 
meter em inch 


Parameters — Input 


N — turns 
w = 
h 2, 
а = 
pr = + N: number of turns 
+ w: width of the rectangle 
— nH 


height of the rectangle 
wire radius 


+ ur: relative permeability of the medium 


w 


2 2 2 2 
iE = ar + ead e nj tw Ex = n: + 
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Loop Antennas 


MAA Loop Antennas 


| summer uist” (A Principles of the Loop Antenna article was in a newsletter of the MDXC. The next 
three were from a talk that Mike Bates and James Dale gave to the Northland 


| winter List” GORENG Radio Club's Radio Workshop at the Pavek Museum of Broadcasting. 


aud What is a Loop and Why Use It 
ЕЕ Construction Principles 
What Can | Use a Loop For 
Loops Another Look 


Pictures of Home Built PVC loops 


Loop Links 


Principles of the Loop Antenna 


A loop antenna is an antenna primarily for the AM broadcast and the Longwave 
bands. There are two different types of loop antennas, one is the ferrite bar (as in 
your am radio), the other is wound on an air core form. A loop antenna is very 
directional. The pickup pattern is shaped like a figure eight. The loop will allow 
signals on opposite sides to be received, while off the sides of the loop the signal will 
decrease or be nulled out. The nulling feature will allow you to remove a local 
station on a frequency and pick up another on the same frequency by removing the 
local signal. A loop may have an amplifier or may not. 


Air core loop antennas come in many sizes. The larger the loop the more gain there 
is. A small loop will actually lose part of the signal. That is why most small loops will 
use an amplifier. There are two ways a loop can be wound, box or spiral. In the box 
or solenoid loop the plane of the winding are wound perpendicular to the diameter 
of the loop, so each loop is the same size. In the spiral loop the plane of the 
windings are wound parallel with the diameter of the loop, so each loop gets smaller 
as you wind into the center of the loop. A loop needs to be able to rotate to null out 


hiip:/iwvew.trontiemet.net/~jadale/Loop htm (1 of 15) [8/6/2004 8:24:03 PM] 


Loop Page 


a station. And a loop also needs to be able to till from vertical. This also helps in in 
nulling of a signal (altazimuth feature). 


The number of turns the loop needs is determined by the size of the loop, the 
frequency range that you want to tune and the value of your tuning capacitor. The 
larger the loop the fewer turns you will need. A 4 foot loop needs 8 turns and a 2 
foot loop needs 18 turns. The capacitor that is used is the standard AM tuning 
capacitor with a range of 10 to 365 pf. The tuning capacitor is used to tune the loop 
to the frequency that you want to listen to. When you are tuned in to the frequency 
the signal will peak. You may not be able to tune the full frequency range that you 
want to tune. So you will need to use a 2 section capacitor and switch the second 
section in. (more capacitance) 


There are three ways that you can connect your loop to your radio. 


Опе way is not connecting it at all. (This requires a portable radio with a internal 
loop antenna.) The field of the loop will radiate the peaked signal and you will be 
able to pick it up with no connection to the radio. You can move the radio around to 
get the best reception. 


You can also direct couple to the loop. This way you connect to each end of the loop 
and also to the center tap of the loop. Using this method you will need to use it with 
an amplifier. 


The last method is to use a pick up coil. This consists of one turn of wire that is 
placed inside the loop on the cross arms. This is then connected to the radio. The 
distance from the main tank coil can be determined by using a pocket radio and 
moving it inside the loop to find the place were the signal is strongest, and were it 
peaks sharpest. 


In the past loops were made from wood. | have built them and found them to be 
heavy, clumsy, and flimsy. The mounting system were not very stable. In talking 
with Mike Bates, he came up with the idea of using PVC to build loops. PVC is easy 
to cut and because you use PVC molded parts, the loop that you make are is stable. 
By using PVC cement for some gluing and small nylon screws to connect parts you 
have no metal parts except the wire and tuning cap to throw the pattern of the loop 
off. Using PVC it helps to have a drill press, but if a person drills very carefully there 
should be little problems. 


Back to the top 


What is a loop and why use it? 


1). A loop antenna is a small multi turn loop of less than 1/10th wavelengti 
length. The loop is wound on a form, which may be either box (solenoid), or spiral 

(pancake) wound. The core material can either be air, or a powdered iron compound 
(Ferrite). The gain of a loop is much less than a longwire, but it has much less noise 
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pickup. A properly designed Loop primarily responds to the magnetic component of 
the radio wave, Note that noise resides primarily in the electrical component. A 
vertical antenna responds mainly to the electrical component. 


2). Why use a loop? 

A). No available space for a longwire antenna 
B). To eliminate unwanted signals, and noise 
©). Radio Direction Finding 


D). To improve the performance of a simple receiving system, by providing pre- 
selection which improves image rejection, and adjacent channel selectivity. 


3). History 


A) 1915-1920's Early receivers used loop antennas, until they were discontinued in 
favor of long wire antennas, prior to 1930. 


The loop antenna appeared again about 1938. This time it was used to eliminate the 
need for a longwire antenna, and to provide for safer operation of the small midget 
AC/DC sets that came into wide use at that time. 


B). The first known use of a high performance loop antenna is the box loop made by 
Ray Moore in the mid 1940's(1) This antenna was written up in DX Horizons in 
1960. The Moore Loop was wound on a 40" square box frame. Note: Ray Moore is 
the Author of the book on the history of Communications Receivers, and a new 
companion book on Transmitters. 


C). The next major advance in Loop Antenna design came about as a result of 
advances by Gordon Nelson of the National Radio Club. The NRC Loop 
Antenna(2)was designed by Nelson in the Mid to Late 1960's time frame, Nelson 
was at M.I.T. at the time. The major advance that Nelson made was allowing the 
loop to rotate in the vertical as well as horizontal plane. The addition of the Alt- 
azimuth adjustment allows for the elimination of the effects of "wave tilt" and allows 
for much deeper nulling of certain stations, This loop was а 35" on a side and wound 
оп a wood frame. In one form it utilized another Nelson first, a direct coupled 
Balanced amplifier using 2N4416 J-FET's with the outputs fed to a balanced feedline. 
The other version was link coupled to the receiver. 


D). Sanserino Loop (1970-1985) This is a 2 foot Air core box loop designed by Ralph 
Sanserino, and later marketed by Radio West. This loop antenna used a Differential 
Amplifier similar to Nelson's except the output is not balanced. This antenna also 
has the Alt-azimuth feature. (available as a kit) The amplifier was later used in the 
Radio West Ferrite Loop Antenna (see below) . 


E). Joe Worchester (1970-1977) a retired GE engineer developed the "Space Magnet 
", a small 12" ferrite rod loop antenna using a Bipolar Junction Transistor 
amplifier(3). Nulls were not as deep as with the Nelson Loop. This is also probably 
the first loop antenna commercially available to the hobbyist, at a cost of about 
$45.00 if remember correctly. Later versions utilized the Nelson Alt-azimuth 
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feature. This antenna also used a Faraday Shield around the Ferrite Bar. 


F). Mackay Dymek (1974-Early 1980's) , Palomar Engineers (1977-current). These 
are small ferrite antennas made by larger commercial concerns, The Mackay Dymek 
was primarily for the Broadcast Band, where the Palomar has plug in coils for ranges 
from 10Khz to 15Mhz. Note that both of these antennas incorporated alt-azimuth 
design. 


б). Radio West(1979-1985) 23" ferrite rod assembly using Sanserino Differential 
Amplifier, direct coupled, Has Alt-azimuth feature, $160.00 in 1979.High 
performance for its day, quieter than the "Space Magnet" 


Н). Quantum Loop (about 1990) by Gerry Thomas is a small ferrite rod less than 1" 
in size (length), with a high gain 40Db amplifier. has Alt-azimuth feature, in current 
production in various forms $135-$200.00. 


1). KIWA Loop 1992 First Air core available since Nelson/Sanserino. Uses IC 
amplifier Opto isolated regeneration and varactor tuning. High performance, solidly 
built, in current production. $360.00, 


1). RSM Communications (Ray Moore) RSM-105 (1994) A high performance 
transformer coupled, non amplified antenna described by Moore in Dec 1994 IRCA 
DX Monitor, Later in March 6 1995 issue of NRC DX News. Still in production? 
Price? 35" spiral wound. 


4). Electrical Design Characteristics 


А). Two main types of Loops available 1). Directly Coupled and 2). Indirectly 
coupled (Transformer coupled) The Directly Coupled Loop has its windings directly 
attached to an Amplifier. Usually the main Tank Coil (parallel tuned circuit that 
forms the loop primary) in the loop is grounded at the center of the winding (center 
tapped), to allow for electrical balancing. The Amplifiers are usually but not always J- 
FET's, with 2 FET's in a Differential configuration, where the ends of the tank 
winding go to each FET gate. The Transformer coupled version uses a link winding 

to couple the signal to the receiver. This version can be amplified or non amplified. 


B). The pick up pattern of a properly designed loop should be a figure 8 pattern. The 
null should be of the same depth, if the antenna is rotated 180 degrees horizontally 
(loop should not be adjusted for alt-azimuth, but left vertical 90 degrees from the 
ground). The 180 degree symmetry should be the same + or - one degree. If this 
condition does not occur the Antenna is not properly balanced. In a transformer loop 
balance deals with the signals being equal on both lines of the feed line (equal 
potential to ground). The feed line should preferably be shielded with the shield 
being grounded to the receiver chassis. If the line is affected by an electric field 
signal, a metallic object, or some other imbalance to ground, the loop will become 
unbalanced, resulting in a distortion of its pick up pattern. Balance is critical to 
getting the best nulls, and for precision Radio Direction Finding. The use of a 
broadband balun allows for better balance, but thought should be put into the 
design of the link winding, and receiver feed line, as well as the mechanical integrity 
of the сой 


©) The transformer coupled loop is the easiest to balance, especially if it is an air 
core loop. Ferrite loops are not as easy to balance due to the compression of flux 
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lines in the ferrite, These antennas seem to be somewhat more prone to pick up 
electric fields. 


D). In a directly coupled loop, the balance is affected by the gain of the amplifying 
devices on either side of the center tap being equal. If they are not very close to, or 
equal, they will cause the voltage in the tank coil to be imbalanced with respect to 
ground causing the same undesirable effects that the feed line caused in a 
Transformer Loop. 


E). Some loops utilize a Faraday shield to maintain balance (4) Usually a one turn 
loop. these are usually circular, and are used on ships and other areas where 
direction finding is necessary. An example of this antenna is the 160 meter loop 
wound out of coax described by Doug DeMaw (5) Using a Faraday Shield will affect 
the pick up gain, as well as the "O" of the tank coil(3) Another variant of the 
shielded loop is the Mike Hawk Loop(6) 


Also note that imbalance is sometimes referred to as "Antenna Effect. (a) Also please 
note that a balanced loop antenna can be spoiled to a cardioid pattern by putting a 
vertical sense antenna within its field. (4) 


F). The amount of coupling (placement of the link turn) is critical to the performance 
of the Transformer Coupled Loop. The placement can vary depending upon the load 
that the antenna sees. The best way to obtain optimum performance is to 
experiment with various distances from the Tank Coil. Most designs call for this to 
be wound amongst the tank coil windings, however this coupling is much too tight 
for most uses, and allows for tuning to be too broad, Q to be too low, and sensitivity. 
to be not quite optimal. 


G). The physical size of the Loop Tank Coil affects the overall pickup (capture 
ability) of the loop. The larger the winding size the greater the pickup. Larger loops 
will also be easier to balance than smaller ones. 


Н). The Tuning Sharpness "Q" is determined by the size of the wire (surface area). 
The lower the resistance the higher the "Q" will be. The loading of the Tank Coil also 
affects the "Q". This more than wire resistance affects the Transformer Coupled 
Loop. In a Transformer Loop, the placement of the Link Coil in relation to the main 
tank (distance) determines the amount of coupling, and hence the loading of the 
tank circuit. The point of critical coupling can be found by varying the coupling link 
distance, while comparing tuning sharpness and gain. the critical coupling point will 
be found at the sharpest tuning before the gain starts to drop. Tuning will continue 
to sharpen (slightly), but gain will fall off more rapidly, as one couples more loosely 
(moving the link physically farther from the Tank Coil). Further improvement can be 
had by matching the load impedance to the link coil with a matching transformer. 
This can be done as part of a balun, or following the balun (lead-in side). For 
optimum performance all impedance's in the system should be properly matched. 


1). The L/C ratio and mechanical design of the coil should be considered when 
looking at a good design for a loop. The loop should be mechanically stable (wires 
not flopping loose) The distributed capacitance between turns should be kept low by 
proper design to allow for wide tuning range, but not too wide to degrade the length 
to diameter ratio of the сой. Note that the best null performance оссиг with the 
best length to diameter ratio of the Tank Coil, A spiral wound coil affords the best 
performance in this regard, but does not afford as great a signal pickup as a 
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solenoid coil of the same diameter. (A Trade off) 


Also note that the L/C ratio should allow for one 10 to 500pf variable capacitor to 
tune the whole Medium Wave Broadcast Band.(530-1700 KC) 


J). Performance can be further enhanced if the amplifier following a transformer 
coupled loop is tuned. This provides still better image rejection, and adjacent 
channel selectivity. It is important that the amplifier be isolated from the loop by a 
transformer to maintain balance and pattern integrity. 


К). Note that the spacing of the windings determines the inter-electrode 
capacitance. The wider the spacing between windings, the lower the capacitance, 
and the higher in frequency the loop will tune. the use of interlaced spreaders 
further reduces this effect (solenoid loop) provided that the spreaders are of 
sufficient width. Also note that the winding spacing is a compromise with the length 
to diameter ratio. 


Back to the top 


Construction Principles 
5). Mechanical design 


А). Up to now, loops were made from wood. It was used because it was readily 
available and easy to work with. Wood does have disadvantages. They are, finding 
good wood, making accurate cuts, and heavy weight. 


B). In a wood loop, the alt-azimuth tilting mechanism does not work very well. 
Wood loops use a bolt for the alt-azimuth tilt. It uses an arm that goes from the 
loop to a clamping setup on the mounting post. This does not work very well, as you 
need to tighten the bolt every time that you change the vertical tilt. The bolt will 
become loose, and on high angle tilts does not hold very well. 


C). Most loops use a pipe mounted vertically with a dowel to do the horizontal 
rotation. This does not work well, as it allows the loop to move on it own. Wood 
also wear after some use. This allows the loop to lose its square ness which can 
affect the loops pick up pattern. 


D). The first loop I built was the Harley Loop(7). It is small spiral loop that was easy 
to build, but had no Alt-Azimuth feature, so the loop would not vertically tilt. It uses 
two cross arms with saw kerfs part way through to hold the wire. 


E). | then built the 4 foot NRC Loop(2). This loop worked well, but the Alt-azimuth 
tilt needed work so I did some modification on the tilt mechanism. | wanted to 
design a tilt that would be easy to tilt and would stay in place, | tried different ideas 
and in my design | used a 3 inch PVC pipe for the mast and the loop head would tilt 
off that, this did work better but was not perfect. 
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F). While talking to Mike Bates(1995) about loops, He had the idea to build a large 
spiral octagon loop(5ft), out of PVC pipe and Alt-azimuth tilt it with a tripod. We 
built the loop, and this got my interest in using PVC for designing and building loop 
antennas. The tripod did not work very well due to the heavy weight of the loop 
head, but the performance was quite good, 


б). My next design was a 4 foot PVC spiral loop that is collapsible, New features 
added to this loop was the use of a lazy susan for the horizontal rotation of the loop, 
however, you need to use a liberal amount of grease to give it tension. For alt- 
azimuth tilt | took a 3/4 inch PVC tee, reamed out the inside smooth, and cut a slit 
length wise. Through this | ran a piece of PVC pipe and with the use of elbows and 
tees attached it to the loop head. | then used plastic hose clamps to adjust the 
tension. This worked better, but still did not work very well. It is hard to get the 
angle just right, it does not move smooth enough. 


Н). Then | built a 4 foot Loop modeled from the NRC plans(2) out of PVC. For this 
loop | added the use of PVC in the base. | used the same type of Alt-azimuth 
mechanism as the earlier spiral. To mount it to the loop head, | used a hole in the 
crossover of the loop to attach to the alt-azimuth mount. This was done to allow for 
having the ability to build different loop heads, like one for the longwave beacon 
band. This allowed the loop head to rotate on the mounting mechanism which made 
the loop unstable, and not very easy to use. | decided to make the mounting like 
the spiral loop, but to add the tees, | needed to cut part of the tee to mount it on 
the loop arms. When | assembled it for fit, | found out that cut out tees worked 
much better for tilting, and hose clamps are no longer needed. The alt-azimuth tilt 
mechanism now works very smooth and holds well at all angles. 


1). The 2 foot loop was also built based on the NRC plans(8), it employs a gimbal 
mount for alt-azimuth tilt. 


J). These loops are made entirely out of PVC except for the base plate that employs 
a lazy susan to rotate the loop. | built jigs to drill the holes in the cross pieces. A 
drill press helps a lot, but with very careful measuring and drilling, a hand drill may 
work. In my first loops | used PVC cement to glue the loops together. This cement 
sets up very fast, so you have to be very careful assembling it. | found out that 
some parts can be glued, but on some it is better to use a small nylon screw. This 
allows for you to align the pieces right on. To do this drill and tap a hole for the 
screw and run it though both pieces of plastic (РУС). 


K). It helps to make a jig to wind the tank coil onto the frame. To accomplish this | 
mounted a Lazy Susan to a board, and ran a board with two vertical pieces of PVC 

Pipe The loop frame slides over the pipes, allowing the loop to be rotated while the 
wire is brought off of the spool in the same direction, while being laced through the 
holes in the frame. This helps greatly, in minimizing twisting of the wire. 


L). Reasons for using PVC in loop construction: 
1). Readily available, at low cost 


2). Easy to work with, Saw and drill are main tools required, however, a miter box 
saw allows for clean perpendicular cuts. 


hitp:/iwvew.trontiemet.net/~jadale/Loop htm (7 of 15) [8/6/2004 8:24:03 PM] 


Loop Page 


3) Very symmetrical loops can be built, because the fittings are identical, and pre 
made. 


4). Very low weight 
5). The ability to come up with modular designs 


6). The ability to design a collapsible loop that can be mechanically strong, allowing 
for easy transport 


7). The use of spacers will tighten up the wires, so that they do not flop around, and 
distort the pickup pattern, as well as reduce inter-electrode capacitance. This makes 
for a very stable loop. 

M). Notes: 


Loop shapes: Triangle (Wedge), Square (Also called box, this is the most common 
shape) Octagon, Circular. 


Note that the box loop is used because it is the simplest to build. The circular loop 
provides the nearest to the perfect shape electrically, but it is very difficult to 
fabricate a multi turn loop of this type. The octagonal loop is the practical 
compromise. Also note that the Octagonal is more difficult to fabricate due to it 
having 8 arms instead of 4, for the box loop. 


А 


Baci 


What Can I use a Loop For 


ations 


6). Using the Loop practical appli 


The small loop is a versatile antenna, and can be used for many different 
applications, here are a few. 


А). The loop can be used for improving the performance of a poorly designed 
broadcast receiver. Depending on the type of antenna that is in the receiver 
determines how the loop can be attached. It may be attached via a transmission line 
if the set has wire or screw binding posts for the Antenna, or it may be inductively 
coupled (transformer) for a receiver using a very small loop. In the case of the 
receiver with a small loop the coupling rules apply as if the receivers loop is the link 
turn in the Transformer loop. (Note that the link coil is not needed for the loop to 
work for this, as the internal loop in the receiver is receiving the signal from the 
main tank circuit). The distance from the receiver to the larger loop will determine 
the amount of coupling, and tank loading. One can vary the pick up pattern by 
varying the angle of the receivers internal antenna to the external loop. The 
antennas provide maximum transfer of signal, and closest to a figure 8 pattern. 
when the pick up angle of the antennas is opposite parallel (90 degrees) (Beams of 
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the antennas aimed at each other) Minimum pickup occurs at 180 degrees. The 
pattern can be spoiled to a cardioid (null in only one direction) by varying the angle. 
Please note that the pattern will probably be somewhat spoiled from a figure 8 at 
the maximum signal 90 degree points. Please note that there are 2 commercially 
available products designed to inductively couple to the receiver, and improve its 
signal. These are the "Select A Tenna", and the "Q Stick" by Radio Plus (Gerry 
Thomas). However a 2ft or larger loop provides for much better performance 
provided one properly adjusts the coupling. A Large loop (4 ft) can cause а poorly 
designed receiver to overload. Loosening the coupling will allow for the overload to 
be eliminated, One must also be sure for proper operation that the loop is tuned to 
the same frequency that the loop is tuned to, or unwanted overload effects will 
likely be noted. All tuned should be "aligned" to the same frequency. Also 
note that high Q tuned circuits can sometimes be touchy to adjust "spot on", some 
practice will probably be necessary. One can be amazed at the improvement in 
performance when using a properly designed loop. Stations can be brought from out 
of nowhere on a poor set. Images at the low end of the broadcast band will be cut 
down significantly ог completely eliminated. As stated previously, adding a properly 
designed tuned amplifier further improves the performance of the system. The 
amplifier can be fed by feedline to a coupling link that couples to the receivers 
internal loop, or can be direct attached to a receiver with antenna connections. 


В). A loop when properly balanced can be used to "null down" AC Line noise, TV 
Sweep Harmonics, or other locally generated interference. The Alt-azimuth feature 
helps greatly reduce, sometimes totally eliminating the noise. This feature is also 
quite useful for nulling of co-channel, or adjacent channel broadcast band stations. 
If properly balanced, nulls of over 60 dB may be attained by using the Alt-azimuth 
feature. Deep nulls can be difficult to find and maintain. А larger antenna allows for 
one to find the null more easily due to the larger pick up(field) created by the loop. 
Loops of 2 ft and smaller in diameter, can be quite touchy to null, and electrical 
balance can be quite hard to attain. Hand capacitance can also affect the null in 
these small loops, causing the null to move as ones hand is moved away. This effect 
is minimized when using a large loop, as your whole body is within the pick up 
pattern of the loop, and it will be less likely to distort the pattern. One needs to be 
6" to 1’ away from the small loop(2ft and smaller) to avoid the hand capacity 
effects. It is also notable that nulling works best on local ground wave signals. 
Distant sky wave signals can be more difficult to null. It is difficult to get a null of 
greater than 30 dB on a sky wave signal at the top end of the broadcast band at 
night. For Sky wave, phased antennas provide for much better nulling, but are much 
more complex, and difficult to operate. Also note that the higher the Q of the tank 
coil, the sharper the null. Sometimes the null will be excessively sharp, and difficult 
to find, or the null will be so narrow in bandwidth that the carrier of a station will be 
deeply nulled, but the sidebands will be well received as slop(splash). This affect is 
more noticeable in small, or amplified direct coupled loops. 


С). Radio Direction Finding 


One can accurately direction find signals provided that the antenna is properly 
balanced as described above. The general concept is that the deepest null will be in 
the direction of the signal being checked. You cannot use the Alt-azimuth feature, 
you must keep the loop perpendicular 90 degrees to the ground. An accurate 
Compass, and a marked 360 degree circle can be used to pin point the exact bearing 
that the signal is coming from. 
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Bibliography from the three articles above can be found at the bottom of this page, 


Loop Antennas Another Look 


The last 30 years have brought about much refinement in the design of loop 
antennas. Starting from the basic box loop described by Ray Moore, major 
developments over this time are; The NRC 4ft Alt-azimuth loop, the Space Magnet, 
Sanserino Loop, Palomar, Mckay Dymek, Radio West, Quantum, Lankford, Kiwa, and 
RSM 105, and 103. As time has progressed, so has the design of Receiving 
Equipment, from the R390A, HQ-180, and SX-122 and Zenith Trans-Oceanic to the 
Sony 2010, Drake SW-8, Drake R8-B, and the AOR7030 Plus. Antenna needs have 
changed, with today's broadband front ends, and synthesizer phase noise a concern, 
a high performance loop, or other means of pre-selection is more important than 
ever. 


We will show a slightly different twist on the same basic loop antennas of the past, 
with a couple of refinements, as well as construction details of our antennas. 


To explain our antennas we want to start with the design criteria necessary to 
improve the modern communications receiver, as well as consumer grade radios 
such as, the Super Radio 111, the Radio Shack Optimus, and most other portable 
short wave/broadcast receivers. 


Important loop criteria have been explained before in the pages of DX News, and 
the NRC Antenna Manuals, however, a review is in order. It is our opinion that there 
are 4 basic parameters that loop performance should be based upon; 1). The loops 
signal to noise ratio. 2). The electrical Balance. 3). The selectivity or "Q" of the loop. 
4). The mechanical rigidity/integrity of the coil assembly, and Alt-azimuth 
mechanism. 


ignal to Noise Ratio 


Most efforts during the last 30 years have dealt with making loops smaller, to allow 
them to be used by the DXer who has limited space. S/N ratio has suffered as a 
result. The use of direct-coupled balanced FET amplifiers, and smaller, and smaller 
loop coils means that the bulk of the work in the system is being done by the 
amplifier. If you capture a very tiny signal, and add some amplifier noise to it, you 
have degraded what signal that you have to the point that you may bury a signal 
slightly above the noise floor. A rule of thumb would be to use no more amplification 
than is necessary. It is better to make the coil larger to enhance the capture area, 
and insure that what amplification is used is as low gain, and low noise as possible. 
The small loops are probably OK for most uses, but when you want to extract the 
last decibel out of the ether, a larger loop that is properly designed will be best. 


Electrical Balance 
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The electrical balance of the antenna insures that the current at the termination of 
опе end of the loop tank coil is of equal magnitude and opposite polarity to that at 
the other termination of the loop coil. (A is equal and opposite B) When properly 
balanced the deepest possible null will be obtained, with the loop. Please note that 
balance is quite difficult to attain. Anything connected to the tank coil (or other 
metal brought physically near it) other than the resonating capacitor, can throw this 
balance (equal and opposite) off. This distorts the theoretical figure 8 pattern of the 
loop. If a link turn is used to couple the loop to the receiver, this link and the 
transmission line must be balanced, or coupled to an unbalanced line (Coax Cable) 
using a Balun, The link coil should be balanced, as well as the main tank coil. Using 
a balanced FET amplifier on the tank coil will throw off the balance if care is not to 
insure that the FET's are not exactly matched їп their gain and transconductance, 
Not to mention that an amplifier not properly balanced, and running at excessive 
gain will be prone to create intermod products which degrade further the 
performance of the system. If a loop antenna seems to have a problem with hand 
capacitance it is a pretty good bet that it is not properly balanced. Refer to Nelson's 
article for detailed hints on how to attain balance. 


Selectivity 


The "О" or quality factor of the tank coil will determine its selectivity at resonance 
(the tuned frequency). If the "Q" of the tank coil is loaded (reduced by the effect of 
a load on the coil), the "O" will decrease, and the selectivity of the loop will 
decrease, or broaden. In the late 60's Nelson devised the balanced FET amplifier as 
а way to minimize the loading of the tank coil. This allowed for selectivity that was 
so sharp that a loading potentiometer was added across the tank coil to reduce the 
"Q" so that the loop could be more easily tuned. Prior to this, loops were of the 
transformer variety, with the signal being coupled to the receiver via a link turn, 
wound amongst, but not attached to the windings of the main tank coil. This process 
did not take into full account transformer theory, as the loop is now a transformer 
due to the link coupling. The main drawback of the early designs is that they did not 
use the coefficient of coupling when designing the loops. Moving the winding away, 
somewhat from the main winding allows for less loading. Maximum energy transfer 
from the tank to the link would occur at “critical coupling". The load impedance also 
affects the loading, and should be matched to the impedance of the link turn, as 
well. As stated before the link should be balanced. А balun, and matching 
transformer should be used with a modern receiver with a 50 ohm coaxial input. The 
distance that the link turn is from the primary tank coil greatly affects the 
performance of the loop. The "Q" can be greatly improved, as well as the S/N ratio if 
the link turn is placed at the critical coupling point from the main primary tank 
winding. This distance from the main winding can be approximately determined 
prior to winding the link turn using a pocket radio. Tune the pocket radio into a 
station that is within the tuning range of the loop. Start out with the pocket radio 
placed facing the plane of the loop (see fig 2) right against the loop winding, rotate 
the loop capacitor for a peak (maximum signal) on the pocket radio. Now move the 
pocket radio Уг" from the winding and re-peak the loop. Observe how sharply that 
the loop tunes. Move the pocket radio away from the loop in ¥" increments. 
Observe how sharply the loop peaks on the pocket radio, as well as the signal 
strength at each point. The loop should peak more sharply, and increase its gain as 
the radio is moved away. The point of critical coupling is attained when the signal 15 
at maximum, the sharpness may still increase somewhat, but the gain will fall off 
more rapidly as the radio is moved away. Note the critical coupling point, and wind 
the link coil this distance from the main winding. This process can also be used 
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when passively coupling the loop to a radio using a ferrite antenna, or when using a 
device such as a Select-A-Tenna, or a shotgun loop , or "Q" stick with a radio with a 
built in loop. 


Mechanical Integrity 


Another consideration when building a loop is the mechanical design. This is often 
overlooked, and can affect the loop balance if the mechanics are sloppy. There are 
two different types of loop coil designs, The solenoid or box wound, and the spiral or 
pancake wound. Each type has several advantages, design trade offs, and dis- 
advantages. The box loop has a higher gain for the same diameter, but is more 
difficult to balance. With this type of loop there is a trade off between the inter- 
electrode capacitance and the length to diameter ratio. Spreaders can be used to 
cut down on the inter-electrode capacitance, and to maintain coil rigidity. Note that 
the better the length to diameter ratio of the tank coil, the nulling ability is 
enhanced and balancing is easier. The spiral loop has the advantage of almost 
perfect length to diameter ratio, as well as being easier to balance. The main 
drawback of the spiral is its lower gain than the box loop. Also, if an amplifier is 
used, it is much more difficult to tap the tank coil at its center. An amplifier can be 
used more practically with the spiral by attaching it following the balun and 
matching transformer. This way the amplifier is isolated from the loop, and the 
undesirable unbalancing effects can be avoided. Note that an amplifier should be 
used only when necessary, and should be as low in gain as to improve signal 
strength on very weak signals, where not using it would yield them unreadable. It is 
important that the loop antenna be well constructed mechanically to insure that the 
wires do not flop around, to distort the balance, as well as to prohibit the need for re- 
winding. We have switched from wood to PVC in our designs, with a minimum of 
metallic objects near the tank, and link coils. Note that metallic objects within the 
near pick up field of the loop will induce a voltage into the coil unevenly and throw it 
out of balance. 


Links to further loop information. 


ҸӘ Kiwa Has the Pocket Loop, mods for your receiver and filter modules. 
Y Sele 'enna Has some low cost loop antennas you can buy. 
Terk Home of the Terk loop and other antennas. 
ҸӘ Wellbrook Has a line of LW, MW, SW loops for the great outdoors. 
Palomar Has а loop with different loop heads in different ranges. 
Y AOR LA-350 Active loop available at Grove. 
ә 
ә 


AOR Their site for the LA-350 
Radio Plus+ Home of the Ouantum Loop. 
Belar LP-1 and LP-1A AM shielded loop antenna 
Torus Tuner Loop Antenna is available in LW, MW, and SW. 
@ Twin Ferrite AM Antenna Is available at C. C. Crane 
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Long Distance MW Listening Great info on the Radio Nederland's site. 
DIY MW Loop On the Radio Nederland's site. 
Ramsey Signal Magnet Noise Reduction Kit 
Mark Connellys page of phasing units and amplifiers for radio 
Loop Antennas On the HCDX site 
АМ Box loop antennas by Bruce Carter. 
AMANDX Is another construction site. 
Hula Hoop Loop Antenna has plans using a hula loop. 
LF receiving loop A large homemade loop. 
AM Shielded Loop From Radio Magazine. 
Mag-Loop Antenna Designed for SW it can also transmit. 
Receiving Loop Aerial for 1.8 MHz Is a shield loop out of coax. 
ое Carr's Tech Notes Has articles on antennas. 
VLF Loop A loop for listening to solar acti 
PVC 4-7 Plans for a NDB loop. 
Loop Theory Is an excellent article on loop antenna theory. 
АМ Loop Calculator Figure out what your loops should tune. 
NRC Has many book on loop antennas. 
Vans Think Tank Contains a good list of antenna links. 
NRSC AM bandwidth measurements with the loop antenna. 
The Electronics Hobby Page Another site with a excellent listing of antenna 
and DXing links. 
AM Loop Antennas Plans, links and theory. 
AM Tuner A tuner that you can build from tubes. 
The Electronic Hobby Page Has an extensive list of loop and radio 
information. 
Small Transmitting Loop for the HF band also has links to other loop sites. 
Dave's Loop Antenna He made this loop. 
LF Loop Plans for a 10 foot loop plus other LF information. 
Loop Antenna A circular antenna that VK2ZAY built 
Low Noise Coax Shielded Loop for 160 to 10 Meters. 
NSESE's Plans for a shielded loop receiving antenna. 
Loop Amplifier Build this amp to boost your loop. 
Loop Group Join this group on loops antenna оп Yahoo. 
The Toroid King Has toroid to build your baluns they also have other parts. 
Amidon Another source for toroids. 
AM Broadcast Band Antenna Plans for a Active whip Antenna. 
AM Radio Loop Antenna A kit that you build from MTM Scientific. 
Active VLF Loop Amp Loop amp with negative resistance. 
Balanced Loop Preamp Give that loop a boost. 


Back to the MDXC Home Page 


hitp://www.trontiemet.net/-jadale/Loop.htm (18 of 15) [9/6/2004 8:24:03 PM] 


Loop Page 


Club History Club Activities Club Meetings Radio Information ANARC 


[ Home ] [ Up ] [ Minnesota DX Club ] [ Altered Photos ] [ Pavek Museum ] 
[ PVC Loops ] [ Links ] [ E-Mail ] 


TV/FM DX Summer SW List Winter SW List 


This page was last updated on 08/03/04. 


Any comments or suggestions can be made from my E-mail Page 


Bibliography 

1), NRC DX News March 6, 1995, IRCA DX Monitor Dec 1994 

* The Full size Full Performance Loop Antenna” Ray Moore 

2). NRC Antenna reference Manual Vol 1 Dec 1995 Edition 

“NRC Alt-asimuth Loop antenna P6 

3). NRC Antenna Reference Manual Vol 1 1985 Edition 

"HQ tests the Space Magnet" P40 

4). ARRL Handbook 1988 Edition P39-3 

5). QST Magazine July 1977 "Beat the Noise with a Scoop Loop" 

Doug DeMaw 

6). NRC Antenna Reference Manual Vol 1 Dec 1995, "The Hawk Loop" 

7) NRC Antenna Reference Manual Vol 2 Dec 1995 "The Harley Loop" P 11 
8). NRC Antenna Reference Manual Vol 1 Dec 1995 P21 " The NRC 2 Foot Loop" 
Suggested Reading 


-National Radio Club Antenna Reference Manuals Vol 1 and 2 1995, Available from the National Radio 
Club P.O Box 164 Mannsville, NY 13661-0164 


2), National Radio Club Loop Antennas Design and theory 1995 


hitp:/iwvew.frontiernet.net/~jadale/Loop.htm (14 of 15) [9/6/2004 8:24:03 PM] 


Available from the National Radio Club Р. О. Box 164 Mannesville, NY 13661-0164 


3). ARRL Antenna Book 1994 American Radio Relay League, 225 Main St, Newington, CT 06111-1494 


4). Joe Carr's Receiving Antenna Handbook 1993, High Text Publications Р.О. Box 1489 Solana Beach, 
CA 92075 


AM Radio Reception 


AM radio reception tips and links 


Home 


Here are several original suggestions I discovered for AM radio 
reception. After these tips are links to pages about improving AM 
reception in your home and on a separate page there are links for 
better AM reception in your car. In both cases this is not just a list of 
links, I have provided commentary which brings together and 
organizes the web pages. I have recently added a page of hints and 
links for better FM radio reception, and bringing in EWTN on short- 
wave, 


Finally, and best of all, I have collected tips from many other web 
pages and added my own tips to form what is probably the most 
complete one web page collection of AM radio reception 

the Internet. 


This page was written to help Catholics listen to low power Catholic 
AM stations, but physics is physics, so they will work for anyone. 
Because I am not a radio hobbyist and I am simply interested in 
‘communication the tips are simple, practical, and inexpensive, 


Home and office links- Car and truck links- My original tips 
ЕМ tips and links- Complete AM radio reception Tips 


ial tips for better AM radio reception 


Turn treble down, bass up for AM talk 
Record the AM signal when it is strong. 
j. Most sources of interference are weak 


1 
2. 
3 
4. Tip the radio to reduce interference 
5. A loop antenna helps a lot when regular antenna is weak. 
6. 
7 
8. 
9. 


The best position for a loop antenna 
A comparison of some good reasonably priced equipment 
i. Old radios do not get all of today's AM band 
A good shortwave radio is often a great AM radio 
10. Are you really interested in that station? Try before you buy. 
11. Mark the position of your station on the dial 
12. Experiment, try different things 
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If you are listening to talk radio turn the treble all the way 
down and the bass all the way up. Or if there is only one 
control marked tone turn it all the way to the low end, This wil 
give you clear, easy to understand voices, This tip really helps 
a lot. I usually listen to music with the treble and base in the 
neutral middle position if the station is strong. I assume that is 
the way the musicians intended it. 


. Many weak AM stations, including many Catholic AM 


stations, cut their power at night, and you may get interference 
at one time during the day but not another. So you may be able 
to get a station during the day when you are at work, but not 
when you are free to listen to the program. You can use ап 
automatic light timer, the type that is used to fool burglars into 
thinking you are home, to record radio programs when you are 
not at home. Ihave a popular web page giving the details of 
this idea and information and links for other methods of timed 


radio recording, 


The pilot of the Airwaves liked this idea so much that he put it 
on his AM radio reception web page. This is the only one of 
these tips you will find off of this site. The Pilot has a great 
page and has done me the honor of linking back to this page. 


Many web sites list many sources of interference, florescent 
lights, televisions, computers, etc. I have been testing this and. 
found that most of the commonly listed dangers are real, but 
the interference disappears if the radio is more than a foot, 30 
centimeters, or so from the source of interference. 


But sometimes a source of interference causes problems over a 
much wider area. For example, the people who lived down 
stairs from me at my former apartment had a TV that produced 
a loud buzz even though the ТУ was a good 20 feet away from 
the radio. But the much larger TV in our apartment which was 
five to ten feet away was no problem. So most of the time the. 
normal sources of interference are a minor problem, but. 
sometimes one of them is a big problem. You should treat the 
common lists of interference sources as a list of suspects, not а 
list of convicted criminals. 


. You can greatly reduce interference by pointing either end of 


the rod antenna in your radio directly at the source of 
interference. This is very important, but not at all original. 


This is perhaps a more original tip, if the source of interference 
is higher or lower than the radio you may have to tip the radio 
to point either end of the antenna at the source of interference. 
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For example, if the interference is downstairs you may need to. 
prop one end of the radio on a book and adjust it so that the 
radio angles down to aim the end of the antenna at the source 
of interference. I am not sure this is all that original, but maybe 
it is, and it helped with that TV downstairs I mentioned in the 
last suggestion. 


Ihave bought a Radio Shack loop antenna which is now being 
discontinued and have had a chance to experiment with it. 
With a cheap radio the Radio Shack loop can make a big 
difference. I pick up the radio and move it away from the 
antenna and the station disappears all together, reappearing 
when I move the loop back. But with a good radio like the GE 
Superadio it is difficult to find any difference. 


Many web sites will tell you that the antenna is more important 
than the radio, but good radios often have good antennas built 
in. The GE Superadio has a large ferrite antenna built into the 
back. 


You get the best reception when the loop antenna is placed so 
that if it were a wheel it could be rolled toward the broadcast 
tower. 


This is the opposite of how you use the regular AM antenna in 
the back of your radio. The antenna in the back of the radio 
should be placed so it is perpendicular to the signal. Think of it 
like а sail that is catching the radio waves, If the signal comes 
from the north then the ends of the radio should point East and 
West, and the back of the radio should face North or South. 


A web page on loop antennas said the loop must be 
perpendicular to the internal antenna. I have tested this and 
found that what is relevant is the orientation of the loop 
antenna to the broadcast tower not the radio, 


If the loop is not wired to the radio it will have to be close to 
the radio. If the loop antenna and the radio form a T, with the 
front or back of the radio facing the tower you will get an 
optimal signal, unless there is a source of interference. 


Ihave had a chance to test and compare some equipment 
because other members of my parish had key pieces of 
equipment. The Select-A-Tenna did work better than the Radio 
Shack antenna. It also costs about a lot more, about $60 for the 
Select-A-Tenna. The Radio Shack loop antenna may presently 
be available for $10 or $20 dollars, but the antenna has been 
discontinued and Radio Shack is selling out. 
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I was not able to tell much difference between the CCRadio 
from Crane and the GE Superadio III. But perhaps there is a 
difference between the CC Radio and the GE Superadio that I 
did not notice. The CCRadio is digitally tuned which should 
save you quite a bit of time over the years if you switch 
stations a lot. A note in my guest book says that the earlier 
versions of the GE Superadio were the best, and beat the early 
CCRadio. 


If you listen to a lot of AM on hard to get stations it may well 
be worth it to pay an extra hundred dollars for even a small 
difference. The average person listens to over a thousand hours 
of radio a year. If you are an avid listener you could easily 
listen to more than 10,000 hours in the next decade, in which 
case the extra cost is a penny an hour. 


Оп the other hand the CCRadio costs about the same amount 
as a great short wave radio and the great short wave radio 
might be almost as good as the CCRadio at bringing in AM. 
More on this below. 


A note on the proper spelling of these products, useful for 
searching the web, The GE Superadio is spelled superadio, not 
superradio, or super radio. The CCRadio is not spelled СС 
Radio or C.C. Radio. The GE Superadio was originally 
produced by GE but has been produced by Thompson 
Electronics for many years. GE does not produce many or 
perhaps any of its home communications gear, but at least 
some of what it puts it's brand on is exceptionial. If you are 
looking to improve your TV reception, particularly UHF, I 
have found the Optima TV antenna really works wonders, but I 
digress. 


Here is a web site that provides an extensive comparison of the 
GE Superadio and the CCRadio, 


i. In 1991 the FCC expanded the AM band to include 1605 to 


1705. Earlier AM radios did not have those frequencies, so if 
you are searching for a station in that range you will need a 
newer radio, The only EWTN station with this problem is 1620. 
in Sacramento. The only other Catholic station I know of is 
1670 in the Los Angeles area which does Spanish programing. 


Good short-wave radios are frequently good AM radios. This is 
particularly important to Catholic radio fans because EWTN 
provides the exact same programing that is broadcast on. 
Catholic stations by a short-wave signal that anyone can pick 
up. 
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10. 


Many weak AM stations, including many Catholic AM stations 
have a much stronger signal during the day, but must cut their 
power at night. The Catholic station which I used to get best, 
KSMH cuts their signal from 10,000 watts to 1,000 watts at 
sundown, After sundown you may lose the AM signal but it 
has commonly been believed that short-wave radio works best 
when the sun is not shining. To the degree that is true a short- 
wave that is better at night then the combination of AM and 
short-wave will provide you with EWTN 24/7, but actually 1 
find that EWTN short-wave sometimes works quite well in the 
day time but you have to listen to it on a different frequencies. 
EWTN broadcasts on different frequencies at different times of 
the day. 


If you do get a short-wave radio it may have to be a new one, 
because EWTN has in the past, and may still, be broadcasting 
оп а new part of the short-wave band. As they change the 
frequencies the broadcast on from time to time the situation 
changes. 


As а great short wave radio can be had for under 200 dollars 
you should think carefully before spending that kind of money 
or more on an AM radio. 


People who are not fans of Catholic radio might find the short- 
wave option interesting if there is short-wave programing 
similar to the programing that they hope to get on AM. 


The more expensive AM equipment is popular in places like 
Alaska where relatively isolated people have great difficulty 
picking up local news. 


Ihave more information on short-wave for EWTN here, 


‘There is another option, Sirius Satellite Radio, which is adding 
EWTN in English and Spanish to its service. Once again one 
should look at this before spending hundreds on a very high 
end AM radio. 


It also might be mentioned that Direct TV and Dish Network 
now carry EWTN in English. This is a television service not 
radio so I will leave it at that. 


Before you spend a couple of hundred dollars to bring in a 
station you might want to find out if you really like it. As 
mentioned above, the average American spends close to a 
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thousand hours a year listening to radio according to the 
Statistical Abstract put out by the Bureau of the Census, The 
majority of that is FM, but a large mminorityis AM. If you are 
aradio fan, which you maybe if you have read this far, you 
might be spending more than a thousand hours a year. So if 
you listen to something hundreds of hours a year for several 
years even a couple of hundred dollars is dirt cheap. If you. 
quickly lose interest it can be quite expensive. So how to check. 
out the station without buying the equipment? Here are several 
ways. 


You maybe able to listen to some short-wave stations and even 
distant AM and FM stations on the Internet to test your 
interest. If you have broadband you may simply want to listen 
to the station this way and skip the equipment, but if you have 
a dial up modem you will probably not want to tie up your 
phone line for hours at a time on a regular basis just to save a 
couple of hundred dollars on the radio equipment that could 
bring the station in, But even listening on the dial up modem is 
а good way to try the station before you buy the equipment. 


Most libraries have public access to the iInternetand you 
maybe able to listen to the station that interests you while 
surfing the Internet at the library. 


If your normal travel by car brings you closer to a station that 
carries EWTN or any other channel that interest you this 
provides another opportunity to try before you buy. For 
example if you live in the San Francisco Bay Area and are 
thinking of getting short-wave to bring in EWTN you could 
listen to EWTN on 1620 AM in Sacramento when you are 
traveling through the valley near Sacramento. You can check 
the Internet for stations near you. 


If you travel around the country on vacation or business you 
are likely to be close to an EWTN station at least occasionally. 
Once again you can check the Internet before each trip to see if 
your itinerary will carry you within range of an EWTN station, 


You might also be able to test your interest during the day on a 
weekend. As mentioned above the AM signal is often ten times 
as strong before sundown. If you work most of those hours that 
might not help during the week. But you might well get the 
station during the day on the weekend which will allow you to 
test your interest, For example many people in the San 
Francisco Bay area might be able to get 1620 AM the 
Sacramento station with a cheap radio during the дау. A good 
shortwave radio or a GE Superadio might bring it in at night, 
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п. 


12. 


This idea of trying before you buy must be a preoccupation of 
mine. I sent a letter to the editor of the New York Times 
suggesting that oon linebookstores put an excerpt, the table of 
contents, and the index on their web sites so you could try the 
book before you buy. Some on the oon linebookstores were 
already puputting few excerpts before the Times published my 
letter, but nobody to the best of my knowledge was putting the 
table of contents and the index oon line A few months ог 
perhaps a year later Amazon.com put up the "Look Inside" 
system for many of their books. The "Look Inside" system. 
does everything my letter suggested, three different things I 
suggested were done, coincidence, maybe, maybe not. But 
back to AM radio. 


When tuning in weak stations it is important to know exactly 
where the station is on the dial. You do not want to waste time 
carefully tuning in the wrong station. If you do not have digital 
tuning place a bit of invisible tape on the dial so that one side 
of the tape lines up with where one side of the needle should be 
when it is tuned into the desired station. If this is too messy for 
you, you can remember exactly where the needle lines up with 
any number AM or FM on the dial. 


To find a station you might want to find a place where it comes 
in well, like outside or next to a window in a tall building, 
carefully mark where the station is on the dial, and then try 
again at home. 


It also helps to remember strong stations that are near the 
station you want on the dial. Strong stations with distinctive 
programming are useful if you want to explain where a station 
is to a friend. You can also help friends find radio stations by 
putting the phone up to the radio so they can hear what it is 
playing while they try to tune it in. I find this helps them a lot. 
Helping your friends at church find Catholic stations is a great 
жау to build up the faith and help Catholic radio. 


‘This last suggestion, and perhaps some of the others may seem 
a bit trivial, one can see why a book or magazine article might 
not include them, but space is free on the Internet so I have 
attempted to include things that might normally be left out so 
you could try "every trick in the book." 


Some one sent me an e-mail that said their reception improved 
when they were close to or touching their radio. Many people 
have noted this. I used to set my radio on a gallon jar of water 
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to get a similar effect. Things like this may make reception 
better or worse. What can 1 say, experiment. 


You can help Catholic radio by spreading information on these and 
the other tips you will find at various web sites to your fellow 
parishioners, I demonstrated tips and equipment for the Legion of 
Mary and my prayer group. If the pastor does not object you might 
run demonstrations on Sunday morning in front of the church or put 
some key tips in the Church bulletin. 


Here is a web page on Catholic radio stations nation wide Catholi 
Radio in U.S, 


In this web page I have been discussing AM radio, which is the 
American term, internationally the term middle wave is used, The tips 
are also useful for long wave radio, 


AM reception links for your home 


Here are some links to web pages that contain suggestions that you 
will not find elsewhere. First some web pages for your home and then 
some for your car. 


Thave written a summary of the tips from this page and many other 
pages. It maybe the most extensive collection of AM radio reception 
ideas on the web, though some of the other pages go into more depth 
оп certain topics. 


А collection of tips based on many web sites 


‘The Pilot of the Airwaves has been a radio hobbyist for many years, 
and used to work for his college radio station. His page gives the 
standard advice, which is very important, but also has many other 
points based on his considerable experience. The pilot's page, like the 
опе you are reading, is on Geocities.com. 


The Pilot of the Airwaves 


‘The Australian Broadcast Corporation, ABC, has put up several good 
pages on AM radio reception, These pages may not cover all the 
standard material, but they have material the others do not. One of the 
ABC pages is on troubleshooting at home. This page is currently set 
up so that you have to move the window from left to right to read it, 
only for the truly dedicated. 
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‘The ABC tips on home trouble shooting 


Another ABC page is on home AM antennas. They do not like loop 
antennas, most other sites do. What they seem to recommend are big. 
outdoor antennas that can be cheap but are difficult to set up and can 
cause a lighting strike. This page is easily read. 


‘The ABC tips on home AM antennas 


Here is another good place to check, because it has a couple of 
thoughts that other web pages do not, but it is rather short and does 
not have much of the material that other sites do have, One of his 
Points was that if you have a two pronged plug in which both prongs 
are the same you might want to try turning the plug over so the prongs 
£0 into the opposite slots. He also suggests moving to another plug to 
eliminate interference that is coming through the plugs. eHow has lots 
of good practical ideas on many topics. You have to register to get all 
their advice. 


AM radio advice from ehow.com 


This web page addresses the issues from a different perspective and 
might be useful. 


Radio Communications Research Unit 


Three web sites comparing the GE Superadio 
with the CCRa 


Here is a careful comparison of the two strongly recommended AM 
radios. 


Comparison of the GE Superadio and the CCRadio 


Here is a sophisticated article on the CCRadio which also discusses 
the GE Superadio. The article tends to support the GE Superadio. 


Sophisticated article on the CCRadio and GE Superadio 


A popular page on talk radio in Philadelphia that has some material 
comparing the GE Superadio and Crane's CCRadio. 


Philly Talk Radio On Line 
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Two Web sites on Interference 


This is a sophisticated page on AM interference problems. The writer 
explains what the different sources of interference sound like, This 
could help you narrow down the suspects as you search for the source 
of the noise. An advanced page for the person who wants to know ай 
the tricks, but filled with material you will not find on any of the other 
pages. 


‘Sophisticated AM radio interference page 


Another intelligent page on interference. It suggests that many of our 
interference problems are the fault of the radio or television set. 


More wisdom on interference 


This web page has a very long list of AM links, many of them 
intended for AM hobbyists. The page even links to this one, so he 
must have good taste, right? 


Many AM reception and antenna links. 


Here is a web site put up by a radio station which may or may not 
have anything original. Either way it has a good summary of the 
basics. 


AM tips from KVEC 


Finally let me mention that you might find material on AM reception 
by searching for the interational term medium wave radio, more rarely 
called mediumwave and very rarely middle wave. Conversely if you. 
are searching for information on medium wave you should use advice 
for AM radio which is the same thing. Long wave radio uses the same. 
techniques as AM radio even though it is on a different part of the. 
radio spectrum. 


Links, My Qualifications, and Contact 
Information 
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Thave a masters degree in Economics and have passed the orals for a 
Ph.D. I taught economics full time at a large University for several 
years. I currently do a little freelance writing and have published in 
Catholic Digest, the New Oxford Review, and the Sacramento Bee 
among other places. 


Have you got any thoughts on improving AM radio reception? 
Perhaps you know of an important web site that I missed. Why not 
write about them in my guest book? Geocities will e-mail me to 
inform me of your entry and only I will be able to read it, so this i 
like e-mail but I do not get as much spam. I may include your 
thoughts in this page, which had more than 2,900 hits in June 2004, 
and perhaps traditionally published works as well. 


On Site Radio Pages 


+ A collection of tips on AM Radio reception from many web sites 

+ Links for AM reception in cars, trucks, autos 

+ А new page of links and tips on EM radio reception tips 

+ А new page on short-wave, also called international band, radio for 
EWTN 

+ Timed radio recording 

+ Sacramento area Catholic radio 

+ Answers to questions on AM radio reception 


Off Site Ra 


ks 


This web site has been honored by a links from. 
+ Immaculate Heart Radio, Catholic radio for Sacramento, Stockton, 
Fresno, Bakersfield and Reno. 

+ Sacred Heart Radio, АМ-1050, KBLE, Catholic Radio for the 


Seattle and Puget Sound area 


‘These seven stations, two near Frezno, are almost one third of all the 
AM stations that carry EWTN and have web sites. In the future I hope 
that other AM radio stations or networks will link to this site. Why not 
provide your listeners with the best information on how to bring your 
station in? 


Let me note that Catholic Culture, previously Peter's Net, has given. 
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this web site its highest rating for fidelity to the Catholic faith, so 
Catholic sites should be able to link to it without fear of being 
excluded by other Catholic web sites. 


Lists of Catholic Radio Stations 

+ EWTN’ list of EWTN stations 

+ If you use this link you will get a list of EWTN stations, but at the 
bottom of the page is a link to a second page with a second list of 
Catholic stations that includes stations that are not EWTN stations. 
Strangely this second web page has an exact same url as the first one, 
but you can not get to the second page without going through the first. 
St Joseph Radio provides a list of Catholic radio stations including 
some that are not EWTN St. Joseph Radio's web site has an excellent 
othodoxy rating from Catholic Culture, Perhaps there is some problem 
with the orthodoxy of non EWTN stations, but in my experience the 
liberal Catholics simply run music stations. They avoid hot button 
issues. Other conservative Catholic stations try to be more relevant to 
the layity but in my limited experience are still orthodox. I do not 
know that any of these stations is a problem, but if they are, put a note 
in my guest book. 


Some Of My Other Web Pages 


Honored Pages 


+ Famous intellectual, Father Richard Neuhaus recommended my 
web page on putting Catholic books into public libraries. in his 
magazine First Things. More recently recommended by the National 
Catholic Register. 

+ My article on Vouchers which was published in the New Oxford 
Review 

+ My conversion story published in Catholic Digest, probably the 
most read English language Catholic periodical. 

+ A speculative essay on foreshadowing and typology in the Old and 
New Testament Comments of distinguished professors and Bible 


experts on typology and foreshadowing, essay. 


Practical Pages 


+ Programing a VCR 
+ Keeping a fish bowl 

+ Avoiding spam 

+ Good, Clean, Free, Internet Comics 


+ Avoid divorce by choosing well 
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An Inexcusable Page 
My lame attempts at apologetic humor 


This page is proudly text only because I value your time. I like to 
think that my site is information rich and graphics free, 


Page last updated July 23, 2004 


Home page 


This page hosted by |Get your own Free Home Page 
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[SITE INDEX ] 


LOW NOISE 
RECEIVE-ONLY 
COAX-LOOP 


ANTENNAS 
for 160 - 10 meters HF bands 


Station WN6F listening post 


Last Update: 29 March 2004 


After doing battle with locally-generated EMI / RFI for nearly two decades, | decided 
to do something about it. This antenna's main advantage is that it packs a lot of low- 
angle directivity into a small package. This makes nulling out many urban noise 
sources easy while enjoying good medium to high-angle skywave reception. 
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NEW !! (If you are interested in an easier-to-construct wire-only loop that has 
better performance, check out my general-purpose wire-loop page). 


The directional small loop is also useful for significantly reducing static-crashes on 
the lower HF bands at times; this depends on mother nature of course. The larger 
loop is for 80 meters and the smaller loop is for 40 meters. 


The project is described in four parts: 


+ General construction and usage (this page) 
+ Operational analysis of this small loop 

+ Alternate loop winding methods 

+ Miscellaneous notes and experiments 


They are easy to build, and the only tools you'll need are wire cutters, some coax, 
and a tuner. You can make them for yourself or friends in a matter of minutes. Part 
of my design goal was to use a minimum of easily available parts. You won't need a 
well-stocked junkbox or any exceptional mechanical skills to build this antenna. 


Winding the loops out of coax (providing a main antenna loop and an interior 
coupling loop) in the following fashion is very convenient and has six purposes: 


The small wavelength outer-conductor loop (at 0.10 or smaller wavelength in 
circumference) provides the horizontal low-angle bidirectional directivity with 
deep nulls. 


2. The gap in the braid at the top center of the loop allows common-mode 
reception of signals (both wanted and unwanted) on the outer skin of the loop 
braid to transition to the inner-skin of the braid. Rotational directivity nulls out 
the unwanted noise. 


The current on the inner-skin of the braid now acts like a normal transmission 
line via the differential-mode to the center conductor. 


a 


This specially-wound loop acts as it's own balun, which is necessary when 
using unbalanced coax as the feedline. This helps to ensure that the feedline 
does not become part of the antenna. If it did, you'd lose much of your 
directionality, or have very strange nulls. 


5. The large amount of distributed capacitance makes the loop somewhat 
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resistant to unbalance and detuning from hand-body-object capacitance than 
more traditional balanced wire loops. 


6. The larger outer conductor diameter of the braid increases the sensitivity of 
the loop over that of a small-gauge wire. 


Prove it: Attach a clamp-on ferrite RF cable choke on the feedline and arms of the 
loop. When chokes are placed anywhere on the arms of the split-braid loop, severe 
detuning and attenuation takes place. When placed anywhere on the feedline after 

the loop output, no detuning or attenuation occurs. 


HF loops built in this way are typically used for direct wave direction-finding. I'm 
more interested in using them as near-field noise-nullers to enhance the signal-to- 
noise ratio of skywave signals. This helps make up for their inherently lower gain 
than more traditional long wire antennas. A balun-effect is created by the way we 
wind the antenna back onto the feedline to help prevent common-mode noise 
ingress and maintain an accurate directional pattern. 


2004 update: See below for smaller TWO-TURN Loops! 


I'm using these antennas indoors right next to the operating position to make it 
easy to rotate and tune. Remote mounting is certainly possible, preferably with an 
antenna tuner or preamp located near the loop, although in that case I'd advise 
using a plain wire loop if you want to keep the tuner near the operating position. 


As an example, let's build a single-turn 0.10 wavelength loop for 40 meters: 
(it will also function well as a .05 wavelength loop on 80m with retuning) 


WHAT YOU'LL NEED: 


+ For 40 meters, you'll need about 15 feet of coax (loop and some extra length 
for tuner connection, plus pigtail wrap.) | prefer to use 50-ohm RG-58. For 
convenience | picked up a 50-foot jumper at Radio Shack (#278-971А) which 
is already connectorized so 1 could build a few of them. You could also use 75- 
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ohm coax without any difficulty. Try to get the lowest capacitance cable that 
you can find. 


+ An antenna tuner can be used to tune the loop system to resonance. I've used 
L-type tuners and T-type tuners without any problems. I'm currently using an 
MFJ-16010 random. ure tuners which are small and use two 50-239 
connectors which makes them easy to hook up and mount to a mast if desired. 
Note that on 160 meters, you'll need a lot of inductance, and the 16010 model 
doesn't seem to have enough when used with coax-loops. 


Optional: A 10 dB gain or more preamp can be used to help bring up the 
signal level. If your receiver has a preamp, and all it seems to do is bring up 
the noise level along with the signals, you are in for a treat. With this 
directional antenna, the preamp finally becomes useful in amplifying the 
signals, and not the noise. 


Use the largest coax diameter you find practical. | use RG-58 since it is easier to 
work with, but the larger conductor size of RG-8 / 11 should perform a little bit 
better. 


LOOP SCHEMATICS: 
My best artistic attempts at drawing the schematics. 
Click on the images for a larger picture. 
(Internet- Explorer users: IE has an option that automatically reduces the size of 


graphics. If the enlarged schematics look distorted, be sure to view them full-size, 
typically with F11 Key) 
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HOW TO MAKE IT: 


(Click on any of the images to enlarge them.) 


B 


1) First, at one end of the coax, let's short the braid and center conductor together 
with a pigtail. RG-8 was used to make it easier to see, although I like to use the 
smaller RG-58 or RG-6. After removing the outer covering, | bunched the braid back 
a bit to allow me to cut into the inner dielectric and then just pushed it back down 
when I was done. Take care not to cut or score the inner conductor with the knife, 
especially when using the smaller cables; when you wrap the pigtail around the 
braid in a later step, її has a tendency to пар at the cut or score when you wrap it. 


(It might be easier to build the loop by following these instructions backwards if you 
already have a connectorized piece of cable.) 
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2) We need to create a 1-inch gap in the coax shield. 
Measure 7 feet from the shorted end, and make a small 
cut mark on the coax. A half inch on either side of the 
mark, cut through the outer covering exposing the braid. 
Then cut the braid out to expose just the inner dielectric. 
Try not to cut into the inner dielectric as this will 
mechanically weaken the antenna when you eventually 
mount it. The photos show some exposed braid at the gap 
just for clarity, but my antennas just have a clean cut. Note that this is just a true 
gap, you do not short anything at the gap! (Make sure there aren't any fine strands 
of shield wire still connected across the gap after you cut it!) 


KEY POINT: The gap allows common-mode reception of radiated energy (both 
wanted and unwanted) on the outer braid skin to transition to differential-mode 
currents on the inner braid skin, which is coupled to the center conductor via 
differential-mode. Rotation nulls the unwanted common-mode energy exposed to 
the arms of the loop. 


3) Measure another 7 feet from the center of the gap, and 
remove about 1 inch of the outer coax covering ONLY. You 
should just have some exposed braid. 


4) Take the shorted pigtail end of the coax, and wrap it 
around the exposed braid from the previous step. This is 
the weakest point of the loop mechanically. Try not to 
make a radical bend at the point where the brittle center 
conductor is immediately shorted to the braid; it has a 
| tendency to break if you do. Wrap at a point just a little bit 
further down the pigtail to avoid breaking the center 


conductor. 
KEY POINT: This finishes the self-forming balun and helps ensure that the 
unbalanced feedline does not become part of the balanced loop, thereby 
unbalancing it, and turning the loop into a noisy random wire. 
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(NOTE: don't be tempted to use an ordinary "tee" connector here. It won't work 
properly.) 


You now have a highly directional low-band 40 meter loop and the rest is a small 
length of feedline that goes to the input of a tuner. Of course the jumper from the 
tuner output to the receiver can be any convenient length. 


For 160 through 40 meter operation, you can mount the 
tuner anywhere from 6-inches to 6-feet away from the 
output of the loop. This allows you some flexibility if you 
want to keep the tuner on the desk and not on the mast. 
For smaller single-turn loops on 20 meters and above, try 
to keep the tuner no more than 6-inches away from the 
loop output - the closer to the loop output the better. 


Note: Here is a very small loop for overall visual reference. 


To construct a 20 meter loop, try a loop circumference of 7 feet. The gap is not 
critical for any band, and can stay at 1 inch. For 80 meters, try a loop circumference 
length of 27 feet or so. For 20 - 15 meters, try a 3-foot circumference; I'm amazed 
that this actually works as well as it does. 


Note that when we cut loops for 0.10 wavelength, they will also perform well at half 


their freguency as a 0.05 wavelength, although sensitivity will be down somewhat. 
The positive tradeoff is that the nulls will be VERY deep at 0.05 wavelength. 
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Design Your Own! 


UPDATE: MAJOR ERROR IN MY EARLIER 
DESIGNS 


My apologies go to earlier readers of these pages. | incorrectly assumed that since 
we are using coax as antenna elements, that they would be subject to a cable's 
velocity factor. Since the loop element is really the outer braid skin, it is not 
subject to velocity factor. Only the inner differential-mode of coax is subject to 
velocity factor, and NOT the common-mode outer surface conductor of the braid, 
which is what we are using as the antenna! 


My standard formula for calculating the loop circumference for the frequency of 
interest at 1/10th wavelength without any VF, is: 


(1005 / freq mHz) * 0.10 


TUNING NOTES 


This formula should get you in the ballpark, although if you can't get a definite peak 
with your tuner on the lowest frequency of interest, it is likely that the antenna is 
too long, or the distributed capacitance of the cable used is too high for your tuner 
to handle. Try using a more advanced tuner, or reduce the loop circumference 
length. 


You can cut a new loop with a cable that has lower capacitance specs, or just make 
the existing one shorter. Fortunately it is easy to make a pre-cut loop shorter. Let's 
cut off two feet from the existing loop circumference as an example: 


+ Unwrap the shorted pigtail from around the exposed braid. Cut away a foot 
from this arm of the loop and create another shorted pigtail. 


« Measure a foot from the center of the old exposed braid, and cut a new 1-inch 
exposure of braid. 
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+ Wrap the new pigtail around the new exposed braid section and re-shape the 
antenna into the smaller shape. Tape up or heat-shrink the older exposed 
braid section. 


+ Try to be as accurate as possible and strive for balance when re-sizing the 
loop. Balance is important! 


USAGE: 


You can create the loop with any shape you want, but circles are best, and squares 
and diamonds do nearly as well. Triangles, and extreme rectangles don't do as well, 
but don't let that stop you. The key is to enclose as much area as possible. For 
mounting, any sort of cross-brace should work, but I've also placed them on the 
back of non-metallic doors, hung them from ceilings, etc. 


Tune the loop-system (loop and feedline) to resonance with the tuner. Since loops 
are high-q, you should hear a definite peak in the background noise. Better yet, 
tune to some locally-generated noise and peak on that. As you change each setting 
of the inductor, rotate the tuner capacitor(s) s-l-o-w-l-y. 


The directivity pattern is a bidirectional figure-8 pattern at low angles, with 
maximum gain in the plane of the loop, and the nulls are broadside to it. It is just 
the opposite of an ordinary dipole. The loop seems progressively more 
omnidirectional to medium and high skywave angles. 


If you want to see the directional azimuth and elevation angles, check out my 


general-purpose wire-loop page. The patterns are almost exactly the same as 
compared to these coax-built loops. 


You don't have to have the loop perfectly vertical, use whatever angle you need to 
null the local noise or storm-related static crashes - skywave signals will still be 
heard well. In one case, | have a noisemaker downstairs, so | had to rotate and tilt 
the loop at about 45 degrees to null it - it didn't attenuate the desired band signals 
at all. At times I've been able to track a storm all night and reduce the static 
crashes, and then sometimes not depending upon how localized the storm is. 


You might notice that even though you've nulled out the noise, signal levels on a 


tuned loop seem to be about 2-to-3 S-units down from a standard 1/2-wave dipole 
mounted up at least a quarter-wave above ground. This is normal for a tuned small 
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Coax Loop Antenna for 160 - 10 meters 


loop given its short wavelength. You can compensate with a preamp, but you might 
find that with the noise level so low, you won't need one. If your normal antenna 
isn't mounted up at least a quarter-wavelength, the comparative loss might be even 
less! 


Note: many modern radios that have built-in selectable preamps might have much 
lower sensitivity with the preamps off than other radios that don't have any 
preamps at all. This is a good design feature. Accordingly, with radios that have 
selectable preamps, it is likely you'll want to run with at least the first preamp 
turned ON. 


The important point to remember is that your noise floor will be so much lower than 
your old noisy antenna that it more than makes up for brute signal strength. 


Connector Quality Issues 


Make sure your connections are snug. If you lose the ground, you'll end up with a 
random-wire because you've lost the electrical balance. | mention this because as 
you insert or remove the connector from the tuner or receiver, when only the center- 
conductor is making a connection, you'll hear noise or signal level come up a bit. 
Unfortunately, you will have lost all the directivity that this antenna provides. Keep 
those connections tight. 


A caution about crimped PL-259 connectors: sometimes the crimp is so tight that 
when you screw them fully into the chassis jacks, they don't actually make good 
contact with the chassis-connector center conductor. A VERY GENTLE squeeze with 
a pair of pliers on the center-conductor pin will help ensure good physical contact. 
I've run into this problem a lot with cheaper cables and sometimes it is not 
immediately apparent because you can still receive signals (poorly) due to 
capacitive coupling of the center pins. 


Another drawback of cheaper connectors is that when you mate the dielectrics of 
the cable plug and chassis jack together, they sometimes don't allow the shells to 
make contact, especially if the "teeth" are short. You might only have a very poor 
shell-to-chassis connection via the rubbing of the cable's screw ring to the shell. 


TWO-TURN LOOPS! 
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Coax Loop Antenna for 160 - 10 meters 


To turn a large loop into something more manageable size-wise, 
try a continuous TWO-TURN loop. Each turn should have a 1- 
inch gap at the top of the turn, and at the bottom of the turn 
you attach the exposed braids and shorted pigtail together. 


Turn spacing: you might want to put a coax-diameter's width of 
space between the two turns. 1 did this by winding one turn on 
the front of the mast and the other turn on the back. 


(Click on any image to enlarge) 


For example, my 40 meter single- 
turn diamond loop has a 14-foot 
circumference with an 
approximate 4-foot diameter. 


1 turned it into a two-turn loop 


by starting with a new 14-foot length of coax, and depth-winding a second 
continuous turn around a 2-foot circular diameter instead of a square 4-foot 
diameter. At the top of the loop are my two turns with the 1-inch gaps at the 
center. At the bottom output of the loop | made sure the exposed braids and 
shorted pigtail are connected together. From this point, | left about 6 inches of coax 
terminated with a PL-259 connector which attaches to my portable MFJ-16010 
tuner. 


(Note: | recently placed the tuner on the desk with a 3 foot jumper instead since 
this loop was designed for the lower bands. For smaller single-turn loops designed 
for 20 meters or higher, the length of feed from the output of the loop to the tuner 
should not exceed 6 inches - the closer to the output the better.) 


Try to make all your measurements, cuts, and braid connections as symetrical as 
possible. Making the loop balanced is key to good noise rejection. 


Here is how 1 made it: 


« | used a 15 foot length of coax to allow for a short 6-inch run to the tuner and 


hitpviwvew.greertech comvhtloopimymagloop.htmi (11 of 13) [8/6/2004 8:24:09 РМ] 


Coax Loop Antenna for 160 - 10 meters 


some left over to make the shorted pigtail. 


Six inches from the end of the connector, make a 1-inch cut around the coax 
to expose only the braid. 


Measure 3.5 feet from the center of the exposed braid, and cut a 1-inch gap 
(1/2 inch on both sides of the mark) through the braid to expose the dielectric. 


Measure 3.5 feet from the center of the exposed dielectric, and cut around the 
coax for 1 inch to expose only the braid. (1/2 inch on both sides of the mark.) 


Measure 3.5 feet from the center of the exposed braid, and cut a 1-inch gap 
(1/2 inch on both sides of the mark) through the braid to expose the dielectric. 


Measure 3.5 feet from the center of the exposed braid, and short the shield to 
the center conductor. Leave about 4 extra inches or so of this shorted pigtail. 


Wrap the coax into a two-turn loop with the exposed braids parallel to each 
other at the bottom, and the exposed dielectric gaps at the top. Use tie-wraps, 
tape, etc. 


Wrap the shorted pigtail around the centers of the exposed braid sections at 
the bottom so that all the braids are in contact. Solder or tape together. 


Put the loop on your support, attach your tuner to the connectorized end and 
enjoy! 


The results of this two-turn loop are great! Signal output levels between my single 
and reduced-area double-turn loops seems about the same. 


Casual MF BCB DX'ing and LF 


If you bypass the tuner, you might be able to use a loop cut for 80 or 160 meters in 
an untuned mode for casual MF BCB and LF reception. It is handy to null out the 
local broadcasters. 


With the loop untuned, I've finally heard low-frequency CW beacons. So there IS life 
down there! For serious use, I'd definitely recommend specialized antennas for 
these bands, but at least an untuned loop might whet your appetite to go 
"lowdown". 
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Other Sources of Info 


1 am indebted to all the Amateur Radio operators, SWL's, BCB DX'ers, VLF'ers and 
other experimenters that provide me with information and encouragement with this 
project. They participate in the Yahoo!* Loop group and also on the 
rec.radio.amateur.antenna newsgroup. All errors and misinterpretations belong 
to me however ... 


If you're interested in loops, whether they be shielded, unshielded, magnetic, 
loopsticks, etc, you can find a great discussion forum for loop antennas on Yahoo!® 
by clicking here. 


Be sure to visit the K7ZB site with his pics and nice build of this loop, along with 
other interesting antenna solutions. 


+ General construction and usage (this page) 
+ Operational analysis of this small loop 


« Alternate loop winding methods 
« Miscellaneous notes and experiments 


« Easy-To-Build Small Wire Loops! 


24889 


since 1 June 2003 


© 2002-2004 www.greertech.com 
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A TEN FOOT RECEIVING LOOP FOR LOW FREQUENCY DX WORK 
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The VE7SL Radio Notebook 


A 10' RECEIVING LOOP FOR 
LOW-FREQUENCY DX WORK 


(P. 2- A BROADBAND SHIELDED LOOP FOR ГЕ) 


My ten foot air-core receiving loop was originally designed and constructed for NDB 
DXing. More recently, it has been pressed into service for LOWFER DX work. The loop 
has been instrumental in achieving two notable low-frequency receptions - the first Trans- 
Pacific reception of ZL (New Zealand) amateur radio signals in North America as well as 
stablishing the present long-distance record for LOWFER reception in North America, 
the 1-watt signal of "NC" from North Carolina to British Columbia, an overland distance 
5s. The loop is a good performer! 


у the loop is like most antennas, just a big resonant tuned cire 
‘oupling into the radio signal's electromagnetic field. Electrically, the loop 
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looks like the tuned circuit shown here, The 1-turn link couples signals out of the main 
loop to be fed to the receiver. The loop is tuned (signals peaked) with the variable tuning 
capacitor. The frequency tuning range of the loop basically depends on the number of 


turns in the main coil and the size of DISENO 
the tuning capacitor. My ten-foot 

loop has 14 turns of #20 plastic COD 

coated stranded copper wire. The = _ 50 ohm out te 
tuning capacitor is a 400pf dual 3 LES 

variable with both sections. Ше жо == 

connected in parallel, The tuning jii ) 2 turn pickup 


range of the loop is from 180kHz to 
410kHz approximately. By adding a 
250pf silver mica fixed capacitor in parallel with the loop, tuning will drop to around 
135kHz at the low end, perfect for the new 136kHz band when it arrives. Conversely, by 
shorting out the first turn in the loop, the lower end of the broadcast band can be tuned. 
Reducing the number of turns will raise the overall frequency tuning range. For the BCB 
DXer, I would suggest reducing the number of turns to 8 or 9. Going with even fewer 
turns, the loop would make a great low-noise, directional 160m receiving antenna. 


CONSTRUCTION- The loop frame is built 
from 2 x 3/4 Western Red Cedar. Redwood, 
„ Yellow Cedar or even marine-grade plywood 
should serve equally well. Perhaps you have 
HF something similar, indigenous to your area 
4° 10 that could be procurred. The frame must be 
ar strong and weather resistant and of course 
im the lighter you can make it, the better. The 
L frame must not be metallic! The four legs of 
PSO em the frame are all 10 feet in length. At each 


crossover point, a half-lap joint has been cut 
to join the frame together. Each joint has 

been screwed with a single brass wood screw and glued with two-part exterior water-proof 
glue. The loop has been outdoors for about 4 years now and has survived several dozen 
severe windstorms coming directly off the ocean. Part of it's "survivability" is due to the 
flexibility of it's 2" plastic ABS support mast. This allows the mast to absorb the brunt of 
the wind blasts. There have been several storms where the loop has been bent-over at a 30 


FRAME LAYOUT. 
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A TEN FOOT RECEIVING LOOP FOR LOW FREQUENCY DX WORK 
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PERFORMANCE As outlined earlier. the ten- foot loop has proven to be a good performer 
right from the start. Preamplifiers are often used with small homebrew loops to 
compensate for their low level of signal pick-up. The large aperture of this loop provides 
more than enough signal pick-up. No preamplification is used or required. Preamp- 
induced overload or cross-mod problems caused by nearby “blowtorch” signals are non- 
existent. The limiting factor of reception is always local or (more often than not) 
atmospheric noise, easily reached with the large aperture, 


In an electrically noisy location, the loop can often be used to best advantage as a steerable 
"null" to eliminate or vastly reduce the noise source. In quiet locations, the loop can be 


turned to enhance signal pick-up. 
LOOKING DOWN ONTO TOP OF LOOP 
aS Maximum signal pick-up is in the plane of 


PEAK the loop. For more information on loop 
antennas, see the links section below and 
«good looping! 
e NULL Steve (VE7SL) 
PEAK 


LOOP LINKS 


RECEIVING LOOP AERIALS FOR 1.8MHZ (VKSBR) - Plans for 160m RX loop and 
preamp 


A.M. LOOP ANTENNAS - Construction info for several AM BCB loops 


LOOP ANTENNAS - Almost everything you ever wanted to know about loops! 


THE LOW FREQUENCY RECEIVING LOOP - A 6' air - core loop for the LOWFER 
band 


SUPERLOOP RECEIVING ANTENNA FOR 136KHz - A nice air - core loop from 
G3LDO 


THINKING ABOUT IDEAL LOOPS - A detailed discussion of loop dynamics 


DOUG'S RADIO-ELECTRONICS LOOP ANTENNA PAGE -Various loop characteristics 


THE OCTOLOOP - An LF loop by Lowfer NAYWK 
160 / 80m COAXIAL RECEIVING LOOPS - Practical construction data 
LISTENING FOR LOWFERS - Constructing an 8' air - core loop for LF 


YAHOO! 'LOOPS' DISCUSSION GROUP - Talk with others about all kinds of loops! 


EM x 
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Der Bau einer Rahmenantenne 


Eigentlich, - ursprünglich, wollte ich ja diese Bauanleitung zu einem 
Bestandteil des vorherigen Artikels, des Super-Het-Empfángers, 
geschrieben haben. Die Gründe waren weil er a) sehr gute 
Empfangseigenschaften - speziell für den Superhet bot und b) in der 
Superhet-Schaltung, im Audion-Eingangskreis, diese Rahmenantenne 
schon eingeplant wurde (siehe die Super-Het-Schaltung, am 
Eingangskreis wird die Antennenspule L1 und L2 komplett durch den 2 x 
2-poligen Schalter R abgeschaltet, die Rahmenantenne übernimmt die 
Funktion dieses Kreises). 

Weil diese Rahmenantenne sich aber auch hervorragend für praktisch alle 
anderen Radio-Empfánger anbietet, entschlof ich mich, sie als separaten 
Bauvorschlag vorzustellen. 


Eine Rahmenantenne wirkt in den den Sommermonaten stórungsfreier als 
eine AuBen- oder Hochantenne, der Empfang mit ihr ist bedeutend 
selektiver als mit einer Hochantenne. 

- Je kleiner die Antenne, bzw. die Antennen-Kapazitát, desto gróBer ist 
die Abstimmschárfe. 


Für diese Antenne wird ein quadratischer Holzrahmen mit 1 Meter 
Seitenlánge sowie 20 cm Rahmenbreite angefertigt - am besten geeignet 
ist Buchenholz. Dieser Rahmen wird mit 8 Windungen 1 mm dicker 
Antennenlitze bewickelt, im Windungs-Abstand von jeweils 0,5 cm. (Eine 
Zeichnung dieses Rahmens anzufertigen halte ich nicht für notwendig.. = 
ich denke, jeder kann sich vorstellen wie dieser Holzrahmen aussehen 
muß) 


Je mehr Einzel-Litzen die Antennenlitze - HF-Litze, wie das "Rupalit" der 
Firma Pack Feindrähte - enthält, desto besser! - Ideal ist die Rupalit-HF- 
Litze mit 270 Einzeldrähten, 2-fach Seide umsponnen, mit einem größten 
AuBendurchmesser von 1,1 mm, bei der der Einzeldraht - der natürlich 


auch durch Lackierung noch einmal einzeln isoliert ist - einen 
Durchmesser von 0,04 mm besitzt. Eine 1 KG-Rolle hat hierbei eine 
Lauflánge von ca. 250 Meter. 

- Ich bin in Kontakt mit einem Vereinsfreund, der sich Бегей erklárte in 
absehbarer Zeit - ja nach Bestellung - Vorráte bestimmter Drahtstárken 
und -farben anzulegen und sie dann, je nach Bedarf (und Bestellung) in 
auch kleinen Mengen zu verkaufen. 

Da ja fůr diese Antenne, bei einer Kantenlánge von 1 m sowie bei nur 8 
Windungen eine Drahtlánge von 32 Metern ergibt, wáre diese Móglichkeit 
sicherlich - fůr den einen oder anderen alleine hierbei schon - 
hochinteressant - denn wohin sonst mit den restlichen ca. 220 Metern... 


Eine Kombination aus Rahmen- Antenne und einer Antenne läßt sich 
erreichen wenn man in diesen Rahmen noch einen weiteren, inneren 
Rahmen gleicher Breite einsetzt, der mit etwa 2 - 5 Windungen - gleicher 
Draht, gleiche Wickelrichtung - bewickelt wird. Anfang und Ende dieser 
Wicklung wird mit der Hoch- oder AuBenantenne bzw. der Erde 
verbunden. 


Eine weitere Variante einer Rahmenantenne zeigt die Skizze eines frůhen 
Empfángers mit Trichterlautsprecher und Rahmenantenne. 


Eine solche Antenne wird mit zwei Holzstáben, 2 x 2 cm Querschnitt, 
hergestelit. Einer der beiden Stábe ist 60 cm, der andere 65 cm lang. Die 
beiden Holzleisten aus Buche, beide in der Mitte - wie im Bild zu sehen - 
mit einer Nute in der Mitte. 


Damit werden die beiden Holzleisten zu einem Kreuz zusammengesteckt, 
die úberstehenden Enden des einen Stabes dienen dazu, das Kreuz auf 
einem Bodenteil - wie bei einem Christbaumstánder - zu befestigen. 

Es werden 15 Windungen 1-mm-HF-Litze (s.oben) spiralfórmig von auBen 
nach innen in das Kreuz hinein gewickelt. - Die Drahtbefestigungen 
kónnen z.B. aus Messingnágeln bestehen, oder auch aus kleinen, mit 
einer feinen Ságe hergestellten Einschnitten, wie sie im Bild angedeutet 
sind. 

Der Abstand zwischen den einzelnen Nágeln (oder Einschnitten) - und 
damit zwischen den einzelnen Dráhten - sollte jeweils 1 cm betragen. 
Diese so hergestellte Antenne ist optimiert für den Empfang des 
Wellenbereiches von 200 - 700 m, sie deckt also den gesamten 
Mittelwellenbereich ab. 

Die beiden Ableitungen der Antenne werden dann in der üblichen Weise 
mit dem Empfänger verbunden - 1 Anschluß an den Antennen-Eingang, 
das zweite Ende wird mit der Erde verbunden. 


Zum Abschluß zeige ich noch 2 Seiten aus einer Werbung aus der Zeit 
um 1928 - hier wird für Rahmenantennen geworben. - Man erkennt die 
vielfáltigen Formen, wie eine solche Antenne aussehen kann und wie sie 
damals hergestellt und gekauft wurden... 


Rahmenantenne 


RINKEL-KLAPPRAHMEN-ANTENNEN 


ner nran 

Ми einer Ori gebltnet der schauen. 
Darn Меен in allen ийим. auch 
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Rahmenantenne 


18s m 
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Ausgehend von einigen neuen Erkenntnissen móchte ich nun diese Seite 


erweitern. - Zunáchst noch eimal etwas zur Funktion. 


Die Rahmenantenne stellt eine Flachspule mit sehr groBem Durchmesser 
dar, die unmittelbar aus dem elektromagnetischen Feld des Raumes 
Energie aufnimmt. Da die induzierte Spannung am gröBten ist, wenn die 
Spule senkrecht von den magnetischen Kraftlinien durchsetzt wird, so 


besitzt sie eine Richtwirkung. 
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Die für eine Rahmenantenne erforderliche Windungszahl n ist von der 
Seitenlánge s abhángig und betrágt fůr den Mittelwellenbereich : 
beis=20cm..n=19 

s=25cm..n=14 

s=40cm..n=10 Windungen 

Fůr den Langwellenbereich ist etwa die vierfache Windungszahl 
erforderlich. 

Hinweis: Da eine Rahmenantenne eine Spule darstellt, gilt hierbei 
keinesfalls: je lánger der Draht - desto mehr Antennenenergie! 

Um festzustellen ob die ráumlichen Verháltnisse den Aufbau einer 
Rahmenantenne úberhaupt sinnvoll macht (es sind die 
elektromagnetischen Sendeenergien, die man hiermit empfangt!), sollte 
man sich vorher mit einer Ferritantenne kundig machen. 

Hierzu wird ein etwa 15 - 20 cm langer Ferritstab, ca. 10 mm 
Durchmesser, benótigt. Diesen bewickelt man, eng Windung an Windung, 
mit 50 Windungen HF-Litze. Ein Ende der Wicklung wird am 
Antenneneingang des Empfángers - beispielsweise ein Detektorgerát - 
angeschlossen, das andere Ende der Wicklung amErdanschluB. Diese 
Antenne hat die gleichen Eigenschaften - auch in Hinsicht auf Oualitát 
und Stárke der empfangenen Sender - wie eine Rahmenantenne. 


Hat man jedoch keine Móglichkeit eine Rahmen- oder Ferritantenne 
verwenden zu kónnen, beispielsweise wenn der Raum in dem der 
Empfánger mit zu viel Eisen(beton) abgeschirmt ist, so hilft eine 
Langdrahtantenne. - Bitte, weiterlesen! 

Ich meine eine kůnstliche Langdrahtantenne... 

Man besorat sich einen Transistor und die paar externen Bauteile und 
lótet sie wie die hier vorgestellte Schaltung zusammen: 


Rahmenantenne 


Antenne 
ci aus 
A 
470pF 
22k Te 
Ee i .-6V 


Quellennachweis dieser Schaltung: Funkgeschichte Nr. 55, S. 11. Schaltung nach Lórtsch, Detektorempfang 
mit einer 2 m langen Antenne. 


Ein Freund von mir baute diese Schaltung auf einem 1 DM groBen 
Lochrasterplatinenstůck auf. Die fertige Schaltung wurde dann mit einer 
HeiBklebepistole auf dem AnschluBclip einer 9-Volt-Batterie befestigt. Ein 
2 Meter langes Drahtstůck - am Antenneneingang der Schaltung 
angelótet - wird somit zu einer 20 Meter langen Langdrahtantenne. Mein 
Freund, dessen Bastel- und Heizungskellerraum identisch sind, der von 
dickem Eisenbeton umgeben ist und mit einer Ferritantenne keinerlei 
Empfang hat, kann mit dieser kůnstlichen Langdrahtantenne sogar 
bestens seine Detektorgeráte "befeuern" . . 

Viel Spass beim Nachbau ! 


Zurück zur Hauptseite 
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A Universal LF/MF Preamplifier 


By Lyle Koehler, KOLR 


Perhaps calling this a "universal" preamp is stretching things a little, but it works on the LF and MF 
bands with loop, whip or random-length wire antennas. Regeneration can be used with any type of 
antenna, although the circuit provides very high gain even without it. Because of its versatility, this 
preamp is ideal for experimenting with various types of receiving antennas. This article also shows how 
the preamp can be powered and tuned remotely, with only a single coax line between the remote antenna 
site and the receiver. 


The Circuit 


The universal preamp design is shown in Figure 1. It fits on a Radio Shack No. 276-150 general-purpose 
IC board with room to spare. Layout isn't especially critical; just follow the usual rules of RF circuit 
construction. Keep all leads as short as possible, and allow a respectable distance between the input and 
output leads. The preamp should be enclosed in a metal box to provide shielding. Tuning and 
regeneration control components are shown enclosed in dotted lines. Later in this article I'll show how 
these circuits can be modified to allow remote operation. 


R4 
1K 


2N2907A. 
cs 
ШТ? нен 
R5 
c, 330 
тишне. er 
c 680 
R7 
10k} 


Figure 1. "Universal LF/MF Preamp 


Additional parts information. 
+ L1: 4.7 millihenry (Mouser No. 434-17-472J or 434-06-4721) 
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Universal LF/MF Preamp 


. L2: 68 microhenry (32 turns #30 wire on FT-50-61 core or Mouser No. 43HH685) 
+ C4: 20-530 pF nominal (Mouser No. 24TR218; 2 sections connected in parallel) See Addendum 
+ 51: 3 pole 4 position switch (Mouser No. 10YX034) 


Notes: The recommended part for C4 is a neat little capacitor but it comes without mounting screws or a 
knob. The best source for screws and a knob for this capacitor is an old AM transistor radio. Two options 
are shown for 1.1. Both have the same specified Q in the Mouser catalog, but the 434-17- series parts I've 
tested are somewhat better than the 434-06- parts. If you "roll your own" inductor L2 it will have a 
higher Q than the Mouser part. All of the other components are standard and their values are not 

critical The Mouser Electronics toll-free number is 1-800-346-6873. 


A four-position switch lets you select the input circuit that works best with your antenna. The "LOOP" 
position is for parallel-tuned loops fed with short lengths of coax. It will work at frequencies well beyond 
10 MHz with a suitable loop (one that can resonate with C4). Using this circuit, I've heard IE on MF with 
a J-inch long loopstick inside the shack, and have copied my own LF beacon in the daytime at over 250 
miles with a 30-inch diameter, 22-turn loop. The "LF low Z" position works well with random-length 
wire or series-tuned loop antennas fed with long coax runs. Short whip antennas with short coax work 
best in the "LF high Z" position. An "MF" position is provided for use with MF antennas other than 
parallel-tuned loops. 


Regeneration control is achieved by feeding part of the output signal back to the gate of Q1 through а 
variable attenuator and the gate resistor R1. This approach eliminates the need for feedback windings on 
LI and L2, which would degrade the coil О and complicate the switching. Another advantage of this 
circuit is that regeneration can be used with loop antennas without adding feedback windings. When 
regeneration is used, tuning becomes very sharp. A 20 or 30 pF fine tuning capacitor across C4 is 
recommended (if you can find one!). 


This preamp has more gain than many receivers need. Switch S2 provides a way of attenuating the 
preamp output signal by about 20 dB, and a smaller value of R6 can be used if more attenuation is 
desired. S2 should be set to the "Low gain" position when regeneration is used. In fact, it may not be 
possible to reach the point of maximum usable regeneration (just before oscillation begins) with $2 in the 
"High gain" position. 


Remote Control 


Suggested circuits for remote tuning and regeneration control are shown in Figure 2. Parts with three- 
digit numbers are additional components needed for remote control. Single-digit part numbers refer io 
components previously identified in Figure 1. Remote tuning is accomplished by using a back-to-back 
pair of varactor diodes in place of C4. The maximum capacity of a pair of MVAM109s in series is only 
about 250 pF. If desired, C4 can be left in the circuit to extend the low end of the tuning range, or another 
pair of varactor diodes can be connected in parallel with D101 and D102. MVAM109s are available from 
DC Electronics at (800) 467-7736. 
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MODIFICATIONS TO PREAMP. REMOTE CONTROL UNIT 


TO PREAMP V+ 


2101 
1452378 
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jure 2. Suggested circ 
remote tuning and regeneration control. 


If you want, you can run a multiple-conductor shielded cable between the control unit and preamp, and 
use separate wires for power, signal and tuning. (I've used 150 feet of ordinary audio cable in my field 
tests of the preamp with no significant loss of signal.) Separate wires let you use a much simpler remote 
tuning circuit. But that's too easy. Figure 2 shows how to make one shielded wire perform multiple tasks. 
Q101 functions as a DC amplifier with offset, so that the tuning voltage varies from zero to 9 volts while 
the voltage on J2 is varied from about 9 to 11.5 volts. RF chokes and blocking capacitors at each end of 
the line isolate the signal output from the DC supply/tuning voltage. With this circuit, a single coaxial 
line carries the power and tuning control voltage to the preamp, and brings the output signal back to the 
receiver. 


The inductance values of L101 and L102 aren't critical, but they should each have a DC resistance less 
than 15 ohms. Some tweaking of the nominal 12 VDC supply voltage and/or the 27 K resistor (R111) 
may be needed to get the full tuning voltage range in your circuit. To check the circuit, connect a DC 
voltmeter between the collector of Q101 and ground. With the coarse tuning pot (R109) turned fully 
counter-clockwise, the voltmeter should read less than 0.5 volts. As you rotate the tuning pot, the 
voltmeter reading should begin to rise and should be close to 9 volts with the pot fully clockwise. 
Increasing the value of R111 will raise the minimum tuning voltage. Increasing the supply voltage will 
raise the tuning voltage at all settings of the tuning pot. The 500-ohm pot (R110) in Figure 2 is a "fine 
tuning" control. It can be omitted if you don't plan to use regeneration. 


hitp:viwvew.hvea.org/ibrary/articles kOlrlunipee. htm (3 of 5) [9/6/2004 8:24:19 РМ] 


Universal LF/MF Preamp 


A diode attenuator circuit is used in place of R7 for remote regeneration control. Purists would use PIN 
diodes in the circuit, but 1N4148s work in this application. A separate wire is needed to carry the 
regeneration control signal. There's a practical limit for how much stuff we can do with one piece of 
coax, Actually, I haven't found that regeneration helps my LF reception -- certainly not enough to be 
worth the effort. In other environments, regeneration might offer some benefit, and it's hard to know 
unless you try it. 


Performance 


When using a long wire or large dipole antenna, it may be necessary to attenuate the input signal to 
prevent overloading and intermodulation. If you experience overloading from AM broadcast stations, use 
the LF low Z position with an additional capacitor (.01 UF or larger) in parallel with the antenna 
terminals. If you're being hammered by Loran-C pulses, try switching to the LF high Z position and 
putting a small capacitor (10 or 20 pF) in series with the antenna, 


Thanks to Bruce, AAOYB and Sam. WØIMG for leaving their beacons on during the thunderstorm 
season so I could perform some actual listening tests on LowFER signals. Both of their transmitters are 
about 95 miles from me, which provides a reliable signal path when the ОКМ isn't overwhelming. Using 
either the circuit of Figure 1 or a preamp with the remote tuning options in Figure 2, BK and SAM came 
in very well on a homebrew LF receiver with any of three portable loops ranging from 30 inches to 48 
inches in diameter. Signals were also readable on a Radio Shack DX-440 portable receiver with all of the 
loops, although the 30-inch loop is pretty marginal. 


A 40-inch whip antenna mounted about four feet off the ground seemed to be nearly useless for LowFER 
reception. Extending the whip length to 11 feet brought the signals up to a readable level, but not to the 
QSO quality attainable with the larger loops. Maybe the whip would perform better on sky-wave signals. 


Addendum 


In January, 1997, Lyle reports on a complication with the variable capacitor: 


Complaint department -- Mouser Electronics and Circuit Specialists have both discontinued the dual 266- 
pF variable capacitor used in the Universal Preamp. I don't know of any other supplier for this particular 
part. It's getting harder and harder to find an assured source of supply for variable capacitors. 


This article originally appeared in the August, 1995, issue of The LOWDOWN, and is protected under 
US and international copyright laws. Please obtain the author's permission before redistributing this 
document or reproducing it in any other form. 
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[Г] Return to Longwave Antennas and Receivers Library. 


io to Longwave Home Page. 
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Re: Tuned Loop For AM Radio 
Rap 'n Tap 


[ Home | Contents | Post | Reply | Next | Previous | Up ] 


Re: Tuned Loop For AM Radio 


From: Harvey Harbicht 
Date: 4/29/99 

Time: 12:17:46 AM 
Remote Name: 169.207.3.5 


Comments 
Just a couple comments. 
1) What's the real difference between a "Tuned Loop" and a xtal set? The diode and earphones. 


2) For a beautiful loop, take a 6 foot piece (I think it’s 6 foot) of 16-conductor computer ribbon cable and 
connect the ends together offset by one. 


1-2-13-24-3...16-15- 16 
Add the cap or whatever you want. 


Now you have a nice one-piece portable loop that you can carry in your coat pocket or hang around а 
nice frame. 


Not my idea. I'm just passing it on. 
As for the soldering.... Im searching the stores for two snap-on connectors. One male and one female. 


T'm going to put them on the ends of my cable and just plug them together offset by one. I HATE, 
soldering!!! 
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A conveniant AM loop antenna 
Rap 'n Tap 
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A conveniant AM loop antenna 


From: William Clarke 
Date: 7/13/99 

Time: 7:06:59 AM 

Remote Name: 204.241.88.2 


Comments 


Ihave found this antenna to work well across the AM BCB in spite of being close wound, which is said 
to lower "Q" and lead to increased stray capacitance. 


The form is a 14" embroidery hoop (like in the Joe Carr book) with 14 turns of 26 ga. enamel wire close 
wound on it. I wound a 2 turn coupling loop over the main loop to attach to the receiver, The main loop 
has a variable cap (the 365 pF kind from the XSS) across it for tuning. I have a small imported vernier 
dial attached - a valuable tuning aid. The outer(split)hoop is attached to small wood plaque base (where 
the cap is mounted) with a 6” long dowell rod. (The hoop, base, and dowell can be purchaced at a craft 
store like Michael's). The inner loop can be easily removed and replaced - like plug in coils for your 
antenna, (Get several hoops - they're cheap. A 10 turn space wound loop will work up to the 30 meter 
band.) 


This antenna won't deliver the same power that a larger loop or long wire will, but it takes up a lot less 
space. It has good directional properties and is great for getting rid of noise. I can null out the attic fan 
with this thing. 
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MTM Scientific, Inc... AM Radio Loop Antenna 


Purchase the Starter Kit, Deluxe Kit or Finished Antenna! 


Our AM RADIO DX LOOP ANTENNA converts your portable transistor radio into a long distance 
receiver, capable of pulling in distant AM radio stations, Works with any portable radio, without 
complicated connections. Simply put your radio near the antenna (as shown) and tune. Also improves 
local station reception, No batteries or power supply needed, great for camping and remote locations. 
Small enough to use on the kitchen table! Daily AM listeners appreciate improved reception of News, 
Sports and Talk, Especially fun at night, when the AM Powerhouse Stations are in play and reception 
distances soar. Great introduction to DXing... the hobby of listening for distant radio stations. Very 
simple to use, complete instructions included. This attractive unit uses solid copper wire around a 
beautiful oak frame with a brass dial plate and large tuning knob. Please Note! We pay for the shipping 
via Priority Mail in the USA. This quality scientific product is ONLY available directly from MTM 
Scientific, Inc! 


Specifications: Tuning Range 550KHz-1700KHz, Size 18"x18"x8", Weight 2 Ibs. 


AM RADIO LOOP ANTENNA (Catalog # AMDX1000)... SORRY: SOLD OUT 
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Our Loop Antenna Starter Kit contains detailed plans for building the MTM Scientific, Inc. loop 
antenna from seratch. The loop antenna is fairly easy to build using locally available parts... The only 
really difficult item is finding an air variable capacitor, so we are including one with every set of 

plans! This capacitor was custom manufactured for the antenna. The drawings in the plans are incredibly 
detailed and professionally done. Also included is a full size template sheet (24" x 36") for laying out 
and drilling the wooden frame pieces. Our plans eliminate the guess work in building an AM Radio loop 
antenna. A GREAT wintertime project, only available from MTM Scientific, Inc! 


LOOP ANTENNA STARTER KIT (Catalog # LPKIT)...$19.75 USA Shipping Included 


BY PAYPAL: To order using Paypal, click the button. (Paypal is a great way to send money using email 
and a credit card... check it out!) BY MAIL: See information below. 


AM Radio Loop Antenna Page 


PEEL 


Our Deluxe Loop Antenna Kit contains ALL the hardware for building the MTM Scientific AM Radio 
Loop Antenna... Including the magnet wire, wood, air variable capacitor, brass dial plate, stainless steel 
hardware and tuning knob. Of course, the detailed plans and full size template sheet are also included. 
Please note that construction requires sawing and drilling to form the loop's frame. This kit allows you 
to concentrate on building the antenna, instead of scrounging around for the parts! Represents a nice 
savings compared to the price of an assembled antenna, and with care, the final product will look every 
bit as great. Please Note that the price includes shipping in the USA. 

DELUXE LOOP ANTENNA KIT (Catalog # DXKIT)...548.75 USA Shipping Included 


BY PAYPAL: To order using Paypal, click the button. (Paypal is a great way to send money using email 
and a credit card... check it out!) BY MAIL: See information below. 


ADDITIONAL ORDERING INFORMATION 
We keep ordering simple! Prompt, courteous 30 day refund policy. 
BY MAIL... please send a Check or Money Order (Starter Kit $19.75, Deluxe Kit $48.75) to: 
MTM Scientific, Inc. Р.О. Box 522, Clinton, Michigan 49236 


No delays for Personal Checks. We always ship promptly via Priority Mail. 


hitp:/iwew.mtmscientiic.convioop html (3 of 4) [96/2004 8:24:24 PM] 


click the buttons above, or Paypal directly io mtm ©mtmscientific.com 


International Orders are always welcome, but we must charge for the additional cost of shipping. 
Click here to inquire by EMAIL 


Click Here to view other MTM Scientific, Inc. Products 


Loop Antenna 


Palomar. Engineers 


е = 


Palomar's Loop Antenna gives superb 


ЕЕ == performance оп ће АМ medium-wave broadcast 
„ш. band. The loop rotates and tilts to give deep nulls 


so you can eliminate local interference. It also 
z allows you to null out a station and listen to 
another one on the same frequenc: 
that tilt can do this. 


Only loops 


‘The loops plug into the LA-1 loop amplifer. It has 
the tuning control and a power switch on its front 
panel. The rear panel has a UHF connector for 
the radio connection and a clip to hold the 9-volt 
battı 


Loop Antenna 


Amplifier with 
plug-in loop 


The AM broadcast antenna covers 530-1700 KHz which includes the new 
expanded band. The HF plug in loop covers 1700-6000 KHz for the amateur 160 
and 80 meter bands as well as the nighttime shortwave bands. The LF plug in 


loop covers 150-550 KHz. The VLF plug in loop covers 50-150 KHz. Note: The 
loops do not work without the amplifie 


LA-1 Loop Amplifier .. 
KHz Loop (Medium Wave Broadcast). 
Loop (160/80 amateur & shortwave broadcast.. $135.00 150-550 KHz Loop 
(Low Freguency Band $135.00 50-150 KHz Loop (VLF 


Band) -$150.00 Add $6 shipping/handling per 
order. Tax in Californi 


$135.00 530-1700 
$135.00 1700-6000 KHz 


Some radios have built-in antennas for the AM broadcast band and no 
connection for an external AM antenna. To connect to these radios use our loop 
Май: Info O coupler. It takes the loop amplifier output and converts it to a magnetic field that 
Palomar-Engi couples to the radio’s antenna. AM reception is much improved. Weak signals 
— become strong. LC-1 Loop 

Coupler.. $49.95 
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www.Palomar-Engineers.com Updated 8-5-04 
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Ай About Loops 


Telephone: 425-869-7778 
Fax: 425-869-7717 


PROTECTIONTECH 


eme —9 E T) 
All About Inductive Loops 


The material below describes the technology and reported performance of Loop Detectors. The document is divided into the following 
sections: 


© Principles and Theory of Operation 
© Detector Configuration 

O Selection Criteria 

Q Installation and Maintenance Considerations 
Ф 

o 


Attainable Information 
Data Reliability 


Principles and Theory of Operation 


Loop detectors operate on the principle of inductance, the property of a wire or circuit element to "induce" currents in isolated but 
adjacent conductive media. A detector consists of an insulated electrical wire, placed on or below the road surface, attached to a signal 
amplifier, a power source, and other electronics. Driving an alternating current (normal operating frequency between 10kHz and 200kHz) 
through the wire generates an electromagnetic field around the loop. Any conductor, such as the engine of a car, which passes through 
the field will absorb electromagnetic energy and simultaneously decrease the inductance and frequency of the loop. For most 
conventional installations, when the inductance or frequency changes a preset threshold in the actuate detector electronics, this indicates 
that a vehicle has been detected. Many factors determine loop inductance, including wire size, wire length, the number of turns, lead 
length, and insulation. 


Detector Configuration 
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All About Loops 
As noted above, the elements of а detector include: 


Ф an inductive loop 
© apull box 

© alead-in cable 

Ф a loop controller, which normally consists of a tuning network, a signal amplifier, a data accumulator and other detector electronics 


The inductive loop is an insulated electrical wire, usually several meters to a side, with several turns. Loops are installed in a variety of 
shapes such as square, rectangle, diamond, circular and octagonal, though each configuration produces a different electromagnetic field. 
For instance, diamond loops reduce the probability of detecting vehicles in adjacent lanes. The pull-box, usually located adjacent to the 
road, houses the splices between the lead-in cable from the controller and the lead-in wires from the loop. Lead-in wires are usually 
shielded and twisted to eliminate disturbances from external electromagnetic fields, such as adjacent loops. The controller electronics, 
usually housed in a rugged cabinet in a safer more accessible location, detect, amplify, and process loop signals. The controller 
orchestrates loop operation and provides power. A typical controller can handle up to forty loops, though in practice will probably oversee 
far fewer. 


Inductive loops may be placed either on the road surface, ог up to twenty inches or more into the pavement. While deep buried loops 
exhibit a longer life span, their electromagnetic field is weaker and detection becomes more difficult . Loop sensitivity, defined as the 
‘smallest change in inductance which will cause actuation, decreases around 5% for every inch into the pavement the loop is installed. 
Since the characteristic shape of a detection is not distorted, additional loop turns which emit a stronger loop field can compensate for 
pavement interference. Unless loops are installed during road construction, installation requires a saw cut, up to 10 mm wide, into the 
pavement. Unfortunately saw cuts have been found to undermine the structural stability of the pavement in some cases. 


Wire type also influences loop operation. Most inductive loops are formed by wrapping a single wire strand around the loop shape a 
prescribed number of times. Because these turns are spaced randomly, the electromagnetic field, and consequently detection results 
may vary from detector to detector. It has been established that a multi-conductor cable, which holds the loops in uniform proximity, will 
produce more accurate measurements. Installation of the multi-conductor necessitates a wider cut into the pavement than the single wire 
configuration. Ruggedized, weather resistant pre-formed loops are available which aid in uniformity, but also can be more difficult to 
install. 


Detectors operate in either the pulse or presence mode. Presence operation, often used with traffic signals, implies that detector output 
will remain "оп" while a vehicle is over the loop. Pulsed detection requires the detector to generate a short pulse (e.g. 100 to 150 ms) 
every time a vehicle enters the loop, regardless of the actual departure of the detected vehicle. 


Many detectors today employ digital technologies which sense a change in the resonant frequency of a loop due to a decrease in 
inductance. Digital techniques allow more reliable and precise measurements than their analog counterparts. Some digital units 
incorporate advanced electronics such as self-tuning amplifiers, open-loop test functions, and automatic or remote reset capabilities. 
These features can significantly reduce detector maintenance costs and calls. The newest detectors can actually output the digitally 
sampled inductance "signature" of each vehicle, allowing the development of flexible signal processing software to add considerable 
more robustness than the hardwired set "threshold" detectors. 
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Selection Criteria 
Several parameters characterize the performance of loop detectors: 
Response Time 


Defined as the time between the when inductance crosses the preset "threshold" due to the arrival or departure of a vehicle, and when 
this is indicated on the digital output side of the detector. A consistent and fast response time is crucial for accurate speed 
measurements. Response time is affected by vehicle size, speed, detector type, sensitivity, and wire type. Response time decreases with 
smaller vehicles, which have lower ground clearance and a shorter distance to the engine block and axle. Faster speeds tend to reduce 
response time, as does increased sensitivity. 


Recovery Time 


The time required for a loop to return to normal operation after a period of sustained occupancy. Recovery time is particularly important 
for vehicle counting. Loop standards dictate that after a sustained occupancy of five minutes a detector return to at least 90% of the 
minimum sensitivity within one second after the zone of detection is vacated. 


Installation and Maintenance Considerations 


For comprehensive surveillance of mainline routes, detector stations (possibly pairs) should be installed every 600 to 1200 meters. 
Loops should also be stationed around access and egress points, and at any locations where operational problems occur. Provisions 
should also be made for maintenance access. Different degrees of processing of raw loop data may be performed at the TMC or remotely 
in the field. Remote analysis requires additional processing hardware for each detector station, but less sophisticated communication 
links, since only the data relevant to highway surveillance is transmitted back to the TMC. In contrast, centralized analysis requires the 
transmission of large quantities of raw data and greater hardware requirements (storage and processing) at the TMC. If transmission lines 
are leased, which is often the case, data transmission costs can become cost prohibitive. 


Annual maintenance costs average around 10% of the original installation and capital cost, adjusted for inflation. 


Loop failure rates are strongly related to maintenance and installation procedures. Surveys of state DOTS indicate that failure rates 
vary significantly, ranging anywhere from three to fifteen percent per year. In practice, loop inspection procedures also vary substantially 
among DOTS. Loops may be inspected anywhere from one to twenty-five times per year. Highest inspection rates occur where loop 
operation is critical to the operation of other deployed traffic management systems. In many instances loop maintenance costs are 
sufficiently high that malfunctioning loops are replaced outright, without any diagnosis of the cause of failure. Because loops have been 
deployed extensively, consistent installation recommendations and primary causes of loop failure have been documented. 
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All About Loops 


Installation 


Installation recommendations for effective and long lasting loop systems include: 


Ф installation and calibration should as uniform as possible. 

Ф saw cuts should be cleaned out and dried before loop installation. Saw cuts should also be of uniform depth. 
Loops should be properly sealed. 

Ф detectors should feed off the same power supply. 


Mechanical Failure 


Many factors contribute to physical loop failure. Pavement and sealant (of the saw cut) failure are commonly identified as the primary 
culprits. Pavement failure or deformation (cracking, rutting, potholes, or shoving) causes loop wires to be strained resulting in breakage, 
wire insulation wear, or the infiltration of foreign materials. Sharp bends in loop corners have also been found to cause problems, such 
that the insulation deteriorated or was broken. 


Sealant failure poses additional problems. Once the sealant fails, the loop may become exposed or foreign materials may infiltrate the 
cut. In many cases the loop was found to have floated to the top of the cut, either before the sealant could cure or because it remained 
plastic. Other common sources of loop failure include poor installation and maintenance procedures, damage from utility repair or 
construction, lightning surges, detuned amplifiers, and corroded splices or wires. 


Data Malfunction 


Many sources of loop malfunction can produce erroneous detector data. These include stuck sensors, hanging (оп or off), chattering, 
cross-talk, pulse breakup, and intermittent malfunction. Cross-talk involves the mutual coupling of magnetic fields that produces 
interaction between two or more detector units which are in the same cabinet or in close proximity to each other. Cross-talk results in 
erratic loop behavior and inaccurate detections. Pulse break-up involves gaps in detector actuation data, which may be incorrectly 
interpreted as different vehicles. As described below, many of the these problems can be corrected with data filters. 


Attainable Information 


Loop detectors supply several pieces of information about prevailing traffic conditions, including vehicle presence, flow, occupancy, 
and velocity. A good loop detector system is cited as accurate to within 5%. The accuracy and consistency of detector output is a strong 
function of installation and calibration procedures. For example, it is possible that detectors with different sensitivities longitudinally 
separated by thirty feet give occupancy data which differs by 40%. Loop detectors are also limited by their inability to detect stationary 
vehicles. 
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Flow and occupancy may be extracted directly from loop data. Speed may be approximated from the data of a single detector using the 
fundamental theory of traffic flow 


flow = speed * density 
where density is approximated from occupancy by: 
density = occupancy * g 


and 


(vehicle length + detector length) 


where K is a conversion factor. While it is possible to obtain reasonable speed estimates with this strategy. paired loops offer a more 
accurate approach. Velocity is calculated from the travel time between two loop detectors which are separated by a known distance. 
Accurately calibrated speed traps with loops of individual wire can expect to achieve measurement errors of 5-8 kph (3-5 mph) at low 
speeds and 16-19 kph (10-12 mph) at high speeds. Multi-conductor cable loops average errors about 0.3 kph (0.2 mph) at low speeds 
and 5-8 kph (3-5 mph) at high speeds. 


There are several considerations in speed trap design. For one, loop inductance is a strong function of vehicle speed. One study 
determined that a vehicle travelling at 20 mph produced a 3% inductance shift, while another at 80 mph yielded only a 1% inductance 
shift. Sensitivity settings may have to be adjusted when ILDs are used in high-speed freeway environments. The separation between 
loops is another relevant variable. In practice anywhere from 2 meters to more than 20 meters is feasible. However if detectors are too 
close cross-talk may occur, while detectors spaced too far apart may be susceptible to vehicle lane changes. Suggested optimal spacing 
is around 9m. 


Data Reliability 


For traffic management strategies such as incident detection to be effective loop data must be reliable and accurate. Many TMCs use a 
‘combination of manual inspection and reliability tests to validate incoming data. Such tests serve a dual purpose, they flag erroneous data 
and identify malfunctioning loops. Various approaches are employed to identify inaccurate data. 


Initial error detection often occurs in the field. The data may be filtered, where pulses or gaps in actuation less than some brief interval, 
say one-fifteenth of a second, are ignored. The data may be flagged as unreliable if a microprocessor sees more than two valid pulses 
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All About Loops 
(vehicle endings) in a second. These tests usually detect gross errors, but other malfunctions may go unnoticed. 


More advanced filtering techniques are available to validate loop data. One approach is to compare a detectors on time to the average 
on-time of all other detectors at that station. A second strategy compares detector data (volume, occupancy, and speed) against realistic 
thresholds at periodic time intervals. For example, detector data is flagged if occupancy exceeds a predefined maximum for a certain 
period of time (say more than 90% for five minutes). A more complex algorithm uses a multi-regime comparison of the flow - occupancy 
ratio to maximum and minimum expected speeds. Occupancy is converted to density using a variable д which varies as function of 
occupancy. Research has shown that a constant g can introduce significant error into speed estimates. These algorithms achieve good 
detection rates with low false alarms rates, and often identify malfunctioning detectors overlooked by manual inspection. In practice most 
ТМС» operate in a hybrid fashion, using several elements from the tests described above. 


New detector cards which are becoming commercially available can directly output the (digitally sampled) change in inductance. This 
allows the development of analysis software with considerable more robustness. For example, conventional "threshold" detectors may 
double (or even triple) count a long truck with many distinct changes in inductive mass. Conventional detectors may double count а 
vehicle changing lanes between loops, or not count them at all, depending on how sensitive each lane's "threshold" is set. If the base 
inductance of a loop changes due to mechanical wear or weather induced corrosion, these old threshold detectors must be manually re- 
calibrated in the filed. With the new cards, it appears plausible to develop software to mitigate these types of problems by intelligently 
interpreting any and all changes in inductance across all the roadway loops at one time. Unfortunately, this capability has not been 
operationally proven in this country at this time (as of early 1997). 


Sales 
General Information: Wade 
Webmaster: Steve 


This is a secured server site. Your dala is safely encrypted and is sale from unauthorized access. 
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ls the Radio Shack Optimus 12-603 the Same as а GE SR 3^ 


UPDATE! Radio Shack has discontinued the 12-603. It has been replaced by the model 12- 
903. Perhaps the problems described here with the 12-603 have been corrected on the new 
model - if Radio Shack provides me with an evaluation unit, | will be happy to review it for 
inclusion in this article. But $60 is a bit expensive for me - to go buy one just for this article. You 
can buy a Superadio III (GE 7-2887) from Amazon.com for about $40. 


Is the Radio Shack Optimus 12-603 the 
Same as a GE SR 3? 


Click on the image above to see an enlarged view — 


Because of the similarity of features and appearance, a lot of people have asked the question 
above. | am in a position to answer this question, because | own one of each unit. This page is 
a work in progress, as I had to do a very quick, clandestine analysis. My wife has little 
understanding of my desire to take apart everything brand new, and "perfectly good". 
Particularly when it is going to be a Christmas gift for my daughter, her first radio. | had an hour 
and a half to work on this project before I was in danger of discovery! 


The answer to the question is a qualified "NO". The first clue that | had that the two radios were 


not identical was obvious even in the store. The arrangement of the secondary controls: 
"AM/FM", "wide/narrow", and "AFC" is different on the SR-3 and the 12-603: 
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After doing hardware hacking since | was in seventh grade, I knew that the underlying switches 
would most likely be soldered onto the PC board, rather than connected with wires. This 
strongly implied that the circuit board layout is different between the two units. This proved to 
be the case (see below). 


One thing that initially caused me to think I had purchased a defective unit: unlike the GE SR-3, 
the 12-603 includes an "AC/DC" switch on the back. Initially set to the AC position, the switch 
prevented me from using the radio with batteries (to minimize AC line noise that would enter 
the unit if | used the AC cord). When switched to the DC position, the radio worked with 
batteries. This may cause confusion to the user on occasion, resulting in drained / leaking 
batteries when the radio was supposedly on AC power. One other note related to this switch - it 
has one of those little dust shields that goes around the shaft inside the radio. | had re- 
assembled the unit only to find the dust shield sitting on the bench. | then had to take it apart so 
1 could install it, since it will be used by an active child. Of course, after installing the batteries 
so it would work on Christmas day, | took advantage of the AC/DC switch to insure that the 
radio would only come on when the package was opened, and not if the box was hit on the 
switch, draining the batteries before Christmas. So maybe the switch is a good thing after all. 


Actually, the Optimus radio is built better than the GE, using thicker, more rugged plastic - 
reminiscant of the GE SR-2, which 1 also own. | found myself grateful to Radio Shack for that, 
as it will be used by an active child. | am getting pretty good at quickly opening Radio Shack 
radios, after owning several. The front and side knobs should be removed, including the switch 
latches (unlike the SR-3, where they are underneath the cover). There are six long chassis 
screws, three on each side, and one short one in the battery compartment. It is not necessary 
to remove the screws holding the handle. 


This is where it gets a little complicated, Radio Shack radios are notorious for needing a little 
dexterity and having "tricks" to opening. The case separates at the bottom, and it is necessary 
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to flex the earphone jack side outward a little to clear the earphone jack. Immediately 
afterwards, the two halves should be manipulated to minimize stress on the on/off switch, 


located on the top of the unit. After that, the two chassis halves can be separated - and you 
have access to the inner chassis. 


A visual inspection revealed that the 12-603 circuit board is completely different from the SR3: 


Optimus 12-603 circuit board 
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ls the Radio Shack Optimus 12-603 the Sume as а GE SR 37 


GE SR-3 circuit board 


Click on either image to get a much larger version, that may be good enough for component 
identification. 


1 try very hard not to jump to the "more stuff is better" conclusion - which led me to buy a junky 
*12 transistor" Jade brand radio in 7th grade, when | should have bought Radio Shack's 8 
transistor tuned RF radio instead. But what | see here is many more IF/RF cans on the GE 
radio, along with many other components. The 12-603 board is open by comparison, but there 
is a small screened area that could pack a lot of sensitive components inside. There is also one 
less adjustment in the FM front end, which I will discuss later. 


Since the majority of DX'ers will be tempted to purchase the unit for AM reception, I thought 
that I would concentrate on that aspect. had been forewarned of the smaller ferrite bar in the 
12-603. It is 120 mm instead of 200. This is the United States, this old engineer still thinks of 
inches instead of mm. So the SR3 has a 7 7/8 inch rod and the 12-603 has a 4 3/4. As almost 
all of you will know, longer is better - as the ferrite is the only thing that can concentrate flux into 
the tiny loop antenna. The longer and thicker the rod, the more magnetic flux from the station is 
transferred to the loop - and the more distant the station that can be received. | have always 
thought the GE SR3 rod is a bit short for the size of the case. | have a small supply of 10 inch 
rods. Sadly, | broke my 12 inch rod many years ago. | would have installed a ten inch rod long 
ago, except the loop diameter is different. | noticed that although Radio Shack retained the loop 
diameter, they did not use the same quality of loop that GE did. They also omitted the second 
loop on the opposite end of the rod for external antenna coupling. It made me wonder what the 
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exteral AM antenna screw connected to inside the unit - a subject of further exploration when 
and if I get the opportunity. Naturally, the shorter ferrite rod made the unit's performance suffer 
greatly compared to the SR-3. There was no point doing a station-by-station comparison, there 
is simply no competition. A good example is the experimental "traveller's information radio" on 
1680 kHz in the Orlando area. A very weak signal on the SR-3, but receivable, it did not even 
come in at all on the 12-603. Neither did a 580 kHz station from Cuba on the other end of the 
dial. 


FM performance could not be measured directly. I am in a very difficult reception area. Many 
good stations are crowded onto adjacent channels with stronger stations. That is one reason 
why | purchased the 12-603. | hoped that it would allow my daughter to hear her beloved Z88, 
which is intentionally jammed by a mean, spiteful church down the road that insisted on putting 
а station on an adjacent frequency. This will not be the case, although | will not return the radio 
just because it is not a good FM performer. The FM performance of the SR-3 is also lackluster. 
Even if the 12-603 were up to SR-3 standards, it would be asking a lot of manual dexterity and 
tuning skill from a little girl to reject the garbage from down the street and get 2-88 instead. 


The primary reason | could not make direct FM comparisons, however, is that | tend to swap 
out the 280 kHz ceramic filters provided in most radios with 150 kHz ceramic filters, which 
dramatically improves selectivity and sensitivity. My SR-3 is no exeception. It has a 150 kHz 
filter in it. I initially planned to do put a 150 kHz filter in the 12-603 so | could make direct 
comparisons, but it would involve a lot of assembly work, including re-stringing the dial, to get 
to the back of the circuit board. The other option would be diking the part from the top and 
cleaning the leads, but that usually entails a risk that you will have to get to the back of the 
board anyway. 1 did not have the time - maybe at some future date. | did find a station that was 
away from strong local signals - and 1 could make some sensitivity comparisons. | found that 
the 12-603 brought the station in loud and clear, the same as the SR-3. Another station, 
however, was not brought in as well. 


The next aspect of the question | investigated was the comment that the 12-603 comes poorly 
aligned, and alignment can improve its performance. | learned many years ago to do "coils low, 
caps high", and that the tuning dial low and high could be set with the oscillator coil and cap. | 
don't generally touch FM air coils in wax - too touchy and cranky. The 12-603 has no AM coils 
for low, so 1 had to be content with "caps high". | found that the RF cap was slightly off, but the 
antenna cap was very far off, about 30 degrees brought a dramatic improvement. The AM IF's 
(3) were slightly off. When touched up, performance improved slightly. Not enough to come 
anywhere near to the SR-3, ог even bring in the weak 1680 kHz station. But enough to increase 
the volume on a weaker station around 1540 kHz, and bring in a faint signal on the 530 kHz 
station from Cuba. FM alignment did not yield much improvement, but some. It was closer 
initially to being correct. | found myself wondering why there was no FM antenna cap, and what 
sort of improvement it would yield if present. After all, the AM antenna cap yielded the most AM 
improvement. | am still very interested in seeing what happens when I put in 150 kHz cermic 
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filters. Based on memory alone, | think the SR-3 was originally pretty poor as well. If Radio 
Shack stayed true to form, they put their efforts into FM and skimped on AM. "Stay tuned”, but 
this is a hobby. It may be while before I try — But if my daugher whines about 7-88, you can 
bet I will be doing it quick! 


So - the bottom line is - NO, if you are looking for a DX unit "out of the box", and do not want to 
spend time tinkering. Go to the trouble of finding a genuine SR-3. It is also the latest in a long 
line of radios that prove that Radio Shack is not really interested in marketing a true AM DX unit 
to the consumer. In crucial areas like the ferrite bar, they skimp to save money. The 
concentrate instead on FM, and on the case and exterior. 


If you are willing to tinker, use an external antenna, swap out ceramic filters, etc - the jury is still 
out. It is NOT a re-packaged SR-3 circuit board. It is a totally unique, different design. The 
potential may or may not be there. In any case, do not buy this unit to DX FM. The SR-2 is a 
much better portable unit, but any number of car radios, operated off of 9 "D" cells, will give you 
better portable FM DX. 


The 12-603 is still a solid performer, better than standard stuff you can get elsewhere, and 


worth the sale price of $40. It will be a good introduction to the world of DX'ing to my daughter - 
to whom every and any distant station logged will be a new marvel. 
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America's Most Powerful 
Wireless Station 


Its 40-Year Career Included Piracy, Intrigue, And Naval And 


Commercial Traffic! 


By Alice Brannigan 


the world's major powers realized the 
rategic values of the medium 
Germany began constructing powerful 
stations in all of its colonies and at certain 
other sites before 1914, looking toward a 
worldwide communications system. The 
powerful Telefunken wireless station at 
Sayville, New York, (sce Pop'Comm. 
August 1996, page 15) was to be a vital 
‘wireless link to Germany, but even while 
‘that station was stil under construction, 
the Germans began building a second sta- 
tion in Tuckerton, New Jersey, This st 
ipn was to have an even more powerful 
alternatortype CW transmitter. 


I theearly days of wireless telegraphy. 


Fancy Financing 


"To finance the construction of this 
‘behemoth, а German company worked 
‘outanunusual arrangement witha French 
corporation, Compagnie Universelle de 
Telegraphic et de Telephonie sans Fils 
(СИТТ). The agreement stipulated that 
the French outfit would put up the money 
— about two million Francs — to build 
the German-designed station. Then, after 
‘the station was finished and proven to be 
reliable, the French company would 
assume full ownership. The German 
‘company agreed it would then lease this 
facility from the French company. You 
may have heard what they often say about 
the bes-laid plans of mice and men, Mote 
about that later 


A Spectacular Station 


In 1912, the German company, Hoch. 
frequenz- Maschinen Aktiengesellschaft 
fur Drahtlose Telegraphic (The High 
Frequency Machine Corporation for 
Wireless Telegraphy). or HOMAG, pur. 
 chaseda marshy 200-acre site оп Hickory 
Island, near Tuckerton. New Jersey. 


НОМАС х wireless station at Tuckerton, 
New Jersey was the most powerful in the US. 


HOMAG owned the patent rights in all 
nations except for Germany and her pos- 
sessions for the reflection alternator 
invented by Dr. Н.б. Goldschmidt. One 
such device, which generated 12.5 KW in 
RF current, had been successfully 
installed in 1910 by another company in 
Berlin. HOMAG wanted to build one 
witha 100 bn powerratingin Tuckerton, 

Part of HOMAG's agreement with its 
French associates was that, in addition to 
the cash the French agreed to spend for 
construction of the physical plant, they 
kicked in another 2.5 million Francs. The 
extra funds were needed because, upon 
assuming station ownership, CUTT was 
also to acquire all of HOMAG's lucrative 
patent rights to the Goldschmidt alterna- 

By May of 1912, c 
begun. Towards summer, all of the land 
had been cleared, the surveying had been 
completed, and most ofthe foundation pits 


struction had 


The unser at Tuckertn rose to à height of 
865 fert, and supported а massive umbrella: 
"pe antenna system. 


‘were dug, Later in the year, work began 
оп the antenna support tower. As of 
August, 1913, the triangular steel tower. 
had risen to 520 fect. Later that year, sta- 
tion manager Emil Mayer arrived from 
Germany with his crew of technicians and 
the 100 kW alternator, plus whatever else 
was required to complete the station. 


The Antenna 


By then, the tower had been complet- 
ed to its full 825-feet. It rested on а large 
steel ball that was supported on glass 
insulators. The tower was used to support 
the actual antenna, 

the top ofthe ower, there was 2600- 
Foot wooden mast thatextended the struc- 
ture to 865 fect tall. From the top of the 
там, 36 copper cables slanted down 600. 
feet, umbrella style to huge 
From there, steel cables con: 
insulators to the tops of 36 poles mount- 
ей all around the base of the tower at a 
distance of 1,500 feet from its base. The 
natural resonance of the antenna was at 
107 kHz. Leads from the antenna wires 
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Though sisi actuals а photo of the amen- 

na'r baseat Telefinken s Sayville sation i's 

1де sume construcion used to support the 
865 foot мег ai Tie, 


The antenna loading coil (vhown before 

installation). Note the man standing atthe 

lef for size comparison. Just imagine haw 

long hey hae cat Quaker Out to ins the 

contents of container large enough т wind 
‘hat monster! 


ran down through the steel tower to the 
transmitter building, located at the 
tower's base. 

Keep in mind that in the early days of 
“wireless, commercial long distance com- 
munications normally used frequencies 
below 100 kHz, Frequencies above 1600. 
KHz were considered territory best left 10 
‘experimenters and ham operators 


The Rest Of The Statiorí 


All of the buildings were fully con- 
structed by the time the antenna was com- 
pleted. The station first showed up in 1914 
station directories under the call letters 
МОС, though no frequencies were given, 

In 1914, the 100 KW Goldschmidt rig 
was one of the most powerful CW gen- 
erators. One terminal of the alternator 
‘went 10 ground, the other directly to the 
antenna through a loading coil the size of 
small bus. This lowered the resonant fre- 
quency of ihe antenna to that of the alter. 


nator, which was the station's operating 
frequency, 40 kHz, Communication was 
achieved by keying the DC exciting cur- 
rent to the alternator, 

Goldschmidt’ induction-type altema- 
tor was just a big wound-rotor induction 
motor ts rotor was three feet in diame- 
ter and weighed five tons. The rotor and 
stator each had 300 poles, It operated at 
4,000 p.m. from a special 250 h.p. 200. 
volt DC motor 

The power plant was located in the 
transmitter building. There were two 
boilerssupplyingsteamtodrivea4001 p. 
engine powering two 120 KW 220 V DC 
‘generators, Other steam-driven genera- 
lors were required to power the station's 
auxiliary systems. 

‘This tation, of course, needed a receiv- 
ег. Их detector was a new type adapted 10 
the reception of undamped waves. The 
station manager claimed that he was able 
to use the receiver to regularly copy POZ 
їп Germany, day and night, This was a 
4,000-wile hop. 

‘The Tuckerton station was equipped 
with a new magnetic recording device 
made im the US, by the American 


Telegraphone Company. This was the 
ancestor of a modern tape recorder 


A Question Of Motive 


HOMAG needed to prove toits French 
bankrollers that the station rally worked 
before ownership was officially trans- 
ferred. That meant it ad tobe able o send 
A total of 3,000 words of traffic with sta- 
tion POZ in Germany, within a single 24- 
hour period. 

‘The station began informal transmitter 
testing with POZ in May, 1914, But just 
before the formal acceptance transmis- 
sions were made for turning it over tothe 
French company that had paid for it, a 
curious thing happened. In Europe, ihe 
assassination of Austrian Archduke 
Franz Ferdinand by a Serbian on June 28, 
1914, was the pretext for war. A system 
of alliances made the conflict Europe- 
wide, Germany immediately went to war 
with France. The German company said 
it would therefore retain ownership of the 
‘Tuckerton station! 

“This put the U.S, ina peculiar position, 
in as much as we had not yet entered the 


Two Goldschmidt 100 KW alternator transmitters, The Tuckerton station ran 100 KW with ап 
alternator ofthis design built by HOMAG. 
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war. In order to maintain our nation's 
Position of neutrality. in August of 1914, 
our government notified the Tuckerton 
station that its temporary call leners for 
‘experimental use were cancelled, and 
since it no longer had а license, it could 
not transmit. In fact, the government said 

iso decided thut neither HOMAG, пог 
is French associates, would be entitled to 
hold a license because the companies 
weren't owned by US. citizens, as 
required by U.S, regulations. 

The Tuckerton station was the only sta- 
tion in the U.S. able to contact Germany 
directly during warm weather when there 
was a lot of static. Other U.S. stations 
could accomplish this only via interme 
diate relay stations. This pave the station 

enormous strategie and espionage 
potential. This, and the circumstances 
surrounding the timing of events, gave 
riseto suspicion regarding the motives for 
its construction and intended purpose, 
Indeed, it was revealed that Telefunken 
secretly company-owned HOMAG. 
Moreover. the German government bad 
surreptitiously pushed the construction of 
both the Tuckerton and Sayville stations. 


Things Get Gnarly 


‘A month after Tuckerton had been for- 
mally ordered off the air by the govem- 
ment, the U.S, Navy discovered that the. 
unlicensed station was brazenly operat- 
ing day and night in full commercial ser- 
vice to Germany, complete with its can- 
celled former call letters, WGG. The 
nation’s most powerful wireless station 
‘was an outlaw! To avoid further threat to 
USS. neutrality, on September 10, the 
Navy was ordered to take over control of 
the station's commercial transmitting and 
receiving operations, The Navy assigned 
‘Tuckerton the Naval call letters NWW. 
Existing German staff members were 
permitted to remain at the plant only to 
‘maintain and service the facility, though 
they were not allowed to operate its trans- 
minting or receiving equipment 


Not So Fast! 


The French company. СИТТ, was most 
unhappy about HOMAG's refusal to turn 
over ownership ofthe station. They went 
lo cour to try to gain its possession. The 
court decided that HOMAG would con: 
tinue as the de facto owner for the dura- 
tion of the war. HOMAG agreed that, 
under those terms, each month it would 
reimburse the U.S. Navy for all expens» 


es incurred operating the Tuckerton facil- 
йу. The Navy said that at the end of the 
war it would tum over to HOMAG all of 
its income [rom handling commercial 
traffic. les the operating expenses, 

As uck would have it, the day after the 
Navy moved in, the stator winding of tbe 
alternator failed and the station went 
dark. A month later the Navy had moved 
in its own arc transmitter while repairs 
were being made, butt ran a mere 30 kW 
and reached Germany only at night. Then 
the Navy brought ina 60 kW rig. But by 
January, that transmitter was also having 
service problems. 

‘The Navy told HOMAG that the 60 kW 
are transmitter was needed at another mil- 
itary facility. That required HOMAG to 
goto the Federal Telegraph Company and 
purchase a replacement transmitter for 
$15,000, plus a royalty of three cents per 
word transmitted. That transmitter went 
online in October 1916, 

Also in 1916, the receiving point for 
this station was relocated to a newly built 
facility in Deering. Maine (a suburb of 
Portland). This was done to avoid imer- 
ference from numerous wireless stations 
in the New York City area. The Navy also 
ran the receiving sic. 


War On The Horizon 


‘The warin Europe progressed, and pub- 
lic reaction to it in the U.S. increased to 
Such an extent that on February 8, 1917, 
all German personnel were told to di 
continue their maintenance activities and 
Teave the Tuckerton station. All operations 
were then taken over by the U.S. Navy. 

Upon the US. declaring war on 
Germany (April 6, 1917), the former 
‘Tuckerton German statf members were 
arrested and sent to а POW camp in 
Virginia, The Tuckerton station's owner- 
ship was transferred o the Alien Property 
Custodian for the duration of the war. The 
Navy then handled only official govern- 
ment traffic through the station, though it 
had to install a new 100 KW arc trans- 
miter due to continuing failures of the 
existing station unit. The US. Navy's 
official operations at the Tuckerton sta- 
Чоп were on 32.6 kHz. 

WSL, the German station at Sayville, 
was seized by the Navy in February, 1917 
afier it was discovered that its Telegra- 
phone magnetic recorder had been in use 
toexchange traffic with POZ at such high 
speeds that it became virtually encrypt- 
ed, Mixing in with its routine traffic, there 
had been German espionage messages, 


InDecemberaf 1955 the legendary Tuckerin 
tower was razed, Described as the world's 
eighth highest милите, the 800-00 steel 
Behemot broke in neo, und i six seconds 
"ple. I а си ир and sold for serap. 


including the one that helped U-boatstor- 
pedo the British passenger liner Lust 
tania, on May 1, 1915. One can speculate 
on why such aunit had also been installed 
at Tuckerton. 

When the war ended, courts decided 
that the Tuckerton station rightfully 
belonged to CUTT, the French company. 
СИТТ then formed an U.S. subsidiary 
known as the American Radio Company 
(ARC), in order to obtain a US, radi 
license, In February. 1917, the Navy 
signed а lease with ARC, allowing the 
Navy to continue operating the station 
until April, 1920, paying ARC $5,500 per 
month, These rentals, plus profits due 
under HOMAG ownership, amounted to 
more than a half-million dollars 


New Owners 


But what ARC proved was history by 
the time the Navy's lease ended. By the 
end of February, 1920, ARC must have 
figured they'd quit while they were 
ahead, That's when they sold the 
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Tuckerton facility to RCA. reportedly for New Jeney, This tansmiting facility 
amillion dollars. КСА washappy tohave handled a sizeable portion of RCA’s tr. 
. cto Europe until 1940. By 1940, how- 
high performance 100 kW are transmit- ever, improved shortwave technology 
ter Still, they soon upgraded the station caused the old Tuckerton facility to be 
by increasing its power to 200 KW with placed in standby status, 

new Alexanderson altemator, and even 

obiainingasecond Alexanderson200KW War Arrives — Again 

Are transite for standby use. 

RCA found hatihe Alexandersonunits When the U.S. entered World War Iin 
were o reliable that they added a second carly December, 1941, the Tuckerton 
large Пайор multiple-tuned antenna, and transmitters were again used by the U.S. 
put the standby transmitter into fullüme Navy for sending orders to the let. VLF 
use, This doubled the traffic-handling transmission was the ony effective medi 
capability of the station, The earlier um for penetrating the Oceans to reach 
German alternator had been put in stor- submarines, Furthermore, it was found io 
age for possible future use, but several be the most reliable mode for transmis- 
years later was deemed so rouble-prone sion through the auroral zone lo our vital 
and obsolete, it was junked. Pase at Thule, Greenland. The Tuckerton 

Under RCA ownership. the transmitter plant continued in this service until 1948, 
using the old umbrella antenna was reas- When it was again put on standby. 
signed the station's original WGG call FCC records of 1945 indicate that this 
lete, and operated on 184 KHz. The facility was licensed as WGG (200 kW) 
other transmitter was licensed as WCI and WGG2 (250 KW) on 22.1 KHz, also 
amd assigned o 18.2 KHz, The receiving WCI (250 kW) and WEI (200 KW) on 
facility for both stations was in Belmar, 184 KHz 
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Some of the old tower's steel guy anchors 
imbedded in concrete footing are sil found 
Hear he houses ton the siir 43 wear ago 
The origina transmiter building is there. t. 


In April. 1953, the former WGG alter- 
nator was operated by RCA for the last 
time with the call letters WEV60 on 18.4 
KHz, The former WClalternator was fred 
up for 25 minutes in June with the call let- 
ters WEV80 on 18.2 kHz. In 1955, these 
transmitters were scrapped and the tower. 
was razed, 

19 1924, RCA had moved their marine 
telegraph station WSC (asof 1945. оп 125 
and 143 kHz, plus shortwave) from 
Siasconset, Massachusetts, to Tuckerton, 
Before the longwave antenna was 
scrapped in 1955, WSC was moved 
again, this time a few miles north to West 
Creek, New Jersey, though still listed as 
Tuckerton, WSC was finally closed by 
RCA on May 8. 1978. 

HOMAG's original 200-aere real 
estate purchase was sold in 1956 to 
become a housing development called 
Mystic Islands, ‘The 1913 transmitter 
building and several of the steel guy 
anchoring rings affixed to concrete Foot 
ings are found near the houses, Those are 
the only physical remains of what was the 
most powerful wireless station inthe U.S. 
nearly 90 years ago. 

We welcome old time radio and wire- 
less photos, picture postcards, QSL cards 
and letters (good copies are OK). news 
clippings, and station directories, as well 
as comments and ideas. Our postal 
address is Alice Brannigan, Popular 
‘Communications, 25 Newbridge Road, 
Hicksville, NY 11801. Oryou might wish 
io send an E-mail directly to me at 
-<Radioville@juno.com>. Be with us 
next month! я 
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A Wireless Station Within the Reach of Everybody 


With a pair of receives to his ears, an amazed visitor to a certain radio station heard a high- 
toned hum which changed to a low growl, then skied to the upper reaches of the musical 


scale ina 


faint, very faint buzz, as if some microscopic mosquito had had his song made audible. The operator rapidly 
rapidly turning the knobs on his couplers and condensers, raised his hand: suddenly, through the changing 
radio signals which were clamoring for attention together in the receivers came his voice; "There — the 
loud, easily heard one is New Brunswick; the fainter, lower one is Nauen, in Germany”. 


IF all this had taken place in the great Arlington station one would not have wondered, save perhaps at the 
inability to tune out all radio but Nauen. But it was a little portable house erected in thick woods near the 
edge of the District of Columbia and the signals were received through an oak tree for an antenna. 


It is not a joke nor a scientific curiosity, this strange discovery of Gen. George O. Squire, Chief Signal 
Officer, that trees --- all trees, of all kinds and all heights, growing anywhere --- are nature's own wireless 
towers and antenna combined. The matter first came to his attention in 1904, through the use of trees as 
grounds for Army buzzer and telegraph and telephone sets, which, in perfectly dry ground and in a dry 
season, functioned poorly or not at all with ordinary grounds. Right then he began experiments with a view 
to seeing what possibilities, if any, the tree had as an aerial, But in 1904 radiotelegraphy was far more 
undeveloped than at present, and vacuum amplifying tubes were not thought of. 


During the war the Signal Corps established a chain of special receiving stations in different localities to 
copy and record enemy and allied radio messages. Some of those stations were instructed to test the 
efficiency of growing trees as receiving antennae. 


With the remarkably sensitive amplifiers now available, it was not only possible to receive signals from all 
the principle European stations through a tree, but it has developed beyond a theory and to a fact that a tree 
is as good as any man-made aerial, regardless of the size or extent of the latter, and better in the respect that 
it brings to the operators ears far less static interference. 


This is a rather broad statement, yet there beyond the Capital of the nation stands a little portable house, the 
oak tree, a small receiving set and a couple of enlisted men and an officer on duty; and the curious may, 
with permission, hear for themselves that the signals so received are neither faint not interrupted, but strong, 
full-toned dots and sashes even when they come from far-off Nauen. Page after page is copied daily from 
the propaganda material which Nauen sends out by the ream. Lyons, Poldhu, ships at sea, even the NC-4 on 
her way, are heard plainly. As for New Brunswick or nearby Arlington --- they deafen the listener if he is 
unwise enough to try to "take" them otherwise than with the phones lying on the tables. 


It will puzzle the amateur as it has puzzled the experts, how a tree, which is certainly well grounded, can 
also be an insulated aerial. The method of getting the disturbances in potential from trectop to instrument is 
so simple as to be almost laughable. One climbs a tree to two-thirds of its height, drives a nail a couple of 
inches into the tree, hangs a wire therefrom, and attaches the wire to the receiving apparatus as if it were а 
regular lead in from a lofty copper or aluminum aerial. Apparently some of the etheric disturbances passing 
from treetop to ground through the tree are diverted through the wire — and the thermionic tube most 
efficiently does the rest. 


It is interesting to learn that the tree behaves very much like any other aerial; it receives better in dry clear 
‘weather than in muggy, damp weather. It plucks messages from the ether more clearly at night than in the 
day. It is affected very little by rain. It is affected not at all by the presence of other trees; so far as has yet 
been ascertained it makes little difference whether one drives his nail in a tree in the forest or a lone tree on 
the plain. Certainly it makes no difference that amounts to anything whether the tree be just an ordinary tree 
ога giant; it was a 60-001 oak over which the very awe-struck correspondent heard Nauen telling a waiting 
world what good people the Germans really are. And to prove that it made no particular difference what 
kind of tree was used the officer in charge switched to a pine tree, which received equally well 
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А dead tree will not do, and a tree not in leaf is not so sensitive as one in full foliage. It makes much 
difference where the nail is driven. General Squier calls the proper place the optimum point, and 
experimentally it has been determined that two-thirds of the distance from ground to top is the best place 
їп a 60-foot tree, 40 feet from the ground. 


‘One nail is sufficient, and it may be any kind of nail; but copper is preferred as not rusting. In practice, if a 
tree station is to be at all permanent, several nails would be driven and connected to the same wire, each 
additional nail up to 6 or 8 making the diverted current a little stronger. But 40 nails apparently produce no 
clearer signals than half a dozen. 


‘The tree may serve as a receiving station for several sets, either connected in series with the same material 
ог from separate terminals, 


Some skeptics have expressed the belief that it was not the tree, but the wire leading to the nail in the tree 
which was the real aerial. The absurdity of thinking a 40-foot wire could receive the widely differing wave 
lengths which come through the tree station is obvious, but to set any doubt at rest, the wire to the tree has 
been hung to the nail by means of an insulator, when the signals immediately cease, only to come in as 
strong as ever just as soon as the connection is again established, 


Just what will the tree do as a transmitting station for radio telegraphic messages has not been determined in 
the Signal Corps Experimental Laboratory. As those in charge express it, "The fact has been demonstrated, 
but the matter is still in laboratory stage only. What remains to be done now is to develop the best methods 
of using the demonstrated fact" 


But it has already been shown that the tree can be used in wireless telephony and for short distances it has 
been shown that two-way telephonic communications is easily established through trees with remarkably 
low values of transmitting antenna current. 


Ifa tree may be used to send wireless telephonic waves it seems not unreasonable to suppose that it will do 
so as easily with the telegraphic waves. At present the Signal Corps is at work on apparatus to test the 
possibilities of the tree as a transmitting station. 


Just what this development of the art of radio telegraphy may mean has not yet been worked out. It is the. 
history of most discoveries that their potentialities are hardly dreamed of when they are first made ~- for 
instance the telephone, the electromagnet, the vacuum tube amplifier. But it seems fairly obvious that in 
‘war, at least, the tree receiving station opens up great possibilities. 


‘True enough there are few trees which remain intact under shell fire, and doubtless with this possibility in 
mind the armies of the future (if there be such) will in action consider all trees as dangerous enemy aerial 
stations. But there will always be trees behind the lines and not all actions will be fought on bare ground. 
What would it have meant to the "lost battalion" to have had a tree wireless set along by which it could 
have heard that every effort was being made to find and relieve it, or by which it might have sent back 
messages supplementing that carried by the pigeon? 


‘The greatest development, however, of the tree as the foundation for a receiving and possibly a sending 
station will come in peace uses. General Squier has written: 


"In view of what has been accomplished in space telegraphy, it is difficult to predict to what extent this 
means of communication may ultimately be developed. If, as indicated in these experiments, the earth's 
surface is already generously provided with efficient antennae, which we have but to utilize for such 
communication, even over short distances, it is a fascinating thought to dwell upon in connection with the 
future development of the transmission of intelligence. 


"Since a transmitting station is a central point for electromagnete waves sent out in all directions over the 
surface of the earth, a large class of information, such as meteorological reports, crop reports, and general 
news items of interest to all, may in time be sent from central points, to be received in many places within 
the radius of influence of the signal station, and this, too, by the simplest form of apparatus.” 
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‘The amateur wireless world will unquestionably take an intense interest in the tree radio work. At present, 
while the government has lifted the ban upon amateur aerials, it has not removed the structures against 
sending. 


The aerial is always the greatest problem for the amateur. Lack of both money and material prevents him. 
from erecting anything very large or of very great capacity. Ifany lad with a receiving set and some 
thermionic tubes can hook to a tree and take in any wavelength he can tune to, will not tree radio vastly 
increase the devotees of this particular variety of indoor sport? The matter is one of some importance, 
inasmuch as many valuable recruits to the radio world have come from amateur ranks, and many a radio 
engineer had got his first taste for the fascinating art through a homemade tuning coil and detector, under 
the attic roof. The greater the amateur wireless world, the quicker the development of the art as a whole. 


Explorers, discoverers, engineers in far places, the forest service, the woodsman, all have use for the new 
development. Moreover the tree as an antenna offers unusual possibilities for the investigation of 
atmospheric phenomena and for what may be called the physics of botany (or the botany of physics) and 
perhaps is the road by which the unsolved puzzle of growth may be studied, 


Meanwhile, it is a thought not without great power to move the sensitive imagination that every tree, 
growing everywhere, is a wireless tower and antenna and that, as General Squier says, "It is significant that 
a tree, possessing utility and natural strength, architectural beauty of design and endurance far superior to 
artificial structures prepared by man, should be able yet further to minister to his needs". 


Electrical Experimenter ( July 1919 ), р. 204 
Talking Through The Trees 
by 


Major-General George O. Squier 


(Chief s 


al Officer, US Army) 
How Transatlantic Radio messages Are Copied Via Tree Antenna 


As long ago as 1904, the author conducted some experiments with a view to utilizing growing trees as 
antennae for radio-telegraphy and discovered the efficacy, in a general way, of using a direct metallic 
contact to certain trees (principally Eucalyptus) to increase the audibility of radio signals. My attention was 
first called to this phenomenon during the course of summer maneuvers of the Army at Camp Atascadero, 
CA, where, due to the prevalence of the dry season of the зой, it was found that the regular Army buzzer 
telephone and telegraph sets were inoperative with any ordinary ground or earth but became operative when 
connected to a metallic nail driven in the trunk or roots of a live tree. This incident led the author to pursue 
the subject experimentally in the autumn of 1904 continuing the experiments to the range of frequencies 
than employed in radio-telegraphy. 


Tree Antennae 


In connection with the organization and development of Transatlantic radio reception, which was carried 
‘out during the period of the war to provide against the possibility of the interruption of the submarine cable 
system, the Signal Corps established a chain of special receiving stations in different parts of the United 
States to copy and record enemy and Allied radio messages from European stations for the information of 
our Army General Staff 


In the prosecution of this work, directions were given to the Signal Corps Laboratory at Camp Alfred Vail, 
Little Silver, NJ, and also to the experimental staff in Washington to test the efficiency of growing trees as 
receiving antenna, in connection with this service, using the vastly superior technique and facilities now 
represented in the radio Art as compared with the crude apparatus with which the discovery was made in 
1904. With a collection of apparatus representing the most advanced state of the radio Art, the problem, as a 
war measure, was attacked anew and has now reached a point where a very brief outline of some of the 

ita rexresearch comiequielsquer him ano 


PID George О. Squier - Trees as Antennas ( Scientife American, June 14, 1919 & British Patent Spocifcaon # 49.917) 
physical results obtained should be presented in the interests of the development of the Art in general. Since 
the phenomena involved embrace a variety of physical problems rather than strictly engineering ones, these 
data are presented in the hope that our scientists may see in the experiments some points of departure for 
further research, 


It was immediately discovered that with the sensitive amplifiers now in use it was possible to receive 
signals from the principal European stations by simply laying а small wire netting on the ground beneath 
the tree and connecting an insulated wire to a nail driven in the tree well within the outline of the tree top. 
See Figure 1. Messages having been received from England, France, Germany and Italy. 


‘This encouraging first result justified а more careful examination of the phenomena and the most suitable 
arrangement of circuits for the purpose. 


And Now For the Floraphone 


‘The messages carried over this tree telephone and telegram system have been named by the writer. They are 
to be ‘floragrams’. The tree telephone is to be a “floraphone’; the tree telegraph а “floragraph. 


‘The discovery is now announced after experiments covering 15 years, beginning in California and 
continuing intermittently until the outbreak of the war, when they went forward with vigor as an emergency 
means of communication. The system was utilized during the war in listening-in on the German radio 
‘communication. 


‘The final development took place in a small portable laboratory, purchased from a mail order house, 
capable of being carried to any place in the woods. A group of soldiers, taking turns at copying messages, 
assisted the writer in the development of the apparatus. 


Without entering into the details of these preliminary experiments here it may be said that one fo the best. 
receiving arrangements is found to be an elevated tree earth-terminal in the upper part of the tree top, and 
ап earth consisting practically of several short pieces of insulated wire, sealed at the outer end, radiating out 
from a common center, and buried a few inches beneath the surface of the ground in the neighborhood of 
the tree. See Figure 2 


It was soon found that a trec-antenna could be used efficiently as a multiple radio receiving set over widely 
different wavelengths, see Figure 3A, receiving either from separate terminals at the same (shown dotted i 
Figure 3A) or different heights of the tree, or in series from the same terminal. See Figure 3B. 


This same type of circuit was employed in an inverse manner for radio-telephonic transmitting purposes, 
although the experiments thus far have been limited to short distances. It was found that 2-way radio- 
telephonic communication was easily established with remarkably low values of transmitting antenna 
current. Sec diagram of this test illustrated at Figure 4. 


The flexibility of this arrangement is very striking. The linking up of wire and wireless methods was found 
to be both convenient and efficient. Radio-telephonic messages from airplanes were readily received by the 
‘ree-antenna arrangement and transferred thence to the wire system of the city of Washington and finally 
received at any point desired, 


Furthermore, radio-telephonic transmission through the tree-antenna was received by another tree-antenna, 
and automatically returned to the sender on a wire system, thus making a complete circuit. Illustrated at 
Figure б. 


Long distance reception on any wave length from all the larger European stations and from our ships at sea 
vas easily accomplished and traffic copied on a 24 hour schedule by the regular enlisted operators of the 
Signal Corps. A small portable house serving as а field laboratory was erected in the midst of the forest area 
оп Grant Road, Washington DC, and here was assembled a collection of amplifiers from the Army, navy, 
the British and French, and American manufacturers. With these facilities it was a matter of a few days to 
test out, at least in a superficial manner, a large number of proposed arrangements using trees as antenna. 


Fi 


ге 7 shows how a number of trees can be connected up to give the effect of one large antenna. 
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In France officers of the Signal Corps, by the simple device of driving a spike into a tree-trunk to which 
connect the audion set which wireless operators use to make up wireless messages, it was found possible to 
listen in on communications between German airplanes and the German lines. Messages were thus 
intercepted in spots into which it would have been impossible to transport a field wireless apparatus. See 
Figure 8, 


‘The Physics of Tree 


less 


We may regard the metallic electrode rigidly driven into the living organism of a tree, as described above, 
as a potential carth-terminal for the study of the potential distribution on the surface of the earth itself. It has 
been shown in these experiments that this metallic terminal intimately connected to the earth itself and a 
part thereof is subject to changes of potential representing the innumerable frequencies required by modern 
radio-telephony and telegraphy, as well as any other electrical disturbances which may occur on the surface 
ol the earth or the atmosphere above the earth. 


It has also been shown, as expected, that we can select from this composite one or more of the different 
frequencies by tuned electrical loop circuits suitably connected to this electrode and study each in turn, at 
will, just as color screens can select a particular component of white light. We may, indeed, by means of a 
highly insulated conductor bring this terminal directly to the laboratory and connect it immediately to the 
modern thermionic tube and amplify almost at will the particular effects we are studying, 


We can consider that trees have been pieces of electrical apparatus from their beginning and with their 
manifold chains of living cells are absorbers, conductors and radiators of the long electromagnetic waves as 
used in the radio Ап. 


For our present purpose we may consider, therefore, a growing tree as a higly organized piece of living 


earth, to be used in the same manner as we now use the earth as a universal conductor for telephony and 
telegraphy and other electrical purposes. 
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British Patent Specification # 149,917 
Improvements in & Relating to Radio Communication Systems 
George O. Squier. 


This invention relates to radio communication systems. More particularly, the invention relates to radio 
transmission and reception through the use of living vegetable organisms such as trees, plants, and the like. 


As disclosed in the Specification of my prior Letters Patent No. 25,610 (1904), I have discovered heretofore 
that tall trees and like growing vegetation possessed electrical conductivity of a certain nature adapted for 
the reception of signaling electromagnetic waves and capable of forming a part of an antenna or serial with 
the use of a direct earth "ground" or equivalent point of connection with the tree, in the potential node 
region. 


1 have recently discovered that living vegetable organisms generally are adapted for transmission and 
reception of radio or high frequency oscillations, whether damped or undamped, with the use of a suitable 
counterpoise. I have further discovered that such living organisms are adapted for respectively transmitting 
ог receiving a plurality of separate trains of radio or high frequency oscillations simultaneously, in the 
‘communication of either or both telephonic or telegraphic messages. 


In such use of an antenna comprising living vegetable organism and a counterpoise, I have discovered that 
‘optimum results are obtained upon arranging the point of connection of the transmitting or the receiving set 
within a certain range of the tree, or other living vegetable organism; for trees indigenous in the temperate 
zones, I have discovered that such optimum point of connection is in a region approximately two-thirds of 
the height of the tree above the exposed surface of the earth, 


In accordance with my invention for receiving radio trains of telephonic or telegraphic high frequency 
oscillations, a plurality of receiving sets attuned respectively to any desired frequency, may be connected by 
the same leading-in wire to the same tree, whereby such tree serves as the common receiving antenna for 
the respective individual receiving sets; and, similarly, for transmitting radio trains of telephonic or 
telegraphic high frequency oscillations, a plurality of transmitting sets respectively resonant to any desired 
frequency may be connected by a common lead-in wire to the same tree serving as the common antenna. 


In the more preferred forms of my invention, I have devised suitable means for selective directional 
reception of radio oscillations of any desired definite frequency, by the use of a coil having the turns of its 
windings disposed in substantial parallelism and mounted to be rotated in a horizontal plane, whereby the 
received oscillations are restricted to the direction coincident with or parallel to a plane lying normal to any 
plane passing through any turn of the windings of the coil 


‘The counterpoise comprises preferably a suitable extent of conductor in the form of one or more lengths of 
wire disposed below the surface of the earth and suitable insulated therefrom; it is desirable to arrange a 
number of individual counterpoises, cach extending rectilincarly in different directions to one another and 
to employ in directional selection the particular counterpoise extending substantially in the selected 
direction. 


Further features and objects of the invention will be more fully understood from the following description 
and the accompanying drawings, in which: 


Figure 1 is a diagrammatic vertical elevation of a preferred form of the invention; 
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diagrammatic view of one preferred form of an arrangement of receiving sets, 


Figure 2 i 
‘embodying my invention; and 


Fig! 
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Figure 3 is a diagrammatic view of a preferred form of an arrangement of transmission sets 
embodying my invention. 


as Antennas (Scientific American, June 14, 1919 & British Patent Specification # 149.917) 


Referring to Figure 1, the circuit designated 1 represents any approved form of resonant receiving circuit 
comprising the variable condenser 2, and detector, rectifier or amplifier 3, arranged with a telephone or any 
suitable recording device in the usual manner. Such attuned receiving circuit 1 is suitably coupled through 
transformer windings or otherwise with proper regulatable reactance with the tree or other living vegetable 
organism and in Figure 1 I have indicated the location 4 as representing the location of a metallic nail, or 
equivalent, affixed to and extending within the body of such tree. I have discovered that optimum results for 
апу particular tree are dependent upon the physical contour of the space occupied by the branches and 
leaves as well as the subterranean portions of the tree such as the roots and that generally the optimum 
results are attained by affixing the nail 4 within the region of the tree substantially two-thirds of the height 
of the tree above the surface of the earth. 


To such nail 4 is connected one end of the lead-in wire 5, preferably enclosed in suitable insulation, and 
connected at its other end with the resonant circuit 6 comprising the adjustable inductance coil 7 and the. 
adjustable condenser В. The lead 9 connects the circuit 6 with the counterpoise 10, preferably comp 
‘one or more metallic wires, 11, extending substantially rectilinearly and electrically insulated from the earth 
12 by means of suitable insulation 13, as by enclosing such wire or wires 11 within a suitable insulating 
coating. Such coating 13 extends preferably an appreciable distance above the surface 14 of the earth 12. In 
the use of my invention with living antennae, I have arranged the counterpoise 10-13 extending in the 
rectilinear direction substantially parallel to the plane passing through the transmitting station, the receiving 
station and the center of the earth. It is advantageous to arrange a plurality of individual counterpoises 10 
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radiating in different rectilinear directions, with a suitable switching device for connecting the lead 9 with 
the particular counterpoise parallel to or most closely parallel to the selected direction. 


Such сой 7 is preferably a primary coil suitably spacially coupled with an adjustable secondary сой 15 
‘connected in the circuit comprising the variable condenser 2 and 3. In the specific form of the invention 
shown in Figure 1, such secondary coil 15 is provided with the lead wire 16 connected to the terminal 17 of 
the reversing switch 18 (shown diagrammatically) the other end of the secondary coil 15 being connected 
by the cross wire 20 of the reversing switch 18. Such terminal 17 is connected by the cross wire 21 with the 
terminal 24, The pivoted knife blades 25, 26, having the handle 27, are mounted in the usual manner on the 
central terminals 28, 29. The coil 30 represents diagrammatically a coil comprising a desired number of 
windings or successive tums of exposed or insulation covered wire, each tum lying substantially in a 
common vertical plane and the coil indicated at 31 represents a similar plurality of turns of windings 
mounted in substantially a common vertical plane. One terminal of the coil 30 is connected with one of the 
central terminals of the reversing switch 18, say terminal 28, and one terminal of the coil 31 is connected 
with the other central terminal 29, of the reversing switch 18. The other terminal of the coil 30 is connected 
by the wire 32 with the leads of the variable condenser 2 in shunt with the detector or amplifier 3, while the 
other terminal of the coil 31 is connected by the wire 33 to the opposite lead of the variable condenser 2 and 
the detector or amplifier 3. 


Such set of coils 30, 31 are suitably mounted to be rotated horizontally, whereby all turns of the coils 30, 
31, at any given position lie substantially in a common vertical plane. Such coils 30, 31 may be arranged on. 
a common wooden or like insulating frame of cylindrical, rectangular or other desired contour on cross 
section, 


By virtue of such an arrangement, the primary and secondary circuits are respectively directly exposed to 
and simultaneously electromagnetically acted upon by the incoming oscillations, and by means of the 
reversing switch 18 the oscillations generated in the coil 30 may be neutralized or accumulated relatively to 
the oscillation generated in the coil 31 to produce either the "barrage" or the "amplifying" effect. 


By means of such "barrage" effect, the oscillations of any given wavelength directed in any absolute 
direction are cut out from the detector or amplifying circuit and enable oscillations of similar or the same 
wave length received in any definite direction to be conducted to the detector or amplifying circuit. By 
means of such accumulating effect of the coils 30, 31, and the switch 18, the waves of any definite 
wavelength received in any definite absolute direction are amplified and enable long distance reception at 
any wave length, 


In practice, I have carried out the invention for reception by the use of either a single receiving set or a 
plurality of receiving sets. Such receiving set or sets may be arranged either to receive damped high 
frequency oscillations or undamped high frequency oscillations. 


In Figure 2 I have illustrated diagrammatically one form of the application of the invention for the 
simultaneous reception of a plurality of different trains of high frequency oscillations. 


The nail 4 is indicated as located in electrical connection with the tree 35 at an optimum point 36, the lead- 
in wire 37 being connected at its upper end with the nail 4 and at its lower end with the incoming connector 
bar 38. The connector 38 is provided with the individual switches 39-40-41, etc., corresponding to the 
number of individual receiving sets. The outgoing connector bar 42 is connected by the lead 43 with the 
counterpoise 10, preferably constructed and arranged as set forth hereinabove. 


In suitable relation with the incoming connector bar 38 and outgoing connector bar 42 and the switches 39, 
40, 41 are arranged the respective primary coils 44, 45, 46, ete., respectively coupled in any approved 
arrangement with the secondary coils 47, 48, 49. 


‘The receiving set 50 is arranged for the reception of undamped waves and is shown of the vacuum tube 
valve type. The terminals of the secondary 47 are suitably connected in the input circuit including the 
filament cathode 51 of the vacuum valve 52 and the grid 53 and comprises the variable condenser 54 in 
shunt with the secondary 47, the condenser 55 and the grid leak resistance 56. The output circuit comprises 
the battery 58, the filament cathode 51, and the telephone receiver or other audible, or any visual indicator 
57. The heating circuit of the filament cathode includes the battery 60 and the variable resistance 61 
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‘The receiving set 62 is shown of a similar undamped oscillation receiving type and like elements аге 
designated by like reference numbers. 


‘The receiving set 63 is indicated of the damped oscillation receiving type and comprises the additional 
inductance turns 64 having one terminal connected to one terminal of the filament cathode 51 and its other 
terminal connected to the variable condenser 65 in shunt with the telephone receiver 57 and the storage 
battery 58. The remaining elements of the receiving set 63 correspond to like elements of the receiving set 
50 and are designated by like reference numbers. 


In Figure 2 I have shown the switch 39 in closed position with the primary inductance 44 of the receiving 
set 50, the switch 40 in closed position with the primary inductance 45 of the receiving set 63 and the 
switch 41 in open position with the primary inductance 46 of the receiving set 62, and accordingly enabling 
the reception and detection of undamped oscillations of the frequency to which the receiving set 50 is tuned 
and simultaneously the reception and detection of damped oscillations of the frequency to which the 
receiving set 53 is tuned. 


Figure 3 shows one form of practical application of my invention for transmitting simultaneously radio 
oscillations, either telephonic or telegraphic, either damped or undamped, or both. The nail 4, lodged at an. 
‘optimum point 36 in the tree 35, is connected by the lead 70 to the connector bar 71, and the counterpoise 
10 is connected by the lead 72 to the connector bar 73. 


The transmitting sets 74, 75, etc., of the desired number, are suitably arranged for single or multiple 
transmission, for which purpose the switches 76, 77, etc., are provided. The transmitting sets 74, 75 are 
shown of any approved type, such as the oscillating vacuum tube type comprising the filament cathode 78, 
the grid 79 and anode 80, arranged in the vacuum tube 81, suitably connected with the primary inductance 
84, 85. The primary inductances 84, 85 are suitably connected to the connector bar 73 and the connector bar 
71 through the respective switches 76, 77. The battery or other source of electric current is indicated at 86. 
‘The adjustable heating circuit of the cathode filament 79 is shown comprising the battery 87 and the 
variable resistance 88. 


In Figure 3, the switch 77 is in closed position thus placing the transmitting set 75 in operative connection 
with the tree serving as the antenna. Upon closing the switch 76 the transmitting set 74 is similarly placed 
in operative connection with the tree antenna 35. Upon closure of both switches 76, 77 the tree serves as the 
antenna for the transmission of simultaneous trains of oscillations emitted by the respective transmitting 
sets 74, 75, modified by a key or telephone transmitter, or other suitable modulator, for the transmission of 
telegraphic or telephonic messages as desired 


In the use of trees or other living vegetable organisms serving as the antenna or a art thereof, I have 
discovered from tests that such tree possess impedance consisting of two components, resistance and 
reactance, the latter being usually condensive, for oscillation within the range of present day wavelengths. 
‘The tests also show that the apparent capacity of a tree serving as an antenna is substantially proportional to 
the height of contact of the lead wire connecting the transmission set with the tree. 


The tests also show that the apparent resistance of a tree serving as an antenna is appreciably greater than 
the resistance of the ordinary metallic antenna, and it is accordingly desirable to modify the resistance or 
alter the design of the receivers, if it desired to increase the effectiveness of the energy of the 
electromagnetic radiation impinging on the tree; however, the ordinary receivers of present design may be 
used and are responsive to any wave length of radiation employed in present day practice. 


Whereas I have described my invention by reference to specific forms thereof, it will be understood that 
many changes and modifications may be made without departing from the spirit of the invention as defined 
by the appended claims. 


An alternative electric power generating system that draws energy from a seemingly unlikely yet abundant, 
eminently renewable and virtually free power source has been submitted for patenting by MagCap 
Engineering, LLC, Canton, Mass., in collaboration with Gordon W. Wadle, an inventor from Thomson, II 
Wadle has invented a way to capture the energy generated by a living non- animal organism --- such as a 
tree. 
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"Unlimited Electric Energy from the Environment?" 


Chris Lagadinos, president of MagCap, developed circuitry that converts this natural energy source into 
useable DC power capable of sustaining a continuous current to charge and maintain a battery at full 
charge. 


"As unbelievable as it sounds, we've been able to demonstrate the feasibility of generating electricity in this 
manner," said Wadle. 


"While the development is in its infancy, it has the potential to provide an unlimited supply of constant, 
clean energy without relying on fossil fuels, a power generating plant complex or an elaborate transmission 
network." 


Wadle likened the invention to the discovery of electricity over 200 years ago when charged particles were 
harnessed to create an electric current. "Now we've learned that there is an immense, inexhaustible source 
ol energy literally all around us that can be harnessed and converted into usable electric power," he said. 
Ultimately, it should prove to be more practical than solar energy or wind power, and certainly more 
affordable than fuel cells, he added. 


Wadle said he got the original idea of harnessing a tree for electrical energy from studying lightening, more 
than 50 percent of which originates from the ground. This prompted him to develop the theories resulting in 
a method to access this power source. 


Lagadinos then designed circuitry that filtered and amplified these energy emanations, creating a useable 
power source. 


Basically, the existing system includes a metal rod embedded in the tree, a grounding rod driven into the 
ground, and the connecting circuitry, which filters and boosts the power output sufficient to charge a 
battery. 


In its current experimental configuration, the demonstration system produces 2.1 volts, enough to 
continuously maintain a full charge in a nickel cadmium battery attached to an LED light. "Think of the 
‘environment as a battery, in this case," said Lagadinos, "with the tree as the positive pole and the grounding 
rod as the negative." 


Lagadinos said the system could be enhanced enough to generate 12 volts and one amp of power, "a 
desirable power level that could be used to power just about anything," he said. It is enough power to 
charge batteries for any type of vehicle, including hybrids and electric cars, or to use with an AC converter 
to produce household power, he added. The LED industry is a prime example of a potential user of this 
power source. 


While the basic concept of this invention -- using a tree to generate electric power — seems too incredible to 
be true, Lagadinos said it can be demonstrated quite simply. "Simply drive an aluminum roofing nail 
through the bark and into the wood of a tree -- any tree — approximately one half inch; drive a copper water 
pipe six or seven inches into the ground, then get a standard off-the-shelf digital volt meter and attach one 
probe to the pipe, the other to the nail and you'll get a reading of anywhere from 0.8 to 1.2 volts of DC 
power,” he said. 


"You can't do anything with it in that form because it is 'dirty' -- i.e. highly unstable and too weak to power 
anything," he added. In order to properly harness this potential energy source, MagCap devised two test 
circuits: one with three capacitors that were connected in parallel by means of a switch and charged to 0.7 
volts each, 


When fully charged they are switched to a series mode, multiplying the voltage to 2.1 volts and flashing an 
LED to show that sufficient power could be generated to produce a useable result. The second circuit 
included a filtering device to stabilize and "clean" the current so it could be used to charge and maintain a 
NiCad battery. 
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The battery then could be connected to the LED to keep the LED lit continuously. Wadle pointed out that 
there seems to be по limit to the amount of power that can be drawn from an individual tree, no matter how 
many "taps" are inserted -- each produces the same amount of energy, an average of 0.7 - 0.8 volts. Size of 
the tree also seems not to matter. 


Interestingly, while conventional wisdom would seem to indicate that the tree draws much of its energy 
from photosynthesis via its leaves, the voltage output actually increases to 1.2-1.3 volts in the winter alter 
the leaves have fallen, 
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A re Gaito Fio ne Devices Autor: Paik кау 
Chapter 7: Aerial Systems 


Note: If you are not at all familiar with basic electronics, you might find it easier to understand this chapter if you 
read chapter 12 first. 


Itis generally thought that aerias are not capable of gathering much power. The popular conception is that the only power available is low 
level radio waves from distant radio transmitters, and while it is certainly ruo that radio waves can be picked up with an aera, the real 
sources of power aro not radio transmitters. 


For example, we wil be looking at information from Hermann Plauson and he considered any aerial system of his which did not produce 
more than an excess power of 100 klawats, as a “small system. Thomas Henry Moray demonstrated is system to audiences repeatedly, 
puling in power levels of up to 50 kilowatts. These power levels are not produced by radio station signals. 


Nikola Tesla's System. Nikola Tesla produced an aerial device which fs worth mentioning. It was patented on May 21st 1901 as an 
“Apparatus forthe Uilisaion of Radiant Energy’. US Patent number 685 957. 


The device appears simple but Tesla states that the capacitor needs to be “of considerable electrostatic capacity and ho recommends using 
the best quality mica to construct itas described in his 1897 patent No. 577.671. Tho circuit draws power via an insulated, shiny metal 
Plate. The insulation could be spray-on plastic. The larger the pato, the greater the energy pick-up. The higher the plato is elevated, the 
‘eater the pick-up. 


utei Shiny Met не 


Verona swch 


Tore 
Earth 


This system of Tasia's picks up energy day and night. The capacitor gets charged up and a vibrating switch repeatedly discharges the 
capacitor into the step-down transformer. The transformer lowers the voltage and raises the current available and the output is then used 
lo power the electrical load 
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Ii seems probable that this device operates primary from static electricity, which some people believe is a manifestation of the zero-point 
‘energy ей. Tesla's equipment might well operate when fed by a motor-driven Wimshurst machine instead of a large aerial plate. Detalls 
‘of home-built Wimshurst equipment are avaiable in the book Homemade Lightning’ by R.A. Ferd, ISBN 0-07-021528-6. 


However, it should be understood that Tesla described wo diront forms of energy pick-up. The first is stati electricity, picked up from very 
Slight interaction of the pick-up plate with tha zero-point energy field lowing through it, and the other being pick-up of dynamic radiant 
‘energy events, typically from lightning strkes. A a casual glance, the average person would not consider lightning as being a able source 
‘of energy, bul Il is not he caso as there are about two hundred lightning strikes per second - mainly in the tropics - and what is generally 
nat understood is that they аге radiant energy events and their effects аге felt instantly everywhere on earth as transmissions through the 
zero-point energy field aro instantaneous at any distance. To clarify the situation а tll more, here are two of Tesla's patents, one on pick-up 
Gf tha static feld which Tesla remarks appears to be unlimited in voltage, and one patent on pickup of dynamic energy. 


‘This is а slightly ro-wordad copy of this patent, as some words have changed thelr meaning sine this patent was issued. If you wish to see 
the original, then it: reepatentsonine com wil allow you ta dawnload a copy without any charge. 


Patent US 685,957 5th November 1901 Inventor: Nikola Tesla 


APPARATUS FOR THE UTILISATION OF RADIANT ENERGY 


то all whom й may concer: 
Bo itknown that | Nikola Tesla, a clizen of the Unites States, residing at the borough of Manhattan, in the city, county and State of New 
York, have invented certain new and useful improvements in Apparatus for the Utiisation of Radiant Energy, of which to folowing is a 
specification, reference being had lo the drawings accompanying and forming a рап of the same, 


lis well known that certain radiations - such as those of ultra-violet light, cathodic, Roentgen rays, ar the like - possess tho property of 
‘charging and discharging conductors of electricity, ha discharge being particulary noticeable when the conductor upon which the rays 
impinge is negatively electrified. These radiations are generally considered to be ether vibrations of extremely small wave lengths, and in 
‘explanation of Ine phenomena notad, it has been assumed by some authorities that they ionise, or render conducting, ho atmosphere 
through which they ara propagated. However, my own experiments and observations lead me to conclusions more in accord with the theory 
heretofore advanced by me that sources of such radiant anergy throw off wth great velocity, minuto particles of matter which are strongly 
slecinfied, and therefore capable of charging an electrical conductor, ог, even if not во, may at any rate discharge an electrified conducto, 
either by bodily carrying off ts charge or otherwise 


My present application is based upon a discovery which | have made that when rays or radiations ofthe above kind are permitted o fal 
upon an insulated conducing body connected ta one of the terminals of a capacitor, while the other terminal of the capacitor is made lo 
receive or carry away electricity, a currant lows into the capacitor so long as the insulated body is exposed to the rays, and under the 
ondiions specified below, an indefinite accumulation of electrical energy in the capacitor takes place. After a suitable time interval during 
which the rays аго allowed to act, this energy may manifest sell in a powerful discharge, which may be used for the operation or control ot 
mechanical or electrical devices, or rendered useful in many other ways. 


In applying my discovery. I provide a capacitor, preferably of considerable electrostatic capacity, and connect one of its terminals to an 
%%% exposed to the rays or streams of radiant matter. It is vary importan, particularly in view of 
the fac that electrical energy is generally supplied tothe capacitor al a very slow rat, a construct the capacitor wilh the greatest care 1 
prefer to use the best quality of mica as the dielectric, taking every possible precaution in insulating the armatures, so that the instrument 
may withstand great electrical pressures without leaking and may leave no perceptible electrification when discharging instantaneously, In 
practice, | have found tha the best results are obtained with capacitors treated in he manner described in Patent 577.671 granted to me on 
Ard February 1897. Obviously, the above precautions should ba the more rigorously observed fne slower the rate of charging and the 
smaller the time interval during which the energy is allowed to accumulate inthe capacitor. The insulated plate or conducting body should 
present lo the rays or streams of matter, as large a surface as is practical, | having ascertained thal the amount of energy conveyed Lo it per 
Unit of ime is. under otherwise identical conditions, proportional 1o the area exposed, or nearly so. Furthermore, the surface shouid be clean 
and preferably highly polished or amalgamated, The second terminal or armature of the capacilor may be connected to one of the pales ol a 
battery or other source of electiiy, or to any conducting body ог abject whatever of such properties or so conditioned that by Is means, 
«е‹їлсйу of ho required sign will bo supplied to the terminal. A simple way of supplying positiva or negative electricity to the terminal isto 
Connect it lo an insulated conductor supported al some height in he atmosphere, or lo a grounded conductor the former, as is well known, 
furnishing positive, and the latter negative electricity. As ће rays or supposed streams of matter generally convey a positive charge o the 
frst terminal of tha capacitor mentioned above. | usually connect the second terminal of the capacitor o the ground, this being the most 
convenient way of obtaining negative electricity, dispensing with the necessity af providing an artificial source. In order to use the energy 
‘collected ın the capacitor for any useful purpose, | also connec! o the capacitor terminals, a circuit containing an instrument ог apparatus 
which itis desired to operate, and another instrument or device for alternately closing and ß latter device can bo апу 
form of creui-contrallar with fixed or moveable parts or electrodes, which may be actuated either by the stored energy or by independent 


My discovery wil be more fully understood from the folowing description and drawings, where Fig is а diagram showing the general 
arrangement of tho apparatus as usually employed. 
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Fig.1 shows the simplest form, in which C i the capacitor, Р the insulated plate or conducting-body which is exposed to the rays, and Р" 
another plat or conductor which is grounded, all being connected in series as shown. The terminals T and T of the capacitor C are also 
Connected toa circuit which contains a device R which is to be operated, and а circuit-controlling device d as described above. 


The apparatus being arranged as shown, it will be found that when the radiation of the sun, or any other source capable of producing the 
affects described above, fall оп plate P, there wil be an accumulation of energy in capacitor C. | believe tal this phenomenon is best 
explained as follows: The sun, as well as other sources of radiant energy , throws off minute parces of positively electrified matter, which 
siiking piate P ta capacitor being connected to the ground, which can bé considered lo be а vas reservoir of negative electricity. а feeble 
current flows continuously into the capacitor, and since these supposed particles are of an inconceivably small radius or curvature, and. 
consequently, charged to a very high voltage, this charging ofthe capacitor may continue as | have actually observed, almost indefinitely, 
% If the device d be of such character that it wil operate la clasa the circu in which it в included 
When the capacitor voltage has reached a certain leve, then the accumulated charge wil pass through the circuit, operating the receiver R. 


In illustration of this effect, Fig.2 shows the samo general arrangement as n Fig.1, and the device d is shown composed af two very thin 
conducting latas t and F which are free to move and placed vary close to each other. The freedom of movement can be either through the 
flexibility ofthe plates or through the character of their support. To improve their acton they should be enclosed in a housing which can have 
the air removed from I The plates t and t аге connected in series in a working cul which includes а suitable receiver. which in bis 
example is shown as an elecromagnel M, a moveable armature а, a spring b, and a ratchet wheel w, provided with a spring-paw r, which 
is pivoted to armature а as illustrated. When the radiation falis оп plate Р, a currant flows into the capacitor unti its voltage causes the 
platos t and to be attracted together, closing the circuit and energising the magnet M, causing it to draw down the armature a and cause а 
partial rotation of the ratchet wheel ⁰ Пом stops, the armature fs retracted by tha spring b, without, however, moving the 
heal w. With the stoppage of he currant, the plates Land Y cass lo be alraciod and separate, thus restoring the сүс! o t orginal 
сотов, 


Fig.3 shows a modified form of apparatus used in connection with an artificial source of radiant energy, which in this case may be an arc 
emiting copious ultra-violet rays. A sutablorolaclor may be provided for concentrating and directing the radiation. A magnet R and circul- 
болойт are arranged as inthe previous figures, butin Ini сазе, instead of performing the whole of he work, the magnet performs he 
task of alternately opening and closing а local circuit, containing a source of current В and a receiving or transalng device D. The controller 
ıd тау, If desired, consist of two fixed electrodes separated by a minuto air gap or weak dielectric fim which breaks down moro or less 
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suddenly when a definite voltage diference is reached at the terminals of the capacitor and returns to is original state when the discharge 


Эш another modification i shawn in Fig., in which S, the source ol radiant energy is a special form of Roentgen tuba devised by те. 
having only one terminal k, generally of aluminium. in the form of half a sphere, with a plain polished surface on the font side, from which 
tha streams aro thrown of. I may be excited by altaching it o one of the terminals of any generator with sufficiently high electromotive 

force; but whatever apparatus is Used, tis important that Ihe lube has the alr inside It removed lo а high degree, otherwise K might prove to 
be entirely effective. The working, or discharge circuit connected la tha terminals T and Т' ofthe capacitor, includes, in this case, the 
primary winding р of a transformar, and a circul-controller comprised of a fixed terminal or brush t and a moveable terminal t'in the shape 
of a wheel, with conducting and insulating segments, which may be rotated at an arbitrary speed by any suitable means. In inductive relation 
to the primary winding p, is a secondary winding в, usualy of a much greater number of tums, to ihe ends of which is connected a receiver 
R. The terminals ofthe capacitor being connected as shown, опе to an insulated plate P and te other lo а grounded plate P* When the 
lube S is excited, rays or steams of matter are emitted from it and these convey a positive charge to the plate Р and capacitor terminal T, 
while the capacitor terminal Tis continuously receiving negative electricity from plate P. As already explained, this results in an 
accumulation of electrical energy in the capacitor, and this continues as long as the огеш! including he primary winding p is interrupted. 
Whenever the circuit is closed by the rotation of the terminal, the stored energy is discharged through the primary winding р, giving rise to 
Induced currents in the secondary winding s, which operates the receiver R. 


lis dear from what has been stated above, that if the terminal T' is connected to a plate supplying positive instead of negative electricity. 
than the rays should convey negative electricity lo plate P. The source S may ba any ferm of Roentgen or Leonard lube, ulis obvious 
from the theory of action that in order to be very effective, the impulses exciting It should be wholly, ог mainly of one sign. If ordinary 
symmetrical altemating currents are employed, then provision should be made for allowing the rays to fall on plato Р only during those 
periods when they can produce tha desired ᷑ Obviously, I tha source ̃ is stopped or intercepted, or the intensity varied in any 
manner such as periodically interrupting ог rhythmically varying the current exciting the source, there wil be corresponding changes in tho 
action upon the receiver R and thus signals may be transmitted and many other useful effects produced. Further, it will be understood that 
any form of ccul-closer which wil respond, or be set in operation when a predetermined amount of energy is stored in he capacitor, may 
bo used instead ofthe device already described in connection with Fig.2. 


Tho second patent requires the equipment to be tuned to ane quarter of tha wavelength of the energy pulses being collected. This patent 
shows a transmission method as well as а receiving method, bul our main concern here is the receiving section shown on the right of the 
diagram as thal can receive naturally occuring energy pulses in the environment and so provides free usable energy. 


‘As it may be a ite dificult to visualise the сой arrangement in this patent as many people are familar with the "Tesla Coll" arrangement 
"where a few turns of thick wire or copper tubing аге used as a winding placed around an ordinary oyndricl coil, much lke, this illustration 
from Tesla's patent US 568,178: 


In this case it should bo understood that Tesla is speaking about his fat pancake" coll design and not the wellknown Tesla Coll 
configuration. 


Patent US 649,621 15th May 1900. Inventor: Nikola Tesla. 


APPARATUS FOR THE TRANSMISSION OF ELECTRICAL ENERGY 


To all whom it may concern: 
Ba it known that I, Nikola Tesla, a citizen of the Unites States, residing a the borough of Manhattan, in the city, county and State of New 
York, have invented certain new and useful improvements in Apparatus for the Transmission ol Electrical Energy, of which the folowing is a 
specification, reference being had a the craving accompanying and forming a part of Ine same. 
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This application is a division of an application fled by me on 2nd September 1897, US 650.343 entiled "Systems of Transmission of 
Electrical Energy” and is based on new and useful features and combinations of apparatus shown and described in that patent application. 


This invention comprises a ransmiting сой or conductor in which electrical currents аг oscillations are produced and which is arranged ta 
cause these currents or oscillations to bo propagated by conduction through the natural medium from ono location to а remote location, and 
‘receiving сой or conductor adapted to be excited by the oscilatlons or currents propagated by he transmitter. 


This apparatus is shown in the accompanying diagram where A is а сой, generally of many tums and of a very large diameter, wound in 
spiral orm, either around a magnetic cora or hol ав may ba desired. C is a second сой formed by a conductor of much larger size and 
Smaller length, wound around and in proximity o coll A. 


The apparatus at one point is used as a transmiter, the coil A in this case forming a high-voltage secondary of transformer, and the coll C 
the primary which operates at a much lower voltage. The source of current for the primary winding is marked G. One terminal o the 
secondary winding A is al the centre of the spiral сой, and from this terminal the current i led by a conductor B to a terminal D, preferably of 
large surface formed or maintained by such means as a ballon at an elevation suitable lor ne purpose of transmission. The other terminal 
of ihe secondary winding A is connected о earth, and if desired, lo the primary winding also in order that tho primary winding may also bo at 
substantially the same voltage as the adjacent portions of the secondary winding, thus ensuring safety. 


‘At the receiving station, a transformer of similar construction is used, but in this caso the сой A' constitutes the primary winding and the 
shorter сой C's the secondary winding In this receiving circuit, lamps L, motors M, ог other devices for using this current, are connected. 
The elevated terminal D' connects with the centre of the сой & and the other terminal is connected to earth and preferably, also, la the coll 
again for safety reasons as mentioned above. 


The length of the thin wire cailin each transformer should be approximately one quarter of the wave length of the electric disturbance jn the 
огой, his estimate being based on the velocity of propagation of tha disturbance through he cal sel and the circuit wih which tis 
/ the current lows through the circuit containing the сой is 185,000 miles рег 
second, hen a frequency of 925 Hz would maintain 925 stationary nodes in а circuit 185,000 miles long and each wave would be 200 miles 
in length 


For such a low frequency, which would only be resorted to when il is indispensable for the operation of ordinary motor, | would use a 
secondary winding wound from a wire 50 miles in length. By adjusting the length of wire in the secondary winding, the points of highest 
voltage are made to coincide with the elevated terminals D and D', and it should be understood thal whatever wir length is chosen, this 
length requirement should be complied wit in order o get tha best possible results. 


ws eue freranergyino.com/Chapi? hi СЯ 


лавот From Energy Devices - Power gathering from aerials 


1t wil be readily understood that when these relationships exist, the best conditions for resonance between the transmitting and receiving 
circuits аге attained and owing to the fact that the points of highest voltage in the colls A and A’ are coincident with the elevated terminal, 
the maximum current flow wil take place in the two cols and this implies that the capacitance and inductance in each of the circuits have 
the Values which produce the most perfect synchronism withthe oscilations. 


When the source of current G is in operation and produces rapidly pulsating or oscillating currents in the circuit of сой C, corresponding 
induced currents of very much higher voltage are generated inthe secondary сой A, and since the voltage in hat coll gradually increases 
"Wit the number of turns towards the centr, and the voltage difference between adjacent tums is comparatively small, a very high voltage is 
generated, which would not be possible with ordinary cols 


As the main objective ls to produce а currant with excessively high voltage, this objective i faciitated by using а current in the primary 
"winding which has a very considerable frequency, but that frequency is in a large measure, arbitrary, because f the voltage is sufciently 
high and the terminals of the cols be kept at the proper height where the atmosphere is rarefied, he stratum of air wil serve as a 
conducting medium with even less resistance then through an ordinary conducir. 


As o the elevation of terminals D and D' it is obvious that this is a matter which will be determined by a number of things, such as he 
amount and the quality of the work fo be performed, the condition of the atmosphere and the character of the surrounding countryside. 

Thus, f here are high mountains in tha vicinity. hen the terminals should be ata greater height. and generally hey should be alan аййиде 
much greater than that of tha highest object near Рет. Since, by the means described, practically any voltage which is desired may bo. 
produced, the currents through the air strata may be vary small, thus reducing the loss in the ай. 


The apparatus at the receiving station responds to the currents propagated by the transmitter in a manner which wil be well understood 
from tha description above. The primary orcui of the receiver - that is, the thin wir со! A -is excited by he currents propagated by 
Conduction through the intervening natural medium between it and the transmitter, and these currents induce in the secondary coll С, other 
currents which are used to operate the devices connected to that circuit. 


Obviously, the receiving сой, transformers, or other apparatus may be moveable - as for instance, when they are carried by a vessel 
floating in the air or by а ship at sea. In the former case, the connection of one terminal of ho receiving apparatus to tho ground might not 
be permanent, but might be intermittently or inductively established, 


1t should be noted that Tesla's suggestion of using the conductive envelope of a specially constructed balloon as a good method of. 
increasing the active area of the elevated receiving plate, is ane that was taken up by Hermann Plauson when he was bulding power 
stations operating on naturally occurring energy 


зев Ascanius’ Version of Nikola Tesla's Aerial System 
This sor of information may seem confusing and maybe a Ише оо technical or you, so let me tell you about the practical and useful 
applications used by Jes Ascanius, a Danish developer, lo whom thanks is due for sharing his design. Initally, he set up а system to charge 
his mobile phone battery overight from an aerial. Then ho went on lo produce a full-size Tesla Aerial System as described at the start of 
this chapler. Let's start with the very simple system and progress from that lo the more powerful arrangements. 


The inital огеш! uses one strand of solid wire which rises vertically to а 700 mm diameter drum where there are some twenty tums. The 


arrangement в Ike this: 
|— Drum 700 x 100 mm 
with 20 turns on it 


|— single strand 
MERA 


was 
Qut) " 
EM mm 
esito 


The aerial wire is several metres long, and in the prolotype, was supported by (and insulated from) the eaves of a house. The aerial should 
be vertical or near vertical and a proper earth connection provided by driving а metal rod into the ground or connecting а wire lo a metal 
plate and burying the plate in the ground as a good electrical connection is needed here. The earth connection used here is а 12 mm copper 
pipe 3 metres long, driven into the ground and the ground around it saturated with water: 
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The wire used о connect with the earthing rod is very important and should not be less than 8 swg copper wire, that is, 4 mm diameter and 
13 sa. mm. cross-sectional area. As wit all free-energy devices, he exact constructional details are vital. 


The diodes used are germanium 1N34 or 1N34a as germanium diodes drop far less voltage than do siilcon diodes and the 1N34 types are 
low-loss diodes, particularly suited to this application. Ceramic disc types are recommended or the 200 nF capacitors. The prototype buid 
looked ike this: 


Now, consider this circuit as described, to be опе modular building black which can lead lo unlimited power from an aerial. | wil represent 
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the circuit shown above as a rectangle, showing the above circuit as: 


-o]mlo+ 
I 


While it is possible to use more than ane module with the aarial to get more power, the Danish developer thon switched to tho full-blown 
Tesla arrangement by attaching a 800 x 600 x 2 mm aluminium plate inside the sloping roof of his house: 


The plate being suspended using nylon cord to prevent It touching the roof or anything else: 


The plato is positioned between 3 and 3.5 metros (10 to 12 feet) above the ground and the attachment to the plate is also heavy-duty 8 swg 
саше: 


The cable is connected to the aluminium plate using а brass bolt and nuts which the builder thinks may be significant, quite арап from 
avoiding any galvanit connection to the circuit. The cable is then run vertically downwards to the circuit. For this arrangement a second 
‘earthing paint is also used. This is a galvanised iron pipe 3 metres long, driven vertically into the ground which is saturated with water. The 


second earth 2 metres away rom the first earth. 


This arrangement provides serious power, enough to cause injury to, or kill a careless human. With two modulos it wil ight an LED 
very bright, driving it to 2.6 volts. the LED is removed, then the voltage climbs lo about twenty volts and is easily sufficient to charge a 
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42V battery or battery bank although that takes ime. With twenty modules as 12V Багу can be charged over night Itis estimated that 
with wo hundred modules, the power would be sufficient to power a household although that has not yet been done. It should be borne in 
mind that each modulo is easy and cheap to make, so arranging for a stack of them where additonal modules can be added at a later dato 
for more power. s an ideal arrangement. Tho circuit is Ike this: 


This circuit looks completely mad as the aerial input 1o the circuit appears to be directly short-circuited by the second earth connection. In 
spite of this, the circuit works very well when connected this way. Additional modules can be added without any known limit Increased 
power can be had by either raising the aluminium plate higher above the ground, to say. 10 metres (33 feel) or by adding one or mare 
Additional aerial plats. As you have a good aerial connected through to a very good earth, there has to be the possiblity of the equipment 
being hit by lightning, and so it is suggested that a protective spark-gap is installed between tho aerial and the earth, close 1o the citu, во 
that if high-voltage is suddenly applied to ho aerial, the spark gap wil fra and shunt the excess power through to the earth. Alternatively, 
possibly a better solution is o Install a standard lightning rod system a few metres away from the aerial and а metre or two higher up, so 
that it farms а more attractive point for a lightning strike. 


Further experimentation has shown that altering the connection paint for the aerial has a significant effect оп the results If the connection is 
mado at the mid point between the aerial plate and the earth connection, t produces a greater output 


With this arrangement а single module produces around 30 volts while the original method of connecting near the earth was giving about 26 
Volts with bvo modules. Jes Ascanius has carried out further experimentation and he states that diodes vith response times under 30 
miliseconds produce a greater output and he recommends he use of BYV27 diodes which have a 200-vol! 25nS rating as he gets three 
times the output from them. He also recommends using them in Joule Thief cireults. 


Dragan Кайс has been experimenting with this circuit and has started by building many of these modulos on a printed circuit board ike this: 
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Using two of these boards, Dragan is pulling 96 watts continuously from his aerial plate. He intends to extend this arrangement much 
further, bul is being hindered at present by a local civil war. 


Here в a forum whare some builders of this system share comments. One comment is that there is an increased risk of a lightning strike 
where you have an earthed aerial, and sa it is advisable nol to place the aerial plate inside a house, but perhaps suspended between two 
trees. Also, using а саг spark plug connected across the module sel can protect against lightning strikes damaging the circu. 


Asa result of queres, Jos stresses the following points: 


1. The plate must be high off the ground. 
2. The plate must be polished and insulated 
A The wire must be single-strand sold wire. 
4. There must not bo any par of the wire above the circu, which is not insulated. 


He further comments: you can use aluminium fll and cing fim to make many collector plates 0.4 m x 5 m and connect them close lagether 
lo feed the aerial wire. Remember, no uninsulated wire anywhere. Any queries should be asked on the forum shown above. 


А modification of this circuit of Jes Ascanius by a developer who prefers о remain anonymous, doubles the output of each module by 
adding a miror image of the circuit ike this: 
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[— Drum 700 x 100 mm 
with 20 turns on it 


|— singto strana 
“га! 


EE 


Аз can be seen, the addion is of four diodes and Iwo ceramic capacitors. 


Thomas Henry Moray In this field, Thomas Henry Moray is outstanding. By 1936 he had developed a plece of apparatus which was 
capable of putting out high power with no human-generate input power at all 


Moray's equipment is sald o have contained a germanium diode which he built himself in the days before solid-state devices became 
readily avaiable. Tho equipment was examined and tested many imes. On dozens of occasions, he demonstrated the equipment delving 
а bank of twenty 150W bulbs, plus a 600W heater, lus а 575W гоп (a total of 4.175 KW), The power picked up by this device needed only 
small diameter wires and had characteristics diferent from conventional electciy. One demonstration which was repeated many times, 
жав lo show that the output power circuit could be broken and а sheet af ordinary glass placed between the severed ends of the wire, 
"without disrupting the supply. This type of power is called “Cold electricity" because thin vires carrying major power loads, do not overheat. 

“This form о energy is said to flow in waves which surround the wires of а circuit and not actually rough the wires at ай. Unlike 
conventional electr, t does not use electrons fr transmission and that is why it сап continue through a sheet of glass which would stop 
conventional electricity dead in its tracks. 


Оп ona occasion, Moray took his equipment away from all urban areas to a place chosen at random by acre. Не then set up the 
‘equipment and demonstrated the power output, well away from any man-generated electrical induction. Не disconnected the aerial and 
showed that the power output stopped immediately. Ho connected the aerial again to generate the output as before. Ho thon 
disconnected the earth connection which stopped the output again. When the earth wire was connected again, the сири power retumed. 
He found that the power output level feil somewhat at night. Tho aerial used in his demonstrations was reported lo be ike this: 
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57 feet (17 т) | ANSULATOR 


DEVICE 


‘Connector 


Ground 


From which сап be seen that even a relatively short aerial wire suspended not far from the ground, is capable af collecting substantial 
amounts of usable electrical power. Tha earth used in the remote demonstrations was a length of gas pipe which was hammered into the 
round. I was noted that as each hammer blow drove the pipe deeper into the earth, the ight bulbs (which formed the electrical load) shone 
more brightly, indicating that the quality af the earth connection is very important when serious power is being drawn from an aerial. 


He developed various versions of tha device, the latest of which did not need the aerial or earth connections, weighed 50 pounds and had 
ап output of 50 klowatt. This device was tested in both an aeroplane and a submarine, thus showing the device to be fully self-contained 
And portable. Was also tested in locations which were fly shielded fram electromagnetic radiation. 


With his later devices, Moray leaves the area of aerials and moves into the same category as Barbosa and Leal, those two Brazilian men 
extracting 192 kilowatts of power directly om the ground. If you read Moray's book "Tha Sea of Energy in which the Earth Floats” (The Sea 
‘of Energy in which the Earth Flats) you wil discover that Moray moved past the scientific thinking of his day, stating tha the Earth is being 
bombarded with cosmic energy particles which cause atoms to change from mater Into energy, enter the aether and there revert fo matter 
again. This process is governed by frequency. Moray developed energy diodes which act ке electrical diodes on the energy flow of the 
aether. He used a chain of these "tubes. Each tube was tuned lo one ofthe harmonics of the oscillating frequency of the aether. Each tube 
produced lower frequency waves and the following tube is tuned to those waves and is driven by a resonant harmonic ofthe aether 
овойайопв, thus producing a device with no need of any power input from the user. Als, the aerial was replaced by a small, internal copper 
Plate. So in tue aerial mode — four Klowatts. In earth-only mode — 50 klowatls. Moray's ideas are supported by the work and books by 
Gustav Le Bon (The Evolution of Mattar and The Evolution of Forces) 


Moray was shot and wounded in an assassination attempt in his laboratory. This caused him lo change the glass in his car to bullet-proof 
glass. Не was threatened many imes. His demonstration equipment was smashed with a hammer. When threats were made against his 
family, he stopped rebuilding his equipment and appeared lo have turned his attentions to other things, producing a device for therapeutic 
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In his book The Energy Machine of T. Henry Moray’, Moray B. King provides more information оп this system. He states that Moray was 
refused a patent on the grounds that the examiner ͤ see how the device could output so much power when the valve cathodes were 
nat heated. Moray was granted US Patent 2,460,707 % Apparatus, in which he included the 
specification for the three valves used in his power device, apparently because ha wanted them fo be covered by a patent. As far as can 
be seen, the valve shown here is an oscilator tube. Moray claimed that this tube had the very high capacitance of 1 Farad when running at 
its resonant frequency. Moray liked to usa powdered quartz as a dielectric in the capacitors which he made, and he had a habit of mixing in 
radium salts and uranium ores with the quartz. These materials may wall be important in producing ionisation in these tubes and that 
ionisation may well be important in tapping the energy field. 


Capactor piate 
Dielectric 


"Brushdischorge electrode 


The tube shown above has a silayer capacitar formed from two U-shaped circular metal rings with the space between them fled with a 
dielectric material. The plates are shown in red and blue, while the dielectric is shown in green. Inside the capacitor, here is a separate 
ring of dielectric material (possibly made from a different material) and an inside ring of corrugated metal to form an ion brush-dscharge 
elactrode. The capacitor and electrode connections are taken to pins in the base of the tube, 


Quartz is suggested for the material of the outer covering of the tube and the wire element numbered 79 in the diagram is said to be a 
heating element intended to be powered by a low-voltage current source. However, as Moray had an carr patent application refused on 
the grounds that there was no heating element in his tubes, it is distinctly possible that the heating element shown here is spurious, and 
drawn solely to avoid rejection by the examiners. In his patant, Moray refers to the capacitor in Ihis tubo as a “sparking” capacitor, so he 
may have been driving it with excessively high voltages which caused repeated breakdown of he capacitor material. 
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The tube of Fig. 16 above, uses а diferent technique where an X-ray tube is used to bombard a corrugated electrode through a screen 
containing an X-ray window. I is thought that a brief burst of X-rays was used to trigger very shor, sharp bursts of ions between the anode 
апа cathode ofthe tuba and these pick up extra energy with every burs 


‘An alternative version of this tuba is shown in Fig. 18 below. Here the construction is rather similar but instead of an X-ray window, a lens 
and reflector are used о cause the ionisation of the switching channel between the anode and cathode. In both lubes, the corrugated 
‘electrode supports a corona build-up just prior o the short X-ray switching pulse, and itis thought thatthe ions contribute to the intensity of 
the resulting pulses which emerge from the lube. Very short uni-directional pulses are capable of causing conditions under which additonal 
‘energy can be picked up. From where does this extra energy come? In 1873, James Clerk Maxwell published his “Treatise on Electricity 
and Magnetism“ and in it he pointed out that the vacuum contains a considerable amount of energy (Vol. 2, р. 472 and 473). John Archibald 
"Wheeler of Princeton University, a leading physicist who worked on the US atomic bomb project, has calculated the fx density ofthe 
vacuum. Applying Einstein's E-mC? formula indicates that there is enough energy in every 1 cc of “empty space, to create ай of the 
mater inthe visible universe which сап be seen with our most powerful telescopes. That amount of energy is so great as to be beyond 
Imagining. This energy feid is referred to as "Universal Energy", "Cosmic Energy” or “Zero Point Energy”. At his imo, we do not have any 
instrument which responds directly ta this energy and so it is almost impossible to measure, 


Tho existence of this energy field is now widely accepted by mainstream science and itis bome out by the situation found at quantum 
levels. Itis generally though! that this energy is ↄ and or useful energy o by drawn from it, It needs lo be restructured ino a 
coherent form. К appears thal uni-directional electromagnetic pulses of one milisecond or less, can be used lo cause be necessary 
restructuring as they generate an outward coherent wave of radiant energy, from which energy can be extracted for use in most electrical 
devices, fa suitable receptor system is used. Tom Bearden states that al the quantum level, the seething energy of this field appears 
continuously as positive and negative charges. As these are evenly distributed, the nat charge al any point is always zero. If a dipole 
(мо opposite charges near each other) is created anywhere, then it polarises the energy field disrupting the previously even distribution of 
charges and causing massive streams of energy to radiate outwards from the dipole. 


A voltage pulse acts as a dipole, provided the voltage rise is fast enough, ̃ what causes a wave of radiant energy fanning out from 
the location of the voltage pulse. Batteries and magnets create continuous dipoles and so causa tha local quantum energy field o send out 
continuous streams of massive power which can be utlised if (and aniy if) you know how to do iL. The search for mechanisms to capture 
amd use even a tiny lracton of these energy streams is what the "free-energy" Пе of research is all about. Some people say thal there i= 
по such thing as “free-energy” because you have to pay for the device which captures l, That is ike taking a bus trip lo а car dealership 
where they are giving away now cars, and saying that your new car was not a fre" car because you had lo pay a bus fare to reach the car 
dealership. 
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Moray King suggests that the circuit used by Thomas Henry Moray was as follows: 


Capacnor Уу Capactor маи 
ке p pů 


E EL 
High frequency. Lower frequency. 


There can be litle doubt that Thomas Henry Moray bull several versions of his apparatus, each of which produced output power well in 
‘excess of any input power needed. It seems highly likely that most of them used no при power whatsoever, and if there were any others, 
thay wil have been powered by a lin fraction of he output power If mid radioacive material was used as described, then the eulpul 
power could in no way be attributed to that source alone, since the output power was thousands of ime greater than any power available 
from tha radioactive materiais. 


lis perhaps time to explain a litle more about, voltage, power and current. We have been raised with the notion that it is necessary la 
“bur a fuel o gel power, that batteries "un down“ when used and that you have lo keep tuming the shaft of an electrical generator lo be 
able to draw curent from It. These things are not actually ue. Tha relatively recent fed of Quantum Mechanics shows that f а charge 
such as an electron has, is positioned in what is supposed to bo “empty” space, itis not alone. The “empty” space is actually seething with 
‘energy, to the extent that ‘virtual particles are popping into existence fora fraction of a second and then disappearing again. They are 
called “virtual” because they exist for such a short time, 


Because of the negative charge of the electron, the particles appearing and disappearing around it wil all be positive п charge. The 
‘lectron has “polarised” the space around itself because it has a charge. Tho Instant that а postive ‘Virtua particle appears, here are two 
charges near each other - minus on the electron and plus on the particle. When you have wo opposila charges near each other, they form. 
a “dipole”. Dipoles form a gateway through which energy from the environment ом continuously. An instant ater, the particle 
disappears, but i's plaoe ls immediatly taken by another virtual particle. The result is a continuous stream of energy flowing out from the 
dipole. 


Batteries with their positive and negative terminals aro electrical dipoles, so too are generators when the input shaft is spun. Permanent 
magnets with thelr North and South poles are magnet dipoles. Both of these have continuous streams of energy flowing through them. 
So, why then do batteries run down and lose thelr charge? The reason is that we power circuits using a closed loop. The energy flowing 
ош of one terminal flaws into tha opposite terminal and Instant destroys the dipole. A new dipole has to be created every spl second i 
the circuit is 1o deliver power, and 1t is that self-destructive method of use which causes the battery to discharge ar which needs the 
‘generator һай to bo rotated continuously 


ia diferent operating technique is used, where the dipole is not continuously destroyed, than devices which can provida a continuous 
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stream of energy drawn from our natural environment can be constructed. This is not magic, just the next step in conventional science and 
engineering. Thomas Henry Moray managed it, initially with an aerial and earth ike a crystal set to provide the dipole, his device was able 
lo draw many kilowatts of power from the environment. No fuel was needed, the energy is already there surrounding us all, all of the ume. 
As far as | am aware, nobody has managed to replicate Moray' device (which was the reason for it being violently suppressed) but knowing 
that existed and was repeatedly demonstrated lo work perfectly wall в useful in that shows that it is possibla o tap he massive zero- 
point energy field with a practical, home-constructed device. 


Here в a collection of additional items af information gathered from several diferent sources: 


Moray started his experiments with tho taking of electricity from the ground: as he described it, during the summer of 1909. By autumn 
1910 he had sufficient power to operate а small elecirical device, and demonstrated his idea o two rends. The early stages o this 
demonstration consisted of operating a miniature arc light. It soon became clear to him that the energy was nol static and that the static of 
the universe would be of no assistance to him in obtaining the power for which ho was searching. 


During the Christmas Holidays of 1911, he began to realise fully. that the energy with which he was working, was of an oscilting nature. He 
also realised that the energy was not coming out ofthe earth, bul instead, was coming 1o the earth from some outside source. These 
%%% were nol simple oscillations, but were surging like the waves ofthe sea, coming continually tothe 
‘earth but mare in the daytime than at night, but always arriving as vibrations from the reservoir of colossal energy out there in space. By this 
time Moray was able to gather enough power to light а 16-candlepower carbon lamp to about a half af it's capacity, but he did not manage to 
‘gain any further improvement unti the spring of 1925, 


In 1912 Moray was called o go on a mission for the Church of Jesus Christ of Latter-Day Saints, and under a visitor's visa was allowed to 
‘enter Sweden during the Exhibition of 1912 in Stockholm. In his notebook, dated November 1, 1913, he included a nate saying that he had 
obtained material fram а railroad car at Abisco, Sweden the previous summer, also some more material from the side of a hil. He made 
electric tests of these materials, taking them home to try each as a detector for his energy machine. Tests indicated that this sof, white 
stone-ike substance might make a good "valve-lko detector". This 'vale-ike detector is what led him to do research into sem-conductive 
materials, and from this soft white stone he developed his frst valve and the valve which was used in some of his early Radiant Energy 
devices (svar wire touching a stone can act as a rectifier). 


Moray demonstrated that energy was available by its actions on а resistive load, such as a fatiron or а space heater, and by lighting bulbs. 
A resistive device acts as a load which is direclly proportional lo the amount of energy delivered o i In heating a healer. or lighting a bulb, 
the number of watts produced can be calculated as equal tothe number of watts provided to the device. This energy is fad ino а load to 
‘ive either heat, light. or power. A motor can be operated but it must be designed to un on a high frequency power supply. The Radiant 
Energy device used an antenna and a ground connected to his solid state Radiant Energy circuit: 


THIS IS AN APPROXIMATE DIAGRAM 
Pagan DRAWN SOLELY FROM MEMORY AND 
core NOT TO BE RELIED ON AS ACCURATE 
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The diagram shown above is reproduced from a rough sketch drawn rom memory after seeing Morays circuit diagram. The person who 
drow it does not understand how the circuit works, so please treat this diagram as being just ап overall suggestion as lo what Moray's circuit 
might have been like It is actually much more likely that is was a cascade of pairs of tank circuits containing Morays valve, each pair being 
опе serias tank circuit followed by one parallel tank circuit, the oscilating frequency dropping with each tank pair and the output power rising 
wilh each tank par. Moray s circuit was started oscillating by stroking the U-shaped col мін a permanent magnet for afew seconds, and 
hen the circuit started operating, then switch 'S' was closed, effectively removing the U-shaped сой rom the circuit 


Moray was able о demonstrate thal none of the output energy came from within his device. Internally the device was electrically dead when 
it had not been connected and tuned to the antenna. When his device was set up, ho could connect it o an antenna and ground, and by 
priming f frst and then tuning itas he primed i the device would draw in electrical energy. This high frequency electrical energy produced 
їр to 250,000 vols and it powered a brighter ight than witnesses had ever seen before. Heavy loads could be connected lo the device 
‘without dimming the lights already connected Io. This device worked many miles from any known source of electrical energy such as 
power transmission lines ос radio signals. The device produced up to 50,000 watts of power and worked for long periods of ime. 


Moray initially assumed that this energy was electromagnetic In nature however, he never claimed that it was. He assumed at frst that this 
‘energy camo from the earth but later he believed it was lowing in from the universe. Finally he began to believe that it was present 
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throughout all space, intermolecular space as well as terrestrial and celestial space. He did not necessarily understand how his detectors 
‘operated, only that f he built the device very careful according to his calculations it would work. He was able to demonstrate the existence 
‘of an energy that today, though it has not been identified or proven, has been theorised by many researchers. 


The largest instrument was about 6 inches high, circular in shape and about 8 inches in diameter. We went out on the roof of the chicken 
соор carrying the device on a small drafting board, erected an antenna upon the roof of the coop, the antenna being about 100 feet from the 
house. We pulled the main ine switches in the house before going out upon the roof. Mr Judd had Moray move the drafting board from. 
placa о place and he also examined the inside of the coop for hidden equipment. The machine was then assembled in his presence and 
the device was started. Mr Judd timed me to see how long it would take to bring gel the light operating. | was able to light the CGE lamp to 
its ful brightness and to heat an old-style Hotpoint electric lat ron o sizing point, which required 655 watts. Mr Judd asked for the antenna 
lo be disconnected. When his was done, the light went out. The aerial was connected again and the light reappeared. We drove a new 
‘grounding rod at a spot selected by Mr Judd, made a connection to the new grounding point and the light burned dim, but came brighter and 
brighter as the new grounding rod was driven deeper and deeper into the ground. 


I ho ground or antenna is left disconnected for too long a time, the device becomes electrically dead and must be retuned in order to regain 
the energy flow. Dr Eyring found no fault withthe demonstration and the worst that he could say about it was that might be induction, but 
that if Moray would take the device out in the mountains away from all power lines, a distance of three or four miles, and it then operated, he 
would then acknowledge that it could not be induction and that his theory was wrong. 


At last they decided to go up Emigration Canyon, as there are no power lines in hat canyon. All three gentlemen were very wel satisfied 
‘and pleased with what they saw. The antenna wire was pul up without any aid or instructions whatever from Mr Moray, except hat he 
suggested that the wire be stretched tighter to prevent so much sag al the centre. This was done and the wie then appeared to clear ће 
round by about 7 or 8 feet at its lowest point. The ground pipe was of halkinch water pipe consisting of two sections. The lower section was. 
Pointed at the end to make its driving into the creek bed easy. It was about 6 feet long and after being driven down about 5 feet the second 
Section, which was about 4 feet long, was screwed оп with a wrench and the pipe driven further down unti it struck а hard object, so about 7 
feet of pipe was in the ground. 


The antenna wire was insulated from the poles with two glass insulators about 6 inches long and having holes in both ends. A piece of wire 
about 2 feet long connected each insulator wit the polo. The lead-in wire was fastened tothe antenna wire at a point about 10 or 15 feet 
from the east pole. | helped Mr Moray solder the connection. I paced the distance between the two antenna poles and estimated it lo be 87 
feet. Mr Moray's equipment, apart from the antenna and ground wires, consisted of a brown box about the size of a butter box, another 
sighty smaller unpainted box a fibre board box about 6- x 4" x 4, which Mr Moray referred to as containing the lubes, and a metal 
baseboard about 14° x 4" x 1" containing what appeared to be a magnet at one end, a switch near the middle and a receptacle for an 
electric ight bulb at the other end. There were also several posts for connecting wires on the baseboard 


"When all of he wires were connected and everything was ready, Mr Moray began tuning in. Before tuning, he placed the key on the post: he 
said it would be in contact while ho light burnt, but no ight appeared. The tuning consisted of stoking the end of a magnat across two metal 
projections protruding from what refered о above as being a magnet. After tuning for slightly more than 10 minutes the key was put on 
the operating post and the light appeared immediately. Mr Moray put the key on the operating post two or three times before during the 
tuning operation but no light appeared. We allowed the light to bum for 15 minutes. In my opinion, the brillance of the ight coming from the 
100-май bulb, was about 75% as bright as а 10-май bulb connected lo an ordinary house socket. It was an steady light, without 
fluctuations of any kind. 


"While the light was burning Mr Moray disconnected the antenna lead-in wire from the apparatus and the light went out. He connected it 
again and the light appeared. He also disconnected the ground wire and the light went out. He then connected it and the light appeared 
again. 


In another demonstration, Mr Moray opened the device and let everyone ses everything except one small part that he placed his hand over 
and hid in his fist. This part he cut off and put in his vest pocket. Everything else, people were allowed to examine to their hearts content "lf 
that part is able to make such power isell. then i's some device and worth selling. Such a battery would be worthwhile’, were some ofthe 
remarks made. 


Оп several occasions Dr Moray would disconnect the antenna wire momentarily, but not long enough to lose the light In disconnecting and 
connecting the antenna wire a flash of electricity could always be seen at the 


Ata demonstration in 1928, the aerial used was about 200 feet long and positioned about 80 feet above the ground: the wire is a copper 
‘cable approximately а quarter of an inch in diameter, and well insulated. The earth connection used was the waler pipe in the basement of 
Dr Moray's home. The device was assembled in a trunk through the sides of which were holes for the connections to ground and to the 
antenna and for observation; the holes were about one-half inch in diameter. There were two boxes about 10 by 20 by 4 inches, one on top 
‘ofthe other; both were closed and the covers fastened with screws. On the upper box was ing an insulating panel about an inch thick by 
15 inches long and 3 inches wide; it was made of slate ог hard rubber or some material of similar appearance. On bis were two binding 
posts which could be connected together by a small switch; also mounted on this panel was an object about 2.5 inches square, wrapped in 
friction tape, from which protrude two poles about 1/4-inch in diameter, apparently of sif iron. Two light bulb sockets were connected in the 
circuit In ono of these there was a 20-watt bulb, and in ho other a 100 watt bulb. 


Dr Moray then took a magnet, which was a very broad, short imbed U, and began to stroke one pole of it on the poles in the taped body. Mr 
Jensen placed his fingers on the binding posts several imes, and at last received a rather vigorous shock. Mr Moray then threw the switch 
and the bulbs lit up. As а further proof that the conversion of the energy was due to the mechanism in the box, Dr Moray hit the table on 
which th trunk was standing, a moderate blow with a hammer whereupon the light fickered and went off, dus o the detector being shaken 
ой of adjustment. The boxes, in which the mechanism had been housed during the test, were opened and the contents examined. There 
жеге capacitors, the detector а transformer, and twa tubes in them but nothing else. Nothing that in the least resembled a battery. 


us to be noted that afte a total run of 158 hours the device supplied 635 watts; inasmuch as a horsepower is but 746 watts this equals 
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0878 of a horsepower or slightly more than 7/8 horsepower. This alone is sufficient to dispose of any suggestion of a battery. 


A report from 1929 says: Lis now more than 2 years since | fst became acquainted with Dr Т. H. Moray and the work he s carrying оп, and 
in thal time he has demonstrated inventive авййу of an exceptional order. Perhaps the most wonderful of his inventions is а device whereby 
he is able to draw electric power from an antenna. This energy is not derived by induction from power lines, as has been suggested by 
some, noris it derived from radio stations, as has been demonstrated by taking the apparatus moro than 28 miles from the nearest power 
line and over a hundred miles from the nearest radio station and showing that it operates just as well as anywhere else. 


This device was subjected to an endurance test in which it was operated continuously for a week, and at the end of that ime а 100-watt 
lamp was ighled simultaneously withthe heating of а 575 walt standard Hotpoint fat ron, making a total of 675 watts: tis very evident that 
по batteries could sustain such а drain as this. 


He has also invented a very sensitive sound detector whereby is possible to hear conversations carried оп in an ordinary tome of voice at 
а distance of several blocks. Ho has also worked out numerous radio hook-ups which eliminate many of the parts now considered 
necessary for good reception, yet there is no diminution in quality or volume; in fact, here is а notable elimination of interference from static 
when some ofthese aro used. He has devised a means by which һе is able to measure with some degree of accuracy the energy evolved 
during mental activity. that is, he gets define, variable deflections of the needle of а sensitive galvanometer which appeared to be related to 
the vigour of mental activity. There aro a great many other equally remarkable things which he has dono, such as reducing old rubber from 
truck tires to the state of a viscous fuid which is readily vulcanisabie without tho addition of smoke sheet as is necessary with other 
processes; also a high frequency therapeutic device, and numerous other devices which show great ingenuity 


The 6 lamps are set up in parallel and a small diameter wire is used as the current enters the tube prior to and connecting with the step- 
down transformer, this takes the very high voltage to the transformer. This voltage wil jump across a spark gap of at least six inches. The 
‘operating frequency is во high that have no instrument in my laboratory that is able o measure the amperage or Ihe voltage at this 
frequency. (Signed, Murray O. Hayes, PhD.) 


Dr Miton Marshall was attempting to identify the material that Moray called his "Swedish Stone". Moray described the radio detector which 
he had developed. He compared itto what was commonly known as the crystal of a crystal set. However, his detector was superior since it 
could drive a loudspeaker without the use of a battery. He used the most easily demonstrated device, tha germanium diode, that worked on 
the same principle to ilustrate how he thought the Radiant Energy Detector worked (Moray originally built the radio simply for the purpose of 
showing how he was able to pick up radio signals with а solid-state device, producing sufficiently strong signals which could drive a 
loudspeaker, which was something unheard of in that day. His circuit did not have batteries, and it was very similar to the old crysta-set 
circuitry. 


The device was housed in a wooden box something like 12" by 18, with an antenna and a ground going into it. Wires leading out of the box 
led to a bank of some forty 100-watt light bulbs and to an electric iron. Moray touched а switch at the top of the box with a hand electrostatic 
piate and the globes all it up brilianty, We al noted tnat ino bulbs burned cold except each had a hot spot about the size of a dime on the 
top slightly off centre. I also recall that could tum the lights on and off by approaching and retreating to and from the device, either with ту 
whole body or my hand. If my memory is clear. the machine had to be tuned witha dial to be placed in this condition. (Chester M. Todd, 
1971) 

In 1938, after examining tho transformer of the device, Mr E. G. Jensen stated that he considered that the amount of current which ho had 
Soon taken from the device was positive proof that ће current developed by or in te machine was different to any in use at that time. This 
was because the transformer would have burned out if it had been carrying normal current, but the transformer showed no signs of even 
ever having been warm. He was informed by Dr Hayes thatthe transformer had been in use under the same loading conditions during many 
‘demonstrations in the past 


The "Number 1" capacitor consisted of two small sheets of aluminium of about 30 gauge, separated by and making contact with а piece of 
one-quarter inch thick plate glass. The plato glass was larger than the aluminium sheets and overlapped them. 


The "Number 2 capacitor was a commercial unit manufactured by Igred Condenser & Mfg. Co. and had a capacity of 0.025 mfd. 
They were used as shown here: 


AY Aerial antenna 


60 watt light bull 


"Number 1" capacitor. 


“Number 2° capacitor 


BOX Jem war tan to 


ЗЕ Earth connection 


‘With the БО watt lamp and the two capacitors attached to the antenna and the antenna and ground attached to the box containing the 
Radiant Energy equipment as shown in the sketch, the 100-watt lamp on the secondary or output side was lighted. Unscrewing the GO-watt 
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lamp from its socket caused the 100-watt amp to go out, but it immediately lighted when the G0-wal lamp was screwed into its socket again. 
The 60-wat lamp did not light. Shorting the antenna and ground by placing a wire across them, caused the 100-wat lamp to go out. Similar 
shorting with the hands also caused the 100-watt lamp to go out. No electricity could bo feit when shorting with the hands. If ether the 
ground or the antenna wires were disconnected from the box the 100-wat lamp would go out. Neither of the capacitors or the 60-watt lamp 
‘onthe primary side of the box were necessary but were simply put there to show thatthe high frequency power wil jump or pass through 
them, 


Moray's patent application on this device was fled in 1931 and rejected on a number of grounds. Firstly, "Because no means was provided 
for causing the cathode to emit an appreciable number of lactrons, the current produced in the cathode by the antenna will not heat the 
cathode to a temperature at which an appreciable number of electrons per second are omitted". In other words, according to Thomas E. 
Robinson, Commissioner of Patents а sold state device, such as а transistor, cannot possible work. Secondly. because "No natural source 
‘of electric wave energy is known to the Examiner and proof of the existence of such a Source is required" In other words, twas not enough 
for Moray to demonstrate the effet of the energy source; he also had to identify it, which he could not do. None of tne original patent 
Applications thal Henry made are any longer available at the US Patent Office. Although their fle jackets are ther, the contents and 
Applications themselves are gone. 


In 1942, Moray attempted to rebuild a Radiant Energy device, using the remaining bit of what was known as the "Swedish Stone". This 
тайпа, which was the heart of his original RE detector, he had never managed to duplicate, and tho shortage of this material limited the 
amount of power which he could draw. Consequently in the large unit, ha developed a second detector that forced him into extensive 
research involving nuclear materials and radioactive reactions. He became deeply involved inthe study of synthetic radioactivity as 

scribed by Gustave LeBon in his book "Tho Evolution of Malter”. The years slipped by and Moray spent most of his me working on what 
he called the "counterbalance” o eliminate the need for an aerial antenna, 


Moray sald: 
Enough energy is coming to the earth to light over 1,693,600 100-wat! lamps for every human being on the earth today. No fuel of any kind 
mood be taken as this energy can be picked-up directly by ocean ines, railroads, airplanes, automobiles, ог апу form of transportation. 
Heat, ight and power can be made available for use in ай kinds of buildings and or all kinds of machinery. An example would be to pump 
water onto the desert lands, the power source being only a fraction of the weight of any steam plant or any kind of engine in use today and 
all this at a fraction of the current cost 


The total energy involved in "cosmic" radiations is very large. The mechanism of its generation involves a basic relationship wih the total 
structure and action of the universe, Today i is believed that cosmic radiation consists primarily о protons and some heavier nuclei, At 
limes this cosmic energy packs a wallop of around 100 quadrilion vol. Coming continuously with slight variations in time, the radiations 
have a uniformly directional isotropy. The earth is, therefore, surrounded in an atmosphere of radiation with cosmic rays coming continually 
to the earth from ай directions, although there may be a sight deflection of the weaker rays by the earth's magnetic field. There is every 
indication that our sun is not Ihe source of any appreciable amount of this radiation. The origin, therefore, i from the universe as a whole. 
Tho total energy of cosmic radiation is mare than the entre luminous output of all the stars and nebulae of ho universe combined. Unlimited 
power is being delivered to everyone's doorstep. 


The Moray Radiant Energy discovery using radiations from the cosmos as its power source, gives the greatest amount of energy per pound 
‘of equipment of any system known to man. Electrical power through an electric motor or an electric jet far exceeds any form of energy in 
any engine in the delivery of power. There is по dead centre of lost è in an electric motor nor loss of push in an electric je Also, the 
starting torque is much higher in the electrically powered engine than in the combustion engine. 


Hamessing cosmic energy is the most practical method yet discovered by man. Furthermore, itis possible to utile this vast source of 
energy from the universe without a prime mover at any point on the earth — on the ground, inthe air. on the water, under te water, or even 
underground. If one considers thal ап electrical generator is not in the ue sense a generator - as electricity is not made by the generator - 
but is merely an electrical pump, the Moray Radiant Energy device may then be referred ta as a cosmic ray pump: that is, а high speed 
electron oscilator serving as a detector of cosmic radiations which causes a pumping action ar surging within its circuitry. 


To account for the propagation of heat and light- two of the forms of Radiant Energy - man has postulated the existence of a medium fling 
all space. But, the transference of the energy of radiant heat and ight is not the only evidence in favour of the existence of such a medium. 
Electic, magnetic, and electromagnetic phenomena and gravitation itself point in the same direction. 


Attractions and repulsion take place between electrified bodies, magnets, and circuits conveying electric current, Large masses may bo sel 
in mation in this manner, acquiring Kinetic energy. I an electric curent is started in any circuit corresponding induced currents spring up in 
all very closely neighbouring conductors. To originate a current in any conductor requires the expenditure of energy. How, then, is the 
‘energy propagated from the circuit to the conductors? If we believe in the continuity of the propagation / 
when it disappears al one place and reappears at another it must have passed through the intervening space and, therefore, have existed 
there somehow in the meantime - we are forced to postulate a vehicle for its conveyance form place lo place. 


"When a particle is electrified, what one must frst observe is that a certain amount of energy has been spent: work has been done. The. 
resul is an electrified state of the particle. The process of electrifying a conductor is, therefore, the storing of energy in some way in or 
around the conductor in some medium. The work is spent in altering the state ofthe medium, and when tho particle is discharged, the 
medium returns о its orginal state, and tho store / is disengaged. Similar, a supply of energy is required to maintain an electric 
current, and the phenomenon arising from the current are manifestations of the presence of this energy in the medium around the circuit. It 
used lo be thal an electrified particle or body was supposed to have something called "electricity" residing upon i which caused electrical 
Phenomena. An electric current was regarded as a flow of electricity travelling along a wire (for example), and the energy which appeared at 
элу part of а circuit (И considered at all) was supposed to have been conveyed along the wire by the curent, But, the existance of induction 
and elacvomagnetic interactions between bodies situated а! a distance from each other leads one іо look upon the medium around the 
Conductors as playing a very important part in the development of these electrical phenomena. In fact, tis the storehouse of the energy 


us upon this basis that Maxwell founded his theory of electricity and magnetism, and determined ће distribution of ho energy in the 
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Various parts оГ an electric field in terms of electric and magnetic forces. The medium around an electrified body is charged with energy and 
nat of an imaginary electric fuid distributed over the electrified body or conductor. When we speak of the charge of an electrifed conductor 
же are referring to tho charge of energy in the medium around it, and when we tak of the electric flow or current in the circult we are 
referring to the only Пом we know of, namely, the Пом of energy through the electric field within ho wire, 


The work in producing the electrification of a conductor is spent on the modium and stored there, probably as energy of mation. To denote 
this we shall say that the medium around the conductor is polarised, his word being employed to denote that its state or some of its 
properties have been altered in some manner and to a certain extent depending on the intensity of the charge. f ho charge is negative the 
polarisation i in the opposite sense, the tvo being related, perhaps, like right-handed and left-handed twists or rotations. 


Now consider the case of a body charged alternately, positively and negatively in rapid succession. The positive charge means a positive 
polarisation ofthe medium, which begins at the conductor and travels out through space. When the body is discharged the medium is once 
more sel free and resumes its former condition. The negative charge now induces a modification of the medium or polarisation in the 
‘opposite sense. The resul of alternate charges of opposito sign is that the medium at any point becomes polarised alternately in opposite 
directions, while waves of opposite pokrisatons are propagated through space, each carrying energy derived from the source or agent 
supplying the electrification, Here, then, we have a periodie disturbance of some King occurring at each point, accompanied by waves of 
‘energy traveling outwards from the conductor. 


The phenomenon of interference leads to the conclusion that light is tha result of periodic disturbances or vibrations of the medium, but as to 
the nature ofthese vibrations, as ̃ nature of the periodic changes or what it is that changes hem, we possess no knowledge. We 
know hat altemaling electric charges are accompanied by corresponding changes of state or vibrations of the medium, and if the charge is 
Varied periodically and with sufficient rapidity, we have a vibration at each point analogous to, perhaps identical wih, that which occurs in the 
propagation of ight - a combination of wave and particle properties. This then is the electromagnetic theory of the luminous vibration. 


In the older elastic-solid theory, the light vibrations were supposed to be actual oscillations of the elements or molecules of the medium- 
‘about their positions of rest, such as takes place when waves of transverse disturbance are propagated through an elastic sold. Such 
limitation is unwarranted to some extent, but one cannot afford to entirely disregard the particle theory of ight either A combination of the 
theories has merit. We know thal the change, disturbance, vibration, polarisation, or whatever we wish to term 1, is periodic and transverse 
to the direction of propagation. The electromagnetic theory teaches us nothing further as to its nature, but rather asserts that whatever the 
charge may be, itis the same in kind as that which occurs in the medium when the charge of an electrified body is altered or reversed, I 
reduces ight and heal waves tothe same category as waves of electrical polarisation. The only quality of the later required to constitute the 
former s suficient rapidly of alteration. These speculations were given tha strongest confirmation by experiments of Prof. Hertz many years 
ago. 


"When а resilient substance is subjected to strain and then set free, one of two things may happen. The substance may slowly recover from. 
the strain and gradually attain ts natural stale, or the elastic recoil may сапу it past ts position of egulibrium and cause i to execute a 
series of oscillations. Something of the same sort may also occur when an electrified capacitor is discharged. In ordinary language, there 
тау be a continuous flow of electricity in one direction unti the discharge is completed, ог an oscillating discharge may occur. Thal is, the 
frst low may be succeeded by а backrush, as if the first discharge had overrun itself and something like recoil had set in. The capacitor 
thus becomes more or less charged again in the opposite sense, and a second discharge occurs, accompanied by a second backrush, the 
úscilation going on unt ай tne energy is either completely radiated or used up in heating the conductors ог performing other work. 


When capacitors are filed with energy captured by the Moray Radiant Energy device and thon discharged through а circuit of proper 
impedance, reactance and inductance, thereby synchronising the oscillation of the device with those of the universe, electrical inertia is set 
up. In the reversal of the current, the capacitors are charged, discharged and recharged slowly until he energy stored in them is radiated in 
Kinetic energy through the device, and this energy can be kept alive indefinitely by establishing resonance with the oscillations of the 


Considering oscillations from a mechanical, electrical and mathematical point of view, we find that electrical resistance is the same as 
mechanical fiction and current is comparable to mechanical velocity. Inertia and inductance may then be considered analogous terms. In 
mechanics the greater the inertia of a body, tho longer it wil stay in motion. In the Radiant Energy device's resistance inductance-capacty 
(REC or RLC) circuit. the greater he electrical inductance, the longer the curent continues to flow once Itis established by synchronisation 
With cosmic surges. 


Expressed mathematically, the equations are the same for electrical or mechanical phenomena. Which means, that R < square root(4L / С), 
where R is the resistance in ohms, L is the inductance in henries, and C is the capacitance in farads, When this is true, an oscilatory 
discharge will occur and a very powerful inductance inertia wil assert itself. For low values of R, the frequency of the oscillations can be 
shown by f= 1/2 x pi x square root(CL). The rapidity of the oscilations is govemed by the capacitance and inductance. 


їп the vibrational forces of the universe, we find the key to the source of all energy. How we can utilise this energy for modern industry 
without being limited to mechanical prime movers is the question. And, the answer may be an energy generator, balanced so as to oscillate 
in synchronisation with the овсйайопв of the universe. 


Dr Ross Gunn, a civilian scientist for the US Navy, stated years ago that the earth is a huge generator, generating over 200 milion amperes 
of electric current continuously. For example, the aurora borealis is considered to be a very large definite electrical phenomenon produced 
by the passage of electric charges through the rarefied gases of the higher atmosphere. The earth has since been shown, by Dr Gunn and 
others, to have a negative charge amounting to 400,000 coulombs. Yet, six feet above the ground the air is charged with more than +200 
Volts with respect to ho ground. 


lis known that air conducts electricity away fram charged objects. This being rue, how does the earth maintain its charge since it is a 
charged object exposed to the surrounding atmosphere? If the air conducts electricity, the earth's charge must be constantly passing into 
the atmosphere. And it has been calculated that the earth has a continuous discharge into he atmosphere of 1,800 amperes. At bis rate, 
the earth should lose 90% of its charge into the air in one hour, yet the earth's charge does not diminish. From where does the earth's 


bas uu ler obe dr te comiChaptT hii 2262 


И Free Energy Devices - Power gathering from aerials 
energy come? 


The conversion of matter to energy in the stars is accepted. and, reasoning from what occurs in radioactive disintegration during which 
‘energy waves are radiated, one may conclude that energy waves of very high frequency are sent ош from the stars (one of which is our 
sun) Now, of course, the conversion of energy into matter must equally be accepted. 


It has been found that ionisation, which could be the medium for the flow of energy, increases with increasing altitude, instead of decreasing 
as would be expected. Since the source of energy is the universe, the generation of energy by rotary action and by ali prime movers is an 
‘effect and nol а cause. Oscilatry energy action, be itin a Leyden jar, another man-made capacitor, or in what we may сай паша! 
Capacitors, always behaves the samo. The oscilatons will continua unti they have reach their cycle of height and then there will be а 
backrush retuming to where the oscilations originated. Every oscillation, whether large or small, is completed during the same interval of 
limo. These oscillations all prove the same great fact, hat they are governed by the same cycle of ime, completed during the same interval 
‘of ime. Waves of energy have a regular beat note, coming and going as the waves of the sea, but in a very definite mathematical order - 
coming to the earth from every direction with a definite rhythm. 


Energy has a definite elastic or resilient rigidity and density, which is subject to displacement and strain, When strain is removed, the 
mediam wil spring back to its old position and beyond, surging back and forth, and wil continue to oscilate unt the original pressure is 
used up. If the internal impedance is too great, there will be no oscillations, but it wil merely slide back in a dead beat to its unrestrained 
state. 


By cutting down resistance to a minimum and synchronising tho resilient ionic actions of the Moray device with tho wave actions of the 
universe, periods of oscillation can be made to come quicker and quicker unt inertia asserts itself, thus lengthening out the time of final 
recovery. Tis is dane by carrying the recoil beyond ↄ and prolonging the vibrations by capturing tha in oscillatory 
action. When the recovery becomes distinctly oscilatory, a harmonic pattem is inflated and the oscilatons continue, resonance thereby 
being established with the universe. 


In the universe we see the same laws being obeyed as in our laboratorios. As one traces down to tho almost infinitesimal constituents of the 
atom, опе finds that matter does not exist at all as the realistic substance which we have supposed it to be. There at the vary foundation, it 
consists of nothing more than energy charges emitted at various wavelengths or frequencies. It's becoming more and more certain that the 
apparent complexity of nature is due o ош lack of knowledge. And, as the picture unfolds it promises a marvellous simplicity. 


One of the most marvellous relationships that has ever been revealed in the entire science of physics is that between light and electricity 
and the existence of electronics in atoms of matter. Knowing what we do at the present ime with regard to the structure of atoms, this 
relationship is not quite so surprising. However, considering the total absence of this knowledge about a half century ago, the discovery that 
light, and radiation in general, are vibratory phenomena was revolutionary 


Speaking of radiation, "Radiant" here means proceeding from a centre in straight Ines in every direction. Energy is internal and inherent. 
"Energy" s defined as a condition of matter, by virtue of which, any definite portion may affect changes in any other definite portion. This 
was writen in 1892, and discoveries since confirm it Energy thon is a state of matter, or rather, the result of a particular stato or condition in 
‘which matter may be when any observed phase of energy appears. 


In addition to possessing kinetic energy, the atom is capable of absorbing energy internally. This internal energy is associated with the 
configuration of the particles of which the atom is composed. Under ordinary conditions an atom is in what is Known as a state of 
equilibrium, in which there is neither a giving off, nor an absorbing of energy. But, the internal energy of the atom can bo altered. When the 
internal energy of the atom exceeds that of is normal state itis sald lo be excited. Exctations may be caused in several ways, 6.0. the 
‘colision of an atom with rapidly moving positive or negative particles or the breaking of lines of force in an electromagnetic generator. 
Kinetic energy is released when excitation causes a particle to give up some or all of its kinetic energy to the atom during colision. This is 
taking place in the universe ай the timo. 


The electric molor and generator would never have been discovered if a dielectric (insulator) had not been discovered. If one discovers a 
dielectric valve for the energy of the universe, one has the answer to harnessing the energy of the universe! A limiting case of excitation is 
ionisation, wherein energy is absorbed by tha atom sufficiently to allow a loosely bound electron to leave the atom, against the electrostatic 
forces which tend to hold It within ho atom. An atom which has given up one or more electrons l sald o be lonised. is possible that 
ionisation, Le., excitation, may take place in successive steps through absorption of quanta energy. The retum of an ionised atom to a stale 
‘of lower energy is associated with electromagnetic radiation. Also, from the process of ionisation. electrical energy may become associated 
with the vibrational forces of the universe coming into the earth as cosmic radiation. The higher the frequency, the greater the ionisation or 
excitation, а form of energy which Is kinetic in nature. There are tremendous energies coming to the earth кот outer space. These energies 
are only diferent manifestations of the energies we see in operation ай around us. In most cases we are not even aware of thelr existence. 
They penetrate everyting including our own bodies. Every one of us is ale by virtue of these energies. Every рап and particle of the 
universe is alvo with them. Tho generators that now furnish our electric power do not create or originate any power or electricity, they 
merely direct, pump, the existing energy ог electricity. 


‘As in musical notes of high and low "C", he vibrational rates (frequencies) are diferent, but all "C" notes are essentially the same 
(harmonically related). This is the foundation upon which much of my investigation of vibratory phenomena is based. 


Ithas been agreed that ай forms of matter are vibrating at a particular rate or frequency. And, so it is with the various forms of energy - heat 
and light, magnetism and electricity. These are but forms of vibratory motion connected with and being generated from the samo source, the 
Universe, Matter vibrates at a particular rae, according to s character and may be transmitted into other substance by lowering or raising 
is rato of frequency I the frequency is raised high enough, the molecules wil Separate and the atoms become free. Raising the frequency 
Stll higher, the atoms resolve themselves into thelr original components. Matter then becomes a form of energy. Frequencies may bo. 
developed which wil balance the force of gravity to a point of neutralisation. One can then go beyond the force of gravitation. Understanding 
the principles of vibration is truly understanding energy. 
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In gamma rays, we find potentials which are equivalent to as much as 1,000,000 volts, yet their wave lengths are not the shortest known. In 
octaves stil higher there are rays which are known as “cosmic rays". Who can draw a definite line and say how much higher other octaves 
exist than those knows as the cosmic rays? Our starting point from the discovery of these different waves was electrical conductivity of the 
air and it has been found that this conductivity is justas strong by night as by day. Radiations emitted by the sun can scarcely be the sole 
cause of this energy. Al space is saturated with vibration, energies, which are no doubt electrical in character. The relation of matte to 
‘energy and energy to matter then becomes the potential of the universe - one continuous series of oscillations. 


Atoms maintain an equilibrium by oscilations, rotations, attractions and repulsions, but this does not interfere with a transformation of 
equilibrium, which, when tho transformations of equilibrium аге rapid enough, become energy, L-e., matter is tuming ino energy and energy 
into mater. 


There can be no generation of electrical current and no kinetic energy if there is no disturbance of equilibrium, Le. change of potential or 
change of energy levels. When one thinks of the oxygen and nitrogen molecules of the air ай about us moving with the speed of bullets and 
Striking us and everything else at his speed, one can form some idea of the agitation taking place here and in he universe. 


The oscillations from outer space are emitting electromagnetic waves of many wavelengths and frequencies. The Moray device is so 
constructed that the frequency is very much lower on the secondary side than on the primary side, and almost complete resonance is 
established. 1 am convinced that the energies from the universe are active radiations produced by the evolution of mater into energy and 
energy into matter. 


Dr Anderson's cloud chamber at the Calfomia Institute of Technology, in which the positron was discovered, has fumished much information 
about cosmic ray energies. Ha found that some positrons are bom of cosmic rays smashing into matter. The cosmic ray energies deduced 
from the tracks lef in tho Anderson cloud chamber range from 100 volts to 3,000,000,000 volis. The Lemaire-Valarts theory, together with 
Dr Johnson's asymmetry measurements, give definite values for the energy of half of the cosmic radiation, and shows it continuously 
distributed between 5 bilion and 50 bilion volts. 


The figure of 100 bilion volts is а result of Dr W. Kolhorster’s measurement of penetrating radiation in tho depths of tho Strassfurt salt mines. 
Ho found that the minimum energy of these rays had a penetration which was greater than ever before demonstrated. Dr Axel Corin of 
Sweden's Lund Observatory found radiation that stil had energy after passing through somewhat greater depths and, therefore, the voltage 
figures can be made even higher. Energies of 100 billon volts or more are indicated by the great bursts set off by cosmic ray colons, 
called tho stosse, which have been observed particularly in Germany. The Moray RE devices have worked equally мей in deep minos, 
Under water or high in the mountains and in an airplane. 


Itis about 100 years since science began to consider light, heat, magnetism, galvanism, and electricity as natural forces. In the early part of 
the 19th century school books termed these things "mpondorablo substances”. The corpuscle theory of ight was taught, the sun was 
supposed to provide an endless supply of those corpuscles. After ће corpuscle theory faded, scientists tumed to the wave theory, but even 
that was based on а crudo concept of movement of the ultimate principles or atoms, of matter. The electron theory has superseded the 
earlier ones now, and while the electron theory explains the observed and theoretical "facts" better than the previous concepts di, could it 
be that, as the greater light of knowledge leads us on, the electron theory in turn wil fall short of providing "absolute" knowledge? The 
Einstein Theory may stand in need of revision or amendment; or, in ime, it may join the theories of corpuscles and waves on the back shell. 


A specific case, in which the electric field performs the double function of molecular excitation and the creation of intermolecular and atomic 
ions, is being given by the system used by the Inventor. I is a system utlising tne principles of the wire corona with a concentric cylinder at 
diferent pressures. The system is modified in conformity to the concept that chemical reactions must take place when the oppositely 
charged molecular ions from an appropriate activated catalyst are accelerated against one another in the wire corona. IL consists of а 
cylinder made of а suitable catalyst rom which postive ions are emitted. The reactants (gases) streaming through the chamber parallel to 
the length of the wire attain the polarity of the negative molecular ons by the high electric feld close to the wire. As these negative. 
molecular ions are accelerated at the right angles to the wire in Ihe direcion ofthe electric feld toward the positively charged catalyst 
cylinder, they are met by an avalanche of onrushing atomic iens from the catalyst. A certain amount of reaction lakes place in that instant, 
10-8 seconds. However, some of the negative molecular ions outside the mean free path of the positive atomic ions are free lo rush 
headlong toward the positive cylindrical eld where they are neutralised, and instantly given a positive charge by the avalanche of 
outrushing positive ions. These positive molecular ions are accelerated back into the fed and collide against the negative molecular ions 
coming from the direction of he negative electrode corona. This melee continues unti he reaction has came to a point where the individual 
participants are either all gone or tne mixture is outside of the electric field: backrush oscillations. 


The Moray apparatus combined with ather equipment, consists of a combination of specially constructed tubes which we will refer to as 
valves, "pressure transmitters”, interceptors and oscillators. The valves are not rectifiers in te sense that hey operate as radio valves in 
changing Allemating Current or High Frequency oscilations into Direct Current. They have an actual valve action in stopping the "iow" of 
energy which may be thought of as oscilatory action similar to the waves of the sea, without rectification, from returning to the outer circult, 
much as a retaining wall could stop the waves of the sea from returning. The other modalities and "tubos" of the device are equally unique in 
their performance. Although по new laws of energy are being advanced or claimed as having been discovered, the application in the 
method of utlisation of the energy throughout space is unique in that “generation” is accomplished by oscillatory utiisation rather than by 
the conventional prime mover. These detector tubes have a synchronised pul with the specially developed oscilators of high faradi 
‘capacity and provide a means through which oscillating energy may pass lo specially constructed valve oscilators whose relation lo the first 
stage valve is such as to permit oscilations to come in from but not return to the outer circuit with an automatic variable relation to the 
úoscilatons from the universe, and capable of setting up within their circuits initia! oscillations which coincide with the oscilations of the 


Special provision is provided о stop RE tubes from becoming blocked in their dissipation of tho charges created by the oscillations that 
continually accumulate based on the oscillatory capacity backrush effect common to capacitors and are herein applied in vacuum tubes. 
This action of these devices has the efect of enlarging and prolonging the time of charge and discharge of the capacitors and the capacity 
‘energy in the circuit to an appreciable interval in perfect harmony with the natural energy wave through the nterceplor's valves and 
‘scilator in he circuit which set up in the circuit electrical pulsations corresponding to he energy waves captured by the interceptor and 
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again kept from returing to the second outer circuit by "muli-walled" valves. The final tubos act as energy pressure transmitters with а 
means to prevent "shunting" condensation by a special form of "getter". This stops condensation accumulating at he base of the tubes 
which would block their ionic ation, 


(One must "split the energy discharge band into lines of variation (cal this what you wil), lines of energy or tines of ight beyond the "ight 
rays". The oscillations, therefore, do not become simple oscillations but through the action of the universe set up an energy flow which might 
Be referred lo as the assertion of inertia. When inertia sets In, the action wil continue because ofthe oscillations ofthe cosmos, otherwise 
one would have a complete dissipation af energy and no osciltions. The oscilation wil vibrate during tha same period of ime regardless of 
the potential, but the rao of vibration of the device depends on the "capacity" of is modalities, Le., condensers, ole. 


Put together in pure energy resonance, certain energy responding apparatus which synchronise with the resonance of certain vibrations in 
the universe, and what do you have? Useable energy from the universe. This energy may come lo the planets as oscillations similar to the 
oscilations and tides ofthe sea. The Radiant Energy lubes receive this energy in surges which may last only a few microseconds by the 
pressure and current in those surges are so strong that suficient energy is delivered to the equipment in resonance to bo useable in 
multiples of lashes and in a magnitude which competes wih the light of day. Remember resonance and pressure can do a ot to атру 
energy. Also remember hat he vibrations going out rom he sources in ho universe must also retum lo thelr sources. Nothing s lost. There 
is only a lowering of potential like water flowing over a water wheel. 


The Radiant Energy tubes present no new laws of physics. They simply expand the application of known laws, thereby obtaining results not 
at first hought possible. This is the history of science. Radiant Energy tubes possess greater ability to obtain “saturation” and thus charge 
the accompanying capacitors at a more steady rat. When a certain voltage is reached, ionisation occurs in Ihe gases of the discharged. 
lube and causes the capacitors of the valve огеш! to discharge ino other capacitors of the valve circuit, to discharge nto other capacitors of 
the oscilators and the other modalities of the circuit 


When ionisation in the preceding tubes is no longer possible because of the reduced voltage, tho process starts al over again. Tho fist 
valve passes vibrations of energy into an oscilatory circuit ionisation sets in, а discharge occurs, and energy passes through another valve 
into other oscilalars. Tha process is repeated from the frst stage on to the second stage, on to the third and so on, much like a bucket 
brigade. That is why I asked years ago, "Cannot a steady flow of water be obtained from the waves of the sea ar anergy from the vibrations 
of the cosmos?" 


"When a vibration af any kind strikes a boundary between two media of different vibratory impedances at an angle of less than 90 degrees, a 
transformation of the vibratory rale may be changed into another vibratory rate. The Radiant Energy device therefora wil continue lo capture 
energy by resonance, or call it what you wil, as long as the “keep alive" vibration of the cosmos continues to oscillate the various stages af 
the valves and oscilators in the circuit. Simple, в it not? Justa case of the trapping of energy which is everywhere present in the primary 
arcu and causing ito oseilate rough the secondary circulis through a blocked circuit of no retum. 


Ош experiments have proved that there is an energy which exists in the universe which, by proper development of equipment, can be made 
available for commercial use. 


Such an energy transformer of converter has been buit. It has been operated, at ful load continuously with no expenditure of fuels of any 
type, without a mechanical prime mover, kept alive by the oscilatons ofthe energies from tha cosmos. an energy converter, or transformer, 
which would be capable of converting he high frequency, high level energy ofthe cosmic radiation into current of usable frequency and 
Voltage. 

Basically the theory of operation is as follows: 

Oscilatons are started in the first stage or circuit of the device by exciting it with an external energy source. 

Tho огош! is "tuned" unti the ascilations aro sustained by harmonic coupling to the cosmic wave frequencies. 


The reinforcing action of he harmonic coupling increases the amplitude of the oscillations unti the peak pulses "spil" over into the next 
stage through а special detector or valve which prevents the retum or feedback of energy from succeeding circuits. 


These "pulses" drive this stage, which oscillates at a lower frequency and is again reinforced by harmonic coupling with the ever present 


The second stage drives a third stage, and additonal stages are coupled until a suitable power level at а useable frequency and voltage is 
obtained by means of special transformers. 
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The specific information on Moray' system is very limited, especially since his patent application has been removed, The diagram above 
and the diagram below have been reproduced from what is alleged to be the nates from which the patent application was composed. These 
notos are not vary clear both in wording and in the quality of reproduction, however, ће diagrams shown here are an attempt o show clearly 
anything which is reasonably certain in those diagrams. 


Metal case” 


TOP VIEW CROSS-SECTION 


This is supposed to be tha construction information on the Moray Valve which was capable of being set o either rectify а signal or to amply 
а signal. The easing is а metal cup which also forms one ofthe contacts for tha valve. inside the cup nere are four pellets attached ta the 
Side. Tho outer two pellets aro made of bismuth and aro fused directly on to the metal case. The two inner pellets аге attached o the case 
"Wit tn instead of solder. Judging from the drawing, it looks as if the metal arm contacting the pellets can only connect with Ihe inner wo 
pellets. The arm presses sharply against the pellets in the same way that the “cats whisker" diodes of the time were touched with a silver 
‘wie to make a point contact and produce rectification. 


Иа correct that ho rotatable arm only contacts one of the two inner pellets, then the reason for those outer bismuth pellets must be as an 
indirect рап ofthe valve. So, this section of the case is an arrangement of the metal of the case, tin, bismuth and five junctions between 
different materials, not counting the contact arm. One of the two Inner pellets is made of purified germanium wih the addition of very small 
amounts of a doping material. ron Sulphide (FeS), Molybdenum Sulphide (MoS). Bismuth, Uranium and Siver have been mentioned as 
possible doping agents. Another material mentioned is Lead which has had its structure altered by the process described in Moray patent 
US 2,460,707. The pellets are sald to be produced under high pressure. 


From this it сап be seen that we do not have anything remotely кө the full information on Moray's system. However, there are a number of 
important things which we can lean from this. Firstly, using just a good earthing connection and an aerial of just ninety feet (30 m) or so in 
length suspended only some eight feet of the ground, it is possible to draw significant currant from the environment, The photograph shows 
35 ight bulbs being И by Moray and tha is a ũ amount of power. Lis unlikely thal we wil be able o reproduce Moray' exact 
method of extracting power, but it is highly unlikely hat his method is the only possible way of achieving eficent power extraction. So, we 
‘experiment with the components and materials to hand today, it is distinctly possible that we could extract major amounts of power from a 
relatively small aerial wire positioned al quita а convenient height above te ground, and a good quality earth. 


могауз book "The Sea of Energy in which the Earth Floats" can be downloaded as a free 64-page eBook from here. 


Hermann Plauson' Systems. Hermann Plauson was granted US Patent 1,540,998 in June 1925. The patent is similar in style to Tesla's 
pickup system and it lustrates the principle with a system which is very much like / 
Swiss religious commune. The patent is very detallod with 37 drawings showing diffrent arrangements, and it is shown in ful inthe 
‘Appendix. In fact, the patent reads more lke а tutorial rather than a patent- 


A system of this type should most definitely be taken seriously: Hermann considers one of his systems with an output of 100 klowatts as 
being a small” system. However, i needs lo be understood that each of Hermann s aerials, unike those of Thomas Henry Moray, 
contributed less than one kilowatt each, and when Hermann speaks of a 100 klowal installation, he is referring o an атау of more than 
‘one hundred separato aerials. 


Hermann ilustrates several diferent methods of energy capture and several methods of increasing the effectiveness of tno captured energy. 
"While an installation o capture a continuous supply of 100+ kilowatts is unrealistic for an Individual, requiring amny tall aerials, there is the 
distinct possiblity of making а scaled-down version which is capable af providing serious levels of Tree power. Reading his patent trough 
careful is definitely to be recommended. 
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Herman starts by ilustrating haw working electricity can be taken from a Wimehurst machine. The Wimshurst output voltage very high 
and the current capacity is very low and most people would dismiss i out of hand as being totaly inadequate for any kind practical work. 
However, Hermann boosts the power level by feeding the output into a step-down transformar which lowers the сири voltage to a 
Convenient level and raises the avaiable curent in proportion Lo the reduction in voltage. This is the same technique patented by Nikola 
Tesla, The apparatus which Herman ilustrates is shown here: 


— $ 


You will notice how simple this circuit is. Three capacitors “at”, 1" and "et" in a chain, form а single high-voltage capacitor. The blobs 
shawn connected across these capacitors are emergency discharge spark gaps put there to deal with unusual events like the aerial being 
hit by a lighting strike. This circuit is vary much ike the Wimshurst machine circuit which Hermann uses as an lstaton of the principle 
‘of operation of these kinds of cuits. In this circuit, he shows a special motor marked "M which is driven by the circuit and ho also shows 
‘output terminals which can have other equipment connected across them. 


His patent says: “By suitably selecting the ratio between the number of шта in the primary and secondary windings, with regard toa correct 
application of the coefficients of resonance (capacitance. inductance and resistance) the igh voltage of the primary cult may be suitably 
converted into a low voltage high current output. It should be remembered that a spark produces a vary sharply rising voltage pulse and 
that unbalances the local quantum energy field, as described earlier, producing very large energy flows as the local environment returns to 
its balanced steady-state. Tho spark, which is produced by relatively low power, is used as a trigger for vastly larger energy flows, which 
teed the step-down transformer, producing serious current at reasonable voltage, capable of doing useful wor, without the requirement for 
any input power from the user. 


"When the oscilator discharges in the primary circuit become weaker or cease entirely. he capacitors are charged again by the static 
electricity unti the accumulated charge again breaks down across the spark gap. Al this is repeated as long as electricity is produced by 
the stato machine through the application of mechanical energy lo It. Herman states that without the spark gap arrangement across he 
tiros capacitors connected between the aerial and the earth, It is impossible to collect and render avaiable large quantities of electrical 


anergy” 
In addition to he use af spark gaps in parallel, a second measure of security is also necessary for taking the current from this circu. This 
is the introduction of protective alactromagnels or choking coiis in the aerial circuit as shown by S in the diagram below. A single 


“electromagnet” having a core of the thinnest possible separate laminations is connected with the aerial. In the case of high voltages in the 
запа! network ог at places where there aro frequent thunderstorms, several such toroidalwound coils may be connected in series. 
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In the case of large units, several such magnets can be employed in parallel or in seres parallel. The windings of these elactromagnels 
may ba simply connected in series with the aerials. In his case, the windings should be made up from several thin parallel wires, which 

together, make up the necessary cross-sectional area of wire. The winding may be mado of primary and secondary windings in the form of 
а transformer. The primary winding wil hen be connected in seres with Ine aerial network, and tha secondary winding more or less short- 
circula trough a regulating resistor or an induction сой. In the latter case it is possible to regulate, o a certain exten, the effect ofthese 


Figs. 
P5 
HÉ 
En 
Tg 
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main diference hore is that the spark gap consists of a star-shaped disc 7 which can rotate on its own axis and is rotated by a molor 
‘opposite similarly fed electrodes Та. When separate points of the stars face one another, discharges take place, thus forming an 
oscilation circuit with capacitors 5 and 6 and inductor 9. A motor may also be connected directly to the ends of inductor 9. 


The patent continuas by showing many ways to increase the power of the aerial system and many ways of applying the output to practical 
electrical devices. It contains 37 diagrams, a wealth of practical information, and a copy of в in the Appendix. 


Roy Meyers’ Device. Roy Meyers was granted UK Patent 1913,01098 in January 1914, The patent, which is included in the Appendix 
shows an extremely simple device which produces ап electrical output without any form of visible input whatsoever. This intriguing device 
was discovered when testing a very simple form, where two horseshoe magnets were interconnected with sof ron wire and two bars of zinc 
placed between the legs of the magnets. Roy found thal he got an output of B valts using just two 4inch magnets with 1-inch square legs 
апа zinc bars of simlar size. The physical orientation of the device is very important. Tho patent says hat current is collected if the open 
ands of the magnets are pointing in a North - South direction and not if they ara positioned in the East- West direction. However, 
replication attempts seem to indicate the reverse of this with energy pick-up occurring when the alignment is East-West. Indications are. 
that this is not an easy device lo get operating corectly. 


The frst arrangement is shown in the folowing diagram: 


Magnetic North —>= 


Roy developed his system further and found that while it works indoors, I does perform batter i located outdoors and raised to а height of 
fity ar sixty feet. However, that is by no means essential, and the output power and voltage can be increased by increasing the number of 
collector units. Roy developed these lo produce the style shown here: 
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The zinc acts more effectively if installed as sheets bent into a V shape. The magnets and zinc sheets can be stacked vertically andlor 
horizontally and the greater the number used, he greater the electrical output. A good earth connection is recommended and presumably. 
the average cold water pipe of any house provides a more than adequate earth connection which is convenient ta use, provided the 
pipework is made of metal 


Raymond Phillips Snr. 
Presents an interesting patent US 4 685,047 of 4th August 1987, entitled "Apparatus for Converting Radio Frequency Energy lo Direct 
Current. While this patent speaks of radio-frequency energy, I сап ses no particular reason why that would be the only energy which could 
be picked up by this circultry. The patent information is as follows: 


Abstract: 
This patent describes an apparatus and methods for converting radio frequency energy into direct current for generating electric power. I 
includes a dipolar antenna for receiving radio frequency energy and a сгсш for converting the radio frequency energy to direct curent. The 
circuit has a postive output Ine connected to ane pole of the antenna and a negative output ine connected o the other pole of tha antenna. 
A positive transmitting diode is in the positive output Ine and а negative ransmiting diode is in the negative output line. First and second 
bus lines and a pair of tuned circuits of opposite polarity couple the positive output Ine and negative line о the bus ine with one of the bus. 
lines being connected to ground. Each tuned circuit includes a first bridging line connecting the positive output ine to the first and second 
round ines and a second bridging line connecting the negative output ine to the frst and second ground lines. Each bridging ine has in i, 
а diode connected with a polarity which is reversed with respect to the input diode. The bridging ines of each tuned circuit are connected to 
‘one another by an inductor and have capacitors placed between the diode and the bus lines. A Direct Current device is connected to the 
positive ine of the circuit. 


Background of the Invention: 
This invention shows an apparatus for converting radio frequency anergy lo Direct Current of sufficient magnitude to power devices such as 
battery chargers and electric motors without the use of amplification. 


There has long been interest in technology directed о transmitting electrical energy over a distance without using wires. Development of 
Such a technology has enormous potential. This was first recognized by Nikola Tesla who in 1899 constructed a 200 foot Tesia сой raled at 
J hoped to set up standing waves of electrical energy around the whole surface of the earth, so that 
receiving antennas set at optimum points could tap the power when needed. Tesla was able to ight hundreds of lamps at a distance of 
about 40 kilometers with his device without using wires. The scheme has generally remained a scientific curiosity but has provided the initial 
‘groundwork for current developments wherein atiampts are being made to transmit power using microwaves. However, power transmitted 
by microwaves is envisioned in the form of a beam of very high intensity which is focused from a microwave generator to a receiving 
antenna. This technology is envisioned as being used for many types of purposes, however, the focused microwave beam is nat suablo for 
many applications because the beam must be directed toward a receiving antenna and cannot be transmitted through most objects, 
including living objects, without destroying those objects. 


This invention relies on converting energy from standing waves which are emitted from radio frequency antennas in the RF range rather 
than ho microwave range. Of particular interest are very ow frequencies which are not used in communications and are available for 
transmitting power. Also of interest are the low frequency waves emitted by the earth due to pulsing of its magnetic fld. These low 
frequency standing "earth" waves can be picked up by receivers tuned to them. 
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Summary of the Inventio 
This invention shows an RF antenna for receiving radio waves. The RF antenna connected to a circuit configured to convert the RF signals 
lo Direct Curent. The radio frequency signals received by the antenna are transmitted to two leads, one being rectified to produce positive 
Voltage and the other rectified o produce negative voltage. The positve voltage lead is connected directly a positive output ine and the 
negative voltage lead is connected directly ю a negative output Ine. The posiive output Ine is connected lo a pair of us ines through а 
first pair of capacitors, while the negative output line is connected to the pair of bus lines by a second pair of capacitors. Placed between the 
frst bus line and the positive output line is а reverse diode of negative polarity, while placed between the negative output lino and first bus 
line is а reverse diode of positive polarity. The positive and negative output nes are connected to one another through an inductor which is 
in parall withthe capacitors of the frst and second pair connected between the second bus line and the positive and negative output lines. 
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In one implementation of the invention this circuit is duplicated for each positive and negative output line. In another the circuit is coupled to 
additional identical circuits in order to increase the direct current output of the arrangement, In another implementation, the antenna used is 
а dipolar antenna of aluminium wire arranged in a "butterfly" configuration. 


This invention usas these elements to generale direct current of sufficient power to perform tasks such as charging batteries, lighting lamps 
and powering direct current electric motors without the use of amplifiers 


Brief description of tho drawing: 
The reference characters used — or similar parts in each views, and what is shown is a diagram of a circu, a driven device 
and a dipolar antenna whieh receives radio frequency waves which are then converted to DC current or powering the driven device. 


Description of the preferred embodiment: 
Referring now to the drawing below, there is shown a dipolar antenna, designated generally by the numeral 10, which receives radio 
frequency waves from an RF transmitter. 
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These waves are passed to the conversion circult through a coaxial cable 13 and the DC output current of the circulis used to power ап 
‘output device 15, which may be, for example, a battery charger, DC motor, or lighting device. The circuit has no ather power inputs and so. 
has no amplifiers for Boosting the RF energy. 


Tho source of frequencies which can be converted to Direct Current by the circuit shawn may include sources of high frequency (НЕ), low 
frequency (LF), very low frequency (VLE) and extremely low frequency (ELF) radio waves as well as seismic vibration of the earth's 
magnetic fields. 


Preferably, the dipolar antenna 10 is formed of two triangular loops of aluminium wire 16 and 17, one of which is connected to the annular. 
conductor 21 ofthe coaxial cable 13 and the other of which is connected to the centre conductor 22 of the coaxial cable. The size of te 
bipolar antenna 10 is dependent on the particular application to which Lis put In one embodiment of the invention, the antenna 10 is 
approximately 12 inches in width and 18 inches in length. Such an antenna is used to receive five watt energy, such as that generated by а 
walkie-talkie or etizen-band radio 


The outer conductor of the aerial is connected Lo positive lead 21 and the contre conductor of the coaxial cable is connected to the negative 
lead 22 of the circuit. A positive transmitting diode D1 is placed between the lead 21 and the positive output Ine 25. A negative transmitting 
diode DZ is placed between the lead 22 and the negative output Ine 26. 


In order to provide a DC output of sufficient power, a number of Inductance-capacitance RF tuned cireults 30, each forming a pasitve cell, or 
а negative cell, are used to connect the postive output ine 25 and negative output ine 26 to the first and second bus lines 31 and 32, 
respectively. Bus line 32 is connected to ground while bus ine 31 can be connected to similar circuits. Inductor 35 serves as а radio 
frequency choke. As is seen of the drawing, the RF tuned circu сөй 30 is repeated a plurality of imes. In the specific example shown, the 
circuit has separate cells 30, 37, 38 and 39. The сей 30 and 38 are of opposite polarity and balance one another, while the calls 37 and 39 
aro of opposite polarity and also balance one another. In order for tha system to function, a pair of opposite polarised cells must be used, 
Tho particular number of сей 30 and the value of the components in I, are determined by the configuration of ha dipole antenna 10 and 
the power and frequency of the RF transmitter. 


This radio frequency о direct current conversion circuit may itself be connected o a duplicato circuit ма pin 41 so as to provide additional 
direct current output on lines similar to positive output ine 25 and negative output ine 26 the output lines may be connected together in 
order to boost the total output of the system. 


An operative embodiment of the invention uses the following elements: 


Diodes: D1, D2, D3 and DA - Germanium Diodes, type 1N34A, 
Inductors: 35 -47 milihenry R. F Choke 

Capacitors: СТ and C2 - 0.47 Pico Farad at 200 vols 

Coaxial Cable: 13 - 50 ohms 

Dipolar Antenna: aluminium wire triangular loops approximately 12 inches by 18 inches. 


From the foregoing description, опе skilled in the ап can easily ascertain tho essential characteristics of this invention, and without departing 
from tha spirit and scope of it, can make varous changes and modifications of the invention to adapt i to various uses and conditions. 


The "Alexkor" Aerial system. “Aloxkor who provided somo of the charging cireults shown in chapter 6, also uses an aerial system for 
charging batteries in the 1.5V to EV range. It is a simple system which uses an aerial of the type used by Thomas Henry Moray, hat is, the 
bulk of the serial is horizontal: 
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The suggestion s that the aerial is suspended between the saves of a house and a nearby tee, but! don't know anybody who would be 
able to do thal. The longer the aerial or he greater the number of aerials connected, the greater the charging power avaliable. Tha aerial 
"iro should be not less than 0.5 mm in diameter and it needs o be insulated from its supports — plastic cord can be used for that. 


The circuit used is: 


lcannection 


H ч F, 
Diodes ave HOA MIT 


A moro powerful version of the cireuit is: 


Horizontal aerial] metres Tong 


кийик 
| 

э фе Шер 

wie тый Rom ты 


m finos 
won MUR INI sop ae 


la 


ыр hu T 


Noo 


ШЕКТЖ Fut hnr 


177 Earn 


Here, there are three sets of diodes placed between the aerial and the earth. Let me stress again that the earth connection is a thick copper 
wire Connected to a lang rod or pipe driven into the ground ог a large metal plate buried in dampened ground. 
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As the circuit operates, the three sets of diodes with their isolation capacitors, build up an increasing voltage on capacior*C1". The voltage 
‘at point "B" wil also increase and be about twelve volts less than the voltage on capacitor "CT". Eventually, that voltage will rise high enough 
lo cause a discharge through the iny neon tubo and that current pulse lows through the Gato connection "G" of the thyristor, switching it on. 
Once switched on, the thyristor stays on unti capacitor CT. has been discharged, alter which the thyristor switches off and ihe process 
starts ай over again. The amount of power in these pulses is considerable and the thyristor gels qute warm when the circulis running, The 
BT151-800R thyristor can handle as much as 800 vols and pass 7.5 amps of current continuous 


‘An important point to note is that the power available from this circuit increases with addtional aerials. With two aerials connected, the 
power is doubled and with three aerials the power is tripled. That is, each addtional aerial provides as much power as the frst aerial did and 
there does not appear to be any lmi to the number of aerials which can be connected. 


‘The TREC 
There is a powerful aerial system which has been developed by Lawrence Rayburn of Canada. Initially, Lawrence intended to market kits to 
make it easy for people to replicate his aerial design which was providing him with len kilowatts of power. However, Lawrence shelved that 
idea as ho decided that the risk o users was just too high. He was also concerned that he aorialeart combination might attract lightning 
strikes, causing considerable local damage. So, it is VERY important that you understand tha this is а dangerous and potentially LETHAL. 
aerial system which is quite capable of kiling you if you are careless. If you are not already experienced in working with high-votaga/high- 
‘current devices, then this is NOT something for you fo experiment with, and anyone who does fool around with this design does so wholly at 
his own risk as this material is presented fr information purposes only and there is no recommendation whatsoever that you should 
‘actually construct one of these aerial systems. 


The technique used is quite diferent from the other aerial systems mentioned earlier in this chapter. Here, the objective is to create а tuned, 
resonant cavity reaching up o the ionosphere where there isa massive amount of excess energy supplied by the sun 


The tuning mechanism consists of two spirals of 3/4-inch (20 mm) copper pipe wound so that they cover a four foot (1220 mm) diameter 
area. These spirals are covered above and below with а sheet of Lexan plastic. The diameter of tho copper pipe is important and smaller 
diameter should nol be used even though it would be much easier to bend into shape. Actually, bending the large-diameter copper pipe is 
unlikely o be an easy task. Presumably a pipe-bending machine would be used and a conical spiral produced and then the cone flattened 
to form the fat spiral. The spiral has oven spaces between the tums, at all points along its length. 
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The two spirals aro mounted, one vertically above the other with thirty fot (9145 mm) between ham and the lower spiral being ona foot 
(305 mm) above the ground. This means that this aerial system is only sulted to people who can erect a structure of is height without 
inconveniencing neighbours ar contravening local planning regulations. 


The tunaabie cavity is created by connecting the innermost ands of the two spirals together using А AWG wire which has a 5.19 mm 
diameter copper core. The outer end of the lower spiral is then connected to a large ground plate buried two feet (600 mm) below the 
surface of the ground, with four separate strands of the 4 AWG wire. 


An adjustable spark gap is used. It can be positioned in tha vertical wire between the two spirals, ог in the middle of an extra 4 AWG wire 
run vertically between the outer ends of the two spirals. The power take-off is from the middle ofthe central vertical wire. 


Tho cavity is tuned by sliding cols inside each other. This arrangement not only tunes the cavity but it also stops down tho very high aerial 
voltage and raises the available currant at the same time. This is where the danger comes in. The intermediate parts of this step-down 
tuning arrangement can have voltages of 600 volts at high current, and those voltages can easily kil you, which is why this is NOT a system 
for beginners and why Lawrence did not go ahead with sling kts Юг this aerial system. 


The aerial output is fed into a final step-down transformer and a 50 Hz (cycles por second) ог BOHz signal from a signal generator is used to 
modulate the incoming power and allow it to be used with normal mains equipment which may need that frequency of АС. Resistive heaters 
and lights dont need AC or caro about the frequency of any AC which they are fed. 


Tho tuning of the system is very sharp and whatever is being used as the load affects the tuning. The wire used for the tuning атау is 
insulated, single sol-core copper wire. 4 AWG has a coro diameter of 5.19 mm, 8 AWG has a core diameter of 3.26 mm, 10 AWG has a 
core diameter of 259 mm and 16 AWG has a core diameter of 1.29 mm. Page 1 of the Appendix shows other characteristics for these 
Wires. Those heavy wires are an essential part of his design 


You will notice that two separato earth connections are needed for this aerial system. Tho second earth connection should be a long copper 
rod driven deep into the ground and some distance away from the buried plate earth. For the separation of wo earth connections, ten 
metres (eleven yards) s generally considered to ba a reasonable distance between them. The main earth is а 4-ool x ool plate buried 
‘exactly under the lower spiral and the connection runs tothe centra of al plato. 
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Iti suggested that the spark gap bo constructed using copper-clad carbon welding rods, mounted in a nylon housing which allows the gap. 
lo be adjusted with a nylon screw. Remember that this is nol a connection which you can disconnect from the power supply when making 
connections or adjustments. Als, on one occasion when a 500-watt ight bulb was connected across the spark gap, it burned out instantly 
wilh а bright fash of ight. This system is not a toy so thick rubber gloves and rubber footwear should be used. 


The 4 AWG copper wires can be connected to the copper rods forming the spark electrodes, using copper pipe clamps. A tapered nylon rod 
could be used to adjust the spark gap screw while keeping well away from the copper. Tho spark gap should start at a one-inch (25 mm) 
‘gap and adjusted to no loss than a halfinch gap. The spark gap and it's adjusting gear should be enclosed in a weather-proofing container 
and thas been suggested that it could be and advantage о fil that container with helium gas. 


Please remember that calls, such as those in the tuning section of his system, have capacitance as well as inductance. Tho col insulation 
is a dielectric and you standing on the ground form a good earth connection, во please don't imagine that you can't get a serious shock from 
handling an insulated сой carrying high-voltage high-frequency AC current, and in one implementation after modulation in the mixer at 60 
hertz the pre-output transformer was measured at 496 volts! 


I you are not experienced in working with high-voltage circuitry, and stil decide to try building and using this circuit, then please put your 
affairs in order and pre-pay your funeral expenses before you start buiding. (That statement is not intended to be humorous). 


Its said that if the upper spiral is positioned at а height of just four feet (1200 mm) then the output is much lower and suited to charging a 
battery bank. As far as | am aware, this system has not been replicated and so there has been no practical feedback on building or using 1. 


The TREC appears to be not unlike the Patent Application US 2008/0191580 from Harold Deyo: 


Harmonic Energy Exchange Devi 


Patent application US 2008/0191580 Inventor: Harold Stanley Deyo 14th August 2008, 


ABSTRACT 
This invention converts inertial impulses into electric currents. Specifically, it converts impulsos created by the impacts of high-energy 
particles from the Sun and other cosmic sources ino the Earth's Magnelosphere and the varying D, E, F1 and F2 layers of its Ionosphere to 
controlled electric currents. This invention presents а new method of utlising energy from the Sun and other sources of high energy articles 
as a virtually, inexhaustible, alernatva-eneroy source for the world. 


BACKGROUND OF THE INVENTION 
This invention relates to the conversion of impact energies created by the colision of high-speed cosmic particles and electromagnetic 
radiations with “Earth's Outer Layers" to produce inertial waves in he dielectric Troposphere which are subsequently converted into 
electricity by this invention. 


The term “Earth's Outer Layers refers to: Earth's Magnelosphere, Van Allen Belts, Ionosphere, Mesosphere, and Stratosphere as ilustrated 
in Fig2 
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DESCRIPTION OF THE PRIOR ART 
One day while reading an oid scientie magazine | saw a small article on tha research of Dr. John Trump of MIT (he basis for an 
‘lectrostatic generator patented later by Onezime P. Breaux in U.S. Pat. No. 4.127 804). The article talked about а seris of experiments 
"which Dr. Trump had performed with a 2-plale, capacitor in a vacuum dielectric. Briefly, he discovered that by varying he distance between 
the two plates one could produce current flows in one direction or the other between either of the pates and ground. 


The Solar Wind strikes "Earth's Outer Layers" constantly as do many other cosmic particles. At any given instant of ma, the vector product 
‘of these impacts produces ether a nel pressure increase or decrease in the Tropoephere, This creates random waves of pressure in the 
“Earth's Outer Layers" as ono charged “plate” moves in relation to the oppositely-charged Earth's surface as the other plat". This variation 
‘of pressure in tho “Earth's Outer Layers" s equivalent to moving an outer “plate” back and forth toward tno Troposphere and the Earth's 
Surface as the Inner plate" - thus giving rise lo variations in voltage on both “patos”. In ttis caso the Troposphere (see Fig.2) acts as the 
dielectric medium instead ofthe vacuum in the Trump experiments. Furthermore, the Troposphere, itself, is also compressed and 
"compressed by these random waves of pressure on tha “Earth's Outer Layers’. Thus, | reasoned that if one could create a charged. 
‘envelope or field of sufficient voltage within tha Troposphere, one could convert these random pressure waves in the dielectric Troposphe 
inta current flow on tha Earth's surface. 


As “Earth's Outer Layers" surround the planet, any impact waves propagate throughout ай of tham when they are present - even to th 
night-time side of the planet. Thus, | also reasoned thal one could extract power rom these impacts anywhere on Earls surface or in its 
atmosphere whether be day or night. The pressure waves on the dark side of Earth would be less energetic than those occurring on the 
day-time sido, because the ̃ layers of the lonosphero are compressed so much thal the D-Layar of the lonosphore disappears at 
%%% into one F-Layer. | calculated that the avaiable energy from these impact waves 
would be significantly less by 30-45% depending upon one's location an the night side of the planet in respect to the terminator. 


Many years ago, around 1900, Dr Nikola Tesla built and lasted a device to extract energy from the Sun using an apparatus whieh forms part 
‘of my own invention (soo U S. Pat. Nos. 685,957 an 685,958 dated 5 Nov. 1901). 


‘Subsequent, Dr. Thomas Henry Moray, another inventor and student ofthese Tesla patents made a device which apparently accessed the 
вате source of anergy but wth a method diferent than my own. As Dr. Moray was never granted a patent fr his device | cannot be certain 
that his work is considered prior ап but list it here as part of my due diligence. Apparanly, he had trouble explaining to the patent reviewer, 
the source of energy which his device ͤ and thus, was not granted a patent or his impressive work. Dr. Moray's public. 
disclosure of certain aspects of his invention aro public knowledge through his published lectures and his book, “The Sea of Energy in 
Which the Earth Floats published in 1931. 


Since the beginning of the 20th century, mankind has been looking for new sources of electric power o feed the ever-increasing energy 
demands of the human population. In the last half of the 19th century, coal, whale ой, human and animal labour, moving water, wind and 
wood wore the main sources of energy. However, in ће first quarter of the 2th century, mankind began to use mora electricity produced by 
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hydroelectric generators and generators producing electricity by combustion of hydrocarbon fuels. With increasing use of petrol engines and 
the increasing use of electrical appliances the demand for electricity accelerated the addition of heat and greenhouse gasses into the 
Earth's ecosystem. 


In the last hall of the 20th century, many forward-thinking individuals began looking for alternativa energy sources to reduce the emissions of 
greenhouse gasses. All of the allemative energy systems investigated andlor developed in the last 56 years have had significant drawbacks 
lo their usage as the main energy supply for the needs of humanity. 


Some of hose alternative energy systems were nowhere near as efficient as the existing systems. Some of the alternative energy systems 
SUL introduced extra heat into tho environment Ike the existing fossil fuel and nuclear energy systems. And others produced even moro. 
greenhouse gasses than the existing energy systems. Some of the new systems used food resources to produce combustible fuels which, 
consequently, reduced tho food resources of the planet. Among the leaders in the new energy sources was, and is, nuclear energy which 
produces extra heat, toxic wastes and materials which can be used in nuclear weapons. Hydroelectric energy sources do not add heat lo 
the ecosystem but they are not an inexhaustible resource as they depend upon rainfall which is diminishing as global warming increases. 
Wind energy resources do not add heat to the ecosystem but they are not constant and require expensive conversion and storage 
equipment. 


The ideal energy source for mankind wil nt add heat to the plans ecosystem, will not produce by-product green house gasses; wil not 
deplete our food and water resources: wil not produce toxic wastes; however, t wil be portable, self-replenishing and constant available in 
real time anywhere on Earth and in useful quantities. 


Ош major source of natural energy on Earth is the Sun. Energy from the Sun enters the Earth's ocosphore by particle bombardment, 
radiated electromagnetic energy, gravitational variations and magnetic processes. Mankind has developed various methods of capturing 
%% solar cells convert light in а narrow bandwidth into electron flows. These сөй aro, at most, only 
50% efficient and only work when the Sun is shining оп them at an optimum angle. Wind turbines only work when there is wind to power 
them and are. for the most рап, not portable. Devices to convert wave action in te oceans only work when thera are waves created by the 
wind and tidal effects caused by gravitational variations; and they are not portable enough lo be used in common transportation devices. 


1 concluded therefore, that if mankind could find an inexpensive method of obtaining electricity from the Sun in some form which worked 
both day and night and which was already flowing into the Earth's ecosystem, we might be able to develop a clean and sel-eplenishing 
energy source which would add no extra heat to our ecosystem, would not alter our planetary albedo and might well be mado in a portable 
form 


SUMMARY OF THE INVENTION 
The Harmonic Energy Exchange Device (or "HEED') offers an interim solution to Earth's fossil fuel resources. I utlises a previously 
untapped energy resource which exists throughout the known Universe, By the very nature of the invention, only interrupts the fow of 
‘energy from the Sun and all the other cosmic sources of high-energy particles on their normal journey to the Earth by way of The Outer 
Layers. 


The invention does not add energy to the normal thermodynamic equilibrium of the planet and its associated outer layers. The invention 
does not produce wastes - toxic ог otherwise. It does not produce harmful gasses; and in some embodiments it could even assist in the 
rebuilding of our thinning ozone shield. Use of this invention wil eventually remove mankind's dependence on fossil fuels and create new 
occupations. It wil be cheap enough that homeowners will be able to install their own HEED and sell back energy tothe grid unti such me. 
тав every home has their own HEED and civilization has completely weaned itself from the use of fossi fuels and nuclear energy in is 
current form, 


BRIEF DESCRIPTION OF DRAWINGS 
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Fig: ls the preferred embodiment of the circuit diagram of my invention incorporating references to extemal stimuli which are used to 
‘activate the circuit. It represents а parallel tuned circuit to store the energy. 


FIGURE 2 
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Fig2: ls an ilustration of the Earth and it immediate environment ав a global capacitor whore The Outer Layers form one plato and the 
Earth’ surface form the other plate and both are separated by the Troposphere as a dielectric medium. 


FIGURE 3 
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Fig: ls an alternative embodiment of the circuit diagram of my invention incorporating references to external stimuli which aro used to 
activate tho circuit. It represents the use of a seris tuned circuit to store the energy. 


DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION 
Ba it known that | Harold Stanley Deyo, Jr, a citizen of both The United States of America and The Commonwealth of Australia, residing in 
the community of Pueblo West in Pueblo County, Colorado have invented a Harmonie Energy Exchange Device which converts dynamic 
pressures in the ambient media around Earth into controlled electric currents. 
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FIGURE 1 


This invention as represented in Fig-1 is unique in that it is designed to extract electricity from random pressure waves propagated in the 
Troposphere 14 by impacts of the solar wind and other cosmic particles with the Earth's "Tho Outer Layers" 22 of Fig. 2. 


In Fig, the Troposphere 14 in its rest state is represented by the line of "+" marks 14. The convergent or compression state 12 of the 
random waves in the Troposphere 14 is represented by the lower line of dots while the divergent or decompression stato 13 of the random 
Waves in the Troposphere 14 is represented by the upper line of dots. The preferred embodiment of my invention Fc. is a method of 
coupling a paralel, resonant, electrical circuit to these random pressure waves to extract electricity from them. 


As Dr John Trump's research and Onezime P. Breauxs U.S. Pat. No. 4,127,804 show, when one plate of a charged capacitor is moved 
Closer to or farther from the other plate of that capacitor a voltage change appears on bath plates of that capacitor. Furthermore, tho electric 
field gradient between those plates changes as the plates are moved in this manner. Thus they have described a method of converting 
mechanical energy into electrical current by simply varying the plate spacing over time which can be expressed as didt where “ds is the 
change in spacing and "d is the change in time. 


As ilustratod in Fig.2, The Outer Layers can bo viewed as one plate of a capacitor comprised of tho Earth's surface itself as one plate 21 
%%! Earth's Troposphere 23 serves as the dielectric medium separating the two plates. 
There is a charge between these platos which varies extremely rapidly but not with a constant period. At any given instant, the vector 
product of all the impacts by the cosmic particles with The Outer Layers 22 wil create a pressure wave in The Outer Layers 22 which wil 
manifest in the Troposphere 23. Whatever that vector product is, It wil alter the field gradient in the dielectric Troposphere 23. That 
эйегайоп wil either increase or decrease the effective spacing between "pates" 22 and 23. 


In order to capture and convert the resulting voltage variations produced at or near the Earth's surface 21 of Fig.2, this invention creates its 
own, localised stress field 3 of Fig established in the Troposphere 23 of Fig.2 with a charged, conductive surface 1 of Fig.1 which is 
encased in high-voltage insulation 2 of Fig-1 and extending into the Troposphere 23 of Fig.. 


In Fig, a series of high-voltage, starting pulses is applied across points 4 and 6 on opposito sides of a capacitor 5 to create the localised 
Stress field 3. As these high-voltage starting pulses are applied, the paralel resonant circuit formed by inductor со! 7 and variable capacitor 
11 both referenced to ground 8 is stimulated into resonance within the bandwidth determined by the values of these circuit components. 
Turing of this circuit is effected through variable capacitor 11. The high voltage charge on conductive surface 1 of Fig.1 is maintained by the 
parallel tuned circuit formed by inductor сой 7 and variable capacitor 11. 


Then as the random, pressure waves propagate throughout the Troposphere 23 of Fig, the localised stress field З of Fg. is oscillated by 
the compression wave front 12 and the decompression wave front 13 (both in Fig.1) which creates voltage changes on capacitor 5. 


In Fig, the resulting voltages changes on capacitor 5 will add energy to the parallel resonant circuit formed by inductor coil 7 and variable 
Capacitor 11 which acts as а tank circul to store the energy which has been passed o it As energy Builds in the parallel circuit the voltage 
‘ofthe circuit rises untl a spark discharge occurs across the gap 9 also referenced to ground 8. The current wil only discharge in one 
direction as determined by diode 10. The circuit wil work without diode 10 but а diode is used here as one method to keep from draining all 
the energy from the tank circuit when a discharge occurs. 
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This resonant circuit сап be tuned to various bandwidths to maximise the efficiency of the conversion process depending upon the location 
‘of the device, the timo of day, temperature variations, relative humidity and other variables in the ambient Troposphere 23 of Fig2 around 
the conductive surface 1 of Fig.1 A resistive load to extract power from the resonant огош! can be used instead of the spark gap 9 of Fig. 


This preferred embodiment uses a parallel, tuned circuit to access a wide range of frequencies usualy to be found in the range of 4.5 to 7 
MHz. This range encompasses the major, natural occurring, resonant frequencies found in the ionosphere. 


FIGURE 3 
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А second embodiment of this invention as shown in Fig.3 replaces the parallel tuned circuit formed by inductor col 7 and variable capacitor 
11 in Fig.1 placed in parallel to each other and referenced to ground В. This second embodiment forms a series-uned circuit formed by 
inductor сой 7 and variable capacitor 11 in Fig.3 placed in series to each other and referenced o ground В. It diers from the preferred 
‘embodiment only in the placement of variable capacitor 11 so that itis in series with сой 7. 


This embodiment limits the frequency range and, hence, the energy which the system wil store when compared to the preferred 
‘embodiment It produces higher voltages across the spark gap 9 han those produced in the preferred embodiment across the spark gap 9 
of Fig. 


"What is said in this patent application adds some intresting factors to the TREC design of Lawrence Rayburn which pre-dates the Deyo 
patent by some years. His comment about replacing the spark gap witha resistive load suggests some alternative arrangements which 
might be tried out withthe TREC system. 


Ано, somewhat along the same lines: 
Translated from a Spanish-language original 

Many people think that it is not possible get power from the Earth magnetic field because that feid intensity is too low and so the energy 
levels aren't high enough for any form of useful application. this is nat the case, | have built many cols and | get many kilowatts for useful 
purposes from Earth's magnetic field and here | present the basic concept and some formulas fundamental to al of this. 

The influence of the Earth's magnetic field should not be ignored. In times of strong sun activity, the Earth's magnetic field oscillates and in 
any long power transmission line there aro voltage surges and over-vollages which can cause technical roubles, breakdowns and 
stoppages of the electrical sources. Tho Faraday law for that induction is given for the following: 

V=2xpixfxBxA 


Where: 
B is the Earth's magnetic field, 
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{the frequency of the fluctuations, and 
A the surface area across which the field flows. 


For calculation purposes we can approximate the Earth's magnetic field as being 1 Gauss (or 10“ Teslas) 
It we consider an ordinary, long transmission line of about 10 Km in length with the power ines spaced 1 mee apart, then we have: 
V 7628 x 10-4 x 104 x fwhich equals 6.28 xf 


Ifthe fuctuatons are 


0 Hz, that produces an over-voltage of 63 V. f the fluctuations aro 100 Hz thon the ovor-vollag is 630 Y, ele. 
So if the Earth's magnetic field is lower in intensity, tho effect is considerable in a great surface and volume range. 

For energy and power considerations, we can see that the Earth's magnetic field is lower than common permanent magnets, but the volume 
‘of space which it covers is very large. The energy in a magnetic field is not just the field intensity alone, but И depends also on the volume 
‘across which that field acts. 

The energy stored in a magnetic fld B across a space volume V is: 

U = 11 (2muo)x B? xV m 

Where muo is the magnetic permittivity of the vacuum. 


Common permanent magnets channel energy. If we can use them to get unlimited power le the Bearden's MEG, then the Earth's magnetic 
field across an air core coll can achieve the same resul. 


Now we can do a comparison between a permanent magnet and а сой oriented to the Earth's magnetic feld to get the same energy levels. 


Lats consider a powerful permanent magnet, as used in a MEG, of 5,000 gauss and dimensions of 50 mm x 20 mm x 10 mm. According to 
the equation (1) above, the energy stored in ihe permanent magnet wil be: 


Ue 1H x pix 107) x (0.57 x (5 x 102) x (2x 102) x (102), во 
U = 0.995 Joules - that is to вау, roughly 1 Joule of energy, 

Devices ike the MEG with permanent magnets don't get too many kilowatts, the reason is because that magnetic energy is constant. I we 
close thal magnetic field in a core or magnetic circuit and we pulse that fied we get 1 joule of energy at any desired time rate because the 
permanent magnet stores thal energy unlimited and во we want a power output of 1 KW as the power P we calculate: 

Раша 

For P= 1 KW, we need pulse 1 joule of energy for only 1 milisecond, 


In the same way, if we can get power of the same levels from Earth's magnetic feld, wo must calculate the volume of the air core coil. By 
using the samo equation, we see that 


(0.57 x (5 x 102) x (2x 102) (107) = (104 x V 


Vis the volume of the сой we need for get the same magnetic energy levels, and in this case, V 


50 ma 


That is to say a coil of 6.3 m diameter and 6.3 m length, placed parallel to the Earth's magnetic field, can lore the same energy as that litle 
5,000 gauss permanent magnet which we considered for a MEG device. 


But itis not necessary build a huge col, we can use a smaller сой. The enclosed magnetic energy wil be lower, but as Р = dUldt we must 
raise the frequency of the pulses to obtain the same power level coming from a bigger сой. For example, an air core сой of 1 meter diameter 
and 1 meter length according to equation (1), stores an energy of: 

Ue 1H x pix 107) x (10%? x pix 1 14 x 1 = 0.003 Joules 

I we pulse that energy level at 330 kHz, thon wo wil get 1 KW, and at 660 kHz, 2 KW, ec, thus a higher frequency yields more power. 

5, how can we pulse the constant magnetic field inside the сой? The answer is simple: by using an external 


Earth's magnetic fieid inside the col. There must be power and energy amplification with respect to the extemal 
input source. To realise that power amplification, wo must do the folowing 


Let the magnetic field variation inside the air сой be given by: 
Bl) = Bo + Вх Sin(w xt) 


Where 
Bo в the constant of Earth's magnetic fel, 
Bf is the magnetic field in the сой created by tho extemal power source, and 
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wis the angular frequency of the external source. 


Replacing Bit) fom equation (1) we get the energy variation with time, U() and then we can calculate the power as Р = dUldt resulting in 
P(t) = Bf xw x V x (Во + Bf x Sint x t) x Сов wxt))/muo .... (2) 
Remember hat V is the volume inside the сой. 


We see here thal the output power depends on Bo, the Earth's magnetic field, just as in the case of Beardenis MEG it depends on the 
magnetic field intensity of the permanent magnet in the circuit. 


So we can now calculate a COP value with Bo and without Bo, or Bo 


Calculating the RMS power for both cases (not reproduced here because it corresponds о a case of basic diferential calculus) and using 
the ratio, the result for the COP is 


со 


1+ (2x B0/ BFP PS 


We see then power amplification, and of course if Bo=0 and not a permanent magnetic field, the maximum COP is 1, input and output 
powers are equal. In the case of Bearden's MEG, the condilan is Bo = Bf for not degaussing the permanent magnet and in that case we 
have a COP = square root of (5), which is а value between 2 and 3 which corresponds to the practical results for this classic calculation 


But for the Earths magnetic field, we can get higher values because we can never cause a demagnetisation of the Earth's magnetic field. 
How many turns on the сой, pulsing frequency, сой diameter, col length, etc., do we need? 


The input power to cancel the Earth's magnetic fold inside the сой, or the condition Bf = Bo , we calculate using the RMS component of 
‘equation (2) above, setting Bo = 0, so wo have: 


P=005xFxAxL, (where P is in watts 
A is the section of the сой in т, 

fhe frequency in Hertz, 

L the сой former length in metres 

To cancel the Earth's magnetic field inside the сой, the condition based on Ampore's law is: 
Nxi/L= 100 

"Where N is the number of tums on the call and 

iis the current in amperes. 

Finally, he induced voltage in the сой vill be: 

V=2xpixfxNxBoxA 


So, with the following values, we have for example: 


N = 1000 tums, 


Во = Earth's magnetic field 
This gives V = approximately 4,000 Vols 

The input power for this example is about 4 KW, the output power for the COP factor will be a maximum of 12 KW. In closed-loop operation 
же provide the input 4 KW from the generated output and we get а self powered generator producing 8 KW of output power. My practica 
results match these calculations, 

How is a practical device bull? 

Using a large plastic pipe, we wind the primary input сой for use with the extemal source. For extracting the output power, we use another 
pipe placed inside the first pipe, and of approximately the same diameter and length with an adequate number of tums and wire size to step 
down the voltage, to, for example, 110 VAC. For the high voltage oscilator of the input source | use а resonant LC circult taken from a ferrite 
power transformer. 


Iis very Interesting o see this device work, and on days of geomagnetic storms, power levels go too high and | must uso protective devices 
lo prevent damage lo the system and the loads connected o L 


Any questions to the following email: enertec2200@yahoo.es (which may not stil be operational as this information is quite old). 
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Electrostatic Generators 


Electrostatic generators аге nota all unike aerial systems in that a conversion o ordinary current is needed. The Swiss device designed by 
% of conventional electricity output power and which is sal powered demonstrates that very 
useful systems can utile electrostatic charge. Paul's design is bull around a Wimshurst machine which is self-revolving due to the sloping 
Фагуе-Сойесйоп strips which form an electrostatic motoras well as collecting the charge which is passed on tothe remainder of the circuit- 


Quite a number of electrostatic generators have been designed and used. They generally use a small, low-power molo to repeatedly altar 
the capacitance between a series of metal platos and so, create alternating current iow. Some of these designs are really clever in the way 
in which they operate, For example, the folowing patent rom Charles Goldie has an input voltage source which is generated by the device 
self and the voltage used can be adjusted by the user, while the device provides buo separate DC outputs in serios, which can be used as 
ıa single higher voltage if desired 


The Le May patent shown below has useful techniques which raise the output power to more than five times what lt would have been 
without the use of those lachniquas. The general impression of electrostatic generators is hat they are cumbersome and generally 
ineffective, That may bo the case for some of them, but itis certainly not the caso for ай of them. For example, the electrostatic generator 
design of Wiliam Hyde, shown in chapter 11, has а COP=10 performance where the electrical output is ten times greater than ho 
mechanical power needed to make it operate, and I'm told that the generator output can be 10 kilowatts which is a more than respectable 
output. 


A particularly clever design comes from / Breaux (US 4,127,804) where a high-voltage charge is generated brief, and then that 
вате charge ls shuttled backwards and forwards through the output load, without that charge ever being used up (lo put it in layman's 
terms). As no system is ever 100% perfec. every ton minutes or о, the high-voltage charge s very bil reinforced. A system of that уро 
has to be capable of being а self-sustained generator. In a minimal prototype which was not perfect constructed by any means, the power 
needed to spin the rotor was 0.8 watts, while the electrical output was 20 watts. This shows clearly, that elecirostatic generators can be 
seriously useful, especially if built in he larger sizes. 


The Charles Goldie Electrostatic Generator 


Us Patent 3,013,201, 32th December 1961 Inventor: Charles Н. Goldie 
SELF-EXCITED VARIABLE CAPACITANCE ELECTROSTATIC GENERATOR 


This invention relates to electrostatic generators wherein the charge transfer mechanism makes use of capacitive effects between charged 
bodies and electrodes upon which charge is to be induced, and in particular, to the sell- excitation of such generators. 


The invention may best be understood from the following detailed description, having reference to the accompanying drawings in wich: 


1 


CA 


2 Figl 


Fig. is a diagram ilusraing one form of a vaiable-capacitance electrostatic generator. 
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Fig.2is another diagram further illustrating the arrangement of Fig. 
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Fig.3 is a diagram ilustating a modification of the apparatus of Fig and embodying the invention; and 


4 


42 


13. 


Fa4 


Fig. is a diagram ilustraing a portion of the apparatus of Fig.. 
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© Fig! 


Locking at tho drawings in moro detail, fig i shows a rotor 1 and a stator 2. The rotor has a positive charge on iL A power supply 3 
maintains the charge on rotor 1 


Fig2 


In Fig. it can bo seen that the stator 2 is connected to ground by a resistive path 4 which is connected in parallel with at least one rectifier 5 
so that current сап only flow in one direction between the stator 2 and ground. 


20. 


49, 


чү |} 


PTFE 


24 Yo Fig 3 


In the device shown in Fig.3 and Fig.4, the rotor serves as a capacitive link between a stationary charging electrode and a stator. A rotor 1 
periodically passes close to a stator 12. However, instead of carrying its own charge as in tho device shown in Fig.1 and Fig., ho 
necessary inducing charge on rotor 11 is sel induced on rotor 1 by the charging electrode 13. So, when one end of rotor 11 is near the 
stator element 12, and the opposito end of rotor 11 is close to the charging ↄ 13, a negative charge is induced on that portion of 
тас 11 which is near the charging electrodo 13 with the result that postive charge appears al the opposite end of rotor 11 since rotor 11 
must self be electrically neutral. 


The invention will now be described with reference to the apparatus shown in Fig.3 and Fig 4 but it wil be clear from the comments above, 
thatthe invention could equally well bo used with a device of the type shown in Fig.1 and Fig.2. The principle advantage of the device 
shown in Fig.3 and Flg 4 isthe fact that i eliminates the necessity of a brush on the rotor to supply it with charge, as ће charge on the rotor 
is induced capacitively. 
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Refering back briefly о Fig’ and Fig2, it wil be recalled that the invention is concerned with the construction of a sell-excited generator 
With no external energy other than shaft power supplied. That is to say, the objective is a completely se-charging generator. Referring to 
Fig.1 and Fig.2, it wil be soon that direct feedback of the output to the Induction plate is ruled out by the polarity switch inherent in this type 
of machine. The dificulty is avoided by the two-section unit shown in Fig.3 and Fig & Here, a fraction af the output voltage of each section 
IS fed to the induction plate of the other. 


Re — 


TU а ^@3 


The action of the circuit is best understood by looking first at the lower section only. Rotor 11 is an electrically isolated, fiat fan-ike rotor 
mounted оп an insulating shaft 14 which is driven by a suitable molor 15. As rolor 11 rotates, it periodically covers stator 2 and the charging 
%% and sector-shaped. Charging electrode 13 is maintained at a positivo DC voltage with respect o 
‘ground. As rotor 11 rotates into a position where it covers both the charging electrode 13 and the stator 12, the capacitance between the 
Charging electrode 13 and stator 12 increases and negative charge is induced from the ground through diode 16 and on lo stator 12. As 
rotor 1 rotates away from stator 12 and charging electrode 13, the capacitive coupling decreases and tho voltage on stator 12 rises, 
negative with respect lo ground. Diode 16 blacks any flow of negative charge from stalo 12 and as the negative potential of salor 12 rises, 
Current flows іно a second diode 17 lo the load 18. A fraction "V2" of ths nagative load voltage is applied 1o the charging electrode or 
induction plate 13" of the second or upper section by means of tha variable resistor 19. The charging acton of this second section is 
identical to that in the frst section except for reversed polares, and the output of Ihe second section is correspondingly fed back lo 
induction plate 13 of the frst section via а second variable resisor 20. Variable resistors 19 and 20, control the output voltage and power by 
adjusting the feedback ratios. 


The circuit is regenerative and во itis only necessary to supply а small reference voltage to start in the right direction. The use of stator and 
rotor materials with suitable contact potentials опе solution. Another solution is using a small batery 21 in one induction ne. Suitable 
Voltage amin devices 22 would be added either across induction plate 13, or across the load 18 to prevent excessive voltage build-up. 


A number of features in this circuit are of interest. Tha usual slip rings and brushes are eliminated by the use of stator 12 and charging 
‘lectrode 13 and an isolated rotor 11 rather than a single stator 2 and a rotar 1 maintained al constant induction potential as shown in Fig.1 
and Fig2. 


In spite of the fact that the second section was added for the purpose of self-excitatlon, both output voltages are added together across the 
load 18, 187 The arrangement shown in Fig. is merely for explanation of the вөй-ехсйаһоп principle. The ground shown, for example, is 
nat required and for higher voltages, the units may be cascaded with a common insulating drive shaft 14. For a given total voltage output, 
the number of roloristalor sets is the same for this sall-charge generator аз for a generator requiring auxliary charging supplies: 


Two poles are shown for simplicity. In an actual machine a greater number would be more practical. The system applies equally wel! to other 
geometrical arrangements, such as the concentric or segmented drum design mentioned in US Patent application 829,823, 


The Le May Electrostatic Generator 
US Patent 3,094,653 18 June 1963, 


ELECTROSTATIC GENERATOR 


The present invention relates о an energy conversion machine of the type in which a variable capacitor is cyclically driven while being 
charged and discharged in synchronism with the cyclic variations in capacitance. 


There are several different types of electrostatic machines which, for example, function to generate electrical energy from kinetic energy or 
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Kinetic energy from electrical energy. One broad classification for these machines is based on whether conductive or non-conductive 
apparatus is used to transport electrical charge within the system. The present invention relates to the class of machines п which electrical 
charge is transported through conductive apparatus. More specifically, the present invention relates to electrostatic systems in which а form. 
‘of variable capacitor в mechanically driven to provide a cyclcaly-varying capacitance which is charged during intervals of high capacitance 
and discharged at intervals of low capacitance, to provide electrical energy 


In general, previously-proposed variable-capacito electrostatic generators (sometimes called electrostatic induction generators) have been 
capable of very high efficiencies and could be embodied in relatively ight apparatus. These considerations result primarily from the fact that 
electrostatic fields may be sustained in air, vacuum, or other very ight medium, while electromagnetic fields necessitate the use of heavy 
ferrous matara. Further, the electrostatic fields are caused by charges carried on surfaces, rather than by currents in conductors, so that 
the relatively heavy copper requirements of electromagnetic machines may be avoided. It has been found that electrostatic machines 
‘operating in a vacuum, do nol have the iron loss, copper loss or windage loss of electromagnetic machines, thereby achieving thelr 
extremely high efficiency. 


However, other considerations have prevented these machines from coming into widespread use. Specifically, prior electrostatic machines 
‘ofthis class have normally been of large size relative lo thelr power capacity. Furthermore, practical use of prior machines has normally 
required extremely high voltage operation. Both of these drawbacks result om the nature of the electrostatic field, its requirement of high 
potential gradients for field strengths comparable to electromagnetic flde, and the limitations on potential gradients imposed by the 
breakdown of the dielectric medium. Therefore, considerable insulation and safety equipment has been required in prior electrostatic 
systems, and operation at moderate voltages has not been practical. ̃ further, certain forms of electrostatic induction generators have 
necessitated rather complex switching systems to charge and discharge the capacitors: these systems have not been commercially 
feasible. 


In general, the present invention comprises an efficient electrostatic induction system capable of economical operation which may be 
‘embodied in a unit that is smal in size relative to power capabilly. Tho system includes two sets of rod-ike members, ono set of which is 
revolved relative tothe other, so that certain of the relatively-moveable rods provide a variable capacitance. The other rods in he structure 
are then used to shape tho electrostatic field in a manner which produces a greater diference between the minimum and maximum 
capacitance of the apparatus, resulting in increased power conversion capability for the size of the unit. Tho variable capacitance structure 
is connected toan electrical system which charges and discharges the capacitance in a cyclically-varying manner. Reactive elements are 
"hon coupled to the system to cause voltage phase shifts in the system relative to the variable capacitance, to increase the charge applied 
lo, and taken from, the capacitance structure during the operating cycle, thereby further increasing the power-conversion capabilites of the 
System. 


Another object of the present invention is to provide an improved electrostatic induction system. 


Another object of the present invention is to provide an electrostatic induction generator or motor which has a higher power conversion 
capability relative to i's physical size. 


ЭШ another object of the present invention is to provide an electrostatic energy conversion system which may be embodied economically in 
a relatively small size apparatus. 


A further object of the present invention is to provide an electrostatic induction motor or generator in which energy is more effectively 
Converted to another form by improving the shape of the electrostatic fields in the system. 


Stil a further object of the present invention is to provide an electrostatic induction generator or motor in which energy is effectively 
transformed to another form by the provision of reactive elements to tune the capacitive elements that are inherent in the system. 


One further object of the present invention is to provide an improved system for efficientiy converting energy from опе form to another, 
wherein an electrostatic field is used o inter-couple the diferent forms of energy. 


These, and other objects of the present invention wil become apparent from a consideration of the following taken in conjunction with the 
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Fig. is a schematic diagram ilustrating the basic operation of a preliminary system to which the present invention may be applied 


bas un les obe dr te comiChaptT hii вз 


aaron Free Energy Devices - Power gathering from aerials 


vas ou free-anergy-info.com/Chapt?-himl «вз 


лавот Free Energy Devices - Power gathering from aerials 


e: Aa. 


Fig.4a, 4b and 4c are diagrammatic representations ilustrating an aspect of the operation of a system incorporating tho present invention; 
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Fig.5 is a circuit diagram incorporating one form of the present invention: 
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Fig.7 is a огош! diagram of another system incorporating the present invention: 
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Fig.8 is a series of curves ilustrating the effectiveness of systems constructed in accordance with the present invention: 
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Fig. is a vertical sectional view and diagrammatic representation of an apparatus constructed in accordance with the present invention: 
Fig.10 is a vertical sectional view along Ine 10 — 10 of Fig. 
Fig.11 is a vertical sectional view along line 11 -— 11 of i 


Fig.12 is a horizontal sectional view along Ine 12 — 12 of Fig.9. 
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Referring initially to Fig’, there is shown a preliminary form of an electrostatic induction generator. A variable capacitor 20 is connected 
serial оор with a battery (or other source of voltage) 22 and a diode 24. A series circult including a diode 26 and a resistor 28 is than 
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connected across the diode 24. The diodes 24 and 26 are connected in a way which allows current low in opposite directions through the 
battery 22. Variable capacitor 20 is driven by a motor to provide а cycically-varlable capacitance, with the result that the mechanical energy 
used lo drive capacitor 20 is converted lo electrical energy supplied о the load resistor 28. 


Considering the operation of the system of Fig. in detail, capacitor 20 is driven to vary between maximum and minimum levels of 
capacitance. At a maximum level of capacitance, capacitor 20 is charged to a charge level "Q' by the battery 22 through diode 4. The 
voltage across capacitor 20 then equals СИС where C is the capacitance of capacitor 20. Of course, this voltage coincides substantially vith 
the voltage of battery 22 minus the voltage drop across diode 24 


As the capacitance C of capacitor 20 decreases towards its minimum value, the charge O remains constant; therefore the voltage across 
the capacitor increases to accommodate the decrease in capacitance as V = Q / С. The increased voltage across capacitor 20 produces a 
current tough battery 22, load resistor 28 and diode 26. Tis current tends to recharge battery 22 as well ав providing energy to he load 
resistor 28. 


In this manner, the mechanical energy used to drive capacitor 20 cyclically, is manifest in the form of electrical energy passed to the load 
resistor 28. Therefore, in general, his basic operation of the electrostatic generator is similar to ап electromagnetic generator, except that 
the field which couples the mechanical input energy to the electrical output energy is electrostatic rather than electromagnetic. 


A wide variety of structures may be used as tho variable capacitor in an electrostatic generator. However, in the selected structure, itis 
normally desirable о reduce the ratio of the peak held voltage gradients tothe average gradients by using rounded capacitor elements, ©. 
Tues or bars, rather than capacitor plates with sharp comers, Two variable capacitor structures using these conductive bars are shown In 
Fig.2 and Fig.3 and wil now be considered in detail 


The structure of Fig.2 is a radial-bar variable capacitor configuration where rows of radially-extending bars are mounted to be relatively 
moveable and so provide a variable capacitance between the rows. Speciicaly, а frst row of bars 30 is mounted in a hub 32 which is 
carried on a fixed shaft 34. Similar another row of radialy-extending bars 36 is supported in a hub 38 which is mounted on fixed shaft 40, 
Which telescopically receives a concentric shaft 42 which is coupled to motor 44 and which carros hub 46 supporting the row of bars 48. 
"which is positioned between rows 30 and 36. The bars in each of the rows 30, 36 and 48 may bo interconnected electrically by a conductor 
Supported in the respective hubs. However, ав the individual hubs 32, 38 and 46 are formed of insulating material, ho separate rows are 
nat interconnected electrically. Therefore, a variable capacitance exists between the individual rows 30, 36 and 48. This capacitance iS 
somewhat similar to а common rotating plate capacitive structure, however, in order to reduce the peak field voltage gradients between the 
rows, the bars or capacitive elements are rounded lo avoid sharp corners. 


Ata limo when tho row of bars 48 is in angular alignment with the bars in rows 30 and 36, the bars are closest and there is maximum. 
capacitance. As the row 48 revolves it reaches a position of least alignment of the bars in rows 30 and 36 (as shown inthe drawing) and 
there, the capacitance between the rows is at a minimum. Therefore as motor 44 rotates the bars in row 48, a cyclically varying capacitance. 
is provided between those bars and the bars in rows 30 and 36. In the application of this structure to the present invention, certain of the 
bars may be used to shape the electrostatic field as described below, while the remaining bars provide the desired variable capacitance. Of 
course, the number of rows provided in a configuration of this type may be varied to increase the capacitance, as may the size of the bars 
Of course, these considerations are determined by the particular application of the system. 
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Fig.3 shows another form of variable-capacitance structure which may be used in a system of the present invention. The structure shown in 
Fig.3 includes two concentric cylindrical structures 50 and 52, which are mounted so that they rotate relative to each other. These two 
structures are similar except for their size. The smaller structure 80 is telescopically ftted concentrically into he larger structure 52. The 
J ̃ 54 and 56 which are held spaced арап by conductive bars 58 and are angularly ofset 
ina circular configuration. A pair of insulating rings 60 and 62 of Ine structure 52 are concentricaly mounted outside tha rings 54 and 50 
respectively and are held spaced apart by angularly offset conducting bars 64. The structure 52, comprising the rings 60 and 62 and the 
bars 64 is heid fixed, while the structure 50, comprising the rings 54 and 56 and the bars 58, is revolved making bars 58 and 64 pass each 
other in parallel relationship. As а result of his movement, a variable capacitance exists between the bars of the two structures. Аз in tho. 
Structure shown in Fig 2, the individual bars in the separate structures may be interconnected electrically to provide a composto 
capacitance, or alternatively certain of the bars may ве used for feld shaping as described below. Thus the structure shown in Fig, as well 
as the structure shown in Fig, may be used m. in the system shown in Fig. o provide electrical energy 
from kinetic energy. In such a system, the energy would be provided by motors 44 ог 66, however, tho source of the kinetic energy i not 
important for the present inventio. 


In the operation of an electrostatic generator as shown above, the ratio of power conversion per unit size (and weight) of machine may be 
increased by increasing the maximum capacitance, or by decreasing the minimum capacitance of the variable capacitor. Of course, tis 
apparent that as the energy conversion is accomplishad in systems of ne present invention by а varying capacitor the effectiveness of the 
conversion depends on he range over which the capacitor varies. In general, the efficiency af these systems is quite high even when 
operating with a small capacitive range, however, In such systems the energy conversion capability ог power rating of the system is low 
relative lo it's physical size. Опе major aspect of the present invention resides in a structure far increasing the range of capacitive change, 
and will now be considered in dela For purposes of ilustration, a moveable plate variable capacitor wil be considered with reference to 
Figures 4a, 4b and 4c. Tho fat plato capacitor provides a good example of the universal principle to be described because of the simple 
‘electrostatic field present їп such a structure. 


Ara: La, 


Fig.ta shows а pal of spaced-apart conductive plates 70 and 72 in face-opposing relationship and individually connected to the terminals of 
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a baltory 74 or other voltage source. The electrostatic field between platos 70 and 72 is indicated by lines of equal potential, and orthogonal. 
Пих ines which indicate the capacitance between the plates. Fig 4b shows plates 70 and 72 in an ofset position, displaced out of face- 
‘opposing relationship to resul їп reduced capacitance between tho platos. Again, the electrostatic field between platos 70 and 72 is 
indicated by lines of equal potential and the orthogonal fux lines which indicate the capacitance between the plates. 


As previously mentioned, any arrangement which can resuit in greater capacitance for tho plates in the configuration shown in Fig., or 
reduced capacitance between tho platos in the position shown in Fig 4b. results in more effective energy conversion in ап electrostatic 
generator. The system of the present invention includes a structure for shaping the electrostatic field between plates 70 and 72, to reduce 
the capacitance between them when these plates are in their position of minimum capacitance. This feld-shaping is accomplished by 
adding extra conductor lo influence tha field between the plates. 


Referring to Fig.de, plates 70 and 72 are again shown in their position of minimum capacitance, however, another plate 76 is shown in face- 
‘opposing relationship to plate 70. Plate 76 is connected to ground or other independent potential. As a result of this, and electrostatic field is 
Provided between plates 70 and 76, altering the field shape and the potential gradients, as shown in Fig 4c. The lactic old and the 
capacitance between plates 70 and 72 is reduced substantially, while the maximum capacitance between these plates (when aligned in 
face-opposing relationship as shown in Fig.da) remains substantially unchanged. 


‘These same considerations apply in a similar fashion to bar conductors or other configurations of variable capacitors. Of course, the 
‘grounded or feld-shaping plates as the plate 76 may be provided in both the stator and the olor of a variable capacitor, ог may be carried 
by only ono of these structures. 


Referring now to Fig, ther is shown a system incorporating field-shaping electrodes and utilising capacitive structures comprising bars 
which may take the form generally ilustrated in Fig.2 and Fig., 


AiG: 5 Ы 


In Fig., the stator bars are diagrammatically represented aligned in опе row 78 and the rotor bars are similarly shown to be aligned in an 
adjacent row 82. Of course, either of tho rows 78 and 82 may comprise a stator while the other comprises the rotor since relative motion is 
Bil that is necessary, However, inthe prior art has become somewhat common te term the rotor conductors as charge inductors while 
describing the rotor elements as charge conveyors. 


In the system shown in Fig. grounded fild-shaping electrodes or conductors are provided in both the row TB and the row 82, and are 
designated bars 78a and 82a shown shaded. The electrodes 82a are connected directly to ground, however he electrodes 78a are 
connected to ground through an inductor 86. the function of this сой wil be discussed later. 


The conductive bars serving as capacitance elements in the two rows are designated 78b and 82b respectively. The bars 78b (in the row 
тв) and the bars 82b (in the row 82) are connected in a circuit configuration somewhat as shown in Fig. Specifically, tha bars 78b are 
connected in a serial оор with a diode 88 and a battery 90. The junction point 91 between diode 88 and battery 90 is grounded, and a diode 
$2 serially connected with a load resistor 94 is connacted across diode 88. A capacitor 96 в connected across the load resistor 94, and 
serves as a fler for the load current. 


In the operation of the system, relative movement is provided between row 78 and row 82 producing a cyclically variable capacitance to 
cause the system to function as the system shown in Fig. That is, during the interval of high capacitance between the rows 78 and 82 (as 
Shown in Fig), the capacitive structure is charged by battery 90 through diode 88. Then, as the bars aro separated to reduce the 
capacitance, Ini voltage across them increases, causing a current to low in he opposite direction through battery 90, the load resistor 94 
and diode 92. As alternate bars in each of the rows 78 and 82 aro grounded, the electrostatic field is shaped to reduce the minimum 
capacitance between tho bars 78b and 82b as disclosed in Fig.4. As а resull, the capacitance variation is greater and more charge is 
transferred through the load during each electrical cycle. 


In the operation of the system shown in rig to convert mechanical energy into electrical energy, a generally capacitive electrical system is 
provided. Therefore the phase relationships within the system are generally those of a capacitive apparatus. In view of this, the present 
Invention includes the provision of inductors to produce phase shits and resonant voltage amplifications which increase the effective power- 
conversion capabilities of the system. In Fig., such an inductance 86 is connected between the bars 78a and ground. The operation of the 
system of Fig., Including the inductor 86 is graphical illustrated in Fig. which includes plots of capacitance, voltage and electrical current 
Versus the pasion of tne capacitive structure, 
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The upper family of curves are capacitance plots, in which, curve C1 is а piot of varying capacitance between the conductive bars 78b and 
в2Ь. The curve C2 i a lol af the capacitance between bars 78а and 82a, while the curve СЗ is a plot of the capacitance between bars 7Ва 
and bars 62b. These curves are platted against а uniform variation in relative positions between row 78 and row B2, the curves beginning at 
A point of minimum capacitance for the structure. Fig. Истаев the relative position marked as 3 n Fig.6. 


The voltage curves in Fig 6 are potted on the same base as the capacitance curves, and include a curve V1 which represents the voltage 
across со 86, and a curve V2 which represents the voltage on the bars 78b relative lo ground potential. The curve I, ilustralas electrical 
current faw trough inductor 86, and it is alsa polled with respect o capacitatwo displacement. 


Considering the operation of the inductance B6; in view of the capacitance between tho grounded bars 78a and the capacively-charged 
bars 82b (connected lo battery 90) a charge is deposilad on the bars 78a. Of course, in he absence of the inductance 86, this charge would 
bo immediately passed to ground. However. by providing the inductance 86, the voltage of curve V1 Is developed across this element. This 
voltage serves lo produce further feld shaping between the bars and resul in more efficent power conversion. That is, the voltage of curve 
V1 appears on the bars 78a in phase with the capacitance C1 so that the fld influence of bars 78a serves to increase the charge induced 
ator near the maximum of capacitance C1 and also serves, by reducing the field strength to reduce the minimum charge held on bars 785 
апа 82b al, or near the instant of minimum capacitance. Thus the variation in the electrostatic field causes ће system to absorb mora 
torque, resulting in increased power-conversion capability for the system. 


In ation to the provision of inductor 86 as shown in Fig, other circuit configurations using inductors are o further affect resonant current 
surges which increase and decrease the field voltages in proper phase relationship wih the capacitance variation, and so increase the 
amplitude ofthe capacitor alternating current One such other variation is shown in Fig.7 which uses bars similar lo those of Fig.5 and in 
which. ike elements are similar identified, 


% PEZ 


Wa 


685 


ln: A 


In the system shown in Fig. an inductor 98 is connected between diode BB and the junction point 99 between diode 92 and the bars 78b, 
Furthermore, a capacitor 100 is connected across diode 88. In general, the added resonant circu provides further current surges in the 
desired phase relationship with the variation of capacitance. Also, the resonance between inductor 98 and capacitor 100, tends to produce 
higher voltages in the electric feld of the variable capacitor relative to the voltages across the excitation source 90 and the load 94. The 
capability af the machine lo achieve high power kom a small size of variable capacitor s thereby greally improved. 
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A graphic indication of tho improvement to a system resulting from the application of certain principles of the present invention may be seen 
in Fig 8 which indudes several curves descriptive of various apparatus, and wherein speed is plotted along the horizontal axis versus 
specific power which is plotted along the vertical axis. Specific power is herein defined as the power output per unit of excitation voltage 
squared (Р/Ео2) for a given size and configuration of machine. 


Tho curvo Et indicates the operating characteristic of the simple system shown in Fig. Tho curvo EZ (indicating a substantial improvement 
in performance) is indicative of he system shown in Fig.5. Tho curve ЕЗ indicates the improvement of tha system of Fig.7 (without the 
aspect described vith respect о fig S) while tha curve E4 indicates the operation of te system shown in Fig7 аз ilustrasted there, 


lis apparent that the power conversion capabilities of tho system of Fig.7 (indicated by the curve E4) are greatly improved over the simple 
system which does not include these aspects of tha present Invention, particularly i tha generator is operated al а fixed speed, or if means 


are provided to adjust the inductance or capacitance values of components 86, 98 and 100 to give the tuned peak power at whatever speed 
the machina is being operated. 
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Although various aspects of the present invention may be differently applied to electrostatic machines, to accomplish tho desired results, 
‘one specific illustration of an operating machine is shown in Figures 9,10, 11 and 12, and will now be considered in detail. 


The system is mounted in a housing 110 which is sealed and maintained evacuated by a vacuum pump 142. By operating the cyclically- 
variable capacitor apparatus in a relatively high vacuum, insulation problems are reduced and windage losses are minimised. The housing 
110 has a fat cylindrical form and consists of a circular plate bolted toa cup-shaped member 116 with an annular seal 118 provided at he 
juncton between these members. 


А mechanical shaft 120 passes concentrically through housing 110 and is journal led into bearings 124 and 126, which incorporate vacuum 
seals 124a and 426a. The shaft 120 has a rotor 128 coaxially fixed on it and is connected to a mechanical apparatus 130 by which the shaft 
is driven. Shaft 120 (made from insulating material) has a conductive section 132 formed in it, which electrically connects rotor 128 through 
a brush 134 and a lug 136 to one terminal of a battery 138, the other terminal of which is grounded. 


In general, the basic electrical system is similar to that of Fig.T with the stator elements being connected by lugs 146 and 148 to a junction 
point 150 which is connected through an inductor 182 and a capacitor 154 to ground. A diode 156 is connected in parallel with capacitor 
154, Tho junction point 150 is also connected through diode 158 to a fiter 160 which is in turn connected to a load 162. Tho feld-shaping 
elocrodes in the stator elements 140 and 142, are connected from lugs 164 and 166 through an inductor 168 to ground. 


Considering the cyclically-varying capacitance apparatus in greater detail, the rotor comprises a pair of plates 170 and 172 (Fig.12), which 
are formed with angulary-ofse radiating grooves 174 which are interconnected by spot welds 176 so that the grooves 174 essentially form 
radiating bars 175. In this structure, the rotor is entirely conductive material, e.g. metal, formed to comprise radiating tubes 175 (Fig.11) 
Which are connected through the shaft conductor 132 and the brush 134 to ho battery 138. 


The stator components 140 and 142 are similar and comprise a plurality of tubes 180 (Fig.10) radiating in a plane from an axial location in 
the stator element and supported in a circular stator mounting 181 by being imbedded therein. Tubes 180 are formed of metal and the 
mounting 181 supporting the tubes is formed of insulating material as a casting of epoxy material. Alemate of the tubes 180 are designated 
1808 and are connected electrically to а terminal 184 which is contacted by one of the lugs 146 or 148 at a point 186. 
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The ugs 164 and 166 are connected to ground through inductor 168, with the bars 180a used as fok-forming bars wile bars 1806 are the 
actual vaiable-capacitanco elements. In his structure, only ће stator is provided with fleld-shaping electrodes: however. itis to be 
understood, that in various other embodiments, field-shaping electrodes may be provided in both the stator and the rotor, ог in only one 
structure, as taught with respect lo Fig.5 and Fig.7. Also, in ho system shown in Fig, only a single rotor plate is provided: however tis to 
be clearly understood tha a large number of inormeshad rotor and stator patos may be provided in systems of the present invention, 
depending on the rated power conversion capably ofthe system. 


In the operation of the system shown in Fig.9, rotor 128 is revolved relative tothe stator elements 140 and 142 by the mechanical apparatus 
130. Therefore, the tubular rotor bars are driven in and out of alignment with the radiating stator bars 480b. Therefore the connections la 
these elements (lugs 146 and 148, and brush 134) experience a cyclically.varying capacitance. The stator bars 180a extend the range of 
this capacitance in the manner described with respect to Fig., 


During Intervals of high capacitance, the cyclic capacitive structure is charged by battery 138 through inductor 152 and diode 156. As the 
‘capacitance of the structure decreases, the voltage therein increases, providing a current through diode 158, and fiter 160 to the load 162. 
Thus, mechanical energy from the mechanical apparatus 130 is efficiently converted into electrical energy and supplied in that form tothe 
toad 162 


While the previous discussions have pertained primarily o electrostatic generators, itis to be understood that the important features ofthe 
present invention apply equally to electrostatic motors. 


An important feature of the present invention resides in the structure disclosed in Fig., which may be economically manufactured and used 
in practical electrical systems. 


‘Another important feature of the invention resides in the use of lat: forming electrodes in the stator or rotor, or both the stator and the rotor 
lo accomplish more effective energy transition. 


Опа other Important feature of the invention resides in tho provision of inductance elements to further increase the effectiveness ofthe 
system. 


The Onezime Breaux Electrostatic Generator 


US Patent 4,127,804 Nov. 1978 Inventor: Onezime Breaux. 


ELECTROSTATIC ENERGY CONVERSION SYSTEM 


This в an important design, but as the physical details in the patent seem rather limited, instead о! reproducing the patent hero, I wil 
attempt lo provide a description which should be more understandable for the average person, 


The Principle 
For there o be a greater energy output han the energy input required to make any generator operato, that otra energy must come from 
somewhere. There is no magic about any of these systems as we ourselves are Immersed in a massive energy field. We do not noice Ihis 
апу moro than we notice the radio waves which pass by, and through us, l the time. This energy felis vary powerful as Thomas Henry 
Moray demonstrated many times by gaining йу kilowatts of electrical power from just a simple aerial and a ground connection. Wa don't 
know how he did that but we would very much ike to know how. Nevertheless, Moray demonstrated tat here s massive power all around 
Uus — power which is free for the faking if we know how (о do iL Unfortunately, most of the large number of people wha do know how lo 
‘extract this energy, refuse to share that information, leaving us to work out from basic principles, how to gain this free-energy. It should be 
noted in passing, that we already use this free energy when we use "mains electricity” as nona of the energy supplied by tho local Power 
Company actually comes out of your mains wall socket since all of the current supplied by the Power Company flows directly back to that 
‘company. Al the Power Company does is to set up the conditions which cause some of the free-energy їп your location to flow through the 
%%% wall socket. What free-energy devices do, is to set up those same conditions lo draw in 
«есїлсйу fram our massive surrounding anergy fed, without the need for any help from the local Power Company. 


The Design 
e yau Бу to starta car engine, you connec the car batery to an lectica Starter Motor which turs he engine over and causes sparks 
J ofthe engine. The current draw from the atr pases trough Sata Molor апа sot or 
var tne car engine tat, han same of e energy Моге ia uel bur у ne angina used о replace cc! cure akon 
tom the at. Ya car engine does ot , a of be acca energy Stored in he саг batery wll Бе ad 
lathe Star Motor andthe bat ий по longer Бе bl o supply any mare current oum the engine over. 


Tho generator described here is a very dever design as any output power which It provides, it keeps and does not lose any of i Its 
somewhat ike that car Starter Motor retuming the current tothe battery, allowing any number of attempts to start tha engine. The way that it 
operates is о pass current backwards and forwards between Iwo capacitors. That current is made lo pass through the primary winding of an 
output transformer, exactly mimicking the signal which the Power Company charges you for. However, with our generator, hat currents 
never lost and can be used aver and over and over again. A battery is used lo create that nial current, and when the generator starts 
‘operating, it recharges the battery and if desired, the battery can be removed completely and the generator is then self-sustaining. The 
battery is only used o start the generator running and is not used at any other time. 


The outino design is vary straightforward and can be visualised as shown here: 
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21 Rotor vanos 
LA 


эз Metal Rotor shaft 
X 


25 Stator vanos 


Неге, the motor marked М in the diagram, spins а metal shaft 23. The shaft is mounted on ceramic roller bearings (as used on skateboards) 
ала nothing on the shaft touches any other рап, which means tha he shaft spins very freely and very ite power is needed lo spin I 


Shaft 23 has metal vanos or plates 21 attached to it and these pass though somewhat similar metal vanos 25 which are fied in place and 
до not move. These four sets of metal vanes form two separate variable сарасйоге. 


The vanes 21 are arranged so that when ono set reaches le maximum capacitance (being fully inserted into the nor-moving vanas 25 as 
shawn on the right of the diagram) then the other sel of vanes is at i's minimum capacitance being as far away as possible from i's 
matching set of vanes 25. 


Initially, at start-up, both of tho sets of vanes marked 25 are fully charged to a high positive voltage by an electrical system (not shown here) 
and the output transformer is connected between these wo sels of vanes, producing this arrangement: 


Output 
25 [Transformer 


AC MAINS OUTPUT 


The sets of vanes 21 are connected о a strongly Negative charge, passed to them through the metal shaft 23. When the negative platos 21 
are inserted between the Positively charged plates 25, all of tha positive charge on the unmeshod plates 25 gots sucked towards the 
negative charge оп the meshed plates 21, but thal charge is forced to fow through the output transformer on Ев journey, This arrangement 
causes the positive charge on the fixed plates o shuttle backwards and forwards through the output transformer, never geting "used ир in 
the process. This means that the generator has an electrical output of 220 volts at 50 cycles per second and the only input power needed is 
the tiny amount required to spin the rotor shaft. The force needed to spin the rotor shaft is not affected in any way by the intensity of current 
drawn from the output transformer which means thal the generator is wholly independent of the load. While this 1s a very clever design, a 
number of practical construction details can be altered to improve the performance, 


The Broaux patent shows a vane shape which doubles the frequency at which the drive motor spins and which is balanced on the shat, 
producing no shaft vibration when spun rapidly. The vane shape is shown her: 
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You wil notice that the rotor vanes (shown in grey), are positioned ninety degrees арап. providing even better shaft balance. Al of tho rotor 
vanes have the samo shape and all of th stator ̃ have the same shape, which is helpful for mass production. While just two rotor 
vanes and two stator vanes are shown in this introductory diagram, there can be as many pairs of rolorlstator plates as desired. Each 
addtional pair of plates increases the output power of tha generato. 


This design calls for tha vanes to be in a vacuum, which strongly suggests that this device was never prototyped as operating in а vacuum, 
unless ай conducting surfaces have exceptional insulation, would be a major disaster as the coronal discharge would be massive — ater ай, 
hat is how thermionic valves or vacuum tubes’ ara made and they carry largo electrical currents through a vacuum. For this design to 
function properly, it needs to be operated in dry air. 


The power output of a device of this nature increases with increasing vane area, and with decreased intr-vane gap and with increased 
voltage. Consequently, a working voltage considerably higher than 220 volts wil be used when charging Ine vanes. This means that he 
output voltage wil bo much higher than is convenient. Generators of this type generally show а resistiva load and only а resistive load. A 
practical Implementation would require a step-down transformer on the output in order to reach a working AC voltage of 220V. I is generally 
thought tnat he inductive nature of the primary winding of any such transformer would create a major choking eflect on the oscillating low 
of charge between the vanas, due to the back-EMF of hat winding. That is not the case ifa Thane Heins style of transformar is used (as 
shown in chapter 3) as a transformer of that уре does nat have any significant back- EMF. making this а very interesting design, especially 
Since the output current draw does not affect ne input power which is solely used to spin ihe rotor shaft 


In theory, the static charge initially placed on the capacitor vanes is never depleted. However, in this weld, perfect conditons never seem to 
be encountered. Їп this instance, there is a very sight loss of charge over me, and that charge is boosted very briefly after a substantial 
time has elapsed. A brie high-valtago pulse ance every ten minutes is likely lo be sufficient. There is по corona anergy loss as corona 
sireamers only form al high frequency and this generator doas nat exceed an absolute maximum of 60 Hz which is a very low frequency 
indeed, so there is never any corona discharge at all 


Patrick Kelly 


hip free-energy ifo co.uk 
Hpi Tres -eneray devices com. 
епык@атпай com 
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Antennas 3  Folx Scerri VKAFUO discusses Loop Antennas, baluns, masts & other antenna related topics 
plenas 4: Many antenna ideas от various sources particulary for multiband operation & also gives information 
about 
antenna rimming, knots for wie antennas and useful antenna rigging accessory ideas. 
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‘Aerials 
Antennas 6 : Simple and efective Н.Е. Antenna ideas - Ground Plane and All Band Doublet 
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COIE] compact Top Band Antenna - An Inverted L for stealth with low(ish) visual impact 


ums small back garden there is no way that | could accommodate an aerial for the 160m band that would be 
anything approaching full size. A full size dipole would be about 65 metres long and would need to be mounted at a 
Very good height to be at its most ̃ A full size vertical 1/4 wave would be about 37.5 meters tall Impossible! 
QRM Bending a 1/4 wave wire into an inverted L would stil result in a very long wire - вау 10 metres vertically and 27.5 
‘metres horizontally. Stil tao large. 
Bits 'п' Bobs 


Full size top band antennas are big, far too big for my small plot, so | have tried а few diferent shortened 160m 
contact acras. | really would prefer to use a balanced dipole not опу for the radiation efficiency, but ust as important for 

the lower noise on receive - Ike a ground mounted vertical aerial an inverted L can be rather noisy on RX. However 
1 have to settle for a compromise, so shown in the drawings and photographs below is my current top band aerial, 


WSPR aeg with some previous experiments and ideas further down the page. 

Weak Sianal 

Eropagalon та incamation of my Top Band aeria! takes two forms. A compact Inverted L and, in is lower position, a less 
‘Reporter —_canspleuous sloping wire, shown below: 


fe ter 
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Top Band Aerial by MOMTJ 
e crar General layout of Top Band Aerial with fibreglass pole retracted to a height of 2 metres 
uc © "Wire lengths are approximate: Inductor Sem dia with approx 40 turns of 0.3mm e.c. 
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My first experiments were with a base loaded sloper which worked okish for local ground wave, but could have 
been better. The first weak link that | wanted to change was moving the base loading сой further up the aerial wire 
so that it would be positioned on the more horizontal section, 


It was also vary low, so could surely benefit from some addtional vertical height However | could not realistically 
erect another permanent pole in the garden for fear of upsetting the XYL! 


‘Therefore | decided that | needed a design that could be semi-permanent and ofer two sight diferent 
configurations: Tho idea is that, as a sloping wire, the aerial can be left in place at all times for RX and stil bo 
‘operable on TX. Since it is essential just a wire sloping from fence height (2m) up to the roof apex it has fairly 
minimal visual impact. Alternatively, when required - al night- the telescopic pole can be extended to transform the 
aerial into the larger Inverted L. 


‘The Earth and Radials: Tho aerial is fod against ground, so the ground needs to be as good as possible. At the 
base ofthe aerial a copper earth rod is driven into the ground. Additional ground radial wires are also added Io 
provide a countarpoise and help reduce earth loss. The more the merer. 


Tho Support: A 10 metre long ̃ fibreglass fishing pole is used as part of the support. A wooden post was 
‘driven ino the ground, adjacent to the earth rod. The connector box is screwed on to the post and the fishing pole 
was fixed o the post using nylon straps. 


‘Since the top sections of a fishing pole are too thin to support the aerial wire, the last four sections were removed, 
leaving the pola 6 metres in length, which is а respectable height in a small back garden, though being even talier 
would be better. 


A small lightweight pulley is fixed to the top of the fibreglass pole using two nylon ties - as seen in the photograph. 
‘Asa sloping wire, the fishing pole is collapsed to 2m in height while being extended to 6 metres when being used as 
the Tul Inverted L. The pole is quite flexible and во wil lend lo bend quite noticeably when 6 metres long withthe 
wire attached to the top. This could be remedied by adding a back guy rope of required. 


The far end of the aerial wire is Ved to а egg type insulator and nylon halyard which is suspended through a pulley 
оп a pole attached near the apex of the root. The nylon halyard is led off on а cleat hook near ground level to 
‘enable easy raising and lowering of the aerial wire. 


The Wire: Aerial wire ls PVC covered stranded wire of about 16/18 swg htt-vwvewhwestlake.co uk. The wires 
were cut for the maximum length that could be fitted ito the avallabla space - so ав much wire was in the air as 
possible. This was about 3.5 matres from the feed point to inductor and around 12 o 13 metres from the inductor to 
the far end. 


(if you make one of these got the vertical portion as high as possible and the horizontal section as long as possible 
and reduce the colls inductance accordingly). 


The Inductor and Resonance: 


‘The resonance of the aerial system was adjusted not by altering the length of the wires, but by changing the 
Inductance of the loading col. 


1 had some 0.9mm (20 swg.) enamelled copper wire on a гөө, во | used that to wind the сой. The сой former is 
Sem in diameter and about 15 cm long, cut from an empty tube of silicone bath sealant (the ‘gun’ type). Two holes 
are dile in the former for the fixing Boks and wing nuts that secure the aerial апа col wires. 


1 used an MFJ antenna analyzer to check resonance and adjust the number of turn. Initially the coll was wound 
with 60 tums, but the resonance was well below 1800 KHz. Turns were gradually removed unti resonance was 
around 1940 kHz, leaving 39 turns on the сой. (Thicker e. wa might have been better, | would have preferred to 
use something like 18.sw 1.2mm diameter and this may possibly get changed inthe future) 


When the adjustments were finished the aerial wires and сой wires are terminated with lugs and fixed in place with 
the bolts and wing nuts. The winding was also covered in duck tape. Al exposed connections should be suitably 
protected against the weather for a permanent instalation. 


When setting up any aerial an antenna analyzer is extremely useful - allowing all the measurements to be done in 
the garden or back yard thereby simplifying and speeding up the process considerably. These simple 
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measurements can be made using the transceiver and VSWR meter, though that is obviously less convenient and 
Wil involve transmitting regular short burst of carrier, so I's very important o ensure that the power used is the 
absolute minimum and that the frequency being used is clear. 


p 
fd won он 
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Top Band Aerial by MOMT] . 


General layout of Top Band Aerial with а fibreglass pole extended to a height of 6 metros 
"Wire lengths are approximate: Inductor Sem dia with approx 39 tums of 0mm e.c 


To transform the aerial to the Inverted L format (shown in the above diagram) | envisaged that changing the frst 
length of wire, from a 3.5 metre length to 6.5 metre length, and the inductor would be necessary. had assumed that 
а coll with less inductance (fewer tums) would be required due to the longer length of aerial wire used inthe 
Inverted L arrangement 


| was, however, proved wrong. On first attempt lef the original сой їп place, just adding the longer wire section 
(from connection box to сой) and raising the pole to its full 6 metres. The point of resonance was only about 20 KHZ 
анау from where it was as а sloper. 


This, think, can be explained by the fact that in the sloper configuration, the wire is close to the ground, other 
‘objects and vegetation which wil in effect add loading Lo the aerial, Consequently a loading сой with less inductance 
than might otherwise be expected is required. So, by happy coincidence, the same coil is also suitable for the 
longer wire thats at a greater height (and therefore ls influenced lass by ground loading). 


This, quite by chance, made the swap from Sloper to Inverted L a Ше easier since there was no need to wind а 
second col - ho change being made by merely adding the longer frst wire section and pushing up the polo to its full 
б metre height. 

IL there aro no concerns or objections to installing а tall pola at tho bottom of the garden, then the inverted L 
‘arrangement could be lef as a permanent installation, In that case the pole need nat Бе a ibraglass fishing pole, 
although is stl! an atractivo lightweight method, instead a couple of 3 metre long sections of treated timber could 
be joined together to form a 6 metre high post - the higher and longer the better though! 

‘These links may bo useful in helping to calculate loading cols 

Antenna Loading Сой Calculator: ht owob chomang ed ac ukfackiradioicofivareJoading him. 

Coll winding design program : hilecosse.org/acklradioisofware/naucoli html 

Loaded dipole calculator by К7МЕМ : Һр зз KTmem comElactronic Notebooklantennas/shortant html 


Ring Core Calculator: httpvww.diSswb.de/htmlimini ring core calculator htm. 
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MOMT]| 


Top Band п Support post wit 
‘telescopic pole attached with connection box, cables and earth rod. 
The cable entering from the left is the earthing strap which is connected 
to ground rods and radial wires. The coaxial feeder cable exits from tho. 
bottom right of the box and is wound around a length of white plastic pipe 
to form a simple RF Choke. 
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Box 


y Choe Block 
‘connectors 


RG213 cose 
-Earth Cable 


ToTXVR de Sem Spike 


My original implementation which used 'choc block’ 
connectors. The final design has all soldered joints 
With a stainless steel bolt and wing not at the top. 
‘of the connecting box. 


M@MT] 
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Top Band Inverted L - pulley on top of the 6m telescopic pole 


MOMTI 


Чор Band Inverted L- loading inductor. 


This is the unfinished сой, the connections on the left are properly finished ой using lugs, but the connections on 
the right are unfinished o allow adjustment of the number of turns, When that is sold the final lug is soldered lo 
the and of the enamelled copper wire and held in place withthe bolt and wing nut. Tho сой s 38 turns of 0.9 тт 
%% made ош of an amply silicone bathroom sealant tube, (| would have 
preferred to uso slightly thicker a cw. of about 18 swg 1.2mm diameter, so hal may gel changed in ho future) 


Enamollod copper wire: 


Top Band inverted L - pulley, rope and insulator supporting the wire at the far ond. 
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MOMTJ S 


‘The photo exaggerates tho band a Ише, but its not enough to worry about. The bend could 
adding а back guy lo pul the pole back towards the vertical position, but for this [ob its fine 


ЦА 


DOES IT WORK? 
Yos! This aerial os work, | am glad to say! 
It works better than my initial short sloping wire shown further down this page, which is what one would expect! 


Rather tan merely setting for a local ground wave signal was vary pleased to contact Top Band enthusiast Steve 
GIKLI on my first attempt Steve is 170 miles distant from me and te night lime sky wave provided а prey good 
result G7KLJ gave me a 5/ 8 with my 100 watts оп 1843kcs using my small aerial. gave G7KLJ 5 / 9+10 with 
‘Steve's large doublet and 400 watts lovely audio оо Steve). 


‘Admittedly thats potentially а 164B difference, which is pretty huge, but G7KLJ had the benefit of 300 more watts - 
that's а GdB advantage. I also depends on how tha individual S meters compare. Slave seemed о indicate that his 
S meter was a bit on the lazy side - 1 S Point pessimistic? Bul maybe my S meter similarly pessimistic? 


Compared to a ful size inverted L my loaded aerial is less than half the size and is obviously going to lose out. but 
by how much? Half the size, half the effective power - 348 down? Probably a lat more - 648 There's one S point 
lost already (Who wants to bet that its alot more than that?) Since | have а ground system that is far from ideal 
there's another few d8' lost - another 648? That would be 2 S Points lost before taking into account anything else. 
‘This is all pure guesswork and speculation admittedly and probably quite groundless (almost Мегайу in my case), 
апа might best bo described as pointless ramblings! (Where did the delete key go?) The pessimist? The realist? 


‘The only thing proved by this single event is that my aerial radiates at least something useful - and that G7KLJ has a 
great station! мема? com. 

Droitwich 

Ок so гв not Droitwich, but it does work and gets me on Top Band when otherwise there would be no chance. 

1 am happy - but as with anything improvements can always be made. The aerial could be taller perhaps. though | 
cannot make it any longer. The earth system could bo far far botar though | would struggle to accommodate any 


improvements at the present OTH. 1 could use better coaxial cable and also (importantly) attempt to lower the 
received noise by experimenting with chokes or burying the feeder to reduce common moda currents. 
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Plenty to think about and plenty to play witht 


Important notes on effective Grounding by Jim KB 


Mike - | was reading about your work on the 160 meter Inverted L, and lt makes me want to go ош and build some 
‘more antennas! Congratulations. Your story is fascinating, and very well documented. 


The only thing I can ofer as a suggestion is to get as much radial wire along the edge of your property as possible 
(assuming your XYL wil not allow you to bury radial wre all over your yard). Even if you can only run multiple 
Wires 1/8 of a meter apart from each other, and paralel to each other, your losses will be reduced. The ground 
losses have quite an impact on your transmitted signal, во any wire you can "hide" along the edge of your property 
Will help improve your signal strength - itie, by Ita. 1 (It may also affect your resonant frequency sight, but 
thats easy to deal with by adjusting with an antenna tuner or slightly changing the loading col.) 


Good luck OM, and keep up the refinements on your antenna system. You're doing great! 73, 


Jim, KBOZ 
Albuquerque, NM. 


‘Top Band Antenna by Mark, GOMGX and Vince GOORC 
Mike, Ivo been reading With interest your musings on top band antennas and have tried to build a replica of yours 


today with а fellow ham GOORC. Thanks very much for the information and tha link. You can sae the results of my. 
attempts here: 


Construction: hl Lco ukI20127 nd-what-happens-hera-then,himl 
1t Works! hie //g0mex blogspot co,uk/201: jso band- dto 
‘Mark. GOMGX. 

Mike, 


1 know you have been in contact with my good friend Mark GOMGX but | felt 1 needed to say thanks and 
acknowledge your work on a 160m ворог 


It works very well hera and, thanks to Mark who built several inductors uni one gave us an SWR of 1.1 on the CW 
‘end of tho band and also braised several copper rods together fr form a reasonable earth under a large pine 

toe. He has passed on to me details of the website of K7MEM which may wall inspire ma to ну a sloper for oom 
aswell 


Ive always wanted a top band antenna but felt that | didn't have the room - but thanks to your idea and Mark's 
enthusiasm for the project I now have what | wanted -Im being heard (and can hear) into European Russia with lt 
soit certainly works! 


Thanks again - enjoyed your website very much, (Just heard ABSBP as well) 
73, Vince GOORC ie dees comidb/GüORC. 


Further Developments of this antenna. 


Another Top Band Aerial by MØMTJ 


After reading the article "Top Band in a Small Garden" in the August 2012 edlion of Practical Wireless Magazine 
(PW), I investigated further development of my Top Band Sloper / Inverted L Antenna (shown above). 


Tho article by Stuart Craigen GAGTX described a compact wire antenna for top band thal could be accommodated 
in small gardens. The antenna is shunt fed atthe base, the coax being connected across a 7 шт col (wound оп an 
fut of an empty silicone sealant cartridge), with the braid connected to the earth stake and radial ground wires. 
‘The centre conductor is connected to the aerial wire. 


1 could not quite accommodate the shape that Stuart suggested for the aerial wire, but is very similar: For my 

version the feed point is at the bottom of the garden near the fence immediately adjacent the earth stake, The frst 

¡section of aerial is about 9.14 metres long - the wire rises 3.5 metres vertically up the 6.5 metre tall telescopic pale, 
ho 3.5 теге point the wire is held in place on the mast by a small bungee and then folds over almost horizontally 
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and runs for a further 5.64 matres where f connects to the loading inductor. 


The inductor consists of 36 tums of 18 swg (1.2mm diameter) enamelled copper wire on a 50mm diameter, 
lightweight plastic former (again mado from an ой-о of an empty slicone sealant cartridge). Afler the inductor thera 
is a further 6 metres (approx) of wire rising to а dog-bone insulator, fxed to the end of a length of para cord that 
runs up to the pulley shown in a previous photograph. From the dog-bone insulator the aerial wire runs back, in the 
opposite direction, for about 12 metres, returning o the top of ho 6.5 metra tall mast at the bottom of the garden, 
tid offto an ogg insulator which is itself fixed to the top of the mast by a vary short length of para-cord fixed o the 
mast by a thick nylon cable tie. 


f the wire dimensions are changed, the number of turns on the inductor will have to be changed accordingly. 
Simlarly my antenna is located quite near the 80m/40m Inverted L and the interaction of the antenna affects the 
tuning and hence the number of turns required on the loading co 


какын 


EM 


— — 


Another compact Top Band Aerial by MOMTI "m 
Another Top Band Aerial (drawing rol o scale) 
The inductor is 38 tums of 1.2mm diameter (18 swg) enameled copper wire on а 2 inch former 


\With that arrangement there is about 27 metres of wire in tha alt. The point of resonance is 1900 kHz, but this can 
be adjusted by altering the number of urs on the inductor. As expected bandwidth is quie narrow. As with any 
antenna fed against ground the earthing needs lo as extensive as possible as noted previously, above. | suspect 
that it may be better that he top wire should be horizontal, or sloping slightly upwards, however with the available 
space and materials available the best that | could achieve had the top wire sloping sight downwards to the post. 
Lowering the position of the dog-bone Insulator or using a taller post could overcome this. 
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Photograph of the feed antenna showing The 
T turn shunt fed coil in the weatherproof housing. Nuts and bolts are stainless stol. 


Fist Test: A brief on air test on 8th September 2012 between 2100 and 2130 UTC on 1.933 MHz brought in two 
prizes: Peter EI7JM near Malin Head and Tony M3LTD in Naseby. Leicestershire. EI7JM was a tue 5/9 to me and 
ho gave me a repart of a true 5/9. M3LTD was 5/7. Many thanks to both stations for the useful contacts 


For diront sized gardens the best idea might be to get as much aerial wire into the air and then make adjustments 
to tho point of resonance by simply adjusting the number of turns on the inductor. 


Obtain the article "Top Band in a Small Garden” by Stuart Craigen G4GTX fram 


Stuart Craigen G4GTX comments: 


Hi Mike, I have just been looking at your fascinating antenna page on top band antenr 


Glad о see that you had a 


Kg Awwemds076.2.k/Conteni/amateur radio antennas 02 himi тиз 


1002017 


ANTENNAS & AERIALS 2 - COMPACT TOP BAND AERIAL - Antenna for 160 Metres by MOMTJ" Bands 


оо at building my shunt fed wire vertical that I did for Practical Wireless! | found It tremendous. A few weeks ago | 
was talking to G3YFN in Newcastle at about 4pm when I was called by G4BIM in the Isle of Wight! I aiso got a QSL. 
519 кот Luxembourg! Have fun міт t 


‘Thanks for the nice comments about my shunt fed 160m aerial. | enclose some QSL cards which you might find 
Interesting to look at! Note the times of the QSO's and the reports! At night | have been tod that | Sound like the 
ВВС from some European stations 


Noto GABIM Isle of Wight 5/7 from Sunderland at 4.30 pm and Aberdeen at night. It certainly works for me. | think 
thal the shunt feeding is the answer as it taps into the aerial at the 50 ohm point. Putting the loading coll away from. 
the base should increase efficiency hence approx midway. A chap near Newcastle bull one of these a few years 
‘ago and his groundwave signal was 5/9420 here in Sunderland 12 miles away! 

73 


Stuart бабтх 


моге деге... 
Adding Top Band to the 40m / 80m Inverted L antenna using a switchable loading coil 


Due to an aborted house move in 2010 | had removed ай the antennas. While re-establishing Ihe aerials in 2011, 
апа considering space imitations, | decided to experiment with adding a loading col to the 40m / 80m Inverted L 
serial. The loading со! has a link wire to short it out of circuit when using the aeria for 80 metres and 40 matres. 
Tho link wire is removed when Top Band is required. The со! consists of approximately 37 turns wound on a piece 
of 68mm (2.8 inch approx) diameter PVC pipe: 
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е om / 40m Inverted L hera 
The loading col has a ink wire o short It out of circult when using the aerial for BO metres and 40 metres. 
The link wire is removed when Top Band is required 
The сой consists of approximately 37 tums wound on a piece of 68mm (2.7 inch approx) diameter PVC pipe. 


More about the 80 / 40 metre Inverted L Aerial on Antennas Page 1 > 


‘Simple Vertical Top Band Aerial Using A Fibreglass Telescopic Fishing Pole (Roach Pole)? 


If there realy is no space to accommodate a top band dipole, inverted V or even the inverted L above, then another 
‘option could be a simple vertical. Again based on a 10 metre lang fibreglass roach pole, his could be installed as a 
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permanent aerial, or only deployed as and when required on a temporary and stealthy basis. 


‘The 10 metro long fishing pole would be erected by standing it on the ground, using three ar four nylon guy ropes as 
‘support, or tying it to a wooden ground stake driven into the ground. The vertical radiator would consist of about 9.5 
metres of PVC covered wire fixed at the top of the pole and with a loading col at the centre. As with ho design 
above, the loading сой could be wound on a 5 cm diameter using 1.2 mm diameter enamelled copper wire. To make 
the former as light weight as possible, once again, the tube from an empty bathroom sealant (or silicone sealer etc] 
¡gun could be used. They are, conveniently Smm in diameter. 


1 have not experimented with the number of tums required for the centre loading сой, but from experience with the 
above aerial, the figure may lie somewhere between 50 and 100 tums. 


‘The aerial would be fod with coaxial cable and would need a good earth rod at its base and a good number of 
ground radials, as along as possible. 


Previous Top Band Aerial Experime 
Top Band Inverted V 


‘This is a considerably shortened dipole for 160 matres, using loading cols to reduce the length of each leg to about 
7.5 metres length. Each сой в wound on a 5 ст diameter farmer and consists of approximately 120 turns of 1 2mm 
diameter enamelled copper wire. The dipole was arranged in an inverted V configuration. 


Being as а dipolo is a balanced aerial, it was fed at is contro using balanced twin feeder for lowest loss and, being 
balanced, lowest naise. 


In this configuration it was very quiet, but did also appear to receive very мей. At my OTH the noise on top band 
generally ranges from S7 to SS, on this inverted V the noise was 54 to S6. However it did not transmit wellat all- | 
elleve this to be not only because the dipole is very short (only 15m) but because the angle at which the wires at 
the top of the V was far too acuta - only about 45 degrees. The angie at the top of the V really should be over well 
90 degrees - maybe something ike 110 degrees would be best. Clearly this seems to bo a problem. 


1 had not got the space to separate the wires any further, but it was an interesting experiment that appeared to 
demonstrate that a balanced dipole fed with balanced twin feeder could help reduce noise. If moro space was. 
available this is an antenna that | would wish to pursue further. 
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Short Base Loaded Sloper -a first attempt at a top band antenna 


160m metres is probably the noslast band, but | wanted to give ita go anyway even though space at my OTH is at 
а premium and fiting in a suitable antenna is qute challenging. The most promising candidato that Initially found, 
арап from small commercially available antennas, was the "Practical Antenna For 160 metres" described by Frank 
(G3YCC and featured on the website of WSEDI and linked lo on the pages of wvnw.dxzene com 


Lr 


mount ow moe 
mase { 


G3YCC Top Band Antenna 
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‘This Top Band antenna consists of 140 feet of wire, 70 feet space wound around a non-conductive (fibreglass) polo 
or tube about 6 feet long, with remainder forming а sloping wire falling back to near ground level. The antenna is 
Un-Balanced and is therefore fad with unbalanced coaxial cable, withthe braid connected to a ground stake at the 
base ofthe aerial 


"The above design is intended to have the coil section mounted on top of a mast or pole with the wire running 
‘downwards. I could not accommodate that arrangement, so | adapted the design to produce the antenna shown 
below: 


Nylon halyard & pulley 


l итеш 


Pulley, 


Nylon Loading Col y 
halyard E 


= 


‘The drawing above shows the loaded Top-Band Antenna - a first attempt at an aerial for 160m - consisting of the 
radiating top wire, a base loading col, earth stake and additional earth radials that act as a counterpoise: The top 
wire is about 10 metres long and slopes down tothe loading сой which consists of 64 turns ofthe aerial cable 
wound around a 4" diameter PVC pipe and then falis vertically for about 1 metre where it enters the connection box. 
‘The halyard arrangement allows the antenna wire to be quickly dropped for adjustment and then raised back Into 
position. There із ап earth rod at the base ofthe antenna connected to several ground radials and a second earth 
rod a few matres away After performing some tests | nd that does work reasonably well for local contacts ground 
Wave contacts around the town, but it could be bettar and is certainly very disappointing for longer distance work. 


— мө 


X 


Choc Block 
‘connectors 
RG213 cosi 
-f Earth Cable 
ToTXVR To Earth Spike 
Above: The Connection Box 


Read more developments here> 
Efficiency 


‘The aerial shown above is obviously very much shortened and therefore is very inefficient when compared to a full 
size resonant quater wave аена A shorlened aerial sll needs to make bast use of the space - во the antenna wire 
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needs to be as long as possible. Resonance is adjusted by varying the Inductance of the leading col. Also itis 
necessary to use the largest earth system as is practicable to obtain the best possible efficiency. 


Performance 


In my configuration described above it is admitedly a very low efficiency antenna - but at least it gets one on Top. 
Band t's ok for lacal working , a DX aerial by any stretch of the 
Imagination. | could hear many stations 100 to 200 miles away, but they could not read my signals. For local ground 
wave work й was adequate. 


1 suspect that f the original design by G3YCC was employed, ie. the coll mounted at the top of a pole and the 
loading wire running down, that it may work rather better than my implementation. The problem that my 
Implementation has s that the loading сой is at the bottom ofthe aerial, near the ground. Better efficiency may be 
acheived with centre loading. The longer the radiating wire the better too. 


More Details 


The antenna was fed by coaxial cable from the shack in the bedroom at the front of the house to the feed point at 
the base of the fence а! the bottom of the back garden. The coaxial cable enters а small plastic box, screwed tothe 
fence post, where itis terminated: The outer conductor of the coax is connected to the earth cable with a ‘chock 
block’ connecter, the earth cable going to a four foot long earth rod hammered into the ground near by. The centre 
‘conductor of Ie coax is connected 1o the antenna cable also using a hoc block’ connector. 


The antenna wire runs vertically up the fence for about 1 matre to the loading сой which consists of 64 tums of the 
antenna wire wound around a piece of 4 inch diameter PVC pipe. About 32 tums a close wound and the other 32 
tums space wound: The inductance, and therefore the point of resonance could be easily adjusted by altering the 
spacing ofthe windings. Once set al the required point of resonance the windings can be heid in place with duck 
tape 


‘The antenna wire exits the col at the top and passos through a pully secured о the top of the fence and than slopes 
upwards for about 10 metres to the fixing point at a convenient point оп the house, in vs case the eaves. The end 
ofthe wire is tied of to a plastic ‘agg Insulator. The egg insulator is tied to a nylon halyard wich passes through а 
‘second pul al the fixing point. This allows the antenna wire to be quickly dropped for adjustment and then raised 
back into position. 


Tho earth system should be as extensive as possible for better offilency: e.g. earth stake and a number earth 
radials, as long as possible around the garden to provide a counterpoise. 


Link: 


Visit vea? com - the website of 160 matre entusiast Steve G7KLJ 


OTHER THINGS 
‘Antennas for HE 


‘There aro dozens, f not hundreds, of antenna designs from which to choose. All have thelr own proponents. Some 
fare genuinely good while others might be considered as nothing more than glorified dummy loads! The key thing for 
(me was to choose the most effective an antenna that could ft within the constrains of my small back garden and 
also one that would nol be loo ugly 


1 decided that wire antennas, made from PVC covered stranded wire, would be least objectionable on visual 
‘grounds. After all they look like glorified washing Ines and almost everyone has a washing linet 


Knots to use when fixing Wire Antennas. 


Its important o use the correc knot for the job. | find that the Bowne is very useful for fing end, agg and dog- 
bone insulators o the ends of the wire andlor ropes. The Round Tum & Two Hitches, Anchor Bend and Buntine 
Hitch knots are very good for tying a rope lo a pole or a mast. A Double Sheet Bend can join two places of rope 
together - even if they are of unequal size. “Animated Knots’ will show you how to do them: 

lie animatedknats com 


‘The antenna or antennas realy are the key о an effective amateur radio station. The most expensive radio wil be of 
lie value unless it is used with he best possible and most effective antenna; so | had o set about finding the best 
‘antennas that | could accommodate for HF and VHF work 


The dilemma facing most radio amateurs is that antennas for HF are often large and dificult to accommodate in 
modern small back gardens. Additionally there may be objections on the grounds of visual impact Some people do 
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nol regard antennas as the beautiful creations that radio enthusiasts dol 


Cables and Feeders 


As | have leamed by experience and from the tutorials have studied as part of the licensing exam process, a very 
Important consideration concerning the antenna system is the loss incurred in the cable thal connects the radio to 
the antenna. A loss of 34B sounds like a small amount when you say it quickly, but hat equates to only HALF of 
your transmitter power reaching the aerial! We'd soon complain I our new 100 watt transceiver only produced 50 
watts - so why stand the chance of losing this much power in the feed lina? 


‘Starting off as an M3 licensee | could only use tOdBw (10 watts) power at the antenna termination, so IfI had а 
feeder with a loss of 34B | would have to run the transmitter at 20 Watts to get 10 watts lo he aerial! 


Coaxial Cables 


For HF using a single band resonant antenna, а dipole for example, Mini 8 or even RGB is probably fine since the 
ЗИ should be between 1:1 and 2:1. ̃̃ one was o consider using the antenna on non resonant 
frequencies the VSWR wil be higher, maybe very much higher, and the consequential losses in coaxial cable willbe 
greatly magnified and power losses very significant. | did not want o run such an Inefficient station. 


For this reason | chose to use low loss RG213 coaxial cable for my inverted L since | may need to use it on bands 
voller than the 40 matre and 80 metres that is intended for and where the SWR may be 4:1 or 5:1. RG213 wil help 
keep feedine losses to a minimum. No lossy RGSS on Ме for me! Westlex 103 would be even better, of course. 


For VHF and UHF | now consider Westlex103 as the minimum standard of cable o use, Its half the loss of even 
RG213. Losses at VHF are much higher than HF and at UHF they are even higher, so Wesifex 103 helps preserve 
аз much of thal precious transmitter power as possible. 


‘See more about Coaxial Cable Losses here > 


Balanced Feeders = Low Noise 


its dificult to feed a contre fad wire dipole with RG213 or Westflx 103, both cables are really too thick and heavy. 
RGSB or Mini В are lighter and therefore moro suitable for suspended wire dipoles, but to match the unbalanced 
coaxial cable to the balanced dipole would need a 1:1 ‘choke balun’ at ts centre, as | have learned. However, as 
‘mentioned above, when attempting to usa the dipole at non-resonant frequencies the VSWR wil bo higher and the 
losses in the coaxial cable will be very much larger too, and hence much less ofthe precious transmitter power will 
bo actually radiated by the antenna. Not an ideal situation 


1 have learned that the only really sensible way to feed dipole type antennas, which are ‘balanced’, is to use а 
balanced feeder such as 300 ohm ribbon cable, 450 ohm ladder Ine or the best option, it seams, might be 76 ohm. 
‘Twin Feeder. Al such win feeders are extremely low loss, much much lower than any coaxial cable, so low that it 
could almost be considered lossless by comparison. Of course nothing is lossless, but twin feeder is as near аз 
{youl get. во that's how | will feed my dipoles from naw on! See the note on Doublet antennas below. 


Tony Nailer of Spectrum Communications notes that: "75 ohm twin feeder is lower loss than coax. It allows the 
‘aerial to be properly balanced and the very close spacing of the wires prevents pickup or radiation from the feeder. 
it does not need to be spaced of, unlike ribbon feeder. Use of twin feeder makes this aerial much lower noise than 
‘one fed with coax. Also mporanily generates less TVI 1 Note thal the [rapped dipole] aerial is generally 72 
‘ohms, and will need to bo used with an ATU with ransistorised rigs which are unforgiving about SWR mismatches." 


‘Spectrum Communications are now supplying a new design of top quality, very low loss, twin feeder. It is rated at 
ZKW al 100 ohms. сап be supplied by 100 metre reel or by the meter. or in various lengths with the ends expertly 
terminated and made off. | can confirm the superior quality of this product and ts low noise properties. 


‘Spectrum Communications also supply a vary high quality, well mado 1:1 Balun that is perfect for connecting the 
twin feeder to the unbalanced input of an A T'U. of transceiver. 


Doublet or Dipole (Horizontal or Sloper) 


1 have also experimented with a second HF antenna - the "double! style antenna. fed this with low loss twin feeder 
апа cut it forthe lowest frequency of operation, in my case 20 metres (14 MHz) 


‘Some initial experiments have shown that tis vary effective on 20 metres, better than my inverted L - which is 
designed essentially for 80m and 40m. 


In theory a doublet antenna, when fed by twin feeder (NOT coaxial cable) and matched at the transmitter end via a 
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41:1 balun and an ATU (or to use a more correct term, Antenna Matching Unit) at the transceiver should be able ta 
work on all bands with a higher frequency than the band that it is cut for. 


Оп other bands such as 17m (18 MHz), 15m (21 MHz), 12m (24 MHz) and 10m 28 MHz) the doublet showed 
generally lower VSWR than the Inverted L ........ however (and here is a nice lesson) it is actually not quite as 
effective as the Inverted L I think that size may matter here - the overall length of the Inverted L is much longer. 


‘This short 14 MHz doublet is only about 10 metres in total length and was suspended at about 25 feet high at one 
lend from the same fibreglass pole fixed at the apex of the roof and taken down to another 16 foot high wooden pole 
Installed on the other side of the back garden in somewhat of a ‘sloper style. 


Trapped Horizontal Dipole or Vertical Antenna for 20m | 10m 


1 also experimented with a rapped vire dipole cut to be resonant for 20 metres and 10 metres, again fed with tuin. 
feeder and matched at the radio end ма а 1:1 balun and the ATU (AMU 1) 


1 may also try an antenna for 20m / 15m and 10m in a Vertical ground plane arrangement which should give a lower 
‘angle of radiation than a horizontal dipole - therefore better for longer distance DX. 


At the moment ат using the 20m / 10m trapped dipole in a rather unorthodox arrangement. | have installed a 
fibreglass fishing pole, mounted vertically on a stake on one side of the garden. Most of the wire dipole is fixed to 
the vertical pole, but being as the dipole is somewhat longer than 7 metres, a portion of the wire runs away from the 
pole horizontally along a fence panel about 1.5 meters above ground level. Its vaguely L shaped, but mostly vertical 
which should help withthe angle of radiation. It seems to work very well indeed - Ike the mosty vertical idea. 

The antenna can be seen on his page > 


Other Di 


‘Spectrum Communications can supply а ful size W3DZZ style antenna with a 7MHz trap for use on 40m and 80m 
апа usable оп 20m, 15m and 10m. A half size version with a 14 MHz гар for use on 40m and 20 metres, plus 15m 
апа 10m is also available. As а special order an even shorter version using a 28 MHz trap is available for 20 metres 
апа 10 metres. ht-/wav.spectrumcomms co u/G2DYM him AI versions designed to be used with balanced Ine 
feeder - ince they are balanced aerials - for low noise and lowest los. 


PDF Document - The W3DZZ Antenna - 


Ci!!! 20dipale df (But rather than using coaxial cable 
wih a choke balun at the centre of ihe dipole, ry using twin feeder wilh the Choke Balun at the radio end for less 
power loss!) 


Links 


Enamelled copper wire suppl 


Ede est co uklelectronis/cabie-copperhtm 
Loading coll calculators: bito:/wwwk7mom.comElectonic Notobogklantonnas/shorant htm! 
Ring Core Calculator: hip/wvavdiSswb do/imimipi ring core calculatorhtm 


Vertical Antenna For 50 MHz, 144 MHz and 430 MHz 
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Û Telescopic Mast at The lowest positon 
more on his page 


OTHER ANTENNAS 


(Our good friend in Australia Feli Scerri, VK4FUQ, uses Inverted V antennas but also highly recommends the Quad 
Loop style antenna for HF work. These are well worth investigating, and you can read more here: Antennas 3 see 
the antennas at the МОМТЈ OTH here with many more antenna ideas on Antennas 4 and the Links Page bere. 
and here 


Anionnas 1 | Antennas | Antennas | Antennas 5 | Antennas | Antennas? 


rd 


ор Antenna Products 
Geoff GAICD offers а multitude of high qualty solutions for portable, mobile and permenant base Installations 
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An All-Band Antenna 


In this third article on surface wave transmission line theory 


and applications for use by 


radio amateurs, the authors 


describe a single antenna for the 160 m through 3 cm bands. 


This article describes the construction 
and operation of an antenna that can be used 
on all of the amateur bands from 160 m 
through 3 cm. This extremely broad range 
is made possible by combining two struc- 
tures; а traditional HF vertical antenna and 
эп extended discone antenna. The HF ver- 
ical is used from 160 m through 6 m. An 
amenna for VHF and above is placed at the 
top and uses the HF vertical conductor as а 
surface wave transmission line (SWIL feed 
line, This is done by means of an integrated 
[SWI launcher at the top antenna anda sec- 
ond launcher located at the bottom of the HF 
vertical The VHF portion of the antenna can. 
operate from the 2 m amateur band through 
the 3 em band, Figure 1 shows this combina- 
tion of HF and VHF+ as a single Al-Band 
Antenna. 

In many ways this article is a combina- 
tion of previous presentations given at a 
‘number of hamfests, conventions and local 
club meetings. И uses an extended discone 
amenna at is top and it uses а SWTL similar 
о that presented in the May/June 2012 issue 
of QEX as a feed line 2 One difference 
is thatthe SWIL for this antenna is made 
from a relatively large conductor. Instead of 
using по. 24 AWG magnet wire it uses the 
inch to 1% inch aluminum tubing of the 
HF vertical, 

The addition of the VHF amenna to a 
conventional vertical antenna made from 
aluminum tubing causes some shift in 
electrical length of the vertical at НЕ, but 
otherwise it functions in these to regions 
as fairly independent antennas, and with 
appropriate filling and matching, can even 
operate at the same time. If suitable radios 
are available, with this antenna it is possible 


‘Notes appear on page 00. 


to transmit or receive on the HF amateur 
hands while also transiting or receiving on 
144 MHz and higher frequencies, 

"The HF vertical is operated in the com- 
тошу accepted manner with the pos- 
sible exception of the use of а base-locnted 
Antenna tuner and matching transformer 
"These provide good match virtually c 
where within НЕ? There i no compelling 
reason to run a vertical only on bands where 
it is an odd number of quarter-wavelengths 
long and near а low impedance resonance, 
that is, where it has a feed point imped- 
ance near 80 £ Good matching technique 
bypasses this restriction and allows the 
antenna to function well, even in the absence 
of an extensive grounding system. This is 
because where it is not an odd number ol 
quarter wavelengths, and particularly where 
itis an even number of quarter wavelengths, 
the impedance is high and the correspond- 
ing feed point currents are relatively low 
This reduces the power losses in the ground 
or radial system Ihat is used to provide the 
ground reference (image plane). Over all 
‘of the amateur НЕ bands, this antenna has 
relatively low ground curent and matching 
loses 

"The antenna docs not need to operate at 
‘oe near resonance since efficient match- 
ing between а 50 © ralio and the higher 
antenna impedance is possible down te 
Below 2 MHz without it n fact, the vertical 
need not be any particular length, though 
longer is usually better for the VHF opera- 
tion of the All-Band antenna, since it places 
the radiator higher and generally improves 

"The mode of operation at VHF and above 
may be less obvious. While it is essentially 
а vertical SWIL connected to а modified 
discone antenna, there ше practical details 


that must be addressed in order to get this 
arrangement to work well. The first of these 
is the method of coupling to the SWIL. 
Both atthe bottom and at the top of the ver. 
tical, the SWTL is made from a conductor 
considerably larger than that shown in the 
previous articles. Since the launcher’ fune- 
tion is lo transform 50 Оло near 377 O while 
converting the TEM (transverse electromag- 
netic) mode in coax to the TM (transverse 
magnetic) mode on the SWTL conductor, 
increasing the conductor size forces the 
wide end of the launcher to be larger. This 
is because in order to reach this high imped- 
ance in a coaxial structure, the outerfinner 
conductor diameter ratio must be more 
than 500:1. To prevent this dimension from 
becoming impractical, at the ends af the ver- 
tical where the launchers anach, the tubing 
tapers to а relatively small diameter, 4 inch 
or inch. Also. at both ends of the НЕ verti- 
cal, the outer conductor of this Klopfenstein 
taper transformer is fabricated from % inch 
brazing rod rather than solid sheeting. This 
has the effect of further reducing the influ- 
ence of the outer shielding conductor and 
produces higher impedance from a smaller 
¿termes ratio. 

As a practical matter, a launcher with 
a mouth hundreds of times %4 inch is still 
many feet in diameter and not structurally 
viable. Fortunately. because the impedance 
of coaxial line in the launcher varies as the 
logarithm of the outerfinner ratio, it is pos- 
sible to compromise alittle on the high 
impedance end and greatly reduce this size 
without too much loss of performance. For 
the integrated launcherldiscone at the top 
of the SWTL 330 was targeted instead 
‘of 377 О. This produced a itle additional 
mismatch error but fortuitously, at the high 
impedance end of the launcher, most of the 
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energy has already been converted to the TM 
‘mode, so impedance mismatches have less 
influence on the overall performance. By 
limiting the wide end of the extended discone 
1o 36 inches and using 4 inch as the center 
conductor diameter, а practical compromise 
was reached. 

"The bottom end of the SWTL has an 
identical problem. Here, even more devia- 
tion йош ideal was made in the interest of 
practicality. The launcher shown is actually 
‘one that was designed as an all-weather Ver- 
sion of the SWTL launcher shown in the 
first OEX article, И was originally designed 
for use with no, 24 AWG copper wire For 
expedience, we simply used this launcher 
fan inserted i into the inch aluminum tub- 
ing until the tubing inner diameter matched 
the taper of the center This is a fairly serius 
compromise but it avoids a larger structure 
at the bottom of the antenna, which was not 
visually acceptable on the backyard lawn at 
the NGN station OTH. Using the launcher 
this way effectively truncated its transforma- 
tion function and ability to generate 377 C 
impedance at the wide end. 

Because of these compromises, the resul- 
tant SWTL impedance match is worse than 
the 1.221 SWR (20 dB retum loss) target 
for a properly built and applied Klopfenstein 
taper launcher shown in the first article. That 
greater SWR along with the approximately 
X1 SWR of the extended discone results in 
higher overall SWR for the finished antenna 
sm and above, but the actual impact of this 
higher SWR is not as severe as might gener- 
ally be thought. Even an SWR of 41, which 
equates to a retum loss of about 44 dB, only 
sull in about 2 dB of mismatch los, In 
practice, the degradation due to such а mis- 
match is barely percepible and this antenna 
has SWR much better than this over almost 
the entire VHF/UHF range 

A somewhat better VHS match would 
be obtained hy substituting a 36 inch diame- 
ier luncher atthe bottom that is similar lo the 
cone portion of the extended discone at the 
top, but even without this improvement, the 
version we built shows а final VHF+ SWR 
as plotted in Figure 4. The antenna works 
жей and is really quite acceptable on all of 


Figure 1 — A combination of an HF vertical 
‘and a VHF extended discone are used to 
make an effectve antenna that сап be used 
"on ай amateur frequencies rom 18 MHZ 
through 10 GHz. The VHF: antenna is fed 
by a surface wave feed ine, which uses he 
"HE vertical aluminum tubing and special 
launchers at the top and bottom. The top 
Tauncher is integrated into the extended 
“соге set 


the amateur bands below 24 GHz. low gain antennas like dipoles or this discone 

Operation on even higher frequency exhibit high path los at higher frequencies 
microwave bands is possible. but good рес. such as the amateur microwave or millimeter 
formance requires considerable precision. wave bands? 


‘The launchers and SWTL can easily operate nthe final analysi 


S this antenna is “justa 


past 10 GHz if care is taken to avoid sudden vertical" and behaves like one — neither dra 
discontinuities. This can best be done by matically better nor worse than a vertically 
replacing the wire cage with solid sheeting polarized dipole at the same location and 
for a few inches near the coaxial ends of having the same far field environment. But 
cach launcher, Similarly, the discone at the а vertical can be a very useful antenna. par- 
top needs to have the region near the apex of ticularly if the regions of radiation are well 
the cone carefully constructed. As a practical situated. This antenna offers a relatively low 
maner, however, ап omni-directional antenna visual profile, can provide excellent results 
above 24 GHz may not be too useful foe DX ad is truly an All-Band Antenna. 
communications. Because the physical aper- 


ture of fixed-gain antennas falls as the square 
of wavelength, communications links using 


Vertical Construction 
"The HF venical portion of the All-Band 


Antenna is constructed from 6 foot sections 
of telescoping aluminum tubing of multiple 
diameters, Each section nests snugly and 
overlaps with adjacent sections providing а 
way to taper from the inch diameter at the 
bottom where the bottom launcher attaches, 
upto 1% inch diameter al the plastic support 
and hack down o # inch diameter at the lop, 
Where the 4û inch threaded rod of the ime- 
rated launcherdiscone attaches. This taper 
ing provides adequate mechanical strength 
along with good SWTL performance 

In order to both support and to access 
the extended discone for changes while we 
were developing l. we constructed a “Шет” 
From plastic pipe and filings in oder ko hold 
the vertical at its wide, stronger midsection 


SA Туре n Эл DO! Gi see 


101 LAS Ва анат, #24 ANG wound Pta 
Ger sate 038 lo enel carr) 


BE | udin E -— cm 
nS — 
nom 
H Z-500hm 22500 
А 152108: -0.161 
B n benz 
Missa е 
Bo AS 
VT (goes 
x eee 


o оз жо эю ж sos eoo тю ato ap qoo E 


reeht 


d 


Figure 2— Schematic and response of a lr. diplexer that may be used with tho AIL Band Antenna, 
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Figure 3— Measured 511 (50 reference) rom 03 to 250 MHz of 33 foot vertical 
(without SWTL) with 24 inch metal disk improving a sod and ground rod image plane. 
Improvement by this disk i evidenced by the cleaner. ower impedance cireles at higher 
frequencies Note that in operation the antenna actualy uses a transformer o ait the 
"ice enter to nearer 0!) 
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Figure 4 — Measured UHF SWR of Al Band vertical at the bottom launcher 
without and with the SWTL launchers and extended discone. 
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and allow lowering the entire assembly io 
horizontal This plastic pipe does have some 
negative impact оп SW TLL performance but 
itis’ tico severe. A different method of sup- 
port that doesn’t involve any metal or plastic 
near the aluminum tubing would probably be 
beter but hasn't yet been built ti likely that 
а permanent antenna constructed without 
the titer but with dielectric guys, perhaps of 
Dacron, could be simpler and might perform 
even better than the design we show here 

"The tiller supports the antenna at he 
T foot point so i is necessary to taper rap- 
idly from the % inch tubing at the bottom lo 
the 14 inch diameter tubing at the support 
point. We used a taper of approximately 
equal length sections. On the upper рап ol 
the vertical, where it is necessary to taper 
back down from wide to narrow, we used the 
full 6 foot lengths of the largest three diam- 
cles and then tapered linearly down to the 
2 inch in order o gain as much rigidity as 
possible. The iler can be constructed from 
PVC pipe fittings as shown in Photo 1. Other 
than keeping the majority of the plastic as far 
away as possible from the aluminum tubing. 
there are no special requirements 


installed at the base of the All Band HF HFI 
"UNE antenna. The PVC titer can be seen 


in this Proto. Styrofoam doughnuts have 
been added to keap the center conductor 
‘concentric wiin the outer cone, 


Table 1 
Wire-Cage 144+ MHz SWTL launcher for use with No. 24 AWGwire 

Dimensions for bottom launcher inner and outer conductors and spacers. Though designed for #24 magnet wit 
being used to drive a ¥." to 11" tapered aluminum conductor. 

This ls a wire substitute for the original K&S tubing and Paper Cone SWTL Launcher that was detalled in the first QEX 
article. It is also used as the bottom launcher for the All-Band Antenna. 

The tapered center conductor “cage” is made from 6 (hexagonal) %+" brazing rods. The outer conductor is а conical 
“саде” 

A female bulkhead N connector is mounted on a % inch copper water pipe flange and receives the 1/16 inch rods of tho. 
Outer conductor and also a single connection from the tapered centered conductor to the N center pin. 

At about 27 inches, the inner conductor/hex-cage rods end in a %« Inch OD tube that traps them inside. 

For use as an all-weather SWTL launch, the taper continues down to no. 24 AWG wire at the mouth of the launcher. 
When used as the bottom launcher on the AI-Band antenna, %" aluminum tubing from the vertical slides over the center 
conductor from about 23 inches forward — truncating the tapered region. 


[T3 


Centercenter — Centercenter 
Position, hen desired 2,0) Outer Wire Spacing Inner Wire Spacing Inner Wire Spacers 
Flange Pin М Connector Here 

o er 087 034 зак e inch rods around i inch tube w hole 
for N conn pin 

1 es 105 044 

2 642 12 053 

3 ES тат 958 0625 @ 295 

4 ES 159 072 

5 708 177 081 

6 ns 195 026 0875 @ 625 

H 755 213 092 

à 798 2m 096 

D E 28 1 109 

10 E 268 1 

т 922 286 1 

12 El 304 1 1012 

13 1024 322 бэт 

14 1083 34 093 

15 1147 358 сав 08750 149 

16 1216 377 083 

7 129 385 074 

18 137 413 064 

19 145. 4a1 062 0625 © 1875 

20 198 a8 053 

E] 188 457 046 

2 178 485 04 03756 2236 

ES 186 504 оза Vs inch joiner. © For All-Bander, the vertical 
attaches about here.and smaller inductor 
conductor diameters arent used, 

24 197 E 028 

25 208 ва 023 

26 220 558 018 

E] 233 576 014 эк inch clump around ¥ inch tube 
(AI-Band antenna) 

28 2s 504 on 

29 258 612 008 

30 27 62 005 

a 284 бла 003 

ES 296 867 002 Na. 24 AWG wire trom here to mouth 
(Allweather SWTL launcher) 

эз EJ m 

Ed m 703 

E] E 721 

в 244 139 

Ed ass 157 

зв 365 175 

39 ЕД 798 

3934 эт D 
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Since nether the НЕ пог VHF modes of 
operation rely on resonance, there is really no 
reason that the antenna can't be a length dif 
ferent from the 33 feet we used. If itis possi- 
ble to go longer and thus higher, both HF and 
VHF/UHF performance will likely improve. 

AL this relatively short length, 160 m 
matching is a bit more challenging and prob- 
ably not quite as efficient as a longer antenna 
would be. If you have the possibility of mak- 
ing the antenna longer, using additonal see- 
tions of larger diameter tubing is perfectly 
acceptable and probably worthwhile, This 
will likely require the addition of insulating 
uy lines placed at one or more points, how- 
ever, to withstand normal winds. 

As we were developing it, we first used 
plastic hose clamps to capture the ve 
cal within the plastic iter and to adjust the 
lengths of the sections, but once we were 
happy with the mechanical strength and 
electrical performance we replaced all the 
lamps, except those at the tiller, with sheet 
metal screws close to each section end to tie 
е whole structure together both electrically 
and mechanically. We avoided using metal 
hose clamps since they produce disconti- 
muitis to the surface wave that can negatively 
impact the UHFlmicrowave performance. 


Bottom Launcher Construction 

"The bottom launcher is made mostly from 
Yu inch brazing rod, for both the inner and 
outer conductos of ihe Klopfenstein tapered 


coaxial transformer. The result is a sort of 
wire cage that provides function without 
being quie as unsighily as sheet metal and 
solid tubing would be. This launcher should 
also be able to serve as an all-weather substi- 
ше for the metalized paper SWTL launcher 
shown in the first QEX article. I's heavier 
and more difficult to construct. bat is a much 
‘better fit for continuous outdoor duty. 

Target dimensions and impedances ver- 
sus length for the coaxial line formed are 
shown in Table 1. The last column in this 
table also gives locations and center to cen- 
ter dimension for the metal spacers used to 
maintain the inner conductor shape. These 
spacers are made by drilling six holes, laid 
out in a hexagon with diameters and longi- 
tudinal locations shown in the Table 1, in ПА 
inch square pieces of 001 inch thick brass 
shim stock. The rods are threaded through 
hese holes and everything set squarely into 
position on а flat surface. Once everything is 
оте the spacers can be first tack-soldered 
and then completely soldered into place. 
At this point, the square spacers have done 
heir job and can be trimmed and sanded or 
filed down to smaller circles as shown in 
Photos I and 2A. 


Extended Discone/Launcher 
Construction 

"The combined SWTL launcher and 
extended discone antenna is made mainly 
from % inch brazing rod in generally the 


same way as the bottom launcher. Table 2 
provides the dimensions, 

"The top dise is 5 inches in diameter and 
made from copper sheeting, pre-drilled at 
the center to clear the a inch threaded center 
support. Four 24 inch pieces of brazing rod 
эге bent into U shapes and soldered to the top 
“ofthis disc to form a inch high, 6 inch diam- 
‘cter cylinder. Prior to soldering, these can be 
heldin place by drilling two pairs of holes for 
each of the 8 resulting upright rods, one pair 
near the outer edge of the disk and the other 
эп inch ог two from the center hole. A short 
piece of bare wire can be stitched around 
the rod at each location and twisted o hold 
things tight while soldering. Once soldered, 
the center of each U is snipped away, to leave 
тоот for a 4 inch brass nut and washer, 
which attach to the central supporting rod. 
A Linch PVC plastic reducer is attached 
to the disc with short sheet metal screws. 
Photo 4 shows the bottom part of the finished 
cylinder joined with the cone. A setserew 
holds the PVC pipe and reducer together 
and provides a way to easily disassemble the 
cone and cylinder parts when necessary. 

"The cone portion, which does double duty 
asthe outer conductor of the lop Klopfenstein 
tapered SWTL launcher, is built оп a very 
short section of 1 inch PVC plastic water 
pipe. The ends of eight 36 inch long brazing 
mods were bent and inserted ino one of eight 
equally spaced holes in the pipe. Circular 
‘copper wire rings were then soldered at the 


Tablo 2 


Dimensions for top launcher inner & outer conductors along with target impedance for the Klopfenstein taper. The outer 
conductor of this launcher doubles as the bottom cone of the integrated extended discone antenna. Although this outer 
onductor/cone makes no electrical connection to any other part of the SWTL or antenna, its presence is vital to the 


Proper operation of both. 


Integrated launcher used in VHF+ extended discone antenna. As for the bottom launcher, this launcher is constructed 
from Ye Inch brazing rod. The inner conductor is a hexagon of 6 rods, separated by plastic spacers. The outer conductor, 
which doubles as the cone portion of the antenna, is made from eight brass rods, each 36 inches long. The plastic. 
‘spacers hold the inner conductor rods in position while copper wire circles help maintain the outer conductor/cone 


dimensions. 
Position from narrow Desired impedance 

‘end of cone 

0 E] 2 
2 66 45 
4 70 65 
6 7 as 
8 86 bl 
10 97 13 
12 ВИ 155 
14 127 bd 
16 147 195 
18 168 E 
20 193 235 
2 Ed 26 
24 247 285 
26 273 305 
28 298 эз 
E] 220 35 
2 330 E 


Outer Diameter of 8 rods in Discone Inner Conductor of 6 rods) 


Center to center 
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Photo 2 — Part A shows 


Pipe as seen in Photo 4, and also at a point 
bout of the way to the bottom of the cone. 
"The resulting cone apex angle is about 60 
"The inner conductor of the launcher 
is specially tapered to provide impedance 
‘matching between the high impedance of the 
SWIL line and the lower impedance of the 
extended discone. As already described, to 
keep the structure size down, the target trans- 
formation was from 50 to 330.2 rather than 
10377 О. This was made with eight % inch 
brazing rods equally spaced around a central 
2% inch threaded rod. which runs almost lo 
the top. Near the top we extended the steel 
той with a section of %4 inch threaded bras 
Because the steel is everywhere inside brass 
ог aluminum, no significant RF current lows 
‘nit. The conductor taper and shape is set by 
Tour plastic and one metal spacer, as seen in 
Photo 3. Metal or plastic are equally accept 
able as spacers but plastic spacers were used 
at the wider portions for reason of mechani- 
Cal strength and reduced weight. At the nar- 
ow end of the center conductor the eight rod 
ends are captured inside a length of % inch 
brass tubing around the threaded sod and the 
center conductor from that point on s made 
either from tubing or %4 inch rod. When 
assembled, the threaded rod will slip inside 
the top vertical aluminum tubing, which is 
inch OD and a itle more than 4 inch ID. 
The top inch or so of the aluminum rod can 
Be slotted and clamped around the threaded 
той with a plastic hose clamp to guarantee 
good electrical contact or, as an alternative: 


assemblies constructed 
"rom inch brazing 
Tod A sheet paste 
die is used to maintain 
alignment spacing and 
пара between te inner 
апа outer conductors 
“The outer conductors 
held in shape by copper 
wires formed into cles 
‘nd soldered around the 
outer rode. 


а short set screw can be used. И you use a 
Set screw, pick the length so that no unncccs 
sary extra length protrudes from the tubing 
because this can produce unwanted reflec 
tions of the surface wave. 

"The completed SWTL/extended discone 
‘mounted on top of the aluminum vertical can 
Þe seen in Photo 5. In this picture, the plastic 
spacers of the center conductor look dark 
instead of clear only because the protective 
Paper had not yet been removed. 


HFIVHF Diplexer Construction 

Il isn't necessary to build an HF/VHF 
diplexerin order touse the All-Band Antenna, 
but when used use with a radio that has sepa 
rate HF and VHE connections or with sepa 
rate HF and VHF radios, it can allow all-band 
operation without requiring any switching. I 
provides a means of connecting to the 50 2 
ilk microwave connection from the bottom 
launcher at the same time а suitable matching 
section is being used for HF operation. By 
separating these connection, the antenna is 
always ready for either or both HF and VHF 
operation, We use the All-Band Antenna with 
ICOM 1C-706 MKIIG transceivers, which 
cover 160 m through 6 m using one coax con- 
nection and 2 m and 70 cm on a second. OF 
cours, a pair of these diplexers could also be 
wal to double-up on a single piece of coax 
with this or with other types of antennas. For 
example, a very wide range spectrum ana 
Iyzer receiver or transceiver that covers HE 
through microwave could be fed from a single 


without top launch 


Figure 5 — Measured HF SWR of the 33 foot vertical (with bottom SWTL launcher but 
сопе) without (dashed ine) and with (solid ne) he autotransformer 
‘Coarse matching inductor. The reference Impedance ie 50 £1 The inductor improves the SWR 


inge to the extent that most automatic 


‘antenna tuners сап achieve good maten оп the HF amateur bands. Operation on he 160 m 
and ê m band may require different coarse matching inductance or to be operated without 
‘any at alin order to achieve 1:1 SWR with some antenna tuners. 


(EX November/December 2012 9 


Photo 3 — In conjunction with a conical outer conductor the tapered center conductor of. 
the integrated op launcher uses a combination of metal and plastic spacers to conform ts 
‘shape to produce the correct ТЕМ impedance to produce a broadband Klopenstsin сох 

‘ranetormer The conductor is assembled around a central 4 inch threaded steel rod. which 


through a hole in 


coaxial connection this way. 

"The goal ofthis diplexer design was justo 
protect а second rado fom RF energy being 
transmitted by the first. I was not intended as 
а low-pass filter for HF or a high-pass filier 
Tor VHFIUHF I this additional functionality 
is desired, more filtering can still be placed 
between the radio and the diplexer. By using 
this diplexer and an automatic amenna tuner 
{or HE with the ICOM transceivers, complete 
all band and even automated operation over 
the entire range of the radio is possible. We 
сап run frequency-hopping WSPR on 160 m 
through 432 MHz completely automatically 
this way 

Te may also be desirable to insert а high- 
pass filer in the HF side of the radio. AL 
NGGN, a vertical such as this can deliver а 
significant portion of one watt from а local 
AM broadcast station and this causes prob- 
lems with160 m operation. An additional 
high-pass filter to protect the receiver from 
this sort of problem can be inserted between 
the radio and the diplexers НЕ input 

‘Construction of the diplexer isn't par- 
ticularly difficult but in order to get good 
UHF performance, good connectors and а 
microstrip transmission line is important 
We used surplus Min- Circuits bias tees as 
а starting point because they provided a nice 
package with good sturdy connectors and 
exactly the internal circuit board micro strip 
transmission line we wanted. The bias tee 
components were removed and replaced 
with the inductors and capacitors shown in 
Figure 2 If you dont use the Mini-Cireits 
package as seen in Photo 6, you should be 


10 QEX-NovemberDecember 2012 


extended by a short section of inch brase rod near the wide end This brass rod extends 
VC plastic cap that the top disccyinder is built around (not shown). 


able to build your own package from scratch 
by mounting appropriate connectors on 
package walls made from double side РС 
board and cuting a piece ol he same double- 
clad material o shape so that the connector 
grounds can be soldered to the bottom side 
and the center pins laid and soldered directly 
on the board trace. For common Ya inch 
pony board, 50 C micro-strip will be a trace 
about 0.110 inch wide. Really, only the UHF 
diplexer path needs to be made in this man- 
‘nerand normal lumped techniques and point- 
point wiring can be used on the HF side. 

Because the impedance at the base of 
the All-Band Antenna can be high, so can 
the RF voltage, even when not driven by a 
kilowatt transmitter To withstand this, we 
used multiple surface mount mica capaci- 
tors connected in series, Otherwise, there's 
nothing special about the components. As 
shown, the diplexer should be able to easily 
handle 200 W, even after an amenna tun 
and the 1:4 transformer have transformed a 
50 © transmitter to the impedance required 
to match the load presented by the antenna. 
IF you contemplate higher power operation, 
you should calculate or measure to be sure 
ihat you wont exceed the matings of any of 
the matching components in the antenna 
tuner, 1:4 transformer or diplexer. You 
should also verify that the diplexer limits 
the unwanted power at the other output o an 
acceptable level. 

Wind the inductors exactly as indicated 
in Figure 2 and you'll obtain the indicated 
inductance. Mount them with minimum lead 
length to the surface of the 50 О micro-strip. 


from both е center conductor and the top 
"cylinder. The central threaded rod from the 
‘center conductor of tho launcher attaches 
t0 a copper disk that, alang with е brazing 
od, makes up the top cylinder. A single set 
Screw is enough to secure the cone to he 
reducer on the cylinder and two screws 
iiach the disc o the reducer 


Photo 5 —Тһе extended discone antenna 
With integrated SWTL launcher mounted 
"atop the HF vertical. 


Lay the capacitors cross gaps сш in the 
500 micro-strip line. 

Measured results of the finished diplexer 
made this way are so close to the modeled 
results shown in Figure 2 that we haven't 
bothered to show them separately. 


Impedance Matching 

"The setup shown in Photo 7 was used o 
measure the antenna. Various SWR measure- 
rents with a 50 О reference impedance are 
loud in Figures 3,4 and 5 

Figure 3 shows the fecd-point imped- 
ance of the НЕ vertical in the absence of any 
launchers. This is just a simple monopole. 
‘overground operated with an 8 foot ground 
той, but the image plane (ground) has been 
further improved for higher frequencies by 
adding a 2 foot diameter disk atthe base, 
эв shown in Photo 7. The transmission line 
‘ature of a monopole is particularly obvious 
‘where the ground is good. At lower frequen- 
cies the impedance is increased due to imper- 
fect conductivity. A larger disk or radial 
system could improve this. In use, the coarse 
tuning coil or transformer shifts the center of 
these circles to more nearly coincide with the 
50 О impedance of coaxial cable. This mea- 
surement was shown in the previous article." 

"The All-Band Antenna, including the 
effect of the SWTL at frequencies above 
the launcher low frequency cut-off is easy lo 
see in Figure 4 and a relatively good match 
is available for all of VHF and above. The 
compromises made to achieve acceptable 
launcher dimensions have hurt the match 
lightly but the impact on communications 
is minimal. 

Above the launcher cutoff frequency the 
amenna ceases to act like a monopole. In the 
transition region between 60 and 100 MHz, 
however, the All-Band structure is operating 
partially as a normal vertical and partially 
fis an extended discone fed with an SWIL. 
In operation. this transition can be observed 
by the relative strength of FM broadcast 
Stations at 88 MHz as compared to those 
‘near 108 MHz, with the higher end stations 
somewhat stronger as the discone takes over. 
Had our 1-4 transformer worked better near 
100 MHz this difference might have been 
reduced. 

‘On HE we used a coarse matching induc- 
tor asa 1-4 autotransformer between the low 
pass output of the diplexer and the automatic 
amenna tuner, to transform the HF antenna 
impedance nearer to 50.0. With no transfor- 
mation, the impedance rotates about a central 
point on the onder of 120 to 200 ©. By pro- 
viding the 4:1 impedance step down, SWR 
and variation of SWR can both be reduced 
over the entire HF range of the antenna. 

"The transformer we used is simply a 
centertapped air сой with a 12 tums ratio 


Photo 6 — The HFIVHF+ diplexer seen here was constructed from a surplus Mini- 
... package which already had connectors and a cult 


‘board with 501 micro-strip transmission ine. 


and provides a 1:4 impedance transforma- 
tion along with some leakage inductance. AL 
ow НЕ, this transformation and inductance 
is helpful to move the nominal center of 
impedance of the vertical nearer to 50 ( and 
thereby reduces the SWR that the antenna 
tuner needs to accommodate. The best induc- 
tor value is somewhat a trade-off between 
being large enough to improve the 160 m and 
30 m impedance match, while not having so 
much leakage inductance that it worsens the 
match at 6m, Our сой was made by winding 
five tums of no. 14 AWG bare copper wire 
оп a inch diameter Styrofoam form. was 
14 inches long and center tapped. This gives 
a total inductance of a litle less than 4 uH, 
and with the center tap it acts as a 21 wans- 
former with a K factor of about 08. 

Near the low impedance quarter wave 
resonances, ground resistance may influence 
the SWR, but with the 33 foot length “top 
loaded” by the extended discone, none of 
the amateur bands should show much of this 
effect. As already described, one advantage 
fof the All-Band antenna is that it need not 
фе operated near an odd quarter wave reso- 
nance, and so it can be set to present higher 
impedance in the higher HF bands so that 
even with poor grounds a simple ground rod 
is adequate o achieve efficient match. 

Figure 5 shows the SWR of the verti- 
cal before and afer addition of the air core 
auto-transformer. For 160 m operation, а 
Jargorinductance might be needed with some 
tuners amd for 6 m operation the auto-trans- 
former could probably be removed entirely, 
depending upon the capability of the antenna 
tuner used. But using only the air core auto- 


transformer and an LDG IT-100 automatic 
amenna tuner, we were able to achieve a 
match at least as good as 1.5:1 on all amateur 
bands from 160 m o6 m. 

Generally the tuner should be placed as 
close о the autotransformer and diplexer 
as possible. Cable length between the tuner 
and the N connector adds capacitance, which 
is not what is needed to improve the 160 m 
match, which is high impedance and already 
quite capacitive. Coaxial cable between the 
Tuner and the transformer is somewhat less 
‘of a problem бап between the diplexer and 
N connector, but length should stil be mini- 
mized, even though this will no doubt require 
a weatherproof enclosure for the tuner. At 
N6GN, aller Photo $ was taken, the tuner was 
‘mounted along with the 1:4 transformer in à 
plastic NEMA enclosure right at the base of 
the antenna, 


Performance and Use 

This antenna performs well оп both НЕ 
and УНЕ. Although we've only used it fora 
Short time, it is a pleasure to operate WSPR 
and span bands from low HF all the way 
through 432 MHz — the full range of our 
ICOM IC-706 MKIIG transceivers 

Signal reports оп HF appear to be typical 
for a ground mounted vertical. For low angle 
‘communications which can provide particu- 
larly long DX at the MUF just as a band is 
‘opening or closing, this antenna consistently 
heals a horizontal dipole by a wide margin. 
For stateside QSOs from California it doesn't 
have the high angle component of a low hori- 
zontal antenna Put we have no trouble work- 
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ing US stations witht. kis not uncommon to 
have WSPR spots from all seven continents 
ina 24 hour period with it. 

As with any HF antenna where the 
ground characteristics in the far-field affect 
the take-off angle, its patem may vary sea- 
sonally due to changes in the ground sur- 
rounding the OTH. The lower take-off angle 
тап also make u much more susceptible 10 
local suburban neighborhood RN, which 
generally seems to come from near the hori- 
“zon. Because of this ow angle response, in a 
suburban OTH, this amenna can be noisier 
оа receive than other antenna types at the 
Same time that it works betler on transmit 

Performance of the All Bend Antenna 
on VHF and above has been excellent. It 
appears to act very nearly the same as a 
ground planc, dipole or discone located at 
he same height above ground. On 432 MHz, 
signals are about 10 dB stronger on both 
transmit and receive when compared to an 
omnidirectional vertical antenna mounted 
at roof height. The attenuation of the bottom 
launcher, vertical/SWTL and integrated top 
launcher appears o be no more than a few 
dB and competitive with a similar length of 
common coaxial cable. 


Modifications and Improvements 
Ie seems that any good project always ва T 
inspires den for changes to make betler, On Dalai being operated ony ава simple erica wih good grounding. Fare 
more useful and mere fun. We think this he оборот alam fol lek wich provides a good VHE ground an ook ground той 
T.... mear the wooden post is also connected to e disk. Tris arrangement was le in lace fr all 
Writ he roll we've experienced king measurements even though fe aks ndi necessary want uncer en place 
nd using the АШ Band Antenna as shown, 
ther Amateur Radio operators vil certainly 
have different needs and desires and, we 
hope, will want to experiment. The follow- 
hope, wil want timent The low lower take olf angle, WSPR often reports 
ا او چ‎ thought fie Improvement ia S/N ratio on distant 
58 stations in the presence of lhe increased moise 
Although the Photos show the antenna z indicating hat he vertical is actually cap. 
free-standing. for all weather usein most ch- tring more signal power. A future project is 
fetid, forall eater uein moa be ll roe maslo o frr ive 
adas бе reception of weak signals. With the 
is conductive within а few feet of the attach- improved performance of the vertical and if 
ment point on the vertical, because doing so © noise floor can be reduced, the All-Band 
could interfere with the SWTL operation Antenna may be one of the best muli-band 
“Ге antenna — if not with the HE perfor. solutions possible — short of multiple large 
mance as wel. If you have to use a conduc- highly directive arrays Photo 8— Bottom of the completed 
ive иу beyond this region. break its leng p Improved 14 Transformer. dero Antenna wit аре and 
ена ion wle Азда femte 21 voltage toner amenna tuner Two bene 
‘any HF vertical by using suitable insulators, Might be an alternative to the air core induc- 
= na dor we wed. А W2AU 21 curent balun 
cept for fair weather, we'd recommend 
a (от fe weather, wed recommen vor fine m 160 m and 80 m bui not as 
tive wine: We ako found necessary to drill Wella the high end of НЕ and 6 m With 
holes ш the copper flange at е Nconnctor some antenna tuners it may sill be possible operaban ol eke replaced with 


simple coax bral jumper since the 
% it. A beter solution might “unio pides rouna абе 


bul signals seem bigger to. Because of the 


re te te eee nome wh ever ат Ey Sane 
PU Nie Caen Wound а komer рату oe. Tis mpadanen tonteeton eio 

Particularly in suburban locations, the could reduce leakage inductance yet still Te ME as ong ва the antenna iz nok 
.... ld posee ma a gt vv 


cl sa aea Operating above elf eme at 6m. Band- 
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switched matching transformers are another 
possibility 

4) Make it Taller 

Because operation at resonance is not 
necessary, there is no particular length 
required for the HF section. KGPZB has been 
experimenting with a43 foot design. Making 
the HF section longer reduces the burden on 
the matching network at the low frequency 
end. Generally speaking, the impedance gets 
higher and capacitive at frequencies below 
one quarter-wavelengih. Extra length has 
negligible effect оп УНЕ» operation except 
for the great benefit from the “height gain: 

5) Make it Shorter. 

UF low frequency operation can be sac- 
sice. the matching over most of the ama- 
teur HF bands, certainly 30 m and higher 
Frequency is easy even with a vertical cn. 
siderably shorter than 33 feet. On both HF 
and УНЕ, height is useful to get the radit- 
ing regions above surrounding clutter but in 
some situations this may be less of a problem 
and a short antenna may be a desirable alter- 

б) Operate HF-Only. 

The SWTL and VHF portion of the 
antenna and the diplexer can be elimi- 
mated and the result operated only as a 
‘conventional vertical, but with broadband 
matching. If a really good planar ground is 
used near the base, like the one shown in 
Photo 7, but perhaps ten feet in diameter, 
and with short, direct connections between 
а flange N connector mounted in is center 
and the bottom of the antenna tubing, above 
bout 90% of the quarter wave length fre- 
{quency the impedance can be transformed 
‘down such that the SWR is almost constant 
and nowhere much greater than 3:1. This 
is within easy range of almost any antenna 

7) Move the Transition Frequency 

We chose to make the HFISWTL transi- 
tion between 6 m and 2 m. This transition 
could have been placed elsewhere, how- 
ever. Pushing it higher reduces the effet of 
the SWTL launchers on HP operation and 
reduces negative visual impact and wind 
loading. Pushing it lower gives broader VHF- 
andabove operation with the top antenna. 


S) Replace the Discone with Single-Band 
Antennas). 

"We have built single band antennas with 
builtin SWTL launchers and successfully 
wel them with SWTL feed. One of the first 
narrow-band antennas we made was а met- 
alized paper halo antenna for 432.1 MHZ 
horizontally polarized operation on SSB and 
CW. This was to match the polarization of the 
UHF DX and terrestrial weak signal opera 
ions in our area. A 50 £2 connector can be 
placed where the discone cylinder attaches. 
and used to allow easy VHF-and-above 
amenna changes. 

'9) Integrate Coarse and Fine Matching. 

Operate the antenna on HF only, as 
described above plus automatically switch 
‘coarse tune inductors and 2 to 3 transformers 
to cover 137 kHz 144 MHz. 

10) Build 2 or 3 HF-only antennas spaced 
by their height and add an automatic phasing 
network to produce 6 to 9 dB of wide band 
ain along with electronic steering. 

"Thesc are just a few of the alterations that 
сап be considered. Hopefully you will build 
and use this antenna or one similar o it and 
think of more changes for yourself. If you 
do, please contact us and let us know. We 
‘would like to Tear from both your successes 
and failures, 


Permission to Use 

The surface wave transmission line 
technology described here is patented and 
requires licensing agreements to build or use. 
Corridor Systems Ine, the patent holder, is 
permitting licensed Amateur Radio opera- 
{ors worldwide to build and deploy devices 
amd systems that use it for their personal, 
‘non-commercial use, under the terms of 
their Amateur Radio licenses, Any other use 
requires licensing from Corridor Systems 
Inc, 3800 Rolling Oaks Road, Santa Rosa, 
California 95404, USAS 


Glenn Elmore, NGGN, has been a licensed 
Radio Amateur for the past 51 years, and has 
held сай signs of WVOSTS, WAGSTS and now 
NGGN. He has held ап Amateur Extra class 
license since 1972. For most of his working 


сате Glenn has been an electrical engineer 
imohed with the design of RF and microwave 
test and measurement equipment, notably sca 
ax, vector network and spectrum analyzer 

(Glen's Amateur Radio interests have 
Included weak signal VEFnicrowave opera- 
поп including meteor cater EME, terrestrial 
DX as well as higher speed Amateur ТСР/ 
IP radios and networks. He has recently been 
active an WSPR, the weak signal reporting 
панок. Glem и an ARRL Member 

"ol Watous, КӨР?В. is an ARRL Member 
who was first licensed in 1056 Several times 
he has won the San Francisco VHF Contest in 
‘he ORP category He is active in WSPR and 
has been working with Glen Elmore on radio 
projects for over 20 years. For 34 years he 
{aug people o behave more creatively inan 
Ат Department ar Santa Rosa Junior College 
ere he first used computers in art in 1983 
He inte йе college frst online class in 
1995. Retiring in 2007, Jom has focused his 
energy toward brainstorming ideas with Glen, 
and building models in his shop. John holds a 
Masters Degree in sculpture and has always 
een interested in ат and technology 


Notes 


"Gero Elmore, NGN, and John Watrous, 
K6PZB "The Mercury Capsule, ALIGN 
Weight Broadband Antenna: ARRL 
Расйсоп, 2011. San Jose, СА. 

Glenn Einore, NSGN and Jona Watrous, 
K6PZB, "The Flying Antenna” www. 

iube comwatch?y=-VWBUDJv2n0, 
Tis video shows operation of a ballon 
Supported antenna wich i a potently 
"dangerous and sven lethal act hat EX 
F 

Glenn Elmore, NEN and John Watous, 

KPZ, A Surface Wave Transmision 


p 
perators a Coricor Systeme website: 


un corridorsysteme.com, 


= 


den- NavemberiDecember 2012 18 


UHF/Microwave 


UHF/Microwave 
Projects Manual 


Volume 2 


Published By The ES i 


reet 
jewington, CT 06111 


Copyright 1007 by 
The American Radio Relay League 


Copyright secured under the Pan-American 
Convention 


International Copyright secured 
This work is publication No. 226 ot ne Radio 
Amateure Library. published by the League Al 
fights reserved. No part of s work may бе re- 
Produced in any form except by writen permis: 
Sonate bebe, Ali ignis ol translation are 
Printed in USA 

Quedan reservados todos los derechos 


ISBN: 0-87250-691-1 


Acknowledgments 


This book was made possible by the active cooperation and 
help of the authors of the various projects, who were willing to 
share their hard work with the rest of the ham community. 


Paul Danzer, МШ, Joel Kleinman, NIBKE, and Zack Lau, 
WIVT, compiled the contents of this book. Shelly Bloom, 
WBIENT, Dave Pingree, NINAS, Sue Fagan, Paul Lappen, 
Joe Shea and Steffie Nelson designed, produced and proofread 
the book. Sue Fagan also designed the cover. 


Foreword 


The first volume of this book was published in 1994, and it continues to be in 
demand. Since then, microwave technology has invaded the lives of consumers as 
never before. It seems that every other person is carrying an 800-MHz radio, better 
known as a cellular phone. Wireless cable at 2 GHz continues to grow. Home satellite 
TV reception is becoming commonplace. Wireless LANs are running on frequencies 
throughout the microwave spectrum. 

What does this mean to hams? More and more components are becoming available, 
many commercial parts and subassemblies are starting to appear in VHF/UHF and 
microwave equipment, and many hams are jumping into an area previously thought 
to be only for a few experimenters. 

Although material from this book comes from many sources, there is one consistent 
meme. ou can build it! It does not take a room full of special test equipment and 
machine tools to assemble a high performance antenna or transverter. The authors of 
the projects in this book will show you how. 

After all is said and done, the real reason hams gravitate toward the UHF and 
microwave bands is all the interesting, fun things to do with them. With the help of the 
projects in this book, you'll be able to join in. 

Our thanks to the many authors of this book who have generously provided their 
permission for us to compile their work into this volume. If you have any comments 
or suggestions—or if you have an idea for a project of your own design—we would 
appreciate hearing from you. There's a handy Feedback form at the back. 


David Sumner, KIZZ 
Executive Vice President 
Newington, Connecticut 
October 1997 
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About the 
American Radio Relay League 


"The seed for Amateur Radio was planted in the 1890s, when 
Guglielmo Marconi began his experiments in wireless teleg- 
raphy. Soon he was joined by dozens, then hundreds, of 
‘others who were enthusiastic about sending and receiving mes- 
‘sages through the air—some with a commercial interest, but 
others solely out of a love for this new communications 
medium. The United States government began licensing 
‘Amateur Radio operators in 1912. 

By 1914, there were thousands of Amateur Radio 
‘operators—hams—in the United States. Hiram Percy Maxim, 
a leading Hartford, Connecticut, inventor and industrialist saw 
the need for an organization to band together this fledgling 
group of radio experimenters. In May 1914 he founded the 
American Radio Relay League (ARRL) to meet that need. 

Today ARRL, with more than 170,000 members, is the larg- 
est organization of radio amateurs in the United States. The 
League is a not-for-profit organization tha: 

+ promotes interest in Amateur Radio communications 

and experimentation 

* represents US radio amateurs in legislative matters, and 

+ maintains fraternalism and a high standard of conduct 

among Amateur Radio operators. 

At League headquarters in the Hartford suburb of 
Newington, the staff helps serve the needs of members. ARRL 
is also International Secretariat forthe International Amateur. 
Radio Union, which is made up of similar societies in more 
than 150 countries around the world 

ARRL publishes the monthly journal OST, as well as news- 
letters and many publications covering all aspects of Amateur 
Radio. lts Headquarters station, ЗУ LAW, transmits Morse code 
practice sessions and bulletins of interest to radio amateurs, 
The League also coordinates an extensive field organization, 
which provides technical and other support for radio amateurs 
as well as communications for public service activities. ARRL 


also represents US amateurs with the Federal Communica- 
tions Commission and other government agencies in the 
US and abroad. 

Membership in ARRL means much more than receiving 
QST each month. In addition to the services already de- 
scribed, ARRL offers membership services on a personal 
level, such as the ARRL Volunteer Examiner Coordinator 
Program and a QSL bureau. 

Full ARRL membership (available only to licensed ra- 
dio amateurs in the US) gives you a voice in how the af- 
fairs of the organization are governed. League policy is set 
by а Board of Directors (one from each of 15 Divisions). 
Each year, half of the ARRL Board of Directors stands for 
election by the Full Members they represent, The day-to- 
day operation of ARRL HQ is managed by an Executive 
Vice President and a Chief Financial Officer 

No matter what aspect of Amateur Radio attracts you, 
ARRL membership is relevant and important. There would 
be no Amateur Radio as we know it today were it not for. 
the ARRL, We would be happy to welcome you as а mem- 
ber! (An Amateur Radio license is not required for Associ 
ме Membership.) For more information about the ARRL 
and answers to any questions you may have about Amateur 
Radio, write or call 


ARRL 
225 Main Street 
Newington CT 0611 
860-594-0200 
Prospective new amateurs call: 
800-32-NEW HAM (800-326-3942) 
E-mail: newhamOarrLorg 

World Wide Web: http:/iwww.arrLorg/ 
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Practical Microwave Antennas 


Part 1-Antenna fundamentals and horn antennas 


By Paul Wade, NIBWT 
(From OEX, September 1994) 


cation, and since it helps both transmitting and re- 

ceiving, it is doubly valuable. Practical microwave 
antennas provide high gain within the range of amateur fab 
rication skills and budgets. 

Three types of microwave antennas meet these criteria: 
homs, lenses and dishes. Horns are simple, foolproof and easy 
to build; a 10-GHz hora with 17 dB of gain fits in the palm of 
hand, Metal-plate lenses are easy to build, light in weight and. 
noneritical to adjust. Finally, dishes can provide extremely 
high gain; a 2-foot dish at 10 GHz has more than 
30 dB of gain, and much larger dishes are available. 

"These high gains are only achievable if the antennas are 
properly implemented. I will try to explain the fundamentals. 
using pictures and graphics as an aid to understanding. In ad- 
dition, a computer program, HDL ANT, is available for the 
difficult calculations and details. In this first of three parts, PII 
review some basic antenna terminology and concepts and dis- 
‘cuss hom antennas. Part 2 will treat dish antennas, and in Part 
3 present metal-ens antennas and discuss the microwave 
“antenna measurements needed to verify antenna performance 


A ica gins esse for meras communi 


Antenna Basics 
Before we talk about specific microwave antennas, there 
are а few common terms that must be defined and explained: 


Aperture 

‘The aperture ofan antenna isthe area that captures energy 
from a passing radio wave. For a dish antenna, it is not surpris- 
ing that the aperture is the size of the reflector, and for a horn, 
the aperture is the area of the mouth ofthe hora. Wire antennas 
are not so simple—a thin dipole has almost no area, but its 
aperture is roughly an ellipse with an area of about 0.13 22, 
Yagi-Uda antennas have even larger apertures. 


Gain 
‘The hypothetical isotropic antenna is a point source that 
radiates equally in ай directions. Any real antenna will radiate 


1 Notes appear at the end of this section. 


more energy in some directions than in others. Since the an- 
tenna cannot create energy, the total power radiated is the same 
as that of anisotropic antenna driven from the same transmit- 
ter; in some directions it radiates more energy than anisotropic 
antenna, so in others it must radiate less energy. The gain of an 
antenna ina given direction js the amount of energy radiated in 
that direction compared to the energy an isotropic antenna 
‘would radiate in the same direction when driven with the same 
input power. Usually we are only interested in the maximum 
gain—in the direction in which the antenna is radiating most of 
the power. 

‘An antenna with a large aperture has more gain than а 
smaller one; just as it captures more energy from a passing 
radio wave, it also radiates more energy in that direction, Gain 
may be calculated as 


6, 


m 
Oog, ‘Aperture 

las = tOlogy n. E. ape, 

with reference to an isotropic radiator: is the efficiency of 

the antenna, 


Efficiency 

Consider a dish antenna pointed at an isotropic antenna 
transmitting some distance away. We know that the isotropic. 
antenna radiates uniformly in all directions, so it is a simple (1) 
mater of spherical geometry to calculate how much of that 
power should be arriving at the dish over its whole aperture. 
Now we measure how much power is being received from the 
dishatthe electrical connection to the feed—never greater than 
that arriving at the aperture, The ratio of power received to 
power arriving is the aperture efficiency 

How much efficiency should we expect? For dishes, all 
the books say that 55% is reasonable, and 70 to 80% is possible 
with very good feeds, Several amateur articles have calculated 
gain based on 65% efficiency, but 1 haven't found measured 
<atatosupportany of these numbers, On the other hand, КУЕ 
suggests thatthe amateur is lucky to achieve 45-50% efficiency 
with а small dish and a typical "coffee-can" feed. 

For homs and lenses, 50% efficiency is also cited as typi- 
cal. Thus, we should expect about the same gain from any of 
these antennas if the aperture area is the same. 
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Reciprocity 

Suppose we transmit alternately with a smaller and a 
larger dish and note the relative power received at a distant 
antenna, Then if we transmit from the distant antenna and 
receive alternately with the same two dishes, would we expect 
to see the same relative power? Yes. Transmitting and receiv- 
ing gains and antenna pattems are identical. This is hard to 
prove mathematically, but itis so.* 

However, the relative noise received by different types of 
antennas may differ, even with identical antenna gains. Thus 
the received signal-to-noise ratio may be better with one type 
of amenna than another. 


Directivity and Beamwidth 

‘Suppose an antenna has 20 dB of gain in some direction. 
‘That means it is radiating 100 times as much power in that 
direction as would an isotropic source, which uniformly dis- 
tributes its energy overthe surface of an arbitrarily large sphere. 
thatencloses the antenna fall the energy fromthe 20-dB-gain. 
antenna were beamed from the center of that same sphere, it 
‘would pass through an area 100 times smaller than the total 
surface of the sphere. Since there are 41,253 solid degrees in 
ıa sphere, the radiation must be concentrated in 1/100th of that, 
or roughly 20° of beamwidth. The larger the gain, the smaller 
the beamwidth. 

The directivity of an antenna is the maximum gain of the 
antenna compared to its gain averaged in all directions. I is 
calculated by calculating the gain, using the previous formula, 
with 100% efficiency. 


Sidelobes 

No antenna is able to radiate all the energy in one pre: 
ferred direction. Some is inevitably radiated in other direc- 
tions. Often there are small peaks and valleys in the radiated 
гру as we look in different directions (Fig 1), The peaks are 
referred to as sidelobes, commonly specified in dB down from 
the main lobe, or preferred direction. 

Are sidelobes important? Let's suppose that we could 
‘make an antenna with a I-degree beamwidth, and in ай other 
directions the average radiation was 40dB down from the main 
lobe. This seems like a pretty good antenna! Yet when we do 
the calculation, only 19.5% of the energy is in the main lobe, 
withthe rest in the other 41252/41253 of a sphere. The maxi 
antenna can have is 19.5% 


mum efficiency 


E-plane and H-plane 
‘An antenna is a transducer which converts voltage and 
current on a transmission line into an electromagnetic field in. 
space, consisting of an electric field and a magnetic field ori- 
ented at ight angles to one another. An ordinary dipole creates 
anelectric-field pattern witha larger amplitude in planes which 
include the dipole than in other planes. The electric field trav- 
els in the E-plane: the li plane. perpendicular to it, is the field 
in which the magnetic Field travels. When we referto polariza- 
tion of an antenna, we are referring to the E-plane, However, 
for three-dimensional antennas like horns, dishes and lenses, 
itis important to consider both the E plane and the H-plane, in 
order to fully use the antenna and achieve maximum gain. 
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Fig 1—А typical antenna pattern showing the main 
lobe and sidelobes. 


Phase Center 

The antenna pattern in Fig 1, and most other illustrations 
of antenna pattems, shows only amplitude, or average power. 
This is all we need to consider for most applications, but for 
antennas which are like optical systems, like lenses and dishes, 
we must also be concerned with phase, the variation in the 
signal asa function of time. RF and microwave signals are ac, 
alternating current, with voltage and current that vary sinusoi- 
dally (like waves) with time. Fig 2A shows several sine waves, 
all at the same frequency, the rate at which they vary with time. 

Let's think about a simple example: a child's swing. 
We've all both ridden and pushed one at some time. If we push 
the swingjustasitstartsto move away from us, itswingshigher 
each time. If we add a second pusher at the other end, it will 
increase faster. Now if we tie à rope to the swing seat and each 
pusher takes an end, we can try to add energy to the swing 
throughout its cycle. This will work as long as we keep the 
pulling synchronized with the motion of the swing, but if we 
get ош of phase, we will drag it down rather than sending it 
higher, 

The motion of a swing is periodic, and the height of the 
swing varies with time in a pattern similar to a sine wave of 
voltage or current, Look ata sine wave in Fig 2A, considering 
the highest point of the waveform the height the swing travels 
forward, and the lowest point as the height the swing travels 
backward, both repeating with time. IF there are two swings 
side-by-side and both swings arrive at their peak at the same 
time, they are in phase, as in Fig 2A. 

Whentwoelectromagnetic waves arriveatapoiatinspace 
and impinge on an antenna, their relative phase is combined to 
create voltage. If they have the same phase, their voltages add 
together: in Fig 2A, the two dashed waveforms are in phase and 
add together to form the solid waveform. On the other hand, 
when signals are exactly out of phase, the addition of positive 
voltage tonegative voltage leaves only the difference, as shown 
in Fig 2B. If the two signals are partially out of phase, the 


w © 


в 


© 


Fig 2—The result of multiple signal sou 
are shown in phase and add togeth 
signals at (C) are out of phase by 
different from either of the two 
antenn: 


resultant waveform is found by adding the voltage of cach at 

each pointin time; one example is shown in Fig 2C. Notice that 

the amplitude of the resultant waveform js dependent on the 

phase difference between the two signals. 

Й 

coming from that one point in space. Each wave has a 

wavefront, like a wave arriving on a beach, The wavefront 

from the perfect point source has a spherical shape. Consider 

its amplitude. First, we place an antenna and power meter at 

some dist then when 
createexactly 


ır signal source is a point source, then all waves are 


е from the source and take 


we move the antenna around to other places th 
the same power reading, we will draw a sphere around the 


depends on the phi 


e 
difference between them. At (A), two signals 
гө 180° out of phase and tend to cancel, while the 


The plot at (D) shows the amplitude around a single-source 
While (E) shows the interference pattern created by having two sources. 


e amplitude has uniform distribution like F 
ier amplitude than lighter аге: 
ses as we move away from the sou 


source, Thus, 1 
2D: dark areas have h 
the amplitude de 
according to the inverse square law described below (the shad- 
ing has a few small concentric rings due to the limitations of 
raphics, but is really a continuous smooth func 


comput 
tion), 
The phase of this wavefront as it propagates in space 


appears to also have a spherical shape. If frozen in time, one 
sphere would representa positive peak of a sine wave. One half 
ih inside would be another sphere representing а 


ide 


negative peak of the sine wave, and another half wave 
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again is a positive peak. The phase center of an antenna is the 
apparent place from which the signal emanates based on the 
center of a sphere of constant phase. 

However, по real antenna is small enough to be a point 
source, so the radiation must appear to emanate from a larger 
area, If we consider a simple case, where the radiation appears 
to come from two points, then two signals will arrive at each 
point in space. A point in space is typically farther from one 
radiating point than from the other, and since the time it takes 
foreach signal to arrive depends on the distance to each of the 
radiating points, there will be a phase difference between the. 
two signals. This phase difference will be different at each 
point in space, depending on the relative distances, and the 
amplitude of the resultant signal at cach point depends on the 
phase difference, An example of a pattern created by two ra 
diating sources is shown in Fig 2E, where the dark areas have 
the greatestamplitude, due to the two signals arriving in phase, 
andthe light areas are areas where phase cancellation, like that 
of Fig 2B, has reduced the amplitude. 

A well designed feed for a dish or lens has a single phase 
center, so the radiation appears to emanate from a single point 
Source, This must be so for at least the main beam, the part of 
the pattern that illuminates the dish or lens. Away from this 
main beam, the phase center may move around and appear as 
multiple points, due to stray reflections and surface currents 
affecting the radiation pattern. However, since these other di- 
rections donot illuminate the dish or lens, they can be ignored. 


Inverse Square Law 

As two antennas are moved farther apart, received power 
decreases in proportion to the square of the distance between 
them; when the distance is doubled, only / аз much power is 
received, a reduction of 6 dB. This is because the area illumi- 
nated by a given beamwidth angle increases as the square of 
the distance from the source, so the power per unit area must 
decrease by the same ratio, the square of the distance. Since the 
arca of the receiving antenna has not changed, the received 
power must decrease proportionally 

The phase center pattern in Fig 2E does nor include the 
effect of inverse square law in the pattern, in order to empha- 
size the phase cancellation. The effect of including inverse 
square law would be to lighten the pattern as distance from the 
phase center increased. 


Free Lunch 

Since gain is proportional to aperture, larger antennas 
have more gain than smaller antennas, and poor efficiency can 
опу make a small antenna worse, In spite of various dubious 
claims by antenna designers and manufacturers, "There's no 
such thing asa free lunch "^ All else being equal, the larger the 
antenna, the greater the gain. But a large antenna with poor 
efficiency is à waste of metal and money. 


Recommended Reading 
For those interested in pursuing a deeper understanding 
of antennas, а number of books are available. A good starting. 
point is The ARRL Antenna Book and The ARRL UHF/Micro- 
wave Experimenter's Manual. | Volume i of this book illus- 
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trates, by way of projects, many antenna concepts. —Fd.| Then 
there are the classic antenna books, by Kraus, Silver and 
Josik 24? Lo and Lee have edited a more recent antenna hand 
book, and Love has compiled most of the significant papers on 
homs and dishes.549 For those interested in computer pro- 
gramming for antenna design, Sletten provides a number of 
routines. Be warned that the math gets pretty dense once you 
get beyond the ARRL books. 


Summary 
‘This concludes our quick tour through basic antenna con- 

cepts and definitions, Now le s apply these concepts to under- 

standing actual microwave antennas, starting with horns. 


‘The HDL_ANT Computer Program 

The intent of the HDL ANT program is to aid the design 
of microwave antennas, not to be a whizzy graphics program, 
‘The program does the necessary calculations needed to imple- 
menta hom, dish or lens antenna, or to design an antenna range 
and correct the gain measurements. The basic data is entered 
interactively and results are presented in tabular form. If you 
like the results, a table of data ora template may be saved to a 
file for printing or further processing; if not, try another run 
with new data. 

"The C++ source code is also included, for those who wish 
to enhance itor simply to examine the more complex calcula- 
tions not shown in the text. It has been compiled with Borland 
C++ version 3.1 and is available from the ARRL BBS at 860- 
594-0306, or can be downloaded via the Internet from 
np cs buffalo edu in the /publham-radio/qex directory. Alter- 
nately, goto the ARRL home page at http:/iwww.arrlorgand 
choose links, then ARRL ftp, QEX and select HDL ANT.ZIP. 


Electromagnetic Horn Antennas 

А horn antenna i the ideal choice for a contest rover sta- 

tion, Itoffers moderate gain in a small. rugged package with no 

adjustments needed, and has a wide enough beam to be easily 

pointed under adverse conditions. Fig 3 is a photograph of a 

homebrew horn mounted on an old Geiger counter case which 

houses the rest of a 10-GHz wide-band PM transceiver. Ihave 

worked six grid squares on 10 GHz from Mt. Wachusett in 
Massachusetts using a small horn with 17.5 dB of gain. 


Horn Design 

‘An antenna may be considered as a transformer from the 
impedance of atransmission line to the impedance of free space, 
377 ohms. A common microwave transmission line is 
waveguide, a hollow pipe carrying an electromagnetic wave, 
I one dimension of he pipe is greater than a half wavelength, 
hen the wave can propagate through the waveguide with ex- 
tremely low loss, And if the end of a waveguide is simply left 
‘open, the wave will radiate out from the open end. 

Practical waveguides have the larger dimension greater 
than ahalf wavelength, to allow wave propagation, but smaller 
than a wavelength, to suppress higher-order modes which can 
interfere with low-loss transmission. Thus the aperture of an 
‘open-ended waveguide is less than a wavelength, which does 
not provide much gain. 


For more gain, larger aperture is desirable, but a larger 


waveguide is not. However, if the waveguide size is slowly 


Med, or tapered, into arg 


aperture, then more gain is 


waveguide. Thi aconical hom, in 


aper is like a funnel, call 


The conical horn for 2304 MHz shown 


int 


coffee сап, With common rectangular waveguide, the taper 


le by pop-riveting aluminum flashing to а 


creates a familiar pyramidal hor, like those shown in the pho 
tograph. Fig 5 


To achieve maximum gain for a given apertu 


maximum efficiency the taper must be long enoug! 


phasé of the wave is nearly constant across the aperture, An 


‘optimum hom is the shortest one that approaches maximum 
The HDI. ANT pr 


in: several definitions are available 


proximate di 
Cozzens to design pyramidal horn antennas with gains from 10 
102548." Highe 


increases much faster than the 


tend to be unwieldy 
Kraus gives the following approximations forbeam width 


w re. Ne Wien 
and dB gain over a dipole 
Gain=101og (45-A An, 


plane and Ay, is the ape 


where Aya is the aperture dimension in wavelengths in the E 


sion in the H-plane. The HDI. ANT program uses a more ac 


curate gain algorithm which corrects the phase error of differ 


decrease as the taper is shortened. 


Horn Construction 


Ifyou are fortunate enough to find a suitable surplus horn, 


homebrew one. Нот fabrication is quite simple, so you can 


ate gain ог as feeds for higher gain dishes and lenses. Perfo 


mance ofthe finished hom almost al ways matches predictions, 
with no tuni 


The HDL 


sired gain or physical dimensions and then m. 


adjustments required 


ANT program will design a horn with any de 


e atemplate fo 


the horn. The template is a Postscript file; print the file on a 


computer printer to generate a paper template, tape the paper 


template to a sheet of copper or brass, cut it out, fold on the 


dotted lines, and solder the metal horn together on the end o 


from the local lumberyard, which 1 soldered together on the 

kitchen sk 
Fig 6 is a template for a nominal 

5760 MHz generated by HDL ANT. T 

and fold up the copy to sce h 


4-48 hom for 


it: copy it ona copier 
Ws 


almost as easy with hin copper. Fig 
(0368 MHz. F 
none sheet of paper, HDL ANT 


ample, a nominal 18-48 hom fo y horns too 


prints each side on a separate sheet 


Fig 4—A homebrew conical horn for 2304 MHz 


Fig 3—A homebrew horn for 10 GHz, made from 
flashing copper and designed using the HDL ANT 
program. 


Fig 5—A variety of rectangular horn antennas. 
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Feed Horns 

For horns intended as feed horns for dishes and lenses, 
beam angle and phase center are more important than horn 
gain. The HDL, ANT program calculates these values in both 
the E-plane and the H-plane, then allows you to enter new 
horn dimensions to adjust the beam angle or phase center 
before making a template. The phase center calculation isa 
difficult one involving Fresnel sines and cosines, so inter 
active adjustment of horn dimensions isa lot easier than hav- 
ing the computer try to find the right dimensions." The 


template in Fig 8 is one example of a feed horn—it may be 
used to make a rectangular horn optimized to feed a dish 
with f/D = 0.5 at 10 GHz." Feed horn design for dishes 
and lenses will be described in more detail in the next two 
sections. 


Conclusion 


Horns ate versatile microwave antennas, easy to design. 
and build with predictable performance. They should be the. 
antenna of choice for all but the highest gain applications, 


E-plane 
N1BWT 1994 A 


flashing copper and cut along the solid lines. Thé 


I— This full-scale template can be used to construct a horn antenna for 5760 MHz. Tape a copy to a piece of 
fold at the dotted lines to form the rectangul 


'horn. Solder 


the small flap to complete the horn, thon solder the narrow end of tho horn to a plece of waveguide. This antenna 


gives 13.8 dB! of gain. 
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Fig 7—An 18-481 rectangular horn 
iz can be built from 


this templ 
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тт 


ю Fig 8—A template for a 10368- 
Miz, das horn, suitable for 
feeding an 170-0. dia 

20 
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Printing Postscript Fil 

The easiest way to print Postscript fles is with a. 
Postscript compatible laser printer. These have become 
more affordable and are bacoming more common, for 
instance, the publi library in my small town has ono 
attached to a public-aocess computer. However, hey are 
Sill roughly twice as expensive as the dot-matrix printers 
that most of us use with our personal computers 

"An alternative то а laser printer is software that 
interprets Postscript language commands for display on 
а computer VGA display or a dot-matrix printer. | know 
ûf several versions of this type of software. Three. 
commercial products, GoScript, Utrascript and Free- 
dom of Press perform this function. Ghostscript, a 
freeware program from the Free Software Foundation is 
available on many bulletin boards and internet loca- 
tions. The fles are in ZIP format, so they must me 
downloaded, unZiPped, and installed according to the 
README documentation. 

Thave only used Ghostscript, version 2.5 and later 
The latest versions, Ghostscript 5.03 and Ghostview 2.3. 
work very well under Windows 95 and NT; they are 
available from hitp:/iwww.cs.wise.edul~ghost 
index.html, They use Unixstyle command strings which 
are difficult to remember, so I've included two BAT files 
1o help: GS_VIEW BAT for viewing on a screen, and 
GS. PRINT.BAT lor printing on an Epson dot-matrix 
printer. For other brands of printer, the command wil 
have to be changed appropriately, which will require 
reading of the documentation. Type GS. VIEW 


<Мепате-рв> or GS. PRINT <hlename.ps> to use 
them, Be sure lo type QUIT when you are through or 
your PC may be left in an unhappy state requiring 
rebooting. 

I've included with HDL ANT a sample Postscript file, 
SQUARE PS, which draws a four-inch square, Use this 
to make sure that templates wil be drawn to scale. A 
Sample horn template, HORN18 PS, is include 
to get you started, If the dimensions of the printed 
square are slightly off, you can correct the scaling 
Each template has a line near the beginning of the file: 

1.0 1.0 scale 
The first number is the scale factor in the x (horizontal) 
direction, and the second is the scale factor in the у 
(vertical) direction. Edit the SQUARE PS file with an 
editor to change these numbers slightly; when you find a 
‘combination that prints a square exactly four inches on. 
a side, then you have compensated for your printer. Edit 
these same numbers into any template to be printed on 
"nat printer and the dimensions will come out right. 

1 have not used any of the commercial products, but | 
would expect a commercial product fo be much easier to 
install апа use than freeware or shareware. 


Batch Files 
95 МЕМ.ВАТ 

gs %1 

GS PRINT BAT 

gs -sDEVICE-opson -r60x60 %1 
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Practical Microwave Antennas 


Part 2-Parabolic Dish Antennas 


By Paul Wade, NIBWT 
(From QEX, October 1994) 


gains at microwave frequencies. A 2-foot dish at 

10 GHz can provide more than 30 dB of gain. The 
gain is only limited by the size of the parabolic reflector; а 
number of hams have dishes larger than 20 feet, and occ: 
sionally а much larger commercial dish is made available 
for amateur operation, like the 150-foot ome at the 
Algonquin Radio Observatory in Ontario, used by VESONT 
for the 1993 EME Contest, But these high gains are only 
achievable if the antennas ure properly implemented, and 
dishes have more critical dimensions than horns and lenses. 


Р arabolic dish antennas can provide extremely high 


Background 

Last September (1993), I finished my 10-GHz trans- 
verter at 2PM on the Saturday of the VHF QSO Party. After 
aquick checkout, [drove up Mt, Wachusett and worked four 
grids using a small horn antenna. However, for the 10-GHz 
Contest the following weekend, I wanted to have a better 
antenna ready. 

Several moderate-sized parabolic dish reflectors were 
available in my garage but lacked feeds and support struc- 
tures, I had thought this would be no problem, since lots of 
people, both amateur and commercial, use dish antennas 
After reading several articles in the ham literature, I had a 
fuzzy understanding and was able to рш а feed horn on one 
of the dishes and make a number of contacts of over 200 km 
from Mt. Washington, in horizontal rain. 

But was not satisfied that I really understood the details 
of making dishes work, so I got some antenna books from 
the library and papers from IEEE journals and did some 
reading, This article is an attempt to explain for others what 
I've learned, The 10-GHz antenna results from the 1993 
Central States VHF Conference suggest that I might not be 
the only one who is fuzzy on the subject the dishes me: 
sured had efficiencies of from 23% to less than 10%, while 
ай the books say that efficiency should typically be 55%. 


"Notes appear at the end of this section, 


‘On the other hand, there are enough hams doing successful 
EME work to suggest that some have mastered feeding their 
dishes, One of them, VEAMA, has written two good articles 
оп TVRO dishes and feed horns for EME.'2 

There have been some good articles written by antenna 
experts who are also hams, like KI4VE, KSSXK and 
particularly W2IMU in The ARRL UHF/Microwave 
Experimenter's Manual, which isan excellent starting point. 
However, as I struggled to understand things that are prob- 
ably simple and obvious to these folks, I did some reading 
and then used my personal computer to do some of the more 
difficult calculations and plot them in ways that helped me 
to understand what is happening. Many of us find a picture 
casier to comprehend than a complex equation. What I 
hope to do here is to start at a very basic level and explain 
the fundamentals, with pictures and graphics, well enough 
for hams to implement a dish antenna that works well. An 
accompanying computer program, HDL_ANT, is provided 
to do the necessary design calculations and to draw tem- 
plates for small dishes in order to check the accuracy of the 
parabolic surface. HDL ANT can be downloaded from the 
ARRL BBS (860-594-0306) or via the Internet from 
fip.cs.buffalo.edu in the /pub/ham-radio/gex directory 


Dish Antenna Design 

A dish antenna works the same way asa reflecting optical 
telescope Electromagnetic waves, either light or radio, ar- 
rive on parallel paths from a distant source and are reflected 
by a mirror to a common point, called the focus. When a ray 
of light reflects from a mirror or flat surface, the angle of the 
path it takes leaving the surface (angle of reflection) is the 
same as the angle at which it arrived (angle of incidence). 
‘This optical principle is familiar to anyone who misspent a 
part of his youth ata pool table! If the mirror isa flat surface 
two rays of light that arrive on parallel paths leave on par. 
allel paths; however, if the mirror is curved, two parallel 
incident rays leave al different angles. If the curve is para- 
bolic „then an the reflected rays meet at one point, as shown 
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Fig 1—The geometry of a parabolic dish antenna 


in Fig 1. A dish isa parabola of rotation, a parabolic curve. 
rotated around an axis that passes through the focus and the 
center of the curve. 

Atransmiting antenna reverses the path: he light or radio 
wave originates from a point source at the focus and is re- 
flected into abeam of rays parallel to the axis of the parabola. 


Illumination 

Some of the difficulties found in real antennas are 
easier to understand when considering a transmitting an- 
tenna but are also present in receiving antennas, since an. 
tennas are reciprocal. One difficulty is finding a point 
source, since any antenna, even a half-wave dipole at 
10 GHz, is much bigger than a point. Even if we were able. 
to find a point source, it would radiate equally in all direc- 
tions, so the energy that was not radiated toward the reflec- 
tor would be wasted. The energy radiated from the focus 
toward the reflector illuminates the reflector, just as a light 
bulb would, So we are looking for a point source that illu- 
minates only the reflector. 


Aperture, Gain, and Efficiency 

The aperture, gain, and efficiency of an antenna were 
all defined for antennas in general in Part 1 of this series of 
articles, The aperture of a dish antenna is the area of the 
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Fig 2—A parabolic dish antenna with uniform feed 
illumination. 


reflector as seen by a passing radio wave: Aperture = x 
where r is the radius, half the diameter of the dish. 

Tf we replace а dish antenna with a much larger one, the 
greater aperture of the larger dish captures much more of the. 
passing radio wave, so a larger dish has more gain than the 
smaller one. If we do a little geometry, we find that the gain 
is proportional to the aperture. 

The gain of a dish is calculated as described in Part 1 


A 


with reference to an isotropic radiator, n is the efficiency of 
the antenna. It might be amusing to calculate the gain of the 
VESONT 150-foot dish at various frequencies; use 50% 
iency to make the first calculation simpler, then try 
different values to sce how efficiency affects gain. 

How much efficiency should we expect? All the books 
say that 55% is reasonable, and 70 to 80% is possible with 
very good feeds. Several ham articles have calculated gain 
based on 65% efficiency, but I haven't found measured data 
to support any of these numbers. On the other hand, KE 
suggests that the amateur is lucky to achieve 45-50% effi 
ciency with a small dish and a typical “coffee-can” feed. 


Practical Dish Antennas 

When we first described a parabolic dish antenna, we 

puta point source at the focus, so that energy would radiate 

uniformly in all directions both in magnitude and phase. The 

problem is that the energy that is not radiated toward the 

reflector will be wasted. What we really want is a feed an- 

tenna that radiates only toward the reflector and has a phase 
pattern that appears to radiate from a single point, 


Feed Patterns 
We have already seen that efficiency is a measure of 


Fig 3—The desired dish illumina- Fig 
tion would provide uniform field 

intensity at all points on the 
reflector. 


Typies 


how well we use the aperture. I we illuminate the whole 
reflector, we will be using the whole aperture. Perhaps our 
feed pattern should be as shown in Fig 2, with uniform feed 
illumination across the reflector. But when we look more 
closely at the parabolic surface, we find that the focus is 
farther from the edge of the reflector than from the center. 
Since radiated power diminishes with the square of the dis- 
tance (inverse-square law), less energy is arriving at the 
edge of the reflector than at the center; this is commonly 
called space attenuation or space taper. In order to compen- 
sate, we must provide more power at the edge of the dish 
than in the centerby adjusting the feed pattern 

in Fig 3, in order to have constant illumination over the 
surface of the reflector. 

‘Simple feed antennas, like a circular horn (coffee-can 
feed) that many amateurs have used, have a pattern like the 
idealized pattern shown in Fig 4. In Fig 5 we superimpose 
that on our desired pattern: we have too much energy in the 
center, not enough at the edges, and some misses the refle 
tor entirely, The missing energy at the edges is called illu- 
mination loss, and the energy that misses the reflector is 
called spillover loss. The more energy we have atthe edge, 
the more spillover we have, but if we reduce spillover, the 
outer part of the dish is not well illuminated and is not 
contributing to the gain. Therefore, simple horns are not 
ideal dish feeds (although they are useful). In order to have 
very efficient dish illumination we need to increase energy 
near the edge of the dish and have the energy drop off very 
quickly beyond the edge, 


that shown 


Edge Taper 
Almost all feed horns will provide less energy at the 


illumination of a 
dish using a simple horn feed. 


Fig 5—А comparison of typical 
dish illumination with the desired 
illuminaton. 


‘edge of the dish than at the center, like Fig 4. The difference 
їп power at the edge is referred to as the edge taper, or. 
illumination taper. With different feed horns, we can vary 
the edge taper with which a dish is illuminated. Different. 
edge tapers produce different amounts of illumination loss 
and spillover loss, as shown in Fig 6: a small edge taper. 
results in larger spillover loss, while a large edge taper re- 
duces the spillover loss at the expense of increased illumi- 
nation loss. 

If we plot these losses versus the energy at the edge of 
the dish in Fig 7, we find that the total efficiency of a dish 
antenna peaks with an illumination taper, like Fig 6, so that 
the energy at the edge is about 10 dB lower than the energy 
at the center This is often referred to as 10-48 edge 
taper or edge illumination—ofien recommended but not 
explained. 


Gm 
When an antenna is receiving a signal from space, such 
as a satellite or EME signal, there is very litle background 
noise emanating from the sky compared to the noise gener 
ated by the warm (300 К) Earth during terrestrial commu- 
nications. Most of the noise received by an antenna pointed 
at the sky is earth noise arriving through feed spillover. As 
‘we saw in Fig 6, the spillover can be reduced by increasing. 
the edge taper, while Fig 7 shows the efficiency. and thus 
the gain, decreasing slowly as edge taper is increased, The 
best compromise is reached when G/T, the ratio of gain to 
antenna noise temperature, is maximum. This typically oc- 
curs with an edge taper of about 13 dB, but the optimum 
edge taper for GIT is a fun 
ture and sky noise temperature at any given frequency.? 


ion of receiver noise tempera- 
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Focal Length and iD Ratio 

All parabolic dishes have a parabolic curvature, but 
some are shallow dishes, while others are much deeper and 
more like a bowl, They are just different parts of a parabola 
that extends to infinity. A convenient way to describe how 
much of the parabola is used is the ID ratio, the ratio of the 
focal length fto the diameter D of the dish. АП dishes with 
the same JID ratio require the same feed geometry, in pro- 
portion to the diameter of the dish. The figures so far have 
depicted one arbitrary J7D; Fig 8 shows the relative geom- 
tries for commonly used f/D ratios, from 0.25 to 0.65, with 
the desired and idealized feed patterns for each 


Notice the feed horn patterns for the various ID ratios 
in Fig 8. As ЛО becomes smaller, the feed pattern to 
illuminate it becomes broader, so different feed horns are 
needed to properly illuminate dishes with different 
ЯО ratios, The feed horn pattern must be matched to the 
reflector Р. Larger ЛР dishes need a feed horn with a 
moderate beamwidth, while a dish with an //D of 0.25 has 
the focus level with the edge of the dish, so the subtended 
angle that must be illuminated is 180 degrees. Also, the 
‘edge of the dish is twice as far from the focus as the center 
of the dish, so the desired pattern would have to be 6 dB 
stronger (inverse-square law) at the edge as in the center. 


Illumination loss 
Î spilovor loss. 


Vuitton taper = зав 


Hamat taper = 20 dB 


Fig 6—Dish illumination at various values of illumination taper. 
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prm 


tare Taper = da 


Fig 7—Dish efficiency versus edge taper. The peak efficiency occurs at a taper of about 10 dB. 


‘This is an extremely difficult feed pattern to generate. Con. 
sequently, itis almost impossible to efficiently illuminate a 
dish this deep. 


Phase Center 

A well-designed feed for a dish or lens has a single 
phase center, as described in Part I of this series of articles, 
so that the feed radiation appears to emanate from a single 
point source, at least for the main beam, the part of the 
pattern that illuminates the dish or lens. Away from the 
main beam, the phase center may move around and appear 
аз multiple points, as stray reflections and surface currents 
affect the radiation pattern. Also, the phase center will move 
with frequency, adding difficulty to broadband feed design. 
Fortunately, we are only considering narrow frequency 
ranges here. 


‘Symmetry of E-Plane and H-Plane 

Оп paper, we can only depict radiation in one plane. 
Fora simple antenna with linear polarization, like a dipole, 
this is all we really care about. A dish, however, is three- 
dimensional, so we must feed it uniformly in all planes. The 
usual plane for linear polarization isthe E-plane, while the 
plane perpendicular to itis the H-plane. Unfortunately, most 
antennas not only have different radiation patterns in the E- 
and H-planes, but also have different phase centers in each 
Plane, so bath phase centers cannot be at the focus, 


Table 1 
Measured Effect of Focal Length Error at 10 GHz 


Feed Distance Relative Gain 
[D (ав) 

8.125 -08 

825 0 

8.375 -03 

8.625 E 


Focal Length Error 

When I started actually measuring the gain of dish an- 
tennas, I discovered the most critical dimension to be the 
focal length—the axial distance from the feed to the center 
of the dish. A change of % inch, or about a quarter-wave- 
length, changed the gain by a dB or тоге, shown їп Table 1 
as measured on a 22-inch dish with fID = 0.39. 

T was surprised at this sensitivity, since my experience 
with optics and photography suggested that this is not so 
critical it would be extremely difficult to adjust a lens or 
telescope to an optical quarter wavelength. But lenses be- 
соте more critical to focus as the f-stop is decreased —an 
f 2 lens is considered to have a very small depth of field, 
While an / 16 lens has a large depth of field, or broad focus 
The f-stop of a lens is the same as the ID ratio of a dish 
both are the ratio ofthe focal length to the aperture diameter. 


143 


Antenne 


A typical reflector telescope has a parabolic reflector off, 
but a dish antenna with ЛР = 0.4 has an f-stop of 0.4, so 
susing is much more critical 

More reading located an article which described how to 
calculate the loss due to focal length error." Fig 9 shows the 


loss as the feed horn is moved closer and farther than the 
focus for various ТР dishes with uniform illumination: the 
tapered illumination we use in practice will not have nulls 
as deep as the curves shown in Fig 9. It is clear that dishes. 
with small аге much more sensitive to focal length error. 


Q 
0 


4) 


© 


gags tapar todo uation aper = 1048 пуртат taper = 1008 
Mumination loss 
Bl. spitover oss 
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Womination taper = 10 dB. 
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Fig 8—Dish illumination patterns for dishes of various 7 ratios. 
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Remember that a wavelength at 10 GHz is just over an inch. — gain on a reflector with known focal length. 
The critical focal length suggests that it is crucial to have Il we are using a feed horn with different phase centers 

the phase center ofthe feed exactly atthe Focus of the reflec- in the E- and H-planes, we can also estimate the loss 

tor, Since the phase center is rarely specified fora feed horn, suffered in each plane by referring to Fig 9. 

же must determine it empirically, by finding the maximum Lateral errors in feed horn position are far less serious; 


Fig 9—The loss due to axial displacement of the feed from the focus point is highly dependent on the ИО ratio. 


+ Inch Copper Pipe Cap, Cut Down 
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Fig 10—A Clavin feed for 10 GHz, made from a 1-1псһ copper pipe cap. 
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Fig 11—This photo shows the technique of 
mounting a dish using a frying pan with a rolled 
edge. Also note the Clavin feed used with this 
dish. 


small errors have litte effect on gain, but do result in shift 


he beam slightly off bore-si 


Notice that the focal-length error in Fig 9 is in wave 
lengths, independent of the dish size. A quarter-wavelength 
error in focal length produces the same loss for a 150-foot 
dish as for a 2-foot dish, and a quarter-wavelength at 
10-GHz is just over '/ inch. Another implication is that 
multiband feeds, like the WA3RMX tribund feed, should be 
mized for the highest band, since they will be less criti 
cal at lower bands with longer wavelengths." 


Total Efficiency 
It has been fairly easy to calculate efficiency for an 

idealized feed horn pat 

spillover, but there are sever 


п taper and 


I other factors th 


сап signifi 
cantly reduce efficiency. Because the feed horn and its sup- 
porting structures are in the beam of the dish, part of the 
radiation is blocked or deflected. A real feed horn also has. 
sidelobes, so part of its rad 


and thus wasted. Finally, no reflector 
ve beam is not perfect, We 


quite a list of contributions to total efficiency 
* illumination taper 
+ spillover loss 
+ asymmetries in the E- and H-planes 


* focal point error. 
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+ feed horn sidelobes 
ie by the feed horn 


аре by supporting structures 


* imperfections in parabolic surface 
+ feed line loss 
KIAVE suggests that the amateur is lucky to achieve 
45-50% efficie ıl dish anda typical coffee-can 
feed.’ I suspect that the only way to find total efficiency, or 
to optimize it, is to mak 


in measurements on the com. 


plete antenna 


Practical Feed Systems 

An optimum feed would approximate the desired feed 
pattern for the Р of the parabolic reflector in both planes 
and have the same phase center in both planes. Let's exam 
ine some of the available feed horn designs to see how well. 
they do: 


1. Dipole 
Most hams know what the pattern from a dipole looks 
like—in f looks like a donut with the dipol 
through the hole, If itis near ground or a reflector, the pat 
tem in the plane perpendicular to the dipole (H-plane) is 
distorted to emphasize radiation away from the reflector 
The shape of the radiation in this pla 
distance from the reflector, while the shape of the radiation 
in a plane parallel to the dipole (E-plane) does not change 
significantly 
find a dish with an edge angle that approximates the E-plane 
beamwidth and adjust the reflector spacing so that the Н. 
plane beamwidth matches the E-plane. Round disc reflee 
tors are frequently used, but it turns out that the pattern isthe 


e space, 


cis controlled by the 


This suggests that the best we could do is to 


same as a half-wavelength rod reflector. 


2. Dual Dipole 


The H-plane bea 
second parallel dipole over a pl 


ye reflector, such asthe EIA 
(sometimes erroneously called NBS) reference antenna." 
This is a reasonably good feed with 
flectors with / h around 0.55 and has been used with good 
Success for 432-MHz EME 


vd symmetry for re 


3. Penny-Splasher 


nt to a dual dipole 


The penny-splasher feed is equi 
with reflector 
In practice, howev 


the slots in the waveguide act as dipoles. 


it has poor sidelobes that result in low 


4. Rectangular Horn 

The beamwidth of a horn antenna is controlled by the 
horn aperture dimension, but а square horn has differ 
and H-plane be 2 
the aperture dimensions adjusted so that the E- and H-plane 


imwidihs. We can make it rect 


pattems and beamwidths are similar. G3RPE described this 


technique and showed that at 10 GHz it can only illuminate 


dishes with fID greater than 0.48 if the horn is driven by 
common WR-90 waveguide.!! However, the smaller WR. 
75 waveguide is also suitable for 10 GHz and could drive 


horns which would illuminate ап //D as small as 0.43. 

With a rectangular hom, it ìs difficult to achieve both 
а common phase center for the E- and H-planes and similar. 
patterns in both planes. The horn section of the HDI. ANT. 
‘computer program calculates the phase centers and allows 
adjustment of dimensions to change them. Kraus shows а 
series of patterns for horns with different flare angles, and 
Some of them approximate the desirable feed pattern of Fig 
3.! However, no phase information is given; W2IMU once 
told me they were terrible, and I accept his authority. 


5. Circular Horn 

A circular horn antenna, since itis symmetrical, might 
be expected to provide a fairly symmetrical pattern. Unfor- 
tunately, it doesn’t, and the phase centers are different for 
the E- and H-planes, The beamwidth is controlled by the 
diameter of the horn —for wide beamwidths, the horn may 
have no Паге, like the coffee-can feed, or cylindrical horn, 
often used at 1296 MHZ. 

Some improvement in the pattern may be provided by 
adding a choke flange to a cylindrical horn. Further im 
provement is possible by adding slots in the flange, though 
radiation patterns are shown in only one plane./* 

AIL of the above feeds have patterns similar to Fig 4. 
Many of these were developed for radar applications, where 
feed inefficiency may be compensated by increased power. 
More recently, satellite communication has prompted re- 
search into more efficient feed antennas. particularly for 
deep dishes (small {/D) with reduced sidelobes and better 
G/T. Here are a few of the many variations that have been 
described, chosen for their potential for construction with: 
out elaborate machining: 


6. Clavin Feed 

The Clavin feed is a cavity antenna fed by a resonant 
slot, with probes that excite a second waveguide mode to 
broaden the pattern in the H-plane to match the E-plane."® 
Radiation patterns approximate our desired feed pattern, 
Fig 3, while maintaining a good phase center. Fig 10 is a 
sketch of one I made from a [-inch copper plumbing pipe 
сар. It is best for deep dishes with ЛР in the 0.35 to 0.4 
range. The resonant slot makes it more narrowband than the 
others (nota problem for amateur use), and the smaller size 
would have less feed blockage than the “Chaparral” or 
Kumar feeds, so it might provide better performance on 
smaller dishes. 

A scalar feed is one that has no inherent polarization; 
the word "scalar" means that the electric field distribution 
is independent of the axis in which you look at the distribu. 
tion. The result is that scalar horns have equal beamwidths 
and sidelobes in both azimuth and elevation. This can't be 
achieved with a standard flared horn, so scalar horns are 
usually preferred for dish feeds. The symmetry also makes 
them suitable for both linear and circular polarization. The 
W2IMU dual-mode horn and the “Chaparral” and Kumar 
feeds below are scalar feeds, 


7. W2IMU Dual-Mode Horn 
Diffraction from the edge of a horn causes sidelobes 
that reduce efficiency. In the W2IMU dual-mode horn de- 
sign, there is а flare from a small section, which only sup- 
ports the lowest waveguide mode, to a larger section that 
Supports two waveguide modes.. The size of the flare 
controls the relative amplitude of the two modes, and the 
length of the large section is chosen so that the two modes 
cancel at the edge of the horn because they travel at differ- 
ent phase velocities in the waveguide. The cancellation 
eliminates the sidelobes and thus puts more energy onto the 
reflector. The requirement for a larger horn makes this feed 
optimum for larger fID reflectors, in the 0.5 to 0.6 range. 


8. Chaparral Feed 

"The "Chaparral" feed isa type of scalar feed horn often 
found on TVRO dishes, with a series of cavity rings 
surrounding a circular waveguide. 54 The rings modify 
the pattern to approximate our desired feed pattern, Fig 3, 
while maintaining а good phase center. This feed is best for 
deep dishes, with Р in the 0.35 to 0.45 range, Fine adjust 
ment of the pattern is possible by changing the protrusion of 
the central waveguide in relation to the surrounding rings. 

Note: T have not seen any mention of the location ofthe 
phase center, but my experiments show that itis controlled 
by the location ofthe outerrings, not the central waveguide. 


9. Kumar Feed 

The Kumar feed is a scalar feed hor similar to the Chap- 
arral feed, but with a single larger outer ring, so construction 
is somewhat simpler? Radiation patterns approximate our 
desired feed pattern, Fig 3, while maintaining a good phase 
center. Ham-band versions of this feed have been described by 
VE4MA for 1296, 2304 and 3456 MHz 22! Like the Chaparral 
feed, it is best for deep dishes, with JD in the 0.35 to 0.45 
range, with similar fine adjustment. 


Complete Dish Antennas 

Many of the papers describing feed horns show great 
detail of the horn performance, but very few even mention 
‘what happens when a reflector is added. The reflector may 
add too many uncertainties Гог good research, but our goal 
is to make à good working antenna. We want high effi- 
ciency because a dish has the same size, wind loading, and 
narrow beamwidth regardless of efficiency —we should get 
эз much performance as possible for these operational dif 
ficulties. In other words, if I am going to struggle with a 
fone-meter diameter dish on a windy mountain top, 1 cer- 
tainly want one meter worth of performance! 

In order to compare the different feeds, I wanted to 
measure the gain of several of them with the same reflector, 
to find their performance as complete antennas. 1 made а 
mechanism from an old slotied-line carriage and some pho 
Tographic hardware that allows the feed to be moved in 
three dimensions with fine control of adjustment, so the 
feed position can be adjusted for maximum gain. 
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‘The emphasis here is on smaller dishes intended for 
mountaintopping and other portable operation, so maximum 
gain with minimum size and weight is a definite consideration 
For other applications, there would be other consideration 
EME, for instance, would mandate maximum performance, 


Parabolic Reflector 

1 have managed to collect a half-dozen parabolic 
fectors of various sizes and origins, and I wanted to know 
if they were useful at 10 GHz, First, foreach dish I measured 
the diameter and depth in the center of the dish in order to 
calculate the focal length and /D ratio . This can only be an 
approximation for some dishes, due to holes or flat arcas in 
the center. The focal length is calculated as: 


p: 
depih 

The HDL ANT computer program does the calculatie 
and then generates a Postscript plot of a parabolic curve for 
the specified diameter and fID ratio. For each reflector, 1 
made a series of plots on a laser printer for a range of JD 
values for antennas in general near the calculated value, cut 
ош templates, then fitted them to the surface to find the 
closest fit, For 10 GHz, the surface must be within #1 mm 
of a true parabola for optimum performance, although er- 
rors up lo #3 mm result in only 1 dB degradation.” 1 se- 
lected several reflectors with good surfaces and discarded 
one that wasn't even close. 

Given a choice, a reflector with a large fID (0.5 to 0.6) 
would be preferable, As described earlier, dishes with small 
[ID are hard to illuminate efficiently and are more sensitive 
to focal length errors. On the other hand, a dish that is avai 
able for the right price is always а good starting point! 

Parabolic reflectors can come from many sources, not 
just antenna manufacturers. Some aluminum snow coasters 
(now unfortunately replaced by plastic, but aluminum foil 
glued to the surface might make them usable) are good. a 
hams in Great Britain have put dustbin lids into service as 
effective parabolic reflectors for years 

Homebrewing а parabolic reflector is possible, but 
great difficulty is implied by the surface accuracy cited 
above, The surface accuracy requirement scales with wave 
length, so the task is easier at lower frequencies. Of course, 
hams are always resourceful—NIIOL found that the cover 
from his 100-pound propane tank was an excellent 14-inch 
parabolic surface and has used it to mold a number of fiber- 
glass reflectors. KILPS then borrowed a larger cover from 
a different type of propane tank and found it to be nowhere 
near a parabola! 


Recommended Feed Systems 

Since no single feed system is optimum for all dishes, 
а good feed recommendation depends on the //D of the pa 
ticular dish, For shallow dishes (7D of 0.5 to 0.6), 1d 
recommend the W2IMU dual-mode horn or a pyramidal 
horn designed for the exact h ii The horn section of the 
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computer program will design the hom and plot a 
construction template. For deeper dishes (/D of 0.3 100.45), 
I'd recommend the Chaparral, Kumar or Clavin feeds 52016 
For 10 GHz, a Chaparral horn designed for 11-GHz TVRO 
use works well; your local satellite TV dealer might be per- 
suaded to order it as an "11 GHz Superfeed. 


Mechanical Support 

‘There are two critical mechanical problems: mounting 
the feed horn to the dish and mounting the dish to the tripod. 
Most small dishes have no backing structure, so the thin 
aluminum surface is easily deformed. KILPS discovered 
that some cast-aluminum frying pans havea rolled edge that 
sits nicely on the back of a dish; Mirro is one suitable brand, 
This is а good use for that old frying pan with the worn-out 
Teflon coating, so buy a new one for the kitchen. Tap a few 
holes in the edge of the old pan, screw the dish to it, and you 
have а solid backing. A solid piece of angle iron or alumi 
num attaches the bottom of the frying pan to the top of a 
tripod. The photograph in Fig 11 shows a dish mounted 
using a frying pan. WAIMBA uses this technique for a 24- 
inch dish at his home and reports that it stands up well to 
New England winters. 

The mounting structure for the feed horn is in the RF 
field, so we must minimize the blockage it causes. We do 
this by using insulating materials and by mounting the sup- 
port struts diagonally, so they aren't in the plane of the 
polarization. Fiberglass is а good material; plant stakes ог 
bicycle flags are good sources, and WASVIB recommends 
cheap target arrows. Use of four rather than three struts is 
recommended if they are all the same length, then the feed 
is centered, The base of the struts should be attached to the 
backing structure or edge of the frying pan; the thin dish 
surface is not mechanically strong. 


Aiming 

A quality compass and a way of accurately aligning the 
antenna to it are essential for successful operation. Narrow 
beamwidth and frequency uncertainty can make searching 
for weak signals frustrating and time-consuming. A heavy 
ipod with setting circles is а good start; hang your battery 
from the center of the tripod and it won't blow over as often, 
Calibrate your headings by locating a station with a known 
beam heading rather than by eycballing the dish heading; 
small mechanical tolerances can easily shift the beam a few 
degrees from the apparent boresight. As WIAIM can tes- 
tify, having the wind blow a dish over can distort it enough 
to move the beam to an entirely different heading. 


Alternatives 

‘The narrow beamwidth may actually make contacts 
тоге difficult, particularly in windy conditions. I have 
worked six grids from Mt, Wachusett in central Massachu- 
setts using а small Gunnplexer horn. The longest path, 203 
km, required a 12-inch lens for additional gain to make the 
contact on wideband ЕМ; it would have been easy with 


narrowband SSB or CW. 

For a rover station, a reasonable size horn might be a 
good compromise, with adequate gain and moderate 
beamwidth for easy aiming. 1 often use the 17.5-dBi 
Gunnplexer horn, witha 12-inch lens ready to place in front 
of it when signals are marginal 


Conclusions 


A parabolic dish antenna can provide very high gain at 
microwave frequencies, but only with very sharp beam- 
widths. To achieve optimum gain, careful attention to detail 
is required: checking the parabolic surface accuracy with а 
template, matching the feed hora to the 7D of the dish, and, 
most importantly, accurately locating the phase center of 
the feed horn at the focus. 
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Practical Microwave Antennas 


Part 3-Lens antennas and microwave antenna measurements. 


By Paul Wade, NIBWT 
(From OEX, November 1994) 


antennas and parabolic dish antennas. We now tum 

‘our attention to the third type of practical microwave 
Antennas: lenses. I'll also describe microwave antenna mea- 
surement techniques and conclude with a discussion of ac- 
tual measurement results anda comparison of the three types 
of antennas. 


I » the previous parts of this series we discussed hom 


Lens Antenna: 

For portable microwave operation, particularly if back- 
packing is necessary, dishes or large horns may be heavy 
and bulky to carry. A metal-plate lens antenna is an attrac- 
tive alternative. Placed in front of a modest-sized horn, the 
lens provides some additional gain, much like eyeglasses on 
a near-sighted person, The lens antennas | have built and 
tested are cheap and easy to construct, light in weight and 
noncritical to adjust. The HDL ANT computer program 
makes designing them casy, as well 

There are other forms of microwave lenses—for in- 
stance, dielectric lenses and Fresnel lenses— but the metal- 
plate lens is probably the easiest to build and lightest o 
carry, so it is the only type I'll describe here. 

The metal-lens antenna is constructed of a series of 
thin metal plates with air between them. The curvature of. 
the edges of the plates forms the lens, and the space between 
the plates forms a series of waveguides. Fortunately, we can 
get “air” in a solid form to make construction easier: 
Styrofoam looks just like airto RF, and t keeps the metal plates 
‘accurately spaced, We use aluminum foil for the plates, attach- 
ing it 1o the Styrofoam with spray adhesive and shaping the 
curvature with hobby knife on acompass. Designs are limited 
то those using circles, to ease construction 


Background 

These metal-plate lenses were originally described for 
10 GHz by KBIVC and me at the 1992 Eastern VHF/UHF 
Conference, but there is no good reason to limit them to that 
band. The need for more gain became apparent tous during 


"Notes appear at the end of bis section 
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the 1991 10-GHz Contest. We were atop Burke Mountain in 
Vermont, on a day as clear as the tourist brochures promise. 
We could see Mt. Greylock in Massachusetts, where 
KH6CP was located, but it was too far to work with horn 
antennas on our Gunnplexers. After KILPS humped his 
‘wo-foot dish up the fire tower, we knew that wasnt the best 
answer for portable work, 

Later, we found an article in VHF Communications on 
lens antennas by Angel Vilaseca, HB9SLV, which intrigued 
us? described how to design а metal-lens antenna but did 
mot present expected gain or measured results. 

We then searched through the references to try to un- 
derstand how these antennas work, finally discovering that 
the best work was done before we were born, by Kock. 
Kock's paper makes it clear how the metal-lens antenna 
works, and, more importantly, that it does work! 


Lens Basics 

The meul late lens works, in principle, like any other 
lens, A similar optical lens would take abroad beam of light 
and shape it, by refraction, into a narrower beam. Refrac 
tion occurs atthe interface of two materials in which light 
travels at different speeds and changes the direction of travel 
of the beam of light. If the beam is formed of many rays of 
light, each one may be bent: the ones at the edge of the beam 
bend more so they end up parallel to the center rays, which 
are hardly bent at all. For this to work, each ray must take 
‘exactly the same time to travel from its source, at the focal 
point of the lens, to its destination. Since light travels more 
slowly in glass. a lens is thicker at the middle, to slow down 
the rays with a shorter path, and thinner at the edges, to 
allow the rays with longer paths to catch up, as shown in 
Fig 1. The needed curvature of the lens to form the beam 
exactly isan ellipse, but for small bending angles a circle is 
almost identical o an ellipse, and nearly all optical lenses 
are ground with spherical curves. 

Since light and RF are both electromagnetic waves, we 
could use glass—orany other diclectric—to make a lens for 
10 GHz. For example, a recent article described a dielectric 
lens made of epoxy resin. But for larger sizes this quickly 
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Fig 1—A simple lens. The travel time for each of the 
rays must be the same, so the time along the line. 
ABCD is the same as that along the line АЕРО. 


Fig 3—А spherical lens can be formod by a series of 
spaced plates. 


becomes less attractive, and most dielectrics are rather lossy 
at 10 GHz. Low-loss materials are available but are costly 
and relatively heavy and difficult to shape, 


‘The Metal-Plate Lens 

Since electromagnetic waves travel at different speeds 
in waveguide and in free space, why not use waveguides of 
different lengths to form a lens? This has been done and is 
known as an "eggcrate" епз. However, it is easier to make 
a group of parallel plates that form wide parallel 
waveguides, simply shaping the input and output edges of 
these waveguides to change the path lengths and form the 
lens surface, This differs from an optical lens in that the. 
phase of the electromagnetic wave travels faster in a 
waveguide than in free space.” Thus, the required curvature. 
of a metal lens antenna is the opposite of an equivalent 
optical or dielectric lens—in this case, concave instead of 
convex. We can still get away with using circular curva- 
tures instead of ellipses as long as we aren't trying to bend 
the rays too sharply. For that reason, we feed the lens with 
asmallhorn, which does part of the beam forming, as shown 
in Fig 2. Of course, if we want both horizontal and vertical 
beam shaping, we need a spherical shape, so we must shape 
the surface described by the edges of the metal plates into 
a sphere like that of Fig 3. 


Lens Design 
While the HDL_ANT program removes the drudgery 
from lens design and makes it available to amateurs, a gen- 


Fig 2—Feeding a lens with a horn lets the horn 
provide part of the beam shaping. 


eral description of lens design might aid in understanding 
what is happening and what the computer is telling you. 

First, some design objectives are needed: how big a 
lens is desired, and what are the dimensions of the horn 
feeding it? Gain is determined by aperture (roughly the di- 
ameter for dishes, horns and lenses). A good rule of thumb 
is that doubling the aperture will increase the gain by 
6 dB. For instance, an 8-inch lens in front of a 4-inch 
horn would add 6 dB to the gain of the horn, and a 16-inch 
lens would add 12 dB. So, modest gain improvements take 
modest sizes, but really large gains require huge antennas 
по matter what kind. However, а 6-48 increase in gain will 
double the range of a system over a line-of-sight path. 

The horn dimensions may be determined by availabil 
ity, or you may have the design freedom to build the horn as 
well. The beam width of the horn (which is usually smaller 
than the physical flare angle of the horn) is used to deter- 
mine the focal length of the lens. Kraus gives the following 
approximations for beam width in degrees and dB gain over 
a dipole:* 


6 
Vrae * (Eq 1) 
E 

ч (E4 2) 
Gain = 10108 (83А Aa.) (ваз 


where Ag; is the aperture dimension in wavelengths in the 
E-plane, and App, is the aperture in wavelengths in the H- 
plane. These approximations are accurate enough to begin 
designing. From the beam width and desired lens aperture, 
finding the focal length fis a matter of geometry: 


Lens diameter 


The final and most critical dimension is the spacing of 
the metal plates, The blue Styrofoam sheets sold as 
insulation have excellent thickness uniformity, and 
"ls inch is pretty near optimum for 10 GHz, but the actual 
dimension should be measured carefully. The thickness de- 
termines the index of refraction: 
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Fig 4—A single-curved lens. The radius of curvature 
is found using Eq б, with the radius of the flat side set 
to infinity. 


Fig 5—Each of the lenses shown has the same focal 
length, per Eq 6. 


—— 


Fig 6—A double-curved lens. HDL. ANT provides both 
single-curved and double-curved lens designs. 
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do 
тарын) ss 
which is the ratio of the wavelength in be lens to the wave- 
length in free space. 

Next comes calculation of the lens curvature. The ор- 
imum curve is an ellipse, but we know that spherical lenses 
have been used for optics since Galileo, so a circle is a 
usable approximation. We can show that the circle is 
excellent fit if the focal length is more than twice the lens 
diameter; photographers will recognize this as an /2 lens. 
"This suggests that the feed horn have a beam width of no 
more than 28°, ora horn aperture of atleast two wavelengths 

"The radius of curvature of the two lens surfaces is cal- 
culated from the lensmaker's formula (see Note 4): 


1 


Eq6 


where a negative radius is a concave surface. For the single- 
curved surface of Fig 4, one radius is set to infinity. АП 
combinations of RI and R2 that satisfy the formula are 
equivalent, as shown in Fig 5: the computer program calcu 
lates the single-curved and symmetrical double-curved 
solutions (Fig б). The radius of curvature calculated above 
is for the surface, and thus the central plate, which has the 
full curvature. The rest of the plates must be successively 
wider and have smaller radii so that the edges of all the 
plates form а spherical lens surface, This is more geometry, 
and the program does the calculations for each plate. 

‘The final calculation involves the phase centers of the 
horn, so that the lens-to-horn distance matches the focal 
length, This is a difficult calculation involving calculation 
o Fresnel sines and cosines; KBI VC deserves credit for the 
programming.* Without a computer, you would use trial- 
and-error looking for best gain. What the calculations will 
show is that many horns, particularly the “optimum” de 
signs, have much different phase centers in the E- and 
H-planes, The program offers to make a crude compensa- 
tion for this, but, if possible, ће H-plane aperture of the horn 
should be adjusted slightly to match the phase centers. A 
few trial runs of the program should enable you to find а 
good combination, If you already have a horn, cither try the 
‘compensation or just use the E-plane phase center. 

For very large lenses, the size may be reduced by step 
ping the width of the plates into zones which keep transmis- 
sion in phase, as shown in Fig 7. The program will suggest 
a step dimension if it is useful. At 10 GHz, a step is useful 
only for lenses larger than 2 feet in diameter. 


páer- if 


Construction 

Construction is straightforward, using metal plates of 
aluminum foil spaced by Styrofoam, as suggested by 
HBOSLV (see Note 2). A 2-foot by $-foot sheet of blue 
Styrofoam, "inch thick, is less than $5 at the local lumber- 
yard and will make several antennas. The aluminum foil is 
Attached to the foam using artist's spray adhesive, available 
эсап supply stores. Spray both surfaces lightly, let them dry 
for a minute or two, then spread the foil smoothly on the 
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Fig 7—A zoned lens can be used to implement large 
reducing the needed thickness. 


foam. If the adhesi 

much, 
Next mark the outline of a rectangle for each metal 
plate on the foil. These will be used later to cut the foam and 
size. Then 


ls the foam, you are using too 


ie up the plates, so they should all be the sa 
mark the center of cach curve and measure off the radius 10 
the center of the circle. Using a compass with a hobby knife 
attached, place the point at the center of the circle and cut 
the curve through the foil into the foam. When all the curves 
эге cut, peel off the unwanted foil, leaving the lens plates. 
Then cut up the rectangles with a razor blade and stack the 
blocks into alens. (You did number them, didn't you?) Each 
rectangle should have foil on one side. If it looks good, 
them up two at The final antenna will be a block of 
foam—there is no need to shape the foam to the lens curve. 
Shrink-wrapping the lens with thin plastic makes nice 
weatherproofing 

A few helpful hi 
really help in this process, and permanent markers don't 
smear. Also, if the foam is cut halfway through, it will snap 
cleanly on the line 


s are in order, Sharp knife blades 


Adjustment 

A metal-lens antenna only works in the E: plane This 
is parallel to the elements of a dipole or Yagi but per 
pendicularto the wide dimension of a waveguide. The plates 
‘must be perpendicular to the wide dimension to provide gain. 

The horn should point through the center of the lens, 
but the focus distance is not as critical as with a dish. Aiming 
is done by pointing the feed horn; the lens focuses the beam 
more tightly but does not change the beam direction. Tilting 
the lens will nor steer the beam— if you don’t believe this, 
in optical lens, like a magnifying glass, focus it on 
something, and tilt i 

We found that the best gain was with the horn slightly 
closer to the lens than calculated, probably because of edge 
effects. Makin 
calculated would probably eliminate this effect and make 


the size of the plates slightly larger than 


Fig 8—A 300-mm lens placed in front of a Gumplexer 
transceiver provides about 10 dB of additional gain 
over that of the horn alone. 


the gain a bit higher; since a wavelen) 
an inch, an inch or two oversize is plenty 


One other interesting effect was found with 
plexers: since the transmitter is also U 

lator, reflected power from the lens adds to the LO power 
or subtracts when out-of-phase. This makes the received 
signal strength vary with every half-inch change in lens-to 
horn distance, with very little change in signal strength 


observed at the other station, So, adjust the spacing for the 
best received signal. Of course, this effect does not exist on 


a system with low LO radiation. 


the HDL_ANT Program 


п of HDL ANT calculates the dimen: 
sions for the plates ofa lens. Since all curves are circles that 


The lens se 


sily drawn with a compass, templates are n 
The basic 

presented in tabular form. Ifyou like the results 

le for printi 

if not, try another run with new data. 
ers, Th 
sons for this: the first is that odd fractions lead to errors in 
measurement, and the second is that one millimeter isa 
tolerance for 10.GHz lens dimensions. If all measurements are 
made to the 
pected. The only exception is in the plate spacing, and that is 
accurately controlled by the foam thickness. 


input data is entered interactively. then 


they may be saved to gor further processing: 


All dimensions are in millimes 


rest whole millimeter, good results can be ex 


Results 

We have construct 
niennas to date: a 150-mm single- 
150-тт and 300-mm double-curved versions. Fi 
the 300-mm lens fed by a WBEM Gunnplexer system, and 
Listing 1 shows the HDL ANT design of this antenna, All 


the lenses are designed to be fed with the standard 


d and tested three metal-plate 


curved version, and 


S shows 


Gunnplexer horn, which has well-matehed phase ce 


whether by design or by accident, Gain m. vents are 


shown in Table 1. The lenses perform with about 50% effi- 
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ciency if we consider them as having a round aperture; ће 
corners do not contribute significantly, but we made them. 
square for convenient fabrication and mounting. 

We also used the lenses during several contests during 
1992, 1993 and 1994. The 300-mm lens increased the range 
of our WBFM Gunnplexer transceivers by approximately 
50%, to over 200 km, enabling contacts over new paths. The 
equipment was still highly portable due to the light weight 
of the lens, and they have survived mishaps with only afew 
harmless dents in the foam. 


Further Uses for Metal Lenses 

‘The metal-lens antenna could be useful at other fre- 
quencies: for 5.76 GHz a foam thickness of around 35 mm 
would be good, and at 24 GHz approximately 8-mm-thick 
foam might work, though it could be lossy at that frequency. 

A lens can also be part of а more complex antenna 
system. For instance, a divergent lens can be used to pro- 
vide better illumination for some of the very deep dishes 
that are sometimes available as surplus. A book on optics 
(such as Note 4) will show how to change the focal points 
appropriately 


Lens Summary 
We have demonstrated that metal-lens antennas may 
be easily designed and constructed using the HDL ANT 
“computer program and that a book -sized lens, light and rug- 
ged enough for backpacking, provides gain enhancement 
adequate to double the range of a Gunnplexer system, 


Antenna Gain Measurement 
Hams have been measuring antennas for many years at 
УНЕ and UHF frequencies, and we have seen marked im- 
provement in antenna designs and performance as a result 
Very few serious antenna measurements have been made at 
10 GHz; the additional difficulties at these frequencies are 
not trivial, PU describe a few new twists that make it more 
feasible. 


Overview 
Antenna measurement techniques have been well de= 
scribed by K2RIW and W2IMU;L? the latter also 
appears in the ARRL Antenna Book and is required reading 
for anyone considering making antenna measurements. ^ 
‘The antenna range is set up for antenna ratiometry so 
that two paths are constantly being compared, both origi- 
nating from a common transmitting antenna. (See Note 11.) 
These two paths are called the "reference" and "measure 
ment” paths, The reference path uses a fixed antenna that 
receives what should be a constant level. In reality, there are 
continuous small fluctuations in the received signal at mi- 
crowave frequencies, even over a short distance like an an- 
tenna range. Using ratiometry, the reference path allows 
these random variations in the source power or the path Joss 
to be corrected by an instrument that constantly compares 
the signal from the measurement path with that of this ref- 
erence path. First, a standard antenna with known gain is 
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measured and the reading is recorded. Then, when an un- 
known antenna is measured, the difference between it and 
the standard antenna determines the gain of the unknown 
antenna, 


Instrumentation 

‘One measuring instrument commonly used isthe ven: 
erable HP 416 ratiometer, with crystal detectors used to 
sense the RF. Basically, this technique compares the out. 
puts of two crystal (diode) detectors. The crystal detectors 
present a problem: a matched pair is needed, and these are 
hard to find for 10 GHz. Also, diode detectors have poor 
sensitivity and dynamic range, so it is necessary to provide 
adequate power to keep the detectors operating in the square- 
law region where they are accurate. Another problem is drift 
їп the old vacuum-tube HP 416, 

It seemed to me that a superheterodyne technique was 
needed. If the signal could be converted to some lower fre- 
quency, it could be received on a better receiver. Ifthe two 
channels had separate converters, the comparison could be 
‘made at the lower frequency. Finally, if we simply switched 
between the two channels at the lower frequency, the output 
‘would be an AM signal. If the switching rate were at an 
audio frequency, an AM receiver would thus have an audio 
‘output amplitude proportional to the difference in signal 
level between the two channels, Once the signals are com. 
bined by the switch, they may be easily amplified as needed 
atthe lower Frequency, 

At 10-GHz, frequency stability is always а problem, so 
‘anormal communications receiver might be too sharp. From 
work with 10-GHz WBFM, I know that most signals are 
stable to within a few hundred KHz after warm-up, so a 
receiver with a I-MHz bandwidth should be acceptable 
While I was wondering if there might be something usable 
in a surplus catalog, it occurred to me that [already owned 
а perfectly usable solid-state wideband AM receiver—an 
AILTECH Model 75 Precision Automatic Noise Figure 
Meter (PANEL), which found ata surplus auction. Not only 
that, it also has a synchronous detector and an output to 
synchronously switch the input signal (normally the noise. 
source), The meter reads the difference in signal level as the 
input is switched; in this application, instead of the differ- 
‘ence with a noise source switched on and off, it reads the 
difference as it switches between the two channels, with 
excellent resolution. Ifa signal much stronger than the noise 
is applied, the meter responds only to the signal rather than. 
noise, (While checking the references for this paper, I dis- 
covered that K2RIW—see Note 11—had suggested use of 
the AILTECH Model 75 PANFI in (976, but no one had 
remembered so 1 had to rediscover it!) 

"The only problem with the PANFI is that itis calibrated. 
to solve the noise equation: 


Tam ~ Oleg (Y - 1) (Eq 7) 

This requires abit of arithmetic on а calculator or using 
the HDL ANT computer program to undo the results and 
find the difference in dB: 


Table 1—Summary of 10.968-GHz Antenna Measurements (N1BWT 12/18/93, 5/14/94, 9/15/94) 


Antenna Focal distance Gain (dBi) Efficiency 


Standard Gain Hom, (22.5 dBi calculated) 2245 43% 
Scientilic-Atlania Model 12-8.2, 
‘courtesy KMST, gain thanks to John Berry, Sciontii-Atlama 


Gunnplexer Нот (17.45 dBi calculated) 175 57% 
+ 6 lens E 209 45% 
+ 12" lens ar 274 50% 
‘Surplus horn (19.4 dBi calculated) 196 67% 
WIRIL loop Yagi 160 
22" dish, #0 = 0.39, surplus, feed = 11 GHz Superteed:" 
unmodified feed aos 333 55% 
with feed line to reflector 322 45% 
modified teed 329 53% 


25" dish, VD = 0.45, Satelite City, with the following feeds: 
11 GHz Superfeed" 10.875" мл 58% 
Clavin feed 11.125" 344 54% 


Rectangular Horn. 


10.625" ES 49% 
10 828 329 ar% 
WR-90 to coax Transition no 327 СЯ 
WA1MBA log periodic 10.94" з24 37% 


18" dish, VD = 0.42, Satellite City, with the following feeds: 


11 GHz Superfeod" 775 az so% 
Clavin feed 7875 EE 53% 
Rectangular Horn E=0.9", Н-1387 318 57% 
WR-90 to coax Transition, rect flange 302 42% 
WR-90 to coax Transition 202 42% 


round flange, od = 2.15" 


Cylindrical horn with 7.875" 28 200" 


slotted choke ring to choke ring 
WAGRMX Triband feed ar 


24° Commercial (Prodelin) dish antenna: 
feed is rectangular horn fed by WR-90 waveguide “shepherd's crook” 
336 52% 


RANGE LENGTH = 102 feet. 2027) = 91 feet. Test height - 8 feet. 


FOCAL DISTANCE SENSITIVITY: each feed was adjusted for max gain. 
‘Gain was down 1 dB about "either way from peak 
Notes:'11 GHz Superfeed is a Chaparral feed horn for 11-GHz TVRO. 
“These feeds wore not positioned accurately—more gain is possible. 
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Fig 9—This switch can be used to automatically 
switch between the reference and measurement paths 
of the antenna gain measurement system. 
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Otherwise, the indicated gains are very optimistic. 

‘The input to most noise figure meters is at 30 MHz, 
so Г used а surplus signal generator to generate an LO 
30 MHz away from 10368 MHz and used my 10-GHz 
iransverter as the source transmitter. The signal generator 
provides the LO for two surplus waveguide diode mixers, 
but a pair of mixers like the ones in the transverter would 
also be fine.!* Matched mixers aren't needed since they are 
linear mixers with wide dynamic range. I preceded each 


mixer with a band-pass filter, but there probably aren't many 
stray 10-GHz signals around, An isolator in the antenna line 
is useful when the antennas may have high SWR. 

Everything after the mixers is at 30 MHz, so ordinary 
cables and components complete the setup. included a step 
attenuator in the measurement path to double-check the 
meter readings. 

"The switch, shown schematically in Fig 9, uses a com- 
mon double-balanced mixer (DBM) as an attenuator in each 
path. Applying a de current though the diodes in a DBM 
varies the attenuation: the DBM has high loss with no de 
current, and low loss with de current applied; 1 measured 
S4dBoflossat0mA and2.84B at 20 mA. An FET and some 
Zener diodes provide a crude switching circuit to switch the 
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current in response to the 28-V output from the pa 

Fig 10 shows the antenna measuring setup for 10 GHz 
The reference path uses a small horn as the receiving ar 
tenna, and the source antenna is another horn. After com- 
nleting all connections, the signal generator is adjusted for 
‘maximum received signal, as indicated with the PANFL 
switched to the noise OFF position, Then the PANFI is 
switched to AUTO to display the difference between the 
paths, which is converted to relative gain using the above 
equation. 


Antenna Range 
‘The length of the antenna range is important: if itis too 

short, there wll be significant phase difference over the 

aperture of the antenna being tested, resulting in low mea: 

Sued gain The minimum range length to avoid this erroris 

the Rayleigh distance 

ae [1 

A few trial calculations will show that this requires 
miles of range for large dishes, Fortunately, the Rayleigh 
distance forthe 25-inch dish that I wanted to measure is 
only 91 feet at 10 GHz. 

The antenna range is а grownderefletion range, as 
shown in Fig 11, where the range is designed to account for 
around reflection and controlit. One alternative would beto 
Place the antennas high enough that ground reflection would 
be insignificant; however, in order to keep the reflected 
signal contribution from the ground to less than 0.5 dB. bot 
ends of the range would have o be 122 feet high fora range 
length of 91 feet, Another type of range requires the signal 
path to be at a 45 angle to the ground, so the antenna height 
would only be 91 feet. For most amateur work, antenna 
heights like these are impractical, so the ground-reflection 
range is used. 

In order to have the phase error as low in the vertical 
plane as in the horizontal plane, the height of the antenna 
being measured must be at least four times its aperture di- 
ameter, which is 100 inches for the 25-inch dish. suspect 
that most amateur antenna ranges have had insufficient 
Antenna height and consequently have had trouble measur- 
img higher-gain antennas accurately. My first measure- 
ments, at a height of about 4 fect, showed lower than ex- 
pected efficiency for the larger dishes. Raising the height 
made the measured efficiency greatest for the larger dish, as 
you would expect, since the feed hom blocks a smaller per- 
centage ofthe aperture, 

“The received energy should be at a maximum at the 
height of he antenna being measured. Fora ground-reflec- 
tion antenna range, this is controlled by the height of the 
Source antenna 


| 


which works out to about 3 inches forthe 91-foot-long range. 
with the receiving antenna 100 inches high. Therefore, by 
adjusting the reference and measurement antennas to over 
8 feet high (easily done on the back of a pickup truck ora 
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Fig 11—A ground-reflection antenna 
ratlometry. The required range length and antenna 
heights depend on the frequency and the 
characteristics of the antennas 


porch) and placing the height of the source and antenna 
around 3 inches, good, reliable and accurate results may Бе 
obtained (see Table 1). 


‘The Standard-Gai 

In order to measure meaningful antenna gains, an 
antenna with known gain is required, Recall that all mea- 
surements are relative to a known standard, A dipole is 
useless as a standard—its broad pattern receives so many 
stray reflections that repeatable readings are nearly impos- 
sible, and its gain is so much lower than a 30+ dB dish that 
equipment accuracy is a problem; few instruments are accu 
rate over a 30-4B (1000:1 power ratio) range. 

What is required is an antenna with a known gain, pref- 
erably a gain of the same order of magnitude as the antennas. 
to be measured, At microwave frequencies, the gain of a 
horn antenna can be calculated quite accurately from the 
physical dimensions. The algorithm used in the HDI. ANT 
program will be accurate within about 0.2 dB if good con- 
struction techniques are used, 

For even better accuracy, several companies make stan- 
dard-gain horns with good calibration data. For 10 GHz, a 
standard-gain hom was lent to me by KM3T—he was lucky 
‘enough to find one surplus. Mr. John Berry of Sciemtific-At- 
lanta was kind enough to provide the gain calibration curve. 


Antenna 


Measurements 

Once the antenna range is designed and set up, it must 
be checked out before making actual measurements. This is 
best done with an antenna with a fairly broad pattern, like a 
medium-sized horn, as the test antenna. First, the attenua- 
tors are adjusted for a convenient meter reading. Then the 
field uniformity is probed by moving the test antenna hori- 
zontally and vertically around the intended measurement 
point. The indicated gain should peak at the center and 
should not vary significantly over an area larger than any 
antenna to be tested; the variation should be less than 1 dB. 
‘At this point, the height of the source antenna usually needs 
tobe adjusted to get the vertical peak at the intended receiv- 
ing height. Finally, the test antenna is held stationary. and 
calibrated attenuation steps are added in the test path to 
make sure the indicated gain (after correction if using a 
PANFI) changes by the amount of attenuation added. With. 
а ratiometer, the attenuation must be added at the micro- 
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wave frequency, but a PANEL system like Fig 10, with a 
linear mixer, allows the use of an IF attenuator; step айепи- 
ators are much easier to find (or build) for 30 MHz than for 
10 GHz, 

Now the range is ready to make measurements, The 
standard-gain antenna is inserted as the test antenna, aimed. 
for maximum indication, and the attenuators adjusted for a 
meter reading that will keep expected gains within the range 
of the meter. All gain measurements will be the difference 
from this standard reading added to the gain of the standard- 
gain antenna. The standard-gain antenna is replaced by an 
antenna to be tested, ће new antenna is aimed for maximum 
gain, and its indicated gain is recorded, The difference be- 
tween this indicated gain and the standard reading, after 
(correction, added to the known gain of the standard-gain 
antenna, is the gain of the test antenna. The reading with the 
standard-gain antenna should be checked frequently to cor- 
rect for instrumentation drift; ratiometry with the reference 
antenna corrects for other sources of drift, 


‘Measurement Results 

1 set up a 10-GHz antenna range in my yard that was 
102 feet long, more than the Rayleigh distance, with the 
‘equipment described above, The received field was probed 
for uniformity, and the height of the source antenna was. 
adjusted for a flat field at the required height. Then I was 
able to start measurements, using a standard-gain horn for 
‘comparison. The results are shown in Table 1 

The first thing that became apparent is that all adjust- 
ments on a dish are critical. In the field, looking at a tiny 
Scmeter, it doesn’t seem so difficult to point a dish with a 
beamwidth of only about 3 degrees. The PANFI, however, 
has large meter with 1 dB expanded out to nearly an inch 
‘On this meter, even tiny adjustments have obvious effects, 
‘demonstrating how touchy aiming a dish is. 

The most critical dimension of a dish is the focal 
length—the axial distance from the feed to the center of the 
dish. A change of '/ inch, or about a quarter-wavelength, 
changed the gain by a dB or more. 

The critical focal length suggests that it is crucial io 
have the phase center of the feed exactly at the focus of the 
reflector. Since the phase center is rarely specified for a 
feed horn, we must determine it empirically by finding the 
maximum gain on a reflector with known focal length, which 
we can estimate from templates for various ID. Thus we can 
estimate the phase centers for all the feeds in Table 1. 

For the Chaparral style feed horns, we can deduce some 
further information. Several different feeds were measured, 
with two different dimensions, and with adjustable choke 
rings. Regardless of where the choke ring was set, maxi- 
mum gain occurred with the choke ring the same distance. 
from the reflector. This implies that the phase center is con 
rolled by the position of the choke ring, not the central 
waveguide. The version designed for 11-GHz TVROuse, with 
the gain shown in Table 1, has an apparent phase center in front 
of the choke ring, while a larger one, dimensioned for 10 GHz, 
has the apparent phase center behind the choke ring (inside the. 
ring) and provides gain similar to the smaller one 
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As for efficiency, none of the dish measurements in 
Table 1 exceeds 60%, and it is obviously easy to get effi- 
ciencies less than 50%. This suggests to me that the 55% 
quoted in the books is far from typical, and careful design 
and measurement is needed to reach or exceed it. As illus- 
trated in Part 2 of this series, dishes with small 7D (les 
0.3) may be very difficult to feed efficiently. 

Оп the other hand, several of our amateur feeds have 
higher efficiencies than the commercial dish antenna shown 
in Table 1. If you find a surplus dish with a feed, don't 
assume it is the best possible one—different applications 
may require optimization of other parameters. For instance, 
WAIMBA has been working on a broadband log-periodic 
feed. The efficiency at 10 GHz shown in Table 1 is rather 
poor by comparison, but having a single dish feed that 
offers reasonable performance at several amateur micro- 
wave bands is an exciting possibility. 

Several of the dish measurements in Table | were made 
with a coax-to-waveguide transition as а feed—the open: 
ended waveguide flange acts as a smal! horn. This is not an 
optimum feed, as shown by the low efficiency, but it is one. 
that is readily available for comparisons, Ifthe feed for your 
dish does not perform significantly better than a plain 
waveguide flange, it сап certainly stand improvement 

Measured horn and lens efficiencies are comparable to 
dish efficiencies, so we can conclude that all three types of 
antennas can provide the same gain for the same aperture 
area. This leaves us free to choose the type of antenna best 
suited to the application. 


Conclusion 

Horns, dishes and lenses are all high-performance mi 
crowave antennas well-suited for amateur communications, 
Horns are small, rugged, and reliable, good for rover opera- 
tion; they may be supplemented with a lens acting as an 
"amplifier" for increased gain. Dishes offer the ultimate in 
gain, at the expense of size and narrow beamwidth. 

Horn and Jens construction is easily within amateur 
capability, but parabolic reflectors at microwave frequen- 
cies require construction accuracy that is difficult to achieve 
A dish antenna using a manufactured reflector still requires 
careful attention to detail to realize high efficiency. 

‘Amateur antenna gain measurement at 10 GHz with 
ood results has been demonstrated using ratiometry, and a 
noise figure meter is а good solid-state replacement for a 
vacuum-tube ratiometer. Antenna gain measurements are 
valuable for making critical adjustments and for verifying 
that an antenna is providing the performance expected. 
Better antenna gain measurements should bring the same 
improvement to amateur microwave antennas that years of 
antenna measuring contests have brought to УНЕ and UHF 
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More оп Parabolic Dish Antennas 


Offset dishes, penny feeds and sun noise 


By Paul Wade, NIBWT 
(From QEX, December 1995) 


Introduction 
I nthe past year, you have probably noticed little gray dish 


antennas sprouting from rooftops and appearing for sale 

in stores as part of satellite TV systems. One common 
Version is the RCA DSS system, which uses an 18-inch off- 
set-fed dish. 

In previous articles about parabolic dish antennas, I de- 
seribed only conventional axial-feed dishes because other 
types weren't readily available.'? Now, with the introduc- 
tion of the DSS system this is no longer true—inexpensive 
offset-feed dishes are readily available, and they offer ex- 
cellent performance at 10 GHz 

‘This article isthe “fourth part” of my three-part series of QEX 
articles on practical microwave antennas. ^^ In order to show 
how to use offset dishes effectively, some familiarity with 
antenna terminology and concepts is required, so 1 urge the 
reader to review the earlier articles, In addition to offset-feed 
dishes, this article will also discuss the “penny” feed for con- 
‘ventional dishes, dishes with multiple reflectors and the use of 
son noise to verify antenna and system performance. 


1 Notes appear at the end of this section. 


Offset-Feed Dishes 

Anofiset-feed dish antenna has a reflector that is a section 
of а normal parabolic reflector, as shown in Fig 1. If the 
section does not include the center of the dish, none of the. 
radiated beam is blocked by the feed antenna and support 
structure. For small dishes. feed blockage in an axial feed. 
dish causes a significant loss in efficiency. Thus, we might 
expect an offset-feed dish to have higher efficiency than а 
conventional dish of the same aperture. 

In addition to higher efficiency, an offset-feed dish has 
another advantage for satelite reception. The dish in Fig 2, 
aimed upward toward a satellite, has its feed horn pointing 
toward the sky. A conventional dish would have the feed 
horn above it, pointing toward the ground, as shown in Fig 
3. Any spillover from the feed pattern of the conventional 
dish would receive noise from the warm earth, while 
spillover from the offset dish would receive less noise from 
the cool sky. Since a modern low-noise receiver, such as а 
satellite TV LNB, has a noise temperature much lower than 
the earth, the conventional dish will be noisier. This is G/T, 
which I described in the previous series of articles: the off- 
set dish offers higher gain, G, since the efficiency is higher, 


Fig 1—Geometry of an offset parabolic dish antenna. 
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Fig 2—An offset parabolic dish antenna almed at а 
satellite. 


plus reduced noise temperature, Т, so both terms in the 
GIT ratio are improved. The higher gain means more signal 
may be received from a source, and the lower noise tem- 
perature means that less noise accompanies it, so a higher 
GIT offers a higher signal-to-noise ratio. 


The RCA DSS Dish 

The original incentive to use an offsct-feed dish was pro- 
vided by Zack Lau, KH6CP, who pointed out that the 18 
inch RCA DSS dishes are available by mail order for about 
$13. Lordereda dish and a mounting bracketto see if could 
figure out how to use one at 10 GHz.“ When it arrived, it 
‘wasn't obvious where the feed point should be, so 1 took a 
trip to а local discount store to eyeball the system оп 
display. 

Now I had an idea where to put the feed, but not the exact 
location. The RCA reflector is oval shaped, but Ed, 
W2TTM, provided the needed insight: the dish aperture 
should appear circular when viewed on boresight, as shown 
in Fig 1. Thus the dish must be tilted forward for terrestrial 
operation, Although the reflector is an oval, the effective. 
antenna aperture is the projected circle, with a diameter 
equal to the small dimension of the oval, 18 inches for the 
RCA dish, The tilt angle, feed point location and the rest of 
the dish geometry can be calculated—see the Appendix for 
the procedure, Version 2 of the HDL ANT computer pro- 
gram will do these calculations. This program is available 
from the ARRL BBS (860-594-0306) or via the Internet at 
http:/www.arrl.org/qexfiles/hdl. ant2.zip or ftp://ftp. 
arrlorg/pub/qex/hdl_ant2.zip. 


Fig 3—An axial-feed parabolic dish antenna aimed at 
a satelite. 


‘The calculations show the focal length of the RCA dish to 
be 11.1 inches. Ifthe dish were a full parabola rather than 
justan offset section, the diameter would be about 36 inches, 
Tor an fiD of 0.30, which would require a feed with a very 
broad pattern, However, a feed horn need only illuminate 
the smaller angle of the offset section, a subtended angle of 
about 77°. This subtended angle is the same as a conven- 
tional dish with an fID of 0.7, so a feed horn designed for a 
0.7 ЛР conventional dish should be suitable, Rectangular 
feed horns have been shown to work well with offset reflec- 
torsand are readily designed to illuminate an fÐ this large.” 
used G3RPE's graph for rectangular feed horn design and 
the HDL ANT computer program to design suitable rectan 
gular horns.6 1 made two of different lengths from flash 
ing copper. Subsequently, I added an approximation to 
G3RPE's curves to version 2 of HDL ANT so the program 
can design feed horns for both offset and conventional 
dishes as well as generate templates for them. 

Since the actual reflector geometry has an (ID of 0.30, the 
focal distance should be quite critical, As explained in Part 
2 of my previous QEX series, this dimension is the most 
critical for dish antenna performance—even more critical 
for reflectors with smaller /ID—so the phase center of the 
feed should be positioned within a quarter-wavelength 
of the focal point. The RCA dish must be tilted 
forward to an angle of 66.9° from horizontal for terrestrial 
operation with the beam on the horizon. In this orientation, 
the focal point is just below the lower rim of the dish, so the 
feed horn is out of the beam. To locate the focus accurately, 
1 calculated the distance to both the top and bottom of the 
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rim, ticda knot in a piece of string and taped the string to the 
rim so the knot was at the focus when the string was pulled 
taut, as shown in Fig 4, Then I made a sliding plywood 
holder for the feed horn, taped it in place and adjusted it so 
that the knot in the string was at the phase center of he horn, 
about 6 mm inside the mouth of the horn, shown in Fig 5. 
(For visibility, the string in the photograph is much heavier 
than the kite string I used so a small knot could locate the 
focus more accurately.) Materials aren't critical when they 
aren't in the antenna beam! 

Where should the feed horn be aimed? On a conventional 
dish it is obvious—at the center. However, an offset feed is 
much closer to one edge of the dish, so that edge will be 
illuminated with much more energy than the opposite edge. 
Tread an article that did a lengthy analysis of the various 
aiming strategies and then suggested that small variations 
have little effect, so aiming at the center of the reflector is 
close enough.” 

After all this analysis, it was time to see if the offset 
dish really works, We (WIRIL, WBIFKF, NIBAQ, and 
NIBWT) set up an antenna range and made the measure 
ments shown in Table 1. The RCA dish with a simple rect 
angular feed horn measured 63% efficiency at 10 GHz, sig- 
nificantly higher than we've ever measured with an 18-inch 
conventional dish. Varying the focal distance showed that 
thecalculations were correct and that this dimension is criti 
cal. Fig 6 is a template produced by the HDL ANT program 
Tor the rectangular feed horn that gave the highest effi- 
ciency, and Fig 7 is a photograph of the feed horn I made 
with the template. 

The higher efficiency of the offset-feed dish is mainly due 
to reduced blockage by the feed and supporting structure 
Fig 8 is a photograph of a conventional dish while measur- 
ing sun noise, so that the shadow of the feed demonstrates 
the actual area blocked -neither light nor RF energy from 
the sun is reaching the reflector, Fig 9 isa photograph of the 
RCA offset dish peaked on the sun to measure sun noise; 
note that the shadow of the feed is only a tiny area at the 
bottom edge. Remember that these feed horns provide a ta- 
pered illumination, so the energy illuminating the center of 
the reflector is typically 10 dB stronger than at the edge. 
Thus, central blockage in a conventional dish is ten rimes 
worse than the same area blocked at the edge of an offset 
dish, and the photographs clearly illustrate how much more 
blocked area there is in a conventional axial-feed dish. 


Other Offset Feeds 

A rectangular feed hora is fine for linear polarization, but 
whatif we want circular polarization? One popular feed that 
works well with circular polarization is the W2IMU dual- 
mode feed. The published amateur versions are ай for ID in 
the range 0.55 to 0.6, but Dick's original article also de- 
ed another version for a different ih. It should be 
possible to make one for the 0.7 70 needed for the RCA 
offset dish, but that would require some experimentation (or 
‘computer modeling, if you have software available) for op- 
timum performance, 

‘The truly adventuresome could try a trimode feed de- 
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signed specifically for offset-fed dishes. The math is 
daunting, and construction appears difficult, but have seen 
one TVRO feed that may use this design 


Other Offset Dishes 

1 was given an offset-feed, 24-inch plastic dish with a 
cosmetic defect (and no other information). Measurements 
showed the geometry to be similar to the RCA dish, so the 
same feed horns would work fine. 1 was not able to support. 
the feed as well on this dish, so the feed location may not 
have been optimum, but it still measured 61% efficiency at 
10 GHz 

Two other types of offset dishes seem to be fairly com- 
топ, so some will probably wind up in amateur hands eve 
tually. Many automobile dealerships and discount stores 
have larger offset dishes, four feet or more in diameter, with 
a reflector that appears circular. The other type is another 
brand of TVRO system, with an oddly shaped dish about 3 
feet across; the ones I've seen are marked "Primestar." Thad 
a chance to look one over at a county fair, next to the tractor 
dealer, The reflector appeared to be wider than it was high, 
requiring a fairly wide feed angle. The feed horn had a 
‘curved plastic surface that could possibly be a molded lens. 

If I were to acquire one of these reflectors, I would place it 
flat on the ground with the reflecting surface facing upward 
ond fillit with water, which provides a level surface from which 
to take measurements, The water should fill an oval area reach- 
ing the top and bottom edges of the rim, but not the sides. 
‘Measuring this oval as described in the Appendix, and measur- 
ing the depth and location where the water is deepest, should 
be enough to calculate the offset geometry. The feed horn 
beamwidth would have to be broader from side-to-side than 
from top-to-bottom, but a rectangular feed horn can be de- 
signed to provide an asymmetric pattern. 


Mounting an Offset Dish 

то aim an offset dish at the horizon with the feed below 
the dish, the reflector must be tilted forward--66.9" from 
horizontal for the RCA dish. One way to accomplish this 
would be to mount it on a wedge cut at the correct angle, so 
that the bottom of the wedge can be mounted on a level 
surface or tripod. An alternative technique is to rotate the 
dish so that the feed is to the side, level with the center of the 
dish. In this configuration, the elevation uncertainty is elimi 
nated, but an aiming device must be provided for azimuth. 
‘An accurate azimuth readout is a good idea for any dish, 
since aiming a narrow beam by eye is fraught with error. A 
settable compass rose with one-degree gradations works 
well for rover operations 


‘The Penny Feed 

The “penny” feed has been used for years with good re 
sults, i consists of a metal disc, originally an old (pre-deci- 
‘malization) English penny, at the end of a waveguide with 
slots in the broad wall of the waveguide. 1 built one to see 
how well it really works, using dimensions by G4ALN from 
the RSGB Microwave Handbook, Volume 3.1% The only 
English coin I had of the right diameter was ten new pence 


Fig 5—Knot in string accurately locates phas 


sd point for offset dish using 
of feed horn at focal point of offset dish. 


calculated string lengths. 


Table 1 
Summary of 10.368-GHz Antenna Measurements (Measurements by uE. WIRIL, WB1FKF and N1BAQ, 7/6/95) 
Antenna Focal Dist Gain (88) Effiioncy 
Standard-Gain Hom (22.5 dBi calculated gain)! 2245 43% 
WB1FKF hombrew horn 2206 
25-in dish, FD = 0.45, from Satelite City, with the following feeds 
11 GHz Supereec? T1487 in заз 56% 
noin 340 52% 
11 GHz Superteed, modified 11.187 in зав 61% 
with central waveguide flush with outer rings. 
G4ALN “ponny” feed 10375 330 415% 
18-in dish, 40 0.42, from Satelite City, with tho following feeds: 
Clavin feed 7.875 in 312 53% 


18-n offset dish, RCA DSS steel, with the following feeds: 
Rectangular Horn, E-31.2 mm, H-41.1 mm, Lengt 


m 320 
11.25 ind 310 

Rectangular Horn, E=31.2 mm, H=41.1 mm, Lengt 

315 
Rectangular Horn, surplus, E=30.1 mm H=45.2 mm, Leng 

318 61% 
24-in (WB1FKF) with the following feeds: 
11 GHz Superfood with Styrofoam housing? 344 


WAIMBA log: periodic. 250 
24-in offset dish, plastic, with the following feed: 

Rectangular Horn, E-31.2 mm, H=41.1 mm, Length=20 mm. 

14.75 in? заз 61% 

30-n dish, ID = 0.45, (lighting reflector), with the following feeds: 

11 GHz Suporteed, modified 135in 36.4 64% 

with central waveguide flush with outer rings? 
Measurement specifications: 
Range: Length = 150 teet. 202/, = 135 foot. Test height -10 feet. 
Focal distance: Each feed was adjusted for maximum gain. Axial dish focal distances measured to outermost point on feed. 
Notes: 
1Scientific-Atlanta model 12-8.2. Antenna courtesy KM3T, gain thanks to John Berry of Scientific-Atlanta. 
211 GHz Superteed is a Chaparral feed horn for 11-GHz TVRO. 
Энге! dishes measured from bottom edge of dish to center of horn aperture 
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Fig 6—Template for a 
10-GHz f 


inch mm 


40 


20 


rather than an old penny, but silver should work at least as 
well as copper, The fe 

SWR, so I can see why itis popular. However, the perfor 
mance was mediocre, with 41% efficiency, about the 

as an open waveguide flange. Thus, the gain of a 
dish fed with a penny feed is not much higher than the 18- 
inch offset dish fed with a simple horn. 

To be fair, the dish we used, with an /ID of 0.45, is not 
optimum for the penny feed. The Handbook states that it is 
suitable for dishes with an 7D ratio in the range 0.25 to 0.3. 
A dish that de difficult to illuminate w 
itis unlikely 4 will deliver much higher effi 

cy than we measured, However, it is probably as good 
a feed as any for very deep dishes. 


ed is easy to build, and has a good 


piso 
that this f 


Large professional antennas often use multiple reflector 
feeds, like the Cassegrain (hyperbolic subreflector) and 
Gregorian (elliptical subreflector) configurations." Even 
better is a shaped-reflector system, where both reflector 

ed for best efficiency and neither reflec- 


shapes are calcula 
tor is parabolic. JPL 
meter high-efficiency antenna.” 
Allof these systems require acarefully shaped subreflector 
thatis more difficult than a parabol: 
reflector to work well, it must be larger than 10 wavelengths, 
and the main reflector must be much larger than the 
subreflector to minimize blockage by the subreflector. One 
analysis suggested that a Cassegrain antenna must have a 
minimum diameter of 50 wavelengths, with a minimum 
subreflector diameter of 20 wavelengths, before the effi 
ciency ishigher han an equivalent dish witha primary feed." 
This is a fairly large dish, even at 10 GHz, and shaping a 
20A subreflectoris beyond the ingenuity of most hams. How 
ever, there is probably a surplus one somewhere, and the 
serounging ability of hams should never be underestimated. 
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eports 74.5% efficiency on their 34 


to fabricate. For a shaped 


Fig 7— Photograph of 10 GHz rectangular f 
RCA DSS offset dish made using template in Figure 6. 


ee 
Fig 8—Conventional dish receiving sun noise. Shadow 
of feed horn demonstrates aperture blockage by feed. 


Sun Noise Measurement 
Even a modest 10-GHz system is capable of detecting sun 

noise, which is an excellent way of ensuring both antenna 

and r 

sun noise should be received with a given antenna size and 

receiver noise figure.’ Only a relatively simple setup is 

required to make reasonably accurate sun noise measure 

On the other hand, setting up an antenna range to evaluate. 
antenna performance, as described in my earlier articles, 
requires a significant amount of equipment and a good stan 
dard 
difficult measurements to perform accurately. 

А good system for measuring sun noise was described by 
Charlie, G3WDG." He built a 144-MHz amplifier with 
‘moderate bandwidth using MMICs and helical fi 
amplifies a transverter output to drive a surplus RF power 
meter. The newer solid-state power meters, like the HP 432 
and more recent models, are stable enough to detect and dis 
play small changes in noise level, and the response is slow 
enough to smooth out flicker. Since my 10-GHz system 
an IF output at 432 MHz, duplicating Charlie's amplifier 
would not work. Inthe junk box I found some surplus broad: 


eher performance since we can predict how much 


inna of known gain, and it is still one of the most 


Fig 9—Ottset dish receiving sun noise. Feed horn 
shadow at edge of dish demonstrates minimal aper- 
ture blockage by offset feed. 


band amplifiers and a couple of interdigital filters. 1 
combined these to provide high gain with a few MHz-band- 
‘width, arranged as shown in Fig 10. The first filter limits the 
bandwidth so we are measuring at the desired frequency. 
10,368 GHz in this case, and the second filter at the output 
is important to limit the noise bandwidth at the detector, 
since noise power is proportional to bandwidth. Without the 
second filter, the broadband noise generated by the ampli- 
fiers or MMICs would overwhelm the sun noise, whose 
bandwidth is limited by the first filter. Approximately 
100 dB of total gain is required with a bandwidth of 10 MHz 
for an output power of one milliwatt. 1 found that roughly 
60 dg of gain after my preamp and transverter was required 
to get a reasonable level on the power meter. 

Operation is simple—point the dishat the sun, peak the noise, 
then move to clea sky and note the difference in output. Sev- 
eral precautions are necessary 

1. According to G3WDG, amplifiers with broadband noise 
output suffer gain compression at levels about 10dB lower than 
found with signals, so be sure the amplifier compression point 
is at least 10 dB higher than the indicated noise. 

2, Make sure no stray signals appear within the filter pass 
band. 

3. A clear area of sky is necessary, since foliage and other 

noise that can obscure the cold. 

sky reading. I found a large tree generated more noise than 
the sun because it filled the whole beam and appeared in 
sidelobes as well. The measurement is really comparing sun. 
oise to ай the other noise received, so 

stray sources of thermal noise can produce error. Fortu- 


obstructions add therm: 


noise plus all oth 


nately, this error is almost always in the pessimistic direc: 
tion, so we aren't led astray. 

4. If the preamp is at or near the feed, don't let it heat up. 
too much or its noise temperature can change. (Total solar 
radiation is bout one kilowatt per square meter аг sev 
eral hundred watts on even a small dish.) 

Before making measurements, used the NOISE program 
by Mel, WRØI, to estimate expected sun noise. For a 2-foot 
dish with 60% efficiency anda receiver noise figure of about 
2.5 dB (modified TVRO LNB), the program predicted 
2.4 dB of sun noise. My initial measurements using the setup. 
described below showed 2.5 dB of sun noise on my 25-inch 
dish and 2.0 dB with the 18-inch, offset-fed RCA dish 
However, I also measured 2.2 dB of sun noise on a 30-inch 
dish with a fancy “shepherd's crook” feed arrangement 
using copper water pipe as circular waveguide. The last mea. 


eee TUA. 


Fig 10—Block diagram of an indicator for sun-nolso measurements. 
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Table 2: Moro Sun Noise Ме; 
гг Oct 1995, 1:00 PM 


urements 


Antenna Sun noise 
Standard Gain Нот 0.35 48 
30-inch dish, mod. Chaparral feed 3208 
25-inch dish, Chaparral feed 2308 
18-inch dish, Clavin feed 1648 
18-inch offsot—stool, rect. horn feed 24 dB 
18-inch offset—SMC, rect. hom feed 25 dB 


Note: Estimated noise figure = 2.9 dB 


surement quickly highlighted the need for further adjust- 
теш of the feed arrangement, The version of the NOISE 
program I used only calculates for dish sizes in integral feet, 
so we can't get precise estimates for these small dishes, but 
an improved version is available. 

After I made the equipment more portable and stable, 
1 was able to measure sun noise on most of my 10-GHz 
antennas, with the results shown in Table 2. The G/T advan- 
tage of the offset dish for satelite communication is clearly 
demonstrated: the 18-inch offset dish is not only much better 
than the equivalent size conventional dish, but outperforms 
25-inch conventional dish that has 2 dB more gain, as 
shown in Table 1. 

Sun-noise measurements are fine for checking system per- 
formance but less satisfactory for making adjustments. Any 
adjustment may change both sun and sky reading, so it is nec- 
essary to compare the two after each adjustment, and the result- 
ing differences may be small. Make onc adjustment at atime, 
keep careful notes and look for reproducible improvements. 
The process is tedious, but careful work pays off 

Tf you've never tried it, you are probably wondering why 
you can't just use your receiver to measure sun noise. The 
answer is that you can, but with less accuracy and more frus- 
tration because of the narrow bandwidth and short time 
constant of a communications receiver. First, the noise- 
measuring equipment described above has a bandwidth of a 
few MHz, while a typical receiver bandwidth is 3 kHz, а 
thousand times narrower. To compensate for a thousand 
times narrower bandwidth, a thousand times more gain, or 
30 dB more, is required. Most receivers have adequate gain 
but use AGC to control the gain; if you can’t turn off the 
AGC, a problem with many receivers, the audio output 
doesn't change linearly with input level, and the S-meter is 
far too small to resolve tenths of a dB. With the AGC off, the 
audio output follows the input noise, but the narrow band- 
width and short time constant (about one millisecond, lim- 
ited by the lowest audio frequency response, typically 
300 Hz) produce an output with fluctuations caused by the 
random nature of noise—I've typically seen one dB of 
flicker, making it hard to read tenths of a dB. With the power 
meter, the thermistor sensor has a time constant of hundreds 
of milliseconds, which smoothes and averages the flicker to 
produce a very stable meter indication. 


Receiver Noise Figure Using the Sun Noise Equipment 
‘The same equipment used for measuring sun noise can also 
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be used to measure receiver noise figure. While measuring 
sun noise, I noticed that pointing an antenna at the ground 
produced a significant noise increase. 1 then realized that 
this is similar to a hot/cold system for noise figure measure- 
ment, where the earth is about 290 K while the cold sky at 
10 GHz is around 6 K at high elevations, so the temperature 
difference is nearly 290 K. Using the standard-gain horn, 
1 found approximately 3 dB of difference between cold sky 
and warm earth; [had previously measured this LNB preamp 
12.9 dB of NF, or just under 290 K of noise temperature, 
so 4 3-48 increase is exactly right, as shown by the follow- 
ing calculations 

The difference between the hot and cold noise sources is 
called the Y factor: this is used to calculate the receiver noise 
temperature, Te, as follows: 


— 
Yor 
where Y is a power ratio (convert from dB) 


The noise temperature is easily converted to noise figure, 
F, if you prefer 


This technique should work with any antenna with rea- 
sonably high gain and low sidelobes, so stray noise is mini- 
mized. A long horn is a good choice, Just point the antenna 
at clear sky overhead, away from the sun or any obstruction, 
note the meter reading, then point the antenna into the 
ground and read ће noise increase Y. For convenience, I've 


added these calculations to version 2 of HDI. ANT. 


Computer programs are available that will calculate the sun's 
azimuth and elevation at a given place and time, so peaking on 
the sun can be used to calibrate both azimuth and elevation 
readout. For a rover without a computer, a previously calcu. 
lated list giving azimuth at half-hour increments at expected 
rover locations is useful for setup in each location. Don, 
WB LFKF, suggests tha if you are unable to measure sun noise, 
а vertical line on the dish will suffice on sunny days: simply 
line up the feed hor's shadow on the line. 


Recommendations for Parabolic Dish F 

Table 3 is an update of the recommendations I made for 
dish feeds in previous articles, The numbers shown are my 
best estimates for small dishes at 10 GHz, and the recom: 
mendations should be taken as my personal opinion only 
See the previous QEX articles for the appropriate references. 


Conclusion 

‘The new DSS offsct-feed dishes are readily available 
small microwave dishes, and I have shown how to use them 
as high-performance 10-GHz antennas. Their high perfor 
mance, convenient size and low cost should make them the 
antenna of choice for portable operation 

Sun-noise measurement capability is a valuable tool for 
‘measuring and verifying performance of both antennas and 


Table 3—N1BWT Recommendations for Dish Feeds 


Type of Feed т Bost n for Comments 
Optimum estimate 40: 
Chaparral 035045 55-65% 61-64% 171 GHz Superleed" from Chaparral 
dealers good at 10 GHZ 
VE4MA/Kumar 035045 55-65% 61% proven performance at 1296, 2904, and 
3456 MHz 
W2IMU Dual-Mode 458.96 55-60% NR proven performance 432 MHz to 10 GHz 
Rectangular horn 2045 50-60% 58% dale, dimensions for 40 
—also good for Offset dishes 
Cavin 02604 50-60% 57% small feed blockage 
EIA Duai-dipole 0508 50-60% NR better at lower frequencies 
Circular horn Function of 25-50% 26% asymmetrical E- and H-planes 
diameter and phase centers 
Penny (G4ALN) 02503 3045 415% attractive mechanically 
Dipole 0304 30-45% NA asymmetrical E- and H-planes 
Log Periodic ? 10-40% 14% broadband, but poor phase centers 


The geometry of an oer lee dish antenna is а bit 
тоге complicated than a conventional dish antenna, but 
the measurements needed to use one are straightor 
ward. We need to first determine the tit angle of the 
reflector, then do some curve fiting calculations for the 
dish surface, calculate the focal length and finally 
determine the focal point in relation to the offset rellec- 
tor 

‘One common type of offset parabolic reflector has an 
oval shape, with a long axis from top to bottom and a 
Shorter axis from side to side, However, if you were in 
the beam of this antenna, looking down the boresight, it 
would appear to be circular, with the feed at the bottom, 
Tilt the top of the reflector forward, unti it appears 
circular from a distance, and it wil be in the correct 
Orientation to operate with the beam on the horizon. The 
tit can be determined much more accurately with a 
simple calculation 

Tilt angle (from horizontal) = arcsin (short axislong 
axis) [Note: the arcsin function is called sir! on some 
scientific calculators.) 

For the RCA 18-inch dish, the short axis is 460 mm. 
(about 18 inches) and the long axis is 500 mm. There- 
fore, the tit angle = arcsin (460/500) = 66.9" above 
horizontal, At 10 GHz, one milimeter is sufficiently 
accurate for most dish dimensions, so using millimeters 
for calculations eliminates a lot of tedious decimals, 

if the offset reflector is not oval, we can stil use the 
same calculation by placing it on the ground with the 
reflecting surface upward and filing it with water; the 
‘surface ol the waters а level plane from which to make 
measurements. The surface of the water in the dish should 
be an oval just touching the top and bottom rims, while the 
other axis ofthe oval of water s the shorter axis 

The other dimension we need is location and depth of 
the deepest point in the dish. The deepest point is 
probably not at the center, but somewhere along the 
long axis. Using a straightedge across the rim for an 
oval dish, or the water depth for other shapes, locate the 
deepest point and measure its depth and distance trom 
the bottom edge on the long axis. 

For the RCA dish, the deepest point is 43 mm deep at 
228 mm from the bottom edge on a line across the long 


‘Measurements and Calculations for an Offset Parabolic Reflector 


"When the dish is tilted forward to 66.9° above horizon- 
tal, the translated coordinates describe the curve of the 
long axis by three points: 


0,0 mm (bottom edge) 
49.8, 2266 mm (deepest point) 
196, 460 mm. (top edge) 


we assume thatthe bottom edge is not at the axial 
center ol a ful parabola of rotation (the equivalent 
‘conventional dish of which the offset dish is а section) 
but rather is offset from the center by an amount Xo, Yo 
then all three points must fit the equation: 

{хуу 

The unknowns are Хо, and Yo, and f, the focal length; 
plugging in the three points gives us three equations and 
three unknowns, a readily soluble 3x3 matrix (actually, 
the 0,0 point allows reduction to a 2x2 matrix, even 
easier, followed by a simple calculation for Xy and Yo) 
Version 2 of the HDL, ANT program will do the calcula- 
tions for you, 

For the RCA dish, the answers are 

{= 282.8 mm = 11.13 inches 

Xs = 0.1 mm behind bottom edge 

Yo = 11 mm below bottom edge, so the feed doesn't 
block the aperture at all 

So, we tilt ће dish to 66.9 from horizontal, and the 
{eed is on a line 11 mm below the bottom edge of the 
dish. To help locate the focal point, tis 283 mm from the 
bottom edge and 479 mm from the top edge, both edges 
оп the long axis, | tied a knot in a piece of string and 
taped it to the top and bottom edges so that the knot 
locates the focal point. 

For the RCA dish, we can also calculate the ilumina- 
tion angle to be 77° on the long axis and 79" on the short 
axis, so its roughly symmetrical. The optimum feed for 
this ilumination angle is equivalent o an axial-leed dish 
with or 

‘Although the illumination angle is equivalent to an 1/0 
=07, the surface в a section of a parabola about 37 
inches in diameter with a focal length of about 11 inches. 
Thus, the real //Dis 0.3, so the focal distance is quite 

rica 
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receivers, and for antenna alignment. Also, since itis much 
easier to achieve accurate results with sun noise than with 
traditional antenna-range measurements, the various VHF 
conferences might consider using sun noise for antenna mea- 
surement. 
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The W3KH Ouadrifiliar Helix 
Antenna 


If your existing VHF omnidirectional antenna coverage is 
just okay, this twisted “tenna is probably just what you need! 


By Eugene F. Ruperto, W3KH 
(From OST, August 1996) 


from my receiver in 1957, The signal was noisy and 

faded, but that was to be expected—it was coming fro 
outer space. I couldn't help but marvel that mankind had 
placed this signal sender in space! They called it Sputnik, 
‘and it served to usher in the space race 

Little di I realize then that four decades later we would 
have satellites in orbit around Earth and other heavenly 
bodies performing all sorts of tasks. Now we tend to take 
satellites for granted. According to the latest information on 
the Amateur Radio birds, I count about 15 low-Earth-orbit 
(LEO) satellites for digital, experimental and communica- 
tions work, and two in Molniya-type highly elliptical orbits 
(AO-10 and AO-13), with the probability of a third to be 
launched in early 1997. 

"The world has access to several VHF weather satellites 
in low Earth orbit. Unlike geostationary Earth-orbiting sat- 
elites (GOES), the ever-changing position of the LEOS 
presents а problem for the Earth station equipped with a 
fixed receiving antenna: signal fading caused by the orie 
tation of the propagated wavefront. This antenna provides. 
a solution to the problem. Although this antenna is designed 
marily for use with the weather sats, it can also be used 
‘with any of the polar-orbiting satellites. 

‘These days, technical advances and miniature solid- 
state devices make it relatively casy for an experimenter to 
acquire a weather-satelite receiver and a computer inter- 
face at an affordable price. So it was only a matter of time 
before [replaced my outdated weather-sat station with state- 
of-the-art equipment. 


1 still remember that hollow, ghostly signal emanating 


Yesterday 

Inthe early "70s, I built a drum recorder that used a box 
with a light-tight lid, It was a clumsy affair. The box and 
photo equipment took up most ofthe 6x8-foot room in which 
it was housed, Next to the recorder, a 3»4-foot table sup- 
ported atube-type receiver, frequency converters, areel-to 
reel tape recorder (our data-storage medium), a 50-pound 
monitor oscilloscope, az/el rotator controls for the helical 


antennas and a multitude of other devices including the 
drum-driver amplifiers and homemade demodulator. This 
station provided coverage ofthe polar-orbiting and geosta- 
tionary satellites and furnished me with “tons” of data. Over 
time, my weather-satelite station evolved into a replica of 
mission control for the manned-spaceflight program! I had 
зо much gear, it had to be housed in a shed separate from the 
house. 


Today 

Now, my entire weather-satellite station sits unobtru- 
sively in one corner of the shack, occupying an area of less 
than one square foot—about the same size as my outboard 
DSP filter. My PC—now the display for weather-sat pho- 
1os—is used for many applications, so ап A/B switch allows 
me to toggle the PC between the printer and the weather- 
satellite interface. 

What I needed next was a simple antenna system for 
unattended operation—something without rotators—some- 
thing that would provide fairly good coverage, from about 
20" above the horizon on an overhead pass. It was а simple 


1—The humble beginnings of a terrific 
na. 
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Figure 2—The quadrifilar helix antenna with two of the 
four legs (filars) of one loop attached. 


request, but apparently one without a simple solution. 


Background 
Initially 1 used а VHF discone antenna with mixed 
chad a good low-clevation capture angle. 
but exhibited severe pattern nulls a few mi 


jîn when the satellite was nearly 


sition of signal and ag 
overhead. The fades and nulls repeated later as it ap- 
proached the other horizon. About u 

N3ENM (who got me reinterested in the antenna project) 
built a turnstile-reflector (T-R) array. The antenna worked 
fairly well but exhibited signal dropout caused by several 
nulls in the pattern, Dave built two more T-Rs, relocating 
them for comparison purposes. Unfortunately, the antennas 
fades and nulls. Another ex 
er and I built T-Rs and we experienced the same 


time, Dave Bodnar, 


retained their characteristic 
perime 

results. I suggested that we move on to the Lindenblad 
antenna. The Lindenblad proved to be a much better an- 
sds than either the T-R or the discone, but 
still exhibited nulls 
months, I evaluated the antennas and found that by switch 
ing from one antenna to another on the downside of a fade, 


nd fades, Over a period of sever 


I could obtain a fade-free picture, but lost some data during 


the switching interval. Such an arrangement isn't cond 


cive to unattended operation, so my quest for a fade-free 


antenna continued 


The Quadr 
Several 
struction of the quadrifilar helix antenna (OHA) originally 


lar Helix Antenna 


sazines have published articles on the con- 


! Notes appear at the end of this section 
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Figure 3—This view shows the ОНА with all four legs. 
in place. The ends of the PVC cross arms that hold 
the coaxial leg are notched: the wire elements pass 
through holes drillod in the ends of their supporting 


wticles themselves were 
ader unfriendly—some more than others. One 
exception is Reflections by Walt Maxwell, W2DU.? Walt 
had considerable experience evaluatin 
tenna while employed as an engineer for RCA. 

Partof the problem of replicating the antenna lies in its 
geometry. The OHA is difficult o describe a 
Some of the artist's renditions left me with more questions 


developed by Dr. Kilgus, 
generally r 


but the 


photograph 


than answers, and some connections between elements as 
shown conflict 


with previously published data, However, 
those who have successfully constructed the ant 


is the single-antenna answer to satellite reception for the 


low-Earih-orbiting satellites. 1 


Design Considerations 
Thad misgivings about the QHA construction because 
the experts implied that sophisticated equipment is neces. 
sary to adjust and test the antenna. I don’t disagree with that 
assumption, but 1 do know that 
successfully performing OHA by following a cookbook 
s from a successful OHA, 
used as the design basis 


s possible to construct a 


approach using sealed fig 
These data 
published in an article describing the des 
of circul 


ly polarized S-band communication-s 


us for the Air Force? and designed to be spacecraft 
this antenna as a model, меу 
more than six ОНА», mostly for the weather-satelite fre- 


quencies and some for the polar-orbiting 2-meter and 


constructed 


mounted, Usin 


Th-centimeter satellites with excellent results—without the 


need for adjustments and tuning. Precision construction is 
mot my forte, but by Following some prescribed universal 


calculations, a reproducible and satisfactory antenna can be 


Figure 4—Another view of the ОНА. 


built using simple tools. The proof is in the results 
The ultrahigh frequencies require a high degre 
struetional precision because of the antenna's small size. 
For instanco 
has a diameter of 0.92 inch and a length of 1.39 inches! 
Nested inside this helix is a smaller helix, 0.837 inch in 
diameter and 1.27 inches in length. In my opinion, con. 
struction of an antenna hat size requires the skill of a watch- 
maker! On the other hand, a OHA for 137.5 MHz is 22.4 
inches long and almost 15 inches in diameter. The smaller, 
nested helix measures 20.5 by 13.5 inches: for 2 meters, he 
antenna is not much smaller. Antennas of this size are not 
difficult to duplicate even for those of us who are “construe 
tionally challenged" (using pre-cut pieces, 1 can build a 
ОНА in fess than ап hour) 


ofcon: 


he antenna used for the Air Force at 2.2 GHz 


Electrical Characteristics 

A half-turn half-wavelength OHA has a theoretical 
gain of 5 dBi and а 3-dB beamwidth of about 115°, with a 
characteristic impedance of 40 Q. The antenna consists ba 
sically of a four-element, half-turn helical antenna, with 
each pair of elements described as a bifilar, both of which 
are fed in phase quadrature. Several feed methods can be 
‘employed, ай of which appeared to be too complicated for 
us with the exception of the infinite-balun design, which 


uses a length of coax as one of the four elements. To pro- 
‘duce the necessary 90° phase difference between the bifilar 
elements, either of two methods can be used. One is to use 
the same size bifilars, which essentially consist of two 
twisted loops with their vertical axes centered and aligned, 


Figure 5—An 
end-on view of 
the top of the 
QHA prior to 
soldering the 
loops and 
Installing the 
PVC cap. 


and the loops rotated so that they're 90° to each other (like 
an egg-beater), and using a quadrature hybrid feed. Such an 
amenna requires two feed lines, one for each of the filar 
pairs, 

The second and more practical method, in my estima: 
tion, is the self-phasing system, which uses different-sice 
loops: a larger loop designed to resonate below the design 
frequency (providing an inductive reactance component) 

maller loop to resonate higher than the design fre- 
quency (introducing a capacitive-reactance component). 
causing the current to lead in the smaller loop and lag in the 
larger loop. The element lengths are 0.560 2 for the larger 
loop, and 0.508 2 for the smaller loop. According to the 
range tests performed by W2DU, to achieve optimum circu. 
lar polarization, the wire used in the construction of the 
bifilar elements should be 0.0088 A in diameter. Walt indi 
cates that in the quadrifilar mode, the fields from the indi 
vidual bifilar helices combine in optimum phase to obtain 
unidirectional end-fire gain. The currents in the two bifilars 
must be in quadrature phase. This 90° relationship is ob- 
tained by making their respective terminal impedances R + 
jX and R - jX where X = R. 
respective helices are -45° and 445 
"The critical parameter in this relationship is the termi 
nal reactance, X, where the distributed inductance of the 
helical element is the primary determini 
sures the +45" current relationship necessary to obtain true 
circular polarization in the combined fields and to obtain 
maximum forward radiation and minimum back lobe. Fail- 
ure to achieve the optimum element diameter of 0.0088 A. 


so that the currents in the 


we factor. This a 


results in a form of elliptical, rather than true circular polar. 
ization, and the performance may be a few tenths of a deci 
bel below optimum, according to Walt's calculations. For 
my antenna, using #10 wire translates roughly toan element 
diameter of 0.0012 3. at 137.5 MH2—not ideal, but good 
enough. 

To get a grasp of the QHA's topography, visualize the 
antenna as consisting of two concentric cylinders over 


Table 1 
Quadrifilar Helix Antenna Dimensions 

Wavelength Smali Loop 
Freq A Leg Size Diameter Length Leg Size 
(MHz) (inches) (0.5084) (0.156) (02384) — (05601) 
1975 859 4364 134 — 2044 4810 
146 809 4109 126 1925 4530 
436 2709 1376 422 644 15.17 


Big Loop 


Diameter Length 
(0.1734) (0.26 4) 


1486 2233 
140 2103 
4% 704 
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logs; see text for an explanation. You may want to add 
an inch or two of PVC pipe at the bottom (and extend 
the coax to match) to make mounting easier. 


=” ш 
29 (coe) 
© 


Figure 7—At A, element connections at the top of the 


antenna. B shows the connections at the bottom of 
the antenna. The identifiers are those shown in 
Figure ined in the text. 
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the eating." To a weather-satellite tracker, cl 
fade, no-noise pictures such as this one compliments 
of W3KH's quadrifilar helix antenne ers delicious 
fare! 


which the helices are wound (see Figures I through 5). In. 
two-dimensional space, the cylinders can be represented by 
two nested rectangles depicting the height and width of the 
cylinders. The width of the larger cylinder (or rectangle) 
саа be represented by 0.173 A, and the width of the smaller 
ler represented by 0.156 A. The length of the larger 

ind the 


сун 


сун 
length of the smaller rectangle or cylinder can be repre 
sented by 0.238 2. Using these figures, you should be able 
to scale the ОНА to virtually any frequency. Table I shows 
Some representative antenna sizes for various frequencies, 
along with the universal paramete 

figures. 


ler or rectangle can be represented by 0.260 2. 


needed toaeriveatthese 


Physical Construction 

After several false starts using plywood circles and 
plastic-bucket forms to hold the helices, I opted fora simple 
PVC solution that not only is the simplest from a construc 
tional standpoint, but also the best for wind loading. I use 


25-inch-long piece of schedule 40, 2-inch-diameter PVC 
Pipe for the vertical member. The eross arms that support 
the helices are six pieces of /-inch-diameter PVC tubing: 
three the width ofthe large rectangle or cylinder, and three 
ed 


the width of the smaller cylinder. Two cross arms are nee 


Tor the top and bottom of each cylinder. The cross arn 
oriented perpendicularly to the vertical member and paral- 


lel to each other. A third cross arm is placed midway be: 
tween the two at a 90° angle. This process is repeated for the 
smallercylindrical dimensions using the three smaller cross 
arms with the top and bottom pieces oriented 90° to the large 
pieces. Using Je nch. diameter holes in the 2-inch pipe 
ensures a reasonably snug fit for the "/»-inch-diameter cross 
pieces, Each cross arm is drilled (or notched) at its ends to 
accept the lengths of wire and coax used for the elements. 
Then the cross arms are centered and cemented in place with 
VC cement, For the weather-satellite antennas, I use #10 
copperclad antenna wire for three of the helices and a length 
of RG-8 for the balun, which is also the fourth helix. (1 do 
not consider the velocity factor of the coax leg for length 
calculation.) For the UHF antennas, I use #10 soft-drawn 
copper wire and RG-58 coax. Copperclad wire is difficult to 
work with, but holds its shape well. Smaller antennas can be 
built without the cross arms because the wire is sufficiently 
self-supporting 

To minimize confusion regarding the connections and 
to indicate the individual legs of the helices, I label each 
loop or cylinder as В (for big) and S (for small); T and B 
indicate top and bottom. See Figures 6 and 7. I split each 
loop using leg designators as BIT and BIB, B2T and B2B, 
SIT and SIB and S2T and S2B, with B2 being the length of 
coax and the other three legs as wires. For right-hand cir 
lar polarization (RHCP) I wind the helices counterclock- 
wise as viewed from the top. This is contrary to conven- 
tional axial-mode helix construction. (For LHCP, the tums 
rotate clockwise as viewed from the top.) See Figure 7 for 
the proper connections for the top view. When the antenna 
is completed, the view shows that there are two connections 
made to the center conductor of the coax (B2) top. These are 
BIT and SIT, for a total of three wires on one connection. 
ЗОТ connects to ВОТ braid. The bottom of the antenna has 
51В апд$2В soldered together to complete the smaller oop. 
BIB and the braid of B2B are soldered together. 1 attach an 
00-239 connector to the bottom by soldering the center 
conductor of B2B to the center of the connector and the 
braid of B2B to the connector's shell. The bottom now has 
two connections to the braid: one to leg BIB, the other to the 
shell of the connector. There's only one connection to the 
center conductor of B2B that goes to the SO-239 center pin. 


Insulator Quality 

A question arose concerning the dielectric quality of 
the tubing and pipe used for the insulating material. Anten- 
nas being reciprocal devices-—exhibit losses on а percent- 
age basis, the percentage ratio being the same for transmit 
and receive, Although signal loss may not be as apparent on 
receive with a 2-ШУ signal as with a transmitted signal of 
100 W Ge, it would be apparent if dielectric losses caused 
the PVC cross arms to melt!) signal loss could be a signifi- 


cant factor depending on the quality of the insulating mat 
tial used in construction. As atest, I popped the pipe into the 
‘microwave and “nuked” it for one minute. The white PVC 
pipe and the tan CPVC tubing showed no significant heat- 
ing, so 1 concluded that they're okay for use as insulating, 
‘materials at 137.5 MHz or thereabouts. 

“The antennas cost me nothing because the scrap pieces of 
PVC pipe, tubing and connectors were on hand. Total price for 
all new materials —including the price of a suitable connec- 
for—should be in the neighborhood of $8 or less. 


Result 

1 use а 70-foot section of RG-9 between the receiver 
and antenna, which is mounted about 12 feet above ground. 
As with the earlier antennas, I use a preamp in the shack. 
With AOS (acquisition of signal) on the first scheduled pass 
of NOAA-14, I was pleasantly surprised to receive the first 
of many fade-free passes from the weather satellites, in- 
cluding some spectacular pictures from the Russian Mete- 
ors! Although the design indicates a 3-dB beamwidth of 
140°, an overhead pass provides useful data down to 10° 
above the horizon. (My location has a poor horizon, being. 
located ina valley with hills in all directions but south.) I've 
also received almost-full-frame pictures of the West Coast 
and northern Mexico at a maximum elevation angle of only 
12° at my location. (The 70-cm antenna works fine for 
PACSATS, although Doppler effect makes manual track- 
ing difficult) The weather-satellite antenna prototype 
worked better than expected and a numberof copies built by 
others required no significant changes. The quadrifilar he- 
ix antenna is definitely a winner! And believe me, it's easy 
to build! 


Thanks to Chris Van Lint, and Tom Loebl, WAIVTA, 
for supplying me with the necessary technical data to com- 
plete this project, A special thanks to Walt Maxwell, 
W2DU, for his review and technical evaluation and for 
sharing his technical expertise with the amateur satellite 
community. 

Note 

"C. C. Кииз, “Resonant Quadrafilar Helix." IEEE Transac- 
tions on Antennas and Propagation, Vol AP-17, May 1969, 
pp 349 to 351 

2M, Walter Maxwell, W2DU, "Reflections, Transmission 
Lines and Antennas,” (Newington: ARAL, 1990). [This 
book is now out of print Ed} 

Randolph W. Brickner Jr and Herbert H. Rickert, "An 
S-Band Resonant Quadriilar Antenna for Satelite Com- 
munication” ACA Corp, Astro-Electronics Division, 
Princeton, NJ 08540. 


Photos by the author 
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Application of Circular Waveguide With 
an 11-GHz TVRO Feed 


The circular waveguide (/«inch copper type M) shepherd's crook feed described by 
WAGEXV in the San Bernardino Microwave Society's December 1993 newsletter was 
utilized in conjunction with a “Chaparral” brand 11-GHz TVRO Super- feed de- 
scribed by N1BWT. This feed system, with a 30-inch diameter, 0.375 F/D ratio, alumi- 
num dish has been successfully used and has resulted in 2.8 dB of sun noise. This 
combination is being explored by the Long Island based TEN-X Group. 


By Bruce Wood, N2LIV 
(From The 22nd Eastern VHF/UHF Conference) 


Crook 
A sketch of the shepherd's crook feed is provided in 
Figure 1 with a listing of the pipe lengths utilized to con: 
struct it for this dish size, F/D ratio, and 11.25-inch focal 
length. These section lengths may be adjusted for various. 
other size dishes. "NIBCO" brand pipe fittings were used 
for the elbows and couplings. The pipe lengths indicated 
includes the length of pipe recessed within the fittings. 


Launche 

Several styles of SMA to round waveguide launchers 
жеге constructed as shown in Figure 1. The basic dimen- 
sions followed WAGEXV's design. Thread-in SMA con- 
nectors were used, Amphenol 4901-9027, To gain more 
thread depth "оГ a coupler sleeve was soldered on, or a 
small brass block constructed. The simplest method of 
launcher construction provided a rear wall for the waveguide 
and sufficient additional thread depth utilizing a J. inch 
“NIBCO” pipe end cap. The NIBCO pipe end cap technique. 
is unpopular in some areas because of so called slightly 
unpredictable results. When soldering the end cap, make 
Sure the pipe and cap is super cleaned, coated with liquid 
rosin flux, and be sure the solder “wicks” all the way to the 
bottom of the end cap. Failure to do this could result in a 
‘microwave choke joint” that could make tune up more 
difficult 


Feed 

The “Chaparral” brand Model #11-0148 feed horn was 
‘connected directly io the circular shepherd's crook feed by 
cutting off the existing waveguide flange on the Chaparral 
feed horn and enlarging with a lathe the existing remaining 
e hole section to , This will allow the %" copper pipe 
to be mounted directly within the feed to a depth of approxi- 
mately G, Anti oxidant grease was applied to help prevent 
corrosion between the copper and aluminum and the feed 
horn was finally epoxied in place, 


Dish Mounting 

The shepherd's crook was secured to the aluminum 
dish's center mounting plate with ordinary plumbing fit- 
tings. I originally planned to use a simple "cinch pipe cou- 
pling thru the dish's center plate but was concerned about 
the difficulty of soldering copper pipe fittings to the alumi- 
num plate, possible galvanic corrosion in the salt air here on 
Long Island, and structural strength, I then located sweat to 
threaded screw type fittings which were also much stronger 
than a simple pipe coupling fitting and required no solder- 
ing. NIBCO brand fittings were used to construct the center 
dish feed-thru that will allow adjustment of the focal length 
and polarity. A pair of ach copper male and female 
adapters part C604 & #C603, respectively, were reamed 
ош to "finch ID to allow the shepherd's crook to pass 
through them, 

Two adjustable reamers from MSC Model 02239069 
and 02239077 with a large tap handle were used to cut the 
hole. Approximately one hour was required to perform this 
operation. Screw the male threaded adapter pipe into the 
female before placing both into the vise, and performing the 
reaming operation. This supports the male adapter properly. 
‘The adapter becomes quite thin after the reaming. Be sure to 
insert a piece of l. nen pipe before applying a wrench to 
the male adapter. The "inch pipe will keep it rom deform- 
ing during the tightening operation. If а Y-inch to T-inch 
NIBCO threaded pipe adapter is used, the amount of ream- 
ing required is drastically reduced o approximately 10 min. 
les). In addition, rhe resulting couplings are much stronger. 
The slight disadvantage is that a large hole is required in the 
center of the dish. If a lathe is available this is a second 
option. The rear male adapter was slotted in four places and 
A stainless steel hose clamp was used to apply sufficient 
compressive forces as to not deform the shepherd's crook 
and to also secure the feed in place after adjustment of the 
focal length and polarity. Large washers may be used o take 
up any slop. 


Results 

The dish has a theoretical gain of 33.6 dBd and a 2.43 
degree beam width. While on the antenna test range the 
polarity, focal length and coax to waveguide adapter (for 
phase and polarization rotation within the crook) were ай- 
justed for maximum signal strength, Measurements on the 


antenna range were curtailed due 10 rain. Subsequent sun 
noise measurements resulted in 2.8 dB of sun noise, when 
using a 2.2 dB NF sun noise measurement instrumentation, 

A Return Loss of better than 20 dB was obtained by 
launcher probe adjustment 
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Dual-Band Feedhorn for the DSS 
Offset Dish 


5760 and 10368 MHz 


By Paul Wade, NIBWT 
nlbwt@qsl.net 
(From Microwave Update '97) 


а fairly small package, It fits on top of my 10 GHz 

iransverter next to the wedge that supports the RCA 
DSS offset dish. I designed a 5760 MHz feed horn for the 
dish using my HDLANT2/ computer program (htt 
arrl.org/qexfiles), built one, and modified the transverter 
slightly to allow For quick changing of the feed horns with 
two wingnuts. Now I had a package, shown in Figure 1, for 
а compact two-band rover station, 

1 was wondering it was possible to make a good dual- 
band feed when Dick, K2RIW, mentioned that WR-112 
waveguide covers both 5760 MHz and 10368 MHz; even 
though the handbooks don't list it as usable for $760, the. 
cutoff frequency is slightly lower so it still works. 

The next problem was designing a feed horn to cover 
both bands with decent illumination for the dish. A few trial 
calculations showed that a 10 GHz hom providing -10 dB. 
edge illumination taper would provide a -3 dB edge illumi- 
nation at 5760 MHz—most of the energy would miss the 
dish! On the other hand, a horn designed for 5760 would 
have a much narrower beam at 10 GHz, so the outer portions 
of the dish would receive very little illumination energy: 
only the performance of a much smaller dish would result. 
After some fiddling of the numbers, I found a compromise 
which might have the same loss of efficiency at both 
Frequencies, 

The final design, using the HDLANT2/ template shown 
in Figure 2, hasan illumination taper of roughly ~16 dB at 
10.368 GHz, so it is somewhat under-illuminated, and 
roughly -5 dB at 5760 MHz, somewhat over-illuminated. 1 
adjusted the horn length to match the phase centers at 
10,368 GHz, since itis most.riical at the higher frequency. 

The next problem was getting a good VSWR at both 
Frequencies. The surplus WR-1 12 waveguide-to-coax f. 
sitions I had weren't very good at 5760 MHz, so tuning was 
required. I puta small ball bearing inside the waveguide and 
moved it around with a magnet on the outside until Located 
а spot which improved the VSWR at 5760 MHz without 
making the 10368 MHZ VSWR 100 much worse. Then I 


I completed а new transverter for 5760 MHz in 


1-46 Chapter 1 


marked the spot, drilled and tapped the waveguide, and put 
in a tuning screw, Next I adjusted the screw for best VSWR 
at 5760 MHz, then put the ВВ back in and looked for a spot 
that improved both frequencies. A second screw was added 
here, then both serews adjusted for a compromise with re: 
sonable VSWR at both frequencies. The final tuning had a 
VSWR under 1.6 at both 5760 MHz and 10368 MHz, but it 
is nora broadband match. 


Figure 1—Dual-band rover system for 5760 and 
10368 MHz. 


Does it work? VES: 
1 completed it just in time for sun noise measurements 
at the July 1997 N.E.W.S, meeting, and tested it there on 
10368 MHz. The DSS dish with asingle-band hom feed has 
an efficiency better than 60%, while the dual-band feed is 
‘around 50%; the gain difference works out to about 1.2 dB. 
The next day. | set up a sun noise measurement at 
5760 MHz, with similar results: the DSS dish with a single 
band horn feed has an efficiency of about 60%, while the 
dual-band feed is around 50%; the gain difference works out 
to about 1 dB on this band. 


‘Summary 


Ап RCA DSS dish with this dual-band feed horn pro- 
vides two band performance only 1 dB down from а single 


band feed horn on each band. I've never seen a multiband 
feed with performance this good. This compact antenna is 
ideal for rover operations. 


Questions 

о — Is a tri-band feed horn possible? 

A — Not with ordinary waveguide, which cover a fre- 
quency range of less than 210 | between cutoff and an upper 
frequency where other modes can propagate. Ridged wave» 
guide can cover a wider range, but the horn design involves 
even more compromises, 

0 — Isa dual-band horn possible for lower bands? 

А— Yes, with a larger offset dish. A dish should be at 
least 102 in diameter for good performance, so the 18 inch 
RCA dish isn't big enough below 5760 MHz. 


E-plane 
NIBWT 1994 | 


1 
1 


1 


20 


0 0 


Figure 2—Dual-band feed horn template for RCA DSS offset dish; 5760 and 10368 MHz, WR-112 waveguide. 


Phase center is about 5 mm inside horn. 
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Dual-band Feed Horns for 2304/3456 MHz 
and 5760/10,368 MHz 


By Al Ward, WB5LUA 
(From 1997 Central States УНЕ Conference Proceedings) 


Background 
Numerous articles have been written by WA9HUV, 
VEAMA, NIBWT and others on the proper illumination of 
а parabolic reflector. Joel Harrison has documented most of 
these works." The proper illumination of a parabolic reflec- 
tor with a given F/d (focal length to diameter ratio) requires 
the careful balance of both the E and H plane beamwidths of 
the feed horn. The problem on the microwave frequencies is 
‘one of putting several feed horns for individual frequencies 
at the same focal point—a nearly impossible task. Attempt- 
ing to put multiple feeds at the focal point of the dish gen: 
erally compromises performance on all bands. The satelite 
industry has had reasonable success by putting a 12 GHz 
feed in the middle of a 4 GHz feed. This is most likely due 


to the significantly smaller diameter of the 12 GHz feed 
versus the 4 GHz feed. With the relatively closer spacing of 
the 2304, 3456, 5760, 10,368 MHz bands this technique 
becomes difficult, Multiple feeds that are slightly offset are 
опе way of obtaining multiband operation but there are some 
disadvantages, such as pointing offsets for each band. In 
order to get around the offset pointing problem I began work 
on in-line feeds, which will be the subject of this article. 
Any multiband feed will have compromises but I believe the. 
techniques described herein will still result in a high perfor- 
mance antenna system 


Early Experiments on 2304 and 3456 MHz 
1 first experimented with inline multiband feeds back 


15 D open End 


E 
IN. 


Fig 1—WBSLUA dual 5760 and 10,368 MHz food horn. 


Notes 

1) 10,368 MHz probe is mado from the center conductor of an 
(SMA connector or 0.141. затла cable. 0,07 of the Teflon 
еспе extends info waveguide Length ol pin above dialec. 
{Weis 0:3 Tuning screw is clametrcaly opposite probe and is 
adjustable. 

2) 5760 MHz probe в 0.6 o 0 7° in length and can be made from 
tubing 0.07 t0 0.1" in diameter, 


4 


— 


—— HB lhor 


ucl Nito 


з) Tuning of boh frequencies can be accomplished by tuning 
ether probe length or waveguide length. 

4) isolation: 
10:362 MHz signal 5760 MHz роп = -19 8 
5760 MHz eignal@ 10,398 MMe pon = -45 В 

5) Return oes < 23 dB at both poris 
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їп 1989 when I wanted a 2304 and 3456 feed that could be 
placed at the focal point of the dish and not require an offset 
in pointing between bands. 1 got the idea for the inline feed 
after analyzing the single band dual mode W2IMU feed, 
"which has been used successfully on 1296, 2304 and 10,368 
MHz, primarily for EME, The W2IMU feed has two differ- 
ent diameter circular waveguide sections which are designed 
to equalize the resultant E and H-plane beamwidths. The 
equal E and H-plane beamwidths with the appropriate taper 
contribute to а well illuminated high gain antenna. My 
thought was, what about feeding the larger outer section on 
the next lower amateur band? I decided to apply this concept 
to a dual band feed horn for 2304 and 3456 MHz. I used a 
standard 4 inch coffee сап for 2304 MHz followed by а 
standard soup can for 3456 MHz, The results were very 
encouraging. This feed has been duplicated by several 
people over the years including КОРН, AASC and WSZN 
with good results. The construction of this feed and perfor 
‘mance ona 32 inch dish is covered in detail їп Joel Harrison's 
article 


Adding 5760 MHZ to Make a Thi 
Feed 
1 wanted to add 5760 to the original 2304/3456 MHz 
feed so I decided what would be easier than to just add a 1.5 
inch diameter copper pipe to the end of the 3456 MHz can, 
The results were mixed. Yes, the horn worked but as 1 found 
ош, the gain was considerably lower than theoretical. This 
was probably due to the fact that with the large aperture 
of the multiband feed at 5760 MHz, the feed was under 
illuminating the dish. 


Separate Dual Band Feed 
1 decided that the optimum combination would be to 
just duplicate the 2304/3456 feed for 5760 and 10,368 MHz. 
‘The result actually looks very similar to a W2IMU feed for 
10,368 MHz, The resultant feed horn, shown in Figure 1, 
worked very well on 5760 MHz and was only slightly lower 
than expected on 10.368 MHz, The feed was tried on several 
dishes with varying F/d ratios and diameters. The resultant 
antennas were tested during a recent North Texas Micro- 
wave Society antenna workshop hosted by Kent Britain, 
WASVIB. The results are documented in Table 1 


Test Results 

Starting at 5760 MHz, the dual band feed worked very 
well, producing gains within a dB or two of theoretical 55% 
numbers when installed on 48 and 55 inch solid dishes and 
55 and 72 inch perforated dishes. The new dual band 
5760/10,368 MHz feed actually had 6 dB greater gain on 
5760 MHz than did the original three band feed as 
measured оп the same 55 inch dish 

Оп 10,368 MHz, the numbers were down a little but the 
72 inch perforated dish, which was the only dish rated for 
12 GHz, was still measuring 40.7 dBi. 1 did not optimize the. 
actual position of the feed. The feeds were placed with the 
focal point slightly in the mouth of the feed. 

The dual 2304/3456 MHz feeds were tested in the 


same dishes but were slightly offset as only the dual 
5760/10,368 MHz feed was at the focal point, As the results 
Show, the gain numbers were somewhat lower than expected 
but the antenna range was only about 125 ft long and it 
could he that the larger dishes were underilluminated for 
the tests. 


Construction 

‘The length of both circular waveguide sections was 
made variable in order to improve the tunability of the feed 
horn. The monopoles can be preset as shown in Figure 1 and 
final tuning if needed can be accomplished by tuning the 
length of the waveguides, The resultant isolation between 
bands is very good and allows each band to be individually 
tumed. See Figures 2 and 3. The very good isolation also 


Fig 2—WBSLUA dual 5760 and 10,368 MHz feed horn 
—5760 MHz port to 10,368 MHz port isolation. 


Fig 3—WBSLUA dual 5760 and 10,368 MHz feed horn— 
10,368 MHz port to 5760 MHz port isolation. 
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Table 1 
1997 NTMS Antenna Gain Measuring Party 


Conducted by WASVJB on March 23, 1997 
Compiled by WBSLUA 
Antenna range may have been too short for larger dishes, as gain numbers appear compressed. 


Band(MHz) Call Design Gain (dBi) Theoretical 
55% Gain (98) 


1296 KASBOU 15 el Yagi 16 
2304 WBSLUA ve. pert dish with coffee 27 30 
can feed 
AA5C 6/40 el Yagi 204 
WBSLUA 55° solid dish with coffee 244 27 
can feed 
WASVJB Reference horn 135 
3456 WBSLUA 7e. solid dish with dual 278 за 
230413456 feed 
WBSLUA dg solid dish with offset 257 E] 
soup can feed 
WESLUA 55" solid dish with dual 239 a 
2304/3456 food 
WBSLUA ОЕМ loop Yagi 195 
WASVJB Reference hom 169 
5760 WBSLUA 7e. pert dish with dual 370 38 
5760/10,368 feed 
WBSLUA 4, solid dish with is" 335 за 
iam copper feed 
WBSLUA 88 peri dish with dual 330 35 
5760/10,368 feed 
WBSLUA e solid dish with dual 325 35 
5760/10,388 feed 
WSZN 39" solid dish with scalar 313 32 
feod 
WASTKU 30" solid dish with 1.5 — 275 30 
diam copper feed 
AASC 24" soli dish with dual 275 28 
5760/10,368 feed 
WBSLUA 58, solid dish with old 270 35 
WBSLUA 3-can feed 
WBSLUA  12'x18' hom 210 
WASVJB Reference horn 155 
10,368 WBSLUA 72" pert dish with dual 40.7 43 
5760/10,368 feed 
WBSLUA , solid dish with dual 387 “ 
5760/10,368 feed 
WBSLUA e, perl dish with dual — 377 “ 
5760/10,388 feed 
WASTKU 0. solid dish with 1.6" 387 зв 
diam feed 
ААС 24 solid dish with dual 392 за 
5760/10,368 feed 
WSZN 24. solid dish with WR90 — 325 эа 
to scalar feed 
WESLUA 18" fiberglass dish with 287 E] 
WROO feed 
WASVJB Reference horn 77 
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minimizes the additional isolation required in order to keep. 
from destroying the frontend of the receiver for the other 
band. I believe part of the increased success of the 5760/ 
10,368 MHz feed horn in regards to low frequency to high 
frequency isolation may, in part, be due to the smoother 
transition from the small section to the large section. Sec- 
‘ondly it could be due to the 5760 MHz port having a poorer. 
return loss at 10,368 MHz. Be aware that there are several 
different types of 0.75" to 1.5" transitions avaiable and all 
тау tune slightly differently. 


Conclusion 
lam very encouraged by the initial results of the multi- 
band feeds. I now have one dish for 2304, 3456, 5760 and 
10,368 MHz. The 5760 and 10,368 MHz feed is at the focal 
point with the 2304/3456 MHz feed slightly offset. End 
result is that if 5760 MHz is peaked on a particular station 
then 10,368 MHz is also peaked. Same is true of 2304 and 
3456 MHz, Good luck. Feedback is greatly appreciated. 


Note 
“Horns for the Holidays", 1997 Proceedings of the Central 
States VHF Society Conference, p 53-63. 
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TRANSVERTERS 


BUILDING A 6-CM TRANSVERTER 
By Zack Lau, W1VT 


3456-MHz TRANSVERTER 
By Zack Lau, WIVT 


2304 AND 3456 NO-TUNE TRANSVERTER UPDATES 
By Steve Kostro, М2СЕ! 


MODERNIZING THE 3456 MHz NO-TUNE TRANSVERTER 
By Jim Davey, WASNLC 


HOME-BREWING A 10-GHz SSB/CW TRANSVERTER (PARTS 1 AND 2) 
By Zack Lau, W1VT 


AN IMAGE-PHASING TRANSVERTER FOR 10.368 GHz 
By Doug McGarrett, WA2SAY 


Building a 6-cm Transverter 


— e'e— 
By Zack Lau, WIV 
(From ОЕХ, June 1996) 


"— can use to build 
Н 

Sinem list miner and bud pass ler designs 
sod prod ferences fr bling е сийе see, 
Fo discuss my approach to egin eveything o 
— tom 


5760-MHz Mixes 

"The mixer for Gem is quite similar to the one designed 
Tor 10 GHz, using a hybrid splitter and a pair of une. 
length ring mixers etched on Rogers 15-mil 5880 Duroid 
b em is perhaps the ideal band for using these mixers. The 
size is just about right on 3 cm the rings are a little too tiny 
and on 9 em they are getting a bit too big. More important, 
use of a relatively low 144-MHz IF makes it easy to design 
the hybrid ring for good performance at both the signal and 
oscillator frequencies. I published a design fora 5616-MHz 
LO multiplier chain in the May 1993 issue of OEX that will 
easily drive these diode mixers. You feed in the output of 
a 561.6-MHz no-tune LO and the chain puts out 47 or 
+15 dBm, depending on which output option you choose. I 
typically use +9 or +10 dBm to drive a pair of mixers with 
HSMS-8202 diodes. Using a higher IF for better image 
jection often makes it necessary to compromise between 
good LO rejection and low conversion loss, since the 
*/uwavolength ring is frequency sensitive. 

"While the Hewlett-Packard HSMS-2822 diodes sort of 
work, I don't recommend them if you can get HSMS-8202 
Ku-band diodes. I get 1.5 to 3.8 dB less loss with the Ku. 
band diodes. More important, И wasn't necessary to tune the 
mixer to get good performance. One mixer I built showed 
only 5.3 dB of conversion loss without tuning. The input 
1-дВ compression point was +1.3 dBm. If you have a spec- 
trum analyzer, one way to evaluate the diodes is to compare 
the upper and lower mixing sidebands of an untuned and 
unfiltered mixer. With good diodes, the two should be nearly 
identical, while diodes with excess stray reactances may 
result in significant differences of a dB or two in conversion 
loss, Of course, if you don't mind tuning the mixer with bits 


‘of copper foil the 2822s are useable even at 10 GHz. I'd use 
+ 13 to +15 dBm of LO drive with the 2822s, 

The radial stubs for the mixer and splitter are of differ- 
ent sizes. I made the one for the splitter smaller to compen- 
sate for the lead inductance of real resistors. At 6 cm, even 
tiny chip resistors can have a significant amount of stray 
inductance. 

It may be worthwhile to add quarter-wave RF chokes 
between the splitter outputs and ground. 400 mils of 
30-gauge wire should be about right for 5616 MHz. This 
will isolate the mixers from each other at the IF. Of course, 
the lack of isolation could make testing easier, since you 
could use the transmit IF signal to tune up the receive filter 
with a spectrum analyzer. On the other hand, noise from the 
transmit IF circuitry could prevent your receiver from ob- 
taining the expected low noise figure. In one 10-GHz 
transverter I built, this noise doubled the NF from 1 to 2 dB. 


Mixer Construction 
After etching the board on 15-mil 5880 Duroid, I trim 
the board with a shear into a rectangle, leaving copper foil 
out to the edges, This allows me to solder 0.50x0.025-inch 
brass strips around the mixer board to form a frame suitable 
for adding a cover. These strips are drilled and tapped for 
five SMA connectors. SMA connectors are overkill forthe 
IF connection, but they result in a compact and RF-tight 
assembly. By using 2-hole flange connectors forthe IF, you 
сап offset the center pins so they clear the ground foils. [ve 
also used Teflon feed-throughs, but these compromise the 
RF integrity of the assembly, It is possible to improve per- 
formance slightly by tuning the mixers with small pieces of 
copper foil, but this shouldn't be necessary. My May/June 
1993 OST 10-GHz article discusses mixer tuning. 


5760-MHz Band-Pass Filt 

The low IF used by amateurs makes filtering a chal 
lenge, Often, amateurs resort to waveguide filters to gener. 
ate aclean signal. This works, but 6-em waveguide is alittle 
big for my taste. (Plus, it isn’t the most commonly found 
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stuff, particularly at New England flea markets. I think it's 
around, but who wants to cart around heavy metal objects 
that few people want?) A pipe-cap filter is pretty easy, but 
as some amateurs have discovered, a single pipe-cap filter 
gives marginal performance, especially if you are fortunate 
enough to find a surplus amplifier capable of generating 
significant power. 

By carefully evaluating the plots by Kent Britain in the 
1988 Microwave Update and making an educated guess 
using my knowledge of filters, I came up with a two-reso- 
nator filter that seems rather easy to duplicate—if you have 
the proper equipment to tune it up. I tried improving on my 
initial guess by varying the probes, and small changes 
weren [too critical, particularly when compared to trying to 
adjust a single resonator design for lots of spurious attenu- 
ation. The design shown in Fig I has a bandwidth of 47 MHZ 
with 3 dB of loss. Using а 145-MHz IF, unwanted mixing 
products are at least 43 dB down. This should be adequate 
if you are using low-side injection with typical surplus 
amplifiers, 

Like most of you, I don’t have a network analyzer to 
use to sweep the filters, Instead, I used a mixer/LO to 
арсопуеп a VHF/UHF signal generator, By terminating the 
mixer with an isolator, | get measurements that seem to 
make sense. I've tried in the past to make measurements 
with a multiplier/filter driven by the signal generator, but 
this required much more work and yielded rather fuzzy re- 
sults, With the mixer, | was able to cover 400 MHZ around 
5760 with less than a dB of variation in spectrum analyzer 
response; it wasn't even necessary to use the correction 
factor needed with the multiplier setup. 

The advantage of using more resonators is the resulting. 
steeper skirts that better attenuate the unwanted mixing 
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products—I found the Qof the resonators I built wasn't high 
enough to clean up the signal with just a single resonator. 
Using corrosion-resistant nickel-plated brass screws is part 
of the reason, but I don't have a source for small quantities 
of silver-plated screws of the right size, Brass and nickel are. 
significantly less conductive than copper and silver, so 
losses are noticeably higher if you use tuning screws made 
of these materials. By the time I narrowed the bandwidth of 
the filter enough to get lots of stop-band attenuation, the 
losses became excessive. In addition, with a really narrow 
filter you need to start worrying about effects like mechani- 

cal and temperature stability. It isn’t hard to see how a filter 
with flexible Teflon board supporting some probe pins could 
be easily detuned, 


Filter Construction Det: 

The filters use a pair of Vi-inch copper pipe caps. The 
one I measured actually had an inside diameter of 0.88 
inches, They are tapped 8-32 at the top, though copper isn’t 
the best material for holding threads, (You could solder brass 
тиз to the top, but then you would need longer screws than 
the 8-32 x inch screws 1 used.) I estimate that the screws 
extend about 0.35 inches into the cavity. Polishing up the. 
inside of the caps is a good idea—a smooth surface helps 
raise the Q of the resonators. 

T've found that tightening the lock nut pulls out the 
screw slightly, raising the resonant frequency. Conversely, 
Lightening the screw against the copper threads of the pipe 
сар moves the screw in a little, lowering the resonant fre- 
quency. Done just right, you can end up with a precisely 
tuned resonator with the lock nut at just the right tension. 
"This is how I normally tune up my waveguides and cavities. 
Alternately, you might consider a better tuning mechanism 


that doesn't require as much skill. saw an interesting Gunn 
oscillator design that used dielectric rods attached to piston 
tuning assemblies. 

‘The resonators are coupled together with a 2.0-inch 
length of 0.085-inch diameter semi-rigid coax. While 1 
didn't experiment with different lengths, I recommend you 
stick with this length of coax. 250 mils of shield are re- 
moved from each end of the coax, so that the dielectric is 
‘exposed, The dielectric is left on to protect the center con- 
ductor. It probably makes sense to bend the coax first, then 
drill the coupling holes for the resonators through the mount- 
ing board, You cun then vary the 0.75-inch spacing to suit 
the coax, as it isn't critical. This may be easier than pre- 
cisely bending the coax to match the spacing. The 0.500- 
inch spacing between the probes inthe resonators should be 
maintained, unless you want to experiment with a new de- 
sign, I made the mounting board out of unetched /v-inch- 
ick double-sided circuit board. The poor thermal conduc- 
tivity of the fiberglass is an asset—you can solder the pipe 
‘caps to the board without unsoldering the probes. Including 
the #33 mounting holes is a good idea even if you don't 
intend to use them immediately, as adding them later might 
tako a bit more work. 


5760-MHz Amplifiers 

‘Transmit amplifier response plays a big part in the 
cleanliness of your microwave signal. Most surplus ampli- 
fiers useable for 5.76-GHz amateur work are designed for 
‘operation at 5.9 to 6.4 GHz. Not surprisingly, those using 
high-side local oscillators require more filtering, since the 
amplifiers are actually optimized forthe LO frequency. This 
‘often isn'ta problem with retuned or homebrew amplifiers, 
since the tuning typically results in а narrowband amplifier 
with rejection ofthe tuned frequency. But, many surplus amps 
do work reasonably well in the amateur band without any tun- 
ing, so many people do usc them "as is." 

The new Mini-Circuits ERA MMICs аге just what we 
need to take the filtered signal and amplify it up to a level 
adequate for driving TWTAs or surplus amplifiers. The cas- 
cade of ERA-2/3 MMICs shown in Fig 2 has 26 dB of gain 
and +14 dBm of linear output. To prevent unwanted feed- 
back, the amplifiers are only 0.50 inches wide. This results 
їп a cutoff frequency of 11.8 GHz—high enough to offer 
significant attenuation over the bandwidth of the MMIC. A 
much wider enclosure invites waveguide propagation un- 
ess hard-to-find microwave absorber material is used. The 
simple MMIC circuitry makes this casy to accomplish. 
Amplifiers using GaAsFETS are often much wider, in order 
to accommodate the low-loss bias circuitry. I've also i 
cluded the etching pattern for an amplifier using just a single 
MMIC. for applications that don't require the pain of two 
MMIG. 


MMIC Amplifier Construction Det: 
After etching the board on 15-mil 5880 Duroid (€, 
Y trimmed the board to 0,50 x 1.45 inches. Next, Т drilled 
holes for the power leads and carefully cleared away the 
copper ground plane around these holes with a large drill 


Fig 2— 


ris-placement diagram for the mixer board. 


bit, Practicing with some стар Duroid and different drill 
bits is highly recommended—you don’t want the bit to 
"grab" and ruin the board. 1 use dial calipers for laying 
ош the brass strips that form the frame around the board, 
just as with the mixer board. The frame also holds the 
‘connectors and feedthrough capacitor. I ended up mounting 
the capacitor on the side of the box since there was no 
room to mount iton the output end plate. There isa convention 
that the de input connector ought to be mounted next to the 
output connector, but there are numerous exceptions to this 
rule, 

1 punch a 94-mil hole for each of the MMICS to sit in, 
then bend the grounding leads flat against the MMIC and 
stick them through one of the holes, After the input and 
‘output leads are flush against the board, I bend the ground. 
ing leads flush against the copper ground plane and solder 
thom down, Then I attach the other surface-mounted parts. 
"This differs from the usual practice of mounting the semi- 
conductors last do it this way to ensure the best possible 
ground lead connections, which is critical for proper micro- 
wave performance. Finally, I wire up the regulator on the 
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Fig 3—Coupled 5760-MHz pipe-cap band-pass filter. 
This filter provides a 47-MHz bandwidth with 3 dB of 
insertion loss. 


ground plane side of the board. 

There are two choices for a high-quality LNA on this 
band. The first is the design by Ranier, DI9BV, in the 
March 1996 ОЕХ. The second is the one I published in the. 
September 1994 QEX. Ranier's has a slightly lower noise 
figure, but the 13 dB of typical gain isn’t quite enough to 
overcome the noise generated by most 6-cm mixers, so û 
second stage will be required. My two-stage design with 
224B of gain is about right fora terrestrial station, An EME 
Station free of interference might effectively use as much as 
30 dB of preamp gain ahead of the mixer to maintain a low 
system noise figure 


System Integration 

Many of my transverters successfully use the Chip 
Angle sequencing circuit found in the ARRL Handbook 
(Chapter 22, “T/R Time Delay Generator,” by Chip Angle, 
NOCA.) As the diagram in Fig 6 shows, I avoid possible 
relay damage by sequencing both the RF drive to the trans- 
mit mixer and the dc power tothe transmit amplifiers. While 
уой canstillend up hot-switching the relay if the relay sticks 
and then releases at the wrong time, think this isso rare that 
haven’ bothered to design a suitable interlock. (I suppose 
you could sense the de continuity of the relay and use this to 
indicate relay closure.) The September 1995 QEX has sche- 
‘matics that show the sequencer and IF circuitry in more 
detail 

T've found that this technique works just fine with semi- 
break-in transceivers since the transverter doesn't really care 
what the transceiver is doing (except for the de control si 
nal, obviously). Even if the transceiver is transmitting when 
the converter is receiving, everything is still operating ac- 
ceplably—the [4-dB pad and switching-diode loss protects 
the receive MMIC from excessive RF, Thus, it even makes 
sense to use a center-off toggle switch to provide a manual 


Fig 4—Schematic diagram for the MMIC amplifier. 

RFC1, RFC2—3 turns no. 28 enam wire closewound, 
0.062-inch inside diameter. 

U1- National 2940T-8.0 low-dropout regulator. 

U2—ERA-3 Mini-Circuits MMIC. 

U3—ERA-2 Mini-Circults MMIC 
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Fig 5—Parts-placement diagram for the MMIC amplifier. 
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Fig 6—Using the NECA sequencer board with a transverter and TIR 


override. This allows you to plug in any low-power IF radio 
and manually force the transverter into the proper stat. 

‘Those of us who travel 100 miles from home to operate 
from a tall mountain appreciate this feature. This is also 
handy for testing the transverter with est equipment, though 
there is a potential for an unexpected problem. Some signal 
generators cut back the RF if they see de voltage on the 
output connector, so you might think there isa problem with 
the transmit converter when there really isn't; the transmit 
converter isn't putting out power simply because it isn't 
seeing much drive, 

This scheme works well with low-power solid-state am- 
plifiers because they are casy to turn on and off with power 
FETs. You can buy P-channel FETs with relatively low on- 
resistance with even better devices appearing as time goes 
оп. A simpler approach is to use the on/off control pin of the 
National LM2941 adjustable regulator, which offers a low 
drop-out voltage and delivers an amp. I'm not sure how well 
it will work with TWTAS, which often have warm up times 
and can't be turned on and off instantly, at least with inex- 
pensive techniques, 

Much less critical is the receive sequencing. Usually, 
the delay is so long that it doesn't matter Whether the receive 
converter is turned on before or after the transmitter! In 
checking my previous work, it looks like I've done it suc- 
cessfully both ways. Turning the receive converter off first 
makes sense if you want to conserve as much current as 
possible, a consideration when running from batteries. I've 
not done any testing to see whether preamps are more resis- 
tant to high levels of RF with or without power applied, but 


the answer may determine the best approach with marginal 
relay isolation 


Connecting the Blocks 

‘The coax and waveguide techniques that work well at 
10 GHz work even better at 6 GHz, so most people don't 
have any problems. However, building a 10-GHz station 
isn't really a prerequisite to getting on 10 GHz, though al- 
most everyone on 6 GHz also has 10 GHz. Finding 6-GHz 
surplus equipment is a lot easier than finding stuff suitable 
for narrowband 10 GHz, though sources do seem to be 
drying up. 

At6GHz, you can pretty much toss out the idea of short 
pigtails; they just don't work with commonly found coaxial 
cables, You might be able to make the technique work with 
tiny 0.035 or 0.047-inch diameter semi-rigid coax, but I've 
never seen the stuff available inexpensively. By soldering 
the shield directly to the ground plane, you can get very 
short connections. The solid shield also helps, since you 
don’t have to worry as much about stray wires shorting out 
the cable, Even at 2.3 GHz, pigtails seem to work only for 
low-power circuitry; I've had litle success getting them to 
work above plastic MMIC power levels. 

Normally, I connect all the assemblies together with 
SMA connectors and use М connectors for the antenna hard- 
ware. Testing cables and adapters at RF is a good idea— 
there is cheap hardware around that won't work well at this 
frequency. I've joked that one particularly cheap adapter 
could be used as an image stripping filer, due to its rather 
pronounced notch response. While I've left the BNC con- 
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rectors on our spectrum analyzer when doing quick checks, 
don't recommend using them at 6 GHz. 

At6GHz, your coaxial cable can actually be too big. If 
it supports more than one propagation mode, you can have 
signals propagated by different modes canceling each other 
‘out, resulting in extremely high losses. Andrew Corp sug- 
gests 5.0 GHz as the maximum frequency for LDFS-50A 
“inch Heliax. Of course, if you sweep the cable, you'll 
probably find frequencies above 5 GHz at which the cable 
works just fine. This is why many people are able to use 
"Vesineh Heliax at 10.368 GHz: the frequency is in one of the 
clear windows above the cable's single-mode limit. I've had 
по trouble using either RG-213/U or '/-inch Superflex on 
6 ст, although RG-213/U is rather lossy. 


Horn Antenn: 

L included the simple antennas of Figs 7 and 8 to show 
aneasy technique for mounting a small horn to а mast. Many 
textbooks and articles aren't clear how you accomplish this 
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Fig 8—17-dBI 5760-MHz horn dimensions. The horn 
solders to WR-137 waveguide. The dotted line marks 
the inside solder seam. 


task, I use pieces of waveguide that come with unusual 
Flanges. The flanges provide rugged attachment points for 
screws. To me, this is a lot easier than trying to fabricate 
some sort of bracket or welding the horn to a suitable mount- 
ing plate, This also works wel for slot antennas. Besides, 1 
have no other use for the mounting flanges. The horns have 
predicted gains of 15.8 and 17.0 Bi, respectively. 

1 made the phase centers equal by making the horn 
H-plane width smaller while keeping the horn length and 
E plane widths constant. Having them equal is useful if you. 
intend to feed a lens. While you could make the E-plane 
width wider, you actually lose a little bitof gain, even though 


the hom is bigger. You could say that the transition to fre 
space is occurring too quickly for maximum gain. This is 
why horn gains above 23 dBi are rare dish antennas be- 
come much more practical than a very long horn. With the. 
17 dBi horn, I also made the horn a little longer. 


Horn Construction 

1 made the smaller horn out of '/urineh unetched 
double-sided fiberglass circuit board. For light weight, 1 
made the 17-481 horn of thinner 0.025-inch G-10 circuit 
board, though it's not as strong. For durability, I find it 
important to tape the joints with copper Гой. Otherwise, 
people borrowing the horns return them with broken solder 
joints, To protect the copper from corrosion, I painted them. 
‘with clear acrylic spray paint. 

Since most people use coax on this band, Fig 9 shows 
am N-to-WR-137 transition. I used an Amphenol 82-97 UG- 
S8A/U connector. These connectors have a center contact 
that press fits into the Teflon. A different connector may 
require a bit of experimentation, since the center contact 
forms part of the probe. Bare #12 copper wire is easily ob- 
tained by stripping ordinary house wire soldin hardware stores. 
1 used a hacksaw to cut a pair of slots for the brass shorting 
plate. The 0.256-inch dimension is from the center of the probe 
то the inside surface of the shorting plate, I slid the snugly 
бшп 1.5 x 0,622 x0.032-inch shorting plate through the slots 
and soldered itin place with a propane torch. 

1 soldered the horn directly to the waveguide with cop- 
per tape. A soldering iron is useful for tacking the tape into 
position. Then I used a propane torch to do the final solder- 
ing, since the waveguide needs quite bit of heat to properly 
melt the solder. The small horn and large horns measured 
14 dB and 30 dB return loss, respectively. consider 14 dB. 
adequate, though a purist would add tuning screws or vary 
the probe length for a better impedance match. People nor- 
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Fig 9—WR-137-t0-N connector transition, 


mally put screws on the centerline of the waveguide, where 
they have the most effect. Usually, two or three screws 
placed a quarter or eighth of a waveguide wavelength apart 
Will match nearly any load. I wouldn't worry too much about 
not having a set-up to measure SWR—I made a couple of 200- 
mile 10-GHz contacts before I finally got a precision direc- 
tional coupler and reduced the SWR of my dish feed below 2:1 
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3456-MHz Transverter 


By Zack Lau, W1VT 
(From OEX, September 1996) 


piece of work—it was the first of the no-tunes and did 

a remarkable job of establishing the concept. Like many 
ground-breaking designs, it had a number of minor prob- 
ems. Here is my approach to fixing them. 

‘The most serious problem is board radiation that unbal- 
ances the mixers and degrades spectral purity. This is caused 
by the combination of a low dielectric constant and a rela- 
tively thick circuit board. Unfortunately, high dielectric con- 
stant boards have about twice as much loss, a significant 
drawback since the transverter requires high-O band-pass 
filters. As a result, 1 chose a much thinner, 15-mil board. 
This allows an aluminum cover to be placed over the circuit 
with negligible effects on circuit performance. You don't 
need absorptive rubber to shield this circuit, Microwave 
absorber material can be tough to find in small quantities. 

Another drawback of the original design isthe lack of 
voltage regulators. Performance was seriously degraded as 
the batteries гап down, By using three-terminal regulators, 
the circuits work just fine between 9 and 15 V. The 
LM29407-8.0 is shown in Fig 1: it not only features a low 
drop-out voltage, but offers reverse polarity protection in 
сазе you hook up your batteries backwards! Beware, you 
сап turn the regulator into an oscillator by substituting an 
inadequate value for C9, You need a sufficiently large 
amount of high-quality eapacitance for stability. For de- 
tails, consider downloading the data sheet from National's 
WWW page: http://www.national.com/pf/L.MLM2940. 
html. 

Finally, the MMICS used were a bit marginal, operat 
ing near their upper frequency limit. This version uses 
newer MMICs with significantly enhanced perfora 
3.5 GHz. The new MMICS have so much gain that it made 
sense to revise the circuit topology. Instead of dual mixers, 

It is common 


J m Davey's 3456 no-tune transverter was an amazing 


Y chose to use a single mixer and a split 
practice when using а single mixer to use the same band- 
pass filter for transmit and receive. It is placed between the 
splitter and the mixer. Terminating the mixer with the 
splitter improves performance, while adding little extra 
complexity to the circuit. The situation would be different 
with pipe-cap or waveguide filters—then I'd have to spend. 
nearly twice as much time fabricating the filters. In this 
situation, board space is saved because I don't need to place 
a small rectangle between two large circles. 

There is also a subtle advantage for those of us using 
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3456-MHz no-tune transceiver voltage regulators. 


heat-ransfer techniques for fabricating the boards. All the 
high-tolerance filters are concentrated in a relatively small 
‘area of the board. This makes it significantly easier to get an 
‘accurate reproduction. I noticed this when examining an LO. 
board with low output (+4 dBm instead of +8 dBm). The 
‘output filter was stretched so much that the gaps between the 

y design called 


resonators were acowple of mils wider than 
for. This effectively raised the center frequency of the filters. 
As Table 1 indicates, you can still get useable performance 
with 3 dBm of LO drive. To assist you in fabricating the 
filter, the dimensions are shown in Fig 2. 

The single mixer significantly reduces the circuit board 
area required. Only 16 square inches are needed for the LO 
multiplier and main transverter board, about l of the origi- 
nal, also simplifies transmiv/eceive switching—the mixer 
can be hooked up directly toa +3 dBm VHF transceiver, like. 
the Rick Campbell mini R2/T2/LM2.! The effect of the split 
ter loss on performance is negligible—the receiver still 


Notes appear at the end ofthis section 


Fig 1—Schomatic diagram of the 3456 transverter board. 


C2, C7—Feedthrough capacitor; value not eriti 

C6, C14— High-quality 4.7-pF chip capacitor like the 
АТС 100A. Not critical if you aren't worried about 
noise figure or power output. 

0.33. f. 10-V tantalum. The National Data Book 
recommends a minimum of 22 uF. 

D1, D2—HSMS 2822 packaged diode pair. 

J1--Two-hole flange-mount SMA panel jack. Om 
Spectra 2052-1652-02 works quite well 


42, J3—Four-hole flange-mount SMA panel jack. 
RFC1—Printed circuit board RF choke. 
RFC2, RFC3—4 turns of no. 28 en: 

wound. 0.062-inch inside diameter 


'U3—National LM2940T-8.0 low-drop-out regulator. 
U4—Mini-Circuits ERA-1 HBT MMIC. 
US Minl-Circults ERA-2 HBT MMIC. 


Fig 2— Dimensions of the 3312 and 3456-MHz band-pass 


filers on TS ml 5880 Rogers Durold- 
| 3456 MME 3012 MHz 
h coupled line height (miis) 405 ES 
3. spacing between coupled 
(mej 25 ж 
ight (mis) 2 34 
Va line width (mile) E! 50 
i "uncoupled length (mils) 150 E 
| || оре 
E Ex 
Traneverters 29 


a L7-dB МЕ and 14 dB of gain, while the transmitter has а 
1.48 compression point of +14 dBm with 12 dB of gain. The 
decrease in gain on receive may actually be an advantage by 
reducing its susceptibility to mixer overload if a low-noise 
preamplifier is added. The output level is convenient for run- 
ning surplus TWTAs or thir solid-state replacements 

The new Mini-Circoits BRA-I and ERA-2 have just 
the right amount of gain for the transmit amplifiers. On 
transmit, too much gain can be just as bad as too little gain. 
"The more gain you have, the easier it is to make an oscilla- 
tor. Feedback might help, but installing feedback networks 
deviates from the idea of a simple, reliable project with a 
minimum of parts. These MMICs use heterojunction- 
bipolar-transistor (HBT) technology. They do a good job of 
combining wide bandwidth with a relatively low supply 
voltage. A150 mA each, they draw a fair amount of current 


1o generate 20 to 40 mW of RF. I think this is a reasonable 
trade-off, considering the complexity of the alternatives. A. 
discrete FET design would be more complex, requiring alot 
more design work 

T haven't experimented with the new ERA-4 or ERA- 
5 MMICs to see if more output power can be obtained with- 
‘out modifying the board. I'm still waiting for the ones 1 
ordered in late May "96. I don't recommend using the high- 
gain ERA-3 MMIC between the band-pass filters —itisquite 
likely to be unstable unless drastic measures are taken. It 
may be necessary to shield the printed circuit board filters 
from each other. You might also experiment with narrowing 
the “waveguide” enclosing the circuitry. You may signifi- 
cantly reduce the chance of unwanted waveguide propaga- 
tion by installing a shield on the optional grounding strip in 
the center of the board, This shield would lower the cut-off 
frequency by a factor of two. The low-loss nature of wave: 
guide is a significant disadvantage when attempting to build 


Table 1 amplifiers—what better way to create an oscillator than to 
Effect of local oscillator power on transverter couple the input and output together with a low-loss trans- 
Performance mission line? 

Transmitter Receiver Keep the parts close to the board to reduce their ability 
LO Power Output Power МЕ Gain to launch signals into the waveguide. I laid out the board 
(dBm) (oem) (dB) (88) placing the RF chokes close to the edge of the waveguide 
32 1327 179 151 as opposed to the center. Objects in the center of the 
зз ae 17 ЛБЕ ‘waveguide couple into the waveguide better than those close 
22 13.42 179 1650 to the edges. This is why you typically put detector diodes 
60 1837 179 1584 in the center of ће waveguide when you want to maximize 
68 1837 176 1534 the signal to the diodes. 
72 1340 178 1533 Keeping to the idea of simplicity, the receive preampli- 
122 125 17. MBSE fier is a single Hewlett-Packard MGA 86576 GaAs MMIC. 
z m MA It has about 24 dB of gain and a is. an noise figure. The МЕ 

Dice Mater 


Fig 3—Schematic diagram of the 3311-MHz local oscillator тир! 


Ca—Feedthrough capacitor, value not critic 
Di, D2—Hewlett Packard 5082-2835 Schottky 
diodes 


L1—3 turns no. 28 enameled wire spaced 2 wire 
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diameters. 0.089-inch inside diameter. 
RFC1—Printed circuit board inductor. 
U1—LM317LZ adjustable regulator. 
U2—Hewlett-Packard MGA 86576 GaAs MMIC. 


is degraded an additional 0.1 dB by the 10 dB of converter 
losses. The LM317L could be replaced by a 78L07 or 78106 
regulator, but these are harder to find and require a larger 
input bypass capacitor for stability. With the three MMICs 
I used, the highest supply voltage resulted in the best gain 
and noise-figure performance. I didn't do any testing past 
the recommended 7-V device voltage. Unit 2 still had a 
19-88 NF and 13.65 dB of conversion gain with a device 
voltage of 4.82 V. so the device voltage isn’t terribly critical 

The mixer and splitter both use a 180° hybrid. A good 
reference on these may be found in Chapter 6 of the ARRL 
UHF/Microwave Experimenter's Manual. The narrow 
bandwidth of the hybrid isn't problem in this mixer appli- 
cation, due to the relatively low IF of 145 MHz. This is only 
4% of the center frequency. The radial stub for the splitter 
is a little small, in an attempt to compensate for the stray 
inductance of the chip resistor, 

‘The LO multiplier uses a diode multiplier, a pair of 
band-pass filters, and an MGA 86576 GaAs MMIC. FETs 
сап be more efficient than diodes at frequency multiplic 
tion, but they tend to be more critical with regard to drive 
and tuning. The GaAs MMIC is a bit more expensive than 
а pair of the new ERA-3 MMICs, however, they produce 
just the right power level for driving a single mixer. An. 
ERA-3 is more appropriate for driving a pair of diode mix- 
ers. Another advantage of the MGA 86576 is that it draws 
only 16 mA, compared to 35 mA for a single ERA-3. Actu- 
ally, a pair of ERA-3s has too much gain, and running an 
ERA-1 and ERA-2 in cascade ups the current draw to 
100mA. This is six times as muchas the GaAs MMIC draws, 

‘The LO multiplier is designed to be used with a 
662.2-MHE source. It can be easily modified to work with 
‘a more standard 552-MHz source by removing either one of 
the multiplier diodes, D1 or D2. As a 6x multiplicr, +15 to 
+20 dBm of drive is needed. As a 5x multiplier, +13 to 
+20 dBm of drive can be used. This multiplier works much 
better with the correct number of diodes. If the stability of 
the LO amplifiers is marginal, it may be wise to add a 100- 
Q resistor or resistive pad to the input of the multiplier. It 
isn’t too difficult to envision cases where the constantly 
changing impedance оГ the diodes could cause problems, 

1 know that a lot of people are looking for practical 
‘ways to design the microstrip hairpin filters. The simple 
answer is there isn't any, at least for amateurs with little 
time or money. The programs that accurately simulate the 
discontinuities, such as the bends in the microstrip, still cost 
quite abit of money. Trial and error, particularly with return 
loss measurements, is an effective way of designing com- 
plex filters, if you have the time. If you have a spectrum 
analyzer, I've found that upconverting a low-frequency sig- 
nal generator with a mixer makes a good signal generator— 
if you add an isolator. The isolator significantly reduces the 
interaction between the filter and the mixer. If you aren't 
careful, some mixer/filter combinations can actually indi- 
cate that the filters have gain. Reflected signals can actually 
enhance the desired signal. As Jim Davey found out, return 
loss is a much more sensitive indicator of circuit perfor- 
‘mance than insertion loss. 


Fig 4—Cutting and drilling diagram for the transverter. 
board. 
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Fig 5—Trace side parts placement diagram for the 
transverter board. 
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Construction 

Making these circuit boards is a stiff challenge—but 
some of us like challenges. Jim specified a tolerance of 
0.001 inches for the original boards. I doubt that [come that 
close with my etching techniques, but it’s a target to shoot 
for. I was able to build three transverter boards, all with 
acceptable performance (Table 2). Mixing and LO spurs 
were at least 40 dB down. The second and third harmonics 
wereonly down 39 and 32 dB on one unit, This is no з, yuse, 
since there is no low-pass filtering of the output stage, 

When comparing the dimensions of Fig 2 against the 
artwork, the careful examiner may notice that the spacing. 
between coupled lines is actually 24 mils, as opposed to the. 
25 mils determined with the assistance of computer model- 
ing. Since this was noted after several units were built and 
tse анат baier iin e ard Due o hou 
tolerances, I'd recommend you work with the Posts 
Tiles. f you can't download them off the "Net from ht: 
www. arrlorg/gexfiles, 1 can supply the file for noncom- 
mercial purposes if you enclose а 3.5-inch disk and 
addressed return envelope with postage. 

The boards are etched on Rogers RT/Duroid 5880 with 
dielectric constant of 2.20, clad with | ounce rolled copper 
‘on two sides. The dielectric thickness is 0.015 inches. 

‘When trimming the circuit board, don't forget to leave. 
‘enough room for the SMA connectors. Normal square- 
flange connectors are 0.5 inches wide—thus the board needs 
to be at least 0.25 inches from the center of the 50-02 
microstrip traces to the edge. On the other hand, excessively 
widening the board increases the possibility of waveguide 
propagation, so you don't want to err too far in the other 
direction either. You can also use smaller SMA conne. 
tors Digi-Key now advertises a line by Johnson Compo- 
nents (formerly EF Johnson Components). While a bit 
expensive, they supposedly work up to 26.5 GHz, as op- 
posed to 18 GHz for standard connectors. They should be 
useful for 24-GHz work, 

used a hobby knife with a new no. 11 blade to cut the 
slits in the board for th grounding straps and MGA MMIC 
ground leads. The biade of the knife should just touch the 
outer edges of the pads marking where to cut the slits, I don't 
ttim away any Teflon from the slits. Instead, I use a flat 
bladed screwdriver to carefully close up the holes after the 
leads are passed through by reworking the remaining copper 
foil, The holes for the ERA MMICS are punched with a 


Table 2 
Test data for three converters 
Transmit Receive 
Unit Power (dBm) " Gain (4B) NF(dB) Calas) 
(1 dB compression) @ ) 

1 M40 129 178 1534 

2 1410 126 175 1495 

з 1483 121 154 1294 


Power was measured with an HP BS63E spectrum analyzer and 
VVV 
i used to measure recelo converter performance. Both an HP 
a Marconi 2041 were used 10 generate the IF dvo 


_ 


mms — 
4 


n seve 


Fig 6—Ground-plane side parts placement diagram for 
the transverter boar 


552 to 3312-MHz LO multiplier on 15-mil 5880 Duroid. 


94-mil hole punch and then touched up with the hobby knife 
T ve found that drilling large clean holes in thin Teflon board 
can be difficult, After drilling the 40-mil holes for the power 
supply parts, 1 countersink the ground plane side by hand 
with a /. nen drill bit. 

Some drill bits bite too deeply into the board, so you 
might practice your techniques on a few scraps of Teflon 
board. Ifyou work slowly and realize there is a problem, you 
сап "save" the board by carving away the excess copper 
with a sharp knife. 

Even with a frame made of 25 x 500-mil brass sheet 
stock around the edges, 1 felt the board could use a bit of 
stiffening. To stiffen the board, I soldered some thin strips 
of unctched double sided circuit board to the ground-plane 
side, The assembly was stffest when the boards were slid 
against the metal frame and soldered it, Forming an X or two 
seems to markedly stiffen the board. Brass could be used, 
but the circuit board is easier to solder and has less flexibil- 
ity. A stiff board is important because most chip parts can't 
flex along with the board—too much flexing and something 
will break. 

A two-hole flange mount works well for input connec- 
tor 31. The thinner connector can be raised slightly com- 
pared to the other three connectors. This makes it easy to 
connect the input capacitor, C1. Alternately, higher walls 
could be used to enclose the transverter board, 

While there are pads for grounding the ERA MMICS 
with copper foil, I found it easier just to bend and solder the. 
leads. The leads are inserted into the holes and then bent 
against the body of the MMIC, flattening them against the 
ground plane. 1 used copper foil with Unit 2—there wasn't 
а significant difference in performance compared to the 
other two units 

1 first test the voltage regulators to make sure they аге 
putting out the proper voltages before installing the resis- 
tors that supply power to the MICs. The actual voltage at 
the MMICS can vary a bit —he GaAs MMIC can draw be- 
tween 9 and 22 mA, so the voltage drop across the 51-82 chip. 
resistor can be anywhere from 0.46 to 1.1 V. l'm not sur- 
prised at this range. manufacturing repeatable bias points 
hasalways been a weak point of FET technology compared 
to bipolar. The device voltage for the ERA MMICs is sup- 
posed to be between 3.2 and 4.4 V, nominally 3.8 V. 

Theshared mixer ought to make troubleshooting easier. 
1t nothing works, there is a problem in the LO/mixer, or in 
both the transmit and receive amplifiers. While the conver. 
sion gain isn't excessive, it ought to be enough to hear the 
increase in noise when you turn on the receive amplifier. 
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Notes 
‘Wim Davey, WABNLC “A No-Tune 
Transvertr for 3456 MHz," The ARAL 
UF Microwave Projects Manual, Vol 
1, ARRL, 1994, pp 3-28 0 3-34. 
2campbel Rick "A VHF SSB-CW Trans- 
ceiver with VXO," Proceedings of 
the 291h Conference ol the Central 
States VHF Society, ARAL, 1995, 
pp 94-108, Boards and kits are avail 
Eble кот Kanga Products, Bil Kelsey, 
ABET. 9521 Spring Lake Drive, 
Findlay, OH 45840, 419-432 4604. 
small kanga@brightnet or tp: 
Fig 7—Parta placement diagram for the multiplier board. ‘arp.cc.nd.edu/kanga/ 
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2304 апа 3456 Мо-Типе 
Transverter Updates 


By Steve Kostro, N2CEI, 
Down East Microwave, Inc. 


(From The Proceedings of 1996 Microwave Update ) 


Since the introduction ofthe "NO-TUNE" transverters 
in the late 1980s! Monolithic Microwave Integrated Cir 
cuits, MMICS, have greatly improved in performance and 
yet remained economical enough for amateur use. This ar- 
ticle will discuss various options and some results in im- 
proving the performance of the two transverters originally 
designed by Jim Davey, WABLNC. The three basic issues 
that will be covered will be Receiver Performance and 
Options, Transmit Power and Purity, and Local Oscillator 
Multiplication. Both transverters will be discussed simulta 
neously allowing comparisons to be made in construction. 
‘and end results with some words on construction technique. 
Since detailed drawings of component placement are in- 
cluded, it was not found necessary to include schematics. 


Receiver Performance and Options 
When the receiver sections ofthe two transverters were 


* Notes appear at the end ofthis section. 


originally designed, MMICs with noise figures of less than 
4 dB were not economically available to most amateurs. 
Although low noise GaASFET preamplifier designs? that 
were being used by hams were considered, they required 
special bias supplies and a large amount of circuit board 
space. With the scope of the project being simplicity and 
repeatability, and driven by economics, GaAsFETs were 
deemed not practical to implement into a simple transverter 
design, Today, with the advent of affordable GaAsFET 
MMICs, we now have stable drop-in, or with а little circuit 
modification, designs that will have less than a 2 dB NF and 
over 20 dB gain. The HP/A vantek MGA85676 became the. 
MMIC of choice for both units (Figures 1 and 2). It replaces. 
the first MAR 6 MMIC in both transverters and will produce 
a 2-3 dB NF improvement, (See Table | for approximate 
specifications of the MGA85676.) The transverier's noise 
figure could be optimized for <2 dB by performing the input 
circuit modification shown, With the increased gain that the 
MGA85676 offers, the proceeding MMICS should be com. 


Table 1 
MGA86576 

Frequency Gain S0.ohmNF Optimized NE 1 drain © Op Volts 

2GH2 >22dB 2188 1.5 dB 16 тА 85V 

4 GHz 22208 2088 1608 16MA @ 5V 

Table 2 

Models Gain©2GHz Galn@4GHz Рош @ 1 dB comp  idrain © Op Volts 
ERA 211 70 >10 48 +13 dBm @ 2 GHZ | 50mA 8 38V 
ERA 21498 21398 Сла бвт ©2GHz 50 тА @ 38V 
ERAS ET ET d cen Q2GHz | 35mAQ38V 
ERA 21408, ET +19 ge @ 1GHz вотд a 8% 
ERAS >18 dB EI H9 dem @ 1GHz 80 w 8 


Tho tables above are to be used as a guidoline for Amateur Radio design work. They do not completely 
reflect the manufacturers” specifications. Please consult the manufacturer for complete data 
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MGA86576 


All resistors are Carbon Comp. wire jumper e 


Figure 1 


remove trace 
replace with 

0.020 dia, wire 
048" lon 

(NF circult Mod.) 


xn 


2304 MHz 


All resistors are Carbon Comp. 


Figure 2 
MGAS6S76 
2304 MHz with External Preamp. 
All resistors are Carbon Comp. 
Figure 3 
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pletely removed on the 3456 transverter. On the 2304 unit, 
remove the second gain stage (between the filters) and re 
place the third stage with a MAR 2. If you plan to use an 
external GaAsFET LNA with the 2304 transverter (Figure 
3). remove all three gain stages and install the MGABS676 
MMIC in the second stage position, between the two band- 
pass filters, to ensure that the out of band products amplified 
by the preamp are filtered out, If an external LNA is 10 be 
used with the 3456 transverter (Figure 4), a filter should be. 
installed (pipe-cap?) ahead of the transverter. It will not be 
necessary to perform the low noise figure modification on 
the MGA86576 if it is used as a second stage. 

When implementing these changes, check all ground 
wraps and/or ground rivets. Be sure they are as flat as pos- 
sible and are clean connections. The MGA86576 will oscil 
late if there is an excessive amount of inductance on its 
ground leads. Also verify that there is a good ground con- 
nection at every by-pass capacitor! If you are modifying an 


old board, oxidized, missing, or broken ground connections 
could have been the original problem keeping the 
transverter from working in the first place. Take your time 
їп checking them out this time (It's a thought!) 


‘Transmit Power and Purity 

With the introduction of Mini Circuit Laboratory's 
ERA series of MMICs (Table 2), it is now possible to have 
as much as 100 mW of output power on both bands. Both 
transverters used a MAR- as a final power amplifier that 
at times because of its low frequency gain, became very 
unstable. If you managed to tame it down, 5 to 10 mW 
output was realistic. There were a few mods that incorpo- 
rated a single gate GaAsFET as a replacement, but they 
жеге nota drop-in solution. The other problem with the TX 
circuit was that the radiated LO signals, fundamental and 
‘multiplied, would conduct into the final gain stage and 
became amplified to levels as much as ~10 dBc. The radi 


W 


All resistors are Carbon Comp. 


wire jumper 
3456 MHz with External Preamp. 


#22 Gauge, 0.200" probe 


Figure 4 
0 LO IN 
| U — _ 2304 MHz 
= a 
TX Bas Ba 
remove trace?" 
Completely 
ERAS 

All resistors are Carbon Comp. 

Figure 5 
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ated LO is a separate problem and will be addressed later in 
this article, but with the new MMICS and a brief explana- 
tion, both problems will be improved on. 

"The 2304 transverter uses two gain stages on the TX 
side, a MAR 3 and a MAR 8, Remove both of them. The 
2304 PCB design (REV. D) only cycles the bias on the 
‘output MMIC. This needs to be changed so the TX bias is 
only on during TX for both stages. Perform the suggested 
modification to the circuit board in Figure 5. (Cut and re- 
move the trace!) For a cleaner than original signal, install 
a ERA-3 in the position between the two filters. This is all 
that is needed for 10 to 15 mW of output. If higher output 
is desired, a ERA-4 could be installed in the final output 
position (Figure 6). If the LO is not modified, expect to see 
close to 100 mW output at 2304 and as much as 10 mW of 
output at 2160. This might be okay if you plan to use an 
extra band-pass filter on the output before amplifying it by 
any other gain stages. If other output levels are required, 
select any other MMIC that meets your specification 


The 3456 transverter is very similar to the 2304 unit 
but it used three gain stages in the TX chain. Remove ай of 
them, In this design, you have a litte more flexibility. If 
you figure a clean -15 dBm out of the mixer/filter combi- 
nation, decide what you would want for an output, refer to 
Table 2 and do the math. Only recommendations are not to 
cascade any other MMIC with an ERA-3 between the (wo 
band-pass filters. A good combination (Figure 7) would be 
to use a ERA-2 driving a ERA-1 between the filters. This 
alone will produce 10 to 15 mW of output. If higher power 
is desired, an ERA-3 between the two filters driving an 
ERA-4 final (Figure 8) will deliver up to 100 mW output. 
but will require a external band-pass filter if additional gai 
stages aro to be used. Again it is recommended that the LO 
chain be modified to improve the spectral purity 

Like in the receive section, care must be taken in the 
assembly and to be sure about the grounding. If there are 
any doubts, fix it. Also if using the ERA-4s or 55, care must 
be taken because they will dissipate a lot more power than 


Ай Resistors are Carbon Comp. 


iw 
Figure 6 
uF 10pF ОлыР 10pF 
3456 MHz = 
220 ohm 
wire jumper. 10pF 
PEN 
з TX OUT 
Al resistors are Carbon Comp. 
Figure 7 
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II resistors are Carbon Comp. 
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Figure 8 


All resistors are Carbon Comp. 2304 MHz 


Figure 9 


10pF 
ERA PE ERA 


All resistors are Carbon Comp. 


Figure 10 


the older MMIOS. Half-watt resistors get real warm! If you 
make a resistor change, do the math! 


Local Oscillator Multi 

The most difficulty encountered in using both 
transverters has always been caused by the 4X and 6X 
multiplier circuits. There have been many fixes and cures 
published and talked about, but the problems still remained. 
The major problem being the high level of 540 and 
552 MHz. Energy injected into the harmonic generator cir 
cuit would be reflected back or radiated resulting in a 
starved amplifier chain, which would allow it to oscillate at 
its own desired frequency. With two fundamental oscilla- 
tors now being introduced to the mixers, (the main and the. 
self oscillator) itis easy to understand why the transverters 
worked sometimes really well and not so good all of the 
other times. Receiver noise is a good indication of opera- 
tion but at what frequency would it be at if the LO chain had 
its own frequency being generated? Both transverters have 
fooled many noise figure meters. If any of the mods are 
performed on the two transverters, the LO chain modifica- 
tion would put you on the right track in fixing all of the 
transverter's other problems. 

After reading an article published by Jim Davey on 
Frequency Multipliers“ and discussing it with him, I found 
that it was possible to implement this idea into both 
tramsverters with little difficulty and produce huge results. 
Using the ERA-3 as the MMIC multiplier, it was found that 
“sweet spot” existed as far as drive level versus operating 
voltage. A voltage was derived to allow a LO drive of 
+0 dBm with a plus or minus delta of 3 dB to be used. 
Remove all of the components and reassemble per Figures 
9 and 10. When installing the ERA-3 multiplier, care must 
be taken in proper placement and grounding. New ground 
pads need to be formed with rivets. As for the amplifier 
section, all of the instability of the MAR-8 MMICS are elimi 
nated along with the radiation effect. The new multiplier chain 
will deliver 10 mW of LO drive to the power dividers without 
even winding a coil and having nothing to tune. 

"The standard LO designed by Rick Campbell, KK7B,* 
will need the final MMIC removed from the circuit and 


2-20 Chapter 2 


replaced with a wire jumper. A +3 dBm signal should be the 
‘maximum obtainable level and will work correctly withthe 
new multiplier circuits. Future discussion of the KK7B LO 
concerning frequency netting and stability will be discussed 
at a later date 


Final Notes 


The modifications have been used repeatedly for over 
а year with excellent results. Local oscillators have been 
packaged together with the transverters that produce < 2 dB 
NF, 25 mW Pout and spurious responses of -45 dBc. Please 
remember that all of the new MMICs in the world don’t 
make up for poor construction techniques. Use nothing but 
‘carbon composition resistors and keep the leads to the ac- 
tive circuits as short as possible. If you have a doubt about 
a ground wrap or rivet, repair it! Make sure that every 
by-pass capacitor is directly connected to a ground to the 
back side of the board, With the modifications, enclosures 
are less critical, but still could be a problem, Keep away 
from waveguide sizes boxes. 

Contact the author at Down Fast Microwave (Phone: 
908-996-3584, Fax: 908-946-3072, Web site: http:// 
downeastmicrowave.com/) for availability of the latest PC 
boards. Future designs will be available that use all of the 
suggestions above. Some new features of the new designs 
will include plated through holes and a machined enclosure 
to accommodate both new transverters. As newer MMICS 
appear on the marketplace, updates will be made. Feel free 
to experiment with them and most of all, Have Fun! 


Notes 


"QST, June 1989 for the 3456 transverter, Microwave Up- 
‘date 1989 & QST, Dec 1992 for 2304 transverter 

2Simple Low-Noise Microwave Preamplifiers for 2.3 
Through 10 GHz; QST, May 1989 

“Cheap Microwave Fillers From Copper Plumbing Caps,” 
Microwave Update, 1988 

“ARAL UHFMicrowave Projects Manual, pages 5-13 
through 5-15 

S'A Clean, Low-Cost Microwave Local Oscillator.” QST, July 
1989 


Modernizing The 3456 MHz 
No-Tune Transverter 


By Jim Davey, WASNLC 
(From The Proceedings of 1994 Microwave Update) 


Introduction 

ack in 1988 1 presented a single board no-tune 

Вх 

"#8 Conference in Estes Park, CO. Initial interest 

vas high in this design and it was subsequently published in 

the June, 1989 issue of QST. Since that time over 190 of the 
transverters have been sold all over the world 

"While the 3456 MHz unit has enabled many to easily 
get a basic station on the band, it has not been without a few 
problems. Stability of the active devices has been marginal 
under certain conditions. Some people have also had a prob- 
lem packaging the finished board in a larger enclosure with 
the other stages needed to make a high performance 
transvertor 

Since the time of the initial design a couple of things 
have happened: (1) new and better MMIC; have become 
available and (2) I have become more enlightened on the art 
of microwave circuit construction. Also, many people have 
had a chance to work out some of the problems, most nota- 
bly WBSLUA, NIBWT and WA3IUF. Their willingness to 
take the time to publish their improvements is greatly appre- 
ciated. This paper will gather together the suggested modi- 
fications made by others and add some new ideas of my 

Before getting into a discussion of the shortcomings 
and improvements of the transverter, I should reiterate the 
basic design goals of the unit 

1) All filtering is done by non-critical band-pass filters. 
This remains the dominant feature. No metalwork or filter 
tuning is required to achieve a reasonably clean transmit 
signal (unwanted outputs down >40 dBc) and an image-free 

2) Low cost. If anything. silicon MMICS have gotten 
cheaper since ће design was first published. And where can 
you get a decent 3456 MHz mixer for under a buck? 

3) Integrated approach to multistage circuitry. Having 
all the essentials on one board reduces the amount of pack- 
aging, connectors and cabling required to get the unit 
together 


1 believe that (1) and (2) above are still important fea- 
tures, The more hamfests Igo to, the Jess I am inclined to 
emphasize (3). especially when 1 sec boxfuls of SMA 
jumper cables at 50 cents apiece. 


Packaging the Transverter 


Let's face it, microstrip circuits radiate! and this 
transverterís no exception, The amount of radiation is high 
enough to cause some problems and has made it difficult to 
box up the transverter in a practical matter. Also, when an 
‘outboard preamp and/or power amp is desired, the isolation 
between those accessories and the board may not be high 
‘enough toallow them to be packaged together without feed- 
back. Several people have tried to cover the suggested 
"brass strip box” in order to isolate the low level stages 
from the rest of the station. Generally this has caused prob- 
lems ranging from high level spurs in the transmitter to 
oscillation of the gain stages. 

The effect of an RF-tight lid on the transverter can be 
almost totally eliminated by using some true RF absorber 
material on the inside of the lid. I tried this experiment with 
some of the . ch thick material available through Tom 
Hill, WA3RMX/7, and found it to do the tick. Black car- 
bon foam does not work! Without the RF absorber, one of 
the most noticeable effects is that the metal cover will un- 
balance the mixer sending lots of local oscillator energy 
through the transmitter. The onboard filtering is not suffi- 
cient to eliminate the extra LO. 

Another observable effect of board radiation is the cou- 
pling across the board from one circuit to another (LO mul- 
tiplier to TX amp for instance) and along the length of the 
board (TX mixer to TX output). This can be eliminated by 
boxing the TX, LO and RX in separate enclosures of the 
proper size. I cut a transverter board into TX, LO and RX 
sub-modules using a sharp knife and connectorized all the 
ports, Each board ends up about 1.3 inches wide by 6 inches 
long. When boxed up using the suggested "/-inch brass 
strip and a cover made of thin aluminum, the resulting en- 
closure looks like a waveguide-below-cutoff. Each cover 
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still needs to be treated with RF absorber material as de- 
seribed above, 

Unless the transverter is totally redesigned on much 
thinner board to reduce the radiation effects, the above 
suggestions, combined with those for stability described in 
the next section, can produce a stable and clean transverter. 


Stability Improvements 

Instability has been a sporadic problem in three areas: 

1) The cascaded MSA 0685/0685/0185 in the receiver 
сап oscillate depending on source SWR, lead dress of the 
biasing components and power supply voltage. 

2) The cascaded MSA 0885s in the LO amplifier can 
oscillate at VHF frequencies due to excessive gain below 
1 GHz. 

3) The MSA 0885 transmitter output MMIC may be 
unstable into certain loads, 

‘The first problem above was largely eliminated by re- 
placing the original 5 pF series coupling capacitors in the 
receiver with 1.0 pF. This reduced the low frequency gain 
enough to keep things under control most of the time. All 
the Down East Microwave units use the smaller value ca- 
pacitor. Varying power supply voltage (as when using bat- 
teries) can still change the device S-parameters enough to 
getan oscillating condition. Paul Wade, NIBWE, described 
using an LM 2941 CT low dropout regulator to eliminate. 
this problem’. Down East Microwave sells these regulator 
ICs as well as a board level kit. 

‘Another solution is now possible for only a few extra 
dollars by using one of the new Hewlett-Packard MGA 
36576 GaAs МІС This device has a flat gain curve down 
to low УНЕ frequencies and a much lower intrinsic noise 
figure, It requires a +5 volt supply, thus a regulator from the 
normal 12 volt supply is suggested by HP. I put one in stage 
#3 of the receiver and cut off the first two stages before 
enclosing the board in a brass box (Figure 1). Not only did 
the system noise figure drop from 5 to 2.0, but the receiver 
now only requires 16 mA of current instead of the 45 mA 
with the silicon MMICs. Rus Healy, NJ2L, has done this 
modification to his rover station with similar results: 

‘The potential solutions for eliminating oscillation in 
the LO multiplier amplifier are somewhat limited because 
the LO needs to generate enough power to drive two mix- 
ers. A possible alternative MMIC lineup that would meet 
the gain and output power requirements would be an MSA 
(0385/0385/0986, Gain at VHF would be reduced consider- 
ably over the 0885 pair, but there is not a lot of room on the 
‘existing board for three stages and their bias resistors, and 
the three stage amp would draw over 100 mA. I did not try 
this modification. Instead, I took a look again at what the 
MGA 86576 could do. The specs say it cannot produce 
‘more than about +7 dBm at 3312, so the mixers would have 
alittle less injection than before after filtering and splitting. 
To see what could be done I tried a single MGA 86576 at 
5 volts. The circuit is the same as Figure 1 except the 5 pF 
input capacitor is not needed. The power to each mixer 
measured +4 dBm, which was about 2 dB more than ex- 
pected. The output spectrum was exceptionally clean with 
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all unwanted products down over 70 dB. Аз a bonus, I found 
that the diode multiplier only required +8.5 dBm at 552 to 
saturate the MGA 86576, about a 7 dB reduction. I currently 
do not have an explanation for this. LO chain current drops. 
considerably from about 75 mA for the pair of 0885s to 
16 mA. I am beginning to really like the MGA 86576! 

Dave Mascaro, WA3JUE, recorded his problems with 
the transmitter section in his club's newsletter, Cheese Bits.“ 
Itincludes a detailed description of how to modify the board, 
Ihave tried this modification and it works well as described 
below. A discrete GaAsFET here is a better solution than the. 
GaAs MMIC since much more output power can be ob- 
tained, Much of the feedback I have received through the 
years on both the 2304 and 3456 no-tune transverters has. 
been on how one might get more power out of the transmit- 
ter. This is understandable since when these transverters are 
used barefoot as a rover rig and the other station is a fixed 
home or mountaintop contest station, the limiting factor in 
making the contact is usually going to be the ability of the. 
fixed station to hear the low power transmitter. Although 
the noise figure of the original no-tune transverter is a few 
В higher than a performance station, it is not likely going 
to be an issue since the fixed station usually runs higher 
power 

1 decided to give an ATF 10135 a try as it looked like 
a good choice for gain and power output capability. For this 
device I had to make a few changes to Dave's circuit to bias 
the FET properly and to ensure stability. The drain resistor 
жаз dropped to 5.6 ohms to allow a Vd of 3.6 volts, The 
source bias resistor needed to achieve 60 mA of drain cur- 
rent 18 ohms. I had to lower the © of the gate choke with 
a series 5.6 ohm chip resistor to stop an oscillation at 
11 GHz. With these changes I got an insertion gai 
of 10.5 dB. When the driver MMICs are replaced with an- 
other MGA 86576 as described below, a power output of. 
+17 dBm (50 mW) was obtained. I have not done any exter 
sive testing of stability with different termination SWRs 
like Dave did on his unit, This issue may best be investi 
gated with a computer modeling program. 


do problems have been reported to my knowledge with 
the two low level driver stages in the transmitter. But having 
just replaced the balance of the transverter with gallium 
arsenide, why finish the job with an MGA 86576 in place of 
the 0185/0285 and then just run the whole transverter off 
+5 volts? couldn't resist The results were excellent for the 
driver replacement. The MGA 86576 has about 6 dB more 
gain than the 0185/0285 pair, giving about +6.5 dBm out of 
the second transmit filter. This higher level is welcome as 
the desired 3456 MHz signal out of the mixer is reduced 
slightly due to the lower LO power and the ATF 10135 сап 
achieve greater output with more drive. 


Summary 

Having done all the above modifications to a 3456 
no-tune transverter, Ihave a stable unit with characteristics 
listed in the table below. The specs for the original unboxed 
unit are included for reference. 

The total cost of the MMICs for the original unit is. 
about $15. The GaAs replacements will run you only about 
$28 not counting any onboard or external voltage regula- 


tots. A small price for such an increase in performance. 


Parameter Modifed* Original 
Noise Figure 2.048 50dB 

TX Output Som 8-10 mW 
LO Power © 5 +9dBm is ahm 
Total Current HO mA. 186 mA 


"Three separate enclosures, absorptive material on cover, 
MMIC replacements as described in this article. 
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Home-Brewing a 10 GHz 
SSB/CW Transverter 


Part 1-Narrowband 10-GHz operation—without exotic or 
surplus parts—has finally arrived for the microwave builder! 


By Zack Lau, УЛУТ 
(From OST, May 1993) 


‘ooking for some challenging microwave equipment 
to build? How about complete 10-GHz transverter 


with stability good enough for weak-signal CW 
work? You don't have to find any exotic pieces to build this 
project—all of the parts are fairly common. In fact, every 
thing has been available for years, 

Despite the transverter' s compact package, however, it 
consists of several modules that you must build. And al- 
though the VHF/UHF circuitry follows the no-tune concept 
developed by Jim Davey, WA8NLC; Rick Campbell, 


KK7B; and others, the X-band (10-GHz) parts need to be 
tuned up—preferably with a spectrum analyzer that works 
through 10.4 GHz! 


Design Philosophy 

Unlike the no-tune transverters 2 1 decided to develop 

the transverter as a set of building blocks with stainless- 
steel or gold-plated SMA connectors. Although this con- 


\ Notes appear atthe end of this section. 


Table 1 
10-GHz Transverter Performance" 
‘Transmit Converter 

144-MHz Drive. 10-GHz Output! 

(dBm) (авт) 
зв 

85 
103 
108 
116 
122 
128 


Power Output versus Supply Voltage" 
(Drive signal: -0.8 dBm at 


144.08 MHz) 

‘Supply Output Power 
(V) (авт) 
1034 85 
1051 100 
1075 100 
1234 100 
14.02 10.0 


Receive Converter 


IF Gain Noise Figure 
(MHz) (dB) (ав) 
ма 882 273 
145 879 270 
138 879 271 


Noise Figure and Insertion Gain versus Supply 
Voltage 


QF = 144 MHz) 
Supply Gain Noise Figure 
(V) (dB) (в) 
103 659 305 
107 вв 292 
109 864 289 
173 859 279 
124 868 275 
134 870 274 
135 873 276 
149 875 24 


"The data in this table comes from the mast recently completed prototype, which consists ofthe modules doscribed in Part 1 and 


Par 2 ol hs article, 


Pomor output was Measured with an uncalibrated HP 4358/8481 
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Fig 1—Block diagram of the 10-GHz transverter. 


struction method is more expensive and time-consuming. 
than a more integrated approach, it offers several advan- 
tages. Most importantly, it allows you to check small por- 
tions of the transverter for proper performance. If some- 
thing doesn’t work, troubleshooting is fairly straight- 
forward. And, if you just can't get one of the modules to 
work, you can simply build another one. Another advantage. 
‘of this construction method is the shielding that results from. 
packaging circuits in separate boxes. This helps greatly to 
keep the transverter spectrally clean, with а minimum of 
spurious outputs and responses. Finally, the transverter is 
easily updated or expanded to take advantage of improving, 
technology. Making its receiver section state-of-the-art is 
simply a matter of adding the 1-48 noise figure preampli- 
fier described in December 1992 ON 


A Brief Overview 

Fig | and Table I show the transverter's configuration 
‘and measured performance. A local oscillator (LO) feeds a 
power splitter that drives a pair of mixers. One mixer is used 
‘on transmit and the other on receive. The transmit mixer is 
followed by a filter and amplifiers. A filter following the 
final stage is optional. Low-noise amplifiers and an image 
stripping filter precede the receive mixer. Without adequate 
image rejection, the receiver sensitivity can degrade by as 
much as 3 dB. 


The Local Oscillator 

The most critical part of microwave narrowband work, 
the LO, stars off with the circuitry developed by WASNLC 
and KK7B, The 106.5-MHz oscillator (Fig 2A) is multi- 
plied by six (Fig 2B) to produce a 10-dBm (10-mW) signal 
a1639 MHz. This signal is then multiplied by four and am- 
plified to 7 dBm at 2.556 GHz (Fig 3). 

This is essentially the same scheme used in KK7B's 
2.16-GHz LO in July 1989 QST,“ except that | modified the 


filters for 639 and 2556 MHz. I also added a0.47-HF capaci 
tor to provide a low-impedance input for the 78L05 regula- 
tor (it can oscillate if not properly bypassed). These circuits 
are built on fiberglass-epoxy G10 or FR4 PC-board mate- 
rial; the remaining circuits are built on 5880 RT/Duroid, 


Choosing the Circuit-Board Material 

‘This part was actually pretty easy: [looked around for 
something with low enough loss to work well, but that's 
also readily available to amateurs. The only stock item that. 
meets this description is 0.015-ineh-thick (15-mil) 5880 
RT/Duroid. This is the same material used in the Tuesday 
Night Transverter published in the Proceedings of Micro- 
wave Update "88.5 The thicker 30-mil 5880 RT/Duroid is 
definitely unacceptable, as its radiation loss is rather high. 
Down East Microwave is one possible source 

If availability wasn’t an issue, 1 might have chosen a 
board thickness that helps to optimize stability via source 
inductance. Another criteria for choosing board thickness 
is the interface with the transistors and connectors. Often, it 
is desirable to minimize the discontinuity between these 
interfaces by selecting trace widths comparable to the con. 
песїог diameters and transistor-lead widths. The I5-mil 
board works pretty well in this area—the 46-mil trace widths 
fairly closely match the widths of the specified 50-mil chip 
capacitors 


Crystal Frequency 

When choosing an LO crystal, the most important con- 
sideration is the crystal's calibration. The tolerance of the 
International Crystal Manufacturing high-accuracy crystal 
(#473590) I recommend is 10 parts per million. This means 
that the crystal can be as much as 1.06 KHz off the marked 
frequency without deviating from the specified accuracy. 
Because the LO is multiplied by 96, the transverter's con. 
version frequency could be as far as 102 4H from the ex- 
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Fig 2—Schematic of the crystal oscillator and times-6 multip 


‘composition types unless otherwise indicated. 


C1—Air-dielectric trimmer work well). 
capacitor that can be set to от 
approximately 4 pF. Low 
temperature coefficient is more 
important than exact value, as. 
L1 can be adjusted to 
compensate. 

C8—Minimum value required to 
stabilize U1 is 0.33 pF. An. 
electrolytic capacitor can be 
substituted if proper polarity is 
observed. 

C12—1000-pF feedthrough 
capacitor. Exact value not 
critical (100 pF to 0.1 1F should 


7-30-6 toroid 


pected Frequency, even without taking temperature varia 
tions into account, Although the oscillator circuit allows 
some adjustment to compensate for frequency error, at- 
tempting to shift the Frequency seems to degrade stability 
То make sure that the conversion frequency falls inside 
the 2-meter band, I specify a 106.499-MHz crystal, Selec 
ing а 106.500-MHz crystal might prove to be unwise if it 
was cut 10 ppm high—the usual calling frequency of 
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‘Schottky diode. Hewlett- 

Packard 5082-2835, -2811 and 
-2800 work well. 

FLA, FL2—Band-pass filter 
printed on PC board. 

JI—SMA female chassis-mount 


L1, L3, L4, L6—8 turns #28 


12—12 turns #30 enameled wire on 


Resistors are '/-W carbon-film or carbon- 


0.1-Inch 1D, closewound, 
+28 enameled 

¡ch ID, turns spaced 

опе wire diameter. 

Q1, 02 —2N5179 or BFR91. 

eros 5-V, 100-mA, thre 
terminal regulator. 

U2, 04—МАН-3 or MSA-0385 
ммс. 

U3—MAR-2 or MSA-0285 MMIC. 

US—MAR-4 or MSA-0485 MMIC. 

Y1 106.499 MHz, fifth-overtone, 
‘serles-resonani crystal 
(international Crystal 
Manufacturing #473590). 


o 


inch ID, 


10.368100 GHz would be just below the 2-meter IF radio's 
144.0-MHz band edge—a problem with some radios. You 
may want to choose another frequency, perhaps even lower, 
to move the IF to 145 or 146 MHz. If you do this, you'd be 
wise to investigate possible sources of interference. Keep 
in mind that hilltops are often pretty bad in terms of inter- 
ference problems. 

‘The stage following the 639-MH to 2.556-GHz mul- 


Fig 3—Schematic of the 639-MHz to 2.556-GHz multiplier. Resistors are «watt carbon -film or carbon- 


в otherwise indicated. 
'ackard 5082-2835 or 


‘composition types uni 

D1— Schottky diode. Hewlet 
equivalent 

41, 32—SMA female chassis-mount connector. 

FL, FL2—Printed band-pass filter 


tiplier is a GaAsFET multiplier, filter and amplifier (Figs 4 
and 5) that takes the 2.556-GHz input and provides at least 
12 dBm at 10.224 GHz to the LO splitter/mixer board (to be 
described in Part 2). 


Bias Supplies 

1 know it's not the cheapest way to go, but decided to 
build a negative bias supply into each module that requires 
one (all the stages that use MGFI302s). This reduces the 
chance of misconnecting the positive and negative supplies, 
also opted for active bias supplies, as shown in Fig 5. This 
Figure shows the two equations for calculating components 
for different bias conditions. For instance, to bias an FET at 
3 volts and 30 mA, you first calculate the effect of any resis- 
tors used for stability. Often, a 51-0 resistor is used to 
stabilize the circuit; if present, it increases the circuit bias 
voltage to 4.53 volts. One set of standard values that comes 
close to the bias conditions given above, and accounts for 
the 51-02 resistors, is: Ra, = 16 0, R,, = 36 КО, and Ry, 
Dr 

T used Intersil ICL7660s to generate the negative bias 
supplies because they require few external parts. A cheaper 
alternative is to use NESSS timer chips as oscillators driving 
rectifiers.” I published such a circuit, with a PC-board pat- 
tern, in March 1991 QEX.* 


Filter Construction 

The transverier's band-pass filters are made from half 
inch copper pipe caps, as shown in Figs 6 and 7. These were 
developed by Roman Wesolowski, DJGEP: and Kent Brit 
ain, WASVIB. They're affordable, too: You can buy half- 
ich plumbing caps at home-supply stores foras little as 12 
cents each. (Designed to cap pipes that are 0.5 inch ID, 
these caps actually measure 0.62 inch ID and about inch 


L1—3 turns #28 enameled wire, 0.062 inch ID, turns. 
spaced one wire diar 

L2—Printed inductor 

U1, U2—MAR-2 or MSA-0285 MMIC. 

U3-MAR-4 or MSA-0485 MMIC. 


long.) 1 drill and tap the caps (at top center) with 
84-40 threads and use nickel-plated brass screws; unplated 
brass screws should work as well. Kent Britain has forced 
steel screws through the caps to thread them. Don’t use 
these screws for tuning, though, as steel is unacceptably 
lossy. I often polish my plumbing caps so that they look 
nice and solder easily 

A pipe-cap filter ahead ofthe mixerisadequate in terms 
of system noise figure, giving an image rejection around 
24 dB with a 144-MHz IF, For critical applications, a 
waveguide filter, such as the one published by Glenn 
Elmore, МОМ, in July 1987 QEX,!is recommended, With 
such a filter, 50 dB of image rejection is easily obtained 
with a 144-MHz IF. However, for lightweight portable 
transceivers, plumbing-cap fillers seem to be the best 
‘compromise. Fora clean transmitted signal, you should use 
‘one at the final transmit amplifier's output as well 


The completed transvertor. 
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Fig 4—Schomatic of the 2.556- спір components. L1-L6 
are source-lead inductances. Kerlen are stray inductances. 21-245 are etched on tho circuit board. 
FL1—Pipe-cap filter. Seo Fig 6. Countersink the conductors from shorting to it 
‘ground-plane side of the circuit board hole (by 'Q1-03—Mitsubishi MGF1302 GaAsFET. Substitution 
hand) to keep the Jr nen UT-141 probe center по! recommended. 


The filters are built on unctched, double-sided, «inch drops to a measly 10 to 14 dB, though the insertion loss also 
G10 or FRA PC-board material. I recommend that you use ‘ drops (to 0.5 dB). The probes are spaced % inch center to 
0.141-inch semirigid coaxial cable (UT-141) to make the center and the pipe cap is soldered to the ground plane so that 
probes. A probe length of about 75 mils is optimum. If you dhe probes are centered within it. 
‘cut them too short—say, 50 mils—the insertion loss climbs How do you determine the best probe lengths and spac- 
from an acceptable I to 2 dB to as much as Sor 8 dB, If the ins for pipe cap filters? I developed the filters in this 
probes are cut too long-—say, 100 mils—the image rejection = transverter using a spectrum analyzer and trial and error. 
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Fig 5—At A, schematic of the multiplier bi 

C12, C13—Tantalum eloctrolytice preferred, but 
aluminum electrolytics should work. 

C16—oedthrough capacitor. Value not critical. 
polarity protection diod 


01-1 


The signal source was an X-band mixer and the 10.224-GHz 
local oscillator. I could have done a loc better with a network 
analyzer ora scalar sweep setup. but I used what was avail 
able to me. 

Filter construction can be fairly critical for optimum 
performance. In particular, the probes must be accurately 
cut to length. I estimate my error margin in measuring and 


U1—78L05 5-V 
U2—ICL7660 negative-voltage ger 


Mor. 


cutting probe lengths to be about 10 mils. The ends of the 
probes are filed flat, not chamfered or rounded. Filter loss 
seems to be a few tenths of a decibel lower with the dielec- 
tric left on the probes, although it is easier to trim the probes 
exactly with the dielectric removed. 

You may be tempted to use 0.085-inch semirigid cable 
because it’s easier to handle than UT-141. A similar filter 1 
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made using this material gives 24 dB of image rejection, but 
has 34 dB of loss, The probe length for this cable is 70 mils. 
A filter using 100-mil probes of 0.085-inch semirigid 
cable has only 2 dB of loss, but the image rejection drops 
1o a barely acceptable 17 dB. UT-141 is better for 
application 

T recommend that you assemble the cable and solder it 
to the ground plane before measuring and cutting the probe 
length, Otherwise, the length may change as you work on. 
the cable, With these filters, a potential problem is caused 
by the center conductor moving around slightly, particu 
larly when the cable is straight and the center conductor 
forms the center contact at the connector end. Bending the 
able helps to prevent this problem, but the best solution is 
to use connectors that captivate the center conductor, keep- 
ing it from being pushed inward. 


Enclosures 

As shown in the photo on page 2-27, I use 0.025-inch. 
thick, half-inch-wide brass sheet stock to make the enclo. 
sure walls, Instead of soldering SMA connectors to the 
walls, I attach them with 82-56 screws: either method is 
acceptable, The 25-mil brass stock is ideal for tapping small 
screw holes. Other commonly available thicknesses can also 
be used, although 20-mil stock is a bit flimsy and 32-mil 

lio solder. 


stock is more diffi 


Duplicating the Circuit Boai 

Using PC-board layout software, I've developed art- 
work foreach of the transverter's circuit boards. To make it 
as easy as possible for OST readers to build this transverter, 
ARRL HQ is making the circuit-board artwork available in 
three forms: as PostScript files downloadable from the 
ARRL HO telephone BBS; as negative film for those with 
‘access to photographic methods of circuit-board produc- 
tion; and as laser-printed positive images that can be trans- 


ferred directly to the PC-board material"! 
lable for transferring toner 
from the laser engine to the circuit board, Plain paper is my 
favorite." Start with a clean circuit board (roughed with 
400-grit sandpaper) and а laser-printed reversed positive 


Several methods аге а 


Poe: А 
Ix. 
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Fig 6—FL1 Pipe-cap filter. The probes are made out of 
the center conductor and dielectric of UT-141 coax- 
use the dielectric to help hold the wires in place-the 
length from the ground plane to the tip is 125 mils. 
The ground plane is carefully countersunk to avoid 
shorting to the probes. 


Fig 7—The pieces 
that make up a 
10-GHz band-pe 
filter, befor 


Kleinschmidt, 
NTOZ) 


Fig 8—At left, a photo of the 106.5-MHz oscillator circuit, built ground-plane style on the back of the 639-MHz 
‘multiplier board. Oscillators built this way exhibit stability an order of magnitude better than etched PC-board 


versions. This is 
10.224 GHz. At rig 


top-side view of the 3% 4 
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cially important for minimizing drift at the 96th harmonic of the oscillator frequency — 
inch 


mbly shows tho 639-MHz etched band-pass filters. 


image of the board on plain paper. Then use an ordinary 
household iron at its linen setting to iron the image onto the 
board. Buffer the iron from the sheet of paper with the pat 
tern on it with a second, clean sheet of paper. Run the iron 
over the board in a pattern that uniformly heats the material 
for 30 seconds or so for the 15-mil Teflon boards and at least 
а minute for the GIO/FRA boards. The iron’s heat liquefies 
the plasticized toner and fuses it to the circuit board. 

After ironing, place the board and paper (now fused to 
the board) into plain water for a few minutes, then remove 
it from the water and carefully rub away as much of the 
paper as you can. If the transfer process leaves incomplete 
traces, clean the board again with sandpaper and start ove 
‘with a new copy of the artwork. You can correct minor im- 
perfections with an etch-resist pen and carefully cut pieces 
of Scotch tape. Cover the bottom (ground-plane) side of 
‘each board with Scotch tape, then etch the boards. Peel off 
the tape and remove the to 


er with plain steel wool. 


Oscillator Construction 

I didn't develop circuit-board artwork for the 
106.5-MHz local oscillator. If you want stability adequate 
fora 10-GHz SSBICW system, a quartz-crystal-controlled 
system is marginal—you really can't throw away any stabil- 
ity to make construction easier. Remember: The LO is mul- 
tiplied by 96 before being mixed with the 144-MHz IF signal 


You could use a double-sided circuit-board layout, except 
that stability is 10 times worse than that of a ground-plane 
version. So, I opted for the ground-plane version (Fig ВА). 
Т also used а high-stability, air-dielectric trimmer at C1, as 
some ceramic trimmers havea high temperature coefficient 
The trimmer valu 
compensate. 

Trecommend that you build and align the oscillator as 
follows. Build the oscillator with a 47-0, Ye-wat resistor in 
place of the inductor/crystal combination (L2 and Y1). 
When you power up the circuit, tune C I so that the oscillator 
operates at 106.5 MHz, After replacing the 47-0 resistor 
with the crystal and its resonating inductor, verify that the. 
‘oscillator starts reliably as poweris applied. A minor adjust- 
ment of CI may be necessary for reliable starting. 1 don't 
recommend trying to adjust Cl for a given oscillation 
frequency, 

The 639-MHz to 2.556-GHz multiplier (Fig 9) has no 
tuning adjustments. You simply 
is between 5 and 10 dBm. 


isn’t critical, as L1 can be adjusted to 


rify that its power output 


Amplifier Design 

1 chose to use MGF1302 GaAsFETS for all the 10.GHz 
circuits. These seem to be the most readily available, low-cost 
parts that work well at this frequency. The transverter uses 
seven of them, and they cost less than $7 each from several 


Fig 9—The 1% x 5-inch 
639-MHz to 2.556-GHz 
multiplier board uses MMICs. 
to provide a 5-mW filtered 
Intermediate LO signal that 
drives the 10.224-GHz 
multiplier. 


Fig 10—At left, the business end of the 2%- x 2%inch 2.556- to 10.224-GHz multiplier 
UT-141 probes couple to the pipe-cap filter shown at right. The FET biasing circuits 


jule. At its far left, the 
о shown at right. 
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sources, Ideally, a transverter like this would use 10-GHz 
MMICS for gain blocks, but these weren't available during 
project development. Not only were the available packaged 
GaAs MMICs too pricey (around $40 each), but they weren't. 
designed to work at 10 GHz. The second choice was the 
‘Avantek ATEI3735, but commercial purchasers have made 
the standard part the short-leaded ATF13736, which is more 
difficult to use than the long-leaded version, 1 prefer to use 
devices with long leads since they re easier to instal їп circuits. 
that use lead inductance as a circuit component. 


Multiplier and Amplifier Construction 

Ineach ofthe transverter's building blocks, I build the RF 
cuitry on one side of the ground plane and the biasing cir- 
cuitty onthe other, After etching the hoards, drill and counter- 
sink holes for the power leads. Also countersink the ground- 
plane foil around the multiplier board's filter-cable holes so that 
the UT-141 cemer conductor doesn't short to the ground plane, 
Countersink the holes by hand with a relatively large drill (e. 
to % inch), It's important to do this manually—you'll be sur- 
prised how easy itisto drill through such thin, soft material! Cut 
slots for the FET source leads as discussed їп the next section. 
‘Then add the brass walls and install the connectors, Build the 
biasing circuitry after the transistors are installed. 

Circuit performance may be improved slightly, as di 
‘cussedin the next section, though the design is relatively broad- 
band and should operate adequately despite minor construc- 
tion variations. Computer simulations predict gain flatness 
within а decibel across the 10-GHz band. 

1 glue RF-absorptive rubber or foam to the insides of the 
enclosure lids, This reduces the chance of waveguide effects 
disrupting circuit operation. 


GaAsFET Installation Tips. 

Beware of soldering irons with significant ac leakage 
People blow up lots of devices because their soldering iron tips 
aren't at ground potential. Measure your soldering iron’s tip- 
to-ground potential if you have any doubts 

"The circuits in this transverter use the GaAsFET source“ 
lead inductance a a circuit component Use the photos as guides 
when installing them. Bend the source leads down at the ce- 
ramic device body, then insert them into holes carefully cut in 
the circuit boards using al X-ACTO blade or similar weapon, 
as is done in The ARRL Handbook's GaAsFET preamplifiers.“ 
Be sure to cut the holes so that the device is centered on the 
board traces. Once the device is installed, bend the source leads 
up lush with the bottom of the board and solder them to it. 

Of course, take the usual precautions when handling 
GaAsFETs, which are static-sensilive. Chapter 24 0f The ARRL 
Handbook discusses these practices. 


Adjusting the 2.556- to 10.224-GHz Multiplier 

First, adjust the filtr-tuning screw for maximum output. 
Кем, set the bias trimmer for maximum power output. You 
may then want to tune the amplifiers. Do this using a tuning 
tool made out of a Ye-inch-square piece of thin copper sheet or 
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foil stuck into the end of apiece of Teflon tubing. Slide the tool 
along the input and output lines, looking for hot spots— places. 
where the presence of the foil makes the power output in- 
crease. After finding them, tur off the power. Next, solder a 
piece of foil at each hot spot and adjust its postion with high- 
quality tweezers 


Coming in Part 2 

When you finish building the blocks described here, 

you'll have a clean 10.224-GHz local oscillator. Next, ГЇ 

describe the mixerlspliter board and the preamplifier/power 
amplifier circuit, and some 10-GHz antenna ideas. 


Notes 

"it maybe possible to tune up the system using a Gunnploxor 
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Home-Brewing a 10 GHz 
SSB/CW Transverter 


Part 2—Designed to work with last month’s 10.224-GHz local 
oscillator, this month’s mixer, power amplifier and pre- 
amplifier round out your narrowband 10-GHz transverter. 


By Zack Lau, УЛУТ 


(From QST, June 1993) 


designed to drive a dual-mixer board like those used in 

the no-tune transverters, If you've completed the mod. 
Чез described in the first section, you should have a work 
ing 10.224-GHz LO, The mixer board described this month 
contains atwo-way etched power splitter that delivers equal 
LO signals to the transmit and receive mixers, which are 
also etched on the same PC board. On transmit, one of the 
mixers combines a 144-MHz IF signal with the LO to 
generate a 10.368-GHz signal; on receive, the other mixer 
‘combines the incoming 10.368-GHz signal with the LO to 
produce a 144-MHz IF output. An external pipe-cap filter 
(described last month) in each 10-GHz mixer line elimi 
nates the image, passing only the desired signal. Two-stage 
GaAsFET amplifiers of the same RF design, but using 
different bias settings, serve as a 10-GHz preamplifier and 
power amplifie 

‘The first secti 
diagram, and covers construction techniques and etching 
pattern availability for the transverter's circuit boards, com. 
‘and performance data for the finished 


E described a 10.224-GHz local oscillator (LO) 


also shows the transverter block 


ponent sources, 
transverter. 


Mixer Construction and Tweaking 

If you're building transverters from surplus hardware, 

the most difficult module to obtain is not the LO, but the 
mixer. Builders have gotten widely varying results, even 
when copying the same design. For most people, 10 GHz is 
just too higha frequency to accurately build a no-tune mixer 
that works well. The difficulty is that a full-wavelength 
ly 06 inch long at 10 GHz 

nals to be 


microstrip transmission line 
So, a typical rat-race mixer (which requires s 
180° out of phase for proper cancellation) really needs to 

built with tolerances under 0.005 inch (5 mils). 
This problem has several solutions, One is to simply 
accept the inferior performance. Usually, the conversion 
yout, but the 


loss isn't too bad if you copy a known-good 
LO rejection relative to the PEP output signal can b 
as 10 dB. For re 


eive purposes, LO rejection really doesn’t 


make much diffe 
A better solution is to tune the mixer. Once you've 
etched and assembled the mixer board, terminate all ports 
in 50-0 loads or sources. You don't want to look at the 
mixer through an image-reject filter, unless it is properly 
tuned, Otherwi ing will interact, 
making it difficult to adjust the mixer for proper operation. 
1 normally connect the mixer to the LO, attach а 0- to 
10-dBm, 50-0 144-MHz source at the IF port, and a spec: 
trum analyzer at the RF port 


the mixer and filter t 


Fig 11—The splitter/mixe 
эге connected to the mi 


tuning for best LO rejection is done by adding a small 
piece of foil at point A or point B. (photos by Kirk 
Kleinschmidt, NTOZ) 
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usually adjust the LO rejection first, This is done by 
placing a small piece of copper foil at point A or B indicated 
in Fig 11 —at either side of the junction between the 70-02 
ring and the LO-input line. This shortens the transmission 
line slightly on one side. Usually, the LO suppression im- 
proves with the copper at one point and worsens with it at 
the other point. True, the copper foil mismatches the ampli- 
tude slightly, but this is better than having an improper phase 
shift, Usually, LO rejection is 17 or 18 dB below the satu- 
rated output (this equates to the specification-sheet figure 
of 27 or 28 dB of LO-to-RF port isolation). Keep in mind 
that even a lid covered with absorptive rubber or foam 
affects the tuning slightly. You don't want to tune the mixer. 
toperfection only to have to retune it after installing a cover. 

[ind that the obtainable LO rejection depends on how 
well I made the board. Mixer rings that look almost perfect 
often allow 5 or 10 dB better rejection: ones that look as if 
they were drawn quickly with a crayon may be almost 
impossible to tune (though they often work just fine for 
receive) 

Finally, tune the mixer's RF port for maximum output 


into a50-£210ad (as described in Part 1 under“ Adjusting the 
2.556-о 10.224-GHz Multiplier"). I've been unable to etch 
mixers consistently, so all of my mixers area little different. 

Three short wires, 0.21 inch of #28 enameled wire, 
serve as 10-GHz RF chokes and 144-MHz shunts at the 
mixer board's RF and LO inputs (Fig 11). This improves 
the isolation between the mixer's IF ports. Without them, 
there is little to stop a 2-meter signal from crossing the 
power divider. Adding these wires increases the isolation 
between the IF ports from an almost negligible 4 dB to a 
decent 40 dB. 

It shouldn't be necessary to tune the load termination, 
though you may want to. As you might guess from the lay 
ош, I tacked on the radial stub to ground the 51-@ chip 
resistor. Purists may want to use a 68-0 resistor and tune 
‘out the reactance to get a really good 50-0 load at 10 GHz 
(as is done in the TNT). If you have them, you can also use 
50.0 microstrip terminations for this; I've gotten them from 
‘surplus isolators 


15 Notes appear at the end of this section. 


10-GHz Power Measurement 
Measuring RF power at 10 GHz presents a challenge; 
calibrated measurement devices can bo very expensive 
Fortunately, measuring relativa power requires only а 
diode detector and a sensitivo dc voltmeter. The 10-GHz 
isuremonts required to optimize this transvortor 
relative power measurement is 


output, and measure this voltage with a high-impedance 
Voltmeter. This measurement approach gives useful оир 
1. Of course, you can also use a 
ctor rated to 10 GHz 
To build a detector, etch or cut a 50-0 microstripino 
а small piece of Rogers 5880 RT/duroid with 1-02 copper 
lading (the same material used in the transverter's 
10-GHz circuits), See Fig A. A 50.0 trace is 46 mils wide 
(0.046 inch) on this material. Terminate the microstrip in 
SMA connectors and enclose tho board with brass sirip for 
rigidity, like the transverter. Mount the diode and other 
components as shown in Fig A. Fig B shows tho equivalent 
circuit. The length of the diode lead that runs along the 


50-0 stripline affects the amount of RF energy coupled into 
the diode, as does ils spacing from the microstrip trace 

"This detector can be used for tuning the ransvorters 
multiplier, titers and amplifiers. To use the detecto, 
terminate ona end in a 50-0 load that's good to 10 GHz 
(Alternatively, you can substitute a 50-0 microstrip load for 
опе of the SMA connectors.) Couple RF into the other port 
via a 3- to 10-48 attenuator, to ensure that the circuit under 
test i terminated with а stable 50-0 load. Measure the 
voltage on the feed-through capacitor using a sensitive 
voltmeter or oscilloscope. —Kent Britain, WASVJB 


{ 
UDCA TA Elen 
color 
Wf + ode detector 
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ит 


Fig A—This 2- x 1einch diode detector gives useful 
de output for 10-GHz power measurement down to 
about 1 mW. Н uses a low-offset Schottky diode (such 
the HP 5082-2835), with its anode lead soldered to 
the ground plane. Its cathode lead follows the 50-1 
microstrip trace for about . Inch and is spaced about 
‘We Inch from the trace (neither dimension is critical; a 
longer lead and closer spacing increase coupling). A 
1-to 10-0 resistor, also soldered to the cathode lead, 
routes rectified energy to a feedthrough capacitor. 
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Fig 12—10-GHz low-noise amplifier. Chip components аге used unless specified otherwise. 11-14 are source 
lead inductances. Lg-Lg,, are stray inductances (in nanohenries). 21-222 are etched on the circuit board. 


Ct-C3—1 pF. Use high-quality, 50-mil ceramic chip receive preamplifier operation. For the transmit. 
capacitors such as ATC 100Аз. ‘at 30 mA and Va, = 3 V. For 
01, Q2—MGF1302. Substitution not recommended. biasing information, ses the text and 

Set bias at 10 mA and Va, = 3.0 V for low-noise 


Fig 13—Top and bottom-side views of the completed 10-GHz two-stage amplifier. Microwave-absorptive foam is 
glued into the lid to suppress waveguide propagation modes inside the amplifier enclosure, which could provide 
enough feedback from output to input to cause oscillation. The amplifier's bias circuitry, like that of the. 
10.224-GHz multiplier (Figs 4, 5 and 10) is built on the bottom side of the amplifier board for convenience 
External biasing is also acceptable and may be more convenient. 
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Power Amplifier and Preamplit 
‘The same RF design is used for the transmit and receive 
amplifiers (see Figs 12 and 13). Tripling he bias current from 
the 10 ma used in the receive-side amplifier to 30 mA in the 
transmit amplifier increases the circuit's 1-dB compression 
point from 5.7 to 10.8 dBm. Gain increases from 18 to 19 dB 
and the noise figure rises by about 1 dB. Computer-modeling 
results indicate that the Rollet stability factor, K, drops a little, 
but since it's still above 3 (a K greater than one denotes a stable 
design), this shouldn't be a problem—even if the amplifier is 
terminated at the input and output with а high mismatch (such 
as sharp filters), 
Trmay be possible to get a bit more output by increasing. 
Va, to slightly more than the 3 volts Т used, but this would 
require redesigning the bias circuit (Fig 5). Like many 
transistor amplifiers, this amplifier's saturated output, typi- 
cally 14 dBm, is more than twice the recommended output 
for linear operation. 


To complete the transverter, build two band pass fil- 
ters as shown in the first section, You can tune them with the 
aid of the diode detector described in the sidebar, but a few 
minutes with a spectrum analyzer makes ihe process 
easier. Then, following the block diagram of Fig 1, 
assemble the transverter’s blocks. Connect a suitable IF 
radio, check to make sure the transmit converter and receive 
‘converter operate, and you're on the air! 


Antenna Thoughts 
Most people looking for a high-gain antenna end up 
with some sort of parabolic reflector. If you put a low-gain 
horn antenna in the right spot in front of a reflector that is 
anything close to a parabola, it will probably outperform 
‘anything of similar dimensions on this band. People have 
used everything from metal snow sleds to trash-can covers, 
in addition to more obvious choices such as light collectors 
and surplus military/commercial gear. Commercial sources 
for new dishes exist, but even small dishes are expensive 
when purchased new. Look for a surplus reflector. 
Perhaps the simplest antenna I've seen is a quarter- 
wave monopole—with a piece of sheet metal as the ground 
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plane! The most complicated is undoubtedly а loop Yag 
works, but it is more of a curiosity than a practical way of 
getting 18 to 20 dBi of gain. A horn is much easier to make, 
The ARRL Antenna Book, The ARRL UHF/Microwave 
Experimenter's Manual, the RSGB Microwave Handbook, 
Volume 3 and various VHF/UHF/microwave conference pro- 
ceedings contain duplicable designs. Chapter 18 of the RSGB. 
Microwave Handbook, Volume 3, contains all the informa- 
tion you need to get started 

Ihave yet to adjust one of my 10-GHz antennas with an 
SWR meter, yet I've made lots of 10-GHz contacts of more 
than 200 km. Usually, if 1 do any tweaking at all, such as. 
adjusting the location of a dish feed, it has been for maxi- 
mum received signal. Similarly, I've adjusted my coax-to 
waveguide transitions this way, adjusting tuning screws for 
minimum loss, Of course, even SWR is no indication of how 
well an antenna really works. The real testis to compare 
antennas and see which does best. 


Summary 


Although it takes some effort to build, the transverter 
described in this two-part article provides useful and excit- 
ing 10-GHz SSB and CW capability. Perhaps the best part 
is that you don't have to hunt through flea markets to find. 
asurplus "brick" LO and filters, or deal with any ofthe other. 
traditional hassles of getting on this fun band! What hill 
top will you operate from in this year's ARRL 10-GHz 
Cumulative Contest in August and September? 


Notes 


*Spart-placomentaiagrams with component values and more 
detail for each of the transverters modules are рап of the 
template package obtainable from the ARAL Technical 
Department Secretary. See Note 11, page 2-32 for details. 

"when tuning these filters, you can use the finished 
10.224-GHz LO and a power meter (see the sidebar) to 
make sure that the liters aren't tuned to the LO or image 
frequency. To tune a fiter, first connect it to the LO апа 
adjust the tuning screw 
‘quency. Then adjustitfor 
VVV 
the tuning screw farther out of the filtar cavity while looking 
for maximum filter response Ed. 


Ап Image-Phasing Transverter 
for 10.368 GHz 


By Doug McGarrett, WA2SAY 
(From The 22nd Eastern VHF/UHF Conference) 


hen all the local 10-Х group started talking about 
using a 2-meter SSB input to their 10 GHz trans: 
werters, and using а separate 2-meter sideband 


radio for liaison, it started to sound expensive. In addition, 
when you put your power amplifier on a standard mixer, you 
waste half of your capability amplifying your image, unless 
you build a filter at the RF output frequency and insert it 
before the power amplifier. Why not use brains, instead of 
brawn, I thought 

The image-phasing mixer is a technology which goes 
back to the carly days of single sideband radio.! Back when 
the Central Electronics 10-B was the way most people got 
оп SSB, that was the technology they used. So there's noth 
ing new here. Justa bit higher in frequency, that's all. 

The magic of the image phasing mixer is that, as an 
up-converter, you need no filler to get rid of your image 
frequency. And the usual double balanced mixers suppress 
the local oscillator pretty well also, As a down-converter, 
you again need no preselector to keep out the image fre 
quency noise. Typical image rejection is 30 dB or better for 
narrowband operation, 

The basic device is shown in Figure 1, along with an HF 
transceiver, a local oscillator source, and an antenna, as well 
as incidental equipment. This is not going to net you any 
tremendous DX, but it has made a 2-way QSO over a 24 mile 
obstructed path? Think what it will do when it has RF am 
plifiers going in both directions between it and the antenna! 
The RF amplifiers will be a receiving preamp with about 
1.5 dB noise figure and 15 dB or so gain, and a transmitting 
amplifier with better than 1 watt output and about 25 dB 
gain. Add microwave relays, a dish antenna, and stir. 

Meanwhile, the mixer: In order to achieve image phas- 
ing. you need 90° phase shifters at one of the RF ports (not 
both) and the IF port. The other RF port must be fed either 
in phase or 180° out of phase, Fortunately, the devices to do 
this are fairly commonly available on the surplus market 
(Except for the IE hybrid, which can be home-brewed.) My 
IPM is made up of two WJ (Watkins-lohnson) "MinPac" 


MSOD double balanced mixers, fed with an Omni-Spectra. 
2032-4096-00 quadrature hybrid, and a Narda 4315-2 
Wilkinson hybrid. АП of this is hooked together as directly 
as possible. One of ihe hybrids has male connectors on one 
Side, the other is connected using male-male SMA adapters 

1 discovered (by Murphy's Law) that you have to have. 
the quadrature hybrid on the antenna side. Otherwise, you 
generate upper sideband, but receive lower sideband. (Note 
that what I mean by “sideband” in this application is the 
frequency relationship between the local oscillator and the 
signal at the antenna port.) have not done the vector analy 
sis to determine why this happens, but I can testify that it 
does! (Later research indicates that the quadrature hybrid is 
always shown connected at the antenna end of the mixer. He 
who does not study history is doomed to repeat it, they say.) 

‘The IF hybrid was made using one-to-one transformer. 
wound on a small ferrite toroid, with capacitor coupling 
across the input to output connections at top and bottom 
(Figure 2). If this is done right, you wind up with a 3-08. 
hybrid directional coupler with the classic 90° phase shift 
between the two output ports, This device can be found in 
the ham literature, as well as other places? 

The performance of the mixer was eval 
directly on an antenna, since that is how I knew [would first 
have it hooked up. With a local oscillator drive signal of 
+19 dBm, and an IF signal of +10 dBm, | could get +4 dBm 
‘out of the mixer with reasonably good linearity. If 1 didn't 
care so much about linearity, 1 could push the RF up to about 
+15 dBm, and get about +7 or +8 dim out, That's fine for 
CW. The image rejection (at +10 dBm IF drive) was 34 dB. 
The LO rejection was 17 dB, Noise figure with a mediocre 
IF preamp was 11 dB. 

“The above was written as а quick report; since then 
Bruce Wood, NOLIV, has asked me to expand on it 
somewhat for the Proceedings of the Eastern VHF/UHF 
Conference. One of the items not discussed in detail is the. 
IF hybrid. As shown by the reference, the first article to 
discuss this, as far as I'm aware, was by Reed Fisher, 


ed for use 
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Figure 1 


W2CQH. He followed the IRE paper with an article which 
appeared in Ham Radio, I believe, but my copy was loaned 
ошто someone who needed it more than 1 did. (That some- 
one also got my copies of Norgaard's and Dome's papers on 
single sideband and phasing networks.) 

The trick is to wind a very tightly coupled twisted pair 
of wires on a small toroid form, in a fashion similar to that 
of Ruthroff's transformer. In this case, the twisted pair 
transmision line which results will be terminated in а ca- 
pacitor at each end. The design is obtained by means of 
these equations 

zj-uc 
where Zpis the impedance at each port of the coupler, Lis 
theinductance of one winding on the core, and C is twice the 
value of the terminating capacitors. (See Figure 2.) 

The frequency at which the device operates with 3 dB. 
coupling is determined by setting 


OL = Zo or, Le Zo/2nf. 
and the terminating capacitance, C/2, is determined by 
с = Mant Zo) 


‘The toroidal core should be a material of relatively low 
permeability, such as FaiRite type 67 material I optimized 
the transformer design using EEsof Libra for Windows, and 
then tweaked using a network analyzer. In the end, the phase 
shift was just shy of 90°, so T cheated and added about an 
inch of RG188/U cable to one port. 

Itis possible to buy the if hybrid, if you choose the right 
frequency. Both Toko and Mini-Circuits sell 90° hybrids 
ready made. I don’t know what the cost of the Toko version 
is, since I can't find a source who will sell in “onesies.” 
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Pennstock (a distributor) has them, but they also have а 
minimum order of $100, Mini-Circuits also has 90° hybrids. 
‘The price is pretty steep, but they will sell single units to 
individuals who live outside New York State. (They can't 
handle the required in-state sales tax.) The Toko part num- 
ber fora 28.35 MHz center-frequency hybrid is B4QF-1004. 
The Mini-Circuits part number for a 23 to 40 MHz hybrid is 
PSCQ-2-40, If you choose this route, all you have to do is 
mount the hybrid on a litle piece of circuit board and add 
SMA connectors 

‘The rejection performance of the image phasing mixer 
is critically dependent on the equality of the power division 
and the accuracy of the 90° phase shift. The equation that 
defines the performance is 

Image rejection = (1+ 2созф + R?) / (1 - 2cos + R?) 
where ф is the phase error from quadrature, and R is the 
amplitude ratio, in volts. 

A simple computer program“ (in Microsoft or GW 


Figure 2 


Л 


Receive Preamp Ee. 


Figure 3 


Basic) is provided in an appendix, which will allow analysis 
Appendix: IPMREJ.BAS of the effect that any combination of amplitude and phase 

error will have on the performance. (The mixers, of course, 
must be carefully constructed to meet the necessary criteria 


100 REM IPMREJ FINDS IMAGE REJECTION 
Fortunately, most good microwave balanced mixers de- 


IN AN IPM 
110 REM ACCORDING TO K2RIW signed for your frequency of interest will work well, with a 
atera ‘minimum contribution to system error. The insertion loss, 


however, is directly dependent on the mixer insertion loss 
characteristics) 

‘The above discussion does not mention the need for RF 
gain in both the transmit and receive directions. While it is 
a simple matter to configure single-pole double-throw RF 
relays at each end of the mixer, and at the junction of the 
antenna feed with the RF preamp and the RF power amp а 
Tittle inspection of the circuit leads me to the conclusion 
that you can build the whole transverter with only a single 
coax relay! Look at Figure 3. If you took only one hybrid 
and used the "other" port, you would get the wrong side- 
band. 

But if you use the “other” port on both hybrids, you 
should get the same sideband, Since these ports are other- 
wise isolated, the scheme should work, but I confess that L 
have not yet tried it. 


130 PRINT" IMAGE REJECTION PROGRAM FOR 
AN IMAGE PHASING MIXER” 

140 PRINT 

150 PI=3.141592654 

160 INPUT'DB DIFFERENCE” ;D 

170 INPUT PHASE DIFF, DEGREES" ; DEG 

180 REM CONVERT DB TO VOLTAGE RATIO 

190 K=10 ^ (-D/20) 

200 REM CONVERT DEGREES ТО RADIANS 50 
BASIC CAN DO COS ON IT 

210 THETA-DEG* P/180 

220 PARTIAL-(2*K/ (14K^2) ) COS (THETA) 

230 REJ=(14PARTIAL) / (1-PARTIAL) 

240 DBREJ=10*LOG (REJ) /LOG (10) 

250 DBREJ=INT (DBREJ* 106.5) /10 


260 PRINT 
210 PRINT" IMAGE REJEC E ймы. 

"DBREJ" DB” 
280 PRINT ‘The ICOM 735 radio and the 30 dB pad have been 
290 END replaced by a modified Radio Shack Realistic all-mode 


HTX-100 10 Meter radio. RF is taken before the final, which 
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has been disconnected, thru а 13 dB attenuator. The receive 
ТЕ signal is fed into a new, direct input port to the receiver 
їп the radio. 

“The form suggested in Figure 3 has been implemented. 
The RF preamplifier is а modified TVRO LNA-down- 
converter module, using just the 10 GHz front end portion, 
foranoise figure of «2 dB anda gain of about 34 dB. A short 
waveguide section was added at the preamp input, and 
tapped for 3 brass 0-80 screws, which were adjusted to bring 
the noise figure down from 3.5 dB. 

"The RF power amplifier is now an 8-W TWT, satellite 
surplus. This unit has about 40 dB gain, and а circulator and 
small pad is used at its input. Note that the RF quadrature 
hybrid must be terminated in good impedance matches at all 
portsif this schemes to work with properimage rejection. The. 
same is true of the IF hybrid; the 13 dB of padding on the 
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28 MHz transmitter output port is applied right at the hybrid. 

Finally, the antenna is now a 30-inch diameter dish, fed 
by a inch circular waterpipe waveguide “shepherd's 
crook” feed with a Chapparel launcher. 
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A Simple T/R Seguencer 


Protect sensitive RF circuits from burn out by 
seguentially switching from transmit to receive. 


— — —À—ua — 
By Zack Lau, W1VT 
(From QEX, October 1996) 


"hat, another T/R sequencer? Yes, | decided to 

W make it as simple as possible, while adding 

+12-У outputs and reverse polarity protection. 1 

think the reverse polarity protection is pretty nifty—who 

hasn't worried about hooking up batteries backwards and 

frying something? The 12-V outputs make it real easy to 

wire up my transverter designs, since they are made up of 

modules that run off 12 V. Hopefully, this design will spur. 
more designers into adding reverse polarity protection. 

The primary reason for using a sequencer is to protect 
the RF relay and the amplifiers hooked up to it. RF relays 
can be damaged by hot switching at high power levels. Un- 
fortunately, what constitutes high power is rather fuzzy 
1 have not found any good references that adequately ad- 
dress this topic, Based on my experience with microwave 
transverters, | always put in a sequencer when switching 
more than half a watt. don’t bother with them in inexpen- 
sive systems running less than 100 mW. 

Like the T/R sequencer designed by Chip Angle, 
NCA, this sequencer uses a quad comparator to monitor 
the voltage ona charging or discharging capacitor.‘ I looked 
at using an integrator to get more uniform delay intervals, 
but decided to stick with the simpler circuit. An integrator 
can generate a nice triangular waveform, as opposed to the 
exponential curve generated by an К-С network. The 10-0 
resistors are used to provide hysteresis, so the outputs don't 
switch back and forth unnecessarily near the transition 
point. They are supposed to provide a little positive feed- 
back, instead of the more common negative feedback used 
in other applications. 

This sequencer first turns off the receiver, then acti- 
vates the relay, amplifiers and finally the transmit IF out- 
puts when switching from receive to transmit, When going 
back to receive, И turns off the transmit IF, amplifiers, and 
relay before reactivating the receiver. The idea is to intro- 
duce enough delay between these states to allow everything 
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tosettle down, and to reverse the order when switching from 
transmit to receive, This is especially important with a 
mechanical relay which may make intermittent contacts for 
a few ms when switched. 

A big advantage to using solid-state amplifiers is that 
you can switch them off during receive. Not only does this 
reduce the possibility of hot switching, it reduces the chance 
of amplified broadband noise getting into the receiver. 
Using a PIN diode switch to cut off transmit drive also helps. 
to prevent hot switching—I use the transmit IF signal to 
сотто! this switch. 

Since I've never needed to change the polarity of the. 
‘output of one of my sequencers, 1 decided some simplifica- 
tion was in order. Instead of the XOR gate Chip used, 1 
decided to use a hard-wired switch based upon the prin- 
ciples of a transfer switch. To switch polarity with this 
design. you change a pair of resistors from horizontal to 
vertical, ог vice versa, By labeling the blank area of the 
board between the resistors, identifying the resistors ought 
to be straightforward. The reduction in parts count ought to. 
enhance reliability 

I've also taken advantage of the improvements in 
switching transistor technology. The International Recti 
fier P-channel IRF 9234 will easily switch 2 A, enough to 
power a 5-W GaAs FET power amplifier. Similarly, the. 
Zetex ZTX 789 in a little TO-92 style case will actually 
switch a small SMA relay that draws a few hundred mA. 
"The bonus to using more expensive PMOS/PNP parts is that 
the switched supplies are reverse polarity protected. 1 just 
needed to protect the comparators with a diode and use bi- 
polar electrolytic capacitors which don't care about voltage 
polarity. Cheap 2N3906s are used for the RX and TX IF 
Supplies, since they typically draw under 100 mA. You 
‘could use ZTX 789s instead of the 2N39065, with the appro 
priate bias resistors, for higher current 

You may want to replace Q2 with a VNIOLP N-chan- 
nel FET. This will allow you to hook up the PTT line 
without pulling the voltage down significantly, Another 
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advantage is that you can now hook up the PTT input to a 
stiff voltage source without frying Q2. But these FETs 
aren't as easy to get as common NPN switching transistors. 

Of course, it makes sense to watch out for even newer 
FETs, which will undoubtedly offer better performance at 
lower cost. There is even a trend toward lower gate thresh- 
olds, which allow better performance at lower voltages. 
For instance, the IRF 7104 drops only 154 mV when soure- 
ing 0.57 A (Vp, = -5 V). But, despite the marketing hype, 


you can do even better than “full enhancement.” It only 


drops 117 mV with a V, of -10 V 


Construction 

1 made the pads big enough to accommodate swaged 
terminals, which are a really nice way of making de connec- 
tions if you have the tooling to rivet them to a fiberglass 
circuit board. The board is a bit crowded—l wanted the 
board to fit nicely on the wall of a chassis box only two 


Fig 2—Etching pattern for the transmit-receive 
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Parts placement diagram for the transmit-receive sequencer circuit. The shaded resistors indicate 
le positions for R6 to R13 to invert the signal sense. See text. 


Fig 4—Parts placement diagram using component values and part numbers. 
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inches high. A mirror image of the etching pattern is 
provided—it simplifies the toner transfer process that 
some people use to make circuit boards. Similarly, а parts 
placement diagram using part values and component desig- 
nations is also provided in Fig 4. 

Totestthe board, [made a little fixture out of LEDs and 
dropping resistors. A separate fixture makes it easy to line 
up the LEDs in the proper sequence. It may be useful to 
slow down the sequencing by bridging the LF timing ca- 
pacitor with а 10-нЕ capacitor. This makes it easier to see 
the LEDs turn on and off. 


Notes 
"Angle, Chip, NEGA, "TR Time-Delay Generator,” The ARAL 
Handbook for Radio Amateurs, 1997, pp 22.53-22.56. 


Feedback 
Unfortunately, the TIR sequencer doesn't actually protect its 
outputs from reversed polarity, though the sequencer itself 
survives reverse polarity. Incandescent test lamps instead 
of LEDs are recommended for anyone experimenting with 
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ET 


such circuits, The problem isn't easy to solve-power FETS 
contain a parasitic diode across the junction. Normaly, 
protective circuits get around this problem by reversing the 
Source and drain connections, but this doesn't work here. 
‘That fix would disable the use of the FET as an on/off 
switch-it would be effectively on all the time. 

Mario Miletic, S56, suggests the improved PTT input circuit 
‘above, He also suggests hat the decoupling capacitors C1 
and C2 be increased to 10 nF, though the author thinks that 
270 pF is more appropriate for a VHFIUHFISHF station. 


A “Fool-Resistant” Sequenced Controller 
and IF Switch for Microwave Transverters 


Feeling foolish since you blew up that nice new transverter 
because the T/R switching wasn't sequenced right? 
Here's a way to avoid that problem. 


By Paul Wade, NIBWT 
(From QEX, May 1996) 


preamps and one coax relay. Fortunately, none 

occurred at critical times, and I finally rigged up an 
inconvenient but safer two-switch scheme to prevent fur- 
ther problems. But I did resolve to come up with a better 
control system this winter. Ideally, it would be fool- proof, 
but fools are too resourceful for that, во I've tried to make 
it as fool-resistant as possible 


I ast summer, 1 suffered the failures of two 10-GHz 


Discus 

For several years, I've been using variations of a 
transverter IF switch by KH6CP.! This has worked well 
їп several of my transverters, and I've made various jm- 
provements, but it does not adequately sequence various 
switching functions. 

‘Three sequencing techniques are commonly used. The 
first is to intercept the PTT line so the transceiver is con- 
trolled by the switch box, Often, this requires modification 
of the transceiver, particularly those that do break-in CW 
only, transmitting when the key is touched. I want to be able 
to interchange various transceivers without modification so 
Team lend spare equipment to willing rovers. 

"The second approach uses a fixed-sequence switch, usu- 
ally a series of time delays, which, once started, go through 
the Sequential operations without further safeguards. 

‘The last, and least successful, method is to switch an 
‘external relay directly from atransceiver's PTT line. Often, 
the current available from the PTT line is inadequate for 
driving a relay, and ] know of several cases where the trans- 
ceiver has been damaged by this technique. 

My preference would be a switch that goes through 
sequential operations but checks that appropriate conditions 
are met before proceeding to the next step—in logic design, 
this is called a state machine. As L started to sketch out the 
sequence of operations 1 wanted, 1 realized that ordinary 
T/R switches, such as relays, don’ have an appropriate state 
то deal with break-in transceivers, which are delivering RF 
before the switch is ready for it. To deal with this, I use a 


1 Notes appear at the end of this section. 


PIN-diode IF switch and have designed the controller to 
have a third state, in addition to transmit and receive, in 
which all applied RF power is absorbed. I call this third state 
the safe state. Since one of the functions of the IF switch is 
to attenuate the transmitted power from the IF transceiver, 
the safe state is implemented by adding two PIN diodes to 
absorb the power. 


Design 

"The first step in the design process is to sketch out the. 
desired timing for the switching sequence. This evolved to 
the timing diagram shown in Fig 1, which goes through one. 
cycle from receive to transmit and back to receive. The sec- 
ond step is to synthesize a logical state machine that gener- 
ates the desired timing. The final step is to actually design 
a circuit that implements the logical state machine. 
Following this progression helps to ensure that the final 
circuit will operate as intended since there is a clear target 
to work toward. 

The desired operation of the state machine sequence is 
shown in the state diagram, Fig 2, The system starts in the 
inactive receive state. When an activation signal is received, 
the system moves to the safe state, absorbing ай RF power. 
‘The switching sequence can then continue at whatever speed 
is required, not releasing the RF power to the transmit cir- 
cuitry until the system is ready to go to the transmit state. 
Normally, this would mean removing power from the 
receive section, then driving the microwave T/R relay, wait- 
ing long enough for it to switch (orto sense that the fail-safe 
contacts closed, if you are fortunate enough to have a relay 
with this feature) and finally, applying power to the transmit 
section. When the activation signal is removed, we go from 
the transmit state to the safe state, reverse the switching 
procedure, then return to tbe receive state 

Since this state machine is intended to be used in sev 
eral transverters and with various IF transceivers, I added 
some options to increase flexibility 

1. RF sensing ensures that any RF power applied to the 
IF port will cause switching to the safe state—even if no. 
control signal is applied—to protect the transverter from 
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damage. Full RF switching may be enabled by setting the 
J17 jumper, allowing the use of any transceiver, even a 
hand-held, for the IF. 

2. PTT polarity selection is provided since some trans- 
ceivers ground the PTT output on transmit while others 
provide a positive voltage. There are separate inputs for 
these two PTT polarities; each requires low current and has 
а switching threshold of about 5 V. 

3. Single-cable switching supports transceivers that 
put the de PTT voltage on the RF output cable. Jumper J3 
sets the PTT polarity for the IF cable. 

4. A transmit-ready signal can be sensed. Some ampli- 
fiers require а warm-up period, so this input must be 
grounded to indicate that everything is ready to transmit; 
otherwise, the switching sequence will remain in the safe 
state and not continue. This input could be automatically or 
‘manually switched. 

5. Fail-safe sensing detects when the fail-safe contacts 
оп a coax or waveguide relay have closed—and prevents 
transmitting until they do. I've not yet found a good coax 
relay with this feature, but my 10-GHz waveguide relay 
does have it. Jumper J15 selects between fail-safe operation. 
and time-delay-only sequencing 

6, FET output drivers for the safe state activate a coax 
relay, activate de power switching and drive LED indica: 
tors for the operator. like to have three LEDs: TRANSMIT 
READY, SAFE, and TRANSMIT. 

7. A DPDT relay may be jumpered to be switched by 
any of the FET drivers to operate at the desired point in the 
desired sequence. 

"The components for each of these options are indicated 
оп the schematic diagram, Fig 3, and may be populated as. 
desired. 


Circuit Description 


Some have suggested using a small microprocessor 
to implement switch sequencing. The flexibility and pro 
grammability of this approach would be great, but I am 
Very cautious about putting microprocessors in high- 
intensity RF fields. Since my intent is to include both the 
PIN-diode switch and the controlling state machine in a 
‘small metal box, there may be a significant amount of RF in 
the box. Therefore, I chose to design using components that 
are cheap, proven and readily available, and are also slow 
enough not to respond to RF. And wherever possible, 1 use 


these components in circuits have used before and know to 
work well 

Let's take a quick tour of the schematic diagram, Fig 3. 
The IF transceiver connects to J1, and its transmit power is 
reduced by the attenuator, R1, R2 and R3. The values shown, 
provide about 14 dB of attenuation. Since low-inductance 
power resistors are becoming hard to locate, it may be nes 
essary to adjust the attenuator design to fit the available 
component values. 1 described how to do this using a com- 
puter program, PAD.EXE, in QEX. The program, which 
calculates resistor values and power ratings for attenuator 
is available from the QEX Web site, http://www.arrlorg/ 
files/qex/ in file qexpad zip. The input attenuator used here 
is designed for the 2 to 3-W output available from small 
portable transceivers. 

‘The attenuator is followed by the PIN-diode switch. A 
PIN diode acts as an RF conductor when de is lowing through 
it, but acts as an RF open circuit when reverse-bissed. Each 
PIN diode in this circuit is supplied with +6 V atone end, so the 
other end may be switched between +12 V and ground to 
reverse the bias. DI and D2 select the transmit or receive path 
‘onthe IF side, while DS and D6 select the pathon the transverter 
side, The transmit path goes through an adjustable attenuator 
that can be adjusted for 20 to 38 dB of total transmit attenua- 
tion, Thisis needed because most mixers require around 1 mW. 
ог less of power. The receive side uses an MMIC amplifier 
stage, Al, to overcome the loss of the input attenuator—the 
MARS provides enough gain to end up with 6 dB of net gain 
ahead of the transceiver, with a noise figure better than that of 

‘The safe state is provided by PIN diode D4, which 
shorts the output end of the attenuator. Turning off FET Q4 
causes current to flow through D4, making it an RF conduc- 
tor, and causes DS to be reverse-biased, making it an open 
circuit for RF. Thus, RF flowing into the transmit path has 
no output path and must be dissipated in the attenuators. The 
reflected power must pass through the attenuator twice, for 
а total loss of 60 dB, so essentially no reflected power is 
seen by the IF transceiver. 

An additional safety feature is provided by D3, which is 
turned on by FET Q2. D3 shorts ош any transmit energy that 
leaks through D2 (when it's off) and also disables MMIC 
amplifier A1 by reducing the de voltage supplied to i. 

‘The switching states for the PIN-diode switch are straight 
forward: in the receive state, FET Q is turned on, which 
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Fig 1—Sequencer timing diagram. 
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Fig 2—Sequencer state diagram. The circles show the 
individual states, while the text to the right of each circle 
shows the actions performed upon entering the state. The 
text next to each connecting line shows the condition 
necessary to advance to the state the line goes to. 


‘causes D6 to turn on. FETs Q1, Q2 and Q4 are turned off, so 
D2 and D4 are on while DI, D3 and DS are off—only the 
receive path is active, The next state js the safe state, reached 
by turning on FETs Q1 and Q2 and turning off Q3; this turns 
оп DI and D3 while turning off D2 and D6, so the IF input 
is switched tothe transmit side but the output side is not con- 
nected and D4 shorts the attenuator output. Finally, the trans- 
mit state is reached by turning on Q4, which turns off D4 and. 
turns on DS, completing the transmit path 

With the resistor values shown, the PIN-diode currents are 
adequate for an input power level of about '/s W, so the input 
attenuator should reduce the IF power to this level or lower. 
For higher powers, И would be necessary to increase the on 
current through the diodes, particularly DI. However, it 
shouldn't be necessary to switch much power, since the RF 
output to the mixer input should be milliwatts or less. 

Al the FETs used in this circuit are N-channel enhance- 
ment-mode MOSFETs used as switches. The sources are all 
grounded and the gate is the control element. When the gate. 
voltage is close to the source voltage, or ground, the FET is 
turned off, and no current flows from drain to source. To turn. 
the FET on, the gate voltage must be several volts more 
positive than the source voltage, allowing current to flow 
from drain to source with only a few ohms of resistance. For 
practical purposes, we may consider the drain to be shorted 
to ground when the FET is on and open circuited when the 
FET is off, Since these are insulated-gate FETs, no gate 
currentis possible and no de power is required for switching. 


‘The gate voltage required to switch the smaller FETs is 
roughly 2.5 to 3 volts, but larger power FETs such as Q14 
require a somewhat higher voltage, so the whole switching. 
circuit operates at 8 V, provided by the three-terminal regu- 
lator, IC3 

The rest of the schematic describes the control logic. The 
RF-detect section, from C13 t0 QS, drives ICIA to force the. 
system to the safe state as soon as RF input is detected. The 
PTT section, from 06 and D9 to 07, is а DTL (diode-tran 
sistor logic) gate with a switching threshold set by Zener 
diode D10. The PTT outputis inverted by IC2A to also drive 
ICIA and force the safe state. Note that ICIA is drawn as. 
an OR gate, with inversion bubbles on the inputs to show 
that they are asserted low; thus the output of ICIA is as 
serted when either input is in the low, or asserted, state. The 
‘output of ICTA is inverted by IC2B which activates OR gate 
1СІВ, thus driving the RX Disable signal to turn FETs QI 
and Q2 on and put the PIN-diode switch in the safe state. 
The output of ICIB is also inverted by IC2C to drive the RX 
Enable signal. This turns FET Q3 off when Q1 and 02 аге 
turned on, and vice-versa. Finally, ІСІВ also drives FET 
Q0, which is turned on in the safe and transmit states so it 
may be used as a signal to control the voltage supplied to 
receive stages and preamps. 

The PTT section has two inputs, P. L on J4 and 
PTT-H on JS. PTT-L must be grounded, or asserted low, to 
activate, while PTT-H requires a positive voltage, or high 
assertion, Both inputs have an operating threshold ín the 2 
to 5-V range, so any input voltage below the threshold is 
considered low and any input above the threshold is consid- 
ered high. The high threshold provides considerable toler- 
ance for different rigs, dirty contacts, etc. The PTT section 
‘can also be activated through the IF cable input on JI —any 
de voltage on JI is delivered to the logic circuit through 
RFC2, Jumper 13 selects the polarity for the IF input; the 
right-hand position selects PTT-L and the left-hand posi- 
Чоп selects РТТ-Н. 

The transmit-ready section, from J6to QS, is another DTL 
gate. lis output drives ICIC, which is drawn as а NAND 
gate; both inputs must be asserted high for the output to be 
asserted low, The other input to IC IC is selected by jumper 
117; in the lower position, it is the output from the PTT cit- 
cuit. Thus the ICIC logic function requires both transmit 
ready and РТТ to be asserted. The upper jumper position 
takes the output from IC1A, which also includes the RF 
detection, making the logic require both transmit ready and 
either PTT or RF detect. This allows switching using only 
RF detection. Capacitor CIS sets the hang time for RF 
switching. With the values shown, switching time seems 
fast for SSB or for slow CW, во a bit of experimentation 
might be needed to find a time that feels right 

The output of ICIC is inverted by ICE (note the inver- 
sion bubble on the input, to match the output of ICIC which 
is asserted low) to drive FETs Q13 and Q14, one of which 
should be used to enable the T/R relay. The ICIC output. 
also drives FET QI I, which is an inverter with a time delay 
set by R28 and C18. Q11 drives the TX Enable signal, so 
completion of the time delay turns on FET Q4 to allow the 
transmit power to flow through J2. When jumper J15 is in 
the upper position, the completion of the time delay will 
also allow ICID to switch, driving Q12 and enabling the 
transmit state. The lower position of the jumper forces ICID 
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to wait until 114 is grounded by the fail-safe contacts on the 
T/R relay. 

When PTT is released and no RF is detected, the output 
of ICIA is deasserted. This voltage transition passes 
through FET 09, an inverter with a time delay set by R24 


and C16, Until the time delay completes, pin 13 of OR gate 
ICIB remains asserted, keeping the PIN-diode switch in the 
safe state while all the other switches are released. Since 
the safe state prevents any RF from getting through, se- 
quencing of the switches isn’t critical in this direction. 


E 
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Fig 3— Schematic diagram of the IF switch and sequencer. (See Table 2 for parts list. 
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Finally, IC3 regulates the logic voltage to 8 V to maintain. 
constant time delays. The R and C values specified yield time 
delays of 200 to 300 milliseconds, but the delay can be in- 
creased ог decreased by changing the values. For instance, 
increasing C16 from 10 F to 16 F would increase the time 


delay by about 60%, Alternatively, increasing R24 from 
33 kQ to 51 КО would have the same effect 

Relay RLY may be driven by Q13 to operate at the same 

time as the T/R relay, during the safe state, or driven by 012 

to operate when entering the transmit state. Notice diode 

D12 across the relay coil. This serves 

to protect the FET from the reverse 


voltage spike caused by removing the 
current from the relay coil. АП relay 
coils should havea diode to protect the 
driving circuitry; even a relay driving 
another relay can suffer contact dam- 


эре from the switching spike 


Construction 
{decided that this circuitis complex. 
enough to justify layout of a printed. 
circuit board since my intent is to use. 
copies in several transceivers. All the 


components between the two vertical 
rows of jacks on the schematic dia- 
gram, Fig 3, fit on the PC board. A 
double-sided board with plated- 
through holes was needed for full in- 
tereonnection; the top-layer pattern is 
shown in Fig 4, and the bottom layer is 


EE ES 


2te RE (s Fig 5, Boards are available from 
Down East Microwave. 

AI the chip capacitors are mounted 

оп the bottom of the board. I chose to 

E put the PIN diodes on the bottom also 
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to keep lead lengths short in the ВР 
path. АП of the other components are 
n the top side of the board, as shown 
in Figs 6 and 7. Note that the smaller 
power FETS, such as QI, have incon- 
sistent pin-outs that vary with part 
number and manufacturer. Check the 
datashoct and make sure thatthe source 
lead connects to ground, which is the 
widerracerunningall over the top of the 
board. The gate lead connects to the 
middle pad ofeach footprint, leaving the 
drain atthe far end. 

Component values are not critical 
I've triedto calculate optimum values, 
but any resistor or capacitor value 
could be changed to the next higher or 
Tower standard value without signifi- 
cant effect, The RF diodes are stocked 
by Down East Microwave. All other 
components are readily available from 
Digi-Key. Thecostof all components 
totals less than $15, not counting the 
enclosure box and connectors. 

The PC board is sized to fit inside 
a small die-cast aluminum box since 


a shielding enclosure is highly de- 
sirable. 
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Application 

There is enough flexibility in this circuit that using it re- 
quires some decisions: on the other hand, it should be pos 
sible to fit it to your system needs rather than forcing the 
system design to match the controller, The portions of the 
schematic diagram outside the two vertical rows of jacks 
show some of the possible functions 

The first decision is whether the transverter uses a single 
mixer, as shown in Fig b. or separate mixers for transmit and 
receive, as shown in Fig 9. А single mixer would connect to 
J2; otherwise, the transmit mixer connects to J2 and the 
receive mixer connects to J2RX, which is a hole in the PC 
board next 10 C9. In this case, D6 and R15 must be removed, 
and ОЗ, C12 and R14 may be removed or used for another 
switching function, as described below. 

‘The next decision involves ће control signals, usually pro- 
vide inputs for both polarities of PTT using different connector 
styles (RCA phono for PTT-H, subminiature phone for PTT. 
L). The transmit-ready and fail-safe inputs can go to connec: 
tors if they are used, Otherwise, they should be jumpe 
ground to avoid floating inputs. Finally, jumpers J3, J1 and 
J17 must be installed as described in the circuit description 
"The switch will not operate without these jumpers 

Finally, we must decide how to use the control outputs. I 
chose to only provide outputs grounded by FET switches, 
except for the floating relay contacts, to keep unwanted 
voltages off the board, The signals 
that drive the FET switches are la- 


switched in several ways, The schematic shows the simplest, 
using the internal relay to disconnect the voltage at the same 
time thatthe T/R relay operates. A more robust sequence would 
be to remove power when entering the safe state; FET QIO 
would be the appropriate driver, with R24 replaced with a 
jumper so the connection is directly to 16. FET Q10 is tumed 
“off during receive and on in ай other states. If the receive volt- 
‘age is set by a variable three-terminal voltage regulator, con- 
necting the adjust pin of the regulator to Q10 would turn off the 
regulator output. Another alternative, for iransverters with 
separate mixers for transmit and receive, would be to use FET 
Q3, which turns on during receive and offin all other states, the 
inverse of Q10. In the two-mixer configuration described 
above, Q3is not needed, and R 14 and R15 are removed so their 
pads are available as connection points. 

Of course, one needa’ tbe constrained by the printed wiring. 
If one of the FET switches is not used for the function shown, 
it can be used fora different function by connecting its gate to 
the appropriate switching lin. AIl it takes is a hobby knife to 
сш the trace and а soldering iron to add a wire. 

LED indicators may be driven by any output and can be 
driven by the same FET that drives a relay since the addi- 
tional current is small. The schematic shows а TRANSMIT 


READY LED in series with J6, so grounding the transmit 
ready line draws enough current to light the LED. If there is 
по LED in this line, R25 could be much larger to reduce 
current drain. 


beled on the schematic to indicate 
function. Some possibilities that 1 
have used are shown inthe right-hand 
side of the schematic. The internal 
relay, RLYI, can be driven by 
jumpering J18 either to J9, timed to 
switch a coax relay, or to 112, timed 
at the transmit state of the sequence. 
An external coax or waveguide relay 
usually requires 28 V for operation. 
which can be provided from a 428-V 
supply and switched with the larger 
powerFET QUA, orconnected between. 
412 Vanda- I5. V supply and switched 
with the internal relay contacts since 
many transverters already generate a 
negative voltage internally 

Power for the transmit stages тау 
be switched with the internal relay 
contacts or with a solid-state switch 
using a P-channel power FET like the 
IRF-9130 or IRF-9530, which can 
switch several amperes with a small 
voltage drop, Note thatthe P-channel 
FET is used “upside-down,” with the 
positive voltage connected to the 
source, as shown in the schematic, 
since P-channel FET operates using 
voltages opposite those of the N- 
channel FETs described above. 

Receive stages and preamps may be 
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board pattern, 


yer printed-circuit 
board pattern. (Note: Board 
requires plated-through holes.) 


E 
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The PIN-diode switeh requires +6 V to operate, which 
may be obtained from a three-termina 

erwise available, This regulator easily fits inside the die 
can be камі, 

lines the box should be prop- 
1 strongly recommend a bypass ca 

ide of the box and a ferite bead on 

itor and the PC board, plus a ground wire from box to. 


regulator if not oth. 


vc wire be 


foreach connection. I've seen equipment lacking these 
components unable to operate properly in the high-intensity 
RF environments found at many mountaintop sites. Listening 
to TV sync buzz all day is no fun! 

"The RF connections at JI and J2 must hi 
grounds from box to board; twisted-pair orc 


loscly coupled 
m is preferred. 
The mounting standoffs do not provide an adequate ground 
path for RF 


Performance 


Lave built five of these switches and made RF measure 


n 


s 


Fig 6—Parts-placement diagram for the printed-circuit 
board, 


Fig 7—The top side of the PC board. The small power 
FETs are Motorola BS170. 


Fig 8—A completed unit, built for use with a sin 
mixer transverter. The small power FETs are Siliconix 
VN2222. 


Fig 9—A completed unit, built for use with separate 
transmit and receive mixers. The small power FETS 
are Zetex 88170. 
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Table 1 
Measured Performance 

Frequency Receive Transmit 

Gain Gain 

30 MHz 5508 EL EE 
50 MHz 5508 ET EF 
144 MHz 6.008 59B 3008 
222 MHz 8508 5098 20 dB 
432 MHz 7098 35 98 EI 


ments on three of them over the range of frequencies nor- 
mally used fortransverter IFs, with the trimpot set for 30dB. 
of transmit attenuation at 144 MHz. The results shown in 
"Table 1 are typical 

Clearly, the PIN-diode switch works well at up to 
222 MHz, with more than 50 dB of attenuation in the safe state 
and about 6 dB of gain in the receive state. The trimpot range 
Tor setting total transmit attenuation was from 20 to 38 dB at 
144 MHz. The switch is still usable at 432 MHz as long as the 
voltage supply to the transmit amplifiers is sequenced to aug- 
ment the reduced attenuation in the safe state. 

The RF -detect circuit operates reliably with the output from 
ап 1C202 transceiver, roughly 2 to 3 W, switching smoothly 
and ignoring glitches like double-clicking the mike button by 


remaining in the safe state. 1 added attenuation between the. 
1C202 and the switch to reduce power. The RF-detect circuit 
continued to operate with 15 dB of attenuation, at a power 
level of about 100 mW, but not with 21 dB of attenuation, 
or roughly 25 mW. This should be adequate margin for safe 
operation, 


Conclusion 

‘The IF switch described here is sequenced to provide 

fool-resistant operation and is flexible enough for most 

transverter applications. This combination should make 

microwave operation more reliable and successful and help. 

protect the environment by reducing the amount of smoke 
being released from our equipment 


Not 
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470 to 2000-pF chip capacitor 


вз 39-0, \, or e carbon resistor 


р. add jumper in place of R3 
^ 120-0, 1-W carbon resistor 


en 2.2-pF disc capacitor 
(at 50.482 MHz) RP2 75-0, 2 W carbon resistor 
cis 22. electrolytic capaci (two paralel 150-0, 1-W carbon 
C1618 TOI electrolytic capacitor resistors) 
61720222324  0.1uF capacitor Ld 120-0, V or "LA carbon resistor 
E 0 e capacitor ae 68-0, VW carbon resistor 
D123456 188109 PIN diode. Lj 500-0 small trimpot 
8788 1N5711, 1NS712 or HPS082-2096 Я 10.0, GW resistor 
hot-carier diode RS 
2914 or IN4148 small-signal diode — RIO 
5.1 0155-V Zener diode вле 
(IN7S, 1N752, 1N5231 or 1N5202) file 
184001 rectifier diode R13 560-0, YAW resistor 
CA4011 or MC14011 Rs 360-0. VW resistor 
CA4049 or MC14049 916 430-0. el resistor 
TaLO8 8-V regulator R17 т-ка, EW resistor 
Rig 82-40, VW resistor 
BS170, VN2222 or VN10 small power R19 4 T0, SW resistor. 
‘witch FET (pinout vanes—seetex) А20 100-46, VW resistor 
MPSAt3 Darlington pair R21,22,26 6.80, GW resistor. 
07а 23904, 22222, ete BIT А2327 39-40, ^W resistor 
Qu IRFBA1, IRFA20, IAF830, ete [71 With LED: 1-0, "L-W resistor: 
N-channel power FET ‘without LED: 0-0 jumper (wire) 
R25 with LED: 680-0, 1,-W, resistor: 
T Attenuator without LED: 10-40, W resistor 
ят 39-0, 2W carbon resistor ВЕС12 Т-Н RF choke, molded 
(мо parallel 68-0, 1-W carbon RLY! ОРОТ relay, Radio Shack 
resistors) 1275-249 
Re 22-0, 1-W carbon resistor Enclosure Bud CU-124 or Hammond 15908 
die-cast box 
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The 1 dB Ouest Revisited 


By John Swiniarski, KIOR and Bruce Wood, N2LIV 
(From Proceedings Of 1996 Microwave Update) 


introduction 

п 192 Zack Lau, WIVT (ov KHGCP) published an 
Tz ssi ts а soto эга 

1058 ӨН HEME tow тәбе арий. Zak's vr 
sre NEC 32684 ао а very dicic LNA бш 
paved twa ors ae fur (NE) preamp used 
Římany амакат 10 GH sations 

Today. due e pls of 12 Gir DBS sys- 
toms the qe for 1 dB NP hae опа commonplace 
However, wth e advances in devices feng lowe and 
Tower, many dees ave became bolt ма ico: 
ted chan e NEC TOO Forum hana 
шеп sein for high volume namas Cab 
i Rač ed to opone dee 

Wehave mesic wee come of the ewe de- 
vies nay ssl mulas Ou primary ril 
evo nemine sb of desde forse ин 
RS NESO design Secondly vela comes 
tenes devices mito improved errmance over e 
Sue Our models was o moda the eran of 
De devises uhe acs oral ESO сис the тон, 
F 
buon Zac's cc he using neal components 
wenn ре: Tee beams ee eae 
TENE an gun tte dnd tr VAB Conc 
i Vermon, Cones, АП ves ese seo ope 
fom wel i ao tuning optimization: We amic 
weren one ete preamp re eu пам 

resented ec ite cucine of te тийи иду, 
some сераш чыш] шнек 
Жашоо sec te quer conc be 
КЙ 


History 

After many of the amateurs in the Northeast had re- 
ceived NEC 32684 HEMT devices as "door prizes” at local 
VHF conferences, considerable interest was raised in repro- 
ducing Zack's design. With the help of Down East Micro- 
wave, a quantity of printed circuit boards was made avail- 
able to members of the North East Weak Signal (NEWS) 


* Notes appear at the end of this section. 


Group. Twenty-five or so preamps were constructed with 
the NE32684. It was then learned that NEC was replacing 
the "326 with the NE32584 that was shown to have a slightly 
lower NF. About the same time, a number of Fujitsu FHX 05 
devices had become available, The FHX 05 is utilized in the 
Qualcomm {2 GHz receive LNAS and while it did not have 
as low a noise figure specification, its low cost made it an 
attractive candidate for study. In addition, an Avantek ATF 
36077 was also made available for evaluation 


Modeling 
EESOF Touchstone Software was utilized in the mod- 
eling study. Zack graciously provided a copy of his original 
circuit file, This eliminated the need to “reverse engineer” 
his circuit, an exercise that could lead to errors from making 
assumptions about the microstrip circuit elements. Having 
Zack's original model made the comparisons much more 
‘meaningful, А plot of the NF, Gain (S21) Input match (511) 
‘and Output match (S22) of Zack's model is shown below 
‘The computed performance at 10.368 GHz is indicated 
by the markers on the chart. Using the same Touchstone 
circuit file, the 8 parameter and noise parameter file for the 
NE326 was replaced by the files for the NE325, ЕНХОЗ and 
the ATF360, Each new LNA was then “tuned” on the com- 
puter. This was done by changing the size and position of the 
‘pen circuit stubs on the microstrip lines: much like we do 
with pieces of copper foil and a soldering iron on real hard- 
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Fig! 
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ware. The plots for the untuned condition and the corre- 
sponding tuned condition follows: 

For visualization purposes, CAD drawings were made 
of the optimized LNAs. This might act as an aid when at- 
tempting optimization on the actual preamps. It can be seen 
that the changes are very subtle. 


Construction 

Samples of each of the devices were then built with 
identical connectors, capacitors, housings and bias circuits 
їп an attempt to minimize variations. Assembly is fairly 
straight-forward, at least as far as microwave construction 
is concerned. Housings were fabricated using 0.500" by 
01025" hobby brass strips as described by Rus Healy, NI2L* 
‘This makes fora very compact device as the four hole SMA. 
connectors used are also 0.500" high. The connectors used 
here were modified M/A-COM 2052-1215-00. This con- 
nector features a 0.085" diameter dielectric. The dielectric 


length was shortened to match the 0.025" brass wall thick- 
ness, This leaves а 0.025" center contact which interfaces. 
nicely with the microstrip PCB. 

Several authors have described various methods for 
achieving source grounding for HEMT devices. These meth- 
ods include bending the device leads through the board (difi- 
cult with most new devices as they are designed for surface 
mounting and therefore have short leads) and using rivets, Here, 
we simply made two parallel cuts about 0.050" long on either 
side of the device and used а “u” shaped piece of ribbon. The 
ribbon is pushed up through one slot and down the other then 
soldered to the ground plane. This results in a low inductance 
ground pad in which to solder the source leads. 

Another unique feature is the miniature active bias 
board mounted below the RF printed circuit board. This 
board uses surface mount technology (SMT) devices to re- 
alize acireuitthat can fitin the small area available. Itis held 
in place by the copper straps that also provide grounding for 


LNA Results 
Computer Simulation 

Device Measured Result Untuned Model Tuned Modo 

NE326#1 0.85 dB NF © 11.35 dB gain МА 0.52 dB NF @ 12.71 dB gain 


0.52 dB NF @ 12.71 dB gain 


NE326#2 0.87 dB NF © 11.39 dB дап МА 
NE325#1 0.92 dB NF © 13.45 dB gain 0.54 dB NF © 13.28 dB gain 0.49 dB NF © 15.02 dB gain 
NE325#2 0.85 dB NF Q 13.20 dB gain 0.54 dB NF © 13.28 dB gain 049 dB NF © 15.02 dB gain. 
ATF36077 0.95 dB NF © 11.21 dB gain 0.55 dB NF © 13.38 dB gain 0.52 dB NF © 14.24 dB gain 
ЕНХО5 DOA 0.78 dB NF © 10.89 dB gain 0.78 dB NF © 12.98 dB gain 
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the board. The active bias circuit is similar to one described 
by Al Ward’ and others. The -5 VDC supply is achieved. 
using an ICL7660 voltage inverter chip. A spreadsheet was. 
created to calculate the resistor values necessary for various 
bias conditions 


‘The preamps were completed just in time for the 22nd 
Eastern VHF/UHF Conference in Vernon, Connecticut. Ac- 
tually, several needed final wiring o the bias circuit, which 
was accomplished in the hotel room! The results obtained. 
from the noise figure measuring session along with the com- 
puter simulation results are tabulated on the previous page. 

the Fujitsu FHXOS was DOA, 


Unfortunate 


Conclusion 
As the results here indicate, building a sub 1 dB NF 
preamp is readily achievable with several of today's hot 
devices. Euch device tested resulted in less than 1 dB NF 
‘without optimization, The message appears to be "Use what 
you got.” While the computer model seems to indicate much 
better NF performance should be possible, we are approach- 
ing the limits of what can be realized with readily available 
rials and construction techniques. We estimate at least 
of the device. These are due to 
connector interfaces, component parasitics and dielectric 
losses. While it may be possible to tune these preamps to 
lower noise Figures than measured, many builders of the 
original NE326 have been unsuccessful. The 
indicated by the computer modeling of tuned vs, untuned 
performance hardly seem worth the trouble. Zack seems to 
have the magic, however, His original NE326 LNA always 


В of loss exists ае: 


тргом 


10 Ghz LNA Assemblies 


Fig 6 


out performed all the others, His atest design based on the new 
NEC 329 device measured 0.70 dB NF at the conference. Per- 
haps his next quest should be fora 0.5 dB NF LNA for I0 GHz! 
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Noise Measurement and Generation 


Ouality weak-signal reception reguires a low-noise 
system. Here's how to calculate and measure the 
noise performance of your system 


By Paul Wade, NIBWT 
(From OEX, November 1996) 


5 anyone who has listened to a receiver suspects 
А, 
munications, the goal is to maximize the desired 
Signal in relation to the undesired noise we hear. To accom- 
plish this goal, it would be helpful to understand where 
noise originates, how much our own receiver adds to the 
noise we hear, and how to minimize it 
I's difficult to improve something unless we can mea- 
sure it Measurement of noise in receivers doesnot seem lo 
be clearly understood by many amateurs, so I will attempt 
to explain the concepts and clarify the techniques, and to 
describe the standard "measure of merit” for receiver noise 
performance: noise figure. Most important | will describe 
how to build your own noise generator for noise-figure 
A number of equations are included, but only a few are 
needed to perform noise-igure measurements. The rest are 
included as an aid to understanding, with, { hope, enough 
explanatory text for everyone 


Noise 

The most pervasive source of noise is thermal noise 
which arises from the motion of thermally agitated free elec 
irons in а conductor, Since everything in the universe is at 
some temperature above absolute zero, every conductor 
must generate noise. 

Every resistor (and all conductors have resistance) gen- 
erates an RMS noise voltage: 
e= ¡TRE Eq! 
where R is the resistance, T is the absolute temperature in 
kelvins (К), B is the bandwidth in hertz, and k is 
Boltzmann's constant, 1.38 x 10 joules/K. 

Converting to power, P-e? /R, and adjusting for the 
(Gaussian distribution of noise voltage, the noise power 
generated by the resistor, їп watts, is: 

Р, =KTB ва? 
which is independent of the resistance. Thus, all resistors at 
the same temperature generate the same noise power, The 
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noise is white noise, meaning that the power density does 
not vary with frequency, but always has a power density of 
KT watts/Hz. The noise power is directly proportional to 
absolute temperature T, since kis a constant. Atthe nominal 
ambient temperature of 290 K, we can calculate this power; 
converted to dBm, we get the familiar -174 dBm/Hz. Just 
multiply by the bandwidth in hertz to get the available noi 
power at ambient temperature. The choice of 290 K for 
ambient might seem a bit cool, since the equivalent 
17° C or 62° F would be a rather cool room temperature, but 
290 K makes all the calculations come out to even numbers. 
‘The instantaneous noise voltage has a Gaussian distri 

bution around the RMS value. The Gaussian distribution 
has no limit on the peak amplitude, so at any instant the 
noise voltage may have any value from ~ı» to +. For design 
Purposes, we can use a value that will not be exceeded more 
than 0.01% of the time, This voltage is four times the RMS 
value, or 12 dB higher, so our system must be able to handle 
peak powers 12 dB higher than the average noise power if 
we are to measure noise without errors.! 


Signal-to-Noise Ratio 

Now that we know the noise power in a given band- 
width, we can easily calculate how much signal is required 
to achieve a desired signal-to-noise ratio (S/N). For SSB, 
perhaps 10 dB of S/N is required for good communication: 
the ambient thermal noise in a 25-kHz bandwidth is 
=140 dBm, calculated as follows: 


oxo? w 


XTB 138102 2902500: 
Pag, = 10log(P, x 1000) =~ 40dBm. 

(The factor of 1000 converts watts to milliwatts.) The 
signal power must be 10 dB greater than the noise power, so 
a minimum signal level af 130 dBm is required fora 10 JB 
SIN. This represents the noise and signal power levels at the 
antenna, We are then faced with the task of amplifying the. 
signal without degrading the signal-to-noise ratio. 


Pa 


7 Notes appear at the end of this section 


Any amplifier will add additional noise. The input 
noise N, per unit bandwidth, АТ, is amplified by gain G to 
produce an output noise of KŤ,G. The additional noise 
‘added by the amplifier, KT, is added to the input noise to 
produce a total noise output power N. 
N, -E ur, ваз 
To simplify future calculations, we pretend that the 
amplifier is noise-free but has an additional noise-generat 
ing resistor of temperature Т, at the input, so that all sources 
of noise are inputs to the amplifier. Then the output noise is: 


Eq 
and T, is the noise temperature of the excess noise contrib- 
uted by the amplifier. The noise added by an amplifier is 
then kGT,, which is the fictitious noise generator at the 
input amplified by the amplifier gain. 


Cascaded Ampl 

If several amplifiers are cascaded, the output noise Na, 
ofeach becomes the input noise T tothe next amplifier. We 
can create a large equation for the total. After removing the 
original input noise term, we are left with the added noise: 


СЫ 


— 


Nass е (61460; Gpe) + (e262 Gy) ++ (KT On) 


Substituting in the total gain ore. ,- c results in 
the total excess noise: 


T=, ету 0e, rale -o kae 
with the noise of each succeeding stage reduced by the gain 
of all preceding stages. 

Clearly, if the gain of the first stage, Gy, is large, then the 
noise contributions of the succeeding stages are not signifi- 
cant. This is why we concentrate our efforts on improving 
the first amplifier or preamplifier. 


Noise Figure 

The noise figure (NF) of an amplifier is the logarithm of 
the ratio (so we can express it in dB) of the total noise output 
ofan amplifier with an input T, of 290 K to the noise output of 
an equivalent noise-free amplifier. A more useful definition is 
to calculate И from the excess temperature Te: 


вт 


Ifthe NF is known, T, may be calculated after converting 
the NF to a ratio, F 


1 
10108 1+ e к 
Ne ч lea ao = 250k 


Eq 

Typically, Te is specified for very low-noise amplifiers, 
where the NF Would be a fraction of a dB, and NF is used 
when it seems a more manageable number than a T, of thou- 
sands of kelvins. 


почео" 


Los: 
We know that any loss or attenuation in a system reduces 


Fig 1—A parabolic dish aimed at a satellite 


^ed parabolic dish antenna aimed at a 
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the signal level, I attenuation also reduced the noise level, 
we could suppress thermal noise by adding attenuation, 

Intuitively, this can't be true. The reason is that the at- 
tensator—or any lossy element—has a physical tempera- 
ture, T, that contributes noise to the system while the input 
noise is being attenuated, The output noise after a loss L 
(expressed as a ratio, not in dB) is: 


DU 


IF the source temperature T, is higher than the attenuator 
temperature T, the noise contribution is the familiar result 
found by simply adding the loss in dB to the NF. However, 
for low Source temperatures the degradation can he much 
more dramatic. I we do a calculation for the effect of | dB 
flos (L 1.26) оп a T, of 25 K 
25 (026 

иу! 

The resultant Ty i OK, a 5 dB increase in noise power 
bras 08 degradation of signal-to-noise ratio). Since noise 
power = KT and k is a constant, the increase is the ratio of 
thetwo temperatures 80/25, or in dB, 10 log (80/25)=5 dB 


1 


зоок 


126 


Antenna Temperature 

How can we have a source temperature much lower than 
ambient? If an antenna, assumed to be lossless, is receiving 
signals from space, rather than the warm carth, then the back- 
ground noise is much lower, The background temperature of 
the universe has been measured as about 3.2 К. An empirical 
number fora 10-GH antenna pointing into clear sky is about 
6 K, since we must always look through the attenuation and 
temperature of the atmosphere? The figure will vary with fre 
quency, but good EME antenna might have a Т, of around 
20 K al UHF and higher frequencies. 

А couple of examples of actual antennas might bring all of 
this together? 

1. A 30-inch conventional dish at 10 GHz, with a measured 
gain of 36.4 dBi andefficiency of 64%. The estimated spillover 
efficiency is 87% fora 10-48 illumination taper. With the dish 
pointing at a high elevation, as shown in Fig 1, perhaps half of 
the spillover is illuminating Earth м 290 K, which adds an es- 
timated 19 K to the 6 К of sky noise, for a total of 25 K. Ina 


500-Hz bandwidth, the noise output is -157.6 dBm. 

2, An 18-inch DSS offset-fed dish at 10GHz, with measured 
‘gain of 32.0B and efficiency of 63%. The spillover 
should be comparable, but with the offset dish pointing at a 
high elevation, as shown in Fig 2, far less of the spillover is 
illuminating warm Earth, f we estimate 20%, then 8K isadded 
tothe 6 K of sky noise, for a total of 14 К. In a 500-Hz band- 
width, the noise output is -160 dBm, 

‘The larger conventional dish has 2.4 dB higher noise output 
but 4.4 dB higher gain, so it should have 2.0 dB better signal- 
to-noise ratio than the smaller offset dish when both are point- 
ing at high elevations. 

However, while the offset dish is easy to feed with ow loss, 
it is more convenient to feed the conventional dish through a 
cable with 1 dB of loss. Referring back to our loss example 
above, the noise temperature after this cable loss is 80 K. In 
a 500-Hz bandwidth, the noise output is now 152.6 dBm, 7.4 
dB worse than the offset dish. The convenience of the cable 
reduces the signal-to-noise ratio by 5 dB, making the larger 
conventional dish 3 dB worse than the smaller offset dish. Is it 
апу wonder thatthe DSS dishes sprouting on rooftops every- 
where are offset-fed? 

Ifthe dishes are pointed at the horizon for terrestrial operation, 
the situation is much different. At least half of each antenna 
patterisiluminating warm Earth, so we shouldexpectthe noise. 
temperature to be at least half of 290 K, or about 150 K. Adding 
1 dB of loss increases the noise temperature to 179 K, a 1 dB 
increase, At higher noise temperatures, loses do not have a dra- 
matic effect on signal-to-noise ratio, In practice, theantennatem- 
perature on the horizon may be even higher since the upper half 
of the pattern must take a much longer path through the warm 
atmosphere, which adds noise just like any other loss 


Image Response 

Most receiving systems use at least one frequency-convert 
ing mixer that has two responses, the desired frequency and an 
image frequency on the other side of the local oscillator. If the 
image response is not filtered out it will add additional noise to 
the mixer output. Since most preamps are broadband enough to 
have significant gain (and thus, noise output) at the image fre- 
quency. the filter must be placed between the preamp and the 
mixer. The total NF including image response is calculated: 
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Fig 3— System for measuring sun noise. 
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assuming equal noise bandwidth for desired and image re- 
ene, 30 
image! diene, doubling the nose figure, which is 
the same as adding 3 dB. Thus, without any image rejection 
the overall noise figure is а least 3 dB regardless of the NF 
of the preamp. For the image to add less than 0.1 dB to the 
overall NF, a quick calculation shows that the 

image frequency must be at least 16 dB lowe 
operating frequency. 


Noise Figure Measurement 

So far we have discussed the sources of noise and a figure 
‘of merit for evaluating the receiving system's response to 
noise. How can we measure an actual receiver? 

The noise figure of a receiver is determined by measuring 
its output with two different noise levels, Tho and Ten. 
applied to its input. The ratio of the two output levels is re- 
ferred to as the Y-factor. Usually, the ratio is determined 
from the difference in dB between the two output levels, 


ва! 


Then the receiver T, may be calculated using Vi 
Tis Tos 


a Eq 12 
and converted to noise figure: 
ЖУ, > 
ЕЕЗ PII 


where Ty = 290 K 

The two different noise levels may be generated separately, 
for instance by connecting resistors at two different tempera- 
tures, Alternatively, we could use a device that can generate 
a calibrated amount of noise when it is turned on. When such 


a device is turned off, it still generates noise from its internal 
resistance at Тл the ambient temperature (290 K): usually 
this resistance is 502, to properly terminate the transmission 
из it to the receiver. When the noise generator 
produces excess noise equivalent to a resistor 


line that conn 
is turned o 
at some higher temperature at Thor: The noise produced by a 
noise source may be specified as the Excess Noise Ratio 
(ENR ш), the dB difference between the cold and the equiva- 
lent hot temperature, or as the equivalent temperature of the. 
excess noise, Te, Which is used im place of Ты in 
Eq 12. If the ENR is specified, then the calculation is: 


NF yy = ENR yy 1000g( Y oo 1) Eg 14 


The terms T,, and ENR are used rather loosely; assume 
that a noise source specified in dB refers to ENR yy, while a 
specification in "degrees" or kelvins refers to Tey 

An automatic noise-figure meter, sometimes called a 
РАМЕ (precision automatic noise-figure meter), turns the 
noise source on and off at a rate of about 400 Hz and per- 
forms the above calculation electronically." A wide band. 
width is required to detect enough noise to operate at this 
rate; a manual measurement using a narrow-band communi. 
cations receiver would require the switching rate to be less 
than | Hz, with some kind of electronic integration to prop- 
erly average the Gaussian noise. 

Noise-figure meters seem to be fairly common surplus 
items. The only oduction, the HP 8970, 
measures both noise figure and gain but commands a stiff 
price. 

AIL (later AILTECH or Eaton) made several models; the 
„model 2075 measures both NF and gain, while other models 
are NF only. The model 75 (a whole series whose model 
numbers start with 75) shows up frequently for anywhere 
from $7 to $400, typically $25 to $50, and performs well 
Every VHFer I know has one, with most of them waiting for 
a noise source to be usable. Earlier tube models, like the 
AIL 74 and the HP 340 and 342, have problems with drift 
and heat, but they can also do the job. 

Another alternative is to build a moisc-figure meter. 


+ Use minimum lead longi 
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Fig 4—A noise source built on ап 
SMA connector. 


Fig § Schematic diagram of a noise source built on an SMA connector. 


Q1—Tiny silicon NPN RF 
transistor such as NEC 68119. 


R2—Select to sel current (see text). 
1 KO minimum, JM. 
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Using the Noise-Figure Meter 

TII describe the basic procedure using the model 75; 
others are similar, but the more complex instruments will 
require studying the instruction manual. 

Input to almost all noise-figure meters is at 30 MHz, so a 
frequency converter is required (some instruments have in- 
ternal frequency converters; except for the HP 8970, Га 
avoid using this feature). Most ham converters with a 
28-MHz IF work fine, unless the preamp being measured is 
зо narrowband that a megahertz or two changes the NF. The 
input is fairly broadband, so LO leakage or any other stray 
signals can upset the measurement—this has been a source 
of frustration for many users. There are two solutions: a filter 
(30-MHz low-pass TVI filters are often sufficient) ora tuned. 
amplifier at 30 MHz. Since а fair amount of gain is required 
in front of the noise figure meter, an amplifier is usually re- 
quired anyway. 

А noise source (which we will discuss in detail later) is 
connected to the rear of the instrument: a BNC connector 
marked DIODE GATE provides +28 V fora solid-state noise 
source, and high-voltage leads for a gas-tube noise source 
are also available on many versions. The noise-figure meter 
Switches the noise source on and off. The noise output coax. 
connector of the noise source is connected to the receiver 
input. 

The model 75 has four function pushbuttons: OFF, ON, 
AUTO, and CAL. The OFF and ON positions are for manual 
measurements: OFF displays the detector output with the 
noise source turned off, and ON displays the detector output 
with the noise source turned on, If all is working, there 
should be more output in the ON position, and a step attenu- 
ator in the IF line may be used to determine the change in 
output, or Y-factor, to sanity-check our results, The knob 
marked GAIN is used to get the meter reading to a desirable 
рап of the scale in the OFF and ON positions only; it has no 
effect on automatic measurements. 


The AUTO position causes the instrument to turn the noise 
source on and off at about a400-Hz rate and to calculate the 
NF from the detected change in noise. The model 75 has a 
large green light near the meter which indicates that the 
input level is high enough for proper operation—add gain 
until the light comes on, Then the meter should indicate a 
noise figure, but not a meaningful one, since we must first 
set the ENRyp using the CAL position. The lower scale on 
the meter is marked for from 14,5 to 16.5 dB of ENR; adjust 
the CAL ADI knob until the reading in the CAL position 
matches the ENR of the noise source. 

If the ENR of your noise source is outside the marked 
range, read the section below on homebrew noise sources. 

Now that we have calibrated the meter for the ENR of the 
noise source, we may read the noise figure directly in the 
AUTO position. Before we believe it, a few sanity checks are 
in order: 

+ Manually measure and calculate the Y-factor. 

+ Insert a known attenuator between the noise source and 
preamp—the NF should increase by exactly the attenuation 
added. 

+ Measure something with a known noise figure (known 
means measured elsewhere; a manvfacturer's claim is not 
necessarily enough) 

Finally, too much gain in the system may also cause 
trouble if the total noise power exceeds the level that an am. 
plifier stage сап handle without gain compression. Gain 
compression will be greater in he on state, so the detected 
Y-factor will be reduced, resulting in erroneously high in- 
dicated NF. The Gaussian distribution of the noise means 
that an amplifier must be able to handle 12 dB more than the 
average noise level without compression. One case where 
this is a problem is with a microwave transverter to a VHF 
ог UHF IF followed by another converter to the 30-MHz 
noise-figure meter, for too much total gain. I always place 
a step attenuator between the transverter and the converter, 
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ions of the noise source of Fig 5. 


which I adjust until сап both add and subtract attenuation 
without changing the indicated noise figure 

‘One final precaution: noise-figure meters have a very 
slow time constant, as long as 10 seconds for some of the 
older models, to smooth out the random nature of noise. If 
You are using the noise-figure meter to "tweak" a receiver, 


tune very slowly! 


Sky-Noise Measurement 
Another way to measure noise figure at microwave 
frequencies is by measurement of sky noise and ground 
noise." Sky noise is very low, around 6 K at 10 GHz, for 
instance, and ground noise is due to the ground tempera- 
ture, around 290 К, so the difference is nearly 290 К. At 
microwave frequencies we can use a manageable antenna 
that is sharp enough that almost no ground noise is received. 
even in sidelobes, when the antenna is pointed at a high 
elevation. A long horn would be a good antenna choice. 

"The antenna is pointed alternately at clear sky over- 
head, away from the sun or any obstruction, and at the 
ground. The difference in noise output is the Y-factor; since 
¡we know both noise temperatures, the receiver noise tem- 
perature is calculated using the Y a and Eq 12. 

‘The latest version of my microwave antenna program, 
HDLANT21, will make this calculation.’ Since the mea- 
sured Y-factor will be relatively small, this measurement 
will only be accurate for relatively low noise figures. On the 
other hand, they are the most difficult to measure accu. 
rately using other techniques. 

‘A system for measuring sun noise was described by 
Charlie, G3WDG, that also works well for measuring noise 
figure from sky noise.” He built a 144-MHz amplifier with 
moderate bandwidth using MMICS and helical filters that 
amplifies he transverteroutput to drive a surplus RF power. 
meter. The newer solid-state power meters are stable 
‘enough to detect and display small changes in noise level, 


and the response is slow enough to smooth out flicker. Since 
my 10-GHz system has an IF output at 432 MHz, duplicat- 
img Charlie's amplifier would not work. In the junk box 1 
found some surplus broadband amplifiers and a couple of 
interdigital filters, which I combined to provide high gain 
with bandwidth of a few megahertz, arranged as shown in 
Fig3. Hound that roughly, 60 dB of gain after the transverter 
was required to get a reasonable level on the power meter, 
while the G3WDG system has somewhat narrower band- 
width so more gain is required. 

Several precautions are necessary: 

* Peak noise power must not exceed the level that any 
amplifier stage can handle without gain compression. Am- 
plifiers with broadband noise output suffer gain compres- 
sion at levels lower than found with signals, so be sure the 
amplifier compression points at least 12 dB higher than the 
indicated average noise power. 

+ Make sure no stray signals appear within the filter 
passband. 

* Foliage and other obstructions add thermal noise that 
obscures the cold sky reading. 

+ Low-noise amplifiers are typically very sensitive to 
input mismatch, so the antenna must present a low VSWR 
to the preamp. 

A noise-figure meter could also be used as the indicator 
for the sky-noise measurement, but a calibrated attenuator 
would be needed to determine the Y-factor. Using different 
equipment gives us an independent check of noise figure so 
we may have more confidence in our measurements. 

W2IMU suggested that the same technique could be 
used for a large dish at lower frequencies. With the dish 
pointing at clear sky, the feed horn is pointing at the reflec- 
tor, which shields it from the ground noise so it only sees the. 
sky noise. Ifthe feed horn is then removed and pointed atthe 
ground, it will see the ground noise. 

Noise-figure meters are convenient, but if you don’t have 
‘one, the equipment for measuring sun and sky noise could also 
be used indoors with a noise source. The only complication is 
that the Y-factor could be much larger, pushing the limits of 
amplifier and power meter dynamic range. 


Noise Sources 

The simplest noise source is simply a heated resistor— 

if we know the temperature of the resistor, we can calculate 
exactly how much noise itis generating. If we then change 
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Fig 8—Schematic diagram of tho homebrew noise source using a chip- 


Fig 7—The homebrew noise 
source of Fig 
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the temperature, the noise output will change by a known 
amount. This would work if we could find a resistor with 
good RF properties whose value does not change with tem- 
perature, an unlikely combination, There are commercial 
units, called hor-cold noise sources, with two calibrated 
resistors at different temperatures and low VSWR. Typi: 
cally, one resistor is cooled by liquid nitrogen to 77.3 K (the 
boiling point of nitrogen), while the other is heated by boil- 
ing water to 100° С, or 373.2 К. The preamp is connected 
to first one resistor, then the other; the difference in noise 
‘output is the Y-factor. 

Since the boiling point of pure liquids is accurately 
known, this type of noise generator can provide very accu: 
rate measurements. However, they are inconvenient to use, 
since the receiver must be connected directly to alternate 
resistors (the loss in an RF switch would significantly re- 
duce the noise output and accuracy). Also, few amateurs 
have a convenient source of liquid nitrog 

"Three types of noise sources are comm 
and convenient to use: 

1, Temperature-limited vacuum tube diode. The noise 
output is controlled by the diode current but is only accurate 
ар to around 300 MHz due to limitations of the vacuum 
tube, These units generate around 5 dB of excess noise. 

2, Gas tube sources. The noise is generated by an ion- 
ized gas in the tube, similar 10 a fluorescent light 
homebrew units have been built using small Muorescen 
tubes. The noise tubes use a pure gas, typically argon, to 
control the noise level. These units typically generate about 
15 dB of excess noise. 

Coaxial gas tube sources work up to around 2.5 GHz, 
and waveguide units to much higher frequencies. One prob- 
Jem using these is that a high voltage pulse is used to start 
the ionization (like the starter in a fluorescent light) which 
is coupled to the output in the coaxial units and is large 
enough to damage low-noise transistors. Since a noise-fig- 
ure meter turns the noise source on and off continuously. 
pulses are generated at the same rate 

Since waveguide acts as a high-pass filter, the starting 
pulses are not propagated to the output, so wav 
tube noise sources are safe to use, though bulky 
they could be used to calibrate a solid. 


nly available 
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Fig 9—Measured VSWR of homebrew noise sources of 
Figs 4 and 7. 
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‘of the noise source changes between the on and off states. 
If the source VSWR changes the noise figure of an ampli 
fier, as is almost always the case, the accuracy of the mea- 
surement is reduced. 

3. Solid-state noise sources, Reverse breakdown ofa sili 
соп diode PN junction causes an avalanche of current in the 
junction that would rise to destructively high levels if not lim- 
ited by an external resistance, Since current is "electrons in 
motion,” a large amount of noise is generated. If the current 
density ofthe diode is constant, the average noise output should 
also be constant; the instantaneous current is still random with 
а Gaussian distribution, хо the generated noise is identical to 
thermal noise at а high temperature. Commercial uni 
special diodes designed for avalanche operation with very 
small capacitance for high-frequency operation, but it is pos- 
sible to make a very good noise source using the emitter-base 
junction of a small microwave transis 

"Typical noise output from an avalanche noise diode is 
25 dB or more, so the output must be reduced to a usable 
level, frequently 15 dB of excess noise to be compatible 
with gas tubes or 5 dB of excess noise for more modem 
equipment. Ifthe noise level is reduced by a good RF at 
tenuator of 10 dB or more, the source VSWR (seen by the 
receiver) is dominated by the attenuator, since the mini- 
mum return loss is twice the attenuation. Thus, the change 
in VSWR as the noise diode is turned on and off is minus- 
cule. Commercial noise sources consist of a noise diode 
assembly and a selected coaxial attenuator permanently 
joined in a metal housing, calibrated as a single unit. 


Fig 10—The noise source of Fig 8, constructed on а 
photographically printed circuit board. 


Homebrew Noise Sources 

‘There are three components of а noise source: a noise 
‘generator, an attenuator and the calibration data—the ENR 
at each frequency, The most critical component is the at- 
tenuator; it is very important that the noise source present 
a very low VSWR to the preamp or whatever is being mea- 
sured since low-noise amplifiers are sensitive to input im- 
pedance, and even more important that the VSWR does not 
change significantly when the noise source is turned on and 
off since a change causes error in the measurement. Be- 
cause an attenuator provides twice as many dB of isolation 
эз loss (reflections pass through a second time). 10 dB or 
more of attenuation will reduce any change in VSWR to а 
very small value. 

Commercial solid-state noise sources occasionally ap 
pear in surplus sources, usually at high prices but occasion- 
ally very cheap if no one knows what it is. [have found two 
of the latter, and one of them works! It produces about 
25 dB of excess noise, which is too much to be usable. 1 
‘went through my box of hamfest attenuators and found one 
that has excellent VSWR up to 10 GHz and 13 dB of atienu- 
ation. Mated with the noise source, the combination pro- 
duces about 12 dB of excess noise—a very usable amount. 
Finally, I calibrated it against a calibrated noise source for 
all ham bands between 50 MHz and 10 GHz; not exactly 
NTIS traceable, but pretty good for amateur work. 

While noise sources are hard to locate, noise-figure 
meters are frequent finds. If we could come up with some 
noise sources, all the VHFers who have one gathering dust 
‘could be measuring and optimizing their noise figure. 

Several articles have described construction of home- 
brew noise sources that work well at VHF and UHF but not 
as well at 10 GHz?! АШ of them have the diode in a 
shunt configuration, with one end of the diode grounded, 
When I disassembled my defective commercial noise source 
(even the attenvator was bad), I found a bare chip diode in 
a series configuration—diode current flows into the output 
attenuator. Obviously I could not repair a chip diode, but 1 
‘could try the series diode configuration. I found the small- 
est packaged microwave transistor available, some small 
chip resistors and capacitors, and soldered them directly on 
the gold-plated flange of an SMA connector with zero lead 
length, as shown in the photograph, Fig 4. We've all sol- 
dered components directly together in “dead-bug” construc- 


tion; this is more like “fly-speck” construction, The sche- 
matic is shown in Fig 5, and it works at 10 GHz! I built 
several versions to evaluate reproducibility and measured 
them at several ham bands from 30 MHz to 10 GHz, with the 
results shown in Fig 6. АЙ units were measured with the. 
same 14-dB attenuator, so the diode noise generator output 
is 14 dB higher. 

(Later I found that the MIT Radiation Laboratory had 
describeda noise source with a series diode 50 years ago, so 
we aren't giving away anyone's trade secrets.) 

[then remembered that had a commercial noise diode, 
а Noise/Com NC302L, which was used in a noise source 
described in QST, with the diode in the shunt configura- 
tion." The diode is rated as working to 3 GHz, so, in the 
amateur tradition, | wanted to see if I could push it higher, 
using the series configuration, Since I didn’t expect to reach 
10 GHz, increased the value of the bypass capacitor, but 
otherwise, it looks ike the units in Fig 5. When I measured 
this unit, u not only worked at 10 GHz, but had more excess 
noise output than at lower frequencies, probably due to an 
unexpected resonance. The performance is shown in Fig 6 
along withthe other units 

Also shown in Fig 6 is the output of my pseudo-com- 
mercial noise source; even with the external attenuator, the. 
excess noise output is prety flat with frequency. Commer- 
cial units are typically specified at 40.5 dB flatness. In Fig 
6, none of the homebrew ones are that flat, but there is no 
need for it; as long as we know the excess noise output for 
а particular ham band, it is perfectly usable for that band. 

АЙП the above noise sources rely on a coaxial micro- 
wave attenuator to control the VSWR of the noise source 
Attenuators are fairly frequent hamfest finds, but ones that 
themselves have good VSWR to 10 GHz are less common, 
and it's hard to tell how good they are without test equip- 
ment, An alternative might be to build an attenuator from 
small chip resistors. I used my PAD.EXE program to review 
possible resistor values, and found that 1 could make a 
153-48 r attenuator using only 140-0 resistors if the shunt 
legs were formed by two resistors in parallel, a good idea to 
reduce stray inductance." ordered some 0402-size (truly 
tiny) chip resistors from Digi-Key and more NCA02L di- 
odes from Noise/Com, and built the noise source shown in 
Fig 7 on a bit of Teflon PC board, cutting out the 50-2 
transmission line with a hobby knife. The schematic of the. 
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Fig 11—ENR of the PC-board noise sources (Fig 10). 
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Fig 12—Measured VSWR of the PC-board noise 
sources (Fig 10). 
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Many microwave construction projects, and most 
modern equipment, use extremely small surface-mount 
components. Working with tese parts requires steady 
hands and good vision. And as we get older, our vision 
usually deteriorates-—1 got my first bifocals last year. 

m convinced that the key to working with tiny parts is 
to see them well When I built the first noise source with 
the tiny 0402-size (1 x 0.5 mm) chip resistors, it was 
frustrating trying to get the resistors soldered where | 
wanted them. After that experience, | was on the look- 
Out for a surplus stereo microscope and finally located 
one ata reasonable price. These microscopes are com- 
monly used for microelectronics assembly work, provi: 
ing moderate magnification at a long working distance. 

After | set up the microscope оп my workbench with 
adequate illumination, | was ready to build some more 
noise sources. Now the tiny chip resistors were clearly 
Visible, and | was able to hold them in place with мее- 
zers while soldering them exactly where | wanted them. 
Оп another project, | wanted а clearance hole in the 
ground plane around a hole drilled though a Teflon PC. 
Board. The hole is 0.025 inches in diameter, and | was 
able to cut an octagon around it with a hobby knife; the 
length of each side of the octagon is about the same as 
the hole diameter, Then | lifted the unwanted copper 
with the point of the knife, Magnification makes minia- 
ture work feel precise and easy instead of clumsy and 
frustrating. 


Enhance Miniature Construction with Optical Feedback 


What the microscope does is add gain to the feedback. 
loop from the eyes to the hand. Our hands are never por 
fectly steady, but adding this feedback steadies them 
under the microscope, as the brain takes input from tne. 
eyes and automatically compensates (after а bit of prac- 
tie), 

A microscope is an elegant solution for very small 
paris, but any optical magnification helps. I have also. 
Used magnifiers, jewelers loupes and “drugstore” read- 
ing glasses. If the reading glasses are stronger than you 
need, they will provide additional magnification; just 
don't try walking around wearing them. 

‘Other aids to miniature work are tweezers, fine-point 
‘soldering irons and lots of light. When an object is mag- 
nified, proportionally more ight is required for the samo 
apparent brightness. Tweezers help in holding small ob- 
Jeets—I prefer the curved 47 style Swiss tweezers, of 
Stainless steel so solder won't stick. Finally, a tempera- 
ture-controlled soldering iron prevents overheating, 
which can destroy the solder pads on surface-mount 
‘components; 700° F tips are hot enough. All the tools 
I've mentioned came from hamfests, surplus places ог 
flea markets, al reasonable prices. 

‘So, even i you think that microwave project with tiny 
parts is beyond your capability, use a magnifier and give 
ita try FI bet you surprise yourself. —NTBWT. 


complete noise source is shown in Fig 8. 
"The chip-resistor attenuator works nearly as well as an 
expensive coaxial one. The measured VSWR of two noise 
sources, one with the chip attenuator and the other with а 
‘coaxial attenuator, is shown in Fig 9. Curves are shown in 
both the off and on states, showing how little the VSWR 
changes, The VSWR of the chip attenuator unit is 1.42 at 
10 GHz, slightly over the 1.35 maximum specified for com 
mercial noise sources, but still fine for amateur use. 

Still, I wondered if I could do even better. The hand-cut 
board used is 0.031-inch-thick Teflon material, which is a 
bit thick at 10 GHz. I obtained some 0.015-ineh-thick ma- 
terial and made а photo mask to print an accurate 50-0 line. 
Then I carefully assembled the components under a micro- 
scope (see sidebar: Enhance Miniature Construction with 
(Optical Feedback). Fig 10 shows the construction: the thin 
PC board is supported by a thin brass strip soldered along 
cach side to create miniature l-beam, a much sturdier struc- 
ture. The brass strips also connect the top and bottom ground 
areas of the board, 

T built four units like the one shown in Fig 10, with 
encouraging results, The ENR of these units, shown in Fig 
11, was higher at 10 GHz than the hand-cut one and reason- 
ably flat with frequency—and consistent from unit to unit 
The VSWR, however, was still high at 10 GHz, as shown in 
Fig 12. It is difficult to make a really good coax-to- 
microstrip transition at 10 GHz! Ordinarily, in an amplifier. 
we simply tune out the slight mismatch as part of the tuning 
procedure, but broadband tuning is much more difficult. As 
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a final improvement, I dug up some 5-dB SMA attenuators 
from the swap session at Microwave Update last year. Add- 
ing one of these to the worst unit in Fig 12 reduced the 
VSWR to 1.18 at 10 GHz (below 1.10 at lower frequencies) 
and the ENR to 5.0 dB. This performance is every bit as 
good as a very expensive commercial noise source, lacking 
only NTIS-traceable calibration, 


Noise-Source Alignment 
‘The only alignment requirement for a solid-state noise 
source is to set the diode current; the current is always set at 
the highest frequency of interes. A noise figure meter must 
be set up with converters, et, for the highest frequency at 
which the noise source might be used and set to display the 
detector output (оке position on a model 75). Then voltage 
froma variable de power supply is applied to the noise diode 
through the 1-kQ current-limiting resistor. The detector 
‘output should increase as the voltage (diode current) in- 
creases, reach a peak, then decrease slightly. The optimum 
current is the one that produces peak output at the highest 
frequency (I set mine at 10 GHz). Then additional resistance 
‘must be added in series with the current-limiting resistor so 
that the peak output occurs with 28 volts applied, so that the 
noise source may be driven by the noise-figure meter. Once 
the proper resistor js determined and added, the de end of the 
noise source is connected to the diode output of the noise. 
figure meter and the meter function is set to os. This should 
produce the same detector output as the power supply. 
"Then the meter function is set to auto and the meter 


should produce some noise-figure indication, but not yet a 
calibrated one, However, it is good enough to tune up 
preamps—a lower noise figure is always better, even if you 
don't know how low it is. 


Noise-Source Calibration 

Much of the high price of commercial noise sources 
pays for the NTIS-traceable calibration. Building a noise 
source only solves part of the problem—now we need to 
calibrate it. 

The basic calibration technique is to measure some. 
thing with a known noise figure using the new noise source, 
then calculate what ENR would produce the indicated noise 
figure. 

Fortunately, the calculation is a simple one involving 
only addition and subtraction; no fancy computer program 
required. Simply subtract rhe indicated noise figure, 
NF дешы from the known noise figure, МЕ, and add 
the difference to the ENR for which the meter was cal 
brated, ENR 
ENR fui ovce ENR a + (МЕ, дам Nite Eq 15 

‘This procedure must be repeated at each frequency of 
interest; at least once for each ham band should be fine for 
amateur use. 

"The known noise figure is best found by making the 
measurement with a calibrated noise source, then substitut- 
ing the new noise source so there is little opportunity for 
anything to change. Next best would be a sky noise mea- 
surement on a preamp. Least accurate would be to measure 
a preamp at a VHF conference or other remote location, 
then bring it home and measure it, hoping that nothing 
rattled loose on the way, If you can't borrow a calibrated 
noise source, it would be better to take your noise source 
elsewhere and calibrate it, Perhaps we could measure noise. 
sources as well as preamps at some of these events 


Using the Noise Source 

Now that the ENR of the noise source has been call. 
brated, the noise-figure meter calibration must be adjusted 
to match, However, the model 75 in the cal position has 
only 2 dB of adjustment range marked on the meter scale. 
Older instruments have no adjustment at all. However, we 
сап just turn around the equation we used to calculate the 
ENR and calculate the NF instead: 

There is a short cut. My noise source has an ENR 
around 12 dB, so 1 set the cat. aD! in the cat position as if 
the ENR were exactly 3 dB higher, then subtract 3 dB from 
the reading. Even easier, the meter has a +3 dB position on 
the ADD то NOISE FIGURE Switch, Using that position, can 
read the meter starting at 0 dB. Any ENR difference from 
15 dB that matches one of the meter scales would also 


work—rather than an involved explanation, I'd urge you to 
do the noise figure calculations, then try the switch posi- 
tions and see what works best for quick readout. 

Reminder: Noise-figure meters have a very slow time 
‘constant, as long as 10 seconds for some of the older nod. 
els, to smooth out the random nature of noise. Tune slowly! 

Don't despair if the ENR of your noise source is much 
less than 15 dB. The optimum ENR is about 1.5 dB higher 
than the noise figure being measured.‘ The fact that today's 
solid-state noise sources have an ENR around 5 dB 
rather than the 15 dB of 20 years ago shows how much 
receivers have improved. 


Conclusion 


The value of noise-figure measurement capability is to 
help us all to “hear” better. A good noise source is an essen: 
tial part of this capability. Accurate calibration is not nec: 
‘essary but helps us to know whether our receivers are as. 
good as they could be. 
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More Рїре-Сар Mania 


By John Sortor, KB3XG 
(From QEX, April 1996) 


of my 3456-MHz receiver lineup. I tried the "beg, bor- 

row or steal” method with no success. Bill, W3HOT, 
gave me а copy of a $760-MHz transverter article which 
used pipe-cap filters on the mixers, I scaled the dimensions. 
fora 3456 version and it just so happens that a 1 '/-inch pipe 
ip works fine 
Luseda 2-inch square piece of 0.063-inch G-10 fiberglass 
board, two pieces of 0.085-inch semi-rigid coax with SMAs. 
ich 10-32 brass serew and two brass nuts. The probe 
spacing equals % (0.854 inch at 3456 MHz) and the probe 
length equals i (0.427 inch at 3456 MHz). 

The semi-rigid shield should protrude Ve inch into the 
cavity side. Solderthe coax on both sides ofthe PC board for 
mechanical strength. Measure the length of the probes after 
completing the soldering process. The heat may cause the 
Teflon to walk out of the copper jacket. Drill a hole in the 
top of the pipe cup and solder а brass nut to the cap. Use the 
other nut as a jam nut to assure a good electrical contact to 
the pipe cap. 

‘Secure the pipe cap to the PC board using two small С. 
clamps. Connect your Down East no-tone transverter ог 
equivalent to the filter. Move the pipe cap around to mini- 
mize the filter loss. Simultaneously re-tweak the tuning 


I needed a band-pass filter to reduce the noise bandwidth 
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screw to find the optimum spot for the shell and screw. 
Tighten the C-clamps and solder the pipe cap to the PC 
board. 

1 can't believe this thing works us well as it does. I got 
about | dB of loss at 3456 MHz with a 3-dB bandwidth of 
about 50 MHz, The filter dropped off rapidly below 3.4 GHz, 
but flat topped above 3.4 GHz. There was another peak at 
7 GHz where the probes are Ye waves. This works fine for us 
since we are trying to reject our LO signal. WA3NUF says 
that shortening the probes will increase the loss but sharpen 
the filter skirts, Feel free to experiment at your wa expense. 
The pipe cups are two bucks a piece, so you don’t have to 
feel bad about scrapping а cap or two, 

Frequency Loss 
GH: dB 
20 


Temperature Compensation 
or Crystals 


By Dave Mascaro, WA3JUF 
(From QEX, April 1996) 


nee my “His & Bis" article in June 1994 
S sedas seal homebrewers have asked ques 
fon wen ovens and етиш. Which UN is 

Docs something а, simple а, а thermistor really work? 

Why i temperature compensation а concer? The fe 
quency of your tansveers LO can йй many kilohertz 
.. temperature shanga 
inyoor basemen Few авна ик abor de emper 
ture direi roven o commercial made ras: 
нап when they шке е equipment ot e feld. T 
иеди а T itr shit on ie nonovenized LO of a 
case Reducing (i nt clininaing) he re- 
quency variable when working a weak stop is very 
nica 

Te asie cheapest and fastest vay o temperature con 
ретше a ent ic ase a PTC emisor The leaded 
thermistor KCO0APis $2.31 om igi Key (800-344-4339) 
тї can be added to any стун cirevi 10 mines. The 
tnt isconected ret 1û 12 V e The Yaesu 9090019 
thermistor comes wi s own holder бш sides over sn 
CSS eye The number for Yace USA is 3I0 401 
20 

st ikl ansolder one lead ofthe thermistor without 
amazing te talon Solder tin the side of he oe 
fa Selder tne Natside of he thermistor tote crystal ease, 


Solder the remaining lead to the +12-V line. Solder a small 
gauge wire from the case of the crystal to de ground to com- 
plete the de path. The thermistor is nominally 50 © at 
25° С, so it draws several hundred milliamps for a short 
while, then settles down to an idling current of less than 
30 mA when it reaches its operating temperature. 

T found the 60° С unit to be hot enough, even for the tem- 
perature excursions my equipment sees in the attic. Even in 
winter the crystal temperature stabilizes after about five 
minutes, instead of drifting for hours. Adding a small 
styrofoam orinsulated cover over the crystal will further sta- 
bilize the frequency. 

Don't get hung up on netting crystals to an exact fre- 
quency. Adding a heater will age the crystal in addition to 
moving its frequency, so allow the transverter to stay on for 
several days to complete the aging process. You may not be 
able to pull it back to the original frequency with the crystal 
trimmer. You can either make a note of the exact frequency 
and use it that way, or figure out how far the heated crystal 
moved and order another crystal based on that frequency 
delta and heater temperature. 

1 have added thermistor compensation to several SSB 
Electronic transverters, which all adjusted back to the origi- 
mal frequency. The thermistors work great on reference crys: 
tal oscillators for PLL sources. Adding the $2.31 thermistor 
toa DEM no-tune transverter produces a rock-solid LO that 
‘won't budge even in the hot sun. 
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Mixers, Etc, for 5760 MHz 


A modular building block transverter 


5760 MHz may be the least utilized amateur microwave 
band. Few construction articles have been published and 
very little eguipment is available. Yet there is a wealth of 

surplus components available which are usable on this band 
as building blocks for a transceiver. The missing pieces, 
readily constructed by the microwave experimenter, are de- 
scribed and integrated into a system. 


— — 


By Paul Wade, NIBWT 
(From Proceedings of 1992 Microwave Update) 


Introduction 
5760 MHz may be the least utilized amateur micro- 
wave band Few construction articles have been published 
and very little equipment is available, Yet there is a wealth 
of surplus components available which are usable on this 
band as building blocks fora transverter. The missing pieces 
are readily constructed by the microwave experimenter, so 
that more stations could get on the air. In the week after my 
transceiver became operational, I contacted five other sta- 
tions: For four of us, it was our first contact on this band. 
The wavelength for this band is 6 cm, so a dish antenna 
will have only 3 dB less gain than on 10 GHz—large gains 
are available from modest size antennas. On the other hand, 
amplifiers capable of providing several watts of power are 
much more readily available for 5760 than for 10 GHz. 
Combining them gives a modest station a really impressive 
ERP, so DX possibilities are good. 


Mixer 
The heart of any transverter system is the mixer, and 
there are few choices available for 5760 MHz. Unlike other 
components, surplus mixers for this band are scarce, so 
homebrewing is necessary. One option, the KK7B no-tune 
transverter for this band has a simple bilateral mixer, used 
for both receive and transmit, so that switching is needed to 
utilize separate power amplifiers and receive preamps 
Having separate mixers for transmit and receive is prefer- 
able so that each path may be optimized for is function, 


1 Notes appear at the end of this section. 
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The KK7B transverter has а 1296 MHz IF, probably 
because of the difficulty of making sharp filters, or any 
other high-Qcircuit, reproducibly on a printed-circuit board 
at this frequency. The dimensions are too small and critical 
for normal printed-circuit tolerances. 

Another transverter, with separate transmitand receive 
mixers, was described? (in German) by DISEP and DCBDA, 
and subsequently reprinted? in Feedpoint and 73. The latter 
also described a modification to use a surplus Phase-Locked 
Microwave Source as the local oscillator, and made PC 
boards available, making iteven more attractive, А unit was 
assembled, with abysmal results. There was no apparent 
mixing taking place and the only output was strong LO 
leakage. Closer examination of the mixer circuit suggested 
that it might be a harmonic mixer, operating with a 
half-freguency LO. This was confirmed when we located 
someone who could fake enough German to translate the 
article, At 5.6 GHz, the LO input impedance is effectively 
a short circuit, and measures exactly that. 

Itwas obviously time fora new design. Some time аро, 
1 designed and built series of balanced mixers* using 90° 
hybrid couplers* from 1296 to 5760 MHz. Since these had 
worked well as receivers, two mixers were integrated with 
a third 90° hybrid coupler as a power splitter on a small 
Teflon PC board. The layout is shown in Figure 1. As ex- 
pected, it worked well as а receive mixer, with about 7 dB. 
of conversion loss. However, it worked poorly asa transmit, 
mixer, with transmit conversion loss of around 25 dB. 

This nonreciprocal performance was a mystery until 


Rick, KK7B, steered me to an article explaining why а 90° 
hybrid-coupler works as a downconverter but not as ап 
upconverter. I had only worked out the downconverter case. 
and assumed that it would be reciprocal 

‘One reason for choosing the 90° hybrid coupler is that 
it is a low-Q structure and uses wide, low impedance trans- 
mission lines, so that dimensions are not extremely critical 
and performance should be reproducible 

The KKTB mixer used a 6/4] "rat-race" coupler so the 
next version, shown in the photograph of Figure 2 used this 
structure forthe transmit mixer. Line widths are somewhat 
narrower than the 90° hybrid coupler, but i is still a low-Q 
structure, so it should still be reproducible. This unit had much 
better transmit performance, about 8 dB of conversion loss, but 
its noise figure was not quite as good as the original receive 
mixer, so the original receive mixer was retained, 

"The final version integrates the "pipe-cap" filters like. 
those in the DIGEP^tansverterontothe mixer board. These are 
‘copper plumbing pipe caps for three-quarter inch copper tub- 
ing, with probes 7/32 inch long and tuned with an 8-32 screw; 
dimensions are from the measurements made on individual 
filters. PC board layoutis shown in Figure 3, and the only other 
‘components on the board are the mixer diode pairs and а 
51 ohm chip resistor termination. IF attenuators like those in 
some ofthe no-tune transverters would also fit, and are recom- 
‘mended for the transmit side. No through holes are needed for 
rounding — he radial transmission line stub acts as a broadband 
RF short. The diodes I used (Hewlett-Packard HSMS-8202) are 
inexpensive Ku-band mixer diode pais; they and the mixer 
boards are available from Down-East Microwave. 


Local Osci 

Microwave local oscillators normally start with a crys- 
tal in the 100 MHz range, followed by a string of multipli- 
ers. For 5760 MHz, a multiplication factor of 50 to 60 is 
necessary—not an easy task. Fortunately, there are тапу 
surplus Phase-Locked Microwave Sources (often called 
PLO bricks) available, made by companies such as Fre- 
quency West and California Microwave, These units were 
used in the 5.9-6.4 GHz communications band, and provide 
more than enough LO power for the mixer (a 6 dB attenu 
мог was needed with mine). Some units have an internal 
crystal oven; after a few minutes warm-up, stability is com- 
parable toa VHF transceiver. Operation and tune-up of these 
units has been described by KOKE," WD4MBK, and 
AASC. The sources can be used unmodified to provide 
high-side LO injection, above 5760 MHz, or modified" to 
‘operate below 5760 for normal low-side injection. Unless 
You are obsessive about direct digital readout, high-side 
injection, using LSB and reverse tuning, is perfectly accept- 
able. For CW operation, there is no difference. 

Most of the available sources operate on -20 volts. 
‘This is only a problem for portable operation. WBGIGP has 
described" a +12 volt to -24 volt converter, and surplus 
potted converters are occasionally found. A three-terminal 
regulator IC provides the -20 volts. In order to prevent 
switching noise generated by the converter from reaching 
the LO, this is all contained in a metal box with RFI filtering 
оп both input and output 


tor 


Filter 

A good filter is essential for a serious microwave sta- 
tion, particularly for mountaintop operation. Most acces: 
sible high places are crowded with RF and microwave 
sources, so the RF environment is severe. Гуе seen unfil- 
tered no-tune transverters for other bands fold up and quit 
їп mountaintop environments. 

The best filter I've tried is a waveguide post filter, such 
эз the 10 GHz ones described by N6GN." It is easily built 
using only a drill, tuning is smooth and non-critical, and the 
performance is excellent. Glenn was kind enough to calcu- 
late dimensions for 5760 using standard waveguide and 
hobby brass tubing, as shown in Figure 4, Dimensions are 
Tor WR-137 waveguide for 5800 MHz; reducing the spac- 
ings a hair will give a little more tuning range. I built two 
units; the second, with careful fit and flux cleaning had. 
0.4 dB of oss, while the first, with sloppy fit and soldering, 
had 0.5 dB of loss, Both units measured as shown in Figure 
6, with steep skirts (135 MHz wide at 30 dB down) and no 
spurious responses detectable (»70 dB down). Tuning was 
smooth and easy; with high-side LO injection, the LO and 
image frequencies are out of the tuning range, so 5760 is the 
only output that can be found while tuning. 


Construction Hint: 

Make sure the holes are carefully measured and cer 

tered in the waveguide. Centerpunch lightly. Using a drill 

press, start the holes using a center drill, then drill them out 

a few drill sizes undersize. Then enlarge them one drill size 

ata time until the tubing is a snug fit, Solder on a hotplate 
using paste rosin flux. 


Power amplifier 
Semiconductor devices capable of good power and gain 
at this frequency are not as readily available as complete 
surplus amplifiers. Both TWT (Traveling Wave Tube) and 
solid-state amplifiers in the one to ten watt power range are 
fairly common. TWT operation was recently described by 
KDSRO." These units usually have 30+ dB of gain and 
typically require one milliwatt (0 dBm) drive power. 

Since our mixer has a maximum linear output of around 
-7 dBm, a small intermediate amplifier is needed. A GaAsFET 
stage could be used, but a broadband MMIC amplifier is also 
usable — some of the common MMICS have usable gain left 
at this frequency. WOPW! has described several amplifiers 
using MAR- devices. After seeing several unpublished рг 
pers about cures for oscillating МАВ» in 3456 MHz no-tune. 
transverter, 1 chose to use the MSA-0986, which is uncon 
tionally stable, at the cost of reduced low frequency gain. It has 
а flat gain of approximately 7 dB from about 0.1 to 4 GHz, 
rolling off to zero at about 8 GHz. At 5760, the two-stage 
amplifier shown in Figure 6 has 8.3 dB of gain; the inch disc. 
‘onthe input line js adjusted to peak the output at 5760, yielding 
‘an additional dB, then soldered in place. Gain is still broad 
band, about 14 dB over the 903 to 3456 MHz bands, falling to 
zero at 8 GHz. 

Construction is with minimal lead length on a scrap of 
Teflon PC board, with a soldered sheet brass enclosure. Keep. 
the enclosure dimensions smaller than WR-137 waveguide 
3.20 
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cross-section and it won't oscillate. The blocking capacitors. 
quality chip capacitors 


marked with am asterisk should be hig 


Preamplifier 

The WBSLUA GaAsFET preamps"“ are completely sat- 
isfactory—they work. My attempt to design a single stage 
amplifier was noteworthy only because it oscillates within 
50 MHz of 5760. 


‘Switching 
KH6CP/1 has described two" transverter switching units 
that are à good starting point. Since most surplus coax relays 
‘operate on 28 volts, I tap off some negative voltage from the 
PLO supply through a 7915 three-terminal regulator IC to pro- 


Vide -15 volts to one side of the relay. The other side is con- 
nected tothe +12 voltinput to activate it with a total of =28 volts. 


Surplus 
There is a wealth of surplus components available that 
originally used in the 5.9.6.4 GHz communications band. 
Most of these are broad enough to cover S760 as well. As many 
commercial systems are upgraded, some of it appears 
din-cheap at hamfests—I've seen scrap metal dealers with 
truck-loads. 


Particularly useful components are circulators and isola- 
tors” which allow RF to flow in only one direction, protecting 
amplifiers from load mismatch (and often prevent oscillation). 


Fig 1—First dual mixer layout. 
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Fig 2—Rovised dual mixer. 
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Fig 3— Layout of dual mixer with fil 


use isolators between the LO and mixer, between the preamp 
and filter, and, of course, between the power amp and antenna. 
Other useful components are waveguide sections, useful for 
naking filters, horn antennas, directional couplers, atenua- 
tors, and diode detectors, both coax and waveguide. Some fl. 
ters can be retuned to $760; found a waveguide filter for 6.2 
GHz that just barely reached 5760 at the tuning limit, but it had 
‘more loss than the homemade ones. Slotted lines are great for 
‘measuring VSWR and impedance. Even the cabinet for my 
transverter originally held a now-defunct TWT amplifier. 


Block Diagram 

Fig 7 is а block diagram of the current state of my 
transverter, Of course, with the building block approach, any 
of the blocks can be changed to improve the system, 


Weak Signal Source 
Оп a lightly populated band, having a weak signal source 
available greatly improves your confidence. Ihave been using 
ап 1152 MHz signal source“ based on the no-tune LO scheme, 
with a waveguide diode detector acting as a multiplier to 5760 
MHz (or 10368 MHz). Recently I put together a much simpler 
version, based on an 80 MHz crystal oscillator of the type used 
їп computers. Multiplying by 72 equals 5760 MHz, with no 
other harmonics near microwave calling frequencies. As shown 
in Fig 8, the oscillator drives an MMIC. KITR gave me some 
MWA320MMICs, which run fine on 5 volts like the oscillator, 
and 1 threw together a prototype on a piece of perfboard, 
The oscillator output is a 5 voll square wave, so itis seri- 
ously overdriving the MMIC. As you would expect, the output 
‘waveform looks terrible, probably full of harmonies! Connect 


ing the outputtoapiece of waveguide (which acts asa high-pass 
filter) givesan S9 signal across the basement at 5760. 150 MHZ. 

Higher frequency MMICS, like the MAR or MSA series, 
and better microwave construction would probably work even 
beter 

Conclusion 

The transverter system I have described started out as a 
mixer, then other modular building blocks were added to make 
system, Many of the blocks are from surplus sources, others 
homebrewedas needed. In its current state, it's a good portable 
system for mountaintopping, but not capable of moonbounce. 
However, the building block approach can be used to assemble. 
a system at any level of performance without limiting future 
enhancements. 
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Fig 4—Waveguide filter for 5760 MHz. 
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Fig 5—Measured performance of waveguide filter. 
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Fig 8—5760 MHz weak signal source. 


Fig 7—5760 MHz transverter block diagram. 
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Building Blocks for a 10 GHz 
Transverter 


By Paul Wade, NIBWT 
(From Proceedings of The 19th Eastern VHF/UHF Conference) 


Introduction 
his is not a description of a complete no-tune 
] transverter for 10 GHz SSB and CW, but rather a 
series of building blocks that comprise the critical 
parts of a transverter. These will ease the development of a. 
working narrowband system, but some skill and experience 
is required at 10 GHz. There are still enough vagaries at this 
frequency that a single-board transverter would probably 
nor work as assembled—building blocks can be individu- 
ally checked before assembly into a system. 
One obstacle to the development of reproducible 
10 GHz equipment is the lack of affordable devices to pro- 
vide gain, so the first building block is a two-stage amplifier 
to provide adequate gain in the several places required to 
‘make a working system. Other blocks include a dual mixer, 
with separate mixers for transmit and receive, an LO mul- 
tiplier to generate a 10 GHz local oscillator, and a power 
amplifier for modest power output, plus some blocks that 
others have previously described that don't need reinvent- 
ing. All these blocks can be put together as a transverter, 
such as the block diagram in Figure 13 below. 


Background 
My previous 10 GHz narrowband system used a 
plus waveguide balanced mixer, which performs reason- 
ably well with only an LO, filter, and antenna as a low 
powersystem. However, the low power limits range, and we 
have not made any contacts beyond the range of a good 
wideband FM Gunnplexer system. The next step, integrat- 
ing the waveguide mixer into a high-performance system 
with transmit and receive amplifiers would require multiple 
switches and waveguide to coax transitions, so packaging it 
for portable operation would be unwieldy. A new system, 
using printed microstrip circuitry. was in order. At Micro- 
wave Update "92 in Rochester, I presented a description of 
my modular building-block approach to assembling а 
transverter for 5760 MHz. 


1 Notes appear at the end of this section. 


Since the 5760 transverter designed with inexpen. 
sive, available parts works well, 1 wondered whether a 
10 GHz system could be made with the same approach. 

As this project neared completion, another 10 GHz 
transverter, by КНӨСР, appeared in OST. Zack's design“ is 
also constructed as a series of building blocks, and someone 
contemplating building a 10 GHz system would do well to 
study both his version and Zack's, and perhaps choose the. 
block that best fit available components and talents. 


Two-Stage Amplifier. 
One obstacle to the development of reproducible 
10 GHz equipment is the lack of affordable devices to pro- 
vide gain. The no-tune transverters for the lower microwave 
bands use low-cost silicon MMICS for the gain elements, 
but these don’t work at 10 GHz and gallium arsenide MMICS 
are not cheap. WBSLUA has described excellent low-noise 
preamps,’ which are also useful as low-power amplifiers, 
but the GaAsFETs that Al used are rather pricey. Inexpen- 
sive GaAsFETsare available, soa reproducible design could 
be used as a gain block like an MMIC. 


Amplifier Design 

"The design goal for this amplifier was simple: to utilize 
the cheapest readily available device that provides good 
performance at 10 GHz. The best 1 found is the Avantek 
ATF-13484 at $4 from Down East Microwave. A bit of 
‘computer calculation with S-parameters yielded a straight- 
forward design that could be printed on common /»-inch 
thick Teflon PC board. The circuit has a transmission line 
and a stub at the output, plus bias decoupling networks. A 
layout with two identical stages is shown in Figure 1 

A proper bias network is one key to disaster-free opera. 
tion, I prefer the active bias circuit described by WBSLUA? 
for his low-noise GaAsFET preamps. The schematic dia- 
gram in Figure 8 shows the two-stage amplifier with active 
bias circuits. The component values shown result 
in an operating point of about 3.5 volts at 35 mA for each. 
stage. 
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ifier Performance 

Measured gain, shown in the curves of Figure 2, is 
about 15 dB at 10368 MHz. This performance was achieved 
after minor trimming of the stubs nearest to the connectors, 
probably to compensate for the connector mismatch. The 
obe. dn compression point was around +13 dBm, a modest 
amount of power at 10 GHz. Although the amplifier was 
designed to work with the ATE- 13484, other available small 
GaAsFETs also work fine, Units were assembled using the 
Mitsubishi MGF-1302and MGF-1412, which both provided 
‘more gain than the original with no tuning, about 21 and 
19 dB respectively. Curves for these amplifiers are also 
shown in Figure 2. 

Noise figure measured around 5 dB at operating cur- 
rent, and would probably be lower at lower current with abit 
of retuning. This is hardly a super front end, but itis respect 
able for the cost, and much better than the bare mixers many 
of us have been running. 

Figure 2 also shows the predicted ATF-13484 perfor- 
mance for lossless components. Measured gain for the 
ATE-13484 unit is a bit lower, as might be expected with 
real components at this frequency. 


Amplifier Construction 
Construction is with minimal lead length on Teflon PC 


board, with a soldered sheet brass enclosure. Components 
marked with an asterisk are chip capacitors or resistors, and 
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the blocking capacitors should be high quality chip capacitors 
Parts placement can be seen in the photograph, Figure 7. 

Achieving minimum lead length takes a bit of effort, 
butis worth it. Ido itby bending the ground leads down right 
atthe package, as illustrated in the sketch by DB6NT*shown 
in Figure 9, Then I drill a hole in the PC board, which just 
fits the package body, and file the sides just enough for the 
ground leads to slip through. Then I push the device down 
‘until the input and output leads start to bend up, so the ground 
leads are as short as possible. The ground leads are then bent 
‘ver and soldered to the ground side of the board right at the 
edge of the hole. 


Stability 

The key to stability in these amplifiers is minimum 
ground lead inductance, achieved by keeping the leads as 
short as possible. In one of the units, | assembled 
MGF-1412 devices in smaller holes drilled for MGF-1302 (1 
dropped my last 1302 on the floor and couldn't find it). This 
resulted in slightly longer ground leads, perhaps 0.5 mm, and 
an extremely unstable amplifier, which couldn't be tamed, 

Computer simulation with additional ground induc- 
tance confirmed this behavior, which was only cured by 
getting more MGF-1302s and installing them. Computer 
analysis with minimum ground lead inductance predicts sta- 
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Fig 5-PC layout for 10 GHz LO multiplier. 
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Fig 6-PC layout for 10 GHz power amplifier. 


Fig 7— Photograph of two-stage GaAsFET amplifier for 
10 GHz. 


bility above 4 GHz, but shows a potential instability at lower 
frequencies, which is readily cured by adding resistance 

10 ohm chip resistor was adequate 
for stability and does not appear to affect the 10 GHz gain: 
the only drawback is that it draws current from the negative 
bias supply, so that some of the smaller voltage inverter 
circuits may not provide enough current 


from gate to ground. A 


Dual Mixer 
The $760 transverter uses а dual mixer, with separate 
mixers for transmit and receive, so that each path may be 
optimized for its function, and separate amplifiers for trans- 
mit and receive are easily added. In fact, for 5760 I used 
different types of mixers for the two paths. However, when 
tried to scale this design to 10 GHz, the 90° hybrid coupler 
balanced mixer used for the receive was no longer practi 
cal—the wide, low impedance transmission lines would be 
wider than their length. One alternat 
thinner Teflon PC board material, which would make the 
lines proportionally narrower: however, this would make 
the high impedance line sections very narrow, Since 1 
wanted to use the more common "^: inch thick material, the 


re would be the use of 


other alternative was to change the receive mixer design to 
the 6/41) “rat-race” coupler type used in the tra 
Now the linewidths are reasonable for my basement PC 
board techniques. 

The complete mixer integrates the "pipe-cap 


filters 
onto the mixer board, as originally described" (in Germ 
by DJGEP and DCODA, in a transverter for 5760 MHz, The 
filters are made from copper plumbing pipe caps for . 
inch copper tubing, tuned with a 6/32 brass screw, with 
probes of 424 wire projecting inch above the ground 
plane inside the filter. The probes are "inch apart A 
cross-section sketch of a pipe-cap filer is shown in Figure 
3. 1 started with dimensions from the measurements 
WASVJB® made on individual filters. However, the differ- 
ence in construction techniques seems to make a significant 
differen Hz, so I chose the length 
after making the measurements plotted in Figure 10, for a 
3 dB bandwidth of about 140 MHz with loss of about 4 dB. 
PC board layout is shown in Figure 4. Other than the 
filters, the only components on the board are the mixer di 
‘ode pairs and a 51 ohm chip resistor termination. IF atten 
могу like those in some of the no-tune transverters would 
also fit 
through holes are needed for grounding—the radial trans 
mission line stub acts as a broadband RF short. The diodes 
1 used (Hewlett-Packard HSMS-8202) are inexpensive 
Ku-band mixer diode pairs. 


in performance at 10 G 


‘and are recommended for the transmit side. No 


Mixer Performance 

Performance of the 10 GHz dual mixer is not as good as 
the 5760 version—we are pushing the limits of these simple 
techniques. Conversion oss is around 13 dB. partly due tothe 
4 dB filter loss. This is part of the compromise for making it 
simple and inexpensive, However, we can overcome the loss 


with the amplifier described above 
Mixer performance is dependent on the local oscillator 
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Fig 8—Schematic diagram of 10 GHz amplifier 


power. The HSMS-8202 diodes require less LO power than = = 

most, which is usually an advantage. Low LO power will imi ` 

the maximum output power from the transmit mixer, while : — 

excess LO power will increase the receive mixer noise figure, — 

зо the optimum рой is a compromise, Since the LO power e, E 

splitter on the mixer board is not perfect, one mixer may get b — 

more LO than the other, so test both sides as both nene 

8 Fig 9—Achieving minimum lead length (by DBENT). 
Mixer Construction 


Construction is with minimal lead length on a Teflon PC © a temporary stainless-steel screw (Solder won't sick to i, 
board, with soldered sheet brassaroundthe perimeter for SMA © Then 1 center the open end in the scribed square on the PC 
connector attachment. This is the procedure I use: The copper © board ihe flux holds itin place. Finally, 1 fita circle of thin 
Pipe-cap filer should be installed first, оп the ground-plane wire solder around the base of cach pipe сар and nu, push 
Side ofthe board. In preparation, Il Чрни holes for down gently, and heat each pipe cap for few seconds with a 
theprobesandmakeclearancehoiesinthe ground plane around propane torch until the solder melts and flows into the joints. 
the probe holes. Then 1 measure from the holes and scribe a" Afer everything cools, the temporary stainless-steel 
square on the ground plane that the pipe сар just fits inside. screw shouldbe replaced with Ya- inch long brass tuning screws 
[Next prepare cach pipe cap by drilling and tapping (use lin andlocknuts The remainder ofthe assembly is performed wi 
oli hole for a tuning screw, then flanening te open end a soldering iron, using the photograph of Figure 11 as a guide. 
by sanding on a flat surface. Then 1 apply resin paste flux 

lightly to the open end and the area around the screw hole. A Local Oscillator 

brass nut, added to extend the thread length, isheldin place by Містокане focal oscillators normally start with a crystal 
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Start 0045000000 Oz 
Stop 12000000000 GHz 


Fig 10—Measurements on '” pipe-cap filter. 


in the 100 MHz range. followed by a string of multipliers. For 
10 GHz, a multiplication factor of 100 or more is necessary — 
notan easy task. However, most of the work has been already 
done in making local oscillators for the lower microwave 
bands, so only one more stage of multiplication is needed. 1 
will describe this approach as well as the surplus alternative. 


Phase-Locked Microwave Sources 

If youare fortunate enough o find them, there are many 
surplus Phase-Locked Microwave Sources (often called 
PLO bricks) available, made by companies such as 
quency West and California Microwave. Most of the avai 
able surplus units were used in the 11-12 GHz band, and 
provide adequate enough LO power for the mixer. Some 
units have an internal crystal oven; after a few minutes 
warm-up, stability is comparable to а VHF transceiver. 
‘Operation and tune-up of these units has been described by 
КОКЕ, WD4MBK," and AASC. The sources can be used 
unmodified to provide high-side LO injection, above 
10368 MHz, or modified" to operate below 10 GHz for 
normal low-side injection. Unless you are obsessive about 
direct digital readout, high-side injection, using LSB and 
reverse tuning, is perfectly acceptable. For CW operation, 
there is no difference. 

Most of the available PLO sources operate on 
-20 volts. This is only a problem for portable operation, 
 WBGIGP has described" a +12 volt to -24 volt converter, 
and surplus potted converters are occasionally found. A. 
three-terminal regulator IC provides the -20 volts. In order 
to prevent switching noise generated by the converter from. 
reaching the LO, allthis should be contained in a metal box 


нм goto: Й) 
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Fig 11—Photograph of 10 GHz dual mixer. 


with RFI filtering on both input and output 


LO Multiplier to 10 GHz 
‘The PLO bricks are relatively scarce, and they do re 
{quire a substantial amount of power, so a multiplication 
from a lower frequency is an alternative. One attractive 
choice is the 2160 MHz LO for 2304 MHz by KK7B; 2160 
multiplied by five equals 10800 MHz, which is perfect for 
2432 MHz IF at 10368 MHz. Since the pipe-cap filters have 
а bandwidth of about 140 MHz, using 432 as the IF will 
provide much more LO rejection. 
ve never had much success with GaAsFET frequency 
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multipliers, so a diode multiplier seemed like the way to go. 
А recent article in Microwave Journal described using 
back-to-back diodes to favor odd harmonies in milli 
meter-wave frequency multipliers. Why not at lower f 
‘quencies? used the same diode pair (HSMS 8202) used in 
the mixer, with both diodes connected from a 50 ohm line 
to ground to form a back-to-back pair. The diodes are i 
stalled by cutting a small slot, slighty larger than the diode 
package, through the board right next to the transmission 
line. The diode leads are bent so that the single common 
Jead is soldered to the transmission line and the pair of leads. 
‘on the opposite side of the package are bent and soldered to 
the ground side of the board, 

The diodes are followed by a pipe-cap filter, just like 
the ones on the mixer board, With approximately +20 dBm 
applied at 2160 MHz, output was about —5 dBm at 
10800 MHz; our two-stage amplifier will bring this up to an 
adequate LO level, The multiplier output is relatively in- 
sensitive to the input power. To test the output spectrum, I 
turned the tuning screw in the pipe-cap filter; the only other 
response was at 6480 MHz, the third harmonic, so the 
back-to-back diodes do favor odd harmonics. Replacing 
them with a single diode reduced the output at 10800 MHZ 
by about 6 dB, further proving the effectiveness of this 
configuration 

‘The KK7B" 2160 MHz source has an output of about 
+10 dBm, so some amplification is required to drive the mul- 
tiplier. W3HOT suggested the MRF-95 bipolar transistor for. 


this stage, and it works well, providing more than +20 dBm 
‘output with about 9 dB of gain, operating at volts and 50 mA. 
PC board layout, shown in Figure 5, includes the pipe-cap. 
filter; the multiplier diode is opposite the printed arrow. The 
schematic diagram is shown in Figure 12. 
Constructions like the two-stage amplifier, except that 
everything is much larger! For tune-up, I assemble every- 
thing but the diodes and pipe-cap filter probes, then bridge 
the filter with a brass strap, and test the amplifier at 
2160 MHz (The amplifier alone makes a nice power ampli- 
fier for a 2304 MHz no-tune transverter). After verifying 
that the amplifier works, I remove the strap and install the 
diodes and probes. Then the filter is tuned for output power 
at 10800 MHz (the first response as the screw is turned 
ward) and the amplifier tweaked for maximum output 


Power Amplifi 

The two-stage amplifier described above has a one an 
compression point around +13 dBm, or 20 milliwatts. This 
is hardly ORP at 10 GHz, since we have been using barefoot 
mixers with 20 dB less output, but more power is always 
attractive. I reviewed the available higher-power devices, 
and most of them seemed to have litle gain left at 10 GHz, 
so many stages would be required. One possibility was the 
AT-8250 (ATF-25170), offering moderate power with us- 
able gain. A two-stage amplifier was designed with a 
(ATF-13484 as a driver for increased gain, with the layout 
shown in Figure 6, 
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Fig 12—Schematic diagram of 10 GHz LO multiplier. 
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The amplifier has about 13 dB of gain and a one-dB 
compression pointof about +19 dBm; abit more drive yields 
100 mW output—respectable power at 10 GHz, 

To provide the additional power, the AT-8250 is biased 
to 5 volts and 50 mA. by changing component values in the 
bias network, as shown in Figure 8. Otherwise, it is so simi- 
lar to the two-stage amplifier that a separate schematic is 


Tune-Up 

This is not a no-tune design. Components and PC boards 
are just not consistent enough for that. However, they are close 
enough that things will work if assembled correctly, but need 
some tuning for optimum performance. Obviously, the tuning. 
screws in the pipe-cap filters must be tuned to frequency, but 
the amplifiers and mixers also benefit from fine tuning. This 
accomplished by sliding little pieces of thin copper or brass 
around on the printed transmission lines, looking for 
“hot-spots” which significantly change the output. If the out- 
put increases, the metal piece can be soldered in place to make 
it permanent. On the other hand, if the output decreases, а bit 
‘of the printed metal may be trimmed off with a sharp knife. 
Make smali changes! Itdoest take much at 10 GHz, anda few 
small improvements can add ир. 


Transverter Block 
Figure 13 illustrates one possible block diagram for a 
Wwansverter using the building blocks described above. 
Expected signal levels are shown at each point. The isolators!” 
shown are optional, but recommended to ensure stable opera 
tion if you have them—they frequently appear at our local flea 
‘markets at very reasonable prices. An isolator will allow RF to 
flow in only one direction, protecting amplifiers from load 
‘mismatch (and often prevent oscillation). For the preamp, I'd 
recommend the WBSLUA! design. 


An output filler is highly recommended, particularly if 
mountaintop portable operation is contemplated. Most acces- 
sible high places are teeming with RF microwaves, so а good 
filter will keep them out of your transverter. One excellent one 
is the waveguide post filter described by NGGN,'* which is 
easily built in a section of surplus waveguide and provides 
performance far superior to the pipe-cap filters. Since most 
10 GHz antennas аге fed with waveguide anyway, the filter fits 
well at the output. 


Conclusion 

Not surprisingly, working at 10 GHz is more difficult 
than the lower microwave bands. Everything is more criti- 
‘cal—some things can be tuned by tightening an SMA con- 
nector (the only kind that works). Test equipment is neces- 
sary; you don't have to have a fancy lab, but having some 
way of measuring power and frequency is essential. Al the 
equipment 1 used for tune-up has been obsolete for years, 
and most was found at flea markets. Later was able to use 
а fancy Network Analyzer to generate some of the plots in 
this paper. 

What was encouraging is that a circuit design can 
be analyzed on a computer, fabricated using basement 
printed-circuit techniques, built with tinsnips and soldering 
iron, and work rather reproducibly if built with care. On the 
other hand, the amplifier instability described above, which 
was caused by a little extra ground lead length, was a real 
eye-opener. 

The building blocks described should make it possible 
for someone wishing to get on 10 GHz to assemble a 
transverter by building one piece at a time, checking it ош, 
making contacts, adding on for increased performance, and 
learning more with each step. Also, ай PC boards and critical 
parts are available from Down East Microwave, climinating. 
the often daunting task of finding that one last elusive par 


‘ocr 


Fig 13—10 GHz transverter block diagram 
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Just About as Cheap as You Can 
Get 10 GHz 


The guts from a RADAR detector, a Ramsey Electronics 
FR10, and a 2N2222 modulator puts you on the air. 


By Kent Britain, WASV]B 
(From Proceedings Of 1996 Microwave Update) 


һе Ramsey FRIO is easily converted into а very 
] sensitive 30 MHz wideband FM microwave IF. The 
FR-10 has two filters in the IF section, simply by 
passing the second filter and letting the first 10.7 MHz filter 
дой» job, makes the FRIO a 200 kHz wide receiver. I chose 
to reduce the tuning range of the receiver to about .S MHz, 
but this was a personal choice. The NE-602 Mix/Ose IC can 
be erystal controlled. See the February "92 issue of 73 Maga- 
zine, page 21 for some suggested circuits 
Figure I is the only mod you have todo; replacing FL2 
with a .01 mfd cap makes the FRIO a wideband receiver. 
The .01 goes from pin 3 to pin 5 of U2 
Figure 2 is the audio stage, The FRIO is designed to 
drive a speaker and is far too hot for headphones. (On 
Gunnplexer systems you need headphones to prevent feed 
back.) Omitting C35 (it was optional anyway!) and adding 
the 330 ohm resistor worked well 
Figure 3 was my tuning range mod. Replacing C12 
with a 12-15 pF and adding another 12-15 pF across L3 
tightened up the tuning range. Replacing C12 with a 22 pF 
will also work giving а 1 MHz tuning range and the ultimate 
would be the 73 Magazine mod using а 40.7 MHz xtal 


Alignment is quick. Put the tuning control in the middle of 
its range and listen to a 30.0 MHz signal while adjusting L3. 

Figure 1 also has a mod suggested by Al Ward. The 
3.9K resistor across the quadrature detector coil broadens 


the FM detector response and improves audio response with 
highly deviated signals 

The RF head in Figure 4 is the guts from a RADAR 
Detector. To retune the Gunn oscillator from 11.5 to 
10.25 GHz you'll need either а Wavemeter, Spectrum Ana- 


Fig 1—Ramsey FR-10 mods. 


Fig 3 Ramsey FR-10 mods. 
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Fig 5—Powor supply and modulator connections. 


Iyzer.oran EIP type microwave frequency counter, А friend 
with test gear is very valuable at this point. 

The IK resistor and 39 pF capacitor in Figure $ are 
typical values. I usually use a 10-80 pF trimmer and tweak 
for best sensitivity. The 0.01 to 0.1 HF cap across the Guan 
diode keeps down noise and УНЕ parasitic. 

IL only takes 0.1 volt of audio to wideband FM modu- 
late а Gunn oscillator. This modulator is simply a 2N2222 
audio amp taken directly out of the ARRL Handbook. No 
ALC or compressor circuits are used. On 10 GHz FM you 
hear your own signal coming back, audio weak—speak up, 
too loud — back off the mike. 
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‘The 39 ohm 2 watt resistor drops the 12 volts to 8 volts 
‘atthe Gunn diode. This can be tweaked for best results and. 
is atypical value. Varying the 12 volt source will give you 
a limited tuning range. 

Use shielded wire between the modulator and Gunn 
diode to keep down hum and RF rectification. 

More complicated and versatile PSUS (Power Supply 
Modulators) are described in The RSGB Microwave News- 
lener Technical Collection and the RSGB Microwave Hand- 
books. This design was kept as simple as possible. PS: 
Works with 24 GHz Gunns as well. 

See ya on 10 GHz! 


A “Tri-Band Booster“ —or “Improving 
2,3 and 5 GHz at WA1MBA” 


— mm 
By Tom Williams 
(From Microwave Update '97) 


Problems with SHF from the Home Station 

Аз some of you know, 1 run a home station that is 
active on all UHF and SHF bands (24 GHz to come soon). 
After being on the air for several years, and upgrading all 
aspects of the station, | have been bothered by the limited 
DX on 2, 3and 5 GHz. Sure, can work the mountaintoppers 
out to 100 miles or more, but there are good stations that 1 
can't work during contests or other times. Simply put, this 
station could do a lot better in transmit power and receive 
nose figure. 

As you can see, in Figure 1, there is a lot of cable 
resulting in significant losses. My original intent with this 
station was to put the LNAs as close as possible to the feed. 
This configuration is quie acceptable on the “low bands 
but at 2304 and up the loss between the top-of-the-tower 
box andthe feed is too great. Ihave about 7 dB of loss ahead 
of the 5 gig LNA, 4 dB on 3 gig and about 3 dB on 2 gig. 
This results in unacceptable system noise figures of 4 to 8 
dB, whereas a good terrestrial station should achieve under. 
1 dB onal these bands. On the transmit side, antenna power 
levels are 2 watts on 2 gigs, and about a hundred milliwatts 
оп 3 and 5 gigs. I figured that about 10 watts on each band 
would be enough to work the DX that I am missing, The 
only way to fix all of this is to put power amps and LN 
as close as possible to the feed 


The Plan 
The perfectsystem would havea wideband high power 


amp (2 to 6 GHz) and a wideband LNA. This way, two 
components would be needed, along with simple relays to 
boost the transmit and receive signals, and my problem 
would be solved with an elegant system. But elegance is not 
in the cards 

Unfortunately, high power amplifiers that cover that 
range are very tricky to build and many thousands of dollars 
to buy. There are TWTAs that would cover the range, but 
this would mean having high voltages and a sensitive and 
expensive system up top. If 1 owned two miniature 10 W 
TWTAS (one for a spare), 1 would probably use them. If 1 
ever design a solid state 10 W amplifier that covers all these 
bands, I will certainly share it with the community. 

On the receive side, wideband preamps do exist. LNAS 
that cover these frequencies can be built with noise figures 
below 1-5 dB, but are very expensive, and no designs that 1 
know of have been made public. One сап achieve about 
2+ dB with a GaAs MIMIC. I wanted to achieve under 1 dB 
noise figure, preferably 0.8 dB at 5 GHz, and 0.4 dB at 
2 GHz. Fortunately, single band designs and parts that 
achieve this performance level are readily available. 

Given all the above considerations, | set out 10 build 
separate amplifiers and preamplifiers for all three bands, 
and came up with a concept for the booster, based on con- 
necting them with seven-port coaxial relays and appropriate 
power switching. I also included output power monitoring 
and а bypass connection in case any device becomes in- 
operative (or suspect). 


Band Powerin Shack Power at Feed 
2304 41dBm(10+W) 34 dBm (2+ W) 

3456 33dBm(2W) 18.5 dBm (65 mW) 
5760 37 dBm (5 W) 20.5 dBm (0.1+ W) 


and Gain Needed to Achieve 10 W at the Feed 


Cable 
Loss Achieve 10W 
798 вав 

14548 21.508 
16.598 19508 
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Fig 1—WATMBA 0.9 through 5.7 GHz before booster. 


The Ex 


Decisions, decisions. 

First, I had to decide whether to buy or build. It turns 
out that there are some sources of ready-made amplifiers. 
for these bands, the higher power ones are very (very) ex 
pensive new, but there are occasional surplus amplifiers 
showing up at flea markets at a fraction of their original 
price. The flea market prices I've seen for 10 W S gig amps 
is $4010 $150, The Avantek ones take -28 Vdc and are very 
heavy. They are TWT replacements, having lots of low level 
gain so that they can be driven by as little as O dBm. Al- 
though excessive gain isn't a problem, I decided that the 
weight, and difficulty in making it a lot smaller would nix 
‘using this fine amplifier. The $150 five watt surplus unit 1 
found is much smaller, and runs on +12 Vde. Very nice, But 
T really wanted an even smaller package than this unit, and 
T wanted to build as much myself as possible, in order to 
gain experience. I put my five watter in service driving the 
transmit coax from the shack. I've also found 3 and 2 gig 
amps being sold from time to time, but they all were either 
100 large or too expensive—and often both. 

1 decided to build a 2304 amp that WA3JUF (now 
W3KM) had described that uses a bipolar device normally 
designed for high power in class C operation. His design 
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uses a heavy bias supply, resulting in class AB operation 
(clean signal) with about 10 dB of gain and an output around 
10 W. This was just what I needed for this band. 1 asked 
Dave for some help, and he was glad to assist me with a spare. 
device and a design. I found a dead amplifier (originally 
built for 903) that had a milled out stot for the transistor that 
was an exact fit. The resulting 2304 amplifier is quite small 
‘The only disadvantage is that it needs heavy current at 
+28 V and -5 V. 

For 3 GHz, I went with a DBONT design that Eisch 
Electronic of Germany had advertised. It is based on MGF 
(I think) 904 and 905 FETs, which are not expensive. They 
had the board, an aluminum slab for a base, and a parts list. 
‘This looked like a good next project for me, not too difficult 
то зер up to 3 gig after 2 gig. Itis described in the DUBUS 
Technik books. It has an extra input stage that would allow 
it to achieve fall output with about 50 mW of drive. Its 
specifications were just what needed for the band. 

"The 5 GHz band starts to get tricky. Construction detail 
‘and quality become even more important than on the lower 
bands. I decided to try a DBÓNT design. | had no base plate, 
зо [ was going to have to learn simple machining with no 
experience, 

For receive LNAs, I knew that I had to copy an LUA or 
а KH6CP design in order to get the performance I desired. 


Down East Microwave had begun to make kits of the LUA 
designs (around the ATF-36077) 1 picked up the 5 gig board 
“and parts, and found a suitable enclosure in the junk box. For 
the Zand 3 gig units. Lordered the enclosure from DEM as well 


Acquiring the Parts 

Before building anything, it's a good idea to acquire all 
the parts. In the case of the 2 gig amp, I already had all the 
parts, For the 3 gig amp, I decided to order the board and the 
aluminum base plate from Eisch Electronic in Germany 
‘They take credit cards and when 1 called I found that they 
would speak English (a lot better than 1 could speak Ger- 
man!) Eventually, I placed two orders by fax (1 didn't in- 
clude everything on the first orden). It took about three weeks 
to get each order. Because of the added costs, I only ordered 
the parts that could not readily obtain in the US. I got most 
of the standard parts (surface mountelectrolytis, integrated 
circuits, voltage regulator) from Digi-Key, Mouser, and/or 
Newark, 1 obtained most critical RF components (surface 
‘mount resistors, ATC capacitors and some active devices) 
from Down East Microwave. Altogether, 1 spent about $85 
‘on the parts forthe 3 gig amp. This cost included overseas 
shipping and money exchange. Some of the parts used were 
from my shack supply, so if 1 had to buy everything new, 
including the heat sink, it would have been more like $150 
for parts. 

For the 5 gig amp, I had been keeping my eyes open for 
about 3 years for devices, and happened to find a supply of 
Avantek 5964-3, which are 3+ watt devices, and some 
Mitsubishi MGFC39V-6472A, which are 8+ wate devices. 
The first could drive the second quite well. Neither of these 
devices is designed to work at 5760, although the 5964-3 is 
typically tested as low as 5700. The 6472 is designed to run 
(as you might assume from its part number) from 6.4 to 
7.2 GHz, so I expected that it would need a little tuning to 
bring it to power at 5760 MHz. 


Table 2 


Free Advice for Novice Machinists 


пет 
Placing a hole 
Drilling a hol, 


yes ANY hole 
continued 


Tapping 
continued 


continued 
Cutting 


Gooting up. 


Froe Advice. 

Use a fine punch to scribe first, then a larger punch. 

Drill a first pilot with a #55 or the smallest your press, 
will hold, then drill a larger pilot hole, then drill the final hole. 
Hassle? Yes. Worth it? YES! 

Use a tapping or driling fluid on the bit, such as Aluma-Tap. 
After each ' inch of depth, clean the bit and add fluid. Your 
bits wil last forever. 

Use a tapping fluid or wax. Use it every time you insert the tap, 

Rotate forward ' to 7 turns, and then back ile to Vs to 
break the thread chips. Never force the tap. Always rotate 
without any sideways force. 

Remove the tap every 5 turns or so to clean and re-lubricate. 

Measure and mark at least twice, cut slightly big and file the 
edge down. 

Take a walk, watch TV, get on the air for a while. Sometimes 
long projects just need time off inorder to clear the mind. 


Building Blocks 


nd Construction 


m 


At first wanted to use a straightforward design by Al 
Ward fora single stage. It would need to be changed toa two 
stage and have a bias/cegulator power supply added. Since 
T had not actually made a printed circuit board in about 15 
years (and even then I was not working on RF boards), 1 
decided to obtain a DBÓNT, two-stage ready-made board as 
well. This turned out to be a good idea, To make my own 
board, I tried a laser-printer/iron-on technique from a sup- 
plier of a pattern transfer kit. There were many descriptions. 
‘of what can go wrong and what to do about it. After three 
tries, thought had good transfers (onto an expensive piece 
of Duroid) and went ahead with etching. The results were 
not good. Next time I tr to make my own RF boards. I will 
either directly lay tape on the board. or use a photoetch 
technique. This time, I would use the DB6NT board. That 
boards two stage, where the first FET is meant to be a much. 
smaller one than the 5964, so I had to squeeze it in. 

Parts for the 5 gig amp were obtained from Digi-Key 
and Down East. There was no baseplate, so I decided to take 
a simple approach to creating one. This is described below. 
1 obtained metals and hardware (those tiny 080 hex сар 
screws, tapping tools, ete) from Small Parts, Inc. 

The biggest problem that I have with acquiring parts is 
that I always forget something. Usually this means another 
minimum order, which can mean $25, even if only forgot. 
250,32 resistor. At first I thought that I would get better at 
making sure that would order everything, and perhaps have 
become better. Lately | have adopted another technique, and 1 
find this quite satisfactory. I keep a list of items that I would 
like to have, but don't absolutely need. Then, when I goof and 
have to place a small order, I first ask my friends if they need 
any small pars (to pad the order) and if I need more, | order 
from my “wish list." The other advice I have is to be as gener- 
‘ous as possible with those hard o find parts in the stash. Gen- 
erosity is usually paid back with interest. 


Building 

Oh my, isn’t construction fun! I get both great frustra- 
tion and satisfaction from building things myself. There are 
several aspects of building an SHF amplifier that сап each 
be a challenge. The two construction challenges are solder- 
ing those tiny things (just where you want them), and the 
second is drilling, tapping and cutting aluminum (just how 
you want it) 

After years of practice, Lam getting to an acceptable 
level (although far from the best) at soldering.— actually 
making the electronics. The only challenge for the 5760. 
amp was that there was no description of this amplifier in 
any ofthe texts Thad from DUBUS. I was either missing the 
issue, or this particular amp wasn't published. In any case, 
the only important unknown was the placement of the power 
Supply parts, and it turned out to be a fairly standard design, 
so that was not a problem. 

When it comes to the mechanical paris, however, Lam 
really a novice. Ken, WIRIL, has figured out how to con- 
vert a drill press into a small milling machine, appropriate 
for this kind of work. He has helped me by making a very 
nice enclosure and base fora 10 GHz amplifier. Someday I 
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hope I do machining as well as he, but I don't know if 1 have 
the patience. I built the 3 GHz amplifier enclosure by bend. 
ing hobby brass in two "Ls" to surround the aluminum base. 
The transistors for that amp are shallow enough that stots do 
‘not need to be cut in the base. It worked! In the process I 
learned all about drilling and tapping 6-32, 440, 2-56, and 
уез 0-80 holes. I've broken several taps, drilled some holes 
in the wrong spot, and made a few cuts at bad angle or too 
short. It took me a while to learn some of the following 
things, that I thought I would summarize to help you if you 
are also a novice amplifier builder. 

T don’t doubt that you could learn these and more from. 
а machinist, or in a good high school shop, but somehow I 
missed that year of shop—we seemed to always be working 
ith wood, 1 doubt that walnut would make a good amplifier 
base, Anyway, I'm not the expert, so I offer the following as 
free advice” (Table 2) and hopefully it will be worth more 
than it costs. 

Because I have not converted my drill press into a mil 
1 could not cut slots into the base plate for the transistors in 
this amp. Instead, I made a second, “false base" of thin alu- 
minum between the board and the real base (see Figure 3). 
By cutting slots into this false base with a nibbler tool, and 
drilling it with “through holes" for all the screws that hold 
down the board, the power FETs could be recessed as needed 
to keep their leads at the level of be striplines on the board 
Well this was the idea anyway 

Not following my own advice, 1 calculated the wrong 
depth for the transistors, and so the 0.032 aluminum sheet was 
aite to thin to achieve the proper depth. So, the power FET 
leads had to be bent down to the board approximately 0.02 
inch. This sounds small, but felt pretty lucky that I didn tend 
up with instability. Two layers of 0.032 would have been just 
a lile too much, I donot recommend this approach unless you 
‘absolutely cannot get the slots machined out properly. If you 
decide to use this approach, try to use material of the right 
thickness, and "measure twice” with a caliper. 

It is often recommended that you use silver loaded 
epoxy to glue down the board so that a good RF contact is 
made to the base, resulting in a good match to the transistors 
and the RF connectors. I agree that this is good advice, but 
not always needed. At 10 GHz and above, this is probably 
always the case. At 5 GHz and below. I recommend con. 
structing without the epoxy. Then, when testing, press down 
hard around the FETs and the connector parts of the board 


Table 3 
Input/Output of the 2-Stage 5760 Amplifier 
dBm input dBm output 

165 365 

175 374 

185 382 

195 39.0 

205 394 


Saturation is reached at 20.5 dBm input, the maximum 
drive power available. 


to see И the contact resistance is contributing to any loss of 
performance. I it is, then silver epoxy is in order, Other- 
wise, don't bother. My board had plenty of screws in those 
critical places, and the epoxy was not needed. 

By the way, this epoxy is also quite expensive and has 
a short shelf life. Unfortunately, it doesn’t take a lot of 
‘epoxy to glue down a board, Because the material tends to 
harden in the tube, and any exposure to air will make this 
worse, I would recommend using the entire epoxy kit at one 
ume So, to reduce waste, it's a good idea to store up ай the 
projects that need silver epoxy and do them all in one sitting. 


Testing 

One should always perform a de test before placing the 
power FETs into an amp. This is true of LNAS as well. Make 
sure that the amplifier can handle the power load without 
significant change in voltage, To do this, temporarily sub- 
stitute for the FETs power resistors that will draw the same 
current. Set the bias supplies to-1.5 V. If you have a ‘scope, 
ty to make sure that the bias comes on before the + Vis 
supply. Then install the power FETS. The next step is to set 
bias. With a load on the input and output of the amp, adjust 
bias for the right idle current for each device. The big-boy 
10 watters can take as much as 2.4 A of drain current at the 
proper bias setting. This represents over 20 watts of dissi 
pation! Things get hot quickly. Once bias is adjusted, it's 
time to tune up the amplifier. 

Оп 2 gig amps. it's common to have variable piston 
capacitors as part of the tuning process. On all stripline 
solid-state amplifiers (even on amplifiers with tuning са- 
pacitors) the best gain and power can be achieved through 
some “snowflake” tuning. This kind of tuning amounts to 
placing small pieces of copper foil along the striplines of 
the power FETs and soldering them in place, It's a process 
that can take hours, even several sittings, before the output 
and gain are maximized. Usually, the best results are ob- 
tained with two pieces of foil along each section of stripline. 


Unfortunately, there is sometimes not enough space to place 
them exactly right, so three pieces might be used. 1 have 
found that in some cases only one piece or rarely, no pieces, 
are needed. Anyway, here is the process. 

Set up а known input level at about 10 dB below the 
expected input level needed to drive the amp to saturation. 
Iis best to have a dial attenuator in the input line. Attach an 
‘output level meter, Use а known (calibrated) directional 
‘coupler and a good quality load. If a load with a great return 
loss at the frequency you are testing isn't available, then а 
long length of good quality coax with a less-than-excellent 
load at the end will suffice, Make sure that the coupling 
factor plus the maximum reading of the power meter ex 
ceeds the maximum output ofthe amplifier—in other words, 
don't set the system up in a way that might burn out your 
power head! If there is excess power, then insert 
attenuator(s) between the coupler and the power head. Now 
you are set up for gain/power measurement (see Figure 4). 

To tune a solid-state microwave amplifier, you need to 
make a set of snow-flake tools, Find some insulating sticks, 
such as pieces of Teflon or plastic rod, or tuning tools. or 
wooden Q-tips, glue different size pieces of copper foil to 
the flattened tips, ranging from about 0.05 to about 0.15 inch 
on aside. With the unit powered and RF applied, place dif 
Terent size foil along the striplines to find the “hot spots,” 
where the output jumps up. I usually go from the input end 
to the output, but end up going back several times to all hot 
spots anyway. Once you have decided where to place or 
change a piece of foil, shut off power, solder a best size 
piece to а hot spot, reapply power and RF, and see what the 
improvement is. Always keep track of the power level to be 
эше that things are improving. Try to extend the size of the 
piece you just added with a small piece. If it improves, shut 
itoff replace with a bigger piece, and try again. I it does пот 
improve, you can go on to the next hot spot, Sometimes, 1 
find that 1 can go back after tuning all the hot spots and 
reduce or enlarge an earlier placed piece to improve the 
system. During all ofthis you have to be very, very careful 
to never short out a bias line, Doing this could easily fry the 
power FET. Once the tuning is pretty well maxed, increase 
the RF input power to sec how well it performs. Its often 


Fig 3—The method used for building the 5 GHz amp. 


Fig 4—Testing setup. 
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necessary to readjust the bias at full RF, and then retune the 
snowflakes for maximum output. 

After the amplifier is tuned, I make a chart of the input 
and output levels, and if there is a power monitor, I record 
this voltage as well. Although 2 dB increments are suffi 
ient, 1 dB will give a good indication of saturation/power 
compression, This al helps immediately when determining, 
best input power levels, and later if you want to evaluate an 
amplifier to determine if there is something failing. 1 was 
fortunate, in that the amplifier reached its saturation point 
at exactly the maximum level that is available at the input 
to the booster 

Tran each amplifier at full power (key down) for five 
minutes to determine if there is enough heat sink. Because 
1 wanted these ай to fit їп a fairly small enclosure, and am 
also concerned about weight, I used heat sinks that are 
really too small for the power dissipation needed. I compen- 
sated by adding miniature fans to the amps. This kept them. 
all quite cool. Within the enclosure, the air will circulate, 
and eventually will heat up, so key down time will surely be 
limited in practical operation. I decided to include a remote 
tempe 
Figure 5 shows the components: 


ure sensor in the box to monitor for this condition. 
ıd the box prior to assembly. 

In summary, unless you want to use waveguide, the 
best bet is to mount both power and preamps as close to the 
feed as possible on all bands 2 GHz and above. thought that 
doing this kind of work was strictly for the professionals. 
Many hams who publish microwave designs are indeed pro- 
fessionals in communications. But many are just hobbyists, 
like me. If you are willing to learn, you probably can build 
your own, 
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A High RF-Performance 10-GHz 
Band-Pass Filter 


— o 
By Zack Lau, W1VT 
(From QEX, July 1997) 


‘hy do 1 call this a high-performance filter? It 

W offers a very high ratio of Q to size and wastes 

very little volume in coax transitions or empty 

space, This is quite important when building a compact 
portable transverter, 

The design is based on one of the very first 10-GHz 
filters I built—the 2-pole band-pass filter in the TNT, or 
Tuesday Night Transverter.! Unfortunately, the authors 
omitted two important details —the input/output coupling 
of the filters and the measured insertion loss, While their 
design had the potential for great performance, I doubt that 
many people realized it—even those who built one! 

"This filter is made from a 1.5-inch section of WR-90 
rectangular waveguide, An enclosed cavity is formed by 
soldering brass sheet stock to the open ends of the 
waveguide. A pair of posts down the center line creates а 
pair of coupled cavities. The diameter of the posts deter- 
‘mines the coupling — narrower posts increase the coupling 
between the cavities. 

The filter is capable of surprisingly low insertion loss, 
if you сап get the coupling adjusted properly. I chose to use 
the center conductors of captivated contact SMA connec- 
tors as probes. The hard part is adjusting them—just ask 
anyone who has spent hours filing away! My solution was. 
pretty obvious—use shim stock. After al, isn't this what 
they sell shim stock for? I made a bunch of spacers of dif- 
ferent heights—this allowed me to quickly adjustthe height 
of the coupling probes, With this design, it appears neces- 
sary 10 adjust the probes and resonator tuning for lowest 
insertion loss. The tuning interacts with the probes, so it 
didn't appear terribly useful to look at the passband shape 
when setting the probe coupling. This differs from most 
other filters, where looking at the passband is an excellent 
guide 

Using a mixer and isolator to measure the insertion 
loss, the design shown in Fig 1 has 0.6 dB of insertion loss 
with a 3-dB bandwidth of 106 MHz, The 144-MHz IF im 


1 Noles appear at the end ofthis section. 


age rejection is 33 dB. This should offer excellent perfor- 
mance for receive applications. 

For transmit, it might be useful to trade a little inser- 
Чоп loss for better image rejection. With the original 
design's center coupling using a pair of Viech posts, the 
insertion loss increased to 1.3 dB with an image rejection of 
47 dB. The 3-48 bandwidth is 36.7 MHz. 


Construction 
‘The first step isto get the waveguide, brass metal stock 
‘and SMA connectors. Either 2- or 4-hole flange SMA con- 
nectors will work, but itis important to use connectors with 
captivated contacts. Otherwise, the probes will move 
around, changing the filter alignment. [suggest using brass 
tubing since it's easier to solder. On the other hand, it might 
be practical to tap solid brass rod after it’s soldered in 
place—so you can easily mount the filter with serews. Don't 
forget the clearance required for the 4-40 tuning screws. 
Asa starting point, I'd try 100-mil probes for the wider 
filter and 80-mil probes for the narrower filter. These 
lengths are shortened а bit by the waveguide walls—only 
30 to 50 mils actually sticks into the cavity. Adding shim 
Stock reduces the length of the probes, so you might cut the 
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Fig 1—Diagram of the 2-cavity 10-GHz band-pass filter. 
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probes long and add shim stock to get the 100- 
mil staring lengths. The narrower bandwidth 


— — 
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: I eso have he SMA comectors pre 


pared, you can cut and drill ihe WR-90 
waveguide. I filed the cut waveguide edges 
smooth. If you have 2-hole flange connectors, 
you need just half of the 2-56 mounting holes 
shown in the drilling guide. When drilling the 
holes for the posts, use several drill sizes to get 
up to the desired hole size. This will help to 
ensure a tight-fitting round hole that matches 


the tubing. 

After deburring the holes and polishing 
up the waveguide, I soldered the posts into 
place, If you do a good job of drilling tight- 


fitting holes, it shouldn't be difficult to solder 
the end plates into place without having the 
posts unsolder themselves, even if you use a 
propane torch. use a C-clamp to hold the end 
plates in place during soldering. I used ordi- 
pr ‘ary 60/40 rosin-core solder 
To tune up the filter, T used a10-GHz 
| mixerllocal oscillator to up-convert а signal 
generator to provide a suitable signal source, 
as shown in Fig 3. prefer this technique be- 
cause I have a spectrum analyzer available to 


uw 


sort out the various mixing products. It is a 
considerable improvement over the simpler 


setup shown in Fig 4 using a frequency multi- 
plier and a power meter. The frequency multi“ 
pliers that Ihave built are rather frequency sen- 
sitive, requiring a calibration plot. Because most filters 


Ehe 


reflect rather than absorb unwanted signals, the reflections 
often disturb the operation of mixers and multipliers. The 
isolator works well with a mixer since all the big signals are 
near the same frequency. In contrast, a multiplier may have 
strong signals distributed over a relatively wide frequency 
range. A resistive attenuator may work better with а multi 
plier than an isolator designed to work over just an octave. 

L estimate that the tuning screws were inserted 0.10 
inches into the cavities. Obviously, the exact tuning will 


Fig 3—Diagram of a filter alignment test fixture. 


vary due to construction tolerances. Adjust the length of the 
probes and the tuning for minimum insertion toss. 

Fig  showsadual-mixercircuit board designed for use 
at 10 GHz. 

I uses 15-mil 5880 Duroid (£,=2.2). It's a slight im. 


provement over the one in the June 1993 QST, since it uses 
less board area, This article explains how to tune these mix- 
ers for best performance. 

A brass frame is soldered around the mixer board using. 
0.5 x 0,025-inch brass strips. The strips are drilled and 
tapped to hold SMA connectors. use 2-hole flange connec- 


Fig A simpler test fixture that does 
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tors to offset the center pins of the IF connectors so they 


One Inch 


Fig 5—Dual 10-GHz mixer on 5880 Duroid. 
C1, 20.001 uF, 50 V ceramic disc capacitors. 
4175, SMA panel-mount fem 

RIS Q ‘he W chip resistor. 
RFCT-3—0.21-Inch #28 wires 
U1, U2—HSMS 8202 diode pair. 


clear the ground conductors. I also tap holes on the two 
‘opposing strips without connectors to hold the aluminum 
cover. Fortunately, I have access to a metal brake to bend 
the cover, The best way to locate the holes is to install the 
cover and drill #50 holes through the cover and the frame 


ching template for the microstripline 


‘Then the cover holes are enlarged with a #44 drill io pass the 
2-56 screws. 


Note 
"Bailey, Kirk, N7CCB, Larkin, Robert, W7PUA, Oliver, Gary, 
ЧАТАН "INT for 10 GHz." Proceedings of the Microwave Up: 
ме 1988. 
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2 W 10 GHz Amplifier 


By Ken Schofield, W1RIL 
(From 23rd Eastern VHF/UHF Conference Proceedings) 


Inc Ku band power amplifiers on the surplus market 

has resulted ina gold mine of parts for 10 GHz opera- 
tors. This white box not only contains 1 or 2 W (sometimes 
1 and 2) IMFET devices but also the V,, ond V, power 
supplies needed to run them. The 2 W device makes an ideal 
“afterburner” for the | W Qualcom strip available from the 
West Coast? The box is massive and makes an ideal heat 
sink for the unit. 

‘Two internal amplifier boxes, complete with covers, 
contain ceramic substrate gold microstrip. This stuff is so 
small it requires a jeweler's loupe to even see it. Modifying 
this gold microstrip is not a task to be undertaken on the 
amateur workbench! I decided to strip the box, save the 
screws and other useful parts and make a new board to биће 
box—one that could see, at least partially, without the aid 
of the jeweler's loupe. See Figure 3. 

"The new board is mounted in a cut down section of the 


T“ availability of the Microelectronics Technology, 


original amplifier box the cut end of which has been fitted 
with a new brass plate made from 0.060 stock. A brass ca 
rier cut to the size and shape of the board is fashioned from 
0.032 sheet stock. The board and carrier are screwed down 
to the box bottom using 0-80 ss cap screws previously ге- 
moved from he box. Before this is done, however, the origi- 
nal device landings in the bottom of the box are removed by 
milling flush with the rest of the box bottom. You will find 
that many of the 0-80 screw holes are already in the box 
bottom. It might be a good idea to leave the hole locations 
off the board and carrier and custom fit the holes io the box 
as some boxes may have different hole locations than oth- 
ers. The new hole locations сап be added as required, 

A schematic of the amplifier is shown in Figure 1. A 
few comments about the RFCs are in order. These аге 0.005- 
0.006 mil lines. Attempting to get these on the board by 
etching is an almost impossible task. Strip the insulation 
from a short length of #20-#22 Teflon-coated stranded wire. 
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Figure 2—Parts layout of 2, 10-GHz WIRIL amplifi 
C1, C2—1-pF 50-mil chip capacitor. 

C3, C5—0.001 chip capacitor. 

Са, C6—9-pF chip capcacitor. 

C7, 80.001 FT locations. 

5. K33M IMFET. 

R1, R2—47-ohm chip resistor. 
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Figure 3—WIRIL circuit board to fit modified 
Microelectronics Tech Inc amplifier strip. 
Board 1.6" x 0.75 

Mtl: Rogers 5880 Durold, 0.015 mil 

er22 

50-оһт line = 0.046 wide. 


Remove one strand of the silver plated wire from the twisted 
bundle and stretch it slightly to straighten. Solder to the 
SO ohm lines and to resistors RI and R2 keeping the wires 
Straight and flush withthe surface of the board. Also solder 
these lines to the apex end of the quarter circle bypass/ 
decoupling capacitors. These capacitors have а radius of 
0.207 and have smooth edges (despite what my computer 
shows!) 

Tuning the amplifier is done by adding stripline 
pieces—see Figure 4. The gray areas on the 50 ohm line 
were added to tune amplifier for maximum output into a 
50 ohm load. Please note the step in the line at the device 
input, This is actually a taper (my computer won't do that. 
either!) The line is tapered to the width of the device input 


Figure 4—Circuit layout after tuning. Stubs shown in 
light gray. 


gate, Taper the line from 0.046 100.022 over the distance 
from the RFC to the device input 

"The amplifier gives the following results: 
33.4 dBm (2.2 W) output 
128 

1 would like to thank Bruce, N2LIV, for supplying the 
Tle board for this project and Don, WBIFKF, for figuring 
‘out the power supply capabilities. Without their help I'm 
sure this project would not have come to fruition, 


+28 dBm (640 mW) input 


Vai 7.48 © 720 mA. V, 


Notes 

"кеп Schoteld, 21 Forestdale Rd, Paxton, MA 01612. Tel. 508- 
767-2066 

2c. L. Houghton, San Diego Microwave Group. 
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Foreword 


Radio amateurs have been experimenting with UHF and microwave 
frequencies almost as long as the amateur service has existed. That 
enough projects exist to fill a book (in fact, several books) of this size is 
testimony to the frontier spirit that still exists in Amateur Radio, leading 
adventurous experimenters to explore the upper end of the radio 
spectrum, 


In preparing this book of projects, the editors tried to select designs 
that would remain usable for years to come. Some of the designs are 
already seasoned, having appeared in conference proceedings and QST. 
several years ago. UHF/microwave experimenters are always seeking a 
little better performance. The fact that no one has improved on these 
designs in the ensuing years is proof enough of their ability to get the job 
done, 


At present, it may appear that the state-of-the-art transverter design. 
is stagnant, but you don’t have to look back very many years to see how 
far we've come. Anyone who, not that many years ago, fiddled with 
frequency multiplier chains to generate a few milliwatts at 2304 MHz, 
or listened to the roaring IF stage of а Gunn-diode transceiver, will 
agree. И may be that we have all the technology we need, at least for the 
bands through 10 GHz. As HF technology stabilized some 
60 years ago, the ranks swelled with more and more operators, and the 
experimenters moved to higher frequencies. As access to easily con- 
structed and operated microwave equipment fills the bands with more 
operators, the authors represented here will surely look for new fron- 
tiers. Perhaps the next collection of microwave projects produced by the 
ARRL will start where this one leaves off: at 24 GHz 


David Sumner, KIZZ 
Executive Vice President 
Newington, Connecticut 
December 1994 
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Making the Most of the Microwaves 


By David Sumner, K1ZZ 
(Adapted from OST, May 1992) 


fyou goto typical adio club meeting and ask for a show 
‘of hands from those who have operated above 450 MH, 
there's а good chance you'll get no responses. Not one. 

Yet, we radio amateurs pride ourselves on our interest 
їп experimentation, We complain about bands being too 
crowded, We see red if anyone even thinks about introducing 
a new service in one of “our” bands, even if we couldn't put 
a signal there if our lives depended on it 

All of our bands between 902 MHz and 10.5 GHz are 
secondary allocations. That is, they're available to us on con. 
dition that we cause no harmful interference to the primary 
users (mostly military) and we can claim no protection from 
them, But that's no excuse. The 420-450 MHz band is the 
same way and it's our second most popular band above 
30 MHz 

"ICs too expensive” is commonly heard but, like many 
‘complaints, it isn't necessarily accurate. There are plenty of 
‘consumer electronics products that operate in this range and 
higher: TV satellite receivers, “wireless cable” systems (in- 
cluding those $69 gadgets to “broadcast” from your VCR 
10 TV sets in the rest ofthe house), radar detectors, and so on. 
GPS radionavigation satellite receivers operating near 
1.6 GHz are practically a consumer item. The lesson is obvi- 
‘ous; If manufacturers believe a market exists, they can make 
products for this frequency range at reasonable prices. 

The fact is, what's keeping us from making better use of 
‘our microwave bands is that all but a few of us have gotten into 
‘a comfortable rut. While the rest of the telecommunications 
world is poised о leap into the 21st Century. most amateurs 
are not. We can hardly afford such complacency. 

Personal communications systems operating around 
2 GHzare the hottest concept in telecommunications To make 
тоот for them, the FCC will have to "bump" private fixed 
microwave inks ata cost of somewhere between $750 million 
and $2.75 billion—in other words, between $1400 and 
$12,500 per kilohertz. Exactly who will pay is unresolved, but 
the FCC seems to think this is a reasonable burden for society 
to bear inorder to benefit from the new systems. How does the 
societal value of our access to microwave spectrum stack up? 

By the time they get to junior high, some of the kids now 


їп grammar school will be hounding their parents fora “satel 
lite Walkman" so they can listen to pop music being broadcast 
in CD-quality. digital sound. In the commercial world, virtu- 
ally every communications system now being designed or 
‘contemplated is a digital system, Will Amateur Radio help 
lead the way into the digital era? Will we even stay abreast? 

“These are tough questions, butihe ARRL Board of Direc- 
tors believes they need to be asked—and answered. At its 
January 1992 meeting, the Board tasked the Headquarters staff 
with encouraging amateur use of the bands at 902 and 
1240 MHz. Not that the problem goes away above 1300 MHz: 
Our bands at 2.3.3.3 and 5.65 GHz аге also subject to pressure 
because the military—which generally has been an indulgent 
sharing partner for us—is being forced to relinquish consider. 
able spectrum in this range to the private sector, for commer- 
cial use 

What are we doing with these bands? Not enough? 

The amateur satellite bands that we won at WARC-79 
and have protected at subsequent WARCs—including 
WARC-92— mostly have not been used. While we've barely 
made it to 24 GHz with our satellites, by contrast, other 
space services now operating near 2 GHz are looking above 
20 GHz to meet their future needs, Amateurs were credited at 
WARC-92 for having pioneered the low-earth-orbit (LEO) 
satellite concept. We can't rest on those laurels. 

Тоо many amateurs who feel constrained by crowding on 
lower frequencies still would "rather fight than switch. 

There isa bright side, Homebrewing a these frequencies 

isn’t difficult, as proved by many articles in this book. An 
investment ina good dish antenna can serve on several bands 
While generating high power can be a problem, for most 
amateur applications а Few milliwatts will do. If you want 
broadband, inerference-free communications over short dis- 
tances, or longer point-to-point paths, these bands are defi 
nitely the place to go. 
Since the Board resolution in January 1992. we've heard. 
from several members who have offered to help popularize 
our microwave bands. Let's hear from you. What would get 
you excited about the world above 902 MHz? 
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Getting Started on the Microwave Bands 


By Rick Campbell, KK7B 
(from OST, February 1992) 


Several pockets around the country contain much of the 
US amateur microwave activity. These pockets come into 
being when one amateur in a geographic location builds a 
station forthe “next higher band,” and then serves аз a mentor 
to a small group of interested enthusiasts—often contesters 
who want to improve their scores. Recent advances in micro- 
wave technology have made access to the microwave bands 
easier than ever before, Building a complete microwave 
station in the 1990s is about as challenging as assembling a 
mobile rig in the 1950s—and just as much fun! 

intend this tutorial to help you get your feet wet in en- 
gineering, building and operating Amateur Radio stations on 
the microwave bands, witha focus onthe 5.7-GHz band (which 
ТЇЇ sometimes refer to as "57607). Although the focus of this 
article is weak-signal contest and "grid-expedition" style com- 
‘munication, the information provided here is useful to anyone 
interested in getting on any of the microwave bands, After a 
little introductory theory, II deseribe a basic 5760 station that 
you can use as-is for line-of-sight hiltopping, or that you can. 
‘enhance in stages ай the way to moonbounce (also known as 
‘earth-moon-earth, or EME) capability 


Introduction 

Commercial equipment is now available for narrowband, 
weak-sipnal work on all amateur bands from 1.8 MHz through. 
10 GHz. Until recently, the only gap in that coverage was the 
5760-MHz band, a void that Down East Microwave filled with 
а no tune 5760-MHz transverter.! Amateurs who have oper- 
ated on 2.3, 3.4 or 10 GHz will find no surprises at 5.7 GHz 
those who haven't done so will find 5760 to be an interesting 
and surprisingly far-reaching band. 

I"'seasy to findother hams interestedin getting on S760— 
their calls are published in ће VHF and UHF contest scores in 
(OST. Look for a nearby call with lots of letters after it, but no 
D 


A few of the developments responsible for the dramatic 
increase in amateur microwave activity are 

+ Unconditionally stable MMIC amplifiers are now avail- 
able at far less than the cost of the surplus amplifiers used by 
amateurs a few years аро. Destroying a component is now а 
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three-dollar mistake instead of a total catastrophe! 

* Printed-circuit no-tune bandpass filters, widely used in 
industry, have been designed for the amateur bands. These 
filters include the manufacturing and circuit-board tolerances, 
in the design, and use many low-Q resonators in a flat-re- 
sponse bandpass filter, instead ofa few high-Q, critically tuned 
resonators It's now possible to obtain better performance with 
no tuning at all than was previously available with multiple 
interacting microwave tuning adjustments made by carefully 
tweaking a device while watching its output with a spectrum 
analyzer! 

* You can build a complete microwave transverter sys- 
tem, using all new components, at a cost competitive with 


radio equipment for the lower frequencies. This makes the use 
of surplus components optional and removes the greatest bar- 
rier to amateur microwave operation: the lack of reasonable 
priced equipment. 

+ A pair of basic transverters can be used to test receive 
and transmit amplifiers, filters and antennas, with essentially 
no other test equipment. 


Propagation 

Amateurs commonly use four propagation modes at 
5.7 GHz: line-of-sight, obstructed paths, over-the-horizon tro- 
pospheric, and EME. Line-of-sight paths provide the stron- 
(Best signals, and an excellent way for microwave experiment 
ersto get their fect wet, The other modes are discussed in more 
detail in my article in the Proceedings of the 1991 Central 
States VHF Conference: 


Free-Space Path Loss 

The Friis path-loss formula, often quoted but seldom 
understood by communications-systems engineers (amateur 
or professional), states that: The loss benween a pair of isoro 
pic antennas increases as the square of the distance and the 
"square ofthe frequency. The statement, “Path loss increases. 
with frequency.” taken out ofthe context of the Friis path-loss 
formula, has been repeated so many times in the literature that 
many amateurs and professionals believe i is a physical law. 
W's not! 

Friis actually worked with three “path loss” formulas, the 
most basic of which states that the loss between an isotropic 
transmit antenna and a one-square-meter receiving antenna 
goes up as the square of the distance—independent of the 
frequency. This is called “geometric spreading." and it is a 
physical law." The second formula is for the loss between a 
pair of isotropic antennas, and includes a correction factor for 
the effective sizeof an "isotropic receiver.” The third formula 
states that the loss between two antennas of a given size goes 
upas the square of the distance, and down as the square of the 
frequency 355 

Because antenna gain can be converted to effective area 
and vice versa, any of the three formulas can be used to obtain 
the correct path loss for any transmit and receive antennas, 
The only difference between the three formulas is in the cor- 
rection factors needed for the different antenna combinations. 

Most of us would rather remember a few simple rules of 
thumb than a bunch of formulas in a textbook. Let's convert 
the various "path loss” formulas into English 

1) For systems with antennas like dipoles and Yagis, 
where we specify antenna gain, the "path loss" goes up as the 
frequency goes up. A dipole is a fine receive antenna for 80 
meters, but а 5760 dipole isn’t very useful—it doesn't inter- 
cept much signal, and it's too small for a tie clip! 

2) For systems with dishes and lenses, where we specify 
antenna size, “path loss” goes down as frequency goes up. If 
you use the same dish for 2304, 3456 and 5760, and run the 
same power and noise figure on all three bands, signals will 
be В dB stronger on 5760 than 2304, 

Reference Data for Radio Engineers concludes its sec- 
tionon free-space path loss with this statement: "As frequency 
is increased, the transmit power or the antenna sizes can be 


reduced; it is clearly better to use the highest frequency for 
which generators and receivers are available. 

Remember: Loss оп a free-space path is independent of 
frequency: the antenna gain-size correction factors are fre- 
quency dependent. 

On line-of-sight paths with no ground reflections, path 
oss increases as 20 times the log of the path distance, In very 
useful terms, that works out to 6 dB every time you double the 
distance, or 20 dB if you multiply the distance by 10. 

Let's put all this into practice. Suppose you set up two 
5760-MHz systems 100 meters apart. Using a calibrated vari 
able attenuator in the transmit feed line, you determine that the 
signal received onthe 100-meter path is 46 dB above the noise. 
How far apart can these two stations be and still have а signal 
above the noise level? First, double the distance to 200 
‘meters—this reduces the signal by 6 dB, to 40 dB above the 
noise. Next, multiply the distance by 10,0 2km—this reduces 
the signal by 20 dB, to 20 dB above the noise. Multiplying the 
distance by 10 again, to 20 km, reduces the signal another 
20 dB, down to the noise level 

Setting up portable (rover) systems on a known path and 
measuring the signal-to-noise ratio isan excellent way to both 
determine the maximum range of the system on line-of-sight 
paths and to verify system performance. 


spheric 


Obstructed Paths, Trees and Тг 
Scatter 

When you're attempting to work over non-line-of-sight 
paths, many other variables become important, А few ofthese 
are frequency dependent, such as antenna height above ground. 
Most loss mechanisms are not very frequeney dependent. In 
ту experience, all of the microwave bands have very similar 
propagation on obstructed paths, after all rhe bugs are worked 
‘out at both ends of the system. 

‘Over much of the country, even the best microwave paths 
have a few trees. How much attenuation do а few small trees 
have? If they are close to one end of an otherwise line-of-sight 
path, i's about 10dB. Ifa few small tees occlude each end of 
an otherwise line-of-sight path, the tree attenuation will be 
about 20 dB. In other words, if the microwave system is ca- 
pable of operating over а 100 mile line-of-sight path with no 
trees, it should be able to work over a 10-mile path with a few 
trees at each enden 

What about dense or big trees? Once the direct signal is 
attenuated by 2048 or so, the signals bounced (or scattered”) 
from the treetops will be stronger than the signals coming 
directly through the trees, These scattered signals can be used 
to communicate when line-of-sight signals are attenuated by 
more than 20 dB. If one end of the path is in the clear and the 
other is inside a dense forest, expect 20 or 30 dB of additional 
path Joss. If both ends of he path are forested, but with a clear 
Tine-of-sight path between the treetops near the receiver and 
transmitter, 40 to 60 dB of additional path loss may occur. The 
path from the forest floor to the nearby treetops near the re- 
ceiver, and then down to the receiver is called a “scattered 
lateral wave.""" A microwave system that can communicate 
100 miles in free space may be able to communicate I mile in 
dense forest. 

"These numbers are speculative, but they represent a cur- 
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Fig 1—Block diagram of a 
receive system. 


sie 5760-MHz transmit) 


rent consensus of experimental and anecdotal data by profes- 
sional and Amateur Radio scientists. In any case, they are the 
best information currently available. This is an area in which 
amateurs can make а meaningful contribution to radio sei 

Tropospheric scatter (also known as troposcatier) is a 
practical propagation mode on all of the amateur microwave 
bands. The US Army has operated long-range portable 
troposcater links above 3 GHz for many years, Amateur ex 
perience indicates that a 5.7-GHz station equipped with а 
small TVRO dish, aGaAsFET preamp anda 10-watt amplifier 
ipproximately equal to a 150-watt, single-Yagi 2-meter 
station—reliable for SSB communications out to about 250 
miles and occasionally supporting CW work out to about 400 
miles. During enhancements, much greater distances are 
possible. 


Antennas 
Selecting an antenna for 5760,MHz is easy: Nothing 
matches ће performance of a small dish. Approximate formu 
las relating the gain, diameter and beamwidth for dish anten- 
nas are given in the sidebar "Approximate Gain, Size and 
Beamwidth of Dish Antennas.” For example, a 24-inch dish at 
5.8 GHz has the following gain, beamwidth and effective 
aperture, according to the formulas given in the sidebar: 


Dish diameter: 11.7 wavelengths 
Gain: 28 dB. 

3-48 beamwidth: 7.7 degrees 
Effective aperture = 0.15 т? 


‘The gain can be improved by up to about 2 dB by using 
an optimized dish feed. Several excellent articles have been 
published on such feeds. The recent one by Barry 
Malowanchuk, VE4MA, is particularly useful! 

Unlike the lower-frequency bands, it's fairly easy to de- 
velop 100 much antenna gain at 5.7 GHz. Recall that gain and 
beamwidth are inversely related. My 19-inch dish on a small 
camera tripod has nice 10-degree beamwidth. It is ideal for 
loaning to high-school students running a grid expedition to a 
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‘Approximate Gain, Size and Beamwidth 
of Dish Antennas 


gan = Ê = 50: 


Gain (dB) =7 + 20109 (D) 


wher 
‘eticency, plny about0 5 


A, (effective receive aperture) = 
(saora a0. (dam 


These formulas are generally accurate to within 10%, 
or less than 1 dB.—KK7B 


Fig 2—A complete 5760-MHz station and 24-inch dish 
antenna, less IF transceiver and 12-V power supply, 
mounts on an inexpensive camera tripod and Is re 

to go anywhere! 


windy hilltop for the first taste of microwave Amateur Radio, 
Even a 10-degree beamwidth is awful narrow when you can’t 
see the other station and aren't sure where о pointthe antenna. 
In addition to antenna aiming uncertainty, there's also fre 
quency uncertainty, For the contact to occur, the antenna aim- 
ing and radio tuning must be correct at the same time. For 
beginning operators, or experienced operators on cold, wet 
hilltops with state troopers slowing down to ask q 

aiming a narrow-beamwidth antenna can be frustrating, 


Building a Basic Station for 5760 MHz 


‘This section presents a basic 5.7-GH station, You can 
improve this station by adding amplifiers, rx switching and a 


bigger dish. This is in contrast to another common m 
system concept, in which an operator builds “simple” duplex. 
station to make a few contacts with one other station, and then 
asto build whole new station if he or she becomes interested 
in working someone elseon the weak-signal calling frequency 
(5760.1 MH») 

Theentry-level station I'll describe here is simple, almost 
foolproof, can be built at low cost using only new components, 
and can serve as the core of а moonbounce or troposcatter 
system. ОГ equal importance is that the entry-level station 
serves as test equipment forall of the antennas, feed lines and 
amplifiers as they re added to the system. 

"There are two attractive approaches o entry-level 5760 
stations that can be easily enhanced up through the EME level 
(and beyond), The first approach, used by many hams already 
‘on the band, is to convert a Frequency Westtype surplus 
phase-locked oscillator to 5760 plus or minus 144 MHz, use 
a surplus microwave mixer, and retune a surplus filter to pass 
5760 mHz. The surplus route has some advantages—if you 
have access to the parts, expertise and test equipment needed 
to get it up and running. 

+1гсав be very inexpensive 

+ Converting surplus is a long and honorable Amateur 
Radio tradition. 

+ There may be a psychological advantage—it seems 
easier to start with something that already works and modify 
itrather than to make something new from a little Teflon board 
and a teaspoonful of parts. 

+ Converting surplus is fun—and is the perfectexcuse for 
buying and using a spectrum analyzer—which is even more 
fun, but negates the first advantage. 

The second approach to an expandable entry-level 5760 
station involves assembling a station from no-tune boards, as 
discussed in October 1990 QST." This approach has numer- 
ош advantages, mostly because microwave technology has. 
come along way since those Frequency West local oscillators 
were builta quarter century ago. Some of the advantages of the 
no-tune approach are: 

+ You don't need microwave engineering talent to getthe 
basic station on the air. 

+ Itusesall new, inexpensive parts. and you can duplicate 
‘or repair it at low cost 

* You don't need any RF test equipment. 

+ Ib is very easy to assemble and very reliable. 

+ Most importantly, a station can be put on the air by 
anyone with basic soldering and construction skills—not just 
mystical guru spectrum-analyzer engineers. 


‘System Block Diagram 

The block diagram of a 5760-MHz transverter system 
using no-tune boards is shown in Fig 1. (The block diagram of 
the entry-level system using surplus components is not 
shown—it depends on the available components,and if you're. 
capable of assembling a microwave station from surplus com- 
ponents, you don't need my block diagram!) Note that a 
1296-MHz IF is needed with the no-tune 5760 transverter 
board, Three options for a 1296-MHz IF аге (1) a 1296-MHz 
multimode transceiver (expensive but increasingly popular); 
(2) an existing 1296 transverter with a multimode IF trans- 


Where to Get the Pieces 


In addition to flea markets and VHF conferences, here 
are a few places where you can get the parts you'll need 
to get on any microwave ham band: 

Down East Microwave, RR 1, Box 2310, Troy, ME 
04987, tel 207-948-3741, fax 207-948-5157: no-tune 
transverters, antennas, triband dish feeds, components, 
ete; catalog available. 


Microwave Components of Michigan, PO Box 1687, 
Taylor, MI 48180, evening tel 313-753-4581: compo- 
nents; price list available. 

‘The Antenna Center, 505 Oak St, Calumet, MI 49913, 
tal 906-337-5062: spun-aluminum dishes; price list 
available. 

‘Steve Kostro, N2CEI, RD 1 Box 341A, Frenchtown, 
NJ 08825, tel 201-834-1304 (9AM to 7 PM) and 201- 
996-3584 (after 9 PM): components; price list available. 


ceiver; and (3) a no-tune 1296 board with a multimode 2-meter 
IF radio, 


2-Meter IF Transceiver 

‘Any 2-meter multimode radio сап be used as а micro- 
wave IF. Older rigs are simple, inexpensive, and have poor 
sensitivity, which is fine, because the system noise figure is set 
by the 1296-MHz IF or 5760-MHz preamp. My favorite is the 
ICOM IC-202, а nearly ideal microwave IF rig in the $100 to 
S150 price range, These radios, unfortunately, are becoming 
quite hard to find, The original Yaesu FT-290R is my second 
choice, as it is small, has a few useful bells and whistles and 
low battery drain, The typical price range for these rigs is 
bout $200 to $300, depending on condition and accessories 
Forthose who prefera "real" radio, theanalog-tuned Kenwood 
and Yaesu radios from the TS-700 era are widely available in 
the $250 10 $350 price class. I personally prefer digging for 
weak CW signals with an analog knob, rather than а 100-Hz 
click-step synthesizer knob. 


Antennas 

As mentioned earlier, for an entry-level antenna, it's hard 
tobeat a 24-inch dish (UPS shippable and currently about $70 
from The Antenna Center [sce the sidebar "Where to Get the. 
Pieces"]). Use the triband feed designed by Tom Hi 
WASRMX (available for $15 when this book was being 
prepared from Down East Microwave), mounted on an inex: 
ive tripod from K-Mart or another variety store. Feed 
jency can be improved later, but the 24-inch dish is just 
about optimum for both billtopping and long-haul tropo work. 
Forwhatother band can you buy the same antenna he big guns 
are using, brand new, for $70? 


‘Communication with Entry-Level Stations 
As Table 1 shows, a pair of entry-level stations are ca 
pable of surprising DX from hilltop to hilltop—roughly the 
Same as a pair of 10-GHz Gunnplexer stations with small 
dishes. A pair of operators willing to locate the appropriate set 
of grid squares and hilltops can easily work VUCC, Entry 
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Table 1 
Basic 5760-MHz Station Characteristics 


Power output: -10 dBm (100W, or 0.1 mW). 
Noise figure (NF): 10 d8 

Bandwidth: 100 Hz or 2.5 kHz" 

Antenna gain (G,): 25 dB! 

Effective aperture (AJ: 0.1 mt 

Maximum communication distance: 8000 km (5000 miles) 
Routine SSB communication distance: 160 km (100 miles)? 
SN100- B4 dB 


100 Hz s an approximation for the ear-brain bandwidth when 
copying weak CW through an S58 Hir. 

1G, and A, aro for a 24-inch dish with 25% ofeioncy (includes 
"lümnation and leed-ine losses) 

“Represents a 0-48 signal-to-noise CW signal at the human 
hearing threshold 

"Represents “armchair сору SSB (20 dB above the noise ina 
2 KHE bandwidth). 

“Expected signal-to-noise ratio in a 2.5-kHz bandwidth of wo 
identical 5780-MHz systems aimed al eachother over ап 
unobstructed 100-mie path 


Fig 3—This simple utility ampliior, suitable for 903, 
1296, 2304, 3456 and 5760-MHz transmitting and 
receiving use, consists of three MMICs, three ordinary 
resistors and five chip capacitors. 


level stations are nearly ideal for contesting because they use 
по amplifiers that could oscillate ог fail, no expensive micro- 
wave relays with their associated connectors and switching: 
voltage complications, and they can be mounted right at the 
dish toeliminatefeed-line loss and all the other complications 
of using feed lines, The entry-level station is all many opera- 
tors will ever need, and smart contesters experiment with en- 
try-level stations before adding the complexity of amplifiers 
and relays. Fig 2 shows a complete entry-level system built 
entirely from Down East Microwave no-tune boards 


Entry-Level Stations as Test Equipment 
Thenature of microwave hamming is suchthat you ether 
ve band or are 


‘own two complete systems for each microwa 
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within driving distance of another station, The ideal piece of 
test equipment for a 5760-MHz station is a second 5760 sta- 
tion, Ifeachis anentry-leve station made fromno-tuno boards, 
then the approximate power output, noise figure, antenna gain, 
and so forth, are known and, more importantly, stable. 

‘One rulencedstobe followed: The local oscillators (LOs) 
inthe two transverters need to be on slightly different frequen: 
cies, Otherwise, it's impossible to separate the up- and down- 
converted microwave signals from IF-signal leakage (some: 
times called breakthrough). Normally the natural offsets of 
fifth-overtone crystals are more than enough to provide the. 
needed LO frequency offset, but if you're not sure whether the 
signal you're hearing is at 5760 MHz or IF breakthrough, 
wave your hand near the antenna and listen for Doppler flue 
tuations, or breathe on the LO crystal to change its tempera 
ture, which should provide enough frequency shift for you to 
hear easily 

A number of useful tests are possible by setting up two 
stations as described in Table 1 facing с 
of about 100 m. 

+ Place а 40-dB pad in the 1296-MH IF line of each system. 
SSB signals should be just barely readable both ways. With 
pads in the IF lines and signals at the "just-barely readable" 
level, you can compare the effects of different dish feeds, feed 
lines and filters. By using CW, disabling receiver AGC and 
using an audio-output meter calibrated in decibels, you can 
make quantitative comparisons. If a standard-gain antenna is 
available, you can also make antenna-gain measurements 

+ You can determine frequency offsets and study the effects of 
time and temperature on stability. write the frequency offset 
Че, “5760100 MHz 144.126 MHZ") on each transverter 
with an indelible marker. 

+ On the bench, an entry-level system can serve as a low-level 
source for aligning filters and measuring amplifier gain, filter 
loss and transmission-line loss. In receive, the entry-level 
system provides a way to listen and compare signal levels in 


Enhancing the Entry-Level Station 

The entry-level transverter is the heart of a more elabo- 
rate station for working over obstructed paths, and via 
troposcatter and moonbounce, Moving up to the next level 
requires adding 5760-MHz gain to the transmit and receive 
signal paths. You need three things to do this: (1) a way to 
Separate the transmit and receive signal paths; (2) a receive 
preamplifier: and (3) a transmit power amplifier. 

"The easiest way to split the transmit and receive paths is 
with a pair of microwave relays. These are expensive, but are 
often available surplus at hamfests and flea markets. Once the 
transmit and receive paths are separated, you can add ampli 
fiers. A particularly useful amplifier for low-level transmit 
and receive use is shown in Figs 3 and 4, At 5760 MHz, the 
ibree-MMIC circuit has a gain of about 15 dB, а noise figure 
(NE) of about 7 dB and a few milliwatts output. Station en 
hancements are discussed in more detail in my article in the 
Proceedings of the 1991 Central States VHF Conference. 


Grid-Hopping Operating Hints 
Here are four suggestions hat have been useful in the last 
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Fig 4—Schematic of the utility amplifier. Chip 
capacitors and MMICs are available in small quantities 
from Down East Microwave, Microwave Components of 
Michigan, and other source 


tem years of microwave grid hopping at KK 
Setup and testeverything (both stations) the week before the 
contest or grid expedition. Fix any loose connectors, charge 
Batteries and make sure everything is ready to go. 

+ Pick a reasonable liaison frequency. Two-meter FM hand- 
helds are useless for all but the shortest microwave paths 
‘Two-meter SSB radios with %-wavelength whips are okay for 
‘medium-length paths, but remember that even the simplest 
pair of 5760 stations with 24-inch dishes is capable of operat- 
ing SSB overa 100-mile path. With amplifiers, the 5760-MHz 
system will outperform 2-meter SSB stations with 150-watt 
"bricks" and Yagis! During the last few KK7B/8 multiband 
arid expeditions. Гуе used 5760 MHz asthe liaison frequency 
for the lower bands! 

* Work your own grid square first by setting up both stations 
a couple of hundred Feet apart. This confirms that everything 
still works, permits final check on operating frequencies. and 
gives you at least one contact on the band. in case the weather 
‘urns foul or something Гай». 

+ Most “line-of-sight” microwave paths have a ground-re 

flected component. Ground-reflected signals may add or sub- 

tract with the direct signal, Sometimes aiming a dish a few 
degrees above the horizon improves signal strength by reduc- 

ing the ground-reflected component 


Conclusions. 

The 5760 stations described in this article are portable, 
lightweight, reliable and can be battery powered. They can be 
‘operated from home stations, butthe real fun begins when you 
takethe station o a hilltop or beach, You can earna 5760-MHz 


VHF-UHF Century Club (VUCC) award by working just five 
grid squares on 5760. Obtaining VUCC from a portable loca 
tion is not only practical, but is generally easier than working 
five grids from a home station, This is one of the few areas in 
ham radio where you can be а “big gun" while living in an 
apartment, dormitory, barracks or “controlled community"! 
Two-foot dishes fit nicely in the trunk or back seat of a car, and 
a backpack station is entirely feasible. 

An operator who concentrates on 5760 and coordinates. 
with other 5760 operators can stay happily busy for an entire 
contest weekend. And this is without even considering adding 
а couple more bands to your setup, which you can do easily 
using no-tune transverters and a multiband dish feed. ^ You 
don teren haveto get permission in advance to setupacamera 
tripod and smal! dish at a scenic overlook 

Perhaps best of all, you get to drive around and enjoy the 
hilltops and beaches between contacts, instead of griting your 
teeth in front of an overloaded 2-meter rig while your neighbor 
works the rare grids with his legal-limit amplifier! 
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RF Exposure Guidelines 


By The ARRL Bio Effects Committee 
(From The ARRL Handbook) 


Mbough Amateur Radio is basically a safe activity, 

їп recent years there has been considerable discussion and 
concern about the possible hazards of electromagnetic radiation 
(EMR), including both RF energy and power frequency (50- 
60 Hz) electromagnetic fields. Extensive research оп this topic is 
underway in many countries. This section was prepared by mem- 
bers of the ARRL Committee of the Biological Effects on RF 
Energy ("Bio Effects” Committee) and coordinated by Wayne 
Overbeck, NN. It summarizes what is now known and offers 
safety precautions based on the research 10 date. 
All life on Earth has adapted to survive in an environment of 
natural low-frequency electromagnetic fields (in addition to 
the Earth's static geomagnetic field). Natural low-frequency EM 
Fields come from two main sources: the Sun, and thunderstorm 
activity, Butin the last 100 years, man-made fields at much higher 
intensities and with a very different spectral distribution have al- 
tered this natural EM background in ways that are not yet fully 
understood. Much more researchis needed toassessthe biological 
effects of EMR. 

Both RFand60-Hzfieldsareclassifiedasnonionizing radia- 
tion because the frequency isto low for there tobe enough phot 
‘energy to ionize atoms. Still, at sufficiently high power densities, 
EMR poses certain health hazards, It has been known since the 
carly days of radio that RF energy can cause injuries by heating 
boch ede Inextreme cases, RF-induced heatingcancause blind- 
ness, sterility and other serious health problems. These heat-re- 
lated health hazards are called thermal effects. But now there is 
‘mounting evidence that even at energy levels too low to cause 
body heating, EMR has observable biological effects, some of 
which may be harmful. These аге arhermal effects. 

Inadditionto the ongoing research, much else has been done 
o address this issue, For example, the American National Stan- 
dard Institute, among others, has recommended voluntary guide 
lines to limit human exposure to RF energy. And the ARRL has 
established the Bio Effects Committee, a committee of concemed 
‘medical doctors and scientists, serving voluntarily to monitor sci- 
entific research in the fields and to recommend safe practices for 
radio amateurs. 


THERMAL EFFECTS OF RF ENERGY 
Body tissues that are subjected to very high levels of RE 


energy may suffer serious heat damage. These effects depend 
uponthe frequency ofthe energy, the power density ofthe RF field 


that strikes the body, and even on factors such as the polarization 
of the wave. 

‘At frequencies near the body's natural resonant frequency, 
RE energy is absorbed more efficiently. and maximum heating 
occurs. In adults, this frequency usually is about 35 MHz if the 
person is grounded, and about 70 MHz if the person's body is 
insulated from the ground. Ako, body parts may be resonant: the 
adult head, for example is resonant around 400 MHz, while a 
baby's smaller head resonates near 700 MHz, Body size thus 
determines the frequency at which most RF energy is absorbed. 
As the frequency is increased above resonance, less RE heating 
generally occurs. However, additional longitudinal resonances 
occur at about 1 GHz near the body surface 

Nevertheless, thermal effects of RF energy should not be a 
major concer for most radio amateurs because of the relatively 
low RF power we normally use and intermittent nature of most 
amateur transmissions. Amateurs spend more lime listening than 
‘wansmitting, and many amateur transmissions such as CW and 
SSB use low-duty-cycle modes, (With FM or RTTY, though, the 
RF is present continuously at its maximum level during each 
transmission.) In any event, it is rare for radio amateurs to be 
subjected to RF fields strong enough to produce thermal effects 
unless they are fairly close to an energized antenna or unshielded 
power amplifier. Specific suggestions for avoiding excessive 
exposure are offered later 


ATHERMAL EFFECTS OF EMR 
Nonthermal effects of EMR, on the other hand, may be of 
greater concem to most amateurs because they involve lower- 
level energy fields. In recent years, there have been many studies 
of the health effects of EMR, including a number that suggest 
theremaybehealthhazardsof EMR even atlevelstoo low tocause 
significant healing of body tissue. The research has been of two 
basic types: epidemiological research, and laboratory research 
into biological mechanisms by which EMR may affect animals or 
human, 

Epidemiologists look atthe health pattems of large groups of 
people using statistical methods. A seriesofepidemiological stud- 
ies has shown that persons likely to have been exposed to higher 
levelsof EMR than the general population (such as persons living 
‘near powerlines or employed in electrical and related occupa 
tions) have higher than normal rates of certain types of cancers. 
For example, several studies have found a higher incidence of 
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leukemia and lymphatic cancer in children living near certain 
types of power transmission and distribution lines and near trans- 
former substations than in children not living in such areas. These 
studies have found a risk ratio of about 2, meaning the chance of 
‘contracting the disease is doubled. (The bibliography at the end of 
this chapter lists some of these studies. See Wertheimer and 
Leeper, 1979, 1982; Savitz ct al, 1988.) 

Parental exposures may also increase the cancer risk ol their 
offspring. Fathers in electronic occupations who are also exposed 
toelectronicsolvents have children with an increased risk of brain. 
cancer, and children of mothers who slept under electric blankets 
while pregnant have a 2.5 risk ratio for brain cancer. 

Adults whose occupations expose them to strong 60-Hz fields 
(for example, telephone line splicers and electricians) have been 
found to have about four times the normal rate of brain cancer and 
male breast cancer, Another study found that microwave workers 
with 20 years of exposure had about 10 times the normal rate of 
brain cancer if they were also exposed to soldering fumes or elec- 
tronic solvents (Thomas et al, 1987). Typically, these chemical 
factors alone have risk ratios around 2. 

Dr. Samuel Milham, a Washington state epidemiologist, 
conducted a large study of the mortality rates of radio amateurs 
and found that they had statistically significant excess mortality 
from one type of leukemia and lymphatic cancer. Milham sug- 
gested that this could result from the tendency of hams to work in 
electrical occupations or from their hobby, 

However, epidemiological research by itself is rarely con 
clusive. Epidemiology only identifies health patersin groups — 
it does not ordinarily determine their cause. And there аге often 
confounding factors: Most of us are exposed to many different 
‘environmental hazards that may affect our health in various ways. 
Moreover, not all studies of persons likely to be exposed to high 
levels of EMR have yielded the same results 

"There has also been considerable laboratory research about 
the biological effects o EMR in recent years. For example, it has 
been shown hateven fairly low levels of EMR canalterthe human 
body's circadian rhythms, affect the manner in which cancer- 
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Table 1 


Typical 60-Hz Magnetic Fields Near Amateur 
Radio Equipment and AC-Powered Household 
Appliances 

Values are in miligauss. 


лөт. Distance 
Electric blanket Lues 
Microwave oven Surtace 
125 
IBM personal computor ‘Atop monitor 
16" от screen 
Electo arin At handie 
Наг dryer At handle 
HF transceiver Atop cabinet 
15° trom front 
1ÀW AF amplior Мор cabinet 
15" trom front 


(Source: measurements mado by members of the ARRL Bio 
Effects Сотто 


fighting T lymphocytes function in the immune system. and alter 
the nature of the electrical and chemical signals communicated 
through the cell membrane and between cells, among other things. 
(Fora summary of some ofthis research, see Adey, 1990.) 

Much of this research has focused on low-frequency mag- 
netic fields, oron RF fields that are keyed, pulsed or modulated at 
‘alow audio frequency (often below 100 Hz). Several studies sug- 
gested that humans and animals can adapt to the presence of a 
Steady RF carrier more readily than to an intermittent, keyed or 
modulatedenergy source. Thereissome evidence that while EMR 
may not directly cause cancer, it may sometimes combine with 
chemical agents to promote its growth or inhibit the work of the 
body's immune system. 

None of the research o date conclusively proves that low. 


Table 2 


Typical RF Field Strengths Near Amateur Radio Antennas 
А sampling of values as measured by the Federal Communications Commission and 


Environmental Protection Agency, 1980. 


Freq, Power, E Field, 
Antenna Type Miz Wats Мт Location 
Орою in aue 1415 000 — 7400 Inhome 
Discone in atic M&S 250 1027 b home 
Hall sopor 2115 1000 50 Tm from base 
Dipole at 7-13 f Ti 120 8450 12m fom earth 
Verica! 3B soo 180 05 m from base 
Selement Yagi at co 212 1000 În shack 

12 m trom ba 
¿element Yagi at 25 п 285 425 12 m Кот base 
Inverted У at 2246 f 723 1400 Below antenna 
Vertical on root el, 140 in house 

At antenna tune 
Whip on auto root 1485 100 2 m from antenna 

in vehicle 

oar seat 
Semen Yagi at 20 11 60.1 50 10 т from antenna 


level EMR causes adverse health effects. Although there has been 
much debate about the meaning and significance of this research, 
many medical authorities now urge “prudent avoidance” of un- 
necessary exposure to moderate or high-level electromagnetic 
energy until more is known about this subject. 


SAFE EXPOSURE LEVELS 

How much EM energy is safe? Scientists have devoted great 
deal of effort to deciding upon safe RI- exposure limits, This is a 
very complex problem, involving difficult public health and eco 
nomic considerations. The recommended safe levels have been 
revised downward several times in recent years — and not all 
scientific bodies agree on this question even today. A new Institute 
of Electrical and Electronic Engincers (IEEE) guideline for recom- 
mended EM exposure limits went int effect in 1991 (see Bibliog- 
raphy). It replaced a 1982 American National Standards Institute 
guideline that permitted somewhat higher exposure levels. ANSI- 
recommended exposure limits before 1982 were higher st 

"This new IEEE guideline recommends frequency dependent 
and time-dependent maximum permissible exposure levels. Un- 
ikcearerversionsofthestandand,the 991 standard recommends 
different RF exposure limits in controlled environments (that is 
where energy levels can be accurately determined and everyone оп 
the premises is aware of he presence of EM fields) and in uncon 
trolled environments (where energy levels are not known or where 
some persons present may not be aware of the EM fields). 

The graph in Fig 1 depicis ће new IEEE standard. Itis nec 
essarly a complex graph because the standards differ not only 
for controlled and uncontrolled environments but also for electric 
Fields (E fields) and magnetic fields (H fields). Basically, the low- 
est E-field exposure limits occur at frequencies between 30 and 
300 MHz. The lowest H-field exposure levels occur at 100- 
300 MHz. The ANSI standard sets he maximum E-field limits 
between 30 and 300 MHz at a power density of 1 W/cm (61.4 
volts per meter)in controlled environments — butat one-fifth that 
level (0.2 mW/em or 275 volts per meter) in uncontrolled envi- 
ronments. The H-field limit dropsto I mWyem (0,1 63ampere per 
meter) at 100-300 MHz in controlled environments and 0.2 mW/ 
em? (0.0728 ampere per meter) in uncontrolled environments. 


Table 3 
RF Awareness Guidelines 


These guidelines were developed by the ARAL Bio Effects 
Committee, based оп the FCC/EPA measurements of 
Table 2 and other data. 


+ Although antennas on towers (well away from people) pose 
‘no exposure problem, make certain that the RF radiation is 
Confined to ihe antenna radiating elements themselves. Pro- 
Vida a single, good station ground (earth) and eliminate 
Tadiaion om transmission nos. Uso good coaxial cable, 
not open wire lines or endled antennas tat come directly 
"nto tho transmiter area. 

+ No person should over be near any transmitting antenna 
wie is in use. This is especialy ue for mobile ог 
round. mounted vertical antennas. Avoid trnsmiting with 
iore than 25 жай in a VHF mobile instalation unless itis. 
possible to first measure the RF fields inside the vehicle. At 
fhe T-klowat level, both HF and VHF directional antennas 
‘should be at least 35 foot above inhabited areas. Avoid 
Using indoor and atic mounted antennas f at al possible. 

+ Don't operate RF power amplifiers with the covers removed, 
‘especially at VHFIUH. 

+ In the UHFISHF region, never look into the open end of ап 
‘activated length of waveguide or point it toward anyone. 
Never point  high-gain, narrow-beamwicth antenna (a 
paraboloid, for instance toward people. Use caution in 
iming an EME (moonbounce) array toward the horizon: 
EME arrays may deliver an йесіне radiated power of 
250,000 watts or more. 

+ With hand-held transceivers, keep tho antenna away from 

your head and use the lowest power possible to maintain 

Communications. Use a separate microphone and hold the 

Tig as far away from you as possible. 

Don't work on antennas that have RF power applie. 

+ Don't stand or sit close 10 a power supply or near amplior. 

when the ac power is turned on. Stay at least 24 inches 
"way from power transtormor, electrical fans and other 
. 60-He magnetic elds, 


Higher power densities are permitted at frequencies below 
30 MHz below 100 MHz for fields)and above 300 MHz, based 
‘onthe concept thatthe body will no be resonant at those frequen- 
cies and will therefore absorb less energy. 
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In general, the IEEE guideline requires averaging the power 
level over time periods ranging from 6 to 30 minutes for power 
density calculations, depending on the frequency and other vari- 
ables. The ANSI exposure limits for uncontrolled environments 
are lower than those for controlled environments, but o compen- 
sate for thatthe guideline allows exposure levels in those environ 
ments to be averaged over much longer time periods (generally 
30 minutes). This long averaging time means that an intermit- 
tently operating RF source (such as an Amateur Radio transmit 
ter) will show amuch lower power density than acontinuous-duty 
station for a given power level and antenna configuration, 

‘Time averaging is based on the concept thatthe human body 
сап withstand а greater rate of body heating (and thus, а higher 
level of RF energy) for a short time than for a longer period 
However, time averaging may not be appropriate in consider- 
ations of nonthermal effects of RF energy. 

The IEEE guideline excludes any transmitter with an output 
below 7 watts because such low-power transmitters would not be 
ble o produce significant whole-body heating. (However recent 
studies show that handheld transceivers often produce power 
densities in excess of the IEEE standard within the head). 

There is disagreement within the scientific community about 
these RFexposure guidelines, The IEEE guideline is stillintended 
primarily to deal with thermal effects, not exposure to energy at 
lower levels. A growing number of researchers now believe 
thermal effects should also be taken into consideration. Several 
Europeancountresandlocaltiesinthe United Stateshaveadopted 
stricter standards than the recently updated IEEE standard. 

Another national body in the United State, the National 
Council for Radiation Protection and Measurement (АСЕР), has 
also adopted recommended exposure guidelines. NCRP urges a 
limit of 0.2 Wen, for nonoccupational exposure in the 30- 
300 MHz range. The NCRP guideline differs trom IEEE in two. 
notable ways Lakes into accountthe effects of modulation on an 
RF carrier, andit does notexempt transmitters with outputs below 
7 walls. 


Low-Frequency Fields 

Recently, much concer about EMR has focused on low- 
frequency energy rather than RF. Amateur Radio equipment can. 
beasignificantsourceof low-frequency magnetic fields, although 
there are many other sources ol this kind of energy in the typical 
home. Magnetic fields can be measured relatively accurately with 
inexpensive 60-Hz dosimeters that are made by several manufac- 

Table 1 shows typical magnetic fields intensitiesof Amateur 
Radio equipment and various household items, Because these 
fields dissipate rapidly with distance, "nrudentavoidance" would 
mean staying perhaps 1210 18 inches away from most Amateur 
Radio equipment (and 24 inches from power supplies with -KW 
RF amplifiers) whenever he ac power is tumed on. The old cus- 
tomofleaningoveralinear amplifieronacold winter nighttokeep 
warm may not be the Бем idea! 

There are currently no national standards for exposure to 
low-frequency fields, However, epidemiological evidence sug 
gests that when the general level of 60-Hz fields exceeds 
2 milligaus, there is ап increased cancer risk in both domestic 
environments (Savitz et al, 1988) and industrial environments 
(Matanoski et al, 1989. David and Milham, 1990; 
Garland et al, 1990). Typical home environments (not close 
toappliancesorpowerlines)areintherangeof0.1-05 miligauss 
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Determining RF Power Density 

Unfortunately, determining the power density of the RF 
fields generated by an amateur station is notas simple as measur- 
ing low-frequency magnetic fields. Although sophisticated in- 
struments can be used to measure RF power densities quite accu- 
rately, they are costly and require frequency recalibration. Most 
“amateurs don’t have access to such equipment, and the inexpen- 
sive field-sirength meters that we do have are not suitable for 
measuring RF power density. The best we can usually do is to 
estimate our own RF power density based on measurements made 
by others or, given sufficient computer programming skills, use 
‘computer modeling techniques. 

Table 2 shows а sampling of measurements made at Ama- 
teur Radio stations by the Federal Communications Commission 
and the Environmental Protection Agency in 1990, As this table 
indicates,agoodantenna wel removed frominhabitedareas poses 
nohazardunderany ofthe various exposure guidelines, However, 
the FCC/EPA survey also indicates that amateurs must be careful 
about using indoor or atic-mounted antennas, mobile antennas, 
ow directional arrays, or any other antenna that is close to inbab 
ited areas, especially when moderate to high power is used. 

Ideally, before using any antenna hat is in close proximity 
to an inhabited area, you should measure the RE power density. If 
thats not feasible, the next best option is make the installation as 
safe as possible by observing the safety suggestions listed in 
Table 3 

Tis also possible, of course, to calculate the probable power 
density near an antenna using simple equations. However, such 
calculations have many pitfalls. For one, most of the situations in 
which the power density would be high enough to be of concen 
are in the near field — ап arca roughly bounded by several wave 
lengths of the antenna. In the near field, ground interactions and 
other variables produce power densities that cannotbe determined 
by simple arithmetic. 

‘Computer antenna-modeling programs such as MININEC or 
other codes derived from NEC (Numerical Electromagnetics Code) 
are suitable for estimating RF magnetic and electric fields around 
amateur antenna systems. (Sce the Propagation chapter for more 
information about MININEC.) And yet, these too have limitations. 
(Ground interactions must be considered in estimating near-field 
power densities. Also, computer modeling is not sophisticated 
enough to predict “hotspots” in the near field — places where the 
field intensity may be far higher than would be expected. 

Intensely elevated but localized fields often can be detected 
by professional measuring instruments. These “hot spots” are 
often found near wiring in the shack and metal objects such as 
antenna masts or equipment cabinets. But even with the best in- 
srumentation, these measurements may also be misleading in the 
near field 

‘Oneneednotmake precise measurements or model the exact 
antenna system, however, lo develop some idea of the relative 
fields around an antenna. Computer modeling using close ap- 
proximations of the geometry and power input of the antenna will 
generally suffice. Those who are familiar with MININEC can 
estimate their power densities by computer modeling, and those 
who have accessto professional powcr-densiticsmeterscan make 
useful measurements. 

‘While our primary concem is ordinarily the intensity of the 
signal radiated by an antenna, we should also remember that there 
are other potential energy sources to be considered. You can also 
be exposed to RF radiation directly from a power amplifier if itis 


operated without proper shielding. Transmission lines may also 
radiate а significant amount of energy under some conditions. 


SOME FURTHER RF EXPOSURE SUGGESTIONS 


Potential exposure situations should be taken seriously 
Based on the FOC/EPA measurements and other data, the "RF 
awareness" guidelines of Table 3 were developed by the ARRL 
Bio Effects Committee, A longer version of these guidelines, 
along with a complete list of references, appeared ina OST article 
by Ivan Shulman, MD, WC2S (see bibliography. 

(OST carries information regarding the atest developments 
for RE safety precautions and regulations at the local and federal 
Jevels. You can find additional information about the biological 
effects of RFradiation in the publications listedin the bibliography. 
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Make Etching Patterns with a Hobby 
Knife and Transparent Tape 


By Dave Mascaro, WA3JUF 


A hene eee e иш board 
ithout using photosensitive boards and negatives. The 

Sopperisetched off, so this method is 

а hobby (X-Acto) knife to cut away 

tape isusedas the resist material. [use d-inch-wide tape, avail- 

able at stationery stores. Here's how I do it: 


1. Cut the board to size and clean the foil so it's shiny. 

2. Draw the artwork on the board with а pencil. 

3.Coverthe board with tape, making sure there are no bubbles. 

4. Usinga hobby knife, cut the tape along the pencil lines, with 
the aid of a straight edge if necessary 
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5. Remove the tape from the board where you want the copper 
to be removed. 

o Press the remaining tape firmly against the board. 

7. Etch the board in Feric-chloride solution. 1 put the board. 
and ferric chloride in a plastic boule with a lid, Then 1 
agitate the bottle in a bucket of hot water, 

8, After rinsing the board, remove the tape and clean the board 
with steel wool 

9, Plate the board with solder and a flat-bladed soldering tip. 
Use liquid flux so the solder Пом is even and thin. 


A Milled Brass Amplifier Case 


By Dave Mascaro, WA3JUF 


efer to Figs 1, 2 and 3, The amplifier housing is milled 

from brass stock 1.5" wide by 0.5" thick. Cut the piece 
030” longer than the printed-circuit board to be installed. 
‘Square off the stock on the milling machine, Then hog out 
inside material to a depth of 0:30". Take outthecornersto clear 
the board, Then mill out the slot for the transistor lange. Drill 
and tap necessary holes. 

The SMA connectors can be secured with machine 
screws, or sweat soldered in place after the board is installed. 
Cut a hole in the PC board the size of the transistor flange. 
Sweat solder the board (and connectors, if desired) by heating 
the brass on a hot plate or stove burner. The feedthrough 
‘capacitor is a Spectrum Control Ine. (SCI) 729-303 or equiva- 
lent. 

Spread a thin coating of silicone grease on the housing 
Surface that mates with the heat sink. 


HE a 
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Fig 2—Side view of the brass case. The SMA 
connectors can be secured with machine screws or 
sweat soldered (see text). A heat sink is secured to the 
bottom of the caso. 


Fig 1—Top view of the brass amplifier case used by 
WASJUF, before the PC board is installed. The bottom 
Jd out to clear the device mounting 


\ 


Fig 3—Top view of the case with a board installed. Run 
а continuous bead of solder around the perimeter of 

A hole cut in 
ince for the 
‘mounting flange. A piece of copper-clad board 
or thin, sheet copper сап be used as a cover. 
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Microwave Layout Tips 


By Dave Mascaro, WA3JUF 


r'saneranple ofatypcl microwave amplie layout 
TEES Reed Tre board solders 
J side of te board. vo 
provide acominuous RE ground. ints arewed аа RE and 
e ground. A cover or bor can be brice of ca pieces 
SEPC hosei, AV shaped pco! cope loi soldered 
Poom oth PC board Beneat he device ange When the 
device io seeur he eat sin, fe pis goed RF 
ind 

Powersupply bypassing is important when several mi- 


crowave stages are powered from the same source. I recom- 
mend series-resonant feedthrough capacitors, like the Spec- 
trum Control Inc. 729-303. 

Fig 4 shows a typical layout from the top. Ferrite beads, 
lumped-constant RF chokes and chip bypass capacitors are 
used liberally to decouple the power supply. Fig $ shows the 
same layout from the side. The heat sink is milled out to just 
clear the device flanges. You can use a milling machine, or a 
milling bit in a Dremel drill. (Caution: Wear safety glasses.) 
The PC board should be secured to the heat sink in several 
places, The heat sink can be drilled and tapped to receive 
machine screws, or you can simply rivet the board to the heat 
sink. 


Му [m 


Fig 4—Typical microwave layout. Liberal use of ferrite 
beads, RF chokes and chip capacitors is recommended 
to prevent RF coupling through power leads. 
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Fig 5—Side view, showing attention to RF grounding. 
Good layout practice makes for more-reliable 
operation—especially important for portable operation. 


How to Safely Handle FETs 


By Dick Jansson, WD4FAB 


he safe handling of very-high-impedance FET devices 

requires great preparation to avoid destroying the device 
with stray static charges, When I was a practicing engineer, I 
ad the use of an anti-static bench and floor mats (the operator 
was also grounded to this system). I don’t have this type of 
equipment at home, yet I've been successfully working with 
GaAsFET devices using the simple grounding system de- 
scribed here. Since these devices are important to the quality 
and performance of low-noise UHF and VHF receivers, you 
may want to practice some of these safety techniques 

My grounding system starts with the use of a grounded 
(and transformer isolated) soldering iron (a Weller model 
W-TCP, in my case). Since this iron has a three-prong plug. I 
use the ground of an adjacent duplex outlet as an additional 
соттоп ground connection, A banana plug which has been 


“fattened” а bit to make contact in the ground socket is con- 
nected to several limber wires of suitable length. Each wire 
has an alligator clip on the free end. 

A length of ball chain is formed into а loop and slipped 
‘over one of the operator's wrists and clipped to one of the 
ground wires, Another wire is clipped to the chassis ground of 
the device being assembled. 1 usually ground the vice that the 
chassisisclamped in, Finally the package containing the FET 
should be made of conductive material (black foam or foil- 
lined envelopes). This material should be connected to ground 
before you extract the device for installation. I wear back one 
corner of the envelope and connect the ground wire. Granted, 
this system is not up to commercial standards, but it seems to 
work well, and it certainly protects the FETs better than doing 
nothing. 
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Caveats For Choosing 
Microwave Capacitors 


By Bob Atkins, KA1GT 
(From OST, August 1989) 


hysically, chip capacitors are simply small, leadless 

'apacitors. But all physically small, leadless capacitors 
are not necessarily microwave-quality components. Very 
small chip capacitors have become much more common as a 
resultoftheiruse in miniaturized circuits. Circuits that operate 
atonly afew megahertz (or tens of megahertz) can get by using 
inexpensive chip capacitors: the problem is that the dielectr 
materials used in inexpensive chip capacitors show very low 
loss at VHFY UHF, but are entirely unusable at 10 GHz. 

Опе necessary characteristic of microwave-rated com. 
ponents is low dielectric loss at microwave frequencies. A 
second characteristic of all capacitors—including chip ver- 
sions—that comes into play is the presence of undesired series 
and parallel inductances that result from the device packaging. 
“These inductances notonly have reactances; they also resultin 
series and parallel device resonances. Where capacitors are 
used as bypass orde-blocking devices, series resonances aren't 
a problem because impedance is minimized. Parallel reso 
nances, however, can be highly detrimental to circuit perfor- 
mance. A third consideration when chip capacitors are used in 
microstripline circuits is that they create physical discontinu- 
ity, and cause some reflection of incident power as a result. 
This, too, can give rise to losses. Well-designed circuits use 
capacitors that cause minimal impedance discontinuities. 

When a circuit calls for a particular type and value of 
capacitor. use of the specified component may be critical to 
circuit performance. Thorough designers take into account the 
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factors discussed above, and select capacitors with low loss 
when designing equipment 

Loss data on a capacitor can be obtained by testing its 
effect when used as a de block in a microstripline circuit. To 
do this, etch a board with a microstripline of the desired im- 
pedance, and leave a small gap in the line. The gap can be 
bridged hy either the capacitor under test ora length of copper. 
foil, First measure the circuit loss when the gap is bridged by 
the copper foil; then with the capacitor in place of the foil. The 
difference in attenuation is the additional loss caused by the 
capacitor 

Loss data for one line of commercial microwave chip. 
capacitors rated for use at frequencies up to 4.2 GHz shows 
that one particular 120-pF capacitor has a loss of almost 0.4 dB. 
13 GHz. A 100-pF capacitor from the same series shows less 
than 0.05 an loss at that frequency. In this case, substitution 
‘of the 120-pF capacitor for the 100-pF capacitor would result 
in considerable performance degradation in а 3-GHz circuii — 
not from the change in capacitance, but from associated pack- 
aging effects. This also applies to nominally equivalent ca- 
pacitors from different manufacturers. If you make 
substitutions without knowledge of these factors, you may 
find yourself in unexpected trouble, 

Further references to microwave components and 
microstrip circuitry can be found in the "New Frontier" col- 
umns in January 1981, December 1981. April 1982 and June. 
1988 QST. 


Surface-Mount Soldering 


By Paul D. Husby, WOUC 
(From OST, June 1991) 


wfc mount devices and boards ме а preat invention 
© Cre work wih once you stconforbl handing 
tsp tne iny devices My sole uinci ih 
таеп fom tat sugested by Bryan Bergeon, NUN. 
Tinning both pads may lad to an isla m wich the 
eves eno lat and ls te bar Or wone fagi 
chip device may be epica assed I prefer hs rou 
+ Tin only one ofthe pads, and let i cool 

T Set the device in piace. While pressing the device very 
gy wih stoop wheat ne Uned pad until ho device 
abe Jing comentorioco Sader 


second terminal, touching the iron only to the pad. 


* After the device has again cooled, touch up the first solder 
joint as necessary 


+ Use silver solder. 
With this method, I get a 100% success rate of devices 
‘that are flat, straight and well-soldered. 
Finding silver solder can be a problem in some locations. 
(Radio Shack carries 62/36/2 solder [RS 64-013).) 


тв Bergeron, "A Surtace-Mount Technology Primer—Part 27 
QST, Jan 1991. pp 27-30; see p 29, Fig 12 
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A Simple Beacon System 


By David G. Meier, NAMW 
(From Proceedings of Microwave Update 91) 


Introduction 
cacon transmitters provide several primary benefits 
‘They expose enhanced propagation. indicating condi- 

ions we might otherwise not observe. They produce a con- 

stant signal source, helping assure that receiving systems are 
functioning properly. On some bunds, beacons mark the 
narrowband/weak-signal portion of the band, discouraging en- 
croachment of wide-band activities. Band plans and a beacon 
list are published in the ARRL Repeater Directory. The bea- 
con system described in this paper is proving beneficial on all 
counts 

Perceiving operational and technical obstacles, few are 
willing toequip stations for relatively unoccupied bands. Many 
amateurs are unfamiliar with weak-signal VHF/UHF/mic 
wave propagation characteristics, believing the “line-of-sight” 
myth. Demonstrations of beacon reception to potential VHF/ 

UHF/microwave enthusiasts can help dispel the myth. 

This paper documents progress on the NAMW/B beacon 
system (Fig 1). Since the system design depends on availabil- 
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Fig 1—Block diagram of ine NAMW Beacon System. 


ity of surplus components. a general description emphasizing 
integration of diverse equipment is presented, rather than a 
particular construction plan, I hope that the information pro- 
vided inthis paper assists and encourages others to implement 
needed beacons on multiple bands and in diverse areas. 


Background 

FCC rules permitting beacon operation are found in Part 
97 Sections 97.84 and 97.87. Beacon transmissions are de- 
fined as one-way transmissions conducted to facilitate mea- 
surement of radio-equipment characteristics, observation of 
propagation or transmission phenomena, or other related cx- 
perimental activities. Rules for unattended beacons are stricter 
than for attended beacons. Here is a summary of the rules 
pertaining to unattended (automatically controlled) beacons: 

+ Operations limited to one concurrently operating trans- 
miter per band. 

+ Appropriate control provisions/procedures are required. 

+ Ifthe FCC orders, operation must cease until problems 
are resolved. 

+ Operation is permitted on the following frequencies: 

282.28.3 MHz 
50.06-50.08 MHz. 
144,275-144.3 MHz 
22205-22206 MHz 
43234324 MHz 

Operation is permitted on any authorized (non-specific) 
frequency above 450 MHz. 

* Below 450 MHz, permitted emissions are NON ALA, 
Е!Вог12А. Above 450 MHz, any authorized emission type is 
permitted. For FIB and J2 emissions, maximum radio- or 
audio-frequency shift is 1000 Hz 

+ A Technician-clas or higher license is required. 

Power output is limited to the minimum necessary, but. 
тау not exceed 100 wats 

+ For Morse identification, use the /BCN or /B call an 
suffix 

+ The maximum interval between identifications is one 

ARRL has adopted beacon subband recommendations in 
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addition to those specified in the FCC Rules. These subbands 
902.2-902.4 MHZ 
1296.3-1296.4 MHZ 
22043-23044 MHz 
34503-31564 MHZ 
5760.3.5760.4 MHz 
10268.3-10368.4 MHz 


Design 

All transmitters are commercial or military surplus, keyed 
simultaneously using a single keyer. Optoisolators are used 
instead of mechanical keying relays, providing a flexible and 
reliable means of keying different types of transmitters with 
different keying requirements from а common keyer. Com- 
топ power supplies provide power to multiple transmitters 
where needed. Equipment is located inside a controlled access 
тоот, mounted ina locked BIA cabinet rack, On-off control of 
primary power is provided by a 23-<m FM link and a DTMF 
(Touch-Tone} control-code sequence. 


Keyer 
"The beacon code keyer is the standard WARFR EPROM 
design with the relay eliminated (Fig 2). Four 4N30 


Darlington-outpat optoisolators provide outputs to key the 
various transmitters. Ideally, the transmitters would all be 
keyed by switching a logic-level input to ground. More often, 
current must be switched at the power supply input to the 
transmitter amplifier stages. The 4N30 will not handie enough 
current, so a TIP20 Darlington transistor is added as a current 
amplifier 

The keyer is constructed ona Radio Shack project board 
The four optoisolators are mounted on the keyer board. The 
board is mounted in an aluminum box. A barier terminal strip 
allows for connection to a +5-volt supply and to the various 
keyed devices, An externally visible LED ashes in syne with 
the keyer. 

Programming the EPROM is simple, but requires an 
EPROM “burner.” The 2716 EPROM is a 2k x 8-bi device. 
"The beacon keyer uses only 2 of the 8 bits: one for the code 
sequence and the other for resetting at the end of the message. 
Each bit represents one element of a Morse character. Dots are 
1 bit; dashes are 3 bits, One bit separates dots/dashes within 
characters. Character spaces are 3 bits and word spaces are 7 
ог9 bits. Long dashes are 50 or more bits long. The EPROM 
is programmed to contain byte values of 1 or 0 to represent 
Morse clements and element spaces. А string of 2s forces reset 
tothe beginning of the message. The rest of the EPROM con 
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Fig 2—Schematic and layout of the modified WARFR Beacon Keyer. 
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tents do not matter. The EPROM message can be seen in the 
following example, which uses 215 of 2048 bytes, or about 


11% of the potential message capacity. kor ће code sequence: 


DE(WORD SPACE)NAMWIBIWORD SPACEJEMSS(LONG 
 DASHYSHORT PAUSEKRESET) 


Program the EPROM as follows: 


1110101001000000) АЛЛА 
hn 
eee 
11111000000000000000000000022222. 


The message content must be arranged to provide at least 
‘one identification each minute. This can be done by keeping. 
the message short, or by interspersing two or more identifica- 
tion sequences within the message string. Keying speeds be. 
tween [and 15 WPM are reasonable. A long dash is desirable 
for equipment adjustment and strength measurement, 


Equipment 

With 70- and 23-em beacons already operating locally, 2 
meters seemed both the easiest and most immediately useful 
band to implement. f mounted an exciter board from an RF 
Communications Corp. RF-403 FM transmitter in an alumi- 
mum box, A BNC connector and 2 feedthrough/bypass capaci- 
tors provide all necessary connections. A constant +10 V sup- 
plies the oscillator and low-level transmitter stages. A keyed 
+12-V line to the high-level stages produces achisp-free 4-W 
signal on 144.280 MHz. A simple gamma-matched “squalo” 
built from copper pipe produces reasonably omnidirectional, 
horizontally polarized radiation, 

“The next band 1 added was 13 cm. I retuned a Motorola. 
transmit strip to provide 72-MHz output. A homebrew multi 
plier produces 288-MHz drive and is keyed by опе of the keyer 
‘optoisolators, A surplus AN/GRC-144 telemetry transmitter 
provided a multiplicr/ampliier assembly and diode doubler 
capable of transforming the 288-MHz input to 4 watts at 
2304 MHz. constructed an Alford slot from copper pipe, and 
fed it through 10 meters of inch Heliax. I made a westher- 
proof cover for the antenna from a length of PVC pipe, capped 
at the top, The cable end and antenna slips inside the PVC 
‘caver, which is clamped to the top of a mast, so thatthe antenna 
clears the mast 

The6-meter transmitter, a General Elecricexciter board, 
requires а constant +12 V and keyed +12 V. To minimize 
current switched by the primary-keyed +12-V source, I in- 
stalled another optoisolator and Darlington transistor inside 
the transmitter box, to switch the constant +12 V. The antenna 
is a dipole oriented east/west 

The 9-em beacon uses a Frequency West PLO “brick 
source producing 50 mW toan Alford slot. Source and antenna 
are mounted on a mast pipe under a weatherproof cover made 
from а TVRO feed cover, de voltage is supplied through а 
shielded cable. Power supply current must be continucus to 
maintain frequency lock. An expedient keying method is to 


"M. Walters, G3JVL, "An Alford slot antenna for 2.3 GHz," 
Radio Communication, June 1983, p 527. 


TABLE 1 
Alford Slot Antenna Scaling Dimensions 
FREQUENCY (MHZ) 

Dimensions 

(Inches) 0023 1296.3 2304 3456 5760 10368 

Tube 

Diameter 186 129 073 049 029 016 

Tube 

Length 2423 1686 949 633 38 211 

Slot 

Width 026 0.18 01 007 004 002 

Slot 

Length 2302 16.02 902 601 361 2 

Balun 

Length 261 182 102 068 041 023 
por p 
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Fig 3—Alford Slot Antenna Construction. 


frequency-shift key the source, by slightly varying the nega- 
tive 20-V supply. One of the keyer optoisolators modulates the 
de supply by about 0.1 V, producing a distinctive frequency 
shift. The supply voltage is modulated by one of the keyer 
‘optoisolators, which switches a resistor in the power-supply 
feedback circuit 

The 13 and 9-cm Alford-slot antennas are based on the 
G3IVL 2304-MHz Alford slot (Table 1 and Fig 3). Tube wall 
thickness and length beyond the slot should not be critical. 
Coaxial 4:1 balun length is for PTFE dielectric line (0, 141in. 
diameter semirigid coax), Where feasible, make the balun from. 
the feed line, thus eliminating connectors, 
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Results 

Reception reports have been received from several dis 
tant stations. Paul Wilson, WAHHK has used the 13-em bea 
con to help diagnose a failed preamp. Rex Turner. WSRCI, 
receives the [3-cm and lower-freguency beacons consistently 
over a 100-km (60-mile) path. Al Ward, WBSLUA, has re- 
ceived the 13-em beacon 20 dB above the noise overa672-km 
path. At my home, 14-km from the beacon site, the lem 
beacon is received with no antenna connected to the converter! 
Is interesting to monitor the 13 and 9-cm beacons while 
mobile in motion—the Doppler and multipath effects result 
ing from vehicle motion are extremely pronounced, sometimes 
sounding like aurora, I receive the 9-em beacon using a TVRO 
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LNA as bothantenna and preamplifier inside my shack. WHHK 
receives it at ground level, over a 28-km obstructed path. 


Conclusion and Acknowledgments 

1 hope this paper encourages additional beacon opera- 
tion. Beacon operators everywhere appreciate reception re- 
ports, which help to establish normal performance expecta- 
tions, as well as record unusual propagation trends. 

acknowledge and thank Ray Escue, KARDK, for secur- 
ing the beacon site, Ken Schildt, NAVSD, for locating the site, 
James Butler, KBSLIV, for programming the keyer EPROM, 
Bill Dearing, КАНКУ for the logistics, Paul Wilson, WaHHK 
Torinspiration and assistance, and my wife Cissy, NAZRW for 
her understanding and support 


А 432-MHz Transverter 


By Greg McIntire, AA5C 


L еу ше become merci in VEU and mim 
wave activities. Not having built any equipment that operates 
‘on the higher frequencies I decided to pursue the construction of 
а 432-MHz ransventr as а means o leam about the design and 
construction techniques for UHF. A survey of Amateur Radio 
publications did not yield any "modem" ransvertr articles. The 
few that I did find used tubes 

A block diagram of the station is shown in Fig 1. The IF for 
the project was to be a Kenwood TS-820S HF transceiver. This 
radio has transverter input and output ports. The transmis port 
provides 0 Вт and the receive por is switched between the 
Iransverter input and the primary 50.239 connector. Eventually, 
T plan to add a high-power amplifier to the 432 station. The TR 
relay to connect the transvertr input and output to the antenna is 
extemal to the trumsverter so that it can be moved to the amplifier 
at a later time, 


Transverter Block Diagram 

The block diagram ofthe ransverte is shown in Fig 2. Other 
than he LOand IF frequencies, here is nothing specific tothe 432 
MHz bandin the block diagram, and this approach is applicable to 
other Frequencies. The basic transverter isa fours port system with 
the TR relay external to the main шай. This permits additional 
transmitter power ampliierstobe added tthe transmit chain with 
the TR relay downstream. 

The local oscillator multiplies the 101-MHz oscillator by four 
ко 404 MHz, Two times-two multiplier stages are used. Separate 
mixersare used fortransmitandreveive converters, A powerspliter 
provides independent outputs for the transmit and receive mixers. 

"The receive converter chain consists of a low-noise RF am- 
plifier followed by a 432- MHZ filter. (The tuned circuits of the RF 
amplifier serve to limit some ofthe out-of-band energy.) The wo 
pole filer provides attenuation ofthe image frequency ahead ofthe 
mixer. The mixer is followed by a two-pole IF filter and an IF 
amplifier. The IF-ampliier gain can be adjusted to control signal 
level passed to the HF rig used as the 28-MHz IF. 

The transmit mixer inputs are the 28.1 MHz IF (at about 1 
mW) and the 404 MHz LO. The transmit mixer is followed by а 
two-polefiltertoattenuate the376 MHz signal fromtheoutputand 
piss the desired 432- MH signal. (This should be done right after 
the mixer before any amplification. else the undesired products 
will be amplified by the untuned MMIC chain.) The MMIC chain 


Fig 1—Block diagram of the AASC 432-MHz station. 


amplifiesthe 432-MHz signal to the maximum MMIC power lev- 
els: Transistorsthen take over. Impedance-matchingcircuitsn the 
transistor stages serve to limit out-of-band signals, The final stages 
bring the transmit signal up to about 7 W- 


Construction Techni 

DoublesidedG10circuit board material was chosen because 
the second side of the board makes a good ground plane. This 
ground plane is a necessity for microstrip circuits, which are used 
in the power amplifier of this transverter. 

1started witha 5-x 18-in, board (Fig 2). The S-in. dimension 
was determined by a heatsink lhad on hand. The maximum width 
of the transverter would match that of the 19-8205 because 1 
wanted to place the unit on top of the 15-8205, 

General construction guidelines that I followed in the 


unit include: 
1) Placing all active devices and circuits on the top side 
of the board 
2) Using 1000-pF ceramic feedthrough capacitors to get to 
the bottom side ofthe board. used the solder-in type and soldered 
around the entire circumference of the feedthrough on both sides 
ofthe board. This connects the two ground planes together. 
3) 1 bypassed each feedthrough with a 001-1 ceramic ca 
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Fig 2—Block diagram of the transverter. 


pacitoron the bottom side of the board as additional decoupling to 
prevent any HF oscillations through the supply leads. 

4 АЙ supply leads and biasing circuitry are located on the 
опот side of the board 

5) Shielding was included as shown in Fig 2. The shields are 
placedto divide either major functionsor circuits thatcould couple 
easily: high-gain, high-power or high-impedance stages, for ex 
ample, The receiver RF amplifier MMIC chain and the power 
amplifier are thus appropriately shielded. Most of the system is at 
бе 5042 impedance level. 

1 didn't have a metal chassis, so I ried building the chassis 
and shields out of PC board material. One-sinteenth inch thick 
material is easily worked witha good pair of tin snips and а 60-W 
soldering iron. The chassis covers are secured by means of nuts 
soldered ино the chassis comers and screws through the covers 
Sall pieces of scrap PC board are also handy: I used inch 
Squares for terminals on the bias side of the transverter. To attach 
ıa square to the board, I tinned one side of he square and the area 
ofthe board where T planned to locate it. With a soldering iron in 
contact with both pieces, 1 lowered each square into position. Be 
Sore not to slap the squares down, as solder splashes can result. 

"The transverter grew around the local LO. Placing the LO 
between the receiver and transmitter sections seemed ideal to 
minimize the need for coaxial interconnects. The LO was fully 
tested first. А shield running the depth of the board separates the 
LO from the receiver section, which was built next. Once com- 
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plete,theboard waseutand one edge ofthe “chassis” wasinstalled. 
A shield was added to the other side of the LO and the transmitter 
frontend was added. A partition was added to separate the power 
amplifier from the transmitter low-level stages. After completing 
the PA the board was cutoff at the other end and that end of the 
chassis was installed. Small partitions of PC material were cut to 
match the height of the heat sink. These permit a cover to be 
installed over the bias side of the board, which then became the top 
ofthe chassis, The heat sink was exposed and placed on top for 
ventilation. Fig 3 shows the layout 1 used for the transverter. 


Local Oscillator 

A good, stable LO is critical to any UHF or microwave 
transverter. I adapted the 384-МН stage of an 1152-MHz LO 
designed by Al Ward, WBSLUA, for my 404-MHz LO. The 
original cîrcuithad the crystalintheemitter-collectorcircuitofthe 
oscillator with no buffer amplifier following. This circuit drives 
the crystal pretty hand, and drift and "FMing" on current peaks 
were problems even with the circuit supply Zener regulated to 
9 V. Al was having drift problems with a 2160 LO that used the 
same circuit. He redesigned the oscillator using a Butler configu- 
‘ation anda buffer stage. That isthe circuit presented in Fig 4. The 
pans list is in Table L 

The oscillator, Q1, uses a 101- MHz it overtone, 0.001% 
tolerancecrystal The 1-10pF trimmerin series with the crystal can 
ве used то adjust the LO frequency. An emitter follower, Q2, 
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Fig 3—Layout of the transverter. 


buffers the oscillator from the first doubler, Q3. The second dou- 
Мег, Q4, produces the desired 404-MHz signal at +3 dBm, L6 is 
tapped at the 50-9 point (а half тшгп) and the signal is fed into а 
‘085 MMIC. The "0485 amplifies the signal to about +10 dBm. 
A Wilkinson hybrid power splitter then produces ruo 50-2 ports 
with +7 dBm signal levels. (This LO signal level is ideal for the 
SRA-I transmit and receive mixers.) These signals are routed to 
the receive and transmit mixers. 

The LO is besttuned withthe aidofaspectrumanalyzer. Iwas 
able to tune up the LO using a diode RF detector, and the results 
were verified om a spectrum analyzer. Access toa spectrum an- 
her obviously makes the job easier. 

In order to tune the LO with an RF detector, first connect the 
detector to the emitter of Q and tune C4 and 1.1 for maximum 
signal, The turns of L1 can be compressed or spread for adjust- 
ment. The positions of LI and C4 affect the startup characteristics 
‘of the oscillator, and they should be positioned for consistent start 
up when power is applied to the circuit. 

is advisable to use a frequency counter to verify that the 
oscilatorcireuitisindeed tuned o 101 MHz before proceeding. A 
wide variation in circuit parameters could result in the crystal reso- 
nating on an incorrect overtone. 

Move the RF detector to the collector of Q3 and tune the 
coupling circuit between Q2 and Q3 for maximum signal. The first 
doubler should be tuned for maximum signal at the emitter of Q4. 
Initial indications сап be obtained across the 330-0 base resistor 
‘of Q4. The 404-MHz output should be peaked by examining the 
signal level at each роп of the power spliner, with the other port 
terminated in 500. 

Since ве final doubler circuit tuning is somewhat touchy, it 
may be casier to initially leave the MMIC input disconnected and 
terminate the output side of the 100-pF silver-mica capacitor that 


taps L6in 500. Then tune for maximum signal across the resistor. 
Finally tune the timmer on the input side ofthe power divider for 
maximum signal at both output ports. 


Receive Converter 
Thereccivesectionofthe nan ener com ee Mone 
MHz RF to a 28-MHz IF. This circuit is shown in Fig 5, and the 
pars list is in Table 2. The front-end circuit uses an NEC 41137 
GaAsFET. This circuit effectively sets the noise figure for the 
receiver The 137 sahigh-gain,low-noisedevice.andisideally 
suited for weak-signal receiver front ends. The specified noise 
figure of he 41137 is less than ОХ dB at 500 MHz. I adapted a 
preamplifier circuit designed by Kent Britain, WASVIB, or this 
application. This circuit provides a high output impedance for 
driving the two pole RF filter instead of a 50-2 output for driving 
coax. A I- resistor їз placed inside inductor L2 to "4e-Q” the 
drain circuit The 41137 has about 20 dB gain and the circuit will 
easily break into oscillation without the resistor. A two-pole 432- 
MHz filter attenuates the image frequency prior tothe mixer. In- 
ductor L4 is tapped atthe 50-0 point for connection to the receive 
mixer. All three ports of the double balance SRA-I have 50.02 
input or output impedances. This signal is fod to the RF por of the 
mixer. The LO роп connects to one leg of the LO power divider. 
An excellent discussion of double balanced mixers starts on 
page 304 ofthe 1976 Radio Amateur's Handbook. This article, by 
KIAGB, discusses the merits of proper termination of a DBM. 
One instinctively designs a mixercircuitto provide a proper termi 
nation for the desired signal, This article discusses the merits of 
properly terminating the DBM so that reflections from the undes- 
ited mixer products do not interfere with the desired signal. I ap- 
plied the circuit included in this article to my transvetr, The IF 
amplifier should be a good low noise device such as а 3N204 or 
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Table 1 
Local Oscillator Parts 


C1—0.001-4F ceramic 
C2—0.1-uF ceramic 

Сз—33-рЕ NPO. 

C4—1-10 pF trimmer. 

117 tno. 26, 0.25 ID, f. len resistor inside. 
L2—39- pH molded choke. 

L3, L4—3 t no. 16 0.2510. 

L5—1 tno. 16,025 ID. 

L6—1 tno. 16, 025 ID, tapped 4t. 

L7—6 t no. 20 on YW 1 MW resistor as а form. 
L8, L9—1 t no. 20, 0.25 ID. 

Y1—101-MHz Sth overtone crystal, HO-18/U case. 


Notes 
All resistor values %+W unless otherwise noted. 
All capacitor values in PF unless otherwise noted 


Table 2 


Receive Converter Parts 
L1—4 t no. 20025 ID, 0.5 in. long. 

127 tno, 20, 025 ID, 1-0 resistor inside. 

131110, 20 20, 0.25 I. 

{4-1 t no. 20, 0.25 1D, tapped % t 

15-—56-Н molded choke. 

16—19 tno, 26 on 0.25 ID сой form, per slug. 
17—18! no. 28 on T-30-6 core. 

L8—18 t no. 28 on T-30-6 core tapped 4 t from cold end. 
Mi—SRA-1 Minicircuits DBM. 

Q1—NEC 41137 GaAsFET. 

02—3N204, 3N21 


All resistors % W unless otherwise noted. 
All capacitor values in pF unless otherwise noted, 


Well. А 40673 could be used butis not recommended, The drain 
circuit of the IF amplifier is connected to а doubly tuned output 
circuit A dual. gate FET is used to provide stage gain adjustment 
"The adjustment is effected by using potentiometer RI to control 
the voltage on G2 of the FET. A preamplifier or wansverter will 
injectaddtional noise into the frontend ofthe ig being used either 
asa baseband rig or an IF. The result is an S-meter reading higher 
than if the gain stage preceding the rig was tumed off. RI permits 
setting the S-meter reading with the transventer tumed on to the 
same value as ifthe transverter Were tumed off, S-meter readings 
canthusbeexchanged. Good weak-signalreporting practice should 
still include reports of signal strength over the noise floor. 
Atwo-pole 28-MHz filter follows the IF amplifier. lusedthe 
same inductors that were used in the "Rochester converters 
showninthe 1976 Radio Amateurs Handbook. In that application, 
the circuit was tagger tuned for broad bandwidth and no tuning. 
adjustments, other than taking turns ofFihetoroids, were provided 
for, 1 replaced the fixed capacitors with trimmers. Since most 
activity is at 432.100 MHz, I tuned both sections of the filter for 
the corresponding IF frequency of 28.100 MH. Tune up of the 
‘Transmitting and Receiving Equipment 3-9 
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Fig 7—Schematic of the transmitter power amplifier. 
310 Chapter 3 


pee 


1 
| 
П 
1 

ER ж Har sc 


circuit can be done several ways. А 432 МН signal source with 
variable attenuation is necessary. The rig being used as the IF 
serves well as the detector With the LO connected to the mixer, 
applyastrong432-MHz signal (-30dBm) to the 432- MH input. 
Make several pases though the stages, tuning for maximum in- 
dication on the S-meter. Decrease the signal level as the circuits 
come into alignment, so that the S-meter reading stays below S9. 
You should be able to reduce the signal level to less than 120 
dBm and still hear a beat note. The circuit could be split if wuning 
the full receiver proves dificult 

In this case, break the circuit at the input to the mixer and 
terminate the connection from LA to the mixer with а 50:2 resistor. 
"Then, tune the 41137 circuit and the filter for maximum signal 
strength Keep the input signal level low enough that the 41 137 is not 
running into compression; for example, below -30 dBm. On the 
‘ouput side of the mixer, drive the circuit connected to the IF роп ot 
the mixer with а 28-MHz signal and tune L6 and the two 15.60 pF 
immer for maximum signal. The radio can still be used as the 
detector for this section of the circuit. A good initial value for RI 
should resultin about 1.5 volts on G2 ofthe 1F amp. Finally, connect 
everything back upand make final adjustments for best overall signal 
conversion gain. Kent Britain discusses tune up of preamplifiers in 
the 1986 Handbook for Radio Amateurs, As noted there, adjustment 
‘ofthe two trimmers оп the input of the 41137 are not necessarily the 
same for best gain or best noise figure, After the receiver section is 
tunedupenough to be connected toan antenna, find a friend who can 
transmit a weak signal and tune up on it for best intelligible signal. 1 


Table 3 
Transmitter Front End Parts 


QI—MMIC, 0285 or equiv. 
Q2—MMIC, 0304 or equiv. 

03—ММІС, 0485 or equiv. 

C1, C2, C22—miniature immer, 1-10 pF. 

G3 Ceramic, 1 pF. 

Са, C5. C9, C16—slver mica, 100 pF. 

C6, CB, C10, 012, C13, C15, C21, C23—ceramic, 0.01 pF. 
C7, C11, C14, C19, C20—feedthrough, 1000 pF. 
617, C18— miniature trimmer, 5-25 pF. 

C240. 01-F ceramic, 

D1, D2— silicon diode, 50 PIV, 1N4001 or equiv. 
K1—DPOT relay, 5-A contacts, 12-V de col. 

L1, L2—1 t no. 20 enam, Vin. diam, tapped at 4 t 
L3—2t по. 16 enam, Yin. diam. 

L4—1 tno. 20 enam, in. diam. 

Q1—2N3866 or equiv. 

В1—270-0, VW carbon composition. 

R2, R3—150-0, YW carbon composition. 
947-1840, -W carbon composition. 

5270-0, /+W carbon composition. 
Sec - molded choke, 1 uH. 

ВЕС, RFC3- molded choke, 0.39 uH. 


had the opportunity o pu the transverter on а Hewlett-Packard 8970 
noise-figure meter. The overall receiver noise figure for the 
transvertor was measured to be 1 604B, Not perfect, but very accept 

able, Ihave assumed 13 dB gain in the 41137 stage Although more 
‘than 20 B of gain is available with the 41137, the damping to stabi- 

lie the чаре probably results in about 13 dB of stage gain. 


‘Transmit Converter 

This portion of he tansverter convert а 1-mW 28-MHz IF 
input to a +40-dBm (10-watt) 432-MHz output. Refer to the 
transverter block diagram for signal level and flow. These are 
described below, The transmitter front end schematic is shown in 
Fig6andihe transmitter power amplifîerin Fig 7. Associated parts 
ме listed in Tables 3 and 4 respectively. The 28-MH IF signal is 
input directly into the IF port of the SRA-1 mixer, This is the 
specified input level. Attenuators or amplifiers may be necessary 
ifthe 28-MHz signal level available is more than a few В different 
from 0 dBm. 404-MHz LO cnergy from the power splitter is input 
to the LO port of the SRA- 1. 

The mixer output is taken from the RF роп. The desired 432 
MHz signal level is about -6 dBm at this point. A two-pole 432- 
MHz filter follows the mixer. This passes the desired 432-MHz. 
signal and attenuates the 376 MHz lower mixer product. A DBM 
is useful here, as the 404-MHz and 28-MHz signals are greatly 
attenuated, due to the inherent nature of a DBM. Filter loss was 
measured at 3 dB and the resulting signal at the output of the filer 
is-9dBm. The -9 dBm signal is input toa series of three MMICS 
Tor amplification. The upper limit of signal level that commonly 
available silicon MMICS can work with is about +13 dBm, forthe 
04 series of pants. 

"The datasheet specifications are 12 dB for the 0285 and 0304 
ММАС, and 8 dB for the 0485 device. Overall three stage gain 
‘would he 32 dB. T got 22 В overall. I don't find this disturbing. as 
‘the specification sheet values are based on tests where the devices 
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Table 4 
Power Amplifier Parts 


C1. C2- compression timmer, 4-20 pF; ARCO 402 o equi 
C3—UNELCO, 10 pF. 

(Č4—UNELCO, 25 pF. 

Cs, C14—ceramic, 1 uF. 

C6. C10, C11, C12—feeathrough, 1000 pF. 

C7; Cie ceramic, 0.1 uF. 

C8 -compression trimmer, 55-250 pF; ARCO 426 or equiv. 
C15 Jonanson trimmer, 1-10 pF. 

C16, C17—dipped tantalum, 1 pF. 

Ств. C19—aluminum electrolytic, 47 uF, 25 V. 
Сәо—сотргеввюп trimmer, 8-45 pF, ARCO 403 or equiv. 
Di. D2- silicon diode, 50 PIV, 1N4001 or equiv. 
-J1--BNC connector, chassis mount. 

LI—6 t no. 20 enam, Yin. diam. 

L2—5 tno. 20, Yin. diam. 

R1, R3—10-2, % carbon composition. 

R2, R4—150-0, 1-W carbon composition 
RFCI—molded choke, 0.1 uH. 

 RFG2—molded choke, 0.39 ин. 

RFCS, RFCA-— 2/41 no. 20 ferrite core. 

Z1—0.95 x 0.25 microstrip: see text. 
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are well matched. Mismatch losses between stages will decrease 
the available gain. The +13 Вт output of the 0485 is input to a 
2N3866 transistor. This stage produces 10-dB gain and outputs the 
Signal at +23 dBm to the next stage. L networks are used for input 
andoutputimpedance matching. Both inputand output circuits are 
impedance matched to 50 £2. This permits testing of the stage 
independently. if desired, The quiescent collector current isset up 
by controling the current into DI. The quiescent collector current 
is set to 6 mA, about 5% of the expected maximum collector cur- 
rent. This puts the device into the linear AB mode of operation. 
Next, a2N5944amplifiesthe +23 dBm levelt0+33dBm C watts). 
This is followed by a 2N5946, which provides up to 10 watts 
output. Several circuits in the Motorola Power Devices catalog 
served asthe model forthe circuits shown here. А capacitive Land 
10.25-inch wide by 0.9-inch long section of microstrip is used to 
maich the 50-0 input impedance to the hase impedance of the 
2N5944, A "U" shaped section of microstrip shown in Fig 8, and 
a mirrored capacitive L transform the low collector impedance of 
the 2N5946 back to 50.2. This section of microstrip was shaped 
this way to conserve board space, There wasenough inductance in 
the ARCO trimmer capacitor in the interstage circuit that a 
microstripsection wasnotnecessary. The biasing technique forthe 
driver nd final is similartothat used for the 6400. The maximum 
collector current for the 2NS944 is 400 mA and the quiescent 
collector current was set o 20 mA, Maximum collector current for 
the 2N5946 is 2 A and the quiescent current was adjusted to 100 
ma. 

‘This current adjustment is again made by varying the current 
intoa forward-biased diode across the base. I is important to ther- 
mally couple the bias diode tothe transistor for these higher power 
devices I put the bias diode directly across the lid of the power 
transistors and applied heatsink grease, to effect a close thermal 
‘coupling, Experimentation may be required in the decoupling cir- 
cuits to achieve stable operation. 1 initially started out with the 
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Fig 8—This copper microstrip is used in the 2N5946 
output circuit. 


decoupling circuits shown in the Motorola catalog. The end result 
was somewhat differen. Overall, this portionof he ransverterhas 
required the most trial and error, Stabilization was achieved by 
varyingtheplacementofthechokesand ferite beads andby chang- 
ing choke values. The impedance should be low. used values in 
the 200- to 500-£ range. Larger values may permit VHF oscilla- 
tions in the stage. Chokes of 0.1 and 0.18 pH worked well 

Ihave achieved 7 watts output. Tests indicate that the driver 
is loaded up to the full 400 mA collector current. Key-down col- 
lector current of the 25946 measured 1.2 A. This indicates that 
the match to the input of the 25946 isn’t perfect. This is an area 
for improvement. Testing the transmiter section requires some 
means of measuring 432-MHzenergy from about-10dBm10+10 
watts. A calibrated diode detector gave me satisfactory results for 
the lower-level stages. A microwave power meter, such as an HP. 
4430, 431 or 432 is bener, If you do use one of these instruments, 
always put enough attenuation in front ofthe thermistor to prevent 
burning out the thermocouple if the stage breaks into oscillation. 
(leamed the hard way.) 

A Bird 43 or other suitable wattmeter js needed to measure 
theoutputpowerofthe final stage. Sincethe interstage impedances 
are mostly 50 dn the transmitter сап be brought up as it is con. 
structed, Tati, you can measure power at the output of the first 
second and third MMICs, the 2N3866 and the 2М5946. The 
interstage circuit between the 25944 and 2N5946 is not at 502 
so these two stages must be tuned at the same time. А quick check 
to see if the MMIC is working is to measure the voltage on the 
outputleadofthe device. shouldbe about 5 volts forthe 0285 and 
(0304, and about volts for the 0485. Bias currentis a benter check. 
"The bias current for the 0285 should be about 30 mA, with 40 mA 
for the 0304 and 50 mA for the 0485. Proper operation of the 
345944 and 2N5046 can be determined by measuring the collec- 
tor current in а key-down condition. It should be close to 400 mA 
for the 2N5944 and 2 A for the 2М594б. 


A Note On The MMICS 

The last two digits of the MMIC part numbers denote the 
package type. А 0404 will perform essentially the same аз а 0485, 
"These part numbers are Avantek numbers. Mini-Circuits equiva- 
lent parts re MAR-I, MAR-2, MAR-3 and MAR-4 (correspond- 
ing to the Avantek 0185, 0285, 0385 and 0485 devices) 


A Single-Board, No-Tune 902-MHz 
Transverter 


By Rick Campbell, KK7B 
(This article, which originally appeared in Microwave Update '89, 
is reprinted from OST, July 1991.) 


he sole obstacle many amateurs face to getting on the 

UHF and microwave bands is a lack of equipment. It's 
not thatthe equipment and antennas forthese bands are expen. 
sive or unobtainable; it's more that many would-be 
microwavers feel intimidated by the prospect of building their 
‘own gear for these bands. If you have a 2-meter multimode 
transceiver, you're already well along in geting on the 902. 
МН? and higher bands. The complete 902-MHz transverter 
I'll describe here is printed on a single 5- 7-inch GIO circuit 
board and costs less than $150 to build. You'll soon see that 
you don’t need lots of money or much building skill to put a 
33-em station on the air! 

‘This transverter, unlike similar designs for higher- 


frequency bands.' has its local oscillator (LO) on the main 
PC board: only a 12-V supply, 144- and 902-MHz signals 
enter and exit the board. Al the gain stages employ low-cost 
plastic MMIC (monolithic microwave integrated circuit) 
amplifiers. All the band-pass filters, traditionally the trickiest 
part of UHF-equipment design, are hairpin, third-order 
Chebyshev types printed on the PC board. The filters require 
mo adjustments, like those of the higher-frequency 
transverters. Kits of parts and assembled transverters are avail- 
able from Down East Microwave 


Introduction 
This transverter, shown in block-diagram form in Fig l. 
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Fig 1—Block diagram of the single-board 902-MHz transverter. Unlike similar designs for the higher band: 
has an on-board local oscillator and discrete mixers. The only external connections are for the IF 


antenna and power supply. 
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Fig 2— Schematic of the 902-MHz transverter. Heed the 
manufacturer's specifications for MMIC connections. 
‘The boxed part of the circuit isn’t on the PC board, but 
тау be needed to drive your 144-MHz IF receiver. А 
pl-network attenuator can be used here, if appropriate 
(see text and Fig 3). Filtors FL1-FL6 are etched band- 
pass units. All resistors are Y-W carbon-composition 
Units unless specified otherwise. See the parts list for 
differences between 0-dBm-output and 13-dBm-output, 
versions. 


(C3—3 to 10-pF ceramic or piston trimmer. 

CA, C12—15 pF, miniature ceramic, NPO. 

C539 pF, miniature ceramic, NPO. 

саз, C14-19, C21, C24, C26-29—22 pF, ceramic chip, 
NPO. 

C13—10 pF, ceramic chip, NPO. 

D1—Muttplior diode; HP2800, HP2835 or 1NS711. 

L1—10 turns no. 28 enam wire on T-25-6 toroid cor 

127 turns no. 24 enam wire, 0.1 inch diam, 
'closewound. 

L3, L4—8 turns no. 24 enam wire, 0.1 inch diam, 
‘losewound. 

ат, 02—AT42085, NEO21, BFX89 or equiv. 

RFC—8 turns no. 24 enam wire, 0.1-in. diam, 
‘closewound. 

R13, RT4—150 0, % w. 

RIS—33 0, AW. 

R16—360 0 for low-power version; 560 1 for high- 
power version. 

RTT W; 330 £ for low-power version; 130 © for high- 
power version. 

VT Avantek MSA-0385 or Mini-Circuits MAR-3. 

U2, U7, UB—Avantek MSA-0685 or Mini-Circuits MAR-6. 

U3, U4—Avantek MSA-0385 or Minl-Circuits MAR-3. 

US—Avantek MSA-0685 or Mini-Circuits MAR-6 for high- 
power version; MSA-0285 or MAR-2 for low-power 
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U6—Avantek MSA-0385 or Mini-Circuits MAR-3 for 
low-power version; MSA-1104 for high-power version. 
Y1—94.75-MHz crystal. See text. 
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was a natural development following my 1.3-GHz 
transverter® and 576-MHz local-oscillator (LO) 
board The signal filters were scaled to pass 900- 
940 MHz and the LO filters were scaled to pass 
740-780 MHz, The LO is a Butler type operating 
in the 100-MHz range, followed by a broad-tuned 
Schotthy-diode multiplier and printed bandpass 
filer to reject ай but the desired 758-MHz har 

The 1.3-GHztransverter uses etched quadra- 
ture hybrid mixers, Scaled for the 758-MHz LO 
needed to convert a 144-MHz IF signal 10 902 
MHz. these mixers are too large to fit on a reason 
ably small PC board. A number of reasonably 
priced, discrete double-balanced mixers (DBMS) 
are available for frequencies below 1 GHz, so a 
pair of such mixers are used in this transverter. 
Prepackaged discrete DBMS need far less board 
space than etched mixers 

The transverter prototypes were built using 
Mini-Circuits SRA-11H and SRA-2CM mixers. 
‘The second-generation design shown here uses 
less-expensive Mini-Circuits SBL-IX mixers. Fig 
2 shows the schematic diagram. 


‘The Local Oscillator 

Using prepackaged mixers freed up enough 
circuit-board space for an on-board local oscilla- 
tor, The LO circuit is nearly identical to the 540. 
fo 58U-MHz version described in July 1989 OST. 
For 758-MHz output, the Butler oscillators fre- 
quency can be 94.75 MHz (x8), 108.286 MHz (x7) 
or 126.333 MHz (x6). As it turns out, 94.75 MHZ 
is the best choice, as the oscillator is easiest to 
adjust and the undesired oscillator harmonics at 
853 and 948 MHz are farther (and therefore easier 
to filter) from the RF-ampliier and transmit-am- 
pliier passbands. The prototypes used 126.333- 
MHz seventh-overtone crystals. The first proto- 
type built at KK7B uses SRA-ITH mixers, which 
эге specified for +17 dBm LO injection. А few 
decibels more output from the harmonic generator 
is obtained by biasing the diode as described in "A 
Clean Microwave Local Oscillator”? An 820.02 
bias resistor was used for this. 

With an MSA-1 104 LO amplifier and careful 
tweaking of the inductors in the harmonic genera- 
tor, +18.5 dBm was available before the Wilkinson 
power divider that splits the LO for the receive and 
transmit mixers. This is sufficient for good perfor- 
mance with SRA-1 1H mixers. For the low-level 
SRA-2CM and SBL-1X mixers, +10 dBm output 
from the LO is optimum, which is easily obtained 
‘withthe parts indicated in Fig 2. 

“All spurious LO outputs below 1.3 GHz are 
more than 40 dB below the desired output, but the 
LO filters have some spurious responses in the 
1-4-GHz range. The spurs in this range may be 
stronger, depending on drive level to the MMICS 
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in the LO chain. The worst-case spurs in any of the prototype 
LOs were 20 dB below the desired output, Adding a low-pass 
filter after the LO would reduce the high-frequency LO spurs; 
1 didn’t do this, because these low-level, high-frequency spurs 
aren't visible in the RF-output spectrum and don't degrade 
receiver performance. 


RF Amplifiers 

‘Thetransmit and receive amplifiers аге similar to hose n. 
the 1.3-GHz transverter, except that the filters are somewhat 
closer to being ideal at 902 MHz, so only two MMICS per 
chain are needed to obtain the required gain. MSA-0685s are 
used for both receive stages, providing a noise figure (NF) 
under 4 dB, more than 20 dB of conversion gain (including 
filter and mixer loss), and a stable 50-0 termination for an 
external GaASFET preamplifier. The first prototypes used an. 
MSA-0685 IF amplifier after the receiver mixer, but total gain 

The SBL-IX version uses a 3-48 resistive pad at the re- 
ceiver IF por tokcepthereceive-converteroutput to an appro- 
priate level. The transmit amplifier provides 13dBm Q0 mW) 
output at the 1-dB compression point. This is appropriate for 
driving a discrete amplifier chain, or for direct connection to 
the antenna for local, line-of-sight or hilltop operation. Most 
hybrid linear-amplifier modules suitable for 33-cm usc, such. 
as the MC5874 and PFDOI 1," require a lower drive level 
Fig 2 and the pars list specify components for versions with 
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ment diagram for the transverter. Although either MCL or Avantek MMIC: 
this project, the MMICs shown here are marked like MCL parts (the colored dot signifi 


acceptable for use in 
the input lead). 


134Bm (20 mW) output and with OdBm(1 mW) outputto best 
suit your requirements. 


Construction, Tuning and Operation 

Because of the tight dimensional tolerances required for. 
etched microwave filters that require no adjustments, and be- 
cause there are many variables in the printing process, a PC. 
board etching pattem is not included with this article. If you 
Want to make a board for your own use, send an SASE to ihe. 
ARRL Technical Department Secretary for a dimensioned 
сору of the artwork." PC boards, parts and kits are available, 
however, as mentioned earlier. Follow the construction 
guidelines discussed in Jim Davey's 1989 article, and use 
only high-quality, microwave-rated porcelain chip capacitors 
in building the circuit, Avantek and Mini-Cireuits (MCL) 
make MMICs suitable for use in this project. See the parts list 
in the Fig 2 caption for equivalent parts. There is some varia- 
tionin the packaging of MMICS. Some use a colored dot at the 
bevel-cut input lead: others use a raised dot at the output lead. 
Be sure to install he MMICs in the correct orientation. Fig 3 
shows placement of parts on the transverter PC board, The 
144-MHz IF output comes off the board via а pad adjacent to 
U12. If necessary, you can use the traces in that area for a pi- 
network attenuator, ог as а take-off point for the receiver sig- 
mal or for a subsequent amplifier stage, such as the boxed 
section in the lower ri 

‘Once the PC board is populate 


| the only adjustment this 
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Fig 4—Тһе transverter's spectral output. Vertical 
divisions are 10 dB; horizontal divisions are 100 MHz. 
All spurious outputs are at least 50 dB down from the 
‘cartier (-50 dBc). This plot shows that it doesnt take 
expensive or complex circuitry to generate clean 
‘signals—even above 900 MHz. 


transverter requires is tweaking of its LO trimmer (C3) to 
ensure reliable oscillator starting. To do this, apply 13.5 V to 
the LO, If you can, observe the LO signal at 758 MHz and 
adjust the trimmer until the oscillator restarts every time power 
is removed and reapplied. If you like, you can also use either 
the 902-MHz transmit or receive section to verify this, The 
94.75-MHz LO is also audible on standard FM-broudcast re- 
ceivers, In operation. apply 13.5 V to the LO and the transmit 
or receive section, depending on which is in use, (It's good 
practice to remove power from the unused stage.) 


Performance 
When driven with 1 mW of 144-MHZRF, this transverter. 
provides a clean, low-power 902-MHz signal. All spurious 
‘outputs are more than SOdB below the desired output, as shown 
in Fig 4. The transmit-converter output is suitable for direct 
connection to a linear amplifier without additional filtering. 

Onreccive, the transverter'sunder-4-dB noise figure and 
unconditionally stable 50-Q input termination are hard o beat. 
Image rejection is more than 70 dB. No input filtering is done 
before the fist amplifier stage, so the input stage is susceptible 
tooverload in high-RF environments, For use in suchenviron- 
ments, there are several options: 

+ Replace the receive amplifiers with MSA-1 104. This 
increases the noise figure by about 1 dB and increases dy- 
namic range by about 10 dB. This is usually not enough of an 
improvement to cure overload, though. 

+ Omit the first amplifier stage. This increases the noise. 
figure to 7 or dB, but will probably cure the problem. 

+ The best alternative: Use an external, low-loss filer. 
If this or any other transverter is to be used around other 
transmitters, it is good practice 10 use a low-loss cavity 


filter before the first receive-amplifir stage. 


Conclusions 

When used with a suitable outboard linear amplifier and 
a GaAsFET preamp. this transvertr easily outperforms older 
designs-—at a fraction of the cost. The performance advan- 
Tages gained by the use of printed band pass filters, combined. 
with the elimination of all microwave adjustments and the 
‘need for a spectrum analyzer, are significan advances in the 
State of the art that are common to this family of microwave 
tansverters When this transverter is coupled with the right 
antenna system, you can work tremendous DX on the 
902-MHz band. Dave (WASIUF) Mascaro's OST article, “A. 
High-Performance UHF and Microwave System Primer, 
which begins on page 30 of May 1991 OST, has antenna ideas. 
and lots of other useful information on how to get the most out 
of your UHF station. 
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1R. Campbell, "A Single Board No-Tuning 23cm Transverter,” 
Proceedings of the 23rd Conference of the Central States 
VHF Society (Newington: ARRL, 1989), pp 44-52. (Re- 
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2J. Davey, "No-Tune Transverteror 2304 MHz," Proceedings 
‘of Microwave Update '89 (Newington: ARAL, 1989), pp 30- 
34. (Reprinted in this book.) 

Зу. Davey, "A No-Tune Transverter for 3456 MHz," OST, Jun 
1989, pp 21-26. Also see Feedback, Oct 1990 OST, p 31 
(Reprinted in this book ) 

^R. Campbell, “A Singe-Board Bilateral 5760-MHz 
Ттапвуепег^ QST, Oct 1990, pp 27-31. This article lists, in 
its end notes, sources for lots of information on microwave 
antennas and other subjects of general interest. (Reprinted 
in this book ) 

Etched PC boards, crystals, kits of parts, assembled boards 
‘and complete ransverters are avallablo for this rig and the 
projects relerenced in notes 1-4 and 7, from Down East 
Microwave, AR 1 Box 2310, Troy, ME 04987, tel 207-948- 
3741, lax 207-948-5157. Catalog available. 

See note 1 

7A. Campbell, "A Clean, Low Cost Microwave Local Oscilla- 
tor." QST, Jul 1989, pp 18-23, 

See noto 7. 

Эң. Campbell, "A Clean Microwave Local Oscillator," Proceed: 
ings ot the 1296 and 2304 Conference, reprinted in Pro- 
‘ceedings of he 21st Conference of the Central States VHF 
Society (Newington: ARAL, 1987), pp 51-57. 

"Down East Microwave (see note 5) carries these hybrid 
amplifior modules. 

"'Sendano. 10 SAE with oneunito! First-Class postage to the. 
ARAL Technical Department Secretary; request the July 
1991 QST902-MHz transverter template package. The PC- 
board artwork is copyrighted by Down East Microwave. Feel 
free to use itto make boards for your personal, noncommer- 
са use, but not for commercial purposes. 

„Ses note 5. 

"See note 3. 


Transmitting and Receiving Equipment 3-17 


Reflections on the KK7B 903- and 
1296-MHz No-Tune Transverters 


By Ron Neyens, NOCIH 


Introduction 
have built both the 903- and 1296-MHz versions of the 
KK7BNo-Tune Transverters designed by Rick Campbell 

Both are complete and ready to operate even if only at the 

QRP-output level. These transverters are about the fastest 

easiest way of getting active on 903- and 1296-MHz. They're 

easy to assemble and, fortunately, don't require any of those 
hard-to-find, one-of-kind components or parts. 

A few hours with the soldering iron is all that's required 
to put hese transverters on the air, All the freguency -sensitive 
inductors and bandpass filters are etched directly on the circuit 
board, This eliminates the need for fancy test equipment and 
the tedious tuning process usually required with home-brew 
transverters. 1 found that 1 spent more time putting the as- 
sembled board into a chassis than soldering the parts on the. 
circuit board and testing it 

As with other projects, someone always looks for ways to 
improve the design or layout. Hopefully this effort results in 
an improvement on the original design. What Iam presenting 
here are some of the components I've used and the layout 
changes I've made, These changes came about during the pro 
‘cess of building and testing the transverters. Hopefully this 
information will help others that are using these transverters 
now or ate thinking of building equipment for 903 and/or 
1296 MHz. This paper refers to the 903.MHz transverter but 
the information presented here applies just as well to the 
1296-MHz version. 


Background 
To begin with. I want to supply alittle background infor- 
mation on the 903-MHz transverter. I purchased the etched 
circuit board from Down Fast Microwave while I was attend- 
ing the 1989 Central States VHF Conference in Chicago. The 
quality of the G-10 circuit board and the etched pattern on it 
was excellent. A 902K Preliminary Instruction Manual was 
included with the circuit board and it contained a description 
of operation, a parts list and several component layout dia- 
grams. The only error with the preliminary manual was that 
the component layout diagrams were for an earlier version of 
the transverter layout, These were only minor errors and I had 
several articles on the transverter to refer to. The mos; recent 
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release of the 902K Assembly And Operational Guide has. 
corrected some of these errors. The ones that have not been 
corrected are pretty obvious. 

"The recommended parts list in the preliminary manual 
provided excellent information about the parts needed in the 
transverer, All parts are easily obtained through a variety of 
mailorder suppliers and local vendors. it you don't feel like 
collecting the individual parts, a packaged kit for the 
transventer is available from Down East Microwave, Going a 
bit furtherin cost, Down East Microwave also ells acomplete 
ready-to-run transverter with an optional aluminum housing. 
and IF switching board. 

In mycase, decided to build the ransverter from scratch, 
in the process saving a few dollars and at the same time learn. 
ing something, The local oscillator, receive downconverter, 
and transmit upconverter are contained on one $" x 7* circuit 
board (Note: The 1296.MHz version requires two circuit 
boards for a complete transverter.) 

"The local oscillator (LO) circuit is simple and straight- 
Forward. It contains а crystal controlled Butler oscillator, X8 
multiplier, two triple stage stripline bandpass filters, and a 
stripline power divider. A 94.75000-MHz,fifth-overionecrys- 
tal is multiplied by 8 to provide a final output frequency of 
758-MHz at approximately +13 dBm. The crystal (YT) was 
purchased from International Crystal (ICM) but is also avail- 
able directly from Down East Microwave. 1 used а Motorola 
18105 for the +5-volt regulator and u Motorola 2NS179 for 
transistors QI and Q2. For the x8 multiplier diode 1 used a 
INSTI Schottky diode in place of the recommended HP 2835 
diode. 1 installed the diode so that the anode lead extended 
through the cicuit-hoard pad and was soldered on both the top 
and bottom of the circuit board 

A combination of one Avantek MSA-0685 monolithic 
microwave integrated circuits (MMIC) and four MSA-1 04s. 
are usedin the x8 multiplier/bandpass filter circuit. These pro- 
vide the required LO level for two double-balanced mixers, I 
purchased all of the MMICS from Microwave Components of 
Michigan. The double-balanced mixers I used are Mini-Cir- 
cuits SBL-IXs. These also can be purchased from Microwave 
Components of Michigan. 

The receive downconverter circuit uses a pair of Avantek 


(MSA-0685s MMICs. This combination is presently the bestto 
use as far as gain, low noise figure, and device cost. A Mini- 
Circuits MAR-6 can be used as a replacement for the Avantek 
MSA-0685s without any changes to the bias resistor values. 

їп the final receiver configuration of the transverter T 
have a plate-line preamp using an MGF-1302 in front of the 
receiver. This was added to improve the overall noise figure 
of the transverter. The design of the preamp is similar to one 
described by Al Ward, WBSLUA, for 1296 MHz. Without the 
preamp the noise figure of the transverter is between 3.8 o 
4.0 dB with a gain of approximately 35 dB. 

The transmit upconverte circuit uses a single Avantek 
MSA-0685 driving an Avantek MSA-I 104, This combination 
is also the best set up with what MMICs are presently avail- 
able. One-mW drive at 145 MHz provides approximately 
+13 dBm (20-mW) output at 903 MHz. A Mini-Circuits 
MAV-11 can be used as a replacement for the Avantek 
MSA-1104 without any changes to the bias resistor value, If 
A 0-dBm (1-mW) power output is desired, it can be achieved 
by using two MSA-0685s, 

Several RF chokes are used on the circuit board. These 
were hand wound on a Ус" drillbit using #24 AWG enameled 
copper wire. All are 8 turns, close wound, with the exception. 
of a 7-tur, close-wound choke across the base/collector of 
transistor QI and a 0.33.1 H molded RF choke across crystal 
Y 1. If the oscillator fails to start properly or the 903-MHz 
signal is distorted, spread or compress the 7-turn choke 
slightly 

[followed the recommended parts list in the preliminary 
manual, but made a change to the capacitors used. Instead of 
а mixture of ceramic disk caps and chip caps, I decided to use. 
10.110" 0.110" ceramic chip caps throughout (including the 
local oscillator). 1 also made a change in the values of bypass 
‘capacitors by using three (22 pF. 001 pF and 0.001 pF) instead 
of the recommended two (22 pF and 0.01 pF). 

That about sums гир. The ceramic chip caps are the only 
real deviation [made from the original Down East Microwave. 
parts list, Overall, the placement of components was per the 
assembly instructions supplied by Down East Microwave. 1 
end that you refer to the notes at the end of this article 
for more information. 


A Housing to Put It in 

Toutthecireuit board downto 7x7" toexposethe copper- 
lad ground plane along all the edges. After installing the 
parts. formed a box around the circuit board using 0.32" thick 
x 100" wide brass strips. Ihad access to a sheet metal brake and 
this allowed me to bend the strips to fit the circuit board, and 
form the comers of the box. The component side of the circuit 
board was placed inch up from the bottom edge of the strip. 
"The walls were then soldered to the ground plane on both the 
top and the bottom sides of the board to provide а continuous 
RF ground. 

To complete the RE=ight assembly. I needed top and 
bottom covers. Refer to Fig 1. The covers were made by using. 
twopieces of 0.060" sheet aluminum cutto 5% x 7%". and. 
wwiched" the transverter between the two covers and used 1" 
long, 4-40 threaded, hex standoffs on each corner to maintain 
separation, Two-meter input/output and 903-MHz inputout 
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put connections were made using SMA chassis connectors 
soldered to the brass walls. The completed unit makes a nice 
RF-tight assembly that сап be easily mounted to a chasis 


‘Supplying de Power 
Refer to Fig 2. All power is routed through 1000-pF, 
50-V feedthrough capacitors, These are soldered directly to 
the brass walls of the box to insure a low inductance RF path. 
1 used three Feedthrough capacitors: one forthe local oscilla- 
tor, one for the transmitter, and one for the receiver, The 
10-F, 35-V Tantalum capacitors are used for additional by- 
passing of the de supplies. I routed ай of the wiring on the 
tunetched side of the circuit board, Placing it on this side helps 
prevent any problems with RF floating on the de bus. 


Final Testing and Modifications 
While testing the transverter on a spectrum analyzer, I 
Found I was getting excessive spurious outputs from the trans 
mixer. [tried squeezing and expanding the urns of LS and L6 
‘but this didn't get me any closer to a cleaner output, The only 
other thing I could do was move the bypass capacitors closer 
to the MMIC bias resistors. The easiest stage to work on was 
the final output MMIC, I moved the bypass capacitors as close 
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1o the bias resistor as possible and rechecked the output on the 
spectrum analyzer, found that the gain had increased slightly 
and the spurs had decreased. 

T heated up the soldering iron and unsoldered the remaining. 
bypass capacitors in the transmitter chain, Not wanting to do half 
job, Falso moved the other bypass capacitors on the board closer 
to their intended source. Checking the output again showed an 
increase of approximately 3 mW over that previously obtained 
‘This brought the wansverter’s output to approximately 18 to 19 
mW, where it should be. The spectrum analyzer also revealed that 
the spurs had decreased considerably. Some of the spurs had 
dropped 10-20 dB. With signal generator for an input signal, 1 
checked the receiver Гог any improvements but saw no real evi- 
dence of any change. [KH6CP/I comments: The chip caps may 
have caused the spurious signals, They are "better" than disk ce- 
amics resulting in sharper parallel resonances that prevent good 
bypassing Jim Davey has recommended series resistors to help 
reduce these resonances. Moving them around varies the induc- 
tance of the parallel resonant circuit. See Microwave Update 93, 
p58 


Summary 

hope I have helped someone with these ideas. If you're 
just considering building one ofthe KK7B transverier, spend 
a little money and use chip caps throughout the transverter, 
Save those disk ceramics for something on HF or de. If you're 
getting insufficient output, low gain, or a large spurious output 
from your transverterit might help to check the bypass capaci- 
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tors and reposition them, 

The “sandwiched” case idea has been used on а variety of 
projects around my shack. It has been ideal for packaging 
preamps, low-level power amps, and converter subassemblies. 
Whenever I need a housing for a project I get the size I need 
since the circuit board determines the dimensions. Besides 
this, it doesn't cost much in material when compared to а 
diecast aluminum box. 

Even though the output from this transverter js only about 
18 mW (10 mW forthe 1296-MHz version) it’s enough to start 
with, With the variety of RF brick modules on the market, it's 
possible to have up toa20-W transverter very easily. With that 
“amount of output, bund openings should become interesting, 
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A Single Board No-Tuning 23-cm 
Transverter 


By Rick Campbell, KK7B 


(This article, which originally appeared in the Proceedings of the Central States VHF Society 1989, 
is reprinted from The ARRL Handbook for Radio Amateurs.) 


his transverter uses bandpass filtering with printed hair 
pin filters I will work with any MMIC! capable of op- 
ng at 1.3 GHz at the appropriate input and output levels 
New MMIC types may be easily substituted simply by chang- 
ing the MMIC and its bias resistor. 


System Block Diagram 

Fig 1 is the transventer block diagram and Fig 2 is the 
schematic diagram, Fig 3 shows the layout of the 5- х inch 
G-10 board with all functional blocks labeled. In the transmit 
path, FL removes the image, LO (local oscillator) and high 


‘order spurious outputs. FL3 selects the desired LO harmonic. 
‘The LO signal is filtered againin FLA before the LO is splitand 
applied to the transmit and receive mixers 

The received signal passes through FLS. which attenu- 
мез out-of-band signals. After amplification, image noise 
“added to the received signal is attenuated by FL6. 

Опе noteworthy feature of this transverter is that the 
choice of LO drive frequency is left to the builder. The filters 
are narrow enough to permit use of outputs at 1152, 576, 384, 
288 and 230.4 MHz. Fig 3 shows component values for 
576-MHz drive from the LO board described in note I. Other 
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Fig 1—Block diagram of the single-board transverter. Extensive use of printed-circuit band-pass filters simplifies 


construction and alignment. 
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Fig 2— Schematic of the 1296-MHz transverter. АП resistors and capacitors are chip types except as noted. Diodes 
DT through Dé are HP 5082-2835. FL through FLS, the mixer tuned circuits and the Wilkinson power divider are 


‘etched on the circuit board. 


LO frequencies may require minor component changes. 


Circuit Performance 

Careful measurements show a mixer conversion loss of 
5.5 ав. The output for 1-48 compression is 0 dBm. LO sup- 
pression is about 25 dB. The mixers compare favorably with 
more-expensive packaged units. 

Transmit output is about 13 dBm, which is suitable for 
some applications without further amplification. A major ad- 
vantage of the MMIC output stage is that it offers an uncon- 
ditionally stable, near-50-ohm source tothe following stage or 

Receive noise figure is less than 4 dB. The uncondition- 
ally stable 50-ohm load presented by the input MMIC is useful 
for direct connection to an antenna, and ideal as the stage 
following an external GaAsFET preamp. 

The filters allow coverage ofthe entire 1240-10 1300-MHz 
band with а 144-MHz IF and appropriate LO drive. The 
bandpass filters used, although not mechanically critical, re- 
move significant spurious responses, The passband response 
of one RF and one LO filter section is shown in Fig 4, 


Construction 
AIL components are surface mounted on the etched side 
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‘of the board. The most tedious step is drilling the holes next to 
the MMIC mounting pads and soldering the "C" wires to pro- 
vide a low-impedance ground, Plated-through holes woul 
eliminate this step. After preparing the board with its "C 
wires, mount the chip capacitor, inductors and connectors 
Finally, install the MMICS and bias resistors. 

The bottom of he hairpin U is a low-impedance point for. 
signals in the filter passband. A bypass capacitor at that point 
has litle effect on the filter passband but provides a ground 
path for VHF signals. Although 22- capacitors are speci 
fied, values from 12 to 30 pF gave good results in the proto 
types, 

The multiplier works best with drive levels of 0 to 
10 dBm, without a bias resistor. For higher drive levels, the 
bias circuit described in Note 2 will provide more output, With 
10-dBm drive at 230.4 MHz, output from FL3 is about 
-20 dBm, so about 33 dB of additional gain is needed. With 
10-dBm drive at 576-MHz, output from FL3 is ~3 dBm, so 
only 16 dB of gain is required 

Pads are included on the board for up to three MMICS. 
Choose the appropriate number of MMICs based on available 
LO drive level and frequency. FL3 and FLA must be isolated. 
1f only one MMIC is used it should be between them. If 
sufficient LO drive is already available at 1152 MHz, use a 
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the ground plane on the other side of the board. 


Fig 4—Passband response of one LO filter (A) and one 
RF filter (B) in the transverter. With appropriate choice 
of LO frequency, the transverier is suitable for use 
Across the entire 23-ст band, 


6-4В attenuator pad between FL3 and FLA. 


Alignment 

‘The tuning components in the LO multiplier are quite 
broad: network Q is about 1, The 576-MHz network will also 
work for lower frequency inputs, but the component values 
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Fig 3—Part-placement diagram for the transverter. The "C" wires under each MMIC connect the component pad to 


сап be optimized for each drive frequency. L3 and LA may be 
increased to 3 turns for 384 MHz, 4 tums for 288 MHz and 5 
tums for 230.4 MHz if necessary, If LO drive is sufficient to 
saturate 04, however, mixer performance will be relatively 
unaffected by small changes in LO level, and tuning is unnec- 
essary. A high-level MMIC is recommended for the LO-out 
ри stage. 


Parts and Circuit Boards 
‘Components are available from Microwave Components 
of Michigan, whose address appears elsewhere in this chapter 
Etched and plated FR-4 circuit boards, complete kits and as- 
sembled transverters are available from Down East Micro 
wave, whose address also appears elsewhere in this chapter. 
The author acknowledges the assistance of Jim Davey. 
WASNLC, John Miller of Michigan Technological Univer- 
sity, Bob Dryden, W40JK and John Molnar, WA3ETD. 


Notes 

1R. Campbell, "A Single-Board No-Tuning 23 cm Transverter” 
Proceedings of the 23rd Conference of the Central States 
VHF Society (Newington: ARRL, 1989), pp 44-52. 

н. Campbell, "А Clean Microwave Local Oscilator," Proceed- 
ings of the 21st Conference of the Central States VHF 
Society (Newington: ARRL, 1987), pp 51-57. 


‘Transmitting and Receiving Equipment 3.23 


А No-Tune Transverter for 2304 MHz 


By Jim Davey, WASNLC 
4664 Jefferson Township Place 
Marietta, GA 30066 
(From December 1992 OST) 


Introduction ‘ommended for mechanical and electrical bondi 

he circuit, layout and performance of th 

и to those of the 3456-MHz design — enttotheprese 

described in the article that follows this one. It has the fllow= — tramsverier however, ha 
ing features 


of the con- 
2304-MHz — nectors. A cover is optional. The 2304 transverter is indiffer 
over. A few builders of the 3456-MHz 

oticed increased spurious outputs 


transverter are si сог 


+ 10-mW transmit output 

+ Receiver noise figure of 3.5-4.0 
ав 

+ Same 2-meter IF requirements 
a 

+ Same size circuit board 

+ Same no-tune local oscillator 

+ Eveneasierto assemble than the 
3456-MHz version 


W drive level 


For construction details and back 
ground information, refer to the 3456 
MHz article, Only the major features of 
the 2304-MHz transverter are covered in 
this article. A preliminary version of this 


transverter was described in Proceedings 
of Microwave Update “89. 


с 


struction 


The entire transverter can be as- 
sembledina few hours including the box 


The brass-box type of enclosure is rec 


Fig 1— Schematic of the 2304-MHz transverter. See the text for parts sources. When building this transverter, follow 
good microwave construction techniques, as detailed in the 3456-MHz transverter article that follows this one. The 
Avantek MSA-0185 is equivalent to the Mini-Circuits MAR-1; the MSA-068 Is equivalent to the MAR-6, etc. (Lead 
labeling varies, however; follow the manufacturer's instructions.) Blas-resistor values are given for 13.6-V operation. 
All capacitors in the 2304-MHz signal path are 50- or 100-mil ceramic chips, except for the 0.01-uF coupling 
Capacitors at the first IF input and output. Here, use ceramic discs, encapsulated chips or other low-loss capacitors. 
Use '/-W carbon-composition or film resistors. 


D1, D2—Hewlett-Packard HSMS-2822 surface-mount closewound. 

Зове pair. U1, U2—Avantek MSA-0685 or Mini-Circults MAR-8. 
D3- Hewlett-Packard 5082-2835 Schottky diode. U3, U4—Avantek MSA-0185 or Mini-Circuits MARA. 
FLI-FL6—Etched band-pass filter. US, U7—Avantek MSA-0885 or Mini-Circuits MAR-8. 


L1—4 turns #28 enameled wire, 0.075 i U6—Avantek MSA-0385 or Mini-Circults MAR-3. 
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ofthe transmitter with a cover in place. When mounting com- 
ponents, keep the bias resistors flat against the board and away 
from the filter elements. Wrap a small piece of copper foil 
through the ground holes for the bypass capacitors, under each 
MMIC andat the ground end ofthe LO multiplier diode. used. 


SMA connectors for the 2304-МН ports, but BNC connec- 
tors would be acceptable at this frequency. 

‘As before, no matching is done at the IF ports. This has 
not been a problem, except i you want to measure the noise. 
figure of the receiver. I have noticed that newer noise-figure 
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meters, like the HP 8970, have a problem with this arrange- 
ment due to the presence of other signals at the IF port, pre- 
sumably the LO. If you want to cheek the noise figure, first run 
the receiver IF through a 2-meter converter to a lower IF, such 
as 28 MHz. Whenthisis done, the problem with the test equip 
ment should disappear. 


Design 

The transverter, shown schematically in Fig 1, is built on 
0.032-in. woven Teflon board material with а dielectric con- 
stant of 2.5 and half-ounce copper foil, The key to the circuits 
simplicity lies in the printed microstrip third and fifth-order 
Chebyshev band-pass filters. These filters have excellent 
stopband rejection and low insertion loss. Midband insertion 
loss is just 2.1 dB, thanks to a low-loss Teflon PC-board 
strate 

Thecenter frequency and bandwidth of the receive filters 
were chosen to also allow receive-only operation on the 
OSCAR Mode S downlink at 2401 MHz using a564.25-MHz 
LO. The transmitter-fiter bandwidth is narrower, to help sup- 
Press unwanted mixing products. The transverter shouldn't be 
used for transmitting above 2325 MHz without an external 
cavity or interdigital filler that attenuates the LO signal by at 
least 10 dB. 


Transmit Converter 
‘Transmitter power output is 101020 mW (1010 13 dBm) 


and varies slightly with component variations in the Avantek 
MSA-0885 MMIC output stage. Although more power would 
help balance the ransverter's capability with that of most home. 
stations, power-amplifier stages are best implemented as ex- 
termalaecessories, It's good design practicetolimitthe amount 
‘of gain ina single box to 30 dB or so, unless special efforts are 
taken to prevent feedback, 


Receive Converter 
‘The transverter's receive-converter noise figure (NF) is 
approximately 4.5 dB. This may seem high by today's stan- 
dards, but it can be easily dropped to I dB or less by a modem 
GaAsFET preamplifier with a gain of 14 dB or more. 

The transverter's first receive stage, an Avantek 
MSA-0685 MMIC, provides a50-W input impedance to prop- 
erly terminate an outboard preamp. The preamp can be mast 
mounted or connected directly to the transverter input. 


Performance 

When driven with 1 mW of 144-MHz RF, the transverter 
produces a clean 2304-MHz signal. The 1-48 compression 
point is 10 mW. All spurious products are down from the 
fundamental output by at least 50 dB, For a receive frequency 
‘of 2304.1 MHz, the measured image rejection is more than 
70 dB and the measured NF is 4.3 dB, 

Be careful not to exceed the transmit mixer's maximum. 
drive rating oO dBm (1 mW). Ifyou have extra transmit gain 
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Fig 2—Part.placement guide for the 2304-MHz transverter (not shown actual size). All compone 


ив mount on the 


etched side of the board. Feedthrough grounds, indicated by circles, must be installed and soldered top and bottom. 


Follow MMIC manufacturer's lead coding. 
des Chapters 


in your final configuration, reduce the transmitter drive. 


Parts 

Fig 2 is a part-placement drawing. Parts are available 
from Microwave Components of Michigan, PO Box 1697, 
Taylor, M1 48180: kits and assembled units are available from 


Down East Microwave, RRI Box 2310, Troy, ME 04987, 
tel 207-948-3471, fax 207-948-5157. As in the 3456-MHz 
transverter, the success of the no-tune approach depends on. 
how acecurately you can duplicate the printed filters. strongly 
recommend you purchase the board from Down East Micro- 
wave, instead of trying to make your own. 
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A No-Tune Transverter for 3456 MHz 


By Jim Davey, WASNLC 
(Reprinted from June 1989 OST.) 


he development of easy-to-build equipment for the 

microwave bands has increased dramatically in the past 
few years. No longer do you have to have a small fortune 
invested in test equipment to get the satisfaction of building. 
your own station for the bands above 1 GHz. Nor do you have 
to rely on the availabilty of surplus components gathered at 
hamfests—or be lucky enough to live ina high-tech part of the 
country where surplus is more plentiful—to homebrew your 
‘own equipment 

The recent increase in activity on the microwave 
bands has been well documented in QST and elsewhere. 
In the past two years alone, amateurs have conquered the. 
difficult EME challenge on 3456, 5760 and 10368 MHz 
and set impressive distance records on nearly every mi 
стомаче band through 47 GHz, ОНЕ contest stations now 
regularly have 2304- and 3456-MHz equipment avail- 
able. Our knowledge of the propagation characteristics 
of these bands has also benefited from the increased 
activity, 

‘Commercially manufactured ham equipment from 
Europe has been available for a few years for the more 
popular microwave bands, and this equipment has helped 
to spawn activity, The 3456-MHz band, however, has 
not been supported by commercial manufacturers as of 
this writing. Let's not let the lack of commercial equi 
ment stop us from having a litle fun! Besides, you can 
get a lot of enjoyment and personal satisfaction from 
building your own equipment. I can personally attest to 
this: My own station uses no commercially manufac- 
tured equipment except for the IF rigs. This article de- 
scribes a transmitting and receiving conversion module 
(transverter) for the 3456-MHz band. Any multimode 2- 
meter transceiver can be used as a tunable IF. The 
transverter has several features that make it ideal for the 
newcomer to 3456 MHz and the veteran looking for a 
simple loaner rig for grid-square expeditions 

*It doesn't require RF alignment or microwave test 
equipment for proper operation. 

* The entire transverter, minus the 552- MHz local oscil 
lator, is contained on one PC board, reducing the need 
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for separate enclosures and expensive RF connectors and 
cables. 

+ Thetransmitter features 10-mW output, and the receiver 
features а4-@В noise figure (NF)— performance sufficient for 
a lot of interesting work on this band, 

+ Inexpensive diodes and MMIC gain blocks are used to 
Keep the cost low. 

+ An external receiving preamplifier, transmitter power 
amplifier and antenna relay can be added to make the unit a 
high-performance package for fixed or portable operation. 

+ The transverter can also be used as an IF for the higher 
microwave bunds above 10 GHz. 


Background 

"The straightforward design of this transverter is а result 
of two fairly recent developments in the amateur microwave 
field, First, the introduction of cascadable monolithic-micro- 
wave integrated circuits (MMICS) several years ago revolu: 
tionized the design of microwave amplifiers. Not only are 
MMICs inexpensive, but most are unconditionally stable and 
сап be cascaded for increased gain or paralleled for greater 
power output. Al Ward, WBSLUA, authored excellentarticles 
for QST concerning the use of these devices. You are encour- 
aged o review these articles fora more thorough treatment of 
the subject. 

"The second development contributing to the design of 
this transventer is my recent work on microstrip band-pass 
filters that provide the required selectivity for this system 
without the need for tuning adjustments. These filters were 
first introduced to amateurs in 1987 at the Microwave Update 
Conference in Estes Park, Colorado,” A later paper reported 
on further work to improve the SWR of the filters and com- 
pared the microstrip filters to other commonly used filters for 
the microwave bands." 

‘Toavoid taxing your wallet or your patience, I used parts 
that are inexpensive and easy to get, You can get this 
transvorter up and running for ess han $200 including the LO. 
"The idea here isto get you on the 3456. MHz band as easily as 
possible without relying on unique or hard-to-find compo- 


| 1 


spi 


m 


Fig 1—Block diagram of the 3456-MHz transverter. 


Circuit Description. 

The transverter is divided into three basic sections: trans- 
mit mixer/amplifier, receive mixer/preamplifier and local- 
oscillator multiplier. Sec Fig I. Each section is described inthe 
following paragraphs. 


Local-Oscillator Multiplier 

The transverter requires an external 552-MHz local 
oscillator (LO) signal that is multiplied by six in the 
transverterto obtain 3312-MH injection for the mixers. 
For the multiplier circuit, 1 used an idea developed by 
Rick Campbell, KK g. who demonstrated that a simple 
diode multiplier and inexpensive MMIC gain stages can 
produce a clean microwave local oscillator. Although 
Rick's design placed each stage in a separate box, I was 
able to implement the entire multiplier on micro strip 
using my own printed filters. Rick used the printed-filter 
design idea to produce a clean 552-MHz LO module that 
use as a companion to this transverter.* 

The transverter requires +16 dBm (40 mW) of 552-MHz 
energy from an external LO. As shown in Fig 2, the first stage 
of the multiplier is a broadly resonant circuit that drives DI. a 
Schottky-diode comb generator. Following DI is FLI, the 
first of two band-pass filters used to select the desired 
3312-MHZ output. Two stages of amplification (U1, U2) 
using Avantek MSA-0885 MMICs bring the level up to 
+11 dBm. A second filter, FL2, is used to further clean up the 
LO and reduce broadband noise that is generated in the ampli- 
fier stages, Following FL2, а 90? hybrid divider splits the LO 
signal into two equal outputs for injection into the transmit and 
receive mixers, The LO output level to each mixer is +6 dBm. 
Undesired products in the LO output are 35 dB below the 


‘Transmit Mixer and Amplifier 

"The transmit mixer (Fig 3) is a 3/2 wavelength rat-race 
balanced design from an article by Н. Paul Shuch, N6TX.'The 
original article described a 1296-MHz mixer etched оп G-10 
PC-board material. 1 developed the 3456-MHz mixer by 
resizing the line lengths and widths for the new frequency and 
for a Teflon-fiberglass substrate. To keep the mixer as effi 
cient as possible and maintain high isolation between ports, I 
used a matched pair of diodes (D2, D3) in a surface-mount 
package. Isolation between the mixer’s LO and RF ports is 
greater than 20 dB about as good as any low-cost commer. 
cial mixer. 

Conversion loss—about 9 dB—is a little higher (worse) 
than most commercial mixers. Impedance matching was not 
done at the IF port and did not appear to be necessary with the 
ICOM IC-202A transceiver I use as an IF rig. 

used three stages of amplification and two filters in the 
transmit-amplifier chain to reach the final 10-mW-output 
level, The mixer RF port drives FL, the first 5-pole band-pass 
filter. Centered at 3500 MHz, FL3 strips image energy 
(3168 MHz) from the mixer output and also contributes about 
20 dB of rejection at the LO frequency. Rejection at the LO 
frequency is important, With an LO injection level of +6 dBm 
and LO-to-RF-port isolation of 20 dB, the level of the LO 
signal at the RF port ofthe mixer is-14 dBm. For comparison, 
the desired signal (the sum frequency at 3456 MHz) is injected 
atOdBm(1 mW)andencountersa9-dB loss through the mixer 
10 emerge at -9 dBm, only 5 dB above the oscillator 
feedthrough. 

Following the first filter are two amplifier stages (U3. 
U4) using an MSA-0185/0285 combination. With prototype. 
versions of this transverter. I found that correct MMIC choice 
for these amplifier stages is critical because band-pass filters 
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Fig 2— Schematic of the 3456-MHz transverter LO multiplier/amplifier. 


C1—19-pF disc-ceramic or silver-mica capacitor. 

C2, C4—5-pF porcelain chip capacitor. 

C3, C7, C8—0.001-F ceramic chip (preferred) or dise 
ceramic capacitor. 

C5 0.002-4F feedthrough capacitor. 

C6, C9—0.1-1F ceramic chip (preferred) or disc- 
Capacitor. 

D¡—Hewlett-Packard 5082-2835 Schottky diode. 

FLI, FL2—Band-pass filters printed on PC board. 

Т Female chassis-mount SMA connector. 

Li—inductor printed on PC board. 


12—3 turns no, 28 enam wire, 0.079-in. ID, close-wound. 

RI—50-0 chip resistor. 

R2, R3—180-0, Y or %-W carbon-film resistor. Note: 
This value is for 13.8-V operation. See text for 
information on operation at other voltages. 

422-0, l u carbon-film resistor. 

RFC1—270 mH subminiature molded RF choke. A 
‘suitable alternative is 24 turns по. 28 enam wire on an 
FT-97-72 toroid core. 

U1, U2—Avantek MSA-0885 or Mini-Circults MAR-8 
Mic. 
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Fig 3— Schematic of the 3456-MHz transverter transmit mixer/ampl 


C10-0.01-uF dise-ceramic capacitor. 

C11, C12—5-pF porcelain chip capacitor. 

C13, C15, C16—0.1-uF ceramic chip (preferred) or disc- 
ceramic capacitor. 

14—0.001-,F ceramic chip (preferred) or disc-ceramic. 
capacitor. 

C17—0.002-.Feedthroughcapacitor 


diode pair. 

FL3, FL4—Band+ 

2 Female chassis-mount connector, builder's choice. 

‘Ja—Female chassis-mount SMA connector. 

RE—470-0, V+W carbon-film resistor. Note: This value 
Is for 13.8-V operation. See text for information on 
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operation at other voltages. 

R6—330-0, V-W carbon-film resistor. Noto: This value 
Is for 13.8-V operation. See text for Information оп 
operation at other voltages. 

RI-—180-8, Ye or , carbon-film resistor. Note: This 
value is for 13.8-V operation. See text for information 
оп operation at other voltages. 

RFC2—270 mH subminiature molded RF choke. A 
suitable alternative is 24 turns no. 28 enam wire on an 
FT772 toroid core. 

U3—Avantek MSA-0185 or Mini-Circuits MAR-1 MMIC. 

U4—Avantek MSA-0285 or Mini-Circults MAR-2 MMIC. 

US—Avantek MSA-0885 or Mini-Circults MAR-8 MMIC. 


de ee 


m 


Fig 4—Schematic of the 3456-MHz transverter receive mixerlampiifier. 


C18—0.01-.F disc-ceramic capacitor. 

619-C21—1-pF porcelain chip capacitor. 

(C22—0.002-1F feedthrough capacitor. 

C23, C25—0.1-uF ceramic chip (preferred) or disc- 
‘ceramic capacitor. 

€24—0.001-uF ceramic chip (preferred) or disc ceramic. 
capacitor. 

DA, DS Hewlett-Packard HSMS-2822 surface-mount 
diode pair or matched pair of HP 5082-2835 Schottky 

xt. 


(FL, FLA) are present at the input and output of the amplifier 
strip. The filters are highly reactive out of band where their 
return loss is very low (inthe range of 0103 dB), so the MMICS 
used in conjunction with the filters must be unconditionally 
stable. Another consideration is that the microstrip filters were 
developed with good SO-ohm terminations on each end. The 
SWR at the input and output ports of the MMIC should be 
close to 50 ohms within the passband of the filters to maintain 
flat filter response and low insertion loss, An examination of 
the S-parameter data for the MSA-0185 and "0285 shows that 
they are excellent choices for this application. 

FLA was added in later prototypes to reduce mixing 
products above 3456 MHz that were present in the output. This 
filter, a modified version of the filters used in the LO multi- 
plier chain, is centered at 3312 MHz. The combination of FLA 
centered at 3500 MHz and FLA centered at 3312 MHz creates 
ıa narrow window at 3456 MHz where the two response curves 
‘overlap, giving the effect of a much narrower filter. A single 
narrow-band, higher-Q filter could he used to accomplish this, 
but the stop-band rejection for one filter would be inferior 
to that of two filters. Technical references indicate that the 
stop-band rejection of a single microstrip filter is only about 
40 dB because of surface-wave effects; two separate filters 
can achieve а total stop-hand attenuation of 80 dB. FL3 
and FLA in tandem do a good job of cleaning up the output 
spectrum. 

The final transmit amplifier is an Avantek MSA-O88: 
chosen for its gain and +10-dBm power output capability а 
3456 MHz. One disadvantage of the 70885 is that it is only 
conditionally stable: It can oscillate if supply line decoupling 
is inadequate or if it is terminated in highly reactive loads. US 
should be stable as long as the transmitter: output port is termi- 


‘J4—Female chassis-mount connector builder's choice. 

45— Female chassis-mount SMA connector, 

Вв, R9. 620-0, YW carbon-film resistor. Note: This 
Value is for 13.8-V operation. See text for information 
оп operation at other voltages. 

R10—470-0, YW carbon-film resistor. Note: This value 
is for 13.8-V operation. Seo text for information on 
operation at other voltages. 

UB—Avantek MSA-068 or Mini-Circuits MAR-1 MMIC. 

Us, U7—Avantek MSA-0185 or Mini-Circults MAR-6 
ммс. 


nated in an impedance close to 50 ohms. If, however, the 
transverter is used “barefoot” in conjunction with an external 
amenna relay, recommend that the de power to the transmit 
amplifier section be removed during receive periods so the 
absence of an antenna load does not cause US to oscillate, Му 
prototype units were stable without an output termination, but 
variations from device to device may cause US to oscillate in 
some transverters. Result: lots of noise in your receiver, 
making it impossible to hear weak signals! 


Receive Mixer and Preamplifiers 

"The receive mixer (Fig 4) is identical to the transmit. 
mixer, Itis preceded by a S-pole image-stipping filter, FLS. 
Which is necessary to keep the noise energy at the image fre- 
quency from being converted to the IF and degrading receiver. 
sensitivity, In a receive application, 20 to 25 dB of image 
rejection is all that is necessary to ensure that this does not 
happen. A S pole microstrip filter easily provides this much. 
rejection at the 3168-MHz image frequency. 

The receiver-preamplifier stages were chosen to have 
ood SWR and low noise figure. Preceding FLS is an MSA- 
(0185 (US) that terminates the filter well and has a noise figure 
of approximately 6.5 dB at 3456 MHz, The front end consists 
‘af two MSA-0685 stages (U6, U7). The overall receiver noise 
ure is about 4.4 dB, An outboard preamplifier can be added 
To make astate-of-the-ant setup. Performance of the ransverter 
is summarized in Table I 


Construction Hints 
The transverter is constructed on 0.031-inch-thick wo- 

ven Teflon-glass substrate with a dielectric constant of 2.50. 

The board is double clad with -ounce copper. I get my boa 
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Table 1 
3456-MHz Transverter Performance 


General 
* Frequency range: 3456-3460 MHz 
«IF range: 144-148 MHz 
* Local oscilator: +16 dBm (40 mW) required at 
552 MHZ 
+ Power required: 13.8 V de at 250 mA 


ransmitter 
* Output power: 10 mW (+10 dBm) 

purious rejection: ~40 dBc 

+ IF drive level: O Вт max 


Receiver 
"ово figure: 4.5 dB. 
"Image rejection: 25 dB 
"Net gain: 15 dB 


material from Taconics Plastics, Ltd, Petersburg, NY 12138, 
part number TLX-9-0310-RS/RS. A word of caution: The fil- 
ters require that dimensional tolerances of 40.001 inch or bet- 
ter be maintained in the fabrication ofthe board. This is the 
price you must pay for microwave filters that require noadjust- 
ments. Because of the critical tolerances necessary and the 
many variables involved in the printing process, an etching. 
pattern is not included in this article. You can purchase an 
etched board from Down East Microwave,“ 

Construction is as simple as populating the board withthe 
componentsand mounting the connectors. A parts layout guide 
is shown in Fig 5. Lead dress can be seen in the photograph of 
the completed transverter (Fig 6). АП of the parts needed to 
complete the project are available from amateur suppliers, and 
kits are available as well 


Fig 6—Photograph of a finished 3456-MHz transverter. 
This unit was built by Zack Lau, KHECP, in the ARRL 
шь. 


Be sure to use high-quality porcelain-chip capacitors for 
coupling between stages. The remaining capacitors can be less 
expensive ceramic chips or dise ceramics. 1 used chip capacitors 
everywhere I could because they make fora neater layout and 
‘cost about the same as the equivalent dise-ceramie capacitors 
Mini-Circuis offers a line of MMICS equivalent to the 
specified Avantek parts. The corresponding part numbers are 
easy to determine. The Mini-Circuits MAR-8 is equivalent to 
the MSA-O885, the MAR-6 to the MSA-0685, and so on. 
T strongly recommend that you enclose the board in 
a brass box to support the connectors and provide ground 
continuity to the top side of the board. I used strips of 
0.032-inch-thick, %-inch-wide brass available at most 
hobby stores. The entire perimeter of the inside walls is 
soldered to the top and bottom of the board. This pro- 
vides a ground connection to the сот. 
ponent side in several places, as well 


S 
DR ^ 


as a ground for the input and output 
connectors 

The board material is soft and bends 
easily. It is quite tolerant of heat and 
rework if you misplace a part. I use a 
27-watt pencil soldering iron with good 
results, 

Through-the-board wires are re- 
quired to tie components to ground, 
as shown on the parts layout. Tiny 
brass rivets can be used if you have 
them available, but I used no. 18 bus 
wire with good results. The ground 
leads of the MMICs are grounded toa 
small piece of copper foil under each 
lead. The foil is wrapped through 
clearance hole under each MMIC lead 
and soldered to the ground plane be- 
low (see Fig 7). The cold end of the 


abe + 


Fig 5—Parts-placement guide for the 3456-MHz transverter (not shown 
actual size). All components mount on the etched side of the board. 
Indicated by circles, must be installed and soldered 
for U1-UB. 


Feedthrough ground: 
top and bottom; see text. See Fig 7 for mounting detal 
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50-ohm chip resistor (R1) on the LO 
power divider should be grounded in 
a similar fashion, 

Keep the bias 


resistors and 


aw pss 


ыу (o) 


Fig 7—Mounting details for the MMICs. 


chokes close to the board so they don’t act as antennas. 
During testing of the prototypes, I noticed that there is 
some radiation of RF energy from the surface of the 
board. This is not a problem unless LO energy gets into 
the transmitter circuits and shows up inthe output. With- 
out aay shields at all, the LO is more than 35 dB below 
the carrier.A spectrum analyzer display of the transmit- 
ter output is shown in Fig В. 

In the parts list, 1 have shown bias-resistor values for 
13.8-V operation. If only 12-V operation is planned, the bias 
resistor values should be changed to maintain the correct 
operating current through each MMIC. Be sure to check resis- 
tor dissipation and use 8. W resistors as necessary. The bias 
current for each MMIC is as follows: MSA-D185, 17 mA; 
MSA-0285, 25 mA: MSA-0685, 15 mA: MSA-0885, 32 to 
35 mA. On one portable expedition, noticed that the receiver 
began oscillating after the Üransverter had been on Гога while. 
T later found that the dry-cell battery had dropped more than 
2 V, causing a corresponding drop in the bias current in 
‘each MMIC, When operated at lower than rated current, the 
MMICs are not unconditionally stable, If battery operation is 
planned, it is a good idea to regulate the power source to the 
transverier at 10 V or so and adjust the bias resistors accord- 
ingly. 

For best performance, the mixer diodes should be a 
matched pair in a microstrip or surface-mount package. The 
recommended surface-mount pair is the Hewlett Packard 
HSMS-2822. This par is available from Down East Micro 
wave. If you have some microwave mixer diodes you want to 
чу, go ahead and do it—just make sure the diodes are con- 
nected cathode to anode, as shown in Figs 3 and 4. The LO 
rejection can be measured with a power meter at the transmit- 
tersoutput port by noting the difference between full carrier 
‘output and the residual oscillator level 


Accessories 

‘You will need a few outboard accessories to complete 
your 3456-MHz station, First, a means of reducing the rans- 
miner output power of your IF rig to 1 mW is required. A 
recent circuit published in QEX not only takes care of attenu- 
ating the transmitter, but also provides protected TR switching 
of the IF line. 


Fig 8—Output spectrum of the 3456-MHz transverter 
transmitter section. 


Оп the other end of the transverter, some sort of RF an- 
tennarelay is needed. Meeting this requirement may be a little 
more difficult, because good relays for this band are scarce. 1 
have been fortunate enough to find small SMA-type relays at 
hamfests in he past, but larger relays with N connectors will 
probably work. Don't overlook relays equipped with TNC 
connectors, They are often good to well beyond 3456 MHz 
‘You сап take care of any connector mismatch in the jumper 
cables to the transverter. If you are unsure about the suitability 
of a relay for this frequency, ask a knowledgeable friend for 
advice. Remember, just because a relay has good microwave- 
quality connectors doesn't mean it will provide low loss and 
operate at an acceptable SWR at 3456 MHz 

IF you can find one used, a circulator makes a neat TR 
switch. Isolation between the transmitter and receiver ports 
won't be as good with a circulator as with most relays, but at 
least you won’tneed the de source necessary to operate a relay. 
It you can't find a circulator, you can use an isolator. I have 
converted many isolators to circulators by removing the isola- 
tor load resistor and installing а coaxial connector in its place 

Several types of antennas are popular at 3456 MHz. The 
том common 3456-MHz antenna s a small dish in the 2-104- 
foot-diameter range. A recent article in QEX shows how to. 
build efficient feed systems for the 3.4, 5.7 and 10.3.GHz 
bands: For respectable performance without the wind load of 
a dish, you ean now buy loop Yagis for 3456 MHz. 

Feed-line losses are severe at 3456 MHz, For home- 
station installations, and even for portable operations, a good 
Hardline, such as Andrew Heliax, is mandatory. Also, don't 
overlook the G-line." Thaveuseda G-line fora couple of years 
now, with very good results 

Station performance can be greatly improved withthe 
addition of an outboard receive preamplifier and transmit 
power amplifier. A state-of-the-art receiving preamp that 
‘makes an excellent front end for this no-tune transverter was 
described in OST." Preamps of this design have been dupli- 
‘cated by many amateurs; they deliver good performance with- 
‘out requiring tweaking on a noise-figure meter. 

Several options ше available for the transmitter. Some ата. 
teurs have found surplus traveling-wave tubes (TWTS) to be a 
great way of generating lots of power on this band. TWTs typi- 
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call require only a milliwatt or so of drive for full output. so you 
‘will have toattenuate the output of the tansverter by about 10 dB. 
I prefer solid-state, however. A eceiving-type GaAsFET like the 
Avantek ATE-10135 can yield up to +17 dBm quite easily at low 
cost. Don Hilliard. WOPW, published several good ideas on how 
tobridge the gap between 10 mW and 1 Wi Don shows how, for 
about $30, you can break the 100-mW level withan Avantek ATF 
21170 FET. I have built his circuit using a similar device (an 
Avantek ATF 25170) with good results. 


Summary 

What can you expect to work on the 3456-MHz band? A 
recent article in OST discussed the various modes of propagation 
302304 MHz." Everything said about propagation there applies 
just as well о 3456 MHz from my experience. Stations using 
dishes have the advantage of increased antenna gains for the same 
physical size, For example, a 4-foot dish has 3-dB more gain at 
3456 MHz than at 2304 MHz. The bottom line is that workable 
distances оп 3456 MHz are on par with those on 2304 MHZ. All 
it takes to prove this js a litle more activity! 


Notes 
“A, Ward, "Monolithic Microwave Integrated Circuits," Part 1: OST, 
Feb 1987, рр 23-29, 32; Part 2: QST , Mar 1987, pp 22-28, 33. 
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A Single-Board, No-Tune Transverter 
for 5760 MHz 


By Rick Campbell, KK7B 
(From OST, October 1990.) 


ingle-board, no-tune transverter designs for the 902. 

1296, 2304 and 3456-MHz bands have been published in 
recent years. -4 These boards follow a common theme: They 
use printed-circuit filters and inexpensive plastic monolithic 
microwave integrated circuit (MMIC) 
good performance а low cost. The use of printed-circui filters 
and broadband MMICs also eliminates the need for RF align- 
‘ment or microwave test equipment for proper operation, Low 

sembly and operation have tempted many 

amateurs to experiment with the microwave hands 

This article describes a single-board transverter for 
5760 MHz. Design and construction are similar to that of the 
3.4-GHz transverter described by Jim Davey, WASNLC, in 
June 1989 OST I won't repeat many of the design and con- 
struction techniques described in Jim's article, so a review of 
that information will be helpful iF you're unfamiliar with the 
single-boardtransverter concept. In addition tothe ransverter 
board described here, you'll need a local oscillator (LO), 
1296-MHz IF radio and antenna. Information on completing 
your 5760-MHz station is presented later. 


in blocks to achieve 


cost and ease of 


Design Considerations 

In attempting to push the single-board design concept to 
the 5760-MHz band, two difficulties were encountered: 

+ The performance of currently available silicon MMICS 
used in the transmitter and receiver gain stages rapidly de- 
teriorates at this frequency. 

= No-tune printed-circuit filters provide insufficient 
image rejection and LO rejection for use with a 144-MHz IF 
transceiver. 

"The problem of image and LO rejection was solved by 
designing the 5760-MHz board for an IF of 1296 MHz. A 
single three-section printed-circuit filter with 10% bandwidth 
provides image and LO rejection of more than 30 dB with a 
passband insertion loss of less than 1 dB. The problem of 
obtaining suitable devices for the gain stages was solved by 
integrating everything except the 
cuit board, with each port m 
free to use any external gain blocks that may become avail 
эме. 


in stages 
hed to 50 ohms. Then you are 


The KK7B 5760-MHz transverter (top board), along with 
its companion LO (bottom two boards) offers a no-tune 
approach to microwave operation. 


‘The basic transverter board- without additional gain 
stages at 5760 MHz—provides a transmit signal of -6 dBm 
(250 mW) at the 1-48 compression point (4 dBm saturated) 
and a receiver noise figure of 9 dB (assuming that the 
1296-MHz IF rig has а 2-dB receiver noise figure). This is 
acceptable performance for line-of-sight contacts over dis 
tances of many miles when used with a small dish antenna 
Leaving the gain stages off the transverter board solves an- 
other problem: You don't need to worry about finding а suit- 
able 5760-МН TR relay: the antenna connects to a common 
filter for transmit and receive. 
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'smitting and Receiving Equipment 


There are several extemal gain blocks from which to 
choose. An excellent one is the 5760-MHz preamplifier de- 
scribed by Al Ward, WBSLUA, in May 1989 OST This 
preamplifier can also be biased for maximum power and used 
asa transmit amplifier. Another choice for a transmitter gain 
block is the Avantek MGA-64135 GaAs MMIC 


Design Notes 

Fig I shows the block diagram of ће 5760-MHztransverter 
board and the schematic is shown in Fig 2. There are three basic 
sections; LO doubler, mixer and bandpass filter. 

A 4464-MHz LO signal is mixed with a 1296-MHz IF 
signal for operation at 5760 MHz, The transverter requires an 
external 2232-MHz LO; an on-board MMIC doubles this sig- 
nal to 4464 MHz at +8.5 dBm for mixer injection 

Although you can use any 2232-MHz source, 1 highly 
recommend the no-tune LO system described in July 1989 
QST." The no-tunc LO with a 93-MHz crystal delivers a 
2232-MHz, +7-dBm signal. 

An on-board doubler using an Avantek MSA-0835 
MMIC provides an output of +8.5 dBm at 4464 MHz, with all 
other outputs more than 30-dB down. The second harmonic of 
the drive signal is obtained by overdriving the MMIC ampli 
fier. The harmonic output is increased by reducing the MMIC 
bias below the value recommended for linear operation, In the 
reduced-bias condition, the MSA-0835 will oscillate if the 
drive signal is removed. A 2232-MHz drive signal of -8 dBm 
ог more is sufficient to stabilize the MSA-0835, and the 
4464-MHz output varies lile for drive levels between +3 and 
+10dBm. The MSA-0835 doubler should be driven by a broad- 
band, flat $0-ohm source. The MMIC in the output of the no- 
tune 2232-MHz LO is ideal. 

"The output of the doubler passes through a 2232-MHz 


DE 


lock diagram of the 5760-MHz transverter. 


notch filter (LA on the schematic) and single-tuned circuit at 
4464 MHz (LSand L6). Lais an open-circuit /-X transmission. 
line at 2232 MHz, so it appears as a short circuit at the drive 
frequency. L4 is an open-circuit C. A transmission line at 4464 
MHz, so it appears as an open circuit at the desired second 
harmonic. The open circuited end of L4 is one-half wave- 
length away from the output of the MSA-0835 at 2232 MHz 
and one wavelength away at 4464 MHz, so the MSA-0835 
does not see a short circuit at either frequency. 

The MSA-0835 is a broadband ampiifier, with a noise 
‘output from DC to more than 6 GHz, If the MSA-0835 noise 
‘output at 1296 MHz is passed to the mixer, some of it will 
appear at the IF port. This noise will directly add to the receiver. 
noise figure. The broadband 4464-MHz single-tuned circuit 
(LS and L6) was added to the artwork to stop the 1296-MHz 
noise component from getting to the mixer. Careful measure 
ments with the single-tuned circuit indicate that the noise figure 
is approximately equal to the mixer conversion loss. Without 
LS and L6, the noise figure is about 10-dB worse. 


C1-C10—Capacitive stub printed on circuit board. 


C14—0.01-mF chip capacitor. 
C15—18-pF microwave chip capacitor. 


C11-C13—5-pF, 50-mil-square microwave chip capacitor. 


9 p 


Fig 2— Schematic of the 5760-MHz transverter. R1 and R2 are /-W carbon-film types. 


D1—HP HSMS-2822 diode assembly, 

L3 open-circuit stub etched on PC board. 

L4— Ye) stubat 2232 MHz (and 4-i stub at 4464 MHz) 
etched on PC board (see text). 
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Fig 3—Output spectrum of the 5760-MHz transverter. Each 
vertical division is 10 dB; each horizontal division Is 500 
MHz. The pip at the center of the display is the 5760-MHz 
signal. All other outputs are more than 30-48 down, 


When properly driven, this frequency doubler is well 
behaved, clean and stable. The six versions constructed o date 
have shown less than 0.5-dB variation in output level when 
driven from the same 2232-MHz no-tune LO. 

"The mixer is a standard design, except that the HP-2822 
diode pairis used well above its specified frequency range. On 
the assumption that the imperfections of the diodes were reac- 
tive and relatively uniform from part to рап, I built standard 
614-1 mixer, then added tuning “confetti” empirically to im- 
prove the conversion loss. The confetti was then added to the 
mixer artwork, and subsequent mixers show good uniformity 

The IF port is also empirically matched to 50 ohms at 
1296 MHz, The bare mixer displays a conversion loss of only 
6.5 dBat 5760 MHz, whichis much better than many comme: 
cial mixers designed for broadband performance in this range 

The filter is an off-center-tapped 0.16-dB-ripple 
Chebyshev type designed using the procedure described by 


Tablet 
Transverter Specifications 


General 
* Frequency range: 5650-5925 MHz 
“IF range: 1240-1300 MHz 
"LO required: 2.18-2.32 GHz at +7 dBm nominal; 
3310 +10 dBm acceptable 
+ Power requirements: 12 V de at 10 mA; 8-15 V 
acceptable. 


ransmitter 
+ Output power at 1-48 compression: -6 Вт 
+ Saturated RF output: -4 dBm. 
+LO signal at RF port: -36 Вт, max. 
+ IF drive level: approx 0 dBm. 


Receiver 
Noise figure: 9 48. 
+ Conversion loss: 7 dB. 
* Image rejection: 30 В. 


Beebe." It is exceptionally flat, has steep skirts and a loss of 
well under 1 dB in the passband, 

After I integrated the doubler, mixer and filter onto a 
single board, the interconnecting line lengths and tuning con- 
fetti were varied to obtain best performance with 50-ohm pads 
оп all ports. The output spectrum at the 1-dB compression 
pointis shown in Fig 3. The image, which is 32-dB lower than 
the 5760-MHz output, is off the lower end of the spectrum- 
analyzer range. Table 1 lists the transverter specifications, 

(One cautionary note: Any metal box big enough to hold 
the transverter board will be а resonant cavity at a series of 
frequencies within the gain bandwidth of the MMIC. Imagine 


L5, L6—Broad tuned circuit at 4464 MHz (and short 
circuit at 1296 MHz) etched on PC board (see text). 

RFCI, RFC2—Inductance of R1 and R2 leads (not 
critical. 


U1—Avantek MSA-0835 MMIC. 
Wi-W12—Tuned lengths of 50-12 microstrip 
transmission line etched on PC board, 
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Fig 4—Part-placement 


m for the 5760-MHz transverter board (not shown actual size). All components mount 


on the etched side of the board. See Fig 6 for mounting details for the MSA-0835 MMIC. 


building а 40-meter linear amplifier in a box the size of a 
football field! No-tune transverters and LOS that work pe 
fectly on the bench often exhibit spurious oscillations when 
enclosed in a metal box. The transverter board will work fine 
ifitissimply wrapped with plastic-bubble packaging material 
ог nonconductive foam and mounted near the antenna feed. 
For permanent installations, a plastic food container works 
well. 

1fashielded metal box is necessary, I recommend shield- 
ing individual stages with thin brass or copper shim stock and 
then enclosing the shielded individual stages in a larger box. 
‘Spurious oscillations in the no-tune LO or lower-freguency 
transverters may often be cured by replacing “hot” MMICS 
like the MSA-0835, MSA-0685 and MAR-6 with well- 
behaved parts like the MSA-0235, MSA-0285 and MAR-2. 


Construction 
The transverter is constructed on 0.031-inch-thick 
Teflon-glass substrate with a dielectric constant of 2.5. The 
board is clad with %-ounce copper on both sides. One side is 
etched; the other is unetched and acts as а ground plane. The 
material I used is made by Taconics Plastics, Lid, Petersburg 
NY 12138, and the part number is TLX-9-0310-RS/RS. The 
filler requires that dimensional tolerances of 40.001 inch or 
better be maintained in the fabrication of the board, (Close 
construction tolerances are essential for microwave filters that 
require no adjustments.) Because of the critical tolerances 
necessary and the many variables involved in the OST prin 
process, an etching pantern is not included in this article, If yo 
re interested in making your own board, send an SASE to the 
ARRL Technical Department for a dimensioned copy of the 
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Fig 5—A finished 5760-MHz transverter. 


artwork! Or, if you wish, you can purchase an etched board 


Part placement is shown in Fig 4. All components mount 
оп the etched side of the board, and construction is conven- 
tional for microwave circuits, Additional details may be seen 
in Fig 5 

Brass sides enclose the board to support the SMA con- 
nectors and provide continuity between the grounds on the top 
and bottom of the board, The sides are made from strips of 
(0.032-inch-thick, %-inch-wide copper or brass shim stock 
available at hobby stores. The perimeter of the inside walls is 
soldered to the top and bottom of the board. This provides a 
ground connection to the component side in several places, as 
wel asa ground for the connectors. 


Fig 6—Mounting details for the MSA-0835. 


Additional grounding is needed for the MSA-0835, Cut 
а hole in the board as shown in Fig 6, and wrap copper foil 
through the hole to connect grounds on the top and bottom of 
the board, Then solder the foil on both sides 

Both ends of he filter elements must be grounded. The 
ends of the elements along the edge of the board are grounded 
simply by soldering them to the vertical board edge strips 
which must also be soldered on the bottom. The ends of the 
elements toward the center of the board are grounded by 
making a straight scissor cut as indicated by the arrows, and 
inserting a strip of thin copper shim stock the full length of the 
slit Then solder the shim stock to the PC-board copper on both 
sides of the slit, on the top and bottom of the board 

Additional copper foil is used to make a bridge between 
the 1296-MHz IF connector and the mixer. Cutthe foil 100.08; 
inch wide and solder one end to the printed trace from the IF 
connector, Then bend the foil into an arch over the printed 
mixer ring and solder i to the pad leading to the 18-pF cou- 
pling capacitor. 


Completing Your 5760-MHz Station 
In addition to the transverter and LO boards, you'll need 
an IF radio and antenna. There re two convenient approaches 
to the IF rig: 
«Use a 1296-MHz multimode transceiver (ICOM, 
Kenwood and Yaesu make suitable radios). 
une transverter board! to use as 
т multimode radio as the IF trans 


їп either case, it's worth a look at Zack (KH6CP) Laws 
transverter control circuit described in August 1988 QEX.'" 

Selecting an antenna for $760 MHz is easy: Nothing 
matches the performance of a small dish. I've had good suc- 
‘cess with a 19-inch dish that mounts easily on a small camera 
tripod. lt shows a 10-degree beamwidth and about 25 dB gain 
with a simple feed. Don Hilliard, WØPW.! and Tom Hill 
WA3RMX, have presented some excellent antenna ideas for 
5760 MHz. 


Conclusion 
‘This tansverter board, used with the no-tune 2232-MHz 


LO. provides а straightforward approach to а transceive sys- 
tem on the 5760-MHz band, Although it's not as attractive as 
the previously described transverters for 902 through 
3456 MHz in terms of output level, noise figure and the use of 
а 144-MHz IF, it is by far the simplest board in the family 
Construction of a high-performance transceive system should 
be relatively easy for an experimenter ready to move up to the 
5760-MHz band. 
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10-GHz Gunnplexer Communications 


By ARRL Staff 


he M/A-COM Gunnplexer transceiver shown in Fig 1 

will fit conveniently in your hand and is operated from a 
single 12-V power supply, ether ac line operated or batteries! 
‘This makes the Gunnplexer ideal for fixed or portable opera- 

The Gunaplexer is most often used in wide-band FM 
systems and i ideal for audio, full-color video and data trans 
fer. With suitable peripheral equipment, systems for full- 
duplex audio, color video and up to several megabit data trans- 
Fer are possible. Such high data rates should allow direct com- 
puter-to-computer memory transfer that would not be practi- 
cal (or legal) on other lower-frequency amateur bands, 


‘The Gunnplexer. 
‘The heart of the Gunnplexer is a Gunn diode oscillator, 

named after its inventor, John Gunn of IBM. Refer to the cut- 

away drawing of the Gunnplexer, Fig 2, for this discussion. 
"The Gunn diode is mounted with a varactor diode in a 


нел 
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resonant cavity. When a regulated voltage is applied to the 
Gunn diode it oscillates: the frequency of oscillation is deter- 
mined by the capacitance of the varactor diode and two me. 
‘chanical tuning screws. The mechanical tuning serews сап be 
likened to coarse tuning controls and are factory set for the 
appropriate tuning range. The voltage applied to the varactor 
diode (1 to 20 V de) tunes the frequency electronically a mini 
mum of 60 MHz. Power is coupled out of the cavity through 
а small iris that has been designed as somewhat of a compro- 
mise between maximum power output and isolation from 
changes in diode impedance and load. 

‘The Gunn oscillator is also used to provide the local- 
oscillator signal for the detector diode. A ferrite circulator 
couples an appropriate amount of energy into the low-noise 
Schottky mixer diode and isolates the transmitter and receiver. 
Because the Gunn oscillator functions as both the transmitter 
and the receiver local oscillator, the IF at each end must be at 
the same frequency. Furthermore, the frequencies of the 
 Gunnplexers must be separated by the IF. This is illustrated in 
Fig 3. Intermediate frequencies of 30 MHz are more or less 
standard for audio workin the US. Both 45 and 70 MHz are 


used for video and high-speed data work 


Fig2 
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As can be seen from Fig 3, the Gunnplexer communica 
tions system is full duplex, In other words, both parties can 
talk and listen at the same time, without throwing switches. 
‘This is something that may take a while to get used to as most 
amateurs are programmed for VOX or PTT operation. Ia short, 
it is the ultimate break-in system! 

‘One detail of he Gunnplexer that does require some spe- 
cific attention is frequency control. The Gunnplexer has a fre- 
quency stability specification of -350 kHz frequency change 
per degree Celsius increase, This does not pose much of a 
problem with wide-bandwidih applications such as video or 
data transfer, For relatively narrowband audio work (200 kHz 
ard less), however, some form of AC, а phase-lock or other 
tr quency-control scheme is required. In most cases simple 
AFC circuitry is sufficient and quite simple to implement. The 
electrical characteristics of the Gunnplexer are given in 
Table 1 


Bare Minimum Audio Communications System 

‘The simplest of communications systems using the 
Gunnplexer transceivers can be formed with two 88- to 108- 
MHz FM receivers. two Gunnplexers, two microphones and 
associated amplifiers, and two sources of 12 V de. A diagram 
of such a system is shown in Fig 4, Some of the low-cost FM 
converters and receivers for automotive use make good IF 
strips for this communications system. The AFC signal devel- 
oped im the converter or receiver can be routed to the 
Gunnplexer varactor diode to lock the two units together, The 
microphone amplifier can be a single 741 op amp as shown in 
the diagram. 

There are two shortcomings with this system. The first 
involves the use of the FM broadcast hand as the IF. If 
mountaintop DXing is planned, it is likely that strong FM 
broadcast stations will be received no matter how short the 
lead between the detector and the FM converter or receiver is 
made, It will be necessary to select that рап of the band where 
there are no strong signals present 


Table 1 
Gunnplexer Specifications © T, = 25° С 


Electrical Characteristics 
RF Center Frequency 10250 GHz! 
Tuning 

Mechanical 250 MHz 
Electronic 60 MHz min. 
Linearity 110 40% 


Frequency Stability 880 kH2/"C max. 
RF Power vs 

Temperature and 

Tuning Voltage 6 dB тах. 

Frequency Pushing 15 MHz/V max 
Input Requirements 
Dc Gunn Voltage 
Range 48.0 10 10.0-V de? 
Maximum Operating 


Current 500 mA 


Tuning Voltage +110 +20 volts 


Noise Figure? ELI 
RF Output Power! 

Model P out (mW) 
MABT141-1 10 min. 15 yp. 
MAB7141-2 20 min. 25 typ. 
MAS7141-3 35 min, 40 typ 
Notes 


"Tuning voltage set at 4 0 voi 
2Operating votage specified on each unit 
315 4B NF at 30 MHZ. 


Transmitting and Receiving Equipment 


зат 


Detector 


] 


Figa 


342 


Chapter 3 


The second item involves AFC, Since it is possible to 
tune the Gunnplexers over а 60-MHz range with the varactor 
diode tuning, it is possible to tune them on either side of each 
other. This means that the single-polarity AFC system in the 
receiver or convertor will work for only one combination. I 
the units are operated so that the AEC polarity is incorrect, 
the АРС will push the received signal out of the receiver 
passband, I this happens. simply tune the two Gunnplexers 
to produce the other IF signal, АЕС lock should then be 
obtained, 


Modifications for the SSB Electronics 
10 GHz Transverter 


By Kent Britain, WA5VJB 
(From Microwave Update '91) 


he SSB Electronics 10-GHz Transverter is a truly state- 

of-the-art piece of equipment, They were the first com. 
mercial 10-GHz transverer, There аге, however, several areas 
where these units can be improved. 


Power Leads 

[All three boxes use insulated pins for the 12-V power 
connections, Replacing the pin with a feedthrough capacitor 
makes the box RF tight. This really helps in the high RF envi- 
ronment found on many hill tops, also suggest adding а diode 
from the power lead to ground in each box. Use a IN4001 or 
a 15-V, 1-W Zener. This adds reverse polarity protection for 
those litle accidents that occur in the field (Fig 1). 


Image Filtering 

The basic unit has very little rejection ofthe 10.080-GHz 
image. While there are several filers in the transmitter, there 
is only one filter in the receiver. With very careful tuning. 1 
was only able to get 8 dB of image rejection. Sweeping with 
а signal generator, | was also able to get responses on six 
frequencies between 10 and 11 GHz 

These extra images have resulted in the publication of 
some very optimistic noise figure measurements. Typically. 
the noise figure runs about 3- dB for the basic unit. An ex 
ternal preamp and 10-GHz filter will really clean up the re 
ceiver. After adding a pair of Yin plumbing end cap “cheap 
Filters ай spurious responses were more than 40-48 down. 
WASTNY and WICNK are using waveguide filters ahead of 
their tansverters (Fig 2). 


‘The Local Oscillator 

The LO module puts out 6 to 7 mW at 2.556 GHz. If the 
LO output power ever drops below 5 mW. the 2.556 10 
10.224 GHz multiplier stops multiplying. The LO tuning ean 
be quite critical in the 2.556-GHz filter stage. The filter de 
pends on self resonance in the three trimmer caps to form the 
filter. 

TF you simply tune the LO for max output, you'll sce а 
pretty dirty output on а spectrum analyzer, Tune for cleanest 
response, and you may not get the 6 mW the next маре needs. 
Several stations have solved this problem by completely re 
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Fig 2—An external preamp and filter will remove 
receiver spurs. 


placing the LO module. Using a Frequency West Brick 
crystaled for 2.556 GHz, or even 10.224 GHz (bypassing the. 
quadrupler stage) has been popular 

Another solution is o add a ier-amp stage between the 
LO and receiver modules. Replacing the jumper cable with an 
MSA-0404, MAR-4. or MSA-1105 MMIC, followed by a 
plumbing cap or interdigital filte 
put and produce plenty of drive for the next stage 


can really clean up the out- 


Buffer Amp 
The output of the 10-GHz GaAsFET receiver mixer goes 
directly tothe IF output. The slightest accidental transmission 
back into the receiver i fatal to this GaASFET. Many of the 
new solid-state switching 2-meter rigs can actually start trans 
mitîng faster than a relay can close, Installing а buffer amp 
and resistive pad on the IF output can protect the receiver 
while providing enough gain to drive secondary receivers, 
‘moon/sun-noise meters, or long IF cable runs. On my 
iransverler an 18-08 pad is permanently mounted on the IF 
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Fig 3—A buffer amp and attenuator protect the receiver 
from the IF rig transmitter. 


h 


Fig 4—Adding а diode In the GND leg of the regulator 
raises LO supply voltage, improving stability and 
increasing drive. 
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connection and is used during both transmitting and receiving 
(Fig 3). 


Transmitter Module 

The output of the transmitter usually exceeds SSB's 
specs,andisquiteclean. The only problem was driving a TWT 
to saturation, When a TWT is driven to saturation to get that 
last wattout for EME, the TWT is often drivento 15 dB of gain. 
compression. This makes any spurs or images 15 dB stronger 
at the TWT output. An extra 10.368-GH filter between the. 
transverter and the TWT Keeps all those precious watts on 
10.368 MHz. 


Increasing LO Output and Stability 

Allen Katz, K2UYH, was also having problems with LO. 
drive and poor stability. His solution was to add a diode in the 
ground leg of the 9-V regulator in the LO module. This in- 
creased the oscillator and multipliers operating voltage trom 
9109.7 V. Allen says this really helped (Fig 4). 


Conclusion 

‘The 10-GHz SSB Transverter is an excellent piece of 
gear. Most of these modifications attach between units. The 
mods replace the normal jumper cables, so modifications to 
the SSB boxes themselves are not necessary. 


SSB/CW Eguipment Concepts 
for 24 and 47 GHz 


By Tom Hill, WA3RMX 


(From Microwave Update 80) 


INTRODUCTION 

Ашы pen l nüt ene nds, 

the relentless push for ever-higher frequencies leads us 
ap into the so-called Millimeter Wave bands. Inthe past, most 
work at these frequencies has been done using wideband FM, 
as the stability of the available components did not allow for 
narrowband work. Today the technology for better frequency 
stability and phase noise is becoming more available within 
the amatcur community, and we are beginning to take some 


advantage of it. This article shows the techniques and equip 


ment [have used at 24 and 47 GH. It is not a construction 
article, as it does not contain complete construction details, 
but it does present the concepts used in my implementation 
‘of Millimeter Wave SSB and CW. These ideas may be useful 
as you venture higher in frequency 


MODULATION MODE 


17 we exclude, for now, the more exotic synchronous 
detection and DSP signal recovery methods as being beyond 
the scope of this project. then we are left with CW as the 


Fig 1—Bloek diagram of 24-GHz transverter with 6-meter IF. 
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Fig 2—Block diagram of 24-GHz transverter with 2-meter IF 


modulation/detection scheme most likely torecoverthe weak: 
est signal. Iis important to consider that weak-signal aspect, 
as the atmospheric losses at these frequencies are fierce and 
the attainable transmitter powers are miniscule at best. The 
receiver for CW will do SSB for tre, so this is a good choice 
when the signals are strong 

A linear transverte allows the most modulation flexibil- 
ity, and has only a small penalty in output below using the LO. 
chain itself as à CW transmitter. Even this limitation can be 
overcome today, since surplus TWTs (Traveling Wave Tubes) 
are available for 24 and 47 GHz. 


THE TRANSVERTERS 


PITT 

My fistmillimetertransverter was for 24 GHz. The block. 
diagram is shown in Fig 1. It was built as an extension of a 
previously done 10-GHz rig. I used what had available at the 
time, which was an NEC digital telephone-link radio. The 
original local oscillator chain was the useful part, and 1 modi 
fied the last multiplier to work at 4X instead ofthe original 2X. 
With а -meter last IF, the existing LO chain provided for a 
mid IF at 250 MHz. which was barely high enough for the 
waveguide fier to lower the LO feedthrough at the RF output 
to an acceptable level. 

The TWT amplifier is contained within the same cabinet 
with he rest of the system, The various blocks are essentially 
the same as the later 47-GHZ rig, and so for a more complete 
description, refer to the circuit descriptions which are for the 
470W rig. 

With the growing availability of the 6-GHz phase-locked 
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‘oscillator modules (CMI, CTI, and others), it seems desirable 
to use these as they provide a simpler, smaller, lighter, and 
more cost-effective solution, 1 have designed such a rig, and 
the block diagram for this is shown in Fig 2. 


тсн 

There are two separate rigs for 47 GHz. This is so that | 
will have someone to talk to. The two differences between 
these two are the different IF—6 meters for one, and 2 meters 
Tor the other—and the fact that the one has the TWT built in, 
‘while the second has the TWT amplifier built as an external 
accessory. Since they are essentially the same, E will present 
only the one with the separate TWT. The block diagram for 
the transverter is Fig 3, and the amplifier is shown in Fig 4. In 
this version, the last IF is 2 meters, and the high IF is near 
зон; 


DUAL CONVERSION 

The choice of IF is often influenced by what SSB radio 
you may have available, On the lower bands this will likely be 
theonly IF used, But with 24 GHz and upit is usually desirable 
1o have a high IF as well, with а dual-conversion rig the result 
"This is necessary because the filter used at the operating fre- 
quency must remove both the image frequency and the LO. 
Since it is often difficult to obtain fully balanced mixers for 
these frequencies, the LO power coming outof the mixer along 
with the desired signal may be 10-dB stronger than the desired 
signal. This places quite a strain on the design of the output 
filter ifthe IF is low. The original 24-GHz rig used a 250-MHz 
high IF. which is quite marginal, Although the image conver. 


Fig 3—Block diagram of ar. Ste 


Fig 4—Block diagram of 47-GHz TWT Amplifier. 


sion is about 70 dB below the cartier, the LO is only 20 dB 
down! I therefore put а second filter in the input to the TWT 
so that when 1 go to high power (4 mW) the LO is about 35 or 
40 dB down. I didn't want the extra 2 dB loss of the second 
fiker in the receive path if I didn’t need it The new 24- GHz rig 
uses a 6-ОН high IF which nicely gets around these prob- 
lems. The 47-GHz rigs use 2-GH high IFs which. while not 
as good as 6 GHz, they made use of the oseillator/multiplier 
assemblies that [had available atthe time. 


The LO scheme used in al these transverters has another 
feature, I always make the frequencies come out so that all 
conversions are done with multiples of the same crystal This 
means that if can control the frequency and residual FM of 
this one oscillator, there will he no uncertainty added by any 
other oscillators, The importance of this will be further ex- 
plained later in the section on Frequency Stability. This also 
means that have fewer modules o build if 1 can just tap off 
the various multipliers as I go. 
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CLEAN LOCAL OSCILLATOR 
Residual FM 
If the LO is varying quickly (or FM-ing) it will add this 
FM to received signal before it passes it to your IF rig. Free- 
running oscillators, such as Gunn oscillators, tend io have 
poor residual FM. Note that even 100-kHz-wide FM commu- 
nications are difficult with Gunn-diode LOS, and narrowband 
operation is impossible, The stability of a crystal is necessary. 
‘You can indeed phase lock such a Gunn to а crystal, but 
the loop calculations need to be done carefully to ensure that 
the loop response is wide enough to get all that noise and FM 
clear out to several hundred kHz. Either a locked oscillator or 
a multiplied crystal ean be made to work, but have found the 
multiplied approach to be most convenient with the parts 1 
have available 
When you are multiplying the signal from an oscillator 
ву a factor of 470 or more, then any FM-ing or drift of that 
‘oscillator will be multiplied by the same factor, This means 
that if a copiable CW or SSB signal is to result, the crystal 
‘oscillator must be very good to мап with. 


Phase Noise 

Any oscillator has some slight amount of fast "iter." 
which is called phase noise. This usually manifests itself as а 
rise in the broadband noise as you measure closer and closer 
to the carrier itself. This causes two basic problems. 

One is that if itis strong enough and wide enough to 
actually place noise into the mixer at the intended receive 
Frequency. the apparent noise figure of the receiver will be 
degraded. This is not usually а problem with reasonably high 
IF frequencies, but it used to sometimes show up in klystron 
rigs with 10-MHz or lower IFs. 

The other problem is that even the relatively low phase 
noise of a crystal oscillator will begin to show up when itis 
‘multiplied as many times as you must to get to 24 GHz or 
higher. Even if the multiplier adds no noise of its own, the 
noise will increase inamplitude by a factor of 2010g(N), where 
N is the multiplication factor, and the answer given is in 
decibels. This computes to an increase of 534 dB in the 
phase-noise level of 100-MH oscillator that is multiplied up 
1047 GHz. Since the phase noise is much Stronger as you get 
closer to the carrier, the noise that is in the area of 300 Hz to 
3000 Hz (the SSB voice area) must be particularly low to start 
With, or the incoming signal will be drowned out by the 
receiver's own audio noise! 

Опе of the easiest ways to get better phase noise isto run 
the crystal oscillator with a high level of power inthe crystal 
itself, in order to get the crystal to help filter out the noise of 
the active device. This is exactly the worst thing that you can 
do to a crystal oscillator if you want good frequency stability 
(particularly long term. 


Frequency Stability 
"The frequency ofthe transverter must stay put or you will 
have to chase the signals all over the band. For CW to work in 
а narrow bandwidth, the signals must be inside this band 
width. The intelligibility of SSB signals is severely degraded 
ifthe frequency is wandering around. If you want to reduce the 
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variablesthatareall working to prevent you from making your 
mmWave contac, а good place to start is with a rock-solid 
signal 

A point of comparison is that a typical “high accuracy" 
crystal oscillator in a two-meter FM rig has about 5 parts per 
million accuracy, før about 700 Hz possible error. This ta 
Scribes into about 235 kHz of accuracy at 47 GHz. Two rigs 
using this accuracy of oscillators trying to make contact could 
be almost half megahertz apart! On the other hand, a high- 
accuracy, ovenized oscillator can be sometimes found surplus 
withone partinabillion(| x 10") frequency drift per day. This 
gives my transverter an accuracy of 47 Hz at 47 GHz. The 
2- meter SSB radio I use as the IF is probably not that good. 

This accuracy is only achievable ifall ofthe oscillators in 
ihe ramsverte are locked о the same reference. This is why 
the idea of using a LO chain that has taps for the different 
conversions rather than separate oscillators is so important 
This saves building separate phase-locks for each one, The 
оле does it all 


REFERENCE LOCK 

The answer that | use is not new here (it is in several 
commercially available pieces of test equipment)! Run the 
main crystal oscillator far best phase noise, and lock it to an 
accurate external reference. I use a frequency near 100 MHz 
as itis fairly easy to get acceptable phase noise here. The exact 
frequency used for each rig will be determined by the afore- 
mentioned process of getting all the IFs to come out right. The 
crystals are reasonably affordable, but are not accurate enough 
for my purposes. 

The accuracy comes from phase-locking the main crystal 
‘oscillator ro the ovenized reference oscillator also previously 
mentioned. See Fig 5 for the schematic of the phase lock for 
the 47-GHz rig. The lock is accomplished with a purposely 
narrow loop bandwidth. Usually а phase-lock loop has a wide 
enough bandwidth to reduce the phase noise of the locked 
oscillator to that of the reference oscillator. However in this 
case the locked oscillator is considerably cleaner than the ret 
erence oscillator. The reference has fantastic accuracy. but not 
very good phase noise. The loop is cut for about a 1-Hz band- 
width, which allows the main oscillator to determine the phase. 
noise further out than 1 Hz from the carrier 

"This scheme also allows me to have only one expensive 
and hard-to-get reference and put it with whichever rig am 
using at the time. This reference oscillator is in its own box, 
with batteries, and is left on 24 hours a day all year long. This 
ensures maximum frequency accuracy, as the drift of these 
references decreases the longer you leave them on. 


CIRCUIT DESCRIPTIONS 
Refer to Fig 3, the 47-GH block diagram, for the overall 
signal flow as each ofthe individual modules is described. 


144-MHz IF Module 

"The 144-MHz IF module is shown in Fig 6. The SSB rig 
used is a Mizuho hand-held, which puts out some voltage 
through the antenna connector when in the transmit mode. 
This is sensed here to key the parts ofthe transverter which are 
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Fig o Schematic of the 144-MHz IF Module. 


not inherently bi-directional. This module attenuates the 
200 mW 2-meter transmit signal to the level which the rest of 
the tig can tolerate. The gains are set up so that the millimeter 
wave mixer saturates first, so the "TX LEVEL" pot can adjust 
¡he power ош for the maximum possible without to» much 
distortion. On receive, the signal from the high IF i amplified 
by UI to overcome some of the 2-GHz converter loss and the 
in the 2-meter line 


2-GHz Converter 

Fig? showsthe 2-GHz converter. Thisis a surplus assem- 
bly originally intended for 2072 MHz, which I retuned to 
2020 MHz. It is balanced only for the LO, but that is not a 
problem with the frequency spacings involved here, The 4- 
pole TEM (coaxial) mode filter is more than adequate to get rid 
of the image of the 144-MHz IF. 


Hz GaAs Amplifier 
The 2-GHz amp. Fig 8, is а single GaAsFET, which is 
tuned for lowest noise figure by adjusting the positions of the 
taps onthe input inductor, The noise figure is indeed important 
here, since this is the first active stage on receive, and therefore 
the noise figure here will directly add to the system noise 
figure. This unit achieved 1.7-4B noise figure with 15-08 
gain. Another dB could be achieved here with bit moze work 
on the input section, hut this was simple and effective, The 
output is a simple broadband transformer that gives excellent 
stability 
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Fig 7— Schematic of the 2-GHz Converter Module. 


Waveguide Mixer 

The waveguide mixer is a converted surplus unit. There 
is a basic sketch of it in Fig 9, It originally had the back end 
filled witha terminating resistor for flatness, and the LO came 
in the coax. This was used for harmonic mixing with the LO 


see 


Fig 8— Schematic of the 2-GHz IF GaAsFET Amplifier. 


at 2106 GHz. Lam using fundamental mixing for much better 
conversion loss, so 1 opened up the back and inject the LO 
here. [installed three tuning screws on each side of the mixer 
diode, and witha whole lorortuning | got not only a reasonable. 
match, butalso there is some reflection of the LO back towards 
the diode from the RE side and vice-versa, which improves 
conversion Joss over the plain diode. Fig 10 shows the bias tee 
that gets the de bias into the mixer which is required by the 
single diode to optimize conversion los, 


LO Chain 

The LO chain is mostly а surplus digital telephone trans- 
mier. The original oscillator and multiplier is simply e-tuned 
to the new operating frequency. The crystal oscillator had to 
be very carefully tuned for best residual FM. There isa double 
and a power amp that feeds a snap diode to get the 1875 MHz, 
at about +20dBm. The oscillator also needed a varactor added 
toit for the tuning voltage that allows the phase lock to work. 
This has a 4-pole R-C filler added to its tune line to filter out 
any opamp noise, 60-Hz noise, ec, soas to improve the locked 
residual FM, After the snap diode output, Ladded an LO pickolT 
to tap a small amount of power off and amplify it to drive the 
Hz converter, This is a simple resistor and Avantek MSA 
amplifier. The varactor ripler and the two isolators around it 
are stock from the surplus telephone gear. 

The waveguide multiplier is a bit more difficult, I is 
another of the surplus mixers (same as the waveguide previ- 
ously discussed), with a snap diode mounted in it, except that 
after removing the resistive terminator closed off the end to 
reflect the power back and help increase the output power. 
This also has the same tuning screws and is even more difficult 
toune. Some positions of the tuning screws return some of the 
other unused harmonics to the diode to re-convent for more 
‘output, They perform a similar function to the idler circuits in 
A varactor multiplier. In fact, this is almost acting as much like 
avaractorasit isa snap, since the operating frequency is above 
the operating range of this diode. The diode isa Metellics mesa 
snap diode, part number MMD-840-C11, with a 35 pS snap 
time, They have faster ones now, so might experiment more 
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Fig 9—47-GHz waveguide mixer. 


Fig 10—Mixer bi 
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in the future, The multiplier requires bias too. 


Phase Lock 

Fig 5 is the phase lock that locks the 100-MHz oscillator 
tothe external reference, Thisisa Motorola PLL chip. U4, that 
сап control а dual-modulus prescaler chip, UI. The 200 MHz 
from the oscillator and multiplier is fed to the pre-scaler, and 
the 5-MHz reference is divided by the two МСА018 dividers, 
US and U6, before going tothe PLL chip. These extra multiply 
and divide operations were required to get the correct lock 
ratio for the 104.421296296 MHZ required frequency, while 
‘maintaining a high enough frequency at the phase detector to 
keep sidebands from being inserted on the carrier. U9 is the 
loop amplifier, and I had to use the "pole splitting” technique 
of adding C9 and CIO to reduce the phase-lock sidebands, 
USA detects the lock condition so as to let the operator know 
if the frequency is right, and USB senses the presence or ab- 
sence ofthe reference, 


Power Supplies 

The whole unit is required to operate from batteries for 
mountaintopping, so it must operate from 10.5 volts to about 
15 volts de. This is accomplished with two supplies. Fig 11 
shows the linear low-overhead regulator that supplies 
+10 volts to most of the RF circuits. The surplus oscillator 
multiplier on the other hand, required -8 volts at about 
300 mA (of ай things)! This is provided by a small switcher 
that is shown in Fig 12. This was designed to not need any 
transformer or inductor, so it is easily reproducible. 

It has its own free-running oscillator, but the very fast 
transitions of the switcher FETs do cause some УНЕ birdies. 
There is а fair amount of filtering to reduce this, but there is 


still a very tiny amount left. f the free-running oscillator were 
to drift to just the right frequency, then one of its harmonics 
mightbebarely audible in the 2-meter IF. It would drift around 
a bit, causing the operator to maybe mistake it for a weak 
signal. In order to prevent this, U2 in the supply divides the 
reference frequency down tothe switcher frequency, and if the 
phase-lock module tells the supply that a reference is present, 
the divider output is used for the switcher drive. The switcher 
isa simple “rail-to-rail” topology, with a linear post-regulator. 
for overall simplicity, if not the ultimate inefficiency. 

“The relay control module runs all the transmitireceive 
switching functions and gets its input from the detector in the 
144 IF module 


POWER AMPLIFIER 

The power amplifier is a traveling wave tube. For one of 

the 47-GHz rigs itis contained in its own separate housing, so 

that Т can leave it behind if 1 don’t need it. In this case the 

definition of "power" is а bit different than you may be used 

to. The most powerful amplifier I could find was a surplus 

receiving type of TWT. This amplifier was made by Watkins. 

Johnson, model number WI-467-6. It is a self-contained amp, 

with tube and power supply in one compact unit. Fig 4 is the 
block diagram of the amplifier I built 


TWT 

The TWT that I managed to find is a unit that is intended 
to operate from 26.5 GHz to 40 GHz, with 35 dB of gain and 
4-mW minimum output (most of them do close to 10 mW out). 
47 бнг is well outside of its operating range, by 54% of its 
original bandwidth. The tube as received was not useful atthis 
frequency. | opened it up and readjusted the helix voltage 


Fig 11—Ten- 
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ower until the tube attained useful ga 
ever, lowered its power output to well below one milli watt, To 
fix this, [lowered the grid bias so as to raise the col 
current until [got the output power back up. The tube now 
shows 24-dB gain with 4.5.mW power oul. 

1 also added an external connection to the TWT module. 
that controls the grid voltage in order to shut down the beam. 
This is necessary so that the tube is inactive during receive, 
The tube's noise figure is slightly worse than the barefoot 
transverter, soit would only hurt if I were to try to use И during 
receive. The TWT is therefore bypassed in receive, 

‘The TWT requires 120 VAC for its primary power, so the 
switching power supply that runs the amplifier was designed 
ко run at 380 Hz. It drives a transformer to get the necessary 
voltage for the TWT 


Attenuator 

‘There isalsoa waveguide attenuator that! built by boring. 
a small hole in the wide side of a piece of waveguide, and 
pushing in а piece of microwave absorber, t is adjusted by 
pushing the absorber to different depths in the guide. This 
attenuator is needed to prevent overdriving the TWT. I it is 
‘overdriven it will not only distort, but it will even reduce its 
power out as it gets driven harder. 


Power Meter 

In order to be able to set the attenuator correctly (a one- 
time operation), a power meter is helpful Itis also quite useful 
to keep an eye on the general health of the transmitter. I built 
coupler out of two pieces of waveguide soldered next to cach 
other with hole bored between them. This taps off a small bit 
of signal to a diode which then feeds a peak-teading meter. 
The peak detector circuit allows reading of SSB signals. The 
schematic ofthe waveguide diode mount and peak detector is 
Fig 13 


OBTAINING PARTS 

The parts for this project are proportionately harder to 

find than “ordinary” microwave parts. as the frequency is that 
much higher. I have found many of them (including one of the 
TWTs)at the Dayton Ham Vention. There are an assortment of 
places in California with real expensive parts (the waveguide 


switch was $100, an 18" broken piece of flex guide was $50). 
Occasionally 1 find millimeter parts in ordinary local hamfest, 
Ti took me over two years to collect enough parts to begin. 
serious construction on the 47-GHz rig. 

‘Another note worth mentioning here is that I never lo. 
cated much waveguide for any band that includes 47 GHz. 1 
wound up using all parts designed for the 26.5-40 GHz band. 
‘This means that 1 must keep all discontinuities in the guide to 
a minimum, to prevent mode-hopping. This would result in 
excessive losses. 


OPERATION 

‘The a. Olle rig described here was used with an 18-inch 
dish at one end of a world record DX contact that stood for 4 
years, The other rig had a 29-inch dish with it. Both dishes are 
‘equipped with rifle 'scopes to aid with aiming. This contact 
was between WARMX at Crater Lake Oregon, and KTAUO. 
‘on top of Mt. Ashland, Oregon, fora distance of 65.37 miles? 


CONCLUSION 

hope these ideas will spur on more hams to venture into 
the Millimeter Wave arena, Modify whatever you can get 
а hold of, and get on the aie! With the current push to 
reassign our bands away, how long before someone finds these 
useful? 

Above 10 GHz the calling frequencies are (in GHz): 

+ 24,192 

+ 47,040 

+ 80,6405 

+ 120,000 

+ 144.000 

+245760 

expect io hear more people on these bands soon! 


Notes 
This scheme is used in Tektronix spectrum analyzer models 
494RP and 2756P, as well as in other places, 
For a complete description of this contact see QST, Dec 88, 
р 87 "The New Frontier" column by Bob Atkins, KATGT. 
Although tnis frequency does not stet follow the rule of the 
lowest reasonable multiple of 96 MHz, | am hoping we нії 
use this multiple instead, since in this particular band the 
atmospheric losses decrease with increasing frequency, 
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A Solid-State Laser Transceiver 


By Roger Wagner, K6LMN 
(From Proceedings of the 37th Annual West Coast VHF/UHF Conference) 


INTRODUCTION 
elcome to the world of Amateur Radio lightwave com: 
‘munications! Here, we are communicating voice/CW/ 

data/video, line-of-sight over unguided coherent light beams 
at frequencies of 350 to 680 THz (terahertz or million mega- 
herz) or about 3 million times the frequency of the 2-mete 

band, This translates in wavelength to 700 nM (deep visible 
red) to 400 nM (visible violet), Of course, infrared and ultra- 
violet can be used as well. The FCC has given hams and non 

hams any of ће frequencies above 300 GHz, where extremely 
deep infrared begins. 

їп this article, I have developed the concept of an all 
solid-state CW/phone transceiver, such as iş used on the UHF 
bands. The units are slightly larger than a hand-held trans 
ceiver, complete with batteries. The power output is only 
5 mW, and the receiving "antenna" is а 3-inch telescope. AS 
оп the lower bands. range is a function of power output and 
antenna size. Communicating over laser beams sure is û lot of 
fun and the band is certainly not erowded! A simple laser 
diode/LED AM-voice modulator is just couple of amplifier 
chips anda transistor or two. A simple receiver is small solar 
cell followed by an amplifier chip. Most parts are available 
from Radio Shack. 

Unfortunately, there has been a shortage of good and 
practical articles in the ham magazines on the use of semicon- 
uctor lasers and associated solid-state photodetectors. Most 
of the authors in this field got their star with gas lasers, I hope 
this article will shed some light on laser diodes, and encourage 
your investigation in this new world of communication 


BACKGROUND 


After some 35 years of HF through UHF operation 1 
wanted to try something new—lightwave communications. 1 
started out using automobile quartz-iodine headlights. Believe 
me. you can throw a light beam а long way with one of these. 
My goal was voice/CW communications and I quickly found 
ош the heated filament didn't modulate well at frequencies 
above a few hundred hertz. Next, I began experimenting with 
Radio Shack's high-powered red LED. It offers an output of 
some 2000 millicandelas for a cost of less than $2. 1 built up 
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а couple of voice-modulated AM transceivers, using solar 
panels as photodetectors. Range was several blocks and fidel- 
ity was excellent, Then, Lexperimented with various lenses to 
collimate the LED's wide-angle beam. Range improved con- 
siderably since the beamwidth was now down to 2°, do a lot 
of VHF/UHF contesting and I was now ready to generate some 
extra points for ARRL VHF/UHF contests. To my surprise 
though, only coherent light sources, ie, lasers, are permitted. 
1 purchased several laser diodes, complete with collima- 
tors, and added the laser assemblies to my transceivers. Now 
Tm legal for VHF/UHF contesting. My two transceivers were 
used for the 1990 ARRL June VHF contest from Mt. Pinos by 
the N6CA group. 1 also used them during the 1992 ARRL 
January VHF Sweepstakes, My range so far is only 5 miles. 1 
think longer distances are possible, but Ihave great difficulty 
pointing the extremely sharp beam (0:02° beamwidth). 


SAFETY 

Lasers are not toys! Never point a laser at eye level at 
close range. The beam emitted by a laser diode is harmful if 
aimed into the unprotected human eye, especially at night, 
‘when the iris is wide open. Never point the laser into known 
aircraft flight paths. 

LASER BASICS 

Laser is an acronym for Light Amplification by Stimu- 
lated Emission of Radiation, A laser generally consists of an 
active medium that can amplify light, and reflectors that return 
a portion of the light back to the medium. A small portion of 
the amplified light that Bounces back and forth escapes into a 
beam with these characteristics 

* Highly directional 

+ Single or narrow spectrum of wavelengths 

+ Phase coherent 

+ Continuous for relatively long periods. 

The medium can be any of the following: 

+ Solid-state (ruby. VAG) 

+ Liquid (dye laser) 

+ Gas (Heliom-Neon, Argon) 

+ Semiconductor (laser diode) 


The wavelength of the emitted light is a function of the 
medium and mirror spacing. All of these lasers have their 
applications, but only two are presently used for free-space 
communications by hams. 


HELIUM-NEON LASERS 

What about using commonly available surplus HeNe 
and HeCd laser tubes? Since the HeNe (gas) lasers have heen 
around for some time, they are cheap and plentiful on the 
surplus market. They cost between $40 and $100, including 
high-voltage power supply. Gas lasers do the job well if you 
are interested in just pointing a narrow beam of light at seme- 
thing, To me, they aren't very useful for communication, as 
they are difficult o fully modulate. In addition, they require 
high-voltage power supplies (over 1000 Vdo). Youcanachieve 
10-15% AM-voice modulation by modulating the power sup: 
ply. For CW, a chopper wheel (such as а compact fan), in the 
Beam path will produce square-wave modulation at about 
1000 Hz, Now, just key the power supply on andofftotransmit 
100% modulated MCW 

ARRL contest rules state that lightwave-frequency trans- 
miners must generate coherent light, and be capable of com- 
municating at least 1 km, The receiver must have at least one 
stage of amplification, As LEDs and headlights don't generate 
coherent light, they can't be used for contest QSOs. Serious 
ham DX is still being worked with gas lasers and mechanical 
chopper wheels. 


SEMICONDUCTOR LASERS 
Semiconductor lasers (laser diodes) are now coming to 
the surplus market at reasonable prices. They are used in lec- 
ture pointers, bar-code readers. CD players and laser printers. 
Why use a laser diode for communication? The primary ad- 
vantage of laser diodes over HeNe lasers are: 


+ Greater efficiency 
+ Physically rugged 

+ Compact size 

+ Light weight 

* Long life (over 50,000 hours) 

+ Easy to modulate up to | GHZ 

+ Simple power supply (3-12 Vdc) 


The typical laser diode looks like a TO-S case transistor 


Fig 1—A typical laser diode. 


with a glass window (Fig 1). Unfortunately, low-cost laser 
diodes are at near visible infrared wavelengths of around 750- 
820 nM. Visible red (670 nM) laser diodes are now available, 
but at much higher cost, А small collimator lens is required to 
narrow the beam from about 10x30 degrees o 1-2 milliradians 
(mrad), With an adjustable collimator the beam can be focused 
to апу width required. A HeNe laser has a typical divergence. 
of 1 mrad, without external optics. 

For the same optical power output, the HeNe laser ap- 
ars almost 10 times brighter to the eye than the typical laser 
diode. The HeNe wavelength of 633 nM is closer to the eye's 
most sensitive wavelength (green, 540 nM). For communica- 
tions the red and near infrared (670-850 nM) semiconductor 
lasers are a better match to commonly available silicon photo 
detectors, which have a sensitivity peak at near-infrared wave- 
lengths. Laser diodo efficiency is typically 20%. compared to 
2% for HeNe lasers, Above the lasing threshold, laser diode 
efficiency approaches 80%. If you are contemplating portable, 
battery operation, this Feature is significant, Table 1 is a com- 
parison of several available laser diodes. 


OPTICAL RANGE 


The maximum line-of-sight (LOS) range of a free-space, 
all solid-state laser communications system can be calculated 
by 


(Fox ArxTor TAX Ta) 


Re AT i 
р вор а? 
where 
R = LOS range in meters between transmitter and 


Peak power output from laser (watts) 

Area of the receiver lens or mirror in square meters 

ransmissivity of receiver optics, including filters 

ransmissivity of transmitter collimator and beam- 
shaping opties 

та = Atmospheric transmittance 

Pi = Threshold power sensitivity (0-dB signal + noise 

noise ratio) (watts) 

D =Collimated laser-beam divergence (radians) 

‘This equation assumes that the apertures of the transmit 
ter optics have been matched to the beamwidth of the laser 
diode for minimum loss. Otherwise, another term must be 
included in the numerator! 

‘The receiver's minimum detectable power term (Pt) 
needs some explanation. This discussion pertains only to solid- 
state photodetectors, The minimum incident power on a 
photodiode required to generate a photocurrent equal to the 
total photodiode noise current is defined as the noise equiva- 
lent power, or NEP. The NEP is dependent on the square root 
of the receiver bandwidth, which is usually limited by the 
audio passband. The NEP is given in watts! v Hz . The noise 
generated by the diode is a combination of shot noise and 
Johnson noise. The shot-noise current is a function of the dark. 
leakage current; Johnson noise is related to the diode"s inter- 
nal resistances. Both are device and temperature dependent. 
Photodiode NEP can be expressed by: 
NEP = In 

RS 
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(E42) 


wise equivalent power (watts) /Hz ) 
hotodiode noise current (AA/Hz ) 
Rs = photodiode sensitivity (АЛА) 


Typical silicon PIN photodiode figures are In = 26-14 
AJ HZ „and Rs 205 A/W 21670 0M. NEP then 252-15 WI VEZ 
A low-noise op amp (OPA27) following the photodiode has a 
much greater noise current of 4 !?А/ Hz . The geometric sum 
ofthe diode and op amp noise currens is then A/ 
yielding NEP = 8.02- W ҮН; 

Let's predict the range for my laser transceivers: 


Po = 0003 watt max, 
Ар = 00046 meter (3-inch lens diam) 

Tor = 0.95 (estimate for plastic Fresnel lens, no filters) 
Tot =0.9 (est) 

Та= 09 (extremely clear night at mountaintop altitudes) 
Pt (2.7-kHz receiver bandwidth) = 4.18-!" W 
D=0.001-radian circular beam 


Range=500 km, or 311 miles fora signal barely detectable in 
the noise. This is the theoretical maximum; no consideration 
is given for modulation type or atmospheric effects, such as air 
turbulence ortransmiter-to-receiver beam misalignment, The 
theoretical VHF radio LOS range between a transmitter and 
receiver, both at 9000 fe (unobstructed path) is about 268 miles. 
The optical range should be а bit less, The beam diameter at 
long range is approximately: 


Beam diam = Full-width Beam Divergence (radians) x Range 


Thus, beam diameter at 1 mile = 0.001 radian x 5280 ft = 5 ft 


TRANSMITTER BEAM SHAPING 
AND OPTICS 


Unlike gas lasers, laser diodes alone emit a divergent 
asymmetric beam, due to diffraction effects in the diode's 
asymmetrical laser cavity. In addition, unlike the long cavity 
‘of the gas laser, the semiconductor laser cavity is extremely 
short (sub-millimeter) and the short cavity does not allow for 
а collimated beam. A typical neur visible laser diode without 
external optics emits an asymmetric (elliptic), divergent cone 
of light of approximately 11 x 37 degrees, 3-4B beamwidth. 
Referring to Fig L, the ratio of the orthogonal beamwidths is 
called the aspect ratio. For these diodes it is approximately 
3,5:1, The aspect ratio for the typical visible laser diode is 
nearly 5:1. Laser diodes also have a small amount of astigma- 
tism, External optics are thus required to transform the output 
of a laser diode, to give a corrected, circularized, collimated 
light beam, The ideal collimated beam has no divergence. In 
other words, it is a parallel beam of light out to infinity dis- 
tance, 

When a simple lens is used to collimate this asymmetric 
‘output, a narrow beam with an elliptic cross-section results. 
A slightly elliptical beam is acceptable for amateur communi 
cations. It is, however, desirable to correct this distortion. 
An anamorphic prism pair or cylindrical-lens telescope can 
be used, Prisms are easier to align and can be adjusted to cor- 
rect different amounts of ellipticity. An elliptically shaped 
fixed iris can also be used to circularize the beam, but at a 
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considerable loss in beam power level 

There are two common ways of achieving beam collima- 
tion for laser diodes in free-space operation. A simple plano- 
convex singlet lens is a very economical solution to laser- 
diode focusing and collimation. A well-designed doublet lens 
is usually superior to a corresponding singlet, because of the 
much higher degree of aberration correction which is possible. 
There are also available aspheric lenses, which have shorter 
focal lengths than equivalent plano or bi-convex lenses. The 
corrected aspheric lens has a much higher numerical aperture 
(to capture maximum emitted light) than the corresponding 
spherical singlet, while having less aberration, 

‘Beam astigmatism is caused by the light sources forthe 
orthogonal axes being at slightly different distances. In the 
simpler, gain-guided devices like visible laser diodes, this 
distance can be 40-50 microns, In the case of index-guided 
lasers (typical infrared), the astigmatism is typically less than 
5 microns. Astigmatism often needs correction if a small spot 
size or ultra-precise collimation are required. This is particu- 
larly true in the case of visible lasers. Cylinder-ground lenses 
are available to correct astigmatism. By slight rotation around 
the optical axis, the lens can correct astigmatism without ir 
troducing additional aberration. The astigmatic correction 
lens, if required, should be placed after the collimator lens. 
Sony laser diodes use an integral slanted window over the. 
diode chip 10 achieve very low astigmatism, without external 
corrective lenses. 

Forthesecorrectivelenses, we are not talking about large- 
diameter optics like those used in telescopes. Typical coll 
mating lenses have diameters of about % inch, With good 
optics, a circular beam of less than 0.2 mrad divergence can be 
achieved. A simple plano-convex lens can easily converge а 
near-visible infrared laser diode to а 1 x 3 mrad beam. 
Antirelection coatings should be used to prevent light 
scattering, and to reduce path losses. A simple coated plano- 
convex collimator lens has a transmissivity over 95%. 


LASER TRANSMITTERS 

Now we have the transmitted beam shaped, what about 
modulating it? There are several types of modulation suitable. 
for communication with laser diodes. As on the lower bands, 
the type of modulation used depends on whether you wish to 
transmit voice, data, Morse code or video. Fig 2А shows a 
diagram of a simple laser transmitter and its analogy to an HF 
AM-voice transmitter. Atlightwave frequencies, the FCC does 
not dictate the mode of modulation or maximum bandwidth. 
Here, simplicity and low cost may dictate the modulation 
method. A continuous (CW) or unmodulated light beam car 
Чез no information and the receiver detector can only detect 
the presence or absence of the light beam 


Three basic methods of modulating the laser diode аге 
+ Modulated CW (MCW). using an external light chopper 
+ Amplitude modulation for voice/CW/data/video 
+ Pulse modulation 
mew 
MCW is used by the HeNe laser gang. It is simple and 
cheap, but is suitable only for Morse code. To generate a 
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Fig 2—Comparison of HF and lightwave transmitters and receivers. 


modulated light beam, all that is needed is a motor-driven 
wheel (fan) spinning in front of he light eam, to interrupt it 
at an audio rate. A solenoid-operated shutter, liquid-crystal 
shutter, or even your hand, can be used to key ihe light beam. 
Liquid-crystal shutters are sluggish, especially atthe ow tem- 
peratures often found at high elevations. They have а trans- 
missivity of only 70% when clear. Of course, you can also key 
the laser power supply, or modulate а laser diode supply. 


Amplitude Modulation 

Amplitude or intensity modulation is rather simple 10 
implement with laser diodes, and is suitable for voice, data, 
Morse code and video. Another plus is that AM is compatible 
with the receivers used for gas lasers, This feature is handy 
during contests, as it allows contacts with stations using either 
laser type. For AM, the laser diode output is established at the 
530% output level with no modulation present. The modulating 
waveform then modulates the laser from the bias point up to 
100% and down to 0% output. For Morse code, the sinewave 
tone oscillator can be Keyed, The average light power output 
in ай cases is 50% of the peak laser output, A 30-100 kHz 
subcarrier can be amplitude modulated, and itself used to 


modulate the laser. This method complicates the receiver 
slightly, but offers a major advantage: this receiver will 
be nearly immune to stray light modulated by ac power like 
street lights. For television transmission, couple the camera 
baseband output through a wideband stepdown transformer to 
the laser diode. For best picture quality, drive level and bias 
may have to be more carefully adjusted than for low- fidelity 
voice transmission. 

Another modulation scheme involves coupling а few 
milliwatts of HE SSB into the laser diode. For a simple re 
‘ceiver, just hook up a wideband photodetector, such as a PIN 
diode (biased for maximum bandwidth) to the HF receiver 
antenna inpot, A low-noise, high-frequency preamp following 
the photodetector will improve receiver performance. Speak: 
ing of exotic modulation techniques, for coherent CW, the. 
laser diode transmitter tone oscillator ean be phase-locked to 
а master frequency such as WWV. At the receiving end, the 
detector can be referenced to the same master frequency. 
With an extremely narrow receiver baseband bandwidth of 
210 10 Hz. a tremendous system gain over voice modulation 
can be achieved. The sloppy tone generated by mechanical 
chopper wheels typically used with gas lasers will not permit. 
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the narrowband DX work possible with laser diodes in such a 
system. 


Pulse Modulation: 

Pulse modulation is quite suitable for Morse code opera 
tion, but can be used for voice and data modulation as well. All 
thatisnecessary isto pulse the laser on to full power output and 
then pulse it off, with a squarewave. The light output is a pulse 
or squarewave. Using pulse modulation. you don’t have to 
‘worry about laser diode thresholds and linearity of light out 
put. For Morse code, drive the laser diode with a squarewave 
current of 0-75 mA peak at audio frequencies and key the 
oscillator to form characters, Use a simple transistor switch 
driven by a square-wave oscillator like the 555 IC. The simple 
receiver can be any HeNe-system photodetector and receiver. 

For voice and data modulation, either pulse-width madu- 
Tation (PWM) orpulse- position modulation (PPM) can be used 
a subcarrier frequency. For PWM, the subcarrier frequency 
is normally 30-100 kHz. The audio modulation input varies 
the pulse width or duty cycle. At the receiver, the recovered 
pulse train passes through a low-pass filter before the audio is 
recovered. Because the carrier frequency is хо far above the 
audio range, this system isn’t compatible with most HeNe 
laser receivers 

For pulse-position modulation, the pulse train average 
frequency is again set at 30-100 kHz. This time though, the 
pulse phase or frequency is varied by the audio input signal 
The receiver detector is a litle more complicated: a phase or 
frequency detector is required. The benefit? A static-free, 
hi-fi communications system. 

A word of caution: All laser-diode manufacturers 
strongly recommend slow turn-on to avoid transients that may 
destroy the device, If you plan to use high-speed pulse, verify 
the drive waveform with a high-frequency oscilloscope. You 
should also take precautions to avoid spurious oscillations in 
the driver. A 100-pF capacitor may be connected in parallel 
with the diode, Keep the leads short, Test to be sure the addi- 
tional capacitor doesn't cause your driver stage to oscillate. 
Another good idea is to 
add a small silicon diode 


Fig 2—Laser diode forward-current optical output 
characteristics. 


The major difference is the threshold voltage: 0.6 V for silicon 
diodes, but 1.8-2.2 V for laser diodes, The laser diode should 
always be mounted in a heatsink. Laser diodes have a Zener 
diode-like curve. The voltage drop remains fairly constant 
withincreasesincurrent, The laser-diode curve also resembles. 
that of an LED, but is ight output is nearly proportional to 
drive current above the lasing threshold, The lasing threshold 
of alaser diode s constant fora given temperature: as tempera- 
ure increases, so does threshold current 

Drive current should be adjustable. The transmitter de- 
sign should regulate drive current according to temperature, 
unless the diode is always going to be operated at room tem 
perature. Laser-diode drive is a variable current, not voltage. 
"The bias circuit must accommodate а 1.5-2.5 V swing, but it 
is diode current that modulates the ight output. A calibrated 
laser light meter is a very helpful tool for adjusting the trans- 
тїшє. 


Laser Drive Circuits 
A simple wideband laser-diode bias circuit can be а simple 
resistor and negative temperature coefficient (NTC) thermistor 
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Fig 4—Laser diode driver circuits 


from the laser diode anode orcathodetoaregulated voltage source 
‘of 5-12 Vdc. The modulating signal can then be capacitorortrans- 
former coupled to the laser diode. A better method is to create а 
constantcurent generator with a transistor or op amp (Fig 4). 
Temperature compensation can be easily included in this circuit. 
I donot use the monitor PIN photodiode built into the laser diode. 
Iris commonly used ina feedback circuit (APC) to automatically 
Stabilize the laser diode output over the temperature range. Ifyou 
don't use the monitor diode, conduct initial transmitter testing 
with an inexpensive high-currentred LED. Electrostatic discharge 
can destroy a laser diode. Ground yourself and your soldering iron 
when handling dem 


LASER RECEIVERS AND OPTICS 

The schematic of a direct-detection (non-superhet) free- 
space, optical receiver and its analog in a basic HF receiver 
appears in Fig 2. The receiver “antenna” is a telescope used to 
gather as much of the lightwave signal as possible. It can be а 
reflecting (mirror) or refracting (lens) telescope. Its main pur- 
pose isto focus the incoming light on the photo detector. From. 
there, the ight signal is converted or amplified, and converted 
to an electrical signal. The optical filter is analogous to the 
front-end tuned circuit, and is used to remove unwanted sig- 
nals. The best overall choice for a telescope is a refractor using 
а Fresnel lens. This lens, composed of concentric engraved 
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Fig S—Photodetector responses at various wavelengths. 


rings and usually made of plastic, is light, thin and has high 
transmissivity. tis also surprisingly cheap for such large dí- 
ameters, For example, a surplus 12-in. diameter Fresnel lens 
соч me $4 at a lea market. The focused image is not as good 
as a conventional glass lens, but the low cost and light weight 
of the plastic Fresnel lens are definite advantages 

1 highly recommend filters selected for the wavelengths 
tobe received, A narrow interference-type filter reduces stray 
light and allows laser communications in daylight. When 
working laser-diode stations, remember that, unlike gas 
lasers. some diode lasers may drift 10 nM up and down in 
‘wavelength with temperature and drive level Variations from 
device to device may result in additional difference in wave- 
length of plus or minus 20-nM. The interference type filter is 
sensitive to beam angle, and should be placed where the in 
coming beam is most collimated, usually in front of the lens. 
Loss is about 3dB. Colored plastic and glas filters are cheap, 
but usually broadband. with losses of only 1 dB. Don't forget 
a lens cap forthe telescope, to protect the lens and avoid frying 
the detector if the telescope is accidentally pointed at ihe sun! 
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Fig 6—Low-noise photodiode preamplifiers. 


The receiver detector can be any photodetector: 


+ Photomultiplier tube (PMT) 
+ PIN photodiode 

+ Avalanche photodiode (APD) 

+ Silicon photodiode and solar cell 
+ Phototransistor 

+ Photoresistor 


Table 2 is a brief comparison of typical detectors. Be. 
cause of its superior sensitivity and built-in gain, the PMT is 
the king of detectors for serious DX work. The typical PMT is 
blue sensitive. Is sensitivity drops off at the red and near 
infrared (Fig 5). As you can see in the figure, the silicon PIN 
photodiode, followed by a low-noise, high-gain preamp is a 
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Fig 7—Block diagram of K6LMN laser transceiver. 


practical second choice. It is the perfect mate for the red and 
near-visible infrared lasers. Its sensitivity peaks in the near- 
visible infrared region, and drops only about 20% at 670 nM. 
For lowest noise, the diode should not be back biased; or wide 
bandwidth (out 10 1 GHz) though, the PIN diode requires 
1-100 Vde back bias. When avalanche photodiodes drop in 
price they will be more attractive, as they offer built-in ampli- 
fication, ike the РМТ 

Typical silicon solar cells and photodiodes show peak 
sensitivity at 800 nM. A single, small solar cell chip at the 
focus ofthe telescope offers an inexpensive photodetector for 
the beginner. Fora few dollars more, the highly sensitive PIN 
diode is а better choice for serious work 

Fig. 6 shows schematics of two common photodiode 
amplifiers. The transimpedance amplifier (B) is most useful 
for wide-bandwidth applications, and is commonly used with 
fiberoptic detectors. 1 like the JFET approach for a simple 
photodiode audio preamp, because of its low noise, resistance 
to self oscillation, and simplicity. A variable-frequency. v 
able-bandwidth filter should follow the preamp. A good choice 
might be one of the aftermarket audio filters. For optimum 
SeNIN ratio, limit the bandwidth as much as possible. 


LIGHTWAVE TRANSCEIVER DESCRIPTION 
Had enough theory? The KOLMN laser-diode transceiver 
provides push-to-talk. full-duplex voice/data/CW communi- 


cation capability at visible light wavelengths in free space. 
The transceiver is a lightweight, compact (6- x 4- x 24.) 
package, with a self-contained power supply (4 AA cells) 
This unit is the heart of a complete lightwave station, includ 
ing an “antenna” mounted on a 12- x 12-inch platform 
equipped for tripod or table mounting. A low-power red LED 
(665 aM) in parallel with the laser diode provides visual moni 
toring of the modulation, Fig 7 shows a block diagram of the 
station 

In addition to AM phone, the transceiver features MCW 
mode. With the key down, the laser is switched rapidly be- 
tween 0 and S-mW (full-power) output, by a I-kH square. 
wave. The square wave is generated by a 555 IC. Average 
power output is thus 2.5 mW. An unmodulated CW mode may 
be added, to aid in visual sighting of the beam. 

‘The laser transmitter output or lightwave emitter is û 
5-mW peak, 670-nM (448 TH) laser-diode, integrated with a 
lens collimator. The collimator is adjustable, for divergence 
tweaking. Acoherentand extremely narrow divergence (about 
0.3-mrad high x 1.0-mrad wide, after the collimator) red light 
beam is the result, A die-cast aluminum case from a surplus 
laser printer serves as the diode heat sink. The laser-diode 
assembly is mounted on the transceiver cabinet. A low-astig- 
matism Toshiba 9211 laser diode is the emitter. It features a 
Stable, single-transverse mode (clean spectrum) and low 
lasing.current threshold. A PIN photodiode integrated with 
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the laser diode can be used to monitor and stabilize the power 
‘output, although I don’t use this feature. 

A 386 audioamplifier IC amplifies the 600-0 mike input. 
Iis high-level audio output amplitude modulates the current to 
the laser diode. The laser diode is purposely biased at the 
threshold of lasing, to reduce power consumption and the 
possibility of destroying the diode on voice peaks. The result- 
ing modulation is slightly non-linear, but adequate for ama- 
teur voice/data communication, Only a small amount of tem 
perature compensation is provided, and the bias point is not 
tightly regulated. An internal variable resistor sets the bias- 

With the transmitter unkeyed, the current drawn from the 
internal batteries is about 10 mA. In transmit mode (по modu- 
Tation), current consumption rises to 50 mA. On voice peaks, 
the current may reach 110 mA. The alkaline AA batteries used 
have a rated capacity of 1500 MAH. I use PTT, instead of 
operating full duplex, to conserve the batteries. Depending on 
path length and atmospheric clarity, it may take 15-30 minutes. 
of continuous transmission and searching for the other station 
to complete a QSO. 

For receiving, an “antenna” jack is provided, to accept 
audio input from any low-level-output photo detector. No de 
bias is provided at this jack to power an active photodetector, 
such as а phototransistor or PMT. This transistor is designed 
to operate with solar cell detectors or sensitive photodiodes. 
followed by a preamp. The detector input circuit is protected 
against levels exceeding 1.5-V peak-to-peak, but less than 
100 mA maximum. The input impedance is 10 М2. The detec- 
tor input is amplified by another 386 IC. The output can drive 
4-16 extemal speakers or headphones, and a speaker jack is 
provided on the control panel 

The receiving antenna, which is mounted on the platform 
adjacent to the laser, is a super-cheap design. It is а 3-inch 
refracting telescope made of a free mailing tube. а $4 plastic 
Fresnel lens and a $5 silicon photodetector purchased at а 
swapmeet. The telescope mount is a bit flimsy, and needs 
refinement. The lens боса length is 12 in. The photodetector 
is a United Detector Technology model PIN 1ORP438-1 
silicon PIN diode, with a I-cm detection area, A broadband 
red bandpass optical filter in front of the detector filters non- 
тей stray light, but can accommodate HeNe and near-visible 
infrared lasers. The photodetector is followed by a high-gain, 
low-noise JFET preamp mounted in a separate, shielded box, 
‘The photodiode is back biased with a variable voltage of 
0-9 Vdc. A pot on the preamp front panel adjusts the bias for 
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day or night operation with weak or strong signals, Another 
pot controls preamp gain. A front-panel switch ets the preamp 
bandwidth for voice or Morse code, Preamp output is con- 
nected to the antenna or detector input jack on the transceiver. 
My other transceiver uses a 15-V solar panel for an antenna, 
‘and has no preamp, 

"This transceiver is very simple to operate, with a minimum. 
of controls, Although the transmit and receive channels are 
independent, crosstalk within the unit provides sidetone, The 
transceiver canbe self tested by bouncing the beamolTanearby 
reflecting object. For sighting, I look along the transceiver case 
ейде and point at the other station. Instead of using а spotting 
scope boresighted with the laser, use marked, vertical white 
pole placed several yards in front of the transceiver along the 
expected path. A heavy-duty, rock-steady tripod isan absolute 
necessity for serious DX work. Moving the beam a mere 0.06" 
moves the beam off axis 5 fect in one mile! 

For phone operation, plug ina mike, Пір the mode switch 
to Phone and push the PTT switch. Because the transceivers 
are fall duplex, there is no transmiv/receive changeover delay 
The bandwidth of the voice channel is about 2.7 KHz (300. 
3000 Hz), which should be usable for data transmission, 


THE FUTURE 

Lan see into the near future, where a lightwave repeater 
is a possibility. Bandwidth, as indicated by laboratory work 
being done with fiberoptic cable, is over 40 GHz, While the 
extremely sharp beam is suitable for point-to-point links, it 
doesn’t lend itself to wide-area repeater use, The answer may 
be anarray of semi-collimated laser diodes for the transmitter. 
and an array of photodiodes for the receiver. 
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Ап RF and DC Switching Notebook 


By Dave Mascaro, WA3JUF 


еге is a collection of circuits I've used to switch and 


key transverters, preamps, power amps and IF rigs, 


w 
eo! 


© 


Fig 1—Relay drivers for relays with 12-V de coils. In A, 
the relay is keyed from a low-current 8-15 V dc supply. 
In В, the relay Is keyed by rectified RF. The value of RT 
may range from 1000 to 10 kt), and must be 
determined. For SSB operation, the circuit in C kee 
the relay from dropping out between syllables. 
Resistors are май film or composition. 
D1—184001 or equiv. (50 PIV, 1 amp). 
D2, D3— Silicon switching diodes, 1N914, 1N4148 or 
‘equiv. 
(ATO MPS-A13, 2N2222 or equiv. 


Fig 2—Tranevertor keying from the normally open (М.О) 
contacts of the IF rig. Resistors are Y-watt film or 
composition. 

D1—1N4001 or equiv. 

Q1—22222A, TIP29 or equiv. 

Q2 TIP30, TIP32 or equiv. 
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Fig 3— Transverter-RF switching of the IF. If the receive Fig 5—Switching a mast-mounted preamp. RF 
post amplifier has a de-blocking capacitor, C1 is connections are shown at A. Use a double T 
Unnecessary. adaptor for the common connection between the relays. 
D1, D2—PIN diodes, Phillips BA182, Motorola MPN3401 В Shows the control wiring. When control or relay 
ôr equiv. power is off, he relays are in the rmansur position, and 
Li—For 2 meters: 12 turns #26 AWG, 0.1-in. dia., % dis preamp input sees the 50.6 termination. This 
length of miniature coax at frequency being scheme protects the preamp when the station is off the 
switched. air. The preamp should be powered by a dedicated 


RFC1—For 2 metere: 12 turns #24 AWG, Hein. dia. ‘supply or NiCd batteries. 
1-D4—1N4001 or equiv. 
K1, K2: Transco-type dust eon relays. 


'ansverter keying/switching. As drawn, these circuits will switch the 
circuit is switched by a +12 V signal from the IF transceiver. At B, the 

Inthe transceiver. Either circuit may be used to energize 2-coil Transco- 
he supply from 12-18 V to 28-30 V. Resistors are "watt film or 


circuit is switched by a N.O. relay cont 
type relays by changing R1 to 2 kt. Also, increas 
composition. 

Di—Silicon diode, 1N914 or 1N4001. 

D2, D3—1N4001 or equiv. 

Q1—2N2222A or equiv. 

02-Q4—TIP32 or equiv. 

RI—For 12-V switching, 560 0; for 28-V switching, 2 Кї. 
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Fig 6—Switching external power 
circuits are useful for switching "brick" amplifiers 
connected to transceivers. While "hard" keying with de 
(A) is preferred, the RF-sensing circuit at В may be 
used, Resistors are “watt film or composition. 

Dt, D2—1N4001 or equi 
K1, K2—12 V de miniature coaxial relays. 
QU-MPS-A13, 2N2222A or equiv. 

Q2— TIP30, TIP32 or equiv. 


$, = s 


Fig 7—Using a single Transco transfer relay to select 
bypass an amplifier. In this example, the amplifi 

also powered from 28 V dc. K1 also removes amplifier 
supply voltage when the amplifier is bypassed, because 
the amplifier Input is connected to its output by K2. An 
amplifier that operates from another supply voltage can 
be switched by substituting a ОРОТ relay for K1. On 
set of contacts is used to switch the amplifier, the ot 
to switch K2. 

D1, D2—1N4001 or equiv. 

K1—Control relay, SPDT, 12-V de сой. 

K2— Transco 310600200 transter relay. 


cUbypass an amplifier. K2 hı 
unlike the Transco relay depicted In Fig 7, which has 
oniy one. See the caption of Fig 7 for information on 
using amplifiers operating from a supply voltage other 
than 28 V dc. 

D1-D3—1N4001 or equi 
K1—Control relay, SPDT, 12-V de сой. 
K2—General Communications 2NRP1 transfer relay. 


Power Supplies and Control Circuits 4-3 


How To Use PIN Diodes 
In A 2-Meter IF Switch 


By Greg Raven, KF5N 


[isin sate ets intone omae 
equipment. Most experimenters have probably tried build- 
ing a PIN diode switch, with limited success. Excellent 
switches can be built that аге comparable to mechanical 
switches in both insertion loss and isolation, A PIN diode 
switch is physically small and lightweight, so they are great 
for portable equipment, Most of the RF relays that hams have 
obtained via surplus channels require 28 volts, which is in- 

compatible with the 12-volt systems commonly used. Any 
voltage can be used with a PIN diode switch with proper de 

sign of the bias network, This article describes the design 
details of a PIN diode switch that is useful for IF switching in 

To RF, the PIN diode looks like a small resistor when 
forward biased, and like a small capacitor with zero or reverse 
bias. simple narrow-band switch that has good performance 
is shown in Fig 1. In transmit mode, а positive bias voltage is 
applied to the resistor. Both diodes are forward biased. 

Note that LI and C1 forma parallel resonant circuit atthe 
frequency of operation. The reactance of L) is chosen to be 
50 ohms. This means that this resonance is very low О, due to 
the external loading, making the circuit relatively broadband, 
The shunt PIN diode is across the path to the receive terminal 
providing very good isolation. In practice, the parasitic indue. 
tance ofthe diode package limits the isolation. Isolation can be 
improved by adding a second inductor (L2) in parallel with 
D2, the series diode. L2 is chosen to resonate with the off 
capacitance of the diode. This value is given on the 
manufacturer's data sheet. C6 blocks de from the inductor. 

In the receive mode, 0 volts bias is applied to the diodes 
C1, LI and C2, plus the capacitance of the shunt PIN form а 
quarter-wavelength section of lumped transmission line. The 
pi-section equivalent of a 14-2 transmission line simply re- 
quires the reactance,of the shunt capacitors and the series in- 
ductor equal 50 62. The capacitance of the shunt PIN diode is 
parasitically absorbed” into C2. 

їп some set-ups that use а class-A tinal amplifier that 
remains active during receive, excess thermal noise will be 
present at the transmit port. This noise will be conducted into 
the receiver via the capacitance of the series diode D2. If this 
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Fig 1— Schematic of a PIN-diode T/R switch. See the text 

for information on calculating C1 and L1. C6 and L2 may 

be necessary in some casos; see text for details. 

C1-CI—Ceramic chip capacitors. C3-C7 are series- 
resonant type. 

Di, D2—PIN diodes. See text. 

Lt; L2 See text. 

Ri- Calculated; see text. 

rc Reactance should exceed 500 d at operating 
frequency. 


sa problem, the transmit to receive port isolation can be im- 
proved by using L2/C6 to resonate with the off-capacitance of 
D2. 


Resonating the 
higher-trequency designs or higher-power diodes, which tend 
to have more aff capacitance. The impedance of he transmit- 
terimthe off state can actually inerease the insertion loss of the 
‘switch inthe receive mode, if the isolation is not high enough. 
(The transmitter tends to Toad the switch.) 

If the ransmitter-o-receiver isolation in transmit mode 


ries diode becomes more important with 


is not good enough, another shunt PIN diode can be added. It 
be incorporated into another Уе, transmission-line 
Section, This extra diode typically improves isolation from 
about 30 dB to more than 50 dB. The disadvantage is the 
additional loss that the diode and other components add o the 
receive path, This loss should not be a problem in most appli- 
cations, 


shou 


Design Example 

Choose a PIN diode app pf “ste to the power level and 
frequency of your application. 1 just happened to have a few 
surplus Unitrode UM9401 diodes. This diode is perfect for 
this kind of antenna switch. The capacitance is a relatively low 
1.5 pF, while the forward « istance is about an ohm. 


‘Choose Cl and LI, using design frequency of 144 MHZ. 


1 
50(2лу144 x 10? 


22.1 p (use a 22-pF chip cap) 


{use an airwound сой, 
20 gauge close spaced. 
0.25 inch inside 
diameter, 4 turns.) 


50 


e € 
атаах 


C2 = 22 pF (the shunt capacitance of D2 is small enough to 
ignore. No parasitic absorption of its capacitance is needed.) 


(Switch designed for 12 V. 

= 210 @ Assume a voltage drop of 0.75 V 
for each diode, Use a diode bias 
current of SO mA.) 


005 


That is all there is to it. The coupling capacitors C3, Са 
and CS are series resonant. I typically use 470 pF chip caps at 

The circuit was breadboarded “deadbug” style, using a 
piece of PC board, SMA connectors were used forthe antenna 
receive, and transmitter ports. The entire circuit is only 1.5 
inches square, The circuit took about 15 minutes to build. I 
was measured on a network analyzer with the following re- 
solis 


‘Transmit port to antenna port insertion loss : 0.15 dB. 
Receive роп to antenna por insertion loss : 0.17 dB 
Transmit to receive isolation (switch on) 20 2 aß 
Current drain in transmit mode 500 mA 
Current drain in receive mode 00m 


‘This switch should be able to handle up to 50 watts in the 
transmit mode, The intermodulation performance of this 
switch in the receive mode is excellent. The circuit is useful to 
at least 900 MHz. For 1296 MHz and above, transmission 
lines are substituted for the lumped elements. have built PIN 
switches for the 900-MHz band, and 1 ат sure they will work 
ти 1296 MHz and higher. With the right devices, low-loss 
switches сар be made to switch kilowatt power levels 
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Three Useful Circuits 


By Rick Fogle, WA5TNY 


LATCHING RELAY DRIVER CIRCUIT 
he circuit of Fig | drives alatchingrelay that has only one Nc 
сой. When the logic level at point A changes state, a 
pulse is applied to the coil of K1. The polarity of the pulse 
depends on whether the logic level is going from positive to 
negative, or negative to positive. The pulse duration depends. 
‘onthe col resistance andthe value of CI. Pulse duration should 
be long enough to drive the relay to its opposite state. 


VOLTAGE DOUBLER 


The circuit in Fig 2 operates a small Transco-type relay 
(SMA connectors) witha 28-V сой froma 12-V de supply. U1 
generates square waves. Together with DI, D2, CI and C3, it 
forms a half-wave, voltage-doubling power supply 


VOLTAGE INVERTER 


Fig 3 shows aoireuitthat uses a square-wave generatorto 


provide a negative supply for FET or step.recovery diode Fig 2 -Voltage doubler to operate 26-V relay coils from 
(SRD) bias from a positive 12-V source. The output vollageis — 12V supply, 

approximately equal to the input voltage, but opposite ín — Dj, D2—1N4001 or equiv. 

polarity 01 Silicon 61766102 square-wave generator 


E X EE 9а 
BE a 


ae p 


Fig 1— Latching relay driver circuit. Vec is either 12 or 24 V de, depending on the coil voltage of КІ. The circuit 

shown will handle coil currents of 50-100 mA. Resistors are watt film or composition. 

C1—Electrolytic capacitor, 470-1000 i, 35 V. KI—12- or 24-V latching rela 

Di, D2—Zener diodes; bre Q1, Q2—NPN switching transistor, 2N2222A or equiv. 
Оз—РМР switching transistor, 2N2907A or equiv. 
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Fig 3—At A, the voltage Inverter. Its output is not 

regulated. ion Is needed, use the circuit shown 

at B. Resistors are %-watt film or composition. 

Ci—Ceramic disk, mounted close to U2, 

U1—Siliconix Si7661CJ square-wave generator. 

U2-— National LM337L negative-voltage regulator, or 
equiv. 
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Power Supply for GaAsFET Amplifier 


By Zack Lau, KH6CP 
(From QEX, March 1991) 


have used this circuit to supply numerous GaAsFET low. 

level amplifiers with good results, It's an active supply to 
compensate for device and temperature variations. It fits in 
well with the no-tune concept of microwave circuitry. Afterall 
the work of coming up with RF circuitry that doesn’t need 
tuning, why should you need aset of trimmers to adjust de bias 
parameters? 


Circuit Des 

This circuit isn't original—a similar circuit appeared in 
an article by Al Ward, WBSLUA.! Unfortunately, the author 
didn't supply a printed circuit board pattern, which is the need 
this article fulfills, In addition to A's article, you may want to 
refer to Avantek application note AN-S003, 

‘The negative bias generator is a simple 555 oscillator. 
circuit feeding a diode rectifier. The use of high-speed recti- 


fier diodes permits a higher oscillator frequency, allowing 
smaller filtercapacitors. A high-frequency supply comes upto 
operating voltage faster, reducing the stress on the GaAsFETS. 
Common switching diodes (1N914/1N4148) will work if you 
don'texceed their limited current capabilities. Three-terminal 
regulators provide stiff voltages for the active bias circuitry 
that don’t exceed the FET limits. 

The active circuit uses R3 to set the desired GaAsFET 
drain current, RI and R2 act as a voltage divider that sets the 
drain voltage. Don't forget that in addition to the emitter base 
voltage drop, there is often a drain resistor that adds yet an- 
other voltage drop. 


The Hand-Waving Explanation of Circuit Oper: 
The circuit is based on a PNP transistor which tries 10 
‘maintain 0.7 V across ће base-emitter junction. Ifthis voltage 


d H^ 


Fig 1— Schematic of the GaASFET amplifier power supply. 
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is too low, the current across the base is reduced, making the 
FET gate voltage more negative. The more negative gate- 
source voltage reduces the drain current, which increases the 
emitter voltage. Since the base voltage is approximately fixed, 
the base-emitter voltage is therefore increased until it's ap- 
proximately the voltage drop for a saturated transistor. Simi- 
larly, too low a drain current increases Vye, increasing the 
current across the base, making the FET gate voltage more 
positive, which increases the drain current. 


Choosing Values for RI, R2, R3 


R3 
RI 


(Eq) 
P) 


„ vo 
2 bv, -V. 


V) approx 


V, = The positive supply bus 


Уш= The drain voltage supplied to the GaAsFET amplifi 
(don’t forget any voltage drops from series resistors) 


1,= The drain current 


у 


he base-emitter drop (07 V, but temperature sensitive) 


1 have had pretty good luck using Eq 2 with RI and R2 
values in the low to mid-kilohm range. These equations seem. 
10 be close enough for picking standard resistor values. 


xperimental Results 

"The resistance values are assumed to be those marked on. 
556 V-W resistors. The voltages were measured with a Fluke 
77 multimeter. 


RI ою ою Уш Vy 
2k 39k 15 392 503 
22k 43k 51 399 504 


Construction 

The printed circuit board is designed to allow a variable 
number of devices to be powered. If you only need to power 
а few devices, you might wish to cut the board short. With a 
bit more work, more than 6 devices can be accommodated by 
replicating the active bias pattern and extending the board. It 
тау be necessary to heat sink or replace the 78L05 with а 
bigger device if you supply too many FETs, The pads are 
purposely made big enough for swaged terminals, which are 
ideal for this application if you have access to the expensive 
swaging tool ($300+ new). 


Rel 


Since the negative supply comes on shortly after the 
positive supply, questions about damaging the FETs invari- 
ably arise. So far, ош of over 20 devices operating from 2304 
то 10368 MHz, only one failure has been noted. I suspect this 
reused 72084 failed as a result of excessive heat or statie dis 


Fig 3—Etching pattern for the power supply. 
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charge, as it's not always easy to remove devices from circuits 
that didn't work as well as hoped. Actually. my biggest prob- 
em with microwave devices are the leads breaking off while 
attempting to reuse them! 

There isa trade-off between current limiting and voltage 
limiting. By raising the open-circuit voltage, you can increase 


the drain series resistance, improving the current limiting 
abilities of your supply. However, if the voltage is too high, 
you can exceed the Vps rating of the device. There are situa 


tions where a more sophisticated supply is needed to avoid 
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exceeding device ratings. An example might be a S-volt maxi 
тшт Vos FET that needs a drain bias of 40 mA at V, as well 
as 51 Q of series resistance for RF stability! 


Зд Ward, "Simple Low-Noise Microwave Preamplifiers,” OST, 
May 1989, pp 31-36, 75. 

2pvantek AN-A, as well as other Avantek applications notes, 
are available from your local Avantek distributor. I you do 
not know the location of your local distributor, contact 
Avantek, 3175 Bowers Ave, Santa Clara, CA 9505-3292, 
tel 408-727-0700. 
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A Clean, Low-Cost 
Microwave Local Oscillator 


By Rick Campbell, KK7B 
(From QST, July 1989) 


bisining a suitable local oscillator 

(LO) has traditionally been a major 
obstacle in amateur microwave work 
This article describes a straightforward 
inexpensive, easily constructed micro- 
wave LO, The oscillator may be com- 
bined with a simple low-noise preamp!, 
ап image filler? and an off-the-shelf 
doubly balanced mixer to build а com- 
plete high-performance receiving con 
venter for OSCAR Mode S. This LO can 
also be used as a building block in a 
transverter for the 2304- or 3456-MHz 
bands. 

All of the critical microwave cir- 
uitry in this LO is readily taken care of 
by a pair of iberglass-epoxy (G-10) PC 
boards, The remaining parts include non 
critical chip capacitor forinterstage cou. 
pling and bypassing, standard %- and 
MW bias resistors, ir 
eased monolithic-microway 
cireuit (MMIC) amplifiers, a pair of 
99-centdiodes,afew hand-woundinduc: 
tors, dise-ceramie capacitors, and a 90- 
MHz, Sth-overtone crystal oscillator. PC 
board manufacturing tolerances, compo- 
ment variations, and construction toler- 
ances have all been allowed for in the 
design. There are no RF tuning adjust 
ments except Гог the 90-MHz oscillator tank circuit 


xpensive, plastic 
tegrated- 


Design Goals 
‘This project began with a list of design goals: 


1) No tuning adjustments should be required. 
2) All frequency-sensitive elementsare printed on G-10 board. 
3) Use inexpensive, readily available components. 

3) Offer sufficient output to drive a standard-level mixer. 
5) Use a single 12-V power supply. 

б) All spurious outputs are more than 40 dB down. 


The complete microwave LO is built on two PC boards. The larger 
(bottom) board provides a signal anywhere from 540 to 580 MHz, 
depending on the crystal frequency. The smaller boar 

that provides an output from 2160 to 2320 MHz, depending on input 
frequency. Used separately or together, 

of UHF and microwave applications. 


is a x4 multiplier 


these boards have a wide variety 


7) Have electrical, mechanical and thermal stability consistent 
with portable CW operation on mountaintops in bad weather. 


‘These goals have been met, with one minor exception: 
The 90-MHz crystal oscillator tank circuit must be tuned to 
make the oscillator start reliably. This adjustment сап be made 
by listening forthe 

cast radio. The electric 


ystal-oscillator output on an FM-broad- 


impressive. One of these LOs was still operating after an air- 
line baggage-handling. 
so badly bent that the top had to be removed with a 
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Fig 1—Block diagram of the 2160-MHz LO. 


System Description. 
‘The complete microwave LO, shown in block-diagram 
form in Fig I, consists of two PC boards: a crystal oscillator 
and times 6 (<6) multiplierboard;anda x4 multiplier board. The 
crystal oscilltorix6 multiplier board can generate any Ire- 


quency between 540 and 580 MHz; simply choose the appro- 
priate crystal. The output level depends on the device chosen 
for the output amplifier. An Avantek MSA-0404 is used for 
the output amplifier in the version described here. (See this 
article's Amplifiers section for more details.) 


Sept y tes sena 


bree (at), oers 


im types unless 


Fig 2—Schematic diagram of the crystal oscillator multiplier board. Resistors are Y-W carbon, 

‘otherwise indicated. Capacitors are 50- or 100-V disc-ceramic types unless otherwise noted. 

C1—8- to 10-pF trimmer capacitor. Ceramic-piston FL1, FL2—Band-pass filters printed on PC board. 
trimmer preferred; standard ceramic trimmer L1, La, La, LS, L6—8 turns no. 28 enam wire, 0.1 inch ID, 
acceptable. closely wound. 

Di—Schotiky diode; Hewlett-Packard 2835, 2800, 20 L2—10turns no 32 enam wire on T-25-6 toroid core, or 

0.33 yH minit e RF choke. 

17, L6—3 turns ı.2. 28 enam wire, as: nen ID, 

‘spaced 1 wire diam. 


The x4 multiplier board can be used for any output fre- 
quency between 2140 and 2360 MHz. The harmonic-genera- 
tor components are sufficiently broadly tuned that the board 
works equally well as а x3 or x5 multiplier. Any input level 
between +7 and +13 dBm is fine, and inputs as low as 0 dBm 
may be used, at reduced output levels. 

These two boards can be used independently in fact 
they were developed for two separate projects, The 540: to 
580-MHz board was developed atthe suggestion of Jim Davey, 
WABNLC, who wanted a simple 552-MHz driver for his 
Single-board3456-MH2 transverter The 2140-to2360-MHz 
multiplier board was developed as part of a no-tune 2304- 
MHz transverter that was described in the Proceedings of 
Microwave Update 7483 

The local-oscillaor system shown in Fig 1 has four fun 
tional blocks: the Suh-overtone crystal oscillator; the Schottky- 
diode harmonic generators; the printed band-pass filters; and 
the MMIC amplins Bach of hese locks is described inthe 
following sections. A schematic of the crystal oscillator 
multiplier board is shown in Fig 2, and Fig 3 shows a sche- 
matic of the ха multiplier board. 


Crystal Oscillator 
The crystal oscillator generates the signal that is subse- 
quently multiplied into the microwave region. In this design. 


the 90-MH crystal oscillator signal is multiplied by 24 to 
produce the final output signal (2160 MHz). Any long-term 
drift or "warblies" on the 90- MH oscillator will be 24 times 
worse at the output frequency. Common crystal-oscillatrcir- 
‘cuits that work well in a 144-MHz, or even 432-MHz, receiv- 
ing converter may be unacceptable when the output Frequency 
is multiplied into the microwave region. 

‘The Butleremitter-followercircuit shown here was origi- 
nally suggested to me by Al Ward, WBSLUA, and modified 
to the present circuit by Jim Davey, WASNLC. (I don't waste 
much time arguing with those two—when they express an 
opinion, they generally turn out 10 be right) This oscillator 
"will free-ran on the tank circuit frequency ifthe crystal and its 
shunt inductor (L2) are replaced with a 47-2 resistor, This 
characteristic is especially useful if you want the tank circuit 
tooperate at another frequency. After initially testing the pro 
totype oscillator with inexpensive 2NS770 transistors, I tried 
replacing them with some 20-year-old pullout 2N3563s. some 
MPS3563s, a pair of 2NS179s that found on the floor under 
the bench, and some new AT-42085 microwave transistors 
from Avantek. АП of these devices worked in this circuit. I 
also discovered that the value of RI, which sets the operating 
points of Q1 and Q2, can be varied to change the power output. 
A 1-KQ resistor was fine for all the transistors except the 
AT-42085s. The output power from the AT-42085s was about 


ол, 0223569, MPS3563, 2N5179 or equiv. See text. 

RIIJ US is an MSA-0408, use 120-0, -W resistor. If 
US Is an MSA-1104, use a 100-0, 5. , resistor, See 
text. 

U1—5-V, 100-mA, 3-terminal regulator. 

U2—MSA-0304 MMIC preferred. MSA-0404, MSA-0385, 
MSA-0485, MAR-3 or MAR-4 also usable. See text. 


U3—MSA-0104 MMIC preferred. MSA-0185, MSA-0685, 
MAR-1 or MAR-S also usable. Seo text. 

U4—MSA-0304 preferred. MSA-0285, MSA-0385 or MAR- 
2 also usable. Seo text. 

US For +12 dBm out, use usa. 
use MSA-1104. See text. 

Y1—90-MHz, Sth-overtone, serles-resonant crystal 
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104. For +16 Вт out, 
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Fig 3— Schematic diagram of the x4 multiplier board. Resistors are f. carbon-ilm types unless otherwise 
Indicated. Capacitors are 50- or 100-V disc-ceramic types unless otherwise noted. 


D2—Schottky diode; Hewlett-Packard 2835, 2800, 2811 
ог equiv. See te 

J2, J3—SMA female chassis-mount connector 
preferred. See text. 

кїз, FL4—Band-pass filters printed on PC board. 


9—3 turns no. 28 enam wire, 0.0825-inch ID, spaced 
1 wire diam. 

L10—inductor printed on PC board. 

U6—MSA-0185 or MAR-1 MMIC preferred. See text. 

U7—MSA-0285 ог MAR-2 MMIC preferred. Seo text. 

'U8—MSA-0485 or MAR-4 MMIC preferred. See 


+6 dBm—a litte too much drive forthe MSA- 
(0304 buffer (U2). 

"The LO shown in the photo on the first 
page ofthis article variesslighily from the sche- 
matic in Fig 2. The photo shows a Zener-diode 
regulator in QI 's collector circuit. When this 
board is used in a setup with a battery supply, 
the difference in voltage when switching rom 
receive to transmit may be enough to cause an 
‘observable frequency shift. This problem is 


Drive 
(0 т 
$13 dBm) 


а Y о 
—1 Ce 


] e o 


eliminated by using a 3-terminal, 5-У regula- 
tor (UT), as shown in Fig 2. 


Harmonic Generator. 

Harmonic generation is easy—or,at least, 
not generating harmonies is very difficult. Solid-state power 
amplifiers must be low-pass filtered to getrid of the harmonics 
generated by the nonlinear characteristics ofthe transistors. In 
fact, if you do anything toa sine wave—clip it, drive a class- 
(Camplifier with it, half-wave rectify it—anything that distorts 
its perfectly sinusoidal shape, the resultant signal will contain 
harmonics. 

Harmonie generation is difficult only if you want to do it 
with high efficiency. High efficiency in microwave-LO har- 
monic-generator stages was important in the 1960s and 705 
because amplifying a low-level microwave signal to the +7 
dBm level required for many diode-ring mixers was expen- 
sive. Back then, tuning up efficient multipliers that used ex- 
pensive step-recovery or varactor diodes required hours in 
front of a spectrum analyzer tweaking a handful of $5 piston 
trimmers to within а half turn of oblivion, And you had to do 
it all again if the drive level, load or temperature changed. 
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Fig 4—Schematic diagram of the basic harmonic generator used on 
both boards. See text for discussion. 


Now that unconditionally stable, broadband MMIC 
amplifiers are available for less than a dollar, multiplier 
efficiency is а minor consideration. By taking advantage of 
readily available modern components, we can build a broad- 
band multiplier with no RF-tuning adjustments—that is un- 
conditionally stable with variations in temperature, load and 
drive level 

The harmonic generator shown in Fig 4 is just a half- 
wave rectifier with a simple low-pass filter (L1) feeding in the 
fundamental, anda simple high-pass filter (C3) picking off the 
harmonics, A half-wave rectifier based on an ideal diode 
generates only odd harmonics. A Schottky diode (D1 of Fig4) 
has an offset voltage of a few hundred millivolts, so the 
conduction angle is less than 180 degrees. Odd and even har- 
monic levels are approximately equal for drive levels up 
to about +10 dBm. This basic harmonic generator is used 
оп both boards. For higher drive levels, a bias circuit with 


queer 
ma 
7 . 


a trimmer potentiometer is recommended“ 

Other diodes will work in this circuit. Schottky diodes 
like the HP-2800 and HP-281 1 are suitable. A silicon switch- 
ing diode ike the [N4148 works fine, and even provides more 
‘output than the specified Schottky diode, but it has one major 
disadvantage: It may oscillate! If you don’t believe this, com- 
pare the circuit of Fig 4 with that of a parametric amplifier 
circuit in an early VHF manual, Better yet, connect the input 
of a IN4148 multiplier to a signal generator and the output to 
a spectrum analyzer and ry it. At some combination of input 
frequency and drive level, the output noise floor will rise con- 
siderably, and the output spectrum will contain many discrete. 
output signals— typically, subharmonics of the drive signal 
modulating the desired output, This circuit needs to operate 
reliably froma motorcycle batery on a mountaintop in a rain- 
Storm, so the use of switching diodes is discouraged. 


Filters 

"The filter selects the desired harmonie output from the 
harmonic generator, In the past, amateur-built frequency 
multipliers usually were limited to multiplication factors of 2 
or 3. because of the difficulty of tuning to the correct har- 
monic, With fixed-tuned filters having steep skirts and flat 
tops. it is easy to build multipliers of much higher order. The 
theory behind hairpin filters (FL and FL2 in the 540- to 580- 
MHz board) and off-center-tapped half-wave filters (FL and 
FLA in the x4 multiplier board) is covered in the amateur and 
professional literature ^? Only the practical aspects are men- 
tioned here. 

“The primary design goals for these filters were low cost 
and reproducibility without tuning adjustments, To achieve 
the first goal, I've specified G-10 board. As a result, the filters 
are more lossy than equivalent designs on a more expensive 
substrate, such as Teflon fiberglass. The loss for each of the 
three-element sections used here is about 3 dB. Because а 
10-dB-gain MMIC capable of compensating for this loss costs 
only about $1, und because better substrates may cost $100 a 
square foot, G-10 is an attractive trade-off, 

"To achieve reproducibility without tuning adjustments, 
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Fig 5—Frequency response of the 540- to 580-MHz 
hairpin filters printed on the crystal oscillator/«& 
multiplier board. 


the filters are made broadband (with lots of low-Q resonators). 
rather than narrowband (with only а few high-Q resonators), 
The resulting passband characteristic, shown in Fig 5, looks 
more like that of an SSB filter in an HF rig than something out 
of an LO chain! This filter characteristic is fundamentally 
different from asingle-tuned circuit that must be tuned exactly 
оп frequency-—a signal anywhere in the 40-MHz-wide pass 
band (540 to 580 MHz) passes through, but the undesired Sth 
“and Tth harmonies 90 MHz above and below the passband are 
greatly attenuated by the steep filer skirts. 

There are two major advantages to using fat-passband 
Filters in a crystal-controlled LO. One is that the frequency 
may be moved anywhere in the passband by simply changing. 
the crystal. The other is that allowance for manufacturing tol 
frances and variations in circuit-board material can be de 
signed in before the circuit is built, rather than having to be 
tuned out afterward. For example, if the PC-bourd manufac- 
tureris alittle sloppy andthe production boards are 15 smaller 
than the prototype, the passband will be $ MHz higher, The 
desired signal will still get through, and the undesired signals 
will still be attenuated. 

Even a change in ciouit-board material from G-10 to its 
fire-retardant variant, FR-4 (which has a slightly different 
dielectric constant), results only in a well-behaved upward 
shift in the passband, The FR-4 boards provide а few decibels 
more output at 576 MHz, and the G-10 boards are a few deci- 
bels better at 540 MHz. The passband shape is the same for 
both G-10 and FR-4 material. 

їп an attempt to discover how tolerant the 540- to 580- 
MHz benin filters are. I reduced the length of several hairpin 
resonators by one millimeter. The output dropped about 2 dB, 
‘worst ease, andthe spurious outputs remained acceptably low 
1 also sprayed a complete 2160-MHz LO with a thick coat of 
clear Krylon, and could not detect any change in the module's 
‘output, These filters work better than double-tuned circuits 
require no tuning: аге tolerant of manufacturing, device and 
construction variations; allow a range of frequencies to be 
generated from a single board layout; and cost no more than 
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the PC-board material required to make them. 


Amplifiers 

‘The MMIC amplifiers serve two important functions: 
They raise the level of the desired harmonic, and they provide 
broadband, 50-82 interstage terminations, Many suitable am- 
plifiers are available, and substitutions require only a little 
сме concerning output level, The MMICS most popular with 
hams are available from Avantek and Mini-Circuits Labs. The 
Avantek line has part numbers starting with MSA-; the MSA- 
(0404 is an example. Mini-Circuits parts numbers start with 
МАВ the MAR-4 is an example. The devices used here were 
chosen because they were closest to the top of the pile of parts 
оп my workbench. Drive to DI should be about +10 dBm—an 
MSA-0304 or 0404 works well for U2. The desired harmonic. 
coming out of FLI isat about -17 dBm, so a device with a 50- 
{2 input and more than 10 dB of gain is useful for U3. The 
MSA-0104, MSA-0185, MSA-0685 and MAR-6 are good 
choices. 

"The second interstage amplifier, US, must deliver about 
+10dBmand provide a 50-Q load for FL2. MSA-0304, MSA- 
(0285 and MAR-3 devices have all been used in this stage, The 
final stage, US, may be omitted if +6 dBm is enough output. 
IF US is not used, also omit R11, L6, C20 and C21, А good 
plan, however, is to use a high-power device that will not 
saturate, and then add a resistive attenuator to reduce the out- 
put to the desired level. An MSA-0404 will provide +12 dBm 
‘output, and an MSA-1104 works well for +16 dBm out. 

JOsnotreally necessary to operate any of these amplifiers 
linearly, but the output stage should be kept at or below its 
1-dB compression point, or the spurious outputs will rise to an 
unacceptable level. MMIC selection is left up to the builder. 
Just about anything will work—and who knows what will be 


available next yearfor49 cents? If you'd rather not think about 
which parts to use, just use those specified in the schematics. 
Ifyou use devices different from those specified, be sure to use 
эп appropriate bias resistor, as specified in the manufacturers” 
data sheets 


Construction 
Both boards are etched on0,062-inch-thick, double-clad, 
G-I0 PC board material. All components are surface mounted 
on the etched side; the other side is unetched and acts as a 
‘ground plane, The components necessary to complete this 
project are available from several suppliers, and etched PC 
boards and complete parts kits are available as well. 

"The first construction step for the crystal oscillator/x6 
multiplier board shown in Fig 6is to drill he component holes 
and file the edges flat. The filter elements need not be 
grounded, so the exact size of the board is not critical. The 
‘edges of the upper and lower ground foils must be connected 
allthe way around the board, though. A plated through hole or 
shorting wire every half inch or so works fine. Copper tape 
wrapped the whole length of each edge and soldered top and 
bottom also works well. The method I recommend is to solder 
brass or tin walls all the way around the circuit board, making 
sure to solder to both the top and bottom of the circuit board, 
This results in a nice, rigid box with solderable shield walls 
suitable for mounting feedthrough capacitors and the output 
connector. 

"The next step is to add the bridges across the unused 
breaks on the crystal oscillatoixó multiplier circuit board (be- 
tween C21 and C22), and a piece of copper tape to short the 
coldend of multiplier diode DI tothe ground plane. The MMIC 
ground leads are bent at right angles to the device body, passed 
through holes drilled in the board, and soldered directly to the 


Fig 6—Part-placement diagram for the crystal oscil 
‘components mount on the etched side of the board. 
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tor/«6 multiplier board (not shown actual size). All 


Fig 7— Part-placement diagram for the x4 multiplier board (not shown actual size). АП components mount on the 


etched side of the board. 


ground plane. The 5-V regulator's ground lead also goes 
through the board and is soldered to the ground plane. T usually 
put the chip capacitors on first, followed by the inductors, 
resistors, disc-ceramic capacitors, diode, transistors, 5-V regu- 
lator Cand MMICS, in that order. The crystal can be installed 
as shown on the parts-placement diagram by sticking it to the 
board with a small piece of double-sided foam tape. 

I prefer to use SMA end-launch connectors, even at the. 
output of the crystal oscillator/x6 multiplier board, 

because they are small and easy to use. (Talso use an SMA. 
connector at the output ofthe x$ multiplier board because it's 
an excellent microwave connector, By standardizing on con- 
nectors, [don't have to keep switching adapters on my power 
meter.) 

‘After you've carefully checked all your mounted compo- 
nents against the parts-placement diagram, you can apply 
12 V tothe board. Tune C1 until you hear the 90-MHz signal 
ina nearby FM broadcast radio. Then turn the power supply on 
‘and off a few times to make sure the oscillator starts reliably. 
The crystal oscillator/x6 multiplier board is now complete. 

‘The filter topology on the x4 multiplier board (Fig 7) di 
fers from that of the ungrounded hairpins on the crystal osci 
lator/x6 multiplier board. The width ofthe x4 multiplier board 
‘determines the resonant frequency of the shorted half-wave 
filter elements. The correct length for all the half-wave reso- 
mators is obtained by cutting the circuit board precisely to the. 
‘width shown in the drawing, and then soldering the board's 
brass wall to the ground plane on the bottom, and to the end of 
each resonator on the top of the circuit board. Plated-through 
holes, ground wiresand copper tape wrapped around the board. 
edges will not work with this layout 

obtain the correct board dimensions by scribing line on 
the top of the circuit board at exactly the correct place. Then 
Teutthe board slightly oversize. Next, Пау a large, flat file on 


my workbench and work the circuit board back and forth until 
the board edge is filed to the scribed line. This results in a ni 
square edge as shown in Fig 7. Only the width of the x4 mul- 
tiplier board is critical. Because FL3 and FLA form a band- 
pass filter with aflat passband response, construction errors of 
up to about 0.032 inch do not significantly affect the output 
level at 2160 MHz. 

After soldering the side and end walls tothe x4 multiplier 
board, add copper tape to ground the MMICs and multiplier 
i 7. Then add the chip capacitors, disc- 
ceramic capacitors, inductor, diode, MMICs, bias resistors 
and SMA connectors. No adjustments need be made tothe x4 


Performance 


Fig 8 shows the output spectrum of the crystal oscillator 
x6 multiplier on G-10 board with a 90-МН crystal and an 
MSA- 0404 output device. The plot is from de to 1 GHz. The 
largest spur, at 450 MHz, is 70 dB below the «12-dBm, 
540-MHz output. The 360-MHz and 630-MHz spurs are just 
barely visible at about 75 dB below the 540-MHz output. The 
harmonics at 1.08 GHz and 1.62 GHz (not shown) are more 
than SS dB below the540-MHz output, and are not measurable 
because of the limited dynamic range of this spectrum ana- 
lyzer. This is a clean LO! 

Different crystal frequencies result in different spurious- 
output levels. Worst-case spurious outputs are about 45 dB 
for any output between 540 and 580 MHz. 

Once the board is built and tested, frequency stability can 
be enhanced considerably by thermally insulating the crystal 
‘oscillator. I usually tape a small piece of sponge packing foam 
over the oscillator and then package the entire system ina box 
10 keep rain and cold mountain breezes ош. 

Fig9showsthe output spectrum of he ха multiplier board 
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Fig 8—Output spectrum of the crystal oseillatorh+6 
multiplier board. The desired signal is +12 dBm at 
540 MHz. 


driven withthe signal shown in Fig 8. The plot covers de to 
3.7 GHz. The largest spur, at 2.70 GHz, is 45 dB below the 
+8-dBm, 2.16-GHzoutput The lower frequency spurs, at 0.54, 
1.08 and 1.62 GHz, are more than 50 dB down, The second 
harmonic, at 4.320 GHz (not shown), is only about 25 dB. 
down. However, harmonic spurs are not too important on LO 
‘outputs, since the mixer generates harmonics of the LO signal 
anyway. Ifthe output of the x4 multiplier board is used to drive 
‘an antenna or another multiplier stage, then a filer (as de- 
scribed in reference 5) may be added. 

A word about LO drive level isin order here. Many en- 
gines, both amateur and mercenary, agonize because they 
have a +7-dBm mixer and only +6 dBm of LO drive. It's true 
that I-mW (0 dBm) is probably not enough drive for a S-mW 
(47-dBm) mixer, and chat 100 mW (420 dBm) is too much- 
but there is some latitude, A few decibels either way won't 
jake any measurable difference in most systems. If you really 
don't wantto geton е айг. having only +S-dBmdrive for your 
+7-dBm mixer is as good an excuse as any, But the guy down 
the street with 10 countries worked via moonbounce is prob 
ably running +3 dBm into the RF port of an unknown surplus 


Applications 

These two boards have been used fora surprising number 
of applications. I use the 2160-MHz LO described here in a 
pair of 2304-MHz transverters with 144-MHz IPs, and in а 
3456-MHz transwerter with a 1296-MH IF. Simply change 
the crystal to 96 MHZ, and vou have a low-power CW trans- 
miner for 2304 MHZ. A 94-MH crystal will provide а 
Se-MHz LO for OSCAR Mode S. The x4 multiplier board 
may be used with a suitably modified 70.cm FM exciter to 
generate 2304-MH FM (4608 x5 = 2304 MHZ) 

"The crystal oscillator/x6 multiplier board is even more 
versatile, Wi a96-MHz crystal providing 576- MHz output 
itservesasthe LO formy single board 1296. MHztransventr. 
Imay be used with ха multiplier or 2304- MHZ CW output 
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Fig 9—Output spectrum of the x4 multiplier board. The 
desired signal is +8 dBm at 2160 MHz. 


a x6 multiplier for 3456-MHz output, a x10 multiplier for 
5760-MHz output ora x18 multiplier for 10.368-GHz output. 
an umuned Schottky diode multiplier is used, it will provide 
useful signal levels for receiver and filter alignment on the 
calling frequencies of all the amateur bands from 2.3 through 
10 GHz, With 92-MHz crystal and an MSA-1104 providing 
+16 dBm at 552 MHz, it can serve as the LO board for the 
WASNLC single-board 3456-MHz transverter described in 
June 1989 QST. 
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Phase Lock Control Circuit 
For Use With Brick Type Oscillators 


By C. L. Houghton, WB6IGP and Kerry Bane, N6IZW 


his project was started to overcome the inherent stability 

problems in the California Microwave and Frequency 
West "brick" type oscillators. We have found that the basic. 
brick oscillator s crystal (operates in the 100-МН range) can 
vary 1 KHZ or more (short term stability). This system if left 
unchecked can vary in output frequency up to 40 kHz or more 
(at 10 GHz) when left on for long-term operation. This drift is 
due to the brick's internal 100-MHz oscillator temperature 
and aging characteristics 

Several modifications to the brick crystal oscillator have 
improved the basic stability of this high-frequency control 
oscillator. These include: (1) Better temperature control cir- 
cuitry for the crystal housing, and (2) Changing some of the 
capacitors in the oscillator to temperature coefficient types, 
which improved overall stability. This improved system sta 
bility, but the improvements still missed the mark, Something 
several magnitudes better was sorely needed 

We designed the phase-lock control circuit to improve 
upon existing stability problems looking for a high state of 
accuracy. What we developed was а circuit that controls the 
brick's crystal oscillator, by phase locking this crystal to a 
highaceuracy external reference source Fig 1). This improved 
the basic brick oscillator to what we fel is the ultimate, with 
very simple circuitry. Part of the design goal was to minimize 
modifications to the brick oscillator. The phase-lock circuitry. 
would be external to the brick, and would control the 
100-MHz oscillator by comparing it to a very high-accuracy 
standard. In practice, we were able to stabilize the crystal 
‘oscillator to about 100 Hz at X band. 

Kerry, N6IZW, did the initial work and came up with the 
design while testing two different prototypes. The first test 
circuit used two separate high stability low frequency oscilla- 
tors to divide the high Frequency brick oscillator control crys- 
tal (a fractional value) down to a common PLL frequency. 
This system worked well, but with two differentoscillatorsthe 
circuit was cumbersome and might be difficult for others to 
duplicate, After quitea bit of number crunching on acomputer 
Kerry discovered that a single 10-МНу standard could be used 
in the system eliminating the second oscillator. 

"The original design was modified adding an additional 
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TAHCIÓ3 programmable divider and providing pinouts for 
any other possible divide by ratio to be programmed in. Our 
system used a single 10-MHz high stability oscillator as the 
system reference, although other frequency combinations are 
possible. We have included a program that was used in our 
system allowing other oscillator combinations to be compared 
to your brick oscillator frequency. First a itle about our sys 

тет. 

The 10.GHz frequency that we have standardized on for 
SSB work is 10.368 GHz, The local oscillator system uses a 
10.223 GHz (Brick Frequency) for a lower side mix incorpo- 
rating our Frequency West Brick oscillators. The fractional 
crystal frequency for a Frequency West brick operating at 
10.223 GHz is 100.2254902 MHz. This fractional frequency 
is quite achallenge to phase lock but believe you will like the 
scheme used to do the job, 

"The single oscillator approach mixed the tenth harmonie 
of the 10-MH oscillator with the 100.225-MHz signal from 
the brick oscillator leaving a difference of 0.2254902 MHz, 
"The computer program (attached) will give the relationship 
between this number and 10 MHz, In this case it was found that 
dividing 10 MHz by 1020 and0,2254902 MHz by 23 produces 
а very close match to 0.01 Hz. Note other combinations are 
possible but this was the simplest choice. This new frequency 
(9.803913043 kHz) primary reference is fed to a 4046 phase 
detector along with the crystals divided down input. The out 
ри of the 4046 PLL controls a varactor located in the brick s 
crystal adjust circuitry trimming the erystal to exactly the 
proper frequency. 

System error using this system of phase-lock control re- 
sults in errors of less than 1/100th of a cycle at 100 MHz, 
(actually it’s 0.008526 Hz). Using the system, the 
100.2254902-MHz brick oscillator will lock up in about 2 
minutes after applying power up the circuit and brick, The 
circuit that was finalized is quite simple in keeping with the 
original design goals. The harmonic mixer is nothing тоге 
than а 2918 with its collector circuit tuned to the low fre- 
quency product (0.2254902 MHz) in this example. The output 
of the mixer is coupled into a VNIOKM VMOS FET, ampli 
fied and squared up in two sections of a 74HCO4. 
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‘This signal is then coupled into а programmable divide 
by a string of 74HC163s. Note that all programming pins are 
brought out, allowing custom programming for different divi 
sion ratios. The 10-MHz oscillator input is squared up in a 
ТАНСО4 inverter and feeds two signal paths, One is the har- 
monic mixer and the other is the programmable M divider for 
the master reference, The 4046 PLL compares the output of 
the M and N dividers and adjusts the control voltage for the 
waractor in the brick. This varactor is in series with a small 
3-pF capacitor which tied in parallel tothe existing Johanson 
capacitor in the Frequency West brick, 

The test results of this system, using identical phase- 
locked circuits, at either end of the test path, were excellent 
From а cold start, as soon as the high-stability main-reference 
oscillators were stabilized, we attempted communications on 
10-GHz SSB, We selected 14.01 MHz for both SSB IFs. The 
RIT control was the only adjustment needed to clarity SSB 
operations at both ends of the test path, as both signals were in 
sach other's passband on 2 meters. The error was about 
100 Hz. 

An off-shoot modification to the basic high-stability cir- 
cuit is just the opposite but can be very useful. Our 2-meter 
radios are SSB hand-helds. Frequency setting is done by small 
BCD switches, Searching for other stations proved cumber- 
some. The solution to the problem was to disable the high 
stability circuitry. In its place, we installed a pot to vary the 
voltage on the brick's varactor. This gave us about 100 kHz of 
frequency tuning (at 10 GHz). Fine control was obtained by 
using a 10-turo pot. This gave us a method to search and scan 
quite a bit of frequency in short order, instead of flicking BCD 
switches, Once you verify what frequency the other station is 
using. you can return to high stability and let the other station 
adjust to your frequency. 


Perspective 

Theuse of high-stabilty oscillators brings greater oppor- 
tunities for weak-signal work. If you know where a signal is 
without question, you can start some interesting applications 
One such possibility is to copy a repetitive signal being trans- 
‘mitted over a very long path that normally is not received, 
With special techniques it is possible to reach under the noise 
floor and pull these signals out, Very high-stability oscillators 
and computers are necessary to further these techniques. 


Brick Oscillator Number Generation Program 

The program listed in Table 1 generates the proper divi 
sion ratio for other combinations of brick oscillator frequen- 
cies and reference frequency input. Additionally ће program 
will define the M and N counter division numbers and give the 
databits Dor I to be preset into each counter. Program step 190 
is set at 1 to start division comparisons, This number can be 
raised if you find that higher order numbers are needed. In our 
case we setup to 500 or so for most work with а 10-МН input 
reference in step 190. 

We hope you will adapt this circuit to your phase-locked 
‘oscillators, as the improvement in stability is quite noticeable 
After all, 100-Hz stability at 10 GHz with simple circuiry is 
something to brag about! 
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Table 1 
BASIC Program Listing 


10 DEFDBL AZ 

20 DEFINTI 

30 DIMP(13) 

40 REM THIS PROGRAM CALCULATES THE DIVIDE 
BY "M" AND “М” COUNTER 

50 INPUT “ENTER BRICK FREQUENCY" BF 

60 INPUT ENTER REFERENCE OSCILLATOR 
FREQUENCY"RF 

70 REM RH IS HARMONIC NUMBER BEING СОМ. 
PARED 

80 REM HD IS DIFFERENCE BETWEEN RH AND BF 

90 REM MIS THE NUMBER BY WHICH REFERENCE IS 
DIVIDED. 

100 REM N IS THE NUMBER BY WHICH DIFFERENCE 
15 DIVIDED 

110 REM S & U SET PRECISION OF DIVISION MATCH 

120 RH-CINT(BE/RE) 

130 PRINT "BRICK OSC FRE 

140 PRINT "REFERENCE OSC FRE 

150 HD-ABS(BF-RF'RH) 

160 PRINT “DIFF FREQ IS "HO; MHZ" 

170 IF RFRH-BF THEN PRINT "PHASE SEN REV" 

180 PRINT ^ M 5° N';* CALC DIFF FREQ IN MHZ" 


BF^MHz- 
RE'MHZ 


ABS(HDRF 
SBS(AF"INT(NVM-HD) 
220 IF S<.00001 THEN PRINT M; rr u) Eur x= 
230 IF S<.00001 THEN 300 
240 U=ABS(RFINTIN+1)/M-HD 
250 IF 05:00001 THEN PRINT M:INT(N+1):RF"INT(N+1)/ 
м 
280 IF U<.00001 THEN GOTO 295 
X 
280 GOTO 200 
290 REM THIS CALC M CNTR PRESET FOR M=1 


305 М-М 
320 FOR 

330 IF M<D GOTO 360 
340 M=M-D. 

350 P()=0 GOTO 370 

360 PU)=1 


42 TO 1 STEP -1 


2 
зво NEXT | 

385 PRINT “М CNTR PRESET LSB "i 

390 FOR I= 1 TO 12 

400 PRINT PO): 

410 NEXT! 

480 PRINT 

485 REM THIS CALC N CNTR PRESETS FOR N-1 CNT 


510 IF N<D THEN GOTO 540 


D 
P()-0: GOTO 570 


Freguency Multipliers 
Using Silicon MMICs 


By Jim Davey, WA8NLC 


Introduction 
wo recent articles describe the use of MMICS as fre- 
quency doublers.!? The advantages cited are high effi 

ciency and unconditional stability, MMICS can also be used. 

forhigher oder multiplication. Jn low-power applications, ће 

MMIC multiplier offers several advantages over Schottky- 

diode multipliers including lower drive power and less current 

for the total oscillator system. 


Background 

My work with no-tune transverters for 
3456 MHz? required the use of <4 and x6 multiplication on the 
board. This was done by driving a Schottky diode with a high- 
level source to generate harmonics. Filters and MMIC ampli- 
fiers were added to select the desired harmonic and amplify the 
‘output to a usable level, The success of MMIC doublers cited 
inthe referencesinirigued me, How would a MMIC multiplier 
perform in ax4 or x6 stage? Would the MMIC offer any advan- 
tage over the Schottky diode? 

‘This paper describes a serios of experiments I performed 
with silicon MMIC: to see what could be done in cd and higher 
mode. The experiments were performed on local oscillators 
for 2160 and 3312 MHz. The results show that MMICs work 
жей at multiplication orders up through at least x6, with Jess 
drive power than the Schottky diode. Efficiency was enhanced 
by selecting an optimum MMIC-<o-filter spacing, 


Test Methodology 

Experimental data was obtained by following this gen- 
eral procedure: 

1. Measured the relative strengths of the harmonics in the 
output of the MMIC. 

2. Varied the drive level to see over what range of input 
power the MMIC delivered the highest harmonic levels 

3, Added an output filter tthe MMIC to select one ofthe 
higher harmonics. Checked for instabilities resulting from the 
VSWR of the filer. 

4, Using one harmonic (6th), varied the device bias cur- 
rent to see what correlation it had to the level of the 6th har- 
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Fig 1— Schematic of the 540-MHz test fixture. 


5. Varied the electrical distance between the MMIC and 
the filter to see if the filler gain” phenomenon also worked for 
active devices, Recorded output level data for several values 
of bias at each spacing. 


Test Details 

1 chose to limit the test to multiples of 540 MHz, since 1 
had an extra 540 MHz no-tune oscillator available that could 
deliver +14 dBm. For the active device, I used an Avantek 
MSA 0885 (Fig 1). The gain of the 0885 is 26 dB at 540 MHZ 
with 1-48 compression at an output level of +14 dBm. Satu- 
ration should begin at an input of -12 dBm. 

The MMIC was mounted on a small 50-0 test fixture 
made of 0.031-inch TFE-glass board, to allow bias and de 
isolation capacitors to be added. SMA connectors were edge- 
soldered to the microstrip for input and output connections 
The output was measured on an HP RSSLB spectrum analyzer 
and HP 4318 power meter 

Inthe first tests looked atthe effects of drive and bias on 
the dth and higher harmonics, Initially, a wide range of input 
levels was tried o see what input level the MMIC preferred for 
best harmonic output and spectral purity. Atthe same time, the. 
device bias was varied o test the effect of bias current at cach 
level ofinput power. In general, foreach combination of input. 
power and harmonic number, found a unique bias condition 
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that gave the best output, The bias used in this test were lower 
than the specification value to prevent excessive current in the 
MSA 0885 when driven at «10 dBm, 

The practical upper limit for input drive appears to be 
about +10 dBm. Above that point no additional output power 
was observed with any level of bias, Overall efficiency 
dropped as drive levels approached +10 dBm, too. Nearly as 
much output was available at lower drive levels if the bias was 
adjusted to optimize the output level. For this reason I decided 
to conduct the remaining experiments at a lower input level of 
OdBm. This level isabout 12 dB higher than the level required 
to cause +1 dB compression of the fundamental in the MMIC. 

Next. filtered the outputandtried to optimize the 4th and 
6th harmonic. Microstrip bandpass filters were attached to the 
test Fixture and the drive and bias were varied while watching 
for greatest output. The optimum drive and bias conditions 
found in these tests did not correlate well with the unfiltered 
test data, The reasons for this were apparent after the next test 
was performed. 


"Filter Gain” Test 
A Hewlett-Packard application note! describes some tests 
HP made on a step-recovery diode multiplierfiler setup. It 
showed that each harmonic can be peaked by locating the 
diode at specific electrical distances from the reflective-type 
fille. At these locations the reflected energies in the other 
harmonics are returned to the diode in proper phase to convert 
more of the unwanted harmonic power into power at the de- 
sired harmonic. OF particular interest was the fact that the 
‘optimized filtered output level at any chosen harmonic was 
higher than the unfiltered level in the broadband output, the 
‘added power coming from the other harmonies. If this prin- 
iple also applied to the active MMIC multiplier, higher effi- 
cieney may be achievable than the unfiltered output would 
suggest 
To test this principle, 1 chose the 6th harmonic at 
3312 MHz and constructed a test fixture of a 3312 bandpass 
filter (10% BW, 1.5 dB loss) preceded by a long 50-0 input 
line, The input line was made over 360 electrical degrees long, 
tobe able to see the whole range of phase conditions. The line 


was marked off in steps of 0.1 inch, which corresponded to 
about 15 degrees on this dielectric. The 50 $ line was driven 
by an Avantek MSA 0885, 

Data was then taken at four levels of bias from 12 mA to 
29 mA at each distance to the filter, down to 15 degrees. The 
data was then plotted, revealing that for each bias condition 
there are spacings that definitely enhance the efficieney of the 
multiplier. When plotted on top of each other, it was evident 
that for most bias conditions, 210 to 230 degrees gave the 
highest output. I could not correlate these results to the HP 
application note because HP'stestswere performed on Sth and 
higher harmonics. I believe, however, that the effect is ad 
equately demonstrated for active multipliers. 

The one variable I held constant in these tests was the 
input power level. I is possible that combinations of input 
power and bias could be found that would give even greater 
‘outputs, In addition, the type of filter used may have an effect 
оп the overall results. The hairpin filter used in these tests 
looks like an open circuit to the highest level signal in the 
output, the fundamental at 540 MHz. If another type of filter 
is used that appears as a short circuit, such as an interdigital, 
the phase of the reflection will be altered and different results 
would be expected 

‘The “filter gain” electis seen ina comparison ofthe data. 
The level of the 6th harmonic in the unfiltered test was 

24 dBm Гог an input of 0 dBm. Under the same bias condi 
tions, the level of the 6th harmonie was~13 dBm when passed 
through a bandpass filter located 220 degrees away. The ap 
parent “gain” is 11 dB. This is in the range of the HP test 
results 


(Comparison to Schottky-Diode Multiplier 
"The Schottky-diode multiplier layout in Fig 2 is the one 
used in my 3456-MHz transverter. In that design, the diode 
spacing to the filter is between 15 and 30 degrees. Diode bias 
and input matching are optimized for maximum output. Total 
conversion loss for the diode is 29 dB. 
Applying the results ofthe above test, the multiplier chain 
shown in Fig 3 could be realized. Signal levels are kept below 
OdBm until the lst amplifier. Shielding and isolation require- 
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Fig 2—Block diagram of a Schottky-diode multiplier for use in a 3456-MHz transverter. L1-C1 and L2-C2 resonate at 


552 MHz. D1 Is the Schottky diode. 
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Fig 3—Block diagram of a multiplier for the same application, but using a MMIC instead of a Schottky diode. 


ments would be greatly reduced with his design. 
‘Although not usually an important design consideration 
in amateur equipment, the total current required in the MMIC 
version is lower. The paris count ìs about the same when the 
MMICs bias and de blocking components are considered, 


Summary 

‘Simple frequency multipliers can be made with inex 
pensive silicon MMICS well into the microwave range that 
‘offer an alternate to Schottky diode multipliers. Drive require- 
ments are lower with the MMIC design. The principle of 
"filer gain“ can be effectively used to achieve maximum 


efficiency in MMIC multipliers, Foreach set of operatingcon- 
ditions, here isan optimum MMIC-to-filter spacing for best 
results. Experiment! 


Notes 

"J. Hinshaw, "MMIC Multiplier Chains fr the 902-MHz Band,” 
Нат Radio, Feb 1987, pp 72-79. 

4. Hinshaw, “MMIC Active Multipliers,” AF Design, June, 
1988, pp 64-68, 

3), Davey, "A No-Tune Transverter for 3456 MHZ”, QST, June. 
1989, pp 21-26. 

“Comb Generator Simplifies Mulipier Design,” Hewlett- 
Packard Application Note 983, July 1981 
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Weak-Signal Sources 
for the Microwave Bands 


By Paul Wade, NIBWT 


Introduction 
here are а few areas of the country where microwave 
‘experimenters have the luxury of beacons ог local hams 

to provide a signal source for checking out microwave equip- 

ment. Therestof us need a local weak-signal source for tuneup, 
and tobe able to verily that things are working when no signals 
are heard. Relying on harmonics of VHF equipment can be 
very misleading—I learned this the hard way on top of Burke 

Mountain in northern Vermont during the 1990 UHF contest 
These weak-signal sources provide a local signal source 

that is strong enough to be heard at a reasonable distance, 

perhaps a few hundred feet, but not strong enough to ride 


through directly into the receiver, so the entire system, includ- 
ing preamps. coax switches, feed line, and antenna, may be 
verified, The crystal frequency can be chosen so that none of. 
the harmonics fall in the IF band: most of those listed in the 
table on the schematic avoid all ham bands. 

‘The design is based on the no-tune transverter! and oscil 
lator? work of KK7B, and is very similar to the LO section of 
the 903 transverter. The only significant differences are in 
sealing of the fillers for 903, 1152, and 1296 MHz; also, 
T flipped the artwork to avoid bending the base leads of 
common transistors under the can. Fig 1 is a schematic of the 
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Fig 1—Schematic diagram of the N1BWT weak-signal source. The inset at B i 


in optional amplifier. See text. 


Capacitors marked * are chip capacitors. The source can be builtin a Radio Shack 270-238 enclosure. 


HP2895 ог equiv. 
im wire, 01-inch 
xcept 10 turns. 


L1—Below 90 МН: 
dia. Above 90 MHz: Same 
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11 turns no. 24 е 


L2-L5—8 turns no. 28 enam wire, 0.0625-inch ID, spaced 
1 wire diam. 

Q1—2N5179, 24124 or equiv. 

Y1—Crystal; see text and Table 1 for details. 


‘Tuneup 

‘Tuneup is straightforward, and easiest if the source is 
builtin stages, following the schematic from left to right, Most 
of the component values aren't critical—the ones mentioned 
below require some attention, The first step is to install all 
parts up to Test Point A, and measure the output at the test 
point. Adjust trimmer CI for max output, checking to yee that 
the crystal is running on the right overtone. Most of the crystal 
frequencies сап be checked by listening on an FM broadcast 
radio Gf it isn't near the right frequency, replace the crystal 
with a 47-0 resister and adjust LI until CI tunes through the 
desired frequency). Hdon'tliketo leave trimmers inthe circuit, 
so after peaking C1, I estimate its capacitance and replace it 
with a fixed capacitor, then squeeze and stretch L1 to repeak 
the output, The second stage is to add components up to Test 
Point B and check the output there. typically see one milowatt 
(0 dBm) at Test Point A and 10+ milliwatts (1010 12 dBm) at 
Test Point B. 

Now it is time io add the multiplier and next two ampli 
fiers. There isw'tenough output after the multiplier to measure 
unless you have a spectrum analyzer (that's cheating’), so the 
amplifiers give enough signal to measure, typically —10 to 

20 dBm, depending on the number of times the crystal fre- 
quency is multiplied. This is plenty of output fora weak-signal 
source, but if you feel a need to peak it, squeezing and stretching 
L4 sometimes makes а difference 

"The optional amplifier is not recommended for 903 and 
1296, but may be useful at 115210 get to the higher bands. To 
install, drill a hole in the output stripline for the MMIC and 
make а cut with a knife for the output blocking cap. With this 


Table 1 
Suitable Crystal Frequencies for Weak-Signal 


Sources 
Output Frequencies (MHz) 
9031 1152 12961 
7226 76802 8101 
821 82287 8641 
9031 8867 9258 
100344 96002 9970 
11289 10473 10801 


amplifierthere isenough gain in the box to make things touchy: 
an external amp might be better. 


Board 
Boards and kits are available from Down East Micro- 


Higher Bands 

AIl the standard calling frequencies above 2 GHz are 
multiples of 1152 MHz (+100 KHz). so this is the starting 
point, made this one with the optional amplifier, which pro- 
Vides measurable (about -30 dBm) harmonic output at 2304 
and 3456 MHz to use as a weak signal, preferably after filter- 
ing. Output at 5760 and 10368 was not detectable, so [used a 
very simple harmonie generator and high-pass filter: a 
waveguide diode detector and a waveguide-to-coax adapter, 
both surplus, bolted together (Fig 2). The 1152-MHz output 
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Fig 2— Wavegulde harmonic generator for use with 
‘weak-signal 

‘shows a schematic diagram of the harmonic ge 
including an external RF choke required for use at low 
drive level: 
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drives into the detector BNC output, and 10GHzcomes outthe 
coax end of the waveguide to coax adapter. Drive of 8 
то 10 dBm (from an external MMIC amplifier) produces 
an output of around -50 dBm at 10,368 GHz, but 0-dBm 
drive produced no output; apparently this is not enough to 
produce harmonics from а 1N23 diode. The waveguide sec 
tion does rudimentary filtering, with all harmonies in the 
waveguide passband appearing; a real filter could be inserted 
here, 

I haven't tried this with C-band waveguide components, 
but there's no reason it shouldn't work just as well for 
5760 MHz. 


Notes 

"R Campbell, KK7B, and D. Hillard, WOPW. “A Single Board 
900-MHz Transverter with Printed Bandpass Filters,” Pro- 
ceedings of Microwave Update 1989, ARRL, 1989, p 1 

2A. Campbell, KK7B, “A Clean Low-Cost Microwave Local 
Oscillator,” QST, July 1989, p 15. 


Phase-Locked Microwave Sources 


By Greg McIntire, AA5C 


Introduction 
he many phase-locked microwave sources circulating in 
surplus have been a real boon to microwave enthusiasts 

particularly those building equipment in the 3456, 5760, and 

10368-MHz bands, Their stable operation greatly simplifies 
the frequency variable when making microwave DX shots 

Building around а good source simplifies much when working 

with microwaves. 

This article briefly describes the principles of operation 
of these sources, and provides information and procedures 
that should allow you to get your LO up and running. 


Principles of Operation 
Most phase-locked microwave sources are based on the 
block diagrams shown in Figs | and 2, although there are many 


variations of the same theme, A microwave cavity oscillator 
serves as the fundamental RF oscillator for the source. The 
‘output of this oscillator is either the direct RF output or it 
drives а multiplier block, from which the output RF is ob 
tained. A comb of harmonics extending into the frequency 
range of the fundamental oscillator is generated from a Sth- or 
Tih-overtone reference crystal oscillator. The fundamental 
oscillator is then phase locked to a harmonic of the reference 
oscillator. 

"The phase difference between the reference harmonics 
and the fundamental signal is obtained in a phase detector, 
basically a mixer. When the fundamental and one of the refer- 
ence harmonics are equal in frequency, a pure de level is ob 
tained from the phase detector, An ac signal rides atop the de 
level when the signals differ in frequency. The output of the 
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yam of a phase-locked, mechanically 
tunable microwave signal source. 


Fig 2—Block diagram of a phase-locked, mechanically 
tunable cavity-plus-multiplier microwave signal source. 
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phase detector is automatic-frequency control (AFC) of the 
fundamental cavity. typically via а varactor diode inside the 
cavity. 

A search oscillator is used to initially acquire phase lock. 
‘The search oscillator slews the fundamental oscillator fre 
quency, via AFC, so that it sweeps across the reference har- 
monies. Once lock is obtained, the search circuit is disabled 
The search oscillator automatically kicks in if lock is broken 
‘on most units Some require manual initiation of a new search. 

"The multiplier block, when used, consists of a step recov- 
ery diode (SRD) and an interdigital filter. A relatively high 
level signal from the fundamental cavity, typically +27 dBm, 
hits the SRD and generates the comb of harmonies. The 
imerdigital filter selects the desired harmonic. 

"The main advantages of this type of source include: 

1. High spectral purity output 

2 High rejection of reference sideband typically 120 dB 

3. Long term stability is that of the reference oscillator 


Models 

I'm aware of atleast three companies that manufacture 
the more common "brick" sources for the 3-18 GHz range: 
Communications Techniques ас, (CTI). Frequency West, and 
California Microwave. Sources from these companies are 
based on the same scheme and most are mechanically and 
electrically interchangeable. Non-"brick" sources T have 
worked with include 6- and 11-GHz units from Collins 
(Rockwell International). Almost ай of the units operate from 
negative power supplies, common in the telecommunications 
industry. 

The CTI, Frequency West, and California Microwave 
sources use a fundamental cavity operating in the 1-2 GHz 
range. A fifth overtone crystal in the 90-120 MHz range is the 
reference. All of the units I've seen have multiplier blocks. 
Depending on the fundamental cavity range, the sources ean 
be used directly without multipliers for 1152 and 2160 MHz 
high level LOs (most have threads matching a female chassis 
mount BNC connector), A representative drawing of intercon. 
nections and adjustment points for a Frequency-West source, 
is shown in Fig 3, Options and variations I've come across 
include: 


Fig 3—Locations of connectors and adjustment point 
‘on a typical Frequency West "brick: 
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+ Output power level: 5, 10, or 20 mW 
+ Output connector: SMA, TNC or WR-75 output 
(WR-75 on some 10-15 GHz sources) 
+ Alarm (YIN) and output type: relay contacts on older 
units, un open emitter transistor on newer ones 
+ Modulator input (Y/N): typically viaa BNC-F connector 
+ "IF" output for external phase-lock control circuit 


+ External reference: reference oscillator notin basic unit 

+ Supply polarity: positive or negative (generally -19 or 
-20V do) 

+ Precision reference: the reference oscillator is phase 
locked to à precision reference, usually 20 MHz 

+ Multiplier: from 3 to 17 depending on manufacturer 
and frequency 

Collins designed and built its own 6- and 10-GHZ phase- 
locked sources, The Collins sources both use a fundamental 
cavity operating on the intended RF output frequency, ie, no 
multipliers are used. 

The fundamental cavity in the Collins 6-GHz units tunes 
5.9-6.4 GHz without modification, Units with PIN 622-5829- 
001 have two output SMA connectors, a tuning control and a 
bolt on the cavity. Units with P/N 622-5828-001 have a single 
SMA output connector, a tuning control, and no bolt on the 
cavity. Both 6-ОН units operate from +12 and -12 V de, and 
have the following characteristics: 
Supplies: +12 V @ 110 mA, red lead 

12 V @ 450 mA cold, 180 mA warm 
Common is black lead 

+ Output: 47 dBm via SMA connector 

+ Alarm: open emitter 2N2907. gray lead, on indicates 
unlocked 

+ Phase lock: blue lead, -6 Vdc indicates unlock —settles 
near 0.1 Vdc when locked 

+ Crystal: fifth overtone, 100-116 MHz 

+ Multiplier scheme: Fo=(F Xtal xM)-25 MH2(M=25, 
26.27. 28... so output falls within cavity range) 

+ Reference Output: SMA, 2x crystal frequency 


A 3579,545-kMz color-burst crystal is multiplied by 
seven to provide the 25-MHz offset oscillator. I presume this 
was used for some sort of subcarrier, but have not investigated 
further. 

The Collins 10-GHz sources were designed for the high 
end of the 10-GHz or the low end of 11-GHz range. I've put 
them on 10.224 and 10,368 MHz successfully, but the cavity 
output power is dropping off at the lower frequencies, which 
makes phase-locking more difficult. A tank-type reference 
oscillator is phase-locked to 4 times the reference crystal fre- 
quency. The reference oscillator is phase locked to the funda 
‘mental cavity. The Collins part number for these sources is 
622-2983-002 and characteristics include: 

+ Power Supply: -20 Vdc @ 1.2 A cold and 0.8 A warm 

+ Output: +7 to +10 dBm via SMA connector. 
green lead: 


+ Alaris: Cavi 
both open emitter 2N2907 


yellow lead: reference 


+ Phase lock: white lead, 0 to 
power up 

+ Sweep button: manual initiation of sweep when 
unlocked 


18 Vde swept during 


+ Reference indicator LED: on indicates unlocked. 
reference 

+ Oscillator indicator LED: on indicates unlocked. 
fundamental 

+ Crystal: fifth overtone 105-120 MHZ 

+ Multiplier scheme: (crystal x4)x22, 23,24... in 
range of cavity oscillator 

+ Reference output: SMA connector, 4x crystal 

+ RF monitor port: coupled output, SMA connector 

+ Test points: а) crystal oscillator level (peak for ~4 to 
-5 V, b) reference AFC (tune for about -3 to -5 V with 
reference LED off), 3) oscillator RF power (should read — 
0.4 to -0.6 V) paralleled with brown lead, 4) oscillator AFC 
(вате as phase-lock indicator) 


Figuring Out What You Have 
Visual Check 

The first thing you should tweak when you get a source 
is NOTHING! A little bit of investigation before you do any- 
thing can save a lot of time later. Get any model number and 
frequency information from the source. For the brick sources, 
the model number should be on a label atop the multiplier 
block, It's pretty obvious if this label has been removed. If 
intact, you can generally look up the model number to get the 
multiplication factor, crystal range, and power level. The out- 
put frequency and crystal frequency are often also on the unit. 

Generally, you'll find that the fundamental cavity of a 
Frequency West brick tunes about 300 MHz. You can multiply 
this up to determine potential output tuning range. The range 
‘of the multiplier block generally limits the tuning range. 


Operational Check 

Next, remove the side cover and see ifthere isa reference 
crystal in the unit. If so, get the crystal frequency. Now apply 
regulated power, usually -19 or -20 V de. First verify that you 
have output RF. Check the output level and frequency (if you 
сап measure the RF frequency directly). If you can't measure 
the RF frequency directly, you'll absolutely need to know the 
multiplication factor. 

"The pickup probe on the multiplier block fis in a hole in 
the fundamental oscillator cavity. You can remove the multi- 
plier block and a female chassis-mount BNC connector will 
directly thread into the threaded hole. Measure the frequency 
here (1-2 GHz range) if you can't measure the RF frequency 
atthe output directly. Remember, the signal level here is about 
Yi watt! Different loading than the multiplier block provides 
сап force the source to lose lock. Padding sometimes helps 
attain phase lock. Check the 0 terminal for a dip when lock is 
achieved. (Reference oscillator operation can be verified by a 
voltage peak on the XTAL test point when tuning the refer- 
ence adjust control.) This verifies operation of the phase lock 
circuitry, reference oscillator and fundamental cavity. 


After you've checked for phase lock, check the range of 
the fundamental cavity. The range is usually great enough so 
that three multiples of the reference oscillator fall within the 
range of the fundamental cavity, ie, the 10th, 11th and 12th. 
‘You'll need this information to help pick the reference crystal 
frequency. Now you should know whether the unit is worth 
modifying, and the multiplication scheme. 


Ordering the Reference Crystal 

Run through several multiplication schemes for the com- 
plete source, Pick a crystal frequency that falls in the middle 
of the cavity range when multiplied. Reference crystal fre- 
‘quencies from 95-113 MHz are common for the brick style 
oscillators 

АП of the units I've seen use а TO-5 style crystal case. 
“These have gotten rather expensive from many vendors, about 
$50 each. A recent order to International Crystal resulted in а 
$13 price for a TO- packaged crystal, however. An НС-18 
style crystal holder can be used with a little extra effort. The 
cost ofthis style crystal holder typically ranges from $12-20, 
To use holder, you have to unsolder the machined oven from 
the oscillator printed circuit board. You also have to remove 
the lip at the bottom of the hole the crystal fits in, by drilling 
tout (firstremove the ceramic disk with the socket pins for the 
TO-5 type case). Then install the crystal directly on the board 
and reinstall the oven over the crystal 

"The Collins sources use a plug-in oven. The crystal leads 
сап be plugged directly into the socket pins on the board. 
Placing the oven over the HC-18 style case is awkward, but 
will provide some temperature control 


Crystal specifications (ideal) are 
Mode: Fifth overtone 
Oven: 75°С 
‘Shunt capacitance: 4.5 + 0.75 pF 
ESR: 60 Q max 
Frequency tolerance: 40.0005% © 75° С 
Temperature stability: + 0.002% from 70-89° С 
Spurious response ratio: 2:1 


Sources for crystals include: 
Bliley (814) 838-3571 (TO-5) EG&G Cinox 

2545 W. Grandview (513) 542-5555 (TO-5) 
РО. Box 3428 4914 Gray Road. 

Erie, PA 18508 Cincinnati, OH 45232 


International Crystal (both) 
10 North Lee 
(Oklahoma City, OK 73102 


JAN Crystals (HC-18) 
P.O. Box 06017 
Fort Myers, FL 33906-6017 


Crystek (HC-18) 

2351/2371 Crystal Drive 

РО. Box 06135 

Fort Myers, FL 33906-6135 

Modification Procedure 

CTI, Frequency West and California Microwave Sources 
The technique I've generally followed to put a brick 
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source on anew frequency is to install the new reference crys- 
tal and then “walk” the multiplier block and fundamental cav- 
ity to the new frequency. Going directly for the final output 
frequency may result їп power inadequate for any indication, 
when tuning the multiplier block 


Crystal Installation 

Install the crystal and apply power. A XTAL test point is 
available on all of the sources except those designed for exter- 
nal reference. Monitor the voltage at this point and adjust the 
crystal tune control for peak voltage, generally -1.51o-2.0 V. 
A check ofthe reference frequency can be made on the SMA 
connector. Final adjustment for frequency shouldbe done once 
the source is installed in your system. 


"Walking" the Fundamental Cavity and Multiplier Block 

There aro several styles of interdigital filter adjustments 
‘on the multiplier blocks, Some permit adjustment from above, 
using small lock nuts. The best way to adjust these is with a 
tiny, hollow socket, which will passa hex wrench tothe socket 
‘on the setserew. (Although more difficult, the job can be done 
with long-nose pliers or hemostats!) With a socket tool, you 
can hold the locking nut lose to final position while adjusting 
the setscrew. This arrangement js convenient, in that you don't 
have to remove the block for filter adjustment, You still have 
to remove the block to adjust the output connector coupling. 

‘Another construction style has locking setscrews acces 
sible from the top, with adjusting setscrews on the side facing 
the brick, You must remove the multiplier block to adjust the 
screws. Fortunately, by design, the multiplier block will sit 
“backwards” on the brick for adjustment. Multiplier blocks 
with waveguide flanges wont seat completely for adjustment, 
however. Tweaking these is a trial and error process the best 
Ian ell... remove the block to tweak and replace to see how 
‘well you did, 

Walking the source to the new frequency involves adjust 
ing the fundamental cavity tuning screw to slew the cavity а 
hundred megahertz or so, then tweaking the multiplier block 
to maintain signal, Tweak the output connector probe adjust 
ment (usually a slotted "screw") and all filter setserews for 
‘maximum signal. The adjusting setscrews nearest the cavity 
probe are the most critical. Then slew the fundamental fre- 
{quency further toward the desired frequency and retweak. 
Monitor the 0 test point when you think you're close to final 
frequency You should be able to achieve lock before making 
the final multiplier block adjustments. Sometimes, however, 
the multiplier block needs to he close to final frequency to 
provide a good match for the fundamental cavity in order to 
achieve phase lock, When you achieve lock, make a final pass 
оп the filter and probe tuning screws, 

Generally. I've not lost too many dB in output power 
from the original power level, depending on how far the de 
sired frequency is from the design frequency. One LO I puton 
3456.350 MHz was originally set for about 4.0 GHz, When 
Finished, the tuning screws were fully engaged to get maxi- 
mum power, which was about 0 dBm, Don't despair if this is 
your case. An outboard MMIC amplifier easily brings up the 
Signal level for driving a mixer. Remember, we arc generally 
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using the sources well outside their design range and losing a 
few dB can be expected. 

I you're feeling adventuresome, one tweak which usu- 
ally makes a significant difference is the depth the multiplier 
block probe inserts into the fundamental cavity. The probe is 
threaded, Some units use nuts to lock the threads. Unfortu- 
nately, the lead from a -W coupling resistor is wrapped 
around the probe underneath the lock nut, in these units, can 
assure you this resistor is fragile! Other units tack solder the 
probe in place. Although the solder wicks into the threaded 
sleeve, I've been able to remove it, make the adjustment for 
maximum power, and resolder. This adjustment also affects 
the match ofthe probe to the cavity for both styles. You should 
simultaneously monitor for phase lock and peak power. 


Collins 6-GĦz Sources 

Remove any existing reference crystal and slew the cav- 
ity oscillator to the new frequency. There is no multiplier 
block/ilter to tune on these sources since the fundamental 
cavity is tuned to the RF frequency. Tuning the cavity below 
the 5.9-GHz range requires capacitive loading. The units with 
abolı allow the most tuning range. A Teflon rod is used for the 
tuning adjustment on these sources. I've soldered Teflon rods 
from other units to the cavity side of the brass bolt and thus 
inserted a second Teflon rod into the cavity. Some experi- 
menting is usually required to trim for the 5616-MHz range. 
"The additional loading biases the cavity and reduces the tun- 
ing range to less than 200 MHZ. 

Install the reference oscillator crystal and tweak until you 
sce a signal on the reference oscillator test point. These units 
will slew the fundamental oscillator over a broad range, so you 
should see the source lock up without further action on your 
partit you're at all close on the fundamental frequency. I not, 
tune the fundamental in increasing increments each way until 
you obtain lock, 

Final trim of the reference crystal should be done after 
you've installed the source in your system with its own regu: 
lator. Remember, the signal at the reference SMA test connec- 
tor is twice the crystal frequency 


Collins 10-GHz Sources 

Like the 6-GHz Collins sources, no multiplier is used in 
these units, Remove the reference crystal and slew the funda- 
mental cavity to the desired frequency. You may want to 
monitor thecavity powertest point and geta feel for how much 
it drops off as you tune to the ends of the cavity range, 

Next install the reference crystal. Monitor voltage at the 
test point for the crystal oscillator and adjust for maximum 
voltage. Then adjust the reference tuning capacitor (REF). A 
red LED on the unit is quite useful in indicating when the 
reference tank oscillator locks to the reference crystal oscilla- 
tor. It will go out when lock is obtained. The reference osci 
lator operatesin the 425-450 MHz range and locks to the fourth 
multiple of the crystal. Now adjust the reference tuning while 
monitoring the REF AFC test point, Tune for about ~4 volts. 
You can tune for lower voltage but spectral purity of the ref- 
erence signal, and thus lock stability, becomes a problem. The 
“cleanliness” of the reference signal is very sensitive to the 


Fig 4— Schematic diagram of a regulator for “brick” 
signal sources that operate from negative supplies. 


TUNE adjustment. I've sometimes had to make this ad- 
justment using a spectrum analyzer to get a clean reference 
signal, Consider trying this if you have trouble obtaining lock 

The source may have already locked at this point. If not, 
press the red "SWP" button. When the fundamental cavity is 
close in frequency, and a sufficient sampled signal from the 
cavity is available, lock should occur. Monitor the “OSC AFC” 
test point, You should see the voltage swing close to the power 


Supply rails (0 to -18 volts) and then settle in mid-range when 
lock occurs. The "OSC" red LED will go out when the cavity 
is phase-locked to the reference. 


System Installation 

A mosteritical aspect of installing a phase-locked source 
in your systemis power supply regulation. Small variations in 
supply voltage result in“FMing." strongly recommend using 
a dedicated regulator close to the source. My favorite is an 
adjustable negative regulator based on the LM337 IC (Fig 4). 
Y substitute а 47-0, 2-W resistor for the source, to get the 
supply close to (less than) final voltage before connecting to 
the source. Tweak othe final level when you've connected the 

‘Source output isolation is important for sources, particu: 
larly for those without multiplier blocks orif you're keying the 
‘output; for example, a PIN diode switch for beacon applica- 
tions, Isolators directly оп the source output are the best an- 
waer In keying applications, 20 dB of isolation has been su 
ficient to prevent FMing or loss of lock. 

After you've used your source for six months ors 
check your output frequency. Most of the variation due to 
crystal aging occurs within this period. 
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Interdigital Bandpass Filters for Amateur 
VHF/UHF Applications 


By Reed E. Fisher, W2COH 
[adapted from OST, March 1968] 


М spine инен ers ane сылу 
constructed in a few hours, and will work the first time 
With little or no adjustment. Their low midband insertion loss 
iscomparable with the best circular coaxial filter and their out- 
of-band attenuation properties are just what modern filter 


Fig 1— Mechanical details of the 432-MHz filter. 


This article discusses the construction of two basic 
models which, when scaled to other frequencies, will satisfy 
most VHF/UHF filtering requirements.’ Both filters are con- 
structed of stock size brass and aluminum, which can be pur- 
chased al most supply houses. No milling is required, although 
а small lathe is useful for squaring the resonator ends. 

The first filter, Fig 1. is a four resonator model centered 
near 432 MHz, with a 3-dB bandwidth of 2%. The measured 
insertion loss versus frequency in a 50-0 is shown in Fig 2. 
‘The filter has a Butterworth response, which means there are 
no loss ripples in the passband. It was used to reject the oscil- 
Jator and image frequencies of my 28-432 MHz transmitting. 
converter. 

"The filter consists of six interdigitated rectangular rods 
centrally located between two ground planes. The four Yin. 
square open-ended rods approximately /wavelength long 
constitute the high-Q resonators, The two larger rods, whose 


Fig 2—Bandwidth and insertion loss of the 432-MHz 
filter. 
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coupling sections. One endof ach rod sdrilled and tapped for 
ап 8-32 machine screw, so that it may be securely attached to 
"an end wall, The top and bottom ground planes are Vin. brass 
or aluminum, fastened to the drilled and tapped end walls by 
several 4-40 or 6-32 machine screws, Ground-plane screws 
should be located near the center line of each rod, as large RF 
currents flow in this region, Note that no side walls are re 
quired. The ground planes overlap the coupling rod by an 
amount sufficient to prevent any radiation loss. 

In the first model I built, the rods were plain stock brass 
and the ground planes were 1/16-in. thick aluminum. This 
Filter has a 14-48 midband (432 MHZ) insertion loss. A sec- 
‘ond model, constructed by W2CCY, with silver-plated brass 
rods and ground planes, exhibited a 0.5-dB insertion loss, 
Tuning screws were included in the first model. I later found 
that, if all four resonators are made precisely the same length, 
subsequent tuning is unnecessary. 

"The open ends of the resonators are loaded by "ringing. 
capacitance.” This loading means their lengths are always less 
than 4. You'd find it difficult to determine this capacitance, 
and hence accurately predict how much to shorten the rods. 
Since the resonators are easily removed, it is easy enough to 
remove and prune them to length after you initially test the 
filer. 

When the 3-dB bandwidth of a filter is made larger, the 
midband insertion loss decreases. A three-resonator filter cen- 
tered near 1296 MHz, with an 8.5% 3-dB bandwidth, is shown 
in Fig 3. This filter has a 0.4-dB insertion loss, using plain 
brass rod construction. This filter was a “four-hour special” 
that worked the first time with no tuning. 

"These filters can be scaled to any other frequency by 
changing the rod length, but keeping the center-to-center and 
ground-plane spacings the same 2 Forexample, the rods would 
be approximately 20-in. long in a filter designed for 144 MHz. 
The 3-dB bandwidth would remain at 2% or 2.9 MHz. 
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Fig 3— Structural details of the 1296-MHz filter are 
ilar to those of the 432-MHz model, except that three 
circuits and cylindrical conductors are used. 


Notes 

The theory of interdigitalfiters is described in G. L. Matthaei, 
“interdigtal Band-Pass Filters; IRE Trans. on Microwave 
Theory and Techniques, vol. MTT-10, Nov 1962, pp 479: 
491 and W.S. Metcalt "Graphs Speed Design of Interdigital 
Filters,” Microwaves, Feb 1967, pp 91-95. 

ог more information on scaling, see "Interdigital Filter For 
2304 MHz," which appears later in this chapter. 


A Half-Wave Transmission Line Filter 
for 902 MHz 


— 
by Don Hilliard, WOPW 


his fiter is based on a 1296-MHz filter described by Joe 
Cadwallader. K6ZMW.! The filter is mechanically 
mple: Fig | gives almost all the information needed to dupli- 
сме it. My filter tunes to 902 MHz with the capacitor plates 
about 0.1 in. apart. Its -3-dB bandwidth is about 17.5 MHz; - 
10-48 bandwidth is about 49 MHz. Insertion loss isonly about. 
0.6 dB. 
‘The trough line is made from 5 pieces ot нч, double 
side printed-cirovit board, soldered together. You can alse use 
sheet brass or copper. The capacitor plates are #10 brass 


washers. One plate is soldered to the inner conductor ( 
copperorbrass tubing); the other is soldered othe 10-32 brass. 
tuning screw (Fig 2). The coupling loops are #14 AWG solid 
copper wire (bare). 

1 used BNC connectors for the 902-ME filter. For 
1296 MHz and above, I prefer type-N connectors 


1J. Cadwallader, “1296 Transverter,” Ham Radio, July 77, 
рр 10-17. 


— 


Fig 1—Mechanical details of the 902-MHz filter. 


Fig 2—Details of the tuning capacitor. 
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A Simple Cavity Filter for 2304 MHz 


by Bob Atkins, KAIGT 
(From QST, September 1989) 


he filter shownin Fig 1 is designed for 2-t02.6-GHz use, 
but will tune down to around 1.5 GHz, I have used this 
filer to: 

+ Suppress the 2160-MHz LO component in the output of 
a 2304-MHz transmit mixer 

+ Reduce the image frequency response (2016 MHz) of a 
2304-MHz receiver 

+ Clean up a 2556-MHz LO chain output before a x4 
multiplier to 10.224 GHz (the LO for a 10-GHz transceiver) 

With tight coupling (connectors close to the center con: 
ductor). the loss at the tuned frequency is less than 0.5 dB, and 
the rejection 150 MHz from the tuned frequency is about 
15 dB. With loose coupling, the insertion loss is higher (as 
much as 3 dB), but the rejection 150 MHz off frequency in- 
creases to around 30 dB. Whether low loss or high rejection is 
important depends on the application; a nice feature of this 
filter is that coupling is adjustable by simply threading the 
connectors in and out, This filter should be capable of han- 
dling high power, so it should be usable for cleaning up the 
output of a power amplifier 

The best construction material for this filter is copper. 
Brasis acceptable, though performance suffers. Thick-walled 
tubing can be used for the cavity ог, alternatively, a %-inch 
hole can be drilled in suitable bar stock. Soldering should be 
done on the outside of the cavity wherever possible, because 
solder inside the cavity lowers its O. 

From electrical and mechanical standpoints, SMA con- 
nectors are preferred, but BNC (or better still, TNC) connec- 
tors could also be used. The tuning screw (Fig 1—top) should 
have a fine pitch to make tuning easier, and its end should be 
filed flat and smooth. Better still would be a DRO (dielectric 
resonance oscillator) tuning piston orcavity-tuning assembly, 
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Fig 1—2- to 2.6-GHz band-pass cavity filter has several 
practical applications, The construction material of 
Cholee is copper, but brass or aluminum are also 
usabi 


such as those available from a number of commercial micro- 
wave-tuning-component companies. The inside of the filter 
should be polished to a smooth, mirror-like finish for maxi- 
mum О. Silver plating is a good idea if brass is used, but 
probably would make little difference in the performance of a 
copper cavity 


An Interdigital Filter for 2304 MHz 


by Don Hilliard, WOPW 


hen 1 scaled the interdigital fiers described by Reed 

Fisher, W2CQH," found that proportionally adjusting 
resonator lengths resulted in filters that didn’t resonate at the 
expected frequency. At higher frequencies, of course, small 
changes in resonator length drastically affected the center fre- 
quency. The calculated resonator length fora 2304-МН filter 
was 1.181 in. Not wanting to make the resonators oo short, I 
cut them to 1.187 in. filter built with these resonators reso- 
nated at 2090 MHz, 

Scaling from his frequency yielded a calculated resona: 
tor length of 1076in. ora 2304-MH filter. Again, not wish 
ing to make the resonators too short, cutthem to L-I in. This 
filter resonated at 2324 MHZ! The "fringing capacitance" Reed 
mentions in his article was apparently more of a factor than 
expected, Nonetheless, measured insertion oss at 2304 MHZ 
as only 0.3 dB. I could have used tuning screws to lower the 
resonant frequency, but considered this loss acceptable. On 
the other hand, loss at 2324 MHz appeared to be only 0.1 dB. 
Although 1 questioned this value, I measured it three times 
With the same result. 

Fig 1 shows the layout and dimensions of my filter The 
resonator rods are Yin. dia round brass; coupling rods are 
Jim. dia round brass. I recommend you use type-N for fre- 
quencies above 1296 MHz. A short length of brass tubing 
Sleeved over the connector center pin connects the pin to the 
coupling resonator. See the article by W2COH for complete 
construction details 


Fig 1—Mechanical details of the 2304-MHz interdigital 
filter 


їн. Fisher, “Interdigital Bandpass Filters For Amateur VH... 
UF Applications,” QST. Mar 1968, pp 32-33 (reprinted in 
this chapter). 
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Cheap Microwave Filters 
From Copper Plumbing Caps 


By Kent Britain, WA5V]B 


[From Proceedings of Microwave Update '88] 


һезе filters for our 3456, 

576Dand 10,000 MHz bands 
are based on filters used in the 
DIGEP 5760-MHz transverter 
When 1 first saw these filters, 1 
was impressed with their simplic 
йу. But Roman's design uses 
Teflon PC board and small pins 
through 50-0 stripline for cou 
pling, 1 wanted to find a simple 
жау to duplicate them with com- 
monly available materials. 1 
nded up using Y, Ys, and Lin. 
copper end caps, sweat soldered 
‘onto PC board (Fig 1). 

The first batch of filters 1 
built all worked vell. Next, I built 
several with intentional errors, 
lots of sloppy solder, misaligned 
probes, unequal probes, olf cen. 
ter tuning screws, ete. Loss went 
upa biton a few of them, but they 
all worked, These filters are very 
forgiving! 

‘The length of the probe de- 
termines the coupling and, 
fore, the О of the filter. Keep the 
probes as short as you can, consistent with how т, 
can standin your system, | did build some multi-stage versions 
toget atighter bandwidth, butitreally wasn't worth the effort, 
To improve Q, just use shorter probes. 

You can drill and tap the hole for the tuning screw, but T 

o drill a slightly undersized hole and 
force tel serew (same thread size) through. The lockin 


rigid coaxial cable. 


loss you 


found it much easier 


ghtened down after you have adjusted the tuning. 


3456-MHz 

The 3456-MHz version is based ona 1-in. copper plumb: 
ing end cap (Fig 2). The hollow filter resonates between 6 and 
7 GHz. The tuning screw pulls the filter down to 3.4 GHz at a 
depth of about %-in, Ina 3456-MHz station using a 144-MHZ 
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Fig 1—Almost too good to be true. Copper caps used to seal plumbing tubing can 
be used as cavities for microwave filters. The lower unit has been taken apart to 
‘expose the coupling probes, which are the center conductor and dielectric of semi- 


IF, a filter using Ve in. probes would give 25 dn rejection of 
the LO and better than 30-dB rejection ofthe image, with 2 dB. 
of loss. Fig 3 shows the effects of probe depth on insertion loss 


and bandwidth, 


S760-MHz Filters 

The l-in, filters will also tune to 5760 MHz when the 
tuning is about % in, into the cavity. With a in. long probe, 
а 5760-MHz transverter would see about 20-dB rejection of 
the LO and almost 30-dB rejection of the image, with a 144- 
MHz IF. 

A ST60-MH? filter made from a Yin. cap has similar 
performance to the l-in. filer, but with less insertion oss than 
the Lin. filter (Fig 4). 


Fig 2—Mechanical details of the 3456-MHz filter. 
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Fig 3—Graph shows insertion loss and bandwidth of 
3456-MHz filter with different probe lengths. 


. 


Fig 4—Mechanical details of the 5760-MHz filter using 
Sein. cap. 


10-GHz Filter 

When I first started building these probe-coupied filters, 
1 used them at 10.368 GHz. If you can dig up some 0.085-in, 
semi-rigid coax, it's much easier to use than the larger 
0.141 in, but both sizes work, The filter resonates somewhere 
between 11.5 and 12 GHz, so while digging through the bins 
at yourhardware store, look forthe longer end caps. The longer 
‘ones will have slightly lower loss, but it's not worth driving 
around town, I did try replacing the brass tuning screw with a 
steel screw on the filter with Jin. probe, but loss went from 
1.4 to 2.0 dB (Fig 5). 


24.1-GHz Transition 

When irs started some serious work with 24 GHz, one 
ofthe first items I needed was a waveguide-to-coax transition. 
Very few of the commercial K-band transitions are designed 
for use near our 24-GHz ham band, so 1 came up with this 
design optimized for 24.1 GHz (Fig б). 

In constructing this transition, you must use either K or. 
SMA connectors. [highly suggest the 2-hole flange mounts, 
‘Avoid stainless-steel SMA connectors, which are impossible 
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Fig 5—Mechanical details of the 10-GHZ filter. Probe 
lengths of % to % In. gave good compromise 
Between loss and bandwidth. 


Fig 6—24-GHz сог 


waveguide transition. 


to solder. И can be a bit tricky to solder the SMA and the 
backplate at the same time, so use plenty of clamps or a vise. 
My thanks to KSSXK for his help with the “Wavelength in 
Guide” calculations. 
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Waveguide Bandpass Filters 


By James D. Green, K5]G 


serie ers usually falt in uo categories, direct 
‘coupled and quarter-wave-coupled cavities. This is a 
quarter-wave coupled filter, because requirements for preci“ 
sion are somewhat less than for the direct-coupled filter! For 
those who are interested in the area inside the guide, the space 
between а set of posts acts like a resonant section ог cavity 

The distance between sets of posts is the coupling line, A set 
of posts may be viewed as a simple parallel tuned circuit, with 
the tuning serew located halfway between the post set as the 
variable capacitance of the tuned circuit. Penetration of the 
screw into the cavity lowers the resonant frequency and effec 

tively increases the cavity length ог, in this case, the distance 
between the posts. C: 

shorter than required. The capacitive screw allows for fre- 
{quency variation, as with any other filter. Since screw penetra 
tion lowers the cavity Q. avoid excessive serew penetration 


ities are usually constructed somewhat 


A Word About Plating 

АП screws should be silver plated, to minimize filter 
losses? Contrary to popular belief though. plating the interior 
walls and posts of a waveguide filter of this type is not worth 
the time, trouble or expense. A poor plating job, which is more 
likely than not, is worse than no plating at all." 


Construction, 

Filter construction is simple and straightforward. Mea 
surement accuracy is important. All measurements should be 
made with accurate calipers. Use a very sharp metal scribe to 
indicate all lines and locations. Remember that small scribing 
errors can amount to many MHz deviations in the finished 
product. Cut a section of waveguide to the proper length as 
shown in Fig 1. Measure and scribe à center line down the 
jidde of the guide. Seribe the location of the first post hole 
and with the calipers measure and scribe each succeeding post 
and screw hole. Mark all holes to be drilled with a very sharp 
center punch, Do aot use an automatic punch since there ї а 
danger of bowing or bending the waveguide wall. Lightly 
punch all hole locations. Secure the waveguide section in а 
small vise while drilling holes. Do not attempt drilling with a 
hand drill. an holes may now be drilled to the proper size. 
Remember that holes for the posts are drilled through the top 
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Fig 1-5.7-GHz Waveguide Bandpass Filter. Locations 
‘of holes and components are A: No. 11 drili for 0.189-in. 
round brass rod; B: No. 6 drill for 0.204-in. round brass 
Tod; C: No. 36 drill for 6-32 screw; D: 6-32 x "iin. screw. 
with Yin. nut (3 required) 


and bottom of the guide, screw holes only through one face. 
Holes forthe 6-32 screws should now be tapped. Burrs should 
be removed from the inside of the guide using very fine file, 
taking care not to leave any deep scratches on the interior 
surface, The brass posts should be cut to length and inserted in 
their properholes, Soft solder can be used to solder posts in the 
guide; however, silver solder is highly recommended. Using 
silver solder eliminates the possibility of posts dropping out 
when you are attaching flanges. Soft solder also tends to run 
inside the guide and form a dome around the post ends. It also 
runs down the outside of the posts leaving а glob which tende. 
to drastically change the cavity frequency. Silver solder г 

duces these problems. Immediately alter soldering, dunk the 
entire assembly in а 10% solution of sulfuric acid for a few 
seconds, Then riase thoroughly. This will remove all flux and 
leave the assembly clean, with a nice pink color. The filter is 
now complete and only Manges need be added. Either soft 
solder or silver solder may be used on the flanges. After the 
Flanges are attached it would be wise to run the assembly 
through another dunk-rinse cycle. After drying, the filter inte 


Fig 2—Ideal filter test setup. 


rior should be checked for any metal shavings or other ob 
structions that might have lodged inthe guide. Needlessto say, 
protective goggles should be worn during the entire process. 


Alignment. 

Tests and alignment of this filter were conducted using 
the test setup shown in Fig 2. This is a fairly common arrange- 
ment in the commercial field. Itis the most convenient way of 
rapidly determining filter parameters, including return loss, 
response curve and insertion loss. The average ham usually is 
not lucky enough to have access to such equipment. With this 
fact in mind, numerous tests were conducted using the simple 
set up shown in Fig 3. The filter was aligned first on the band 
edges and then the band center. After alignment on each fre- 
quency, I used a network analyzer to determine if the band 
pass characteristics and SWR would be satisfactory for ama- 
teuruse. Although the simple alignment method isnot perfect, 
T ound it satisfactory for most uses. The signal source should 
have at least 10-dBm output and the power meter should be 
capable of reading down to at least -25 dbm. Although you 
can't measure SWR, when L used the simple method of align- 
ment, SWR never exceeded 1.4:1. The response of a perfectly 
aligned filter is shown in Fig 4 

Before starting alignment, place the filter in a small table. 
vise or anchor it in some way. Nothing should move but the 
screws you will be adjusting. Thread oversize Chin) nuts on 
the silver-plated serews, allthe way up tothe screw head, With 
the signal source adjusted to the desired frequency, measure 
and record the power output of the source, by connecting the 
two coax-to-waveguide transitions face to face. Reconnect the 
transitions tothe filter. It makes no difference which end of the 
filler goes to the source or load. Common practice for UG-344 
or UG-343 flanges is that the cover flange faces the source and 
the choke lange faces the load, Set ће power meter for maxi 
mum sensitivity. Insert only the screw for the middle cavity, 
and slowly tur it inward while watching the power meter for 
Avery slight upward movement. This will depend on the power 
output of the your source, Turn slowly and watch carefully 
Once this small peak is found the battle is half won. Gently run 
the nut down to the waveguide surface and finger tighten, 
being sure not to lose your peak. The input and output cavity 
screws may now be inserted. Alternately adjust the input and 
output cavity screws for maximum power meter reading, If 
things are going well, you should have had to change power- 
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meter scales a couple of times. You will find that just finger 
tightening the screws during this portion ofthe alignment saves 
а great deal of time and is much easier on the soft copper 
threads in the waveguide. After you are satisfied that there is 
по more to be gained from the input and output screws, read- 
just the middle cavity screw for a peak power reading, Then, 
alternately adjust input, middle and output in that order for 
maximum power. You'll have todo this a number of times, as 
the tuning screws interact. To get an idea of the filter loss, 
compare the power meter reading against that recorded ear- 
lier, Final adjustments should be made with a small wrench on 
the nuts. Be careful not to overtighten. If you do have an ac 
cident and strip the waveguide threads, all is not lost. Rethread 
the hole for an 8-32 screw and proceed. This filter has been 
used with screws up to 8-32, When the alignment is complete, 
check the source power again, to accurately determine the 
filter passband loss. In most cases, if the pas and loss is no 
greaterthan 1.3 dB, he skirts, stop-band attenuation and SWR. 
should be satisfactory for most amateur work. If you need to 
paint the filter, be sure that all the screws and nuts are masked, 
зо you may can shift frequency later. 


Notes 

їй. M. Fano, "Microwave Filters Using Quarter-Wave Cou- 
plings. Proceedings of the IRE, Nov 1947, pp 1318-1323. 

26, Tahan, "Microwave Filter Design Techniques,” Microwave 
Journal, Mar 1962, pp 111-116. 

30, L. Ragan, Microwave Transmission Circuits, pp 126-127 
(Vol 9 of the MIT Radiation Laboratories Series, New York 
McGraw-Hill, 1946) 
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A Waveguide Band-Stop Filter 
for 5760 MHz 


By James D. Green, K5]G 


while frequencies above and 


Description 
‘The band-stop filter shown in Fig I contains three similar 
resonators or cavities, spaced along the main waveguide arm. 
"These cavities are coupled to the main waveguide through 
circular irises, and are spaced to mostly cancel the reactive 
‘component presented in the main guide, 
inductance in series with the main 
somewhat shorter than the 


Each iris looks ike an 
ide"? Each cavity is cut 


est frequency desired: in this 
case, just above 5.925 GHz. The cavities are tuned by a screw 
centered on their road walls, Penetration of the screw lowers 
the cavity frequency.’ As with any serew-tuned waveguide 
cavity, the Q is reduced as the screw penetrates the cavity, but 
is acceptable at the low end of the band, where pene 

imum. Q can be improved by using silver-plated screws. 


Construction 


As with any other microwave construction project, use 
the utmost care in all n 


asurements. Refer to Figs 2 


possible chuck the wav 
зам. A hacksaw will suffice if certain precautions are taken: 
Make scribe lines fromthe dimensions in Fig2, but make a saw 
Tine slightly 

eut willallow forerrrsin squareness. Aftersawing, the pieces 
сап be filed down to the correct length and squareness of cut 
‘The overall length of the main section is not critical, however 


n the correct dimensions. This ov 
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Fig 2—Mechanical details of the 5.7-GHz band-stop 
filter. 
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Fig 3—Cavity assembly. 


the ends should be square for correct flange fit. The length of 
‘each cavity s critical, and each should have perfectly square 
ends. Smooth ll oughedges on the ends with afine file before 
proceeding, Determine the center of the broad wall of each 
cavity. and mark and drill with a No. 36 bit. Take care during 
drilling not to bend the cavity wall inward. Tap each of the 
three holes for a 6-32 screw, After tapping, smooth the rough 
‘edges of the tapped hole with a fine file. Remember. the inside 
determines the performance and the outside determines the 
looks. 

Next, locate the center line of опе narrow wall of each 
cavity and scribe a heavy line down that wall. This line will 
later be used as an alignment marker. Measure and scribe the 
location of the iris holes in the broad wall of the main 
waveguide section. Bring the center scribe line for each hole 
completely across the broad wall and down the narrow wall. 
(see Fig 2) This line will be used as an alignment marker for 
‘centering the cavity over the iris hole. If these holes are to be 
drilled on a drill press, secure the section of waveguide in a 
vise, with aC clamp, or both, while drilling. Ifthe waveguide 
moves, the iris hole won't be round. Mark the initial hole with 
ıa small center drill, then use an intermediate-size drill before 
using the final size, After you've drilled all the iris holes, clean 
ай burrs around each hole, inside and out. This is the area that 
this filter differs from most commercial versions. Ideally, the 
thicknessof the wall surrounding the iris hole should be as thin 
as possible, In a commercial filer, this area is milled down 
across the broad wall of the guide, making the entire wall 
facing the cavity extremely thin, This refinement is not neces- 
sary for general amateur use. You should now be ready to 
solder the cavities to the main guide, Silver solder is highly 
recommended. Soft solder can be used, but the joints may melt 
when flanges and cavity end plates are soldered 

With the main waveguide arm in а vise, place any one of 
the cavities over the iris hole. Use the center-line scribe marky 
on the narrow walls to line up the cavity over the center of the 
iris, The cavity should be held to the main section with a small 
Clamp or weight. Be sure that only enough pressure is used 


with the C clamp to hold the cavity securely. It is extremely 
easy to bend the broad wall of the guide, particularly after itis 
heated, Use as little solder as possible, to prevent excessive 
amounts from accumulating inside the cavity. Proceed in а 
similar fashion with the other cavities. After the last cavity is 
soldered, dunk the assembly in 1096 solution of sulfuric acid 
and rinse thoroughly. This will clean the metal surfaces and 
remove flux residue. Flanges may now be attached tothe main 
guide, using either silver or soft solder. This is the last time 
you'll be able to see inside the cavities. They should be rela 

tively clean, and free of апу obstructions. The copper end 
plates may now be soldered into position, Notice that the end 
plates are slightly smaller than the outside end dimensions of 
the waveguide, This was done purposely, The end plates 
should be soldered solidly around the waveguide perimeter, 
with no gaps or holes, The undercut size allows you a better 
view of how well the solder flows between the end plate and 
the guide, It will be much easier to soft solder the end plates. 
Watch this area carefully, I is easy to get a large solder 
glob inside the cavity if you apply too much solder to the end 
plates. 


Alignment. 

A filter of this type would normally be aligned with a 
sweep generator and network analyzer or spectrum analyzer, 
For amateur use, this precise alignment is not required. Maxi- 
mum attenuation of the filter stop-band was greater than 
60аВ, but it could not be measured accurately. At least 40-08. 
attenuation should be sufficient to eliminate most interference 
problems, An alignment setup like the one described in the 
preceding article should be adequate. 

Thread three silver-plated 6-32 screws with oversize 
Yin. nuts. Insert a screw into the middle cavity, and slowly 
turn the screw inward with your fingers until the power meter 
deflects downward. This tuning is extremely sharp. Run the 
mat down flush with the guide and adjust the screw for half- 
scale reduction of the original reading, Finger tighten the nut 
and adjust the other cavities, using the same procedure. Tune 
each cavity forahalf-scale reading, while increasing the power 
meter sensitivity as required. Tune each cavity alittle at atime, 
until overall maximum attenuation is reached. Do not attempt 
to tune any one cavity for maximum attenuation. The attenu- 
ation in all probability would make further tuning impossible, 
Tn other words, one cavity tuning could be lost as far as know. 
ing exactly the location of its resonance. After reaching maxi- 
mum attenuation or the limits of measuring capability of the 
test set up, tighten all lock nuts firmly, without changing cav- 
ily tuning. A word of warning is in order. Some power-meter 
detector heads are very easily damaged by overheating. A 
slip of the fingers or screwdriver during the later рап of the 
tuning procedure could apply excessive power to the detector 
mount 

"Those fortunate enough to own or have access to proper 
test equipment allowing return loss measurement over a wide 
band can make a worthwhile addition to the filter, Since the 
iris spacings do not represent perfect impedance inverters, the 
effect of this addition will tend to reduce the Chebychov ripple 
in the passband, and also the retur loss. This can be accom- 
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plished by adding 6-32 screws in the guide broad wall, exactly 
centered over the iris but on the opposite wall, The screw end 
should point directly at the center of the iris hole, Add screws 
for the outside cavities only. Screws should be tuned alter- 
nately for minimum passband ripple and return loss in the 
passband, This addition should only be done if adequate test 
equipment is available. This modification is for purists: the 
filter is quite suitable for amateur use as is. After alignment, 
the filter may be painted if all cavity screws, nuts, and flange 
faces are masked. 
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Notes 

"Mathaei, Young and Jones, Microwave Filters, Impedance- 
Matching Networks and Coupling Structures, (New York 
McGraw-Hill, 1948) p 417 

"Southworth, “Principles and Applications of Waveguide 
Transmission.” (New York: Van Nostrand, 1950) pp 251 
253 

Mathaei et al, pp 434-438. 

‘Montgomery, Dicke and Purcell, Principles of Waveguide 
Circuits, (New York: McGraw-Hill, 1948) p 168, 

SMathaei et al, pp 751-755. 


Multiple-Cavity, Iris-Coupled Waveguide 
Filters For X Band 


by Bob Atkins, KA1GT 
(From OST, March, 1984) 


W aveguide filters have number of applications in ama 
teurmicrowave work. Among them are suppression of 
the image response in a receiver and selection of a desired 
harmonie from a step-recovery diode multiplier. The type of 
filter described here is a waveguide cavity, iis-coupled filer. 
It consists of a number of resonant waveguide cavities, each 
cavity being coupled to the next by a circular iris. 

"The characteristics of the filter are determined by three 
parameters: the number of cavities, the size of the coupling 
irises and the length of the cavities. The number of cavities 
primarily determines the skirt response of the filter attenu- 
ation outside its passband. 

Typical skin response curves are given in Fig | for 
10-GHz filters consisting of 1-4 cavities. The size of the cou- 
pling irises predominately affects the response of the filter 
within the passband, АП filters will have some passband ripple, 
the magnitude of which is a function of the intercavity cou- 
pling. Ripple can be diminished by using larger irises, at the 


expense of lower attenuation outside the passband. Fig 2 shows 
the passband response of typical filters with 1-4 cavities de- 
signed with a 1-48 passband ripple. These are theoretical 
curves and, in practice, 0-dB insertion loss is never achieved. 
In general, the more cavities there are, the higher the minimum 
insertion loss. Typical insertion losses are on the order of 1 dB 
for a well-constructed filer, If the filters are redesigned for a 
0.1-4B passband ripple, the passband pattern remains the same, 
but the amplitude of the ripple is reduced by a factor of 10, 
while attenuation outside the passband (see Fig 1) is reduced 
by about 1O dB (for a 4-cavity filter) at all frequencies, 

The length of the cavities determines the resonant fre 
quency of the filter. Resonant frequency can be lowered by 
using a tuning serew in the broad face of the waveguide 
(Fig 3). As it is very difficult to construct the filter accurately 
‘enough to operate ata given frequency, itis common to design 
it for a frequency higher than required (for example, 
10,500 MHZ) and then use tuning screws to tune it to the de- 
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Fig 1—Skirt response of typical waveguide cavity filters 
with 10.5-GHz center frequency, 60-MHz passband (1-dB 
bandwidth) and 1-dB passband ripple. 


Fig 2—Passband response of waveguide cavity filters 
described in Fig 1 
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Fig 3— Three-cavity waveguide filter. 


sired frequency. It is also possible to raise the resonant fre- 
quency by placing 1/4-20 tuning screws in the narrow face o 
the waveguide. 


Construction Of Waveguide Filters 
Figs 3and show the construction details ofa waveguide. 
filter, To minimize insertion loss and maximize the cavity O 
of he filters, they should be made of copper, rather than brass 
waveguide. If you use brass, have it silver plated after con- 
struction. I's also important to prevent soldering flux from 
entering the cavities. Remove Пих with solvent after solder 
ing. Tuning screws should also be copper or silver-plated brass. 
‘The гы step in construction isto mark out the waveguide 
asaccurately as possible, according to Table 1, Cutslotsacross 
the broad faces of the waveguide at the marked positions, 
using ajeweler's saw ora thin hacksaw blade. The width of the 
blade cut should be just wide enough (0.022 in.) to allow the 
iris to be inserted into the waveguide. Cut the iris plates to size 
from copper sheet and drill the iris holes, Working with thin 
‘copper sheet may be easier if the copper is first sandwiched 
between two thicker sheets of aluminum or brass, The thicker 
material minimizesdistortion while drilling and sawing. Clear- 
ance holes for the tuning and 
matching screws can now be 
drilled in the waveguide. 
Atthis stage, the inside of 
the waveguide should be de- 


Table 1 


A m. 


Fig 4—Detail 
[of waveguide 
cavity. 


the nuts for the tuning screws in place. The nuts may be ji 
in place with cadmium-plated serews, which do not take sol- 
дег well. You can prevent previously soldered areas from 
melting by apply wet tissues to them. 


Alignment and Use 


"When filters of this type are not tuned to the signal fre- 
quency, high insertion loss precludes alignment with a signal 


Dimensions for Multicavity Filters 


burred with a file and cleared. 


Insert the iris plates in the No. of ‘Attenuation at 
waveguide and solder them, Cavities D1 D2 D3 D4 05 LI 12 13 14 10530992 
top and bottom, with a large 1 та 784 — — = W- — = 17d 
Gabe Эмн soldering 8 ess 367 886 — — 178178 © — 8408 

2 з 674 340 340 340 179 182 179 — 19298 
iron. Take cam not to get sol 4 670 334 319 334 670 179 182 182 179 30608 


der or flux inside the wave- 
guide, The iris plates do not 
need to be soldered to the nar 
row waveguide faces, Solder 


Note: Dimensions are for 
30 MHz and 0.5.08 passt 
millimeters. 


а fiter with a 10.5-GHz center frequency, a 0.5-dB bandwidth of 
band ripple. rs plate thickness is 0.222 in, Al dimensions are in 
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source and diode detector. If a sensitive, tunable receiver 
(Gunnplexer or other) is available, it should be possible to 
align the filter with а Gunn-diode source, Ifthe equipment is 
available, connect one end ofthe filter to a dummy load and the 
other to an RF power source via a directional coupler. As the 
filter is tuned to the signal frequency, the reflected power 
‘measured by the directional coupler will decrease. 


In either case, once the filter is tuned to the signal fre- 
quency. matching screws may be inserted as shown in Fig 3. 
Four positions for matching screws, spaced about apart, are 
available at each end of the filter. These screws should be 
adjusted to give minimum insertion loss. Most of the time, 
only one or two serewsare required at each end, depending on 
the degree of mismatch. 
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GaAsFET Preamplifier for 70 cm 


o 


By Chip Angle, N6CA 
(From The ARRL Handbook) 


he preamplifier described here and shown in Figs 1 

through 3 offers good noise performance and gain, and is 
suitable for terrestrial, EME and satellite applications at 432 
and 435 MHz. Gain is approximately 15 dB and the noise 
figure is 0.55 dB, measured on an HPS970A noise-figure 
‘meter withthe HP346A noise source. This preamplifieriseasy 
to build and offers stable operation with itle adjustment 


diagram of the 70-cm GaAsFET pream- 
plifier is shown in Fig 2. The circuit was originally designed 
for an NEC NE21889 GaAsFET, but a Mitsubishi MGF1402 
or MGF1302 device will work fine, The version shown here 
uses an MGF1402, but most single-gate GaAsFETs will work 

"This preamplifier uses source feedback to bring the input 
impedance close to 50 ohms. Input and output return loss is 
typically better than 15 dB. This means that а band-pass filter 
сап be used ahead of the preamplifier without introducing 
mismatch loss or instability 

The design uses plenty of decoupling capacitors and RF 
chokes. Good- quality bypass capacitors are a must for stable 
operation, so use chip capacitors where specified. DI and D2 
are included for reverse and overvoltage protection. Regulator 
Ul allows virally any voltage greater than -V de to be used 


Construction 

The preamplifier is built on a G-10 glass-epoxy printed: 
circuit board using surface-mounting techniques, Layout is 
shown in Fig 3: Fig 4 isa full-scale template. All components 
mount to the circuit traces. The other side of the board is 
tunetched copper except around the connector center pins, and 
acts as a ground plane. All grounded pads on the etched side 
are connected to the ground plane with eyelets or pieces of 
tinned wire that pass through holes in the board and are sol- 
dered to both sides. 

"The board is mounted to the lid of a die-cast box 
(Hammond 15908 or Bod CU-124) and is designed to accom 
‘modate type-N connectors, Aluminum spacers forthe connec- 


tors must be fabricated, as shown in Fig 3. These spacers mo 
between the box lid and the ground plane of the PC board. Q1 


Fig 1—The 70-em GaAsFET preamplifier is built on a PC 
board that is mounted to the lid of a diecast box. This 
version uses a Zener diode instead of the 3-terminal 
regulator shown in Figs 2 and 3. Connector mounting 
hardware also holds the board in place. Component 
layout is shown in Fig 3. 


has two source leads. Only one is used on this board, and the 
extralead may be elippedof. The ferrite ead on the drain lead. 
mounts in a small hole cut in the board. The drain lead passes 
through this bead and is soldered to a pad. 

GaAsFETs are static-sensitive, so handle them accord: 
ingly. I's best to assemble the est of the cireuit and install QI 
last. Use a grounded non if possible, and solder the leads 
quickly. 


Adjustment 
"The preamplifier shown in Fig 1 was assembled in the 
ARRL lub and tested before any adjustments were made. For 
Starters, C2 was set at midrange. As assembled. the preamp 
measured 13 dB gain with a 0.57-@В noise figure 
acceptable performance fora device such asthis. After adjust 
ing C2 and bending L3and LS. th 
with а0.54-@В noise figure, This is acceptable for all but ре 
haps the most demanding EME applications, No amount of 
spreading or compressin 


in increased o 15.25 B. 
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Fig 2—Schematie diagram of the 70-cm GaAsFET preamplifier. Resistors are carbon-composition types. Resistor 
values are given in ohms; capacitor values are given in pF. 
(C1—5.6-pF silver-mica capacitor or same as C2. L3—5 t no. 24 tinned wire, Yw-inch ID, spaced 1 wir 
Сә—08- to 6-pF ceramic piston trimmer capacitor diam. or closer. Slightly larger diameter (0.010 inch) 
(Johanson 5700 series or equiv). may be required with some РЕТ: 
C3, C4, C5,—200-pF ceramic chip capacitor. L4—1 tno. 24 tinned wire, einen ID. 
C6, C7—0.1-uF disc ceramic capacitor, 50 V or greater. 15—41 no. 24 tinned wire, Linen ID, spaced 1 wire dia. 
C8—15-pF silver-mica capacitor. L6—1 t по. 24 tinned wire, neh ID. 
С9—500- to 1000-pF feedthrough capacitor. Q1— Mitsubishi MGF1302 (seo text). 
D1—16-to 30-V, 500-mW Zener diode (IN966B or equiv).  R1—200- or 500-02 Cermet potentiometer set to 
D2—1N914, 1N4148 or any diode with ratings of at least midrange initially. 
25 PIV at 50 mA or greater. resistor. 
FB—FB-43-101 or FB-64-101 ferrite bead. УН carbon-composition resistor, 


1, J2— Female chassis-mount Type-N connectors, 
PTFE dielectric (08-58 or equiv). 


rite bead. 


L1, L2—3 t no. 24 tinned wire, d. lic. nen ID, spaced U1—5-V, 100-mA 3terminal regulator (LM78LOS or equiv 
Y wire diam. 0-92 package). 
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Fig 3—Parts-placement diagram for the 70-cm preampli 
ve Chapter 7 


below 1248 or le noise figure rise above 0.65 dB. At no time 
did the preamp display signs of instability. In short, this is a 
reproducible project, You can assemble it without test equip. 
ment and be reasonably sure of the performance. 
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A Half-Watt 903-MHz Amplifier 


By Zack Lau, KH6CP 
(From May 1988 OEX) 


Ilo 
Ein 
І E 


Fig 1—Schematic of an inexpensive 0.5-W 903-MHz amplifier. Resistors are % W. Capacitors a 


NPO chip capacitors 


unless noted, although more expensive porcelain capacitors may work better 


C2, С6—1.6-6 pF trimmer capacitors. Mouser 24АА70, 

C3, Са, C9—Tiny ceramic capacitors or chip capacitors. 

112-7 1 no, 22 tinned copper wire, space wound; no. 32 
drill bit used as temporary form. 


he two-transistoramplifier shown in Fig 1 is an inexpen- 
ve way to amplify the 10 mW of RF output available 
from a monolithic microwave integrated circuit (MMIC) to 
0.5 Won the 903-MHz band. Q1 and Q2, MRF559s, are inex- 
pensive plastic-cased devices. When driven with an Avantck 
МБА 0404 MMIC (around 10 mW saturated output), the satu- 
rated CW output is 0.5 W as measured with an HP435/8482A. 
power meteranda Bird 10-dB attenuator. A two-tone IMD test 
indicates that the MMIC saturates before this amplifier does 
since the higher order IMD products are down 47 dB. See 
[E 
"The amplifier is built on a 1/16-in., double-sided glass 
epoxy PC board (Fig 3). All components mount on the etched 
side, The other side is left unetched to act as a ground plane. 
"The 40-0 striplines (21-24) are made using 0.15-in-wide 
traces. 
74 
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L2—5 t no. 22 tinned copper wire, space wound; no. 33 
drill bit used as temporary form. 
Q1, Q2—MRF559. 


Fig 2—Spoctral 
display of the 
0.5-W 903-MHz 
amplifier during 
two-tone 
intermodulation 
distortion (IMD) 
testing, Third- 
order products 
a 
approximately 
26 dB below 

PEP output, and 

fifth-order 

products are approximately 47 dB down. Vertical 
divisions are each 10 dB; horizontal divisions ar 
10 kHz. The amplifier was being operated at 560-mW 
PEP output on 903.1 MHz. 


ch 


© 


ig 3—Circuit-board etching pattern (A) and part 
pattern is shown full size from tho etched side of the boarc 


ement diagram (B) for the 0.5-W 903-MHz amplifier. The etching 


!. Black areas represent unetched copper foil. Board. 


materialis "in. G-10, double sided. Tho other side of the board is unetched to form a ground plane. The shaded 
area in B represents the copper pattern. All components are mounted on the etched side of the board. 


Use good VHF/UHF construction techniques and keep. 
the leads short when mounting components. Drill oversize 
holes for Q1 and Q2 so the leads lie flush against the board 
traces, Use copper foil wrapped through the transistor mount- 
ing holes to connect the top and bottom ground planes at the 
emitters of Q1 and Q2. Wrap the board edges with copper foil 
о connect the top and bottom ground planes. 

Use R3and R7 toadjustbiascurrents 1022 mA for QI and 
37 mA for Q2. Note: These are the total currents as indicated 
by the voltage drops across R4 and RB. The bias currents do 


drift slowly without RF drive, but this is nota problem as lon 
as the supply voltage is switched off during receive. The pro 
doo pe works fine without a bypass capacitor at the junction of 
R6 and R7. 

Tune-up is simple. Apply drive and adjust C2 and C6 for 
maximum output. Attempts at mat put with a tun- 
able network failed to improve gain or output power, Better 
results may be obtainable by using Teflon board and porcela 
chip capacitors. 


ing the 
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HEMT LNA for 1296 MHz 


--__— 


By Tommy Henderson, WD5AGO 
(From Proceedings of Microwave Update '91) 


Introduct 
ME (Moon Bounce) isa very demanding mode of opera: 
Чоп. A tenth of a decibel (dB) gained on receive noise 

figure (NF) can offer а 0.5- to 1.0-dB system improvement. 

Most GaAsFET preamps have adifficult ime achieving below 

0.5 dB NF (GS Kelvin) at room temperature on 1.3 GHz. Cool- 

ing the preamp! is one way of achieving lower noise figures 

but cooling is somewhat difficult to do. Another possibility is 
to design a preamplifier around super low noise devices called 

HEMTs (High Electron Mobility Transistors). Data sheets 

specify HEMTs to have noise figures between 02 to 0.35 dB 

and gain of 17 to20 dB, ata frequency of 2 GHz. The problem 

‘with most НЕМТ is maintaining stability at low frequencies, 

because they are designed to be operated above 4 GHz. 


Circuit 

The original work to evaluate the HEMTs at 1296 MHz 
took place ona test fixture, where parts could be installed and 
removed easily without the use of solder. The first item of 
concern was to monitor the noise figure while checking for 
instability (the latter turns ош hard to evaluate without the use 
of computer modeling). Grounding the source leads and not 
using source bypass capacitors aided in both categories. Nega- 
tive bias must now be used on the gate and should be turned on 
beforeoratthesame timeas Ving. A battery is the simplest way 
toapply gate bias; you can also use a power supply." Another 
benefit of grounded source is that the operating perimeters for 
lowest nose figure are easily found for several different de- 
vices through the negative bias adjustment 

НЕМТ» that were tested included the MGF4303, 
PHC3OLG, NE32184, NE20283. and ATF15176, All devices 
showed noise figures less than 0.5 dB ano gains (rom 18 10 
22 dB! The Avantek ATF35176 is one of the newest line of 
P-HEMTs and is available from Penstock Inc. Noise figures of 
0,39 100,55 dB were achieved, while ga's ranged from 12 to 
18 dB, Best results were obtained with the ATF3S176, Be- 
cause NF results seem to be different from meter to meter, an 
ATFIOI3S preamp was used as а standard. Also, the 
ATFIOI3S GaAsFET was placed in the test fixture Гог further 
comparison 
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Stability has heen a problem with the HEMTs, and tried 
several different methods of taming them. Place conductive 
foam near the circuit, keep the source inductance less than 
0,07 inches, and don't use ferrite beads on the drain lead. Good 
component layout also helps. 

‘After the original circuit was built and used, an opport 
nity to have the circuit modeled using the Touchstone com. 
puter software design program shed light on the potential ir 
stability problems, To correct the low-frequency instability, L 
removed the input choke to ground; for high frequency insta- 
bility. a series resistor with a controlled amount of inductance 
was added. Retuning the circuit yielded a preamp with a stabil- 
ity factor K above one from 100 to 20,000 MHz. The gain 
dropped 3 dB and noise figure increased only 0.04 dB. It is 
difficulttoobtaintheigures given on computer modeling, due 
to inaccurate S parameter data below 2 GHz, and stray reac- 
tances that may enter the real circuit 


Construction Notes 

1 didn’t make a circuit board, Instead, all connections 
other than grounds were made point to point in air, o reduce 
losses. You can make a box [rom unused double-sided circuit 
board. Solder ће source leads of QI directly to the box. Alter- 
nately, solder the source leads to a b x L-in-piece of thin 
brass, and bolt the brass to the box, This method helps prevent 
overheating the HEMT. 


Adjustment 
Adjust V, and V, for lowest noise figure. Typical values 
V040 
7 25 
NF: 04 dB 
Gain: 17 dB. 

Sii 90B 


Conclusion 

The circuit in Fig | has been tested on HP 8970s with 
noise figures from 0.32 10 0.45 В. A two-stage version (the 
same preamp cascaded and tuned) measured 0.29 JB on NRAO 


олут 


(National Radio Astronomy Observatory) lab equip 
ment without cooling; the gain was 32 dB. The 
preamp performs well from 110010 1500 MHz with 
minor adjustment of Ll. For over three years, 
HEMTs uncooled and cooled have been in service in 
my 1296-MHz EME system with good success. They 
are worth a look at, if you want to get below the 
0.5-4B NF barrier. 


Notes 

"Henderson, T., “Electronically Cooled 1.3 GHz 
LNA.” Proceedings ofthe 24th Central States VHF 
Society Conference Newington: ARAL, 1990), pp 
те. 

2Ward,A., “Simple Low Noise Microwave Preampli- 
fiers,” Proceedings of Microwave Update 88 
(Newington: ARAL. 1988), p 65; also QST, May 
1989, pp 31-36, 75 (reprinted in this chapter 


Fig 1—Schematic of the 1296-MHz HEMT preamplifier, 

Resistors are %W carbon flim or composition. Capacitors are 

100-mil ATC chips. 

C1, C2—3.3 pF, 100-mil ATC chip caps. 

L1—4 t no. 30, 0.1-In. ID, 0.25-in. long. 

L2—4 t no. 30, 0.06-in. ID, 0.2541, long. Compress or expand 
turns for minimum NF. 

r 0.07-In. ID (lead of R2, 0.1-In. long on V, side). 

LA—0.06-In. long source leads, 0.05-in. above ground plane. 

R3—22 0, carbon comp. Make leads 0.1-in. long, and connect 
0.241. away from Q1. 


Table 1 

Device — Bas NE Gap 511 

ATFIO135 17V, oss ds 120B 698 
15 mA 

ATF10135 2V,-02V 05198 1308 908 
20 mA 

ATF35076 2V,-04V 03948 1808 74B 
18 тА 
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А 2304-MHz Preamp 
Using the MGF1302/1402 


By Jim Davey, WA8NLC 


(From Proceedings of Microwave Update '89) 


Hz elote 
around the Mitsubishi MGF 1402/1302 GaAsFET. has 
been built by several amat good results. Il the direc 
tions are followed closely, the noise figure will be well ш 

1 dB. If a noise-figure meter is available, the gate circuit can 
be optimized for a noise figure of about 0.7 dB, The circuit 


(Fig 1) is patterned after a 1296 preamp published by W6PO 
several years ago in the EIMAC EME Notes. 

‘The preamp is built on 0.031-in. Teflon board with a 
dielectric constant of 2.5 (Fig 2). have not tried it myself, but 


2304 — 


Duroid 5880 will probably work OK. The board is mounted in. 
а small open top box made of Yin. wide brass strip stock 
available at hobby stores. Clearance holes are drilled in the 
ends for SMA-connector center pins. The connectors can be 
‘bolted or soldered tothe brass wall. I prefer this type of mount- 
ing method toright-angle mounting through the board for both 
‘mechanical and electrical reasons. 

The GaAsFET is supported by a 50-mil size porcelain 
chip capacitor under each source lead, A small hole just large 
enough to pass the chip capacitor is drilled at each location and 
the capacitor inserted so the metallized end is flush with the 
‘ground plane on the back ofthe board. A quick pass witha hot 
soldering iron and solder will tack the capacitor to ground. If 
the 50-mil size capacitors are used, the other end will protrude 
slightly on the circuit side. Center the transistor between the 
two exposed ends of the capacitors and solder. Leave some 
lead on one side to attach the bias resistor 

The preamp is adjusted by spreading or compressing the. 
turns on the gate сой and adjusting the length of the stub on the 
gate for lowest noise figure. 

Parts can be purchased from Microwave Components of 
Michigan, PO Box 1697, Taylor, М1 48180. 


Fig 1— Schematic diagram of the 2304-MHz preamp. 
rot- Porcelain chip cap, 10-pF (0.050-in. preferred). 
C5—470-pF chip cap. 

D1—Zener diode, 4.7-V, 400-mW. 

D2—1N914 or equiv. 

L1—21 no. 28 enam, spaced 3 wire diam, 0.055-in. ID. 
1215 t no. 28 enam, spaced 1 wire diam, 0.055-in. ID. 
RI—50-0, -W carbon composition or chip resistor. 
268-82 0, select for I, = 10 mA. 
R3—100 0 typ. select for Va, = 3.0 V after |, is set. 
4270 0, 4 W carbon composition or film. 

RFC1—4 по. 28 enam, closewound, 0.055-In. ID. 
RFC2—T12-6 core over drain lead of transistor. 
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Fig 2—Clreult-board artwork for the preamplifier 


Simple Low-Noise Microwave 
Preamplifiers for 2.3 Through 10 GHz 


By Al Ward, WB5LUA 
(From May 1989 OST) 


as ofthe handles to overcome in йи a microwave 
O ond n-ne preempt 
— —-„—ͤ— 
..... are йената reo 
Stove 3304 MHz. Once a design worked out ante pres 
Pier l, euni must hea ted for ima noc 
fpe (reto ay sn of enom конце 
рана псам аравага пата 
. 
Sean п elevace mps 
— re duplex 
кау fom be foma eed o RF amen ar 
— — 


are ready to go—with NFS under 1 dB at frequencies up to 
5.7 GHz and around 1.5 dB at 10.368 GHz. 
The 10-GHz amplifier is designed around the Hewlett 
"andthe Iower-frequency units 
ed around the Hewlett-Packard ATF-10136, Both 
devices have a nominal gate length of 0.3 micron, The ATF. 
10136 has a total gate periphery of 500 microns. The ATF- 
13136 has a gate periphery of 250 microns, making it more 
appropriate for higher-frequency operation. Best of all, these 
transistors are not high-priced exotics. Both the ATF-10136 
4 the ATF-13136 are the short lead versions of the 
ATF-10135 and ATF-13135 respectively. The long lead ver- 
sions (35 package) are being phased out of production in favor 


КаК 


lucra ico (AF3 


Fig 1— Schematic of the 2.3-GHz preamplifi 
ctangles marked "50 $ 

types. C1, C2 and C5 can be 0.05- or 

SMA female connectors; see text. 


“in, ваш 


‘are 50-0 transmission lines etched on the PC board. 
Са and C7 enhance “low-frequency” byps 


21 through 28 are microstriplines etched on the PC board. Shaded 


resistors and са 


¡ore are chip 
ing. J1 and J2 are 
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marked "50-0" 


rectangle 


female connectors; see text. 


Fig 2—Schematic of the 3.4-GHz preamplifier. Z1 through 211 are microstriplines etched on the PC board. Shaded 
re 50-0 transmission lines etched on the PC board. All resistors and capacitor 
types. C1-06 are 0.05-in. square. C8, C10, C12 and C14 enhance “low-frequency” bypassing. J1 and J2 are SMA 


re chip 


x ж 


Fig 3— Schematic of the 5.7-GHz preamplifier. 21 through 212 are microstriplines etched on the PC board. Shaded 


rectangle 


types. C1-C6 are 0.05-in. square. C8, C10, C12 and C14 enhance “low-frequency” Бур: 


tox. 


female connectors; s 


of the short lead versions. The short lead versions are required. 
for most commerical "pick and place" high volume assembly 
lines. 


Circuit Deseri 


Schematics for the preamplifiers are shown in Figs 1-5. 
Fig I shows a single-stage 2.3- GHz design. Figs 2and 3 show 
2stage preamplifiers for 3.4 and 5.7 GHz. Figs 4 and 5 show 
Single- and two-stage 10-GHz LNAS. 

"The same basic circuit configuration is used for each 
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marked "50-0" are 50-0 transmission lines etched on the PC board. All resistors and capacitors 


стр 


ing. J1 and J2 are SMA 


preamplifier. All impedance matching is accomplished with 
microstriplines. None ofthe amplifiers contains adjustable RF 
‘components. Fixed-value capacitors and resistors are also used 
inthe gate- and drain-bias decoupling circuitry 

I did the initial design for these preamplifiers with the aid 
ofa Smith Chart and optimized them through computer simu- 
lation. LNA design is made considerably easier by computer. 
aided design oftware. I was fortunate to have access to Touch- 
stone, an RF design program made by EESOF. 

(One of the most important parameters that the computer 


[ra] 


Fig 4— Schematic of the single-stage 10-GHz preampiifi 
Shaded rectangles marked "50-0" аге 50-0 transmission li 


connectors; seo text. 


are chip types. СТ and C2 are 0.05-in. square (АТС Type A capacitors: 


^i through 27 are microstriplines etched on the PC board. 
s etched on the PC board. All resistors and capacitors 
e preferred). J1 and J2 are SMA female 


Fig 5—Schematic of the two-stage 10-GHz preamplifier. Z1 through 214 are microstriplines etched on the PC board. 


‘Shaded rectangles marked "50-0" are 50-02 transmis 
chip types. C1-C3 are 0.05-in. square (ATC Type A capacitor 
text. 


сап analyze is stability. Proper choice of components in the 
bias decoupling networks and the use of source inductance in 
the form of source-lead length helps to maintain stability. The 
results are improved input and output SWR, while maintain. 

ing low noise figure and moderate gain. In the case of the 3.4, 
5.7 and 10-GHz amplifiers, the effect of the “through-the- 
board” mounting of the source leads is taken into account in 
the design so that no plated-through holes are necessary to 
achieve good performance. 


Bias Networks 

то minimize circuit losses, ground the GaAsFET source 
leads directly to the ground plane. To operate these devices 
with their source leads at de ground, you must bias each 
device's gate negatively relative to its source. This can be 


ion lines etched on th 


'С board. All resistors and capacitors are 
те preferred). J1 and J2 are SMA female connectors; see 


done in a number of ways, so I left bias circuitry off the PC 
boards 

Three basic Мах circuits are shown in Fig 6. Two 
are passive. The third—and most desirable—is an active 
bias network that uses a PNP transistor to set the GaAsFET 
drain voltage and current. 

The simplest bias network, shown in Fig 6A, uses a 
33-V Zener diode to set the drain voltage. А 1.5-V АА cellis. 
used forthe bias supply. Bias, applied through R1, sets the gate 

which in turn determines the drain current. General 

connected so that there is always a negative 
voltage applied to the gate, The preamplifier is then turned on. 
by connecting Vo toa positive voltage source. Because there 
isa 51-0 resistor in series with the drain, there is some inte 
action between drain voltage and drain current: Greater drain 
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Fig 6— Bias circuits for the pre 
‘gate supply and a Zener diode to st 
555 timer IC to generate negative gato bias, 


г. See text for discussion. The passive circuit at A uses a 1.5-V cell for the 
ilize the drain supply. The circuit at B, апо! 
id a Zener di 


ive arrangement, uses а 
ctive 


l to stabil 


the drain supply. С shows а 


circuit, The values of R1, R2 and R3 can be varied for different FET operating conditions; see text and Table 1. The 
Value of R4 should be chosen во that 10-15 mA of Zener current flows when the FET (or FETs, for a two-stage 


design) is powered at rated bias. 


current produces a lower drain voltage. The gate voltage re 
quired to properly bias the device varies from unit to unit 
because of slight variations in pinch-off voltage. (Pinch-off 
voltage is the gate voltage required to turn the FET off.) A 
disadvantage of this simple bias circuit is that it lacks compen 
sation for bias changes over temperature variations. Although 
not optimum, this technique has been used at WBSLUA and 
WASVIB with good results, А high-grade, long-life alkaline 
A&vsize cell should last several months before its voltage 
drops low enough to cause the FET to draw excessive drain 
An adaptation ofthe simple passive bias configuration is 
shown in Fig 6B. Drain voltage is again provided by a 3.3-V 
Zener diode, but this circuit replaces the AA cell with a posi- 
-te-negalive voltage inverter, Several manufacturers make 


suitable inverter ICs. A less-expensive approach is to use a 
common 555 timer in the simple inverter circuit shown. With 
simple batery bias, the negative supply is continuously ap- 
plied to the FET gate. With the inverter of Fig 6B, gate and 
drain supplies are simultaneously applied to the FET. This 
approach has been used by manufacturers of satellite TV re- 
ceiving equipment for years. Although there can be problems 
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ifthe drain voltage is upplied before the negative gate voltage, 
the 51-02 resistor in series with the drain safely limits the 
maximum drain current—even if the application of gate volt- 
эре to the FET is delayed. 

‘An improvement on both passive circuits is the active 
bias circuit shown in Fig 6C. The negative gate supply uses 
the inverter of Fig 6B, but the drain supply employs an 
inexpensive PNP transistor in a circuit that effectively sets 
both the drain voltage and drain current regardless of device 
variations, also offers a more constant bias over temperature 
than the passive designs. Drain voltage is set by R2 and R3, a 
voltage divider atthe base of Q1. The voltage is then raised by 
the emitter/nuse junction voltage of QI. Drain current is set by 
RI The gate voltage required to sustain the drain voltage and 
‘current is set automatically by the voltage divider set up by the 
emittercollector junction of QI and the negative voltage 
source. About -1 V is supplied to the FET gate, 

Table I gives resistor values for various bias conditions 
1 suggest building a separate bias network for each FET stage 
to properly set each device's bias point. I have, however, used 
asingle active bias supply to power a two-stage amplifier with 
good success. If the devices аге fairly well de matched (drain 


gra TORT WE 


ра ав 


TTT 

{ul sie, PC board material le double ded, bel. nick juroid 5880 or Taconic TLY-5 (dielectric constant, 
areas represent unetched copper fll. The back side of the board Is left unetched to act as a ground 

parts-placement guides are not shown at thelr actual size. All components mount on the etched side of 
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current vs gate voltage) this technique will be okay. It will not, 
however, keep the device drain currents equal if they are not 
de matched. 

The active bias arrangement can also be used with a bat- 
tery instead of the voltage inverter. Since the active bias net 
work automatically adjusts gate voltage for a required bias 
condition, the circuit will adjust the gate voltage as it drops 
with battery age. The gate requires about - V, so the battery 
сап age significantly before the РЕТ bias condition is altered. 
significantly. this technique is used, itis best to start out with 
а 5- to 6-volt battery source. The active bias network will 
compensate for a battery voltage deteriorating to 1-1.5 V. 
Activebiasnetworksare discussed in greater detail in Hewlett 
Packard application note ANA002. 


с 


struction 
Construction of all amplifiers is similar. Part- 
‘guides and etching patterns are shown in Fig 7. All amplifiers 
are etched on 0.03 Lin. 

PC-board material with a dielectric constant of 
PC board can be installed in a housing such as 
minum box. Another method, one that prefer, isto solder thin 
(0.02-in-thick) brass side walls to the PC board to form a 
shielded enclosure. The brass walls also connect the top and 
bottom ground planes, which is essential for low-loss "low 
frequency" bypassing. Power connections for V and V сап 
be made via 0.001-F feedthrough capacitors soldered to the 
brass walls, Sce Figs 8 and 9, 

ЗМАчуре end lunch connectors are used for J1 and 12 
Vo provide transition from coaxial cable to the microstripline, 
Two- ог four-hole gold-plated connectors are easily soldered 
to the PC board or brass side walls, depending on your 
assembly technique. End-launch connectors are preferred to 
the right-angle type because of the impedance discontinuity 
associated with the rightangle transition. Additional 
amplifier tuning may be required if right-angle connectors are 
used. 

The type and size of the chip capacitors used in these 
amplifiers becomes increasingly important as frequency in- 
creases. For the blocking capacitors, I strongly recommend 
using good-quality RF-type ceramic chip capacitors, such as 
those made by ATC. The values specified are common and 
should not be hard to find. The physical size of the capacitors 
isespecially critical at 10 GHz, where the 0.05-in.-square type 
‘must be used. Anything larger produces a sizable mismatch on 
the microstripline. 

The value of the “low-frequency” bypass capacitors is 
less critical. Anything in the 820- to 1500-pF range will work 
fine. The value of the “high-frequency” bypass capacitors is 
somewhat more critical though. Stay within 10% ofthe values 
indicated. Again, use good-quality capacitors for "high-fre- 
quency” bypassing, 

To obtain a low noise figure, the preamp's FET source 
leads must be properly grounded. In the case of the 3456-MHz 
and higher-frequency preamplifiers, bend the FET source 
leads down right at the case and inser them through slots in the 
PC board. Sce Fig 10A. This technique works fine forthe long 
leaded devices. For the short leaded devices, I would suggest 
using 0.050 inet to 0.070 inch wide copper wie straps to bring 
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Table 1 


Active Bias Circuit Values for Various 
Drain Currents 


Vp Vos bp т тшт яз 
M © (m) б б фо) 
85 25 2 75 22 28 
325 25 18 17 22 23 
40 30 2 60 22 аз 


Fig 8—This. 
prototype two- 
Stage 3.4-GHz 
preamplifier 
was built by the 
author. The 
enclosure is 
made from 
sheet brass 
soldered to the 
PC board (see 
text). 


Fig 9A 
completed ne- 
stage 10-GHz 

preamplifier. 
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Fig 10—Тһе ATF-10135 and -13135 FET source leads 
ге bent, inserted through slots cut in the PC board, 
and soldered to the ground plane. The ATF-10136 and 
713136 leads are not long enough to pass through the 
board, so you must add "C wires." See Fig 108. 


the bottom ground plane to the top of the printed circuit board 
where the device can be soldered directly to е “С wire" strap, 
The "C wire” strap should be positioned close enough to the 
edge of the package such that the device source lead length is 
minimal, i.e. less than 0.010 inches of source lead for the 
3456 MHz through 10368 MHz preamplifiers. See Fig 10B. 


matan are п тили (a 


КТ 


Fig 11—Schematic diagram of the soll-blased version of the 


2.3-GHz preamplifier. Z1 through 28 are microstriplines. 


‘etched on the PC board. Shaded rectangles marked "50-0" are 502 transmission lines etched on the PC board. All 


capacitors are chip types. 

C1, C2, C5—0.05- or 0.1-in. square chip capacitor. 

©з, C4—470- or 1000-р leadless, round, disc-ceramic. 
capacitor (see text). 

1, 32—SMA female connectors (see text). 


‘The slots can be made with a sharp hobby knife or something 
similar. Be sure to clean up the area where the leads will pass 
through the slots by removing any extra dielectric material or. 
copper. The source leads should be passed through the board, 
again bent at right angles and lai neatly along the bottom foil 
Solder them to the bottom ground planc and try to force the 
solder to cover the length of the slot if possible. 

Device installation is different with the 2304-MHZ 
preamplifier because additional 
source-lead inductance is required. 


R1, R3—51-0 chip resistor preferred; YW carbon-film 
resistor with short leads should be okay. 
R2—47-0 YeW carbon-flm resistor. 


suggest adding an additional length of 0.020 inch wide copper 
foil to lengthen each source lead as required. The leads from. 
‘an “old” transistor will work fine. 

‘Components for these preamplifiers, including chip 
capacitors, leadless capacitors, chip resistors and SMA 
connectors are available from Microwave Components of 
Michigan and Down East Microwave. Fiched PC boards a 
available from Down East Microwave. 


This inductance is addedby making 


each FET source lead 0.07 inch long 
in the case of the ATF-10135, rather 
than grounding them with the mi 

‘mum possible lead length. Ground 
pads have been established on the art- 
work, and these pads must be prop- 
ену connected to the bottom ground 
plane. Cut slots near the edge of the 
two pads closest to QI. Insert a 
0.1-in.-wide copper strap through the 
slots and solder top and bottom. Each 
source lead is then 0.07 in. long when 
Ol is centered on the PC board. For 
the short leaded ATF-10136, would 


Table 2 


Actual Preamplifier Performance Versus 
Computer Simulation and Projected Worst-Case Performance 


Device Freq Bas Gain (9) Noise Figure (dB) 
(GHz) per device Турә Worst Simul Typ Worst Simul 
Case Case 
ATF-10196" 23 2V@20mA 135 120 139 0506 08 060 
ATF-10136" 23 2V@20mA 130 120 130 065 09 070 
ATF-10136 34 2V@20mA 230 220 241 0809 10 058 
ATF-10136 57 2% 15тА 180 170 206 0910 12 085 
ATE-13136" 104 3V@20MA 85 75 106 1251517 125 
ATF-13136 104 3V@20mA 180 150 219 1517 20 135 
*Single-stage ampitier 
lesen single-stage amplifier 
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Results 

Ifthe preamplifiers are built according to the information 
given in this article, RF adjustments should not be required. A 
slight adjustment can be made to the bias point if desired, but 
performance should be very close to that shown in Table 2 
with the bias conditions shown. Based on test results obtained 
from preamplifiers built by a number of hams using available 
nponents, the average builder should be able to meet the 
worst-case gain and NF specifications shown in Table 2. If 
slightly different dielectric material or construction techniques 
are used, the amplifier can be tuned by moving small capaci- 
tive tabs along the microstripline while monitoring NF and 
gain. A properly modified toothpick makes a handy 
low-loss tool for moving tabs around on the circuitry. Cut the 
end of a toothpick on a diagonal. Wet the end of the toothpick 
and use it to move small metal tabs around on the etch. 


Applications 

‘The 2304-MHz preamplifier provides acceptable receive 
performance in the 2401-MHz OSCAR band with no modifi- 
cation, The NF at 2401 MHz should be only 0.1 or 0.2 dB 
greater than that obtainable at 2304 MHz, and LNA gain 
both frequencies should agree to within a dB. Using a pair of 
these preamplifiers at the feed of my 2401-MHz satellite 
system, I see about 5 dB of sun noise and 10 to 15 dB of 
signal-to-noise ratio from the Mode $ transponder aboard 
OSCAR 13. My antenna is a 4-foot diameter UHF TV dish 
with inch mesh, 

A similar two-stage 2304-MHz preamplifier is in use at 
the feed of my 24-foot home bien stressed parabolic reflec- 
тог. The measured NF of this preamp is 0.65 dB. With this 
system, I have worked W3IWI/8, SK6WM, OE9XXI and 
WAHHK on 2304-MHz EME. 


Variations 
In the original design, source leads were grounded di- 
rectly to obtain the lowest possible noise figure, This necessi- 
tates the use of a dual-polarity supply as discussed earlier. The 
typical approach at VHF is to self-bias the FET by using a 
resistor connected in series between the source and ground. A 
capacitor is used to bypass the resistor at RF. As the frequency 
of operation increases, it becomes increasingly difficult 10 
obtain high-quality, low-impedance bypassing. Although the 
self-biasing technique is simpler to build and uses a single 
power supply, some RF performance is sacrificed, 
evaluated self. biased versions with the help of the com- 
puter, and several prototypes were built and tested. The art 
work was modified to include 0.075-in.-square pads to mount 
the FET source leads. Chip capacitors were then bridged be- 
tween these pads and a ground pad. The ground pad was then 
connected to the back ground plane by using 0.1-in.-wide rib- 
bons through the board. This technique was tried on all pream- 
plifiers except the 10.GHz models, With this configuration, 
the preamp NF at 2304 and 3456 MHz was 0.2 to 0.25 dB 
greater than that of the grounded-source design. The gain of 
the 2304-MHz model decreased approximately 2 dB, while 
gain of the 3456-MHz model was reduced by slightly more 
than 3 dB. At 5760 MHz, performance deteriorated even fur- 
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Fig 12—Part-placement guide for the sel-biased 
2.3-GHz preamplifier. The etching pattern is the same 
аз shown in Fig 7, except two pads are removed and Z3 
‘must be lengthened. See text 


ther: NF increased by 0.8 dB, and gain decreased by 6 dB. 

A computer simulation predicted similar results, In addi- 
tion, the computer simulation indicated an oscillation in the 
7-10 8-GHz range for all models. Apparently, the inductance 
associated with the addition ofthe chip capacitors, associated 
‘mounting pads, and ribbon ground returns is great enough to 
cause instability at higher frequencies 

Inlooking fora way to avoid this oscillation, I ried using 
eadless round disc capacitors to bypass the source leads. 1 
soldered the FET leads directly to the capacitors and soldered 
the capacitors to the bottom side of the PC hoard. This tech- 
nique was tried on the 2304-MHz preamplifier; see Fig 12. 

‘The bypassed-source 2304-MHz preamplifier uses the 
same artwork shown in Fig 7 for the grounded-source version, 
‘You'll need to make one change to the artwork, though. The 
input stub (Z3 of Fig 11) must be made slightly longer (in 
crease its length from 0.22 to 0.38 in.) to help tune out the 
effect of the source bypass capacitors. Z3 can be extended by 
soldering a piece of copper foil to the end of the etched line, 
To mount СЗ and C4, the source bypass capacitors, drill holes 
the diameter of the capacitors through the PC board as shown, 
See Fig 13, a photograph of the finished unit, Be sure to place 
the holes so that the FET source leads are 0,070 in. long when 
QI is centered between Z1 and Z2. Solder a brass or copper 
sheet across the holes on the ground-plane side, and solder one 
side of C3 and C4 tothe sheet. Then solder the QI source leads 
to the tops of C3 and C4, 


Fig 13—The. 
prototype sett- 
biased 2.3-GHz 
preamplifier. 
The large 


and C4 are not 
needed and 
were dropped 
from the final 
artwork. 


According to the computer simulation, this technique 
yields unconditional stability in the 7- to 8-GHz range, The 
overall stability of a preamp built in this way is comparable to 
the grounded-source design, The measured performance of 
this configuration is good too. Compared to the grounded- 
Source model, the gain of the bypassed-source LNA is within 
1 dB, and the NF is within 0.1 dB, of that obtained with the 
grounded-source configuration—and no stability problems are 
evident. This technique is suggested for the 2304-MHz model 
only, 

‘Although the preamplifier circuits are designed for mini 
mum noise figure, the ATF-10136 and the ATF-13136 de- 
vices are capable of producing moderate power at microwave 
Frequencies. When biased at 4 V and 70 mA, the ATF-10136 


is capable of producing 20 dBm (100 mW)—operating at its 
1-4B gain-compression point—at 4 GHz. Slightly less power 
сап be expected at 5.7 GHz. At 12 GHz, the ATF-13136 is 
‘capable of producing 17 dBm at its I-dBm gain-compression 
point when biased at 4 V and 40 mA. 


Summary 

Any one of these amplifiers can be constructed easily in 
anevening. They offer low noise figure, acceptable gain, good. 
input and output SWR, and good stability. Several dozen of 
them are already in use nationwide with good results. Copies 
of the 10.368-GHz preamplifiers, for instance, were used by 
WASVIB and WA7CIO to make the first-ever 10-GHz EME 
озо! 
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Microwave LNA Update 


By Al Ward, 


WB5LUA 


(From Proceedings of Microwave Update 89) 


Не of ora plane FETs 
that use the same die as the ATF-13136, a 250-micron 
Ku-band low-noise FET. Although the S parameters and noise 
parameters are somewhat different from the ATF-10135 de 
vice, 1 decided to try the ATF-13484 in the 2.3-GHz LNA 
described in QST for May 1989.1 With a slight amount of 
rebiasing and a slight extension of the first input stub, I was 
ableto achieve а 085-08 noise figure with an associated gain 
of 15.6 dB at 2.4 GHz. The device should provide nice perfor- 
mance in A0-13 Mode-S operation, A schematic is shown in 
Fil 

Shortly after I published the QST article, my company 
nade the decision to supply only the short-leaded ATF- 10136. 
and ATF-13136. The use of automated assembly lines with 


pick-and-place machines created the need to buy the devices 
with precut leads, ie, 0.040 in. vs 0.177 in. 

Unfortunately, in amateur applications where plated 
through holes are a luxury item, the shorter lead parts can not 
be mounted as easily. The original article suggested the use of 
"C wires” as one means of grounding the source leads on the 
shor-leaded devices. I decided to try using small rivets as an 
alternative. With the help of Downeast Microwave, I built up 
two more 10-GHz LNAs using very small tin plated brass 
rivets (0.050-in. diameter). The center-to-center spacing of 
therivets was .160 in. Thad tobe careful that the rivets did not 
touch the adjacent matching networks. The ATF-13136 
device (with 0.040-in. leads) was then centered between the 
rivets and the input and output matching networks, Noise fig- 
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Fig 1— Schematic of the 2.3-GHz preamplifier. See the preceding article for details. 
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ure and gain performance of both the single and dual stage 
LNAs was comparable tothe typical values shown in the origi 
nal article. 

‘On the prototype boards, 1 installed the rivets from the 
front, and used a small hammer to flatten them out on the back, 
[then soldered them to the ground plane. As i turned out, the 
flattened area appeared smaller in diameter than the face of the 
rivet, so it might have been better o install he rivets from the 


back. Whatever technique you use, just make sure that they 
don't touch the etched circuits. Rivets of all sizes are available 
from International Eyelets, Inc, at 1-800-333-9353. 


Note 

ТА Ward, “Simple Low-Nolse Microwave Preamplifiers for 2.3 
Through 10 GHz," May 1989 OST, pp 31-36, 75 (reprinted 
in this chapter) 
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GaAsFET and НЕМТ Amplifiers 
for 24 GHz 


By Tom Hill, WA3RMX 
(From Proceedings of Microwave Update '91) 


Introduction 
Amateur projects using GaAsFETs at 24 GHz are fairly 
rare.12 There is a fundamental device-technology rea- 

son for this. The available (within reasonable cost) packages 
that the manufacturers put their FET die into, are just not sui 
able much beyond 18 GHz, There are resonances inthe pack- 
age itself, and worse, even with automated wire-bonding 
‘equipment the parts still have so much variation between in- 
dividual units that they cannot publish specifications at these 
frequencies. In professional designs, this is overcome by using 
the naked FET die and ceramic hybrid technology with gold 
wire-bonding. This technology is still out of each even for the 
‘above average” microwave experimenter. 

"This paper describes the steps I went through to build 
several amplifiers using packaged FETs that are not specified 
above 18 GHz, While this procedure can be used asa guideline 
for your efforts, it is not an exact plan for construction 


Project Plan 
Active Devices 

The goal is to find parts that аге as low cost (we are on an 
amateur budget) as possible while having some chance of 
performance at 24 GHz. I used NE04583, NE32083, and 
ATF35176, The first is a 0.3-micron surplus MESFET, while 
the other two are low-cost HEMT parts, АП of these are pack- 
‘aged parts with die that have basic performance well above 
18 GHz. There are several other arts available today that look 
quite promising, but I have not yet tried them. 


Materials 

The first and most far-reaching decision to make, is how 
19 implement the interstage tuning networks, and what board 
material to use. The problem is that with the impedances un- 
known in advance, the form of the network is also mostly 
‘unknown, Each interstage network will be custom built as the 
amplifiers tuned up. Moreover, since the individual FETs are 
зо different an etched board with a copy of the first network 
discovered to work will likely fail miserably when the next 
FET is installed. Each amplifier will likely require a large 
amount of retuning to get the best results. The easiest topology 
10 allow this much tweaking without too much damage is a 
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straight 50-ohm line with a length sufficient to allow both 
shunt inductive straps and shunt capacitive copper tape 
“snowflakes” to be moved back and forth along the line until 
improvement is obtained. If 10-mil thick Duroid material is 
used, this provides for a 50-0 line width that is almost the 
same width as the FET gate and drain leads, This is quite 
convenient for construction, The Duroid also has fairly low 
loss at these frequencies. Fortunately we do not need a broad- 
band amplifier in this application, so we can simply tune for 
maximum at 24.192 GHz, which is relatively easy with this 
topology. 

Bias 

‘The second problem is the bias injection scheme. First I 
wanted a technique that allows the source of the FET to be 
directly connected to the ground plane. I also wanted a 
feed-back bias that will keep current constant as temperature 
changes. The so-called "PNP Wrap-Around” bias circuit sat- 
isfied ll these needs. See Fig | for the schematic of the 3-stage 
NEO45 amplifier. Fig 2is the schematic ofthe 2-stage ATF351 
amp. 

Next I wanted a scheme that didn't need really good in 
ductors and bypass capacitors that work well at 24 GHz. The 
solution that [ chose is to segment the top-side ground plane 
into islands that have the gate and source bias on them. These. 
fairly large areas of ground plane are quite effective for by 
Passing at frequencies above a few GHz. For the lower fre- 
quencies, the gaps between these ground planes are bridged 
with many chip capacitors. [alternate between several values 
of capacitor to try to avoid a resonance at some particular 
VHF. 


Power Supply 

The power supply includes he standard automatic switch 
that allows the drain voltage to be applied only if the gate bias 
is present. This keeps the drain current from becoming exces- 
sive during turn-on and turn-off transients, 

1 chose 47 and -5 volts, as these voltages were already 
required by the 6-GHz IF amplifier in my system. You may 
change the basic supply voltages if necessary, as long as the 
actual FET bias conditions are provided for. 
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Fig 2—Schematic diagram of the ATF351 amplifier. Resistors 


RF Connections 

In my transverter I use coax to connect the amplifiers. 
‘Thisadds yet another problem, since the readily available SMA 
connectors are usually good only up to 12 or 18 GHz. One 
solution that I have used quite successfully in the past (and 
What I still used here for the male SMA cables between the 
amplifiers), isto individually test each connector. I have usu- 
ally found 20 percent or so of the random connectors obtained 
surplus will have a severe notch at 22 or 23 GHz with good 
operation again occurring at 24.2 GHz. For this project i was 
able to find some surplus female Wiltron “K” connectors. This 
eliminated one variable from the big listof unknowns, as these 
connectors are good to 40 GHz, and they mate to standard 
SMA connectors 


Packaging. 

For the package I chose a small drawn brass box. I added 
some microwave absorber material in the top and bottom of 
the box to eliminate resonances, 1 don't think that the box is 
likely very critical to the final outcome of this project. 
Construction Procedure. 

ECB 

Since the RF рап of the board is really quie simple, I 
chose to make the boards individually instead of creating 
filmwork and using photoresist on each board. 1 simply put 
plate' ape on the copper where 1 wanted it to remain. The 
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ө YeW carbor-fim. 


etchant removes the small areas left. The op ide pattern Tused 
is shown in Fig 3. The bottom ground plane is solid copper. 

My calculations determined that а 50-0. line requires a 
‘copper width of approximately 29.7 mils. rounded this offto 
30 mils wide. The gaps in the line that allow for mounting the 
‘coupling capacitors are made about 10 mils wide so as to fit as 
closely as possible the Duroid capacitors" thickness. The pack- 
aged FETs have 70 mils between the leads, so that is the width 
of the space left for them. The line length of 0.3 inches be- 
tween each adjacent component leaves plenty of room forthe 
tuning elements to be soldered on and moved around. 


Capacitors 

Very few chip capacitors that can be soldered to circuit 
boards perform well enough at 24 GHz to serve as coupling 
caps. 1 used small pieces of the same Duroid circuit board 
material as coupling capacitors. A small rectangular piece 
(0,040 0,030 in, (with copper on both sides) is soldered stand- 
ing up across each of the small gaps in the transmission line in 
between each of the FETs as well as at the input and output of 
the amplifier. These form approximately 0.07-pF capacitors, 
which have excellent performance that I have tested beyond 
30GHz While soldering these in place, youshouldensure that 
the solder fillet fully wets the capacitor and the transmission 
line, so that there are no gaps that can create a notch filter in 
the middle of your amp. 

The bias islands are bypassed with alternating 7 pF and. 
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Fig 4—Capacitor locations for the 2-FET amplifier. 


1000 pF chip capacitors. For the three-stage amp this is a total 
‘of 20of each value capacitor. See Fig 4 for placement ofthese. 


Grounding 


‘The top-side ground planes must be connected to the 
bottom-side plane. I put a few straps of small wire around the 
edges to accomplish this. Particularly important is the edge of 


the top plane right next to the coax connection (there are four 
places total ike that). These wires are also shown in Fig 4 
FET Testing 


1 chose to dc test each FET before installation. This is 
because there is a considerable variation in [pss between indi 
vidual FETS of ihe same type number. wanted the highest Inss 
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parts Бе in the output stages. This allows the maximum out- 
put power possible. Also this testing allows seting the bias of 
teach stage tobe optimized for its particular function, The input 
‘tage is biased for low noise, while the output stage is biased for 
maximum power output. chose 50% or less of Is for the low 
noise stage, and about 80% of Iss or the output stage. 

‘This testing also gave me the chance to select the NEOSS 
FETs for the highest Їр; amongst the ones 1 had available 
This will allow for the highest possible output power from the 
amplifier. See Table 1 for the bias conditions set for several 
different amplifiers after I measured the [ss of the FETs that 
T planned to use. 


FET Installation 
Afterall ofthe coupling and bypass capacitors have been 
installed, itis time to mount the FETs. I cannot stress too hard 
the desirability of good static precautions. I soldered a 2-in, 
piece of bare wire-wrap wire to ground, and then tacked it to 
both of the drain bias islands, This grounds them, and will 
remain in place until the amp is ready to be tested. Another 
such grounding wire is soldered to the gate bias islands, 

Next 1 used a no. 48 drill (0,076-in.) to put a hole in the. 
center of each arca where а FET will be placed. 1 did this 
drilling by hand, with a backup piece of wood, to avoid distor 
ing the board, Then used a small razor-sharp knife to enlarge 
the sides of the holes where the source leads will be. 

The FETS themselves are installed by bending the source 
leads down and poking them through the hole in the board. 
These leads are then bent back straight, which will now slightly 
distort the board, The 10-mil Duroid is soft enough that the 
FET leads will lift up the board so that the ground plane in fact 
rises up to go over the top of the source leads. Now the FETS 
‘can be soldered in. Be careful not to get solder bridged to the 
gate or drain leads while soldering the source leads, as they are 
just barely visible through the hole in the board. 

When the gate and drain leads are soldered, extra care 
must be used to ensure that solder is wicked up between the 
leads and the ECB runs. If any space is left here at all, a choke 
will be formed at some frequency that may well be near where 
you want this amp to work, Even a few mils can be a disaster. 


Bias Circuits 

Y built the bias circuits by simply soldering the compo: 
nents teach other in the air. This particular circuit lends itself 
well to this method of construction, especially with the bias 
islands available as mounting pads. 


Comectors 

After the bias circuits are done, the last parts needed are 
the connectors, 1 waited until last to install these as the junc- 
tiontothe ECB is relatively fragile with my style of mounting. 
I simply butted the 0.047-in, diameter coax from the connec- 
tors directly to the edge of the ECB with the center conductor 
overlapping the copper run. The shield has a large lump of 
solder bridging to the ground plane. See Fig 5. 


Install Board 


"The board is installed in the box AFTER initial tune-up. 
This allows the board to be laid on a solid back-up block so that 
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Table 1 

Prototype Bias Settings 

Second FET Third FET 
loss lo Yo loss lo Vo 
25 20 35 29 20 
34 20 35 37 9035 


МЕ045 #1 22 10 35 
NE045 #2 32 20 35 


NE3241 28 20 22 37 25 22 
NE320 42 31 20 22 32 25 22 
АТЕЗБІ #117 10 15 45 30 20 


the board is not bent ог otherwise distorted while the tune-up 


is being done. 
‘Tune-Up Procedure 
Equipment 

1 used a Wiltron 360 network analyzer which is really 
nice and produced the frequency response plots shown here 
However, since we really only care about the one frequency. 
the job can actually be done with the transverter as RF source. 
and a power meter as the indicator. In fact this is how I did the 
final max-power tune-up, I used an HP 8970A noise-figure 
meter with my own diode noise head (calibrated toa waveguide 
noise tube) test ће noise figure. If you are only going for the 
best you can get, without necessarily knowing just exactly 
what the number is, you can use a fluorescent light bulb in 
front of your dish, and a scope on your receiver output for the 
tuning job. 

‘The worst problem you can really get hung up on is 
stability. If the amplifier oscillates it can be hard to identify 
and fix the cause, Certainly, ifthe power meter reads а bunch 
ош with no input applied, this usually signifies oscillations, 
‘Also, an unstable gain or noise figure, particularly when a 
hand is brought within an inch or so of the board, is another 
sign of oscillation, When I found these problems, I looked 
for the part of the RF circuit where could stop the problems 
most easily with a light touch of a finger or small piece of 
microwave absorber material. 1 then worked on changing 
the tuning elements in this area until the oscillations went 
away, before continuing the tune-up procedure. 


Adding, Removing, Moving Bias Inductors 

Now you may remove those shorting wires and apply de 
power, After verifying proper de operation, and taming any 
‘oscillations that might be found, you can start tune-up, With 
some drive power applied 1 first found the gain to be about 
=15 dB or so, That's right! A LOSS of 15 dB. 

Don't worry yet; we still have a long road to travel. [fist 
made small (20 mils at atime or less) changes in the position 
ing of one end at a time of the small wires that connect the bias 
islands to the gate and drain connections of the FETS. I also 
sometimes added or removed some of these straps in parallel 
maybe 100 mils or so away from an existing one. Often these 
changes might only make 0.1-4B change at a time. usually 
got the gain up to maybe +1 to 4 dB with these wires. 


Adding Copper “Snowflakes” 
1 next took a very small sliver of insulator (1 used alu- 


Fig 5—Installation of coax to the board. See text. 


mina) with a small piece of metal (about 20 mils square)on the. 
end to find the places on the transmission line where a bit of 
capacitance will help. [slid the metal end back and forth on the 
line ший an improvement was noted. Then I would solder on 
a small bitof thin copper tape in that spot. Now recheck forthe 
same result asthe wand, Now continue the process. This would 
resultin another 10 dB or so of added gain. Then another round 
of fun with the small wires will produce some small improve- 
ment, It will probably take three or four cycles between the 
Wires and the copper pieces to get the gain optimized. The first 
time Ididthisit took 8 hours or so. also gotover 15 dB of gain 
asa reward! 


Maximum Power Output Procedure 

Since these FETs are run on really low current and volt- 
age, they really compress a very low power out. To maximize 
the power out the tuneup must be redone with as much power 
ош as the amp can manage without more than about 3 or 5 dB. 
of compression. Now tune the output matching section to get 
best power ош. This is only needed if you plan to use this 
particular amp for transmitting 


Low-Noise Procedure 
If this amp is to be used as the input of your receiver, a 
tune-up for lowest noise will bo needed. Todo this you will put 
the amp into your test setup for noise, and tune the input net 
work for best noise figure. You may also need to tune some on 
the first interstate network, but go easy here, The input stage 
isthe major noise source, and the interstate more affects gain 
T got about a 2-dB improvement in noise figure by this proce- 


dure. Recheck gain and power output when 
you are done here. 

My first amplifier took about 11 hours 
total of tune-up time to get to final comple- 
tion. The last one has taken about 4 hours 
Soitdoes get easier witha bit of experience. 


My Results 

have built units so far, Two witha3- 
stage NE045 amp, two witha -stage NE320 
“amp, and one with a 2-stage ATF351 amp. 
All of these have showed excellent results, 
‘The gain of NEO45 amp number 2 is just a 
bit better than the first one, by about 4 dB. 
‘The bandwidth is quite narrow, but this has 
пог proven to be a problem, In fact it may 
well be able to double as the 24-GH filter 
as well. АП of the amplifiers are reasonably 
similar in basic performance after the tune- 
up marathon. 

It would be advisable to be aware that 
there is lots of gain at some lower frequen- 
cies in addition to the intended ones. 

The NE045 amp was optimized for 
max power out. One-dB compression occurred with a drive 
level of-4.5 dBm. I get а good solid 10 mW out of this unit- 
"The others use weaker parts, and consequently get less power 
ош. The ATF35176 produces about 6.5 mW, and the NE320 
manages just | mW. 


Noise. 

AILof the amplifiers have performed surprisingly well 
‘even when tuned solely for maximum gain or maximum power 
ош. The NEO4S amps have 7- or 8-dB noise figure. The NE320 
(stil tuned for max gain) has 5.5-dB noise figure. The ATF351 
achieved just under 5 dB, so itis the one hat I chose to retune 
for optimum noise figure. With another hour of tuning time, L 
gotitdown to3.S В! This is really quite respectable for 24 GHz. 


Summary 

My transverter now has two of these amplifiers in cas- 
cade. The input is a 2-stage NE320 unit. The second unit is a 
-stage NEOSS amplifier. The result is an amp with 30-48. 
gain, 55-08 noise figure, and 8-mW output power. Lam also 
putting the АТЕЗ amp at the dish to get 3.5-4B noise figure 
atthe dish. The ATF35176amp. combined witha 2.5-W TWT 
amp makes а really high-performance SSB/CW station. 


Notes 

7M. Kuhne, DBBNT, "GaAsFET Amplifier,” DUBUS, Jan 1988. 

27. Takamizawa, ЈЕТААН, “HEMT Amplifier,” DUBUS, Feb 
1991 

эт. Hil, "SSB/CW Equipment Concepts for 24 and 47 GHz,” 
Proceedings of Microwave Update '89, pp 39-62. This am- 
liar has now been added to that unit 
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А 2.5-Watt Linear Amplifier for 2304 MHz 


By Dave Mascaro, WA3JUF 


Er m o oia 

EZ c за 
Fig 1— Schematic of the 2.5-W 2304-MHz linear amplifier. 
C1, C2—3-pF Johanson Gigi-rim capacitor. ВЕС1, RFC2—Microstrip choke, 0.035-in- х 1.10 in. 
C3—10-4F, 6-V de electrolytic. 1, Z8—50-0 microstrip line, 0.080-in. wide. 
Č4—10-1F, 35-V dc electrolytic. 227702 x 0.65.in. microstrip line. 
C5, C6—0.001-uF feedthrough capacitor, Spectrum Z3—0.25 x 0.30-in. microstrip line. 

Control SCI 729-303 (series resonant) 24, 25—AF short, 0.275 x 1.0 in. 

D1—20-V, 1-W Zener diode, 1N4747A or equiv. 260.25- x 0.675-in. microstrip line. 


o. Thomson CSF TCC 20 L 25 (501855) transistor. 
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x 0.65-in. microstrip line, 


his amplifier uses a Thomson TCC 20 L 25 transistor to 

provide about 2.5 W on the 13-cm band. Drive require- 
ment is about 990 mW. The amplifier operates in Class A. 1 
built the amplifier on зп. Teflon double-sided PC board. 
‘The microstrip circuitry can be etched using Exacto-Edge as 
1 did, or by either negative or positive photo methods. 

Т milled out a brass carrier and sweat soldered the PC 
‘board to the brass. PC-board construction сап be used with 
similar results, You can build a housing from double-sided 
G-10 PC board, by soldering 4 walls to the microstrip PC 
board to form a box. Solder the connectors to the ground plane 
side of the board, with the center pins going through the board 
and soldered to the 50-£2 input and output lines. Alternately, 
the connectors could be mounted in the end-launcher method. 
The connectors are soldered to the side walls of the box, with 
the center pins soldered to the microstrip input and output 
lines, 

As with all amplifiers, this one needs good RF grounds 


and power-supply decoupling. You must install ferrite beads 
"where indicated in Fig 1. All excess copper should be etched 
off the PC board to minimize the effects of RF propagation 
across the board. 

‘The collector voltage should be about 21-V de. It is sup- 
plied through а 317 three-terminal voltage regulator IC. Ad- 
justthe voltage until idling current reaches about 350-400 mA. 
Idling current value is not critical. You can readjust it for 
maximum power output after the amplifier is tuned up. 


Alignment 

Use a razor knife to trim the size of Z6, while simulta- 
neously adjusting C2 for maximum output, Make a straight cut 
‘across the foil, but don't remove the excess. If necessary, you 
‘can bridge the gap with solder to restore the length. Trim the 
size of Z2 in the same way, and adjust C1 for best input return 
loss, If possible, inspect the amplifier with a spectrum ana- 
lyzer to ensure itis stable. 
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Power Tubes at 432 MHz 


By Steve Powlishen, KIFO 


Тозе hih power arse shan 500: ouput at 

432 MHz within a typical amateur budget, still requires 

tive use of vacuum tubes, 432 MHz is in the gray area between 

VHF and microwave technology, Discrete component circuits 

will sill function a1 432 MHz, albeit with limited performance. 

More important, 432 MHz is short enough in wavelength that 

microwave-type circuitry such as cavities and striplines are 

small enough in size to be effectively used. Likewise, 432 

MHZ is a frequency where old technology glass insulation 

tubes will still function (at east some of the lower power tubes 

will) but with very poor performance. Most of the radial de 
sign ceramic/metal transmitter triodes and tetrodes will func- 
tion at 432 MHz: however, only a limited subset of the avail 
able models will provide acceptable performance. True 
microwave tubes, such as planar triodes work very well at 

432 MHz bat few ofthese type tubes exist that will run near the 

‘maximum amateur power level 

There are several parameters in a power tube's design 
that determine if it will function properly at 432 MHz: 

+ The element spacings must be close enough to minimize 
transit time problems. Transit time effects can resultin poor 
efficiency or worse make the tube literally non functional 

= The grid inductance (or screen) inductance must be low 
enough that degenerative feedback from the element induc- 
tance doesn't kill the gain of the tube, 

* Preferably, we want а tube that has a sel neutralizing fre- 
quency above 432 MHz so it can be neutralized in conver 
tional methods without requiring tuned grid or screen cir- 
cuits. 

+ The interelectrode capacitances must be low enough that the 
tube can be effectively resonated in efficient and easy 0 
construct input and output circuits. 

For high-power operation (500 W or more output) these 
requirements are only met by external anode tubes with 
ceramic insulation, With external anode tetrodes many of the 
common amateur perceptions about tube operation are either 
incorrect ог of little concern with these type tubes. Assuming 
that the four criteria listed above are met, that is a given tube 
design functions properly at 432 MHz, let's examine the tube 
characteristics that determine how much output power can be 


CATHODE AREA 
The primary limiting factor in how much power can be 
extracted from a tube is how much cathode current сап be 
drawn. Almost all the designs considered in this article have 
indirectly heated cathodes, That is, they use a solid surface 
cathode made of an oxide coating, which will freely emit elec- 
trons when heated toa minimum temperature. Although some 
differences in cathode coatings exist, most are similar. This 
means that the amount of cathode current that can be drawn is 
proportional to the cathode area. A general rule of thumb is 
tha, under conservative ratings, each centimeter? of cathode 
area will give 125 mA of continuous-duty CW cathode cur- 
rent. More recently, the widespread use of tubes in Class AB- 
AB2 and so called Class-B linear service has allowed more 
liberal cathode current limits of up to 250 mA per cm? of 
cathode area, Older tube designs, such as the 4CX250B have 
about 2 em? of cathode area. They are rated at 250 mA of 
continuous-duty plate current. While newer designs such as 
the 8874, have only slightly more cathode area, they are rated 
350 mA CW plate current and up to 500 mA plate current 
in intermittent CW and SSB linear service. Some of the larger 
tubes such as the 8877, 8958, 4CX 1000A and the 7213 have 
about 10 ст? of cathode area. These tubes are conservatively 
rated at 1000 mA of plate current in continuous-carrier 
vice, but they can run 1500 to 2000 mA of cathode current in 
intermittent service, 


GRID INTERCEPTION AND DISSIPATION 
(Grid interception and dissipation are closely related and 

not understood very well by most amateurs. Grid interception 
is the amount of cathode current the grid will grab from the 
electron stream going from the cathode to the plate. Cathode 
to grid spacing and alignment along with the plate spacing and 
physical grid structure size determine how much cathode cur- 
rent will wind up flowing through the grid structure. Older. 
design tubes such as ће 3-1000 (and itsceramic-metal version 
the 3CX1000A7) have high grid interception, such that their 
grid current will be 30 to 40% of the plate current, This high 
‘rid current means that valuable cathode emission is being lost 
tothe grid and cannot be converted to output power. This high 
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Table 1 


SPECIFICATIONS FOR TRIODE TUBES USABLE AT 432 MHz 


Plate Plate CCS WS Grid Max Freq Filament Capacitances (pF) Anode 
Diss. Мал Plate Plate Diss, Grd Max Vols Amps C, Cp Coy Dia 
mA. ma (W) mA Ratings 
acxaoou7ieset 400 1500 400 500 5 100 3000 — 63 зо 184 07 61 210 
GCXADOATIB74 400 2200 350 500 5 100 50 вз зо 205 0з 60 163 
SCX800A7 800 2250 600 650 4 60 350 135 15 260 05 61 250 
эсхвоои? 800 1800 soo eso 4 б 1000 135 15 233 04 62 25з 
vaso 4000 3000 600 600 15 50 1500 55 32 190 07 65 278 
тнзовв тю 2200 600 700 2 70 000 63 55 160 13 82 275 
van 1800 3000 600 600 15 50 180 57 зз 210 07 вз 318 
үзө 1500 3000 600 600 15 50 190 — 57 зз 180 07 73 318 
ul 780 2200 өю 700 2 70 1000 55 54 190 07 82 275 
тназв 1200 2500 600 70 2 70 100 вз 55 160 13 82 320 
30X1500U7/8962 1500 2000 1000 1500 30 200 100 50 117 280 04 130 338 
GCKISODATIBBTT 1500 4000 1000 1500 25 175 250 50 105 385 10 102 338 
8938 1500 4000 1000 1500 25 150 50 — 50 105 390 14 130 338 
NOTES: 1. Al triode tubes are specified for grounded grid, cathode driven oper 


2. Power output levels for all tubes except the 8938 reflect intermittent SSB voice or keyed morse code CW operation. 
3. The 8938 s capable of providing 1500 watts output at 432 MHz in continuous duly service. 
4. Surplus and used-cost figures are typical and may vary significantly with tube age, condition, warranty terms (it any) 


and market factors. 


grid interception also requires a substantial grid structure that 
is capable of dissipating the current (ie, power). This large grid 
structure in turn limits the gain of the tube and can also se- 
verely limit the high-frequency capabilities ofthe tube. If the 
grid was just made smaller however, the plate current could 
become uncontrollable. 

Inthe late 1960s a new cathode technology was devel- 
‘oped to focus the cathode current between the grid wires. 
Tubes employing this technology are called focused-cath. 
ode orlow-grid-interception tubes, By lowering the number 
of electrons which will be picked up by the grid. the grid can 
be made smaller, which raises the gain of the tube, makes 
more cathode current available to be converted to plate out- 
put power and when properly designed, both high frequency 
and linear performance of the tube can be improved. M. 
long time operators used to tubes with 25-50 W grid dissipa- 
tions are horrified at new technology tubes, such as the 
3CX800A7 with its 4-W grid dissipation. In reality, а prop- 
erly operating 3CX800A7 will deliver 750-W output power 
with 25 mA of grid current, whereas a 3-500Z can easily run 
150 mA of grid current at that same power level, The only 
times these low grid dissipations are a problem is if the am- 
plifier is accidentally driven without plate voltage present, 
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orifitis severely mistoned. The danger of harming the tubes 
сап be minimized by the inclusion of proper protection 
circuits. 


PLATE DISSIPATION 
Plate dissipation is fairly far down the list of power deter- 
mining factors foran external anode tube, With glass envelope 
tubes such as the 3.500Z, the primary means to dissipate plate 
power is by radiation off the plate. This is readily observed by 
the red, orange to white color of the plates under modestto- 
full power to overload conditions. It doesn't matter how much 
air is blown by such a tube—there is only so much plate dis- 
Sipation available. In an external-anode tube, the plate dissi- 
pation is directly proportional to how much air is blown 
through its radiator. In fact, most of the external-anode tube 
specification sheets will list plate dissipations far greater than 
their nominally specified value when higher arflows are used, 
The limiting factor in increasing plate dissipation becomes a 
combination of the decreasing ability of air to extract heat 
from the radiator at very high air speeds, and the limitation of 
the copper anode structure to conduct heat away from the 
metal-to-ceramic seals at a fast enough rate. In fact, as long as 
anextemal-anode tube has reasonable plate efficiency (>40%) 


neutralize, while others offer completely stable 
‘operation, Other traits, not usually spelled out 
on the data sheets, are power drift stability 


Height  432-MHz Linear Operation Cost 
Useful Orve dd New — Surplus 
Power Power Order IMD 
Ou(w) M) (ав) 

250 500 es -% sazo $200 

гм 608 — 35 535 s330 eo 

252 750 29 36 s330 $200 

285 750 25 -% 846% S220 

% 60% зг -40+ S20 тае 

320 — 900 es аы S1200 rar 

% 7000 29 40 $100 — rare 

319 7000 18 ан S1200 rare 

320 1100 — (2 40. 8000 те 

320 100 — 32 ан S1200 ae 

340 1500 90 40 $1800 care 

402 1500 150 зв 5650 8050 

357 1900 82 4 $1900 5600 


power gain in real 432-MHz circuits, allowable 
amateur intermittent voice and keyed CW power 


Pullou's levels and last but not least, availability through 
surplus channels. 

Two tables are included in this article, 

s “Table 1 ists the operating characteristics of the 

$100 extemal anode tubes which will work at 432 

MHz. Models that work well at 432 MHz are 

$100 included along with ones which are usable, but 

are not good performers. Key parameters to look 

m for when selecting a tube is its efficiency and 

$100 drive power. The tables мап ош by listing speci- 

fication sheet information for the tubes. Param- 

$100 eters such as plate voltage, plate current. screen 

voltage, interelectrode capacitances ete. are 

ne given. This information is what manufacturers” 

8100 data sheet provides for an amplifier designer, 

"This table tells you what parameters the tube 

s100 operates within, but not how it will react at 432 

MHz. The tables add to this data sheet informa- 

tionby giving actual operating parameters at 432‏ و 

з150 MHz. For triodes these operating parameters are 

given for grounded grid, cathode driven linear 

s100 operation. Power output levels reflect imermit- 

PS tem amateur SSB voice operation or Morse code. 


keyed CW operation. These ratings reflect long 
term reliable operation in these intermittent 
modes. 

For the tetrodes listed in Table 2, operating 
specifications are provided for both linear and 
Class-C operation. Note that some of the tet- 


a large enough blower will make the available cathode emis- 
sion the limiting factor in power output. 


NEUTRALIZATION 
Every tube listed in this information must be neutralized 
for proper operation at 432 MHz, This includes tetrodes when 
operated in either grid driven or cathode driven operation. It 
alsoineludesall ofthe listed nodes when operatedin grounded 
grid mode, Fortunately many of the listed tubes have self neu 
twalizing frequencies close to 432 MHz and can be neutralized 
with relatively casy grid or screen inductance tuning, More 
information is given in the 3CX800A7 amplifier construction 
project 
TUBE CHARACTERISTICS AT 432 MHz 
With this background information about power tube op- 
eration in mind, the capabilities and operating characteristics 
ofa numberof the available power tubes which will operate at 
432 MHz will be described. Tube data sheets don't tell the 
whole story. Some tubes work better than others. The number 
‘of tubes that work well at 432 MHz is small. Some will gen- 
erate their power with much better intermodulation distortion 
(IMD) products than others. Some are nearly impossible to 


rodesare not suitable for Class-C operation. The 
listed power output levels reflect intermitent 
SSB voice and keyed CW operation under linear specifica- 
tions. Athigher power output levels the tubes will either be not 
linear or not perform reliably over a period of time. C 
operation levels are given for keyed CW operation, For con- 
tinuous-carrier duty (such as FM or ATV) power levels must 
be reduced to at or below the tube's CCS ratings. More infor- 
‘mation on intermittent tube operation whichisoftenalso called 
IVS (Intermittent Voice Service) is given by Bill Orr: Tube 
prices are also included in Tables 1 and 2. The new list prices 
are typically for Varian Associates, EIMAC brand tubes. The 
EIMAC tubes are generally considered premium grade tube. 
Many of the more common tubes, such as the 4CX250B, are 
made by several manufacturers, whose list prices may be dif- 
ferent. Note that several of the tubes are proprietary models. 
thats they are made by only one manufacturer. The list prices 
аге not always hard and fast as some distributors and retailers 
may discount the manufacturers’ suggested retail price. Su 
plus prices are typical street prices for unused tubes that have 
become available to amateurs. They will typically not carry а 
manufacturer's warranty. Pull-out prices are for used tubes. 
Usually they are from broadcast or military transmitters. There 
are no set prices or availability for surplus and pull-out tubes. 
The prices given are sort of an average of what have seen he 
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Table 2 
Specifications For Tetrode Tubes Usable At 432 MHz 


ces ws Freq 
Tube Type Plate Plate Plate Plate Grid Screen Screen Max Heater Capacitances (pF) 
Diss e, mA. mA Diss. (W) bes (И) Un, Ratings Vols Amps С, Cp Сы 
40X250B/7203 250 2000 250 275 2 12 400 50 60 26 157 ой 45 
ÁCXeSOR/TSEOW 250 2000 250 325 2 12 50 50 во 26 175 004 48 
930 350 2400 250 325 2 12 500 500 60 26 175 00 49 
4CX300AB167 300 2500 250 300 2 12 400 so во 29 290 ом 40 
а6х60018809 600 3000 600 700 1 15 300 mo 60 54 500 013 63 
46x608 бо 3000 600 70 З 15 30 50 60 43 450 015 58 
7650 бо 2900 500 600 З 25 1200 1215 6з 79 35 on 53 
ACXIS00BC 1500 3000 900 1250 1 12 350 450 60 100 815 002 118 
7213 1500 3000 1000 1250 15 E] 3000 1215 55 171 420 017 174 
eee 1600 3000 900 1300 10 E] eso 40 38 205 350 — 100 
55-238 1600 3500 1000 1500 5 25 60 100 бз 57 330 003 115 
8792 1800 3800 700 1250 10 50 1000 40 55 173 380 ооз 160 
Notes: 


1. Specilied parameters are tor grid-driven operation 
2. Specified parameters are for cathode-driven operation. 


З, Surplus and used-cost figures aro typical and may vary significant with tube age, condition, warrany conditions (if any) 


and market factors. 


various tubes sell for in recent years. 
Let's take a look at the inside story of each of the tubes 
in the tables, 


4X150A/7034 

These tubes are not recommended for use at 432 MHz, 
Through 150 MHz the 7034 is as good as a 4CX250B both in 
power output and linearity. The 7034 also has a 250-W plate 
dissipation despite is "150 designation. The difference be- 
tween the 4CX250B and the 4X150A is that the 7034 uses a 
glass plate-to-screen insulator, This glass heats up easily at 
432 MHz and may develop holes or the seals may break. Do 
not confuse the 7034/4Х150А with the original 4X150. The 
original 4X150 has both glass base and plate insulators. The 
7034 has a ceramic base insulator, The original 4X150 will not 
even run acceptable power levels at 144 MHZ. 


ACX250B/7203 

‘The 4CX2508 has been а standard tube among amateurs for 
‘over 30 years, Twenty years ago the “standard” power amplifier 
design for432-MHz DX work was the K2RIW parallel kilowatt! 
“The original amplifierusedapairof 4CX250Bs,and was designed 
to operate at maximum efficiency in Class-C operation (CW ог 
FM, not SSB linear) at 1000 W of input, which was the legal 
‘amateur power limit before 1984. Sine the powerlimitwasraised 
to 1500-W output, tales of incredible power output levels from 
ACX2SOB tubes abound, butin reality the 4CX250B isa mediocre 
tube in linear service. About 600-W PEP linear output, from a pair 
of tubes, is all you get before IMD performance seriously deterio 
rates (2000 V on the plate, 550-mA peak plate current for 2 tubes, 
zero grid current). In true linear service а K2RIW amplifier wil 
run at about 55% efficiency. When run hard in Class-C service, 
efficiency will reach 70% with power output levels around 900 W, 

‘Some builders of the K2RIW amplifier have reported 
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instability and thermal drift. These problems are most often 
due to running the amplifier without neutralization. Some 
builders have neutralized the K2RIW amplifier by feeding 
back a sample of the grid voltage (by tapping on the center of 
the grid line between the tubes) back to the plate. Others have 
successfully tuned the screen inductance, Most builders report 
that neutralization is easier with the SK620 or SK630 type 
sockets, which incorporate screen shielding, than with the 
SK600 or SK610 sockets used in the original amplifier. 
Although some operators have run these tubes at even 
higher power levels, tube life is compromised. Essentially an 
‘oxide-coated cathode has a fixed amount of electrons that it 
will emit over its life. The choice is yours—do you want to 
stretch the cathode’ s life over several years, or do you want to 
use it up in a few months? If you make the decision to stretch 
the limits of the 4CX250B, you will be best off running the 
plate voltage higher than specified (up to 2500 volts under 
load) and keeping the cathode current within reason (less than 
300 mA per tube), Also be sure that the screen current is rea- 
Sonably low (less than 30 mA per tube). To comfortably reach 
the present amateur 1500-W output power level, some 
432-MHz operators have resorted to using power splitters and 
combiners to run a pair of K2RIW amplifiers simultaneously. 
Tim Pettis, KLTWE, described how he built hybrid power 
splitters and combiners to operate a pair of the K2RIW ampli 
fiers? МАВ has used a similar approach to combine a pair of 
8874 amplifiers and a pair of 3CX800A7 amplifiers. 
‘Common surplus availability at reasonable prices makes 
the ACX250B attractive. The 4CX250 also comes in some 
newer flavors, the 4CX250BC/8957, which is a premium- 
quality high-tolerance version and the 4CX250FG/8621, 
Which has a 26.5-V filament. A water-cooled version of ihe. 
ubiquitous 4CX250, the 4W300B/8249, is also made. There 
areeven conduction cooled models of the "250, the 8560A and 


Linear 432 МН2 Typical Class C 
Мах Height Power Linear. Linear rd Order Power Оте, ЕТ Cost (sus) 
Dia Ои (И) Dave (W) E (%) IMD (dBc) Ош (И) Power(W) (%) Notes New Supls Used 
164 264 эю 10 „ 25 40 25 ю m © 5 10 
164 204 45 12 5 25 So 30 ю (q ms e 15 
208 246 425 12 55 25 50 30 ю % 195 80 25 
164 250 35 10 5 23 So 25 7 % mo 4 18 
208 271 750 20 s 35 na na wa (2) 1000 150 35 
208 245 759 23 „ 3s soo 50 LM 1200 rare 50 
206 240 60 30 5 A 90 28 64 @ 1100 100 з 
338 513 1500 85 ю x na па na ©) 1000 rae тае 
375 зм 1900 70 so 27 1500 100 65 @ 2800 250 100 
aya 433 1800 75 56 % 2000 500 150 
ass 425 1500 60 56 @ 250 те 
575 зм 1500 70 „ 7 @ 2500 350 00 


8560AS, Conduction-cooled tubes are not very practical fora 
high-power 432-MHy amplifier due to the limited available 
plate dissipation and because of the addtional plate-to-ground. 
‘capacitance of the tube-to-heat sink junction, 


4CX250K/8245 
A coaxial-base version of the 4CX250B, the 4CX250K 
will generate the same power output as a 4CX250B, With a 
properly designed input circuit a 4CX250K can do it at lower 
drive levels. The pulse rated 4CPX250K/8590, along with the 
26.5-У filament (4CX250M/8246) versions are also usable. I 
have often seen the 26.5-V filament tubes in the 4CX250 fam- 
ily languish on flea-market tables. Filament transformers with 
28-V secondaries are readily available, andit isa simple matter 
toconvertanamplitier о 26.5-V filament operation. So, don't 
pass up the 26.5-V filament tubes when the price is right. 


4CX3S0A/8321 
The 4CX3S0A is a ruggedized, high-lincarity version of 
the 4CX250B. lts spec sheet looks great—full ratings to 
110 MHz, 2500 У at 300 mA and better linearity than the 
2508. Several amateurs who have tied the 4CX350A, how- 
ever, have reported poor efficiency and instability. This "poor. 
operation could be a result of just substituting the 350A» for 
4CX250Bs without properly adjusting the amplifier for them. 
The ACX3S0A uses a “stretched” cathode giving it more cath- 
‘ode surface area and, hence higher cathode-current capability. 
‘This design change requires retuning if not modifications to 
the amplifier's input and output circuits, due to the substan 
tially higher imerelectrode capacitances of ihe 4CX350A. The 
different internal construction of the "380A also requires sub 
stantially lower grid-bias voltage. This difference in the grid 
structure gives the 4CX350A its better gain and IMD charac- 
teristics, but atthe expense of zero grid dissipation. This makes 


the "350 usable only in linear service. An operator who is 
primarily interested in SSB operation may want to consider 
adapting aK2RIW amplifier these tubes, but an EME opera- 
tor who is interested in maximum CW power would be better 
‘ff using 4CX250Rs. One may also wonder what special magic 
gives the 4CX350 100 W more plate dissipation, since it is 
physically the same size, The sleight of hand used is to higher 
specified air flow. Amateurs get very hung up on plate dissi- 
pation. On an external-anode tube you should consider the 
rated dissipation as a nominal value. It is completely depen- 
dent upon temperature altitude and air flow. Cathode emission 
is the more critical elementin limiting tube power! As with the 
4CX250B, 26,5-V filament versions exist (4CX350F/8322 
and 4CX350F 8904), The 4CX350F] also has improved IMD 
characteristics over the other 4CX350 models. 


ACK2SOR/TSSON, 8930 
These are the best models in the 4CX250 family of tubes 
and the only ones for which I would spend top dollar. Al- 
though the 250R is nominally rated the same as the B models, 
its better internal construction allows for a manufacturer's 
specification of 325 mA of peak plate current per tube in linear 
service, The 4CX2SOR was originally designed to withstand 
severe shock and vibration, as in airborne equipment. The 
8930 is internally an identical tube to the 72508, but has а 
larger anode radiator than the 4CX250R, This larger radiator 
gives a nominal plate dissipation rating of 350 W. The 8930 
also has a linear service maximum-plate-voltage rating of 
2400 V. In amateur service, even the 4CX250R can be com- 
fortably operated with 2400 V on the plate. The better charac- 
teristics oF the 4CX250R and $930 allow them to be comfort- 
ably run in а K2RIW-type amplifier in intermittent operation 
21432 MHz with a plate voltage of 2400 anda plate current for 
а pair of tubes of 650 to 700 mA, This will provide over 
эз 
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800 W of linear output power and, when gently run in Class C, 
1100-W outpot—only 1.3 dB below the legal limit. If you can 
locate the sockets at a reasonable price it will be worth invest- 
ing in new 8930s or 4CX250Rs. If you have to purchase the 
sockets at new price you may be better off spending the money 
on 3CX800ATs. 


ACX300A/8167 
The 4CX300A/8167 is a fairly early external-anode 
‘ceramic-metal tube design that dates back to the late 19505. It 
is suitable for either Class-C or AB! linear operation. These 
tubes have been successfully used in 432-MHz amplifiers. 
Power capability is slightly better than the ACX250Bs. how- 
ever, reports from some users claim bad thermal drift. Other 
users have not reported any thermal problems, while obtaining 
significantly better power output performance than from the. 
4CX250 family. Since 1 have never used 4CX300As at 
432 MHz, I can't comment about the thermal drift. It may be 
inherent in the tube design, due to an amplifier problem, or 
simply a case of the amplifier needing neutralization, From 
looking at tube prices, it should be obvious that you would not 
want to sink serious money into 4CX300As, but they are cer- 
tainly usable if the price js ight and you can also locate sock- 
ets. The 4CX300As use a twistlock base, like a mini 
ACX 000A. They are not directly interchangeable with the 
4CX250 family but they are similar enough in plate character- 
isties to be adaptable to the same circuits asthe 4CX250 circuit 
designs. The input capacitance is almost twice that of a 
4CX250B which will necessitate some extra effort to get а 
good input circuit functional. A push-pull amplifier design for 
the 4CX300A appeared many years ago in OST, Atleast one 
builder has reported success in adapting 4CX300As to the 
venerable K2RIW parallel design. There is also a high-cath- 
ode-current version, the 4CX300Y/8561. The 4CX300Y has 
significantly higher input capacitance, and may require 
changes tothe input circuit if itis substituted for the 4CX300A, 
The high-current versions are not as common in surplus chan 
nels, have а specified limit of 110 MHz for maximum ratings, 
and are more suitable for use at 144 MHz than at 432 MHz. 


8122, 8122 

The 8122 has a bad reputation for thermal drift, poor 
reliability and high IMD levels. The 8122 has an 11-рїп base 
like the 8874, Sockets are made from | 1-pin sockets in com- 
bination with separate screen bypass capacitors. I have not 
used 8122s at 432 MHzso 1 don't know ifthe thermal drift can 
be eliminated. I don't recommend purchasing 8122s for use on 
432 MHz. Even f you have some 8122s lying around, you may 
want to find an HFer with a National NCL-2000 amplifier or 
NCX-1000 transceiver, sell him the tubes and buy something 
else. 


3CX400U7/8961 

The 3CX400U7 is a coaxial-base version of the 8874, 
designed for use up to 900 MHz, Varian built а large number 
of 850-MHz cavities, which Motorola used in cellular phone 
and paging transmitters. As Motorola replaced them with 
solid-state units, they sold the old tube units to hams for only 
$50, а great deal for 20010 300 W at 902. This great deal came 
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to an end when some enterprising hams were caught buying 
the cavities for $0 and reselling them at a tremendous profit 
tocompeting commercial interests. Now, reportedly, Motorola 
crushes the cavities when they are taken ош of service. 1 
wouldn't recommend purchasing new 3CX400U7s, as the 
money would be better spent on 3CX800A7 or an 8938, If 
you find a pair of 3CX400U7s surplus they will make a cool, 
linear and efficient KW of output power at 432, as long as you 
don't mind making the coaxial sockets. 


3CX400A7/8874 

‘This rugged. reliable triode has been around since 1971. 
It was designed by Varian Associates as a triode version of the 
4CX250 family. Since the 8874 was designed a decade after 
the "250 family, it incorporates within the same physical size 
better power output and linearity than its tetrode relatives. The 
8874 uses an 11-рїп base, and early versions looked just like 
the 8122. In the mid 1970s Varian made some improvements 
tothe 8875 and incorporated the 4CX250B style ceramic in its 
plate to grid ring insulator along with a `250 style screen ring 
for its grid ring. The 8874 is easily adaptable to the K2RIW 
parallel kilowatt design. A pair of tubes in a K2RIW-type 
amplifier will give 1100 to 1200 W of intermittent service 
‘output power in stable and linear format. 1 also described a 
single tube 8874 amplifier** that delivered 550 to 600 W 
output, The 8874 now costs new, more than the newer and 
more powerful 3CX800A7, making the 800 the logical choice 
for one purchasing new tubes. There is a conduction-cooled 
model of the 8874, the 8873. The 8873 is not suitable for a 
high-power 432-MHz amplifier for the same reasons described 
in the 4CX250B section where the conduction cooled 
ACX250B is discussed. Another version of the 8874, the 8875 
uses cross tube airflow. The 8875 is not a good choice for a 
432-MHz amplifier due toits lower plate dissipation and larger 
size. In addition they are very difficult to find at surplus price. 
The 8874 is used in a few commercial transmitters along with 
a great number of amateur amplifiers. This has made the 8874 
widely available in surplus and pull-out channels, however 
when purchasing them you will be competing with owners of 
older ETO Alpha amplifiers. Varian also made some 450-470 
MHzcavities that used a single 8874. These units occasionally 
show up surplus and they can be easily converted to 432 MHz, 
In summary, the 8874 is highly recommended for use at 
432 MHz, although if you are purchasing new tubes you will 
be better off getting 3CX800A7s 


3CX800A7 

This is one of the newer tube designs. Introduced in 1984, 
itis an improved 8874 featuring very high power gain, for a 
ıriode, and a large anode radiator. Testing of a single tube 
432-MHz amplifier has reliably given long term CW power 
levels approaching 600 W, An output of 750 W per tube (1500. 
for apair)is easily obtainable in intermittent service, Due to the 
close grid spacing and precise internal construction, running 
the 3CX800A7s at high power requires grid overload protec- 
tion circuits. A compact single tube 3CX800A7 amplifier de- 
signed and built by the author appears elsewhere in this book 
as does an amplifier which uses a pair of the 3CX800A7s. 
Although the tubes are a bit pricey when purchased new, the 


sockets are low in cost when compared to tetrodes, the opera- 
tion is stable, efficient, linear and reliable. Ifyou are purchas- 
ing new tubes, the 3CX800A7 is probably the most cost-ffec: 
tive solution о high power on 432 MHz when long tube life and 
reliable operation is considered. At 1500-W output on 
432 MHz, the tubes are somewhat stressed, as they are operat- 
ing at a frequency 23% higher than specified for maximum 
ratings. At432 MHz it is advisable to run only SSB and keyed 
CW, keeping key down tune up times as short as possible when 
running full power. Several users of 3CX800A7 at 432 MHz 
have had tubes go soft айег а few years. In examining their 
operating habits it was found that their amplifiers were not 
neutralized and they did not take care in keeping cathode cur- 
rent within reason, There is also а pulse rated version the 
3CXPSODAT. For linear amateur service, the pulse version does 
not present any major advantages over the standard model, 


3CX800U7 

‘This is a coaxial-base version of the 3CXSOOAT. It fea- 
tures about 10% lower input capacitance and 25% less 
feedthrough capacitance, ts specified CW ratings are valid 
through 1000 MHz (although these ratings are reduced from 
those specified for the 3CX800A7). At 432 MHz in intermit- 
tentamateur operation, the 3CX8OOU? will be capable ofsimi- 
lar power output levels as the 3CX800A7 but in a properly 
designed circuit it will require less drive power and it may 
have slightly higher output efficiency. The extra cost of the 
3CX800U7 is not warranted over the 3CX800A7 for an ama- 
teur 432-MHz amplifier. So far the limited volumes in which 
3CX800A7 has been produced makes surplus orpull-outavail- 
ability unlikely 


3CX60007 
This liude-known and hard-to find-tube would be perfect 
for use at 432 MHz. [c was designed as a big brother for the 
3CX400U7 for use up to 1000 MHz. At 432-MHz, 1500-W 
‘output for a pair would he easily obtainable at high efficiency 
and low drive levels, Unfortunately, the 3CX600U7 was never 
produced in significant numbers and is now obsolete 


тнзов, TH328, TH338 

These tubes are members of a large planar tube design by 
the Freach company, Thomson-CSF. Their technology has 
allowed them to develop some very high-power. high-linear- 
ity tubes for the UHF frequency ranges. Conceptually, these 
tubes are built like a giant 7289/2C39-type tube. The cathode 
area ofthese tubes is almost 5 times that ofa 7289. The TH308 
family was developed primarily for use in linear TV translator 
service through 1200 MHz, Their three-tone IMD performance 
is typically beterthan-52 dBc (at 200-W carrier level). These 
tubes will generate 300 to 600 W at 1296 MHz in intermittent 
amateur use. In a properly designed 1296-MHz circular- 
cavity plate circuit, the tubes will run at 3010 35% efficiency, 
Pull outs of the TH308 family of tubes (primarily the TH328) 
are starting to show up regularly in the US, coming from tele- 
vision translator amplifiers. The internal construction of all 
three tubes similar, with the TH328 and TH338 having larger 
anode radiators, At 432 MHz, these tubes should approach 
60% efficiency and will give excellent IMD performance. On 


the other hand, if you are also a 1296-MHz operator and have 
a limited tube supply, you may want to save the tubes for that 
band. At 432 MHz, the TH308 should deliver over 900-W. 
‘output, while the TH328 and TH338 may provide 1000 to 
1100 W. The tubes have very high gain for а triode, close to 
204B forthe "308 und "338 and over 15 dB for the 328. These 
high-gain designs result in very low grid currents (less than 
70 mA) and very low grid dissipations of about 2 W. Because. 
of the low grid dissipation, be very careful in operating the 
tubes—grid protection circuitry is a must. In addition, these 
tubes are not the right choice for an operator who likes to push 
tubes. The high gain of the tubes mean the amplifier must be 
neutralized. One unique aspect of these tubes is that the anode 
air radiators sit on a tapered base and are easily removable. 
This makes them adaptable to water cooling, which is very 
popular at 1296 MHz 


Y730-YUI29, V831, V846 

These tubes are members of a series of Varian and 
EIMAC large planar triodes. They are patterned after the 
Thomson TH308 family and are also primarily intended for 
use in UHF-TV translator applications. These EIMAC models 
are rated at higher plate voltages, however they have a smaller. 
cathode area and use a different (and lower dissipation) grid 
than the Thomson tubes, For amateur use at 432 MHz, the 
purchase of these tubes new would be hard to justify as their 
power output would only be slightly higher than a 3CX800A7 
but their cost is 2-14 times as much. The YUI29 is an IMD 
grade-out version of the Y730 that is suitable for amateur 
‘operation, and has а much lower price tag than the YUI29. 
"These tubes do not perform as well as the Thomson models at 
1296 MHz (20-25% efficiency at best), making them available 
foruse at 432 MHz. A1432 MHz, efficiencies for the tubes will 
be around 60%, with available output power in the 800-W. 
range. The limiting factor in output power will be a combina- 
tion of cathode current and grid dissipation. The low output 
capacitance of these planar triodes lets them be used in simple 
stripline circuits as well as in resonant cavities. The relatively 
large diameter of the anode radiators used on these tubes (2.8 
їп. for the Y730 & TH3OS and 3.2 in, for the V831, V846, 
“TH328 de TH338) makes the use of a pair of tubes in a single 
432-MHz amplifier a difficult (but not impossible) proposi- 
tion. Therefore, these tubes are best suited to an operator who 
desires low drive requirement, excellent linearity and is satis- 
Tied with about 800-W output. These tube models are now 
‘obsolete and have been replaced by a new series of tubes (d 
scribed below), The information is included because these 
‘older tube series сап often be found surplus or as pull-outs and 
are suitable for 432-MHz operation. 


YU328, YU338, YU339 
These tubes are a set of improved Varian UHF planar 
triodes. The YU328 replaces the ¥730, the YU338 replaces 
the Y831 and the YU339 replaces the Y846. The new tubes 
feature improved internal construction (primarily in the grid) 
and have significantly better performance characteristics, 
particularly at higher frequencies. Although these improve- 
ments make them a better tube for 432 MHz, operation of the 
tubes is greatly improved at 1296 MHz, which means those 
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trying to locate surplus of pull-out tubes will face competition 
from 1296-MHz operators. Any of these tubes will be capable 
of over 1000 W output at 432 MHz. The new price of these 
tubes is fairly high and as with any new tube it will ake a few 
years before surplus and pull-outs become readily available 


7650, 8791 

RCA stopped marketing their products to hams around 
1970, so its tubes aren't very well known by most amateurs. 
After General Electric acquired RCA it sold off the RCA tube 
business, These tubes and many other RCA designs are still 
made by Burle Industries, whose main focus is tubes for VHF 
and UHF television transmitters. The 7650 has been around 
Since around 1960. It is a mid-size tetrode that has over twice 
the power-output capability as a single 4CX250B. Over 
1000 W output can be obtained running Class C in intermittent 
keyed CW service, but it is not very linear above 750 W out- 
ри. A pair of tubes will easily run the 1500-W output limit. 
The 8791 is an updated version of the 7650 that has drastically 
improved IMD performance. The 8791 is used as a driver 
Stage in some VHF television amplifiers and pulls сап occa- 
sionally be located at reasonable prices, The 7650 and 8791 
are essentially interchangeable in а stripline amplifier with a 
little adjustment to the tuning. K2U YH has been running a 
single tube 7650 amplifier for years (one was documented in 
the Lunar Letter) l Recently, DLTAPY built a pair of 7650s 
and reports 1500-W out is very easy to obtain. The 7650 is 
often available surplus, but is usually passed up because few 
‘amateurs know what they are or what to do with them. Be 
‘careful when getting broadcast pull-outs as some stations use 
‘uptheentie life othe tubes before replacing hem. You should 
be sure that several tubes are available before building an 
amplifier. I have also seen a couple of different single-tube 
7650 cavities that looked like they would tune to 432 MHz 
The 7650 and 8791 are very good tubes to use at 432 MHz if 
you can find them at a reasonable price, you don't mind the 
‘complexities of tetrode operation and if you are capable of 
fabricating your own coaxial sockets 


ACX600J/8809-Y 84, 4CX600JA/8921, 4CX600JB. 

These very exotic and very expensive tubes were designed 
Tor demanding military airborne applications, The 4CX600 fam- 
ily was essentially Varian’s answer to the RCA 7650-8791. The. 
4CX600J and its large anode brother the 4CX600/A/8921 have 
found their way into various military amplifies. They can be 
made to run very linearly and reliably at 750 W output per tube. 
"The base is physically the same as a 4CX250, however, the elec» 
trical pin outis different, requiring modifications toexisting sock- 
ets ог the construction of your own. The anode of the 4CX600 is 
the same diameter asan8930(2-in.nominal) while the ¿CXGDOJA. 
hasalarger2 5-in diameter anode. The 4CX600IB isaneconomy 
-versionof the 600] thatusesasmooth. non-focused cathode. This 
results in higher drive requirements, but, due to this ow gain the 
IB is more suitable for amateur use. The most-common surplus 
and pull-out version of the CX600 family is probably the Ү 584. 
"The YS84 is similar to the 4CX600) and is used by Rockwell in 
an airborne transmitter that runs а pair of tubes in the final. A 
though the specified highest frequency for maximum ratings is 
mo nit jt will work wellinintenmitent amateur service through 
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432 MHz A pair would make a formidable 432-MHzampliferif 
you could overcome the inherent design complexities of a very 
high-gain tetrode at UHF frequencies. The 4CX600) uses avery 
Fine grid structure to obtain its high performance. Because of this, 
the 4CX600 requires very tightly regulated grid and screen sup- 
‘plies. Its grid dissipation is only 1 W, so only linear operation is 
permitted and protection circuits are required. In addition, effec- 
tiveneutralization is mandatory for proper operation. Finally run- 
ning them cathode driven would be the way to go. At new tube. 
prices there are much better tube choices for use at 432 MHz. L 
have often seen large quantities of 4CX600) and YS84 pull-outs 
at bargain prices. The builder with limited financial resources but 
lotsol ime and ambition may wantto give the tube агу. А single 
tube 432-MHz cavity was built and described by Varian * 


4CX600B, 4CW800B 

“These ше wide-band UHF versions ofthe 4CX6007. They 
use an unusual screw-stud base with a boll-in-place screen 
ring. Joe Reisert, W IJR, used4CW800B (water cooled) tube. 
in a rectangular cavity for many years, He reports 900 W out 
is obtainable, but he also seems to go through a tube every few 
years. The design of the cavity was described in an EIMAC 
application note ? Watercooling has become quite common in 
amateur circles on 1296 MHz, but is rarely used on the lower 
bands. As with most tubes aimed at the military market there. 
are 26.5-V filament versions, the 4CX600F and 4CW800F. 
‘Again, don't invest money in them but if you find them cheap, 
they're worth considering. 


4CX1000A/8168, 4CX1000K/8352 

The 4СХ1000А is an old external-anode tetrode de 
signed by Varian in the late 19505. I is known to amateurs 
primarily because it was used in the Collins 305-1 HF linear 
amplifier. The 4CX 000A has also been used in a number of 
military amplifiers and is often found surplus, These tubes 
are not recommended for use at 432. Reportedly, K2CBA has 
made them work, but they will require a bit of effort to get set 
up properly. The only difference between them isthe ring for 
the screen contact (instead of 3 tabs) on the К. If used in a 
proper socket, the screen ring can give higher input-to-output 
Isolation (stability) at УНЕ. When these tubes are used in 
their standard sockets (SK810, etc) they will have a self- 
neutralizing frequency below 432 MHz, If you are going to 
give these tubes a try the best way to get them to work is to 
run the screen at ground (use a socket without screen bypass. 
capacitor) and float the cathode. Bypassed screen operation. 
may require toning the screen to neutralize it. The very high 
input capacitancein grounded-cathode operation (84 pF) also 
makes the cathode-driven configuration a must at 432 MHz, 
This is the procedure used in almost all large commercial and 
military UHF tetrode amplifiers. The screen at de ground 
method of operation was thoroughly described ina 144-MHz 
grid-driven amplifier You would probably be better off 
using a 4CX1000A on 144 MHz or 220 MHz, and using 
something else on 432. 


4CX1500B/8660 


This is simply a newer, more linear version of the 
4CX1000A, The same caveatsas with the 4CX 1000A apply 


use it on 144! EIMAC prototyped a coaxial-hase version, the 
4CX1500BC, but this version of the tube is not readily avail 
able. 


3CXI000A7/8283 
‘This isa ceramic metal version of he long-lived 3-1000Z. 
that uses a 4CXI000A -type twist lock base. A 432-MHz am. 
plifier was described using the 3CX1000A7." It gave substan- 
tial power out, but used lots of drive power (it had about 7-48 
вайп) and had poor efficiency (less than 40%). The only reason 
‘why it gave reasonable apparent efficiency was due to all the 
drive power it required. The 3CX1000A7 is not а good per 
former at 432 MHz, due to its high grid inductance and a too- 
wide cathode-to-grid spacing. The tube is better off in an 
amplifier for 222 MHz or lower. EIMAC now makes another 
‘ceramie-metal version of the 3-1000Z, the cx 12007. This 
tube is designed to use the same socket as the 3-1000Z, and is 
notsuitable for use above 100 MHz. Still another version ofthe 
tube is now made, the 3CX1200Z7/YUIBI. This tube is a 
3CX1200A7 that adds a low-inductance grid-contact ring. It is 
‘not suitable for use at 432 MHz, but the 3CX 1204027 should be 
investigated by serious 144-MHz amplifier builders 


8877/3CX1500A7 

The Varian 8877 is an amateur standard through 222 MHZ It 
is now commonly available in surplus, due to good acceptance in 
the commercial market, The 8877 isa great tube below 250 MHZ, 
but it's marginal on 432, Due to element spacings which are too 
wide for 432 MHz, its efficiency is poor 35 to 40%). In addition, 
its pin socket arrangement makes the cathode inductance high 
enough that an effective input circuit is hard to design. A combi- 
nation of both of these effects limits the 8877 s power gain toa 
relatively low 10 dB. If you do run one, use lots of plate voltage 
(over 3000 V under load) and lots of air. You can get 1500-W out, 
baron underintermittentoperating conditions. W8YIO,KSAZU 
and KSWW are among the amateurs with experience running the 
8877 at 432 MHz. KSAZU described an input circuit for the #877 
21432 MHz." И has similar plate characteristics to the 8938 and 
сап be used in 8938-type plate circuits. Henry Radio introduced. 
the 3004A 432-MHz amplifier with an 8877, however, they 
quickly redesigned the mode! to use the 8938. A pulse version of 
the 8877, the 3CPX1500A7 is also made. At least one amateur 
(WBOQMIN) reported slightly better results with the pulse version 
31432 MHz. If you have 8877s available at a reasonable price and 
you have lots of drive power, you may want to consider building 
эп 8877 amplifier and hope that you can find an 8938 1o replace 
it with at a later date. 


3CX1500U7/8962 

This is a higher frequency version of the 8938, designed for 
useat upto 900 MHz. И will work very well at 432 MHz, its very 
eloseinternal spacings limit plate voltage to 2000 V. lt will be very 
езу to obtain 1200-W output at 432 MHZ with the 8962, and it 
could be pushed to as high as 1500 W. The 8962 has been discon- 
tinued by the manufacturer. The tube is included in this informa- 
tion because I have seen them at flea markets. 


7213, 7214 
These are a couple more old work horse RCA tubes. Both 


эге tetrodes with 1800 W of plate dissipation and are CCS 
rated at 3500 volts and 700 mA of plate current. This is the first 
single tube on the list which will comfortably generate 
1500 W of power at 432 MHz. The 7214 is а pulse-rated ver- 
sion ofthe 7213 and is also usable. Several surplus 7213/7214 
cavity designs exist that operate in the 432-MHz range. A 
number of amateurs have tried to make the 7213 work in 1/2 
stripline circuits, but none that | am aware of were ever suc- 
cessful in getting the designs to work properly. The primary 
problem with their designs appeared to be the use of ineffe 
tive screen bypassing, One solution could be to run the screen 
at de ground. Screen inductance, capacitance and coupling 
between the input and output circuits are all critical раги 
eters, which must be managed before the tube will operate 
successfully at 432 MHz. One military cavity 1 saw used a 
tuned screen cavity for neutralization. Another potential prob- 
lem with using the 7213 in a 2/2 stripline is that the output 
capacitance of the 7213 is high enough that the first quarter 
wave of the line almost disappears within the tube. This can 
cause problems getting the line to work properly and be able 
tocouple power out of it. K2CBA built a 7213 amplifier which 
uses à А line arranged in a coaxial form." This design is 
reported to work very well, although it is physically fairly 
large. Another arrangement which should work properly is to 
use a M2 stripline that has the tube located in the center. This 
circuit will require plate blocking capacitors, as either end of 
the stripline has to be at RF ground. However, this arrange 
ment forces more balanced RF circulating currents. The same 
is true for the K2CBA design, which is probably key to its 
success. Another detail in the K2CBA design worth noting 
was his placement of the screen capacitor plate below the RE 
deck chassis, onthe input side. This arrangement assures much 
better plate isolation, а critical factor in obtaining amplifier 
stability. In cathode-driven operation, (the recommended 
method) power gain will be over 13 dB. The 7213s are com- 
monly available surplus at reasonable prices. The time re 
quired to make an amateur design work right will be time well 
spent, The 4661 is a similar tube to the 7213. It has different 
anode radiator and a taller screen to plate insulator 


втөзү1 

This isa modern, linear version of the 7213. There is also 
aide band. high-gain version, the 3972/۷2. What pertains to 
he 7213 pertains to the 8792, except that they are much harder 
to find surplus and they will provide а much cleaner SSB 
signal, They are designed to work cathode driven (as аге the 
7213, 7214 and most other UHF tetrodes). The 8792 is used in 
several high band VHF-TV transmitters and in some FM- 
broadcast transmitters, making local broadcast stations а pos- 
sible source for these tubes 


Y11050 Family, GS23B 
The YL1050 is a relatively common European UHF 
tetrode. It is part of a series of UHF tetrodes made by 
Seimens, It will comfortably run 1500 W output in a 
proper circuit and is used by a fair number of European 
432-MHZ-EME operators. Other members of the 
YLIOSO family are the YLIOS2, YL1055, YL1056. 
YL1057 and YL1058. All are similar in dimensions and 
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power capability, with the YL1058 having the highest 
ratings, The YL1050 through YLIOS7 are capable of 
working at over 1000 MHz. There is also a Russian- 
manufactured version, the GS23B. The GS23B is similar 
in size and capability to the YL1050 but it is not an iden- 
tical replacement for it, With the opening of world mar- 
kets, tubes such as the YL1050 and GS23B may become 
readily available in the United States. At the current 
exchange rates with the Russian ruble the GS23B may be 
the best bargain of all. At the Thorn UHF conference in 
1992, brand-new GS23Bs were available for under 
0552001 


GS35B 

The GS35B is a Russian VHF triode that is some- 
what similar to an 8877. Its internal construction is dif- 
ferent enough that it works well at 432 MHz. A few of 
the Russian and Ukrainian EME operators are using the 
GS3SB and they report a stable 1500-W output is obtain- 
able at 432 MHz. In addition, tube life is excellent at that 
power level 


TH331 - TH347 Family 

The TH331 is part of a Thomson-CSF family of UHF 
TV tetrodes. Thomson-CSF developed a technology to 
make the grid structures out ofa special type of graphite 
These graphite grids solved many of the problems asso- 
ciated with secondary emission and dimensional changes 
in the grid structure due to heating from the cathode and 
RF power, while still allowing them to use fine enough 
wires in the grid. These dimensional changes can lead to 
poor and unreliable operation. The TH331 is capable of 
1500-W output in intermittent amateur service at 432 
MHz. The different models in the TH331 family move 
‘up in power level such that the TH347 is capable of 5000. 
W output or more at 432 MHz. There are also some even: 
larger members of this tube family, the TH563-THS82 
which are capable of power levels up to 40,000 W. 
through most of the UHF TV spectrum! Various tubes in 
the TH331 family are used by many European 432-MHz 
operators. They are excellent tubes to use at 432 MHz as 
long as the builder is capable of handling a large UHF 
tetrode. 


8938 

‘The Varian, EIMAC 8938 is the ИНЕ version of the 
8877. Depending upon plate voltage and drive levels, it 
will run at 52 to 57% efficiency at 432 MHz. A single 
tube will easily deliver 1500-W output in continuous- 
duty service, while being stable and linear. The only 
technical drawback of the 8938 is its relatively low 
power gain (about 12 dB when stabilized). The chief 
problem with the 8938 is its cost. The list price for the 
8938 is now $1800, and surplus or pull-out availability 
is very limited, Varian now only makes a handful of 
8938s a month, as only two commercial/military trans- 
mitters in active service use it. A 3/2 stripline amplifier 
1 built using the 8938 appears later in this chapter. The 
8938 is also quite suitable for operation in a 244 cavity 
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At one time, Varian built a commercial cavity for the 
430-470 MHz range. Although the cavity is no longer 
made, a few 432-MHz enthusiasts with access to ma- 
chine shops have kept the design alive by building cavi- 
ties patterned after the EIMAC design. There is also a 
water-cooled version of the 8938, the YU-157. 


4628 

The RCA 4628 is a brute of a tube, designed for 
UHF-TV transmitter service, It will very easily run 1500. 
W output. As with most UHF tetrodes it is designed to 
run in eathode-driven service. ls gain is relatively low. 
about 11 dB. 


CONCLUSION 

‘There are a variety, of tubes which will operate at 
432 MHz. All of them have external-anode construction 
with ceramic insulation. For amateur service, the sim- 
plicity and performance of a modern high-gain low-bias 
triode makes them the preferred choice. If cost were no 
object, the EIMAC 8938 would be undisputed first 
choice for a 432-MHz amplifier. When a budget is fac- 
tored in, à pair of ЗСХВООАТ is a good choice, if your 
prefer triodes and are buying new tubes. In addition, the 
small physical size of the 3CX800A7 allows amplifier 
designs made from standard 3-in. high aluminum chas- 
sis, eliminating the need for special metalwork. The 
7213-8792 is my second choice to the 8938 in terms of 
power capability, but you'll have to live with the addi 
tional complexity and critical tuning of a tetrode. The 
primary advantage of these types of tetrodes is that they 
эге more available surplus at modest prices. The 7650- 
8791 are also very good tubes if you can find them at the. 
right price, For the budget-conscious, the 4CX250 fam- 
ily, especially the 4CX250R and 8930, will still give 
respectable performance, 

Опе of the problems in writing an article such as 
this one. is it lets many more hams in on the secrets of 
which tubes are most useful. If you come across any of 
the desirable tubes, please use them or pass them оп at 
Your cost to someone who will. This is only a hobby, so 
don't mess up the works, as others have, trying to make 
money off companies and individuals nice enough to sell 
ог give away their surplus equipment to amateurs. And 
finally, please don't hoard tubes and sockets that you 
will never use, Unused tubes actually do have a shelf 
life, as their vacuum seals can start to leak, making that 
gem on the shelf useless. If you're not going to get on the 
air, please pass them on to another amateur who will put 
them to good use. 
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А 3СХ800А7 Amplifier for 432 MHz 


By Steve Powlishen, KIFO 


Гаваа 412 MHz power stir using a 
single 8874 tube.’ The popularity of the amplifier Far ex- 
ceeded my expectations, While stable, linear and efficient, the 
8874 amplifier had several drawbacks: 

1. Construction required considerable metal fabrication, 
as the RF enclosure dimensions didn't correspond to a stan- 
dard chassis size. 

2. At432 MHz, the 8874 requires over 35-W drive for full 
outpui—more than current 25-W transceivers can provide 

"The introduction of the EIMAC 3CX800A7, essentially 
an improved 8874, provided the inspiration to build a new and 
improved amplifier. I wanted higher gain and simplified con- 
struction. In addition, this amplifier has TR switching volt- 
ages and currents compatible with low-power solid-state trans- 
ceivers, and tube-protection circuitry 

The IMD performance ofthis amplifieris almost an order 
of magnitude better than some 432-MHz exciters! While this 
point may appear insignificant, operators may have to contend 
with local signals that are 80 to 100 dB above the noise and 
only a few KHz away. Any serious 432-MHz operator can 
attest to near lossless propagation periods when signals 300 
miles away are 80 to 90 dB above the noise. Under such con- 
ditions, this amplifier will not aggravate other operators. 

While expensive when purchased new, the 3CX800A7 
may still bea bargain. When you consider that in intermittent 
service a properly operated 3CX800A7 still may be cooking 
long after another operator has gone through several sets of 
4CX250-class tubes, the initial price appears more reason- 
able 

The amplifier described in this article will deliver about 
620W with 25-W drive, At maximum ratings, the 3CX800A7 
generates 730 W. Efficiency and maximum power output аге 
better than with the 8874 amplifier. 


Construction Details. 

To minimize metal work, the amplifier uses 4 standard 
aluminum chassis. The RF plate enclosure is made from a 
5- x 13- x Fin. chassis. The cathode circuit is housed in a 
4 x 5-% 2-in. chassis. The RF enclosures are attached to the 
EIA standard 5% in, high, 19-in. rack panel by 2 standard 


8-12 Chapter 8 


5-x 7- x 2-in. chassis. Using the smaller chassis in this way 
makes it unnecessary to fabricate mounting brackets for the 
RF deck, while also providing space to mount the control cir- 
cuits. Heavy gauge (0.062-in. or thicker) cover plates are pre 
ferred on the RF chassis to assure RF sealing and provide 
mechanical rigidity. 

The construction of this amplifier has the RF deck 
mounted on its side, relative to the construction of most am- 
plifiers. This mounting method las several advantages. The 
tuning controls can be positive-actuating lead screws, while 
still providing front-panel access. Alternately, the fish-line 
tuning arrangement can be used, as 1 did. Fish-line actuated 
controls allow the front-panel knobs to be placed for conve- 
rience and esthetics. The mounting arrangement used in this 
amplifier accommodates a convenient control arrangemer 
‘while minimizing the length and bends in the fish line, As a 
result, the plate tuning controls operate smoothly and 
repeatably. An additional benefit to the mounting method is 
that tube hot airexhaust exitsto the rear of the amplifier, Other 
equipment can be mounted above or below this amplifier 
without leaving cooling space. 1 built matching 3CX800A7 
amplifiers for 50, 144, 222 and 432 MHz. All four amplifiers 
‘and their 2200-V power supply can be mounted in a single 28 
in. high desktop rack. 

T took care to make this amplifier easy to duplicate with 
readily available paris. Complete metal cutting and drilling 
drawings are provided for the RF sections. I you accurately 
follow the drawings and use all parts specified in Table 1, the 
amplifier should go together and tune up like a commercial kit. 
1 don’t discuss the layout of the control circuits as they are not 
critical, and you may wish to tailor thera to your station. Some 
of the specified parts are priced higher than junk-box substi- 
tutes. With some ingenuity you may be able to use cheaper 
parts, but you do so at your own risk. Pmunable toofferadvice 
about finding and using substitute parts 


Plate Circuit Details 

‘The plate circuit is the now-standard half-wave stripline 
with the tube located at one end. A “flapper” tuning capacitor 
is mounted at the other end. The stripline (Fig 1) is larger than 


Table 1 
Parts List for the Single 3CX800A7 Amplifier 


Chassis and Hardware Components 


RF deck enclosure: 5x13x3-in. chassis, Bud AC-422 or 


equiv. 

Cathode compartment: 4x5x2-in, chassis, Bud AC-1404 or 
equiv. 

Side chassis (2 req): 5x7x2-in. chassis, Bud AC-402 or 
equiv. 

Rack panel: 5 1/4x19x1/8-in., Bud SFA-1833 or PA-1103 or 


equiv. 

тибе socket: 11-pin EIA, Eimac SK-1900 or Johnson 124- 
0311-100. 

Grid coliet: Emac 720359 assembly (Eimac 882931 can be 
used) 

Anode collet: Eimac 720829. 

Grid collet insulator: Eimac 720518. 

Chimney: Eimac SK-1906. 

Panel bearings: 14-1. diam., Millen 10066 (2 гед). 

Reduction drives: Jackson 4511/DAF (2 req). 


Components Referenced On Schematic Diagram 


C1—1.5-5 pF miniature air variable (butter); Cardwell 
160-0205. 

02—1.8:8.7 pF miniature air variable; Cardwell 160-0104, 

©з-с5—1000-рЕ, 300-V feedthrough capacitor; Tusonix 
327-005-С5иО-102М. 

C6—Plate tuning flapper. See text. 

C7—Plate loading llapper. See tex. 

C8. 1000.pF. 4000-V feedthrough capacitor; Tusonix 
2498-001 XSUO-102M. 

C9-C10—1000 mF, 25-V electrolytic. 

©11—0.15 mF, 25-V disk or epoxy. 

Č12.C19—0.01-mF, 50-V monolyic ceramic; Sprague 
1C105250102M050B. 

D1—5.6-V, 10-W Zener, mounted on RCA SK122/5178A 
heatsink, 

D2—10-A, 400-PIV, 

D3-D4—2.5-A, 1000-PIV; R170 or equiv. 

D6-D14—1-A, 1000-PIV. 1N4007 or equiv. 

F1—2-A, AGC or SAG fast-blow. 

F2—3/4-A, AGC or 3AG fast-blow. 

11—120.V neon, amber; GC Electronics 38-282. 

12—120-V neon, red; GC Electronics 38-280. 

JI—Chassis-mount BNC female, UG-1094U. 

. Chassis-mount N female, UG-58A/U, 

3 Chasis. mount MHV female, UG-931/U. 

beo male chassis mount; Cinch P306A8. 

718 6-pin miniature chassis connector; Waldom Molex 03- 
06-1061 

6-J8—Phono connector; Switchcraft 3501FR. 

KT—160-se0. thermal time-delay relay. 115-V heater, 
SPST-NO; Amperite 115NO180B. 

K2— Control relay, DPDT, 24-V de сой; Potter and 
Brumfield R10-E1-X2-V700. 

K3— Control relay, APOT, 24-V de сой; Potter and Brumfield 
R10-E1-X4-V700. 


K4—Coaxlal relay, SPST, BNC connectors, 28-V de col 

K5—Coaxial relay, SPST, high-power, N connectors, 28-У 
dc coil 

11—2 turns no. 16 copper, 1/4-in. diam., 4. n. long. 

L2— Brass strip 1/4-in. wide x 1/-3/16-in. long. 

MI—Dc miliammeter, 600 or 1000 mA fullscale. 

M2—0-1 miliammeter with shunt resistors to give full-scale 
deflections of 60 mA (grid current); З kV (high voltage); 
30 V ac (flament voltage) 

MOT1—54 сїт blower: Dayton 40012 or equiv 

Q1-Q2—2N2222A, 2N3903 or equiv. 

Q3—2N3053 or equiv. 

Q4—2N4037 or equiv. 

(5—2N2904, 2N3905 or equiv. 

В1—200-й, 25-W wirewound. 

R2— 1000-0, 12-W wirewound. 

R3—10-kn, 25-W wirewound. 

Вз—1-0, LW, 1% 

RS-R10—-499-40, 1/2-W, 1% metal-tim, type RN-60 
preferred. 

RTI-820-0, 1/2.W, metal fim. Select value to calibrate 
HV meter. 

RI2—15-kü, 1/2:W metal film. Select value to adjust НУ 
relay trip point 

a -d 1/2-W metal film. Select value to calibrate grid 
meter. 

814—100, 2, metal fim 

RI—10-kQ, 1/4.W miniature trimmer. 

R16—1200-0, 2.W. Select value to set K1 time delay. 

Я17—50-0, 12- or 25-W adjustable slider wirewound. 

Я18—1-0, 5-W wirewound. 

ie ten 1/24, fim. 

R20—2-0, 1/4-W, miniature trimmer. 

R21, R22, hes R27 7. 1/2 W. 

R23, R28—10k0, 1/4 W, 

R24—4.7k0, A W. 

R26—22-k0, 1/4 W. 

R29—330 0, 114 W. 

R30—500-2, 25-W wirewound. 

RFC1—B turns, no. 18 enameled, 1/4-in, diam., 
osewound. 

RFC2, НЕСЗ—8 turns, no. 16 enameled, t/4-in. diam. 
losewound. 

RFC4, ВЕС5—7 turns, no. 18, du. n long, 1/4-in. diam. 

SI—DPST toggle 

S2—SPST toggle. 

S3—2-pole, -position rotary. 

а SPDT miniature toggle 

T1—Filament transformer: 14-V, 2-A secondary, 120-V 
primary; Stancor P8556 or equiv 

re Control transformer: 10-V, 2-A secondary, 120-V 
primary; Stancor PB653 or equiv 

Wi—Plate stripline. 

W2—Cathode stripline. 


the one used in the 8874 amplifier, both o fill the larger plate 
compartment and to accommodate the larger (25-in, diam- 
eter of the 3CX800A7 anode radiator. The larger stripline al- 


lows for better placement ofthe tuning controls. The preferred 
material for the stripline is Yin, brass, which is silver plated 
after the collet is soldered in place. Copper is also suitable, but 
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Fig 1—Plate line of the single 3CX800A7 amplifier. 
Except as noted on the drawing, dimensions are + 1/32 
in. Material is 1/16-In. copper or brass. Anode hole is 
sized for the ЕІМАС 720829 collet. Dull-finish (nickle 
silver plating is recommended after the collet is 
soldered in place. 
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Fig 3—Plato loading capacitor C7 is mado from 0.010-in. 
‘spring brass or beryllium copper. The button insulator 
is made of t/4-in. Teflon rod. 


harder to machine. If you have your line professionally plated, 
specify a “dull” finish: that is, without nickel content. A plater 
experienced in RE work will know what you mean. He will 
copper flash the line before plating it. Specify a minimum 
silver thickness of 0.001 in. In 1986. the cost to silver plate all 
pars (W1, W2, L2, C6 and C7) was $63, of which $60 was for 
setup and only $3 was for material. For minimal additional 
cost, you and other hams can collect a wide assortment of RF 
parts and have them ай! plated at once 

iver plating isnot necessary for proper operation. The 
difference inefficiency between clean, polished butunplated 
stripline and a silver-plated line was nearly impossible to 
measure, Experience with the 8874 432-MHz amplifier has 
shown that an unplated line begins to tarnish after a few years 
When the oxidation isheavy enough, the amplificrtuning drifts 
as it heats up. Polishing the stripline returns the amplifier to 
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Fig 2—Plate tuning capacitor C6 (A); retaining block (В); 
mounting of the capacitor and retaining block (C). The 
‘capacitor is made from 0.010-In. hard brass or beryllium 
‘copper. Silver plating ls optional. The mounting block is 
made from 1/8-in. aluminum. 


like-new operation with no thermal def 

The plate line is held in place with two 1% in high x i 
їп. diameter ceramic standoff insulators, Homemade Teflon 
insulators are even better, They can be made % or" in. diam- 
eter. Tap the ends for6-32 screws. Use brass screws to hold the 
stripline in place. Steel (and especially stainless steel) can 
cause unwanted tuning effects. Also use a brass screw to attach 
the plate RF choke (RFCS). The screws used to attach the 
standoff insulators o the chassis bottom can be steel The hole 
in the plate Jine for the anode is sized for an EIMAC 720089 
collet. Finger stock may be used if you prefer. If you use finger 
stock significantly larger than the EIMAC collet, the position 
‘of the plate-tuning capacitor will be different. Try to obtain 
fingerstock with contacts thatare rolled over 180°, sized about 
Y to Ун in. high, with the fingers rolled over about % in. Be 
careful to size the anode hold in the plate line correctly. 

The tuning and loading capacitors are made from 0.010- 
їп, thick brass shim stock, This material has a spring temper 
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Fig 4—RF output compartment detalls. The plate line. 
details of the RF output Jumper. 


по! centered in the enclosure. See Fig 5 for construction 


— 
E 


Fig 5—RF output Jumper RG-225 Telon- 
dielectric cable Is preferred, but RG-214 or RG-213 cable 
may be used. Alternately semi rigid solid copper 
sheathed cable such as UT-141 or UT-250 may be used. 


and works well. You can also use beryllium copper. Don tuse. 
material thicker than 0.010 in. Thicker stock is more likely to 
take a set and not spring back to its original position. In addi- 
tion, thicker material may place too great load on the fish line 
amd tuning controls. The strain may stretch the fish line or 
move the tuning control positions, affecting tuning. 

"The plate flapper (Fig 2) is held in place by an aluminum 
block Yin. wide x 2% in. long x %-în. thick. Tap the holes for 
6-32 thread, for casy installation and removal. The loading 
flapper (Fig 3) is mounted on a L. . tall, Yin. dia. Teflon ог 
ceramic insulator. Both flappers use small Teflon button insu- 
latorstosecure the fish line. These homemade insulators serve 
the dual purpose of providing an attachment point for the fish 
Tine and preventing the flappers from accidentally contacting 
the plate stripline 

"The preferred fish line is braided Dacron fly line. I used 
Specialist 18-1b Fly Line Backing, made by Berkley. Be sure 
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Fig 6—RF-output connector bracket is made from 
0.062.-n. aluminum. Holes marked А aro 3/16-in. diam., 
for 6-32 blind fasteners. Asterisks () indicate holes that 
should be located using the top cover as a template 
when the bracket is mounted. Holes marked B are No. 
30, countersunk for flush mount with 4-40 screws. The 
‘connector mounting holes may also need to be 
countersunk. Hole C is 5/8 in. diam. Hole D is a 5/16-in. 
diam. notch to clear the blower mounting plat 
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Fig 7—Top cover of th 
chas 


Fig 8—Plato tuning control bracket is made from 0.062- 
in. aluminum. 


all edges on the flappers are smooth and free from burrs. Also 
make sure the flappers are mounted parallel to the stripline. 
These precautions assure RF or de doesn't arc from the plate 
line o the flappers. 

А small piece of RG-225 coax connects the loading ca- 
pacitor to the RF-output Type-N connector (J2) Fig 4 details 
assembly of the loading capacitor (C7) and Fig 5 gives dimen 
sions for the coax jumper. RG-225 is similar to RG-214, but 
uses Teflon dielectric and jacket, along with double silver- 
plated shields, You can also use RG-213 or RG-213 if you're 
careful not to melt the dielectric while soldering it in place 
Both ends of the shield are grounded through solder lugs. Be 
sure that the jumper is mounted close to the chassis wall and 
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mpliier is made from 0.062-n. aluminum. Use the cover as a template to mark holes in the 


away from the stripline. The output connector is mounted on 
‘a small bracket to allow for rear-panel RF-output connection, 
‘while not requiring any disassembly when the plate-compart- 
ment cover is removed. Fig 6 gives the layout ofthe output 
connector bracket, 

Be very careful when notching the plate chassis for 
the RF- output-connector bracket. Once the lip is cut out 
it is very easy to bend the chassis if the bracket is not 
secured in place. The top cover (Fig 7) should be drilled 
first. Then you can use it as a template to locate the holes 
in the chassis that will hold the top cover in place. Next, 
install the blind fasteners (РЕМ nuts). Once the fasten- 
ers are in place, you can notch the chassis for the output- 
connector bracket. Cut the bracket to size and bend it 
90°, as shown in Fig 6. Drill the 3 holes for the bracket 
mounting screws and install the bracket. Now use the top. 
cover again as a template to locate the output-connector 
hole and the 4 top-cover mounting holes. You can use 
the UG-58 output connector as a template to locate its 
mounting holes 

"The plate tuning and loading fish lines are brought 
through the chassis through small homemade Teflon bush 
ings. The lines run over small pieces of "zin. Teflon rod, 
giving nearly friction-less 90° transition of the tuning con. 
trols. Brass shafts, which run through panel bearings that are 
mounted on a support bracket (Fig 8), control the tuning lines. 
"This bracket is supported by standard 1% in, long steel stand- 
offs. To impart a slow, smooth feel to the plate tuning and 
loading controls, 6:1 ball-reduction drives areused. The drives 
1 used are Jackson Bros. 451UDAF, and is available from 
Radiokit or Surplus Sales of Nebraska.” The ball drives аге 
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Fig 9—Front-panel layout. The panel is made from a standard 5-1/4 in. aluminum EIA rack panel. 


T 
i 
1 
A уы al 
5 
-= an 


Fig 10—Cathode stripline Is made from 0.015-in. brass. 
Silver plating is optional. 


mounted to the front panel with 4-40 flathead screws. Fig 9 
shows the front rack-panel hole sizes and locations for the ball 
drives and other holes, Use 4-40 nuts to secure the screws, so 
they act as mounting studs for the ball drives, The nuts also 
serve as spacers to position the ball drives nearly flush with the 
front panel. Homemade pointers attached to the bail drives 
serve as control position indicators. 

The specified high-voltage feedthrough capacitor may be 
hardto find, И тау be available from Microwave Components 
‘of Michigan- You can also construct a bypass capacitor from 
ein thick brass platesand0,005-in. Teflon or Kapton sheets 
A two -plate capacitor with one plate inside the RF enclosure 
and another plate on the outside is recommended. Plates sized 
approximately 2 x 34 in, are suitable. The plates should be 
fla, polished so they are smooth and free from any burrs, and 
have rounded edges. If you use Teflon, spread silicone grease 
‘on the Teflon to fill in any imperfections, You don't have to 
‘coat Kapton, as it doesn't have the porosity or cold-flow char- 
acteristics of Teflon. 
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Fig 11—C1 mounting bracket is made from 0.062 X 1/2- 
in. aluminum angle or 0.062-In. aluminum sheet, The 
‘mounting insulator is made from 1/16-in. G10 circuit- 
board material from which the copper has been 
removed. 


Cathode Circuit Assembly 
The cathode circuit consists of a quasi-half-wave line, 
similar to that used in the original 8874 amplifier. Changes 
have been made, due to the higher input capacitance of the 
ЗСХВООА and to make the circuit more repeatable when 
duplicated. Fig 10 gives the layout of W2 and L2. Most of the 
first quarter wave of the half-wave input line is actually inside 
the tube and socket. W2 forms the rest of the first quarter wave 
and part of the second quarter wave. L2 completes the second 
Power Amplifiers 8-17 
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Fig 12—Side and bottom views of the cathode circuit 
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Fig 13—Cathode compartment details. The 
compartment is made from a 5 X 4 X 2-1. chassis. 
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half ofthe line. C2 is simply used to tune the line to resonance. 
LLL is a series inductance to match the 50-0 input impedance 
to the input impedance of the tube. L2 has slightly too much 
inductance so ће series capacitor C1 is used о adjust the total 
reactance for a proper match. Note that the rotor of C1 must be 
insulated from ground. A small piece of G-10 epoxy PC board 
‘material serves as a mounting insulator. The circuit board is 
held in place by a small aluminum bracket (Fig 11). 

To assemble the cathode circuit, first remove the unused 
grid pins (4, 7, 11) from the tube socket, Next bend the 6 
cathode pins (1, 2, 3, 8, 9, 10) in toward the center of the 
socket, forming a 90° angle. The bend is made just above the 
dimple that keeps the pins in place in the socket, The socket is 
then mounted in place on the grid collet. Note how the 2 fila- 
ment pins point to the top of the amplifier and the 6 cathode 
pins point toward the bottom. Mount the rest of the cathode 
components, Cl, C2 and JI. it the layout has been followed, 
when W2 is soldered to the 6 cathode pins, L2 should line up. 
right on the stator wires of C2. Fig 12 gives 2 views of the. 
cathode-circuit layout, Fig 13 covers the bole-driling patterns 
inthe cathode compartment If you follow the layout, the input. 
circuit should tune up easily and you'll obtain an input SWR 
less than 12:1 


Tube Socket Mounting 

‘The recommended EIMAC 720359 grid-collet assembly 
simplifiesconstruction. h consists ofan BIMAC 882931 collet 
that has been soldered to а Yi in.-thick brass mounting ring. 
The mounting ring has three 4-40 studs that аге positioned to 
match the mounting holes of the 11-рй tube socket. An alter- 
nate method of construction is to use the 882931 collet and 
attach it to à homemade mounting ring, Although the 720359 
collet assembly is more expensive, it will save you consider- 
able construction ume 

To cut the hole for the tube socket, first punch a 1% in. 
diameter hole in the chassis bottom, located as shown in Fig 
14. Next use the tube socket to locate 3 no. 28 holes, orienting 
the socket per the hole layoutin Fig 14. Putthe EIMAC 720359 
collet in place and use it as a template to drill its 4 mounting. 
holes inthe chassis with апо. 27, Removethecolletand socket. 
Next, drill out the 3 427 holes with win, drill. Then file out 
the holes until they formone hole that matches the shape shown 
in Fig 14, The socket should be able to pass through the hole. 
Drill a series of 6 no, 43 holes in the collet, matching the 
pattern shown in Fig 22. Again use the collet as a template to 
drill 6 no, 42 holes in he chassis. These holes are for bleeding 
air into the cathode compartment for cooling the tube base. 
The tube socket may then be mounted to the collet, using 4-40 
nuts and lock washers. The collet is then mounted to the chas- 
sis with 4 6-32 screws. With everything properly assembled 
the tube socket will mount lush with the collet. 

Additional aris let into the cathode compartment through 
series of cooling holes. A metal plate (Fig LS) is used to make 
an RF filter to prevent leakage from the plate compartment 
into the cathode compartment, The cathode box is perforated 
‘on the side away from the cooling holes. In this way, the air 
passing into the cathode box is forced across the tube base, to 
maximize its cooling effect. 


ELI 


Fig 14—Bottom cover of the plate RF enclosure is made from 0.062-in. aluminum. 


Fig 15—Cathode air vent waveguide is made from 3/16- 
1/4 in. aluminum. 


Cooling Considerations 

"The air inlet and outlet are RF shielded by means of alu- 
minum cooling sereen, sandwiched between the RE deck top 
cover and Yrin.thick retaining plates, Matching hole patterns 
эге cut in the top cover and the retaining plates. For best alig 
ment, use the top cover as a template for drilling the plates. 
Although these plates may look complicated to make, they 
were fabricated with hand tools, The large ai inler and outlet 
holes were first scribed. Then, a series of small holes was 
drilled along the inside of the marks. The holes are then drilled 
‘out with a larger drill so the hole slug can be knocked out. The 
holes are then simply filed to shape. Fig 16 gives the inlet plate 
layout and Fig 17 shows details of the outlet plate. 

The air-outlet plate is mounted on the inside of the chassis 
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Fig 16—Alr Inlet retaining plate is made from 3/16-1/4 in. 
aluminum. Hard alloys, such as 6061-76 or 2024-76 are 


marked B are No. 25, countersunk tor 6-32 flathead 
‘Screws. Use the top cover to locate these holes. 


sandwiching the sereen between it and the cover plate. The 

plate also serves to space the chimney down to the plate line 

‘The EIMAC SK-1906 chimney is held in place with 4, . 
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Fig 17—Air outlet retaining plato is mado of 1/4-5/16 
‘aluminum. Hard alloys, such as 6061-T6 or 2024-76 ar 
preferred. Holes marked А are No. 27. Locate the 4 
holes equally spaced on a 2-7/8 їп. diam. circle. Hole 
‘marked B are No. 35, tapped 6-32. Locate the holes 
equally spaced on a 3-in. diam. circle. 


— 


Fig 18—RF deck. At top, tube end; at bottom, flapper end. 
Holes marked A are chassis mounting holes, No. 23. 


long 4-40 screws, which pass through the cover plate and re 
taining plate, The threaded metal insertsin the chimney should 
be removed from the plate line side of the chimney. Alter- 
nately, you can use a homemade Teflon chimney. The air-inlet 
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Fig 19—Cathode compartment cover plate is made from 
0.06241, aluminum. Use the finished cover as a 
template to locate holes in the cathode compartment. 


plate and screen are mounted on the outside ofthe top cover, 
"Tap three -20 blower-mounting holes in the plate. Note that 
4 the inlet plate hold-down screws also secure the top cover, 
Since the blower covers all 8 of the mounting screws, their 
holes are countersunk and flat head screws are used. The 
blower must be removed to take the plate compartment top 
cover off 

‘To ensure that adequate RF shielding is maintained, the 
air inlet retaining plate and the top cover must be fastened 
tightly. The 5- x 13- x 3-in. chassis is made from O dad in 
thick soft aluminum, Sheet-metal screws will easily strip out 
the thin aluminum after being removed and replaced several 
times; it's essential to use blind fasteners (PEM nuts or 
Rivnuts). They are readily available from Small Parts Inc. I 
used 6-32 fasteners, When installing the fasteners, be very 
careful not to distort the chassis lip. It is casy to make ripples 
inthe metal, which will cause RF leakage 

The amplifier operates quietly with the specified blower, 
in combination with effective shock mounting. A Yin thick 
gasket made from high-density foam rubber is placed between 
the blower and its mounting plate. The blower is attached with 
three 4-20 nylon screws, Yin, long. Rubber grommets are 
placed on the screws before they are installed. This arrange- 
ment assures that there are no solid mechanical contacts to 
transmit blower noise and vibration. 


Metal Finishing 

The professional finish on the amplifier is gold-iridite 
‘applied by a plating company. Iridite provides a hard and 
‘conductive finish. Don’t confuse iridite, which is sometimes 
known as chromate finish, with anodizing. Anodize is not a 
conductive finish and may contribute to RF leakage and im- 
proper operation of the amplifier. All aluminum was wet 
sanded with 320-grit wet-sanding paper. Sand in one direction. 
ina straight motion. You are sanding the aluminum to remove 
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Fig 20—Side-chassis cover plates (2 required). Holes 
эге No. 19, Use cover plates as templates to drill side 
chassis. 


scratches and burrs made during construction. At the plater's 
specify a deep etch, which will remove any remaining 
scratches, unless they are very deep. While you can apply 
тіне at home, 1 don't recommend you iry, though. The alu 
minum mustbe absolutely free of contaminants, and the chemi- 
cals necessary to ensure it is are not readily available and are 
dangerous touse. I paid only $32 to have ll the amplifier parts 
irridite plated, in 1986. 

‘The drill work done to make the various alt ent holes 
(cathode compartment and side chassis) may look as if it was 
done by magic, to achieve their near-perfect patterns, In truth. 
these vent holes are simple to create. A piece of standard per- 
forated steel was used as a drilling template, so the many holes 
do mot even have to be marked! Апет drilling, the burrs are 
sanded smooth to ereale the clean, sharp holes. Figs 18 to 21 
give additional metalwork drilling and cutting information, 


Protection Circuits 

The specified filament warm-up time for the 3CX800A7 
is 3 minutes. Follow this specification to obtain maximum 
tube life, As the cathode is heated, the areas directly in front 
of the filament wires get hot first, and become the first areas 
to emit cathode current. If you operate the amplifier in this 
condition, the cathode hot spots will emit all the cathode cur- 
rent, and may vaporize. 

‘An Amperite thermal time-delay relay is used to prevent 
‘operation of the amplifier for 3 minutes. A solid-state timing 
circuit was considered, but the thermal time-delay was chosen 
because it is simple and heats just like the tube filament 
‘There's noncedto wait another three minutes if filament power 
is only interrupted momentarily. Brief interruptions may be 


21 9/16-dlam. 


caused by power failures or HV arcing. This kind of flexibility 
is hard to design into а solid-state circuit 

A 120-second time-delay relay was used because itis the 
longest delay available in the 9-pin miniature size. [extended 
its turn-on time to 180 seconds by placing a resistor in series 
with the heater element, Even if you obtain a 180-second unit, 
‘you should check the turn-on time. Most units are specified for 
use on a nominal 115-У ac circuit, With US line voltage now 
typically 118 to 120 V, some timers will warm up 15 to 20% 
faster than the specified time, Ifnecessary, use a series resistor. 
to adjust the warm-up time. Since I built this amplifier, the 
Amperite 1ISNOL20T (9-pin) and {1SNOI8O (octal) have 
become hardto get and very expensive. An inexpensive sealed- 
plastic-case model (115NO180B) can be used instead. 

А small but significant point is the use of a 14-V trans- 
former for the filament. Since the filament voltage is backed 
‘off to 13.0 V for operation, you may be tempted to use a com- 
monly available oversized 12.6-V transformer. Doing so will 
be detrimental to the life of the tube, A well-cared-for tube 
used in intermittent service may first fail with an open fila- 
ment. A cold filament has very low resistance (1.5 Q for the. 
3CX800A7). Unless some protectionis used, the turn-on surge 
may be as high as 10 A. By using ahigher-voltage transformer 
amd series resistors, automatic surge limiting is easily 
achieved, | used a 1-42 resistor in series with the secondary of 
the transformer. A 50-62, 12-W variable resistor is used inthe 
primary circuit to set operating filament voltage.. This combi 
mation limits turn-on surge to just over 2 A. 

Toachieve high gain and efficiency, the 3CX800A7 uses 
a grid structure constructed of small wires. This construction 
limit grid dissipation to 4 W. It is common practice for HF 
amplifier designers to include a circuit to sense excessive grid 
‘current, Such sensing circuits are not always useful at UHF, as 
transit-time effects may cause negative grid currents vastly 
different from real grid absorption and secondary emission. In 
testing the 3CX800A7 at 432 MHz, the grid current was found 
to behave predictably, that is positive current which corre- 
sponded directly to drive levels was observed. Because of this 
desirable behavior, a grid-current-sensing circuit was included 
in this amplifier. R14, in combination with grid shunt RÀ. 
velopsa voltage sufficient to switch on the grid-trip relay K3, 
through switching transistor Q2. Contacts on K3 lock in the 
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ver-currentrelay and turnoff he operate pilot lamp. No reset 
switch is used, The circuit is reset by setting STANOBYJOPEKATE 
switch (82) to staxony, then back to OPERATE 

An additional protection circuit enses high voltage. It 
consists of Q1, which senses the presence of high voltage 
through the HV metering circuit, Q1 allows the T/R relays to 
switch on transmit. This circuit prevents the amplifier from 
keying should plate voltage not be present. While just the grid- 
trip circuit may seem adequate, the absence of plate voltage 
will cause the tube to draw excessive grid current when drive 
is applied. The HV sensing circuit protects against such an 

Many high-performance 432-MHz stations use a single 
T/R relay atthearray, in combination with anantenna-mounted 
receive preamplifier. In these stations, in-out RF relays ane not 
used atthe amplifier. This could cause a problem if the ampli 
fier ac fuses blow. Since the grid-trip circuit requires that 
power be present to operate, ac-power loss to the amplifier but 
not the exciter can result in damage to the tube, unless a driver- 
to-amplifierinterlock is provided. The HV-sensing circuit will 
protect the tube. Simply unshorting the cathode-bias resistor 
(R3) will provide sufficient protection for the tube from drive 
power, but it is better to remove all drive power when plate 
voltage isn't present 

Another feature of the switching circuitry is provided by 
54. This switch, located on the rear panel, allows the operator 
todetermine whether the RF relays actuate every time he trans- 
mits, or lock in when the amplifier is switched from standby 
to operate. This feature can be used if the station includes a 
tower-mounted preamp with a separate feed line. It eliminates 
the noise generated by switching the relays in the shack. If an 
in-out tower preamp is used (with а single transmission line) 
ora transceiver without an external preamp, this locking fea- 
lure isnot usable, Note though, even ifthe RF relaysare locked 
in, either an excessive grid-current trip or loss of plate voltage 
will still drop out the RF relays. 


Metering Circuits 

The metering circuit has one anomaly: The resistor string 
is used both for the high-voltage meter and for the high-volt 
age sensing circuit. Since the HV sensing circuit is referenced 
to ground, the current from the circuit will return to the HV 
supply В- lead through the grid-meter shunt. The grid meter 
will ead this current. Atidleconditions the geid-current meter 
will read negative by about 0.8 mA. If you find this to be a 
problem, use separate resistor strings forthe HV meterand HV 
sensing. The HV meter would then Бе connected tothe B- line, 
not to ground. 

Note also that the HV meter also reads plate voltage rela- 
tive to ground, Since the actual power input is determined by 
plate-to-cathode voltage, the bias voltage must be subtracted 
to obtain the true plate voltage and power input. As the bias 
voltage on the 3CX800A7 is only 5.6 V, so the correction is 
only 0.2%. To obtain a true plate-to-cathode voltage reading, 
you must reference the НУ meter circuit to the tube side of the 
Zener bias diode. This would again require separate НУ meter 
and sensing resistor strings. Arranging the metercireuitin this 
way also causes the plate meter to indicate the metering string 
resistor current. 
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Many operators will want to build 3X800A7 amplifiers 
for other bands, and share a common НУ supply. This would 
place the grid shunts in parallel. Grid-current meters on the 
unused amplifiers will indicate a portion of the operating 
‘amplifiers plate and grid currents, uncalibrating all the meter- 
ing circuits, There are two methods to reduce this problem. 
Oneisto place aresistorin series with the grid-sensing resistor 
(R21), Alternately, you can install a resistor in series with the 
B- line. T/R relay K2 would short out these resistors on trans- 
mit. Use the lowest-value resistors which eliminate the prob- 
lem. This value depends on the number of amplifiers con- 
nected to the same power supply, but a value of 500 Q is 
typical. A word of warning: These resistors increase the pos- 
sibility of damage to the metering circuits when a HV arc 
‘occurs, Also note that the 11-02 effective grid-shunt value (due 
tothe grid overcurrent sensing circuit causes a portion of the 
grid current to flow through the B- safety resistors (RI on the 
amplifier and any similar resistors at the HV power supply). 
RIS can be adjusted to make the grid meter read the correct 
value when connected to the power supply 


Keying Cireuits 

A transistorizedrelay-switching scheme is used. The cir- 
cuit can be switched by either grounding 16 or by supplying 
412 V to J8, Current sinking or supplying capability is only 
15 mA, which should be compatible with current 432-MHz 
exciters Ifyou are using conventional switching circuits, make 
Sure your relays will reliably contact at only 15 mA of current 
As described in the protection-circuit section, а loss of high 
voltage will prevent the relays from switching, or drop them. 
if they have already switched. 

The coaxial relays you use should have de coils. De coils 
switch faster, have less contact bounce and run cooler than ac 
types. The coils don’t have to be 28 V, as are most available 
military surplus relays. Several types of suitable coax relays 
with 12-V coils are available, The switching circuitry can be 
made to work with 12-V coils but you'll have to change 72. If 
you have relays with 120-V ac coils, don’t despair. Many 
120-V ac relays work better on 12 to 28 V de, so try them on 
a de supply 

Amplifier in-out switching relays don't need high isola- 
tion. Ifyou use separate input and output relays, the input relay 
can be a low-power type. 


Power Supply Considerations 

‘The high performance of the 3CX800A7 at УНЕ and 
UHF is partially a result of the close internal spacings of the 
tube elements. These close spacings increase the possibility of 
а plate-to-grid arc over. To protect the tube, power supply. 
metering circuits and the operator, a 50-0 50-W resistor is 
connected in series with the HV power lead. This resistor 
substantially reduces the energy dissipated inthe tube during 
an are over, yet only reduces the ful-load plate voltage by 
30 V. EIMAC specifies that idle plate voltage should not ex- 
ceed 2500 V. 

1 built a modern capacitor-input power supply, which. 
uses a solid-state bridge rectifier in combination with a low- 
resistance plate transformer. My supply uses a Peter Dahl 
Hypersil transformer (1800 V at 700 mA, CCS). The electro- 


Iytic-capacitor string has a total capacitance of 22 pF. An oil- 
filled capacitor is preferred. Adequate regulation and tipple 
filtering can be obtained with less than 25 LF of filter capaci 
tance. No-load voltage is approximately 2510 V. At 600 mA, 
the plate voltage is 2250 V. Out of the 259-V drop, over 100 
V is due to line-voltage sag and the protection resistor, In no 
сазе should you use more than 50 uF of filter capacitance. 
Higher values will not significantly improve regulation, but 
will greatly increase the possibility of damage during an arc 

‘Avoid choke-input filters. I have seen many improperly 
designed amateur supplies that were made from surplus com- 
ponents haphazardly cobbled together. These supplies can 
have bad transient-voltage-spike problems, induced from the 
chokes. These transients will blow rectifier diodes and cause 
tube ares, They can also severely reduce the IMD performance 
‘of the amplifier. Finally, be sure to use MOV transient sup- 
pressors on the ac-input leads. 

highly recommend MHV-type HV connectors. The most 
been condition to the operator is when high voltage is 
i and the power-supply-to-amplifier ground connection 
орел. this happens and you touch the amplifier and power 
supply (or any other grounded object if the power supply was 
grounded), you become the ground return. MHV connectors 
prevent this possibility as the shield makes contact along with 
the center conductor. RG-59 cable can comfortably handle the 
2500-V power that this amplifier uses, 


Amplifier Stabilization 

Many amateurs mistakenly believe that neutralization of 
a grounded-grid amplifier is not required. Although operation 
of this amplifier is possible without neutralization, the simple 
neutralization procedure used provides for improved tuning, 
morc stable operation and greater apparent efficiency. In ad- 
dition, tube life may be increased due to the elimination of 
unwanted higher frequency circulating currents. The ampli- 
fier was neutralized by adjusting the grid inductance until the 
plate current dip matched the maximum output point. The 
amplifier operates so well that it can be tuned up without a 
power-output indicator. By dipping the plate current and ad- 
justing the loading for proper grid current one can obtain out- 
put power that will be within a few watts of tuning it up for 
maximum output on a directional wattmeter! 

Since the 3CX800A7 is operating below itsself-neutral- 
ized frequency. neutralization iseasily accomplished by break- 
ing off grid collet fingers. The so-called self-neutraliing fre- 
quency of a tube is simply the frequency at which the 
combination of tube and socket have the right combination of 
feedback capacitance and inductance as to create the maxi- 
mum input-to-output isolation. I should be noted that not all 
tube and socket combinations have any frequency where their 
isolation will be acceptable. 

By breaking off some of the grid-collet fingers, the effec- 
tive grid inductance is raised and the maximum reverse isola- 
tion point is lowered to 432 MHz. Fig 22 shows the proper 
pattern for breaking off the grid-collet fingers. Tube charac 
{eristicsappear tobe close enough among diferent 3CX800A7 
tubes such that neutralization for a specific tube is not re- 
‘quired, If you want to be safe, however, break off every other 


Fig 22—Grid collet modification. The EIMAC 720359 
collet is supplied with 36 fingers. Break off every other 
finger. Wrap 6 of the remaining fingers (as shown) with 
Kapton tape or break them off. Removing the fingers 
adjusts grid-circuit capacitance and helps neutralize the 
amplifier. 


finger on the grid collet. There will be 18 remaining fingers. 
Tape over 6 of them with Kapton tape. spacing the taped in. 
gers equally around the tube. These taped fingers will then 
allow future tuning adjustments without replacing the grid 
collet 

‘An even more scientific approach to neutralization is to 
look at the reverse isolation of the amplifier. This is done by 
connecting the output of a signal generator or network ana- 
Iyzer to RE-output connector and measuring the fed-through 
power with a power meter, spectrum analyzer or network 
analyzer. Ideally, this test is performed after tuning up the 
amplifier with all voltages in place, If isolators are not avail- 
able, there is a danger that the amplifier can oscillate during 
the test procedure and put out enough power to destroy your 
signal generator 

"The reverse isolation of the amplifier should be a mini 
mum of 20 dB greater than its power gain. Since the 
3CX800A7 amplifier has a gain of 14.2 dB, you should see 
over 34-48 reverse isolation when it is neutralized. This am- 
plifier had less than 20-48 reverse isolation before neutraliza- 
tion and over 30 dB after the collet was modified. 

After neutralization, power drift became almost non- 
existent, Power output will slowly rise by only 20 to 30 W 
from acold start to full operating temperature. This represents 
a less than 0.2 dB of power drift, certainly an acceptable 


Initial Tuning Adjustments 

Tune up of ihe amplifier is quite straight forward. If the 
dimensions and layout of the amplifier have been closely fol- 
lowed, the following initial settings will place the amplifier 
м 432 MHz and full power 


very close to optimum tu 
output 


CI: Plates approximately 50% meshed 
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Fig 24—TR switching circuits for use with 24-Vdc relays. These components are mounted on the PC board shown in 


Fig 25. 
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C2: Plates approximately 25% meshed 

C6: Fixed end of flapper 1% in. above bottom of chassis 
Moving end of flapper % in. above bottom of chassis 

CT: Fixed end of flapper | in. above bottom of chassis 
Moving end of flapper % in. above bottom of chassis 


After ай wiring has been checked, set RIT (filament ad- 
just) to maximum resistance. Attach an accurate RMS volt- 
meter to the filament feed-through capacitors. After the fila- 
ment has warmed up for 3 minutes, adjust R17 until the 
filament voltage is 13.0 V. Next, adjust R29 such that the 
filament meter indicates 13.0 V. Ifthe meter cannot be cali 
brated, change R19. 

‘Apply high voltage and verify the tube draws proper 
idling current when J6 is shorted to ground (approximately 
55 mA at 2400 V). Remove high voltage. Short out cathode 
resistor R3, Apply а very small amount of drive, increasing 
drive until the grid current reads 60 mA. Adjust RIS so the grid 
‘overcurrent trips at 60 mA. If you are unable to obtain 60 mA 
of grid current, adjust the cathode tuning controls (CI and C2) 
for maximum grid current. After adjusting the gri-trip, re- 
duce drive power and peak ci and C2 for maximum grid cur- 
ent, being sure not to exceed 60 mA. 

Remove the shorting jumper from R3 and turn the high 
voltage back on. Apply drive power so the plate meter reads 
200 to 300 mA. Start adjusting C6 and C7 (plate tuning and 
loading) maximum power output, As the power output comes 


up you can increase drive until you are operating at the desired 
power level. Ifthe amplifier cannot be driven to full power, CI 
and C2 may need to be adjusted. 

Final adjustments to the cathode circuit must be made at 
full power. With an in-line power meter connected as close to 
Jtaspossible,akornatelyadjustCI and C2 for minimum SWR. 
You may find that there are combinations of the cathode ca- 
pacitors that allow the amplifier to be driven but the inp 
SWR is poor, There will be a unique combination of the c 
pacitors that will adjust the amplifier such that the lowest input 
SWR (less than 1.2:1) corresponds to maximum plate current 
(lowest drive-power requirement). To obtain this condition 
will require alternately adjusting C1 and C2 several times. If 
you cannot obtain a good input SWR, check to sce if C1, C2 
or both are at minimum or maximum capacitance. If CI is at 
minimum capacitance, shorten L1. Lengthen LI if CI is at 
maximum capacitance, И C2 is at minimum or maximum с 
pacitance, itis most likely because you didn’t follow the cath- 
‘ode-cireuit layout. Using a Bird 43 wattmeter with a 50D el- 
ement (50 w. 200 to 500 MHz). 1 can completely null out the 
reflected power, so that with 30-W drive the wattmeter indi- 
cates no reflected power. (This only indicates that reflected 
power is lower than the directivity of the element, not that i 
have obtained a perfect match.) 

‘With heinputcircuit properly adjusted, final adjustments 
to the plate tuning and loading controls may be made. There 
will be many settings of C6 and C7 that will deliver lots of 
power output. There will be a unique combination that will 
deliver that power output at maximum efficiency, Grid current 
isan excellent indicator of proper tuning. At full power output 
the grid current will range from 15 to 30 mA (varies from tube 
to tube), If the amplifier is properly tuned, grid current should 
increase as you increase drive. The plate-current dip should 
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Fig 25—TR switching PC board, component side. While 
board layout is not especially critical, the board itself 
must be 1.75 X 325 in. or smaller In size. 


Table2 
Full Power CW Operating Conditions 
Keyed CW and SSB PEP Operation 


Plate voltage, full load: — 2250 V 

Plate current: 600 тА 

De Input power: 1350W 

RF Output power: 730 % 

Apparent efficiency: 54% 

Power gain 14248 

Grid current: 26 MA (will vary from tube to 
tube) 

Drive power: 285W 

Input VSWR: 1461 

Filament voltage: 130V 

Idling current: 55 mA (@ 2400 V; will vary tube 

to tube) 

Bias voltage: 56V 


Note: These conditions are for SSB and keyed CW 
Service. Key-down time nol to exceed 1 minute. For 
‘maximum continuous duty ratings, see text 


also match very closely (within 20 W) of maximum power 
‘output. There should also be minimum thermal drift. After 
letting the fish lines stretch for a few days, power should drift 
less than 30 W from a cold star 


Amplifier Operation 

Efficiency of the amplifier is about 54%. If you are mea- 
suring higher efficiency you cither have an inaccurate power 
meter or your high voltage and plate meters aren't calibrated. 
Usea Bird 1000D element with the Bird 43 wattmeter; 1000E 
elements typically read about 10% high at 432 MHz. An an- 
tenna or dummy load with a high SWR can cause inaccurate 
powermeterreadings. This can be verified by placing /e wave- 
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length coax sections in series with your feed line, and check- 
ing to see if the SWR or indicated power change, Power me: 

surements were made with a directional coupler in combina- 
tion with a microwave power meter. The directional coupler 
жаз measured on a network analyzer to verify the amount of 
coupling it has at 432 MHz. If your efficiency is below 50%, 
you may have any of the previously mentioned measurement 
accuracy problems, a bad tube or just а mistuned amplifier. 

Arfull rated output (about 730 W) the 1-4В bandwidth of the 
amplifier is 1.3 MHz. The 3-dB bandwidth is 3.9 MHz. The am- 
plifier was designed to operate between 430 and 440 MHz. With 
the specified plate line and tuning capacitor sizes, the amplifier 
will operate efficiently at output levels from 300 to 730 W over 
that frequency range. If operation is desired at higher or lower 
frequencies, you'll have to adjust the length of W2 or C6. 

Maximum CCS ratings of the 3CX800A7 are 2250 V at 
600 mA. The specified highest frequency for maximum 
ratings is 350 MHz. No problems have been experienced run- 
ning the tube at those ratings in keyed CW and SSB service at 
432 MHz. I recommend, however, limiting CW key-down 
tuneup time to under 1 minute. If the amplifier is to be used 
‘continuous-duty service, such as FM repeater or ATV, limit 
maximum plate current to 500 mA and reduce full-load plate 
voltage to 2000 V or less. In continuous service the filament 
voltage should be reduced to 12.2 V during transmit. A switch- 
ing circuit should be added to raise the filament voltage to 
13.5 V during warmup and standby periods. Maximum CCS 
output will be 500 W at a drive level of 22 W and 50% effi- 
ciency (2000 V at 500 mA). Continuous-duty service at eleva- 
tions above 2000 feet may also require a larger-capacity 
blower. When shutting off the amplifier, be sure to let the tube 
completely cool down. The amplifier should be left powered 
up (blower running) for at least 5 minutes after the last trans- 
mission. The cathode compartment can still be warm after the 
anode air exhaust is blowing cool air. 

Note that in addition tothe grid dissipation value of 4 W, the 
maximum grid current is 60 mA. Under linear service the grid 
dissipation will be far under the rated value (less than 0.5 W). The 
end current restriction therefore becomes a matter of a total limi 
of cathode current, which is normally 600 mA of plate current and 
GOmA of grid current, At432 MHz, transitimeeffects secondary 
emission by the grid and back bombardment of the cathode start 
to occur. The amplifier can be loaded so that negative grid current 
will be indicated. These conditions require that you be even more 
careful about grid and cathode current. In general, the amplifier 
should never be operated with an indicated grid current over 40 
MA. An indication of these back-heating effects is grid-current 
drift. If you are seeing the grid current drift upward at a constant 
drive and plate.current level, you are running the amplifier too 
hard (or you may have a bad connector or cable in the system). 

You should also be very careful not to overdrive the 
amplifier. Cathode-driven triodes such as the 3CX800AT will 
mot exhibit the gain-compression phenomena shown by solid- 
state amplifiers. That is, the power gain of the tube is just as 
high at full power as itis at low power. The station should have 
an exciter that has table output power. In addition, make pro- 
visions to limit the available drive power to 35 W or les. 

‘Table 2 gives full power operating conditions. For SSB 
operation the conditions represent the PEP point. There islitle 


ingle 3CX800 amplifier. Plate tuning capacitor is shown to the left. The AF-output 


connector is at top. 


es, — 


This inverted view of the plate compartment shows the output loading capacitor, which is adjusted by means of a 


non-conducting cord fastened to its lower edge. 
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Interior of the cathode compartment. The filament RF 
chokes are at bottom. 


sense in investing in a tube of this quality if you are going to 
overdrive or mistune the amplifier. During proper SSB opera- 
tion, without speech processing, indicated plate current on 
voice peaks should be less than 250 mA. Power output as 
indicated on aslow-responding average-power meter (such as 
the Bird 43) should be less than 200 W on peaks. Ifan effective 
RF peak clipper is used (10 dB of compression and clipping). 
indicated plate current on voice peaks can approach 400 mA. 
Average-power watt meters may indicate up to 325 W on 
peaks. While driving the amplifier harder may give you the 
satisfaction of seeing higher meter readings, the additional 
power will be transmitted primarily as distortion products, and. 
won't make your on-frequency signal any stronger. 

Pay attention to the cable, connectors and relays you use. 
AI high-power connections should use Type-N connectors. 
Assemble each connector properly so the shield has good 
contact and the center pin is aligned and at the proper depth. 
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‘This much power at 432 MHz will destroy poorly assembled 
connectors. Use Yin, or larger Hardline for the antenna feed 
line, For flexible jumpers, use RG-225 coax. 


Using An 8874 

"This amplifier will also work with an 8874 tube, To use 
эп 8874, set the filament voltage to 6.0 V RMS. Substitute а 
6.3-V, 3-A transformer for Т1 and eliminate R18, Make the 
hole in the plate line (WI) 1.75-in. diameter. An EIMAC 
(008294 collet makes fora simple connection between the plate 
line and the 8874 anode radiator. Make the air-outlet hole 
їйїп. diameter, You'lLhavetomake achimney (sheet Teflon). 
In the input circuit, 1.1 and L2 may need to be made longer. 
Neutralization of an 8874 is slightly diferent. 

The maximum ratings of an 8874 are 2200 V at 500 mA, 
їп intermittent amateur service (keyed CW and SSB). Peak 
power output will be 570 W. Drive power for that output level 
will be 35 to 38 W. In continuous duty, limit the 8874 plate 
current to 350 mA. 


Conclusion 


‘This amplifier is easy to build and requires minimal spe- 
cial metal fabrication. Performance is excellent, The invest- 
mentin parts and careful assembly time will pay off with years. 
of trouble-free operation 


Notes 

"The 8874 432-MHz amplifier appears in ARAL Handbook 
editions from 1981 through 1986. 

aluminum sheet cut to size is available from Chassis Kit 
Charles Byers, K3IWK, 5120, Harmony Grove Road, Dover, 
РА 17315. Tel 717-292-4901 

Surplus Sales of Nebraska, 1315 Jones St, Omaha, NE 
68102. Tol. 402-246-4750, 

“Microwave Components of Michigan, P.O. Box 1697, Taylor 
MI 48180. Tel 313-753-4581 

55, Powlishen, "Improving the K1FO 8874 432-MHz Ampli- 
Tier; QST, Jun 1987, pp 20-23, 


A Parallel 3CX800A7 Amplifier for 432 MHz 


— o NÍ 
By Steve Powlishen, KIFO 


any 432-MHz DXers, especially those contemplating 

EME operation, desire to run the US 1500-W output- 
power limit. This amplifier, which uses a pair of Varian 
3CX800A7 ceramic-metal triodes, is capable of reaching that 
power level in intermittent amateur service (SSB voice and 
keyed CW). Its design is very similar to the single-tube 
3CX800A7 amplifier previously described, The plate circuit 
isa half-wave stripline with the tubes located at one end of the 
Tine. The metering and control circuits are identical to those 
used in the single-tube amplifier, except that meter calibra- 
tions and filament power are set for two tubes instead of one. 


Selecting a Design 
‘An amplifier design process involves a number of fac- 

tots. A pair of 3CXROOA7s were chosen for the following 

+ They can reach the 1500-W power level 

«+ They have the simplicity and stability of triode operation. (ie 
simple zener diode bias and no screen supplies ог grid and 
screen bypassing is needed). 

+ They have relatively low drive requirements as their gain is 
very high for a grounded grid triode. 

+ They have very good IMD performance, making them an 
excellent choice for SSB voice operation. 

* They are small enough to allow an amplifier to be built using 
‘standard commercial aluminum chassis. 

= Their price point is within most amateur budgets 

+ They are a modern tube design, readily available today and 
for the foreseeable future 

+ Their acceptance in commercial amplifiers have made them 
available at reduced cost via pull-out and surplus units. 

Few items in our world are perfect and the 3CX800A7 is 

no exception. Some of the problems encountered in using the 

3CX800A7 at 432 MHz are: 

= Their anode radiator is large enough in diameter such that 
making an amplifier with a pair of tubes presents some de- 
sign challenges. 

+ Their frequency for maximum ratings is 350 MHz. 

+ Their efficiency of the 3CX800A7 at 432 MHz is lower than 
desired, 


+ 1500-W output power operation at 432 MHz is strictly inter 
mittent if long tube life is to be expected. 

+ While the price of a pair of tubes is not totally exorbitant, 
they are priced high enough that they are certainly not dis- 
posable items. 

When all the pros and cons of the 3CX800A7 are consid- 
ered and compared to the pros and cons of ether tubes that are 
usable at 432 MHz, however, the 3CX800A7 becomes a good 
choice for a 432-MHz amplifier. 

With the tube model selected, the next task is to design 
input and output circuits that will deliver, with minimum. 
losses, the RF power that 3CX800A7s are capable of generat- 
ing. The first design considered was to operate the tubes in 
parallel with a half-wave stripline, with the tubes located at 
one end of the line, This is the same arrangement that K2RIW 
used with 4CX2508 tubes. Schematicaly this type of circuit 
is shown in Fig I. The primary advantage of the parallel half- 
wave circuit, itis the simplest circuit for an amateur to build. 
"There are no critical or hard-to fabricate blocking capacitors, 
nor are there any complicated sliding contact surfaces. The 
primary disadvantage of the half-wave plate lines that circu- 
lating currents are not evenly distributed around the tubes 
seals, This could potentially shorten tube life. 

"The second disadvantage is that the large diameter of the 


ig 1— Schematic of a halt- 
using parallel triodes. While easy to bulk 
diameter of the 3CXB00A7 tubes results in a pla 
that is wider than optimal, See text, 
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Fig 2— Schematic of a half-wave stripline amplifier in 
which the tubos are mounted at the center of the line. 
This circuit has all of the disadvantages of the circuit 
shown їп Fig 1, and is more difficult to build. 
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Fig 3— Schematic of a push-pull amplifier. This circuit is 
also difficult to construct. Balanced loading of the 
tubes ls more difficult to obtain than with an amplifier 
using parallel tubes. 


3CX800A7 anode radiator requires a plate line that is very 
wide, which yields a plate-line impedance considerably lower 
than desired. Theoretically, a cavity or stripline resonator will 
have its best loss and bandwidth characteristics when it has а 
characteristic impedance of around 75 Q. An additional de- 
sign problem with the 3CX800A7 ina parallel stripline design 
isthe large diameter ofthe tubes necessitates using relatively 
wide spacing between them, The wider the tube spacing the 
more difficult it can be to keep the tubes operating in parallel 
mode (ie, push-pull resonances must be placed far from the 
operating frequency for best operation), 

Other designs were considered. A 142 stripline with the 
tubes located in the center of the line was a possibility. This 
arrangement would improve the circulating current problem 
by distributing the current paths to two sides of the tubes. 
However, all of the other previously covered stripline design 
problems would remain, that is lower than optimum line im- 
pedance and potential push-pull modes. In addition, locating 
the tubes in the center of a half wave line makes the inclusion 
of acritical plate-blocking capacitor necessary. This blocking 
capacitor adds another potential failure point and makes con- 
struction more complicated. The extra complexity of this cir 
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cuit type can be seen in Fig 2. Moreover, designing and build- 
ing plate tuning and loading capacitors which would both not 
disturb the symmetrical current benefits of this type of plate 
circuit and couple equal power from both tubes is a difficult 
task 

Although not often used today in amateur amplifiers, the 
push-pull amplifier was very popular until а few years ago. 
When designed properly the push-pull design offers some sig- 
nificant benefits. The primary advantage is that tube output 
‘capacitances appear in series instead of adding together, as in 
a parallel design. This effectively raises the output capacitive 
reactance of the tubes, giving the designer more flexibility in 
designing the plate resonator. Another advantage of a push- 
pull UHF amplifier is that, since the tube anodes are not con- 
nected together, low-loss plate lines near the optimum 75-0 
impedance are relatively easy to incorporate. 

їп addition, the push-pull arrangement could be made in 
a fashion similar to the old “plumber's-delight” 144-MHz 
amplifiers. This type of design can have better current distri 
bution than a stripline. A proper push-pull design would also 
be less sensitive to the spacing between the tubes as parallel 
responses near 432 MHz would not be likely. A push-pull 
schematic representation is in Fig 3. The down side of the 
push-pull design is that the plate circuit fabrication is more 
complex than a K2RIW-style amplifier since standard com- 
mercial chassis could not be used. At 432 MHz it becomes 
very difficult to obtain balanced loading from the two tubes 
which creates another design problem and potential adjust- 
ment headache. Still another problem area is the construction. 
and adjustment of a push-pull input circuit which will main 
tain proper tube balance can be much more difficult than in a 
parallel amplificr. 

A final design option considered was to simply incorpo- 
rate two single-tube amplifiers on a single chassis and use a 
hybrid power splitter to feed input power to the amplifiers and 
а similar hybrid combiner to couple the amplifiers’ output 
together. Although it would be much easier to obtain near 
optimum plate-line impedance, it was quickly decided that the 
losses in the hybrids would be greater than predicted circuit 
losses ina parallel design. Combining two amplifiers requires 
a high-power dump load, tuning procedures become tricky 
and metering circuitry is more complex it both amplifiers are 
operated off the same B+ supply. In addition, construction. 
complexity is increased due to the need to make additional 
‘combining components. Ail of these factors made this ap- 
proach less desirable than the alternative, 


Parallel Plate Circuit Design 
After analyzing all design options it was concluded that 
building ahalf-wave stripline, K2RIW-seyle, plate circuit was 
the best compromise. The calculated line impedance, loaded 
and unloaded Q gives an expected line loss of less than 0.05 dB. 
whichis under 17 Wat full power, oraboutalossof 1% inplate 
efficiency. These losses were considered acceptable given the 
simple construction, The unbalanced current design of the half 
wave stripline and its plate-circui losses may not be consi 
егей acceptable for a continuous-duty amplifier. However, 
intermittent amateur operation of the single-tube 3CX800A7 
half-wave stripline, 432-MHz amplifier at 750-W output has. 


resulted in an immeasurable loss in output power and effi- 
ciency after6 years of use, This validates the suitability of this 
type of circuit for intermittent amateur use. The final decision 
in selecting the half-wave plate line design is that it is abso- 
lately the easiest design for a typical amateur to duplicate and 
get operational 

A tube center-to-center spacing of 2.75 in. was selected, 
as it is the closest possible spacing that could be used with the 
2.50-in.-diameter 3CX800A7s, and still leave room for the 
plateline=to=tube-contact collets. The closest possible tube 
spacing is desired, as И will move push-pull responses higher 
in frequency. and far enough away as to not cause multi- 
moding problems, Swept-frequency-response measurements 
were made on the plate Jine. Resistive loading was used in 
place of a resonant input circuit, to assure that only plate“ 
circuit resonances would affect the results, With the plate cir- 
cuit tuned to 432 MHz, a significant response was seen at 
657 MHz. At first it was assumed that this was а push-pull 
mode resonance. Some further testing revealed a similar re- 
sponse in the single-tube 3CX800A7 amplifier. The two-tube 
amplifier exhibited the 657-MHz resonance with the plate Tine 
removed, and whether the two tubes’ anodes were shorted 
together or separated. I finally decided that the 657-МН re- 
sponse was а self resonance in the 3CX800AT. In the neutral- 
ization section I describe how I handled this resonance. An- 
‘other resonance, dependent upon the plate line was found at 
878 MHz. This is possibly the -wave push pull resonance. 
Fortunately the close tube spacing kept this response to 2times 
the operating frequency. After the amplifier was neutralized 
то significant resonances including the 878-MHz mode, were 
observed (Naturally with this type of design harmonic reso- 
mances will be evident such as a third harmonic resonance 
observed in this amplifier). 

The close tube spacing also lets the plate line he as narrow 
as possible, so its impedance will be as high as possible. To 
simplify construction, it was intended to use standard 3-in. 
high chassis thus mandating that the plate line be as narrow as 
possible. The only other solution to the plate-Tine impedance 
problem would be to use a taller RF enclosure. This would, 
however, require custom metal work and defeat the simple-t0- 
construct objective. With the chosen 2.75-in. tube spacing. 
Gin. became the minimum width of the plate line, The charac- 
teristic impedance of the line is 37 ©. With the selected 
jin. length and tuning capacitor size, the plate circuit will 
resonate from about 350 MHz to 445 MHz, This line length 
was selected to have the amplifier operate optimally at 432 
MHz. If you desire to use the amplifier across the entire ama- 
teur band (420 to 450 MHZ), shorten the plate line to 8 Yin, 
‘The exact construction dimensions for the plate stripline (WT) 
are given in Fig 4, Note that the comers of the line are rounded, 
as are the edges, to minimize the possibility of the plate line 
arcing to ground or the tuning capacitors. 

The hardest part of constructing the amplifier will be 
cutting the two 2.660-in. diameter holes in the plate ine, These 
size holes are required tor the finger stock used to contact the 
tubes to the plate lines. This leaves only 0.090 in. of material 
in the plate line between the two holes If you are going to use 
а Пу cutter to make the holes, be sure to cut the holes very 
slowly to avoid distorting or ripping the material in the center 
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Fig 4—Plate stripline for the parallel 3CXB00A7 amplifier 
ls made of 1/16-in. copper or brass. Nickel-less (dull- 
finish) silver plating is recommended after the plato 
collets are soldered in place. 


or at the edges. If a small machine shop with either a CNC 
vertical mill or simply a rotary table ona standard vertical mill 
are available, you could contract them to cut the holes. Cutting 
the holes with a small diameter end mill (about % in.) vill cut 
clean holes with square edges and minimum of material 
distortion. The plate-line material used was in. thick brass 
sheet 6-in. wide by 8'% in. long, which was silver plated. If 
you don't plan оп silver plating the plate line, you may want 
to use copper instead, although copper is a harder material to 
machine. Any material thickness between / and % їп. can be 
used, as long as the Teflon spacer insulators are adjusted in 
length, 

Since the tube spacing of 2.75 in. is also the same spacing 
used on the original K2RIW 2 x 4CX250B amplifier, it allows 
owners of K2RIW-style amplifiers to convert their units to 
SCXROOA7s, The K2RIW amplifier used different spacing of 
the tube centers to the RF enclosure sidewall (2% in.) which 
‘could complicate а conversion. These different dimensions 
may require that the loading capacitor be retained to the side 
‘of the plate line as in the original K2RIW amplifier. Also note 
that many builders of rhe K2RIW amplifier who used SK-620 
‘or SK-630 sockets (including most of the ARCOS amplifiers) 
used 2.50-in. tube spacings which would also hinder such a 

"The finger stock used to contact the tube anodes to the 
plate stripline was selected because I found it at a hamfest flea 
market, It is approximately % in. high and is rolled over such 
that it becomes 0,100 in, thick. Looking in the Instrument 
Specialties catalog the finger stock looks similar o their part 
number 97-360, Instrument Specialties 97-380 also would he 
suitable, Itis similarto97-380, butisonly V. in high. If finger 
stock cannot be located, EIMAC 720829 plate collet for the 
3CX800A7 can be used. | prefer the selected finger stock as it 
is a bit more flexible than the EIMAC collet which makes 
aligning the socket positions with the holes in the plate line а 
bit ess critical. The EIMAC collet looks as if it is made from 
Instrument Specialties 97-251 finger stock which also could 
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is view shows alternate mounting of the RF output jack 
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in. hard brass shim stock or beryllium copper. Have the 


расног silver plated to 0.0001-In. minimum thickness. 
Specify nickel-less plating. 


be used. Most any reasonably sized finger stock can be used. 
Variations in the inductance of the different finger stock can 
be compensated for in the positions of the tuning and loading 
capacitors 

‘One difference in the 2 x 3CX800A7 amplifier from the 
original KORIW design was to locate the output loading ca- 
pacitor flapper on the tube end ofthe plate line between the two 
tubes. Theoretically, this arrangement will result in more bal- 
anced power levels delivered from the two tubes. feel that 
this arrangement is more important on this amplifier than the 
original K2RIW amplifier due tothe wider plat line. Locating 
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Fig 8—Insulators for C8 and C9 are made from 1/4-in. 
diam. virgin (electrical grade) Teflon rod. 


the loading capacitor away from the plate-tuning capacitor 
also minimizes interaction between the controls. Another ben- 
efit of this loading arrangement is that it will help to more 
evenly distribute the RF current on the tubes and stripline. The 
amplifier originally was built with the output Type-N connec- 
tor mounted on the sidewall of the chassis. This arrangement 
isshowninFig 5. After initial testing, a concession to esthetics 
was made and the output connector (12) was moved tothe rear 
of the amplifier. This necessitated the use of a short coax 
jumper from the output loading capacitor (C9) to the connec- 
tor. RG-225, which is Teflon dielectric 50-0 cable was used 
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Fig 6—At A, plate tuning capacitor Cê is made of 0.010- 


in. hard brass or beryllium copper. Silver plating is 
‘optional. B shows the capacitor retaining blocks made 
% 1/8- x 3/4-in. aluminum bar. C shows how the 
capacitor and retaining blocks are mounted. 


for the jumper. RG-225 is similar to RG-214 but with Teflon 
dielectric anda Teflon jacket, RG-213 or similar polyethylene 
cables (including foam types and 9913 types) are not usable as 
the 1500 W from the amplifier will quickly melt such cables. 
If you cannot locate any high power cable for this jumper it is 
suggested thatthe output connector be mounted on the side 
and the jumper cable be eliminated. The flapper tuning and 
loading capacitors (СВ and C9) are made from 0.010-in. thick 
‘beryllium copper. Hard brass shim stock will work if beryl- 
lium copper cannot be located. СВ is shown in Fig 6 and the 
layout of C9 is covered in Fig 7. Be sure that the edges of the 
flappers are sanded smooth with fine emery cloth after they are 
eut to size. This will minimize the possibility of arcs from the 
plate line to the flappers. The Jin. holes in the flappers are 
to accommodate Teflon button insulators (Fig 8) which serve 
то both prevent ће flappers from contacting the plate line and 
they provide a convenient way to attach the fish line to the 
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Fig 9—С10 mounting insulator is made from 1/24. 
thick virgin (electrical grade) Teflon rod. 
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Fig 10—Adjustabie stops for the plate tuning and 


loading controls aro made from 1/4-in. aluminum. 


Mappers. C8 is held securely to the chassis by means of a 
tapped brass or aluminum retaining plate (Fig 6). The loading 
capacitor is held in place by means ofa Teflon insulator which 
was made from some rectangular Teflon bar stock (Fig 9). The 
Small relief was cut to offer extra protection from arcing to the 
chassis sidewall. It is not necessary to cut the relief in the 
Teflon block. The tuning shafts were made from brass as they 
give a smoother feel when they are turned than aluminum 
Shafts will, The plate tuning capacitor control uses а 6:1 ver- 
nier ball drive to impart a slow, smooth feel to the control. A 
vernier drive was not used on the loading control as its feel is 
good without any rate reduction. The end of the loading con 
trol shaft where the fish line wraps around was turned down to 

Power Amplifiers 8-33 


эле as 


ee 
a !! 
' | 
Fig 11—Coupling to adapt 3/16- to 1840. shaft is made 
from Ins. diam. aluminum rod. 
ae 
== 
n 
u — 
i 
+ 
EIL 


Fig 12—Input circuit capacitor С1-С2 mounting 
Insulators are made from 1/16-In. thick G-10 circuit 
board material, from which the copper has been 
removed. 
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Fig 13—Mounting brackets for the insulators shown in 
Fig 12 are made from 1/4-in. aluminum or brass bar 
(aluminum is preferred). 


%e in. to give a slightly slower tuning rate and to limit the 
loading capacitor adjustment range. Adjustable shaft stops 
(Fig 10) were made from brass bar stock. They slip over the 
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tuning and loading control shafts and allow the tuning limits 
то be set without worrying about how long the dial cord is. 
Screws mounted on the chassis provide the stop points for the 
clamps. These stops both control the amplifier tuning and loa 
ing range by limiting the tuning shaft rotation to just under a 
full urn. The stopsalso prevent accidental breakage of the fish 
line by keeping the controls from turning too far. The panel 
bearings were intentionally misaligned to keep the tuning con- 
trols in place against the force of the flapper capacitors. Shaft 
locks a are used on potentiometers can also be used to prevent 
unwanted tuning shaft slippage. 


Input Circuit 

The tube spacing is actually more critical їп obtaining. 
proper operation of the cathode circuit. This is due to the much 
higher input versus output capacitance that the 3CX800A7s 
have, The 2.75-in. tube center-to-center spacing also allows 
use of a standard 5- x J. х 2-in, chassis for the input circuit 
compartment, again simplifying construction, The cathode 
Circuit layout was intentionally made as similar as possible to 
the original K2RIW amplifier, so the owner of a 4CX250 
amplifier could convert his amplifier to use 3CX800A7s. To 
facilitate such a conversion, the position of the input tuning. 
and coupling capacitors to the tube center line is the same as 
was used in the K2RIW amplifier. 

‘The actual cathode stripline is different in size and shape 
fromthe K2RIW grid circuit due to both the different configu- 
ration of the 3CX800A7 sockets and due to the higher input 
capacitance of the tubes, The resultant input circuit works 
amazingly well given its simplicity and compromise to past 
‘mechanical layout decisions. It will tune from approximately 
370 MHz to 510 MHz. When tuned to 432 MHz there are no 
Significant resonances, besides the desired 432 MHz reso: 
‘nance and third harmonic responses in the 1050-to 1200-MHz 
range. 

The cathode circuit is tuned by miniature butterfly air 
variable capacitors, The sections are connected in series to 
lower the capacitance, raise the voltage breakdown and to 
eliminate the effects of the sliding metal contact between their 
shafts and mounting bushing. Ifthe butterfly capacitors can- 
not be located standard air variables could be used in place of 
the butterfly capacitors. The miniature capacitors have Yin. 
shafts which require the fabrication of Yis- to Yein. diameter 
shaft couplings. The couplings are detailed in Fig 11. Garolite 
G-10 grade insulated shafts are used from the couplings to the 
front panel knobs. Garolite G-10 is very similar to standard 
G-10 epoxy printed-circuit substrate. If Garolite G-10 rod 
cannot be located, commonly available linen bakeliteor Delrin 
rod can be used. The input capacitors are mounted on a small 
piece of Yin. thick G-10 epoxy PC board (the copper foil is 
removed), These mounting plates are dimensioned in 
Fig 12. These epoxy plates are held to the chassis via brackets 
‘made from brass or aluminum bar stock (Fig 13). А full layout 
drawing of the cathode compartment and cathode stripline is 
given in Fig 14. A side view of the input stripline and tuning 
capacitors is also shown in the amplifier section view (Fig 5). 


Socket Mounting 
The sockets are mounted in identical fashion to the 
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Fig 14—Cathode circuit layout, Enclosure is а 5 x7 x 24п. aluminum chassis (Bud AC-402 or equiv.) cut away as shown. 


method described for the single tube 3CX800A7 amplifier, so 
that section should be carefully read. Note that the sockets are 
‘mounted mirror imaged tha is one socket is turned 180° with 
respect to the other. This was done to place the cathode pins 
as close together as possible. This minimizes the width of the 
cathode line and again the possibility of undesirable push-pull 
modes present. Some other builders of parallel 3CX800A7 
amplifiers have used considerably wider spacings between the 
tubes. While their amplifiers have worked acceptably, the 
required drive power was substantially higher than expected 
leading to the speculation thatthe wider tubes spacings were 
‘causing some form of a push-pull mode response 

‘Varian part no, 720359 grid-collet assemblies were used 
for grid grounding. These assemblies use а no. 882931 collet. 
which is soldered to a Yin. brass mounting ring that also has 
three 4-40 studs for socket mounting. Unfortunately, since the 
parts for this amplifier were obtained, the price of the 720359 
assembly has become quite high. Those interested in saving 
time may decide that the collet assemblies are worth the ex- 
pense. Other builders with fewer funds but more time can 
either obtain the 882931 grid collets and attach them to their 
own brass mounting plate or they can use finger stock for 


rounding the grids. The same finger stock which was used on 
the plate line could also be used for the grid colles, In either. 
сазе. the simplest construction method may be to use a single 
Yen. thick brass plato that is approximately 5 %4 x 3 in. An. 
alternate grid collet assembly is described in Fig 15 


Air Inlets and Outlets 
‘The air inlets and outlets used on the 2-tube amplifier are 
different than the other amplifiers. Since a fairly thick plate 
(% in.) was needed to space the EIMAC SK1906 chimneys 
down from the top cover, the idea of using this thick metal 
plate as à waveguide-beyond-cutoff RF filter occurred, The 
attenuation of a signal that Jeaks through a hole in an RF shield 
is proportional tothe depth of the hole. For holes substantially 
smaller than a wavelength (Jess than 2/10) they will have ad- 
‘equate attenuation if the depth of the hole is twice its diameter. 
When multiple holes are needed, each individual hole should 
have sufficient attenuation that the total leakage from ай holes 
inthe RF compartment maintains leakage below an acceptable 

level, 
‘The in.ahick air chimney spacer plus the Hen, del 
cover plate gives a rather substantial depth of Ун inch. A per- 
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Fig 15—Alternate grid-collet mounting plate for use with finger stock (A); dimensions of the two usable Instrument 


Speci 


' finger stocks. The mounting plate is made from 0.0824. brass or copper, silver plated if desired. The 


diameter of the large holes depends on the grid-contact method used. For type 97-135 stock, the diameter is 1.600 
Ini for 97-360 stock, 1.540 in.; for EIMAC 882931 collet, 1.500 in. 


forated sheet of steel with "iin. diameter holes spaced on 
Vein centers was available to use as a drilling template, to 
make a symmetrical pattern of exhaust air holes. After the 
initial in, holes were drilled the plate was bolted to the top 
cover, The holes were then drilled out with a no. 20 drill 
(0.1660 dia.) in order to have the holes in the plate and top 
cover match perfectly, These fancy looking air inlets and out- 
lets are actually casy for the home builder to duplicate, The %- 
im. plate can be obtained from small volume specialty metal 
distributors (such as the Dillsburg Aeroplane Works)! They 
сап be cut with а hacksaw and filed to shape. Although it will 
be time consuming to drill the large number of small holes in 
these air outlets, these parts are easier to make at home (and 
much safer!) than attempting to cut a 2/-in. diameter hole in 
a Yin. plate with a Пу cuter, which you'd have to do to use 
window screening. The air-inlet plate is described in Fig 16 
and the outlet is covered in Fig 17. 

"The 0.1660-in, diameter holes would act as an effective 
waveguide at frequencies around 50 GHz. At frequencies 
around half the waveguide wavelength (25 GHz) an individual 
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hole 0.166 in. diameter and 0.4375-in. deep has about ba. dg 
attenuation. At 432 MHz (less than 1/100 the waveguide fre- 
quency) the estimated attenuation for all 302 holes in combi 
mation is over 90 dB! This means that when the amplifier is 
operated at the 1500-W level, approximately 1.5 in will leak 
through the air outlets. There will be about as much RF power 
leaking through the cracks at the corners of the chassis joints 
astheough the air outlets, To test the effectiveness ofthe shield- 
ing, 1 probed the amplifier with a microwave power meter 
having 0.3-4W sensitivity (HP 4354/8481). Using a short 
probe connected to the power meter's sensor, less than 6 uW 
was detectable when the probe was placed up against the air 
‘outlets. About 5 pW was read when the probe was held next to 
the chassis joints. This is substantially better than the window 
screening used on the air outlet of the single 3CX800A7 am- 
plifier. On the single-tube amplifier, an indication of about 
75 W was read with the probe against the window screening 
air outlet while it was run at the 750-W output power level. To 
put these readings in perspective, acommercial 100-W “brick” 
read over 200 pW near the 12-V power leads, and over 
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Fig 16—Air-inlet plate is made from 3/8-in. 6061-6 aluminum plate. The hole pattern is obtained by using a piece of 


perforated sheet steel as a template. See text for detalls. 


100 mW around its joints and indicator LED holes, After by- 
passing the power leads the brick leakage was reduced to about 
50 pW on its power leads. Another reference point; When the 
probe was held up to the RG-142 (double-braided shielded 
Cable) from the driver to amplifier, about 30 pW was mea- 
sured. As a final note on RF field levels, these field strengths 
are several orders of magnitude lower (more than 1000 times 
Tower) than what emanates from a 5-W hand held. In addition, 
in normal operation the amplifier will typically be located 210 
3 feet away from the operator, which further reduces the 
Strength of the RF fields near the operator. In other words. you 
сап feel safe building the amplifier with either the window- 
screen air outlets or especially the drilled-plate air outlets. As 
a final note on RF leakage, this amplifier uses an Erie high- 
‘voltage EMI feedthrough filter instead of anormal feedthrough 
ог bypass capacitor, to bring the B+ into the plate compart- 
ment. In addition, the plate stripline was probed to confirm the 
electrical center point of the line, to minimize RF leakage 
through the B+ lead. RF leakage on the high-voltage cable was 
less than 10 pW, compared to the 100 LW or more measured 
on other 432-MHz amplifiers, which used conventional HV- 
bypass capacitors. 


Mechanical Construction 

The overriding consideration in all design decisions for 
the amplifier was to make it as easy to duplicate as possible 
‘This mandated the use of standard commercial aluminum 
chassis. An 8- x 12- x 3-in. chassis was used for the plate 
compartment, and а 5- x 7- x 2-in. chassis was used for the 
cathode compartment, An 8- x 12- x 27 chassis forms а base 


forthe amplifier to be built on. The amplifier was built prima- 
rily for portable use on EME DXpeditions. This determined 
the table-top configuration, rather than a rack-mount assem- 
bly. The “cabinet” formed simply by using oversize top and 
bottom covers (10% x 12 x 0.062-in. thick) Side covers are 
made from 5'4 10% in. plates, also 0.062-in. thick. The front 
panel is 5% 12% in, aluminum, again 0.062-in. thick. The 
front panel is held to the cabinet by Yin, aluminum angle 
stock which was purchased in a local hardware store. The 
0.062-in. aluminum sheet can be purchased cut to size from 
Chassis Kit? Although the plate enclosure is the sume size as 
the original K2RIW parallel tetrode amplifier, thisamplifieris 
‘constructed in mirror image to it, [did this primarily because 
of the configuration of the Dayton 4C443 blower 1 used, This 
layout of the plate circuit is shown in Fig 18, Drilling and 
punching drawings for most of the metalwork are given in Figs 
19 10 22 These drawings allow you to easily duplicate the 
amplifier without wasting time laying out the components on 
the chassis. 

Blind fasteners (PEM nuts or similar) secure the top and 
bottom covers securely о the chassis, without danger of stip 
ping the threads. Fasteners threaded 6-32 were used in most 
places. Be careful not to distort the chassis when installing the 
fasteners. Ifthe chassis ip is bent or mushroomed, RF leakage. 
can occur between the cover-to-chassis joins. As discussed in 
the air outlet section, the symmetrical vent hole patterns were 
easily made by using perforated steel as a template. Note that 
there are vent holes in the side of the cathode compartment and 
in the amplifier cabinet bottom cover. These holes are very 
important to allow cooling air to circulate by the socket bases, 
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Fig 17—Air-outlet plate 
details on drilling the hole pattern. 


to keep the tube base seals cool. The amplifier must be set off 
the operating table by feet at least /in. to allow this cathode 
cooling airtoescape. Ifthe amplifier must be directly mounted 
to anything, vent holes should be drilled in the eft side panel 
instead of the bottom. 

The amplifier could also be mounted easily on a 7-in. 
rack panel. The RF deck could be mounted directly to the 
panel eliminating the need for the side brackets used in the 
desktop model. Top and bottom covers would be made 8 x 12 
in. The meters and filament transformer would then be 
mounted on the side of the RF deck. 


‘Neutralization 
The 2-x 3 CX800A7 432-MHz amplifier required neu. 
alization (as does virtually any ОНЕ tube amplifier) for 
proper operation. The amplifier was swept from 1 to 
1350 MHz to look for any undesired responses. As mentioned 
previously, an apparent self resonant tube response was evi- 
dent at 657 MHz. Without neutralization this response was 
only 3 dB down from the desired parallel 432-MHz tuning. 
Another resonance in the plate circuit was indicated at 
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ade from 3/8-In. 6061-76 aluminum plate. See the text and the caption for Fig is for 


878 MHz which was about 20 dB down from the primary 
resonance. Additional responses in the 1050 10 1160 MHZ 
range that were 25 to 30 dB down were also observed. Most 
likely these are third harmonic resonances that are moved 
lower in frequency by stray capacitance and inductance ef- 
fects, As with the single tube 3CX800A7 432-MHz amplifier 
the 2-tube amplifier without neutralization exhibited signs of 
thermal instability and its maximum power output occurred 
near a plate current peak not at a dip. Reverse isolation was 
measured at 17 В which is only 3.5 dB higher than the gain 
of the amplifier. 

The amplifier was then neutralized by adjusting the grid 
inductance, Best operation was obtained with the maximum 
reverse isolation around 420 MHz (38 dB) and 32-48 isolation 
at 432 MHz. This grid collet fingers were broken off until 
proper isolation was obtained. A somewhat different pattern 
was used in removing the grid collet fingers compared to what 
was done on the single tube amplifier. The proper grid collet 
finger pattern is shown in Fig 23, Under this condition, maxi- 
mum power output coincides with minimum plate current and. 
maximum grid current, Power drift was also minimized when 
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Fig 19—Front-panel layout. See text for detalis. Hole dat 
‘countersink 0.220, 100°; C—0.375 diam; D—0.3125 diam. 


A—0.156 diam, countersink 0.280, 100°; B—0.125 diam, 
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Fig 20—Cathode compartment layout. At A, the front side; 
‘See the text and the caption for Fig 16 for details on drilin 


the amplifier was neutralized. A swept response of the ampli 
Tier was then measured again, The 657-MHz tube/socket self 
resonance was reduced by about 20 dB with the amplifier 
neutralized. The 878-MHa response virtually disappeared. The 
apparent third-harmonic responses were not affected in mag 
840 Chapter 


Jt B, the rear side. At C, the left sid 
ig the hole pattern, 


at D the right side. 


nitude by neutralization. They are high enough in frequency. 
however, that itis unlikely the 3CX800A7 will exhibit any 
significant gain there. The magnitude of these responses is 
also more than 35 dB below the amplifie's forward gain at 
432 MHz 
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Fig 21—RF enclosure, left side drilling guid 


и modifications. Of every 6 finge 
k off four consecutive fingers as shown. Thi 
procedure Is necessary to provide the proper grid- 
circuit capacitance to neutralize the amplifier. 


Fig 23—Grid col 
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Protection Circuits 

The 3CX800A7 is a rugged, reliable tube when properly 
operated. To obtain its high performance (low IMD products 
“and high gain) the gridstructure had tobe made very fine. This 
Tine grid structure has relatively low dissipation. While not a 
problem in normal use, should B+ be lost or the antenna be 
disconnected, enough grid current can be drawn o destroy the 
tubes. To protect the tubes, both B+ sensing and grid over- 
current protection is included, 

The B+ sensing circuit consists of the B+ meter string 
(R5-R10) and Q1. These devices sense the presence of B+. The 
exact pull-in voltage is set by RII and RI2. Q4 is used to 
switch the T/R relays in combination of a logic circuit (ОЗ and 
QS) which allows either а low current to ground ora low cur- 
rent +12V to transmit enable the amplifier. If high voltage is 
not present this circuit prevents the amplifier from switching 


to transmit mode. If high voltage is lost during transmit, the 
amplifier is switched to standby. 

Q2is used in conjunction with R4, R14 and R15 to sense 
aridcurrent RIS sets theexactamount of gridcurrentat which 
Q2 will switch КЗ, the over-current relay. In normal operation 
should the operator mistune the amplifier, R3 may only chat- 
ter, thus limiting the overload condition. If а major failure 
occurred, such as a missing antenna connection or defective 
"TIR relay grid current will rise fast enough to lock in the over- 
current relay, which will drop the T/R switching circuit To 
reset the grid current trip, the Operate/Standby-Reset switch 
52) is flipped to Standby -Reset for a few seconds (to allow 
the 24-V supply to discharge). Switching back to Operate 
places the amplifier back in the ready-to-operate mode. Al- 
though the cathode-bias resistor (R3) will protect the tubes, 
the most protection is available when an RF relay is used on 
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Fig 24—Schematic diagram of the amplifier. 


the input circuit. This relay will drop drive power from the 
amplifier in case of a B+ failure or grid over-current trip. 

A thermal time-delay relay (3 minutes) is used to assure 
the tube cathodes are up to full temperature before drive is 
applied, The time delay prevents the 24-V control circuitry 
power supply from turning on until the time delay is complete. 

А 500 100-W resistor should be connected in series 
with the B+ supply. This resistor will serve to limit the current 
from the power supply in case of an arc. A fuse in the HV line 
is another means to protect the tubes from rcs. The HV supply 
should have as good regulation as possible. recommend you 
use a bridge-rectifier circuit with a transformer that has wind- 
ing resistance as low as possible. The use of acapacitive-input 
filter is also preferred, Do not use too much filter capacitance. 
(50 uF maximum) as more capacitance will only increase the 
possibility of damage should а high-voltage are occur. 


Initial Adjustments 

Ifall ofthe design dimensions and construction methods 
are closely followed the amplifier will tune up and operate 
‘without any "trimming in.” For operation at 432 MHz, set the 
cathode tuning capacitor C2 во its plates are 50% meshed, and 
the input coupling capacitor СІ so that its plates are 60% 
meshed. The plate tuning capacitor is preset to have its fixed 
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end 1%c in. from the plate compartment bottom, and the mov- 
ing end is "cin, from the chassis. The plate loading capacitor 
should be located so its fixed end is 1У from the chassis 
bottom and its moving end is 1%s in. from the chassis. With 
these settings the amplifier will be closely tuned for running 
1500-W output ata plate voltage of 2250 V. 

After verifying that all wiring has been correctly com- 
pleted, prepare for the application of power by setting the 
filament voltage adjusting resistor (R17) to maximum resis- 
tance (minimum filament voltage). Ac power can then be 
applied to the amplifier, but do not connect the B+ at this time. 
Connect an accurate ac-RMS voltmeter to the filament power 
Feedthrough capacitors, C4 and CS. Then adjust R17 for 
13.0 V RMS. Set the meter switch, S3 to the FIL position, and 
adjust R20 for a reading of 130 on M2, which corresponds to 
130 V. Be sure the filaments are fully warm (3 minutes mini- 
mum) before making final adjustments to R17 and R20. The 
filament voltage is set to the low side of the specified filament 
voltage (13.5 V + 0.6 V). This is done to both maximize the 
filament life and to minimize any cathode back-heating ef- 
fects. any trouble is encountered in obtaining full plate cur- 
rent, try increasing the filament voltage. 

Next, set the grid over-current circuit. Disconnect B+ 
from the cubes by removing REC? from the plate line. Turn on 
the B+ (needed to activate the HV-sensing circuit) and ground 
1610 switch to transmit. Verify that the HV sensing circuit is 
working and that the T/R relays (K2 and any RF relays which 
are used) are switching. Apply a small amount of 432-MHz 
drive power. Since plate voltage has been removed from the 
amplifier, be extremely cautious, as the tubes will draw a large. 
amount of grid current (retune СІ and C2 if necessary). In- 
crease drive power until the tubes draw 120 mA of total grid 
current. Quickly adjust RIS for a grid over-current trip. Note 
thatthe relay may chatter and not lock in. If this is the case, 
adjust for consisten chatter at 120 mA. Now tum off the HV 
supply and, after verifying that the HV has bled down to zero, 
reconnect plate HV choke RFC7. 

The amplifier is now ready for RF power-on testing. 
Connect power meters to the input and output lines. Turn 
power back on, including B+, After the filament is warm, the 
amplifier should key and draw about 90 mA of plate idling 
current (at around 2550 V. Apply increasing drive until 30010 
400 mA of plate current is drawn. Adjust the plate tuning and 
loading capacitors until you observe maximum output. In 
crease drive and retune the amplifier until full power out is 
‘observed (1500 W). Adjust the input tuning (CI and C2) for 
‘minimum SWR under full-power conditions. With а 100-W 
Bird wattmeter element on the input side, you should be able 
tocompletely nulloutthereflected power. If you cannot, verify 
that your drive signal is free from spurious signals and check 
the input circuit for any assembly errors. Asa final operational 
‘check, verify that the plate-current dip corresponds to maxi 
mum power output (within 50 W). Grid current should also 
roughly peak with the plate current dip, however, improper 
loading will affect this. If these conditions do not occur, check 
the grid collets for proper neutralization and check that your 
load or antenna is capable of handling the power and has a 
reasonable SWR (1.2:1 or better preferred). 


Parameter Test 1 Test 2 
Plate Voltage, Full Load 2230 V 2380 v 

Plate Current 1290 тА 1200 mA 
Input Power 2877 W 2856 W 
Output Power 1500W 1500 W 
Apparent Efficiency 521% 525% 

Drive Power saw ow 

Power Gain 13408 13.808 
Grid Current 18 тА То тА 
Input SWR 1461 1,1641 
Filament Voltage 120 % 120% 

"ding Current 75тА © 2480 V 90 @ 2620 V 
Bias Voltage 82V a2v 

Noter: 1. Grid current may vary from tube to tubo. 


2 Plate voltage was measured тот the cathode a. 
feedthrough: ie, the bias vollage and voltage drop across Ino B+ 
protection rasisior are not measured 


Operation 

Operation is best (and tube life will be longest) when the. 
amplifieris heavily loaded. Ifthe amplifier is over loaded, grid 
current is negative and plate current is higher than optimum. 
When under loaded, grid current ries rapidly as drive power 
is increased, however output power will not increase substan- 
tially. Several different tubes have been tried in both the par- 
allel and single tube amplifiers. All of the tubes gave maximum 
power output at 432 MHz with very little positive grid current 
(typical was 7 to 20 mA per tube). The apparent efficiency of 
the amplifier should be checked (power ouv, x Vp). If over 
50% apparent efficiency cannot be obtained. either the ampli- 
fier is not correctly loaded or the plate current and HV meters 
are not calibrated. If efficiency is over 55%, either the plate 
meters (voltage and current) or power-output meter are out of 
calibration. Ifthe antenna has ahigh SWR, the power meter can 
indicate high, due to the reflected power traveling up and down 
the transmission line. Table 1 lists the observed operating con- 
ditions forthe amplifier. These readings were made after care- 
fully calibrating all metering circuits and verifying power out- 


Table 2 
Parts List, Parallel 3CX800A7 Amplifier 


BI-100.GFM ree low blower: Dayton 40443 or equiv: 

Ei Mature air variable butieriiy. 18:8 1 pF per soción: 
Cardwell 180.205 

C2 Minature arr- variable шен. 2.2-8.0 pF por section; 
Cardwell 160-208, 

CE Feedthrough capacitor, 1000 pF, 300 V. Tusonix 

к 
Pate tuning 1арре (see text and Fig 2). 

0 ear nappet (see tex and gs 3 and 4) 

HOLY 2800 pi section feedthrough Muraia/Erie 
1280-060 

CIT 0004. 36 electrolytic 

dice g e тобойт ceramic preferred. 
Sprague 1C1025U103M030B. 

CS e КУ coramic 

82505, 25V 

D18 EV, 50% Zener diode; 823807 

D2—100-PIV, 10-A scan reir diode. 

ОВЕ 8-A! 1000:PIV icon тесїйөг diode IR R170 or 
ашу. 

DESO., 2-A эйсоп bridge rectifier 

Заоа ао эй соп tactile diode, 1N4007 or 
ашу 

ЕГА, AGC or 3AG fastblow. 

ESA AGE or 3AG fast blow 

50 0 plot lamp, amber 

12 20-Y plot lamp rod 

Ji Ghasels-mount BNC female connector, UG-1094, 

"o Chassis mount Type N female connector 00-88 

a Chassis mount MRV female connector UG 991 

A Sm. male chassis-mountconnocior Cinch ee, 

Scb temale cassis mount connector Cinch 8304АВ. 

JEJE PACA type phono recoptacie Scher 3501 ER 

26 pn female chasete-mount connector Cinch 8302AB. 

e Thermal ime delay. 118-7 heater, SPST, NO, 
трата 1 NO 80d 

KE KB Conto relay, 24- de coil. 4PDT: PB RIO EX 
700 

КА SÉST low-power coaxial relay with BNC connector, 
28% de col 

КЁР Т high-power coaxial relay, Type-N connectors, 
26 de con 

мї De mliammeter, calibrated 1.5-А ful scale 


мә—0.1 má de millammeter, with appropriate shunt resistors: 
(0-150 тд rd 0-3 «V рше. 0.18 V lament 

1, 02—NPN low-ourrení switching transistor, 2N3904 or 
E 

оз PNP medium-current switching transistor, 2N3053 or 
equiv (TO-5 package) 

о“ NPN medium-current switching transistor, 2N4037 or 
equiv. 

QS PNP low-current switching transistor, 2N3806 or equiv 

Я1—200 п, 26-W wirewound 

R2—Ik, 12 wirewound. 

АЗ 10, 25-W wrewound. 

А05 VW Y 

Ң5-Н10—499К YW, 1% metal fim, type RN-65C. 

RTI 27k, / metal fim, select valve to calibrate HV 
meter. 

RIZ 3.3k, 4-W metal flm, select value io adjust HV relay 
‘drop-out point 

AS 94 JEV metal fim. select value to calibrate grid meter. 

12 240, 2.W, wire wound. 

RIS IOk W miniature timmer. 

R16—100-0, 2-W. select value to adjust time delay (see 
po 

81 59 g. 25-W wirewound potentiometer, 

H18—2500:41/50-W wirewound, 

R19 12k, уй. him 

R20—2k. VW, miniature trimmer. 

R21, R3, A27— 10k, YEW, fim. 

YAW, hm. 


RECI-RFCS- 8 tno. 18 enam, Yin diam close wound. 
RFG6, RFC7—6 t no. 18 enam, "cin. long, "iin. diam. 
85 SPST toggle or rocker swich. 

527 ОРТ toggle or rocker switch. 

53 орет rotary switch, non-shorting. 

SA SPOT miniature toggle switch 

Т1 Filament transformer, 14-V ас, 4 A; Stancor Р-8557. 
Т2 Control transformer, 20-V ac, 1 A; Stancor P-8604, 
Vi, VELCEIMAC 3CX800A7 ceramic-metal triode. 
Wi—Plate stripline (see text and Fig 1). 
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ри via a calibrated directional coupler. 

The loading capacitor has enough range to allow the 
amplifier to efficiently operate from 700 to 1500 W output 
‘when the plate voltage is around 2300 V under load. Enough 
tuning range is available such that load impedance from about 
3510 70 Q can be handled. If you desire to operate the ampli- 
fier at lower power levels, reduce plate voltage. 

Fromacold start, the amplifier will put out about 1450 W 
‘and drift up to 1500 W (that is if the amplifier has previously 
been tuned up at full temperature) over the first few minutes 
of operation. After this warm-up time, the amplifier will re- 
peatedly come right up to full power. If you are observing 
more power drift, check all connectors and cables in your 
antenna system. The legal limit (1500 W) at 432 MHz will 
тей RG-213 type polyethylene cables in a few minutes. High 
power and temperature cable such as Teflon-dielectric cables 
like RG-225 can be used for jumpers as well as Andrew 
ein SuperFlex cable. “Hardline” cables such as Andrew 
LDF4-50A or larger sizes should be used for the feed line to 
the antenna. 


A pair of 3CX800A7 tubes provides a cost-effective 
means of producing the legal limit on 70 em. 


‘W2—Cathade stripline (see text and Fig 10). 


Tube sockets (2 req)—11-pin EIA, EIMAC SK-1900 or E. F. 
"Johnson 124-0311-100. 

Grid collet (2 тед) ЕМАС 720359 assembly. (EIMAC 
882931 can be used) 

Grid insulators (2 req)-EIMAC 720189. 

‘Anode colets (2 req) ЕМАС 720829 or linger stock 

Chimneys ( req] ЕМАС SK- 1906. 

Fuse holders (2 req) Bussman type HKP, 2 required. 

Panel bearings (9 req)—/-in. diam 

Ball ате Jackson 4511/DAF. 


ВЕ deok encosure—8-x 12- x Sin. chassis; BUD AC-424 
or equivalent 

Cathode compariment—5-x 7- x 2n. chassis; BUD AC- 
402 or equivalent 

Bottom chassis 8- x 12- x 2%-in, chassis; BUD AC-1419 
‘or equivalent 

Miscellaneous Shoot metal—2, 10% x 12- x 0.082 in, 
aluminum (ор and bottom covers): 1. 5- x 7. x 0,082-in. 
Aluminum {cathode compartment cover): 2, 87 х 124 x 
(0.062+in. aluminum (front panel); 2, 5 x 1072 x 0.062- 
їп. aluminum (side panels); 3 f. %- x 0.062-in. aluminum 
angle stock (to hold front panel to cabinet); 1, 6% x 3% x 
Sein. 6061.76 aluminum (air-outlet plate); 2, 314- x 3- x 
ei. 6061-T6 (aret pate 1, 6- 4 «0082 in 
prorated steel shoot, win. holes on Yin, centers; 1, 
62x 4. x 020 brass or copper sheet (lor W2 and C8. 
tuning oler: 8 > -7 0 068. brass or copper 
sheet (for W1); 1, 3- x 6- x 0.082-in. aluminum (C8, C9 
and АТ? shaft mounting brackets) 

Other metal 2 in. Jicin, brass rod (for C1 and C2 shaft 
couplings); 1. 2- x Ya- x 0. 125-1. aluminum or brass bar 
{Се ишпе piate). 

‘Other items: 

0 tno. 18 enam wire. 

100 ft no. 20 insulated stranded hookup wire. 

Terminal sips, 

HV-meter pc board, 

Té conil pe boar 


in. hioh x diam. Tellon or ceramic stando 
“ation od бо how байла capactor) 

Vu Siam ба. vendes ste! stando 

z fin ба Gars o ket rod (or Ca c2 
sha 

vain Vč, dia. Telon od бог CB and C9 Here 
attachment) 

Mn. in, dla, Brass Rod (lor C8 and CS tuning shat). 

Bre x rin. 6-10 epoxy board G1 and C2 mounting 


Brass bar stock for CB-9 shalt stops and 
1-2 mig. bras. 

эы 20% in long суюп screws. 

2 Dacron polyester woven Пу ine. 

Shrink tube, 


x in. Philips pan head screws. 
Vin, brass screws. 

3n. Philips round: 
x Yein. Philips lat-head screws 


6-32 
18:32 x cin, Philips flathead screws. 
6-92 x ven. Philips flathead screws. 
6-32 x cin. Philips pan-head screws. 
6:32» 'cin Philips found-head screws. 
x rın. Philips round-head screws 
X yc. bras 


found-head serou. 


6-32 hex nuls 
4:40 hex nuts. 


A, no. solder lugs. 


62:6-32 sell-cinching blind fasteners for 0.050-in, metal 

Knobs 1, Tein, diam, Vin: shalt AlcoSwich PKES- 
1208-10 

1, Ein. diam., Yin, shaft, AlcoSwitch PKES-908-Y 

1. ein. diam’, ein. shati, AlcoSwiteh PKES-70B-4 

2, Yin diam., еп shaft, AlcoSwitch PKES-608-/- 


Power Amplifiers 8-45 


Underside view, showing the cathode compartment and 
tuning controls. 


Since the 3CX800A7 has relatively high gain, you should 
be certain that drive power level is stable before blaming the 
amplifier for any power drift, Also be sure that the drive signal 
is clean. Several different solid-state brick amplifiers were 
tried as drivers for the parallel 3CX800A7 amplifier. Some 
handled the amplifier input circuit well, while others weren't 
so forgiving. One somewhat “flaky” solid-state driver ampli- 
fier was cured withthe installation ofan isolator between the 
driver and amplifier. Also be sure that the drive signal is free 
from spurious signals, such as the 404-MH local oscillator 
signal if a 28-MHz-1F transverter is used. While testing the 


8-46 Chapter 8 


Rear view, with blower removed. 


amplifier found that one of my transverters put out a substan- 
tial amount of 404-MHz LO signal, which was then amplified 
more by a solid-state driver amplifier than was the desired 
432-MHz signal. The result was that drive power was substan- 
tially higher than expected and amplifier efficiency was poor, 
Inaddition, the input circuit could not be tuned for alow SWR. 
‘The installation of a 1/2 filter between the transverter and 
solid-state driver cured the problem. 

Thave already discussed the slight stress on a pair of 
3CX800A7s when running at 1500-W output at 432 MHz, 
‘This is due to operation about 25% higher in frequency than 
the specified maximum for the tubes (350 MHz). A1432 MHz. 
the efficiency ofthe tubes is starting to drop due to transit time 
effects, Note that in order to obtain 1500-W output power 
either the maximum plate current or voltage must be exceeded. 
Table 1 details full operating parameters for the parallel 
ЭСХВООАТ 432- MHz amplifier. In Test 1, the plate voltage is 
‘maintained within specification and the plate current rating is 
exceeded, In Test 2, the plate voltage was increased ший 
1500-W output was obtained within the rated 1200 mA of 
plate current. For this reason I recommend 1500-W operation 
be limited to SSB voice service and keyed CW (Morse code) 
For tuning adjustments, key-down times should be limited to 
1 minute or less with an equal or greater off time. If you have 
а well regulated B+ power supply, it is more desirable to run 
the plate voltage higher than specified and keep the plate cur- 
rent at 1200 mA. By following these precautions a pair of 
ЭСХВООАТ» will last 10 to 15 years or more in typical heavy 
amateur EME or tropo operation. Ifthe amplifier is to be used 
in a continuous mode such as FM or ATV, I recommend that 
the plate voltage be limited to 2000 V and the plate current be 
limited to 1000 mA for the pair of tubes. For continuous trans- 
mission modes, the cathodes should be checked for back he 
ing. This is done by reducing the filament voltage until power 
‘output starts to drop. The filament voltage should be then in- 
creased to just above the point where power dropped. The 
filament voltage should only be reduced during key-down 
transmit periods, During warm-up and receive periods the fila- 
ment voltage should be switched to full voltage. 


Using 8874 Tubes 
‘The design could be easily adapted to the Varian 8874 


tube, if they are available, ITyou're going to use new tubes, the 
SCXSODAT is preferred, To use 8874s set filament voltage to 
60 V ac-RMS, Use 26.3-V, 6-A filament transformer for Т1. 
‘The plate stripline holes should be sized for the 1%-in. diam- 
eter of the 8874 plate anode (1.785 in. diameter if the same 
finger stock is used). The air-outlet holes should be reduced to 
fit within in. diameter circles. Neutralization may be 
slightly different with the 8874. Ratings for the 8874 are 
2200 V at 350 mA continuous and 500 mA in intermittent 
service (SSB and keyed CW). At full power, required drive 
power is 80 to 85 W and about 1200 W output power may be 
obtained. 


Conclusion 
The parallel 3CX800A7 432-MHz amplifier is an effec- 
tive means to obtain 1500 W output in amateur SSB and CW 


service, The performance of the amplifier is only 1.5% lower 
inefficiency and 0.6 dB lower in gain than a “perfect” design. 
This slight degradation in performance is an acceptable design 
trade off, considering the simplicity of its construction com- 
pared with a design capable of better performance. Operation 
is completely stable at 1500 W output. It has been completely 
reliable and has very good IMD performance, with low drive 
requirements 


Kit Availability 

Chassis kits are available from Charles Byers, K3IWK, 
5120Harmony Grove Rd, Dover, PA 17315,1e1717-292.4901. 
Complete kits and factory wired units are available from 
Lunar.Link Systems, 816 Summer Hill Rd, Madison, CT 
(06443-1604 , tel 203-421-3377. 
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А 1500-Watt Output Amplifier for 432 MHz 


By Steve Powlishen, KIFO 


һе change in regulations which now allow amateurs to 

тип 1500 W PEP output power called for а new ampli 
fier. The 1500-W level is of most significance on EME, but 
other propagation modes such as tropo-scatter also benefit 
from the new regulations, The design goal was an amplifier 
capable of running 1500 W continuous output, be extremely 
reliable, stable, free from power drift annoyances and have 
excellent linearity (low distortion products). 

T considered using solid-state devices. The best commer- 
cially available devices usable at 432 MHz are power MOSFET, 
Such as the Motorola MRFI75GU (28 V) and MRFI7SLU (56 
V). These devices contain two transistors n a single package, 
and are designed for push-pull operation. Each package can 
deliver 150 W of linear power output (200 W saturated). Reach- 
ing the 1500-W level in reliable linear service would requi 
combining 10 amplifiers! At 432 MHz these devices are 45% 
efficient at best, which means quite a power supply: 28 V at 120 
Aor 56V 2060 A, regulated. Consider also he heat sink required 
to dissipate almost 1800 W. In addition, when all of the power 
input splitters and output combiners аге considered, the overall 
system gain would not be much greater than 10 dB. Almost 
twice the drive power required by a triode amplifier would be 
needed to excite this solid-state amplifier to full output. Lacking. 
better solid-state devices, decided a 1500-W solid-state ampli 
fier was impractical for amateur construction, My design pro- 
cess was forced back to familiar vacuum-tube ground. 

The list of power tubes that work acceptably above 400 
MHz is small, especially when you consider price and perfor- 
mance. A listof available tubes and their performance capabil 
ties was compiled. The 4CX250 family was ruled out first 
Although they are readily available for reasonable cost in the 
surplus market, the use of the 4CX250 family would require 
more than 2 tubes to reach the desired 1500-W output level 
‘within the CCS ratings of the tubes. In addition even when the 
7250 family is run within their CCS ratings their IMD perfor- 
mance (3rd-order IMD down -23 to 25 dB) is somewhat mar- 
ginal. The only member of the family designed for high linear- 
ily dhe 4CX350A isa poor performerat 432 MHz, The thought 
‘of pushing two 4CX250.1ype tubes to the 1500-W output level, 
even in intermittent amateur service threatened to be an excr- 
cise in frequent tube changes. 
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‘The 8874 family (8873, 8874, 8875, 3CX400U7 and 
3CX800A7) were examined next and met all requirements 
except 1500-W output on a continuous basis for 2 tubes. 
Only the 3CX800A7s appeared capable of generating 1500 
W output while only moderately exceeding their ratings. 

The 3CX600U7 presented an interesting possibility, 
but with litle or no prospect of surplus tubes, the cost of a 
pair of them plus the time and effort required to build sock- 
ets called for a look at ће “big” bottles. 

There are many benefits to construction of single-tube 
“amplifiers. Better IMD, freedom from balance worries, abil- 
ity to use coaxial input or output circuits, ease of use in 
cavity circuits and simplicity of construction are among the 
features of single-tube design. The 4CX600 family and 7650 
жете ruled out quickly as simply not in the 1500-W output 
class with a single tube, Cost considerations made them а 
poor choice compared to some larger tubes. If you have 
good surplus connections, a pair of 7650s would make a 
formidable 432-MHz amplifier. The 4CX1000 family 
(4CX1000A, 4CX1000K and 4CX1500B), along with the 
8877, were discarded because of their poor efficiency at 432 
MHz. The 3CX1000A7 has been used at 432 MHz! but suf 
fered the same malady. 

This left the three final contenders: the 7213,4СХ1500ВС 
andthe 8938, The 7213 is capable of 1500-W output by slightly 
exceeding its CCS ratings. The 7213 will give acceptable per- 
formance, but its significantly higher cost new, and scarcity in 
surplus scratched it from the finals. The 4CX1500BC was an 
interesting possibility. It is essentially а coaxial-base UHF 
version of the 4CX1500B. The 4CX1500B is an improved 
4CX1000. The improvements are a higher efficiency anode 
radiator and improved grid and cathode structure for higher 
linearity. The excellent IMD, power output and low drive ap- 
peared to make the 1500BC the right choice, When the project 
was stated, however, the 4CX 1500BC was not in full produc- 
Чоп. The combination of both uncertain availability and higher 
cost eliminated any low=drive-tetrode versus simple-triode- 
circuit arguments. 

"The winner, therefore, was the EIMAC 8938. The 8938 
is essentially a UHF version of the popular 8877. It has been 
used in both commercial and amateur amplifiers in the 400- 


Table 1 
Parts List 


B1—100 СЕМ tree air low, 50 CFM 60,7", Dayton, 40443 
Note: wire grate оп blower input was cul out o increase air 
flow 

сї—Мїп. air var, buttery. 2.2-8.0 přísecton Cardwell 160- 
208. 

ce. uin air var, buttey. 1.8-5.1 pF/section Cardwell 160. 
206. 

(CB Plate loading flapper made from 0.010 brass. See 
замд 

са—Рхей plate tuning capacitor, made from 0.062 aluminum. 
‘See drawing. 

C5 Variable plate tuning capacitor, made from 0.010" brass, 
See drawing 

св—1000 pF/A KV feedthrough, Tusconix 2498-0C1-X540- 
102M 

C7-9—1000 pF/300 V feedthrough type CK70. 

С11—1000 pF/35-V electrolytic. 

€12:19--0.01 ¡ISO V, monolithic ceramic, preferred Sprague 
1C10Z5U103M0508 

C201 uF/25 V. 

D1—25 VIS0-W Zener diode, RCA SK560/5265A. 

D2—100 PIV/10 A silicon rectifier diode. 

D3-D4—3.0 A/1000 PIV silicon rectifier diode, 1NS408 or 
equivalent. 

05—50 V/2 A silicon bridge rectifier diode. 

D6-12—1 A/1000 PIV silicon rectifier diode, 1N4007 or 
equivalent. 

F1- 3A fuse, AGC or ЗАО fast blow type. 

F2—1-1/2 A fuse, AGC or SAG fast blow type. 

11—120 V pilot lamp amber. 

12—120 V plot lamp red. 

Ji Chassis mount BNC female connector, UG-1094/U, 

2- Chassis mount N female connector, UG-SBA/U. 

J3 Chassis mount MHV female connector, UG-931/U. 

J46 pin male chassis mount connector. Cinch P306AB. 

J54 pin female chassis connector, Cinch S304A8, 

16:7. RCA type phono receptacle, Switchcraft 3601FR. 

J92 pin female chassis mount connector, Cinch 8302АВ. 

XK1— Thermal time delay, 115 V heater, SPSTINO, Amperite 
11501808. 

K2-3— Control relay 24 Vdc сой 4PDT, РАВ A10.E1X4-V700, 

M1—OC mA moter, 1.5 A full scale, 

M2 —0-1 mA de meter, with appropriate shunt resistors 
0:100 MA grid, 0-5 KV plate, 05 V lament 

о1-2—МРН low current switching transistor, 2N3904. 

Оз-—РМР medium current switching transistor, 2N3059. 

Оз—МРМ medium switching transistor, 2N4097. 

Q5—PNP low current switching transistor, 2N3906. 

Вт—200 025-0 wirewound, 

R2—1000  12-W wirewound. 

RO—10K 25-W wirewound. 

RI-OSQ u 1%. 

RS-14 499, 1/2-W, 1% metal fim, type RN-85C. 

RIS 27k, 1/2-W metal fm, select valve to calibrate HV 
meter. 

A163., 1/2-W metal fim, select valuo to adjust HV relay 
pont 

ag û, 1/2:W metal fim, select value to calibrate grid 
meter 

R85 0, 22W, metal fim. 

da 100, 1/4-W miniature trimmer. 

R20—100 Q, 2-W, select value to adjust time delay. 

A2150 0, 25-W wirewound potentiometer. 

R23- 12k, 1/2, fm. 

R24—2k, 1/4-W, miniature trimmer. 

R25.26— 10k, W. 


ков к,ади 

R29.31—2 2k 1/4.W. 

R32—390 Q, 1441. 

НЕС1-3—7 tums no, 18 enameled wire 1/4 dia. close wound. 

RECS—6 turns по. 18 wire 3/4" long, 1/4" diameter 

S1- SPST toggle or rocker switch 

S2—DPST toggle or rocker switch. 

S3—2P5T rotary switch, non-shorting 

‘S4—SPOT miniature toggle switch, 

Ti— Flamen! transformer, 5 V@ 10 A. Stancor P-6135. 

T2—Controltranslormer, 20 V © 1 А Slancor P-8604, 

Wi—Plate stripline. Sea text and Fig 1, 4.438" x 7.80" x 1/16" 
brass, 

W2- Cathode stripline. See text and Fig 10. 0.020 brass. 

VI Varian, Eimac 8938 ceramic metal triode. 

Filament pin contact: Eimac 135310. 

Filament colle: Eimac 135307 attached to brass ring. 

Cathode collet: Eimac 135306 attached to brass ring. 

Grid colle! Eimac 135305 collet attached to 1/16” brass plate. 

Anode collet: Make from Instrument Specials 197-135 
finger stock 

Chimney: Varian, Eimac SK-2216. 

Fuse holders: Bussman type НКР, 2 required. 

Panel bearings: 1/4" dia. 9 required. 

Bal drive: Jackson 451 1/DAF. 

RF deck enclosure: 6.5 x 10.5 x 4, see drawings, 

Cathode compartment: 4 x 6 x 2 inch chassis BUD AC-431 or 
‘equivalent 

HV meter compartment: 4 x 5 2" chassis, BUD AC-1404 

Control circuitry chassis: 4 « 6 x 2” chassis, BUD AC-AC431 

210-112 x 6-1/2" x 0.062" aluminum top & bottom covers, 

e x 0627 aluminum cathode compartment cover 

2—7" high x 19" wide x 0.125" aluminum, rack panel. 

2—6 x 10.344" x 0.062" aluminum, side panels 

2 7%. x 0.062 aluminum angle stock (lo od front panel to 
cabinet) 

14-2" x 4-1/2 x 14":6061-T6 air outlet plate. 

29-12 x 3" x A8"-6061.T6 air inlet plate. 

167 x 4" x 0.062 perforated steel sheet, 1/8" holes on 3/1 
centers 
x 
pointer) 

1 = 0.062 brass or copper sheet (for WI) 

1—2 < в = 0.062 aluminum, C8. C9 A R17 shaft mounting 
brackets. 

27/16" brass rod (for C1 & C2 shaft couplings). 

Tg" x 8" x 0.125 aluminum or brass bar for C6 retaining 
plate. 

6418 enameled wire. 

100—820 insulated stranded hookup wire. 

Terminal stis. 

HV meter PC board. 

TR control PC board, 

20—Wire ties (тай). 

22.00 high x 1/2" dia. Teflon or ceramic standofts. 

21427 1/4" - 3/87 dia, threaded steel stando 

12 1/4 dia. Garoto or Bakelite rod (lor C1 а C2 shafts). 

112*114" dia. Tellon rod lor C8 & СЭ insulators {ishine 
attachment. 

1414" dia. brass rod (for CB & CO tuning апана) 

2-1/2" x 5/8 x 1/16" G-10 epoxy board (C1 8 C2 mounting 
plates) 

5/8" x 114 brass bar stock for C8-9 shalt stops & C1-2 

mounting brackets. 

3114-20» V2" long nylon screws. 

2—Dacron polyester woven fl line. 


1 t (lr W2 а C8 tuning 


x 0.020 brass or copper sh 
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to 500-MHz range. It offers excellent linearity (3rd- and 
Sth-order IMD products down over 40 dB), an ample 1500- 
W nominal plate dissipation, reasonable filament power (5 
Vat 10,5 A) and а modest bias voltage (25 V). which allows 
а simple cathode-bias circuit. The chief drawbacks of the 
8938 are its modest efficiency at 432 MHz (50% typical), 
relatively low gain (less than 13 dB at 432 MHz) and high 
cost (in amateur terms) of the tube and socket. The cost of 
the socket can be eliminated by building one. The cost of the 
tube is relative, When one considers that the 8938 should 
easily last 10 to 15 years in heavy amateur usage, it begins 
to look more competitive with pushed 4CX250s, even with- 
out considering its superior power capability. 

The next decision was to select the plate-circuit design. 
Determining which type of circuit would be used, as with 
the selection of which tube would be used, (and virtually all 
engineering decisions) became a trade off between advan- 
tages and disadvantages of any approach. The design of a 
432-MHz amplifier is dominated by the characteristics of 
the tube or tubes used. The capacitive reactance of the 8938 
is low enough that a 2/4 resonant circuit virtually disappears 
within the tube, This limits the choice of tank circuit to that 
of a cavity or resonant line of 3/2 or longer. 

The cavity offers wider bandwidth (provided a /4 cavity 
сап be used) and a more equal distribution of circulating cur- 
rents through the base of he tube. Both of these features should 
result in reduced power drift The wider bandwidth makes any 
tuning drift that does occur of less an effect. The primary cause 
of power drift at 432 MHz in a mechanically sound amplifier is 
RF dielectric heating of the ceramic insulators; primarily the 
‘one between the grid and anode. (Or, in the case ofa tetrode, the 
screen-to-anode insulator.) In a symmetrical cavity, the circu- 
lating currents are more evenly distributed, and cause a more 
equal and lesser heating effect than a circuit that appears "single 
ended” and concentrates the currents toward a side of the tube, 
A properly designed cavity resonator should also be free from 
Stray resonances that can plague single line resonators, 

But, the cavity approach is not without its drawbacks. 
First and probably foremost for most amateur constructors, 
is increased construction complexity. For an amateur de- 
signing from seratch who has minimal test equipment one 
must either construct his cavity with sliding walls so the 
amplifier can be adjusted to account for any calculation 
discrepancies versus real-world operation or be prepared to 
make a test amplifier before the real one is constructed. 
Such sliding-wall construction most likely requires higher 
tolerances in building the pieces of the amplifier. 

The plate-bypass capacitor can be another headache in a 
cavity amplifier. A mistuned amplifier can arc a bypass capaci 
tor that could safely handle the de plate voltage. In general, it 
harder to determine the proper output coupling for a cavity 
versus a capacitively coupled stripline, Again, in normal ama- 
teur construction where the prototype is the production model 
there may be significantly less cut and try with a stripline. If 
you are like me and like to build compact equipment that can 
be mounted in a rack with limited access to the rear, a design 
that lends itself to all-front-panel tuning controls is desired 
This can be difficult with cavity amplifiers. 

A capacitively loaded and tuned half-wave stripline was 
Chapter 8 
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selected for the plate circuit of this amplifier as the advantages 
of a cavity circuit did not justify its increased complexity and 
time and cost of construction. A commercial cavity available 
from EIMAC was prohibitively expensive. A half-wave 
stripline with simple capacitive input coupling was also used 
for the input circuit. The design is essentially an adaptation of 
the K2RIW parallel kilowatt for 432 MHz 

Since the actual circuit is dominated by the output re- 
actance of the 8938, the actual impedance and width of the 
stripline is not very critical. The actual dimensions for the 
plate enclosure were based on the desire for a compact am- 
plifier. The small size of the plate enclosure also ensures 
"hat strange resonance modes are minimized. The height of 
the 8938 does not allow standard chassis to be used in the 
construction, The metal work was done by a local sheet- 
metal shop and their abilities determined that the enclosure 
жаз made with separate top and bottom covers, rather than 
the more conventional single-cover chassis. The custom 
chassis work also allowed heavy gauge aluminum to be used 
(5052 alloy, 0.063-in. thick). The lips where the top and 
bottom covers attach were made Yin. wide to give superior 
shielding where the parts join. If you cannot arrange for the 
metal work to be done, construction by using flat plates for 
allsides, held together with aluminum angle stock will work. 
This type of construction has been described in an 8874 
amplifier for 432 MHz." If you deviate from the dimensions 
T used for the plate compartment your amplifier will most 
likely work, however, the size and positions of the plate 
tuning and loading capacitors will change. If you attempt to 
change the amplifier design dimensions you are on your 
own. Lam unable (and unwilling) to lend advice on such 
variations. 

A close inspection of the plate line reveals hat all the 
comers are rounded. The edge of the line has a smooth radius 
applied to it, Several users of 8938 stripline amplifier have 
reported arcing from the plate line. The spacing between the 
line and the tuning and loading capacitors was several times 
greater than what the safe distance for a 4000-V de plate volt- 
age. What was happening was that the RF plate voltage which 
swings close to twice the de voltage was arcing from the field 
‘concentration points o the tuning or loading capacitor, When 
this amplifier was being tested and before the radiused edge 
was put on the plateline, RF ares could be consistently drawn 
off it during full power. Ifthe arc was severe enough a dc arc 
would also be created, tripping the power supply circuit 
breaker. Once а strong-enough ionized path was created the de 
potential would follow the path. Inspection of the plate compo: 
nents would usually reveal carbon tracks at the sharp corners 
‘of the plateline, The ability to create smooth edges was one of 
the reasons that a solid brass stripline was chosen over use of 
a printed circuit board. 

After the platelineedge was smoothed over, the frequency 
and imensity of the аге diminished significantly, however an 
occasional are would still occur. Inspection of the components 
showed that the ares were now starting at the relatively sharp 
edge of the 0.15-in, thick plate tuning capacitor. Adjusting the 
tuning capacitor size asto increase its spacing from the plateline 
did aot improve the situation. Atthis point the dual tuning plate 
arrangement now used in the amplifier was tried. The theory 


behind it was that a capacitor plate on either side of the plate 
stripline would distribute the field more evenly. This should 
have the same effect as increasing the spacing of a single flap- 
per to the plateline by four times. The second plate had the 
desired result and there has not been an arc in the amplifier 
Since it was incorporated. The second plate also offers the 
ability of being adjusted to set the variable flapper to a desired 
tuning range. (The mounting holes onthe fixed plate are slotted 
for this purpose.) The fixed plate may be made out of copper, 
brass or aluminum, You should make it out of material thick. 
enough (0.030 in. ог thicker) to allow а smooth radius to be 
applied around its edge the same as described for the plate 
stripline. 

The plateline is mounted on 2-in. high home made 
Teflon standoffs. Ceramic standoffs have been used without 
any problems also. I recommend using brass screws to hold 
the plateline to the insulators. 1 also recommend using a 
brass screw to attach the plate stripline to the plate choke. 

"The actual choice of the finger stock for the 8938 anode 
to the plate stripline contact is not critical. I used some stock 
about icin. high and with folded-over fingers. I got itat a flea 
marketand I donot know who made i. Donotorderthe IMAC 
anode collect (no. 135304), as it is sized to fit over the anode 
ring on the 8938. Itis too small to fit around the anode radiator. 
DA The type of finger stock you use determines the size hole in the 


Fig 1—Schematic diagram of the 1500-W linear 
amplifier for 432 MHz. Fig 2— Schematic diagram of the control circults for 
the 1500-48, 432-MHz amplifier. 
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Fig 3—Layout of the plate compartment, showing locations of the plate stripline and the plate tuning flapper 
capacitor. Also shown is the enclosure for the HV metering resisto 
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Fig 4—The plate stripline is made from brass sheet, 
‘helin. (0.063-in.) thick. Dimensional tolerance is + 0.02 
in., except the cutout for the anode fingerstock, as 
noted on the drawing. 
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Fig 5—Cathode line is made from 0.020-1п. brass, 
silver plated to a minimum thickness of 0.0001 in. 


stripline. A different type of finger stock will slightly change 
the effective inductance of the stripline, which will alter the 
amount of tuning capacitance required to resonate the circuit 
"This is of little concern, especially with the dual-plate tuning 
capacitor arrangement this amplifier uses 

The choke between the plate-loading capacitor (C3) 
and ground protects against an arc between the plate lin 
and loading capacitor. It also gives protection against acci- 
dental contact between the loading capacitor and the plate 
stripline, This possibility should be minimized by the Teflon. 
buttons used on both the plate loading and tuning flappers. 

The plate and load capacitors are adjusted by the now 
widely used "fishline" method. The lines are attached to the 
flappers through home-made Teflon button insulators. They 
are made from Yin, diameter Teflon rod which is putin a deill 
chuck and tumed down with a file. A small hole is drilled 
through them for tying the tuning Jine to. This insulation from 


the flappers makes the selection of the tuning line not critical. 
Dacron polyester line is preferred if it can be found. Standard 
‘monofilament fish ine can be used in this arrangement even 
though itis usually made from a nylon derivative. 

"The tuning lines are routed to the front-panel controls by 
Teflon bearings, The bearings are made by putting pieces of %- 
in. Teflon stock in a drill and cutting a grove in it with a hack- 
saw blade. Teflon bushings are used for feeding the fishline 
through the chassis. The bushings are made from standoff i 
sulators, by simply pushing the solder pin out of the standoff. 
‘The tuning controls use 6:1 Jackson ball drives to imparta slow 
tuning feel to the controls. The ball drives have provision for 
attaching pointers to them. The pointers were made out of .20- 
in aluminum sheet and painted red. Tuning-range stops were 
made by inserting а serew through the Yin, brass tuning con. 
trol shaft. A second screw in the tuning control bearing plate 
limits the plate and load controls to a single tum. This amount 
of tuning and loading range is more than adequate to tune close 
to a 20-МН range for power levels from 500- to 1500-W 
‘output, The stops protect the lines and flappers from accidental 
damage. The pointers on the ball drives allow the tuning con- 
trols to be quickly set to different power levels for frequencies 
of operation. 

‘The grid-grounding ring was made from an EIMAC 
grid collet (P/N 135505) and a 3¥-in. square piece of in. 
brass, The hole for the collet is 2% in. in diameter, Twelve 
mounting holes, drilled to clear 6-32 screws, are equally 
spaced around a 2 /-in. diameter circle. The outside size and 
shape of the grid collet plate are not critical. It can be made 
circular or square. If you do not silver plate your grid collet 
mounting plate, the side which touches the aluminum chas- 
sis should be tinned. This applies to any other copper or 
brass to aluminum joint. This is necessary to avoid any long 
termcorrosion problems which can be a problem when these 
metals touch each other. The grid collet contact tabs аге 
broken off in the pattern described in Fig 1 to neutralize the 
amplifier. Removing the fingers raises the grid inductance 
‘which lowers the amplifiers gainat higher frequencies. This 
is done in order to avoid higher frequency parasitic oscilla- 
tions, These higher frequency parasitic oscillations can 
cause dielectric heating of the grid-to-plate insulator, which 
‘causes power drift. This condition could also potentially 
‘damage the tube by overheating its seals. 

If you have not soldered finger stock or collets to a 
thick brass plate, I suggest you get some extra material and 
practice first. All the collet assemblies used inthis amplifier 
(plate, grid, cathode and filament) were soldered with a stan- 
dard propane torch and rosin-core solder. The first step is to 
thoroughly clean all parts. Steel wool leaves a residue. Iuse 
Brillo or SOS pads to clean and polish the parts as their 
detergents are good grease cutters. Next, wipe down the 
plate with a low-residue solvent, such as lacquer thinner or 
acetone, to remove the detergent residue. The finger stock 
or collets are then fitted (after thoroughly washing and dry- 
ing your hands!), A shim wedged into the gap in the collet 
holds it in place. Then a very small amount of liquid resin. 
(the type as used in solder reflow machines) is applied to the 
joint. The torch is then applied to the brass only. Finger 
stock is made from very thin tempered beryllium copper. 
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Excessive heat destroys the temper and will ruin the colle 
The reflow resin will change the color or the brass, just as 
it's getting hot enough to melt the solder. Use the smallest 
diameter solder you can get (0.20- or 0.30-in, diameter). 
Apply the solder sparingly to the joint behind the torch 
flame. Use the torch to sweat the solder into the joint and 
flow it around the joint. Do not disturb the assembly until 
you are sure that the solder has set. The excessive resin may 
be cleaned off with lacquer thinner. 

The cathode compartment is built in а standard 4- x 6- x 
2 inch chassis, The top of the chassis is cut out to allow a 
removable cover. The cover gives you access to the cathode. 
‘compartment. The bottom of the chassis is fastened to the bot- 
tom plate ofthe amplifier compartment. The end of the cathode 
box away from the tube socket is perforated. A solid bottom 
cover is used on the cathode box. This is done to force coo 
air into the cathode compartment through the grid collet, which 
passes the socket and cools the filament contacts and seals of 
the tube. 

Figs 2 and 3 detail the rings used to hold the cathode 
coller (EIMAC no. 135306) and filament collet (no. 
135307). You will need a lathe to make these rings. The 
collets are fastened by screws to aG-10 epoxy circuit board, 
im. or thicker. The second filament contact is made with 
am EIMAC heater pin contact (no. 135310). To make the 
socket base. a hole for the heater pin is drilled in the center 
of the circuit board, The filament pin is inserted. The cath- 
ойе and filament rings assembled with their collets are 
placed on the 8938. The circuit board is then put on the 
8938. It will be held in place by the filament pin, allowing 
you to align the collet rings. 

The cathode line is made from 0.020-in, brass sheet. Its 
thickness is not critical, The line is soldered to the cathode 
ring. Be sure not to get the cathode ring mounting holes 
filled with solder. The cathode line is tuned and loaded by 
miniature butterfly capacitors, as in the original K2RIW 
amplifier. The filament ring uses a fifth screw that bottoms 
into a tapped hole to connect to the filament transformer. 
‘This assures а good contact. If you experience any erratic 
operation or power drift, be sure to check for good filament 
contacts. The socket assembly is mounted to the chassis by 
using Vin, metal standoffs. 

IMAC recommends reducing the filament voltage to. 
4.3 V for average power outputs of a kilowatt or greater at 
400 MHz, Amateur SSB and CW operation is only 25% duty 
cycle. This is true even in the thick of an EME contest, 
which is probably the most grueling use of the amplifier In 
addition, linear operation with heavy loading (the tuning 
condition under which best linearity usually occurs) mini“ 
mizes cathode back heating. [found that for the intermittent 
‘operation that characterizes CW and SSB amateur opera 
tion, 471048 V was the optimum filament voltage. There 
should be some resistance in either the primary or secondary 
circuits of the filament transformer, to allow a soft filament 
turn on. High input surges when the filament is cold are the 
primary failure mode of a power tube filament. EIMAC does 
not specify a minimum warm up time for the 8938. For 
maximum tube life, especially in light of the reduced fila 
‘ment voltage used with this amplifier, [recommend а mini- 
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Fig 6—Cathode and Filament rings, made from bra 
bronze or copper. Note the critical dimensions given 
in the drawings. 
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Fig 7— Tuning controls bracket, made from aluminum 
sheet (thickness not critical). 
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mum filament warm-up time of 3 minutes, If this amplifier 
is to be used in a more continuous mode, such as ЕМ-ге- 
peater service or ATV, a lower filament voltage should be 
used. 

A filament voltage metering circuit is included in the. 
amplifier. A bridge rectifier and filter capacitor creates a de 
voltage which can be read by the 1-тА multimeter. R18 and 
RI9 form a simple dropping network to allow the voltage to 
be set fora full scale of 5.0 V. Pin jacks аге also included on 
the back panel to allow easy double checks with a high ac- 
curacy AC voltmeter. 
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The high-voltage metering circuit may appear overly 
complex to some, however, there are a number of reasons 
why 10 resistors are used in the dropping string. If you're 
going to measure plate voltage, you might as well build itso 
it not only reads accurately, but will do so over the life of the 
amplifier. If you simply want an indication that high voltage 
is present, a neon lamp will suffice. 

Most amateurs do not have an appreciation for the ef- 
fects of high voltage. I have seen metering circuits where 
one, two or three resistors were used in the dropping string. 
This is poor engineering practice for the following reasons: 
First, all resistors have a maximum allowable voltage drop 
specification, This is the maximum potential which may be 
placed across the resistor without ill effects. The ill effects 
fre corona discharge across the resistor. This will show up 
аз noise in a sensitive 432-MH receiver. A high potential 
also causes premature aging of the components. Specifi- 
cally, this accelerates the resistance change all resistors 
suffer over their life, Second, any excessive voltage across 
a resistor can lead to catastrophic failure of it and possibly 
эп expensive meter. 

When circuit stability is required, good engineering 
practice calls fora resistor to dissipate less than half its rated 
value, The resistors in the metering circuit are -W units, 
however, they are only called on to dissipate ⁄4 W during 
full plate voltage. The chassis that holds the dropping resis- 
tors is perforated on top and bottom, to allow cooling air 
cireulation by convection. Even though the entire resistor 
string dissipates less than 3 W, that is enough to warm a 


Fig 9—Detalls of the plate-tuning са; 
Variable plate (top) is made from spring br 
beryllium copper, 0.010- to 0.015-in. thick, 
plated. The fixed plate (bottom) is made from. 
Aluminum or brass, 0.040- to 0.060-in. thick. Do not 
drill the 3/16-in. mounting hole in the fixed plate. 


closed box appreciably. Note also that the dissipation rating 
of all resistors goes down as the temperature goes up. 

"The type of resistor selected has a large effect on the. 
long-term accuracy of the circuit. Carbon-composition re- 
sistors have the poorest tolerance and greatest resistance 
‘change due to both heat and age. Carbon-film types are only 
somewhat better. Wirewound types are not readily available 
inthe high values required for such acircuit, The only choice 
was 1 %-tolerance military type RN-65 metal-film resistors 

The RN-65 is specified to have -W dissipation at 75° 
C. Most М carbon-composition types are specified at 50° 
C or lower temperatures. The allowable voltage across an 
RN-65 resistor is 900 versus 350 for a typical %4-W compo: 
sition. Proper component selection for something as simple 
as the plate-voltage meter makes an amplifier much easier 
to live with during its life. 

RIS is used to both keep the B+ metering circuit com- 
plete when the multimeter is switched to another position, 
and to calibrate the meter. The dropping string was pur- 
posely selected low (4,99 M versus 5.00 M) to allow for a 
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Fig 10—This drawing shows the tuning-line bearings bracket (top), made from 0.062-n. thick aluminum; plate- 
loading flapper capacitor (center), made from 0.015-in. thick beryllium copper, silver plated; tube socket insulator, 
made from Rexolite or G-10 epoxy sheet. 
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Fig 11—Bottom cover of cathode compartment, made 
from 0.050-in. aluminum sheet. 


calibration adjustment and to generate a voltage that could 
be used forahigh-voltage-present sensing circuit The 1500- 
value worked for the multimeter used, which has a 40-02 
internal resistance, Since this resistor is called on to make 
less than a 5% adjustment to the meter reading, both its 
initial value and normal aging value changes will have а 
very small effect on the HV meter accuracy. For example, 
a 10% change in the resistance of that 1500-0 calibration 
resistor will cause a 0.27% change in the meter reading. A 
value change that small is unreadable on even a very high- 
quality analog meter movement. 

The high-voltage sensing circuit uses a simple switch- 
ing transistor (Q1) to turn on a relay (K1), The plate-voltage 
meter dropping string provides the required turn-on voltage 
1o the base of Q1. With the 4 7-kQ resistor used (R16), the 
sensing relay pulls in at about 1900 V when high voltage is 
applied, and drops out at about 1200 V when plate voltage 
is lost. The voltage at which the relay pulls in сап be changed 
by adjusting R16, To raise the pull-in voltage, increase R16, 
А quick and sure way to blow a very expensive 8938 is to 
‘apply full drive without plate voltage present. The grid will 
be asked to draw a destructive amount of current during 
absence of plate voltage. This sensing circuit becomes a 
cheap piece of insurance, I use this circuit to open a relay in 
the IF drive to my transverter, With this arrangement I feel 
secure, even during unattended operation. 

Plate voltage is fed from the power supply via RG-59 coax 
and МНУ high-voltage connectors, Coaxial cable is highly rec- 
‘ommended in the interest of safety. RG-59 should be capable of 
‘withstanding 5500 V de. The МНУ connectors are rated at 5000 
V. They provide a ground connection that must be made before 
the center pin makes contact. One of the worst possible situa- 
tions isto lose the ground connection between the amplifier and 
power supply and still have the high voltage connected. The use 
of MHV connectors prevent this from occurring. 


The HV power supply should have a 25-41, 50-W resis 
tor in series with the B+ line. This resistor absorbs the en. 
ergy stored in the filter capacitor in the event of an arc, 
Chances are pretty good that you will experience arcing 
when you fire up your 8938. All new tubes go through а 
process where particles left over from the manufacturing 
process are burned off or collected to the walls of the tube 
A tube such as the 8938 requires relatively close grid-to 
plate spacing to make it efficient at 432 MHz. When one of 
These particles gets between the grid and plate an arc results. 
In this amplifier, the grid is at ground. The arc has the effect 
of discharging your 3000-V supply through the grid. The 
results can be catastrophic. I know of at least one operator 
who lost his brand new 8938 this way. When a tube suffers 
any sort of shock, which may happen when the tube ог 
amplifier is moved or shipped, some of the particles can 
break loose and again induce ares. Gradually this particle 
induced arcing subsides. Even after initial burn in, this re- 
sistor protects against RF-induced de arcs from the plate 
Tine, which can easily happen if you forget to connect your 
antenna. This high-voltage protection resistor has the addi- 
tional benefits of operator safety and component protection 
for items such as the meters. In the event of an arc it mini- 
mizes the tendency for the B- line to go below ground po- 
tential, which is both a safety hazard and potentially de. 
structive to components in the metering and cathode-bias 

When firing up the amplifier for the first time, it is a 
good idea to add a 50-0, 100-W resistor in series with the 
plate-voltage supply. This resistor gives additional protec: 
tion against arcing. It is also а good practice when firing up 
a brand new tube to let the amplifier sit withthe filament and 
plate voltage on fora half hour, to collect any stray particles 
їп the tube that may have broken loose in transit, before. 
applying drive. If you have closely followed the dimensions 
given for the amplifier, the following initial tuning capaci- 
tor setting will set the amplifier very close to optimum tun- 
ing at 1500-W output with 3300 plate volts under load. If 
you are using a different plate voltage, different loading and 
Tuning capacitor settings will be required. 


+ Input tuning and loading, plates approximately half meshed, 

+ Loading capacitor edge away from the output connector 
úbout 1% in. above the bottom of the plate compartment. 

+ Variable plate-tuning capacitor free edge 1% in. above 
the bottom of the plate box. 

+ Fixed plate tuning capacitor: far edge % in. above the top 
of the plate line. 


Once the filament and plate voltages are verified, short 
R3 and let the amplifier idle. dling current should be 100- 
150 mA if your plate voltage is over 3000 V. If you are 
‘unsure of operation it might be wise to initially tune up at 
reduced voltage. 1 have а 2000-V tap on my plate trans- 
former for that purpose. Next, apply enough drive to get 200 
‘mA or so of plate current, Quickly adjust the input tuning 
controls for a peak in plate current, reducing drive if neces- 
sary to keep plate current within reason. You don't have to 
be critical, as the input controls will have to be readjusted 
under full power. Then start adjusting the plate tuning and 
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loading controls for maxi- 
mum efficiency, gradually 
increasing drive power. 
When you are near the 
1500-W output level, put a di- 
rectional wattmeter in the 
put circuit and adjust the input 
tuning and loading for best 
SWR at full drive. You should 
easily be able to adjust the in- 
put for under 1.2:1 SWR. For 
those using Bird 43 wattme- 
ters,a172-W forwardona 100. 
W slug you should barely be 
able to see the needle move off 
the zero mark in the reflected 
position, Once the inputcircuit 
is adjusted, it should never 
have to be touched unless the 
tube is replaced or the ampli 
fier is disturbed. You can now 
go back and repeak the plate 
controls for best efficiency. If 
the grid current is high (above 
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tained when the indicated grid 
current was 10 to 20 mA. You 
will probably have to spend 
some time trying slightly dif- 
ferent loading and tuning com- 
binations before you find the 
best efficiency point. This 
should also correspond very 
closely to the plate current dip 
as the plate-tune capacitor is 
moved through its range. Ifyou 
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Instrument Specialties 497-13,5 A Finger Stock 


Етас Collet 135305 


are in doubt, remember it is 
safer both in terms of linearity 
and stress оп the tube (back 
heating) to over load than un- 
der load. 

Performance of the amplifier has met all expectations. 
(Operation at 432 MHz is completely stable. From a cold 
start the amplifier, with full drive applied, will come up to 
1500 watts output within a few seconds. After this it will hit 
1500 watts instantly every time the key is hit. The amplifier 
has been tested running 1500-W output continuously for 
over two hours with negligible power drift observed. The 
amplifier has survived several EME contests (25 hours each 
of slow-speed CW in 2.5-minute transmissions) and many 
VHF/UHF contests without a hiccup. The most worrisome 
part of its operation is how the coax connectors and cable 
‘will hold up. RG-213 coax gets very hot and the dielectric 
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installation. Remove fingers 


Fig 12—The tube socket finger stock or Elmac collet must be modified before. 


own. 


will melt with 1500-W power continuously flowing through 
it, Even RG-331 (Ип. alumifoam) gets warm to the touch 
during extended CW operation. 

‘There have been many stories floating about telling 
tales of blown Type-N connectors at high power levels. 1 
have never blown a properly assembled Type-N connector. 
Type-N connectors were in line during the 2-hour continu- 
‘ous running test also. The connectors are noticeably cooler 
than the cables which they are connected to during normal 
‘operation. Ihave blown two Type-N connectors on cables I 
inherited from somewhere. Disassembly of both after the 
failure revealed poor shield attachment to the connector. 
My antennas are always tuned for a low SWR (under 1.2:1) 
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Fig 13—Air inlet retaining plate (top) and air outlet 
retaining plate (bottom). If you use a blower other 
than the unit specified in the parts list, you may have 
locations and sizes shown on the 
0.125- to 0.250-in, 


aluminum. 


and I do not operate the amplifier at full power if the SWR 
rises above 2:1 for any reason, 

Relays become another problem at this power level. 1 
have found that the Transco D type are not suitable for this 
power level, even intermittently, There is a high-power D 
type, the DX, but I have not been fortunate enough to obtain 
any. The Transco Y type has been used without any prob- 
ems but have never run continuous power through one for 
more than a couple of minutes at a time. Dow Key type 60 


and 260 relays have been used without any problems, but 
they do put an impedance bump in the line, as they are not 
50-Q impedance devices. The higher power Amphenol re- 
Jays (with Type-N connectors) have also been used without 
problems, There are probably several other relays that can 
be used. With several companies making copies of some of 
the various Transco and Amphenol relays, there should be 
эп adequate selection. One of the main causes of relay fail- 
ure is contact bounce. You may have a system that will work 
correctly 999 out of 1000 times, With a 1500-W amplifier 
all you need is that 1 out of 1000 times to put full power to 
‘a not-quite seated contact. I highly recommend that you use 
a delay sequencer that gives the transmit-receive coax relay 
a minimum or 60 to 80 ms, to be certain it is switched and 
seated before ovtput power can be obtained. 

Specific operating parameters at the 1500-W output 
level are: 

Place Voltage: 3250 V full load 

Plate Current: 880 mA 

Tale Current: 75 mA (at 350 W) 

Grid Current: 12 mA 

Input Power: 2860 W 

Power Output: 1500 W 

Efficiency: 52.4% (apparent, including drive feedthrough) 
Drive Power: 72 W typical, 60 W-85 W depending on tube 
Input SWR: 1.14:1 

Power Gain: 13.2 dB typical 

Bias voltage: 25.2 V 

When measuring the performance of an amplifier such as 
this one, be certain that your measurements are meaningful. 1 
have heard numerous impossible performance claims for vari- 
ous amplifiers. Specifically. the SWR of your test load must be 
very low, All theoughline-type power meters are confused by 
reflected power. Even Bird wattmeters have limited directivity. 
When using a load with even moderate SWR (1.5:1) you can 
‘obtain several different readings by changing the length of the 
feed line. Harmonic energy confuses the watt-meter and, in 
general, makes it read higher than it should. Be sure that your 
plate-current and plate-voltage meters are really accurate. The 
approximate efficiency was also checked by measuring the tem 
perature rise of the exhaust air. This measurement indicated that 
the efficiency of the amplifier may be slightly better than the. 
52.4% figure that was measured on an inline wattmeter. 

If you do not have 3300 V or greater plate voltage avail 
able, 1500-W output power can still be obtained from the am- 
plifier. In intermittent keyed CW or SSB service the 8938 can 
safely handle 1.2-A plate current. Ata lower plate voltage, the 
apparent efficiency of the amplifier is greater, due o the higher. 
drive power required to run 1500-W output. In no case should 
the 8939 be run at greater than 1.35-A cathode current. Higher 
cathode currents can cause catastrophic failure of the tube. This 
failure will occur as the oxide coating on the cathode literally 
boils off. The cathode current is the sum of the plate and grid 
currents, The grid current is somewhat unpredictable at 432 
MHz, due to transit time and secondary emission effects which 
may give negative grid current indications if the amplifier is 
over loaded. To be safe, assume that grid current is 7 to 10% of 
the plate current no matter what the grid meter indicates. 
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Fig 15—Dimensions and hole-drilling Information for the cathode box cover (top) and he HV-meter resistor box 


cover (bottom). 


With a little extra thought in planning and construc- 
tion, a high-power amplifier can be a pleasant addition to 
your 432-MHz station, Don’t settle for less than an ampli- 
fier which is highly linear, easy to tune, stable, reliable and 
safe, no matter what the power output level 


Notes 

1J. Chambers, W. Orr, "2-kW РЕР Amplifier for 432 MHZ,” 
Ham Radio, Sep 1968, pp 6-12. Also published as Amateur 
Service Newsletter AS-25-1 (San Carlos, CA: ЕІМАС) 
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"Knadie, A, "High Efliciency Parallel Kilowatt Amplifier for 
432 MHz» Part 1: QST, Apr 1972, pp 49-55; Part 2: OST, 
May 1972, pp 59-62, 79. Construction information also ap- 
pears in Radio Amateurs VHF Manual, third edition, pp. 
299-304 (Newington: ARRL. 1972). 

эз. Powishen, “A Grounded-Grid Kilowatt Amplifier for 
432 MHz," QST, Oct 1979, pp 11-14. Construction infor- 
mation also appears in The ARRL Handbook for Radio 
Amateurs, for the years 1981 through 1986, 
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Fig 16—The HV-meter resistor box must be modified 
in this drawing. 
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Fig 17—Bottom view of the bottom cover of the amplifier enclosure, made from aluminum sheet (thickness not 
critical). 
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Fig 18—Foll side of the HV-meter resistor circuit board. 
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Fig 19—Details of the brackets used to mount the 
‘amplifier to the rack panel. Two are required. 
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Plate compartment with plate line and tube removed. The large plates are the tuning capacit 
top center is the ouput loading capacitor. The standoff supports the plate line. 
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he small strip at 


Top comer of the plate compartment showing the chimney and an outlet RF 
shield. 
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Underside view of the 8938 amplifier, with the cathode-compartment cover in place. 
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Rear view. The RF-input relay is mounted on the main chassis, to the left of the fuse holders. RF Input to the 
amplifier is by the cable routed through the chassis to a connector on the cathode compartment. The connector 
оп the subchassis above the relay carries high voltage. 
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A 1296-MHz Linear Power Amplifier 


By Bill Olson, W3HOT 


he linear amplifier shown in Fig 1 uses а Mitsubishi 
‘power amplifier module and a handful of other compo- 
ments to deliver up to 3 watts output from 1240 to 1300 MHz. 
The M67715 module has 50-ohm input and output im- 
pedances. No impedance-matching networks are used, and no 
alignmentisrequired. An input signal of 10 mW (I0dBm) will 
result in about 3 watts output. The M67715 is fairly rugged; 
Mitsubishi specifies it will tolerate an output SWR of 20:1 
Fig 2 is the schematic diagram of the amplifier. The 
module requires two positive supply voltages and a regulated 
bias supply. The higher supply voltage (Vic) can be up to 
16 V de, but the lower voltage СУ) cannot exceed 9 V de. A 
7809 three-terminal regulator connected to the Уыз Supply 
provides the 9-volt Ve and bias voltages. Chip capacitors are. 
used to bypass the V,, and bias terminals directly at the mod- 
ule. Fig 3 shows an inside view of the amplifier. 
Ul and U2 are fastened directly toa piece of 2-in. duni. 


num channel, which is in tum attached to а heat sink. Fig 4—A simple but rugged 1296-MHz linear power 
Мавара specifies a tol efficiency of about 25% foris am = 
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‘module; for 3 watts output the module dissipates about9 watts. 
"The heat sink shown in Fig 1 may be conservative, but was of 
‘convenient size. A U-shaped aluminum shield should be used 
то cover the aluminum channel when the amplifier is in use. 

Parts, kts and complete amplifiers are available from 
Down East Microwave 


Fig 3—inside the amplifier. U1 is at the top and U2 at 
the bottom. Mount the circuit board to the heat sink 
before installing the Type-N connectors. 
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А Ouarter Kilowatt 23-cm Amplifier 


By Chip Angle, N6CA 
(From OST for March and April 1985) 


he amplifier project described here and shown in Figs 1 
through 25 offers the following features 
T) Covers 1240 to 1300 MHz. 
2) Linear operation. 
3) Grounded grid 7289/2C39 cavity amplifier, single tube 
4)Power gain ranges from 12 dB to 2048 depending on output 
power, input power, loading, anode voltage and grid volt- 
age. 
5) 50-0 input and output—no stub tuner required. 
6) Power output greater than 200 W with about 12-W drive. 
"The amplifier described here isa tried and proven desi 
It works well, is reliable and can be duplicate. 


General Design Approach 

А cavity amplifier is similar to a conventional amplifier 
designed for lower frequencies. The tube anode excites a reso- 
mant circuit, and power is in turn coupled into а load, usually 
50.0. Instead of using coils and capacitors, as at lower fre- 
quencies, he cavity provides the resonant circuit necessary to 
tune the amplifier output. 

"The anode cavity of this amplifier is a squat cylinder 
Cylinder height is set by mechanical tube requirements. The 
inside diameter of the cylinder sets the highest resonant fre- 
quency. Any capacitance added from the top to the bottom of 
the cavity will lower its resonant frequency, as will increasing 
the cavity diameter. 

"This amplifier uses %-inch-thick copper plates for the 
cavity top and bottom and a thick-wall aluminum ring, cut 
from tubing, forthe walls, This heavy construction virtually 
eliminates ай resonant frequency variations caused by ther- 
mal and mechanical changes. 

Fig 2 is the schematic diagram of the cavity amplifier. 
‘The circuit is simple, Filament voltage enters the RF deck 
through C4, CS, RECI and RFC2. High voltage is fed to the 
anode through RFC3, C8, the anode bypass capacitor, is home- 
made from Teflon dielectric sandwiched between a copper 
plate and the chassis 

The input pi network easily tunes the entire band at any 
power level. It is made from two Johanson piston trimmer 
capacitors and а "coil" made from copper wire. An input 
cavity is not necessary at 23 cm. 


Fig 1—The completed 23-cm amplifier. 


Output coupling is through a rotatable loop that serves as 
a variable loading control. This allows amplifier-tuning flex- 
ibility; it may be tuned for maximum gain or for maximum. 
power. Light loading can produce stable power gains of up to 
20 dB. 

Amplifier tuning is accomplished with a homemade 
cylindrical coaxial capacitor with Teflon dielectric (C6). There 
эге no moving metal parts to cause erratic performance. The 
Teflon rod/tube screws in and out of the coaxial capacitor, 
increasing or decreasing the capacitance by changing the 
amount of Teflon dielectric inside the cylinder. With the rod 
all the way in, the dielectric is all Teflon; with the rod all the 
way out, the dielectric is all air. 

Teflon has а relative dielectric constant (relative to ай = 
1) of 2.05, which means that the value of the capacitor with the 
Teflon rodallthe way in is twice the value ofthe capacitor with 
the rod all the way ош. Full capacitance will pull the resonant. 
frequency ofthe amplifier down to 1240 MHz. Use of only one. 
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anode tuning adjustment means the amplifier will have more 
gain because shunt capacitance has been minimized. 


‘Thermal Considerations 

"The cavity walls are formed by a thick-wall aluminum 
ring, which is sandwiched between two thick copper plates 
RF and thermal properties of these two metals are reasonably 
close, whereas brass is rather poor in both respects. The 7289/ 
2C39 tube used in this amplifier is being run at 2 to 2% times 
its normal dissipation rating; therefore it's important to have 
а cavity that remains thermally stable 

Most previously described amplifiers have used sheet 
brass in their construction. This has usually meant constant 
retuning of resonance to maintain output power at ог near 

‘The copper and aluminum construction inthis amplifier 
has solved ай thermal stability problems. The amplifier can 
easily be run key down for over an hour at 200-W output 
‘without retuning. This, of course, is obtained only with a good 
tube and water cooling. 

Water cooling keeps the internal structure of the tube 
thermally stable. When air cooling is used for output levels of 
100 to 150 W, output power fluctuations are a direct result of 
internal tube changes. These changes vary from tube to tube 
and must be tested for. In some cases, perfectly good RF tubes 
have had poor thermal stability. Such tubes can make good 
drivers at lower power levels. 


Construction 

Hand tools are great if you are skilled and patient. Most 
people want to hurry up and finish their new project. ir that's 
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Fig 2— Schematic diagram of the 23-cm amplifier 

C1—3-pF dipped mica capacitor 

C2, C3—1-to 10-pF piston trimmer capacitor (Johanson 
o. 3957, 5201 or equiv.) 

C Anode tuning capacitor. See text and Fig 12. 

C7—Anode-bypass capacitor, 90 pF. Homemade from 
‘copper plate and Teflon sheet. 

cs. рів ceramic, 0.0047-,F, 3-КУ capacitor. 

J1—5-mm SMA connector, chassis mount, female. 

32 Modified Type-N connector. See text and Fig 8. 

33—Female chassis-mount BNC connector. 

L1 Loop of no. 18 bus wire soldered between C2 and 
сз. See Fig 16. 

12 Output coupling loop. Part of output-connector 
assembly. See text and Fig В. 

НЕСТ, RFC2—5 1 no. 20 tinned, "iin. ID. 

RFC3—3 t no. 20 tinned wound on a 20-0 1-W carbon- 
composition resistor. 


you, then have a machine shop make all of the parts, leaving. 
only the final assembly up to you, It should cost you about 
$200. The paris are not difficult to fabricate, but the process is 
time consuming. If you have the time and patience to do it 
yourself, this amplifier can be very inexpensive. 


Gathering the Materials 

All of the materials used in this amplifier are fairly com. 
‘monand should be available from suppliers in most metropol 
tam areas, Some suppliers have “short sale” racks where they 
sell odd pieces cut off standard lengths or sheets at reduced 
prices. The parts for this project are small enough that they 
may be fashioned from cutoff stock, Surplus-metal houses 
have some great buys, so start there if one is nearby. 

The key to successfully completing this project is careful 
layout work before cutting or drilling any parts. Invest in acan 
of marking dye, a sharp scribe, an accurate rule, vernier cali- 
pers and several center punches. These tools are available at 
any machinists’ supply shop, The marking dye will make 
cutting and filing lines much easier to see. Measure ай dimer 
sions as carefully as you can and then recheck them before 
cutting. Mark with a sharp scribe because the sharper the 
эсге, the finer the marked line, and the finer the marked line, 
the closer your cut will be to where it should be. Remember— 
the accuracy of your drilled holes is only as good as your 
center-punching ability, во use a fine punch for the first mark 
and then a bigger one to enlarge the mark enough for drilling. 

Access 10 а drill press is a must, It's extremely difficult, 
to drill holes accurately with a hand drill. Although not abso- 
Iutely necessary, you should have access to a lathe or milling 
machine to do the best possible job. 

Other tools that will aid you with this project are a nib- 
bling tool, a set of files and some sharp drill bits, If you don't 
already have one, purchase a file card to clean aluminum and 
copper shavings out of your files as you work. Clean, sharp 
files are faster and more accurate to work with. You'll also 
need an assortment of sandpaper for the final finishing work 


The Template Approach 

I's best to fabricate а single template for marking and 
drilling the anode plate, anode bypass capacitor, cavity ring, 
prid plate and front panel. The template shown in Fig 3 has all 
ofthe holes for these parts. If you use the template, you'll onl 
have to make the careful measurements once — after that, it's 
simple to mark and drill the rest of the parts. 

The template approach offers several other advantages. 
A template makes it much easier to maintain accuracy be- 
tween the anode plate, cavity ring, grid plate and front panel; 
these parts will fit perfectly because they were all drilled from 
the same master. The template approach also makes it possible 
to set up а small production line if you decide to build more 
than one of these amplifiers and combine them for higher 
power. or if a friend wants to build an amplifier along with 
you. 

See Fig 3 for complete template dimensions. Start with a 
piece of Heep hieb aluminum stock that is larger than you 
need and degrease И with soap and water. Dry it off and spray 
it with marking dye. Seribea4-inch square on the stock and cut 
the template to size. A shear will make this job much easier, 
but it can be cut with hand tools and filed to size. 

Carefully measure and scribe ай holes. Note that holes A 
and В ate on the circumference of circles. Use a compass to 
Scribe the circles, and then locate the holes. After you have 
marked and checked all holes, centerpunch and drill them. The 
holes should be drilled with a We eh or smaller bit. Recheck 
all measurements, If you goof, start again. The time you spend 


making the template as perfect as you can will save you much 
time and aggravation when you make and assemble the other 
parts 

When you finish the template, 
future reference. All plates that will be made from hei 
эге marked and drilled from the front side (as viewed from the 
front panel) 


Making the Copper Plates. 
Once you have completed the template, i will be easy to 
make the copper plates. The anode plate, grid plate and anode- 
bypass-capacitor plate are all made from 4-inch- thick cop- 
per. See Figs 4, 5 and 6 for the dimensions of these pieces 

Measure and cut the three plates to the proper dimen- 
sions, Carefully break (deburr) all sharp edges to avoid small 
cuts to your fingers and hands, 

Clean the plates with alcohol and spray them with mark- 
ing dye. Clamp the aluminum template to each plate and care 
fully scribe the correct holes. Remember that all plates do not 
hhave the same holes. The anode plate uses holes A, B, C, Fand 
Н; the grid plate uses holes A, C, Р, G and Н. The anode- 
bypass-capacitor plate uses holes В, E and H. Use a small 
center punch to punch all holes accurately and lightly. If they 
then look accurate, enlarge them enough for drilling. 

Copper isn't the easiest metal to work with. It's very 
stringy, and drilling tcan be frustrating. You'll need the proper 
drill bits for best results. Special drills can be purchased, but 
that’s not really necessary. You can use a grinder to carefully 


TEMPLATE CONSTRUCTION 
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Fig 3—Complete. 
dimensions for the 
aluminum template. 
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Fig 4—Orilling а 
additional information on hole location. 


Fig 5—Drill details for the grid plate. See Fig 3 for 
additional information on hole location 


remove the sharp points on the outer edge of the cutting sur- 
face ofeach side of a standard drill bit. This wll eliminate any 
tendency for the copper to grab. Practice on an old bit and be 
sure to grind it symmetrically. Modified drill bits can still be 
used on aluminum and other metals 

Always start with a smaller drill and work up to the final 
hole size. It's safer and more accurate. The larger holes can be 
eut with а flycutter, or you can drill a series of smaller holes 
around the inside of a larger hole and file to finish. Either way 
is fine, Use lots of cutting fluid to lubricate the drill bit, and 
wear safety glasses and ап old shit, Remember, some cutting 
fluids are not to be used on aluminum. 

Start with ano. 50 (0.070-in. Jor smaller bit and drill pilot 
holes at each of your punched marks. The details for finishing 
each hole are listed in the drawings, Some holes are counter- 
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Fig 6—Driling details for the anode-byp: 
plate. See Fig 3 for additional information on hole 
location. 


sunk or tapped, Pay attention to the details and take your time, 

"When you are through drilling, you must deburr each 
hole. Copper is soft, so it tends to rise up around the hole 
during drilling and deburring. Use a flat file for the initial cut, 
and then remove any remaining material with a countersink 
File the copper plates flat again because a flush fit on both 
sides ofthe aluminum ring is very important 

‘When all copper work is done, you shouldbe able to stack 
the plates and see all pertinent holes align correctly. Enough 
tolerance isincluded inthe dimensions to accommodate minor 
errors. After the holes are drilled, it can be difficult to tell 
which side of each plat is which, so mark the front side ofeach 
plate with a permanent marker. 


Machining the Ring 

‘The aluminum ring that forms the cavity wall is cut 
(sliced) from a length of 3/-inch OD tubing with a Cinch 
‘wall thickness. See Fig 7. The tubing ID is approximately 
2% inches, The dimensions of the ring are the most critical in 
this amplifier. Tolerance of the ring thickness is 40.005 inch 
to maintain full band coverage. 

‘The ring сап be hacksawed or bandsawed out of the 
tubing, but take extreme care to be accurate. Cutting tubing 
straight isn’t easy. Clamp the tubing to prevent rotating on the 
bandsaw. The final finish cutis best done оп a lathe ог milling 
‘machine, but careful filing will work 

‘Once the ring is the correct thickness, deburr the sharp. 
edges and spray it with marking dye. Notice that the outside 
and inside diameters are not concentric. This is normal for 
large tubing and is nota problem. Lay the ring flat and find the 
thickest wall section. Scribe a line across the wall at this point, 
across the center of the ring, and across the wall on the other 
side, The scribed lines on each side of the ring will be used to 
align the template. The output connector will Бе placed atthe 
thick wall section. 

Carefully align notch I on the template with the line. 
scribed on the thickest wall section on the ring. Clamp the 
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Fig 7—Detalis of the cavity ring. See Fig 3 for addition 
information on hole location. 
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template onto ће ring. Mark each of the 11 holes labeled A on 
the template, After you mark the holes and remove the tem- 
plate, check alignment with the copper plates just in case. IF 
everything lines up, center punch all eleven holes on one side 
of the ring only, and drill each hole completely through the 
ring. Use lots of cutting fluid, File the ring Па before and after 
deburring, taking care not to change the wall thickness. Tap 
each hole to accept no. 4-40 machine screws. Each hole will 


have to be tapped to a depth of at least % inch from both sides 
because long taps don't exist. The inside of the ring doesn't 
need to he polished. 

The hole for mounting the output connector can now be 
drilled. There are two ways to mount this connector, and either 
scheme works fine, Read ahead to the section on making the 
‘output connector for more information, The first method of 
mounting the output connector involves tapping the ring with 
ano, Y-24 tap and using a lathe to cut matching threads on the 
‘output connector coupling sleeve, Large taps are expensive, 
but both a tap and die for Type-N connectors come in handy 
if you do a lot of building. 

If you don't have access to a lathe or a large tap. the 
second method is easier. Make the output connector coupling 
sleeve from Ys-inch-OD brass or copper tubing and drill the 
ring to justclear it. Then drill and tap the grid plate side of the 
ring above the output connector to accept a setscrew. Use the 
setserew to secure the output connector. 


Output Connector 

A standard Type-N chassis-mount female connector (sil 
ver plated) is used for the output probe/connector. See Fig 8. 
First remove the lange with a hacksaw and file flush with the 
‘connector body. Next, make the output coupling sleeve that is 
right for your application (threaded or unthreaded, depending 
on how you fabricated the ring). The sleeve will be the same 
length in either case. The output coupling loop is fashioned. 
from a piece of 0.032-inch-thick copper sheet that is Ya inch 
wide. Bend іо the dimensions shown in Fig 8. We will solder 
the output connector together later 


Grid Compartment 

‘The grid compartment measures 2 inches square by 1 
inches high. See Fig 9. It is made from brass and can be sawed 
out of square tubing or bent from sheet stock. The cover can 
be made from any sheet metal. 

Two small PC boards (Fig 10) hold the finger stock that 
makes contact with the filament pin and cathode ring on the 
2C39 tube. These boards are cut from /»-inch-thick, double- 
sided G-10 glass-epoxy stock. The copper pattern is identical 
for both sides ofeach piece. Mark and drill or file the holes first 
and then cut the boards to size. Small boards are difficult to 
hold while drilling them, Mark each side of each board and 
score the copper foil with a sharp knife. 

The unwanted copper can be removed easily by heating 
the foil with a soldering iron and lifting it off. Use а flat file to 
deburrth boards, Do not use countersink because the copper 
foil must be as close to the holes as possible to facilitate sol- 
dering the finger stock in place. 

‘The input connector is a S-mm SMA type. This is an 
excellent RF connector, especially for low-power UHF appli- 
cations. Although an SMA is recommended, any small, screw- 
‘on connector will do. If you really feel you have to use a BNC 
then do so, but it's а lousy connector at frequencies above 
200 MHz. Remember to move the connector hole to accom- 
modate its larger size. 

The input connector must be as close as possible to the 
first input capacitor. Lead length of the input de blocking ca- 
pacitor must be as short as possible. The 3-pF capacitor is 
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Fig 10—Cathode and filament PC-board details. 


series resonant at 1200 MHz only with short (cinch or less) 
каб. 


Miscellaneous Bits and Pieces 

There are still several small, but very important parts to 
fabricate. The front panel is shown in Fig 11, It is made from 
a piece of Seh. il aluminum sheet. Some builders may 
wish to mount the amplifier on a rack panel, Wash and dry 
your front-panel material and spray it with marking dye. Clamp 
no we template and mark the holes, Check the hole alignment 
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Fig 11—Front-panel det 


with the copper grid and anode plates. If all lines up correctly, 
center punch and drill the holes. The only front-panel control 
is forthe anode tuning capacitor, which is adjusted by a inch 
shaft protruding through a %-inch panel bushing in hole C. 

‘The anode tuning collar, shown in Fig 12A, is made from 
a piece of -ineh-OD brass rod. This rod has a %-inch hole 
drilled through its center, and it is turned down to /-inch OD 
for half its length. The inside of the '-inch-OD end is tapped 
toadepth of / inch to accept %-24 threads. This collar will be 
inserted into hole C on the grid plate. Fig 12B also shows the. 
‘anode tuning post. It is simply a length of %inch-OD brass 
rod that inserts ino hole C on the copper anode plate. This rod 
will form one plate of the anode tuning capacitor; the cavity 
wall is the other plate 

The anode tuner (Fig 12C) is machined from a piece of. 
>-inch-OD Teflon rod. One end of the rod is drilled out with 
апо. 21 drill. The outer wall of this end is threaded with a %- 
24 tap. This is the end that will thread into the anode tuning 
collar and slip over the anode tuning post. The other end is 
turned down to fit inside a /-inch shaft coupler. 

Fig 13 shows the remaining parts, The tuning shaft (A) is 
made from a piece of %-inch brass rod. A coupler (B) to con. 
nect the tuning shaft to the anode tuner may be purchased or 
made. This also applies to the front-panel spacers (C). The 
"Teflon dielectric for the anode bypass capacitor (D) is made 
rom0.010-inch-Ihick Teflon sheet, Use the template to locate 
holes B and Н. Teflon washers and inserts (E) are used 10 
insulate the mounting hardware forthe anode bypass capacitor 
fromthe chassis, The inserts are made from /-inch-OD Teflon. 
rod. The washers are made from Teflon sheet. Sharpen a piece 
of inch OD tubing and chuck it up in drill press. This tool 
‘ill cut neat, round washers from the sheet 
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Fig 12—Anode-tuning capacitor detalis. 


The box that encloses the anode compartment (Fig 14) is 
fabricated from a Bud AU-1083 utility cabinet. Clean the 
chassis and spray it with marking dye. Secure the template to 
the side of the enclosure that contacts the anode plate and 
seribe the holes labeled F. Make sure that these holes line up 
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Fig 14—Anode enclosure details. 


with the holes on the copper anode plate. If they do, center 
punch and drill them to size. If air cooling is used, the blower 
"will mount to this Бох. 


Soldering (he Subassemblies 

‘Once all copper and brass parts are drilled and deburred, 
they should be cleaned with alcohol and Scotch-Brite, a поп- 
metallic pot cleaner, and washed in alcohol again. Set the pieces 
aside and avoid touching them, Fingerprints will inhibit soldering. 
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Fig 13—Miscellaneous 
parts necessary to 
‘complete the amplifier 
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Fig 15— Dimensions of the soldering fixture. See Fig 3 
for additional information on hole location. 


The best way to solder the heavy brass and copper parts 
is to first build the soldering fixture shown in Fig 15. This 
soldering fixture, made from '/-inch-thick aluminum plate, 
willevenly heat the entire assembly to be soldered. Even heat 
ing will allow you to do a much better soldering job than you 
could otherwise. 

"The aluminum soldering fixture should be preheated on 
astoveor hot plate until bits of solder placed on its surface just 
melt, At this point, reduce the heat slightly. Avoid excessive 
heat. If the copper parts placed on the Fixture suddenly turn 
dark, the heat is too high. 

Solder the grid plate assembly first, You will need the 
copper grid plate, grid finger stock, anode tuning collar and 
brass input compartment. Look at the drawings again to be 
sure that you know which parts go where. Insert the grid finger 
stock into hole H on the grid plate. As viewed from the front- 
panel side, the curved fingers will protrude out the back side, 
away from you. Apply liquid or paste flux and se the grid plate 
in the soldering fixture. The finger stock will fit in hole H in 
the fixture, allowing the grid plate to rest flush with the surface 
of the fixture. Next, apply flux to the anode tuning collar and 
insert itin hole C of the grid plate. Par of the tuning collar will 
slip into hole C in the soldering fixture. Make sure the collar 
seats flush with the grid plate, The flux should start to bubble 
at this point, Carefully apply solder directly to the joints of the 
installed parts. The solder should melt almost immediately 
and flow bright and smooth. Next, place the square brass input 
‘compartment in place and apply flux, In a few seconds, it can 
ве soldered by running solder around the joints inside and 
outside. If you have trouble getting it to flow on both sides, 
merely tap the brass box aside (e inch) and return it to its 
original position. 

Now comes the hard part—getting the soldered assembly 
‘away from the heat without disturbing the alignment. A pair of 
forceps is recommended, but long pliers will do. Carefully lift 
the assembly off the soldering fixture and set on acooling rack. 
Do this without moving any part. The cooling rack can be any 
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Fig 16—Assembly details for the filament and cathode 
boards (A), the anode-bypass capacitor (B) and the 
input pi network (C). 


two pieces of metal that will allow clearance for the protruding 
inexpedite cooling by using an ordinary hair dryer 
position to gently blow air across the assembly 
While the grid assembly is cooling, assemble the output con- 
nector. See Fig 18. Place the modified Type-N female connec- 
tor, threaded end down, on the soldering fixture. Apply flux to 
the top and install the output coupling sleeve. Allow both parts 
to heat before applying solder. Carefully remove the soldered 
‘output connector from the fixture, When it has cooled, solder 
‘one end ofthe loop to the center pin of the N connector and the 
other to the output coupling sleeve, Now place the anode plate 
on the soldering fixture and allow to heat. Apply flux to hole 
C. Insert the anode tuning post (%o-inch OD brass tube) and 
allow to heat; apply solder, Remove the parts and cool as be- 
fore. This completes the work with the soldering fixture. Be 
sure to let it cool off before handling! Save the fixture for 
future construction: vou never know when you might want it 
‘again, The anode plate and the anode-bypass-capacitor plate 
must be filed and then sanded flat on their butt surfaces to 
assure that there are no solder bumps ог sharp points to punc 
ture the Teflon dielectric. This must be done after soldering. 
‘The Teflon sheet is adequate insulation for many times the 
anode potential of this amplifier, but only if the surfaces it 
separates are smooth! Next, clean the cathode and filament PC 
boards, Install the finger stock in hole Н of the cathode board 
Apply flux to both sides of the board. Heat with a hot iron and 
apply solder around the circumference of hole H, soldering the 
finger stock on both sides ofthe board. Use the same technique. 
to install the Filament pin, Afterall parts have cooled, use a 
spray can of flux remover to clean them. Slight scrubbing with 


“Scotch-Brite” pot cleaner will finish them nicely. Congratu- 
lations: You have finished the pieces and are now ready to bolt 
the amplifier together. 


Silver Plating 
Over the years, many people have pushed silver plating 
as the only way to go. You may wish to silver plate the ampli 
fier components before soldering them together, but it is not 
necessary. The RF skin conductivity of aluminum and copper 
is pretty good at 23 ст; these materials are much better than 
brass, In actual testing with four amplifiers, there was no dif- 
ference in performance among tin-plated, silver-plated and 


Fig 17—The completed cavity ring and anode plate with anode tuning post soldered In place are shown 


unplated versions. A nickel-plated amplifier exhibited 3-48. 
less gain than the others. 


Assembly 
After fabrication of all pars, assembly is simple. Figs 16 
through 18 show assembly details, Loosely fasten the grid and 
anodeplatestothe ring. Mountthe input connector and capaci 
tors onthe input compartment. Loosely install the cathode and 
filament boards and their respective spacers. See Fig 16А. 
Now insert a 7289/2C39 tube. This will center up all 
finger stock. Place the Teflon anode tuner in its collar on the 
grid plate and screw it most of the way in. Now tighten all of 


© 
A. The 


photo at B shows the grid plate with finger stock, input compartment and anode tuning collar soldered in place. The 


‘completed anode tuner is at the right. C shows the cavity ring attached to th 
capacitor is ready for installation. At D, the interior of the cavity as seen from. 


inode plate. 
rid plate si 


‘output probelconnector assembly is installed. The anode-bypass capacitor and anode enclosure had been installed 


‘on the anode plate. 
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Fig 18—At A, the interior of the completed input compartment is visible. The photo at B shows the interior of the 
‘anode compartment with the anode bypass, RFC3, C8 and J3 installed. 


the crews. The 7289/2C39 tube should slide in and out snugly, 
and the anode tuner should screw in and out smoothly. The 
Teflon sheet and anode bypass capacitor plate can be installed 
now (Fig 16B). Assemble the remaining input components, 
the filament feed-through capacitors and RFCs (Fig 160). 
‘Screw the output probe into the cavity ring (or push in the 
probe and tighten the setscrew, depending on which method 
you chose). Install the high-voltage connector and other parts 
in the anode box. Mount the amplifier on the front panel and 
instal the anode tuner shaft. This completes the assembly. 


Power Supplies 

‘The filament and bias supplies forthe cavity amplifier are 
shown schematically in Fig 19. The manufacturer's specifica- 
tion for the 7289/2C39 filament is 6.0-V ac at 1 A. The use of 
a standard 6.3-V ae, 1-A transformer only slightly increases 
the tube emission without much loss of tube life. The filament 
should be allowed to warm up before operating the amplii 
so the filament, bias and high-voltage supplies incorporate 
separate primary switches. 


Biasing 

Many biasing schemes have been published for 
grounded-grid amplifiers. Fig 19 shows a bias network that 
satisfies all of the following operating requirements 


1) External bias supply referenced to ground. 

2) Low-power components 

3) Variable bias to accommodate tube-to-tube variations. 

4) TR switchable with relay contact or transistor to 
ground, 

5) Bias-supply protection incase ofa defective or shorted, 
tube 
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U2providess variable! 


is-vollage source, adjustable by 
RI. The output of U2 drives the base of Q1, which is used to 
increase the current-handling capability of the bias supply. QI 
„must be mounted on a heat sink. J1 is connected to the station 
TR switching system so that RI is grounded on transmit and 
disconnected on receive. The approximate range of the bias 
supply is6t020 V. ZI and Z2 provide protection for RI incase 
fa shorted tube. The amplifier can be run without Z1 and Z2 
if you keep the anode voltage below 1100 V. 


High-Voltage Power Supply 

A safe, reliable high-voltage power supply is described. 
bere. Ofcourse, you can use any readily available HV supply 
keep in mind, however, that the 7289/2C39 anode potential 
should never exceed 1400-V de at full oad and that the ampli 
fier will withstand 1900-V de at low cathode current and cut- 
oll bias conditions. For maximum power output, assuming 
adequate drive power is available, anode voltage under full 
Toad should be about 1200-10 1400-V de. Fig 20isa schematic 
diagram ofthe high-voltage supply. A power transformer (T2) 
that delivers 900- to 1050-V ас is ideal. The type of rectifier 
circuit used will depend on the type of transformer chosen 
Each leg of the rectifier is made from two 1000-PIV, 3-A 
silicon diodes connected in series. Each diode is shunted with 
{40,01 -maP capacitor to suppress transient voltage spikes, and 
2470-KQ equalizing resistor. Filtering is accomplished with a 
string of four 360-НЕ, 450-V electrolytic capacitors connected. 
in series. R3-R6 equalize the voltage across each capacitor in 
the sting and serve as bleeder resistors. Ofcourse, a single oil 
filled capacitor may be used here if available. Whatever type 
of filter you use, the total capacitance should be about 80 pF 
at a voltage rating of at least 1500-V de. This value allows 


unless otherwise noted. 

J1—Female chassis mount phono connector. 

T1—Fllament transformer. Primary 117-V, secondary, 
63 Vat 1A. 

‘T2—Power transformer, Primary 117 V; secondary, 24 to 
28 V at 50 mA or greater. 


Fig 19 Schematic diagram of the cavity amplifier filament and bias supplies. АП resistors are /-W carbon types 


U1—Brldge rectifier, 50 PIV, 1 A. 

U2-—Adjustable 3-terminal regulator (LM317 or equiv). 

71, 22—20-У unipolar metal-oxide varistor (General 
Semiconductor SA20 or equiv.) or two 20-V, 1-W 
Zener diodes. 
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Fig 20—Schematic diagram of the amplifier high-voltage supply. 


C1-C4—Electrolytic capacitor, 360 pF, 450 V. 
D1-D4— Silicon rectifier, 1000 PIV, 3 A. 

FI—High voltage fuse, 2 kV, 1 A. 

Jt— Chassis mount female BNC or MHV connector. 


adequate “droop” of the anode voltage under high-current 
loads to protect the amplifier in case of RF overdrive or a 
defective tube, 


Protective Cireuitry 
‘Some type of start-up protection should be incorporated 
in the primary. Fully discharged filter capacitors look like a 


R3-RS—Wirewound resistor, 40 kč, 11 W. 

Ti Variable autotransformer, 500 VA. 

T2—High-voltage transformer, Primary 117 У; 
‘Secondary, 900 to 1050 V at 500 mA. 


dead short at supply turn-on. Initial surge current (until the 
capacitors charge) may be high enough to destroy the rectifi- 
ers. RI and R2 provide some surge-current limiting, but ether 
of the two primary configurations shown in Fig 20 should be 
used. TI, a variable autotransformer (Variae and Powerstat 
are two common rade names), is ideal. In addition to allowing. 
you to bring the primary up slowly, (and charging the capaci 
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Fig 21—Details of the solder-on water jacket. 


tors gradually), it also allows full control of amplifier output 
power by varying anode voltage. The second method, step- 
Stan system, uses a resistor in the T2 primary to limitthe tur- 
оп surge current. When the capacitors have charged, КІ is 
energized, shorting out R1 | and applying full voltage to the T2 
primary. Fl and R7 protect against high-voltage are-overs or 
shor circuits. I sustained overcurrent is drawn, FI will open 
amd remove B+ from the RF deck. Use a high-voltage fuse 
here; standard fuses may arc when blown and not interrupt the 

B+. R7 provides current limiting to protect the amplifier and 
power supply in case of a high-voltage arc. 


Safety 

An HV meter should always be used to monitor the status 
of the power supply. The values for R8-R 10 shown in Fig 20 
will give a 1500-V de full-scale reading on a 0-1 mA meter. 
RG-S8or-59 coaxial cable should be used for the high-voltage 
interconnection between the power supply and the RF deck. 
Ground the shield at both ends for safety and a good de return, 
Safety must be observed when working with all power sup- 
plies. These voltages are lethal! Always disconnect ac power 
and then discharge the filter capacitors before working on the 
power supply. Never guess or make assumptions about the 
status of a power supply. Assume it is hot 


Metering 

Cathode-current monitoring is all that's really necessary 
for observing amplifier dc performance. Cathode current (IK) 
is the sum of the plate (IP) and grid (IG) currents. Normally, 
‘when this amplifier is driven to 300- or 400-mA IK, the grid 
current will be around 40 to 50 mA. The inclusion of a grid- 
current meter is not really necessary and only makes biasing 
and TR switching complicated. Cooling desired output power 
and the level of drive power available will dictate what ype of 
cooling to use. For intermittent duty (SSB, CW) at output 
levels less than 50 W, air cooling is satisfactory. Any small 
blower may be easily mounted to the aluminum box surround- 
ing the tube anode. For high-duty-cycle modes and/or output 
levels greater than 50 W, water cooling is highly recom- 
mended. Greater than twice the normal air-cooled output 
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Fig 22—Details of the screw-on water jacket, 


power сап be obtained from a water-cooled tube, and water 
cooling is quiet. 


"Tube Modification and Water Jacket 

‘The first step is to remove the air radiator from the tube. The 
air radiator crews on, во it may simply be unscrewed without 
damage to the tube. First, place а hose clamp around the tube 
anode Secure the radiator fins in a vise and тїр the hose clamp 
With a pair of large pliers. Gently unserew the tube from the radia- 
tor. If the bose clamp slips slightly, tighten it. Some 7289/2C39 
tubes use an air radiatorthatis attached with setserews. Toremove 
the radiator, simply remove he setscrews and pull the radiator ofl. 
The air radiator will be replaced with a water jacket that allows 
water to be circulated past the tube anode and through a heat 
exchanger, where it is cooled and circulated past the tube anode 
again. Two different types of water jackets are described ere. The 
water jacket shown in Fig 21 will work with any type of 7289/ 
2C39. is fabricated froma |-inch-OD copper tubing cap and wo 
short pieces of inch OD brass tubing. The copper tubing cap 
should be available from a local hardware store or plumbing sup- 
ply house. Brass tubing is available from many hobby stores and 
metal supply houses. Mark and drill the copper cap so that the 
brass tubing is a snug fit. Thoroughly clean the parts until they 
shine. Push the tubing into the holes in the end cap and degrease 
the assembly with alcohol, Use plenty of flux and solder the scam. 
around each section of tubing. Allow the jacket assembly to cool. 
Meanwhile, thoroughly clean the 7289/2C39 anode to а bright 


finish. Check the water jacket for fit. In some 
cases, you'll have to use а 0.003- to 0010-in. 
thick copper shim o fill the gap between the 
copper cap and the tube anode. This shim helps 
eliminate pin holes in the solder. Using plenty of 
flux, solder the water jacket to the tube anode. 

Solder it quickly with a hot, high-wattag iron. 

Allow the tube to cool in the air after soldering 
to avoid thermal shock and possible breakage. 

After the tube has cooled, use plenty of alcohol 
to remove all traces of Пих from the tube and 
water jacket. The second type of water jacket is 
shown in Fig 22. This jacket will work only with 
7289/2C39 tubes that have a screw-on air radia- 

tor. Itis designed o thread onto the tube anode 
just like the air radiator did. This jacket is ma- 

 hined from a piece of 1% inch aluminum rod. 
The water inlet and outlet tubes are made from 
"inch OD, Уве С aluminum tubing hats 
epoxiedin place. A rubber gasketsealsthe jacket 
against leaks. If you have access to a lathe, you 
should have no trouble duplicating the jacket 

You could have one made upat a local machine 
shop. Complete screw-on water jackets are also 
available from Angle Linear? After youunscrew 
the air radiator from the 7289/2C39, check for 


vem [ 3 | ETT 


He 


|. 


d 


‘and remove any burs from the tube anode. The 
anode surface must be flat if the rubber gasket is 
tobe effective. Serew the water jacket onto the 
tube. Tighten by handonly. Donotuseany tools, 
ос you could damage the tube or jacket! Do not 
use the water inlet and outlet tubes for lever: 
‘age—they have thin walls and break easily. 


Water System 

Fig 23 depicts the complete water-cooling system. Recom- 
mended pumps and accessories that have proven reliable and ef- 
fective are listed in the caption, Any small pump, such as a foun- 
tain pump, that сап deliver 1600200 gallons per hour can Бе used 
here. Most inexpensive pumps are no sel priming, which means 
ıhatthey won't pump water if they have air in the rotor. Although 
water can be forced through the pump for the initial prime, my 
system uses gravity priming. The water reservoir isa 2-foot length 
of 3-inch-OD plastic pipe that is available from hardware or 
plumbing stores. It is usually sold for use in residential sewer 
systems. The outltis atthe bottom and the inlet about halfway up 
ıhe column, The inlet is located here to eliminate aeration that 
ionizes the water and reduces its effectiveness. The outlet feeds 
the pump directly. The pump and the reservoir outlet port should 
be mounted in the same plane. The pump should be oriented so 
that air bubbles will rise into the impeller output port and can be 
blown ош once the pump starts running: 


Flow Indicator and Heat Exchanger 

Water cooling is best described as "super quiet.” There is 
по noisy fan io hear o reassure you that the tube is receiving 
adequate cooling. If water flow is reduced or cut off during 
amplifier operation, tube damage is virtually assured. Flow 
interlocks and switches to shut down the amplifier if water 


Fig 23—Detalls of the water-cooling s) 
(1) Little Giant Pump Co. Model 1-42А or larger, ave 
hardware stores; or (2) Calvert Engineering, Cal Pump Model 8758 (160 
gal), available from Calvert, 7051 Hayvenhurst Ave., Van Nuys, CA 
$1406, tel. 81 

nin. NPT connectors) is 
Ave., Mountain View, CA 94043, 


181-6029. The Пом Indicator (Model 15C; requires two 
ilable from Proteus Industries, 240 Polaris 
415-964-4163. 


flow is reduced are hard to find and expensive. Flow indica- 
tors, however, are inexpensive and reliable. A flow indicator 
has a spoked rotor that turns as water passes through the unit. 
W the wheel is turning. there is water flow; if not, you have a 
problem. Changes in flow rate can be observed by watching 
for speed changes in the rotor. A small lamp illuminates the 
Flow indicator, making it easy to see rotation, The flow indi- 
cator should be mounted where it can be seen from the oper- 
ating position and monitored during operation. Heat exchang- 
ers, oF radiators, remove the heat from water as it passes 
through. For this application, a small automobile transmis 
sion-oil cooler works great. Most auto-parts stores and speed 
shops have a good selection. Some come with mounting brack. 
ets. Look fora cooler with the input and output ports on the top 
so air bubbles will rise to the top and move on without becom. 
ing trapped. Trapped air degrades cooler performance, If you 
use the amplifier for high-duty-cycle modes such as АТУ or 
FM, or for long, slow-speed CW transmissions (EME, for 
(example), you should use a small axial Whisper fan to increase 
the effectiveness of the heat exchanger. A fan isn't necessary 
during normal operation, or even for sustained operation at 
moderate power levels, but is highly recommended if you plan 
prolonged operation at maximum power. Locate the fan so the 
warm exhaust air won't heat up other equipment. 
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Hoses and Fittings 

Most hardware stores carry a complete line of brass fit- 
tings and adapters that can be used for this project. Brass, 
however, will eventually corrode and pollute the water supply. 
Plastic fittings are cheaper and don't corrode, but they are 
harder to find. Recreational vehicle suppliers are my main 
source for these parts. They are used extensively in drinking 
water systems for mobile homes and travel trailers. Procure 
the fittings when you have the rest of the part in hand, as there 
are many variables to consider, You can use any relatively 
soft thin-wall vinyl tubing for all water fines, The main runs 
are made from %-inch-ID hose, while /-inch-1D stock is used 
to connect to the 7289/2C39 water jacket. The /-inch-ID tub- 
ing fits snugly over the 9/32-inch-OD inlet and outlet tubes on 
the water jacket, so no clamps are required. an other hose 
connections should be secured with stainless-steel clamps to 
prevent leaks, Any leaks mean air in the system and deterio- 
ration of cooling performance. 


Safety 

The anode of the tube, and hence the water jacket and 
water, are in direct contact with the high-voltage supply, so 
some safety precautions must be observed. Approximately 12 
to 18 in. of tubing should run between the 7289/2C39 jacket 
and any other component in the cooling system. This will 
allow enough resistance in the water to provide adequate cur- 
rent limiting, should the water contact any components that 
are grounded, tis best to ground the water supply atthe pump. 
"This can be accomplished by replacing a short section of the 
tubing that runs to the flow indicator with a piece of brass or 
copper tubing. Solder a wire to this metal tubing and connect 
the ther end of the wire to your station ground. Use at least 24 
їп, of vinyl tubing between the anode cooling jacket and the 
ground point. On the warm-water side of the 7289/2C39, run 
12 in, of vinyl tubing to а small metal fitting or short section 
of metal tubing, and then another 12 in. of vinyl tubing to a 
grounded point (this can be at the heat exchanger). You сап 


measure the water leakage current to ground by placing а 
microammeter between the metal fitting that connects the two- 
vinyl hoses and ground. Leakage current should be less th 
10 mA with clean water and an anode potential of 1 КУ. As the 
water ages, the leakage current will rise; when this happens, 
replace the water. Grocery stores carry distilled water for use 
in steam irons, It тау be deionized and not truly distilled, but 
it works fine for about four to six months in this application 
Filters can be purchased from scientific supply houses, but it's 
mot really worth it because deionized water is so cheap. Do not 
use tap water under any circumstances! When you turn on the 
water system for the first time, run a gallon of water through 
it for half an hour to wash out fabrication impurities. Replace 
with clean water before using the system to cool the amplifier. 
Water was chosen because it's inexpensive, nontoxic, non- 
flammable, and easy to clean up if you have a leak, Better 
liquid coolants are available, but they are toxic. Don't use. 
them! 


Cooling Performance 

Fig 24 is a graph of several transmivreceive cycles on a 
‘water-cooled, 500-W output, 23-cm power amplifier. For this 
test, two of the amplifiers described here were coupled with a 
hybrid combiner. This particular cooling system used one 
gallon of water, Experiments indicate that, during extended 
‘operation, the water temperature rises only 30 to 35 F° above 
ambient room temperature. Typically, the tube anode and 
‘water average 10 to SF" above ambient during casual oper 
ating. Flow rates in this system are typically % gallon per 
minute per tube, which is more than adequate. At this rate, 
‘more than 300 W of dissipation from a single inefficient 7289/ 
2C39 were required to boil the water in the water jacket, The 
‘water should not be allowed to boil because this will heat the 
rubber gasket 


Tubes 
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sally necessary to buy a new 7289/2C39, Used 


Fig 24—Perlormance graph of the water-cooling system, 
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tubes сап be found surplus for a few dollars and, in many 
cases, will perform as wellasa new tube. Most used tubes have 
been sitting around for several years, so it's a good idea to run 
‘them through the dishwasher to clean them up and then run the 
filaments for about 24 hours. This will restore operation in 
many cases. If you buy a new tube, you should be aware that 
the 7289/2C39 is being run far in excess of its ratings in this 
amplifier, The manufacturer's warranty will not cover tubes 
runin this application. Contrary to popular opinion, glass tubes 
will work. Physically, they are not as rugged as the cerar 
version, but the glass-to-metal seal seems to provide better 
shelf life than the ceramic seal. The glass tubes make great 
driver tubes and will work fine for power levels up to 100-W 
‘output. Pulse tubes (7815, 7211) are not recommended be- 
cause of their poor thermal stability at high power levels. Also, 
they generally are 30 о 40 MHz lower in resonant frequency 
inthis amplifier compared tothe 7289/2C39. Some 7289 tubes 
сап be as much as 30 MHz lower in frequency. Minor length 
adjustment of the anode-tuning post may be required to ac 
commodate amplifier and tube differences. 


‘Tube Insertion 

Extreme care must be exercised when inserting the 7289/ 
2C39 tube. Never force the tube in place as damage (bending) 
of the cathode finger stock may result. Observe the layout of 
the finger stock to get an idea of how the tube inserts, Carefully 
position the tube so itis straight as you gently push. It should 
slide in snugly without any solid resistance 


Testing 

‘After you have completed all of the parts for the ampli- 
fier, it's time to test everything before hooking it al together, 
Test the water-cooling system by turning it on and watching. 
for steady water flow as indicated on the flow meter, The tube 
and water jacket can be removed from the cavity amplifier for 
this test. Check all of the power-supply voltages first without 
connecting them to the RF deck. Then, without the tube in 
place, hook the bias and filament supplies to the cavity and 
check the voltages again at the tube finger-stock connections. 
Connect the high-voltage supply to the RF deck and bring the 
voltage up slowly with a variable autotransformer. Monitor 
the high-voltage on the anode bypass capacitor plate, and look 
and listen for any possible arcing between the anode-bypass- 
‘capacitor plate and ground. Use extreme care when measuring 
and testing the high-voltage supply. If everything looks okay 
With the power supplies, shut them off and disconnect them. 
You can make a safe, low-power test of the cavity resonance 
without applying any voltage. With the tube in place, insert а 
2-inch-long coupling loop on the end of a piece of coaxial 
cable between the spring fingers of the anode down into the 
cavity. Connect the amplifier output probe/connector to a 
device capable of detecting low-level RF at 23 cm (for ex- 
ample, a spectrum analyzer or microwattmeten Feed a signal 
from an L-band signal generator into cable attached to the wire 
coupling loop that you inserted into the cavity. Set the signal 
generator for various frequencies in the 23-cm band and tune 
the amplifier anode tuner. There will be sharp peak in output 
at cavity resonance. This testing method can be used to deter- 
mine cavity tuning range, anode-bypass-capacitor effective- 


ness and resonance of various tube types for use in this ampli- 
fier. Any cavity amplifier can be tested completely without 
‘ever applying high voltage, The better yourtest equipment, the 
easier the amplifier is to test. If all dimensions were followed 
strictly, the amplifier will tune as designed. 


Amplifier Hookup 

Installation and operation of this amplifier is relatively 
straightforward, but as with any amplifier, several precautions 
must be followed. these are adhered to, it will provide years 
of reliable service, The amplifier is designed to be operated in 
1450-82 system and should never be turned on without a good 
50-0 load connected to the output connector. Never operate it 
into an antenna that has not been tuned to 50 £2! Drive power 
tothe amplifier should never exceed 15 W. Never apply drive 
power inexcessof | W unlessall operating voltages are present 
and the tube is biased on, Otherwise, the tube grid-dissipation 
rating will be exceeded and you will probably ruin it. As in all 
TR-switched systems, some type of interlock or sequencing of 
transmitand receive functions should be incorporated. In most 
systems, the sequence for going into transmits something like 
this: First, switeh the antenna changeover relay from the re 
ceiver to the power amplifier. Next, bias the power amplifier 
‘on, Last, key the exciter and apply drive to the amplifier, To 
goto receive, unkey the exciter, remove operating bias from 
the amplifierand switch the antenna relay back to the receiver. 
the antenna relays are switched while the power amplifier is 
‘operating and putting ош power, damage to the relay conta 
‘and/or the amplifier is likely. If there is a momentary removal 
‘of the antenna while the power amplifier is biased on, it may 
oscillate. This can damage the TR relay. the tube, or even the 
receive preamplifier. 


"Tune Up and Operation 
Thisisit—the big moment when you will see your project 
come to life! Connect an accurate ИНЕ power meter and а 
'50-antenna or load to the amplifier output connector, A Bird 
Model 43 wattmeter with a 100- or 250-W, 400- to 1000-MHz 
slug will give reasonable accuracy, depending on the purity of 
the drive signal. Apply filament power and tube cooling. and 
allow 310 5 minutes for the filamentsto warm up. Turn on bias 
Supply (the amplifier will draw maximum current if the anode 
voltage is applied without bias). Apply 300 to 400 V to the 
anode. There should be no current flowing in the tube as indi- 
cated on the cathode-current meter. Ground J1 on the bias 
supply to apply transmit bias and observe cathode current. As 
RI, the bias control, is turned clockwise, quiescent idling 
current should increase, Set for about 25 mA. Apply 1 W of RF 
drive power. Turn the anode tuner while observing the RF 
‘output power meter and tune for maximum output. The output 
should go through a pronounced peak at cavity resonance, 
Adjust C2 and C3 on the input tuning network for maximum 
amplifier output. If possible, use a directional wattmeter be- 
tween the driver and the amplifier input to check that best 
input SWR and maximum amplifier output occur at roughly 
the same setting. Depending on the amount of drive power 
available, you may want to tune the amplifier for maximum 
power output or maximum gain. Fig 25 shows what you сап 
expect from different drive levels. Once the amplifier is tuned 
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Fig 25—Performance of the cavity amplifier under 
different drive and plate-current conditions. 


for best input SWR and maximum output with 1 W of drive, 
‘anode voltage and drive power can be increased. Increase both 
in steps; be sure to keep the anode tuner peaked for maximum 
‘output power. When you get to the 100-W output level, very 
carefully readjust the input circuit for maximum output. The 
input capacitor closest to the cathode is critical and should 
need to be rotated less than 90 degrees maximum. Maximum. 
‘output power will be roughly coincident with best input SWR. 
Increase the drive power and keep the anode tuner peaked for. 
maximum output. Increase the drive until you reach the de- 
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sited output level, but do not exceed 400-mA IK! At 1300-У 
dc and 350-mA IK, output power with a good tube should be 
about 230 to 250 watts. At lower anode voltages, IK will be 
higher for the same output power. Higher anode voltages re- 
sult in higher gain, lower drive levels, lower grid current and 
lower plate current fora given output power. The anode tuner s 
tuning rate is approximately 5 MHz per turn. Clockwise rota“ 
tion of the tuner lowers the resonant frequency of the cavity. 
‘This control will require readjustment as you make large fre- 
quency excursions within the 23-cm band (for example, if you 
go from 1296 weak-signal work to the 1269-MHz satellite 
segment). You should also check the input SWR if you move 
more than 15 MHz, Generally, amplifier tuning does not 
change much after initial setup. You should be able to tum it 
‘onand use it without retuning asit heats up. Slight adjustments 
may be necessary, however, depending on cooling, inherent 
thermal differences from tube to tube and duty cycle of the 
operating mode. Always keep the anode tuner peaked for 
maximum output, and check it from time to time, especially 
while you are first learning how the amplifier operates. 

"The output loading control is the output connector and 
probe assembly. Loading is changed by minor rotational ad 
ustmentof the Type-N connector, First loosen the jam-nut (or 
setserew) slightly. While observing output power and keeping 
the anode tuner peaked, rotate the loading control +30 degrees 
maximum for greatest output power. This should be done only 
once and should not need repeating unless another tube is 
installed, Even then it may not be required. 


Notes 

"The finger stock for this project is available from Instrument. 
Specialties, P.O. Box A, Delaware Water Gap, РА 18237. 
Contact them for the name of the closest distributor. The 
рап numbers for this amplifier are: anode bypass capacitor 
plate, no. 97-704; grid plate, по. 97-74A; cathode board, no. 
7-420; flament board, no. 97-2808 

#25309 Andreo Ave., Lomita, CA 90717. 


А 2304-MHz 80-Watt Solid-State Amplifier 
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By David T. Hackford, N3CX 
(From Eastern VHF/UHF Conference Proceedings, 1992) 
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work used fora single SD1870/TTC2223-18. Fig 2 is asche- 
matic diagram of the single-device amplifier. Fig 3 is a pho- 
tograph of two amplifiers combined with Sage Wireline com. 


Table 1 
Typical Specifications for Ampli 
SD 1870/7СС2223-18 Transistors 


ЖЕ 
Power In (W) Power Out (W) бай (08) 
8 30 575 
10 36 555 
Vee = 28V 
36 655 
10 40 6.00 


article by W3HQT °. 

‘Specifications for the single 40-W 
amplifiers I built are given in Table I 

‘These amplifiers saturated at 
about 45 wats output. At 28 V, maxi 
‘mum current consumption is about 
6 amps. Gains up to 8 dB are possible 
with some devices. 

‘After building an amplifier you 
always want to do the big operational 
test, 1 ran mine in a January VHF 
‘Sweepstakes, and took it to the 791 
June VHF outing. Both the single and 
combined amps worked normally. 
Running the dual amp, you'll need а 
good 28V, 15-amp supply. With the 

the phasing lines and the 
combiners adding up to approxi 
mately 1.5 dB, 15-20 W drive is 
needed to get 80 W out for that we, 


1/32" Teflon E,= 2.55 


new grid or to get those birds off your 
new EME array. Fig 1 shows the art 


2-4 W in/out 10-20 W 26Vde 
Psat > 22W 
Fig 1—Full-size artwork for the атріег circuit board. 
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Fig 2—Schematic diagram of an amplifier stage. Two 
40-watt stages are combined at their inputs and outputs 
to derive 80-watts total output. 


biners. Fig 4 shows the power divider. 
T'd like to thank David Mascaro for his help in testir 
amps and transistors in the prototypes. Also Dick Comley 
nship and Paul Drexel, 


the 


N3A0G, for his vertical mill workm 
WB3JYO for his encour 


Notes 

‘Rivets are available rom Frontier Microwave, RD 1 Вох-467, 
Ottsvllo, PA 18942, 

"SAGE Laboratories Inc., 11 Huron Drive, Natick, MA 01760 
1314 (ask for sample of the ine and a copy of Designers 
Guide lo Wireline and Wirepac) 

3B. Olson, “Solid-State Construction Practices,” QEX, Jun 
1987, p 11 


Fig 3—Photograph 
showing two amplifiers. 
with inputs and outputs 
‘combined with Sage 

Wireline combiners. 


Fig 4—WA3JUF's two- 

way 2904/2160-MHz 

power divider. 

LT. Sage 3-dB wireline 

R1—50-0 microstrip 
type termination 

R2—50-0 termination. 
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A 7289 Amplifier For 3456 MHz 


00 


By B. W. Malowanchuk, VE4MA 
(From Microwave Update 1991) 


he recent rise in 3456 MHz activity due to the availabil 

ity of surplus material and the no-tune transverters, has 
created a need for a reproducible high-power amplifier. This 
article describes а power-amplifier design for 3456 MHz, 
using a water-cooled 7289 or 7211 triode. The prototype 
amplifier has produced output powers of 35 W, with а gain of 
10 dB and plate efficiencies of 10%. The detailed amplifier 


design has been previously published. This paper focuses on 
the physical construction and operating characteristics ofthe 
amplifier 


Amplifier Design 

"The amplifier design followed previous cavity amplifier 
work 2? The anode cavity is a three-quarter wavelength ca- 
pacitively tuned line. The output coupling uses a capacitive 
probe. A five-guarter wavelength cathode cavity is used in 
order to have it physically extend outside the anode cavity. 
‘The cathode timing uses a sliding RF short. Cathode coupling 
is again by capacitive probe, 


Amplifier Construction 
The full-size cross section drawing of the amplifier is 
shown in Fig l. Most of the material required for construction 
Should be fairly easy to locate, although some parts may re- 
шге machining, or improvising with surplus material you have 
available Referring to Fig I the construction of the numbered 
parts of the amplifier discussed in sequence: 
1. Part No. I is the outside wall of the anode cavity. The 
material is copper or silver-plated brass stock with a 2- 
in. outside diameter and Ун-1п. wall. The anode cylinder. 
is 1.5 in. high and is drilled 0.67 in. from one end, to 
‘accept the output coupling probe (Part 6) and anode tun 
ing capacitor (Part 13), These pieces are on opposit 
sides of the cavity (Fig 2) 


Z 
| | | 
| 


15" Gan) 


Fig 1— Cutaway diagram of the amplifier. Numbered 
‘components refer to the steps given in the text 


Fig 2—Anode cavity outer conductor. 
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2 Part No. 2 is the top plate of the anode cavity (See 
Fig 3). Itis a 3-in. square plate of copper or silver-plated brass, 
ein. thick. It is drilled and tapped to accept four machine 
screws, which secure parts 2, 3 and 4 of the anode-bypass 
capacitor together. Cut a 1% in. hole in the center to provide 
electrical clearance from the anode. 

3. Part No. 3 is the plastic insulator for the anode-bypass ca- 
pacitor (Fig 4). It is 3in, diameter and 0.00351, thick. The 
‘material used was “drafting” Mylar, which gives a much higher 
capacitance than Teflon. Higher diclecric-constant materials 
such as Kapton are desirable. The material should be as thin as 
possible to minimize radiation hazards. The center hole is 
1.125-in. diameter. 

4. Part No. 4 is the upper plate of the anode-bypass capacitor. 
Asshownin Fig S. itis a2.5-in. diameter disk of “in. copper 
or silver-plated brass. The center-hole diameter will depend 
on your choice of finger stock for the anode contact. I used 
125-in; see Part No, 5, 

5. Part No, Sisasupportcollarforthe anode finger stock, Very 
Small finger stock, such as Instrument Specialties 97-380, can 
be soldered directly to the inside of the center hole in Part No. 
4, This finger stock is fairly fragile, so take care during tube 
insertion or removal. A support collar adds considerable 
strength, 

‘Another option is to use larger finger stock and support 
itabove Part No. 4 using Part No. 5. If this is done ina normal 
manner, the anode cavity length will have to be compensated 
for or you may be able to mount the finger stock upside down 
without compensation, to achieve good results. 

Fig 6 reflects construction with this latter method and the 
dimensions for Parts 4 and Salsoreflectthis choice. The finger 
stock used was similar to Instrument Specialties 97-135, 

6, Part No. 6 is the sleeve for the output coupling probe and is 
shown in Fig7. Itis cut froma coupling for E an copper water 
pipe, which conveniently is a good fit over a langcless UG- 
58 A/U type-N female connector. It is slotted with a hacksaw 
то allow a small hose clamp to tighten the sliding joint (see 
discussion on Part 15). The sleeve should be made longer if 
extended input/output couplers are used. 

7. Part No. 7 is the anode cavity bottom plate. It is a plate 
similar to Part No. 2, but no machine screw holes are required 
(See Fig 8). The center hole diameter of approximately xi, 
is a tight fit over Part No. 8. 

The interfaces between Part Nos. I. 7 and 8 are in a high 
current area, so that connections should be soldered using a 
silver solder if possible. 

3. Part No. 8 (Fig 9) is the inside conductor of the anode cavity 
and outside conductor of the cathode cavity. It uses а 3-Jin, 
length of Yin, copper water pipe. A length of 97-380 finger 
stock is soldered to one end for the grid connection. At 1%-in. 
from the other end, the pipe is drilled for the input probe. 

9. Part No. 9is the sleeve forthe input coupling probe (Fig 10). 
‘This part is different from the output sleeve because of the 
small diameter of Part No. 8. The sleeve should be made longer 
if extended input/output couplers are used 


10, Part No. 10s the inner line of the cathode cavity. It is not 
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Fig 5—Аподе bypass capacitor plate. 


detailed here because it is fairly complex to build. It contains. 
the filament and cathode connections, The important dimen- 
sions are the diameter of Zin. and overall length of approxi- 
mately 5 in. 
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Fig 7—Sleeve for output coupling probe. 
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Fig 10—Input probe mounting sleeve. 


‘Thisassembly is probably best constructed from surplus parts. 
11 and 12, Parts Nos. 11 and 12 form the tunable cathode-RF 
short. They really are a moving RE-bypass capacitor. Part No. 
12 is a half wavelength piece of in. brass tubing, which 
slides along Part No. 10, which has a layer of Teflon or Mylar 
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Fig 9—Anode cavity inner conductor and cathode cavity 
‘outer conductor. 
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Fig 11—Tunable cathode short. 


tape wrapped on part of is length (1-4 in.) from the outside 
end. This forms a coaxial capacitor 

The center of the sliding capacitor is connected to the 
inside surface of Part No. 8 by Part No. 11 (Figs 11 and 12). 
Part No. 11 is created from a Y-in. copper water pipe "end 
cap." The closed end of the cap is drilled /-in. o accept Part 
No. 12, The closed edge of Part No. 11 is turned down on a 
lathe dor nadel press with а е) fora depth of approximately 


Vs im, and a length of approximately 0.2 in. The depth of the 
groove ischosentoletthe finger stock make connection to Part 
No. 8 without excess mechanical tension, 

A piece of 97-380 finger stock must be soldered to this 
groove. The soldering operation is delicate since you do not 
want to overheat the finger stock and Part No. 12 must be held 
xcentrically while it is soldered. 

The tunable RF short is extended outside the cathode 
cavity by two push rods soldered to the outside open end of 
Part 11. These can be made of Yin, brass, and should be 
connected to а crossbar to ease adjustment 
13. Part No. 13 is the anode-tuning capacitor. This part de- 
serves special attention, since the tuning will be rather sharp. 
Tuseda surplus ein, diameter brass bolt, which was threaded 
for un. with 24 threads per inch (tpi). This worked reasonably 
well, but 32 tpi would be a better choice 

‘A threaded bushing “in. longis soldered into or onto the 
‘wall of Part No, I. A similarly threaded nut with a split ring 
washer to provide tension on the threads will be required. The 
anode capacitor parts should be silver plated if possible, to 
minimize tuning noise as the metals oxidize. 

14. Part No, 14 (Fig 13) is a Teflon insulator which holds Part 
No. 10 concentric inside Part No. 8. It can be held captive 
inside Part No. 8 by lightly center punching the walls 

15. Parts No. 15 are the input/output capacitive coupling 
probes. These can be made from UG-S8A type-N connectors, 
with the mounting flange removed. This arrangement does not 
give much adjustment range, due to the short body length (Fig 
14). A larger probe could be made by extending the UG-58 
connector with a short length of in water pipe and fin rod. 

"The length of the extension should be made in multiples 
ofa alf wavelength so that the impedance variations will not 
be critical. The capacitive probe is completed by attaching 2 
10-32 brass nut to the end of the connector. The nut should 
protrude out from the coaxial section by 0.2 in. 


Operating Results 
"The amplifier was tested using several GE 7289, of 
known quality with the following results: 


Power Ouput — 38W 
Power Input 35W 
Power Gain 1048 
Anode Voltage 1300 У 
‘Anode Current 269 mA 
Grid Current H mA 


Anode Efficiency 10% 


A power gain of 10 dB was also measured at 20-W output, so 
saturation was not evident, The idling current was set 10 
100 mA, as thermal drift is minimal at that level. 

Keep grid current low. High grid current causes heat that 
warps the grid, which changes amplifier tuning and makes the 
tube prone to arcing. 

The amplifier is capable of more output power with ad- 
ditional driver power and anode current. High anode voltage 
would improve the output power and gain, but at a great risk 
of arcing. 
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Fig 13—Cathode insulator. 
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Fig 14—Input/output coupling probes. 


Further Work Required 

Although the amplifier met the original design objec- 
tives, an article by DJGEP? suggests a major improvement in 
anode efficiency and output power by using an improved 
anode-bypass capacitor. This technique needs to be evaluated, 

"The ultimate output power of the amplifier needs to be 
explored fully, as EME contacts appear practical with histype 
of amplifier and a reasonably sized dish. 


Notes 

CCC 
Proceedings of Microwave Update 89, pp 88-98. 

2ayzz Miklos, "Coaxial Cavity Amplis; Proceedings of the 
Central States VHF Conference, 1985. 

зв Malowanchuk 2304 MHz Power Amper Using 7289 or Simi- 
lar Tubo. Proceedings of Microwave Update 87, рр 108-112. 

^R. Wesolowski "9-cm Band Tube PA Stage,” VHF Commu- 
nications, Issue 4, 1989. 


А 125-Watt Amplifier for 902 MHz 


———ů 


By Ken Schofield, W1RIL 
(From QEX for April, 1988) 


bis amplifier is a scaled version of an old friend, origi- 
nally designed for 23 cm. A later version using water 
cooling. appeared in the Crawford Hills VHF Club Technical 


4, Use of aluminum wall stock instead of brass 
5. Use of micrometers as tuning devices, 


Power output on 33 cm is 125 W with 10 W drive, a gain 


Report. In addition to scaling the dimensions to the 33cm f > 

d A of just over 10 dB. Efficiency is about 40%. The ampli- 
‘band, other changes to the ori pla a include: fier is thermally stable with air cooling. During a 4-hour 
1. Additional reactance loading in the anode cavity. ‘operating stint, power remained at the 125-W level, with 
2 Changes to output circuit with additional sliding drawerto we tuning adjustments necessary throughout the period 


facilitate easy loading adjustment 
3, Waveguide-beyond-cutoff air dı 


to reduce RF lesk- 


You don't need a machine shop 10 construct this 
amplifier. Much of the drilling can be done with a small 
electric drill, but a small drill press makes the work 
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Fig 1— Construction information for the anode cavity bottom plate. 


easier. A drill press is especially handy 
for “Пу cutting” the holes for finger 
stock, These holes can be opened up 
by drilling a series of small holes and 
finishing with a file, if necessary 

A drill press and a compound vise 
can serve as a small milling machine. 
‘The addition of a "dead center,” bolted 
to the press table, turns it into a small 
vertical lathe. The Teflon shoulder 
washers for the amplifier can be easily 
made in this manner. It's just a matter 
of learning to work vertically, instead 
of horizontally? 


Input Cireuit 

An electrical A/2 stripline is used 
in the cathode circuit. A portion of the 
cathode circuit includes the internal 
construction of the 7289 tubes. The 
line is adjusted capacitively on one 
end, and adjustable capacitive cou- 
pling provides input matching, 


Output Circuit. 

The anode cavity is a capacitively 
loaded 1/2 circuit, tuned with a sliding. 
drawer on one end. Loading adjust 
ment is accomplished by a variable 
loop, formed by the output stud and the 
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second sliding drawer on the other end of the cavity 
Micrometers make tuning and loading adjustments 
smooth and postive 


Cooling and Mounting, 


Tace to convert the rotary motion of the tuning microme: 
ters to the push-pull motion required to move the tuning 
and loading drawer slides, Very little play is experienced 


The amplifier is adequately 
cooled by air pressure forced 
through %-in. OD, beyond-cutoff, 
aluminum tubes in the sides of the 
cathode and anode compartments. 
Air is also blown across the plate 
fins of the tubes via a plenum. Both 
cooling and mounting can be suc- 
cessfully combined on a pressur 
ized chassis, by mounting the 
plifier on its side with the 6 air 
duets protruding through the chas- 
sis. An additional cutout in the 


Ватт 


chassis allows airto be directed by TIS MN 
the plenum to cool the finned an- 
ode plates коз enis ate 
You can make a suitable ple === 
num from clear plastic mounted on 3 ? шуы 


Zin. studs, which replace the 4 
‘comer screws on the top plate. This 
cover also prevents accidental con- 
tact with the HV bypass capacitor. 
Тие IPS Weld-On 16 to cement the 
plastic. 


SS 
Construction Considerations 1 да 
Refer to Figs 1-14. Itis impor- ZA 
tant to keep the tube-socket loca- asnos 
tions in the several layers in proper а аниа 
alignment, Perhaps one of the best 
ways to accomplish this is to lay ا‎ 


out the top bypass plate, drilling 
small pilot holes for the tube cen- 
ters. Then, you can use this plate as 
a template to make like holes in the 


cavity top and bottom plates. Lo- жан S 
cation of the Teflon shoulder b deg 


washer and other critical holes are S 
done in like manner. The cathode 
line can be held in place with its 
Support hole and the tube centers. 
located easily. 

‘The air ducts are pressed into 
the aluminum walls in a vise, First, 
drill out the walls with a smaller 
drill, then ream the holes to accept 
the beveled end of the Yin. tube 
approximately halfway through the 
wall, When pressed in flush, the 
tubes lock in firmly and make good. 
electrical contact with the wall 
stock. The slippery characteristic 


TREK gl 


of Teflon is used as a bearing sur- 
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Fig 2—Detalls of the anode bypass plate and anode cavity top plate. 
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Fig 3—Output connector details. 
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Fig 5—Assembly of the anode cavity. 
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Fig 6—Cathode compartment details. 


Fig 7—Cathode compartment cover drilling information, 
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using this method. Finger stock used in the grid and 
cathode areas is Instrument Specialties no. 97-251. You 
сап use the same stock on the tuning slides. The anode 
finger stock was obtained at a flea market, and was 
formed into a ring. This ring is Wei, high and can be 
formed from Instrument Specialties no. 97-139 stock. 
Do not use nylon shoulder washers on the plate 
bypass capacitor, as they will break down! Teflon wash- 
ers work well, even with voltages greater than 1400, 


‘Tuneup and Results 

Preset the load drawer to approximately Yin. from 
the load stud, and the tune drawer to approximately % of 
the way out. Apply 500 V to the anode and adjust the bias 
circuit for a no-drive cathode current of 50 mA. Apply 
drive and adjust the cathode circuit for maximum cath- 
оде current. At the same time, adjust tuning and loading 
for maximum power output. Slowly increase anode volt- 
age while maintaining no-drive cathode current at 50 
mA by adjusting the bias, while 
repeaking all controls. 

‘Adjust input SWR if necessary by variying the input 
BNC connector disc spacing. At the 10-W drive level, 
with 1100 plate V, anode current should be about 290 
тА and output power should be about 125 W. 

А consumer-grade microwave leakage detector in- 
dicated no RF leakage near the air ducts. When coupled 
tightly to the tube anodes, the detector's meter barely 
moved 


Fig 9—Construction information for the cathode compartment end rails, 
side rails and air ducts. 
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Fig 10— Construction information for the anode cavity parts. 


Fig 11—View of the anode cavity with the anode bypass Fig 12— View of the cathode compartment with the cover 
plate and anode cavity top plate removed. removed. 
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Fig 14—Cathode compartment co 
disk (left) assembled anode Бура 


rand input coupling 
plate (right). 
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Easier BNC and Type-N 
Connector Installation 


By Zack Lau, KH6CP 
(From OST, June 1989) 


etting all the cable-shield wires through the clamp can under the clamp. Solution; Hold the wires down by wrapping 
be difficult during installation of BNC and Type-N cen. — them with electrical tape. Don't tape beyond the braid wires 
rectors: usually, a few braid wires end up getting squashed onto the coax outer jacket; just tape the braid itself 
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Connectors for 1-Inch Hardline 


By Ray Benny, N6VR 
(From OST, May 1992) 


“This item first appeared in the National Contest Journal, 


he following isa description of the system I use to install 

female coax connectors on l-inch Hardline. The only 
parts needed are the Hardline (availabe from many cable-TV 
companies) a /-in. male copper pipe adapter, and а standard 
PL-258 barrel connector that can be disassembled (Amphenol 
83-1 is the type Tusc). Figs and 2are provided for reference. 

1. Make а square cut at one end of the Hardline with a 
Fine-tooth hacksaw 

2, Use either a hacksaw or 
of the plastic jacket and aluminus 
the center conductor. Completely remove the plastic jacket 
nd aluminum outer conductor. 

3, Using a sharp knife, remove the foam from the copper. 
center conductor. Use a fine file o deburr the end of the center 
conductor. 

4, Tin the center conductor with a thin film of solder. 

5. Cutoff evenly about n of the outside plastic jacket 

6. Disassemble the coax barrel connector by removing 

nap ring. Note the end of the barrel from which 
the snap ring сап 

7. Apply solder flux to the snap ring end of the barrel and 
the inside of the male adapter. Place the fluxed end into the. 

inch male adapter. Tap it gently to seat it. Next, place the 
two pieces upright in a vise, Use a propane torch to solder the 
Pieces together 

8. Slip the barrel center coupl 
tinned center conductor of the Hardline. It may take some 
experimenting to find the best position for proper spacing of 
this coupler. Solder the coupler onto the center conductor, 

9. Apply a small amount f silicone grease (1 use the non: 
hardening type) on the foam, around the center conductor 
Apply a small amount of aluminum/copper conductive grease 
(Noalox, Penctrox or equivalent) to the outside of the 
Hardline's aluminum jacket. 

10, Hold the preparedend ofthe Hardline pointed upward 
and slip half ofthe clear plastic barrel spacer over and onto the 
barrel center coupler. The end with the outer recess goes up- 
ward (the same way it came apart). The second half of the 
plasticspaceris notused. Place the male adapter/barrel assem- 
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bing cutter and cutoff їп. 
tubing. Do not cut or nick 


the internal 


about halfway onto the 


et 


Fig 1—At the top, an assembled Hardline connector. At 
the bottom, the pieces of the barrel connector and the 
plumbing fitting are lined up, ready for installation on 
the cable. 


Fig 2—At the bottom, the PL-258 connector is soldered 
Into the plumbing fitting. Half of the barrel's insulator is 
installed and the barrel center coupler is soldered to the 
Hardline center conductor. All that's left to do is screw. 
the connector assembly onto the Hardline and 
weatherproof the connections. 


bly over the center coupler soldered to the Hardline. Use a 
large adjustable wrench to screw this assembly onto the alumi 
mum jacket. Screw it on until the plastic barrel center spacer 
just touches the inner ridge of the barrel. 

11. There, done! When this connector is mated with its 
other half, I rap it with several layers of black tape to provide 
a water-tight seal. Another thing that 1 do is to trim/tune the 
coax for a multiple of a half wavelength at the operating fre- 
quency. 

‘Once tuned, the input impedance presentat the coax input 
Will be the same at the output of the coax. (See ONAUN's 80. 
Meter DX Handbook, or Low-Band DXing.! which describe. 
how to use an SWR meter and a dummy antenna to trim the 


M. Devoldere, Antennas and Techniques for Low-Band DXing 
(Newington: ARAL, 1994). 


coax line.) have used this Lin. CATV Hardline as described 
on several long runs (200 (o 300 feet) in place of standard 
RG-213 cable. Although I have not measured the losses with 
a load and wattmeter, I have definitely noticed a difference in 
both the receive and transmit signals on the higher HF bands, 

Ihave also replaced a60-foot run of RG-213 on 450 MHz with 
about 50 feet of electrically cut 1-in. Hardline (with RG-213 
jumpers on both ends for flexibility) and noticed a much-im- 

proved signal. This 1-in. Hardline is very expensive if pur- 

‘chased outright, but my Hardline was free! The trick is to call 
your local TV cable company and ask them if they would like 
to unload their "reel ends" (large reels with only 100 to 300 
feet remaining). My local company was inthe process of clean- 
ing weir yard, so was able to take as much as I wanted. If they 
are not too happy about giving it away, it may be worthwhile 
to offer them payment to at least offset the scrap value they 
‘could receive from a surplus dealer, 
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Using Type-N Connectors on 
Half-Inch Hardline 


By Dave Mascaro, WA3JUF 


have used standard Type-N connectors on half-inch 

aluminum Hardline for over 10 years. Performance and 

‘weather resistance is as good us or better than commercial 

connectors. Most commercial connectors have a push-fit cen- 

ter conductor connection that turns green after six months 
outside, 

This procedure allows the use of ordinary Type-N con- 
rectors on half-inch aluminum Hardline with a solid copper 
center conductor, Refer to Fig I 
1. Strip off the plastic covering. Be careful not to nick the 

aluminum, 

2. Bore the connector nut to n 

3, Slide the nut onto the Hardline. 

4, Slide the ferrule onto the Hardline (see 
is made from a 0.2-in. piece of Yin. soft copper pipe, split 
to fit snugly around the aluminum outer conductor. 

5. Flare Ys in of the end of the aluminum jacket to form a 
clamping ring inside the connector housing, 

6. Cut the center conductor flush with the end of the outer 
conductor, 
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Fig. 1—Assembling a Type-N connector to “in. 
Hardline, 


7. Drill a hole in the center conductor to accept a piece of 
18-gauge wire. 

8. Solder the connector center pin and wire to the center con- 
ductor. 

9. Coat the ferrule-aluminum connection with Oxiban 

10, Assemble the connector. After tightening the nut, t 
rector housing should not turn, If the connector is loose or. 
the nut bottoms out, use a wider ferrule 

11. Coat the connector with silicone sealant 


Semi-rigid 0.141-Inch Coax to 
BNC Adapter 


— 
By Wes Atchison, WA5TKU 


Teer iit BNC connector to the popular 
0.141-inch semi-rigid coax takes advantage of the 
0.156-in-1D of 3/16-in -OD brass tubing. This technique was 
developed on UG-88 BNC connectors, The connector dimen- 
sions were taken from the Amphenol connector catalog. Other 
manufacturers” connectors should work as well. In fact, the 
technique should be adaptable to any connector by simply 
using the appropriatc-sized brass tubing. 

The ID of the UG-88 locking nut is a nominal 0.214 in, 
"This results in a difference between the coax OD and the lock: 
ing nut 1D of 0.073in, This difference is taken up by two pieces 
of brass tubing (in. wall thickness). A Yin. and fein. 
Tong piece of win, and ⁄2-in.-OD brass tubing (respectively) 
are slid onto the coax as shown in Fig l. А trial fit of the 
eln Ob tubing is necessary before assembling the connec 
tor, since the nominal dimensions of the locking nut hole and 
the tubing OD are a 0.004-in. force fit. Depending on the tol 
erances of your materials, the nut may have to be drilled out 
with a no. Zor Za-in. drill bit. An alternative method would be 
to sand down the OD of the brass tubing. 

"The following steps are taken o assemble the connector: 

1. Strip the shield and center insulation of the coax back 
far enough to install the center pin of the connector, Do not 
install the pin. 

2. Slide the drlled-out nut onto the coax 

э. Slide the Yin. brass tubing onto the coax. 

4, Slide the in, brass tubing onto the Yen. tubing. 

5. Slide а no. 6 washer onto the coax. 

6. Adjust the washer, in. tubing, and the /-in, tubing. 
so that the assembly is flush with the end of the coax shield 

7. Solder the washer, Yin. tubing, fin. tubing and the 
‘coax shield as shown in Fig I 

8. Solder the center pin to the coax center conductor. 

9. Slide the connector housing onto the coax. 

10, Slide the nut into the housing and tighten, 

11. Use an ohmmeter to check for shorts. 

Brasstubing can be found in 12-in. lengths at most hobby 
shops (for about а dollar a piece). The no. 6 washer сап be 
found at your local hardware store for about 15 cents. 

‘Another approach I have developed is shown in Fig 2. 
is technique is not as "pretty" as the one described above, 
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Fig 1—WASTKU's method of attaching a BNC connector. 
to b. lat. n. sembrigid coax. See text for detail 


Fig 2—An alternate method of fitting a BNC connector 
to.0.141-In. semi-rigid coax. Seo text and Fig 1. 


but it does work. The backing washer used to install the con- 
rector on RG-58 coax is cut with a side cutters. The inside 
diameter is reduced to fit the coax with a pair of pliers, It is 
necessary to cut the overlapping ends of the washer o fit the 
assembly inside the connector housing. The washer is sol 
‘ered to the coax shield after the insulation has been stripped 
to allow the installation of the center pin, The housing is now 
installed and the nut tightened. 

‘This technique is not reco 
used outside 

1 prefer the fist method because it supports the coax 
better and appears tobe more professional. use both methods 
їп my 1296-MHz system, 


vended for cables that willbe 
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Adapting Commercial Circulators 
and Isolators for Amateur Use 


By Kent Britain, WA5VJB 
(From Proceedings of the Central States VHF Society Conference 91) 


h, those littlethings you see inallthe commercial micro- — signal is absorbed. Boy, if you could put one of these in your 
wave equipment, but almost never in ham gear. I now — 20-meterstation the antenna could fall down and the transmit- 
have over a dozen of these in my stations... they solve зо ter would never know the difference. 
many problems! These work great, Stage 1 never knows Stage 2 exists. 
"Think of these ferite devices as а fluid check valve, or a You can tweak away without interaction between stages, 
doggie door that only lets the pooch go ош (Fig 1). An isolator Unstable stages see a 50-ohm load from de tothe GHz; preamps 
will absorb 5 to 10% of the signal going from IN to OUT, but — and LOs are happy. So why don't hams use isolators more 
if you send a signal backward through it, 99 to 99.9% of he often? 


Fig 1—A circulator isolates Stage 2 from Stage 1 by Fig 2—Using a magnet to tune a circulator. Once the 
more than 20 dB, while allowing almost unattenuated desired isolation is obtained, glue the magnet or 
signal transfer from Stage 1 to Stage 2. magnets in place. 


a © 


Fig 9—Plots of two isolators. At A, а 1.8-GHz isolator; at B, a 5.9-GHz isolator. The center plots show the normal 
plots for the Isolators. The left and right plots were obtained when the isolators were approached by the North ог 
South poles of a magnet. 
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u is very rare to find а surplus isolator or circulator that 
is made for one of our ham bands. Fortunately, WA3RMX has 
shown us that the ferrite devices can be retuned with just a 
magnet (Fig 2). Just feed a signal backward through the isola 

tor (on the frequency you want!) then move а magnet around 
оп the outside of the isolator. И loss goes down, Пір over the 
‘magnet, One magnet works well? Try two! Keep experiment 

ing until you get as much loss/solation as you can, then glue 
the magnets in place. 


The plots in Fig 3 (made with the help of WBSLUA) 
show a 1.8:GHz and a 5.9-GH? isolator. As you can see, iso- 
lators move up in frequency better than they move down. You 
also can move isolators about 10% of their frequency. So. a 
2.0-GHz isolator can probably be moved up to 2304 MHz, a 
6.0-GHzisolator can be moved down to 5760 MHz, acellular- 
telephone isolator can be moved to 902 MHz and а 9-GHz or 
11-GHz isolator can be moved 10 10368 MHz, 
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Make Your Own Waveguide Transitions 


By Kent Britain, WA5VJB 


[nesting roster sevena 10-0 son out of surplus 
parts, the first thing you notice is the different sizes of 
moding, WR-112, WR-90, WR-75, and WR-62, These can be 
identified by measuring the width of the opening. WR-112 is 
1.12 in., WR-90 is 09 in., WR-15 is 0.75 in. and, of course, 
WR-62 is 0,62 in. across, 

very quickly you'd like to hook а WR-90 
о a WR-75 whatchamacallit. I had two com- 
mercial adapters and they had a simple milled step, changing 
the opening from one waveguide size to another. I contacted 
our local waveguide expert (KSSXK) and asked Harold what 
was goingon. Heexplained thatthe impedance of a waveguide 
is the ratio of width to height, so if you go from one size to 
another it's like connecting RG-8 to RG-58, 

So. redrilled some flanges and stated making some loss 
tests. At first had trouble getting consistent results because 
of reflections. The isolator/ciulators proved to be necessary 
to get consistent numbers when measuring tenths of a dB. The 
results are shown in Table 1. Note that these measurements аге 
actually for iwo waveguide size transitions, one on either end. 

In short, while I would not claim these numbers as the 


Table 1 
Measured Loss for Various Waveguide 
Combinations. 


Losses in dB. 


Sample 
WRé2 — WRIS WRSO WR-112 

Flange 

wRe2 1 оз оз 04 

WR75 03 >01 01 01 

WRG — 03 ! „1 01 

WAZ 900 02 or 301 


absolute loss values, they show that simply bolting the differ- 
ent sizes together introduces very little loss. Alignment was 
also noncrtical, Misalignment had to reach a point where one 
of the openings was being partially blocked before loss rose 
above a few tenths. Get out your drills and start sticking this 
stuff together! 
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st set-up for measuring insertion loss of waveguide transitions. 


Using WR-62 Waveguide on 10 GHz 


By Kent Britain, WA5VJB 


(From Proceedings of Microwave Update '91) 


Е-62 is perhaps the most readily available surplus 

waveguide, Designed for 12 to 18 GHz, it is almost 
never seen on 10 GHz, With care, it can be used in the upper 
portion of our 3-cm band. Figs I and 2 compare WR-62 and 
WR-90 waveguide 


ل ا 


o oj 


Fig 1—WR-62 waveguide dimensions. 


o o 


‘The textbook says WR-62 has an ultimate cutoff at 
9,5 GHz. 1 took a large pile of WR-62 and started bolting it 
together. | ended up with 8 ft. of waveguide containing 18 
Папгезап 21 bends. The graph in Fig 3 shows how much loss 
Thad through 39 bends and flanges. 

As the textbooks say, WR-62 really doesn’t work at 
10 GHz, butt works just fine at 10.368 GHz! On average, this 
means a foot of WR-62 with a few bends and flanges has only 
02-дВ loss. The only problem seems to be the WR-62 to-coax 
transitions, These are usually centered in the middle of the 
12-18 GHz band. Several had about 0.5-4B loss, due to mis- 
match at 10.368 GHz. A three-serew tuner easily matched а 

WR-62 really works: I heard my first 10-GHz signals off 
the moon through a WR-62 Waveguide Switch, 


Fig 3—Plot of insertion loss for an 8-foot length of 


Fig 2—WR-90 waveguide dimensions. 


WR-62 waveguide sections having 18 flanges and 21 
bends! 
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A Simple Rectangular/Circular Waveguide 
Transition for 10 GHz 


By Sam Popkin, K2DNR, and Kent Britain, WA5VJB 
(From Proceedings of Microwave Update 89) 


Introduction 
ot и it you реси Jen. cope wate ie 

into a rectangular shape is the same size as a WR-90 
waveguide, Sam built several samples and sent them to Kent 
for loss measurements and other tests. The results were very 
encouraging! 


Theory 

What Sam has come up with is a TE-10 to TE-11 or a 
rectangular orcircular waveguide transition. Even constructed 
with simple tools, the test section only had about 2% loss due 
to reflections and mismatches. The inch or so of bent pipe 
between the rectangular flange and the circular pipe forms a 
tapered transition section with excellent matching, 


Construction 

Just start out by squeezing the end of the Уп. copper 
pipe in a bench vise down to a0.4-in. opening. Then rotate the 
pipe 90° and squeeze the other side to a 0.9-in. opening. Back 
and forth, back and forth, until you Forma 0-4-x0.9-in. rectan- 
gular opening. A pair of large pliers or Visegrips can be very 
useful in forming the corners. Sam prefers to make his own 
WR-90 flanges out of sheet copper, while Kent likes to reuse 
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‘old flanges from various pieces of junk. These flanges are then 
soldered onto the formed end of the copper water pipe. A few 
quick strokes with a file on the insides and you have WR-90 
Nanges on a circular waveguide. When you mount the second 
flange on the other end, be very careful to align the flanges 
with each other. There should be zero rotation misalignment. 


Use 

Circular waveguide has less loss than rectangular 
waveguide. Copper is an excellent conductor, so loss should 
be about 2 or 3 JB per 100 feet for your home-built circular 
waveguide. 

There is one big limitation of using circular waveguide: 
Any protrusion, bend, or discontinuity will cause the wave to 
rotate, There just isn't anything to keep the E and H field 
aligned with the walls, Running the signals around a 45° 
plumbing bend rotated the polarization 20-30”. A 90° bend 
rotated the polarization about 90°, and with both samples the 
amount of polarization twist varied with frequency 

Simply use your homebrew waveguide for straight runs 
then transition back to regular WR-90 for any twists or bends. 

‘One 40-in, section of this homebrew waveguide is even 
in use in WBSLUA's 10-GHz EME station. 


A Ouick Reference Guide 


for Circular Waveguide 


— o 


Ron Neyens, NØCIH 


(From Proceedings of the Central States VHF Society Conference 91) 


Amateur 
Band 


902 MHz 
1296 MHz 
2304 MHz 
заве MHz 
5760 MHz 
10 GHz 


24 GHz 


48 GHz 


ElA Туре 
Designation 
WC 992 
WC 724 
we 618 
we 451 
WC 385 
we 281 
WC 240 
we 175 
WC 150 
we 94 
WC 80 
we 44 
WC 38 
WC 33 
we 22 
we 19 
WC 17 


Inside Diameter 


in Inches (Centimeters) 


9915 
7235 
5181 

4511 

3853 
2812 
2403 
1.750 
1500 
0.958 
0.797 
0.438 
0375 
0328 
0219 
отав 
0.172 


(25.184) 
(18377) 
(15:700) 
(11,458) 
(9.7870) 
(7.1420) 
(6.1040) 
(4.4450) 
(3.8100) 
(2.3830) 
(2.0240) 
(1.1130), 
(09530) 
(0.8330) 
(0.5560) 
(0.4780) 
(0.4370) 


Useful Upper and Lower 
Frequency Range in GHz 


0.800 
1.100 
1290 
1.760 
2070 
2830 
3310 
4540 
5300 
8.490 
9.970 
18200 
21200 
24.300 
36.400 
42.400 
46.300 


1.100 
1510 
1760 
2420 
2.830 
3.880 
4540 
6230 
7270 
11.600 
13700 
24.900 
29.100 
38.200 
49.800 
58.100 
63.500 
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An Optimum Design for 432-MHz Yagis 


By Steve Powlishen, K1FO 
(From Dec 1987 and Jan 1988 OST) 


spent nearly two years perfecting two different 10.5-wave- 

length 432-MHz Yagi designs (24-foot boom length) and. 
presented the results of those efforts in 1986 at the major 
VHF/UHF conferences. Prank Potts, NC II, successfully used 
‘one ofthe 10,5-wavelength designs in a 16-Yagi EME array 
Frank's success encouraged me to plan a 26 0-dBd. ain array 
using eightof those Yagis. The antennas would be stacked two 
wide by four high and located 80 feet high for tropo and EMI 
use, After thoroughly researching this planned array, how- 
ever, I came up with a different solution, 

"This 22-clement, 6.1-A, 432-MHz Yagi was originally 
designed for use ina 12-Yagi EME array. Many designs were 
constructed and evaluated on a homemade antenna range. 
The resulting design is based on WIEJ's computer-optimized 
spacings 

"The attention paid to the design process has been worth 
the effort, The 22-element Yagi not only has exceptional for- 
ward gain (17.9 dBi), but has an unusually "clean" radiation 
pattern, The measured E-plane pattern is shown in Fig 1. Note 
that a I-dB-per-division axis is used to show pattern detail. 

Like other log-taper Yagi designs, this one can easily be 
adapted to other boom lengths. Versions of this Yagi have 
been built by several amateurs. Boom lengths ranged between 
5,3 1.020 elements) and 12.2 2. (37 elements) 

‘The size of the original Yagi (169 in. long, 6.1 A) was 
chosen so the antenna could be built from small-diameter 
boom material (% in. and 1 in. round 6061-76 aluminum) and 
still survive high winds and ice loading. The 22-element Yagi 
weighs about 3.5 Ib and has a wind load of approximately 0.8 
sq fi. This allows a high-gain EME array to be built with 
manageable wind load and weight, This same low wind load 
and weight lets the tropo operator add a high-performance 
432- MHz array to an existing cower without sacrificing anten 
‘nas on other bands, 

Table 1 lists the gain and stacking specifications for the 
various length Yagis. The basic Yagi dimensions are shown in 
Table 2. These are free-space element lengths for /in.-diam- 
eter elements. Boom corrections for the element-mounting 
method must be added in. The element-length correction col- 
umn gives the length that must be added to keep the Yagi's 


Fig 1—Measured E-plane pattern for the 22-element 
Yagi. Note: This antenna pattern is drawn on a linear dB 
grid, rather than on the standard ARAL log-perlodic. 
grid. 


center frequency optimized for use at 432 MHz. This correc- 
tion is required to use the same spacing pattern over a wide 
range of boom lengths, Although any length Yagi will work 
well, this design is at its best when made with 18 elements or 
more (4.6 A). Element material of less than Yerin. diameter is 
rot recommended because resistive losses will reduce the gain 
by about 0.1 dB, and wet-weather performance will be worse. 
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Quarter-inch-diameter elements could be used if all 
elements are shortened by 3 mm. The element lengths are Table 1 
intended for use with a sight chamfer (0.5 mm) cut into me — Specifications for 432-MHz Yagi Family 


element ends, The gain peak of the array is centered a FB DE Beammiain Stacking 
437 MHz, This allows acceptable wet-weather performance. No. Boom Gan ratio тра E/H E/H 
while reducing the gain at 432 MHz by only 0.05 dB. of EF length (2) (da). (GB) (ohms) С) (inches) 
"The gain bandwidth ofthe 22 element Yagiis31MHz(at 15 34 1567 21 23 30/32 53/49 
the -I dB points). The SWR of the Yagi is less than 14:1 16 38 1605 19 23 29/31 55/51 
between 420 and 440 MHz. Fig 2isanetworkanalyzerplotof 17 42 1645 20 27 28080 56/53 


18 168 25 32 27/8 58/5 


the driven-clement SWR versus frequency. These numbers 18 
indicate just how wide the frequency response of alog-taper 20 
Yagi can be, even with simple dipole driven element, Infact, 21 
at one antenna gain contest, some ATV operators conducted 22 
gain versus frequency measurements from 420 to 440 MHz 

“The 22-clement Yagi beat all entrants including those with so- 28 


6 
9 171 25 30 26/28 61/57 
з 174 21 24 255/27 62/59 
7 1176 20 22 25/265 63/60 
1 пэ 22 25 24/26 65/62 
5 1815 27 30 235/25 67/64 
з 1835 29 29 23/24 69/68 
3 1855 23 25 225/235 71/68 
7 
1 
5 
s 


called broadband feeds. 26 188 22 22 22/23 73/70 
27 190 22 21 215/225 75/72 
28 1920 25 258 21/22 77/75 
29 194 25 25 205/215 79/77 
30 9з 195 26 27 20/21 80/78 
31 97 197 24 24 196/205 81/79 


32 102 198 23 22 193/20 82/80 
зз 106 199 23 23 19/195 83/81 
34 110 2005 25 22 188/192 64/82 
35 па 202 27 25 185/190 85/83 
36 118 203 27 26 183/188 86/84 
97 122 204 26 26 181/188 87/85 
205 25 25 189/184 68/88 
39 131 206 25 23 187/182 89/87 
40 135 208 26 21 175/18 90/88 


Fig 2—SWR performance of the 22-element Yagi in dry 
weather. 


, 
a 3 
| 
Н " 8 5 
^v im 
= 
Fig 3—Element-mounting detail. Elements are mounted 
through the boom using plastic insulators. Push-nut Fig 4—Two views of the driven element and T match. 


retaining rings hold the element in piace. (aje) 
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то peak the Yagi for use оп 435 


Mito Cor satelite use), you may want | F— — — 
toshortenallthe elements by 2mm. To кз m | 
peak u for we on 438 МНА (for ATV || gy Perte em Ите 

applications), shorten all elements by \ A 


4 mm. If you want to use the Yagi on 
FM between 440 MHz and 450 MHz, 
shortenall the elements by 10mm. This 
will provide 17.6dBi gain at 440 MEL, 


and 18.0 dBi gain at 450 MHz. The юй Ment + SS Sa 
drivenclement may have tobe adjusted V Sn Sth 
ifthe cet a Oe Wore. t mes ane тен o ese ae 


Although this Yagi design is rela- 
tively broadband, 1 suggest that you 
pay close anention to copying the de- 
Sien exactly. Metric dimensions are e mant enam уг See og cox 
used because they are convenient fora 
Yagi sized for 432 MH. Element holes 
should be drilled within +2 mm, Ele- ا‎ 
ment lengths should be kept within | ecce 
305 mm. Elements can be accurately 
Constructed if they are first rough cut 
with a hacksaw and then held in a vise жщёй Fe Нине OF онин барн] то тк 
and filed to the exact length 

The larger the array, the more at- 
tention you should pay to making al 
Yagis identical. Elements ше mounted 
on shoulder insulators and un through 
the boom (see Fig 3). The element re- 
tainers are push nuts, preferably made 
from stainless steel. These are made by 
several companies, including ladus- 
tial Retaining Ring Co in Irvington. 
New Jersey, and AuVeco in Fl 
Mitchell. Kentucky. Local industrial Fig 5—Details of the driven element and T match for the 22-element Yagi. 
hardware distributor can usually or — Lengths are given in millimeters to allow precise duplication of the antenna 
der them for you, The clement insula. See text. 


д 


Fig 6—Boom-construction information for the 22-element Yagi. Lengths are given in millimeters to allow precise 
‘duplication of the antenna. See text. 
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Table 2 


Free-Space Dimensions for 432-MHz Yagi Family 


Element lengths are for %cinch diameter materia 


„ Element Element Element 
No. Position Length Correction" 
(mm trom (тт) 
fear of boom) 

REF 0 320 

DE м 39 

Dr % 35 

D2 224 306 

D3 32 200 

D4 466 295 

05 622 291 

Dê 798 289 

o7 990 287 

ов 1б 285 

Ej 14% 283 

D10 2 2 -2 
on 1879 279 22 
012 202 ов 2 
D13 B% 27 2 
014 2623 26 2 
015 200 25 — 1 
D16 зм m 
017 м — m8 т 
Dia aea 272 o 
019 Ser 271 o 
D20 422 270 o 
021 4520 269 o 
D22 4798 269 0 
D23 5079 268 о 
D24 5360 — 268 ы 
D25 5642 267 ы 
026 5925 27 и 
027 6209 26 H 
D28 6494 26 + 
D29 6773 EC 
D30 Tosa 265 +2 
031 7350 26а 2 
D32 7856 24 +2 
D33 72 ж +2 
D34 8209 269 +2 
035 8496 280 +2 
036 эз ж +2 
037 9070 261 із 
D38 9359 261 48 


“Element correction is the amount то shorten or lengthen all 


Table 3 

Dimensions for the 22-Element 432-MHz Yagi 

Element Element Element Воот 

Number Position Length ^ Dam 
(mm trom (mm) (у 
rear of 
боот) 

REF 30 заб 

DE 13а 340 

р1 Ne c 

рг 25631 ý 

Da 362 305 

D4 496 — 30 

05 62 297 

DS 82 205 

D7 1020 293 | 

[4 1226 291 

D9 14% 289 

010 1672 288 

011 1909 286 

Di2 2052 — 285 

D13 2403 254 

014 2659 283 

015 2920 281 

016 тва 280 

017 3452 270 

D18 3723 278 

D19 30% 277 

D20 3272 276 


tors are not critical. Teflon or black polyethylene are probably 
the best materials. The Yagi in the photos is made with black 
Delryn insulators, available from Rutland Arrays in New 
Cumberland, Pennsylvania, 

The driven element uses UG-SBA/U connector mounted 
‘onasmall bracket. The UG-SBA/U should be the type with the 
press-in center pin. UG-S8s with center pins held in by "C" 
clips will usually leak water, Some connectors use steel retain 
ing clips, which will rust and leave a conductive stripe across 
the insulator. The T-match wires are supported by the UT- [41 
balun. RG-303 or RG-142 Teflon-insulated cable could be 
used if UT-141 cannot be obtained. Fig 4 shows details of the 
driven-element construction, Driven-element dimensions are 


. а Yagi ofthat length. eaten 
БЕ L LL LL LL LL LIT 
TTT ARA de besessen 
information for the 33-element Yagi. 
n es mje tenn e enn me item = Lengths are given in millimeters to, 
n allow precise duplication of the 
| E Did = antenna. 


10-4 Chapter 10 


mm JEA е enge mere 777 


Fig 8—Detalls of the driven element and T match for the 33-element Yagi. Lengths are given in millimeters to allow 


precise duplication of the antenna. 


Dimensions for the 22-element Yagi are listed in Table 4. 
Fig 6 details the Yagi"s boom layout. Element material can be 
п. 6061-T6 aluminum rod or hard aluminum weld- 


either X 
ing rod. 

А 24-foot long, 10.6-2, 33-element Yagi was also built. 
“The construction methods used were the same asthe 22-element 
Yagi. Telescoping round boom sections of 1, 1% and 1% in. 
diameter were used. A boom support is required o keep boom 
‘sag within acceptable limits. At432 MHz, if boom sag is much 
more than two or three inches, H-plane pattern distortion oc- 
curs. Greater amounts of boom sag reduce the gain of a Yagi, 
Table 4 lists the proper dimensions for the antenna when built 
‘with the previously given boom diameters, The boom layout 


Fig 9—E-plane pattern for the 33-element Yagi. This 
pattern is drawn on a linear dB grid, rather than on the 
‘standard ARAL log-periodic grid. 


is shown in Fig 7. and the driven element is described in 
Fig 8. The 33-clement Yagi exhibits the same clean pattern 
traits as the 22-clement Yagi (Fig 9). Measured gain of the 
33element Yagi is 19.9 dBi at 432 MHz. A measured gain 
‘weep of the 33-element Yagi pave a -dB gain bandwidth of 
14 MHz withthe —1 dB points at 424.5 MHz and 438.5 MHz. 


Table 4 

Dimensions for the 33-Element 432-MHz Yagi 

Element Element Element Boom 

Number Position Length Diam 
(rm rom (т бу 
боот) 

ger ю зав p 

DE LEE 

Di Ne 323 

02 254 313 | 

0з 362 307 

D4 % 303 1 

05 % 200 

06 a28 297 

07 10% 205 

Da 1228 299 

09 1% 291 

Dio 1672 290 n 

Dn 2909 288 

D12 2152 287 | 

0198 243 286 ||» 

ом 2650 285 

DiS 220 284 | 

ов die, 284 

017 34829 283 

De зз 282 va 

Dia 397 2 | 

% > ж || 

021 4550 278 

022 4828 278 

з 500 277 va 

024 530 277 | 

025 5672 276 y 

D26 5o56 275 

D27 6039 274 

D28 850 274 1 

D» бю 273 

ою жм 273 | 

031 7360272 U 


Loop Yagis for 23 Cm 


By Chip Angle, N6CA 
(From The ARRL Handbook for Radio Amateurs) 


escribed here and shown in Figs 1 through 5 are loop 

Yagis for the 23-cm band. Several versions are de. 
scribed, so you can choose the boom length and frequency 
‘coverage desired for the task at hand. Mike Walters, G3IVL. 
brought the original loop Yagi design to the amateur commu- 
nity in the 1970s, Since then, many versions have been devel- 
oped with different loop and boom dimensions. 

"Three sets of dimensions are given, Good performance 
сап be expected if you follow the dimensions carefully, 
Recheck all dimensions before you cut or drill anything, The 
1296-MHz version is intended for weak-signal operation at 
1296 MHz, while the 1270.MH2 version is optimized for FM 
and Mode L satellite work. The 1283-MHz antenna provides 


acceptable performance from 1280 to 1300 MHz. 

"These antennas have been built on 6- and 12-foot booms. 
Results of gain tests at VHF conferences and by individuals 
around the country peg the gain of the 6-footer at about 
18 dBi, while the 12-foot version provides about 20.5 dBi. 
‘Swept measurements indicate that gain is about 2 dB down 
from maximum gain at +30 MHz from the design frequency. 
SWR, however, deteriorates within a few megahertz on the 
low side of the design center frequency 


The Boom 


The dimensions given here apply only to a Y-in-OD 
boom. If you change the boom size, the dimensions must be 


en z 


si 


= 


Fig 1—Boom-to-mast plato d 


Is are given at A. B shows how the Yagi is mounted to the mast. A boom support 


for long antennas is shown in C. The arrangement shown in D and E may be used to rear mount antennas up to 6 or 


Tie 


long. 
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scaled accordingly. Many hardware stores 
carry aluminum tubing im 6- and ¥-foot 
lengths, and that tubing is suitable for a short 
Yagi. If you plan a 12-foot antenna, you 
should find a piece of more rugged material. 
such as 6061-76 grade aluminum. Donotuse 
anodized tubing. The 12-foot antenna must 
be supported to minimize boom sag. The 
oot version can be rear mounted. For rear 
mounting, allow 4.5 in. of boom behind the 
last reflector to eliminate SWR effects from 
the suppor. 

The antenna is mountedto the mast with 
a gusset plate. The plate mounts at the boom 
center, See Fig 1. Drill the plate-mounting 
holes perpendicularto the element-mounting 
holes, assuming the antenna polarization isto 
be horizontal 

Elements will be mounted to the boom 
with по. 4-40 machine screws. so а series of 
o, 33(0.113:in,)holes must be drilled along 
the center of the boom to accommodate this 
hardware. Fig 2 shows the element spacings 
for different parts of the band. Tolerances 
should be followed as closely as possible 


Parasitic Elements 

‘Thereflectorsanddirectorsarecut from 
0.0325-in. thick aluminum sheet and are 
Yin, wide, Fig 3 indicates the lengths forthe 
various elements. These lengths apply only 
10 elements cut from the specified material 
For best results, the element strips should be 
‘cut with a shear Ifyou leave the edges sharp. 
birds won't sit on the elements. 

Dell ihe mounting holes as shown in Fig 
3. Measure carefully! After the holes are 


1 
| 
28 энне ра лт ere ete aee FEE ze 


Fig 2—Воот drilling dimensions. Pick the version you want and 
follow these dimensions carefully. Spacing is the same for all. 
directors after D6. Use as many as needed to fill up your boom. 


bose. 


== 


p Leno | 


mn 


Fig 9—Parasitic elements are made from aluminum sheet. The driven 
‘element is made from copper sheet. The dimensions given are for 
‘ein, wide by 0.0325-In. thick elements only. Lengths specified are 
hole-to-hole distances; the holes are located 0.125 in. from each 


drilled. younustformeach strapintoacircle, бетеп end. 


‘This is easily done by wrapping the element 
around a round form (a small juice can works 
well) 

Mount the loops to the boom with no. 4-40 x l-in. 
machine serews, lock washers and nuts. See Fig 4. It's best to 
use stainless-steel or plated-brass hardware foreverything. Al- 
though the initial cost is higher than for ordinary plated-stcel 
hardware, stainless ог brass hardware won't rust and need re 
placement altera few years. Unless the antenna is painted, the 
hardware will definitely deteriorate. 


Driven Element 

The driven element is cut from 0,0325-in. copper sheet 
and is Yin wide. Drill three holes in the strap, as detailed in 
Fig 3. Trim the ends as shown and form the strap into a loop 
similar to the other elements. This antenna is like а quad: ifthe 
loop is fed at the top or bottom, it will be horizontally polar- 
ized 

Driven-clement mounting details are shown in Fig 5. A 
mounting fixture is made From a 14-20 x I, in. brass boll. 
File the bolt head to а thickness of 0.125 in. Bore a 0.144-in. 


Fig 4—Elementto-boom mounting details. 


(no. 27 drill) hole lengthwise through the center of the bolt. A 
piece of 0.141-in. semi-rigid Hardline (UT-141 or equiv) will 
mount through this hole and connect to the driven loch. The 
point at which the UT- 141 passes through the copper loop and 
brass mounting fixture should be left unsoldered at this time 
to allow for matching adjustments when the antenna is com- 
pleted, although the range of adjustment is not that great. 
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Fig 5—Driven element details. See Fig 3 and the text for 
тоге information. 


“The UT-141 can be any convenient length, Attach the 
connector of your choice (preferably Type N), Use a short 
piece of low-loss RG-8 cable (or better yet, vin Hardline) for 
the run down the boom and mast to the main feed line. For best 
results, your main feed line should be the lowest-loss 
50-ohm cable obtainable. Good in. Hardline measures at 1.5 
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dB per 100 feet and virtually eliminates the need for remote 
‘mounting of the transmit amplifier. 


‘Tuning the Driven Element 

Ifyou built the antenna carefully to the dimensions given, 
the SWR should be fine. Just to be sure, check the SWR if you 
have access to test equipment. You must be sure that your 
signal source is clean, however; wattmeters are often fooled 
by dirty signals and can give erroneous readings. I you have 
a problem, recheck all dimensions. If they look okay, a minor 
improvement may be realized by changing the shape of the 
driven element. Slight bending of reflector 2 may also help 
“optimize SWR. When you have obtained the desired match, 
solder the point where the UT-141 jacket passes through the 
loop and brass bolt 

Quite a few people believe that practices common on 
Tower frequencies can be used on 1296 MHz. That's the big- 
gest reason they don't work all the DX that there is to be 
worked. 

First, when you have a design that’s proven, copy it ex- 
acily —don't change it. This is especially true for antennas. 
Use the best feed lîne you can get. Why build an antenna if you 
are going to use lossy cable? 

Here aresome realistic measurements of common coaxial 
cables at 1296 MHz (loss per 100 feet): RG-8, 213, 214—11 
В; %4 in. foam/copper Hardline—4 dB: % in. foam/copper 
Hardline—1.5 dB. 

Mount the antenna(s) to keep feed line loss to an absolute 
minimum. Antenna height is less important than keeping the 
line losses low, Do not allow the mast to pass through the 
elements, like on antennas for lower frequencies. Cut all 
U-bolts tothe minimum length needed —aquarter wavelength 
11296 MHz isa little over 2 in. Avoid any unnecessary metal 
around the antenna, 


Microwave EME Using 
A Ten-Foot TVRO Antenna 


By Dave Hallidy, KD5RO 
(From Microwave Update 89) 


INTRODUCTION 
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Background 

| was aware that a small dish had the potential of being a 
usable EME antenna, because in 1987 WASTNY and I be- 
came the first amateurs to successfully work another station 
off the moon on the 3.4 and 5.7 GHz bands, using a 3m (10 fi) 
TVRO dish and modest power.! Calculations showed that, 
properly fed, a dish of this size would produce detectable ech: 
oes on 903 and 1296 MHz using a couple of hundred watts of 
power and a good preamp at the feed and respectable echoes 
‘on the higher bands with atleast a hundred watts at the feed. 
In the spring of 1988, I was able to purchase a new 10-ft dish 
through a dealer who was also an amateur. In April of that 
year, 1 managed to assemble the dish and install it on its polar 
mount (temporarily) and worked FI HDI on 1296 during their 
expedition to the large radiotelescope near Nancy, France. 
‘This convinced me that the antenna could work, since at that 
time my feed was linearly polarized and my preamp was in the 
shack, at the end of 75 fect of Heliax. At that time, Iset a goal 
‘of being operational оп at least one band in time for the ARRL 

IE Competition on 1988, 


DISH MECHANICS 

In October of 1988, I began assembling the hardware for 
the "real" installation, after spending most of the summer 

ting the necessary pieces (see Fig 1). As mentioned be- 
fore, the dish is a 10 footer purchased new for about $250, 
including the polar mount. This dish is designed For use 
through Ku band, and so should be good for all bands through 


coll 


Fig 1—View of complet 


intenna installation. 


10 GHz, should the opportunity arise to try some EME there 
recommend checking with local dealers, and even neighbors 
as many people have lost interest in their TVRO systems (now 
that most satelite programming is scrambled) you might get 
lucky enough to find a very cheap dish. I mounted my dish on 
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тоже 


Fig 2—View of elevation system, showing modified 
TVRO mount. 


asinglesectionof Rohn 25G tower. The base isset inone cubic 


nd is very solid. though in certain parts of the 


Yardofconon 
country this might not be sturdy enough 
mate the forces such an antenna will exert on the mount in а 
high wind, especially with some ice built up on it. T used just 
опе section of owerto provide me witheasy access tothe feed 
using an eight foot stepladder, rather than a custom work plat 
form. 

My azimuth rotator isa sn 
ata hamfest for $35. I power it with 24 V ac and it rotates one 
full revolution in about two mi 
enough rate of turn that the dish can be postioned accurately 


don't underesti 


1 prop-pitch motor Lobtained 


but it doesn't take forever to move it across the sky. I couple 
this motor to the dish mount with a piece of 3-inch pipe which 
is aligned with the motorby a heavy duty Nange bearing on the 

nt is then bolted 
tothe top ofthe pipe as in TVRO installations 


top plate ofthe tower, The original dish mo 


As I mentioned earlier, the dish came 


itha polar mount, 
and at first [thought I would try to position the dish using the 
mountand suitable modifications to allow for easy declination 
adjustment, This idea was not feasible in my case (but it's 
worth checking out— different dishes have different style 
mounts). So, I modified the 
horizontal (see Fig 2) 
the arm on the TVRO 
provided an easy, reliable method of el 
de allows full 0-90 degree 
in less than five minutes. Again, this is slow 


jounto turn the dish pivot points 


the dish to lift vertically when. 


motor was extended, Thís has 


vation. Runni 


tracker at its rated voltage of 36 V 
elevation cha 
enough for accurate positioning without taking forever 
From the outset, I decided that digital readout of both 
azimuth and elevation would be desirable. I located a Digital 
Multimeter Module (Datel model DM-LX3 at a local surplus 
en by 


house and proceeded to wire it up per instruction 
Larry Molitor W71U V 2 Thisunitisa 3%4-digit multimeter and 
dout o within one degree in azimuth and 0.1 de 


provides re 
ation. The azimuth sensor (seen in photo 3) con 


sists of a mult-tuen linear pot (value not critical mine is 10k) 


coupled to th 


in shaft by a hard rubber wheel I found at the 
same surplus store that had the DMM and the pot. Although I 
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Fig 3—Vlew of azimuth rotation system, showing 
prop-piteh motor and position sensor. 


have had good success with this mechanism, a better approach 
would be to enclose the pot in a weatherproof container, The 
elevation sensor cannot be seen, as itis a part of the motorized 
TVRO tracker. I was fortunate to find a tracker with a 10k 
multi-turn pot built 
the an 


(used by the satellite receiver to detect 
y coupled this pot to the 
elevation circuit. (See Fig 4, which is as 

drivelreadout system.) 


FEEDING THE DISH 


| decided that the first band 1 would make ready would be 
903 MHz. There were several reasons for this decision. First, 


solm 


na's position 


ematic ofthe entire 


ifthesystem workedat the lowest frequency at which I planned 
to use it, it should do better at the higher frequencies where 
dish gain would be higher. Second, there was a DX record to 
claim! WBSLUA and I had discussed this for some time and 
decided that we would ry to claim the EME DX record on the 
band to spur others to get on and increase activity 

With that goal in mind, I built a Dual-Dipole EIA-type 
feed for 903 MHz, which was a scaled version of a 2.3 GHz 
feed designed by Don Hilliard, WOPW.? Since th 
stations active on 903 EME were also using linear po 
tion, felt should follow suit. Though circular pol 


— 


Кена 


Fig 4—Schematic diagram of the dish control system. Th 
and elevation angles 


surely the way to go at these frequencies, the large size of the 
feed at 903 MHz would have caused significant blockage of 
my dish and, 1 suspect, would have nullified any advantage 
due to circularity. Also, the ЗАВ lincar-to-circular loss might 
have reduced chances for a successful QSO. As more stations 
become operational on the band, circular polarization will 
likely become the standard. 

For 1296, I felt that since my station was pretty marginal 
anyway, [would put forth the extra effort to build a circularly 
polarized feed, in order to maximize my chances of success, Г 
wantedto build a VE4MA уре feed“ for my dish (0.4 fD), but 
Thad no access to the necessary materials. So, at first I built a 
version of the “old standard” coffee-can feed, using two three- 
pound coffee cans stacked end to end and with two L/4-wave: 


'e Datel DM-LXG Is а digital meter, used to indic 


length feed monopoles spaced 90 degrees apart and a quarter 
of a guide wavelength from the bottom of the rear can (see 
photo 4), I found a commercial 90-degree hybrid coupler for 
900-2000 MHz at a fleamarket and used it to generate the 
necessary phase shift for the feed. This feed was not optimum 
for the fID of the dish (resulting in under illumination of the 
reflector), but it did allow me to get on and work a lot of 
stations. I finally did construct а copy of the VEAMA design 
and have observed a very significant improvement in perfor- 
mance. This feed optimally illuminates the surface of the dish 
by permitting adjustment of the scalar ring to aller the feed 
angle required by dishes of different depths. This improve- 
ment has provided about 1-24B more antenna gain (affecting 
both transmit and receive). Note: the DD (focal length to Di- 
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Fig 5—Viow of feed, showing coffee-can feedhorn and. 
hybrid coupler, 


am ant. The higher the 17D, the 
fatter the curve ofthe dish, and the easier itis to feed properly 
Typical TVRO dishes range from about 0.3 to 0.4 ЛЭ. They 
tend to havea deeper curve to them to reduce pickup of undes- 
ited sig 


ter) ratio of a dish is import 


nals or noise from terrestrial sources at the possible 
sacrifice of a little gain, While noise reduction is certainly 
desirable from the EME ers standpoint as well, maxi 
gain and simplifying feed design is probably more important 
Ifyou havea choice, opt fora higher /D ratio, VEAMA’s feeds 
are optimum for dishes in the 0.3 to 0.5 range, The W2IML 
hom, another popular feed for 1296, is optimum for dishes in 
the 0.5 100.6 range. Itis 
with an f7D below 0.3. 
For 2304, I scaled the VEAMA 1296 desig 
that the body of the feed horn could be made from two one 
pound coffee cans v 
this feed from brass 


fairly difficult to properly feed a dish 


and found 


y nicely. I constructed the scalar ring for. 


feet stock, and afler optimizing its posi 
tion, soldered it into place on the body of the 
90-degree hybrid coupler (2-4 GHz) for phase 


ed. I also use 


shift on this band. 
Sun noise measurements are always û rather subjective 
test of receive system performance, due to variations in the 
ally true during Solar Cycle 221) 
but when measured during December of 1988 using preamps 


Sun's energy output (espe: 
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of about the same performance on both 903 and 1296 (0.43 dB 
NE? 15.5-dB gain and 0.48 dB NF/ 15.0-dB gain respectively), 
I measured about the same amount of sun noise on cach band 
(10.5 dB), The dish should have exhibited about 2 dB more 
gain at 1296, resulting in 2dB more sun noise. This similarity 

ted that the 1296 feed was in fact, not opti 
mum, due to the under illumination I mentioned earlier. 
other somewhat subjective test of dish performance is listen- 
for one's own lunar echoes. On 903 MHz, I could hear my 
echocsconsistently 1-2В above the noise, every time tested, 
Оп 1296, using the coffee-can feed, I could detect my own 
echoes just above the noise, and only at lunar perigee. Chang- 
ing to the VEAMA feed has resulted in a 1-2dB improvement 
in both transmir and receive gain. This means a 2-4 dB. 
improvment in echoes, meaning they can now be heard апу 
time listen for them, On 2304 MHz, with lower RF power, but 
54B more antenna gain, lunar echoes are easily heard. should 
mote that hearing one's own echoes is not a prerequisite for 
EME success. There are plenty of stations with large enough 
antennas to more than make up for any of а small stations 
deficiencies. 


of reading indie 


‘THE REST OF THE STATION 
Obviously, to be successful at EME requires a lot of at 

tention to detail, This is particularly true when using a small 

dish because there just isn't enough margin to allow for great 


errors. Using the lowest loss feedlines possible is one impor- 
tant detail. When I began this project, I used %-in. Andrew 
foam Heliax on transmit on all bands, accounting for | dB of 
loss on 1296, but almost 2 dB at 2304. By the time Thad added 
smaller flexible cables at the feed and transmitter ends, I had 
almost 2 dB loss at 1296 and 3 dB at 2304, Half my power was 
wasted heating up the cables on 2304! 1 acquired a run of 
1-⁄-in. Andrew foam Helias, which is now what I am using. 
“This has improved the power situation significantly, reducing. 
transmit losses by a dB or more on all bands Note: locating the 
transmitteras close as possible to the dish solves this problem, 
but that wasn't feasible in my case). On receive, I use Jin. 
Andrew foam Heliax and with the gain of the preamps on each 
band, this causes no degradation in receive performance. The 
preamps are another area of great importance, moreso than ће 
feedlines, I use homebrew preamps on 903, 1296, and 2304. 
АЙ units use Avantek ATF10135 GeASFETS and were de 
signed by Al Ward WBSLUA. Their 
already been noted. My transmit power amplifiers аге areas 
that can stand some improvement. On 903, I used a borrowed 
HI-SPEC amplifier which used two 7289s and was air-cooled, 
It produced about 250 W with about 15-20 W drive. On 1296, 
1 use a single 7289, water-cooled, in an N6CA designed, 
homebrew cavity This amplifier also produces about 250 W 


ne performance Вах 


with about 10 W drive and does a very nice job. On 2304, I 
пзеа surplus TWTA (Travelling Wave Tube Amplifier) which 
is rated at 100 W. but produces nearly 200 W output with 
100 mWof drive. On 903 Fuse a homebrew transverter with a 
GaAsFET front end (about 0.5 dB NF). On 1296 1 use an 
ICOM IC 
front end. The transceiver's total noise figure is about 0.8 dB. 
Оп 2304 1 use a homebrew transverter with a noise figure of 


1271A transceiver, with a homebrew GaAsFET 


1 dB. On both 903 and 2304, I use an ICOM IC-271 as the 
tunable IF. I have modified both the 1271 and 271 to allow me 
todefeutthe AGC. Ihave found this to be helpful when receiv 
ing weak signals. 
Conclusions 
It doesn’t take a lot of equipment or money to become 
EME-capable on the microwave bands, My total investment in 
the antenna system, including the dish and mount, feed, 
preamp. and feedlines was less han $700. By shopping wisely, 
this price can probably be reduced by several hundred dollars. 
Though small in size, the compromises have been few, result- 
ing in many enjoyable hours working stations off the moon on 
903, 1296, and 2304 MHz. With future improvements and the 
addition of several more bands. this enjoyment will increase 
пу times. This additional mode of operation at my station 
has had the benefit of allowing me to work many more Grid 
Squares, and to add significantly to my Worked All States 
total. Hopefully, in the not too far distant future, will be able 
10 add Worked All Continents to my list of accomplishments 


оп 1296, The obvious technical challenge in this type of acti 
ity shows no sign of abating. 
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A Dual-Probe Coffee-Can Feed 


By Sam Popkin, K2DNR 
(From Microwave Update 91) 


his js the method I used to puta separate CW transmitter 

and receive converter on 2304 MHz without using a good 
coaxial relay. 

E was working with a Multipoint Distrib 
cigar" type antenna, which consists of a typical 
feed followed by a disc Yagi. И occurred to me that a second 
feed probe in the can would let me connect the transmitter 
directly into one feed and the converter to the other. Fig 1 
shows the general arrangement, after adding the second probe, 

Before actually subjecting the converter to all that RF 
floating around inside the can, I tried one measurement. I ap- 
plied 15 mW to one probe terminal and measured the power at 
the output of the second probe. It was a bit more than 10 dB 
down. The particular receive converter that I used has a bipo- 
lar device, a 2N6603, and that device didn’t seem to mind that 
power level for sustained periods of time. | would not recom- 
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Fig 1—Three views of the co probe feed. 


mend this method for significantly higher power levels or 
where GaASFETS may be employed in a preamp or converter 
frontend. In general, the system performed as well as could be 
expected with the discs in place. 


A Triband Microwave Dish Feed 


RRR 


By Tom Hill, WA3RMX 
(From Aug 1990 OST) 


any hams today think of microwaves as the province of 

wizards and experimenters, Fortunately, that sigma is 
disappearing now that commercial transverters, amplifiers, 
antennas and other needed accessories have become widely 
available, and now that no-tune-transverters and simplified 
construction ideas are in wide use. This construction article is 
intended for everyone: no machine tools or exotic materials 
are needed. In fact, this project doesn’t require anything ex- 
pensive or hard to obtain. After the parts are gathered. you can 
accomplish the construction work in one concentrated 
evening, or over а leisurely weekend. It's a great project for 
groups interested in starting up some microwave work for 
events such as the ARRL VHF/UHF contests. 

A triband microwave antenna? Why not? If we can do it 
for НЕ, we can do it for the microwaves! This feed covers the 
2304, 3456 and 5760-MHz bands in one unit that’s designed 
Tor use in a single dish—with no adjustments—while you 
switch among the three bunds. If you want to build your own 
dish feed, the simplicity of this design makes it a real winner. 
And, it's available ready to mount to your feed line or con- 
nector—from Down East Microwave.’ Dish antennas are 
available at hamfests and from other sources 


The Past 

Losedto use separate feeds foreach band, These were the 
well-known, dipole/splash-plate feeds, which are excellent 
performers, These feeds require machine work to build, and 
often quite а lot of fussing to change one for another when 
switching bands. The alternative isto have a separate dish for 
each band, which is not very practical for a fixed station, and 
is simply unworkable for portable operation, Another disad 
vantage is the cost of the dipole/splash plate feeds: Апет the 
large initial investment ($70 or so each if purchased new), the 
possibility of damage still looms. When the wind picks up, as 
it is wont to do, the dish may fall over on its face, squashing 
the feed 


Initial Requirements 

After building new triband SSB rig for the microwaves, 
1 decided that a new feed arrangement was also needed to 
simplify setup and operation. | developed a list of require 


ments based on my past experience with dishes 


1, The new system must cover all three bands at once. (No 
more feed changing during DX pileups!) Also, no adjustments 
should be needed when changing bands, such as moving the 
‘mounting hardware to accommodate differing phase centers. 

2, Complete broadhandedness is not desirable: the an- 
tenna should reject signals outside of the amateur bands, such 
as radar, satellite-TV uplinks, їс. 

3. It should be easy to build (а PC board would be best). 
No machine work should be required: hand tools only 

4. It should be cheap. (Not so much crying when it's 
broken during a windy mountaintop expedition, as spares can 
be on hand.) 

5, No exotic materials should be needed. It must be made 
from commonly available parts 

6, Must be rugged and easy to carry (flat is good). 

7. Must not be affected too adversely by rain. My dipole 
splash-plate feeds have a section of transmission line open to 
the air, Here in Oregon, the frequent rain fills up those feeds, 
rendering them useless until emptied (and often leaving the 
corroded as well) 

8, Performance must not be more than 2 dB worse than 
the single-band feeds, and hopefully not even that bad. 


The resulting triband feed meets all of these goals. The 
feed is etched on both sides of a standard FRA (G-10) circuit 
board, then sprayed with clear urethane coating to protect the 
copper against weathering. The board requires no holes, nor 
any connections between the front and back sides of the circuit 
board, See Fig 1. The finished assembly is shown in Fig 
mounted in а dish with semirigid coax. 


How it Works 
"The triband feed is a variation of the original dish feeds, 
which consisted of a dipole driven element and a single reflec 
tor. The triband feed has three driven elements attached to а 
common feed point, and three separate reflectors, The lengths 
of the three driven elements have been adjusted to compensate. 
for proximity to. and the detuning effects of, the other ele- 
ments. The elements are positioned for a common phase cen 
ter forall three bands. This obviates the need for adjustments 
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Fig 1—The triband dish feed is etched on соттоп FRA 
PČ.board material 


when changing bands. The $760-MHz dipole is farthest from 
the dish surface. The lower-frequency dipoles distort the 
5760-MHz dipole's radiation pattern more than if the order 
‘was reversed, but this placement facilitates the common phase 

"The balun is a simple, slowly tapered transition from 
microsripline at the end of the board where the connector 
mounts, to balanced line as it moves toward the dipoles 
Although it's a compromise to allow printing the whole as 
sembly, this technique is surprisingly effective. 


Material and Results 

"The SWR is typically beter than 1.5:1 on the two lower 
bands and betterthan 2:1 on $760 MHz. See Fig3.SWR varies 
somewhat from one feed to another, and is affected slightly by 
the mounting method. The feed helps to reject some of the 
extraneous signals sometimes found outside the amateur 
bands on the same mountaintops that you'll occupy for your 
DXpeditions! 

"The board material dramatically affects these results. I 
used a 3- x 41-inch piece of Yrinthick FRA material with 
|-ounce copper on both sides, and presensitized with positi 
acting resist. (Although I used Injectoall type 40P board from 
the local parts store, PC-board material without the positive 
resist shouldn't affect performance.) Other manufacturers 
ERA boards will probably work fine, but if you use another 
material (phenolic, Teflon, epoxy-paper, ete), or one of a dif- 
ferent thickness, you will have to make major changes to the 
dimensions of both the transmission line and the elements, 
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Fig 2— The first prototype triband feed, mounted in a 
194псһ dish, has performed well from my rooftop for 
almost two years. 


— 


Fig 3—A network-analyzer plot showing the return loss 
(another way of expressing SWR) of a prototype feed. 
‘The greater the return loss, the better the SWR. For 
тоге information on return loss, see R. Schetgen, Ed., 
The 1994 ARAL Handbook (Newington: ARRL, 19 

р 35-38, and W. Hayward and D. DeMaw, Solid-State 
Design for the Radio Amateur, second printing 
(Newington: ARAL, 1986), pp 154-155. 


Ihave tested only the configuration shown here. It works 
зо well, both electrically and mechanically, that 1 didn't try 
others. Teflon (either woven mat or the amorphous types, such 
as Rogers Duroid) would exhibit slightly lower los, but at the 
price of much less mechanical strength, I used a protective 
spray coating from the local parts store (Fine-L-Kote UR spray 
urethane conformal coating, made by Tech Spray. stock no. 
1711-165). I suspect that many other plastic spray coatings 
vill work fine, but I have not ried any, о, asin all microwave 
work, ifyouchange the recipe, you аге on your own. Extensive 


Fig 4—This triband feed was tested with 200 W of 
2304-мнг RF; it failed. Don't apply more than 20 W to 
this teed! 


Table 1 


Gain Differences Between PC-Board Triband Feed 
and Optimized Dipole/Splash-Plate Feed 


Frequency Triband Feed Loss 
2304 MHz 075 

3456 MHz 125 

5760МН2 1508 


tests have shown that the resonant frequencies of the feed 
move less than 25 MHz after the spray isapplied, causing only 
negligible changes in SWR. The copper patterns have been 
designed to account for the presence of the plastic coating, but 
you can omit it without performance problems. Still, recom. 
mend the plastic coating—especially around the edges of the 
board, which can absorb water if rected for out- 
door use 


When tested ina l-meter dish (/D=0.31), and compared 
to dipole/splash-plate feeds, the triband feed's gain, although 
somewhat less than that of optimized single-band units, is still 
very good, See Table 1. Some of this loss is due to suboptimal 
dish illumination and some is a result of dielectric loss in the 
circuit-board material (more on this ater). The three reflectors 
are not optimal (they replace three separate round discs), and 
the three driven elements "argue" with each other. But that's 
the price of a PC-board, do-all feed! For critical long-haul, 
weak signal work, consider keeping aset of optimized, single 
band feeds handy 

This feed handles enough power for a very effective. 
mountaintop station, and have regularly рш 20 W through it 
with no trouble. But there is а limit: Al Ward, WBSLUA, 
tested a copy of this feed with 200 W of 2304-MHz RF for an 
extended time during the January 1990 ARRL VHF Sweep 
stakes contest, Even а small amount of dielectric loss was 
enough to precipitate spectacular heat damage, as shown 
Fig 4. The board was burned so badly that all the copper fell 
off, predictably causing a rather severe SWR increase. I rec- 
‘ommend not applying more than 20 W to this feed! 


Construction 

то build the triband feed, first etch the patterns on the 
front and back of the board. The fullsize patterns are shown 
in Fig S. The front paternis dimensioned so that you can easily 
chock the board size before etching. Fig 6 is an X-ray view of 
the board showing the feed's apparent phase center. Accurate 
registration of the front and back patterns is fairly critical; 
testing has shown thatthe two sides should be aligned to within 
at least 0.030 inch for good performance and low SWR. Pat- 
tern alignment can be achieved either by drilling two pilot 
holes inthe unetched board atthe locationsof the twobullseyes 
‘on the artwork, or by carefully taping the edges of the artwork 
together and clamping the unetched board between them be- 
foreexposure. (I prefer the drilling method.) Afteretching and 
washing the board, cut away the excess board material just 
inside the cut lines on the front artwork. Be sure to remove all 
metal from the cut lines, 
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shown in Fig 7. You can also 


‘mount a connector right to the 
board, as shown in Fig 8, trim- 

ming off the excess copper оп WA3RMX 

the top. In any case, use the 

shortest leads possible: Even . 

inch or less excess wire kills 


ebener , 
141), as this is readily available LÀ 1 


at hamfests and from suppliers em", 

that cater to microwave hobby. 

ists. Although this works elec- | ny 

trically, UT-141 is too weak to 

hold the feed in place except | 

with very gentle handling. If 

rd is all tat you have | F ч 


available, use it it works fine for 
light-duty servie, If you do use 
such small Hardline, flatten the 
рап of the shield to be soldered 
{othe back side of the board. The 
board is thicker than the spacing 


from the center conductor to the 
shield, and the center conductor 
shouldn't be as long as would be 
necessary for it to wrap around 
to the front side of the board. 
Tusc aGR874 comectoron 
my portable version of the feed, 
which allows quick assembly 


and disassembly, but it also al- 
lows water to enter the connec- 
tionifit'susedinheavy rain. My 
permanently mounted versions | ШШ эй 
all use N connectors for water- 
resistant low-SWR connections. Fig 5 —PC-board pattern for the triband dish feed. At A, the front pattern is shown. It 
If you expect to use the feed in includes a rule for checking the board size before etching. At В, the back side of the 
the rain, itis a good idea ıo board is shown. Accurate registration of the patterns is important; the alignment. 
mount it in the dish at a slight should be within 0.030 inch for best performance. 

angle from the horizontal to al- 

low runoff. (If water pools onthe 

flat upper surface of the feed. 


dielectric loading will detune the antenna.) of the solder connection to seal out moisture, especially if the 
After the mechanical and electrical assembly is finished, feed isto be used extensively outdoors, For this purpose, I use 

spray the plastic coating onto the board. After it dries, apply Pon no. 3145 silicone sealant 

some electronics-grade (non-acidic)silicone sealant to the area Now, mount the feed in the dish, with the apparent phase 
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3-BAND FEED 


WASAMX 


4.700" 


Center 


the focal point of your dish, as described in the text. 


Fig 7—Prepare the Hardline for mounting to the dish- 
feed PC board by cutting away half of the shield and 
dielectric from the cable over a distance long enough to 
ensure a solid mechanical connection to the board. 
‘Then, bend the center conductor slightly and fit it into a 
notch in the PC board, as described in the text. 


Fig 6—An X-ray view of the PC board, showing the apparent phase center of the feed. Place this part of the feed at 


— 
— 


та 


-= 


Fig 8— Two prototype triband feeds with N connectors 
‘mounted directly to the PC boards. When mounting 
connectors this way, be sure to minimize stress on the 
feed resulting from feed-line strain 
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Fig 9—Меавиге the proportions of your dish and 
calculate the location of the focus as described In the 
text 


center (Fig 6) м the focal point of the dish. My tests showed 
that, although it's a compromise, this is the best feed place 
ment for all three bands. To find the focal point of a dish, use 
the equation f= D°/ 16h, where D is dish diameter and his dish 
depth (see Fig 9). The triband feed works well with dishes 
having (D ratios from 0.25 to 0.4, which is the range over 
which I've tested the feed, 


Operation. 

With one of these feeds in a 30-inch-diameterdish, Ihave 
made 80-mile 2304-MHz FM contacts with 100 mW—with 
plenty of signal to spare. On SSB, greater range can be ob- 
tained, or much lower power used. Lynn Hurd, WB7UNU, 
and I have made 115-mile contacts with 50 mW of SSB on 
2304 MHz using these feeds at each end—stuck straight up 
into the air, without dishes! In a test to see what is possible 
using minimal power over a line-of-sight path, we set up 
50-mW SSB rigs with 29-inch dishes at each end, cach 
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equipped with a triband feed. Communicating over a 66-mile 
path, we added attenuators in the feed line to one rig until the 
SSB signal was just barely readable, With 50 dB of added 
attenuation, we still had readable signals. (This corresponds to 
"А microwatt of transmitter power to the antenna!) We were 
pleased. 

Roger McCoy, W7ADV, and I made a 130-mile 2304-MHz 
contact over an obstructed path using 29-inch dishes equipped 
with triband feeds at each end, by using the tip of Mt Hood 
(12,000 feet above sea level) as a knife edge difftactor. We 
first ried this with 20 W and had fine signals, so we also tried 
CW and managed a weak contact with only 100 mW. At the 
extreme, I have even used a triband feed to make 10-mile 
contacts with 25 mW on 10 GHz, Although far from optimal, 
the feed still radiates a signal at 3 cm! Three VUCC awards 
‘each on 2304, 3456 and 5760 MHz have been earned with 
copies of this feed, WB7UNU (grid CNSSNL) and 1 
(CNSSNM) each use these feeds in 19-inch dishes on our roofs, 
and regularly chat on 2304 and 3456 MHz (5760-MHz signals 
don't make it too well through the grove of trees on my 
neighbor's property) 

1 hope this article helps generate more activity on the 
microwave bands. With the triband feed and the simple 
tramsverters now on the market, its easier than ever before to 
put together lots of roving stations forthe VHF and microwave 
contests, VUCC, here we come! 
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Notes 

A, Campbell, "A No-Tune Transverter for 3456 MHz; QST, 
Jun 1989, pp 21-26. 

2No-tune transverter kits for 903, 1296, 2304 and 3456 MHz, 
аз well as preamps and accessories, are available from 
Down East Microwave, AR 1, Box 2310, Troy, ME 04987, 
te 207-948-3741. 

"Soo Note 2. 


Mounting the WA3RMX Tri-Band Feed 


Ву Kent Britain, WA5V]B 
(From Microwave Update '91) 


have had excellent results with Tom Hill's dish feed, de 

scribed in the previous article, using one for all five grids 
in my 5760-MHz VUCC. For outside mounting I suggest 
‘changing Tom's trim line. The point allows dew and rainwater 
to collect away from the driven element (Fig 1). For the usual 
bird problems, I mounted several nylon bolts through the feed, 
then sharpened the ends, This gives really rude surprise tothe 
local mockingbirds (Fig 2) 


Fig 1—Using 
опе, causes rainwater to run away from the dish feed 
driven element. 


Fig 2—The feed is Installed at a slight angle, with the 
point down. Sharpened nylon bolts installed through 
the feed discourage birds from sitting on the feed. 
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A Simple Dual-Mode (IMU) 


Feed Antenna 


for 10.368 GHz 


By Richard H. 


Turrin, W2IMU 


(From Microwave Update 91) 


he small-aperture dual-mode reflector-feed antenna can 

be simply constructed from readily available copper 
water pipe plumbing fittings, as shown by the cross-sectional 
drawing. The circular waveguide section is standard Ycin 
"Type-M copper water pipe which will support only the domi. 
nant TEI mode, The tapered section is a %- to l. in. fitting 
reducer. This part may be constructed differently by different 
manufacturers, Try to find a fitting reducer with abrupt cor- 
nersat both ends of the taper. Some parts are made with a well- 
rounded corner atthe large end. While this partis satisfactory 
it requires a slightly different positional length of the ln 
copper pipe coupling, for proper mode phasing 

While the correct flare angle of the conically tapered 
section should be 30°, the copper fitting reducer will have a 
flare angle of about 40°. The "in. soft copper tubing ring 
fitted inside the fitting reducer compensates for the difference 
in taper angle, 

A simple, inexpensive, efficient and very low SWR cou. 
pling may be made from a standard %in. coupling, which is 


slotted axially (six slots about in. long), sothata hose clamp 
тау be used as a securing device. 

Form the soft copper ring to fit snugly inside the fitting 
reducer, and sweat it in place first, Clear all burrs from the 
inside of the pipe ends and sweat the parts together as per Fig 
1, with a minimum of solder and paste, Wash the assembly 
thoroughly with a detergent, to remove all races of soldering 
paste, and if desired. spray all surfaces with clear Krylon to 
help preserve the bright copper finish 

This feed antenna will have a —10 dB beamwidth of 
-44 degrees, with very low (less than -30 dB) side and rear 
radiation. The E- and H-plane main radiation patterns аге vir- 
tually identical, as in the original dual-mode design. The re 
sulting main radiationiscircularly symmetric and will support 
any polarization. 

"This feed antenna is ideally suited to a rear-fed casse- 
grainian antenna reflector system, where the hyperbolic 
subreflector is designed to match the main reflector ЛӘ ratio. 
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10-GHz IMU Feedhorn Update 


By Kent Britain, WASVJB 


have had excellent results with Dick Turrin's dual-mode 

feedhorn. I now use the simple dual-mode feed on several 
antennas, including the source antenna for the Central States 
VHF Society's 10-GHz antenna range. 

In Texas, the local source for cin, to 17-in, adapters is 
Nibco, They usea different technique for molding the adapters 
‘with much less taper in the transition. It was very nice of them 
to transition over % at 10 GHz, so the Yin. ring that Dick 
added in his horn was unnecessary. 

Watch that taper! IF the reducer transitions over about 
14 to % in. you can use the coupler as is. 

The horn can get bit heavy. One trick is to cut hack the 
1.5-in, coupler. Not only do you shave off a itle weight, but 
some plumbing companies make the coupler long enough to 
let you build two antennas from that $3 coupler. 


cimo | 


R] 


Fig 1—Detalls of the 10-GHz dual-mode feed-horn. 
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Big Dish Feed for 10.3 GHz 


By Chuck Steer, WA3IAC 
(From Microwave Update 91) 


his paper describes an easy-to-build dish feed for 

10.368 GHz. A feed of this type can be made using a 
piece of copper water pipe with a piece of brass as the back 
wall. The feed should be within proper size for the frequency 
being used. 

Using0.75-in. ID copper pipe, my initial results were less 
than desired. This was witha probe about 0.2-in. from the back 
wall and 0,2-in, long. This type of feed was hard to reproduc 
with good results. Iwas able, however, to "tune" for best match 
by adding а 2-56 x Lin. screw, 180° from the feed. A typical 
return loss was -13 to -15 dB. 

Recently, 1 read about a 10-GHz eedhorn built by 
G4DDK, The odd thing about this feed is that the ID was 
1.125-in., the probe was 0.030-in. long, and it was placed 
about 0.375-in. from the back wall 


9034.85 and TE | 


inches) 
Where dis the ID of the feed, we get 
TE 0! = 7227.88 MHz and 
TE 11 = 553381 MHz 


Given he above calculations, the feed should not work at 
10.3 GHz, but rather much lower in frequency. I then won 
deredif there was nota mistake in the drawings from GADDK. 
My first try at duplicating this feed was using pipe with 
1.25-in, ID and a probe length of 0.2-in., 0.375-in. from the 
back wall, My probe was just the center conductor of the 
0.141-in. semirigid line, about 3 in. long, with an SMA con: 
nector on the other end. This produced a return loss of about 
-5 dBat 10.3 GHz, The best return loss wasat about 12.5 GHz, 
higher, not lower in frequency as calculated, For my next try, 
1 made the probe 0.3 in. long and measured a retur loss of 
-18 dB (1.22:1 SWR). Not bad! 


917.26, 
à inches) 


Given TE 0! 
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Fig 1—X-band feed for large dish antennas, made from 
1.25-in. ID copper pipe. 


have since made three feeds this way and they all worked 
well, The worst return loss was -15 dB and the best was about 
304, 

Next came the choke ring. stayed with the GADDK feed 
апа made the outside diameter of the choke plate 2.75-in, and 
the inside diameter to just fit the OD of the copper pipe. The 
nextstepis oadjust the choke ring position for best gain. Start 
withthe choke plate about 0.5-in. from the open end of the feed 
and move it away from the open end. 


Horns for 10 GHz and Up 


By Kent Britain, МАЅУЈВ 
(From Microwave Update 59) 


hen that waveguide gets really small, it can bea real 

challenge toassemble a horn antenna. This assembly 
method uses a short piece of waveguide and a sheet of hobby 
brass or sheet tin. File down the inside lip of the waveguide. 
align the top and bottom pieces and add a drop of “Super 
Glue” letting it wick under the edges. After the glue sets for 
a few minutes, bend the top and bottom pieces up a bit, then 
align and glue on the side pieces, 


Fig 1—A commercial 17-dBi, 10-GHz horn, and two 
homebrew 22-dBi, 24-GHz horns. 


Next line up the edges of the opening and spot solder the 
‘corners. When you have things pretty well square, solder the 
outside seams together, Soldering the outside edges helps you 
keep the lossy lead and tin off the inside surfaces. 

Horns have been constructed this way on WR-62 and 
WR-42 for 10 to 24 GHz, and the method should work up to 
50 GHz. 
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Fig 2—Detalls of homebrew horn construction. 
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Dual-Mode Feedhorn for 24 GHz 


By Kent Britain, МАЅУЈВ 
(From Microwave Update '91) 


really like Dick Turrin's (W2IMU) latest Dual-Mode Du 


eedem for 10GB bil ron plumbing iting. Ale "m 
meu бакандан М оул лыгы: | gg 
Tient karat patina orion cane ор with x 


а 24-GHz version of Dick's very popular 1296-MHz ЕМЕ 


dish feed. a to 3/0" noter 
The end of the i in. coupling can be formed to the same le ad 
size asa WR-42 flange. Soldering isabitticky.sinceallthree | ово "E 
are but joins. 1 held the entire assembly in a long clamp, 4 К 
Soldering everything a once with a torch on a low flame. The e 


nd was cut of with а pipe cutter afier it cooled off. 
Testing went well Gain was айе over 12 dBi and the аА е 

1048 down points (suggested dish illumination at йе edges) ЖЕ 

were 445”. The E and Н beamwidths were within 5°, and no T 

sidelobes were noted. Аг ће 1991 Central States VHF Society | 

antenna contest, 1 fed а 12-n, 0.42 A/D dish with this feed. E 

Performance was very close to theoretical gain. 
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Testing GaAsFETs with a VOM 


By Kent Britain, WA5VJB 


hen Al Ward, WBSLUA, first suggested the possibil- 
ity of checking GaAsFETs with an ohmmeter, 1 
gasped! The est works fine, however, if you take а few safety 
precautions, Use a regular VOM powered by a 1-V battery 
(don't use a 120-V ae-powered DVM!) with а 10-kO resistor 
connected in series with the VOM's probe. Don’t forget the 
usual static electricity precautions. A diagram of the test 
setup and typical measured values is shown in Fig I 
‘The0.01-mA current doesn'tstress the transistor s gates, 
and 1% V is well below the transistor's breakdown voltage. 
With different manufacturers using different gate designa- 
tions, this test is useful in determining transistor pinouts, 


Fig 1— Test setup for testing GaASFETs with a VOM. 
Typical resistance values are shown. 
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Microwave Absorber Notes 


By Henry Burger, K7PSS 


hen the uses of microwave absorber materials are dis- 

cussed, it's often stated that these materials are too 
expensive for hams to use. That’s true—if the materials are 
purchased from a manufacturer, They are expensive indeed 
Tor a professional, building a quiet anechoic chamber for 
exacting tests, but they need nat be so for the experimenter. 
1, samples may be available from manufacturers. 
some of whom are hams themselves. Second, some industries 
may have scraps of old, unserviceable pieces that will be fine 
for amateur applications. Any ham that is interested in micro 


Waves in the first place ean probably find such a source. Third, 
the first absorbers were made in garage shops using hardware 
store materials and while not very good by today's standards, 
they can still be used for loads, and to dampen reflections in 
equipment boxes and in local areas. 

The first absorbers were animal hair and wood shavings, 
coated with carbon-filled rubber, Flat black latex paint is а 
similar material. It is easy to get and handle, and its conduc: 
tivity can be increased by mixing lampblack, graphite. or some 
other conductive material into it. Black powder toner from the 
waste container of a сору machine is another possibility, as is 
iron filings or powder, Several coats of such a mixture poured 
over a sheet of open-fiber packing or upholstery material 
should make a reasonably effective absorber for large sur- 
faces. 


You can make another type of absorber at home by load 
ing any kind of plastic polymer with carbon or conductive 
material, and casting itto shape in a mold. Candidate materials 
are automobile body plastic fiberglass resin from a fiberglass 
‘repair kit, and potting resins that hobbyists use to encapsulate 
objects for display. Again. lampblack. graphite. copy machine 
toner and iron filings could supply the conductivity required. 
Mix in the loading material before adding the catalyst After. 
mixing the catalyst, pour it (or cram i) into the desired mold, 
After curing, most af these materials can be shaped further by 
cutting oF filing. This procedure can be used to make loads for 
waveguides and small cavities where it is desirable to absorb 
microwave energy 

These home-made absorbers can be tested in two ways. 
First, ifa waveguide-type SWR setup is available, simply place 
apiece of absorber material inside the waveguide and observe 
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the result as compared toa short circuit. Sheet materials can be 
tested with an open-end waveguide or small hom (the pres- 
ence of the absorber in front of the open end should not 
increase the SWR, and should actually reduce the SWR com 
pared to a metallic reflector) 

"The second way to test absorbers is to use a microwave 
oven. (The primary user of the oven may have something to 
say about this, but be firm.) Put a piece of absorber in the oven 
with cup of water, and heat them for about 30 seconds. The 
water protects the oven if the candidate absorber material is 
not very lossy. If after 30 seconds, the absorber does not get 
warm, forget if it smokes, however, you have a winner, 
(Better monitor the test closely for signs of overheating. You 
don’t want to мап a fire.) The faster the material heat up. the 
better it is as an absorber. It ought to heat up faster than the 

Опе use for solid absorbers is as a waveguide load. The 
object is to shape the lead so that it absorbs all the energy 
incident upon it, with none reflected. Starting with a reason: 


Fig 1—Construction de 
waveguides using microw 

plug" of microwave absorber material is inserted into 
the open end of the waveguide. If the absorber material 
is formulated and shaped correctly, no microwave 
‘energy will escape. See text 


ably good absorber, shape the absorber according to Fig 1. The 
мер is a one-quarter wavelength transformer to match the 
impedance of the waveguide to the impedance of the absorber. 
Ihave built waveguide loads tis way using bar absorber stock. 

Absorber can be applied on almost any surface where a 
bothersome reflection may occur, such as an unavoidable 
‘metal object near an antenna under test. For best result, the 
incident energy should be perpendicular to the absorber, but 
incidence at an angle will do. The absorber material should be 
several wavelengths thick, and more if the absorber is ineffi 
cient 

A dummy load for an antenna can be made this way by 
lining a box or a can with absorber and placing it over the 


antenna. (Ifeverything is okay, the SWR onthe antenna should 
not change when you cover it, and no signal should radiate 
outside the cover). This is a common practice in the industry 
for small antennas 

"The solid absorbers can also be placed along the inside 
walls of circuit enclosures to absorb unwanted microwave 
energy. For receivers built in a can, this may be necessary for 
proper functioning, because all waveguide joints leak energy 
(Murphy s Law says this energy will always get in the way.) 
"The enclosure for the circuit may resonate at a critical fre- 
quency, and the use of an absorber will spoil the © of the 
resonance, This is also standard practice in the microwave 
industry. 
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Attenuators 


By Bob Atkins, KAIGT 
(From Jul 1988 OST) 


М eggs ane wide ange atin 
tions for attenuators, Attenuators can be used in deter- 
mining amplifier gain and noise performance, and they сап be 
used to “force” an impedance match to interacting compo- 
nents such as diode multipliers, noise sources and load 
sensitive oscillators. Attenuators can also be used in conjunc- 
tion with small amplifiers to simulate isolators. 

Although it is quite easy to make accurate, low-SWR 
attenuators for use at HF, itis considerably more difficulttodo 
this for УНЕ and microwave frequencies. There are two 
reasons for this difficulty. First, the physical layout of the 
attenuator components is unlikely to provide a constant impe- 
dance through the attenuator. This causes a high SWR to exist 
оп the transmission line to the attenuator. The magnitude of 
the SWR is a function of the impedance and electrical length 
of the mismatched section, The SWR is minimum at zero elec 
trical length, rises to а maximum at %, and falls again to a 
minimum at ^^. Thus, if the length of the mismatched atten 
ator is a very small fraction of the wavelength of operation 
(less than 0. 1%), as willbe the саке at low frequencies. then the 
resultant SWR increase will be negligible 

The second reason for the difficulty in building attenua- 
microwave frequencies is the presence of reac- 


tors for use 
tive components in addition to the desired resistance їп resis- 
tors. Component leads have inductance whose reactance rises 
with frequency. Also, inter-esistor stray capacitance causes 
reactance that decreases with frequency. This can result in 
unwanted coupling. Despite these problems, itis possible to 
construct attenuators with reasonable performance up to the 
lower microwave bands, In addition, many of the measure 
ment applications use attenuators in the IF section of a receiv- 
ing system where the frequency is much lower. and attenuator 
performance is more predictable 

Two resistor configurations are commonly used to 
form attenuators, as shown in Fig 1: the T arrangement 
and the pi arrangement, A list of resistor values for given 
attenuation values can be found in Chapter 25 of recent 
editions of the ARRL Handbook. The resistors should be 
of carbon composition. (Don't use wire-wound resis 
tors—they make great inductors at RF!) To provide the 
best impedance match to а microstrip circuit, use the 
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Fig 1—T (A) and pi (B) attenuator configurations. 


technique shown in Fig 2 10 connect an attenuator to a 
source. This arrangement uses the pi configuration of 
Fig 1, with the single resistors to ground replaced by 
pairs of paralleled resistors to minimize inductance, in 
crease power-handling capability and create a symmetri- 
cal structure. A binary sequence of attenuation values (1 
dB, 2 dB, 4 dB, 8 dB and 16 dB) will yield the largest 
range of possible attenuation levels with the minimum 
number of attenuators, To minimize stray coupling prob- 
Jems, no single attenuator should provide more than 
about 20 dB of attenuation. 

Resistor values for various ац 
Table 1. The values in Table 1 do not correspond exactly to 
commonly obtainable resistor values. One way to deal with 
this problem is to connect resistors in series and/or parallel to 
‘approximate the desired resistance. This approach is not desir- 
able if the attenuator is to be used above VHF, because in- 
creased physical attenuatorsize and reactances can cause prob 


ation levels are given in 


lems. A second alternative is to select resistors that have 


Table 1 
Pl-network Attenuator Resistor Values 
Attenuation FR, Ra 
(ав) (ohms) (ohms) 

1 58 869.5 

2 116 436.2 

4 238 221.0 

в 528 1161 

16 1528 688 


E 


X Sale ead to \ 


ion 


Fig 2—Circuit-board layout for a 50-0, pl-contiguration 
microstrip attenuator for VHF use. Microstripline width 


epoxy PC-board material 
lengths as short as possible to minimizer 
high frequencies. 


slightly lower resistance than that required. A small round file 
can then be used to remove a small amount of the resistor, as 
shown in Fig 3. This will increase its resistance. After the 
resistor has been adjusted to the required value, a small dab of 
paint should be applied to cover the exposed carbon. I high 
power-handling capacity is not required, ⁄4-W resistors may 
be used. The smaller the physical size of the resistors used, the 
larger the frequency range over which the attenuator will func- 
tionas designed. Chip resistors are ideal for usein ОНЕ atenu- 
ators, if the correct values are available. 

Resistive attenuators builtas described should work from 
de up to the frequency at which impedance mismatch and/or 
reactances become significant It follows that attenuators can 
be characterized at de, and their RF performance can be in- 
ferred from this. To check the impedance match, the input and 
‘output de resistance to ground should be SOQ. Attenuation can 
be calculated as follows: Terminate one port al the attenuator 
witha $0-@ load. Apply a small de voltage to the unterminated 
attenuator por, and measure the de Voltage atthe terminated 
port. Attenuation is given by: 


^ © 


Fig 3—Cross-section of a carbon-composition resistor 
before (A) and after (B) filing to increase resistance. Be 
sure to seal the body of the resistor after filing (use a 
few drops of paint of пай polish) to prevent 
contamination and subsequent resistance 

drifting. 


Fig 4—Preamplifier-gain measurement setup. See text. 


Remember that this is only ade check—how these values 
will change at RF depends on the factors described earlier. For 
accurate RF attenuation measurements, more complex testing 
is required, Alternatively, attenuators can be calibrated by 
comparison with attenuators of known accuracy 


Attenuator Uses 

A typical setup for measuring preamplifier gain using 
attenuators is shown in Fig 4. A signal source is fed into а 
converter and the output of the converter fed into an IF re- 
ceiver, typically at 144 MHz or below. The signal level at the 
IF receiver (S-meter reading or audio output voltage) is then 
noted. The preamp is then putin line between the signal source 
and the converter and an attenuator is placed between the 
converter and IF receiver. The attenuator is then adjusted until 
the IF signal level duplicates that measured previously. Atthis 
point, the attenuator is canceling the preamplifier gain (as 
suming the converter is operating in is linear region). The 
preamp gain (in decibels) is then given by the total attenuation 
in decibels. Since the signal level at the IF receiver is the same 
in both cases, nonlinearities (such as AGC action) do not af- 
fect the result, An attenuator can also be placed ahead of а 
converter, i the attenuator is known to be accurate at a higher 
frequency. 

Noise-figure (NF) comparisons can be made with the 
arrangement shown in Fig 5. A noise source is connected to а 


A (dB) = 20 log (Vout / Vin) вар 


Fig 5—Recelver-noise measurement system. Th 
matching purposes. See text. 


Ktenuator immediately after the noise generator is for impedance- 
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converter via an attenuator. The attenuator provides a 50-@ 
„match between the noise source and converter, The output of 
the converteris then fed to the IF receiver viaa variable attenu- 
ator. The receiver output (S-meter reading or audio voltage) 
is noted with the generator off and the IF attenuator set to 
0 dB. The noise generator is then turned on and the IF atten- 
uator adjusted for the same reading as previously noted, 
The amount of attenuation required is related to the converter 
noise figure—the more attenuation required, the better the NF. 
The front end of the converter may then be tuned to yield the 
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best noise figure, or two different converters may be com- 
pared. 

Simple diode noise generators are useful for NF compat 
som tests, but are not reproducible enough to make accurate 
measurements. Ifa stable, calibrated noise source is available, 
this method may be used to determine actual NF. 


Note 
"Schetgen, ed., The ARAL Handbook for Radio Amateurs, 
Tist ed. (Newington: ARAL, 1993), p 12-3. 


Thermistor Power Metering 


By Bob Atkins, KA1GT 
(From OST, Aug 1988) 


hen building microwave equipment, it is often desir. 

abletomeasuretherelatively low output power of local 
oscillators or mixers, One cheap, simple and nearly foolproof 
way of doing this is by using a thermistor power meter. A 
thermistor isa device with resistance that depends on tempera- 
ture. The power meter shown in Fig | uses a thermistor to 
sense the change in temperature of 50-02, 4-W resistor used 
asa load forthe power being measured. The 50-0 load resistor 
dissipates applied RF in the form of heat, causing the resistor 
temperature to rise. The thermistor is in contact with the resis- 
tor, secured by a spot of epoxy glue. As the temperature of the 
thermistor rises, its resistance changes (usually, it decreases). 
When the resistance reaches a steady value, the reading is 
noted and the RF power removed. А de voltage is then applied 
чо the resistor. The voltage is adjusted so that the thermistor 
resistance stabilizes at the same value as that obtained when 
the RF power was applied to the resistor, Under these condi 
tions the de power and RF power applied to the resistor are 
equal and given by: 


P=V2/R (Eq) 


A few points to note: The physically smaller the load 
resistor, the higher and more rapidly its temperature will rise 
fora given input power, hence, he greater the sensitivity ofthe 
measurement system. With a /4-W resistor, power levels of 
10 mW сап be easily measured. The smaller the thermistor 
bead and leads, the Jess heat it will absorb and the better it will 
track the resistor temperature. 

‘There are, of course, some problems with this technique. 
It assumes that all of the power supplied by the generator is 
dissipated in the resistor, Any reflected power will not be 
measured, soa good match is required. Perhaps the best physi- 
cal layout would be а 50-0 microstrip terminated by а small 
50-0 chip resistor. 

The temperature reached by the resistorithermistor com- 
bination depends not only оп input power, but also on ambient 
temperature. Ifthe circuit is in an enclosed box, some drifting 
of readings may occur if there is too much heat buildup in the 
box. Because of this, itis betterto measure higher power levels 
(more than 50 mW) using calibrated attenuators ahead of the 
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Fig 1—The schematic diagram of a thermistor power 
meter is shown at A. An ohmmeter is connected to tho 
thermistor leads and resistance drop measured while 
power is applied to the load resistor, after the load 
temperature stabilizes. The resistance change of the 
thermistor from room temperature is then calculated. A 
de signal that causes the same resistance change is 
then applied, and the power level calculated. The 
‘smaller the load resistor, the more precisa the 
measurement can be. At B, the method of physical 
attachment of the thermistor to the load resistor is 
‘shown. 
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power meter. Finally, the system response time is slow (sev- 
eral tensof seconds, depending on the input power and thermal 
capacity of the system), so it cannot be used as ап indicator to 
“peak” circuits, Nevertheless, Ihave found this type of instr 
ment quite useful, and it can be constructed for only a few 
dollars 

Thermistor prices depend on the thermistor used (its sta- 
bility, materials, construction and so on), but are typically in 
the $5 range, They may be obtained through local electronic 
parts distributors. One thermistor I have used is the Fenwell 
Electronics type 112-503JAJ-BOL. Because it has a 0.040- 
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inch bead with very thin lead wires, its thermal mass is small. 
Ius resistance at room temperature is about 50 КО, and drops 
by about 7 KO when the device is in contact with a VW, 
50-Qresistordissipating 10 mW. There аге undoubtedly many 
other thermistor types and brands that would work equally 
well. final point to remember is that this measurement tech- 
nique measures the total power delivered to the resistor, 
including power at the desired frequency and that at all 
other frequencies (such as harmonics). This should not usually 
cause problems unless a particularly "dirty" source is being 
measured! 


Zap Insurance—A Simple RF Detector 
for Operator Safety 


By W. O. Troetschel, K6UOH 


A eie levels of microwave power become avilable, 
amateurs must seriously consider a method of detecting 
dangerous levels of stra 


RF. The "Zap Insurance” detector 
(Fig 1), designed and constructed by Bill Troetschel, K6UQH, 
сап help you locate sources of stray energy. When placed at 
head level, it provides a positive indication that your operating 
area is safe, 


Cirevit Details 


‘The schematic diagram is shown in Fig 2. RFen 
a probe antenna is fed to а S0-ohm input circuit, consisting of 


Fig 1—View of the КООН “Zap Insurance" detector, 
with a 1296-MHz probe antenna in place. 


RI and R2. Germanium diode DI is a simple RF detector. An 

RC filter follows, consisting of C1,C2, R3 and RÀ, The resul 

ing de is fed to MI via potentiometer RS, which provides 

calibration adjustment. The frequency response of this simple 

circuit is extremely flat from 28 to 1296 MHZ, and more than 
ate up to 3456 MHz 


Fig3 shows the parts layout, The entre circuit is built on 
а Ya x 1% x 3-inch piece of single- or double-sided glass 
epoxy circuit board. A hole is drilled for the Type-N connec- 


tor, which mounts on the underside of the circuit board 
(Fig 3C). A shim is placed between the flange and 
circuit board so that the ground “sleeve” on the connector is 
5 side of the board, Four screws are used 10 
hold the connector in place. but a pair of thin brass shims must 
also be positioned through u 
soldered to both 


flush with the 


е circuit board. These should be 
orto one ground plane and the 


Fig 2—Schomatic diagram of the zap detector. All 
resistors are YW, carbon film. 

C1—15- to 27-pF chip capacitor. 

C2—560- to 910-pF chip capacitor. 

. 1000-pF feedthrough capacitor. 

D1—1N82AG-C (International Rectifier Со), 
Ji—Chassis-mount female Type-N connector. 
M1—0-200-,A panel meter. 

RS— Miniature trimmer potentiometer. 


Test Equipment 


Er 


DIS 


Connector 


leads should be kept as short as possibi 
mounting detail is shown in С. 


connector housing if single-sided board is used) to provide a 
long-lasting RF connection. Holes are also drilled for mount. 
ing the feedthrough capacitor and Teflon standoff insulator. 
The later hole should be small enough so that the standoff is 
a press fit 

Keep all component leads as short as possible to prevent 
unwanted resonances. In addition, pay particular attention to 
the mounting of C1 and C2 (Fig 3B). The cireuit-board assem- 
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bly and meter are mounted together ina 4 x 2% x 2-inch LMB 
chassis box. A hole should be made in the box to provide 
access to the calibration trimmer potentiometer. 


Calibration 

Thedetectoris calibrated by applying a2-mW, 1296-MHz 
signal to the Type-N connector. Adjust RS for a full-scale 
meter deflection, Reduce the drive level to I mW and note the 
reading. Using this point as a reference, apply a 1-mW, 
28-MHz signal and check this reading against the reference 
Should they coincide, no further adjustments ace necessary for 
the range of 28 to 1296 MHz. If the 28-MHz reading is less 
than the 1296-MHz reading, increase the value of R3. Ifthe 
28-MHz reading is greater than the 1296-MHz reading. 
decrease the value of R3. The proper value of R3 is both diode 
and load dependent, and may vary from approximately 68 to 
120 ohms. Whenever ЁЗ is adjusted, always return to the 
beginning ofthe calibra 


— 


Fig 4—Relative response of the zap detector with 1 mW 
ol RF applied. 


Fig shows the measured response of the unit from 28 to 
3456 MHz. Notice the minor resonances occurring above 2000 
MHz. These are minimized by a secondary calibration proce- 
dure. The object is to "tune" out stray inductance and capaci 
tance by adjusting the height of DI and R3 above the ground 
plane. With the proper equipment and a little patience, it's 
possible to extend the useful range of this instrument to well 
above 1296 MHz, as shown in the graph. The only possible 
exception is if a substitute diode is used for the IN82AG-C. 
Many of the modern-day substitutes are silicon, rather than 
germanium. Ifa silicon diode is used, varying the value of R3 
and RS should allow operation up to 1296 MHz, but no guar- 
antee of higher-frequency operation is given. Differences in 
diode junction capacitance and "catwhisker" inductance may 
produce unwanted resonances that can't be tuned ош. 

When calibration is completed, you can change the meter 
scale to indicate 2 mW full-scale. Alternatively, it can be cali- 
brated in microwats, as shown in Fig I 


Operation 

Because the zap detector is a simple device, you should 
пог expect it to be as accurate as a true power-density meter. 
However, when checked against a commercial meter of this 


type, the accuracy was found to be surprisingly good. The zap 
detector's meter is a bit generous, which provides an addi- 
tional, “built-in” safety factor 

‘Operation is simple. A piece of heavy bus wire is cut to 
a quarter wavelength on the band you wish to monitor, and 
inserted in the Type-N connector. А quick check can be made 


by inserting a 2304-MHz antenna and placing the unit near the 
door ofan operating microwave oven. In most cases, the meter 
should read about 500 microwatts, (If it reads higher, have 
‘your oven checked for radiation leaks!) The detector should be 
placed near head level in the shack as an RF “sniffer” during 
transmission, 
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A Milliwattmeter for HF to 1296 MHz 


By W. O. Troetschel, K6UOH 
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Fig 1—The KSUQH Milliwattmeter shown here is 
accurate and easy to build. Note the dual-range home- 
made meter face 


ч Ah ala oh * 


Fig 2—A comparison of the K6UGH Millivattmeter. 
versus the Hewlett-Packard HP423A. The response of 
both units is similar up to 1296 MHz. 


Fig 3—The K6UOH Milliwattmeter can be used with two 
different detector heads, labeled 1 and 2 in the photo. 
‘See text. 


anything but simpleminded. In fact, they're quite subtle in 
terms of behavioral characteristics. The "physics" of the junc- 
tion type and the diode's physical construction must be con- 
sidered for RF applications. The junction capacitance and the. 
lead inductance can create unwanted resonances at microwave 
frequencies. This is one reason why the wattmeter's upper 
usable limit is set at 1206 MHz (using the hot-carrier diodo). 
Although the input circuit represents a good impedance match 
at 1296 MHZ—it's not perfect, and the input SWR starts to act 
up in the 2- to 4-GHz region. 

Fig 3shows twodifferent“detectorheads.” Detector head 
no. 1 is made with the most readily available parts. Note the 
cireuit-board shim used to keep the Type-N fitting flush with 
the parts side of the single-sided, inch circuit board. Also 
note the “carry-through” shim strips from the ground plane to 
the Type-N connector. 

The basic Millivattmeter can also be used to measure 
levels of stray RF in your shack (up to 1296 MHz). If you see 
levels greater than 5 mW, you'd better shut down and add 
improved shielding to your gear, or relocate your antenna to 
ensure your safety. 

Before we get into the nuts and bolts, there are afew time- 
savers worth mentioning. The internal resistance and current 
rating of the meter will affect the value of the calibration 
resistor. Make sure the calibration pot has enough range to 
accommodate the mete. 

Flat-plate capacitors have to be flat otherwise, regard- 
less of the dielectric material, the measured value of the 
capacitor will be less than its calculated value. The fat- plate 
capacitor was around long before the ceramic chip type be. 
came available, and still represents a good, low-inductance 
capacitor 

"The 100.62 input resistors should be mounted flat against 
the ground plane, with a minimum lead length. This provides 
a wide-band 50-4 termination 

Ве sure the input resistors аге the carbon film type—not 
the standard composition type 


Table 1 
Detector Head Construction 


Detector Head No. 1 
Base plate— en. single- 


Detector Head No. 2 
Base plate—Brass plate, 


‘sided glass-epoxy 0.05-n thick. 
cult board Size = 3x 24i. 
Size = 3x dn, 


Capacitor plate—Brass plate, 
0.02- to 0.032 n. 
Size 


Capacitor plate—Brass plate, 
0.02- to 0.032-in thick, 
12x23. 


х2 Size 


Input fiting—Type-N. Input ftting—Type N. 


Construction 

To build the Milliwattmeter you'll need standard UHF 
construction tools. Table 1 lists the materials used for the 
detector heads. Fig 4 shows a typical parts layout for the de- 
tector head, and Fig 5 shows the schematic diagram. 

‘The detector heads are designed to provide a flat plate 
capacitance value of about 800 to 1100 pF, depending upon 
the type and thickness of your mica stock. In any case, a value 
of 600 pF or greater seems to work well. 

‘The resistor in series with the diode is quite important. 
For the hot-carier diode, is value will range from 39 to 82,0. 
Its effect is most noticeable at the low frequency calibration 
point 

"This resistor will also interact with the calibration resis- 
tors, so if you change its value, start the calibration process 
‘over. When you find the right resistance value for your meter's 
diode, the frequency response will be acceptably flat from 28 
10 1296 MHz, 


Calibration 
First, you'll need a power reference standard—usually 


(9) 


Fig 4—Construction details of a typical detector head, 
See text and Fig 3. 
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Fig 5—Schematic diagram of the Milliwattmeter. Fixed 
resistors are carbon film, not carbon composition. 

R1, R2—100-0. 

R3--Selected carbon-film resistor (see text). 

RS—5- to 10-k calibration potentiometer (for 10-mW 
inge). 

RG—25-kQ calibration potentiometer for 100-mW range. 
D1—HP 5082-2835. 

C1—Flat-plate capacitor, approximately 800 pF. See text. 
C2—100-pF feedthrough capacitor. 


available at surplus stores, flea markets or from a friend. This 
meter was calibrated at 1296 MHz using an HP-430C power 
meter. For the dual-range meter, calibrate the 10-mW range 
first, since its calibration trimmer is in series with the trimmer 
used for the 100-mW range. All measurements of the detector 
response are made using a S-mW variable frequency source, 
referenced to the meter scale reading, 

The frequency sources can be your station's exciters, 
properly “padded,” to provide a S-mW signal to your power 
standard (and then switched to your meter). Be sure to use a 
clean signal for this purpose—use high-Q filters if possible. 

A PRD Type S712A Signal Source was used to measure 
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the frequency response from 1900 to 4000 MHz. 


Comments 

Sohotky-barrie, hot-carrier diodes were selected forthe 
Milliwattmeter because of their consistent characteristics from 
HF to 1296 MHz. Similar results can be obtained using germa- 
nium point-contact diodes such as the INSZAG-C. 

Between 1900 and 4000 MHz, the diode junction capaci 
tance, the inductance of the “catwhisker,” the load presented 
to the diode, and the input circuit all have considerable effect 
оп stray resonances that can occur at these high frequencies. 
If you have the equipment and the patience, you can take а 
vantage of these characteristics to obtain a useful detector 
above 1296 MHz. A sweep frequency generator will make this 
job much easier. 

‘The response curve of the detectors above 1296MHz will 
vary considerably, depending upon which frequency the meter 
is optimized for. With no adjustment, the detector response 
typically falls off rapidly above 1296 MHz, and then rises 
between 3.5 to 4 GHz (the limit of my measurements). If you 
choose to make the adjustments, the hot-carrier diode needs 
‘more stray capacitance, and the point-contact diode needs less 
stray capacitance to compensate the detector forthe frequency 
you select, 

"This is accomplished by moving a capacitive "ta 
the diode series resistor. 

By using these adjustment tricks, it's possible to obtain a 
properly-calibrated response at 2304 or 3456 MHz. 

Surplus stores and flea markets are a source of many 
hard-to-get parts. I use a Micromatch 40-dB throughline 
directional coupler (rated at 400 watts at 1296 MHz) in con- 
junction with a low-power, 10-dB attenuator (both flea- 
‘market purchases) with the Milliwattmeter to monitor the 
‘output powerofmy 1296-MH2 amplifier (typically 400 watts). 


1296 Power апа SWR Indicator 


——— 


By Bob Atkins, KA1GT 
(From OST, Nov 1980) 


ME one over bands ae umi 
able for use on 1296 MHz. A constant (50-2) imped- 
ance must be maintained in the transmission line to make 
‘meaningful SWR and power measurements. The stripline for- 


E SINE 
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ward and reverse power indicator shown in Figs 1 and 2 will 
enable you to make such measurements at low cost, Since all 
the lines on the PC board are 50-02 microstrip lines with a 
width of 2.6 mm, they can be laid out using standard f. in 
Wide (2.54 mm) PC drafting tape as theetch-resistant material, 
with very little resultant error. This is somewhat easier for 
most constructors than the use of photoresist etching tech 
niques. You can calibrate this instrument by comparison with 
а power meter of known accuracy at 1296 MHz, if one is 
available. The unit may be used as an indicator for tuning up. 
а low-power transmitter (maximum forward power) or for 
tuning an antenna (minimum reflected power). 


ET 


Fig 1— Configuration and design data for a 1296-MHz 
power and SWR indicator. 


Fig 2— Schematic diagram of a power and SWR meter 
suitable for use on 1296 MHz. 
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5.7-GHz Waveguide Probes 


By James D. Green, K5]G 


А а on ы one is E ыш 
able on coax-to-waveguide transitions. These usually 
take the form of a shorted section of waveguide with а coaxial 
connector and probe. Very litle information is available on 
the insertion of a probe in the main transmission guide, even 
though they are quite often needed for sampling without dis 
turbing the transmission system. A simple means of sampling 
the output of your transmitter or microwave test gear to mea- 
sure frequency or relative power without interfering with the 
signal being transmitted, would certainly be valuable. The 
probe arrangements described here will accomplish this hand- 
EN 

With the trend toward miniaturization, the SMA уре 
connector was chosen for coaxial connection to the waveguide 
probe. This offers several advantages; particularly, it presents 
‘only a very small obstacle in the main guide. The specific 
‘connector used here is an E. F. Johnson type JOM-142-0294. 
001, The JCM connector isa semi-precision miniature (3-mm) 
connector fully compatible with all SMA types. When used 
‘with semi-rigid coax its performance is satisfactory well be- 
yond 6 GHz. Even though itis gold plated, the price is reason 


able, As with most connectors of this type it has a character- 
istic impedance of 50 Q. 

The object of this project was to accumulate sufficient 
data that the average amateur microwave experimenter could 
‘sample energy from any WR- 137 waveguide withoutthe usual 
expensive “сш and try" approach. The curves shown in Fig 1 
were derived by first assembling three short flanged sections 
of WR-137 waveguide, Holes to accommodate the coax con 
rector were drilled in each as per spacing indicated. The con- 
песїог were measured and averaged before mounting. These 
‘measurements are shown in Fig 2. The probe length referred 
to here is measured from the flat nut portion of the connector 
то the tip that coax would normally be soldered (see Fig 3). 


(wor to sous) 
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Fig 1—Graph of probe coupling for various spacings 
and probe lengths. 
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Fig 2—Probe construction and mounting. 


Fig 3—Probe length measurement. 


“This was done because of ease in measuring this distance with 
the depth measuring facility of a standard caliper. Each con- 
nector was lightly soldered into position with the probe (tip) 
length as they came from the factory. 

Measurements were made on each section for coupling, 
frequency response of each probe and return loss and fre 
quency response through the main guide. A standard sweep- 
reflectometer setup was used to conduct these measurements, 
Connectors were removed and probe lengths shortened suc- 
cessively and measurements conducted for each leagth and 
spacing. The results of these measurements are summarized in 
the curves shown in Fig l. From these you can decide the 
spacing and probe length for the coupling desired. For ex 
ample, if -20 dB coupling is desired, the curves indicate that 
spacing ofQ 32 in. from the main guide side wall and a probe 
length of 0.120 in. would be satisfactory, It can also be seen 
thata probe spacing of 0.25 in. with a probe length of 0.150 
would also supply -20 dB of coupling 

The probe protrusion into the main guide has much less 
effect on transmission in the main guide than might be ex- 


pected Thisis mainly due to its small size. A Type-N connec- 
tor, for example, would have a much greater effect for the 
same degree of coupling. The worst case is where the longest. 
probe length is used and mounted in the center of the guide 
0.75 in. spacing). This effects only a 24-d retur loss across 
the band. This isequivalentto approximately 1.14:1 SWR. As 
the probe is shortened and moved toward the side wall, the 
return loss gets even better, Frequency response across the 
band i rather good, exhibiting no more than 1.0-4B variation 
regardless of the combination used. 


Construction: 

Location of the probe in line with the long dimension of 
the main guide is unimportant and may be placed at (he most 
convenient point. After this location is determined measure 
and scribe the location of the probe along the perpendicular 
axis by measuring with а caliper from the outside wall toward 
the guide center, This hole should be marked with a center drill 
and then drilled with a no. 2 (0,221-in, diam.) drill. Clear the. 
hole of any burrs. 

1f some dimension other than the normal length of the. 
connector is desired, file the tip carefully. Hold the connector 
with the threaded portion down and probe tip up. Seat the butt 
end of the caliper on the probe tip. Run the sliding arm of the 
caliper depth gauge down until it barely touches the flat side 
of the nut-shaped portion of the connector (Fig 3). This will 
give you the probe length. File only a small portion of the 
probe atone time and remeasure. The tip is small, delicate and 
easy to over file. When the probe length is correct the connec- 
tor may be soldered into the main guide. Use only soft solder 
and do not apply heat directly to the connector body. Heat 
applied to the waveguide will be conducted sufficiently to the 
connector for good solder flow. Clean up any flux residue and 
the probe is ready for use. 


Conclusions 

‘The probe provides one of the simplest methods of allow. 
ing one to check the frequency or power of a transmitter while 
it is in operation without disturbing the transmitted signal 
Determine what level RF is required. By using the data sup- 
plied here a simple probe can be installed that will do the job 
‘without the usual “сш and try" approach. If it is desired to use 
more than one probe in the main guide this should not present 
any problem, 
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Waveguide Loads 


By Kent Britain, WA5V]B 


(From Proceedings of Microwave Update 80) 


S imple, quick, and common stuff: that was the idea. I went 
through about two dozen designs and these are the two 
that worked best. The absorber is that black foam stuff you 
store ICs in. The foam conductivity varies quite a bit. Put your 
ohmmeter probes on the foam, about an inch apart, Highly 
‘conductive (approx 100), Medium (approx 50 КО and Low! 
Static Dissipative (>200 КО). This carbon-loaded foam usu- 
ally comes in thin sheets, so you may have to build the load up. 
with several layers 

My commercial loads showed from 32. to 45-4B return 
loss so these foam versions worked pretty well. For the purist, 
Eccosorb worked best, but isn't commonly available. Finally, 
the lowest SWR occurs if you leave the back end of the 
waveguide open, but there will be some leakage 
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Fig i 


rious methods of making waveguide loads 


from conductive foam. Н = Highly conductive, М = 


Medium conductive, 


‘ow conductive (see text). 


A Single-Knob, Single-Crystal 
VHF/Microwave Calibrator 


By Bill Troetschel, КЕШПОН 


hisunit, shown in Fig I, provides a highly accurate set of 
RF signals from VLF to the microwave spectrum 
rectly referenced to WW V. Itcanbeused to calibrate and align 
HF ot VHF receivers and provide accurate reference signals in 
the VHF-microwave spectrum—simultaneously. 
Error sources that normally affect the accuracy of fre- 
quency measurements are typically 


+ Basic receiver calibration and tracking 

+ Crystal oscillators in converters. 

+ General confusion in terms of the myriad ways receivers and. 
transmitters internally use "offset" oscillators for various 
modulation modes 

+ The inability of the human ear o hear a true subaudible zero- 
beat signal 


The first three items generally represent "fixed" condi 
tions, while the last illustrates the law inthe general technique 
used to identify the others. 

Nearly all amateur receivers have very little audio re- 
sponse below 100 Hz, and few people have good audio percep- 
tion below 20 Hz, Therein lies the problem with obtaining an 
accurate zero beat 

Most hams use a transfer oscillator to zero-beat WWV. 
and then use its harmonic to zero beat atthe desired receive 
frequency. A few hams have “error-free” frequency counters 
calibrated to WWV. The problem with either approach is that 
an audible WWV zero beat is generally a "dead space” on the 
dial typically 30Hz wide, Assuming you use a 10-MHz WWV 
signal to calibrate a 2304-MHz signal, a 20-Н error at the 
fundamental means an error greater than 4.6 kHz at the har- 
monic. The visual method described in this article is much 

The Single-Knob, Single-Crystal Calibrator provides an 
ceasy-to-adjust signal with visual subuudible zero-beat indica- 
tor. (You watch the receiver S meter as the WW signal and 
the calibrator signal combine in the receiver.) 


Circuit Description. 


A block diagram ofthe calibrator, and one possible appli 
cation are shown in Figs 2 and 3. The unit is shown schemati- 


e 

Fig 1—At A, a front-panel view of the Single-Knob, 
Single-Crystal Calibrator. At B, an interior view shows 
the placement of the three circuit boards and the power 
supply. 
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Fig 2—Block diagram of the calibrator. 


cally in Fig 4, and a suitable power supply is shown in Fig 5. 
Fig 6 shows a 40-dB attenuator pad, depicted in the block 
diagram. 

The heart of the calibrator is the Motorola MC4024 TTL. 
chip, an astable, dual voltage-controlled multivibrator, oper- 
ating as a crystal-controlled oscillator. The crystal is Croven 
fundamental-mode. AT-cut, high-drive crystal сш for 
14.403000 MHZ. ft provides а rock solid output at 14.400000 
MHz when tuned by the calibration potentiometer. This cir- 
cuit is designed to oscillate far enough below the crystal fre- 
quency to provide mid-range tuning for the calibration poten- 
tometer. 

Two outputs are taken from the oscillator at 14.4 MHz 
The firstis doubled to 28.8 MHz and amplified by the 2N2222 
stages. This signal is applied to a comb generator that provides 
the VHF/microwave output (at frequencies spaced 28.8 MHZ 
арап). A 1N914 diode is used in the comb generator. A more- 
efficient step-recovery diode is discussed in the references, 
but the INDIA produces useful outputs well above 2304 MHz. 

‘The second output is prescaled by a factor of four by a 
7474 dual type-D edge-triggered flip-flop. This stage is needed 
to reduce the divider's input frequency to compensate for the 
time delays incurred in the 74192 up/down counters. and pro- 
vide an accurate reading on the BCD (binary-coded decimal) 
frequency division switches. A 7404 hex inverter buffers the 
output. 

By selecting the proper division ratio on the BCD 
switches (described later), many VLF signals and their har- 
monies can be selected for calibrating your HF/VHF receiver, 
and for referencing the WWV signal available in your area, 
Forexample: 14.4/4=3.6 MHz. This 3.6-MHz signal, divided 
by 144 provides 25-kHz reference markers, plus the usual 
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WWV markers at 25, 5, 10, 15 and 20 MHz. Other useful 
divider ratios are 36 (100 kHz), 72 (50 KHZ) and 360 (10 KHZ). 
To determine the harmonic interval of the marker generator, 
use the Formula. 


36MHz/3-digit BCD display x 1000 = marker frequency (kHz) 


The output of the 7404 hex inverter is quite strong, so a 
40-48 attenuator attenuates the signal level to make its har- 
‘monies approximately equal in strength to the WWV signal. 


Construction 

Point-to-point wiring or a PC board are equally suitable 
forthis circuit. I built mine on a PC board. PC board templates 
and part-placement diagrams are given in Figs 7 through 12. 
Perhaps the most tedious part of the job is wiring the BCD 
switches, Remember that the first divider is for units, the sec- 
ond for tens and the third for hundreds. When mounting the 
BCD switches on the front panel, be sure they read hundreds- 
tens-units. The BCD switch is wired as a 5-V common system, 
and nor asa BCD complement (where the common is ground). 

Construct the comb generator circuit carefully in terms of 
layoutandlead dress. Remember, the RF output frequency can 
be as high as 10,368 MHz if you are careful 


Alignment 

There is no question but that the best way to tune up a 
comb generator is with a spectrum analyzer. By using your 
receivers as signal-strength indicators, however, you can 
do an acceptable job. 1 assume you can find your frequency 
to within 14 MHz. Since the basic oscillator frequency is 
144 MHz there ae several unwanted frequency spikes spaced 
144 MHz apart in the comb, particularly atthe lower frequen- 
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Fig 3—Here's one application of the calibrator. See text for more Information. 


cies. You can minimize their effects considerably by tuning 
with the aid ofa spectrum analyzer, but the spurs shouldn't be 
aproblemif you use high-quality microwave receivers astune- 
up indicators 

The first step in alignment without a spectrom analyzer is 
to set the IN914 bias pot to its maximum value, Monitor the 
voltage across the pot with a sensitive voltmeter, and adjust 
the doubler and amplifier stages for maximum voltage—ap- 
proximately 2 03 V. Turn the bias pot to approximately zero 
resistance. At this point, connect а 2-in. stub antenna to the 
VHE/microwave ouput. You should be able to hear the cali 
bration signal on your receivers. Now, use your station receiv- 
ers, preferably the highest frequency receiver available, and 
adjust the other controls for maximum signal strength—and 
you're done, 

your wattmeterhas a 10.mW range, an alternative tune- 


up procedure is useful, Set the diode bias pot as above, and 
tune the entire unit for a maximum power indication, Output 
should be between 3 and $ mW, which represents the summa- 
tion of all harmonics from that port. Set the bias pot to zero 
resistance. The power output should drop to about 2 mW, 
which indicates proper operation. 


u 


1 the Calibrator 
To calibrate an HF receiver, first tune in WWV at any 
frequency on which reception is good. Then couple the output 
of the decade dividers to the receiver antenna input, through 
the 40-<dB attenuator pad. 1 use a coaxial tee connector at the 
receiver antenna jack, Set the BCD switches to provide the 
desired output markers. Now, carefully tune the calibration 
potentiometer while watching the receiver S meter. When the 
needle starts to flop around, you know you're getting close to 
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Fig 5—Schematlc diagram of a power supply suitable for use with the calibrator. 


D1—Bridge rectifier 100 PIV, 4 A. U1—Regulator IC, 412 V, 1 A, 7812 or equiv. 
D2—Red LEI tor IC, +5 V, 1 A, 7805 or equiv. 


Ti—Power transformer, 18-VAC, 2-A. 


Fig 6—Schematic diagram of the 40-48 attenuator, used 
to make the calibrator signal strength equal to the 
received strength of WWV. 
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Fig 4—Schematic 
diagram of the 
calibrator. 

C1, C2, C4—Trimmer 
capacitor, to 40 pF. 
c3 Trimmer capacitor, 

15 to 20 pF. 

ce. Trimmer capacitor, 
30 to 450 pF. 

11—12 tno, 20, vein. 10, 
alr-wound, close- 
spaced. 

127151 по. 26 on 737-6 

L3—13 t no. 26 on T50-6 
соге. 

LAS t no. 20, "cin. ID, 


| 


4-1 inch 


Fig 7—RF board template. 
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Fig 11—Prescaler board template. 


zero beat. When the S meter fluctuates at 1 Hz or less, you've 
achieved true zero beat with WWV. You'll be able to hear the 
beating effects on your receiver as you adjust the calibration. 
pot 

Once the oscillator has been calibrated against WWV, 
the output from its microwave port is also extremely accurate, 
and can be used asa frequency standard well into the micro- 
wave region, If you use the 20-MHz WWV signal and adjust 
thecalibratorso the beatnoteis less than 1 Hz, theerrorat 1296 
(MHz is only about 65 Hz, You can get greater accuracy by 
‘adjusting the calibration pot until the S-meter pointer is nearly 
stationary for a long period, say 15 seconds. The divider on- 
off switch removes the 5-V supply from the dividers to elimi- 
nate the VLF output and its harmonics when only VHF/UHF 
‘output is desired 

Ifyou use 6 or 2 meters as a tunable IF, first calibrate the 


Fig 12—Prescaler board part placement. 


unit against WWV, then use the divider output to check the 
calibration and tracking of your VHF receiver. Harmonics of 
the divider will show up as markers, up to at least 148 MHz, 


Conclusion 

Scheduled long-haul microwave горо DX is made easier 
when you know you're on the right frequency. With GaAsFET 
amplifiersatthe antenna, I receive the calibrator signal weakly 
оп 1296 and 2304 MHz. For the higher frequencies you may 
need more direct coupling, unless you have terrific preamps. 
You'll find that the calibrator signal is remarkably stable— 
perhaps more so than some signals you are used to receiving! 

Other crystal frequencies, prescaling integrals and more 
amplification prior to the comb generator will improve or 
extend the unit's capability to other bands, such as 50 or 
222 MHz. 
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"The seed for Amateur Radio was planted in the 18905, 
‘when Guglielmo Marconi began his experiments in wireless 
telegraphy. Soon he was joined by dozens, then hundreds, оГ 
others who were enthusiastic about sending and receiving 
‘messages through the air—some with a commercial interest, 
but others solely out of a love for this new communications 
medium. The United States government began licensing 
Amateur Radio operators in 1912. 

By 1914, there were thousands of Amateur Radio op- 
cerators—hams—inthe United States. Hiram Percy Maxim, a 
leading Hartford, Connecticut, inventor and industrialist saw 
the need for an organization to band together this fledgling 
group of radio experimenters, In May 1914 he founded the 
American Radio Relay League (ARRL) to meet that need. 

Today ARRL, with more than 170,000 members, is ће 
largest organization of radio amateurs in the United States, 
‘The League is a not-for-profit organization that: 


+ promotes interest in Amateur Radio communications and 
experimentation. 

+ represents US radio amateurs in legislative matters, and 

+ maintains fraternalism and a high standard of conduct 
‘among Amateur Radio operators. 


At League headquarters in the Hartford suburb of 
Newington, the staff helps serve the needs of members. ARRL. 
salso International Secretariat for the International Amateur 
Radio Union, which is made up of similar societies in more. 
than 100 countries around the world 

ARRL publishes the monthly journal 057, as well as 
newsletters and many publications covering all aspects of 
Amateur Radio. [ts headquarters station, WI AW. transmits 
bulletins of interest to radio amateurs and Morse code prac- 
tice sessions. The League also coordinates an extensive field 


can Radio Relay League 


organization, which includes volunteers who provide tech 
cal information for radio amateurs and public-service activi- 
ics. ARRL also represents US amateurs with the Federal 
‘Communications Commission and other government agen- 
cies in the US and abroad, 

Membership in ARRL means much more than receiving 
 QSTeach month. Inaddition о the services already described, 
ARR offers membership services on a personal level, such 
as the ARRL Volunteer Examiner Coordinator Program and 
A QSL bureau. 

Full ARRL membership (available only to licensed 
radio amateurs) gives you a voice in how the affairs of the 
organization are governed, League policy is set by a Board of 
Directors (one from each of 15 Divisions). Each year, half of 
the ARRL Board of Directors stands for election by the full 
members they represent. The day-to-day operation of ARRL 
HO is managed by an Executive Vice President and a Chief 
Financial Officer. 

No matter what aspect of Amateur Radio attracts you, 
ARRL membership is relevant and important. There would 
be no Amateur Radio as we know it today were it not for the. 
ARRL. We would be happy to welcome you as a member! 
(An Amateur Radio license is not required for Associate 
Membership.) For more information about ARRL and 
answers to any questions you may have about Amateur 
Radio, write or call: 


ARRL Educational Activities Dept 
225 Main Street 

Newington CT 06111-1494 

(203) 666-1541 

Prospective new amateurs call: 
800-32-NEW HAM (800-326-3942) 
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Wire Antennas that WORK! 


A collection of details and descriptions of antennas 
based on Spiderbeam fiberglass poles, 
as described in greater detail on DJ@IP’s Web Page: 
WWW.DJOIP.DE 


Antennas that work on the beach and also in your own back yard! 


The antennas described in this booklet were designed to be efficient, yet simple enough for the 
average ham to build, using common hand tools, Several of these antennas are used regularly by DX- 
peditions to all corners of the world. All of these antennas have been built and tested by at least опе 
of the Spiderbeam Team members: DF4SA / DF9GR / DIBIP / DL9USA / DOSPNS / WAPA. 


> spiderbeam 


re. pn seat 


First Edition, June 2016 - © Spiderbeam GmbH 


Feeding Low Band Verticals 
(Especially 160m) 


Common Mode Current Choke 


to vertical wire to radials 


Feedpoint 
Details 


17 turns RG-142 
on FT-24043. 


The choke is placed at the feedpoint of the Vertical. The drawing above shows how you can simply 
wrap coax on the toroid. Use RG-58 for a few hundred watts. For 1KW use RG-142 (Teflon Coax). 
For 1.5KW use 2х Toroids glued together. On the right you see a choke/balun usable for 40m 
and above. My choke looks similar to this, but has more windings in order to cover 160m. 

Itis not necessary to cross-wind the coax, but sometimes it is more convenient. 


A Hairpin Match (Shunt Match) 


I've used the shunt match for nearly 50 years. Itis a cheap and simple means of raising the 
feedpoint impedance from a low value (i.e. 109) to something closer to 500. This is a great 
way to improve a low band vertical's match. Use thick soft-drawn copper wire or thin copper 
tubing. | wound about 10 turns onto a wine bottle. Tune by pushing the turns closer together 
or pulling them farther apart. My choke and Hairpin Match are shown on the right. (ОЈ) 


> spiderbeam 


high performance lightweight antenas 


Quarter-Wave | Vertical 


HAIRPIN MATCH 
(Shunt Match) 


A quick and easy way to obtain 
a better SWR for short low-band 
Vertical Antennas. 


Wind thick wire or thin copper tubing The Coil: 
On a round object, such as a glass jar: 


TUNING: 


* Measure and record the SWR. 


+ Push the turns of the coil closer together and see if the SWR improves or gets worse. 

+ Pull the turns farther apart and check if the SWR gets worse or improves. 

* Adjust for best SWR. 

* Note: if spread too far apart and still not perfect, remove 1 or 2 windings from the coil. 


+ Note: if squeezed tightly together and still not perfect, add 1 or 2 windings to the coil. 


http://www.DJOIP.de/vertical-antennas/hairpin-match 


Simple Multi-Band HF Vertical Dipole 


Multi-Band HF Vertical Dipole 


Ona Spiderbeam 12m HD Telescoping Fiberglass Pole 


for: 80/40/30/20/17/15/12/10m 


Total Height: 12m (40 ft.) 


Wire: Spiderbeam CQ-532 
(6m per side — total 12m long) 
(20 ft. per side — total 40 ft. long) 
Note: Spiral the radiator wire down 
the pole about one turn per meter. 


Tip: tie a knot in the wire about 2cm 
(Lin) before each end, then fasten 
the wire to the pole with electrical 
tape orawire-tie. The knot prevents 
the wire from slipping back through 
the tape or ure ne. 


Simple lightweight insulator 


4500 Openwire Feediine 
Although the length Is not critical, 


there аге some lengths which 
can cause trouble. See text. 


Insulator уйе about 
бт (20 ft.) above ground. 
Fasten with wire-ties. 


Е 
Б 
й CAUTION HV! 
eee e " 
Vu еза 

50cm (2 ft.) Matchbox 
\ ad >| 
Guy stakes 519 7m away from pole. ipse 

[1610 23 ft.) 

spaced equal distance around the pole. Жый karte rid, 


Or, use tree or fence to fasten ends. 


Spiraling the wire down the pole distributes ts weight evenly around the pole and prevents It 
from flopping in the wind, Since the lower half of the pole is thicker (wider) than the upper 
half, the wire will end about 50cm above the ground. 


ITIS IMPORTANT TO KEEP THE WIRE THIS DISTANCE FROM THE GROUND! 


By DJOIP, November 2014 Page 1 


Wire = CQ-534 


Special Feedline 


Loop Lengths: 


Single-Loop 
Portable Quad 


Spiderbeam 3 – Band 


Feedpoint Impedance = 1000 


© = 2:1 E 
Insert @ 15m Feedpoint 


2 
Feedline Details > 


o "| Attach balun to 


[ 
DR 


om іту Töm 
IE < 450 Ohm Windowline 
[a 1084 mm —>je 851 mm] [WIREMANN] 


Special Feedline 


9/07/2012 


Mono - Loop Quad 


A Vertically Oriented, Horizontally Polarized Loop 


Jumper 
апа Portable Antenna n 


12m High 


Spiderbeam 


8m High — 


Up to S00w: 

* AWG-26 Wire (CQ-534) 
4m High - * 300 Ohm or 450 Ohm Feedline 
Over 500w: 

+ AWG-18 Wire (C0-532) 

+ 450 Ohm Feedline 


3000 or 4500 Д7 
Openwire 


+ Secure the feedlineto the pole near the 
feedpoint to provide strain-relief 

+ The feedline can be ‘almost’ any 
length as long as itis long enough 
to reach from the antenna to the 
shack. 

+ See text for more info. 


Spiderbeam 
Fiberglass Mast 


Jumper] Band 
in | 20,17,15, 12m 
ош | 40,30, 10*m 


"iso works on 10m with jumper "n 
Л улу у y 7 


ТУУТ Уу 7 7 7 rj 
NOTE ute symmetrical Mateos ор дотта Matchbox wth tor 4:1 Степ Balun. 
"a у а ORO uw y 


40m Delta-Mono-Loop 


A Vertically Polarized 
DX-Antenna 


a Height: 11m (36) 


TOTAL 
742.20m 
aar 100 


9.0m 
65 6% 


Total Horizontal Length 
(about) 17.20m (58' 1") 


Insulator 


Insulator 


Jumper 


> Height: 2.0m (6'6) 


DESCRIPTIO! 


A vertically polarized full wavelength loop, with more or less Omni-directional radiation (due to the low 
height, requiring NO RADIALS. NOTE: though good for DX, stations within 500 miles may be stronger on a 
simple dipole. 


CONSTRUCTION DETAILS: 

+ The pole should be about 12m high (minimum 11m). (39'4° to 367). Higher is better, but then you will 
have to re-adjust the total length for resonance. 

+ The feedpoint is located in either diagonal side near one corner of the antenna, enabling vertical 
polarization. This makes the antenna an excellent DX antenna. 

+ The length of the diagonal is not very critical and may be adjusted to help find a better fit in the space 
available, but the distance from the feedpoint to the top should be one quarter wavelength. 

+ The exact total length will vary depending on ground conditions at your OTH. Begin with 42.7m (137' 
30") and then shorten the horizontal leg to bring the resonance up to the desired frequency. 

+ Adjust total length by adjusting the length of the horizontal wire. (Easiest way) 

+ The horizontal leg of the antenna on the bottom should be 2 to 3m high (6'6" to 9'10") high enough for 
humans and animals to walk under. Changes to the height will require adjusting overall length. 

* The insulator shown directly on the pole at the 2m level is for mechanical reasons. Secure the insulator 
to the pole, and then pass the horizontal leg through the insulator, reducing sag in the horizontal leg. 

+ The insulator in the horizontal leg near the left is an option for convenience. It enables easy adjustment 
for resonance by removing or adding wire. For disassembly, disconnect one side from the insulator and 
then roll the antenna as a single wire. Each time | changed my QTH, | had to re-adjust the length of the 
jumper. just let the jumper wire hang down. For permanent use, you may leave this ош. 

+ The antenna will have an impedance between 900 and 1000. A quarter wavelength matching stub of 
75 Ohm coax will provide a good match to 500. RG-59 is good enough for about 500w. If you want to 
run more power, use RG-11. 


DIOIP; Original source: CQDL article by DLIBU, April, 1979, page 154. 
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The ultimate reference 

for Amateur Radio antennas, 
transmission lines and 
propagation 
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searchable book on CD-ROM 
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Antenna 


All the information you need to design your own 
complete antenna system. 


Since the first edition in September 1939, radio amateurs and professional engineers have 
turned to The ARRL Antenna Book as THE source of current antenna theory and a wealth 
of practical how-to construction projects. Use this book to discover even the most basic. 
antenna designs— wire and loop antennas, verticals, and Yagis—and for advanced antenna 
theory and applications. Many of the antennas in this edition benefit directly from advances 
in sophisticated computer modeling, 


This 21st edition has been extensively revised to include information you can use to build 
highly optimized or specialized antennas. The book includes new content on Near Vertical 
Incidence Skywave (NVIS) techniques, phased arrays, S-parameters as used in modern 

1 vector network analyzers (УМА), Beverage receiving antennas, mobile "screwdriver" antennas, 

ionospheric area-coverage maps, and much...much more. 
Fully searchable CD-ROM included! 
Bundled with this book is a CD-ROM containing The ARRL Antenna Book in its entirety, using 
the popular Adobe® Reader software for Microsoft® Windows® and Macintosh" systems. View, 
search and print from the entire text, including images, photographs, drawings... everything! 
The CD-ROM contains additional utiity programs, including: 
+ YW—Yagi for Windows + EZNEC-ARRL— antenna modeling for Windows 
* TLW— Transmission Line for Windows PLUS propagation forecast tables for more than 
+ HFTA—HF Terrain Assessment for Windows 170 locations around the world for al portions 
* Range-Bearing—compute range/bearing of the solar cycle! 
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* Arrayfeedi— designing phased-array 
feed systems 
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We strive to produce books without errors. Sometimes mistakes 
do occur, however. When we become aware of problems in our 
books (other than obvious typographical errors that should not 
‘cause our readers any problems) we post an Adobe Portable 
Document Format (PDF) fle on ARALWeb. If you think you have 
found an error. please check www.arr.org/notes for corrections 
If you dont find a correction there, please let us know, either 
using the Feedback Form in the back of this book or by sending 
an e-mail to pubsfdbk@arrl.org. 
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‘We ate pleased to offer the 21st edition of The ARRL Antenna Book. Since the first edition in September 1939, each new 
Antenna Book has provided more and Бей information about the fascinating subject of radio antennas, We've sold more than а 
Million Antenna Books over the years to amateurs and professionals alike, making it one of the most successful books in our 
extensive lineup of publication 

Fundamental about antennas rarely change from edition to edition, but modem application of these fundamentals can result in 
more highly optimized or specialized antennas, For example, many of the antennas in this new edition benefit directly from ad 
vances in sophisticated computer modeling. 

We usually update at least 20% of he material in a new edition, and this book is no exception. There have been 
in the following chapters: 
+ Chapter 2: Updated information the concept of “gain” 
Chapter e Farther insights into the importance of low elevation angles for the lower frequencies, plus a whole new section 

‘on NVIS (Near Vertical Incidence Skywave) operation. 

«Chapter 3: Completely new section on feeding of phased arrays by W7EL- 
Chapter 13: Updates оп Beverage receiving antennas. 
"Chapter 14 New "ape-measure” portable Yagi for Tox hunting. 
Chapter 16: New information on mobile "screwdriver" antennas. 
Chapter 23: Expanded section on ionospheric arearcoverage maps. 
Chapter 25 New section on S parameters, as used in Vector Network Analyzers (VNAS) 

"Ne ше fortunate to have the expertise of some well-known and highly talented authorities, who either wrote or reviewed a 
‘numberof chapters for technical accuracy: 


+ Rudy Severs, NGLE and Roy Lewallen, W7EL—low-fequoney antennas. 
+ LB Cebik, WARNI- Modeling antennas. 

{Dick Jansson, WDAFAB. satin antennas. 

Dane Hallidy, KODH EME arrays. 

+ Bob Hunsucker, ABTVP, and Carl Luctzelschwab, KOLA HF propagation: 


In addition, some exceptional software writers have contibute programs and data for the Antenna Book. 


+ Roy Lewallen, the author of ЕЛМЕС, has crested a special ЕЛМЕС ARRI program, just for the Antenna Book. EZNEC ARRL 
uss the multitude of specialized modeling files also included on the CD-ROM. These models were used in almost every chapter 
in the book 

+ WTEL has alo supplied Avrayfeed.ere, а program to design feed systems for pasadas 

® Dr Peter Guth and the US Naval Academy have арып graciously allowed ARRL to include the versatile MicroDEM mapping 
program on the CD-ROM. MicmDEM can easily and quickly generate customized terrain files for the НЕТА ternsin-assessment 
program, as well as map terrain all around the country using free US topographic data Files fom the temes 

+ Jim Tabor, NUSS, wrote GenAlert ARRL, a wonderful freeware program to truck propagation trends and to keep tabs on the latest 
Internet propagation bulletins. 

+ Dean Sua: NGBV, editor of The ARRL Antenna Book has updated and upgraded his YW (Yagi for Windows). TEW Transmis- 
sion Line far Windows) and НЕТА (HF Terrain Assessment) programs from the 20h edition. A large number of statistical eleva. 
tion-angle files for QTH all around the word are included as well. NBV has also writen a new Range-Bearing program that is 
include on the CD-ROM. 

+ Also included оа the CD-ROM are DOS based ulity programs by several authors that analyze antenna tuners, design mobile 
antennas and LPDAS, and that scale Yagis for YW. 

+ Are you planning on going оп a DXpedition to somewhere you've never been before? The CD-ROM now includes both Simpli- 
fied and Detailed propagation prediction tables fo more than 150 ОТН all around the world. Even if you dort journey to distant 
lands, hese tables wil give you plenty of insight on planning contesting ос DXing strategies — They can also help you set up that 
Saturday afternoon schedule with your uncle Harry in Cleveland! 


major revisions 


nonem dnd wi den o aight i yin ecc ба Ди. 
"ion angles to aim for йош your part of the word and the effects of your own local terrain. 
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The seed for Amateur Radio was planted in the 1890s, when Guglielmo Marconi began his experiments in 
wireless telegraphy. Soon he was joined by dozens, then hundreds, of others who were enthusiastic about 
sending and receiving messages through the air—some with a commercial interest, but others solely out of 
A love for this new communications medium. The United States government began licensing Amateur Radio 
‘operators in 1912, 

By 1914, there were thousands of Amateur Radio operators—hams—in the United States. Hiram Perey 
Maxim, a leading Hartford, Connecticut inventor and industrialist, saw the need for an organization to band 
together this fledgling group of radio experimenters. In May 1914 he founded the American Radio Relay 
League (ARRL) to meet that need. 

“Today ARRL, with approximately 150,000 members, is the largest organization of radio amateurs in the 
United States. The ARRL is a not-for-profit organization that: 

* promotes interest in Amateur Radio communications and experimentation 

+ represents US radio amateurs in legislative matters, and 

+ maintains fraternalism and a high standard of conduct among Amateur Radio operators. 

At ARRL headquarters in the Hartford suburb of Newington, the staff helps serve the needs of members 
ARRL is also International Secretariat for the International Amateur Radio Union, which is made up of 
similar societies in 150 countries around the world. 

ARRL publishes the monthly journal Q7. as well as newsletters and many publications covering all as- 
pects of Amateur Radio. Its headquarters station, WIAW, transmits bulletins of interest to radio amateurs 
And Morse code practice sessions, The ARRI also coordinates an extensivo field organization, which in 
eludes volunteers who provide technical information and other support services for radio amateurs as well 
as communications for public-service activities. In addition, ARRL represents US amateurs with the Federal 
Communications Commission and other government agencies in the US and abroad. 

Membership in ARRI means much more than receiving OST each month. In addition to the services al 
ready described, ARRL offers membership services on a personal level, such as the ARRI Volunteer Exam- 
iner Coordinator Program and a QSL bureau. 

Full ARRL membership (available only to licensed radio amateurs) gives you a voice in how the affairs of 
the organization are governed. ARRL policy is set by a Board of Directors (one from each of 15 Divisions). 
Each year, one-third of the ARRL Board of Directors stands for election by the full members they represent. 
"The day-to-day operation of ARRL HQ is managed by a Chief Executive Officer. 

No matter what aspect of Amateur Radio attracts you, ARRI membership is relevant and important. There 
would be no Amateur Radio as we know u today were it not for the ARRL. We would be happy to welcome 
you as a member! (An Amateur Radio license is not required for Associate Membership. For more informa 
tion about ARRL and answers to any questions you may have about Amateur Radio, write or call 


ARRL—The national association for Amateur Radio 
225 Main Street 
Newington CT 06111-1494 
Voice: 8605940200 
Fax: 860-504-0259 
E-mail: hq@arrlorg 
Internet: wwwarrlorg/ 
Prospective new amateurs call (toll-free): 
800-32-NEW HAM (800-326-3942) 
You can also contact us via e-mail st newham@arrl.org 
or check out ARRLWeb at hitpillwwwarrLorg! 
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Safety First 


Safety begins with your attitude. If you make it a habit 
to plan your work carefully and to consider the safety 
aspects of a project before you begin the work, you will be 
much safer than “Careless Carl,” who just jumps in, pro- 
ceeding in a haphazard manner. Learn to have a positive 
attitude about safety. Think about the dangers involved with 
а job before you begin the work. Don’t be the one to say 
“1 didn't think it could happen to me.” 

Having a good attitude about safety isn't 
however. You must be knowledgeable about common 
safety guidelines and follow them faithfully. Safety guide- 
lines can’t possibly cover all the situations you might face 
but if 


ough 


ou approach a task with a measure of “common 
you should be able to work safely. 
This chapter offers some safety guidelines and pro- 


tective measures for you and your Amateur Radio station, 
You should not consider it to be an all-inclusive discus- 
sion of safety practices, though. Safety considerations will 
affect your choice of materials and assembly procedures 
when building an antenna. Other chapters of this book will 
offer Furth 


Suggestions on safe construction practices. 
For example, Chapter 22 includes some very important 
advice on a tower installation 


PUTTING UP SIMPLE WIRE ANTENNAS 


No matter what type of antenna you choose to erect, 
you should remember a few key points about safety. If 


You are using a slingshot or bow and arrow to get a line 


over a tree, make sure you keep everyone away from the 
“downrange” area. Hitting one of your helpers with a 
rock or fishing sinker is considered not nice, and could 
end up causing a serious injury 

Make sure the ends of the antenna are high enough 
to be out of reach of passers-by. Even when you are trans- 
mitting with low power there may be enough voltage at 
the ends of your antenna to give someone nasty “RF 
burns." If you have a vertical antenna with its base at 
ground level, build a wooden safety fence around it at 
Teast 4 feet away from it. Do not use metal fence, as this 
will interfere with the proper operation of the antenna. 
Be especially certain that your antenna is not close to 
any power wires, That is the only way you can be sure it 
won't come in contact with them! 

Antenna work often requires that one person climb 
up on a tower, into a tree or onto the roof of a house, 
Never work alone! Work slowly, thinking out each move 
before you make it. The person on the ladder, tower, tree 
or rooftop should wear a safety belt, and keep it securely 
anchored. It is helpful (and safe!) to tie strings or light 
weight ropes to all tools. If your tools are tied on, you'll 
save time getting them back if you drop them, and you'll 
greatly reduce the risk of injuring а helper on the ground. 
(There are more safety tips for climbing and working on 
Towers later in this chapter. Those tips apply to any work 
that you must do above the ground to install even the 
simplest antenna.) 


Tower Safety 


ous, and 
possibly fatal, if you do not know what you are doing 


Working on towers and antennas is dang 


Your tower and antenna can cause serious property dam- 
personal injury if any part of the 
should fail. Always use the highest quality materials in 


age an tallation 


your system. Follow the manufacturer's specifications, 
paying close attention to base pier and guying detail 
Do not overload the tower, If you have any doubts about 


your ability to work on your tower and antennas safely, 
contact another amateur with experience in this area or 
seek professional assistance. 

Chapter 22, Antenna Supports, provides more 
detailed guidelines for constructing a tower base and put- 
ting up à tower. It also explains how to properly attach. 
guy wires and install guy anchors in the ground. These 
are extremely important parts of a tower installation, and. 
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You should not take shortcuts or use second-rate mater 
als. Otherwise the strength and safety of your entire 
antenna system may be compromised 
Any mechanical job is easier if you have the right 
tools. Tower work is no exception. In addition to a good 
assortment of wrenches, screwdrivers and pliers, you will 
iced some specialized tools to work safely and efficiently 
on a tower. You may already own some of these tools. 
Others may be purchased or borrowed. Don't start a job 
until you have assembled all of the necessary tools, Short- 
rovised tools can be fatal if you gamble and 
lose at 70 feet in the ай. The following sections describe. 
їп detail the tools you will need to work safely 


CLOTHING 


‘The clothing you wear when working on towers and 
antennas should be selected for maximum comfort and 
safety. Wear clothing that will keep you warm, yet allow 
complete freedom of movement. Long denim pants and a 
long-sleeve shirt will protect you from scrapes and cuts. 

(A pull-on shirt, ike a sweat shirt with no openings or 
buttons to snag on tower parts, is best.) Wear work shoes. 
with heavy soles, ог better yet, with steel shanks (steel 
inserts in the soles), to give your feet the support they 
need to stand on a narrow tower rung. 

Gloves are necessary for both the tower climber and 
all ground-erew members. Good quality leather gloves will 
protect hands from injury and keep them warm. They also 
offer protection and а better grip when you are handling 
rope. In cooler weather, a pair of gloves with light insula- 
tion will help keep your hands warm. The insulation should 
mot be so bulky as to inhibit movement, however. 

Ground-crew members should have hard hats for pro- 
tection in case something falls from the tower. It is not. 
uncommon for the tower climber to drop tools and hard- 
ware. A wrench dropped from 100 feet will bury itself 
several inches in soft ground; imagine what it might do 


to an unprotected skull 


SAFETY BELT AND CLIMBING 
ACCESSORIES 


Any amateur with a tower must own a high-quality 
safety belt, such as the one shown in Fig 1. Do nor attempt 
to climb a tower, even a short distance, without a belt. 
The climbing belt is more than just a safety device for the 
experienced climber. It is a tool to free up both hands for 
work. The belt allows the climber to lean back away from. 
the tower to reach bolts or connections. It also provides a 
solid surface to lean against to exert greater force when 
hoisting antennas into place. 

A climber must trust his life to his safety belt. For 
this reason, nothing less than a professional quality, com- 
mercially made, tested and approved safety belt is accept- 
able. Check the suppliers’ list in Chapter 21, Antenna 
Product Suppliers, and ads in OST for suppliers of climb- 
ing belts and accessories. Examine your belt for defects 
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Fig 1—Bill Lowry, W1WV, uses a good quality safety belt, 
а requirement for working on a tower. The belt should 
steal loops for the strap snaps. Leather 

rear of the belt are handy for holding tools. 

(Photo by KIWA) 


before each use. If the belt or lanyard (lower strap) are 
cracked, frayed or worn in any way, destroy the dan 
aged piece and replace it with a new one. You should 
never have to wonder if your belt will hold. 

Along with your climbing belt, you should seriously 
consider purchasing some climbing accessories. A canvas 
bucket is a great help for carrying tools and hardware up 
the tower. Two buckets, a large one for carrying tools and a 
smaller one for hardware, make it easier o find things when 
needed. A few extra snap hooks like those on the ends of 
your belt lanyard are useful for attaching tool bags and equip- 
‘ment to the tower at convenient spots. These hooks are bet- 
ter than using rope and tying knots because in many cases 
they сап be hooked and unhooked with one hand. 

Many hams use climbing belts such as shown in 
Fig 1. But fully integrated fall-arrest and positioning safety 
harnesses are preferable. The model ASL-301 in Fig 2 has 
a D-ring on the back of the harness to which a safety lan- 
yard is attached. These harnesses are available through 
Champion Radio Products, Box 572, Woodinville, WA 
98072, www.championradio.com. 


Rope and Pulley 
Every amateur who owns a tower should also own а 


Fig 2—Fallarrost 
(safety harness 
Integrated with 
positioning safety 
belt for tower 
climbing. (Courtesy 
‘of Champion Radio 
Products) 


Fig 3—A good quality rope and pulley are essential for 
anyone working on towers and antennas. This pulley is 


encased in wood so the rope cannot jump out of the 
pulley wheel and jam. 


good quality rope at least twice as long as the tower height. 
‘The rope is essential for safely erecting towers and 
installing antennas and cables. For most installations, a 
‘good quality inch diameter manila hemp rope will do 
the job, although a thicker rope is stronger and may be 
easier to handle. Some types of polypropylene rope are 
acceptable also; check the manufacturer's strength ratings, 
Nylon rope is not recommended because И tends to stretch 
and cannot be securely knotted without difficulty. 

Check your rope before each use for tearing or chaf- 
ing. Do not attempt to use damaged rope: if it breaks with 
а tower section or antenna in mid-air, property damage 
‘and personal injury are likely results. If your rope should 
get Wet, let it air dry thoroughly before putting it away. 

Another very worthwhile purchase is a pulley like 
the one shown in Fig 3. Use the right size pulley for your 
торе. Be sure thatthe pulley you purchase will not jam 
ог bind as the rope passes through i 


THE GIN POLE 
A gin pole, like the one shown in Fig 4, is a handy 
device for working with tower sections and masts. This 
gin pole is designed to clamp onto one leg of Rohn No, 
25 or 45 tower. The tubing, which is about 12 feet long, 


Fig 4—A gin pole is a mechanical device that can Бе 
clamped to a tower leg to aid in the assembly of 
Sections as well as the installation of the mast. The 
Aluminum tubing extends through the clamp and may 
be slipped into position before the tubing clamp is 
tightened. A rope should be routed through the tubing 
and over the pulley mounted at the top. 


L 2 اھ‎ 
Fig 5—The assembly of tower sections is made simple 
when a gin pole is used to lift each one into position. 
Note that the safety belts of both climbers are fastened 
below the pole, thereby preventing the strap from 
slipping over the top section. (Photo by KIWA) 
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has a pulley on one end. The rope is routed through the 
tubing and over the pulley. When the gin pole is attached 
to the tower and the tubing extended into place, the rope 
may be used to haul tower sections or the mast into place. 
Fig 5 shows the basic process. A gin pole can be expen- 
sive for an individual to buy, especially for а one-time 
tower installation. Some radio clubs own a gin pole for 
use by their members, Stores that sell tower sections to 
amateurs and commercial customers frequently will rent 
a gin pole to erect the tower. If you attempt to make your 
own gin pole, use materials heavy enough for the job. 
Provide a means for securely clamping the pole to the 
Tower. There are many cases on record where homemade 
gin poles have failed, sending tower sections crashing 
down amidst the ground crew. 

When you use a gin pole, make every effort to keep 
the load as vertical as possible. Although gin poles are 
strong, you are asking for trouble if you apply too much 
lateral force. 


INSTALLING ANTENNAS ON THE 
TOWER 

All antenna installations are different in some 
respects. Therefore, thorough planning is the most 
important first step in installing any antenna. At the 
beginning, before anyone climbs the tower, the whole pro- 
cess should be thought through. The procedure should 
be discussed to be sure each crew member understands 
What is to be done. Plan how to work out all bugs. Con 
sider What tools and parts must be assembled and what 
items must be taken up the tower. Extra trips up and down 
the tower can be avoided by using forethought. 

Getting ready to raise a beam requires planning. 
Done properly, the actual work of getting the antenna into 
position can be accomplished quite easily with only one 
person at the top of the tower. The trick is to let the ground 
crew do all the work and leave the person on the tower 
free to guide the antenna into position, 

Before the antenna can be hoisted into position, the 
tower and the area around it must be prepared. The ground 


crew should clear the area around the base while some- 
‘one climbs the tower to remove any wire antennas or other 
‘objects that might get in the way. The first person to climb 
the tower should also rig the rope and pulley that will be 
used to raise the antenna. The lime to prepare the tower 
is before the antenna leaves the ground, not after it 
becomes hopelessly entwined with your 3.5-MHz dipole. 


SOME TOWER CLIMBING TIPS 

The following tower climbing safety lips were com- 
piled by Tom Willeford, NSETU. The most important. 
safety factor in any Kind of hazardous endeavor is the. 
right attitude. Safety is important and worthy of careful 
consideration and implementation. The right attitude 
Toward safety is à requirement for tower climbers. Lip 
service won't do, however; safety must be practiced. 

The safe ham's safety attitude is simple: Don't take 
any unnecessary chances. There are no exceptions to this 
plain and simple rule. I is the first rule of safety and, of 
course, of climbing. The second rule is equally simple: 
Don't be afraid to terminate an activity (climbing, in this 
case) at any time if things don't seem to be going well. 

Таке time to plan your climb; this time is never 
wasted, and it’s the frst building block of safety. Talk 
the climb over with friends who will be helping you. 
Select the date and alternative dates to do the work. 
(Choose someone to be responsible for all activities on 
the ground and for all communication with the climbers. 
‘Study the structure to be climbed and choose the best 
toute to your objective, Plan emergency ascent and de- 
scent paths and methods, 

Make a list of emergency phone numbers to keep by 
Your phone, even though they may never be used. Develop 
a plan for rescuing climbers from the structure, should 
that become necessary. 

Give careful thought to how much time you will need 
to complete the project. Allow enough time to go up, do 
the work, and then climb down during daylight hours 
Include time for resting during the climb and for com- 
pleting the work in a quality fashion, Remember that the 


Fig 6—И the switch box feeding power to 
equipment on your tower is equipped 
wit a lock-out hole, use It With a lock 
through the hole on the box, the power 
cannot be accidentally turned back or 
(Photos courtesy of American ED СО®, 
at left, and Osborn Mfg Corp, at right) 


1-4 Chapter 1 


temperature changes fast as the sun goes down. Climb- 
1g up or down a tower with cold hands and feet is very 
difficult—and dangerous. 

Give careful consideration to the weather, and climb 
only in good weather. Investigate win 
temperature, and the weather forecast. The weather can 
change quickly, so if you're climbing a realy tall ower, 
it may be à good idea to have a weather alert radio handy 
during the climb. Never climb a wet tower. 

"The person who is going to do the climbing should 
be the one to disconnect and tag all sources of power to 
the structure. All switches or circuit breakers should be 
labeled clearly with DO NOT TOUCH instructions. Use 
locks on any switches designed to accept them. (See 
Fig 6.) Only the climber should reconnect power sources, 

‘An important part of the climbing plan is to review 
notes on the present installation and any previous work. 
Isa good idea to keep a notebook, listing every bolt and 
nut size on your towerfantenna installation. Then, when 
You have to go up to make repairs, you'll be able to take 
the minimum number of tools with you to do the job. IF 
you take too many tools up the tower, there is a much 
greater chance of dropping something, risking injury to 
the ground crew and possibly damaging the tool 

Tis also a good idea to review the instruction sheets 
and take them with you. In other words, plan carefully 
What you are going to do, and what you'll need to do it 
efficiently and safely 

It’s better to use а rope and pulley to hoist tools 
Climbing is hard work and there's no sense making it 
more difficult by carrying a big load of tools. Always rig 
the pulley and rope so the ground crew raises and lowers 
tools and equipment 


‘conditions, the 


Climbing Equipment 

ipment is another important safety consideration 

By equipment, we don't just mean tools. We mean safety 

equipment, Safety equipment should be selected and cared 

for as if your life depends on it—because it does! 

The list of safety equipment essential to a safe climb 
and safe work on the tower should include: 

1) A first class safety belt 

2) Safety glasses, 

3) Hard hat, 

4) Long-sleeved, pull-over shirt with no buttons or open- 
ings to snag (long sleeves are especially important for 
climbing wooden poles), 

5) Long pants without cuffs, 

6) Firm, comfortable, steel-shank shoes with no-slip soles 
and well-defined heels, and 

7) Gloves that won't restrict finger movement (insulated 
gloves if you MUST work in cold weather) 

Your safety belt should be approved for use on the 
structure you are climbing. Different structures may require 
different types of safety hooks or straps. The belt should 
be light weight, but strength should not be sacrificed to 


Fig 7—Mark Wilson, K1RO, shows the proper way to 
attach a safety hook, with the hook opening facing 
ашау from the tower. That way the hook can't be 
accidentally released by pressing it against a tower leg. 


save weight. It should fit you comfortably. АП moving 
parts, such as snap hooks, should work freely. You should 
inspect safety belts and harnesses carefully and thoroughly 
before each climb, paying particular attention to stitching, 
rivets and weight-bearing mechanical parts. 

Support belt hooks should always be hooked o the D. 
rings in an outward configuration. That is, the opening part 
of the hook should face away from the tower when engaged 
їп the D rings (see Fig 7). Hooks engaged this way are 
easier to unhook deliberately but won't get squeezed open 
by à part of the tower or engage and snag a part of the 
tower while you are climbing. The engagement of these 
hooks should always be checked visually. A snapping hook 
makes the same sound whether it's engaged or not. Never. 
check by sound look o be sure the hook is engaged prop- 
erly before trusting i 

Remember that the D rings on the safety belt are for 
support hooks only. No tools or lines should be attached to 
these hooks. Such tools or lines may prevent the proper 
engagement of support belt hooks, or they may foul the 
hooks. At best, they could prevent the release of the hooks 
їп an emergency. No one should have to disconnect a sup- 
port hook to get a tool set the sup- 
port hook before beginning to work again. That's foolish. 

Equipment you purchase new is best, Homemade belts 
ог home-spliced lines are dangerous. Used belts may have 
worn or defective stitching, or other faulty components. 
Be careful of so-called “bargains” that could cost you your 
ше. 


id then have to recor 
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‘Straps, lanyards and lines should be as short as pos- 
sible. Remember, in general knots reduce the load strength 
of a line by approximately 50%. 

Before actually climbing, check the structure visu- 
ally. Review the route. Check for obstacles, both natural 
(like wasp’s nests) and man-made. Check the structure 
Supports and add more if necessary. Guy wires can be 
obstacles to the climb, but it's better to have too many sup- 
роп» than not enough. Check your safety belt, support belts 
and hooks at the base of the tower. Really test them before 
you need them. Never leave the ground without a safety 
bell even 5 or 10 feet. After all of this, the climb will be 
a "cake walk” if you are careful. 

Climb slowly and surely. Don't overreach or overstep. 
Patience and watchfulness is rewarded with good hand and 
foot holds. Take a lesson from rock climbers. Hook on to 
the tower and rest periodically during the climb. Don't try 
to rest by wedging an arm or leg in some joint; to rest, 
hook on, Rests provide an opportunity to review the 
remainder of the route and to make sure that your safety 
equipment feels good and is working properly. Rest peri- 
ods also help you conserve а margin of energy in case of 
difficulty. 

Finally, keep in mind that the most dangerous part 
of working on a tower occurs when you are actually climb- 

12. Your safety equipment is not hooked up at this time, 
зо be extra careful during the ascent or descent. 

You must climb the tower to install or work on an 


antenna. Nevertheless, any work that can be done on the 
ground should be done there. If you ean do any assembly 
ог make any adjustments on the ground, that’s where you 
should do the work! The less time you have to spend o 
the tower, the better off you'll be. 

‘When you arrive at the work area, hook: 
and review what you have to do. Determine the best posi- 
tion to do the work from, disconnect your safety strap and 

jove to that position. Then reconnect your safety strap at 
а safe spot, away from joints and other obstacles. If you 
must move around an obstacle, try to do it while hooked 
onto the tower. Find a comfortable position and go to work. 
Don't overreach—move to the work. 

Use the right tool for the task. If you don't have i 
have the ground crew haul it up. Be patient. Lower tools, 
don't drop them, when you are finished with them 
Dropped tools can bounce and cause injury or damage, 
ог can be broken or lost. I's a good idea to tie a piece of 
string or light rope to the tools, and to tie the other end to 
the tower or some other point so if you do drop a tool, it 
won't fall all the way to the ground. Don't tie tools to the 
D sing ог your safely belt, however! 

Beware of situations where an antenna may be off 
balance. It's hard to obtain the extra leverage needed to 
handle even a small beam when you are holding it far 
from the balance point. Leverage can apply to the climber 
as well as the device being levered. Many slips and 
skinned knuckles result from such situations. A severely 


nto the tower. 
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injured hand or finger can be a real problem to a climber. 
Before descending, be sure to check all connections 

and the tightness of all the bolts and nuts that you have 
worked with. Have the ground crew use the rope and pul- 
ley to lower your tools. Lighten your load as much as pos- 
sible. Remember, you're more tired coming down than 
going up. While still hooked on, wiggle your toes and move 
alittle to get your senses working again. Check your down- 
Ward route and begin to descend slowly and even more 
up. Restis even more important dur- 


surely than you we 
ing the descent 

The ground captain is the director of all activities 
on the ground, and should be the only one to communi- 
cate with a person оп a tower. Hand-held transceivers 
can be very helpful for this communication, but no one 
else should transmit to the workers on the lower, Even. 
minor confusion or misunderstanding about a move to 
be made could be very dangerous 

"Antenna parties" can be lots of fun, but the joking 
and fooling around should wait until the job is done and 
‘everyone is down safely. Save the celebrating until after 
the work is completed, even for the ground crew. 

These are just a few ideas on tower climbing safety; 
no list can include everything that you might run into, 
Check Chapter 22 for additional ideas. Just remember— 
you can't be 100 careful when climbing. Keep safety in 
mind while doing antenna work, and help ensure that 
after you have fallen for ham radio, you don’t fall from 
ham radio. 


THE TOWER SHIELD 


A tower can be legally classified as an * 
nuisance” that could cause injuries. You should take some 
precautions to ensure that “unauthorized climbers” can't 
get hurt on your tower. This tower shield was originally 
described by Baker Springfield, W4HYY, and Richard 
Ely, WA4VHM, in September 1976 OST, and should 
eliminate the worry. 

Generally, the attractive-nuisance doctrine applies to 
Your responsibility to trespassers on your property. (The 
law is much stricter with regard to your responsibility to 
эп invited guest.) You should expect your tower to attract 
children, whether they are already technically trespassing 


Fig 9—Assembly of the Z bracket. 
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Fig 10—Installaion of the shield on a tower rung. 


‘or whether the tower itself lures them onto your property 
A tower is dangerous to children, especially because of 
their inability to appreciate danger. (What child could resist 
tryin 

this danger, you have a legal duty to exercise reasonable 


to climb a tower once they see one?) Because of 


care to eliminate the danger or otherwise protect children 
against the perils of the attraction, 
"The tower shield is composed simply of panels that 
practically impos- 
sible. These panels are 5 feet in height and are wide enoug 


enclose the tower and make climbi 


to fit snugly between the tower legs and flat against the 
rungs. A height of 5 feet is sufficient in almost every case, 
The panels are constructed from 18-gauge galvanized sheet 
metal obtained and cut to proper dimensions from a local 
metal shop. A lighter gauge could probably be used, 

but the extra physical weight of the heavier gauge is an 
advantage if no additional means of securing the panels to 
tals used 


the tower rungs are used. The three types of 
for the components of the shield are supposedly rust proof 
and nonreactive. The panels are galvanized sheet steel, the 
brackets aluminum, and the serews and nuts are brass. For 
‘triangular tower, the shield consists of three panels, one 
for each of the three sides, supported by two brackets. 
Construct these brackets from 6-inch pieces of thin alumi 
num angle stock. Bolt two of the pieces together to form a 
Z bracket (see Figs 8, 9 and 10). The Z brackets are bolted 
together with binding head brass machine screws, 


Lay the panels flat for measuring, markin 


ing. First measure from the top of the upper mounting 


rung on the tower to the top of the bottom гш 


Fig 11—Removable handle construction. 


ig rungs are selected to position the panel on the tower.) 
Then mark this distance on the panels. Use the same size 
shout the shield. Bolt the top 

vertical portion of each Z bracket to the panel. Drill the 
ıd of the Z 


brass serews and nuts thro 


screw holes about 1 inch from the 


Fig 12— 
Installed 
tower shield. 
Note the 
holes for 
using the 
handles. 
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brackets so there is an offset clearance between the 
Z-bracket binding-serew holes and the panel 
mounting-screw holes, Drill holes in each panel to match 
the Z-bracket holes. 

"The panels are held on the tower by their own weight. 
They are not easy to grasp because they fit snugly between 
the tower legs. If you feel a need for added safety against 
deliberate removal of the panels, this can be accomplished 
by means of tie wires, Drill small hole in the panel just 
above, just below, and in the center of each Z bracket. 
Run a piece of heavy galvanized wire through the top 
hole, around the Z bracket, and then back through the 
hole just below the Z bracket. Twist together the two ends 
of the wire. One tie wire should be sufficient for each 
panel, but use two if desired. 


racket 


The completed panels are rather bulky and difficult 
to handle, A feature that is useful if the panels have to be 
removed often for tower climbing or accessibility is a 
pair of removable handles. The removable handles can 
be constructed from one threaded rod and e 
Fig 11). Drill two pair of handle holes in the panels a 
few inches below the top Z bracket a 
above the bottom Z bracket. For panel placement ог 
removal, you ean hook the handles in these panel holes. 
‘The hook, on the top of the handle, fits into the top hole 
of each pair of the handle holes. The handle is optional, 
but for the effort required it certainly makes removal and 
replacement much safer and easier. 

Fig 12 shows the shield installed on a tower. This 
relatively simple device could prevent an accident 


Electrical Safety 


Although the RF, ac and de voltages in most am 
teur stations pose a potentially grave threat to life and 
limb, common sense and knowledge of safety practices 
will help you avoid accidents, Building and operating an 
Amateur Radio station can be, and is for almost all ama- 
teurs, a perfectly safe pastime. However, carelessness can 
lead to severe injury, or even death. The ideas presented 
here are only guidelines: И would be impossible to cover 
all safety precautions. Remember, there is no substitute 
for common sense 

A fire extinguisher is a requirement for the well- 
equipped amateur station, The fire extinguisher should 
be of the carbon-dioxide type to be effective in electrical 
fires. Store it in an easy-to-reach spot and check it at rec- 
‘ommended intervals. 

Family members should know how to turn the power 
off in your station. They should also know how to apply 
artificial respiration. Many community groups offer 
courses on cardiopulmonary resuscitation (CPR). 


АС AND DC SAFETY 
"The primary wiring for your station should be con 

trolled by one master switch, and other members of your 
household should know how to kill the power in an emer- 

ncy. All equipment should be connected to a good 
round. All wires carrying power around the station 
should be of the proper size for the current to be drawn. 

nd should be insulated for the voltage level involved. 
Bare wire, open-chassis construction and exposed con- 
nections are an invitation to accidents, Remember that 
high-current, low-voltage power sources are just as dan- 
gerous as high-voltage, low-current sources. Possibly the 
most-dangerous voltage source in your station is the 
120-V primary supply: itis a hazard often overlooked 
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because it is a part of everyday life. Respect even the 
lowliest power supply in your station, 
‘Whenever possible, kill the power and unplug equip- 
ment before working on it. Discharge capacitors with an 
isolated screwdriver; don't assume the bleeder resistors 
are 100% reliable. In a power amplifier, always short the 
tube plate cap to ground just to be sure the supply is dis- 
charged. If you must work on live equipment, keep one 
hand in your pocket. Avoid bodily contact with any 
grounded object to prevent your body [rom becoming 
the return path from a voltage source to ground. Use 
insulated tools for adjusting or moving any circuitry. 
Never work alone. Have someone else present; it could. 
save your life in an emergency. 


National Electrical Code 
‘The National Electrical Code® is a comprehensive 
document that details safety requirements for all types. 
of electrical installations. In addition to setting safety 
standards for house wiring and grounding, the Code also 
contains a section on Radio and Television Equipment 
— Article 810. Sections C and D specifically cover Ama- 
teur Transmitting and Receiving Stations. Highlights of 
the section concerning Amateur Radio stations follow. If 
you are interested in learning more about electrical safety, 
you may purchase a copy of The National Electrical Code 
or The National Electrical Code Handbook, edited by 
Peter Schram, from the National Fire Protection Asso- 
Batterymarch Park, Quincy, MA 02269. 
Antenna installations are covered in some detail їп 
the Code. It specifies minimum conductor sizes for dif- 
Terent length wire antennas. For hard-drawn copper wire, 
the Code specifies #14 wire for open (unsupported) spans. 
less than 150 feet, and #10 for longer spans. Copper-clad 


steel, bronze or other high-strength conductors may be 
#14 for spans less than 150 feet and #12 wire for longer 
runs. Lead-in conductors (for open-wire transmission line) 
should be at least as large as those specified for antennas. 
The Code also says that antenna and lead-in conduc- 
tors attached to buildings must be firmly mounted at least 
3 inches clear of the surface of the building on 
bent insulators. The only exception to this minimum dis- 
tance is when the lead-in conductors are enclosed in a 


bor. 


‘permanently and effectively grounded" metallic shield. 
The exception covers coaxial cable. 

According to the Code, lead 
those covered by the excepti 
through a rigi 


conductors (except 
) must enter a buildin 
noncombustible, nonabsorbent insulating 
g. through an opening provided for the pur- 
pose that provides a clearance of at least 2 inches or through 
a drilled window pane. АП lead-in conductors to transmit- 
ting equipment must be arranged so that accidental con- 
tact is difficult. 


“Transm 


ing stations are required to have a means of 
draining static charges from the antenna system. An 
antenna discharge unit (lightning arrester) must be installed 
on each lead-in conductor (except where the lead-in is pro- 
tected by a continuous metallic shield that is permanently 
and effectively grounded, or the antenna is permanently 
and effectively grounded). An acceptable alternative to 
lightning arrester installation is a switch that connects the 
lead-in to ground when the transmitter is not in use. 

Grounding conductors are described in detail in the 
Code. Grounding conductors may be made from copper, 
aluminum, copper-clad steel, bronze or similar erosion: 
resistant material. Insulation is not required. The "protec- 
tive grounding conductor” (main conductor running to the 
ground rod) must be as large as the antenna lead-in, but 

ıt smaller than #10. The "operating grounding conduc- 
tor" (to bond equipment chassis together) must be at least 
#14. Grounding conductors must be adequately supported 
and arranged so they are not easily damaged. They must 
run in as straight а line as practical between the mast or 
discharge unit and the ground rod. 

‘The Code also includes some information on safety 
inside the station, All conductors inside the building must 
be at least 4 inches away from conductors of any lightin 
or signaling circuit except when they are separated Iro 
other conductors by conduit or а nonconducting mate- 
rial. Transmitters must be enclosed in metal cabinets, and 
the cabinets must be grounded. All metal handles and 
controls accessible by the operator must be grounded. 
Access doors must be fitted with interlocks that will dis- 
connect all potentials above 350 V when the door is 
opened. 


Ground 

An effective ground system is necessary Гог every. 
amateur station. The mission of the ground system is two- 
Told. First, it reduces the possiblity of electrical shock if 


something in a piece of equipment should fail and the 
chassis or cabinet becomes “hot.” If connected properly, 
dec urs electrical systems ground the chassis, but older 
amateur equipment may use the ungrounded two-vire 
system. A ground system to prevent shock hazards is gen- 
erally referred to as “de ground.” 

"The second job the ground system must perform is 
to provide a low-impedance path to ground for any stray 
RF current inside the station. Stray RF can cause equip- 
ment to malfunction and contributes to RFI problems. This 
low-impedance path is usually called “RF ground.” In 
most stations, de ground and RF ground are provided by 
the same system. 

The first step in building a ground system is to bond 
together the chassis of all equipment in your station, 
Ordinary hookup wire will do for a de ground, but for a 
good RF ground you need a low-impedance conductor 
Copper strap, sold as “flashing copper,” is excellent for 
this application, but it may be hard to find. Braid from 
coaxial cable is a popular choice; it is readily available, 
makes a low-impedance conductor, and is flexible 

Grounding straps can be run from equipment chas- 
sis to equipment chassis, but a more convenient approach 
is illustrated in Fig 13. In this installation, a inch 
diameter copper water pipe runs the entire length of the 
‘operating bench. A thick braid (from discarded RG-8 
cable) runs from each piece of equipment to a clamp on 
the pipe. Copper water pipe is available at most hard- 
ware stores and home centers. Alternatively, a strip of 
flashing copper may be run along the rear of the operat- 
ing bench, 

Alter the equipment is bonded to a common ground 
bus, the ground bus must be wired to а good earth ground. 
‘This run should be made with a heavy conductor (braid 
is a popular choice, again) and should be as short and 
direct as possible. The earth ground usually takes one of 
Iwo forn 

In most cases, the best approach is to drive one or 
more ground rods into the earth at the point where the 
conductor from the station ground bus leaves the house. 
"The best ground rods to use are those available from an 
electrical supply house. These rods are $ to 10 feet long 
and are made from steel with a heavy copper plating. Do 
not depend on shorter, thinly plated rods sold by some 
home electronics suppliers. These rods begin to rust 
almost immediately after they are driven into the soil, 
and they become worthless within a short time. Good 
ground rods, while more expensive initially, offer lo 
term protection 

If your soil is soft and contains few rocks, an 
acceptable alternative to "genuine" ground rods is /-inch 
diameter copper water pipe. A 6- to $-foot length of this 
material offers а good ground, but it may bend while bein 
driven into the earth. Some people have recommended 
that you make a connection to a water line and run water 
down through the copper pipe so that it forces its own 
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Fig 13—An effective 


station ground bonds 
the chassis of all 

equipment together with 
low-impedance conduc- 
tors and ties into a good 


earth ground. 


hole in the ground. There may be a problem with this 
method, however. Wh 

away from the pipe and not make proper contact with the 
ground rod. This would provide a rather poor ground. 

Once the ground rod is installed, clamp the conduc- 
tor from the station ground bus to it with a clamp that can 
be tightened securely and will not rust. Copper-plated 
clamps made especially for this purpose are available from 
electrical supply houses, but a stainless-steel hose clamp 
will work 100. Alternatively, drill several holes throug 
the pipe and bolt the conductor in place. 

‘Another popular station ground is the cold water pipe 
system in the building. To take advantage of this ready- 
made ground system, run a low-impedance conductor 
from the station ground bus to a convenient cold water 
pipe, preferably somewhere near the point where the main 
Water supply enters the house. Avoid hot water pipes: they 
do not run directly into the earth. The advent of PVC (plas- 
tic) plumbing makes it mandatory to inspect the cold water. 
system from your intended ground connection to the main 

let. PVC is an excellent insulator, so any PVC pipe ог 
fittings rule out your cold water system for use as a sta- 
tion ground. 

For some installations, especially those located above 
the first floor, a conventional ground system such as that 
just described will make a fine de ground but will not pro- 
Vide the necessary low-impedance path to ground for RF. 
‘The length of the conductor between the ground bus and 
the ultimate ground point becomes a problem. For example, 
the ground wire may be about 2 (or an odd multiple of 

A) long on some amateur band. A .. wire acts as an 
impedance inverter from one end to the other. Since th 
grounded end is at a very low impedance, the equipme 

nd will be at a high impedance. The likely result is RF 
hot spots around the station while the transmitter is oper- 
ating. A ground system like this may be worse than having 
no ground at all. 

‘An alternative RF ground system is shown in Fig 14. 
Connect a system of Cel radials to the station ground 
bus. Install at least one radial for each band used. You 


1-10 Chapter 1 


the ground dries, it may shrink — و چم‎ — 


Fig 14—Here is an alternative to earth ground If the 
station is located far from the ground point and RF 
In the station is a problem. Install at least one Чед 

radial for each band used. 


should still be sure to make a connection to earth ground 
Tor the ac power wiring. Try this system if you have prob- 
lems with RF in the shack. It may just solve a number of 
problems for you. Be careful, however, to prevent con- 
tact with the ends of the radials, where there is high-volt- 
age RF for powers greater than ORP level 


Ground Noise 
Noise in ground systems can affect sensitive radio 

equipment. It is usually related to one of three problems: 

1) Insufficient ground conductor size, 

2) Loose ground connections, or 

3) Ground loops. 


These matters are treated in precise scientific research 
equipment and some industrial instruments by payin 
attention to certain rules. The ground conductor should be 
at least as large as the largest conductor in the primary 
power circuit. Ground conductors should provide a solid 
cion to both ground and to the equipment bein 
ounded. Liberal use of lock washers and star washers 
is highly recommended. A loose ground connection is a 


loops should be avoided at all costs. A short 
п of what a ground loop is and how to avoid 
them may lead you down the proper path. A ground loop 


is formed when more than one ground c 


rent is flowing 
in a single conductor. This commonly occurs when 
grounds are “daisy-chained” (series linked). The correct 
Way to ground equipment is to bring all ground conduc- 
tors out radially from a common point to either a good 


driven earth ground or to а cold water system. 

Ground noise can affect transmitted as well as 
received signals. With the low audio levels required to 
drive amateur transmitters, and with the eves 


itivity of our receivers, correct grounding is critical 


Lightning and EMP Protection 


‘The National Fire Protection Association (NFPA) 
publishes a booklet called Lightning Protection Code 
(NFPA no. 78-1983) that should be of interest to radio 
amateurs, For information about obtaining a copy of this 
booklet, write to the National Fire Protection Associa- 
tion, Batterymarch Park, Quincy, MA 02269. Two para- 

aphs of particular interest to amateurs are presented 
below: 


26 Antennas. Radio and television masts of metal, 

located on a protected building, shall be bonded to the 

lightning protection system with a main size conductor 
nd fittings. 

-27 Lightning arresters, protectors or antenna dis- 
charge units shall be installed on electric and telephone 
service entrances and on radio and television antenna 
lead 


"The best protection from lightning is to disconnect 
all antennas from equipment and disconnect the equip- 
ment from the power lines. Ground antenna feed lines to 
safely bleed off static buildup. Eliminate the possible 
paths for lightning strokes. Rotator cables and other соп 
trol cables fror 

connected during severe electrical storms. 

In some areas, the probability of lightning surges 
entering homes via the 120/240-V line may be high. 
Lightning produces both electrical and magnetic fields 
that vary with distance. These fields can be coupled into 
power lines and destroy electronic components in equip- 
ment that is miles from where the lightning occurred, 
Radio equipment can be protected from these surges to 
some extent by using transient-protective devices. 


the antenna location should also be dis- 


ELECTROMAGMETIC PULSE AND THE 
RADIO AMATEUR 

‘The following material is based on a 4-part OST 
article by Dennis Bodson, W4PWF, that appeared in the 
‘August through November 1986 issues of OST. The series 
Was condensed from the National Communications Sys- 
tem report NCS TIB 85-10. 

‘An equipment test program demonstrated that most 
Amateur Radio installations can be protected from light- 
ning and electromagnetic pulse (EMP) transients with 
a basic protection scheme. Most of the equipment is not 
susceptible to damage when all external cabling is 
removed. You can duplicate this stand-alone configura- 


Чоп simply by unplugging the ac power cord from the 
‘outlet, disconnecting the antenna feed line at the rear of 
the radio, and isolating the radio gear from any other long 
metal conductors. Often itis not practical to completely 
disconnect the equipment whenever itis not being used. 
‘Also, there is the danger that a lightning strike several 
miles away could induce a large voltage transient on the 
power lines or antenna while the radio is in use. You can 
‘add two transient-protection devices to the interconnected 
system, however, that will also closely duplicate the safety 
Of the stand-alone configuration 

The ac power line and antenna feed line are the two. 
important points that should be outfitted with trar 
protection. This is the minimum basic protection scheme 
recommended for all Amateur Radio installations. (For 
fixed installations, consideration should also be given to 
the rotator connections—see Fig 15.) Hand-held radios 
equipped with a “rubber duck" require no protection at th 
antenna jack. If а larger antenna is used with the hand- 
held, however, a protection device should be installed. 


General Considerations 

Because of the unpredictable energy content of a 
nearby lightning strike or other large transient, it is pos- 
sible for a metal-oxide varistor (MOV) to be subjected 10 
an energy surge in excess of its rated capabilities. This may 
result in the destruction of the MOV and explosive rupture 
of the package. These fragments can cause damage to 
nearby components or operators and possibly ignite flam- 
amable material. Therefore, the MOV should be physically 
shielded, 

A proper ground system is a key factor in achieving 
protection from lightning and EMP transients. A low- 
impedance ground system should be installed to eliminate 
transient paths through radio equipment and to provide a 
good physical grou suppression devices, 
A single-point ground system is recommended (Fig 16) 
to help prevent lightning from getting into the shack on 
the shields of antenna feed-line coaxes. Mar 
well-grounded radio-entrance panel mounted outside the 
shack to ground their coaxes before they enter the house, 
Fig 17 shows an entrance panel at KSCH’s home in Michi- 
gan. All external conductors going to the radio equipment 
should enter and exit the station through this panel. Install 
all ransient-suppression devices directly on the panel. Use 


for the trar 


hams use a 
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the shortest length(s) possible of 46 solid wire to co 
the radio equipment caseís) to the ground bus. 


Ac Power-Line Protection 

Tests have indicated that household electrical wi 
ing inherently limits the maximum transient current that 
it will pass to approximately 120 A. Therefore, if pos- 
sible, the amateur station should be installed away from 
the house ac entrance panel and breaker box to take 
advantage of these limiting effects. 

‘Ac power-line protection can be provided with easy- 
stall, plug-in transient protectors. Ten such devices 
жете tested for the article series in 1986. The plug-in- 
strip units are the best overall choice for a typical ama- 
teur installation. They provide the protection needed, 
they're simple to instal and can be easily moved to other 
‘operating locations with the equipment 

In their tests, NCS found that the model that pro- 
vided transient paths to ground from the hot and neutral 
lines (common mode) as well as the transient path between. 
the hot and neutral lines (normal mode) performed best. 
The best model used three MOVs and a 3-electrode gas- 
discharge-tube arrester to provide fast operation and large 
power dissipation capabilities. This unit was tested 
repeatedly and operated without failure. 

The flood of low-cost computers in the 1990s spawned 
а host of surge protection devices designed to limit tran- 
sient voltage spikes coming from the ac line and also 
through the telephone line into a modem connected to a 
computer. Many of these devices are well-designed and can 
be relied upon to provide the protection they claim. 

You can, however, easily find а variety of really low- 
cost bargain strips at flea markets and discount hardware 


4-42 Chapter 1 


stores. A bargain-brand $6 unit may prove to be a poor 
bargain indeed if it allows a spike to get through to dam 
‘age your $2000 computer or $4000 transceiver. 
You should be careful to find one that carries а 
that it meets Underwriters Laborato- 


sticker indicatin 
ries safety standard UL 1449. This defines the minimum. 
level of clamping voltage beyond which a surge protec- 
tor will “fire” to protect the device connected to its out- 
pul. The UL 1149 limit is 330 V ac. Prices for brand-name 
units from Tripp Lite, APC or Curtis vary fron 
30 to $80, depending on how many ac sockets they have 
and the number of indicator lights and switched/ 
unswitched sockets. A brand-name device is well worth 
the small additional cost over the bargain-hasement units. 
A transient suppressor requires a 3-wire outlet; the 
‘outlet should be tested to ensure all wires are properly 
connected. In older houses, ап ae ground may have to be 
stalled by a qualified electrician. The ac ground must 
be available for the plug-in transient suppressor to fune- 
tion properly. The ac ground of the receptacle should be 
attached to the station ground bus, and the plug-in 
receptacle should be installed on the ground panel behi 
the radio equipment. 


about 


Emergency Power Generators 
Emergency power generators provide two major tran- 
sient-protection advantages. First, the station is discon- 
nected from the commercial ac power system. This isolates 
the radio equipment from a major source of damaging tran- 
Чеш». Second, tests have shown that the emergency power 
generator may not be susceptible to EMP transients 
When the radio equipment is plugged directly into 
the generator outlets, transient protection may not be 


Fig 16—At A, tho proper method 
of tying all ground points 

together. The transient path to 

‘ground with a single-point ground 

system and use of transient ei 
suppressors is shown at B. You 

want to keep transients from 

nearby lighning strikes from 

getting into tho radio room. 


needed. If an extension cord or household wiring is used, 
transient protection should be employed. 

An emergency power generator should be wired into 
the household circuit only by a qualified electrician. When 


properly connected, a switch is used to disconnect the 
commercial ас power source from the house lines before. 

jected to them. This keeps the gen- 
erator output from feeding back into the commercial 


the generator is cor 


power system. IF this is not done, death or i 


unsuspecting linemen can result 


Feed-Line Protection 
Coaxial cable is recommended for use as the trans- 


mission line because it provides a certain amount of tran- 
sient surge protection for the equipment to which it is 
attached. The outer conductor shields the center conduc- 


tor from the transient field. Also, the cable limits the 


maximum conducted transient volta 
arcing the differential volta 
10 the grounded cable shield 
By providing a path to grour 
equipment, the gear can be protected from the lar 
nts impressed upon the antenna system by light 
EMP. A single protection device installed at the radio 
antenna jack will protect the radio, but not the transmis- 
ne, To protect the transmission line, another tran- 


оп the center by 


from the center conductor 


ahead of the radio 
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Table 1 
RF Coaxial-Line Protectors. 


Measured 
Approximate | High-Z 
Cast Camping 
Manufacturer Device (US Dollars) Volage (Vots) 
Fischer FOC-250.300UHF 55 E3 
Fischer FOC.250.850UHF 55 250 
Fischer FCC-250-150.UHF 55 220 
Fischer FOC-250-120-UHF 55 E 
Fischer FCC-450-120.UHF 55 120 
Polyphaser | IS-NEMP. эз мо 
Polyphaser SNMP эз 150 
Polyphaser | ISNEMP-2 эз 160 


Note: The transmiter output power, frequency of operation, and 
transmission ine SWR must be considered when selecting any 
of these devices 


Fig 17—Radio-entrance panel at KBCH. A flat aluminum 
plate serves as a common grounding point for all coax 
cables to prevent transients from nearby lightning 
Strikes from getting into the shack on the feed Iines 
“Spark gap" protectors to kill transients on the coax 
inner conductors are located behind the panel. A spark- 
gap protector is also used on the two open-wire feeder 
Insulators mounted on the Plexiglas sheet behind tho. 
aluminum panel. 


sient protector must be installed between the antenna and 
the transmission line. (See Fig 15) 

RF transient protection devices from several manu- 
fucturers were tested (see Table 1) using RG-8 cable 
equipped with UHF connectors, All of the devices shown. 
сап be installed in coaxial transmission line, Recall that 
during the tests the RG-8 cable acted like a suppressor: 
damaging EMP energy arced from the center conductor 
to the cable shield when the voltage level approached 
5.5 KV. 

Low price and a low clamping-voltage rating n 
be considered in the selection of an RF transient-protec- 
tion device. The lower cost devices have the higher clamp- 
ing voltages, however, and the higher-cost devices have 
the lower clamping voltages. Because of this, medium- 
priced devices manufactured by Fischer Custom Con 
munications were selected for testing. The Fischer 
Spikeguard Suppressors ($55 price class) for coaxial lines 
can be made to order to operate at a specifie clamping 
voltage. The Fischer devices satisfactorily suppressed the 
damaging transient pulses, passed the transmitter RF 
output power without interfering with the signal, and 
operated effectively over a wide frequency range. 

Polyphaser Corporation devices are also effective 
in providing the necessary transient protection, The 
devices available limited the transmitter RF output power 
to 100 W or less, however. These units cost approximately 
$83 each. 

RF coaxial protectors should be mounted on the sta- 
tion ground bus bar. If the Fischer device is used, it should 
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be attached to a grounded UHF receptacle that will serve 
as a hold-down bracket. This creates a conductive path 
between the outer shield of the protector and the bus bar. 
The Polyphaser device can be mounted directly to the 
bus bar with the bracket provided 

Attach the transceiver or antenna matching network 
to the grounded protector with a short (6 foot or less) 
přece of coaxial cable, Although the cable provides а 
‘ground path to the bus bar from the radio equipment, it is 
not a satisfactory transient-protection ground path for the 
transceiver, Another ground should be installed betweer 
the transceiver case and the ground bus using solid #6 
wire. The coaxial cable shield should be grounded to the 
antenna tower leg at the tower base. Each tower leg should 
have an earth ground connection and be connected to the 
single-point ground system as shown in Fig 16. 


Antenna Rotators 

Antenna rotators can be protected by plugging the 
control box into a protected ac power source and adding 
protection to the control lines to the antenna rotator. When 
the control lines are in a shielded cable, the shield must 
be grounded at both ends, MOVs of the proper size should 
be installed at both ends of the control cable, At the sta- 
tion end, terminate the control cable in a small metal box 
that is connected to the station ground bus, Attach MOVs 
from each conductor to ground inside the box. At the 
antenna end of the control cable, place the MOVs inside 
the rotator case ог in a small metal box that is properly 
grounded, 

For example, the Alliance HD73 antenna rotator uses 
а 6-conductor unshielded control cable with a maximu 
control voltage of 24.7 V de, Select an MOV with a clamp- 
ing voltage level 10% higher (27 V or more) so the MOV. 
won't clamp the control signal to ground. If the control 
voltage is ac, be sure to convert the RMS voltage value to 
peak voltage when considering the clamping voltage level 


Mobile Power Supply Protection 
The mobile amateur statio 
radio equipment to other transient hazards in addition to 
those of lightning and EMP. Currents as high as 300 A 
are switched when starting the engine, and t 
duce voltage spikes of over 200 V on the vehicle's elec- 
trical system. Lightning and EMP are not likely to impact 
the vehicle's electrical system as much as they would that 


environment exposes 


can pro- 


of a fixed installation because the automobile chassis is 
not normally grounded. This would not be the case if the 
vehicle is inadvertently grounded: for example, when the 
vehicle is parked against a grounded metal conductor. The 
mobile radio system has two advantages over a fixed 

stallation: Lightning is almost never a problem, and the 
vehicle battery is a natural surge suppressor. 

Mobile radio equipment should be installed in a way 
that takes advantage of the protection provided by the 
battery. See Fig 18. To do this, connect the positive power 
lead of the radio directly to the positive battery post, not 
to intermediate points in the electrical system such as the 


fuse box or the auxiliary contacts on the ignition switch. 
"To prevent equipment dam; 

be installed in the positive lead where they are attached 
to the battery post. 

‘An MOV should be installed between the two leads 
of the equipment power cord. A GE MOV (V36ZA80) is 
secommended for this application. This MOV provides 
the lowest measured clamping voltage (170 V) and is low 


in-line fuses should 


Mobile Antenna Installation 
Although tests indicate that mobile radios can sur- 
vive an EMP transient without protection for the an 
system, protection from lightning transients is still 
required. A coaxial-line transient suppressor should be 


installed on the vehicle chassis between the antenna and 
the radio's antenna connector 

A Fischer suppressor can be attached to a ИНЕ 
receptacle that is mounted on, and grounded to, the 
vehicle chassis. The Polyphaser protector can be mounted 
оп, and grounded to, the vehicle chassis with its flange. 
Use a short length of coaxial cable between the radio and 
the transient suppressor. 


Clamping Voltage Calculation 


When selecting any EMP-protection device io be used. 
atthe antenna port of a radio, several items must be con- 
sidered. These include transmitter RF power output, the 
SWR, and the operating frequency. The protection device 
‘must allow the outgoing RF signal to pass without clamp- 
ing. A clamping voltage calculation must be made for each 
amateur installation 
The RF-power input to a transmission line develops a 
corresponding voltage that becomes important when а volt- 
ige-surge arrester is in the line. SWR is important because of 
its influence on the voltage level. The maximum vol 
developed for a given power input is determined by: 


у= {2 хрх х5 а!) 


P = peak power in W 
Z = impedance of the coaxial cable (0) 
У = peak voltage across the cable 


Eg 1 should be used to determine the peak voltage 
present across the transmission line. Because the RF tran- 
sient protection devices use gas-discharge tubes, the volt- 
age level at which they clamp is not fixed: a safety margin 
‘must be added to the calculated peak voltage. This is done 


Fig 18—Recommended method of connecting mobile radio equipment to the vehicle battery and antenna. 
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by multiplying the calculated value by a factor of three. 
This added safety margin is required to ensure that the 
tramsmitter's RF output power will pass through the tran- 
sient suppressor without causing the device to clamp the 
RF signal to ground. The final clamping voltage obtained 
is then high enough to allow normal operation of the trans- 
mitter while providing the lowest practical clamping volt- 
age for the suppression device. This ensures the maximum 
possible protection for the radio system. 

Here's how to determine the clamping voltage. 
required. Let's assume the SWR is 1.5:1. The power out- 
put of the transceiver is 100 W РЕР. RGIS coaxial cable 
has an impedance of 52 Q. Therefore: 


these values into Eq I 


2X I00 53х13 = 124.89 V peak 

Note that the voltage, V, is the peak value at the peak 
of the RF envelope. The final clamping voltage (FCV) is 
three times this value, or 374.7 V. Therefore, a coaxial- 
line transient suppressor that clamps at or above 375 V 
should be used. 

‘The cost of a two-point basic protection scheme is 
estimated to be $100 for each fixed amateur station. This 
includes the cost of a good quality plug-in power-line pro- 
tector ($45) and one Fischer coaxial-line protector ($55), 


Inexpensive Transient-Protection Devices 

Here are two low-cost protection devices you can 
assemble. They performed flawlessly in the tests. 

The radio antenna connection сап be protected Ву 
means of another simple device, As shown in Fig 19, two. 
spark gaps (Siemens BI-A3S0) are installed in series at 
one end of a coaxial-cable T connector. Use the shortest 
practical lead length (about 1/4 inch) between the two spark 
gaps. One lead is bent forward and forced between the split 
Sections of the inner coaxial connector until the spark gaps 
approach the body of the connector. A short length of 
insulating material (such as Mylar) is placed between the 
spark gaps and the connector shell. The other spark-gap 
ead is folded over the insulator, then conductive (metal- 
lic) tape is wrapped Лу. This construc- 
tion method proved durable enough to allow many 
insertions and removals ofthe device during testing. Est 
‘mated cost of this assembly is $9. Similar devices can be 
built using compon Josly 
General Semiconductor or Siemens. 


round the assen 


is fron General Electric. 


Summary 

Amateurs should be aware of which componer 
their radio system are most likely o be damaged by EMP. 
"They should also know how to repair the damaged equip- 
ment, Amateurs should know how to reestablish commu- 


Fig 19—Pictorial diagram of an inexpensive, homemade 
RF coax transient protector. 


nications after an EMP event, taki sideration 
its adverse effects on the earth's atmosphere and radio 
equipment. One of the first things that would be noticed, 
providing the radio equipment is operative, is a sudden 
silence in radio transmissions across all frequencies below. 
‘approximately 100 MHz. This silence would be caused 
in part by damage to unprotected radio gear from the EMP 
transient. Transmissions from one direction, the direc- 
tion of the nuclear blast, would be completely out. RF 
signal loss by absorption and attenuation by the nuclear. 
fireball are the reasons for this. 

After an EMP event, the amateur should be prepared 
to operate CW. CW gives the most signal power under 
adverse conditions. i also provides a degree of mess 
security from the general public 

Amateurs should develop the capability and Пех- 
ibility to operate in more than one frequency band. The 
lower ground-wave frequencies should be useful for lo 
distance communications immediately after an EMP 
event. Line-of-sight VHF would be of value for local 

What can be done to increase the survivability of an 
Amateur Radio station? Here are some suggestions: 


1) IF you have spare equipment, keep it disconnected 
use only the primary station gear. The spare equip- 
ment would then be available after an EMP event. 

2) Keep equipment turned off and antenna and power 
lines disconnected when the equipment is notin use. 

) Connect only those external conductors necessary for 
the current mode of operation. 

4) Tie all fixed equipment to a single-point earth ground 
to prevent closed loops through the ground, 

5) Obtain schematic diagrams of your equipment and 
tools for repair of the equipment. 

6) Have spare parts on hand for sensitive components 
of the radio equipment and antenna system, 

7) Lear how to repair or replace the sensitive compo- 
ments of the radio equipment. 

8) Use nonmetallic guy lines and antenna structural 
parts where possible 

9) Obtain an emergency power source and operate from. 


it during periods of increased world political tension. 
The power source should be completely isolated from. 
the commercial power lines. 

10) Equipment power cords should be disconnected when 
the gear is idle. Or the circuit breaker for the line 
feeding the equipment should be kept in the or 
position wh. 

11) Disconnect the antenna lead-in when the station is 
off the air. Or use a grounding antenna switch and 
Keep it in the GROUND position when the equipmen 

12) Have a spare antenna and transmission line on hand 
to replace a damaged antenna system, 

13) Install EMP surge arresters and filters оп all primary 


the station is off the air. 


‘conductors attached to the equipment and antenna, 
14) Retain tube type equipment and spare components 
Keep them in good working order. 
15) Do not rely on a microprocessor to control the sta- 
tion after an EMP event, Be able to operate without 
ieroprocessor control 


‘The recommendations contained inthis section were 
developed with low cost in mind: they are not intended 
to cover all possible combinations of equipment and 
installation methods found in the amateur community. 
Amateurs should examine their own requirements and use 
this report as a guideline in providing protection for the 
‘equipment 


RF Radiation and Electromagnetic Field Safety 


Amateur Radio is basically а safe activity. In recen 
years, however, there has been considerable discussion 
М concern about the possible hazards of electromag- 
netic radiation (EMR), including both RF energy and 
power-frequency (50-60 Hz) electromagnetic (EM) fields 
FCC regulations set limits on the maximum permissible 
exposure (MPE) allowed from the operation of radio 
transmitters. These regulations do not take the place of 
RE-safety practices, however. This section deals with the 
topic of RF safety 
"This section was prepared by members of the ARRL 
RF Safety Committee and coordinated by Dr Robert E. 
Gold, WBOKIZ. It summarizes what is now known and 
offers safety precautions based on the research to date 
All life on Earth has adapted to survive in an envi- 
ronment of weak, natural, low-frequency electromagnetic 
fields (in addition to the Earth's static geomagnetic field) 
Natural low-frequency EM fields come from two main. 
sources: the sun, and thunderstorm activity. But in the last 
100 years, man-made fields at much higher intensities and 
with a very different spectral distribution have altered this 
natural EM background in ways that are not yet fully 
understood. Researchers continue to look atthe effeets of 
RF exposure over a wide range of frequencies and levels. 
Both RF and 60-Hz fields are classified as nonion- 
icing radiation, because the frequency is too low for there 
to be enough photon energy to ionize atoms. (Jonizing 
radiation, such as X-rays, gamma rays and even some 
ultraviolet radiation has enough energy to knock elec- 
irons loose from their atoms. When this happens, posi 
gative ions are formed.) Still, at sufficiently 


tive and 


high power densities, EMR poses certain health hazards. 
It has been known since the early days of radio that RF 
ету can cause injuries by heating body tissue. (A. 
‘one who has ever touched an improperly grounded radio 
chassis or energized antenna and received an RF burn 
will agree that this type of injury can be quite painful.) In 
extreme cases, RF-induced heating in the eye сап result 
in cataract formation, and can even cause blindness, 
Excessive RF heating of the reproductive organs can cause 
sterility. Other health problems also can result from RF 
heating. These heat-related health hazards are called her. 
mal effects. A microwave oven is a positive application 
of this thermal effect, 
"There also have been observations of changes in 
physiological function in the presence of RF energy lev- 
els that are too low to cause heating. Those functions 


return to normal when the field is removed. Although 
research is ongoing, no harmful health consequences have 
been linked to these changes. 

їп addition to the ongoing research, much else has 
been done to address this issue. For example, FCC regu- 
lations set limits on exposure from radio transmitters. The 
Institute of Electrical and Electronics Engineers, the 
‘American National Standards Institute and the National 
Cow 
among others, have recommended voluntary guidelines. 
to limit human exposure to RF energy. The ARRL has 
established the RF Safety Committee, consisting of con- 
cemed medical doctors and scientists, serving voluntar- 
ily to the fields and to 
recommend safe practices for radio amateurs. 


il for Radiation Protection and Measurement 


xonitor scientific research i 
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THERMAL EFFECTS OF RF ENERGY 


Body tissues that are subjected to very high levels 
of RF energy may suffer serious heat damage. These 
effects depend on the frequency of the energy, the power 
density of the RF field that strikes the body and factors 
such as the polarization of the wave. 

At frequencies near the body's natural resonant fre- 
quency, RF energy is absorbed more efficiently, and an 
increase in heating occurs. In adults, this frequency usu- 
ally is about 35 MHz if the person is grounded, and about 
70 MHZ if insulated from the ground. Individual body 
parts may be resonant at different frequencies. The adult 
head, for example, is resonant around 400 MHz, while a 
baby's smaller head resonates near 700 MHz. Body size 
thus determines the frequency at which most RF energy 
is absorbed. As the frequency is moved farther from reso- 
nance, less RF heating generally occurs. Specific absorp- 
tion rate (SAR) is a term that describes the rate at which 
RF energy is absorbed in tissue. 

Maximum permissible exposure (MPE) limits are 
based on whole-body SAR values, with additional safety 
factors included as part of the standards and regulations. 
This helps explain why these safe exposure limits vary with 
frequency, The MPE limits define the maximum electric 
and magnetic field strengths or the plane-wave equivalent 
power densities associated with these fields, that a person 
тау be exposed to without harmful effect and with an 
acceptable safety factor. The regulations assume that a 
person exposed to a specified (safe) MPE level also will 
experience a safe SAR. 

Nevertheless, thermal effects of RF energy should not 
be a major concern for most radio amateurs, because of 
the power levels we normally use and the intermittent 
nature of most amateur transmissions, Amateurs spend 
more time listening than transmitting, and many amateur 
transmissions such as CW and SSB use low-duty-cyele 
modes. (With FM or RTTY, though, the RF is present con 
tinuously at its maximum level during each transmission.) 

event, itis rare for radio amateurs to be subjected to 
RF fields strong enough to produce thermal effects, unless 
they are close to an energized antenna or un- shielded power 
amplifier, Specific suggestions for avoiding excessive 
exposure are offered later in this chapter 


ATHERMAL EFFECTS OF EMR 


Research about possible health effects resulting 
from exposure to the lower level energy fields, the 
thermal effects, has been of two basic types: epidemio- 
logical research and laboratory research. 

‘Scientists conduct laboratory research into biologi- 
cal mechanisms by which EMR may affect animals 
including humans. Epidemiologists look at the health pat- 
terns of large groups of people using statistical methods. 
These epidemiological studies have beer 
By their basic design, these studies do not demonstrate 


cause and effect, nor do they postulate mechanisms of 
disease, Instead, epidemiologists look for associations 
between an environmental factor and an observed pal- 
tem of illness, For example, in the earliest research on 
malaria, epidemiologists observed the association 
between populations with high prevalence of the disease 
and the proximity of mosquito infested swamplands. It 
was left to the biological and medical scientists to isolate 
the organism causing malaria in the blood of those with 
the disease, and identify the same organisms in the mos- 
quito population 

In the case of thermal effects, some studies have iden- 
tified a weak association between exposure to EMF at home 
or at work and various malignant conditions including 
leukemia and brain cancer. A larger numberof equally well 
designed and performed studies, however, have found no 
association, A risk ratio of between 1.5 and 2.0 has been 
‘observed in postive studies (the number of observed cases 
‘of malignancy being 1.5 to 2.0 times the "expected" num- 
ber in the population). Epidemiologists generally regard a 
risk ratio of 4.0 or greater to be indicative of a strong asso- 
ciation betwee 
example, men who smoke one pack of ci 
increase their risk for lung cancer tenfold compared to non- 
smokers, and two packs per day increases the risk to more 
than 25 times the nonsmokers” risk. 

Epidemiological research by itself is rarely conclu- 
sive, however. Epidemiology only identifies health pat- 
terns in groups—it does not ordinarily determine their 
cause. And there are often confounding factors: Most of 
us are exposed to many different environmental hazards 
that may affect our health in various ways. Moreover, not 
all studies of persons likely to be exposed to high levels 
of EMR have yielded the same results 

There also has been considerable laboratory research 
about the biological effects of EMR in recent years. For 
example, some separate studies have indicated that even 
fairly low levels of EMR might alter the human body's 
circadian rhythms, affect the manner in which T lympho- 
cytes function in the immune system and alter the nature 
of the electrical and chemical signals communicated 
through the cell membrane and between cells, among other 
things. Although these studies are intriguing, they do not 
demonstrate any effect of these low-level fields on the over- 
all organism. 

Much of this research has focused on low-frequency 
magnetic fields, or on RF fields that are keyed, pulsed or 
modulated at a low audio frequency (often below 100 HZ). 
Several studies suggested that humans and animals can 
‘adapt to the presence of a steady RF cartier more readily 
than to an intermittent, keyed or modulated energy source. 

The results of studies in this area, plus speculations 
concerning the effect of various types of modulation, were 
and have remained somewhat controversial. None of the 
research to date has demonstrated that low-level EMR 
‘causes adverse health effects. 


the cause and effect u 


Fig 20—1991 RF protection guidelines for body exposure of humans. It is known officially as the “IEEE Standard for 
‘Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to 300 GHz" 


Given the fact that there is а great deal of ongoin 
research to examine the health consequences of exposure 
10 ЕМЕ, the American Physical Society (a national group 
of highly respected scientists) issued a statement in May 
1995 based on its review or available data pertaining to 
the possible con 

sure. This report is exhaustive and should be reviewed 


setions of cancer to 60-Hz ЕМЕ expo- 


by anyone with a serious interest in the field. Among its 
ега] conclusions were the following: 

1. The scientific literature and the reports of reviews by 
other panels show no consistent, significant link 

between cancer and power line fields. 

No plausible biophysical mechanisms for the system 

atic initiation or promotion of cancer by these 

extremely weak 60-Hz fields has been identified. 


While itis impossible to prove that no deleterious health 
effects occur from exposure to any environmental fac- 
tor, it is necessary to demonstrate a consistent, sig- 
nificant, and causal relationship before one сап 
conclude that such effects do occur. 

In a report dated October 31, 1996, а committee of 
the National Research Council of the National Academy 
of Sciences has concluded that no clear, convincing evi- 


dence exists to show 
tric and magnetic fields (EMFS) are a threat to human 
health. 

‘A National Cancer Institute epidemiological study 
of residential exposure to magnetic fields and acute lym 
phoblastic leukemia in children was published in the New 
England Journal of Medicine in July 1997. The exhaus- 

¡car study concludes that if there is any link 
эг all, it is far too weak to be concerned about. 


at residential exposures to elec- 


Readers may want to follow this topic as further 
studies are reported. Amateurs should be aware that 
exposure to RF and ELF (60 Hz) electromagnetic fields 
at all power levels and frequencies has not been fully stud- 
ed under all circumstances. "Prudent avoidance" of any 
avoidable EMR is always а good idea. Prudent avoid: 
ance doesn't mean that amateurs should be fearful of 
using their equipment. Most amateur operations are well 
within the MPE limits. If any risk does exist, it will almost 
surely fall well down on the list of causes that may be 
harmful to your health (on the other end of the list from. 

that hams 


your automobile). It does mean, however 


should be aware of the potential for exposure from their 
stations, and take whatever reasonable steps they can take 
to minimize their own exposure and the exposure of those 
around them, 


Safe Exposure Levels 

How much EM energy is safe? Scientists and regu 
lators have devoted a great deal of effort to deciding upon. 
safe RF-exposure limits. This is a very complex prob- 
lem, involving difficult public health and economic con 
siderations. The recommended safe levels have been 


revised downward several times over the years —and not 
all scientific bodies agree on this question even today, 
An Institute of Electrical and Electronics El 

(IEEE) standard for recommended EM exposure limits 


was published in 1991 (see Bibliography). It replaced a 
1982 American National Standards Institute (ANSD stan 
dard. In the new standard, most of the permitted expo- 


10 better reflect the current research. The new IEEE stan- 
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FCC RF-Exposure Regulations 


FCC regulations control the amount of RF exposure 
that can result from your station's operation (8897.13, 
CJ 1.1310 and 2.1093). The regula- 
tions set limits on the maximum permissible exposure 
(MPE) allowed from operation of transmitters in all radio 
Services. They also require that certain types of stations be 
evaluated to determine i they are in compliance withthe 
MPEs specified in the rues. The FCC has also required 
that five questions on AF environmental safety practices be 
added to Novice, Technician and General license examina: 
tions. 

"These rules went into effect on January 1, 1998 for new 
stations or stations tha fle а Form 605 application with the 
FCC. Other existing stations have ший September 1, 2000. 
to be in compliance with the rules. 


The Rules 


Maximum Permissible Exposure (MPE) 

All radio stations regulated by the FCC must comply with 
tha requirements for MPEs, even ORP stations running 
опу а few watts of less. The MPEs vary with frequency, as 
Shown in Table A. MPE limits are specified in maximum 
electric and magnetic fields or frequencies below 20 MHz, 
in power density for frequencies above 300 MHz and ай 
three ways or frequencies from 30 lo 300 MHz. For 
compliance purposes, al of these limits must be consid 
ered separately. If any ono is exceeded, 


же station is not in compliance 
"The regulations control human exposure to AF fields, 
mot he strength of RF fields. There is no limit to how 
strong a fed can be as long as no one is being exposed 
to it, although FCC regulations require that amateurs use 
Же minimum necessary power at al times (897.311 [a] 


Environments 
"The FCC has defined two exposure environments — 
controlled and uncontrolled, A controlled environment is 

опе in which the people who are being exposed are 
"aware of that exposure and can take steps to minimize 
thal exposure, if appropriate. In an uncontrolled environ- 
ment, the people being exposed are not normally aware 
Of the exposure. The uncontrolled environment mits are 
more stringent than the controlled environment limits. 

‘Although the controlled environment is usually 
intended as an occupational environment, the FCC has 
determined that it generally applies to amateur operators 
and members о! their immediate households. In most 
cases, controlled-environment mits can be applied to 
Your home and property to which you can contro 
Physical access. The uncontrolled environment is 
mended for areas that are accessible by the general 
Public, such as your neighbors properties. 

"The MPE levels are based on average exposure, An 
averaging time of 6 minutes is used for controlled 
exposure; an averaging period of 30 minutes is used for 
Uncontrolled exposure, 


(A) Limits for Occupational/Controllod Exposure 


{= frequency in MHZ 
Plane-wave equivalent power density (see Note 1) 


{= frequency in MHz 
Plane-wave equivalent power density (see Note 1). 


Note 1: This means the equivalent 


relationships: Р, 


Table A—(From §1.1310) Limits for Maximum Permissible Exposure (MPE) 


(B) Limits for General PopulationlUncontrolled Exposure 


jd strength that would have the E or td compo: 
nent calculated or measured. It does not apply well in the near field of ап antenna. The 
equivalent far-field power density сап be found in the near or far field regions rom the 


ani 770 mil or rom Pe Haa 577 lon? 


Station Evaluations 


The FCC requires 
that certain amateur 


Frequency Electi Fk Magnete Field Power Density Averaging Time salons be evaluated 
Range " deen Suengin (тїт) (minutes) for compliance withthe 
(MHZ) (vim) т) mata can Rave 
oaao вм 163 (oo) E valaton tis not 
$030 Tesan даи ode 6 T 
юзю 614 0.163 то 5 orale hok m 
Soso 2. = fio в Stations The ARAL 
1500-100,000 — = 5 6 


Book AF Exposure and 
You contains extensive 
Information about the 
regulations and a large 
chapter of tables that 


Frequency Elsevie Feld Magnetic Field Power Donsity Averaging Time show compliance 
Bango > Svengi Sangin (тїт (minutes Stonea or space, 
(MHz) (vim) ат тоте General, hams 
03434 614 1.63 (100)* 30 a Ne tatiana 
13400 saut 2194 (юу 20 Some o hase tana 
30300 275 dora 02 30 five been included in 
300.1500 = = 11500 30 the ECOS information 
1800100000 — = 10 20 OSET Bulletin 65 and 


its Supplement B. 1t 
hams choose, however, 
they can do more 
extensive calculations, 
use a computer to 
model their antenna 
and exposure, or make 
actual measurements. 
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Table B—Power Thresholds for Routine 
Evaluation of Amateur Radio Stations 


Wavelength Evaluation Required it 

Band Power" (watts) Exceeds: 
MF 

160m 500 
HF 

вот 500 

75m 500 

40m 500 

зот 425 

20m 225 

Wm 125 

15m 100 

12m 78 

10m 50 


VHF (all bands) 80 


UHF 
тост 70 
эз от 150 
23cm 200 
13 от 250 


SHF (all bands) 280 
EHF (all bands) 280 


Repeater stations 
(all bands) 


non-buiding mounted antennas: 

height above ground level 

to lowest point of antenna 

< 10 m and pomer > 500 W ERP 

building-mounted antennas: 

power > 500 W ERP 

“Transmitter power = Peak-envelope power input to 
antenna. For repeater stations only, power exclusion 
based on ERP (effective radiated power). 


Categorical Exemptions 

‘Some types of amateur stations do not need to be 
evaluated, but these stations must stil comply with the 
MPE limits. The station licensee remains responsible for 
ensuring that the station meets these requirements. 

The FCC has exempted these stations from the evalua 
tion requirement because their output power, op 
mode and 
be in compliance withthe rules. 

Stations using power equal to or less than the levels in 
Table B do not have ta be evaluated. For the 100W HF 
ham station, for example, an evaluation would be required 
оту on 12 and 10 meters. 

Hand-held radios and vehicle-mounted mobile radios 
that operate using a push-to-talk (PTT) button are also 
categorically exempl trom performing the routine evalua 
lion. Repeater stations that use less than 500 W ERP or 
those with antennas not mounted on buildings, if the 
antenna is at least 10 meters off the ground, also do not 
need to be evaluate 


Correcting Problems 
Most hams are already in compliance withthe MPE 
requirements. Some amateurs, especially those using 
indoor antennas or high-power, high-duty-cycle modes 
Such as а RTTY bulletin station and specialized stations 
for moonbounce operations and the like may need to make 
adjustments to their station or operation to be in compli- 
"The FCC permits amateurs considerable flexibility in 
‘complying with these regulations. As an example, hams сап 
adjust their operating frequency, mode or power lo comply 
Wi the MPE mis. They can also adjust their operating 
habits or control the direction their antenna в pointing. 


More Information 
This discussion offers only an overview of this topic: 

Additional information can be found in AF Exposure and 
You and on ARBLWeb at www.arrLorgmewsireafetyl 
ARALWeb has links to the FCC Web she, with OET 
‘Bulletin 65 and Supplement В and links o software that 
hams can use to evaluate their stations. 


dard was adopted by ANSI in 1992, 
The IEEE standard recommends frequency-dependent 
and time-dependent maximum permissible exposure lev- 
els. Unlike earlier versions of the standard, the 1991 stan- 
dard recommends diferent RF exposure limits in controlled 
environments (that is, where energy levels can be accu- 
rately determined and everyone on the premises is aware 
of the presence of EM fields) and in uncontrolled environ- 
vents (where energy levels are not known or where people. 
jay not be aware of the presence of EM fields). FCC regu- 
lations also include controlled/occupational and uncon- 
trolled/general population exposure environments 
"The graph in Fig 20 depicts the 1991 IEEE standard. 
I is necessarily a complex graph, because the standards 
differ not only for controlled and uncontrolled environ- 
ments but also for electric (E) fields and magnetic (H) 


fields. Basically, the lowest E-field exposure limits occur 
at frequencies between 30 and 300 MHz. The lowest H- 
field exposure levels occur at 100-300 MHz. The ANSI 
standard sets the maximum E-field limits between 30 and 
300 MHz at a power density of 1 mW/cnr (61.4 V/m) in 
controlled environments—but at one-fifth that level 
(02 mW/cm or 27.5 Vim) in uncontrolled environments. 
The H-field limit drops to 1 mW/em (0.163 A/m) at 100- 
300 MHz in controlled environments and 0.2 m em. 
(0.0728 A/m) in uncontrolled environments. Higher power. 
densities are permitted at frequencies below 30 MHz 
(below 100 MHz for H fields) and above 300 MHz, based 
on the concept that the body will not be resonant at those 
frequencies and will therefore absorb less energy. 

In general, the 1991 IEEE standard requires avera 
ing the power level over time periods ranging from 6 to 
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30 minutes for power-density calculations, depending on 
the Frequency and other variables. The ANSI exposure 
limits for uncontrolled environments are lower than those 
Tor controlled environments, but to compensate for that 
the standard allows exposure levels in those environments 
10 be averaged over much longer time periods (generally 
30 minutes). This long averaging time means that an 

termitently operating RF source (such as an Amateur 
Radio transmitter) will show a much lower power den- 
sity than a continuous-duty station —for a given power 
level and antenna configuration 

Time averaging is based on the concept that the 
human body can withstand a greater rate of body heating 
(and thus, a higher level of RF energy) for a short time 
than for a longer period. Time averaging may not be 
appropriate, however, whe 
of RF energy. 

"The IEEE standard excludes any transmitter with an 
‘output below 7 W because such low-power transmitters 
would not be able to produce significant whole-body heat- 
ing. (Recent studies show that hand-held transceivers 
often produce power densities in excess of the IEEE stan- 
dard within the head.) 

There is disagreement within the scientific commu- 
nity about these RF exposure guidelines. The IEEE stan- 
dard is still intended primarily to deal with thermal effects, 
not exposure to energy at lower levels. A small but sig 
nificant number of researchers now believe athermal 


considering nonthermal effects 


effects also should be taken into consideration, Several 
European countries and localities in the United States have 
adopted stricter standards than the recently updated IEEE. 
standard 

Another national body in the United States, the 
National Council for Radiation Protection and Measure- 
ment (NCRP), also has adopted recommended exposure 
guidelines. NCRP urges a limit of 02 mW/em? for non- 
occupational exposure in the 30-300 MHz range. The 
NCRP guideline differs from IEEE in two notable ways: It 
takes into account the effects of modulation on an RF 
carrier, and it does not exempt transmitters with outputs 
below 7 W. 

"The FCC MPE regulations are based on parts of the 
1992 IEEE/ANSI standard and recommendations of the 
National Council for Radiation Protection and Measure- 
ment (NCRP). The MPE limits under the regulations are 
slightly different than the IEEE/ANSI limits. Note that the 
MPE levels apply to the FCC rules put into effect for radio 

mateurs on January 1, 1998, These MPE requirements do. 
not reflect and include all the assumptions and exclusions 
of the IEEE/ANSI standard. 


Cardiac Pacemakers and RF Safety 

Itis a widely held belief that cardiac pacemakers may 
be adversely affected in their function by exposure o elec- 
iromagnetic fields. Amateurs with pacemakers may ask 
whether their operating might endanger themselves ог visi- 
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tors to their shacks who have a pacemaker. Because of this, 
and similar concerns regarding other sources of electro- 
‘magnetic fields, pacemaker manufacturers apply design 
‘methods that for the most part shield the pacemaker си 
cuitry from even relatively high EM field strengths. 

Tis recommended that any amateur who has a pace- 
‘maker, or is being considered for one, discuss this matter 
with his or her physician. The physician will probably 
pul the amateur into contact with the technical represen- 
tative of the pacemaker manufacturer. These represent 
tives are generally excellent resources, and may have data 
from laboratory or “in the field” studies with specific 
model pacemakers. 

One study examined the function of a modern (dual 
chamber) pacemaker in and around an Amateur Radio 
station. The pacemaker generator has circuits that receive 
and process electrical signals produced by the heart, and 
also generate electrical signals that stimulate (pace) the 
heart. In one series of experiments, the pacemaker was 
connected to a heart simulator, The system was placed 
on top of the cabinet of a I-KW HF linear amplifier dur- 
ing SSB and CW operation. In another test, the system 
was placed in close proximity to several I to S-W 2-meter 
hand-held transceivers. The test pacemaker was connected 
to the heart simulator in a third test, and then placed on 
the ground 9 meters below and 5 meters in Front of a 
three-element Yagi HF antenna, No interfer 
pacemaker function was observed in these experiments. 

Although the possibility of interference cannot be 
entirely ruled out by these few observations, these tests 
represent more severe exposure to EM fields than would 
ordinarily be encountered by an amateur ith an aver- 
аре amount of common sense. Of course, prudence de. 
{ates that amateurs with pacemakers, who use hand-held 
VHF transceivers, keep the antenna as far as possible from 
the site ofthe implanted pacemaker generator. They also 
should use the lowest transmitter output required for 
adequate communication. For high power HF transmis- 
sion, the antenna should be as far as possible from the 
‘operating position, and all equipment should be properly 

rounded, 
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Low-Frequency Fields 

Although the FCC doesn't regulate 60-Hz fields, 
some recent concern about EMR has focused on low- 
frequency energy rather than RF. Amateur Radio equip- 
ment can be a significant source of low-frequency та; 
netic fields, although there are many other sources of this 
Kind of energy in the typical home, Magnetic fields can 
be measured relatively accurately with inexpensive 60-112 
meters that are made by several manufacturers, 

Table 2 shows typical magnetic field intensities of 
Amateur Radio equipment and various household items. 
Because these fields dissipate rapidly with distance, “pru- 
dent avoidance” would mean staying perhaps 12 to 
18 inches away from most Amateur Radio equipment (and 


24 inches from power supplies with 1-KW RF amplifiers). 


Determining RF Power Density 

Unfortunately, determining the power density of the 
RF fields generated by an amateur station is not as simple 
as measuring low-frequency magnetic fields, Although 
sophisticated instruments can be used to measure RF 
power densities quite accurately, they are costly and 
require frequent recalibration, Most amateurs don't have 
access to such equipment, and the inexpensive field- 


Table 2 


‘Typical 60-Hz Magnetic Fields Near Amateur 
Radio Equipment and AC-Powered Household 
Appliances 

Values are in miligauss. 


Mem Field Distance 
Бесс blanket — 3090 Surface 
Microwave oven 10-100 Surface 
1-10 12 
IBM personal 810 Atop monitor 
computer ол 16" from sere 
Electr dril 5002000 А handle 
Hair dryer 200-2000 At handie 
НЕ transceiver 10-100 Atop cabinet 
15 16" rom front 
14W RF amplifier 80-1000 Atop cabinet 
125 16" fom front 
(Source: measurements made by members of the ARAL RF 


‘Salty Committee) 


Table 3 
Typical RF Field Strengths Near Amateur Radio 
Antennas 


А sampling of values as measured by the Federal 
‘Communications Commission and Environmental Protec- 
tion Agency, 1990. 


Antenna Type нә Power E Field 
(мн) (W) (Vim) ^ Location 
Dipole in atte 1415 100 7100 in home 
Discone in attie 1465 250 1027 in home 
Half sloper 215 1000 50 m en 
base 
Dipole at 7-131 — 714 10 8450 1-2 m trom 
E 
Vertical зв soo 190 отот 
base 
S-element Yagi 212 1000 1020 Inshack 
at 60 „em ten 
base 
Gelmenvag 285 425 812 12mtom 
КЕП base 
Inverted у таз 1400 527 веом 
at 22-46 t ‘antenna 
Vertical on roof 1411 140 6-9 Inhouse 
35-100 А antenna, 
tuner 
Whip on auto root 1465 100 2275 2m 
antenna 
1530 In vehicle 
90 Rear seat 
Seeloment Yagi 501 500 3750 10m 
КЕП antenna 


Table 4 

RF Awareness Guidelines 

These guidelines were developed by the ARAL RF Safely 

Committee, based on the FCC/EPA measurements of 

Table 3 and other data. 

+ Although antennas on towers (well away from people) 
pose no exposure problem, make certain that the RF 
radiation is confined to he antennas’ radiating elements 
themselves. Provide a single, good station ground 
(earth), and eliminate radiation from transmission lines. 
Use good coaxial cable or other feed line propery. Avoid 
serious imbalance in your antenna system and feed ine. 
For high-powered installations, avoid ond-fed antennas 
that come directly into the transmitter area near the 
operator. 

+ No person should ever be near any transmitting antenna 
while it is in use. This is especially true for mobile or 
Sround-mounted vertical antennas. Avoid transmitting 
with more than 25 W in a VHF mobile installation unless it 
is possible to first measure the AF fields inside the 
vehicle. At the 1-KW level, both HF and VHF directional 
antennas should be at least 35 ft above inhabited areas. 
‘Avoid using indoor and ane mounted antennas if at ай 
possible. Y open-wire feeders are used, ensure that it is 
Not possible for people (or animal) to come into accide 


tal contact withthe feed ine, 

+ Don't operate high-power amplifiers with the covers 
removed, especially at VHF/UHF. 

+ In the UHF/SHF region, never look into the open end of an 
activated length of waveguide or microwave sed hon 
antenna or point it toward anyone. ( you do, you may be 
exposing your eyes о more than he maximum permis 
Sible exposure level of RF radiation. Never point a high- 
gain, narrow-bandaidth antenna (a paraboloid, for 
instance) toward people. Use caution in aiming an EME 
(moonbounce) array toward the horizon; EME arrays may 
deliver an effective radiated power of 250,000 W or more. 

+ With hand-held transceivers, Keep the antenna away from 
your head and use the lowest power possible to maintain 
communications. Use a separate microphone and hold the 
Tig as far away from you as possible. This wil reduce your 
exposure to the RF energy. 

+ Dont work on antennas that have RF power applied. 

* Don't stand or sit lose to a power supply or linear 
amplifier when the ac power is turned on. Stay at least 
24 inches away trom power transformers, electrical fans 
and other sources ot high-level 60-Hz magnetic fields. 
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strength meters that we do have are not suitable for mea- 
suring RF power density 

Table 3 shows a sampling of measurem 
Amateur Radio stations by the Federal Communications 
Commission and the Environmental Protection Agency 
in 1990. As this table indicates, a good antenna well 
removed from inhabited areas poses no hazard under any 
of the IEEE/ANSI guidelines. However, the FCC/EPA. 
survey also indicates that amateurs must be careful about 
using indoor or attic-mounted antennas, mobile anten 
паз, low directional arrays or any other antenna that is 
close to inhabited areas, especially when moderate to high 
power is used, 

Ideally, before using any antenna that is in close 
proximity to an inhabited area, you should measure the 
RF power density. If that is not feasible, the next best 
option is make the installation as safe as possible by 
observing the safety suggestions listed in Table 4. 

1t also is possible, of course, to calculate the prob- 
able power density near an antenna using simple equi 
tions. Such calculations have many pitfalls. For one, most 
of the situations where the power density would be high 
enough to be of concern are in the near field. In the near 
field, ground interactions and other variables produce 
power densities that cannot be determined by simple arith- 
metic. In the far field, conditions become easier to pre- 
dict with simple calculations. 

"The boundary between the near field and the far field 
depends on the wavelength of the transmitted signal and 
the physical size and configuration of the antenna. The 
boundary between the near field and the far field of an 
antenna can be as much as several wavelengths from the 

‘Computer antenna-modeling programs are another 
approach you can use. MININEC or other codes derived 
from NEC (Numerical Electromagnetics Code) are u. 
able for estimating RF magnetic and electric fields around 
amateur antenna systems. 

These models have li 
must be considered in estimating near-field power densi- 
ties, and the “correct ground” must be modeled. Computer 
modeling is generally not sophisticated enough to predict 
“hot spots” in the near field. places where the field inten- 
sity may be far higher than would be expected, due to 
reflections from nearby objects. In addition, “nearby 
objects” often change or vary with weather or the season, 


из made at 


tions, Ground interactions 
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so the model so laboriously crafted may not be representa- 
tive of the actual situacion, by the time it is running on the 
computer. 

Intensely elevated but localized fields often can be 
detected by professional measuring instruments. These 

iot spots” are often found near wiring in the shack, and 
metal objects such as antenna masts or equipment cabi- 
nets. But even with the best instrumentation, these mea- 
surements also may be misleading in the near fiel. 

Опе need not make precise measurements or model 
the exact antenna system, however, to develop some idea 
of the relative fields around an antenna. Computer mod- 
cling using close approximations of the geometry and 
power input of the antenna will generally suffice. Those 
who are familiar with MININEC can estimate their power 
densities by computer modeling, and those who have 
access to professional powerdensity meters can make 
useful measurements 

"While our primary concern is ordinarily the inten- 
sity of the signal radiated by an antenna, we also should 
remember that there are other potential energy sources to 
be considered. You also can be exposed to RF radiation 
directly from a power amplifier if it is operated without 
proper shielding. Transmission lines also may radiate a 
significant amount of energy under some conditions. Poor 
microwave waveguide joints or improperly assembled 
connectors are another source of incidental radiation. 


Further RF Exposure Suggestions 

Potential exposure situations should be taken seri- 
ously. Based on the FCC/EPA measurements and other 
data, the "RF awareness" guidelines of Table 4 were 
developed by the ARRL RF Safety Committee, A longer 
version of these guidelines, long with a complete list of 
references, appeared in a OST article by Ivan Shulman, 
MD, WC2S (“Is Amateur Radio Hazardous to Our 
Health?” QST , Oct 1989, pp 31-34). For more informa- 
tion or background, see the list of RF Safety References 
in the next section. 

In addition, the ARRL has published a book, RF 
Exposure and You, that is helping hams comply with the 
FCC's RF-exposure regulations. The ARRL also main- 
tains an RF-exposure news page on its Web site, See 
Www.arrl.org/news/rfsafety. This site contains reprints 
of selected OST articles on RF exposure and links to the 
FCC and other useful sites. 
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Antenna 
Fundamentals 


Antennas belong to a class of devices called trans 


ducers. This term is derived from two Latin words, mean- 
ing literally "to lead across 
transducer is a device that transfers, or converts, energy 
from one form to another. The purpose of an antenna is 
еп radio-frequency electric current to electromag- 
netic waves, which are then radiated into space. [For more 
details on the properties of electromagnetic waves them- 
selves, see Chapter 23, Radio Wave Propagation. 

We cannot directly see or hear, taste or touch elec- 
tromagnetic waves, so i's not surprising that the process 
by which they are launched into space from our antennas 
can be alittle mystifying, especially 10 a newcomer. In 
everyday life we come across many types of transducers, 
although we don't always recognize them as such. A com- 
parison with a type of transducer that you can actually see 
and touch may be useful. You are no doubt familiar with a 
loudspeaker. It converts audio-frequency electric current 
from the output of your radio or stereo into acoustic pres- 
sure waves, also known as sound waves. The sound waves 
are propagated through the air to your ears, where they 
are converted into what you perceive as sound. 

"We normally think of a loudspeaker as somethi 
‘converts electrical energy into sound energy, but we could 
just as well turn things around and apply sound energy to 


or “to transfer” Thus, a 


а loudspeaker, which will then convert it into electrical 
energy. When used in this manner, the loudspeaker has 
become a microphone. The loudspcaker/microphone thus 
exhibits the principle of reciprocity, derived from the Latin 
word meaning to move back and forth 
Now, let's look more closely at that special trans 
ducer we call an antenna. When fed by a transmitter 
with RF current (usually through a transmission line), the 
antenna launches electromagnetic waves, which are propa- 
дей through space. This is similar to the way sound 
waves are propagated through the air by a loudspeaker. In 
the next town, or perhaps оп a distant continent, a similar 
transducer (that is, a receiving antenna) intercepts some 
of these electromagnetic waves 
electrical current for a receiver to amplify and detect. 
In the same fashion that a loudspeaker can act as a 
microphone, a radio antenna also follows the principle 
of reciprocity. In other words, an antenna can transmit as 
well as receive signals. However, unlike the loudspeaker, 
an antenna does not require a medium, such as ай, through 
"which it radiates electromagnetic waves. Electromagnetic 
waves can be propagated through air, the vacuum of outer 
space or the near vacuum of the upper ionosphere. This 
is the miracle ofradio—electromagnetic waves can propa- 
gate without a physical medium. 


nd converts them into 


Essential Characteristics of Antennas 


What other things make an antenna different from 
an ordinary electronic circuit? In ordinary circuits, the 
dimensions of coils, capacitors and connections usually 
are small compared with the wavelength of the frequency 
in use. Here, we define wavelength as the distance in free 


space traveled during one comple 


cycle of a wave. The 


velocity of a wave in free space is the speed of 
the wavelength is thus: 


290.7925. 108 meters/see _ 299-1 


(а!) 


— m 


Miz 
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Where Acten the Greek eter lambda, is the free-space 
wavelength in meters 
Expressed in feet, Eq 1 becomes: 


983.5712 
TMHZ 


9836 
A 


маа = (ка) 

When circuit dimensions are small compared to À, 
most of the electromagnetic energy is confined to the cir- 
cuit itself, and is used up either performing useful work 
or is converted into heat. However, when the dimensions 
of wiring or components become significant compared 
With the wavelength, some of the energy escapes by ra- 
diation in the form of electromagnetic waves. 

Antennas come in an enormous, even bewildering, 
assortment of shapes and sizes, This chapter on fundamen- 
tals will deal withthe theory of simple forms of antennas, 
usually in free space, away from the influence of ground. 
‘Subsequent chapters will concentrate on more exotic or spe- 
cialized antenna types. Chapter 3 deals with the complicated 
subject of the effect of ground, including the effect of un- 
even local terrain. Ground has a profound influence on how 
an antenna performs in the real world 

No matter what form an antenna takes, simple or 
complex, its electrical performance can be characterized 
according to the following important properties: 


1. Feed-point Impedance 
2. Directiity, Gain and Efficiency 
X. Polarization 


FEED-POINT IMPEDANCE. 


"The first major characteristic defining un antenna is 
its feed-point impedance. Since we amateurs are free to 
choose our operating frequencies within assigned bands, 
же need to consider how the feed-point impedance of a 
particular antenna varies with frequency, within a particu- 
Jar band, or even in several different bands if we intend to 
use one antenna on multiple bands. 

There are two forms of impedance associated with 
any antenna: self impedance and mutual impedance. As 
you might expect, self impedance is what you measure at 
the feed-point terminals of an antenna located completely 
away from the influence of any other conductors 

Mutual, or coupled, impedance is due to the parasitic 
effect of nearby conductors; that is, conductors located 
Within the antenna’s reactive near field. (The subject of 
fields around an antenna will be discussed in detail later.) 
This includes the effect of ground, which is a lossy con- 
ductor, but a conductor nonetheless. Mutual impedance is 
defined using Ohm's Lam, just like self impedance. How- 
ever, mutual impedance is the ratio of voltage in one con- 
ductor, divided by the current in another (coupled) 
conductor. Mutually coupled conductors can distort the 
pattem of highly directive antenna, as well as change the 
impedance seen atthe feed point 
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In this chapter on fundamentals, we won't directly 
deal with mutual impedance, considering it as a side effect 
of nearby conductors. Instead, here we'll concentrate on 
simple antennas in free space, away from ground and any 
other conductors, Mutual impedance will be considered 
in detal in Chapter 11, HF Yagi Arrays, where it is essen- 
tial for proper operation of these beam antennas. 


Self Impedance 
‘The current that flows into an antenna’s feed point 
„must be supplied at a finite voltage. The self impedance of 
the antenna is simply equal to the voltage applied to its 
feed point divided by the current flowing into the feed 
point. Where the current and voltage are exactly in phase, 
the impedance is purely resistive, with zero reactive com: 
ponent. For this ease the antenna is termed resonant. (Am 
teurs often use the term “resonant” rather loosely, usually 
‘meaning "nearly resonant” or "close-to resonant") 

Please recognize that an antenna need not be reso- 
nant in order to be an effective radiator. There is in fact 
nothing magic about having a resonant antenna, provided 
af course that you can devise some efficient means to 
feed the antenna. Many amateurs use non-resonant (even 
random-length) antennas fed with open-wire transmis- 
sion lines and antenna tuners. They radiate signals just 
аз well as those using coaxial cable and resonant anten- 
mas, and as a bonus they usually can use these antenna 
systems on multiple frequency bands. It is important to 
consider an antenna and its feed line as а system, in which 
all losses should be kept to a minimum. See Chapter 24, 
‘Transmission Lines, for details on transmission-line loss 
аз a function of impedance mismatch, 

Except at the one frequency where it is truly reso- 
nant, the current in an antenna is at a different phase 
compared to the applied voltage. In other words, the 
antenna exhibits a feed-point impedance, not just a pure 
resistance. The feed-point impedance is composed of 
either capacitive or inductive reactance in series with а 


Radiation Resistance 

‘The power supplied to an antenna is dissipated in 
wo ways: radiation of electromagnetic waves, and heat 
losses in the wire and nearby dielectrics. The radiated 
power is what we want, the useful part, but it represents 
а form of “loss” just as much as the power used in heat- 
ing the wire or nearby dielectrics is a loss. In either case, 
the dissipated power is equal to PR, In the case of heat 
losses, R is a real resistance. In the case of radiation, 
however, R is a “Virtual” resistance, which, if replaced 
with an actual resistor of the same value, would dissi- 
pate the power actually radiated from the antenna, This 
resistance is called the radiation resistance. The total 
Power in the antenna is therefore equal to F(Ry+R), where 
Ro is the radiation resistance and R represents the total 
of all the loss resistances. 


In ordinary antennas operated at amateur frequencies, 
the power lost as heat in the conductor does not exceed а 
few percent of the total power supplied to the antenna. 
[Expressed in decibels, the loss is less than 0.1 dB. The RF 
loss resistance of copper wire even as small as #14 is very 
low compared with the radiation resistance of an antenna 
that is reasonably clear of surrounding objects and is not 
too close to the ground. You can therefore assume that th 
ohmic loss in a reasonably well-located antenna is negli- 
gible, and that the total resistance shown by the antenna 
(the feed-point resistance) is radiation resistance. As а 
radiator of electromagnetic waves, such an antenna is a 
highly efficient device. 


Impedance of a Center-Fed Dipole 

A fundamental type of antenna is the center-fed half- 
wave dipole, Historically, the 342 dipole has been the most 
popular antenna used by amateurs worldwide, largely 
because it is very simple to construct and because it is an 
effective performer. It is also a basic building block for 
many other antenna systems, including beam antennas, 
such as Yagis. 

A center fed half-wave dipole consists of a straight 
wîre, one-half wavelength long as defined in Eq 1, and 
fed in the center. The term “dipole” derives from Greek 

"two poles? See Fig 1. A 2/2-long dipole 
is just one form a dipole can take. Actually, a center-fed 
dipole can be any length electrically, as long as it is con- 

gured in a symmetrical fashion with two egual-length 
legs. There are also versions of dipoles that are not fed in 
the center. These are called off-center-fed dipoles, some- 
times abbreviated as “OCF dipoles.” 

In free space with the antenna remote from every- 
thing else—the theoretical impedance of a physically half- 
wave long antenna made of an infinitely thin conductor 
is 73 + j 42.5 Q. This antenna exhibits both resistance 
and reactance. The positive sign in the + j 42.5.02 reac- 
tive term indicates that the antenna exhibits an inductive 
reactance at йз feed point. The antenna is slightly long 
electrically, compared to the length necessary for exact 


— = 


fof the dipole is М2, but the antenna can in actuality be 
any length. 
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resonance, where the reactance is zero. 
"The feed-point impedance of any antenna is affected 
by the wavelength-to-diameter ratio (dia) of the conduc 
tors used. Theoreticians like to specify an “infinitely thin 
antenna because it is easier to handle mathematically 
What happens if we keep the physical length of an 
antenna constant, but change the thickness of the wire 
used in its construction? Further, what happens if we vary 
the frequency from well below to well above the half- 
wave resonance and measure the feed-point impedance? 
Fig 2 graphs the impedance of а 100-foot long, center- 
Ted dipole in free space, made with extremely thin wire 
in this caso, wire that is only 0.001 inches in diameter. 
There is nothing particularly significant about the choice 
here of 100 feet. This is simply a numerical example. 
We could never actually build such a thin antenna (and 
neither could we install it in free space), but we can model 
how this antenna works using a very powerful piece of com- 
puter software called NEC-4 1. See Chapter 4, Antenna Mod- 
eling and System Planning, for details on antenna modeling. 
The frequency applied to the antenna in Fig 2 is var- 
ied from 1 to 30 MHz. The x-axis has a logarithmic scale 
because of the wide range of eed-point resistance seen 
‘over the frequency range. The y-axis has a linear scale 
representing the reactive portion of the impedance. In- 
ductive reactance is positive and capacitive reactance is 
negative on the y-axis, The bold figures centered on the 
spiraling line show the frequency in MHZ. 
ACI MHZ. the antenna is very short electrically, with 
a resistive component of about 2 Q and а series capaci- 


А * 


Fig 2—Feed-point impedance versus frequency for a 
theoretical 100-foot long dipole in free space, fed in the 
center and made of extremely thin 0.001-inch diameter 
wire. The y-axis is calibrated in positive (inductive) 
Series reactance up from the zero line, and negative 
(capacitive) series reactance in the downward direction. 
‘The range of reactance goes from -6500 N to «6000 Q. 
Noto that the x-axis is logarithmic because of the wide 
range of the real, resistive component of the feed-point 
impedance, from roughly 2 (A to 10,000 0. The numbers 
placed along the curve show the frequency in MHZ. 
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Fig 3—Feed-point impedance versus frequency for a 
theoretical 100-foot long dipole in free space, fed in the 
Center and made of thin 0.1-Inch (410) diameter wire. Note 
that the range of change in reactance is less than that 
shown in Fig 2, ranging from -2700 û to +2300 0. At about 
5,000 û, the maximum resistance is also less than that 
in Fig 2 for the thinner wire, where it is about 10,000 2. 


5000 Q. Close to 5 MHz, the line 
crosses the zero-reactance line, meaning that the antenna 


tive reactance about 


goes through half-wave resonance there. Between 9 and 
10 MHz the antenna exhibits a peak inductive reactance 
of about 6000 ©. It goes through full-wave resonance 
(again crossing the zero-reactance line) between 9.5 and 
9.6 MHz. At about 10 MHz, the reactance peaks at bout 
6500 ©. Around 14 MHz, the line again crosses the zero- 
reactance line, meaning that the antenna has now gone 
through 3/2-wave resonance 


Between 19 and 20 MHz, the antenna goes through. 
AD-wave resonance, which is twice the full-wave reso- 
nance or four times the half-wave frequency. If you allow 
your mind's eye to trace out the curve for frequencies 
beyond 30 MHz, it eventually spirals down to a resistive 
component somewhere between 200 and 3000 Q. Thus, 
we have another way of looking at an antenna—as a sort 
of transformer, one that transforms the free-space imped- 
ance into the impedance seen at its feed point. 

Now look at Fig 3, which shows the same kind of 
spiral curve, but for a thicker-diameter wire, one that is 
0.1 inches in diameter. This diameter is close to #10 wire, 
a practical size we might actually use to build a real 
dipole. Note that the y-axis seale in Fig 3 is different from 
that in Fig 2. The range is from 23000 £ in Fig 3, while 
it was +7000 2 in Fig 2. The reactance for the thicker 
antenna ranges from 42300 to 2700 0 over the whole 
frequency range from 1 to 30 MHz. Compare this with 
the range of 45800 to -6400 Q for the very thin wire in 
Fig2 

Fig 4 shows the impedance for a 100-foot long dipole 
using really thick, L0-inch diameter wire. The reactance 
varies from +1000 to ~1500 Q, indicating once again that 
a larger diameter antenna exhibits less of an excursion in 
the reactive component with frequency. Note that at the 
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Fig 4—Food-polnt impedance versus frequency for а 
theoretical 100-foot long dipole In free space, fed in 
the center and made of thick 1.0-inch diameter wir. 
Once agaln, the excursion in both reactance and 
resistance over the frequency range is less with this 
Thick wire dipole than with thinner one 


Fig 5—Feed-point impedance versus frequency for a 
theoretical 100-foot long dipole in free space, fed in 
the center and mado of very thick 10.0-inch diameter 
wire. This ratio of length to diameter is about the same 
as a typical rod type of dipole element commonly used 
at 492 MHz, The maximum resistance is now about 
1,000 0 and the peak reactance range is from about — 
625 û to +380 0. This performance is also found in 
“cage” dipoles, where a number of paralleled wires are 
used to simulate a fat conductor. 


half-wave resonance just below 5 MHz, the resistive com- 
ponent of the impedance is still about 70 ©, just about what 
itis for a much thinner antenna. Unlike the reactance, the 
half-wave radiation resistance of an antenna doesn't radi- 
cally change with wire diameter, although the maximum. 
level of resistance at full-wave resonance is lower for 
thicker antennas. 

Fig 5 shows the results for a very thick, 10-inch 
diameter wire. Here, the excursion in the reactive com- 
ponent is even less: about +400 to ~600 0. Note that the 
full-wave resonant frequency is about 8 MHz for this 


Fig 6—Expansion of frequency range around halt- 
wave resonant point of three center-fed dipoles of 
three different thicknesses. The frequency is shown 
along the curves in MHz. The slope of change in 
Series reactance versus series resistance is steeper 
for the thinner antennas than for the thick 10-inch 
antenna, indicating that the Q of the thinner antennas 
ls higher. 


extremely thick antenna, while thinner antennas have full 
wave resonances closer to 9 MHz. Note also that the full- 
ave resistance for this extremely thick antenna is only 
bout 1,000 ©, compared to the 10,000 Q shown in Fig 2. 
All half-wave resonances shown in Figs 2 through 5 


remain close to 5 MHz, regardless of the diameter of the 
antenna wire. Once again, the extremely thick, 10-inch 
diameter antenna has a resistive component at half-wave 
resonance close to 70 Q. And once again, the change in 
reactance near this frequency is very much less for the 
extremely thick antenna than for thinner ones. 

Now, we grant you that a 100-foot long antenna made 
with 10-inch diameter wire sounds a little odd! A length 
of 100 f 
of 120:1 in length to diameter. However, this is about the 


+ and a diameter of 10 inches represent а ratio 


same length-to-diameter ratio as a 432-MHz half-wave 
dipole using 0.25-inch diameter elements, where the 
ratio is 109:1. In other words, the ratio of length-to- 
ich diameter, 100-foot long dipole 
is not that far removed from what might actually be used 
n 
Another way of highlighting the changes in reac- 
tance and resistance is shown in Fig 6. This shows ar 
expanded portion of the frequency range around the half- 
wave resonant frequency, from 4 to 6 MHz. In this 


diameter for the 10-4 


region, the shape of each spiral curve is almost а straight 
line. The slope of the curve for the very thin antenna 
(0.00 inch diameter) is steeper than that for the thicker 
antennas (0.1 and 1.0-inch diameters). Fig 7 illustrates 
another way of looking at the impedance data above and 
below the half-wave resonance. This is for a 100-foot 
dipole made of #14 wire. Instead of showing the fre- 
quency for each impedance point, the wavelength is 


Fig 7—Another way of looking at the data for a 100- 
foot, centor-ed dipole made of #14 wire in free space 
The numbers along the curve represent the fractional 
wavelength rather than frequency as shown in Fig 6. 
Noto that this antenna goes through its half-wave. 
resonance about 0.488 A, rather than exactly at a halt- 
‘wave physical length. 


миро Factor K 


— юж м ом 
Half Wavelength to Conductor Diameter 


Fig в—Енес! of antenna diameter on length for halt- 
‘wavelength resonance, shown as a multiplying factor, 
K, to be applied to the free-space, halt-wavelength. 


shown, making the graph more universal in application, 

Just to show that there are lots of ways of looking at 
the same data, Fig 8 graphs the constant “K” used to 
multiply the free-space half-wavelength as a function of 
the ratio between the half-wavelength and the conductor 
diameter. The curve approaches the value of 1.00 for an 
infinitely thin conductor, in other words an infinitely large 
ratio of half-wavelength to diameter. 

The behavior of antennas with different A/diameter 
ratios corresponds to the behavior of ordinary series-res0- 
mant circuits having different values of Q. When the Q of. 
а circuit is low, the reactance is small and changes rather 
slowly as the applied frequency is varied on either side 
оГ resonance. IF the Q is high, the converse is true. The 
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response curve of the low-Q circuit is broad; that of the 
bigh-Q circuit sharp. So itis with antennas—the imped- 
ance of a thick antenna changes slowly over a compara- 
tively wide band of frequencies, while a thin antenna has 
a faster change in impedance, Antenna © is defined 


бах 
TRAP 


(ваз) 


where f is the center frequency, AX is the change in the 
reactance fora Af change in frequency, and Rg is the resis- 
tance the fo. For the “Very Thin,” 0.001-inch diameter 
dipole in Fig 2, a change of frequency from 5.0 to 5.5 MHz 
yields а reactance change from 86 to 351 0, with an Ry of 
95 0. The Qis thus 14.6. For the 1.0-inch-diameter "Thick" 
dipole in Fig 4, AX = 131 О and Ry is still 95 О, making 
О = 7.2 for the thicker antenna, roughly half that of the 
thinner antenna, 
recap. We have described an antenna f 
transducer, then as a sort of transformer to a range of free- 
space impedances. Now, we just compared the antenna to 
a series-tuned circuit. Near its half-wave resonant fre- 
quency, a center-fed 2/2 dipole exhibits much the same 
characteristic as a conventional series-resonant circuit, Ex- 
actly at resonance, the current at the input terminals is in 
phase with the applied voltage and the feed-point 
impedance is purely resistive. If the frequency is below 
e, the phase of the current leads the voltage: that 
is, the reactance of the antenna is capacitive. When the 
frequency is above resonance, the opposite occurs; the cur- 
rent lags the applied voltage and the antenna exhibits 
inductive reactance. Just like a conventional series-tuned 


circuit, the antenna s reactance and resistance determines 


its Q 


ANTENNA DIRECTIVITY AND GAIN 
The Isotropic Radiator 

Before we сап fully describe practical antennas, we 
must first introduce a completely theoretical antenna, the 
isotropic radiator. Envision, if you will, an infinitely small 
antenna, а point located in outer space, completely removed 
from anything else around it, Then consider an infinitely 
small transmitter feeding this infinitely small, point 
antenna. You now have an isotropic radiator 

‘The uniquely useful property of this theoretical 
point-source antenna is that it radiates equally well in all 
directions. That is to say, an isotropic antenna favors no 
direction at the expense of any other—in other words, i 
has absolutely no directivity. The isotropic radiator is 
useful as a measuring stick for comparison with actual 
antenna systems. 

You will find later that real, practical antennas all 
exhibit some degree of directivity, which is the property 
of radiating more strongly in some directions than in 
others. The radiation from a practical antenna never has 
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the same intensity in all directions and may even have zero 
radiation in some directions. The fact that a practical 
antenna displays directivity (while an isotropic radiator 
does not) is not necessarily a bad thing. The directivity of 
а real antenna is often carefully tailored to emphasize 
radiation in particular directions. For example, a receiv 
ing antenna that favors certain directions can discriminate 


against interference or noise coming from other directions, 


thereby increasing the signal-to-noise ratio for desired sig 
nals coming from the favored direction 


а Flashlight Analogy 
"The directivity of an antenna is directly related o the 


pattern of its radiated field intensity in free space. A graph 
showing the actual or relative field intensity at a fixed dis- 
tance, as a function of the direction from the antenna sys- 
tem, is called a radiation pattern. Since we can't actually 
see electromagnetic waves making up the radiation pattem 
of an antenna, we can consider an analogous situation. 
Fig 9 represents a flashlight shining in a totally dark- 
ened room. To quantify what our eyes are seeing, we 
itive light meter like those used by pho- 
raphers, with a scale graduated in units from 0 to 10. 
We place the meter directly in front of the flashlig 
adjust the distance so the meter reads 10, exactly full 
scale. We also carefully note the distance. Then, always 
the meter the same distance from the flashlight 
and keeping it at the same heig 
the light meter around the flashlight, as indicated by the 


i above the floor, we move 


Fig 9—The beam from a flashlight illuminates a totally 
darkened area as shown here. Readings taken with а 
Photographic ight meter at the 16 points around the circle 
may be used to plot the radiation pattern of the flashlight. 


arrow, and take light readings at a number of different 
positions 

Alter ай the readings have been taken and recorded, 
же plot those values on a sheet of polar graph paper, like 
that shown in Fig 10. The values read on the meter are 
plotted at ап angular position corresponding to that for 
which each meter reading was taken. Following this, we 
connect the plotted points with a smooth curve, also 
shown in Fig 10. When this is finished, we have com- 
pleted a radiation pattern for the flashlight 


Antenna Pattern Measurements 

Antenna radiation patterns can be constructed in a 
similar manner. Power is fed to the antenna under test, and 
а field-strength meter indicates the amount of signal. We 
might wish to rotate the antenna under test, rather than 
moving the measuring equipment to numerous positions 
about the antenna. Or we might make use of antenna reci- 
procity, since the pattem while receiving is the same as 
that while transmitting. A source antenna fed by a low- 
power transmitter illuminates the antenna under test, and 
the signal intercepted by the antenna under lest is fed to à 
receiver and measuring equipment. Additional information 
fon the mechanics of measuring antenna patterns is con- 
tained in Chapter 27, Antennas and Transmission-Line 
‘Measurements, 

Some precautions must be taken to assure that the 
measurements are accurate and repeatable. in the case of 
the flashlight, let's assume that the separation between 
the light source and the light meter is 2 meters, about 
6.5 feet, The wavelength of visible light is about one- 
half micron, where a micron is one-millionth of a meter. 

For the flashlight, a separation of 2 meters between 
Source and detector is 2.0/(0.5x10*) = 4 million A, a very 
large number of wavelengths. Measurements of practical 
НЕ or even VHF antennas are made at much closer dis- 
tances, in terms of wavelength. For example, at 3.5 MHz 
a full wavelength is 85.7 meters, or 281.0 feet. To dupli- 
cate the flashlight-to-light-meter spacing in wavelengths 
at 3.5 MHz, we would have to place the field-strength 
‘measuring instrument almost on the surface of the Moon, 
about a quarter-million miles away! 


The Fields Around an Antenna 

Why should we be concerned with the separation. 
between the source antenna and the field-strength meter, 
Which has its own receiving antenna? One important rea- 
son is that if you place a receiving antenna very close to 
ап antenna whose pattern you wish to measure, mutual 
coupling between the two antennas may actually alter the 
Pattern you are trying to measure. 

‘This sort of mutual coupling can occur inthe region 
very close to the antenna under test. This region is called 
the reactive near-field region. The term “reactive” refers 
to the fact that the mutual impedance between the trans- 
mitting and receiving antennas can be either capacitive 


Fig 10—The radiation pattern of the flashlight in Fig 9. 
The measured values are plotted and connected with a 
smooth curve. 


or inductive in mature. The reactive near field is some- 
saning that the mag- 
netic field usually is predominant over the electric field 
in this region. The antenna acts as though it were a rather 
large, lumped-constant inductor or capacitor, storing 
energy in the reactive near field rather than propagating 
it into space 

For simple wire antennas, the reactive near field is 
considered to be within about a half wavelength from an 
antenna’s radiating center. Later on, in the chapters deal- 
ing with Yagi and quad antennas, you will find that mutual 
coupling between elements can be put to good use to 
purposely shape the radiated pattern, For making pattern 
‘measurements, however, we do not want to be too close 
to the antenna being measured. 

The strength of the reactive near field decreases in а 
complicated fashion as you increase the distance from 
the antenna. Beyond the reactive near field, the antenna's 
radiated field is divided into two other regions: the radi- 
ating near field and the radiating far field. Historically, 
the terms Fresnel and Fraunhófer fields have been used 
for the radiating near and far fields, but these terms have 
been largely supplanted by the more descriptive termi- 
nology used here, Even inside the reactive near-field 


times called the "induction fie 
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Fig 11—The fields around a radiating antenna, Very 
lose to the antenna, the reactive field dominates. 
Within this area mutual impedances are observed 
between antenna and any other antennas used to 
measure response. Outside of the reactive field, the 
near radiating field dominates, up to a distance 
approximately equal to 2L", where L is the length of 
the largest dimension of the antenna. Beyond the near] 
far field boundary lies the far radiating field, where 
Power density varies as the inverse square of radial 
distance. 


region, both radiating and reactive fields coexist, although 
the reactive field predominates very close to the antenna. 

Because the boundary between the fields is rather 
fuzzy, experts debate where one field begins and another 
leaves off, but the boundary between the radiating near 
and far fields is generally accepted as 


5. (каз) 
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Where L is the largest dimension of the physical antenna, 
expressed in the same units of measurement as the wave- 
length A. Remember, many specialized antennas do not 
follow the rule of thumb in Eq 4 exactly. Fig 11 depicts 
the three fields in front of a simple wire antenna. 

Throughout the rest of this book we will discuss 
vainly the radiating far-fields, those forming the travel- 
ing electromagnetic waves. Far-field radiation is distin- 
guished by the fact that the intensity is inversely 
Proportional to the distance, and that the electric and mag- 
netic components, although perpendicular to each other in 
the wave front, are in time phase. The total energy is equally 
divided between the electric and magnetic fields. Beyond 
several wavelengths from the antenna, these are the only 
fields we need to consider. For accurate measurement of 
radiation patterns, we must place our measuring instru- 
mentation at least several wavelengths away from the 
antenna under test 
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Pattern Planes 
Patterns obtained above represent the antenna radiation 
in just one plane. In the example of the flashlight, the plane 
‘of measurement was at one height above the floor. Actually, 
the patter for any antenna is three dimensional, and there- 
Tore cannot be represented in а single-plane drawing. The 
solid radiation pattem of an antenna in free space would be 
found by measuring the field strength at every point on the 
surface of an imaginary sphere having the antenna at its cen- 
ter. The information so obtained would then be used to con- 
struct a solid figure, where the distance from a fixed point 
(representing the antenna) to the surface of the figure is pro- 
portional to the field strength from the antenna in any given 
direction. Fig 12B shows a three-dimensional wire-grid rep- 
resentation of the radiation pattern of a half-wave dipole. 

For amateur work, relative values of field strength 
(rather than absolute) are quite adequate in pattern plot- 
ting. In other words, itis not necessary to know how many 
microvolts per meter a particular antenna will produce at 
a distance of 1 mile when excited with a specified power 
level. (This is the kind of specifications that AM broad- 
‘east stations must meet to certify their antenna systems 
to the FCC.) 

For whatever data is collected (or calculated from theo- 
retical equations), it is common to normalize the plotted 
values so the field strength in the direction of maximum 
radiation coincides with the outer edge of the chart. On а 
given system of polar coordinate scales, the shape of the 
pattern is not altered by proper normalization, only its size. 


E and H-Plane Patterns 


"The solid 3-D pattem of an antenna in free space can- 
not adequately be shown with field-strength data on a flat 
sheet of paper. Cartographers making maps of a round Earth 
‘on lat pieces of paper face much the same kind of problem, 
As we discussed above, cross-sectional or plane diagrams 
useful for this purpose, Two such diagrams, one in 
the plane containing the straight wire of a dipole and one in 
the plane perpendicular to the wire, can convey a great deal 
‘of information. The pattern in the plane containing the axis 
of the antenna is called the E:plane pattern, and the one in 
the plane perpendicular to the axis is called the H-plane 
pattern. These designations are used because they repro- 
sent the planes in which the electric (symbol E), and the 
magnetic (symbol H) lines of force lie, respectively. 

The E lines represent the polarization of the antenna. 
Polarization will be covered in more detail later in this 
chapter. As an example, the electromagnetic field pic- 
tured in Fig 1 of Chapter 23, Radio Wave Propagation, is 
the field that would be radiated from a vertically polar- 
ized antenna; that is, an antenna in which the conductor 
is mounted perpendicular to the earth. 

When à radiation pattern is shown for an antenna 
mounted over ground rather than in free space, we auto- 
matically gain two frames of reference—an azimuth angle 
and an elevation angle. The azimuth angle is usually ref- 


Fig 12— Directive diagram of a free-space dipole. At 

A, the pattern in the plane containing the wire axis. 

The length of each dashed-line arrow represents the 
relative field strength in that direction, referenced to 
the direction of maximum radiation, which is at right 
angles to the wire's axis, The arrows at approximately 
45° and 315° are the half power or -3 dB points. At B, 
a wire grid representation of the solid pattern for the 
same antenna. These same patterns apply to any 
Center-fed dipole antenna less than a half wavelength 
long. 


erenced to the maximum radiation lobe of the antenna, 

Where the azimuth angle is defined at 0°, or it could be 

referenced to the Earth's True North direction for an 

antenna oriented in а particular compass direction. The 

E plane pattern for an antenna over ground is now called 
the azimuth pattern. 

"The elevation angle is referenced to the horizon at 

is 0°. OF 

course, the Earth is round but because its radius is so 


the Earth's surface, where the elevation angl 


Introduction to the Decibel 

The power gain of an antenna system is usually 
expressed in decibels. The decibel is a practical unit 
for measuring power ratios because it is more closely 
related to tho actual effect produced at a distant 
receiver than the power ratio itself. One decibel 
represents a just-detectable change in signal 
strength, regardless of the actual value of the signal 
Voltage. A 20-decibel (20.dB) increase in signal, for 
example, represents 20 observable stops in in- 
creased signal. The power ratio (100 to 1) corre- 
sponding to 20 dB gives an entirely exaggerated idea 
о! the improvement in communication to be expected. 
The number of decibels corresponding to any power 
ratio is equal to 10 times the common logarithm of 
the power ratio, ог 


P 
dB=101og10 5. 
бору 


It the voltage ratio is given, the number of decibels 
is equal to 20 times the common logarithm of the 
ratio. That is, 


Y 
dB = 2010910 Mt 
910 


When a voltage ratio is used, both voltages must 
be measured across the same value of impedance. 
Unless this is done the decibel figure is meaningless, 
because it is fundamentally a measure of a power 
ratio. 

The main reason a decibel is used is that succes- 
sive power gains expressed in decibels may simply 
be added together. Thus a gain of 3 dB followed by a 
gain of 6 dB gives a total gain of 9 dB. In ordinary 
Power ratios, the ratios must be multiplied together to 
find the total gain. 

A reduction in power is handled simply by sub- 
"racing the requisite number of decibels. Thus, 
reducing tho power to 12 is the same as subtracting 
З decibels. For example, a power gain of 4 in one 
рап of a system and a reduction to 1 in another part 
gives a total power gain of 4 x % = 2. In decibels, this 
is 6 - 3 = 3 dB. A power reduction or loss is simply 
indicated by including a negative sign in front of the 
appropriate number of decibels. 


large, it can in this context be considered to be flat in the 
area directly under the antenna. An elevation angle of 
‘90° is straight over the antenna, and a 180° elevation is 
toward the horizon directly behind the antenna, 
Professional antenna engineers often deseribe an 


antenna’s orientation with respect to the point directly 
overhead—using the zenith angle, rather than the eleva- 
tion angle. The elevation angle is computed by subtract- 
ing the zenith angle from 90°. 
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Referenced to the horizon of the Earth, the H-plane 
pattern is now called the elevation pattern. Unlike the 
free-space H-plane pattern, the over-ground elevation 
pattern is drawn as a hall-cirele, representing only posi- 
live elevations above the Earth's surface. The ground 
reflects ог blocks radiation at negative elevation angles, 
making below-surface radiation plots unnecessary. 

Alter a litle practice, and with the exercise of some 
imagination, the complete solid pattern can be visualized 
with fair accuracy from inspection of the two planar dia- 
grams, provided of course that the solid pattern of the 
antenna is smooth, a condition that is true for simple 
antennas like 2/2 dipoles. 

Plane diagrams are plotted on polar coordinate paper, 
аз described earlier. The points on the pattern where the 
radiation is zero are called mulls. The curved section from 
fone null to the next on the plane diagram, or the corre- 
sponding section on the solid patter, is called a lobe. The 
strongest lobe is commonly called the main lobe. Fig 12A 
shows the E-plane pattern Гога half-wave dipole, In Fi 
the dipole is placed in free space. In addition to the labels 
showing the main lobe and nulls in the pattern, the 
so-called half power points on the main lobe are shown. 
These are the points where the power is 3 dB down from 
the peak value in the main lobe. 


Directivity and Gain 

Let us now examine directivity more closely. As 
‘mentioned previously, all practical antennas, even the 
simplest types such as dipoles, exhibit directivity. Here's 
another picture that may help explain the concept of 
directivity. Fig 13A shows a balloon blown into its usual 
spherical shape. This represents a "reference" isotropic 
Source, Squeezing the balloon in the middle in Fig 138 
produces a dipole-like figure-8 pattern whose peak levels at 
top and bottom are larger than the reference sphere, Compare 
this with Fig 13C. Next, squeezing the bottom end of the 
balloon produces a pattern that gives even more “gain” 
compared to the reference 

Free-space directivity can be expressed quantitatively 
ву comparing the three-dimensional pattern of the antenna 
under consideration with the perfectly spherical three- 
dimensional pattern of an isotropic antenna. The field 
strength (and thus power per unit area, or power density) is 
the same everywhere on the surface of an imaginary sphere 
having a radius of many wavelengths and having an isotropic 
antenna at its center, At the surface of the same imaginary 
sphere around an antenna radiating the same total power, 
the directive pattem results in greater power density at some 
points on this sphere and less at others. The ratio of the 
‘maximum power density to the average power density taken 
over the entire sphere (which is the same as from the isotropic 
antenna under the specified conditions) is the numerical 
‘measure of the directivity of the antenna. That is, 
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Fig 13—Demonstrating antenna pattern gain with 
balloons. Take a balloon, blow it up so that it is roughly 
circular in shape and then declaro that this is a 
radiation pattern from an isotropic radiator. Next, blow 
up another balloon to the same size and shape and tell 
the audience that this will be the "reference" antenna 
(A). Then, squeeze the first balloon in the middle to 
form a sort of figuro-8 shape and declare that this is a 
dipole and compare the maximum size to that of the 
reference "antenna" (B). The dipole can be seen to 

have some "gain" over the reference isotropic. Next, 
squeeze the end of the first balloon to come up with a 
Sausago-iko shape to demonstrate the sort of pattern 
а beam antenna creates (C). 


where 


D = directivity 

Р = power density at its maximum point on the su 
face of the sphere 

Б, = average power density 


"The gain of an antenna is closely related to its direc- 


tivity. Because directivity is based solely on the shape of 
the directive pattern, it does not take into account any power 
losses that may occur in an actual antenna system. To deter- 
mine gain, these losses must be subtracted from the power 
supplied to the antenna. The loss is normally a constant per- 
centage of the power input, so the antenna gain is 


(ав) 
where 

G = gain (expressed as a power ratio) 

D = directivity 

К = efficiency (power radiated divided by power in- 


put) of the antenna 
P and P,, are as above 


For many of the antenna systems used by amateurs, 
the efficiency is quite high (Ihe loss amounts to only a 
few percent of the total). In such cases the gain is essen- 
tially equal to the directivity. The more the directive dia- 
gram is compressed—or, in common terminology, the 
sharper the lobes—the greater the power gain of the 
antenna. This is a natural consequence of the fact that as 
power is taken away from а larger and larger portion of 
the sphere surrounding the radiator, it is added to the vol- 
ume represented by the narrow lobes. Power is therefore 
concentrated in some directions, at the expense of others. 
In a general way, the smaller the volume of the solid ra- 
diation pattern, compared with the volume of a sphere 
having the same radius as the length of the largest lobe in 
the actual patter, the greater the power gain. 

As stated above, the gain of an antenna is related to 
its directivity, and directivity is related to the shape of 
the directive pattern. A commonly used index of direc- 
tivity, and therefore the gain of an antenna, is a measure 
of the width of the major lobe (or lobes) of the plotted 
pattern, The width is expressed in degrees at the half- 
power or =3 dB points, and is often called the beamwidth. 

‘This information provides only a general idea of rela- 
tive gain, rather than an exact measure. This is because an 
absolute measure involves knowing the power density at 
every point on the surface of a sphere, while а single dia- 
gram shows the pattern shape in only one plane of that 
sphere, It is customary to examine at least the E-plane and 
the H-plane patterns before making any comparisons be- 

A simple approximation for gain over an isotropic 
radiator can be used, but only if the sidelobes in the 
antenna's pattern are small compared to the main lobe 
and if the resistive losses in the antenna are small. When 
the radiation pattern is complex, numerical integration is 
employed to give the actual gain. 
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where Нуда and Бы are the half-power points, in 


degrees, for the Н and E-plane patterns. 


Radi 


ion Patterns for Center-Fed Dipoles at 

Different Frequencies 

Earlier, we saw how the feed-point impedance of a 
fixed-length center-fed dipole in free space varies as the 

equency is changed. What happens to the radiation pat- 
tern of such an antenna as the frequency is changed? 

In general, the greater the length of a center-fed 
antenna, in terms of wavelength, the larger the number 
of lobes into which the pattern splits. A feature of all 
such patterns is the fact that the main lobe—the one that 
gives the largest field strength at a given distance— 
always is the one that makes the smallest angle with the 
antenna wire. Furthermore, this angle becomes smaller 
as the length of the antenna is increased. 

Let's examine how the free-space radiation pattern 
changes for a 100-foot long wire made of #14 wire as 
the frequency is varied. (Varying the frequency effec- 
tively changes the wavelength for a fixed-length wire.) 
Fig 14 shows the E-plane pattern at the 2/2 resonant 
frequency of 4.8 MHz. This is a classical dipole pattern 
with a gain in free space of 2.14 dBi referenced to an 
isotropic radiator. 

Fig 15 shows the free-space E-plane pattern for the 
same antenna, but now at the full-wave (22/2) resonant 
frequency of 9,55 MHz. Note how the pattern has been 
pinched in at the top and bottom of the figure. In other 
words, the two main lobes have become sharper at this 
frequency, making the gain 3.73 dBi, higher than at the 
2 Frequency. 


Fig 14—Free-space E-Plano radiation pattern for a 
1300-1001 dipole at its half-wave resonant frequency of 
4.80 MHz. This antenna has 2.14 dBi of gain. The dipole 
is located on the line from 90° to 270°. 
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Coors 


ate Scales for Radiation Patterns 


A number of different systems of coordinate scales or grids are in use for plotting antenna patterns. Antenna. 
patterns published for amateur audiences are sometimes placed on rectangular grids, but more often they are 
shown using polar coordinate systems. Polar coordinate systems may be divided generally into three classes: 
linear, logarithmic and modified logarithmic. 

A very important point to remember is that the shape of a pattern (its general appearance) is highly dependent 
on the grid system used for the plotting. This is exemplified in 
Fig A, where the radiation pattern for a beam antenna is 
presented using three coordinate systems discussed in the 
paragraphs that follow. 


Linear Coordinate Systems 
The polar coordinate system for the flashlight radiation 
pattern, Fig 10, uses linear coordinates. The concentric circles 
are equally spaced, and are graduated from 0 to 10. Such a grid 
тау bo used to prepare a linear plot of the power contained in 
the signal. For ease of comparison, the equally spaced concen- 
ric circles have been replaced with appropriately placed circles 
representing the decibel response, referenced to 0 dB at the 
outer edge of the plot. In these plots the minor lobes are 
suppressed. Lobes with peaks more than 15 dB or so below the 
main lobo disappear completely because of their small size. 
This is a good way to show the pattern of an array having high 
directivity and small minor lobes. 


LI 


Logarithmie Coordinate System 

‘Another coordinate system used by antenna manufacturers 
is the logarithmic grid, where the concentric grid Ines are 
spaced according to the logarithm of the voltage in the signal. I 
the logarithmically spaced concentric circles are replaced with 
appropriately placed circles representing the decibel response, 
the decibel circles are graduated linearly. In that senso, the 
logarithmic grid might be termed а linear-iog grid, one having 
linear divisions calibrated in decibels. 

This grid enhances the appearance of the minor lobos. If the 
Intent is to show the radiation pattern of an array supposedly 
having an omnidirectional response, this grid enhances that 
appearance. An antenna having a difference of 8 or 10 dB in 
pattern response around the compass appears to be closer to 
‘omnidirectional on this grid than on any of the others. See 
Fig ^B). 


ARAL Log Coordinate System 

Tho modified logarithmic grid used by the ARAL has a. 
system of concentric grid lines spaced according to the loga- 
rithm of 0.89 times the value of the signal voltage. In this grid 
minor lobes that are 30 and 40 В down from the main labe are 
distinguishable. Such lobes are of concern in VHF and UHF 
work. The spacing between plotted points at 0 dB and 
"з dB is significantly greater than the spacing between -20 and 
-28 dB, which in turn is significantly greater than the spacing 
between -50 and -53 dB. 

For example, the scale distance covered by 0 to -3 dB is 
about ‘hw of the radius of the chart. The scale distance for the 
next 3-dB increment (0 -6 dB) is slightly loss, 89% of the first, 
to be exact. The scale distance for the next 3-48 increment (to 
-9 dB) is again 89% of to second. Tho scale s constructed so 
that the progression ends with -100 dB at chart center. 

Tho periodicity of spacing thus corresponds generally to the 
relativo significance of such changes in antenna porformance. 
‘Antenna pattern plots in this publication are made on the 
‘modified-iog grid similar to that shown in Fig AC). 
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Fig 15 Froo-space E-Plane radiation pattern for a 
300-1001 dipole at its full-wave resonant frequency of 
9.55 MHz. The gain has Increased to 3.73 dBi, because 
the main lobes have been focused and sharpened 
compared to Fig 13. 


Fig 16 shows the pattern at the 32/2 frequency of 
14.6 MHz. More lobes have developed compared to 
Fig 14. This means that the power has split up into more 
lobes and consequently the gain decreases а small amount, 
down to 3.44 dBi. This is still higher than the dipole at 
its 2/2 frequency, but lower than at its full-wave frequency. 
Fig 17 shows the E-plane response at 19.45 MHz, the 
42, or 2A, resonant frequency. Now the pattern has 
reformed itself into only four lobes, and the gain has as a 
consequence risen to 3.96 dBi, 

In Fig 18 the response has become quite complex at 
the SA/2 resonance point of 24.45 MHz, with ten lobes 
showing. Despite the presence all these lobes, the main 
lobes now show a gain of 4.78 dBi. Finally, Fig 19 shows 
the pattern at the 34 (62/2) resonance at 29.45 MHz 
Despite the fact that there are fewer lobes taking up power 


Fig A—Radiation pattern plots for a high-gain Yagi 
antenna on three different grid coordinate systems. 
ALA, the pattern on a linear-power dB grid. Notice 
how details of sidelobe structure are lost with this 
grid. At B, the samo pattern on a grid with constant 
5 dB circles, The sidelobe level is exaggerated when 
this scale is employed. At В, the same pattern on the 
modified log grid used by ARRL. The sido and 
rearward lobos are clearly visible on this grid. Tho. 
concentric circles in al three grids aro graduated in 
decibels referenced to 0 dB at the outer edge of the 
chart. The patterns look quite different, yet they all 
represent the same antenna response! 


Fig 16—Free-space E-Plane radiation pattern for a 100- 
foot dipole at its 3/2A resonant frequency of 14.60 MHz. 
The pattern has broken up into six lobes, and thus tho 
peak gain has dropped to 3.44 dBi. 


than at 24.45 MHz, the peak 
29.45 MHZ, at 4.70 dBi. 

The pattern —and hence the gain—of a fixed-length 
antenna varies considerably as the frequency is changed. 
Of course, the pattern and gain change in the same fash- 
ion if the frequency is kept constant and the length of the 


gain is slightly less at 


е is varied. In either case, the wavelength is chang- 
ing. It is also evident that certain lengths reinforce the 
Pattern to provide more peak gain. If an antenna is not 
rotated in azimuth when the frequency is changed, the 
peak gain may occur in a different direction than you 
might like. In other words, the main lobes change direc- 
Чоп as the Frequency is varied, 


POLARIZATION 


We've now examined the first wo of the three major 
properties used to characterize antennas: the radiation 
Pattern and the feed-point impedance. The third general 
property is polarization, An antennas polarization is de- 
fined to be that of its electric field, in the direction where 
the field strength is maximum, 

For example, if a 2/2 dipole is mounted horizon- 
tally over the Earth, the electric field is strongest perpen- 
dicular to its axis (that is, at rig 
parallel to the earth. Thus, since the maximum electric 


1 angle to the wire) and 


field is horizontal, the polarization in this case is also 
considered to be horizontal with respect to the earth. If 
the dipole is mounted vertically, its polarization will be 
vertical. See Fig 20. Note that if an antenna is mounted 
in free space, there is no frame of reference and hence its 
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Fig 17—Free-space E-Plane radiation pattern for a 100- 


foot dipole at twice its full-wave resonant frequency of 
1945 MHz. The pattern has been refocused into four 
lobes, with a peak gain of 3.96 dBi. 


Fig 18—Free-space E-Plane radiation pattern for a 100- 


peak gain of 4.78 dBi. 


polarization is indeterminate. 


Antennas composed of a number of 2/2 
arranged so that their axes lie in the same or parallel d. 
rections have the same polarization as that of any one of 
the elements. For example, a system composed of a group. 
‘of horizontal dipoles is horizontally polarized. I both hori- 
zontal and vertical elements are used in the same plane 
and radiate in phase, however, the polarization is the 
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Fig 19—Free-space E-Plane radiation pattern for a 100- 
foot dipole at three times its full-wave resonant 
frequency of 29.45 MHz. The pattern has returned to six 
lobes, with a peak gain of 4.70 dBi. 
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tical and horizontal polarization of a dipole 
above ground. The direction of polarization is the 
direction of the maximum electric field with respect to 
the earth. 


resultant of the contributions made by each set of elements 
to the total electromagnetic field at a given point some dis- 
tance from the antenna. In such a case the resultant polar- 
ization is still linear, but is tilted between horizontal and 
vertical, 

In directions other than those where the radiation is 
maximum, the resultant wave even for a simple dipole is 
a combination of horizontally and vertically polarized 
‘components. The radiation off the ends of horizontal 
dipole is actually vertically polarized, albeit at a greatly 
reduced amplitude compared to the broadside horizon- 
tally polarized radiation—the sense of polarization 


changes with compass direction. 

"Thus it is often helpful to consider the radiation pat- 
tern from an antenna in terms of polar coordinates, rather 
than trying to think in purely linear horizontal or vertical 
coordinates. See Fig 21. The reference axis in a polar sys- 
tem is vertical to the earth under the antenna. The zenith 
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Fig 21—Diagram showing polar representation of a 
point P lying on an imaginary sphere surround a point- 
Source antenna. The various angles. 

this coordinate system aro shown ref 
y and arge. 


Other Antenna 


Besides the three main characteristics of impedance, 
Pattern (gain) and polarization, there are some other use- 
ful properties of antennas. 


RECIPROCITY IN RECEIVING AND 
TRANSMITTING 


Many of the properties of a resonant antenna used for. 
reception are the same as its properties in transmission. It 
has the same directive pattern in both cases, and delivers 
maximum signal to the receiver when the signal comes from 
а direction in which the antenna has its best response, The 
impedance of the antenna is the same, at the same point of 
measurement, in receiving as in transmitting. 

In the receiving case, the antenna is the source of 
power delivered to the receiver, rather than the load for a 
Source of power (as in transmitting). Maximum possible 
‘output from the receiving antenna is obtained when the 


angle is usually referred to as Ө (Greek letter theta), and the 
azimuth angle is referred to as û (Greek letter phi). Instead 
‘of zenith angles, most amateurs are more familiar with ele- 
vation angles, where а zenith angle of 0° is the same as an 
elevation angle of 90°, straight overhead, Native NEC or 
 MININEC computer programs use zenith angles rather han 
elevation angles, although most commercial versions auto- 
matically reduce these to elevation angles. 

If vertical and horizontal elements in the same plane 
are fed ош of phase (where the beginning of the RF period 
applied to the feed point of the vertical element is not 
in time phase with that applied to the horizontal), the 
resultant polarization is elliptical. Circular polarization 
is a special case of elliptical polarization. The wave front 
of a circularly polarized signal appears (in passing a 
fixed observer) to rotate every 90° between vertical and 
horizontal, making a complete 360° rotation once every 
period. Field intensities are equal at all instantaneous 
polarizations. Circular polarization is frequently used 
for space communications, and is discussed further in 
Chapter 19, Antenna Systems for Space Communications. 

Sky-wave transmission usually changes the polar- 
ization of traveling waves. (This is discussed in Chapter 
23, Radio Wave Propagation.) The polarization of receiv- 
ing and transmitting antennas in the 3 to 30-MHz range, 
where almost all communication is by means of sky wave, 
need not be the same at both ends of а communication 
circuit (except for distances of a few miles). In this range 
the choice of polarization for the antenna is usually 
determined by factors such as the height of available 
antenna supports, polarization of man-made RF noise 
from nearby sources, probable energy losses in nearby 
objects, the likelihood of interfering with neighborhood 
broadcast or TV reception and general convenience. 


Characteristics 


load to which the antenna is connected is the same as the 
impedance of the antenna. We say that the antenna is 
matched to its load. 

‘The power gain in receiving is the same as the 
gain in transmitting, when certain conditions are met. One 
such condition is that both antennas (usually 2/2-long 
antennas) must work into load impedances matched to their 
‘own impedances, so that maximum power is transferred in 
both eases. In addition, the comparison antenna should be 
oriented so it gives maximum response to the signal used. 
in the test, That is, it should have the same polarization as 
the incoming signal and should be placed so its direcion 
‘of maximum gain is toward the signal source, 

In long-distance transmission and reception via the 
ionosphere, the relationship between receiving and trans- 
mitting, however, may not be exactly reciprocal. This is 
because the waves do not always follow exactly the same 
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Paths al al times and so may show considerable varia- 
tion in the time between alternations between transmit- 
ting and receiving. Also, when more than one ionosph 
layer is involved in the wave travel (see Chapter 23, 
Radio Wave Propagation), it is sometimes possible for 
reception to be good in one direction and poor in the other. 
over the same path. 

Wave polarization usually shifts in the ionosphere. The. 
tendency is for the arriving wave to be ellipicaly polar- 
ned, regardless of the polarization of the transmitting 
antenna, Vertically polarized antennas can be expected to 
show no more difference between transmission and 
reception than horizontally polarized antennas. On the av- 
erage, however, an antenna that transmits well in a certain 
direction also gives favorable reception from the same 
direction, despite ionospheric variations. 


FREQUENCY SCALING 


Any antenna design can be scaled in size for use on. 
another frequency or on another amateur band. The 
dimensions ofthe antenna may be scaled with Eq 8 below, 


(Eq) 


D= Axa 
pi 


scaled dimension 

viginal design dimension 

original design frequency 

(2 = scaled frequency (frequency of intended 
operation) 


From this equation, a published antenna design for, 
say, 14 MHz can be scaled in size and constructed for 
operation on 18 MHZ, or any other desired band. Similarly. 
an antenna design could be developed experimentally at 
VHF or ИНЕ and then scaled for operation in one of the 
HF bands. For example, from Eq 8, an element of 
39.0 inches length at 144 MHz would be sealed to 14 MHZ 
as follows: D = 144/14 39 = 401.1 inches, or 33.43 feet. 

"To scale an antenna properly, all physical dimensions 
must be scaled, including element lengths, element spac- 
ings, boom diameters and element diameters. Lengths and. 
spacings may be scaled in a straightforward manner as in 
the above example, but element diameters are often not as 
conveniently scaled. For example, assume а 14-MHZ antenna. 
is modeled at 144 MHz and perfected with inch cylindri- 
cal elements. For proper scaling to 14 MHz, the elements 
should be cylindrical of 144/14 x or 3.86 inches diam- 
cter. From a realistic standpoint, a4-inch diameter might be 
acceptable, but cylindrical elements of 4-inch diameter in 
lengths of 33 feet or so would be quite unwieldy (and quite 
expensive, not to mention heavy). Choosing another, more 
suitable diameter is the only practical answer 
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Diameter Scaling 

Simply changing the diameter of dipole type ele- 
ments during the sealing process is not satisfactory with- 
‘out making a corresponding clementlength correction, 
"This is because changing the diameter results in a change 
in the Adia ratio from the original design, and this alters 
the corresponding resonant frequency of the element. The 
clement length must be corrected to compensate for the 
effect of the different diameter actually used. 

To be more precise, however, the purpose of diam- 
eter scaling is not to maintain the same resonant frequency 
Tor the element, but to maintain the same ratio of self- 

operating 
frequency—that is, the © of the scaled element should 
be the same as that of the original element. This is not 
always possible to achieve exactly Гог elements that use 
several telescoping sections of tubing. 


resistance to self-reactance at the 


Tapered Elements 
Rotatable beam antennas are usually constructed 
elements made of metal tubing. The general prac- 
tice at HF is to taper the elements with lengths of 
telescoping tubing. The center section has a large 
diameter, but the ends are relatively small. This reduces 
not only the weight, but also the cost of materials for the 
elements. Tapering of HF Yagi elements is discussed 
in detail in Chapter 11, НЕ Yagi Arrays. 


Length Correction for Tapered Elements 

The effect of tapering an element is to alter its elec- 
trical length. That is to say, two elements of the same 
length, one cylindrical and one tapered but withthe same 
average diameter as the cylindrical element, will not be 
resonant at the same frequency. The tapered element must 
be made longer than the cylindrical element for the same 
resonant frequency. 

A procedure for calculating the length for tapered 
elements has been worked out by Dave Leeson, W6NL. 
(ex-W6QHS), from work done by Schelkunoff at Bell 
Labs and is presented in Leeson's book, Physical Design 
of Yagi Antennas. In the software accompanying this book 
is a subroutine called EFFLEN.FOR. It is writen in For- 
tram and is used in the SCALE program to compute the 
effective length of a tapered element. The algorithm uses 
the WoNL-Schelkunoff algorithm and is commented step- 
bby-step to show what is happening. Calculations are made 
for only one half of an element, assuming the element is 
symmetrical about the point of boom attachment. 

Also, read the documentation SCALE.PDF for the 
SCALE program, which will automatically do the com- 
plex mathematics to scale a Yagi design from one fre- 
quency to another, or from one taper schedule to another. 


The Vertical Monopole 


So far in this discussion on Antenna Fundamentals, 
же have been using the free-space, center-fed dipole as 
ош main example, Another simple form of antenna 
derived from a dipole is called a monopole. The name 
suggests that this is one half of a dipole, and so it is. The 
monopole is always used in conjunction with а ground 
plane, which acts asa sort of electrical mirror. See Fig 22, 
Where a 242 dipole and a 3/4 monopole are compared. 
‘The image antenna for the monopole is the dotted line 
beneath the ground plane. The image forms the missing 
second half of the antenna, transforming a monopole into 
the functional equivalent of a dipole. From this explana- 
tion you can see where the term image plane is some- 
times used instead of ground plane. 

Although we have been focusing throughout this 
chapter on antennas in free space, practical monopoles 
are usually mounted vertically with respect to the sur- 
face of the ground. As such, they are called vertical mono- 
poles, or simply verticals. A practical vertical is supplied 
power by feeding the radiator against a ground system, 
usually made up of a series of paralleled wires radiating 
from and laid out in a circular pattern around the base of 
the antenna, These wires are termed radials. 

‘The term ground plane is also used to deseribe а 
vertical antenna employing a A/d-long vertical radiator 
working against a counterpoise system, another name for 
the ground plane that supplies the missing half of the 
antenna. The counterpoise for a ground-plane antenna 
usually consists of four A/4-long radials elevated well 
above the earth, See Fig 23, 

Chapter 3, The Effects of Ground, devotes much 
attention to the requirements for an efficient grounding 
system for vertical monopole antennas, and Chapter 6, 


Fig 22—The М2 dipole antenna and its 1/4 ground- 
plane counterpart, The "missing" quarter wavelength is 
supplied as an image in "perfect" (that is, high- 
conductivity) ground. 


Low-Frequency Antennas, gives more information on 
ground-plane verticals. 


Characteristics of a M4 Monopole 

‘The free-space directional characteristics of a АА. 
monopole with its ground plane are very similar o that of a 
202 antenna in free space. The gain for the 48 monopole is 
Slightly less because the H-plane for the 42 antenna is com- 
pressed compared to the monopole. Like a 2/2 antenna, the 
3/4 monopole has an omnidirectional radiation pattem in 
the plane perpendicular to the monopole 

"The current in a 44 monopole varies practically sinu- 
soidall (asis the case with 2/2 wire), and is highest at the 
ground-plane connection. The RF voltage is highest at the 
open (lop) end and minimum at the ground plane. The feed- 
point resistance close o 44 resonance of a vertical mono- 
pole over a perfect ground plane is one-half that for a 2/2 
dipole at its V2 resonance. In this case, a “perfect ground 
plane” is ап infinitely large, lossless conductor 

See Fig 24, which shows the feed-point impedance 
of a vertical antenna made of #14 wire, 50 feet long, 
located over perfect ground. This is over the whole НЕ 
range from 1 to 30 MHz. Again, there is nothing special 
about the choice of 50 fet for the length of the vertical 
radiator: it is simply a convenient leng 
Fig 25 shows an expanded portion of the frequency range 
above and below the 744 resonant point, but now cali- 
brated in terms of wavelength. Note that this particular 
antenna goes through A4 resonance at a length of 0.24 i 
not at exactly 025 A. The exact length for resonance var 
des with the diameter of the wire used, just as it does for 
the 22 dipole at its 42 resonance. 

The word height is usually used for a vertical mono- 
pole antenna whose base is on or near the ground, and in 
{his context, height has the sume meaning as length when 
applied to 3/2 dipole antennas. Older texts often refer to 
heights in electrical degrees, referenced to a free-space 
wavelength of 360°, but here height is expressed in terms 
ofthe free-space wavelength. The range shown in Fig 24 
is from 0.132 A to 0.300, corresponding to a 
range of 2.0 to 5.9 MHz. 


for evaluation. 


Fig 23—The ground- 
plane antenna. Power 
is applied between 
the base of the 
Vertical radiator and 
the center of the four 
‘ground plane wires. 
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Fig 24— Feed-point impedance versus frequency for a 
theoretical 50-foot-high grounded vertical monopole 
made of #14 wire. The numbers along the curve show 
the frequency in MHz. This was computed using 
“perfect” ground. Real ground losses will add to the 
feed-point impedance shown in an actual antenna 
system. 


‘The reactive portion of the feed-point impedance 
depends highly on the length/dia ratio of the conductor, 
as was discussed previously for a horizontal center-fed 
dipole. The impedance curve in Figs 24 and 25 is based 
оп a #14 conductor having a length/dia ratio of about 800 
to 1. As usual, thicker antennas can be expected to show 
less reactance at a given height, and thinner antennas will 
show more. 


Efficiency of Vertical Monopoles 

‘This topic of the efficiency of vertical monopole 
systems will be covered in detail in Chapter 3, The Effects 
of Ground, but it is worth noting at this point that the 


efficiency of a real vertical antenna over real earth often 
suffers dramatically compared with that of a 4/2 antenna. 
Without a fairly elaborate grounding system, the effi- 
ciency is not likely to exceed 50%, and it may be much 


les, particularly at monopole heights below X/4. 
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The Effects 
of Ground 


"The ground around and under an antenna is part of 
in which any actual antenna must oper 
ate. Chapter 2, Antenna Fundamentals, dealt mainly with 


theoretical antennas in free space, completely removed 
ound. This chapter is devoted 
аз and the 


from the influence of th 


to exploring the interactions between ante 
ground, 
"The interactions can be analyzed dependin 
they occur relative to two areas surround 
the reactive near field and the radiating far field. You will 
lose to 


on where 


recall that the reactive near field only exists ver 
the antenna itself. In this region the antenna acts as though 
it were a large lumped-co 

y is stored but va 


иши inductor or capacitor, where 
litle is actually radiated. The 
interaction with the ground in this area creates mutual 


impedances between the antenna and its environment and 
these interactions not only modify the feed-point imped- 
ance of an antenna, but also often increase losses. 

In the radiating far field, the presence of ground pro- 
Toundly influences the radiation pattern of а real antenna. 
‘The interaction is different, depending on the antenna's 
polarization with respect to the ground. For horizontally 
polarized antennas, the shape of the radiated pattern in the 
elevation plane depends primarily on the antenna's height 
above ground, For vertically polarized antennas, both the 
shape and the strength of the radiated pattern in the eleva- 
tion plane strongly depend on the nature of the ground 
itself its dielectric constant and conductivity at the frequency 
of operation), as well as on the height of the antenna above 
ground. 


The Effects of Ground in the Reactive Near Field 


FEED-POINT IMPEDANCE VERSUS 
HEIGHT ABOVE GROUND 

Waves radiated from the antenna directly 
reflect vertically from the ground and, in passing the 
n their upward journ it The 
magnitude and phase of the current resulting from this 
induced voltage dep above 
the reflecting surface. 

"The total current in the antenna consists of two com- 
ponents. The amplitude of the first is determined by the 
power supplied by the transmitter and the free-space feed- 


downward 


antenna induce a volts 


nds on the height of the anten 


point resistance of the antenna. The second compon 


induced in the antenna by the wave reflected from the 
pund. This second component of current, while consider- 
ably smaller than the first at most useful antenna heights, is 
by no means insi ghis, the two com- 
ponents will be in phase, so the total current is larger than is 
indicated by the free-space feed-point resistance, At other 
heights, the two components are out of phase, and the total 
current is the difference between the two components. 
Changing the height of the antenna above ground will 
change the amount of current flow, assuming that the power 
input to the antenna is constant. A higher current at the same 
power input means that the effective resistance of the 


ificant. At some he 
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antenna is lower, and vice versa. In other words, the feed- 
point resistance of the antenna is affected by the height of 
the antenna above 


ound because of mutual coupling 
between the antenna and the ground beneath it. 

The electrical characteristics ofthe ground affect both 
the amplitude and the phase of reflected signals. For this 
season, the electrical characteristics of the ground under the 
antenna will have some effect on the impedance of that 
antenna, the reflected wave having been influenced by the 
ground. Different impedance values may be encountered 
When an antenna is erected at identical heights but over dif- 
Terent types of earth 

Fig 1 shows the way in which the radiation resis- 
tance of horizontal and vertical half-wave antennas var- 
ies with height above ground (in A, wavelengths). The 
height of the vertical half-wave is the distance from the 
bottom of the antenna to ground. For horizontally polar- 
ized half-wave antennas, the differences between the ef- 
fects of perfect ground and real earth are negligible if the 
antenna height is greater than 0.2 A. At lower heights, 
the feed-point resistance over perfect ground decreases 
rapidly as the antenna is brought closer to a theoretically 
perfect ground, but this does not occur so rapidly for ac- 
tual ground. Over real earth, the resistance actually be- 

increasing at heights below about 0.08 A. The reason. 
for the increasing resistance at very low heights is that 
more and more of the reactive (induction) field of the 
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Fig 1—Variation in radiation resistance of vertical and 
horizontal half-wave antennas at various heights above 
flat ground. Solid lines are for perfectly conducting 
ground; the broken line is the radiation resistance of 
horizontal half-wave antennas at low height over real 
ground. 
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antenna is absorbed by the lossy ground in close proxim- 
ity. This results in increased loss that is reflected in the 
increased value of the feedpoint resistance. 

For a vertically polarized A/2-long dipole, diffe 
between the effects of perfect ground and real earth on the 
feed-point impedance is negligible, as seen in Fig 1. The 
theoretical half-wave antennas on which this chart is based 
эге assumed to have infinitely thin conductors. 


GROUND SYSTEMS FOR VERTICAL 
MONOPOLES 

In this section, we'll look at vertical monopoles, which 

require some sort of ground system in order to make up for 

de second half of the antenna and reduce the 


power lost in the near field. Rudy Severns, N6LF, contrib- 
uted much of the new material inthis chapter. 

1а Chapter 2, Antenna Fundamentals, and up to this 
point in this chapter, the discussion about vertical mono- 
poles has mainly been for antennas where perfect ground is 
available. We have also briefly looked at the eround-plane. 
vertical in free space, where the four ground-plane radials 
form a built-in ground system. 

Perfect ground makes a vertical monopole into the func- 
tional equivalent of a center-ed dipole, although the feed- 
point resistance at resonance is half that of the center-fed 
dipole. But how can we manage to create that elusive per- 
fect ground, or at least a reasonable approximation, for our 
теш! vertical antennas? 


‘Simulating a Perfect Ground in the 
Reactive Near Field 

The effect of a perfectly conducting ground (so far as 
feed-point resistance and losses are concerned) can be sin 
lated under а teal antenna by installing a very large metal 
screen or mesh, such as poultry netting (chicken wire) or 
hardware cloth, on or near the surface of the ground. The 
screen (also called a counterpoise system, especially if it is 
elevated off the ground) should extend at least a half wave- 
length in every direction from the antenna. The feed-point 
resistance of a quarter-wave long, thin vertical radiator over 
such a ground sercen will approach the theoretical value of 
366 0. OF course on the lower HF bands such a screen is 
not practical for most amateurs. 

Based on the results of a study published in 1937 by 
Brown, Lewis and Epstein (see Bibliography), a grounding 
system consisting of 120 wires, each at least 2/2 long, 
extending radially from the base of the antenna and spaced 
equally around a circle, is also the practical equivalent of 
perfectly conducting ground for reactive-eld currents. The 
Wires can either be laid directly on the surface of the ground 
ог buried а few inches below. 

Another approach to simulating a perfect ground sys- 
tem is to utilize the ground-plane antenna, with its four 
ground-plane radials elevated well above lossy earth. Heights 
(between the bottom of the eround-plane and the surface of 
the ground) greater than 2/8 have proven to yield excellent 


results. See Chapter 6, Low-Frequency Antennas, for more 
details on practical ground-plane verticals. 

For a vertical antenna, a large ground screen, either 
made of wire mesh ог a multitude of radials, or an elevated 
system of ground-plane radials will reduce ground losses 
near the antenna, This is because the screen conductors are 
solidly bonded to each other and the resistance is much lower 
than that of the lossy, low-conductivity earth itself. if the 
ground screen or elevated ground plane were not present, 
RF currents would be forced to flow through the lossy, low- 
conductivity earth to return to the base of the radiator. The 
ground screen or elevated ground plane in effect shield 
ground-return currents from the lossy earth. 


Less-Than-Ideal Ground Systems 

Now, what happens when something less than an ideal 
ground screen is used as the ground plane for a vertical 
monopole? Typically this will take the form of an on-ground 
Wire radial system. A great deal of mystery and lack of 
information seems to surround the vertical antenna ground 
system. In the case of ground-mounted vertical antennas, 
many general statements such as “the more radials the bet- 
ter" and lots of short radials are better than a few long ones" 
have served as rules of thumb, but many questions as 10 
relative performance differences and optimum number for 
a given length remain unanswered, as is the justification for 
the rules of thumb. Most of these questions boil down to 
опе: namely, how many radials, and how long, should be 
used in a given vertical antenna installation? 

A ground system with 120 2/2 radials is not very prac 
tical for many amateur installations, which often must con- 
tend with limited space and funding. Unfortunately the 
ground resistance, R,, increases rapidly when the number 
of radial is reduced. To minimize ground loss where a large, 
‘optimum ground system is not possible requires that we 
understand how ground losses occur and how to optimize 
the design of a ground system that can fit within the space 
and budget availabe, 


E and Fields 

E and Н fields were introduced in Chapter 2, Antenna 
Fundamentals, to explain some basic concepts concerning 
antennas. To understand the reasons for ground loss we need. 
to look at the E and H fields in the near field, but we need lo 
have some feeling for what E and Н fields are. The follow- 
ing is a brief description of these fields. Is certainly not a 
rigorous deseription but should give at least an intuitive feel- 
ing for what is happening, 

In 1820 Hans Oerstad discovered that a current flow- 
ing in a wire would deflect the needle of a nearby com- 
pass. We attribute this effect to a magnetic or H-field 
Which at any given location is denoted by the bold-faced 
letter Н. H is a vector, with an amplitude expressed in 
Am (Amperes/meter) and a direction. Fig 2 shows a typi- 
cal experimental arrangement. The shape of the magnetic 
field is roughly shown by the distribution of the iron fil- 


ings. This feld distribution is very similar to that for a 
vertical antenna. 

A compass needle (a small magnet itself) will try to 
align itself parallel to Н. As the compass is moved around 
the conductor, the orientacion of the needle changes accord- 
ingly. The orientation of the needle gives the direction of H. 
I you attempt to turn the needle away from alignment you 
will discover a torque trying to restore the needle to its origi- 
nal position. The torque is proportional to the strength of 
the magnetic field at that point. This is called the field inten- 
sity or amplitude of H at that point. If a larger current flows 
in the conductor going through the piece of paper holding 
the iron filings, the amplitude of H will be larger. Currents 
flowing in the conductors of an antenna also generate a 
magnetic field, one component of the near field. 

An antenna will also have an electric or E-field, which 
сап be visualized using a paralle-plat capacitor, as shown. 
in Fig 3. If we connect a battery with a potential Va, across 
the capacitor plates there will be an electric feld E estab- 
lished between the plates, as indicated by the lines and 
directional arrows between the plates. The magnitude of vec- 
tor E is expressed in V/m (volts per meter), so for а poten- 
tial of V volts and a spacing of d meters, E = V/d V/m. The 
amplitude of E will increase with greater voltage andlor a 
smaller distance (d). In an antenna, there will be ac poten- 
tial differences between different parts of the antenna and 
from the antenna to ground. These ac potential differences 
establish the electric field associated with the antenna. 


Conduction And Displacement Currents 
If we replace the de voltage source in 
source, a steady ac current will flow in the circuit In the 
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Fig 2—The magnetic lines of force that surround a 
‘conductor with an electric current flowing in t are 
‘shown by iron flings and small compass needles. 


distribution in the plane perpendicular to the 
‘conductor. 
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conductors between the ac source and the capacitor plates, 
current (1, flows, because of the movement of charge, usu- 
ally electrons. But in the space between the capacitor 
plates particularly in a vacuum- there are no ch 

tiers available to carry a conduction current. Nonetheless, 
current still flows in the complete circuit, and we attribute 
this to a displacement current (1) flowing between the 
capacitor plates to account for the continuity of current in 
the circuit, Displacement and conduction currents are tuo 
different phenomena but they both represent current, just 
two different kinds. Some observers prefer to call conduc- 
Чоп currents “currents” and displacement currents "imagi 
mary currents? That terminology is OK, but to account for 
the current flow in a closed circuit with capacitance you 
have to keep track of both kinds of current, whatever you 


call them. 

In an antenna over ground, the displacement current 
represents the current flow from the antenna surface through 
the air into the ground. The currents flowing in the ground 


Fig 3—Example of an electric field, E-V../d. When the 
de source Is replaced with an ac source there will be a 
displacement current (ly) flowing between the capacitor 
plates. 
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Fig 4—When the capacitor dielectric is loss than 
perfect there will be a conduction current ( in 
addition to the displacement current (ls). Soil will 
typically have both resistive and capacitive 
‘components. Power loss in the soil is due to the 
current flowing through the resistive component. 
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ме predominantly conduction currents, but there may also 
be displacement currents. 

Where the dielectric material between the capacitor 
plates is not a perfect insulator, both conduction and dis- 
placement currents can flow between the capacitor plates. 
A good example of this would be a soil dielectric, which 
has both resistive and capacitive characteristics. Soil can be 
represented in the circuit of Fig 4, where there is a resistor 
with a conduction current 1 in parallel with a capacitor with 
a displacement current Ig. The two currents add up. 
(vectorially) as the total current Ir. 


A Closer Look at Verticals 
A vertical 


inna has two field components that 
induce currents in the ground around the antenna. Fig 5 
shows in a ge 
Vim) and mags 
region near a vertical. Because the вой near the antenna usu- 
ally has relatively high resistance, both of these field com- 
ponents will induce currents (Ly and 14) in the ground, 
resulting in losses. While the worms may enjoy the heated 
ground, power dissipated in the gro 
the radiated power, weake 

As shown in 


eral way the electric-field component (Е, in 


etic-field component (Hy. in A/m) in the 


id is subtracted from. 


y your signal. 
ig 5, the tangential component of the 
H-field (Н) induces horizontal currents (y) flowing radi- 
ally. The normal component (perpendicular to the ground 
surface) of the E-field (E,) induces vertically flowing 
currents (1,). Actually, things are more complex than this 
‘but we don't need to thrash through that to understand con- 
ceptually what's going on. 

When modeling an ant 


ated power (P.) by assuming there is a resistor we call the 
radiation resistance (R,) through which the antenna base 
current (1,) flows. The radiated power is then P, = LR, 
‘Similarly, we can account for the power dissipated in the 

ound (P,) by adding a loss resistance (R,) in series with 
R,. The ground loss is then P, = Lek, Additional losses 
due to conductors, loading coils, etc can also be simulated 


near the base of a vertical antenna. Note that the H- 
field distribution is equivalent to that shown in Fig 3. 


by adding more series loss resistances, Putting aside forthe 
moment these additional losses, the efficiency (n) of a ver- 
tical can be expressed as: 


P 

"ES G 
This сап be restated in terms of resistances as 

тес ИНГИР ЫН 
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In essence, efficiency is the ratio of the radiated power 
to the total input power (Pr = P, + P. Another way of say- 
ing this is that efficiency depends On the ratio of ground 
loss resistance (R,) to radiation resistance (R,), as Eq 2 
shows, The smaller we make R, the more power will be 
radiated for a given input power. Reducing R, is the pur- 
pose of the ground system. 

A sketch of current flow in the antenna and the sur 
rounding ground (due to H. 
cal is shown in Fig 6. I, represents the total zone current 
Flowing radially through а cylindrical zone at a given radius 
(© due to the Н field, while 1, is the current at the feed point 
atthe base of the antenna. Technically speaking, the eylin- 
der is infinitely deep, with 1, being the total current inte- 
grated over the surface of the cylinder at a given radius. 

Fig 7 is a graph of the amplitude of 1, for several 
antenna heights in wavelengths (h) as we move away from. 
the base of the antenna. Fig 7 shows the zone current that 
would flow in the ground returning to the base of the 
antenna, assuming a single ground rod is placed at the feed 
point for the vertical radiator. The heights indicated are the 
effective electrical heights. For example, if you use some 
top loading on the vertical, the effective electrical height 
will be greater than the physical height. 

Il is important to recognize that simply adding a top 
hha loa vertical of a given physical height may reduce ground 
losses, We can see this from the effect of оп ground cur- 
sent amplitude in Fig 7. Increasing h reduces the ground 
current Even something as simple as moving a loading coil 
from the base up to the center of the antenna may reduce 
ground losses because it reduces ground current amplitude, 
But we do have to be careful that the loss introduced by the 
loading coil docs not overcome the reduction in ground loss! 
Both loading-coil and top-hat schemes also increase the 
radiation resistance k. which further improves efficiency. 

The currents in Fig 7 have been adjusted for constant 
radiated power at the base of the antenna by varying 1, to 
compensate for the change in R, as we vary h. To maintain 
constant radiated power as R, is falling, you must increase 
i The base feed-point impedance is a strong function of h. 
For example, for = 025 A, R, will be in the neighborhood 
of 36.0. However, for h = 0.1 2, R, will be less than 4 Q. 
More information on short antennas can be found in Chap- 
ter 16, Mobile and Maritime Antennas. 


eld), near the base of a verti- 


Fig 7 clearly shows the high currents that flow in the 
ground near the base of a short antenna due o the antenna's 
Н field, Compared to a 0.25-2 vertical, the 0.1-2 vertical has 
about three times the base current. As you shorten the 
antenna further, the zone current increases even more quickly 
"The ground loss is proportional to the square of the ground 
current (P, = LR), so the power loss in the immediate 


Fig 6—Representation of the zone current near the base 
of a vertical antenna. Individual |, components of current 
flow into a cylinder of soll, with a radius r centered on 
the base of the vertical. The total current, I, thus 
represents the net current induced in the soll by the 
Held for a given radius. (I, was labeled Iy in Fig 5.) 
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Fig 7—Plot of zone current () in amperes near t 
base of a vertical as a function of height (h) and radius 
(r) in wavelengths. Tho current in the base of the 0.25- 
antenna is assumed to be 1 A and the current for other 
values of h is adjusted to maintain the вате radiated 
power (P, = 1,2 = 37 W) as the radiation resistance (R,) 
‘changes with h. 


region of the base is much higher for a short antenna operat 
ing with the same input power as for a quarter-wave vertical. 

We can calculate the losses induced in the soil by 
either the E- or H-field intensity. Fig 8 shows an example of 
the H-field losses for several different antenna heights, 

а constant radiated power of 37 W. Note that the total loss 
Within 0.5 À of the base for = 0.25 Ais about 16 W (right 
raph). This gives n = 37/37 + 16) = 70%. How. 
ever, for h = 0.1 À, the total loss is about 94 W. Taking into 
consideration only the H-field losses, n = 37137 + 94) = 
28%. Note that in both cases the majority of the loss is near 
{< 0.1 A) the antenna, with the rate of increase of total loss 
decreasing rapidly as we move father away from the base, 
the lines are almost flat. 

Fig 9 is a graph of the E-field intensity around a verti 
cal with 1500 W radiated power, for three values of h. The 
E-field intensity doesn't depend on the exact type of ground 
system. (You can see this when you consider that the volt- 

across a capacitor doesn't depend on the size of the 
сарасйог' plates.) Notice that close to the base, the E-field 
intensity for the 0.1- vertical is almost 100 times that for 
vertical Because loss is proportional to the square 

se, the E-field losses close to the base will be ten 
thousand times larger in the 0.13. vertical! At a 1500-W 
power level the field intensity near the base of a short verti- 
calis higi to pose some risk of igniting grass and 
row above any radial system close to the 

ventical' base. The grass should be kept mowed within 


side of the 


wher 


0.1 A of the base. 

Fig 10 shows a computation for the E-field losses, 
for a constant radiated power of 37 W and several values of 
hı For the 0.25- vertical, the electric field intensity is quite 
low and so are the losses associated with it, at only 1.5 W. 
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old induced ground loss within a circle 
of radius r around the base of a vertical for different 
values of h and constant Р, = 37 W. Note how the total 
loss increases rapidly near the base of the antenna 
Indicating high loss. Beyond r = 0.15 2, however, the 
additional loss is much lower and the curves flatten 
ош. Note also how much higher the loss is for shor 
antennas. 
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Fig 9—Electri field intensity near tho base of a vertical 
for diferent values of h. P, is held constant at 1500 W. 


With м 
025 vertical will be insignificant. 

verticals, however, the picture is 

erent. This is why we see the very high losses (> 100 W) 

10 for h =0.1 A. This loss, when added to the H-field 

loss, reduces the efficiency of the 0.1-4 vertical to 16% or 

less without a good ground system. In short antennas the 


reasonable 


ound system, the E-field losses for a 


For shorter or lor 


E-field losses cannot be i 
exponentially as the antenna is shortened further 

"The presence of a top-loading hat will also increase 
the E-field intensity in the area below the hal. However, most 
practical amateur hats will be quite small and the associated 
E-field loss small. The benefit, however, of reducing l. 


nored, since they get worse 


because of the addition of the hat—which reduces the field 


Pe 


Fig 10—Total E-field induced ground loss within a circle 
of radius r around the base of a vertical for different. 
Values of h and constant P, = 37 W. Note how the total 
loss increases rapidly near the base of the antenna, 
Indicating high loss. Beyond r = 0.05 2, however, the 
additional loss is much lower and the Curves flatten 
out. Note again how much higher the loss is for shorter 
antennas. For h = 0.1 K the Erfleld loss is greater than. 
the Hfield loss. 
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Fig 11— Effective ground resistance (R) at the base of 
the vertical as a function of the radius Of а ground. 
‘screen for several diferent antenna heights. Note how 

falls as power dissipation in the soll is eliminated by 
the highly conducting ground screen. 


from the vertical part of the antenna—more than compen- 
sates for the small additional E-field loss due to the hat 
Verticals taller than 0.25 A, also display increased 
E-field intensity, but not nearly so severe as short verticals. 
In verticals both shorter and longer than a 0.25 À, the criti- 
cal loss region is within a radius of about 0.05 A. We can see 
the power-loss curves for the shorter 
out by the time we reach a radius of 0.05 А. 
1s not widely known, but while radial wire systems 
seduce the H-field losses very effectively, Larsen (see Bib- 
liography) has shown that the E-field losses with the same 
radial system do not fallin the same fashion as H-field losses. 
For h > 0.15 À this doesn’t matter much because the E-field 


10, who 


loss is so low anyway. However, for short antennas itis very 
helpful to install either a ground screen or a dense radial 
system within 0.05 À of the base. 

"We can take the data in Figs 8 and 10 
effective value of the ground resistance R. Fig 11 shows 
the results of such a computation, Fig 11 assumes a perfect 
ground screen that varies in radius from 0.001 Ало 0.5 À. As 
we would expect, when the ground sereen is very small the 

ound losses are high, meaning R, is high and the effi- 


Vd caleulte the 


ciency is low. As we increase the radius of the ground screen, 
forcing current out of the lossy sil and into the very low- 
loss screen, R, drops rapidly and the efficiency increases, 

Fig 11 demonstrates why it is desirable to have a good 
ound system out to at least 0.125 A, and better yet, ever 
farther. The shorter the antenna, the more important the 

ound system becomes, especially close to the base. In this 

‘example the ground system consists of a highly conductive, 
bonded ground screen, not always practical for amateur 
installations. A more typical ground system would consist 
‘of a number of individual radial wires. This Kind of ground 
will be inferior to a screen but represents a practical com- 
promise. We'll examine this in more detail shortly. 

Note that as we reduce h in Fi 


11, R, actually 
down—even though the ground losses are higher. When h 
is made smaller the radiation resistance declines rapidly (see 
Chapter 16, Mobile and Maritime Antennas), so that for a 
given radiated power 1, must increase. If we measure R, as 
we reduce h over a given ground system, we would see that 
the value for R, goes down as shown in Fig 11. But because 
1,2 is rising more rapidly than R, is falling, the power lost in 
the ground increases and efficiency decreases. The point here 
is that the value of R, depends on the ground system, soil 
characteristics and the antenna configuration. You cannot 
assign an arbitrary value to R, independent of the antenna 
system. 


Wire Radial Systems 

Fig 11 shows Ry perfectly conducting 
ound screen, but what we really need to know is the effect 
of length and number of individual radials on R, in a wire 
radial system. We can calculate the current division betwee 
a radial system an 
typical graph of the proportion of the zone current flow 
in the radial system, as a function of radius and various num 
bers of radials (N), is shown in Fig 12 

The radial currents decrease ав we move away from 

the base, and the lower the number of radials, the more rap- 
idly the radial current decreases. This means that close to 
the base of the antenna most of the current is in the radial 
system, but as we move away from the base the current 
increasingly flows in the lossy ground. When only a few 


for a dens 


the soil and use this to determine Ry. A 


radials are used, the outer ends of the radials contribute little 
to reducing 

Why is this? The problem is that 1, does not go imme- 
diately to the nearest radial but may flow for some distance 
in the soil. This is illustrated in a general way in Fig 13. As 


ground loss. 
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we move away from the base of the antenna, adjacent radi- 
als are further apart from each other and the current must 

soil before it reaches one of the radials. 
When we use more radials, the distance between radials is 


flow further in th 


less and more of the total current will be in the radials and 
less in the soil. This reduces ground loss, 

Wh 

we can calculate the power loss and R, A typical example 

0.25 A is given in Fig 14. We can learn a lot about 

radial system design from Fig 14 and similar graphs. If we 

use only а few radials, the radial current drops off very rap- 


п we know the current distribution in U 


forh 


idly. Most of the current is flowing in the soil 
Such а ground system is by nature inefficient. hat is, 

Ris larg 

R; falls an ohm or two as we lengthen the radials, but is 


‘We can also see that if we have only 16 radials, 


essentially flat by 0.1 A. There is no point in making them 
longer because there is little current in the outer portions 
and R, is essentially constant beyond 0.1 2. As we increase 
the number of radials, we gather more current further ош, 

radials more useful. The result is cumula- 


tive—more radials allow longer radials to be effective and 


both together reduce ground loss. We can see this in Fi 
where the initial value of R, drops as N increases and flat- 
" veths. For 128 radials, for 

example, lengths of 025 A or more are useful. 
"The example in Fig 14 uses #12 wire for the radials 
Compared to soil, the resistance of the radial wires is very 


tens out at longer radial le 


small, especially if many radials are used, and does not 
greatly affect overall losses no matter ow small the wire. 
"The effect of changing wire size is to slowly change the 
current division between ground and the radial system. 
ger wire results in only a small decrease in R, In prin- 


ciple, very small wire could be used for radials but from. 

A mechanical point of view, #18 or 420 wire is about as 

small as is practical. Any smaller wire breaks too easily 

to be buried, and also breaks casily when left on the 
ound surface and is walked on or driven over. 


Fig 13—An example of current entering the ground 
between the radials and flowing for some distance 
before being picked up by a radial 
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Fig 12—An example of the portion of the zone current 
flowing in the radial system as you move away from the 
base of а 0.25 à vertical for different numbers of radials 
(N). Note that when more radials are used, more of the 
Zone current flows in the radials and not in the ground, 
reducing ground loss. The proportion of current in the 
radial system falls rapidly when only a few radials are 
Used. This leads to high ground loss because most of 
the zone current is flowing in the ground rather than in 
the radials 
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Rada Long, Wavelrghe 


Fig 14—An example of the variation of R, with radial 
length and number of radials (М) for h = 0.25 4. When 
only a few radials are used there is little point in 
making them longer than 0.1 à. Increasing N reduces Ry 
ata given radius and also makes longer radials useful, 
further reducing R,- R for other values of h behave 
similarly. 


Оп the other hand, wire larger than #12 is expen- 
sive. Thousands of feet of #8 wire may be affordable for 
broadcast stations but not for most hams, Increasing the 
wire size from #20 to #10 would result in only a small 
reduction in K. Of course, if you happen to have a few 
thousand feet of old RG-8 cable lying around (the diam- 
eter is comparable to #0000 wire) then that might indeed. 
help to reduce R,, as W900 has shown (see Bibliogra- 
phy). You are still better off, however, using many radi- 
als with small wire than a few radials with large wire. 
Radial wire size is usually a mechanical and financial 
issue, not an electrical one. 

If the example in Fig 14 were changed for different 
ground characteristics, then the curves would have а simi- 
lar shape but would be shifted either up or down. For 
example, poorer ground will result in higher R, but the 
usable length for the radials for a given N would increase 
somewhat. For better-quality ground, with higher con- 
ductivity, R, will be lower but the usable length of the 
radials for à given N will be shorter. 

For short antennas, the initial drop in R, will be more 
rapid and the curves flatten out sooner. This implies that 
somewhat shorter radials are useful with short antennas. 
However, given the high losses, it is still very good idea 
to use lots of radials with short antennas. As in the above 
example, increasing N also increases the usable length. 

As you go up in frequency from 160 meters, R, gen- 
erally rises slowly and then stabilizes around 7 MHz, 
depending on the ground characteristics. This effect is 
related to the change in skin depth with frequency, which. 
is discussed in a later section of this chapter, There is 
also a small shift in current division between the radials 
and ground as the frequency increases, 


A Word Of Caution 

In the preceding discussion we presented а number of 
graphs and the CD-ROM accompanying this book contains 
some spreadsheets containing the equations from which 
these graphs were derived. From these graphs we extracted 
a number of observations on how to design radial systems. 
Basic to each graph is the assumption that we know the 
‘ground characteristics: conductivity and permitiviy. In the 
real World, we amateurs very rarely have more than а rough 
idea ofthe ground characteristics under our antennas. Even 
when careful measurements are made, the characteristics 
will vary through the year with rainfall or the lack thereof. 

Soils are always stratified vertically and сап vary by 
factors or two or more horizontally over distances compa- 
rable to radial length, so that even good ground measure- 
ments are at best an average. In addition, there will frequently 
be constraints on the size and shape of the ground system. 
“As a result, we use the calculated information and the previ- 
‘ous graphs for general guidance and preliminary design, but 
when actually installing а ground system we try to mea- 
sure—or at least estimate—R, as we go along. 

When R, stops falling, or our patience and/or money 
run out, we stop adding ground radials. We can measure the 


bead point resistance with an impedance bridge to estimate 
‘of K, The impedance seen at the feed point of the antenna. 
is the sum of the loss and the radiation resistance. To deter- 
mine R, you have to estimate R, (from the antenna height) 
and other losses due to loading or conductors, and then sub- 
tract that from the total measured input resistance. The 
remainder is R,, and R, should fall as we add radials. When 
R, stops falling we probably have as many radials ofa given 
length as will be useful. Further reduction in R, would 
require more, longer radials, 


Practical Suggestions For Vertical 
Ground Systems. 

At least 16 radials should be used if at all possible. 
Experimental measurements and calculations show that with 
this number, the loss resistance decreases the antenna effi- 
ciency by 30% to 50% for a 025 À vertical, depending on 
soil characteristics. In general, a large number of radials (even 
though some or all of them must be short) is preferable to a 
few long radials for a vertical antenna mounted on the ground, 
The conductor size is relatively unimportant as mentioned 
before: #12 to #22 copper wire is suitable 

"Table 1 summarizes these conclusions. John Stanley, 
K4ERO, first presented this material in December 1976 
OST. Another source of information on ground-system 
design is Radio Broadcast Ground Systems (see the Bib- 
iography at the end of this chapter). Most of the data 
presented in Table 1 is taken from that source, or derived 
from the interpolation of data contained therein. 

"Table 1 is based on the number of radials. For each 
configuration, there is a corresponding optimum radial 
length. Each configuration also includes the amount of 
Wire used, expressed in wavelengths. Using radials con- 
siderably longer than suggested for a given N or using а 
ot more radials than suggested for a given length, while 
not adverse to performance, does not yield significant 
improvement either. That would represent a non-optimum 
use of wire and construction time. Each suggested con- 
figuration represents an optimum relationship between 
length and number for the given amount of total wire used. 
Table 1 leads to these conclusions: 


. M you install only 16 radials (in configuration A), they 
need not be very long—0.1 Ai sufficient. The total length 
of wire will be 16 A, which is about 875 feet at 1.8 MHZ. 

+ If you have the wire, the space and the patience to lay 
down 120 radials (optimal configuration F, they should 
be 0.4 A long. This radial system will gain about 3 dB 
over the 16-radial case and you'll use 48 A of wire, or 
bout 26,000 feet at 1.8 MHZ. 

+ If you install 36 radials that are 0.15 À long, you will 
lose 1.5 dB compared to optimal configuration F. You 
will use 5:4 À of wire, or almost 3,000 feet at 1.8 MHz. 


The loss figures in Table 1 assume h = 0.25 A. A 
very rough approximation of loss when using shorter 
antennas can be obtained by doubling the loss in dB each 
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Optimum Ground-System Configurations. 


Configuration. Designation. 


A в 
Number of radials 1s 2 
Length of each radial in wavelengths 0.1 0125 
Spacing of radials in degrees 225 15 
Total length of radial wire 

installed, in wavelengths 16 з 
Power loss in dB at low angles with 

A quarter-wave radiating element a 2 
Food-point impedance in ohms with 

а quarter-wave radiating element s 4 


C D E F 
зе 60 8% 120 
015 02 025 04 
0 6 4 3 
Ба 12 225 ав 
18 1 os 0 
аз 4 x з 


Note: Configuration designations are indicated only for text reference. 
“Reference: The loss of this configuration is negligible compared to a perfectly conducting ground. 


time the antenna height is halved. For taller antennas the 
losses decrease, approaching 2 dB for configuration A of 
Table 1 for a half-wave radiator. Even longer antennas 
yield correspondingly better performance. 

Table 1 is based on average ground conductivity 
Variation of the loss values shown can be considerable, 
especially for configurations using fewer radials. Those 
building antennas over dry, sandy or rocky ground should 
expect more loss. On the other hand, higher than average 
soil conductivity and wet soils would make the compro- 
mise configurations (those with the fewest radials) even 


When antennas are combined into arrays, either para- 
ven types, mutual impedances lower the 
radiation resistance of the elements. This drastically 
increases the effects of ground loss because 1, will be higher 
for the same power level. For instance, an antenna with a 
50-0 feed-point impedance, of which 10 Q is ground-loss 
resistance, will have an efficiency of approximately 83% 
‘An array of two similar antennas in a driven array with simi- 
lar ground losses may have an efficiency of 70% or less. 

Special precautions must be taken in such cases to 
achieve satisfactory operation. Generally speaking, a 
‘wide-spaced broadside array presents little problem 
because R, is high, but a close-spaced end-fire array 
should be avoided because R, is much lower, unless low- 
loss radial system configurations are used or other pre- 
cautions taken, Chapter 8, Multielement Arrays, covers 
the subject of vertical arrays in great detail, 

In cases where directivity is desirable or real-estate 
limitations dictate, longer, more closely spaced radials 
сап be installed in one direction, and shorter, more widely 
spaced radials in another. Multiband ground systems can 
be designed using different optimum configurations for 
different bands. Usually it is most convenient to start at 
the lowest frequency with fewer radials and add more 
short radials for better performance on the higher bands 

‘There is nothing sacred about the exact details of 


sitie or all. 
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the configurations in Table 1, and small changes in the 
number of radials and lengths will not cause serious prob- 
lems. Thus, a configuration with 32 or 40 radials of 
0.14 A oF 0.16 û. will work as well as configuration C 
shown in the table 

If less than 90 radials are contemplated, there is no 
need to make them a quarter wavelength long. This dif- 
ers rather dramatically from the case of a ground-plane 
antenna, where resonant radials are installed above 
ground. For a ground-mounted antenna, quarter-wave 
long radials may not be optimum. Because the radials of 


below the surface, they are coupled by capacitance or 

conduction to the ground, and thus resonance effects are 

not important, The basic function of radials is to provide 

а low-loss return path for ground currents. 

Radio Broadcast Ground Systems states, “Experi 
ments show thatthe ground system consisting of only 15 
radial wires need not be more than 0.1 wavelength long, 
While the system consisting of 113 radials is still effec- 
tive out to 0,5 wavelength.” Many graphs in that publica- 
tion confirm this statement. This is not to say that these 
two systems will perform equally well; they most cer- 

nly will not. However, if 0.1 A is as long as the radials 
сап be, there is litle point in using more than 15 of them. 
unless the vertical radiator's height is also small 

"The antenna designer should: 

1. Study the cost of various radial configurations versus 
the gain of each, 

2. Compare alternative means of improving transmitted 
signal and their cost (more power, etc). 

3. Consider increasing the physical antenna height (the 
electrical length) of the vertical radiator, instead of 
improving the ground system, 

4. Use multi-clement arrays for directivity and gain, 
observing the necessary precautions related to 
mutual impedances discussed in Chapter $ 
Multielement Arrays. 


The Effect of Ground in the Far Field 


The properties of the ground in the far field of an 
antenna are very important, especially for a vertically 
polarized antenna, as discussed above. Even if the 

radial system for a vertical has been optimized to ге 
ground-return losses in the reactive near field to an ins 
nificant level, the electrical properties of the ground may 
still diminish far-field performance to lower levels han- per. 
Fect-ground” analyses might lead you to expect. The key is 
that ground reflections from horizontally and vertically 
polarized waves behave very differently. 


Reflections in General 
First, let us consider the case of flat ground. Over flat 
ground, either horizontally or vertically polarized 
ng waves launched from an antenna into the far 

field strike the surface and are reflected by a process very 
similar to that by which light waves are reflected from a 
mirror. As is the case with light waves, the angle of reflec- 
tion is the same as the angle of incidence, so a wave strik- 
ected upward 


ing the surface at an angle of, say, 15° is 


from the surface at 15°. 

The reflected waves combine with direct waves (those 
radiated at angles above the horizon) in various ways. Some 
‘ofthe factors that influence this combining process are the 
height of the antenna, its length, the electrical characteristics 
of the ground, and as mentioned above, the polarization of 
the wave. At some elevation angles above the horizon the 
direct and reflected waves are exactly in phase—that is, the 
‘maximum field strengths of both waves are reached at the 
same time at the same point in space, and the directions of 
the fields are the same. In such a case, the resultant field 
strength for that angle is simply the sum of the direct and 
reflected fields. (This represents a theoretical increase in field 
strength of 6 dB over the free-space pattern at these angles.) 

‘At other elevation angles the two waves are completely 
ош of phase—that is, the field intensities are equal at the 
same instant and the directions are opposite. At such angles, 
the fields cancel each other. At still other angles, the result- 
ant field will have intermediate values. Thus, the effect оГ 
the ground is to increase radiation intensity at some eleva- 
tion angles and to decrease it at others. When you plot the 
results as an elevation patter, you will see lobes and nulls, 
as described in Chapter 2, Antenna Fundamentals. 

"The concept of an image antenna is often useful to 
show the effect of reflection. As Fig 15 shows, the reflected 
тау has the same path length (AD equals BD) that it would 
if it originated at a virtual second antenna with the same 
characteristics as the real antenna, but situated below the 
ground just as far as the actual antenna is above it. 

Now, if we look at the antenna and its image over per 
fect ground from a remote point on the surface of the ground, 
we will see that the currents in a horizontally polarized 
antenna and its image are flowing in opposite directions, or 


Fig 15—At any distant point, P, the field strength will be 
the vector sum of the direct ray and the reflected ray. 
The reflected ray travels farther than the direct ray by 
the distance BC, where the reflected ray is considered 
to originate at the [mage antenna. 


in other words, are 180° out of phase. But the currents in a 
vertically polarized antenna and its image are lowing in the 
same direction —they are in phase. This 180° phase differ- 
ence between the vertically and horizontally polarized 
reflections off ground is what makes the combinations with 
direct waves behave so very differently. 


FAR-FIELD GROUND REFLECTIONS AND 
THE VERTICAL ANTENNA 


A vertical's azimuthal directivity is omnidirectional. 
A M2 vertical over ideal, perfectly conducting earth has the 
‘elevation-plane radiation pattern shown by the solid line in 
Fig 16, Over real earth, however, the pattern looks more 
like the shaded one in the same diagram. In this case, the 
low-angle radiation that might be hoped for because of per- 
fect-ground performance is not realized in the real world 

Now look at Fig 17А, which compares the computed 
levation-angle response for two half-wave dipoles at 
14 MHz. One is oriented horizontally over ground ata height 
‘of Mand the other is oriented vertically, with its center just 
‘over 1/2 high (so that the bottom end of the wine doesn't 
actually touch the ground). The ground is “average” in 
dielectric constant (13) and conductivity (0.005 S/n). At a 
15° elevation angle, the horizontally polarized dipole has 
almost 7 dB more gain than its vertical brother, Contrast 

g ITA to the comparison in Fig 17B, where the peak gai 

of a vertically polarized half-wave dipole over seawater, 
which is virtually perfect for RF reflections, is quite compa- 
rable with the horizontal dipole's response at 15°, and 
exceeds the horizontally polarized antenna dramatically 
below 15° elevation. 
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Fig 16 Verticalplane radiation pattern for a ground- 
mounted quarter-wave vertical. Tho solid line is the 
pattern for perfect earth. The shaded pattern shows 
how the response is modified over average earth ( 
13, G = 0.005 S/m) at 14 MHz. y is the pseudo-Brewster 
angle (PBA), In this case 144 


To understand in a qualitative fashion why the desired 
bon angle radiation from a vertical is not delivered when 
the ground isn't “perfect examine Fig 18A. Radiation from 
each ani 


а segment reaches a point P in space by two 
paths; one directly from the antenna, path AP, and the other 
by reflection from the earth, path AGP. (Note that P is so far 
away that the slight difference in angles is insignificant — 


Tor practical purposes the waves are parallel to each other at 
point P) 

IF the earth were a perfectly conducting surface, there 
would be no phase shift of the vertically polarized wave 
upon reflection at point G. The two waves would add 
together with some phase difference because of the differ- 
ent path lengths. This difference in path lengths of the two. 
waves is why the free-space radiation pattern differs from 
the pattern of the same antenna over ground. 

Now consider a point P that is close to the horizon, as 

ЗВ. The path lengths AP and AGP are almost the 
same, so the magnitudes of the two waves add together, pro- 
ducing a maximum at zero angle of radiation. The arrows 


‘on the waves point both ways since the process works simi- 
larly for transmitting and receiving. 

With real earth, however, the reflected wave from a 
vertically polarized antenna undergoes a change in both 
amplitude and phase in the reflection process. Indeed, at a 
low-enough elevation angle, the phase of the reflected wave 
will actually change by 180° and its magnitude will then 
subtract from that of the direct wave. Ata zero takeoff angle, 
it will be almost equal in amplitude, but 180° out of phase 
With the direct wave. 

Note that this is very similar to what happens with hori- 
‘ontlly polarized reflected and direct waves at low eleva- 
tion angles. Virtually complete cancellation will result in a 


deep null, inhibiting any radiation or reception at 0°. For 

real-world soils, the vertical loses the theoretical advan 

it has at low elevation angles over а horizontal antenna, as 
ITA so clearly shows. 

The degree that a vertical works better than a hori- 
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Fig 17—At A, comparison of horizontal and vertical 12 
dipoles over average ground. Average ground has. 
conductivity of 5 mS/m and dielectric constant of 13. 
Horizontal dipole is 1/2 high; vertical dipole's bottom 
Wire is just above ground. Horizontal antenna is much. 
loss affected by far-field ground losses compared with 
its vertical counterpart. At B, comparison of 20-meter 
M2 vertical dipole whose bottom wire is just above 
‘seawater with 2/2-high horizontal dipole over average 
‘ground. Seawater is great for verticals! 


zontal antenna at low elevation 


ngles is largely deper 
dent on the characteristics of the ground around the Ver 


tical, as we'll next examine. 


THE PSEUDO-BREWSTER ANGLE AND 
THE VERTICAL ANTENNA 


Much of the material presented here regardi 
Brewster angle was prepared by Charles J. Michaels, WRC. 
and first appeared in July 1987 OST, with additional infor- 
mation in The ARRL Antenna Compendium, Vol 3. (See the 
Bibliography at the end of this chapter) 

Most fishermen have noticed that when the sun is low, 
its light is reflected from the water's surface as gla 
‘obscuring the underwater view. When the sun is high, how- 
ever, the sunlight penetrates the water and it is possible to 
see objects below the surface of the water. The angle at which 
this transition takes place is known as the Brewster angle, 


seudo- 


m 


Fig 18—The direct wave and the reflected wave 
combine at point P to form the pattern (P Is very far 
from the antenna). At A the two paths AP and AGP 
differ appreciably in length, while at B these two path 
lengths are nearly equal. 


named for the Scottish physicis, Sir David Brewster (1781- 
1868), 

A similar situation exists in the case of vertically 
polarized antennas; the RF energy behaves as the sunl 
the optical system, and the earth under the antenna acts as 
the water. The pseudo-Brewster angle (PBA) is the angle at 
which the reflected wave is 90° out of phase with respect to 
the direct wave, “Pseudo” is used here because the RF effect 
is similar to the optical effect from which the term gets its 
name. Below this angle, the reflected wave is between 90° 
and 180° out of phase with the direct wave, so some degree 
‘of cancellation takes place. The largest amount of cancella- 
tion occurs near O°, and steadily less cancellation occurs as 
the PBA is approached from below. 

‘The factors that determine the PBA for a particular 
location are not related to the antenna itself, but to the ground. 
around it. The first of these factors is earth conductivity, G, 
which is a measure of the ability of the soil to conduct elec- 
tricity. Conductivity is the inverse of resistance. The second 
factor is the dielectric constant, k, which is a unitless quan- 


tity that corresponds to the capacitive effect of the earth. 
For both of these quantities, the higher the number, the 
better is the ground (for vertical antenna purposes). The third 
factor determining the PBA for a given location is the 
frequency of operation. The PBA increases with increasing 
frequency, all other conditions being equal. Table 2 gives 
typical values of conductivity and dielectric constant for 
different types of soil. The map of Fig 19 shows the 
approximate conductivity values for different areas in the 
continental United States. 

As the frequency is increased, the role of the dielectric 
constant in determining the PBA becomes more significant. 
"Table 3 shows how the PBA varies with changes in ground 
conductivity, dielectric constant and frequency. The table 
shows trends in PBA dependency on ground constants and 
frequency. The constants chosen are not necessarily typical 
of any geographical area; they are just examples. 

AL angles below the PBA, the reflected vertically 
polarized wave subtracts from the direct wave, causing the 
radiation intensity to fall off rapidly. Similarly, above the 
PBA, the reflected wave adds to the direct wave, and the 
radiated pattern approaches the perfect-earth pattern 
Fig 16 shows the PBA, usually labeled ур. 

"When plotting vertical-antenna radiation pattems over 
seal earth, the reflected wave from an antenna segment is 
multiplied by factor called the vertical reflection coeffi- 
cient, and the product is then added vectorially to the direct 
wave to get the resultant. The reflection coefficient consists 
of an attenuation factor, A, and a phase angle, ¢, and is usu- 
ally expressed as AZO. (0 is always a negative angle, 
because the earth acts as a lossy capacitor in this situation.) 
"The following equation can be used to calculate the reflec- 
tion coefficient for vertically polarized waves, for earth of 
given conductivity and dielectric constant at any frequency. 
and elevation angle (also called the wave angle in many 
texts), 


Table 2 
Conductivities and Dielectric Constants for Common Types of Earth 
Surface Type Dielectric 
Constant 
Fresh water 80 
Sal water E 
Pastoral, low hills, rich soil, typ Dallas, 
TX, to Lincoln, NE areas 20 


Pastoral, low ils, rich soll typ ОН and IL 14 
Flat country, marshy, densely wooded, 

зур LA near Mississippi River 12 
Pastoral, medium hills and forostation, 

typ MD, PA, NY, (exclusive of mountains 


and coastline) E 
Pastoral, medium hills and forostation, 

heavy clay зой, typ central VA 13 
Rocky soil, steep hills, typ mountainous 1214 
Sandy, dry lat, coastal 10 
Cities, industrial areas 5 


Cities, heavy industrial areas, high buildings 3 


Conductivity Relative 
(Sim) Qually 

0001 

50 

0.0303 Very good 

001 

0.0075 

0 006 

0.005 Average 

0.002 Poor 

0.002 

0.001 Very Poor 
0001 Extremely poor 
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Table 3 K’siny = JK = cos y 


Pseudo-Browster Angle Variation with Frequency, Avon Tg Ty [7E] 
Dielectric Constant, and Conductivity ы 
Frequency Dielectric Conductivity PBA Where 
(MHz) Constant (Sim) (degrees) Ava 2 © = vertical reflection coefficient 
7 20 0.0303 64 elevation angle 
13 0.005 133 
13 0.002 150 1.810" «G 
5 0.001 232 кек 
з 0.001 278 
3 19 a ав electric constant of earth (k for air = 1) 
15 9 102 148 conici of ear in Sn 
5 0.001 238 quency in MHZ 
3 0.001 295 j = complex operator (СТ) 
21 20 0.0303 100 Solving this equation for several points indicates what 
45 qos. irt effect the earth has on vertically polarized signals at a par- 
18 Doe 162 eet heath has lly polarize signals ata p 
Е 0007 in ticular location for a given frequency range. 
3 0.001 298 the 


21 MHz over average earth (G = 0.005 S/m, and k = 13). 


. 9 Ground Conductivity M 


conductivities in millisiemens per meter (mS/m), where 1.0 mS/m = 0.001 Sim. 
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Fig 20—Reflection coefficient for vertically polarized 
waves. A and $ are magnitude and angle for wave 
angles y. This case is for average earth, (k = 13, G = 
0.005 S/m), at 21 MHz. 


Note that as the phase curve, y. passes through 90°, the 
attenuation curve (A) passes through a minimum at the same 
wave angle V. This is the PBA. AL this angle, the reflected 
wave is not only at a phase angle of 90° with respect to the 
direct wave, but is so low in amplitude that it does not aid 
the direct wave by a significant amount. In the case illus- 
trated in Fig 20 this elevation angle is about 15°- 


Variations in PBA with Earth Quality 

From Eq 3, itis quite a task to search for either the 90° 
phase point or the attenuation curve minimum for а wide 
variety of earth conditions. Instead, the РВА can be calcu- 
lated directly from the following equation 


ae E 
— 


ea 


(gs) 
where k, G and f are as defined for Eq 3, and 
тва 
T 

Fig 21 shows curves calculated using Eq 4 for sev- 
eral different earth conditions, at frequencies between 1.8 
“and 30 MHz. As expected, poorer earths yield higher PBAS. 
Unfortunately, at the higher frequencies (where low-angle 
radiation is most important for DX work), the PBAs are 
highest. The PBA is the same for both transmitting and 


T Fraser (ын) 


angle (y) for various quali 
of earth over the 1.8 to 30-MPiz frequency range. Not 
that the frequency scale is logarithmic, The constants 
used for each curve are given in Table 2. 


Relating PBA to Location and Frequency 

Table 2 lists the physical descriptions of various kinds 
of earth with their respective conductivities and dielectric 
constants, as mentioned earlier. Note that in general, the 
dielectric constants and conductivities are higher for better 


earths. This enables the labeling of the earth characteristics 
as extremely poor, very poor, poor, average, very good, and 
soon, without the complications that would result from treat- 
ing the two parameters independently. 

Fresh water and salt water are special cases; in spite of 
high resistivity, the fresh-water PBA is 64°, and is nearly 
independent of frequency below 30 MHZ. Salt wate 
because of its extremely high conductivity, has a PBA that 
never exceeds 1° in this frequency range. The extremely 
low conductivity listed for cities (the last case) in Table 2 
results more from the clutter of surrounding buildings and 
other obstructions than any actual earth characteristic. The 
PBA at any location сап be found for a given frequency 
from the curves in Fig 21 


FLAT-GROUND REFLECTIONS AND 
HORIZONTALLY POLARIZED WAVES 


The situation for horizontal antennas is differ 


nt from 


that of verticals. Fig 22 shows the reflection coefici 
horizontally polarized waves over average earth at 21 MHz, 
Note that in this case, the phase-angle departure from O° 
never gets very large, and the attenuation factor that causes 
the most los for high-angle signals approaches unity for 
low angles. Attenuation increases with progressively poorer 
earth types 

calculating the broadside radiation pattern of a hori- 
zontal 742 dipole, the perfect-earth image current, equal to 
the true antenna current but 180° out of phase with it) is 
‘multiplied by the horizontal reflection coefficient given by 
Eq 5 below. The product is then added vectorally to the 
direct wave to. 


1 for 


the resultant at that elevation angle. The 


The Effects of Ground 3-15 


reflection coefficient for horizontally polarized waves can. 
be calculated using the following equation 


de 


o -sin 
Anas 26 N А 
oi 0 N (Eq) 
Weesen i 
where 
Antari Z6 = horizontal reflection coefficient 


y= elevation ar 


i 18x10 «G) 
f 7 
k = dielectric constant of earth 


G = conductivity of earth in Sim 
£= frequency in MHz 

j = complex operator (ci) 

For a horizontal antenna near the earth, the resultant 
pattern is а modification of the free-space pattern of the 
antenna. Fig 23 shows how this modification takes place 
for a horizontal 42 antenna over a perfectly conducting flat 
surface. The patterns at the left show the relative radiation 
when one views the antenna from the side; those at the right 
show the radiation pattern looking at the end of the antenna 
Changing the height above ground from 2/8 to 2/2 makes a 
significant diference in the 
the main lobe down lower. 


angle radiation, moving 


Note that for an ani 


height of 1/2 (Fig 23, bot- 
tom), the out-of-phase reflection from a perfectly conduct- 
ing surface creates a null in the pattern at the zenith (90° 


— [^E 


oe repe rn 


Fig 22—Retlection coefficient for horizontally polarized 
waves (magnitude A at angle ), а! 21 MHz over average 
earth (k = 13, G = 0.005 Sim). 
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elevation angle). Over real earth, however, a filing in of this 
null occurs because of ground losses that prevent perfect 
reflection of high-angle radiation. 

Ata 0° elevation angle, horizontally polarized anten- 
nas also demonstrate а null, because out-of-phase rellec- 
tion cancels the direct wave. As the elevation angle departs 
from 0°, however, there is a slight filling-in effect so that 
over other-than-perfect earth, radiation at lower angles is 
enhanced compared to a vertical. A horizontal antenna will 
ollen outperform a vertical for low-angle DX work, par- 
ticularly over lossy types of earth at the higher frequencies. 

Reflection coefficients for vertically and horizon- 
tally polarized radiation differ considerably at most angles 
above ground, as can be seen by comparison of Figs 20 

М 22. (Both sets of curves were plotted for the same 
ound constants and at ће same frequency, so they may 
be compared directly.) This is because, as mentioned 
earlier, the image of a horizontally polarized antenna is 
‘out-of-phase with the antenna itself, and the image of a 
vertical antenna is in-phase with the actual radiator. 

"The result is that the phase shifts and reflection mag- 
nitudes vary greatly at different angles for horizontal and 
vertical polarization, The magnitude of the reflection coef- 
ficient for vertically polarized waves is greatest (near unity) 

low angles, and the phase angle is close to 180°. As 
mentioned earlier, this cancels nearly all radiation at very 
low angles. For the same range of angles, the magnitude of 
the reflection coefficient for horizontally polarized waves 
is also near unity, but the phase angle is near 0° for the spe- 
cific conditions shown in Figs 20 and 22. This causes rein- 
forcement of low-angle horizontally polarized waves. At 
some relatively hig the reflection coefficients for 


Fig 23—Effect of the ground on the radiation from a 
horizontal half-wave dipolo antenna, for heights of one- 
fourth and one-half wavelength. Broken lines show 
what the pattern would be if there were no reflection 
rom the ground (free space). 


horizontally and vertically polarized waves are equal in 
magnitude and phase. At this angle (approximately 81° for 
the example case), the effect of ground reflection on verti- 
cally and horizontally polarized signals will be the same. 


DEPTH OF RF CURRENT PENETRATION 
When considering earth characteristics, questions about 
depth of RF current penetration often arise. For instance, if 
location consists of a 6-foot layer of soil overlying a 
highly resistive rock strata, which material dominates? The 
answer depends on the frequency, the soil and rock dielec- 
tric constants, and their respective conductivities. The 
following equation can be used to calculate the cu 
sity at any depth 


ity at Depth d 
ty at Surface 


Qs Current Der 
Curent Du 


wher 
d = depth of penetration in em 
satura logarithm base (2.718) 


0.008 x x2 x f 
56x 107 xk xf 

k = dielectric constant of earth 

{= frequency in MHZ 

G = conductivity of earth in Sen 


Alter some manipulation of this equation, it can be used 
to calculate the depth at which the current density is some 
fraction of that at the surface. The depth at which the eu 
sent density is 37% (Ше) of that at the surface (often 
referred to as skin depth) is the depth at which the current 
density would be zero if it were distributed uniformly 
instead of exponentially. (This Ie factor appears in many 
physical situations. For instance, a capacitor charges to 
Within Le of full charge within one RC time constant.) At 
this depth, since the power loss is proportional to the square 
of the current, approximately 91% of the total power loss 
has occurred, as has most of the phase shift, and current 
Flow below this level is negligible. 

Fig 24 shows the solutions to Eq 6 over the 1.8 to 
30-MIL frequency range for various types of earth. For 
example, in very good earth, substantial RF currents Flow 
down to about 3.3 feet at 14 MHz. This depth goes to 
13 feet in average earth and as far as 40 feet in very poor 

soil is sich, moist loam, the 
ock stratum is of little concern. However, if the 
soil is only average, the underlying rock may constitute a 
major consideration in determining the PBA and the depth 
to which the RF current will penetrate. 

The depth in fresh water îs about 156 feet and is nearly 
independent of frequency in the amateur bands below 
30 MHz. In salt water, the depth is about seven inches at 


1.8 MHz and decreases rather steadily to about two inches 
а 30 MHZ 
conductivity 
The depib-of- penetration curves in Fig 24 illustrate а 
noteworthy phenomenon. While skin effect confines RF 
current flow close to the surface of a conductor, the earth b. 
so lossy that RF current penetrates to much greater depths 
than in most other media. The depth of RF current penetra- 
tion is a function of frequency as well as earth type. Thus, 
the only cases in which most of the current flows near the 
Surface are with very highly conductive п 
Water), and at frequencies above 30 MHz 


Dissolved minerals in moist earth increase its 


edia (such as salt 


DIRECTIVE PATTERNS OVER 
REAL GROUND 

As explained in Chapter 2, Antenna Fundamentals, 
because antenna radiation patterns are three-dimensional, it 
is helpful in understanding their operation to use а form of 
‘representation showing the elevation-plane directional char- 
acteristic for different heights. Itis possible to show selected 
elevation-plane pattems oriented in various directions with 
respect to the antenna axis. In the case of the horizontal 
half-wave dipole, а plane running in a direction along the 
‘axis and another broadside to the antenna will give а good 


deal of information. 
The effect of reflection from the ground can be 
expressed as a separate pattern factor, given in decibels 
For any given elevation angle, adding this factor algebra- 
ically to the value for that angle from the free-space pattern 
ulant radiation value at that 


Tor that antenna gives the re 


E 
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Fig 24— Depths at which the current density is 37% 
(tie) of that at the surface for different qualities of 
earth over the 1.8- to 30-MHz frequency range. The 
depth for fresh water, not plotted, is 156 feet and 
almost independent of frequency below 30 MHz. See 
text and Table 2 for ground constants. 
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angle, The limiti 


conditions are those represented by the 
direct ray and the reflected ray being exactly in-phase and. 
exactly out-of-phase, when both (assuming there are no. 

round losses) have equal amplitudes. Thus, the resultant 


feld strength at a distant point may be either 6 dB greater 


iban the free-space pattern (twice the field streng 


limiting cases. 


Horizontally Polarized Antennas 
The way in which pattern factors vary with height for 

horizontal an 

the plots of Fig 

fectly conducti 

оп typical real-earth conditions, These patterns apply to 


nas over Па earth is shown graphically in 


The solid-line plots are based on per 


ound, while the shaded plots are based. 


horizontal antennas of any length. While these graphs are, 
in fact, radiation pattems of horizontal single-wire antennas 


(dipoles) as viewed from the axis of the wire, it must be 
remembered that the plots merely represent pattern factors 

Fig 26 shows vertica-plane radiation patterns in the 
directions off the ends of а horizontal half-wave dipole for 
various antenna heights. These patterns are scaled so they 


may be compared directly to those for the appropriate heights 
in Fig 25. Note that the perfect-earth patterns in Figs 26A 
and 25B are the same as those in the upper part of Fig 23. 


Note also that the 


ject-earth patterns of Figs 26B and 
25D are the same as those in the lower section of Fig 23. 
"The reduction in field strength off the ends of the wire at the 
lower angles, as compared with the broadside field strength 
is quite apparent It is also clear from Fi 

heights, the h 


26 that, at some 


le radiation off the ends is nearly as 


reat as the broadside radiation, making the antenna essen- 
tially an omnidirectional radiator. 


J- Antenna 1-1/2 high 


K- Antenna 1-3/4 high 


L- Antenne 2А high 


Fig 25— Reflection factors for horizontal dipole antennas at various heights above flat ground. The soli 

arth patterns (broadside to the antenna wire); the shaded curves rep 
Ih (k = 13, G = 0.005 Sim) at 14 MHz. Add 7 dB to values shown for absolute gain п dBd 
Space, 8.18 di for gain in dB. For example, peak gain over рава earth , height is T did (or ЛЗ dl) 


the per 


D 
at 25" elevation 
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In vertical planes making some intermediate angle 
between 0° and 90° with the wire axis, the pattern will have 
ıa shape intermediate between the broadside and end. on pat- 


terns. By visualizing a smooth transition from the end-on 


pattem to the broadside pattern as the horizontal angle is 
varied from 0° to 90°, a fairly good mental picture of the 
actual solid pattern may be formed. An example is shown in 
Fig 27. AL A, the elevation-plane pattern of a half-wave 
dipole at a he 

from the favored direction of the antenna, At B. 


1 of 2/2 is shown through a plane 45° away 
ıd C, the 
pattern of the same antenna is shown at heights of 344 and. 


1). (through the same 45° off-axis plane). These patterns 
are sealed so they may be compared directly with the broad- 
side and end-on patterns for the same antenna (at the appro- 
priate heights) in Figs 25 and 26, 

The curves presented in Fig 28 are useful for det 


mining heights of horizontal antennas that give either 
maximum or minimum reinforcement al any desired wave 


angle. For instance, if you want to place an antenna at a 
iso that it will have a null at 30°, the antenna should 


be placed where a broken line crosses the 30° line on the 
horizontal scale. There are two heights (up to 2 2) that 
will yield this null angle: 1 2 and 2 À 
Asa second example, you may want to have the ground 
ive maximum reinforcement of the direct ray 
from a horizontal antenna at a 20° elevation angle. The 
antenna height should be 0.75 А. The same height will give 
‘a null at 42° and a second lobe at 90 
Fig 28 is also useful for visualizing the vertical pattern 


ofa horizontal antenna. For example, if an antenna is erected 
at 1.25 2, it will have major lobes (soli line crossing 


12° and 37°, as well as at 90° (the zenith). The nulls in this 
) will appear at 24° and 53 
The Y-axis in Fig 28 plots the wave angle versus the 


pattern (dashed-line crossing 


height in wavelength above flat ground on the X-axis. 
levation angles required for actual 


Fig 28 doesn't show the 


D-Antemo 1 high 


E-Antenno 1-1/4 high 


F-Antenno 1-1/2 A high 


Fig 26-1 


rtical-plano radiation pat 


earth (к = 13, G = 0.005 Sim) at 14 MHz. 


e 0-4В re 


rns of horizontal half-wave dipole antennas off the ends of the antenna wire. 
The sola ge curves are the flat, perfect-earth patterns, and the shaded curvos represent the 


fects of average flat 


nee in each plot corresponds to the peak of the main lobe in 


the favored direction of the antenna (the maximum gain). Add 7 dB to values shown for absolute gain in dBd 
terenced to dipole in tree space, or 9.15 dB for gain in dBi. 


AcHelght 1/2 X 


eee 3/4 А 


Fig 27—Vertical- 


Jane radiation patterns of half-wave horizontal dipole antennas at 45° from the antenna wire over 


flat ground. The solid-line and shaded curves represent the same conditions as in Figs 25 and 26. These patterns 
are scaled so they may be compared directly with those of Figs 25 and 26. 
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Fig 28—Angles at which nulls and maxima (factor = 
% dB) in the ground-reflection factor appear for antenna 
heights up to two wavelengths over flat ground. The 
‘solid lines are maxima, dashed lines nulls, for all 
horizontal antennas. See text for examples. Values may 
also be determined from the trigonometric relationship, 
© = arc sin (A/Ah), whore 8 is the wave angle and h is 
the antenna height in wavelengths. For the first 
maximum, A has a value of 1; for the first null A has a 
Value o2 for the second maximum 3, forthe second 


‘communications to various target geographic locations of 
interest. Chapter 23, Radio Wave Propagation, and the CD- 
ROM in the back of this book give details about the range of 
angles required for target locations around the world. It is 
very useful to overlay plots of these angles together with the 
elevation pattem for horizontally polarized an 

‘ous heights above flat ground. This will be demonstrated in 

in this chapter. 


detail late 


Ml 
D-Antenno 3/4 A high 


E-Antemma 1 А high 


Vertically Polarized Antennas 
In the case of a vertical 2/2 dipole or a ground-plane 
antenna, the horizontal directional pattem is simply a circle 
at any elevation angle (although the actual field strength 
will vary, at the different elevation angles, with the height 
above ground). Hence, one vertical pattern is sufficient to 
ive complete information (for a given antenna height) about 
the antenna in any direction with respect to the wire. A 
series of such patterns for various heights is given in 
Fig 29. Rotating the plane pattern about the zenith axis of 
the graph forms the thrce-dimensional radiation pattem in 
each case. 
The solid-line curves represent the radiation patterns 
‘of the 2/2 vertical dipole at different feed-point heights over 
perfectly conducting ground. The shaded curves in Fig 29 
show the pattems produced by the same antennas at the same 
heights over average ground (G = 0.005 Sim, k = 13) at 
14 MHz. The PBA in this case is 14.8 
In short, far-field losses for vertically polarized anten 
nas are highly dependent on the conductivity and dielectric 


constant of the earth around the antenna, extending far 
beyond the ends of any radials used to complete the ground 


return for the near field. Putting more radials out around the 
na may well decrease ground-return losses in the 
reactive near field for a vertical monopole, but will not 
increase radiation at low elevation launch angles in the far 
Field, unless the radials can extend perhaps 100 waveler 

in all directions! Aside from moving to the fabled “salt 
water swamp on а high hill there is very little that some 
one can do to change the character of the ground that 
affects the far-field pattern of a rel vertical. Classical texts 


P, 


F-Antenno 1-1/2 A high 


Fig 29—Vertical-plane radiation patterns of a ground-plane antenna above flat ground. The height is that of the 


‘ground plane, which consists of four radials in a horizontal plane. Solid lines are perfect-earth patte 
fects of real earth. The patterns are scaled—that is, they may be directly compared to the solid- 


‘curves show the 


ns; shaded 


line ones for comparison of losses at any wave angle. These patterns were calculated for average ground (k = 13, 
© = 0.005 S/m) at 14 MHz. The PBA for these conditions is 14.8", Add 6 dB to values shown for absolute gain In Ва 


‘over dipole in free space. 
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оп verticals often show elevation patterns computed over 
an “infinitely wide, infinitely conducting ground plane.” Real 
ground, with finite conductivity and less than perfect 
dielectric constant, can severely curtail the low-angle radia- 
tion at which verticals are supposed to excel 

While real verticals over real ground are not a sure- 
Fire method to achieve low-angle radiation, cost versus per- 


formance and ease of installation are still attributes that can 
highly recommend verticals to knowledgeable builders. 
Practical installations for 160 and 80 meters rarely allow 
amateurs to put up horizontal antenna high enough to radi- 
ate effectively at low elevation angles. After all, a half-wave 
оп 1.8 MHz is 273 feet high, and even at such a lofty he 

the peak radiation would be at a 30° elevation angle. 


The Effects of Irregular Local Terrain in the Far Field 


The following material is condensed and updated from 
an article by R. Dean Straw, N6BV, in July 1995 OEX maga 
zine. НЕТА (HE Terrain Assessment) and supporting data 
files are included on the CD-ROM at the back of this book. 
НЕТА is the latest version of the YT program included with 
earlier editions of The ARRL Antenna Book. 


Choosing a OTH for DXing 
"The subject of how to choose a ОТН for working DX 
has fascinated hams since the beginning of amateur opera- 
tions. No doubt, Marconi probably spent a lot of time wan- 
dering around Newfoundland looking for a grea radio OTH 
before making the first transAtlantic transmission. Putting 
together a high-performance HF station for contesting ог 
DXing has always followed some pretty simple rules. Fist, 
you need the perfect ОТН, preferably on a rural mountaintop 
‘or at least on top of a hill. Even better yet, you need a 
‘mountaintop surrounded by seawater! Then, afier you have 
found your dream QTH, you put up the biggest antennas 
you possibly can, on the highest towers you can afford. Then 
you work all sorts of DX—sunspots willing, of course. 

"The only trouble with this straightforward formula for 
success is that it doesn’t always work. Hams fortunate 
enough to be located on mountain tops with really spec- 
tacular drop-offs often find that their highest antennas don't 
do very well, especially on 15 or 10 meter, but often even. 
‘on 20 meters. When they compare their signals with nearby. 
locals in the flalands, they sometimes (but not always) come 
‘out on the losing end, especially when sunspot activity is 
high. 

On the other hand, when the sunspots drop into the 
cellar, the high antennas on the mountaintop are usually the 
‘ones crunching the pileups—but again, not always. So, the 
really ambitious contest aficionados, the guys with lots of 
resources and infinite enthusiasm, have resorted to putting 
up antennas at all possible heights, on a multitude of towers. 

There is а more scientific way to figure out where and 
how high to put your antennas to optimize your signal dur- 
ing all parts of the 1 -year solar cycle. We advocate a sys- 
tem approach to HF station design, in which you need to 
know the following: 


1. The range of elevation angles necessary to get from point 
Ato point B 

‘The elevation pattems for various types and cor 

tions of antennas 

э. The effect of local terrain on elevation patterns for hori 
zontally polarized antennas. 


WHAT IS THE RANGE OF ELEVATION 
ANGLES NEEDED? 

Up until 1994, The ARRL Antenna Book contained only 
a limited amount of information about the elevation angles 
needed for communication throughout the world. In the 1974. 
edition, able 1-1 in the Wave Propagation chapter was cap- 
tioned: “Measured vertical angles of arrival of signals from 
England at receiving location in New Jersey” 

(What the caption didn't say was that Table 1-1 was 
derived from measurements made during 1934 by Bell Labs. 
The highest frequency data seemed pretty shaky, consider- 
ing that 1934 was the low point of Cycle 17. Neither was 
ibis data applicable to any other path, other than the one 
from New Jersey to England. Nonetheless, many amateurs 
located throughout the US tried to use the sparse infor 
tion in Table 1-1 as the only rational data they had for deter- 
mining how high to mount their antennas. (If they lived or 
hills, they made estimates of the effect of the terrain 
assuming that the hill was adequately represented by a long, 
unbroken slope. More on this later) 

In 1993 ARRL HQ embarked on a major project to 
tabulate the range of elevation angles from all regions of the 
US to important DX OTH around the world. This was 
accomplished by running many thousands of computations 
using the JONCAP computer program. JONCAP has bee 
under development for more than 25 years by various agen 
cies of the US government and is considered the standard of 
‘comparison for propagation programs by many agencies, 
including the Voice of America, Radio Free Europe, and 
more than 100 foreign governments throughout the world. 
JONCAP is a real pain in the neck to use, but it is the stan- 
dard of comparison, 

‘The calculations were done for all levels of solar activ- 
йу, for all months of the year, and for all 24 hours of the 
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day. The results were gathered into some very large data- 
bases, from which special custom-written software extracted 
detailed statistics. The results appeared in summary form in 
Tables 4 through 13 printed in Chapter 23, Radio Wave 
Propagation, of the 17th Edition and in more detail on the 
diskette included with that book. (This book, the 20th Edi- 
Чоп, contains even more statistical data, for more areas of 
the world, on the accompanying CD-ROM.) 

Fig 30 shows the full range of elevation angles (repre- 
sented as vertical bars) for the 20-meter path from New 
England (centered on Newington, Connecticut) to all of 
Europe. This is for all openings, in all months, over ће entire 
11-year solar cycle. The most likely elevation angle occurs at 
5° for about 13% of the times when the 20-meter band is open. 
to Europe from New England. From 4° to 6° the band is open 
a total of about 34% of the times the band is open. There isa. 
secondary peak between 10° to 12°, occurring for a total of 
about 25% of the times the band is open. 

Overlaid on Fig 30 along with the elevation-angle 
statistics are the elevation-plane responses for three di 
ferent horizontally polarized Yagi beams, all over flat 
ground. The first is mounted 140 feet high, 2 2 in terms 
‘of wavelength. The second Yagi is mounted 70 feet high 
(at 1) and the third is 35 feet (0.5 2). The 140-foot high. 
antenna has a deep null at 15°, but it also has the highest 
response (13.4 dBi) of the three at the statistical peak ele- 
vation angle of 5°. However, at 12°—where the band is 
‘open some 9% of the time- -the 140-foot high Yagi is 


Fig 30—Graph showing 20-meter percentage of all 
‘openings from New England to Europe versus elevation 
angles, together with overlay of elevation patterns ove 
flat ground for three 20-meter antenna systems. The 
‘most statistically likely angle at which the band will be 
‘open is 5°, although at any particular hour, day, month 
and year, the actual angle will likely be different. Note 
the deep null exhibited by the 140-foot high antenna 
centered at 14°. 
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down 4 dB compared to the 70-foot antenna, 

"The 70-foot high Yagi arguably covers the overall range 
best, since it has no disastrous nulls in the 1° to 25° range, 
where most of the action is occurring on 20 meters. At 5°, 
however, is response is only 8.8 dBi, 4.6 dB down from the 
140-foot high antenna at that angle. The 35-foot antenna 
peaks above 26° in elevation angle, and is down some 
104 dB compared to the 140-foot antenna at 5°. Obviously, 
mo single antenna covers the complete range of elevation 
angles needed. 

Note that the highest Yagi has a strong second lobe 
peaking at 22°. Lets say that you could select between two 
antennas, one at 140 and one at 70 fet, and that the incom- 
ing angle for а particular distat station is 22°. You might 
be fooled into thinking that the incoming angle is around 
6°, favoring the first peak of the higher antenna, when in 
truth the angle is relatively high. The 70-foot antenna’s 
response would be lower at 22° than the higher one, but 
only because the 140-foot antenna is operating on its sec- 
‘ond lobe. (What would clinch а determination of the correct 
incoming angle—6° or 227— would be the response of the 
35-foot high Yagi, which would be close to its peak at 22°, 
While it would be very far down at 6°.) 

Now, we must emphasize that these elevation angles 
are statistical entities— in other words, just because 5° is 
the “statistically most likely angle" for the 20-meter path 
from New England to Europe doesn't mean that the band 
will be open at 11° at any particular hour, on a particular 
day, in a particular month, in any particular year. In fact, 
however experience agrees with the JONCAP computations 
the 20-meter path to Europe usually opens at a low angle in 
the New England morning hours, rising to about 11° dur 
the afternoon, when the signals remain strongest through- 
‘out the afternoon until the evening in New England. 

‘What would happen if we were o feed all three Yagi at 
140, 70 and 35 feet in-phase as a stack? Fig 31 shows this 
situation, along with a more highly optimized stack at 120, 
80 and 40 feet that better covers the overall range of eleva: 
tion angles from Connecticut to Europe. 

Now see Fig 32, which uses the same 120/80/40-foot 
stack of 20-meter antennas as in Fig 31, but this ime from 
Seattle, Washington, to Europe. For comparison, the 
response of a single 4-element Yagi at 100 feet over Mat 
ground is also shown in Fig 32, Just because S is the stais- 
tically most prevalent angle (occurring some 13% of the 
time) from Seattle to Europe on 20 meters, this doesn’t mean 
that the actual angle at any particular moment in time might 
not be 10, or even 2°. The statistics for W7 to Europe say 
that 5° is the most likely angle, but 20-meter signals from 
Europe arrive at angles ranging from 1° to 18°. Note that 
this range of angles is quite a bit less than from WI to 
Europe, which is much closer geographically to Europe than 
is the Pacific Northwest coast of the US. If you design an 
antenna system to cover all possible angles needed to talk 
10 Europe from Seattle (or from Seattle to Europe) on 20 
meters, you would need to cover the full range from 1° lo 
18" equally vell, 


s 


| 


Fig 31—Graph showing results of stacking antennas at 
different heights on the same tower to cover a wider 
range of elevation angles, In this case for the path from 
Connecticut (W1) to all of Europe on 20 meters. Th 
optimized stack at 120/80/40 feet covers the needed 
rango of elevation angles better than the stack at 140/ 
70/85 feet or the single Yagi at 140 fo 


Fig 32—Graph showing 20-meter percentage of all 
‘openings, this timo from Seattle, WA, to Europe, 
together with an overlay of elevation patterns over flat 
‘ground for two 20-meter antenna systems, The 
‘Statistically most likely angle on this path is 5°, 
‘occurring about 13% of the time when the band is 
actually open. Higher antennas predominate on this 
low-angle path. 


low-angle path, higher antennas are again most 
effective. 


Similarly, if you wish to cover the full range of eleva- 
tion angles from Chicago to Southern Africa on 15 meters, 
‘you would need to cover 1° to 13°, even though the most 
Statistically likely signals arrive at 1°, for 21% of the time 
when that the band is open for that path. See Fig 33. 

tis important to recognize that Figs 30 through 33 are 
for flat ground. When the antennas are mounted over 
irregular local terrain, things get much more complicated. 
First, however, we'll discuss general-purpose antenna mod- 
cling programs as they try to model real terrain. 


DRAWBACKS OF COMPUTER MODELS 
FOR ANTENNAS OVER REAL TERRAIN 

Modern general-purpose antenna modeling programs 
such as NEC or MININEC (or their commercially upgraded 
equivalents, such as NEC-Win Plus, EZNEC and EZNEC 
ARRL) сап accurately model almost any type of antenna 
‘commonly used by radio amateurs. In addition, there are 
specialized programs specifically designed to model Yagis 
efficiently, such as УО or YW (Yagi for Windows, bundled 
‘on the CD-ROM with this book) or YagiMas. These pro- 
grams however are all unable to model antennas accurately 
over anything other than purely flat ground. 

While both NEC and MININEC can simulate irregular 
ground terrain, they do so in а decidedly crude manner, 
employing step-like concentric rings of height around an 
antenna. The documentation for NEC and MININEC both 
clearly state that diffraction off these steps is not modeled, 
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Common experience among serious modelers is that the 
warnings in the manuals are worth heeding. 

Although you can analyze and even optimize antenna 
designs using free-space or lat-earth ground models, it is 
diffraction that makes the real world a very, very compli 
cated place. This should be clarified—diffraction is hard, 
even tortuous, to analyze properly, but it makes analysis of 
real world results far more believable than a flat-world 


reflection model does. 


RAY-TRACING OVER UNEVEN 
LOCAL TERRAIN 


‘The Raytracing Technique 

First, let's look at a simple raytracing procedure 
involving only horizontally polarized reflections, with no 
diffractions. From a specified height on the tower, an 
antenna shoots “rays” (just as though they were bullets) in 
025" increments from +35" above the horizon to -35° 
below the horizon. Each ray is traced over the foreground 
terrain to see if it hits the ground at any point on its travels 
in the direction of interest. If it does hit the ground, the 
тау is reflected following the classical law of reflection. 
‘That is, the outgoing angle equals the incoming angle, re- 
flected through the normal to the slope of the surface. Once 
the rays exit into the ionosphere, the individual contribu- 
tions are vector-summed to create the overall far-field el- 
evation pattern. 

The next step in terrain modeling involves adding 
difîractions as well as reflections. At the Dayton antenna 
forum in 1994, Jim Breakall, WA3FET, gave a fascinating 
and tantalizing lecture on the effect of foreground terrain 
Later Breakall, Dick Adler, K3CXZ, Joel Young and a group 
of other researchers published an extremely interesting 
paper entitled “The Modeling and Measurement of HE 
“Antenna Skywave Radiation Patterns in Irregular Terrain’ 
in July 1994 IEEE Transactions on Antennas and Propaga- 
tion. They described in rather general terms the modifica- 
tions they made to the NEC-BSC program. They showed 
how the addition of a ray-tacing reflection and diffraction 
model to the simplistic stair-stepped reflection model in regu- 
lar NEC gave far more realistic results. For validation, they 
compared actual pattern measurements made on a site in 
Utah (with an overflying helicopter) to computed patterns 
made using the modified NEC software. However, because 
the US Navy funded this work the software remained for a 
long time a military secret. 


Thumbr tory of the Uniform 
Theory of Diffraction 

is instructive to look briefly at the history of how 

Geometric Optics (GO) evolved (and stil continues to 

evolve) into the Uniform Theory of Diffraction (UTD). The 

following is summarized from the historica overview in one 

book found to be particularly useful and comprehensive on 
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the subject of UTD: Introduction to the Uniform Geometri- 
cal Theory of Diffraction, by McNamara, Pistorius, and 
Malherbe. 

Many years before the time of Christ, the ancient 
Greeks studied optics. Euclid is credited with deriving the 
law of reflection about 300 BC. Other Greeks, such as 
Prolemy, were also fascinated with optical phenomena, In 
the 1600s, a Dutchman named Snell finally figured out the 
law of refraction, resulting in Snell's law. By the early 1800s, 
the basic world of classical optics was pretty well described 
from a mathematic point of view, based on the work of a 
number of individual 

As its name implies, classical geometric optical theory 
deals strictly with geometric shapes. Of course, the impor- 
lance of geometry in optics shouldn't be minimized—after 
all, we wouldn't have eyeglasses without geometric opties. 
“Mathematical analysis of shapes utilizes a methodology that 


traces the paths of straight-line rays of light. (Note that the 
paths of rays can also be likened to the straight-line paths of 
particles.) In classical geometric optics, however, there is 
по mention of three important quantities: phase, intensity 
and polarization. Indeed, without phase, intensity or polar- 
ization, there is no way to deal properly with the phenom- 
enon of interference, or its cousin, diffraction. These 
phenomena require theories that deal with waves rather than 
rays 

Wave theory has also been around for a long time, 
although not as long as geometry. Workers like Hooke and 
Grimaldi had recorded their observations of interference and 
diffraction in the mid 1600s, Huy gens had used elements of 
wave theory in the late 1600s to help explain refraction. By 
the late 1800s, the work of Lord Rayleigh, Sommerfeld, 
Fresnel, Maxwell and many others led to the full mathematic 
characterization of all electromagnetic phenomena, light 
included. 

‘Unfortunately, ay theory doesn’t work for many prob- 
lems, at least ray theory in the classical optical form. The 
real world is a lot more jagged, pointy and fuzzy in shape 
than сап be described in a totally rigorous mathematic fash- 
ion. Some properties of the real world are most easily 
explained on the micro level using electrons and protons as 
conceptual objects, while other macro phenomena (like reso- 
nance, for example) are more easily explained in terms of 
waves. To get a handle on a typical real-world physical 
situation, a combination of classical ray theory and wave 
theo 


was needed. 


"The breakthrough in the combination of classical geo- 
metric optics and wave concepts came from J. B. Keller of 
Bell Labs in 1953, although he published his work in the 
early 1960s. In the very simplest of terms, Keller introduced 
the notion that shooting a ray at a diffraction wedge causes 
wave interference at the tip, with an infinite number of dif- 
fracied waves emanating from the diffraction point, Each 
diffracted wave can be considered to be a point source 
radiator at the place of generation, the diffraction point. 
Thereafter, the paths of individual waves can be traced as 


though they were individual classical optic rays again. What 
Keller came up with was a reasonable mathematical descrip- 
Чоп of what happens at the tip of the diffraction wedge. 

Fig 34 is a picture of a simple diffraction wedge, 
with an incoming ray launched at an angle of 04, refer 
enced to the horizon, impinging on it. The diffraction 
wedge here is considered to be perfectly conducting, and 
hence impenetrable by the ray. The wedge generates an 
infinite number of diffracted waves, going in all direc- 
tions not blocked by the wedge itself. The amplitudes and 
phases of the diffracted waves are determined by the in- 
teraction at the wedge tp, and this in turn is governed by 
the various angles associated with the wedge. Shown in 
Fig 34 are the included angle a of the wedge, the angle o 
of the incoming ray (referenced to the incoming surface 
of the wedge), and the observed angle 6 of one of the 
‘outgoing diffracted waves, also referenced to the wedge 
surface. 


The so-called shadow boundaries are also shown in 
34. The Reflection Shadow Boundary (RSB) is the angle 
beyond which no further reflections сап take place for a 
given incoming angle. The Incident Shadow Boundary (ISB) 
is that angle beyond which the wedge's face blocks any 
incident rays from illuminating the observation point. 

Keller derived the amplitude and phase terms by com- 
paring the classical Geometric Optics (GO) solution with 
the exact mathematical solution calculated by Sommerfeld 
for a particular case where the boundary conditions were 
well known—an infinitely long. perfectly conducting wedge 
illuminated by a plane wave, Simply speaking, whatever 
was let over had to be diffraction terms, Keller combined 
these diffraction terms with GO terms to yield the total field 
everywhere. 

Keller's new theory became known as the Geometric 
Theory of Diffraction (abbreviated henceforth as GTD). The 
beauty of GTD was that in the regions where classical GO. 
predicted zero fields, the GTD “filled in the blanks" so to 
speak. For example, see Fig 35, showing the terrain for a 


hypothetical case, where a60-foot high 4-clement 15-meter 

illuminates а wide, perfectly flat piece of ground. A 
10-f00t high rock has been placed 400 feet away from the 
tower base in the direction of outgoing rays. Fig 36 shows 
the elevation pattern predicted using relection-only GO tech- 
niques. Due to blockage of the direct wave (A) tying to 
shoot past the 10-foot high rock, and due to blockage of (B) 
reflections from the flat ground in front of the rock by the 
rock, there is a hole in the smooth elevation pattern. 

Now, doesn’t it defy common sense to imagine that а 
single 10-foot high rock will really have such an effect on a 
15-meter signal? Keller's GTD took diffraction effects into 
account to show that waves do indeed sneak past and over 
the rock to fill in the pattern. The whole GTD scheme is 
very clever indeed. 

However, GTD wasn't perfect. Keller's GTD predicts 
some big spikes in the pattern, even though the overall shape 
‘of the elevation pater is much closer о reality than a simple 
GO reflection analysis would indicate. The region right at 
the RSB and ISB shadow boundaries is where problems are 
found. The GO terms go to zero at these points because of 
blockage by the wedge, while Keller's diffraction terms tend 
1o go to infinity at these very spots. In mathematical terms 
this is referred to as a caustic problem. Nevertheless, despite 
these nasty problems at the ISB and RSB, the GTD pro- 
vided a remarkably bette solution to diffraction problems 
than did classical GO. 

In the early 1970s, a group at Ohio State University 
under R. G. Kouyoumjíam and P. H. Pathak did some piv- 
otal work to resolve this caustic problem, introducing 
what amounts to a clever fudge factor to compensate for 
the tendency ofthe diffraction terms atthe shadow bound- 
aries to go to infinity. They introduced what is known as 
A transition function, using a form of Fresnel integral 
Most importantly, the Ohio State researchers also created 
several FORTRAN computer programs to compute the 
amplitude and phase of diffraction components. Now 
‘computer hackers could get to work! 


Fig 34—Diagram showing 
diffraction mechanism of ray 
launched at angle a, below the 
horizon at a diffraction wedge, 
‘whose included angle is a. 
Referenced to the incident face (the 
оласе as itis called in UTD 
terminology), the incoming angle is 
4 (phi prime). The wedge creates 
ап infinite number of diffracted 
‘waves. Shown is one whose angle 

ced to the o-face is 6, the 
so-called observation angle in UTD 
terminology. 
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Fig 35—Hypothetical terrain exhibiting so-called “10- 
foot rock effect." The terrain is flat from the tower base 
‘Out to 400 feet, where a 10-00! high rock is placed. 
Note that this forms a diffraction wedge, but that it also 
blocks direct waves trying to shoot through it to the flat 
‘surface beyond, as shown by Ray A. Ray B reflects off 
the flat surface before it reaches the 10-foot rock, but it 
is blocked by the rock from proceeding further. A 
‘simple Geometric Optics (GO) analysis of this terrain 
without taking diffraction into account will result in the 
elevation response shown in Fig 36. 


The program that finally resulted is called HFTA, stand- 
ing for “HF Terrain Assessment” (The DOS version of META 
was known as YT, standing for “Yagi Terrain.) As the name 
suggests, МЕТА analyzes the effect of local terrain on НЕ 
propagation through the ionosphere. It is designed for hori- 
zontally polarized Yagis, although it will model the effects 
‘of a simple Пайор dipole also, The accurate appraisal of the 
effect of terrain on vertically polarized signals is afar more 
‘complex problem than for horizontally polarized waves, and. 
НЕТА doesn't do verticals. 


SIMULATION OF REALITY—SOME 
‘SIMPLE EXAMPLES FIRST 

We want to focus first on some simple results, to show 
that the computations do make some sense by presenting 
some simulations over simple terrains. We've already 
described the “10-foot rock at 400 feet” situation, and 
showed where a simple GO reflection analysis is inadequate 
to the task without taking diffraction effects into account 

Now look at the simple ease shown in Fig 37, where а 
very long, continuous downslope from the tower base is 
shown. Note that the scales used for the X and Y axes are 
different: the Y-axis changes 300 feet in height (from 800 to 
1100 feet), while the X-axis goes from 0 to 3000 feet. This 
exaggerates the apparent steepness of the downwards slope, 
which is actually a rather gentle slope, at tar! (1000 — 850) 
(3000-0) =-2.86°. In other words, the terrain falls 150 feet 
in height over a range of 3000 fet from the base of the tower. 

Fig 38 shows the computed elevation response for this 
terrain profile, for a 4-clement horizontally polarized Yagi 
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Fig 36—Elovation response for rays launched at terrain 
in Fig 35 from a height of 60 foot using a 4-element 
Yagi. This was computed using a simple Geometrical 
Optics (GO) reflection-only analysis. Note the hole in 
the response between 6 to 10° in elevation. It is not 
reasonable for a 10-foot high rock to create such a 
disturbance at 21 MHz! 


оп а 60-foot tower. The response is compared to that of an 
identical Yagi placed 60 feet above flt ground. Compared 
10 the “flaland” antenna, the hilltop antenna has an eleva- 
tion response shifted over by almost 3° towards the lowe: 
elevation angles. In fact, this shift is directly due to the 
36" slope of the hůl, Reflections off the slope are tilted 
by the slope. In this situation here is a single diffraction at 
the bottom of the gentle slope at 3000 feet, where the pro- 
gram assumes that the terrain becomes fla 
Look at Fig 39, which shows another simple terrain 
profile, called a “Hill-Valley” scenario. Here, the 60-foot 
high tower stands on the edge of a gentle hill overlooking a 
long valley. Once again the slope of the hill is exaggerated 
by the different X and Y-axes. Fig 40 shows the computed 
elevation response at 21.2 MHz for a 4-element Yagi on a 


60-foot high tower atthe edge of the slope. 
‘Once again, the pattern is overlaid with that of an iden- 

tical 60-foot-high Yagi over flat ground. Compared to the 
а, the hilltop antenna’s response above 9° in 

elevation is shifted by almost 3° towards the lower elevation 


angles. Again, this is due to reflections off the downward 
slope. From 1° to 9°, the hilltop pattern is enhanced even 
more compared to the flatland antenna, this time by diffrac- 
tion occurring at the bottom of the hill 

Now let's see what happens when there is a hill ahead 
in the direction of interest. Fig 41 depicts such a situa- 
tion, labeled “Hill-Ahead.” Here, at a height of 400 feet 
above mean sea level, the land is flat in front of the tower, 
‘out to а distance 500 feet, where the hill begins. The hill 
then rises 100 feet over the range 500 to 1000 feet away 


Fig 37—A long, gentle downwards-sloping terrain, This 
terrain has no explicit diffraction points and can be 
analyzed using simple GO reflection techniques. 
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Fig 38—Elevation response for terrain shown in Fig 37, 
using a 4-eloment 15-meter Yagi, 60-foot high. Note that 
the shape of the response is essentially shifted towards 
the left, towards lower elevation angles, by the angle of 
the sloping ground. For reference, the response for an 
identical Yagi placed over flat ground is also shown. 


from the tower base. After that, the terrain is a plateau, at 
а constant 500 feet elevation, 

Fig 42 shows the computed elevation patte 
element 21-MHz Yagi 60-feet high on the tower, com- 
pared again with an overlay for an identical 60-foot high 
antenna over flat ground. The hill blocks low-angle waves 
directly radiated from the antenna from 0° to 2.3° In addi- 
tion, waves hat would normally be reflected from the ground, 
and that would normally add in phase from about 2.3° 10 
12°, are blocked by the hill also. Thus the signal at 8° is 
down almost 5 dB from the signal over flat ground, all due 
to the effect of the hill. Diflracted waves start kicking in 
‘once the direct wave rises enough above the horizon o illu- 


for a 


Fig 39—"HIl-Valloy" terrain, with reflected and 
diffracted rays. 


Fig 40—Elovation response computed by НЕТА program 
for single 4-element 15-meter Yagi at 60 feet above "Hil 
Valley” terrain shown in Fig 39. Note that the slope has 
caused the response in general to be shifted towards 
lower elevation angles. At 5 elevation, the diffraction 
‘components add up to increase the gain slightly above 
the amount a GO-only analysis would indicat 


minate the top edge of the hill. These diffracted waves tend 
10 augment elevation angles above about 12°, which reflected 
waves can't reach. 

Is there is any hope for someone in such a lousy OTH 
for DXing? Fig 43 shows the elevation response for a truly 
heroic solution. This involves a stack of four element Yagis, 
mounted at 120, 90, 60 and 30 feet on the tower. Now, the 
total gain at low angles is just about comparable to that from 
a single 4-clement Yagi mounted over flat ground. Where 
there's a ham, there is a way! 


The Effects of Ground 3-27 


Fig 41—HIILAhead" terrain, shown with diffracted rays 


created by illumination of the edge of the plateau at the 
top of the hill. 


Fig 42—Elevation response computed by НЕТА for “Hill 
Ahead" terrain shown in Fig 41. Now the hill blocks. 
direct rays and also precludes possibilty of any 
constructivo reflections. Above 10°, diffraction 
components add up together with direct rays to create 
the response shown. 


ALS? elevation, four diffraction components add up 
(there are zero reflection components) to achieve de far- 
Field pattern. This seems reasonable, because each of the 
Tour antennas is illuminating the diffraction point separately 


and we know that none of the four antennas can see over the 
hill directly to produce a reflection at a low Launch ar 

At an elevation angle of 5°, IS-meter signals arrive 
from Europe from New England about 13% of the total time 
when the band is actually open. We can look at this another 
way. For about two-thirds of the times when the band is 
‘open on this path, the incoming angle is between 3° to 12°. 
For about one-third of the time, 


gle. 


als arrive above 10°, 
where the "heroic" four-stack is really beginning to come 
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Fig 43—Elovation response of “heroic effort" to 
‘surmount the difficulties imposed by hill in Fig 41. This 
effort involves a stack of four 4-element Yagis in a stack 
Starting at 120 foot and spaced at 30-foot increments on 
the tower. The response is roughly equivalent to a 
single 4-olomont Yagi at 60 feet above flat ground, 

hence the characterization as being a “heroic effort" 
The elevation-angle statistics from Now England to 
Europe are overlaid on the graph for reference. 


A More Complex Terrain. 
The results for simple terrains look reasonable; let's 
try a more complicated real-world situation. Fig 44 shows 
the terrain from the New Hampshire N6BV/1 OTH towards 
Japan. The terrain was complex, with 52 different points 
НЕТА identifies as diffraction points. Fig 45 shows a 
labeled HFTÀ output for three different types of antennas 
оп 20 meters: a stack at 120 and 60 feet, the 120-1001 
antenna by itself, and then а 120/60-foot stack over flat 
ground, for reference. The elevation-angle statisties for New 
England to Japan are overlaid on the graph also, making for 
a very complicated looking picture—it is a [or easier to 
decipher the lines on the color CRT, by the way than on a 
black-and-white printer. 
Comparison of the same 120/60-foot stacks over 
irregular terrain and flat ground is useful to show where the 
the elevation response. The flatland 
stack has more gain in the region of 3° to 7" than the same 
stack over the N6BV/1 local terrain towards Japan. On the 
other hand, the N6BV/1 local terrain boosts signals in the 
range of 8° to about 12°. This demonstrates the conserva- 


terrain itself is affectin 


tion of energy—you may gain a stronger signal at certi 
elevation angles, but you will lose gain at others. In this 
case, the М6ВУЛ station always felt "weak" towards Japar 
‘on 20 meters, because the dominant angles are low. 
Examination of the detailed data output from META 


shows that at an elevation angle of 5°, there are 6159 


Fig 44—Terrain of N6BV in Windham, NH, towards. 
Japan. HFTA identifies 52 different points where 
diffraction can occur. 


diffraction components. There are many, many signals 
bouncing around off the terrain on their trip to Japan! Note 
that because of blockage of some parts of the terran, the 
60-foot high Yagi cannot illuminate all he diffraction points, 
while the higher 120-foot Yagi is able to see these diffrac- 
tion points 

It is fascinating to reflect on the thought that received 
signals coming down from the ionosphere to the receiver 
are having encounters with the terrain, but from the oppo- 
site direction. Ins not surprising, given these kinds of inter- 
actions, that transmitting and receiving might not be totally 
reciprocal 

"The L20/60-foot stack in Fig 45 achieves its peak gain 
(of 17.3 dBi at 11° elevation, where it is about 3 dB stronger 
than the single Yagi at 120 feet. It maintains this 3-48 
advantage over most of the range of incoming signals from 
Japan. This difference in performance between the stack and 
‘each antenna by itself was observed many times on the air. 
Much of the time when comparisons are being made, how- 
ever, the small differences in signal are difficult to measure 
meaningfully, especially when the OSB varies signals by 
20 dB or so during a typical ОЗО. It should be noted that the 
stack usually exhibited less fading compared to each 
antenna by itself. 


USING HFTA 
‘Manually Generating a Terrain Profile 

‘The НЕТА program uses two distinct algorithms to 
generate the far-field elevation pattern. The first i a simple 
reflection-only Geometric Optics (GO) algorithm. The sec- 
‘ond isthe diffraction algorithm using the Uniform Theory 
of Diffraction (UTD). These algorithms work with a digi- 
tized representation of the terrain profile for a single azi- 
muthal direction for example, towards Japan or towards 
Europe. 


Fig 45—Elovation responses computed by НЕТА for 
NGBVA terrain shown in Fig 44, for a stack of two 4. 

lement 20-meter Yagis at 120 and 60 feet, together with 
the response for a single Yagi at 120 feet and a 120/60- 
foot stack over flat ground for reference. The response 
due to many diffraction and reflection components is 
quite complicated! 


‘You can generate а terrain file manually using a topo- 
graphic map and a ruler ora pair of dividers. The HFTA.PDF 
File (accessed by clicking on the Help button) and on the 
accompanying CD-ROM gives complete instructions on how 
to create a terrain file manually (or automatically). The 
manual process is simple enough in concept. Mark on your 
US Geological Survey 7.5-minute map the exact location of 
your tower. You will find 7.5-minute maps available from 
Some local sources, such as large hardware stores, but the 
main contact point is the U.S. Geological Survey, Denver, 
СО 80225 or Reston, VA 22092. Call 1-800-MAPS-USA, 
Ask for the folder describing the topographic maps avail- 
able for your geographic arca. Many countries outside the 
USA have topographic charts also. Most are calibrated in 
meters. To use these with НЕТА, you will have to convert 
meters to feet by multiplying meters by 3.28 or else insert- 
ing a single line at the very beginning of the disk file, saying 
“meters” for HFTA to recognize meters automatically. 

Mark off a pencil line from the tower base, in the azi- 
muthal direction of interest, perhaps 45° from New England 
to Europe, or 335° to Japan. Then measure the distance from 
the tower base to each height contour crossed by the pencil 
line. Enter the data at each distance/height into an ASCII 
computer file, whose filename extension is “PRO.” stand- 
ing for profile. 

Fig 46 shows a portion of the USGS paper map for the 
NGBV OTH in Windham, NH, along with lines scribed in 
several directions towards various parts of Europe and the 
Far East. Note that the elevation heights of the intermediate 
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contour lines are labeled manually in pencil in order to make 


sense of things. It is very casy to get confused unless you do 
this! 

‘The terrain model used by НЕТА assumes that the ter- 
tain is represented by flat plates connecting the elevation 
points in the *.PRO file with straight lines. The model is 
two dimensional, meaning that range and elevation are the 
only data fora particular azimuth. In effect, МЕТА assumes 
thatthe width of a terrain plate is wide relative to its length. 
Obviously, the world is three-dimensional If your shot in а 
particular direction involves aiming your Yagi down a can- 
уоп with steep walls, then its pretty likely that your actual 
elevation pattern will be different than what НЕТА tells you. 
"The signals must careen horizontally from wall to wall, in 
addition to being affected by the height changes of the ter 
tain. HFTA isn't designed to do canyons. 

‘To get a true 3-D picture of the full effects of terrain, a 
terrain model would have to show azimuth, along with range 
and elevation, point-by-point for about two miles in every 
direction around the base of the tower. After you go through 
the pain of creating a profile for a single azimuth, you'll 
appreciate the immensity of the process if you were you try 
to create a full 360° 3D profile manually 


Terrain Data from the Internet 


At one time digitized terrain data commonly available 
from the Internet didn't have sufficient resolution to be 


accurate enough for НЕТА. Nowadays, the complete, accu- 
rate set of USGS topographic 7.5-minute maps are avail 
able at no cost on the Internet, You can use а program called 
MicroDEM, written by Professor Peter Guth at the US. 
Naval Academy, to quickly and easily produce terrain data 
files suitable for HFTA from topographic data files. Dr Guth 
and the US Naval Academy have graciously allowed ARRL 
to include the MicroDEM program on the CD-ROM accom- 
panying this book. I should be noted that besides automati- 
cally creating terrain profiles for META, MicroDEM is a 
full-featured mapping program on its own. 

Instructions for using MicroDEM are in the Help file 
for НЕТА (HFTA.PDF), which you can access from the 
НЕТА main window by clicking on the Help button. Fig 47 
shows a screen capture of the MicroDEM program for the 
NOBV/I location in New Hampshire for an azimuth of 45° 
into Europe. The black/white rendering of the sereen сар- 
ture doesn't do justice to the same information in color. The 
‘computed terrain profile is plotted in the window at the right 
‘of Fig 47 and the data file is shown in the inset window at 
the top right. 

Using MicroDEM and on-line USGS topographic map 
data, you can also automatically create up to 360 terrain 
profiles with 1° spacing of azimuths in a few seconds. (Speci- 
fying a 1° spacing is really overkill; most operator choose 
1o create 72 profiles with 5° spacing.) On a topographic DEM 
(digital elevation model) map that covers the geographic 


Fig 46—A portion of USGS 7.5 
minute topographic map, showing 
NGBV/1 OTH, together with marks. 
in direction of Europe and Japan 
from tower base. Note that the 
elevations contours were marked 
by hand to help eliminate 
confusion. This required a 
magnitying glass and a steady 
hand! 
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area of interest, you simply specify the latitude and longi- 
tude of a tower's location found using а GPS receiver — 
and then ask MieroDEM for а Viewshed. See the НЕТА 
Help file for the details. 

Compare this automated several-second MicroDEM 
process to creating manual profiles on a paper topographic 
ımap—lt can take up to an hour of meticulous measurements 
to manually create a single terrain profile! 


Algorithm for Ray-Tracing the Terrain 

Once a terrain profile is created, there are a number of 
mechanisms that НЕТА takes into account as a ray travels 
‘over that terrain: 


1. Classical ray reflection, with Fresnel ground coefficients. 

2. Direct diffraction, where a diffraction point is illuminated 
directly by an antenna, with no intervening terrain fea- 
tures blocking the direct illumination. 

3. When a diffracted ray is subsequently reflected off the 

4, When a reflected ray encounters а diffraction point and 
causes another series of diffracted rays to be generated 

5. When a diffracted ray hits another diffraction point, gen- 
erating another whole series of diffractions. 


Certain unusual, bowl-shaped terrain profiles, with 
sheer vertical faces, can conceivably cause signals to 
reflect or diffract in a backwards direction, only to be 
reflected back again in the forward direction by the sheer- 
walled terrain to the rear. НЕТА does not accommodate these 
interactions, mainly because to do so would increase the 
‘computation time too much. It only evaluates terrain in the 
forward direction along one azimuth of interest 


Distance along Pro, 


Fig 48 shows a portion of an НРТА screen capture in 
the direction towards Europe from the N6BV/1 location in 
New Hampshire on 21.2 MHz. It compares the results for a 
90/60/30-foot stack of TH7DX tribanders to the same stack 
‘over flat land, and to а single antenna at 70 feet over flat 
ground. The 70-foot single antenna represents a pretty typi- 
cal station on 15 meters. The terrain produces excellent gain 
at lower elevation angles compared to the same stack over 


flat ground. The stack is very close to or superior to the 
single 70-foot high Yagi at all useful elevation angles. Ter- 
rain can indeed exhibit a profound effect оп the launch of 
signals into the ionosphere—for good or for bad. 


 HFTA's Internal Antenna Model 

The operator selects the antenna used inside НЕТА to 
be anything from a dipole to an $-clement Yagi. The de- 
fault assumes a simple cosine-squared mathematic response, 
equivalent to a 4-element Yagi in free space. НЕТА traces 
rays only in the forward direction from the tower along the 
azimuth of interest, This keeps the algorithms reasonably 
simple and saves computing time. 

НЕТА considers each antenna in a stack as a separate 
point source. The simulation begins to fall apart if a travel- 
ing wave type of antenna like a rhombic is used, particu- 
larly if the terrain changes under the antenna—that is, the 
ground is not flat under the entire antenna. For a typical 
Yagi, even а long-boom one, the point-source assumption 
is reasonable. The internal antenna model also assumes that 
the Yagi is horizontally polarized. НЕТА does not do verti- 
cally polarized antennas, as discussed previously. The docu- 
mentation for HFTA also cautions the user to work with 
practical spacings between stacked Yagis—0.5 À or more 


Fig 47—A screen-capture of th 
MicroDEM program, showin 
topographic map for the same 
terrain shown in Fig 46, together 
"with the computed terrain profile 
along an azimuth of 45° on the path 
towards Europe from the N6BV/T 
location in Windham, NH, 
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Fig 48—The 21-MHz elevation response for a stack 
of three TH7DX Yagis mounted on a single tower at 
90/60/30 feet, at the N6BV/1 OTH for а 45 azimuth 
towards Europe. The terrain focuses the energy at low 
elevation angles compared to the same stack over flat 
‘ground. This illustrates once again the conservation of 
energy—Energy squeezed down into low elevation 
angles is stolen from other, higher, angles. 


because НЕТА doesn't explicitly model mutual coupling 
between Yagis in a stack, 

НЕТА compares well with the measurements for the 
horizontal antennas described earlier by Jim Breakall 
WA3FET, using a helicopter in Utah. Breakal's measure- 
ments were done with a 1S-foot high horizontal dipole. 


More Details About HFTA 
Frequency Coverage 

НЕТА can be used on frequencies higher than the HF 
bands, although the graphical resolution is only 0.25", The 
Patterns above about 100 MHz thus look rather grainy. The 
UTD is a high-frequency-asymptotic solution, so in theory 
the results become more realistic as the frequency is raised. 
Keep in mind too that HFTA is designed to model launch 
angles for skywave propagation modes, including E- and F- 
layer, and even Sporadic-E. Since by definition the iono- 
spheric launch angles include only those above the horizon, 


direct line-of-sight UHF modes involving negative launch 
angles are not considered in НЕТА. 

‘See the HFTA.PDF documentation file for further 
details on the operation of ЕТА. This file, as well as sample 
terrain profils for some big-qun stations, is located on the 
CD-ROM accompanying this book 


BIBLIOGRAPHY 
Source material and more extended discussion of the 
topics covered in his chapter can be found in the references 


3-32 Chapter 3 


listed below and in the textbooks listed at the end of Chap- 
ter 2, Antenna Fundamentals. 


В. Boothe, “The Minooka Special,” OST, Dec 1974. 

Brown, Lewis and Epstein, “Ground Systems as a Factor 
in Antenna Efficiency.” Proc. IRE , Jun 1937. 

(G. Brown, “The Phase And Magnitude Of Earth Currents 
Near Radio Transmitting Antennas,” Proc. IRE, Feb 
1935, pp 168-182. 

R. Collin and F. Zucker, Antenna Theory, Chap 23 by J. 
Wait, Inter-University Electronics Series (New York 
McGraw-Hill, 1969), Vol 7, pp 414-424. 

T Hullick, W900, "A Two-Element Vertical Parasitic Ar- 
тау For 75 Meters.” OST, Dec 1995, pp 38-41 

R. Jones, “А 7-MHz Vertical Parasitic Array 
1973. 

T. Larsen, “The 
tennas With a Radial Ground Wire Syste 
of Research of the National Bureau of Standards, D. 
Radio Propagation, Vol 66D, No. 2, Mar-Apr 1962, 
рр 189-204, 

D. A. McNamara, С. W. L. Pistorius, J. A. G. Malherbe, 
Introduction to the Geometrical Theory of Diffraction 
(Norwood, MA: Artech House, 1994), 

C. J. Michaels, "Some Reflections on Vertical Antennas. 
OST, Jul 1987. 

C. J. Michaels, "Horizontal Antennas and the Compound. 
Reflection Coefficient,” The ARRL Antenna Compen- 
dium, Vol 3 (Newington: ARRL, 1992) 

R. Severns, МӨГЕ, “Verticals, Ground Systems and Some 
History,” OST, Jul 2000, pp 38-44. 

J. Sevick, "The Ground-Image Vertical Antenna.” OST, 
Jul 1971 

J. Sevick, "The W2FMI 20-Meter Vertical Beam." OST, 
Jun 1972. 

1. Sevick, "The wal 
OST, Mar 1973, 

1. Sevick, “A High Performance 20-, 40- and 80-Meter 
Vertical System." OST, Dec 1973, 

J. Sevick, "The Constant-Impedance Trap Vertical 
Mar 1974. 

J. Stanley, "Optimum Ground Systems for Vertical An- 
tennas," OST, Dec 1976, 

F. E. Terman, Radio Engineers’ Handbook, Ist ed. (New 
York, London: McGraw-Hill Book Co, 1943). 

Radio Broadcast Ground Systems, available [rom Smith 
Electronics, Inc, 8200 Snowville Rd, Cleveland, OH 
44141 
The last major study that appeared in the Amateur litera- 

lure on the subject of local terrain as it affects DX appeared 

in four QST "How's DX” columns, by Clarke Greene, KUX, 
from October 1980 to January 1981. Greene's work was an 
update of a landmark Sep 1966 OST article entitled “Sta- 
tion Design for DX." by Paul Rockwell, W3AFM. The long- 
range profiles of several prominent, indeed legendary, 
stations in Rockwell's article are fascinating: W3CRA, 
WAKFC and WAM. 
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OVERVIEW: 
ANTENNA ANALYSIS BY COMPUTER 


As pointed out in Chapter 3, The Effects of Ground, 
irregular local terrain can have a profound effect on the 
launch of HF signals into the ionosphere. A system 
‘approach is needed to create а scientifically planned sta- 
tion, We pointed out in Chapter 3 that antenna modeling 
programs do not generally take into account the effects 
of irregular terrain, and by "irregular" we mean any sort 
of ground that is not flat, Most modeling programs based. 
оп NEC-2 or MININEC do model reflections, but they do. 
not model difractions 

Оп the other hand, while a ray-tracing program like 
НЕТА (HE Terrain Assessment) does take into account 
diffraction, it doesn’t explicitly factor in the mutual 
impedance between ап antenna and the ground. Instead, 
НЕТА makes the basic assumption that the anter 
mounted sufficiently high above ground so 
mutual impedance between an antenna and d 
is minimal 

In this chapter we'll look at modeling the antennas 
themselves on the PC, We'll evaluate some typical 
antennas over flat ground and also in free space. Once char 


at th 


ground 


acterized —or even optimized for certain characteristics 
these antennas cun then be analyzed over real terrain using 
НЕТА and the other tools discussed in Chapter 3. 


A Short History of Antenna Modeling 
With the proliferation of personal computers since 

the early 1980s, amateurs and professionals alike have 

made significant strides in computerized ant 

analysis. It is now possible for the amateur with a rela- 

lively inexpensive computer to evaluate even complicated 


systems, Amateurs can obtain a keener grasp of 
the operation of antenna systems—a subject that has bee 
э great mystery to many in the past, We might add that 
modern computing tools allow hams to debunk overblown 
claims made about certain antennas. 


The most commonly encountered programs for 
antenna analysis are those derived from a program 


developed at US government laboratories called NEC, short 


for "Numerical Electromagnetics Code.” NEC uses a so- 
called Method of Moments algorithm. This intriguing name 
derives from a mathematical convention dealing with how 


nentous" the accumulated error becomes when cer 
tain simplifying assumptions are made about the current 
distribution along an antenna wire. If you want to delve 


into details about the method of moments, John Kraus 
Walk. has an excellent chapter in his book Antennas, 2nd 
edition. See also the article “Programs for Antenna Analy- 
sis by the Method of Moments.” by Bob Haviland, W4MB, 
in The ARRL Antenna Compendium, Vol 4 

The mathematics behind the method-of-moments 
algorithm are pretty formidable, but the basic principle 
is simple. An antenna is broken down into a number of 
straight-line wire segments, and the field resulti 


the RF current in each segment is evaluated by itself and 
also with respect to other mutually coupled segments. 
Finally, the field from each contributing segment is vec- 


torsummed to yield the total field, which can be con 
puted for any elevation or azimuth angle desired. The 
effects of flat-earth ground reflections, including the 
und conductivity and dielectric constant, may 

be evaluated as well 
In the early 1980s, MININEC was written in BASIC 
Tor use on personal computers. Because of limitations in 


effect of 
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memory and speed typical of personal computers of the 
time, several simplifying assumptions were necessary in 
MININEC and these limited potential accuracy. Perhaps 
the most significant limitation was that perfect ground 
Was assumed to be directly under the antenna, even though 
the radiation pattern in the far field did take into account 
real ground parameters. This meant that antennas mod- 
eled closer than approximately 0.2 A. over ground some- 
times gave erroneous impedances and inflated gains, 


“MININEC—the Other Edge of the Sword" in Feb 1991 
OST for an excellent treatment on pitfalls when using 
MININEC. 

Because source code was made available when 
MININEC was released to the public, a number of pro- 
grammers produced some very capable commercial ve 
sions forthe amateur market, many incorporating exciting 
graphics showing antenna patterns in 2D or 3D. These 
Programs also simplify the creation of models for popu- 


especially for horizontal polarization. Despite some limi- 
tations, MININEC represented a remarkable leap forward 
analytical capability. See Roy Lewallen's (W7EL) 


lar antenna types, and several come with libraries of 
sample antenas. 
By the end of the 1980s, the speed and capabilities 


Commercial Implementations of MININEC and NEC-2 Programs 

Ever since the source code for NEC-2 and MININEC came into in the public domain, enterprising programmers 
have been upgrading, extending and improving these programs. There aro a number of “freeware” versions 
available nowadays, and there are also a variety of commercial implementations. 

This sidebar deals only with the most popular commercial versions, programs that many hams use. You should 
keep in mind that whatever program you choose will require an investment in learning time, if not in dollars. Your 
time is valuable, of course, and so is the ability to swap modeling files you create with other modelers. Other 
peoples’ modeling files, particularly when you are just starting out, are a great way to learn how tho “experts” do 
their modeling. For example, there aro archives of EZNEC/ELNEC files available on tho Internet, since this popular 
modeling program has been around for a number of years. (ELNEC is the DOS-only, MININEC-core predecessor 
of EZNEC) 

The following table summarizes the main features and the pricing as of 2006 for some popular commercial 
antenna modeling programs. The programs that use the NEC-4 core require separate licenses from Lawrence 
Livermore National Laboratories. 


[Commercial Implementations of MININEC and NEC 2 programs 
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of personal computers had advanced to the point where 
PC versions of NEC became practical, and several versions 
мге now available to amateurs. The most recent public-do- 
main version is NEC-2 and this is the computational core 
that we'll use as an example throughout this chapter. 

Like MININEC, NEC-2 is a general-purpose model- 
ing package and it can be difficult to use and relatively 
slow in operation for certain specialized antenna forms. 
‘Thus, custom commercial software has been created for 
more user-friendly and speedier analysis of specific 
antenna varieties, mainly Yagi arrays. See Chapter 11 
HF Yagi Arrays. Also see the sidebar, “Commercial 
Implementations of MININEC and NEC-2 Programs. 

For this edition of The ARRL Antenna Boot, Roy 
Lewallen, W7EL, has graciously provided a special ver- 
sion of his EZNEC 3.0 program, called EZNEC-ARRL. 
‘This version works with the specific antenna models also 
bundled on the CD-ROM. Please note that this ARRL- 
specific version of EZNEC is limited to à maximum of 
20 segments (we'll explain segments later) for all mod- 
els except for the special ones included on this CD-ROM. 
You can find information on how to purchase the full- 
fledged version of EZNEC in the Help section of the 
EZNEC-ARRL program. 

The following material on antenna modeling is by 
necessity a summary, since entire books have been writ- 
ten on this subject, Serious modelers would be well- 
advised to enroll in the online Antenna Modeling course 
part of the ARRL Certification and Continuing Educa- 
tion series. L. В. Cebik, WARNL created the ARRL 
Antenna Modeling course and it contains a great deal 
of information, tips and techniques concerning modeling 
by computer, See: http:l/www.arrlorg/news/stories/ 
2002/02/06/2/ for more information, We also strongly rec- 
‘ommend that you read the Help files in EZNEC-ARRL. 
‘There is a wealth of practical information on the finer 
points of antenna modeling there. 


THE BASICS OF ANTENNA MODELING 


This chapter will discuss the following antenna- 
modeling topics for an NEC-2-based modeling software, 
using EZNEC-ARRL as an example: 
+ Program outputs 

Wire geometry 
Segmentation, warnings and limitations 
Source (feed point) placement 
Environment, including ground types and frequency 
Loads and transmission lines 
Testing the adequacy of a model 


PROGRAM OUTPUTS 

Instruction manuals for software programs tradition- 
ally start out deseribing in detail the input data needed 
by the program. They then demonstrate the output data 
the program can generate, We feel it is instructive, how- 
ever, to turn things around and start out with a brief over- 


view of the output from a typical antenna-modeling pro- 
gram. 

‘We'll look at the output from public-domain NEC-2. 
Next, we'll look at the output information available from 
commercial adaptations of NEC-2, using EZNEC-ARRL 
provided by WTEL. After this brief overview of the out- 
put data, we'll look in detail at the input data needed to 
make a modeling program work. In the following discus- 
sions it will be very instructive if you to bring up EZNEC- 
ARRL on your computer and open the specific modeling 
files used in each example. [From now on in this chapter 
we'll refer merely to EZNEC rather than EZNEC 3.0, the 
official name or EZNEC-ARRL, a specialized subset of 
EZNEC 3.0. Where there are specifie differences between 
EZNEC 3.0 and the limited-edition EZNEC-ARRL we'll 
identify them.] 


Native МЕС-2 

The native NEC-2 program produces pages and 
pages of output formatted for a mainframe "line printer." 
You may be old enough to remember the stacks оГ green- 
and-white, tractor-feed, 132-column computer paper that 
such a line printer produced. Corporate MIS departments 
stored untold number of boxes of that paper 

Native NEC-2 was written in the Fortran language, 
Which stands for Formula Translation. Programmers used 
punched cards to enter the program itself and its accom- 
ppanying input data into huge mainframe computers. To 
say that the paper output from NEC-2 is massive, even 
intimidating, is putting it mildly. There is a strong dis- 
tinction between "useful information” and “raw data" and 
the raw output from native NEC-2 bombards the user with 
row data, 

‘Commercial versions that use the NEC-2 computa- 
tional core shield the user from the ugliness of raw line- 
printer output, as well as punched-card input (or disk 
surrogates for punched cards). Commercial versions like 
EZNEC do produce output numerical tables where this is 
useful. These tables show parameters such as the source 
impedance and SWR at a single frequency. or the char- 
acteristics of a load or а transmission line. But as the old 
saying goes, “One picture is worth а thousand words.” 
This is as true for modeling programs as itis for other 
endeavors dealing with reams of numbers. Thus, most 
commercial modeling software packages create graphs 
for the user. EZNEC produces the following types of. 
graphs: 

+ Polar (linear-dB or ARRL-style) graphs of the far-field 
elevation and azimuth responses. 

+ 3-D wire-frame graph of the total far-field response. 

+ Graph of the SWR across a frequency band, 

+ Graphical display of the RF currents on various con- 
ductors in a model 

Rotatable, zoomable 3-D views of the wires used 10 

make a model 

Output to programs capable of generating Smith charts 
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Fig 1A and 1B shows the computed far-field 2-D 
elevation and azimuth patterns for a 135-foot long hori- 
zontal dipole, mounted in a Пайор co feet 
above flat ground. These figures were generated using. 
EZNEC at 3.75 MHz. Fig 1С shows а 3-D wire-frame 
picture of the far-field response, but this time at 14.2 MHZ 

‘comparison, Table 1 shows a short portion of the line- 
printer output for the azimuth pattern at 3.75 MHz. The 
actual printout is many pages long. One picture can indeed. 
replace thousands of numbers! 

Fig 2 shows the computed SWR curve over the fre- 
quency range 3.0 to 4.0 MHz for this dipole, fed with 
lossless 50-0 transmission line. EZNEC generated this 
plot using the "SWR" button. Figs 1 and 2 are typical of 
the kind of graphical outputs that commercial implemen- 
lations of the NEC-2 computing core can produce, 

Now, let's get into the details of what kind of input 
data is required to run a typical method-of-moments 
antenna-modeling program. 


PROGRAM INPUTS: WIRE GEOMETRY 
Coordinates in an X,Y and Z World 

The most difficult part of using а NEC-type of mod- 
cling program is setting up the antenna s geometry —you 
must condition yourself to think in three-dimensional 
Cartesian coordinates. Each end point of a wire is repro: 
sented by three numbers: an x, y and z coordinate, These 
coordinates represent the distance from the origin (x-axis), 
the width of an antenna (y-axis), and the height (z-axis). 

‘An example should help sort things out, Fig 3 shows 
а simple model of a 135-1001 center-fed dipole, made of 
#14 copper wire placed 50 feet above flat ground. The 
common term for this antenna is flatop dipole. For con- 
venience, the ground is located at the origin of the coor- 
dinate system, at (0, 0, 0) feet, directly under the center 
of the dipole, Fig 4 shows the EZNEC spreadsheet-like 
input data for this antenna. (Use model file: Ch4-Flattop 
Dipole.EZ.) EZNEC allows you to specify the type of 
‘conductor material from its main window, using the Wire 
Loss button to open а new window. We will click on the 
Copper button for this dipole. 

Above the origin, at а height of 50 feet on the 
‘z-axis, is the dipole's feed point, called a source in NEC 
terminology. The width of the dipole goes toward the left 
(bat is, in the "negative-y" direction) one-half the over- 
all length of 135 feet, or -67.5 feet, Toward the right, 
‘our dipole's other end is at 467.5 feet. The x-axis dimen- 
sion of our dipole is zero, meaning that the dipole wire is 
parallel to and directly above the x-axis. The dipole's ends 
are thus represented by two points, whose coordinates 
are (0, 67.5, 50) and (0, 67.5, 50) feet, The use of paren- 
theses with a sequential listing of (x, y, 2) coordinates is 
а common practice among antenna modelers to describe 
a wire end point. 

Fig 3B includes some other useful information about 
ibis antenna beyond the wire geometry. Fig 3B overlays 
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the wire geometry, the current distribution along the wire 
and the far-field azimuth response, in this case at an ele- 
vation angle of 30°. 

Although not shown specifically in Fig 3, the thick- 
ness of the antenna is the diameter of the wire, #14 gauge. 
Note that native NEC programs specify the radius of the 
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Fig 1—At A, far-field elovation-plane pattern for a 135- 
footlong horizontal dipolo, 50 feet above flat ground, 
2035 MHz. At B, the far-field azimuth-plane pattern at 
an elevation angle of 30°. 


Fig 2—SWR curve for 135-1001 flattop dipole over the 
frequency range 3.0 to 4.0 MHz for a 50-0 feed line. 
This antenna is an example and is not optimized for 
the amateur band. 


wire, rather than the diame 


er, but programs like EZNEC 
use the more intuitive diameter of а wire rather than the 
radius. EZNEC (and other commercial programs) also 
allows the user to specify the wire as an AWG gauge, 
such as #14 or #22, for example 

We've represented our simple dipole in Fig 3 using 


a single, straight wire. In fact, all antenna models cre- 
мей for method-of-moment pro 

binations of straight wires. This includes even complex 
antennas, such as helical antennas or round loops. (The 
mathematical basis for modeling complex antennas is that 
they can be simulated using straight-wire polygons 
A circular loop, for example, сап be modeled using an 
octagon.) 


grams are made of com- 


Segmentation and Specifying a Source Segment 
We've specified the physical geometry of this simple 
‘one-wire dipole. Now several more modeling details sur- 
Tace you must specify the number of segments into 
Which the dipole is divided for the method-of-moment 
analysis and you must somehow feed the antenna. The 
NEC-2 guideline for setting the number of segments is 
to use at least 10 segments per half-wavelength. This is a 
eneral rule of thumb, however, and in many models more 
dense segmentation is mandatory for good accuracy. 

In Fig 3, we've specified that the dipole be divided 
into 11 segments for operation on the 80-meter band. This 
follows the rule of thumb above, since the 135-foot dipole 
is about a half-wavelength long at 3.5 MHZ 


Setting the Source Segment 
The use of 11 se 
number such as 10, places the dipole's feed point (the 


ments, ап odd rather than an even 


Table 1 


Portion of line-printer output from NEC-2 for 135-foot dipole. 


RADIATION PATTERNS 


--ANGLES--  -POWER GAINS POLARIZATION--- ---E(THETA) E(PH) > 
Theta Phi Vert Hor Total Axa! Tit Sense Magnitude Phase Magnitude Phase 
Degrees Degrees dB ОВ dB Ralo Degrees Volts Degrees Vols Degrees 
6000 000 -909.99 3.14 3.14 0.00000 90.00 LINEAR 0.00000E+00 000 6.62073E-01 -66.87 
6000 100 -3787 313 3.14 000301 8952 LEFT 5.89772E-03 -86.64 6.61999E-01 -66.87 
6000 200-3185 313 3.13 000003 8904 LEFT 1.17915E-02 -86.64 6.61512E-01 -66.87 
6000 300 2833 312 3.12 000904 88.56 LEFT 1.76776E-02 -8664 6.60812E-01 -66.87 
6000 4% 2584 311 3.11 001206 8808 LEFT  235520E.02 -86.64 6.59824E.01 -66.87 
6000 500-2391 309 3.10 001508 87598 LEFT 294109E-02 -8664 6.58577E-01 -66.87 
6000 600 2234 307 308 001810 8711 LEFT 352504E-02 -8664 6.57045E-01 -66.87 
6000 700 -2101 305 306 002112 8662 LEFT 410669E-02 -86.63 6.55237E-01 -66.87 
6000 800 -19.87 3.02 304 002415 86.14 LEFT 468565E02 -86.63  G53158EO! -66.87 
6000 900 1886 299 302 002718 8565 LEFT  526156E02 -86.63 650808ЕО! -66.87 
6000 1000 1796 295 299 002022 85.15 LEFT S.82405E-02 -8663 6.48190E-01 -66.87 
6000 1100 17.15 291 296 003327 8466 LEFT 6.40278E-02 -86.63 6.45308E-01 -66.86 
6000 1200 -1642 287 292 003631 8416 LEFT 696739E-02 -86.63 6.42165E-01 -66.86 
6000 1300-1575 283 280 009997 8366 LEFT 752755Е02 -8663 6.38704E-01 -66.86 
60.00 1400 -15лз 278 285 004243 83.16 LEFT 808291Е-02 -86.63 6.35108E-01 -66.86 
6000 1500 -14.56 272 280 004550 8265 LEFT 8.63317E-02 -86.62 631203Е.01 -66.86 
60.00 1600 -1403 266 276 004858 82.14 LEFT 9.17800E-02 -8662 627051Е.01 -66.86 
6000 1700 -13.53 260 271 005166 8162 LEFT 9.71711E-02 -8662 62287801 -66.85 
6000 18.00 -13.07 254 266 005475 81.10 LEFT 1.02502E-01 -8662 6.18027E-01 -66.85 
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Fig 3—At A, simple model for a 135-1001 long 
horizontal dipole, 50 feet above the ground. The dipole 
is over the y-axis. The wire has been segmented into 11 
segments, with the center of segment number 6 as the. 
feed point. The left-hand end of the antenna is -67.5 
feet from tho center feed point and that the right-hand 
end is at 67.5 feet from the center. At B, EZNEC “View 
Antenna“ drawing, showing geometry of wire and the x, 
y and z axes. Overlaid on the wire geometry drawing 
эге the current distribution along the wire and the. 

field azimuthal response at an elevation angle of 30°. 


source in NEC-speak, a word choice that can befuddle 
beginners) right at the antenna's center, at the center of 
segment number six, In concert with the “EZ” in its name, 
EZNEC makes choosing the source segment easy by 
allowing the user to specify a percentage along the wire, 
in this case 50% for center feeding. 

At this point you may very well be wondering why 
по center insulator is shown in the middle of our center- 
fed dipole. After all, a real dipole would have a center 
insulator. However, method-of-moment programs assume 

ly small 
gap in the antenna wire. While this is convenient from a 


that source generator is placed across an infini 


mathematical point of view, the unstated use оГ such an. 
infinitely small gap often confuses neweomers to the 
world of antenna modeling. We'll get into more details, 
caveats and limitations in source placement later in this 


4-6 Chapter 4 


— zu 


Fig 4—EZNEC "Wires" spreadsheet for simple flattop 
dipole in Fig 3. The numbers shown are in feet, except 
Tor the wire diameter, which EZNEC allows you to 
‘specify as an AWG gauge, in this case #14. Note that 
83 segments have been specified for this antenna for 
analysis over the range from 3.5 to 29.7 MHz. 


chapter. For now, just trust us that the model we've just 
described with 11 segments, fed at segment 6, will work 
well over the full amateur band from 3.5 to 4.0 MHz. 

Now, let's consider what would happen if we want to 
use ош 135-foot long dipole on all HF amateur bands from 
3.5 to 297 MHz, rather than just from 3.5 to 4.0 MHz. 
Instead of feeding such an antenna with coax cable, we 
would feed it with open-wire line and use an antenna tuner 
in the shack to create а 50-0 load for the transmitter. To 
comply with the segmentation rule above, the number of 

sements used in the model should vary with frequency — 
ог at least be segmented at or above the minimum recom 
mended level at the highest frequency used. This is because 
а half wavelength at 29.7 MHz is 16.6 feet, while a half 
wavelength at 3.5 MHz is 140.6 feet. So the number of 
segments for proper operation on 29.7 MHz should be 10 
X 135/16.6 = 81. We'll be а little more conservative than 
the minimum requitement and specify 83 segments. Fig 4 
shows the EZNEC input spreadsheet for this model. (Use 
model file: Ch4-Multiband Dipole.EZ.) 

"The penalty for using more segments in a program 
like NEC is thatthe program slows down roughly as the 
square of the segments—double the number of segments 
and the speed drops to a fourth. If we try to use too few 
segments, we'll introduce inaccuracies, particularly in 
‘computing the feed-point impedance. We'll delve into this 
area of segmentation density in more detail later when. 
we discuss testing the adequacy of a model 


Segment Length-to-Wire-Diameter Ratio 

Even if you're willing to ive with the slowdown in 
computing speed for situations involving a large number 
‘of wire segments, you should make sure the ratio between. 
the segment length and the diameter of any wire is greater 
than 1:1. This is to say that the length of each segment is 
longer than the diameter of the wire. Doing so stays away 
from internal limitations in the NEC program, 

For the #14 wire specified in this simple 135-foot long 
dipole, it's pretty unlikely that you'll bump up against this 
limitation for any reasonable level of segmentation. After 
all, #14 wire has a diameter of 0.064 inches and 135 feet 
is 1620 inches. To keep above a segment length of 
0.064 inches, the maximum number of segments is 1620/ 


0.064 = 25,312. This is a very large number of segments 
and it would take a very long time to compute, assuming 
that your program can handle that many segments, 

Keeping above a 1:1 ratio in segment length to wire 
diameter can be more challenging at VHF/UHF frequen 
cies, however, This is particularly true for fairly large 
"wires" made of aluminum tubing. Incidentally. this is an- 
‘other point where newcomers to antenna modeling can be 
Jed astray by the terminology. In a NEC-type program, all 
conductors in a model are considered to be wires, even if 
they consist of hollow aluminum or copper tubes. Surface 
effect keeps the RF current in any conductor confined to 
the outer surface of that conductor, and thus it doesn't mat- 
ter whether the conductor is hollow or solid, or even made 
using a number of stranded wires twisted together, 

Lets look at a half-wave dipole at 420 MHz. This 
would be about 14.1 inches long. If you use -inch 
diameter tubi 


for this dipole, the maximum segment 
length meeting the 1:1 diameter-to-length ratio require- 
ment is also J. inches long. The maximum number of. 
segments then would be 14.1/0.25 = 56.4, rounded down 
to 56. From this discussion you should now understand 
why method-of-moment programs are known for using а 
“thin-wire approximation.” Really fat conductors can get 
You into trouble, particularly at VHF/UHF. 


‘Some Caveats and Limitations 
Concerning Geometry 
Example: Inverted-V Dipole 

Now, lets get a little more complicated and specify 
another 135-foot-long dipole, but this time configured as 
an inverted V. As shown in Fig 5, you must now specify 
two wires. The two wires join at the top, at (0, 0, 50) feet. 
(Again, the program doesn't use a center insulator in the 
model.) 

If you are using a native version of NEC, you may 
have to go back to your high-school trigonometry book 
to figure out how to specify the end points of our “droopy 
dipole, with its 120" included angle. Fig 5 shows the 
details, along with the trigonometric equations needed. 
EZNEC is indeed more "easy" here, since it allows you 
to tilt the ends of each wire downwards an appropriate 
‘number of degrees (in this case -30° at each end of the 
dipole) to automatically create an inverted-V configura- 
tion. Fig 6A shows the EZNEC spreadsheet describing. 
this inverted-V dipole with a 120° included angle between 
the two wires. 

See the EZNEC Help section under "Wire Coordi- 
nate Shortcuts" for specific instructions on how to use 
the "elevation rotate end" shortcut "RE-30" to create the 
sloping wires casily by rotating the end of the wire down 
30°. Now the specification of the source becomes a bit 
more complicated. The easiest way is to specify two 
sources, one on each end segment at the junction of the 
two wires. EZNEC does this automatically if you specify 
а so-called split-source feed, Fig 6B shows the two. 


LM 


erkane 


E 


Fig 5—Model for an inverted-V dipole, with an included 
angle between the two legs of 120°. Sine and cosine 
functions are used to describe the heights of the end 
Points for the sloping arms of the antenna. 


© 


Fig 6—At A, EZNEC spreadsheet for inverted-V dipole 
in Fig 5. Now the ends of the inverted-V dipole are 
16.25 feet above ground, instead of 50 feet for the 
flattop dipole. At В, EZNEC “View Antenna" drawing, 
with overlay of geometry, current distribution and 
azimuth plot. 


sources as two open circles at the top ends of the two 
Wires making up the inverted-V dipole. What EZNEC is 
doing is creating two sources, each on the closest seg- 
ments on either side of the junction of the two wires. 
EZNEC sums up the two source impedances to provide а 
single readout, 
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Navigating in the View Antenna Window 
AL this point it's worthwhile to explore some of the 
ways you can see what the wire geometry looks like using 
the EZNEC View Ant button оп the main window. Bring 
up the file Chd-Inverted V Dipole.EZ in EZNEC, and 
click on the View Ant button. You will see a small in- 
verted-V dipole raised over the (0, 0, 0) or 
ground directly under the feed point of the inverted. V. 
dipole. First, “rotate” the dipole by holding down the left- 
mouse button and moving the mouse. You can orient the 
picture any way you wish 
' take a closer look at the junction of the two wires 
atthe feed point. Click the Center Ant Image checkbox 
toward the bottom of the window to anchor the center of 
the image at the center of the window, and then move the 
‘Zoom slider upwards to zoom in on the image. At some 
point the junction of the two slanted wires will move up. 
oll the edge of the window, so you will need to click on 
the len. band side of the Z Move Image slider to bring the 
junction back into view. Now you should be able to see a 
zoomed view of the junction, along with the two open 
circles that represent the location of the split sources in 
the middle of the segments adjacent to the wire junction. 
Now put the mouse cursor over one of the slanted 
wires and double click the left mouse button. EZNEC will 
now identify that wire and show its length, as well as the 
length of each segment on that wire. Pretty slick, isn't it? 


gin on the 


Short, Fat Wires and the Acute-Angle Junction 

Another possible complication can arise for wires 
with short, fat segments, particularly ones that have only 
а small included angle between them. These wire seg 
ments can end up inter-penetrating within each other's 
volumes, leading to problems in a model. Once you think 
of each wire segment as a thick cylinder, you can appre- 
ciate the difficulty in connecting two wires together at 
their ends. The two wires always inter-penetrate each 
other's volume to some extent. Fig 7 depicts this prob- 
lem graphically for two short, fat wires joined at their 
ends at an acute angle. A rule of thumb is to avoid creat- 
ing junctions where more than s of the wire volumes 
inter-penctrate. You can achieve this by using longer seg- 
ment lengths or thinner wire diameters, 


‘Some Other Practical Antenna Geometries 
A Vertical Half-Wave Dipole 

If you turn the 135-foot-long horizontal dipole in 
Fig 1 on its end you will create a vertical half-wave dipole 
that is above the origin of the x, y and z axes. See Fig 8, 
where the bottom end of the dipole is placed 8 feet off 
the ground to keep it away from humans and animals for 
safety, at (0, 0, 8) feet. The top end is thus at 8 + 135 = 
143 feet off the ground at (0, O, 143). Fig 8 also shows 
the current distribution and the elevation pattern for this 
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Fig 7—A junction of two short, fat wire segments at an 
acute angle. This results in interpenetration of the two 
wire volumes beyond tho middlo-1/3 recommended 
limit. 


Fig 8—A vertical half-wave dipolo, created by turning 
the dipole їп Fig 3 on Ив end, with a minimum height at 
the lower end of 8 feet to keep the antenna away from 
people and animals. Tho current distribution and the 

levation pattern for this antenna are also shown 
overlaid on the wire geometry. 


antenna. (Use EZNEC model file 
Dipole.EZ.) 


Ch4-Vertical 


A Ground-Plane Antenna. 
The ground-plane model is more complicated tha 
previous ones because a tolal of five wires are now 
needed: one for the vertical radiator and four for the ra- 
dials. Fig 9 shows the EZNEC view for a 20-meter ground 
plane mounted 15 feet off the ground (perhaps on a ga- 
таре roof), with the overlay of both the current distribu- 
tion and the elevation-plane plot. (Use EZNEC model file: 
Ch4-GPEZ.) Note that the source has been placed at the 


Fig 9—A vertical ground plano antenna. The radials and 
the bottom of the vertical radiator are located 15 feet off 
the ground in this model. The current distribution along 
‘each wire and the far-field elevation-plane pattern are 
overlaid on the antenna geometry. 


Fig 10—EZNEC View Antenna for the ground-plane 
antenna with its four radials tilted downwards by 40° 
to Improve tho SWR at the feed point. 


bottom segment of the vertical radiator. Once again, the 
program needs no bottom insulator, since all five wires 
are connected together at a common point, EZNEC reports 
that this antenna has а resonant feed-point impedance of 
about 22 ©, which would show an SWR of 2.3: for a 
50-0 coax feed line if no matching system is used, such. 
asa gamma or hairpin match. 

Fig 10 shows the same antenna, except that the 
radials have now been tilted downwards by 35° to facili- 
tate an almost perfect 50- match (SWR = 1.08:1). In 
addition, the length of the radiator in this model was short- 
ened by 6 inches o re-resonate the antenna. (Use EZNEC 
model file: Ch4-Modified dp The trick of tilting 
the radials downwards for a ground-plane antenna is an 
old one, and the modeling programs validates what hams 
have been doing for years. 


A 5-Element Horizontal Yagi 
This is a little more challenging modeling exercise. 
Let's use a S-element design on a 40-foot boom, but rather 
than using telescoping aluminum tubing for the elements, 
we'll use #14 wire. The SCALE program included with 
this book on the CD-ROM converted the aluminum- 
tubing 520-40.YW to a design using #14 copper wire. 
Table 2 shows the element lineup for this antenna. (Later 
in this chapter we'll see what happens when telescoping 
aluminum tubing is used in a real-world Yagi design.) 

Some explanations of what Table 3 means are in 
order. First, only one half of each element is shown. The 
YW program (Yagi for Windows), also included on the 
CD-ROM, computes the other half of the Yagi automati- 
cally, essentially mirroring the other half on the opposite 
side of the boom, Having to enter the dimensions for only 
half of a real-world Yagi element that uses telescoping 
aluminum tubing is much easier this way 

Second, the placement of the elements along the 
‘boom starts at 0.0 inches for the reflector. The distance 
between adjacent elements defined in this particular file 
is the spacing between the element itself and the element 
just before it. For example, the spacing between the driven. 
element and the reflector is 72 inches, and the spacing 
between the first director and the driven element is also 
72 inches. The spacing between the second director and 
the first director is 139 inches. 

Fig ПА shows the wire geometry for this Yagi array 
when it is mounted 720 inches (60 feet) above flat ground 
and Fig LIB shows the EZNEC Wires spreadsheet that 
describes the coordinates. (Use EZNEC model file: 
Ch-S20-40W.EZ.) You can see that the x-axis coordi- 
nates for the elements have been automatically moved 
by the SCALE program so that the center of the boom is 
located directly above the origin. This makes it easier to 
evaluate the effects of stacking different monoband Yagis 
‘on a rotating mast in a "Christmas Tree" arrangement. A 
typical Christmas Tree stack might include 20, 15 and 


10-meler monobanders on a single rotating mast sticking 
ош of the top of the tower. 

Fig 12 shows the computed azimuth pattern for this 
Yagi at 14.175 MHz, at an elevation angle of 15°, the 
angle where the peak of the forward lobe occurs at this 


Table 2 
520-40W.YW, using #14 wire from 520-40H.YW 
14.000 14.174 14.350 MHz 


5 elements, inches 
Spacing 064 
0000 210923 
72000 200.941 
72000 199.600 
139.000 197.502 
191.000 190.536 
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Fig 11—At A, geometry for S-element Yagi on а 40-001 
boom, mounted 720 inches (60 feet) above flat ground, 
with an overlay of current and the azimuth pattern. At 
В, EZNEC Wires spreadsheet for this antenna. This 
design uses #14 vire for simplicity. 


Mex Gain = 1434 di СЕЕ 


Fig 12—EZNEC azimuth-plane pattern at an elevation 
angle of 15° for #14 wire Yagi described In Fig 11. 
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height above flat ground. The antenna exhibits excellent 
gain at 13.1 dBi, as well as a clean pattern behind the 
main lobe. The worst-case front-to-rear ratio at any point 
from 90° to 270° in azimuth is better than 23 dB. EZNEC 
says the feed-point impedance is 25 — j 23 Q, just the 
sight impedance suited for a simple hairpin or gamma 
match. 


A Monoband 2-Element Cubical Quad 
Unlike a Yagi, with 


is elements existing only in the 
x-y plane, a quad type of beam is a three-dimensional 
sort of antenna. A quad loop has height in the z-axis, as 
well as width and length in the x-y plane. Each individual 
loop for a monoband quad consists of four wires, joined 
together at the corners, Fig 13 shows the coordinates for 
a element 15-meter quad, consisting of a reflector and 
a driven element оп a 10-foot boom. 

You can see that the axis of symmetry, the x-axis, 
runs down the center of this model, meaning that the ori 
gin of this particular x, y and 2-coordinate scheme is in 
the center of the reflector. The (0, 0, 0) origin is placed 
this way for convenience in assigning corner coordinates 
for each element. For actual placement of the antenna at 
а particular height above real ground, the heights of all 
‘z-axis coordinates are changed accordingly. EZNEC has 
а convenient built-in function to change the height of all 
wires ata single stroke. 

Fig 14 shows the input EZNEC spreadsheet for this 
quad in free space, clearly showing the symmetrical 
nature of the corner coordinates. (Use EZNEC model file: 
Ch4-Quad.EZ.) This is a good place to emphasize that 
you should enter the wire coordinates in a logical 


: pem 
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Fig 13—Wiro geometry for a 2-elemont cubical quad, 
with a reflector and driver 
axis of symmetry for this 


p 


Fig 14—EZNEC Wires spreadsheet showing the 
coordinates used for the quad in Fig 13. Note how the 
x-axis describes the position of an element on the 10- 
foot boom and also is the axis of symmetry for each 
element. The values for the z-axis and y-axis vary 
Above and below the axis of symmetry. 


sequence. The most obvious example in this particular 
model is that you should group all the wires associated 
with a particular element together—for example, the four 
wires associated with the reflector should be in one place. 

14 you can sce that all four wires with an x-coor- 
dinate of zero represent the reflector. 

les best to follow a convention in entering wires in 
a loop structure in a logical fashion. The idea to connect 
the end point of one wire to the starting point of the next 
wire. For example, in Fig 13 you can see that the left- 
hand end of Wire 1 is connected to the bottom of Wire 2, 
and that the top of Wire 2 connects to the left-hand end 
‘of Wire 3. In turn, Wire 3 connects to the top of Wire 4, 
whose bottom end connects to the right-hand end of Wire 
1 The pattern is known as “going around the horn" mean- 
ing that the connections proceed smoothly in one direc- 
tion, in this case in a clockwise direction. 

You can see that the entry for the wires making up 
the elements in the S-element Yagi in Fig 11B also pro- 
ceeded in an orderly fashion by starting with the reflec- 
tor, then the driven element, then director 1, then director 
2 and finally director 3. This doesn't mean that you 
couldn't mix things up. say by specifying the driven ele- 
ment first, followed by director 3, and then the reflector, 
or whatever. But it's a pretty good bet that doing so in 
ibis quasi-random fashion will result in some confusion 
later on when you revisit a model, or when you let another 
person see your model 


THE MODELING ENVIRONMENT 
‘The Ground 

Above, when considering the 135-foot dipole 
mounted 50 feet above flat earth, we briefly mentioned 
the most important environmental item in an antenna 
wodel- e ground beneath it. Let's examine some of the 
‘options available in the NEC-2 environment in EZNEC: 
+ Free space 
+ Perfect ground 


. MININEC type ground 
+ “Fast” type ground 
+ Sommerfeld-Norton ground, 


The free space environment option is pretty self- 
explanatory—the antenna model is placed in free space 
away from the influence of any type of ground. This 
‘option is useful when you wish to optimize certain char- 
acteristics of a particular antenna design. For example, 
you might wish to optimize the front-to-rear ratio of a 
Yagi over an entire amateur band and this might entail 
many calculation runs. The free-space ground will run 
the fastest among all the ground options 

Perfect ground is useful as a reference case, espe- 
cially for vertically polarized antennas over real ground, 
Antenna evaluations over perfect ground are shown in 
most classical antenna textbooks, so it is useful to com- 
pare models for simple antennas over perfect ground to 
those textbook eases. 

MININEC type ground is useful when modeling v 
tical wires, or horizontal wires that are higher than 0.2 
above ground. A MININEC type ground will compute 
Taster than either a "Fast" ground or a Sommerfeld-Norton 
type of ground because it assumes that the ground under 
the antenna is perfect, while still taking into account the 
far-field reflections for ground using user-specified val- 
ues of ground conductivity and dielectric constant. The 
fact that the ground under the antenna is perfect allows 
the NEC-2 user of a MININEC type ground to specify 
wires that touch (but don’t go below) the ground surface, 
something that only users of the advanced NEC-4 pro- 
gram can do with the more accurate Sommerfeld-Norton 
type of ground described below. (NEC-4 is presently not 
in the public domain and is strictly restricted and licensed 
by the US government.) The ability to model grounded 
Wires is useful with vertical antennas. The modeler must 
be wary of the feed-point source impedances reported for 
either horizontally or vertically polarized wires because 
‘of the perfect-ground assumption inherent in a MININEC- 
буре ground. 

The "fast" type of ground is а hybrid type of ground 
that makes certain simplifying assumptions that allow it 
to be used provided that horizontal wires are higher than 
about 0.1 À above ground. With today's fast computers 
the Sommerfeld-Norton model is preferred. 

The Sommerfeld-Norton ground (referred to in 
EZNEC as the “high accuracy" ground) is preferable to 
the other ground types because it has essentially no prac- 
tical limitations for wire height. It has the disadvantage 
that сап run about four times slower than a MININEC 
буре of ground, but today's fast computers make that 
almost a non-issue. Again, NEC-2-based programs can- 
not model wires that penetrate into the ground (although 
there are work-arounds described below). 

As mentioned above, for any type of ground other 
than perfect ground or free space, the user must specify 
the conductivity and dielectric constant of the soil. EZNEC 
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allows the entry by several user-friendly categories, where 
6 is conductivity in Siemens/meter and e is dielectric con- 


Extremely poor: cities, high buildings (6 = 0001, e = 3) 
Very Poor: cities, industrial (G = 0.001, € 

Sandy, dry (в = 0,002, e = 10) 

Poor: rocky, mountainous (G = 0.002, € = 13) 
Average: pastoral, heavy clay (G = 0.005, € = 13) 
Pastoral: medium hills and forestation ( = 0.006, 
£213 

* Flat, marsh 


y densely wooded (6 = 0.0075, с = 12) 
+ Pastoral, rich soil, US Midwest (6 = 0.010, e = 14) 
+ Very Good: pastoral, rich, central US (6 = 0.0303, 
222) 
Fresh water (G = 0.001, 
+ Saltwater (G = 5, e = 80) 


80) 


Let's use EZNEC' ability to overlay one or more 
plots together on one graph to compare the response 
of the vertical ground plane antenna in Fig 9 for two. 
different types of ground: Saltwater and Poor. Open the 
Ch4-GP.EZ file in EZNEC. Click the Ground Desa 
button and then right-click anywhere in the Media win- 
dow that opens up. Choose first the “Poor: rocky. moun- 
tainous” option button, click OK and then FF Plot. When 
the elevation plot appears, lick the File menu atthe top 
of the main window, and then Save As. Choose an appro- 
priate name for the trace, perhaps “Poor Gnd PF: 

Go back and select saltwater as your Ground 
Descrip and follow the same procedure to compute the 
far-field plot for saltwater ground. Now, add the Poor 
Gnd PF trace, by clicking menu selection File, Add. 
‘Trace. Fig 15 shows this comparison, which greatly 
favors the saltwater environment, particularly at low 
elevation angles. At 5° the ground plane mounted over 
saltwater has about a 10 dB advantage compared to its 
landlocked cousin, 

You might be wondering what happens if we move 
the ground-plane antenna down closer to the ground. The 
lower limit to how far the radials can approach the lossy 
earth is 0.001 A or twice the diameter of the radial wire. 
A distance of 0.001 À at 1.8 MHz is about 6 inches, while 
itis 04 inches at 30 MHz, While NEC-2-based programs 
cannot model wires that penetrate the ground, radial sys- 
tems just above the ground with more than about eight 
radial wires сап provide a work-around to simulate a 
direct-ground connection 


Modeling Environment: Frequency 

їз always а good idea to evaluate an antenna over 
A range of frequencies, rather than simply ata single spot 
frequency. Trends that become quite apparent on a fre- 
quency sweep are frequently lost when looking simply at 
а single frequency. Native NEC-2 has built-in frequency 
sweep capabilities, but once again the commercial pro- 
grams make the process easier to use and understand. You 
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Fig 15—A comparison of tho. 

vertical ground plane in Fig 9 over saltwater and over 
‘poor: rocky, mountainous” вой. Saltwater works 

wonders for verticals, providing excellent Iow-angle 


сав 


Fig 16—Frequency sweep of S-element Yagi described 
in Fig 11, showing how the azimuth pattern changes 
with frequency. 


saw in the SWR curve in Fig 2 the result of one such 
frequency sweep using EZNEC. Fig 16 shows a frequency 
sweep of the azimuth response for the S-clement Yagi in 
Fig 11 across the 20-meter band, using steps of 117 KHZ 
so there are four evaluation frequencies, At 14.0 MHz 
this Yagi's gain is down a small amount compared to the 
gain at 14.351 MHz but the rearward pattern is notice- 
ably degraded, dropping to a front-to-back ratio of just 
under 20 dB. 

EZNEC can save to a series of output plot files a 
frequency sweep of elevation (or azimuth) patterns. In 
essence, this automates the process described above for 


saving a plot to disk and then overlaying it on another 
plot, EZNEC can save to a text file for later analysis (or 
perhaps importation into a spreadsheet) the following 
parameters, chosen by the user: 

* Source data 

Load data 

Pattern data 

Current data 

MicroSmith numeric data 

Pattern analysis summary. 


Frequency Scaling 

EZNEC has a very useful feature that allows you to 
create new models scaled to a new frequency. You invoke 
the algorithm used to scale à model from one frequency 
to another by checking the Rescale box after you've 
clicked the Frequency button. EZNEC will scale all model 
dimensions (wire length, height and diameter) except for 
‘one specific situation—the wire diameter will stay the 
same a the new Frequency if you originally specified wire 
size by AWG gauge. For example, #14 copper wire for a 
half-wave 80-meter dipole will stay #14 copper wire for 
а 20-meter half-wave dipole. If, however, you specified 
diameter as a floating point number originally, the diam- 
eter will be scaled by the ratio of new to old frequency. 
along with wire length and height 

Start up EZNEC and open up the file Ch4-S20-40W.EZ. 
for the S-clement 20-meter Yagi on a 40-foot boom. Click 
the Frequency box and then check the Rescale check box. 
Now, type in the frequency of 28.4 MHZ and click OK. You 
have quickly and easily created a new S-element 10-meter 
Yagi, that is mounted 29,9949 feet high, the exact ratio of 
28.4 MHz to 14.1739 MHz, the original design frequency 
‘on 20 meters. Click the FF Plot button to plot the azimuth 
pattern for this new Yagi. You will see that it closely dupli- 
cates the performance of its 20-meter brother. Click Ste Dat 
to sce that the source impedance is 25.38 — j 22.19 Q, 
very close to the source data for the 20-meter version, 


REVISITING SOURCE SPECIFICATION 
Sensitivity to Source Placement 

Earlier, we briefly described how to specify a source 
on a particular segment using EZNEC. The sources Гог 
the relatively simple dipole, Yagi and quad models 
investigated so far have been in the center of an easy-to- 
visualize wire. The placement for the source on the verti- 
cal ground plane was at the bottom of the vertical radiator 
an eminently logical place. In the other cases we speci- 
fied the position of the source at 50% of the distance along 
a wire, given that the wire being fed had an odd number 
of segments. Please note that in each case so far, the feed. 
point (source) has been placed at a relatively low-imped- 
ance point, where the current changes relatively slowly 
from segment to segment 


Now we're going to examine some subller source- 
placement problems. NEC-2 is well-known as being very 
sensitive to source placement. Significant errors can result 
from a haphazard choice of the source segment and the 
segments surrounding it. 

Let's return to the inverted-V dipole in Fig 5. The 
First time we evaluated this antenna (Ch4-Inverted V 
Dipole.EZ) we specified a split source in EZNEC. This 
function uses two sources, one on each of the segments 
immediately adjacent to the junction of the two down- 
ward slanting wires 

Another common method to create a source at the junc- 
tion of two wires that meet at an angle is to separate these 
two slanted wires by a short distance and bridge that gap 
With a short straight wire, which is fed at its center. Fig 17 
shows а close-up of this scheme. In Fig 17 the length of the 
segments surrounding the short middle wire are purposely 
made equal to the length of the middle wire. The segmenta- 
tion for the short middle wie is set to one. Table 3 lists the 
source impedance and the maximum gain the EZNEC com- 
putes for three different models 


1. Ch4-Inverted V Dipole.EZ (the original model) 

2. Chd-Inverted V Dipole Triple Segmentation.EZ 

3. Ch4-Modified Inverted V Dipole.EZ (as shown in 
Fig 17, for the middle wire set to be 2 feet long) 

4. Ch4-Mod Inverted V Poor Segmentation. EE 
(where the number of segments on the two slanted 
wires have been increased to 200) 


ES 


Z X 


Fig 17—Model of inverted-V dipole using a short center 
wire on which the source is placed. 


Table 3 
135-Foot Inverted-V Dipole at 3.75 MHz 


Case Sogments Source Мак Gain 
Impedance © dBi 

1 82 7204.]1282 482 

2 246 7394/1289 ав2 

3 67 79084 485 

4 401 762 %% 467 
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Case 2 shows the effect of tripling the number of 
segments in Case 1. This is a check on the segmentation, 
to see that the results are stable at a lower level compared 
to a higher level of segmentation (which theoretically is 
better, although slower in computation). We purposely 
setup Case 4 so that the lengths of the segments on either 
side of the single-segment middle wire are significantly 
different (0.33 feet) compared to the 2-foot length of the 
middle wire. 

The fecd-point and gain figures for the first three 
models are close to each other. But you can see that the 
figures for the fourth model are beginning to diverge from 
the first three, with about a 5% overall change in the 
reactance and resistance compared to the avera 
and about а 3% change in the maximum gain. TI 
trates that it is best to keep the segments surrounding the 
source equal or at least close to equal in length. We'll 
soon examine a figure of merit called the Average Gain 
test, but it bears mentioning here that the average gain 
test is very close for the first three models and begins to 
diverge for the fourth model 

Things get more interesting if the source is placed 
at a high-impedance point on an antenna—for example, 
in the center of a full-wave dipole—the value computed 
forthe source impedance will be high, and things will be 
quite sensitive to the segment lengths. We'll repeat the 
computations for the same inverted-V models, but this 
time at twice the operating frequency, at 7.5 MHz. 

Table 4 summarizes the results. The impedance is high, 
as expected, Note that the resistance term varies quite а bit 
for all four models, a range of about 23% around 
the average value. Interestingly, he poorly segmented model's 
resistance falls in between the other three. The reactive terms 


illus. 


are closer for all four models but still cover a range of 4% 
around the average value. The maximum gain shows the same. 
tendancy to be somewhat lower in the fourth model com- 
pared to the first three and thus looks as potentially untrust- 
worthy at 7.5 MHz as it does at 3.75 MHz. 

This is, of course, but a small sampling of segmen- 
tation schemes, and caution dictates that you shouldn't 
take these results as being representative of all possibili 
ties. Nevertheless, the lesson to be learned here is that 
the feed-point (source) impedance can vary significantly 
ata point where the current is changing rapidly, as it does. 
where a high impedance feed is involved. Another gen- 


Table 4 
las. foot Inverted-V Dipole at 7.5 MHz 


Case Segments Source Мах Gain 
Impedance Ф dBi 

1 82 ee cee 567 

2 es 1822-]2553 566 

a 67 1900-2809 566 

4 401 2001-/2088 548 
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eral conclusion that can be drawn from Table 5 is that 
more segments, particularly if they surround the source 
segment improperly, is not necessarily better. 


Voltage and Current Sources 

Before we leave the topic of sources, you should be 
aware that programs like EZNEC and others have the abil- 
ity to simulate both voltage sources and current sources. 
‘Although native NEC-2 has several source types, voltage 
sources are the most commonly used by hams. Native 
NEC-2 doesn't have a current source, but a current source 
is nothing more than a voltage source delivering current 
through a high impedance. Basic network theory says that 
every Thevenin voltage source has а Norton current 
source equivalent. Various commercial implementations 
° г 
NEC-2 approach the creation of a current source i 
slightly different fashions. Some use a high value of 
inductive reactance as a series impedance, while others 
use a high value of series resistance. 

Why would we want to use a current source instead 
of a voltage source in a model? The general-purpose 
answer is that models containing a single source at a single 
feed point can use a voltage source with no problems. 
Models that employ multiple sources, usually with dif- 
ferent amplitudes and different phase shifts, do best with 

For example, phased arrays feed RF currents at dif- 
Terent amplitudes and phase shifts into two or more clo- 
ments, The impedances seen at each element may be very 
different. some impedances might even have negative 
values of resistance, indicating that power is flowing out 
of that element into the feed system due to mutual cou- 
pling to other elements. Having the ability to specify the 
amplitude and phase of the current, rather than а feed 
Voltage, at a feed point in a program like EZNEC is a 
valuable tool. 

Next, we examine one more important aspect of 
building a model, setting up loads. After that, we'll look 
into two tests for the potential accuracy of a model. These 
tests can help identify source placement, as well as other 
problems 


LOADS 


Many ham antennas, in particular electrically short 
ones, employ some sort of loading to resonate the sys- 
tem, Sometimes loading takes the form of capacitance 
hats, but these can and should be modeled as wires con- 
nected to the top of a vertical radiator. A capacitance hat 
is not the type of loading we'll explore in this section. 
Here, the term loads refers to discrete inductances, 
capacitances and resistances that are placed at some point 
(or points) in an antenna system to achieve certain effects. 
(One fairly common form of a load is a loading coil used 
to resonate an electrically short antenna. Another form 
of load often seen in ham antennas is а trap. EZNEC has 


a special built-in function to evaluate parallel-resonant 
iraps, even at different frequencies beyond their main 
paralel resonance 

Just for reference, a more subtle type of load is a 
distributed material load. We encountered just such a load. 
in our first model antenna, the 135-foot long Пацор 
dipole—although we didn't identify it specifically as a 
load at that time. Instead, it was identified as a "wire loss" 
associated with copper. 

The NEC-2 core program has the capability of simu- 
lating a number of built-in loads, including distributed 
material and discrete loads. EZNEC implements the fol- 
lowing discrete loads: 


+ Series R + j X loads, 

^ Series R-L-C loads, specified in O of resistance, H 
of inductance and pF of capacitance. 

‘+ Parallel R-L-C loads, specified in О of resistance, uH. 
of inductance and pF of capacitance. 

+ Trap loads, specified in © of resistance in series with 
HH of inductance, shunted by pF of capacitance, at a 
specific frequency. 

+ Laplace loads, specified as mathematical Laplace 
coefficients (sometimes used in older modeling programs 
and left in EZNEC for backwards compatibility). 


Is important to recognize that the discrete loads in 
an antenna modeling program do not radiate and they 
have zero size. The NEC-2 discrete loads are described. 
by L. B. Cebik in his antenna modeling course as being 
‘mathematical loads. The fact that NEC-2 loads do not 
radiate means that the popular mobile antennas that use 
helical loading coils wound over a length of fiberglass 
Whip cannot be modeled with NEC-2, because such coils 
do radiate. 

Let's say that we want to put a air-wound loading coil 
with an unloaded Q of 400 at the center of a 40-foot long, 
50-foot high, Пайор dipole so that itis resonant at 7.1 MH. 
"The schematic of this antenna is shown in Fig 18, Examine 
the modeling file Ch4-Loaded Dipole.EZ to see how a dis- 
crete series RL load is used to resonate this short dipole at 
7.1 MHz, with a feed-point (source) impedance of 25.3 Q. 
‘This requires a series resistance of 1.854 Q and an inductive 
reactance of 4741.5 ©. Note that we again used a single wire 
1o model this antenna, and that we placed the load at a point 
509 along the length of the wire 

This load represents а 16.62 uH coil with an 
unloaded Q of 741.5/1.854 = 400, just what we wanted. 
Let's assume for now that we use a perfect transformer 
to transform the 25.3- source impedance to 50 £2. If we 
now attempt to run a frequency sweep over the whole 
40-meter band from 7.0 to 7.3 MHz, the load reactance 
and resistance will not change, since we specified fixed 
values for reactance and resistance. Hence, the source 
impedance will be correct only at the frequency where 
the reactance and resistance are specified, since the reac- 
tance changes with frequency. 


(0.20.50 
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Fig 18— Schematic diagram of a 40-foot long flattop. 
dipole with a loading coll placed at the center. This coil 
has an unloaded Q of 400 at 7.1 MHz. 


Fig 19—SWR graph of the loaded 40-foot long Панор. 
dipole shown in Fig 18. 


So let's use another load capability and substitute а 
16,62 Н coil with a series 1.854-0 resistance at 7.1 MHz 
We'll let EZNEC take care of the details of computing 
both the reactance and the changing series resistance at 
various frequencies. The degree that both reactance and 
series loss resistance of the coil change with frequency 
тау be viewed using the Load Dat bution from the main 
EZNEC window. 

Fig 19 shows the computed SWR curve for a 
25.3-@ Alt SWR Z0 reference resistance. The 2:1 SWR 
bandwidth is about 120 kHz. As could be expected, the 
antenna has a rather narrow bandwidth because it is elec- 
tically short 


ACCURACY TESTS 
There are two tests that can help identify accuracy 
problems in a model: 


+ The Convergence test 
Gain test. 


Convergence Test 

‘The idea behind the Convergence test is simple: If 
You increase the segmentation in a particular model and 
the results changes more than you'd like, then you 
increase the segmentation until the computations converge 
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to a level that is suitable to you, This process has the 
potential for being subjective, but simple antenna mod- 
els do converge quickly. In this section, we'll review sev- 
ега more of the antennas discussed previously to see how. 
they converge. 

Let's go back to the simple dipole in Fig 3. The ori 
nal segmentation was 11 segments, but we'll start with a 
very low value of segmentation of three, well below the 
minimum recommended level. Table 5 shows how the 
source impedance and gain change with increase in seg- 
mentation at 3.75 MHz. For this simple antenna, the gain 
levels off at 6.50 dBi by the time the segmentation has 

nents, Going to ten times the 
recommended level (to 111 segments) results in an 
increase of only 0.01 dBi in the gain 

Arguably. the impedance has also stabilized by the 
lime we reach a segmentation level of 11 segments, 
although purists may opt for 23 segments. The tradeoff 
is a slowdown in computational speed. 

Let's see how the S-element Yagi model converges 
with changes in segmentation level. Table 6 shows how 
the source impedance, gain, 180° front-to-back ratio and 
worst-case front-to-rear ratio change with segmentation 
density. By the time the segmentation has reached 11 seg- 
ments per wire, the impedance and gain have stabilized 
quite nicely, as has the F/R. The 180° F/B is still inereas- 
ing with segmentation level until about 25 segments, but 
arelatively small shift in frequency will change the maxi- 
mum F/B level greatly. For example, with 11 segments 
per wire, shifting the frequency to 14.1 MHz—a shift of 
only 0.5%— will change the maximum 180° F/B from 
almost 50 dB down to 27 dB. For this reason the FIR is 
considered a more reliable indicator of the adequacy of 
the segmentation level than is F/B. 


reached 11 se, 


Average Gain Test 

The theory behind the Average Gain test is a little 
more involved. Basically, if you remove all intentional 
losses in a model, and if you place the antenna either in 
free space or over perfect ground, then all the power fed 
to the antenna should be radiated by it. Internally, the 
program runs a full 3-D analysis, adding up the power in 
all directions and then dividing that sum by the total power. 
Ted to the antenna, Since МЕСО is very sensitive about 
source placement, as mentioned before, the Average Gain 
test is a good indicator that something is wrong with the 
specification of the source 

Various commercial versions of NEC-2 handle the 
Average Gain test in different ways, EZNEC requires the 
‘operator to turn off all distributed losses in wires or set 
to zero any discrete resistive losses in loads. Next you 
set the ground environment to free space (or perfect 
ground) and request а 3-D pattern plot. EZNEC will then. 
report the average gain, which will be 1.000 if the model 
has no problems. The average gain can be lower or higher 
than 1.000, but if it falls within the range 0.95 to 1.05 it 
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Table 5 

135-Foot Flattop Dipole at 3.75 MHz 

Segments Source Max. Gain 
Impedance a dBi 

a 85.9 + | 128.0 64 

5 863 + | 128.3 645 

7 вов + j 128.8 648 

n 87.9 + j 129.5 6.50 

23 вав + / 130.3 651 

45 890 + / 130.8 651 

101 894 $j 131.1 651 

Table 6 


S-olement Wire Yagi at 14.1739 MHz 


Segments Sourco Мах Gain 180° f FR 

Impedance © dBi ав dB 
a 285-/306 1279 232 224 
5 263-/256 1302 305 231 
7 256-240 1307 — 348 231 
м 251-/229 1309 390 231 
25 249-220 — 1910 437 231 
99 247-215 14% 442 231 


is usually considered adequate. 

As L. B. Cebik, WARNL, stated in his ARRL Certi- 
fication and Continuing Education Course on antenna 
modeling: "Like the convergence test, the average gai 
test is a necessary but not a sufficient condition of model 
reliability” Pass both tests, however, and you can be pretty 
well sure that your model represents reality. Pass only 
‘one test, and you have reason to worry about how well 
Your model represents reality. 

Once again, open the model file Ch4-Mod 
Inverted V Poor Segmentation.EZ and set Wire Loss to 
zero, Ground Type to Free Space and Plot Type to 
3-Dimensional. Click on the FF Plot button. EZNEC will 
report that the Average Gain is 0955 = -0,2 dB. This is very 
lose to the lower limit of 0.95 considered valid for excellent 

the segment lengths 
‘adjacent to the source segment to be considerably shorter 


accuracy. Thisis a direct result of forcing 


than the source segments length. The gain reported using 
this test would be approximately -0.2 dB from what it should 
be just what Table 4 alludes to also. 

Now, lets revisit the basic model Chd-Inverted 
V Dipole EZ and look at Case 2 in Table 4. Case 2 
amounts to à Convergence test for the basic inverted-V 
model. Since the impedance and gain changes were small 
comparing the basic model to the one using three times 
the number of segments, the model passed the Conver- 
gence test, The Average Gain test for the basic model 
yields a value of 0.991, well within the limits for good 
‘accuracy. This model has thus passed both tests and can. 
be considered accurate 


Running the Average Gain test for the S-clement Yagi 
(using 11 segments per wire and whose convergence we. 
examined in Table 6) yields a value of 0.996, again well 
within the bounds indicating a good model. And the 
simple Пайор dipole with 11 segments at 3.75 MHz yields 
an Average Gain result of 0.997, again indicating a very 
accurate model 


OTHER POSSIBLE MODEL 
LIMITATIONS. 

Programs based on the NEC-2 core computational 
code have several well-documented limitations that you. 
should know about, Some limitations have been removed 
in the restricted-access NEC-4 core (which is not gener- 
ally available to users), but other limitations still exist, 
even in МЕСА. 


Closely Spaced Wires 
If wires are spaced too close to each other, the 
МЕС-2 core can run into problems. If the segments are 
not carefully aligned, there also can be problems with 
accuracy. The Worst-case situation is where two Wires 
are so close together that their volumes actually merge 
into each other. This can happen where wires are thick, 
parallel о each other and close together. You should keep. 
parallel wires separated by at least several diameters. 
For example, #14 wire is 0.064 inches in diameter. The 
rule then is to keep parallel #14 wires separated by more 
than 2 x 0.064 = 0.128 inches. And you should run the Con- 
vergence test to assure yourself that the solution is indeed 
converging when you have closely spaced wires, especially 
if the two wires have different diameters, To model anten- 
nas containing closely spaced wires, very often you will need 
many more segments than usual and you must also care- 
fully ensure that the segments line up with each other 
Things can get a little more tricky when wires cross 


over or under each other, simply because such crossings 
are sometimes difficult to visualize. Again, the rule is to 
keep crossing wires separated by more than two diam- 
eters from each other. And if you intend to join two wires. 
together, make sure you do so at the ends of the two wires, 
using identical end coordinates. When any or all of these 
rules are violated, the Convergence and Average Gain tests 
will usually warn you of potential inaccuracies. 


Parallel-Wire Transmission Lines and LPDAS 

A common example of problems with closely spaced 
wires is when someone attempts to model a parallel-wire 
transmission line. NEC-2-based programs usually do not 
work as well in such situations as do MININEC-based 
programs. The problems are compounded if the diam- 
eters are different for the two wires simulating a parallel- 
wire transmission line. In NEC-2 programs, it is usually 
better to use the built-ir 


"perfect transmission line" func- 
tion than to try to model closely spaced parallel wires as 
a transmission line. 


For example, a Log Periodic Dipole Array (LPDA) 
is composed of a series of elements fed using a transmis- 
sion line that reverses the phase 180? at each element, In 
other words, the elements are connected to a transmis- 
sion line that reverses connections left-to-right at each 
element. It is cumbersome to do so, but you could model 
such a transmission line using separate wires in EZNEC, 
bul й а potentially confusing and a definitely painstak- 
ing process. Further, the accuracy of the resulting model 
is usually suspect, as shown by the Average Gain test 

tis far easier to use the Trans Lines function from 
the EZNEC main window to accurately model an LPDA. 
See Fig 20, which shows the Trans Lines window for 
the 9302A.EZ 16-clement LPDA. There are 15 transmis- 
sion lines connecting the 16 elements, placed at ihe 50% 
point on each element, with a 200-0 characteristic 
impedance and with Reversed connections. 


Fat Wires Connected to Skinny Wires 

Another inherent limitation in the NEC-2 computa- 
tional core shows up when modeling several popular ham 
radio antennas: many Yagis and some quads, 


‘Tapered Elements 
As mentioned before, many Yagis are built using tele- 
scoping aluminum tubing. This technique saves weight and 
„makes for a more flexible and usually stronger element, 
one that can survive wind and ice loading better than а 
“monotaper” element design. Many vertical antennas are 
also constructed using telescoping aluminum tubing. 
Unfortunately, native NEC-2 doesn’t model accu- 
rately such tapered elements, as they are commonly 
called. There is, however, a sophisticated and accurate 
work-around for such elements, called the Leeson cor- 
rections. The Leeson corrections, derived by Dave 
Leeson, WNL, from pioneering work by Schelkunoff at 
Bell Labs, compute the diameter and length of an ele- 
ment that is electrically equivalent to a tapered element. 
This monotaper element is much easier to use in a pro- 
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Fig 20—Transmission-line window for the 9302A.EZ 
16-clement LPDA. Note that the transmission lines 
going betwee 

that they are 180° out-of-phase 
requirement for properly feeding an LPDA. 
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Table 7 


5-element Yagi at 14.1739 MHz with Telescoping Aluminum Elements 


With Leeson Corrections 


‘Without Leeson Corrections 


Freq. Source Impedance бап FR Source Impedance бат F/R 
Mie 2 dBi ав а dbi 

14.0 232-j205 1482 233 22 41 1495 

141 227-j205 1487 228 186/125 1470 

142 228-148 487 227 66-146 1401 

143 225-19 — M76 215 192/106 1051 

144 145-/105 1445 199 182/237 1115 
gram like NEC-2. See Chapter 2, Antenna Fundamen- 
tals, for more information on the Leeson corrections. Table 8 

EZNEC and other NEC-2 programs can automati- — E- and H-Fleld Intensities for 1500 W into 

cally invoke the Leeson corrections, providing that some 5-Element Yagi at 70 Feet on 14.2 MHz 
basic conditions are met—and happily, these conditions ^ Height неа E-Field 
же ths for the teledeoping ааа dias e nef ат Мт) 
commonly used as Yagi elements. EZNEC gives you the 0 оо a 
ability to disable or enable Leeson corrections, under the 1° 008: 385 
Option menu, under Stepped Diameter Correction, 20 994 208. 
EZNEC' name for the Leeson corrections. Open the 30 9.06: 228. 
modeling file 520-40H.EZ, which contains tapered alu- 40 008. E 
minum tubing elements and compare the results using 50 640, юл 

AA alten ing the Lesson ео айана 60 012 415 

то 012 “з 


Table 7 lists the differences over the 20-meter band, 
With the S element Yagi at a height of 70 feet above flat 
ground. You can see that the non-Leeson corrected fig- 
ures are very different from the corrected ones. At 
14.3 MHz, the pattern for the non-corrected Yagi has 
degenerated to a F/R of 3.1 db, while at 14.4 MHZ, just 
outside the top of the Amateur band, the pattern for the 
mon-corrected antenna actually has reversed. Even at 
14.2 MHz, the non-corrected antenna shows a low source 
impedance, while the corrected version exhibits smooth 

sain, F/R and impedance across the whole 
band, just as the actual antenna exhibits. 


Some Quads 
Some types of cubical quads are made using a combina- 
tion of aluminum tubing and wire element, particularly in 
Europe where the “Swiss” quad has a wide following. Ag 
NEC-2-based programs don't handle such tubing/wir ele 
ments wel. I is best to avoid modeling this type of antenna, 


although there are some ways to attempt to get around the 
limitations, ways that are beyond the scope of this chapter 


NEAR-FIELD OUTPUTS 
FCC regulations set limits on the maximum per 
sible exposure (MPE) allowed from the operation of 
radio transmitters. These limits are expressed in terms of 
the electric (V/m) and magnetic fields (A/m) close to an 
antenna. NEC-2-hased programs can compute the electric 
and magnetic near fields and the FCC accepts such compu- 
eels their regu- 

latory requirements. See Chapter 1, Safety, in this book. 


tations to demonstrate that an installation п 
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We'll continue to use the S-element Yagi at 70 feet 
to demonstrate a near-field computation. Open 
Ch4-520-401L.EZ in EZNEC and choose Setups and then 
Near Field from the menu at the top of the main window. 
Let's calculate the E-field and H-field intensity for a power 
level of 1500 W (chosen using the Options, Power Level 
choices from the main menu) in the main beam at a fixed 
distance, say 50 feet, from the tower base, We'll do this at 
various heights, using 10-foot increments of height, in 
‘order to see the lobe structure of the Yagi at 70 feet height. 


Table 8 summarizes the total H- and E-field intensi- 
ties as a function of height. As you might expect, the fields 
are strongest directly inline with the antenna at a height 
of 70 feet. At ground level, the total fields are well within 
the FCC limits for rf exposure for both fields. In fact, the 
fields are within the FCC limits if someone were to stand 
at the tower base, directly under the antenna. 


ANTENNA MODELING SUMMARY 


This section on antenna modeling is by necessity 
only a brief introduction to the science of antenna mod- 
eling. The subject is partly art as well as science because 
there are usually several ways of creating a model for a 
particular antenna ог antennas. 

Indeed, the presence of other wires surrounding a 
particular antenna can affect the performance of that 
antenna. Finally, there are the practical aspects of putting a 
actual antenna up in the real world, We'll explore this next 


Practical Aspects, De: 


The most important time spent in putting together 
an antenna system is the time spent in planning. In Chap- 
ter 3, The Effects of Ground, we outlined the steps needed 
to evaluate how your local terrain can affect НЕ commu- 
nications. There we emphasized that you need to com- 
pare the patterns resulting from your own terrain to the 
statistically relevant elevation angles needed for cover- 
age of various geographic arcas. (The elevation-angle sta- 
tistics were developed in Chapter 23, Radio Wave 
Propagation and are located on the CD-ROM included 
with this book, as is the terrain-assessment program 
НЕТА) 

The implicit assumptions in Chapter 3 are (1) that 
you know where you want o talk to, and (2) that you'd 
like the most effective system possible. At the start of 
such a theoretical analysis, cost is no object. Practical 
matters, like cost or the desires of your spouse, can come 
later! After all, you're just checking out all the possibili 
Чез. If nothing else, you will use the methodology in 
Chapter 3 to evaluate any property you are considering 
buying so that you сап build your “dream station.” 

Next, in the first part of this chapter we described 
modeling tools used to evaluate different types of anten- 
nas. These modeling tools can help you evaluate what 
type of antenna might be suitable to your own particular 
style of operating. Do you want a Yagi with a lot of. 
rejection of received signals from the rear? Let's say that 
terrain analysis shows that you need an antenna at least 
50 feet high. Do you really need a steel tower, or would a 
Simple dipole in the trees serve your communication needs 
just fine? How about a vertical in your backyard? Would. 
that be inconspicuous enough to suit your neighbors and 
your own family, yet still get you on the air? 

In short, using the techniques and tools we've pre- 
sented in Chapters 3, 23 and here in Chapter 4, you can 
scientifically plan an antenna system that will be best 
suited for your own particular conditions. Now, however, 
you have to get practical. Thinking through and planning. 
the installation can save a lot of time, money and frustra- 
tion. While no one can tell you the exact steps you should 
lake in developing your own master plan, this section, 
prepared originally by Chuck Hutchinson, KSCH, should. 
help you with some ideas, 


WHAT DO YOU REALLY WANT? 

Begin planning by spelling out your comm 
desires. What bands are you interested in? Who (or where) 
do you want to talk to? When do you operate? How much 
time and money are you willing to spend on an antenna 
system? What physical limitations affect your master 
plan? 

From the answers to the above questions, beg 
formulate goals—short, intermediate and long range. Be 
realistic about those goals. Remember that there are three 
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station effectiveness factors that are under your control 
These are: operator skill, equipment in the shack, and the 
antenna system. There is no substitute for developing 
‘operating skills. Some tradeoffs are possible between 
shack equipment and antennas. For example, a high-power 
amplifier can compensate for a less than optimum 
‘antenna, By contrast, a better antenna has advantages for 
receiving as well as for transmitting 

Consider your limitations. Are there regulatory 
restrictions o antennas in your community” Are there 
any deed restrictions or covenants that apply to your prop- 
erty? Do other factors (finances, family considerations, 
other interest, and so forth) limit the type or height of 
antennas that you can erect? All of these factors must be 
investigated because they play a major role determining 
the type of antennas you erect. 

Chances are that you won't be able to immediately 
do all you desire. Think about how you can budget your 
resources over a period of time. Your resources are your 
money, your time available to work, materials you may 
have on hand, friends that are willing to help. cte. One 
way to budget is to concentrate your initial efforts on a 
given band or two. If your major interest is in chasing 
DX, you might want to start with a very good antenna for 
the 14-MHz band. A simple multiband antenna could ini- 
tially serve for other frequencies. Later you can add bet- 
ter antennas for those other bands. 


SITE PLANNING 


A map of your property ог proposed antenna site 
сап be of great help as you begin to consider alternative 
‘antennas. You'll need to know the size and location of 
buildings, trees and other major objects in the area. Be 
Sure to note compass directions on your map. Graph ог 
quadrille paper (or a simple CAD program) can be very 
useful for this purpose. See Fig 21 for an example. It's а 
good idea to make a few photocopies of your site map so. 
you can mark on the copies as you work on your plans, 

Use your map to plan antenna layouts and locations 
of any supporting towers ог masts. If your plan calls for 
more than one tower or mast, think about using them as 
Supports for wire antennas. As you work on a layout, be 
Sure to think in three dimensions even though the map 
shows only two. 

Ве sensitive to your neighbors. A 70-foot guyed 
tower in the [ront yard of a house in a residential neigh- 
borhood is not a good idea (and probably won't comply 
with local ordinances!). You probably will want to locate 
that tower in the back yard. 


ANALYSIS. 


Use the information earlier in this chapter and in 


Chapters 3 and 23 to analyze antenna patterns in both 
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Fig 21—A sito map such this one is a useful tool for 
planning your antenna installation. 


horizontal and vertical planes towards geographic areas 
of interest. If you want to work DX, you'll want anten. 
mas that radiate energy at low as well as intermediate 
angles. An antenna pattern is greatly affected by the pres- 
ence of ground and by the local topography of the ground. 
‘Therefore, be sure to consider what effect ground will 
have on the antenna pattern at the height you are consid 
ering. A 70-foot high antenna is approximately Ya, 1, 17 
> and 2 wavelengths (A) high on 7, 14, 21 and 28 MHz 
respectively. Those heights are useful for long 
communications. The same 70-foot height represents only 
244 at 3.5 MHz, however. Most of the radiated energ 
from а dipole at that height would be concentrated straight 
up. This condition is not great for long-distance commu 
nication, but ean still be useful for some DX work and 


distance 


excellent for short-range communications 
Lower heights can be useful for communications 
However, it is generally true that “the higher, the better" 


эз far as communications effectiveness is concerned. This 
Г of course, should be tempered by 
эп exact analysis of your local terrain. Being located at 
the top of a steep hill can mean that you can use lower 
tower heights to achieve good coverag 

There may be cases where it is not possible to install 
low-frequency dipoles at 2/4 or more above the ground. 


iral rule of thuml 
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na with many radials is a good choice for 
stance communications. You may want to install 
both a dipole and a vertical for the 3.5- or 7-MHz bands. 
On the 1.8-MHz band, unless extremely tall supports are 
available, a vertical antenna is likely to be the most use- 
ful for DXing. You can then choose the antenna that per- 
forms best for a given set of conditions. A low dipole 
will generally work better for shorter-range communica- 
tions, while the vertical will generally be the better per- 
former over longer distances. 

Consider the azimuthal pattern of fixed antennas. 
You'll want to orient any fixed antennas to favor the 
directions of greatest interest to you. 


BUILDING THE SYSTEM 


When the planning is completed, it is time to begin 
truction of the antenna system. Chances are that you 
сап divide that construction into a series of phases ог 
steps. Say, for example, that you have lots of room and 
that your lon plan calls for a pair of towers, one 
100-feet high, and the other 70-feet high, to support 
monoband Yagi antennas, The towers will also support a 
horizontal 3.5-MHz dipole, for DX work. On your map 
You've located them so the 80-meter dipole will be broad- 
side to Europe. You decide to build the 70-Ioot tower with 
a “triband” beam and 80- and 40-meter inverted-V 
dipoles to begin the project. 

In your master plan you design the guys, anchors 
А all hardware for the 70-foot tower to support the load 
of stacked 4-element 10- and 15-meler monobanders 
Yagis. So you make sure you buy а heavy-duty rotator 

the stout mast needed for the monoband antennas 
later. Thus you avoid having to buy, and then sell, a 
medium-duty rotator and lighter weight tower equipment 
later on when you upgrade the station. You could have 
saved money in the long run by putting up a monoband 
beam for your favorite band, but you decided that for now 
itis more important to have a beam on 14,21 and 28 MHz, 
so you choose а commercial triband Yagi. 

The second step of your plan calls for installing the 
second tower and stacking a 2-clement 40-meter and a 
element 20-meter monoband Yagi on it. You also plar 
to replace the tribander on the 70-foot tower with stacked 
element 10- and 15-meler monoband Yagis. Although 
this is still a “dream system" you can now apply some of 
the modeling techniques discussed earlier inthis chapter 
to determine the overall system performance. 


Modeling Interactions at Your Dream Station 
In this analysis we're going to assume that you have 
sufficient real estate to separate the 70- and 100-foot tow- 
ers by 150 feet so that you can easily support an 80-meter 
dipole between them. We'll also assume that you want 
the 80-meter dipole to have its maximum response at a 
heading of 45° into Europe from your location i 
Newington, Connecticut. The dipole will also have a lobe 
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Fig 22—Layout for two-tower antenna system, at 70 
and 100 feet high and 150 feet apart. The 70-1001 tower 


has а 4-clomont 10-meter Yagi at 80 foot on a 10-foot 


and а 4-element 20-meter Yagi at 100 feet. 
this figure all the rotatable Yagis are facing the 
direction of Europe and the currents on the 15-meter 
Yagi are shown. Note the significant amount of current 
re-radiated by the nearby 80-meter dipolo. 


facing 225° towards the USA and New Zealand, making 
ita good antenna for both domestic contacts and DX work. 

Let's examine the interactions that occur between the 
rotatable Yagis for 10, 15, 20 and 40 meters. See Fig 22, 
which purposely exaggerates the magnitude of the currents 
‘on the 4-element 15-meter Yagi mounted at 70 feet, Here, 
both sets of Yagis have been rotated so that they are point- 
ing into Europe. There is a small amount of current radi- 
ated onto the 10-meter antenna but virtually no current is 
radiated onto the 40- and 20-meter Yagis. This is good. 

However, significant current is radiated onto, and then 
re-radiated, by the 80-meter dipole. This undesired current 
affects the radiation pattern of the 15-meter antenna, as 
shown in Fig 23, which overlays the pattern of the 4-e 
ment 15-meter Yagi by itself with that of the Yagi interact- 
ing with the other antennas. You can see “ripples” in the 
azimuthal response of the 15-meter Yagi due to the effects 
‘of the 80-meter dipole's re-radiation. The magnitude of the 
ripples is about 1 dB at worst, so they don’t seriously affect 
the forward pattern (into Europe), but the rearward lobes 
are degraded somewhat, to just below 20 dB. 

Fig 23 also shows the worst-case situation for the 
15-meter Yagi. Here, the 15- and 10-meter stack has been 
turned clockwise 90°, facing the Caribbean, while the 40- 


Fig 23—An overlay of azimuth patterns. The solid line 
is the radiation pattern for the 15-moter Yagi all by 
itself. The dashed line s the pattern for the 15-meter 
Yagi, as affected by all the other antennas. The dotted 
line isthe pattern for the 15-meter Yagi when it is 
pointed toward the Caribbean, with the Yagis on the 
100-001 tower pointed toward tho 70-foot tower. The 
peak response of the 15-meter Yagi has dropped by 
About 1.5 dB. 


Wu — —3 
pel —.— 


Fig 24—The layout апа 15-meter currents when the Yagis 
оп the 100-foot tower are pointed toward the 70-foot 
tower. The 15-metor Yagi has been rotated to face the 
direction of the 100-1001 tower (toward the Caribbean). 


and 20-meter Yag 
tumed counter-clockwise 90° (in the direction of Japan) 
to face the 70-foot tower holding the 10/15-meter Yagis. 
You can see the layout and the currents in Fig 24. Now 
the 40- and 20-meter Yagis re-radiate some 15-meter 
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Fig 25—The radiation patterns for tho 10-metor Yagi. 
The solid line is the 10-motor Yagi by itself. Tho dashed 
lino is for the same Yagi, with all other antenna 
interactions. The dotted line shows the worst-case 
pattern, with the stacked Yagis on the 100-foot tower 
facing the 70-1001 tower and the 10-meter Yagi pointed 
toward the Caribbean. Again, the peak response of the 
10-meter Yagi has dropped about 1.5 dB in the worst- 
case situation. 


energy and reduce the maximum gain by about LS dB. 
Note that in this direction the 80-meter dipole no longer 
has 15-meter energy radiated onto it by the 15-meter Yagi 

"The shape of the patterns will change depending on 
whether you specify “current” or "voltage" sources in the 
models forthe other antennas, since this effectively opens 
up or shorts the feed points at the other antennas so far as 
15-meter energy is concerned. In practice, this means that 
the interaction between antennas will vary somewhat 
depending on the length of the feed lines going each 
antenna and whether each feed line is open-cirouited or 
short-circuited when itis not in use, 


You can now see that interactions between various 
antennas pointing in different directions can be signifi- 
cant in a real-world antenna system. In general, higher 
Frequency antennas are affected by re-radiation from 
lower-frequency antennas, rather than the other way 
around. Thus the presence of a 10- or 15-meter stack does 
mot affect the 20-meter Yagi at all. 

Modeling can also help determine the minimum 
stacking distance required between monoband Yagis on 
the same rotating mast. In this case, stacking the 10- and 
15-meter monobanders 10 feet apart holds down interac- 
tion between them so that the pattern and gain of the 
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10-meter Yagi is not impacted adversely. Fig 25 demon 
strates this in the European direction, where the patterns 
Tor the 10-meter beam by itself looks very clean com- 
pared to the same Yagi separated by 10 feet from the 
15-meter Yagi below it. The worst-case situation is point- 
ing towards the Caribbean, when the 40- and 20-meter 
stack is facing the 70-foot tower. This drops the 10-meter 

down about 1.5 dB from maximum, indicating sig- 
nificant interaction is occurring. 

Tn this situation you might find it best to place the 
270-1001 tower in the direction closest o the Caribbean if 
ibis direction is very important to you. Doing so will, 
however, cause the pattern in the direction of the Far East 
to be affected on 10 and 15 meters. You have the model- 
ing tools necessary to evaluate various configurations to 
achieve whatever is most important to you, 


COMPROMISES 

Because of limitations, most amateurs are never able 
to build their dream antenna system. This means that some 
compromises must be made. Do not, under any circum- 
stances, compromise the safery of an antenna instalation. 
Follow the manufacturer's recommendations for tower 
assembly, installation and accessories. Make sure that all 
hardware is being used within its ratings 

Guyed towers are frequently used by radio amateurs 
because they cost less than more complicated unguyed or. 
freestanding towers with similar ratings. Guyed towers are 
fine for those who can climb, or those with a friend who is 
willing to climb, But you may want to consider an antenna 
tower that folds over, or one that cranks up (and down). 
‘Some towers crank up (and down) and fold over too. See 
Fig 26. That makes for convenient access to antennas for 
adjustments and maintenance without climbing. Crank-up 
towers also offer another advantage. They allow antennas 
to be lowered during periods of no operation, such as for 
aesthetic reasons or during periods of high winds. 

A well-designed monobund Yagi should outperform 
а multiband Yagi. In à monoband design the best adjust- 
ments can be made for gain, front-to-rear ratio (F/R) and 
matching, but only for a single band. In a multiband 

there are always tradeoffs in these properties for 

ty to operate on more than one band. Neverthe- 
less, a multiband antenna has many advantages over two 
ог more single band antennas. A multiband antenna 
requires less heavy-duty hardware, requires only one feed. 
line, takes up less space and it costs less. 

Apartment dwellers face much greater limitations 
in their choice of antennas. For most, the possibility of a 
tower is only a dream. (One enterprising ham made 
arrangements to purchase a top-floor condominium from. 
а developer. The arrangements were made before con- 
struction began, and the plans were altered to include a 
roof-top tower installation.) For apartment and condo- 
minium dwellers, the situation is still far from hopeless. 
A later section presents ideas for consideration 


Fig 26—Alternatives to a guyed tower are shown her 
reduced height. It also allows antennas to be lower 


EXAMPLES 


You can follow the procedure previously outlined 
to put together modest or very large antenna systems, 
What might a ham put together for antennas when he or 
she wants to ty a little of everything, and has a modest 
budget? Let's suppose that the goals are (1) low cost, (2) 
no tower, (3) coverage of all HF bands and the repeater 
portion of one VHF band, and (4) the possibility of work- 
ing some DX. 

After studying the pages of this book, the station 
owner decides to first put up a 135-foot center-fed. 
antenna. High trees in the back yard will serve as sup- 

ana will cover all the HF 


ports to about 50 feet. This an 
bands by using a balanced feeder and an antenna tuner. It 
should be good for DX contacts on 10 MHz and above, 
and will probably work okay for DX contacts on the lower 
bands. However, her plan calls for a vertical for 3.5 and 
7 MHz to enhance the DX possibilities on those bands. 
For VHF, a chimney-mounted vertical is included. 


. ALA, the crankcup tower permits working on antennas at 
during periods of no operation. Motor-driven versions are 
available. The fold-over tower at B and the combination at C permit working on antennas at ground level 


ANOTHER EXAMPLE 


A licensed couple has bigger ambitions. Goals for 
their station are (1) a good setup for DX on 14, 21 and 
28 MHz, (2) moderate cost, (3) one tower, (4) ability to 
work some DX on 1.8, 3.5 and 7 MHz, and (5) no need 
1o cover the CW portion of the bands. 

After considering the options, the couple decides to 
install a 65-foot guyed tower. A large commercial triband 
‘Yagi will be mounted on top of the tower. The center of a 
trap dipole tuned for the phone portion of the 3.5- and 
T-MHz bands will be supported by a wooden yardarm 
installed at the 60-foot level of the tower, with ends droop- 
ing down to form an inverted V. An inverted L for 
1.8 MHZ starts near ground level and goes up to a similar 
yardarm on the opposite side of the tower. The horizon- 
tal portion of the inverted L runs away from the tower at 
right angles to the trap dipole. Later, the husband will 
experiment with sloping antennas for 3.5 MHz. If those 


experiments are not successful, a A/4 vertical will be used 
en that band. 


Antenna Modeling & System Planning 4.28 


Apartment 


A complete and accurate assessment of antenna types, 
antenna placement and feed-line placement is very impor- 
tant for the apartment dweller. Among the many possibili 
ties for types are balcony antennas, invisible ones (made 
of fine wire), vertical antennas disguised as flag poles or 
as masts with a TV antenna on top. and indoor antennas, 
A number of amateurs have been successful negoti- 
ating with the apartment owner or manager for permis- 
sion to install a short mast on the roof of the building. 
Coaxial lines and rotator control cables might be routed 
through conduit troughs or through ductwork. Ifyou live 
in one of the upper stories of the building, routing the 
cables over the edge of the roof and in through a window 
might be the way to go. There is a story about one ama- 
teur who owns a triband beam mounted on a 10-foot mast 
But even with such a short mast, he is the envy of all his 
amateur friends because of his superb antenna height. His 
mast stands on top of a 22-story apartment building. 
Usually the challenge is to find ways to install 
antennas that are unobtrusive. That means searching out 
antenna locations such as balconies, eaves, nearby trees, 
ete. For example, a simple but effective balcony antenna. 
is a dangling vertical. Attach a thin wire to the tip of a 
mobile whip or a length of metal rod or tubing. Then 
mount the rigid part of the antenna horizontally on the 
balcony rail, dangling the wire over the edge. The antenna. 
is operated against the balcony railing or other metallic 
framework. A matching network is usually required at 
the antenna feed point. Metal in the building will likely 
give a directivity effect, but this may be of litle conse- 


Antennas for 


cis not always practical to erect full- 
Tor the НЕ bands. Those who live їп apartment buildings. 
may be restricted to the use of minuscule radiators 
because of house rules, or simply because the required 
space for full-size antennas is unavailable. Other ama- 
teurs may desire small antennas for aesthetic reasons, 
perhaps to keep peace with neighbors who do not share 
their enthusiasm about high towers and big antennas, 
There are many reasons why some amateurs prefer to use 
physically-shortened antennas. This section discusses 
proven designs and various ways of building and using 
them effectively. You will find that model 
by computer, even compromised “stealth antennas,” can 
һер you determine the most practical system possible 
for your particular circumstances before you go through 
the effort of stringing up wires. 

Few compromise antennas are capable of deliver- 
ing the performance you ean expect from the full-size 
variety. But the patient and skillful operator can often do 
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Possibilities 


quence and perhaps even an advantage, The antenna may 
be removed and stored when not in use. 

Frequently, the task of finding an inconspicuous 
route for a feed line is more difficult than the antenna 
installation itself. When Al Francisco, KTNHY, lived in 
an apartment, he used a tree-mounted vertical antenna, 
‘The coax feeder exited his apartment through a window 
and ran down the wall to the ground. Al buried the sec- 
tion of line that went from under the window to a nearby 
tree. At the tree, a section of enameled wire was con- 
nected to the coax center conductor. He ran the wire up 
the side of the tree away from foot trafic. А few short 
radials completed the installation. The antenna worked 
fine, and was never noticed by the neighbors. 

See Chapters 6, Low-Frequency Antennas, and 
Chapter 15, Portable Antennas, for ideas about low-fre- 
quency and portable antennas that might fit into your 
available space. Your options are limited as much by your 
imagination and ingenuity as by your pocketbook. 
Another option for apartment dwellers is to operate away 
from home. Some hams concentrate on mobile operation 
as an alternative to a fixed station, It is possible to make 
‘alot of contacts on НЕ mobile, Some have worked DXCC 
that way. 

Suppose that you like VHF contests. Because of 
other activities, you are not particularly interested in 
‘operating VHF outside the contests. Why not take your 
equipment and antennas to a hilltop for the contests? 
Many hams combine a love for camping or hiking with 
their interest in radio. 


Limited Space 


as well as some who are equipped with high power and 
full-size antennas. Someone with a reduced-size antenna 
may not be able to "bore a hole" in the bands as often 
and with the commanding dispatch enjoyed by those who. 
are better equipped, but DX сап be worked successfully 
"when band conditions are suitable. 


INVISIBLE ANTENNAS 


We amateurs don’t regard our antennas as eyesores; 
їп fact, we almost always regard them as works of art 
But there are occasions when having ап outdoor or vis- 
ible antenna can present problems. 

When we are confronted with restrictions—self- 
imposed or otherwise —we can take advantage of a num- 
ber of options toward getting on the air and radiating at 
least a moderately effective signal. In this context, а poor 
antenna is certainly better than no antenna at all! This 
section describes a number of techniques that enable us 
to use indoor antennas or “invisible” antennas outdoors. 


Pez, ` 
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Fig 27—The clothesline antenna is mo 
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Fig 28—The "invisible" ond-fed antenna. 


Many of these systems will yield good-to-excellent results 
for local and DX contacts, depending оп band conditions 
at any given time. The most important consideration is 
that of not erecting any antenna that can present a haz- 
ard (physical or electrical) to humans, animals and build- 
ings. Safety first! 


Clotheslines are someti 


ies attached to pulleys 
(Fig 27) so that the user can load the line and retrieve the 
laundry from a back porch. Laundry lines of this variety 
are accepted parts of the neighborhood "scenery; and 
сап be used handily as amateur antennas by simply insu- 
lating the pulleys from their support points. This calls 
for the use of a conducting type of clothesline, such as 
heavy gauge stranded electrical wire with Teflon or vi- 
nyl insulation. A high quality, flexible steel cable 
(stranded) is suitable as a substitute if you don’t mind 
cleaning it before clothing is hu 

A jumper wire сап be brought from one end of the 
line to the ham shack when the station is being operated. 
If а good electrical connection exists between the wire 
clothesline and the pulley, a permanent conne 
be made by connecting the lead-in wire between the pul- 


ley and its insulator, An antenna tuner сап be used to 
match the “invisible” random-length wire to the trans- 


it is one wavelength or greater in length. Yet many ama- 
teurs refer to (relatively) long physical spans of conduc- 
tor as long wires. For the purpose of this discussion we 
will assume we have a fairly long span of wire, and refer 
to it as an end-fed wire antenna. 

I we use small-diameter enameled wire for our end- 
fed antenna, chances are that it will be very difficult to 
see against the sky and neighborhood scenery. The smaller 
the wire, the more invisible the antenna will be. The lim 
iting factor with small wire is fragility. A good compro- 
mise is #24 or #26 magnet wire for spans up to 130 feet; 

ghter-gauge wire can be used for shorter spans, such as 
30 or 60 feet. The major threat to the longevity of fine 
wire is icing. Also, birds may fly into the wire and break 
it, Therefore, this style of antenna may require frequent 
service ог replacement, 

Fig 28 illustrates how you m 
Jed wire. It is important that the insulators also be 
lacking in prominence. Tiny Plexiglas blocks perform this 
function well. Small diameter clear plastic medical vials 
are suitable also, Some amateurs simply use rubber bands 
for end insulators, but they will deteriorate rapidly from 
sun and air pollutants. They are entirely adequate Гог 
short-term operation with an invisible antenna, however. 


ı install an invisible 


Rain Gutter and TV Antennas 


inconspicu- 

‘ous antennas. A very old technique is the use of the gutter 
4 downspout system on the building. This is shown i 

ig 29, where a lead wire is routed to the operating room 


jain gutters and TV antenna installations can 
be used as inconspicuous Amateur Radio antennas. 
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from one end of the gutter trough. We must assume that 
the wood to which the gutter is affixed is dry and of good 
quality to provide reasonable electrical insulation. The 
rain gutter antenna may perform quite poorly during wet 
weather or when there is ice and snow on it and the house 
roof. 

AU joints between gutter and downspout sections 
must be bonded electrically with straps of braid or flash- 
ing copper to provide good continuity in the system. Poor 
joints can permit rectification of RF and subsequently 
cause TVI and other harmonic interference. Also, it is 
prudent to insert a section of plastic downspout about 
$ feet above ground to prevent RF shocks or burns to 
passersby while the antenna is being used. Improved per- 
formance may result if you join the [ront and back gutters 
of the house with a jumper wire to increase the area of 
the antenna, 

Fig 29 also shows a TV ог FM antenna that can be 
employed as an invisible amateur antenna. Many of these 
antennas can be modified easily to accommodate the 144- 
or 222-MHz bands, thereby permitting the use of the 
300-0 line as a feeder system. Some FM antennas can be 
used on 6 meters by adding #10 bus wire extensions to 
the ends of the elements, and adjusting the match for an 
SWR of 1:1. If 300-2 line is used it will require a balun 
or antenna tuner to interface the line with the station. 
equipment 

For operation in the HF bands, the TV or FM antenna 
feeders can be tied together at the transmitter end of the 
span and the system treated as a random length wire. If 
this is done, the 300-0 line will have to be оп TV stand- 
off insulators and spaced well away from phone and power 
company service entrance lines. Naturally, the TV or FM 
radio must be disconnected from the system when it is 
used for amateur work! Similarly, masthead amplifiers 
and splitters must be removed from the Jine if the system 
is to be used for amateur operation. I the system is mostly 
vertical, а good RF ground system with many radials 
around the base of the house should be used to improve 
performance 

A very nice top-loaded vertical сап be made from а 
length of TV mast with a large TV antenna on the top. 
Radials can be placed on the roof or at ground level with 
the TV “feed line" acting as part of the vertical. There is 
эп extensive discussion of loaded verticals and radial sys- 
tems in Chapter 6, Low-Frequency Antennas. 


Flagpole Antennas 
We can exhibit our patriotism and have an invisible 
amateur antenna at the same time by disguising our 
‘antenna as shown in Fig 30. The vertical antenna isa wire 
that has been placed inside a plastic ог fiberglass pole, 
The flagpole antenna shown is structured for a single 
amateur band, and it is assumed that the height of the 
pole corresponds to a quarter wavelength for the chosen 
band. The radials and feed line can be buried in the ground 
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A m 


Fig 30—A flagpole antenna. 


as shown. In a practical installation, the sealed end of the 
coax cable would protrude slightly into the lower end of 
the plastic pole, 

If a large-diameter fiberglass pole were available, а 
multiband trap vertical may be concealed inside it. Or 
you might use a metal pole and bury a water-tight box at 
its base, containing fixed-tuned matching networks for 
the bands of interest. The networks could then be selected 
remotely by means of relays inside the box. A 30-foot 
Flagpole would provide good results in this kind of sys- 
tem, provided it was used in conjunction with a buried 
radial system. 

Still another technique is one that employs a wooden 
Flagpole. A small diameter wire cun be stapled to the pole 
and routed to the coax feeder or matching network. The 
halyard could by itself constitute the antenna wire if it 
were made from heavy-duty insulated hookup wire. There 
are countless variations for this type of antenna, and they 
эге limited only by the imagination of the amateur. 


Other Invisible Antennas 

Some amateurs have used the metal fence оп apart- 
ment verandas as antennas, and have had good results on 
the upper HF bands (14, 21 and 28 MHz). We must pro- 
sume that the fences were not connected to the steel 
framework of the building, but rather were insulated by 
the conerete floor to which they were affixed. These ve- 
tandah fences have also been used effectively as ground 
systems (counterpoises) for HF-band vertical antennas 
putin place temporarily after dark. 

Опе amateur in New York City uses the fire escape 
‘on his apartment building as a 7-MHz antenna, and he 
reports good success working DX stations with it. Another 


apartment dweller makes use of the aluminum frame on. 
his living room picture window as an antenna for 21 and 
28 MHz. He works it against the metal conductors of the 
baseboard heater in the same room. 

Many jokes have been told over the years about hed- 
spring antennas. The idea is by no means absurd. Bed- 
springs and metal end boards have been used to advantage 
as antennas by many apartment dwellers as 14, 21 and. 
28 MHZ radiators. A counterpoise ground can be routed 
along the baseboard of the room and used in combina- 
tion with the bedspring. It is important to remember that 
any independent (insulated) metal object of reasonable 
size can serve as an antenna if the transmitter can be 


matched to it, An amateur in Detroit once used his 
Shopsmith craft machine (about 5 feet tall) as a 28 MHZ 
antenna. He worked a number of DX stations with it when. 
band conditions were good. 

A number of operators have used metal curtain rods 
and window screens for VHF work, and found them to 
be acceptable for local communications. Best results with 
any of these makeshift antennas will be had when the 
“antennas” are kept well away from house wiring and 
other conductive objects 


INDOOR ANTENNAS 


Without question, the best place for your antenna is 
outdoors, and as high and in the clear as possible. Some 
of us, however, for legal, social, neighborhood, family or 
landlord reasons, are restricted to indoor antennas. Hav- 
ing to settle for an indoor antenna is certainly a handicap 
for the amateur seeking effective radio communication, 
but that is not enough reason to abandon all operation in 
despair 

First, we should be aware of the reasons why indoor 
antennas do not work well. Principal faults are: 


+ Low height above ground—the antenna cannot be 
placed higher than the highest peak of the roof, a point 
usually low in terms of wavelength at HE 

+ The antenna must function in a lossy RF environment 
involving close coupling to electrical wiring, gutter- 
ing, plumbing and other parasitic conductors, besides. 
dielectric losses in such nonconductors as wood, plas- 
ler and masonry 

+ Sometimes the antenna must be made small in terms 
of a wavelength 

© Usually it cannot be rotate. 

These are appreciable handicaps. Nevertheless, glo- 
bal communication with an indoor antenna is still pos- 
sible, although you must be sure that you are not exposing 
anyone in your family or nearby neighbors to excessive 
radiation. See Chapter 1, Safety, in this book. 

Some practical points in favor of the indoor antenna 
include: 


+ Freedom from weathering effects and damage caused 
by wind, ice, ain and sunlight (the SWR of an attic 


antenna, however, can be affected somewhat by a wet 
ог snow-covered roof) 

+ Indoor antennas can be made from materials that would 
be altogether impractical outdoors, such as aluminum 
foil and thread (the antenna need support only its own 
weight) 

+ The supporting structure is already in place, eliminat- 
ing the need for antenna masts. 

+ The antenna is readily accessible in all weather condi- 
tions, simplifying pruning or tuning, which can be 
accomplished without climbing or tilling over a tower. 


Empiricism 

A typical house or apartment presents such a com- 
plex electromagnetic environment that it is impossible to 
predict theoretically which location or orientation of the 
indoor antenna will work best. This is where good old 
fashioned cut-and-try, use-what-works-best empiricism 
pays off. But to properly determine what really is most 
suitable requires an understanding of some antenna mea- 
suring fundamentals, 

Unfortunately, many 
evaluate performance scientifically or compare one antenna 
with another. Typically, they will put up one antenna and 
try it out on the air to see how it “gets out” in comparison 
with a previous antenna. This is obviously a very poor 
evaluation method because there is no way to know if the 
better or worse reports are caused by changing band con- 
ditions, different S-meter characteristics or any of several 
other factors that could influence the reports received, 

Many times the difference between Iwo antennas or 
between two different locations for identical antennas 
amounts to only a few decibels, a difference that is hard 
to discern unless instantaneous switching between the two 
is possible. Those few decibels are not important under 
strong signal conditions, of course, but when the going 
gets rough, as is often the case with an indoor antenna, a 
few dB can make the difference between solid copy and 
no possibility of real communication. 

Very litle in the way of test equipment is needed 
for casual antenna evaluation, other than a communica- 
tions receiver. You can even do a qualitative comparison 
by ear, if you can switch antennas instantaneously. Dif- 
ferences of less than 2 dB, however, are still hard to dis- 
cern. The same is true of S-meters. Signal strength 
differences of less than a decibel are usually difficult to 
see. Ifyou want to measure that last fraction of a decibel, 
you should use a good ac voltmeter at the receiver audio. 
‘output (with the AGC turned off 

In order to compare two antennas, switching the 
coaxial transmission line from one to the other is neces- 
sary. No elaborate coaxial switch is needed; even a simple 
double-throw toggle or slide switch will provide more 
than 40 dB of isolation at HF. See Fig 31. Switching by 
means of manually connecting and disconnecting coaxial 
lines is not recommended because that takes too long. 


nateurs do not know how to 
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Fig 31—When antennas are compared оп fading 
signals, the time delay involved in disconnecting and 
reconnecting coaxial cables is too long for accurate 
‘measurements. A simple slide switch will do well for 
Switching coaxial lines at HF. The four components can 
be mounted in a tin can or any small metal box. Leads. 
should be short and direct. J1 through J3 are coaxial 
connectors. 


Fading can cause signal-strength changes during the 
changeover interval 

Whatever difference shows up in the strength of the 
received signal will be the difference in performance 
between the two antennas in the direction of that signal. 
For this test to be valid, both antennas must have nearly 
the same feed-point impedance, a condition that is reason- 
ably well met if the SWR is below 2:1 on both antennas. 

Оп ionospheric propagated signals (sky wave) there 
will be constant fading, and for a valid comparison it will 
be necessary to take an average of the difference between. 
the two antennas. Occasionally, the inferior antenna will 
deliver a stronger signal to the receiver, but in the long. 
run the law of averages will put the better antenna ahead. 

ОГ course with a ground-wave signal, such as that 
from a station across town, there will be no fading prob- 
lems. A ground-wave signal will enable the operator to 
properly evaluate the antenna under test in the direction. 
of the source. The results will be valid for ionospheric- 
propagated signals at low elevation angles in that direc- 
tion. On 28 MHz, all sky-wave signals arrive and leave 
at low angles. But on the lower bands, particularly 3.5 
and 7 MHz, we often use signals propagated at high el- 
evation angles, almost up to the zenith. For these angles 
A ground-wave test between local stations may not pro- 
Vide a proper evaluation of the antenna, and use of sky 
wave signals becomes necessary. 


Dipoles 
AL HF the most practical indoor antenna is usually 

the dipole, Attempts to get more gain with parasitic ele- 
ments will usually fail because of close proximity to the 
round or coupling to house wiring. Beam antenna 
dimensions determined outdoors will not usually be valid 


for an attie antenna because the roof structure will cause 
dielectric loading of the parasitic elements. It is usually 
тоге worthwhile to spend time optimizing the location 
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and performance of a dipole than to try to improve results 
with parasitic elements. 

Most attics are not long enough to accommodate 
half-wave dipoles for 7 MHz and below. If this is the case, 
some folding of the dipole will be necessary. The final 
shape of the antenna will depend on the dimensions and 
configuration of the attic. Remember that the center of 
the dipole caries the most current and therefore does most 
‘of the radiating. This part should be as high and unfolded 
as possible, Because the dipole ends radiate less energy 
than the center, their orientation is not as important. They 
do carry the maximum voltage, nevertheless, so care 
should be taken to postion the ends far enough from other 
conductors to avoid arcing 

The dipole may end up being L-shaped, Z-shaped, 
U-shaped or some indescribable corkscrew shape, 
depending on what space is available, but reasonable per 
formance сап often be had even with such a non-straight 
arrangement, Fig 32 shows some possible coni 
Multiband operation is possible with the use of oper: une 
Feeders and an antenna tuner. 


One alternative not shown here is the aluminum-foil 
dipole, which was conceived by Rudy Stork, KASFSB. 
Не suggests mounting the dipole behind wallpaper or in 
the attic, with portability, ease of construction and 
adjustment, and economy in design among its desirable 
features. This antenna should also display reasonably 
good bandwidth resulting from the large area of its con- 
ductor material. If coaxial feed is used, some pruning of 
an attic antenna to establish minimum SWR at the band 
center will be required. Tuning the antenna outdoors and 
then installing it inside is usually not feasible since the 
behavior of the antenna will not be the same when placed 
in the attic. Resonance will be affected somewhat if the 


antenna is bent 

Even if the antenna is placed in a straight line, para- 
sitic conductors and dielectric loading by nearby wood 
structures can affect the impedance. Trap and loaded 
dipoles are shorter than the full-sized versions, but are 
comparable performers. Trap dipoles are discussed й 
Chapter 7, Multiband Antennas, and loaded dipoles in 
Chapter 6, Low-Frequency Antennas. 


Dipole Orientation 
Theoretically a vertical dipole is most effective at 
low radiation angles, but practical experience shows that 
the horizontal dipole is usually a better indoor antenna. 
A high horizontal dipole does exhibit directional effects 
at low radiation angles, but you will not be likely to see 
much, if any, directivity with an atic-mounted dipole. 
‘Some operators place two dipoles at right angles to each 
‘other with provisions at the operating position for switch- 
ing between the two. Their reasoning isthe radiation pat- 
terns will inevitably be distorted in an unpredictable 
manner by nearby parasitic conductors. There will be litle 
coupling between the dipoles if they are oriented a ri 


P PER A 


Fig 32—Various configurations for small indoor antennas. Seo text for discussion. 
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angles to each other as shown in Figs 33A and 338. There 
will be some coupling with the arrangement shown i 


Fig 33C, but even this orientation is preferable to a single 


dipole. 
With two an 


imas mounted 90° apart, you may Find 
dipole is consistently better in nearly all direc- 
tions, in which case you will want to remove the inferior 
dipole, perhaps placing it someplace else. In this manner 
the best spots in the house or attic can be determined 
experimentally 


that on 


Parasitic Conductors 
Inevitably, any conductor in your house near а quar- 
ter wave in length or longer at the operating frequency 
will be parasitically coupled to your antenna. The word 
parasitic is particularly appropriate in this case because 
these conductors usually introduce losses and leave less 
energy for radiation into space. Unlike the parasitic ele- 
ments in a beam antenna, conductors such as house wir- 
1g and plumbing are usually connected to lossy objects 
such as earth, electrical appliances, masonry or other 
objects that dissipate energy. Even where this energy is 
seradiated, it is not likely to be in the right phase in the 
desired direction; it is, in fact, likely to be a source of 
REL 


Fig 33—Ways to orient a pair of perpendicular dipoles. 
The orientation at A and B will result їп no mutual 
coupling between the two dipoles, but there will be 
‘some coupling in the configuration shown at C. End 
(El) and center (CI) insulators are shown. 
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There are, however, some things that сап be done 
about parasitic conductors. The most obvious is to reroute 
them at right angles to the antenna or close to the ground, 
or even underground procedures that are usually not 
feasible in a finished home. Where these conductors can- 
not be rerouted, other measures can be taken. Electrical 
ing can be broken up with RF chokes to prevent the 
flow of radio-frequency currents while permitting 60-Hz 


current (or audio, in the case of telephone wires) to flow 
unimpeded. A typical RF choke for a power line can be 
100 turns of #10 insulated wire close wound on a length 
of L-inch diameter plastic pipe. OF course one choke will 
be needed for each conductor. A three-wire line calls for 
three chokes. The chokes can be simplified by winding 
them bifilar or wifilar on a single coil form, 


THE RESONANT BREAKER 


Obviously, RF chokes cannot be used on conduc- 
tors such as metal conduit or water pipes. But it is still 
possible, surprising as it may seem, to obstruct RF cur- 
rents on such conductors without breaking the metal. The 
resonant breaker was first described by Fred Brown, 
W6HPH, in Oct 1979 057. 


y „ 


Fig 34—A "resonant breaker" such as shown here can 
be used to obstruct radio-frequency currents in a 
conductor without the need to break the conduclor 
physically. A vernier dial is recommended for use with 
the variabile capacitor because tuning is quite sharp. 
The 100-pF capacitor is in serios with the loop. This 
resonant breaker tunes from 14 through 29.7 MHz. 
Larger models may be constructed for the lower 
frequency bands. 
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Fig 34 shows a method of accomplishing this. A fig- 
ure-cight loop is inductively coupled to the parasitic con- 
ductor and is resonated to the desired frequency with a 
variable capacitor. The result is a very high impedance 
induced in series with the pipe, conduit or wire. This 
impedance will block the flow of radio-frequency сш 
rents, The figure-eight coil can be thought of as two turns 
of an air-core toroid and since the parasitic conductor 
threads through the hole of this core, there will be tight 
coupling between the two. Inasmuch as the figure-eight 
coil is parallel resonated, transformer action will reflect 
a high impedance in series with the linear conductor 

Before you bother with a resonant breaker of this 
type, be sure that there is a significant amount of RF cur- 
rent flowing in the parasitic conductor, and that you will 
therefore benefit from installing one. The relative mag- 
nitude of this current can be determined with an RF cu 
rent probe of the type described in Chapter 27, Antenna 
and Transmission-Line Measurements. According to the 
тше of thumb regarding parasitic conductor current, if it 
measures less than '/w of that measured near the center 
оГ the dipole, the parasitic current is generally not large 
enough to be of concern, 

The current probe is also needed for resonating the 
breaker after itis installed. Normally, the resonant breaker 
will be placed on the parasitic conductor near the point 
of maximum current. When it is tuned through resonance, 
there will be a sharp dip in RF current, as indicated by 
the current probe. Of course, the resonant breaker will be 
effective only on one band. You will need one for each 
band where there is significant current indicated by the 
probe. 


Power-Handling Capability 

So far, our discussion have not considered the full 
power-handling capability of an indoor antenna. Any ten- 
dency to flash over must be determined by running full 
power or, preferably, somewhat more than the peak power 
You intend to use in regular operation. The antenna should 
be carefully checked for arcing or RF heating before you 
do any operating. Bear in mind that attics are indeed vul- 
merable to fire hazards. A potential of several hundred 
volts exists at the ends of a dipole fed by the typical 
Amateur Radio transmitter. If a power amplifier is used, 
there could be a few thousand volts at the ends of the 
dipole. Keep your antenna elements well away from other 
objects. Safely first! 


Construction Details and Practical Considerations 


Ultimately the success of an antenna project depends 
‘on the details of how the antenna is fabricated. A great 
deal of construction information is given in other chap- 
ters of this book. For example the construction of HE 
Yagis is discussed in Chapter 11, Quad arrays in Chapter 
12, УНЕ antennas in Chapter 18, and in Chapter 20 there 
is am excellent discussion of antenna materials, particu- 
larly wire and tubing for elements, Here is still more help- 
ful antenna construction information 


END EFFECT 


Ifthe standard expression 3/2 = 491.8/f (MHz) is used 
forthe length of a 1/2 wire antenna, the antenna will reso- 
male at a somewhat lower frequency than is desired. The 
reason is that in addition to the effect of the conductor 
diameter and ground effects (Chapter 3, The Effects of 
Ground) an additional "loading" effect is caused by the 
insulators used at the ends of the wires to support the 
antenna. The insulators and the wire loops that tie the 
insulators to the antenna add a small amount of capaci- 
lance to the system. This capacitance helps to tune the 
antenna to a slightly lower frequency, in much the same 
way that additional capacitance in any tuned circuit low- 
crs the resonant frequency. In an antenna this is called end 
effect. The current at the ends of the antenna does not quite 
reach zero because of the end effect, as there is some cur- 
sent flowing into the end capacitance. Note that the com- 
pulations used to create Figs 2 through 7 in Chapter 2 
Antenna Fundamentals, did not take into account any end. 
effect. 

End effect increases with frequency and varies 
slightly with different installations. However, at frequen- 
cies up to 30 MHz (the frequency range over which wire 
antennas are most commonly used), experience shows that 
the length of a practical У/2 antenna, including the effect 
of diameter and end effect, is on the order of 5% less 
than the length of a half wave in space. As an average, 
then, the physical length of a resonant 2/2 wire antenna 
can be found from: 


4918x095 — 468 
rom Cra a) 

Eq 1 is reasonably accurate for finding the physical 
length of «2/2 antenna for a given frequency, but does not 
apply to antennas longer than a half wave in length. In the 
practical case, if the antenna length must be adjusted to 
exact frequency (not all antenna systems require it) the 
length should be “pruned” to resonance. Note that the use 
‘of plastic-insulated wire will typically lower the resonant. 
frequency of a half-wave dipole about 3%. 


INSULATORS 


Wire antennas must be insulated at the ends. Com- 


Fig 35—Some ideas for homemade antenna insulators. 


mercially available insulators are made from ceramic 
glass or plastic. Insulators are available from many Ama- 
teur Radio dealers. RadioShack and local hardware stores 
are other possible sources. Acceptable homemade insu- 
lators may be fashioned from a variety of material 
including (but not limited to) acrylic sheet or rod, PVC 
tubing, wood, fiberglass rod or even stiff plastic from a 
discarded container. Fig 35 shows some homemade 
insulators. Ceramic or glass insulators will usually outlast 
the wire, so they are highly recommended for a safe, 
reliable, permanent installation. Other materials may tear 
under stress or break down in the presence of sunli 
Many types of plastic do not weather well 


INSTALLING TRANSMISSION LINES 

алу wire antennas require an insulator atthe feed 
point. Although there are many ways to connect the feed 
line, there are a few things 10 keep in mind. If you feed 
Your antenna with coaxial cable, you have two choices. 
You can install an SO-239 connector on the center insu- 


Fig 36—Some homemade dipole center insulators. The 
‘one in the center includes а bulltin 80-239 connector. 
Others are designed for direct connection to the feed 
line. 
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Fig 37—Detalls of dipole antenna construction. At A, the end insulator connection is shown. At B, the comple 


antenna is shown. A balun (not shown) is often used at the feed point, since this is a balanced antenna. 


lator, as shown by the center example in Fig 36, and use 
а PL-259 on the end of your coax, or you can separate 
the center conductor from the braid and connect the feed 
line directly to the antenna wire as shown in the other 
two examples in Fig 36 and the example in Fig 37. 
Although it costs less to connect direct, the use of con. 
rectors offers several advantages. Coaxial cable braid 
soaks up water ike a spong 

proofed. If you do not adequately seal the antenna end of 
the feed line, water will find its way into the braid. Water 


unless it is very well water 


in the feed line will lead to contaminatio 
coax useless long before its normal lifetime is up. Many 
hams waterproof the coax, fist with vinyl electrical tape, 
and then using a paint-on material called “PlastiDip.” 
which is sold by RadioShack (part number 910-5166 for 
the white varity) 

tis not uncommon for water to drip from the end of 
the coax inside the shack after a year or so of service if 
the antenna connection is not properly waterproofed. Use 
of a PL-259/80-239 combination (or connector of your 
choice) makes the task of waterproofing connections 
much easier. Another advantage to using the PL-259/ 


rendering the 


0-239 combination is that eed-line replacement is much 
easier, should that become necessary. 

Whether you use coaxial cable, ladder line, or twin 

‘an often overlooked consider: 


lead to feed your anten 


ation is the mechanical strength of the connection, Wire 


‘antennas and feed lines tend to move a lot in the breeze, and 
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(to ough hobs) 


Fig 38—A piece of cut Plexiglas can be used as a 
center insulator and to support a ladder-line feeder 

‘The Plexiglas acts to reduce the flexing of the wires 
where they connect to the antenna, Use thick Plexiglas 
in areas subject to high winds. 


unless the Fed line is attached securely the connection will 
weaken with time. The resulting failure can range from a 
frustrating intermittent electrical connection to a complete 
separation of feed line and antenna. Fig 37 and Fig 38 illus- 
trate different ways of attaching either coax or ladder line to 
the antenna securely. 

When open-wire feed line is used, the conductors 
‘of the line should be anchored to the insulator by thread- 
ing them through the eyes of the insulator two or three 
times, and twisting the wire back on itself before solder- 
ing. A slack tie wire should then be used between the 
feeder conductor and the antenna, as shown in Fig 38. 
(The tie wires may be extensions of the line conductors 
themselves.) When window-type line is suspended from 
эп antenna in a manner such as that shown in Fig 38, the 
line should be twisted —at several twists per foot to pro- 
vent stress hardening of the wire because of constant flex- 
ing in the wind 

"When using plastic-insulated open-wire line, the ten- 
dency of the line to twist and short ош close to the antenna 
сап be counteracted by making the center insulator of 
the antenna longer than the spacing of the line, as shown 

38. In severe wind areas, it may be necessary to 

use 44-inch thick Plexiglas for the center insulator rather 
than thinner material 


RUNNING THE FEED LINE FROM THE 
ANTENNA TO THE STATION 

Chapter 24, Transmission Lines, contains some gen- 
eral guidelines for installing feed lines. More detailed 
information is contained in this section. Whenever pos- 
sible, the transmission line should be lead away from the 
antenna at a 90° angle to minimize coupling from the 
antenna to the transmission line. This coupling can cause 
unequal currents on the transmission line, which will hen 
radiate and it сап дешпе the antenna, 

[Except for the portion of the line in close proximity 
to the antenna, coaxial cable requires no particular care 
in running from the antenna to the station entrance, other 
than protection from mechanical damage. If the antenna 
is not supported at the center, the line should be fastened 
1o a post more than head high located under the center of 
the antenna, allowing enough slack between the post and 
the antenna to take care of any movement of the antenna 
in the wind. If the antenna feed point is supported by а 
tower or mast, the cable can be taped to the mast at inter- 
vals or to one leg of the tower. 

Coaxial cable rated for direct burial can be buried а 


few inches in the ground to make the run from the antenna 
to the station. A deep slit can be cut by pushing a square- 
end spade full depth into the ground and moving the 
handle back and forth to widen the slit before removing. 
the spade. After the cable has been pushed into the slit 
with a piece of I-inch board 3 or 4 inches wide, the slit 
сап be tamped closed. Many hams run coax cables through. 
PVC pipe buried in the ground deeper than the frost line 


Fig 39—A support for open-wire line. The support at 
the antenna end of the line must be sufficiently rigid to 
‘stand the tension of the ine. 


and slanted downwards slightly so that water will drain, 
rather than pooling inside the length of the pipe. 

Solid ribbon or the newer window types of line 
should be kept reasonably well spaced from other con- 
ductors running parallel to it for more than a few feel. 
TV-type standoff insulators with strap clamp mountings 
сап be used for running this type of line down a mast or 
tower leg. Similar insulators of the serew-in type can be 
used in supporting the line on wooden poles for a long 

Open wire lines with bare conductors require fre- 
quent supports to keep the lines from twisting and short- 
ing out, as well as to relieve the mechanical strain. One 
method of supporting a long horizontal run of heavy open- 
wire line is shown in Fig 39. The line must be anchored 
securely at a point under the feed point of the antenna. 
Window-type line can be supported similarly with wire 
links fastened to the insulators or with black cable ties 
(ones not affected by UV radiation from the sun) 

‘To keep the line clear of pedestrians and vehicles, it is 
usually desirable to anchor the feed line at the eaves or rafter 
line of the station building (see Fig 40), and then drop it 
vertically tothe point of entrance. The points of anchorage 
and entrance should be chosen to permit the vertical drop 
without crossing windows for aesthetic reasons, 


Ifthe station is located in а room on the ground floor, 
опе way of bringing coax transmission line 

is to go through the outside wall below floor level, feed it 
through the basement or craw space and then up to the 
station through a hole in the floor. When making the 
entrance hole in the side of the building, suitable mea- 
surements should be made in advance to be sure the hole 


tothe house 


will go through the sill 2 or 3 inches above the founda- 
tion line (and between joists if the bore is parallel to the 
joists). The line should be allowed to sag below the 
entrance hole level outside the building to allow rain water 
to drip off 

Open-wire line can be fed in a similar manner, 
although it will require a separate hole for each conduc- 
tor. Each hole should be insulated with a length of poly- 
styrene or Lucite tubing. If available, ceramic tubes 
salvaged from old-fashioned knob and tube electrical 
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Fig 40—Anchoring open-wire line at the station end. The 
Springs aro especially desirable if the line is not 


Supported between the antenna and the anchoring point. 


installations, work very well for this purpose. Drill the 
holes with a slight downward slant toward the outside of 
the building to prevent rain seepage. With window lad. 
der line, it will be necessary to remove a few of the 
spreader insulators, cut the line before passing through 
the holes (allowing enough length to reach the inside) 
and splice th 


remainder on the inside 


Fig 42—Foedthrough connector for coax line. An 
‘Amphenol 83-1J (PL-258) connector, the type used to 
splice sections of coax line together, is soldered Into а 
hole cut in a brass mounting flange. An Amphenol 
bulkhead adapter 83-1F may be used Instead. 
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Fig 41—An adjustable window lead-in panel made up of 
two sheets of Lucite or Plexiglas. A feedthrough 
‘connector for coax line can be made as shown In Fig 28. 
Ceramic feedthrough insulators are suitable for oper 
wire line. (WIRVE) 


wu 
is other objection to the procedure described above, 
entrance can be made at a window, using the arrange 
ment shown in Fig 41. An Amphenol type 83-1F 
(UG-363) connector can be used as shown in Fig 42: 
ceramic feedthrough insulators can be used for open-wire 
line. Ribbon line can be run through clearance holes in 
the panel, and secured by a winding of tape on either 
side of the panel, or by cutting the retaining rings and 
insulators from a pair of TV standoff insulators and 
clamping one on each side of the panel. 


LIGHTNING PROTECTION 


‘Two or three types of lightning arresters for coaxial 
cable are available on the market. If be antenna feed point 
is at lhe top of a well-grounded tower, the arrester can be 
fastened securely to the top of the tower for groundin 

purposes. A short length of cable, terminated in a coaxial 
plug, is then run from the antenna feed point to one 
receptacle of the arrester, while the transmission line is 
sun from the other arrester receptacle to the station. Such 
arresters may also be placed at the entrance point to the 
station, ifa suitable ground connection is available at that 
point (or arresters may be placed at both points for added 


е station is located above ground level, or if there 


Fig 43—A simple lightning arrester for open-wiro ino 
made from three standoff or feedthrough insulators 
and sections of Ye x Veinch brass or copper strap. It 
‘should be installed in the line at the point where the 
line enters the station. The heavy ground lead should 
be as short and as direct as possible. The gap setting 
‘should be adjusted to the minimum width that will 
prohibit arcing when the transmitter is operated. 


The construction of а homemade ап 


ster for open- 
wire line is shown in Fig 43. This type of arrester can be 
adapted to ribbon line an inch or so away from the center 
member of the arrester, as shown in Fig 44. Sufficient 
insulation should be removed from the line where it 
crosses the arrester to permit soldering the arrester con- 
necting leads. 


Lightning Grounds 

Lightning-ground connecting leads should be of 
conductor size equivalent to at least #10 wire. The #8 
aluminum wire used for TV-antenna grounds is satisfac- 
tory. Copper braid «inch wide (Belden 8662-10) is also 
suitable, The conductor should run in a straight line to 
the grounding point. The ground connection may be made 
o a water pipe system (if the pipe is not plastic), the 
grounded metal frame of a building, or to one or more 
meh ground rods driven to a depth of at least 8 feet. 
More detailed information on lightning protection is con- 
tained in Chapter 1, Safety. 

A central grounding panel for coax cables coming 
into the house is highly recommended. See Fig 45 for a 
photo of the homemade grounding panel installed by 
Chuck Hutchinson, KSCH, at his Michigan home. The 
coax cables screwed into dual-female feed-through UHF 
connectors. KSCH installed this aluminum panel under 
the outside grill for a duct that provided combustion air 
to an unused fireplace. He used ground strap to connect 
to ground rods located under the panel. See the ARRL 


Fig 44—The lightning 
with 300-0 ribbon line in 


TV standoffs support the line an inch or so away from 
the grounded center member of the arrester 


Fig 45—K&CH's coax entry panel mounted on exterior 
жай (later covered by grill that provides combustion to 
ап unused fireplace). The ground braid goes to a 
ground rod located beneath the panel. (Photo courtesy: 
Simple and Fun Antennas for Hams) 


book Simple and Fun Antennas for more information 
about ground panels. 

Before a lightning storm approaches, a prudent ham 
will disconnect all feed lines, rotor lines and control lines 
inside the shack to prevent damage to sensitive electron- 
ies. When lightning is crashing about outside, you cer 
tainly don’t want that lightning inside your shack! 
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Antennas 


A loop antenna is a closed-circuit ante 
is, one in which a conductor is formed into one or more 
turns so ils two ends are close together. Loops ean be 


divided into two general classes, those in which both 


the total conductor length and the maximum linear di- 
mension of a turn are very small compared with the 
wavelength, and those in which both the conductor 
length and the loop dimensions begin to be comparable 
with the wavelength, 

A "small" loop can be considered to be simply a rather 
large сой, and the current distribution in such a loop is the 
same as in a coil. That is, the current has the same phase 
and the same amplitude in every part of the loop. To meet 
this condition, the total length of conductor in the loop 
must not exceed about 0.1 А. Small loops are discussed 
later in this chapter, and further in Chapter 14, Direction. 


ге” loop is one in which the current is not the 
same either in amplitude or phase їп every part of the loop. 
"This change in current distribution gives rise to entirely 
different properties compared with a small loop. 


Half-Wave Loops 

The smallest size of "large" loop generally used is 
‘one having a conductor length of J A. The conductor is 
usually formed into a square, as shown in Fig 1, making 
each side ' A long. When fed at the center of one side, 
the current flows in a closed loop as shown in Fig 1A. 
The current distribution is approximately the same as on 
а\ A wire, and so is maximum at the center of the side 
‘opposite the terminals N. V. and minimum at the termi- 
nals themselves. This current distribution causes the field 
strength to be maximum in the plane of the loop and in 
the direction looking from the low-current side to the 
high-current side. 


the terminals is 


‘opened at the center as shown in Fi 
it is then no longer a loop because 
ion of current flow remains unchanged 


1B (strictly speaki 


т a closed 


is no lo 


circuit), the dire 


but the maximum current flow occurs at the terminals. This 
reverses the direction of maximum radiation 

The radiation resistance at a current antinode (which is 
1B) is on the order of 50 Q. 
"The impedance at the terminals in Fig ТА is a few thousand 


also the resistance at X-Y in Fi 


ohms. This can be reduced by using two identical loops side 
by side with a few inches spacing between them and apply- 
img power between terminal X on one loop and terminal Y on 
the other 

Unlike а 16 A dipole or а small loop, there is no direc- 
tion in which the radiation from a loop of the type shown 
Fig 1 is zero. There is appreciable radiation in the direction 
perpendicular to the plane of the loop. as well as to the "rea? — 
the opposite direction to the arrows shown. The front-o-back 
(F/B) ratio is approximately 4 to 6 dB. The small size and the 


shape of the directive pattem result in а loss of about 1 dB 
When the field strength in the optimum direction from such a 


“ e oer 


Fig 1—Half-uave loops, consisting of a single turn 
having a total length of "2 A. 
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loop is compared with the field from a Ys A dipole in its 
optimum direction. 

“The ratio of the forward radiation to the backward radia- 
tion can be increased, and the field strength likewise 
of about 1 dB over 
inductive reactances to "load" the sides 


increased at the same time to give а рай 
a dipole, by usi 

joining the front and back of the loop. This is shown in 
Fig 2. The reactances, which should have a value of 
approximately 360 Q, decrease the current in the sides in 
Which they are inserted and increase it in the side having 
terminals. This increases the directivity and thus increases 
the efficiency of the loop as a radiator. Lossy coils can re- 
duce this adi 


ge greatly. 


One-Wavelength Loops 

Loops in which the conductor length is 1 x have dif- 
ferent characteristics than'/ loops. Three forms of А 
loops are shown in Fig 3. AL A and B the sides of the 
squares are equal to Vs A, the difference being in the point 
at which the terminals are inserted, ALC the sides of the 
triangle are equal to % A. The relative direction of cur- 
rent flow is as shown in the drawings. This director 
reverses halfway around the perimeter of the loop, as such 
reversals always occur at the junction of each "4-2 sec- 
tion of wire, 

‘The directional characteristics of loops of this type 
are opposite in sense to those of a small loop. That is, the 
radiation is maximum perpendicular to the plane of the 
loop and is minimum in either direction in the plane con- 
taining the loop. If the three loops shown in Fig 3 are 
mounted in a vertical plane with the terminals at the bot- 
tom, the radiation is horizontally polarized. When the 
terminals are moved to the center of one vertical side i 
Fig 3A, or toa side corner in В, the radiation is vertically 
polarized. Ifthe terminals are moved to a side corner i 
C, the polarization will be diagonal, containing both ver- 
tical and horizontal components. 

In contrast to straight-wire antennas, the electrical 
length of the circumference of a 1-A loop is shorter than 
the actual length. For a loop made of bare #18 wire and 
operating at a frequency of 14 MHz, where the ratio of 
conductor length to wire diameter is large, the loop will 
ве close to resonance when 


1032 


Length = 


The radiation resistance of a resonant 1 А loop is 
approximately 120 Q, under these conditions. Si 
loop dimensions are larger than those of a ' 
the radiation efficiency is high. 
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Fig 2—inductive loading in the sides of a I-A loop to 
increase the directivity and gain. Maximum radiation or 
response is in the plane of the loop, in the direction 
‘shown by the arrow. 


Fig 3—At A and B, loops having sides "4 long, and at 
C having sides "X long (total conductor length 1 3). 
The polarization depends on the orientation of the loop 
and on the position of the feed point (terminals X-Y) 
around the perimeter of the loop. 


In the direction of maximum radiation (that is, broad- 
side to the plane of the loop, regardless of the point at 
Which it is fed) the 1-2 loop will show a small gain over 
а >}, dipole. Theoretically, this gain is about 1 dB, and 
measurements have confirmed that it is of this order 

The 1-4 loop is more frequently used as an element 
of a directive antenna array (the quad and delta-loop 
antennas described in Chapter 12, Quad Arrays) thar 

although there is no reason why it cannot be used 

alone. In the quad and delta loop, it is nearly always drive 
so that the polarization is horizontal 


Small Loop Antennas 


‘The electrically small loop antenna has existed in vari- 
‘ous forms for many years. Probably the most familiar form 
‘of this antenna is the ferrite loopstick found in portable AM 
broadcast-band receivers. Amateur applications of the small 
loop include direction finding, low-noise directional receiv- 
ing antennas for 1.8 and 3.5 MHz, and small i 

antennas, Because the design of transmittn 
loops requires some different considerations, the two situa- 
tions are examined separately in this section. This informa- 

» by Domenic M. Mallozzi, NIDM. 


The Basic Loop. 
What is and what is not a small loop 
definition, the loop is considered to be electrically small 
when its total conductor length is less than 0.1 2—0.085 
is the number used in this section. This size is based on 
the fact that the current around the perimeter of the loop 
must be in phase. When the winding conductor is more 
than about 0.085 A long, this is no longer true. This con- 
straint results in a very predictable figure-eight radiation 
patter, shown in Fig 4. 

"The simplest loop is а I-turn untuned loop with a 
load connected to а pair of terminals located in the cen- 
ter of one of the sides, as shown in Fig S. How its pattern 
is developed is easily pictured if we look at some "stap- 
shots" of the antenna relative to a signal source. Fig 6 
represents a loop from above, and shows the i 
neous radiated voltage wave. Note that points A and B of 
the loop are receiving the same instantaneous voltage, 
‘This means that no current will flow through the loop, 
because there is no current flow between points of equal 
potential. A similar analysis of Fig 7, with the loop turned 
90" from the position represented in Fig 6, shows that 


Fig 4—Calculated small loop antenna radiation pattern. 


this position ofthe loop provides maximum response. ОГ 
course, the voltage derived from the passing wave is small 
because ofthe small physical size ofthe loop. Fig 4 shows 
the ideal radiation pattern for a small loop. 

The voltage across the loop terminals is given by 


22A N E cos 0 


Eq) 


«акар across the loop terminals 
A = area of loop in square meters 
number of tums in the loop 
F field strength in volts per meter 
gle between the plane of the loop ar 
source (transmitting station) 
savelength of operation in meters 


the signal 


Fig 5—Simple untuned small loop antenna 


Fig 6—Example of orientation of loop antenna that does 
not respond to a signal source (null in pattern). 
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Fig 7—Example of orientation of loop antenna for 
maximum response, 


‘This equation comes from a term called effective height. 
‘The effective height refers to the height (length) of a verti- 
cal piece of wire above ground that would deliver the same 
voltage to the receiver. The equation for effective height is 


ŽENA 


(E42) 


where his in meters and the other terms are as for Eg 1. 

A few minutes with a calculator will show that, with 
the constraints previously stated, the loop antenna will have 
а very small effective height. This means it will deliver a 
relatively small voltage to the receiver, even with a large 
transmitted signal 


TUNED LOOPS 


We can tune the loop by placing a capacitor across the 
antenna terminals, This causes a larger voltage to appear 
across the loop terminals because of the © of the parallel 
resonant circuit that is formed. 
The voltage across the loop terminals is now given by 
жанры ка 
where Q is the loaded © of the tuned circuit, and the other 
terms are as defined above. 

Most amateur loops are of the tuned variety. For his 

all comments that follow are based on tuned-loop 

antennas, consisting of one or more tums. The tuned-loop 
antenna has some particular advantages. For example, it puts 
high selectivity up at the "front" of a receiving system, where 
it can significantly help factors such as dynamic range. 
Loaded Q values of 100 or greater are easy to obtain with 
careful loop construction 

‘Consider a situation where the inherent selectivity 
of the loop is helpful. Assume we have a loop with a Q 
of 100 at 1.805 MHz. We are working a DX station on 
1.805 MHZ and are suffering strong interference from a 
local station 10 KHz away. Switching from a dipole to a 
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small loop will reduce the strength of the off-Frequeney 
nal by 6 dB (approximately one S unit). This, in effect, in- 
creases the dynamic range of the receiver. In fact, if the 
ff frequency station were further off frequency, the auen. 
ation would be greater. 

Another way the loop can help is by using the nulls 
in its pattern to null out on-frequency (or slightly off- 
frequency) interference. For example, say we are work- 
ing a DX station to the north, and just 1 KHz away is 
another local station engaged in a contact, The local sta- 
tion is to our west, We can simply rotate our loop to put 
its null to the west, and now the DX station should be 
readable while the local will be knocked down by 60 or 
more dB. This obviously is quite a noticeable difference. 
Loop nulls are very sharp and are generally noticeable 
only on ground-wave signals (more on this later). 

ОГ course, this method of nulling will be effective 
only if the interfering station and the station being worked 
are not in the same direction (or in exact opposite direc- 
tions) from our location. If the two stations were on the 
same line from our location, both the station being worked 
and the undesired station would be nulled out. Luckily 
the nulls are very sharp, so as long as the stations are at 
least 10° off axis from each other, the loop null will be 


usable. 
A similar use of the nulli 


'apability is to elimi 
nate local noise interference, such as that from a light 
dimmer in a neighbor's house. Just put the null on the 
offending light dimmer, and the noise should disappear. 
Now that we have seen some possible uses of the 
small loop, let us look at a bit of detail about its desi 
First, the loop forms an ig à very small ra- 
tio of winding length to diameter. The equations for find- 
ing inductance given in most radio handbooks assume 
that the inductor coil is longer than its diameter. How- 
ever, T. W. Grover of the US National Bureau of Stan- 
dards has provided equations for inductors of common 
cross-sectional shapes and small length-to-diameter ra- 
tios. (See the Bibliography at the end of this chapter.) 
Grover's equations are shown in Table 1. Their use will 
yield relatively accurate numbers: results are easily 
Worked out with a scientific calculator or home computer 
The value of a tuning capacitor for a loop is easy to 
calculate from the standard resonance equations. The only 
matter to consider before calculati 
distributed capacitance of the loop winding. This capaci 
tance shows up between adjacent turns of the coil be- 
cause of their slight difference in potential, This causes 
each turn to appear as a charge plate, As with all other 
capacitances, the value of the distributed capacitance is 
based on the physical dimensions of the coil. An exact 
mathematical analysis of its value is a complex problem, 
A simple approximation is given by Medhurst (see Bibli- 
ography) as: 


inductor hav 


this is the value of 


D (E44) 


where 
C = distributed capacitance in pF 
Н = а constant related to the length-to-diameter ratio 
of the coil (Table 2 gives H values for length-o- 
diameter ratios used in loop antenna work.) 
D = diameter of the winding in em 


Medhurst's work was with coils of round cross 
section. For loops of square cross section the distributed 
capacitance is given by Bramslev (see Bibliography) as 


c= 60s (E45) 
where 

C = the distributed capacitance in pF 

S = the length of the side in meters 


If you convert the length in this equation to centime- 
ters, you will find Bramslev's equation gives results in the 
same order of magnitude as Medhurs's equation. 

"This distributed capacitance appears as if it were a 
capacitor across the loop terminals. Therefore, when deter- 
mining the value of the tuning capacitor, the distributed 
‘capacitance must be subtracted from the total capacitance 
required to resonate the loop. The distributed capacitance 
also determines the highest frequency at which a particular 
loop can be used, because it is the minimum capacitance 
obtainable. 


Electrostatically Shielded Loops 

Over the years, many loop antennas have incorporated 
an electrostatic shield. This shield generally takes the form 
‘of a tube around the winding, made of a conductive but non- 
magnetic material (such as copper or aluminum). Its pur- 
pose is to maintain loop balance with respect to ground, by 
forcing the capacitance between all portions of the loop and. 
ground to be identical, This is illustrated in Fig В. Itis neces- 
sary to maintain electrical loop balance to eliminate what is 
referred to as the antenna effect. When the antenna becomes 
unbalanced it appears to act partially as a small vertical 
antenna. This vertical patter gets superimposed on the ideal 
figure-eight patter, distorting the pattern and filling in he 
‘nulls. The type of pattern that results is shown in Fig 9. 

Adding the shield has the effect of somewhat reduc- 
ing the pickup of the loop, but this loss is generally off- 
set by the inerease in null depth of the loops. Proper 
balance of the loop antenna requires that the load on the 
loop also be balanced. This is usually accomplished by 
use of a balun transformer or a balanced input preampli- 
fier. One important point regarding the shield is that it 
cannot form a continuous electrical path around the loop. 
perimeter, or it will appear as a shorted coil tum. Usually 
the insulated break is located opposite the feed point to 
maintain symmetry. Another point to be considered is that 
the shield should be of a much larger diameter than the 
loop winding, or it will lower the Q of the loop. 

Various construction techniques have been used in 


Table 1 
Inductance Equations for Short Coils (Loop. 
Antennas) 


Triangle: 
L (pH) = 0.006N? s 
GE 15475N) ‚ 01348 (N+ ae 


ee pe) 0899 a 


Square: 


L(sH)-0.008N* s 
n žen 
(Near 


erste, 0202301 


М 


Hoxagon: 


L(uH)-0012N^s 


25№ олзав(м+1)/] 
[of e ossa, оа 


Octagon 
LluH)-0.016N* 


Е 


ois 
wa) N 


where 

number of turns 
ide length in cm 
= coil length in ст 


Note: In the case of single-turn coils, the diameter of the 
conductor should bo used for y 


Table 2 
Values of the Constant H for Distributed 
Capacitance 

Length to 

Diameter Ratio Н 

оло 0.96 

0.15 0.79 

ого 0.78 

0.25 ова 

030 0.60 

035 057 

040 054 

050 050 

1.00 046 
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Fig 8—At A, the loop is unbalanced by capacitance to 
lts surroundings. At B, the use of an electrostatic 
shield overcomes this effect. 


Aen 


Fig 9— Distortion in loop pattern resulting from antenna 
effect. 


making shielded loops. Gensille located his loop wind- 
ing inside aluminum conduit, while True constructed an 

winding. Others have 
used pieces of Hardli а loop, using the outer 
conductor as a shield. DeMaw used flexible coax with 
the shield broken at the center of the loop conductor in a 
multiturn loop for 1.8 MHz. Goldman uses another shield- 
ing method for broadcast receiver loops. His shield is in 
the form of a barrel made of hardware cloth, with the 
loop in its center. (See Bibliography for above references.) 
All these methods provide sufficient shielding to main- 
tain the balance. It is possible, as Nelson shows, to con- 
struct an unshielded loop with good nulls (60 dB or better) 
by paying great care to symmetry. 


Loop Q 


As previously mentioned, © is an important consider- 
ation in loop performance because it determines both the 
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loop bandwidth and its terminal voltage for a given field 
strength. The loaded Q of a loop is based on four major 
factors. These are (1) the intrinsic Q of the loop winding. 
(2) the effect of the load, (3) the effect of the electrostatic 
shield, and (4) the Q of the tuning capacitor. 

The major factor is the Q of the winding of the loop 
itself. The ac resistance of the conductor caused by skin 
effect is the major consideration. The ac resistance for cop- 
per conductors may be determined from 


0.996 x 10% Jr 
gu MESS Si 


(46) 
5 Eq 
where 

R = resistance in ohms per foot 

= frequency, Hz 

d = conductor diameter, inches 

The Q of the inductor is then easily determined by tak- 
ing the reactance of the it by the ac 


resistance. If you are using a 
fectionis, 

ductor proximity effect. This effect is described in detail 
later in this chapter, in the section on transmitting loops. 

Improvement in Q can be obtained in some cases by 
the use of Litz wire (short for Litzendraht). Litz wire con- 
sists of strands of individual insulated wires that are woven 
into bundles in such a manner that each conductor occupies 
‘each location in the bundle with equal frequency. Litz wire 
results in improved Q over solid or stranded wire of equiva- 
lent size, up to about 3 MHZ. 

Also, the Q of the tuned circuit of the loop ante 
is determined by the Q of the capacitors used to resonate 
it. In the case of air variables or dipped micas this is not 
usually a problem. But if variable-capacitance diodes are 
used to remotely tune the loop, pay particular attention 
to the manufacturer's specification for Q of the diode at 
the frequency of operation. The tuning diodes ean have a 

ficant effect on circuit Q. 

Now we consider the effect of load impedance on 
loop 0. In the сазе of a directly coupled loop (as in 
Fig 5), the load is connected directly across the loop ter- 
minal, causing it to be treated as a parallel resistance in 
а parallel-tuned RLC circuit. Obviously, if the load is of 
a low value, the © of the loop will be low. A simple way 
to correct this is to use a transformer to step up the load 
impedance that appears across the loop terminals. In fact, 
if we make this transformer a balun, it also allows us to 
use our unbalanced receivers with the loop ап 
loop symmetry. Another solution is to use what is referred 
to as an inductively coupled loop, such as DeMaw's four 
lum electrostatically shielded loop. А one-turn link is 
connected to the receiver. This turn is wound with the 
four-turn loop. In effect, this builds the transformer into 
the antenna. 

Another solution to the problem of load impedance on 
loop Q is to use an active preamplifier with a high imped- 


ишга loop and are а per- 
to include the los from con- 


ance balanced input and unbalanced output. This method 
also has the advantage of amplifying the low-level output 
voltage of the loop to where it can be used with a receiver of 
even mediocre sensitivity. In fact, the Q of the loop when 
used with a balanced preamplifier having high input imped- 
ance may be so high as to be unusable in certain applica- 
tions. An example of this situation would occur where a 
loop is being used to receive a 5 KHz wide AM signal at a 
Frequency where the bandwidth of the loop is only 1.5 KHz. 
In this case the detected audio might be very distorted. The 
solution to this is to put a Q-degrading resistor across the 
loop terminals. 


FERRITE-CORE LOOP ANTENNAS 


"The ferrite-core loop antenna is a special case of the 
aircore receiving loops considered up to now. Because of 
its use in every AM broadcast-band portable radio, the fer- 
rite-core loop is, by quantity, the most popular form of the 
loop antenna. But broadcast-band reception is far from its 
only use: it is commonly found in radio-direction-finding 
equipment and low-frequency-receiving systems (below 
500 kHz) for time and frequency standard systems. In 
recent years, design information on these types of antennas 
has been a bit sparse in the amateur literature, so the next 
few paragraphs are devoted to providing some details, 
Ferrite-loop antennas are characteristically very small 
‘compared to the frequency of use. For example, a3.5-MHz 
version may be in the range of 15 to 30 em long and about 
125 em in diameter. Earlier in this chapter, effective height 
was introduced as a measure of loop sensitivity. The effec- 
live height of an air-core loop antenna is given by Eq 2. 


Fig 10—At A, an ай-соге loop has no effect on nearby 
field lines. B illustrates the effect of a ferrite core оп 
nearby field lines. The field is altered by the reluctance 
of the ferite material. 


If an ай-соге loop is placed in а field, in essence it 
cuts the lines of Пих without disturbing them (Fig 10A). 
(On the other hand, when a ferite (magnetic) core is placed 
in the field, the nearby field lines are redirected into the 
loop (Fig 10B). This is because the reluctance of the fer- 
rite material is less than that of the surrounding air, 0 
the nearby flux lines tend to flow through the loop rather 
than passing it by. (Reluctance is the magnetic analogy 
of resistance, while flux is analogous to current.) The 
танса 


se is inversely proportional to the permeability 
of the rod core, Ha. (In some texts the rod permeability 
is referred to as effective permeability, р.а). This effect 
modifies the equation for effective height of a ferrite-core 
loop to 


2аМАны 


[77] 


in the loop. 

A = area of loop in square 
„a = permeability of the ferrite rod 

A wavelength of operation 


This obviously is а large increase in “collected” sig- 
nal. If the rod permeability were 90, this would be the same 
эз making the loop area 90 times larger with the same num- 
ber of tums. For example, a 1.25-cm diameter ferite-core 
loop would have an effective height equal to an air-core loop 
22.5 em in diameter (with the same number of turns). 

By now you might have noticed we have been very 


careful to refer to rod permeability. There is a very impor- 
tant reason for this. The permeability that a rod of ferrite 
exhibits is à combi 


шоп of the material permeability or 
и, the shape of the rod, and the dimensions of the rod. In 
ferrite rods, jı is sometimes referred to as initial pern 
ability, u, oF toroidal permeability, i. Because most. 
amateur ferrite loops are in the form of rods, we will dis- 
cuss only this shape. 

The reason that p is different from p isa very com- 
plex physies problem that is well beyond the scope of 
ibis book, For those interested in the details, books by 
Polydoroff and by Snelling cover this subject in consid- 
erable detail. (See Bibliography.) For our purposes a 
simple explanation will suffice. The rod is in fact not a 

rect director of Пих, as is illustrated in Fig 11. Note 
that some lines impinge on the sides of the core and also 
exit from the sides. These lines therefore would not pass 
through all the turns of the coil if it were wound from 
опе end of the core to the other. These flux lines are 
referred to as leakage flux, or sometimes as flux leakage. 

Leakage flux causes the Пих density in the core to be 
nonuniform along its length. From Fig 11 it can be seen that 
the flux has a maximum at the geometric center of the length 
of the core, and decreases as the ends of the core are 
‘approached. This causes some noticeable effects, As a short 
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coil is placed at different locations along 
inductance will change. The maximum inductance exists 
when the сой is centered on the rod, The Q of a short сой on 
along rod is greatest at the center. On the other hand, if you 
require a higher Q than this, it is recommended that you 
spread the coil turns along the whole length of the core, 
even though this will result in а lower value of inductance 


(The inductance can be increased to the original value by 
adding turns.) Fig 12 gives the relationship of sod perme- 
ability to material permeability for a variety of values. 

"The change in н over the length of the rod results in an 
adjustment ia the term u, 


those 


|, for its so called “free ends 


not covered by the winding). This adjustment factor is 
by 


fa 
Je 
WH hw (Eas) 
he corrected permeability 
the length of the core 
Ь = the length of he сой 
This value op’ should be used in place ofp, in Eq 7 


to obtain the most accurate value of effective height 

All these variables make the calculation of ferrite loop 
antenna inductance somewhat less accurate than for the air- 
core version. Th 


inductance of a ferte loop is given by 


ARN Аңы x10 
(E49) 
where 
L = inductance in uH 
N = number of turn 
А = cross-sectional area of the core in square mm 
/ = magnetic length of core in mm 


Experiments indicate that the winding diameter should 
be as close to that of the rod diameter as practical in order to 
maximize both inductance value and Q. By using all this 


minals and its signal-to-noise ratio (SNR). The voltage may 
be determined from 


2лАМКОЕ 
ا‎ (Eq 10) 
where 

V = output voltage across the loop terminals 


loop area in square meters 
N = number of turns in the loop winding 
sorected rod permeability 
loaded © ofthe loop 
hin volts per meter 
wavelength of operation in meters 


Lankford's equation for the sensitivity ofthe loop for 
a 10dB SNR is 
10) 10 уг 


ANH jo 


(а) 


where 


frequency in Hz 
luctance in henrys 
B = receiver bandwidth in Hz 


information, we may determine the voltige at the loop ter. Ž 
+ 


Fig 11—Example of magnetic field lines near a practical 
ferrite rod, showing leakage flux. 
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Fig 12—Rod permeability prog, versus material 
permeability, p, for different rod length-to-diameter 
Patios. 


Similarly, Belrose gives the SNR of a tuned loop 


S63NAng E [ОГ 
TT (Eq 12) 

From this, if the field strength E, pg b, and A are 
fixed, then Q or N must increase (or L decrease) to yield 
a better SNR. Higher sensitivity can also be obtained 
(especially at frequencies below 500 KHZ) by bunching 
ferrite cores together o increase the loop area over that 
which would be possible with a single od. High sensi 
tivity is important because loop antennas are not the most 
efficient collectors of signals, but they do offer improve- 
ment over other receiving antennas in terms of SNR. For 
this reason, you should attempt to maximize the SNR 
when using а small lop receiving antenna, In some cases 
there may be physical constraints that limi how large you 
can make a ferie-core loop. 

After working through Eq 11 or 12, you might find 
you still require some increase in antenna system gain to 
effectively use your loop. In these cases the addition of 
a low noise preamplifier may be quite valuable even 
on the lower frequency bands where they are not com- 
monly used. Chapter 14 contains information on such 
preamplifiers. 

"The electrostatic shield discussed earlier with refer- 
елсе to ай-соге loops can be used effectively with fer 
rite-core loops. (Construction examples are presented in 
Chapter 14.) As in the ай-соге loop a shield will reduce 
electrical noise and improve loop balance. 


SNR= 


PROPAGATION EFFECTS ON NULL 
DEPTH 


After building a balanced loop you may find it does 
not approach the theoretical performance inthe null depth 
‘This problem may result from propagation effects. Tilt 

ie the loop away from a vertical plane may improve per- 
formance under some propagation conditions, to account 
for the vertical angle of arrival. Basically, the loop per- 
forms as described above only when the signal is arriv- 

1g perpendicular to the axis of rotation of the loop. At 
incidence angles other than perpendicular, the position 
and depth of the nulls deteriorate 

‘The problem can be even further influenced by the 
fact that if the loop is situated over less than perfectly 
conductive ground, the wave front will appear to tilt or 
bend. (This bending is not always detrimental; in the case 
of Beverage antennas, sites are chosen to take advantage 
of this effect.) 

‘Another cause of apparent poor performance in the 
null depth can be from polarization error. If the polariza- 
tion of the signal is not completely linear, the nulls will 
not be sharp. In fact, for circularly polarized signals, the 
loop might appear to have almost no nulls. Propagation 
effects are discussed further in Chapter 14. 


SITING EFFECTS ON THE LOOP 


The locat 


of the loop has an influence оп its perfor- 
mance that at times may become quite noticeable, For ideal 
performance the loop should be located outdoors and clear 
of any large conductors, such as metallic downspouts and 
towers. A VLF loop, when mounted this way, will show 
‘good sharp nulls spaced 180° apart if the loop is well bal- 
anced. This is because the major propagation mode at VLF 
is by ground wave. At frequencies in the HF region, a sig- 
nificant portion of the signals is propagated by sky wave, 
and nulls are often only partial. 

Most hams locate their loop antennas near their 
‘operating position. If you choose to locate a small loop 
indoors, its performance may show nulls of less than the 
expected depth, and some skewing of the pattern. For 
precision direction finding there may be some errors 
associated with wiring, plumbing, and other metallic con- 
struction members in the building. Also, a strong local 
signal may be reradiated from the surrounding conduc- 
tors so that it cannot be nulled with any positioning of 
the loop. There appears to be no known method of curin 
this type of problem. All this should not discourage you 
from locating a loop indoors; this information is presented 
here only to give you an idea of some pitfalls, Many hams 
have reported excellent results with indoor mounted loops, 
in spite of some of the problems 

Locating a receiving loop in the field of a transmitting. 

‘may cause а large voltage to appear at the receiver 
terminals. This may be sufficient to destroy sensi 
live RF amplifier transistors or front-end protection diodes, 
This can be solved by disconnecting your loop from the 
receiver during transmit periods. This can obviously be done 
‘automatically with a relay that opens when the transmitter 
is activated. 


LOOP ANTENNA ARRAYS 


Arrays of loop antennas, both 
‘other and with other antenna types, have been used for many 
ears, The arrays are generally used to cure some “defi 
ciency” in the basic loop for a particular application, such 
as a 180° ambiguity in the null direction, low sensitivity, 
and so forth 


combination with each. 


For direction-finding applications the single loop suf- 
fers the problem of having two nulls that are 180" арап. 
"This leads to an ambiguity of 180° when trying to find the 
direction to a transmitting station from a given location. А 
sensing element (often called a sense antenna) may be added 
to the loop, causing the overal antenna to have а cardioid 
pattem and only one null. The sensing element is a small 
vertical antenna whose height is equal to or greater than the 
loop effective height. This vertical is physically close to the 
loop, and when is omnidirectional pattern is adjusted so 
"hot its amplitude and phase are equal to one of the loop. 
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lobes, the patterns combine to form a cardioid. This antenna. 
can be made quite compact by use of a ferrite loop to form 
а portable РЕ antenna for HF direction finding. Chapter 14 
contains additional information and construction projects 
using sensing elements 


Arrays of Loops 

А more advanced array that can develop more diverse 
patterns consists of two or more loops. Their outputs are 
‘combined through appropriate phasing lines and combiners 
to form а phased array. Two loops can also be formed into 
эп атау that can be rotated without physically turning the 
loops themselves. This method was developed by Bellini 
and Tosi in 1907 and performs this apparently contradic- 
tory feat by use of a special transformer called а gonion- 
eter. The goniometer is described in Chapter 14. 


"The aperiodic loop array is a wide-band antenna, This 
type of array is useful over atleast a decade of frequency, 
such as 210 20 MHz. Unlike most of the loops discussed up 
to now, the loop elements in an aperiodic array are untuned, 
Such arrays have been used commercially for many years 
‘One loop used in such ап array is shown in Fig 13. This 
loop is quite different from all the loops discussed so far in 
this chapter because its pattern is not the familiar figure eight. 
Rather, it is o " 


rien 


the ante 


i to appear as two closely spaced short mono- 
poles. The loop maintains the omnidirectional characteris- 
lies over a frequency range of at least four or five to one, 
These loops, when combined into end-fire or broadside 
phased arrays, can provide quite impressive perforn 

А commercially made end-fire array of this type consisting 
‘of four loops equally spaced along a 25-meter baseline can 
provide gains in excess of 5 dBi over a range of 2 to 
30 MHz. Over a considerable portion of this frequency ra 

the array can maintain F/B ratios of 10 dB. Even though the 
cial version is very expensive, an amateur version 
сап be constructed using the information provided by 
Lambert. One interesting feature of this type of array is that, 
with the proper combination of hybrids and combiners, the 
antenna can simultaneously feed two receivers with signals 
from different directions, as shown in Fig 14, This antenna 
may be especially interesting to one wanting a directional 
receiving array for two ог more adjacent amateur bands. 


SMALL TRANSMITTING LOOP 
ANTENNAS 


The electrically small transmitting-loop antenna 
involves some different design considerations compared to 
receiving loops. Unlike receiving loops, the size limitations 
‘of the antenna are not as clearly defined. For most purposes, 
any transmitting loop whose physical circumference is less 
than %4 2 can be considered “small.” In most cases, as a con- 
sequence of their relatively large size (when compared to a 
receiving loop), transmitting loops have a nonuniform cur- 
sent distribution along their circumference, This leads to 
some performance changes from a receiving loop. 

The transmitting loop is a parallel-tuned circuit with a 
large inductor acting as the radiator. As with the receiving 


v 


Ey E 


Fig 13—A single wide-band loop antenna used in an 
aperiodic array. 
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Fig 14—Block diagram of a four-loop broadside array 
with dual beams separated by 60° in azimuth. 


Table 3 
Transmit 


ing Loop Equations 


X, -2niLohms 
xX 
ARR 

NA 


ctio [MA] ams 
E 


where 
X, = Inductive reactance, ohms 
(eguoncy, Hz 
bandwidth, Hz 
radiation resistance, ohms 
s resistance, ohms (see text) 
number of turns 
area enclosed by loop, square meters 
wavelength at operating frequency, meters 
lage across capacitor 
P = power, watts 
k = resonant circulating current in loop 


the calculation of the transmátting-loop inductance may 
be carried out with the equations in Table 1. Avoid equation 
Tor long solenoids found in most texts. Other fundamental 
‘equations for transmitting loops are given in Table 3. 

In the March 1968 OST, Lew McCoy, Wich intro- 
duced the so-called “Army Loop" to radio amateurs, This 
was an amateur version of а loop designed for portable use 
in Southeast Asia by Paterson of the US Army and described 
in 1967. The Army Loop is diagrammed in Fig 15A, show- 
ing that this is a parallel tuned circuit fed by a tapped- 
capacitance impedunce-matching network. 

The Hart “high-efficiency” loop was introduced in the 
June 1986 OST by Ted Hart, WSQIR. It is shown schemati- 
cally in Fig 15B and has the series-luning capacitor sepa- 
rate from the matchi 
is basically a form of gamma match, Other designs have 
used a smaller loop connected to the transmission line to 
couple into the larger transmitting loop. 

The approximate radiation resistance of a loop in ohms 
is given by 


ny e no (М) 6918 


where 


N = number of turns 
A = area of loop in square meters 
A = wavelength of operation in meters 


Fig 15—At A, a simplified diagram of the Army Loop. At B, the WSQJR loop, which is described in moro detail later 


in this chapter. 


Loop Antennas 5-14 


‘The radiation resistance of a small transmitting loop is 
usually very small. For example, a l-meter diameter, 
tum circular loop has а radius of 0.5 meters and an enclosed 
area of m 0.52 = 0785 m. Operated at 14.0 MHz, the 
free-space wavelength is 21.4 meters and this leads to a com- 
puted radiation resistance of only 3.12% 104 (0.785/21 АЗ)? 
0092 0. 

Unfortunately the loop also has losses, both ohmic and 
from skin effect. By using this information, the radiation. 
efficiency of a loop can be calculated fror 


(Eq 14) 


n = antenna efficiency, ® 
R, = radiation resistance, O 
loss resistance, ©, which includes the loop's con- 
ductor loss plus the loss in the series-tuning capacitor 

A simple ratio of Ry versus Ry shows the effects on 
the efficiency, as ean be seen from Fig 16. The loss resis- 
tance is primarily the ac resistance of the conductor. This 
сап be calculated from Eq б. A transmitting loop gener- 
ally requires the use of copper conductors of at least 
%4 inch in diameter in order to obtain reasonable efficiency. 
Tubing is as useful as a solid conductor because high- 
Frequency currents flow only along a very small depth of 
the surface of the conductor; the center of the conductor 
has almost no effect on current flow. 

Note that the Ry term above also includes the effect of 
the tuning capacitor loss, Normally, the unloaded Q of a 
‘capacitor can be considered to be so high that any loss in 
the tuning capacitor can be neglected, For example, a very 
high-quality tuning capacitor with no mechanical wipin 
contacts, such as a vacuum-variable or a transmitting but- 
terfly capacitor, might have an unloaded Q of about 5000. 
‘This implies a series loss resistance of less than about 
0.02 Q for a capacitive reactance of 100 ©. This relatively 
tiny loss resistance can become significa 


however, when 
the radiation resistance of the loop is only on the order of 


Fig 16—Effect of ratio of RR, on loop efficiency. 
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0.1 о! Practical details for curbing capacitor losses are cov- 
ered later in this chapter. 

п the case of multum loops there is an additional 
loss related to a term called proximity effect. The proximity 
effect occurs in cases where the turns are closely spaced 
(such as being spaced one wire diameter apar). As these 
current-carrying conductors are brought close to each other, 
the current density around the circumference of each con: 
ductor gets redistributed. The result is that more current per 
square meter is flowing at the surfaces adjacent to other 
conductors. This means that the loss is higher than a simple 
skin-effect analysis would indicate, because the current is 
bunched so it flows through а smaller cross section of the 
‘conductor than if the other turns were not present. 

As the efficiency of a loop approaches 90%, the prox- 
imity effect is less serious. But unfortunately, the less 
efficient the loop, the worse the effect. For example, an 8- 

sitting loop with an efficiency of 10% (calcu- 
lated by the skin-effect method) actually only has an 
efficiency of 3% because of the additional losses intro- 
duced by the proximity effect. If you are contemplating 
construction of a multitum transmitting loop, you might 
want to consider spreading the conductors apart to reduce 
this effect. d. S. Smith includes graphs that detail this 
effect in his 1972 IEEE paper. 

The components ina resonated transmitting loop are 
subject to both high currents and voltages as a result of 
the large circulating currents found in the high-Q tuned 
circuit formed by the antenna, This makes it important 
that any fixed capacitors have a high RF current rating, 
such as transmitting micas or the Centralab 850 series, 
Be aware that even a 100-W transmitter can develop 
currents in the tens of amperes, and voltages across the 
tuning capacitor in excess of 10,000 V. This consider- 
ation also applies to any conductors used to connect the 
loop to the capacitors A piece of #14 wire may have more 
resistance than the rest of the loop conductor! 

It is therefore best to use copper strips or the braid 
from a piece of large coax cable to make any connections, 
Make the best electrical connection possible, using sol- 
dered or welded joints. Using nuts and bolts should be 
avoided, because at RF these joints generally have high 
resistance, especially after being subjected to weathering. 

An unfortunate consequence of having a small but high- 
efficiency transmitting loop is high loaded Q, and therefore 
limited bandwidth. This type of antenna may require retun- 
ing for frequency changes as little as 5 KHZ. If you are using 
any wide-band mode such as AM or FM, this might cause 
Fidelity problems and you might wish to sacrifice a little 
efficiency to obtain the required bandwidth. 

A special case of the transmitting loop is that of the 
ferrite-loaded loop. This is a logical extension of the trans- 
mitting loop if we consider the improvement that a ferrite 
core makes in receiving loops. The use of ferrites in a trans- 
mitting loop is still under development. (See the Bibliogra- 
phy reference for DeVore and Bohley.) 


PRACTICAL COMPACT TRANSMITTING 
1ООР5 


"The ideal small transmitting antenna would have per- 
formance equal to a large antenna. А small loop antenna 
can approach that performance except for a reduction in 
bandwidth, but that effect can be overcome by retuning. This 
section is adapted and updated from material written by 
Robert Т. (Ted) Hart, WSQJR. 

As pointed out above, small antennas are character- 
ized by low radiation resistance, For a typical small antenna, 
such as а short dipole, loading coils are often added to 

ме resonance. However, the loss inherent in the coils 
result in an antenna with low efficiency. If instead of 
coils a large, low-loss capacitor is added to a low-loss con- 
ductor to achieve resonance, and if the antenna conductor is 
bent to connect the ends to the capacitor, a loop is formed 

Based on this concept, the small loop is capable of rela- 
lively high efficiency, compared to its coil-loaded cousin. 
In addition, the small loop, when mounted vertically, can 
radiate efficiently over the wide range of elevation angles 
required on the lower frequency bands. This is because it 
has both high-angle and low-angle response. See Fig 17, 
which shows the elevation response for a compact transmit. 
ting loop only 16.2 inches wide at 14.2 MHz. This loop is 


жатык Aral = юл. 


Fig 17—Elevation-plane plot at 14.2 MHz, showing 
response of an 8.5-fo0t circumference octagonal 

‘copper loop (width of 16.2 inches), compared to a full- 
Sized MA ground-plane vertical with two elevated 1/4 
radials, the same small loop flipped horizontally at a 
height of 30 feet, and lastly, a 2/2 Панор dipole also at a 
height of 30 feet. Both the 1/4 ground-plane vertical and 
the vertically polarized loop are elevated 8 feet above 
typical ground, with а = 5 mS/m and 

vertically polarized loop is surprisingly competitive, 
only down about 2.5 dB compared to the far larg 
ground plane at low elevation angles. Note that the. 
Vertical loop has both high-angle as well as low-angle 
radiation, and hence would be better at working close- 
in local stations than the ground-plane vertical, with its 
deep nulis at higher angles. The simple flattop dipole, 
however, is better than either vertical because of the 
poor ground reflection for a vertically polarized 
Compared to a horizontally polarized signal. 


vertically polarized and its bottom is 8 feet above average 
ground, which has a conductivity of 5 mS/m and a dielec- 
trie constant of 13. For comparison, Fig 17 also shows the 
responses of three other reference aniennas—the same small 
loop flipped sideways at a height of 30 feet to produce hori- 
zontal radiation, a full-sized 4-A ground plane ante 
mounted $ feet above average ground using two tuned radi- 
als, and finally a simple ¥ A Пайор dipole mounted 30 feet 
above flat ground. The considerably smaller transmitting 
loop comes to within 3 dB of the larger 4-) vertical at a 10° 
elevation angle, andit is far stronger or high elevation angles 
because it does not have the null at high elevation angles 
‘that the ground plane has. Of course, this characteristic does 
make it more susceptible to strong signals received at high 
elevation angles. Incidentally, just in case you were won- 
dering, adding more radials o the 2/4 ground plane doesn’t 
materially improve its performance when mounted at an 
S-foot height on 20 meters 

The simple horizontal dipole in Fig 17 would be the 
clear winner in any shootout because its horizontally polar- 
ized radiation does not suffer as much attenuation at reflec- 
tion from ground as does a vertically polarized wave. The 
case is not quite so clear-cut, however, for the small loop 
mounted horizontally at 30 feet. While it does have increased 
gain at medium elevation angles, it may aot be worth the 
effort needed to mount it on a mast, considering the slight 
loss at low angles compared to its twin mounted vertically 
only 8 feet above ground. 

A physically small 
vertically polarized loop does put out an impressive signal 
compared to far larger competing antennas. Though some- 
what ungainly, it is a substantially better performer than most 
mobile whips, for example, The main deficiency in a com- 
pact transmitting loop is its narrow bandwiddh—it must be 
accurately tuned to the operating frequency. The use of à 
remote motor drive allows the loop to be tuned over a wide 
Frequency range 

For example, for fixed-station use, two loops could be 
constructed to provide continuous frequency coverage from 
3.5 to 30 MHz. A loop with an 8.5 foot circumference, 
16 inches wide, could cover 10 through 30 MHz and a loop 
with a 20-foot circumference, 72 inches wide, could cover 
3.510 10.1 MHz. 

"Table 4 presents summary data for various size loop 
antennas for the HF amateur bands. Through computer 
analysis, the optimum size conductor was determined to be 
"inch rigid copper water pipe, considering both perfor- 
mance and cost. Performance will be compromised, but only 
шу, if inch flexible copper tubing is used. This tub- 
ing can easily be bent to any desired shape, even a circle 
"The rigid /-inch copper pipe is best used with 45° elbows 
to make an octagon. 

The loop circumference should be between 1А and 
% at the operating frequency. It will become self- 
nant above '/ À, and efficiency drops rapidly below '/s А. 
In the frequency ranges shown in Table 4, the high fre- 


enna like the 16.2-inch-wide 
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Table 4 
Design Data for Loops 


Loop Circumference = | 8.5 (Width = 32.49, Vertically 


Polarized 
Frequency, MHz 10 142 212 290 
Max Gain, dBi 447 142 +1034 +207 


Мах Elevation Anglo 40° 307 227 90° 


Gain, dBi 910" 2. -8.40 -4.61 -087 +040 
Total Capacitance, pF 145 70 2 13 
PeakCapactorkV 23 27 30 зо 


Loop Circumference = 8,5 (Width = 92.4"), Horizontally 
Polarized, 930 


Frequency, MHz — 10.1 142 212 220 
Max Gain, dBi -306 4171 +543 +660 
Мах Elevation Angle 34^ 28° 207 16° 
Gain, dBi 9107 -9.25 -3.11 4261 45.4 
Total Capacitance, pF 145 70 2 13 
Peak Capacilork/ 23 27 30 30 


Loop Circumference = 20° (Width = 6), Vertically 
Polarized 

Frequency, MHz 35 40 72 101 
Max Gain, dBi “7.40 -&07 -169 -034 
Мах Elevation Ange 68° 607 38' 30° 


Gain, dBi @10 -1146-10.12 -5.27 -333 
Capacitance, pF 379 286 85 38 
Peak Capacitor kV 22 24 26 30 


Loop Circumference = 20' (Width = 6), Horizontally 


Polarized, @30° 
Frequency, MHz 35 40 72 101 
Мах Gain, dBi 713.32 -10.60 -020 +320 
Max Elevation Angle 42° 42° 38 34" 
Gain, dBi @10° -2162-1879 -751 -322 
Capacitance, pF 379 288 85 зв 
Peak Capacitor kV 22 24 28 30 


Loop Circumference = 38° (Width = 11.5), Vertically 
Polarized 


Frequency, MHz 35 40 72 
Max Gain, dBi -293 -220 -0.05 
Max Elevation Anglo 46° 427 28° 
Gain, dBi @10° — -6.48 -5.69 -2.80 
Capacitance, pF 165 123 29 
Peak Capacitor kV 26 27 Зз 


Notes: These loops are octagonal in shape, constructed 
with 3cinch copper water pipe and soldered 45° copper 
elbows. The gain figures assume a capacitor unloaded 
Ос = 5000, урса! for vacuum-variable type of tuning 
capacitor. The bottom of the loop is assumed to be 

8 foot high for safety and the ground constants are 
“typical at conductivity = 5 m/m and dielectric con- 
slant = 13. Transmitter power is 1800 W. The voltage 
across the tuning capacitor for lower powers goes down 


wih a multiplier ot Ez For example, at 100 W 
using the a&ootciurfronce loop at 7.2 MHz, the 


[100 
ak voltage would bo 33 KV 22 = 8.5v 
ÉS se \ззоо 


quency is tuned with а minimum capacitance of about 
29 pF including stray capacitance. 

"The low frequency listed in Table 4 is that where the 
loop response is down about 10 dB from that of a full-sized 
elevated ground plane at low elevation angles suitable for 
DX work. Fig 18 shows an overlay at 3.5 MHZ of the eleva- 
Чоп responses for two loops: one with an $.5-foot circu 
ference and one with a 20-foot circumference, together with 
the response for a full-sized 80-meter ground plane elevated 
8 feet off average ground with 2 tuned radials. The 20-foot 
circumference loop holds is own well compared to the full- 
sized ground plane 


Contrary to earlier reports, adding quarter-wave 
ground radials underneath a vertically polarized trans- 
mitúng loop doesn’t materially increase loop efficiency. 
The size of the conductor used for a transmitting loop, 
however, does directly affect several interrelated aspects 
of loop performance. 
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Data for Table 4 was computed for inch copper 
water pipe (nominal OD of 0.9 inch). Note that the effi 
ciency is higher and the Q is lower for loops having a 
circumference near "A. Larger pipe size will reduce the 
loss resistance, but the Q increases. Therefore the band- 
width decreases, and the voltage across the tuning сара 
citor increases. The voltage across the tuning capacitor 
for high-power operation can become very impressive, 
as shown in Table 4. Rigid %-inch copper water pipe is а 
good electrical compromise and can also help make a 
small-diameter loop mechanically sturdy. 
‘The equivalent electrical circuit for the loop is a par- 
и circuit with a very high Q, and therefore a 
y is a function of radia- 
tion resistance divided by the sum of the radiation plus 
loss resistances. The radiation resistance is much less thar 
1 Q, so it is necessary to minimize the loss resistance, 
Which is largely the skin-effect loss of the conductor, as- 
suming that the tuning capacitor has very low loss. Poor 
construction techniques must be avoided. АП joints in the 


loop must be brazed or soldered, 

However, if the system loss is 100 low, for example 
by using even larger diameter tubing, the О may become 
excessive and the bandwidth may become too narrow for 
practical use. These reasons dictate the need for a com: 
plete analysis to be performed before proceeding with 
the construction of a loop. 

"There is another source of additional loss in a com- 
pleted loop antenna besides the conductor and capacitor 
losses, If the loop is mounted near lossy metallic conduc- 
tors, the large magnetic field produced will induce currents 
into those conductors and be reflected as losses in the loop. 
"Therefore the loop should be as far from other conductors 
as possible. If you use the loop inside a building constructed 
with large amounts of iron or near ferrous materials, you 
will simply have to live with the loss if the loop cannot oth- 
erwise be relocated. 


The Tuning Capacitor 

Fig 19 demonstrates the selection of loop size ver- 
sus tuning capacitance for any desired operating fre- 
quency range for the HF amateur bands. This is for 
octagonal-shaped loops using %-inch copper water pipe 
with 45° copper elbows. For example, a capacitor that 
varies from 5 to 50 pF, used with a loop 10 feet in cir- 
cumference, tunes from 13 to 27 MHz (represented by 
the left dark vertical bar). A 25 to 150-pF eapacitor with 
à 13.5-foot loop circumference covers the 7 to L4.4-MHz 
range, represented by the right vertical bar 

Fig 20 illustrates how the 29-MHz elevation pattern 
becomes distorted and rather bulbous-looking for the 10- 
foot circumference loop, although the response at low 


Fig 18—Elovation-plano response of three antennas at 
3.5 Мнг—а 20-foot circumference octagonal copper 
loop, a 38-foot circumference copper loop and a ful 
‘sized 1/4 ground plano with two elevated radials. The 
bottom of each antenna is mounted 8 feet above ground 
for safety. The 38-100! circumference loop (which has a 
“wingspan” of 11.5 feet) is fairly competitive with the 
much large ground-plane, being down only about 4 dB 
at low elevation angles. The 20-foot circumference loop 
is much more lossy, but with its top only about 14 foot 
off the ground is very much of a "stealth" antenna. 


les is still better than that of a full-sized 
ound-plane antenna. 


Air Variable Capacitors 

Special care must be taken with the tuning capacitor if 
an air variable type is used. The use of a split-stator capaci- 
tor eliminates the resistance of wiper contacts, resistance 
that is inherent in a single-section capacitor. The ends of the 
loop are connected to the stators, and the rotor forms the 
variable coupling path between the stators, With this arrange- 
ment the value of capacitance is divided by two, but the 
voltage rating is doubled, 


r Kis 


Fig 19— Frequency tuning range of an octagon-shaped 
loop using "inch copper water pipe, for various values 
of tuning capacitance and loop circumference. 


РАТ 


Fig 20—Elevation-plane plot for a 16.2-Inch wingspan 
‘octagonal copper loop at 29 MHz, compared to a 4/4 
Ground-plane antenna with two resonant elevated 
тайа. The gains at low angles are almost identical, 
but the loop exhibits more gain at medium and high 
elevation angles. Again, the bottom of each antenna is 
located В feet above ground for safety. 
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You must carefully select a variable capacitor for 
transmitting-loop application—that is, all contacts must 
be welded, and no mechanical wiping contacts are 
allowed. For example, ifthe spacers between plates are 
not welded to the plates, there will be loss at each joint, 
and thus degraded loop efficiency. (Earlier transmitting 
loops exhibited poor efficiency because capacitors with 
wiping contacts were used.) 

‘There are several suitable types of capacitors for this 
application. A vacuum variable is an excellent choice, pro- 
vided one is selected with an adequate voltage rating, 
Unfortunately, those capacitors are very expensive. 

WSQIR used a specially modified air-variable capaci- 
tor in his designs. This had up to 340 pF maximum per sec- 
tion, with inch spacing, resulting in 170 pF when both 
sections were in series as a butterfly capacitor, Another 
alternative is to obtain a large air variable, remove the alu- 
minum plates, and replace them with copper or double-sided 
PC board set all plates 
Together on the rotor and on the stators. Solder copper straps 
to the capacitor for soldering to the loop itself. 

"The spacing between plates in an ai-variable capaci- 
tor determines the voltage-handling capability, rated at 
75,000 V per inch. For other power ratings, multiply the 
spacing (and voltage) by the square root of the ratio of your 
power to 1000 W. For example, for 100 W, the ratio would 
be = 0.316. 


aterial to reduce losses. Com 


Table 5 
KD7S Loop-Tuning Capacitor Parts List for 
Nominal 50-pF Capacitor 


Фу — Description. 
2 10-nch length of %-inch-ID type M copper water 


pipe 
2 10-inch length of xm deb. o type M copper water 
pipe 
S -inch length of ¥-inch-ID type M copper water 
pipe 


2 пећ, 90° copper elbows 
2 inch, 90° copper elbows 
2 10 x 22-inch ресе of 0.005-inch-thick Teflon 


Shoot plastic 
1, 124поһ length of 48-32 threaded brass rod 
1. 48:32 brass shoulder nut 
22 x 514 x inch ABS plastic shoot (ор and 
Bottom covers) 
„ 1x Si x -inch ABS plastic shoot (end pieces 


and center) braco/guido 
2 1x 22 x -inch ABS plastic shoot (sido rails) 

1 5010 200-rpm gearhead dc motor 

1 ОРОТ center-off toggle switch (up/down control) 
2 SPDT microsulichos (limit switches) 
50 feet 3-conductor control cable 
3 © Enclosure for control switch 


A Teflon-Insulated Trombone Variable Capacitor 

Another type of variable capacitor discussed in the 
amateur literature for use with a compact transmitting loop 
is the so-called "trombone" type of capacitor. Fig 21 shows 
a practical trombone capacitor created by Bill Jones, KD7S, 
Tor Nov 1994 OST. This capacitor uses downward pointing 
extensions of the two inch OD main conductor copper 
pipes, with a Teflon-insulated trombone section made of 
Venen ID copper pipe. The trombone telescopes into the 
main pipes, driven by a lead screw and a 180-rpm gear-head 
motor. Like the butterfly air variable capacitor, the trom- 
bone works without lossy wiper contacts. Jones’ capacitor 
varied from 12 pF (including strays) to almost 60 pF, mak- 
ing it suitable to tune his 3-foot circumference loop from 
1410 30 MHz at the 100-W level. 

DTS used S-mil (0.005 inch) thick Teflon sheet as an 
insulator. Since Teflon is conservatively rated at more than 
1 kV per mil of thickness, the voltage breakdown capability 
o this capacitor is well in excess of 5 KV. The parts list is 
given in Table 5. 


Fig 21—A practical trombone capacitor designed by 
Bill Jones, KD7S, for his compact transmitting loop. 
This capacitor has а tuning range from 12 to almost 
60 pF, and can withstand at least 5 KV peak. The 10- 
inch elnch ID tubes are covered with Teflon-sheet 

insulation and slide into the %-inch ID copper pip 


А short length of plastic tubing connects the threaded 
brass rod to the motor. The tubing acts as an insulator and a 
Flexible coupling to smooth out minor shal-alignment errors. 
"The other end of the rod is threaded into a brass nut sol- 
dered to the crossbar holding the '/-inch pipes together. 
Jones used a 12-V motor rated at 180 rpm, but it has suffi- 
ien torque to work with as little as 4 V applied. Instead of 
A sophisticated variable duty-cycle speed control circuit he 
used an LM327 adjustable voltage regulator to vary the 
motor-control voltage from 4 to 12 V. Tuning speeds ranged 
from 11 seconds per inch at 12 V to 40 seconds per inch at 
4 V. The higher speed is necessary to jump from band to 
band in a reasonable length of time. The lower speed makes 
it easy to fine-tune the capacitor to any desired frequency 
within a band. 

When building the capacitor, keep in mind that the 
smaller tubes must telescope in and out of be larger tubes 
with silky smoothness. Any binding will cause erratic tun- 
ing. For the same reason, the #8-32 brass threaded rod must 
be straight and properly aligned with the brass nut. Take 
your time with this part of the project 

Perhaps the easiest way to form the insulator is to pre- 
cuta length of Teflon sheet to the proper size. Place a length- 
wise strip of double-sided tape on the tube to secure one 
end of the Teflon sheet. Begin wrapping the Teflon around 
the tube while keeping it as tight as possible. Don't allow 
wrinkles or ridges to form. Secure the other end with an. 
other piece of tape. Once both tubes are covered, ensure 
they are just short of being a snug fit inside the larger tubes 
Confirm that the insulation completely overlaps the open 
end of the small tubes. If not, the capacitor is certain to arc 
internally with more than a few watts of power applied to it. 

Route the motor wiring inside the antenna pipes to 
minimize the amount of metal within the field of the an- 
tenna. Bring the wires out next to the coaxial connector. A 
bree ite system allows the use of limit switches to restrict 
the movement of the trombone section. Be sure to solder 
together all metal parts of the capacitor. Use a small pro- 
pane torch, a good quality flux and 50/50 solid solder. Do 
not use acid-core solder! Clean all pars to be joined with 
steel wool prior to coating them with flux. 


A Cookie-Sheet and Picture-Frame-Glass 
Variable Capacitor 

In Vol 2 of The ARRL Antenna Compendium series, 
Richard Plasencia, WORPV, described a clever high-volt- 
age variable capacitor he constructed using readily avail 
able materials. See Fig 22, which shows Plasencia's 
homebrew high-voltage variable capacitor, along with the 
сой and other parts used in his homemade antenna coupler, 
"This capacitor could be varied from 16 to 542 pF and tested 
ata breakdown of 12,000 V. 

"The capacitor sits on four PVC pillars and consists of 
vo 4з x 4'inch aluminum plates separated by a piece of 
window glass that is 8% x SU inches in size. The lower 
plate is epoxied to the glass. The upper plate is free to move 


wooden track epoxied to the upper surface of the glass. 

The motor is reversible and moves the upper capacitor plate 

by rotating a threaded rod in a wing nut pinned to a tab on. 

the capacitor plate. The four pillars are cut from PVC pipe 

to insulate the capacitor from the chassis and to elevate it 
nent with the motor shal 

 WORPV used a piece of 0.063-inch thick single-weight 
glass that exhibited a dielectric constant of 8. He removed 
the glas from a dime-store picture frame. In time-honored 
ham fashion, he improvised his wooden tracks for the up- 
per capacitor plate from a single wooden paint stirrer, and 
forthe capacitor plates, he used aluminum cookie sheets 

"The wooden track for the upper plate is made by split- 
ling the wooden paint stirrer with a knife into one narrow 
and one wide strip. The narrow strip is cemented on top and 
‘overhangs the movable plat, creating a slotted rack. Since 
the wood is supported by the glass plate, ts insulating quali- 
Чез are of no importance. 

"The principle of operation is simple. The reversible 
motor turns а threaded -inch rod with a pitch of 20 threads 
to the inch. This rod engages a wing nut attached to the 
movable capacitor plate. Although WORPV grounded his 
‘capacitor’s movable plate with a braid, an insulator similar 
to that used in the trombone capacitor above should be used 
to isolate the lead-serew mechanism. Several pieces of braid 
made from RG-8 coax shield should be used to connect to 
the ends of the compact transmitting loop conductors to form 
low-loss connections, 

WORPY used a 90-pm motor from a surplus vending 
machine. It moved his variable capacitor plate 4^ inches, 
taking about a minute to travel from one end to the other. 
Since he wished to eliminate the complexity and dubious 
reliability of limit switches when used outdoors, he moni 
tored the motor' de current through two 3.2, 2W resistors 


— 857 
Fig 22—Tho picture-trame-glass variable capacitor 
design of Richard Plasencia, WORPV. Two aluminum. 
platos separated by a plece of glass scavenged from a 
Picture frame create a variable capacitor that can 
"withstand 12,000 Y, with а variable range from 16 to 
542 pF. 
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placed in series with each lead of the motor and shunted by 
тей LEDs at the control box. When the motor stalled by 
jamming up against the PVC limit stop or against the inside 
Of the plastic mounting box, the increased motor current 
caused one ог the other of the LEDs to light up. 


TYPICAL LOOP CONSTRUCTION 


After you select the electrical design for your loop 
application, you must consider how to mount it and how to 
feed it. If you wish to cover only the upper HF bands of 20 
through 10 meters, you will probably choose a loop that has 
a circumference of about 8.5 feet, You can make a reason- 
ably sturdy loop using Linch diameter PVC pipe and e 
inch flexible copper tubing bent into the shape of а circle. 
Robert Capon, WA3ULH, did this for a QRP-level trans- 
mitting loop described in May 1994 QST. Fig 23 shows a 
picture of his loop, with PVC H-frame stand. 


Fig 23—Photo of compact transmitting loop designed by 
Robert Capon, WA3ULH. This uses a 1-Inch PVC H-framo 
to support he loop made of flexible inch copper 


{Couples the loop tothe coax fed ne. The tuning 
capacitor and drive motor are at the top of the loop, 
‘shown here in the ARAL Laboratory during testing. 


This loop design used a 20-inch long coupling loop 
made of RG- coax to magnetically couple into the trans- 
тїшїп loop rather than the gamma-match arrangement used 
by WSQIR in his loop designs. The coupling loop was fas- 
tened to the PVC pipe frame using 2-inch long #8 bolts that 
also held the main loop to the mast. 

A more rugged loop can be constructed using rigid Y 
inch copper water pipe, as shown in the WSQJR design in 
Fig 24. While a round loop is theoretically a bit more ef 
cient, an octagonal shape is much easier to construct. The 
values presented in Table 4 are for octagons. 

For a given loop ci 
ference by 8 and cut eight equal-length pieces of Ms inch 
copper water pipe. Join the pieces with 45° elbows to 
form the octagon. With the loop lying on the ground on 
scraps of 2 x 4 lumber, braze or solder all join 

'WSQIR made a box from clear plastic to house hi 
air-variable capacitor and drive motor at the top of the 
loop. The side of the box that mounts tothe loop and the 
capacitor should be at least %-inch thick, preferably 
emen. The remainder of the box can be I inch plastic 
sheet. He mounted the loop to the plastic using -inch 
bolts (two on either side of center) after cutting out a 
section of pipe 2 inches wide in the center. On the motor 
side of the capacitor, he cut the pipe and installed a cop- 
per T for the motor wiring. 

WSQUR's next step was to solder copper straps to the 
loop ends and to the capacitor stators, then he remounted the 
loop to the plastic. I you insert wood dowels, the pipe will 
remain round when you tighten the bolts, Next he installed 
the motor drive cable through the loop and connected it to the 
motor. Antenna rotator cable is a good choice for this cable. 
He completed the plastic box using short pieces of aluminum. 
angle and small sheet-metal screws to join the pieces. 

The loop was then ready to raise to the vertical posi- 
tion. Remember, no metal is allowed near the loop. WSOJR 
made a pole of 2 x 4-inch lumber with 1 x-4-inch boards on 
either side to form an I section. He held the boards together 
with inch bolts, 2 feet apart and tied rope guys to the top. 
"This made an excellent mast up to 50 feet high. The pole 
height should be one foot greater than the loop diameter, to 
allow room for cutting grass or weeds at the bottom of the 
loop. WSQIR installed a pulley at the top so that his loop 
could be raised, supported by rope. He supported the bot- 
tom of the loop by tying it to the pole and tied guy ropes to 
the sides of the loop to keep it from rotating in the wind. By 
moving the anchor points, he could rotate his loop in the 
azimuth plane 

WSQIR used a g 
of flexible '/-inch copper tubing to couple the loop to the 
transmission line. In the center of one leg, he cut the pipe 
and installed a copper T. Adjacent to the T, he installed a 
mount for the coax connector. He made the mount from 
copper strap, which can be obtained by splitting a short piece 
el pipe and hammering it flat. 

"While the loop was in the vertical position he сш a 
piece of cinch flexible copper tubing the length of one 


cumference, divide the circum- 


Fig 24—Octagonal loop construction detalls. Table 4 gives loop design data for various frequency ranges. 


of the straight sides of the loop. He then flattened one 
‘end and soldered a piece of flexible wire to the other. He 
Wrapped the tubing with electrical tape for insulation and. 
‘connected the flexible wire to the coax connector. He then 
installed the tubing against the inside of the loop, held 
temporarily in place with tape, He soldered the flat part 
to the loop. ending up with a form of gamma match, but 
without reactive components. This simple feed provided 
better than 1.7:1 SWR over a 2:1 frequency range. For 
safety, he installed 

connected it to the strap for the coax connector, using 
large flexible wire. 


good ground rod under the loop and 


TUNE-UP PROCEDURE 
"The resonant Frequency of the loop can be readily 
found by setting the receiver to a desired freque 
rotating the capacitor (by remote control) until si 
peak. The peak will be very sharp because of the high O 
of the loop. 
Tum 


the transmitter in the tune mode 


м adjust 
either the transmitter frequency or the loop capacitor for 


ignal on a field-strength meter, ог for maxi- 
signal on an SWR bridge. Adjust the match- 
ing network for minimum SWR by bending the matching 
line. Normally a small hump in the Veinch tubing line. 
as shown in Fig 24, will give the desired results. For a 
loop that covers two or more bands, adjust the feed to 
give equally low SWR at each end of the tubing range. 


‘The SWR will be very low in the center of the tuning 
ge but will rise at each end. 
there is metal near the loop, the additional loss will 
reduce the Q and therefore the impedance of the loop. In 
those cases it will be necessary to increase the length of the 
matching line and tap higher up on the loop to obtain a 
50-0 match. 


PERFORMANCE COMPARISON, 

As previously indicated, a compact transmitting loop can 
provide performance approaching full-size dipoles and verti- 
cals. To illustrate one case, а loop 100 feet in circumference 
would be 30 feet high for 1.8 MHZ. However, a good dipole 
would be 240 feet (%. A) in length and at least 120 feet high 
(102), А ed vertical would be 120 feet tall with a large num- 
ber of radials on the ground, each 120 feetin length. The smaller 
loop could replace both of those antennas with only a moder 
ме degradation in performance and a requirement fora high- 
voltage variable capacitor 

Оп the higher Frequencies, the same ratios apply. but 
full-size antennas are less dramatic. However, very few city 
dwellers can erect good verticals even on 7 MHz with a 

poise. Even on 14 MHz а loop about 3 feet 

high can work the world, 

Other than trading small size for narrow bandwidth and 
а high-voltage capacitor, the compact transmitting loop is 
‘an excellent antenna and should find use wh 
mas are not practical. 


full-size coun 
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The Loop Skywire 


Are you looking for a multiband HF antenna that is 
asy to construct, costs nearly nothing and yet works well? 
You might want to try this one. The Loop Skywire antenna 
is a full-sized horizontal loop. Early proponents suggested 
that the antenna could be fed with coaxial cable with litle 
concern for losses, but later analysis proved that this was a 
bit of wishful thinking—ihe relatively low values for SWR. 
across multiple bands indicate that cable losses were part 
and parcel of performance. The best way to feed this versa- 
tile antenna is with open-wire ladder line, with an antenna. 
tuner in the shack o present the transmitter with alow value 
of SWR. 


THE DESIGN 

The Loop Skywire is shown in Fig 25. The anter 
has one wavelength of wire in its perimeter at the design 
or fundamental frequency. If you choose to calculate Liga, 
а feet, the following equation should be used: 


1005 
T 


where f equals the frequency in MHZ 


Given any length of wire, the maximum possible area 


the antenna can enclose is with the wire inthe shape of a 
circle. Since it takes an infinite number of supports to 
hang a circular loop, the square loop (our supports) is 
the most practical. Further reducing the area enclosed 
by the wire loop (fewer supports) brings the antenna 
closer to the properties of the folded dipole, and both 
harmonic-impedance and feed -line voltage problems cun 
result. Loop geometries other than a square are thus pos- 
sible, but remember the two fundamental requirements 
Tor the Loop Sky wire—its horizontal position and maxi- 
mum enclosed area, 


There is another great advantage to this antenna sys- 
tem. It can be operated as a vertical antenna with top-hat 
loading on other bunds as well. This is accomplished by 
simply keeping the feed line rum from the antenna to the 
shack as vertical as possible and clear of objects. Both feed- 


line conductors are then tied together, and the antenna is 
Ted against a good ground, 
CONSTRUCTION 


Antenna constructionis simple. Although the loop can. 
jade for any band or frequency of operation, the fol- 
lowing two Loop Skywires are good performers. The 10- 
MHZ band can also be operated on both. 


MHz Loop Sto 
"he Loop Spare -L 


Fig 25—A complete view of the Loop Skywir 
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The square loop is erected horizontal to the earth. 


3.5-MHz Loop Skywire 
(3.5-28 MHz loop and 1.8-MHz vertical) 
"Total loop perimeter: 272 feet 
Square side length: 68 feet 

7-МН: Loop Skywire 
(7-28 МН» loop and 3.5-MHz vertical) 
"Total loop perimeter: 142 feet 
Square side length: 35.5 feet 


‘The actual total length can vary from the above by a 
few feet, as the length is not at all critical. Do not worry 
about tuning and pruning the loop to resonance. No signal 
difference will be detected on the other end when that 
method is used. 

Bare #14 copper wire is used in the loop. Fig 26 
shows the placement of the insulators at the loop cor- 
ners. Two common methods are used to attach the insu- 


lators. Either lock or tie the insulator in place with a loop. 
wire ie, as shown in Fig 26A, or leave the insulator free 
to “float” or slide along the wire, Fig 26B. Most loop. 
users float at least two insulators, This allows pulling the 
slack out of the loop once it is in the air, and eliminates 
the 

tension in each leg. Floating two opposite corners is rec- 


sto have all the supports exactly placed for proper 


‘ommended. 

Fig 27A shows the azimuth-plane performance on 
7.2 MHz of a 142-foot long, 7-МН Loop Skywire, 40 feet 
high at an elevation angle of 10°, compared to a regular 
Панор "+ dipole at a height of 30 feet. The loop comes. 
into its own al higher frequencies. Fig 27B shows the re- 
sponse at 14.2 MHz, compared again to a Y. 14.2-MHZ 


Б ОРЕ we 


© toop 


Fig 26—Two methods of installing the Insulators at the 
loop corners. 


Fig 27—At A, azimuth-plane response of 142-foot long, 
7-MHz Loop Skywiro, 40 foot in the air at 7.2 MHz, 
compared with -X dipole 30 feet in the air. At B, 
response of same Loop Skywire at 14.2 MHz, compared 

air. Now the 
loop has some advantage in certain directions. At C, 
response of the same Loop Skywire at 21.2 MHz 

Here, the 

gain in almost ali directions 
All azimuth-plane patterns were 


made at 10° elevation. 
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dipole at a height of 30 feet. Now the 
loop has several lobes that are stronger 
than the dipole, Fig 27C shows the 
response at 21.2 MHz, compared to a 


dipole. Now the loop has superior gain 
compared to the J.. dipole at almost 7 

any azimuth. In its favored direction on PRE 
21.2 MHz, the loop is 8 dB stronger mem 


than the dipole. 

"The feed point can be positioned 
anywhere along the loop that you wish. 
However, most users feed the Skywire 
ata comer. Fig 28 depicts a method of 
doing this, using a piece of plexiglass 
to provide insulation as well as strain 
relief for the open-wire ladder line. It 
is advantageous to keep the feed. point 
mechanicals away from the corner sup- 
роп. Feeding a Foot or so from one cor- 
mer allows the feed line to exit more 
freely. This method keeps the feed line 


free from the loop suppor. 

Generally а minimum of four 
supports is required. If trees are used 
for supports, then at least two of the 
ropes or guys used to support the 
insulators should be counterweighted 
and allowed to move freely. The feed- 


line corner is almost always tied down, however. Very 

weeded to support the loop (far less than 
that for a dipole). Thus, counterweights are light. Several 
such loops have heen constructed with bungie cords tied 
to three of the four insulators. This eliminates the need 
for counterweighting, 

Recommended height for the antenna is 40 feet or 
more. The higher the better, especially if you wish to use 
the loop in the vertical mode. However, successful local 
and DX operation has been reported in several cases with 
the antenna at 20 feet. Fig 29 shows the feed arr 
ment for using the Loop Skywire as a top-loaded vertical 
fed against ground on the lower bands. 

Because the loop is high in the air and has consider- 
able electrical exposure to the elements, proper methods 
should be employed to eliminate the chance of induced 
or direct lightning hazard to the shack and operator. Some 
users simply completely disconnect the antenna from the 
antenna tuner and rig and shack during periods of pos- 
sible lightning activity. 
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Fig 28—Most users feed the Skywire at a corner. A high-impedance 
weather-resistant insulator should be used for the feed-point Insulator. 


Fig 29—Tho food 

arrangement for 

Operating the 7-MHz 
ating Loop Skywire as a 
ES Vertical antenna. 


7-MHz Loop 


‘An effective but simple 7MHz antenna that has a 
theoretical gain of approximately I dB over a dipole is a 
full-wave, closed vertical loop. Such a loop need not be 
square, as illustrated in Fig 30A. It can be trapezoidal, 
rectangular, circular, or some distorted configuration in 
between those shapes. For best results, however, you 
should attempt to make the loop as square as possible 
The more rectangular the shape, the greater the cancella- 
tion of energy in the system, and the less effective it will 
be. In the limiting case, the antenna loses its identity as a 
loop and becomes a folded dipole 

‘You can feed the loop in the center of one of the verti- 
cal sides if you want vertical polarization. For horizontal 
polarization, you feed either of the horizontal sides at the 
center. Since optimum directivity occurs at ri 
the plane of the loop (or in more simple terms, broadside to 
the loop), you should bang the loop to radiate the maximum. 
amount in some favored direction 
Fig SIA shows the azimuthal response at a takeoff 
le of 15°, a typical angle for 40-meter DX, for vertical 
and horizontal feed systems over ground with “average” con- 


ductivity and dielectric constant. Fig 31A includes, for ref- 
erence, the response of a Пайор dipole 50 feet high. For DX 
work on 40 meters, the vertically polarized loop can рег 
form as well as or substantially better than either a horizon 
tally polarized loop or a Пайор dipole, particularly in the 
azimuthal nulls of the dipole 

For the low elevation angles that favor DX work, the 
‘optimal feed point is at the center ol or 
Feeding the loop at one of the comers at the bottom gives a 


ofthe vertical wires. 


s0 top Dib: 


Max, Gain = 201 det = СЕ 
w pm 
o P 


Fig 30—At A, detalls of the rectangular full-wave loop. 
The dimensions given are for operation at 7.05 MHz. 
The height above ground was 7 feet in this instance, 
although improved performance should result if the 
builder can install the loop higher above ground. 
without sacrificing length on the vertical sides. At B, 
¡llustration how a single supporting structure can be 
used to hold the loop in a diamond-shaped 
configuration. Feeding the diamond at the lower tip 
provides radiation in the horizontal plane. Feeding the 
system at either side will result in vertical polarization. 
of the radiated signal. 


Max, Gan = 85681 m T. 


Fig 31—At A, azimuthal plane responses for the 
vertically and horizontally polarized 7-МН loop, 
compared to a Панор 50-foot high dipole, all at a 
takeoff angle of 15° for DX work. The solid line is for 
feeding the loop horizontally at the bottom; the dashed 
line is for feeding the loop vertically at a side, and the 
dotted line is for a simple Панор horizontal dipole at 
50 foot in height. For DX work, the vertically polarized 
loop is an excellent performer. 
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compromise result for both local and DX work. The actual 
impedance is roughly the same at each point: bottom hori- 
zontal center, corner or vertical side center. 

Fig 31B demonstrates how the gain for vertical polar- 
ization changes over different type of grounds: saltwater, 
very poor ground (conductivity = 1 dielectric con- 
stant = 5) very good (conductivity = 30 mS/m, dielectric 
constant = 20) and average ground (conductivity = 5 mS/m, 
dielectric constant = 13). Again, for reference a 50-foot high 
Tlattop dipole's elevation response is included. As has been 
mentioned previously in other chapters, a seaside location 
is a wonderful environment for verticals! 

Just how you erect such а loop will depend 
available їп your backyard. Trees re always handy for sup- 
porting loop antennas. A disadvantage to the rectangular. 
loop shown in Fig 30A is that two 34-foot high supports are 
needed, although in many instances your house may be high 
enough to serve as one of these supports. Ifyou have a tower 
higher than about 50 feet, Fig 30B demonstrates how you. 
сап use it to support a diamond-shaped loop for 40 meters. 
"The elevation and azimuthal responses are almost the same 
for either loop configuration, rectangular- or diamond- 
shaped. 

The overall length of the wire used in a loop is de- 
termined in feet from the formula 1005/7 (MHZ). Hence, 
Tor operation at 7.125 MHz the overall wire length will 

transformer, an electrical 4. 
of 750 coax cable, can be computed by dividin 
the operating frequency in MHz, then multiplying 
number by the velocity factor of the cable being used, 
‘Thus, for operation at 7.125 MHz, 246/7.125 MHz = 
34.53 feet. If coax with solid polyethylene insulation is 
used, a velocity factor of 0.66 must be employed. Foam- 
polyethylene coax has a velocity factor of 0.80. Assum- 


what is 


— — 
Fig 32—Elovation-plane response о! 7-MHz loop used 
оп 14.2 MHz. This is ога feed point at the center of 
опе of the two vertical wires. The dashed line is the 
response of а flattop 20-meter dipole at 30 feet in 
height for comparison. 


h of the matching transformer 
becomes 34.53 (feet) x 0.66 = 22.79 feet, or 22 feet, 
9'/: inches. 

This same loop antenna in Fig 30A fed vertically may 
be used on the 14 and 21MH bands, although its pattem 
will not be as good as that оп its fundamental frequency 
and you will have to use an open-wire transmission line to 
feed the loop for multiband use. Fig 32 shows the response 
atthe peak lobe of the loop, at a 45° angle to the plane of 
the loop. compared to the peak response for a simple 
halfwave 20-meter dipole, 30 feet high. The gain from a 
simple Пайор dipole, mounted at 30 feet, will be superior 
to the loop operated on а harmonic frequency, 


A Receiving Loop for 1.8 MHz 


‘You can use a small shielded-loop antenna to improve 
reception under certain conditions, especially at the lower 
amateur frequencies. This is particularly rue when high lev- 
els of man-made noise are prevaler 
harmonic energy from а nearby broadcast station falls in 
the LL8MHz band, or when interference exists from some 
‘other amateur station in the immediate area. A properly con- 
structed and tuned small loop will exhibit approximately 
30 dB of front-to-sid response, the minimum response be. 
s iles to the plane of the loop. Therefore, noise 
and interference can be reduced significantly or completely 
шей out, by rotating the loop so that it is sideways to the 
Generally speaking, small shielded loops are far less 
responsive to man-made noise than are the larger antennas 
used for transmitting and receiving. But а trade-off in per 
formance must be accepted when using the loop, for the 


when the second- 
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strength of received signals will be 10 or 15 dB less than wher 
using a full-size resonant antenna. This condition is not a 
handicap on L8 or 3.5 MHz, provided the station receiver 
has normal sensitivity and overall gain, Because a front-to- 
side ratio of 30 dB may be expected, a shielded loop can be 
used to eliminate a variety of receiving problems if made 
rotatable, as shown in Fig 33. 

То obtain the sharp bidirectional pattern of a small 
loop, the overall length of the conductor must not exceed 
0.1 À. The loop of Fig 34 has a conductor length of 
20 feet. At 1.81 MHz, 20 feet is 0.037 2. With this style of 
loop, 0.037 À is about the maximum practical dimension 
if you want to tune the element to resonance, This limita- 
tion results from the distributed capacitance between the 
shield and inner conductor of the loop. RG-59 was used 
Tor the loop element in this example. The capacitance per 
foot for this cable is 21 pF, resulting in a total distributed 


Fig 33—Jean DoMaw, WICKK, tests the 1.8-MHz 
shielded loop. Bamboo cross arms are used to 
Support the antenna. 


capacitance of 420 pF. An additional 100 pF was needed 
to resonate the loop at 1.810 MH 

‘Therefore, the approximate inductance of the loop is 
15 pH. The effect of the capacitance becomes less pro- 
nounced atthe higher end ofthe НЕ spectrum, provided the 
same percentage of a wavelength is used in computing the 
conductor length. The ratio between the distributed capaci- 
tance and the lumped capacitance used at the feed point 
becomes greater al resonance. These facts should be con- 
templated when scaling the loop to those bands above 
18 MHZ 

‘There will not be а major difference in the construc- 
tion requirements of the loop if coaxial cables other than 
RG-59 are used. The line impedance is not significant with 
espect to the loop element, Various types of coaxial line 
exhibit different amounts of capacitance per foot, however, 
thereby requiring more or less capacitance across the feed 
point to establish resonance 

‘Shielded loops are not affected noticeably by nearby 
objects, and therefore they can be installed indoors or out 
afier being tuned to resonance. Moving them from one place 
1o another does not significantly affect the tuning. 

‘You can see in the model shown in Fig 33 that a sup- 
porting structure was fashioned from bamboo poles. The X 
frame is held together at the center with two U bolts. The 
loop element is taped to the cross-arms to form a square. 
You could likely use metal cross arms without seriously 


toy 
— жом 

Fig 34—Schematic diagram of the loop antenna. Tho. 
dimensions are not critical provided overall length of 
the loop element does not exceed approximately 0.1 A. 
‘Small loops which are one half or less the size of this 
‘one will prove useful where limited space is a 
consideration. 


degrading the antenna performance. Alternatively, wood can 
be used for the supporting frame. 

A Minibox was used at the feed point of the loop to 
hold the resonating variable capacitor. In this model a 
50 to 400-pF compression trimmer was used to establish 
resonance, You must weatherproof the box for outdoor 
installations. 


Remove the shield braid of the loop coax for one inch 

directly opposite the feed point. You should treat the ex- 
compound once this is done. 

» operation this receiving loop has proven very effec- 

tive for mulling out second-harmonic energy from local 

broadcast stations. During DX and contest operations on 


posed areas with a seal 


1.8 MHz it helped prevent receiver overloading from nearby 
L3-MH stations that share the band, The marked reduc- 
tion in response to noise has made the loop a valuable sta- 


tion accessory when receiving weak signals. It is not used. 


all of the time, but is available when needed by connecting 
itto the receiver through an antenna selector switch. Recep- 
tion of European stations with the loop has been possible 
from New England at times when other ar 

totally ineffective because of noise. 

Tt was also discovered that the effects of approaching 
storms (with attendant atmospheric noise) could be nulli- 
Tied considerably by rotating the loop away from the stor 
front. It should be said that the loop does not exhibit mes 

sky-wave signals. The 
directivity characteristics relate primarily to ground-wave 


ingful directivity when receivin 


signals. This is а bonus feature in disguise, for when null- 
ing out local noise or interference, one is still able to copy 
sky-wave signals from all compass points! 
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Рог receiving applications it is not necessary to 
match the feed line to the loop, though doing so may 
enhance the performance somewhat. If no attempt is made 
то obtain an SWR of 1, the builder can use 50 or 75-0 
coax for a feeder, 


ıd no difference in performance will 


be observed. The Q of this loop is sufficiently low to 
allow the operator to peak it for resonance at 1.9 MHZ 
and use it across the entire 1.8MHz band, The degrada- 
tion in performance at 1.8 and 2 MHz will be so sli 
that it will be difficult to discern. 


An Indoor Stealth Loop 


‘Ted Phelps, WSTP, wrote an article in The ARRL 
Antenna Compendium, Vol 7 describing. his atic-mounted 
wire loop antenna, fed with an automatic antenna tuner. Here 

is a shortened version of that article. 
If you drive down my street in Whitechapel Village in 
Newark, DE, tying to find my ham location by looking for 
find it. Even if you pulled up in 


front of my condo, you wouldn't notice any telltale signs, 
because my multiband antenna is completely hidden. It's 
in the attie of my two-bedroom condominium in a small re- 
irement community completed in 1999, 

Before the move, I had given considerable thou 
‘what type of antenna I might use, if any. I already knew that 
permanent outdoor types were ош of the question, due to 
restrictive real estate and condo association rules. So 1 
planned a clause for 
cally mentioning amateur radio and my desire to set up a 
station in my new living quarters. I decided I would not move 
Where my lifelong hobby would be severely restricted or 
prohibited. 

That meant that to be reasonably sure I could continue 
enjoying Amateur Radio as before, I would have to install 
an indoor antenna that could perform as well as a typical 
outdoor system. What kind? In Ohio, I had tried a horizon 
"ally polarized attic dipole made with #14 wire. It di 
work very well—it was just too low to the ground. 

T learned about a hi 
tuning using an antenna coupler which contains a micropro- 
cessor. [found this kind of automatic tuner available from 
two American manufacturers and within а reasonable price 


sales contract I might sign, specifi- 


tech method of remote antenna 
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Fig 35— Diagram showing layout of W8TP's Indoor 
hidden loop antenna. 
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range. Although our move was still a few months ahead, I 
purchased а model SG-230 antenna coupler made by SGC 
Inc, Bellevue, WA, for use in Delaware. 

Fig 35 shows the final dimensions of my hidden loop, 
which is а single-tum rectangular loop, erected in a north- 
south vertical plane and made from nearly 78 feet of #6 
stranded, aircraft primary wire in a PVC jacket, held taut at 
the lower corners and supported by a pulley and guy rope at 
each upper comer. Because it's vertically polarized, it sup- 
ports low-angle radiation reasonably well. By the way, if 
you're wondering why I used such a relatively lage-gauge 
Wire as #6 for the loop antenna, it was readily available from 
my son-in-law! 

Fig 36 shows my completed condo unit, Note the dog- 
house dormer on the roof about 12 feet above ground at the 
attie floor, This is the level of my hidden loop's base leg. 

In constructing my system I had to overcome RFI 
problems on my own premises. Each condo unit has its 
‘own electronic security panel on an upper helf in а closet. 
As soon as I applied moderate power to my radio and 
loop, the Fire Alarm sounded and firefighters came to 
my door! The burglarfintrusion signal was triggered a 
couple of times, too. Working with a security installation 
technician, I found that there was no ground wire con 
nected to my security panel. “We don't bother with th 
said the tech, and then, reacting to my surprise, connected 
a #14 ground between the security panel and the house 
water-pipe ground. I then installed а ferite bead on each 
lead entering the security panel. I also placed ferrite beads 
оп keyer-paddle leads, GFCI electrical outlets, etc. Those 


Fig 36—Can you see W8TP's antenna in this 
photograph? Of course you can't—it's hidden from view 
inside his attic! 
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Fig 37—At A, computed elevation pattern at 14.2 MHZ 
for WBTP's hidden loop (solid line), compared to a 20- 


angle for W8TP's loop (solid line) and the same 20- 
meter dipole (dashed line). The loop has a slightly 
asymmetrical response because its fed at a corner, 
but its performance is competitive to an outdoor dipole. 
in fact, И has superior low-angle performance, typical 
of a vertically polarized antenna compared to a low 
horizontal antenna. 


‘measures seem to have eliminated my RFI problems. 

"When we moved into our condo, I took the obvious 
precaution of not using а linear amplifier. I took extra care 
to establish a single-point ground for my station equipment 
by connecting all equipment grounds to the cover plate of 
the dedicated metallic outlet box behind the operating posi- 
tion, and thence to а separate ground rod in our front yard. I 
use a LEW RL Drake low-pass filter in the transceiver 
antenna feed line. 


Is this indoor antenna system safe? I believe so. In the 
ише it is not at all close to our living space. I is fixed firmly 
їп place and unlike most amateur antennas it is out of the 
weather! 1 therefore do not use a quick-grounding system 
for times when a thunderstorm approaches. 

Fig 37 shows the computed elevation and azimuth pat- 
terns on 20 meters. The tuner is able to hold the SWR down 
low enough so that my JRC-245 transceiver can operate 
through is internal antenna tuner. 
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Fig 43—A simple lightning arrester for open-wire ino 
made from three standoff or feedthrough Insulators 
and sections of Js x Veinch brass or copper strap. It 
‘should be installed in the ine at the point where the 
line enters the station. Tho heavy ground lead should 
be as short and as direct as possible. The gap setting 
‘should be adjusted to the minimum width that will 
prohibit arcing when the transmitter is operated. 


The construction of а homemade ап 


ster for open- 
wire line is shown in Fig 43. This type of arrester can be 
adapted to ribbon line an inch or so away from the center 
member of the arrester, as shown in Fig 44. Sufficient 
insulation should be removed from the line where it 
crosses the arrester to permit soldering the arrester con- 
necting leads. 


Lightning Grounds 

Lightning-ground connecting leads should be of 
conductor size equivalent to at least #10 wire. The #8 
aluminum wire used for TV-antenna grounds is satisfac- 
tory. Copper braid ‘/-inch wide (Belden 8662-10) is also 
suitable, The conductor should run in a straight line to 
the grounding point. The ground connection may be made 
o a water pipe system (if the pipe is not plastic), the 
grounded metal frame of a building, or to one or more 
emen ground rods driven to a depth of at least 8 feet. 
More detailed information on lightning protection is con- 
tained in Chapter 1, Safety. 

A central grounding panel for coax cables coming 
into the house is highly recommended. See Fig 45 for a 
photo of the homemade grounding panel installed by 
Chuck Hutchinson, KSCH, at his Michigan home. The 
coax cables screwed into dual-female feed-through UHF 
connectors, KSCH installed this aluminum panel under 
the outside grill for a duct that provided combustion air 
to an unused fireplace. He used ground strap to connect 
to ground rods located under the panel. See the ARRL 


Fig 44—The lightning 
with 300-0 ribbon line in 


TV standoffs support the line an inch or so away from 
the grounded center member of the arrester 


Fig 45—K&CH's coax entry panel mounted on exterior 
жай (later covered by grill that provides combustion to 
ап unused fireplace). The ground braid goes to a 

Ground rod located beneath the panel. (Photo courtesy: 
Simple and Fun Antennas for Hams) 


book Simple and Fun Antennas for more information 
about ground panels. 

Before a lightning storm approaches, a prudent ham 
will disconnect all feed lines, rotor lines and control lines 
inside the shack to prevent damage to sensitive electron- 
ies. When lightning is crashing about outside, you cer 
tainly don't want that lightning inside your shack! 
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Low-Freguency 
Antennas 


In theory there is no difference between antennas at 
10 MHz and up and those for lower frequencies. In reality 
however, there are often important differences. It is the size 
as, which increases as frequency is decreased, 
that erates practical limits on what can be realized physically 
at reasonable cost 
A173 MHz, 12. 
L8 MHz, 1 2. = 547 feet. Even a 42 dipole is very long or 
160 meters. The result is that the average antenna for these 


of the ante 


133 feet and by the time we get to 


bands is quite different from the higher bands, where Yagis 
and other relatively complex antennas dominate. In addition, 
vertical antennas can be more useful at low Frequencies than 
they are an 20 meters and above because of the low heights 
Ча wavelengths) usually available for horizontal antennas 
оп the low bands. Much of the effort on the low bands is 
focused on how to build simple but effective antennas with 
limited resources. This section is devoted to antennas for use 


оп amateur bands between L8 to 7 MH, 


The Importance of Low Angles for Low-Band DXing 


In Chapter 3, The Effects of Ground, we emphasized 
the importance of matching the elevation response of your 
antennas as closely as possible to the range of elevation 


needed over the entire I 1-year solar cycle to cover the path 
from Boston, Massachusetts, to all of Europe. These ar 
range from 1° (at 9.6% of the time when the 40-met 
is open to Europe) to 28° (at 0.3% 

Fig 1 also overlays the elevation pattern response of a 
100-foot high atop dipole on the elevation-angle statistics, 
illustrating that even at this height the coverage is hardly opt- 
mum to cover all the necessary elevation angles, While Fi 


band 


of the time). 


dramatic in its own right the data can be viewed in another way 
that emphasizes even more the importance of low elevation 
angles. Fig 2 plots the the cumulative distribution function, 
the total percentage of time 40 meters is open from Boston to 
Europe, a or below each elevation angle. For example, Fig 2 
says that 40 meters is open to Europe from Boston 50% of the 
time at an elevation angle of 9° or less. The bund is open 90% 


Fig 1— Screen capture from HFTA (HF Terrain Assessment) 
program showing elevation response for 100-oot high 
dipole over lat ground оп 73 MHz, with bar graph overlay 

statistical elevation angles needed over the whole 
‘ear slo yee rom New England (Boston) tal of 
Europe. Even a 100-foot high antenna cannot cover all the 
necessary angles. 
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Fig 2—Another way of looking at the elevation statistics 
from Fig 1. This shows the percentage of time the 40-motor 
band is open, at or below each elevation angle, on the path 
from Boston to Europe. For example, the band is open 50% 
of the time at an angle of 9’ or lower. Itis open 90% of the 
time at an angle of 18° or lower. 


Fig 4—The 40-meter statistics from the West Coast: from 
San Francisco to the rest of the DX world. Here, 80% of 
the time the path to Europe is open, itis at takeoff angles 
less than or equal to 11°. No wonder the hams living on 
‘mountain tops do best into Europe from the West Coast. 


Е i 


Fig 3—The percentage of time the 40-moter band is open, 
at or below each elevation angle, for various DX paths from 
Boston: to Europe, South America, southern Africa, Japan, 
Oceania and south Asias. The angles are predominantly 
quite low. For example, on the path from Boston to Japan, 
90% of the time when the 40-meter band is open, It is open 
at elevation angles less than or equal to 10°. Achieving 
good performance at these low takeoff angles requires very 
high horizontally polarized antennas, or efficient vertically 
polarized antennas. 


ol the time at an elevation angle of 19° ог less. 
Fig 3 plots the 40-meter elevation-angle data for six 

major 

general the overall rar 


aphie areas around the world from Boston. In. 


of elevation angles for far-distant 


locations is smaller, and the angles are lower than for closer 
їп areas. For example, from Boston to southern Asia (India), 
OG of the time the takeoff angles are 4° or less. On the path 
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Fig 5—Tho situation on 80 meters from Boston to the res 
‘of the DX world. Into Europe, 90% of the time the elevation 
angie is lose than or equal to 20". Into Japan from Boston, 
90% of the time the angie is less than or equal to 12°. 


to Japan from Boston, the takeoff angles is less than or equal 
106? about 70% of the time. These are low angles indeed. 
Fig 4 shows similar data for the 40-meter band from 
San Francisco, California, to the rest of the world. The path 
to southern Africa from the US West Coast is a very long- 
distance path, open some 65% ofthe time itis open at angles 
‘of 2° or less! The 40-meter path to Japan involves takeoff 
es of 10° or less more than 50% of the time. If you are 


Percentage of Time 80 Meter is Open, Atar Below Each lio Angle 


© Hp tet 
da 
i 
ad 


Elton Anga Degree 


Fig 6—From San Francisco to the rest of the world on. 
80 meters: 90% of the time on the path to Japan, the 
takeoff angle is less than or equal to 17 50% ofthe time 
the angle is loss than or equal to 10°; 25% of the time the 
angle s less than or equal to 6°. А horizontally polarized 
antenna would have to be 600 feet above fat ground to be 
optimum at 6 


fortunate enough to have а 100-foot high Панор dipole for 
40 meters, at a takeoff angle of 10° the response would be 
down about 3 dB from its peak level at 20°. At an elevation 
angle of 5° the response would be about $ dB down from. 
peak. You can see why the California stations located on. 
mountain tops do best on 40 meters for DXing. 

Fig 5 shows the same percentage. of. ine data for the 
80-meter band from Boston o the world. Into Europe from 
Boston, the 80-meter elevation angle is 13° or less more than 
50% of the time. Into Japan from Boston, 90% of the time 
the band is open is at a takeoff angle of 13° or less. (Note 
that these elevation statisties are computed for “undisturbed” 
ionospheric conditions. There are times when the incoming 
angles are affected by geomagnetic storms, and generally 
speaking the elevation angles rise under these conditions.) 

Fig 6 shows the S0-meter data from San Francisco to 
the world. Low elevation angles dominate in this graph and 
high horizontal antennas would be necessary to optimal 
coverage. In fact, 50% of the time for all paths, the elevation. 

Je is less than 10°. 

Inthe rest of this chapter, we'll often compare horizon- 
tally polarized antennas at practical heights with vertically 
polarized antennas, usually at takeoff angles of 5° or 10°, 

s useful for DX work. But first, let us look at situations 
re high takeoff angles are most useful. 


Short/Medium-Range Communications 


Not all hams are interested in working stations thousands 
оГ miles from them. Traffic handlers and rag chewers may, in 
Tact, only be interested in nearby communications — perhaps 
out to 600 miles from their location 

For example, а ham in Boston may want to talk with 
his brother-in-law in Cleveland, OH, a path that is just over 
550 miles away. Oran operator in Buffalo, NY, may be the net 
control station (NCS) for a ге 
of New York and New Jersey. She needs to cover distances 
up to about 300 miles away. 

Depending on the time of day, the most appropriate 
ham frequencies needed for nearby communications are the 
40 and 80/75-meter bands, with 160 meters also a possibility 
during the night hours, particularly during low portions of the 
sunspot cycle. The elevation angles involved in such nearby 
distances are usually high, even almost directly overhead for 
distances beyond ground-wave coverage (Which may be as. 
short as a few miles on 40 meters) For example, the distance 
between the Massachusetts cities of Boston and Worchester 
is about 40 miles. On 40 meters, 40 miles is beyond ground- 
wave coverage, So you will need sky-wave signals that use the 
ionosphere to communicate bete 
the elevation angle is 83°—very nearly straight up. 

Hams using vertical antennas for communications 
with nearby stations may well find that their signals will be 
below the noise level typical on the lower bands, especially 


these two cities, where 


if they aren't running maximum legal power. Such relatively 
short-range paths involve so-called NVIS, "Near Vertical 
Incidence Skywave,” а fancy name for HF communication 
systems covering nearby geographic areas. The US military 
discusses NVIS out to about 500 miles, encompassing the 
territory a brigade might cover. Elevation angles needed to 
cover distances from 0 to 500 miles range from about 40° to 
90°. This also covers the circumstances involved in amateur 
communications, particularly in emergency situations. 

The following section is adopted from the article 
“What’s the Deal About VIS . that appeared in December 
2005 OST. This article used an example of a hypothetical 
‘earthquake in San Francisco to analyze HF emerger 
munication requirements. 


HAM RADIO RESPONSE IN NATURAL 
DISASTERS 

Опе of San Francisco's somewhat less endearing nick- 
names is “the city that waits to die” When the Big Earthquake 
does come, you can be assured that all the cell phones and the 
landline telephones will be totally jammed, making callin 
in or out of the San Francisco Bay Area virtually impossible. 
‘The same thing occurred in Manhattan on September 11, 
2001. The Internet will also be severely affected throughout 
northern California because of its trunking via the facilities 
‘of the telephone network. Commercial electricity will be out 
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in wide areas because power lines willbe down. I's virtually 
certain that water mains will be out of commission too. 

the repeaters on the bills around the San Francisco Bay 
‘Area haven't been damaged by the shaking itself, there will 
be some ham VHF/UHF voice coverage in the intermediate 
area, at least until the backup batteries run down. But con- 
necting to the dysfunctional telephone system will be difficult 
at best through amateur repeaters. 

With litle or no telephone coverage, an obvious need 
for ham radio communications to aid disaster relief would 
be from San Francisco to Sacramento, the state capital. Sac- 
ramento is 75 miles northeast of the Bay Area, well outside 
VHF/UHF coverage, so amateur HF will be required on. 
ibis radio circuit. On-the-ground communications directly 
between emergency personnel (including the armed-forces 
personnel who will be brought into the rescue and rebuilding 
effort) will often be difficult on VHF/UHF since San Fran- 
cisco is a hilly place. So HF will probably be needed even 
for short distance, operator-to-operator or operator-e-com- 


Table 1 


Average Elevation Angles for Target Destinations 
from San Francisco 


Location Distance Average Elevation 

Miles Anglo, Degrees 
San Jose, СА 43 80 
Sacramento, CA 78 78 
Fresno, CA 160 63 
Reno, МУ 185 60 
Los Angelos 350 44 
San Diego 450 42 
Portland, OR 530 t] 
Denver, СО 950 18 
Dallas, TX 1500 8 


munications center work. Throughout the city, portable HF 
stations will have to be quickly set up and staffed to provide 
such communications. 

HF com- 
munications on 40 and 80 meters "cloud warming” This is an 
ари description, because the takeoff angles needed to launch 
НЕ signals up into the ionosphere and then down again to a 
nearby station are almost directly upwards. Table 1 lists the 
distance and takeoff angles from San Francisco to various 
cities around the western part of the USA. The distance be- 
tween San Francisco and Sacramento is about 75 miles, and 
the optimum takeoff angle is about 78°, Launching such a 
high-angle signal is best done using horizontally polarized 
antennas mounted relatively close to the ground. 


GEOGRAPHIC COVERAGE FOR NVIS 


Figure 7A shows the geographic area coverag 
‘San Francisco fora 100-W, 7.2-MHz station using an inverted 
V dipole. The center of this antenna is 20 feet above flat 


Hams used to half jokingly call short rang 


ound 


z p 
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Fig 8— Layout for two band inverted V dipoles for 40 and 
80 meters. The two dipoles are fed together at the center 
and are laid out at right angles to each other to minimize 
interaction between them. Each end of both dipoles is 
kept 8 feet above ground for personnel safely. 


Fig 7—At A, Predicted 40 motor geographic coverage plot for a 100 W transmitter in December at 0000 UTC (near sun- 
sel) fora SSN (Smoothed Sunspot Number) of 20. The antennas used are 20 foot-high Inverted V dipoles. At B, 40 meter 
‘coverage for same dato and time, but for 100 foot-high flattop dipoles. Most of California is well covered with S9 signals. 
in both cases, but there is more susceptibility in the higher dipole case to thunderstorm crashes coming from outside 
California, for example from Arizona or even Texas. Such noise can interfere with communications inside California. 
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Fig 9—Elevation plots for 


diferent 40 meter antennas. 


above flat ground with average 


= ground characteristics (5 mSim 


Conductivity and dielectric 


constant of 13). The 10 foot-high 


flattop dipole and the 20 foot- 


high inverted V dipoles both 


have close to the same char- 


acteristics. Note that there is a 


null in the response of the 100 


foothigh flattop dipole at a 42° 


elevation angle. The gain there 


is roughly that of a 2 foot-high 


dipole! 


== 
A 
+ 
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Fig 10—The distribution of lightning strikes across the 
USA for August 10, 2005 from 2200 to 0000 UTC, in th 
afternoon California time. There ae lots of lightning strikes 
in the US during the summer 0,898 of them in this two- 
hour period! (Courtesy Valsala Lightning Explorer) 


шош tual implem 
ОГ such an antenna could be as an 80-meter inverted V fed in 


parallel with a 40-meter inverted V dipole at a 90° angle. See 
Fig 8. The 8-foot height puts the ends high enough to prevent 
RF burns to humans (or most animals). The low height of 
the antenna above ground means that the azimuthal pattern 
is omnidirectional for bi 


elevation angles. 

he VOAAREA program, part 
of the VOACAP propagation- prediction suite, for the month 
of December. This was for 0000 UTC, close to sundown, for 


erated usi 


Fig 7 was: 


a low period of solar activity (Smoothed Sunspot Number, 
SSN of 20). The receiving stations were also assumed to be 
using identical inverted-V dipoles. 


‘You can see that almost the whole state of California is 


‘covered with S9 signals, minus only a thin slice of land near 
the Mexican border in he southeast portion of the stat, where 
the signal drops to S7. Signals from Texas are predicted to be 
only $5 or less in strength. Si 


coming from, say, Louisiana would be several S units weaker 
ignals from central Texas. 

Now take a look at Fig 7B. Here, the date, time and 

solar conditions remain the same, but now the antennas are 


than 


100-foot high Панор dipoles. California is still blanketed 
with 59 signals, save for an interesting crescent-shaped slice 
near Los Angeles, where the signal drops down to 57. Close 


investigation of this intriguing drop in signal strength reveals 
that the necessary elevation angle, 44, from San Francisco 
to this рап of southern California falls in the first null of the 
100-foot high antenna's elevation pattern. See Fig 9, which 
shows the elevation patterns for five 40-meter antennas at dif- 
ferent heights. In the null at а 44" takeoff angle, the 100-foot 
high dipole is just about equal а 2-foot high dipole. We'll 
discuss 2-foot high dipoles in more detail later 

For most of California, the problem with 100-1001 high 
-40-meter antennas is that interfering signals from Texas, Col- 
orado or Washington State Will also be S9 in San Francisco, 


So will static crashes coming from thunderstorms all over 
the West and much of the Gulf Coast. (Ed Farmer, AAGZM, 
joked once that the Army doesn’t have any proble 
interfering signals—they just сай in an airstrike. We hams 
don't generally have this ability, although we occasionally 
call in the FCC.) Sce Fig 10, which shows a typical distri- 
bution of thunderstorms across the US in the late afternoon, 
California time, in mid-August. There certainly are a lot of 
thunderstorms raging around the country n the summer. 


with 


The signal-to-noise and signal-o-inteforence ratios for 
ıa 20-foot high inverted V dipole will be superior for medium- 
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Fig 11—VOACAP calculations for a 
350 mile path from San Francisco 


to Los Angeles, using 10 foot-high 
{lattop dipoles. This plot shows 


the si 
[ar 
monttvSSN combination winter 


solstice, in December, for a low 


level of solar activity (SSN = 20). 
The 40-metor signal drops to a 
very low level during the night 


Sr art it 


because the MUF drops well bo- 
low 7.2 MHz The 80-meter signal 


drops in the afternoon because of 
Dilayer absorption. For 24-hour 


communications on this path, the 


тше of thumb is to select 40 m. 


i tors during the day and 80 meters 


EEE during the night. 


NOS Spo San rca aL tre, 


Fig 12—Signal strengths for the 


‘San Francisco to Los Angeles 


path for a worst-case month! 


SSN combination—summer 
solstice, in June, tor a high 


level of solar activity 


(GSN = 120). Now 80 motors 


drops out more dramatically 
during the daylight hours, due 


to increased D-layer absorp- 
tion. At this high level of solar 


p 


activity, 40 motors remains 
‘open 24 hours with reasonable 


signal leves. However, the NVIS 


rule-of-thumb still holds: Use 


40 meters during the day; 


z 80 meters at night. 


range distances, say out to 500 miles from the center, com- 
pared to a 100-foot high antenna, The 20-Foot high antenna. 
can discriminate against medium-angle thunderstorm noise in 
the late afternoon coming from the Arizona desert, although 
it wouldn't help much for thunderstorms in the Sierra Nevada. 
in central Nevada, which are arriving in San Francisco а high 
angles, along with the desired NVIS signals. 

This is the essence of what NVIS means. NVIS exploits 
the difference in elevation pattern responses of low hori- 
zomally polarized antennas compared to higher horizontal 
antennas, or even verticals. Over the years, many hams have 
been lead to believe that higher is always better. This is not 
quite so true for consistent coverage of medium or short 
distance signals! 

17 NVIS only involved putting up а low horizontally 
polarized antenna on 40 meters the story would end here. 
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However, real cloud warming is more complicated. It also 
involves the intelligent choice of more than just one operating 
frequency to achieve reliable all day, all-night communica- 
tions coverage. 

Fig 11 shows the signal strength predicted using 
VOACAP for the 350-mile path from San Francisco to Los 
Angeles for the month of December for a period of low 
solar activity (SSN of 20). The antennas used in this case are 
10-foot high dipoles, just for some variety. These act almost 
like 20-foot high Inverted V dipoles. December at a low 
SSN was chosen as a worst-case scenario because the winter 
solstice occurs on December 21. This is the day that has the 
fewest hours of daylight in the year. (Contrast this with the 
summer solstice, on June 21, which has the most hours of 
daylight the year) Note that the upper signal limit in Fig 11 
is “S1O"—a fictitious quantity that allows easier graphing. 


S10 s equivalent to 89+, or at least S9+10 dB. 

"The 40-metercurve in Fig 11 shows that the MUF (maxi- 
mum usable frequency) actually drops below the 7.2 MHz ama- 
leur band after sunset. The signal becomes quite weak for about 
14 hours during the night, from about 0300 to 1700 UTC. In 
a period of low solar activity the 40-meter band thus becomes 
strictly a daytime band on this medium-distance path. 

The 80-meter curve in Fig 11 shows strong signals 
afier dusk, through the night and up until about an hour after 
sunrise. A ter sunrise, 80 meters starts to suffer absorption in 
the D layer of the ionosphere and hence the signal strength 
drops. Here, 80 meters is a true nighttime band. 

Let's see what happens from San Francisco to Los Ange- 
les during a period of high solar activity (SSN of 120) during 
the summer solstice in June. Fig 12 shows that 40 meters now 
stays open ай hours of the day due to the greater number of 
hours of sunlight in June and because the ionosphere becomes. 

nore highly ionized by higher solar activity. Meanwhile 
80 meters still remains а nighttime band during these condi- 
tions on this path. 

Now let's look at a shorter-distance path —our 75-mile 
emergency communications path from San Francisco to Sac- 
ramento. We'll gain use June during the summer solstice, 
at a high level of solar activity (SSN of 120) because this 
represents another worst-case scenario. Fig 13 shows that 
40 meters remains open on this path all day, dropping to a 
lower signal level just before sunrise. At sunrise, the MUF 
drops close to 7.2 MHz. 80 meters is still mainly a nighttime 
band to Sacramento, even though it does yield workable signal 
levels even during the daylight hours. However, 40 meters is 
better from 1200 to 0400 UTC, so 40 would be still the right 
daytime band for this path during the day. 


CHOOSING THE RIGHT NVIS FREQUENCY 


‘You can see that a patter is developing here for effi- 


cient NVIS shorv/medium-distance communications out to 

500 miles: 

* You should pick a frequency on 40 meters durin 
day, 

* You should pick a frequency on 80 meters during the 
night. 


* You should choose an ant 


that emphasizes moder- 
ate o high elevation angles, from 40° to almost directly 
‘overhead at 90°. 

“What about 60 meters?" you might ask. The character- 
isties on 60 meters fall in-between 40 and 8D meters, although 
it resembles 40 meters more closely. With characteristics 
close to that of 40, but with only five channels available and 
а 50-W power limit, the 60-meter band is of low utility for 
serious NVIS use 

What about 160 meters? For 100-W level radios, even 
atthe worst-case month or during low solar activity, the criti- 
cal frequency doesn’t fall below 3.8 MHz often enough to 
destroy the ability to communicate, even Гог short distances. 
‘That is a relief, considering that installing a 160-meter half- 
wave dipole involves a 255-foot wingspan, and it would need 
to be elevated at least 30 feet in the center. A short loaded 
vertical such as a 160-meter mobile whip would have poor. 
response at the high elevation angles needed for NVIS. You 
could probably put a monster 160-meter horizontal dipole 
up ata permanent location, but hauling such a thing around 
in the field would not be an easy task, 


SOME OTHER OBSERVATIONS ABOUT 
NVIS—STRATEGY 

‘You could pose the question about whether NVIS is an 

‘operating mode or whether itis actually an operating strategy 

We maintain that NVIS is а strategy. It involves choosing 


both appropriate frequencies and then appropriate antennas 
for those frequencies. Fig 13 does show that on short-distance 


Fig 13—Signal strengths for a 
75 mile path. San Francisco 


to Sacramento, This is for June 
and SSN = 120. Either band 


‘could be used successfully 
‘over the full 24-hour period 


because signal levels are 
always higher than S6. But the 


‘simple NVIS rule-of-thumb sti 
holds: Use 40 meters during 


the day; 80 meters at night. 


This simplifies giving instruc- 
tions to operators unaccus- 


tomed to the use of HF. 
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paths, such as between San Francisco and Sacramento, you 
could stay on 80 meters all day and night. But if you have 
1o give а single rule-of-thumb to operators who are not very 
experienced at operating HF, we would tell them to operate 
on the higher frequency band during the day and on the lower 
frequency band at night 


SOME OTHER OBSERVATIONS ABOUT 

NVIS—ANTENNA HEIGHT 

Some NVIS aficionados have advocated placi 

only a few feet over ground, something akin to sayin 
low is good for NVIS, then lower must be even bette 

же are not claiming that a very low antenna won't work in 


specific instances for exampl a small state such 
as Rhode Island or even just the San Francisco Bay Area. 


Tt certainly is convenient to mount a 40-meter dipole 


‘on some 2-foot high red traffic cones! You should be very 
Skeptical, however, about the ability of such antennas to over. 
state, such as California or Texas, especially on 


80 meters. Fig 14 shows the computed elevation responses 
for a number of 80-meter antennas, including a 2-foot-high 
dipole. 

Fig 15B shows the 80 meter 
for 2-foot-high flattop dipoles, compared with the plot in 
Fig 15A for 20-foot-high inverted V dipoles on both ends of 
the path. The 2-foot-high dipoles produce about two S-units 
less signal across all of California than the 20-foot-h 
inverted V dipoles, at 0300 UTC in December, with an SSN 
‘of 20, The reason is that a low dipole will suffer more losses 
in the ground under il. 

The differential between California signals and possible 


wer ple coverage plot 


interfering signals from, say, New Mexico, is predicted to be 


four S-units, the same as it is for the higher inverted V dipole 


=I 
“у Fig 14—Elevation response 
CIT 2 10 p 
— shapes track 
: won tach other rather wal remaining. 
Н = Е юу, for heights frm 2 
4 m =e 1666 feet over lat ground. The 
= oot dipole is substantally 
oun, about B, rom the 
= 20 fot inverted V dipole агай 
2 E angles. 


rage soil. ALB, antennas are 2-foothigh flatop dipoles over Average вой. The response for the 
nnas is down about 2 S Units, 8 to 12 dB for a typical communications receiver. 


at 20 feet Thus there is no real advantage in terms of signal- 
1o-intrference ratio or signal-to-noise ratio (for thunderstorm 
static crashes) for either height. This is because the shape of 
all the response curves in Fig 14 below 20 feet essentially 
track each other in parallel. 

However, the lower the antenna, the lower the transmit- 
gnal strength. Physics remain physics. And if you are 
-mergency situation operating on batteries, you could 
reduce power from 100 W to 10W with a 20-foot high 
inverted V antenna and still maintain the same signal strength 
as a 2-foot high dipole at 100W. 


LOW NVIS ANTENNAS AND LOCAL 
POWERLINE NOISE 


Some advocates of really low anter 


ted 


as have stated that 


the received noise is much lower than that received from high- 
er antennas, and this therefore leads to better signal-to-noise 
ratios (SNR). How much this is true dep 
‘of the noise. If the noise comes from distant thunderstorms, 
then the SNR advantage going to a 
20-foot igh one is insignificant, as Fi 
noise is from an arcing insulator on a HV power line 
half а mile away, that noise will arrive at the antenna as a 
ground-wave signal. We calculate that the 2-foot antenna. 
receives 4.4 dB less noise by groundwave than a 20-foot-high 
inverted V dipole. However, at an incoming elevation angle 
‘of AS" suitable for a signal going from Los Angeles to San 


foot antenna from a 


15 indicates 


Francisco—the signal would be down 7.1 dB on the low 
dipole compared to the higher antenna. The net loss in SNR 
forthe 2-oot-high dipole is thus 7.1-4.4 or 2.7 dB. Close, but 


no cigar. Summarizing about really low N VIS anten 
+ A2-foothigh dipole yields weaker signals, Бш without an 
SNR advantage compared to is more elevated brethren. 


+ A2-foot high dipole is a lot easier to trip over at night. We 
would call this a “knee bite” (or maybe an “ankle biter” 
if you're really tall). 

+ You (and your dog) can easily get RF burns from an an- 
tenna that is only 2 feet off the ground. 

‘This is nota winning strategy to make friends or QSOs, 
it seems. But still, a really low dipole may serve your short- 
range communication needs just fine. But remember, that 
Just as “higher is better” isn't universally true Гог NVIS (or 
even longer range) applications, "lower is better” isn't a 
panacea either. 


ELEVATION ANGLES FOR MODERATE 
DISTANCES ON 75/80 METERS 

Fig 16 shows the elevation angles statistics for a 
75-meler, 550-mile path from Boston to Cleveland, together 
With overlays of the elevation pattems for several different 
types of antennas. These elevation statisties cover all parts 
of the 11-year solar cycle for this path. The responses for 
the popular GSRV antenna (described later in this chapter) 
are shown for two diffe ound: 50 
and 100 feet. An 80-meter half-wave sloper (“full sloper”) 
and an S0-meter ground-plane antenna are also shown. All 


0 
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Fig 16—80/75-meter elevation statistics for all portions of 
the 11-year solar cyclo for the path from Cleveland, Ohio, 
to Boston, Massachusetts together with the elevation 
responses for four diferent multiband antennas. The 100- 
foot high horizontally polarized GSRV performs well over 
the entire range of necessary takeoff elevation angles. 


patterns are for “average ground” constants of 
5 mS/m conductivity and a dielectric constant of 13, 

Athe statistically most significant takeoff angles around 
50°. the two horizontally polarized GSRV antennas are about 
equal. At the second-highest elevation peak near 30°, the 
100-foot GSRV has about a 4-48 advantage over its lower 
‘counterpart. The full sloper has comparable performance to 
the 100-foot high GSRV from 1° to about 20° and then gradu- 
ally rises to its peak at angles higher than 70°. The full sloper 
is superior to the 50-foot horizontal GSRV at low takeoff 
elevation angles. The 80- 
directly overhead. Atan elevation ar 
16 dB compared to the 50-foothig 

The advantage of 


tion was vividly demonstrated during a 75-meter QSO one 
fall evening between N6BV/1 in southern New Hampshire 


and WIWEF in central Connecticut This involved a distance 


‘of about 100 miles and WIWEF was using his Four Square 


necting the so-called "dump power" connector on his Comtek 
ACB-4 hybrid phasing coupler to a 50-02 dummy load (the 
normal configuration), WIWEF switched the dump power 
to his 100-foot high 80-meter horizontal dipole. WIWEF's 

e than 20 dB! The approximately 100-W 
ol power that would otherwise be "wasted" in the dummy 


load was converted to useful signal. 


ELEVATION ANGLES FOR MODERATE 
DISTANCES ON 40 METERS 

Fig 17 shows the situatio 

Boston to Cleveland, together with the same antennas used for 

6. Note that the 100-foot high horizontally 


for the 40-meter band, from 
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UTEK ARA RSTO TESTS 


Fig 17—40-meter elevation statistics for the Cleveland 
to Boston path, together with elevation patterns for four 
antennas. Here, the 100-foot high horizontally polarized 
G5RV would have a nul in the middie of the range of ele- 
vation angles needed for consistent performance on this 
path. For multiband use on his path o relatively nearby 
Stations, the 50-001 high horizontal antenna would be а 
Better choice than the 100-foot high antenna. 


polarized GSRV has about a 16-48 null at an elevatio 
‘of 43°, This doesn’t affect things for low elevation an 
itcertüinly has a profound effect on signals arrivin 

about 30° to 60°, especially when compared to the 50-0001 
high horizontal СКУ. The 40-meter full sloper beats out 
the high horizontal antenna from about 35° to 50°. And the 


but 


ound plane is obviously not the antenna of choice for this 

ге path from Boston to Cleveland, although it 
is still a good performer on longer-distance paths, with their 
low takeoff angles. 

A 100-foot high multiband dipole is about -3 high on 
75/80 meters. It is an excellent antenna for general-purpose 
local and DXing operation. But the same dipole used on 
40 meters becomes 7-2. high. At that height, the nulls in 

pattern give large holes in coverage for nearby 
neter contacts. Many operators have found that а 40- to 
50-foot high dipole on 40 meters gives them far superior 
performance for close-in QSOs, when compared to a high 
dipole, or even a high 2-clement 40-meter Yagi. 


NVIS SUMMARY 


The use of NVIS strategies to cover close-in and inter- 


moderate 


mediate distance communications within about 600 miles 
involves the intelligent choice of low HF frequencies. As 
а rule-of-thumb for ham band NVIS, 40 meters is recom- 
mended for use during the day; 80 meters durin, 

NVIS involves the choice of antennas suitable for 
Horizontally polarized dual-band 80 and 
neter flatlop dipoles that are mounted higher than about 
10 feet high will work adequately for portale operations 
Dusl-band 80 and 40-meter inverted V dipoles supported 
20 feet above the ground at the center can also work well in 
portable operations 

Single-band 40-meter flattop antennas about 30 feet 
high and SO-meter Панор antennas about 60 feet high can 
doa good job for fixed locations. 


the night. 


Horizontal Antennas for the Low Bands 


As show 


in Chapter 3, The Effects of Ground, and 
here, radiation angles from horizontal antennas are a very 
strong function of the height above ground in wavelengths. 
‘Typically for DX work heights of 2/2 to 1 7. are considered 
10 be a minimum. As we go down in frequency these heights 
become harder to realize. For example, a 160-meter dipole at 
70 feetis only 0.14 high. This antenna will be very effective 
for local and short distance QSOs but not very good for DX 
work. Despite this limitation, horizontal antennas are very 
popular on the lower bands because the low frequencies are 
‘often used for short range communications, local nets and rag 

chewing. Also horizontal antennas do not require extensive 
ground systems to be efficient. 


DIPOLE ANTENNAS 

Half-wawe dipoles and variations of these can be a very 
good choice fora low band antenna. A variety of possibilities 
are shown in Fig 18. An untuned or “flat” feed line is a logi- 
(al choice on any band because the losses are low, but this 
generally limits the use ofthe antenna to one band. Where 
only single-band operation is wanted, the 2/2 antenna fed 
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with open-wire line is one of the most popular systems on 
the 3.5 and 7-MHz band 

Ifthe antenna is a single-wire affair, ts impedance is in 
the vicinity of 60 ©, depending on the height and the ground 
characteristics. The most common way to feed the antenna 
is with 50- or 75-0 coaxial line. Heavy coaxial lines present 
support problems because they are a concentrated weight at 
the center of the antenna, tending to pull the center of the 
antenna down, This can be overcome by using an auxiliary 
pole to take at least some of the weight of the line. The line 
should come away from the antenna at right angles, and it 
can be of any length. 


Folded Dipoles 

A folded dipole (Fig 18B and С) has an impedance of 
about 300 O. and can be fed directly with any length of 300-0 
line. The folded dipole сап be made of ordinary wire spaced 
by lightweight wooden or plastic spacers, 4 or 6 inches lor 
ога piece of 300 or 450-0 twin-lead or ladder line. 

A folded dipole can be fed with a 600-2 open wire line 
with only a 2:1 SWR, but a nearly perfect match can be ob- 


w 


Fig 18—Halt-wavelength antennas for single band operation. The multiwire types shown in B, С and D offer a better 
match to the feeder over a somewhat wider range of frequencies but otherwise the performances are identical. The feeder 
should run away from the antenna at а right angle for as great a distance as possible. In the coupling circuits shown, 
tuned circuits should resonate to the operating frequency. In the series-tuned circuits of А, B, and C, high L and low С are 
recommended, and in D the inductance and capacitance should be similar to the output-amplifier tank, with the feeders 
tapped across at least ' the coil. The tappod-coll matching circuit shown in Chapter 25 can be substituted in each case. 


tained with a three-wire dipole fed with either 450-0 ladder 
line or 600-02 open wire line. One advantage of the two- and 
D 

better match over wider band. This is particularly important 
if full coverage of the 3.5-MHz band is contemplated. 


ire antennas over the single wire is that they offer a 


Inverted-V 


"The halves of a dipole may be sloped to form an in- 


verted V, as shown in Fig 19. This has the advantages of re- 
quiring only a single high support and less horizontal space. 
‘There will be some difference in performance between a 
normal horizontal dipole and the inverted V as shown by 
the radiation patterns in Fig 20. There is small loss in peak 
and the pattern is less directional. 
Sloping of the wires results in a raising of the reso- 
mant frequency and a decrease in feed-point impedance and 
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Fig 19—Тһе inverted-V dipole. The length and apex angle 


should be adjusted as described in the text. 


Fig 20—At A, elevation and at B, azimuthal radiation. 


patterns comparing a normal 80-meter dipole and an 
Inverted-V dipolo. The center of both dipoles is at 

65 feet and the ends of the inverted V are at 20 feet. The 
frequency is 3.750 MHz. 
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bandwidth. Thus, for the same frequency, the le 
dipole must be increased somewhat, The angle al the apex is 
not critical, although it should probably be made no smaller 
than 90°, Because ofthe lower impedance, a 50-0 line should 
be used. For those who are dissatisfied with anything but a 
perfect match, the usual procedure is to adjust the angle for 
lowest SWR while keeping the dipole resonant by adjustment 
of length. Bandwidth may be increased by us 

tor elements, such as a cage configuration 


PHASED HORIZONTAL ARRAYS 
Phased arrays with horizontal elements, which provide 
some directional gain, can be used to advantage at 7 MHZ, if 
they can be placed at least 40 feet above ground. At3.5 MHZ 
heights of 70 feet or more are needed for any real ауз 


multicondue- 


Fig 21— Directional antennas for 7 MHz. To realize any 
advantage from these antennas, they should be at least 
40 feat high. At A, system is bidirectional. At B, system is 
unidirectional in a direction depending upon the tuning 
Conditions of the parasitic element. The length of the 
elements in either antenna should be exactly the same, 
but any length from 60 to 150 feet can be used. 

Ifthe length of the antenna at A is between 60 and 

80 feet, the antenna will be bidirectional along tho. 

same ine on both 7 and 14 MHz. The system at B can 
be made to work on 7 and 14 MHz in the same way, by 
keeping the length between 60 and 80 feet. 


Many of the driven arrays discussed in Chapter 8 and even 
some of the Yagis discussed in Chapter 11 can be used as 
fixed directional antennas. If a bidirectional characteristic is 
desired, the WSIK array, shown in Fig 214, is a good one. If 
A unidirectional characteristic is required, two elements can 
һе mounted about 20 feet apart and provision included for 
tuning one of the elements as either a director or reflector, 
as shown in Fig 21B. 

"The parasitic element is tuned at the end of its feed 
line with a series or paralll-tuned circuit (whichever would 
normally be required to couple power into the line), and the 
proper tuning condition can be found by using the system 
for receiving and listening to distant stations along the line 
1o the rear of the antenna, Tuning the feeder to the parasitic 
element can minimize the received signals from the back 
of the antenna. This is in effect adjusting the antenna for 
maximum front-o-back ratio. Maximum front-to-back does 
not occur at the same point as maximum forward gain but 
the loss in forward gain is very small. Adjusting the antenna. 
for maximum forward gain (peaking received signals in the 
forward direction) may increase the forward gain slightly 
but will almost certainly resul in relatively poor frontto- 
back ratio. 


A MODIFIED EXTENDED DOUBLE ZEPP 


Ir the distance between the available supports is greater 
than 2/2 then a very simple form of a single wire collinear 
array can be used to achieve significant gain, The extended 
double Zepp antenna has long been used by amateurs and is 
discussed in Chapter 8, Multiclement Arrays. A simple varia- 
tion of this antenna with substantially improved bandwidth 
can be very useful on 3.5 and 7.0 MHZ. The following mate- 
rial has been taken from an article by Rudy Severns, МӨГЕ, 
in The ARRL Antenna Compendium Vol 4. 

"The key to improving the characteristics of a standard 
double-extended Zepp is to modify the current distribution. 
One of the simplest ways to do this is to insert a reactance(s) 
in series with the wire. This could either be an inductor(s) or 
асарасйоңо). In general, а series capacitor will have a higher 
Qand therefore less loss. With either choice it is desirable to 
use as few components as possible 

Аз an initial tril at 7 MHz, only two capacitors, one 
‘on each side of the antenna, were used. The value and posi- 
tion of the capacitors was varied to see what would happen. 
її quickly became clear that the reactance at the feed point 
could be tuned out by adjusting the capacitor value, making 
the antenna look essentially like a resistor over the entire 
band. The value of the feed-point resistance could be varied 
from less than 150 О to over 1500 £2 by changing the loca- 
tion of the capacitors and adjusting their values to resonate 
the antenna. 

‘A number of interesting combinations were created, The 
‘one ultimately selected is shown in Fig 22. The antenna is 
170 feet in length. Two 9.1 pF capacitors are located 25 feet 
‘out each side of the center. The antenna is fed with 450-0 
transmission line and a 9:1 three-core Guanella balun used 


Fig 22— Schematic for modified NGLF Double Extended. 
Zepp. Overall length is 170 feet, with 9.1 pF capacitors 
Placed 25 feot each side of center. 


Fig 23—Azimuth pattern for NGLF Double Extended Zepp 
(solid ine), compared to classic Double Extended Zapp 
(dashed lino). The main lobe for the modified antenna is 
lightly broader than that of the classic model, and the 
‘sidelobes are suppressed better. 


atthe transmitter to convert to 50 0. The transmission line 
can be any convenient length and it operates with a very 
low SWR. 

‘That’s ай there is to it. The radiation pattern, overlaid 
with that fora standard DEZepp for comparison, is shown in 
Fig 23. The sidelobes are now reduced to below 20 dB. The 
main lobe is now 43° wide at the 3-4B points, as opposed 
10 35° for the original DEZepp. The antenna has gain over 
a dipole for > 50° now and the gain of the main lobe has 
dropped only 0.2 dB below the original DEZepp. 


Experimental Results 

The antenna was made from #14 wire and the capaci 
tors were made from 35-inch sections of RG-213, shown 
in Fig 24A. Note that great care should be taken to seal out 
moisture in these capacitors. The voltage across the capacitor 
for 1.5 KW will be about 2000 V so any corona will quickly 
destroy the capacitor. 

A silicon sealant was used and then both ends covered 
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Fig 24—Construction details for series capacitor made 
from RG-213 coaxial cable. At А, the method used by NELF 
is Ilustrted. ALB, a suggested method to seal capacitor 
better against weather is shown, using a section of PVC 
pipe with end caps. 


Fig 25—Measured SWR curve across 40-meter band for 
NOLF DEZepp. 


with coax seal, finally wrapping it with plastic tape. The 
solder balls indicated on the drawing are to prevent wicking 
‘of moisture through the braid and the stranded center conduc- 


tor. This is а small but important point if long service out in 
the weather is expected. An even better way to protect the 
‘capacitor would be to enclose it in a short piece of PVC pipe 
with end caps, as shown in Fig 24B. 

Note that all RG-8 type cables do not have exactly the 
same capacitance per foot and there will also be some end 
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Fig 26—T5/80-meter modified Double Extended Zepp, 
designed using NEC Wires. At A, a schematic is shown 
tor antenna. At B, SWR curve is shown across 75/80- 
meter band. Solid line shows measured curve for W7ISV 
antenna, which was pruned to place SWR minimum higher 
in the band. The dashed curve shows the computed 
response when SWR minimum is set to 3.8 MHz. 


effect adding to the capacit 
should be trimmed with a capacitance meter It isn't necessary 
to be too exact—the effect of varying the capacitance =10% 
was checked and the antenna still worked fine. 

"The results proved to be close to those predicted by the 
computer model. Fig 28 shows the measured value for SWR. 
‘across the band. These measurements were made with a Bird 
directional wattmeter. The worst SWR is 1.35:1 at the low 
end of the band. 

Dick Ives, W7ISY, erected an 80-meter version of the 
antenna, shown in Fig 26A. The series capacitors are 17 pF. 
Since he isn't interested in CW, Dick adjusted the length for 
the lowest SWR at the high end of the band, as shown in the 
SWR curve (Fig 26B). The antenna could have been tuned 
somewhat lower in frequency and would then provide an 
SWR < 2:1 over the entire band, as indicated by the dashed 
line. 


This antenna provides wide bandwidth 
in over the entire 75/80-meter band. Not m 
will give you that with a simple wire structure. 


nd moderate 


Vertical Antennas 


Оп the low bands quarter-wave high vertical ante 
become increasingly attractive, especially for DX work, bo- 
‘cause they provide a means for lowering the radiation angle 
This is especially true where practical heights for horizontally 
polarized antennas are too low. In addition, verticals can be 
very simple and unobtrusive structures. For example, it is 
very easy to disguise a vertical as a flagpole. In fact an actual 
flagpole may be used as a vertical. Performance of a vertical 
is determined by several factors: 


+ Height of the vertical portion of the radiator 
+ The ground or counterpoise system efficiency, if one is 
used 


+ Ground characteristics in the near- and far-field regi 
+ The efficiency of loadi 
works 


‘elements and matching net- 


THE HALF-WAVE VERTICAL DIPOLE 
(нур) 

"The simplest form of vertical is that of a half-wave ver- 
tical dipole, an HVD. This is a horizontal dipole tumed 90° 
so that it is perpendicular to the ground under it. ОГ course, 
the top end of such an antenna must be at least a half wave 
above the ground or else it would be touching the ground. 
"This poses quite a construction challenge ifthe builder wants a 
free-standing low-frequency antenna. Hams fortunate enough 
10 have tall trees on their property can suspend wire HVDs 
from these trees. Similarly, hams with two tall towers can run 
rope catenaries between them to hold up an HVD. 

A vertical half-wave dipole has some operational 


p 
te 


Fig 27—At A, a 80-meter half-wave vertical dipole elevated 
8 feet above the ground. The feed line is run perpendicu- 
larly away from the dipole. At B, a “ground plane" type of 
quarter-wave vertical, with four elevated resonant radials. 
Both antennas are mounted 8 feet above the ground to 
keep them away from passersby. 


advantages compared to a more-commonly used vertical 
‘configuration—the quarter-wave vertical used with some sort 
‘of above-ground counterpoise or an on-ground radial system, 
See Fig 27 and 27B, which shows the two configurations 
discussed here. In each case, the lowest part of each antenna 
is 8 feet above ground, to prevent passersby from being able 
to touch any live wire. Each antenna is assumed to be made 
‘of #14 wire resonant on 80 meters. 


Feeding a Half-Wave Vertical Dipole 
Fig 28 compares elevation patterns for the two antennas 
for “average ground.” You сап see that the half-wave vertical 
dipole has about 1.5 dB higher peak gain, since it compresses 
the vertical elevation pattern down somewhat closer to the 
horizon than does the quarter-wave ground plane. Another 
advantage to using а half-wave radiator besides higher gain 
is that less horizontal “real estate" is needed compared to a 
{quarter-wave vertical with its horizontal radials. 

The obvious disadvantage to an НУР is that itis taller 
than a quarter-wave ground plane. This requires a higher 
support (such as a taller tree) if you make it from wire, or a 

if you make it from telescoping aluminum 


Another problem is that theory says you must dress the 
feed line so that it is perpendicular to the half-wave radia- 
tor. This means you must support the coax feed line above 
ground for some distance before bringing the coax down to 
ground level. A question immediately arises: How far must 
you go out horizontally with the feed line before going to 
ground level to eliminate common-mode currents that are 


radiated onto the coax shield? Such common-mode currents 
will affect the feed-point impedance as well as the radiation 
pattern for the antenna system. Quite a bit of distortion in the 
azimuthal pattern can be created if common-mode currents 
aren't suppressed, usually by using a common-mode choke, 
also known as a current balun. 


Fig 28—A comparison of the elevation patterns for the 
{wo antennas in Fig 27.The peak gain of the HVD is about 
1.5 dB higher than that for the quarter-wave ground-plano 
radiator with radials. 


Low-Frequency Antennas 6-15 


ү "— 
* ш 
a 


Fig 29—A 20-meter HVD whose bottom is 8 feet above 
ground. This is fed with a 7/2 of RG-213 coax. This system 
uses a common-mode choke at the feed point and another 
3/4 down the line. The resulting azimuthal radiation pattern 
is within 0.4 dB of being perfectly circular. The “wingspan” 
of this antenna system is 27 feet from the radiator to the 
Point where the coax comes to ground level. 


Constructing such a common-mode choke is very 
simple: Three large ferrite beads are slipped over the coax 
(before the connectors are soldered on or else they won't ft!) 
and taped in place. The only problem with this scheme is that 
an additional support (some sort of "skyhook") is required 
to support the coax horizontally. Lets try to simplify the 
installation, by slanting the feed-line coax down to ground 
from the feed point at a fairly steep angle of about 30 from 
Vertical. See Fig 20 

Note that the bottom end ofthe coax in 
‘ed toa ground rod. This serves several purposes this serves 
as a mechanical connection to hold the coax in place and it 
provides some protection against lightning strikes. Now, as 
аршу practical matter, just how picky are we being here? 
What if we skip the second common-mode choke and just 
use one at the feed point? The computer models predicts that 
there will be some distortion in the azimuthal pattern—about 
1.1 dB worth, Whether this is serious is up to you. However 
you may find other problems with common-mode currents on 
the coax shield. problems such as RF in the shack or variable 
SWR readings depending on the way coax is routed in the 
shack. The addition of three extra ferrite beads to suppress 
the common-mode currents is cheap insurance, 

Later in this chapter we'll discuss shortened vertical 
antennas, ones arranged both as vertical dipoles and as verti- 
‘eal monopoles with radial systems. 


MONOPOLE VERTICALS WITH GROUND 
PLANE RADIALS 

For best performance the vertical portion of a ground- 

plane type of antenna should be 2/4 or more, but this is not an 

absolute requirement, With proper design, antennas as short 


29 is ground- 
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0,1 7.oreven less can be efficient and effective. Antennas 
shorter than 2/4 will be reactive and some form of loading 
and perhaps a matching network will be required 
Ifthe radiator is made of wire supported by nonconduct- 
иеп, the approximate length for 2/4 resonance can 
be found from: 


LII 


the length for resonance must be shorter than 
ven by the above equation, as the length-to-diameter ratio is 
lower than for wire (see Chapter 2, Antenna Fundamentals) 
For a tower, the resonant length will be shorter still. In any 
case, after installation the antenna length (height) can be 
adjusted for resonance at the desired frequency, 

‘The effect of ground characteristics on losses and eleva- 
tion pattern is discussed in detail in Chapter 3, The Effects of 
Ground. The most important points made in that discussion 
are the effet of round characteristics on the radiation pattem 
and the means for achieving low ground-loss resistance in a 
buried ground system. As ground conductivity increases, low- 
angle radiation improves. This makes а vertical very attractive 
to those who live in areas with good ground conductivity. I 
your QTH is on a saltwater beach, then a vertical would be 
Very effective, even when compared to horizontal antennas 
at great height. 

When a buried-radial ground system is used, the 
efficiency of the antenna will be limited by the loss resistance 
‘of the ground system. The ground can be a number of radial 
Wires extending out from the base of the antenna for about 
244. Driven ground rods, while satisfactory for electrical 
safety and for lightning protection, are of lite value as an 
RE ground for a vertical antenna, except perhaps in marshy or 
beach areas. As pointed out in Chapter 3, many long radials 
are desirable. In general, however, а large number of short 
radials are preferable to only a few long radials, although the 
best system would have 60 or more radials longer than 2/4. An 
elevated system of radials or a ground screen (counterpoise) 
may be used instead of buried radials, and can result in an 
efficient antenna. 


ELEVATED RADIALS AND 
COUNTERPOISES 


Elevated radials, isolated from ground, can be used 
in place of an extensive buried radial system, Work by Al 
(Christman, K3LC (ex-KBSI), has shown that 4 to 8 elevated 
radials can provide performance comparable to a 120 2/4- 
long buried vires. This is especially important for the low 
bands, where such a buried ground system is very large and 
impractical for most amateurs. An elevated ground system 
is sometimes referred to as а ground plane or counterpoise. 
Fig 30 compares buried and elevated ground systems, show- 
ing the difference in current flow in the two systems 

‘An elevated ground can take several forms. A number 
оГ wires arranged with radial symmetry around the base of 
the antenna is shown in Fig 30B. Four radials are normally 
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Fig 30—How earth currents affect the losses in a short vertical antenna system. At A, the current through the 
‘combination of C, and Rg may be appreciable f С, ls much greater than Сү, the capacitance of the vertical to the ground 
wires. This ratio can be improved (up to а point) by using more radials. By raising the entire antenna system off the 


ground, Ce (which consists of the sr 
System shown at B is sometimes called a count 


used, but as few as two, or as many as eight, can be used, 
For a given height of vertical, the length of the radials can 
be adjusted to resonate the antenna. For a 2/4 vertical the 
radials are normally 1/4 long. 

In the case of a multiband vertical, two or more sets of 
radials, with different lengths, may be interleaved. The radi- 
als associated with each band are adjusted for resonance on 
their associated band. 

A counterpoise is most commonly system of elevated 
radials, where the radial wires are interconnected with jump- 
ers, as shown in Fig 31. As illustrated in Fig 30, the purpose 
of the elevated-ground system is to provide a retur path 
for the displacement currents flowing in the vicinity of the 
antenna. The idea is to minimize the current flowing through 
the ground itself, which is usually very lossy. By raising the 
radials above ground most of the current will flow in the radi- 
als, which are good conductors. This allows a simple radial 
system to provide a very efficient ground. However, there is 
a price to be paid for this. 

"The ground system now has a direct effect on the feed- 
point impedance, introducing reactance as well as resistance, 
andis relatively narrow band. For a given vertical height, the 


s combination of Сет and Cex) is decreased while Cw stays the samo. The radial 
leo. 


Fig 31—Countorpoise, showing the radial wires connected 
together by cross wires. The length of the perimeter of the 
Individual meshes should be < Ja to prevent undesired 
resonances. Sometimes the center portion ofthe 
counterpoise is made from wire mosh. 
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Table 2 


Illustration of the effect of variable vertical height 
(Ly) on elevated radial length (L2) and Rp- 
412 wire, elevated 5 feet over average ground at 


Fig 32—The ground-plane antenna. Power is applied 
between the base of the vertical radiator and the center of 
the ground plano, ав indicated in the drawing, Decoupling 
from the transmission lino and any conductive support 
structure is highly desirable. 


radial length must be adjusted to resonate the antenna. The 
length of the radials must be readjusted for each band if a 
multiband vertical is used. As pointed out above, this usually 
means the installation of a set of radials for each band. To. 
minimize current flowing inthe groun 
plane and feed line must be isolated from ground for RF. 
More on this later. 

1 of the vertical does not have to be exactly 


resonated by adjust 
а comparison between three dif 


ıt vertical lengths in an 
four elevated radials at 3.525 MHz. 

‘An important feature of Table 2is the dramatic reduction 
in radial length (Lz) with even a small increase in vertical 


height (Li). For example, i the height by 5 feet 
reduces the radial length by 22 feet on 80 meters. On the 


other hand even a small decrease in L can cause a substan- 
til increase in Lz. This would be very undesirable, since the 
area required by the radials is already considerable. Notice 
also that the small increase in height raises Ry to 51 ©. This 

ıt slightly to reduce the size of 
ound system and to increase the input resis- 
tance can be very useful. In a following section the use of 
top loading for short antennas will be discussed. Top loading 
сап also be used on a 7/4 vertical to achieve the same effect 
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as increasing the height ihe ability to use shorter radials 
and a better match 


GROUND-PLANE ANTENNAS 

The ground-plane antenna is a 2/4 vertical with four. 
radials, as shown in Fig 32. The entire antenna is elevated 
above ground, A practical example of a 7-MHz ground-plane 
antenna is given in Fig 33. As explained earlier, elevating 
the antenna reduces the ground loss and lowers the radiation 
angle somewhat. The radials are sloped downward to make 
the feed-point impedance closer to 50 f. 

The feed-point impedance of the antenna varies with 
the height above ground, and to a lesser extent varies with 
the ground characteristics. Fig 34 is a graph of feed-point 
resistance (Rp) for а ground-plane antenna with the radials 
parallel to the ground. Rx is plotted as a function of height 
above ground. Notice that the difference between perfect 
ground and average ground (213 and © = 0.005 Sim) is 
small, except when quite close to ground. Near ground Ка 
is between 36 and 40 ©. This is a reasonable match for 50-0. 
feed line but as the antenna is raised above ground Rp drops 
to approximately 22 0, which is not а very good match. The 
feed-point resistance can be increased by sloping the radials 
downward, away from the vertical section. 

The effect of sloping the radials is shown in Fig 35. The 
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Fig 33—A ground-plane antenna is effective for DX work 
оп 7 MHz. Although its base can be any height above 
ground, losses in the ground underneath will be reduced 
by keoping the bottom of the antenna and the ground 
plane as high above ground as possible. Feeding the 
antenna directly with 50-1 coaxial cable wili result in a low 
SWA. The vertical radiator and the radials аге ай 2/4 long 
electrically. Contrary to popular myth he radials need not 
necessarily be 5% longer than the radiator. Their physical 
length will depend on their longth-to-diameter ratos, the 
height over ground and the length of the vertical radiator, 
as discussed intext. 


Fig 34— Radiation resistance of а radial ground-plane 
antenna as a function of height over ground. Perfect 
and average ground are shown. Frequency 1 3.525 MHz. 
Radial angle (0) is 0°. 


“ГРЕЕ 
t 


Fig 35 Radiation resistance and resonant 
4-radial ground-plane antenna > 0.3 above ground as. 
function of radial droop angle (). 


Fig 36 Radiation resistance and resonant length for a 
4-radial ground-plane antenna for various heights above 
average ground for radial droop angle 


graph is for an antenna well above ground (> 0.3 2). Notice 
that Rg = 50 Q when the radials are sloped downward at an 

е of 45°, a convenient value. The resonant length of the 
antenna will vary slig 
resonant length will vary а small amount with height above 
the ground. It is for these reasons, as well as the effet of 


ly with the angle. In addition, the 


‘conductor diameter, that some adjustment of the radial lengths 
is usually required. When the ground-plane antenna is used 
on the higher HF bands and at VHF the height above ground 
is usually such thal а radial sloping angle of 45° will 
good match to 50-0 feed line. 
The effect of height on Rp with a radial angle of 45° is 
itis seldom possible to 
и portion of a wavelength and 
the radial angle required to match to 50-0 line is usually of the 


order of 10° to 20°. To make the vertical portion of the antenna 


Fig 37—The folded monopole antenna. Shown here is a 
‘ground plane of four 0/4 radials. The folded element may 
be operated over an extensive counterpoise system or 
mounted on the ground and worked against buried radials 
and the earth. As with the folded dipole antenna, the feed- 
point impedance depends on the ratios of the radiator 
conductor sizes and their spacing. 


Fig 38—A choke balun with sufficient impedance to 
isolate the antenna properly can be made by winding 
coaxial cable around a section of plastic pipe. Suitable 
dimensions are given in the text. 
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; as possible, it may be better o accepta slightly poorer 
atch and keep the radials parallel to ground. 

"The principles of the folded dipole (Fig 18) can also be 
applied tothe ground plane antenna, as shown in Fig 37. This 
isthe folded monopole antenna. The feed-point resistance can 
be controlled by the number of parallel vertical conductors 
and the ratios of their diameters. 

As mentioned earlier, itis important in most installations 
to isolate the antenna from the feed line and any conductive 
supporting structure. This is done to minimize the return 
‘current conducted through the ground. A return current on 
the feed line itself or the support structure can drastically 
aller the radiation patter, usually for the worse. For these 
reasons, a balun (see Chapter 26, Coupling the Line to the 
Antenna) or other isolation scheme must be used. 1:1 baluns 
are effective for the higher bands but at 3.5 and 1.8 MHZ 
commercial baluns often have 100 low a shunt inductance 
1o provide adequate isolation. It is very easy to recognize 
when the isolation is inadequate. When the antenna is be. 
ing adjusted while watching an isolated impedance or SWR. 
meter, adjustments may be sensitive to your touching the 
instrument. After adjustment and after the feed Jine is at 
tached, the SWR may be drastically different. When the feed 
line is inadequately isolated, the apparent resonant frequency 
or the length of the radials required for resonance may also 
be significantly different from what you expect, 

In general, an isolation choke inductance of 50 to 
100 Н will be needed for 3.5 and 1.8-MHZ ground-plane 
antennas, One of the easiest ways to make the required sola- 
tion choke is o wind a length of coaxial cable into a coil as 
shown in Fig 38, For 1.8 MHz, 30 turns of RG-213 wound 
‘on a 14-inch length of inch diameter PVC pipe, will make 
а very good isolation choke that can handle full legal power 
continuously. A smaller choke could be wound on inch 
diameter plsti drain pipe using RG-8X ora Teflon insulated 
cable. The important point here is to isolate or decouple the 
antenna from the feed line and support structure. 

A full-size ground-plane antenna is often a lile im- 
practical for 3.5-MHZ and quite impractical for 1.8 MHz, 
but it can be used at 7 MHz to good advantage, particularly 
for DX work. Smaller versions can be very useful on 3.5 
and L8 MHZ 


EXAMPLES OF VERTICALS 


There are пы 


possible ways to build a vertical an- 
tenna—the limits are set by your ingenuity. The primary 
problem is creating the vertical portion of the antenna with 
sufficient height. Some of the more common means ae: 


+A dedicated tower 

+ Using an existing tower with an НЕ Yagi on top 

+ A wire suspended from atree limb or the side of a build- 

+ A vertical wire supported by a line between two trees or 
‘other supports 

+ A tall pole supporting a conductor 

+ Flagpoles 
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. Light standards 
+ Irigation pipe 
+ TV masts 


If you have the space and the resources, the most 
straightforward means is to erect a dedicated tower for a 
vertical. While this is certainly an effective approach, many 
amateurs do not have the space or the funds to do this, espe- 
cially if they already have a tower with an HF antenna on the 
top. The existing tower can be used as а top-loaded vertical 
using shunt feed and a ground radial system. A system like 
ibis is shown in Fig 39B. 

For those who live in an area with tall trees, it may be 
possible to install a support rope between two trees, or be- 
tween a tree and an existing tower. (Under no circumstances 
should you use an active utility pole!) The vertical portion of 
the antenna can be а wire suspended from the support line to 
ground, as shown in Fig 39C. f top loading is needed, some 
‘or all of the support line can be made part of the antenna. 

Your local utility company will periodically have older 
power poles that they no longer wish to keep in service. These 
мге sometimes available at little ог no expense. If you see a 
power line under reconstruction or repair in your area you 
might stop and speak with the crew foreman. Sometimes they 
will have removed older poles they will not use again and 
will have to haul them back to their shop for disposal. Your 
oller for local “disposal” may well be accepted. Such a pole 
can be used in conjunction with a tubing or whip extension 
such as that shown in Fig 39A. Power poles are not your 
‘only option. In some areas of the US, such as the southeast 
or northwest, tall poles made directly from small conifers 
are available 

Freestanding (unguyed) flagpoles and roadway illumi- 
nation standards are available in heights exceeding 100 feet 
‘These are made of fiberglass, aluminum or galvanized steel. 
AI of these are candidates for verticals. Flagpole suppliers. 
мге listed under "Flags and Banners" in your Yellow Pages. 
For lighting standards (lamp posts), you can contact a local 
electrical hardware distributor. Like a wooden pole, a fiber- 
glass flagpole does not require a base insulator, but metal 
poles do. Guy wires will be needed. 

One option to avoid the use of guys and a base insula- 
tor is to mount the pole directly into the ground as originally 
intended and then use shunt fed. If you want to keep the pole 
grounded but would like to use elevated radials, you can attach 
a cage of wires (four to six) at the top as shown in Fig 39D. 
‘The cage surrounds the pole and allows the pole (or tower for 
that matter) to be grounded while allowing elevated radials to 
be used. The use of a cage of wires surrounding the pole or 
tower is a very good way to increase the effective diameter. 
‘This reduces the © of the antenna, thereby increasing the 
bandwidth. I can also reduce the conductor loss, especially 
if the pole is galvanized steel, which is not a very good RF 
conductor. 


Aluminum irrigation tubing, which comes in diameters 
of 3 and 4 inches and in lengths of 20 to 40 feet, is widely 
available in rural areas. One or two lengths of tubing con- 


ame "m 


Fig 39 Vertical antennas are effective for 3.5- or 7-MHz work. The 7/4 antenna shown at A is fed directly with 50-2 coaxial 
line, and the resulting SWR is usually less than 1.5 to 1, depending on the ground resistance. а grounded antenna is used. 
as at В, the antenna can be shunt fed with either 50- or 75.6 coaxial line. The tap for best match and the value of C will have 


to be found by experiment. The line running up the side of the antenna should be spaced 6 to 12 inches from the ar 
IL tali trees are available the antenna can be supported from a line suspended between the tre 


sas shown in C. Ifthe 


vertical section is not long enough then the horizontal support section can be made of wire and act as top loading. 
A pole or even a grounded tower can be used with elevated radials it a cage of four to six wires is provided as shown in D. 
The cage surrounds the pole which may bo wood or a grounded conductor. 


nected together can make a very good vertical when guyed 
with non-conducting line. It is also very lightweight and 
relatively easy to erect. А variety of TV masts are available 
Which can also be used for verticals. 


1.8 TO 3.5-MHz VERTICAL USING AN 
EXISTING TOWER 

A tower can be used as а vertical antenna, provided 

that a good ground system is available, The shunt-fed tower 

is at its best on 1.8 MHZ, where a full 2/4 vertical antenna 

is rarely possible. Almost any tower height can be used. I 

the beam structure provides some top loading, so much the 


better, but anything can be made to radiate—ifit is fed prop- 

erly. WSRTQ (now КӨБЕ) uses a self-supporting, aluminum, 

crank-up,til-over tower, with a TH6DXX tribunder mounted 

170 feet. Measurements showed that the entire structure has 

‘about the same properties as а 125-foot vertical. I thus works 

quite well as an antenna on 1.8 and 3.5 MHz for DX work 
radiation 


low-angl 


Preparing the Structure 


Usually some work on the tower system must be done 
before Hunt erding is tried. If present, metallic guys should 
be broken up with insulators. They can be made to simulate 
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top loading, if needed, by judicious placement of the first in- 
sulatos. Don’t overdo it; there is no need to "tune the radiator 
to resonance" in this way since a shunt feed is employed. I 
the tower i fastened to а house at а point more than about 
‘one-fourth of the height of the tower, it may be desirable to 
insulate the tower from the building. Plexiglas sheet, inch 
or more thick, can be bent to any desired shape for this pur- 
pose, if it is heated in an oven and bent while hot. 

"All cables should be taped tightly to the tower, on the 
inside, and run down to the ground level. It is not necessary 
1o bond shielded cables to the tower electrically, but there 
should be no exceptions to the down-to-the-ground rule. 

‘A good system of buried radials is very desirable, The 
ideal would be 120 radials, each 250 feet long, but fewer and 
shorter ones must often suffice. You can lay them around сог. 
ners of houses, along fences or sidewalks, wherever they can 
Þe put a few inches under the surface, or even on the earth's 
surface, Aluminum clothesline wie may be used extensively 
in areas where it will not be subject to corrosion. Neoprene- 
‘covered aluminum wire will be better in highly acid soils. 
Contact with the зой is not important. Deep-driven ground 
rods and connection to underground copper water pipes may 
be helpful, if available, especially to provide some protection 
from lightning. 


Installing the Shunt Feed 

Principal details of the shunt-fed lower for Land 3.5 MHZ 
ме shown in Fig 40. Rigid rod or tubing can be used or the 
feed portion, but heavy gauge aluminum or copper wire is 
easier to work with Flexible stranded #8 copper wire is used 
at WSRTQ (now K6SE) forthe 1.8-MH feed, because when 
the tower is cranked down, the feed wire must come down 
with it. Connection is made at the top, 68 feet, through a 
4-foot length of aluminum tubing clamped to the top of the 
tower, horizontally. The wire is clamped to the tubing at the 
‘outer end, and runs down vertically through standoff insula- 
tors. These are made by fitting 12-inch lengths of PVC plastic 
water pipe over 3-foot lengths of aluminum tubing. These 
are clamped to the tower at 15-10 20-foot intervals, with the 
bottom clamp about 3 feet above ground. These lengths allow 
for adjustment of the tower-to-wire spacing over a range of 
about 12 to 36 inches, for impedance matching. 

"The gumma-match capacitor for 1.8 MHz is a 250-pF 
variable with about -inch plate spacing. This is adequate 
for power levels up to about 200 W. A large transmitting or 
а vacuum-variable capacitor should be used for high-power 
applications 


Tuning Procedure 

"The 1.8-MHz feed wire should be connected to the op. 
‘of the structure if itis 75 feet tall or less. Mount the standoff 
insulators so as to have a spacing of about 24 inches between 
wire and tower. Pull the wire taut and clamp it in place at the 
bottom insulator Leave a itle slack below to permit adjust 
wen of the wire spacing, i necessary. 

Adjust the series capacitor in the 1.5-MH line for 
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minimum reflected power, as indicated on an SWR meter 
‘connected between the coax and the connector on the capaci 
tor housing. Make ibis adjustment at a frequency near the 
middle of your expected operating range. If a high SWR is 
indicated, пу moving the wire closer to the tower. Just the 
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Fig 40—Principal details of the shunt-ed tower at WSRTO 
(now K6SE). The 1.8-MHz feed, left side, connects to the top 
of the tower through a horizontal arm of t-inch diameter 
aluminum tubing. The other arms have standoff insulators 
at their outer ends, made of 1-100 lengths of plastic water 
Pipe. The connection for 3.5-4 MHz, right, is made similarly, 
23128 fot, but tuo variable capacitors are used to permit 
Adjustment of matching with large changes in frequency. 


lower рап of the wire need be moved for an indication as to 
whether reduced spacing is needed, If the SWR drops, move 
all insulators closer to the tower, and try again. 

Ifthe SWR goes up, increase the spacing. There will be 
а practical range of about 12 to 36 inches, If going down to 
12 inches does not give a low SWR, try connecting the top a 
bit farther down the tower. If wide spacing does not make it, 
the omega match shown for 3.5-MHz work should be tried. No. 
adjustment of spacing is needed with the latter arrangement, 
Which may be necessary with short towers ог installations 
having lite or no top loading 

"The two-capacitor arrangement in the omega match is 
also useful for working in more than one 25-kHz segment 
of the 18-MHz band. Tune up on the highest frequency, say 
1990 KHz, using the single capacitor, making the settings 
of wire spacing and connection point permanent for this 
frequency. To move to the lower frequency. say 1810 kHz, 
‘connect the second capacitor into the circuit and adjust it for 
the new frequency. Switching the second capacitor in and out 
then allows changing from one segment to he other, with no 
more than a slight retuning of the first capacitor. 


SIMPLE, EFFECTIVE, ELEVATED 
GROUND-PLANE ANTENNAS. 


‘This section describes a simple and effective 
of using a grounded tower, with or without top-mounted 
antennas, as an elevated ground plane antenna for 80 and 
160 meters. It first appeared in a June 1994 OST article by 
Thomas Russell, МАКО. 


From Sloper to Vertical 

Recall the quarter-wavelength sloper, also known as 
the half sloper. [The half sloper is covered later in this chap- 
ter in more detail ЕА] It consists of an isolated quarter 
wavelength of wire, sloping from an elevated feed point on 
а grounded tower, Best results are usually obtained when 
the feed point is somewhere below a top-mounted Yagi 
antenna. You feed a sloper by attaching the center conduc- 
tor of a coaxial cable to the wire and the braid of the cable 
to the tower leg. Now, imagine four (or more) slopers, but 
instead of feeding each individually, connect them together 
10 the center conductor of a single feed line. Voila! Instant 
elevated ground plane. 

Now, ай you need to do is determine how to tune the 
tenna to resonance. With no antennas on the top of the tow- 
the tower can be thought of as fat conductor and should 
be approximately 4% shorter than a quarter wavelength in 
free space. Calculate this length and attach four insulated 
‘quarter-wavelength radials at this distance from the top of the 
tower For 80 meters, feed point 65 feet below the top of an 
unloaded tower is called for. The tower guys must be broken 
ир with insulators for all such installations. For 160 meters, 
130 feet of tower above the feed point is needed. 

What can be done with a typical grounded-tower-and- 
‘Yagi installation? A top-mounted Yagi acts as a large capaci- 
tance hat, top loading the tower. Fortunately, top loading is 


the most efficient means of loading a vertical antenna, 

The examples in Table 3 should give us an idea of how 
much top loading might be expected from typical amateur 
antennas. The values listed in the Equivalent Loading column 
tellus the approximate vertical height replaced by the anten- 
nas listed in a top-loaded vertical antenna. To arrive at the 
remaining amount of tower needed for resonance, subtract 
these numbers from the non-loaded tower height needed for 
resonance. Note that for ай but the 10-meter antennas, the 
equivalent loading equals or exceeds a quarter wavelength 
оп 40 meters. For typical HF Yagis, this method is best used 
only on 80 and 160 meters. 


Construction Examples. 

Consider this example: A THT triband Yagi mounted on 
240-foot tower. The THT has approximately the same overall 
dimensions as а full-sized 3-element 20-meter beam, but has 
more interlaced elements, Its equivalent loading is estimated 
to be 40 feel. AL3.6 MHz, 65 feet of tower is needed without 
loading. Subtracting 40 feet of equivalen loading, the feed 
point should be 25 feet below the TH? antenna. 

Ten quarter-wavelength (65-foot) radials were run from 
a nylon rope tied between tower legs at the 15-foot level, to 
various supports 10 feet high. Nylon cord was tied to the 
insulated, stranded, #18 wire, without using insulators. The 
radials are all connected together and to the center of an exact 
half wavelength (at 3.6 MHz) of RG-213 coax, which will 
‘repeat the antenna feed impedance at the other end. Fig 41 is 
‘a drawing of the installation. The author used a Hewlett-Pack- 
ard low-frequency impedance analyzer to measure the input 
impedance across the S0-meter band. An exact resonance 
(zero reactance) was seen at 3.6 MHz, just as predicted, The 
radiation resistance was found to be 17 2. The next question 
is, how to feed and match the antenna. 

One good approach to 80-meter antennas is to tune them 
10 the low end of the band, use a low-loss transmission line, 
and switch an antenna tuner in line for operation in the higher 
portions of the band. With а 50-O line, the 17-0 radiation 
resistance represents а 3:1 SWR, meaning thal an antenna 
tuner should be in-line for all frequencies. For short runs, it 


Table 3 
Effective Loading of Common Yagi Antennas 
Antenna Воот Equivalent 
Гоњ 5 Loading 
(feet) (аға, ё) (е) 
azo 24 768 E] 
5015 26 624 35 
ais 20 480 з 
ais 16 384 28 
5010 24 384 28 
410 18 288 24 
aio 12 192 20 
mM 24 = 40 (estimated) 
TO 14 = 27 (estimated) 
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Fig 41—At A, an 80-meter top-loaded, reverse-fed elevated 
ground plans, using a 40-001 tower carrying a THT triband 
Yagi antenna. At B, dimensions of the 3.6-MHz matching 
network, made from RG-59. 


Would be permissible to use RG-8 or RG-213 directly to the 
tuner. If you have a plentiful supply of low-loss 75-02 CATV 
rigid coax, you ean take another approach. 

Make a quarter-wave (70 feet x 0.66 velocity factor 
= 46 feet) 37-2 matching line by paralleling two pieces of 
RG-59 and connecting them between the feed point and a run. 
‘of the rigid coax to the transmitter. The magic of quarter-wave 
matching transformers is that the input impedance (R,) and 
‘output impedance (R,) are related by: 
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170 and Zo = 370, R, = 800), an almost 
perfect match for the 75-2 CATV coax. The resulting 1.6:1 
SWR at the transmitter is good enough for CW operation 
without a tuner 


160-Meter Operation 

Оп the 160-meter band, a resonant quarter- wavelength 
requires 130 feet of tower above the radials. That's a prety 
tall order, Subtracting 40 feet of top loading for  3-element 
2o-meter or THT ante 


а brings us o a more reasonable 
90 feet above the radials. Additional top loading in the form 
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Fig 42—A 160-meter antenna using a 75-100! tower. 
carrying stacked triband Yagis. 


‘of more antennas will reduce that even more. 

Another installation, using stacked TH6s on a 75-foot 
tower, is shown in Fig 42. The radials are 10 feet off the 
ground. 


PHASED VERTICALS 


Two or more vertical antennas spaced apart can be oper. 
ated as а single antenna system to obtain additional gain and 
a directional pattern. There is an extensive discussion of 
phased arrays in Chapter 8, Multielement Arrays. Much of 
the material in Chapter 8 is useful for low-band antennas. 


The Half-Square Antenna 

The half:square antenna is a very simple form of vertical 
two-element phased array that can be very effective on the 
low bands. The following section was originally presented 
in The ARRL Antenna Compendium Vol 5, by Rudy Severns, 
хак 

A simple modification to а standard dipole is to add 
two 2/4 vertical wires, one at each end, as shown in Fig 43. 
‘This makes a half-square antenna, The antenna can be fed at 
‘one comer (low-impedance, current fed) or at the lower end 
of one of the vertical wires (high-impedance, voltage fed). 
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Fig 43 Typical 80-meter halt-square, with /4-high vertical 
legs and a /24опа horizontal leg. The antenna may be fed at 
the bottom or ata corner. When fed at a corner, the feed point 
is a low-impedance, current feed. When fed at the bottom of 
опе of the wires against a small ground counterpoise, the 
feed point is a high-impedance, votage-feed. 


Other feed arrangements are also possible. 
"The "classical" dimensions for this antenna are 2/2 

(131 feet at 3.75 MHZ) for the top wire and 2/4 (65.5 feet 

forthe vertical wires. However, there is nothing sacred about 

these dimensions! They can vary over a wide rar 

‘obtain nearly the same performance. 

‘This antenna is two 2/4 verticals, spaced 3/2, fed in- 
phase by the top wire. The current maximums are at the top 
‘corners. The theoretical gain over single vertical is 3.8 dB, 
‘An important advantage of this antenna is that it does not 
require the extensive ground system and feed arrangements. 
that a conventional pair of phased 2/4 verticals would, 
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Comparison to a Dipole 

Inthe past, one of the things that has turned off pot 
users of the halfsquare оп 80 and 160 meter is the perceived 
need for 2/4 vertical sections. This forces the height to be 
> 65 feet on 80 meters and > 130 feet on 160 meters. That's 
not really a problem. I you don't have the he 
several things you сап do, For example, just fold the ends 
їп, as shown in Fig 44. This compromises the performance 
surprisingly liule. 

It is helpful to compare the examples given in Fig 
and 44 to dipoles at the same height. Two heights, 40 and 
80 feet, and average, very good and sea water grounds, were 
used for this comparison. It is also assumed that the lower 
‘end of the vertical wires had to Бе а minimum of 5 feet above 
ground. 

AL 40 feet the half-square is really mangled, with only 
35-foot long (= 1/8) vertical sections. The elevation-plane 
‘comparison between this antenna and a dipole of the same 
height is shown in Fig 45. Over average ground the half- 
square is superior below 32° and at 15° is almost 5 dB beter. 
‘That is а worthwhile improvement. If you have very good 
soil conductivity, like parts of the lower Midwest and South, 
then the half-square will be superior below 38° and at 15° will 
be nearly $ dB better. For those fortunate few with saltwater 
frontal property the advantage at 15° is 11 dB! Notice also 
that above 35°, the response drops off rapidly. This is great 
for DX but is not good for local work. 
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Fig 44—An 80-meter hall-square configured for 40-001 high 
supports. The ends have been bent inward to reresonate the 
antenna. The performance is compromised surprisingly litle. 


Fig 45—Comparison of 80-meter elevation response of 
40-001 high, horizontally polarized dipole over average 
‘ground and а 40-foot high, vertically polarized hall-square, 
‘ver three types of ground: average (conductivity с = 5 
тут, dielectric constant s = 13), very good (c = 30 mS/m, 
= 20) and salt water (с = 5000 mS/m, = 80). The quality of 
the ground clearly has a profound effect on the low-angle 
performance of the hal-square. Even over average ground, 
the hal-sauaro outperforms the low dipole below about 32°. 
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Fig 46—80-metor azimuth patterns for shortened halt- 
‘Square antenna (solid line) shown in Fig 44, compared 
with dauer dipole (dashed lino) at 100 fet height. 
Average ground is assumed for those cases. 
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Fig 46 shows the azimuthal-plane pattern for the 80- 
meter half-square antenna in Fig 44, but this time compared 
with the response ofa апор horizontal dipole thats 100 feet 
high, These comparisons are for average ground and are for 

‘elevation angle of 5°. The message here is that the lower 
your dipole and the better your ground, the more you have to 
gain by switching from a dipole to a halEsquare. The half- 
square antenna looks like a good bet for DXing. 


Changing the Shape of the Half Square 

Just how flexible is the shape? Th 

mon distortions of practical importance, Some have very little 

effect but few are fatal to the gain. Suppose you have either 

more eight and less width than called for in the standard ver- 
Чоп or more width and less height, as shown in Fig 47A. 

"The effect on gain from this type of dimensional 

ih (Ly) varying 

between 110 and 150 feet, where the vertical wire lengths 


only by 0.6 dB. For a 1-dB chan 
155 feet, a pretty wide ran 
‘Another variation results if we vary the length of 
the horizontal top wire and readjust the vertical wires for 
resonance, while keeping the top at a constant eight. See 
Fig 47B. Table 5 shows the effect of this variation on the peak 
gain. For a range of Lr = 11010 145 feet, the gain ch 
only 0.65 dB. 
‘The effect of bending the ends into a V sha 
in Fig 47C, is given in Table 6. The bottom of the 


as shown 


Table 4 
Variation in Gain with Change in Horizontal Length, 
with Vertical Height Readjusted for 

Resonance (see Fig 47A) 


ие) (вә) San (dB) 
100 884 265 

110 795 315 

120 737 355 

130 ora 375 

140 618 365 

150 56 3.05 

155 El 265 
Table 5 


Variation in Gain with Change in Horizontal Length, 
with Vertical Length Readjusted for Resonance, but 
Horizontal Wire Kept at Constant Height (see Fig 478) 


ip(eo) ^ Ly(oe) Gain (dB) 
no 787 316 
120 739 355 
130 вв 375 
140 6з aas 
145 607 305 


.26 Chapter 6 


kept at a height of 5 feet and the top bei 
or 60 feet. Even this gross deformatio 
small effect on the gair 

in Fig 47D and vary 
effect on th 


ight (Н) is either 40 
has only a relatively 
Sloping the ends outward as shown 


i the top length also has only a small 


in. While this is good news because it allows 
You dimension the antenna to fit different OTH, not all 
distortions are so benign. 
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Fig 47—Varying the horizontal and vertical lengths of a 
halfssquare. At A, both the horizontal and vertical logs 
are varied, while keeping the antenna resonant. ALB, the 
height of the horizontal wire is kept constant, while its 
length and that of the vertical legs is varied to keep tho. 
antenna resonant. At С, the length of the horizontal wire 
is varied and the legs are bent inwards in the shape of 
"vees." ALD, the ends are sloped outward and the length 
‘of the fattop portion is varied. All these symmetrical 
forms of distortion of the basic hall-equare shape result 
in small performance losses. At E, a "halfwave vertical 
dipole" (НУР) with the feed coax isolated with common- 
‘mode choke baluns to keep RF current off the coax shield. 


Tablo 6 
Gain for Half-Square Antenna, Where Ends Are Bent 
Into V-Shape (see Fig 47 C) 

Height H=40 feet H=40 feet 


feet H=60 feet 


Lr (leet) L (fee) бай (dBi) Le (feet) Gain (dBi) 
40 Sis 325 520 275 
60 йл — 3758 44 335 
20 452 395 764 385 
10 385 — 375 614 з 
% зт % 444 365 
мо — = 23 3.05 


Fig 48—An asymmetrical distortion of the halt-squaro. 
antenna, where Ine bottom of one leg is purposely made 
20 feet higher than the other. This typo of distortion does 
affect the pattern! 
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Fig 49— Elevation pattern for the asymmetrical hall-square 
shown in Fig 48, compared with pattern for a 50-foot high 
dipole. This is over average ground, with a conductivity 
of m&/m and a dielectric constant of 13. Note that the 
zenith-angle null has filled in and the peak gain is lower 
compared to conventional half-square shown in Fig 43 
over the same kind of ground. 


Suppose the two ends are not of the same height, as 
illustrated in Fig 48, where one end of the half-square is 
20 feet higher than the other. The elevation-plane radiation 
patern for this antenna is shown in Fig 49 compared to a di- 
pole at 50 feet. This type of distortion does affect the pattern. 
"The gain drops somewhat and the zenith null goes away. The 
nulls off the end of the antenna also go away, so that there 


is some end-fire radiation. In this example the difference in 
height is fairly extreme at 20 feet, Small differences of 1 to 
5 feet do not affect the pattem seriously. 

the top height is the same at both ends but the length 
‘of the vertical wires is not the same, then a similar pattem 
distortion can occur. The antenna is very tolerant of sym- 
metrical distortions but it is much less accepting of asym- 
metrical distortion. 

What if the length of the wires is such that the antenna is 
not resonant? Depending on the feed arrangement, that may 
ог may not matter, We will ook at that issue later on, in the 
section on pattems versus frequency. The half-square antenna, 
like the dipole, is very flexible in its proportions. 


Hall-Square Feed-Point Impedance 

There are many different ways to feed the half- square 
"Traditionally the antenna has been fed either at the end of 
‘one of the vertical sections, against ground, or at one of the 
upper corners as shown in Fig 43, 

For voltage feed at the bottom against ground, the 
impedance is very high, on the order of several thousand 
‘ohms. For current feed at a corner, the impedance is much 
lower and is usually close to 50.0. This is very convenient 
Tor direct feed with coax. 

The hall-square is a relatively high- antenna (Q = 17). 
Fig 50 shows the SWR variation with frequency for this feed 
arrangement. An S0-meter dipole is not particularly wideband 


either, but a dipole will have less extreme variation in SWR. 
than the half-square. 
Patterns Versus Frequency 
Impedance is not the only issue when defining the band- 


width of an antenna. The effect on the radiation pattern of 
changing frequency is also a concem. Fora voltage-fed half- 
square, the current distribution changes with frequency. For 
ап antenna resonant near 3.75 MHz, the current distribution 
is nearly symmetrical. However, above and below resonance 
the current distribution increasingly becomes asymmetrical 
In effect, the open end of the antenna is constrained to be 
ıa voltage maximum but the feed point can behave less as a 
voltage point and more like a current maxima. This allows 
the current distribution to become asymmetrical 

The effect is to reduce the gain by -0.4 dB at 3.5 MHZ 
and by -0.6 dB at 4 MHz. The depth of the zenith null is 
reduced from -20 dB to -10 dB. The side nulls are also 
reduced, Note that this is exactly what happened when the 
antenna was made physically asymmetrical. Whether the 
asymmetry is due to current distribution or mechanical ar- 
rangements, the antenna pattern will suffer. 

When current-feed at a corner is used, the asymmetry 
introduced by off-resonance operation is much less, since 
both ends of the antenna are open circuits and constrained to 
be voltage maximums. The resulting gain reduction is only 

0.1 dB. It is interesting that the sensitivity of the pattern to 
changing frequency depends on the feed scheme used. 

ОГ more concern for comer feed is the effect of the 
transmission line. The usual instruction is to simply feed 
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Fig S0— Variation of SWR with 
frequency for currentod halt- 


‘square antenna. The SWR band- 
width is quite narrow. 


this practice. This arrangement seems to have very little 
the pattern. The greatest effect is when the feed 


line length was near a multiple of 2/2. Such lengths should 


Of course, you may use а choke balun at the feed point 
if you desire. This might reduce the coupling to the fed line 
even further but й doesn't appear to be worth the trouble. In 
fact, if you use an antenna tuner in the shack to operate away 
from resonance with a very high SWR on the transmission 
line, a balun at the feed point would take a beating. 


‘Voltage-Feed at One End of Antenna: Matching 
Schemes 

Several straightforward means are available for nar- 

row-band matching. However, broadband matching over the 

e feed 

round, 

scheme for 


full 80-meter band is much more challenging. Voltage 
with а parallel-resonant circuit and a modest local 
as shown in Fig 51, is the traditional matching 

this antenna, Matching is achieved by resonating 


go 
E t 
"ener Qe 
effect o 
be avoided 
A w 
3 Fig 51—Typical 
B Matching networks. 
: © Used for voltage- 
= feeding a al-square 
antenna. 
T] 
© 


the antenna using coax, with the shield connected to vert 
‘al wire and the center conductor o the top wire. Since the 
shield of the coax is a conductor, more or less parallel with 
the radiator, and is in the immediate field of the antenna, 
you might expect the pattern to be seriously distorted by 
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at the desired frequency and tapping down on the inductor 
in Fig 51А or using a capacitive divider (Fig 51B). I is also 
possible to use a 2/4 transmission-line matching scheme, as 
shown in Fig SIC. 

If the matching network shown in Fig SIB is used, 
typical values for the components would be: L = 15 pH, 
CI = 125 pF and C2 = 855 pF. At any single point the SWR. 
cun be made very close to 1:1 but the bandwidth for SWR. 
< 2:1 will be very narrow at <100 KHz. Altering the L-C 
ratio doesn’t make very much difference. The half-square 
antenna has a well-earned reputation for bei 
band. 


Short Vertical Antennas 


Оп the lower frequencies it becomes increasingly dif- 
ficult to accommodate a full 2/4 vertical height and full-sized 
2.4 radials, or even worse, a full-sized half-wave vertical di 
pole (HVD). In fact, itis not absolutely necessary to make the 
amenna full size, whether itis an НУР, а grounded monopole 
antenna or a ground-plane type of monopole antenna. The 
size of the antenna can be reduced by half or even more and 
still retain high efficiency and the desired radiation pattern. 
‘This requires careful design, however. And if high efficiency 
is maintained, the operating bandwidth of the shortened 
antenna will be reduced because the shortened antenna will 
have a higher ©. 

"This translates into a more rapid increase of reactance 
away from resonance. The effect can be miti 
‘extent by using larger diameter conductors. Even doing this 
however, bandwidth will be a problem, particularly on the 
3.5 to 4-MHz band, which is very wide in proportion to the 
center frequency. 

If we take a vertical monopole with а diameter of 
2 inches and a frequency of 3.525 MHz and progressively 
Shorten it from 2/4 in length, the feed-point impedance 
and efficiency (using an inductor at the base to tune out the 
‘capacitive reactance) will vary as shown in Table 7. In this 
example perfect ground and conductor are assumed. Real 
ground will not make a great difference in the impedance but 
will introduce ground loss, which will reduce the efficiency 
further. Conductor loss will also reduce efficiency. In general, 
higher Rg will result in better efficiency. 

"The important point of Table 7 is the drastic reduction 
in radiation resistance Ry as the antenna gets shorter. This 
‘combined with the increasing loss resistance of the induc- 
tor (Ry) used to tune out the increasing base reactance (Xe) 
reduces the efficiency 


BASE LOADING A SHORT VERTICAL 
ANTENNA 


"The base of the antenna is а convenient point at which 


Table 7 
Effect of Shortening a Vertical Radiator Below 1/4 
Using Inductive Base Loading. 

Frequency is 3.525 MHz and for the Inductor Q; 
Ground and conductor losses are omitted. 
Length Length Ra Xe RL 
бе) () б) © (a) 


14 0050 096 - 38 20 70 
209 0075 22 -533 27 4 Е 
279 0100 42 -35 20 68 27 
349 0125 68 -298 15 82 ET 
419 0150 104 -220 11 9 -044 
489 0175 151 -153 077 95 -022 
558 0200 214 -92 046 98 -009 
628 0225 297 -4 017 99 -002 


10 add a loading inductor, but it is usually not the lowest loss 
point at which an inductor, of a given O, could be placed 
"There is an extensive discussion ofthe optimum location of 
the loading in a short vertical a a function of ground loss 
and inductor © in Chapter 16 for mobile antennas, which by 
necessity are electrically and physically short. This informa- 
Чоп should be reviewed before using inductive loading. 

Оп the accompanying CD-ROM is a copy of the pro- 
gram MOBILE EXE. This is an excellent tool for designing 
short, inductively loaded antennas, In most cases, where top 
loading (discussed below) is not used, the optimum point 
is near or a litle above the middle of the vertical section. 
Moving the loading сой from the base to the middle of the 
vertical ante 


a can make an important difference, increas- 


ing Rj and reducing the inductor los. For example, in an 
antenna operating at 3.525 MH, if we make Ly 
(0.125 2) the amount of loading inductor placed at the center 


tion Ry, will increase from 6.8.0 (base loading) to 13.5. 
(center loading). This substantially increases the efficiency 
of the antenna, depending on the ground loss and conductor 

Instead of a lumped inductance being inserted at some 


point in the antenna, it is also possible to use "vo 
loading.” where the entire radiator is wound as a small di- 
ameter coil. The effect is to distribute the inductive loading 
all along the radiator. In this version of inductive loading the 
coil the radiator. An example of a short vertical using this 
principle is given later in this chapte 


OTHER WAYS OF LOADING A SHORT 
ANTENNA FOR RESONANCE 


Inductive loading is not the only, or even the best, way 
to compensate for reduced antenna height. Capacitive top 
loading can also be used as indicated in Fig 52 to bring a 
vertical monopole to resonance. Table 8 gives information on 
shortened 3.525-MH vertical using top loading. The ve 

cal portion (L) is made from 2-inch tubing. The top loading 
is also 2-inch tubing extending across the top ike a T. The 
length of the top loading T (41) is adjusted to resonate the 


Table 8 
Effect of Shortening a Vertical Using Top Loading 
B. dy Lengh Bs 

(ee) б 0) @) 

140 ава 0050 40 

209 зав 0075 a5 

278 301 010 мо 

mo 228 0125 199 

49 173 0150 255 

49 119 0175 304 

558 70 b % 299 

628 24 0225 357 
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antenna. Again, the ground and the conductors are assumed 
to be perfect in Table 8. 

Fora given vertical height, resonating the antenna with 
top loading results in much higher radiation resistance Ry — 
10 4 times, In addition, the loss associated with the loadin 
element will be smaller The result is a more efficient antenna 
Tor low heights. A comparison of Rx for both capacitive op. 
loading and inductive base loading is given in Fig 53. For 
heights below 0.15 2 the length of the top-loadi 
becomes impractical but there are oth 
useful, top-loading schemes. 

A multiwire system such as the one shown in Fig 54 
has more capacitance than the single-conductor arrangement, 
and thus does not need to be as ong to resonate at a given 
frequency. This design does, however, require extra supports 
forthe additional wires. Ideally, an arrangement of this sort 
should be in the form of a cross, but parallel wires separated 
by several feet give a considerable increase in capacitance 


Fig 52— Horizontal wire used to top load а short vertical. 
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Fig 54—Multiplotop wires can increase the effective 
capacitance substantially. This allows the use of shorter 
top wires to achieve resonance. 


Fig 55—A close- 
Up view of the 
capacitance hat for. 
a 7-MHz vertical 
antenna. The jin. 
diameter radial 
arms terminate in a 
loop of copper wire. 


Fig 59—Comparison of top (capacitive) and base 
(inductive) loading for short verticals. Sufficlent loading 
is used to resonate the antenna. 
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Fig 56—Capacitance of sphere, disc and cylinder as 
a function of their diameters. The cylinder length is 
assumed equal to Из diameter. 


over a single wire. 

‘The op loading can be supplied by a variety of metallic 
structures large enough to have the necessary sell-capaci- 
lance. For example, as shown in Fig 55, a multi-spoked 
structure with the ends connected together can be used. One 
simple way to make a capacitance hat is to take four to six 
8-fo0t fiberglass CB mobile whips, arrange them like spokes 
ina wagon wheel and connect the ends with a peripheral wire. 
‘This arrangement will produce a 16-foot diameter hat that 
is economical and very durable, even when loaded with ice. 
Practically any sufficiently large metallic structure ean be 
used for this purpose, but simple geometric forms such as the 
sphere, cylinder and disc are preferred because of the relative 
‘ease with which their capacitance can be calculated. 

"The capacitance of three geometric forms can be esti- 
mated from the curves of Fig 56 as a function of their size. 
For the cylinder, the length is specified equal to the diameter 
‘The sphere, disc and cylinder can be constructed from sheet 
metal, if such construction is feasible, but the capacitance 
will be practically the same in each if a "skeleton" type of 
‘construction with sercening or networks of wire or tubing 
are used. 


Finding Capacitance Hat Size 

"The required size of a capacitance hat may be deter- 
mined from the following procedure. The information in this 
section is based on a September 1978 OST article by Walter 
Schulz, K300F The physical length of a shortened antenna. 
сап be found from: 


аз 


Where h = length in inches, 
Thus, using an example of 7 MHz and a shortened length 
of 0.167 2, h = 11807 x 0.167 = 282 inches, equivalent to 
2348 feet 
Consider the vertical radiator as an open-ended trans- 
mission line, so the impedance and top loading may be de- 
termined. The characteristic impedance of a vertical antenna. 


сап be found from 


Ў 
ee) 


(as above) 
d = diameter of radiator in inches 


(Eq) 


"The vertical radiator for this example has a diameter of 
1 inch. Thus, for this example, 


om [saei 


"The capacitive reactance required for the amount of top 
loading can be found from 


4x281 


2-00 of 22) sor = 


where 


'apacitive reactance, ohms 
Zy = characteristic impedance of antenna (from Eq 4) 
© = amount of electrical loading, degrees. 
This value for a 30" hat is 361/tan 30° = 625 ©. This 
capacitive reactance may be converted to capacitance with 
the following equation, 

10 

ux 


where 
C = capacitance in pF 
f= frequency, MHZ 
Хе = capacitive reactance, ohms (from above) 


(E46) 


For this example, the required C = 109/21 x 7:62: 
36А pF, which may be rounded to 36 pF. А disc capacitor is 
used in this example. The appropriate diameter for 36 pF of 
hat capacitance can be found from Fig 56. The dis diameter 
that yields 36 pF of capacitance is 40 inches. 

The skeleton disc shown in Fig 55 is fashioned into а 
wagonwheel configuration. Six 20-inch lengths of /-inch 
‘OD aluminum tubing are used as spokes. Each is connected 
to the hub at equidistant intervals. The outer ends of the 
spokes terminate in a loop made of 414 copper wire. Note 
that the loop increases the hat capacitance slightly, making 
а better approximation ofa solid disc. The addition of this 
hat at the top of a 23.4-foot radiator makes it quarter-wave 
resonant at 7 MHZ 

After construction, some slight adjustment in the 
radiator length or the hat size may be required if resonance 
ata specific frequency is desired. From Fig 53, the radiation 
resistance of a 0167-2 high radiator is seen to be about 13 © 
without top loading. With top loading Re = 25 © or almost 
double. 


THE COMPACT VERTICAL DIPOLE 


A variation on the НУР (half-wave vertical dipole) 
theme is the compact vertical dipole, or CVD. The CVD 
uses capacitance-hat loading on each end of a shortened 
vertical radiator, as shown in Fig 57C. Some call this “lop 
hat” and “bottom hat" loading. Les Moxon, СБХМ, called 
this method of loading a shortened antenna simply “end 
loading." The vertical wire for his 40-meter CVD is 25 feet 
high, with 15-foot long horizontal loading wires on each 
side, top and bottom. 


K8CH Compact Vertical Dipole 

The top loading wires needn't be perpendicular to the 
vertical radiator, although that is convenient if you construct 
the antenna from aluminum tubing. KSCH described a wire 
30-meter CVD in the 2006 Edition of The ARRL Handbook. 
‘This used #14 wire throughout, with sloping top loading 
Wires. It was designed to be suspended from a tree at least 
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Fig 57—Progression of end-loaded-vertical 
dipole designs. At A, the HVD (half-wave verti- 
cal dipole), with no end loading. At B, an НУО 
whose bottom half has been replaced with a 
Set of four ground-plane radials, making it into 
the familiar ground plane vertical. At С, GBXN- 
style dipole with end loading of two wires at 
both top and bottom. At D, endHoaded dipole 
with four shorter wires at top and bottom. 
ALE, КВСН end-loaded dipole with asymmetric. 
loading wires. The four top wires are slanted 
down to the ground using extension insulating 
strings that also hold up the bottom horizontal 
end-loading wires. See Fig 58. 


32 Feet high to keep all wires 8 feet or more above humans 
and animals. The vertical radiating wire is 24 feet long, and 
the eight top and bottom end-loading wires are all 5 feet 
9 inches long. See Fig STE and Table 9, CVD 1 

"The top loading wires slant at an angle of 45" down 
to the ground, using insulating strings that also support the 
ends of the bottom loading wires, holding them out so that 
they are horizontal, See Fig 58. There is a small loss of 
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because of the “umbrella” shape of the top loading wires, 
and the 2:1 SWR bandwidth is diminished slightly from the 
horizontal case. This isn't a problem on a narrow band like 


30 meters. 

A 40-meter version of this antenna, CVD 6, also uses 
а 24-foot long vertical radiator, 8 fet high at is bottom. It 
uses 11.3-foot long radial wires made of #14 wire, again 
with the top four slanted down at 45°. This CVD has a 2:1 


E 


Fig S6— Layout of CVD made using #14 wire suspended 
from a tree branch. 


SWR bandwidth of 250 kHz. I is directly fed with 50-0. 
coax with ferrite-core common-mode choke baluns in de 
middle of the vertical radiator. An additional choke balun is 
used where the coax reaches ground level in order to knock. 
down common- 


node currents that might otherwise radiate 
‘onto the coax shield. 


You should note the comparison of 40-meter ground plane 


Vertical antennas in Table 9. GP 1 is for horizontal radials that 
are 8 feet off the ground, while GP 2 has its radials only 2 feet 
high. There is some los in gain because ofthe proximity of the 
lossy ground. The 40-meter CVD 1 and CVD 2 cases illustrate 
the same effect of being close to the lossy ground, 

Some of the cases in Table 9 require Center Load coils 
to bring the antenna to resonance. Where the loading сой 
inductance is equal to the “Hairpin Coil" inductance, the 
loading coil also serves as a hairpin matching coil. Where 
the amount of Hairpin Coil inductance is less than the Load 
(Coil inductance, a match is achieved by tapping the Center 
Load Coil symmetrically out from the center. 


80-Meter CVD 

The size of а CVD becomes a real challenge on 
80 meters, requiring either very tall support structures or 
multiple loading methods to keep the vertical radiator to a 
reasonable length. The CVD 2 design in Table 9 shows a 
KSCH-siyle CVD wire antenna whose vertical radiator is 
46.5 feet long. It requires a 54 5-oot high tree to keep the 
bottom end of the vertical radiator 8 feet above ground for 
safety. Compare this toan НУР that requires а 143-foot sup- 
port of some sort lo keep it 8 feet off the ground at the bottom. 
The CVD 2 sacrifices some 0.7 dB in gain for this difference 
in size, and about 75 kHz in 2:1 SWR bandwidth. 

The CVD 2 would require retuning when g 


oing from 


Table 9 
Variations on a Vertical Center-Fed Dipole 
Name Style Verical Spoke МаН Мак 
Fig57 Length Length feet бат 
‘eet бш dBi 
20 Meters 
GP B a753 1653 в 029 
сот c 1757 2 onm 
C2 р 12 ат 2 00 
cps E — i21 56 8 -o0 
30 Meters 
ce B мм 2914 в oo 
C1 Е 2а 533 8 02 
002 Е 17760 8 -036 
40 Meters 
нур А 66 = в олз 
бР1 в 35 эз 8 -012 
GP2 в 45 эз 2 2027 
%% с 25 16 8 -042 
% С 24 18 2 -109 
сюз р 24 10 в 05% 
% р 24 s 8 086 
cvs р 16 в 2 156 
O6 Е 2 мз 8 os 
80 Meters 
HvD a 135 = в ол 
GP в 655 е 2 on 
CD! Сс авз E] 8 -027 
CVD2 — E 45 219 2 -050 
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CW to phone, probably by changing the ler 
bottom horizontal wires equally 


LINEAR LOADING 

Another alternative to inductive loading is linear load: 
ing. This linle-understood method of shortening 
be applied to almost any antenna configuration—including 
parasitic arrays. Although commercial antenna manufacturers 
make use of linear loading in their HF antennas, relatively few 
hams have used itin their own designs. Linear loading can 
be used to advantage in many antennas because it introduces 
relatively little loss, does not degrade directivity patterns, and. 
has low enough © to allow reasonably good bandwidth. Some 


of the four 


radiators can 


oo 


Fig 59— Some examples of linear loading. The small 
circles indicate the feed points of the antennas. 
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Fig 60—Wire dipole antennas. The ratio 1 is the measured 
resonant frequency divided by frequency f, of a standard 
dipole of same length. R is radiation resistance in ohms. At 
‘A standard single-wire dipole. At B, two-wirelinear-loaded 
dipole, similar to folded dipole except that side opposite 
feed line is open. AtC,throo-wirelinear-loaded dipole. 
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examples of linear-loaded antennas are shown in Fig 59. 

Since the dimensions and spacing of linear loading 
devices vary greatly from one antenna installation to another 
the best way to employ this technique is to try a length of 
conductor 10% to 20% longer than the difference between 
the shortened antenna and the full-size dimension for the 
lincar-loading device. Then use the “cut-and-try" method, 
varying both the spacing and length of the loading device to 
‘optimize the match. A hairpin at the feed point can be useful 
in achieving а 1:1 SWR at resonance. 


Linear-Loaded Short Wire Antennas 
More detail on linear load 


s provided inthis ection, 
which was originally presented in The ARRL Antenna Com. 
pendium Vol 5 by John Stanford, NNOF. Linear loading can 
significantly reduce the required le 


h for resonant anten- 


— — at 
irae mucha 3010 40 shorter than an ordinary dipole for 


a given band. The shorter overall lengths come from bending 
back some of the wire. The increased self-coupling lowers 
the resonant frequency. These ideas are applicable to short 
antennas for restricted space or portable use, 


Experiments 

The results of the measurements are shown in Fig 60 
and are also consistent with values given by Rashed and Tai 
from an earlier paper. This shows several simple wire antenna 
configurations, with resonant frequencies and impedance 
(radiation resistance), The reference dipole has а res 
frequency fy and resistance R = 72.02. The ff values give the 
effective reduced frequency obtained with the linear loading 
in each case, For example, the two-wire linear-oaded dipole 
has its resonant frequency lowered to about 0.67 to 0.70 that 
ofthe simple reference dipole of the same length. 

“The three-wire linear-loaded dipole has its Frequency re- 
duced 100.58 100.60 of the simple dipole of the same length 
As you will see later, these values will vary with conductor 
diameter and spaci 

The two-wire linear-loaded dipole (Fig 60B) looks 
almost like a folded dipole but, unlike a folded dipole, it is 
‘open in the middle of the side opposite where the feed line 
is attached, Measurements show that this ante 


has a resonant frequency lowered to about two-thirds that 
‘of the reference dipole, and R equal to about 35 ©. A three- 
wire inear-loaded dipole (Fig 60C) has even lower resonant 
frequency and R about 25 to 30.0, 

Linear-loaded monopoles (one half of the dipoles in Fig 
60) working against a radial ground plane have similar reso- 
nant frequencies, but with only half the radiation resistance 
shown for the dipoles. 


A Ladder-Line Linear-Loaded Dipole 

Based on these results, NNOF next constructed a linear 
loaded dipole as in Fig 60B, using 24 feet of I-inch ladder 
line (the black, 450-0 plastic kind widely available) for the 
dipole length. He hung the system from a tree using nylon 


fishing line, about 4 feet from the tree at the top, and about 
$ feet from the ground on the bottom end. It was slanted at 
about а 60° angle to the ground. This antenna resonated at 
12.8 MHz and had a measured resistance of about 35 ©. After 
the resonance measurements, he fed it with I-inch ladder 
‘open-wire line (а total of about 100 feet to the shack). 

For brevity, this is called a vertical LLSD (linear loaded 
short dipole). A tuner resonated the system nicely on 20 and 
30 meters. On these bands the performance of the vertical 
LLSD seemed comparable to his 120-foot long, horizontal 

М Zepp. 30 feet above ground. In some directions 
where the horizontal, all-band Zepp has nulls, such as toward 
Siberia, the vertical LLSD was definitely superior. This 
system also resonates on 17 and 40 meters. However, from 
listening to various signals, NNOF had the impression that 
this length LLSD is not as good on 17 and 40 meters as the 
horizontal 20-foot antenna. 


Using Capacitance End Hats 

He also experimented with an even shorter resonant 
length by tying an LLSD with capacitance end-hats. The 
hats, as expected, increased the radiation resistance and 
lowered the resonant frequency. Six-foot lon 
hats were used on each end of the previous 24-foot LLSD, 
as shown in Fig 61. The antenna was supported in the same 
way as the previous vertical dipole, but the bottom-end hat 
wire was only inches from the grass. This system resonated 
at 10.6 MHZ with a measured resistance of 50.0, 

ithe dipole section were lengthened slightly, by a foot or 
80, to about 25 feet, it should hit the 10.1-MHz band and be a 
good match for 50-02 coax. И would be suitable fora restricted 


Fig 61—Two-wir linearoaded dipole with capacitance 
end hats. Main dipole length was constructed from 24 feet 
‘of "windowed" ladder line. The end-hat elements were stitt 
wires 6 ost long. The antenna was strung at about a 60° 
angle from a ree limb using monofilament fishing line. 
Measured resonant frequency and radiation resistance 
were 108 MHz and 5000. 


space, shortened 30-meter antenna. Note that this antenna is 
only about half the length of conventional 30-meter dipole, 
needs no tuner, and has no losses due to traps. It does have the 
loss ofthe extra wire, but this is essentially negligible. 

Any of the linear-loaded dipole antennas can be mounted 
either horizontally or vertically. The vertical version can be 
used for longer skip contacts beyond 600 miles or so—un- 
less you have rather tall supports for horizontal antennas to 
give a low elevation angle. Using different diameter conduc- 
tors in linear-loaded antenna configurations yields different 
results, depending on whether the larger or small diameter 
conductor is fed. NNOF experimented with a vertical ground- 
plane antenna using a 10-foot piece of electrical conduit pipe 
(cinch OD) and #12 copper house wire. 

Fig 62 shows the configuration. The radial ground 
system was buried a couple of inches under the soil and is 
not shown. Note that this is not a folded monopole, which 
would have either A or B grounded. 

The two conductors Were separated by 2 inches, using 
plastic spreaders held onto the pipe by stainless-steel hose 
clamps obtained from the local hardware store, Hose clamps 
intertwined at right angles were also used to clamp the pipe 
‘on electric fence stand-off insulators on a short 2x4 post set 
vertically in the ground. 

The wo different diameter conductors make the antenna 
characteristics change, depending on how they are configured, 
With the antenna bridge connected to the larger diameter 
conductor (point A in Fig 62), and point B unconnected, the 
system resonated at 16.8 MHz and had R = 35 ©. With the 
bridge at B (the smaller conductor), and point A left uncon- 
nected, the resonance lowered to 12.4 MHz and R was found 
10 be about 24.0. 

The resonant frequency of the system in Fig 62 can be 
adjusted by changing the overall height, or for increasing 
the frequency, by reducing the length of the wire. Note that 
э 3.8-MHz resonant ground plane can be made with height 
only about half that of the usual 67 feet required, if the smaller 
conductor is fed (point В in Fig 62). In this case, the pipe 
would be left unconnected electrically. The lengths given 
above can be scaled to determine a first-try attempt for your 
favorite band. Resonant lengths will, however, depend on the 
‘conductor diameters and spacing. 


Fig 62— Vertical ground-plane 
antenna with a 10.001 pipe 
and #12 wire as the linear- 
loaded element, Resonant 
frequency and radiation 
resistance depend on which 
side (A or B) is fed. The other 
side (B or A) is not grounded. 
See text for details. 
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The same ideas hold for a dipole, except that the lengths 
should be doubled from those of the ground plane in Fig 62. 
The resistance will be twice that of the ground plane. Say 
how about a shortened 40-meter horizontal beam to enhance 
your signal?! 


COMBINED LOADING 

As an antenna is shortened further the size of the top 
loading device will become larger and at some point will be 
impractical. In this situation inductive loading, usually placed 
directly between the capacitance “hat” and the top of the 
antenna, can be added to resonate the antenna. An alternative 
would be to use linear loading in place of inductive loading. 
The previous section contained an example of end loading 
‘combined with linear loading. 


SHORTENING THE RADIALS 


Very often the space required by full-length radials is 
simply not available. Like the vertical portion of the antenna, 
the radials can also be shortened and loaded in very much 
the same way. An example of end loaded radials is given in 
Fig 63A. Radials half the usual length can be used with little 
reduction in efficiency but, as in the case of top loading, the 
antenna © will be higher and the bandwidth reduced. As 
shown in Fig 63B, inductive loading can also be used. As 
long as they are not made too short (down to 0.12) loaded 
radials can be efficient with careful design. 


GENERAL RULES 
The steps in designing an efficient short vertical antenna. 

system are: 

+ Make the vertical section as long as possible. 

© Make the diameter of the vertical section as large as 
possible. Tubing or a cage of smaller wires will work 
well 

+ Provide as much top and/or bottom loading as pos- 
sible. 

‘Ifthe top/botiom loading is insufficient, resonate the 
antenna with a high-Q inductor placed between the hat 
and the top of the antenna, 

. Forburied-ground systems, use as many radials (> 0.2 A) 
as possible 40 or more is best 

+ fan elevated ground plane is used, use 4 to 8 radials, 5 
‘or more feet above ground. 

. Ifshortened radials must be used then capacitive leading. 
is preferable to inductive loading. 


EXAMPLES OF SHORT VERTICALS 
A 6-Foot-High 7-MHz Vertical Antenna 

Figs 64 through 67 give details for building short, effec- 
live vertical quarte- wavelength radiators. This information 
was originally presented by Jerry Sevick, W2FML 

A short vertical antenna, properly designed and in- 
stalled, approaches the efficiency of a full-size resonant 
‘quarter-wave antenna. Even a 6-foot vertical on 7 MHz can 
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Fig 63—Radials may be shortened by using either capaci- 
tive (A) or inductive (B) loading. In extreme cases both 
may be used but the operating bandwidth will bo limited. 


produce an exceptional signal. Theory tells us that this should 
be possible, but the practical achievement of such a result 
requires an understanding ofthe problems of ground losses, 
loading, and impedance matching. 

The key to success with shortened vertical antennas 
lies in the efficiency of the ground system with which the 
antenna is used, A system of at least 60 radial wires is rec- 


Fig 64—Jorry Sovick, W2FMI, adjusts the (oot high, 
40-meter vertical. 


‘ommended for best results, although the builder may elect to 
reduce the number at the expense of some performance. The 
radials can be tensioned and pinned at the Far ends to permit 
‘on-the-ground installation, which will enable the amateur 

led in 
the mower blades. Alternatively, the wires can be buried in 
the ground, where they will not be visible. There is nothing 
critical about the wire size for the radials. Radials made of 


28, 22, or even 16-gauge wire, will provide the same results. 
‘The radials should be at least 0.2 2. long (27 feet or greater 
‘on 7 MHZ). 

A top hatis formed as illustrated in Fig 65. The diameter 
is 7 feet, and a continuous length of wire is connected to the 
spokes around the outer circumference ofthe wheel. A load- 


Fig 65—Construction details for the top hat. For a 
diameter of 7 feet, in. aluminum tubing is used. The 
hose clamp is made of stainless steel and is avaliable at 
Sears. The rest of the hardware is aluminum. 
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Fig 66— Standing wave ratio of the 6foot vertical using a 
Z-loot top hat and 14 tums of loading 6 inches below the 
top hat. 


ing coil consisting of 14 tums of B&W 3029 Miniductor stock 
(inch dia, 6TPI, #12 wire) is installed 6 inches below the 
top hat (see Fig 65). This antenna exhibits а feed-point im- 
pedance of 3.5 Q.at7.21 MHz. For operation above or below 
this frequency, the number of coil tums must be decreased or 
increased, respectively. Matching is accomplished by increas- 
ing the feed-point impedance to 14 © through addition of a 
4:L-transformer, then matching 14 © 1050 0 (Feeder imped- 
ance) by means of a pi network. The 2:1 SWR bandwidth for 
this antenna is approximately 100 KHZ. 

More than 200 contacts withthe 6-foot antenna have 
indicated the efficiency and capability of a short vertical 
Invariably at distances greater than 500 or 600 miles, the 
short vertical yields excellent 
be scaled and constructed for bands other than 7 MHz. The 
Toot-diameter-top hat was tried on a 3.5-MHz vertical, with 
ап antenna height of 22 feet The loading coil had 24 turns 
and was placed 2 fet below the top hat. On-the-air results 
duplicated those on 40-meters. The bandwidth was 65 KHz, 

Short verticals such as these have the ability to radi- 
ate and receive almost as well as a full-size quarter-wave. 
"Trade-offs are in lowered input impedances and bandwidths. 
However, with a good radial system anda proper design, these. 
trade-offs can be made entirely acceptable. 


‘Short Continuously Loaded Verticals 
While there isthe option of using lumped inductance 
to achieve resonance ina short antenna, the antenna can also 
be helically wound to provide the required inductance. This 
is shown in Fig 68, Shortened quarter-wavelength vertical 
antennas can be made by forming helix on a long cylindrical 
insulator. The diameter of the helix must be small in terms of 
to prevent the antenna from radiating in the axial mode, 

Acceptable form diameters for HF-band operation аге 
from 1 inch to 10 inches when the practical aspects of antenna 
construction are considered. Insulating poles of fiberglass, 
PVC tubing, treated bamboo or wood, or phenolic are suit- 
able for use in building helically wound radiators. If wood 
or bamboo is used the builder should treat the material with 
at least two coats of exterior spar varnish prior to wind 
the antenna element. The completed structure should be 
given two more coats of varish, regardless of the material 
used for the сой form. Application of the varnish will help 
weatherproof the antenna and prevent the coil turns from 
changing position, 

No strict rule has been established concerning how short 
a helically wound vertical ean be before a significant drop in 
performance is experienced. Generally, one should use the 
greatest amount of length consistent with available space, 
A guideline might be to maintain an element length of 0.05 
‘wavelength or more for antennas which are electrically a 
quarter wavelength long. Thus, use 13 feet or more of stock 
for an 80-meter antenna, 7 feet for 40 meter, and so on. 

А quarter wavelength helically wound vertical can be 
used in the same manner as a full-size vertical, That is, it 
сап be worked against an above-ground wire radial system 
(our or more radials), or it can be ground-mounted with 
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Fig 67—Base of the vertical antenna showing the 60 radial 
wires. The aluminum disc is 15 inches in diameter and. 

X inches thick. Sixty tapped holes for Cab aluminum hex- 
head bolts form the outer ring and 20 form the inner ring. 
The inner bolts were used for performance comparisons 
with more than 60 radials. The insulator is polystyrene 
materia (phenolic or Plexiglas suitable) with a t-inch 
diameter. Also shown isthe impedance bridge used for 
‘measuring input resistance. 
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Fig 68—Hellcally wound ground-plane vertical. 
Performance from this type of antenna is comparable 

to that of many full-size 2/4 vertical antennas. The major 
design trade-off is usable bandwidth. АП shortened 
antennas of this variety are narrow-band devices. At 

7 MHz, in the example illustrated here, the bandwidth 
between the 2:1 SWR points will be on the order of 

50 kHz half that amount on 80 motors, and twice that 
‘amount on 20 meters. Therefore, the antenna should be 
adjusted for operation in the center of tho frequency band 
of interest. 
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radials buried or lying on the ground. Some operators have 
reported good results when using antennas of this kind with 
Tour helically wound radials cut for resonance at the operating 
frequency. The later technique should capture the attention 
‘of those persons who must use indoor antennas. 


Winding Information. 

There is no hard-and-fast formula for determining. 
the amount of wire needed to establish resonance in a heli- 
cal antenna. The relationship between the length of wire 
needed for resonance and a full quarter wave at the desired 
frequency depends on several factors. Some ofthese are wire 
size, diameter of the turns, and the dielectric properties of 
the form material, to name a few. Experience has indicated 
that a section of wire approximately one half wavelength 
long, wound on an insulating form with a linear pitch (equal 
spacing between turns) will come close to yielding a reso- 
mant quarter wavelength, Therefore, an antenna for use on 
160 meters would require approximately 260 feet of wire, 
spirally wound on the support. 

No specific rule exists conceming the size or type of 
Wire one should use in making a helix. Larger wire sizes are, 
of course, preferable in the interest of minimizing FR losses 
in the system, For power levels up to 1000 W itis wise to use 
a wire size of #16 or larger. Aluminum clothesline wire is 
suitable for use in systems where the spacing between turns 
is greater than the wire diameter. Antennas requiring close- 
spaced tums can be made from enameled magnet wire or #14 
Vinyl jacketed, single-conductor house wiring stock. Every 
effort should be made to keep the turn spacing as large as is 
practical lo maximize efficiency. 

A short rod or metal disc should be made for the top 
ог high-impedance end of the vertical. This is a necessary 
part of the installation to assure reduction in antenna O. This 
broadens the bandwidth of the system and helps prevent ex- 
tremely high amounts of RF voltage from being developed 
at the top of the radiator. (Some helical antennas act like 
"Tesla coils when used with high-power transmitters, and can 
actually cach йге at the high-impedance end when a stub or 
disc is not used.) Since the Q-lowering device exhibits some 
‘addtional capacitance in the system, it must be in place before 
the antenna is tuned, 


"Tuning and Matching 

Once the element is wound it should be mounted where 
it will be used, with the ground system installed. The feed end 
‘of the radiator can be connected temporarily to the ground 
system, Use a dip meter to check the antenna for resonance 
by coupling the dipper to the ast few turns near the ground 
еп of the radiator. Add or remove turns until the vertical is 
resonant at the desired operating frequency. 

Tt is impossible to predict the absolute value of feed 
impedance for a helically wound vertical. The value will 
depend upon the length and diameter of the element, the 
ground system used with the antenna, and the size of the dise 
or stub atop the radiator. Generally speaking, the radiation 
resistance will be very low—approximately 3 lo 10.0. An L 


network of be Kind shown in Fig 68 can be used to increase 
the impedance to 50 ©. The Q; (loaded О) of the network 
inductors is low to provide reasonable bandwidth, consistent 
with the bandwidth of the antenna, Network values for other 
‘operating bands and frequencies can be determined by using 
the reactance values listed below, The design center for the 
network is based on a radiation resistance of 5 ©. Ifthe exact 
feed impedance is known, the following equations can be 
used to determine precise component values for the matching 
network. (See Chapter 25, Coupling the Transmitter to the 


-apactive reactance of CI 

'apicitie reactance of C2 

Xii = inductive reactance of LI 
loaded © of network 

radiation resistance of antenna 


Example: Find the network constants for a helical 
antenna with а feed impedance of 5 © at 7 MHz, © = 3: 


Xo =3x5 


m 
ES 
TE 
Therefore, C1 = 1500 pF, C2 = 1350 pF, and LI = 


0/7 uH. The capacitors can be made from parallel or series 
‘combinations of transmitting micas. Ly can be a few tums 
of large Miniductor stock. At RF power levels of 100 W or 
less, large compression trimmers can be used at СІ and C2 
because the maximum RMS voltage at 100 W (across 50 О) 
will be 50 V. Au, say, 800 W there will be approximately 
220 V RMS developed across 50 О. This suggests the use of 
Small transmitting variables at CI and C2, possibly connected 
in parallel with fixed values of capacitance to constitute the 
required amount of capacitance for the network, 

By making some part of the network variable, it will 
be possible to adjust the circuit for an SWR of 1:1 without 
Knowing precisely what the antenna feed impedance is. Ac- 
tually, Cl is not required as part of the matching network, 
I is included here to bring the necessary value for LI into 
a practical range. 

Fig 68 illustrates the practical form а typical helically 
wound ground-plane vertical might take, Performance from 
ibis type antenna is comparable to that of many full-size 


savelength vertical antennas, The major design 

id antennas of 
this variety are narrow-band devices. At 7 MHL, in the ex- 
ample illustrated here, the bandwidth between the 2:1 SWR. 
points will be on the order of SO KHz, half that amount on 
80 meters, and twice that amount on 20 meters. Therefore, 
the antenna should be adjusted for operation in the center of 
the frequency spread of interest, 


SHORTENED DIPOLES 

As shown in preceding sections, there ate a number of 
ways to load antennas so they may be reduced in size with- 
(ut severe reductions in effectiveness. Loading is always a 
compromise: the best method is determined by the amount 
of space available and the band(s) to be worked. 

The simplest way to shorten a dipole is shown in Fig 69. 
If you do not have sufficient length between the supports, 
simply hang as much ofthe center of the antenna as possible 
between the supports and let the ends hang down. The ends 
can be straight down or may be at an angle as indicated but 
in either case should be secured so that they do not move in 
the wind, As long asthe center portion between the supports 
is at least, the radiation pattern will be very nearly the same 


— 


Fig 69—When space is limited, the ends may be bent 
downward as shown at А, or back on the radiator as 
‘shown at B. The bent dipolo ends may come straight 
down or be led off at an angle away from the center of the 
antenna. An inverted V at C can be erected with the ends 
bent parallel to the ground when the support structure is 
not high enough. 
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as a full-length dipole. 

"The resonant le 
shorter than a full-length dipole and can best be determined 
by experimentally adjusting the length of ends, which may 
be conveniently near ground. Keep in mind that there can be 
very high potentials at the ends of the wires and for safety 
the ends should be kept out of reach. Letting the ends hang 


h of the wire will be somewhat 


Fig70—At A is a dipolo antenna lengthened electrically 
with off-center loading coils. For a fixed dimension A, 
greater efficiency will be realized with greater distance 

B, but as B is increased, L must be larger in value to 
maintain resonance. If the two coils are placed at the ends 
of the antenna, in theory they must be Infinite in size to 
maintain resonance. At B, capacitive loading of the ends, 
either through proximity of the antenna to other objects 
or through the addition of capacitance hats, will reduce 
the required value of the coils. At С, a fan dipole provides 
зоте electrical lengthening as well as broadbanding. 


down as shown is a form of capacitive end loading. While it 


is efficient, it will also reduce the matching bandwidih—as 


docs any form of loading. 

"The most serious drawback associated with inductive 
gh loss in the coils themselves. I is important 
that you use inductors made from reasonably’ large wire or 
tubing to minimize this problem, Close winding of turns 
should also be avoided if possible. A good compromise is to 
use some off-center inductive loading in combination with 
capacitive end loading, keeping the inductor losses small and 
the efficiency as high as possible 

Some examples of off-center coil loading and сара- 
citive-end loading are shown in Fig 70. This technique was 
described by Jerry Hall, KITD in Sep 1974 OST. In the 
equation below, the diameter D is that of the wire used for 
the antenna, in inches. The frequency fis expressed in MHz. 


loading is h 


Fig 71—Chart for determining 


approximate Inductance values for 


Ti] Offconterloaded dipoles. See Fig 70A. 


[| Atihe intersection of the appropriate 


jii curve from the body of the chart for 


dimension A and proper value for 


the сой position from the horizontal 
scale at the bottom of the chart, read 
the required inductive reactance for 


resonance from the scale at the left. 


Dimension A is expressed as percent 


length of the shortened antenna with 


i respect to the length of a half-wave 


dipole of the same conductor material. 


Dimension B is expressed as the 
percentage о! сой distance from the 


feed point to the end of the antenna. 
For example, a shortened antenna, 


which is 50% ог half the size of a halt- 


wave dipole (one-quarter wavelength 


overall with loading сойв positioned 


midway between the feed point and 


each end (50% ош), would require 


сойв having an inductive reactance of. 
approximately 9500 at the operating 


frequency for antenna resonance. 
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Fig 72—The WOSV “Shorty Forty” 
center-oaded antenna. Dimensions 
given are for 7.0 MHz. The loading 
Collis 5 inches long and 2% inches 
diameter It has a total of 30 turns of 
#12 wire wound at 6 turns per inch 
(Miniductor 3029 stock). 


For the antennas shown, the longer the overall length (dimen- 
sion A, Fig 70A, in feet) and the farther the loading coils are 
from the center of the antenna (dimension B, also in feet), 
the greater the efficiency of the antenna. As dimension B is 
increased, however, the inductance required to resonate the 
antenna at the desired frequency increases. 

Approximate inductive eactances for single-hand reso- 
nance (for the antenna in Fig ТОА only) may be determined with 
the aid of Fig 71 or from Eq 10 below. The final values will 
depend on the proximity of surrounding objects in individual 


installations and must be determined experimentally. The use of 
high-Q low-loss coils is important for maximum efficiency. 

A dip meter or SWR indicator is recommended for use 
during adjustment of the system. Note that the minimum. 
inductance required is for a center-loaded dipole. I the in- 
ductive reactance is read from Fig 66 for а dimension B of 
zero, one сой having approximately twice this reactance can 
be used near the center of the dipole. Fig 72 illustrates this 
idea. This antenna was conceived by Jack Sobel, WOSVM, 
who dubbed the 7-MHz version the "Shorty Forty” 


(Eq 10) 


(art 


ЕЕ 


Inverted-L Antennas 


‘The antenna shown in Fig 73 is called an inverted-L. 
antenna. It is simple and easy to construct and is a good 
antenna for the beginner or the experienced 1.8-MHz DXer. 
Because the overall electrical length is made somewhat 
greater than 2/4, the feed-point resistance is on the order of 
50 О, with an inductive reactance. That reactance is canceled. 
by a series capacitor as indicated in the figure. For a verti- 
‘al section length of 60 feet and a horizontal section length 
‘of 115 feet, the input impedance is = 40 + j 300.2. Longer 
vertical or horizontal sections would increase the input im- 
pedance. The azimuthal radiation pattern is slightly asym- 
metrical with «1 to 2-dB increase in the direction opposite 
to the horizontal wire. This antenna requires a good buried 
ground system or elevated radials and will have a 2:1 SWR. 
bandwidth of about 50 KHZ 


This antenna is a form of top-loaded vertical, where the 
top loading is asymmetrical. This results in both vertical and 
horizontal polarization because the currents in the top wire 
do not cancel like they would in а symmetrical-T vertical. 
"This is not necessarily а bad thing because it eliminates the 
zenith null present in a true vertical. This allows for good 
communication at short ranges as well as for DX. 

А yardarm attached to a tower or a tree limb can be used 
to support the vertical section. As with any vertical, for best 
results the vertical section should be as long as possible, A 
good ground system is necessary for good resulls the better 
the ground, the better the results. 

If you don’t have the space for the inverted L shown 

g 73 (with its 115-foot horizontal section) and if you 


dom have а second tall supporting structure to make the top 


at 
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Fig 73—The 1.8-МН inverted L. Overall wire length is 165 

to 175 feet The variable capacitor has a capacitance range 
from 100 to 800 pF, at 3 KV or more. Adjust antenna length 
and variable capacitor for lowest SWR. 


Fig 74—Sketch showing a modified 160-meter inverted L, 
with a single supporting $0-oot high tower and а 79001 
long slanted top-oading wire. The feed-point impedance. 
Is about 12 © in this system, requiring a quarter-wave 
matching transformer made of paralleled 60-2 соахев. 


Wire horizontal, consider sloping the top wire down towards 
ground. Fig 74 illustrates such a setup, with a 60-Foot high 
Vertical section and а 79-foot sloping wire. As always, you 
will have to adjust the length of the sloping wire to fine-tune 
the resonant frequency. For a good ground radial system, 
the feed-point impedance is about 12 О, which may be 
transformed to 50 £2 with a 25-02 quarter-wave transformer. 
s of two paralleled 50-0 quarte 


wave coaxes. The 


пог practical, you can use a sir 
in Fig 76. For the dimensions shown in the figure Z, 
498 О, requiring a 175-pF series resonating capacitor. The 
azimuthal radiation pattern is shown in Fig 77 compared to 
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Fig 75—Overlay of the elevation responses for the in- 
verted-L antennas in Fig 73 (solid lino) and Fig 74 (dashed 
line) The gains are very close for these two setups, 
provided that the ground radial system for the antenna in 
Fig 74 is extensive enough to keep ground losses low. 


T —— 


This changes the directivity slightly. The series 
tuning capacitor is approximately 175 pF for this system. 


Tas shown in Fig 73 (solid line) and the compromise, 
'ingle-radial system in Fig 76 (dashed lino) This is for a 
takeoff angle of 10". 


Fig 76 Azimuthal pattern at a 


off angle of 5° for an 
bo maler version of the inverted L (solid line) in Fig 73, 
compared to the response for a 100-1001 high fattop 
dipole (dashed line). 


the inverted L in Fig 68. Note that the 1 to 2-4B asymmetry 
is now in the direction of the horizontal wires, just the op- 
posite of that fora symmetrical ground system. The 2:1 SWR 
bandwidth is about 40 KHZ, assuming thatthe series capacitor 
is adjusted at 1.83 МН for minimum SWR. 

Fig 78 shows the azimuthal response at a 5° elevation 
angle for an 80-meter version of the inverted L in Fig 73. 
The peak response occurs al an azimuth directly behind the 
direction in which the horizontal portion of the inverted L 
points. For comparison, the response for a 100-foot high flat- 
top dipole is also shown. The top wire of this antenna is only 
40 feet high and the 2:1 SWR bandwidth is about 150 KHZ 
wide with a good, low-loss ground-radial system. 

Fig 78 illustrates that the azimuth response of an in- 
verted Lis nearly omnidirectional. This gives such an antenna. 
an advantage in certai 


directions compared to a flatop 


dipole, which is constrained by its supporting mounts (such 
as tees or towers) 10 favor 

the Панор dipole in Fig 78 is at its weakest at azimuths of 
90° and 270°, where it is down about 12 dB compared to 


xed directions, For example, 


i 


Fig79—Details and dimensions for gamma-match feeding 
a Моо! tower as а 1.8-MHz vertical antenna. The rotator 
able and coaxial fed line for the 14-MHz beam is taped 
to the tower legs and run into the shack from ground level. 
No decoupling networks are necessary. 


the inverted L. Hams who are fortunate enough to have high 
rotary dipoles or rotatable low-band Yagis have found them. 
to be very effective antennas indeed, 


A DIFFERENT APPROACH 

Fig 79 shows the method used by Doug DeMaw, 
WIFB, to gamma match his self-supporting 50-foot tower 
operating as an inverted L. A wire cage simulates a gamma 
rod of the proper diameter The tuning capacitor is fashioned 
from telescoping sections of 1 and 1inch aluminum tub- 
ing with polyethylene tubing serving as the dielectric. This 
capacitor is more than adequate for power levels of 100 W. 
"The horizontal wire connected to the top of the tower pro- 
Vides the additional top loading. 
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Sloper Antennas 


Sloping dipoles and 2/2 dipoles can be very useful 
sanas on the low bands. These antennas can have one end 


attached to a tower, tree or other structure and the other end 
ground level, elevated high enough so that passersby 
‘can't contact them, of course, The following section gives a 
number of examples of these types of antennas, 


THE HALF-WAVE SLOPING DIPOLE 


you have a sufficiently high support, you can install a 
halfwave dipole sloping downwards toward 


Fig 80—At A, the azimuthal responses for a lattop dipole 
(solid line), a dipole whose end has been tilted down 45° 
(dashed line), and a HVD (halfwave vertical dipole, dotted 
lin). Al these were modeled over average ground, with 
a conductivity of 5 mS/m and a dielectric constant of 

13. Note that tho tilted dipole exhibits about 5 dB front- 
o-back ratio, although its maximum gain is loss than 
either the HVD or flattop dipole. At B, the elevation-plane 
patterns for the same antennas. Note that the tilted 
Řalfwavo dipole (dashed line) has more energy at higher 
‘elevation angles than either the Панор dipole or HVD. 
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Vertical as well as horizontal polarization. This antenna is 
popularly known as a sloper ога halfwave soper. The amount 
‘of slope from horizontal сап vary from 0°, where the dipole is 
ina Mattop configuration, all the way to 90°, where the dipole 
becomes fully vertical. The latter configuration is sometimes 
called a Halfwave Vertical Dipole (HVD). 

“The question arises when contemplating а vertical half- 
wave dipole or a halfwave sloping dipole about how to treat 
the feed line to make sure it doesn't accidentally become part 
‘of the radiating system. The ideal situation would be to brin, 
the feed line out perpendicular to the vertical or sloping wire 
Tor an infinite distance, Obviously, that isn't very practical 
because the feed line eventually has to be connected to a 
transmitter located near the ground. An intensive modeling 
study on feeding an НУР was done for the book Simple and. 
Fun Antennas for Hams. This study indicated that а slant 
angle down tothe ground of as itle as 30° from a vertical 
radiator can work with only minor interaction, provided that 
common-mode decoupling chokes were employed at the feed 
point and a quarter-wavelength down the line from the feed 
point. These common-mode chokes can consist of either dis- 
crete ferrite beads placed over the outer jacket of the coaxial 
Tine or multiple turns of the coax itself to form a choke. 

Fig 80А compares the 40-meter azimuthal patterns at 
a DX takeoff angle of 5° for three configurations: а lader 
dipole, a dipole tilted down 45° and an НУР (halfwave ver- 
tical dipole). These are computed for ground with average 
conductivity and dielectric constant, and for à maximum 
height of 80 feet in each configuration. The sloping hall wave. 
dipole exhibits about 5 dB of front-to-back ratio, although 
even at its most favored direction it doesn’t quite have the 
same maximum gain as the НУР or the Пайор dipole. 

“The reason why the maximum gain for the sloper is less 
than the other two configurations, even while still exhibiting 
some fron-to-back pattern, is shown in Fig 80A, which shows 
the elevation-plane pattems or the same antennas, cach at the 
azimuth of maximum gain. The halfwave sloper distributes 
much of its energy higher in elevation than the HVD, lower- 
ing the peak-gain potential of the sloper. 

You can also see from Fig ВОВ that the 80-foot high 
horizontal dipole would perform much better than either the 
HYD or halfwave sloper for close-in local contacts, which 
‘occur at high elevation angles. On the other hand, except for 
the greater gain exhibited in the atop dipole's most favored 
directions, the HVD has more gain than the other antennas 
at low elevation angles. While the HVD's опи 
pattem is a plus for transmitting, it may be a problem for 
receiving, where local noise may be coming from specifie di- 
rections (such as power lines) and may also be predominantly 
vertically polarized. In such cases, a horizontally polarized 
"atop dipole may be a considerably better receiving antenna 
iban a vertically polarized antenna of any sort, We've already 
mentioned the fact that a rotary lattop dipole high in the air 
can be a very effective antenna on the low bands. 


THE OUARTER-WAVELENGTH 
“HALF SLOPER" 

Perhaps one of the easiest antennas to install is the 744 
sloper shown in Fig 81. As pointed out above, a sloping 
42 dipole is known among radio amateurs as a sloper or 
sometimes as a full soper. If only one half of it is used, it 
becomes a half sloper. The performance of the two types of 
sloping antennas is similar They exhibit some directivity 

of the slope and radiate vertically polarized 

sles respective o the horizon. The amount 

of directivity will range from 3 to 6 dB, depending upon 

the individual installation, and will be observed in the slope 
direction, 

"The main advantage of the hal sloper over the full half- 
wave-leng sloping dipole is that its supporting tower needn't 
be as high. Both the half sloper and the full sloper place the 
feed point (the point of maximum current) high above lossy 
ground, But the hal-sloper only needs half as much wire to 
build the antenna for a given amateur band. The disadvan- 
tage of the half sloper is that it is sometimes difficult or even 
impossible to obtain a low SWR when using coaxial-cable 
feed, especially without а good isolating choke balun. (See 
the section above on isolating ground-plane antennas.) 

Other factors that affect the feed impedance are tower 
height, height of the attachment point, enclosed angle between 
the sloper and the tower, and what is mounted atop the tower 
(HF or VHF beams). Further, the quality of the ground under 
the tower (ground conductivity, radials, ete) has a marked 

enna performance. The final SWR can vary 


effect on the 


A 3 


Fig 81—The 1/4 "hall soper" antenna. 


(after optimization) from 1:1 to as high as 6:1. Generally 
speaking, the closer the low end of the slope wire sto ground, 
the more difficult it will be to obtain a good match 


Basic Recommendations for a Half Sloper 
The half soper can be an excellent DX type of antenna. Hams 
usually install theirs on a metal supporting structure such asa 
mast or tower. The support needs to be grounded at the lower 
end, preferably to а buried or on-ground radial system. If a 
nonconductive support is used, the outside of the coax braid 
becomes the retum circuit and should be grounded at the base 
‘of the support, As a starting point you can attach the sloper 
so the feed point is approximately 2/4 above ground. If the 
tower is not high enough to permit this, the antenna should be 
fastened as high on the supporting structure as possible. Start 
with an enclosed angle of approximately 45°, as indicated in 
Fig 81. Cut the wire to the length determined from 


[nm 


‘This will allow sufficient extra length for pruning the 
wire for the lowest SWR. A metal tower or mast becomes 
an operating рап of the half sloper system. In effect, it and 
the slope wire function somewhat like an inverted-V dipole 
antenna. In other words, the tower operates as the missing half 
of the dipole. Hence its height and the top loading (beams) 
play a significant role. 

Detailed modeling indicates that a sufficiently large 


Thtop ste 


lotion Angle = deg 


Fig 82—Radlation pattern for a typical half sloper (solid line) 
‘mounted on а 50-oot high tower with a large -element 20- 
meter beam on the top compared to that for a Панор dipole 
dashed line) at 100 feet. Ata 5" takeoff angle typical for DX 
work on 80 meters, the two antennas are pretty comparable 
in the directions favored by the high dipole. In other direc- 
tions, the half sloper has an advantage of more than 10 dB. 
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Fig 83 Comparison of elevation patterns for a full-sized 
halfwave sloper (solid line) on a 100-001 tower and a halt 
Sloper (dashed line) on a 50-oot tower with а S-element 
‘20-metor Yagi acting as a top counterpoise. The por 
formance is quite comparable for these two systems. 


mass of metal (that is, a large, "Plumber's Delight” Yagi) 
‘connected to the top of the tower acts like enough of a 
"top counterpoise" that the tower may be removed from 
the model with litle change in the essential character- 
isties of the half-sloper system. Consider an installation 
using a freestanding 50-foot tower with a large S-element 
20-meter Yagi on top. This Yagi is assumed to have a. 
40-foot boom oriented 90° to the direction of the slanted 80- 
meter hall-sloper wire. The best SWR that could be reached 
by changing the length and slant angle for this sloper is 1.67: 
representing a feed-point impedance of 30.1 — 2.7 0. The 
peak gain at 3.8 MHZ is 0.97 dBi at an elevation angle of 70°. 
Fig 82 shows the azimuth-plane patter for this half sloper, 
‘compared to a 100-foot high flattop dipole for reference, at 


Removing the tower from the model resulted in а feed- 
point impedance of 30.1 —j 1.5 Quand a peak gain of 1.17 dBi, 
The tower is obviously not contributing much in this stup, 
since the mass of the large 20-meter Yagi is acting like an 
elevated counterpoise all by itself. I's interesting to rotate the 
boom of the model Yagi and observe the change in SWR that 
‘occurs on the half-sloper antenna. With the boom turned 90°, 
the SWR falls to 1.38:1. This level of SWR change could be 
measured with amateur-type instrumentation. 

On the other hand, substituting а smaller 3-clement 20- 
meter Yagi with an 18-foot boom in the model does result in 
significant change in feed-point impedance and gain when the 
tower is removed from the model, indicating that the “coun- 
terpoise effect” of the smaller beam is insufficient by itself. 
Interestingly enough, the best SWR for the half sloperltower 
and the 3-element Yogi (with its boom inline with the half 
sloper is 1.33:1). changing to 1.27:1 with the boom turned 
90°. Such a small change in SWR would be dificult to mea- 
sure using typical amateur instrumentation. 

In апу case, the 50-0 transmission line feeding a half 
sloper should be taped to the tower leg at frequent intervals 
to make it secure. The best method is to bring it to earth level 


6-46 Chapters 


E 


СЕЕ 


Fig 84— Comparing the azimuthal response of a halt 
sloper (solid line) on a 50-foot tower with а 3-element 
20-metar Yagi on top to that of a Панор dipolo (dashed 
line) at 100 fot. The two are again quite comparable at 
28 takeoff angle. 


then route it to the operating position along 
the ground if it can't be buried. This will ensure adequate 
RF decoupling, which will help prevent RF 

affecting the equipment in the station, Rotator eable and 
‘other feed lines on the tower or mast should be treated in a 
similar manner. 

Adjustment of the half sloper is done with an SWR 
indicator in the 50-0 transmission line. A compromise can 
usually be found between the enclosed angle and wire length, 
providing the lowest SWR attainable in the center of the cho- 
sen part of an amateur band. If the SWR "bottoms out” at 2:1 
or lover, the system will work fine without using an antenna 


чу Irom 


tuner, provided the transmitter can work into the load. Typical 
‘optimum values of SWR for 3.5 or 7-MHz half slopers are 
between 1.3:1 and 2:1. A 100-KHz bandwidth is normal on 
3.5 MHz, with 200 KHz being typical at 7 MHz. 

If the lowest SWR possible is greater than 2:1, the 
attachment point can be raised or lowered to improve the 
match. Readjustment of the wire length and enclosed angle 
may be necessary when the feed-point height is changed. I 
the tower is guyed, the guy wires will need to be insulated 
from the tower and broken up with additional insulators to 
prevent resonance. 

AL this point you may be curious about which antenna 


is bester—a full sloper or a half sloper. The peak gain for 
ench antenna is very nearly identical, Fig 83 overlays the 
elevation-plane pattern for the full-sized halfwave sloper on 
ıa 100-foot tower and for the half sloper shown in Fig 81 on 
ıa 50-foot tower with a S-element 20-meter Yagi on top. The 


Fig 85— The WICF half sloper 
for 160 meters is arranged in 


Ne 
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this manner. Three monoband 
antennas atop the tower provide 
capacitive loading. 


full-sized halfwave sloper has more front-to-back ratio, but it 

a few dB more than the half soper. Fig 84 compares 
the azimuthal patterns at a 5° takeoff angle for a 100-1001 
high Пацор dipole and a half-sloper system on a 50-Foot 
tower with a 3-element 20-meter Yagi on top. 


Despite the frustration some have experienced trying 
to achieve a low SWR with some half-sloper installations, 


many operators have found the half sloper to be an effective 


and low-cost antenna for DX work. 


1.8-MHz ANTENNA SYSTEMS USING 
TOWERS 


"The half sloper discussed above for 80 or 40-meter 
operation will also perform well on 1.8 MHz where verti 

cally polarized radiators can achieve the low takeoff angles 
needed on Topband. Prominent |.8-MHz operators who have 
had success with the half sloper antenna suggest minimum 
tower height of SO feet. Dana Atchley, WICF (SK), used 
the configuration sketched in Fig 85, He reported that the 
uninsulated guy wires act аз an effective counterpoise for 
the sloping wire. In Fig 86 is the feed system used by Doug 


-Aluminum Ciamp 


Shield Braid Under 
Clamp 
S Tower Leg 


Geol with 
Epoxy 


Fig 86—Food system used by WIFB for 1.8 MHz halt 
sloper on a 50-oot self-supporting tower. 
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DeMaw, WIFB (SK), on a 50-foot self-supporting tower. The 
ground for the WIFB system is provided by buried radials 
‘connected o the tower base 

As described previously, a tower can also be used as 
а true vertical antenna, provided а good ground system is 
used. The shunt-fed tower is at its best on 1.8 MHz, where a 
full /4 vertical antenna is rarely possible. Almost any tower 
height can be used, An HF beam at the top provides some 
top loading. 


THE K1WA 7-MHz "SLOPER SYSTEM" 

Опе of the more popular antennas for 3.5 and 7 MHz is 
(е half-wave long sloping dipole described previously. David 
Pietraszewski, KIWA, made an extensive study of sloping 
dipoles at different heights with reflectors at the 3-GH2 fre- 
‘quency range. From his experiments, he developed the novel 
7-MHz antenna system described bere. With several sloping 
dipoles supported by a single mast and a switching network, 
an antenna with directional characteristics and forward gain 
сап be simply constructed. This 7-MHz system uses several 
“slopers” equally spaced around a common center support. 
Each dipole is сш to 42 and fed at the center with 50-0 co. 
The length of each feed line is 36 feet. 

All of the feed lines go to a 
‘common point on the support (tower) 
Where the switching takes place. The 
line length of 36 feet is just over 
5148, which provides а useful quality. 
AUT MHz, the coax looks inductive 
to the antenna when the end at the 
switching box is open circuited, This 
has the effect of adding inductance 
at the center of the sloping dipole 
element, which electrically lengthens 
the element, The 36-foot length of 
feed line serves to increase the length 
ofthe element about 5%. This makes 
any unused element appe 
reflector. 

The array is simple and effec- 
tive. By selecting one of the slopers 
through a relay box located at the 
tower, the system becomes a parasitic 
array that can be electrically rotated. 
АШ but the driven element of the ar- 
тау become reflectors. 

"The physical layout is shown 
in Fig87, and the basic materials 
required for the sloper system are 
shown in Fig 88. The height of 
the support point should be about 
70 feet, but can be less and still give 
reasonable results. The upper portion 


to be a 


system. The control box appears at the left, and the relay 
box at the right. 


‘of the sloper is 5 feet from the tower, 
suspended by rope. The wire makes 
of 60° with the ground. 
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Fig 87—Five sloping dipoles suspended from one support. Directivity and forward 
gain can be obtained from this simple array. The top view shows how the elements 
should be spaced around the support. 


Fig es Inside view of relay box. Four relays provide 
‘control over five antennas. See text The relays pictured 
here are Potter and Brumfld type MRTID. 


In Fig 89, the switch box is shown contai 
necessary relays to select the proper feed line or the desired 
direction. One feed line is selected ata time and the feed 
lines of those remaining are opened, Fig 90. In his way the 
array is electrically rotated, These relays are controlled from 
inside the shack with an appropriate power supply and rotary 
switch. For safety reasons and simplicity, 12-volt de relays 
are used. The control line consists of a five conductor cable, 
‘one wire used as a common connection; the others go to the 
Tour relays. By using diodes in series with the relays and а 
<dual-polarity power supply, the number of control wires can 
be reduced, as shown in Fig 90B. 

Measurements indicate that this sloper array provides 
up to 20 dB frontto-back ratio and forward 
A dB over a single half-wave sloper. Fig 91 shows the azi- 
omuthal pattern (at a 5° takeoff angle) for the KIWA array, 
compared to а 100-foot high atop dipole and a full sloper 
suspended from a 50-foot tower. These patterns were cal- 
culated for average ground conditions. Just for fun, ook at 


in of about 
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Fig 90—5сһетайс diagram for sloper control system. АП relays are 12-volt dc, DPDT, with 8-A contact ratings. At А, the 
basic layout, excluding control cable and antennas. Note that the braid of the coax is also open-<irculted when not in use. 
Each relay is bypassed with 0.001-uF capacitors. The power supply is a low current type. At B, diodes are used to reduce 


the number of control wires when using de relays. See text. 
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Fig 91—Azimuth pattern for KIWA 40-motor sloper array 
(salid line), compared to а Панор dipole (dashed line) 
al 100 feet and a halfwave full sloper on a 50-100 tower 
(dotted line). The KIWA array has an excellent front-to- 
back ratio and almost as much gain as the high Панор 
dipole. Those patterns are for average ground, 


Fig 92, which shows a comparison between a 100-foot high 
atop dipole and a KIWA array placed over saltwater. Now 
that’s a real barnburner а low takeoff angles! Such a seaside 
system would be very competitive with a rotatable elemen 
“shorty-40” type of Yagi. 

T one direction is the only concer, the switching system 
‘can be eliminated and the reflectors should be cut 5% longer 
than the resonant frequency. The feature worth noting is the 
good F/B ratio. By arranging the system properly, a null can 
be placed in an unwanted direction, thus making itan effective 
receiving antenna. In the tests conducted with this antenna, the 
number of reflectors used were as few as one and as many as 
five. The optimum combination appeared to occur with four 
reflectors and one driven element. No tests were conducted 
"with more than five reflectors. This same array can be scaled 
103.5 MHz for similar results. 
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Multiband 
Antennas 


For operation in a number of bands, such as those 
between 3.5 and 30 MHz, it would be impractical for most 
amateurs to put up a separate antenna for each band. But 
this is not necessary —a dipole, cut for the lowest frequency 
band to be used, can be operated readily on higher fre- 
quencies. To do so, one must be willing to accept the fact 
that such harmonic-type operation leads to a change in the 
directional pattern of the antenna, both in the azimuth and 
the elevation planes (see Chapter 2, Antenna Fundamentals, 
“and Chapter 3, The Effects of Ground). 

You can see from discussions in Chapter 6, Low. 
Frequency Antennas, that you should carefully plan the 
height at which you install a multiband horizontally polarized 
‘antenna, This is one aspect of multiband antennas. Another 
important thing to consider is that you should be villi 
use so-called tuned feeders. A center-fed single wire antenna 
can be made to accept power and radiate it with high effi- 
ciency on any frequency higher than its fundamental resonant 
frequency and, with a reduction in efficiency and bandwidth, 
оп frequencies as low as one half the fundamental 

In fact, itis not necessary for an antenna to be a full half- 


wavelength long at the lowest frequency. An antenna can be 
‘considerably shorter than / 2, even as short as % 2, and still 
be a very efficient radiator. The use of such short antennas 
results in stresses, however, on other parts of the system, for 
(example the antenna tuner and the transmission line. This 
will be discussed in some detail in this chapter. 

Methods have been devised for making a single antenna 
structure operate on a number of bands while still offering a 
good match to a transmission line, usually of the coaxial type. 
should be understood, however, that a multiband antenna is 
not necessarily one tha will match а given line on all bands 
on which you intend to use it. Even а relatively short whip 
буре of antenna can be operated аз a multiband antenna with 
suitable loading for each band. Such loading may be in the 
form of a сой at the base of the antenna on those frequen- 
cies where loading is needed, or it may be incorporated in 
the tuned feeders running from the transmitter to the base 


of the antenna. 

"This chapter describes a number of systems that can be 
used on two or more bands. Beam antennas, such as Yagis or 
‘quads, are treated separately in later chapters. 


Simple Wire Antennas 


The simplest multiband antenna is a random length of 
VIZ or #14 wire. Power can be fed to the wire on practically 
any frequency using one or the other of the methods shown 
in Fig 1. If the wire is made either 67 ог 135 feet long, it car 
also be fed through a tuned circuit, as in Fig 2. It is advanta- 
Боца to use an SWR bridge or other indicator in the coax 
Tine at the point marked “X.” 


IF you have installed а 28- or S0-MHZ rotary beam, in 

many cases it may be possible o use the beam feed line as 

an antenna on the lower frequencies. Connecting the two wires 

eder together at the station end will give a random- 

lly coupled to the transmitter 

as in Fig L The rotary system at the far end will serve only to 
end-load the wire and will not have much other effect. 
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Fig 1—At A, a random-length wire driven directly from the 
network output of a transmitter. At B, an L network for 
use їп cases where sufficient loading cannot be obtained 
with the arrangement at A. C1 should have about the same 
plate spacing as the final tank capacitor in a vacuum-tube. 
type of transmitter; a maximum capacitance of 100 pF is 
sufficient if L1 is 20 to 25 Н. А suitable coll would consist 
(of 30 turns of 412 wire, 2% inches diameter, 6 turns por 
inch. Bare wire should be used so the tap can be placed 
аз required for loading the transmitter. 


One disadvantage of all such directly fed systems is that 
part of the antenna is practically within the station, and there 
is a good chance that you will have some trouble with RF 
feedback. RF within the station can often be minimized by 
-point impe 

ance al a current loop occurs at or near the transmitter. This 
means using a wire length of 7/4 (65 feet at 3.6 MHz, 33 feet 
at 7.1 MHz), or an odd multiple of 2/4 (/-. is 195 feet at 
3.6 MHz, 100 feet at 7.1 MHz). Obviously, this can be done 
for only one band in the case of even harmonically related 

th that presents а current loop at 
the transmitter will present а voltage loop at two (or four) 


choosing a length of wire so that the low fee 


bands, since the wire ler 


times that frequency. 

When you operate with a random-length wire an 
inFigs 1 and 2, you should try different types of grounds on the 
various bands, to see what gives you the best results. In many 


cases it will be satisfactory to return o the transmitter chassis 
for the ground, or directly o a convenient metallic water pipe. 
neither of these works well (or the metallic water pipe isnot 

ely 2/4 long) 
can often be used to good advantage. Connect the wire at the 


available), a length of #12 or #14 wire (approxi 


point in the circuit that is shown grounded, and run it ош and 
down the side of the house, or support it a few feet above the 
ground if the station is on the first floor or in the basement, It 
Should not be connected to actual ground at any point. 


END-FED ANTENNAS 
When a strais 
two-wire transmission line, the length of the antenna portion 


becomes critical if radiation from the line is o be held to a 
minimum. Such an antenna system for multiband operation 
is the emd-fed Zepp or Zepp-fed antenna shown in Fig 3. The 
antenna length is made 2/2 long at the lowest operating fre- 

quency. (This name came about because the first documented 
use of this sort of antennas was on the Zeppelin airships.) The 


feeder length can be anything that is convenient, but feeder 
lengths that are multiples of /4 generally give trouble with 
parallel currents and radiation from the feeder portion of the 
system, The feeder can be an open-wire line of #14 solid 


== 


Fig 2—И the antenna length is 137 feet, а parallel-tuned 
coupling circuit can be used on each amateur band from 
35 through 30 MHz, with the possible exception of the 
WARC 10-, 18- and 24-МН bands. C1 should duplicate the 
final tank tuning capacitor and L1 should have the same 
dimensions as the final tank Inductor on the band being 
used. I the wire is 67 feet ong, seris tuning can bo used 
оп 3.5 MHz as shown at the left; parallel tuning will be 
required on 7 MHz and higher frequency bands. C2 and 

L2 will in general duplicate the final tank tuning capacitor 
and inductor, the same as with parallel tuning. The L 
network shown in Fig 1B is also suitable for these antenna. 
lengths. 
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Fig 3—An end-ted Zepp antenna for multiband uso. 


copper wire spaced 4 or 6 inches with ceramic or plastic 
spacers. Open-wire TV line (not the type with a solid web 
of dielectric) is a convenient type to use. This type of line 
is available in approximately 300- and 450-0 characteristic 
impedances, 

you have room for only a 67-foot flat top and yet want 
1o operate in the 3.5-MHz band, the two feeder wires can 
be tied together al the transmitter end and the entire system 
treated as a random-length wire fed directly, as in Fig 1. 
The simplest precaution against parallel currents that could 
cause feed-line radiation is to use a feeder length that is not 
а multiple of 2/4. An antenna tuner can be used to provide 
multiband coverage with an end-fed antenna with any length 
ol open-wire feed line, as shown in Fig 3. 


CENTER-FED ANTENNAS 

‘The simplest and most flexible (and also least expensive) 
all-band antennas are those using open-wire parallel-conduc- 
tor feeders to the center of the antenna, as in Fig 4. Because 
each half of the flat top is the same length, the feeder cur- 
rents will be balanced at all frequencies unless, of course, 
unbalance is introduced by one half of the antenna being 
closer to ground (or a grounded object) than the other. For 
best results and to maintain feed-current balance, the feeder 
should run away at right angles to the antenna, preferably 
for at least 3/4. 

Center feed is not only more desirable than end feed be- 
cause of inherently better balance, but generally also results in 
a lower standing wave ratio on the transmission line, provided 
a parallel-conductor line having a characteristic impedance of 
450 to 600 Q is used, TV-type open-wire line is satisfactory 
for all but possibly high power installations (over 500 W), 
where heavier wire and wider spacing is desirable to handle 
the larger currents and voltages. 

The length of the antenna is not critical, nor is the length 
of the line. As mentioned earlier, the length of the antenna 
can be considerably les than 2 and still be very effective. 
I the overall length is at least 2/4 at the lowest frequency, a 
quite usable system will result. The only difficulty that may 
exist with this type of system is the matter of coupling the 
antenna-system load to the transmitter. Most modern trans- 
miters are designed to work into a 50-0 coaxial load, With 
this type of antenna system a coupling network (an antenna 
tuner) is required. 


Feed-Line Radiation 

"The preceding sections have pointed out means of re- 
ducing or eliminating feed-line radiation. However, it should 
be emphasized that any radiation from a transmission line is 
mot “lost” energy and is not necessarily harmful. Whether or 
not feed-line radiation is important depends entirely on the 
antenna system being used. For example, feed-line radiation 
is not desirable when a directive array is being used. Such 
feed-line radiation can distort the desired pattern of such an 
атау, producing responses in unwanted directions. In other 
words, you want radiation only from the directive array, 


— e 


Fig 4A centorfed antenna system for multiband uso. 


rather than from the directive array and the feed line. See 
‘Chapter 26, Coupling the Line to the Antenna, for a detailed 
discussion of this topic. 

On the other hand, in the case of a multiband dipole 
where general coverage is desired, if the feed line happens 
10 radiate, such energy could actually have a desirable ef- 
fect. Antenna purists may dispute such a premise, but from 
а practical standpoint where you are not concerned with a 
directive pattern, much time and labor can be saved by ignor- 
ing possible transmission-line radiation. 


THE 135-FOOT, 80TO 10-METER DIPOLE 

As mentioned previously, one of the most versatile 
antennas around is a simple dipole, center-fed with open wire 
transmission line and used with an antenna tuner in the shack, 
A 135-1001 long dipole hung horizontally between two tees 
or towers at a height of 50 feet or higher works very well on 
‘SO through 10 meters. Such an antenna system has significant 

e higher frequencies. 


Flattop or Inverted-V Configuration? 

There is no denying that the inverted-V mounting 
configuration (sometimes called a drooping dipole) is very 
‘convenient, since it requires only а single support The atop 
configuration, however, where the dipole is mounted horizon- 
tall, gives more gain at the higher frequencies. Fig 5 shows 
the S0-meler azimuth and elevation patterns for two 135-foot 
long dipoles. The first is mounted as a atop at a height of 
50 feet over fat ground with a conductivity of 5 mS/m and a 
dielectric constant of 13, typical for average sol. The second 
dipole uses the same length of wire, with the center apex at 
50 feet and the ends drooped down to be suspended 10 feet 
‘off the ground. This height is sufficient so that there is mo 
danger to passersby from RF bums. 

At 3.8 MHz, the flattop dipole about 4 dB more 
peak gain than its drooping cousin. On the other hand, the 
inverted-V configuration gives a patera that is more omni- 
directional than the flatop dipole, which has nulls off the 
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ends of the wire. Omnidirectional coverage may be more im- 
portant to net operators, for example, than maximum gain, 

Fig 6 shows the azimuth and elevation patterns for the 
same two antenna configurations, but this time at 14.2 MHZ. 
‘The Пацор dipole has developed four distinct lobes at à 
10° elevation angle, an angle typical for 20-meter skywave 
‘communication. The peak elevation angle gain of 9.4 dBi 
‘occurs at about 17° for a height of 50 feet above flat ground 
for the Nattop dipole. The inverted-V configuration is again 
nominally more omnidirectional, but the peak gain is down 
some 6 dB from the ttp. 

"The situation gets even worse in terms of peak gain at 


28.4 MHz for the inverted-V configuration. Here the peak 
gain is down about $ dB from that produced by the Панор 
dipole, which exhibits eight lobes at this frequency with a 
maximum gain of 10.5 dBi at about 7" elevation. See the 
comparisons in Fig 7. 

Whatever configuration you choose to mount the 135- 
foot dipole, you will want to feed it with some sort of low-loss 
open-wire transmission line. So-called window 450-0 ladder 
line is popular for this application. Be sure to twist the line 
about three or four tums per foot о keep it from twisting 
excessively in the wind. Make sure also that you provide some 
mechanical support for he line at the junction with the dipole 
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Fig 5— Patterns on 80 meters for 135-1001, center-ed dipole 


rected as a horizontal flattop dipole at 50 feet, compared 
with the same dipole installed as an inverted V with the 
‘apex at 50 fot and the ends at 10 feet The azimuth pattern 
is shown at A, where the dipole wire lies in the 90° to 270° 
plane. At B, the elevation pattern, the dipole wire comes 
(Out of the paper at a right angle. On 80 meters, the patterns 
are not markedly different for either Панор or inverted-V 
configuration. 
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Fig 6—Patterns on 20 meters for two 135-1001 dipoles. 
One is mounted horizontally as а анор and the other 

эв an inverted V with 120" included angle between the 
logs. The azimuth pattern is shown in A and the elevation 
pattern is shown in B. The inverted V has about 6 dB 

вз gain at the peak azimuths, but has a more uniform, 
almost omnidirectional, azimuthal pattern. In the elevation 
plane, the inverted V has a fat lobe overhead, making ita 
Somewhat better antenna for local communication, but not 
quite so good for DX contacts at low elevation angles. 


Fig 7—Patterns оп 10 meters for same antenna 
configurations as in Figs 7 and 8. Once again, the 
invorted-V configuration yields a more omnidirectional 
pattern, but at the expense of almost 8 dB less gain than. 
the Пакор configuration at Ив strongest lobes. 


‘wires. This will prevent flexing of the transmission-line wire, 
since excessive flexing will result in breakage. 


THE G5RV MULTIBAND ANTENNA 
A multiband antenna that does not require a lot of 
space, is simple to construc, and is low in cost is the GSRV. 
gned in England by Louis Varney (GSRV) some years 
‘ago, it has become quite popular in the US. The GSRV design 
В. The antenna may be used from 3.5 through 

30 MHz. Although some amateurs claim it may be fed 
rectly with 50-0 coax on several amateur bands with a low 
SWR, Varney himself recommended the use of an antenna 
tuner on bands other than 14 MHz (see Bibliography). In fact, 
ап analysis of the СУВУ feed-point impedance shows there 


Fig в—Тһе GSRV multiband antenna covers 3.5 through 
30 MHz. Although many amateurs claim it may be fed 


directly with 50-2 coax on several amateur bands, Louis 
Varney, us originator, recommends the use of a matching 
network on bands other than 14 MHz. 
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Fig 9—Azimuth pattern at 5” takeoff angle for a 102- 
foot ong, 50-01 high GSRV dipole (soli line). For 
comparison, the response for a 132-01 long, centered 
dipole at 50 foot height (dashed line) and a 33-foot long 


also shown. The longest antenna exhibits about 0.5 dB 
more gain than the GSRV, although the response is more. 
omnidirectional for the GSRV.—an advantage for a wire 
antenna that is not usually rotatable. 


is no length of balanced line of any characteristic impedance 
ibat will transform the terminal impedance to the 50 to 75-02 
range on all bands. (Low SWR indication with coax feed 
and no matching network on bands other than 14 MHz may 
indicate excessive losses in the coaxial line.) 

Fig 9 shows the 20-meter azimuthal patter fora GSRV 
ata height of SO feet over lat ground, at an elevation angle of 
5° that is suitable for DX work. For comparison, the response 
fortwo other antennas is also shown in Fig 9—a standard half 
wave 20-meter dipole at 50 feet and a 132. 
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dipole at 50 feet. The GSRV on 20 metersis, of course, longer 
than a standard half wave dipole and it exhibits about 2 dB 
more gain compared to that dipole. With four lobes making 
it look rather like a four-leaf clover, the azimuth pattern is 
more omnidirectional han the two-lobed dipole. The 132-001 
centered dipole is longer than the GSRV and u has about 
(0.5 dB more gain than the САУ, also exhibiting four major 
lobes, along with two strong minor lobes in the plane of the 
Wire, Overall, the azimuthal response for the GSRV is more 
omnidirectional than the comparison antennas, 

"The GSRV patterns for other frequencies are similar 
10 those shown for the 135-foot dipole previously for other 
frequencies. Incidentally, you may be wondering why a 
132-001 dipole is shown in Fig 9, rather than the 135-1001 
dipole described earlier. The 132-foot overall length de- 


scribes another antenna that we'll discus inthe 


‘on Windom antennas. 
"The portion ofthe GSRV antenna shown as horizontal iı 
Fig 8 may also be installed in an inverted-V dipole arrange 
ment, subject to the same loss of peak gain mentioned above 
forthe 135-1001 dipole. Or instead, up to % of the total length 
of the antenna at each end may be dropped vertically, semi- 
vertically, or bent at a convenient angle to the main axis of the 
antenna, lo cut down on the requirements for real estate. 


THE WINDOM ANTENNA, 

An antenna that enjoyed popularity in the 1930s and into 
the 1940s was what we now call the Windom. I was known 
at the time as а "single-feeder Hertz” antenna, after being 
described in Sep 1929 OST by Loren G. Windom, WSGZ 
(see Bibliography). 

‘The Windom antenna, shown in Fig 10, is fed with a 
single wire, attached approximately 14% off center. In theory, 
this location provides а mach for the single-wire transmis- 
sion line, which is worked against an earth ground. Because 


the single-wire feed line is not inherently well balanced and 
because it is brought to the operating position, “RF in the 
shack” and a potential radiation hazard may be experienced 
with this antenna, 
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— 


A 


Fig 10—The Windom antenna, cut for a fundamental 
frequency of 375 MHz. The single-wire feeder, connected 
14% off center, is brought into the station and the system 
is fed against round. The antenna is also fictive on its 
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Later variations of the off-center fed Windom moved 
the attachment point slightly to accommodate balanced 
300-0 ribbon line. One relatively recent variation is called the 
"Carolina Windom,” apparently because two ofthe designers 
Edgar Lambert, WA4LVE, and Joe Wright, WAUEB, lived 
in coastal North Carolina (the third, Jim Wilkie, WYAR, lived 
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Fig 11—Layout for Панор "Carolina Windom’ antenna. 
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Fig 12—20-moter azimuth patterns for а 132-o0t long off 
center fed Carolina Windom and a 132-foot long center-fed 
flattop dipole on 20 meters, both at a height of 50 feet 
above saltwater. The response forthe Carolina Windom 

is more omnidirectional because the vertically polarized 
radiation from the 224001 long vertical RG-8X coax fills in 
the deep nulls. 


in nearby Norfolk, Virginia). One оГ the interesting parts 
about the Carolina Windom is that it turns a potential disad- 
Vantage —fced line radiation —into a potential advantage 

Fig 11 isa diagram ofa fatop Carolina Windom, which 
uses à SO-foot wire joined with an $3-foot wire at the feed- 
point insulator. This resembles the layout shown in Fig 10 
for the original W8GZ Windom. The “Vertical Radiator for 
the Carolina Windom is 22-foot piece of RG-8X coax, with 
а "Line Isolator” (current-type choke balun) at the bottom 
end and a 4:1 “Matching Unit" at the top. The system takes 
advantage of the asymmetry of the horizontal wires to induce 
current onto the braid of the vertical coax section. Note that 
the matching unit is a voltage-type balun transformer, which 
purposely does not act like а common-mode current choking 
balun. You must use an antenna tuner with this system to 
present а 1:1 SWR to the transmitter on the amateur bands 
from 80 through 10 meters 

‘The radiation resulting from current induced onto the 
foot vertical coax section tends to fill in the deep nulls 
that would be present if the 132-feet of horizontal wire were 
symmetrically center fed. Over saltwater, the vertical radiator 
сап give significant gain at the low elevation angles needed 
for DX work. Indeed, field reports for the Carolina Windom 
эге most impressive for stations located near or on saltwater. 
Over average soil the advantage of the additional vertically 
polarized component is not quite so evident. Fig 12 compares 
ıa 50-foot high Carolina Windom on 14 MHz over saltwater 1o 
а 50-foot high, 132-Foot long, laden center-fed dipole. The 
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Fig 13—10-metor azimuthal responses for a 132-o0t long, 
501001 high Carolina Windom over saltwater (solid line) 
and over average ground (dashed lino), compared to that 
fora 20-meter half-wave dipole at 50 feet (dotted line). 


Carolina Windom has a more omnidirectional azimuthal pat- 
tem, a desirable characteristic in a 132-foot long wire antenna. 
that is not normally rotated to favor different directions. 

Another advantage of the Carolina Windom over a 
traditional Windom is that the coax feed line hanging below. 
the common-mode current choke does not radiate, meaning 
ibat there will be less "RF in the shack” Since the feed line 
is not always operating at a low SWR on various ham bands, 
use the minimum length of feed coax possible to hold down. 
losses in the coax. 

Fig 13 shows the azimuth responses for a 50-foot long 
atop Carolina Windom on 28.4 MHz over saltwater and 
over average soil. The pattern for а 50-foot high, atop. 
20-meter dipole operated on 28.4 MHz als shown, since this 
20-meter dipole сап also be used as a multiband antenna, when 
fed with open-wite transmission line rather than with coax. 
Again, the Carolina Windom exhibits a more omnidirectional 
Pattern, even if the pattern is somewhat lopsided at the bottom. 


MULTIPLE-DIPOLE ANTENNAS 

‘The antenna system shown in Fig 14 consists of a group. 
of center-fed dipoles, all connected in parallel at the point 
where the transmission line joins them. The dipole elements 
are stagger-tuned. Thais, they are individually cut to be 2 at 
different frequencies. Chapter 9, Broadband Antenna Match- 
ing, discusses stagger tuning of dipole antennas to attin a 
low SWR across а broad range of frequencies. An extension. 
of the stagger tuning idea is to construct multiwire dipoles 
cut for different bands, 

In theory, the 4-wire antenna of Fi 
а coaxial feeder on five bands, The four wires are prepared 
as parallel-fed dipoles for 3.5, 7. 14, and 28 MHz. The 
T-MHz dipole can be operated on its 3rd harmonic for 
21-MHz operation to cover a fifth band. However, in practice 
it has been found difficult to get a good match to coaxial line 


14 can be used with 


Fig 14—Multiband antenna using paralleled dipoles ай 
connected to a common low-impedance transmission line. 
The half-wave dimensions may be either for tho centers 
of the various bands or selected to fit favorite frequencies 
in each band. The length of a half wave in foot is 468/ 
frequoncy in MHz, but because of interaction among e 
various elements, some pruning for resonance may be 
needed on each band. 
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оп all bands. The 2/2 resonant length of any one dipole in 
the presence of the others is not the same as for a dipole by 
itself due to interaction, and attempts to optimize all four 
lengths can become a frustrating procedure, The problem is 
compounded because the optimum tuning changes in a differ- 
ent antenna environment, so what works for one amateur may 
not work for another. Even so, many amateurs with limited 
antenna space are willing to accept the mismatch on some 
bands just so they can operate on those frequencies using а 
single coax feed line. 

Since this antenna system is balanced, it is desirable to 
use a balanced transmission line to feed it. The most desirable 
type of line is 75-0 transmitting twin-lead, However, either 
52-0 or 75-0 coaxial line can be used. Coax line introduces 
some unbalance, but this is tolerable on the lower frequen- 
cies. An alternative is to use a balun at the feed point, fed 
with coaxial cable. 

"The separation between the dipoles for the various 
frequencies does not seem to be especially critical. One set 
el wires can be suspended from the next larger set, using 
insulating spreaders (of the type used for feeder spreaders) 
10 give a separation of a few inches. Users of this antenna 
‘often run some of the dipoles at right angles to each other 
10 help reduce interaction, Some operators use inverted-V- 
mounted dipoles as guy wires for the mast that supports the 
antenna system. 

‘An interesting method of construction used successfully 
by Louis Richard, ON4UR, is shown in Fig 15. The antenna 
has four dipoles (for 7, 14, 21 and 28 MHz) constructed 
from 300-0 ribbon transmission line. A single length of 
bon makes two dipoles. Thus, two lengths, as shown inthe 
sketch, serve to make dipoles for four bands. Ribbon with 
copper-clad steel conductors (Amphenol type 14-022) should 
Be used because all of the weigh, including that of the feed 
line, must be supported by the uppermost wire. 

"Two pieces of ribbon are first cut to a length suitable 


[ZA 
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for the two halves of the longest dipole. Then one of the 
conductors in each piece is cut to proper length for the next 
band higher in frequency. The excess wire and insulation is 
stripped away. A second pair of lengths is prepared in the 
same manner, except that the lengths are appropriate for the 
next two higher frequency bands. 

A piece of thick polystyrene sheet drilled with holes 
for anchoring cach wire serves as the central insulator. The 
shorter pair of dipoles is suspended the width of the ribbon 
below the longer pair by clamps also made of poly sheet. 
Intermediate spacers are made by sawing slots in pieces of 
poly sheet so they will fit the ribbon snugly. 

‘The muliple-dipole principle can also be applied to 
vertical antennas. Parallel or fanned 2/4 elements of wire or 
tubing can be worked against ground or tuned radials from 
а common feed point. 


OFF-CENTER-FED DIPOLES 


Fig 16 shows an off-center-fed or OCF dipole. Because 
it is similar in appearance to the Windom of Fig 12, this 
antenna is often mistakenly called а “Windom,” or some- 


times a “coax-fed Windom." The two antennas are not the 
same, since the Windom is worked against its image in the 
ground, while one leg is worked against the other in the 
OCF dipole 

isnot necessary to feed a dipole antenna at its center, 
although doing so will allow it to be operated with a relatively 
low feed pom impedance on its fundamental and odd har- 
monies. (For example, a 7-MHz center fed half-wave dipole 
can also be used for 21-MHz operation.) By contrast the OCF 
dipole of Fig 16, fed % of its length from one end, may be 
used on йз fundamental and even harmonies. Its free-space 


antenna-terminal impedance at 3.5, 7 and 14 MHz is on the 
order of 15010 200.2. A 1:4 step-up transformer at the feed 
point should offer a reasonably good match to 50- or 75-02 
line, although some commercially made OCF dipoles use a 
1:6 transformer. 

‘tthe 6th harmonic, 21 MHz, the antenna is three wave- 
lengths long and fed at a voltage loop (maximum), instead of 
a current loop. The feed-point impedance at this frequency 


Fig 15 Sketch showing how the twin-lead multiple- 
dipole antenna system is assembled. The excess wire and 
insulation are stripped away. 
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Fig 16 The oft-centor-ed (OCF) dipole for 3.5, 7 and 
14 MHz. A 1:4 or 1:6 step-up current balun is used at the. 
feed point. 


is high, a few thousand ohms, so the antenna is unsuitable 
for use on this band. 


Balun Requirements 
Because the OCF dipole is not fed al the center ofthe 
radiator, the RF impedance paths of the two wires at the feed 
point are unequal. If the antenna is fed directly with coax (or 
a balanced line), or if a voltage step-up transformer is used, 
then voltages of equal magnitude (but opposite polarity) аг, 
applied to the wires at the feed point, Because of unequal 
impedances, the resulting antenna currents flowing in the 


two wires il not Be cl Thie шо mean бш Alca 
Caren can How one eder on the oud oa coaxial 


line. (You may recall that this is how the Carolina Windom 
works, actually inducing current onto a carefully chosen 
length of coax, choked at its bottom end, so that it acts as а 
vertical radiator.) 

How much current flows on the coax shield depends 
‘on the impedance of the RF current path down the outside 
of the feed line. In general, this is not a desirable situation. 
‘To prevent radiation, equal currents are required at the feed 
point, with the same current flowing in and out of the short 
leg as in and out of the long leg of the radiator. A current or 
choke type of balun provides just such operation. (Current 
baluns are discussed in detail in Chapter 26, Coupling the 
Line to the Antenna.) 


Trap Antennas 


By using tuned circuits of appropriate design strate 
cally placed in a dipole, the antenna can be made to show what 
is essentially fundamental resonance at a number of different 
frequencies. The general principle is illustrated by Fig 17. 

Even though a trap-antenna arrangement is a simple one, 
an explanation of how a trap antenna works can be elusive 
For some designs, traps are resonated in our amateur bands, 
and for others (especially commercially made antennas) the 
traps are resonant far outside any amateur band, 

A irap in an antenna system can perform either of wo 
functions, depending on whether or not it is resonant at the 
operating frequency. A familiar ease is where the trap is 
parallel-resonant in an amateur band. For the moment, let us 
assume that dimension A in Fig 17 is 32 feet and that each LIC 
combination is resonant in the 7-MHz band. Because of its 
parallel resonance, the trap presents a high impedance at that 
point in the antenna system. The electrical effect at 7 MHz is 
that the trap behaves as an insulator. It serves to divorce the 
outside ends, the B sections, from the antenna. The result is 


easy to visualize we have an antenna system that is resonant 


Fig 17—A trap dipole antenna. This antenna may be 
fed with 50.0 coaxial line. Depending on the LIC ratio of 
the trap elements and the lengths chosen for dimensions 
A and B, the traps may be resonant either in an amateur 
band or at a frequency far removed from an amateur band 
for proper two-band antenna operation. 


in the 7-MHz band. Each 33-foot section (labeled A in the 
drawing) represents 2/4, and the trap behaves as an insulator. 
We therefore have a full-size 7-MHz antenna. 

The second function of a trap, obtained when the 
frequency of operation is nor the resonant frequency of the 
leap, is one of electrical loading. If the operating frequency is 
below that of trap resonance, the trap behaves as an inductor: 
if above, as a capacitor. Inductive loading will electrically 
lengthen the antenna, and capacitive loading will electrically 
shorten the antenna 

Lets сату our assumption a bit further and try using 
the antenna we just considered at 3.5 MHz. With the taps 
resonant in the 7-MHz band, they will behave as inductors 
when operation takes place at 3.5 MHz, electrically lengthen- 
ing the antenna. This means that the total length of sections A 
and B (plus the length of the inductor) may be something less 
than a physical 2/4 for resonance at 3.5 MHZ. Thus, we have 
A two-band antenna that is shorter than full size on the lower 
frequency band. But with the electrical loading provided by 
the traps. the overall electrical length is 7/2, The total antenna 
length needed for resonance in the 3.5-MH band will depend 
‘on the LIC ratio of the trap elements. 

“The key to trap operation off resonance is its LIC ratio, 
the ratio of the value of L to the value of C. At resonance, 
however, within practical limitations the LIC ratio is imma- 
terial as far as electrical operation goes. For example, in the 
antenna we've been discussing, it would make no difference 
Tor 7-MHz operation whether the inductor were 1 uH and the 
‘capacitor were 500 pF (the reactances would be just below 
450 at 7.1 MHz), or whether the inductor were 5 uH and 
the capacitor 100 pF (reactances of approximately 224 © at 
7.1 MHz). But the choice of these values will make а signifi- 
cant difference in the antenna size for resonance at 3.5 MHz. 
In the first case, where the L/C ratio is 2000, the necessary 
length of section B of the antenna for resonance at 3.75 MHZ 
would be approximately 28.25 fet. Inthe second case, where 
the LIC ratio is 50,000, this length need be only 24.0 feet, a 
difference of more than 15% 

The above example concerns а two-band antenna with 
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trap resonance at one of the two frequencies of operation, On 
each of the two bands, each half of the dipole operates as an 
electrical /4, However, the same band coverage can be ob- 
tained with a trap resonant at, say, 5 MHz, a frequency quite 
removed from either amateur band. With proper selection of 
the LIC ratio and the dimensions for A and B, the trap will act 
1o shorten the antenna electrically at 7 MHz and lengthen it 
electrically at 3.5 MHZ. Thus, an antenna that is intermediate 
in physical length between being full size on 3.5 MHz and full 
size on 7 MHz can cover both bands, even though the trap is 
mot resonant a either frequency. Again, the antenna operates 
With electrical 44 sections. Note that such non-resonant traps 
have less RF current flowing in the trap components, and 
hence trap losses are less than for resonant traps. 

Additional traps may be added in an antenna section to 
cover three or more bands. Or а judicious choice of dimen- 
sions and the LIC ratio may permit operation on three or more 
bands with just a pair of identical traps in the dipole. 

An important point to remember about traps is this. If 
the operating frequency is below that of trap resonance, the 
trap behaves as an inductor; if above, as а capacitor. The 
above discussion is based on dipoles that operate electri- 
cally as 2/2 antennas. This is not a requirement, however. 
Elements may be operated as electrical 3/2 2, or even 5/22, 
and still present a reasonable impedance to a coaxial feeder 
In trap antennas covering several HF bands, using electrical 
lengths that are odd multiples of 2/2 is offen done at the 
higher frequencies. 

To further aid in understanding trap operation. let's now 
choose trap Land C components that each have a reactance of 
20 Qat 7 MHz, Inductive reactance is directly proportional to 
Frequency, and capacitive reactance is inversely proportional. 
When we shift operation to the 3.5-MHz band, the induc- 
tive reactance becomes 10.0. and the capacitive reactance 
becomes 40.0. At first thought, it may seem that the trap 
would become capacitive at 3.5 MHz with a higher capaci- 
tive reactance, and that the extra capacitive reactance would 
make the antenna electrically shorter yet. Fortunately, this is 
not the ease. The inductor and the capacitor are connected 
in parallel with each other. 


XiXe 

. 
where j indicates a reactive impedance component, rather 
than resistive, A positive result indicates inductive reactance, 
and a negative result indicates capacitive. In this 3.5-MHZ 
‘ease, with 40 0 of capacitive reactance and 10 Q of induc- 
tive, the equivalent series reactance is 13.3 C inductive. This 
inductive loading lengthens the antenna o an electrical 2/2 
overall at 3.5 MHz, assuming the B end sections in Fig 17 
are of the proper length. 

With the above reactance values providing resonance at 
7-MHz, X, equals Xe, and the theoretical series equivalent 
is infinity. This provides the insulator effect, divorcing the 
ends. 

ALIA MHz, where X, = 40 © and Xe 


(Eq) 


10.0, the re- 
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sultant series equivalent trap reactance is 13.3 Q capacitive. 
If the total physical antenna length is slightly longer than 
3/2 2. at 14 MHz, this trap reactance at 14 MHz can be used 
lo shorten the antenna to an electrical 3/27. In this way, 
3-band operation is obtained for 3.5, 7 and 14 MHz with just 
‘one рай of identical traps. The design of such a system is not 
straightforward, however, for any chosen LIC ratio for a given 
total length affects the resonant frequency of the antenna on 
both the 3.5 and 14-MH bands, 


‘Trap Losses 
Since the tuned circuits have some inherent losses 
the efficiency of a trap system depends on the unloaded Q 
values of the tuned circuits. Low-loss (high-Q) coils should 
be used, and the capacitor losses likewise should be kept 
as low as possible. With tuned circuits that are good in this 
respect—comparable with the low-loss components used 
in transmitter tank circuits, for example—the reduction in 
efficiency compared with the efficiency of a simple dipole 
is small, but tuned circuits of low unloaded О can lose an 
appreciable portion of the power supplied to the antenna. 
“The commentary above applies o traps assembled from 
‘conventional components. The important function of а trap 
that is resonant in an amateur band is to provide a high isolat- 
ing impedance, and this impedance is directly proportional 
100. Unfortunately, high Q restricts the antenna bandwidth, 
because the traps provide maximum isolation only at trap 


FIVE-BAND W3DZZ TRAP ANTENNA 

C. L. Buchanan, W3DZZ, created one of the first trap 
antennas for the five pre-1979 WARC amateur bands from 3.5 
1030 MHz, Dimensions are given in Fig 18, Only one set of 
leaps is used, resonant at 7 MHz to isolate the inner (7-MHZ) 
dipole from the outer sections. This causes the overall system 
lo be resonant in the 3.5-MH bund. On 14, 21 and 28 MHZ 
the antenna works on the capacitive-reactance principle just 
outlined. With a 75-0 twin-lead feeder, the SWR with this 
antenna is under 2:1 throughout the three highest frequency 
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Fig 18— Five-band (35, 7, 14,21 and 28 MHz) trap dipole 
for operation with 75-1 feeder at low SWR (C. L. Buchanan, 
WSDZZ) The balanced (paralokconductor) line indicated 
is desirable, but 75-0 coax can be substituted with somo 
sacrifice of symmetry in the system. Dimensions given аге 
for resonance (lowest SWR) at 375, 72, 14.15 and 

29.5 MHz. Resonance is very broad on the 21-МН band, 
With SWR less than 2:1 throughout the band. 


bands, and the SWR is comparable with that obtained with 
Similarly fed simple dipoles on 3.5 and 7 MHz 


Trap Construction 

‘Traps frequently are built with coaxial aluminum tubes 
(usually with polystyrene tubing in-between them for insula- 
tion) for the capacitor, with the сой either self-supporting or 
wound ona form of larger diameter than the tubular capacitor. 
‘The cols then mounted coaxially withthe capacitor to form a 
unit assembly that can be supported al each end by the antenna 
Wires. In another type of trp devised by William J. Latin, 
WAJRW (see Bibliography at the end of this chapter), the coil 
is supported inside an aluminum tube and the trap capacitor is 
obtained in the form of capacitance between the coil and the 
‘outer tube. This type of trap is inherently weatherproof 

A simpler type of trap, easily assembled from readily 


Fig 19 Easlly 
constructed trap. 

or wire antennas. 

(A. Greenburg, W2LH). 
The ceramic insulator 
is 4% inches long 
(Birnback 688). The. 
lamps aro small 
Service connectors 
available from 
electrical supply 

‘and hardware stores 
(Burndy KS90 servits). 
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Fig 20—Layout of multiband antenna using raps 
constructed as shown in Fig 21. The capacitors aro 
100 pF each, transmitting type, 5000-volt de rating 
(Centralab 850SL-100N). Coll are 9 turns of #12 wire, 
2% inches diameter, 6 turns per inch (B&W 3029) with 
end turns spread as necessary to resonate the traps to 
72 MHz. Those traps, with the wire dimensions shown, 
resonate the antenna at approximately the following 
frequencies on each band: 33, 7.25, 14.1, 21.5 and 
29.9 MHz (based on measurements by МҮН), 


available components, is shown in Fig 19. A small transmit- 
ting-type ceramic “doorknob” capacitor is used, together with 
a length of commercially available coil material, these 
supported by an ordinary antenna strain insulator. The circuit 
constants and antenna dimensions differ slightly from those of 
Fig 18, in order o bring the antenna resonance points closer 
10 the centers of the various phone bands. Construction data 
are given in Fig 20. If a 10-turn length of inductor is used, 
а half tum from each end may be used to slip through the 
anchor holes in the insulator to act as leads. 

The components used in these traps are sufficiently 
weatherproof in themselves so that no additional weather- 
proofing has been found necessary. However. if itis desired to 
protect them from the accumulation of snow or ice, a plastic 
cover can be made by cutting two dises of polystyrene slightly 
larger in diameter than the сой, drilling at the center to pass 
the antenna wires, and cementing a plastic cylinder on the 
edges of the discs. The cylinder can be made by wrapping 
о tums or so of 0.02-inch poly or Lucite sheet around the 
discs, if no suitable ready-made tubing is available. Plastic 
drinking glasses and 2liter soft-drink plastic bottles are easily 
adaptable for use as impromptu trap covers 


TWO W8NX MULTIBAND, 
COAX-TRAP DIPOLES 

Over the last 60 or 70 years, amateurs have used many 
kinds of multiband antennas to cover the traditional НЕ 
bands. The availability of the 30, 17 and 12-meter bands has 
‘expanded our need for multiband antenna coverage. 

“Two different antennas are described here. The first cov- 
ers the traditional 80,40, 20, 15 and 10-meter bands, and the 
second covers 80, 40, 17 and 12 meters. Each uses the same 
type of WSNX trap—connected for different modes of opera- 
lion anda pair of short capacitive stubs to enhance coverage. 
The WSNX coaxial-cable traps have two different modes: à 
high- and a low-impedance mode. The inner-conductor wind- 
ings and shield windings of the traps are connected in series 
for both modes. However, either the low- or high-impedance 
point can be used as the trap’s output terminal. For low-im- 
pedance trap operation, only the center conductor turns of 
the trap windings are used. For high-impedance operation, 
all turns are used, in the conventional manner for a tap. 
"The short stubs on each antenna are strategically sized and 
located to permit more flexibility in adjusting the resonant 
frequencies of the antenna. 


80, 40, 20, 15 and 10-Meter Dipole 
Fig 20 shows the configuration of the 80, 40,20, 15 and 
10-meter antenna. The radiating elements are made of #14 


Fig 21—A WANX multiband dipole for 
50,40, 20, 15 and 10 motors. Tho values 


shown (123 pF and 4 Н) for the coaxial- 
F ‘cable traps are for parallel resonance at 

7.15 MHz The low-impedance output of 
each trap is used for this antenna. 
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stranded copper wire, The element lengths are the wire span 
lengths in feet, These lengths do not include the lengths of 
the pigtails at the balun, traps and insulators. The 32.3-foot- 
long inner 40-meter segments are measured from the eyelet 
el the input balun to the tension-relief hole in the trap coil 
form. The 49-foot segment length is measured from the ten- 
sion-relie hole in the trap to the 6-foot stub. The 16.1-fool 
‘outer-segment span is measured from the stub to the eyelet 
of the end insulator. 

"The coaxial-cable tras are wound on PVC pipe coil 
forms and use the low-impedance output connection, The 
stubs are 6-foot lengths of Y-inch stiffened aluminum or 
‘copper rod hanging perpendicular to the radiating elements. 
"The first inch of their length is bent 90° to permit attachment 
to the radiating elements by large-diameter copper crimp 
‘connectors. Ordinary #14 wire may be used for the stubs, but 
it has a tendency to curl up and may tangle unless weighed 
‘down at the end. You should feed the antenna with 75-0 coax 
cable using a good 1:1 balun. 

"This antenna may be thought of as а modified W3DZZ 
antenna due to the addition of the capacitive stubs. The length 
and location of the stub give the antenna designer two extra 
degrees of freedom to place the resonant frequencies within 
the amateur bands. This additional flexibility is particularly 
helpful to bring the 15 and 10-meter resonant frequencies to 
more desirable locations in these bands. The actual 10-meter 
resonant frequency of the original W3DZZ antenna is some- 
what above 30 MHz, pretty remote from the more desirable 
low frequency end of 10 meters. 


80, 40, 17 and 12-Meter Dipole 

Fig 22 shows the configuration of the 80,40, 17 and 12- 
meter antenna, Notice hat the capacitive stubs are attached 
immediately outboard after the traps and are 65 feet long, 
24 foot longer than those used in the other antenna, The traps 
эге the same as those of the other antenna, but are connected 
for the high-impedance parallel resonant output mode. Since 
only four bands are covered by this antenna, it is easier to 
fine tune it to precisely the desired frequency on all bands. 
"The 12.4-1001 tips can he pruned to a particular 17-meter 
frequency with litle effect on the 12-meter frequency. The 
stub lengths can be pruned to a particular 12-meter frequency 
With litle effect оп the 17-meter frequency. Both such pruning 
adjustments slightly alter the 80-meter resonant frequency. 
However, the bandwidths of the antennas are so broad on 17 
and 12 meters that itle need for such pruning exists. The 
40-meter frequency is nearly independent of adjustments to 


the capacitive stubs and outer radiating tip elements, Like 
the first antennas, this dipole is fed with a 75-02 balun and 
feed line. 

Fig 23 shows the schematic diagram of the taps. It 
explains the difference between the low and high-impedance 
modes of the traps. Notice that the high-impedance terminal 
is the output configuration used in most conventional trap 
applications. The low-impedance connection is made across 
‘only the inner conductor turn, corresponding to one-half of 
the total tums of the trap. This mode steps the trap's imped- 
ance down to approximately one-fourth of that of the high- 
impedance level. This is what allows a single trap design to 
be used for two different multiband antennas. 

Fig 24 is a drawing of a cross-section of the coax trap. 
shown through the long axis of the trap. Notice that the traps 
are conventional coaxial-cable traps, except for the added 
low-impedance output terminal. The traps are 8% close- 
spaced turns of RG-59 (Belden 8241) on a 2%-inch-OD PVC 
Pipe schedule 40 pipe with a 2-inch ID) coil form. The forms 
are inches long. Trap resonant frequency is very sensitive 
to the outer diameter of the сой form, so check it carefully. 
Unfortunately, not ай PVC pipe is made with the same wall 
thickness. The trap frequencies should be checked with a dip 
meter and general-coverage receiver and adjusted to within 
50 kHz of the 7150 KHz resonant frequency before installa- 
Чоп. One inch is leftover at each end of the сой forms to allow 
for the coax feed-through holes and holes for tension-relief 
attachment of the antenna radiating elements to the traps. Be 
Sure to seal the ends of the trap coax cable with RTV sealant 
10 prevent moisture from entering the coaxial cable. 

Also, be sure that you connect the 32.3-foot wire ele- 
теш at the start of the inner conductor winding of the trap. 
"This avoids detuning the antenna by the stray capacitance of 
the coaxial-cable shield. The trap output terminal (which has 
the shield stray capacitance) should be at the outboard side of 


Fig 23— 
Schematic for the 
WNX coaxial- 
cable trap. RG-59 
is wound ona 
Zicinch OD 

PVC pipe. 


p 


Fig 22—A W8NX multiband dipole 
or 80, 40, 17 and 12 meters. For 
this antenna, the high-impedance 


output is used on each trap. The 
resonant frequency of the traps ls 


= 715 MHz. 
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radiate Ше power and make only minor 
contributions to the radiation patterns. In 


theory, the pattem has four major lobes 
= on 17 meters, with maxima lo the north- 
сам, southeast, southwest and northwest 

n These provide low-angle radiation into 


Europe, Africa, South Pacific, Japan 

and Alaska. A marrow pair of minor 

broadside lobes provides north and south 

coverage into Central America, South 
America and the polar regions. 

There are four major lobes on 

o 12 meters, giving nearly end-fre radia- 

Чоп and good low-angle east and west 

coverage. There are also three pairs of 


а 
p 


Fig 24— Construction details of 


the trap. Reversing the input and output terminals of he trap 
willlowerthe40-meter frequency by approximately SO KHZ, 
but there will be negligible effect оп the other bands. 

Fig 25 shows a coaxial-cable trap. Further details of 
the trap installation are shown in Fig 26. This drawing ap- 
plies specifically to the 80, 40, 20, 15 and 10-meter antenna, 
which uses the low-impedance trap connections. Notice the 
lengths of the trap pigtails: 3 to 4 inches at each terminal of 
the trap. Ifyou use a different arrangement, you must modify 
the span lengths accordingly. All connections can be made 
using crimp connectors rather than by soldering. Access to 
the traps interior is attained more easily with a crimping tool 
than with a soldering iron. 


Performance 

"The performance of both antennas has been very sal- 
isfactory. WSNX uses the 80, 40, 17 and 12-meter version 
because it covers 17 and 12 meters. (He has а tribander for 
20, 15 and 10 meters.) The radiation pattern on 17 meters 
is that of a wave dipole. On 12 meters, the pattern is that 
of a Y-wave dipole. At his location in Akron, Ohio, the 
antenna runs essentially east and west, I is installed as an 
inverted V, 40 feet high at the center, with a 120° included 
angle between the legs. Since the stubs are very short, they 


le WBNX coaxlal-cable trap. 


very narrow, nearly broadside, minor. 
lobes on 12 meters, down about 6 dB 
from the major end-fire lobes. On 80 
and 40 meters, the antenna has the usual figure-$ patterns of 
a half-wave-length dipole. 

Both antennas function as electrical half-wave dipoles 
‘on 80 and 40 meters with a low SWR. They both function 
as odd-harmonic current-fed dipoles on their other operat- 
ing frequencies, with higher, but still acceptable, SWR. 
The presence of the stubs can either raise or lower the input 
impedance of the antenna from those of the usual third and 
fifth harmonie dipoles. Again WSNX recommends that 75-0, 


e 


Fig 25—Other views of a WBNK coax-cable trap. 


Fig 26— Additional 
‘construction details for the 
WeNX coaxialcable trap. 
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rather than 50-0, feed line be used because of the generally 

higher input impedances at the harmonic operating frequen- 

cies of the antennas. 

The SWR curves of both antennas were carefully mea- 
475 to S0-Qutransformer from Palomar Engineers 


inserted at the junction of the 75-02 coax feed line anda 50-02 
SWR bridge. The transformer is required for accurate SWR 
measurement if a 50-02 SWR bridge is used with a 75-02 
line. Most 50-0 rigs operate satisfactorily with a 75-0 line, 
although this requires different tuning and load settings in the 
final output stage of the rig or antenna tuner. The author uses 
the 7510 50-0 transformer only when makin 


WR measure- 


Fig 27— Measured SWR curves for an 80, 40,20, 15 and 
10-metor antenna, installed as an inverted-V with 40-t 
apex and 120" Included angle between legs. 
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Fig 28—Measured SWR curves for an 80, 40, 17 and 
12-meter antenna, installed as an inverted-V with 40- 
apex and 120 included angle between logs. 
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ments and at low power levels. The transformer is rated for 
100 W, and when he runs his 1-KW PEP linear amplifier the 
transformer is taken out of the line. 

Fig 27 gives the SWR curves of the 80, 40, 20, 15 and 
10-meter antenna. Minimum SWR is nearly 1:1 on 80 meters, 
1.5:1 on 40 meters, 1.6:1 on 20 meters, and 1.5: on 10 me- 
ters. The minimum SWR is slightly below 3:1 on 15 meters. 
On 15 meters, the stub capacitive reactance combines with 
the inductive reactance of the outer segment of the ant 
produce a resonant rise that raises the antenna input resistance 
to about 220 О, higher than that of the usual 3/2-wavelength 
dipole. An iy be required on this band to 
keep a solid-state final output stage happy under these load 
conditions 

Fig 28 shows the SWR curves of the 80,40, 17 and 12- 
meter antenna. Notice the excellent 80-meter performance 
witha nearly unity minimum SWR in the middle of the band, 
The performance approaches that of a full-size 80-meter wire 
dipole, The short stubs and the low-inductance traps shorten 
the antenna somewhat on 80 meters. Also observe the good 
17-meter performance, with the SWR being only айе above 
2:1 across the band. 

But notice the 12-meter SWR curve of this antenn 
which shows 4:1 SWR across the band. The antenna input 
resistance approaches 300 © оп this bund because the capa- 
sitive reactance of the stubs combines with the inductive 
reactance of the outer antenna segments to give resonant 
rises in impedance. These are reflected back to the input 
terminals. These stub-induced resonant impedance rises are 
similar to those on the other antenna on 15 meter, but are 
‘even more pronounced, 

Тоо much concer must not be given to SWR on the 
feod line. Even if the SWR is as high as 9:1 no destructively 
high voltages will exist on the transmission line. Recall that 
iransmission-line voltages increase as the square root of 
we SWR in the line. Thus, 1 KW of RF power in 75-0 line 
‘corresponds to 274 V line voltage for a 1:1 SWR. Raising 
the SWR to 9:1 merely triples the maximum voltage that 
the line must withstand to 822 V. This voltage is well below 
the 3700-V rating of RG-11, or the 1700-V rating of RG-59, 
the two most popular 75-02 coax lines. Voltage breakdown in 
the traps is also very unlikely. As will be pointed out later. 
the operating power levels of these antennas are limited by 
RF power dissipation in the traps, not trap voltage breakdown 
or Feed-line SWR. 


‘Trap Losses and Power Rating 

"Table 1 presents the results of tap Q measurements and 
extrapolation by a tuo-frequency method to higher frequen- 
Чез above resonance. WSNX employed an old, but recently 
calibrated, Boonton Q meter for the measurements. Extrapo- 
lation o higher frequency bands assumes that trap resistance 
losses rise with skin effect according to the square root of 
frequency, and that trap dielectric loses rise directly with 
frequency. Systematic measurement errors are not increased 
by frequency extrapolation. However, random measurement 


Tablet 


таро 
Frequency (MHZ) 38 — 715 1418 181 213 249 286 

High Z out (o) п м їз 1 73 179 186 

Low Z out (2) . 137 44 м9 155 

Table 2 

Trap Loss Analysis: 80, 40, 20, 15, 10-Meter Antenna 

Frequency (MHz) 387 715 1418 213 286 

Radiation Efficiency (к) 964 708 994 999 1000 

Trap Losses (dB) 046 15 002 oot ооз 

Table 3 When the 80, 40, 20, 15 and 10-meter antenna is 
Trap Loss Analysis: 80, 40, 17, 12-Meter Antenna operated оп 40 meters, the radiation efficiency of 70.8% 
ey (MH) % 7I5 олау 249 Corresponds to a dissipation of 146 W in each trap when 
Radlalor ficiency (%) 895 908 gpa gge 1 kWisdelivered tothe antenna This is sure to burn out the 
Map Losses (dB) O3. Q4 003 000  Iraps—evenif sustained for only a short time. Thus, the power 


errors increase in magnitude with upward frequency exiapo- 
lation, Results are believed to be accurate within 4% on $0 
‘and 40 meters, but only within 1010 15% at 10 meters. Trap Q 
is shown at both the high- and low-impedance trap terminals. 
The © at the low-impedance output terminals is 15 to 20% 
lower than the Q at the high-impedance output terminals. 

W8NX computer-unalyzed trap losses for both antennas 
in free space, Antenna-input resistances at resonance were 
first calculated, assuming lossless, infinite-Q taps. They were 
again calculated using the Q values in Table 1. The radiation 
efficiencies were also converted into equivalent trap losses in 
decibels. Table 2 summarizes the traploss analysis for the 
0,40, 20, 15 and 10-meter antenna and Table 3 for the 80, 
40,17 and 12-meter antenna. 

The loss analysis shows radiation efficiencies of 90% 
‘or more for both antennas оп all bands except for the 80,40, 
20, 15 and 10-meter antenna when used on 40 meters, Here, 
the radiation efficiency falls to 70.8%. A 1-KW power level 
4 90% radiation efficiency corresponds to SO-W dissipation 
per trap. In WENX's experience, this is the trap's survival 
limit for extended key-down operation. SSB power levels of 
1 KW PEP would dissipate 25 W or less in each trap. This is 
well within the dissipation capability of the traps. 


should be limited lo leas than 300 W when this antenna is 
operated on 40 meters under prolonged key-down conditions. 
А 50% CW duty cycle would correspond to a 600-W power 
limit for normal 40-meter CW operation, Likewise, а 50% 
duty cycle for 40-meler SSB corresponds to a 600-W PEP 
power limit for the antenna, 

The author knows of no analysis where the burnout watt- 
age rating of traps has been rigorously determined. Operating 
experience seems to be the best way to determine trap bum- 
‘out ratings. In his own experience with these antennas, he's 
had no traps bum out, even though he operated the 80,40, 20, 
15 and 10-meter antenna on the critical 40-meter band using 
his AL-80A linear amplifier at the 600-W PEP output level. 
He did not make a continuous, key-down, CW operating test 
at full power purposely trying to destroy the traps! 

Some hams may suggest using a different type of 
coaxial cable for the traps. The do resistance of 40.7 0 per 
1000 feet of RG-59 coax seems rather high. However, WSNX 
has found no coax other than RG-59 that has the necessary 
inductance-to-capacitance ratio to create the trap character- 
istic reactance required for the 80, 40, 20, 15 and 10-meter 
antenna. Conventional traps with wide-spaced, open-air 
inductors and appropriate fixed-value capacitors could be 
substituted for the coax traps, but the convenience, weather- 
proof configuration and ease of fabrication of coaxial-cable 
leaps is hard to Беш. 
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Multiband Vertical Antennas 


‘There are two basic types of vertical antennas; either 
type can be used in multiband configurations. The first is the 
ground-mounted vertical and the second, the ground plane. 
‘These antennas are described in detail in Chapter 6, Low- 
Frequency Antennas. 

‘The efficiency of any ground-mounted vertical depends 
a great deal on near-field earth losses. As pointed out in Chap- 
ter 3, The Effects of Ground, these near-field losses can be 
reduced or eliminated with an adequate radial system. Con- 
siderable experimentation has been conducted on this subject 
by Jerry Sevick, W2FMI, and several important results were 
obtained. Iwas determined that a radial system consisting of 
4010 SO radials, 0.2 long, would reduce the earth losses to 
about 2 Q when а 2/4 radiator was being used. These radials 
should be on the earth's surface, or if buried, placed not more 
iban an inch or so below ground. Otherwise, the RF current 
would have to travel through the lossy earth before reaching 
the radials. In a multiband vertical system, the radials should 
be 022. long for the lowest band, that is, $5 feet long for 
3.5-MH operation, Any wire size may be used for the radi- 
als. The radials should fan out in a circle, radiating from the 
base of the antenna. A metal plate, such as a piece of sheet 
‘copper, can be used at the center connection 

The other common type of vertical is the ground-plane 
antenna. Normally, this antenna is mounted above ground 
with the radials fanning out from the base of the antenna. 
‘The vertical portion of the antenna is usually an electrical 
244, as is each of the radials. In this type of antenna, the 
system of radials acts somewhat like an RF choke, to prevent 
RF currents from flowing in the supporting structure, so the 
number of radials is not as important а factor as iis with а 
ground- mounted vertical system. From a practical standpoint, 
the customary number of radials is four or five. In а malt. 
band configuration, 2/4 radials are required for each band of 
‘operation with the ground-plane antenna, 

This is not so with the ground-mounted vertical antenna, 
where the ground plane is relied upon to provide an image of 
the radiating section. Note that even quarter-wave-long radi- 
эһ are greatly detuned by their proximity to ground- radial 
resonance is not necessary or even possible. In the ground 
mounted case, so long as the ground-screen radials are 
approximately 0.22 long at the lowest frequency, the length 
will be more than adequate for the higher frequency bands. 


Short Ver 


al Antennas 

A short vertical antenna can be operated on several 
bands by loading it at the base, the general arrangement be- 
ing similar to Figs 1 and 2. That is, for multiband work the 
vertical can be handled by the same methods that are used 
for random-length wires 

A vertical antenna should not be longer than about % 2. 
at the highest frequency to be used, however, if low-angle 
radiation is wanted. If the antenna is to be used on 28 MHZ 
and lower frequencies, therefore, 
approximately 25 Feet high, and the shortest possible ground 


should not be more than 
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lead should be used. 

Another method of feeding is shown in Fig 29. LL is a 
loading сой, tapped to resonate the antenna on the desired 
band. A second tap permits using the сой as а transformer 
Tor matching a coax line to the transmitter. CI is not strictly 
necessary, but may be helpful on the lower frequencies, 3.5 
and 7 MHz, if the antenna is quite short. In that case СІ 
makes it possible to tune the system to resonance with a coil 
el reasonable dimensions at LI. C1 may also be useful on 
‘other bands as well, if the system cannot be matched to the 
feed line with а сой alone. 

The coil and capacitor should preferably be installed 
at the base ofthe antenna, but if this cannot be done a wire 
‘ean be run from the antenna base to the nearest convenient 
location for mounting Ll and СІ. The extra wire will of 
‘course be а part of the antenna, and since it may have o run 
ibrough unfavorable surroundings it is best to avoid using it 
if at all possible. 

This system is best adjusted with the help of an SWR. 
indicator. Connect the coax line across a few turns of LI and 
take trial positions of the shorting tap until the SWR reaches 
its lowest value. Then vary the line tap similarly this should 
bring the SWR down to а low value. Small adjustments of 
both laps then should reduce the SWR to close to 1:1. If not, 
try adding C1 and go through the same procedure, varying 
CI each time tap position is changed. 


CUu 


Fig 29 Multiband vertical antenna system using base 
loading for resonating on 3.5 to 28 MHZ. L1 should bo. 
‘wound with bare wire so it can be tapped at every turn, 
using #12 wire. A convenient size is 2% Inches diameter, 
€ turns per inch (such as B&W 3029). Number of turns 
required depends on antenna and ground lead length, 
moro turns being required as the antenna and ground 
lead are made shorter. For a 26-foot antenna and a ground 
lead of the order of 5 feet, L1 should have about 30 

turns. The use of C1 is explained in the text. The smallest 
‘capacitance that will permit matching the coax cable 
should be used; a maximum capacitance of 100 to 150 pF 
‘willbe sufficient in any case. 


Trap Verticals 

‘The trap principle described in Fig 17 for center-fed 
dipoles also can be used for vertical antennas. There are two 
principal differences. Only one half of the dipole is used, the 
ground connection taking the place of the missing half, and 
the feed-point impedance is one half the feed-point imped- 
ance of a dipole, Thus it is in the vicinity of 30 © (plus the 
‘ground-connection resistance), so 52-0 cable should be used 
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Fig 30—Constructional details of the 21- and 28-МН dual- 
band antenna system. 


since it is the commonly available type that comes closest 
to matching. 


ATRAP VERTICAL FOR 21 AND 28 MHZ 


Simple antennas covering the upper HF bands can be 
quite compact and inexpensive, The two-band vertical ground 
plane described here is highly effective for long-distance 
‘communication when installed in the clear. 

Figs 30, 31 and 32 show the important assembly details. 
"The vertical section of the antenna is mounted on a "inch 
thick piece of plywood board that measures 7 x 10 inches. 
Several coats of exterior varnish or similar material will help 
protect the wood from inclement weather. Both the mast and 
the radiator are mounted on the piece of wood by means of 
TV U-bolt hardware. The vertical is electrically isolated 
from the wood with a piece оГ I-inch diameter PVC tubing. 
A piece approximately 8 inches long is required, and it is of 
the schedule-80 variety. To prepare the tubing, you must liti 
along the entire length on one side. A hacksaw will work quite 
well The PVC fits rather snugly on the aluminum tubing and 


Fig 31—A close-up view of a trap. The coil is 3 inches 
in diameter. The leads from the coaxialcable capacitor 
should be soldered directly to the pigtails of the сой. 
‘These connections should be coated with varnish after 
they have been secured under the hose clamps. 


Fig 32—The base assembly of the 21- and 28-MHz vertical. 
‘The 80-239 coaxial connector and hood can be seen in 
the center of the aluminum L bracket. The U bolts are 
‘Type antenna hardware. The plywood should bo coated 
with varnish or similar material. 
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will have to be "persuaded" with the aid of a hammer. Mount 
the mast directly on the wood with no insulation, 

Use an SO-239 coaxial connector and four solder 1 
‘on an L-shaped bracket made from a piece of aluminum 
sheet. Solder a short length of test probe wire, or inner con- 
ductor of RG-58 cable, to the inner terminal of the connector. 
А UG-106 connector hood is then slid over the wire and 
‘onto the coaxial connector. Then bolt the hood and connec- 


tor to the aluminum bracket. Two wood screws are used to 
bracket to the plywood, as shown in 
the drawing and photograph. Solder the free end of the wire 
coming from the connector o а lug mounted on the bottom 
of the vertical radiator. Fill any space between the wire and 
Where it passes through the hood with GE silicone sealant or 
similar material to keep moisture ош. The eight radials, four 
foreach band, are soldered to the four lugs on the aluminum 
bracket. Separate the two sections of the vertical member 
with a piece of clear acrylic rod. Approximately 8 inches of 

inch OD material is required. You must slit the aluminum. 
lubing lengthwise for several inches so the acrylic rod may 
be inserted. The two pieces of aluminum tubing are separated 
by 2% inches, 

‘The trap capacitor is made from RG-8 coaxial cable and 
is 30.5 inches long. RG-8 cable has 29.5 pF of capacitance 
per foot and RG-58 has 28.5 pF per foot, RG-8 cable is 
recommended over RG-58 because of its higher breakdown- 


secure the alumina 


voltage capability. The braid should be pulled back 2 inches 
‘on one end of the cable, and the center conductor soldered 
to one end of the coil. Solder the braid to the other end of 
the сой. Compression type hose clamps are placed over the 
(apacitofcoil leads and put in position at the edges of the 
aluminum tubing. When tightened securely, the clamps serve 
а two-fold purpose—they keep the trap in contact with the 
Vertical members and prevent the aluminum tubing from 
slipping off the acrylic rod. The coaxial-cable capacitor runs 
upward along the top section of the antenna. This is the side of 
the antenna to which the braid of the capacitor is connected, 
Place a cork or plastic cap in the very top of the antenna to 
keep moisture ош. 


Installation and Oper: 

The antenna may be mounted in position using a TV. 
type tripod, chimney, wall or vent mount, Alternatively, а 
telescoping mast or ordinary steel TV mast may be used, in 
which case the radials may be used as guys for the structure. 
‘The 28-MHZ radials are $ feet 5 inches ong, and the 21-MHZ 
radials are 11 feet 7 inches. 

Any length of 50-0 cable may be used to feed the 
antenna. The SWR at resonance should be on the order of 
12:1 to 1-5:1 on both bands. The reason the SWR is not 1:1 
is that the feed-point resistance is something other than 50 © 
— closer to 35 or 40.0. 


The Open-Sleeve Antenna 


Although only recently adapted for the HF and VHF 
amateur bands, the open-sleeve antenna has been around 
since 1946, The antenna was invented by Dr J. Т. Boljahn, of 
Stanford Research Institute. This section on sleeve antennas 
was written by Roger A. Cox, WBODGF. 

The basic form of the open-sleeve monopole is shown 
in Fig 33. The open-sleeve monopole consists of a base-fed 
central monopole with two parallel closely spaced parasites, 
‘one on each side of the central element, and grounded at each 
base. The lengths of the parasites are roughly one half that 
ol the central monopole 


Impedance 

The operation of the open sleeve can be divided into 
two modes, an antenna-mode and a ransmission-line mode, 
This is shown in Fig 34. 

The antenna-mode impedance, Z,, is determined by 
the length and diameter of the central monopole. For sleeve 
lengths less than that of the monopole, this impedance is es- 
sentially independent ofthe sleeve dimensions. 

The transmission-line mode impedance, Zr, is deter- 
mined by the characteristic impedance, end impedance, and 
length of the 3- wire transmission line formed by the central 
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monopole and the two sleeve elements. The characteristic 
impedance, 2. can be determined by the element diameters 
and spacing if all element diameters are equal, and is found 
pe 


Z, = 207 log 1.59 (DA 
where 


(E42) 


D = spacing between the center of each sleeve element 
and the center of the driven element 
‘d= diameter of each element 


‘This is shown graphically in Fig 35. However, since 
the end impedance is usually unknown, there is litle need 
to know the characteristic impedance. The transmission-line 
mode impedance, Z, is usually determined by an educated 
guess and experimentation, 

Asan example, lel us consider the case where the central 
monopole is 2/4 at 14 MHz. IL would have an antenna mode 
impedance, Za, of approximately 52.0, depending upon the 
ground conductivity and number of radials. If two sleeve 
elements were added on either side of the central monopole, 
with each approximately hal the height of the monopole and 
at a distance equal to their height, there would be very little 


Fig 39—Diagram of an open-sleeve monopol 
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Fig34—Equivalent circuit of an open-sleeve antenna. 


effect on the antenna mode impedance, Za, at 14 MHZ 

Also, Zr at 14 MHz would be the end impedance trans- 
formed through a 2/8 section of a very high characteristic 
impedance transmission line. Therefore, Zy would be on the 
order of 500-2000 £ resistive plus a large capacitive reactance 
component. This high impedance in parallel with 52 © would 
still give a resultant impedance close to 52 ©. 

“Ata frequency of 28 MHz, however, Za is that of anend- 
fed half-wave antenna, and is on the order of 1000-5000 О 
resistive. Also, Zr at 28 MHz would be on the order of 1000 
105000 Q resistive, since itis the end impedance of the sleeve 
elements transformed through a quarter-wave section of a 
very high characteristic impedance 3-wire transmission line. 
Therefore, the parallel combination of Z, and Zy would still 
be on the order оГ 500 to 2500 О resistive. 

Ir the sleeve elements we 
tral monopole such that the ratio of the spacing to element 
diameter was less than 10:1, then the characteristic imped- 


е brought closer o the cen. 


Fig 35—Characteristic impedance of transmission-line 
mode in an open-sleeve antenna. 


ance of the 3-wire transmission line would drop to less than 
250 0. At28 MHz, Za remains essentially unchanged, while 
Zz begins to edge closer to 52 © as the spacing is reduced. 
‘At some particular spacing the characteristic impedanci 
determined by the Did ratio, is just right to transform the end 
impedance to exactly 52 © at some frequency. Also, as the 
spacing is decreased, the frequency where the impedance is 
purely resistive gradually increases. 

The actual impedance plots of a 14/28-MHz open- 
sleeve monopole appear in Figs 36 and 37. The length of the 
central monopole is 195.5 inches, and of the sleeve elements 
89.5 inches. The element diameters range from 1.25 inches at 
the bases 100.875 inch at cach tip. The measured impedance 
of the 14-MHz monopole alone, curve A of Fig 36, is quite 
high. This is probably because of a very poor ground plane 
under the antenna. The addition of the sleeve elements raises 
this impedance slightly, curves B, C and D. 

As curves A and B in Fig 37 show, an inch sle 
spacing gives a resonance near 27.8 MHz at 70 ©, while a 6- 
inch spacing gives a resonance near 28.5 MHz at 42.0. Closer 
spacings »pedances and higher resonances. The 
optimum spacing for this particular antenna would be some- 
where between 6 and $ inches, Once the spacing is found, 
the lengths of the sleeve elements can be tweaked slightly 
for a choice of resonant frequency. 

In other frequency combinations such as 10/21, 10/24, 
14/21 and 14/24-MHz, spacings in the 6 to 10 
work very well with element diameters in the 0.5 to 1.2 


ive lower: 


neh range 


neh 
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Fig 36—Impedance of an open-sleeve monopole for the 
frequency range 13.5-15 MHz. Curve A is for a 14 MHZ 
monopole alone. For curves B, C and D, the respective 
spacings from the central monopole to the sleeve 

aro 8,6 and 4 inches. Seo text for other dimensions. 


Fig 37—Impedance of the open-sleeve monopole for the 
rango 25-30 MHz. For curves A, B and C the spacings from 
the central monopole to the sleeve elements are 8,6 and 
4 inches, respectively. 


Bandwidth 

‘The open-sleeve antenna, when used as a multiband 
antenna, does not exhibit broad SWR bandwidths unless, of 
‘course, the two bands are very close together. For example, 
Fig 38 shows the тошт loss and SWR of a single 10-MHZ 
vertical antenna. Its 2:1 SWR bandwidth is 1.5 MHz, from 
9.8 to 11.3 MHz, Return loss and SWR are related as given 


by the following equation, 
1+k 
-A E43) 
- ч 
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where 


k=10 

RL = return loss, dB 

When sleeve elements are added for a resonance near 
22 MHz, the 2:1 SWR bandwidth at 10 MHz is still nearly 
1.5 MHz, as shown in Fig 39. The total amount of spectrum 
under 2:1 SWR increases, of course, because of the additional 
band, but the individual bandwidths of each resonance are 
virtually unaffected, 

The open-sleeve antenna, however, can be used as a 
broadband structure, if the resonances are close enough to 
‘overlap. With the proper choices of resonant frequencies 
sleeve and driven element diameters and sleeve spacing 
SWR “hump” between resonances can be reduced to a value 
less than 3:1. This is shown in Fig 40. 


Current 
to Н. B. Barkley (see Bibliography at the 
end of this chapter), the total current flowing into the base 
of the open-sleeve antenna may be broken down into two 
‘components, that contributed by the antenna mode, 1,, and 
ibat contributed by the transmission-line mode, I. Assuming 
thatthe sleeves are approximately half the he 

monopole, the impedance of the antenna mode, Za, is very 
low at the resonant frequency of the central monopole, and 


tribution 


Fig 38—Return loss and SWR of a 10 MHz vertical 
antenna. A retur loss of 0 dB represents an SWR of 
infinity. The text contains an equation for converting 
return loss to an SWR value. 


Fig 39—Return loss and SWR of a 10/22 MHz open-sleeve 


— 


Fig 40—SWR response of an open-sleeve dipole and a 
conventional dipole, 


the impedance of the transmission-line mode, Zp is very high. 
"This allows almost all of the current to flow in the antenna 
and 1, is very much greater than Ty Therefore, the 
current on the central 2/4 monopole assumes the standard 
sinusoidal variation, and the radiation and gain characteristics 


mode 


are much like those of a normal 1/4 vertical antenna. 

However, at the resonant frequency of the sleeves, the 
impedance of the central monopole is that of an end fed 
half-wave monopole and is very high. Therefore 1, is small. 
IT proper element diameters and spacings have been used to 
match the transmission line mode impedance, Zr, to 520, 
then Ly the transmission line mode current, is high compared 
юм 

"This mean 


that very little current flows in the central 
monopole above the tops of the sleeve elements, and the 
radiation is mostly from the transmission-line mode current, 
Ty in all three elements below the tops of the sleeve elements, 
"The resulting current distribution is shown in Figs 41 and 42 
for this case. 


Radiation Pattern and Gain 


The cure 


distribution of the open-sleeve antenna 
‘where all three elements are nearly equal in length is nearly 
thatof a single monopole antenna. If, ata particular frequency, 
the elements are approximately 2/4 long, the current distribu- 
tion is sinusoidal. 

I, for this and other length ratios, the chosen diameters 
and spacings are such that the two sleeve elements approach 


Fig 41—Current distribution in the transmission-line 
‘The amplitude of the current induced in each sleeve 

sont equals that of the current in the central elemor 

but the phases are opposite, as shown. 


Fig 42—Total current distribution with i= 12. 


an interelement spacing of 2/8, the azimuthal pattern will 
show directivity typical of two in-phase vertical radiators, 
approximately 2/8 apart. If a bi-directional pater is needed, 
then this is one way to achieve it 

Spacings closer than this will produce nearly circular 
azimuthal radiation patterns. Practical designs in the 10 to 
30 MHz range using 0.5 to 15-inch diameter elements will 
produce azimuthal patterns that vary less than +1 dB. 

Ifthe ratio of the length of the central monopole to 

‘of the sleeves approaches 2:1, then the elevation 
pattern of the open-sleeve vertical antenna at the resonant 
frequency of the sleeves becomes slightly compressed. This 
is because of the in-phase contribution of radiation from the 
42 central monopole. 

‘As shown in Fig 43, the 1021-Mhz open-sleeve vertical 
amenna produces a lower angle of radiation at 21.2 MHz with 
a corresponding increase in gain of 0.66 dB over that of the 
10-MHz vertical alone. At length ratios approaching 3:1, the 
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Fig 43 Vertical-plane radiation patterns of a 10/21-MHz 
‘open-sleeve vertical antenna on a perfect ground plane. 
AL 10.1 MHz the maximum gain is 5.09 dBi, and 5.75 dBi at 
21.2 MHz, 


antenna mode and transmission-line mode impedance become 
nearly equal again, and the central monopole again caries a 
significant portion of the antenna current. The radiation from 
the top 7/2 combines constructively with the radiation from 
the 2/4 sleeve elements to produce gains of up to 3 dB more 
iban just a quarter-wave vertical element alone 

Length ratios in excess of 32:1 produce higher level 
sidelobes and less gain on the horizon, except for narrow 
spots near the even ratios of 4:1, 6:1, 8:1 ete. These are where 
the central monopole is an even multiple of a half-wave, 
and the antenna-mode impedance is too high o allow much 


antenna-mode current. 

Up to this point, it has been assumed that only 244 reso- 
nance could be used on the sleeve elements, The third, fifth, 
and seventh-order resonances of the sleeve elements and the 
central monopole element can be used, but their radiation 
patterns normally consist of high-elevation lobes, and the 
gain on the horizon is less than that of a 2/4 vertical 


Practical Construction and Evaluation 
The open-sleeve antenna lends itself very easily to 
home construction. For the open-sleeve vertical antenna, 
‘only а feed-point insulator and а good supply of aluminum 
lubing are needed. No special raps or matching networks are 
required. The open-sleeve vertical ean produce up to 3 dB 
more gain than a conventional 24 vertical. Further, here is no 
reduction in bandwidth, because there are no loading coils. 
"The epen-sleeve design can also be adapted to horizontal 
dipole and beam antennas for HF, УНЕ and ИНЕ. A good 
example of this is Telex/Hy-Gain's Explorer 14 triband beam 
which utilizes an open sleeve Гос the 10/15-meter driven ele- 
теш. The open-sleeve antenna is also very easy to model in 
‘computer programs such as NEC and MININEC, because 
of the open tubular construction and lack of traps or other 
In conclusion, the open-sleeve antenna is an antenna 
‘experimenters delight Itis not difficult to match or construct, 
and it makes an ideal broadband or multiband antenna. 


The Coupled-Resonator Dipole 


A variation of the open-sleeve system above is the 
coupled-resonator system described by Gary Breed, K9AY, 
in an article in The ARRL Antenna Compendium, Vol 5, 
entitled “The Coupled-Resonator Principle: A Flexible 
Method for Multiband Antennas.” The following is con- 
densed from that article. 

1а 1995, OST published two antenna designs that use 
an interesting technique to get multiband coverage in one 
antenna. Rudy Severns, NLF, described a wideband 80 and 
ds meer dipole using this technique, and Robert Wilson, 
ALTKK, showed us how to make a three-band vertical 
Both of these antennas achieve multi-frequency operation 
by placing resonant conductors very close o a driven dipole 
or vertical with no physical connection. 


‘The Coupled-Resonator Principle 

As we all know, nearby conductors can interact with an 
antenna. Our dipoles, verticals and beams can be affected by 
nearby power lines, rain gutters, guy wires and other metallic 
materials. The antennas designed by Severns and Wilson use 
this interaction intentionally, to combine the resonances of 
several conductors at а single feed point, While other names 
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have been used, I call the behavior that makes these antennas 
work the coupled-resonator (C-R) principle. 

Take a look at Fig 44, which illustrates the general 
idea, Each figure shows the SWR atthe feed point of a 
dipole, over a range of frequencies. When this dipole is all 
alone, it will have a very low SWR at its half-wave resonant 
frequency (Fig 44А). Next, if we take another wire or tubing 
conductor and start bringing it close to the dipole, we will 
see a “bump” in the dipole's SWR at the resonant frequency 
of this new wire, See Fig 44B. We are beginning to the see 
the effects of interaction between the two conductors. As we 
bring this new conductor closer, we reach a point where the 
SWR “bump” has grown to a very deep dipa low SWR. 
We now have a good match at both the original dipole's 
resonant frequency and the frequency of the new conductor 
as illustrated in Fig 4C. 

"We can repeat this process for several more conductors 
at other frequencies to gel a dipole with three, four, five, six, 
‘or more resonant frequencies. The principle also applies to 
verticals, so any reference to a dipole can be considered to 
ве valid for a vertical, as well. 

We can write a definition of the C-R principle this 


va 


Vien 


Fig 44—At A, the SWR of a dipole over a wide frequency range. At B, a nearby conductor is just close enough to interact 
with the dipole. At C, when the second conductor is at the optimum spacing, the combination is matched at both 


frequencies. 


way: Given a dipole (or vertical) at one frequency and an 
additional conductor resonant at another frequency, there 
îs an optimum distance between them that results in the 
resonance ofthe additional conductor being imposed upon 
the original dipole, resulting in a low SWR at both resonant 
frequencies 


Some History 

Inthe late 19405, the coaxial sleeve antenna was devel- 
oped (Fig 45A), covering two frequencies by surrounding 
а dipole or monopole with a cylindrical tube resonant at 
the higher of the desired frequencies. In the 1950s, Gonset 
briefly marketed a two-band antenna based on this design. 
Other experimenters soon determined that two conductors 
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Fig 45—Evolution of coupled-resonator antennas: ALA, 
the coaxial-sleeve dipole; at B, the open-sleeve dipole; 
and at C, a coupled-resonator dipole, ће most universal 
configuration. 


at the second frequency, placed on either side of the main 
dipole or monopole, would make а skeleton representation of 
a cylinder (Fig 45B). This îs called the open-sleeve antenna, 
The Hy-Gain Explorer ribander uses this method in its driven 
element to obtain resonance in the 10-meter band. Later on, 
a few antenna developers finally figured out that these extra 
conductors did not need to be added in pairs, and that a single 
conductor at each frequency could add the extra resonances 

45C). This is the method used by Force 12 in some of 


This is a perfect example of how science works. A spe- 
йс idea is discovered, with later developments leading to 
an underlying general principle, The original coaxil-sleeve 
‘configuration is the most specifie, being limited to two fre- 
quencies and requiring a particular construction method. The 
open-sleeve antenna is an intermediate step, showing that the 
sleeve idea is not limited to one configuration. 

Finally, we have the coupled-tesonator concept, which 
is the general principle, applicable in many diferent antenna 
configurations, for many different frequency combinations. 
Sevens’ antenna uses it with a folded dipole, and Wilson 
uses it with a main vertical that is off-center fed. The author 
KOAY used it with conventional dipoles and quarter-wave 
verticals. Other designers have used the principle more sub- 
Чу, like putting the first director in a Yagi very close to the 
driven element, broadening the SWR bandwidth the same 
way Severs’ design does with a dipole. 

In the past, most antennas built with this single-condue- 
tor technique have also been called open-sleeve (or multiple- 
open-sleeve) antennas, a term taken from the history of their 
development. However, the term sleeve implies that one 
‘conductor must surround another. This is not really a physical 
or electrical description of the antenna operation, therefore, 
KOAY suggests using the term coupled-resonator, which is 
the most accurate description of the general principle. 


A Little Math 
The interaction that makes the c R principle work is not 
random. It behaves in a predictable, regular manner. KAY 
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derived an equation that shows the relationship between the 
driven element and the additional resonators for ordinary 
dipoles and verticals: 


bsod 
Ta вө 
where 

4 = distance between conductors, measured in wave- 

lengths at the frequency of the chosen additional 

D= the diameter of the conductors, also in wavelengths 

athe frequency of he additional resonator. 

Eq 4 assumes they are both the same diameter and that 
the feed point impedance at both frequencies isthe sume as a 
dipole in free space (722) or a quarter-wave monopole over 
perfect ground G6 Q). 

"The equation only describes the impedance due to the 
additional resonator. The main dipole element is always part 
ofthe antenna, and it may have a fairly low impedance at the 
additional frequency. This is the case when the frequencies 
are close together, or when the main element is operating at 
ls third harmonic. At these frequencies, the spacing distance 
must be adjusted so that the parallel combination of dipole 
and resonator results in the desired feed point impedance 

KOAY worked out two correction factors, one to cover 
а range of impedances and another for frequencies close 


together. These сап be included inthe basic equation, which 
is rearranged below to solve for the distance between the 
conductors 


mošt B AN 
A (ч) 
dand D are the same as above. 
7, = the desired feed point impedance at the frequency of 


P he additional resonator between 20 and 120). For 
A vertical, multiply the desired impedance by two to 
ка Za. If you want a 50.0 feed, use 100. for Z 

є resonant frequency of the main dipole or 
vertical. 
the resonant frequency of the additional conductor. 

The ratio FP, is more than 1.1 

2.7183, the base of natural logarithms. 

Eq 5 does not directly allow for conductors of unequal 


diameters, but it cam be used as a starting point if you use 
the diameter of the driven dipole or vertical element for D 
in the equation, 


Characteristics of C-R Antennas 

Here's the important stulT—what’s different about C-R 
"what are they good for and what are their draw- 

backs? The key points мге: 

+ Multiband operation without traps, stubs or tuners 


KSAYs Eq 5 above does indeed yield a good first: 
cut value tor the spacing between coupled-resonator 
elements. Fig A shows the spacing, in inches, plotted 
against the ratio of frequencies, for two coupled resona- 
tor elements with different diameters, again expressed 
in inches. This is for an upper frequency of 28.4 MHz. 
Beyond a frequency ratio of about 1.5:1 (28.4:18.1 
MHz), the spacing flattens out to а fixed distance be- 
tween elements lor each element diameter For example, 
it inch elements are used at 28.4 and 18.1 MHz, he 
‘spacing between the elements is about 3.75 inches. 

EZNEC verifies Eq 5's computations. Note that a 
large number of segments aro necessary for each ele- 
mont when they are closely spaced from each other, and 
the segments on the elements must be closely aligned 
with each other. Be sure to run the Average Gain test, 
as well as Segmentation tests. The modeler should also 
be aware that f mutually coupled resonators are placed 
along a horizontal boom (as they would be on multiband 
Yagis using coupled resonators), the higher-frequency 
elements wil act Ike retrograde directors, producing 
‘some gain (or lack of gain, depending on the azimuth 
being investigated). 

For example, in the EZNEC flo KSAY C-R 28-21- 
14 MHz 1 In.EZ, using 1-nch diameter elements spaced 
6inches apart, i the 28-MHZ element is placed 6 inches. 
behind the 14-MHz driven element (with the 21-MHz 
element placed 6 inches ahead), on 28 MHz the system 
wil have a ЕВ of 2.6 dB, favoring the rearward direc- 


Fig A—Graph of the spacing versus frequency ratio for 
wo Coupled Resonator elements at 28.4 MHz, for 50-2 
feed-point impedance. 


tion. On 21 MHz, the system will exhibit a F/B of 1.6 dB, 
favoring the forward direction. Of course, there are sys- 
toms where gain and F/B due to the C- configuration 
may be put to qood use, such as the multiband Yagis 
mentioned above. However, I the elements are spaced 
above/below the 14-MFz driven element there is no 
distortion of the dipole patterns. 


7-24 Chapter 7 


+ Flexible impedance matching at each frequency 

+ Independent fine-tuning at each frequency (litle interac- 
боп) 

+ Easily modeled using MININEC or NEC-based pro- 
grams 

Pruning process sume as a simple dipole 

‘Can accommodate many frequencies (seven or more) 

Virtually lossless coupling (high efficiency) 

Requires a separate wire or tubing conductor at each 

frequency 

+ Mechanical assembly requires a number of insulated sup- 
pons 

Narrower bandwidth than equivalent dipole. 

+ Capacitance requires slight lengthening of conductors 


‘Tobegin with, the most obvious characteristic is that this 
principle сап be used to add multiple resonant frequencies to 
m ordinary dipole or vertical, using additional conductors 
that are not physically connected. This gives us three variable 
factors: (1) the diameter of the conductor, (2) its length, and 
(G) its position relative to the main element. 

Having the freedom to control these factors gives us the 
advantage of flexibility we have a wide range of control over 
the impedance at each added frequency. Another advantage 
is that the behavior at each frequency is quite independent, 
‘once the basie design is in place. In other words, making 
fine-tuning adjustments at one frequency doesn't change the 
resonance or impedance at the other frequencies, А final ad- 
Vantage is efficiency. With conductors close together, and with 

sonant target conductor, coupling is very efficient. Traps, 
stubs, and compensating networks found on other multiband 
antennas ай introduce lossy reactive components 

‘There are two main disadvantages of C-R antennas. 
The first is the relative complexity of construction. Several 
conductors are needed, installed with some type of insulating 
spacers. Other multiband antennas have their complexities 
as well (such as traps that need to be mounted and tuned), 
but С.В antennas will usually be bulkier. The larger size 
generally means greater windload, which is a disadvantage 
10 some hams. 

"The other significant disadvantage is narrower band- 
wiih, particularly at the highest of the operating frequencies. 
We can partially overcome this problem with large conductors 
that are naturally broad in bandwidth, and in some cases we 
might even use an extra conductor lo put two resonances in 
‘one band. I is interesting to note that the pattern is opposite 
ıhal of tapped antennas. The С-В antenna gets narrower at the 
highest frequencies of operation, while trap antennas gener- 
ally have narrowest bandwidth at their lowest frequencies. 

There are two special situations that should be noted. 
First, when the antenna has a resonance near the frequency 
where the driven dipole is 3/2 X long (3/42 for a vertical), 
the dipole has a fairly low impedance, The spacing of the -R 
‘element needs to be increased to raise its impedance so that 
the parallel combination of the main element and C-R ele- 
ment equals the desired impedance (usually 50 О). There is 
also significant antenna current inthe part of the main dipole 


extending beyond the C-R section, contributing to the total 
radiation pattern. As a result this particular arrangement 
radiates as three 2/2 sections in phase, and has about 3 dB 
gain and a narrower directional pater compared to a dipole 
(Fig 46). This might be an advantage for antennas covering 
bands with a frequency ratio of about three, such as 3.5 and 
10.1 MHz, 7 and 21 MHz, or 144 and 430 MHz 

"The other special situation is when we want to add anew 
frequency very close to the resonant frequency of the main 
dipole. An antenna for 80 and 75 meters would be an example 
ofthis. Again, the driven dipole has а fairly low impedance at 
the new frequency. Add the fact that coupling is very strong 
between these similar conductors and we find that a wide spac- 
ing is required to make the antenna work. А dipole resonant at 
35 MHz and another wire resonant at 3.8 MHz will need to 
be Sor feet apart, while 3.5 MHZ and 7 MHz combination 
might only need to be spaced 4 or 5 inches. 

Another useful characteristic of C-R antennas is that 
they are easily and accurately modeled by computer programs 
based on either MININEC or NEC, as long as you stay within 
‘each program's limitations. For example, Severs points out 
ibat MININEC does not handle folded dipoles very well, and 
NEC modeling is required. With ease of computer modeling, 
A precise answer isn't needed for the design equation given 
above. An approximate solution will provide a starting point 
ibat can quickly be adjusted for optimum dimensions. 

The added resonators have an effect on the lengths of all 
‘conductors, due to the capacitance between the conductors 
Capacitance causes antennas to look electrically shorter, so 


рути 


Fig 46— Radiation pattern or the special case of a 
С.Я antenna with the additional frequency at the third 
harmonic of the main dipole resonant frequency. 
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‘each clement needs to be about 1% or 2% longer han a simple 
dipole at the same frequency. As a rule of thumb, use 4774 
(in feet) instead of the usual 468/T when calculating dipole 
length, and 239/T instead of 234/ for а 744 vertical. 


А 30/17/12-Meter Dipole 
То show how a C-R antenna is designed, let's build a 
dipole to cover all three WARC bands. We'll use #12 wire, 
which has a diameter of 0.08 inches, and the main dipole will 
be cut forthe 10.1 MHz band. From the equation above, the 
spacing between the main dipole and the 18-MHz resonator 
should be 2.4 inches for 72.0, or 1.875 inches for 50 0. At 
24.9 MHz, the spacing to the resonator for that band should 
be 20 inches for 72 A, or 1.62 inches for 50 ©. OF course, 
ibis antenna will be installed over real 
space, so these spacing distances may not be exact. Plug 


ound, notin free 


these numbers into your favorite antenna-modeling program 
will let you optimize the dimensions for installation at the 
height you choose, 

For those of you who like to work with real antennas, 
not computer-generated ones, the predicted spacing is ac- 
‘curate enough to build an antenna with minimum trial-and- 
error. You should use а nice round number just larger than 


— . 


Fig 47—Dimonsions of а С.Я dipole for the 30, 17 and 
12meter bands. 


the calculated spacing for 50.. For this antenna, K9AY 
decided that the right spacing for the desired height would 
be 2 inches for the 18 MHz resonator and 1.8 inches for the 
24.9 MHz resonator. For simplicity of construction, he just 
used 2 inches for both, figuring that the worst he would get 
is a L2:1 SWR if the numbers were a little bit of. Like all 
dipoles, the impedance varies with height above ground, but 
the 2-inch spacing results in an excellent match on the two 
additional bands, at heights of more than 25 feet. 

‘The final dimensions of the dipole for 10.1, 18.068 and 
24.89 MHz are shown in Fig 47. These are the final pruned 
lengths for a straight dipole installed at a height of about 
40 feet. IF you put up the antenna as an inverted V, you will 
need each wire to be a bit longer Pruning this type of antenna 
is just like a dipole—if it's resonant too low in frequency, 
it's too long and the appropriate wire needs to be shortened, 
So, you can cut the wires just a little ong to start with and 
‘easily prune them to resonance 

A final note: if you want o duplicate this antenna design, 
remember that the 2-inch spacing is just for #12 wire! The 
required spacing for a С-В antenna is related to the conductor 
diameter. This same antenna built with #14 wire needs under 
Winch spacing, while a Linch aluminum-tubing version 
requires about 7-inch spacing. 


Summary 

“The coupled-resonator principle is one more weapon in 
the antenna designer's arsenal. I's not the perfect method for 
all multiband antennas, but what the C-R principle offers is 
an alternative to traps and tuners, in exchange for using more 
wire or aluminum. Although a C-R antenna requires more 
complicated construction, its main attraction is in making a 
multiband antenna that can be built with no compromise in 
matching or efficiency. 


HF Discone Antennas 


"The material in this section is adapted from an article by 
Daniel A. Krupp, W8NWE, in The ARRL Antenna Compen- 
dium, Vol 5. The name discone is a contraction of the words 
disc and cone. Although people often describe a discone by its 
design-center frequency (for example, a “20-meter discone”), 
it works very well over a wide frequency range, as much as 
several octaves. Fig 48 shows a typical discone, constructed 
of sheet metal for UHF use. On lower frequencies, the sheet 
metal may be replaced with closely spaced wires and/or 
aluminum tubing. 

"The dimensions of a discone are determined by the 
lowest frequeney of use. The antenna produces a vertically 
polarized signal at a low-elevation angle and it presents а 
good match for 500 coax over its operating range. One 
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advantage of the discone is that its maximum current area is 
near the top of the antenna, where it can radiate away from 
ground clutter. The cone-like skirt of the discone radiates 
the signal—radiation from the disc on top is minimal. This 
is because the currents flowing in the skirt wires essentially 
all go in the same direction, while the currents in the dise 
elements oppose each other and cancel ош. The discone's 
omnidirectional characteristics make it ideal for roundtable 
QSOs or for a Net Control station. 

Electrical operation of this antenna is very stable, with 
no changes due to rain or accumulated ice. I is a elf can. 
tained antenna—unlike a traditional ground-mounted vertical 
radiator, the discone does not rely on a ground-radial system 
for efficient operation. However, just like any other vertical 


Fig 48—Diagram of VHF/UHF discone, using a sheet- 
metal disc and cone. ts fed directly with 50-2 coax 

line. The dimensions L and D, together with the spacing 

S between the disc and cone, determino the frequency 
characteristics of the antenna. L = 246 / yy for the lowest 
frequency to be used. Diameter D should be from 0.57 to 
070 of dimension L. The diameter at the bottom of the 
cone B is equal to L. The space S between disc and cone 
can be 2o 12 inches, with the wider spacing appropriate 
for larger antennas. 


antenna, the quality of the ground in the Fresnel area will 
affect the discone's far-field pattern. 

Both the disc and cone are inherently balanced for wind 
loading, so torque caused by the wind is minimal. The entire 
‘cone and metal mast or tower can be connected directly to 
ground for lightning protection. 

Unlike a trap vertical or a triband beam, discone 
antennas are not adjusted to resonate at a particular frequency 
їп a ham band or a group of ham bands. Instead, a discone 
functions as asort of high-pass filter, efficiently radiating RF 
all the way from the low-frequency design cutoff to the high- 
frequency limits imposed by the physical design. 

‘While VHF discones have been available out-of-the- 
box for many years, НЕ discones are rare indeed. Some 
articles have dealt with HF discones, where the number of 
disc elements and cone wires was minimized to cut costs or 
10 simplify construction. While the minimalist approach is 
fine if the sought-after results really are obtained, WSNWF 
believes in building his discones without compromise 


History of the Discone 

The July 1949 and July 1950 issues of CO magazine 
both contained excellent articles on discones. The first ar- 
ticle, by Joseph M. Boyer, W6UYH, said that the discone 
was developed and used by the military during World War 
IL (See Bibliography.) The exact configuration of the top 
disc and cone was the brainchild of Armig G. Kandonian. 
Boyer described three VHF models, plus information on 
how to build them, radiation patterns, and most importantly, 
а detailed description of how they work. He referred to the 


discone as a type of “coaxial taper transformer; 
The July 1950 article was by Mack Seybold, W2RVI. 
He described an 11-MHzversion he built on his garage roo. 
"The mast actually fit through the roof to allow lowering the 
antenna for service. Seybold stated that his 11-MHZ discone 
would load up on 2 meters but that performance was down 
10 dB compared to his 100-MHz Birdcage discone. He com- 
mented that this was caused by the relatively large spacing 
between the dise and cone. Actually, the performance degra- 
dation he found was caused by the wave angle lifting upward 
at high frequencies, The cone wires were electrically long, 
causing them to act like long wire antennas. See Fig 49. 


WENWF's First Discon 

The first discone was one де 
10 meters without requiring an antenna tuner. The cone as- 
sembly uses 18-foot long wires, with a 60° included apex 
angle and a 12-foot diameter disc assembly. See Fig 50 and 
Fig SI. The whole thing was assembled on the ground, with 
the feed coax and all guys attached. Then with the aid of 
some friends, it was pulled up into position. 

"The author used a 40-foot tall wooden “A-frame” mast, 
made of three 22-foot-long 2 x 4s. He primed the mast with 
sealer and then gave it two coats of red burn paint to make 
it look nice and last Jong time. The disc hub was a 12-inch 
length of 3-inch schedule-40 PVC plumbing pipe. The PVC 
is very tough, slightly ductile, and easy to drill and сы. PVC 
is well suited for RF power al the feed point of the antenna, 

Three 12-foot by 0.375-inch OD pieces of 6061 alu- 
minum, with 0.058-inch wall thickness, were used for the 
12-fool diameter top dise. These were cut in half to make the 
center portions of the six telescoping spreaders. Four twelve 
foot by 0.250-inch OD (0.035-inch wall thickness) tubes were 
cut into 12 pieces, each 40 inches long. This gave extension 
tips for each end of the six spreaders. 

See Fig 52 for details on the dise hub assembly 
WENWF started by drilling six holes straight through the 
PVC for the six spreaders, accurately and squarely, starting 


he A-Frame Discone 
ned to cover 20 through 


Figs9Computed elevation plot over average ground for 
WENWF's small discone at 146 MHz, ton times its design 
frequency range. The cone wires are acting as longawiro 
antennas, distorting severely the low-elevation angle 
response, even though the feed-point impedance is close 
тооп. 
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Fig 50—Photo of W8NWF' original 
A-frame mounted HF discone. 


about wo inches down from the op and spaced radially every 
30°, Each hole is 0.375 inches below the plane of the previous 
‘one, Take great care in drilling —a poor job now will look 
bad from the ground up for a long time! It's a good idea to 
make up a paper template beforehand. Tape this to the PVC 
hub and then drill the holes, which should make for a close 
fit with the elements. If you goof, start over with a new piece 
‘of PVC it's cheap. 

Each six-foot spreader tube was secured exactly in the 
center to clear à 6-32 threaded brass rod that secured the 
elements mechanically and electrically. A two-foot long by 
inch OD wooden dowel was inserted into the middle of 
‘each six-foot length of tubing. The dowel added strength and 
also prevented crushing the element when the nuts on the 
threaded rod were tightened. 

Insert the 40-inch long extensions four inches into each 
end of the six-foot spreaders. Mark and drill holes to pin the 
telescoping tips, plus holes big enough to clear #18 soft dawn. 
‘copper wire. This was for the inner circumferential wire for 
the disc. Drill a single hole for #18 wire about % inch from 
each extension element tip, through which passes the outer 
circumferential wire. Finally, insert ай 6-foot elements into 

the PVC hub and line up the holes in 
the center so the brass rod could be 
inserted through the middle o secure 
the elements. 

The next step is to “chisel to 
fi" the top of my wooden mast to 
allow the PVC to slide down on 
it about six or seven inches. For 
convenience, place the whole mast 
assembly in а horizontal position on 
top of two clothesline poles and one 
stepladder 
poor Place the disc head assembly 

‘over the top of the mast, but don't 
secure it yet. This allows for rota- 
tion while adding the disc spreader 
extensions. tip for safety: Не white 
pieces of cloth to the ends of ele- 
ments near eye level. Just remember 
to remove them before raising the 

For a long-lasting installation, 
use an anti-corrosion compound, 
such as Pencirox, when assembling 
the aluminum antenna elements. 


\ As the extensions are added, secure 


ГЕТЕА M reno 


Fig 51—Detalled drawing of the A-frame discono for 14 to 30 MHz The disc 
assembly at the top of the A-frame is 12 feet in diameter. There аге 45 cono. 
wires, each 18 feet long, making a 60- included angle of the cone. This antenna 
‘works very well over the design frequency range. 
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them in the innermost of the two holes 
with a short piece of #18 wire, Then 
тип a wire through the remaining 
holes looping each element as you go. 
"This gives added support laterally to 
the elements, Next add a #18 wire to 
the tips of the extensions in the same 
fashion. This provides even more 
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Fig 52—Detals of the top hub for 
the A-frame discone. The three-inch 
PVC pipe was drilled to hold the six 
spreaders making up the top disc. 
Connections for the shield of the 
feed coax were made tothe disc. 
The coax center conductor was 
connected to the cone-wire assembly 
by means of a loop of $12 stranded 
wire encircling the outside of the 
PVC hub. 


physical stability as well as making electrical connections. 

Next, pin the PVC disk hub to the wooden mast with 
inch threaded rod. This is also the point where the cone 
Wires are attached, using a loop of #12 stranded copper wire 
around the PVC. Solder each cone wire to this loop, together 
With the coax shield braid. Make sure the loop of 412 wire 
is large enough to make soldering possible without burning 
the PVC with the soldering iron. 

Connect the coax center conductor to the disc assembly 
by securing it with the same 6-32 threaded rod that tis all the 
disc elements together. Make sure to use coax-seal compound 
10 keep moisture out of the coax. The coax is then fed down 
the mast and secured in а few places to provide strain relief 
and to keep it out of the way of the cone wires. 

Use two sets of three guy wires. Break these up with 
egg insulators, just to be sure there won't be any interaction 
With the antenna, Use 45 wires of #18 sot drawn copper wire 


for the cone, 18 feet long each. Cut them a litle long so they 
‘ean be soldered to the connecting loop. 

A difficult task is now at hand—keeping all the cone 
wires from geting angled! Solder each ofthe 45 cone wires 
tothe loop of #12 wire, spacing cach wire about % inch from 
the last one for an even distribution all the way around. 

The cone base is 18 feet in diameter to provide a 60° 
included angle. At the base of the cone, use five 12-foot long 
aluminum straps, 1 inche wide by % inch thick, overlapping 
8% inches und fastened together with aluminum rivets. Drill 
holes along the strap every 15 inches to secure the cone 

Make sure to handle the aluminum strap carefully while 
fastening the cone wire ends: too sharp of a bend could 
possibly break it, Fasten six small-diameter nylon lines to 
the cone-base aluminum strap to stabilize the cone. These 
‘cone-guys share the same guy stakes as the mast guy lines. 
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Alter cuting the nylon lines, heat the frayed ends of each 
‘witha small lame to prevent unraveling. Apply several coats 
ОГ clear protective spray to the disk head assembly, after 
checking that all hardware is tight. A rain cap at the top of 
the PVC disc hub completes construction. 


Putting It AL Up. 

‘You are going to need a lot of help now to raise this an- 
tenna. Have the whole process fully thought out before trying 
to raise it. You should have the spot selected for the base of 
the mast and some pipes driven into the ground to prevent 
the mast from slipping sideways as itis being pulled up. The 
three guy stakes should be in place, 23 feet, 1% inches from 
mast center. Of course, the guys should have been cut to the 
‘correct length, with some extra. Be sure the coax transmission 
line will come off the mast where it should. A long length 
of rope to an upper and lower guy line is used to pull up the 
whole works. 

The author used an old trick of standing an exten- 
sion ladder vertically near the antenna base withthe pull 
lines looped over the top rung to get a good lift angle. The 
weight added to the mast from the antenna disc assembly 
and cone wires is about 26 pounds, most of it from the cone 
assembly. Use two strong people to pull up the antenna 
slowly so that the other helpers on the guy wires and cone 
guy lines have time to move about as required. Аз the antenna 
rises to the vertical position, if there are no snafus, the guy 
lines can be secured. Then tie the six cone lines lo stakes. 


A Really Big Discone 

When an opportunity arose to buy 
164-1001 self-supporting TV tower, the 
author jumped at the chance to imple- 
ment a full 7 to 30-MHz discone. His 
new tower had eight sections, each 
eight feet long. Counting the overlap 
between sections the cone wires would 
соте off the tower at about the 61.5- 
foot mark 

WSNWF took some liberties 
with the design of this larger discone 
compared to the first one, which he 
had done strictly "by the book” The 
first change was to make the cone 
wires 70 feet long, even though the 
formula said they should be 38 feet 
long. Further, the cone wires would not 
be connected together at the bottom. 
With the longer cone wires, he felt that 
75 and S0-meter operation might be a 
possibility 


Fig 53—The large WBNWF discone, 
designed for operation from 7 to 
14 Mhz, but useable with a tuning 
networkin the shack for 3.8 MHz: 


The second major change was to widen the apex angle 
‘out from 60" to about 78°. Modeling said this should produce 
a fatter SWR over the frequency spectrum and would also 
give a better guy system for the tower. 

The topside disc assembly would be 27 eet in diameter 
and have 16 radial spreaders, using telescoping aluminum 
lubing tapering from % to . to % inches OD. АП spread- 
‘ers were made from 0.058-inch wall thickness 6063-7832 
aluminum tubing, available from Texas Towers. A section 
of 10-inch PVC plumbing pipe would be used as the hub for 
‘construction of the disc assembly 


Construction Details for the Large Discone. 
"While installing the tower, the author had left the top 
section on the ground. This allowed him to fit the disc head 
assembly precisely toit Fig 53 shows the overall plan for the 
large discone, The 10-inch diameter PVC hub was designed 
to slip over the tower top section, but was a little too large. So 
а set of shims was installed on the three legs at the top of the 
tower for a just-right fit. Drilling the PVC pipe for the eight 
inch OD elements was started about an inch down from the 
lop. WSNWF purposely staggered the drilled holes in the same 
fashion as the hub for the smaller antenna. See Fig 54. 
Again, thre-foot sections of inch wooden dowel were 
used to strengthen the -inch center portion of each spreader. 
Instead of using a loop of #12 wire for connecting the cone 
Wires, as had been done on the smaller discone, he drilled 
36 holes in the PVC hub. These holes are small enough so 
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Fig 54—Photo showing details of the hub assembly for 
the large discone, including the threaded brass rod that 
connects the radial spreaders together. The 10-inch PVC. 
Pipe is drilled to accommodate the radial spreaders. Each 
Spreader is reinforced with athree-foot long wooden 
‘dowel inside for crush resistance. Note the row of holes 
drilled below the lowest spreader. Each of the 36 cone 
‘wire passes through one of these holes. 


thatthe PVC hub would not be weakened appreciably. He 
drilled the circles of holes for the cone wires about 6 inches 
below the dise spreaders. 

He prepared a three-foot long piece of RG-213 coax, 
permanently fastened on one end to the antenna, with a female 
type-N connector at the other end. Type-N fittings were used 
Because of their superior waterproofing abilities. The coax 
center lead was connected with a terminal lug under а nut 
‘on the brass threaded rod securing the dise spreaders. The 
coax shield braid was folded back over a six-inch long cop- 
per pipe and clamped to it with a stainless-steel hose clamp. 
See Fig 55 for details. 


Fig 55—Detalls of the copper pipe slipped over the feed 
coax. The coax shield has been folded back over the 
copper pipe and secured with two stainless-steel hose 
lamps. The cone wires are also laid against the copper 
pipe and secured with additional hose clamps. 


The plan was that after the top disc assembly had been. 
hoisted up and attached at the top of the tower, individual cone 
Wires would be fed, one at a time, through the small holes 
drilled in the PVC. They were to be laid against the copper 
pipe and secured with stainless-steel hose clamps. 

The % and Yeinch OD spreader extension tips were 
secured in place with two aluminum pop-rivetsat each joint. 
Again, the author used anti-oxidant compound on all spreader 
junctions. He drilled a hole horizontally near the tip of each 

-inch tip all around the perimeter to allow a AS aluminum. 
Wire to circle the entire dise. A small stainless-steel sheet- 


metal serew was threaded into the end of each element to 
secure the wire, 
In parallel with the aluminum wire, 


a length of small-diameter black Dacron 
line was run, securing it in a couple of 
places between each set of spreaders 
‘with UV-resistant plastic tie-wraps. The 
reason for doing this was to hold the 
aluminum wire in position and to prevent 
it from dangling, in case it should break 
some years in the future. Two coats of 
clear protective spray were applied for 
protection, 

A truss system helps prevent the 
=| dise from sagging due to its own weight, 

See Fig 56 for details. This shows the 
‘completed disk assembly mounted on the 


Fig 56 Photo of the spreader hub 
assembly, showing tho truss ropes 
Above and below the radial spreaders. 
This is a very rugged assembly! 
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pof the tower. A 3-foot length of 2-inch PVC pipe was used 
fora truss mast above the disc assembly, notching the bottom 
‘of the pipe so that it would form a saddle over the top couple 
‘of spreaders. This gave a good foothold. He сш a circle of 
thin sheet aluminum to fit over the 10-inch PVC to serve as 
a rain cap. The cap has a hole in the center for the two-inch 
PVC truss mast to pass through, thereby holding it down tight. 
"The author sprayed a few light coats of paint over the PVC 


for protection from ultraviolet radiation from the sun. 

Sixteen small-diameter black Dacron ropes were con- 
nected at the top of the truss support mast, with the other ends 
fastened to the disc spreaders, halfway out. Another rain сар 
was added to the top of the two-inch PVC truss mast Eight 
lengths of the same small diameter Dacron rope were added 
halfway ош the length of every other spreader. These ropes 

re meant o be tied back to the tower, to prevent updralts 
from blowing the disc assembly upwards. Small egg insula- 
tors were used near the spot where the eight bottom trusses 
were tied to the disc spreaders, just to be sure there would 
be no RF leakage in rainy weather. 

Hoisting the completed disc assembly to the top ofthe 
tower can be done easily, with the assistance of at least two 
others. The trickiest part is to get the disc assembly from 
its position sitting flat on the ground to the vertical position 
needed for hoisting it up the tower without damaging it. The 
disc assembly weighs about 35 pounds. Someone at the top 


‘of the tower will receive the disc as it is hoisted up by gin 
pole, and ean mount it on the tower top. 

You should prepare three 6-foot long metal braces going 
‘over the outside of the PVC to fasten to the tower legs. They 
really beef things up. 

In plastic irrigation pipe buried between the house and 
tower base, the author ran 100 feet of 9086 low-loss coax 
1o the shack. For cone wires, he was able to obtain some 
#18 copperclad steel wire, with heavy black insulation that 
looked a lot like neoprene. The cone system takes a lot of 
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Fig 57—Photo showing some of the 
fence posts used to hold individual 
сопе wires to keep them off the ground 
and out of harm's way. The truck in 

the background is carting away the 

A frame discone for installation at 
KABUNO's отн. 


Wire: 36 70 feet 
for termination. You'd be well advised to look around at 
hamfost to save money. 

‘As each cone wire was connected at the top of the tower, 
a helper should place the other end at its proper spot below. 
"The lower end of each cone wire is secured to an insulator 
screwed into a fencepost. See Fig 57. There are 36 treated- 
pine fenceposts each standing about 57% feet tall, 45 feet from 
the tower base to bold the lower end of the cone wires. This 
makes mowing the grass easier and the cone wires are less 
likely to be tripped over to. 

On the final trip down the tower, the eight Dacron 
“downward-irus lines were tied back to the tower about 6 feet 
below the dise assembly. The author's tower has three ground 
rods driven near the base, connected with heavy copper wire 
10 the three lower legs. 


2520 feet, plus some extra at cach end 


Fig 58—Computed patterns showing elevation response 
of small discone at 28.5 MHz compared to that of the 
larger discone at 28.5 MHz. The cone wires are clearly 
too long for efficient operation on 10 meters, producing 
unwanted high-angle lobes that rob power from the 
desirable low-eievation angles. 


Performance Tests 

On the air tests proved to be very satisfying. Loading up 
оп 40 meters was easy the SWR was 1:1 across the entire 
band. WSNWE сап work all directions very well and receives 
excellent signal reports from DX stations. When he switches 
to his long (333 foot) center-ed dipole for comparison, he 
finds the dipole is much noisier and that received signals 
are weaker. During the daytime, nearby stations (less than 
bout 300 to 500 miles) can be louder with the dipole, but 
the discone can work them just fine also. 

"The author happily reports that this antenna even works 
well on 75 meters. As you might expect, it doesn't present 
a 1:1 match, However, the SWR is between 3.5:1 and 55:1 
across the band, WENWF uses an antenna tuner to operate 
the discone on 75. И seems to get out as well on 75 as it does 
оп 40 meters. 

The SWR on 30 meters is about 1.1:1. On 20 meters the 
SWR runs from 1.05:1 at 14.0 MHZ to L4:1 at 14.3 MHZ 
The SWR on the 17, IS, 12 and 10-meter bands varies, going 
up to a high of 35:1 оп 12 meters. 


Radiation Patterns for the Discones 

From modeling using NEC/Wires by K6STI, WSNWF 
verified that the low-angle performance for the bigger antenna 
is worse than that for the smaller discone on the upper fre- 
quencies. See Fig 58 for an clevaion-patern comparison on 
10 meters for both antennas, with average ground constants. 
The azimuth patterns are simply circles. Radiation patterns 
produced by antenna modeling programs are very help ful to 
determine what to expect from an antenna. 

‘The smaller discone, which was built by the book, 
displays good, low-angle lobes on 20 through 10 meters 
"The frequency range оГ 14 through 28 MHz is an octave's 
Worth of coverage. It met his expectations in every way by 
covering this frequency span with low SWR and alow angle 
of radiation. 

"The bigger discone, with a modified cone suitable for 
use оп 75 meters, presents а lile different story. The low- 
angle lobe on 40 meters works well, and 75-meter perfor- 
mance also is good, although an antenna tuner is necessary 
оп this band. The 30-meter band has a good low-angle lobe 


Fig 59—Computed elevation-response patterns for the 
larger МММ «сопе for 3.8, 7.2 and 21.2 MHz operation. 
Again, as in Fig 58, the pattern degrades at 21.2 MHz, 
although it is still reasonably efficient, И not optimal. 


but secondary high-angle lobes are starting to hurt perfor- 
mance. Note that 30 meters is roughly three times the desi 
frequency of the cone. On 20 and 17 meters there still are 
good low-angle lobes but more and more power is wasted in 
high-angle lobes. 

"The operation on 15, 12, and 10 meters continues to 
worsen for the larger discone. The message here is that 
although a discone may have a decent SWR as high as 10 
times the design frequency, its radiation pattern is not neces- 
sarily good for low-angle communications. See Fig 59 for a 
‘comparison of elevation pattems for 3.8, 7.2 and 21.2 MHZ 
‘on the larger discone, 

A discone antenna built according to formula will work 
predictably and without any adjustments, One can modify the 
anlenna's cone length and apex angle without fear of render- 
ing it useless. The broadband feature of the discone makes it 
attractive to use on the НЕ bands. The low angle of radiation 
makes DX a real possibility, and the discone is also much 
less noisy on receive than a dipole. 

Probably the biggest drawback to an НЕ discone is its 
bulky size. There is no disguising this antenna! However, if 
you live in the countryside you should be able to put up а 
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Harmonic Radiation from Multiband Antennas 


Since а multiband antenna is intentionally designed for 
‘operation on a number of different frequencies, any harmonies 
or spurious frequencies that happen to coincide with one ofthe 
antenna resonant frequencies will be radiated with very litle, if 
any, attenuation Particular care should be exercised, therefore, 
to prevent such harmonies [rom reaching the antenna. 
Multiband antennas using tuned feeders have a certain 
inherent amount of built-in protection against such radiation, 
since it is nearly always necessary to use a tuned coupling 
circuit (antenna tuner) between the transmitter and the feeder. 
This adds considerable selectivity to the system and helps to 
discriminate against frequencies other than the desired one 
Multiple dipoles and trap antennas do not have this 
feature, since the objective in design is to make the antenna 
show as nearly as possible the same resistive impedance in 
all the amateur bands the antenna is intended to cover, It is 


advisable to conduct tests with other amateur stations to de- 
termine whether harmonics of the transmitting frequency can 
be heard at a distance of, say, a mile or so. И they can, more 
selectivity should be added to the system since a harmonic 
that is heard locally, even if weak, may be quite strong at a 
distance because of propagation conditions. 
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— — WEZ — 
Multielement Arrays 


The gain and directivity offered by an array of elements 
represents a worthwhile improvement both in transmitting 
and receiving. Power gain in un antenna is the same as an 
‘equivalent increase in the transmitter power. But unlike 
increasing the power of your own transmitter, antenna gain 
works equally well on signals received from the favored 
direction. In addition, the directivity reduces the strength of 
signals coming from the directions not favored, and so helps 
discriminate against interference 


One common method of obtaining g 
is to combine the radiation from a group of 2 dipoles to 
concentrate itin a desired direction. А few words of explana- 
Чоп may help make it clear how power 

In Fig l. imagine that the four circles, A, B, C and D, 
represent four dipoles so far separated from each other that 
the coupling between them is negligible. Also imagine that 
point Ps so far away from the dipoles that the distance from 
Pto each one is exactly the same (obviously P would have to 
be much farther away than itis shown in this drawing). Under 
these conditions the fields from all the dipoles will add up at 
P if all four are fed RF currents in the same phase. 

Let us say that a certain current, I in dipole A will 
produce a certain value of field strength, E, at the distant 
point Р. The same current in any of the other dipoles will 
produce the same field at P. Thus, if only dipoles A and B 
are operating, each with a current i. the field at P will be 2E. 


Fig 1—Fields from separate antennas combine at a distant 
point, P, to produce а field strength that exceeds the fied 
Produced by tne. 


With A, B and C operating, the field will be 3E, and with all 
four operating with the same 1, the field will be 4E. Since 
the power received at P is proportional to the square of the 
field strength, the relative power received at P is 1, 4, 9 or 
16, depending on whether one, two, three or four dipoles 
are operating. 

Now, since ай four dipoles are alike and there is no 
coupling between them, the same power must be put into 
cach in order to cause the current Ito flow. For two dipoles 
the relative power input is 2, for three dipoles it is 3, for 
four dipoles 4, and so on. The actual gain in each case is the 
relative received (or output) power divided by the relative 
input power. Thus we have the results shown in Table 1 
The power ratio is directly proportional to the number of 
elements used. 

It is well to have clearly in mind the conditions under 
Which this relationship is true: 

1) The fields from the separate antenna elements must 
be in-phase at the receiving point. 

2) The elements are identical, with equal currents in 
all elements, 

3) The elements must be separated in such a way that 
the current induced in one by another is negligible; that is, 


the radiation resistance of each element must be the same as 
it would be if the other elements were not there. 

Very few antenna arrays п 
exactly. However, the power gain of a directive array using 
dipole elements with optimum values of element spacing 
is approximately proportional to the number of elements. 


set all these conditions 


оп of Dipoles with Negligible Coupling 
(See Fig 1) 


Relative Relative Gain 
Ори Input Power in 
Г Power Бонг бап ав 
допу 1 1 1 o 
ГЕ 4 2 2 3 
Аванс 9 з a ав 
Le Ceed 16 4 4 6 
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Another way to say this is that a gain of approximately 3 dB. 
willbe obtained each time the number of elements is doubled, 
assuming the proper element spacing is maintained. It is pos- 
sible, though, for an estimate based on this rule o be in error 
by a ratio factor of two or more (gain error of 3 dB or mor), 
especially if mutual coupling is nor negli 


DEFINITIONS 


An element in a multi-element directive array is usu- 
ally a 242 radiator ог a 2/4 vertical element above ground, 
"The length is not always an exact electrical half or quarter 
wavelength, because in some types of arrays it is desirable 
thatthe element show either inductive or capacitive reactance 
However, the departure in length from resonance is ordinarily 
small (not more than 5% in the usual case) and so has по ap- 
preciable effect on the radiating properties of the element. 

Antenna elements in mulli-clement arrays of the type 
considered in this chapter are always either parallel, as in 
Fig 2A „or collinear (end-to-end), as in Fig 2B. Fig 2C shows 
an array combining both parallel and collinear elements. The 
elements can be either horizontal or vertical, depending on 
whether horizontal ог vertical polarization is desired. Except 
for space communications, there is seldom any reason for 
mixing polarization, so arrays are customarily constructed 
with all elements similarly polarized, 

A driven element is one supplied power from the 
transmitter, usually through a transmission line. A parasitic. 
element is one that obtains power solely through coupling 
to another element in the array because of its proximity to 
such an element 

A driven array is one in which all the elements are 
driven elements. A parasitic array is one in which one or 
more of the elements are parasitic elements. At least one 
element must be a driven element, since you must somehow 
introduce power into the array. 

A broadside array is one in which the principal direc- 
tion of radiation is perpendicular to the axis of the array and 
to the plane containing the elements, as shown in Fig 3. The 
elements of a broadside array may be collinear, as in Fig ЗА, 
ог parallel (two views in Fig 3B). 

Anend fre array is one in which the principal direction 


„ w 


el radiation coincides with the direction of the array axis. 
‘This definition is illustrated in Fig 4. An end-fire array must 
consist of parallel elements. They cannot be collinear, as 2/2 
elements do not radiate straight off their ends. A Ya 
familiar form of an end-fire array 

A bidirectional array is one that radiates equally well 
in either direction along the line of maximum radiation. A 
bidirectional pattem is shown in Fig SA. A unidirectional 
array is one that has only one principal direcion of radiation, 
as the pattem in Fig SB shows. 

The major lobes of the directive pattern are those in 
which the radiation is maximum. Lobes of lesser radiation 
intensity аге called minor lobes. The beamwidth of a directive 
Antenna isthe width, in degrees, of the major lobe between the 
two directions at which the relative radiated power is equal to 
‘one half its value at the peak of the lobe. At these half power 
points the field intensity is equal to 0.707 times its maximum 
value, or in other words, is down 3 dB from the maximum. 
Fig 6shows a lobe having a beamwidth of 30°. 

Unless specified otherwise, the term gain as used in this 
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Fig 2 Representative broadside arrays. At A, colline 
elements, with parallel elements at B. 
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Fig 2—At A, parallel and at В, collinear antenna elements. 
‘The array shown at С combines both parallel and collinear 
тепа 


Fig 4—An ond-ir array. Practical arrays may combine 
both broadside directivity (Fig 3) and end-fire directivity, 
including both parallel and collinear elements. 


section is the power gain over an isotropic radiator in free 
space. The gain can also be compared with a 2/2 dipole of the 
same orientation and height as the array under discussion and. 
having the same power input. Gain may either be measured 
‘experimentally or determined by calculation. Experimental 
measurement is difficult and often subject to consider- 
able error, for two reasons. First, errors normally occur in 
measurement because the accuracy of simple RF measuring 


Fig 5—At A typical bidirectional pattern and at B, 
unidirectional directive pattern. Th 
in 


irawings also 
trate the application of the terms major and minor to 
pattern lobes. 


Halt- Power 
Points 


Fig 6—The width of a beam is the angular distance 
between the directions at which the received ог 
transmitted power is half the maximum power (-2 dB). 
Each angular division of the pattern grid is 


equipment is relatively poor—even high-quality instruments 
suffer in accuracy compared with their low-frequency and de 
counterparts. And second, the accuracy depends considerably 
on conditions—the antenna ste, including height, terrain 
characteristics, and surroundings—under which the measure- 
ments are made. 

Calculations are frequently based on the measured or 
theoretical directive patterns of the antenna (see Chapter 2). 
The theoretical gain of an array may be determined approxi- 
mately from: 


G = 10 log 


Eql) 


m over a dipole in its favored direction 
horizontal hall power beamwidth in degrees 
vertical half-power beamwidth in degrees. 


"This equation, strictly speaking, applies only to lossless 
antennas having approximately equal and narrow E- and H- 
plane beam widths—up to about 20°—and no large minor 
lobes. The E and H planes are discussed in Chapter 2. The 
error may be considerable when the formula is applied to 
simple directive antennas having relatively large beam widths. 
The error is in the direction of making the calculated gain 
larger than the actual gain. 

Front-to-back ratio (FIB) is the ratio of the power 
radiated in the favored direction to the power radiated in 
the opposite direction. See Chapter 11 for a discussion of 
frontto-back ratio, and is close cousin, worst-case front- 


Phase 

"The term phase has the same meaning when used in 
connection with the currents flowing in antenna elements as 
it does in ordinary circuit work. For example, two currents 
are in-phase when they reach their maximum values, flowing 
in the same direction, at the same instant, The direction of 
current flow depends on the way in which power is applied 
to the element. 

mme n illustrated in Fig 7. Assume that by some means 
an identical voltage is applied to each of the elements at the 
ends marked A. Assume also that the coupling between the 
elements is negligible, and that the instantaneous polarity of 
the voltage is such that the current is owing away from the 
point at which the voltage is applied. The arrows show the 
assumed current directions. Then the currents in elements 1 
and 2 are in-phase, since they are flowing in the same direc- 
tion in space and are caused by the same voltage. However, 
the current in element 3 is flowing in the opposite direction 
in space because the voltage is applied to the opposite end 
of the element. The current in element 3 is therefore 180° 
out-of-phase with the currents in elements 1 and 2. 

"The phasing of driven elements depends on the direc- 
tion of the element, the phase of the applied voltage, and the 
point at which the voltage is applied. In many systems used 
by amateurs, the voltages applied to the elements are exactly 
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Fig 7—This drawing illustrates the phase of currents 
in antenna elements, represented by the arrows. The 
currents in elements 1 and 2 are in phase, while that in 
element 3 is 180° out of phase with 1 and 2. 


in or exactly out-of-phase with each other. Also, the axes of 
the elements are nearly always in the same direction, since 
parallel or collinear elements are invariably used. The cur- 
Tents in driven elements in such systems therefore are usually 
either exactly in or exactly out-of-phase with the currens in 
other elements. 

Itis possible to use phase differences of less than 180° 
in driven arrays. One important case is where the current in 
‘one set of elements differs by 90° from the current in another 
set, However, making provision for proper phasing in such 
systems is considerably more complex than in the case of 
simple 0° or 180° phasing, as described in a later section of 
this chapter. 

In parasitic arrays the phase of the currents in the 
parasitic elements depends on the spacing and tuning, as 
described later. 


Ground Effects 

‘The effect of the ground is the same with a directive 
antenna as itis with a simple dipole antenna. The reflection 
factors discussed in Chapter 3 may therefore be applied to 
the vertical pattem of an array, subject to the same modifi- 
cations mentioned in that chapter In cases where the array 
elements are not all at the same height, the reflection factor 
for the mean height of the array may be used for a close ap- 
proximation. The mean height is the average of the heights 
measured from the ground to the centers of the lowest and 
highest elements 


MUTUAL IMPEDANCE 


Consider two 2/2 elements that are fairly close o each 
other, Assume that power is applied to only one element, 
‘causing current to low. This creates an electromagnetic field, 


в.а Chapters 


which induces a voltage in the second element and causes. 
current to flow in it as well The current flowing in element 2 
will in tum induce a voltage in element 1, causing additional 
current lo flow there. The total current in 1 is then the sum 
(taking phase into account) of the original current and the 
induced current. 

"With element 2 present, the amplitude and phase of the 
resulting curent in element 1 will be different than il element 
2 were not there. This indicates that the presence of the second 
element has changed the impedance of the first. This effectis 
called mutual coupling. Mutual coupling results in a mutual. 
impedance between the wo elements. The mutual impedance 
has both resistive and reactive components The actual imped- 
ance of an antenna element is the sum of its self-impedance 
(һе impedance with no other antennas present) and its mutual 
impedances with ай other antennas in the vicinity. 

"The magnitude and nature of the feed-point impedance 
‘of the first antenna depends on the amplitude of the current 
induced in it by the second, and on the phase relationship 
between the original and induced currents. The amplitude and 
phase of the induced current depend on the spacing between 
the antennas and whether or not the second antenna is tuned 


In the discussion of the several preceding paragra 
power is applied to only one of the two elements. Do not. 
interpret this to mean that mutual coupling exists only in 
parasitic arrays! It is important to remember that mutual 
‘coupling exists between any two conductors that are located 
near one another. 


Amplitude of Induced Current 

"The induced current will be largest when the two anten- 
mas are close together and are parallel. Under these conditions 
the voltage induced in the second antenna by the first, and in 
the first by the second, as its greatest value and causes the 
largest current flow. The coupling decreases as the parallel 
antennas are moved farther apart. 

The coupling between collinear antennas is com- 
paratively small, and so the mutual impedance between such 
antennas is likewise small. I is not negligible, however. 


Phase Relationships 
When the separation between two antennas is an ap- 
preciable fraction of a wavelength, a measurable period of 
time elapses before the field from antenna | reaches antenna 
2, There is a similar time lapse before the field set up by the 
current in number 2 gets back to induce а current in number 
1. Hence the current induced in antenna 1 by antenna 2 will 
have a phase relationship with the original current in antenna. 
1 that depends on the spacing between the two antennas. 
The induced current can range all the way from be- 
ing completely in-phase with the original current to being 
completely out-of-phase with il. If the currents are in-phase, 
the total current is larger than the original current and the 
antenna feed-point impedance is reduced. If the currents are 
out-of-phase, the total current is smaller and the impedance 


is increased. At intermediate phase relationships the imped- 
ance will be lowered or raised depending on whether the 
induced current is mostly in or mostly out-of-phase with the 
original current, 

Except in the special eases when the induced current 
is exactly in or out-of-phase with the original current, the 
induced current causes the phase of the total current to shift 
with respect to the applied voltage. Consequently, the pres- 
ence of second antenna nearby may cause the impedance of 
an antenna to be reactive—that is, he antenna willbe detuned 
from resonance—even though its elf impedance is entirely 
resistive. The amount of detuning depends on the magnitude 
and phase of the induced current 


Tuning Conditions. 

A third factor that affects the impedance of antenna 
1 when antenna 2 is present is the tuning of number 2. If 
“antenna 2 is not exactly resonant, the current that flows in 
it as a result of the induced voltage will ether lead or lag 
the phase it would have if the antenna were resonant. This 
causes an additional phase advance or delay that affects the 
‘phase of the current induced back in antenna 1. Such a phase 
Tag has an effect similar to a change in the spacing between 
self-resonant antennas. However, a change in tuning is not 
exactly equivalent to a change in spacing because the two 
methods do not have the same effect on the amplitude of the 
induced current 


MUTUAL IMPEDANCE AND GAIN 


The mutual coupling between antennas is important 
because it can have a significant effect on the amount of 
current that will low for a given amount of power supplied. 
“And itis the amount of current flowing that determines the 
field strength from the antenna, Other things being equal, if 
the mutual coupling between two antennas is such that the 
currents are greater for the same total power than would be 
the case if the two antennas were not coupled, the power gain 
will be greater than that shown in Table I 

On the other hand, if the mutual coupling is such as to 
seduce the current, the gain will be less than if the antennas 
were not coupled. The term mutual coupling, as used in this 
paragraph, assumes that the mutual impedance between ele- 
ments is taken into account, along with the added effects of 
propagation delay because of element spacing and element 
tuning or phasing 

The calculation of mutual impedance between antennas 
is a complex problem. Data for two simple but importan cases 
arc graphed in Figs $ and 9. These graphs do not show th 
tual impedance, but instead show a more useful quantity the. 
feed-point resistance measured at the center of an antenna as 
it is affected by the spacing between two antennas. 

As shown by the solid curve in Fig 8, the feed-point 
resistance at the center of either antenna, when the two are 
self-resonant, parallel, and operated in-phase, decreases as 
the spacing between them is increased until the spacing is 
about 0.73. This is a broadside array. The maximum gain 
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Fig 8—Feed-point resistance measured at tho center of 


Parallel self-resonant antenna 
mounted Y vertical elements, divide these resistances 
by two. 


is achieved from a рай of such elements when the spacing 
is in this region, because the current is larger for the same 
power and the fields from the two arrive in-phase at a distant 
point placed on а line perpendicular to the line joining the 

"The dashed line in Fig 8, representing two antennas 
operated 180° out-of-phase (end-fire), cannot be interpreted 
quite so simply. The feed-point resistance decreases with 
spacing decreasing less than about 0.6 in this case, How- 
ever, for the range of spacings considered, only when the 
spacing is 0.5 2. do the fields from the two antennas add up. 
exactly in phase at a distant point in the favored direction. 
At smaller spacings the fields become increasingly out-of- 
phase, so the total field is less than the simple sum of the two. 
Smaller spacings thus decrease he gain at the same time that 
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Fig 9—Feed-point resistance measured at the 
one element as a function of the spacing betwe 
‘ends of two collinear selfresonant /- antenna elements 
operated in phas 
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the reduction in feed-point resistance is increasing it. For a 
lossless antenna, the gain goes through a maximum when the 
spacing is in the region of % 2. 

‘The feed-point resistance curve for two collinear ele- 
ments in-phase, Fig 9, shows that the feed-point resistance 
decreases and goes through a broad minimum in the region 
of 04 to 06-4. spacing between the adjacent ends of the 
antennas. As the minimum is not significantly less than the 
feed-point resistance of an isolated antenna, the gain will not 
exceed the gain calculated on the basis of uncoupled antennas. 
"That is, the best that two collinear elements will give, even 
with optimum spacing. is a power gain of about 2 (3 dB). 
When the separation between the ends is very small—the 
usual method of operation—the gain is reduced, 


GAIN AND ARRAY DIMENSIONS 


‘The gain of an array is principally determined by the 
dimensions of the array, so long as there are a minimum num- 
ber of elements. A good example of this is the relationship 
between boom length, gain and number of elements for an 
array such as a Yagi. Fig 10 compares the gain versus boom 
length for Yagis with diferent numbers of elements. For 
given number of elements, notice that the gain increases as the 
boom length increases, up to а maximum. Beyond this point, 
longer boom lengths result in les gain fora given number of 
elements. This observation does not mean that it is always 
desirable to use only the minimum number of elements. Other 
considerations of array performance, such as front-o-hack. 
ratio, minor lobe amplitudes or operating bandwidth, may 
make it advantageous to use more than the minimum number 
‘of elements for a given array length. A specific example of 
this is presented in а later section in a comparison between 
a half-square, a bobtail curtain and a Bruce array. 

In a broadside array the gain is a function of both the 
length and width of the array. The gain can be increased by 
“adding more elements (with additional spacing) or by using 
longer elements (2.2), although the use of longer elements 
requires proper attention o current phase in the elements. In 
general, їп a broadside array the element spacing that gives 
maximum gain for a minimum number of elements, is in the 
range of 0.5 lo 0.7 2. Broadside arrays with elements spaced 


Fig 10 Yagi gain for 3, 4, 5, 6 and 7-element beams as a 
function of boom length. (From Yagi Antenna Design, 
ıJ: Lawson, W2PV) 


for maximum gain will frequently have significant side lobes 
and associated narrowing of the main lobe beamwidth. Side 
lobes can be reduced by using more than the minimum number 
‘of elements, spaced closer than the maximum gain distance. 

Additional gain can be obtained by expanding the array 
into a third dimension. An example of this is the stacking 
‘of endfire arrays in a broadside configuration. In the case 
‘of stacked short endlire arrays, maximum gain occurs with 
spacings in the region of 0.5 to 0.7 l. However, for longer 
higher-gain end- dre arrays, larger spacing is required to 
achieve maximum gain. This is important in VHF and UHF 
arrays, which often use long boom Yagis. 


PARASITIC ARRAYS 
"The foregoing applies to multi-clement arrays of both 

types, driven and parasitic. However, there are special con- 

siderations for driven arrays that do not песе 

parasitic arrays, and vice versa. Such conside 

and quad parasitic arrays are presented in Chapters 11 and 12. 

The remainder of this chapter is devoted to driven arrays. 


Driven Arrays 


Driven arrays in general are either broadside or end-fire, 
and may consist of collinear elements, parallel elements, 
or a combination of both. From a practical standpoint, 
the maximum number of usable elements depends on the 
Frequency and the space available for the antenna. Fa 
elaborate arrays, using as many as 16 or even 32 elements, 
сап be installed in a rather small space when the operating 
frequency is in the VHF range, and more at UHF At lower 
frequencies the construction of antennas with a large number 
‘of elements is impractical for most amateurs. 
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Of course the simplest of driven arrays is one with just 
two elements. I the elements are collinear, they are always 
fed in-phase. The effects of mutual coupling are not great, as 
illustrated in Fig 9. Therefore, feeding power to each element 
in the presence ol the other presents no significant problems 
This may not be the ease when the elements are parallel to 
each other. However, because the combination of spacing 
and phasing arrangements for paralel elements is infinite, 
the number of possible radiation patterns is endless. 

This is illustrated in Fig 11. When the elements are fed 


in-phase, a broadside pattern always results. At spacings of 
less than % 7. with the elements fed 180° out-of-phase, an 
end-fire pattern always results. With intermediate amounts of 
phase difference, the results cannot be so simply stated. Pat- 
lems evolve that are not symmetrical in all four quadrants. 
Because of the effects of mutual coupling between the 
two driven elements, for a given power input greater or lesser 
‘currents will low in each element with changes in spacing 
and phasing, as described earlier. This in turn, affects the 
вайп of the array in a way that cannot be shown merely by 
plotting the shapes of the patterns as has been done in Fig 11. 
‘Therefore, supplemental gain information is also shown in 
Fig 11. adjacent to the patter plot for each combination of 
spacing and phasing. The gain figures shown are referenced 
10 a single element. For example, a pair of elements fed 90° 
apart at a spacing of 24 will have a gain inthe direction of 
maximum radiation of 3.1 dB over а single element. 


Current 


bution in Phased Arrays 
In the plots of Fig 11, the two elements are assumed 
10 be identical and self-resonant. In addition, currents of 
‘equal amplitude are assumed to be flowing at the feed point 
of each element, a condition that most often will not exist in 
practice without devoting special consideration to the feeder 
system, Such considerations are discussed in the next section 
of this chapter. 

Most literature for radio amateurs concerning phased 
arrays is based on the assumption that if all elements in the 
array are identical, the current distribution in all the elements 
will be identical. This distribution is presumed to be that of 
а single, isolated element, or nearly sinusoidal. However, 
information published in the professional literature as early 
as the 1940s indicates the existence of dissimilar current dis- 
tributions among the elements of phased arrays. (See Harrison 
and King references in the Bibliography.) Lewallen, in July 
1990 QST, pointed out the causes and effects of dissimilar 
current distributions. 

In essence, even though the two elements in a phased 
array may be identical and have exactly equal currents of the 
desired phase flowing at the feed point, the amplitude and 
phase relationships degenerate with departure from the feed 
point. This happens any time the phase relationship is not 0° 
‘or 180°. Thus, the field strengths produced at a distant point 


by the individual elements may differ. This is because the 
field from each element is determined by the distribution of 
the current, as well as its magnitude and phase. 

The effects are minimal with shortened elements—ver 
cals less than 2/4 or dipoles less than 7/2 long. The effects on 

ation pattems begin to show at the above resonant lengths, 
and become profound with longer clements 2/2 or longer 
verticals and 1 or longer center-fed elements. These effects 
are less pronounced with thin elements. The amplitude and 
phase degeneration takes place because the currents in the 
array elements are not sinusoidal. Even in two-element arrays 
with phasing of" or 180°, the currents are not sinusoidal, but 
in these two special cases they do remain identical. 

The pattern plots of Fig 11 take element current 
distributions into account. The visible results of dissimilar 
distributions are incomplete nulls in some patterns and 
the development of very small minor lobes in others. For 
example, the pattern for a phased array with 90° spacing 
and 90° phasing has traditionally been published in amateur 
literature as a cardioid with a perfect null in the rear direction. 
Fig 11.calculatedfor7.15-MHz self-resonant dipoles of #12 
wire in free space, shows a minor lobe al the rear and only a 
33-0B front-to-back ratio. 

Tt is characteristic of broadside arrays that the power 
gain is proportional to the length of the array but is substan- 
tially independent of the number of elements used, provided 
the optimum element spacing is not exceeded. This means, 
for example, that a five-element array and a six-element ar- 
ray will have the same gain, provided the elements in both 
are spaced so the overall array length is the same. Although 
this principle is seldom used for the purpose of reducing the 
number of elements because of complications introduced in 
feeding power to each element in the proper phase, it does 
illustrate the fact that there is nothing to be gained, in terms of 
more gain, by increasing the number of elements if the space 
‘occupied by the antenna is not increased proportionally. 

Generally speaking, the maximum gain in the smallest 
linear dimensions will result when the antenna combines 
both broadside and end-fire directivity and uses both paral- 
Jel and collinear elements. In this way the antenna is spread 
over a greater volume of space, which has the same effect 
as extending its length to a much greater extent in one linear 
direction. 
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amplitude currents flowing at the feed point. See text regarding current distributions. The gain figure associated with 
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a two Ye) vertical elements over a ра ju » 
horizontal =) elements when viewed on. bove the other. (Patterns computed with EL 
Bibliography) 
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Phased Array Technigues 


Phased antenna arrays have become increasingly popu- 
lar for amateur use, particularly on the lower frequency bands 
where they provide one of the few practical methods to obtain 
substantial gain and directivity. This section on phased-aray 
techniques was written by Roy Lewallen, WTEL. 

The operation and limitations of phased arrays, how to 
design feed systems to make them work properly and how 
to make necessary tests and adjustments are discussed in the 
pages that follow. The examples deal primarily with vertical 
HF arrays, but the principles apply to VHF/UHF arrays and 
arrays made from other element types as well. 


OVERVIEW 


Much of this chapter is devoted to techniques for 
feeding phased arrays. Many people who have a limited 
acquaintance with phased array techniques believe this is a 
simple problem, consisting only of connecting array elements 
through “phasing lines” consisting of transmission lines of 
the desired electrical lengths. Unfortunately except fora very 
few special cases, this approach won't achieve the desired 
array pattem. 

Other proposed universal solutions, such as hybrid cou- 
plers or Wilkinson ог other power dividers, also usually fail to 
achieve the necessary phasing. These approaches sometimes 
ргойисе—ойеп more by accident than design- results good 
enough to mislead the user imo believing that the simple 
approach is working as planned. Confusion can result when 
эп approach fails to work in different circumstances. This 
section will explain why the simple solutions don't work 
as often thought, and how to design feed systems that do 
‘consistently produce the desired results. 

Very briefly, the reason why the simple phasing-line 
approach fails is that the delay of current or voltage in a 
transmission line equals the line's electrical length only if 
the line is terminated in its characteristic impedance. And in 
phased arrays, element feed-point impedances are profoundly 
affected by mutual coupling. 

‘Consequently, even if each element has the correct 
impedance when isolated, it won't when all elements are 
excited. Furthermore, transmission lines that are not termi- 
nated in their characteristic impedance will transform both 
the voltage and current magnitude. The net result is that the 
array elements will have neither the correct magnitudes nor 
phases of current necessary for proper operation except in a 
few special eases. This isn't a minor effect of concern only 
to perfectionists, but often a major one that causes significant 
pattern distortion and poor or mislocated nulls. The problem 
is examined in greater depth later. 

Power dividers and hybrid couplers also fail to achieve 
the desired result for different reasons, which will be dis- 
cussed below, although in one common application hybrid 
‘couplers fortuitously provide results that are acceptable to 
many users. This chapter will show how to design array 
feed systems that will produce predicted element currents 
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and array patterns. 

Various EZNEC models are provided o illustrate con- 
cepts presented in this chapter. They can ай be viewed with 
the EZNEC-ARRL software furnished on the CD included 
with this book. Step-by-step instructions for the examples 
are given in Appendix A. 


FUNDAMENTALS OF PHASED ARRAYS 

"The performance of a phased array is determined by 
several factors. Most significant among these are the char. 
acteristics of a single element, reinforcement or cancellation 
of the fields from the elements and the effects of mutual 
coupling. To understand the operation of phased arrays, it 
is first necessary to understand the operation of a single 
antenna element 

Of primary importance is the strength of the field 
produced by the element. The field radiated from a linear 
(straight) element, such as a dipole or vertical monopole, is 
proportional to the sum of the elementary currents flowing 
in each part of the antenna element, For this discussion it 
is important to understand what determines the current in à 
single element. 

‘The amount of current flowing at the base of a ground 
mounted vertical or ground-plane antenna is given by the 
familiar formula 


т 
т» ЕЁ (42) 
B Eq 
where 
P is the power supplied to the antenna 
Ris the feed-point resistance. 


R consists of two parts, the loss resistance and the 
radiation resistance, The loss resistance, R, includes losses 
in the conductor, in the matching and loading components 
and dominantly (in the case of ground-mounted verticals) in 
ground losses. The power “dissipated” in the radiation resis- 
tance, Ry, is actually the power that is radiated, so maximizing 
the power dissipated by the radiation resistance is desirable. 
However, the power dissipated in the loss resistance truly is 
lost as hea, so resistive losses should be made as small as 
possible 

"The radiation resistance of ап element can be derived 
from electromagnetic field theory being a function of antenna 
length, diameter and geometry. Graphs of radiation resistance 
versus antenna length are given in Chapter 2. The radiation 
resistance of a thin resonant 2/4 ground-mounted vertical is 
about 36. A resonant 1/2 dipole in free space has a radiation 
resistance of twice this amount, about 73 ©. Reducing the 
antenna lengths by one half drops the radiation resistances 
19 approximately 7 and 14 O, respectively 

"The radiation resistance of a large variety of antennas 
сап easily be determined by using EZNEC-ARRL, which is 
included on the CD in the back of this book. The radiation 


Fig 12— Simplified equivalent circuit for a single-element 
resonant antenna. Ra represents the radiation resistance, 
and R the ohmic losses in the total antenna system. 


resistance is simply the feed-point resistance (the resistive 
part of the feed-point impedance) when all losses have been 


Radiation Efficiency 

‘To generate a stronger field from a given radiator, it is 
necessary to increase the power P (the brute-force solution), 
decrease the loss resistance R, (by putting in a more elaborate 
ground system for a vertical, for instance) or to somehow 
decrease the radiation resistance R, so more current will flow 
with a given power input. This eam be seen by expanding the 
formula for base current as 


Splitting the fed-point resistance into components Ry 
and R, easily leads to an understanding of clement efficiency. 
‘The efficiency of an element is the proportion of the total 
power that is actually radiated. The roles of R, and R, in 
determining efficiency can be seen by analyzing a simple 
equivalent circuit, shown in Fig 12. 

“The power dissipated in R, (the radiated power) equals 
PR, The total power supplied io the antenna system is 


(Ry +R) С] 


[7E] 


P= 


so the efficiency (the fraction of supplied power that is actu- 
ally radiate) is 


F45) 


Efficiency is frequently expressed in percent, but ex- 
pressing it in decibels relative to a 100%-efficiet radiator 
gives a better idea of what to expect in the way of signal 
strength. The field strength of an element relative to a lossless 
but otherwise identical element, in dB, 

Re 
Re +R, 


FSG = 10 log [I 


where FSG = field strength gain, dB. 

For example information presented by Sevick in March 
1973 QST shows that a 2/4 ground-mounted vertical antenna 
with four 02-2 radials has a feed-point resistance of about 
65 О (see the Bibliography at the end of this chapter). The 
efficiency of such a system is 36/65 = 55.4%. It is rather 
disheartening to think that, of 100 W fed to the antenna, only 
55 Wis being radiated, withthe remainder literally warming 
up the ground. Yet the signal will be only 10 log (36/65) 
-2.57 dB relative to the same vertical with a perfect ground 
system. In view ofthis information, trading a small reduction 
in signal strength for lower cost and greater simplicity may. 
become an attractive consideration 

So far, only the current at the base of a resonant antenna 
has been discussed, but the field is proportional to the sum of 
currents in each tiny part of the antenna. The field is a func- 
Чоп of not only the magnitude of current flowing at the feed 
point, but also the distribution of current along the radiator 
and the length of the radiator. Nothing can be done at the 
feed point to change the current distribution, so for a given. 
element the feld strength is proportional to the feed point 
current. However, changing the radiator length or loading 
it al some point other than the feed point will change the 
current distribution, 


More information on shortened or loaded radiators 
may be found in Chapters 2 and 6 and in the Bibliography 
references of this chapter. The current distribution is also 
changed by mutual coupling to other array elements, although 
for most arrays this has only a minor effect on the pattern. 
This is discussed later in more detail. A few other important 
facts follow. 

1) If there is no loss, the field from even an infinitesi- 
mally short radiator is less than % dB weaker than the field 
from a half-wave dipole or quarter-wave vertical. Without 
loss, ай the supplied power is radiated regardless of the 
antenna length, so the only factor influencing gain is the 
Slight difference in the pattems of very short and 2 antennas. 
The small pater difference arises from different current dis- 
tributions. A short antenna has a very low radiation resistance, 
resulting in a heavy current flow over its short length. In the 
absence of loss, this generates a field strength comparable 
to that of a longer antenna. Where loss is present—that is, in 
practical antennas—shorter radiators usually don't do so well, 
since the low radiation resistance leads to lower efficiency 
for a given los resistance. If care is taken, reasonably short 
antennas can achieve good efficiency. 

2) Care has to be taken in calculating the efficiency of 
folded antennas. (See Chapter 6.) Folding transforms both the 
radiation resistance and loss resistance by the same factor, so 
their ratio and therefore the efficiency remains the same. It's 
easy to show that in a ground-mounted vertical array, folding 
reduces the current flowing from the feed line to the ground 
system by a factor of two due to the impedance transforma- 
tion. However, the folded antenna has an additional connec- 
tion to ground, which also carries half the original ground 
current. The result is that the same amount of current flows 
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into the ground system, whether unfolded or folded, result 
ing in the same ground system loss. Analyses purporting to 
show otherwise invariably transform the radiation resistance 
but neglect to also transform the loss resistance and reach an 
incorrect conclusion. 

3) The current flowing in an element with a given power 
input can be increased or decreased by mutual coupling to 
other elements. The effect is equivalent to changing the 
element radiation resistance. Mutual coupling is sometimes 
thought of as a minor effect, but often it is not minor! 


Field Reinforcement and Cancellation 

The mechanism by which phased arrays produce gain, 
and the role of mutual coupling in determining gain, were 
‘covered earlier in this chapter. One important point that can't 
be emphasized enough is that all antennas must abide by 
the law of conservation of energy. No antenna can radiate 
more power than supplied to it. The total amount of power. 
it radiates is the amount it's supplied, les the amount lost as 
heal. This is true of all antennas, from the smallest “rubber 
ducky” lo the most gigantic array. 


Gai 

Gain is strictly a relative measure, so the term is com- 
pletely meaningless unless accompanied by a statement of 
just what itis relative to. One useful measure for phased array 
айа is gain relative to a single similar element. This is the 
increase in signal strength that would be obtained by replacing 
a single element by an array made from elements just like 
it. In some instances, such as investigating what happens to 
array performance when all elements become more lossy, 
it's useful to state gain relative to a more absolute, although 
unattainable standard: a lossless element- 


And the most universal reference for gain is another 
unattainable standard, the isotopic radiator. This fictional 
antenna radiates absolutely equally in all directions. Is very 
useful because the field strength resulting from any power 
input is readily calculated, so if the gain relative to this 
standard is known, the field strength is also known for any 
radiated power. Gain relative to this reference is referred to 
as dBi, and it’s the standard used by most modeling programs 
including EZNEC-ARRL. To find the gain of an array rela- 
live to a single element or other reference antenna such as а 
dipole, model both the array and the single element or other 
reference antenna in the same environment and subtract their 
dBi gains. Don't rely on some assumption about the gain of 
a single clemeni—many people assume values that can be 
very wrong. 


мив 

Patten nulls are very often more important to users of 
phased arrays than gain because of their importance in reducing 
both man-made and natural interference when receiving. Con- 
sequently, a good deal of emphasis is, and should be, placed 
‘on achieving good patera nulls. Unfortunately, good nulls are 
much more difficult to achieve than gain and they are much 
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more sensitive to array and fecd system imperfections. 

As an illustration, consider two elements that each 
produce a field strength of, say, exactly 1 millivolt per meter 
(уйт) at some distance many wavelengths from the array. 
In the direction in which the fields from the elements are 
phase, a total field of 2 mV/m results. In the direction in 
Which they re out-of-phase, zero field results. The ratio of 
maximum to minimum feld strength of this array is 2/0, or 
infinity. 

Now suppose, instead, that one feld is 10% high and 
the other 10% low—1.1 and 0.9 mV/m, respectively. In the 
forward direction, the field strength is still 2 mV/m, but in the 
canceling direction, the field will be 0.2 mV/m. The front- 
to-back ratio has dropped from infinity to 240.2, or 20 dB, 
(Actually, slightly more power is required to redistribute the 
field strengths this way, so the forward gain is reduced but. 
by only a small amount, ess than 0.1 dB.) For most arrays, 
unequal fields from the elements have а minor effect on 
forward gain, but a major effect on pattern nulls. This is il- 
lustrated by EZNEC Example: Null in Appendix A. 

Even with perfect current balance, deep nulls aren't 
assured. Fig 13 shows the minimum spacing required for total 
field reinforcement or cancellation. I the element spacing 
isn't adequate, there may be no direction in which the fields 
are completely out-of-phase (see curve В of Fig 13). Slight 
physical and environmental differences between elements 
will invariably affect null depths, and null depths will also 
vary with elevation angle. 

However, properly designed and fed array can produce 
very impressive nulls. The key to producing good nulls, ike 
producing gain, is controlling the strengths and phases of 
the fields from the elements. Just how to accomplish that is 
the subject of most of the remainder of this section. But be 
эше to keep in mind that producing good nulls is generally 
а much more difficult task than producing approximately 
the predicted gain. 
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Fig 13—Minimum element spacing required for total field 
reinforcement, curve A, or total field cancellation, curve В. 
Total cancellation results in pattern nulis in one or more 
directions. Total reinforcement does not necessarily mean 
there is gain over a single element, as the effects of loss 
and mutual coupling must also be considered. 


Mutual Coupling 

Mutual coupling was discussed briefly earlier in this 
chapter. Because it has an important and profound effect 
‘on both the performance and feed system design of phased 
arrays it will be covered in greater depth here. 

Mutual coupling refers to the effects which the ele- 
ments in an array have on each other. Mutual coupling сап 
‘occur intentionally or entirely unintentionally. People with 
multiple antennas on a small lot (or car top) often discover. 
ibat a better description of their system is single antenna 
with multiple feed points. Current is induced in conductors in 
various antennas by mutual coupling, causing them to act like 
parasitic elements, which re-radiate and distort the antenma's 
pattern. The effects of mutual coupling are present whether 
or not the elements are driven. 

Suppose that two driven elements are many wavelengths 
from each other. Each has some voltage and current at its feed 
point. For each element, the ratio of this voltage to current 
is the element self-impedance. If the elements are brought 
close to each other, the current in each element will change in 
magnitude and phase because of coupling with the field from 
the other element, The field from the first element changes 
the current in the second. This changes the field from the 
second, which alters the current in the first, and so forth until 
an equilibrium condition is reached in which the currents in 
all elements (hence, their fields) are totally interdependent. 

The feed-point impedances of all elements also are 
changed from their values when far apart, and all are depen- 
dent on each other. In a driven array, the changes in feed-point 
impedances can cause additional changes in element currents, 
because the operation of many feed systems depends on the 
element feed-point impedances. Significant mutual coupling 
‘occurs at spacings as great as a wavelength or more. 

Connecting the elements to а feed system to form a. 
driven array does not eliminate the effects of mutual cou- 
pling. In fact, in many driven arrays the mutual coupling has 
а greater effect on antenna operation than the feed system 
docs. Al feed-system designs must account for the impedance 
changes caused by mutual coupling if the desired current 
balance and phasing are to be achieved. 

Several general statements can be made regarding the 
effects of mutual coupling on phased-array systems. 


1) The resistances and reactances of all elements of 
an array generally will be substantially different from the 
values when the elements are isolated (that is, very distant 
from other elements). 

2) If the elements of a two-element array are identical 
and have equal currents that are in-phase or 180° out-of- 
phase, the feed-point impedances of the two elements will be 
equal. But they will be different than for an isolated element. 
the two elements are part of a larger array, their impedances 
can be very different from each other. 

3) If the elements of a two-element array have currents 
that are neither in-phase (0°) nor out-of-phase (180°), their 
feed-point impedances will not be equal. The difference will 
be considerable in typical amateur arrays. 


4) The feed-point resistances ofthe elements in a closely 
spaced, 180° out-of-phase array will be very low, resulting 
in poor efficiency due to ohmic losses unless care is taken to 
minimize los. This is also true for any other closely spaced 
array with significant predicted gain. 

1's essential to realize that this is not a minor effect 
and one that can be overlooked or ignored. See EZNEC Ex- 
ample—Mutual Coupling in Appendix A for an illustration 
of these phenomena, 


Loss Resistance, 
Mutual Coupling and Antenna Gai 

Loss reduces the effects of mutual coupling because 
the feed-point impedance change resulting from mutual 
coupling is effectively in series with loss resistance. If the 
loss is great enough, two important results occur. First, the 
feed-point impedance becomes independent of the presence 
of nearby current-carrying elements. This greatly simplifies 
feed system design—the simple “phasing-line” or hybrid- 
coupler feed system described below is adequate provided 
that all elements are physically identical and the feed point 
of each element is matched to the 2, of the feed line and, if 
used, the hybrid coupler 

"The impedance matching restrictions are necessary to 
insure that the phasing line or hybrid coupler performs as 
expected. Identical elements are needed so that equal element 
currents will result in equal fields from the elements. 

Inthe absence of mutual coupling effects, the maximum. 
gain of an array of identical elements relative to a single 
(similarly lossy) element is simply 10 log(N), where N is 
the number of elements providing that spacing is adequate 
for the fields to fully reinforce in some direction. If spacing 
is less, maximum gain will also be les. Of course, the array 

m relative to a single lossless element will be very low, 
most likely a sizeable negative number when expressed in 
dB. So intentionally introducing loss isn't a wise idea for a 
transmitting array. И is sometimes an advantageous thing lo 
Чо for a receiving array, however, as explained in the fol- 
lowing section. 

High-gain close-spaced arrays, such as the W8JK 
phased array (see EZNEC-ARRL example file ARRL_W8JK. 
EZand accompanying Antenna Notes file), and most parasitic 
arrays depend heavily on mutual coupling to achieve their 
gain. Introduction of any loss to these arrays, which reduces 
the mutual coupling effects, has a profound effect on the gain. 
Consequently, parasitic or close-spaced driven arrays often 
produce disappointing results when made from grounded 
Vertical elements unless each has a fairly elaborate (and 
therefore very low-loss) ground system. 

If you place two low-loss elements very close together 
and feed them in-phase, mutual coupling reduces the array 

m to essentially that of a single element, so there's no ad- 
‘Vantage to this configuration over a single element. However, 
if you havea single lossy element, for example a short vertical 
having a relatively poor ground system, you can improve the 
gain by upto 3 dB by adding a second, close spaced, element 
and ground system and feeding the two in-phase. Another 
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way to look at this technique is that you're putting two equal 
ground system resistances in parallel, which effectively cuts 
the los in half. The gain you can realize in practice depends 
оа such things as the ground system overlap, but it might be 
а practical way to improve transmitting array performance 


FEEDING PHASED ARRAYS 
‘The previous section explains why the fields from the 
elements must be very close to the ratios required by the атау 
design. Since the field strengths are proportional to the currents 
inthe elements, controlling the fields requires controlling the ele- 
ment currents. Since the desired current ratio is 1:1 for virtually 
all two-element and for most (but not all) larger amateur arrays, 
special attention is paid to methods of assuring equal element 
currents. But we will examine other current ratios also. 


‘The Role of Element Currents 

The field from a conductor is proportional to the current 
flowing on it. So if we're to control the relative strengths 
and phases of the fields from the elements, we have to 
‘control their currents. We usually do this by controlling the 
currents at the element feed points. But because the field 
from an element depends on the current everywhere along 
the element, elements having identical feed-point currents 
will produce different fields if they have different current 
distributions that is, if the way the current varies along the 
lengths of the elements is different. 

A previous section explained that mutual coupling alters 
the current distribution, so in many arrays the current distribu- 
tions will be different on the elements and consequently the 
relationship between the overall fields won't be the same as 
that between the eed point currents. Fortunately, this effect is 
relatively minor in thin, 1/4 monopole 0/2 dipole elements. 
"The most common arrays are made from elements in this 
category, so we can generally get very nearly the desired ratio 
' fields by effecting the same ratio of feed point currents. 
Exceptions are detailed immediately below, 


Feed-point vs Element Current 

For most antennas, environmental factors are likely to 
cause greater performance anomalies than current distribu- 
Чоп differences, and both can be corrected with minor feed 
system adjustments. The diference between field and feed- 
point current ratios can become very significant, however, if 
the elements are very fat and/or close to 2 (monopole) or 
1. dipole) long. In those cases, most of the fed systems 
described bere won't produce the desired field ratios without 
major adjustment or modification, except in the special cases 
of 2-element arrays with identical elements having feed point 
currents in-phase or 180° out-of-phase. In those special cases, 
the element current distributions are the same for the same 
season the Feed-point impedances are equal. This is explained 
later in the feed system sections. 

Тә get an idea of just how large an element must be to 
disturb the pattern of an array with correct feed-point currents, 
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atwo-element cardioid array of quarter wave vertical elements 
was modeled at 10 MHz. With thin, 0.Linch diameter ele- 
ments, the front/back ratio was 35 dB, the very small reverse 
lobe caused by slightly unequal element current distributions. 
Increasing the element diameter to 20 inches decreased the 
fronvback ratio to 20 dB. Returning the fronback ratio of 
the array of 20-inch elements to >35 dB required changing 
the feed-point current ratio from the nominal value of 1.0 at 
an angle of 90° to 0.88 at 83°. 

The same array was first modeled with 0.1 inch diameter 
elements, where it has а frontback ratio of 35 dB, then the 
elements were lengthened. The frontback ratio dropped to 
20 dB atan element length of 36 feet, ог about 0.37 2. In that 
‘ease, adjustment of the feed-point current ratio to about 0.9 
at about 83° restored a good front/back ratio. 

їп the discussion and development which follow, the 
assumption is made thatthe fields will be very nearly pro- 
portional to the feed-point currens If the elements are fat or 
long enough to make this assumption untrue, some adjustment 
‘of fecd-point current ratio will be necessary to achieve the 
desired pattern, particularly nulls. Most feed systems can be 
designed for any current ratio. Modeling will reveal the ratio 
required for the desired pattern, and then the feed system can 
be designed accordingly. 


COMMON PHASED-ARRAY FEED 
SYSTEMS 

This section will first deseribe several popular ap- 
proaches to feeding phased arrays that often don't produce 
the desired results. It will describe why they don't work as 
well as hoped. It also briefly discusses systems that could 
be used, but that often aren't appropriate or optimum for 

"This will be followed inthe next section by detailed de. 
scriptions of array feed systems that do produce the predicted 
element current ratios and array patterns. 


The "Phasing-Line" Approach 

For an array to produce the desired pattern, the element 
currents must have the required magnitude and the required 
phase relationship. As explained above, this can generally be 
achieved well enough by causing the feed point currents to have 
that same relationship. 

(On the surface, this sounds easy—just make sure that the 
difference in electrical lengths of the feed lines to the elements 
equals the desired phase angle. Unfortunately, this approach 
doesn't necessarily achieve the desired result. The first prob- 
Jem is that the phase shift through the line is not equal 1o its 
electrical length. The current (or, for that matter, voltage) delay 
їп a transmission line is equal to its electrical length in only a 
few special cases—cases which don't exist in most amateur 
arrays! The impedance of an element in an array is frequently 
very different from the impedance of an isolated element and 
the impedances of all the elements in an array сап be different 
from each other. 

See the EZNEC Example—Mutual Coupling in Appen- 


dix A fora graphic illustration of the effet of mutual coupling 
оп ecd. point impedance. Also look at the Four-Square атау 
‘example in the Phased Array Design Examples section. The 
aray in that example has one element with a negarive feed-point 
resistance, if ground los is low. Without mutual coupling, the 
resistance of that same element would be about 36.2 plus 
ground loss. 

Because of mutual coupling. elements seldom provide a 
matched lod for the element feed lines. The effect of mismatch 
оп phase shift can be seen in Fig 14. Observe what happens to 
the phase of the current and voltage on a line terminated by a 
purely resistive impedance that is lower than the characteristic 
impedance of the line (Fig 14А). Ata point 45° from the load 
the current has advanced less than 45°, and the voltage more 
than 45°. At 90° from the load both are advanced 90°. At 135" 
the current has advanced more and the voltage less than 135°. 
This apparent slowing down and speeding up of the current and 
Voltage waves is caused by interference between the forward and 
selected waves. It occurs on any line that is not terminated with 
ıa pure resistance equal toits characteristic impedance. If the load 
‘resistance is greater than the characteristic impedance of the line, 
as shown in Fig 14B, the voltage and current exchange angles, 
Adding reactance to the load causes additional phase shift. The 
only cases in which the current (or voltage) delay is equal to he 
electrical length ofthe line are 

1) When the line is flat; that is, terminated in а purely 


Fig 14—Resultant voltages and currents along a 
mismatched line. At A, R less than Zo, and at B, 
R greater than Zo- 


resistive load equal to its characteristic impedance: 
2) When the line length is an integral number of half 
wavelengths: 


3) When the line length is an odd number of quarter 
wavelengths and the load is purely resistive; and. 

4) When other specific lengths are used for specifie 
load impedances. 

Just how much phase error can be expected if two feed 
lines are simply hooked up to form an array? There is no 
simple answer. Some casually designed feed systems might 
deliver satisfactory results, but most will not. See the EZNEC 
Example—"Phasing-Line” Feed in Appendix A for the 
typical consequences of using this sort of feed system. 

‘A second problem with simply connecting feed lines of 
different lengths to the elements is that the lines will change 
the magnitudes of the currents. The magnitude of the current 
(or voltage) out of a line does not equal the magnitude into 
that line, except in cases 1, 2 and 4 above. The feed systems 
presented later in his chapter assure currents that are correct 
in both magnitude and phase. 

"The elementary phasing-line approach will work 
їп three very special but common situations. Ifthe array 
consists of only two identical elements and those elements 
are fed in-phase, mutual coupling will modify the element 
impedances, but both will be modified exactly the same 
amount. Consequently, if the two elements are fed through 
equal length transmision lines, the lines will transform and 
delay the currents by the same amount and result in equal, 
in-phase currents at the element feed points 

Similarly, an array of two identical elements fed 180" 
out-of-phase will have the same feed-point impedances and 
сап be fed with two lines of any length so long as one line is 
an electrical half wavelength longer than the other. But this 
can’ the extended to any two elements in a larger array, since 
mutual coupling to the other elements can result in different 
bead poi impedances, Methods will be described later which 
Чо assure a correct current ratio in this situation 

‘The third application in which the phasing-line approach 
works isin receiving arrays where the elements are very short 
in terms of wavelength and/or very lossy. In either of these 
cases, mutual coupling between elements is much less than 
an element's self-impedance. This allows the elements to be 
individually matched to the feed lines, with no significant 
change taking place when the elements are formed into an 
array. Under those conditions, the transmission lines can be 
‘matched and the lines used as simple delay lines with easily 
predictable phase shift and with no transformation of current 
ог voltage magnitude other than cable loss. This is discussed. 
їп the later section on receiving antennas, 

Many arrays сап be correctly fed with a feed system 
consisting of only transmission lines, but the technique 
requires knowledge of the element feed-point impedances 
im a correctly fed array. Line lengths can then be computed 
that provide the correct ratio of currents into those particular 
load impedances, The line lengths generally differ by amount 
that’s considerably different from the element phase angle 
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difference, and appropriate line lengths can always be found 
Tor all arrays. This technique is described more fully in the 
“The Simplest Phased Array Feed System—That Works” 
section later in the chapter and illustrated in the examples in 
Phased Array Design Examples. 


The Wilkinson Divider 

The Wilkinson divider, sometimes called the Wilkinson 
power divider, was once heavily promoted as a means to 
distribute power among the elements of a phased array. While 
it's a very useful device for other purposes, it won't produce 
the desired current ratios in antenna elements. In most phased 
arrays, element feed-point resistances are different and 
therefore require different amounts of power to achieve the 
desired equal magnitude currents. (See the section on mutual 
‘coupling above.) A Wilkinson divider is intended to deliver 
equal powers, not currents, to multiple loads. And it won't 
‘even do that when the load impedances are different. 


‘The Hybrid Coupler 

Hybrid couplers are promoted as solving the problem 
‘of achieving equal magnitude currents with a 90° phase dif- 
Terence between elements. Unfortunately, they provide equal 
magnitude, quadrature (90° phased) currents only when the 
load impedances are equal and correct. And this simply isn't 
true of arrays with quadrature-ed elements, except for arrays 
consisting of short and/or lossy elements, usually suitable 
only for receiving. In those arrays, the hybrid coupler can 
be useful for the same reasons as the phasing-line approach, 
discussed in an earlier section, 

A the time of this writing, hybrid couplers are being 
used in a popular commercial product for phasing at least 
опе type of array. Reports are that it works satisfactor 
However, this shouldnt be taken as poof thatthe hybrid 
‘coupler forces equal magnitude 90° phased currents in loads 
‘of arbitrary impedances, No passive network, including the 
hybrid coupler, is capable of doing that. See The “Magi 
Bullet” below for more information 


Large Array Feed Systems 

‘The author once worked on a radar system where 
the transmit array consisted of over 5,000 separate dipole 
elements and the receive array over 4,000 pairs of crossed 
dipoles, all over a metal reflecting plane, which was the slop- 
ing side ofa 140 foot high building. In such large arrays, each 
element is in essentially the same environment as every other 
element except near the array edges, so almost all elements 
have very nearly the same feed-point impedance. While 
producing the phase shifts and magnitude tapers is a consider- 
able mathematical challenge, the problem of unequal element 
feed-point impedances can largely be ignored. Consequently 
feed methods for these large arrays are generally not suitable 
for typical amateur arrays of a few elements. 


The Broadcast Approach 
Networks can be desig 
base impedances from their values in an excited array to, 


ed to transform the element 
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say, 50 © resistive. Then another network can be inserted at 
the junction of the Feed lines to properly divide the power 
among the elements (not necessarily equally!) And finally 
additional networks must be added to correct for the phase 
shifts and magnitude transformations of the other networks, 
‘This general approach is used by the broadcast industry, 
in installations that are typically adjusted only once for a 
particular frequency and pattern, 

‘Although this technique can be used to correctly feed 
any type of array, design is difficult and adjustment is tedious, 
since ай adjustments interact. When the relative currents and 
phasings are adjusted, the feed-point impedances change, 
which in turn affect the element currents and phasings, and so 
оп. further disadvantage of using this method is that switch- 
ing the array direction is generally impossible. Information 
‘on applying this technique to amateur arrays can be found in 
Paul Lee's book, listed ín the Bibliography. 


For about 15 years prior to this writing, this Antenna 
Book section has contained a specification for a hypotheti- 
‘eal passive circuit that would provide equal-magnitude, 90° 
phased currents into two loads without respect to the load 
impedances. This would be а circuit to which we could con- 
nect any two elements and guarantee that they d have exactly 
the correct currents. 

Along with the specifeation was a request that any per- 
son knowing of such a circuit would contact the author (Roy 
Lewallen, WIEL) or the book editors. During this time, only 
а single response was received, in 1996, It was from Kevin 
Schmidt, W9CF, who has formulated a mathematical proof 
that such a cireuit—in fact, one resulting in any relative phase 
‘other than O" ог 180°—салпог exis if restricted to reciprocal 
elements. (That is, itcan'texist unless directional components 
such as ferrite circulators are used.) This means that, in order 
to designa network to feed elements at any other phase angle 
‘other than O or 180°, we must know the impedance of at least 
‘one element, and correct feed system operation depends on 
ibat impedance. There's no way around this requirement 
At the time of this writing, Schmidt's proof can be found at 
fermiJa.asu.edu/w9ef/articles/magic/index.html. 


RECOMMENDED FEED METHODS FOR 
AMATEUR ARRAYS 
The following feed methods are able to produce element 
feed-point currents having a desired magnitude and phase 
relationship, resulting in desirable and predictable patterns. 
Most methods require knowing the feed-point impedance of 
one or more array elements when the array element currents 
are the correct values, This isn't possible to measure directly. 
because if the element currents were correct, the feed system. 
would already be working properly and no further design 
would be necessary 
By far the easiest way to get this information, i pos- 
sible, is by computer modeling. Modeling programs such as 
EZNEC-ARRL (included on the CD in the back of this book) 


allow you to construct an ideal array with perfect element 
‘currents, then look at the resulting feed-point impedances. 
Because of its simplicity and versatility, this approach is 
highly recommended and it’s the one used for the array design 
examples in this chapter. 

Some feed systems allow adjustment, so even an 
approximate result provides an adequate starting point on 
which to base the feed-system design. There are several other 
alternatives to computer modeling. One is to first eliminate 
the effects of coupling of the element to be measured from 
all other elements, usually by open circuiting the feed points 
‘of the other elements. Then the feed-point impedance of the 
element is measured. Next, the impedance change due to 
mutual coupling from all ther elements has to be calculated, 
based on the intended currents in the other elements, their 
lengths and their distances from the element being measured. 
Mutual impedance (which is not the same as the impedance 
change due to mutual coupling) between each pair of elements 
must be known for this calculation and it can be determined 
by measurement, calculation or from a graph. 

The latter two methods are possible only for the simplest 
element types and measurement is very difficult to do ac- 
curately because И involves resolving very small differences 
Between two relatively large values. Accuracy ofa calculated 
result will be reduced if any elements are relatively fat (that 
is, they have a large diameter, because this impacts the current 
distribution) or they aren't perfectly straight and parallel. 

So the only situations where you're likely to get good 
results from approaches other than modeling are the very easi- 
est ones to model! And modeling allows determination of the 
feed-point impedances of many antennas that arcimpossiblo 
10 calculate by manual or graphical methods. Therefore, the 
manual approach isn't discussed or used here. Appendix В, 
‘on the CD, contains equations and manual techniques from 
previous editions of The ARRL Antenna Book, for those who 
are interested. You can also find a great deal of additional 
information in many of the texts listed in the Bibli 
particularly Jasik and Johnson 


Current Forcing with 1/4 
In-Phase or 180° Out-of-Phase 
The feed method introduced here has been used in 
its simplest form to feed television receiving antennas and 
other arrays, as presented by Jasik, pages 2-12 and 24-10 or 
Johnson, on is page 2-14. However, unti first presented in 
The ARRL Antenna Book, this feed method was not widely 
applied to amateur arrays 
The method takes advantage of an interesting property 
of 7/4 transmission lines. (АШ references to lengths of lines 
are electrical length and lines are assumed to have negligible 
loss.) See Fig 15. The magnitude of the current out of a 3/4 
transmission line is equal to the input voltage divided by the 
characteristic impedance of the line. This is independent 
‘of the load impedance. In addition, the phase of the output 
current lags the phase of the input voltage by 90°, also 
independent of the load impedance, These properties can be 


А 


Fig 15—A useful property of 1/4 transmission lines; see 
text. This property is utilized in the "current-orcing” 
method of feeding an array of coupled elements. 


used to advantage in feeding arrays with certain phase angles 
between elements 

Hany number of loads are connected to а common driv- 
ing point through 3/4 lines of equal impedance, the currents in 
the loads will be forced to be equal and in-phase, regardless 
ofthe load impedances. So any number of in-phase elements 
can be correctly fed using this method, regardless of how their 
impedances might have been changed by mutual coupliı 
Arrays that require unequal currents can be fed through 3, 
lines of unequal impedances to achieve other current ratios. 

"The properties of 2/2 lines also are useful, Since the 
current out of a 22 line equals the input current shifted 1807, 
regardless of the load impedance, any number of half wave- 
lengths of line may be added to the basie 4, and the current 
and phase forcing property will be preserved. For example, 
if one element is fed through a 4 line and another element 
is fed from the same point through а 32/4 line of the same 
characteristic impedance, the currents in the two elements will 
be forced to be equal in magnitude and 180° out-of-phase, 
regardless of be feed-point impedances of the elements. 

If an array of two, and only two, identical elements 
is fed in-phase or 180° out-of-phase with equal magnitude 
currents, both elements have the same feed-point impedance. 
The reason is that each element sees exactly the same thing 
When looking at the other. In an in-phase array, each sees 
another element with an identical current; in an out-of-phase 
array, each sees another element with an equal magnitude 
current that’s 180° out-of-phase, the same distance away in 
both cases. This isn't true in something like а 90° fed атау. 
Where one element sees another with a current leading its 
current by 90°, while the other sees another element with a 
lagging current. 

With arrays ed in-phase or 180° out-of-phase, feeding. 
the elements through equal lengths of feed line (in-phase) or. 
lengths differing by 180° (out-of-phase) will lead to the cor- 
rect current magnitude ratio and phase difference, regardless 
of the line length and regardless of how much the element 
feed-point impedances depart from the lines’ Zy- 

Unless the feed-point impedances equal the line Zy or 
the lines are an integral number of half wavelengths long. be 
magnitudes of the currents ош of the lines will not be equal 
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to the input magnitudes, and the phase will not be shifted an 
amount equal to the electrical lengths of the lines. But both 
lines will produce the same transformation and phase shift 
because their load impedances are equal, resulting in a prop- 
erly fed array. In practice, however, feed-point impedances 
of elements frequently are different even in these arrays, be- 
cause of such things as different ground systems (for ground 
mounted vertical elements), proximity to buildings or other 
antennas, or diferent heights above ground (for horizontal 
or elevated vertical elements). 

In many larger arrays, wo or more elements must 
be fed either in-phase or out-of-phase with equal currents, 
but coupling to other elements can cause their impedances 
to change unequally sometimes extremely so. Using the 
current-forcing method allows the feed system designer to 
ignore all these effects, while guaranteeing equal and cor- 
rectly phased currents in any combination and number of 0° 
and 180° fed elements 

‘This method is used to develop feed systems for the 
Four Square and 4-element rectangular arrays in the Pract 
cal Array Design section. The front and rear elements of a 
Four-Square antenna provide a good example of elements 
having very different feed-point impedances that are forced 
to have equal out-of-phase currents 


“The Simplest Phased Array Feed System— 
‘That Works” 

‘This is the title of an article in The ARRL Antenna 
Compendium, Vol 2, which describes how arrays can be fed 
with a feed system consisting of only transmission lines. (The 
article is available for viewing at eznee.com/Amateur/Ar- 
tcles/Simpfeed.pdf and is also on the CD included in the 
back ofthis book, along with the program Arrafeed!, which 
solves the equations presented in the article.) 

As explained earlier in the Phasing Line section, this 
method requires knowing what the element feed-point imped- 
ances will be in a correctly fed array. Feed-line lengths can 
then be computed, for most but not all arrays. These lengths 
will produce the desired current ratio in array elements that 
do present those feed-point impedances. И you know the load 
impedances connected to transmission lines whose inputs 
мге connected to a common source, it's simple to calculate 
the resulting load currents for any transmission line lengths. 
However, the reverse problem is much more difficult; that is, 
given the load impedances and desired currents to calculate 
the required cable lengths. 

‘One way to solve the problem is to choose some feed- 
line lengths, solve for the currents, examine the answer, 
adjust the feed-line lengths, and try again until the desired 
currents are obtained, The author used this iterative approach, 
using first a programmable calculator and later a computer, 
for some time before developing a direct way of solving for 
the transmission-line lengths. The direct solution method is 
described briefly in the Compendium article. 

Fig 16 shows the basic so-called “simplest” system 
applied to a two element array. Although it resembles an 
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Fig 16—"Simplest” feed system for element array. 
No matching or phasing network is used here, only 
transmission ines. 


elementary phasing-line system as described earlier, the 
critical difference is that the lengths of Lines 1 and 2 are 
calculated to provide the correct current relative magnitude 
transformation and phase shift when terminated with the 
actual feed-point impedances. 

‘The advantage to using this “simplest” feed system 
is indeed its simplicity. I's no more complicated than the 
elementary phasing-line approach but actually works as 
planned. The disadvantage over some other methods is that 
there's no convenient adjustment to compensate for environ- 
ment factors, array imperfections or inaccurately known 
feed-point impedances 

Also, while unusual, it's possible that no suitable 
feedline lengths сап be found for some arrays, ог at least 
none with practical feed-line characteristic impedances. The 
difference in electrical feed-lin lengths almost never equals 
the difference in phase angles between element currens, This 
is because of the different line delays resulting from different 
feed-point impedances 

Program Arrayfeed!. included on the CD included 
with this book, can do the calculations for any two ele- 
ments (alone or in а larger array), a Four-Square array or a 
rectangular array in which two in-phase elements are driven. 
at any current magnitude and phase relative to the other two 
in-phase elements. These possibilities cover 
of common arrays. 

Arrayfeedl can also be applied to other types of arrays 


large number 


using the method described in the Feeding Larger Arrays 
section in Appendix B (on the CD). The required knowledge 
‘of element feed-point impedances in a correctly fed array can 
be obtained using EZNEC-ARRL, also included on the CD. 
Examples of the design ofa “simples” feed system for several 
different arrays using EZNEC-ARRL and Arrayfeed] can be 
found in the Phased Array Design Examples section. 

When a solution is possible for a given choice of line 
characteristic impedances, а second solution with different, 
lengths is always available. See the comments in the introduc- 
tory part of the Phased Arrray Design Examples section 
about choosing the solution to use 


An Adjustable L-Network Feed System 

Adjustment of the current ratio of any two elements 
requires varying two independent quantities; for example 
the magnitude and phase of the current ratio. Two degrees 
of freedom adjustments that are at least partially indepen- 
deni—are required. The “simplest” all-ransmission line 
feed system described earlier adjusts the lengths of the (wo 
transmission lines to achieve the correct ratio. 

Ви ве antenna characteristics aren't well known for 
example, if the ground resistance isn't known even approxi- 
mately— them the initial “simplest” design won't be optimum 
and adjustment can be difficult and tedious. The curent-forc- 
ing method produces correct currents independently of the 
clement characteristics, so it doesn’t require adjustment as 
long as the elements are identical. Bu it's suitable only for 
feeding elements in-phase or 180° out-of-phase and а few 
Fixed current-magnitude ratios. 

‘The addition of a simple network as shown in Fig 17 
allows you to easily adjust feeding of element pairs at other 
relative phase angles and/or magnitude ratios. Any desired 
current ratio (magnitude and phase) can be obtained with wo 
elements fed with any lengths of wire, equal or unequal, by 
adding a network 

However, calculations for the general case are complex. 
"The problem becomes much simpler if the transmission lines 
are restricted to lengths of odd multiples of 4/4, forming a 
modified "forcing" system that includes an added network. 
There are at least three additional advantages of this scheme 
One is that a 14 line is easy to measure, even if the velocity 
factor ist known, This is described in the Practical Aspects 
of Phased Array Design section. 

Second is that the [eed system becomes completely 
insensitive to the feed-point impedance of one of the two ele 
ments. And the third is that the transmission lines of forcing 
systems feeding groups of elements in larger arrays can be 
used in place of the normal /4 lines. This greatly simplifies 
both the design of feed systems for larger arrays and the feed 
systems themselves, Note that both lines сап be changed to 
31/4 if necessary to span the physical distance between ele- 
ments, but both lines must be the same 3944 length. 

This basie feed method can be used for any pair of 
elements, or for two groups of elements having forced equal 
currents. (See Feeding Four Element and Larger Arrays 


Fig 17—The addition of a simple L-network to Fig 16 
allows you to easily adjust feeding of element pairs at 
other relative phase angles andlor magnitude ratios. 


below.) Many networks can accomplish the desired function, 
buta simple L network is adequate for most feed systems. The 
network can be designed to produce a phase lead or phase ag 
"The basic two-element L-network feed system is shown in 
Fig 17. Many variations of this general method can be used, 
but the equations, program, and method to be discussed here 
apply only to the feed system shown. 

I the phase angle of Lil, is negative (element 2 is 
lagging element 1), the L network will usually resemble a 
low-pass network (Xer is an inductor and X,, is a capacitor). 
But if the phase angle i positive (element 2 lagging element 
1), the L network will resemble a high-pass network (X, is 
а capacitor and Xy, is an inductor). However, some current 
ratios and feed-point impedances could result in both com- 
ponents being inductors or both being capacitors: 

its desired to maintain symmetry in the feed system, 
X, сап be divided into two components, each being inserted 
im series with a transmission line conductor. If X, is an 
inductor, the new components will each have half the value 
of the original X, as shown in Fig 18. If X is a capaci- 
tor, each of the new components will be twice the original 
value Of X 
Because of the current-focing properties of 2/4 lines, 
we need to make the ratio of voltages at the inputs of the lines 
equal to the desired ratio of currents at the output ends of 
the lines; that is, at the element feed points. The job of the L 
network is to provide the desired voltage transformation. If 
the output-to-input voltage ratio of the network is, say, 20 
at an angle of -60°, then the ratio of element currents (EI) 
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Fig 18—Symmetrical feed system similar to Fig 17, where 
feed network is split into two symmetrical parts. 


will be 2.0 at an angle of -60”. The voltage transformation 
of the network is affected by the impedance of element 2, but 
not by the impedance of element 1. So only the impedance of 
element 2 must be known to design the feed system. 

Equations for designing the L network are given in 
Appendix В, but the program Arrayfeed! is included on the 
CD to make it unnecessary to solve them. The feed pen 
impedance of the lagging element or group of elements 
must be known in order to design the network. This can best 
be determined by modeling the array with EZNEC-ARRL. 
"The impedance can be manually calculated for some simple 
element and array types by using the equations in Appendix. 
В, but those same types of element and array are simple to 
model 

Examples ofthe design of L-network feed systems for 
several different arrays using EZNEC-ARRL and Arrayfeed! 
can be found in the Phased Array Design Examples section. 
A similar application ofthis feed system and a spreadsheet 
program for calculation was developed by Robye Lahlum, 
WIMK, and described in Low-Band DXing (see the Bibli- 
ography). Arrayfeed! can be used for the applications of he 
feed system described in that book if desired. 


‘Additional Considerations 
Feeding 4-Element and Larger Arrays 

Both the simplest and L-network feed systems described 

above can be extended to feeding larger arrays having two 

groups of elements in which all the elements in a group are 

in-phase or 180° out-of-phase with each other—basically 

any group that can be fed with the currentforcing method, 
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The elements in each group are connected to а common 
point with 2/4 or 33/4 lines to force the currents to be in 
the correct ratio within the group. Then the “simplest” or 
-network feed system can be used to produce the correct 
phasing between the two groups, just as it does between two. 
individual elements. 

Two common arrays that fit this description ше the 
Four Square and the 4-element rectangular array. But more 
elaborate arrays could be constructed and fed using this 
method, such as а pair of binomial arrays. (A single binomial 
array is described in the Phased Array Design Example 
section below.) The Arrayfeed! program incorporates ad- 
ditional calculations necessary for designing Four Square 
элд 4-element rectangular arrays. The general procedure 
for adapting the feed methods to other larger arrays can be 
found in Appendix В. 


What If the Elements Aren't Identical? 

Getting the desired pattern requires getting the correct 
relative magnitude and phase of the fields from the elements 
the elements are identical, which we've generally assumed 
up to this point, then producing currents of the desired. 
magnitude and phase will create the desired fields (negleet- 
ing mutual coupling current distribution effects, discussed. 
elsewhere). 

But what if the elements aren't identical? Fortunately, 
the feed systems described here can still be used for any 2- 
element array and some more complex arrays, provided that 
the system can be accurately modeled. But a slightly different 
approach is required than for identical elements. 

The first step is to model the array with a current source 
u the feed point of each element, Next, the magnitudes and 
phases of the model source currents are varied until the de- 
sired pattern is achieved. Then the ratio of feed-point (source) 
currents is calculated and this value, along with the feed-point 
impedances reported by the model, are used for the feed 
system design. The feed system will produce the same ratio 
of currents as the model, resulting in the same pattern. 

In general, this approach won't work with shunt fed 
towers or gamma-fed elements because of the difficulty of 
accurately modeling those structures. See Shunt and Gamma 
Fed Towers and Elements for more information. 


Shunt and Gamma Fed Towers and Elements 

In ashunt, gamma, or similarly fed tower or element, the 
bel pont current isn't the same as the main current flowing 
in the element. The ratio between the feed-point current and 
element current isn't a constant, but depends on a number 
‘of factors. The ratio of currents in shunt or gamma fed ele- 
ments are typically different—oflen vastly different from. 
the currents at the feed points. This complicates the design 
of feed systems for arrays of these elements. 

‘An even more limiting problem is that the feed-point 
impedances are difficult 1o determine. The feed-point imped- 
ances of one or more elements in a properly fed array must 
be known in order to design a feed system for anything but 


2-clement in-phase or 180° out-of-phase arrays. 

The only practical way to get this information for a 
shunt or gamma fed array is by modeling an array having the 
desired element currents. But Cebik has pointed out (“Two 
Limitations of NEC-4"—see the Bibliography) that many 
‘common antenna analysis programs, including EZNEC- 
ARRL, have difficulty accurately modeling folded dipoles 
"with unequal diameter wires. The same problem applies to 
shunt and gamma-fed elements when the element diameter 
is significantly different from the diameter of the shunt or. 
gamma feed wire, Without accurate feed-point impedances, 
feed systems can't be designed to work without adjustment. 
might be possible to get reasonably accurate results from a 
MININEC-based modeling program, bul there are a number 
of issues which must be given great care when using one. 
(See Lewallen, “MININEC—The Other Edge of the Sword? 
listed inthe Bibliography.) 

If such a MININEC program is available, you would 
have to model the complete array including feed system, with 
sources at the normal feed points in the shunt or gamma wires. 
Next, you would have to adjust the magnitudes and phases 
‘of the sources to produce the desired pattern. The reported 
source impedances and currents would be the ones you would 
use to design the feed system. I's likely that some adjustment 
would be necessary, so an adjustable system such as the L- 
network feed system described later would be best. 


Loading, Matching and Other Networks 

Adding a component such as a loading inductor in 
series with an element or element feed point won't change 
the ratio of element current o feed-point current, As а re- 
sul, а feed system designed to produce a particular ratio of 
element currents will still function properly if the elements 
contain series components, The extra feed-point impedance 
introduced by the loading component(s) must be considered 
when designing the feed system, however. Similarly, end or 
top loading won't alter the relationship between feed-point 
and element current, provided that the current distribution 
in the elements is essentially the same. (Sce Feed-point vs 
Element Current in a previous section.) 

However, insertion of any shunt component, or а net- 
work containing a shunt component, wil alter the relationship 
between feed-point and element current because it will divert 
part of the feed-line current that would otherwise flow into 
the antenna. As a result, а feed system designed to deliver 
‘correct currents at the feed points will produce incorrect ele- 
ment currents and therefore an incorrect pattern. Therefore, 
any components or networks other than a series loading 
‘component should be avoided at any place in the feed system 
‘onthe antenna side of the point at which the eed system spits 
Lo go to the various elements. 

There are а few exceptions to this rule. If the feed- 
point impedances of the elements when in the excited array 
are equal, then identical networks with or without shunt 
components сап be put at the feed points of the elements 
and the proper element current ratio maintained—so long as 


the feed system is designed to deliver the proper feed-point 
current ratio with the networks in place. Equal element im- 
pedances occur in arrays having only two identical elements 
fed in-phase or 180° out-of-phase, or arrays of any number 
of elements where the elements are electrically short and/or 
very lossy. 


Baluns in Phased Arrays 

For purposes of achieving the correct array pattern, 
baluns aren't usually required when feeding grounded vet 
cal elements with coaxial cable feed lines. However, a balun 
might be desirable if current induced onto the outside of the 
feed line by mutual coupling to the elements is causing RF 
in the shack. And with arrays of dipole or other elevated ele- 
ments, baluns can be important to achieve the proper element 
current ratio, as explained below. 

First, however, the general rules for using baluns in 
phased arrays will be stated. Here, “main feed line" means the 
feedline going from the transmitter or receiver to the common 
point where the system splits to feed the various elements 
"Phasing-system lines” means any transmission lines between, 
ibat common point and any element. The rules: 

Rule 1: A balun or baluns (more specifically а current, 
sometimes called a choke balun) should be used as necessary 
to suppress unbalanced current on the main feed line. This 
usually isn't required when feeding grounded elements with 
coaxial feed line from an unbalanced rig or tuner Unbalanced 
current can occur on either coax or parallel conductor line. 

“Baluns: What They Do and How They Do It”, listed 
in the Bibliography, describes conducted-imbalance (com- 
mon-mode) currents, Imbalance can also be caused by mutual 
coupling to the array elements. Common-mode currents have 
at least two undesirable effects on array performance. First, 
the imbalance current can flow from the main feed line to 
the phasing system lines, not necessarily splitting in the right 
proportion to maintain the correct element current ratio. This 
сап affect the array pattern. In practice, however, this effect 
is likely tobe small unless the common-mode current is un- 
usually large. Even a small common-mode current, however, 
results in main feed-line radiation, and even a small amount 
of radiation can significantly degrade array pattem nulls. Any 
буре of current balun can be used on the main feed ine, at any 
place along the line, without any effect on the array pattern 
except to the extent that it reduces common mode current. 

"Rule 2: No balun or any other component or network 
should be inserted in any phasing system line that will alter 
the line length or characteristic impedance. This means that 
baluns in phasing system lines must be of type made from 
the phasing line itself. Options are the W2DU type balun, 
consisting of ferrite cores placed along the outside of the feed 
line: an air-core balun made by winding part of the line into 
an approximately sell-resonant or otherwise high-impedance 
сой; or winding part of the line onto а ferrite core or rod to 
make aseveral-tum winding. When coaxial cable is used, the 
feed system characteristics are dictated by the inside of the 
cable. Any cores or winding of the outside prevents common- 
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mode current on the outside, but otherwise have no effect on 
the phasing performance. This rule applies equally to parallel 
Wire line, where the balun affects only common-mode eur- 
rent (equivalent to current on the outside of coax) while the 
phasing performance depends on differential mode current 
(equivalent to the current on the inside of coax). 

Baluns are important when feeding dipole or other 
elevated arrays, unless a fully balanced tuner is used. This 
is because common-mode current represents а diversion оГ 
some of the current that should be going to the array elements 
"The presence of common-mode current means that the ele- 
ment currents are being altered from the desired ratio and 
therefore the pattern won't as intended, А balun should be 
placed wherever a path for current exists other than along a 
parallebline conductor or on the inside of a coaxial line. Such 
а path exists, for example, where a coaxial cable connects, 
1o a dipole, as shown in Fig I of the balun article referenced 
above, Or a path can exist where a parallel-conductor trans- 
mission line connects to an unbalanced tuner or o a coaxial 
s shown in Fig 2 of that article. In both those cases, a 
path exists fora common-mode current to fow on the outside 
‘of the coax cable. A balun creates a high impedance to this 
current, thereby reducing its magnitude. But remember that 
“ll baluns must conform to the rules above. 

Fig19 shows recommended balun locations for a coax- 
fed dipole array using an L-network feed system. 


line, 


Receiving Arrays 

While it might not be entirely intuitive, an array de- 
signed for a particular gain and pattern for transmitting that 
considers mutual coupling, element currents, field reinforce- 
ment and cancellation, and so forth, will perform exactly the 
same when receiving. So a receiving array can be designed 
by approaching the problem as though the array were to be 
used for transmitting. 

However, at HF and below, the system requirements 
for transmitting and receiving antennas are different, so 
receiving-only arrays can be designed that aren't suitable 
for transmitting bul are perfectly adequate for receiving in 
that frequency range. The reason, deseribed in more detail in 
Chapter 13 of this book, is that at HF and below atmospheric 
noise is typically much greater than a receiver's internally 
generated noise. Lowering a receiving antenna’s gain and 
efficiency reduces the signal and atmospheric noise both by 
the same factor. Because the overall noise is for practical 
purposes all atmospheric noise, the signal/noise ratio isn't 
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Fig 19—Adding choke baluns to  two-dipole feed system 
to get rid of common-mode currents radiated onto the 
(osx shields. 


affected by antenna efficiency. 

Of cours, point can be reached where the atmospheric 
noise is so reduced by inefficiency that the receiver itself 
becomes the dominant source of noise, but this typically 
doesn't happen until the antenna is extremely inefficient. 
When transmiting, reduced efficiency lowers the transmitted. 
signal, but u has no effect on the receiving station's noise. 
So reduced efficiency of а transmitting antenna results in a 
reduced signal/noise ratio at the receiving end, and conse- 
“quently should be avoided. 

Mutual coupling effects can be minimized by increasing 
the loss (and therefore reducing the efficiency) of the ele- 
ments, orby reducing the element sizes to a small fraction of 
a wavelength. Doing the second without the first isn't usually 
a good idea because the feed-point impedance tends to change 
rapidly with frequency for very small elements, making an 
antenna that works well over only a narrow bandwidth. But. 
increasing loss broadens the bandwidth, even for small ele- 
ments, as well as reducing mutual coupling effects. So this 
approach is often taken for designing a receiving-only array. 
With mutual coupling effects minimized because of loss, 
feed-system design becomes relatively simple, provided а 
few simple rules are followed. See Loss Resistance, Mutual 
Coupling, and Antenna Gain, above. 


Phased Array Design Examples 


This section, also written by Roy Lewallen, W7EL, 
presents examples offeed-system design for several kinds of 
array using the design principles given in previous sections. 
All but the last example array are assumed to be made of 3/4 
vertical elements. The last example is for a halfwave-dipole 
array, which illustrates that exactly the same method can be 
used for arrays of any shape of elements, including dipole, 
square (quad) and triangular. Likewise, the methods shown. 
here apply equally well to VHF and UHF arrays. The first 
‘example includes more detail than the remaining ones, so 
you should read it before the others. 


General Array Design Considerations 

either the "simplest" feed system (Fig 16) or L-network 
feed system (Fig 17)is used, the feed-point impedance of one or. 
more elements when the array elements ай have the correct 
currents—must be known. By far the best way to determine this 
is by modeling. I accurate modeling isn't practical for some 
reason, an estimation should be made from an approximate 
model, and you should expect lo have o adjust the feed system 
after building and installing it. 

Manual calculation methods for some simple configura- 
tions are given in Appendix B (on the CD), but calculation is 
tedious and, as stated earlier, the configurations for which this 
method works are the very ones which are easiest to model. 
EZNEC-ARRL (also included on the CD) is used in the fol- 
lowing examples to determine feed-point impedance. Space 
doesn't permit detailed instructions here оп creating the models, 
so they are included in complete form. They should provide 
a convenient starting point for any variations you might like 
to пу. See the EZNEC-ARRL manual (accessed by clicking 
Help/Contents in the main EZNEC-ARRL window) for help 
in using this program. 

In the following examples, vertical elements are close 
ко 2/4 high and dipole elements close to 742, and their lengths 
have been adjusted for resonance when all other elements are 
absent or open circuited. There's actually no need in practice 
to make the elements self-resonant—it’s simply used as a 
convenient reference point for these examples. You'll also 
find it interesting to see how much reactance is present atthe 
feed points of the elements when in the arrays, knowing that 
it's very nearly zero when only one element is present. 

In any real grounded vertical array, there is ground loss 
associated with cach element. The amount of loss depends 
‘on the length and number of ground radials, and on the type 
and wetness of the ground under and around the antenna. 
‘This resistance becomes part of the feed-point resistance, 
so it must be included in the model used to determine feed- 
point impedance. The 90° Fed, 90° Spaced Array example 
below discusses how this is done. Fig 20 gives resistance 
values for typical ground systems, based on measurements 
by Sevick July 1971 and March 1973 OST). The values of 
feed system components based on Fig 20 will be reason- 
ably close to correct, even if the ground characteristics are 
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Fig 20—Approximate ground system loss resistance of. 
а resonant 114 ground-mounted vertical element versus. 


especially for only а few radials, will depend on tho nature 
of the soll under the antenna. Add 36 ( for the approximate 
feed-point resistance of a thin resonant 11 vertical 


somewhat different than Sevick s. 
Feed systems for the design example arrays to follow 
are based on the resistance values given below. 


Number of Radials Loss Resistance, © 


4 E] 
$ 18 
16 9 
Infinite 0 


Elevated radial systems also have some ground loss, 
although it can be considerably les than a system with the 
same number of buried radials. This loss will be automati- 
cally included in the feed-point impedance of a model which 
includes the elevated radials, so no further estimation is 
required. Be sure to use Perfect, High-Accuracy ground type 
when modeling an elevated radial system with EZNEC-ARRL. 
In other NEC-2 based programs, this might be referred to as 
‘Sommerfeld type ground. More information can be found in 
the EZNEC-ARRL manual 

"The matter of matching the array for the best SWR on 
the feed line to the station is not dealt with here, since it's 
а separate problem from that of the main topic, which is 
designing feed systems to produce a desired pattern. Some 
of the simpler arrays provide à match that is close to SO or 
75 О, sono further matching is required. However, as shown, 
by program Arrayfeed/, many larger arrays present а less 
favorable impedance for direct connection and will require 
matching if a low SWR on the main feedline is required. I 
matching is necessary, the appropriate network should be 
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placed in the single feed line running o the station. Attempts 
to improve the match by adjustment of the phasing L network, 
individual element lengths, matching at the element feed 
points or individual element feeder lengths will usually uin. 
the current balance of the array. Program TLW, included on 
the CD, can be used for designing an appropriate matching 
‘network. Additional information on impedance matching may 
be found in Chapters 25 and 26 of this book. 


Choosing Arrayfeed' Solutions 

When designing a feed system fora two element array, 
Arrayfeed program allows you to choose the characteristic 
impedances of the two transmission lines going to the 
elements, which don't have to be equal, so you have your 
choice of more than one solution. However, directional array 
switching is much more difficult if the lines have different 
impedances, so in general you should use the same charac- 
teristic impedances, 

For larger arrays, Arrayfeed requires the feed lines to 
all elements to have the same impedance. In choosing the 
transmission line impedance values, usually you can simply 
use convenient impedances. But in general, you should avoid 
Solutions where component reactance (X) values аге vastly 
different (say, more than three times or less than one third as 
large) as the line characteristic impedances. Such networks 
will become more critical to adjust, and both the imped- 
ance and pattern will change more rapidly with changes in 
frequency. You can usually avoid this situation by choosing 
feed-line impedances that are in the same ballpark as the 
clement [eed-point impedances. The last example in the 
Practical Array Design section illustrates this problem and 
its solution, 

When designing a “simplest” feed system, the most 
broadbanded and least critical system is usually one where 
the difference in electrical feed-line lengths is closest to the 
relative element phase angle. Here, “broadbanded” means that 
the pattern changes less with frequency, not necessarily that 
the SWR changes less. However, ап array that's broadbanded 
in the pattern sense is usually also relatively broadbanded 
with respect to SWR, 

Arrayfeed! reports the impedance seen at the main array 
feed point, While it might be tempting to choose the solution 
producing the lowest SWR on the main feedline, you'll end 
up with a les critical and more broadbanded system if you 
base your choice on the criteria given above, and provide 
separate impedance matching at the array's main feed point 
when necessary. 


90° Fed, 90° Spaced Vertical Array 

‘This example illustrates the design of both "simplest" 
“and L-network feed systems for a 2-element, 90° spaced and 
Ted vertical array. The first task when using either feed system 
is to determine the feed-point impedances of the elements 
when placed in an array having the desired element currents 
The “simplest” feed system method requires knowledge 
of both element impedances, while the L-network system 
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requires you to know only one. Actually, i's equally easy to 

determine both as it is to find just one, using EZNEC-ARRI. 

(Appendix B contains equations for those interested in manual 

methods or for more insight as to how the impedances come 

about.) The first step is to specify the antenna we want. For 
this example, we'll specify 

+ Frequency: 7.15 MHz, 

+ Two identical, one inch (2.54 em) diameter, 33 feet 
(10.06 meter) long elements spaced 90 electrical degrees, 
with element currents equal in magnitude and 90° apart 
in-phase 

+ $ buried radial wires, 0.33 long, under each element 
А model of this antenna has been created and furnished 

with EZNEC-ARRL So the next stepis to start EZNEC-ARRL, 

click the Open button, enter ARRL_Cardioid_ Example in 
the text box (or double-click itin the ile list) to open example 
file ARRL_Cardioid_Example.EZ. 

"This EZNEC example model uses a MININEC-type 
ground, which is the same as perfect ground when calculating 
antenna currents and impedances. A real antenna would have 
some additional resistive loss due to the finite conductivity 
of the ground system. The only way to model a buried radial 
ground system with an NEC-2 based program like EZNEC is 
1o create radial wires just above the ground (using the Real, 
High-Accuracy ground type), because NEC-2 can't handle 
buried conductor 

"This provides only a moderate approximation of a buried 
system. Another way to estimate ground-system resistance is 
to measure the feed-point impedance of a single element, then 
subtract from that the resistance reported for a model of a 
clement over perfect (or MININEC=ype) ground. For most 
uses, however, an adequate approximation can be made by 
simply referring to the graph of Fig 20. As stated previously, 
the feed system design depends on the feed-point impedances 
of the elements, which in turn depend on the ground system 


resistance. So the ground system resistance must be known, 
approximately anyway, before designing the feed system. AL 
the end of this example we'll investigate the effect of changes 
їп the ground system or errors in estimating the resistance 


on the pattern. 

For 8 radials, Fig 20 shows he ground system resistance 
to be about 18 Q. This is included in the example model as a 
simple resistive load at the feed point of each element. Click. 
the Sre Dat button to see the feed-point impedances of the 
two elements. In this model, Source 1 is at the base of Wire 
1 (element 1), and Source 2 is at the base of Wire 2 (ele- 
ment 2). Notice in the Source Data display that the Source 
1 current has been specified at 1 amp at 0°, and Source 2 is 
| amp at-90°. So the Source 2 elementis the lagging element. 
‘You should see impedances of 37.53 — 19.1 © for element 1 
and 68.97 + j18.5 О for element 2. These are the feed-point 
impedances resulting when the array is ideally fed, with equal 
magnitude and 90° phased currents, Record these values for 
use in Arrayfeed!. 

Click the FF Plot button to generate a plot of the azimuth 
pattern at an elevation angle of 10°. In the 2D Plot Window, 


‘open the File menu and select Save Trace As. Enter Cardi- 
id Ideal Feed in the File Name box, then click Save, This 
saves the cardioid pater plot so you can compare it later to 
the pattern you get with the transmission line feed system. 

Now it's lime to design the feed system. Refer to the 
appropriate subheading below for the design of each of the 
two kinds of feed systems, Both systems use program Ar- 
rasfeed] program. 


“Simplest” (Transmission Line Only) Feed System 

Start Arrayfeed!. In the Array Type frame, select Two 
Element. In Feed System Type, select “Simplest” In the 
Inputs frame, enter the Following values 

Frequency MHz = 7.15; Feed-point impedances 
— Leading Element: R ohms = 37.53, X ohms = -19.1: Lag- 
ging Element: R ohms = 68.97, X ohms = 18.5 (hese are 
the element R and X values from EZNEC-ARRL). We'll be 
discussing the array input impedance, so check the Cale Zi 
box near the lower left corner of the main window if it's not. 
already checked, 

We're free to choose any transmission line characteristic 
impedances we want, so long as we can get cables with those 
impedances. And the two cables don't have to have the same 
characteristic impedances. Each choice will lead to a differ- 
ent set of solutions. But sometimes a solution isn't possible, 
which then requires choosing different line impedances. Let's 
try 50 О for both lines. Enter $0 in both Z0 boxes. 

Finally, enter 1 for the lagging:leading 1 Mag, and 
39 for the Phase. Click Find Solutions. The result is no 
solution! So enter 78 into both the line impedance boxes 
and click Find Solutions again. You should now see two 
sets of results in the Solutions frame, electrical lengths of 
68.80" and 156.03° for the first solution and 131.69" and. 
185.00" for the second. (Notice that the difference in length 
between the two lines isn't 90° for either solution, although 
the first solution is quie close. It’s normal for the feed-line 
length diference to be different than the phase difference, 
due to the unequal element feed-point impedances caused 
by mutual coupling.) 

The solution with a line length difference closest to the 
element phase difference is usually preferable. Also, all else 
being equal, the solution with shortest lines is better provid- 
ing that the lines will physically reach the elements. This is 
because the current magnitude and phase will change less 
with frequency than for a longer-length solution. However, 
there might be some cases where the change with frequency 
luckily compensates for the changing electrical distance 
between elements, so it's not a bad idea to model both solu- 
tions unless you plan on using the antenna over only a narrow 
frequency range 

Tn this case, the first solution looks best in al respects: 
The sum of the two lines in the first solution is about 225 
electrical degrees. Assuming the lines have a velocity factor 
of 0.66, the total length of the lines will be more than 148 
physical degrees. Since our two elements are spaced 90 physi- 
cal degrees apart, the lines will comfortably reach. If they 


didn't, we could either use the second solution's lengths, use 
cable with a higher velocity factor or add a half wavelength 
to both the line lengths in the first solution, 

‘The impedance Zin shown by Arrayfeed! is the imped- 
ance at the input to the feed system, so it’s the impedance 
that will be seen by the main feed line. The second solution 
provides nearly a perfect match for а 50-0 transmission 
line. But the first solution is good for nearly all applications. 
Also a 50-0 line connected t the first solution's feed system 
Would have an SWR of only 1.65:1, which wouldn't require 
any matching under most circumstances, Normal line loss 
would reduce the SWR even more at the transmitter end of 


the feed coax. 

"To find the required physical line lengths, enter the cable 
velocity factor and make your choice of units in the Physical 
Lengths frame. The design is now complete all you have to 
do is сш two lines to the specified lengths and connect one 
from a common feed point to cach element as shown in Fig 
16, or the screen capture from Arravfeed shown in Fig 21. 

Next, we'll design an L-network feed system for the 


L Network Feed System 

In Arrayfeed, select L Network in the Feed System. 
туре frame, The program doesn't need to know the leading 
element impedance to calculate the L-network values, but it 
docs need it to calculate the array input impedance. If you 
want lo know the impedance, check the Zin box at the lower 
left comer of the main window, otherwise you can uncheck 
it and the input box for the leading element Z will disappear. 
The values from the “Simplest” analysis should still be pres- 
ent in the appropriate boxes; i not, refer to the “Simplest” 
feed system design above and re-enter the values. Again, 
we'll use 75 О for the line impedances, since that gave us а 


Fig 21—5сгееп capture from Arrayfeed! program for 
“simplest 2-eloment phased array shown in Fig 16 
and whose feed-point impedances are modeled by 
EZNEC-ARRL. 
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Fig 22—Screon capture from Arrayfeed! program for 
L-network feed system using "currentforcing" properties 
04 feed line 


solution for the “Simplest” feed system. This feed system is 
more versatile, though, so we could use 50.0 lines with this 
feed system if desired. 

Click Find Solution and see the results in the Solution 
frame, See screen capture in Fig 22. With 5-2 lines, the L 
network consists of a series inductor of 1.815 pH anda shunt 
capacitor of 199.7 pF, connected as shown in the diagram 
in the len part of the program window. To find the physical 
length of the 2/4 lines, enter the velocity factor and choice 
of units in the Physical Lengths frame. 

The main feed-point impedance of 31.37 + 25.04 2 
would result in about a 2.2:1 SWR on a 50.0 feed line, which 
would be acceptable for many applications. It could easily be 
reduced to 1.6:1 by the simple addition of a series capacitor 
of 25.94 © reactance (858 pF) at the main feed point o 
‘of course, reduced to 1:1 with a simple L network or other 
matching system designed with the TLW program. 


Pattern Verification and Effect of Loss Resistance— 

implest" System 

EZNEC-ARRL doesn't have the capability to model an 

L-network, so EZVEC-ARRL verification of the pattern and 

the effect of various modifications can be done only for the 
Simplest” feed system. 

EZNEC model ARRL. Cardioid TL. Example.EZ 
has been created to model the “simplest” feed system just 
designed. Open it with EZNEC-ARRL In he View Antenna 
Display. you can see the transmission lines connecting to the 
source midway between the antennas. In EZNEC, the physical 
locations of the ends of transmission line models don't have 
to be the same as the physical locations, so the view isn't a 
precise representation of what the actual setup would look 
like. (You can find more about this in ARRI. Cardi 
TL. Example-xt, the Antenna Notes file that accompanies 
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example file АІ, Cardioid TL Example EZ.) 

Click FF Plot to generate a 2D pattern of the antenna. 
In the 2D Plot Window, open the File menu and select Add 
Trace. Select Cardioid—Ideal Feed (which you saved 
earlier) and click Open. The added plot overlays perfectly. 
indicating that the pattern using this [eed system is identical 
to the pattern we got with perfect current sources at each 
feed point 

"To check the feed-point currens, click the Currents 
button. In the resulting table, you can see that Wire 1 Sega 
ment 1 current is 0.56467 A at a phase of 56.73" and Wire 
2 Segment 1 current is 0.56467 A al -146.7° (Ifyou get the 
correct phase angles but wrong magnitudes, open the main 
window Options menu, select Power level, and make sure 
the Absolute V;Isourees box is checked.) The ratio is 1.0000, 
at an angle of -89.97°, which is within normal error bounds 
for the desired I at . 

Asa check on Arrayfeed!, click the Sre Dat button to 
find the impedance seen by the source. This would be the 
impedance at the main feedline connection in the real ar- 
тау. EZNEC-ARRL reports 33.96 + 13.11 О, very close to 
the 33.94 + j13.13 0 given by Arrayfeed! in Fig 21. Small 
differences of this order are normal and to be expected. This 
provides a further check that the EZNEC-ARRL model is 
correctly analyzing the Arrayfeed! feed system, 

"This EZNEC-ARRL model uses lossless transmission 
lines of a fixed physical length rather than a fixed electri- 
cal length (number of degrees), so they ll behave like real 
lines as the frequency is changed. By changing the EZNEC 
frequency and re-running the 2D plot, you can see that the 
front-10-back ratio degrades at 7.0 and 7.3 MHz. A slight 
adjustment of one or more line lengths, ог a new Arranjeed! 
solution at a slightly different frequency might produce a 
better compromise for some uses. 

Other things you can try are to evaluate the second 
Arrayfeed! solution, or to try using different line impedances. 
(Keep the two line impedances equal if you anticipate doing 
array direction switching) The effect of varying ground 
system resistance can also be evaluated by clicking the Loads 
line in the main window and changing the load resistance 
values. For example, if the ground system resistance were 
9 O instead of the 18 O we have assumed, the frontback ratio 
would drop from about 32 to about 20 dB. Note that chang- 
ing the EZNEC ground conductivity in this model has no 
effect on the feed-point current ratio. With a MININEC type 
ground, i's used only for pattern caleulaion—the ground is 
assumed perfect during impedance and current calculations, 
and the only ground system loss resistance in the model is 
what we've specifically put in as loads. 

Not surprisingly, the forward gain is affected very itle 
by changes in frequency or ground system loss. To find the 

m relative to а single element, compare the reported dBi 
in of ARRL_Cardioid_Example with the same model 
With one of the elements deleted. You'll find is very close 
10 3.0 dB. The 90° fed, 90° spaced array is a special case of 
атау where the effects of mutual coupling on the two ele- 


ments are opposite and cancel resulting inthe same gain as 
if mutual coupling didn't exist. But mutual coupling most 
certainly does exist! 

‘The second solution presented a more favorable main 
feed-point impedance, so it would be tempting to use that 
‘one instead of the first solution, Replacing the feed-line 
lengths with the second solution lengths to model the second 
solution shows that the frontback ratio deteriorates more at 
the band edges when the second solution is used. This might 
be tolerable if restricted frequency use is anticipated. But it 
does illustrate that the solution with shorter lines is generally 
more broadbanded and that the choice of solution shouldn't 
in general be based оп the one giving the most favorable 


impedance. 


a Tres. Element Binomial Broadside Array 

An array of three in-line elements spaced 1/2 apart and 
fed in-phase gives a pattem that is generally bidirectional. 
Ifthe element currents are equal, the resulting patter has a 
forward gain of 5.7 dB (for lossless elements) compared to 
ıa single element, but it has substantial side lobes. If the cur- 
rents are tapered in a binomial coefficient 12:1 ratio (twice 
the current in the center element as in the two end elements), 
ihe gain drops slightly to just under 5.3 dB, the main lobes 
widen and the side lobes disappear. 

‘The array is shown in Fig 23, and an EZNEC-ARRL model 
‘of the antenna over perfect ground to show the ideal pattem 
is provided as ARRE. Binomial_Example.EZ. To obtain а 
12:1 current ratio in the elements, each end element is fed 


through a 3/4 line of impedance Z, Line lengths of 31/4 are 
chosen because 2/4 lines will not physically reach. The center 
element is fed from the same point through two parallel 34/4 
lines of the same characteristic impedance. This is equivalent 
to Feeding it through a line of impedance 2/2. The currents 
are thus forced to be in-phase and to have the correct ratio. 
ARRL Binomial TL Example.EZ is an EZNEC-ARRL 
model that shows this feed system with lossless transmission 
lines. The reader is encouraged to experiment with this model 
to see the effect of changes in frequency, Ihe addition of loss 
resistance (as resistive loads at the element feed points) and 
other alterations on the array pattern and gain. You should 
also replace the perfect ground with MININEC type of ground 
to show how radiation patterns over real ground differ from 
the theoretical perfect-ground pattern. 


A "Four Square" Array 

Several types of feed system are used for feeding this 
popular array. and most share a common problem—they 
don't provide the correct element current ratio—although 
а number of them produce a workable approximation, The 
feed systems described here are capable of producing exactly 
the correct current ratio. The only significant variable isthe 
element feed-point impedances, so the quality of he result 
depends on your ability to model the feed-point impedances 
of a correctly fed array. As in the examples above, EZNEC- 
ARRL will be used for that purpose and Arrayfeed! for the 
design of the feed system itself, 

In this array (ee Fig 24), four elements are placed ina 
square with 2/4 sides. (A variation of the Four Square uses 
‘wider spacing.) The rear and front elements (1 and 4) are 180° 
out-of-phase with each other. The side elements (2 and 3) are 
їп phase with each other and 90° delayed from the front ele- 


Fig 23—Feed system for the three element 1:2:1 binomial 
feed lines are electrical wavelength long and 
same characteristic impedance. 


Fig 24—Pattorn and layout of the four-element Four-Square 
‘lament; add 
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ment. The magnitudes of the currents in all four elements are 
equal. The front and rear elements can be forced o be 180° 
out-of-phase and to have equal currents by using the current- 
forcing method described earlier. One element is connected 
to a line that is either 2.4 or 32/4 long, the other to a line that 
is 12 longer, and the two lines to а common point. 

Likewise, the two side element currents are forced to be 
equal by connecting them to à common point via 2/4 or 3/4. 
lines. Fig 25 shows the basic current-forcing system. 

Ifthe pattern is to be electrically rotated, it is necessary 
to bring lines from all four elements to a common location. 
If solid-polyethylene dielectric coaxial cable, which has a 
dielectric constant of 0.66, is used, АА lines won't reach the 
center ofthe array. So 32/4 lines must be used. Alternatively, 
you can use 34 lines with foam or other dielectric having 
ıa velocity factor of more than about 0.71 (plus a ile extra 
margin). These will reach tothe center. Whatever your choice, 
three of the lines must be the same length and the fourth must 
be 3/2 longer. 

In this array, the side elements (2 and 3) have equal 
impedances, but the rear and front (1 and 4) are different from 
each other, and both are different from the side elements. We 


(Leading) 


(Sie) (Sie) 
* 
(teases) 


Fig 25—"Simplest" feed system for the Four Square array 
in Fig 24. Grounds and cable shields have been omitted 
for clarity. 
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have to know the feed-point impedances of the front, rear and. 
side elements in order to design the “simplest” feed system, 
but only the side element impedances are needed to design the 
L-network system. Knowledge o all feed-point impedances 
is necessary if the array main feedpoint impedance Zin is 
1o be calculated. EZNEC-ARRL model Square Example. 
EZ shows а 40-meter Four Square array with 18 Q of loss 
resistance at each element, to approximate an 8-radial per 
element ground system. (See the cardioid array example 
above for more information about modeling ground system 
loss.) Opening the file in EZNEC-ARRL and clicking the Sre 
Dat button gives the following impedances: 

Source 1: 164 —j15.85 Q 

Sources 2 and 3: 57.47 - ¡19.44 0 

Source 4: 7781 4/5480 

"s interesting to note that the resistive рап of source 
1 is less than the 18 © of loss resistance we intentionally 
added to simulate ground system loss, That means that the 
element 1 feed-point resistance would be negative if the 
ground resistance were less than about an ohm and a half. This 
isn't uncommon in phased arrays and simply means that the 
element is feeding power into the eed system. This power is 
‘coming via mutual coupling from the other elements. 


“Simplest” (Transmission Line Only) Feed System 

To design a “simplest” feed system, stat Arrayfeed!. 
In the Array Type frame, select 4 Square, and select 
“Simplest” in the Feed System Type frame. In the Inputs 
frame, ener the frequency and the impedances from EZNEC: 
ARRL: 


Frequency = 7.15 MHZ 
Leading Element: R = 164, X = -15.85 
Side elements: R = 57.47, X = -1944 

Lagging Element: R = 7781, X = 548 


We'll ry using 50.0 for all lines, so enter 50 into the 
next three boxes, 

Enter 1 for the lage 
for the phase 

Click Find Solutions. 

The result is shown in the Solutions frame, shown in 
Fig 26. As always when any solution exists, there are two 
to choose from. The one with the shortest lines is generally 
preferable, so we'll choose it. For this example, we'll use 
2,4 lines with velocity factor of 0.82. So enter 0.82 in the 
Velocity Factor box in the Physical Lengths frame, and read 
the physical lengths from the bottom of that frame. The 1/4 
lines (marked in the Arrayfeed? diagram with an asterisk) 


ingleading I magnitude and -90 


are 28.2 feet, line 1 is 7.483 feet and line 2 is 51.668 feet. 
‘The “simplest” feed system is shown in Fig 26, and the 
‘complete feed system consists of this connected to the array 
of Fig 25. 


EZNEC-ARRL model ARRL_4Square TL Ex- 
ample.EZ is simulates the array fed with this system, 
‘Comparison of the pattem plot to one from ideal-current 
model ARRL As ure Example.EZ and examination of 


Fig 26—Screen capture from Arrayfeed for "Simplest" 
ood system for Four Square feed system shown in Fig 25. 


‘Square array in Fig 25, 
{od with 1/8 (or 3/4) current-orcing feed system. 


the element currents verify that the feed system is produc- 
ing the desired pattern and element currents. You can use 
ARRL Square Example.EZ to investigate the effect of 
frequency change, ground loss and other changes on the 
array gain and pater. 


L-Network Feed System 

To design the L-network feed system, simply change the 
Feed System Type to L Network and click Find Solutions. 
The results you should see are а 0.484 pH inductor for the 
series component X,. and a 1369.6 pF capacitor for the 
shunt component X y, The L-network feed system is shown 
in Fig 27, and the complete feed system consists of this L. 
network connected o the array of Fig 25. 

EZNEC-ARRL doesn’ have the ability to directly model 


Fig 28- Pattern and layout of the four-element rectangul 
array. Gain is referenced to a single similar element; add 
6.8 dB to the scale values shown, 


the L network, so it's unable to model the complete system. 
However, the system has been modeled using the network 
capability of EZNEC v.5 and found to work as designed. 
‘Arrays have also been built using this feed system and the ele- 
ment currents measured, with exactly the expected results 

"This array is more sensitive to adjustment than he 2-ele- 
теш 90° fed, 90° spaced array. Adjustment procedures anda 
method of remotely switching the direction of this array are 
described in the Practical Aspects of Phased Array Design 
section that follows. 


А 4-Element Rectangular Array 

"The 4-element rectangulo array shown with its pattern 
їп Fig 28 has appeared numerous times in amateur publica- 
tions. However, many ofthe accompanying feed systems fail 
to deliver currents in the proper amounts and phases to the 
various elements. The array can be correctly fed using the 
principles discussed in this chapter and the design methods 
that follow. 

Elements 1 and 2 can be forced to be in-phase and to 
have equal currents by feeding them through 31/4 lines. (As 
in the binomial and Four Square array examples, 32/4 lines 
are chosen because 7/4 lines won't physically reach.) The 
currents in elements 3 and 4 can similarly be forced to be 
equal and in-phase. Fig 29 shows the "current-forcing" feed 
system, Elements 3 and 4 are made to have currents of equal 
magnitude but of 90° phase difference from elements 1 and 
2 by use of either a “simplest” all-iransmission line feed 
system or an L-network feed system. Both will be designed 
in this example. 
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Fig 29—"Simplest" feed system for four-element 
rectangular array, using four equal-length 3/4 (or 37/8) 
cables. 


For this array, we have to know the feed-point imped- 
ances of two elements (one of each pair) in order to design 
either type of feed system. EZNEC-ARRL model Rectamgu- 
lar Example.EZ shows a 20-meter rectangular array with 
18 © of loss resistance at each element, again to approximate 
an S-adial per element ground system. (See the cardioid array 
example above for more information about modeling ground 
system loss.) Open the file in EZNEC-ARRL and click the Sre 
Dat button to find the Following feed-point impedances: 

Sources I and 2: 21.44 21290 

Sources 3 and 4: 70.81 j5 232 Q 


simplest” (Transmission Line Only) Feed System 

To design a “simplest” feed system, start program Array 
eed. Inthe Array Type frame, select 4 Element Rectangle, 
‘and select “Simplest” in the Feed System Type frame. In. 
the Inputs frame, enter the frequency and the impedances 
from EZNEC-ARRL: 


Frequency = 14.15 MHZ 
Leading Elements R = 21.44, X = 21.29 
Lagging Elements R = 70.81, X = 5232 


Well use 50.2 for ай lines, so enter 50 into the next 
three boxes. 

Enter 1 for the lag 
for the phase 

Click Find Solutions. 

The result is "No Solution" This combination of line 
impedances can't be used. Several other combinations also 


ingulcading I magnitude and -90 
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produce this result, but making lines 1 and 2 each 75 © and 
the 34/4 lines 50 £ does produce a solution. Enter 75 into the 
Line 1 20 and Line 2 Z0 boxes, and leave 50 in the Choose 
ZO of Yor Ye wavelength lines box, then click the Find Solu- 
tions button. There won't be any problem making lines 1 and 
2 reach, so we'll choose the fist solution because the lines 
are shorter. The physical lengths of all the lines are shown 
in the Physical Lengths frame when the velocity factor is 
entered in the appropriate box. Assuming that we use coax 
With a velocity factor of 0.66 (and the example frequency of 
14.15 MHZ), the lengths are: 

Line 1: 4.982 feet 

Line 2: 20.153 feet 

3944 lines (marked with an asterisk in the Arrayfeed! 
diagram): 34.408 feet 
The lines are connected following the diagram in the upper 
left part of the Arrayfeed! window. This completes the 
“simplest” feed system design. EZNEC-ARRL model Reet- 
angular TL. Example.EZ simulates un array fed with this 
system. 

Comparison of the pattern plot to one from idea current 
Rectangular. Example.EZ. and examination of the element 
currents verify that the feed system is producing the desired 
pattern and element currents. 


L-Network Feed System 

To design the L -network feed system using Arrayfeed!, 
change the Feed System Type to L Network and click Find. 
Solutions. The resulting L-network values are a 0484 ЫН. 
inductor for the series component Хш, and а 1369.6 pF 
capacitor for the shunt component Xy, 


120° Fed, 60° Spaced Dipole Array 

‘This example shows the design of “simplest” and L 
network feed systems for a -element 20- meter dipole атау, 
rather than a Vertical атау. No special accommodation is 
required for the array made from dipoles rather than vertical 
clements—the same methods can be used regardless of ele- 
ment shape. This example alo shows that both the “simplest” 
and L-network feed systems can readily be applied to ele- 
ments that use phase angles other than 90°. 

‘Any 2-clement array made with identical elements 
spaced 2/2 or closer and having equal magnitude currents 
With a relative phase angle of 180° minus the spacing 
will produce a unidirectional pattern with a good nul to 
the rear. In practice, very close spacings lead to very low 
feed-point resistances, with consequent losses and very nar- 
rowband characteristics. But this 60° spaced array is well 
within the range of practical realization. File ARR. Dipole - 
Array. Example.EZ is a model created for this array, with 
ideal element currents. Open this file in EZNEC-ARRL and 
click FF Plot o show the pattern at an elevation angle of 10°. 
You can save this pattem for later comparison to the pattern 
With a “Simplest” feed system by opening the File menu in 
the 2D Plot window, selecting Save Trace As, entering a 
name for the trace file and clicking Save. 


Following the same procedure as in the previous cx- 
amples, we begin the array design by finding the element 
feed-point impedances in the ideally fed array using EZNEC- 
ARRL numbers. Having already opened ARRL Dipole - 
Array. Example.EZ, all that's needed is to click Sre Dat 
The results are: 

Leading element (source 1) : 36.16 —j46.05 0 

Lagging element (source 2) : 49.56 + 51472 


“Simplest” (Transmission Line Only) Feed System 

Select Two Element for the Array Type in Array 
feed! and “Simplest” for the Feed System Type. Enter the 
frequency of 14.15 MHz and enter the element feed-point 
impedances hom EZNEC-ARRL into the appropriate boxes in 
the Inputs frame. For line impedances, the section describing 
the “Simplest” feed system recommends against choosing 
‘one which is very different from the element feed-point 
impedances, but for fun let's try 300 £ for the two lines and 
sce what happens. Enter 300 in the Line 1 Z0 and Line 2 Z0 
boxes. Finally, enter the laggingzdeading I mag, phase of 
1 for Mag and -120 for Phase. 

Click Find Solutions. For this example we'll assume 
that TV type twinlead with a velocity factor of 0.8 is being 
used. So enter 0.8 for the Velocity Factor and read the 
physical line lengths in the Physical Lengths frame. A 
model of the array using the first solution has been created 
as ARRL, Dipole Array TL. Example.EZ. Open this file 
in EZNEC-ARRL and click FF Tab. You should see that the 
plot is virtually identical о the one saved earlier from the 
ideal-current model. Note the gain and fronuback ratio er 
8.79 dBi and 31.01 dB respectively reported in the data box 
below the 2D plot. 

Don't subtract 2.15 dB to find the gain relative to a 
single element! This isn't a free-space model, and the gain 
‘of a single dipole over ground is much greater than 2.15 dBi. 
Instead, delete one of the elements in ARRL. Dipole - 
Array Example.EZ to find the gain of a single element and 
subtract that value from the array gain, You can use the undo 
Feature or re-open the file to restore the array 

Now, go back to the model with the “Simplest” feed 
system in EZNEC-ARRL and change the Frequency to 14.0 
MHz. Click FF Tab again. The gain his decreased а litle, 
1o 8.54 dBi and the front/back ratio has also decreased, to 
21.8 dB. At 14.3 MHz, the gain is slightly higher, 9.04 dBi, 
but the front/back is again worse, down to 18.64 dB. But this 
isn't bad overall 

Let's take a look atthe second solution. Click the Trans 
Lines line in the main EZNEC-ARRL window to open the 
‘Transmission Lines Window. Change the length of the first 
line to 26.886 feet, the second to 28.386 feet, and press the 
Enter key to complete the change, Change the Frequency 
‘back to 14.15 MHz and click FF Tab. You should see exactly 
the same pattern as for both the first solution and for the ideal 
current model. But now change the Frequency to 14.0 MHz, 
click FF Tab, and look at the pattem. 

What happened? The gain has dropped to 5.95 dBi 


and the front/back to only 3.1 dB. The array is now nearly 
bi-directional! It's almost as bad at 14.3 MHz. So we've 
created a terribly touchy system. The chance of its working 
correctly even at the design frequency is slim, because there 
are inevitably some differences between the model and real 

We did have a clue this might happen. As stated in the 
section describing the “simplest” feed system, the best choices 
for line Zy and for the resulting solution give a difference in 
electrical line lengths about equal to the desired phase delay 
ofthe current. The difference in electrical line lengths for the 
first solution was about 152°—not as close to the 120° current 
phase difference as we'd like, but much better than the mere 
9.7 difference of the lines for the second solution. While the 
300-0 line Zo is quite different from the element feed-point 
impedances, the first solution result is quite good. I desired, 
you can try other line impedance values into Arrayjeed! and 
evaluate the results with EZNEC-ARRL, 

Please see the information about baluns in the Baluns 
in Phased Arrays section. Baluns are placed the same as in 
Fig 19, which shows the L -network feed system. 


L-Network Feed System 

То design an L network feed system, change the 
Arrayjeed! Feed System Type to L Network and click 
Find Solutions. The results aren't good ones to use. The 
component reactance magnitudes of about 1573 and 2619 O 
are more than five times the 300-02 2, of the feed lines. As 
explained in the section describing the L-network feed sys- 
tem, it's undesirable to have such a large ratio of component 
reactance to line Zo. Among other problems, the inductor 
and capacitor values are quite extreme and capacitor stray 
inductance and inductor capacitance would have a significant 
impact on performance. 

"The problem occurs because the feed-line impedance 
же chose is much larger than the element feed-point imped- 
ances, so the 2/4 lines transform the Feed-point impedances 
to much higher values at the L network and main feed point. 
This feed system would be extremely critical, narrowbanded 
and dificult to adjust. We ean do better by choosing feed-line 
impedances that aren't too drastically different than the ele- 
ment feed-point impedances. In this case, 50 or 75 © would 
be a much better choice than 300. Let's try 75. 

In Arrayfecdl, change the Line 1 Z0 and Line 2 Z0 
impedances from 300 to 75 and click Find Solutions. L- 
network component reactance magnitudes are now about 98. 
and 164 О, much better than before. This will be a relatively 
uncritical and broadbanded feed system. 

Again, be sure to read the information about baluns 
in the Baluns in Phased Arrays section. Fig 19 shows the 
completed feed system including baluns. 


PRACTICAL ASPECTS OF PHASED 
ARRAY DESIGN 

With almost any type of antenna system, there is much 

that can be learned from experimenting with, testing and using 
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Various array configurations. In this section, Roy Lewallen, 
WEL, shares the benefit of years of his experience from 
actually building, adjusting and using phased arrays. There 
is much more work to be done in most of the areas covered 
here, and Roy encourages the reader to build on this work, 


Adjusting Phased Array Feed Systems 
Ifa phased array is constructed only to achieve forward 
gain, adjusting it is seldom worthwhile. This is because the 
forward gain of most arrays is quite insensitive to either the 
magnitude or phase of the relative currents flowing in the 
elements If, however, good rejection of unwanted signals 
is desired, adjustment may be required. And achieving very 
deep nulls will almost surely require some adjustment. 

The in-phase and 180° out-of-phase currentforcing 
method supplies very well-balanced and well phased currents 
to elements without adjustment, If the pattem of an array fed 
using this method is unsatisfactory, it's generally the result of 
environmental differences where the elements, even though 
fumished with correct currents, aren't generating the correct 
fields. Such an array сап be optimized in a single direction, 
but a more general approach than е current- forcing method 
must be taken. Some possibilities are described by Paul Lee 
“and Forrest Gehrke (see Bibliography) 

Unlike the curent-forcing method, the “simplest” and 
L-network feed systems described earlier in this chapter are 
dependent on the self and mutual impedance of one or more 
elements. The required transmission-line lengths or L-net- 
Werk component values can be computed to a high level of 
precision, but the results are only as good as the knowledge 
‘of the relevant Feed-point impedances, 

While the simplest feed system doesn't readily lend 
itself to adjustment, the components of an L network can 
easily be made adjustable or can be experimentally changed 
in increments. A practical approach is to model the array 
as accurately as possible, design and build the feed system 
based on the model results and then adjust the network for 
the best performance. 

Simple arrays such as the two-element 90° fed and 
spaced array can be adjusted as follows, Place a low-power 
signal source at a distance from the array (preferably sev- 
eral wavelengths), in the direction a null should be. While 
listening to the signal on a receiver connected to the тау. 
alternately adjust the wo L-network components for the best 
rejection of the signal. 

‘This has proved to be a very good way to adjust 2-le- 
ment arrays. However, variable results were obtained when 
а Four-Square array was adjusted using this technique. The 
probable reason is that more than one combination of current 
balance and phasing can produce а null in a given direction 
but each produces а different overall pattem. So a different 
method must be used for adjusting more complex arrays. 
This involves actually measuring the element currents in 
some way, and adjusting the network until the currents are 
correct. Alte adjusting the currents, small adjustments can 
be made to deepen the пш) if desired. 
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Measuring Element Currents 

‘You can measure the element currents two ways. One 
жау isto measure them directly at the element feed points, as 
shown in Fig 30. A dual-channel oscilloscope is required to 
monitor the currents, This method is the most accurate and it 
provides a direct indication of the actual relative magnitudes 
and phases of the element currents. The current probe is 
shown in Fig 31. 

Instead of measuring the element currents directly, you 
could measure them indirectly by measuring the voltages on 
the feed lines an electrical 2/4 or 32/4 distance from the array. 
The voltages at these points are directly proportional to the 
element currents This introduces additional variables that can 
reduce the accuracy of the result, but the method generally 
produces adequate performance. The 2-element arrays fed 
With the L-network system and all the four element arrays 
presented earlier have 144 or 3/4 lines from all elements toa 
common location, making this second measurement method 
convenient. The voltages can be observed with a dual-channel 
oscilloscop 
90° phasing, you can use the test circuit shown in Fig 32. 

"The test circuit is connected to the feed lines of two ele- 
ments that are to be adjusted for 90° phasing (such as elements 
1 and 2, or 2 and 4 of the Four-Square array of Figs 24 and 
25). Adjust the L-network components alternately until both 
meters read zero. Proper operation of the test circuit can be 


or, to adjust for equal-magnitude currents and 


verified by disconnecting one of the inputs. The phase output 


'g element currents in 
а phased array. Details of the current probe are given in 
Fig 31. Caution: Do not run high power to the antenna 
System for this measurement, or damage to the test 
‘equipment may result 
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Fig з1—Тһе current probe for use in the test setup of Fig 
30. The ferrite core is of type 72 material, and may be any 
size. The coax line must be terminated at the opposite end 
‘witha resistor equal to its characteristic impedance. You 

this probo in a plastic or metal box to provide 
ruggedness. 


should remain close to zero. If not, there is an undesirable 
imbalance in the circuit, which must be corrected, Another 
means of verification is to first adjust the L network so the 
tester indicates correct phasing (zero volts at the phase out- 
put) Then reverse the tester input connections o the elements. 
‘The phase output should remain close o zero. 


Directional Switching of Arrays 

One ideal directional-switching method would take 
the entire feed system, including the lines to the elements 
and physically rotate it. The smallest possible increment of 
rotation would depend on the symmetry of the array—the 
feed system would need to rotate until the array again looks 
the same to it. For example, any 2-clement array can be 
rotated 180° (although that wouldn't accomplish anything 
if the array is bidirectional to begin with). The 4-clement 
rectangular array of Figs 28 and 29 ean also be reversed, and 
the Four Square array of Figs 24 and 25 can be switched in 
90" increments, 

Smaller switching increments can be accomplished only 
by reconfiguring the feed system, including any network if 
used, effectively creating a diferent kind of array. Switching. 
in smaller increments than dicated by symmetry will create a 
different pattern in some directions than in others, and must 
be thoughtfully done to maintain equal and properly phased 
element currents. The methods illustrated here will deal only 
With switching in increments related to the array symmetry 
‘except for one: а 2-clement broadsidefend-fre array. 

In ай arrays, the success of directional switching de- 
pends on the elements and ground systems being identical 
so that equal element currents result in equal fields. I's even 
more important in arrays fed with any method other than 
current forcing, because the effectiveness of those methods 
depends on the element feed-point impedances. Few of us 


Fig 32- Quadrature test circuit. АП diodes are germanium, 

such as 1N34A, 1N270, or equiv. Hot carrier or silicon 

diodes can be used at higher power levels. All resistors 
"Lor 14 W, 5% tolerance. Capacitors are ceramic. 

tor clips are convenient for making the input and 

ground connections to the array. 

TI— riflar turns on an Amidon FT-37-43, 

equivalent ferrite toroid coro. 


7s a or 


сап afford the luxury of having an array many wavelengths 
away from all other conductors, so an array will early always 
perform somewhat differently in each direction. The array 
Should be adjusted when steered in the direction requiring 
the most signal rejection in the nulls. Forward gain will for 
all practical purposes, be equal in all the switched directions, 
since gain is much more tolerant of error than are nulls. 


Basic Switching Methods 

Following is a discussion of basic switching methods, 
how to power relays through the main feed line and other 
practical considerations. In diagrams, grounds are frequently 
omitted to aid clarity, but connections of the ground conduc- 
tors must be carefully made. In fact, it is recommended that 
the ground conductors be switched just as the center conduc- 
tors are, as explained in more detail in Improving Array 
Switching Systems below. In all cases, interconnecting lines 
must be very short. 

A pair of elements spaced 7/2 apart can readily be 
switched between broadside and end-fire bidirectional pat- 
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Fig 34- Directional switching for 907 907 spaced 
‘element array fed with a "simplest feed system. 


terns, using the currentforcing properties of 7/4 lines. The 
method is shown in Fig 33. The switching device can be a 
relay powered via a separate cable or by de sent along the 


main feed line. 
Fig 34 shows directional switching of a 90° fed, 90 
spaced array fed with а “simplest” feed system, where LI and 
12 are the required lengths of the two eed lines. Fig 35 shows 
how to switch the same array when fed with an L-network, 
current-forcing system. 
The rectangular array of Fi 


8 can be switched in a 
Similar manner, as shown in Fig 36. To switch а “simplest” 


fed rectangular array, use the switching circuit of Fig 34, 


but connect ће two equal length lines to points A and B of 
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Fig 36—Directional switching of a fourelement rectangula 
All interconnections must be very short As usual 
grounds and cable shields have been omitted for clarity. 


o in place of the two elements shown in Fig 34. 
‘Switching the direction of an array in increments of 90°, 
when permitted by symmetry, requires at least two relays 
A method of 90° switching of the Four-Square array with 
L-network feed is shown in Pig 37. 


Powering Relays Through Feed Lines 
All ofthe above switching methods can be implemented 
without additional wires to the switch box. A single-relay 
em is shown in Fig 38A, and a two-relay system in 


38B. Small 12 or 24-V de power relays can be used in 
either system at power levels up to at least a few hundred 
watts Do not attempt to change directions while transmitting. 
however. Blocking capacitors Cl and C2 should be good 
quality ceramic or transmitting mica units of 0.01 to 0.1 uF. 
No problems have been encountered using 0.1 U. 300-V 
monolithic ceramic units at RF output levels up to 300 W. C2 
may be omitted if the antenna system is an open circuit at de 
СЗ and C4 should be ceramic, 0.001 pF or larger. 

In Fig 38B, capacitors CS through СВ should be selected 
With the ratings of their counterparts in Fig 38A, as given 
above. Electrolytic capacitors across the relay coils, C9 and 
C0 in Fig 38B, should be large enough o prevent the relays 
from buzzing, but not so large as to make relay operation too 
slow. Final values for most relays will bein the range from 


capacitor. АП diodes are IN4001 or similar. A rotary switch 
may be used in place of the two toggle switches in the two- 
тешу system to switch the relays in the desired sequence, 


Improving Array-Switching Systems 

‘The extra circuitry involved in switching arrays can 
degrade array performance by altering the relative currents 
fed о each element. One common cause is current sharing 
in common ground conductors, even when connections are 
kept very short, The author has seen a 30° phase shift in 
voltage along a 4-inch piece of #12 wire in а 40-meter array 
feed system. 

When the two conductors of a feedline are physically 


separated from each other, the impedance increases. This 
is especially true when the main lines are coaxial cables. I 
currents from two elements share the ground conductor of 
а split line, a relatively large voltage drop results. Voltage 
changes 1/4 from the elements translate to current changes 
ments Although keeping all leads extremely short 
the best way to reduce current sharing 
problems is to keep the two conductors of each transmission, 
line as close together as possible, and switch both conductors 
ol each line rather than just a si 
‘An example of a carefully designed switching system 
is shown in Fig 39. It avoids the problem of shared ground 
conductor currents, as well as another common problem, 
namely that effective line lengths are often different along 
different switching paths. Notice how the path from the main 
feed point travels through a single line to each element with 
по common ground connections to other lines except at the 


or “hot” conductor. 


ooo ARMAS кт: 
Fig 37—Directional switching of the four-quare array. AII 


interconnections must be very short. 


Fig 38 Remote switching of relays. See text for 
component information. А one-relay system is shown at A, 
and a two-relay system at B. In B, 51 activates K1, and S2 
activates K2. 
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main feed point. Notice also that the distance doesn't change 
as the direction is switched. The 44 lines going to the two 
elements must be shortened by the length f of the lines on 
the feed side of the relays, so that the total line length from 
the main feed point to each element is 1/4 (or 32/4). 

You can see that in ether relay position, there's an open 
ended stub of length / connected at the main feed point and 
‘another al the output end of the L network. These will add 
‘capacitance at those points. Extra С at the main feed point will 
alter the overall impedance seen by a transmiter, but won't 
otherwise have any effect on the array or its performance 
‘The one at the output of the L network will, however, change 
the transformation and phase shift properties of the network. 
Butit'seasy to compensate—the value of the shunt capacitor. 
element is simply reduced by the amount of the C added by 
the stub, The amount of C for any kind of transmission line 
can be calculated from: 


1017 


c U IU. 
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TCT 
Switching system that switches both hot and shield 
conductors in feed соахев. 
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where Z = the characteristic impedance of the line and VF 
= the velocity factor. This works ош to 31 pFfoot or 101 pF/ 
meter for 50-0 solid polyethylene insulated coax, which has 
a velocity factor of 0.66. 

"The general principles illustrated in Fig 39 can be ex- 
tended to other switching systems. I switching the ground 
conductors as described above isn't practical, use of a metal 
box for the switching circuitry is recommended, so that the 
relatively large surface area of the box can be used for the 
‘common ground conductors, minimizing their inductance, 
Always keep leads extremely short. 


Measuring the Electrical Length of Feed 

When using the feed methods described earlier the feed 
lines must be very else to the correct length, For best results, 
they should be correct within 1% or so. This means that line 
that is intended to be, say, 2/4 at 7 MHz, should actually be 
2/4 at some frequency within 70 kHz of 7 MHz. A simple but. 
accurate method to determine at what frequency a line is 1/4 
‘or 1/2 is shown in Fig 40A. The far end of the line is short 
circuited with a very short connection. A signal is applied to 
the input and the frequency is swept until the impedance at 
the input is a minimum. This is the frequency at which the 


used outboard if there is any doubt It must be constructed 
for the frequency band of operation. Connect ће filter 
between the signal generator and the attenuator pad. 

C1, C3—Value to have a capacitive reactance = Fy. 

C2 Valuo to have a capacitive reactance = 14 Bye. 

L1, L2- lue to have an inductive reactance = Ra. 


line is 7/2, Either the frequency counter or the receiver may 
be used to determine this frequency. The line is, of course, 
244 at one half the measured frequency. 

The detector can be a simple diode detector or an oscil- 
loscope may be used if available. A 610 ID dB attenuator pad is 
included to prevent the signal generator from looking into a short 
circuit tthe measurement frequency. The signal generator out- 
‘put must be free of harmonics. I there is any doubt, an outboard 
low-pass filter, such as a half-wave harmonic filter, should be 
used. The hal wave filter circuits shown in Fig 40B, and must 
be constructed for the frequency band of operation. 

Another satisfactory method is to use a noise or resis- 


tance bridge or antenna analyzer at the input of he line, again 
looking for a low impedance atthe input while the output 
is short circuited. Simple resistance bridges are described in 
Chapter 27. 

Dip oscillators have been found to be unsatisfactory. 


The required coupling loop has too great an effect on mea- 


Measuring Element Self and Mutual Impedances 

"The need for measuring element self and mutual im- 
pedances has been made largely unnecessary with the ready 
availability of modeling software. Few amateurs appreciate 
the considerable difficulty of making accurate impedance 
measurements and accurate mutual impedance measurements 
are very difficult even with professional test equipment and 
skills. Despite the limitations of computer modeling, results 
very often are better than measured values because of the 
multiple factors affecting measurement accuracy. 

"Those who are interested in measuring self and mutual 
impedances can find more detailed information about doing so 
in Appendix В. The information here is from earlier editions 
of The ARRL Antenna Book. 


Broadside Arrays 


Broadside arrays can be made up of collinear or paral- 
lel elements or combinations of the two. This section was 
‘contributed by Rudy Severns, МӨГЕ. 


COLLINEAR ARRAYS 

Collinear arrays are always operated with the ele- 
ments in-phase. (If alternate elements in such an array are 
out-of-phase, the system simply becomes a harmonic type 
of antenna.) A collinear array is a broadside radiator, the 
direction of maximum radiation being al right angles to the 
line ofthe antenna, 


POWER GAIN 

Because of the nature of the mutual impedance between 
collinear elements, the feed-point resistance (compared to а 
single element, which is =73 О) is increased as shown earlier 
in this chapter (Fig 9). For this reason the power gain does. 
not increase in direct proportion to the number of elements. 
‘The gain with two elements, as the spacing between them is 
varied, is shown by Fig 41. Although the gain is greatest when 


the end-to-end spacing isin the region of 0.4 to 0.6 2, the use 
of spacings of this order is inconvenient constructionally and 
introduces problems in feeding the two elements. As a result, 
collinear elements are almost always operated with their ends 


a: 
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Fig 41—Gain of two collinear 02 elements as a function of 
spacing between tho adjacent ends. 
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quite close together—in wire antennas, usually with just a 
Strain insulator between. 

With very small spacing between the ends of adjacent 
elements the theoretical power gain of collinear arrays, 
assuming the use of #12 copper wire, is approximately as 
follows over a dipole in free space: 

2 collinear elements—1.6 dB. 

3 collinear elements—3.1 dB. 

4 collinear elements —3.9 dB 

More than four elements are rarely used. 


DIRECTIVITY 
‘The directivity ofa collinear array, ina plane containing 
the axis of the array, increases with its length. Small second- 
ary lobes appear in the pattern when more than two elements 
are used, but the amplitudes of these lobes are low enough so 
that they are usually not important In a plane at right angles 
to the array the directive diagram is a circle, no matter what 
the number of elements. Collinear operation, therefore, affects 
only E-plane directivity, the plane containing the antenna. 

When a collinear array is mounted with the elements 
vertical, the antenna radiates equally well in all geographical 
directions. An array of such stacked collinear elements tends 
to confine the radiation o low vertical angles. 

Ia collinear array is mounted horizontally, the directive 
pattern in the vertical plane at right angles to the array is the 
same as the vertical pattern of a simple 2/2 antenna at the 
same height (Chapter 3). 


TWO-ELEMENT ARRAYS 

‘The simplest and most popular collinear array is one 
using two elements, as shown in Fig 42. This system is 
commonly known as tro halfawaves in phase. The directive 
Pattern in a plane containing the wire axis is shown in Fig 43, 


= 


Fig 42—AtA,two-element collinear array (two halt-waves 
in phase). The transmission line shown would operate 

a tuned line. A matching section can be substituted and a 
nonresonant line used if desired, as shown at В, where the 
matching section is two series capacitors. 
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Fig 43—Free-space E-plane directive diagram for dipole, 
2,3 and Clement collinear arrays. The solid line ie a 
element collinear; the dashed line is or a -element 
collinear; the dotted line is or a 2-element collinear and 


which shows superimposed patterns for a dipole and 2, 3 and 
4-element collinear arrays. Depending on the conductor size, 
height, and similar factors, the impedance at the feed point 
can be expected to be in the range of 4 to 6 КО, for wire 
antennas. Ifthe elements are made of tubing having a low 
‘aia (wavelength to diameter ratio, values as low as 1 КО are 
representative. The system can be fed through an open- wire 
tuned line with negligible loss for ordinary line lengths, ora 
matching section may be used if desired. 

‘A number of arrangements for matching the feed line 
to this antenna are described in Chapter 26. If elements 
somewhat shorter than 2/2 are used, then additional match- 
ing schemes сап be employed at the expense of a slight 
reduction in gain, When the elements are shortened two 
things happen—the impedance at the feed-point drops and 
the impedance has inductive reactance that can be tuned out. 
with simple series capacitors, as shown in Fig 42B. 

Note that these capacitors must be suitable for the power 
level Small doorknob capacitor such as those frequently used 
in power amplifiers, are suitable. By way of an example, if 
‘each side of a dd meier 2-element array is shortened from 67 
10 58 feet, the feed- point impedance drops from nearly 6000 © 
to about 1012.0 with an inductive reactance of 1800 ©. The 
reactance can be tuned out by inserting 25 pF capacitors at 
the feed-point, The 1012.0 resistance can be transformed to 
200.0 using a 1/4 matching section made of 450-0 ladder line 
and then transformed to 50 © with a 4:1 balun. Shortening the 
array as suggested reduces the gain by about 0.5 dB, 

Another scheme that preserves the gain is to use а 450-2 
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Fig 44 Layouts for 3- and 4-olement collinear arrays. Alternative methods of feeding a -element array are shown at 


A and B. These drawings also show the current distribution 


‘on the antenna elements and phasing stubs. A matched 


transmission line can be substituted for the tuned line by using a suitable matching section. 


ection and shorten the antenna only slightly to 
lance of 4 КО. The impedance at the input of the 
matching section is then near 50 © and a simple 1:1 balun 
‘canbe used. Many other schemes are posible. The free-space 
E-plane response for a 2-clement collinear array is shown 
in Fig 43, compared with the responses for more elaborate 
collinear arrays described below. 


THREE- AND FOUR-ELEMENT ARRAYS 

In a long wire the direction of current flow reverses in 
each 2/2 section. Consequently, collinear elements cannot 
simply be connected end to end; there must be some means for 
making the current flow in the same direction in all elements. 
When more than two collinear elements are used itis neces- 
sary to connect phasing stubs between adjacent elements in 
order to bring the currents їп all elements in-phase. In Fig HA 
the direction of current flow is correct in the two left-hand. 


‘elements because the shorted 1/4 transmission line (stub) is 
‘connected between them. This stub may be looked upon sim- 
ply as the alternate 1/2 section of a long-wire antenna folded 


back om itself o cancel its radiation, In Fig 44A the part to 
the right of the transmission line has a total length of three 
half wavelengths, the center half wave being folded back to 
form 274 phase-reversing stub. No data are available on the 
impedance at the feed point in this arrangement, but various 
consideration indicate that it should be over I KO. 

‘An alternative method of feeding three collinear ele- 
ments is shown in Fig 44B. In this case power is applied at 
the center of the middle element and phase-reversing stubs 
are used between this element and both of the outer elements. 
"The impedance at the feed point in this case is somewhat 
over 300 and provides a close match to 300.2 line, The 
SWR will be less than 2:1 when 600-0 line is used. Center 
feed of this type is somewhat preferable to the arrangement 
in Fig 44A because the system as a whole is balanced, This 
assures more uniform power distribution among the elements. 
In Fig 444, the right-hand element is likely to receive some- 
what less power than the other two because a portion of the 
input power is radiated by the middle element before it can 
reach the element located at the extreme right. 
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А fourclement array is shown in Fig 44C. The system 
is symmetrical when fed between the two center elements as 
shown. Asin the three-element case, no data are available on 
the impedance at the feed point. However, the SWR with a 
{600 Q line should not be much over 2:1 

g 43 compares the directive patiems of 2, 3 and 4- 
clement arrays. Collinear arrays can be extended to more 


than four elements. However, the simple 2-element collinear 
array is the type most frequently used, as it lends itself well 
1o multi-band operation. More than two collinear elements 
are seldom used because more gain can be obtained from 
ober types of arrays. 


ADJUSTMENT 

In any of the collinear systems described, the lengths of 
elements in feet can be found from the formula 

hn, The lengths of the phasing stubs can be found from 

the equations given in Chapter 26 for the type of line use. 

If the stub is open-wine line (500 to 600 © impedance) you 

may assume a velocity factor of 0.975 in the formula for a 


244 line. On-site adjustment is, in general, an unnecessary 
refinement I desired, however, the following procedure may 
be used when the system has more than two elements. 

Disconnect all stubs and all elements except those di- 
rectly connected to the transmission line (in the case of feed 
such as is shown in Fig 44B leave only the center element 
connected to the line). Adjust the elements to resonance, 
using the sll-comnected element, When the proper length is 
determined, cut ай other elements to the same length, Make 
the phasing subs slightly long and use a shorting bar to adjust 
their length. Connect the elements to the stubs and adjust the 
stubs to resonance, as indicated by maximum current in the 
shorting bars or by the SWR on the transmission line. If more 
than three or four elements are used itis best to add elements 
two at a time (one at each end of the array), resonating the 
system each time before a new pair is added. 


THE EXTENDED DOUBLE ZEPP 


Опе method to obtain higher gain that goes with wider 
spacing in a simple system of two collinear elements is to 
make the elements somewhat longer than 2/2. As shown in 
Fig 45, this increases the spacing between the two in-phase 


Fig 45—The extended double Zopp. This system gives 
somewhat more gain than two es collinear elements. 
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f the elements lies along the 90°-270 line. The 
free-space array gain is approximately 4.95 dB, 


H 


Fig 47- Resistive and reactive feed-point impedance of a 
40.meter extended double Zepp in free space. 


22 sections at the ends of the wires. The section in the 
center carries a current of opposite phase, but if this section 
is short the current will be small; it represents only the outer 
ends of a 3/2 antenna section. Because of the small current 
and short length, the radiation from the center is small. The 
‘optimum length for each elementis 0.64 2. At greater lengths 
the system tends to act as a long-wire antenna, and the gain 
decreases. 

This system is known as the extended double Zepp. The 
gain over a 2/2 dipole is approximately 3 dB, as compared. 
with about 1.6 dB for two collinear 2/2 dipoles. The direc- 
tional pattem in the plane containing the axis of the antenna. 


is shown in Fig 46. As in the case of 


EEE Pp 
This antenna is not resonant at a ké 
feed poit Impedance i complex NO od ا‎ dut 


variation of the feed-point impedance 
wer the band for a 40-meter double- 


extended Zepp is shown in Fig 47. This 
antennas normally fed with open-wire 
transmission line to an antenna tuner. 
Other matching arrangements are, of course, possible. A 
method for transforming the feed-point impedance to 450 O 
and eliminating the minor lobes is given in Chapter 6. 


THE STERBA ARRAY 

Two collinear arrays can be combined to form the Seri 
‘array, often called the Sterba curtain. An 8-element example 
‘of a Sterba атау is shown in Fig 48. The four 1/4 elements 
joined on the ends are equivalent to two 2 elements. The two 
‘collinear arrays are spaced 272 and the 1/4 phasing lines con 
nected together to provide 742 phasing lies. This arrangement 
has the advantage of increasing the gain for a given length and 
also increasing the E-plane directivity, which is no longer cir- 
cular. An additional advantage of this array is that the wire forms 


Fig 48 Typical Sterba array, an 8-element version. 


a closed loop. For installations where icing is a problem a low 
Voltage de or low frequency (50 or 60 Hz) ac current can be 
passed through the wire to heat it for deicing. The heating cur- 
rent is isolated from RF by decoupling chokes. This is standard 
practice in commercial installations. 

The number of sections in a Sterba array can be extended 
as far as desired but more than four or five are rarely used 
because of the slow increase in gain with extra elements, the 
narrow H-plane directivity and the appearance of multiple 
sidelobes. When fed at the point indicated the impedance is 
about 600 ©. The antenna can also be fed at the point marked 
X. The impedance at this point will be about 1 kO. The gain 
of the element array in Fig 48 will be between 7 to 8 dB 
over a single element 


Parallel Broadside Arrays 


To obtain broadside directivity with parallel elements 
the currents in the elements must all be in-phase, Ata distant 
point Iying on a line perpendicular to the axis of the array 
and also perpendicular to the plane containing the ele- 

ments, the fields from all elements add up in phase. The 
Situation is like that pictured in Fig 1 in this chapter, where 
four parallel 2/2 dipoles were fed together a broadside 
array. 

Broadside arrays of this type theoretically can have 
any number of elements. However, practical limitations of 
construction and available space usually limit the number 
of broadside parallel elements. 


POWER GAIN 

The power gain of a parallel-element broadside array 
depends on the spacing between elements as well as on the 
number of elements. The way in which the gain of a two- 
‘element array varies with spacing is shown in Fig 49. The 
greatest gain is obtained when the spacing is in the vicinity 
of 0.57 

"The theoretical gains of broadside arrays having more 
than two elements are approximately as follows: 


Noof , Gain 
Parallel wiki? with AA 
Elements Spacing ‘Spacing 
з 57 12 
4 u m 
5 m 94 
Й $9 104 
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L 
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Fig 49 Gain as a function of the spacing between two 
parallel elements operated in-phase (broadside). 
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The elements must, of course, all ie in the same plane 
“and all must be fed in-phase, 


DIRECTIVITY 


‘The sharpness of the directive pattern depends on 
spacing between elements and number of elements. Larger 


clement spacing will sharpen the main lobe, for a given 
number of elements, up to а point as was shown in Fig 41 
The two-clement array has no minor lobes when the spac- 
ing is /2, but small minor lobes appear at greater spacings. 
"When three or more elements are used the pattern always 


has minor lobes. 


Other Forms Of Broadside Arrays 


For those who have the available room, multi-clement. 
arrays based on the broadside concept have something to 
oller The antennas are large but of simple design and non- 
critical dimensions: they are also very economical in terms 
ol gain per unit of cost. 

Large arrays can often be fed at several different points. 
However the pattern symmetry may be sensitive tothe choice 
‘of feed point within the array. Non-symmetrical feed points 
will result in small asymmetries in the pattern but these are 
not usually of great concern, 

Arrays of three and four elements are shown in Fig 50. 
Inthe element array with 7/2 spacing at A, the array is fed 
atthe center. This is the most desirable point in that it tends 
to keep the power distribution among the elements uniform. 
However, the transmission line could alternatively be con- 
nected al either point В or С of Fig 50А, with only slight 
skewing of the radiation pattem. 

When the spacing is greater than 3/2, the phasing lines 
must be 1 7. long and are not transposed between elements 
"This is shown Fig SOB. With this arrangement, any element 
spacing up to 1 2. can be used, if the phasing lines can be 
folded as suggested inthe drawing. 

‘The 2-element array at C is fed at the center of the 
system to make the power distribution among elements as 
uniform as possible. However, the transmission line could be 
connected at either point B, С, D or E. In this case the sec- 
tion of phasing line between В and D must be transposed to 
make the currents flow in the same direction in all elements. 
"The 4element array at C and the S element array at B have 
approximately the same gain when the element spacing in 
the array at B is 3244 

‘An alternative feeding method is shown in Fig 50D. This 
system can also be applied о the S element arrays, and will 
result їп better symmetry in any case. It is necessary only to 
move the phasing line to the center of each element, making 
connection to both sides of the line instead of one only. 

The free-space pattern for a 4-clement array with 742 
spacing is shown in Fig S1. This is also approximately the 
pattern for a element array with 32/4 spacing. 

Larger arrays can be designed and constructed by fol- 
lowing the phasing principles shown in the drawings. No 
accurate figures are available for the impedances a the various 
feed points indicated in Fig 50. You can estimate it to be in the 
Vicinity of 1 КО when the Feed point is ata junction between 
the phasing line and a 7/2 element, becoming smaller as the 
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number of elements in the array is increased. When the feed 
point is midway between end-fed elements as in Fig SOC, the 
bead pon impedance of a -clement array is in the vicinity 
‘of 200 to 300 ©, with 600-0 open-wire phasing lines. The 
impedance at the feed point with the antenna shown at D. 
should be about 1.5 KO. 
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Fig S0 Methods of feeding 3- and 4-olemont broadside 


axis of the elements lies along the 00-270" line. 


NON-UNIFORM ELEMENT CURRENTS 

The pattem for а 4-clement broadside array shown in 
Fig 51 has substantial side lobes. This is typical for arrays 
more than 2/2 wide when equal currents flow in each element. 
Sidclobe amplitude can be reduced by using non-uniform 
current distribution among the elements. Many possible 
current amplitude distributions have been suggested. АП of 
them have reduced current in the outer elements and greater 
‘current in the inner elements, This reduces the gain somewhat 
‘but ean produce a more desirable pattern. One of the common 
current distributions is called binomial current grading. In 
this scheme the ratio of element currents is set equal to the 


coefficients of a polynomial. For example: 
[E 
(HD e edel, ээ 1,2,1 


ат) 


Grp ebd eA zl ээ 1,3,3,1 


(+1) sixt ea +6х2 ocr > 1,4,6,4,1 


Ina 2-clement array the currents are equal, in a 3-ele- 
ment array the current in the center element is twice that in 
the outer elements, and so on. 


HALF-SQUARE ANTENNA 


On the low-frequency bands (40, 80 and 160 meters) it 
becomes increasingly difficult to use 2/2 elements because of 
their size, The hall-square antenna is a 2-element broadside 


Fig S2— Layout for the hallsquare antenne 


Fig 53—Free-space E-plar 
halt-squaro antenna. 


array with at 
spacing. See Fig 52. The free-space H-plane pattern for 
this array is shown in Fig 53. The antenna g 
(42 dBi) but useful gain and has the advantage 

и. Like all vertically polarized antennas, real-world 
performance depends directly on the characteristics of the 
ground surrounding it 

"The half-square can be fed either at the point indicated 
ог at the bottom end of one of the vertical elements using a 
voltage-feed scheme, such as that shown in Fig S4 for the 
bobtail curtain. The fced-point impedance is in the region of 
50 £2 when fed at a comer as shown in Fig 52. A typical SWR. 
plot is shown in Fig 55. Chapter 6 has a detailed discussion 
of the half-square antenna with several variations, together 
With practical considerations. 
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Fig St Tne bota curtain is an excelent ow anal 
radiator having broadside Бес! 

Current distribution is represented by 
Dimensions A and B (in feet, for wi 
determined from the equations. 


Fig 56 Calculated free-space E plane directive diagram 
of the bobtail curtain shown in Fig 54. The array lies long 
‘the 90:270" axis. 
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È pe A Fig 57—Typical SWR plot for an 80-meter bobtail curtain in 
res space. This is a narrow-band antenna. 
Fig 55—Typical SWR plot for a 40-metor hal-square 


‘antenna fed at one comer. Antenna in free space. 


BOBTAIL CURTAIN 
‘The antenna system in Fig 54 uses the principles of 
со-рһазей verticals to produce a broadside, bidirectional 
Pattern providing approximately 5.1 dB of gain over a single 
4 element. The antenna performs as three in-phase, top-fed 
Vertical radiators approximately 2/4 in height and spaced 
approximately 3/2. I is most effective for low-angle signals 
and makes an excellent long-distance antenna for 1.8, 3.5 
or MH 
The three vertical sections are the actual radiating 
‘components, but only the center element is fed directly. The 
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two horizontal parts, А, act as phasing lines and contribute 
very litle to the radiation pattern. Because the current in the 
center element must be divided between the end sections the 
current distribution approaches a binomial 1:2:1 ratio. The 
radiation pattern is shown in Fig 56. 

"The vertical elements should be as vertical as possible. 
The height for the horizontal portion should be slightly greater 
than B, as shown in Fig 54. The tuning network is resonant at 
the operating frequency. The L/C ratio should be fairly low 
to provide good loading characteristics. Аз a starting point, a 
maximum capacitor value of 75 to 150 pF is recommended, 
and the inductor value is determined by C and the operating 
frequency. The network is first tuned to resonance and then the 


tap point is adjusted for the best match, A slight readjustment 
‘of C may be necessary. A link coil consisting of a few tums 
сап also be used to feed the antenna 

A feeling for the matching bandwidth ofthis antenna 
‘ean be obtained by looking at a feed point located at the 
top end of the center element. The impedance at this point 
will be approximately 3202. An SWR plot (for Zy = 32.0) 
for an 80-meter boblail curtain at this feed-point is shown, 
in Fig 57. However, it is not advisable to actually connect 
а feed line at this point since it would detune the array and 
alter the pattern. This antenna is relatively narrow band. 
When fed at the bottom of the center element as shown in 
Fig 54, the SWR can be adjusted to be 1:1 at one frequency 
but the operating bandwidth for SWR < 2:1 may be even 
narrower than Fig 57 shows. For 80-meters, where operation 
is often desired in the CW DX window (3.510 MHz) and in 
the phone DX window (3.790 MHZ), it will be necessary to 
retune the matching network as you change frequency. This 
сап be done by switching a capacitor in or out, manually or 
remotely with a relay. 

While the match bandwidth is quite narrow, the radiation 
pattern changes more slowly with frequency. Fig 58 shows the 
Variation in the pattern over the entire band (3.5 to 40 MHZ). 
As would be expected, the gain increases with frequency 
because the antenna is larger in terms of wavelengths. The 
general shape of the pattern, however, is quite stable 


THE BRUCE ARRAY 


Four variations of the Bruce array аге shown in Fig 59. 
The Bruce is simply a wire folded so that the vertical sections 
carry large in-phase currents, while the horizontal sections 


Fig 58—80-meter bobtail curtains free-space E-plane 
pattern variation over the 80-metar band. 


carry small currents flowing in opposite directions with 
respect to the center of а section (indicated by dots). The 
radiation is vertically polarized, The gain is proportional to 
the length of the array but s somewhat smaller than you can 
obtain from a broadside array of 2/2 elements of the same 
length. This is because the radiating portion of the elements 
is only M4. 

The Bruce array has а number of advantages: 

1) The array is only 2/4 high. This is especially help- 
ful on 80 and 160 meters, where the height of 22 supports 
becomes impractical for most amateurs. 

2) The array is very simple. It is just a single piece of 
Wire folded to form the array 

3) The dimensions of the array are very flexible. 
Depending on the available distance between supports, any 
number of elements can be used. The longer the array, the 
greater the gai 

4) The shape of the array does not have to be exactly 
1.05 2/4 squares. Ifthe available height is short but the 
array can be made longer, then shorter vertical sections and 
longer horizontal sections can be used to maintain gain and 
resonance. Conversely, if more height is available but width 
is restricted then longer vertical sections can be used with 
shorter horizontal sections. 

5) The array can be fed at other points more convenient 
for a particular installation. 

6) The antenna is relatively low Q. so that the feed-point 
impedance changes slowly with frequency. This is very 
helpful on 80 meters, for example, where the antenna can 
be relatively broadband. 

7) The radiation patter and gain is stable over the width 
of an amateur band. 

Note that the nominal dimensions of the array in Fig 59 
call for section lengths = 1.05 2/4. The need to use slightly 
longer elements to achieve resonance is common in large wire 
arrays. А quad loop behaves in the same manner. This is quite 
different from wire dipoles, which are typically shortened by 
2-5% to achieve resonance. 

Fig 60 shows the variations in gain and pattem for 2 l0 
S-clement B. meer Bruce arrays. Table 2 lists the gain over 
a vertical 3/2 dipole, a 4-radial ground-plane vertical and the 
size of the array. The gain and impedance parameters listed 
are for free space, Over real ground the patterns and gain will 
depend on the height above ground and the ground character- 
istics. Copper loss using #12 conductors in included. 

Worthwhile gain can be obtained from these arrays, 
especially on 80 and 160 meters, where any gain is hard to 
come by. The feed-point impedance is for the center of a 
vertical section. From the patterns in Fig 60 you can see that 
sidelobes start to appear as the length of the array is increased. 
beyond 32/4. This is typical for arrays using equal currents 
in the elements. 

It is interesting to compare the bobtail curtain (Fig 54) 
with a 4-element Bruce array. Fig 61 compares the radiation 
patterns for these two antennas. Even though the Bruce is 
shorter (37/4) than the bobtail (12), it has slightly more 
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Fig 59—Various Bruce arrays: 2, 3, 4 and S cement versions. 


Table 2 
Bruce array length, Impedance and gain as a function of number of elements. 
Number Gain Over)/2  Gainoveri/4 Array Length Ариох Food 
Elements Vertical Dipole.  Ground-Plane Wavelengths za 

a 1208 1948 х 130 

E 2848 3608 200 

4 4348 5198 250 

5 5348 8108 200 
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gain. The matching bandwidth is illustrated by the SWR. 
‘curve in Fig 62. The 4-clement Bruce has over twice the 
match bandwidth (200 KHz) than does the bobtail (75 kHz 
in Fig 57). Part of the gain difference is due to the binomial 
‘current distribution the center element has twice the current 


Fig 60—20-meter free-space E-plar 
{or the Bruce arrays shown in Fig 
pattern is 

Selement is a dotted 
dashed-dotted line. 


directive patterns 
The S-element’s 


as the outer elements in the bobtail. This reduces the gain 
Slightly so that the 4-element Bruce becomes competitive. 
This is а good example of using more than the minimum. 
number of elements to improve performance orto reduce size. 
Оп 160 meters the 4-clement Bruce will be 140 feet shorter 
than the bobtail, a significant reduction. If additional space is 
available for the bobtail (1 A) then a S-element Bruce could 


Fig 62— Typical SWR curve for a4element 80-meter 
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Fig 61—Comparison of free space patterns of а 4-olement 
Bruce array (solid ine) and a 3-element bobtai 
(dashed in). 


Fig 63—Alternate feed arrangements for the Bruce array 
АСА, the antenna is driven against а ground system and 
at B, it uses a two-wire counterpoise. 
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be used, with a small increase in gain but also introducing 
some sidelobes. 

The 2-clement Bruce and the half-square antennas are 
both 2-clement arrays. However, since the spacing between 
radiators is greater in the half-square (2/2) the gain of the 
halt-square is about 1 dB greater If space is available, the 
half-square would be a better choice. If there is not room for 
“hal square then the Bruce, which is only half as long (4), 
may be a good alternative. The 3-element Bruce, which has 
the same length (7/2) as the half-square, has about 0.6 dB 
more gain than the hall-square and will have a wider match 
bandwidth 

The Bruce antenna can be fed at many different points 
andin different ways. In addition to the feed points indicated 
in Fig 59, you may connect the feed line at the center of any 
of the vertical sections. In longer Bruce arrays, feeding at 
‘one end will result in some current imbalance among the 
elements but the resulting pattern distortion is small. Actually, 
the feed-point can be anywhere along a vertical section, One 
very convenient point is at an outside corner. The feed-point 
impedance will be higher (about 600 ©. A good match for 
450.0 ladder-ine can usually be found somewhere on the 
vertical section. I is important to recognize that feeding 
the antenna at a voltage node (dots in Fig 59) by breaking 
the wire and inserting an insulator, completely changes the 
current distribution. This will be discussed in the section on 
сийе arrays. 

A Bruce can be fed unbalanced against ground or against 
а counterpoise as shown in Fig 63. Because it is a vertically 
polarized antenna, the better the ground system, the better 
the performance. As few as two elevated radials can be used 
as shown in Fig 63B, but more radials can also be used to 
improve the performance, depending on local ground con- 
stants. The original development of the Bruce array in the 
late 1920s used this feed arrangement 


FOUR-ELEMENT BROADSIDE ARRAY 

The 4element array shown in Fig 64 is commonly 
known as the lazy Н. И consists of a set of two collinear ele- 
ments and a set of two parallel elements, all operated in-phase 
to give broadside directivity. The gain and directivity will 
depend on the spacing, as in the ease of a simple parallel-ele- 
wen broadside array. The spacing may be chosen between 
the limits shown on the drawing, but spacings below 31/8 are 
not worthwhile because the gain is small. Estimated gains 
‘compared to a single element are: 

3US spacing 42 dB 

2 spacing 58 dB 

SUS spacing—6.7 dB 

31/4 spacing —63 dB 

Half-wave spacing is generally used. Directive pat- 
terms for this spacing are given in Figs 65 and 66, With 7/2 
spacing between parallel elements, the impedance at the 
junction of the phasing line and transmission line is resistive 
and in the vicinity of 100.2. With larger or smaller spacing 
ihe impedance at this junction will be reactive as well as 
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Fig 64—Fourelement broadside array (lazy Н”) using 
‘collinear and parallel elements. 


resistive. Matching stubs are recommended in cases where a 
non-resonant line is to be used. They may be calculated and 
adjusted as described in Chapter 26. 

The system shown in Fig 64 may be used on two bands 
having а 240-1 frequency relationship. It should be designed 
for the higher of the two frequencies, using 32.4 spacing 
between parallel elements. It will then operate on the lower 
frequency as a simple broadside array with 32/8 spacing. 

An alternative method of feeding is shown in the small 
diagram in Fig 64. In this case the elements and the phasing 
line must be adjusted exactly o an electrical half wavelength 
The impedance at the feed point will be resistive and on the 
order of 2 KO. 


THE BI-SQUARE ANTENNA 

A development of the lazy Н, known as the bi-square 
antenna, is shown in Fig 67. The gain of the bi-square is 
somewhat less than that of the lazy-H, but this array is al- 
tractive because it can be supported from a single pole. It 
has a circumference of 2 А at the operating frequency, and is 
horizontally polarized 

"The bi-square antenna consists of two 1 à radiators, fed 
180° out-of-phase at the bottom of the array. The radiation 
resistance is 300 О, so it can be fed with either 300- ог 600-0. 
line. The free space gain of the antenna is about 5.8 dBi, 
Which is 3.7 dB more than a single dipole element. Gain 
may be increased by adding a parasitic reflector or director. 
Two bi-squate arrays can be mounted at right angles and 
switched to provide omnidirectional coverage. In this way, 
the antenna Wires may be used as рап of the guying system 
forthe pole. 

Although it resembles a loop antenna, the bi-square 
is not a true loop because the ends opposite the Feed point 
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End-Fire Arrays 


‘The term end-fre covers a number of different meth- 
‘ods of operation, all having in common the fact that the 
maximum radiation takes place along the array axis, and that 
the array consists of a number of parallel elements in one 
plane. End-fire arrays ean be either bidirectional or unidirec- 
tional. In the bidirectional type commonly used by amateurs 
there are only two elements, and these are operated with 
currents 180° out-of-phase. Even though adjustment tends 
to be complicated, unidirectional end-fire driven arrays 
have also seen amateur use, primarily as a pair of phased 
ground-mounted 2/4 vertical elements. Extensive discus- 
sion of this array is contained in earlier sections of this 
chapter 

Horizontally polarized unidirectional end-fire arrays see 
little amateur use except in log-periodic arrays (described in 
Chapter 10). Instead, horizontally polarized unidirectional ar- 
rays usually have parasitic elements (described in Chapter 11) 
and are called Yagis. 


TWO-ELEMENT END-FIRE ARRAY 

In a2-clement array with equal currents out-of-phase, 
the gain varies with the spacing between elements as shown 
in Fig 68. The maximum gain occurs in the neighborhood 
of 0.12. spacing. Below that the gain drops rapidly due to 
conductor loss resistance 

The feed-point resistance for either clement is very low 
atthe spacings giving greatest gain, as shown in Fig 8 earlier 
in this chapter. The spacings most frequently used are 748 
and 2/4, at which the resistances of center-fed 1/2 elements 
мге about 9 and 32 ©, respectively. 

The effect of conductor resistance on gain for various 
spacings is shown in Fig 69. Because current along the 
element is not constant Gt is approximately sinusoidal), the 
resistance shown is the equivalent resistance (R y) inserted 
atthe center of the element to account for the loss distributed 


along the element 
"The equivalent resistance of a 2/2 element is one half 
the ac resistance (В) of the complete element. R,, is usually 
>> Ry, due to skin effect. For example, а 1.84 MHz dipole 
using #12 copper wire will have the following R, 


0.00159 [ oot] x 267 [feet] = 042 
Fr = RaciRde = 10.8 
Reg =(Rde/2) x Fr 


For a 3.75 MHz dipole made with #12 wire, Reg = 
1.59 C. In Fig 69, itis clear that end-fire antennas made with 
412 or smaller wire wil limit the attainable gain because of 
no point in using spacings much less than 2/4 
с elements, If instead you use elements made 
of aluminum tubing then smaller spacings can be used to 
increase gain. However, as the spacing is reduced below 7/4 
the increase in gain is quite small even with good conductors. 
Closer spacings give itle gain increase but can drastically 
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Fig 68—Gain of an end-fire array consisting of two elements 
{ed 180° out-of-phase, as a function of the spacing between 
elements. Maximum radiation i in the plane of the elements 
and at right angles to them at spacings up to 12, but the 
direction changes at greater spacings. 


] o 


loss resistances, 


reduce the operating bandwidth due to the rapidly increasing 
Q of the array. 


Unidirectional End-Fire Arrays 

"Two parallel elements spaced 2/4 apart and fed equal 
currents 90° out-of-phase will have a directional pattern in 
the plane at right angles to the plane of the array. See Fig 70. 
The maximum radiation i in the direction of the element in 
Which the сштеп lags. In the opposite direction the fields 
from the two elements cancel. 

When the currents in the elements are neither in-phase 
пог 180° out-of-phase, the feed-point resistances of the 
elements are not equal. This complicates the problem of 
feeding equal currents to the elements, as discussed in earlier 


Fig 70—Representative H-plane pattern for a 2-element 
паев array with 90” spacing and phasing. The elements. 
Пе along the vertical axis, with the uppermost element the 
one of lagging phase. Dissimilar current distributions are 
taken into account. (Pattern computed with ELNEC) 


Fig 71—H-plane patter for a 3-element end-fire array 
with binomial current distribution (the current in the 
enter element is twice that in each end element). The 
elements are spaced 4/4 apart along the 0-180" axis. The 
center element lags the lower element by 90 while the 
upper element lags the lower element by 180° in phas 
Dissimilar current distributions are taken into account. 
(Pattern computed with ELNEC) 


More than two elements can be used in a unidirectional 
end-fire array. The requirement for unidirectivity is that there 
must bea progressive phase shift in the element currents equal 
to the spacing, in electrical degrees, between the elements 
"The amplitudes of the currents in the various elements also 
must be properly related. This requires binomial current 


distribution. In the case of three elements, this requires that 
the current in the center element be twice that in the two 
outside elements, for 90° (2/4) spacing and element current 
phasing. This antenna has an overall length of 42. The di- 
rective diagram is shown in Fig 71. The patter is similar to 
that of Fig 70, but the 3-clement binomial array has greater 
directivity, evidenced by the narrower half power beamwidth 
(146° versus 176°). Ив gain is 1.0 dB greater. 


THE W8JK ARRAY 


As pointed out earlier, John Kraus, W8JK, described 
his bidirectional atop WSIK beam antenna in 1940, See 
Fig 72. Two 3/2 elements are spaced 2/8 to 2/4 and driven 
180° out-of-phase. The free-space radiation pattern for this 
antenna, using #12 copper wire, is given in Fig 73. The pat- 
tern is representative of spacings between АЛ and 1/4 where 
the gain varies less than 0.5 dB. The gain over a dipole is 
about 3.3 UB (5.4 dBi referenced to an isotropic radiator), a 
worthwhile improvement. The feed-point impedance includ 
ing wire resistance) of each element is about 11 £ for 248 
spacing and 33 О for 3/4 spacing. The fecd- point impedance 
at the center connection will depend on the length and Z of 
the connecting transmission line 

Kraus gave a number of other variations for end-fire 
arrays, some of which are shown in Fig 74. The ones fed at 
the center (A, C and E) are usually horizontally polarized 
flat top beams. The end-fed versions (B, D & F) are usually 
vertically polarized, where the feed point can be conveniently 
near ground, 

‘A practica variation of Fig 74B is given in Fig 75. In 
this example, the height is limited to 2/4 so the ends can be 
bent over as shown, producing a 2-element Bruce array. This 
reduces the gain somewhat but allows much shorter supports, 
an important consideration on the low bands. If additional 
heightis available, then you can achieve some additional gain. 
The upper ends can be bent over to fit the available height 
The feed-point impedance will greater than i KO. 


Fig 72—A 2element W8JK array. 


Multioloment Arrays 8-51 


" 


Fig 75—A 2element end-fir 


Fig 73- Free-space E-plane pattern for the 2-element 
W8JK array 
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Fig TA—Six other variations of W8JK 


top beam" antennas. 
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FOUR-ELEMENT END-FIRE AND 
COLLINEAR ARRAYS 

The array shown in Fig 76 combines collinear in-phase 
elements with parallel out-ol-phase elements to give both 
broadside and end-fire directivity. I is a nvo-section WS/K. 
The approximate free-space gain using #12 copper wire 
is 49 dBi with 2/8 spacing and 5.4 dBi with 2/4 spacing. 
Directive pattems are given in Figs 77 for free space, and in 
Fig 78 for heights of 12. and 2/2 above flat ground. 

The impedance between elements at the point where the 
phasing line is connected is of the order of several thousand. 


Fig 76—A 4-element array combining collinear broadside 
‘elements and parallel епа іе elements, popularly known 
эз a Mo-section WAJK array. 


Fig 77_Free-space E-plane pattern for the antenna shown 
in Fig 76, with 18 spacing. The elements are parallel to the 
90-270. line in this diagram. Less than a J change in half- 
power beamwidth results when the spacing is changed 
from ê to . 


Fig 78 Elevation pl 
of Fig 76 when mounted horizontally at two heights over 
flat ground. Solid line = 1 high: 


‘ohms. The SWR with an unmatched line consequently is uite 
high, and this system should be constructed with open-wire 
line (500 or 600 ©) if the line is to be resonant. With 1/4 
element spacing the SWR on а 600 £ line is estimated to be 
in the vicinity of 3 or 4:1 

To use a matched line, you could connect а closed stub 
34/16 long at the transmission line junction shown in Fig 76. 
The transmission line itself can hen be tapped on this match- 
ing section atthe point resulting in the lowest line SWR. This 
point can be determined by trial. 

"This type of antenna can be operated on two bands 
having a frequency ratio of 2 to 1, if a resonant feed line is 
used. For example, if you design for 28 MHz with 7/4 spac- 
ing between elements, you can also operate on 14 MHz as a 
simple 2-element end-fire array having 7/8 spacing. 


Combination Driven Arrays 

You can readily combine broadside, end-fire and col- 
linear elements to increase gain and directivity, and this is 
in fact usually done when more than two elements are used 
їп an array. Combinations of this type give more gain, in a 
given amount of space, than plain arrays of the types just 
described, Since the combinations that can be worked out 
are almost endless, this section describes only а few of the 
simpler types. 

"The accurate calculation of the power gain of a multi- 
clement array requires knowledge ofthe mutual impedances 
between all elements, as discussed in earlier sections. For 
approximate purposes it is sufficient to assume that each set 
(collinear, broadside, end-fire) will have the gains as given 
earlier, and then simply add up the gains for the combination. 
This neglects the effects of cross-coupling between sets of 
elements. However the array configurations are such that the 
mutual impedances from cross-coupling should be relatively 
small, particularly when the spacings are 1/4 or more, so the 
estimated gain should be reasonably close to the actual gain. 
Alternatively, an antenna modeling program, such as EZNEC, 
can give good estimates of all parameters Гог a real-world 
antenna, providing that you take care to model all applicable 
parameters. 
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FOUR-ELEMENT DRIVEN ARRAYS 

‘The array shown in Fig 79 combines parallel ele- 

ments with broadside and end-fire directivity. The smallest 

array (physically)—37J8 spacing between broadside and 

348 spacing between end-fire elements—has an estimated 
п of 6.5 dBi and the largest—304 and 2/4 spaci 


respectively —about 8.4 dBi. Typical directive patterns for a 
344 x 32 array ме given in Figs 80 and 81. 

The impedance at the feed point will not be purely 
resistive unless the element lengths are correct and the 
phasing lines ae exactly 22 long. (This requires somewhat 
less than 2/2 spacing between broadside elements) In this 


ay combining both broadside and 


Fig 81—Vertical pattern of the antenna shown in Fig 79 


‘ease the impedance at the junction is estimated to be over 
10 ken With other element spacings the impedance at the 
junction will be reactive as well as resistive, but in any event 
the SWR will be quite large. An open-wire line can be used 

or à matching section may be used for 
non-resonant operation, 


EIGHT-ELEMENT DRIVEN ARRAYS 

The array shown in Fig 82 isa combination of collinear 
and parallel elements in broadside and end-fire directivity. 
Common practice in a wire antenna is to use 3/2 spacing for 
the parallel broadside elements and 1/4 spacing for the end- 
fi s space gain of about 9.1 dBi. 
Directive patter for an array using these spacings are similar 
to those of Figs 80 and 81, but are somewhat sharper. 

The SWR with this arrangement will be high, Matching 
stubs are recommended for making the lines non-resonant. 
Their postion and length cun be determined as described in 
Chapter 26. 


as a resonant l 


Fig €0—Free-space H+ 
antenna shown in Fig 79. 
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е pattern of the element 


Fig 82- Eightelement driven array combining collinear 
апа parallel elements for broadside and end ге directivity. 


This system can be used on two bands related in fre- 
quency by a 210-1 ratio, providing itis designed for the higher 
‘of the two, with 32/4 spacing between the parallel broadside 
elements and 2/4 spacing between the end-fire elements. 
On the lower frequency it will then operate as а d-clement 
antenna of the type shown in Fig 79, with 3/8 broadside 
spacing and 2/8 end-fire spacing. For two-hund operation a 
resonant transmission line must be used, 


PHASING ARROWS IN ARRAY 
ELEMENTS 

In the antenna diagrams of preceding sections, the rela- 
tive direction of current flow in the various antenna elements 
and connecting lines was shown by arrows. In laying out any 
antenna system it is necessary to know that the phasing lines 
эге properly connected: otherwise the antenna may have 
entirely different characteristics than anticipated. The phasing 
may be checked either on the basis of current direction or 
polarity of voltages. There are two rules to remember: 

1) Inevery 2.2 section of wire, starting from an open end, the 
current directions reverse. In terms of voltage, the polarity 
reverses at each 1/2 point, starting from an open end. 

2) Currents in transmission lines always must low in op- 
posite directions in adjacent wires. In terms of voltage, 
polarities always must be opposite, 


Examples of the use of current direction and voltage 
polarity are given at А and В, respectively. in Fig 83. The 
2/2 points in the system are marked by small circles. When 
current in one section flows toward a cirele, the current in 
the next section must also flow toward it, and vice versa. In 
the 4-element antenna shown at A, the current in the upper 
right-hand element cannot flow toward the transmission line 
because then the current in the right-hand section of the 
phasing line would have o flow upward and thus would be 


AA o -- 


ШИ! 


elements and phasing lines. 


owing in the same direction as the current in the left-hand 
wire. The phasing line would simply act like two wires in 
parallel in such a case. Of course, all arrows in the drawing 
could be reversed, and the net effect would be unchanged. 

С shows the effect of transposing the phasing line. 
This transposition reverses the direction of current flow in 
the lower pair of elements, as compared with A, and thus 
changes the array from a combination collinear and end-fire 
arrangement into a collinear-broadside array. 

"The drawing at D shows what happens when the trans- 
mission line is connected at the center of a section of phasing 
line. Viewed from the main transmission line, the two parts of 
the phasing line are simply in parallel, so the half wavelength 
is measured from the antenna element along the upper section 
of phasing line and thence along the transmission line. The 
distance from the lower elements is measured in the same 
‘way. Obviously, the two sections of phasing line should be the 
same length, If they are not, the current distribution Becomes 
чийе complicated; the element currents are neither in-phase 
пог 180° out-of-phase, and the elements at opposite ends 
of the lines do not receive the same current. To change the 
element current phasing at D into the phasing at A, simply 
transpose the wires in one section of the phasing line. This 
reverses the direction of current flow in the antenna elements 
connected to that section of phasing line. 
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Appendix A—EZNEC-ARRL Examples 


‘This appendix contains step-by-step procedures us- 
ing EZNEC-ARRL (included on the Antenna Book CD) to 
illustrate various topics discussed in the main chapler. A 
standard EZNEC program type of v. 4.0 or later may also 
be used. Different versions, program types and calculating 
engines may give results that are slightly different from those 
shown inthe examples. However, any differences should be 
insignificantly small. 


EZNEC Example—Mutual Coupling 

ustrates the effect of mutual coupling on feed point. 
impedance. Open the ARRL_Cardioid.EZ file, which is 
mounted over "perfect" ground, Click the View Ant button 
to see a diagram of Ihe antenna, a 2-element array of vertical 
elements. Click on the Wires line in the main window to open 
the Wires Window. Click the button at the left of the Wire 2 
line, and then press the Delete key on your keyboard to delete 
wire 42. After clicking Ok, note that one of the verticals 
has disappeared from the View Antenna display leaving a 
single element. Click Sre Dat and note that the feed-point 
impedance of this single vertical is about 37 +j 1 Q 
very nearly resonant 

Next, in the Wires Window, open the Edit menu at 
the top and click Undo delete wires) to restore the second 
element. Click Sre Dat again and notice that the feed-point 
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impedance of wire #1 is now about 21 — 19 Q. The feed- 
point impedance of the second element, which is identical to 
the first, is about 52 + j 21 О. This difference, and the change 
from the self-impedance of 37+ j 1 Q, is due to mutual 
coupling. As you see, it's not at all a minor effect. 

As an additional exercise, change the magnitude or 
phase angle of the source at the base of wire #2 (click Sources 
in the main window), and see how this changes the feed- 
point impedances of both elements. You should be able to 
confirm each of the four points enumerated in the MUTUAL, 
COUPLING section, 


EZNEC Example—Nulls 

Illustrates the effect of current magnitude on nulls and 
gain. Again, open the ARRL,_Cardioid.EZ file. Click the 
FF Plot button to generate the azimuth pattem of an ideal 
array. Save the plot for future reference as follows: In the 
plot window, open the File menu and select Save Trace As. 
Enter the name Cardioid and click Save. Now, in the main 
window click on the Sources line to open the Sources Win- 
dow. Change the magnitude of source 1 from 1 to 1.1, and 
of source 2 from 1 100.9 and press Enter on your keyboard 
so that EZNEC-ARRL will accept the last change. 

Click FF Plot to generate а pattern with the new cur- 
rents. Inthe plot window, open the File menu and select Add 


‘Trace, Enter the name Cardioid and click Open. You should 
now see the original plot and new plot overlaid. Notice that 
the null is much less deep with the altered currents, but the 
forward patterns are nearly identical. By clicking om the 
names of the traces, Primary and Cardioid, you can see in 
turn the gain and front-to-back ratio of each of the traces. The 
original, Cardioid, has а front-o-back ratio of about 32 dB. 
while Primary, the new plot, has a ratio of about 22.5 dB. The 
forward gain, however, differs by only 0.02 dB, a completely 
insignificant amount 


EZNEC Example—"Phasing-Line” Feed 

lustrates the effect of using a "phasing-line" feed. Open 
the ARRL_CardTL.EZ file. This а model of an array fed 
with transmission ines whose lengths were designed using 
the Arrayfeed! program to take into account the actual load 
impedances of elements in a phased array. This model is 
mounted over "perfect? ground. 

Click the View Ant button to show the array. Note 
ibat the lengths of the lines from the source (circle) to the 
elements don't represent the actual physical lengths of the 
lines. In the main window, click on the Trans Lines line to 
‘open the Transmission Lines window. In it you can see that 
the lengths of the eed lines, both of which are connected to 
the same source, are about 81° and 155°, a difference of 74° 
rather than 90°. 

Inthe main window, click the Currents button and take 
a look at the current shown for segment 1 of wires I and 2. 
These are the currents at the element feed points. The ratio 
of the magnitude of currents is 4.577/4.561 = 1.003, and 


the phase difference is -S6.3°-(-147.5°) = 91.2°. (A more 
accurate determination of feed-line lengths with program. 
Arrayfeed] gives lengths of 80.61 and 153.70, resulting in 
a current ratio of 1.000 а phase of 90.02°, But the resulting 
pattern is very nearly the same.) But lets see what happens 
‘when we make the lines exactly 90° different in length 

First, click the FF Plot button to generate the azimuth 
pattern of the original model. Save the plot for future refer- 
ence as follows: In the plot window, open the File menu and 
select Save Trace As. Enter the name CardTL and click 
Save. Now in the Transmission Lines Window, change the 
length of line number 1 from 80.565 to 90°. Important: In 
the line | Length box, enter 90d to make the line 90° long. 
If you omit the d it will become 90 meters long! Similarly, 
change the length of line 2 to 180° by entering 180d in the 
line 2 Length box, then press Enter on your keyboard so that 
EZNEC will accept the last change. 

Click FF Plot to generate a райег with the new line 
lengths, In the plot window, open the File menu and select 
Add Trace. Enter the name CardTL and click Open. You 
should now see the original plot and new plot overlaid to- 
gether. Notice that the gain of the modified model is about 
1 dB greater than the original, but the front-o-back ratio has 
deteriorated to about 10 dB. 

Experiment with different combinations of line lengths 
that differ by 90°—for example, 45° and 135° (don't forget 
the 0 h. or change the impedance of one or both lines and 
you'll se that you can get a wide variety of patterns. None, 

бош putem. 


however, are likely to be as close to the ideal си 
as the original. 
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Broadband Antenna 
Matching 


Antenna systems that provide a good impedance 
match to the transmitter over a wide frequency range have 
been a topic of interest to hams for many years. Most 
emphasis has been focused on the 80-meter band since a 
conventional half-wave dipole will provide better than 2:1 
SWR over only about one-third of the 3.5 to 4.0 MHz band. 
The advant 
adjustments during tune-up and an antenna tuner may not 
be required, 

This chapter was written by Frank Witt, АПН, who has 
written numerous articles in OST and in The ARRL Antenna 
Compendium series on this subject. See the Bibliography for 
details 

The term broadband antennas has frequently been 
used to describe antenna systems that provide a wideband 
impedance mateh to the transmitter This is something of 
a wide range of frequencies and are therefore “broadband 
antennas" by definition. The problem is getting the energy 
10 the antenna so it can be radiated. Antenna tuners solve 


of a broadband match is obvious—fewer 


this problem in some cases, although losses in transmission 
lines, baluns and the antenna tuner itself can be excessive. 
Also worthy of mention is that antenna directional 
properties are usually frequency dependent. In this chapter, 
we discuss broadbanding the impedance match to the 
transmitter only. 


GENERAL CONCEPTS 


The Objective 

Fig 1 shows a simplified system: the transmitter, an 
SWR meter and the transmitter load impedance. Modern 
transceivers are designed to operate properly into a 50-62 
load and they will deliver full power into the load 
impedance, at their rated level of distortion, when the 
SWR is less than about 1.5:1. Loads beyond this limit 


may cause the transceiver to protect it 
the output power. 

Many transceivers have built-in automatic antenna 
tuners that permit operation for loads outside the 1.5-1 
SWR range, but the matching range is often limited, 
particularly on the lower-frequency bands. In practice, 
barefoot operation is simplified if the load SWR is held to 
less than 2:1 

For high-power amplifies, И is also best io keep the 
load SWR to less than about 2:1, since output tuning 
‘components are commonly rated to handle such loads. You 
can see that the primary function of the SWR meter in 
Fig 1 is to measure the suitability of the load impedance 
so far as the transmitter is concerned. Henceforth, we will 
use the term load SWR as a description of the transmit 
load. 

Th 
tion at a single point in the syste 
really measures magnitude of the reflection coefficient, 
but is calibrated in SWR. The relationships between the 
complex load impedance, Z,, the magnitude of the reflec- 
tion coefficient, |p|, and the load SWR are as follows: 


elf by lowering 


SWR meter is actually reading a circuit condi- 


In fact, the meter 


pj- 2 (Eq 1) 
P eso] 
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Fig 1— Basic antenna system elements at the output of 
а transmitter 
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ice impedance, since the 


load impedance for the transmitter is assumed to 
be 502. 

An important point is that you need not know the out- 
put impedance of the transmitter to design a broadband match- 
ing network. The issue of the actual value of the output 
impedance of typical RF power amplifiers is a 
tinuing controversy in amateur circles. Fortunately, this 
issue is not important for the design of broadband matching 
networks, since the load SWR is independent of the output 
impedance of the transmitter. Our objective is to design the 
matching network so that the load SWR (with a 50-0 refer- 
ence resistance) is less th 
A band as possible. 


ter of con- 


value, say 2:1, over as wide 


Resonant Antennas 
The broadband matching techniques described here 
apply to antennas operating near resonance. Typical 
resonant antennas include half-wave dipoles, quarter-wave 
verticals over a ground plane and full-wave loops. To 
design a broadband matching network, you must know the 
‘antenna feed-point impedance near resonance. Fig 2 shows 
the antenna-impedance equivalent circuit near resonance, 
Although the series RLC circuit is an approximation, it is 
good enough to allow us to design matching networks that 
significantly increase the band over which a good match 
to the transmitter is achieved. 
Note that the impedance is defined by Fo, th 
mant frequency, Ra, the antenna resistance at resonance, 
d Ол. the antenna Q. Ra is actually the sum of the 
radiation resistance and any loss resistance, including 


о! 


Fig 2—The equivalent circuit of a resonant antenna. 
The simple series RLC approximation applies to many 
resonant antenna typos, such as dipoles, monopoles, 
and loops. Ry, Од and Р, are properties of the entire 
antenna, as discussed in the text. 
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conductor losses and losses induced by surrounding 
objects, such as the ground below the antenna. R is fre- 
quency dependent, but it is sufficient to assume it is fixed 
during the matching network design process. Minor 
adjustments to the matching network will correct for the 
frequency dependence of Ry, 

‘The antenna resistance and Q depend on the physical 
properties of the antenna itself, the properties of ground 
and the height above ground. Consider as an example an 
'80-meter horizontal half-wave dipole made from #12 wire 
located over average ground (dielectric constant = 13 and 
conductivity = 5 mS/m). Figs 3 and 4 show how feed- 
point resistance and Q vary with height. П is clear from 
these figures that there are wide gyrations in antenna 
parameters. The better these parameters are known, the 
more successful we will be at designing the broadband 
matching network. For horizontal dipoles, Figs 3 and 4 
тау be used to get a good idea of antenna resistance and 
©, so long as the height is scaled in proportion to 
wavelength. For example, a 160-meter dipole at a height 
of 100 feet would have about the same resistance and О 
as an SO-meter dipole at 50 feet. 

For optimum results, the resistance and Q ean be 


кө 


Fig 3—Feed-point resistance (solid ine) for 80-metor 
horizontal dipole at resonance versus height over 
ground. The free-space value is shown as a dashed 
line. 


A 


Fig 4- Antenna О for 80-meter horizontal dipole (solid 
lino) versus height. The free-space value is shown as а 
dashed lin 


determined from computer simulation (using a program 
like EZNEC, for example) or measurement (using a low 
power SWR/Z meter such as the MFJ-259B or the Autek 
Research VAI or RF-1). Ry can be computed using SWR 
measurements at resonance. Fig 5 shows the typical bowl- 
shaped SWR curve as a function of frequency for а reso- 
mant antenna. Sy is the SWR at resonance. You must take 
into account the loss of the feed line if the measurement 


must be made at the end of a long 50-12 transmission line. 
If the line loss is low or if the measurement is made at 
the antenna terminals, the formulas given below apply 


For Ry > 50. 


Ry =$, 50 (ваз 
For Ra són 
5 (Eq 4) 


Ra 
Ey 

There is an ambiguity, since we do not know if Ry is 
greater than or less than 50 ©. A simple way of resolving this 
ambiguity is to take the same SWR measurement at resonance 
with a 10-0 non-inductive resistor added in 
series with the antenna impedance. If the SWR goes up, R > 
WR goes down, Ry < 45.2. This will resolve the 


Ол may be determined by measuring the SWR band- 
width. Define BW, as the bandwidth over which the reso- 
nant antenna SWR is less than 2:1 (in the same units as Fo). 
See Fig 5. 


For Ry > 500 


mof (E45) 
hss, П ч 
Qa = ту \?55% 


7 (Eq 6) 


Again, you must take into account the loss of the feed 


Fig 5—SWR at the antenna versus frequency in the 
Vicinity of resonance. 


line if you make the measurement at the end of a long 
50-0 transmission line. 


For horizontal and inverted-V half-wave dipoles, a 
very good approximation for the antenna O when Ry is 


known is given by: 


»& | (Eq) 


Qa 


Where D = the diameter of wire, in inches. 


Loss 
When you build a resonant antenna with some 
matching scheme designed to increase the bandwidth, you 
might overlook the loss introduced by the broadband 
matching components. Loss in dB is calculated from: 


Loss blog Power fasted by amenna (Eg 8) 
* Total power from transmitter 

or, alternatively, define efficiency in % as 
100 x Power radiated by antenna (Eq 9) 


Efficiency 
У тош power from transmitter 


2 " 
gps 21 
E H 


Fig 6—Matching the dipole with a complementary RLC 
network greatly improves the SWR characteristics, 
nearly 1:1 across the 3.5-MHz band. However, the 
relative loss at the band edges is greater than 5 dB. 
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An extreme degree of bandwidth broadening of an 80- 
meter dipole is illustrated in Fig 6. This approach is not 
recommended, but it is offered here to make a point. The 
broadening is accomplished by adding resistive losses. From 
work theory we obtain the RLC (resisto, inductor, 
capacitor) matching network shown. The network provides 
the complement of the antenna impedance. Note that the 
SWR is virally 1:1 over the entire band (and beyond), but 
the efficiency falls off dramatically away from resonance 
"The band-edge efficiency of 25 to 30% shown in 
Fig 6 means that the antenna has about 5 о 6 dB of loss 
ideal dipole. At the band edges, 70 to 75% 
of the power delivered down the transmission line from 
the transmitter is heating up the matching-network 
resistor For a 1-KW output level, the resistor must have a 
power rating of at least 750 W! Use of an RLC 
complementary network for broadbanding is not 
recommended, but it does illustrate how resistance (or 
е matching network can significantly increase 
the apparent antenna SWR bandwidth 
"The loss introduced by any broadband matching 
approach must be taken into consideration. Lossy matching 
networks will usually provide more match bandwidth 
improvement than less lossy ones. 


relative to an 


losses) in 


SIMPLE BROADBAND MATCHING TECHNIQUES 


The Cage 

You can increase the match bandwidth of a sing 
wire dipole by using a thick radiator, one with a large 
diameter. The gain and radiation pattern are essentially 
the same as that of a thin-wire dipole. The radiator does 
mot necessarily have to be solid; open construction such 
as shown in Fig 7 may be used. 

The theoretical SWR response of an 80-meler cage 
dipole having a 6-inch diameter is shown in Fig 8. BW, 
for this antenna fed with $0- line is 287 KHz, and the Q 
is approximately 8. Is 2:1-SWR frequency range is 1.79 
times broader than a dipole with a Q of 13, typical for 


thin-wite dipoles. 

‘There are other means of creating а thick radiator, 
thereby gaining greater match bandwidth. The bow-tie and 
the fan dipole make use ofthe same Q-lowering principle 
аз the cage for increased match bandwidth. The 
bbroadbanding techniques described below are usually more 


practical than the unwieldy eage dipole. 


Stagger-Tuned Dipoles 

A single-wire dipole exhibits a relatively narrow 
bandwidth in terms of coverage for the 3.5 to 4.0-MH2 
band. A technique that has been used for years to cover 
the entire band is to use two dipoles, one cut for the CW 
portion and one for the phone portion. The dipoles are 
connected in parallel at the feed point and use a single 
feeder. This technique is known as stagger tuning. 

Fig 9 shows the theoretical SWR response of pair 
of stagger-tuned dipoles fed with 50-0 line. No mutual 
coupling between the wires is assumed, a condition 


= 


Fig в—Тһеогейса! SWR versus frequency response 
for a cago dipolo of length 122 feet 6 inches and a 
spreader diameter of 6 inches, fed with 50-0 line. Tho. 
2:1-SWR bandwidth frequencies are 3.610 and 

3.897 MHz, with a resulting BW, of 287 kHz. 


Fig 7—Construction of a cage dipole, which has some resemblance to a round birdcage. The spreaders need not 
be of conductive material, and should be lightweight. Between adjacent conductors, the spacing should be 0.02 A 


or less. The number of spreaders and their spacing should 
(Separation 

of the radiator wires. 
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be sufficient to maintain a relatively constant 


HA 


y (une) 


Fig 9— Theoretical SWR response of two stagger- 
They are connected in parallel at the 
ed with 50-0 line. The dipoles are of 
wire such as #12 or #14, with total lengths of 119 and 
132 feet. 


[rapidos 


that would exist if the two antennas were mounted at right 
angles to one another. As Fig 9 shows, the SWR response 
is less than 19:1 across the entire band. 

A difficulty with such crossed dipoles is that four 
supports are required for horizontal antennas. A more 
common arrangement is to use inverted V dipoles with a 
single support, atthe apex of euch element. The radiator 
wires can also act as guy lines for the supporting mast. 

When the dipoles are mounted at something other 
than a right angle, mutual coupling between them comes 
into play. This causes interaction between the two. 
elements- tuning of one by length adjustment will affect 
the tuning of the other. The interaction becomes most 
critical when the two dipoles are run parallel to each other, 
suspended by the same supports, and the wires are close 
together. Finding the optimum length for each dipole for 
total band coverage can become a tedious and frustratin 
process. 


e | rig 10—at A, datas ofthe inverse 


adjusting 
‘curve of the inver 
| plane antenna with stagger-tuned 
radials. The objective is to have a 
low SWR for both the CW and SSB 
80/75-meter DX windows. 


к УУ ша 
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Staggor-Tuned Radials 

A variation of the use of stagger tuning has been 
applied by Sam Leslie, W4PK. See his article entitled 
“Broadbanding the Elevated, Inverse-Fed Ground Plane 
Antenna” in The ARRL Antenna Compendium, Vol 6. An 
existing tower with a large beam and VHF/UHF antennas 
оп top is used as an 80-meter monopole, See Fig 10A. The 
feed point is part way up the tower, at a point where th 
metal above it makes up an electrical quarter wavelength 
Four elevated quarter-wave radials are used as a ground 
plane. The radials droop away from the tower. They are 
joined together at the tower but not connected to the tower. 
"The antenna is fed with 50-Q coax and an impedance step- 
down autotransformer (50:22 © unun) located at the tower 
The shield of the coax is carried through the transformer 
and connected to the tower. The coax “hot side" is connected 
19 the junction of the radials. A Q-section made from two. 
paralleled RG-59 coax cables (2, = 75/2 = 37.5 Q) may be 
used instead of the autotransformer, 

The broadband match is achieved by cutting two. 
opposing radials for one end of the desired match range 
(75 meters) and cutting the other two for the other end of 
the range (80 meters). See Fig 10B for the resultant SWR. 
versus Frequency characteristic. 


FEED-LINE IMPEDANCE MISMATCHING 
"The simplest broadband matching network is a trans- 
former at the junction of the transmission Jine and the 
antenna. See Frank Witt's article entitled “Match Band- 
width of Resonant Antenna Systems” in October 1991 
OST. Observe that the impedance of the series RLC reso- 
nant antenna model of Fig 2 increases at frequencies away 
from resonance. The result is that more bandwidth is 
achieved when SWR at resonance is not exactly 1:1. For 
example, if the antenna is fed with a low-loss 50-0 trans- 
mission line, the maximum SWR bandwidth is obtained 
if the effective Ry = 50/1.25 = 40 Q. The improvement in 
BW, the 2:1 SWR bandwidth, over a perfect match at 
6%, however. Th tion of Ry 
40 сап be achieved by installing a transformer at the 
junction of the feed line and the antenna 
Ir the line los is lar 
terms of bandwidth by deliberately mismatching 
antenna. If the matched-line loss is 2 dB, the improve- 
ment rises to 18%. To achieve this requires an Ry = 28.2 
improvement over a perfect match at reso- 
nance is modest. 


Tt is interest 


to compare the 2:1 SWR bandwidth 
(at the transmitter end of the line) for the case of a lossless 
line versus the case of 2-48 matched-line loss. BW, for 
the lossy line case is 1.95 times that of the lossless line 
case, so substantial match bandwidth improvement occurs, 
but at the cost of considerable loss. The band edge loss 
forthe lossy 

‘This example is provided mostly as a reference for 
comparison with the more desirable broadbanding 


ne case is 3 dB! 
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techniques below. It also explains why some installations 
with long feed lines show large match bandwidths. 


PARALLEL-TUNED CIRCUITS AT THE 
ANTENNA TERMINALS 


As mentioned previously, а resonant antenna has an 
equivalent circuit that may be represented as a series RLC 
circuit. We can cancel out some of the antenna reactance 
away from resonance with a parallel-tuned circuit 
connected across the antenna terminals. The impedance 
level of the parallel-tuned circuit must be low enough to 
be effective 


nd must have the same resonant frequency 

You cun use a parallel-tuned circuit made 
"with lumped LC components or with transmission-line 
segments. A quarter-wave transmission line with a short 
at the far end, or a half-wave line with an open at the far 
end, each behave like  parallel-tuned LC circuit 


The Double Bazooka 

‘The response of the controversial double bazooka 
antenna is shown in Fig 11. This antenna actually consists 
of a dipole with two quarter-wave coaxial resonator stubs 
connected in series. The stubs are connected across the 
antenna terminals. 

Not much bandwidth enhancement is provided by this 
resonator connection because the impedance of the 
matching network is too high. The antenna offers a 2:1- 
SWR bandwidth frequency range that is only 1.14 times 
that of a simple dipole with the same feeder. And the 
bandwidth enhancement is partially due to the "far" 
antenna wires composed mostly of the coax shield. No 


From (st) 


Fig 11—The double bazooka, sometimes called а 
coaxial dipole. The antenna is solf-resonant at 

375 MHz. The resonator stubs are 43.23-foot lengths 
ol RG-58A coax. 


improvement in antenna gain or pattern over а thin-wire 
dipole can be expected from this antenna. 


The Crossed Double Bazooka 
A modified version of the double-bazooka antenna 
is shown in Fig 12. In this case, the impedance of the 
thing network is reduced to one-fourth of the 
impedance of the standard double-hazooka network. The 
lower impedance provides more reactance correction, and 
hence increases the bandwith Frequency range noticeably, 
to 1.55 times that of a simple dipole. Notice, however, 
that the efficiency of the antenna drops to about 80% at 
the 2:1-SWR points. This amounts to a loss of 
approximately 1 dB. The broadbanding, in part, is caused 
by the losses in the coaxial resonator stubs (made of RG- 
58A coax), which have a remarkably low О (only 20). 


MATCHING NETWORK DESIGN 


Optimum Matching 

You can improve the match bandwidth by using a 
transformer or a parallel-tuned circuit at the antenna 
terminals. A combination of these two techniques can yield 
a very effective match bandwidth enhancement. Again, you 
сап make the impedance transformation and implem 
the tuned circuit using lumped-circuit elen 
(transformers, inductors and capacitors) or with 
distributed-circuit elements (transmission lines). 

In 1950, an article by R. M. Fano presented the theory 
of broadband matching of arbitrary impedances. This cassie 


work was limited to lossless matching networks. 
ge 


Fig 12—The crossed double bazooka ylelds bandwidth 
improvement by using two quarter-wave resonators, 
parallel connected, as a matching network. As with the 
double bazooka, the resonator stubs are 43.23-foot 
lengths of RG-58A coax. 


Unfortunately, matching networks realized with transmission 
lines have enough loss to render the Fano results useful as 
only a starting point in the design process. A theory of. 

iching with lossy matching networks was 
an article by Frank Wit entitled “Optimum 
Lossy Broadband Matching Networks for Resonant 
Antennas” that appeared in April 1990 RF Design and was 
summarized and extended in “Broadband Matching with the 
Transmission Line Resonator.” in The ARRL Antenna 
Compendium Vol 4. 

Using a matching network, the 2:1 SWR bandwidth 
сап be increased by a factor of about 2.5. Instead of the 
familiar bowl-shaped SWR versus frequency characteristic 
seen in Fig 5, the addition of the matching network yields 
the W-shaped characteristic of Fig 13. The maximum SWR 
over the band is Sy. The band edges are Fy, and Fy Thus 
the bandwidth, BW. and the center frequency, Fy, are 


BW =F =F (Eq 10) 
Fa = RF (Fa) 


Fig 14 shows the pertinent equivalent circuit for a 
typical broadband antenna system. The parallel LC match- 
ing network is defined by its resonant frequency, F (which 


is the same as the resonant frequency of the antenna), its 
© and its impedance level. The impedance level is the 
reactance of g network inductance oF 
capacitance at Fy, TI 


ч the match 


e optimum transmitter load resistance, 


Fig 13—W-shaped SWR versus frequency 


characteristic that results when a transformer and 
parallel LC matching network are used. 


Fig 14—Assumed equivalent circuit for the broadband 
matching system. The antenna and the matching 
network have the same resonant frequency. 
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Rg, is achieved using an impedance transformer between 
the transmitter and the input to the parallel-tuned circuit 
Thus for a transmitter whose optimum load resistance is 
50 0, the required impedance transformer would have an 
impedance transformation ratio of 50:Rg 

The goal is to keep the SWR over à 
possible. There is а best or minimum value of Sy, that 
may be achieved over the entire band, It depends on the 
desired match bandwidth and the Q's of the antenna and. 
matching network and is given by the following formula: 


band as low as 


W. е8) 


© 


where By 


Ол = antenna Q 


Qu = matching network Q. 
‘The reactance at resonance of the parallel tuned LC. 
matching network is give 


c‏ م 


Ra = antenna resistance in ©. 


The transmitter load resistance is calculated from: 


(Eg 14) 


1g network is always greatest 
edges of the band. This loss, луу, in dB, is given 


(Ey 15) 


seded to design 
an optimal broadband matching network. An 80-meter 
dipole will serve as an example to illustrate the procedure. 


‘The following parameters are assumed: 


35 MHZ 
40 MHz 
520 

©=13 

Qx = 4065 


‘The values of Ra and Од are reasonable values Гог 
an 80-meter inverted V with an apex 60 feet above ground, 
Qu = 40.65 is the calculated value of the Q of a resonator 
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made from RG-213 or similar cable in the middle of the 


band. The results are 
5 MHZ 
3.742 MHZ 


(rom Eg 10) 
(from Eg 11) 
(from Eg 12) 
(from Eq 13) 
(from Eg 14) 
(from Eq 15) 


9480 
1.32 dB 


Lave 
Shown in Fig 15 is the plot of SWR and matchi 


network loss versus frequency for this example. The ref- 
erence resistance for the SWR calculation is Rg or 94.8 
9. Since the desired load resistance for the transmitter is 
50 0, we need some means to transform from 94.8 © to 
50. The examples given in the rest of this chapter will 
Show a variety of ways of achieving the necessary imped- 


апсе transformation, 

The meaning of Xyp = 15.9 Q is that the inductor 
and the capacitor in the matching network would each 
have a reactance of 15.9 @ at 3.742 MHz. Methods Гог 
obtaining a particular Value of Xyp are shown in the fol- 


— 


Fig 15—SWR and matching-network loss for example. 
Noto that Sy ls exactly 1.8 and the band-edge loss is 
exactly 1.32 dB, as calculated. 


as the matching network. 


lowing examples as well. The particular value of Ху, of 
this example may be obtained with a one-wavelength reso- 
nator (open-circuited at the far end) made from RG-213. 
The system described in this example is shown in Fig 16. 
The broadband antenna system shown in Fig 16 has 
а desirable SWR characteristic, but the feed line to the 
transmitter is not yet present, Fortunately, the same cable 
segment that makes up the resonator may be used as the 
feed line. A property of a feed line whose length is a 
nultiple of 3/2 (an even multiple of 2/4) is that its input 
impedance is à near replica of the impedance at the far 
end. This is exactly true for lossless lines at the Frequencies 
where the 242 condition is true. Fortunately, practical lines 
have low-enough loss that the property mentioned above 
is true at the resonant frequency. ОП resonance, the desired 
reactance cancellation we are looking for from the resonant 
apply. 


Tne ake place The very same design equation 
Ta Fig 17, he amenna shown in Fig 16 is moved to 
the far end of the 1 resonator. The SWR and lous frin 


case are shown in Fig 18, which should be compared with 
Fig 15. The SWR is only slightly degraded, but the loss is 
about the same at the bund edges. We have picked up a 
feed line that is 1A long (173.5 feet) and broadband 
matching. You cun make the SWR curve virtually the same 
as that of Fig 15 if the transmitter load resistance is 
increased from 94.8 £ to 102 Q. From a practical point of 
view, this degree of design refinement is unnecessary, but 
is instructive to know how the SWR characteristic may be 
‘controlled. You may apply the same approach when the 
resonator is am odd multiple of a wavelength, but in that 
‘ease the transmitter or antenna must be connected 2/4 from 
the shorted end, 


reme | РЕЙ 
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Fig 17—The antenna is at the far end of the 1- lin. 
The line does double duty— broadband matching and 
signal transport. 


Chebyshev Matching 
Although i is not as efficient from the standpoint of 
bandwidth improvement and loss, Chebyshev matching 
is useful for some purposes. This arrangement yields а 
transmitter load impedance of 50 + j O Q at two frequen- 
cies in the band. The matching network circuit is the same 
as the optimum matching case, but the parameters are 
different. In this case, we assume that the antenna 
parameters, Fo, Ra and Qa, the network O and the maxi- 
mum SWR over the band are specified. The bandwidth, 
impedance level and generator resistance are given by 


awe. De 
OO 
+Qx)llQa +20x)Su -Q4 Su -12 
5м | 
(Eg 16) 
(Eg 17) 
(E 18) 


"The loss at the band edges is given by Eq 15. The 
frequencies where the transmitter load is 50 + j 0 ©, Fy, 
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Fig 18—SWR and loss for a 1-1 50-0 feed line. The 
antenna system model is the one shown in Fig 17. 
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LC-MATCHING NETWORKS 

Before the theory of optimal matching above was 
developed, Frank Witt, АПН, described in his article 
“Broadband Dipoles—Some New Insights” in October 
1986 OST the basic principle and some applications of 
LC matching networks, Fig 19 shows an LC matching 
network that is a modified version of one originally 
proposed by Alan Bloom, NIAL. Note that the basic 
ingredients are present: the parallel-tuned circuit for 
reactance cancellation and a transformer. 


"The network also functions as a voltage balun by 
connecting the shield of the coaxial feed line to the center 
tap of the inductor. The capacitor is connected across the 
entire coil to obtain practical element values. The SWR 
response and efficiency offered by a network of lumped 
components is shown in Fig 20, The 2:1-SWR bandwidth 
With 50-0 line is 460 kHz. The design is a Chebyshev 
atch, where SWR = I: is achieved at two frequencies 
For the same configuration, more match bandwidth and 
less loss could have been realized if the optimal 
theory had been applied. 

The efficiency at the band edges for the antenna sys- 
tem shown in Fig 20 is 90% (Loss = 0.5 dB). This low 
loss is due to the high Q of the LC matching network 
(Qx = 200). The very low-impedance level required 
(Хуу = 12.4 Q) cannot be easily realized with practical 
inductor-capacitor values. It is for this reason that the 
coil is tapped and serves as an autotransformer with mul- 
tiple taps. The required impedance transformation ratio 
of 1:28 is easily achieved with this arrangemer 


ich 


80-Meter DXer's Delight 

A version оГ an antenna system with an LC 
broadbanding network is dubbed the 80-merer DXer's 
Delight. This antenna has SWR minima near 3.5 and 
3.8 MHz. A single antenna permits operation with a 
transmitter load impedance of about 50 Q in the DX 
portions of the band, both CW and phone. The efficiency 


Fig 19—A practical LC matching network that provides 
reactance compensation, impedance transformation 
and balun action 
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and SWR characteristic are shown in. 


Fig 22 shows the method of construction. The 
selection of a capacitor for this application must be made 
carefully, especially if high power is to be used. For the 
capacitor described in the caption of Fig 22, the allowable 
peak power (limited by the breakdown voltage) is 2450 W. 
However, the allowable average power (limited by the RF 
current rating of 4 A) is only 88 W! These limits apply at 
the 1.8:1 SWR points, 


ly pE 
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Fig 20- Eficient broadband matching with a lumped 
‘element LC network. The antenna in this example has а 
resistance of 72 Q and a Q of 12. The matching network 
has an impedance level of 12.4 û, and a Q of 200. The 
feed line is 50-0 coax, and the matching network 
provides an impedance step-up ratio of 2.8:1 
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Fig 21—The 80-meter Pecs Delight permits operation 
with a 50-0 transmitter load In the DX portions of the 
band, both CW and phono. This network was designed 
to provide a broadband match for an inverted V with 

Fo = 387 MHz, an antenna resistance of 60 Q and a Q 
of 13. Tho matching network has an impedance level of 
9 û, and a Q of 220. The feed line is 50-0 coax, and the 
matching network provides an impedance step-up ratio 
of 20:1. 


Fig 22—A method of 
‘constructing the LC 
broadband matching 
network. Components 
must be chosen for 
high Q and must have 
‘adequate voltage and 
Current ratings. The 
network is designed 
for use at the antenna 
feed point, and should 
be housed in a 


‘component values. 
are as follows 
C1400 pF 
transmitting mica 
rated at 3000 V, 
4A (RE) 
L1—4.7 ph, % 
turns of BAW coil 
stock, type 3029 (6 
turns por in., 2 .in dla, 412 wire). 
The LC circuit is brought to midband resonance by 
adjusting an end tap on the inductor. The primary and 
‘ondary portions of the coil have 1. and 27: turns, 
rospectivel 


PROPERTIES OF TRANSMISSION-LINE 


RESONATORS: 
Опе way around the power limitations of LC broadband 
matching networks is to use а transmission line as the 


resonator. Transmission line resonators, TLRS, typically have 
er power-handling capability because ће losses, though. 
er are distributed over the length of the ine instead of 
being concentrated in the lumped-LC components. 
‘Transmission-line resonators must be multiples of a quater 
wavelength. For а parallel-tuned circuit, the odd-muliple 
JA lines must be shorted at the far end and the cven-mulple 
244 lines must be open circuited, 
‘The length of the match 
electrical quarter wavelengths. The impedance level, O, 


and line length are given by: 


network resonator is n. 


or, solving for Zo. 


ee 


" P 
4 
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where 
Zy = line characteristic impedance in © 
Aq = matched line loss in dB per 100 feet 
velocity factor, and 


Ly 

‘These equations may be used to find the properties 
‘of the transmission line resonator in the systems shown in 
Figs 16 and 17, The line is RG-213 with the following 


line length in feet. 


We need the matched loss at 3.742 MHz. Since the 
line loss is approximately proportional to frequency . 


(425) 


where Ауд and Ару are the matched line losses at fre- 
quencies F and Еу, respectively. Hence, 

Au 
Oy 


387 dB/100 feet at 3.742 MHZ 
40.65 


(from Eq 23) 


"This is the Q of any resonator made from RG-213 
for a frequency of 3.742 MHz. It does not matter how 
Earlier we calculated that the required impedance level, 


many quarter wavelengths (n) make up the cable segme 


Ху. is 159 O. Therefore, the required impedance level 


плх159 


Я (from 
$ 


This means that you could use a quarter-wavelength 
segment with a short at the far end if Zg = 12.5 Q, or a 
half-wavelength segment with a open at the far end if 

5 0. Our example used an open-circuited ful-wave- 
¡gh resonator (n = 4) with a Z of 50 ©. This example 
was crafied to make this happen (so that it fits RG-213 
properties), but it illustrates that some juggling is required 
lo obtain the right resonator properties when it is made 
from a transmission line, since we are stuck with the 


‘cable's characteristic impedance. 


‘The TLR Transformer 

A way around the limitation created by available char- 
acteristic impedance values is to use the transmission-line 
resonator transformer. The basic idea is to make the con- 
nection to the TLR at an intermediate point along the line 
instead of at the end of the line. It is analogous to using 
laps on a parallel-tuned LC resonant circuit to achieve 
transformer action (See Fig 19). The nature of the trans- 
former action is seen in Fig 23, where the ends of the trans- 
former are designated 1-1 and 2-2. The impedance ratio 
of the transformer, Nz, is approximated by 
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Fig 23—Transformer action in the TLR. The definition of 
transformer terminals depends on whether the TLR end 
is open: or short-circuited. 8 is the distance between 
the minimum of the voltage standing wave (at 
'sonance) and the connection point, expressed as 


МЕТ (8426) 
The distance i feet, x is given by 

sol, e ЕЛ 
40 R 


This approach may be used for the connection of the 
TLR to the transmitter or to the antenna or both. An 
example will help make the power of the TLR transformer 
clear. We want to broadband match ап 80-meter dipole 
(where Fy is 3.742 MHZ, Ra is 65 @ and О, is 13). The 
feed line is RG-213 50-0 cable, and the total distance 
between the antenna and transmitter is less than 100 feet. 

Since we know that Zp = 50 Q, we will design a pro- 
totype system with a . X TLR (n=3). Since n is odd, the 
TLR must be shorted at one end, and we will place the 
short at the transmitter end of the line. The intermediate 
step of using a prototype system will enable us to design a 
system with the final TLR, but without transformer ac- 
tion. Then we'll calculate the proper connection points 
along the TLR. Fig 24 shows the prototype system and 
the system with built-in transformers. 

Note thatthe prototype antenna is connected to the 
‘open end of the TLR. The prototype generator (transmit- 
ter) is connected at a multiple of 1/2 from the antenna. 
Here, at resonance, an approximate replica of the antenna 
will appear. We will use primed variables to indicate pro- 
den pe antenna system elements, The prototype antenna 
differs from the actual antenna in impedance level, so only 
Ra will change. Fy and Q remain the same. 

Starting with the % A TLR, we have: 


Xs 22120 (from Eq 22) 
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Fig 24—Ап optimized antenna system with а, TLR 
made from RG-213 coaxial cable. The prototype 
System at A is a convenient intermediate step in the 
design process. At B is the configuration with TLR 
transformers. It has an open stub, Lo, a link, L (which 
serves as the feed line), and a shorted stub, Ls- 


The prototype antenna resistance at resonance, RY, 
is calculated by rearranging Eq 13. 


(Eq 28) 


Earlier we calculated that Qu = 40.65 and Sj, = 

L8. Now we find 

Ry = 76.3.0 (rom Eq 28) 

Ra = 12640 (rom Eg 14) 
‘The electrical angles (in degrees) and connection 

locations (in feet) are given by 


DES (Eq 29) 

[7 (Eq 30) 

х,а, D 
0 

жебе; (um 
0 

where 


2 459۷ 
R 
"The lengths of the stubs and link of Fig 24 are given 
by 
Lo- Lis (Еа 50 
Ls (Eq 34) 
La Lo-ls (Eq 35) 


Since Ly = 434 feet, 
(from Eq 29) 
(from Eg 30) 


Freeney to) 
© 
ge (a 


Tresor (i) 
prm A E тт 
Fig 25—The SWR and loss of the TLR transformer 
antenna system. At A, the results are shown with tho. 
calculated line lengths. At B, the improvement after the 
lengths were optimized is shown in Table 1. At С, for 
comparison, SWR and loss for the same setup as at A, 
but with the stubs removed. 


Table 1 


Calculated and Optimized Parameters Using TLR 
Transformers 


Calculated Optimized 
Dipole resonant 

frequency (Fo) 3.742 MHz 3.710 MHz 
Open stub (Lo) 109 feet 13.1 feet 
Shorted stub (Ls) 18.8 feet 20.1 feat 
Link (La) 100.4 feet 1010 feet 


0.9 feet 
Ls = 18.8 feet 
Ly, = 1004 feet 


(rom Eq 33) 
(rom Eq 34) 
(from Eq 35) 

‘These dimensions are summarized in Fig 24. If 
required, additional 50-0 cable may be added between the 
transmitter and the junction of the shorted stub and the 
link. A remarkable aspect of the TLR transformer, as 
demonstrated in this example, is that it is a transformer 
with multiple taps distributed over a great distance, in this 
cease over 100 feet 

‘The calculated SWR and loss of the antenna system 
with the TLR transformer are shown in Fig 25A. We 
mentioned earlier that the stub calculations are an 
approximation. Fig 25 bears this out, but the changes. 
necessary to achieve the optimized results are relatively 
small. By changing the lengths and dipole resonant 
frequency sli et optimized SWR characteristic 
of Fig 25B results. See Table 1 for a summary of the 
changes required 

“To demonstrate the significant improvement in match 
bandwidth that the TLR transformer provides, the SWR 
and loss of the same dipole fed with 100.4 feet of RG-213 
cable is shown in Fig 25C. The loss added by the two stubs 


used to obtain match bandwidth enhancement is negligible 
(021005 dB) 

A TLR transformer may be used by itself to achieve 
a low-loss narrow-band impedance transformation, 
functioning like a 3/4 Q-section. It is different in nature 
from а Q-section, in that itis true impedance transformer, 
while a © section is an impedance inverter. The TLR 
transformer may be designed into the antenna system and. 
is a useful tool when a narrow-band impedance trans- 
formation is needed, 


Fig 26—Dipole matching methods. At A, the T match; at 
В, the gamma match; at C, the coaxial resonator match. 
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Fig 27—Evolution of the coaxlal-resonator-match 
broadband dipole. At A, а TLR transformer is used to 
match the feed line to the off-center-ed dipole. The 
match and dipole аге made collinear at B. At C, the 
balanced transmission-line TLR transformer of A and B. 
is replaced by a coaxial version. 

the coax can serve as a part of the dip 
wire adjacent to the coax match may be eliminated, D. 


TRANSMISSION-LINE RESONATORS AS PART 
OF THE ANTENNA 


The Coaxial-Resonator Match 
"This material is condensed from articles that appeared 
їп April 1989 OST and The ARRL Antenna Compendium, 
Vol 2. The coaxial-resonator match, a concept based on 
the TLR transformer, performs the same function as the T 
match and the gamma match, that is, matching a 
transmission line to a resonant dipole. These familiar 
natching devices as well as the coaxial resonator match 
are shown in Fig 26. The coaxial resonator match has some 
Similarity to the gamma match in that it allows connection 
of the shield of the coaxial feed line to the center of th 
dipole, and it feeds the dipole off center, The coaxial 
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Fig 28—Dimensions for the 80-Meter MHz DX Special, 
an antenna optimized for the phone and CW DX 
Portions of the 3.5-MHz band. The coax segment 
lengths total to one quarter-wavelength. The overall 
length is the same as that of a conventional inverted V 
dipole. 


resonator match has a further advantage: lt can be used to 
broadband the antenna system while providing an. 
impedance match. 

The coaxial resonator match is а resonant transformer 
made from a quarter-wave long piece of coaxial cable. 
Fig 27 shows the evolution of the coaxial-resonator match. 
Now it becomes clear why coaxial cable is used for the 
quarter-wave TLR transfor 
dipole and the matching network is minimized. The 
effective dipole feed point is located at the crossover, 
"which is an off-center feed point. In effect, the match is 
physically located “inside” the dipole. Currents flowing 
оп the inside of the shield of the coax are associated with 
the resonator; currents flowing on the outside of the shield 
of the coax are the usual dipole currents. Skin effect 
provides a degree of isolation and allows the coax to. 
perform its dual function. The wire extensions at each end. 
make up the remainder of the dipole, making the overall 
length equal to one half-wavelength, 

А useful feature of an antenna usin 


u interaction between the 


the coaxial- 
resonator match is that the entire antenna is at the same 
de potential as the feed-line potential, thereby avoiding 
charge buildup on the antenna. Hence, noise and the 
potential of lightning damage are reduced. 

Fig 28 shows the detailed dimensions of an 80-meter 
inverted-V dipole using a coaxial-resonator match. This 
design provides a load SWR better than 1.6:1 from 3.5 to 
3.825 MHz and has been named the 80-Meter DX Special. 
"The coax is an electrical quarter wavelength, has a short at 
опе end, an open at the other end, a strategically placed. 
crossover, and is fed at a tee junction. (The crossover is 
made by connecting the shield of one coax segment to the 
center conductor of the adjacent segment and by connecting. 
the remaining center conductor and shield in а similar way.) 
‘The antenna is constructed as an inverted-V dipole with a 
110° included angle and an apex at 60 feet. The measured 
SWR versus frequency is shown in Fig 29. Also in Fig 29. 


(oe 


Fig 29—Moasurod SWR performance of the 80-Meter 
DX Special, curve A. Note the substantial 
broadbanding relative to a conventional 
uncompensated dipole, curve B. 


Fig 30—Т and crossover construction. At A, a 24пеһ PVC 
pipe coupling can be used for the T, and at B, а 

‘Linch coupling for the crossover. These sizes are the 
nominal inside dlameters of the PVC pipe that is normally 
used with the couplings. The T could be made from 
standard UHF hardware (an M-358 T and a PL-258 
coupler) An alternative construction for the crossove 
‘shown at C, where a direct solder connection is made 


is the SWR characteristic for an uncompensated inverted- 
V dipole made from the same materials and positioned 
exactly like the broadband version. 

The 80-Meter DX Special is made from RG-213 
coaxial cable and #14 AWG wire, and is fed with 50-0. 
coax. The coax forming the antenna should be cut so that 


the stub lengths of Fig 28 are within "s inch of th 
specified values. PVC plastic-pipe couplings and 50.239 
UHF chassis connectors сап be used to make the T and 
crossover connections, as shown in Fig 30A and 308. 


Alternatively, a standard UHF T connector and coupler 
can be used for the Т, and the crossover may be а soldered 
connection (Fig 30C). RG-213 is used because of its ready 
availability, physical streng ling capability, 
and moderate loss. 

Cut the wire ends of the dipole about three feet 
longer than the lengths given in Fig 28. Ir there is a tilt in 
the SWR-frequency curve when the antenna is first built, 
it may be flattened to look like the shape 
by increasing or decreasing the wire length. Each end 
should be lengthened or shortened by the same amount 

A word of caution: Ifthe coaxial cable chosen is not. 
RG-213 or equivalent, the dimensions will have to be 
modified. The following cable types have about the same 
characteristic impedance, loss and velocity factor as RG: 
213 and could be substituted: RG-8, RG-SA, RG-10, 
RG-10A and RG-215. If the Q of the dipole is particularly 
high or the radiation resistance is unusually low because 
of different ground characteristics, antenna hei 

ling objects and so on 
lengths will be required. 

What is the performance of this broadband antenna 
relative to that of a conventional inverted-V dipole? Aside 
from the slight loss (about 0.75 dB at band edges, less 
elsewhere) because of the non-ideal matching network, the 
broadband version will behave essentially the same as a. 
dipole сш for the frequency of interest. That is, the radiation 
patterns for the two cases will be virtually the same. 


ower hu 


then different segment 


The Snyder Dipole 

A commercially manufactured antenna utilizing the 
principles described in the Matching Network Design. 
section is the Snyder dipole. Patented by Richard D. 
Snyder in late 1984 (see Bibliography), it immediately 
received much public attention through an article that 
Snyder published. Snyder's claimed performance for the 
antenna is а 2:1 SWR bandwidth of 20% with high. 
efficiency, 

‘The configuration of the Snyder antenna is like that 
of the crossed-double bazooka of Fig 12, with 25-0 line 
used for the cross-connected resonators, In addition, the 
antenna is fed through а 2:1 balun, and exhibits a W-shaped 
SWR characteristic like that of Fig 13. The SWR at band 
center, based on information in the patent document, is 
1.7 to L There is some controversy in professional circles 

ding the claims for the Snyder antem 


The Improved Crossed-Double Bazooka 

‘The following has been condensed from an article 
by Reed Fisher, W2CQH, that appeared in The ARRE. 
Antenna Compendium Volume 2. The antenna is shown in 
Fig 31. Note that the half-wave flat-top is constructed of 
sections of RG-58 coaxial cable. These sections of coaxial 
cable serve us quarter-wave shunt stubs that are essentially 
connected in parallel at the feed point in the crossed 
double-bazooka fashion. At an electrical quarter 
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Fig 31-1 
meter dipole 


ils of the W2COH broadband-matched 80- 


г тезтез (we) 


Fig 32—SWR curvos for the improved double bazooka. 
Curve A, the theoretical curve with 50-0 stubs and a 
34, 75-0 matching transformer. Curve B, measured 
response of the same antenna, built with RG-58 stubs 
and an RG- 59 transformer. Curve C, measurements 
from a dipole without broadbanding. Measurements 
wore made at W2COH with the dipole horizontal at 30 
et 


Fig 33—This simple broadband 
antenna system resembles а 
conventional 80-meter dipole except 
for the N4-wavelength 75-8 segment. 
The lengths of the Q-section, TLR 
(including balun) and dipole аге 

43.3 foot, 170.5 foot, and 122.7 feet, 
respectively. 


wavelength (43 feet) from each side of the feed point X. 


Үле center conductor is shorted to the braid of the coaxial 


cable. 

"The parallel stubs provide reactance compensation 
The necessary impedance transformation at ће antenna 
feed point is provided by the quarter-wave Q-section 
constructed of a 50-foot section of 75-0 coaxial cable 
(RG-59). A W2DU 1:1 current balun is used at the feed. 
point. See Fig 32 for the SWR versus frequency for this 
‘antenna with and without the broadband matching network, 


‘This antenna is essentially that of the crossed double 
bazooka antenna shown in Fig 12, with the addition 
the 75-02 Q-section. The improvement in match 
bandwidth is substantial. The antenna at W2CQH is 

height of 


straight and nearly horizontal with an averag 
about 30 feet 
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TRANSMISSION-LINE RESONATORS AS PART 
or THE FEED LINE 


A Simple Broadband Dipole for 80 Meters 

‘This system was described in an article in September 
1993 QST. It has the advantage that the radiator is the 
same as that of a conventional half-wave wire dipole. Thus 
the antenna is light weight, easy to support and has small 
wind and ice loading. The broadband matching network 
is integrated into the feed lir 
v system is shown in Fig 33. It is a variation of 
the example shown in the Matching Network Design 
section of this chapter as shown in Fig 17. The TLR is a 
1) length of RG-213 50-0 coax and the impedance 
transformation is accomplished with a 75-0 Q-section 


J “ 
Fig 34—Measured SWR versus frequency for the — — == 
broadband and conventional antenna systems. = 


— 


Fig 35—Measured SWR for the 80- and 40-meter 
‘multiband antenna system. 


made of EG. II. The antenna is ani V with a 140 

icluded angle and an apex height of 60 feet, The wire 
size is #14, but is not critical. The balun is a W2DU 1:1 
current type. It easily handles the legal power limit over 
the entire 80-meter band. The measured SWR is shown 
in Fig 34. 

A unique advantage of this antenna is that by 
paralleling a 40-meter dipole at the feed point and sharing. 
the feed line, operation on both 80 and 40 meters is 
possible. The reason for this is that the lengths of the Q- 
section and the TLR are multiples of a half-wavelen, 
оп 40 meters. To minimize the interaction, the two dipoles 
should be spaced from each other away from the feed point 

ist tune the S0-meter antenna and then the dd. meter one. 
a 40-meter dipole to the 
system shown in Fig 33. Each 40-meter dipole I 
344 feet long. Note that the SWR on 80 meters changes 
very litle compared to Fig 
the 80-meter dipole or to the transmission line. 


38 shows the result of addi 


80-Meter Dipole with the TLR Transformer 


m just 
about 214 feet 


concept may be employed to advantage. An example 
provided in “Optimizing the 80-Meter Dipole” in The 
ARRL Antenna Compendium, Vol 4 is shown in Fig 36 
Here the TLR is . A long overall and is made from 
RG-213 50-0 cable. The design applies for an S0-meter 
horizontal dipole, 80 feet above average ground, with an 


Fig 36—Broadbanding with the TLR transformer. The 
dimensions shown apply for an 80-meter horizontal 
dipole 80 feet above average ground. 


assumed antenna Fy, Ry, and Qy of 3.72 MHz, 92 © and 
9, respectively. (See Figs 3 and 4). The lengths must be 
revised for other dipole parameters. 

For this design, the feed line is 113.1 feet long and 
the shorted stub at the transmitter end is 21.6 feet long, 
You can add any length of 50-0 cable between the 
transmitter and the junction of the shorted stub and the 

es a de path to ground for 
both sides of the dipole, preventing charge buildup and 
some lightning protection. For multiband operation with 
an antenna tuner, the stub should be removed. 

‘The general application of the TLR transformer 
concept has a tap at both the transmitter end and a tap at 
the antenna end. (See Fig 24.) In this case, the concept 
was applied only at the transmitter end, since very litle 
impedance transformation was required at the antenna end. 
The location of the TLR transformer is not obvious 


feed line. The shorted stub gi 


Consider a J.. TLR with a short at one end, and an open 
at the other end where the antenna is connected. The 
generator for no impedance transformation would be 
located 2/4 (43.6 feet © 3.72 MHz) from the short. By 
connecting the transmitter 21.6 feet from the short, the 
required impedance transformation for a transmitter 
optimized for 50-0 loads is achieved, 
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Log Periodic Arrays 


This chapter was contributed by L. В. Cebik, 
WARNL. The Log Periodic Dipole Array (LPDA) is one 
of a family of frequency-independent antennas. Alone 
an LPDA forms a directional antenna with relatively con 
stant characteristics across а wide frequency range. It may 
also be used with parasitic elements to achieve specific 
‘characteristic within a narrow frequency range. Common 
names for such hybrid arrays are the log-cell Yagi or the 
Los-Yag. We shall look at the essential characteristics of 
both types of arrays in this chapter. 

‘The LPDA is the most popular form of log-periodie 
systems, which also include zig-zag, planar, trapezoidal, 
slot, and V forms. The appeal of the LPDA version of 
the log periodic antenna owes much to its structural simi- 
larity to the Yagi-Uda parasitic array. This permits the 
‘construction of directional LPDAs that can bo rotated— 
atleast within the upper HF and higher frequency ra 
Nevertheless, the LPDA has special structural as well 
as design considerations that distinguish it from the 
Yagi. A number of different construction techniques for 
both wire and tubular elements are illustrated later in this 
chapter. 


Fig 1—The basic components of a log periodic dipole 
array (LPDA). The forward direction Is to the left in this 
Sketch. Many variations of the basic design are 
possible. 


"The LPDA in its present form derives from the pio- 
neering work of D. E. Isbell at the University of Ilinois in 
the late 19505. Although you may desi 

frequency ranges—for example, from 3 to 30 MHz or a 
litle over 3 octaves—the most common LPDA designs that. 


radio amateurs use are limited to a one-octave range, usu. 
ally from 14 to 30 MHz. Amateur designs for this rang 
tend to consist of linear elements. However, experimental 
s for lower frequencies have used elements shaped 
verted Vs, and some versions use vertically oriented 


desig 
like 
‘1A elements over a ground system. 

Fig 1 shows the parts of a typical LPDA. The struc- 
ture consists of a number of linear elements, the longest 
of which is approximately 15 À long at the lowest design 
frequency. The shortest element is usually about '/ lon 
ata frequency well above the highest operating frequency. 
‘The antenna feeder, also informally called the phase-line, 
connects the center points of each element in the series, 


With а phase reversal or cross-over between each element 
A stub consisting of a shorted length of parallel feed line 
is often added at the back of an LPDA, 

The arrangem hod of feed 
yield an array with relatively constant gain and front-to- 
back ratio across the designed operating range. In addi- 
tion, the LPDA exhibits a relatively constant feed-point 
impedance, simplifying matching to а transmission li 


BASIC DESIGN CONSIDERATIONS 


For the amateur designer 


of elements and the n 


the most fundamental fac- 


ets of the LPDA revolve around three interrelated design 
variables: a (alpha), т (tau), and б (sigma). Any one of 
the three variables may be defined by reference to the 
other two, 

Fig 2 shows the basic components of an LPDA. The 
angle о defines the outline of an LPDA and permits every 
dimension to be treated as a radius or the consequence оГ 
A radius (R) of a circle. The most basic structural dimen- 
sions are the element lengths (L), the distance (R) of each 
element from the apex of angle о, and the distance 
between elements (D). A singl л constant, t do- 
fines all of these relationships in the following manner: 
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Fig 2—Some fundamental relationships that define an 
array as an LPDA. See the text for the defining 
‘equations. 


Dan _ Lan 

E (Eq) 
Where element n and n+ are successive elements in the 
array working toward the apex of angle о. The value of t 


is always less than 1.0, although effective LPDA design 
requires values as close to 1.0 as may be feasible. 

The variable t defines the relationship between suc- 

iment spacings but it does not itself determine 

the initial spacing between the lo 
elements upon which to apply © successively. The initial 
spacing also defines the angle a for the array. Hence, we 
have two ways to determine the value of 6, the relative 
spacing constant 


st and next longest 


р, 


паа A, 


UP) 
where D, is the distance between any two elements of 
the array and L, is the length of the longer of the two 
‘elements. From the first of the two methods of determ 
ing the value of 6, we may also find a means of deter- 
mining d when we know both t and G, 

For апу value of т, we may determine the optimal 
value of o: 


сш =0.2431-0.051 m 

The combination of a value for and its correspond- 
ing optimal value of 6 yields the highest performance of 
Which an LPDA is capable, For values of from 0.80 
through 0.98, the value of optimal G varies from 0.143 to 
0.187, in increments of 0.00243 for each 0.01 change in 
т. However, using the optimal value of G usually yields а 
total array length that is beyond ham construction ог 
tower/mast support capabilities. Consequently, amateur 
LPDAs usually employ compromise values of Y and G 
that yield lesser but acceptable performance. 

Fora given frequency range, increasing the value of 
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‘increases both the gain and the number of required ele- 

из. Increasing the value of g increases both the gai 
ıd the overall boom length. A т of 0.96—which 
approaches the upper maximum recommended value for 
‘yields an optimal о of about 0.18, and the resultin 
array grows to over 100 feet long for the 14 to 30 MHZ 
range. The maximum free space gain is about 11 dBi, 
With a front-to-back ratio that approaches 40 dB. Normal 
amateur practice, however, uses values of t from about 
0.88 to 0.95 and values of from about 0.03 to 0.06, 

Standard design procedures usually set the length of 
the rear element for a frequency about 7% lower than the 
lowest design frequency and use the common dipole for 
mula (Leg = 468/yq,) to determine its length (5% low 
than a free-space half wavelength, where Ly, = 493.567 
fugi). The upper frequency limit of the design is ordi- 
marily set at about 1.3 times the highest design frequency. 
Since т 


ıd а set the increment between successive clo- 
‘ment lengths, the number of elements becomes a functi 
of when the shortest element reaches the dipole length for 
the adjusted upper frequency. 

‘The adjusted upper frequency limit results from the 
behavior of LPDAs with respect to the number of active 
elements. See Fig 3, which shows an edge view of a 10- 
element LPDA for 20 through 10 meters. The vertical 
lines represent the peak relative current magnitude for 
each element at the specified frequency. At 14 MHZ, vi 
tually every element of the array shows a significant cur- 


Fig 3—The relative current magnitude on the elements 
of an ІРА at the lowest and highest operating 
frequencies for a given design. Compare the number of 
"active" elements, that is, those with current levels at 
least "o of the highest level. 


rent magnitude. However, at 28 MHz, only the forward 
5 elements carry significant current, Without the extended 

range to nearly 40 MHz, the number of elements 
With significant current levels would be severely reduced, 
along with upper frequency performance, 

"The need to extend the design equations below the 
lowest proposed operating frequency varies with the value 
of т. In Fig 4, we can compare the current on the rear 
elements of two LPDAs, both with a G value of 0.04. The 
upper design uses a т of 0.89, while the lower design 
uses a value of 0.93. The most significant current-bear 
ing element moves forward with increases in т, reducing 
(but not wholly eliminating) the need for elements whose 
lengths ate longer than a dipole for the lowest operating 
frequency. 


LPDA Design and Computers. 

Originally, LPDA design proceeded through a se 
of design equations intended to yield the complete speci- 
fications for an array. Моге recent techniques available 


to radio amateurs include basic LPDA design software 
and antenna modeling software. One good example of 
LPDA design software is LPCAD28 by Roger Сох, 
WBODGF. A copy of this freeware program is on the 


o 


© 


Fig 4—Patterns of current magnitude at the lowest 
‘operating frequency of two different LPDA designs: 
а 10-element low-t design and а 16-oloment 
higher-t design. 


CD-ROM that accompanies this volume. The user begins 
by specifying the lowest and highest frequencies in the 
design. He then enters either his selected values for t ar 


в or his choices for the number of elements and the total 
length of the array. With this and other input data, the 
program provides а table of element lengths and spac- 
ings, using the adjusted upper and lower Frequency lim- 
its described earlier. 

The program also requests the diameters of the long- 
est and shortest elements in the array, as well as the 

From this data, the progra 
calculates a recommended value for the phase-line con- 
necting the elements and the approximate resistive value 
of the input impedance. Among the additional data that 
LPCAD28 makes available is the spacing of conductors 
to achieve the desired characteristic impedance of the 
phase-line. These conductors may be round—as we would 
use for a wire phase-line—or square—as we might use 
for double-boom construction. 

“An additional vital output from LPCAD2S is the cor 
version of the design into antenna modeling input files 
of several formats, including versions for AO and 
NEC4WIN (both MININEC-based programs), and a v 
sion inthe standard *.NEC format usable by many imple- 
mentations of NEC-2 and NEC-4, including NECWin Plus, 
GNEC, and EZNEC Pro. Every proposed LPDA desi 
should be verified and optimized by means of antenna 
modeling, since basic design calculations rarely provide 
arrays that require no further work before construction, 
А one-octave LPDA represents à segment of an are de- 
fined by а that is cut off at both the upper and the lower 
frequency limits. Moreover, some of the design equations 
эге based upon approximations and do not completely 
predict LPDA behavior. Despite these limitations, most 
of the sample LPDA designs shown later in this chapter 
are based directly upon the fundamental calculations, 
Therefore, the procedure will be outlined in detail before 
turning to hybrid log-cell Yagi concepts 

Modeling LPDA designs is most easily done on a 
version of NEC. The transmission line (TL) facility built 
into NEC-2 and NEC-4 alleviates the problem of model- 
ing the phase-line as a set of physical wires, each secti 
of which has a set of constraints in MININEC at the right- 
angle junctions with the elements. Although the NEC TL. 
facility does not account for losses in the lines, the losses 
are ordinarily low enough to neglect. 

NEC models do require some careful consta 
obtain the most accurate results. Foremost among the cau- 
tions is the need for careful segmentation, since each ele- 
ment has a different length. The shortest element should 
have about 9 or 11 segments, so that it has sufficient seg- 
ments at the highest modeling frequency for the desig 
Each element behind the shortest one should have а greater 
number of segments than the preceding element by the i 
verse of the value of т. However, there is a further limita- 
tion, Since the transmission line is at the center of each 


diameter of average eleme 
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element, NEC elements should have an odd number of seg- 
ments to hold the phase-line centered. Hence, each seg- 
‘mentation value calculated from the inverse of t must be 
rounded up to the nearest odd integer. 

Initial modeling of LPDAs in NEC-2 should be done 
with uniform-diameter elements, with any provision for 
stepped-diameter element correction turned off. Since 
these correction factors apply only to elements within 
about 15% of dipole resonance at the test frequency, 
models with stepped-diameter elements will correct for 
only a few elements at any test frequency. The resulting 
combination of corrected and uncorrected elements will 
mot yield a model with assured reliability 

‘Once one has achieved a satisfactory model with uni- 
form-diameter elements, the modeling program can 
be used to calculate stepped-diameter substitutes. Each 
uniform-diameter element, when extracted from the larger 
array, will have a resonant frequency. Once this frequency. 
is determined, the stepped-diameter element to be used 
їп final construction can be resonated to the same fre- 
quency. Although NEC-4 handles stepped diameter 
elements with much greater accuracy than NEC-2, the pro- 
cess just described is also applicable to МЕС-4 models 
Tor the greatest precision 


LPDA Behavior 

Although LPDA behavior is remarkably uniform over 
a wide frequency range compared to narrow-band designs, 
such as the Yagi-Uda array, it nevertheless exhibits very 
significant variations within the design range. Fig 5 shows 
several facets of these behaviors. Fig 5 shows the free- 
space gain for three LPDA designs using 0.5-inch diam- 
eter aluminum elements. The designations for each model 
list the values of (0.93, 0.89, and 0.85) and of G (0.02, 
0.04, and 0.06) used to design each array. The resultant 


‘Short-Boom LPDAs: 14° to 18.5" 
Free Space Gain: 14 to 30 MIE 
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Fig 5—The modeled free-space gain of 3 relatively 
‘small LPDAS of different design. Note the relationship 
of the values of т and of о for these arrays with quito 
Similar performance across the 14-30 MHz span. 
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array lengths are listed with each designator. The total 
number of elements varies from 16 for "9302" to 10 for 
8904" to 7 for “85047 
irst, the gain is never uniform across the entire fre- 
quency span. The gain tapers off at both the low and high 
ends of the design spectrum. Moreover, the amount of 
in undulates across the spectrum, with the number of 
peaks dependent upon the selected value of t and the 
resultant number of elements. The front-to-back ratio 
tends to follow the gain level. In general, it ranges fro 
less than 10 dB when the free-space gain is below 5 dBi 
to over 20 dB as the gain approaches 7 dBi. The front-to- 
back ratio may reach the high 30s when the free-space 
array gain exceeds 8.5 dBi. Well-lesigned arrays, espe- 
cially those with high values of t and G, tended to have 
и patterns that result in only small dif- 
the 180° front-to-back ratio and the 


averaged fr 

Since array gain is a mutual function of both t and 
в, average gain becomes a function of array length for 
any given frequency range. Although the gain curves in 
Fig 5 interweave, there is little to choose among them in 
terms of average gain for the 14 to 18-Гоо range of array 
lengths. Well-designed 20- to 10-meter arrays in the 
30-foot array length region are capable of about 7 dBi 
free-space gain, while 40-foot arrays for the same fre- 
quency range can achieve about 8 dBi free-space gain. 

Exceeding an average gain of 8.5 dBi requires at least 
ıa 50-foot array length for this frequency range. Long arrays 
"with high values of t and G also tend to show smaller 
excursions of gain and of front-to-back ratio in the overall 
curves. In addition, high-t designs tend to show higher 
gain at the low Frequency end of the design spectrum. 

The frequency sweeps shown in Fig 5 are widely 
spaced at | MHz intervals. The evaluation of a specifie 
design for the 14 to 30-MHz range should decrease the 
interval between check points to no greater than 0.25 MHZ 
in order to detect frequencies at which the array may show 
а performance weakness. Weaknesses are frequency 
regions in the overall design spectrum at which the array 
shows unexpectedly lower values of gain and fronto- 
back ratio, In Fig 5 note the unexpected decrease in gain 
of model "8904" at 26 MHz. The other designs also have 
weak points, but they fall between the frequencies 
sampled. 

Tn large arrays, these regions may be quite small ar 
may occur in more than one frequency region. The weak- 
ness results from the harmonic operation of longer ele- 
ments to the rear of those expected to have high current 
levels. Consider a 7- 
for 14 10 30 MHz using 0.5 
28 MHz, the rear elements operate in a harmon 
as shown by the high relative curren 


mode, 
magnitude curves 
in Fig 6. The result is a radical decrease in gain, as shown 
m the “No Stub” curve of Fig 7. The front-to-back ratio 
also drops as a result of strong radiation from the long 


Fig 6—Tho relative current magnitude on the elements 
‘of model "8504" at 28 MHz without and with a stub. 
Note the harmonic operation of the rear elements 
before a stub is added to suppress such operation. 


elements to the rear of the array 
Early designs of LPDAs called for terminating trans- 
mission-line stubs as standard practice to help elimin 
such Weak spots in frequency coverage. In contemporary 
designs, their use tends to be more specific for eliminat- 
ing or moving frequencies that show gain and front-lo- 
back weakness. (Stubs have the added function of keepin, 

both sides of each element at the same level of static 
charge or discharge.) The model dubbed “8504” was fit- 
ted (by trial and error) with an 18-inch shorted stub of 
600-0 transmission line. As Fig 6B shows, the harmonic 
‘operation of the rear elements is attenuated, The “stub” 
curve of Fig 7 shows the smoothing of the gain curve for 
the array throughout the upper half of its design spec- 
trum. In some arrays showing multiple weaknesses, а 


‘Sample LPDAs: Free-Space Gain 
With and Without Corrective Stub 
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Fig 7—A graph of the gain of model "8504" showing the 
frequency region In which a “weakness” occurs and its 
absence once a suitable stub is added to the 


single stub may not eliminate all of them. However, it 
тау move the Weaknesses to unused Frequency region 
Where full-spectrum operation of an LPDA is necessary, 
additional stubs located at specific elements may be 
needed, 

Most LPDA designs benefit (with respect to gain ar 
front-to-back ratio) from the use of larger-diameter ele- 
теш». Elements with an average diameter of at least 
0.5-inch are desirable in the 14 to 30 MHZ range. How- 
ever, standard designs usually presume a constant ele- 
ment length-to-diameter ratio. In the case of LPCAD2S, 
this ratio is about 125:1, which assumes an even larger 
diameter. To achieve a relatively constant length-to- 
diameter ratio in the computer models, you can set the. 
diameter of the shortest element in a given array desi 
and then increase the element diameter by the inverse of 
т for each succeeding longer element. This procedure is 
often likely to result in unreasonably large element 
diameters for the longest elements, relative to standard 
amateur construction practices 

Since most amateur designs usi 
for elements employ stepped-diameter (tapered) elements, 
roughly uniform element diameters will result unless the 
LPDA mechanical design tries to lighten the elements at 
the forward end of the array. This practice may not be 
advisable, however. Larger elements at the high end of the 
design spectrum often counteract (at least partially) the 

atural decrease in high-frequency gain and show improved 
performance compared to smaller diameter elements. 

An alternative construction method for LPDAS uses 
wire throughout. Atevery frequency, single-wire elements 
reduce gain relative to larger-diameter tubular elements. 
An alternative to tubular elements appears in Fig 8. For 
each element of a tubular design, there is a roughly 
equivalent 2-wire element that may be substituted, The 


aluminum tubi 
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Fig 8—A substituto for a large-diameter tubular element 


composed of two wires shorted at both the outer ends 
and at the center junction with the phase-line. 


spacing between the wire is determined by taking one of 
the modeled tubular elements and finding its resonant fre- 
quency. A two-wire element of the same len 
constructed with shorts at the far ends and at the junc- 
tions with the phasc-line. The separation of the two wires 
is adjusted until the wire element is resonant at the same 
frequency as the original tubular element, The required. 
separation will vary with the wire chosen for the element. 
Models used to develop these substitutes must pay close. 
length of segmer 
the need to keep segment junctions as exactly parallel as 
possible with close-spaced wires. 


Feeding and Constructing the LPDA 
Original design procedures for LPDAS used a single, 

ordinarily fairly high, characteristic impedance for the 

phase-line (antenna feeder). Over time, desig 


ib is then 


mentation rules for NEC due to the short 


s in the end and center shorts, and to 


rs real- 


ized that other values of impedance for the phase line 
offered both mechanical and performance advantages for 
LPDA performance. Consequently, for the contemporary 
designer, phase-line choice and construction techniques 
are almost inseparable considerations 

High-impedance phase lines (roughly 200 Q and 


higher) are amenable to wire construction similar to that 
used with ordinary parallel-wire transmission lines. They 
require careful placement relative to a metal boom used 


to support individual elemes 
insulated from the support boom). Connections also ге 
quire care. If the phase-line is given a half-twist berwe 
each element, the construction of the line must ensure cor 
stant spacing and relative isolation from metal supports 
to maintain a constant impedance and to prevent shorts. 

Along with the standard parallel-wire line, shown 
їп Fig 9A, there are а number of possible LPDA struc- 
tures using booms. The booms serve both to support the 


s (which themselves must be 


elements and to create relatively low-impedance (under 
200 £2) phase-lines. Fig 9B shows the basics of a twin 
circular tubing boom with the elements cross-supported 
by insulated rods. Fig 9C shows the use of square tubing 
with the elements attached directly to each tube by 


through-bols. Fig 9D illustrates the use of L-stock, which 
тау be practical at VHF frequencies, Each of these 
sketches is incomplete, however, since it omits the nec- 
essary stress analyses that determine the mechanical fea- 
sibility of a structure for a given LPDA project. 

The use of square boom material requires some 
adjustment when calculating the characteristic impedance 
of the phase-line. For conductors with a circular cross“ 
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Fig 9—Four (of many) possible construction techniques, shown from the array end. In A, an Insulated plato 


supports and separates the wires of the phase-line, suitable with wir 


Phase-line also supports the 
with the elements joined to 
Shown in D is useful for light 
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r VHF and UHF arrays. 


тог tubular elements. A dual circular boom 
Square tubing is used in С, 


‘boom/phase-line with through-bolts and an insert in each half element. The L-stock 


iD 
2, =120cosn P. 
А 1 (Eq 4) 


where D is the center-to-center spacing of the conduc- 
tors and d is the outside diameter of each conductor, both 
expressed in the same units of measurement. Since we. 
are dealing with closely spaced conductors, relative to 
their diameters, the use of this version of the equation 
for calculating the characteristic impedance (Zi) is rec- 
ommended. For a square conductor, 


ШИТ] (ка 5) 


Where d is the approximate equivalent diameter of the 
square tubing and w is the width of the tubing across one 
side. Thus, for a given spacing, a square tube permits you 
to achieve а lower characteristic impedance than round 
conductors. However, square tubing requires special 
attention to matters of strength, relative to comparable 


round tubing. 

Electrically, the characteristic impedance of the 
LPDA phase-line tends to influence other performance 
parameters of the array. Decreasing the phase-line Z also 
‘decreases the feed-point impedance of the array. For small 
designs with few elements, the decrease is not fully 
matched by a decrease in the excursions of reactance 
Consequently, using a low impedance phase-line may 
make it more difficult to achieve a 2:1 or less SWR for 
the entire frequency range. However, higher-impedance 
phase-lines may result in a feed-point impedance that 
requires the use of an impedance-matching balu 

Decreasing the phase-line Z also tends to increase 
LPDA gain and front-to-back ratio. There is a price to be 
paid for this performance esses at 
specific frequency regions becon jore p 
With reductions in the phase-line Zp. For a specific array 
you must weigh carefully the gains and losses, while 
employin line stubs to get 
around performance weaknesses at specific frequencies. 

Depending upon the specific values of t and G 
selected for a design, you can sometimes select a phase- 
line Za that provides either a 50-0 or a 75-0 feed-point 
impedance, holding the SWR under 2:1 for the entire 
design range of the LPDA. The higher the values of T 
and G for the design, the lower the reactance and resis- 

а central value. Designs using 
optimal values of о with high values of т show a very 
s 1 i n h t 
capacitive reactance throughout the frequency range. 
Lower design values obscure this phenomenon due to 
the wide range of values taken by both resistance and 
reactance as the frequency is changed. 

At the upper end of the frequency range, the source 
resistance value decreases more rapidly than elsewhere 
in the design spectrum. In larger arrays, this can be over- 
‘come by using a variable Zg phase-line for approximately 
the first 20% of the array length. This technique is, how- 
ever, difficult to implement with anything other than wire. 


phase-lines. Begin with a line impedance about half of 
the final value and increase the wire spacing evenly until 
it reaches its final and fixed spacing. This technique c 
sometimes produce smoother impedance performance 
across the entire frequency span and improved high-fre- 
quency SWR performance 

Designing an LPDA requires as 
designing the phase-line as to element design. It is always 
useful to run models of the proposed design through sev- 
eral iterations of possible phase-line Zg values before 
freezing the structure for construction. 


ch attention to 


Special Design Corrections 

The curve for the sample 8504 LPDA in Fig 7 
revealed several deficiencies in standard LPDA desi 
The weakness in the overall curve was corrected by the 
use of a stub to eliminate or move the frequency at which 
rearward elements operated in a harmonic mode. In the 
course of describing the characteristics of the array, we 
have noted several other means to improve performance. 
Fattening elements (either uniformly or by increasing 
their diameter in step with т) and reducing the character 
istic impedance of the phase-line are capable of small 
improvements in performance. However, they cannot 
wholly correct the tendency of the array gain and front- 
to-back ratio to fall off at the upper and lower limits of 
the LPDA frequency range. 

One technique sometimes used to improve perfor 
mances near the frequency limits is to design the LPDA 
for upper and lower frequency limits much higher and 
lower than the frequencies of use. This technique unnec- 
essarily increases the overall size of the array and does 

ог eliminate the downward performance curves, Increas- 

ing the values of © and G will usually improve perfo 


Fig 10—A before and after sketch of an LPDA, showing 
the original lengths of the elements and their 
adjustments from diminishing the value of т at both 
‘ends of the. the amount of 
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‘mance at no greater cost in size than extending the fre- 
quency range. Increasing the value of т is especially ef- 
fective in improving the low frequency performance of 
an LPDA. 

Working within the overall size limits of a standard. 
design, one may employ a technique of circularizing the 
value of Гог the rear-most and forward-most elements. 
See Fig 10, which is not to-scale relative to overall array 
length and width. Locate (using an antenna-modeling pro- 
gram) the element with the highest current at the lowest 
operating frequency, and the element with the highest 
current at the highest operating frequency. The adjust- 
‘ments to element lengths may begin with these elements 
or—at most—one element further toward the array cen- 
ter. For the first element (counting from the center) to be 
modified, reduce the value of т by about 0.5%. For a rear- 
ward elem 
to calculate the new length of the element relative to the 
unchanged element just forward of the change. For a for- 
‘ward element, use the new value of to calculate the new 


ıt, use the inverse of the adjusted value of T 


length of the element relative to the unchanged element 
immediately to the rear of it 

For succeeding elements outward, calculate new val- 
es of t from the adjusted values, increasing the were. 
ment of decrease with each step. Second adjusted 
elements may use values of т about 0.75% to 1.0% lower 
than the values just calculated. Third adjusted elements 
may use an increment of 1.0% to 1.5% relative to the 
preceding value. 

Not all designs require extensive treatment. As the 
Values of т and G increase, fewer elements may require 
adjustment to obtain the highest possible gain at the fre- 


Special Corrections: 14 to 30 MHz LPDA 
Stub, Cicularizaton, Extra Director 


Fig 11—The modeled free space gain from 14 to 
30 MHz of an LPDA with т of 0.89 and с of 0.04. 
Squares: just a stub to eliminate a weakness; Triangles: 
with a stub and circularized elements, and Circles: with 
а stub, ciroularized elements and a parasitic director. 
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quency limits, and these will always be the most outward 
elements in the array. A second caution is to check the 
feed-point impedance of the array after each change to 
ensure that it remains within design limits 
Fig 11 shows the free-space gain curves from 14 to 
30 MHz for a 10-clement LPDA with an initial t of 0.89 
and a в of 0.04, The design uses а 200-0 phase-line, 0.5- 
inch aluminum elements, and a 3-inch 600- stub. The 
lowest curve shows the modeled performance across the 
design frequency range with only the stub. Performance 
at the Frequency limits is visibly lower than within the 
peak performance region. The middle curve shows the 
effects of circularizing т. Average performance levels 
have improved noticeably at both ends of the spectrum 
ieu of, or in addition to, the adjustment of ele- 
lengths, you may also add a parasitic director to 
LPDA, as shown in Fig 12. The director is cut roughly 
for the highest operating frequency. It may be spaced 
between 0.1 A and 0.15 2 from the Forward-most element 
of the LPDA. The exact length and spacing should be 
determined experimentally (or from models) with two 
factors in mind. First, the element should not adversely 
effect the feed-point impedance at the highest operating 
frequencies. Close spacing of the director has the great- 
est effect on this impedance. Second, the exact spacing 
and element length should be set to have the most de- 
sired effect on the overall performance curve of the ar- 
ray. The mechanical impact of adding a director is to 


increase overall array length by the spacing selected for 
the element. 

The upper curve in Fi 
ing a director to the circularized array already equipped 
with a stub. The effect of the director is cumulative, in- 


g 11 shows the effect of add- 


the upper range gain still further. Note that the 
added parasitic director is not just effective at the highest 


POA wilh Supplement Director 
Flg 12—A generalized sketch of an LPDA with the 


addition of a parasitic director to improve performance 
at the higher frequencles within the design range. 


frequencies within the LPDA design range. It has a per- 
ceptible effect almost all the way across the frequency 
span of the array, although the effect is smallest at the 
low-frequency end of the range. 

‘The addition of a director can be used to 
upper frequency performance of an LPDA, as in the 
illustration, or simply to equalize upper frequency per- 
formance with mid-range performance. High-t designs, 
with good low-frequency performance, may need only а 
director to compensate for high-frequency gain decrease. 
One potential challenge to adding a director to an LPDA 
is sustaining a high front-to-back ratio at the upper fre- 
quency range. 

‘Throughout the discussion of LPDAs, the perfor- 
jance curves of sample designs have been treated at all 
frequencies alike, seeking maximum performance across 
the entire design frequency span. Special compensations 
are also possible for ham-band-only LPDA designs. They 
include the insertion of parasitic elements within the 
array as well as outside the initial design boundaries. 

addition, stubs may be employed 
nate weaknesses, but only to move them to frequencies 
‘outside the range of amateur interests 


A DESIGN PROCEDURE FOR AN LPDA 


The following presents a systematic step-by-step 
design procedure for an LPDA with any desired band- 
Width. The procedure requires some mathematical caleu- 
lations, but a common calculator with square-root, 
logarithmic, and trigonometric functions is completely 
adequate. The notation used in this section may vary 
slightly from that used earlier in this chapter. 

1) Decide on an operating bandwidth B between fı, 
lowest frequency and Г, highest frequency: 


hance 


(Eq 6) 
2) Choose т and G to give the desired estimated av- 

erage gain. 

0.86 ¢<0.98and 0.0360 <0 qı (кат) 


n this chapter. 
и of the apex 


Where Op is calculated as noted earli 
3)Dětermine the value for the cotange 
half-angle a from 


de 


cota= 


(Eq 8) 


Although d is not directly used in the calculations, 
cot d is used extensively. 

4) Determine the bandwidth of the active region B., 
from 


в, 114770] cota 49) 
5) Determine the structure (array) bandwidth B, from 
b. beh. ато 


6) Determine the boom length L, number of elements 
N, and longest element length f 


(Eq 11) 
984 
ке (Eq 12) 
Na 
(6919 
am 
m (Eq 14) 
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8 
8) Solve for the remaining elem 


(Eq 15) 


ı1 lengths from 


„=ч (Eg 16) 
9) Determine the element spacing d from 


Cee 


Eq 17) 
3 (Eq 17) 


where fj and f; are the lengths of the rearmost 
elements, and dy. 2 is the distance between the elements 
With the lengths f, and /. Determine the remaining ele- 
mentto-clement spacings from 


[I (Eg 18) 

10) Choose Ry, the desired feed-point resistance, to 
give the lowest SWR for the intended balun ratio and feed- 
line impedance. Ro, the mean radiation resistance level 
of the LPDA input impedance, is approximated by: 
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ha (Eq 19) 
LL 


Where the component terms are defined and/or calculated 
in the following way. 
From the following equations, determine the neces- 


(E420) 


Zay is the average characteristic impedance of a 
dipole and is given by 


= = 
® 
The айо, iam, is the length-o-dameter ratio of 
the element n 

11) Once Zy has been determined, select a combina- 
— spacing 1o achive thar imped- 
ance, using the appropriate equation for the shape of the 
.. spacing reaalis for the 
antenna feeder, select а different conductor diameter and 
Fepea step I1. in severe cases it may be necessary to select 
Siren Ry and repeat steps 10 and 11. Oncea satisfac- 
Voy Feder arrangement found the LPDA desig is com- 
plete. 

A number of the LPDA design examples at the end 
of his chapter make use ofthis calculation metod, How- 
ever, the resultant design should be subjected to exten- 


Œq22) 


Director 


Phasing Line 


Log-Cel Driver 


Reflector 


Fig 13—A sketch of a typical monoband log-cell Yagi. 
The reflector is, in principle, optional. The log-cell may 
have from 2 to 5 (or more elements). There may be опе 
or more directors. 
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sive n tests to deter 


delt ıe whether there are per- 
formance deficiencies or weaknesses that require modi- 
fication of the design before actual construction. 


Log-Cell Yagis 
ig 12 showed an LPDA with an added parasitic 
director. Technically, this converts the original design into 
a hybrid Log-Yag. However, the term Log-Yag (or more 
generally the log-cell Yagi) is normally reserved for 

Лоу two ог more elements in 
ment, together with (usually) 
a reflector and one or more directors. The aim is to pro- 
duce a monoband directive array with superior directional 
qualities over a wider bandwidth than can be obtained 
from many Yagi-Uda designs. Log-cells have also been 
successfully used as wide-band driver sections for multi- 
band Yagi beams. 

Fig 13 illustrates the general outline of a typical lo 
cell Yagi. The driver section consists of a log periodic 
array designed for the confines of a single amateur band 
or other narrow range of frequencies. The parasitic 
reflector is usually spaced about 0,085 À behind the rear 
element of the log cell, while the parasitic director is 

sormally placed between 0.13 and 0.15 A ahead of the 
log cell 

Early log-cell Yagis tended to be casually designed, 
Most of these designs have inferior performance con 
pared with present-day computer-optimized Yagis of the 
same boom length, Some were designed by adding or 
or more parasitic directors to simple phased pairs of ele- 
ments. Although good performance is possible, the oper- 
ating bandwidth of these designs is small, suitable only 
for the so-called WARC bands. However, when the log- 
cell is designed as a narrowly spaced monoband log 
periodic array, the operating bandwidth increases dran 
cally. Operating bandwidth here refers not just to the SWR. 
bandwidth, but also to the gain and front-to-back band- 
width, 

The widest operating bandwidths require log cells of 
3 10 4 elements for HF bands like 20 meters, and 4 to 
5 elements for bands as wide as 10 meters. (The bandwidth 

ster band is approximately 2.4% of the center 
frequency, while the bandwidth of the 10-meter band 
approaches 9.4% of the center frequency.) A practical 
limito for log cells used within parasitic arrays is about 
0.05. Slightly higher gain may be obtained from higher 
values of o, but at the cost of a much longer log cell. The 
limiting figure for G results in а practical value for т 
between 0.94 and 0.95 to achieve a cell with the desired 
bandwidth characteristics. 

‘An array designed according to these principles has 
ап overall length that varies with the size of the log cell 
A typical array with a 4-element log-cell and single para- 
sitic elements fore and aft is a bit over 0.35 2 long, while 
а S-element log-cell Yagi will be between 0.4 and 0.45 А 
ong. Spacing the reflector more widely (for example, up 


Fig 14—Overlald 
irtually identical 5« 
3-element log-cells), one having the 
forward at 40° from linear (dashed), the other with 
linear elements (soli). 


10 0.25 A) has litle effect o 
ratio. Wider spacing of the director will also have only а 
small effect on gain, since the arrangement is already close 
to the boom-length limit recommended for director- 
driver-reflector arrays. Further lengthening of the boom. 
should be accompanied by the addition of one ог more 
directors to the array, if additional gain is desired from. 
the desig 

‘Compared to a modern-day Yagi of the same boom 
length, the log-cell Yagi is considerably heavier and 
exhibits a higher wind load due to the requirements of 
the log-cell driver. Yagis with 3- and 4-elen 
the boom lengths just given are capable of peak free-space 
gain values of 8.2 to 8.5 dBi, while sustaining a high front- 
to-back ratio, Peak front-to-back ratios are typically in 


either gain or front10-back 


Wire Log-Periodic Dipole 


These wire log-periodie dipole arrays for the lower 
НЕ bands are simple in design and easy to build. They 
are designed to have reasonable gain, Бе inexpensive and 
1 

found in large hardware stores. They are also strong 
they can withstand a hurricane! These antennas were first 
described by John J. Uhl, КУЗЕ, in OST for August, 


weight, and may be assembled with stock items 


the vicinity of 25 dB. However, Yagi gain tends to 
decrease below the design frequency (and increase above 
it), while the front-to-back ratio tends to taper off as one 
moves away from the design frequency. For the largest 
log-cell sizes, log-cell Yagis of the indicated boom lengths 
are capable of sustaining at least 8.2 dBi free-space gai 
over the entire band, with front-to-back ratios of over 
30 dB across the operating bandwidth. 


parasitic elements. However, for most cell designs and 
common phase-line designs, you can achieve а very low 
variation of resistance and reactance across a desired 
band. In many cases, the feed impedance will form a direct 
match for the standard 50-62 coaxial cable used by most 
amateur installations. (In contrast, the high-gain, high- 
front-to-back Yagis used for comparison here have feed- 
point impedances ranging from 20 to 25 ©.) 

А common design technique used in some LPDA 
and log-cell Yagi designs is to bend the elements forward 
to form a series of Vs. A forward angle on each side of 
the array centerline of about 40° relative to a i 
ment has been popular. In some instances, the mechani- 
cal design of the array may dictate this element formatio 
However, this arrangement has no special benefits and 
possibly may degrade performance. 

Fig 14 shows the free-space azimuth patterns of a 
single S element log-cell Yagi in two versions: with the 
elements linear and with the elements bent forward 40". 
The V-array loses about" dB gain, but more significantly, 
it loses considerable signal rejection from the sides. Simi- 
lar comparisons can Ве obtained from pure LPDA de- 
signs and from Yagi-Uda designs when using elements 
їп the vicinity of Y A. Unless mechanical considerations 
call for arranging the elements in a V, the technique is 
not recommended. 

Ultimately, the decision to build and use a log-cell 
‘Yagi involves balancing the additional weight and wind- 
load requirements of this design against the improvements 
in operating bandwidth for all of the major operating 
parameters, especially with respect to the front-to-back 
ratio and the feed-point impedance, 


Arrays for 3.5 or 7 MHz 


1986. Fig 15 shows one method of installation, You can 
use the information here as a guide and point of refer- 
ence for building similar LPDAs. 

If space is available, the be rotated or 
repositioned in azimuth after they are completed. A 75- 
foot tower and a clear turning radius of 120 feet aroun 
the base of the tower аге needed. The task is simplified 
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if you use only three anchor points, instead of the five 
shown in Fig 15. Omit the two anchor points on the for- 
ward element, and extend the two nylon strings used for 
element stays all the way to the forward stay lir 


DESIGN OF THE LOG-PERIODIC 
DIPOLE ARRAYS 


Design constants for the two arrays are listed in 
‘Tables 1 and 2. The preceding sections of this chapter con- 
tain the design procedure for arriving at the dimensions 
and other parameters of these arrays. The primary differ- 
ences between these designs and one-octave upper HE 
arrays are the narrower frequency ranges and the use of 
wire, rather than tubing, for the elements. As design 
examples for the LPDA, you may wish to work through 
the step-by-step procedure and check your results against 
the values in Tables 1 and 2. You may also wish to com- 
pare these results with the output of an РРА design soft- 
ware package such as LPCAD2S. 

m the design procedure, the feeder wire spacings 
Tor the two arrays are slightly different, 0.58 inch for the 
3.5-MHz array and 0.66 inch for the 7-MH version. Аза 
compromise toward the use of common spacers for both 
bands, a spacing of Se inch is quite satisfactory. Surp 
ingly, the feeder spacing is not at all critical here from 
а matching standpoint, as may be verified from Zo 
276 log (2S/diam) and from Eq 4. Increasing the spacing 
to as much as ‘/ inch results in an Ry SWR of less than 
11:1 on both bands 


Constructing the Arrays 

Construction techniques are the same for both the 
3.5 and the 7- МН versions of the array. Once the designs 
are completed, the next step is to fabricate the fittings: 
see Fig 16 for details. Cut the wire elements and feed 
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lines to the proper sizes and mark them for identifica- 
tion. After the wires are cut and placed aside, it will be 
difficult to remember which is which unless they are 
marked. When you have finished fabricating the connec- 
tors and cutting all of the wires, the 
assembled. Use your 
antennas: it isn't necessary to duplicate these LPDAs pro- 
cisely. 

‘The elements are made of standard #14 stranded cop- 


jenna can be 


enuity when building one of these 


Table 1 


Design Parameters for the 3.5-MHz Single-Band 
LPDA 


Element lengths: 
149.091 feet 
125.982 feet 
106.455 feet 
89.954 foot 
Element spacings: 
217.891 foot 
ds = 15.118 feet 
ды = 12.775 foot 
Element diameters 
N 423 elements (decrease to 4) All = 0.0641 inches 


2 = Gnch short jumper diameter ratios: 
diam, = 16840 
tidiama = 19929 
иат; = 23585 


22064 
‘Antenna feeder: 

#12 wire spaced 0.58 inches 
Balun: 4:1 

Feed line: 52-0 coax 


tidiam; = 27911 


Table 2 
Design Parameters for the 7-MHz Single-Band 
LPDA 
Element lengths: 
11 = 71.304 foet 
12 = 60.252 feet 
50.913 feat 
14 = 43.022 foet 
Element spacings: 


8.557 feet 
7230 feet 

6.110 feet 

Element diameters: 

N= 3.44 elements (increase to 4) All = 0.0641 inches 


Z, = G.inch short jumper diameter ratios: 


В, = 208.0 
0930 
= 0.06527 
29420 


‘Antenna feeder: 
412 wire spaced 0.66 inches 
Balun: 4:1 

Feed line: 52-02 coax 


> = E eS BSS 


Ei 
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Fig 16—Pieces for the LPDA that require fabrication. At A Is the forward connector, made from “inch Lexan 
(polycarbonate). At B Is the rear connector, also made from "inch Lexan. At C is the pattern for the phase-line 
spacers, mado from ‘cinch Plexiglas. Two spacers are required for the array. 


per wire. The two parallel feed lines are made of #12 
solid copper-coated steel wire, such as Copperweld 
Copperweld will not stretch when placed under tension, 

h thick 
Lexan sheeting, and the feed-line spacers from cinch 
Ple 


ad oe Seances Tra The front and rear connectors are cut from . 


as sheeting 


Study the drawings carefully a 


be familiar with 


the way the wire elements are connected to the two feed 
lines, through the front, rear and spacer connectors 
Details are sketched in Figs 17 and 18. Connections made 
їп the way shown in the drawings prevent the wire from 
breaking. АП of the rope, string, and connectors must be 
made of materials that can withstand the effects of er 
Лоп rope and strings, the type 
that yachtsmen use, Fig 15 shows the front stay rope com- 
ing down to ground level at a point 120 feet from the base 
of a 75-foot tower. Space may not be available for this 
in all cases. An alternative installation tech- 
nique is to put a pulley 40 feet up in a tree and run the 
front stay rope through the pulley and down to ground 
level at the base of the tree. The front stay rope will have 
to be tightened with a block and tackle at ground level 
Putting an LPDA together is not difficult if it is 
assembled in an orderly manner. It is easier to connect 


sion and weathering. Use 


the elements to the feeder lines when the feed-line 


Fig 17—The generic layout for the lower HF wire LPDA. 
БЕ Use а 4:1 balun on the forward connector. See Tables 1 
and 2 for dimensions. 
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Fig 18—Detalls of the electrical and mechanical 
‘connections of the elements to the phase-line. Knots 
in the nylon rope stay line are not shown. 


assembly is stretched between two points. Use the tower 
and a block and tackle. Attaching the rear connector to 
the tower and assembling the LPDA at the base of the 
tower makes raising the antenna into place a much sim- 
pler task. Tie the rear connector securely to the base of 
the tower and attach the two feeder lines to it. Then thread 
the two feed-line spacers onto the feed line. The spacers 
vil be loose at this time, but will be positioned properly 
When the elements are connected. Now connect the front 
connector to the feed lines. A word of caution: Measure 
accurately and carefully! Double-check all measurements 
before you make p 

Connect the elements to the feeder li 


es through 
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their respective plastic connectors, beginning with ele- 
ment 1, then element 2, and so on. Keep all of the ele- 
ment wires securely coiled. If they unravel, you will have 
a tangled mess of kinked wire. Recheck the element-o- 
feeder connections to ensure proper and secure junction 
(See Figs 17 and 18.) Once you have completed all of the 
element connections, attach the 4:1 balun to the und. 
side of the front connector. Connect the feeder lines and 
the coaxial cable to the balun, 

You will need a separate piece of rope and a pulley 
to raise the completed LPDA into position. First secure 
the eight element ends with nylon sting, referring to Figs 
15 and 17. The string must be long 
tie-down points. Connect the front stay rope to the front 
connector, and the completed LPDA is now ready to be 
raised into position. While raising the antenna, un 
the element wires to prevent their getting away and tan- 
gling up into a mess. Use care! Raise the rear connector 
to the proper height and attach it securely to the tower, 
then pull the front stay rope tight and secure it. Move the 
elements so they form a 60* angle with the feed lines, 
the direction of the front, and space them properly rela- 
tive to one another. By adjusting the end positions of the 
elements as you walk back and forth, you will be able to 
align all the elements properly. Now it is time to hook 
your rig to the system and make some contacts. 


ıough to reach the 


oil 


Performance 

‘The reports received from these LPDAs were com- 
pared with an inverted-V dipole. АП of the antennas are 
fixed; the LPDAs radiate to the northeast, and the dipole 
to the northeast and southwest. The apex of the dipole is 
at 70 feet, and the 40- and 80-meter LPDAS are at 60 and 
50 feet, respectively. Basic array gain was apparent fro 
many of the reports received. During pileups, it was pos- 
sible to break in with a few tries on the LPDAS, yet it was 
impossible to break in the same pileups using the dipole, 
The gain of the LPDAs is several dB over the dipole. For 
additional gain, experimenters may wish to try a para- 
sitie director about "4 A ahead of the array. Director ler 
and spacing from the forward LPDA element should be 
field-adjusted for maximum performance while maintain- 
ing the impedance match across each of the bands 

Wire LPDA systems offer many possibilities. They 
are easy to design and to construct: real advantages 
countries where commercially built antennas and parts 
are not available at reasonable cost, The wire needed c 
be obtained in all parts of the world, and cost of con- 
struction is low. If damaged, the LPDAs can be repaired 
easily with pliers and solder. For those who travel 
DXpeditions where space and weight are large consid 
ations, LPDAs are lightweight but sturdy, and they per 
form well. 


5-Band Log Periodic Dipole Array 


A rotatable log periodic array designed to cover the fre- 
‘quency range from 13 to 30 MHz is pictured in Fig 19. This 
is a large array having a free-space gain that varies from 6.6 
to over 69 dBi, depending upon the operating portion of the 
design spectrum. This antenna system was originally 
described by Peter D. Rhodes, WAAIVE, in Nov 1973 OST. 
A measured radiation pattem for the array appears in Fig 20, 
The characteristics of this array are: 

1) Half-power beamwidth, 43° (14 MHz) 
2) Design parameter t = 0.9 

3) Relative element spacing constant с. 
4) Boom length, L = 26 feet 

5) Longest element Al = 37 feet 10 inches. (A tabulation 


0.05 


Fig 19—The 13-30 MHz log periodic dipole array 


— 


Fig 20—Measured radiation pattern of the 13-30 MHz 
LPDA. The front-o-back ratio is about 14 dB at 14 MHz 
and increases to 21 dB at 28 MHZ. 


Table 3 
13-30 MHz LPDA Dimensions, feet 
E 


No. Length dı, pacing) 
1 mir T 

w 07. yea" 
3 ae 2 40. 
4 отт зов” 
5 2010 287. 
в zar 2.56. 
7 wis 228" 
e wiz 2 02. 
9 1635 ver 
10 44.7. 1.75. 
no age 186. 
2 171057 vam 
Table 4 


Materials list: 13-30 MHz LPDA 


Materia! Description 
1) Aluminum tubing—0.047" wall 
thickness. 
212 or 6 lengths 
12 lengths. 
/ or12 lengths 
„ s lengths 
2) Stainloss-steel hose clamps— 
2" max 
3) Stainless-steol hose clamps— 
TU" max 
4) TV type U bolts 
5) U bolts, galv. type 
Чы” x VS 
D 
6) 17 ID polyethylene water- 
service pipe 160 Ib/in.? test, 
approx. 1” OD 
A) 11l” x 111 x 1/8" aluminum. 
Angle—ê' lengths 
B) 17 х 747 aluminum bar— 
e lengths 
7) 114" top гай of chain-link fence 
8) 1:1 toroid balun 
9) 6-32 x 1” stainless steel screws 
6-32 stainless steel nuts 
46 solder lugs 
10) #12 copper feeder wire 
11A) 12” x 8” x "ye" aluminum plate 
В) 6” x 4" x 0 aluminum plate 
12А) "1 galv. Pipe 
В) 1” galv. pipe-mast 
13) Galv. guy wire 
14) Ii x 2" turnbuckles 
18) 1" x 11 eye bolts 
16) TV guy clamps and eye bots 


Nearest 
Resonant 


14 MHz 


18 MHz 
21 MHz 


24.9 MHz 
28 MHz 


Quantity 


126 lineal feet 
96 lineal fect 
66 lineal fect 
16 lineal feat 


48 ва 


26 ea 
thea 


402 
202 


20 lineal feet 


30 lineal feet 
12 lineal feat 


26 lineal feet 
теа 

24 ва 

48 ва 

24 ва 

60 lineal feet 
tea 

теа 


3 lineal feet 
5 lineal feet 


50 lineal feet 
402 
2а 
202 
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Fig 21— Construction diagrams of the 


MHz LPDA. B and C show the method of making electrical connection 


between the phase-Iine and each half-element. D shows how the boom sections are joined. 
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Table 5 
Element Material Requirements: 13-30 MHz LPDA 


Ele, T "e " 
[^ Tubing Tubing Tubing 

Len Oy len Qy ken. Qy 
1 e 2 e az ГА 
2 e 2 z a2 ae 
3 e 2 12 2 par En 
4 e 2 es 2 ш im 
5 e 2 7 та — E 
5 e 2 s 2 жа е 
7 e 2 pora ání 2 
à e 2 as 2 LE 
9 € 2 25 2 ж: Ж 
10 x 2 s 2 zi 
n то? 4 2 E 
12 e 2 4 2 — 


mor 
Angle Bar 
Len. Len 
2 1 

EA 


of element lengths and spacings appears in Table 3.) 

6) Total weight, 116 pounds 

7) Wind-load area, 10.7 square feet 

8) Required input impedance (mean resistance), Rg 
72.0, Z, = 6-inch jumper #18 wire 

9) Average characteristic dipole impedance, Zay: 337.8 Q 

10) Impedance of the feeder, Zo: 117.1 © 

11) Feeder: #12 wire, close spaced 

12) With a 1:1 toroid balun at the input terminals and a 
72-0 coax feed line, the maximum SWR is 1.41, 
"The mechanical assembly uses materials readily avail- 

able from most local hardware sores or aluminum supply 

houses. The materials needed are given in Table 4. In the 


construction diagram, Fig 21, the materials are referenced 
by their respective material list numbers. The photograph 
shows the overall construction, and the drawings show the 
details. Table 5 gives the required tubing lengths to con- 
struct the clem 


Experimenters may wish to improve the performance 
of the array at both the upper and lower frequency ends of 
the design spectrum so that it more closely approaches the 
performance in the middle of the design frequency range 
"The most apt general technique for raising both the gain 
and the front-to-back ratio at the frequency extremes would 
betocircularize таз described earlier in this chapter. How- 
ever, other techniques may also be applied. 


The Telerana 


The Telerana (Spanish for spider web) is a rotatable 
log periodic antenna that is lightweight, easy to construct. 
and relatively inexpensive to build, Designed to cover 
12.1 to 30 MHz, it was co-designed by George Smith, 
W4AEO, and Ansyl Eckols, YVSDLT, and first described 


by Eckols in OST for Jul 1981. Some of the desig: 

parameters are as follow. 

Dr 

Da= 

3) Gain = 4.5 to 5.5 dBi (free-space) depending upon 
frequency 


4) Feed arrangement: 400-0 feeder line with 4:1 balun, 
fed with 52-02 coax. The SWR is 1.5:1 or less in all 
amateur bands. 

‘The array consists of 13 dipole elements, properly 
spaced and transposed, along an open wire feeder hav- 
ing an impedance of approximately 400 Q. See Figs 22 
and 23. The array is fed at the forward (smallest) end 

RG-8 cable placed inside the front 

arm and leading to the transmitter, An alternative feed 

hod is to use open wire or ordinary TV ribbon and a 
tuner, eliminating the balun. 


with a 4:1 balun an 


‘The frame that supports the array (Fig 24) consists 
of four 15-foot fiberglass vaulting poles slipped over short 

ipples at the hub, appearing like wheel spokes (Fig 25). 
stead of being mounted directly into the fiberglass, the 
hub mounts into short metal tubing sleeves that are in- 
serted into the ends of each arm to prevent crushing and 
splitting the fiberglass. The necessary holes are drilled 
to receive the wires and nylon. 

‘A shopping list is provided in Table 6, The center 
hub is made from a 1'/-inch galvanized four-oullet cross 
ог X and four S-inch nipples (Fig 25). A I-inch diameter 
X may be used alternatively, depending on the diameter 
of the fiberglass. A hole is drilled in the bottom of the. 
hub to allow the cable to be passed through after weldin 
the hub to the rotator mounting stub 

AU four arms of the array must be 15 feet long. They 
should be strong and springy to maintain the tautness of 
the array. If vaulting poles are used, try to obtain all of 
them with identical strength ratings. 

‘The forward spreader should be approximately 
14.8 feet long. It can be much lighter than the four mai 
arms, but must be strong enough to keep the lines rigid. 
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Fig 22— The overall configuration of the spider web antenna. Nylon monofilament line is used from the ends of the. 


'ments to the nylon cords. Use nylon line to tie every point wher 


der les 


lines cross, The forward fiberglass f 


оп the feeder line and is tied to it. Both metric and English measurements are shown, except for the illustration of 


the feed-line Insulator. Use soft-drawn copper or stranded wire fo 
7/22 flexible wire or #14 AWG Copperweld, 
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Fig 23—The frame construction of the spider web antenna. Two different hub arrangements 
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Fig 24—Although the spider web antenna resembles а 
rotatable clothes line, it is much larger, as indicated by 
Figs 22 and 23. However, the antenna can be lifted by 
hand. 


Fig 25—The simple arrangement of the spider web 
antenna hub. See Fig 23 and the text for detalls. 


ments, balun, transmission line and 
main bow of the spider web antenna. 
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Table 6 

‘Shopping List for the Telerana 

ben galvanized, 4-out 

enen nipples. 

4—15-oot ong arms. Vaulting poles suggested. These must 
be strong and ай of the same strength (150 Ib) or beter. 

1—Spreader, 14.8 foot long (must not be metal) 

1—4:1 balun unless open-wire or TV cable is used. 

12—Feed.ine insulators made from Plexiglas or fiberglass. 

36—5тай egg insulators. 

3528 teet copper wire for elements; flexible 7/22 is 
suggested. 

65.6 feet (20 m) #14 Copperweld wire for interelement feed 
ine. 

164 foot (50 т) strong inch dia cord 

aol of nylon monofilament fishing ina, 50 Ib test or 
batter. 

4—Меш tubing inserts go into the ends of the fiberglass 

2—Рвегдавв fishing-rod blanks. 

4—Hose clamps. 


и eross or X, 


If tapered, the spreader should have the same measure- 
ments from the center to each end. Do not use metal for 
this spreader 

Building the frame for the array is the first construc- 
tion step. Once the frame is prepared, then everything 
else can be built onto it, Begin by assembling the hub 
and the four arms, letting them lie flat on the ground with 
the rotator stub inserted in a hole in the ground. The tip- 
to-tip length should be about 31.5 feet each way. A hose 
clamp is used at each end of the arms to prevent splitting. 
Place the metal inserts in the outer ends of the arms, with 
1 inch protruding. The mounting holes should have been 
drilled at this point. If the egg insulators and nylon cords 
are mounted to these tube inserts, the whole antenna c 
be disassembled simply by bending up the arms and pull- 
ing out the inserts with everything still attached, 

Choose the arm to be at the front end. Mount two. 
egg insulators at the front and rear to accommodate the 
mer element feeder. These insulators should be as close 
as possible to the ends. 

At each end of the cross-arm on top, install а small 
pulley and string nylon cord across and back. Tighten 
the cord until the upward bow reaches 3 Feet above the 
hub. All cords will require retightening after the first few 
days because of stretching. The eross-arm can be laid 
its side while preparing the feeder line. For the front-to- 

ar bowstring itis important to use a wire that will not 
stretch, such as #14 Copperweld. This bowstring is actu- 
ally the inter-clement transmission line. See Fig 26. 

Secure the rear ends of the feeder to the two rear 
insulators, soldering the wrap. Before securing the fronts, 
slip the 12 insulators onto the two feed lines. A rope с: 
be used temporarily to form the bow and to aid in mount- 
ing the feeder line. The end-to-end length of the feeder 


Improving the Telerana 


In The ARAL Antenna Compendium, Vol 4, Markus 


Hanson, VETCA, described how ho modified the 


Telorana to improve the front-to-back ratio on 20 and 
15 meters. In addition, ho added a trapped 30/40- 
meter dipole that functions as a top truss system to 


stabilize the modified Telerana in strong uprising 


"winds that otherwise could turn the antenna into an 


inside-out umbrella" 


Fig A shows the layout for the modified Tolorana, 


and Table A lists the lengths and spacings for the 


#14 wire elements. Note that VE7CA used tuning 


‘stubs to tweak tho 15 and 20-meter reflector wires 


for best rearward pattern. The construction tech- 


niques used by УЕ7СА aro the samo as for the 


original Telorana. Fig B shows а sido view of the 


additional 40/30-motor-dipolo truss sytem. 


куз at IS 


Table A 


Element Lengths and Spacings, 
in Inches 


Element’ Element Total 

‘Number Length Distance 
(inches) (inches) 

Ri 2020 0.0 

їз 2101 1020 

e 1912 140.7 

R2 1380 158.3 

13 1740 1759 

La 1583 207.9 

LS 1444 237.0 

Lo 1911 2615 

L7 1193 2856 

LB 1086 307.6 

L — 988 EH 

% во E 

Uno 824 364.5 


Note: the reflector lengths do not include 
ho length of the tuning stubs. 


Fig A—Physical layout of modified 
Telerana with 20 and 15-meter reflectors 
added (in place of first two elements in 
originai Telerana). Note the tuning stubs 
for the adde 


Fig B—Side view of 30/40-meter. 
addition to the modified Tolorana, 
using */elnch PVC pipe as a vertical 
stabilizer and support for the 30/40- 
meter trapped dipole, 
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should be 30.24 feet. 

Now lit both bows to their upright position and tie 
the feeder line and the cross-arm bowstring together where 
they cross, directly over and approximately 3 feet above 
the hub, 

The next step is to install the number 1 rear element 
from the rear egg insulators to the right and left cross- 
arms using other egg insulators to provide the proper ele- 

л length. Be sure to solder the element halves to the 
mission line, Complete this portion of the construc- 
Чоп by installing the nylon cord catenaries from the front 
rm to the cross-arm tips. Use egg insulators where 
needed to prevent cutting the nylon cords. 

When preparing the fiberglass forward spreader, keep 
in mind that it should be 14.75 feet long before bowing and 
is approximately 13.75 feet across when bowed. Secure the 
center of the bowstring to the end of the front arm. Lay the 
spreader on top of the feed line, then de the feeder to the 
spreader with nylon fish line. String the catenary from the 
spreader tips to the cross-arm tips. 

AL this point of assembly, prepare an 
2 through 13. There will be two segments for each ele- 
ment. At the outer tip make a small loop and solder the 
wrap. The loop will be for the nylon leader. Measure the 
length plus 0.4 inch for wrapping and soldering the ele- 


ına elements 


теш segment to the feeder. Seven-strand #22 antenna 


Wire is suggested for the element wires. Slide the feed- 


line insulators to their proper position and secure the 
temporarily 

‘The drawings show the necessary transpositio 
scheme. Each element half of elements 1, 3, 5, 7, 9, 11 
and 13 is connected to its own side of the feeder, while 
elements 2, 4, 6, 8, 10 and 12 cross over to the opposite 
side of the transmission line. 

"There are four holes in each of the trans 
insulators (see Fig 22). The i 
transmission line, and the outer о 
Since the array ele ted forward, they should 
pass through the insulator from front to back, then back 
‘over the insulator to the front side and be soldered to the 


er holes are for the 


s ге forthe elements 


ents are sli 


transmission line. The small drawings of Fig 22 show the 
details of the element transposition 

Everywhere that lines cross, tie them together with 
nylon line, including all eopper-nylon and nylon-nylo 
junctions. Careful tying makes the array much more rigid. 
However, all elements should be mounted loosely before 
you try to align the whole thin line or 
element affects all the others. There will be plenty of 
walking back and forth before the array is aligned prop- 
erly. Expect the array to be firm but not extremely taut 


The Pounder: A Single-Band 144-MHz LPDA 


‘The 4-element Pounder LPDA pictured in Fig 27 
was developed by Jerry Hall, KITD, for the 144-148 MHZ 
band. Because it started as an experimental antenna, it 
utilizes some unusual construction techniques. However, 

gives a very good account of itself, exhibiting a theo- 
retical free-space gain of about 7.2 dBi and a frontto- 
back ratio of 20 dB ог better. The Pounder is small and 
light. It weighs just I pound, and hence its 
dition, as may be seen in Fig 28, it can be disassembled 
and reassembled quickly, making it an excellent antenna 
for portable use. This array also serves well as a fixed- 
station antenna, and may be changed easily to either ver- 
cal or horizontal polarization, 

"The antenna feeder consists of two lengths of з x 

X Yheinch angle aluminum. The use of two facing flat 
surfaces permits the builder to obtain a lower characte 
impedance than can be obtained from round conductors with 
the same spacing. The feeder also serves as the boom for 
the Pounder. In the first experimental model, the array con- 
tained only two elements with a spacing of I foot, so a boom 
length of 1 foot was the primary design requirement for the 
Lelement version. Table 7 gives the calculated design data 
Tor the d element array. 


same, In ad- 


Construction 


You can see the general construction approach for 
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Fig 27—The 144 MHz Pounder. The boom extension at the 
loft of the photo is a 40-inch length of slotted PVC tubing, 
"Ieinch outer diameter. The tubing may be clamped to the 
side of a tower or attached to а mast with a small boom- 
o-mast plate. Rotating the tubing at the clamp will 
provide for either vertical or horizontal polarization. 


Table 7 
Design Parameters for the 144-MHz Pounder 
Element lengths: 

3441 feet 

2 = 3.165 feet 

/3- 2.912 feet 

/A = 2679 teet 

2 dBi = 5.1 ава Element spacings: 

265 feat 


Element diameters: 
3.90 elements (increase lo 4) Al = 0.25 inches 

diameter ratios: 
"абат, = 1288 
Adem, = 139.8 
товат: = 1519 
iam, = 165.1 


Fig 28—One end of each half element is tapped to 
fasten onto boom-mounted screws. Disassembly of the 
array consists of merely unscrewing 8 half elements. 
from the boom. The entire disassembled array creates 
а small bundle only 21 inches long. 


Antenna feeder: x lı x ıe” angle aluminum 
spaced , 

Balun: 1:1 (see text) 
Feed line: 52-0 coax (se 


text) 


Fig 30—The feed arrangement, using 
Fig 29—A close-up view of the boom, showing an chassis-mounted BNC connector, modified 
alternative mounting scheme. This photo shows an moving a portion of the flange. A short length of bus 
earlier 2-clement array, but the boom construction is wire connects the center pin to the opposite feo 

the same for 2 or 4 elements. See the text for details. conductor. 
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the Pounder in the photographs. Drilled and tapped pieces 
‘of Plexiglas sheet, inch thick, serve as insulating spac- 
ers for the angle aluminum feeder. Two spacers are used, 

ne near the front and one near the rear of the array. Four 
16-32 x bench pan head screws secure each alum 
angle section to the Plexiglas spacers, as shown in Figs 29 
and 30, Use flat washers with each seren to prevent it 
from touching the angle stock on the opposite side of the 
spacer. Be sure the screws are not so long as to short out 
the feeder! A clearance of about Un inch is sufficient. If 
you have doubts about the screw lengths, check the 
assembled boom for a short with your ohmmeter on a 
Megohm range, 

Either of two mounting techniques may be used for 
the Pounder. As shown in Figs 27 and 28, the rear spacer 
measures 10 x 2з inches, with 45° corners to avoid sharp 
points. This spacer also accommodates a boom extension 
of PVC tubing, which is attached with two #10-32 x 
Linch serews. This tubing provides for side mounting 
the Pounder away from a mast or tower. 

An alternative support arrangement is shown in 
Fig 29. Two ' x 3-inch Plexiglas spacers are used at the 
front and rear of the array. Each spacer has four holes 
drilled inch apart and tapped with #6-32 threads. Two 
screws enter each spacer from either side to make a tight 
sluminum-Plexiglas-aluminum sandwich. At the center 
of the boom, secured with only two screws, is а 2 x 18- 
inch strip of inch Plexiglas. This strip is slotted about 
2 inches from each end to accept hose clamps for mount- 

g the Pounder atop a mast. As shown, the strip is at- 
tached for vertical polarization. Alternate mounting holes, 
visible on the now-horizontal lip of the angle stock, pro- 
vide for horizontal polarization. Although sufficient this 

Jouning arrangement is not as sturdy as that shown in 
Fig 27. 

‘The elements are lengths of thick-wall aluminum. 
tubing, '/-inch OD. The inside wall conveniently accepts 
а #10-32 tap. The threads should penetrate the tubing to 
а depth of at least 1 inch. Eight #10-32 x L-inch screws. 
are attached to the boom at the proper element spacings 
and held in place with #10-32 nuts, as shown in Fig 28. 
For assembly, the elements are then simply screwed into 
place, 

Note that with this construction arrangement, the two 
halves of any individual element are not precisely col- 
linear; their axes are offset by about J. inch, This offset 
does not seem to affect performance. 


The Feed Arrangement 

Use care initially in mounting and cutting the ele- 
ments to length. To obtain the 180" crossover feed ar- 
rangement, the element halves from a single section or 
the feeder/boom must alternate directions. That is, for 
half-elements attached to one of the two pieces of angle 
stock, elements 1 and 3 will point to one side, and ele- 
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ments 2 and 4 to the other. This arrangement may be seen 
by observing the element-mounting screws in Fig 28 
Because of this mounting scheme, the length of tubing 
“half” is not simply half of the length giv 
їп Table 7. After final assembly, halves for elements 2 
and 4 will have a slight overlap, while elements 1 and 3 
are extended somewhat by the boom thickness. The best 
procedure is to cut each assembled element to its final 
length by measuring from tip to tip. 

‘The Pounder may be fed with RG-58 or RG-59 coax 
and a BNC connector. A modified right-angle chassis- 
mount BNC connector is attached to one side of the 
feeder/boom assembly for cable connection, Fig 30. The 
modification consists of cutting away part of the mount 
ing flange that would otherwise protrude from the boo 
assembly. This leaves only two mounting-flange holes, 
but these are sufficient for a secure mount. A short length 
of small bus wire connects the center pin to the opposite 
side of the feeder, where itis secured under the mount- 
ingescrew nut for the shortest element. 

For operation, you may secure the coax to the PVC 
boom extension or to the mast with electrical tape. You 
should use a balun, especially if the Pounder is operated 
With vertical elements. A choke type of balun is satisfac- 
tory, formed by taping 6 turns of the coax into a coil of 
3 inches diameter, but a bead balun is preferred (see Chap- 
ter 26). The balun should be placed at the point where 
the coax is brought away from the boom. If the mounti 
arrangement of Fig 29 is used with vertical polarization, 
a second balun should be located approximately . wave- 
length down the coax line from the first. This will place 
it at about the level of the lower tips of the elements. For 
Tong runs of coax to the transmitter, a transition fro 
RG-58 to RG-8 or from RG-59 to RG-9 is suggested, to 
reduce line losses. Make this transition at some conve- 
ent point near the array. 

No shorting feeder termination is used with the ar- 
ray described here. The antenna feeder (phase-line) Zo 
of this array is in the neighborhood of 120 ©, and with а 
resulting feed-point impedance of about 72 0. The theo- 
retical mean SWR with 52 0 line is 72/52 or 1.4 to 1 
Upon array completion, the measured SWR (52-0 line) 
was found to be relatively constant across the band, wi 
а value of about 1.7 to 1. The Pounder offers a better 
match to 72-0 coax, 

Being an all-driven array, the Pounder is more im- 

to changes in feed-point impedance caused by 
by objects than is a parasitic array. This became ob- 
vious during portable use when the array was operated 
ear trees and other objects... the SWR did not change 
votiecably with antenna rotation toward and away from 
those objects. Consequently, the Pounder should behave 
well in a restricted environment, such as an attic. Weigh- 
ng just one pound, this array indeed does give a good 
account of itself. 


for an elemer 


Log Periodic-Yagi Arrays 


Several possibilities exist for constructing high-gain 
arrays that use the log periodic dipole array concept. One 
technique is to add parasitic elements to the LPDA to 
increase both the gain and the front-to-back ratio for a 
specific frequency within the passband of the LPDA. The 
LPDA-Yagi combination is simple in concept. It utilizes 
an LPDA group of driven elements, along with parasitic 
elements at normal Yagi spacings from the active elements 
of the LPDA. 

The LPDA-Yagi combinations a 
example of a single-band high-gain design is a 2- or 3- 
element LPDA for 21.0 to 21.45 MHz with the addition 
of two or three parasitic directors and one parasitic re- 
Flector. The name Log-Yag (log-cell Yagi) array has been 
coined for these hybrid antennas. The LPDA portion of 
the array is of the usual design to cover the desired band- 
Width, and standard Yagi design procedures are used for 
the parasitic elements. Information in this section is based 
on a Dec 1976, OST article by P. D. Rhodes, KHG 
and J. R. Painter, W4BBP, "The Log-Yag Array.” 


THE LOG-YAG ARRAY 


The Log-Yag array, with its added parasitic elements, 
provides higher gain and greater directivity than would 
be realized with the LPDA alone. Yagi arrays require a 
long boom and wide element spacing for wide bandwidth 
and high gain, because the О of the Yagi system increases. 
as the number of elements is increased or as the spacing 
between adjacent elements is decreased. An increase in 
the Q of the Yagi array means that the total operating. 
bandwidth of the array is decreased, and the gain and 
front-to-back ratio specified in the design are obtainable 
only over small portions of the band. [Older Yas 

did indeed exhibit the limitations mentioned here. But 
modern, computer-aided design has resulted in wideband 
Yagis, provided that sufficient elements are used on the 
boom to allow stagger tuning for wide-band coverage. 
See Chapter 11.—Ed.] 

‘The Log-Yag system overcomes this difficulty by 
using a multiple driven element cell designed in accor- 
dance with the principles of the log periodic dipole ar- 
тау. Since this log cell exhibits both gain and directivity 
by itself itis a more effective wide-band radiator than a 

le dipole driven element. The front-to-hack ratio and. 
m of the log cell can then be improved with the addi- 
Чоп of a parasitic reflector and director 

I is not necessary for the parasitic element spacings 
to be large with respect to wavelength, since the log cell 
is the determining factor inthe array bandwidth. As well, 
the element spacings within the log cell may be small 
With respect to a wavelength without appreciable dete- 
rioration of the cell gain. For example, decreasing 
the relative spacing constant (6) from 0.1 to 0.05 will 
decrease the array gain by less than 1 dB. 


endless. An 


A Practical Example 

‘The photographs and figures show a Log-Yag array 
for the 14-MHz amateur band. The array design takes the 
form of a 4-element log cell, a parasitic reflector spaced 
10.085 Aya and a parasitic director spaced at 0.15 A 
(where Ajax is the longest free-space wavelength wi 
the array passband). Array gain is almost unaffected with 
reflector spacings from 0.08 À to 0.25 A, and the increase 
in boom length is not justified. The function of the 
reflector is to improve the front-to-back ratio of the log 
cell, while the director sharpens the forward lobe and 
decreases the half-power beamwidth. As the spacing 
between the parasitic elements and the log cell decreases, 
the parasitic elements must increase in length. 

‘The log cell is designed to meet upper and lower 
band limits with © = 0.05. The design parameter т is 
dependent on the structure bandwidth, B. When the log 
periodic design parameters have been found, the element 
length and spacings can be determined, 

Array layout and construction details can be seen in 
Figs 31 through 34. Characteristics of the array are 
їп Table 8. 

‘The method of feeding the antenna is identical to 
that of feeding the log periodic dipole array without the 
parasitic elements. As shown in Fig 31, a balanced feeder 
is required for each log-cell element, and all adjacent ele- 
ments are fed with a 180° phase shift by alternating con- 
nections. Since the Log-Yag array will be covering a 
relatively small bandwidth, the radiation resistance of the 
narrow-band log cell will vary from 80 to 90 Q (tubing. 


Table 8 
Log-Yag Array Characteristics 

1) Frequency range. 14 to 1435 MHz 

2) Operating bandwidth 025 

3) Design parameter 946657 

4) Apex hall angle a= 14.921 cot a = 
5) Halt-power beamwidth 42° (14 to 14.95 MHz) 


753 


6) Bandwidth of structure В = 1.17875 
T) Free-space wavelength 7028 teet 
8) Log cell boom length 10.0 feet 


9) Longest log element 35.14 feet (a tabulation 

‘of element lengths and 
spacings is given in Table 9) 

10) Forward gain (fee 8208 

space) 

11) Frontto-back ratio 

12) Frontiosside ratio 


зг dB (theoretical) 
45 dB (theoretical) 


13) Input impedance 2-72 
та SWR 1310 1 (1410 14.35 MHz) 
15) Total weight 96 pounds 
16) Wind oad area 85 sa feet 


17) Rellector length 
18) Director length 
19) Total boom length 


36.4 feet at 6.0 foot spacing 
322 feet at 10.5 foot spacing 
265 feet 


Log Periodic Arrays 40-25 


Table 9 
Log-Yag Array Dimensions 
Element Length Spacing 


Foot Foot 
Reflector 3640 600 (Ret. to ri) 
1 3544 351 (di) 
2 3327 332 (de) 
E 3149 — зла (dea) 
а 2981 1057 ( to dir) 


Director 3220 


elements) depending on the operating bandwidth, The ad- 
dition of parasitic elements lowers the log-cell radiati 
resistance. Hence, it is recommended that a 1:1 balun be 
sell input terminals and 50-02 coaxial 
cable be used for the feed line. 


connected al the log 


The measured radiation resistance of the 14-MHz 
Log-Yag is 37 Q over the frequency range from 14.0 to 
14.35 MHz, It is assumed that tubing elements will be 
the radiati 


used. However, if a wire array is used, th 
resistance Ry and antenna-feeder input impedance Zy must 
be calculated so that the proper balun and coax may be 


used. The procedure is outlined in detail in an earlier part 


of this chapter. However, programs such as LPCAD28 


are also suitable to automate the calculations. 
Table 9 has array dimensions. Tables 10 and 11 con- 


Z tain lists of the materials necessary to build the Log vag 
Fig 31—Layout of the Log-Yag array. апау. 


Fig 32—Assembly details. The numbered components refer to Table 11. 
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Table 10 
Element Material Requirements: Log-Yag Array 


tin, “ein, DA 
Tubing Tubing Tubing 
Len. Len. Len. 
Feet Оу Feet Oy Fest су 
Refedor 12 1 6 2 22 
a 6 2 6 2 8 2 
2 Gs ar (edem cal # 
а 6 2 6 2 6 2 
а 6 2 6 2 6 2 
Director 12 1 6 2 8 2 


A: 


Fig 33—The attachment of the elements to the boom. 


Fig 34—Looking from the front to the back of the Log- 
Yag array. A truss provides lateral and vertical support. 


Table 11 
Materials List, Log-Yag Array 
1) Aluminum tubing —.047 in. wall thickness 
Tin —12 tenths, 24 lin. ft 
1 in.—12 ft or 6 ft lengths, 48 lin. ft 
ente ft or 6 ft lengths, 72 in. t 
«in —8 ft lengths, 48 in. ft 
lain — ft lengths, 36 in. ft 
2) Stainless steel hose clamps—2 in. max, 8 ea 
3) Stainless steel hose clamps—11 in. max, 24 ва 
4) Тулуре U bots 1! in., 6 ea. 
5) U bolts, galv. type: 5/16 in. x "in. б ea 
SA) U bolts, galv. type: Ye in. x 1 in. 2 ea. 
6) 1 in. ID water-service polyethylene pipe 160 bin 
test, approx. 1% in. OD, 7 lin. ft 
T) Tein. x Ta in. x Te in. aluminum angle-—6 ft 
lengths, 12 lin. tt 


в) dino lin. x Wein, aluminum angle—6 ft lengths, 
Blin. tt 

9) Mein. top тай of chainlink fence, 26.5 lin. tt 

10) 1:1 toroid balun, 1 ea 

11) No. 6.32 x 1 in. stainless steel screws, 8 ea 
No, 6-32 stainless steel nuts, 16 ea 
No. 6 solder lugs, В ea 

12) #12 copper feed wire, 22 lin. ft 

эз) 12 in. x 6 in. x e in. aluminum plate, 1 ea 

14) Gin. x in. x ein. aluminum plate, 1 ва 

15) “ein. galv. pipe, 3 iin. ft 

16) 1 in. galv. pipe mast, 5 lin. t 

17) Galv. guy wira, 50 lin. ft 

18) lin. x 2 in. turnbuckles, 4 oa 

19) in. x 1%: in. eye bolts, 2 ea 

20) TV guy clamps and eyebols, 2 ea 
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HF Yagi 
Arrays 


Along with the dipole and the quarter-wave verti 
cal, radio amateurs throughout the world make extensive 
use of the Yagi array. Hidetsugu Yagi and Shintaro Uda, 
wo Japanese university professors, invented the Yagi in 
the 1920s. Uda did much of the developmental work, 
while Yagi introduced the array to the world outside Ja 
pan through his writings in English. Although the antenna. 
should properly be called a Yagi-Uda array, it is com- 
monly referred to simply as a Yagi. 

The Yagi is a type of endfire multielement array. At 
the minimum, it consists of a single driven element and a 
single parasitic element. These elements are placed paral- 
lel to each other, оп а supporting boom spacing them apart. 
This arrangement is known as a 2-element Yagi. The para 
sitie element is termed a reflector when it is placed be 
hind the driven element, opposite to 
‘maximum radiation, and is called a director when it is 
placed ahead of the driven element. See Fig 1. in the VHF 
and UHF spectrum, Yagis employing 30 or more elements 
are not uncommon, with a single reflector and multiple 
directors. See Chapter 18, УНЕ and UHF 
tems, for details on VHF and UHF Yagis. Large 
rays may employ 10 or more elements, and will be covered. 
in this chapter 

The gain and directional pattern of a Yagi array is 
determined by the relative amplitudes and phases of the 
currents induced into all the parasitic elements, Unlike 
the directly driven multielement arrays considered in 
Chapter 8, Multielement Arrays, where the designer must 
compensate for mutual coupling between elements, proper 

‘operation relies on mutual coupling. The curre 
each parasitic element is determined by its spacing from 
both the driven ek ober parasitic elements, and 
by the tuning of t itself. Both length and 
diameter affect element u 


he direction of 


e elemen 


For about 50 
ated Yagi array designs largely by “cut and try" experi- 
mental techniques. Inthe early 1980s, Jim Lawson, W2PV, 
described in detail for the 


nateurs and professionals сте 


mateur audience the fundamen 
is. His book Yagi 
ied for serious an- 
igners. The advent of powerful microcomputers 
and sophisticated computer antenna modeling software in 
the mid 19805 revolutionized the field of Ya 

the radio an 


tal mathematics involved in modeling Yagi 


w 
-A m 
= — 
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Fig 1—Two-element Yagi systems using a single 
parasitic element. At A the parasitic element acts as a 
director, and at B as a reflector. The arrows show the 
direction In which maximum radiation takes place 
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try 100,000 or more different combinations of element 
lengths and spacings to create a Yagi design tailored to 
meet a particular set of high-performance parameters, To 
explore this number of combinations experimentally, a 
human experimenter would take an unimaginable amount 


of time and dedication, and the process would no doubt 
suffer from considerable measurement errors. With the 
computer tools available today, an antenna can be designed, 
constructed and then put up in the air, with little or no 


tuning or pruning required. 


Yagi Performance Parameters 


There are three main parameters used to characterize 
the performance of a particular Yagi—forward gain, pat- 
tern and drive impedance/SWR. Another important con- 
sideration is mechanical strength. It is very important to 
recognize that each of the three electrical par 
should be characterized over the frequency band of inter- 
est in order to be meaningful. Neither the gain, SWR nor 
the pattern measured at a single frequency gives very much 
insight into the overall performance of a particular Yagi. 
Poor designs have been known to reverse their 
directionality over a frequency band, while other designs 
have excessively narrow SWR bandwidths, or overly 
in response. Finally, an antenna's ability to 
Wind and ice conditions expected in one's 
geographical location is an important consideration in any 
design. Much of this chapter will be devoted to describ- 
ing detailed Yagi designs that are optimized for a good 
SWR over various 
ied to survive strong. 


winds and icing. 


YAGI GAIN 


Like any other antenna, the ga 


of a Yagi must be 
lard of reference, 


stated in comparison to son 
Designers of phased vertical arrays often state вайп refer- 
‘enced to a single, isolated vertical element, See the sec- 
tion on “Phased Array Techniques” in Chapter 8, 
Multielement Arrays. 

Many antenna designers prefer to compare gain to 
that of an isotropic radiator in free space. This is a theo- 
retical antenna that radiates equally well in all directions, 
and by definition, it has a gain of 0 dBi (dB isotropic) 
Many radio amateurs, however, are comfortable using a 
dipole as a standard reference antenna, mainly because it 
is mora theoretical antenna, 

In free space, a dipole does not radiate equally well 
in all directions—it has a figure-cight azimuth pattern, 
With deep nulls off the ends of the wire. In its favored 
directions, a free-space dipole has 2.15 dB gain compared 
to the isotropic radiator. You may see the term dBd in 
amateur literature, meaning gain referenced to a dipole 
in free space. Subtract 2.15 dB from gain in dBi to con- 
vert to gain in dBd. 

Assume for a moment that we take a dipole out of 
“free space” and place it one wavelength over the ocean, 
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whose saltwater makes an almost perfect ground. At an 
elevation angle of 15°, where sea water-reflected radia- 
tion adds in phase with direct radiation, the dipole has a 
gain of about 6 dB, compared to its gain when it was in 
free space, isolated from any reflections. See Chapter 3, 
The Effects of the Earth 

Tt is perfectly legitimate to say that this dipole has a 
gain of 6 dBd, although the term “Bd” (meaning "dB. 
dipole”) makes it sound as though the dipole somehow has 
gain over itself! Always remember that gain expressed in 
BA (or dBi) refers to the counterpart antenna in free 
space. The gain of the dipole over saltwater in his example 
сап be rated at either 6 ВА (over a dipole in free space), 
ог as 8.15 dBi (over an isotropic radiator in free space) 
Each frame of reference is valid, as long as it is used con- 
sistently and clearly. In this chapter we will often switch 
between Yagis in free space and Yagis over ground. To pr 
vent any confusion, gains will be stated in dBi. 

Yagi fre ín ranges from about 5 dBi for a 
small 2-elem 
long-boom UHF design. The length of the boom is the 
main factor determining the gain a Yagi can deliver. Gain 
as a function of boom length will be discussed in detail 
after the sections below defining antenna response pal- 
terns and SWR characteristics 


RESPONSE PATTERNS— 
FRONT-TO-REAR RATIO 

As discussed in Chapter 2, Ar 
for an antenna to have gain, it n 
radiated in a particular direction, at the expense оГ 
radiated in other directions. Gain is thus closely related to 
an antenna’s directivity pattern, and also to the losses in 
the antenna. Fig 2 shows the E-plane (also called E-field, 
for electric field) and H-plane (also called H-fleld, for 
magnetic field) pattern of a -element Yagi in free space, 
compared to a dipole, and an isotropic radiator. These pat- 
terns were generated using the computer program NEC-2, 
Which is highly regarded by antenna professionals for its 
accuracy and flexibility. 

In free space there is no Earth reference to deter- 
mine whether the antenna polarization is horizontal or 
vertical, and so ils response patterns are labeled as 
E-field (electric) or H-field (magnetic). For a Yagi 
mounted over ground rather than in free space, if the 
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ıe (electric field) and H-Plane (magnetic 
field) response patterns for element 20-meter Yagi in 
free space. At A the E-Plane pattern for a typical 
3-element Yagi is compared with a dipole and an 
isotropic radiator. At B the H-Plane patterns are 
‘compared for the same antennas. The Yagi has an 
E-Plane half-power beamwidth of 66°, and an H-Plane 
halt-power beamwidth of about 120°. The Yagi has 
7.28 dBi (5.13 dBd) of gain. The froni-to-back ratio, 
which compares the response at 0° and at 180°, le 
about 35 dB for this Yagi. The front-o-rear ratio, which 
‘compares the response at 0° to the largest lobe in the 
rearward 180° arc behind the antenna, is 24 dB, due to 
the lobes at 120° and 240°. 


E-field is parallel to the earth (that is, the elements are 
parallel to the earth) then the antenna polarization is hori- 
zontal, and its E-field response is then usually referred to 
as its azimuth pattern Its H-field response is then referred 
to as its elevation pattern. 

Fig 2A demonstrates how this 3-element Yagi in free 
space exhibits 7.28 dBi of gain (referenced to isotropic), 
and has 5.13 dB gain over a free-space dipole. The gain is 
in the forward direction on the graph at 0° azimuth, and the 
forward part of the lobe is called the main lobe. For this 
particular antenna, the angular width of the E-plane main 
obe at the half power, or 3 UB points compared to the peak, 
is about 66°. This performance characteristic is called the 
antenna's azimuthal half-power beamwidth 

Again as seen in Fig 2A, this antenna's response in 
the reverse direction at 180° azimuth is 34 dB less than in 
the forward direction. This characteristic is called the 
amenna's front-to-back ratio, and it describes the ability 
of an antenna to discriminate, for example, against inter- 
fering signals coming directly from the fear, when the 
antenna is being used for reception. In Fig 2A there are 
two sidelobes, at 120° and at 240° azimuth, which are about 
24 dB down from the peak response at O°. Since interfer- 
ence can come from any direction, not only directly off 
the back of an antenna, these kinds of sidelobes limit the 
ability to discriminate against rearward signals. The ter 
worst-case fron-to-rear ratio is used to describe the worst- 
case rearward lobe in the 180°-wide sector behind the 
antenna’s main lobe. In this ease, the worst-case front-lo- 
rear ratio is 24 dB. 

In the rest of this chapter the worst-case front-to-rear 
ratio will be used as a performance parameter, and will be 
abbreviated as “F/R.” For a dipole or an isotropic radia- 
tor, Fig 2A demonstrates that F/R is 0 dB. Fig 2B depicts 
the H-field response for the same 3-element Yagi in free 
space, again compared to a dipole and an isotropic radia- 
tor in free space. Unlike the E-field pattern, the H-field 
pattem for a Yagi does not have a null at 90°, directly 
over the top of the Yagi. For this 3-element design, the H- 
field half-power beamwidth is approximately 120°. 

Fig 3 compares the azimuth and elevation patterns 
for a horizontally polarized 6-element 14-MHz Yagi, with 
а 60-foot boom mounted one wavelength over ground, to 
а dipole at the same height. As with any horizontally 
polarized antenna, the height above ground is the m 
factor determining the peaks and nulls in the elevation 
pattern of each antenna. Fig ЗА shows the E-field pat- 
term, which has now been labeled as the Azimuth paste 
This antenna has a half-power azimuthal beamwidth of 
about 509, and at an elevation angle of 12° it exhibits а 
forward gain of 16.02 dBi, including about 5 dB of ground 
reflection gain over relatively poor ground, with a dielec- 
trie constant of 13 and conductivity of S mS/m. In free 
space this Yagi has a gain of 10.97 dBi. 

The H-field elevation response of the 6-element Yagi 
has a half-power beamwidth of about 60° in free space, 


HF Yagi Arrays 14-3 


атина эме 8) 
Fig 3—Azimuth pattern for 6-element 20-meter Yagi on. 
6000: long boom, mounted 60 feet over ground. At A, 
the azimuth pattern at 12° elevation angle is shown, 
‘compared to a dipole at the same height. Peak gain of 
Tho Yagi is 16.04 dBi, or just over В dB compared to the 
dipole. At В, the elevation pattern for the same two 
antennas is shown. Note that the peak elevation 
pattern of the Yagi is compressed slightly lower 
‘compared to the dipole, even though they are both at 
the same height over ground. This is most noticeable 
for the Yagi's second lobe, which peaks at about 40", 
while the dipole's second lobe peaks at about 48°. This 
is due to the greater free-space directionality of the 
Yagi at higher angles. 


but as shown in Fig 3B, the first lobe (centered at 12° in 
elevation) has a half-power beamwidth of only 13° when 
the antenna is mounted one wavelength over ground. The 
dipole at the same height has a very slightly larger first- 
lobe half-power elevation beamwidth of 14°, since its free- 
space H-field response is omnidirectional. 

Note that the free-space ll. feld directivity of the Yagi 
suppresses its second lobe over ground (at an elevation 
angle of about 40°) to В dBi, while the dipole’s response 
at its second lobe peak (at about 48°) is at a level of 9 dBi. 

The shape of the azimuthal pattern for a Yagi oper- 
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Fig 4—SWR over the 28.0 to 28.8 MHz portion of the 
10-meter band for two different 3-element Yagi designs. 
One is designed strictly for maximum gain, while th 

cond is optimized for F/R pattern and SWR over the 
'equency band. A Yagi designed only for maximum. 
gain usually suffers from a very narrow SWR 
bandwidth. 


ated over real ground will change slightly as the Yagi is 
placed closer and closer to earth. Generally, however, the 
azimuth pattern doesn't depart significantly from the free- 
space pattern until the antenna is less than 0.5 A high. 
This is just over 17 feet high at 28.4 MHZ, and just under 
35 feet at 14.2 MHz, heights that are not difficult to 
achieve for most amateurs. Some advanced computer pro- 
grams can optimize Yagis at the exact installation height. 


DRIVE IMPEDANCE AND SWR 

The impedance at the driven element in a Yagi is 
affected not only by the tuning of the driven elem 
itself, but also by the spacing and tuning of nearby para- 
sitic elements, and to a lesser extent by the presence of 
ground. In some designs that have been tuned solely for 
maximum gain, the driven-element impedance can fall 
to very low levels, sometimes less than 5 Q. This can lead 
to excessive losses due to conductor resistance, especially 
at VHF and UHF. In a Yagi that has been optimized solely 
for gain, conductor losses are usually compounded by 
large excursions in impedance levels with relatively small 
changes in frequency. The SWR can thus change dramat 
cally over a band and can create additional losses in the 
feed cable, Fig 4 illustrates the SWR over the 28 to 
28.8 MHZ portion of the 10-meter amateur band for a 
5-clement Yagi on a 24-foot boom, which has been tuned 
Tor maximum forward gain at a spot frequency of 
28.4 MHz. ts SWR curve is contrasted to that of a Yagi 
designed for a good compromise of gain, SWR and F/R. 


Even professional antenna designers have difficulty 
accurately measuring forward gain. On the other hand, SWR. 
сап easily be measured by professional and amateur alike. 
Few manufacturers would probably want to advertise an 
antenna with the narrow-band SWR curve shown in Fig 4! 


Monoband Yagi Performance Optimization 


DESIGN GOALS 


The previous section discussing driven-element 
impedance and SWR hinted at possible design trade-offs 
among gain, pattern and SWR, especially when each 
parameter is considered over a frequency band rather than 
at a spot frequency. Trade-offs in Yagi design parameters 
‘can be a matter of personal taste and operating style. For 
‘example, one operator might exclusively operate the CW 
portions of the HF bands, while another might only be 
interested in the Phone portions. Another operator may 
vod pattern in order to discriminate арай 
nals coming from a particular direction; someone else 
тау want the most forward gain possible, and may not 
care about responses in other directions. 

Extensive computer modeling of Yagis indicates that 
the parameter that must be compromised most to achieve 
wide bandwidths for fron ıd SWR is for- 
ward gain. However, not much st be sacrificed 
for good E/R and SWR coverage, especially on long- 


(c) 


boom Yagis. Although 10 and 7-MH2 Yagis are not rare, 
the HF bands from 14 to 30 MHz are where Yagis are 
most often found, mainly due to the mechanical difficul- 
ties involved with making sturdy antennas for lower fre- 
quencies. The highest HF band, 28.0 to 29.7 MHz 
represents the largest percentage bandwidth of the upper 
НЕ bands, at almost 6%. It is difficult to try to optimize 
їп one design the main performance parameters of gain, 
worst-case FIR ratio and SWR over this large a band 
Many commercial designs thus split up their 10-meter 
designs into antennas covering one of two bands: 28.0 to 
28.8 MHZ, and 28.8 to 29.7 MHz, For the amateur bands 
below 10 meters, optimal designs that cover the entire 
band are more easily achieved, 


DESIGN VARIABLES 


There are only a few variables available when one 
is designing a Yagi to meet certain 
ables are: 


Fig 5—Comparisons of three diferent 3-element 
10'meter Yagi designs using 8-foot booms. At A, 
comparisons are shown. The Yagi designed for the best 
compromise of gain and SWR sacrifices an average of 
about 0.5 dB compared to the antenna designed for 
maximum gain. The Yagi designed for optimal FIR, gain 
and SWR sacrifices an average of 1.0 dB compared to 
the maximum-gain case, and about 0.4 dB compared to 
the compromise gain and SWR case. At B, the front-to- 
rear ratio is shown for the three different designs. The 
antenna designed for optimal combination of gain, F/R 
Ind SWR maintains a F/R higher than 20 dB across the 
tiro frequency range, while the antenna designed 
strictly for gain has a FIR of 3 dB at the high end of the 
band. At С, the three antenna designs are compared for 
SWR bandwidth. At the high end of the band, the 
antenna designed strictly for gain has a very high SWR. 
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"The physical length of the boom 
The number of elements on the boom 

‘The spacing of each element along the boom 

‘The tuning of each element 

The type of matching network used to feed the 
array. 


GAIN AND BOOM LENGTH 


As pointed out earlier, the gain of a Yagi is largely a 
function of the length of the boom. As the boom is made 
longer, the m gain potential rises. For a given 
boom length, the number of elements populating that 
boom can be varied, while still maintaining the antenna’s 
‘gain, provided of course that the elements are tuned prop- 
erly. In general, putting more elements on a boom gives 
the designer added flexibility to achieve desired design 
goals, especially to spread the response out over a fre- 
‘quency band. 

Fig SA is an example illustrating gain versus fre- 
‘quency for three different types of 3-clement Yagis on 
S-foot booms. The three antennas were designed for the 
lower end of the 10-meter band, 28.0 to 28.8 MHz, based 
‘on the following different design goals: 


Antenna 1: Maximum mid-band gain, regardless of 
FIR or SWR across the band 

Antenna 2: SWR less than 2:1 over the frequency band: 
best compromise gain, with no special con- 
sideration for F/R over the band, 

Antenna 3: “Optimal” case: F/R greater than 20 dB, SWR. 


less than 2:1 over the frequency band; best 
compromise gain, 


Fig SB shows the F/R over the frequency band for 
these three designs, and Fig SC shows the SWR curves 
over the frequency band. Antenna I, the design that strives 
strictly for maximum gain, has a poor SWR response over 
the band, as might be expected after the previous section 
discussing SWR. The SWR is 10:1 at 28.8 MHz and rises 
to 22:1 at 29 MHz. At 28 MHz, at the low end of the 
band, the SWR of the maximum-gain design is more than 
6:1. Clearly, designing for maximum gain alone produces 
ап unacceptable design in terms of SWR bandwidth. The 
FIR for Antenna | reaches a high point of about 20 dB at 
the low-frequency end of the band, but falls to only 3 dB 
at the high-frequency end. 

‘Antenna 2, designed for the best compromise of gain 
while the SWR across the band is held to less than 2:1, 
achieves this goal, but at an average gain sacrifice of 
0.7 В compared to the maximum gain case. The F/R for 
this design is just under 15 dB over the band. This de- 
sign is fairly typical of many amateur Yagi designs be- 
fore the advent of computer modeling and optimization 
programs. SWR can easily be measured, and experimen- 
tal optimization for forward gain is a fairly straightfor- 
wand procedure. By contrast, overall pattern optimization 
is not a trivial thing to achieve experimentally, particu- 
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larly for antennas with more than four or five elements, 

Antenna 3, designed for an optimum combinatio 
of F/R, SWR and gain, compromises forward gain ar 
average of 1.0 dB compared to the maximum gain case, 
and about 0.4 dB compared to the compromise gain/SWR 
case. It achieves its design objectives of more than 20 dB 
FIR over the 28.0 to 28.8 MHz portion of the band, with 
ап SWR less than 2:1 over that range 

Fig 6A shows the free-space gain versus frequency 
for the same three types of designs, but for a bigger 
S-element 10-meter Yagi on a 20-foot boom. Fig 6B 
shows the variation in F/R, and Fig 6C shows the SWR 
curves versus frequency. Once again, the design that con- 
centrates solely on maximum gain has a poor SWR curve 
over the band, reaching just over 6:1 toward the high end 
of the band. The difference in gain between the maxi- 
тшт gain сазе and the optimum design case has narrowed 
for this size of boom to an average of under 0.5 dB. This 
comes about because the designer has access to more 
variables in a S-element design than he does in a 3-ele- 
and he can stagger-tune the various elements 
to spread the response out over the whole band. 

Fig 7A, B and C show the same three types of 
designs, but for а 6-element Yagi on a 36-foot boom. Th 
SWR bandwidth ofthe antenna designed for maximum gain 
has improved compared to the previous two shorter-boom 
examples, but the SWR still rises to more than 4:1 at 
28.8 MHz, while the F/R ratio is pretty constant over the 
band, ata mediocre 11 dB average level. While the an 
designed for gain and SWR does hold the SWR below 2:1 
over the band. it also has the same mediocre level of F/R 
performance as does the maximum-gain design 

The optimized 36-foot boom antenna achieves an ex- 
cellent F/R of more than 22 dB over the whole 28.0 to 
28.8 MHz band. Again, the availability of more eleme 
and more space on the 36-foot long boom gives the desi 

vore flexibility in broadbanding the response over the 
whole band, while sacrificing only 0.3 dB of gain c 
pared to the maximum: 

Fig ВА, B, and C show the same three types of 
10-meter designs, but now for a 60-foot boom, populated 
with eight elements. With eight elements and a very long 
boom on which to space them out, the ante 
solely Гога 
response across the band, although the SWR does rise to 

iore than 7:1 at the very high end of the band. The SWR 
remains les than 2:1 from 28.0 to 28.7 MHz, much better 
than for shorter-boom, maximum-gain designs. The worst- 
case F/R ratio is never better than 19 dB, however, and re- 
mains around 10 dB over much of the band. The antenna 
designed for the best compromise gain and SWR loses only 
bout 0.1 dB of gain compared to the maximum-gain design, 
but does little better їп terms of F/R across the band. 

Contrasted to these two designs, the antenna opti- 
mized for F/R, SWR and gain has an outstanding patter 
exhibiting an F/R of more than 24 dB across the entire 
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Fig 6—Comparisons of three different designs for 
S-element 10-meter Yagis on 20-foot booms. At A, the 
different S-element 10-meter Yagi designs 


stagger-tuned to spread the response out better over 
the desired frequency band. The average gain 
reduction for the fully optimized antenna design is 
about 0.5 dB. At В, the optimal antenna displays better 
than 22 dB FIR over the band, while the Yagi designed 
for gain and SWR displays on average 10 dB loss F/R 
throughout the band. At С, the SWR bandwidth is 
compared for the three Yagis. The antenna designed 
strictly for forward gain has a poor SWR bandwidth 
and a high peak SWR of 6:1 at 28.8 MHz. 


band, while keeping the SWR below 2:1 from 28.0 to 
28.9 MHz. It must sacrifice an average of only 0.4 dB 
compared to the maximum gain design at the low end of 
the band, and actually has mote gain than 

gain and gain/SWR designs at the high-frequency end of 
the band. 

‘The conclusion drawn from these and many other 
detailed comparisons is that designing strictly for maxi- 
mum mid-band gain yields an inferior design when the 
antenna is examined over an entire frequency band, 
especially in terms of SWR. Designing а Yagi for both 
gain and SWR will yield antennas that have mediocre 
rearward patterns, but that lose relatively little gain co 
pared to the maximum gain case, at east for designs with 
more than three elements. 

However, designing a Yagi for an optimal combina- 
tion of F/R, SWR and gain results in а loss of gain less 
than 0.5 dB compared to designs designed only for gain 
and SWR. Fig 9 summarizes the forward gain achieved 
for the three different design types versus boom length, 


as expressed in wavelength, 

Except for the 2-element designs, the Yagis described 
in the rest of this chapter have the following design goals 
over a desired frequency band: 


1. Front-to-rear ratio over the frequency band of 
more than 20 dB 

2. SWR over the frequency band less than 2:1 

3. Maximum gain consistent with points 1 and 
2 above 


Just for fun, Fig 10 shows the gain versus boom length 
for theoretical 20-meter Yagis that have been designed to. 
meet the three design goals above. The 31-element design 
for 14 MHz would be wondrous to behold. Sadly, itis 
unlikely that anyone will build one, considering that the 
boom would be 724 feet long! However, such a design does 
become practical when scaled to 432 MHZ. In fact, a KIFO 
22-clement and a KIFO 3I-clement Yagi are the proto- 
types for the theoretical 14-МН2 long boom designs, See 
Chapter 18, VHF and UHF Antenna Systems 
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Fig 7—Comparisons of three different 6-element 
10-metor Yagi designs on 36-foot booms. At A, gain is 
shown over the band. With more elements and a longer 
воот, the tuning can be staggered even more to make 
the antenna gain more uniform over the band. This 


antenna designed for optimal performance maintains 
an average of almost 15 dB better FIR over the whole 
band compared to the other designs. At С, the SWR. 
bandwidth is compared. Again, the antenna designed 
Strictly for maximum gain exhibits a high SWR of 4:1 at 
28.8 MHz, and rises to more than 14:1 at 29.0 MHz. 


OPTIMUM DESIGNS AND ELEMENT 
‘SPACING 
Two-Element Yagis 
Many hams consider a 2-element Yagi to 
most bang for the buck” among various Yagi designs, 
particularly for portable operations such as Field Day. A 
2-element Yagi has about 4 dB of gain over a simple 
dipole (sometimes jokingly called a “one-element Yagi") 
amd gives a modest F/R of about 10 dB to help with 
rejection of interference on receive. By comparison, g 
from a 2-element to a 3-element Yagi increases the boom 
length by about 50% and adds another element, а 50% 
increase in the number of elements—for à gain 
increase of about 1 dB and another 10 dB in F/R. 


Element Spacing 

One of the more inte results of computer 
modeling and optimization of high-performance Yagis 
With four or more elements is that a distinct pattem in 
the element spacings along the boom shows up consis- 
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Larger Yagis 


Chapter 11 


tently. This pattern is relatively independent of boo 
1 ice the boom is longer than about 0.3 A. 
The reflector, driven eleme 
these optimal designs are typically bunched rather closely 
together, occupying together only about 0.15 to 0.20 2 of 
the boom. This pattern contrasts sharply with older 
designs, where the amount of boom taken up by the 
reflector, driven element and first director was typically 
Fig 11 shows the element spacings for 
an optimized 6-clement, 36-Foot boom, il. meter desig 
compared to a W2PV 6-clement design with constant 
spacing of 0.15 А between all elements. 

A problem arises with such a bunching of elements 
toward the reflector end of the boom—the wind loading 
of the antenna is not equal along the boom. Unless prop- 
erly compensated, such new-generation Yagis will act like 
Windvanes, punishing, and often breaking, the rotators 
trying to turn, or hold, them in the wind. One successful 
solution to windvaning has been to employ “dummy ele- 
ments” made of PVC piping. These г 
ments are placed on the boom close to the last director so 


first director of 


more than 0.3 
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Fig 8—Comparisons of three different 8-element 
10-metor Yagi designs using 60-foot booms. At A, gain 
is shown over the frequer 

freedom to stagger-tune elements and a very long 
boom on which to place them, the average antenna 
gain differential over the band is now less than 0.2 dB 
between the three design cases. At B, an excellent 

24 dB FIR for the optimal design is maintained over 
the whole band, compared to the average of about 

12 dB for the other two designs. At C, the SWR 
differential over the band Is narrowed between the 
three designs, again because there are тоге 
variables avaliable to broaden the bandwidth. 
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Fig 9—Galn versus boom length for three different 


10-metor design goals. The goals are: (1) designed for 
maximum gain across band, (2) designed for a 
‘compromise of gain and SWR, and (3) designed for 
optimal F/R, SWR and gain across 28.0 to 28.8 MHz 
portion of 10-meter band. The gain difference is less 
than 0.5 dB for booms lon 


than approximately 0.5 2. 


the windload is equalized at the mast-to-boom bracket. 
In addition, it may be necessary to insert а small amount 
of lead weight at one end of the boom in order to balance 
the antenna weight. 

Despite the relatively close spacing of the reflector, 
driven element and first director, modern optimal Yagi 
designs are not overly sensitive to small changes i 
either element length or spacing. In fact, these antennas 
саа be constructed from design tables without excessive 


concern about close dimensional tolerances. In the HF 
range up to 30 MHz, building the a 
"cinch results in performance remarkably consistent with 
the computations, without any “tweaking” or fine-tuning 
when the Yagi is on the tower. 


ELEMENT TUNING 


Element tuning (or self-impedance) is a complex 
function of the effective electrical length of each element 


and the effective diameter of the element. In turn, the ef- 


fective length and diameter of each element is related to 
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Fig 10—Theoretical gain versus boom length for 
20meter Yagis designed for optimal combination of 
FIR, SWR and gain across the entire 14.0 to 14.35 MHZ 
band. The theoretical gain approaches 20 dBi for a 
gigantic 724-foot boom, populated with 31 elements. 
Such a design on 20 meters is not too practical, of 
‘course, but can readily be achieved on a 24-foot boom 
on 432 MHz. 


the taper schedule (if telescoping alumi 
the most common method of construction), the length of 
each telescoping section, the type and size of тош 
bracket used to secure the element to or through the boom, 
and the size of the Yagi boom itself. See the section en- 
titled “Antenna Frequency Scaling,” and “Tapered Ele- 
ments" in Chapter 2, Antenna Fundamentals, of this book 
for details about element tuning as a function of tapering 
and element diameter. Note especially that Yagis con- 
structed using wire elements will perform very differently 
‘compared to the same antenna constructed with elements 
made of telescoping aluminum tubing. 

The process by which a modern Yagi is designed usu- 
ally starts out withthe selection of the longest boom pos- 
sible fora given installation. А suitable number of elements 
of a given taper schedule are then placed on this boom, 
and the gain, pattern and SWR are calculated over the entire 
frequency band of interest to the operator. Once an elec- 
trical design is chosen, the designer must then ensure the 
mechanical integrity of the antenna design. This involves 
Verifying the integrity of the boom and each element in 


» tubing is used, 
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Fig 11—Tapering spacing versus constant element 
spacing. At А, illustration of how the spacing of the 
reflector, driven element and first director (over the 
first 0.19 of the boom) of an optimally designed Yagi 
is bunched together compared to the Yagi at B, which 
uses constant 0.15 A spacing between all elements. 
The optimally designed antenna has more than 22 dB. 
FIR and an SWR less than 1.5:1 over the frequency 
band 28.0 to 28.8 MHz. 


the face of the wind and ice loading 


expected for a par- 
ticular location. The section entitled “Construction with 
Tubing" in Chapter 20, Antenna Materials and 
Accessories, of this book shows details of tapered telo- 
Scoping aluminum elements for the upper HF bands. In 
addition, the ARRL book Physical Design of Yagi Anten- 
nas, by Dave Leeson, W6NL (ex-W6QHS), describes the 
mechanical design process for all portions ofa Yagi antenna 
very thoroughly, and is highly recommended for serious 
Yagi builder 


Alumin 


Specific Monoband Yagi 
Designs 


‘The detailed Yagi design tables that follow are for 
two taper schedules for HF Yagis covering the 14 through. 
30-MHz amateur bands. The heavy-duty elements are 
designed to survive at least 120-mph winds without icing, 
or 85-mph winds with '/s-inch radial ice. The medium- 
‘duty elements are designed to survive winds greater than 
80 mph, or 60-mph winds with ‘inch radial ice. 

For 10.1 MHz, the elements shown are capable of 
surviving 105-mph winds, or 93-mph winds with "inch 
radial ice. For 7.1 MHz the elements shown can survive 
‘93-mph winds, or 69-mph winds with '/cinch radial ice. 
For these two lower frequency bands, the elements and 
the booms needed are very large and heavy. Mounting, 
tuming and keeping such antennas in the air is not a trivial 
task 

Each element is mounted above the boom with а 
heavy rectangular aluminum plate, by means of U. bolt 
with saddles, as shown in Fig 35 in Chapter 18, УНЕ and 
UHF Antenna Systems for a 6-meter Yagi. This method 
of element mounting is rugged and stable, and because 
the element is mounted away from the boom, the amount. 
оГ element detuning due to the presence of the boom is 
minimal. The element dimensions given in each table 
already take into account any element detuning due to 
the boom-to-element mounting plate. For each element, 
the length of the tip determines the tuning, since the 
inner tubes are fixed in diameter and length, 


Half Elements 
Each design shows the dimensions for one-half of 
each element, mounted on one side of the boom. The other 
half of each element is symmetrical, mounted on the other 
side of the boom. The use of a tubing sleeve inside the 
center portion of the element is recommended, so that 
the element is not crushed by the mounting U-bolts. 
Unless otherwise noted, each section of tubing is made 
of 6061-T6 aluminum tubing, with a 0.058-inch wall 
thickness. This wall thickness ensures that the next stan- 
dard size of tubing can telescope with it. Each telescop- 
ing section is inserted 3 inches into the larger tubing, 
and is secured by one of the methods shown in Fig 11 in 
Chapter 20, Antenna Materials and Accessories. 


Matching System 

Each antenna is designed with a driven-element 
length appropriate for a hairpin type of matching network. 
The driven-clement's length may require slight readjust- 
ment for best match, particularly if a different matching. 
network is used. Do not change either the lengths or the 
telescoping tubing schedule of the parasitic elements- 
they have been optimized for best performance and will 
not be affected by tuning of the driven element! 


Fig 12— Typleal construction techniques for an HF Yagi. 
This photo shows a hairpin match on a driven element 
that uses a fiberglass insulator (wrapped in black vinyl 
tape for protection against UV). Muffler clamps and 
saddles mount the element to the boom, while U. bone 
and saddles mount the element to the boom-to-element 
plate. The gray PVC sleeves insulate the element from 
the plate. The feed coax is connected to the two bolts 
that also connect to the hairpin wire. Note that the 
hairpin is grounded at Its opposite end to dissipate 
static charges that might otherwise build up. 


Fig 12 is a photograph of the driven element for a 
2-element 17-meter Yagi built by Chuck Hutchinson, 
K8CH, for the ARRL book Simple and Fun Antennas for 
Hams. The aluminum tubing on each side of the boom 
was Linch OD, and the two pieces were mechanically 
joined together with a inch OD fiberglass insulator. 
Chuck wound electrical tape over the insulator to protect 
the fiberglass from the sun's UV. 

Chuck used 3-inch lengths of Linch sunlight-resis- 
tant PVC conduit, split lengthwise, to make the grey outer 
insulators for the driven element. The aluminum plates 
came from DX Engineering, as did the stainless-steel U- 
bolts and saddle clamps. These saddles ensured that the 
elements don't rotate on the 2-inch OD boom in the heavy. 
winds in his par of rural Michigan. 

You can see the bolts used to pin the center fiber- 
glass insulator to the aluminum tubing, while also pro- 
viding an electrical connection for the #12 hairpin wire 
and for the feed-line coax, which uses ferrite beads over. 
the coax’s outer vinyl jacket to make a common-mode 
current. pe of balun (not shown in Fig 12). Note that 
the center of the hairpin is connected to the boom using 
а grounding lug for some measure of protection from 
static buildup, 
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10-METER YAGIS 


Fig 13 describes the electrical performance of eight 
optimized 10-meter Yagis with boom lengths between 6 
to 60 feet, The end of each boom includes 3 inches of 
space for the reflector and last-director (or driven ele- 
ment for the 2-element designs) mous 3A 
shows the free-space gain versus frequency for each 


dates. Fi 


antenna; 138 shows the front-to-rear ratio, and 13C shows 
the SWR versus frequency. Each antenna with three or 

1ed to cover the lower half of 
the 10-meter band from 28.0 to 28.8 MHz, with SWR 


Land F/R better than 20 dB over that range 
e 13D shows the taper schedule for two types of 


-mph winds with no icing, and 88-mph winds with 

ih of radial ice. The medium-duty design can handle 
96-mph winds with no icing, and 68-mph winds with 
"Lcinch of radial ice. The element-to-boom mounting plate 
aneh thick flat aluminum plate, 
4 inches wide by 4 inches long. Each element except for 
the insulated driven element, is centered on the plate, held 
by two stainless-steel U-bolts with saddles. Another set 


10 meter узда FIR v Frequency 


(D) 


Fig 13—Gain, FIR and SWR performance versus frequency for optimized 10-meter Yagis. AL A, gain is shown versus 
frequency for eight 10-motor Yagis whose booms range from 6 feet to 60 feet long. Except for the 2-element design, 


thes 


Yagis have been optimized for better than 20 dB F/R and less than 2:1 SWR over the frequency range 28.0 to 28.8 


MHz. At B, front-to-rear ratio for these antennas is shown versus frequency, and at C, SWR is shown over the frequency. 
range. At D, the taper schedule is shown for heavy-duty and for medium-duty 10-meter elements. The heavy-duty 


vents can withstand 125-mph winds without icing, and 88-mph winds with nen radial ice. The medium-duty 
Ив can survive 96-mph winds without icing, and 68-mph winds with -inch radial ice. The wall thickness for each 


telescoping section of 6061-76 aluminum tubing is 0.058 inches, and the overlap at each telescoping junction is 


3 inches 
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Table 1 
Optimized 10-Meter Yagi Designs 
Two-element 10-meter Yagi, 6 foot boom 


Element Spacing Heavy-Duty Тр 
File Name 210-06H.YW 
Reflector 0.000" 66.000" 

Driven Element 66.000" 57.625" 
Three-element 10-meter Yagi, 8 foot boom 

Element Spacing Heavy-Duty Tip 
File Name 310-08H.YW 
Reflector 0.000" 66.750" 

Driven Element — 36.000 57.625" 
Director 1 54.000" 53.125" 
Compensator 12° behind Dir. 1 19.000" 
Four-element 10-meter Yagi, 14 foot boom 

Element Spacing Heavy-Duty Tip 
File Мате 410-14H.YW 
Reflector 0.000" 6.000" 

Driven Element — 36.000 58.625" 
Director 1 36.000" 57.000" 
Director 2 90.000" 47.780" 
Compensatr 2, behind Dir.2 22000 
Five-element 10-metor Yagi, 24 foot boom 

Element ‘Spacing, Inches Heavy-Duty Tip 
File Name 510-24H.YW 
Reflector 0.000" 65.625" 

Driven Element — 36.000 58.000" 
Director 1 36.000" 57.125" 
Director 2 99.000 55.000" 
Director 3 111.000" 50.750" 
Compensator 12" behind Dir. 3 28750 
Six-element 10-meter Yagi, 36 foot boom 

Element ‘Spacing, inches Heavy-Duty Tip 
File Name 610-36H.YW 
Reflector 0.000" 66.500" 

Driven Element — 37.000" 58.500" 
Director 1 43.000" 57.125" 
Director 2 98.000" 54.878" 
Director 3 127.000 53.875" 
Director 4 121.000" 49.876 
Compensator 12" behind Dir.4 32000 
Seven-element 10-meter Yagi, 48 foot boom 

Element "Spacing, inches Heavy-Duty Tip 
File Name 710-48H.YW 
Reflector 0.000" 65.375" 

Driven Element — 37.000 59.000" 
Director 1 37.000" 57.500" 
Director 2 96.000 54.878" 
Director 3 130.000" 52.250" 
Director 4 154.000" Er 
Director 5 116.000" 49.878" 
Compensator 12° behind Dir. 5 35750 
Eight-element 10-meter Yagi, 60 foot boom 

Element ‘Spacing, inches Heavy-Duty Tip 
File Name 10-60H.YW 
Reflector 0.000" 5.000" 

Driven Element 42000° 58.000" 
Director 1 37.000" 57.125" 
Director 2 87.000" 55.375" 
Director 3 126.000" 53.250" 
Director 4 141.000" 51.875" 
Director s 157.000" 52.500" 
Director 6 121.000" 50.125" 
Compensator 12" behind Dirê 59375" 


Medium-Duty Tip 
210-06M.YW 
71.500" 

63.000" 


Medium-Duty Tip 
310-08M.YW 
71.875" 

62.875" 

58.500" 

18.125" 


Medium-Duty Tip 
10-14M.YW 
72.000" 

63.875" 

62.250" 

53.125" 

20.500" 


Medium-Duty Tip 
51024M.YW 
70.780" 

63.250" 

62.375" 

60.250" 

56.125" 

26.780" 


 Medium-Duty Tip 
610-36М.ҮУ/ 
71.500" 

64.000" 

62.375" 

60.125" 

59.250" 

55.250" 

29.750" 


Medium-Duty Tip 
T1048M.YW 
70.500" 

64.250" 

62.750" 

60.125" 

57.625" 

58.000" 

55.250" 

33.750" 


Medium-Duty Tip 
810-60M.YW 
70.125" 
63.500" 
62.375" 
60.625" 
58.625" 
57.250" 
57.875" 
55.500" 
55.125" 


These 10-meter Yagi 
designs are optimized for 

$ 20 dB Ен. апа SWR 
2:1 over frequency range 
бот 28.000 to 28.800 MH, 
for heavy-duty elements 
(125 mph wind survival) and 
for medium duly (96 mph 
wind survival). For coverage 
бот 28. to 20.7 MHz 
Subtract 2.000 inches from 
опа of each element. but 
leave element spacings the 
Same as shown ere Ony 
lement ip dimensions are 
Shown, and ай dimensions 
"re inches. See Fig 130 tor 
lement telescoping tubing 
Schedule Torque compensa- 
for element в made of 28° 
OD PVC water pipe placed 
12 inches behind lat 
director Dimensions shown 
for compensators опе пан. 
of total length, centered on 
боот. 
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of U-bolts with saddles is used to secure the mounting 
plate to the boom. 

Electrically each mounting plate is equivalent to a 
cylinder, with an effective diameter of 2.405 inches for 
the heavy-duty element, and 2.310 inches forthe medium- 

length on each side of the 

icorporated in 

the files for the YW (Yagi for Windows) computer mod: 

eling program on the CD-ROM accompanying this book 
to simulate the effect of the mounting plate 

"The second column in Table 1 shows the spacing of 
each element relative to the next element in line on the 
boom, starting at the reflector, which itself is defined as 
being at the 0.000-inch reference point on the boom. The 
boom for antennas less than 30 feet long can be con 
structed of 2-inch OD tubing with 0.065-inch wall thick- 
ness. Designs larger than 30 feet long should use 3-inch 
Ор heavy-wall tubi 


duty element, The equivale 
boom is 2 inches. These dime 


or the boom. Because each boom. 


has extra space at each end, the reflector is actually placed 
3 inches from the end of the boom. For example, in the 
310-08H.YW desi из on an $-foot boom), the 
driven element s placed 36 inches ahead of the reflector, 
and the director is placed 54 inches ahead of the drive 


gn (3 eleme 


The next columns give the 
tips for the heavy-duty and then the medium-duty ele 
ments. In the example above for the 310-08ILYW Yagi, 
the heavy-duty reflector tip, made out of inch OD tub- 
ing, sticks out 66.750 inches from the "inch OD 
tubing. Note that each telescoping piece of tubing oves 
laps 3 inches inside the piece into which it fits, so the 
overall length of -inch OD tubing is 69.750 inches lon 
for the reflector. The medium-duty reflector tip has 71.875 
inches protruding from the inch OD tube, and is 74.875 
inches long overall. As previously stated, the dimensions 


are not extremely critical, although measurement accu- 
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Fig 14—Gain, FIR and SWR performance versus frequency for optimized 12-meter Yagis. At A, gain is shown versus. 
frequency for seven 12-meter Yagis whose booms range from 6 feet to 54 feet long. Except for the 2-element design, 
these Yagis have been optimized for better than 20 dB FIR and less than 2:1 SWR over the narrow 12-meter band 24.89 to 
24.99 MHz. At B, frontto-rear ratio for these antennas is shown versus frequency, and at C, SWR over the frequency 
range is shown. At D, the taper schedule for heavy-duty and for medium-duty 12-meter elements is shown. The heavy- 
duty elements can withstand 123-mph winds without icing, and 87-mph winds with "inch radial ice. The medium-duty 


nts can survive 85-mph winds without icing, and 61-mph winds with "inch radial ice. The wall thickness for 


ach 


telescoping section of 6061-76 aluminum tubing is 0.058 inches, and the overlap at each telescoping junction is 


3 inches. 
44-44" Chapter 11 


Table 2 
Optimized 12-Meter Yagi Designs 
‘Two-element 12-meter Yagi, 6 foot boom 


Element Spacing Heavy-Duty Tip. 
File Name 212-06H.YW 
Reflector 0.000" 67.500" 

Driven Element — 66.000" 59.500" 
Three-element 12-meter Yagi, 10 foot boom 

Element Spacing, inches Heavy-Duty Tip 
File Name 312- 10H. YW 
Reflector 0.000" 69.000" 

Driven Element — 40.000 60.250" 
Director 1 74,000" 54.000" 
Compensator 12" behind Dir. 1 13.625" 
Four-element 12-meter Yagi, 15 foot boom 

Element ‘Spacing, inches Heavy-Duty Tip 
File Name 412-15H.YW 
Reflector 0.000" 66.875" 

Driven Element 46.000: 61.000" 
Director 1 49 00. 58.625" 
Director 2 82.000" 50.875" 
Compensator 2, behind Di. 2 16.375" 
Five-element 12-meter Yagi, 20 foot boom 

Element ‘Spacing, Inches Heavy-Duty Tip 
File Name 512-20H.YW 
Reflector 0.000" 69.750" 

Driven Element — 46.000 62250" 
Director 1 46.000" 60500: 
Director 2 48.000" 55.500" 
Director 3 94.000 54.625" 
Compensator 12" behind Di. 3 22125" 
Six-olement 12-meter Yagi, 30 foot boom 

Element ‘Spacing, inches Heavy-Duty Tip 
File Name 612-30H.YW 
Reflector 0.000" 68.125" 

Driven Element — 46.000" 

Director 1 46.000- 

Director 2 

Director 3 

Director 4 114.000" 53.625" 
Compensator 12, behind Dir.4 30.000" 
Six-olement 12-meter Yagi, 40 foot boom 

Element ‘Spacing, Inches Heavy-Duty Tip 
File Name еталон ИМ 
Reflector 0.000" 67.000" 

Driven Element — 46.000" 60.125" 
Director 1 

Director 2 

Director 3 187.000" 57.000" 
Director 4 134.000" 54375" 
Compensator 12" behind Dir.4 36.500" 
Seven-element 12-meter Yagi, 54 foot boom 

Element ‘Spacing, inches — Heavy-Duty Tip 
File Name 712-84H.YW 
Reflector 0.000" 68.000" 

Driven Element 4 000. 60.500" 
Director 1 46.000 56.750" 
Director 2 78.000" 58.000" 
Director 3 461.000" 55.625" 
Director 4 174.000" 56.000" 
Director 8 140.000" 53125" 
Compensator 12" behind Di. 5 43.125" 


мейит-Ошу Tip 
212-06M.YW 
72.500" 

65.000" 


Medium-Duly Tip 
312-10M.YW 
73.875" 

65.250" 

59.125" 

12.000" 


 Medium-Duty Tp 
412-154. VW 
71.875" 

66.000" 

63.750" 

56.125" 

441500" 


‘Medium -Duty Tip 
512-20М.ҮМ/ 
74.625" 

67.000" 

65.500" 

60.625" 

59.750" 

19,625" 


Medium-Duiy ne 
612-30M.YW 
73.000" 

66.750" 

65.250" 

57.625 

82 750. 
58.750: 
26.280" 


 Medium-Duty Tip 
612-40M.YW 
71.876" 

65.500" 

62.500 

62.500" 
62.125" 
59.500" 
31.625" 


 Medium-Duty Tip 
T12-54M.YW 
73.000" 

65.500" 

61.875" 

63.125" 

60.750" 

61.125" 

58.375" 

37.500" 


These 12-meter Yagi designs 
werê optimized for > 20 as 
Р, and SWA < 2:1 over 
frequency range irom 24.890 
18:24:90 MHZ, for heavy- 
(duty elements (123 mph 
‘wind survival and or 
medium-duty (85 mph wind 
survival) Only element tp 
‘dimensions are shown, and 
ll dimensions are mnc 

See Fig 14D for element 
telescoping tubing schedule. 
Torque compensator element 
is made of 25" OD PVC 
(Water pipe placed 12° behind 
last director Dimensions 
Shown for compensator is 
nehal of total length, 
‘centered on boom. 


HF Yagi Arrays 14-15 


емне Yaga, FIR ve Frequency 


(©) 


(B) 


Fig 15— Gain, FIR and SWR performance versus 
frequency for optimized 15-meter Yagis. At A, gain versus 
frequency is shown for eight 15-meter Yagis whose 
booms range from 6 feet to 80 feet long. Except for the 2- 
element design, these Yagis have been optimized for 
better than 20 dB F/R and less than 2:1 SWR over the 
frequency range 21.0 to 21.45 MHz. ALB, front4o-rear 
ralio for these antennas is shown versus frequency, and 
at C, SWR over the frequency range is shown. ALD, the 
taper schedule for heavy-duty and for medium-duty 
15-meter elements ls shown. The heavy-duty elements 
сап withstand 124-mph winds without icing, and 90-mph 
winds with "inch radial ice. The medium-duty elements 
сап survive 86-mph winds without icing, and 61-mph. 
winds with ‘einch radial ice. The wall thickness for each 
telescoping section of 6061-76 aluminum tubing is 0.058 
Inches, and the overlap at each telescoping junction is 
3inches. 


(0) 


racy to .. inch is desirable. 

"The last row in each variable tip column shows the 
length of one-half of the “dummy element” torque com. 
pensator used to correct for uneven wind loading along 
the boom. This compensator is made from 2.5 inches OD 
PVC water pipe mounted to an element-to-boom plate like 
those used for each element. The compensator is mounted 


12 inches behind the last director, the first director in the 
сазе of the 3-element 310-08H.YW antenna. Note that the 
heavy-duty elements require a correspondingly lo 
torque compensator than do the medium-duty elements 
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12-METER YAGIS 


Fig 14 describes the electrical perform: 
optimized 12-meter Yagis with boom lengths between 6 


ce of seven 


10 54 feet. The end of each boom includes 3 inches of 
space for the reflector and last director (or driven ele- 
ment) mounting plates. The narrow frequency width of 
the 12-meter bund allows the performance to be optimized 
easily. Fig 14A shows the free-space gain versus fre- 
quency for each antenna; 14B shows the front-to-rear 
ratio, and 14С shows the SWR versus frequency. Each 

With three or more elements was designed to 


Table 3 
Optimized 15-Meter Yagi Designs 
Two-lement 15-metgr Yagi, 6 foot boom 


Element ‘Spacing Heavy-Duty тр 
Fie Name 215-06H.YW 
elector 0009 62.000" 
Driven Element 66.000" 51.000" 

ment 15-meter Yagi, 12 foot boom 

Spacing Heavy-Duty тр 

Fie Name BEER 
Retlector 0.000 2.000" 
Driven Element 48.000" 51000. 
Director 1 92000. 43500. 
Compensator 12" behind Dir 1 34.780 
Four-element 15-meter Yagi, 18 foot Боот 
Element ‘Spacing Heavy-Duty тр 
Fle Name 470 YW 
Rolector 0.000 61000" 
Driven Element 56.000" 51500. 
Director 1 56.000: 48000. 
Doctor 2 98000. 36.625" 
Compensator b behind Dir 220.875" 
Five-element 15-meter Yagi, 24 foot boom 
Element Spain Heavy-Duty Ti 
File Name id БН ҮН 
Reflector 0.000 2.000" 
Driven Element 48.000" 52375. 
Director T 18000. 17878. 
Director 2 52.000" 47.000: 
Director 3 134.000" 41000. 
Compensator 12° Behind Dir 3 40280" 
Sixelement 15-motor Yagi, as foot boom 
Element ‘Spacing Heavy-Duty тр 
Fle Name BE 
Rolector 0.000 61000" 
Driven Element 52.000" 52000. 
Director 1 56.000: 43128. 
Director 2 59.000" 18128. 
Director 3 116000. 17875. 
Director 4 142000. 42000. 
Compensator 127 behind Ока 45800" 
Sovon-eloment 15-metor Yagi, 48 foot boom 
Element ‘Spacing Назу Риу Tip 
Fle Name 615-48 YW 
Rolector 0.000 62.000" 
Driven Element 48.000" 52000. 
Director 1 28.000" 51280. 
Director 2 128000. 48000. 
Director 3 190.000" 45.500" 
Director 4 181.000" 42.000" 
Compensator 12" behind Dir. 4 51500 
Seven-element 15-meter Yagi, 60 foot boom 
Element ‘Spacing Heavy-Duty Tip 
Fle Name 2555 % 
Rolector 0.000 E 
Driven Element 48.000" 52000. 
Director T 18000. 22000. 
Director 2 02000. 48800. 
Director 3 172000: 44125. 
Director 4 167.000: 18500. 
Director 5 155.000" 41780. 
Compensator 2 behind Diz | 58.500" 
Eight-lement 15-meter Yagi, 80 foot boom 
Element "pacing Hoavy-Duty тр 
Fie Name 815-00. WW 
Reflector 0.000 2.000" 
Driven Element 56.000" 52.500" 
Director 1 28.000" 51.500" 
Director 2 115.000: 155. 
Director 3 168000: 18750. 
Director 4 202.000: 43125. 
Director 206.000: 44750. 
Director 6 163.000: 1088. 


Compensator —— 12" behind Di.6 95.000" 


Medium-Duty Tio 
215-009. W. 


Medium-Duty Tio 
315-128. 
4.350" 

73.750" 

66.750: 

EL 


Medium-Duty Tio 
15-18. VW 
82500 

74.500" 

71:28" 

60.250 

186257 


Medium-Duty Tio 
SIAM 
84.375" 

75250: 

71000 

70.128" 

64.375" 

EX 


Medium-Duy Tio 
615-36M.YW 
82.375" 

75.000" 

T2128 

68.375" 

71.000: 

85.378. 

38750 


Medium-Duty Tip 
615-48M.YW 
81000 

75.000" 

74.125" 

74.128" 

68.750" 

65.278" 

45378 


Medium-Duy Tio 
715-609. VW. 
82.250" 

75.000" 

74.878" 

72.500: 

67578 

68.750" 

65.128" 

51.000" 


Medium-Duty Tip 
815-80M.YW 
84.000" 
75.500" 
DEG 
71.500" 
69.000" 
66.500: 
68.000" 
64.250; 
83.375" 


‘These 1S-meter Yagi 
designs are optimized tor 

$ 20 8 FR, and SWR 
ZEN over entre frequency 
‘ange от 21.000 to 
Фо мне, for heavy duly 
laments (124 mph vena 
Survival} and tor medium- 
шу (86 mph wind 
Survival). Only element tip 
‘dimensions are shown. See 
Fig 150 for element 
Pu вт 
зопебде- Al dimensions 


оа length, centered 
En boom 


в) 
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Fig 16—Gain, FIR and SWR performance versus frequency 
for optimized 17-meter Yagis. At A, gain versus frequency 
is shown for six 17-moter Yagis whose booms range from 
6 feet to 60 feet long. Except for the 2-olement design, 
these Yagis have been optimized for better than 20 dB F/R 
and less than 2:1 SWR over the narrow 17-meter band 
18.068 to 18.168 MHz. At B, front-to-rear ratio for these 
antennas is shown versus frequency, and at C, SWR over 
the frequency range is shown. At D, the taper schedule for 
heavy-duty and for medium-duty 10-metor elements is 
‘shown. The heavy-duty elements can withstand 123-mph 
winds without icing, and 89-mph winds with "inch radial 
ico. The medium-duty elements can survive 83-mph winds 
without icing, and S9-mph winds with '-inch radial Ice. 
The wall thickness for each telescoping section of 6061-76 
aluminum tubing is 0.058 inches, and the overlap at each 
scoping junction is 3 inches. 


(0) 


cover the narrow 12-meter band from 24.89 to 
24.99 MHz, with SWR less than 2:1 and F/R better than 
20 dB over that range. 

14D shows the taper schedule for two types of 
12-meter elements. The heavy-duty design can survive 123- 
mph winds with no icing, and 87-mph winds with 
"f inch of radial ice. The medium-duty design can handle 
85-mph winds with no icing, and 6l-mph winds with 
"inch of radial ice. The element-to-boom mounting plate 
Tor these Yagis is a 0.375 inch thick flat aluminum plate, 5 


inches wide by 6 inches long. 
Electrically, each mounting plate is equivalent to a 
cylinder, with an effective diameter of 2.945 inches for 


the heavy-duty element, and 2.857 inches for the medium- 
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duty eleme: ih on each side of the 
boom is 3 inches. As usual, the torque compensator is 
mounted 12 inches behi 


The equivalent 1 


id the last director 


15-METER YAGIS 


Fig 15 describes the electrical performance of eight 


optimized 15-meter Yagis with boom lengths between 
6 feet to a spectacular 80 feet. The end of each boom in 

cludes 3 inches of space for the reflector and last-director 
(or driven element) mounting plates. Fig 15A shows the 
free-space gain versus frequency for each antenna: 15В 
shows the worst-case front-to-rear ratio, and 15C shows 
the SWR versus frequency. Each antenna with three or тоге 
elements was designed to cover the full 15-meter band from. 


Table 4 
Optimized 17-meter Yagi Designs 


Two-element 17-meter Yagi, 6 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 217-06HYW 
Reflector 0.000" 61.000" 
Driven Element — 68.000 48.000" 
Three-element 17-meter Yagi, 14 foot boom 
Element Spacing Heavy-Duty Tip 
File Name STAN 
Reflector 0.000" 61.500 
Driven Element — 65.000 52.000" 
Director 1 97.000" 46.000" 

127 behind Dir! 12.626" 


Four-element 17-met 


Yagi, 20 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 417-20H.YW 
Reflector 0.000" 61.500" 

Driven Element 4.000. 54.250" 
Director 1 48.000" 52.625" 
Director 2 138.000" 2050 
Compensator 12 behind Dir 2 42.500" 


Five-element 17-meter Yagi, 30 foot Боот 


Element Spacing Heavy-Duty Tip 
File Name 517-30H.YW 
Reflector 0.000" 61.875" 

Driven Element 4000. 52.250" 
Director 1 52.000" 49.625" 
Director 2 93.000" 49.875" 
Director 3 161.000" 43.500- 
Compensator 12" bohindDiL3 54375" 


Six-element 17-meter Yagi, 48 foot boom 
Element Spacing Heavy-Duty Tip 
File Name 617-48H.YW 
Reflector 0.000" 63.000" 

Driven Element 52.000 52.500" 
Director 1 87000. 45.500° 
Director 2 87.000" 47.875" 
Director 3 204.000" 477000. 
Director 4 176.000- 42000 


Compensator 12" behind Dir. 4 


Six-element 17-meter Yagi, 60 foot boom 
Elemont Spacing Heavy-Duty Tip 
File Name 617-60H.YW 
Reflector 0.000" 61.250" 

Driven Element 84000. 54.780" 
Director 1 54.000" 52280" 
Director 2 180.000" 46.000" 
Director 3 235.000 44828. 
Director 4 191.000" 41.500" 
Compensator 12" behind Оа 62875" 


These 17-m Yagi 


and SWR < 2:1 over ent 
ediumrduty (83 mph wind survival}. On) 
que compensator element is made of 2.5" OD РУС water pipe placed 12 behind last rector, and 


Medium-Duty Tip. 
217-06M.YW 
89.000" 

76.250" 


Medium-Duty Tip 
317:14M.YW 
91.500" 

79.500" 

73.000" 

10.750" 


 Medium-Duty Tip 
417:20M.YW 
89.500" 

82.625" 

81.125" 

69.625" 

36.250" 


Medium-Duty Tip 
517-30M.YW 
89.875" 

80.500" 

78250" 

78.500" 

72.500" 

45.875" 


Medium-Duty Tip 
617-484. YW 
90250" 

80.500" 

74.375" 

79.625" 

75.878" 

71126 

57.500" 


 Medium-Duty Tip. 

617-609. YW 

89.250" 

83.125" 

80.750" 

74.875" 

73.625" 

70.625" 

53.000" 

je from 18.068 to 18.168 MHz, for 
ent tip dimensions are shown. 


frequency 


dimensions shown for compensators is one-half of tla length. centered on boom, 


21.000 to 21.450 MHz, with SWR less than 2:1 and FIR 
ratio better than 20 dB over that range 

Fig 15D shows the taper schedule for two types of 
15-meter elements. The heavy-duty design can survive 
I24-mph winds with no icing, and 90-mph winds with 
‘inch of radial ice. The medium-duty design can handle 


86-mph winds with no icing, and 61-mph winds with 
"inch of radial ice. The element-to-boom mounting plate 
for these Yagis is  0.375-inch thick flat aluminum plate, 
5 inches wide by 6 inches long 

Electrically, each mounting plate is equivalent to a 
cylinder, with an effective diameter of 3.0362 inches for 
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rear ratio for these antennas Is 


ents can withstand 122-mph 


(A) pan n 
— ve Frequency 5 7 wr a 
Fig 17—Gain, FIR and SWR performance versus frequency. 
E for optimized 20-meter Yagis. At A, gain versus frequency 
f is shown for eight 20-meter Yagis whose booms range 
5 from 8 feet to 80 feet long. Except for the 2-element design, 
1. these Yagis have been optimized for better than 20 dB FIR 
and less than 2:1 SWR over the frequency range 14.0 to 
ле 14.35 MHz. At B, front 
к shown versus frequency, and at C, SWR over the 
frequency range is shown. At D, the taper schedule for 
B heavy-duty and for medium-duty 20-meter elements is 
shown. The heavy-duty 
1 winds without icing, and 89-mph winds with "-inch radial 
ice. The medium-duty elements can survive 82-mph winds 
Without icing, and 60-mph winds with inen radial ice. 
== ==="... The wall thickness for each telescoping section of 6061-76 
0557 — — | aluminum tubing is 0.058 inches, and the overlap at each 
ES telescoping Junction is 3 inches. 


РР m 


the heavy-duty element, and 2.9447 inches for the 
medium-duty element. The equivalent length on each side 
оГ the boom is 3 inches. As usual, the torque compensa- 
tor is mounted 12 inches behind the last director 


17-МЕТЕВ YAGIS 
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Fig 16 describes the electrical performance of six 
‘optimized 17-meter Yagis with boom len, 
to a heroic 60 feet. As usual, the end of each boom 


hs between 6 


includes 3 inches of space for the reflector and last 
director (or driven element) mounting plates. Fig 16A 


shows the free-space gain versus frequency for cach an- 


Table 5 
Optimized 20-Meter Yagi Designs 
‘Two-olement 20.meter Yagi, 8 foot boom 


Bement pA MemyDuyTo Madum:Duy Tp 
Fi Name КҮЛ Er 

ЕЎ "m 23595 E 

Selen amen 82085 26 00 88655 

Three детет 20 meto Yagi 16 foot boom 

per p egg Medium Duty Tp 

Fie Name КЛ Er 

Ee "m E 87655 

Gele temen 80000 EE BE 

Gos ‘e000 prs RES 

Speo 12 benna Dit 39375 ERG 

Fouralement 20-meler Yagi 26 foot boom 

Ere E ариу Tp Medium Duty To 

Fie Name КУЛ Er 

Ee 0000 К E 

Bren temen 92009 EE E 

Deo $ 22000 ELS Eno 

Director 2 90205 Es БЯ 

pou EE prs 

Five element 20 meter Yagi, 34 foot boom 

Eres pea geg Tp Medium Duty To 

Fie Name КҮЛ Er 

hotel 0000 Sacos: БЕ 

буп tomen 92099 Ел Бе 

БЕА E Es ELS 

EH pr Er Ба 

Director 3 ШЕ EL 87605 

Conpensator 12 benna Di3 85000 Фо. 

Five element 20 mote Yagi, 40 foot boom 

Eres = Mleay-Duty Tp Medumduy To 

Fie Name КҮЛ Er 

ЕУ 0000 зле: 30500 

Bren temen 92099 ER Ero 

Gerbe E BEA Ка 

Director 2 Era PES B 

Director 3 Er 38.00" pr 

[o rr EL 

Five element 20-meter Yagi, 48 foot boom 

Eres p Mleay-Duy Tp Medium Duty To 

Fie Name ИЙ Er 

Ee 0000 E E 

Dreh temen 92009 53000: Ero 

Gebe 25000 2190: Er 

Director 2 500 25 Ss 

Director $ 117090 EE EDS 

Sar, f2 benna oia 70325 ELS po 
Shcetement 20-meter ag, 80 foot boom ELO 
Em Be MEE es 
Fie Name КҮЛ Er OS z e hy dy 
hotel "T E E Seman ee tad 
Bren temen 86000 BEA E por ob 
Bret БЕЗ prs ЕЕ КУРЕН 
EH 5000 EE 88155 RAK) Cay omen tp 
Director 3 210009 pus FEP Fe 
БЕЯ Era Sus БЯ 

ampensator 120009 арка TENE EE 

ну нра стн 
Em Bem WenyDuyTp  MedumDuy Tp geg TU 
Fie Name Еа Er EC Eg 
Rott 0000 E Ба ЕГЕ 
Bren бетен 92009 E Eno ар раса а 
Gerbe 122000 л зш. pete 
Decora Er 23 55 Seize compart soe halt 
Director 3 291.000" 42.825" 56.375" юш long, conte 
Director 4 240.000" 38.750" 52.625" bm 

Compensator V behind Dic 478780 ил 
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Fig 18—Gain, F/R and SWR performance versus frequency 
for optimized 30-meter Yagis. At A, gain versus frequency is 
‘shown for three 30-meter Yagis whose booms range from 
15 feet to 34 feet long, and which have been optimized for 
better than 10 dB F/R and less than 2:1 SWR over the 
frequency range 10.1 to 10.15 MHz. At В, front-to-rear ratio 
for these antennas is shown versus frequency, and at C, 
SWR over the frequency range is shown. At D, the taper 
Schedule is shown for heavy-duty 30-meter elements, which 
сап withstand 107-mph winds without icing, and 93-mph 
winds with "inch radial ice. Except for the 2'/-inch and 
2-inch sections, which have 0.083 inch thick walls, the wall 
thickness for the other telescoping sections of 6061-T6 
aluminum tubing is 0.058 inches, and the overlap at the 

1 inch telescoping junction with the leinen section is 
complete. The 2-nch section utilizes two machined 
aluminum reducers to accommodate the 1-Inch tubing. 


soon 


(D) 


to-rear ratio, and 
‘with 


tenna; 16B shows the worst-case fi 


16C shows the SWR versus frequency. Each ante 


three or more elements was designed to cover the narrow 
17-meter band from 18.068 to 18.168 MHz, with SWR 
less than 2:1 and FIR ratio better than 20 dB over that 

Fig 16D shows the taper schedule for two types of 
17-meter elements. The heavy-duty design can survive 
123-mph winds with no icing, and 83-mph winds with 
i en can handle 
83-mph winds with no icing, 


h of radial ice. The medium-duty desi 
nd 59-mph winds with 

М inch of radial ice 
The elem 


o-boom mounting plate for these Yagis 
is a 0.375-inch thick flat aluminum plate, 6 inches wide by 


8 inches long, Electrically, each mount 


i plate is equiva- 
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lent toa cylinder, with an effective diameter of 3.5122 inches 
for the heavy-duty element, and 3.3299 inches for the 
medium-duty element. The equivalent length on each side 
‘of the boom is 4 inches. As usual, the torque compensator is 
mounted 12 inches behind the lat director. 


20-METER YAGIS 

Fig 17 describes the electrical performance of eight 
‘optimized 20-meter Yagis with boom lengths between 8 
to a giant 80 feet, As usual, the end of each boom 
includes 3 inches of space for the reflector and last direc- 
tor (driven element) mounting plates. Fig 17A shows the 
free-space gain versus frequency for each antenna; 17B 
shows the front-to-rear ratio, and 17C shows the SWR. 
versus frequency. Each antenna with three or more ele- 


— Frequency 


ao te Yago, FIR ve Fs 


(A) 


(B) 


Fig 19—Gain, FIR and SWR performance versus 
frequency for optimized 40-meter Yagis. At A, gain 
versus frequency Is shown for three 40-meter Yagis 
whose booms range from 20 feet to 48 feet long, and 
which have been optimized for better than 10 dB FIR 
and less than 2:1 SWR over the frequency range 7.0 to 
7.2 MHz. At В, frontto-roar ratio for these antennas 18 
‘shown versus frequency, and at C, SWR over the 
frequency range is shown. At D, the taper schedule is 
shown for heavy-duty 40-meter elements, which can 
withstand 107-mph winds without icing, and 93-mph 
winds with "inch radial ice. Except for the 2/-inch 
and 2-inch sections, which have 0.083 inch thick walls, 
the wall thickness for the other telescoping sections of 
6061-76 aluminum tubing is 0.058 Inches, and the 
overlap at the end telescoping junction Is 3 inches. 
The 2-inch section utilizes two machined aluminum 
reducers to accommodate the -inch tubing. 


А 
© 


(0) 


ments was designed to cover the complete 20-meter band 
from 14.000 to 14.350 MHz, with SWR less than 2:1 and 
FIR ratio better than 20 dB over that range. 
Fig 17D shows the taper schedule for two types of 
20-meter elements. The heavy-duty desi 
122-mph winds with no icing, and 89-mph winds with 
"inch of radial ice. The medium -duty design can handle 82 
mph winds with no icing, and 60-mph winds with 
"inch of radial ice. The elemeni-to-boom mounting plate for 
s is a 0,375-inch thick flat aluminum plate, 


these Yi 


Electrically, each mounting 


6 inches wide by 8 inches long 
plate is equivalent to a cylinder, with an effective diameter of 
3.7063 inches for the heavy-duty element, and 
3.4194 inches for the medium-duty element. The equivalen 
length on each side of the boom is 4 inches. As usual, the torque 
compensator is mounted 12 inches behind the last director 


30-METER YAGIS 


Fig 18 describes the electrical performance of three 
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Table 6 
Optimized 30-Meter Yagi Designs 


Two-element 30-meter Yagi, is foot boom 


Element Spacing Heavy-Duty Tip 
File Name 230-15H.YW 
Reflector 0.000" 50.250" 

Driven Element — 174.000" 14.875" 


element 30-meter Yagi, 22 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 330-22H.YW 
Reflector 0.000 59.375 

Driven Element 135.000 35.000 
Director 1 123.000 19.625 
Three-element 30-meter Yagi, 34 foot boom 

Element Spacing Heavy-Duty Tip 
File Name 330-34H.YW 
Reflector 53.750" 

Driven Element 29.000" 
Director 1 14.500" 

These 30-m Yagi designs are optimized for > 10 dB F/R, and 


SWA < 2:1 over entre eauency range from 10.100 to 10.150 
MHz for heavy-duty elements (105 mph wind survival). Oniy 
element tp dimensions are shown. See Fig 180 for element 
Telescoping tubing schedule. А! dimensions are in inches. No 
torque compensator element s require. 


‘optimized 30-meter Yagis with boom lengths between 15 
10 34 feet. Because of the size and weight of the elements 
alone for Yagis on this band, only 2-element and 3-ele- 
ment designs are described. The front-10-1ear ratio require- 
ment for the 2-clement ant 
than 10 dB over the band from 10.100 to 10.150 MHz, 
while that for the 3-element designs is kept at greater than 
20 dB over that frequency ram 

As usual, the end of each boom includes 3 inches of 
space for the reflector and last director mounting plates. 
Fig 18A shows the free-space gain versus frequency for 
each antenna; 18B shows the worst-case front-to-rear 
ratio, and 18C shows the SWR versus frequency 

Fig 18D shows the taper schedule for the 30-meter 
elements. Note that the wall thick: 
sections of tubing is 0.083 
inches. This heavy-duty element design с: 
mph winds with no icing, and 93-mph winds with '/ inch 
of radial ice. The element-to-boom mounting plate for 
these Yagis is a 0.500-inch thick flat aluminum plate, 6 
inches wide by 24 inches long. Electrically, each mount- 
ing plate is equivalent to a cylinder, with an effective di- 
ameter of 4.684 inches. The equivalent length on each 
side of the boom is 12 inches. These designs require no 
torque compensator. 


40-METER YAGIS 


Fig 19 describes the electrical performance of three 
‘optimized 40-meter Yagis with boom lengths between 20 


ss of the first two 
0.058 
survive 107- 


aches, rather th 
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Table 7 
Optimized 40-Meter Yagi Designs 
‘Two-element 40-meter Yagi, 20 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 240.20H.YW 
Reflector 0.000" 85.000" 

Driven Element 234.000" 35.000" 


Three-element 40-meter Yagi, 32 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 340-32H.YW 
Reflector 0.000" 90.750" 

Driven Element 196.000" 55.875" 
Director 1 182.000" 33.875" 


‘Three-element 40-meter Yagi, as foot boom 


Element Spacing Heavy-Duty Tip 
File Name 340-48H.YW 
Reflector 0.000" 81.000" 

Driven Element 300.000" 45.000" 
Director 1 270.000 21.000" 


These 40m Yagi designs are optimized for > 10 dB FIR, and 
SWA < 2:1 over low-end of frequency range from 7.000 
7.200 MHz, or heavy-duty elements (95 mph wind survival). 
Only element ip dimensions are shown Sae Fig 190 for 
element telescoping tubing schedule. Al dimensions 

i. No wind torque compensators required. 


to 48 feet, Like the 30-meter antennas, because of the 


size and weight of the elements for a 40-meter Yagi, only 
element and 3-element designs are described. The front- 
{o-rear ratio requirement for the 2-element antenna is 


relaxed to be greater than 10 dB over the band from 7.000 
to 7.300 MHz, while the goal for the 3-element designs 
is 20 dB over the frequency range of 7.000 to 7.200 MHz. 
It is exceedingly difficult to hold the F/R greater thas 
20 dB over the entire 40-meter band without sacrifici 
excessive gain with a 3-clement design. 

As usual, the end of each boom includes 3 inches of 
space for the reflector and last director mounting plates. 
Fig 19A shows the free-space gain versus frequency for 
each antenna: 19B shows the front-to- rear ratio, and 19C 
shows the SWR versus frequency 

Fig 19D shows the taper schedule for the 40-meter el- 

Note that the wall thickness of the first 
is 0.083 inches, rather than 


With no icing, and 69-mph winds with '/ inch of radial ice. 
The element-to-boom mounting plate for these Yagis is a 
0.500.inch thick Па aluminum plate, 6 inches wide by 24 
inches long. Electrically each mounting plate is equivalent 
to a cylinder, with an effective diameter of 4.684 inches. 
The equivalent length on each side of the boom is 12 inches. 
These designs require no torque compensator. 


Modifying Monoband Hy-Gain Yagis 


Enterprising amateurs have long used the Telex 
Communications Hy-Gain “Long John’ 

monobanders as a source of top-quality aluminum and 
hardware for customized Yagis. Often-modified older 
models include the 105ВА for 10 meters, the 155ВА for 
15 meters, and the 204BA and 205BA for 20 meters. 


series of HF 


Fig 20—Gain, F/R and SWR over the 28.0 to 28.8 MHz 
range for original and optimized Yagis using Hy-Gain 
hardware. Original 105BA design provided excellent 
‘weight balance at boom-to-mast bracket, but compro- 
mised the electrical performance somewhat because of 
non-optimum spacing of elements. Optimized design 
requires wind torque-balancing compensator element, 
and compensating weight at director end of boom to 
rebalance weight. The F/R ratio over the frequency 
range for the optimized design is more than 23 dB. 
Each element uses the original Hy-Galn taper schedule 
and element-to-boom clamp, but the length of the tip is 
‘changed per Tabl 


Table 8 
Optimized Hy-Gain 20-Meter Yagi Designs 


Optimized 2048A, Four 
26 foot boom 


lement 20-meter Yagi, 


Element Spacing Element Tip 
File Name BV204CA. YW 
Reflector 0.000" 56.000" 
Driven Element 85.000" 52.000 
Director 1 72.000" 61.500" 
Director 2 149.000" 50.125" 


Optimized 205CA, Five- 
34 foot boom 


ment 20-meter Yagi, 


Element. Spacing Element Tip 
File Name BV20SCA. YW 
Reflector 0.000" 62.625" 
Driven Element — 72.000" 52500. 
Director 1 72.000" 63.875" 
Director 2 74.000" 61.625" 
Director 3 190.000" 55.000" 


Newer Hy-Gain designs, the 105СА, 155СА and 205СА, 
have been redesigned by computer for better performance. 
Hy-Gain antennas have historically had an excellent 
reputation for superior mechanical design, and Hy-Gain 
proudly points out that many of their monobanders are 
still working after more than 30 years. In the older designs 
и were purposely spaced along the boom to 
оой weight balance at the mast-to-boom bracket, 
with electrical performance as a secondary goal. Thus, 
the electrical performance was not necessarily optimum, 
particularly over an entire amateur band. Newer Hy-Gain 
designs are electrically superior to the older ones, but 
because of their strong co ei 
still not optimal by the definitions used in this chapter. 


¡balance are 


Fig 21—Galn, F/R and SWR over the 21.0 to 21.45 MHz 
band for original and optimized Yagis using Hy-Gain 
hardware. Original 155BA design provided excellent 
weight balance at boom-to-mast bracket, but 
compromised the electrical performance somewhat 
because of non-optimum spacing of elements. 
Optimized design requires wind torque-balancing 
compensator element, and compensating welght at 
director end of boom to rebalance weight. The FIR ratio 
over the frequency range for the optimized design Is 
‘more than 22 dB. Each element uses the original Hy- 
Gain taper schedule and element-to-boom clamp, but 
the length of the tip is changed per Table 9. 


Table 9 
Optimized Hy-Gain 15-Meter Yagi Designs 


Optimized 155BA, Five 


lement 15-meter Yagi, 


24 foot boom 
Element Spacing Element Tip 
File Name BVISSCA.YW 
Reflector 0.000" 64.000" 
Driven Element 48.0007 65.500" 
Director 1 4800070 63875" 
Director 2 827502 61.625" 
Director 3 127250" — 55000 
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Fig 22— Gain, FIR and SWR over the 14.0 to 14.35 MHz 
band for original and optimized Yagis using Hy-Gain 
hardware. Original 205BA design provided good 
‘weight balance at boom-to-mast bracket, but 
‘compromised the electrical performance because of 
поп-орйтит spacing of elements. Optimized design 
requires wind torque-balancing compensator element, 
апа compensating weight at director end of boom to 
rebalance weight. The FIR ratio over the frequency 
range for the optimized design is more than 23 dB, 
‘hile the original design never went beyond 17 dB of 
FIR. Each element uses the original Hy-Gain taper 
schedule and element-to-boom clamp, but the length 
ol the tip is changed per Table 10. 


Table 10 
Optimized Hy-Gain 10-Meter Yagi Designs 


Optimized 105BA, Five-element 10-meter Yagi, 
24 foot boom 


Element Spacing, inches Element Tip 
File Name BVIOSCA. YW 
Reflector 0.000" 44.250" 
Driven Element 40.000" 53.625" 
Director 1 40.000- 52.500" 
Director 2 89.500" 50.500" 
Director 3 112250" 44.750" 


With the addition of wind torque-compensation dummy 
elements, and with extra lead weights, where necessary, 
at the director end of the boom for weight-balance, the 
electrical performance can be enhanced, using the same 
proven mechanical parts. 

Fig 20 shows the computed gain, F/R ratio and SWR 
for a 24-foot boom, 10-meter optimized Yagi (modified 
105BA) using Hy-Gain hardware. Fig 21 shows the same 
for a 26-foot boom 15-meter Yagi (modified 155ВА), and 
Fig 22 shows the same for a 34-foot boom (modified 20SBA) 
20-meter Yagi. Tables 8 through 10 show dimensions for 
these designs. The original Hy-Gain taper schedule is used 
for each element. Only the length of the end tip (and the 
spacing along the boom) is changed for each element 


Multiband Yagis 


So far, this chapter has discussed monoband Yagis— 
that is, Yagis designed for a single Amateur-Radio fre- 
quency band. Because hams have operating privileges on 
more than one band, multiband coverage has always been 
very desirable, 


INTERLACING ELEMENTS 


їп the late 1940s, some experimenters tried inter- 
lacing Yagi elements for different frequencies on a single 

mainly to cover the 10 and 20-meter bands (at that 
time the 15-meter band wasn’t yet available to hams). 
The experimenters discovered, to their considerable 

їп, that the mutual interactions between diffe 

elements tuned to different frequencies are very difficult 
to handle. 

‘Adjusting а lower-feequency element usually results 
in interaction with higher-frequency elements near it. In 
effect, the lower-frequency element acts like a retrograde 
reflector, throwing Off the effectiveness of the higher- 
frequency directors nearby. Element lengths and the spac- 
ing between elements can be changed to improve perfor- 
mance of the higher-frequeney Yagi, but the resulting 
compromise is rarely equal to that of an optimized 
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monoband Yagi. A reasonable compromise for portable 
‘operation may be found in Chapter 15, Portable Antennas, 
by VETCA, 


TRAPPED MULTIBANDERS 


Yagis using a single boom can also be 
тар, Traps allow an element to have mul- 
tiple resonances. See Chapter 7, Multiband Antennas, for 
details on trap designs. Commercial vendors have sold 
irapped antennas to hams sit 

show that after simple wire dipoles and multiband ve 
cals, trapped triband Yagis are the most popular anten- 
паз in the Amateur Radio service. 

‘The originator of the trapped tribander was Chester 
Buchanan, W3DZZ, in his Mar 1955 OST article, “The 
Multimatch Antenna System. 
unusual tribander used two reflectors (one dedicated and 
‘one with traps) and two directors (one dedicated and one 
With traps). On 20 and 15 meters three of the five ele 

s were active using traps. The W3DZZ tribander 
employed 12 traps overall, made with heavy wire and 
‘concentric tubular capacitors to hold down losses in the 
iraps. Each trap was individually fine tuned after con- 


On 10 meters this rather 


struction before mounting it on an element 

Another example of a homemade tribander was the 
26-foot boom 7-element 20/15/10-meter design described 
by Bob Myers, WIXT (ex-WIFBY) in Dec 1970 OST. 
The WIFBY tribander used only two sets of traps in the 
driven element, with dedicated reflectors and directors 
for each frequency band. Again, the traps were quite ro- 
bust in this design to minimize trap losses, using "inch 
aluminum tubing for the coils and short pieces of RG-8 
‘coax as high-voltage tuning capacitors 

Only a relatively few hams actually built wibanders 
for themselves, mainly because of the mechanical com- 
plexity and the close tolerances required for such anten. 
mas. The traps themselves must be constructed quite 
accurately for reproducible results, and they must be care- 
fully weatherpraofed for long life in rain, snow, and often 
polluted or corrosive atmospheres, 


Christmas Tree Stacks 
Another possible method for ach 
coverage using monoband Yagis is to stack them in a 
“Christmas tree” arrangement. See Fig 23. For an instal- 
covering 20, 15 and 10 meters, you could mount 


‘on the rotating mast just at the top of the tower the 


meter monobander. Then perhaps 9 feet above that 
You would mount the 15-meter monobander, followed by 
the 10-meter monoband Yagi 7 feet further up on the mast. 
Another configuration would be to place the 10-n 
Yagi in between the lower 20-meter and upper 15-meter 
Yagis. Whatever the arrangement, the antenna in the 
middle of such a Christmas-tree always suffers the most 
interaction from the lowest-frequency Ya 

Dave Leeson, W6NL (ex-W6QHS), mentions that 
the 10-meter Yagi in his closely stacked Christmas Tree 
(15 meters at the top, 10 meters in the middle, and 
20 meters at the bottom of the rotating mast) loses “sub- 
stantial gain" because of serious interaction with the 
20-meter antenna. (N6BV and KIVR calculated that the 
free-space gain in the WNL stack drops to 5 dBi, com- 
pared to about 9 dBi with no surrounding antennas.) 
Monobanders are definitely not universally superior 10 
tribanders in multiband installations. In private conv 
sations, W6NL has indicated that he would not repeat 
this kind of short Christmas Tree installation again. 


Forward Staggering 
Some hams have built multiband Yag 
m boom, using a technique called forward staggering. 
‘This means that that most (or all) of the higher-frequency 
elements are placed in front of any lower-frequency ele- 
ments—in other words, most of the elements are not 
interlaced, Richard Fenwick, KSRR, described his triband 
Yagi design in Sep 1996 QEX magazine. This uses for- 
wanl-stagger and open-sleeve design techniques and was 
‘optimized using several sophisticated modeling progran 
Fenwick'stribander used a 57-foot, 3-inch OD boom 


“om Yoo! 
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Fig 23— Christmas Tree" stack of 20/15/10-meter Yagis 
‘spaced vertically on a single rotating mast. 


to hold 4 elements on 20 meters, 4 elements on 15 meters 
and 5 elements on 10 meters. Fig 24 shows the element 
placement for the KSRR tribander. Most hams, of course, 
don't have the real-estate or the large rotator needed to 
turn such a large, but elegant solution to the interaction 
problem! 


Force 12 C3 “Multi-Monoband” Triband Yagi 
Antenna manufacturer Force 12 also uses forward- 
ıgger layouts and patented combinations of open- and 
closed-sleeve drive techniques extensively in their prod- 
uct line of multiband antennas, which they call mall. 
monoband Yagis.” Fig 25 shows the layout for the popular 
Force 12 C3 triband Yagi. The C3 uses no traps, thereby 
avoiding any losses due to traps. The C3 consists of three 
2-element Yagis on an 18-foot boom, using full-sized ele- 
‘ments designed to withstand high winds. 

‘The C3 feed system employs open-sleeves, where 
the 20-meter driver element is fed with coax through a 
common-mode current balun and parasitically couples to 
the closely spaced 15-meter driver and the two 10-meter 
drivers to yield a feed-point impedances close to 50 Q 
оп all three bands. See the section on open-sleeve dipoles 
їп Chapter 7, Multiband Antennas. 

Note the use of the forward-stagger technique in the 
C3, especially on 10 meters. To reduce interaction with 
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Fig 24—Dimensions of KSRR's trapless tribander using “forward stagger" and open-sleeve techniques to manage 


interaction between 


ments for different frequencies. 


Fig 25— Layout of Force 12 C3 multiband Yagi. Note that 
the 10-meter (driverdirector) portion of the antenna is 
"forward staggered” ahead of the 15-moter (reflector! 
driver) portion, which in turn is placed ahead of the 20- 
motor (refictoridriver) portion. The antenna is fed at the 
20-meter driver, which couples parasiticaly to the 15- 
meter driver and the two 10-meter drivers. 
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the lower-frequency el 
tion of the C3 is mounted on the boom ahead of all the 
lower-frequency elements, with the main 10-meter para- 
sitic element (#7) acting as a director. The lower-fre- 
quency elements behind the 10-meter section act as 
retrograde reflectors, gaining some improvement of the 
gain and pattern compared to а monoband 2-element Yagi. 
A simplified EZNEC model of the C3 is included on the 
CD-ROM accompanying this book. 

On 15 meters, the main parasitic element (42) is a 


vents behind it, the 10-meter por- 


dedicated reflector, but the other elements ahead on the 
boom aet like retrograde directors to improve the gai 
and pattern somewhat over a typical 2-element Yagi with 
A reflector. On 20 meters, the C3 is а 2-element Yagi with 
а dedicated reflector (#1) at the back end of the boom. 

The exact implementation of any Yagi, of course, 
depends on the way the elements are constructed using 
telescoping aluminum tubing. The C3 type of design is 
mo exception. 


Stacked Yagis 


Monoband parasitic arrays are commonly stacked 
in broadside or collinear fashion to produce addi- 
4 directivity and gain. In HF amateur work, the most 
‘common broadside stack is a vertical stack of identical 
Yagis on a single tower. This arrangement is commonly 
called a vertical stack, At УНЕ and UHF, amateurs often 
employ collinear stacks, where identical Yagis are stacked 
side-by-side at the same height. This arrangement is called 
а horizontal stack, and is not usually found at HF, be- 
‘cause of the severe mechanical difficulties involved with 
large, rotatable side-by-side arrays. 
Fig 26 illustrates the two different stacking arrange 
e, the individual Yagis making up the 
erally fed in phase. There are times, how- 
ever, when individual antennas in а stacked array are pur- 
posely fed out of phase in order to emphasize a particular 
elevation pattern. See Chapter 17, Repeater Ant 
tems, for such a case where elevation pattern steer 
implemented for a repeater station 
Let's look at the reasons hams stack Yagis: 


+ For more gain 
+ Fora wider elevation footprint in a target geographical 
+ For azimuthal diversity two or more directions at once 
* For less fadi 

+ For less precipitation static 


STACKS AND GAIN 


Fig 27 compares the elevation responses for three 
antenna systems of 4-element 15-meter Yagis. The 
response for the single Yagi at a height of 120 feet peaks 
at an elevation of about 5°, with a second peak at 17° and 
A third at 29°, When operated by itself, the 60-foot high 
Yagi has its first peak at about 11° and its second peak 
beyond 34°. 

‘The basic principle of a vertically stacked HF array 
is that it takes energy from higher-angle lobes and con- 
centrates that energy into the main elevation lobe, The 
main lobe of the 120/60-foot stack peaks about 7° and is 
about 2 dB stronger than either the 60- or 120-foot 
antenna by itself. The shape of the left-hand side of the 
stack's main lobe is determined mainly by the 120-foot 
antenna's response. The right-hand side of the stack's 

lobe is “stretched” rightwards (toward higher angles) 
mainly by the 60-foot Yagi, while the shape follows the 
curve of the 120-foot Yagi. 

Look at the second and third lobes of the stack, which 
appear about 18° and 27°. These are about 14 dB down 
from the stack's peak gain, showing that energy has 
indeed been extracted from them. By contrast, look at the 
levels of the second and third lobes for the individual 
Yagis at 60 and 120 feet. These higher-angle lobes are 
almost as stro 


as the first lobes. 


ба 7 


Fig 26—Stacking arrangements. At A, two Yagis are 
stacked vertically (broadside) on the same mast. At B, 
two Yagis are stacked horizontally (collinear) side-by- 
side. At HF the vertical stack ls more common because 
‘of mechanical difficulties involved with large HF 
antennas stacked side-by-side, whereas at VHF and 
UHF the horizontal stack is common. 


The stack squeezes higher-angle energy into its main 
elevation lobe, while maintaining the frontal lobe azimuth 
pattern of a single Yagi. This is the reason why many 
state-of-the-art contest stations are stacking arrays of rela- 
tively short-boom antennas, rather than stacking lon, 

boom, higher-gain Yagis. A long-boom HF Yagi narrows 
the azimuthal pattern (and the elevation pattern too). 
making pointing the antenna more critical and making it 
more difficult to spread a signal over a wide azimuthal 
area, such as all of Europe and Asiatic Russia at one time, 


STACKS AND WIDE ELEVATION 
FOOTPRINTS 


Detailed studies us 


g sophisticated computer 
models of the ionosphere have revealed that coverage 
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Fig 27—Comparison of elevation patterns on 15 meters 
for a stack of 4-oloment Yagis at 120 and 60 feet and 
Individual Yagis at those two heights. The shape of the 
stacks response is determined mainly by that of the 
top antenna. 


of a wide range of elevation angles is necessary to ensure 
‘consistent DX or contest coverage on the HF bands. These 
studies have been conducted over all phases of the 11- 
year solar cycle, and for numerous transmitting and 
receiving QTHs throughout the world. 

(Chapter 23, Radio Wave Propagation 
studies in more detail, and the CD-ROM accompanying 
this book contains a huge number of elevation-angle sta- 


ústical tables for locations all around the world. The HFTA 
(HF Terrain Assessment) program on the CD-ROM ean 
not only compute antenna elevation patterns over irregu- 
lar local terrain, but it can compare them directly to the 
‘elevation-angle statisties fora particular target geographic 


А 10-Meter Example 

Fig 28 shows the 10-meter elevatio 
for the New England path from Bost 
to all of the continent of Europe. The statistics are over- 
laid with the computed elevation response for three indi- 
vidual 4-element Yagis, at three heights: 90, 60 and 
30 feet above flat ground. In terms of wavelength, these 
heights are 2.60 A, 1.73 A and 0.86 À high. 

You can see that the 90-foot high Yagi covers the 
lower elevation angles best, but it has a lar 
response centered at about 11°, This null puts a big hole 
in the coverage for some 22% of all the times the 

10 Europe. At those angles where 

the 90-foot Yagi exhibits a null, the 60-foot Yagi would 
be effective, and so would the 30-foot Yagi. If that is the 
only antenna you have, the 90-foot high Yagi would be 
100 high for good coverage of Europe from New England, 

‘The peak statistical elevation angle into Europe is 
amd this occurs about 11% of all th 


angle statistics 
Massachusetts, 


null in its 


10-meter band is o 


10.meter band is open to Europe from Boston. At an 
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Fig 28 Comparison of elevation patterns and 
elevation-angle statistics for individual 10-metor 
TH7DX tribanders mounted over flat ground aiming 
from New England to Europe. No single antenna can 
cover the wide range of angles needed- from 1° to 1 


elevation of 5° the 30-foot high Yagi would be dows 
almost 7 dB compared to the 90-foot high Yagi, but at 
11° the 90-foot Yagi would be more than 22 dB дом 
from the 30-foot Yagi. There is no single height at which 
one Yagi сап optimally cover all the necessary elevatio 


angles, especially to a large geographic area such аз 
Europe—although the 60-foot high antenna is arguably 
the best compromise for a single height. To cover all the 


possibilities to Europe, however, you need a 10-meter 
antenna system that can cover equally well the entire 
range of elevation angles from 1° to 18° 

Fig 29 compares elevation-angle statisties for two 
10-meter paths from New England to Europe and to 


Japan. The elevation angles needed for communications 
with the Far East are very low. Overlaid on Fig 29 for 


comparison are the elevation respor 


for three different antenna systems, using identical 


4-element Yagis: 
+ Three Yagis, stacked at 90, 60 and 30 feet 


+ Two Yagis, stacked at 70 and 40 feet 
+ One Yagi at 90 feet. 


The best coverage of all the necessary angles or 
10 meters to Europe is with the stack of three Yagis at 
90/60/30 feet. The two- Yagi stack at 70 and 40 feet comes 
їп a close second to Europe, and for elevation angles 
higher than about 9° the 70/40-foot stack is actually 
superior to the 90/60/30-foot stack 
Both of the stacks illustrated here give a wider ele- 
vation footprint than any single antenna, so that all the 
angles can be covered automatically without having to 
ually. This is 
jor benefit of using stacks, but not the only 


switch from higher to lower antennas m. 
perhaps the 


Fig 29—Combinations of 4-element Yagis over flat 
ground. The elevation-angle statistics into Japan from 
New England (Boston) are represented by the black 
Vertical bars, while the grey vertical bars represent the 
‘levation-angle statistics to Europe. The 90/60/30-fooL 
Stack has the best elevation footprint into Japan, 
although the 70/40-foot stack performs well aiso. 


‘one, as we'll see. 

То Japan, the necessary ra 
‘considerably smaller than that 
graphic target area like Europe. The 90/60/30-foot stack 
is still best on the basis of having higher gain at low angles, 
although the two-Yagi stack at 70 and 40 feet is a good 
‘choice too. Note that the single 90-foot high Yagi's per- 
formance is very close to the 70/40-foot stack of two Yagis 
at low angles, but the two-Yagi stack is superior to the 
single 90-foot antenna for angles higher than about 5° on 


of elevation angles is 


10 meters. 


A 15-Meter Example 
‘The situation is similar o New 
England to Europe. On 15 meters, the range of angles 
needed to fully cover Europe is 1° to 28°. This large range 
of angles makes covering all the nore chal- 
Ken Wolff, KIEA, a devoted contest operator 
and the author of the famous CT contest logging program, 
put it very clearly when he wrote in the bulletin for the 
Yankee Clipper Contest Club: 

“Suppose you have 15-meter Yagis at 120 feet and 

60 feet, but can feed only one at a time. А 1 
at 120 feet has its fist maximum at roughly 5° and the 
first minimum at 10°. The Yagi at 60 feet has a maxi- 
At daybreak, the band 
at 3° or less and the 


15 meters fron 


meter beam 


mum at 10° and a minimum at 2°. 
is just opening, si 

high Yagi outperforms the low one by 5-10 dB. Late in 
the morning, western Europeans are arriving at angles of 
10° or more, while UA6 is still arriving at 4-5" 

Europe can be 20-30 dB louder ог 

the high! What to do? Stack em" 


nals are artivin 


Western 
low antenna than 


Fig 30—Comparison of elevation patterns for KIEA's 
illustration about 15-meter Yagis mounted over flat. 
ground, with elevation-angle statistics to Europe 
Added. The stack at 120 and 60 feet yields a bet 
footprint over the range of 3° to 11% at Its half-powor 
points, better than either antenna by itself- 


Fig 30 illustrates KIEA's scenario, showing the ele. 
vation statistics to Europe from Massachusetts and the 
elevation responses for a 120- and a 60-foot high, 4-ele- 
ment Yagi, both over flat ground, together with the 
response for both antennas operated as vertical stack. The 
half-power beamwidth of the stack's main lobe is 6.9, 
While that for the 120-foot antenna by itself is 5.5° and. 
that for the 60-foot antenna by itself is 11.1. The half- 
power beamwidth numbers by themselves can be deceiv- 
ing. mainly because the stack starts out with а higher gain. 
A more meaningful observation is that the stack has equal 
to or more gain than either of the two individual antennas 
from 1° to about 10°. 

Is such a stack of 15-meter Yagis at 120 and 60 feet 
optimal for the New England to Europe path? No, it isn't, 
аз we'll explore later, but the stack is clearly better than 

а 


either antenna by itself for the scenario KIEA outlir 


above. 


A 20-Meter Example 
Take a look now at Fig 31, which overlays eleva- 
le statistics for Europe (gray vertical bars) and 
Japan (black vertical bars) from Boston on 20 meters, 
plus the elevation responses for four different sets of an- 
wanted over flat ground. Just for emphasis, the 
est antenna is a 200-foot high 4-Element Yagi. It is 
clearly too high for complete coverage of all the needed 
angles into Europe. A number of New England operators 
have verified that this is true—a really high Yagi will open 
the 20-meter band to Europe in the morning and may shut 
it down in the afternoon, but during the middle of the day 
the high antenna gets soundly beaten by lower anter 
To Japar 
of angles needed narrows considerably on 20 meters, 
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however, from New England the range 


HF Yagi Arrays 


Fig 31—Comparison of elevation patterns for individual 
20-mater Yagis over flat ground, compared with the 
vation angles needed on this band trom 
ıd to Europe (gray bars) and to Japan (black 
Fe foot high Yagi is 
Included—this antenna is far too high to cover the 
needed range of angles to Europe because of its deep 
nulis at critical angles, like 10°. But the 200 footer is 
Great into Japan! 


from 1° to only 11°. For these angles, the 200-foot Y. 
is the best antenna to work Japan from New England on 
20 meters, 

This is true provided that the antenna is aimi 
over flat ground. The actual, generally irregular, terrain 
in various directions can profoundly modify the takeoff 
angles favored by an antenna system, particularly on steep 
hills, There will be more discussion on this important topic 
Inter on. 


SPARE ME THE NULLS! 

Now, let's look closely at some other 20-meter 

в in Fig 28, the ones at 120 and 60 feet. At an 

ngle of 8° the difference in elevation response 
between the 60- and 120-foot high Yagis is just over 
3 dB. Can you really notice a change of 3 dB on the air? 
Signals on the HF bands often rise and fall quickly due to 
fading, so differences of 2 or 3 dB are difficult to discern. 
Consequently, the difference between a Yagi at 120 feet 
and one at 60 feet may be difficult to detect at elevation 
angles covered well by both antennas. But a deep null in 
the elevation response is very noticeable, 

Back in 1990, when editor Dean Straw, N6BV, put 
up his 120-foot tower in Windham, New Hampshire, his 
first operational antenna was a S-element triband Yagi, with 
3 elements on 40 and 4 elements on both 20 and 
15 meters. Just as the sun was going down on a late Au- 
gust day Straw finished connecting the feed line in the 
shack. The antenna seemed to be playing like it should, 
with a good SWR curve and a good pattern when it was 
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rotated. So N6BV/1 called a nearby friend, John Dorr, 
KIAR, on the telephone and asked him to get on the air to 
make some signal comparisons on 20 meters into Europe. 
Straw was shocked that every European they worked 
that evening said his si 
than KIAR's. Dorr was using a 4-element 2 
monobander at 90 feet, which at first glance should have 
been comparable to Straw's 4-element antenna at 120 feet. 
But N6BV really shouldn't have been so shocked— 
New England, the elevation angles from Europe late 
the day on 20 meters are almost always hi 
and that is true for the entire solar cycle. 
The N6BV/I station was located on a small hill 
while KLAR was located on flat terrain towards Europe. 
The elevation response for N6B V/I's 120-f001 high Yagi 
Tell right into a deep null at 117. This was later confirmed 
‘many times in the following eight years that the N6BV/I 
station was operational. During the early morning oj 
ing on 20 meters into Europe, the top antenna was 
always very close to or equal to the stack of three TH7DX 
tribunders at 90/60/30 feet on the sam 
afternoon the top antenna was always decidedly worse 
than the stack, so much so that Straw often wondered 
whether something had gone wrong with the top antenna! 
So what's the moral to this short tale? It's simple: 
The gain you can achieve, while useful, is not so impor- 
tant as the deep nulls you can avoid by using a stack 


jal was several S units weaker 


tower. But in the 


STACKING DISTANCES BETWEEN 
vadis 


So far, we've examined stacks as a means of achiev- 
ing more gain over an individual Yagi, while also match- 
ing the antenna system's response to the range of elevatio 
angles needed for particular propagation paths. Most 
importantly, we seek to avoid nulls in the elevation 
response, Earlier we asked whether а 120/60-foot stack 
was optimal for the path from New England to Europe 
оп 15 meters, Let's examine how the slacking distance 
between individual antennas affects the performance of 
a stack, 

Fig 32 shows overlays of various combinations of 
15-meter Yagis. Just for reference, a plot for a single 
60-foot high Yagi is also included. Lets stat by looking 
at the most widely spaced stack in the group: the 120/30- 
Toot stack. Here, the spacing is obviously too large. since 
the second lobe is actually stronger than the first lobe. 
terms of wavelength, the 90-foot spacing between anten 
nas in this stack is 1.94 2, a large spacing indeed. 

‘There is a great deal of folklore and superstition 
among amateurs about stacking distances for HF arrays. 
For years, high-performance stacked Yagi arrays have been 
used for weak-signal DXing on the VHF and UHF bands. 
‘The most extreme example of weak-signal work is EME 
work (Earth-Moon-Earth, also called moonbounce) 
because of the huge path losses incurred on the way to 
and from the Moon, The most successful arrays used for. 


15 Meters, W1 Boston to Europe 


Fig 32—Varlous stacks towards Europe from New 
England for 15-meters. The stack at 120 and 30 foot ls 
clearly suboptimal, since the second lobe is higher. 
than the first lobe. The 120/60-foot stack is better in 
this regard, but is still not as good a performer as the 
‘90/60/30-foot stack. It's debatable whether going to 
four Yagis in the 120/90/60/30-foot stack is a good idea 
because it drops below the performance of the 
‘90/60/30-foot stack at about 10° in elevation. The exact 
distance between practical HF Yagis is not critical to 
‘obtain the benefits of stacking. For a stack of 
tribandors at 90, 60 and 30 feet, the distance in 
wavelengths between Individual antennas is 0.87 A at 
285 MHz, 0.65 A at 21.2 MHz, and 0.43 A at 14.2 MHz. 


moonbounce have low sidelobe levels and very narrow 
frontal lobes that give huge amounts of gain. The low 
sidelobes help minimize received noise, since the re 
levels Гог signals that do manage to bounce off the Moon 
and return to Earth are exceedingly weak. 

But HF work is different from moonbounce in that 
rigorously trying to minimize high-angle lobes is far less 
crucial at HF, where we've already shown that the main 
goal is to achieve gain over a wide elevation-plane foot- 
print without any disastrous nulls inthe pattern. The gain 
gradually increases as spacing in terms of wavelength is 
increased between individual Yagis in a stack, and then 
decreases slowly once the spacing is greater than about 
1.0 À. The difference in gain between spacings of 0.5 A 
to L0À for a stack of typical HF Yagis amounts to only a 
fraction of a decibel. Stacking distances on the order of 
0.6 4 to 0.75 A give best gain commensurate with good 
patterns. 

"While the stack at 120/60 feet in Fig 32 doesn't have 
the second-lobe-stronger problem the 120/30-foot stack 
has, 60 feet between antennas is 1.29 À, again outside the 

jormal range of HF stack spacings. As a consequence, 
the 120/60-foot stack doesn't cover the rang 


of eleva: 
tion angles as well as it could, and is inferior to both the 
'90/60/30-Foot stack and the 120/90/80/30-foot stack. The 


120/60-foot two-Ya 
antenna placed in-between to spread out the elevation: 
range coverage and to provide more gain 

1t could be debated, but the 90/60/30-foot stack 
seems optimal for coverage of all the angles into Europe 
from New England on 15 meters. Note that the 30-foot 
spacing between Yagis is 0.65 2 on 21.2 MHZ, right in 
the middle of the range of typical stack spacings, 


stack needs at least one more 


‘Switching Out Yagis in the Stack 
Still, the extra gain that is available at low elevation 
angles from а 120/90/60/30-foot high, Го 
їп Fig 32 is alluring. For those statistically possible, but. 
less likely, occasions when the elevation angle is higher 
than about 12°, it would be advantageous to switch out. 
the top 120-f001 Yagi and operate with only the lower. 
three Yagis in a stack. (This also allows the top antenna 
to be rotated in another direction, an aspect we'll explore 
later.) There are even times when the incoming angles 
are really high and when the top two antennas might be 
switched out to create а 60/30-foot stack. Later in this 
chapter we'll explore flexible circuitry for such stack 
switching 


-Yagi stack. 


Stacking Distance and Lobes at НЕ 

Let's look a little more closely at how a stack 
achieves gain and a wide elevation Footprint. Fig 33 shows 
а rectangular X-Y graph of the elevation response from 
0° to 180° for two element 15-meter Yagis (with 12- 
foot booms) spaced 30 feet apart (0.65 A at 21.2 MHZ), 
but mounted at two different heights: 95/65 and 85/55 
feet. The rectangular plot gives more resolution than is 
possible on a polar plot. Note that the heights shown rep. 
resent typical stacking heights on 15 meters—there's 
nothing magic about these choices. The free-space 
H-Plane pattern for the 30-foot spaced stack is also shown 
for reference. 


The worst-case overhead elevation lobe, which 
ranges from about 60° to 120° in elevation (230° from 
straight overhead at 90°), is about 14.7 dB down for the 
95165-foot stack. The overhead lobe peaks broadly at an 
elevation angle of about 82°. The overhead lobe for the 
lower 85/55-foot stack occurs at an elevation of about 
649, where itis 19 dB down. 

‘The F/B for both 3-clement sets of heights is about 
15 dB, well down from the excellent 32 dB F/B for each 
Yagi by itself. The degradation of F/B is mainly due to 
mutual coupling to its neighbor in the stack, 

‘The ground-reflection pattern in effect “modulates” 
the free-space pattern of the individual Yagi, but in a com- 
plex and not always intuitive manner. This is quite evi- 
dent for the 85/55-foot stack at near-overhead angles. In 
this region things become complicated indeed, because 
the fourth and fifth lobes due to ground reflections are 
interacting with the free-space pattern of the stack, 

Because the spacing remains constant at 30 feet for 
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Fig 33—Rectangular plot comparing two 15-motor 
stacks of 3-element Yagis—each antenna is spaced 30 
feet from its partner, but at different heights. The lobes 
are a complicated function of the antenna height, not 
the spacing, since that remains constant. 


pairs of antennas, however, the main determinant 
for the upper-elevation angle lobes is the distance of the 
horizontally polarized antennas above the ground, not the 
spacing between them. 


Changing the Stack Spacing 

Fig 34 demonstrates just how complicated thin 
get for four different spacing scenarios. Here, the lower. 
Yagi in the stack is moved down in 5-foot inereme 
from the 95/70 feet level, to 95/65, 95/60 and 95/55 feet. 
The closest spacing, 25 feet in the 95/70-foot stack, yields 
nominally the “cleanest” pattern 
from 60" to 120°. The worst-case overhead lobe for the 
95/70-foot stack is down 28 dB from peak. The F/B is 
again about 15 dB, 

The worst case overhead lobe for the widest spac- 
ing. 40 feet in the 95/55-foot stack, is about 11 dB down 
from peak. The F/B has increased marginally, but is still 
only about 16 dB. It is difficult to pinpoint directly 
Whether the spacing or the height above ground is the 
major determinant for the various lobe amplitudes for 
the 3-element stack, We'll soon look closely at whether 


the overhead region 


the overhead lobe is important or not for HF work 


Longer Boom Length and Stack Spacing 
Fig 35 shows the same type overlay of elevation 
plots, but this time for two 7-element 15-meter Yagis on 
gigantic 64-foot booms. These Yagis are also spaced 
30 feet apart (0.65 À at 21.2 MHz), mounted at the same 
Tour sets of heights in Fig 34. As you'd expect, the fre 
space elevation pattern for a stacked pair of 7-element 
Yagis on 64-foot booms is narrower tha 
pair of 3-element Yagis on 12-foot booms. The intrinsic 


tha for a stacked 
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Fig 34—Four spacing scenarios for two 3-element 15- 
meter Yagis. Things get very complicated. The optimal 
‘spacing in terms of stacking gain is 30 feet, which is 
0.65 A. The near-overhead lobes turn out to be ugly 
looking, but unimportant for skywave propagation. 


Fig 35—Four spacing scenarios for two largo 7- 
18.meter Yagis (on 64.00! booms). Again, а 0.65 à 
‘spacing (30 feet) provides the most stacking gain. 


FIB of the lo 
shorter antenna. As a result, all lobes beyond the ma 
x pair are lower for both sets 
of heights than their 3-element counterparts, The worst- 
сазе overhead lobe for the 7-element 95/65-foot pair is 
about 22 dB down at 76° and the F/B at 172° is greater 
than 21 dB for all four sets of hei 
‘Table 11 summarizes the main performance charac- 
"The first entry for. 
each boom length is for the Yagi by itself at a height of 
95 feet. Stacked configurations are next listed in order of 
gain. The column labeled “Worst lobe, dB re Peak" is the 


Yagi is also better than the F/B of the 


lobe of the stacked 


his 


teristics for four sets of stacked Ya 


Table 11 
Example, Spacing Between 15-Meter Yagis 


Antenna Peak Gain Worst Lobo 
аві dB re Peak 
3-Ele., 12 boom 
By itself 95° 182 -09 
95166 (A 30) 16.08 45 
95160 (А 35) 1601 EH 
95170 (a 25) 1581 32 
95/55 (A 40) 1871 -87 
95776 (A 20) 1534 23 
4-Ele., 18 boom 
By itself 95° 19.92 a 
95/65 (4 30) 1663 As 
95/60 (А 35) 166 62 
95786 (A 40) 16.36 37 
95170 (A 25) 1636 EH 
95776 (4 20) 15.92 -25 
5-Ele., 20 boom 
By itself 95" 1426 EE 
95/65 (4 30) 1686 46 
95760 (А 35) 1686 EE 
98/55 (А 40) 1687 EH 
95170 (A 25) 1659 34 
95776 (A 20) 16.18 -26 
7-Ele., 64° boom 
By itself 95° 1798 -22 
95/65 (A 30) 19.39 ET 
95160 (А 35) 1938 EH 
95/56 (а 40) 1929 -109 
95170 (A 25) 1926 -55 
95775 (A 20) 1908 ET 


Worst Lobo РВ Overhead Lobe 
Angle," ав dB ro Peak 
21 PT 
25 149 cn 
24 151 10.9 
24 148 -28 
24 164 cH 
2з 163 72 
21 283 -204 
23 185 73 
24 182 -131 
24 198 -132 
24 204 -318 
23 259 i 
21 279 228 
24 208 -19 
24 207 ма 
24 235 -144 
24 249 -aa 
2з мз -002 
21 289-174 
24.3 2014 29 
24 204 169 
24 250 186 
2з 24 353 
23 27 ET 


amplitude of the second lobe due to ground reflections 
and the elevation angle of that second lobe is listed as 


well 


we've also added 4- and 5-cl 
Over the range of stacking distances between 20 and 
40 feet on 15 meters (0.43 2 to 0.86 A), the peak gain Гог 
the 3-element stacks changes less than 0.75 dB, with the 
30-foot spacing exhibiting the highest gain. The differences 
between peak gains versus stacking distance become 
smaller as the boom length inereases. For example, for 
the 64-foot boom Yagi, the gain varies 19.39 — 1908 = 
0.31 dB for stack spacings from 20 to 40 feet 

In other words, changing the spacing from 20 to 
40 feet (0.43 À to 0.86 A) doesn’t change the gain signifi- 
cantly for boom lengths from 12 to 64 feet (0.26 A to. 
1.38 2). From the point of view of gain, the vertical spac- 
ing between individual antennas in an HF stack is not 


critical 

‘The worst-case lobes (generally speaking, the sec- 
‘ond lobe due to ground reflections) are highest for a Yagi 
‘operated by itself. After all, a single Yagi doesn't benefit 


from the redistribution of energy from higher-angle lobes 
into the main lobe that a stack gives. Thus, the 3-ele- 
ment, 12-foot boom Yagi by itself at 95 feet would have 
а second lobe at 21° that is only 0.9 dB down from the 
main lobe, while the stack of two such antennas at a 
30-foot (0.65 A) spacing at 95/65 feet would have a sec- 
ond lobe down 4.5 dB. As the spacing betwe 

in a vertical stack increases, the second lobe is suppressed. 
more, up to 8.7 dB at a 40-foot (0.86 A) spacing. 

Since the free-space elevation pattern for a 3-ele- 
ment Yagi is wider than that for a 7-element Yagi, the 
second lobe due to ground reflection will be somewhat. 
reduced. This is rue for all longer-boom antennas oper- 
ating by themselves over ground. Used in stacks, the зес- 
ond lobe's amplitude will vary depending on spacing 
between antennas, but they range only about 6 dB. 

‘The front-to-back ratio will also tend to increase 
with longer boom lengths on a properly designed Yagi. 
Table 11 shows that the F/B is somewhat better for closer 
spacings between antennas in а stack, a rather non-intui- 
tive result, considering that the mutual coupling should 
be greater for closer antennas. For example, the Sele. 
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ment Yagi stack with a 20-foot spacing has a exceptional 
ЕВ of 34.3 dB, compared to a FYB of 21.4 dB with the 
30-foot spacing distance that gives nominally the most 
gain. High values of F/B, however, rarely hold over a 
Wide frequency range because of the very critical phas- 
ing relationships necessary to get a deep null, so the di 
ference between 34.3 and 21.4 dB would rarely be 
noticeable in practice. 

"The near-overhead lobe structure (between 60° to 
120" in elevation) tends also to be lower for smaller stack 
spacings- for all boom lengths—peaking in this example 
эга spacing of 25 feet for the boom lengths considered 
here. Since the peak gain actually occurs with smaller 


spacing between Yagis inthis 7-element stack, even rela- 
tively large and messy looking overhead lobes are not 


subtracting from the stacking gain. In the next section 
we'll now examine whether this overhead lobe is impor- 


Are Higher-Angle Lobes Important? 

We've already shown that the exact spacing between 
НЕ Yagis is not critical for stacking gain, Further, the 
heights (and hence spacing) of the individual Yagis in a 
stack interact in a complicated fashion to determine 
Digher-angle lobes, 

Let's examine the relevance of such higher-angle 
lobes for stacked HF Yagis, this time in terms of inter- 
ference reduction on receive. As Chapter 23, Radio Wave 
Propagation, points out, few DX signals arrive at ele- 
vation angles greater than about 30°. In fact, DX signals 
only propagate at elevation angles in the range from 1° 
чо 30° on all the bands where operators might reason- 
ably expect to stack Yagis—nominally from 7 to 
297 MHz. 

‘You should remember that the definition of the ití- 
cal frequency for HF propagation is the highest frequency 
Tor which a wave launched directly overhead at 90° ele- 
vation is reflected back down to Earth, rather than bein 
lost into outer space. The maximum critical frequency 
Tor extremely high levels of solar Пих is about 15 MHZ. 
In other words, high overhead angles do not propagate 

ls on the upper HF bands. 

However, some domestic signals do arrive at rela- 
tively high elevation angles. Let's look at some scenarios 
where higher angles might be encountered and how the 
elevation patterns of typical HF stacks affect these si 
mals. Let's examine a situation where a medium-range 
interfering station is on the same heading as a more di 
Tant target station, 

We'll examine a typical scenario involving stations 
in Atlanta, Boston and Paris, The heading from Atlanta 
o Paris is 49°, the same heading as Atlanta to Boston. In 
other words, the Atlanta station would have to transmit 
over (and listen through) a Boston station for communi- 
cation with Paris. The distance between Atlanta and Bos- 
ton is about 940 miles, while the distance from Atlanta 
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to Paris is about 4350 miles. Ground wave 
ously cannot travel either of these distances at 21 MHZ 
(ground wave coverage is less than about 10 miles at this 
frequency), and so the propagation between Atlanta to 
Boston and Atlanta to Paris will be entirely by means of 
the ionosphere 

Let's evaluate the situation on 15 meters in the 
month of October. We'll assume a smoothed sunspot 
number (SSN) of 100 and that each station puts 1500 W 
of power into theoretical isotropic antennas that have 
+10 dBi of gain at all elevation and azimuth angles. [We 
use such theoretical isotropic antennas because they make 
it easier to work in VOACAP. We will factor in real-world 
stacks шег] VOACAP predicts that the signal from Bos- 
ton will be 59 + 8 dB in Atlanta at 1400 UTC, arriving at 
an elevation angle of 21.3° on a single F; hop. This 
elevation angle is higher than commonly encountered 
angles for DX signals, but it is still far away from near 
overhead angles. 

‘The signal from Paris into Atlanta is predicted to be 
about S6 for the same theoretical isotropic antennas, at a 
incoming elevation angle of 6.4° on three F; hops. The S6 
level validates the rule-of-thumb that each extra hop loses 
approximately 10 dB of signal strength, assuming that each 
S unit is about 4 dB, typical for modern receivers. 

Now look at Fig 36, which shows the response for a 
stack of 3-element Yagis at 90/60/30 feet over Па ground, 
along with the response for a similar stack of 7-element 
Yagis. Again, we'll assume that all three stations are 
using such 3-element 90/60/30-foot stacks. The stations 
їп Atlanta and Boston point their stacks into Europe and 
the Parisian station points his stack towards the USA. 
The gain of the Atlanta array at 6.4° into Paris will be 
about 16 dBi, or 6 dB more than the isotropic array with 
its +10 dBi of gain selected for use in VOACAP. Simi- 
larly, the French station's transmitted signal will enjoy a 
6 dB gain advantage over the isotropic array used in the 
VOACAP calculation, and thus the 
Atlanta will now be S6 + 12 dB, or about S9. 

By comparison, the interfering signal from Boston 
into Atlanta will be reduced by the rearward pattern of 

jis array, which will launch a signal at 180" — 213° = 
158.7" in elevation at the single F mode from Boston to 
Atlanta, From Fig 33, the Boston station's gain at this 
rearward elevation is going to drop from the isotropic’s 
+10 dBi of gain down to -11 dBi, a drop of 21 dB. The 
signal into the Atlanta receiver will also be reduced by 
the pattern of the Atlanta array on receive, which has а 
gain of about O dBi at 21.3", compared to the isotropic's 
+10 dBi gain at 6.47, а net drop of 10 dB. 

‘Thus, the Boston station’s signal will drop by about 
21 + 10 = 31 dB, bringing the interfering signal fron 
Boston, which would be S9 + 8 dB for isotropic anten- 
паз, down to about S3 due to the combined effects of the 
arrays. This is a very significant reduction in interfer 
ence, But you will note that the reduction has nothing to 


Fig 36—Stacks of three 3-element and 7-element Yagis 
оп 15 meters at 90/60/30 feet heights. The F/B for the 
T-element stack is superior to the 3-olement stack 
mainly because the F/B ls intrinsically better for the 
long-boom design. 


do with the near-overhead lobes, dealing as it does with 
the trailing edge of the main lobe and the F/B lobe. 


Even Higher Elevation Angles 

Now let's evaluate a station that is even closer to 
Boston, say a station in Philadelphia. The headin 
Philadelphia to Paris is 53° and the distance is 3220 miles. 
Оп the same day in October as above, VOACAP predicts 
A signal strength of S8 from Paris to Philadelphia, at a 
2.7 elevation angle on two F hops. Again, the VOACAP 
‘computations assume isotropic antennas with +10 dBi 
‘gain at all three stations. The gain of the 3-element stacks 
at both ends of the circuit at 2.7? is also about +10 dBi, 
so the signal level from Paris to Philadelphia would be 
S8 with the 3-clement stacks. 

Now VOACAP computes the elevation angle from 
Philadelphia to Boston as 56.3”, on one Е, hop launched 
at an azimuth of 53°, well within the azimuthal beamwidth 
of the stack. VOACAP says the predicted signal strength 
for isotropic antennas with +10 dBi of gain is less than 
si! 


from 


here? Boston and Philadelphia are 
Within the “skip” region on 21 MHz and signals are skip- 
ping right over Boston from Philadelphia (and vice versa). 
Actual signals would be much weaker than they would be 
With theoretical isotropic antennas because of the actual 
patterns of the transmitting and receiving stacks. At an el- 
evation angle of 56.3" the receiving stack would have a 
gain of -10 dBi, while at an elevation of 180" — 563° = 
123.7" the transmitting stack would be down to -10 dBi as 
well. The net reduction for the stacks compared to 
isotropics with +10 dBi gain each would be 40 dB, putting 
the interfering signal well into the receiver noise, 


You can safely say that near-overhead angles don't 
enter into the picture, simply because signals at interme- 
diate distances are in the ionospheric skip zone and 
interfering signals are very weak in that zone already. 
Even in situations where having a poor front-to-back 
ratio might be beneficial. because it alerts stations tun- 
ing across your signal that you are occupying that fre- 
quency—the ionosphere doesn't cooperate for 
intermediate-distance signals that are in the skip zone. 
Often two stations may be on the same frequ 
out either knowing that the other i there. 


Ground Wave? 
What happens, you might wonder, for ground-wave 
signals? Let's look at a situation where the interfering sta- 
tionis get, but is only 
iles away. Unfortunately his signal is $9 + 50 dB. Even 
reducing the level by 30 dB, а huge number, is still going to 
make his signal 20 dB stronger than signals from your 
desired target location! There is not much you can do about 

ground-wave signals about optimizi 
local signals is generally 


the same direction as the des 


stack 


Stacking Distances for Multiband vagis 
By definition, a stack of multiband Yagis (such as a 

“tribander” covering 20/15/10 meters) has a constant ver- 

tical spacing between antennas in terms of feet or meters, 

but not in terms of wavelength. Tribu 

ent than monobanders in terms of optimal spac 


lers are no differ” 


between individual antennas. Again the difference in gain 
between spacings of 0.5 À and 1.0 À for a stack of triband 
Yagis amounts to only a fraction of a decibel. Further- 
more, the main practical constraint that limits choice of 


сез between 


my kind of Yagis, multiband 
ог monoband, is the spacing between guy wire sets on 
the tower itself. 


‘Summary, Stacking Distances 
In short, letus sumn 


rize that there is nothing magi 
cal about stacking distances for practical HF Yagis—a 
good rule-of-thumb is a stacking distance of 0.65 A. This 
is 23 feet on 10 meters, 30 feet on 15 meters and 45 feet 
оп 20 meters for monoband stacks. Practically speaking 
however, you've only got limited places where you can 
mount antennas on the tower— mainly where guy wires 
allow you to place them. This is especially applicable ir 
you wish to rotate lower antennas on the tower, where 
you must clear the guys from up above 


STACKS AND FADING 
The following is derived from an article by Fred 
Hopengarten, KIVR, and Dean Straw, NOBY, in a Feb 
1994 QST article. Using stacked Hy-Gain TH7DXs or 
they have solic- 
mainly in Europe, 


THGDXXS a their respective sation 
ited a number af repo from aos 
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to compare various combinations of antennas in stacks 
and as single antennas. The peak gain of the stack is usu- 
ally just a little bit higher than that for the best of the 
single antennas, which is not surprising. Even a large 
stack has no more than about 6 dB of gain over a single 
Yagi at a height favoring the prevailing elevation angle 
Fading on the European path can easily be 20 dB or more, 
so it is very confusing to try to make definitive compari- 
sons. They have noticed over many tests that the stacks 
are much less susceptible to fading compared to single 
Yagis. Even within the confines of a typical SSB band- 
Width, frequency-selective fading occasionally causes the 
tonal quality of а voice to change on both receive and 
transmit, often dramatically becoming fuller on the stacks, 
and tinnier on the si ва. This doesn't happen 
all the time, but is often seen. They have also observed 
often that the depth of a fade is less, and the period 
of fading is longer, on the stacks compared to single 
Exactly why stacks exhibit less fading is a fascinat- 
subject, for which there exist a number of specula- 
tive ideas, but litle hard evidence, Some maintain that 
stacks outperform single antennas because they сап afford 
space diversity effects, where by virtue of the difference 
in physical placement one antenna will randomly pick 
up signals that another one in another physical location 
might not hear. 

"This is difficult to argue with, and equally difficult 
to prove scientifically. A more plausible explanation about 
Why stacked Yagis exhibit superior fading performance 
is that their narrower frontal elevation lobes can discrimi- 
nate against undesired propagation modes. Even when 
band conditions favor, for example, a very low 3° eleva- 
tion angle on 10 or 15 meters from New England to West- 
егп Europe, there are signals, albeit weaker ones, that 

ive at higher elevation angles. These h 
nals have traveled longer distances on their journey 
through the ionosphere, and thus their signal levels and 
their phase angles are different from the signals travers- 
ing the primary propagation mode. When combined with 
node, the net effect is that there is both 

constructive fading. IF the elevation 
response of a stacked antenna can discriminate against 
signals arriving at higher elevation angles, then in theory 
the fading will be reduced. Suffice it to say: In practice, 
stacks do reduce fading. 


the dominant 


destructive a 


STACKS AND PRECIPITATION STATIC 


‘The top antenna in а stack is often much 
affected by rain or snow precipitation static than is the 
lower antenna. N6BV and KIVR have observed this phe- 
nomenon, where signals on the lower antenna by itself 
are perfectly readable, while S9+ rain static is rendering 
reception impossible on the higher antenna or on the stack, 
"This means that the ability to select individual antennas 
in а stack can sometimes be extremely important 
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STACKS AND AZIMUTHAL DIVERSITY 

Azimuthal diversity is a term coined to describe the 
situation where one of the antennas in a stack is purposely 
pointed in a direction different from the main direction. 
of the stack. During most of the time in a DX contest 
from the East Coast, the lower 
pointed into Europe, while the top antes 
rotated toward the Caribbean or Japan. In a stack of three 
identical Yagis, the first-order effect of pointing one 
antenna in a different direction is that one-third of the 
transmitter power is diverted from the main target area. 
This means that the peak gain is reduced by 1.8 dB. 
very large amount considering that signals are often 10 
to 20 dB over S9 anyway when the band is open from 
New England to Europe. 

Fig 37 shows the 3D pattern of a pair of -element 
Yagis fed in-phase at 95 and 65 feet, but where the lower 
antenna has been rotated 180° to fire in the -X direction. 
The backwards lobe peaks at a higher elevation angle 
because the antenna doing the radiating in this ditectio 
is lower on the tower. The forward lobe peaks at a lower 
angle because its main radiator is higher. 


THE N6BV/1 ANTENNA SYSTEM— 
BRUTE FORCE FEEDING 


The N6BV/1 system in Windham, New Hampshire, 
жаз located on the crest of a small hill about 40 miles 
from Boston, and could be characterized as a good, but 
Jot dominant, contesting station. A number of top-10 
contest results were achieved from that station in the 
1990s before NGBV returned to Califo 

There was a single 120-foot high Rohn 45 tower, 
guyed at 30-foot intervals, with a 100-foot horizontal 
spread from tower base to each guy point so there was 
sufficient room for rotation of individual Yagis on the 
tower. Each set of guy wires employed heavy-duty insu- 
lators at 57-foot intervals, to avoid resonances in the 80 
through 10-meter amateur bands. There were five Yagis 
оп the tower. A heavy-duty 12-foot long steel mast with 
0.25-inch walls was at the top of the tower, turned by a 
Orion 2800 rotator. Two thrust bearings were used above 
the rotator, one at the top plate of the tower itself, and 
the other about 2 feet down in the tower on a modified 
rotator shelf plate. The two thrust bearings allowed the 
rotator to be removed for service. 

AL the top of the mast, 130 feet high, was a S-ele- 
ment, computer-optimized 10-meter Yagi, which was 
a modified Create design on a 24-foot boom. The ele- 
ment tuning was modified from the stock antenna i 
order to achieve higher gain and a better pattern over the 
band. At the top of the tower (120-foot level) was 
mounted a Create 714X-3 triband Yagi. This was a large 
tribander, with a 32-foot boom and five elements. Three 
elements were active on 40 meters, four were active о 
20 meters and four were active on 15 meters. The 40- 
meter elements were loaded with coils, traps and 


tennas in a stack are 


ıa is often 


Fig 37—30 representation of the pattern for two 4- 
‘element 15-meter Yagis, with the top antenna at 95 
and the bottom at 65 feet, but pointed in the opposite 
direction. 


‘capacitance hats, and were approximately 46 feet long 
A triband 20/15/10-meter Hy-Gain TH7DX wibander was 
fixed into Europe at the 90-foot level on the tower, just 
above the third set of guys. 

At the 60-foot level on the tower, just above the sec- 
‘ond set of guys, there was a “swingin side-mount 
bracket, made by DX Engineering of Oregon. A Hy-Gain 
Tailtvister rotator turned а THTDX 


this side mount 


(Note that both the side mount and the element spacings 
of the TH7DX itself prevented full rotation around the 
tower—about 280° of rotation was achieved with t 

tem.) At the 30-foot level, just above the first set of g 
was located the third TH7DX, also fixed on Europe. 

All five Yagis were fed with equal lengths of Belden 
9913 low-loss coaxial cable, each measured with a noise 
bridge to ensure equal electrical characteristics. At each 
feed point а ferrite-bead choke balun (using seven large 
beads) was placed on the coax. All five coaxial cables 
went а relay switch box mounted at the 85-foot level 
on the tower. Fig 38 shows the schematic for the switch 
box, which was fed with 250 feet of 75-0, 0.75-inch OD 
Hardline coaxial cable. 

The stock DX Engineering remote switch box was 
modified by adding relay K6, so that either the 130-foot 
ог the 120-foot rotating antenna could be selected through 
а second length of 0.75-inch Hardline going to the shack. 
This created a Multiplier antenna, independent of the Main 
antennas, A second band could be monitored in this fash- 
ion while calling CQ using the main antennas on another. 
band. Band-pass filters were required at the multiplier re- 
ceiver to prevent overload from the main transmitter. 

The 0.75-inch Hardline had very low losses, even 
when presented with a significant amount of SWR at the 
switch-box end, This was important, because unlike 
KIVR's system, no attempt was made at N6BV to main- 
їшїп a constant SWR when relays K1 through KS were 


switched in or out, This seer 


|y cavalier attitude came 
about because of several factors, First, there were many 


> © Б 


ur 


Fig 38—N6BV/1 switch box system. This uses a modified DX Engin 


ring remoto switch box, with relay K6 added 


to allow selection of either of the two top antennas (S-element 10-meter Yagi or 40/20/15-metor triband 714X-3) as а 
"multiplier" antenna. There Is no special provision for SWR equalization when any or all of the Yagis are connected 
in parallel as a stack fed by the Main coaxial cable. Each of the five Yagis is fed with equal lengths of flexible 
Belden 9913 coax, so phasing can be maintained on any band. The Main and “Multiplier” coaxes going to the 


shack are 0.75" OD 75-0 Hardline cables. 
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different combinations of antennas that could be used 
together in this system. Each relay coil was independently 
controlled by a toggle switch in the shack. N6BV was 
unable to devise a matching system that did not becon 
incredibly complex because of the numerous impedance 
‘combinations used over all the five bands. 

Second, the worst-case additional transmission line 
loss due to a 4:1 SWR mismatch when four antennas were 
‘connected in parallel on 10 meters was only 0.5 dB. It 
Was true that the linear amplifier had to be retuned slightly 
when combinations of antennas were switched in and ош, 
but this was a small penalty to pay for the reduced com- 
plexity of the switching and matching networks. The 
90/60/30-foot stack into Europe was used for about 95% 
of the time during DX contests, so the small amount of 
amplifier retuning for other antenna combinations was 
considered only a minor irritati 


WHY TRIBANDERS? 

Without a doubt, the most common question KIVR 
and NOBV have been asked is: “Why did you pick 
tribanders for your stacks?" Triband antennas were cho- 
sen with full recognition that they are compromise 
antennas. Other enterprising amateurs have built stacked 
tribander arrays. Bob Mitchell, NSRM, is a prominent 
example, with his so-called TH28DX array of four 
THIDX iribanders on a 145-foot-high rotating tower. 
Mitchell employed a rather complex system of relay-se- 
lected tuned networks to choose either the upper stacked 
pair, the lower stacked pair or all four antennas in stack 
Others in Texas have also had good results with their 
tribander stacks, Contester Danny Eskenazi, K7SS, has 
very successfully used a pair of stacked KT-MXA 
tribanders for years. 

А major reason why tribanders were used is that over 
the years both authors have had good results using 
TH6DXX or TH7DX antennas. They are ruggedly built, 
mechanically and electrically. They are able to withstand 
New England winters without a whimper, and their 
24-foot long booms are long enough to produce signi 
‘cant gain, despite trap-loss compromises, Amateurs 
speculating about trap losses in tribanders freely bandy 
about numbers between 0.5 and 2 dB. Both N6BV and 
KIVR are comfortable with the lower Figure, as are the 
Hy-Gain engineers 

Consider this: Ir 1500 W of transmitter power is going 
into an antenna, a loss of 0.5 dB amounts to 163 W. This 
would create a significant amount of heat in the six traps. 
that аге on average in use on a TH6DXX, amounting to 
27 W per trap. If the loss were as high as I dB, this would 
be 300 W total, or 50 W per trap. Common sense says that 
if the overall loss were greater than about 0.5 dB, the traps 
Would act more like big firecrackers than resonant ci 
cuits! Along boom tribander like the TH6DXX or TH7DX 
also has enough space to employ elements dedicated to 
different bands, so the compromises in element spacing 
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usually found on short-boom 3 or d element tribanders 
can be avoided. 


‘Another factor in the conscious choice of 


bender 
was first-hand frustration with the serious interaction that 
stacking monoband antennas closely 
together om one mast in a Christmas Tree configuration. 
N6BV's worst experience was with the ambitious 10 
through 40-meter Christmas Tree at W60WO in the early 
1980s. This installation used a Tri-Ex SkyNeedle tubu- 
lar crankup tower wit 10-foot-long heavy- 
wall mast. The antenna suffering the greatest degradation 

was the S-element 15-meter Yagi, sandwiched 5 feet 
below the S element 10-meter Yagi at the top of the mast, 
and 5 feet above the full-sized 3-element 40-meter Yagi 

Which also had five 20-meter elements interlaced on its 
50-oot boom. 

The front-to-hack ratio оп 15 meters was at best about 
12 dB, down from the 254 dB measured with the bottom. 
40/20-meter Yagi removed. No amount of fiddling with 
element spacing, element tuning or even ori 
I5-meter boom with respect to the other booms (at 90° or. 
180°, for example) improved its performance. Further, the 
20-meter elements had to be lengthened by almost a foot 
оп each end of each element in order to compensate for 
the effect of the interlaced 40-meter elements. It was а 
lucky thing that the tower was a motorized crankup, 
because it went up and down hundreds of times as various 
experiments were attempted! 

Interaction due to close proximity to other 
їп a short Christmas Tree can definitely destroy carefully 
optimized patterns of individual Yagis. Nowadays, such 
interaction can be modeled using a computer program such 
as EZNEC or NEC. A gain reduction of as much as 2 to 
3 dB can easily result due to close vertical spacing of 

nonobanders, compared to the gain of a single monoband 
antenna mounted in the clear. Curiously enough, at times 
such a reduction in gain can be found even when the front- 
to-back ratio is not drastically degraded, or when the front- 
to-back occasionally is actually improved. 

If you plan on stacking monoband Yagis—for 
example, putting only 15-meters Yagis on a single tower, 
With your other monoband stacks on other towers—do 
make sure you model the system to see il any interac- 
tions occur. You may be quite surprised. 

Finally, in de N6BV/1 installation, triband anten- 

jas were chosen because the system was meant to be as 

simple as possible, given a certain desired level of per- 
formance, of course. Triband antennas make for less 
mechanical complexity than do an equivalent number of 
monobanders. There were five Yagis on the N6BV/I 
tower, yielding gain from 40 to 10 meters, as opposed to 
using 12 or 13 monobanders on the tower 


THE K1VR ARRAY: A MORE ELEGANT 
APPROACH TO MATCHING 


The KIVR stacked array is on a 100-foot high Rohn 


can result fron 


tion of the 


25 tower, with sets of guy wires at 30, 60 and 90 feet, 
‘made of nonconducting Phillystran. Phillystran is à non: 
metallic Kevlar rope covered by black polyethylene to 
protect against the harmful effects of the sun's ultravio- 
let rays. A caution about Phillystran: Don't allow tree 
branches to rub against it. It is designed to work in ten- 
sion, but unlike steel guy wire, it does not tolerate abra- 


sion well 
Both antennas are Hy-Gain TH6DXX tribanders, 

with the top one at 97 Feet 

The lower antenna is rotated by a Telex Ham-M rotator 


id the bottom one at 61 feet. 


on a homemade swinging-gate side mount, which allows 


it to be rotated 300° around the tower without hittin 
guy wires or having an element swir 
the 90-foot point on the tower, a 
Cusheraft Yagi has been mounted on a Ri 


into the tower. At 


element 40-meter 


сап be rotated 360° around the tower 
Aller several fruitless attempts tri 
TH6DXX antennas so that either could be used by itself 
or together in a stack, KIVR settled on using a relay- 
selected broadband toroidal matching transformer. When 
ther in parallel as а 

the resulting 25-@ impedance to 
ıer is wound on а T-200A powdered- 


ıd antennas are fed loj 


iron core, available from Amidon, Palomar Engineering 
ог Ocean State Electronics. Two lengths of twin RG-59 
coax (sometimes called Siamese or WangNet) four turns 
the соге. Two separate RG-59 cables 
could be used, but the Siamese-twin cable makes the 
ch more tidy. The shields of the RG-59 
cables are connected in series, and the center conductors 
are connected in parallel. See Fig 39 for details 
Fig 40 shows the schematic ofthe KI VR switch box, 
Which is located in the shack. Equal electrical lengths of 
50-0 Hardline are brought from the antennas into the 
shack and then to the switch box. Inside the box, the relay 
contacts were soldered directly to the SO-239 chassis 
connectors to keep the wire lengths down to the absolute 
minimum. KIVR used а metal box that was larger than 


each, are wound o 


assembly look 


Fig 39—Diagram for matching transformer for KIVR 
stacked tribander system. The core is powdered iron- 
ore Т.2004, with four turns of two RG-59A ог 
“Siamese” coax cables. Center conductors 
connected in parallel and shields are connected in 
series to yield 0.667:1 turns ratio, close to desired 
25-0 to 50-0 transformation. 


Fig 40—Relay switch box for K1VR stacked tribandor 
system. Equal lengths of 50-0 Hardline (with equal 
lengths of flexible 50-0 cable at each antenna to allow 
rotation) go to the switch box in the shack. The SWR оп 
all three bands for Upper, Lower or Both switch 
positions is very close to constant. 
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ıt appear necessary because he wanted to mount the 
toroidal transformer with plenty of clearance between it 
and the box walls. The toroid is held in place with a piece 
of insulation foam board, Before placing the switch box 
in service, the system was tested using two 50-0 dummy 
loads, with equal lengths of cable connected in parallel 
to yield 25 Q. The maximum SWR measured was 1.25:1 
at 14 MHz, 13:1 at 21 MHz and 1-15:1 at 28 MHz, and 
the core remained cold with 80 ЗУ of continuous output 
power. 

Опе key to the system performance is that KIVR 
made the electrical lengths of the two hardlines the same 
(within 1 inch) by using a borrowed TDR (time domain 
reflectometer). Almost as good as Hardline, KIVR points 
‘out, would be to cut exactly the same length of cable from 
the same 500-foot roll of RG-213. This eliminates manu- 
facturing tolerances between different rolls of cable. 

KIVR’s experience over the last 10 years has been 
that at the beginning of the 10 or L5-meter morning open- 
ing to Europe the upper antenna is better. Once the band is 
wide open, both antennas are fed in phase to cast a bigger 
shadow, or footprint, on Europe. By mid-morning, the 
lower antenna is better for most Europeans, although he 
‘continues to use the stack in case someone is hearing him. 
over a really long distance path throughout Europe. He 
reports that it is always very pleasant to be called by a 487 
or HSØ or VU2 when he is working Europeans at a fast 
clip! 


SOME SUGGESTIONS FOR STACKING 
TRIBANDERS 

I is unlikely that many amateurs will try to dupli- 
cate exactly KIVR's or N6BV"s contest setups. However 
many hams already have a tribander on top of a moder- 
ately tall tower, typically at a height of about 70 feet. It is 
not terribly difficult to add another, identical tribander at 
about the 40-foot level on such a tower. The second 
tribander can be pointed in a fixed direction of par 
interest (such as Europe or Japan), or it can be rotated 
around the tower on a side mount or a Ring Rotor If guy 
wires get in the way of rotation, the antenna can usually 
be arranged so that it is fixed in a single direction 

Insulate the guy wires at intervals to ensure that they 
don't shroud the lower antenna electrically. A simple feed 
system consists of equal-length runs of surplus 0.5-inch 
75-02 Hardline (or more expensive 50-0 Hardline, if you 
are really obsessed by SWR) from the shack up the tower 
to each antenna. Each tribander is connected to its 
respective Hardline feeder by means of an equal length 
of flexible coaxial cable, with a ferrite choke balun, so 

be rotated, 

the shack, the two hardlines can sin 
and out of parallel to select the upper 
y, the lower antenna only, or the two antes 
stack. See Fig 41. Any impedance differences can be 
handled as stated previously, simply by retuning the lin- 


switched. 
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Fig 41— Simple feed system for 70/40-toot stack of 
tribanders. Each tribander is fed with equal lengths of 
0.5-Inch 75-0 Hardline cables (with equal lengths of 
flexible coax at the antenna to allow rotation), and can 
be selected singly or in parallel at the operator's 
position Іп the shack. Again, no special provision is 
made in this system to equal SWR for any of the 
combinations. 


ем amplifier, or by means of the internal ant 
(included in most modern transceivers) when the tr 
ceiver is run barefoot. The extra performance exper 

їп such a system will be far greater than the extra decibel 
or two that modeling calculates. 


THE WXOB APPROACH TO STACK 
MATCHING AND FEEDING 


Earlier we id how useful it would be to 
switch various antennas in or out of a stack, depending 
on the elevation angles that need to be emphasized at 

ski, WXOB, of Array Solutions 
Ваз designed switchable matching systems, called 
StackMatches, for stacks of monoband or multiband 
Y 


The StackMatch uses a 50.62 to 22.25-0 broadband 
transmission-line transformer to match combi 
up to three Yagis in a stack. See Fig 42 for a schematic 
of the StackMatch. For selection of any 50-02 Yagi by 
itself, no matching transformer is needed and Relay IN 
routes RF directly to the common bus going to Relay 1, 
2 and 3. For selection of two Yagis together the parallel 
impedance is 50/2 = 25 0 and Relay IN routes RF to the 
matching transformer. The SWR is 25/22.25 = 1.1:1. For 
three Yagis used together, the parallel impedance is 50/3 
= 16.67 Q, and the SWR is 2225/1667 = 13:1 

"The broadband transformer consists of four trifilar 


tions of 


icLinsulated wire wound on a Ferrite 
FT-240 2.4-inch OD core made of #61 
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Fig 42—Schematic of WXOB's StackMatch 2000 switchbox, which uses a broadband transmission lino transformer 
using tililar 412 enamel-insulated wires. (Courtesy Array Solutions.) 


material (и 125). WXOB uses 10-A relays 
plastic cases to do the RF switching, selected by a con- 
trol box at the operating position. (10-A relays can theo- 
retically handle 10 A? x 50.0 = 5000 W.) Fig 43 shows a 
photo of the transmission-line transformer and 
StackMaster PCB. 

The control 
switch various combinations of 
stack. Three LEDs lined up vertically on the front panel 
indicate which antennas in a stack are selected. 


“BIP/BOP” OPERATION 


vans “both in-phase,” while 
oth out-of-phase.” BIP/BOP refer to 
stacks containing two Yagis, although the term is com- 
monly used for stacks containing more than two Yagis. In 
theory, feeding a stack with the antennas out-of-phase will 
shift the elevation response higher than in-phase feeding. 

Fig 44 shows a rectangular plot comparing BIP/BOP 
‘operation of two 3-element 15-meter Yagis at heights of 
2 A and 1 A (93 and 46 feet) over flat ground. The BOP 
Pattern is the higher-angle lobe and the two lobes cross 
over about 14°. The maximum amplitude of the BOP 
stack's gain is about % dB less than the ВІР pair. For 
reference, the pattern of a single 46-foot high Yagi is 
overlaid on the pattern for the stacks, 

"The most common method for Feeding one Yagi 180° 
‘out-of-phase is to include an extra electrical half wave- 


nelosed in 


cator box uses a diode matrix to 
tennas in/out of the 


Fig 43—Inside view of StackMatch. (Photo courtesy 
Атау Solutions.) 


of the antennas, 
This method obviously works on a single frequency band 
and thus is not applicable to stacks of multiband Yagi 
such as tribanders. For such multiband stacks, feeding 
only the lower antenna(s)—by switching out h 
antenna(s) in the stack—is a practical method for achiev- 
ing better coverage at medium or high elevation angles. 


HF Yagi Arrays 14-43 


FourEloment Yagi, 8.5 dBi Free Space Gan 


16 TNT HH H 


i 


15 


ИШТЕГИ} 
OTE 


Fig 44—HFTA screen shot of “BIP/BOP" operation of 
two 4-element 15-motor Yagis at 93 and 46 feet above 
ho elevation response їп BOP (both out. 
tion is shifted higher, peaking at about 
217, compared to the ВІР (both in-phase) operation 
‘where the peak is at 8°. The dashed line is response of 
single Yagi at 46 


STACKING DISIMILAR YAGIS 


So far we have be 


discussing vertical stacks of 
identical Yagis. Less commonly, hams have successfully 
stacked dissimilar Yagis. For example, consider a case 
Where two S element 10-meter Yagis are placed 46 and 
25 feet above flat ground, with a 7-element 10-meter Yagi 
at 68 feet on the same tower. See Fig 45, which is a sche 
matic of the layout for this stack. Note that the driven 


element for the top 7-element Yagi is well behind the 


le 


vertical plane of the driven elements for the two 5: 
"This offset distance must be compensated 
Tor with a phase shift in the drive system for the top Yagi. 
Fig 46 shows the elevation-pattern responses for 
uncompensated (equal-length feed lines) and the com. 
pensated (additional 150° of phase shift to top Yagi) 
stacks, These patter computed using EZNEC 
ARRL, which is included with this book. Not only is about 
1.7 dB of maximum gain lost, but the peak elevation angle 
is shifted upwards by 11° from the optimal takeoff an 
‘of 8°—where some 10 dB of gain is also lost, Without 
compensation, this is a severe distortion of the stack's 
elevation patter 
For RG-213 coax, the extra length needed to pro: 
vide an additional 150° of phase shift = 1507/360* A 
0417 A = 9.53 feet at 28.4 MHZ. This was computed 


ment Y 
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Fig 45—Stacking dissimilar Yagis. In this case a 7- 
element 10-meter Yagi is stacked over two S-element 
Yagis. Note the displacement of the 7-element Yagi's 
driven element compared to the position of the two 5- 
element Yagis. This leads to an undesired phase shift 
for the higher antenna. 


P т=н 


Fig 46—Comparison of elevation responses for 7/5/5- 
element 10.meter stacks, with and without 
compensation for driven-element offset. 


using the program TLW (Transmission Line for Windows) 
included on the CD-ROM accompanying this book. 


I is not always possible to compensate for dissími 


lar Ya 
you should be sure to model such combinations to make 


in a stack with a simple length of extra coax, so 


Sure that they work properly. А safe alternative, of course 
is to stack only identical Yagis, feeding all of them with 
equal lengths of coax to ensure in-phase operatio 


Real-World Terrai 


the stacking examples shown have been for 
fat ground. Things сап become a lot more complicated 
when you deal with real-world irregular terrains! See 
Chapter 3, The Effects of Ground, for a description of 
the HFTA (High Frequency Terrain Assessment) program 
that is included with this book. 

Fig 47 shows the HFTA-computed 20-meter eleva- 
tion responses towards Europe (at an azimuth of 45°) for 
three antennas at the N6BV/I location in Windham, New 
Hampshire, Overluid as a bar graph are the elevation- 
angle statistics for the path to all of Europe from New 
England (Massachusetts). The stack at 90/60/30 feet 
clearly covers all the angles needed best at 14 MHz. The 
N6BV 120-foot Yagi has a severe null in the reg 
about 7° to about 20°, with the deepest part of that null 
‘occurring at about 13° and is roughly comparable to the 
90160/30-foot stack between 2° to 7°. 

In practice, the 120-foot Yagi was indeed compa- 
rable to the stack during morning openings to Europe on 
20 meters, when the elevation angles are typically about. 
5°. In the New England afternoon, when the elevation, 
angles typically rise to about 11°, the 120-foot Yagi was 
always distinctly inferior to the stack. 

For reference, the response of a single 120-1001 high 
Yagi over flat ground is also shown. Note that the N6BV 
120-foot high Yagi has about 3 dB more gain at a 5° takeoff 
angle than does its flatland counterpart. This additional gain 
is due to the focusing effects of the local terrain, which had 
about a 3° downwards slope towards Europe. 


Trom 


and Stacks 


Fig 48 shows the HFTA-computed 15-meter eleva- 
tion responses towards Europe for the 90/60/30-foot stack 
at 90/60/30 feet at N6B V/1, compared to the same 120- 
foot high Yagi and a 90/60/30-foot stack, but this time 
over flat ground. Again, the N6BV/I terrai 

Europe has a significant effect on the ga 
compared to that of an identical stack over flat ground. 
In fact, the peak gain of 20.1 dBi at a 4° elevation angle 


towards 
of the stack 


is close to moon-bounce levels. 


OPTIMIZING OVER LOCAL TERRAIN 


There are only а small number of possibilities to 
‘optimize an installation over local terrain 

+ Change the antenna height(s) above ground. 

+ Stack two (or more) Yagis. 

+ Change the spacing between stacked Yagis. 

+ Move the tower back from a cliff (or a hill). 

+ BIP/BOP (Both In Phase/Both Out of Phase). 

The HFTA program on the CD-ROM accompanying 
this book can be used, together with Digital Elevatio 
Model (DEM) topographic data available on the Internet, 
to evaluate all these options 


SO NEAR, YET SO FAR 


I is sometin 


s very surprising to con 
Чоп responses for different towers located at various 
points on the same property, particularly when that prop- 


EE 
=] 


Fig 47—HFTA screen shot showing how complicated 
things become when real-world irregular terrain is 
analyzed. This is the 20-meter elevation pattern for 
the NGBV/1 station location in Windham, NH, for the 
'90/60/30-foot stack of triband TH7DX Yagis and а 4- 
on the same tower. For 
120-400 Yagi over flat 


p 
round is also included. 


Fig 48—HFTA screen shot showing the 15-meter 
elevation pattern for tho N6BV/ station location in 
Windham, NH, for the 90/60/30-foot stack of triband 
TH7DX Yagis and a 4-element Yagi at 120 feet on the 
same tower. For comparison, the response of a 126 
foot Yagi over flat ground is also included. 
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Fig 49—HFTA screen shot showing the 20-meter 
elevation pattern for KIKIs North and South towers, 
with 100-100t high 4-element Yagis pointing into Europe. 
at an azimuth of 45°. The responses are surprisingly 
different for two towers separated by only 600 feet. 


ety is located in the mountains. Fig 49 shows the computed 
elevation responses for three 100-foot high 14-MH Yagis 
‘over three terrains towards Europe: from the North tower at 
KIKI's location in West Suffield, Connecticut, from the 
South tower at KIKI, and over flat ground. The elevat 

flat ground 
s quite a bit 


response from the South tower follows that ov 
well, while the response from the North towe 


Fig 50—K1K''s terrain profiles for the North and South 
towers at an azimuth of 45° into Europe 


stronger at low elevation angles—about 1.5 dB on average, 
as the Figure of Merit shows from HFTA. 

Fig 50 shows the reason why this happens—the 
terrain from the North tower slopes down quickly towards 
Europe, while the terrain from the South tower goes out 
almost 900 feet before starting to fall of. These two tow- 
ers are about 600 feet арап. 


Moxon Rectangle Beams 


LB Cebik, WARNL, has written extensively about the 
Moxon rectangle, an antenna invented by Les Moxon, 
GGXN, derived from a design by VK2ABQ. The Moxon 
rectangle beam takes less space horizontally than a con- 
ventional 2-element Yagi design, yet it offers nearly the 
of gain and a superior front-to-back ratio, 
‘And as an additional benefit, the drive-point impedance is 
close to 50 ©, so that it doesn’t need a match 
For example, rather than a “wingspan” of 17 feet 


for the reflector in a conventional 2-element 10-meter 
Yagi, the Moxon rectangle is 13 feet wide, a saving of 
almost 25%, The Moxon rectangle W4RNL created for 
The ARRL Antenna Compendium, Vol 6, had an SWR less 


than 2:1 from 28.0 to 29.7 MHz, with a gain over ground 
of 11 dBi. It had a F/B of 15 dB at 28.0 MHz, more than 
20 dB at 28.4 MHz, and 12 dB at 29.7 MHZ 

The Moxon rectangle relies on controlling the spacing 
(hence controlling the coupling) between the ends of the 
driven element tips and the ends of the reflector tps, which 
are both bent toward each other. See Fig SI, which shows 
the general outline for WARNL s 10-meter aluminum Moxor 
rectangle. The tips of the elements are kept a fixed distance 
from each other by PVC spacers. The closed rectangular 
mechanical assembly gives some rigidity tothe design, keep- 
ing it stable in the wind. WRNL described other Moxon 
rectangle designs using wire elements in June 2000 QST. 


Fig 51—General outline of the 
10-meter aluminum Moxon 
rectangle, showing tubing 
dimensions. 
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K 
Quad Arrays 


(Chapter 11, HF Yagi Arrays, discussed Yagi arrays 
эх systems of approximately half-wave dipole elements 
that are coupled together mutually. You can also employ 

iples 
of analysis. For example, loops of various types may be 


other kinds of elements using the same basie pris 


combined into directive arrays. A popular type of para- 
sitic array using loops is the quad antenna, in which loops 
having a perimeter of about one wavek 

much the same way as half-wave dipole elements in the 


h are used in 


WOLZX, created the quad antenna 
in the early 1940s while he was at the Missionary Radio 
Station HCJB in Quito, Ecuador. He developed the quad 
to combat the effects of corona discharge at high alti- 
tudes. The problem at HCJB was that their large Yag 
was literally destroying itself by melting its own element 


tips. This occurred due to the huge balls of corona it gen. 
erated in the thin atmosphere of the high Andes moun- 
tains. Moore reasoned correctly that closed loop elements 
would 


rate less high voltage—and hence less 
corona—than would the high impedances at the ends of 
а half-wave dipole element 

Fig 1 shows the ori 
quad, with а driven element and a parasitic reflector. Те 


inal version of the two-element 


square loops may be mounted either with the corners lying 
‘on horizontal and vertical lines, as shown at the left, ог 
with two sides horizontal and two vertical (right). The 
feed points shown for these two cases will result in hori- 
zontal polarizatio 

Since its inception, there has been controversy 
whether the quad is а better performer than а Yagi. Chap- 
ter 11 showed that the three main electrical performance 


Which is commonly used. 


parameters of a Yagi are gain, response patterns (front- 
to-rear ratio, F/R) and drive impedance/SWR. Proper 
analysis of a quad also involves checking all these 
parameters across the entire frequency ran 


е over which 
You intend to use it. Both a quad and a Yagi are classified 
As “parasitic, end-fire arrays.” Modern antenna model- 
ing by computer shows that monoband Yagis and quads 
with the same boom lengths for the same 
performance parameters have gains within about 1 dB of 
each other, with the quad slightly ahead of the Yagi. 
Fig 2 plots the three parameters of gain 


id optimize 


front-to- 


If 


ment quad antenna, with 
driven-element loop and reflector loop. The driven. 
loops are electrically one wavelength in circumference 
( wavelength on a side); the reflectors are slightly 
longer. Both configurations shown give horizontal 
polarization. For vertical polarization, the driven 

‘element should be fed at one of the side corners in the 
arrangement at the left, or at the center of a vertical 
‘side in the "square" quad at the right. 


20-M Optimized Monoband Quad vs Ya 
‘Ble, Oele le Yagi, 26 Booms 


M = 
{+ 


Fig 2—Comparison of gain, FIR and SWR over the 14.0 
to 14.35-MHz range for an optimized three-element 
quad and an optimized three-element Yagi, both on 
26-foot booms. The quad exhibits almost 0.5 dB mor 
айп for the same boom length, but doesn't have as 
good a rearward pattern over the whole frequency 
range compared to the Yagi. This is evidenced by the 
FIR curve. The quad's SWR curve is also not quite as 
flat as the Yagi. The quad's design emphasizes gain 
тоге than the other two parameters 


Quad Arrays 12-1 


rear ratio (FIR) and SWR over the 14.0 to 14.35-MHZ 
band for two repres 

element quad and a n 
of these have 2¢ 


tative antennas—a monoband three- 
moband four-clement Yagi. Both 
Чоо booms and both are optimized for 
the best compromise of gain, F/R and SWR across the 
whole band. 
While the quad in Fig 2 consistently exhibits about 
0.5 dB more gain over the whole band, its F/R pattern 
toward the rear isn’t quite as good as the Yagi's over that 
span of Frequencies. This quad attains a maximum FIR 
(of 25 dB at 14.1 MHz, but it falls to 17 dB at the bottom 
end of the band and 15 dB at the top. On the other hand, 
the Yagi's F/R stays consistently above 21 dB across the 
Whole 20-meter band. The quad's SWR rises to just 
under 3:1 at the top end of the band, but stays below 2:1 
from 14.0 to almost 14.3 MHz. The Yagi's SWR remains 
lower than 1.5:1 over the whole band 
"The reason the Yagi in Fig 2 has more consistent 
responses for gain, F/R and SWR across the whole 20- 
meter band is that it has an additional parasitic element, 
giving two additional variables to play with—that is, the 
length of that additional element and the spacing of that 
element from the others on the boor 
Yagi advocates рой 
elements а Yagi, given the mechanical complexities of add- 
ing another element to a quad. Extra parasitic elements give 
а designer more flexibility to tailor all performance param- 
eters over wide frequency range. Quad designers have his- 
torically opted to optimize strictly for gain and, as stated 
before, they can achieve as much as 1 dB more gain than a 
Yagi with the same length boom. But in so doing, а quad 
designer typically has to settle for frontto-rear patterns that 
are peaked over more narrow frequency ranges. The 20-meter 
quad plots in Fig 2 actually represent an even-handed ap- 
proach, where the gain is compromised slightly to obtain a 
тоге consistent pattern and SWR across the whole band. 
Fig 3 plots gain, F/R and SWR for two 10-meter 
monoband designs: a five-element quad and a five-ele- 
i, both placed on 26-foot booms. The quad now 
has the same degrees of freedom as the Yagi, and as a 
consequence the pattern and SWR are more consistent 
across the range from 28.0 to 28.8 MHZ. The quad's F/R 
remains above about 18.5 dB from 28.0 to 28.8 MHZ. 
Meanwhile, the Yagi maintains an F/R of greater than 
22 dB over the same range, but has almost 0.8 dB less 
gain compared to the quad at the low end of the band, 
eventually catching up at the high end of the band. The 
SWR for the quad is just over 2:1 at the bottom of the 
band, but remains less than 2:1 up to 28.8 MHZ. The SWR. 
‘on the Yagi remains less than 1.6:1 over the whole band, 
Fig 4 shows the performance parameters for two 15- 
meter monoband designs: a five-element quad and a five- 
both on 26-foot booms. The quad is still the 
gain, but has a less optimal rearward pattern and a 
somewhat less flat SWR curve than the Yagi. One thing 
should be noted in Figs 2 through 4, The FIR pattern on the 


ош that it is easier to add extra 
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10-М Optimized Monoband Quad vs Yagi 
Sle Ode ile Yagi —26 Booms 


бе. тон 


iHz range for an optimized five-element quad 
and an optimized five-element Yagi, both on 26-foot 
booms. The gain advantage of the quad is about 0.25 dB. 
at the low end of the band. The F/R is more peaked in 
frequency for the quad, however, than the Yagi. 


Fig 4—Comparison of gain, FIR and SWR over the 21.0 
to 21.45-MHz range for an optimized 5-oloment quad 
and optimized 5-element Yagi, both on 26-foot booms. 
The quad enjoys a gain advantage of about 0.5 dB over 
most of the band. Its rearward pattern is not as good 
ав the Yagi, which remains higher than 24 dB across 
the whole range, compared to the quad, which remains 
in the 16-48 average range. 


is largely determined by the response at the 180° point, 
directly i al lobe. This point is usually 
referred to when discussing the “front-to-back ratio” 

The quad on the other hand has what a sailor п 
term “quartering lobes” (referring to the direction back 
towards the “quarterdeck” at the stern of a sailing vessel) 
in the rearward pattern, These quartering lobes are often 


15-Meter S-Ele, Quad and S-Ele, Yagi 
21 2 МН 26-Foat Booms, Fr 


Fig 5—Comparing the pattern of the 15-meter quad and 
Yagi shown in Fig 4. The quad has a slightly narrower. 
frontal beamwidth (it has 0.5 dB more gain than the Yagi), 
but has higher “rear quartering” sidelobes at about 125° 
(with a twin sidelobe, not shown, at 235). These. 
‘sidelobes limit the worst-case front-to-rear (FIR) to about 
17 dB, while the F/B (at 180’, directly at the back 

of the quad) is more than 24 dB for each antenna 


worse than the response at 180°, directly in back of the 
main beam. Fig 8 overlays the free-space E-Field 
responses of the IS-meter quad and Yagi together. 
At 21.2 MHz, the quad actually has a front-to-back ratio 
(F/B) of about 24 dB, excellent in anyone's book. The 
Yagi at 180° has a F/B of about 25 dB, again excellent 
However, at an azimuth angle of about 125° (and at 
235" azimuth on the other side of the main lobe) the 
quad's “quartering lobe" is down only some 17 dB, set- 
ling the worst-case F/R at 17 dB also. As explained in 
Chapter 11, the reason F/R is more important than just 
the F/B is that on receive signals can come from any 
direction, not just from directly behind the main beam, 
‘Table 1 lists the dimensions for the three computer- 
‘optimized monoband quads shown in Figs 2, 3 and 4. 


Is а Quad Better at Low Heights than a Yagi? 
Another belief held by some quads enthusiasts is that 

they need not be mounted very high off the ground to give 

excellent DX performance. Quads are somehow supposed 

to be greatly superior to а Yagi at the same he 

ground. Unfortunately, this is mainly wishful thinking. 
Fig 6 compares the same two 10-1 

in Fig 3, but this time with each or 


mounted on a 50- 
over flat ground, rather than in theoretical free 
space. The quad does indeed have slightly more gain than 
ıa Yagi with the same boom length, as it has in free space, 
‘This is evidenced by the very slight compression of the 
quad's main lobe, but is more obvious when you look at 
the third lobe, which peaks at about 53° elevation. In 
effect, the quad squeezes some er 


foot tower 


gy ош of its second 


Tablet 


Dimensions for Optimized Monoband Quads in 
Figs 2, 3 and 4, on 26-Foot Booms 


I42MHz 212MHz — 284 MHz 
Retlactor EL ara 
RDE Spacing 1778 ee 

Driven Element 71° 8 ae 
DE-D1 Spacing $3 se 
Director 1 er we 
D1-D2 Spacing — 6 
Director 2 = aw 
02.03 Spacing — TS 
Director 3 E wr 
Feed method Direct $0.2 Direct SO Direct 50.0 


10-Meter Optimized Quad and Yagi 
254 мн» Gain, 50 Height 


Fig 6—A comparison on 10 meters between an optimized 
five-element quad and an optimized five-element Yagi, 
both mounted 50 feet high over flat ground and both 
‘employing 26-001 booms. There is no appreciable 
diference in the peak elevation angle or either antenna. 
In other words, a quad does not have an appreciable 
‘levation-angle advantage over a Yagi mounted at the 
Same boom height. Note that the quad achieves lts 
slightly higher gain by taking energy from higher-angle 
lobes and concentrating that energy in the main 
elevation lobe. This is a process that is similar to what 
happens with stacked Yagis. 


and third lobes and adds that to the first lobe. However, 
the difference in gain compated to the Yagi is only 
0.8 dB for this particular quad design at a 9° elevation 
angle. And while it's true that every dB counts, you сап 
also be certain that on the air you wouldn't be able to tell 
the difference between the two antennas. After all, a 10- 
to 20-dB variation in the level of signals is pretty com- 
топ because of fading at НЕ. 


Multiband Quads 
(On the other hand, one of the valid reasons quads have 


remained popular over the years is that antenna homebrewers 
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її multiband quads far more easily than they can 
construct multiband Yagis. In effect, all you have to do 
with a quad is add more wire to the existing support arms. 
It’s not quite as simple as that, of course, but the idea of 
ready expandability for other bands is very appealing to 
experimenters. 

Like the Yagi, the quad does suffer from interactions 
between wires of different frequencies, but the degree of 
interaction between bands is usually less for a quad. The 
higher-frequency bands are the ones that often suffer most 
from any interaction, for both Yagis and quads. For 
example, the 10- and 15-meter bands are usually the ones. 
affected most by nearby 20-meter wires in a triband quad, 
While the 20-meter elements are not affected by the 10- 
or 15-meter elements 

Modern computer modeling software can help you 
counteract at least some of the interaction by allowing 
you to do virtual “retuning” of the quad on the computer 
Screen — rather than clinging precariously to your tower 
fiddling with wires. However, the programs (such as NEC- 
2 or EZNEC) that can model three-dimensional wire 
‘antennas such as quads typically run far more slowly than 
those designed for monoband Yagis (such as YW included 
with this book). This makes optimizing rather tedious, 
but you use the same considerations for tradeoffs between 
gain, pattern (F/R) and SWR over the operating band- 
Width as you do with monoband Yagis. 


CONSTRUCTING A QUAD 


The parasitic element shown in Fig 1 is tuned in much 
the same way as the parasitic element in a Yagi antenna 
That is, the parasitic loop is tuned to a lower frequency 
than the driven element when the parasitic is to act as a 
reflector, and to a higher frequency when it is to act as a 
director. Fig 1 shows the parasitic element with an adjust- 
able tuning stub, a convenient method of tuning since the 
resonant frequency can be changed simply by changing 
the position of the shorting bar on the stub. In practice, it 
has been found that the length around the loop should be 
approximately 3.5% greater than the self-resonant length 
if the element is a reflector, and about 3.0% shorter 0 

the self-esonant length if the parasitic element is a direc- 
tor. Approximate formulas for the loop lengths in feet are: 


Driven Element = 1208 
Reflector = 205 
Director 


‘These are valid for quad antennas intended for op- 
eration below 30 MHz and using uninsulated #14 stranded 
copper wire. At VHF, where the ratio of loop circumfer- 
ence to conductor diameter is usually relatively small, the 
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circumference must be increased to the 
wavelength. For example, a one-wavelength loop con- 
structed of ‘finch tubing for 144 MHz should have a 
circumference about 2% greater than in the above equa- 
tion for the driven element. 

Element spacings on the order of 0.14 10 0.2 free- 
space wavelengths are generally used. You would 
employ the smaller spacings for antennas with more than 
two elements, where the structural support for elements 
with larger spacings tends to become challenging. The 
feed-point impedances of antennas having element spac- 

on this order have been found to be in the 40- to 
60-0 range, so the driven element can be fed directly 
With coaxial cable with only a small mismatch. 

For spacings on the order of 0.25 wavelength (physi 
cally feasible for two elements, or for several elements at 
28 MHz) the impedance more closely approximates the 
impedance of a driven loop alone—that is, 80 to 100 Q. 
The feed methods described in Chapter 26 can be used, 
just as in the case of the Yagi. 


Making It Sturdy 

"The physical sturdiness of a quad is directly propor- 
tional to the quality of the material used and the care with 
which itis constructed. The size and type of wire selected 
Tor use with а quad antenna is important because it will 
determine the capability of the spreaders to withstand high 
winds and ice. One of the more common problems con- 
fronting the quad owner is that of broken wires. A solid 
conductor is more apt to break than stranded wire under 
constant flexing conditions. For this reason, stranded cop- 
per wire is recommended. For 14-, 21- or 28-MH2. 
operation, #14 ог #12 stranded wire is a good choice, 
Soldering of the stranded wire at points where flexing is 
likely to occur should be avoided, 

‘You may connect the wires to the spreader arms in 
many ways. The simplest method is to drill holes through 
the fiberglass at the appropriate points om the arms and 
route the wires through the holes. Soldering a wire loop 
across the spreader, as shown later, is recommended, 
However, you should take care to prevent solder from 
Flowing to the corner point where flexing could break it. 

While a boom diameter of 2 inches is sufficient for 
smaller quads using two or even three elements for 14, 
21 and 28 MHz, when the boom length reaches 20 feet or 
longer a 3-inch diameter boom is highly recommended 
Wind creates two forces on the boom, vertical and hori- 
‘zontal. The vertical load on the boom can be reduced with 
a guy-wire truss cable. The horizontal forces on the boom 
are more difficult to relieve, so 3-inch diameter tubing is 
desirable 

Generally speaking, three grades of material can be 
used for quad spreaders. The least expensive material is 
bamboo. Bamboo, however, is also the weakest material 
normally used for quad construction. It has a short life, 
typically only three ог four years, and will not withstand 
a harsh climate very well. Also, bamboo is heavy in con- 


‘rast to fiberglass, which weighs only about a pound per 
13-foot length. Fiberglass is the most popular type of 
spreader material, and will withstand normal winter eli- 
mates. One step beyond the conventional fiberglass arm 
is the pole-vaulting arm. For quads designed to be used 
on 7 MHz, surplus “rejected” pole-vaulting poles are 
highly recommended. Their ability to withstand large 
‘amounts of bending is very desirable. The cost of these 
poles is high, and they are difficult to obtain. See Chap- 
ter 21 for dealers and manufacturers of spreaders. 


топа or Square? 

"The question of how to orient the spreader arms has 
been raised many times over the years, Should you mount. 
the loops in a diamond or a square configuration? Should 
‘one set of spreaders be horizontal to the earth as shown 
in Fig I (right), or should the wire itself be horizontal to 
the ground (spreaders mounted in the fashion of an X) as 
shown in Fig 1 (left? From the electrical point of view, 
there is not enough difference in performance to worry 
about 

From the mechanical point of view there is no ques- 
tion which version is better. The diamond quad, with the 


associated horizontal and vertical spreader ап 
‘capable of holding an ice load much better than a system. 
where no vertical support exists to hold the wire loops 
upright. Put another way, the vertical poles of a diamond 
array, if sufficiently strong, will hold the rest of the sys- 
tem erect. When water droplets are accumulating and 
formin itis very reassuring to see water run- 
ning down the wires to a corner and dripping off, rather 
than just sitting there on the wires and freezing. The wires 
of a loop (or several loops, in the case of a multiband 
Antenna) help support the horizontal spreaders under а 
load of ice. A square quad will droop severely under heavy 
ice conditions because there is nothing to hold it up 
straight. 

OF course, in climates where icing is not a problem, 
many amateurs point out that they like the aesthetics of 
the square configuration. There are thousands of square- 
configuration quads in temperate areas around the world 

Another consideration will enter into your choice. 
of orientation for a quad. You must mount a diamond quad. 
somewhat higher on the mast or tower than for an equiva- 
lent square array, just to keep the bottom spreader away 
from the tower guys when you rotate the antenna. 


Two Multiband Quads 


This section describes two multiband quad designs. 
The first is a large triband 20/15/10-meter quad built on 
а 26-foot boom made of 3-inch irrig This 
antenna has three elements on 20 meters, four elements 
er, Fig 7 shows 
а photograph of the five-element triband quad. 

The second project is a compact two-element triband 
quad on an 8-foot boom that covers 20, 17, 15, 12 and 
10 meters. We call this a "pentaband" quad since it cov- 
ers five bands. This antenna uses five concentric wire 
loops mounted on each of the two sets of spreaders, Either 

jenna may be constructed in a diamond or square 

While the same basic construction techniques are 
employed for both multiband quads, the scale of the larger 
riband antenna makes it a far more ambitious undertak- 
ing! The large quad requires а stro 
rotator. It also requires a fair amount of real estate in 
order to raise the quad to the top of the tower without 
entangling trees or other antennas, 


А FIVE-ELEMENT, 26-FOOT BOOM 
TRIBAND QUAD 
Five sets of element spreaders are used to support 
the three elements used on 14 MHz, four elements on 
21 MHz and five elements on 28- MHz. We chose to use four 
us on 15 meters in this des 


sation tubi 


on 15 meters, and five elements оп 10 п 


arugged 


the difference in optimized performance wasn't great enough 
1o warrant the extra complexity of using five elements. The 
dimensions are listed in Table 2, and are designed for center 
frequencies of 14.175, 21.2 and 28.4 MH. 

‘The spacing between elements has be 
provide good compromises in performance consistent 
With boom length and mechanical construction. You can 
see that the element spacings for 20 meters are quite dif- 
ferent from those for the optimized monoband design. 
This is because the same set of spreaders is used for all 
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Fig 8—Layout for the three-band, five-olement quad, not drawn to scale. See Table 2 for dimensions. 


three bands o 
higher-frequency bands dictate the spacing because they 
are more critical. 

Each of the parasitic loops is closed (ends soldered 
together) and requires no tuning. Fig 8 shows the physi- 
cal layout of the triband quad. Fig 9 plots the computed 
free-space gain, front-to-rear ratio and SWR response 
across the 20-meter band. With only afew degrees of free- 

jing and spacing of the three elements, it is 
impossible to spread the response out to cover the entire 
20-meter band. The compromise design results in a rear- 
ward pattern that varies from a worst-case of just under 
10 dB at the high end of the band, to a peak F/R of just 


three ош of the five elements, and the 


dom in u 


Table 2 

Three-Band Five-Element Quad on 26-Foot Boom. 
aste 212MHz 28.4 MHz 

Reflector те we ЁТ; 

КОЕ Spacing 127 x E 

Driven Element 71 ve ase 

DE-D1 Spacing 14 т E 

Director 1 ве " we 

lde Spacing — D 7 

Director 2 =, dev ET 

D2-03 Spacing — = 7 

Director 3 = w 

Feed method  DirectS00 Drect50 Direct SO 
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under 19 dB at 14.2 MHz, in the phone portion of the band. 
The F/R is about 11 dB at the low end of the band. 

"The SWR remains under 3:1 for the entire 20-meter 
band, rising to 2.8:1 at the high end. The feed system for 
this triband quad consists of three separate 50-0 coax 


20-Meter Optimized Triband Quad 
Hle. Quad, 26 Boom 


H 


— — 


Fig 9—Computed performance of the triband, five 
‘element quad over the 20-meter band. The direct 50-0. 
feed system holds the SWR below 2.8: 1 across the 
whole band. This could be improved with a gamma- 
match system tuned to 14.1 MHz if the builder really 
desires a low SWR. The F/R peaks at 14.1 MH 
remains above 10 dB across the whole band. 


lines, one per driven element, together with a relay switehbox 
mounted to the boom so that a single coax can be used back 
to the operating position. Each feed line uses a ferrite-bead 
balun to control common-mode currents and preserve the 
radiation pattern and each coax going to the switehbox is 
‘cut to be an electrical three-quarter wavelength on 15 meters, 
‘This presents a short at the unused driven elements since 
modeling indicated that the 15-meter band is adversely 
affected by the presence of the 20-meter driven element if it 
is left open-circuited. If you use RG-213 coax, the J.- elec- 
trical length of each feed line is 23 feet long at 21.2 MHZ. 
"This is sufficient physical length to reach each driven ele- 
from the switehbox. 
Fig 10 shows the free-space response for the 15- 
meter band. The rearward response is roughly 15 dB 
across the band. This is a result of the residual interac- 


tion between the 20-meter elements on 15 meters, and no 
further tuning could improve the F/R. Note how flat the 
SWR curve is. This SWR characteristic is what gives the 
quad the reputation of being “wideband.” A flat SWR. 
curve, however, is not necessarily a good indicator of 
‘optimal performance for directional antennas like quads 
or Yagis, particularly multiband designs where compro- 
mises must be made by physical necessity 

Fig 11 shows the characteristics of the 10-meter por- 
tion of the two-element triband quad. The response 
favors the low-phone band, with the FIR falling to about 
12 dB at the low end of the frequency range and rising to 
just about 23 dB at 28.4 MHz. The SWR curve is once 
again relatively flat across the major portion of the band 
up to 28.8 MHz. 


Construction 


"The most obvious problem related to quad antennas 
is the ability to build a structurally sound system. I high 


15-Meter Optimized Triband Quad 
Ele. Quad 26 Boom 


Winds or heavy ice are a normal part of the environment, 
special precautions are necessary if the antenna is to sur- 
vive a winter season, Another stumbling block for would- 
be quad builders is the installation of a three-din 
system (assuming a Yagi has only two importa 
sions) on top of a tower—especially if the tower needs 
guy Wires for support. With proper planning, however, 
many of these obstacles can be overcome. For example, а 
tram system may be used, 

Both multiband quad arrays use fiberglass spread- 
ers (see Chapter 21 for suppliers). Bamboo is a suitable 
substitute (if economy is of great importance). However 
the additional weight of the bamboo spreaders over 
fiberglass is an important consideration. A typical 
12-foot bamboo pole weighs about 2 pounds: the fiber- 
glass type weighs less than a pound. By multiplying the 
difference times 8 for a two-element array, times 12 for a 
three-element antenna, and so on, it quickly becomes 
apparent that fiberglass is worth the investment if weight 
is an important factor. Properly treated, bamboo has а 
useful life of three or four years, while fiberglass life is 
probably 10 times longer. 

Spreader supports (sometimes called spiders) are 
available from many different manufacturers. If the 
builder is keeping the cost at a minimum, he should con- 
sider building his own. The expense is about half that of 
а commercially manufactured equivalent and, according 

authorities, the homemade arm supports 
described below are less likely to rotate on the boom as a 
result of wind pressure. 

A 3-foot length of steel angle stock, I inch per side 
is used to interconnect the pairs of spreader arms. The 
steel is drilled at the center to accept a muffler clamp of 
sufficient size to clamp the assembly to the boom. The 
fiberglass is clamped to the steel angle stock with auto- 


Fig 10—Computed performance of the triband, five- 
element quad over the 15-meter band. There is some 
degree of interaction with the 20-meter elements, 
limiting the worst-case FIR to about 15 dB. The gain 
and SWR curves are relatively flat across the band. 


Fig 11—Computed performance of the triband, five- 
‘element quad over the 10-meter band. The FIR ls high 
than 12 dB across the band from 28.0 to 29.0 MHz, but 
the SWR rises at the top end of the band beyond 2:1. Tho 
free-space gain is higher than 10 dBi across the band. 
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TO Hose clamps 
ET 


Fig 12—Details of one of two assemblies for a spreader 
frame. The two assemblies are joined back-to-back to 
form an X with a muffler clamp mounted at the position 
shown. 


Fig 14—An alternative method of assembling the wire 


of a quad loop to the spreader arm. 


motive hose clamps, two per pole. Each quad-loop 
spreader frame consists of two assemblies of the type 
shown in Fig 12. 

Connecting the wires to the fiberglass can be dor 
in a number of different ways. Holes can be drilled at the 
proper places on the spreader arms and the wires run 
through them. A separate wrap wire should be included 
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Fig 13—A method of assembling a corner of the wire 
loop of a quad element to the spreader arm. 


NES 


itable circuit for relay switching of bands for 
the three-band quad. A three-wire control cable Is 
required. K1, K2—any type of relay suitable for RF 
‘switching, coaxial type not required (Potter and 
Brumfeld MR11A acceptable; although this type has 
double-pole contacts, mechanical arrangements of 
most single-pole relays make them unacceptable for 
switching of ВЕ). 


at the entry/exit point to. prevent the loop from slippin 
Details are presented in Fig 13. Some amateurs have 
experi ht be a 
result of drilling holes through the material. However, 


ed cracking of the fiberglass, which mig 


this seems to be the exception rather than the rule, The 
model described here has no holes in the spreader arms: 
the wires are attached to each arm with a few layers of 


Fig 16—The relay box is mounted on the boom near the 
center. Each of the spreader.arm fiberglass poles is 
attached to steel angle stock with hose clamps. 


plastic electrical tape and then wrapped approximately 
20 times in a crisscross fashion with inch diameter 


followed by more electrical tape for UV pro- 
tection, as shown in Fig 14. 

"The wire loops are left open at the bottom of each 
driven element where the feed-line coaxes are attached. 
‘All of the parasitic elements are continuous loops of wire: 
the solder joint is at the base of the diamond. 

Although you could run three separate coax cables 
down to the shack, we suggest that you installa relay box 
at the center of the boom. A three-wire control system may 
be used to apply power to the proper relay for changing 
bands. The circuit diagram of a typical configuration is 
presented in Fig 15 and its installation is shown in Fig 16. 

Every effort must be placed upon proper construc. 
tion if you м 
lems. Hardware must be secure ог vibration created by 


ıt to have freedom from mechanical prob- 


the wind may cause separation of assemblies. Solder joints 
should be clamped in place to keep them from flexing, 
Which might fracture a connection point. 


A TWO-ELEMENT, 8-FOOT BOOM 
PENTABAND QUAD 
‘This two-element pentaband (20/17/15712/10-meter) 
quad uses the same construction techniques as its big 
brother above. Since only two elements are used, the 
boom can be less robust for this antenna, at 2 inches di- 
ameter rather than 3 inches. Those who like really rug- 
ed antennas can still use the 3-inch diameter boom, of 
Table 3 lists the element dimensions for the 
pentaband quad. The following plots show the perfor- 
mance for each of the five bands covered. The feed sys- 
tem for the pentaband quad uses five, direct 50-0 coaxes, 
‘one to each driven element, These five coaxes are cut to 
be "1-3. electrically on 10 meters (17 feet, 2 inches for 
RG-213 at 28.4 MHz). In this design the 10-meter band 
is the one most affected by the presence ofthe other driven 
elements if they are left unshorted. The J. lines open- 
circuited at the switchbox are lon 


enough physically to 
reach all elements from a centrally mounted switchbox, 
‘This length assumes that the switehbox open-circuits the 
unused coaxes. If the switchbox short-circuits unused 
eoaxes (as several commercial switchboxes do), then use 
"Ys long lines to feed all five driven elements (11 feet, 


20-Meters, Optimized Pentaband Quad 
e Quad, Boom 


Fig 17—Computed performance of the pentaband two- 

element quad on 20 meters. With the simple direct-feed 
‘system, ће SWR rises to about 23:1 at the low end of 

the band. A gamma match can bring the SWR down to 

1:1 at 14.1 MHz, И desirec 


Table 3 
Five-Band Two-Element Quad on 8-Foot Boom 


142MHz тал мне 21 Me 
Reflector me sea aye 
RADE Spacing — 8 E D 
Driven Element 69107 54104 467 


209 MHz 28.4 MHz 
40 11 ar Se 
в n 
sw owe 
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S inches for RG-213 at 28.4 MHZ). 
"The SWR curves do not necessarily go down to 1:1 
because of this simple, direct feed system. If anyone is 
bothered by this, of course they сап always implement 
g systems, such as gamma matches, 


individual matchi 
Most amateurs would agree that such a degree of com- 
plexity is not warranted, The worst-case SWR is les than 
2.3:1 on each band, even with direct feed on 20 meters 
With typical lengths of coaxial feed line from the shack 
to the switehbox at the antenna, say 100 feet of RG-213, 
the SWR at the transmitter would be less than 2.0:1 on. 
all bands due to losses in the feed lin. 

Fig 17 shows the computed responses for the 


pentaband quad over the 20-meter band. With only two 
degrees of freedom (spacing and element tuning) there is 
not much that can be done to spread the response out 
over the entire 20-meter band. Nonetheless, the perfor- 
mance over the band is still pretty reasonable for an 
antenna this small, The F/R pattern peaks at 19 dB at 
14.1 MHz and falls to about 10 dB at either end of the 
band. The free-space gain varies from about 7.5 dBi to 
just above 6 dBi, comparable to a short-boom three-ele- 
ment Yagi. The SWR curve remains below 2.3:1 across 
the band. If you were to employ a gamma match tuned at 
14.1 MHz, you could limit the peak SWR to less than 
2.0:1, and this would still occur at 14.0 MHz. 


12 Meters, Optimized Pentaband Quad 
Zl Quad, Boom 


$ ig 


Fig 
element quad on 17 meters. There is some interaction 
with the other elements, but overall the performance is 
satisfactory on this band. 


15 Meters, Optimized Pentaband Quad 
e Quad, Boom 


Fig 19—Computed performance of the pentaband two- 


‘element quad on 15 meters. The performance is 
acceptable across the whole band. 
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Fig 20—Computed performance of the pentaband two- 
‘element quad on 12 meters. 


10 Meters, Optimized Pentaband Quad 
Zl Quad, Boom. 


à 


Fig 21—Computed performance of the pentaband two- 
element quad on 10 meters. The SWR curve is slightly 
above the target 2:1 at the low end of the band and 
rises to about 22:1 at 28.8 MHz. This unlikely to be a 
problem, even with rigs with automatic power 
eduction due to SWR, since the SWR at the Input of a 
typical coax feed line will be lower than that at the 
antenna due to losses in the line 


On 17 meters, Fig 18 shows that the other elements 
are affecting 18 MHz, even with element-length optimi- 
zation. Careful examination of the current induced on the 
other elements shows that the 20-meter driven element is 
interacting on 18 MHz, deteriorating the pattern and gain 
slightly. Even still, the performance on 17 meters is rea- 
sonable, especially for a ne band quad on an 8-foot boom. 

‘On 15 meters, the interactions seems to have been. 
contained, as Fig 19 demonstrates. The F/R peaks at 
21.1 MHz, at 19 dB and remains better than 12 dB past the 
top of the band. The SWR curve is low across the whole 
band. 

On 12 meters, the interaction between bands is mi- 
nor, leading to the good results shown in Fig 20. The 
SWR change across this band is quite flat, which isn’t 

ig given the narrow bandwidth of the 12-meter 


On 10 meters, the interaction seems to have been 
tamed well by computer-tuning of the elements. The F/R 
remains higher than about 14 dB from 28 to 29 MHZ. 
The SWR remains below 2.2:1 up to about 28.8 MHz, 
While the gain is relatively flat across the band at more 
than 7.2 dBi in free space. See Fig 21. 

Overall, this pentaband quad is physically con 
id yetit provides good perfor 


vance across all five bands, 


It is competitive with commercial Log Periodic Dipole 
Array (LPDA) desi triband Yagi designs that 
‘employ longer booms. 
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Long-Wire and 
Traveling-Wave 
Antennas 


The power gain and directive characteristics of elec- 
trically long wires (that is, wires that аге long in terms of 
wavelength), as described in Chapter 2, make them useful 

eption on the higher 
jes. Long wires can be combined to form anten- 


stance transmission and re 


паз of various shapes that increase the gain and directiv 
ity over a single wire. The term long wire, as used i 
chapter, means any such configuration, not just а straig! 


his 


Long Wires Versus Multielement Arrays 
In general, the 


jin obtained with long-wire anten. 
nas is not as great, when the space available for the antenna 
is limited, as you can obtain from the multielement phased 
arrays in Chapter 8 or from a parasitic array such as a Yagi 
ог quad (Chapters 11 or 12). However, the long-wire 
antenna has advantages of its own that tend to compen- 
y. The construction of long-wire 
antennas is simple both electrically and mechanically, and 
there are no especially critical dimensions or adjustments. 
The long-wire antenna will work well and give satisfac- 
tory gain and directivity over a 2-to-1 frequency ran 
addition, it will accept power and radiate well on any fre- 
‘quency for which its overall length is not less than about a 


sate for this deficie 


half wavelength. Since a wire is not electrically long, even 
at 28 MHz, unless its physical length is equal to at least a 


on ай amateur bands that are useful for long 


the same theo- 


Between two directive antennas havin 
retical gai 
wire antenna, many amateurs have found thatthe long 
antenna seems more effective in reception. One possible 


опе a multielement array and the other a long- 


explanation is that there is a diversity effect with a lo 
wire antenna because it is spread out over a large distance, 

concentrated in a small space, as would 
be the case with a Yagi, for example. This may raise the 
average level of received energy for ionospheric-propa- 
gated signals. Another factor is that long-wire antennas 
have directive patterns that can be extremely sharp in the 
horizontal (azimuthal) plane. This is an advantage that 


rather than bein 


other types of multielement arrays do not have, but it ean 


be a double-e 


4 sword too. We'll discuss this aspect in 
some detail in this chapter 


General Characteristics of Long-Wire Antennas 
Whether the long-Nire antenna is a single wire run- 
ning in one direction or is formed into a V-beam, rhom- 

bic, or some other confi 
principles that apply and some performan 
are common to all types. The first of these is that the power 
ia as compared with a half-wave 


Features that 


gain of a long-wire 
dipole is not considerable until the antenna is really lon 
(its length measured in wavelengths rather than in a spe 
cific number of feet). The reason for this is that the fields 
radiated by elementary lengths of wire along 

do not combine, at a distance, in as simple a fashion as the 


the antenna 


fields from half-wave dipoles used in other types of direc- 
There is no point in space, for example, where the 
distant fields from all points along the wire are exactly in 
phase (as they are, in the optimum direction, in the case of 
Iwo ог more collinear or broadside dipoles when fed with 

in-phase currents). Consequently, ће field sren 
tance is always less than would be obtained if the same 
ol wire were cut up into properly phased and sepa- 


h at a dis- 


lengi 
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rately driven dipoles. As the wire is made longer. the fields 
‘combine to form increasingly intense main lobes, but these 
lobes do not develop appreciably until the wire is several 
wavelengths long. See Fig 1. 

"The longer the antenna, the sharper the lobes become, 
and since u is really a hollow cone of radiation about the 
wire in free space, it becomes sharper in both planes. Also, 
the greater the length, the smaller the angle with the wire at 
which the maximum radiation lobes occur. There are four 
main lobes to the directive patterns of long-wire antennas; 
cach makes the same angle with respect to the wire. 

Fig 2A shows the azimuthal radiation pattern of a 
A long-wire antenna, compared with a- dipole. Both 
antennas are mounted ut the same height of 1 2 above flat 
ground (70 feet high at 14 MHz, with a wire length of 
70 feet) and both pattems are for an elevation angle of 
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10°, an angle suitable for long-distance communication 
on 20 meters. The long-wire in Fig 2A is oriented in the 
270° to 90° direction, while the dipole is aligned at right 
angles so that its characteristic figure-8 pattem goes left- 
оч, The 1-2 long-wire has about 0.6 dB more gain 
than the dipole, with four main lobes as compared to the 
wo lobes from the dipole. 

You can sce that the two lobes on the left side of 
Fig 2A are about 1 dB down compared to the two lobes 
on the right side. This is because the long-wire here is fed 
at the left-hand end in the computer model. Energy is r 
diated as a wave travels down the wire and some energy is 
also lost to ohmic resistance in the wire and the ground, 
The forward-going wave then reflects from the open-cir 
сай at the right-hand end of the wire and reverses direc- 
tion, traveling toward the left end, still radiating as it 


27 { theoretical gain o a long- 
8 = > E етеп in das a function 
iL ho? Ae length. The angie. with 

12 sË respect to ine wire, at which the 
i Fasten intensity is maximum 
4, „ eo le shown. 

is M 
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Fig 2—At A, comparison of azimuthal patterns for a 1- 
long-wire antenna (solid line) and a ish dipole (dashed 
line) at an elevation angle of 10°. Each antenna is 
located 1 (70 teet) over fat ground at 14 MHz. ALB, 
the elevaion-plane patterns at peak azimuth angles for 
each antenna. The long-wire has about 0.6 dB more 
gain than the dipole 
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travels. An antenna operating in this way has much the 
same characteristics as a transmission line that is termi- 
nated in an open circuit batis И has standing waves on 
it. Unterminated long-wire antennas are often referred to 
as standing wave antennas. As the length of a long-wire 
antenna is increased, a moderate front-to-back ratio re- 
sults, about 3 dB for very long antennas. 

Fig 28 shows the elevation-plane pattern for the long- 
wire and for the dipole. In each case the elevation pattem 
is a the azimuth of maximum gain—at an angle of 38° 
with respect to the wire-axis for the long-wire and at 90° 
for the dipole The peak elevation for the long-wire is very 
slightly lower than that for the dipole at the same height 
above ground, but not by much. In other words the height 
above ground is the main determining factor for the shape 
‘of the main lobe of a long-wire's elevation pattern, as it is 
for most horizontally polarized antennas. 

"The shape of the azimuth and elevation patterns in 
Fig 2 might lead you to believe that the radiation pattem 
is simple Fig 3 is a 3-D representation of the pattern from. 
A 1- long-wie that is 1 high over flat ground. Besides 
the main low-angle lobes, there are strong lobes at higher 
angles. Things get even more complicated when the length 
of the long-wire increases. 


Directivity 

Because many points along a long wire are carrying 
‘currents in different phases (with different current am- 
plitudes as well), the field pattern at a distance becomes. 
more complex as the wire is made longer. This complex- 
ity is manifested in а series of minor lobes, the number 
‘of which increases with the wire length, The intensity of 
radiation from the minor lobes is frequently as great as, 
and sometimes greater than, the radiation from a half- 


Fig 3A 3-0 representation of th 
for the 1-A long wire shown in Fig 2. The pattern is 
obviously rather complex. I gets even more 
‘complicated for wires longer than . 
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wave dipole. The energy radiated in the minor lobes is 
‘ot available to improve the gain in the major lobes, which 
is another reason why a long-wire antenna must Be long. 
to give appreciable gain in the desired directions. 

Fig 4 shows an azimuthal plane comparison between 
ıa 3.209 feet long) long-wire and the comparison 1. 
dipole. The long-wire now has 8 minor lobes besides the 
four main lobes. Note that the angle the main lobes make 
with respect to the axis of the long-wire (also left-to-right 
in Fig 4) becomes smaller as the length of the long-wire 
increases, For the 3-4 longewire, the main lobes occur 
285 off the axis of the wire itself 

Other types of simple driven and parasitic arrays do 
not have minor lobes of any great consequence. For that 
reason they frequently seem to have much better directivity 
than long-wire antennas, because their responses in undes- 
ined directions are well down from their response in the 
desired direction. This is the case even if a muliclement 
array and a long-wire antenna have the same peak gain in 
the favored direction. Fig S compares the same 3-4 long- 
wire with a d-eloment Yagi and a А dipole, again both at 
the same height as the long-wire. Note that the Yagi has 
only а single backlobe, down about 2 dB from its broad 
main lobe, which has a 3-dB beamwidth of 63°. The 3-dB. 
beamwidth of the long-wire's main lobes (at a 28° angle 
from the wire axis) is far more narrow, at only 23°. 

For amateur work. particularly with directive anten- 
nas that cannot he rotated, the minor lobes of a long-wire 
antenna have some advantages. Although the nulls in the 


Fig 4—Ап azimuthal plane comparison between а 
ЗА (209 feet long) long-wire (solid line and the 
comparison Ye dipole (dashed line) at 70 feet high 
(13)at Té b 
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Fig 5—А comparison between the 3-A long-wire (solid 
line) in Fig 4, а element 20-meter Yagi on a 264001 
boom (dotted line), and 2-2 dipole (dashed line) 
gain at a height Of 70 feet. The main lobes of the long 
wîre are very narrow compared to the wide frontal lobe. 
(the Yagi. The long vir exhibit an azimuthal pattern 
"hat is more omnidirectional in natur 

particularly when the narrow, deep nu 
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computer model in Fig 5 are deeper than 30 dB, they are 
not so dramatic in actual practice. This is due to irregu- 
Tarities in the terrain that inevitably occur under the span 
of a long wire, In most directions the long-wire antenna 
will be as good as a half-wave dipole, and in addition will 
give high gain in the most favored directions, even though 
that is over narrow azimuths. 

Fig бА compares the azimuth responses for a S- 
ong-wire (350 fet long at 14 MHz) to the same del. 
ment Yagi and dipole. The long-wire now exhibits 16 mi- 
nor lobes in addition to its four main lobes. The peaks of 
these sidelobes are down about 8 В from the main lobes 
and they are stronger than the dipole, making this long- 
Wire antenna effectively omnidirectional. Fig 6B shows 
the elevation pattern of the 5-A long-wire at its most ef 
fective azimuth compared to a dipole. Again, the shape of 
the main lobe is mainly determined by the long-wvite’s 
height above ground, since the peak angle is only just a 
bit lower than the peak angle for the dipole. The long 
Wire's elevation response breaks up into numerous lobes 
above the main lobes, just as it does in the azimuth plane. 

For the really ambitious, Fig 7 compares the perfor 
mance for an 8-A (571 feet) long-wire antenna with a4 
clement Yagi and the 0А. dipole, Again, in actual 
Practice, the nulls would tend to be filled in by terrain 
irregularities, so а very long antenna like this would be a 
pretty potent performer. 


Calculating Length 
In this chapter, lengths are discussed in terms of wave 


e 
Fig 6—A A, the azimuth responses fora 5A long-wire 
(350 feet long at 14 MHz. soli line) to he same 
element Yagi (dotted line) and dipole (dashed line) as 
in Fig 5. At B the elevation plano responses forthe 


Wire achieves gain by compressing mainly the azimuthal 
response, squeezing the gain into narrow lobes; not s0 
‘much by squeezing the elevation pattern for gain- 


Fig 7—The azimuthal plane performance for an 8. 

(671 teet) long-wire antenna (solid line), compared with 

A d-lement Yagi (dotted line) and a 1-3 dipole (dashed 
a) 


lengths. Throughout the preceding discussion the frequency 
in the models was held at 14 MHz. Remember that a long- 
wire that is 4 long at 14 MHz is 8 À long at 28 MHz. 

There is nothing very critical about wire lengths in 
an antenna system that will work over a frequency range 
including several amateur bands. The antenna charact 
istics change very slowly with length, except when the 
wires are short (around one wavelength, for instance). 
There is по need to try to establish exact resonance at а 
particular frequency for proper antenna operation. 

"The formula for determining the lengths for harmonic 


ouv cones) 
Tz] 


where N is the antenna length in wavelengths. In cases 
"where precise resonance is desired for some reason (for 
obtaining а resistive load for a transmission line at a р 
ticular frequency, for example) it is best established by 
trimming the wire length until the standing-wave ratio 
on the line is minimum. 


Tilted Wires 

In theory, itis possible to maximize gain from along 
wire antenna by tilting it to favor a desired elevation take- 
off angle. Unfortunately, the effect of real ground under 
the antenna negates the possible advantages of tilting. just 
as it does when a Yagi or other type of parasitic array is 
tilted from horizontal. You would do better keeping a 
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Fig 8—Methods for feeding long single-wire antennas. 


Jong-wiee antenna horizontal, ut raising it higher above 
around, to achieve more gain at low takeoff angles. 


Feeding Long Wires 


A ong-wire antenna is normally fed at the end or at 
а current loop. Since a current loop changes to a node 
‘when the antenna is operated at any even multiple of the 
frequency for which it is designed, a long-wire antenna 
will operate as a true long wire on all bands only when it 
is fed at the end. 

A common method of feeding a long-wire is to use a 
resonant open-wire line. This system will work on all 
bands down to the one, if any, at which the antenna is only 
a half wave long. Any convenient line length can be used 
if you match the transmitter to the line's input impedance 
using an antenna tuner, as described in Chapter 25. 

"Two arrangements for using nonresonant lines are 
given in Fig S. The one at A is useful for one band only 
Since the matching section must be a quarter wave long 
approximately. unless a different matching section is used 
for cach band. In В. the 4 transformer (Q-section) im- 
pedance can be designed to match the antenna to the line, 
as described in Chapter 26. You can determine the value 
of radiation resistance using a modern modeling program 
ог you can actually measure the fecd-point impedance. 
Although it will work as designed on only one band, the 
amenna сап be used on other hands by treating the line 
nd matching transformer as а resonant line. In this case, 
as mentioned earlier, the antenna will not radiate as a tue 
long wire on even multiples of the frequency for which 
the matching system is designed. 

"The end-fed arrangement, although the most conve- 
nient when tuned feeders are used, suffers the disadvan 
tage that there is likely to be a considerable antenna current 
onthe line. In addition, the antenna reactance changes rap- 
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idly with frequency. Consequently, when the wire is sev- 
oral wavelengths long, a relatively small change in fre- 
quency- a fraction of the width of а band—may require 
major changes in the adjustment of the antenna tuner. Alo 
the line becomes unbalanced at all frequencies between 
those at which the antenna is resonant. This leads to a con- 
siderable amount of radiation from the line. The unbal- 
ance can be overcome by using multiple long wires ina V 
‘or rhombic shape, as described below. 


COMBINATIONS OF LONG WIRES 


‘The directivity and gain of long wires may be 
increased by using two wires placed in relation to each 
‘other such that the fields from both combine to produce 
the greatest possible field strength at a distant point. The 
Principle is similar to that used in designing the multi- 
element arrays described in Chapter 8. 


Par 


lel Wires 

One possible method of using two (or more) long 
wires is to place them in parallel, with a spacing of Ms or 
so, and feed the two in phase. In the direction of the wires 
the fields will add in phase. However, the takeoff angle is 
high directly in the orientation of the wire, and this method 
will result in rather high-angle radiation even И the wires 
are several wavelengths long- With а parallel arrangement 
‘of this sort the gain should be about 3 dB over a single 
wire of the same length, at spacings in the vicinity of 
“he wavelength. 


The V-Beam Antenna 

Instead of using two long wires parallel to cach other, 
they may be placed in the form of a horizontal V, with the 
included angle between the wires equal to twice the angle 
made by the main lobes referenced о the wire axis for a 
single wire of the same physical length. For example, for 


aleg length of 5 A, the angle between the legs of a V should 
he about 42°, twice the angle of 21° of the main lobe refer- 


enced to the long-wire's axis. See Fig 6A. 

"The plane directive patterns of the individual wires 
combine along a line in the plane of the antenna and 
bisecting the V where the fields from the individual wires 
reinforce cach other. The sidelobes in the azimuthal pat- 
tem are suppressed by about 10 dB, so the pattern becomes 
essentially bidirectional, See Fig 9 

"The included angle between the legs is not particu- 
larly critical. This is fortunate, especially if the same 
antenna is used on multiple bands, where the electrical 
length varies directly with frequency. This would normally 
require different included angles for each band. For multi 
band V-antennas, a compromise angle is usually chosen 
то equalize performance. Fig 10 shows the azimuthal pat- 
tern fora V-beam with 1-2 legs, with an included angle of 
75° between the legs, mounted 1 3 above flat ground. This 
is for a 10° elevation angle. At 14 MHz the antenna has 
wo 70-foot high, 68.5-foot long legs, separated at their 
far ends by 83.4 feet. For comparison the azimuthal pat- 
terns for the same 4element Yagi and %-Ã dipole used 
previously for the long-wires are overlaid on the same 
plot. The V has about 2 dB more gain than the dipole but 
is down some 4 dB compared to the Yagi, as expected for 
relatively short legs. 

Fig 11 shows the azimuthal pattern for the same 
antenna in Fig 10, but at 28 MHz and at an elevation angle 
of 6°. Because the legs are twice as long electrically at 
28 MHz, the V-heam has compressed the main lobe into a 
narrow beam that now has a peak gain equal to the Yagi, 
but with a 3-8 beamwidth of only 188°. Note that you 
could obtain about 0.7 dB more gain at 14 MHz, with a 
17-48 degradation of gain at 28 MHz. if you increase the 
included angle to 90° rather than 75°. 

Fig 12 shows the azimuthal pattern for a V-beam with 
2 legs (137 feet at 14 MHZ), with an included angle of 
60" between them. As usual, the assumed height is 70 feet, 
or LA at 14 MHz. The peak gain for the ben is just 
about equal to that ofthe 4-element Yagi, although the -dB. 


Fig 9 Two long wires and their respective patterns ar 
a V with an angle that is twice that of the major lobe 
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shown at the left. f these two wires are combined to form 


‘of the wires and with the wires excited out of phase, the 
radiation along the bisector of the V adds and the radiation in the other 


tions tends to cancel. 


+ ar 
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Fig 10— azimutharplane pattern at 10° elevation angle 
— line) with 1-A legs (68.5 feet 
long) using an included angle о! 75* between the legs. 
The beam is mounted 1A above flat ground, and is 
compared with а 4- dipole (dashed line) and а 
element 20-meter Yagi on a 264оо! boom (dotted line). 


eas pattern e very narrow, at 18.8" at the 3- 
В points, requiring accurate placement of the 
supports poles to alm the antenna atthe desired 
geographic target. 


Fig 12—Azimuthal pattern fora V-beam (solid line) with 
2 legs (137 feet at 14 MHz), with an included angle of 
60° between thom. The height is 70 feet, or ТА, over flat 
ground. For comparison, the response for a -element 

Yagi (dotted line) and a dipole (dashed line) are shown. 
The 3-dB beamwidth has decreased to 23.0". 


nose beamwidth is narrow, at 23°. This makes setting up 
the geometry critical if you want to maximize gain into а 
particular geographic area. While you might be able to get 
away with using convenient trees to support such an antenna. 
it's far more likely that you'll have to use carefully located 
towers to make sure the beam is aimed where you expect it 
tobe pointed 

For example, in order to cover all of Europe from 
San Francisco, an antenna must cover from about 11° (to 
Moscow) to about 46° (to Portugal). This is a range of 35° 
and signals from the V-beam in Fig 12 would be down 
some 7 В over this range of angles, assuming the center 
of the beam is pointed exactly at a heading of 28.5°. The 
-element Yagi on the other hand would cover this range 
of azimuths more consistently, since its 3-48 beamwidth 
is 65. 

Fig 13 shows the same V-beam as in Fig 12, but this 
time at 28 MHz, The peak gain of the main lobe is now 
about 1 dB stronger than the 4-element Yagi used as a 
reference, and the main lobe has two nearby sidelobes that 
tend to broaden out the azimuthal response. At this fre- 
{quency the V beam would cover all of Europe better from 
San Francisco. 

Fig 14 shows a V-beam with 3-A (209 feet at 14 MHZ) 
legs with an included angle of 50° between them. The peak 
gain is now greater than that of a 4-clement Yagi, but the 
3-4В beamwidth has been reduced to 17.8", making aim- 
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Fig 13—The same 23. per leg V-beam (solid ine) as in 
Fig 12, but at 28 MHZ and at a 6* takooff elevation 
angle. Two sidelobes have appeared flanking the main 
Tobe, making the effective azimuthal pattern wider at 
this frequency. 


dipole (dashed line). The 3-48 beamwidth he 
"decreased to 17.8% 
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Fig 15—The same 209-oolleg V-beam as Fig 14, but at 
bes tend to 


Spread out the azimuthal response some at 28 MHZ. 


ing the antenna even more critical. Fig 1 shows the same 
Меат at 28 MHz. Here again, the main lobe has nearby 
sidelobes that broaden the effective azimuth to cover a 
wider area. 

Fig 16 shows the clevation-plane response for the 
same 209-foot leg V-beam at 28 MHz (32, at 14 MH), 
compared to а dipole at the same height of 70 fet. The 
higher-gain V-beam suppresses higher-ange lobes, essen- 
tially stealing energy from them and concentrating it in 
the main beam at 6* elevation. 

"The same antenna can be used at 3.5 and 7 MHz. The 
gain will not be large, however, because the legs are not 
very long at these frequencies. Fig 17 compares the V- 
beam versus a horizontal 94 40-meter dipole at 70 feet. 
At low elevation angles there is about 2 dB of advantage 
оп 40 meter, Fig 18 shows the same type of comparison 
for 8O meters, where the 80-meter dipole is superior at all 
angles. 


Other V Combinations 

A gain increase of about 3 dB can be had by stacking 
two V-beams one above the other, a half wavelength арап, 
and feeding them with in-phase currents. This will result in 
а lowered angle of radiation. The bottom V should be at 
Teast a quarter wavelength above the ground, and prefer- 
ably а half wavelength. This arrangement will narrow the 
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Fig 16—The elevation plane of the 205-fooUlog beam 
{old line) compared to the dipole (dashed line). 
Again, the elevation angle for peak gain corresponds 
‘wall to that of the simple dipole at the same height. 


\V.beam (solid line), at 7 MHz, compared to 
dipole (dashed line) at the same height of 70 feet 


elevation pattern and it will also have а narrow azimuthal 
pattern. 

"The V antenna can be made unidirectional by using 
a second V placed an odd multiple of a quarter wavelength 
in back of the first and exciting the two with a phase dif- 
ference of 90. The system will be unidirectional in the 
direction of the antenna with the lagging current. How- 
ever, the V reflector is not normally employed by ama- 
teurs at low frequencies because it restricts the use to one 
hand and requires a fairly elaborate supporting structure. 
Stacked Vs with driven reflectors could, however, be built 
for the 200- to 500-МН region without much difficulty. 


Feeding the V Beam 

The V-heam antenna is most conveniently fed with 
tuned open-wire feeders with an antenna tuner, since this 
permits multiband operation. Although the length of the 
wires in a V-beam is not at all critical, it is important that 
both wires be the same electrical length. If a single band 


Tor the same 208-foot-perleg 
‘beam (solid ine), at 3.5 MHz, compared to an 80- 
metar dipole at 70 feet (dashed l 


Fig 16 Elevation patter 


matching solution is desired, probably the most appropri- 
ме matching system is that using з stub or quarter-wave 
matching section. The adjustment of such a system is de- 
scribed in Chapter 26. 


THE RESONANT RHOMBIC ANTENNA 

‘The diamond-shaped or rhombic antenna shown in 
Fig 19 can be looked upon as two acute-angle V-beams 
placed end-to-end. This arrangement is called a resonant 
rhombic. The leg lengths of the resonant rhombic must be 
an integral number of alf wavelengths to avoid reactance 
at its fed point, 

“The resonant rhombic has two advantages over the 
simple V-bcam. For the same total wire length it gives 
somewhat greater gain than the V-beam. A rhombic with 
32 on a leg. for example, has about 1 dB gain over a V 
antenna with 6 wavelengths on leg. Fig 20 compares the 
azimuthal ранета at а 10° elevation for a resonant rhom- 
bic with 3 A legs on 14 MHz, compared to а V-bcam with 
6 A legs at the same height of 70 feet. The 3-4B nose beam- 
‘width of the resonant rhombic is only 124" wide, but the. 
gain is very high at 16.26 dBi. 

"The directional pattern of the rhombic is less fre- 
quency sensitive than the V when the antenna is used over 
а wide frequency range. This is because a change in fr- 
quency causes the major lobe from one leg to shift in one 
direction while the lobe from the opposite leg shifts the 
other way. This automatic compensation keeps the direc- 
tion the same over a considerable frequency range. The 
disadvantage of the rhombic as compared with the V-beam 
is that an additional support is required 

"The same factors that govern the design of the V- 
Beam apply in the case of the resonant rhombic. The 
optimal apex angle A in Fig 19 is the same as that for a 
V having an equal leg length. The diamond-shaped 
antenna also can be operated as а terminated antenna, as 
described later in this chapter, and much of the discus- 
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Fig 19—The resonant rhombic or diamond-shaped 
antenna. All legs are the same length, and opposite 
angles of the diamond are equal. Length fie an 

integral number of hal! wavelengths for resonance. 


Fig 20 Azimuthal plane pattern of resonant 
{unterminatea) rhombic (solid line) with ЗА legs on 
14 MHz, at a height of 70 feet above flat ground, 
compared with a 6-1 per leg V-beam (dashed line) at 
{the same height. Both azimuthal patterns are at а 
takeoff angle of 10°. The sidelobes for the resonant 
Thombic are suppressed to a greater degree than thos 
forthe 

beam. 


sion in that section applies to the resonant rhombic as 
well. 

"The resonant rhombic has a bidirectional pattern, wit 
minor lobes in other directions, their number and intensity 
depending on the eg length. In general these sidelobes are 
Suppressed better with a resonant rhombic than with a 
‘beam. When used at frequencies below the VHF region, 
the rhombic antenna is always mounted with the plane con- 
taining the wires horizontal. The polarization in this plane, 
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and also in the perpendicular plane that bisects the rhombic, 
is horizontal, At 144 MHz and above, the dimensions are such 
that the antenna can he mounted with the plane containing 
Be wires vertical if vertical polarization is desired. 

When the rhombic antenna is to be used on several 
HF amateur bands, it is advisable to choose the apex angle, 
A. on the basis of the leg length in wavelengths at 14 MH. 
Although the gain on higher frequency bands will not be 
quite as favorable as if the antenna had been designed for 
the higher frequencies, the system will still work well at 
the low angles that are necessary at such frequencies. 

The resonant rhombic has lots of gain, but you must 
not forget that this gain comes from a radiation pattern 
that is very narrow. This requires careful placement of the 
Supports for the resonant rhombic to cover desired geo- 
graphic areas. This is definitely not an antenna that 
lows you to use just any convenient trees as supports! 

The resonant rhombic antenna can be fed in the same 
жау as the V-beam Resonant feeders are necessary if the 
amenna is to be used in several amateur bands. 


TERMINATED LONG-WIRE ANTENNAS 


Айе antenna systems considered so far in this chap- 
ter have been based on operation with standing waves of 
current and voltage along the wire. Although most hams 
use antenna designs based on using resonant wires, reso- 
nance is by no means a necessary condition for the wire 
to radiate and intercept electromagnetic waves efficiently. 
as discussed in Chapter 2. The result of using nonresonant 
wires is reactance at the feed point, unless the antenna is 
terminated with a resistive load. 

In Fig 21, suppose that the wire is parallel with the 
ground (horizontal) and is terminated hy a load Z equal to 
its characteristic impedance, Z, ar. The wire and its im- 
эре in the ground create а transmission line. The load Z 
ean represent а receiver matched to the line. The termi- 
nating resistor R is also equal to the Zar of the wire. A 
wave coming from direction X will strike the wire first at 
its far end and sweep across the wire at some angle until it 
reaches the end at which Z is connected, In so doing. it 
will induce voltages in the antenna, and currents will flow 

It. The current flowing toward Z is the useful out- 
put of the antenna, while the current flowing backwards 
toward R will be absorbed in R. The same thing is true of 
a wave coming from the direction X. In such an antenna 
there are no standing waves, because all received power 
is absorbed at either end. 

The greatest possible power will be delivered to the 
load Z when the individual currents induced as the wave 
sweeps across the wire all combine properly on reaching 
the load. The currents will reach Z in optimum phase when 
the time required for a current to flow from the far end of 
the antenna to Z is exactly one-half cycle longer than the 
time taken by the wave to sweep over the antenna. A half 
cycle is equivalent to a hall wavelength greater than the 
distance traversed by the wave from the instant it strikes 
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Fig 21—Layout for a terminated long-wire antenna 


Fig 22—Azimuthalplane pattern for 5 long-wire 


Antenna at 14 MHz and 70 feet above flat ground. The 
Solid line shows the long-wite terminated with 600-2 
do ground, while the dashed ine is for the samo. 
antenna unterminated. For comparison, the response 
for a en dipole is overlaid with the two other patterns. 
You сап ses thatthe terminated long-wire has a good 
front-o-back pattern, but it loses about 2 dB in forward 


the far end of the antenna to the instant that it reaches the 
near end. This is shown by the small drawing, where AC 


represents the antenna, BC is a line perpendicular to the 
Wave direction, and AB is the distance traveled by the wave 


їп sweeping past AC. AB must be one-half wavelength 


shorter than AC. Similarly, AB! must be the same length 
as AB fora wave arriving from X 

A wave arriving at the antenna from the opposite 
direction Y (or Y), will similarly result in the largest pos- 
Sible current at the far end. However, since the far end is 
terminated in R, which is equal to Z, all the power deliv- 
ered o R by the wave arriving from Y will be absorbed in 
R. The current traveling to Z will produce a signal in Zin 
proportion to its amplitude. If the antenna length is such 
{hat all the individual currents arrive at Z in such phase as 
to add up to zero. there will be no current through 7. At 
other lengths the resultant current may reach appreciable 
Values, The lengths that give zero amplitude are those 
which are odd multiples of "4 A. beginning at Ye. The 
response from the Y direction is greatest when the an- 
tenna is any even multiple of . А long: the higher the 
multiple, the smaller the response. 


Directional Characteristics 


Fig 22 compares the azimuthal patter fora 5- long 
14-MiHz long-wire antenna, 70 feet high over flat ground, 
when it is terminated and when И is unterminated. The 
rearward pattern when the wie is terminated with a 600 2 
resistor is reduced about 15 dB, with a reduction in gain 
in the forward direction of about 2 dB. 

For a shorter leg length in a terminated long-wire 
amenna, the reduction in forward gain is larger—more 
energy is radiated by a longer wire before the forward wave 
is absorbed in the terminating resistor. The azimuthal pat- 
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gain compared to the unterminated long ire. 


terns for terminated and unterminated V-beams with 2-A 
legs are overlaid for comparison in Fig 23. With these rela- 
tively short legs the reduction in forward gain is about 
3.5 в due to the terminations, although the front-to-rear 
ratio approaches 20 dB for the terminated V-beam. Each 
Jeg of this terminated V-beam use a 600-0 non-inductive 
resistor to ground. Each resistor would have to dissipate 
about one-quarter of the transmitter power. For average 
conductor diameters and heights above ground, the Z sr 
of the antenna is of the order of 500 to 600 c 


THE TERMINATED RHOMBIC ANTENNA 


"The highest development of the long-wire antenna is 
the terminated rhombie, shown schematically in Fig 24. 
її consists of four conductors joined to form a diamond, 
ог rhombus. АП sides of the antenna have the same length 
and the opposite corner angles are equal. The antenna can 
be considered as being made up of two V antennas placed 
end to end and terminated by a noninductive resistor to 
produce a unidirectional pattern. The terminating resistor 
Ж connected between the far ends of the two sides, and is 
made approximately equal to the characteristic impedance 
of the antenna as а unit. The rhombic may be constructed 
either horizontally or vertically, but is practically always 
constructed horizontally at frequencies below 54 MHz, 
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Fig 24—The layout for a terminated rhombic antenna. 


optimum length becomes greater as the desired takeoff angle 
decreases. Leg lengths over 6 A are not recommended be- 
cause the directive pattern becomes so sharp that the an- 


e сюеле om Met tenn performance is highly variable with small changes in 
rae fa Denm Huh the angle, both horizontal and vertical, at which an incoming 

Fig 23—The azimuthal patterns for a shortereg V. wave reaches the antenna. Since these angles vary to some 

beam (2: legs) when it is terminated (solid line) and extent in ionospheric propagation, it does not pay to attempt 

unterminated (dashed line). With shorter legs, the to uy for too great a degree of directivity. 

terminated V-beam loses about 3.5 dB in forward gain 

compared to the unterminated version, while, Multiband Design 


‘suppressing the rearwa 


lobes as much as 20 d. 
When a rhombic antenna is to be used over a consid- 


erable frequency range, a compromise must be made in 

the tilt angle. Fig 26 gives the design dimensions of a sít 

able compromise for a rhombic that covers the 14 to 

30 MHz range well. Fig 27 shows the azimuth and ele- 

since the pole height required is considerably less. Also, vation patterns for this antenna at 14 MHz, at a height of 

horizontal polarization is equally, if not more, satisfac- — 70 feet over flat ground. The comparison antenna in this 

tory at these frequencies over most types of sol case is ad-element Yagi on a 26-001 boom, also 70 feet 

The basic principle of combining lobes of maximum — above flat ground. The rhombic has about 22 dB more 

radiation from the four individual wires constituting the gain, but is azimuthal pattern is 172° wide at the 3 dB 

rhombus or diamond is the same in either the terminated points, and only 26° atthe -20 dB points! On the other 
type or the resonant type described earlier in this chapter. — hand, the Yagi has а 3-dB beamwidth of 63°, making 

far easier to aim at a distant geographic location. Fig 278 

ти Angle Shows lh elevation plane terms ore same antennas 

In dealing with the terminated rhombic, itis a matter above. As usual, the peak angle for either horizontally 

of custom to talk about the їйї angle (¢ in Fig 24) rather — polarized antenna is determined mainly by the height above 

than the angle of maximum radiation with respect to an — around 

individual wire. Fig 25 shows the tilt angle as а function "The peak gain of a terminated rhombic is less than 

of the antenna leg length. The curve marked O. is used that of an unterminated resonant rhombic. For the rhom- 

for a takeoff elevation angle of 0°: that is, maximum bic of Fig 26, the reduction in peak gain is about 1.5 dB. 

radiation in the plane of the antenna. The other curves show Fig 28 compares the azimuthal patterns for this rhombic 


the proper tilt angles to use when aligning the major lobe with and without an 800-0 termination. 
with a desired takeolf angle. For a 5° takeoff angle, the Fig 29 shows the azimuth and elevation patterns for 
difference in tilt angle is less than 1° for the range of the terminated rhombic of Fig 26 when it is operated 
lengths shown. 28 MHz. The main lobe becomes very narrow, at 6.9° 


‘The broken curve marked “optimum length” shows the the 3-dB points. However, this is partially compensated 
Jeg length at which maximum gain is obtained at any given for by the appearance of two sidelobes each side of the 
takeoff angle. Increasing the leg length beyond the opti- main beam. These tend to spread out the main pattern 
mum will result in less gain, and for that reason the curves зоте. Again, a 4-element Yagi at the same height is used 
do not extend beyond the optimum length. Note that the for comparison 
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Fig 25—Rhombic-antenna design 


For any given leg length, 


angie to give maximum r 


е at ine selected takeoff angle. The 
= Broken curve marked “optimum 


length" shows the leg length that 
gives the maximum possible 
Output at the selected takeott 


"angle. The optimum length as 
Given by the curves should be 


multiplied by 0.74 to obtain the 
leg length for which the takeott 
angle and main lobe are aligned. 


Pe E 


Fig 26—Ahombic antenna dimensions for a 
compromise design between 14- and 28-4Hz 

quirements, as discussed in the text. The leg 
ingth Is © at 28 MHz, 3А at 14 MHZ. 


Termination 

Although the difference in the gain is relatively small 
with terminated or unterminated rhombic of comparable 
design, the terminated antenna has the advantage that over 
a wide frequency range it presents an essentially resis- 
tive and constant load to the transmitter. In a sense, the 
power dissipated in the terminating resistor can be con 
sidered power that would have been radiated in the other 
direction had the resistor not been there. Therefore, the 
fact that some of the power (about one-third) is used up 
їп heating the resistor does not mean that much actual 
loss in the desired direction. 

"The characteristic impedance of an ordinary rhombic 
antenna, looking into the input end, is in the order of 700 to 
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130042 when property terminated in а resistance at the far 
end. The terminating resistance required to bring about the 
matching condition usually is slightly higher than the input 
impedance because of the loss of energy through radiation 
ву the time the far end is reached. The correct value usu- 
ally will be found to be of the order of $00 0, and should 
be determined experimentally ifthe fattest possible antenna 
is desired. However, for average work a noninductive resis- 
tance of 500 0 can be used with the assurance that the op- 
eration will not be far from optimum. 

"The terminating resistor must be practically а pure 
resistance at the operating frequencies: that is, its induc- 
tance and capacitance should be negligible. Ordinary 
wire-wound resistors are not suitable because they have 
far too much inductance and distributed capacitance, Smal 
carbon resistors have satisfactory electrical character 
ties but will not dissipate more than a few watts and so 
cannot be used, except when the transmitter power does 
fot exceed 10 or 20 watts or when the antenna is to be 
used for reception only. The special resistors designed ei- 
ther for use as dummy antennas or for terminating rhom- 
bic antennas should be used in other cases. To allow a 
factor of safety, the total rated power dissipation of the 
resistor or resistors should be equal to half the power out- 
put of the transmitter. 

To reduce the effects of stray capacitance it is desir- 
able o use several units, say three, in series even when one 
alone will safely dissipate the power. The two end units 
‘Should be identical and each should have one fourth to one 
third the total resistance, with the center unit making up 
the difference. The units should be installed in a weather- 
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Fig 28—Comparison of azimuthal pat 
terminated (solid line) and unterminated (dashed line) 
hombic antennas, using same dimensions as Fig 26 at 
a frequency of 14 MHz. The gain tradeoff is about 

1.5 В in return for the superior rearward pattern of the 
terminated antenna, 


proof housing at the end of the antenna to protect them and 
to permit mounting without mechanical strain. The connect- 
ing leads should be short so that litle extraneous induc- 
tance is introduced 


‘Alternatively, the terminating resistance may be 
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Fig 27—At left azimuthal pattern for 3-A (at 14 MHz) 
terminated mombie (solid ine) shown in Fig 26, 
compared with element 20-meter Yagi (dotted line) on 
A 264оо! boom and a 20-meter dipole (dashed line). АП 
"antennas are mounted 70 feat (11) above Tat ground. 
The rearward pattern of the terminated rhombic is 


he frontal obe is very narrow. Above, 
pattern of terminated rhombic compared to that of а 
Simpie dipole at the same height. 


placed at the end of an 800-0 line connected to the end of 
‘the antenna. This will permit placing the resistors and their 
housing at a point convenient for adjustment rather than 
atthe top of the pole. Resistance wire may be used for 
this line, so that a portion of the power will be dissipated 
before it reaches the resistive termination, thus permit- 
ting the use of lower wattage lumped resistors. 


Multiwire Rhombles 


"The input impedance of a rhombic antenna con- 
structed as in Fig 26 is not quite constant as the frequency 
is varied. This is because the varying separation between 
the wires causes the characteristic impedance of the 
antenna to vary along is length. The variation in Zaxr 
сап be minimized by a conductor arrangement that 
increases the capacitance per unit length in proportion to 
the separation between the wires. 

"The method of accomplishing this is shown in 
Fig 30. Three conductors are used, joined together at the 
ends but with increasing separation as the junction 
between legs is approached. For HF work the spacing 
between the wires at the center is 3 to 4 feet, which is 
similar to that used in commercial installations using legs 
several wavelengths long. Since all three wires should 
have the same length, the top and bottom wires should 
be slightly farther from the support than the middle wire. 
Using three wires in this way reduces the Z syr of the 
antenna to approximately 600 d. thus providing a better 
match for practical open-wire line, in addition to smooth- 
ing out the impedance variation over the frequency range. 

A similar effect (although not quite as favorable) is 
obtained by using two wires instead of three. The 3-wire 
System has been found to increase the gain of the 


es anon ^ — 


Fig 30—Three-wire rhombic antenna. Use of multi! 


wires improves the impedance characteristic of 
Terminated rhombic and increases the gain somewhat 


antenna by about 1 dB over that of a single-conductor 


Front-to-Back Ratio 

Jis theoretically possible to obtain an infinite front- 
to-back ratio with a terminated rhombic antenna, and in 
practice very large values can be had. However, when the 
antenna is terminated in its characteristic impedance, the 


e 


Fig 29 At A, the azimuthal pattern for the same 


terminated antenna in Fig 26, but now at 28 MHZ 


infinite front-to-back ratio can be obtained only at frequen 
cies for which the leg length is an odd multiple of a quar- 
ter wavelength. The front-to-back ratio is smallest at 
frequencies for which the leg length is a multiple of a half 
wavelength. 

"When the leg length is not an odd multiple of a quar- 
ter wave at the frequency under consideration, the front-to- 
back ratio can be made very high by decreasing the value 
of terminating resistance slightly. This permits a small 
reflection from the far end of the antenna, which cancels 
out the residual response at the input end. With large 
antennas, the front-to-bick ratio may he made very large 
over the whole frequency range by experimental adjustment 
ofthe terminating resistance. Modification of the terminat- 
ing resistance can result in a splitting of the back null into 
о nulls, one on either side of a small lobe in the back 
direction. Changes in the value of terminating resistance 
thus permit steering the back null over a small horizontal 
range so that signals coming from a particular spot not ex 
actly to the rear of the antenna may be minimized 


Methods of Feed 

the broad frequency characteristic of the terminated 
rhombic antenna is to be utilized fully, the feeder system 
must be similarly broadbanded. Open-wire transmission 
line of the same characteristic impedance as that shown at 
the antenna input terminals (approximately 700 to 800 0) 
may be used. Data or the construction of such lines is 
given in Chapter 24. While the usual matching stub сап 
Be used to provide an impedance transformation to more 
satisfactory line impedances, this limits the operation of 
the antenna to a comparatively narrow range of frequen- 
cies centering about that for which the stub is adjusted. 
Probably a more satisfactory arrangement would be to use 
a coaxial transmission line and a broadband transformer 
balun at the antenna feed point. 
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Receiving Wave Antennas 


Perhaps the best known type of wave antenna is the signals. As a wave strikes the end of the Beverage from 
Beverage. Many 160-meter enthusiasts have used Bever- the desired direction, the wave induces voltages along the 
age antennas to enhance the signal-to-noise ratio while antenna and continues traveling in space as well Fig 318 
attempting to extract weak signals from the often high lev- — shows part of a wave on the antenna resulting from a 
‘els of atmospheric noise and interference on the low bands. desired signal. This diagram also shows the tilt of the wave. 
Alternative antenna systems have been developed and used The signal induces equal voltages in both directions. The 
over the years, such as loops and long spans of resulting currents are equal and travel in both directions: 
"unerminated wire on or slightly above the ground, but the component traveling toward the termination end moves 
the Beverage antenna seems to Бе the best for 160-meter agains the wave and thus builds down to a very low level 
weak <ignal reception. The information in this section was atthe termination end, Any residual signal resulting from. 
prepared originally by Rus Healy. K2UA (ex-NI2L). this direction of current flow will be absorbed in the ter- 
mination (if the termination is equal to the antenna im- 
THE BEVERAGE ANTENNA рейисе). The component of the signal flowing in the other 
А Beverage is simply a directional wire antenna, at — direction, as we will see, becomes a key part of the 
least one wavelength long, supported along its length at a received sign 
fairly low height and terminated at the far end in its char- ‘As the wave travels along the wire, the wave in space 
acteristic impedance. This antenna is shown in Fig SIA. travels at approximately the same velocity. (There is some 
H takes its name from its inventor, Harold Beverage, — phase delay in the wire, as we shall see.) At any given 
W2BML. Point in time, the wave traveling along in space induces a 

Many amateurs choose to use a single-wire Bever- voltage in the wire in addition to the wave already travel- 
age because they are easy to install and they work wel 
"The drawback is that Beverages are physically long and 
they do require that you have the necessary amount of real 
estate to install them, Sometimes, a neighbor will allow 
you to put up a temporary Beverage for a particular con- =, 
test or DXpedition on his land, particularly daring the 
winter months. 

Beverage antennas can be useful into the НЕ range, 
but they are most effective at lower frequencies, mainly on 
160 through 40 meters. The antenna is responsive mostly to 
low-angle incoming waves that maintain a constam (verti- 
cal) polarization. These conditions are nearly always satis- 
бей on 160 meters, and most of the time on 80 meters. As 
the frequency is increased, however, the polarization and 
arrival angles are less and less constant and favorable, mak- 
ing Beverages less effective at these frequencies. Many 
amateurs have, however, reported excellent performance 
from Beverage antennas at frequencies as high as 14 MHz. 
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Tie Beverage antenna acts ike long tension 
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ity if erected properly, but they are quite inefficient 
because they are mounted close tothe ground. This is in Fig 31A A a simple one-wire Beverage antenna with 
‘contrast with the terminated long-wire antennas described a variable termination impedance and a matching 9:1 
earlier, which are typically mounted high off the ground. autotransformer for the receiver impedance. At B, a 


leverage antennas are not suitable for use аз transmit POrilon ofa wave from the desi 
Beers bie raveling down the antenna wire. li tit am 
Ча antennas. effective takeoff angle are also shown. At ©, a situation 

Because the Beverage isa traveling wave, terminated analogous to the action of а Beverage on an incoming 


antenna, it has no standing waves resulting from radio wave ls shown. See text for discussion. 
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ing on the wire (voltages already induced by the wave). 
Because these two waves are nearly in phase, the volt- 
ages add and build toward a maximum at the receiver end 
of the antenna. 

"This process сап be likened to a series of signal gen- 
‘erator lined up on the wire, with phase differences cor- 
responding to their respective spacings on the wire 
(Fig 31C). At the receiver end, a maximum voltage is 
produced by these voltages adding in phase. For example. 
the wave component induced at the receiver end of the 
antenna will be in phase (at the receiver end) with а com- 
ponent of the same wave induced, say, 270° (or any other 
distance) down the antenna after it travels to the receiver 
E 

In practice, there is some phase shift of the wave on 
the wire with respect to the wave in space. This phase 
shift results from the velocity factor of the antenna. (As 
with any transmission line, the signal velocity on the 
Beverage is somewhat less than in free space.) Velocity 
‘of propagation on a Beverage is typically between 85 and 
98% of that in free space. As antenna height is increased 
10 a certain optimum height (which is about 10 feet for 
160 meters), the velocity factor increases. Beyond this 


e 
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height, only minimal improvement is afforded, as shown 
im Fig 32. These curves are the result of experimental 
‘work done in 1922 by RCA, and reported in a OST article 
(November 1922) entitled "The Wave Antenna for 200 
Meter Reception.” by Н. Н. Beverage. The curve for 
160 meters was extrapolated from the other curves 

Phase shift (per wavelength) is shown as a function 
of velocity factor in Fig 33, and is given by 


E) 


where k = velocity factor of the antenna in percent 

"The signals present on and around a Beverage antenna 
are shown graphically in A through D of Fig 34. These 
curves show relative voltage levels over a number of peri- 
ой; of the wave in space and their relative effects in terms 
ofthe total signal at the receiver end of the antenna 


tnt of teme wre (reed 


height above ground, and reaches a practical maximum 
at about 10 feet. Improvement is minimal above this 
ht (The velocity of light is 100%) 


Fig 32— This curve shows phase shift (per wavelength) 
эз a function of velocity factor on a Beverage antenna. 
Once the phase shit for the antenna goes beyond 90°, 
the gain drops off from its peak value, and any 

increase in antenna length will decrease gain- 
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other long-wire antennas, and will increase in 
number with the length of the antenna 
їп the case of a signal arriving from the rear of the 
antenna, the behavior of the antenna is very similar to its 
performance in the favored direction. The major difference 
w is that the signal from the rear adds in phase at the termina- 
tion end and is absorbed by the termination impedance. 
Fig 35 compares the azimuth and elevation pateras for а 
2-2 (1062 foot) and a 1-2.(531 foot) Beverage at 1.83 MHz. 


toe en The wie is mounted 8 fet above би ground ( keep t 
ere above der anes and away from human 0) and i r 
—— аа ith 300-0 aer in h ese hough the 

© ac val ofthe terminating resistances not very ei 


©. The ground constants assumed in this computer model 
are conductivity of 5 m/m and a dielectric constant of 13. 
Beverage diclectric performance tends to decrease as the 
ground becomes better. Beverages operated over saltwater 
do not work as well as they do over poor ground. 
* = For most effective operation, the Beverage should 
© be terminated in an impedance equal to the characteristic 
impedance лт of the antenna, For maximum signal 


transfer to the receiver vou should also match the 

receivers input impedance to the antenna. I the termi 
en ат nation impedance is not equal to the characteristic 
cna sent impedance of the antenna, some part of the signal from 


E da rear will be reflected back toward the receiver end of 
© the antenna 

pase Ta dived shod oa a Sal aan If the termination impedance is merely an open ci 

a Beverage antenna over a period of several cycles of cuit (no terminating resistor), total reflection will result 

the wave and the antenna will exhibit a bidirectional pattern (still 


length of the antenna during this period, as is voltage with very deep nulls off the sides). An unterminsted Bev- 

induced per unit length in the wire (at В). (The voltage riso will not have the same response to signals in the 

induced їп any section of the antenna isthe same as 

Fae п апу аөспоп g dire Selen О be dne rearward direction as it exhibits to signals in the forward 
direction because of attenuation and reradiation of part 

duced by an undesired signal ofthe reflected wave as И travels back toward the receiver 

direction add in phase and build to а maximum atthe nd. Fig 36 compares the response from two 2-A Bever- 


termination end, where they are dissipated in the ages. one terminated and the other unterminated. Just like 
termination (И Zam = Zo. The voltages resulting from a“ cra uiu ony: 


besen signal ауана at D. we ue on thee | A terminated long-wire transmitting antenna (which is 
travels closely with the wave in space, and the ‘mounted higher off the ground than a Beverage, which is 
voltages resulting add in phase to а maximum at the meant only for receiving), the terminated Beverage has a 


receiver end ofthe antenna. reduced forward lobe compared to its unterminated sib 


ling. The unterminated Beverage exhibits about a 5 dB 
dront-to-back ratio for this length because of the radia- 
боп and wire and ground losses that occur before the for- 
тһе performance of a Beverage antenna in directions Ward wave gets to the end of the wire. 
‘other than the favored one is quite different than previ- 1f the termination is between the extremes (open cir- 
ously discussed. Take, for instance, the case of a signal cuit and perfect termination in Zr), the peak direction 
arriving perpendicular to the wire (90° ether side of the and intensity of signals off the rear of the Beverage will 
favored direction). In this case, the wave induces voltages change. As a result, an adjustable reactive termination 
along the wire that are essentially in phase, so that they сап be employed to steer the nulls to the rear of the 
arrive at the receiver end more or less out of phase, and antenna (sce Fig 37) This can be of great help in elimi- 
thus cancel. (This can be likened o a series of signal gen- — mang a local interfering signal from a rearward direc. 
rator lined up along the antenna as before, but having tion (typically 30° to 40° either side of the back direction). 
no progressive phase differences.) Such a scheme doesn’t help much for interfering sky wave 
As a result of this cancellation, Beverages exhibit signals because of variations encountered in the iono- 
асер nulls off the sides. Some minor sidelobes will exist, sphere that constantly shift polarity, amplitude, phase and 


Performance in Other Directions 
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ig the azimuthal patterns for a 24. 
terminated (solid line) and unterminated 


incoming elevation angles 

"To determine the appropriate value for a terminat- 
ing resistor, you need to know the characteristic imped- 
ance (surge impedance), Zu, of the Beverage. It is 
interesting to note that Z zie not a function of he length, 
just like a transmission ine. 


в of a 24 (solid line) 
) Beverage inated 
"ith 560-0 resistor at 1.83 MHz, at an elevation angle 
ог 10°. Tho rearward pattern around 180° is more than 
2048 down from the front lobe for each antenna. AtB, 
же elovaion-plano patterns. Note the rejection of very 


high-angle signals near 90. 
тыт 138108 (2) (Eq 
4) 
where 
‘Zaye = characteristic impedance of the Beverage 


terminating resistance needed 
= Wire height above ground 
wire diameter (in the same units as by 


Another aspect of terminating the Beverage is the 
quality of the RF ground used for the termination. For most 
types of soil ground rod is sufficient, since the optimum. 
value for the termination resistance is in the range of 400 
to 600 Q lor typical Beverages and the ground-los resis- 
tance is in series with this. Even if the ground-loss resis- 
tance at the termination point is as high as 40 or 50 fl it 
stills not an appreciable fraction of the overall terminat- 
ing resistance. For soil with very poor conductivity, how- 
ever, (such as sand or rock) you can achieve a better ground 
termination by laying radial wires on the ground at both 
the receiver and termination ends. These wires need not 
ве resonant quarter-wave in length, since the ground 
detunes them anyway. Like the ground counterpoise for a 
vertical antenna, a number of short radials is better than а 
dew long ones. Some amateurs use chicken-wire ground 
screens for their ground terminations. 

Аз with many other antennas, improved directivity and 
gain can be achieved by lengthening the antenna and by 
ита several antennas into an array. One item that must 
ве kept in mind is that by virtue of the velocity factor of the 
antenna, there is some phase shift of the wave on the an- 
tenna with respect to the wave in space. Because of this 
Phase shift, although the directivity will continue to sharpen 
with increased length, there will be some optimum length 
и which the gain of the antenna will peak. Beyond this 
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Fig 37—A two-wire Beverage 
antenna that has provisions for 
direction switching and null 
Steering in the rear quadrant. 
Performance improves with 

height to a point, and is optimum 
for 18-MHz operation at about 10 
o 12 feet. Parts identifications are 
for text reference. 


length, the current increments arriving at the receiver end 
of the antenna will no longer be in phase, and will not add 
to produce a maximum signal at the receiver end. This op- 
imum length is a function of velocity factor and frequency. 
andis given by: 


== 
(2) ыа 


here 
= maximum effective length 
signal wavelength in free space (same units as L) 
velocity factor of the antenna in percent 


Because velocity factor increases with height (to а 
point, as mentioned earlier). optimum length is somewhat 
longer if the antenna height is increased. The maximum. 
effective length also increases with the number of wires 
in the antenna system, For example, for a two-wire Bev- 
erage like the bidirectional version shown in Fig 37, the 
maximum effective length is about 20% longer than 
the single-wire version. A typical length for a single-wire 
L8-MHz Beverage (made of #16 wire and erected 10 feet 
above ground) is about 1200 feet. 


Feed-Point Transformers for 
Single-Wire Beverages 

Matching transformer Т1 in Fig 31 is easily con- 
structed. Small toroidal ferrite cores are best for this 
application, with those of high permeability д, = 125 to 
5000) being the easiest to wind (requiring fewest turns) 
and having the best high-frequency response (because few 
turns are used). Trifilar-wound autotransformers are most 

Most users are not concerned with a small amount 
of SWR on the transmission line Feeding their Beverages. 
For example, let us assume that the Zr of a particular 
Beverage is 525 2 and the terminating resistance is made 
equal to that value. If a standard 3:1 turm-raio autotrans- 


13-20 Chapter 13 


former is used at the input end of the antenna, the nomi- 
mal impedance transformation 50.0 x 32 = 450 0. This 
leads to the terminology often used for this transformer 
as a 9:1 transformer, referring to its impedance transfor 
mation. The resulting SWR on the feed line going back 
to the receiver would be 525/450 = 1.27:1, not enough to 
be concerned about. For a Eur of 600 €, the SWR is 
600/450 = 1.33:1, again not a matter of concern 

Hence, most Beverage users use standard 9:1 
(450:50 2) autotransformers, You can make a matching 
transformer suitable for use from 160 to 40 meters using 
«рм trifilar turns of #24 enameled wire wound over a stack 
of two Amidon FT-50-75 or two MNS-CX cores. See 
LE 

Make your own trifilar cable bundle by placing three 
3-foot lengths of the 424 wire side-by-side and twisting 
them in а hand drill so that there is а uniform twist about. 
one twist-per-inch. This holds the three wires together in 
ıa bundle that can be passed through the two stacked cores, 
rather like threading a needle. Remember that each time 
you put the bundle through the center of the cores counts 

After you finish winding, cut the individual wires to 
leave about le we leads, sand off the enamel insulation 
and tin the wires with a soldering ion. Identify the indi- 
‘vidual wires with an obmmeter and then connect them 
together following Fig 38. Coat the transformer with Q- 
dope (liquid polystyrene) to finalize the transformer. 
White glue will work also, See Chapters 25 and 26 and 
The ARR. Handbook for more information on winding. 
toroidal transformers or see Chapter 7 (Special Receiv 
ing Antennas) of ONAUN's Low-Band DXing book. 


The Two-Wire Beverage 

The two-wire antenna shown in Fig 37 has the major 
advantage of having signals from both directions avail- 
able at the receiver at the flip of a switch between 11 and 
12. Also, because there are two wires in the system (equal 
amounts of signal voltage are induced in both wirs), 
greater signal voltages will be produced. 


+ — 
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Fig 38 Consiructing the feed-point transformer for a 
single-wie Beverage. See text for detail 


A signal from the left direction in Fig 37 induces equal 
voltages in both wires, and equal in-phase currents flow as 
а result. The reflection transformer (T3 at the right-hand 
end of the antenna) then inverts the phase of these signals 
and reflects them hack down the antenna toward the receiver, 
using the antenna wires as a balanced open-wire transmis- 
чоп line, This signal is then transformed by TI down to the 
input impedance of the receiver (50 0) at 1. 

Signals traveling from right to left also induce equal 
voltages in cach wire, and they travel in phase toward the 
receiver end, through Т1, and into T2. Signals from this 
direction are available at J2. 

TI and T2 are standard 9:1 wideband transformers 
capable of operating from 1.8 to at least 10 MHz. Like 
any two parallel wires making up a transmission line, the 
two-wire Beverage has a certain characteristic imped- 
ance we'll call it Z, here—depending on the spacing 
between the two wires and the insulation between them. 
"TS transforms the terminating resistance needed at the end 
‘of the line to E, Keep in mind that this terminating resis- 
tance is equal t the characteristic impedance Z r of the 
Beverage—that is the impedance of the parallel wires over 
their images in the ground below. For example, if Z, of 
the Beverage wire is 300 Q (that is, you used TV win- 
lead for the two Beverage wires). T3 must transform the 
balanced 300 О to the unbalanced 500 £2 Z y impedance 
used to terminate the Beverage. 

The design and construction of the reflection trans- 
former used in a two-wire Beverage is more demanding than 
that for the straightforward matching transformer TI because 
the exact value of terminating impedance is more critical for 
good F/B. Sce Chapter 7 (Special Receiving Antennas) in 
ONIUN S Low-Band DXing for details on winding the 


reflection transformers for a two-wire Beverage. 

"Another convenient feature of the two-wire Bever- 
age is the ability to steer the nulls off either end of the 
antenna while receiving in the opposite direction. For in- 
Stance, if the series RLC network shown at J2 is adjusted 
while the receiver is connected to JI, signals can be re- 
ceived from the left direction while interference coming 
from the right can be partially or completely nulled. The 
mulls can be steered over a 60° (or more) area off the right- 
hand end of the antenna. The same null-steering capabil- 
ity exists in the opposite direction with the receiver 
connected at 12 and the termination connected at 1 

"The two-wire Beverage is typically erected at the 
same height as a single-wie version, The two wires 
the same height and are spaced uniformly —typicall 
то 18 inches apart for discrete wires, Some amateurs con 
struct two-wire Beverages using “window” ladder-lin, 
twisting the line about three twists per foot for mechani- 
cal and electrical stability in the wind. 


The characteristic impedance Zawr of a Beverage 
made using two discrete wires with air insulation between 
them depends on the wire size, spacing and height and is 
given by 


[I 


Beverage impedance 
5 = wire spacing 
height above ground 
= wire diameter (in same units as S 
271828 


desired terminating 


ETI 


Beverages in Echelon 

The pattem ofa Beverage receiving antenna is dependent 
on the terminating resistance used fora particular antenna as 
‘was demonstrated at the extremes by Fig 36. This compared 
the patterns for a terminated and an unterminated Beverage. 
The pattem of even a poorly terminated Beverage can be 
significantly improved by the addition of a second Beverage. 
"The additional Beverage is installed so that it is operated in 
echelon, a word deriving from the fact that the two wires look 
like the parallel rungs on a ladder For a practial 160- and 
Smet setup the second Beverage wire is parallel to the 
dist Beverage, spaced from it by about 5 meters, and also 
staggered 30 meters ahead. Sec Fig 38. 

"The forward Beverage is fed with a phase diference 
of +125" such that the total phase, including that due to the 
forward staggering. is 180°. This forms the equivalent of an 
end-fire array fed out-of-phase, but it takes advantage of 
the natural directivity of each Beverage. Fig 39 compares 
the pattem of a single 1-2 160-meter Beverage that is sloppily 
terminated with two Beverages fed in echelon. The 
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Beverages in cchelon gives a modest additional gain of 
almost 2 dB. But where the two Beverages in echelon really z 
Shine is how they cleans up the rearward pattern from an a 
average about 15 dB for the single Beverage to more than 

25 dB for the two Beverages. 

Even at a spacing of 5 meters, there is very litle mutual 
coupling between the two Beverage wires because of their 
inherently small radiation resistance when they are mounted 
ow above lossy ground. If you adjust for a low SWR (using 
proper transformers to match the feed-line coaxes), the phase 
difference will depend solely on the difference in length of 
the two соле feeding the Beverage wires. Fig 40 shows a 
wideband feed system designed by Tom Rauch, WSJ, as a 

"cross fire” feed system. The 180" wideband phase-invering 
transformer allows the system to work on two bands, say 
160 and 80 meters. See Chapter 7, Receiving Antennas, in 
ON4UN's Low-Band DXing book, 4th Edition for 
transformer details. 


Practical Considerations 


Even though Beverage antennas have excellent 

directive patterns if terminated properly. gain never ex- 

ceeds about -3 dBi in most practical installations. How- Fig 39—Layout of two 160-melar ТА long Beverages in 
ever, the directivity that the Beverage provides results in echelon, spaced 5 meters apart, with 30 meter forward 

a much higher signal-to-noise ratio for signals in the stagger. The upper antenna has a 125° phase shift in its 

desired direction than almost any other real-world antenna — system. 

used at low frequencies 

A typical situation might be a station located in the US 
Northeast (W1), trying to receive Topband signals from. 
Europe to the northeast, while thunderstorms behind him in 
the US Southeast (WA) are creating huge static crashes, In- 
stead of listening o an 57 signal with 10-18 over S9 noise 
and interference on a vertical, the directivity of a Beverage 
will typically allow you to сору the same signal at perhaps 
55 with only $3 (or lower) noise and interference. This is 
certainly a worthwhile improvement. However, if you are 
in the middle of a thunderstorm. or i there is a thunder- 
storm in the direction from which you are trying to receive 
ıa signal, no Beverage is going to help you! 

"There are a few basic principles that must be kept in 
mind when erecting Beverage antennas if optimum per- 
formance is to be realized. 

1) Plan the installation thoroughly, including choosing 
an antenna length consistent with the optimum length 
values discussed earlier, 

2) Keep the antenna as straight and as nearly level as 
possible over its entire run. Avoid following the ter- 
rain under the antenna too closcly- keep the antenna 
level with the average terrain. 

3) Minimize the lengths of vertical downleads at the ends 
‘of the antenna, Their effect is detrimental to the dire. —— 
tive pattem of the antenna. It is best to slope the Fig 40—Azimuth pattern at 10° lakeoff angle for single 
antenna wire from ground level to its final height (over Beverage (dashed line) and two Beverages in an echelon 

. rearward patter is considerably 

a distance of 50 feet or so) at the feed-point end. Simi- Samar on de ne гаги attr considerably 

lar action should be taken at the termination end. Вс Beverages cam give considera imoroverin over a 

sure to seal the transformers against weather. Single short Beverage. 
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Fig 41—TWwo ways of feeding the two-Beverage 
echelon array in Fig 39. On the left a feed 

stem good for one frequency; on the right a 
"ross-dre"feod system good for 1.8 and 
2.6 MHz. For his system we want a phase sit 
¿ue to the coax length of +116* at the back 
Beverage A. The angle ¢ is thus 180%116" = 64" 
long on 160 meters. n the system on the right, a 
64° length on 160 meters becomes 128° long on 
50 meters. So with the phase-inverting 

ransformar he net phase shit becomes 53° on 
80 meters, a reasonable compromise. (Courtesy 
Weg and ОНАМ) 


4) Use а noninductive resistor for terminating a single- 
wire Beverage. И you live in an area where lightning 
storms are common, use 2-W terminating resistors, 
‘which can survive surges due to nearby lightning strikes 

5) Use high-quality insulators for the Beverage wire 
where it comes into contact with the support. Plastic 
insulators designed for electric fences are inexpensive 
and effective. 

6) Keep the Beverage away from parallel conductors such 
as electric power and telephone lines for a distance of 
at least 200 fee. Perpendicular conductors, even other 
Beverages, may be crossed with relatively little inter- 
action, but do not cross any conductors that may pose 
a safety hazard 

7) Run the coaxial feed line to the Beverage so that it is 
not directly under the span of the wire. This prevents 
common-mode currents from appearing on the shield 
fof the coax. И may be necessary to use a ferrite-bead 
choke on the feed line if you find that the feed line 
itself picks up signals when it is temporarily discon- 
nected from the Beverage. See Chapter 26 for details 
‘on common-mode chokes. 

8) If you use elevated radials in your transmitting 
antenna system, keep your Beverage feed lines well 
away from them to avoid stray pickup that will ruin 
the Beverage's directivity. 


BIBLIOGRAPHY 

Source material and more extended discussion of 
topics covered in this chapter can be found in the refer- 
ences given below: 


а РЗ 


А. Bailey, S. W. Dean and W. T. Wintringham, "The 
Receiving System for Long-Wave Transatlantic Radio 
“Telephony.” The Bell System Technical Joumal, Apr 192. 

1. S. Belrose, "Beverage Antennas for Amateur Commu- 
nications," Technical Correspondence, OST. Sep 1981 

H. H. Beverage, “Antennas.” RCA Review. Jul 1939, 

Н. Н. Beverage and D. DeMaw, "The Classic Beverage 
‘Antenna Revisited.” OST, Jan 1982. 

B. Boothe, “Weak-Signal Reception on 160—Some 
‘Antenna Notes; OST, Jun 1977. 

E. Bruce, "Developments in Short-Wave Directive 
Antennas” Proc IRE, Aug 1931 

E. Bruce, A.C. Beck and L. R. Lowry, “Horizontal Rhom- 
bic Antennas,” Proc IRE, Jan 1935, 

P. S. Carte, С. W. Hansel and N. E. Lindenblad, “Devel 
‘opment of Directive Transmitting Antennas by R.C.A. 
Communications” Proc IRE, Oct 1931. 

1. Devoldere. Low-Band DXing (Newington: АТ. 1987). 

1. Devoldere, ONÁUN's Low-Band DXing (Newington: 
ARRL, 1999). See in particular Chapter 7, "Special 
Receiving Antennas," for many practical details оп 
Beverage antennas. 

А. E. Harper, Rhombic Antenna Design (New York: D. 
Van Nostrand Co, Inc). 

E. A. Laport, "Design Data for Horizontal Rhombic 
Antennas.” RCA Review, Mar 1952, 

в. м. Miller, Modern Electronic Communication 
(Englewood Cliffs, NJ: Prentice Hall, 1983) 

V A. Misek, The Beverage Antenna Handbook (Wason 
ка. Hudson, NH: WIWCR, 1977). 

F. E. Terman, Radio Engineering, Second Edition (New 
York: McGrav-Hill, 1937). 


Long-Wire and Traveling-Wave Antennas 13-23 


+ 


KO 


Direction Finding 
Antennas 


The use of radio for direction-finding purposes 
(RDF) is almost аз old as is application for communica- 
tions. Radio amateurs have learned RDF techniques a 

found much satisfaction by participating in hidden-trans- 
mitter hunts. Other hams have discovered RDF through 


хем in boating or aviation, where radio direction 
finding is used for navigation and emergency location 
In many countries of the world, the hunting of hid- 
den amateur transmitters takes on the atmosphere of a 
Sport, as participants wearing jogging togs or track suits 
dash toward the area where they believe the transmitter 
is located. The sport is variously known as fox hunting. 
bunny hunting, ARDF (Amateur Radio direction finding) 
or simply transmitter hunti 
hunting of hidden transmitters is conducted from ашо- 
mobiles, although hunts on foot are gaining popularity 
‘There are less pleasant RDF applications as well, 
such as tracking down noise sources ог illegal operators 
ed stations. Jammers of repeaters, traffic 


In North America, most 


from unidenti 
nels and other amateur operations can be located with 
RDF equipment. Or sometimes a stolen amateur rig will 
һе operated by a person who is not familiar with Ama- 
teur Radio, and by being lured into making repeated trans- 
missions, the operator unsuspectingly permits himself to 
be located with RDF equipment. The ability of certain 
RDF antennas to reject signals from selected directions 
has also been used to advantage in reducing noise ш 
interference. Through APRS, radio navigation is becom- 
ing a popular application of RDF. The locating of downed 
aircraft is another, and one in which amateurs often le 
their skills. Indeed, useful applications 
for RDF. 

Although sophisticated and complex equipment 
pushing the state of the art has been developed for use by 
governments and commercial enterprises, relatively 
simple equipm 


can be built at home to offer the Radio 


Amateur an opportunity to RDF. This chapter deals with 
antennas suitable for that purpose. 


RDF by Triangulation 
її is impossible, using amateur techniques, to pin 
point the whereabouts of a transmitter from a single 
receiving location. With a directional an 
determine the direction of a signal sourc 
far away it is. To find the distance, you ca 
the determined direction until you discover the transmit- 
ter location. However, that technique can be time con- 
d often does not work very well 


but not how 


then travel 


A preferred technique is to take at least one addi- 
tional direction measurement from a second receiving 
location. Then use a map of the area and plot the bearing 
or direction measurements as straight lines from points 
on the map representing the two locations. The approxi- 
mate location of the transmitter will be indicated by the 
point where the two bearing lines cross, Even better 
results can be obtained by takin 
from three locations and using the mapping technique 
just described. Because absolutely precise bearing mea- 
surements are difficult to obtain in practice, the three lines 
will almost always cross to form a triangle on the map, 
rather than at a single point. The transmitter will usually 
ве located inside the area represented by the triangle 
Additional information on the technique of triangulatio 
and much more on RDF techniques may be found i 
recent editions of The ARRL Handbook. 


direction measurements 


DIRECTION FINDING SYSTEMS 


Required for any RDF system are a directive antenna 
and a device for detecting the radio signal. In amateur 
applications the si 

and for сопу 

cate signal strength, Unmodified, commercially available 
portable or mobile receivers are generally quite satisfac- 


gnal detector is usually a transceiver. 


ve it will usually have a meter to indi- 
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tory for signal detectors. At very close ranges a simple 
diode detector and de microammeter may suffice for the 
detector. 

On the other hand, antennas used for RDF techniques 
are not generally the types used for normal two-way com- 
‘munications. Directivity is а prime requirement, and here 
the word directivity takes on a somewhat different mean- 
ing than is commonly applied to other amateur. 
Normally we associate directivity with gain, an 
of the ideal antenna pattern as one having a long, thin 
main lobe. Such a pattern may be of value for coarse 
measurements in RDF work, but precise bearing measure- 
ments are not possible. There is always a spread of a few 
(or perhaps many) degrees on the nose of the lobe, where 
a shift of antenna bearing produces no detectable change 
їп signal strength. In RDF measure-ments, it is desirable 
to correlate an exact bearing or compass direction with 
the position of the antenna, In order to do this as асси- 
rately as possible, an antenna exhibiting a ull in its pat- 
term is used. A null can be very sharp in directivity, to 
within a half degree or less. 


we think 


Loop Antennas 
A simple antenna for HF RDF work is a small loop 
tuned to resonance with a eapacitor. Several factors must 
the design of an RDF loop. The loop 
must be small in circumference compared with the wave- 
length. In a single-turn loop, the conductor should be less 
than 0.08 A long. For 28 MHz, this represents a length 
of less than 34 inches (a diameter of approximately 
10 inches). Maximum response from the loop antenna is 
in the plane of the loop, with nulls exhibited at rig! 
to that plane. 
To obtain the most accurate bearings, the loop must 
be balanced electrostatically with respect to 
Otherwise, the loop will exhibit two modes of operation. 


be considered i 


m © 
© © 


Fig 1—Smal-loop field patterns with varying amounts. 
of antenna effect—the undesired response о! the loop. 
acting merely as а mass of metal connected to the 
receiver antenna terminals. The straight lines show the 
plane of the loop. 
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Опе is the mode of а true loop, while the other is that of 
an essentially nondirectional ver 
dimensions. This second mode is called the antenna effect 
The voltages introduced by the two modes ate seldom 
phase and may add or subtract, depending upon the 
direction from which the wave is coming. 

‘The theoretical true loop pattern is illustrated i 
Fig 1A. When properly balanced, the loop exhibits two 
nulls that are 180° apart. Thus, a single null reading with 
a small loop antenna will not indicate the exact director 
toward the transmitter—only the line along which the 
transmitter lies. Ways to overcome this ambiguity are dis- 
cussed later 

When the antenna effect is appreciable and the loop 
is tuned to resonance, the loop may exhibit little direc- 
tivity, as shown in Fig 1B. However, by detuning the loop 
to shift the phasing, a pattern similar to 1С may be 
obtained. Although this pattern is not symmetrical, it does 
exhibit a null, Even so, the null may not be as sharp as 
that obtained with a loop that is well balanced, and it 
тау not be at exact right angles to the plane of the loop. 

By suitable detuning, the unidirectional cardioid 
pattern of Fig ID may be approached. This adjustment is 
sometimes used 
bearing, although there is no complete null in the pat- 
term. A cardioid pattern can also be obtained with a small 
loop antenna by adding a sensing element. Sensing ele- 
ments are discussed in a later section of this chapter. 

‘An electrostatic balance can be obtained by shield- 
ing the loop, as Fig 2 shows. The shield is represented by 
the broken lines in the drawing, and eliminates the 
antenna effect. The response of a well-constructed 
shielded loop is quite close to the ideal pattern of Fig 1А. 


ical antenna of small 


RDF work to obtain a unidirectional 


Fig 2—Shielded loop for direction finding. The ends 
of the shielding turn are not connected, to prevent 
shielding the loop from magnetic fields. The shield is 
effective against electric fields. 


Fig 3—Small loop consisting of several turns of wire. 
The total conductor length is very much less than a 
wavelength. Maximum response is in the plane of the 
loop. 


Je-turn 


For the low-frequency amateur bands, sing 
loops of convenient physical size for portability are gen- 
erally found to be unsatisfactory for RDF work. There- 
fore, multiturn loops are generally used instead. Such а 
loop is shown in Fig 3. This loop may also be shielded, 
and if the total conductor length remains below 0.08 A, 
the directional pattern is that of Fig 1A. A sensing ele- 
ment may also be used with а multiturn loop. 


Loop Circuits and Criteria 

No single word describes а ditection-finding loop 
of high performance better than symmetry. To obtain an 
undistorted response pattern from this type of antenna, 
you must build it in the most symmetrical manner pos- 
sible. The next key word is balance. The better the elec- 
trical balance, the deeper the loop null and the sharper 
the maxima, 

‘The physical size of the loop for 7 MHz and below 
is not of major consequence, A 4-foot diameter loop will 
exhibit the same electrical characteristics as one which 
is only an inch or two in diameter. The smaller the loop, 
however, the lower its efficiency. This is because its 
aperture samples a smaller section of the wave front. Thus, 
if you use loops that are very small in terms of a wave- 
length, you will need preamplifiers to compensate forthe 
reduced efficiency. 

‘An important point to keep in n 
loop antenna oriented in a vertical plane is that it is ver- 
tically polarized. It should be fed at the bottom for the 
best null response. Feeding it at one side, rather than at 
the bottom, will not alter the polarization and will only 
degrade performance. To obtain horizontal polarization 
from a small loop, it must be oriented in а horizontal 
plane, parallel to the earth, In this position the loop 


ind about a small 


response is essentially omnidirectional 

The earliest loop antennas were of the frame antenna 
variety. These were unshielded antennas built on a wooden 
frame in a rectangular format. The loop conductor could 
be a single turn of wire (on the larger units) or several 
turns if the frame was small. Later, shielded versions of 
the frame antenna became popular, providing electrostatic 
shielding—an aid to noise reduction from such sources as 
precipitation static 


Ferrite Rod Antennas 
With advances in technology, magnetic-core loop 
antennas came into use. Their advantage was reduced size, 
and this appealed especially to the designers of aircraft 
and portable radios, Most of these antennas contain fer- 
rite bars or cylinders, which provide high inductance and 
© with a relatively small number of coil turns, 
Magnetic-core antennas consist essentially of turns 


of wire around a ferrite rod. They are also known as 
loopstick antennas. Probably the best-known example of 
this type of antenna is that used in small portable AM 
broadcast receivers. Because of their reduced-size advan 
tage, ferite-rod antennas are used almost exclusively for 
portable work at frequencies below 150 MH. 

As implied in the earlier discussion of shielded loops 
in this chapter, the true loop antenna responds to the mag- 
netic field of the radio wave, and not to the electrical field. 
The voltage delivered by the loop is proportional to the 
amount of magnetic flux passing through the сой, and to 
the number of turns in the coil. The action is much the 
same as in the secondary winding of a transformer. For а 
given size of loop. the output voltage can be increased by 
increasing the flux density, and this is done with a ferrite 
core of high permeability. A (inch diameter, -inch rod 
of Q2 ferrite (m, = 125) is suitable for a loop core fron 
the broadcast band through 10 MHz. For inereased out- 
put, the turns may be wound on two rods that are taped 
together, as shown in Fig 4. Loopstick antennas for con 


“№ 


Fig 4—A ferrite-rod or loopstick antenna. Turns of wire 
may be wound on a single rod, or to increase the output 
from the loop, the core may be two rods taped together, 
as shown here. The type of core material must be 
Selected for the intended frequency range of the loop. 
То avoid bulky windings, fine wire such as #28 

ог #30 is often used, with larger wire for the leads. 
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Fig 5—Fleld pattern for a ferrite rod antenna. The dark 
bar represents the rod on which the loop turns ar 
wound. 


struction are described later in this chapter. 

Maximum response of the loopstick antenna is 
broadside to the axis of thi in Fig 5, whereas 
maximum response of the ordinary loop is in a direction 
at right angles to the plane of the loop. Otherwise, the 
performances of the Ferrite-rod antenna and of the ordi- 
mary loop are similar. The loopstick may also be shielded 
to eliminate the antenna effect, such as with a U-shaped 
ог C-shaped channel of aluminum or other form of trough. 
The length of the shield should equal or slightly exceed 
the length of the rod 


rod as show 


Sensing Antennas 

Because there are two nulls that are 180° apart in 
the directional pattern of a loop or a loopstick, an ambi- 
guity exists as to which one indicates the true direction 
of the station being tracked. For example, assume you 
take a bearing measurement and the result indicates the 
transmitter is somewhere on a line running approximately 
cast and west from your position. With this single read- 
ing. you have no way of knowing for sure if the transmit- 
ter is сам of you or мем of you. 

If more than one receiving station takes bearings on 
a single transmitter, or if a single receiving station takes 
beatings from more than one position on the transmitter, 
the ambiguity may be worked out by triangulation, ах 
described earlier. However, it is sometimes desirable to 
have a pattern with only one null, so there is no question 
about whether the transmitter in the above example would 

your position. 

A loop or loopstick antenna 


be cast or west fro 


ду be made to have a 
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Fig 6—At A, the directivity pattern of a loop antenna 

with sensing element. At B is a circuit for combining 

the signals from the two elements. C1 is adjusted for 
sonance with T1 at the operating frequency. 


single null if a second antenna element is added. The ele- 
ment is called a sensing antenna, because it gives an added 
sense of direction to the loop pattern. The second cle- 

must be omnidirectional, such as a short vertical. 
the signals from the loop and the vertical element 
are combined with a 90" phase shift between the two, а 
cardioid pattern results. The development of the patter 
is shown in Fig 6A. 

Fig 6B shows a circuit for adding a sensing antenna 


to a loop or loopstick. RI is an internal adjustment and is 
sed to set the level of the signal [rom the sensing 


antenna. For the best null in the composite pattern, the 
signals from the loop and the sensing antenna must be of 
equal amplitude, so RI is adjusted experimentally dur- 
ng setup. In practice, the null of the cardioid is not as 
sharp as that of the loop, so the usual measurement pro- 
cedure is to first use the loop alone to obtain a precise 
bearing reading, and then to add the sensing 

take another reading to resolve the ambiguity. (The null 
of the cardioid is 90° away from the nulls of the loop.) 
For this reason, provisions ate usually made for switch- 
ing the sensing element in an out of operatio 


PHASED ARRAYS 


Phased arrays are also used in amateur RDF work. 
‘Two general classifications of phased arrays are end-fire 
and broadside configurations. Depending on the spacing 
and phasing of the elements, end-fire patterns may exhibit 
а null in one direction along the axis of the elements. At 
the same time, the response is maximum off the other 
end of the axis, in the opposite direction from the null. A 
familiar arrangement is two elements spaced Ya . apart 
and fed 90° out of phase. The resultant patte 

dioid, with the null in the direction of the leading ele- 
ment. Other arrangements of spacing and phasing for an 
end-fie array are also suitable for RDF work. One of the 
best known is the Adcock array, discussed in the next 


senna and 


Broadside arrays are inherently bidirectional, which 
means there are always at least two nulls in the pattern. 
Ambiguity therefore exists in the true direction of the 
transmitter, but depending on the application, this may 
be no handicap. Broadside arrays are seldom used for 
amateur RDF applications however. 


The Adcock Antenna 

Loops are adequate in RDF applications where only 
the ground wave is present. The performance of an RDF 
system for sky-wave reception can be improved by the 


use of an Adcock an 


ва, one of the most popular types 
of end-fire phased arrays. A basic version is shown in 
Fig7. 

This system was 
їп 1919. The array сог 
180" apart, and mounted so the system may be rotated. 
Element spacing is not critica, and may be in the range 
from 0.1 to 0.75 À. The two elements must be of identi- 
cal lengths, but need not be self-resonant. Elements that 
are shorter than resonant are commonly used. Because 

either the element spacing nor the length is critical 
terms of wavelengths, an Adcock array may be operated 
over more than one amateur band, 

The response of the Adcock array to vertically 
polarized waves is similar to a conventional loop, and 
the directive pattern is essentially the same. Response of 
the array to а horizontally polarized wave is consider- 
ably different from that of a loop, however. The currents 
induced in the horizontal members tend to balance out 
regardless of the orientation of the antenna. This effect 
has been verified in practice, where good nulls were 
obtained with an experimental Adcock under sky-wave 
conditions. The same circumstances produced poor nulls 
with small loops (both conventional and ferrite-loop 
models). 

Generally speaking, the Adcock antenna has attrac- 
tive properties for amateur RDF applications. Unfortu- 
nately, its portability leaves something to be desired, 
making it more suitable to fixed or semi-portable appli- 
cations, While а metal support for the mast and boom 
could be used, wood, PVC ог fiberglass are preferable 
because they are nonconduetors and would therefore 
cause less pattern distortion, 

Since the array is balanced, an antenna tuner is 
required to match the unbalanced input of a typical 
receiver. Fig 8 shows a suitable link-coupled network. 
C2 and C3 are null-balancing capacitors. A low-power 
signal source is placed some distance from the Adcock 


Wented by F. Adcock and patented 
ists of two vertical elements fed 


Fig 7—A simple Adcock antenna 


Fig 8—A sultable coupler for use with the Adcock 
antenna, 
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Fig 9—At A, the pattern of the Adcock array with ап 
are aligned with the horizontal axis. As th 


ment spacing of" wavelength. In these plots the elements 
ment spacing is increased beyond */ wavelength, additional nulls 


develop off the ends of the array, and at a spacing of 1 wavelength the pattern at B exists. This pattern is 


unsuitable for RDF work. 


antenna and broadside to it. C2 and СЗ are then adjusted 
until the deepest null is obtained. The tuner can be placed 
below the wiring-harness junction on the boom. Connec- 
tion сап be made by means of a short length of 300- 
twin-lead. 

The radiation pattern of the Adcock is shown in 
Fig 9А. The nulls are in directions broadside to the array, 
and become sharper with greater element spacings. How- 


ever, with an element spacing greater than 0.75 À, the 
pattern begins to take on additional nulls in the direc- 
tions off the ends of the array axis. At а spacing of 


1 A the pattern is that of Fig 9B, and the array is unsuit- 
able for RDF applications. 

Short vertical monopoles ate oft 
sometimes called the U-Adcock, so named because the 

the shape ofthe letter 
U. In this arrangement the elements are worked against 
the earth as a ground or counterpoise. If the array is used 
only for reception 
quence. Short, elevated vertical dipoles are also used in 
What is sometimes called the H-Adcock. 

‘The Adcock array, with two nulls in its pattern, has 
the same ambiguity as the loop and the loopstick. Add- 
ing a sensing element to the Adcock array has not met 
With great success. Difficulties arise from mutual cou- 
pling between the array elements and the sensing element, 
among other things. Because Adcock arrays are used pri- 
marily for fixed-station applications, the ambiguity pre- 
sents no serious problem. The fixed station is usually one 
of a group of stations in an RDF network. 


LOOPS VERSUS PHASED ARRAYS 


Although loops can be made smaller than suitable 
phased arrays for the same frequency of operation, the 
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used in what is 


elements with their Feeders take or 


earth losses are of no great conse- 


phased arrays are preferred by some for a variety of rea- 
sons. In general, sharper nulls can be obtained with phased 
arrays, but this is also a function of the care used in con- 
structing and feeding the individual 


temas, as well as 
of the size of the phased array in terms of wavelengths 
The primary constructional consideration is the shield- 
ing and balancing of the feed line against ш 

nal pickup. and the balancing of the antenna for a 
symmetrical pattern, 

Loops are not as useful for skywave RDF work 
because of random polarization of the received signal. 
Phased arrays are somewhat less sensitive to propaga- 
tion effects, probably because they are larger forthe same 
frequency of operation and therefore offer some space 
diversity. In general, loops and loopsticks are used for 

nobile and portable operation, while phased arrays are 

used for fixed-station operation. However, phased arrays 
are used successfully above 144 MHz for portable and 
nobile RDF work. Practical examples of both types of 
antennas are presented Later in this chapter. 


THE GONIOMETER 


Most fixed RDF stations for government and commer- 
cial work use antenna arrays of stationary elements, rather 
than mechanically rotatable arrays. This has been rue since 
the earliest days of radio. The early-day device that per- 
mits finding directions without moving the elements is 
called a radiogoniometer, or simply a goniometer. Various. 
types of goniometers are still used today in many 
nstalations, and offer the amateur some possibilities. 
‘The early style of goniometer is a special form of 
RF transformer, as shown in Fig 10. It consists of two 
fixed coils mounted at right angles to one another. Inside 
the fixed coils is a movable coil, not shown in Fig 10 to 


эмей sig- 


a 


Fig 10—An early type of goniometer that is still used 
today in some RDF applications. This device is a 
special type of RF transformer that permits a movable 
col in the center (not shown here) to be rotated and 
determine directions even though the elements aro 
Stationary. 


avoid cluttering the diagram. The pairs of connections 
marked A and В are connected respectively to two ele- 
ments in an array, and the output to the detector or receiver 
is taken from the movable coil, As the inner coil is rotated, 
the coupling to one fixed coil increases while that to the 
other decreases. Both the amplitude and the phase of the 
signal coupled into the pickup winding are altered with 
rotation in a way that corresponds to actually rotating 
the array itself. Therefore, the rotation of the inner coil 
сап be calibrated in degrees to correspond to bearing 
angles from the station location, 

In the early days of radio, the type of goniometer 
just described saw frequent use with fixed Adcock arrays. 
A refinement of that system employed four Adcock ele- 
ments, two arrays at right angles to each other. With a 
goniometer arrangement, RDF measurements could be 
taken in all compass directions, as opposed to none off 
the ends of a two-element fixed array. However, resolu- 
tion of the 4-element system was not as good as with a 

le pair of elements, probably because of mutual cou- 
pling among the elements. To overcome this difficulty a 
few systems of eight elements were installed 

Various other types of goniometers have been devel- 
oped over the years, such as commutator switching to vari- 
ous elements in the array. A later development is the diode 
switching of capacitors to provide a commutator effect. As 

nechanical action has gradually been replaced with elec- 
tronics to "rotate" stationary elements, the word goniom- 
eter is used less frequently these days. However, it still 
appears in many engineering reference texts, The more сог 
plex electronic systems of today are called beamforming 
networks 


Electronic Antenna Rot. 


n 
With an array of many fixed elements, beam rotation 

can be performed electronically by sampling and combin- 
signals from ividual elements in the array 


Fig 11— This diagram illustrates one technique used in 
lectronic beam forming. By delaying the signal from 
element A by an amount equal to the propagation 
delay, the two signals may be summed precisely in 
phase, even though the signal is not in the broadside 
direction. Because this time delay is identical for all 
frequencies, the system is not frequency sensitive. 


‘at upon the total number of elements in the sys- 
tem and their physical arrangement, almost any desired 
antenna pattern can be formed by summing the sampled 
signals in appropriate amplitude and phase relationships. 
Delay networks are used for some of the elements before 
the summation is performed. In addition, attenuators may 
ве used for some elements to develop patterns such as from 
ап array with binomial current distribution, 

One system using these techniques is the 
Wullenweber antenna, employed primarily in government 
and military installations. The Wullenweber consists of a 
very large number of elem s, usu- 
ally outside of (or in front of) a circular reflecting sereen 
Depending on the installation, the circle may be anywhere 
from a few hundred feet to more than a quarter of a mile 
in diameter. Although the Wullenweber is not one that 
would be constructed by an amateur, some of the tech 
niques it uses may certainly be applied to Amateur Radio. 

For the moment, consider just two elements of a 
Wullenweber antenna, shown as A and B in Fig 11. Also 
shown is the wavefront of a radio signal arriving from a 
distant transmitter. As drawn, the wavefront strikes ele- 


is arranged in a cire 


ment A first, and must travel somewhat farther before it 
strikes element B. There is a finite time delay before the 
Wavefront reaches element В. 

‘The propagation delay may be measured by delay- 
ing the sig ient A before summing it 
with that from element B. If the two signals are com- 
bined directly, the amplitude of the resultant signal will 
be maximum when the delay for element A exactly equals 
the propagation delay. This results in an in-phase condi- 
tion at the summation point. Or if one of the signals is 
inverted and the two are summed, a null will exist when 
the element-A delay equals the propagation delay: the 
signals will combine in a 180° out-of-phase relationship. 
Either way, once the time delay is known, it may be соп 
verted to distance. Then the direction from which the wave 


1 received at ele 
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is arriving may be determined by trigonometry. 

By altering the delay in small increments, the peak 
of the antenna lobe (or the null) сап be steered in azi- 
muth. This is true without regard to the frequency of the 
incoming wave. Thus, as long as the delay is less than 
the petiod of one RF cycle, the system is not frequency 
sensitive, other than for the frequency range that may be 
covered satisfactorily by the array elements themselves. 
Surface acoustic wave (SAW) devices or lumped-constant 
networks can be used for delay lines in such systems if 
the system is used only for receiving. Rolls of coaxial 
cable of various lengths are used in installations for trans- 
sitting. In this case, the lines are considered for the time 
delay they provide, rather than as simple phasing lines. 
The difference is that a phasing line is ordinarily designed 
for a single frequency (or for an amateur band), while а 
delay line offers essentially the same time delay at all 
frequencies. 

By combining signals from other Wullenweber ele- 
nts appropriately, the broad beamwidth of the patter 
from the two elements can be narrowed, and unwanted 
sidelobes can be suppressed. Then, by electronically 
switching the delays and attenuations to the various ele- 
nls, the beam so formed can be rotated around the com- 
pass. The package of electronics designed to do this 
including delay lines and electronically switched attenua- 

network. However, the 
stricted to forming a single 
ап isolation amplifier provided for each ele- 
nt of the array, several beam-forming networks can be 
operated independently. Imagine having an antenna sys- 
tem that offers a dipole pattern, a rhombic pattern, and а 
Yagi beam pattern, all simultaneously and without fre- 
quency sensitivity. One or more may be rotating while 
another is held in a particular direction, The Wullenweber 
Was designed to fulfill this type of requirement. 

Опе feature of the Wullenweber antenna is that it can 
operate 360° around the compass. In many government 
installations, there is no need for such coverage, as the 


tors, is the bean 


areas of interest lie in an azimuth sector. In such cases an 
in-line array of elements with a backsereen or curtain re- 
flector may be installed broadside to the center of the sec- 


tor. By using the same techniques as the Wullenweber, 
the beams formed from this array may be slewed left and 
right across the sector. The maximum sector width avail- 
able will depend on the installation, but beyond 70° to 80° 
the patterns begin to deteriorate to the point that they are 
unsatisfactory for precise RDF work, 


RDF SYSTEM CALIBRATION AND USE 
Once an RDF system is initially assembled, it should 
be calibrated or checked out before actually being put 
into use. OF primary concern is the balance or symmetry 
of the antenna pattern. A lop-sided figure-8 pattern with 
a loop, for example, is undesirable: the nulls are not 180° 
арап, nor are they at exact right angles to the plane of 
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the loop. If you didn’t know this fact in actual RDF work, 
ıt accuracy would suffer. 

Initial checkout can be performed with a low- 
powered transmitter at a distance of a few hundred feet 
It should be within visual range and must be operating 
into a vertical antenna. (A quarter-wave vertical or a 
loaded whip is quite suitable.) The site must be reason- 
ably clear of obstructions, especially steel and concrete 
or brick buildings, large metal objects, nearby power lines, 
and so on. If the system operates above 30 MHz, you 
should also avoid trees and large bushes. An open field 
makes an excellent site 

The procedure is to find the transmitter with the RDF 
equipment as if its position were not known, and com- 
pare the RDF null indication with the visual path to the 
transmitter. For antennas having more than one null, each 
null should be checked. 

If imbalance is found i 


the antenna system, there 
are two options available. One is to correct the imbal- 
ance, Toward this end, pay particular attention to the feed 
line. Using a coaxial feeder for a balanced antenna invites 
an asymmetrical pattern, unless an effective balun is used. 
A balun is not necessary if the loop is shielded, but an 
asymmetrical pattern can result with misplacement of the 
break in the shield itself. The builder may also find that 
the presence of a sensing antenna upsets the balance 
slightly, due to mutual coupling. Experiment with its 
position with respect to the main antenna to correct the 
error. You will also note that the position of the null shifts 
by 90° as the sensing element is switched in and out, and 
the null is not as deep. This is of litle concern, however, 
аз the intent of the sensing antenna is only to resolve 
ambiguities. The sensing element should be switched out 
when accuracy is desired, 

The second option is to accept the imbalance of the 
antenna and use some kind of indicator to show the true 
directions of the nulls. Small pointers, painted marks on 
the mast, or an optical sighting system might be used. 
Sometimes the end result of the calibration procedure will 
be a compromise between these two options, as a perfect 

1 balance may be difficult or impossible to attain. 
‘The discussion above is oriented toward calibrating 
portable RDF systems. The same general suggesti 
apply if the RDF array is fixed, such as an Adcock. How- 
ever, it won't be possible to move it to an open field 
Instead, the array must be calibrated in its intended oper- 
ating position through the use of a portable or mobile 
transmitter. Because of nearby obstructions or reflecting 
objects, the null in the pattern may not appear to indicate 
the precise direction of the transmitter, Do not confuse 
this with imbalance in the RDF array. Check for imbal- 
ance by rotating the array 180° and comparing readi 

Once the balance is satisfactory, you should make а 
table of bearing errors noted in different compass direc- 
tions. These error values should be applied as corrections 
when actual measurements are made. The mobile or por 


electi 


Fig 12—А multiturn frame antenna is shown at A. L2 is 
the coupling loop. The drawing at B shows how L2 is 
‘connected to a preamplifier. 


table transmitter should be at a distance of two or three 
miles for these measurements, and should be in as clear 
ап area as possible during transmissions. The idea is to 
avoid conduction ofthe signal along power lines and other 
overhead wiring from the transmitter to the RDF site. ОГ 
course the position of the transmitter must be known 
accurately for each transmission, 


FRAME LOOPS 


It was mentioned earlier that the earliest style of 
receiving loops was the frame antenna. If carefully con- 
structed, such an antenna performs well and can be built 
at low cost. Fig 12 illustrates the details of a practical 
frame type of loop antenna. This antenna was designed 
by Doug DeMaw, WIFB, and described in OST for July 
1977. (See the Bibliography at the end of this chapter.) 
The circuit in Fig 12A is a 5-turn system tuned to reso- 
nance by C1. If the layout is symmetrical, good balance 
should be obtained, L2 helps to achieve this objective by 
eliminating the need for direct coupling to the feed ter- 


Fig 13—A wooden frame can be used to contain the 
wire of the loop shown in Fig 12. 


Fig 14—An assembled table-top version of the 
electrostatically shielded loop. RG-58 cable is used 
in йв construction. 


Direction Finding Antennas 14-9 


minals of LI. If the loop feed were attached in parallel 
with Cl, a common practice, the chance for imbalance 
would be considerable, 

L2 can be situated just inside or slightly outside of 
LI; a L-inch separation works nicely. The receiver or 
preamplifier can be connected to terminals A and В of 
12, as shown in Fig 12B. C2 controls the amour 
pling between the loop and the preamplifier. The lighter 
the coupling, the higher is the loop O, the narrower is the 
frequency response, and the greater is the gain require- 
ment from the preamplifier, It should be noted that no 
attempt is being made to match the extremely low loop 
impedance to the preamplifier. 

A supporting frame for the loop of Fig 12 can be 
constructed of wood, as shown in Fig 13. The dimen- 
sions given are for a 1.8-MHZ frame antenna. For use on 
75 or 40 meters, LI of Fig 12A will require fewer turns, 
ог the size of the wooden frame should be made some- 


of cou- 


What smaller than that of Fig 13. 


SHIELDED FRAME LOOPS 


If electrostatic shielding is desired, the format shown 


ger (AL 


— «Gare 


‘Sener ase seo 


Fig 15— Components and assembly details of the 
‘shielded loop shown in Fig 14. 
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in Fig 14 can 
ductor a 


e adopted. In this example, the loop con 

coupling loop are made from 

RG-58 coaxial cable. The number of loop turns should be 

sufficient to resonate with the tuning capacitor at the op- 

E icy. Antenna resonance can be checked by 

12A) and setting it at midrange. 

Then connect a small 3-tur oop feed termi- 

jals, and couple to it with a dip meter. Just remember that 

the pickup coil will act to lower the frequency slightly 
from actual resonance. 

In the antenna photographed for Fig 14, the 1ш 
coupling loop was made of 422 plastic-insulated wire. 
However, electrostatic noise pickup occurs on such a cou- 
pling loop, noise of the same nature thatthe shield on the 
‘main loop prevents. This can be avoided by using RG-58 
for the coupling loop. The shield of the coup 
should be opened for about | inch at the top, and each 
end of the shield grounded to the shield of the main loop. 

Larger single-turn frame loops can be fashioned from 
aluminum -jacketed Hardline, if that style of coax is avail- 
able. In either case, the shield conductor must be opened 
at the electrical center of the loop, as shown in Fig 15 at 
А and B. The design example is for 1.8-MHz operation, 

To realize the best performance from a 
statically shielded loop antenna, you must operate it near 
to and directly above an effective ground plane. An auto- 
mobile roof (metal) qualifies nicely for small shielded loops. 
For fixed-station use, a chicken-wire ground sereen car 
be placed below the anter 


coil to the. 


а at a distance of 1 to 6 feet. 


w 


A VC remm 


Fig 16—At A, the diagram of a ferie loop. C1 is a dual- 
Section alr-varlable capacitor. The circuit at B shows a rod 
loop contained In an electrostati shield channel (see 
text). A suitable low-noise preamplifier is shown in Fig 19. 


setup used when the antenna was evaluated. 


FERRITE-CORE LOOPS 


Fig 16 contains a diagram for a rod loop (loopstick 
antenna). This antenna was also designed by Doug 
DeMaw, WIFB, and described in OST for July 1977. The 
winding (L1) has the appropriate number of turns to рег 
mit resonance with Cl at the operating frequency. LI 
should be spread over approximately "s of the core cen- 


ter. Litz wire will yield the best O, but Formvar maj 
wire can be used if desired. A layer of 3M Company glass 
tape (or Mylar tape) is recommended as a covering for 
the core before adding the wire. Masking tape can be used 
if nothing else is available. 

L2 functions as a coupling link over the exact cen- 
ter of Ll. CI is adual-section variable capacitor, although 
а differential capacitor might be better toward obtaining 
optimum balance. The loop © is controlled by means of 
C2, which is a mica-compression trimmer. 

Electrostatic shielding of rod loops can be effected 
by centering the rod in a U-shaped aluminum, brass or 
copper channel, extending slightly beyond the ends of 
the rod loop (1 inch is suitable). The open side (top) of 
the channel can't be closed, as that would constitute а 
shorted turn and render the antenna useless, This can be 
proved by shorting across the center of the channel with 
а screwdriver blade when the loop is tuned to an incom- 
ing signal. The shield-braid gap in the coaxial loop of 
Fig 15 is maintained for the same reason, 

Fig 17 shows the shielded rod loop assembly. This 
antenna was developed experimentally for 160 meters and 
uses two 7-inch ferrite rods, glued together end-to-end 
with epoxy cement. The longer core resulted in improved 
sensitivity for weak-signal reception. The other items 
the photograph were used during the evaluation tests and 
are not pertinent to this discussion. This loop and the 
frame loop discussed in the previous section have bidi- 
rectional nulls, as shown in Fig 1А. 


Obtaining a Cardioid Pattern 


Although the bidirectional pattern of loop antennas 


Fig 18—Schematic 
diagram of a rod+loop 
antenna with a cardioid 
sponse. The sensing 
antenna, phasing 
Network and a 
preamplifier are shown 
also. The secondary of Tt 
ıd the primary of T2 ar 
tuned to resonance at 
the operating frequency 
of the loop. 68-2 to 
Tess Amidon toroid 
cores are suitable for 
both transformers. 
Я Amidon also sells ferrite 
rods for this type of 
antenna. 
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Fig 40 Schamane diagram of a two-stage broadband amplifier patterned after a design by Wes Hayward, W7ZO1. 
Ti and Т2 have a 4:1 impedance ratio and are wound on FT-50-61 toroid cores (Amidon) which have a yy of 125. 


They contain 12 turns of #24 enamel wire, bifilar wound. The capacitors 


be built on double-sided circuit board for best stability. 


can be used effectively in tracking down signal sources 
by meas an essentially uniditectio 
loop response will help to reduce the time spent find 
the fox. Adding a sensing antenna to the loop is simple to 
Чо, and it will provide the desired cardioid response. The 
theoretical pattern for this combination is shown in Fig 
1D. 

Fig 18 shows how a sensing element can be added 
to a loop or loopstick antenna. The link from the loop is 
connected by coaxial cable to the primary of TI, which 
is a tuned toroidal transformer with a split secondary 
winding. C3 is adjusted for peak signal response at the 
frequency of interest (as is C4), then RI is adjusted for 
minimum back response of the loop. It will be necessary 
to readjust СЗ and RI several times to compensate for 
the interaction of these controls. The adjustments are 
repeated until no further null depth can be obtained. Tests 
at ARRL Headquarters showed that null depths as 
great as 40 dB could be obtained with the circuit of 

8 оп 75 meters. A near-field weak-signal source was 
used during the tests. 

‘The greater the null depth, the lower the signal out- 
put from the system, so plan to include a preamplifier with 
25 10 40 dB of gain. Q1 shown in Fig 18 will deliver ap- 
proximately 15 dB of gain. The circuit of Fig 19 can be 
used following T2 to obtain an additional 24 dB of gain. 

od noise figure, even at 
vise device. A 2N4416, an 


of tian 


In the interest of maintainin 
1.8 MHz, QI should be a lo 
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re disc ceramic, This amplifier should 


MPFIO2, or a 40673 MOSFET would be satisfactory. The 
sensing antenna can be mounted 6 to 15 inches from the 
loop. The vertical whip need not be more than 12 to 
20 inches long. Some experimenting may be necessary in 
order to obtain the best results. Optimization will also 
change with the operating frequency of the antenna. 


A SHIELDED LOOP WITH 
SENSING ANTENNA FOR 28 MHz 
Fig 20 shows the construction and mounting of a 
simple shielded 10-meter loop. The loop was designed 
by Loren Norberg, W9PYG, and described in OST for 
April 1954. (See the Bibliography at the end of this chap- 
ter.) It is made from an 18-inch length of Ed. II coax 


(either solid or foam dielectric) secured to an aluminum 


box of any convenient size, with two coaxial cable hoods 
(Amphenol 83-1НР). The outer shield must be broken at 
the exact center. Cl is a 25-pF variable capacitor, and is 
connected in parallel with a 33-pF fixed mica padder 
capacitor, C3. СІ must be tuned to the desired frequency 
while the loop is connected to the receiver in the sam 
way as it will be used for RDF. C2 is a small differential 
capacitor used to provide electrical symmetry. The lead- 
in to the receiver is 67 inches of RG-59 (82 
cable has a foamed dielectric). 

"The loop сап be mounted on the roof of the car with 
a rubber suction cup. The builder might also fabricate 
some kind of bracket assembly to mount the loop tempo- 


aches if be 


rarily i 
ing for loop rotation, Reasonably true bearings may be 


the window opening of the automobile, allow- 


obtained through the windshield when the car is pointed 
of the hidden tran 
bearings may be obtained with the loop held out the wi 
nd the sig 
Sometimes the саг 


їп the directio mister. More accurate 


dow 


I coming toward that side of the car. 
тау interfere 
Disconnecting the antenna from 


roadast antent 
with accurate bea 


the broadcast receiver may eliminate this trouble. 


Sensing Antenna 

A sensing antenna can be added to Norberg's loop 
above to determine which of the two directions indicated 
by the loop is the correct one. Add a phono jack to the top 
of the aluminum case shown in Fig 20. The insulated c 


ter terminal of the jack should be connected to the side of 
the tuning capacitors that is common to the center c 
ductor of the RG-59 coax feed line. The jack then takes а 
short vertical 


enna rod of the diameter to fit the jack, or 


а piece of #12 or #14 solid wire may be soldered to the 


ше, 


Fig 20—Sketch showing the constructional detalls of 
the 28-MHz RDF loop. The outer braid of the coax loop 
is broken at the center of the loop. The gap is covered 
with waterproof tape, and the entire assembly is given 
A coat of acrylic spray. 


center pin of a phono plug for insertion in the jack. The 
sensing antenna can be рїш; 
a length of about four times the loop diameter, the length 
of the sensing antenna should be pruned until the pattern 
is similar to that of Fig ID. 


THE SNOOP LOOP—FOR 
CLOSE-RANGE HF RDF 


Picture yourself on a hunt for a hidden 28-MHz 
transmitter. The night is dark, very dark. After you take 
off at the star of the hunt, heading in the right direction, 
the signal gets stronger and stronger. Your excitement 
increases with each additional S unit on the meter. You 
follow your loop closely, and it is working perfectly 
You're getting ош of town and into the countryside. The 
roads are unfamiliar. Now the null is beginning to swing 
rather rapidly, showing that you are getting close. 
Suddenly the null shifts to give a direction at right 
angles to the ear. With your flashlight you look carefully 
across the deep ditch beside the road and into the dark 
field where you know the transmitter is hidden, There 
roads into the field as far as you can see in either 
direction, You dare not waste miles driving up and down 
the road looking for an entrance, for each tenth of a mile 


counts. But what to do?— Your HF transceiver is mounted 
in your car and requires power from your car battery. 
In a brief moment your decision is made. You park 


Fig 21—The box containing the detector and amplifier 
is also the “handle” for the Snoop Loop. The loop is 
mounted with a coax T as a support, a convenience but 
not an essential part of the loop assembly. The loop 
tuning capacitor is screwdriver adjusted. The on-off 
switch and the meter sensitivity control may be 
mounted on the bottom. 


Direction Finding Antennas 14-13 


АКЕ 
Prom 


Fig 22—The Snoop Loop circuit for 28-MHz operation. 

The loop is a single turn of RG- ‘conductor, the 

outer conductor being used as a shield. Note the gap 

in the shielding; about а 1-inch section of the outer 

Conductor should be cut out. Refer to Fig 23 for 

alternative connection at points A and B for other 

frequencies of operation. 

BTI—Two penlight cells. 

C1—25-pF midget air padder. 

Di—Small-signal germanium diode such as 1N34A or 
equiv. 

DSi—Optional 2-cell penlight lamp for meter 
illumination, such as no. 222. 

Q1—PNP transistor such as ECG102 or equiv. 

RI100-kQ potentiometer, linear taper. May be 
PC-mount style. 

\н2—50-КО potentiometer, linear taper 

St—SPST toggle. 

S2— Optional momentary push for illuminating meter. 


beside the road, take your flashlight, and ph 
veldt in the direction your loop null clearly indicated. 
But after taking a few steps, you're up to your armpits in 
brush and can't see anything forward or backward. You 
stumble on in hopes of running into the hidden transmit- 
er you're probably not more than a few hundred feet 
from it. But away from your car and radio equipmer 
its like the proverbial hunt for the needle in the haystack, 
What you really need is a portable setup for hunting at 
close range, and you may prefer something that is inex- 
pensive. The Snoop Loop was designed for just these 
requirements by Claude Maer, Jr, WOIC, and was 
described in OST for February 1957. (See the Bibliogra- 
phy at the end of this chapter.) 

The Snoop Loop is pictured in Fig 21. The loop itself 
is made from a length of RG-8 coax, with the shield bro- 
ken at the top. A coax T connector is used for conve- 
rience and ease of mounting. One end of the coax loop is 
connected to a male plug in the conventional way, but the 
center conductor of the other end is shorted to the shield 


iector at that end has no connection to 
This results in an unbalanced 


so the male сог 
the center pro 


14-14 Chapter 14 


Fig 23—Input circuit for lower frequency bands. Points 
А and B are connected to corresponding points in tho 
Circuit of Fig 22, substituting for the loop and C1 in 

that circuit. Lt-C1 should resonate within the desir 
amateur band, but the LIC ratio is not critical. After 
construction is completed, adjust the position of the 
tap on L1 for maximum signal strength. Instead of 
connecting the RDF loop directly to the tap on L1, a 
length of low Impedance line may be used between the 
loop and the tuned circuit, L1-C1. 


а 


Fig 24—Unidirectional 3.5-MHz RDF using fertite-core 
loop with sensing antenna. Adjustable components of 
the circuit are mounted In the aluminum chassis 
Supported by a short length of tubing. 


but seems to give good bidirectional null readings, as well 
as an easily detectable maximum reading when the 
grounded end of the loop is pointed in the direction of 
the transmitter. Careful tuning with CI will improve this 
maximum reading. Don't forget to remove one inch of 
shielding from the top of the loop. You won't get much 
signal unless you do. 

The detector and amplifier circuit for the 


noop Loop 


Fig 25—Circult of the 3.5-MHz direction finder loop. 

C1—140 pF variable (125-pF ceramic trimmer їп 
parallel with 15-pF ceramic fixed. 

Li—Approximately 140 uH adjustable (Mil 
ог equivalent. 

RI—1-kû carbon potentiometer. 

S1—SPST toggle. 

Loopstick— Approximately 15 pH (Miller 705-A, with 
original winding removed and wound with 20 turns of 
#22 enamel). Link is two turns at center. Winding ends 
‘secured with Scotch electrical tape. This type of 
ferrite rod may also be found in surplus transistor АМ 
radios. 


No. 4512 


is shown in Fig 22. The model photographed does not 
include the meter, as it was built for use only with high- 
impedance headphones. The components are housed in 
an aluminum box. Almost any size box of sufficient size 
to contain the meter can be used. At very close ranges, 
reduction of sensitivity with R2 will prevent pegging the 

"The Snoop Loop is not limited to the 10-meter band 
or to а built-in loop. Fig 23 shows an alternative circuit 
for other bands and for plugging in a separate loop con- 
nected by a low-impedance sion line. Select coil 
and capacitor combinations that will tune to the desired 
frequencies. Plug-in coils could be used. It is a good idea 
to have the RF end of the unit fairly well shielded, to 
eliminate signal pickup except through the loop. This litle 
unit should certainly help you on those dark nights in the 
country. (Tip to the hidden-transmitter operator—if you 
want to foul up some of your pals using these loops, just 
hide near the antenna of a 50-KW broadcast transmitter!) 


A LOOPSTICK FOR 3.5 MHz 


Figs 24 through 26 show an RDF loop suitable for the 
3.5-MHz band. It uses a construction technique that has 
had considerable application in low-frequency marine di- 
rection finders. The loop is a coil wound on a ferrite rod 
from a broadcast-antenna loopstick. The loop was designed 
by John Isaacs, WGPZV, and described in OST for June 


1958. Because you can make а coil with high Q using a 
ferrite core, the sensitivity of such a loop is comparable to 
a conventional loop that is а foot or so in diameter. The 
output of the vertical-rod sensing antenna, when properly 
combined with that of the loop, gives the system the car- 
ой pattern shown in Fig ID. 

То make the loop, remove the original winding ог 
the ferrite core and wind a new сой, as shown in Fig 25. 
Other types of cores than the one specified may be sub- 
stituted: use the largest сой available and adjust the wind- 
ing so that the circuit resonates in the 3.5-MH2 band 
within the range of CI. The tuning range of the loop may 
be checked with a dip meter 

‘The sensing system consists of a 15-inch whip and 
ап adjustable inductor that resonates the whip as a quar 
ter-wave antenna. It also contains a potentiometer to con- 
trol the output of the antenna. S1 is used to switch the 
sensing antenna in and out of the circuit, 

‘The whip, the loopstick, the inductance L1, the 
capacitor Cl, the potentiometer RI, and the switch S1 
are all mounted on a 4 x 5 x 3-inch box chassis, as showr 
їп Fig 26. The loopstick may be mounted and protected 
inside a piece of ¥i-inch PVC pipe. A section of -inch 
electrical conduit is attached to the bottom of the chassis 
box and this supports the instrument. 

То produce an output having only one null there must 
a 90° phase difference between the outputs of the loop and 
sensing antennas, and the signal strength from each must 
be the same, The phase shift is obtained by tuning the sens- 
ing antenna slightly off frequency, using the slug in LI 
Since the sensitivity of the whip anter eater than that 
of the loop, its output is reduced by adjusting RI. 


ais g 


Adjustment 

‘To adjust the system, enlist the aid of a 
mobile transmitter and find a clear spot where the transmit- 
ter and RDF receiver can be separated by several hundred 
feet. Use as litle power as possible at the transmitter. (Make 
very sure you don't transmit into the loop if you are usir 
transceiver as a detector) With the test transmitter operat- 
ing on the proper frequency, disconnect the sensing antenna 
with SI, and peak the loopstick using СІ, while watching 
the S meter on the transceiver. Once the loopstick is peaked, 

o further adjustment of СІ will be necessary. Next, 

eet the sensing antenna and turn RI to minimum resistance. 
Then vary the adjustable slug of LI until a maximum read- 
ing of the S meter is again obtained. It may be necessary to 
tum the unit a bit during this adjustment to obtain a higher 
reading than with the Joopstick alone. The last tum of the 
slug is quite critical, and some hand-capacitance effect may 
be noted 

Now turn the 


end with a 


trument so that one side (not an end) 
of the Joopstick is pointed toward the test transmitter. Turn 
RI a complete revolution and if the proper side was cho- 
sen a definite null should be observed on the $ meter for 
one particular position of RI. If not, turn the RDF 180° 
and try again. This time leave RI at the setting producing 
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Fig 26—Components of the 3.5-MHz RDF are mounted 
оп the top and sides of a channel-lock type box. In this 
View R1 is on the left wall at the upper left and C1 is at 
the lower left. L1, 51 and the output connector are on 
the right wall The loopstick and whip mount on the 
outside. 


the minimum reading. Now adjust LI very slowly until 
the S-meter reading is reduced still further. Repeat this 
several times, first RI, and then L1, until the best п 


mum is obtained. 

Finally, as a check, have the test transmitter move 
around the RDF and follow it by turning the RDF. If the 
tuning has been done properly the null will always be 
broadside to the loopstick. Make a note of the proper side 
of the RDF for the null, and the job is finished, 


A 144-MHZ CARIOID-PATTERN RDF 
ANTENNA 

Although there may be any number of different VHF 
antennas that can produce a cardioid pattern, a simple 
design is depicted in Fig 27. Two '/-wavelengih vertical 
elements are spaced one ‘/-. apart and are fed 90° out of 
phase. Each radiator is shown with two radials approxi- 
mately 5% shorter than the radiators. This array was 
designed by Pete O'Dell, KBIN, and described in QST. 
for March 1981 

Computer modeling showed that sligt 
in the size, spacing and phasing of the elements strongly 
impact the pattern. The results suggest that this system is 
alittle touchy and that the most significant change comes 
at the null, Very slight alterations i 
caused the notch to become much more shallow and, 
hence, less usable for RDF. Early experi 
a working model bore this ош. 

‘This means that if you build th 
find it advantageous to spend a few mir 
carefully for the deepest null, If it is built using the tech- 
niques presented here, then this should prove to be a small 
task, well worth the extra effort. Tuning is accomplished 
by adjusting the length of the vertical radiators, the spac- 
ing between them and, if necessary, the lengths of the 
phasing harness that connects them. Tune for the deepest. 


the dimensions 


ce in building 


„уоп will 
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Fig 27—At A is a simple configuration that can 
produce a cardioid pattern. At B is a convenient way 
of fabricating a sturdy mount for the radiator using 
BNC connectors. 


null on your S meter when usi 
a moderately strong repeater 

This should be done outside, away from buildi 
and large metal objects. Initial indoor tuning on this 
project was tried in the kitchen, which revealed that 
reflections off the appliances were producing spurious 
readings. Beware too of distant water towers, radio towers, 
and large office or apartment buildings. They can reflect 
the signal and give false indications. 

Construction is simple and straightforward, Fig 27B 
shows a female BNC connector (RadioShack 278-105) 
that has been mounted on а small piece of PC-board 
material. The BNC connector is held upside down, and 
the vertical radiator is soldered to the center solder lug. 
A L2-inch piece of brass tubing provides a snug fit over 
the solder lug. A second piece of tubing, slightly smaller 
їп diameter, is telescoped inside the first. The outer tub- 
ing is crimped slightly at the top after the inner tubing is 
installed. This provides positive contact between the two 
tubes. For 146 MHz the length of the radiators is calcu- 
lated to be about 19 inches. You should be able to find 
small brass tubing at a hobby store. If no 
in your area, consider brazing rods. These are often avail 
able in hardware sections of discount stores. It will prob- 
ably be necessary to solder a short piece to the top since 
these come in 18-inch sections, Also, tuning will not be 
quite as convenient. Two 18-inch radials are added to each 
element by soldering them to the board. Two 36-inch 
pieces of heavy brazing rod were used in this project. 


a signal source such as 


е is available 


The Phasing Harness 

As shown in Fig 28, a T connector is used with two 

different lengths of coaxial line to form the phasing har- 
ез. This method of Feeding the 


AY cong) 


Fig 28—The phasing harness for the phased 144-MHz 
RDF array. The phasing sections must be measured from 
the center of the T connector to the point thatthe vertical 
radiator emerges from the shielded portion of the 
upside-down BNC female. Don't forget to take the length 
of the connectors into account when constructing the 
hamess. И care is taken and coax with solid 
polyethylene dielectric is used, you should not have to 
prune the phasing line. With this phasing system, the 
Pull wil be 

їп a direction that runs along the boom, on the side of 
the ‘/ewavelength section. 


the two 


other simple systems to obtain equal currents in 
radiators, Unequal currents tend to reduce the depth of 
the null in the pattern, all other factors being equal. 
The '/-wavelength section can be made from either 
RG-58 or RG-59, because it should act as a 1:1 transformer. 
With no radials or with two radials perpendicular to the 
vertical element, it was found that a '/ı-wavelength sec- 
tion made of RG-59 75-0 coax produced a deeper notch 
than a 'ı-wavelength section made of RG-58 50.0 line. 
However, with the two radials bent downward somewhat, 
the RG-58 section seemed to outperform the RG-59 
Because of minor differences in assembly techniques from 
опе antenna to another, it will probably be worth your time 
and effort to try both types of coax and determine what 
works best for your antenna. You may also want to try 
bending the radials down at slightly different angles for 
the best null performance, 
The most important thing about the coax for the har- 
ess is that it be of the highest quality (well-shielded and 
with a polyethylene dielectric). The reason for avoiding 
foam dielectric is that the velocity factor can vary from 
опе roll to the next—some say that it varies from one 
foot to the next. Of course, it can be used if you have test 
equipment available that will allow you to determine its 
electrical length. Assuming that you do not want to ог 
annot go to that trouble, stay with coax having а solid 


e 


Fig 29—A simple mechanical support for the DF 
antenna, mado of PVC pipe and fittings. 


polyethylene dielectric, Avoid coax that is designed for 
the CB market or do-it-yourself eable-TV market. (A good 
choice is Belden 8240 for the RG-58 or Belden 8241 for 
the RG-59.) 

Both RG-58 and RG-59 with polyethylene dielec- 
tric have a velocity factor of 0.66. Therefore, for 146 MHz 
A quarter Wavelength of transmission line will be 
20.2 inches x 0.66 = 13.3 inches. A half-wavelength sec- 
tion will be twice this length or 26.7 inches. One thi 
you must take into account is that the tra 
the total length of the cable and the connectors. Depend- 
ing on the type of construction and the type of connec- 
tors that you choose, the actual len 
will vary somewhat. You will have to determi 
yourself. 

Y connectors that mate with RCA phono plugs аге 
Widely available and the phono plugs are easy to work with. 
Avoid the temptation, however, to substitute thes 
T and BNC connectors. Phono plugs a 
were tried. The results with that system were not satisfac- 
tory. The performance seemed to change from day to day 
and the notch was never as deep as it should have been. 
Although they are more difficult to find, BNC T connec- 
tors will provide superior performance and are well worth 
the extra cost. If you must make substitutions, it would be 
preferable to use UHF connectors (type PL-259). 

Fig 29 shows a simple support Гог the antenna, PVC 
tubing is used throughout. Additionally, you will need а 
T fitting, two end caps, and possibly some cement. (By 
not cementing the PVC fittings together, you will have 
the option of disassembly for transportation.) Cut the PVC 
for the dimensions shown, using a saw or a tubing cutter 


mission line is 


iof the coax by itself 


e that for 


for the 


а Y connector 
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Fig 30—At the left, Ay represents the antenna of the 
hidden transmitter, Т. At the right, rapid switching 
between antennas A, and A, at the receiver sample 
the phase at each antenna, creating a pseudo-Doppl 
effect. An FM detector detects this as phase 


O 
— 0 


Oo 


Fig 31—И both receiving antennas are an equal 
distance (О) from the transmitting antenna, there will 
be no difference in the phase angles of the signals in 
the receiving antennas. Therefore, the detector will not 
detect any phase modulation, and the audio tone will 
disappear from the output of the detector. 


A tubing cutter is preferred because it produces smooth, 
straight edges without making a mess. Drill a small hole 
through the PC board near the female BNC of each cle- 
ment assembly. Measure the 20-inch distance horizontally 
along the boom and mark the two end points. Drill а small 
hole vertically through the boom at each mark. Use a small 
nut and bolt to attach each element assembly to the boom. 


Tuning 

The dimensions given throughout thi 
those for approximately 146 MHz. If the si 
be hunting is above that frequency, then the measurements 
should be a bit shorter. If you wish to operate below that 
frequency, then they will need to be somewhat longer. Once 
you have built the antenna to the rough size, the fun begins. 
‘You will need a signal source near the frequency that you 
Will be using for your RDF work. Adjust the length of the 
radiators and the spacing between them for the deepest 


1 you will 
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null on your S meter. Make changes in increments of Ya 
inch or less. If you must adjust the phasing line, make 
sure that the "L-wavelength section is exactly one-half 
the length of the half-wavelength section. Keep tuning 
until you have a satisfactorily deep null on your S meter. 


THE DOUBLE-DUCKY DIRECTION 
FINDER 


For direction finding, most amateurs use antennas 


unced directional effects, either а null or a 
al strength. FM receivers are designed to 
eliminate the effects of amplitude variations, and so they 
are difficult to use for direction finding without looking 
al an S meter, Most moder 


HT transceivers do not have 


S meters. 

This classic “Double-Ducky” direction finder 
(DDDF) was designed by David Geiser, WA2ANU, and 
жаз described in OST for July 1981. It works on the prin 
ciple of switching between two nondirectional antennas, 
as shown in Fig 30. This creates phase modulation on the 
incoming signal that is heard easily on the FM receiver. 
When the two antennas are exactly the same distance 
(phase) from the transmitter, as in Fig 31, the tone disap- 
pears. (This technique is also known in the RDF literature 
as Time-Difference-of-Arrival, or TDOA, since signals 
arrive at each antenna at slightly different times, and hence 
at slightly different phases, from an 
а line perpendicular to and halfway in-bewve 
antennas. Another general term for this kind of two- 
antenna RDF technique is interferometer. —Ed.) 

In theory the antennas may be very close to each 
other, but in practice the amount of phase modulation 
increases directly with the spacing, up to spacings of a 

h. While a half-wavelength separation 
2 meters (40 inches) is pretty large for a mobile array, a 
ч wavelength gives entirely satisfactory results, and 
ghth wavelength (10 inches) is acceptable. 
"Think in terms of two antenna elements with fixed 
spacing. Mount them on a ground plane and rotate that 
ground plane, The ground plane held above the hiker's 
head or car roof reduces the needed height of the array 
and the directional-distortin 
body or other conducting objects 

The DDDF is bidirectional and, as described, its tone 
null points both toward and away from the signal origin. 
‘An L-shaped search path would be needed to resolve the 

iguity. Use the techniques of triangulation described 

in this chapter. 


Specific Design 


effects of the searcher's 


ET 


is not possible to find а long-life mechanical switch 
‘operable at a fairly high audio rate, such as 1000 Hz. Yet 
we want an audible tone, and the 400- to 1000-Hz range is 
perhaps most suitable considering audio amplifiers and 
average hearing. Also, if we wish to use the transmit func- 


tion of a transceiver, we need a switch that will carry per- 


БАЕ 


Fig 32 Schematic diagram of the DDDF circull. Construction and layout are not critical. Components Inside 
the broken lines should be housed Inside а shielded enclosure. Most of the components are available from 
RadioShack, except D1, 02, the antennas and RFC1-RFC3. These components are discussed in the text. S1—See text. 


haps 10 W without much problem. 

A solid-state switch, the PIN diode is used. The 
intrinsic region of this type of diode is ordinarily bare 
of current carriers and, with a bit of reverse bias, looks 
like a low-capacitance open space. A bit of forward 
bias (20 to 50 mA) will load the intrinsic region with 
current carriers that are happy to dance back and forth at 
a 148-MH rate, looking like a resistance of an ohm or 
so. In a 10-W circuit, the diodes do not dissipate 
power to damage them. 

Because only two antennas are used, the obvious 
approach is to connect one diode forward to one antenna, 
to connect the other reverse to the second antenna and 
to drive the pair with square-wave audio-frequency ас. 
Fig 32 shows the necessary circuitry. RF chokes (Ohmite 
Z144, J. W. Miller RFC-144 or similar vhf units) are used. 


ough 


to let the audio through to bias the diodes while blocking 
RF. OF course, the reverse bias on one diode is only equal 
10 the forward bias on the other, but in practice this seems 


sufficient 

А number of PIN diodes were tried in the particular 
setup built, These were the Hewlett-Packard НР5082- 
3077, the Alpha LE-5407-4, the KSW KS-3542 and the 
Microwave Associates M/A-COM 47120. АП worked 
well, but the HP diodes were used because they provided 
а slightly lower SWR (about 3:1) 

A type 567 IC is used as the square-wave generator. 
‘The output does have а de bias that is removed with a 
nonpolarized coupling capacitor. This minor inconve- 
nience is more than rewarded by the ability of the IC to 
work well with between 7 and 15 volts (a nominal 9-V 

ended), 
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Fig 33—Ground-plane layout and detail of parts at the 
antenna connectors. 


Fig 34—Photo of Fox-Hunting DF Twin ‘Tenna set up as 
а horizontally polarized, 3-olement Yagi. 


The nonpolarized capacitor is also used for de block- 
ing when the function switch is set to xwr. DA, а light- 
emitting diode (LED), is wired in series withthe transmit 
bias to indicate selection of the xurr mode. In that mode 
there is а high battery current drain (20 mA or so). 51 
should be a center-off locking type toggle switch. An 
ordinary center-off switch may be used, but beware. If 
the switch is left on t you will soon have dead batter- 


Cables going from the antenna to the coaxial T con- 
rector were cut to an electrical '/s wavelength to help the 
open circuit, represented by the reverse-biased diode, look 
open at the coaxial Т. (The length of the line within the Т 
was included in the calculation.) 
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The length of the line from the T to the control unit 
is not particularly critical. If possible, keep the total of 
the cable length from the T to the control unit to the tra 
ceiver under 8 feet, because the capacitance of the cable 
does shunt the square-wave generator output 

Ground-plane dimensions are not critical. See 
Fig 33. Slightly better results may be obtained with a 
larger ground plane than shown. Increasing the spacing 
between the pickup antennas will give the greatest 
improvement. Every doubling (up to a half wavelength 
maximum) will cut the width of the null in half. A 1° 
wide null can be obtained with 20-inch spacing. 


DDDF Operation 

Switch the control unit to DF and advance the drive 
potentiometer until а tone is heard on the desired signal. 
Do not advance the drive high enough to distort or “hash 
up” the voice. Rotate the antenna for a null in the funda- 
mental tone. Note that a tone an octave higher may ap- 
pear. 

If the incoming signal is quite out of the receiver 
linear region (10 kHz or so off frequency), the off-null 
antenna aim may present a fairly symmetrical AF output 
to one side, Fig 35A. It may also show instability at a 
sharp null position, indicated by the broken line on the 
display in Fig 35B. Aimed to the other side of a null, it 
will give a greatly increased AF output, Fig 35C. This is 
caused by the different parts of the receiver FM detector 
curve used. The sudden tone change is the tip-off that the 
antenna null position is being passed. 

‘The user should practice with the DDDF to become 
acquainted with how it behaves under known situations 
of signal direction, power and frequency. Even in diffi- 
cult nulling situations where a lot of second-harmonic 
АЕ exists, rotating the antenna through the null position 
causes a very distinctive tone change. With the same fre- 
quencies and amplitudes present, the quality of the tone 
(timbre) changes. It is as if a note were first played by a 
Violin, and then the same note played by a trumpet. (A 
‘good part of this is the change of phase of the fundamen- 
tal and odd harmonies with respect to the even harmon- 
s.) The listener can recognize differences (passing 
through the null) that would give an electronic analyzer 
indigestion. 


A FOX-HUNTING DF TWIN ‘TENNA 

Interferometers give sharp bearings, but they lack 
sensitivity for distant work. Yagis are sensitive, but they 
provide relatively broad bearings. This project yields an 
antenna that blends both on a single boom to cover both 
ends of the hunt. This а condensation of a October 1998 
OST article by R. F. Gillette, W9PE. 

A good fox-hunting antenna must meet а number of 
criteria: (1) small size, (2) gain to detect weak signals 
and (3) high directivity to pinpoint the fox. Small anten- 
nas, however, do not normally yield both gain and direc- 
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Fig 35—Schematic of the YaglInterforometor antenna system. 


Table 1 
Yagi Design 
пет Overall Length _ Boom to 
Element Tip 
(inches) (Inches) 
Director length 34.75 17.00 
Director to Driven El spacing 1578 1600 
Driven El. length 3775 1850 
Driven El. to Reflector spacing 15.75 1600 
Reflector length 4075 20.00 


"SWR less than 1.3:1 from 144.5 to 148 MHZ 


tivity. By combining two antennas, all three requirements 
are satisfied in a way that makes а nice build-it-yourself 
project. 

‘This antenna uses slide switches to configure it as 
either a Y 


i or а single-channel interferometer. When 
used as an interferometer, а GaAs RF microcircuit 
switches the FM receiver between two matched dipoles 
at an audio frequency. To make the antenna compact 
WOPE used hinged, telescopic whips as the elements; they 
collapse and fold parallel to the boom for storage. 


The Yagi 


The Yagi is a standard three ıt design, based. 
оп 0.2-A spacing between the director, the div 


‘element 
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and the reflector. It yields about 7 dBi gain and a front- 
to-back ratio of over 15 dB. Because a slide switch is 
used at the center of each elen the elements have 
small diameters, their resonant lengths are different from 
typical ones. Table 1 shows the sizes used and Fig 34 
shows the Yagi 


То make sure that radiation from the coax does not 
affect the pattern, the author used some ferrite beads as 
coaxial choke-baluns. This also prevents objects near the 
coax from affecting signal-strer 
has a low SWR: with uncalibrated equipment, he mea- 
sured less than 1.3:1 over most of the 2-meter band. 
‘This Yagi has a lot more gain than a “rubber ducky.” 
but we need more directivity for fox hunting. That's where 
the interferometer comes in, 


An Interferometer 

‘To form the interferometer, the two end elements are 
converted to dipoles and the center element is disabled, 
When the three switches in Fig 35 are thrown to the right, 
the feed line to the receiver is switched from the center 
element to the RF switch output, and the end elements аге 
connected via feed lines to the RF switch inputs. With the 
Yagi's feed point open and the driven element equidistant 
from both interferometer antennas, the center element 


should have no effect on the interferometer. Nonetheless, 
it's easier to collapse the driven-element whips and get 
them out of the way than to worry about spacing. 

Now if both interferometer coax cables are of equal 
length (between the antennas and switch) and the two 
antennas are the same distance from the transmitter 
(broadside to it), the signals from both antennas will be 
їп phase. Switching from one antenna to the other will 
have no effect on the received signal. If one antenna is а 
litle closer to the transmitter than the other, however, 
there will be a phase shift when we switch antennas. 

When the antenna switeh is at an audio rate, say 
700 Hz, the repeated phase shifts result in a set of 700 Hz 
sidebands. At this point, all that was needed was a circuit 
to switch from one antenna to the other at an audio rate, 
Work chose a low-cost Mini-Circuits MSWA-2-20 GaAs 
RF switch driven by a simple multivibrator and buffer. 
The GaAs switch is rated to 2.0 GHz, hence this switch- 
ing concept can easily be scaled to other ham bands. The 
PC board should work through the 440 MHz ham band, 
The author suggests adding a ground plane under the RF 
portion of the PC board and testing it before using it at a 
higher frequency. 

‘The RF switch is controlled by a set of equal- 
amplitude, opposite-phase square waves: O V at one con- 
trol port and -8 to —12 V at the other. (Mini Circuits is 
unclear about maximum voltages for this device. For 
safety, don't power it with more than 9 V—Ed.) The 
opposite controls the other switch position. A 9-V bat- 
tery was used as the power supply, with the positive ter- 
‘minal grounded. This results in a 0 V control signal to 


14-22 Chapter 14 


Table2 
Bill of Materials 
Quantity Item 
att inch aluminum U channel 
Gsels insulated shoulder washers for elements 
1 9 battery 
9 V battery connector. 

10 uF, 16 V electrolytic capacitor 
0.01 uF, 25 V capacitor 
0.022 uF, 25 V capacitor 

1 kt Ye W resistor. 
4.7 kW resistor. 

10 ко Ye W resistor. 
47 ко a W resistor 

1 KO" W resistor. 
2N2222 transistors 
Mini Cieuits MSWA-2-20 (Min-Cireults Labs, 

13 Neptune Ave, Brooklyn, NY 11235; 

tol 718-934-4500, 417-335-5935, 

fax 718-332-4661; e-mail 

sales Gminicircuits.com; 

URL www.minicircults.com) 
E ОРОТ slide switch (1:/«inch, 29 mm, 

‘mounting centers), Stackpole, 3 А, 125 V used 

10 50 coax (0.140-inch maximum OD) 
1 Coaxial connector (receiver dependent) 
1 lot, mounting hardware 
1 lot. heat-shrink tubing or equal 
4 cable ties 
1 
1 
1 


2x 3.5-inch single-sided fiberglass PC board 
inch PVC conduit 
2 ЗЕВ-20 ferrite beads 0. 14-inch ID, 

0.5-inch long (All Electronics Corp: 
PO Box 567, Van Nuys, CA 91408-0567; 
tol 888-826-5432, fax 818-781-2653, 
e-mail: alleorp@allcorp.com; 
URL www.allcorp.com/.) 

в 20'/=inch telescoping antenna elements 
(Nebraska Surplus, tol 402-346-4750; 
‘e-mail grinnell@ probe.net) 

1 Special resist film (Techniks Inc, PO Box 463, 
Ringoes, NJ 08551; tol 908-788-8249, 
fax 908-788-8837: e-mail techniks @idt.net: 
URL www.techniks.com) 


the RF switch when the buffer transistor is off and a Vsat 
(about 0.2 V less than the -9 V battery: -8.8 V) signal 
when the buffer transistor is saturated, The multi-vibrator 
has two outputs, and each drives a buffer resulting in the 
required equal-and-opposite-phase drive signals. 


After he selected the Mini-Circuits RF switch, МӘРЕ 
realized that its small size would be best handled with a 
simple PC board. He made the prototype boards with a 
photocopy transparency technique. 

A power on-off switch was not used, as the 9-V bat- 


3/4" Aluminum U Boom Driling 


se 


F 3 


Fig 36—Boom-driling 
and mast-machining 
details. 


NOTE: Out o 1/2" эе rho көт ө PVE union tha wil му o 
д кеу рем r e S 


© 


tery connector serves the same function, The battery fits 
ly in the '/einch U channel. МӘРЕ covered the cir- 
cuit board with a plastic-lined aluminum cover, but plas- 


die film and some aluminum foil, provide the same 
function. A cable tie will strap either into the U channel. 
"Table 2 is a complete bill of materials. You can use 

any telescoping elements, providing that th 
‘over 20 inches ing stud long enough to 
ulated washers. As an alternate to 


ey extend to 
id have а moun 
accommodate the ir 


the stud, they can have ends tapped to receive a serew for 
the insulated mounting. The author picked up his elements 
at a hamfest from the vendor listed; they are also avail- 
able from most electronic parts houses. The Mini-Circuit 
RF switeh is a currently available рап. 


Antenna Construction 


Fig 35 shows the antenna schematic. It shows all 
i position; each would slide to 
the right for interferometer use. Slide switches work pretty 


well at 2 


three switches in the Ya 


ters. Each of the elements is mounted to the. 


boom with insulating washers, and a strip of copper stock 
connects each element to its slide switch. (You can sub- 


stitute copper braid, solder wick, coax shield or any short, 
low resistance, low inductance conductor for the copper 
stock.) This switching arrangement allows you to switch 
the reflector and director from being parasitic elements 
(electrically continuous) to being dipoles (center fed). 
Because the elements telescope, you can adjust the 
interferometer dipoles to exactly equal lengi 
You switch the antenna со 


s each time 


figuration from Yagi to inter- 
ferometer. Again, choke baluns block RF on the outside 
of each element's coax. 

Caution: Do not transmit when the RE switch is 
selected. Transmit only when in the Yagi configuration, 
RF power will destroy the Mini-Circuits RF switch. To be 
safe, lock out your transmit function, Most НТ» have this 
capability. When using a mobile radio, disconnect the 
microphone. It is, however, safe to transmit in the Yagi 
configuration which is nice for portable operating. 

Fig 36 gives dimensions for drilling a standard 
uach aluminum U channel for the boom and shows how 
the author cut a Linch PVC pipe (plastic conduit) for a 
mast and a mast locking ring. If PVC conduit is not avail 
able in your area, PVC water pipe (and a PVC union for 
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the lockin 
the an 


ring) will work. This mast allows mounting 
enna for either vertical or horizontal polarization. 
Ве sure to test the plastic pipe you use for low RF 
loss. Do this by heating а sample in а microwave oven, 
Place a pipe sample and a glass of water in the oven. (The 
sample is not placed in the glass of water; the water keeps 
the microwave from operating without a load.) Bring the 
water to a boil, and then carefully check the sample's 
temperature. If the sample is not hot, ts RF loss is low, 
and the plastic can be used. 


Using the Antenna 
When starting a hunt, set up the Yagi antenna by 
placing all switches in the Yagi position. Swing all of the 
telescoping elements perpendicular to the boom and set 
the whip lengths to achieve the proper element lengths, 
while keeping each element symmetrical about the Боот. 
The cables or boom can be marked with the length daa. 

While the signal is weak, use the Yagi. It has 7 dBi 
but its bearing resolution is only about 20°. When 


the signal gets stronger, use the interferometer. It has less 
gain, but its bearing resolution is better than 1°. If the 

collapse 
the whips (equally) to reduce the gain and continue tri- 
angulating. Near the transmitter, you should triangulate 
both horizontally (azimuth) and vertically (elevation). The 
antenna works both ways, and the transmitter may be 
located above or below you. 


Tox transmitter begins overloading your receiv 


Antenna Alternative 
As an alternative to the telescoping elements, George 
Holada, K9GLJ, suggested using 
with banana plugs matched to banana jacks on the boom, 
Three pairs would be used for the Yagi, an extra driven- 
element pair for the interferometer mode and two short- 
element pairs to reduce the received signal level if an 
overload condition occurs. He also suggested a PVC boom 
allowing the elements to be stored inside the boom. 


fixed-length elements 


THE FOUR-WAY MOBILE DF SYSTEM 


‘This innovative, yet simple, RDF antenna system was 
described in an article by Malcolm C. Mallette, WA9BVS, 
їп November 1995 OST. It is derived from the ТРОА 
design shown earlier in this chapter by David T. Geiser, 
WA2ANU, and by a design by Paul Bohrer, W9DUU. 
(See Bibliography.) 

Direction-findi 


often involves two different activi- 


Чез: DFing on foot and DFing from a vehicle. Often, you 
must track the signal using a vehicle, then finish the hunt 
оп foot, Whether on foot or in a vehicle, the primary prob- 
lem you'll encounter when trying to locate the transmit- 
ter is multipath reception. Multipath reception involves 
receiving the same signal by more than one path, one sig- 
mal from the true direction of the transmitter and others 
by reflected paths that may come from widely different 
directions. VHF and UHF signals bounce off almost any 
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object and hide the true source of a signal. For example, 
if there's a large metal building north of you, a signal 
from the south may arrive from the north because the sig- 
nal bounces off the building and back to you, 

Multipath reception effects сап be defeated by tak- 
ing a number of readings from different positions and 
arriving at an average direction. While moving at road 
speeds in a vehicle, it's possible to take a number of read- 
ings from different positions and average them, and it's 
also possible to average a number of readings over a dis- 
tance of travel by electronic means. The true beari 
the transmitter can usually be found by either method. 

DFing equipment for use on foot is simpler than 
systems for use on a vehicle. While afoot, you can turn at 
will or easily rotate an antenna, Turning à vehicle while 
going down a street may result а fender 
not careful! 

‘The simplest DFing system to use while on foot con- 
sists of an S-meter-equipped hand-held receiver and а 


bender if you're 


jator keeps the S meter 
їп which the beam points 
when the strongest signal is received is the direction of 
the transmitter. OF course, you'll want to take readings at 
several locations at least а wavelength apart to obtain ar 
average heading, as multipath reception can still cause 
false readings in some locations. 

Another approach that many hams have taken is the 
simple WA2ANU DDFF—it is now commonly knows 
simply as the "buzzbox." Various commercial versions 
of the hand-held buzzbox system ate available. Some sys- 


Fig 37—Front panel of the Four-Way DFer. At the. 
extreme left of the front panel is the voLune control. 
Immediately to the right is the ncv/rríor conter-off 
toggle switch, with the damping (ом) control switch 
nearby. Four LEDs mounted in a diamond pattern 
indicate signal direction: front (yellow), right (green), 
back (orange) and left (red). The horizontally 
mounted zero-center meter Indicates lettright signal 
reception, the vertically mounted moter displays 
front/back signal reception. A small speaker is 
mounted on the top cover. 


Fig 38—Placement of the four antennas on the author's 
саг roof. The small object to the left of the antennas is. 
the switch board. 


tems have been upgraded to indicate whether the signal 
is arriving from the left or right of your position, The 
main drawback, however, to the buzzbox is that it's not 
as sensitive as a simple dipole and not nearly as sensitive 
as a beam, 

In theory, you could take a buzzbox or Yagifattenu- 
ator system in a car, stop periodically, get out and check 
the direction to the transmitter, then climb back in and 
drive off. Although this procedure works, it isn't very 

it takes a long time to find the transmitter 

is for a left-right, front-back box (LRFB 
tes whether the received signal is to the 
left or right and whether it is to the front or back of the 
receiver. The location display consists of four LEDs 
arranged in a diamond pattern (see the title-page photo). 

he top LED is on, the signal is coming from the 
front. When the top and right LEDs are on, the transmit- 
ter is between the front and the right. When only the right 
LED is on, the signal is directly to the right. When the 
bottom LED and right LED are on, the transmitter is to 
the right and tothe back. The same pattern occurs around 
the clock. Therefore, four LEDs indicate eight directions, 
As most highways and streets have that force 
а driver to choose moving straight ahead, right or left 
the indication is sufficiently precise for practical trans- 
miter hunting. 

If the four-LED display is used alone, all parts can 
be obtained from your local Radio Shack store, Two zero- 
center S0. Uu meters (50-0-50)—MI and M2—can be 
used in addition to, or in place of, the LEDs, but 
RadioShack does not stock such meters. Fig 37 shows 
the front panel layout of the LRFB. 

The LRFB box uses four mag-mount '/-A antennas 
placed on the vehicle roof as shown in Fig 38. The whips 
in the mag mounts can be changed to 3 440-MHz whips 
and the antennas placed closer together when switching 
from 144-MHz to 440-MHz operation. 


neun Description 

See Fig 39 in the following discussion (pages 26 and 
20). U2, a 555 timer, generates a string of square-wave 
pulses at pin 3. The pulse frequency is determined by the 
setting of R4. The pulses are fed to the clock input (pin 
14) of U3, a 4017 decade counter. On the first pulse, a 
positive voltage appears at U3, pin 3. On receipt of the 
second pulse from U2, pin 3 of U3 goes to ground and a 
positive voltage appears on pin 2. This sequence contin- 
ues on successive pulses from U2 as pins 3, 2, 4, 7, 10, 1, 
5, 6,9 and 11 go positive in succession. 

DI through DS, and D6 through DIO, OR the pulses. 
The result is that TP3 goes positive on the first pulse fror 
U2, while TP? is at 0 V. The next pulse of U2 results in 
ТРЭ going positive and ТРЗ going to 0 V. This sequence 
repeats as the counter goes around to make pin 3 positive 
again, and recycles. 


Antenna Switching 
U2 and U3 produce alternating pulses at TP2 and 

ТРЗ, If we wanted only to alternately turn on and off 
Iwo antennas, we could use the pulses at TP2 and ТРЗ 
sures that the pulses at TP2 are the same 

length as the pulses at TP3. For the LRFB box, how- 


nas many times, 

Pin 12 of U3, CARRY OUT, emits a pulse every time 
US counts through its cycle of 10 pulses. The carry pulses 
from U3 go to U4, pin 14, the clock input of that 4017 
counter, As U4 cycles, its output pins pulse: those pulses 
are, in effect, directed by D11 through D20. 

Asa result, ТРА is positive during the first 50 pulses 
from U2 and TPS is positive during the second 50 pulses 
of U2. Q1 through Q6 form a quad AND gate. They AND 
the pulses at TP4 and TPS with the alternating pulses at 
ТР? and ТРЗ so that the result is a pulse at the base of Q9, 
followed by a pulse at the base of Q10, a pulse at the base 
оГ Q9, and so on. The pulses alternate 25 times between 
Q9 and Q10. Then, as ТРА goes o 0 V, TPS rises from 0 V 
o some positive voltage and the alternating pulses appear 
atthe bases of Q7 and O8. The pulses alternately go o the 
bases of Q7 and 08 25 times. Then they alternate between 
the bases of Q9 and QUO 25 times. This pattern continues 
as long as the unit is in DF operation, 

Fig 40, two leads of a four-conductor-plus-ground 
cable to the antenna-switch board are connected to points 
А and B. The same pulses that turn O7 and QS off and or 
turn on and off the left and right antennas. One of those 
‘ovo antennas is turned on and off in phase with Q7 and the 
other is turned on and off in phase with QS. The PHASE 
switch, S3, determines which antenna is in phase with 
Which transistor Similarly, the two front/back antennas are 
turned on and off in phase with Q9 and Q10, and S4 deter- 
mines which antenna is in phase with which transistor 

The pulses arriving at points A and B tum o 
off the diodes connecting the coax of the left a 


and 
right 
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Fig 39—Unless otherwise specified, part numbers in parentheses are RadioShack. All fixed-value resistors aro 
"Ie W, S%=tolorance units, Equivalent parts can be substituted. 


C1, C15_0-4F, 50-V (272-1069) 
. on 38-V electrolytic capacitor (272-1025) 
C3—0.01-uF, 25-V dise-ceramie capacitor (272-131) 
C4, CS uf, 16-V electrolytic capacitor (272-1434) 
6~0.001-uF, 25.V disc-ceramic capacitor (272-126) 
C7, сэ—100-Е. 62. bipolar (nonpolarized) capaci 
Digi-Key P-1102, available from Dig-Key Corp, 701 
Brooks Ave S, РО Box 677, Thief River Fall, ММ 
56701-0677, tel 800-244-4599, 218-881-6674; fax: 218- 
681-3880; RadioShack stocks 100-pF, 35-V axial (272. 
1016) and radia-ead (272-1028) electrolytic 
capacitors. 
сё, C10-4700-pF, 6.3-V bipolar capacitor (made of tive 
1000-96, 63-V bipolar capacitors) Digi-Key P1106. 
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Standard 1000-pF, 35-V radial and axlal-lead 
electrolytic capacitors are available from 
RadioShack; а 4700-uF, 35-V axial-lead electrolytic 
capacitor is also available (272-1022). Note that C7, 
C8, C9 and C10 are non-polarized capacitors because 
а small reverse voltage can appear across the meter 
and capacitors when tho system Is in use. Standard 
Polarized electrolytics have been used їп a number of 
Units using this circuit (the same detector circuit 
used in WSDUU's unit) without any known il effects, 
however. 


D1-D20—1N914 silicon switching diode (276-1620 or 


216-1122) 


F1—2-A fuse (270-1007) 
LS1—8-W speaker (40-245) 


ra 


SRE IW (o Fig 40) to fa «l| 


M1, M2—Zero-center, 50-нА meter; optional see text 

Q1:010—MP52222 or 2N2222 NPN silicon general- 
purpose transistors (276-2009) 

RI, R24, R27—4.7 КО (271-281); note: many of the. 
fixed-value resistors can be found in RadioShack 
resistor assortment packages 271-308 and 271-312. 

R2, R12, R14, R16, R18—220 0 (271-1330) 

вз, R25, R26, R28, R29—1 Kû (271-1321) 

R4—100.k0 trimmer potentiometer (271-284) 

RS—10 кй (271-1335) 

вв, вв, R21, В22—100 Kû (271-1947) 

R7, R9, А11, R13, RIS, В17—47 КО (271-1942) 

\В10—1-К0 trimmer potentiometer (271-280) 

819—250 panel-mount potentiometer (271-265A) 


R23—1 Ma (271-1134) 

В45—1.5 КО (part of 271-312 assortment) 

51—5РОТ, center-off switch (275-325) 

S2—DPDT switch (275-626) 

TI—&0 to 1-0 audio-output transformer (273-1380) 

U1—LMS17T, 1.5-A, three-terminal, adjustable voltage 
regulator (276-1778) 

02-555 timer (276-1723) 

U3, U4—4017 decade counter (276-2417) 

US—LM741 op amp (276-007) 

Misc: two 8-pin IC sockets (276-1995); two 16-pin IC 
sockets (276-1992); experimenter's PC board (276- 
148) or FAR Circuits PC board set; enclosure; four 
mag-mount antennas, four-conductor shielded cable; 
Inline fuso holder (270-1281). 
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Fig 40—Schematic of the 
antenna switch board. Part 
‘numbers in parentheses are 
RadioShack, All fixed-value 
resistors are eW, 5%-tolerance 
units. Equivalent parts can be 
substituted. 
D22-025—1N914 silicon 
‘switching diode (276-1620 or 
276-1122) 


oy toot) 


Pi—Six-pln male Molex 
connector (274-226 or 274-152) 

R50-R54—2.2 kû (can be found 
in RadioShack resistor 
assortment packages 271-308 
and 271-312); also available in 
pack of five (271-1325) 

S3, S4—DPDT switch (275-626) 


Fig 41—Schematic of the LED 

driver circuit. Part numbers in 

parentheses are RadioShack. 

Al fixed-value resistors are J. 

W, 5%-tolerance units. 

Equivalent parts can be 

substituted 

C11-C14—0.1-4F, 25-V disc- 
ceramic capacitor (272-135) 

D21—1N4733, 5.1-0, 1-W Zener 
diode (276-565) 

DS1-DS4—LEDs; one each red 
(276-066); green (276-022); 
yellow (276-021); orange 
(276-012) 

R30, R32, R41, RA3—10 ко. 
(271-1335) 

R34, R39, R40, R61—470 ka. 
(271-1354) 

нзв-вз8—1 кй (271-1321) 

R31, R33, R42, R44—100-K0 
‘trimmer potentiometer 
(271-288) 

U6, U7—LM339 quad 
comparator 
(276-1712) 

Mise: two 14-pin IC sockets 
(276-1999) 


“antennas to the receiver coax. This occurs 25 times, thereby 
the receiver between the left and right antennas 

milar switching then occurs between the front 
аз from pulses arriving at points C 


switchi 


25 times. 
and the back ante 
and D. 


Detector Circuit. 
The detector circuit (back again in Fig 39) starts with 
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US, a 741 op amp that amplifies the receiver's audio out 
pul. The audio is fed into R24 and R27, two 4.7.2 pots, 
‘The zero-center, 50-1A meters across R24 and R27 are 
opti 

back and left/right. Such meters can be expensive unless 
you find surplus meters, and they're not really 

When the lefüright anten 
R24 is grounded by Q7 and Q8 


jal. The meters, as well as the LEDs, indicate front 


scessary. 


в are active, one end of 
each alternate pulse. 


1E Q7 is conducting, O8 is not conducting. On each pulse, 
one of the lefuright antennas is turned on and one end of 
R24 is grounded. On the next pulse, the other left/right 
antenna is turned on and the other end of R24 is grounded, 
If there is a phase difference between the signal received 
by the left antenna and the signal received by the right 
antenna, a de voltage is built up across R24, That voltage 
causes the quad comparator, U7 in Fig 41 to turn on DS3 
(red) or DS4 (green) L/R LEDs. If the optional lefvright 
meter is installed, it deflects to indicate the direction as 
do the LEDs. 

Aller 25 cycles, the left and right antennas are both 
turned off and the front and back antennas are cycled on 
and off 25 times with the same detection process, produc- 
ing a voltage across R27 if there is a phase difference 
between the RF received by the front and the back a 
паз. That voltage across R27 causes quad comparator U6 
to turn on DS] or DS2. 

Со and C10, for the F/B detector, and CT and CS, 
for the LIR detector, damp the voltage swings caused by 
‘multipath reception. To control damping, 82А and S28 
switch the 4700-uF capacitors in or out of the circuit. 
‘You want the greatest amount of damping when you drive 
through an area with a lot of multipath propagation (as 
from buildings); а lot of damping helps under those cir- 


Construction 


The prototype was built using a pad-per- 
RadioShack board. However, a PC board makes construc- 
tion a lot faster. Far Circuits offers а printed-cireuit project 
on their Web site: wwwelais.net/areir). Except for the 
optional meters and the nonpolarized capacitors, most 
parts are available from RadioShack. 

First build the power supply so you ean power the 
unit from your car or another 12-V source. Apply 12 У 
то the DFer and adjust RI until UL's output is 49 V. (You 
сап use a 9-V battery and omit the power-supply section, 
but you'd better take along а spare battery when you go 
DFing.) 

Install U2 and its associated parts. Power up and turn 
on S1. A string of pulses should appear at TPL. If you 
have a frequency counter, set R4 for a pulse frequency of 
2200 Hz at TPI. If you don't have a counter, connect а 
0.1-uF capacitor from ТР1 to headphones or a small 
speaker and set R4 for a tone of about 2 KHZ. Later, you'll 
adjust the clock so the unit works with the passband of 
your receiver 

Turn off S1 and remove the power source. Install 
US and its diodes, Pin 12 of U3 need not be connected 
Yet. Apply power and turn on S1. At TP2 and ТРЗ, you 
Should find alternating 1 100-H2 pulses. If you have a dual- 
trace scope, you can see that the pulses alternate. If you 
have a single-trace scope, connect TP3 to TP2 and to the 
scope input and the trace will appear as a solid line as 
there is à pulse at either TP2 or TP3 at ай times. If you 


don't have a scope, the tone in a speaker or earphones 
from TP2 or TP3 will sound half as high (about 1 KHZ) 
as the tone at TPL 

Turn off Sl. Install U4 and its diodes. Note that pin 
12 of U3 is connected to pin 14 of U4. At TP4 and TPS, 
there should be long pulses—five times longer than the 
pulses at TP1, and the pulses should alternate between ТРА 
and TPS. The pulse frequency should be about 44 Hz. 
Power down and turn off S1. Install the remaining circuit 
components. When you power up, 25 alternating pulses 
should appear at А and B, then 25 alternating pulses should 
appear at С and D. Use a scope to verify that. 

If you're not using the optional panel meters, con 

wet а voltmeter across R24 (LR BALANCE), using the low- 

est de-vollage range. Note that neither end of R24 is 
grounded. With no audio input, adjust R24 until there 
is no voltage across it. Do the same with R27 (F/B 
BALANCE). If you use the optional meters, adjust R24 and 
R27 so there's no current shown on either meter. 

Power down and assemble the rest of the circuit, With 
power applied, but with no audio input, adjust R31, 33, 
42 and 44 so that the four LEDs (DS! through DS4) are 
off. The objective of the following adjustments is to get 
the red and green LEDs to turn on with the same voltage 
amplitude, but opposite polarity, across R24. Move R24% 
Wiper so a low positive voltage appears across R24, as 
indicated by the voltmeter connected across R24 or move- 
ment of the panel-meter needle. Adjust R44 (LED ADI 
14) and R42 (LED ADI 18) so that the green LED (DS4) 

soes positive at one end of 


Fig 42—An inside view of one DF unit built into а 
2x8 x 5'leinch (HWD) box. Because of the height 

striction, the two 4700-uF damping capacitors (C8 
and C10) are not mounted on the PC board, but near 
the rear panel behind the smaller of the two PC boards. 
One of the 4700-4F damping capacitors is a standard 
electrolytic, the other is a parallel combination of five 
3000-,F, 6.3-V bipolar (nonpolarized) capacitors 
wrapped In electrical tapo. 
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Fig 43—The rear panel of the DF unit supports the two 
DPDT PHASE toggle switches. Grommets in the panel 
holes allow abrasion-froe passage of the antenna, dc- 
power and audio cables. The de power cord is outfitted 
With an inline fuse holder and a male Jones plug. A six- 
pin female Molex connector (tive pins are used) foods 
the four antennas. The audio-input cable is terminated 
in a Yeineh diameter male plug. 


R24, but goes off when R24 is adjusted for 0 V across 
R24. 

Next, adjust R24 for a slight negative-voltage indica- 
tion and adjust R42 and R44 so that the red LED (DS3) 
comes on, but extinguishes when the voltage across R24 
is 0 V. When you're done, adjusting R24's wiper slightly 
опе way should illuminate the red LED. Both LEDs should 
be off when there's no voltage across R24; rotating R24's 
wiper slightly in the opposite direction 
green LED. 

Connect the voltmeter across R27 or use the panel 
meter as an indicator. With no audio input, adjust R27 so 
that there's no voltage across R27. Adjust R31 (F/B LED 
ADI LA) and R33 (ЕВ LED 1B) so that a F/B LED (DSI) is 
‘on when there is a slight positive voltage across R27 and 
the other FIB LED (DS2) is on when there is a negative 
voli 


would turn on the 


across R27. 


Switch Board 

Assemble the switch board for the four m 
antennas (see Fig 40). You can use half of a RadioShack 
dual pad-per-hole PC board (RS 276-148) as a platform. 
Lead length is critical only on this board and in the length 
of the coax from the switching board to the antennas, so 
avoid wire-wrap construction here. 


Feed Lines 

The coax lines from the switch board to each of the 
Tour antennas must be of equal length. The coax lengths 
should be lon to permit each antenna to be placed 
slightly less than '/ from its counterpart, at the lowest 
Frequency of operation. (There's a local belief that 
20" inches is the best length, The author used that length 
and it works, but other lengths might work as well.) An 
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attempt to locate the switch board inside the vehicle and 
run equal-length 12-Foot-long cables to the antennas failed. 
Keep the switch board on the vehicle's roof 

Use the same type of coax for all lines ibat is, don't 
mix foam and polyethylene dielectric coax on the antenna 
lines. Ifthe velocity factor of the lines is not equal, a phase 
shift in the signals will exist even when the transmitter is 


dead ahead and it will lead you astray. 

Solder the coax from the antennas directly to the 
board—don't use connectors. From the switch board to 
the receiver, use 50-0 coax of any type and length. Equip 
the receiver end of the line with a connector that mates 
With your receiver's antenna-input jack. Make the four 
conductor shielded cable from the main DFer box to the 
switch board long enough to reach from the LRFB box's 
operating position to the roof of the car. Construct the 
antennas so that the whips can be changed easily for use 
on any еди 


in which you're interested, 


Mount the finished PC boards in a metal box of your 
choice. You can follow the construction method used i 
the prototype (see Fig 42 and Fig 43), but do ensure that 
R4 can be adjusted easily with a tuning tool from outside 
the box. А hole drilled in the box at the right point will 
suffice, Arrange the LEDs in a diamond pattern on the 
front panel, with the left LED (red) to the left, the right 
LED (green) on the right, and the front and back LEDs at 
the top and the bottom. 

Wrap the switch board with tape to waterproof it, or 
place it in a watertight box. Arrange the mag-mount 
antennas on top of the vehicle in a diamond shape. The 
distance between each antenna pair should be less tha 
"Ye at the operating frequency. (In limiting the dista 
between antennas in a pair—F/B or LIR—to less thar 
"Yeh, the author followed WODUU's example.) 


Final Adjustments, 
їз best to start on 2 meters. Install the 2-meter whips 
senna bases. Mount the antennas on the top of 
Your vehicle, Identify the left and right antenna bases with 
Land R, and mark the front and back antenna bases, 100. 
А good way to find out if the antennas are properly 
installed is to short either the left or right antenna with а 
clip lead from the whip to the metal base; the LIR meter 
will deflect one way and the left or right LED will li 
If you short one of the front and back antennas wi 
clip lead, the front or back LED will come on. If you 
short one of the LIR antennas and it makes the meter go 


in the 


то the right, it does not necessarily mean you have the 
PHASE switch in the proper position. That depends on the 
relative phase determined by the number of audio stages 
їп your receiver, each of which may contribute a shift of 
180°. 

Connect the coax from the switch board to your FM 
receiver. It must be an FM receiver; an AM УНЕ or AM 
aircraft receiver won't suffice. Connect the audio output 


of your 2-meter receiver to the LRFB box audio input. If 
you're using a transceiver, disable its transmit function 
by removing the mike. You don't want to transmit into 
the switch board! 

Turn on the receiver and place the LRFB box in 
receive by setting SI to the RCV position. Center R10, 
Ошу one of the antennas will be turned on and the DF 
operation will be disabled. Back off the squelch and notice 
that you hear the audio from the speaker of the LRFB 
box. Switch to an unused simplex channel. Have a friend 
with an HT stand 20 feet or so in front of the vehicle. 
With the receiver in the car turned off, turn $1 to DF. The 
four LEDs should be off. If an LED lights, adjust R24 
and R27 for zero voltage. If the LED is still on, readjust 
R31 and R33, or R42 and R44 as explained earlier. When 
all four LEDs are off with the anten; 
audio from the receiver and no RF input signal, you're 
ready, Turn on your receiver and have your friend trans- 
mit on the 2-meter frequency (simplex) that your receiver 
is set to. When he transmits, one or more of the LEDs 
should illuminate. Ignore the Iront/back LEDs, but check 
to see if the right or left LED is on. If the right LED is on 

is standing to the right of the center of 
ıt, all is well, Have him walk back and 
forth in front of the vehicle and notice that when he is to 
the right, the green LED turns on, and when he's to the 
left, the red LED glows. Ifthe indications are reversed, 
that is, if the LRFB box indicates left when your friend is 
to your right, reverse the position of PHASE switch S3. 

When the LIR indicators are working properly, have 
Your friend walk back and forth between a position 20 feet 
то the front and right of the car and a position 20 feet away 
то the rear and right of the car. The right LED should stay 
оп, but the front LED should be on when the HT is in front 
of the antennas, and the back LED should be on when the 
HT is behind the antennas. If the frontback indications are 
reversed, reverse the position of PHASE switch S4. 

While receiving a signal from your friend's HT, 
adjust R4 for maximum deflection on any one of the two 
optional meters, or on a voltmeter (set on the lowest de 
voltage range) connected across R24 or R27. Look for the 
maximum deflection of the meter needle as the meter 
swings both ways while the signal source moves from back 
to front or left to right (depending, of course, on which 
panel meter you're looking at or which resistor—R24 or 
R27—your voltmeter is across). The audio passband of 
FM receivers varies, and if you switch from an ICOM IC- 
27 to an ICOM IC-W2A, for example, you'll have to 
change U2's master clock frequency. You may encounter 
receivers that don’t require readjusting R4, but such read- 
justment should be expected. When changing receivers, 
you may also need to change the position of PHASE 
Switches S3 and $4. This may also be necessary when 
changing from UHF to УНЕ, or VHF to UHF on the same 
receiver, as the number of receiver stages (and, hence, the 
audio phase) may change from band to band. 


‘Audio Level Adjustments 
With meter damping (S2) off, adjust R10 so that you 
have full deflection of one of the two meters (or your 
ultimeter) with the signal source at a 45° angle from 
the vehicle (halfway between ahead and right), and а rea- 
sonable audio level from the speaker. Turn the rig's vol- 
ume control all the way up to ensure that the audio 
doesn't overload. If it overloads, the meters won't deflect. 
From zero to full blast, the meter should deflect more 
and more (unless the signal is straight ahead or exactly 
left or right). IF you're using an H-T, maximum deflec- 
tion of the meter should occur before the volume control 
is a of maximum, or before the volume control is at 
' of maximum if you're using a mobile rig. If RIO is 
properly adjusted, turning the volume control to maxi- 
ium won't cause the meter to fall back toward zero. If 
increasing the volume causes the meter to deflect less, 
then RIO' setting is too high. 

Now have your friend walk around the vehicle with 
the HT transmitting and notice that the LEDs indicate the 
signal direction. On 2 meters in a clear field, the indica- 
tions should be correct 80 or 90% of the time. The errone- 
‘ous readings that occasionally occur are due to multipath 
propagation caused by the irregular shape of the vehicle. 
Slight adjustments in the positions of the L/R and F/B 
antennas may be necessary to make the zero points fall 
directly in front of the vehicle (neither left nor right LED. 
оп) and at the center of the antennas (neither front nor 
back LED on). 

"Try the same procedure on 440 MHz. You may have 
to flip the pase switches when you move to another band, 
even when using the same receiver. Remember that the 
total length of the 440-MHz antennas must be . A or 
less, and the antennas must be placed less than '/ . apart. 
‘The results on 440 MHz probably won't be as consistent 
as the results on 2 meters, as there is likely to be a lot 

оге multipath propagation caused by the irregular shape 
el the vehicle 


Fox Hunting 
Before heading out to find the fox, check to be cer- 
lain the LRFB box is working properly. Tune to the fox"s 
frequency and drive off, Turning on the DAMPING switch 
stabilizes the indication as you drive along. Follow indi- 
cations generated as you travel over the road or street. If 
an indication is constant for 15 or 20 seconds while you're 
joving down the road, it's probably the true direction to 
the fox. It's possible to have a reflection from a moun- 
tain over a long distance down the road, however. When 
you can hear the fox with no antenna, it's time to get out 
of the car, switch to the hand-held system and hunt for 
the fox оп foot. 

If you switch to a new receiver, you may have to 
readjust R4, CLOCK FREQ. That's because both receiv- 
ers may not have the same audio bandwidth. Author 
WA9BVS forgot this while chasing a balloon once and 


Direction Finding Antennas 14-31 


the results were comical. When chasing balloons with ham 

you get are likely to be 
confusing when the balloon is at a high angle with respect 
to the plane of the car top. Use a hand-held Yagi to verify 
the balloon location, Even with a simple buzzbox, you 
should be able to find а keyed transmitter 


radio transmitters, the readi 


A TAPE-MEASURE BEAM FOR RDFING 
io, WB2HOL, designed this antenna while 
for a beam with a really great front-to-back ratio 
to use in hidden transmitter hunts. It exhibits a very cle 


pattern and is perfect for RDF use, You сап construct this 
beam using only simple hand tools, and it has been 
duplicated many times. 

WB2HOLY first design requirement was to be able to 
get in and out of his car easily when hunting for a hidde 
transmitter. He accomplished this by using steel "tape 
measure" elements, which fold easily when putting the 
antenna into a car and yet are self supporting. They also 
hold up well while crashing through the underbrush on а 
Tox hunt. 

WB2HOL decided to use three elements to keep the 
boom from gettin; He used inexpensive 


too long. 


aranin. 
E 


dene 
Schedule 40 
PVC Crosses 


RG-S8 Coax 


/_ 


launch ~ 
Schedule 40 
PVC Pipe 


LT X4 


[NES 


зела 


4-12 inch Stainless Stee! 
Hose Clamps 


ye Od 


олтол Schedule 40 
PVC Tee 


Antenna elements are made of 
1 inch wide steel tape measure. 


Use tape on cut 
= edges for safely — 


zo 


Fig 44—Tape-measure beam dimensions. 
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Fig 45—Photo of 
driven-element 
mounted to PVC tee 
Using hose clamps. 
The hairpin match. 
wires is shown here. 
soldered to the tape- 
measure elements, 
along with tho 
RG-58 feed line. 


Fig 46—Photo of complete tape-measure beam, ready 
to hunt foxes! 


Schedule-40 PVC pipe, crosses and tees that can be found 
at any hardware store for the boom and element supports. 

He used a simple hairpin match, consisting of a S-inch 
length of #14 solid wire bent into the shape of a U, with the 
two legs about Vs inch apart. This gave in a very good match 
across the 2-meter band after he tweaked the distance 
(Lach on his prototype) between the halves of the driven 
clement for minimum SWR. 

You can cut the -inch wide tape-measure elements 
with a pair of shears, chamfering the ends of the elemen 
Ве very careful—the edges are very sharp and will inflict а 
nasty cut if you are careless. Use some sandpaper to re- 
move the sharp edges and burrs and put some vinyl electri- 


cal tape on the ends of the elements to protect yourself fron 
getting cut, Wear safety glasses while cutting the elements. 
See Fig 44 for dimensions. 

‘The RG-58 coax feed line is wound into a S-turn coil 
along the boom to form a choke balun. The coil is covered 
With vinyl black tape to secure it to the boom. Make sure 
you scrape or sand the paint off the tape-meusure elements 
‘where the fed line is attached. Most tape measures have a 
very durable paint finish designed to stand up to heavy use 
You do not want the paint to insulate your feed-line con- 

If you are careful, you can solder the feed 
element halves, but take care since the steel tape 
does not solder easily and the PVC supports can be easily 
melted. Tin the tape-measure elements before mounting 
them to the PVC cross if you decide to connect the feed line 
їп this Fashion, 

If you decide not to solder to the tape-measure ele- 
ments, you can use two other methods to attach the feed 
line. One method employs ring terminals on the end of the 
coax, The ring terminals are then secured under elf up. 
ping screws or with 6-32 bolts and nuts into holes drilled in 
the deen element halves, However, with this method you 
cannot fine-tune the antenna by moving the halves of the 
driven element in and ош. 

‘The simplest method is simply to slide the ends of the 
feed line under the driven element hose clamps and tighten. 
the clamps to hold the ends of the coax. This is low-tech but 
it works just fine. 

WB2HOL used 1% ieh stainless-steel hose clamps 
to attach each driven-clement half to the PVC cross that 
acts as its support. This allowed him to fine-tune his antenna 
for lowest SWR simply by loosening the hose clan 
and sliding the halves of the driven element in or out to 


lengthen or shorten the element, He achieved а 1:1 SWR at 


146.565 MHz (the local fox-hunt frequency) when the two 
elements were spaced about 1 inch apart. Fig 45 shows the 
hhose-clamp method for attaching the driven element to the 
PVC cross, along with the hairpin wire and feed-line coax. 

Some builders have used rubber faucet washers be- 
tween the tape-measure elements and the PVC-cross fit- 
tings on the director and reflector. These allow for the tape 
то fit the contour of the PVC fitting better and will make 
the antenna look nicer. It is normal for the reflector and 
director elements to buckle a bit as they are tightened to 
the PVC tee and cross if you don't use faucet washers. 
You can also eliminate the buckling if you use self-tap- 
ping screws to attach these elements instead of hose 
clamps. The beam will not be as rugged, however, as when 
you use hose clamps. 

"This beam has been used on fox hunts, on mountain 
tops, at local public-service events, outdoors, indoors in at- 
tics just about everywhere. The SWR is typically very 
close to 1:1 once adjusted. Front-to-hack performance is 
exactly as predicted. The null in the rear of the pattern is 
perfect for transmitter hunts. 
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Portable 
Antennas 


For mx 


у amateurs, the words portable antennas 
may conjure visions of antenna assemblies that can be 
broken down and carried in a backpack, suitcase, golf 
jou, for transportation to some out- 
e way place where they will be used. Or the vision 
could be of larger arrays that can be disassembled and 
moved by pickup truck to a Field Day site, and then 
erected quickly on temporary supports, Portable ant 
"wide variety of sizes and shapes, and can 
ny amateur frequency 

Strictly speaking, the words “portable antenna” 
really means transportable antenna—one that is moved to 
some (usually temporary) operating position for use. Аз 
such, portable antennas are not placed into service when 
they are being transported. This puts them in a different class 
from mobile antennas, which are intended to be used while 
OF course this does not mean that mobile anten- 
ot be used during portable operation. Rather, rue 
portable antennas are designed to be packed up and moved, 
usually with quick reassembly being one of the desig 
uisites. This chapter describes antennas that are desig 
for portability. However, many of these antennas can 
be used in more permanent installations, 

Any of several schemes can be employed to support 
ап antenna during portable operation. For HF antennas 
made of wire, probably the most common support is a 

y located tree at the operating site. Tempo- 
rary, lightwei 
extension ladder, properly 
Field Day operation. Such supports are discussed in Chap- 
ter 22, Antenna Supports. 


be used on 


ht masts are also used. An aluminum 


d, can serve as à mast for 


A SIMPLE TWIN-LEAD ANTENNA FOR 
HF PORTABLE OPERATION 

‘The typical portable HF antenna is a random -length 
Wire flung over а tree and end-fed through an an 
tuner. Low-power antenna tuners can be made quite 
compact, but each additional piece of necessary equip- 
ment makes portable operation less attractive. The sta- 
tion can be simplified by using resonant impedane 
matched antennas for the bands of interest. Perhaps the 
simplest antenna of this type is the half-wave dipole, cer 
ter-fed with 50- or 75-Q coax. Unfortunately, RG-58, 
RG-59 or RG-8 cable is quite heavy and bulky for back- 
Packing, and the miniature cables such as RG-174 are 
too lossy 

A practical solution to the coax problem, developed 
by Jay Rusgrove, WIVD, and Jerry Hall, KITD, is to 
use folded dipoles made from lightweight TV twin-lead. 
The characteristic impedance of this type of dipole is near 
300 ©, but this can easily be transformed to a 80. 
impedance. The transformation is obtained by placing a 
lumped capacitive reactance at a strategic distance from 
the input end of the line. Fig 1 illustrates the construc- 
tion method and gives important dimensions for the twi 
lead dipole 

A silver-mica capacitor is shown for the reactive ele. 
ment, but an open-end stub of twin-lead can serve as well, 
provided it is dressed at right angles to the transmission 
line for some distance. The stub method has the advantag 
of easy adjustment of the system resonant Frequency 

‘The dimensions and capacitor values for twin-lead 
dipoles for the HF bands are given in Table 1. To pre- 
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Fig 1—A twin-ead folded dipole makes an excellent 
portable antenna that is easily matched to 5042 
equipment. See text and Table 1 for detalls. 


serve the balance of the feeder, a 1:1 balun must be used 
at the end of the feed line. In most backpack QRP appli- 
cations the balance is not critical, and the twin-lead can 
be connected directly to a coaxial output jack—one lead 
to the center contact, and one lead to the shell. 

Because of the transmission-line effect of the 
shorted-radiator sections, а folded dipole exhibits a wider 
bandwidth than a single-conductor type. The antennas 
deseribed here are not as broad as a standard folded 
dipole because the imped 
is frequency selective. However, the bandwidth should 
be adequate. An antenna cut for 14.175 MHZ, for example, 
will present an SWR of less than 2:1 over the entire 
14-MHz band, 


ZIP-CORD ANTENNAS 


Zip cord is readily available at hardware and depart- 
ment stores, and it's not expensive. The nickname, zip 
cord, refers to that parallel-wire electrical cord with brown 
ог White insulation used for lamps and many small appli- 
ances, The conductors are usually #18 stranded copper 
‘although larger sizes may also be found. Zip cord 
int in weight and easy to work with. 
For these reasons, zip cord can be pressed into ser- 
vice as both the transmission line and the radiator sec- 
tion for an emergency dipole antenna system. This 
information by Jerry Hall, KITD, appeared in OST for 
March 1979. The radiator section of a zip-cord antenna 
is obtained simply by “unzipping” or pulling the two con 
ductors apart for the length needed to establish resonance 
forthe operating frequency band. The initial dipole length 
can be determined from the equation f = 468/7, where £ 
is the length in feet and f is the frequency in MHZ. (It 
‘would be necessary to unzip only half the length found 


ice-transformation mechanism 
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Table 1 


Twin-Lead Dipole Dimensions and Capacitor 
Values 


Frequency Length A LenghC C, Stub 
Length 

375MHz 126, 0% 13.0. 289pF 374" 

715 6554" 610 151pF 

10128 — 4626" — 410" 107рЕ 

14175 3207 ISI TPF 

18118 2510 — 284 — 60pF 

21208 — 22" — 234" SpE 

2494 — 1807 Ti" 4 pf 

285 16s e. GBpF 

from the formula, since each of the two wires becomes 


half of the dipole.) The insulation left on the wire will 
have some loading effect, so a bit of length trimming may 
ве needed Гог exact resonance at the desired frequency. 
For installation, you may want to use the electrician's 
knot shown in Fig 2 at the dipole feed point. This is a 
balanced knot that will keep the transmission-line part of 
the system from unzipping itself under the tension of 
dipole suspension. This way, if zip cord of sufficient 
length for both the radiator and the feed line is obtained, 


а solder-free installation can be 
input end of the line. 

(Purists may argue that knots at the feed point will 
create an impedance mismatch or other complications, 
but as will become evider 
a major consideration.) Granny knots (or any other vari- 
ety) can be used at the dipole ends with cotton cord to 
suspend the system. You end up with a lightweight, low- 
cost antenna system that can serve for portable or emer- 
gency use. 

But just how efficient is a zip-cord antenna system 
Since it is easy to locate the materials and simple to 
install, how about using such for а more permanent 
installation? Upon casual examination, zip cord looks 
about like 72-2 balanced feed line. Does it work as well? 


iade right down to the 


in the next section, this is not 


ion Line 


Zip Cord as a Trans: 

To determine the electrical characteristics of zip cord. 
as a radio-frequency transmission line, a 100-foot roll 
was subjected to tests in the ARRL laboratory with an RF 
impedance bridge. Zip cord is properly called parallel power 
cord. The variety tested was manufactured for GC Elec 
tronics, Rockford, IL, being 18-gauge, brown, plastic-insu- 
ated type SPT-1, GC cat. no. 14-118-2G42. Undoubtedly, 
minor variations in the electrical-characteristics will occur 
among similar cords from different mi 
results presented here are probably typical 

The characteristic impedance was determined to be 
107 Q at 10 MHz, dropping in value to 105 Q at 15 MHZ 
and to a slightly lower value at 29 MHz. The nominal 


wufacturers, but the 


— ei | ; 


Fig 2—This electriclan's knot, often used Inside lamp 
bases and appliances in lieu of a plastic grip, can also 
Serve to prevent the transmisslon-line section of a zip- 
сога antenna from unzipping itself under the tension of 
dipole suspension. To tie the knot, first use the right- 
hhand conductor to form a loop, passing the wire behind 
the unseparated zip cord and off to the left. Then pass 
the left-hand wire of the pair behind the wire extending 
off to the left, in front of the unseparated pair, and 
thread it through the loop already formed. Adjust the 
knot for symmetry while pulling on the two dipole wire 


value is 105 0 at HF. The velocity factor of the line was 
determined to be 69.5% 

Who needs a 105-0 line, especially to feed a di- 
pole? A dipole in free space exhibits a feed point resis- 
tance of 73 0, and at heights above ground of less than '/ 
4 wavelength the resistance can be ev 50. 
meter dipole at 35 feet over average soil, for example, 
will exhibit a feed-point resistance of about 35 Q. Thus, 
Tor a resonant antenna, the SWR in the zip-cord trans- 
mission line can be 105/35 or 3:1, and maybe even higher 
in some installations. Depending on the type of tr 
ter in use, the rig may not like working into the load pre 
sented by the zip-cord antenna systen 


lower. An 


But the really bad news is still to come—line loss! 
Fig 3 is а plot of line attenuation in decibels per hundred 
feet of line versus frequency. Chart values are based on 
the assumption that the line is perfectly matched (sees а 
105-0 load as its terminating impedance) 

In a feed line, losses up to about 1 decibel or so can 
be tolerated, because at the receiver a 1-4B difference in 
signal strength is just barely detectable. But for losses 
above about 1 dB, beware. Remember that if the total 
losses are 3 dB, half of your power will be used just to 
heat the transmission line. Additio 
charted in Fig 3 will occur when standing waves are 
present. (See Chapter 24, Transmission Lines.) The 
trouble is, you can't use a 50- or 75-0 SWR instrument 
to measure the SWR in zip-cord line accurately 

Based or 


1 losses over those 


this information, we can see that а hun- 


k 
H 


Fig 3—Attenuation of zip cord їп docibols per hundred 
{feet when used as a transmission line at radio 
frequencies. Measurements were made only at the 
three frequencies where plot points aro shown, but the 
Curve has been extrapolated to cover all high- 
frequency amateur bands. 


dred feet or so of zip-cord transmission line on 80 meters 
might be acceptable, as might 50 feet on 40 meters. But 
for longer I 


become appreciable, 


ins and higher frequencies, the losses 


Zip Cord Wire as the Radiator 
For years, amateurs have been using ordi 


uy cop- 
per house wire as the radiator section of an antenna, erect- 
ing it without bothering to strip the plastic insulation, 
Other than the loading effects of the insulation mentioned 
earlier, no noticeable change in perform 

noted withthe insulation present, And the insulation does 


ice has been 


offer a measure of protection against the weather. These 
same statements can be applied to single conductors of 
zip cord. 


The situation in a radiating wire covered with insu- 


lation is not quite the same as in two parallel conductors, 
where there may be a leaky dielectric path between the 
two conductors. In the parallel Tine, it is the current leak- 
age that contributes to line losses. This leakage current is 
set up by the voltage potential that exists on the two ad- 
jacent wires. The current flowing through the insulation 
ов a single radiating wire is quite small by comparison, 
and so as a radiator the efficiency is high. 


In short, communications can certainly be established 
with a zip-cord antenna in a pinch on 160, 80, 40, 30 and 
perhaps 20 meters. For higher frequencies, especially with 
long line lengths for the feeder, the efficiency of the sys- 


tem is so low that its value becomes questionable 
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A TREE-MOUNTED HF GROUND-PLANE 
ANTENNA 


A tree-mounted, vertically polarized antenna may 
sound silly. But is it really? Perhaps engineering refer- 
ences do not recommend it, but such an antenna does not 
cost much, is inconspicuous, and it works. This idea was 
described by Chuck Hutchinson, K&CH, in OST for Sep- 
tember 1984. 
The an le, as shown in Fig 4. A 
piece of RG-58 cable runs to the feed point of the 
enna, and is attached to a porcelain insulator. Two 
radial wires are soldered to the coax-line braid at this 
point. Another piece of wire forms the radiator. The top 
of the radiator section is suspended from a tree limb or 
other convenient support, and in turn supports the rest of 


inna itself is sin 


the antenna, 
‘The dimensions for the antenna are 


ven in Fig 5 
length long. 


All three wires of the antenna are 14 wa 
‘This generally limits the usefulness of the antenna for 
portable operation to 7 MHz and higher bands, as tem- 
porary supports higher than 35 or 40 feet are difficult to 
come by. Satisfactory operation might be had on 3.5 MHZ 
with an inverted-L configuration of the radiator, if you 
сап overcome the accompanying difficulty of erecting the 
antenna at the operating site 

"The tree-mounted vertical idea can also be used for 


fixed station installations to make an invisible antenna, 


Fig 4—The feed point of the tree-mounted ground- 
plane antenna. The opposite ends of the two radial 
wires may be connected to stakes or other convenient 
points. 
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‘Shallow trenches can be slit for burying the coax feeder 
‘and the radial wires. The radiator itself is difficult to see 
unless you are standing right next to the tree. 


A PORTABLE DIPOLE FOR 80 TO 
2 METERS 


"This dipole antenna, described by Robert Johns, 
W3JIP, in August 1998 QST, can be used for any band 
from 80 through 2 meters. One half of the dipole is ап 
inductively loaded aluminum tube. Its length is adjust- 
able from 4 to 11 feet, depending on how much room is 
available. The other half is flexible insulated wire that 
сап be spooled out as necessary. The tube is supported 
by a flagpole bracket attached to a long carpenter's clamp, 
‘The clamp mounts the antenna to practically anything: a. 
windowsill, railing, a chair or post. If there is no struc- 
ure to mount the antenna (a parking lot or the beach), 
the clamp attaches to two light wooden legs to form a. 
tripod, as shown in Fig 6. 

"The key to mounting flexibility is the large clamp. 
‘The key to electrical flexibility is a large adjustable сой 
that lets you resonate the tube on many bands. The coil is 
wound with #8 aluminum ground wire from RadioShack. 
The form is a four-inch (4/s-inch OD) styrene drain 
coupling from the Home Depot or a large plumbing sup- 
ply store. A movable tap adjusts the inductance to tun 
the upright tube to the desired band. The wire half of the 
antenna is always a bit less than 2/4 on each band. Hang 
it from any convenient support or drape it over bushes to 
Keep it off the ground. 


Fig 5—Dimensions and construction of the troe- 
mounted ground-plane antenna. 


Fig 6—At top, the portable antenna in some of the 
many places it may be mounted around the house, 
porch and yard. At bottom, the simple ground-mounted 
legs that make a tripod. 


Construction 
The 18-inch carpenter's clamp (sometimes called a 
bar clamp, such as Jorgensen’s No. 3718) and flagpole 
bracket that takes a "cinch pole are common hardware 
items. Insulate the bracket from the clamp jaw with a 
inch length of Linch PVC pipe (see Fig 7). Ham 
the PVC over the end clamp jaw to make it take the shape 
‘of the jaw. Secure the flagpole bracket to PVC with a large 
ground clamp (for J or -inch conduit). The ground clamp 
includes J. inch bolts; enlarge the flagpole bracket holes 
to accept them. Some flagpole brackets have an integral 
cleat; the author hammered the cleat ears flat on his. 
Mount an 80.230 chassis connector on the flagpole 
bracket using RadioShack insulated standoffs (276-1381). 
‘The standoffs tightly press the center pin of the SO-239 
against the bracket surface; no other connection is needed, 
Other mounting hardware may require a connection from 
=r conductor to the bracket. The spooled 
id wraps around a standoff and connects to 
a ring terminal under a screw holding the $О-239 flange. 
to the standoff. 
"The 1 x 2-inch wooden legs for the tripod are each 
30 inches long. Bolt them together at one end with a 1 or 
1/cinch-long bolt. Countersink the bolt head and nut 
below the surface of the wood so they don't interfere with 
the clamp jaws, 


the coax ce 


Aluminum Element 

You can make this element from three lengths of 
telescoping aluminum tubing ("^ ЎА and + inch, 0.058- 
inch walls). The author used tubing with thinner walls 
Tor less weight and easier handling. A 45-inch-long, 
(euch tube fits the flagpole bracket. He chose this length 
because it and the flagpole bracket make 4/4 on 6 meters 
The two outer tubes are both inch, made by cutting a. 
seven-foot aluminum clothesline pole in halves. They are 


Fig 7—The flagpole bracket that supports the tubing 
elements is clamped to the long carpenter's clamp, but 
insulated from it by a small section of 14псһ PVC pipe. 
А coax connector is mounted to the bracket and the 
Spool of wire is attached to the coax connector. 
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joined together with a copper coupling (% inch ID) for 
ech copper pipe. The coupling is bolted to one of the 
“cinch sections, and a slot is cut in the free half of the 
coupling. The remaining “inch tube is inserted there 
and secured with a hose clamp. See Fig В. 

One ‘finch tube slides into the ,. inen tube to pro- 
Vide a continuously variable element length from about 
4 to 7» feet. This extends from 7% to 11 feet when the 
two cinch sections are joined together. 


Loading Coil 

‘The loading coil has 12 turns of bare alumir 
spaced to fill the 3/-inch length of the drain coupli 
Drill Jecinch holes at the ends of the сой form to accept 
the ends of the coil wire. (See Fig 9.) To wind the coil, 
feed four inches of wire through the form, make a sharp 
bend in the wire and start winding away from the nearby 
‘mounting hole. Wind 12 turns on the form, spacing them 
only approximately. Cut the wire for a 4-inch lead and 
feed it through the other hole in the form. Tighten the 
‘wire as best you can and bend it into another acute angle 
where it passes into the form. Space the turns about 
equally, but don’t fuss with them. Final spacing will be 
set after the wire is tightened 

Tighten the coil wire by putting a screwdriver or a 
needle-nose pliers jaw under one turn, and pry the wire 
up and away from the surface of the coil form. While this 
сап be done anywhere, i's best to put these kinks on the 
backside, away from the mounting shaft. Put kinks in 
every other turn, removing any slack from the coil and 
holding the turns in place. Should the coil ever loosen, 
simply retighten it with a screwdriver. If you prefer, glue 
the coil turns in place with epoxy or coil dope. Use a thin 
bead of glue that won't interfere with the clip that con- 


вес to the coil 

“The сой form mounts on а nine-inch-long inch PVC 
pipe. (See Fig 9 and Fig 10.) The inside diameter is slightly 
larger than the "inch aluminum, but slotting the PVC and 
tightening it with a hose clamp secures the tube. (Use а 
wîde saw to cut these slots, not a hacksaw.) The coil form 
mounts to the PVC pipe with 46-32 x 1'/-inch bolts, A five- 
inch long, „inch aluminum tube permanently attaches 
to one end of the coil assembly and slides into the 


ШЕ 


Fig 8—The joint between two sections of “inch tubing 
is made from a inch copper pipe coupling, bolted to 
опе section and hose clamped to the other. 
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Flagpole bracket. One end of the coil wire connects to this 
short tube. Flatten the wire end by hammering it on some- 
thing hard, then drill a "inch hole in the flattened end 
and attach it to the short tube with a 46-32 x l-inch bolt. 
‘Tighten the bolt until the inch tube starts to flatten. This 
Will keep pressure on the aluminum-to-aluminum joint. 

"The aluminum element slides into the opposite end 
of the coil assembly. The hose clamp there can be tight- 
ened until the element just slides in snugly. 

A 12-inch clip lead connects the aluminum elemen 
to the coil. Bolt the plain wire end to the °/+-inch tube 
three inches from its end. Many alligator clips will fit in 
the space between the turns of the coil (about ‘As inch), 
but W3JIP preferred using a solid-copper clip (Mueller 
TC-1). Cut off most of the jaws, so that only the part 
lose to the hinge grabs the coil. This shorter lever grips 
very tightly. 


Wire and Spool 

"The lower half of the antenna is insulated wire that 
is about 44 on the band of operation. The wire is pulled 
from the spool, and the remaining wire forms an induc- 
tance that doesn't add much to the antenna length. The 
Home Depot sells #12 and #14 insulated stranded copper 
Wire in 50 and 100-foot lengths, on plastic spools. (See 
Fig 11.) A anch dowel fits into the spool to make a 


Sno Ft) 


Fig 9—Holes to be drilled in the styrene coupling and 
the deinen PVC pipe. All holes are "larinch diameter, to 
provide clearance for 46.32 bolts. The hole 1'% inches 
from one end holds a bolt that serves as a stop, so that 
the antenna tube does not slide in too far. Space the 
holes for coll leads far enough from the mounting 
holes to clear the -inch pipe. 


Fig 10—Top photo shows the loading coil for the 20, 
30, and 40-meter band coverage. The short aluminum 
tube on the coll slides into the flagpole bracket, and 
the tubing element slides into the other end of the PVC 
plpe. The wire and clip connect the element to the coll. 
Bottom photo shows the coll for operating the antenna 
оп 80 motors. This is placed in the flagpole bracket and 
the 40-meter aluminum сой plus the tubing element is 
Inserted into it. 


handle and spool axle. Bolts through the dowel on either 
side of the spool hold it in place. A crank handle is made 
by putting а one-inch-long bolt through the spool flange. 

‘The author calibrates the wire on the spool with 
markers and electrical-tape flags. There's a mark (from a. 
permanent marking pen) at each foot, a black flag every 

ked colored flag every 10 feet. 
Simply mark the length for each band, if you like. 

Make sure you prevent the wire from unspooli 
especially when it's hanging from a window mounti 
A heavy rubber band works, but it doesn’t last lon 
better solution is a loop of light bungee cord, preferably 
with a knot for grip. The bungee loop runs from the axle! 
handle around the spool making a half twist on the way, 
and then passes over the axle end on the other side of the 
spool. (See Fig 11.) 


five feet and a length 


Operation 
Table 2 lists elemen 
lap point for various bands. When the number of turns 
shown is zero, the coil is not needed. On all bands except 
6 meters, you can simply bypass the coil with the clip 
lead—the extra length just lowers the frequency a bit. For 
6 meters, the coil must be removed. The location of the 
unspooled wire greatly affects the setting 
bers are only starting points. The lengths 
taken with the wire one to three feet above gro 


length, wire length and coil 


so these num- 


the table were 
draped 


Fig 11—The wire spool has a wooden axlo/handlo and 
‘small handle for winding the wire. A bungee cord 
‘stretched over the spool and around the axle prevents 
the wire from unwinding. 


Table 2 
Tubing Coll Turns 


Length (feet) 


Wire 
Length (feet) 
6 motors 

10 meters 


12 meters 


15 meters 1 


20 motors 1 


30 motors 1 


4 
7 
4 
8 
4 
0 
8 
4 

17 meters п 
в 
4 
1 
в 
4 
1 
в 
4 

40 motors " 

8 


over and through bushes and flowerbeds. The 
will still work if the wire is lying on the ground, but it 
will require less unspooled wire to resonate. A balun is 
not needed, and an SWR analyzer is very helpful while 
adjusting this antenna, 

The SWR is less than 1.5:1 on all bands, and it's 
usually below 1.2:1. Occasionally, a band shows a hi 
SWR (still less than 2:1), but that can always be lowered 
by adjusting the length or location of the lower wire. 
Never set up the antenna where it could fall and injure 
someone, or where the unwary could get an RF burn by 
touching it 

The author's results with this antenna have been 
excellent, both from home and on vacation. If you haven't 


gher 
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Yet operated from a seashore location, be prepared for a 
Pleasant surprise! The good ground afforded by the salt 
Water really makes a difference. 


80 Meters 

IS easy to add this lower frequency band. Fig 10 
shows a 35 НН coil for 80 meters. It's constructed and 
tightened just like the 40-meter coil, but has 20 turns of 
#12 magnet wire, 

То operate on 75/80 meters, insert the new coil into 
the flagpole bracket and plug the 40-meter coil into it 
Tune across the band with the movable tap on the 40-meter 
coil. This varies antenna resonance from below 3.5 to 
above 4.0 MHz, with the full 11 feet of tubing extended, 
If your version doesn’t achieve this tuning range, adjust 
the spacing of the turns on the 80-meter coil, 

"The 80-meter coil has a five-inch length of cinch 
aluminum tube inserted into one end of the Ys-inch PVC 
pipe that supports the coil form. One end of the coil is 
connected to this aluminum tube. The other end is 
secured under the bolt that holds the coil form to the PVC 
pipe. A second clip lead connects the base of the dd meter 
coil to the outer end of the larger coil. The length of wire 
оп the spool must also be increased to about 64 feet. 


2 Meters 

А A2 dipole for 2 meters can be made with about 
15 inches of '/-inch aluminum tubing in the flagpole 
bracket, and 18 inches of wire. The tubing element is 
shorter than normal for 2 meters because the bracket is 
also part of the antenna. You сап also shorten the 6-meter 
"wire a bit and operate the 6-meter antenna as а ЗА? on 
2 meters, with à somewhat higher SWR. 


Continuous Coverage 

With easily changed element leng 
ously variable loading coil, you may operate the antenna 
оп any frequency from 6.5 to 60 MHz, if coverage for other 
services is needed. With taps in the 80-meter сой at 8, 11 
and 14 turns, the antenna will also tune from 4 to 7 MHz. 


THE HF CABOVER ANTENNA 

ir you have ever had the pleasure of traveling across 
the country with an HF mobile in a camper, trailer or 
‘motor home you may want to duplicate this antenna for 
use when you park. This antenna was described in The 
ARRL Antenna Compendium, Vol 5, by Jim Ford, NOJF. 
"The author's camper has limited spots on which to 
n HF mobile antenna. The back ladder is a con- 
place to mount a small mobile whip. However, 
су of typical mobile center-loaded antennas, 
depending on coil © and other assumptions, is often less 
than 2% for 80 meters and 10% for 40 meters. (These 
numbers come from the excellent, easy-to-use MOBILE 
antenna design program by Leon Braskamp, AAGGL, 

which is on the CD-ROM bundled with this book.) 
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At some locations, N6JF used an 80-meter dipole, 
Which was very efficient and worked great on all bands 
when fed with open-wire line and an antenna tuner. How- 
ever, it took over 40 minutes to set up and about 20 min- 
utes to tear down, working with a sling shot and many 
tree snags. This is too much time to make а schedule or 
Tor an early morning departure, although it’s OK if you 
plan to stay for a while. Even more important, there were 
often too many trees or other barriers (perhaps some even 
social) to allow putting up the dipole at a campsite. 

When this happened he was stuck with the mobile 
antenna with poor efficiency. There had to be a better 
antenna for camper operation. The author decided on a. 
large vertical 

A telescoping aluminum extension pole used for 
toller painting would make a good bottom section for the 
loaded vertical. These are available at many local hon 
supply centers. The author's was 1 inch in diameter and 
6 feet long, telescoping to almost 12 feet. He disas- 
sembled both sections 
top of the bottom section with a hacksaw to allow com- 
pression clampi a hose clamp. The tip of the top. 
section was fitted with an aluminum plug that had a 
3/8-24 hole tapped in it. This procedure was a simple 
machine-shop operation. The plug was pounded into the 
top section and is quite snug. He tapped some set serews 
through the pole into the plug, however, just to be sure. 
‘An insulated, lay-down marine antenna mount fit perfectly 
into the bottom of the aluminum base and was secured 
With a bolt that also served as the electrical connection 
from the capacitor matching box. See Fig 12 showing the 
aluminum base plate, the laydown mount and the ant 


Fig 12—Photo of aluminum base plate, showing details 
‘of mounting to the camper. The four banana-plug jacks 
‘on the bottom are for extra radials, if desired. 


Fig 13—Photo showing the back of the camper, with 
the antenna in the lowered position, parallel to the 
ladder. The "Outback" standby mobile antenna Is 
‘shown clamped to the left side of the ladde 


CI 3 Section 365 pF 
C2 водор mice 
S1 is Closed on BOM 


Fig 14—Schematic of tuning capacitor at base plate. 
C2 is an 800 pF transmitting mica capacitor. C1 is a 
three-section 365 pF broadcast tuning capacitor. $1 ls 
closed for 80-meter operation. 


mast itself lowered down the back of the camper. Fig 13 
shows the layout of the back of the camper, with the 
antenna on the right-hand side, laid down for travel. 

"The variable capacitor in the matching box is a sur- 
plus three-section 365-pF broadcast tuning capacitor. Two 
of three sections are connected in parallel and a switch 
parallels in the third section, along with an extra 800 pF 
‘mica capacitor for use on 80 meters, See the schematic 
in Fig 14, 

"The capacitor assembly was put in a custom-glued 
Plexiglas box to keep out the weather and mounted to a. 
piece of plate aluminum, along with an $О-239 connec- 
tor. The aluminum plate was riveted to the camper shell 
using a lot of aluminum rivets. Do not use steel. N6JF 
peeled back about a 4-inch wide section of the side of the 
camper for this direct aluminum-to-aluminum connection, 
People who are hesitant to modify their campers like this 
need to find an alternate low-resistance connection 
er Was old enough not to be an issue. 
For an extra low-resistance connection a I'/-inch 
trip was added from the top of the base plate 
to the camper, as shown in Fig 12 near the 80-meter 


method. His сап 


Fig 15—Close-up photo of 80 and 40-meter colls, with 
top section and telescoping whip antenna with swivel 
bracket for tuning the top section for the higher bands. 
Note quick-disconnect connectors at top and bottom of 
both coils. The top whip Is a Fiberglas CB whip, used 
оп 80 and 40 meters. 


switch. The tuning knob protrudes from the side of the 
Plexiglas box. The four bottom holes in the plate are for 
banana plugs to connect ground radials if extra efficiency 
is desired. However, the roof of a camper is one of the 
better places for a mobile antenna, so the author seldom. 
hooks up the radials. When he does use them, the tuning 
changes only a little. 

"To keep losses down, N6JF used coils wound with 
aluminum elothes-line wire on old mobile coil center sec- 
tions with quick disconnect fittings. See Fig 15, which 
shows both the 80 and 40 meter coils, together with the 
top portion of the antenna, An article by Robert Johns, 
Wallp in October 1992 OST described techniques for 

your own loading coils. The coils ended with a 
we inductance than calculated and the author bad 
10 remove some turns. Both coils are spaced at 4 turns 
per inch. The 8. men long 80-meter coil has 18 turns, The 
inch long 40-meter coil has 8 turns. 

"The matching network is actually an L-section step-up 
match, using the net inductive reactance of the antenna plus 

сой. The PVC сой construction technique. 
was described in W3IIP’s OST article and a follow-up Tech- 
nical Correspondence piece in October 1992 QST. Basi- 
cally, it consists of drilling an accurate row of slightly 
undersized holes along a I 
then carefully sawing dow 
with hack saw. Then, you trap the сой wires in the grooves 
between the two sawed halves and tie the two halves 
together with string. When you are satisfied that everything 
is proper, you then tighten the sting and apply epoxy glue 
10 make it strong and permanent. 

Опе advantage of aluminum clothes line wire is that 
it is already coiled at the approximate diameter needed 
when you buy it and itis easy to position on the сой form. 


159 


the center of the row of holes 
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‘The clothes line wire had a plastic coating, which wasn't 
removed except at the contact points. Once the epoxy 
dries, this method of construction does а good job of hold- 
img the finished coil together and itis lightweight. 

"The computed coil Q from the MOBILE antenna pro- 
gram is about 800 for the 80-meter coil and about 400 
Tor the 40-meter coil, The author accidentally made the 
40-meter coil 7 inches in diameter instead of a higher-Q 
6 inch diameter. Even so, the whole antenna system with 
а 9-foot top section calculates as being 56% efficient on 
80 meters and 85% for 40 meta 

"The removable top section for 80 and 40 meters is a 
full-size fiberglass CB whip from RadioShack. The 
fiberglass whip has about a #16 hole in the center of it 
Ве sure to sand and paint the whip for protection against 
UV and to protect yourself against fiberglass spurs in the 
hands. N6JF tried a full-size stainless steel CB whip to 
get a slightly higher capacitance to ground because of 
larger conductor size but discovered it was far too heavy. 
‘That experience reinforced his decision that aluminum 
was a far more practical coil and base section n 
Tor this project 

Quick-disconnect connectors found years ago at a 
hamfest were used for both сой forms and for the top sec- 
tion, Bands higher than 40 meters don't need any loading 
coils and the antenna length can be telescoped to get а f. 
wavelength. Ten meters doesn't require any top section, 
Ве sure to use some NOALOX ог similar compound to 
prevent corrosion and poor connections at all aluminum 
joints, This is especially true for the telescoping sections 
and the aluminum rivets. The matching capacitor is in the 
circuit at all times but when the 80-meter switch is off you 
can set the capacitor at minimum (about 14 pF) and itis 
effectively out of the circuit, even at 10 meters. The au- 
thor has not tried this antenna on power levels greater than 
about 100 W but the weakest link would probably be the 
‘matching capacitor. The voltage at the matching capacitor 
is low, so 200 W should be no problem. 

‘You can achieve а 1:1 SWR match for 80 or 40 meters 
and a good SWR is obtained without retuning the base 
matching capacitor for approximately 100 kHz on 
80 meters and most of 40 meters. The top section, how- 
wer does not have such low O and needs to be tuned. The 
2:1 SWR bandwidth on 80 meters is about 25 kHz and. 
150 KHz for 40 meters. Tuning is accomplished by using 
a telescoping FM portable radio antenna connected to the 
topesection whip with a stainless steel hose clamp. The 
maximum length of the telescoping section used was 
29 inches, and it collapses down to 7 inches. A whip with 
ап elbow was used to adjust the angle of the whip as well 
A telescoping whip half the length would still be long 
enough for the full adjustment of both bands. 

‘Adjustment of the top section is one of the penalties 
paid to achieve high efficiency for operation on 80 and 
40 meters. Substituting an automatic antenna tuner would 
likely lose efficiency, particularly on 80 meters since the 
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base resistance calculates to about 10.0. N6JF has not 
tried to make the antenna work on 160 meters. The SWR. 
for the higher bands was good enough without any match- 
ing network, 

As light as the antenna is, it still won't hold up in a 
moderate wind without some support guys. N6JF used 
"l-inch and '/ı-inch PVC support pipes in a telescoping 
arrangement for storage, but expanding to give an 
‘approximate 45° support atthe top of the bottom section 
from both directions, One end of the telescoping section 
Was connected to the camper roof with a hinge. The other 
end formed a snap-fit out of a PVC barrel that was cut 
lengthwise. See Fig 16 and Fig 17 for details. Even 
though it formed a good snap fit, N6JF didn't trust the 
joint for strong winds so he glued a piece of Velero to the 
joint to close up the open end. Be careful, though, be- 
cause Velero deteriorates with exposure. 

Another hose clamp near the top of the bottom sec- 
tion holds an "cinch line taken up the ladder to pull up. 
the antenna without the need of an assistant, The disad- 
vantage is you have to climb the roof. Use a non-slip floor 
mat or something similar to spread the load on the roof. 
and to avoid slipping. Once on the roof, however, the coil 
is at a height for easy adjustment when the telescoping 
section is in the down position. 

‘An advantage of being able to assemble the whole 
inna on the roof is that you don't need a lot of swing- 
up room and you can clear trees easily. You can put cali 
bration marks on the upper aluminum section for resonar 
lengths on the higher bands but just raise the top section 
up all the way for 80 or 40 meters, Mark also the small 


Fig 16—Close-up of one of the snap-on support 


ol the bracket in the wind. 


Fig 17—Photo showing the two support bracket polos 
bracing the bottom section of the antenna. The top 
tuning whip is evident above the homemade loading 
сой at the top of the bottom section. 


сой tuning whip for 80 or 40 meters, although different 
locations may requite slightly different settings due to 
detuning from nearby metal objects. 

‘The overall length is about 21 feet. The top of the 
author's camper is about 10 feet high when on the truck, 
putting the tip at 31 feet. This antenna is definitely 
designed for use when you are parked ata fixed location, 
NGIF can put up this antenna in less than 5 minutes and 
can take it down in half the time. The success of this 
project has as much to do with knowing how a 
you operate as it does paying attention to mechanical and 
electrical details. The antenna has been a good compro- 
mise between efficiency and convenience. 


where 


TWO PORTABLE 6-METER ANTENNAS 

‘These antennas were described by Markus Hansen, 
VETCA, in The ARRL Antenna Compendium, Vol 5. 
After years of HF operation, he became enthusiastic about 
VHF/UHF operation when he found a used Yaesu 
FT-T26R VHF/UHF all-mode transceiver at a reasonable 
price 

But he became really enthused when he got on 
6 meters and discovered the joys of driving to high moun- 
tain peaks to operate. Not only does an antenna have to. 
be portable for this kind of operation, it must be easily 
assembled and disassembled, just in case you have to 
move quickly to a better location 


A Portable Two-Element Six-Meter Quad 

VETCA' primary objective was to construct a two- 
element quad using material found in any small town. It. 
should not use а complicated matchi 
Gamma matehes commonly used on quads do not hold. 
up well when you are setting up and taking down these 
antennas in the field. The final design adjusted the dis 
tance between the driven and the reflector elements so 
ibat the intrinsic feed-point impedance was 50 Q. 

Fig 18 shows the dimensions for the boom and the 
boom-to-mast bracket. The boom is made from a 27 l. 
inch length of 2 x 2. (The actual dimension of 2 x 2 is 
closer to 1%% by 1% inches but it is commonly known in 
lumber yards as a 2 x 2.) Use whatever material is avail- 
able in your area, but lightweight wood is preferred, so. 
clear cedar or pine is ideal. Drill the four '/-inch holes 
forthe spreaders with a wood bit, two at each end, through 
‘one of the faces of the 2 x 2 and the other through the 
other face. The boom-to- 
eincn fir plywood. 

"The spreaders are "inch dowel. The local lumber- 
yard had a good supply of fir dowels but other species of 
Wood are available, The exact material is not important 
Maple is stronger but expensive. Fiberglass would be 
ideal but itis not always available locally. Cut two of the 
inch dowels to а length of 83°F inches for the driven 
clement spreaders and two to 88 inches for the reflector 
spreaders. Fig 19 shows one end of the boom with the 
wo spreaders inserted. The mast was made from two six- 
foot lengths of 1'/-inch fir dowel. Again, use whatever 
You may have available. Waterproof all wooden parts with 
at least wo coats of exterior varnish. 

While you are at the lumberyard or hardware store 
look for plastic pipe that fits over the end of the Ys 
spreaders. You will need a one-foot k 
spare. Cut it into seven equal lengths, approximately one 
h long, and one to a length of 1% inches. Drill а ‘hie 
А hole through the seven equal lengths '/ inch from 
s, and two holes one above the other /einch apart 
on the I'/inch sleeve. VETCA used 414 hard-drawn 
stranded bare copper wite for the elements. Do not use 
ulated wire unless you are willing to experimentally 


network. The 


nast bracket is made from 


Portable Antennas 15-11 


e ee 


Fig 18—Dimensions for the boom-to-mast bracket for 
VETCA' portable two-element 6-meter quad. 


Fig 19—Photo of one end of the VECA quad with the 
‘wo spreaders Inserted. 


determine the element 
detunes each element slightly 

Cut the reflector element 251 inches long and slip 
оле end of the wire through the holes you drilled in four 
of the plastic sleeves. Don't attempt to secure the wire to 
the plastic sleeves at this point, Cross the end of the 
reflector elements one inch from their respective ends and 
twist and solder together. The total circumference of the 
reflector element should be 249 inches whe 
connected tog 


the ends are 


her 


Cut the driven element wire to 241 inches 


three of the Lunch sleeves onto the wire. 
secure the wires to the sleeves yet. Then the er 
passed through the two holes in the L'/-inch pipe. Wrap 
the ends around the pipe and twist them back onto the 

selves to secure the wire. The coax Feed line is attached 
directly to the two ends at this point, The circumference. 
of the driven-element loop from the points where the coax 
is attached should be 2365% inches. Solder the coax feed 
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line to the driven element and waterproof the coax with 
silicone seal. The author used RG-58, as it is lightweight. 
The length required for a portable installation is typically 
not very long, maybe 20 feet, so the loss in the small cable 
is not excessive. Near the feed point, coil the coax into 
six turns with an inside diameter of two inches. This is 
эп effective method of choking any RF from flowing on 
the outside of the coax shield. 

Begin assembling the quad by pushing the two 
reflector spreaders, without wires attached, through on 
end of the boom and the two shorter driven-element 
spreaders through the holes in the other end of the boom. 
Center the spreaders and mark the spreaders with a black 
fell-tip pen next to the boom. Now insert а 1: #8 wood 
screw or a threaded L-hook into the boom so that it just 
touches one of the spreaders. Take the screw or L-hook 
‘out and file the end flat, then reinsert it so that it is just 
snug against the spreaders. The author only used two 
L-hooks for the two vertical spreaders; the horizontal 
spreaders are held in the proper position by the tension 
of the wire loops. If you use an L-hook, you can unscrew 
it with your hands—you won't have to worry about leav- 
ing the screwdriver at home. 

You are now ready to assemble the wire loops. Take 
the reflector loop and place the four plastic caps over the 
ends of the reflector spreaders. Equalize the wire lengths 
between the spreader so that the loop is square. Now, 
secure the plastic sleeve pipes by tightly wrapping wire 
‘around the sleeve and the wire element and soldering the 
wire in place. See Fig 20, a photo showing one of the 
plastic sleeves slipped over one of the spreader ends, with 
the wire element through the hole and fastened in place, 
Follow the same procedure with the driven element. 

Fig 21 shows the quad's boom, with the plywood 
‘boom-to-mast bracket fastened with wood screws and glue. 
"Two U-bolts are used to attach to the mast, When the quad 
is raised, the shape of the loop is commonly known as a 
diamor 
lengths of doweling joined together with a two-foot length 
of PVC plastic pipe, held together with wood screws. 

Make a slot the width of a #8 wood screw about or 
inch deep from the top of the plastic PVC pipe and then 
pul the top mast into the plastic pipe. Insert a one inch #8 
wood serew into the bottom of the slot you cut into the 
top of the pipe and tighten only enough so that the top 
mast can be removed without unscrewing it. VE7CA. 


configuration. The mast consists of two six-foot 


drove a nail into the end of the lower mast and left it 
exposed an inch or more. This end is placed in the ground 
and the nail holds the pole in place. A strip of wood 
approximately 1 x 3 and long enough to cross over the 
roof rack of the family van is used to hold the center of 
the antenna mast to the roof rack of the van with small 
diameter rope. See Fig 22 for a photo of the quad in 
action пем to the family van. 

То disassemble the quad, lay it on its side, slip the 
plastic sleeves off the ends of the spreaders and roll up 


Fig 20—Photo showing one of the plastic sleeves 
slipped over end of a spreader to provide a mechanical 
mounting point and support for the wires. 


lement quad's boom, with 
lywood boom-to-mast bracket secured with wood 


the wire loops. Loosen the L-hooks holding the vertical 
spreaders in place, Push the spreaders out of the boom 
loosen the U-bolts and free the mast from the boom. 

"That is all there is to it. It takes about two mir 
put it up, or take it down. It is quite sturdy and has sur- 
vived several high-wind storms. 


A Three-Element Portable 6-Meter Yagi 
The idea to build a Yagi a 
author traded the family van for a compact car. He needed 
something that would fit into the trunk of the car. At close 
to 7-feet long, the quad spreaders were too long. Com 
puter modeling showed that a three-element Yagi on a 
Five-foot boom also could pick up about 1.5 dB gain over. 
the short-boom two-element quad. A five-foot boom fits 
to the trunk or across the back seat of the car, but some- 
thing had to be done about the nine-foot elements! 
‘One day VETCA noticed a box of portable-radio tele- 
scoping antenna elements at the radio parts store. They 


nna resulted when the 


Fig 22—Ready for action! VE7CA has sot up his quad 
next to the family van. 


were 54 inches long when fully extended. He next found 
ıa 60-inch length of aluminum tubing that fit over the end. 
of the telescoping elements. There are many different 
sizes of telescoping antenna elements, with different di- 
meters This is where you will have to use your scroung- 

skills! Fig 23 shows how the tubing is used as a center 
section to join two telescoping elements together. It also 
serves to extend the total length of each element, since 
two telescoping elements themselves are not long enoug 
to resonate on six meters, See Table 3 for dimer 
element spacings. Each center secti 
both ends with a hacksaw, and stainless-steel hose clamps 
are used to secure the telescoping elements 

Fig 24 shows the center sections of the three ele. 
ments with their mounting brackets. A square boom was 
used to ома to work with. Fig 25 shows 
how the reflector is attached to the end of the boom with 
two ich 10-32 bolts and wingnuts. Fig 26A provides 
the dimensions and details for the reflector and director 
element-10-boom brackets, which are formed from 
cinch plate aluminum. The driven element is split in 

insulated from the boom. Fig 26B shows 

details for the driven-element bracket. Fig 27 is a photo 
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Fig 23—Photo showing a plece of aluminum tubing 


| i] ( Fig 26—At A, details forthe reflector and director 
element-to-boom brackets, made of "inch plato. 

aluminum. At B, d 

These are screwed to the square boom. 


Fig 24—A view of the center sections of the three Yagi 
ments with their mounting brackets. 


of the driven element with the hairpin matching wire 
and the banana plugs used to connect the coax to the 
driven element. You could use a female PL-259 connec- 
tor if you wish. VE7CA used #14 solid bare copper wire 
Tor the hairpin. It is very durable—even after being 
severely warped in the car trunk, it can be bent back into 
shape quickly and easly. 

The boom is "cinch square aluminum, 65 inches 
long. The material was found at a local hardware store. 
"To detach the elements, just loosen the wing nuts an 
remove the elements from the boom. A similar method 
was used to attach the support mast to the boom. 

As with the quad, a choke balun was used, consist- 
ing of a coil of 6 turns of coax with an inside diameter of 
2 inches. To tune the hairpin match, assemble the Yagi 
Fig 25—Photo detailing attachment of the reflector to ON its mast and extend the elements. Spray switch cor 
the square-section boom, using two #10 bolts and tact solution on a cloth and wipe any dirt and grease from 
wingnuts the elements. Push the elements together and apart a 


Table 3 
Three-Element Yagi, Element Lengths and Spacing Along the Boom, and Hairpin Dimensions 
Element Spacing Center Telescoping Тоа! Length 
Along Boom Section Ele. Length (inches) (inches) 
(inches) (inches) 
Retlector 0 ЕА E 125% 
Driven 28 Dh лаз бачы 
Director 63% m E 117 
Hairpin #14 wire 4long 1% spacing 


* Driven-eloment uses 2 sections insulated at center 
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Fig 27—Photo of the driven element, complete with 
hairpin match and the banana plugs used to connect 
the coax eable to the driven element. 


couple of times so that the contact solution cleans the 
elements thoroughly. Attach the antenna mast to your 
Vehicle or use whatever method of support you intend to 
use inthe field. Connect an SWR meter and a transmitter 
ва. VE7CA used two alli- 
ether to slide along the two hair- 


to the coax feeding the ar 
gator clips soldered tog 
pin wires to find the position for the lowest SWR. The 
dimensions computed by computer were correct! The 
SWR was below 1.16:1 from 50.05 to 50.2 MHz. 

You can take this antenna out of the trunk of the car 


and assemble it in less than two minutes. One caution: 
the telescoping elements when fully extended are quite 
fragile. УЕТСА has not broken one as yet, but carrying a 


spare element just in case would be а good idea. 


VE7CA 2-Element Portable HF Triband Yagis 


‘These portable HF wire Yagis were described by 
Markus Hansen, VE7CA, in November 2001 OST and in 
The ARRL Antenna Compendium, Vol 7. 


A 20/15/10-Meter Triband 2-Element Yagi 

VETCA wanted a simple 2-element wire Yagi for 
20/15/10 meters that could be stored in the ski boot of his 
car. The basic concept comprises three individual 
dipole driven elements, one each for 20, 15 and for 
10 meters tied to a common feed point, plus three separate 
reflector elements. The elements are strung between two 
2.13-meter (7-foot) long, 2 x 2-inch wood spreaders, each 
just long enough to fit into the ski boot of his car. 

By playing with the reflector-to-driven element spac- 
ing and the initial driven-element lengths, VETCA was 
able to come up with a feed-point in 
band that allowed the use ofa single setting for the short- 
ing bar on a hairpin match. The result was a very accept- 
able match over the lower portions of each band. The 
layout of the 20/15/10-meter triband wire Y: 
is shown in Fig 28, with the dimensions provided in 
Table 4. 

"The dimensions shown in Table 4 are what resulted 


vedance on each 


after tuning for the lowest SWR in the middle of the lower 
portion of each band. VE7CA set his system up by hang- 


ig one end of the antenna from a tree and sloped it down- 
wards at 45°, tying the lower end to a peg in the ground. 
‘The height at the feed point was 30 feet. 

‘The feed-point impedance of an antenna is affected 
by many environmental factors. The presence of a reflec- 
tor relatively close to the driven element has a major 
effect, since the impedance at the driven element in a Yagi 
is affected by the tuning of the driven element itself, by 
the spacing and length of the reflector element and to a 
lesser extent the he 


ia above ground and 


the character of the soil itself. The real challenge in a 
multiband Yagi with a single feed line is to obtain a low 
SWR on all the bands. 

The hairpi 
systems to make. It is easy to adjust and since wire is the 
only ingredient, it can be coiled up with the rest of the 
antenna when the antenna is disassembled. The feed-point 
impedance of the Yagi with a reflector element spaced 
0.1 J behind the driven element typically produces a 
resistance around 20 Q. By shortening the driven eleme 

length, capacitive reactance is added to 

the feed-point resistance. This can be cancelled by shunt- 

the feed point with an inductor in the shape of a wire 

loop resembling a hairpin. This causes a step up of the 
20-62 feed point resistance to 50 О. 


natch is one of the easiest matching 


from its resonar 


Table 4 
Dimensions for 20/15/10-Meter Tribander 


Frequency Spacing Driven Element Reflector Hairpin 
MHZ DE to Refl Half Length Length Length 

ст (feet) ст (feet) ст (feet) от (inches) 
мл 213 (6.99) авв (16.01) 1065 (94.94) 43 (14.9) 
211 175 (574) 335 (10.99) 708 (23.23) 
2825 125 (4.1) 254 (8.33) 531 (17.42) 


Spacing between hairpin wires is 10 cm (4 inches). 
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Fig 29 shows the ыы match andthe common: — 
mode бош, balun fore LOS mue and wie ld 


You should let the coax drop straight down from. AAN 


lator and attach it to the center of the hair- — YZ PVC Pipe _ e Sen Ari Vstř 
pin shorting bar. Continue by making а сой using the coax een 
of 8 turns, with a diameter of about 4 inches. This balun X ^ 


will choke off RF flowing 
shield that would otherwise distort the radiation pattern 
of the antenna. The center of the shorting bar is at а neu- 
iral potential, so there is no harm in attaching the coax 
feed line at that point 


Flattop or Tilted? 

If DX is your m 
enna towards the vertical to emphasize the lower eleva- 
Чоп angles. Remember that the radiation pattern is quite 
dependent on ground conductivity and dielectric constant 
for a vertically polarized antenna. A location close to salt- 
water will yield the highest gain and the lowest radiation 


along the outside of the coax 


in interest, then you want to tilt the 


#14 Cooper We 


gle. With very poor soil in the near and far field, the peak ee Can Cari 

radiation angle will be higher and the gain less. esting 
VETCA has had numerous opportunities o test this 

ош while operating portable at his favorite location pa sons Copper 


Using two tees as supports he can pull the antenna to 
horizontal with the fed line about 7 meters above the 

ground. In this position, with 20 meters open to Europe chet sotn 
he found it dificult o work DX on CW with 3 W of out. [ad 
put power. However, when he changed the slope of the 

DX stations, but he found it relatively easy to work DX. pig 29-Detal of feed point lor 20/15/10-mater triband 
The sloping antenna always performs much better for Yagi The same mechanical support is provided for the 

working DX than a low horizontal antenna. Balun апа food coax for the 30/712-meter bande 
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А 30/17/12-Meter Triband 2-Element Yagi 
When the author attempted to add 17 and 12 meter 
elements to the existing 20/15/10-meter Yagi model he 
became exasperated. Adding two more driven elements 
nes many more Variables into the equa- 

clear that there was serious interaction 


between the elements. He could not obtain a workable 
feed-point impedance on all five bands that could be trans- 
formed to 50 Q using a single hairpin match, There was 
also serious pattern distortion on 12 meters. 

Even building a WARC-only triband Yagi for 
30/17/12 meters turned out to be a real challenge. VETCA 
had difficulty finding a combination that would allow him 
1o use a single matching system to transform the feed- 
point impedance of the combined driven 
He couldn't create а 30/17/12 triband Yagi usi 
design principles as his 20/15/10.n 
problem occurred on 12 meters. Not only was the feed- 
point impedance unmanageable, but the radiation pattern 
had four lobes, not the single lobe you'd like from a Yagi. 

He decided to try the Modified Coaxial-Sleeve 
method, more aptly termed by K9AY the Coupled-Reso- 
nator (C-R) in his article in The ARRL Antenna Compen 
dium, Vol 5. The K9AY method uses а single driven 
element, with other elements placed in very close proxim- 
ity (but not physically connected) to the driven elemer 
By starting with the dimensions suggested by KOAY for a 
triband 30/17/12-meter dipole, VETCA was able to develop 
a 2-element Yagi with acceptable feed-point impedances 
‘on all three bands using a single hairpin match. Notice 
that this WARC design uses a 2 x 2-inch wooden boom 
length that is 230 em (7.5 feet) long. Of course, the antenna 
can't fit into a typical ski boot anymore, so VE7CA had to 
put it on a roof rack for transportation, 

‘The space between the tightly coupled driven ele- 
nts is only 3.7 em (L5 inches), so you need to use 
те PVC pipe spreaders than in the 20/15/10 design to 
ke sure the driven-element wires stay as close as pos- 
sible to the desired spacing without physically touching 
‘each other. The driven elements lie in the horizontal plane 


ster version. The main 


and the hairpin match and feed line hang down vertically 
from the center of the 30-meter driven element 

‘The spacing between the 3 
and the other two conductors and the size of the wire all 
played a part in developing this antenna for a single feed 
line with the common hairpin match. Do not change the 
wire size from the recommended #14 for the driven ele- 
unless you are willing to spend a considerable 
amount of time with а NEC-based modeling progra 
retweaking the antenna. This is 
20/15/10 tri-band Yagi, where an 
is acceptable. 

Using #14 gauge wire allows ай the Yagi antennas in 
this article to be used at the maximum power levels 
allowed in North America. The only limiting factor is the 
power handling capability of the feed line. However, even 
RG-58 should work for the relatively short length from 
the feed point down to ground level, where you can change 
to RG-8 or some other higher-power, lower-loss coaxial 
cable if you wish. Fig 30 is a detailed drawing of the 
30/17/12-meter driven element. The other dimensions for 
the 30/17/12-meter triband Yas п Table 5. 


„meter driven elements 


1 the case with the 


convenient sized wi 


Assembly 
When you are ready to assemble your wire Yagi, start 
by attaching the longest reflector element and the driven. 
element assembly to the wood end booms. Do this with 
the wires and the booms on the ground. Next attach the V 
slings to both ofthe booms and with ropes attached to the 
V slings pull the array up off the ground between two sup- 
ports (perhaps two trees). A height of 1.5 meters (5 feet) 
above the ground makes it easy to work on the antenna 
while you add the other reflector elements and adjust the 
V slings. Pull them tight so that the array is fairly flat. It 
won't stay horizontal, because the driven elements are 
heavier than a single reflector element. So you will need 
to support the 2 x 2-inch spreaders so they are horizontal 
Lean the booms on something at a convenient height, such 
as the rungs of two step ladders. Now add the two other 
reflector elements, but don't pull them as tight as the I 
est reflector. Next attach the feed line. 


Table 5 
Dimensions for 30/17/12-Meter Tribander 
Frequency Spacing Driven Element Reflector. Hairpin 
MHz DEto Rel! епот Length Length 

ст (feet) ст (feet) cm (feet) cm (inches) 
10.12 230 (7.5) 713 (23.4) Halt — 1476 (484) 245 (85) 
18:11 165 (5.4) вов (26.5) 822 (27.0) 
2401 120 (3.9) 570 (187) 606 (19.9) 


Spacing between hairpin wires is 10 cm (4 inches). Note that dimensions for 17 and 12-motor driven elements are full 


lengths, since they are not broken wi 
dosign in Tablo 4. 


insulator in the middle, unlike all driven elements for 20/15/10-matar triband 
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Fig 30—Layout of 30-meter driven 


iment with coupled 


V slings 

Since the author wanted to be able to raise the 
30/17/12-meter triband antenna by himself, he again used 
only one rope on either end of the array. One end goes 
over а tree limb and the other end is tied to а stake in the 
ground or some other nearby support, perhaps a tree trunk. 
Using only one attachment rope оп either end makes it 
very easy to change beam direction by walking the 
antenna around the antenna support tree or tower. To 
accomplish this he used two V slings, one on each end 
attached to the 2 x 2-inch spreaders 

The secret to Keeping the antenna level in the hori- 
zontal plane is that the V slings are not equilateral in 
shape. The combined weight of driven elements, balur 
and feed line is heavier than the reflectors. If the len 
of the sides of the V are equal, the array will rotate do 
wards. The driven elements will end up facing the ground, 
With the reflectors facing up. Adjust the V slings so that 
the antenna will stay level in the horizontal plane by short- 
ening the length or the side of the V attached to the dri 
elements. It is quite easy to adjust in the feld. and once 
you have it adjusted it stays balanced. 

(Once you raise the antenna to its operating position 
and in the horizontal plane, you can change direction 180° 
by pulling on the feed line. As you pull, the whole array 
will slowly turn over. Stop it from turning by holding 
ошо the feed line once the array has swung over to face 
the opposite direction 


SWR Adjustment 

Since you may situate your antenna in an entirely 
different position than VETCA did, you may need to fine 
tune your antenna. Begin with the dimensions in Table 5 
as a starting point, Make a temporary shorting bar using 
two alligator clips joined by a piece of wire and attach 
them at the recommended position, Next raise the antenna 
to the desired final position. Using an antenna analyzer 
(or transmitter and SWR meter) plot the SWR over all 
three bands. Start with the lowest band, 30 d 
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resonators for 17 and 12 meters. 
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Fig 91—Layout for Inverted-V 40-meter portable wire 
Yagi suspended from tower. 


adjust the shorting bar up or down to find the lowest SWR 
point in the portion of the band you plan to operate in. 
(This procedure also works if you wish to adjust the 207 
15/10-meter tribander. Stan with the lowest frequency.) 
You shouldn't have to move the shorting bar very 
far from the suggested length. Now that you have deter- 
mined the right shorting-bar position, adjust the other two 
hs forthe lowest SWR in the portion 
of those bands in which you plan to operate, You may 
have to compromise with the position of the shorting bar 
to find a satisfactory range where the SWR is acceptable. 
оп all three bands. After satisfying himself with the po- 
sition of the shorting bar, VE7CA replaced the all 
clips simply by folding one side of the parallel һай 


driven element le 


wire lengths ov 
position where the alligator clips had been attached. The 
author does not recommend changing the reflector ele- 
‘ment lengths unless you are familiar with antenna mod- 
cling programs and are willing to model different spaci 

or element lengths. 


to the other side and soldering it in the 


40-Meter Wire Yagis 

After his November 2001 OST article, VEJCA 
received several requests for a 40-meter wire Yagi. One 
ham mentioned that he wanted to be able to pull up a 
40-meter Yagi between two towers and to be able to flip 
it over to change direction, Another wanted a 40-meter 
Yagi he could pull up on a single tower for the winter 
DX contests and then put it away during the summer. So 
VETCA ran four different 40-meter scenarios in his com- 
puter models 


1. A horizontal 2-element wire Yagi at 65 feet. 
2. А мор 
65 feet and sloping downward 30° from vertical 
3. A sloping Ya 
65 feet and sloping downward 65° from vertical 
4. An inverted-V 2-element wire Yagi with the apex at 
65 feet and an included angle between the wires of 
120°. 


element wire Ya, 


j, with one end at 


2-elen 


nt Wi j, with one end at 


Fig 31 shows the layout for an inverted-V system and 
"Table 6 lists the element and hairpin lengths, Elevation pat- 
terns for the 40 meter antennas are compared in Fig 32, 
With a reference antenna of a single flattop dipole at 65 Fee. 
As they say, a picture is worth a thousand words. If your 
interest is DX, it is very clear that horizontal and high is a 
very good rule of thumb for most antennas. 

Yes, a \ wave vertical over salt water or 120 
"wave radials over good ground will produce very low 
radiation angles, but such systems are not exactly por- 

all live near the ocean. Mind you, if 
You can manage to locate antenna Number 3 (the most 
vertically oriented wire Yagi) next to ће ocean, you would 
be very happy, 

"The point here is that if you have two towers and 
you're not fortunate enough to be located on a saltwater 
marsh, you should pull the 40-meter array up as hi 
as horizontal as you can. If you have only one tower 
don't need to change direction often, then try the inverted- 
V configuration. You can still change the direction by 
walking each end around the tower 

However, even the sloping 40-meter Yagi with one end 
at 65 feet up a tower (or tree) and the other end attached 
with a long rope as far as possible rom the tower will still 
put ош a very respectable signal. It is directional, and you 
‘can walk it around the tower to change direction or you can 


table and we don 


Table 6 

40-Meter Wire Yagi Configurations 

Configuration Driven Element Reflector 
от (feet) от (feet) 

1. Horizontal 078 (64.90) 2098 (68.83) 

2.-30° Sloper 1978 (64.90) 2113 (69.32) 

3. -65° Sloper 1978 (64.90) 2101 (68.93) 


4: Inverted V 2040 (66.93) 2126 (69.75) 


Hairpin Length 
ст (feet) 
‘Approx 50 ст 
(22 inchos) 


Spacing between driven element and reflector is 427 cm (14 feet). Spacing between parallel hairpin wires is 10 ст 
(4 inches). The lengths shown above are the total wire length for each element. 


TL ew Sa 


Fig 32—Comparisons о! elevation 
patterns for five 40-motor 
y Панор Yagi 

а -element inverted-V 
Yagi at 65 feet; а 2-olement Yagi 
sloped 65° from the vertical plane; 

ment Yagi sloped 30° from 

lane; and a horizontal 
dipole at 65 fet. 


n 


NC] 
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fip the antenna over and change direction 180° very quickly 


Summary 

You don’t need a 10-meter (60-foot) high tower, a 
commercial triband Yagi and a rotator to put out a good 
signal on the НЕ bands, Wire Yagis work very well and 
they can be inexpensive an to-build, using com- 
ponents found at your local hardware store. Fig 33 is a 
photograph of a successful portable installation in Mas: 
sachuselts 
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Mobile and 
Maritime Antennas 


Mobile antennas are those designed for use while 
antennas, most amateurs think of a whip mounted on an 
automobile or other highway vehicle, perhaps om a тесте 
ational vehicle (RV) or maybe on an off-road vehicle. While 
itis true that most mobile antennas are vertical whips, mo- 
bile antennas can also be found in other places. For example, 
‘antennas mounted aboard a boat ог ship are mobile, and аге 
usually called maritime antennas. Fig 1 shows yet another 
type of mobile antenna—those for use on handheld tra 

ceivers. Because they may be used while in motion, even 

by literal definition, 

Pictured in Fig 1 is a telescoping full-size quarter 
wave antenna for 144 MHz, and beside it a stubby 


these antennas are mobi 


antenna for the same band. The stubby is a helically wound. 
radiator, made of stiff copper wire enclosed in a protective 

of rubber-like material. The inductance of the 
provides electrical loading forthe antenna. 
For frequencies above 28 MHz, most mobile installations 


helical winding 


+ 


Fig 1—Two mobile antennas—mobile because they 
may be used while in motion. Shown here are а 
telescoping ek antenna and a “stubby” antenna, both 
designed for use at 144 MHz. The ‘eh antenna Is 

19 inch long, while the stubby antenna is only 3'/ inch 
long. (Both dimensions exclude the length of the BNC 
connectors. The stubby is a helically wound radiator. 


permit the use of a full-size antenna, but sometimes smaller, 
loaded antennas are used for convenience. The stubby, for 
‘example, is convenient for short-range com 


avoiding the problems of lengthier, cumbersome antenna 
attached to a handheld radio, 

Below 28 MHz, physical size becomes a proble: 
with full-size whips, and some form of electrical loadin 
(as with the stubby) is usually employed. Commonly used 
loading techniques are to place a coil at the base of the 
whip (base loading), or at the center of the whip (center 
loading). These and other techniques are discussed in this 
chapter 

Few amateurs construct their own antennas for HF 
s dictate very 
sound mechanical construction. Several construction 
projects are included, however, in this chapter for those 
who may wish to build their own mobile antenna. Even 
if commercially made antennas are installed, most require 
some adjustment for the particular installation and type 
of operation desired and the information given here may 
provide а better understanding of the optimization 
requirements 


HF-MOBILE FUNDAMENTALS 


Fig 2 shows a typical bumper-mounted center- 
loaded whip suitable for operation in the HF range. Jack 
Schuster, WIWEF, operates 80 through 2 meters from 
his car. The antenna could also be mounted on the саг 
body itself (such as a fender), and mounts are available 
for this purpose. The base spring and tennis ball act as 
shock absorbers for the bottom of the whip, as the co 

tinual flexing while in motion would otherwise weaken 
the antenna, A short heavy mast section is mounted be- 
tween the base spring and loading coil. Some models have 
a mechanism that allows the antenna to be tipped over 
Tor adjustment ог for fastening to the roof of the car when. 


T is also advisable to extend a couple ol 


y lines 
coil to clips or hooks fas- 
ter on the car, or to the trunk an 


from the base of the loadin, 
tened to the roof gi 
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Fig 2—A typical bumper-mounted HF mobile 
antenna, as used by WIWEF. Note the nylon guy 
lines and the tennis ball used as a shock absorber. 
(Photo courtesy WIWEF) 


rear bumper, as WIWEF has done. Nylon fishing line 
(about 40-pound test) is suitable for this purpose. The 
ies act as safety cords and also reduce the swaying 
of the antenna considerably. The feed line to the 
transmitter is connected to the bumper and base of the 
а. Good low-resistance connections are important 


“Tune-up of the antenna is usually accomplished by 
ging the height of the adjustable whip section above 
the precut loading coil. First, tune the receiver and try to 
determine where the signals seem to peak up. Once this 
frequency is found, check the SWR with the transmitter 
оп, and find the frequency where the SWR is lowest. Short- 
ening the adjustable section will inerease the resonant fre- 
quency, and making it longer will lower the frequency. It 
is important that the antenna be away from surrounding 
objects such as overhead wires by ten feet or more, as con- 
siderable detuning can occur. Once the setting is found 
where the SWR is lowest at the center of the desired fre- 
quency range, the length of the adjustable section should 
be recorded, 

Propagation conditions and igr 
айу the limiting factors for mobile operation on 10 
through 28 MHz. Antenna size restrictions affect opera- 
ч d 
1.8 MHz. From this standpoint, perhaps the optimum 
band for HF-mobile operation is 7 MHz. The popularity 
of the regional mobile nets on 7 MHZ is perhaps the best 
indication of its suitability. For local work, 28 MHz is 
also useful, as antenna efficiency is high and relatively 
simple antennas without loading coils are easy to build. 

As the frequency of operation is lowered, an antenna. 


somewhat on 7 MHz and much more on 3.5 
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of fixed length looks (at its feed point) like a decreasing. 
resistance in series with an increasing capacitive reac- 
tance. The capacitive reactance must be tuned out, 
necessitating the use of an equivalent series inductive 
reactance or loading coil. The amour е 
required will be determined by the placement of the сой 
in the antenna systen 

Base loading requires the lowest value of inductance 
for a fixed-length antenna, and as the coil is placed far- 
"her up the whip, the necessary value increases. This is 
because the capacitance of the shorter antenna section 
(above the coil) to the car body is now lower (higher 
capacitive reactance), requiring more inductance to tune 
the antenna to resonance. The advantage is that the cur- 
sent distribution on the whip is improved, increasing the 
radiation resistance. The disadvantage is that requiremen 
of a larger coil also means the coil size and losses 

ease. Center loading has been generally accepted as 
а good compromise with minimal construction problems, 
Placing the coil ^ the distance up the whip seems to be 
about the optimum positio 

For typical antenna lengths used in mobile work, 
the difficulty in constructing suitable loading coils 
increases as the frequency of operation is lowered. Since 
the required resonating inductance gets larger and the 
radiation resistance decreases at lower frequencies, 
of the power is dissipated in the coils loss resistance and 
in other ohmic losses. This is one reason why itis advis 
able to buy a commercially made loading coil with the 
highest power rating possible, even if only low-power 
‘operation is planned. 

Coil losses in the higher-power loading coils are usu- 
ally less (percentage-wise), with subsequent improvem 
in radiation efficiency, regardless of the power level used. 
OF course, the above philosophy also applies to home 
made loading coils, and design considerations will be 
considered in a later section. 

Once the antenna is tuned to resonance, the input 
impedance at the antenna terminals will look like a pure 
resistance. Neglecting losses, this value drops from nearly 
15 Qat 21 MHz to 0.1 Q at 1.8 MHz for an 8-foot whip. 
When coil and other losses are included, the input resis 
tance increases to approximately 20 © at 1.8 MHZ and. 
16 Q at 21 MHz. These values are for relatively high- 
efficiency systems. From this it can be seen that the 
radiation efficiency is much poorer at 1.8 MHz than at 
21 MHz under typical conditions 

Since most modern gear is designed to operate with 
a 50-0 transmission line, a matching network is usually 
necessary, especially with the high-efficiency antennas 
previously mentioned. This can take the form of either a 
broadband transformer, a tapped coil, or an LC matching 
network. With homemade or modified designs, the 
tapped-coil arrangement is perhaps the easiest one to 
build, while the broadband transformer requires no 
adjustment, Аз the losses go up, so does the input resis- 


of inductar 


tance, and in less efficient syste 
may not be needed. 


s the matching network 


‘The Equivalent Circuit of a Typical 
Mobile Antenna 

In the previous section, some of the general consid- 
erations were discussed, and these will now be taken up 
in more detail. It is customary in solving probles 
involving electric and magnetic fields (such as antenna 
systems) to try to find an equivalent network with which 
to replace the antenna for analysis reasons. In many cases, 
the network may be an accurate representation over only 
a limited frequency range. However, this is often a valu 
able method in matching the antenna to the transmission 


line. 
Antenna resonance is defined as the frequency at 
which the input impedance at the antenna terminals is 
purely resistive. The shortest length at which this occurs 
for a vertical antenna over a ground plane is when the 
antenna is an electrical quarter wavelength at the operat- 
ing frequency; the impedance value for this length ( 
lecting losses) is about 36 £2. The idea of resonance can 
a quarter 
wave, and means only that the input impedance is purely 
resistive. As pointed out previously, when the frequency 
is lowered, the antenna looks like a series RC circuit, as 
Fig 3. For the average 8-foot whip, the capaci 
tive reactance of C. may range from about -150 © at 
21 MHz to as high as -8000 Q at 1.8 MHz, while the 
radiation resistance R y varies from about 15 Qat 21 MHz 
to as low as 0.1 Q at 1.8 MHZ. 
For an antenna less than 0.1 À long, the approximate 
radiation resistance may be determined from he following: 


Ry E 


be extended to antennas shorter (or longer) th 


shown 


273 x (EN? x 108 


Fig 3—At frequencies below 
resonance, the whip antenna will 
show capacitive reactance as 
well as resistance. R is the 
radiation resistance, and Ca. 
represents the antenna, 
‘capacitance. 


Fig 4—The capacitive reactance 
at frequencies below the 

ч resonant frequency of the whip 
can be canceled by adding an 

‘equivalent inductive reactance 

in the form of a loading coll in 

series with the antenna. 


ih of the whip in inches, and f is the 
sgahentz. 


flow in the circuit if any appreciable power is to be dissi- 
pated in the form of radiation in Rp. Yet it is apparen 
that litle current can be made to flow in the circuit as 


long as the comparatively high series reactance remains. 


Antenna Capacitance 
Capacitive reactance can be canceled by connecting 
an equivalent inductive reactance, (coil L, ) in series, as 


shown in Fig 4, thus tuning the system to resor 
"The capacitance of a vertical antenna shorter than a 
quarter wavelength is given by 


m 


(842) 


сарасйапсе of antenna in pF 
mtenna height in feet 
liumeter of radiator in inches 
‘operating frequency in MHz 


ET 


123 231081 
D 

Fig shows the approximate capacitance of whip. 
antennas of various average diameters and lengths. For 
1.8, 4 and 7 MHz, the loading coil inductance required 
(when the loading coil is at the base) would be approxi 
mately the inductance required to resonate in the desired 
band (with the whip capacitance taken from the graph). 
For 10 through 21 MHz, this rough calculation will give 
more than the required inductance, but it will serve as a 


Fig 5—Graph showing the approximate capacitance of 
‘short vertical antennas for varlous diameters and 
lengths. These values should be approximately halved 
for a center-loaded antenna. 


Mobile and Maritime Antennas 46-3 


starting point for the final experimental adjustm 
must always be made, 


LOADING COIL DESIGN 


To minimize loading сой loss, the coil should have 
а high ratio of reactance-to-resistance (that is, а high 
unloaded Q). A 4-MItz loading сой wound with small 
wire on a small-diameter solid form of poor quality, and 
а metal protector, may have a Q as low as 50, 
with a loss resistance of 50 Q or more. High-Q coils 
require a large conductor, air-wound construction, large 
spacing between tums, and the best insulati 
available, A diameter not less than half the k 
coil (not always mechanically feasible) and a minimum 
of metal in the field of the coil are also necessities for 
optimum efficiency. Such a coil for 4 MHZ may show a 
Q of 300 or more, with a resistance of 12 Q or less. 

‘The сөй could then be placed in series with the feed 
line atthe base of the antenna to tune out the unwanted 
capacitive reactance, as shown in Fig 4. Such a method 
is often refered to às base-loading, and many practical 
mobile antenna systems have been built using this scheme. 

Over the years, the question has come up as to 
whether or not more efficient designs are possible com- 
pared with simple base loading. While many ideas have 
been tried with varying degrees of success, only a few 
have been generally accepted and incorporated into 
actual systems, These are center loading, continuous load- 
ing, and combinations of the later with more conv 
tional antennas. 


enclosed 


Base Loading and Center Loading 

Ira whip antenna is short compared to a wavelength 
and the current is uniform along the length f, the electric 
field strength E, at a distance d, away from the antenna is 
approximately 


10216 


E 


di каз) 
where 


Lis the antenna сштеп 


amperes 
Avis the wavelength in the same units as D and f 


A unifor 
whip is an idealized situation, however, since the current 
is greatest at the base of the antenna and goes to а mini- 
‘mum at the top. In practice, the field strer 
than that given by the above equation, because itis а func- 
Чоп of the current distribution on the whip. 

"The reason that the current is not uniform on a whip 
antenna can be seen from the circuit approximation shown 
in Fig 6. A whip antenna over a ground plane is similar 
in many respects to a tapered coaxial cable where the 
center conductor remains the same diameter along its 


current flowing along the length of the 


length, but with an increasing diameter outer conductor. 
‘The inductance per unit length of such a cable would 
increase along the line, while the capacitance per unit 
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Fig 6—A circuit approximation of a simple whip over 
а perfectly conducting ground plane. The shunt 
‘capacitance per unit length gots smaller as the height 
increases, and the series inductance per unit length gets 
larger. Consequently, most of the antenna current 
returns to the ground plane near the base of the antenna, 
giving the current distribution shown at the right. 
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farther up the whip, as shown in Fig 7, rather than at the 
base. If the coil is resonant (or nearly so) with the 


Fig 7—Improved 
current distribution. 
resulting from center 
loading. 


greater than C3, and so 0 


is that most of the antenna с, 


Table 1 
Approximate Values for 8-ft Mobile Whip 


Loading Fc(Q50) Rc{030) Ва 
мна) m 2 2 4 
Base Loading 
18 мв pon E 
38 75 „ ёз das 
72 20 воз 135 
104 эз 2 2 28 
м2 аз 77 13 57 
181 зо so 10 100 
2125 125 за 05 ма 
249 o9 26 — 200 
о 2 = — = 
Center Loading 
02 
оз 
зо 
58 
tho 
190 
270 


“Assuming loading col 


Feed R* маснад 
a Lan 
23 a 
16 12 
15 os 
12 04 
12 028 
м 028 
16 028 
22 025 
E 023 
м E 
2 14 
19 07 
18 05 
19 035 
2 oat 
29 029 


300, and including estimated grounds resistance. 


Table 2 
Suggested Loading Coil Dimensions 

Req Wire Da Length 
Цин) Tums Size inches Inches 
700 100 2 a 10 
мв 195 18 a 10 
150 100 16 E 10 

т m “ E 10 

" m 12 s dh 

„ zæ 16 E 2 
x 12 2% “ 
юл? 16 E Th 

ю 2 12 E E 
as 1 “ 2 2 

es зв 12 2% a 

ав 0 “ 2 T 
ав c 12 2% 4 

25 в 12 2 2 

2s 2 6 2% "n 
125 6 12 СА 2 

125 6 в EN eh 


capacitance to ground of the section above the coil, the 
current distribution is improved as also shown in Fig 7. 
"The result with both top loading and center loadir 
that the radiation resistance is increased, offsettin 
effect of losses and making matching easier 

"Table 1 shows the approximate loading coil induc- 
tance for the various amateur bands. Also shown in the 
table are approximate values of radiation resistance to be 


the 


expected with an 8-foot whip, and the resistances of load- 
ing coils—one group having a Q of 50, the other a © of 
300. A comparison of radiation and coil resist 

show the importance of reducing the 
minimum, especially on the three lower frequency bands. 
‘Table 2 shows suggested loading-coil dimensions for the 
inductance values given in Table 1 


OPTIMUM DESIGN OF SHORT 
COIL-LOADED HF MOBILE ANTENNAS 


Optimum design of short HF mobile antennas 
results from a careful balance of the appropriate loading 
сой Q-factor, loading coil position in the antenna, ground 
loss resistance, and the length-to- 
tenna. The optimum balance of these parameters can be 
realized only through a thorough understanding of how 
they interact. This section presents a mathematical ap- 
proach to designing mobile antennas for maximum radia- 
tion efficiency. Bruce Brown, W6TWW, in The ARRL 
Antenna Compendium Volume 1, first presented this ap- 
proach. (See the Bibliography at the end of this chapter.) 
The optimum location for a loading coil in an 
antenna can be found experimentally, but it requires many 
hours of designing as models and making 
measurements to ensure the validity of the design. A faster 
amd more reliable way of determining optimum coil 
location is through the use of a personal computer. This 
approach allows the variation of any single variable, while 
observing the cumulative effects on the system. When. 
plotted graphically, the data reveals that the placement of 
the loading coil is critical if maximum radiation efficiency 


meter ratio of the an. 
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Table 3 
Variables used in Egs 4 through 20 


roa in degree-amperes 
intenna radius in English or metric units 


dB = signal loss in decibels 


Н = height in English or metric units 
eight in electrical degrees 
height of base section in electrical degrees 
height of top section in electrical degrees 
ampere base current 


[^ 

k= 00128 

km = mean characteristic impedance 

k = Mean characteristic impedance of base section 
lean characteristic impedance of top section 

/nglh or height of the antenna in feet 

= power fed to the antenna 

power radiated 


radiation resistance in £2 
Ioading-ooi inductive reactance 


is to be realized. (See the program MOBILE EXE, which 
is included on the CD-ROM in the back of this book.) 


Radiation Resistance 

"The determination of radiation efficiency requites the 
knowledge of resistive power losses and radiation losses 
Radiation loss is expressed in terms of radiation resistance. 
Radiation resistance is defined as the resistance that would 
dissipate the same amount of power that is radiated by the 
antenna. The variables used in the equations that follow аге 
defined once in the text, and are summarized in Table 3. 


Radiation resistance of vertical antennas shorter than 45 
ih) is approximately 


Gan 


radiation resistance in Q 
ntenna length in electrical degrees. 


Antenna eight ncletical ерен espresa y 
i 

na мш) 360 tus 
э (мш) as 

wher 


£ = antenna length in feet 
T (MHz) = operating frequency in megahertz. 


End effect is purposely omitted to ensure that an 
Chapter 16 


Fig 8—Relative current distribution on a vertical 
antenna of height h = 90 electrical degr 


antenna is electrically long. This is so that resonance at 
the design frequency can be obtained easily by removing 
a turn or two from the loading coil. 

Eg 4 is valid only for antennas having а sinusoidal 
current distribution and no reactive loading. However, it 
can be used as a starting point for deriving an equatior 
that is useful for shortened antennas with other thar 


sinusoidal current distributions. 
Refer to Fig 8. The current distribution on a 
amenna 90° long electrically (J wavelength) varies with 
the cosine of the length in electrical degrees. The current 
of the top 30° of the antenna is essentially 
linear. It is this linearity that allows for derivation of a 
simpler, more useful equation for radiation resistance. 
The radiation resistance of an electrically short base- 
loaded vertical antenna ca veniently defined in 
terms of a geometric figure, a triangle, as shown in Fig 9. 
The radiation resistance is given by: 
ka- KA? 


where 


distribution 


be cor 


(Eg 6) 


K is a constant (to be derived shortly) 
ea of the triangular current distribution in 
се-атретех. 


ere area is expressed by 


G 


mo 
s Joass 


Fig 9— Relative current distribution on a base-loaded 
vertical antenna of height H = 30 electrical degrees 
(linearized). The base loading сой is not shown here. 


By combining Eqs 4 and 6 and solving for K, we 


" 
RI 
mr da 
By substituting the values rom Fig 9 into Eq 8 we 
sa 


3 
32x (053001) 


0.0128 


and by substituting the derived value of K into Eq 6 we 


Rp = 0.0128 x A? 


(Eq9) 

Eq 9 is useful for determining the radiation resis- 
tance of coil-loaded vertical antennas less than 30" in 
length. The derived constant differs slightly from that 
presented by Laport (see Bibliography), as he used a dif- 
Terent equation for radiation resistance Eq 4. 

When the loading coil is moved up an antenna (away 
from the feed point), the current distribution is modified 
as shown in Fig 10. The current varies with the cosine of 
the height in electrical degrees at any point in the base 
section. Therefore, the current flowing into the bottom 
of the loading coil is less than the current flowing at the 
base of the antenna. 

But what about the current in the top section of the 
antenna? The loading coil acts as the lumped constant 
that itis, and disregarding losses and сой radiation, п 


Г 
LE 
| 


Fig 10— Relative current distribution on а center-oaded 
antenna with base and top sections each equal to 15 
electrical degrees in length. The cross-hatched area 
‘shows the current distribution that would exist in the top 
15° of a 90'-high vertical fed with 1 ampere at the base 


tains the same current flow throughout. As a result, the 
current at the top of a high-Q coil is essentially the same 
as that at the bottom of the coil. This is easily verified by 
installing RF ammeters immediately above and below the 
loadi 
тоге current into the top section than would flow in the 
equivalent section of a full 90° long antenna. This occurs 
as а result of the extremely high voltage that appears at 
the top of the loading coil. This higher current flow 
results in more radiation than would occur from the 
equivalent section ofa quarter-wave antenna, (This is true 
Tor conventional coils. However, radiation from long thin 
coils allows coil current to decrease, as in helically wound 
antennas.) 

The cross-hatched area 


oil im atest antenna, Thus, the coil “forces” much 


ig 10 shows the curren 
that would flow in the equivalent part of a 90° high 
antenna, and reveals that the degree-ampere area of the 

really increased as 


whip section of the short antenna is gr 
a result of the modified current distribution. The current 
flow in the top section decreases almost linearly to zero 
at the top. This can be seen in Fig 10. 


"The degree-ampere area of Fig 10 is the sum of the 

йаг area represented by the current distribution in 
the top section, and the nearly trapezoidal current distri 
bution in the base section. Radiation from the coil is not 
included in the degree-ampere area because it is small 
and difficult to define. Any radiation from the coil can be 
considered а bonus. 

The degree-ampere area is expressed by 
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A == [ba (1+ costa) + ha (costa) (Eq 10) 


electrical length in degrees of the base section 


= electrical height in degrees of the top section. 


‘The degree-ampere area (calculated by substituting 
Eq 10 into Eq 9) can be used to determine the radiation 
resistance when the loading coil is at any position other 
than the base of the antenna. Radiation resistance has been 
calculated with these equations and plotted against load- 
ing coil position at three different frequencies for 8- and 
11-foot antennas, Fig 11. Eight feet is a typical length for 
commercial antennas, and 11-foot antennas are about the 
‘maximum practical length that сап be installed on a 
vehicle, 

In Fi 
tance rises almost linearly as the loading coil is moved 
up the antenna. They also show that the radiation resis- 
tance rises rapidly as the Frequency is increased. If the 
analysis were stopped at this point, one might conclude 
that the loading coil should be placed at the top of the 
antenna. This is not so, and will become apparent shortly. 


11, the curves reveal that the radiation resis- 


i 
Р = 
E 


Fig 11—Radiation resistance plotted as a function ot 
loading coll position. 
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Required Loading Inductance 
Calculation of the loading coil inductance needed 
to resonate a short antenna can be done easily 

rately by using the antenna transmission-line analog 
described by Boyer in Ham Radio. For а base-loaded 
antenna, Fig 9, the loading сой reactance required to reso- 


nd accu. 


mate the antenna is given by 
X, = j Ka cot h (Eg 1) 
where. 


X, = inductive reactance required 
Кы = mean characteristic impedance (defined 
12) 


Eg 


The -j term indicates that the antenna presents 
capacitive reactance at the feed point. A loading coil must 
cancel this reactance. 

"The mean characteristic impedance of an antenna is 
expressed by 


K,=60 0 ] 


= (Eq 12) 
where 

Н = physical antenna height (excluding the length 
or the loading coil) 

а = radius of the antenna in the same units as Н. 


From Eq 12 you can see that decreasing the height- 
meter ratio of an antenna by increasing the radius 
results in a decrease in Kj, With reference to Eq 11, a 
decrease in K,, decreases the inductive reactance required 
to resonate an antenna, As will be shown later, this will 
increase radiation efficiency. In mobile applications, we 
quickly run into wind-loading problems if we attempt to 
use an antenna that is physically large in diameter. 
If the loading coil is moved away from the base of 
ıa, the antenna is divided into a base and top. 
section, as depicted in Fig 10. The loading coil reactance 
required to resonate the antenna when the coil is away 
from the base is given by. 


X, =j Кыз (cot hy) — К, (tan hy) (Eq 13) 


the top 
section is usually a whip with a much smaller diameter 
than the base section. Because of this, it is necessary to 
compute separate values of Ky, for the top and base sec- 
tions. Кы and Кш; are the mean characteristic imped- 
ances of the base and top sections, respectively. 
Loading coil reactance curves for the 3.8-MH2 
antennas of Fig 11 have been calculated and plotted in 
Fig 12. These curves show the influence of the loadin 
col position on the reactance required for resonance. The 
curves in Fig 12 show that the required reactance 
decreases with longer antennas, The curves also reveal 
that the required loading coil reactance grows at an 
increasingly rapid rate after the coil passes the center of 
the antenna, Because the highest possible loading coil Q 


In mobile-antenna design and constructor 
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Fig 12—Loading coll reactance required for resonance, 
plotted as a function of coll height above the antenna, 
base. The resonant frequency is 3.9 MHz. 


factor is needed, and because optimum Q is attained when 
the loading coil diameter is twice the loading coil length, 
the coil would grow like a smoke ring above the center of 

enna, and would quickly reach an impractical size 
Itis for this reason that the highest loading coil position 
is limited to one foot from the top of the antenna in all 
‘computations. 


Loading Coil Resistance 

Loading coil resistance constitutes one of the losses 
that consumes power that could otherwise be radiated by 
the antenna. Heat loss in the loading coil is not of any 
benefit, so it should be minimized by using the highest 
possible loading сой Q. Loading coil loss resistance is a 
function of the coil Q and is given by 


(Eq 14) 


XL = loading coil reactance 
© = coil figure of merit 
Inspection of Eg 14 reveals that, for a given value 
of inductive reactance, loss resistance will be lower for 
higher © coils. Measurements made with а Q meter show 
that typical, commercially manufactured coil stock pro- 


duces a © between 150 and 160 in the 3.8-MHz band. 
Higher Q values can be obtained by using larger 
diameter coils having a diameter-to-length ratio of two, 
by using larger diameter wire, by using more spacing 
between turns, and by using low-loss polystyrene sup- 
porting and enclosure materials, In theory, loading coil 
turas should not be shorted for tuning purposes because 
shorted turns somewhat degrade О. Pruning to resonance 
should be done by removing turns from the сой. 
In fairness, it should be pointed out that many prac- 
tical mobile antennas use large-diameter loadin 
©. The popular 
“Texas Bug Catcher” coils come to mind here. Despite 
general proseriptions against shorting turns, these 
systems are often more efficient than antennas with small, 
relatively low-Q, fixed loadi 


Radiation Е! 


The ratio of power radiated to power fed to 
antenna determines the radiation efficiency. It is giv 
by 


With shorted turns to achieve reson 


E = P 100% 
P, 


(Eg 15) 


where 
E 
Pa 
Pj = power fed to the antenna at the feed point. 


radiation efficiency in percent 
ower radiated 


In a short, coil-loaded mobile antenna, a large por- 

tion of the power fed to the antenna is dissipated in 

and coil resistances. A relatively insignificant amount of 

power is also dissipated in the antenna conductor resis- 

ance and in the leakage resistance of the base insulator. 

Because these last two losses are both very small and dif- 
re neglected in calculating 


ficult to estimate, they are he 


radiation effici 
Another loss worth noting is matching network loss. 
Because we are concerned only with power fed to the 


antenna in the determination of radiation efficiency, 
matching network loss is not considered in any of the 
equations. Suffice it to say that matchi 
be designed for minimum loss in order to maximize the 
transmitter power available at the antenna. 

The radiation efficiency equation may be rewritt 
and expanded as follows: 


networks should 


PR, x100 


PUR, + Ra (lent) Rc 


(Eg 16) 


where 
1= antenna base current in amperes 


Rg = ground loss resistance in £2 
oil loss resistance in O. 


Each term of Eq 16 represents the power dissipated 
їп йз associated resistance. All the current terms cancel, 
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simplifying this equatio 


Ry «100 


Ra + Ra + Re (n) вт 


For base-loaded antennas the term cos?h, drops to 
unity ar 


may be omitted. 


Ground Loss 

Eg 14 shows that the total resistive losses in the 
Rr= Ry + Ra +R, (cos? hy) (Eq 18) 
where Ry is the total resistive loss. Ground loss resis- 
tance can be determined by rearranging Eq 18 as follows: 
Rg = Er- Rp- Rc cos? h, (Eq 19) 

Ry may be measured in а test antenna installation 
оп a vehicle using an R-X noise bridge or an SWR ana- 
beer You can then calculate Rx and Re- 

Ground loss is a function of vehicle size, placement 
of the antenna on the vehicle, and conductivity of the 
‘ground over which the vehicle is traveling. Only the first 
two variables can be feasibly controlled. Larger vehicles 
provide better ground planes than smaller ones. The 
vehicle ground plane is only partial, so the result is c 
siderable RF current Пом (and ground loss) in the ground 
around and under the vehicle 


h as possible on 
round losses are decreased. This results from 


а decrease in antenna capacitance to ground, which 
increases the capacitive reactance to ground. This, in turn, 
reduces ground currents and eroi 

"This effect has been verified by installing the same 


id losses, 


antenna at three different locations on two different 
d by determining the ground loss from 
Eg 19. In the first test, the antenna was mounted 6 inches 
below the top of a large station wagon, just behind the 
left rear window. This placed the antenna base 4 feet 


vehicles, 


2 inches above the ground, and resulted in a measured 
ound loss resistance of 2.5 ©. The second test used the 


Same antenna mounted on the left rear fender of a mid- 
sized sedan, just to the left of the trunk lid. In this test, 
the measured ground loss resistance was 4 О. The third 
test used the same mid-sized car, but the antenna was 


mounted on the rear bumper. In this last test, the mea- 
sured g 

"The same antenna therefore sees three different 
ground loss resistances as a direct result of the antenna 
‘mounting location and size of the vehicle. It is important 
to note that the measured ground loss increases as the 
round. The import 
mizing ground losses in mobile antenna installations 


round loss resistance was 6 ©. 


е of mini- 


antenna base nears the g 
cannot be overemphasized, 


Efficiency Curves 
With the equations defined previously, a computer 
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Fig 13—Radiation efficiency of 81001 antennas at 


3.9 Mhz. 
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Fig 14—Radiation efficiency of 11-foot antennas at 


3.9 MHz. 
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Fig 15—Radiation efficiency of 8-foot antennas at 
7.225 MHz. 
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Fig 16—Radiation efficiency of 11-foot antennas at 
7.225 MHz. 


Was used to calculate the radiation efficiency curves 
depicted in Figs 13 through 16. These curves were cal- 
culated for 3.8- and 7-MHz antennas of 8- and 11-foot 
lengths. Several values of loading coil Q were used, for 
both 2 and 10 © of ground loss resistance. For the calcu- 


lations, the base section is '/-inch diameter electrical 
EMT, which has an outside diameter of / inch. The top 
section is fiberglass bicycle-whip material covered with 
Belden braid. These are readily available materials, which 
сап be used by the average amateur to construct. 
pensive but rugged antenna, 
Upon inspection, these radiatio 
reveal some significant information: 
1) Higher coil Q produces higher radiati 
2) longer antennas produce higher radiation efficiencies, 
3) higher frequencies produce higher radiation efficiencies, 
4) lower ground loss resistances produce higher radia 
tion efficiencies, 

5) higher ground loss resistances force the loading coil 
above the antenna center to reach a crest in the radia 

ficiency curve, and 

6) higher сой Q sharpens the radiation-efficiency curves, 
resulting in the coil position being more critical for 
optimum radiation efficiency 

Note that the radiation efficiency curves reach a peak 
and then begin to decline as the loading coil is raised 
farther up the antenna. This is because of the rapid 
increase in loading coil reactance required above the 
‘antenna center. Refer to Fig 12. The rapid increase in coil 
size required for resonance results in the coil loss resis- 
lance increasing much more rapidly than the radiation 
resistance. This results in decreased radiation efficiency, 
as shown in Fig 11 

A slight 
between the base-loaded position and the one-foot coil- 
height position, This is caused by a shift in the curve 

from insertion of a base section of larger diam: 
the whip when the сой is above the base. 
‘The curves in Figs 13 through 16 were calculated 
with constant (but not equal) diameter base and whip sec 
tions. Because of wind loading, it is not desirable to 
increase the diameter of the whip section, However, the 


ficiency curves 


everse curvature exists in the curves 


base-section diameter can be increased within reason to 
further improve radiation efficiency. Fig 17 was calcu- 
lated for base-section diameters ranging from "/» inch 
to 3 inches. The curves reveal that a small increase in 
radiation efficiency results from larger diameter base sec 


"The curves in Fi 


gs 13 through 16 show that radia 
be quite low in the 3.8-MHz band 
compared to the 7-МН band. They are lower yet in the 
1.8-MHZ band. To gain some perspective on what these 
low efficiencies mean in terms of signal strength, Fig 18 


tion efficiencies c 


Was calculated usin 
100 


dB = log; (Eq 20) 
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Fig 17—Radiation efficiency plotted as a function of base 
‘section diameter. Frequency = 3.9 MHz, ground loss 
resistance = 2.0, and whip section = cinch diamet 


E 


(648 per $ Uri) 


Fig 18—Mobile antenna signal loss as a function of 
radiation efficiency, compared to a quarter-wave 
vertical antenna over perfect ground. 
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where 
dB = signal loss in decibels 
E = efficiency in percent. 
18 reveals that an an 
nal loss of 6 dB (approximately 
опе S unit) below a quarter-wave vertical antenna over 
perfect ground. An antenna efficiency in the neigi 
hood of 6% will produce a signal strength on the order of 
two S units or about 12 dB below the same quarter-wave 
reference vertical. By careful optimizatio 
antenna design, signal strengths from mobiles can be 
made fairly competitive with those from fixed stations 
using comparable power. And don't forget: Moving your 
саг near saltwater, with its high conductivity, can result 
in surprisingly strong signals from a mobile station! 


The curve in Fi 


enna having 
25% efficiency has a si 


of mobile 


Impedance Matching 

‘The input impedance of short, high-Q coil-loaded. 
antennas is quite low. For example, an 8-foot antenna 
‘optimized for 3.9 MHz with an unloaded сой Q of 300 
and a ground-loss resistance of 2 £2 has a base input im- 
pedance of about 13 ©. This low impedance value causes. 
A standing wave ratio of 4:1 on a 50-0 coaxial line at reso- 
nance. This high SWR is not compatible with the require- 
ments of solid-state transmitters, Also, the bandwidth of 
shortened vertical antennas is very narrow. This severely 
limits the capability to maintain transmitter loading over 
even a small frequency г: 

Impedance matching can be accomplished by means 
of L networks or impedance-matching transformers, but 
the narrow bandwidth limitation remains. А more eleg; 
solution to the impedance matching and narrow band- 
Width problem is to install an automatic tuner at the 
antenna base. Such a device matches the antenna and 
coaxial line automatically, and permits operation 
wide frequency range. 

The tools are 
antenna design to produce maximum radiation efficiency. 
Mathematical modeling with a personal computer reveals 
that loading coil O factor and ground loss resistance 
greatly influence the optimum loading coil position in a 
short vertical antenna. It also shows that longer anten- 
nas, higher coil O, and higher operating frequencies pro- 
duce higher radiation efficiencies. 

End effect has not been included in any of the equa- 
tions to assure that the loading coil will be slightly larger 
than necessary. Prun 
done by removing coil turns, rather than by shorting turns 
or shortening the whip section excessively. Shortening the 
Whip reduces radiation efficiency, by both shortening the 
antenna and moving the optimum coil position. Shortin 

сой degrades the Q of the сой. 


ow available to tailor a mobile 


the antenna to resonance should be 


turns in the loadin 


Shortened Dipoles 


Mathematical modeling techniques сап be applied 
to shortened dipoles by using zero ground loss resistance 


and by doubling the computed values of radiation resis- 
tance and feed-point impedance. Radiation efficiency, 
however, does not double. Rather, it re 
because a second loading coil is required in the other leg 
of the dipole. The addi 

in efficiency that occurs when the feed-point 
impedance and radiation resistance are doubled. There is 
а gain in radiation efficiency over a vertical antenna 
worked against ground, though, because the dipole c 
figuration allows ground loss resistance to be eliminated 
from the calculations, 


‘of the second coil offsets the 


CONTINUOUSLY LOADED ANTENNAS 


"The design of high-Q air core inductors for RF work 
is complicated by the number of parameters that must be 
‘optimized simultaneously. One of these factors affecting. 
coil Q adversely is radiation from a discrete loading coil. 
Therefore, the possibility of cutting down other losses 
while incorporating the coil radiation into that from the 
rest of the antenna system is an attractive one 

"The general approach has been to use a coil made 
from heavy wire (#14 or larger), with length-to-diameter. 
ratios as high as 21. British experimenters have reported 

ood results with 8-foot overall lengths on the 1.8- and 
3.5-MHz bands. The idea of making the entire antenna 
out of one section of сой has also bes 
¡que is referred to as linear loading. 
Further information on linear-loaded antennas can be 
found in Chapter 6. 

While going to extremes trying to find a perfect load- 
ing arrangement may not improve antenna performance 
very much, a poor system with lossy coils and hi 
resistance connections must be avoided if a reasonable 
signal is to be radiated, 


шей with some 


success. This tech 


MATCHING TO THE TRANSMITTER 


Most modern trans 


itters require а 50-02 output 
load, and because the feed-point impedance of a mobile 
whip is quite low, a matching network is usually neces- 
sary. Although calculations are helpful in the initial 
iderable experimentin 

up. This is particularly true for the lower bands, 
where the antenna is electrically short compared with а 
quarter-wave whip. The reason is that the loading coil is 
required to tune ош а very large capacitive reactance, and 
even small changes in component values result in large 
reactance variations, Since the feed-point resistance is 
low to begin with, the problem is even more aggravated, 

You can transform the low resistance of the whip to 
a value suitable for а 50-0 system with an RF transformer 


is often necessary in 


or With a shunt-feed arrangement, such as an L network, 
"The later may only require a shunt coil or shunt capaci- 
tor at the base of the whip, since the net series capacitive 
or inductive reactance of the antenna and its loading coil 
may be used as part of the network. The following 
example illustrates the calculations involved. 


Assume that а center-loaded whip antenna, 8.5 feet 
in overall length, is to be used on 7.2 MHz. From Table 1 
earlier in this chapter, we see that the feed-point resis- 
tance ofthe antenna will be approximately 19 0, and from 
Fig 5 that the capacitance of the whip, as se 
is approximately 24 pF. Since the antenna is to be center 
loaded, the capacitance value of the section above the 
сой will be cut approximately in half, to 12 pF. From 
this, it may be calculated that a center-loading inductor 
or 40.7 pH is required to resonate the antenna, that is, to 
cancel out the capacitive reactance. (This figure agrees 
With the approximate value of 40 pH shown in Table I 
The resulting feed-point impedance would then be 19 + 
j 0 A—a good match, if one happens to have a supply of 
19-0 coax.) 
Solution: The antenna ean be matched to а 52-0 lin 

such as RG-8 by tuning it either above or below reso- 


at its base, 


Fig 19—Admittance diagram of the RLC circuit 
consisting of the whip capacitance, radiation resistance 
and loading сой discussed in text. The horizontal axis 

sents conductance, and the vertical axis 
susceptance. The point Po is the Input admittance with no 
Whip loading inductance. Points P1 and P2 are described 
in the text. The conductance equals the reciprocal of the 
resistance, U no reactive components are present. For a 
series AX circul, the conductance is given by 


82 
and the susceptance ls given by 

X 
82 
Consequently а paralel equivalent GB circuit of the 
series RX one can be found which makes computations 
easier. This is because conductances and susceptances 
add in parallel the same way resistances and reactances. 
add in series. 
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ош the undesired component 
‘with an appropriate shunt element, capacitive or induc- 


tive. The way in which the impedance is transformed up 
сап be seen by plotting the admittance of the series RLC 
circuit made up of the loading c 


Tor a constant feed-point resistance of 19 ©. There are 
two points of interest, PI and P2, where the input c 

ductance is 19.2 millisiemens, corresponding to 52 O. The 
undesired susceptance is shown as 1/Xp and -1/Xp, 
which must be canceled with a shunt element of the 
„, but with the same magnitude. The value of 
shunt reactance, X p, may be found from 


ЕП 


where X, is the reactance in О, Ry is the feed-point 
resistance, and Zo is the feed-line impedance. For Z, 
52 Qand R,= 190, Xp = 239.5 0. A coil or good qual- 
ily mica capacitor may be used as the shunt element. With 
the tune-up procedure described later, the value is not 
critical, and a fixed-value component may be used. 

"To arrive at point РІ, the value of the center load- 
ing-coil inductance would be less than that required for 
resonance. The feed-point impedance would then appear 
capacitive, and an inductive shunt matching element 
would then be required. To arrive at point P2, the center 
loading coil should be more inductive than required for 
resonance, and the shunt element would need to be 
capacitive. 


"The value of the center loading coil required for the 


е © 


E 


Fig 20—At A, a whip antenna that is resonated with а 
center loading сой. At B and C, the value of the loading 
col has been altered slightly to make the feed-point 
Impedance appear reactive, and a matching component is 
‘added in shunt to cancel the reactance. This provides ап 
impedance transformation to match the Z of the feed line. 
‘An equally acceptable procedure, rather than altering the 
loading coll inductance, is to adjust the length of the top. 
‘section above the loading col for the best match, as 
described in the tune-up section of the text. 
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mined from the equat 
10° ху 

rcx баз» 

where additions performed га capacitive shunts to be 

used, or subraction performed ifthe shu 

nd where L isin i Fis the Frequency in МЕ», Cs the 

capacitance ofthe antenna section being matched in př 

E 


X =, (2, B.,) 


(Eq 23) 

For the example given, where Z, = 52 Q, Ry = 
19 Q, f = 7.2 MHz, and C = 12 pF, X, is found to be 
25.0 0. The required antenna loading inductance is ei- 
ther 40.2 ЫН or 41.3 pH, depending on the type of shunt. 
Various matching possibilities for this example are shown 
in Fig 20. At A, the antenna is shown as tuned to reso- 
nance with La. a 40.7 pH coil, but with no provisions 
included for matching the resulting 19-0 impedance to 
the 52-0 line. ALB, Ly, has been reduced to 40.2 pH to 
make the antenna appear net capacitive, and Lac, having 
а reactance of 39.5 ©, is added in shunt to cancel the 
‘capacitive reactance and transform the feed-point imped- 
ance to 50 Q. The arrangement at Cis similar to that at B 
except that Ly, has been increased to 41.3 pH, and Сы 
(a shunt capacitor having a negative reactance of 39.5 О) 
is added, which also results in a 52-0 nonreactive termi- 
nation for the feed lin 

"The values determined for the loading coil in the 
above example point out an important consideration con- 
cerning the matching of short antennas relatively small 
changes in values of the loading components will have a 
greatly magnified effect on the matching requirements. A 
change of less than 3% in the loading coil inductance value 

letely different 

Likewise, calculations show that a 3% change in ant 
capacitance will give similar results, and the value of the 
precautions mentioned earlier becomes clear. The ser 
tivity of the circuit with regard to frequency variations is 
also quite critical, and an excursion around practically the 
entire circle in Fig 19 may represent only 600 kHz, cen- 
tered around 7.2 MHz, for the above example. This is why 
tuning up a mobile antenna can be very frustrating unless 
а systematic procedure is followed. 


necessitates a co satehing network! 


Tune-Up 
Assume that inductive shunt matching is to be used. 
With the antenna in the previous example, Fig 20B, where 
39.5 Q is needed for Ly. This means that at 7.2 MHz, a 
coil of 0.87 uH will be needed across the whip feed-poi 
terminal to ground. With a 40-0 loading coil in place, 
the adjustable whip section above the loading coil should 
be set for minimum height. Signals in the receiver will 
sound weak and the whip should be lengthened а bit at a 
il signals start to peak. Turn the transmitter on 
‘check the SWR ata few frequencies to find where a 


minimum occurs, If it is below the desired frequen 


ain. It should be 
ий the SWR is 
e. If the fre- 
mum SWR occurs is above the 


shorten the whip slightly and check 


moved approximately Ч. inch at a time 


minimum at the center of the desired га 
quency where the n 
desired frequency, repeat the procedure above, but 


lengthen the whip only slightly 
If a shunt capacitance is to be used, as in Fi 


200, 

a value of 560 pF would correspond to the required 
39.5 Q of reactance at 7.2 MHz. With a capacitive shunt, 

start with the whip in its longest positio 

until signals peak up. 


and shorten it 


Fig 21—A capacitance hat can be used to Improve the 
performance of base- or center-loaded whips. A solid 
metal disc can be used in place of the skeleton dise 
shown here. 


TOP-LOADING CAPACITANCE 


Because the loss resistance varies with the inductance 


of the loading coil, the resistance car 


be reduced by 
removing turns from the coil. This must be compensated 
by adding capacitance to the portion of the mobile antenna. 
that is above the loading coil (Fig 21). Capacitance hats, 
as they are called, can consist of a single stiff wire, two 
wires or more, or a dise made up of several wires like the 
spokes of a wheel. A solid metal dise could also be used, 
but is less practical for mobile work. The larger the 
capacitance hat (physically) the greater is the capacitance. 
The 
required for resonance at а given frequency. 

sat loading is applicable in either base- 
loaded or center-loaded systems. Since more inductance 


eater the capacitance, the less is the inductance 


Capacitance: 


is required for center-loaded whips to make them reso- 

mant at a given frequency, capacitance hats are particu 

larly useful in improving their efficiency. 
TAPPED-COIL MATCHING NETWORK 


Some of the drawbacks of the L-network can be elimi- 


nated by the use of the tapped-coil arrangement shown in 


Fig 22. Tune-up still remains eri 


somewhat more straightforward than for an L-network 
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Fig 22—A mobile antenna using shunt-feed matching. 
Overall antenna resonance is determined by the combi- 
nation of L1 and L2. Antenna resonance is set by 
pruning the turns of L1, or adjusting the top section of 
the whip, while observing the field-strength meter or 
SWR indicator. Then adjust the tap on L2 for the lowest 
SWR. 
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Coil 12 can be inside the car body, at the base of the 
antenna, or at the base of the whip. As L2 helps determine 


the resonance of the antenna, LI should be tuned to reso- 
nance in the desired part of the band with L2 in the eit- 
cuit. The top section of the whip can be telescoped until a 
Tield-strength maximum is found, The tap on L2 is then. 
adjusted for the lowest reflected power. Repeat these two. 
‘adjustments until no further increase in field strength can 
be obtained; this point should coincide with the lowest 
SWR. The number of turns needed for L2 will have to be 
determined experimentally 


THE “SCREWDRIVER” 
MOBILE ANTENNA 


Imagine Os wing from the bottor 
the top of 10 meters, right from the driver's seat. With 
njoy a very high O antenna that 

has no taps or external adjustments, and that exhibits an 
SWR under 1.5:1 on all bands, Max Bloodworth, KOSTV, 
а їп The ARRL Antenna 


of 80 meters to 


this antenna you will 


described this ant 
Compendium, Vol 7. 
"The Screwdriver type of antenna was the brainchild 
ог Don Johnson, W6AAQ, who developed it after many 
years of experimenting with mobile antennas. Fig 23 is a 


Fig 23—The completed Screwdriver antenna mounted оп 
KO4TV's truck rear bumper. (Photo courtesy of Gary 
Pearce, KN4AQ) 
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mounted on KOSTV's 


photo of the completed ant 
truck 


THE LOADING COIL 


"The general concept for the Screwdriver is that of a 
center loaded antenna with an adjustable loading coil. This 
is an old idea; however, most previous multi-band antennas 
required multiple coil taps and an adjustable top whip 
section, as well as an impedance-matching unit at the base 

‘The problem of tapping a coil is well known. If you 
leave one end of the coil open, you have a miniature Tesla 
Coil, which can cause corona discharge and arcing. If you 
short the turns, the Q of the loading coil usually drops 
drastically. The Serewdriver is remarkable in that it does 
not have any coil taps and yet it can cover a wide range of 
Frequencies with very high Q. 

"The secret is in the manner of adjusting the coil. It 
simply slides up or down into a metal tube (the base section), 
and makes contact with the top of the tube by means of 
“finger stock,” which is made of spring-like Beryllium 
Copper. The coil is pushed up or down by an ordinary 
cordless screwdriver: hence the name, Screwdriver. This 
turns a section of threaded rod and moves the coil form up 
‘or down, The section of coil above the finger stock is the 
active loading сой, and the part of the сой just below the 
Finger stock simply “disappears” into the base tube and is 
totally out of the circuit. No taps, no loose ends—just a high- 
Ө coil in the middle of two solid metal tubes. Although this 
‘antenna is available ready-made from several commercial 
sources, making one is well within the capabilities of any 
ham who is relatively handy with ordinary hand tools, and 
who has access to either a small lathe or a cor 
inch pipe die 


mon 1 


Fig 24—The base tube, 
with finger stock 
attached to the top. 


CONSTRUCTING YOUR 
SCREWDRIVER ANTENNA 
Construction begins by locating a 2-inch inside- 
diameter tube, about 3 to 3% feet long. See Fig 24. The 
author had used such diverse materials as: 
+ Aluminum irrigation pipe 

Schedule-20 copper tubing 
A stainless-steel hydraulic cylinder 
A section of aluminum from a 6-meter beam 
damaged by a tornado 
And even a brass bedpost salvaged from the local garbage 
dump. 

The brass bedpost looked especially good on his 
vehicle, which was Burgundy with gold trim. Whatever 
material you use for the bottom tube, you can either leave it 
unfinished or painted to your taste. 


180 Tome Baro re 
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Fig 25— The coll form, with a threaded Insert inserted. 
Into the bottom PVC cap inside the coll form. 


‘The other essential item is a cordless screwdriver, minus. 
its batteries and switch. You can often find one at yard sales 
er flea markets Гога dollar or so, usually with dead batteries, 
since itis often just as cheap to buy another one new as it is 
to buy new batteries. So long as it will fit snugly inside the 
base tube, the brand name is immaterial. KOSTV has used 
Skil, Black & Decker, or even a Wal-Mart $8 special, all 
with equal success, The most difficult part of the job will be 
making the coil form and winding the loading coil, but with 
a litle patience you should be able to do this satisfactorily. 

Bear in mind that it is not a “Heathkit” type project, 
and it will require some innovation and ingenuity on your 
part. Next, obtain a2-foot long piece of l f inch PVC pipe 
(not CPVC, which is vulnerable to ultraviolet rays from the 
sun). With either a lathe or a pipe die, thread approximately 
20 inches from one end, at 10 to 12 threads per inch (See 
Fig 25). If you use a pipe die, it helps to loosen the cutters 
slightly, to make the grooves shallower. 

When using a lathe, temporarily insert a piece of 
Linch water pipe inside the coil form to hold it steady in 
the lathe. The grooves should be just deep enough to 
comfortably hold the wire in place when it is wound. The 
choice of coil wire is up to you. The author has used #16 or 


418 tinned copper, bare copper, or best yet, 17-gauge. 
electric fence wire, This is available from any 


Fig 26—Photo of the top of the loading coll. (Photo 
courtesy of Gary Pearce, KNAAQ) 
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farm supply store at a very reasonable 
сом. It will take about 65 to 70 feet of 

Begin by drilling a -inch hole 
through the PVC pipe at the bottom end 
of the threaded portion. Slip the end of 
the wire through this hole and tie a knot 
їп it to serve as a stop. You could also 
insert a nut and bolt through a loop in 
the wire. Then carefully wind the coil to 
within an inch of the end of the threaded 
portion. The preferred method of 
‘winding is to put а stick or pipe through 
the holes of the wire reel and hold it 
between your feet and the floor, to 
provide the necessary tension to allow 
tight winding. 

About an inch below the top of the 
coil, drill a cinch hole and thread about 
6o8 inches of wire through it This will 
be the top connection from the coil to 
the whip. The bottom of the сой has no 
electrical connection, 

"The method of attaching the whip 
to the top of the coil form is up to you. I 
usually drill а "cinch hole through a 
inch PVC pipe сар and place a Ye 
X L'/sinch SAE bolt through the hole, 
‘with a matching washer and nut on top. 
"The bolt can be drilled and tapped for 
‘mounting the whip, which should be 
about 5 to 6 feet long. (It will be pruned 
for resonance later) See Fig 26, a photo. 
showing the top of the coil. 

‘A more elegant way of connecting 
the whip is to obtain a swivel or quick 
disconnect antenna fitting from your 
nearest truck stop. These are widely 
available for use with CB antennas and 
are threaded "/-inch SAE. Do not attach 
the cap to the coil form until after the 
coil is inserted in the base tube. 

Now that you have a сой form and 
base tube, the next step will be to plug 
the bottom of the PVC coil form with a 
Linch PVC pipe cap, which fits snugly 
inside the coil form. Drill hole directly 
їп the center of this cap, and install а 
71320 threaded insert, available at most 
hardware stores for about 25 or 30 cents. 


These are commonly used in wooden 
furniture to provide a thread for attaching 
bolts to wood, See Fig 27. 

Tis imperative that you install this 
insert squarely. The best method is to 
screw a short bolt into it and chuck the 
bolt in a drill press, placing the pipe cap 
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Fig 27—The сой assembly and 


cordless screwdriver drive 
assembly. 


Fig 28—Тһе complete antenna 
assembly. 


squarely on the drill press table. Carefully turn the drill chuck 
by hand until the insert is properly seated. 


The Motor 

Now prepare the cordless drill by removing the dead 
batteries and the switch. Install a pair of 1 or 1.5-0, 10-W 
resistors in series with each motor lead. Connect a 0.1 pF 
50-V dise ceramic capacitor across the motor leads to 
suppress motor noise 

Connect a pair of wires, about а foot long, to the other 
ends ofthe resistors. These will power the screwdriver from 
your car's 12-V system. Next, procure a 20-inch long piece 
of 46-20 threaded rod (also called “all-thread”). Insert опе 
end of this into the cordless screwdriver chuck, and drill a 
“jucinch or weh hole through both the chuck and the 
rod. Secure the rod in place with either a roll or cotter pin, 
and install a pair of finch nuts on the rod near the 
screwdriver chuck. This will be the lower stop for the coil 
travel and will be adjusted later. 

"Thread the rod into the threaded insert at the bottom 
‘of the сой form, and install another pair of stop nuts on the 
top side ofthe rod. It will be easier to do this before attaching 
the bottom plug to the coil form. Again, these nuts will be 
adjusted later for proper coil travel. 

Place the bottom plug into the сой form, drill a couple 
of holes through the form and the plug and tap them for 
6-32 flat head bolts. Countersink the form so that the heads 
will be fush with the outside. Again, see Fig 27. 


ger Stock 
Now, lers go back to the base tube. You must install a 
le of finger-stock strip on the top of the tube to make 
contact with the сой, as shown in Fig 24. This can either be 
soldered or riveted, depending on your choice of tube 
material. Next, insert the coil and screwdriver assembly 
through the bottom of the tube, making sure that the coil 
clears the finger stock without deforming or bending it 
‘The best method I have found for attaching the 
screwdriver to the bottom tube is to ft a piece of L'/-inch 
PVC pipe, about 8 or 10 inches long, over the handle of the 
screwdriver and attach it with a 
‘couple of lac head 6-32 bolts. You. 


mount, See Fig 28, which is a drawing of the completed 
antenna assembly. 


MOUNTING THE ANTENNA 


is point you must determine exactly how you wish. 
to mount the antenna on your vehicle, You could fasten it to 
A standard mobile antenna mount, but do nor use a spring! I 
prefer to fasten the assembly to a thick metal plate about 
6 x 18 inches in size. I mount this to the frame of the car, 
protruding about 4 or 5 inches from the lower car body, just 
behind the rear wheel. You could also fasten such a plate to 
the lower fender sheet metal with large sheet-metal screws. 
The 80.230 connector is mounted to this plate also. See 
Fig 29. 

‘An upper bracket, made from Plexiglas or similar 
insulating material, can be mounted from the trunk lip with 
ап Leangle and used to support the top of the lower tube. 
See Fig 30. With a Plexiglas bracket about 4-inches wide, a 
2-inch hole can be drilled in it to pass the tube. This will 
make snug and rigid fit at the top. Under no circumstances 
use a metal band around the tube, as this will form a shorted 
tum and drastically lower the antenna Q. 

With a litle care, this type of mounting will eave no. 
visible holes in the vehicle, which will likely enhance its 
trade-in value. If you mount the antenna on a pickup truck, 
it сап be mounted directly on the rear safety bumper with a 
1 inch pipe floor flange and matching adaptor on the 
bottom ofthe tube 


Ad 


Electrical Connections 
After mounting the base, your next job is to connect 
the wires from the screwdriver to а DPDT, spring-return 
center olf switch, mounted in a convenient location in your 
car See the schematic in Fig 31. Connect the coax from the 
radio to the base tube, with the center conductor going 10 
the base tube and the shield connected to ground atthe base 
of the antenna. 
If you like, you could install a simple base-matching 
network to give à perfect match on the lower bands. Even 
it, SWR is usually under 2:1 on all 


with no matchi 


may have to either grind som 
material off the handle or wrap it 
with some duct tape to make a snug 

aside the I'/-inch PVC pipe, 
ih should slip snugly into the 
base tube. 

Place a matching 1'/-inch 
PVC pipe cap on the bottom of the 
pipe, and secure it with a couple. 
of 6-32 serews. Drill a inch 
hole through one side of the cap, 
"which will serve to pass the wires 
from the screwdriver motor. Drill 
а inch hole directly in the 
center of this сар for the base 


coax connector. 


Fig 29—Base-mounting plate for 
Sctew-driver installation оп KOATV's 
truck. Note the quick-disconnect de 
motor connections and the 80-239 


Fig 30—The support Plexiglas plate. 
(Photo courtesy of Gary Pearce, 
Kaa), 
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Fig 32—Relay-switched matching capacitors for 40 and 
80 meters. 
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Fig 33—Alternative 
matching scheme 
Using a single 
shunt matching 
сой. 


cene 


bands. See Fig 32. One matching network consists of a 
couple of trimmer capacitors switched from the bottom of 
the base tube to ground using а pair of small relays. For 
80 meters, approximately 800 pF is required, and for 
40 meters about 400 pF. No matching is required for 
30 meters or higher. 

‘An alternative matching method is to install а 15- 
turn coil made from #14 enamel wire, about Y inch 
diameter, from the base to ground. See Fig 33. In either 
+ adjust the whip length for proper resonance at both 
ends of the HF spectrum over the range of movement of 
your coil 

This antenna may 


have different matchi 


requirements, depending on the vehicle type and mountin 


location, so you may need to do some experimentation to 
‘obtain optimum results, If it doesn’t work exactly right at 
first, be prepared to do а little experimenting. 


ACOIL COVER 
Most builders will want to provide a сой cover, both 
for protection and appearance. KO4TV's favorite cover 
is made from a plastic mailing tube, about 24 to 
30 inches long and about "> inches in diameter. You 
can find these at an office supply store. They have a 
screw-on cap on one end, which can be mounted to the 


top of the loading сой. 


Fig 34—Remote control by the rear 
by the stripes! (Photo courtesy of Gary Pearce, c) 


‘You trim the bottom of the cover to the proper length 

wallow the coil to be fully retracted into the base tube while 

still clearing the top bracket. Other builders have used such 

diverse materials as 

+ Several 1-1ег soft drink bottles cutoff, svaged and glued 
together 

+ Sections of Schedule 20 PVC pipe with matching cap 

‘+ Empty beef jerky tubes (usually available for the asking at 
convenience stores) 

+ Wands from a shop vacuum cleaner, fitted with the сар 
from an aerosol spray c 


Just let your imagination run wild and you may be 

ed at your own ingenuity. Whatever material you do 
use, paint it to match your vehicle. Just be sure to use non- 
metallic paint. 


TUNING BY THE STRIPES 


"The author used different colored vinyl tapes to 
the tuning points for the amateur bands along the u 
coil. The lower edge of the supporting Plexiglas m 
support acts as a pointer, which he can spot from his rear- 
view mirror. See Fig 34. This may be low-tech tuning 
method, but it works! 


THE PROOF IS INTHE PUDDING 
Now, you are ready to enjoy some real mobile со 
‘munications on all bands, without even stopping the ve- 
bicle to OSY. KO4TV's antenna has contacted over 100 
DX countries, from as far away as Tasmania and Japan 
from the East Coast. He enjoys regular contacts with Is- 
rael and other stations in the Mid-East, running 100 W 


A MOBILE J ANTENNA FOR 144 MHz 

The J antenna is a mechanically modified version of 
the Zepp (Zeppelin) 
length radiator fed by a quarter-wave matching stub, This 
antenna exhibits an omnidirectional pattern with little 
high-angle radiation, but does not require the groun 
plane that -wave and s-wave antennas do to work prop- 
erly. The material in this section was prepared by Do 
Mallozzi, NIDM, and Allan White, WIEYI. 

Fig 35 shows two common configurations of the J 
antenna. Fig 35A shows the shorted-stub version that is 
usually fed with 200- to 600-0 open-wire line. Some have 
attempted to feed this antenna directly with coax wit 
ош a balun, and this usually leads to less than optimus 

the proble 


enna, It consists of a half-wave- 


results, Amo 


ns with such a confi 


are a lack of reproducibility and heavy coupling 
with nearby objects. To eliminate these problems, many 


[Te 


w w 


Fig 36—The mount for the mobile J is made from 
stainless-steel angle stock and secured to the bumper 


With stainless-steel hardware. Note the пећ pipe 
plug and a PL-259 (with a copper disc soldered In its 
unthreaded end). These protect the mount and 
‘connector threads when the antenna is not in use. 
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Fig 37—The J antenna, ready for uso. Note the bakolito 
insulator and the method of feed. Tie wraps are used to 
attach the balun to the mounting block and to hold the 
соах to the support pipe. Clamps made of flashing 
Copper are used to connect the balun to the J antenna 
Just above the insulating block. The ends of the balun 
should be weatherproofed. 


amateurs have used a 4:1 half-wave balun between the 
feed point and a coaxial feed line. This simple addition 
results in an antenna that can be easily reproduced and 
that does not interact so heavily with surrounding ob- 
jects. The bottom of the stub may be grounded (for me- 
chanical or other reasons) without impairing the 
performance of the ante 

The open-stub-fed J anten £ 35B can 
ве connected directly to low-impedance coax lines with 
good results. The lack of a movable balun (which al- 
lows some impedance adjustment) may make this 
tenna a bit more difficult to adjust for minimum SWR, 
however. 


shown in 


The Length Factor 
Dr. John S. Belrose, VE2CV, noted in The Cana- 


dian Amateur that the diameter of the radiating element 


is important to two characteristics of the antenna—its 


ıd its physical length. (See Bibliography at 
the end of this chapter) As the element diameter is 
increased, the usable bandwidth increases, while the 
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Fig 38—Detalls of the insulated mounting block. The 
material is Bakelite. 


Frequency ut) 


Fig 39—Moasured SWR of the mobile J antenna. 


physical length of the radiating element decreases with 
respect to the free-space half-wavelength, The increased 
diameter makes the end effect more pronounced, and also. 
slows the velocity of propagation on the element. These 
о effects are related to resonant ant 

factor, "k This factor is expressed as a decimal fraction 
giving the equivalent velocity of propagation оп the an- 
tenna wire as а function of the ratio of the element diam- 


eter to a wavelength. The k factor is discussed at length 
їп Chapter 2. 
The length of the radiating element is given by 


5904 xk 0 25 
T s 
where 
£= length in inches. 
frequency in MHZ 
k =k factor 
The k factor can have a significant effect. For 


example, if you use a “inch diameter piece of tubing 
for the radiator at 144 MHz, the k value is 0.907 (9.3% 
Shorter than a free-space half wavelength). 

‘The J antenna gives excellent results for both 
mobile and portable work. The mobile deseribed here is 
Similar to an antenna described by W. B. Freely, K6HMS, 
in April 1977 OST. This design uses mechanical compo- 
nents that are easier to obtain. As necessary with all 
mobile antennas, significant attention has been paid to a 
strong, reliable, mechanical design. It has survived not 
only three New England winters, but also two summers 
of 370-mile weekend commutes. During this time, it has 
ined consistent electrical performance wit 
ticeable deterioration. 

"The mechanical mount to the bumper is a 2 2-inch 
stainless steel angle iron, 10 inches long. It is secured to 
the bumper with stainless steel hardware, as shown in 
Fig 36. A stainless steel '/ı-inch pipe coupling is welded 
to the left side of the bracket, and an 0-239 connector 
is mounted at the right side of the bracket, The bracket is 
‘mounted to the bumper so a vertical pipe inserted in the 
coupling will allow the hatchback of the vehicle to be 
opened with the antenna installed, Fig 37. 

A inch galvanized iron pipe supports the antenna 
so the radiating portion of the J is above the vehicle roof 
line. This pipe goes into a bakelite insulator block, vis- 
ible in Fig 37. The insulator block also holds the bottom 
of the stub. This block was first drilled and then split with. 
а band saw, as shown in Fig 38. After splitting, the two 
portions are weatherproofed with varnish and rejoined 
‘with 10-32 stainless hardware. The corners of the insula- 
tor are cut to clear the L sections at the shorted end of the 
stub. 


The quarter-wave matching section is made of 
ach type L copper tubing ("Vs inch ID, % inch OD). 
"The short at the bottom of the stub is made from two 


Drill a "cinch hole in the bottom of this piece of 
to drain any water that may enter or condense in 
the stub, 
A heinch diameter brass rod, 110 2 inches long, 
is partially threaded with a ‘Jw x 24 thread to accept а 
whip connector. This rod is then sweated into one 
of the legs of the quarter-wave matching section. A 
40-inch whip is then inserted into the Larsen connector. 
The antenna is fed with 50-0 coaxial line and а 
coaxial 4:1 half-wave balun. This balun is described at 
the end of Chapter 26. As with any VHF antenna, use 


high-quality coax for the balun. Seal all open cable ends 
and the rear of the 50-239 connector on the mount with 
RTV scala 

Adjustment is not complicated. Set the whip so that 
its tip is 41 inches above the open end of the stub, and 
adjust the balun position for lowest SWR. Then adjust 
the height of the whip for the lowest SWR at the center 
frequency you desire. Fig 39 shows the measured SWR 
of the antenna after adjustments are completed 


THE SUPER-J MARITIME ANTENNA 
‘This 144-MH vertical antenna doesn’t have strin- 
gent grounding requiren be made from easy 
to find parts. The material in this section was prepared 
by Steve Cerwin, WASFRF, who developed the Super 
for use on his Бош. 


nts and c: 


‘Antennas for maritime use must overcome diffi- 
culties that other kinds of mobile antennas normally do 
not encounter. For instance, the transom of a boat is the 
logical place to moun 
many boats are composed mostly of fiberglass, and they 
nde some distance out of the water—from several inches. 
to a few feet, depending on the size of the vessel. Be- 
cause the next best thing to a ground plane (the water 
surface) is more than an appreciable fraction of a wave- 
length away at 144 MHz, none of the popular gain-pro- 
ducing antenna designs requiring a counterpoise are 
suitable. Also, since a water surface does а good job of 
assuming the earth's lowest mean elevation (at least on a 
calm day), anything that can be done to get the radiating 
рап of the antenna up in the air is helpful. 

One answer is the venerable J-pole, with an extra 
in-phase half-wave section added on top—the Super-J 


ап antenna, But the transoms of 


antenna. The two vertical half waves fed in phase give 
‘outstanding omnidirectional performance for a portable 
antenna. Also, the J-pole feed arrangement provides the 


desired insensitivity to height above ground (or water) plus 
added overall antenna height. Best of all, a -wave CB 
Whip provides enough material to build the whole driven 
element of the antenna, with a few inches to spare. The 
antenna has enough bandwidth to cover the entire 
144-MHz band, and affords a measure of lightning pro- 
tection by being a grounded design, 


Antenna Operation 

The antenna is represented schematically in Fig 40. 
‘The classic J-pole antenna is the lower portion shown 
between points A and C. The half-wave section between 
points В and C does most of the radiating. The added 
half-wave section of the Super- J version is shown 
between points C and E. The side-by-side quarter-wave 
elements between points A and B comprise the J feed 

At first glance, counterproduetive currents in the J 
section between points A and B may seem a waste of 
element material, but it is through this arrangement that 
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Fig 40— Schematic representation of the Super-J 
maritime antenna. The radiating section is two half 
waves in phase. 


the antenna is able to perform well in the absence of a 
good ground. The two halves of the J feed arrangement, 
side by side, provide a loading mechanism regardless of 
whether or not a ground plane is present. 

‘The radiation resistance of any antenna fluctuates 
as a function of height above ground, but the magnitude 
Of this effect is small compared to the wildly changing 
impedance encountered when the distance from a ground. 
plane element to its counterpoise is varied. Also, the 
J section adds J. wavelength of antenna height, reduc- 
he effect of ground height variations even Further. 
Reducing ground-height sensitivity is particularly use- 

‘operation on those days when the water 


"The gain afforded by doubling the aperture of a 
J-pole with the extra half-wave section can be realized 
only if the added section is excited in phase with the 
half-wave element B-C. This is accomplished in the 
Super-J in a conventional manner, through the use of 
the quarter-wave phasing stub shown between C and D. 


Construction and Adjustment 

‘The completed Super-1 is shown in Fig 41. Details 
of the individual parts are given in Fig 42. The driven 
clement сап be liberated from а quarter-wave CB whip 
antenna and cut to the dimensions shown. All other metal 
stock can be obtained from metal supply houses or 
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machine shops. Metal 
may even be serounged 
for little ог nothing as 
scraps or remnants, 
were the parts for the ar 
tenna shown here. 

‘The center insulator 
and the two J stub spacers 
are made of "inch fiber- 
stainless steel 
the end caps are 
bonded to the insulator 
sections with epoxy. If 
you don't have access to а 
lathe to make the end caps, 
asimpler one-piece insula- 
tor design of wood or fiber- 
glass could be used 
However, keep in mind that 
good electrical connections 
must be maintained at ай 
joints, and strength is a 
consideration for the cen- 


ter insulator, 
The quarter-wave 
phasing stub is made of 
inch stainless steel tub- 
ing, Fig 43. The line co 
prising this stub is bent in 
а semicircular are to nar- 
row the vertical profile and 
to keep the weight dist 
bution balanced. This 


Fig 41—Andy and the 
assembled Super-J 


makes for an attractive ap- antenna. 
pearance and keeps the 
antenna from leaning to 


one side. 

"The bottom shorting bar and base mounting plate 
are made of Hach stainless steel plate, shown in 
Fig 44. The J stub is made of /u-inch stainless-steel 
rod stock. The RF connector may be mounted on the 
shorting bar as shown, and connected to the adjustable 
slider with a short section of coaxial cable. RTV sealant 
should be used at the cable ends to keep out moisture 
‘The all-stainless construction looks nice and weathers 
well in maritime mobile applications 

The antenna should work well over the whole 
144-MHz bar ly 
tuning required is adjustment of the sliding feed point for 
minimum SWR in the center of the band segment you use 
most, Setting the slider 2/1 inch above the top of the 
shorting bar gave the best match Гог this antenna and may 
be used for a starting point. Four turns of coax made into 
а coil at the feed point or a ferrite-leeve balun act as a 
‘common-mode choke balun to ensure satisfactory perfor- 


if cut to the dimensions shown. The 


Fig 42—Detalls of parts used in the construction of the 144-MHz Super. Not to scale. 
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Initial tests of the Super-J were performed in por 
table use and were satisfactory, if not exciting. Fig 45 
shows the Super- mounted on à wooden mast at a por 
lable site. Simplex communication with a station 40 
miles away with a 10-W mobile rig was full quieting 
both ways. Stations were worked through distant repeat 


ers that were thought inaccessible from this location, 
Comparative tests between the Super-J and 


(| commercial wave antenna mounted on the car 
A showed the Super-J to give superior performance, even 
when the Super-J was lowered to the same height as the 

car roof. The mast shown in Fig 45 was made from two. 

S-foot lengths of 1 x 2-inch pine. (The two mast sec- 

tions and the Super-J can be easily transported in most 


vehicles.) 
"The Super- offers a gain of about 6 dB over a quar 
ter-wave whip and агош 


3 dB over a -wave antenna. 


Fig 43—A close-up look at the ck phasing section of Actual performance, especially under less-than-ideal or 
the Super . The Insulator fitting is made of stainless- variable ground conditions, is substantially better than 
steel end caps and fiberglass rod. other vertical antennas operated under the same condi- 

tions, The freedom from ground-plane radials proves to 
be а real benefit in maritime mobile operation, espe 
cially for those passengers in the back of the boat with 
sensitive ribs! 


' А TOP-LOADED 
144-MHz MOBILE 
ANTENNA 

Earlier in this chapter, the 
merits of various loadin; 


schemes for shortened whip an- 
| t tennas were discussed. Quite 

naturally, one might be consid- 
ering HF mobile operation for 
the application of those tech- 
niques. But the principles may 
be applied at any frequency 
\ Fig 46 shows a 144-MHZ 
‘antenna that is both top and cen- 
ter loaded. This antenna is suit 


able for both mobile and 
portable operation, being in 
| tended for use on a handheld 


transceiver. This antenna was 
. " devised by Don Joh 

WGAAQ, and Bruce Brown. 
WSTWW 


HN Fig 46 This 144-MHz antenna. 
Шага combination ai top and 

center loading It otters lo 
Fig ti The botom Ра 45 me Supers) construction бон and improved 


shorting bar and base in portable use at a úfficioncy over continuously 
mounting plate assembly. fleld site loaded rubbor-ducky antennas. 
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ination of top and center loading offers i 
proved efficiency over continuously loaded antennas 
such as the “stubby” pictured at the beginning of this 
chapter. This antenna also offers low construction cost 
‘The only materials needed are a length of stiff wire and 
a serap of circuit-board material, in addition to the ap- 
propriate connector. 


Construction 

The entire whip section with above-center loadi 
coil is made of one continuous length of material. An 
18-inch length of brazing rod or #14 Copperweld wire is 
suitable 

In the antenna pictured in Fig 46, the top loading 
disk was cut from a scrap of circuit-board material, but 
flashing copper or sheet brass stock could be used 
stead. Aluminum is not recommended, 

‘The dimensions of the antenna are given in Fig 47. 
First wind the center loading coil. Use a '/-inch bolt, 
‘wood dowel, or other cylindrical object for a coil form, 
Begin winding at a point 3 inches from one end of the 
wire, and wrap the wire tightly around the сой form. Wind 
S'la turns, with just enough space between turns so they 
don't touch, 

Remove the coil from the form. Next, determine the 
length necessary to insert the wire into the connector. 
you'll be using. Cut the long end of the wire to this length 
plus 4 inches, measured from the center of the coil. Sol- 
der the wire to the center pin and assemble the cor 
tor. A tight-fitting sleeve made of Teflon or Plexiglas rod 
тау be used to support and insulate the antenna wire in- 
side the shell. An alternative is to fill the shell with ep- 

oxy cement, and allow 
the cement to set while 
the wire is held e 
tered in the shell 

The top loading 
disk may be circular, 
cut with a hole saw. A 
circular disk is not re- 
quired, however—it 
may be of any shape. 
Just remember that 
with a larger disk, less 
coil inductance will be 
required. 
versa. Drill a hole at 
the center of the disk 


and vice 


Fig 47—Dimensions 
or the top-loaded 
144-MHz antenna. 

See text regarding 
coll length. 


for mounting it o the wire. For a more ru : 
reinforce the hole with a brass eyelet. Solder the disk 
place at the top of the antenna, and construction is com- 


pleted, 


Tune-Up 

Adjustment consists of spreading the coil turns for 
the correct amount of inductance. Do this at the center 
frequency of the range you'll normally be using. Opti- 
mum inductance is determined with the aid of a field 
strength meter at a distance of 10 or 15 feet. 

Attach the antenna to a handheld transceiver op 
ating on low power, and take a field-strength reading. With 
the transmitter turned off, spread the coil turns slightly, 
and then take another reading. By experiment, spread or 
compress the coil turns for the maximum field-strer 
reading. Very little adjustment should be required. There 
is one precaution, however. You must keep your body, 
arms, legs, and head in the same relative position for each 

ли. Itis suggested that the tran 
ceiver be placed on a nonmetal table and operated at arm's 
length for these checks. 

Once the maximum field-strength reading is 
obtained, adjustments are completed. With this antenna 
operation, you'll likely find it possible to access 
repeaters that are difficult to reach with other shortened 
antennas. W6AAO reports that in distant areas his 


ina even outperforms a 70-2. vertical 


VHF QUARTER-WAVELENGTH 
VERTICAL 

Ideally, a VHF vertical antenna should be installed 
over a perfectly flat reflector to assure uniform or 
directional radiation, This suggests thatthe center of the 
automobile roof is the best place to mount it for mobile 
use. Alternatively, the flat portion of the trunk deck c 
be used, but will result а directional pattern because of 
car-body obstruction 

Fig 48 illustrates how a Millen high-voltage connec- 
tor can be used as a roof mount for a VHF whip. The 
hole in the roof can be made over the dome light, thus 
providing accessibility through the upholstery, RG-59 a 
the -wave matching section, L (Fig 48C), can be routed 
between the car roof and the ceiling upholstery and 
brought into the trunk compartment, or down to the dash- 
board of the car. Instead of a Millen connector, some 
operators install an 50-239 coax connector on the roof 
for mounting the whip. The method is similar to that 
shown in Fig 48. 

It has been established that in general. h verti- 
cal antennas for mobile repeater work are not as effec- 
verticals are. With a 3. antenna, more of 
the transmitted signal is directed at a low wave angle, 
toward the horizon, offering a gain of about 1 dB over 
the Jer vertical. However, in areas where the repeater 
is located nearby on a very high hill or a mountain top, 
the 1-2 antenna will usually offer more reliable ре 


16-27 


tive as ei 


Mobile and Maritime Antennas 


Up er 


E 


© 


wavelength vertical antenna can be mounted on a car 
root. The whip section should be soldered into the cap 
tor and then screwed into the 
E the removal 
of the antenna when desired. Epoxy cement should be 
used at the two mounting screws to prevent the entry 
of moisture through the screw holes. Diagram C is 
discussed in the text. 


formance than a -X antenna. This is because there is 
more power in the lobe of the led vertical at higher 


144-MHz 5/8-WAVELENGTH VERTICAL 


Perhaps the most popular antenna for 144-МН2 FM 
mobile and fixed-station use is the “Je-wavelength verti- 
cal. As compared to a /- wavelength vertical, it has 1 dB 
of gain, 

‘This antenna is suitable for mobile or fixed-station 


use because it is small, omnidirectional, and can be used 
plane ground (such as а car body). 
ed be only '/ı wavelength long. 


with radials or a solid- 
radials are used, they 


Construction 
‘The antenna shown here is made from low-cost ma- 
terials. Fig 49 shows the base coil and alun 
ing plate. The coil form is a piece of low-loss solid rod, 
such as Plexiglas or phenolic. The dimensions for this 
and other parts of the antenna are given їп Fig 50. A length 
of brazing rod is used as the whip section. 

‘The whip should be 47 inches long. However, braz- 
ing rod comes in standard 36-inch lengths, so if used, it 

scessary to solder an 1 1-inch extension to the top of 
the whip. A piece of #10 copper wire will suffice, Al- 
ternatively, a stainless-steel rod can be purchased 10 
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Fig 49—At top, a photograph of the А. vertical base 
‘section. The matching сой is affixed to an aluminum 
bracket that screws onto the inner lip of the car trunk. 
Above, the completed assembly. The coll has been 
wrapped with vinyl electrical tape to keep out dirt and 
moisture. 


make a 47-inch whip. Shops that sell CB antennas should 
have such rods for replacement purposes on base-loaded 
antennas. The limitation one can expect with brazing 
rod is the relative Fragility of the material, especially 
when the threads are cut for screwing the rod into the 
base coil form. Excessive stress can cause the rod to. 
break where it enters the form. The problem is compli- 
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Fig 0 Structural details for the 2-meter +, antenna. 
are provided at A. The mounting bracket is shown at B. 
and the equivalent circuit is given at С. 


cated somewhat in this design because a spring is not 
used at the antenna mounting point. Builders of this an- 
tenna can find all kinds of solutions to the problems just 
‘outlined by changing the physical design and using dif- 
ferent materials when constructing the antenna. The 
main purpose of this description is to provide dimen- 
sions and tune-up informati 

‘The aluminum mounting bracket must be shaped to 
fit the car with which it will be used. The bracket can be 
used to effect a no-holes mount with respect to the exte- 
rior portion of the car body. The inner lip of the vehicle 
trunk (or hood) can be the point where the bracket is at- 
tached by means of no. 6 or no. 8 sheet-metal screws. 
‘The remainder of the bracket is bent so that when the 
trunk lid or car hood is raised and lowered, there is no 
contact between the bracket and the moving part. Details 
of the mounting unit are given in Fig SOB. A 14-gauge 
metal (or thicker) is recommended for rigidity 

Wind 10 / turns of #10 or #12 copper wire on the 
ieh diameter coil form. The tap on LI is placed 
‘approximately four turns below the whip end. A secure 
solder joint is imperative. 


Tune-Up 
After the antenna has been mounted on the vehicle, 
connect ап SWR indicator in the 50-0 transmission line 
Key the 144-MHz transmitter and experiment with the 
coil tap placement. If the whip section is 47 inches I 

эп SWR of 1:1 can be obtained when the tap is at the 
sight location. As an alternative method of adjustment, 
place the tap at four turns from the top of LI, make the 
Whip 50 inches long, and trim the whip length until an 
SWR of 1:1 occurs. Keep the antenna well away from 
other objects during tune-up, as they may detune the an- 
tenna and yield false adjustn 


A 5/8-WAVELENGTH 220-MHz 
MOBILE ANTENNA 
The antenna shown in Figs 51 and 52 was dex 
‘oped to fill the gap between a homemade 70-2. mobile 
antenna and a commercially made fl model. While 
antennas can be made by modifying CB models, that 
presents the problem of cost in acquiring the original 
antenna. The major cost in this setup is the whip por- 
tion, This сап be any tempered rod that will sp 
easily 


тиз for а match. 


Construction 


ch 


The base insulator portion is made of , 
Plexiglas rod. A few minutes’ work on a lathe is suff 
cient to shape and drill the rod. (The innovative builder 
can use an electric drill and a file for the lathe work.) 
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Fig 51—The 220-MHz en mobile antenna. The сой 
turns are spaced over a distance of 1 inch, and the 
bottom end of the сой is soldered to the coax 
connector. 


The bottom 0: inch of the rod is turned down to a diam- 
eter of ‘lı inch. This portion will now fit into a PL-259 
UHF connector. A .. ick diameter hole is drilled through 
the center of the rod. This hole will hold the wires that 


make the connections between the center conductor of 
ıd the coil tap. The connection between 
the whip and the top of the coil is also run through this 
‘opening. A stud is Force-fitted into the top of the Plexiglas 
той. This allows for removal of the whip from the insula- 


the connector 


The coil should be initially wound on a form slightly 
smaller than the base insulator. Wher 

ferred to the Plexiglas rod, it will keep its shape and will 
not readily move. After he tap point has been determined, 


the coil is trans- 
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Fig 52—Diagram of the 220-MHz mobile antenna. 


to the center of the rod. A 
ed through the center of the 


a longitudinal hole is drilled 
#22 wire can then be inses 


insulator into the connector. This method is also used to 
attach the whip to the top of the coil. After the whip has 
been fully assembled, a coating of epoxy cement is ap- 
plied. This seals the entire assembly and provides some 
‘additional strength, During a full winter's use there was 


procedure is the same as for the 144-MHz ver- 
sion described previously. 


HF Antennas For Sailboats 


‘This material was contributed by Rudy Severns, N6LF. 
Many of the antenna ideas appearing earlier in this chapter 
сап be applied to sailboats. However, the presence of the 
‘mast and the rigging, plus the prevalence of non-conduct- 
ing fiberglass bulls complicates the issue. There are many 
possibilities for antennas aboard sailboats. This includes both 
permanently installed antennas and antennas that can be 
hoisted for temporary use at anchor: 


1. Permanent 
‘Commercial or home-brew automobile-type verticals 
Backstay verticals and slopers 
Shunt feed of uninsulated rigging 


2. Temporary 
Sloping dipoles 
Inverted Vs. 
Yagis 
You should remember some basic facts of life on a 
sailboat: 


1) On most boats the spars, standing rigging and some 
running rigging will be conductors. Stainless steel 
wire is usually used for the ri 
for the spars. 

2) Topping lifts, running backstays and jackstays all 
may be made of conducting materials and may often 
change position while the boat is underway. This 

s the configuration of the rigging and may 
affect radiation patterns and feed-point impedances, 

3) Shipboard antennas will always be close to the mast 
and rigging, in terms of electrical wavelength. Some 
antennas may in fact be part of the rigging. 

4) The bed point impedance and radiation pattern can 
be strongly influenced by the presence of the rigging. 

5) Because of the close proximity, the rigging is an 

ral part of the antenna and should be viewed as 


and aluminum 


6) The behavior of a given antenna will depend on the 
details of the rigging on a particular vessel. The per- 
formance of a given antenna can vary widely on dif- 
ferent boats, due to differences in dimensions and 
arrangement of the rigging. 

7) Even though you шау be floating on a sea of salt 
water, grounding still requires careful attention? 


ANTENNA MODELING 

Because of the strong interaction between the rig- 
ging and the antenna, accurate prediction of radiation 
patterns and a reasonable guess at expected feed-point 
‘impedance requires that you model both the antenna and 
the rigging. Unless you do accurately model the syste 
considerable cut-and-try may be needed. This can be 
expensive when it has to be done in 1 x 19 stainless steel 
wire with $300 swaged insulator Fittings! 

In fact, when your antenna is going to be part of 


standing rigging, it's a very good idea to try your 
designs out at the dock. You could temporarily use 
Copperweld wire and inexpensive insulators in place of 
the stainless rigging wire and the expensive insulators 
This approach can save a good deal of money and aggra- 
vation. A wide variety of modeling programs are avail- 
able and can be very helpful in designing a new antenna. 
but they have to be used with some caution: 


1) The rigging will have many small intersection angles 
and radically different conductor diameters, this can 
cause problems for NEC and MININEC programs. 

2) You must usually taper the segment leng 
junctions, This is done automatically in programs like 
ELNEC and EZNEC. 

3) Iris usually necessary to use one wire size for the 
mast, spars and rigging. Some improvement in ac- 
curacy сап be obtained by modeling the mast as a 
cage of 3 or 4 wires, 


‘The predicted radiation patterns will be quite good 
but the Feed-point impedance predictions should be 
viewed as preliminary. Some final adjustment will usu- 
ally be required. Because of the wide variation between. 
boats, even those of the same class, each new installation 
is unique and should be analyzed separately 


Fig 53—An example of а 20-metor 1/4 whip mounted on 
the transom. A local ground system must also be 
Provided, as described In the section on grounding. 
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A SAFETY NOTE 


Ungrounded rigging endpoints near deck level can 

¡gh RF potentials on them when you transmit. For 
example, the shrouds on a fiberglass boat connect to 
‘chainplates that are bolted to the hull, but are not grounded. 
‘These can inflict painful RF burns on the unwary, even 
While operating at low power! As a general rule all rig- 
ging, spars and lifelines near deck level should be 
grounded. This also makes good sense for lightning pro- 
lection, For a backstay antenna with its feed point near 
deck level, a sleeve of heavy wall PVC pipe can be placed 
‘over the lower end of the stay as a protective shield 


TRANSOM AND MASTHEAD MOUNTED 
VERTICALS 

A very common antenna for boats is a vertical, 

either a short mobile antenna or a full 2/4, placed on. 

the transom, as shown in Fig 53. Note that in this ex- 


have 


p 


Fig 54— Typical radiation pattern for the 1/4 transom 


mounted whip in Fig 53. 
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ample the antenna is mounted off to one side—it could 
also be mounted in the center of the transom. The 
20-meter radiation pattern for this antenna as shown in 
Fig 54. Unlike a free standing vertical, this antenna 
doesn't have an omnidirectional pattern. It is asymmetri- 
cal, with a front-to-back ratio of about 13 dB. Further, 
the angle for maximum gain is offset in the direction 
the antenna is placed on the transom, 

This is a very good example of the profound effect 
the rigging can have on any antenna used on board a sail- 
boat. Not only is the pattern affected but the feed-poi 
impedance will be reduced from a nominal 36 Q to 25 to 
зоо. 

The directive gain can be useful—if you point the 
boat in the right direction! Usually, however, a more un 
form omnidirectional pattern is more desirable. Itis ten 
ing to suggest putting the vertical at the masthead, perhaps. 

foot loaded automobile whip, with the mast and 
acting as a ground plane. Fig 55 shows such a 


because the overall height of the mast an 
very likely be > 5/8 2. This will result in high 
as shown in Fig 56. Depending on the mast height, this 
idea may work reasonably well on 40 or 80 meters, but 


"= 


| 
ДР 


Fig 55—A whip mounted at the masthead. The feed line 
is fed back down the mast either Inside or outside. The 
base of the mast and the rigging is assumed to be 
properly grounded. 


Fig 57—An example of a backstay vertical. А local 


ground point must be established on the transom next 
16 the base of the backstay. 


you will still be faced with severe mechanical stress due 
1o magnified motion at the masthead in rough sea. The 
masthead is usually reserved to VHF antennas, with their 
‘own radial ground plane. 


THE BACKSTAY VERTICAL 

A portion ofthe backstay can be insulated and used 
as a vertical as shown in Fig 57. The length of the insu- 
lated section will be 2/4 оп the lowest band of interest. 
‘Typically, due to the loading effect of the rest of the 
rigging, the resonant length ofthe insulated secti 
be shorter than the classic 234/f (MHz) relati 
though it сап in some case actually be longer. Either 
modeling or trial adjustment can be used to determine 
the actual length needed. On a typical 35 to 40-foot sail- 
boat, the lowest band for 2/4 resonance will be 40 meters 
‘due to the limited length of the backstay. Examples of 
the radiation patterns on several bands for such an an- 


will 


al- 


Fig 58—Typical radiation patterns on 40 meters for the 
backstay vertical in Fig 57. 
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tenna are given in Figs 58 through 60. 

"The pattern is again quite directio 
ence of the mast and rigging. On 15 
antenna is approximately '/ A, higher angle lobes appear. 
On 40 and 15 meters, the feed point is near a current 
‘maximum and is in the range of 30 to 50 ©. On 20 meters, 
however, the feed point is a very high impedance because 
the antenna is near 1/2 resonance. One way to get around 
this problem for multiband use is to make the antenna 
longer than 2/4 on the lowest band. Ifthe lowest band is 
40 meters then on 20 meters the feed point impedance 
will be much lower. This antenna is non-resonant on any 
of the bands but can be conveniently fed with a tuner 
because the feed-point impedances are within the range 
of commonly available commercial tuners. Tuners spe- 
cifically intended for marine applications frequently can 
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Fig 60—Typical radiation patterns on 15 meters for the 
backstay vertical In Fig 57. 


accommodate very high input impedances, but they tend 
to be quite expensive. 

The sensitivity of the radiation 
details of the mast and rigging is illustrated in Fig 61. 
This is the same antenna as shown in Fig 57 with the 
exception that the forestay is assumed to be ungrounded, 
In this particular example, ungrounding the forestay dras- 
tically increases the front-to-back ratio. With slightly dif- 
ferent dimensions, however, the pattern could have 
changed in other ways. 

High-quality insulators for rigging wire ean be quite 
expensive and represent a potential weak point—if they 
fail the mast may come down. It is not absolutely neces- 
sary to use two insulators in a Packstay vertical. As shown 
in Fig 62, the upper insulator may be omitted. The radi 
Чоп patterns are shown in Figs 63 and 64. In this case 


attern to small 


Fig 61—The effect of ungrounding the forestay on the 
radiation pattern. This is for dd meier operation. 


the pattern is actually more symmetrical than it was with 
upper insulator—but this may not hold true for other 
limensions. The feed point does not have to be 

at the bottom of the backstay. As indicated in Fig 62, the 
feed point can be moved up into the backstay to achieve 
impedance 

Variation with frequeney. In that ease, the center of the 


a better match or a more desirable feed-poi 


coaxial feed line is connected to the upper section and 
the shield to the lower section. The cable is then taped to 
the lower portion of the backstay. 

If single-band operation is all you want, even the 
lower insulator can be omitted by using shunt feed. A 
gamma match would be quite effective for this purpose, 
as discussed in Chapter 6 when driving a grounded tower. 


Fig 62— Feeding the backstay without an insulator at 
the top. The feed point may be moved along the 
antenna to find a point with a better match on a 
particular band or to provide a better range of 
Impedances for the tuner to match. The coaxial food 
line is taped to the lower portion of the backstay. 
‘Again, a good local ground is needed at the base of the 
backstay. 


A 40-METER BACKSTAY HALF SLOPER 
A halfsloper antenna can be incorporated into the 
backstay, as shown in Fig 65. This will behave very much 
the same as the slopers described in Chapter 6. The 
of this antenna for a sailboat 
need to create a good grou 
Stern, as you would have to do for a transon 
vertical or the backstay vertical just described. This may 
be more convenient. The mast, shrouds and stays must 
still be grounded for the half-sloper but the arrangement 
is somewhat simpler. 


TEMPORARY ANTENNAS 


Not everyone needs permanent antennas. A variety 
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arranged. A few of these 
orth 
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Pele wiin Dipole Taped on 


Fig 66—A dipolo can be taped to a wood or bamboo 


pole and hoisted to the masthead with the main 
while at anchor. It is possible to make this a 


Fig 67—One end of dipole can be attached to the main 
halyard and pulled up to the masthead. The bottom end 
of the dipole should be pulled out away from the 
rigging as much as possible to reduce the impact of 
the rigging on the impedance 


Fig 68—The flag halyard can be used to hoist the 
center of an inverted V to the spreaders, or 

the main halyard can be used to hoist the 
antenna to th 


and the 
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Antennas for Power Boats 


Powerboaters are not usually faced with the 
problems and opport jast and rig- 
ging on a sailboat. A powerboat may have a small mast, 
but usually not on the same seale as a sailboat. Antennas 
for power boats have much more in common with auto- 
motive mobile operation, but with some important 
exceptions: 


Чез created by the 


1) In an automobile, the body is usually metal and it 
provides a groundplane or counterpoise Гог a whip 
antenna. Most modern powerboats, however, have 
fiberglass hulls. These are basically 
will not work as counterpoises. (On the other hand, 
metal-hulled power boats can provide nearly ideal 
grounding!) 

2) А height restriction on automotive mobile whips is 
imposed by clearance limits on highway overpasses 
and also by the need to sustain wind speeds of up to 
30 miles per hour on the highway. 

3) in general, powerboats can have much taller ant 
nas that can be lowered for the occasional low bridge. 

4) The motion on a powerboat, especially in rough seas, 
can be quite severe. This places additional mechani- 
cal strain on the antennas. 

5) On both powerboats and sailboats, operation in a salt- 
water marine environment is common. This means 


nsulators, and 


that a careful choice of materials must be made for 
the antennas to prevent corrosion and premature fail- 


‘The problem of a ground plane for vertical ant 
mas can be handled in much the same manner as shown 
їп Fig 69 for sailboats. Since there will most likely not 
bea large keel structure to connect to and provide a large 
surface area, additional copper foil can be added inside 
the hull to increase the counterpoise area. Because of the 
small area of the propeller, it may be better 

nect to the engine, but to rely instead on increas 
area of the counterpoise and operate it as a true counter. 
poise—that is, isolated from ground. Sometimes a num- 
Ber of radial wires are used for a vertical, much like that 


ва. This is not a very good idea 
unless the "wires" are actually wide copper-foil strips 
that can lower the Q substantially, 

"The problem is the 
of normal ground-plane 
radials are likely to be in close proximity to the cabin, 
Which in turn contains both people and electronic equip- 
ment. The high potential at the ends of the radials is both 
а safety hazard and can result in RF coupling back into 
the equipment, including ham gear, navigational instru- 
ments and entertainment devices. The cook is not likely 
to be happy if he or she gets an RF burn after touching the 
galley stove! Decoupling the counterpoise from the trans- 
mission line, as discussed in Chapter 6, can be very help- 
ful to keep RF out of other equipment 

One way to avoid many of the problems associated 
with grounding is to use а rigid dipole antenna. On 
20 meters and higher, a rigid dipole made up from 
aluminum tubing, fiberglass poles or some combination 
ofthese, can be effective, As shown in Fig 70A the halves 
of the dipole can be slanted upward like rabbit cars to. 
seduce the Wingspan and increase the feed-point imped- 
ance for a better match to common coax lines. On the 
lower bands a pair of mobile whips can be used, as shown 
in Fig 70B. Home-brew coils could also be used. 

For short-range communication, a relatively low 
dipole over saltwater сап be effective, However 
range communication is needed, then a well-desi 
Vertical, operating over seawater, will work much better 
For these to work, of course, you must solve the ground 
problems associated with a vertical 


gh voltage present at the ends 


enna radials. For a boat these 


GES 
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Fig 69—A typical sallboat grounding scheme. 
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Fig 70—At A, a rigid dipole made from aluminum 
tubing, fiberglass poles or a combination of these. 
ALB, a pair of mobile whips used as a dipole. 


It is not uncommon for large powerboats to have a 
two or three-element multiband Yagi installed on a short 
mast. While these can be effective if they are not mounted 
high (> 3/2) they may be disappointing for longer-range 
communication. Over saltwater, vertical polarization is 
very effective for longer distances. A simpler, but well- 
designed, vertical syst ‘boat may outperform a low 
Yagi 

"The combination of a good ground system and one 
of the high-quality, motor-tuned multiband mobile whips 
now available commercially can also be very effective 
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Repeater 
Апїеппа Systems 


‘There is ап old adage in Amateur Radio that goes, 
“If your antenna did not fall down last winter, it 
wasn't big enough.” This adage might apply to antennas for 
МЕ and HF work, but at VHF things are a bit different, at 
least as far 
antennas are smaller than their HF counterparts, but yet the 
theory is the same—a dipole is a dipole, and a Yagi is a 
Yagi, regardless of frequency. A L44-MHz Yagi may pass 
asa TV ighbors can easily detect a 
radio hobbyist if a 14-MHZ Yagi looms over his property. 
Repeater antennas are discussed in this chapter 
Because the fundamental operation of these antennas is 
vo different than presented in earlier chapters, there is no 
1d to delve into any exotic theory. Certain consider- 
ations must be made and certain precautions must be 
observed, however, since most repeater operations—ama- 
teur and commercial —take place at VHF and UHF. 


as antenna size is concerned. VHF 


enna, but most 


Basic Concepts 
The antenna is a vital part of any repeater installa- 
tion, Because the function of a repeater is to extend the 
range of communications between mobile and portable 
Stations, the repeater antenna should be installed in the 
best possible location to provide the desired coverage. 
This usually means getting the antenna as high above 
е terrain as possible. In some instances, a repeater 
may need to have coverage only in a limited area or 
direction. When this is the case, antenna installation 
requirements will be completely different, with certain 
limits being set on height, gain and power 


Horizontal and Vertical Polarization 

Until the upsurge in FM repeater activity in the 
1970s, most antennas used in amateur УНЕ work were 
horizontally polarized. These days, very few repeater 
groups use horizontal polarization. (One of the 


najor rea- 


sons for using horizontal polarization is to allow separate 
repeaters to share the same input and/or output frequen 
cies with eloser-than-normal geographical spacing.) The 
vast majority of VHF and ИНЕ repeaters use vertically 
polarized antennas, and all the antennas discussed in this 
‘chapter are of that type. 


‘Transmission Lines 


Repeaters provide the first venture into VHF and 
UHF work for many amateurs. The uninitiated may not 
be aware thatthe transmission lines used at VHF become 
very important because feed-line losses increase with fre- 
quency. 

‘The characteristics of feed lines commonly used at 
VHF are discussed in Chapter 24, Tr 
Although information is provided there for small-diam 
eter RG-S and RG-59 coaxes, these should not be used 
except for very short feed lines (25 feet or less). These 
cables are very lossy at УНЕ. In addition, the losses сап 
be much higher if fittings and connections are not care- 
fully installed 

The differences in loss between solid-polyethylene 
dielectric types (RG- and RG-11) and those using foam 
polyethylen nificant at VHF and ОНЕ If you can 
afford the line with the least loss, buy it. 

If you must bury coaxial cable, check with the cable 
manufacturer before doing so. Many popular varieties of 
coaxial cable should not be buried, since the dielectric 


mission Lines. 


сап become contaminated from moisture and soil chemi- 


cals. Some coaxial cables are labeled as пог 
‘Such a label is the best way to be sure your cable can 
ве buried without damage. 


Matching 
Losses are lowest in transmission lines that are 
matched to their characteristic impedances. If there is a 
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mismatch at the end of the ine, the losses increase. The 
only way to reduce the SWR on a transmission line is by 
the line at the antenna. Changing the length of 
a transmission line does not reduce the SWR. The SWR. 
is established by the impedance of the line and the 
impedance of the antenna, so matching must be done at 
end of the line. 
е of matching, so far as feed-line 


the antem 
The in 


losses are concerned, is sometimes overstressed. But 
under some conditions, it is necessary to minimize feed- 
line losses related to SWR if repeater performance is to 
be consistent. It is important to keep in mind that most 
VHF/UHF equipment is designed to operate into a 50-02 
load. The output circuitry will not be loaded properly if 
‘connected to a mismatched line. This leads to a loss of. 
power, and in some cases, damage to the transmitter. 


Repeater Antenna System Design 


Choosing a repeater ог remote-base antenna system 
nost amateurs come to designing a com- 

ına system, The term system is used 
мепа and a 


is as close as 
mercial-grade a 
because most repeaters utilize not only a 
transmission line, but also include duplexers, cavity fil- 
ters, circulators or isolators in some configuration 
Assembling the proper combination of these items in con- 
structing а reliable system is both an art and a science, In 
this section prepared by Domenie Mallozzi, NIDM, the 
functions of each component in a repeater antenna 
system and their successful integration are discussed. 
While every possible complication in constructing а 
repeater cannot be foreseen at the outset, this discussion 
should serve to steer you along the right lines in solving 
у problems encountered, 


COMPUTING THE COVERAGE AREA 
FOR A REPEATER 

Modern computer programs can show the coverage 
ofa repeater using readily available topographic data from 
the Internet. In Chapter 3, The Effects of Ground, we 
described the MicroDEM program supplied оп the CD- 
ROM accompanying this book. Dr Peter Guth, the 
author of MicroDEM, built into it the ability to generate 
terrain profiles that can be used with ARRL's META (НЕ 
‘Terrain Assessment) program (also included on the CD- 


ге of capabilities beyond 
simply making terrain profiles. It can do LOS (line of 
sight) computations, based on visual or radio-horizon 
considerations. Fig 1 shows a MicroDEM map for the 
area around Glastonbury, Connecticut. This is somewhat 
hilly terrain, and as a result the coverage for a repeater 
placed here on a 30-meter (100-foot) high tower would 
be somewhat spotty. Fig 1 shows a “Viewshed” on the 
map, in the form of the white terrain profile strokes in 5° 
increments around the tower 

Fig 2 shows the LOS for an azimuth of 80°, from a 
30-meter high tower out to а distance of 8000 meters. The 
light-shaded areas on the profile are those that аге illumi- 
nated directly by the antenna on the tower, while the dark 
portions of the profile are those that cannot Ве seen 
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Fig 1—MicroDEM topographic map, showing the 
‘coverage for a repeater placed on a 30-meter high 
tower in Glastonbury, CT. The white 

Indicate the coverage їп 5° increme 


around the tower. The range circles are 1000 meters 
apart. 


= 


Fig 2—An “LOS” (line of sight) profile at an azimuth of 
80° from the tower in Fig 1. The light-gray portions of 
the terrain profile are visible from the top of the tower, 
while the dark portions are blocked by the terrain. 


directly from the tower. This profile assumes that the 
iobile station is 2 meters high—the height of a 6-foot 
high person with a handheld radio. 
"The terrain at an 80° azimuth allows direct radio view 
from the top of the tower out to about 1.8 km. From here, 
the downslope prevents direct view until about 2.5 km, 


where the terrain is briefly visible again from several 
hundred meters, disappearing from radio view until about 
2.8 km, after which it becomes visible until about 3.6 
km. Note that other than putting the repeater ar 
ah 

prove repeater coverage over this hilly terrain, although 
Knife-edge diffraction off the hill tops will help fill in 
coverage gaps. 


her tower, there is nothing that can be done to im- 


‘The Repeater Antenna 

The most important part of the system is the antenna. 
itself. As with any antenna, it must radiate and collect 
RF energy as efficiently as possible. Many repeaters use 
‘omnidirectional antennas, but this is not always the best 
choice. For example, suppose a group wishes to set up a. 
repeater to cover towns A and B and the interconnecting 
state highway shown in Fig 3. The available repeater site 
is marked on the map. No coverage is required to the west 
or south, or over the ocean. If an omnidirectional antenna 
is used in this case, a significant amount of the radiated 

1 goes in undesired directions. By using an antenna 
With a cardioid pattern, as shown in Fig 1, the coverage 
is concentrated in the desired directions. The repeater will 
be more effective in these locati 


ds from low- 


vd sige 


Fig 3—There are many situations where equal 
coverage is not desired in all directions from the 
“machine.” One such situation is shown here, where 
the repeater is needed to cover only towns A and B. 
апа the interconnecting highway. An omnidirectional 
antenna would provide coverage in undesired 
directions, such as over the ocean. The broken line 
‘shows the radiation pattern of an antenna that is bettor 
sulted to this circumstance 


power portables and mobiles will be more reliable. 
In many cases, antennas with special patterns are 
nore expensive than omnidirectional models. This is 
‘obvious consideration in designing a repeater antenna 
system, Over terrain where coverage may be dificult 
some direction from the repeater sie, it may be desirable 
to skew the antenna pattern in that direction. This can be 
accomplished by using a phased-vertical array or a com- 


horizontal radiation pattern at A 
is generated by the combination of phased Yagis and 
vert ents shown at B. Such a pattern is useful 
in overcoming coverage blockages resulting from local 
terrain features. (Based on a design by Decibel 
Products, Inc) 


Fig 4—The “keyhole 
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Fig 5—Vertical-beam downtilt is another form of 
radiation-pattern distortion useful for Improving 
repeater coverage. This technique can be employed in 
situations where the repeater station is at a greater 
elevation than the desired coverage area, when a high- 
gain omnidirectional antenna is used. Paitern A shows 
the normal vertical-plane radiation pattern of a high- 
gain omnidirectional antenna with respect to the. 
desired coverage area (the town). Pattern B shows tho 
pattern tilted down, and the coverage Improvement is 
evident. 


bination ofa Yagi and a phased vertical to produce a “key- 
hole“ pattern. See Fig 4. 

Repeaters are common on 440 MHZ and above, an 
many groups invest in high-gain omnidirectional anten- 
nas. A consequence of getting high gain from an omnidi- 

is vertical beamwidth reduction. In most 
ed to radiate their peak 
optimum coverage whe 
derade height over normal 
terrain. Unfortunately, in cases where the antenna is 
ye area) 
this may not be the most desirable pattern, The vertical 
pattern of the antenna can be tilted downward, however 
to facilitate covera 


the antenna is located at a n 


located ata very high site (overlooking the cover 


of the desired area. This is called 


vertical-beam downtilt. 
‘An example of such a situation is shown in Fig 5. 

‘The repeater site overlooks a town in a valley. А 450- 
MHz repeater is needed to serve low-power portable and 
nobile stations. Constraints on the repeater dictate the 
use of an antenna with a gain of 11 dBi. (An omnidirec- 


| э 

ET r Ба 

E‏ ا 
kal wi‏ 


the collinear 


ments is uniform. Odd 


system to match t 


ments of an omnidirectional antenna. The delay lines to each el 


jent are progressively longer so 


“А coaxial transformers are used in the main (75-0) food 
polo impedances to the driving point. Tilting the vertical beam Іп this way often produces 


minor lobes in the vertical pattern that do not exist when the elements are fed in phase. 
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tional antenna with this gain has a vertical beamwidth of 
approximately 6°.) If the repeater antenna has its peak 


exists above the town. By tilting the pattern down 3°, the 
peak radiation will occur in the town. 

Vertical-beam dowatilt is generally produced by 
feeding the elements of a collinear vertical array slightly 
‘out of phase with each other. Lee Barrett, KTNM, showed 
such an array in Ham Radio magazine. (See the Bibliog- 
raphy at the end of this chapter.) Barrett gives the geom- 
etry and design of  four-pole array with progressive phase 
delay, and a computer program to model it. The technique 
is shown in Fig 6, with a free-space elevation 
ing downtiling in Fig 7. 

Commercial antennas are sometimes available (at 
extra cost) with built-in downtilt characteristics. Before 
‘ordering such a commercial antenna, make sure that you 
really require it—they generally are special-order items 

M are not returnable, 

"There are disadvantages to improving coverage by 
means of vertical-beam downtill. When compared to a 
standard collinear array, an antenna using vertical-beam 
downtilt will have somewhat greater extraneous lobes in 
the vertical pattern, resulting in reduced gain (usually less 
than 1 dB). Bandwidth is also slightly reduced. The 
reduction in gain, when combined with the downtilt char- 
acteristic, results in а reduction in total coverage area, 
‘These trade-offs, as well as the increased cost of a 


lot show- 


Fig 7—Froo-space elevation-plane patterns showing 
downtilting that results from progressive phase shifts 
for the feed currents for the dipole In Fig 6. 


‘commercial antenna with downtilt, must be compared 10 
the improvement in total performance in a situation where 
vertical-beam downtilt is contemplated, 


‘Top Mounting and Side Mounting 
Amateur repeaters often share towers with сог 

cial and public service users. In many of these cases, other 
antennas are at the top of the tower, so the amateur 
must be side mounted. A consequence of this 

nent is that the free-space pattern of the repeater 
antenna is distorted by the tower. This effect is especially 
noticeable when an omnidirectional antenna is side 


nounted on a structure 

The effects of supporting structures are most pro- 
nounced at close antenna spacings to the tower and with 
large support dimensions. The result is a measurable 
increase in gain in one direction and a partial null in the 
other direction (sometimes 15 dB deep). The shape of 
the supporting structure also influences pattern distor- 
tion. Many antenna manufacturers publish radiation pat- 
terns showing the effect of side mounting antennas in their 
catalogs. 

Side mounting is not always a disadvantage. In cases 
where more (or less) coverage is desired in one direc- 
tion, the supporting structure can be used to advantage. 
If pattern distortion is not acceptable, a solution is to 

поши antennas around the perimeter of the structure an 
feed them with the proper phasing to synthesize 
‘omnidirectional pattern. Many manufacturers make 
antennas to accommodate such situatio 

The effects of different mounting locations and 

ments can be illustrated with an array of exposed 
dipoles, Fig 8. Such an array is a very versatile antenna 
because, with simple rearrangement of the elements, it 
‘can develop either an omnidirectional pattern or an off- 
set pattern. Drawing A of Fig 8 shows a basic collinear 
array of four vertical А. elements. The vertical spacing 
between adjacent elements is 1 A. АП elements are fed 
phase. If this array is placed in the clear and supported 
by a nonconducting mast, the calculated radiation resis- 
tance of each dipole element is on the order of 63 ©2. If 
the feed line is completely decoupled, the resulting azi- 
muth pattern is omnidirectional. The vertical-plane pat- 
tern is shown in Fig 9. 

Fig 8B shows the same array in a side-mounting a 
rangement, at a spacing of % À from a conducting 
In this mounting arrangement, the mast takes on the role 
of a reflector, producing an F/B on the order of 
5.7 dB. The azimuth pattern is shown in Fig 10. The ver- 
tical pattern is not significantly different from that of 
Fig 9, except the four small minor lobes (two on either 
side of the vertical axis) tend to become distorted. They 
are not as “clean,” tending to merge into one minor lobe 

mast heights. This apparently is a function of 
currents in the supporting mast. The proximity of the mast 
also alters the feed-point impedance. For elements that 
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are resonant in the configuration of Fig ВА, the calcu- 
lated impedance in the arrangement of Fig 8B is in the 
order of 72 + j 10.0. 

If side mounti aly possibility and an 
‘omnidirectional pattern is required, the arrangement of 
Fig SC may be used. The calculated azimuth pattern takes 


the side of a mast, and C shows t 


side-mounted arrangement around 
‘omnidirectional coverage. See text and Figs 9 through 
11 for radiation-pattern Information. 


Fig 9—Calculated verlical-plane pattern of the ar 
Fig 8A, assuming a nonconducting mast support and 
complete decoupling of the feeder. In azimuth the array 
is omnidirectional. The calculated gain of the array is 
8.6 dBi at 0* elevation; the -3 dB point is at 6.5". 
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on а slight cloverleaf shape, but is within 1.5 dB of being 
circular. However, gain performance suffers, and the 


idealized vertical pattern of Fi 


9 is not achieved. See 


Fig 11. Spacings other than '-A from the mast were not 
investigated. 

One very important co 
an antenna is mechanical 
‘components, reliability is of 
hanging by the feed line 
provides far from optimum performance and reliability 
Use a mount that is appropriately secured to the tower an 
the antenna. Also use good hardware, preferably stainless 
steel (or bronze). If your local hardware store does not 
сапу stainless steel hardware, ty a boating supplier. 


ideration in side mot 
Xegrity. As with all repeater 

at importance. An antenna 
ıd banging against the tower 


Fig 10—Calculated azimuth pattern of the side- 
mounted array of Fig 8B, assuming '/eh spacing from a 
-inch mast. The calculated gain in the favored 
direction, away from the mast and through the 
‘elements, is 10.6 dBi. 


Fig 11—Calculated vertical pattern of the array of 
Fig 8C, assuming .d element spacing from a d-inch 
mast. The azimuth pattern is circular within 1.5 dB, 
and the calculated gain ls 4.4 dBi. 


Be certain that the feed line is properly supported 
along its length. Long lengths of cable are subject to con- 
traction and expansion with temperature fror 

season, so it is important that the cable not be so tight 
that contraction causes it to stress the connection at the 


enna, This can cause the connection to become inter- 
(and noisy) or, at worst, an open circuit. This is 
Tar from a pleasant situation if the antenna connection is 
300 feet up a tower, and it happens to be the middle of 


Effects of Other Conductors 
Feed-line proximity and tower-access ladders or 
s also have patterns of side- 
mounted antennas. This subject was studied by Connolly 
and Blevins, and their findings are given in IEEE Con 
ference Proceedings (see the Bibliography at the end of 
this chapter). Those considering mounting antennas on 
air-conditioning evaporators or maintenance penthouses 
‘on commercial buildings should consult this article. It 


E effect on the radiati 


es considerable information on the effects of these 


structures on both unidirectional and omnidirectional 

Metallic guy wires also affect antenna radiation pat- 
terns. Yang and Willis studied this and reported the 
results in IRE Transactions on Vehicular Communica 
tions. As expected, the closer the antenna is to the guy 
wires, the greater the effect on the radiation patterns. If 
the antennas are near the point where the guy wires meet 
the tower, the effect of the guy wires can be minimized 
by breaking them up with insulators every 0.75 A for 2.25 
2103.04. 


ISOLATION REQUIREMENTS IN 
REPEATER ANTENNA SYSTEMS 


Because repeaters generally operate in full duplex 
(be transmitter and receiver operate simultaneously), the 

enna system must act as a filter to keep the transmitter 
from blocking the receiver. The degree to which the trans- 
mister and receiver must be isolated is a complex prob- 
lem. It is quite dependent on the equipment used and the 
difference in transmitter and receiver frequencies (off- 
set). Instead of going into great detail, a simplified 
example сап be used for illustration 

Consider the design of a 144-MHZ repeater with a 

600-KHZ offset. The transmitter has an RF output power 
of 10 watts, and the receiver has a squelch sensitivity of 
0.1 4V. This means there must be at least 1.9 x10" watts 
at the 52-0 receiver-antenna terminals to detect a signal. 
i both the tru 
quency, the isolation (attenuation) required between the 
transmitter and receiver antenna jacks to keep the trans 
mister from activating the receiver would be 


miller and receiver were on the same fre- 


lows 16) 4h 


wails 


Isolation = 10108. 
19x1 


Obviously there is no need for this much attenua- 
because the repeater does not transmit and receive 
on the same frequency. 

If the 10-watt transmitter has noise 600 KHZ away 
from the carrier frequency that is 45 dB below the carrier 
power that 45 dB can be subtracted Irom the isolatio 
requirement. Similarly, if the receiver can detect a 0.1 p 
У on-frequency signal in the presence of signal 600 KHz 
away that is 40 dB greater than 0.1 V, this 40 dB can also 
be subtracted from the isolation requirement. Therefore, 
the isolation requirement is 


167 dB ~ 45 dB — 40 di 


зав 


Other factors enter into the isolation requirements 
as well. For example, if the transmitter power is increased 
by 10 dB (from 10 to 100 watts), this 10 dB must be added 
to the isolation requirement. Typical requirements for 
144- and 440-MHz repeaters are shown in Fig 12. 

Obtaining the required isolation is the first problem to 
be considered in constructing a repeater antenna systen 
There are three common ways to obtain this isolation: 


1) Physically separate the receiving and transmitting. 

antennas so the combination of path loss for the spac- 

and the antenna radiation patterns results in the 
required isolation, 

2) Use a combination of separate antennas and high-Q 
filters to develop the required isolation. (The high-Q 
filters serve to reduce the physical distance required 
between antennas.) 

3) Use a combination filter and combiner system to 


ау 


Fig 12—Typical isolation requi 
transmitters and receivers operating in tho 132- 
174 MHz band (Curve A), and the 400-512 MHz band 
(Curve B). Required isolation in dB is plotted against 
frequency separation in MHz. These curves were 
developed for а 100-W transmitter. For other pow 
levels, the isolation requirements will differ by the 
chango in decibels relative to 100 W. Isolation 
requirements will vary with receiver sensitivity. (The 
values plotted wore calculated for transmitter 

and recelver-noise suppression necessary to prevent 
more than 1 dB degradation in receiver 12-48 SINAD 
sensitivity) 
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allow the transmitter and receiver to share one ar 
Such a filter and combiner is called a duplexer. 


Repeaters operatin 
use separate antennas to obtain the required isolation. This 
is largely because duplexers in this frequency range are 
both large and very expensive. It is generally less expen- 
sive to buy two antennas and link the sites by a commit 
ted phone line or an RF link than to purchase a duplexer. 
At 144 MHz and higher, duplexers are more commonly 
used. Duplexers are discussed in greater detail in a later 


Separate Antennas 
Receiver desensing (gai caused by the pres- 
off-frequency signal) can be reduced, 
often eliminated, by separation of the transmitting 
receiving antennas. Obtaining the 55 to 90 dB of iso- 
lation required for a repeater antenna system requires 
separate antennas to be spaced а considerable distance 
apart (in wavelengths) 
Fig 13 shows the distances required to obtain spe: 
cific values of isolation for vertical dipoles having hori 
zontal separation (at A) and vertical separation (at В). 


limitin 


se of a stn 


em 


‘The isolation gained by using separate antennas is sub- 
tracted from the total isolation requirement of the sys- 
tem. For example, if the transmitter an 

for a 450-MHz repeater are separated horizontally by 
400 feet, the total isolation requirement in the system is 
reduced by about 64 dB. 

Note from Fig 13B that a vertical separation of only 
about 25 feet also provides 64 dB of isolation. Vertical 
separation yields much more isolation than does horizon- 
tal separation. Vertical separation is also more practical 
than horizontal, since only a single support is required. 

An explanation ofthe significant difference betwee 
the two graphs is in order. The vertical spacing require 
ment for 60 dB attenuation (isolation) at 150 MHz is about 
43 feet. The horizontal spacing for the same isolation level 
is on the order of 700 feet. Fig 14 shows why this differ- 
ence exists. The radiation patterns of the antennas at A. 
overlap; each 
The path loss between the antennas is given by 


tenna has gain in the direction of the other 


m (Eq) 


Path loss (UB) = 20 log 


where 
d = distance between ante 


A = wavelength, in the same units as d. 


The isolation between the antennas in Fig 14A is 
the path loss Jess the antenna gains. Conversely, the 
antennas at B share pattern nulls, so the isolation is the 
path loss added to the depth of these nulls. This signifi- 
‘cantly reduces the spacing requirement for vertical sepa- 


@ 


Fig 13—At A, the amount of attenuation (Isolation) 
provided by horizontal separation of vertical dipole 
antennas. At B, isolation afforded by vertical 
Separation of vertical dipoles. 


ат. 
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Fig 14—А relative representation of the isolation 
advantage afforded by separating antennas 
horizontally (A) and vertically (B) is shown. A great 
deal of isolation is provided by vertical separation, but 
horizontal separation requires two supports and much 
greater distance to be as effective. Separate-site 
Tepeaters (those with transmitter and recelver at 
different locations) benefit much more trom horizontal 
separation than do single-site installations. 


ration. Because the depth of the pattern nulls is not infi- 
nite, some spacing is required. Combined horizontal and 
vertical spacing is much more difficult to quantify be- 
cause the results are dependent on both radiation patterns 
‘and the positions of the antennas relative to each other. 
Separate antennas have one major disadvantag 
‘They create disparity in transmitter and receiver cover- 
age. For example, say а 50-MHz repeater is installed over 
average terrain with the transmitter and repeater sepa- 
rated by 2 miles. If both antennas had perfect omnidirec- 
tional coverage, the situation depicted in Fig 15 would 
exist. In this case, stations able to hear the repeater may 
not be able to access it, and vice versa. In practice, the 
situation can be considerably worse, This is especially 
че if the patterns of both antennas are not omnidirec- 
tional. If this disparity in coverage cannot be tolerated, 
the solution involves skewing the patterns of the anten- 
nas until their coverage areas are essentially the same. 


Cavity Resonators 

As just discussed, receiver desensing can be reduced 
by separating the transmitter and receiver antennas. But 
the amount of transmitted energy that reaches the receiver 
input must often be decreased even farther. Other nearby 
transmitters can cause desensing as well. A cavity reso- 
nator (cavity filter) can be helpful in solving these prob- 
lems. When properly designed and constructed, this type 
of resonator has very high Q. A commercially made cav- 
ity is shown in Fig 16. 

A cavity resonator placed in series with a r 
sion line acts as a band-pass filter. For a resonator to 
‘operate in series, it must have input and output coupling 
loops (or probes). A cavity resonator can also be con- 
nected across (in parallel with) a transmission line. The 
cavity then acts as a band-reject (notch) filter, greatly 
attenuating energy at the frequency to which it is tuned. 
Only one coupling loop or probe is required for this 
method of filtering. This type of cavity could be used in 


O iremos ete 
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Fig 15—Coverage disparity is a major problem for 
‘Soparate-site repeater antennas. The transmitter and 
receiver coverage areas overlap, but are not entirely 
‘mutually inclusive. Solving this problem requires a 
great deal of experimentation, as many factors. 
involved. Among these factors are terrain features and 
distortion of the antenna radiation patterns from 
supports. 


the receiver line to “notch” the transmitter signal. Sev- 
eral cavities can be connected in series or parallel to 
increase the attenuation in a given configuration. The 
graphs of Fig 17 show the attenuation of a single cavity 
(A) and a pair of cavities (В). 

‘The only situation in which cavity filters would not 
help is the case where the off-Frequency noise of the trans- 
mitter was right on the receiver frequency. With cavity 
resonators, an important point to remember is that addi- 
tion of a cavity across a transmission line may change 
the impedance of the system. This change can be com- 
pensated by adding tuning stubs along the transmission 
lin 


Duplexers 

‘The material in this section was prepared by 
Domenie Mallozzi, NIDM. Most amateur repeaters inthe 
14“. 220- and 440-MHz bands use duplexers to obtain 
the necessary transmitter to receiver isolation. Duplexers 
have been commonly used in commercial repeaters for 
many years. The duplexer consists of two high-Q filters. 
Опе filter is used in the feed line from the transmitter to 


the antenna, and another between the antenna and the 
receiver. These filters must have low loss at the frequency 
to which they are tuned while having very high attenua- 
tion at the surrounding frequencies. To meet the hig! 

attenuation requirements at frequencies within as little 
аз 0.4% of the frequency to which they are tuned, the 
filters usually take the form of cascaded transmission- 
line cavity filters. These are either band-pass filters, or 
band-pass filters with a rejection notch. (The rejection 
notch is tuned to the center frequency of the other filter.) 
The number of cascaded filter sections is determined by 
the frequency separation and the ultimate attenuation 
requirements, 


Fig 16—A coaxial cavity 
filer of the type used in 
‘many amateur and 
‘commercial repeat 
Installations. Center 
conductor length (and 
thus resonant frequency) 
is varied by adjustment 
of the knob (top). 
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Fig 17—Ргедиепсу response curves for a single cavity (A) and two cavities cascaded (В). These curves are for 
cavities with coupling loops, each having an insertion loss of 0.5 dB. (The total Insertion loss is Indicated in the 
body of each graph.) Selectivity will be greater If light 


o) 
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r coupling (greater insertion loss) can be tolerated 


Duplexers for the amateur bands represent a signifi- 
cant technical challenge, because in most cases amateur 

ificantly less frequency sepa- 
ration than their commercial counterparts. Information 


repeaters operate with si 


on home construction of duplexers is presented in a later 
section of this chapter. Many manufacturers market high- 
quality duplexers for the amateur frequencies 

h-Q cavities whose 
resonant frequencies are determined by mechanical com- 


Duplexers consist of very hi 


ponents, in particular the tuning rod. Fig 18 shows the 
cutaway view of a typical duplexer cavity. The rod is usu- 
ally made of a material that has a limited thermal expan- 
sion coefficient (such as Invar). Detuning of the cavity 


by environmental changes introduces unwanted losses in 


the antenna system. Ап article by Arnold in Mobile 
Radio Technology considered the causes of drift in the 


Fig 18—Cutaway view of a typical cavity. Note the 
relative locations of the coupling loops to each other 
and to the center conductor of the cavity. A locknut is 
used to prevent movement of the tuning rod after 
adjustment. 


cavity (see the Bibliography at the end of this chapter) 
‘These can he broken into four major categories 


1) Ambient temperature variation (which leads to 
mechanical variations related to the thermal expan- 
sion coefficients of the materials used in the cavity) 

2) Humidity (dielectric constant) variation 

3) Localized heating from the power dissipated in the 
cavity (resulting from its insertion oss). 

4) Mechanical variations resulting from other factors 
(vibration, etc), 


In addition, because of the high-Q nature of these 
cavities, the insertion loss of the duplexer increases when 
the signal is not at the peak of the filter response. This 
means, in practical terms, that less power is radiated for 
a given transmitter output power. Also, the drift in cavi- 
ties in the receiver line results in increased system noise 
figure, reducing the sensitivity of the repeater 

As the frequency separation between the receiver and. 
the transmitter decreases, the insertion loss of the duplexer 
reaches certain practical limits. At 144 MHz, the mini- 
mum insertion loss for 600 KHz spacing is 1.5 dB per 
filer 

"Testing and using duplexers requires some special 

(especially as frequency increases), 
Because duplexers are very high-Q devices, they are very 
sensitive to the termination impedances at their ports. A 
high SWR on any port is a serious problem, because the 
apparent insertion loss of the duplexer will increase, and 
the isolation may appear to decrease. Some have found 
that when duplexers are used at the limits of their isola- 
tion capabilities, a small change in antenna SWR is 
enough to cause receiver desensitization. This occurs most 
often under ice-loading conditions on antennas with open- 
wire phasing sections. 

The choice of connectors in the duplexer system 
is important. BNC connectors are good for use below 
300 MHz. Above 300 MHz, their use is discouraged 
because even though many types of BNC connectors work 
well up to 1 GHz, older style standard BNC connectors 
are inadequate at UHF and above. Type N connectors 
should be used above 300 MHz. It is false economy to 
use marginal quality connectors. Some commercial us- 
ers have reported deteriorated isolation in commercial 
UHF repeaters when using such connectors. The loca- 
tion of a bad connector in a system is a complicated and 
frustrating process. Despite all these considerations, the 
duplexer is still the best method for obtaining isolation. 
in the 144- to 925 MHz range. 


consideration 


ADVANCED TECHNIQUES 

As the number of available antenna sites decreases 
“and the cost of various peripheral items (such as coaxial 
cable) increases, amateur repeater groups are required to 
devise advanced techniques if repeaters are to remain 
effective. Some of the techniques discussed here have 


been applied in commercial services for many years, but 
until recently have not been economically justified for 

One technique worth consideration is the use of 
eross-hand couplers. To illustrate a situation where a 
‘eross-band coupler would be useful, consider the follow- 
ing example. A repeater group plans to install 144- and 
902-MHz repeaters on the same tower. The group intends 
to erect both antennas on a horizontal cross arm at the 
325-foot level. A 325-foot rum of inch Heliax costs 
approximately $2000. If both antennas are to be mounted 
at the top of the tower, the logical approach would 
require two separate feed lines. A better solution involves 
the use of a single feed line for both repeaters, along with 
а cross-band coupler at each end of the lir 

The use of the cross-band coupler is shown 
Fig 19. As the term implies, the coupler allows two sig- 
nals on different bands to share a common transmisio 
Tine. Such couplers cost approximately $300 each. In our 
hypothetical example, this represents a saving of $1400 
over the cost of using separate feed lines. But, as with all 
‘compromises, there are disadvantages. Cross-band cou- 


m m 


Fig 19—Block diagram of a system using cross-band 
couplers to allow the use of a single feed line for two 
repeaters. If the feeder to the antenna location is long. 
(more than 200 feet or so), cross-band couplers may 
provide a significant saving over separate feed lines, 
especially at the higher amateur repeater frequencies. 
Cross-band couplers cannot be used with two 
repeaters on the same band. 
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plers have a loss of about 0.5 dB per unit. Therefore, the 
pair required represents a loss of 1.0 dB in each trans- 
mission path. If this loss can be tolerated, the eross-band 
coupler is a good solution, 

Cross band couplers do not allow two repeaters on 
the same band o share a single antenna and feed line. As 
repeater sites and tower space become more scarce, it may 
be desirable to have two repeaters on the same band share 
the same antenna, The solution to this problem is the use 
ofa transmitter multicoupler. The multicoupler is related 
to the duplexers discussed earlier. It is a cavity filter and 
combiner that allows multiple transmitters and receivers 
чо share the same antenna. This is a common commercial 
practice. A block diagram of a multicoupler system is 
shown in Fig 20 

The multicoupler, however, is а very expensive 
device, and has the disadvantage of even greater loss per 
transmission path than the standard duplexer. For 
example, a well-designed duplexer for 600 kHz spacing 
at 146 MHz has a loss per transmission path of approxi- 
mately 1.5 dB. A four-channel multicoupler (the require- 
ment for two repeaters) has an insertion loss per 
transmission path on the order of 2.5 dB or more. Another 
constraint of such a system is that the antenna must present 
a good пе at all frequencies 
on which it will be used (both transmitting and receiv- 
ing). This becomes difficult for the system with two re- 
peaters operating at opposite ends of a band. 

IF you elect to purchase a commercial base-station 
ent that requires you to specify a frequency to which 
the antenna must be tuned, be sure to indicate to the manu- 
facturer the intended use of the antenna and the Frequency 
extremes. In some cases, the only way the manufacturer 
сап accommodate your request is to provide an antenna 
With some vertical-beam uptilt at one end of the band 
and some downtilt at the other end of the band. In the 
cease of antennas with very high gain, this in itself may 
become a serious problem. Careful analysis of the situa- 
Чоп is necessary before assembling such a system, 


natch to the transmisi 


Diversity Techniques for Repeaters 

Mobile Mutter, “dead spots” and similar problems 
area real problem for the mobile operator. The popular- 
ity of hand-held transceivers using low power and 
mediocre antennas causes similar problems. A solution 
чо these difficulties is the use of some form of diversity 
reception. Diversity reception works because signals do 
not fade at the same rate when received by antennas at 
different locations (space diversity) or of different polar- 
izations (polarization diversity). 

Repeaters with large transmitter coverage areas 
often have difficulty “hearing” low power stations in 
peripheral areas or in dead spots. Space diversity is espe- 
cially useful in such a situation. Space diversity utilizes 
Separate receivers at different locations that are linked to 
the repeater. The repeater uses a circuit called a voter 
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Fig 20—Block diagram of a system using a transmitter 
multicoupler to allow a single feed line and antenna to 


‘operated this way by using a multicoupler with the 
appropriate number of input ports. 


that determines which receiver has the best signal, and 
then selects the appropriate receiver from which to feed 
the repeater transmitter. This technique is helpful in 
urban arcas where shadowing from large buildings and 
bridges causes problems. Space-diversity receiving, when 
properly executed, can give excellent results. But with 
the improvement come some disadvantages: added ini- 
tial cost, maintenance costs, and the possibility of failure 
created by the extra equipment required. If installed and 
intained carefully, problems are generally minimal. 

A second improvement technique is the use of cir- 
cularly polarized repeater antennas. This technique has 
been used in the FM broadcast field for many years, an 
has been considered for use in the mobile telephone ser 
vice as well. Some experiments by amateurs have proved 
very promising, as discussed by Pasternak and Morris (see 
the Bibliography at the end of this chapter 

‘The improvement afforded by circular polarizatio 
is primarily a reduction in mobile flutter. The flutter on а 
mobile signal is caused by reflections from large build- 


ings (in urban settings) or other terrain features. These 
reflections cause measurable polarization shifts, some- 
times to the point where a vertically polarized signal at 
the transmitting site may appear to be primarily horizon- 
tally polarized after reflection. 
A similar situation results from multipath propaga- 
tion, where one or more reflected signals combine with 
1g varying effects 
оп the signal. The multipath signal is subjected to large 
amplitude and phase variations at a relatively rapid rate. 


the direct signal at the repeater, bav 


In both of the situations described here, circular 
polarization can offer considerable improvement. This is 
because circularly polarized antennas respond equally to 
all linearly polarized signals, regardless of the plane of 
polarization. AC this writing, there are no known sources 
of commercial circularly polarized omnidirectional 

tennas for the amateur bands. Pasternak and Morris 
describe a circularly polarized antenna made by modify- 
ing two commercial four-pole arrays. 


EFFECTIVE ISOTROPIC RADIATED POWER 
(EIRP) 
tis useful to know effective isotropic radiated power 
(EIRP) in calculating the coverage area of a repeater. The 
FCC formerly required EIRP to be entered in the log of 
every amateur repeater station. Although logging EIRP 
is no longer required, it is still useful to have this infor- 
mation on hand for repeater-coordination purposes and 
so system performance can be monitored periodically 
Calculation of EIRP is straightforward. The PEP 
‘output of the transmitter is simply multiplied by the gains 
ıd losses in the transmitting antenna system. (These 
ins and losses are best added or subtracted in decibels 
id then converted to a multiplying factor.) The follow- 
worksheet and example illustrates the calculations. 


Feed-line loss — „ёв 
Duplexer loss — в 
Isolator loss — а 
Cross-band coupler loss — а 
Cavity filter loss — dn 
Total losses (L) — а 


(G (dB) = antenna gain (dBi) -L 


Where G = antenna system gain. (If antenna gain is speci- 
Tied in dBd, add 2.14 dB to obtain the gain in dBi.) 
ооло 


м 
where M = n 
EIRP (watts 


ltiplying factor 
ransmitter output (PEP)xM 


Example 

A repeater transmitter has a power output of 50 W 
PEP (50- FM transmitter). The transmission line has 
1.8 dB loss. The duplexer used has a loss of 1.5 dB, and 
‘circulator on the transmitter port has a loss of 0.3 dB. 
There are no cavity filters or cross-band couplers in the 
system. Antenna gain is 5.6 dBi. 


Feed-line loss 1.8 dB 
Duplexer loss 15 dB 
Isolator loss 0.348 
Cross-band coupler loss. оав 
Cavity filter loss oa 


Total losses (L) 


Antenna system gain in di antent 


G =5.6 dBi — 3.6 dB = 2 dB 
Multiplying factor = M = 10010 

M = 10900 = 1.585 

EIRP (watts) = transmitter output (PEP) x M 


EIRP = 50 W x 1.585 = 


If the antenna system is lossier than this example, 
G may be negative, resulting in a multiplying factor less 
than one. The result is an EIRP that is less than the trans- 
mitter output power. This situation can occur in prac- 
tice, but for obvious reasons is not desirable. 


19.25 W 
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Assembling a Repeater Antenna System 


‘This section will aid you in planning and assem- 
bling your repeater antenna system. The material was 
prepared by Domenie Mallozzi, NIDM. Consult Chap- 
ter 23, Radio Wave Propagation, for information on 
propagation for the band of your interest 

First, a repeater antenna selection checklist such as 
this will help you in evaluating the antenna system for. 
your needs. 
Gain needed ав 
Patte 


Omnidirectional 
оч 

— Cardioidal 

__ Bidirectional 


required 


— Special pattern 
(specify) 
Top of tower 
ide of tower 
(Determine effects of tower on pattern. Is the 
result consistent with the patter required?) 


1s downtilt required? Yes 


Mounting 


Type of RF connector 


Other (specify) 


Size (length) 
Weight 


Maximum cost s 


Table 1 (see next page) has been compiled to pro- 
vide general information on commercial components 
available Гог repeater and remote-base antenna systems 
‘The various components are listed in a matrix format by 
manufacturer, for equipment designed to operate in the 
various amateur bands. See Chapter 21, Antenna 
Products Suppliers, for further information for these com- 
ponents. Although every effort has been made to make 
this data complete, the ARRL is not responsible for 
‘omissions or errors. The listing of a product in Table 1 
-ndorsement by ARRL. Manufa 
turers are urged to contact the editors with updatin 
information. 

Even though almost 
repeater, the companies 
in Table 1 are known to have produced heavy-duty anten- 
nas to commercial standards for repeater service. Many of 
these companies offer their antennas with special features 
for repeater service (such as vertical-beam downtilt. It is 
best to obtain catalogs of current products from the manu- 
facturers listed, both for general information and to deter- 

е which special options are available on their products 


does not constitute an 


ny antenna can be used for a 


Micated in the Antennas column. 


A 144 MHz Duplexer 


Obtaining sufficient isolation between the transmit- 
ter and receiver of a repeater can be difficult. Many of 
the solutions to this problem compromise receiver sensi- 
tivity or transmitter power output. Other solutions create 
imbalance between receiver and transmitter coverage 
areas. When a duplexer is used, insertion loss is the com- 
promise, But a small amount of insertion loss is more 
than offset by the use of one antenna for both the trans- 
mitter and receiver. Using one antenna assures equal 
ienna patterns for both ting and receiving, and 
reduces cost, maintenance and mechanical complexity 
As mentioned earlier in this chapter, duplexers may 
be built in the home workshop. Bob Shriner, WAQUZO, 
presented a small, mechanically simple duplexer for low- 
power applications in April 1979 OST. Shriner's design 
is unique, as the duplexer cavities are constructed of cir- 
cuit-board material. Low cost and simplicity are the 
result, but with a trade-off in performance. A silver-plated 
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version of Shriner's design has an inserti 
approximately 5 dB at 146 MHz, The loss is 
the copper is not plated, and increases as th 
of the cavities tarnish 

This duplexer construction project by John Bilodeau, 
WIGAN, represents an effective duplexer. The infor 

nally appeared in July 1972 OST. It is a ti 
project used by many repeater groups, and can be dupli- 
cated relatively easily. Is insertion oss is just 1.5 dB. 

Fig 21 will help you visualize the requirements for 
а duplexer, which can be summed up as follows. The 
duploxer must attenuate the transmitter carrier to avoid 
overloading the receiver and thereby reducing its sensi- 
tivity. It must also attenuate any noise or spurious fre- 
quencies from the transmitter on or near the receiver 
frequency. In addition, a duplexer must provide a proper 
impedance 


wer walls 


atch between transmitter, antenna, and 


Table 1 


Product Matrix Showing Repeater Eguipment and Manufacturer by Freguency Band 


Antennas 
Source 28 50 144 220 450 902 1296 
‘Austin [ps eel эш эн, PO Е 
Celwave ccc C C C 
Comet 
Cusheratt ec c c 
Dec Prod CECHECHECHERO 
MA/COM 
RF Parts 8 CEBCENC 
Sinclair с C C 
тух 
Wacom 

Isolators/Circulators 
Source 28 50 144220 450 902 
cee CACAO EG 
Dec Prod c c c c 
Sinclair © SEG 
TXRX c c С c c 
Wacom. CAC oe 


Transmitter Combiners 
144 220 450 902 


Duplexe 
144 220 450 902 


Cavity Filters 
144 220 450 902 


c c cc CERCOS 
гє c c © 

c c 
c c c c c 
© © a oci 


Cross-Band Couplers 
0-174 0510 59-174 406.512 
450-512 800-960 806-960 806-960 


CER s 
EKG 

CG с с c c 
CENE © © 


Abbreviated names above aro for the following manufacturers: Austin Antennas, Celwave RF Inc, Cushcraft Corp, 
Decibel Products Inc, RF Parts, Sinclair Radio Laboratorios Ine, TX/AX Systems Ine and Wacom Ine. А 


manufacturer's contact list appears in Chapter 21 
Key to codos used: 

© = catalog (standard) пот 

8 = special-order lem 


Note: Coaxial cable is not listed, because most manufacturers sell only to dealers. 


ıd receiving in a repeater system. 
ents energy at the transmitter frequency 
{rom interfering with the receiver, while section 2 
attenuates any off-requency transmitter energy that is 
at or near the receiver frequency. 


As shown in Fig 21, transmitter output e, 
146.94 MHz going from point C to D should not be 
attenuated. However, the transmitter energy should be 


greatly attenuated between points B and A. Duplexer sec- 
tion 2 should attenuate any noise or signals that are on ог 


near the receiver input frequency of 146.34 MHz. For 
good reception the noise and spurious signal level must 
be less than -130 dBm (0 dBm = 1 millivat into 50 Q). 
Typical transmitter noise 600 KHz away from the carrier 
frequency is 80 dB below the transmitter power output 
For 60 watts of output (+48 dBm), the noise level is 
-32 dBm. The duplexer must make up the difference 
between -32 dBm and -130 dBm, or 98 dB, 

The received signal must go from point B to A with 
a minimum of attenuation, Section | of the duplexer must 
also provide enough attenuation ofthe transmitter energy 
to prevent receiver overload. For an average receiver, the 
transmitter signal must be less than ~30 dBm to meet this 
requirement, The difference between the transmitter out- 
put of +48 dBm and the receiver overload point of 
-30 dBm, 78 dB, must be made up by duplexer section 1 


THE CIRCUIT 


Fig 22 shows the completed 6-cavity duplexer, and 
Fig 23 shows the assembly of an individual cavity. A 
Yoh resonator was selected for this duplexer design. The 

ih of the center conductor is adjusted by turning a 
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Fig 22—A six-cavity 
duplexer for use with 
а 144-MHz repeater. 
The cavities are 
fastened to a plywood 
base for mechanical 
stability. Short 
lengths of double- 
shielded cable аге 
Used for connections 
between individual 
cavities. An insertion 
loss of less than 1.5 
В is possible with 


threaded rod, which changes the resonant frequency of 
the cavity. Energy is coupled into and out of the tuned 
circuit by the coupling loops extending through the top 
plate 

‘The cavity functions as a series resonant circuit. 


When a reactance is connected across a series resonant 
iotch is produced, and the reso- 
‘nant frequency is shifted Ifa capacitor is added, the notch 
‘appears below the resonant frequency. Adding inductance 
nstead of capacitance makes the notch appear above the 
resonant frequency. The value of the added component 
determines the spacing between the notch and the reso- 

nant frequency of the cavity 
Fig 24 shows the measured band-pass characteris- 


this design. tics of the cavity with shunt elements. With the cavity 
шейт 146.94 MB and a shunt capacitor connected 
Trom input to output, a 146 34-MHZ signal s atenuate 
EN A p 
55 А 
ER Gri 
— MERC : 
а Me Cni las 
A 


Finger A Solder 
а E " 


Fig 23 The assembly of an individual cavity. A Bud Minibox is mounted on the top plate with th 
ve made of brass pipe is used to prevent crushing the box when the locknu s tight 


clamping 
tuning shaft. Note that the positions of both C1 and Lt are 
three will have L1 in plac 
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screws. A 
id on the. 
‘shown, but that three cavities will have C1 installed and 


Fig 24—Туріса! frequency response of a single cavity 
of the type used in the duplexer. The dotted line 
represents the passband characteristics of the cavity 
alone; the solid line for the cavity with a shunt 
capacitor connected between input and output. An 
Inductance connected in the same manner will cause 
the rejection noteh to be above the frequency to which 
the cavity is tuned. 


by 35 dB. If an а 
the cavity is tuned to 146.34 MHZ, the attenuation at 
146.94 MHz is 35 dB. Insertion loss in both cases is 
0.4 dB. Three cavities with shunt capacitors are tuned to 
146.94 MHz and connected together in cascade with short 
lengths of coaxial cable. The attenuation at 146.34 MHZ 
is more than 100 dB, and insertion loss at 146.94 MHz is 


¡ductance is placed across the cavity 


1,5 dB. Response curves for a six-cavity duplexer are 
given in Fig 25. 


Construction 
The schematic dia 


ат for the duplexer is shown in 
Fig 26. Three parts for the duplexer must be machined 
all others сап be made with hand tools. A small lathe сап 
be used to machine the brass top plate, the threaded tun- 
ing plunger bushing and the Teflon insulator bushing. The 
dimensions of these parts are given in Fig 27. 

Туре DWV copper tubing is used for ће outer con- 
ductor of the cavities. The wall thickness is 0.058 inch, 
With an outside diameter of 4'/ inches, You will need а 
tubing cutter larg то handle this size (perhaps 
borrowed or rented). The wheel of the cutter should be 

ht and sharp. Make slow, careful cuts so the 
be square. The outer conductor is 22 inches lo 

"The inner conductor is made from type M copper 
tubing having an outside diameter of ГА inches. А 
6-inch length of L-inch OD brass tubing is used to make 
the tuning plunger. 


is will 


‘The tubing types mentioned above are designations 
used in the plumbing and steam-fiting industry. Other 
types may be used in the construction of a duplexer, but 
you should check the sizes carefully to assure that the 
parts will fit each other. A greater wall thickness will make 
the assembly heavier, and the expense will increase ac 
cordingly. Soft solder is used throu 

bly. Unless you have experience with silver solder, do 


ош the assem- 


mot use it. Eutectic type 157 solder with paste or acid 


| = 
po 
| 


Fig 25—Frequency response of the six-cavity duplexer. One set of three cavities is tuned to pass 146.34 MHZ and 


notch 146,94 MHz (th 
146.34 MHz. This duplexer provides approximately 100 di 
properly tuned. 


receiver leg). The remaining set of three cavities is tuned to pass 146.94 MHz and notch 


8 of isolation between the transmitter and receiver when 
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=] hk 


Fig 26—Diagram of the sbccavity dupl 


Coaxial cable lengths between cavities are critical and must be. 
high quality connectors should be used throughout. The sizes and 


m 


fs 
UE 


ausi 


A пле mae x 1/8 tem 


Fig 27 Dimensions for the three parts that require machining. A small metal-working lathe should be used for 
making these parts. 
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Пих makes very good joints. This type has а slightly 
higher melting temperature than ordinary tin-lead alloy, 
but has considerably greater strength. 

First solder the inner conductor to the top plate 
(Fig 28). The finger stock can then be soldered inside the 
lower end of the inner conductor, while temporarily held 
in place with a plug made of aluminum or stainless steel. 
While soldering, do not allow the flame from the torch to 
overheat the finger stock. The plunger bushing is soldered 
into the tuning plunger and a 20-inch length of threaded 
той is soldered into the bushing. 

Cut six slots in the top of the outer conductor, They 
should be “inch deep and equally spaced around the tub 
ing. The bottom end of the 4-inch tubing is soldered to the 
square bottom plate. The bottom plates have holes in the 
corners so they can be fastened to a ply wood base by means 
‘of wood serews, Because the center conductor has no sup- 
роп at one end, the cavities must be mounted vertically. 

"The size and position of the coupling loops are criti- 
cal, Follow the given dimensions closely. Both loops 
should be / inch away from the center conductor on 
‘opposite sides. Connect a solder lug tothe ground end of 
the loop, then fasten the lug to the top plate with a serew. 
"The free end of the loop is insulated by Teflon bushings 
where it passes through the top plate for co 
the BNC fittings. 

Before final assembly of the parts, clean them thor- 
‘oughly. Soap-filled steel wool pads and hot water work 
well for this, Be sure the finger stock makes firm contact 
With the tuning plunger. The top plate should fit snugly 
in the top of the outer conductor—a large hose clamp 
tightened around the outer conductor will Keep the top 
plate in place, 


ADJUSTMENT 


After the cavities have been checked for band-pass 
characteristics and insertion loss, install the anti-resonant 
elements, Cl and LL. (See Fig 24.) It is preferable to use 
laboratory test equipo the duplexer. An 
option is to use a low-power transmitter with an RF probe 
and an electronic voltmeter. Both methods are shown in 
Fig 29, 

With the test equipment connected as shown in 
Fig 29A, adjust the signal generator frequency to the 
desired repeater input frequency. Connect а calibrated step 
attenuator between points X and Y. With no attenuatior 
adjust the HP-415 for 0 on the 20-48 scale, You can check 
the calibration of the 415 by switching in different 
amounts of attenuation and noting the meter reading. You 
may note a small error at either high or very low signal 
levels. 

Next, remove the step attenuator and replace it with 
а cavity that has the shunt inductor, 1.1, in place. Adjust 
the tuning screw for maximum reading on the 415 meter. 
Remove the cavity and connect points X and Y. Set the 


== ká 
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Fig 28 Two of the center conductor and top plate 
assemblies. In the assembly at the left, C1 is visible 
Just below the tuning shaft, mounted by short straps 
rado from sheet copper. The assembly on the right has. 
L1 in place between the BNC connectors. Th 

Miniboxes are fastened to the top plate by a single 
large nut in these units. Using screws through the 
Minibox into the top plate, as described in the text, is 
preferred. 


Fig 29—The duploxer can be tuned by either of the two 
methods shown here, although the method depicted at 
А is preferred. The signal generator should bo 
modulated by a 1-kHz tone. If the setup shown at B is 
Used, the transmitter should not be modulated, and 
should have a minimum of noise and spurious signals. 
The cavities to be aligned are inserted between X and 
Y in the setup at A, and between P and Q in B. 
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signal generator to the repeater output frequency and. 
adjust the 415 for a 0 reading on the 20-4B scale. 

Reinsert the cavity between X and Y and adjust the 
cavity tuning for minimum reading on the 415. The notch 
should be sharp and have a depth of at least 35 dB. It is 
important to maintain the minimum reading on the meter 
while tightening the locknut on the tuning shaft 

To check the insertion loss of the cavity, the output 
from the signal generator should be reduced, and the cali- 
bration of the 415 meter checked on the 50. dn expanded 
scale, Use a fixed 1-dB attenuator to make certain the 
ror is less than 0.1 dB. Replace the attenuator with the 
cavity and read the loss. The insertion loss should be 
0.5 dB or less. The procedure is the same for tuning all 
six cavities, except that the frequencies are reversed for 
those having the shunt capacitor installe. 


Adjustment with Minimum Equipment 
A transmitter with a min 


im of spurious output is 
required. Most modern transmitters meet this requirement. 
The voltmeter in use should be capable of reading 
0.5 volt (or less), full scale. The RF probe used should be 
rated to 150 MHz or higher. Sections of RG-58 cable are 
used as attenuators, as shown in Fig 29B. The loss in these. 
140-foot lengths is nearly 10 dB, and helps to isolate the 
transmitter in case of mismatch during tuning. 


Sette wann the repeater put frequency and 
consec P and Q. Oban а rending between 1 and 3 volis 


‘on the voltmeter. Insert a cavity with shunt capacitors in 
place between P and Q and adjust the cavity tuning for a 
minimum reading on the voltmeter. (This reading should 
be between 0.01 and 0.05 volt.) The rejection in dB can be 
calculated by 

dB = 20 log (VI/V2) 

‘This should be at least 35 dB. Check the insertion 
loss by putting the receiver on the repeater output fre- 
quency and noting the voltmeter reading with the cavity 
ош of the circuit. A 0.5-4B attenuator can be made from 
a 7-foot length of RG-58. This 7-foot cable can be used 
to check the calibration of the detector probe and the volt- 


Cavities with shunt inductance can be tuned the same 
жау, but with the frequencies reversed. If two or more 
cavities are tuned while connected together, transmitter 
noise can cause the rejection readings to be low. In other 
words, there will be less attenuation 


Results 

‘The duplexer is conservatively rated at 150 watts 
ut, but if constructed carefully should be able to handle 
‘as much as 300 watts. Silver plating the interior surfaces 
of the cavities is recommended if input power is to be 
greater than 150 watts. A duplexer of this type with 
silver-plated cavities has an insertion loss of less than 
1 dB, and a rejection of more than 100 dB. Unplated cavi- 
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ties should be disassembled at least every two years, 
cleaned thoroughly, and then retuned, 


Miscellaneous Notes 

1) Double shielded cable and high quality connectors are 
required throughout the system, 

2) The SWR of the antenna should not exceed 12:1 for 
proper duplexer performance 

3) Good shielding of the transmitter and receiver at the 
repeater is essential. 

4) The antenna should have four or more wavelengths 
of vertical separation from the repeater 

5) Conductors in the near field of the antenna should be 
‘well bonded and grounded to eliminate noise. 

6) The feed line should be electrically bonded and 
mechanically secured to the tower or mast. 

Feed lines and other antennas in the near field of the 

repeater antenna should be well bonded and as far 

from the repeater antenna as possible 

dividual cavities can be used to improve the perfor- 

‘mance of separate antenna ог separate site repeaters. 

9) Individual cavities can be used to help solve inter- 
‘modulation problems, 


BIBLIOGRAPHY 
Source material and more extended discussions of 
the topics covered in this chapter сап be found in the 
references below. 

Р. Arnold, “Controlling Cavity Drift in Low-Loss Combin- 
ers? Mobile Radio Technology, Apr 1986, pp 36-44. 

L. Barrett, “Repeater Antenna Beam Tilting,” Ham 
Radio, May 1983, pp 29-35. (See correction, Ham. 
Radio, Jul 1983, p 80.) 

W. F. Biggerstaf, “Operation of Close Spaced Antennas 

n Radio Relay Systems,” IRE Transactions on 
Vehicular Communications, Sep 1959, pp 11-15. 

J. 1. Bilodeau, “A Homemade Duplexer for 2-Meter 
Repeaters,” QST, Jul 1972, pp 22-26, 47. 

W. B. Bryson, “Design of High Isolation Duplexers and 
а New Antenna for Duplex Systems,” IEEE Trans- 
actions on Vehicular Communications, Mar 1965, pp 
134-140, 

К. Connolly and Р. Blevins, "A Comparison of Horizon- 
tal Patterns of Skeletal and Complete Support Struc- 
tures," IEEE 1986 Vehicular Technology Conference 
Proceedings, pp 1-7. 

S. Kozono, T. Tsuruhara and M. Sakamoto, “Base Sta- 
tion Polarization Diversity Reception for Mobile 
Radio,” IEEE Transactions on Vehicular Technology 
Nov 1984, pp 301-306, 

J. Kraus, Antennas, 2nd ed. (New York: McGraw-Hill 
Book Co., 1988). 

W. Pasternak and M. Mortis, The Practical Handbook of 
Amateur Radio FM & Repeaters, (Blue Ridge Sum- 
mit, PA: Tab Books Inc., 1980), pp 355-363. 

M. W. Scheldorf, “Antenna-To-Mast Coupling in Com- 


munications,” IRE Transactions on Vehicular Com- 
‘munications, Apr 1959, pp 5-12. 

R. D. Shriner, “А Low Cost PC Board Duplexer.” OST, 
Apr 1979, pp 11-14. 

W. V. Tilston, “Simultaneous Transmission and Recep- 
tion with a Common Antenna,” IRE Transactions on 
Vehicular Communications, Aug 1962, pp 56-64. 

E. P. Tilton, “A Trap-Filter Duplexer for 2-Meter Repeat- 


ers? OST, Mar 1970, pp 42-46, 

R. Wheeler, “Fred's Advice solves Receiver Desense 
Problem,” Mobile Radio Technology. Feb 1986, pp 
42-44, 

R. Yang and F. Willis, "Effects of Tower and Guys on 
Performance of Side Mounted Vertical Antennas 
IRE Transactions on Vehicular Communications, Dec 
1960, pp 24-31 


Repeater Antenna Systems 17-21 


— — ra 


VHF and UHF 
Antenna Systems 


A good antenna system is one of the most valuable 
assets available to the VHE/UHF enthusiast. Com- 
pared to an antenna of lesser quality, an antenna that is 
well designed, is built of good quality materials, and is 


well maintained, will i range, enhance. 
reception of weak signals and reduce interference prob- 
lems. The work itself building antennas is by no means 


the least attractive part of the job. Even with h 
antennas, experimentation is greatly simplified at УНІ 
and UHF because the antennas are a physically manage- 
able size. Setting up а home antenna range is within the 
means of most amateurs, and much can be learned about 


the nature and adjustment of antennas. No la 
ment in test equipment is necessary 


The Basics 


seting the best УНЕ or UHF antenna for 


installation involves much more th 


scanning gain fig- 
ıd prices in a manufacturer's catalog. There is no 
“best” VHF or UHF antenna design for all purposes. 
The first step in choosin ‘out what 
уой want it to do. 


Gain 

At VHF and ИНЕ, it is possible to build Yagi ante 

аз with very high gain—IS to 20 dBi—on a physically 

manageable boom. Such antennas can be combined in 

arrays of two, four, six, eight or more antennas. These 

arrays ate attractive for EME, tropospheric scatter or other 
‘weak-signal communications modes. 


Radiation Patterns 

Antenna radiation can be made omnidirectional, 
bidirectional, practically unidirectional, or anything 
between these conditions. A VHF net operator may find 
an omnidirectional system almost a necessity, but it may 
be a poor choice otherwise. Noise pickup and other 
interference problems are greater with such omnidirec- 


tional antennas, and omnidirectional antennas having 
some gain are especially bad in these respects, Maximus 
gain and low radiation angle are usually prime interests 
of the weak-signal DX aspirant. A clean pattern, with low- 
est possible pickup and radiation off the sides and back, 
тау be important in high-activity areas, or where the noise 
level is high 


Frequency Response 
‘The ability to work over an entire VHF band. 


jay be 
important in some types of work. Modern Yagis can achieve 
performance over a remarkably wide frequency range, pro- 
viding that the boom length is long enough and enough 
elements are used to populate the boom. Modern Yagi 
designs in fact are competitive with directly driven col- 
linear arrays of similar size and complexity. The primary 
performance parameters of gain, front-to-rear ratio and 
SWR can be optimized over all the VHF ог UHF amateur 


bands readily, with the exception of the fall 6meter band 
from 50.0 to 54.0 MHz, which is un 8% wide bandwidth, 
А Yagi can be easily designed to cover any 2.0 MHz por- 
tion of the 6-meter band with superb performance 
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Height Gain 
general, higher is better in VHF and UHF antenna 
installations. Raising the antenna over nearby obstruc- 
tions may make dramatic improvements in coverage 
Within reason, greater height is almost always worth its 
cost, but height gain (see Chapter 23, Radio Wave Propa- 
gation) must be balanced against increased transmission 
line loss. This loss can be considerable, and it increases 
With frequency. The best available line may 

good if the rum is long in terms of waveles 
considerations (see Chapter 24, Transmission Lines) are 
important in antenna planning. 


Physical Size 

A given antenna design for 432 MHZ has the same 
gain as the same design for 144 MHz, but being only one- 
third as large intercepts only one-ninth as much energy 
їп receiving. In other words, the antenna has less pickup 
efficiency at 432 MHz. To be equal in communication 
effectiveness, the 432-MHz array should be atleast equal 
їп size to the 144-MHz antenna, which requires roughly 
three times as many elements, With all the extra difficul- 
ties involved in using the higher frequencies effectively, 
it is best to keep antennas as large as possible for these 
bands. 


DESIGN FACTORS 


With the objectives sorted out in a general way, 
decisions on specifics, such as polarization, type of trans- 
mission line, matching methods and mechanical design 
must be made 


Polarization 
Whether to position antenna elements vertically ог 
horizontally has been widely debated since early VHF 
pioneering days. Tests have shown little evidence about 
Which polarization sense is most desirable. On long propa- 
gation paths there is no consistent advantage either way 
Shorter paths tend to yield higher signal levels with hori- 
zonally polarized antennas over some kinds of terrain. 
iade noise, especially ignition interference, also 
tends to be lower with horizontal antennas. These factors 
make horizontal polarization somewhat more desirable 
for weak-signal communications. Оп the other hand, ver- 
tically polarized antennas are much simpler to use in 
omnidirectional systems and in mobile work 
Vertical polarization was widely used in early VHF 
work, but horizontal polarization gained favor when 
directional arrays started to become widely used. The 
major use of FM and repeaters, particularly in the VHF/ 
UHF bands, has tipped the balance in favor of vertical 
antennas in mobile and repeater use. Horizontal polar- 
ization predominates in other communication on 50 MHZ 
and higher frequencies. An additional loss of 20 dB or 
more can be expected when cross-polarized a 
used, 
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TRANSMISSION LINES 


‘Transmission line principles are covered in detail 
Chapter 24, Transmission Lines. Techniques that apply 
to VHF and ОНЕ operation are dealt with in greater 
detail here. The principles of carrying RF from one loca- 
tion to another via a feed line are the same for all radio 
frequencies. As at HF, RF is carried principally via oper 
wire lines and coaxial cables at VHF/UHF. Certai 
aspects of these lines characterize them as good or bad 
for use above 50 MHz. 

Properly built open-wire line can operate with very 
low loss in VHF and UHF installations. A total line loss 
under 2 dB per 100 feet at 432 MHz can easily be ob- 
tained. A line made of #12 wire, spaced % inch or more 
With Teflon spreaders and run essentially straight from 
antenna to station, can be better than anything but the most 
expensive coax, Such line can be home made or purchased 
at a fraction of the cost of coaxial cables, wit 


rable loss characteristics. Careful attenti 
to efficient impedance matching if the benefits of this sys- 
tem are to be realized. A similar system for 144 MHz can 
easily provide a ine loss under 1 dB, 

Small coax such as RG-58 or RG-59 should never 
be used in VHF work if the run is more than a few feet. 
Lines of inch diameter (RG-8 or RG-11) work fairly 
well at 50 MHz, and are acceptable for 144-MHz runs of 
50 feet or less. These lines are somewhat better if they 
employ foam instead of ordinary PE dielectric material 
Aluminum-jacket hardline coaxial cables with large 
inner conductors and foam insulation are well worth their 


cost, and can sometimes be obtained for free from local 
Cable TV operators as “end runs" pieces at the end of a 
roll. The most common CATV cable is -inch OD 75-0 
hardline. Matehed-line loss for this cable is about 1.0 dB/ 
100 feet at 146 MHz and 2.0 dB/100 feet at 432 MHz. 
Less commonly available from CATV companies is the 
‘inch 750 hardline, sometimes with a black self-heal- 
ing hard plastic covering. This line has 0.8 dB of loss per 
100 feet at 146 MHz, and 1.6 dB loss per 100 feet at 
432 MHz. There will be small additional losses for either 
line if 75.10.5062 transformers are used at cach end. 
Commercial connectors for hardline are expensive but 
provide reliable connections with full waterproofing. 
Enterprising amateurs have homebrewed low-cost connec- 
tors. If they are properly water proofed, connectors and 
hardline can last almost indefinitely. Hardline must not 
be bent too sharply, because it will kink. See Chapter 24, 
Transmission Lines, for details on hardline connectors. 
Beware of any “bargains” in coax for VHF or UHF 
use, Feed-line loss can be compensated to some extent 
by increasing transmitter power, but once lost, a weak 
signal can never be recovered in the receiver. Effects of 
weather on transmission lines should not be ignored. Well- 
constructed open-vire line works optimally in nearly any 
weather, and it stands up well. Twin-lead is almost use- 
less in heavy rain, wet snow or icing. The best grades of 


coax are completely impervious to weather—they can be 
run underground, fastened to metal towers without insu- 
into any convenient position with no 
adverse effects on performance. 


WAVEGUIDES 


Above 2 GHz, coaxial cable is a losing proposition 
for communications work. Fortunately, at this frequency 
the wavelength is short enough to allow practical, effi- 
cient energy transfer by an entirely different means. A 
waveguide is a conducting tube through which energy is 
transmitted in the form of electromagnetic waves. The 
‘dered as carrying a current in the same 
sense that the wires of a 1wo-conductor line do, but rather 


lation and be 


tube is not сог 


аз a boundary that confines the waves in the enclosed 
space, Skin effect prevents any electromagnetic effects 
from being evident outside the guide. The energ 
injected at one end, either through capacitive or induc- 
tive coupling or by radiation, 

other end in a like manner, Waveguide merely c 
the energy of the fields, which are propagated throu 
to the receiving end by means of reflections against its 


ıd is removed fron 


inner walls. 

Analysis of waveguide operation is based on the 
assumption that the guide material is a perfect conductor 
of electricity. Typical distributions of electric and mag- 
netic fields in a rectangular guide are shown in Fig 1. 
The intensity of the electric Field is greatest (as indicated 
by closer spacing of the lines of force) at the center along 
the X dimension (Fig 1C), dimi 
walls. The fields must diminish in this manner, because 
the existence of any electric field parallel to the walls at 
the surface would cause an infinite current to flow in a 
perfect conductor. Waveguid 
RF in this fashion. 


Shing to zero at the end 


Modes of Propagation 


Fig 1 represents the most basic distribution of the 
electric and magnetic fields in a waveguide. There are an 


infinite number of ways in which the fields can arrange 
themselves in a waveguide (for frequencies above the low 
cutoff frequency of the guide in use). Each of these field 
configurations is called a mode 

The modes may be separated into two general 
groups. One group, designated 7M (transverse magnetic) 
has the magnetic field entirely transverse to the direction 
of propagation, but has a component of the electric field 
in that direction. The other type, designated TE (trans- 
verse electric) has the electric field entirely transverse, 
but has component of magnetic field in the direction of 
propagation. TM waves are sometimes called E waves, 
and TE waves are sometimes called H waves, but the TM 
and TE designations are preferred. 

The mode of propagation is identified by the group. 
letters followed by two subscript numerals. For example, 

+ TMi, etc. The number of possible modes increases 


with frequency for a given size of guide, and there is only 
one possible mode (called the dominant mode) for the 
lowest frequency that e ед. The dominant 
mode is the one generally used in amateur work. 


be trans 


Waveguide Dimensions 

In rectangular guide the critical dimension is X 
Fig 1. This dimensi оге than .. at the low- 
est frequency to be transmitted. In practice, the Y dimen- 
sion usually is made about equal to % X to avoid the 
possibility of operation in other than the dominant mode. 

Cross-sectional shapes other than a rectangle can be 
used, the most important being the circular pipe. Much 
the same considerations apply as in the rectangular case. 

Wavelength dimensions for rectangular and circular 
guides are given in Table 1, where X is the width of a 
rectangular guide and r is the radius of a circular guide. 
АП figures apply to the dominant mode. 


must be 


тезе Fed de 


—— 


Fig 1—Fleld distribution in a rectangular waveguide. 
The TE10 mode of propagation is depicted 
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Coupling to Waveguides 
Energy may be 
ide or resonator by mean 
magnetic field. The transfer frequently is through 
a coaxial line. Two methods for coupling to coaxial line 
are shown in Fig 2. The probe shown at A is simply a 
Short extension of the inner conductor of the coaxial line, 
oriented so that it is parallel to the electric lines of force. 
The loop shown at B is arranged so that it encloses some 
of the magnetic lines of force. The point at which maxi- 
coupling is obtained depends upon the mode of 
propagation in the guide or eavity. Coupling is maximum 
When the coupling device is in the most intense field 

Coupling can be varied by turning the probe or loop 
through a 90" angle. When the probe is perpendicular to 
the electric lines the coupling is minimum. Similarly, 
when the plane of the loop is parallel to the magnetic 
lines the coupling is minimum, 

Ifa waveguide is left open at one end it will radiate 
energy. This radiation can be greatly enhanced by flaring 
the Waveguide to form a pyramidal hora antenna, The 
horn acts as a transition between the confines of the 
waveguide and free space. To effect the proper imped- 
ance transformation the horn must be at least M2 A on a 
side. A horn of this dimension (cutoff) has a unidirec- 

4 radiation pattern with a null toward the waveguide 
ition. The gain at the cutoff frequency is 3 dB. 
increasing 6 dB with each doubling of frequency. Horns 
are used extensively in microwave work, both as primary 
radiators and as feed elements for more elaborate focus- 
systems, Details for constructing 10-GHz horn 
antennas are given later in this chapter. 


troduced into or extracted from a 


of either the electric or 


Evolution of a Waveguide 

Suppose an open-wire line is used to сапу RF 
energy from a generator to а load. If the line has any 
appreciable length it must be mechanically supported, The 
line must be well insulated from the supports if high losses 
are to be avoided. Because high-quality insulators are 
difficult to construct at microwave frequencies, the logi- 
cal alternative is to support the transmission line with 
"A stubs, shorted at the end opposite the feed line. The 
‘open end of such a stub presents an infinite impedance to 
the transmission line, provided the shorted stub is 
nonreactive. However, the shorting link has а finite ler 
and therefore some inductance. The effect of this induc- 
tance can be removed by making the RF с 
the surface of a plate rather than a thin wire, If the plate 
is large enough, it will prevent the magnetic lines of force 
from encircling the RF curren 

An infinite number of these '/ À stubs may be con- 
nected in parallel without affecting the standing waves 
of voltage and current, The transmission line may be sup- 
ported from the top as well as the bottom, and when an 
infinite number of supports are added, they form the walls 
of a waveguide at its cutoff frequency. Fig 3 illustrates 


sth, 


rent flow on 
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Table 1 
Waveguide Dimensions 

Rectangular Circular 
Cutoff wavelength 2x зат 
Longest wavelength transmitted 1.6Х 32 
with litle attenuation 
Shortest wavelength before next 1.1% 2a 


mode becomes possible 


w (s) 


Fig 2—Coupling coaxial line to waveguide and 
зопаогв. 


how a rectangular waveguide evolves from a two-wire 
parallel transmission line as described. This simplified 
analysis also shows why the cutoff dimension is Y A. 
While the operation of waveguides is usually 
described in terms of fields, current does flow on the 
inside walls, just as on the conductors of a two-wire trans- 
mission line. At the waveguide cutoff frequency, the cur- 
rentis concentrated in the center of the walls, and disperses 
toward the floor and ceiling as the frequeney increases. 


IMPEDANCE MATCHING 


Impedance matching is covered in detail in Chapter 
25, Coupling the Transmitter to the Line, and Chapter 
26, Coupling the Line to the Antenna. The theory is the 
Same for frequencies above 50 MHz. Practical aspects 
are similar, but physical size can be a major factor in the 
‘choice of methods. Only the matching devices used in 
practical construction examples later in this chapter are 
discussed in detail here. This should not rule out consid- 
У other methods, however, and you should read 
the relevant portions of both Chapters 25 and 26, 


Universal Stub 

As its name universal stub implies, the double-ad- 
justment stub of Fig 4A is useful for many matching pur- 
poses. The stub length is varied to resonate the system 
and the transmission-line attachment point is varied until 
the transmission line and stub impedances are equal. In 
practice this involves moving both the sliding short and 


Fig 3—At its cutoff frequency a rectangular waveguide 
сап be thought of as a parallel two-conductor 
transmission line supported from top and bottom by an 
Infinite number of Yeh stubs. 


the point of line connection for zero reflected power, as 
indicated on an SWR bridge connected in the ine 

"The universal stub allows for tuning out any small 
reactance present in the driven part of the system. It per- 
mits matching the antenna to the line without knowledge 
of the actual impedances i 
short yielding the best match gives some indication of 
the amount of reactance present. With little or no reac- 
tive component Lo be tuned out, the stub must be approxi- 
mately / A from load toward the short. 

"The stub should be made of stiff bare wire or rod, 
spaced no more than Ya А apart. Preferably it should be 
mounted rigidly, on insulators. Once the position of the 
short is determined, the center of the short сап be 
‘grounded, if desired, and the portion of the stub no longer. 
needed саа Бе removed. 

I is not necessary that the stub be connected directly 
to the driven element. It can be made part of an open- 


olved. The position of the 


wîre line as a device to match coaxial cable to the line. 
‘The stub can be connected to the lower end of a delta 
match or placed at the feed point of a phased array. 
Examples of these uses are given later. 


Delta Match 


Probably the most basic impedance matching device 
is the delta match, fanned ends of an open-wire line tapped 
conto a f. 


enna at the point of the most-efficient power 
transfer. This is shown in Fig 4B, Both the side length 

the points of connection either side of the center of 
the element must be adjusted for minimum reflected 
power on the line, but as with the universal stub, you 
needn't know the impedances, The delta match makes no 
provision for tuning out reactance, so the universal stub 
is often used as a termination for iL 

At one time, the delta match was thought to be infe- 
rior for VHF applications because of its tendency to 
radiate if improperly adjusted. The delta has come back 
into favor now that accurate methods are available for 
measuring the effects of matching. It is very handy for 
phasing multipl 


‘bay arrays with open-wire lines, and its 


w ner ® 
© Eye e perta 


| 


Gea O 


Fig 4—Matching methods commonly used at VHF. The 
universal stub, A, combines tuning and matching. The 
adjustable short on the stub and the points of 
connection of the transmission line are adjusted for 
minimum reflected power on the lino. In the delta 
match, B and С, the line is fanned out and connected 
to the dipole at the point of optimum impedance match. 
Impedances need not be known in A, В or C. Tho. 
gamma match, D, is for direct connection of coax. C1 
{nes out inductance in the arm. A folded dipole of 
uniform conductor size, E, steps up antenna. 
Impedance by a factor of four. Using a larger conductor 
in the unbroken portion of the folded dipole, F, gives 
higher orders of impedance transformation. 


dimensions in this use are not particularly critical. It 
should be checked out carefully in applications like that 
of Fig AC, where no tuning device is used. 


Gamma and T Matches. 

An application of the same principle allowing di- 
rect connection of coax is the gamma match, Fig 4D. 
Because the RF voltage at the center of a 2 dipole is 
zero, the outer conductor of the coax is connected to the 
element at this point. This may also be the ju 
a metallic or wooden boom. The inner conductor, carry- 
ing the RF current, is tapped out on the element at the 
‘matching point. Inductance of the arm is tuned out by 
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means of C1, resulting in electrical balance. Both the point 
of contact with the element and the setting of the capaci- 
тог are adjusted for zero reflected power, with a bridge 
connected in the coaxial line. 

‘The capacitance can be varied until the required 
value is found, and the variable capacitor replaced with a 
fixed unit of that value, СІ can be mounted in a water- 
proof box. The maximum required value should be about 
100 pF for 50 MHz and 35 to 50 pF for 144 MHz. 

The capacitor and arm can be combined in one 
coaxial assembly, with the arm connected to the driven 
element by means of a sliding clamp and the inner end of 
the arm sliding inside a sleeve connected to the center 
conductor of the coax. An assembly of this type can be 
constructed from concentric pieces of tubing, insulated 
by plastic or heat-shrink sleeving. RF voltage across the 
capacitor is low when the match is adjusted properly, so 
with a good dielectric, insulation presents no great prob- 
lem. The initial adjustment should be made with low 
power. A clean, permanent high-conductivity bond 
between arm since the RF cur- 


Because itis inherently somewhat unbalanced, the 
gamma match can sometimes introduce pattern distortion, 
particularly on lon highly directive Yagi arrays. 
The T-match, essentially two gamma matches in series 
creating a balanced feed system, has become popular for 
this reason, A coaxial balun like that shown in Fig 5 is 
used from the 200 Q balanced T-match to the unbalanced 
50 Q coaxial line going to the transmitter. See the KIFO 
Yagi designs later in this chapter for details on practical 
use of a T-match. 


Folded Dipole 
The impedance of a '/ A dipole broken at its center 
is about 70 Q. If a single conductor of uniform size is 
folded to make a . A dipole as shown in Fig 4E, the 
impedance is stepped up four times, Such a folded dipole 
be fed directly with 3000 line with no appreciable 


w © 


mismatch. If a 4:1 balun is use 
With 750 coaxial cable. (See balun information presented 
below.) Higher step-up impedance transformation can be 
obtained if the unbroken portion is made la 

section than the fed portion, as shown in Fi 


| the antenna can be fed 


Hairpin Match 
‘The feed-point resistance of most mulielement Yagi 
arrays is less than 50 0, I the driven element is split and fed 
at the center, it may be shortened from its resonant length to 
add capacitive reactance at the feed point. Then, shunting 
the feed point with a wire loop resembling a hairpin causes 
a step-up of the Feed-point resistance. The hairpin match is 
used together with a 4:1 coaxial balun in the 50 MHz arrays 
described later in this chapter. See Chapter 26, Coupling 
the Line to the Antenna, for details on the hairpin match. 


BALUNS AND ANTENNA TUNERS 


Con 
(or vice versa) can be performed with electrical circuits, 
ог their equivalents made of coaxial cable. A balun made 
from flexible coax is shown in Fig 5А. The looped por- 
tion is an electrical . A. The physical length depends o 
the velocity factor of the line used, so it is important to 
check its resonant frequency as shown in Fig SB. The two 
ends are shorted, and the loop at one end is coupled to a 
dip meter coil. This type of balun gives an impedance step- 
ар of 4:1 (typically 50 to 200 Q, or 75 to 300 Q). 
Coaxial baluns that yield 1:1 impedance transfor- 
mations are shown in Fig 6. The coaxial sleeve, open at 
the top and connected to the outer conductor of the line 
at the lower end (A) is the preferred type. At B, a con- 
ductor of approximately the same size as the line is used 
with the outer conductor to form a Ys A stub, Another 
přece of coax, using only the outer conductor, will serve 
this purpose. Both baluns are intended to present an infi- 


доп from balanced loads to unbalanced lines 


o» 


Fig 5—Conversion from unbalanced coax to a balanced 

load can be done with a 3-2, coaxial balun at A. 

Electrical length of the looped section should Бе 

checked with a dip meter, with the ends shorted, as at 
The '/-À balun gives a 4:1 Impedance step-up. 
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Fig 6—The balun conversion function, with no 
impedance transformation, can be accomplished with 
WA lines, open at the top and connected to the coax 
Outer conductor at the bottom. The coaxial sleeve at A 
is preferred. 


nite impedance to any RF current that 
flow on the outer conductor of the coax. 

‘The functions of the balun and the impedance trans- 
former can be handled by various tuned circuits. Such a 
device, commonly called an antenna tuner ога 
Transmatch, can provide a wide range of impedance trans- 
formations. Additional selectivity inherent in the antenna 
tuner сап reduce RFI problems. 


THE YAGI AT VHF AND UHF 


Without doubt, the Y: 
antennas these days. Today's best designs are computer 
als 


is king of home-station 


optimized. For years amateurs as well as professi 
designed Yagi arrays experimentally. Now we have pow- 
erful (and inexpensive) personal computers and sophisti- 
cated software for antenna modeling. These have brought 
us antennas with improved performance, with little or no 
element pruning required. Chapter 11, HF Yagi Arrays, 
describes the parameters associated with Yagi-Uda arrays. 
Except for somewhat tighter dimensional tolerances 
needed at VHF and ИНЕ, the properties that make a good 
Yagi at HF also are needed on the higher frequencies. 
See the end of this chapter for practical Yagi designs 


STACKING YAGIS 
Where suitable provision can be made for support- 
ing them, two Yagis mounted one above the other and 
fed in phase can provide better performance than one long 
the same theoretical or measured gain. The pair 
occupies a much smaller turning space for the same gain, 
and their wider elevation coverage can provide excellent 
results. The wide azimuthal coverage for a vertical stack 
often results in QSOs that might be missed with a single 
narrow-beam long-boom Yagi pointed in a different 
direction. On long ionospheric paths, a stacked pair 
occasionally may show an apparent gain much greater 
than the measured 2 to 3 dB of stacking gain, (See also 
in Chapter 11, 


Yagi wi 


the extensive section on stacking Yag 
НЕ Yagi Arrays.) 


Optimum vertical spacing for Yagís with boom lon 
than 1 A or more is about | A (984/50.1 
19.64 fee), but this may be too much for many builders of 
50-MHz antennas to handle. Worthwhile results сап be 
obtained with as little as ' A (10 feet), but Ys À (12 feet) is 
markedly bette. The difference between 12 and 20 feet, 
however, may not be worth the added structural problems 
involved in the wider spacing, at least at 50 MHz, The closer 
spacings give lower measured gain, but the antenna patterns 
in both azimuth and elevation than with 1. spac- 
in with wider spacings is usually the objective 
144 MHz and dene) bands, where the struc- 
tural problems ге not as severe. 

Yagis can also be stacked in the same plane (col- 
linear elements) for sharper azimuthal directivity. A spac- 
ing of hı A between the ends of the inner elements yields 
the maximum gain within the main lobe of the array. 

If individual antennas of a stacked array are properly 
ed, they look like noninductive resistors to the phas- 
ing system that connects them. The impedances involved 
сап thus be treated the same as resistances in parallel 

Three sets of stacked dipoles are shown in Fig 7. 
Whether these are merely dipoles or the driven elements 
of Yagi arrays makes no difference for the purpose of 
these examples. Two 300 © antennas at A are 1 А apart, 
resulting in a paralleled feed-point impedance of 150 © 
at the center. (Actually it is slightly less than 150 Q 
because of coupling between bays, but this can be 

veglected for illustrative purposes.) This value remain 
the same regardless of the impedance of the phasing line. 
Thus, any conveni 

long as the electrical length of each line is the same. 

The velocity factor of the line must be taken into 
account as well. As with coax, this is subject to so much 
variation that it is important to make a resonance check 
on the actual line used. The method for doing this is show 
in Fig SB. A Y. ine is resonant both open and shorted, 
but the shorted condition (both ends) is usually the more 


desi 


и line can be used for phasing, as 


test condition, 


m e 


Fig 7—Three methods of fe 
žá, ‘stacked VHF arrays. A and B 
ЕЯ for bays having balanced driven 
‘elements, where a balanced 
phasing line is desired. Array С 


ES has an all-coaxal matching and 
7 phasing system. Ifthe lower 
rx Section Is also % A no trans- 
e position of line connections 
is needed. 
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The impedance transforming property of a A line 
section can be used in combination matching and phas- 
ing lines, as shown in Fig TB and C. At B, two bays spaced 
\ A apart are phased and matched by а 400-0 line, act- 
ing as а double-Q section, so that a 300-0 n 

mission line is matched to two 300-2 bays. The two 
halves of this phasing line could also be /.- or e- long, 
if such lengths serve a useful mechanical purpose. (An 
example is the stacking of two Yagis where the desirable 
spacing is more than a A.) 

A double-Q section of coaxial line is illustrated in 
Fig 7C. This is useful for feeding stacked bays that were 
designed for 50-0 feed. A spacing of f. À is useful for 
small Yagis, and this isthe equivalent of a full electrical 
wavelength of solid-dielectrie coax such as RG-1 1. 

If one phasin hon 
the other, the connection to one driven element should be 
reversed with respect to the other to keep the RF currents 
їп the elements in phase—the gamma match is located 
оп opposite sides of the driven elements in Fig 7C. If the 

umber of ' À lengths is the same on either side of the 
feed point, the two connections should be in the same 
position, and not reversed. Practically speaking howev 
You can ensure proper phasing by using exactly equal 
lengths of line from 
that the velocity factor for each line is identical 

Опе marked advantage of coaxial phasing lines is 
that they can be wrapped around the vertical support, 


line is electrically Y A ar 


he same roll of coax. This ensures 


aped or grounded to it, or arranged in any way that is 
mechanically convenient. The spacing between bays car 
ве set at the most desirable value, and the phasing lines 
placed anywhere necessary. 


Stacking Yagis for Different Frequencies 
stacking horizontal Yagis or 
le rotating support, certain considerations apply 
when the bays are for different bands. As a very general 
rule of thumb, the minimum desirable spacing is half the 
boom length of the higher frequency Yagi 

For example, assume the stacked two-band array of 
Fig ВА ús for 50 and 144 MHz. This vertical arrangement 
is commonly referred to as a Christmas tree, because it 
resembles one. The SOMHZ Yagi has Selen 
12-foot boom. It tends to look like “ground” to the 
S-element 144 MHz Yagi on a 12-foot boom directly 
above it. [The exact Yagi designs for the examples used 
їп this section are located on the CD-ROM accompany- 
ing this book. They may be evaluated as monoband Yagis 
using the YW (Yagi for Windows) program also supplied 
on the CD-ROM. In each case the bottom Yagi in the stack 
(at the top of the tower) is assumed to be 20 feet high ] 


above the other ог 


SWR Change in a Multi-Frequency Stack 

Earlier editions of The ARRL Antenna Book stated 
that the feed-point impedance of the higher-frequency 
antenna would likely be affected the most by the proxim- 


2 0 1 ne 
зене 1 
w © 
Fig 8—in stacking Yagi arrays one above the other, the 
m minimum spacing between bays (S) should be about 
half the boom length of the smaller array. Wider 
spacing is desirable, in which case it should be % 2 or 
some multiple thereof, at the frequency of the small 


Spara 


da O va 
a 


array. ALA, stack of 8-olement 2-motor Yagi on a 12- 
foot boom over a S element 6-meter Yagi, also on а 12- 
foot boom. At B, S-element 2-meter beam on a 6-foot 
boom over a 3-element 6-meter beam on а 4-foot boom. 
ALC, a 14-element 70-cm beam on a 94001 boom, 
mounted over a G-olement 2-meter beam on a 121001 
boom and a -element Smtr Beam on a 22001 
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ity of the lower-freguency Yagi. Modern computer mod. 
programs reveal that while the feed-point SWR can 
indeed be affected, by far the 
the forward gain and rearward pattern of the higher-fre- 
quency Yagi when the booms are closely spaced. In fact, 
the SWR curve is usually not affected enough to make it 
а good diagnostic indicator of interaction between the 
two Yagis. 
Fig 9 shows an overlay of the SWR curves across 
the 2-meter band for four configurations: an S element 


catest degradation is in 


Later Ya 


by itself, and then over a S-element 6-meter 
Yagi with spacings between the booms of 1, 2, 4 and 
6 feet. The SWR curves are similar—it would be diffi- 
cult to see any difference between these configurations 
using typical amateur SWR indicators for anything but 
the very closest (1-foot) spacing. For example, the SWR 
curve for the 2-Foot spacing case is virtually indistinguish- 
able from that of the Yagi by itself, while the forward 
gain has dropped more than 0.6 dB because of interac- 
tions with the 6-meter Yagi below it. 


iain and Pattern Degradation Due to Stacking 
Fig 10 shows four overlaid rectangular plots of the 
azimuth response from 0° to 180° for the S-element 
described above, spaced 1, 2, 4 and 6 feet 
over a S element 6-meter beam. The rectan 


Demeter Ya 


lar presen- 
tation gives more detail than a polar plot. The most closely 
spaced configuration (with 1-foot spacing between the 
booms) shows the largest de the forward gain, 
а drop of 1.7 dB. The worst-case front-to-rear ratio for 
the 6-foot spacing is 29.0 dB, while it is 36.4 dB for the 
1-foot spacing—actually better than the F/R for the 
S-element 2-meter Yagi by itself. Performa 

to the nearby presence of other Yagis can be enormously 


complicated (and sometimes is non-intuitive as well). 
"What happens when a different kind of 6-meter Yagi 
‘meter Yagi? Fig 11 

Чп and the Worst-case 


is mounted below the &-eleme 
compares the change in forward g 
FIR performance as a function of spacin 
booms for two varieties of 6-meter Yagis: the -element 
desi 


between the 


on а 12-foot boom and a 7-clement Yagi on a 


рва RRA 


| & 


Fig 10—Plots of the &-element 2-meter Vage azimuth 
response from 0° to 180" for spacing distances from 1 
to 6 feet. The sidelobe at about 60° varies about 6 dB 
over the range of boom spacings, while the shape of 
worst-case F/R curve varles considerably duo to 
Interactions with the lower 6-meter beam. The gain for 
the 1-oot spacing is degraded by more than 3 dB. 
compared to the 2-meter antenna by itself. 


e 


Worst- Caso FIR (98) 


ташу ee) 
oy mun sere -7 Soong сааба es 


Boon Spee roe 
eee eee eee en 708 


Fig 9—SWR curves for different boom spacing between 
B-eloment 2-meter Yagi on 12-foot boom, over a 
element 6-meter Yagi on a 12-foot boom. For spacings 
greator than 1 foot between the booms, differences 
between the SWR curves are dificult o discern. 


Fig 11—Plot of &-element 2-meter Yag's gain and 
worst-case FIR as a function of distance over two 
types of 6-meter beams, one on a 12-100! boom and tho 
other on a 22-1001 boom. Beyond a spacing of about 5 

feet the performance is degraded a minimal amount. 
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22-foot boom. The spacing of “O feet” represents the 
element 2-meter Yagi when it is used alone, with no 
other antenna nearby. This sets the reference expectati 
for gain and FIR. 

The most severe degradation occurs for the 1-foot 
spacing, as you might imagine, for both the 12 and 
22-00 boom lengths. Over the S element 6-meter Yagi, 
the 2-meter gain doesn't recover to the reference level of 
the S-element 2-meter beam by itself until the spacir 
greater than 9 feet. However, the gain is within 0.25 dB 
of the reference level for spacings of 3 feet or more 
Interestingly, the F/R is higher than that of the 2-meter 
antenna by itself for the 1, 2 and 5-foot spacings and for 
spacings greater than 11 feet. The 2-meter F/R in the pres- 
ence of the 12-1001 -element 6-meter Yagi remains above 
20 dB for spacings beyond 1 feet 

Overall the 2-meter beam performs reasonably well 
for spacings of 3 feet or more over the S-element 6-meter 
Yagi. Put another way, the 2-meter beam's performance 
is degraded only slightly for boom spacings greater than 
3 feet. A spacing of 3 feet is less than the old rule of 
thumb that the minimum spacing between booms be 
greater than one-half the boomlength of the higher-fre- 
quency Yagi, which in this case is 6 feet long. 

For the 7-element 6-meter Yagi, the 2-meter gain re- 
covers to the reference level for spacings beyond 7 feet, but 
the FIR is degraded below the reference level for all spac- 
ings shown in Fig 11. If we use a gain reduction criterion of 
less than 0.25 dB and a 20-48 F/R level as the minimum 
acceptable level, then the spacing must be 5 feet or more 
over the larger 6-meter Yagi. Again, this is less than the rule 
‘of thumb that the minimum spacing between booms be greater 
than one-half the boomlength of the higher-frequency Yagi. 

Now, let's try a smaller setup of 2- and 6-meter Yagis 
stacked vertically in a Christmas-tree configuration to see 
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Fig 12— Plot of gain and worst-case F/R of a -element 
2-meter Yagi on a 4-foot boom as a function of distance 
over a 3-element 6-meter beam on а G-foot boom. 
Beyond a spacing of about 3 feet the performance is 
degraded a minimal amount. 
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if the rule of thumb for spacing the booms still holds. 
Fig 12 shows the performance curves versus boom spac- 
ing fora S-element 2-meter Yagi on a 4-foot boom stacked 
over a 3-element 6-meter Yagi on a 6-foot boom. Again, 
the 1-foot spacing produces а substantial gain reductio 
of about 1.3 dB compared to the reference gain when the 
2-meter Yagi is used by itself. Beyond a boom spacing of 
3 feet the 2-meter gain drops less than 0.25 dB from the 
reference level of the 2-meter Yagi by itself and the F/R 
remains above about 20 dB. In this example, the simple 
rule of thumb that the minimum spacing between boom 
be greater than half the boom length (half of 4 feet) of 
the higher-frequency Yagi does not hold up. However, 
of 3 feet we found for the 
larger 2-meter Yagi remains true, Three feet spaci 
almost 0.5 À between the booms at the higher frequency. 


Adding a 70-em Yagi to the Christmas Tree 
Let's get more ambitious and set up a larger VHF/ 
UHF Christmas tree, with a 14-element 70-cm Yagi on а 
9-foot boom at the top, mounted 5 feet over an 8-element 
2-meter Yagi on а 12-foot boom. At the bottom of the 
clement 


Stack (at the top of the tower) is either the 
-meter beam on a 12-foot boom, 

beam on a 22-foot boom. See 
vary the spacing between the 70-cm Yagi and the 2-meter 
Yagi below it to assess the interactions that degrade the 
70-em performance, 

Fig 13 compares the change in gain and F/R curves 
as a function of boom spacings between the 70-cm and 
2-meter Yagis for the two different 6-meter Yagis (with a 
fixed distance of 5 feet between the 2-meter and 6-meter 
Yagis). In this example, the 70-cm Yagi was designed to 
ве an intrinsic 50-0 feed, where the F/R has been com- 
promised to some extent. Still, the F/R is greater thar 
20 dB when the 70-em Yagi is used by itself. 

For spacings greater than 4 feet between the 70-с 
and 2-meter booms, the 70-em gain is equal to or eves 
slightly greater than that of the 70-cm antenna by itself 
The increase of gain indicates that the elevation patter 
of be 70-cm antenna is slightly compressed by the pres- 
ence of the other Yagis below it. The F/R stays above at 
19.5 dB for spacings greater than or equal to 4 feet. This 
falls just below our desired lower limit of 20 dB, but it is 
highly doubtful that anyone would notice this 0.5-4B drop 
їп actual operation. A spacing of 4 feet between booms 
falls under the rule of thumb that the minimum spacing 
be at least half the boomlength of the higher-frequency 
Yagi, which in this case is 9 feet 


"What should be obvious in this discussion is that 
you should model the exact configuration you plan to 
build to avoid unnecessary performance degradation, 


Stacking Same-Frequency Yagis 


"This subject has been examined in some detail 
Chapter 11, НЕ Yagi Arrays. The same basic principles 


m 
uy rect and 5 беги 1 0 TUS 24 20 He 


— — 
o 28 = 
p zt 
pue PH 
LES E 
3 20 5 
ү 


me 
nee essen De AOS -E FIR, 708 
Fig 13—Performance of a 14-element 70-cm Yagi on a 
-foot boom, mounted a variable distance over an 8- 
‘element 2-meter Yagi on а 12-foot boom, which is 
mounted 5 feet above either a S-element 6-meter Yagi 
оп а 12-foot boom or a 7-element 6-meter Yagi on a 
22-1001 boom. Beyond a spacing of about 4 feet, the 
performance of the 70-ст beam is degraded а minimal 
amount. 


hold at VHF and UHF as they do on HF. That is, the gain 
increases gradually with increasing spacin 
booms, and then falls off gradually past a certain spacing 
distance. 
At HF, Chapter 11 emphasizes that you should avoid 
ills in the antenna's elevation response—so that you can 
cover all the angles needed for geographic areas of inter- 
est. At VHF/UHF. propagation is usually at low elevation 
angles for most propagation modes, and signals are often 
extremely weak. Thus, achieving maximum gain is the most 
common design objective for a VHF/UHF stack. OF sec- 
ondary importance is the cleanliness of the beam pattern, 
to discriminate against interference and noise sources. 
Six-meter Sporadic-E can sometimes occur at high 
elevation angles, especially if the E, cloud is overhead, 
ог nearly overhead. Since Sporadic-E is exactly that, spo- 
vod design practice to try to cover a 
wide range ation angles, as you must often do at 
НЕ to cover large geographic areas. On 6 meters, you 
can change to high-angle coverage when necessary. For 
example, you might switeh to a separate Yagi mounted at 
‘alow height, or you might provide means to feed stacked. 
antennas out-of-phase. Fig 14 shows an НЕТА (НЕ Ter- 
rain Assessment) plot of two S element 6-meter Yagi 
fed either in-phase or out-of-phase to cover a much wider 
range of elevation angles than the in-phase stack alone. 
Fig 15А shows the change in gain for four 2-meter 
stacked designs, as a function of the spacing in wave- 
lengths between the booms. The 3-element Yagi is 


between the 


radie, it's not a 


ога 


Fig 14—HFTA comparison plots of the elevation 
responses for two S-element -meter Yagis mounted at 
42 and 30 feet above flat ground, when they are fed in- 
phase and out-of-phase. By switching the phasing 
(adding a half-wavelength of coax to one of the 
antennas), the elevation angle can be controlled to 
enhance performance when а Sporadic-E cloud is 
nearly overhead. 


mounted on a 2-foot boom (occupying 0.28 of that 
boom). The S-element Yagi is on a 4-foot boom (0.51 А 
of the boom), while the 8-element Yagi is on a 12-foot 
boom (1.72 4 of boom). The biggest antenna in the group 
has 16 elements, on a 27-foot boom (4.0 of boom). This 
range of boom lengths pretty much covers the practical 
range of antennas used by hams. 

The stack of two 3-element Yagis peaks at 3.2 dB of 
additional gain over a single Yagi for 0.75 A spacing 
between the booms. Further increases in spacing see the 
gain change gradually drop off. Fig 15B shows the worst- 
case FIR of the four stacks, again as a function of boon 
length. The FIR of a single 3-clement Yagi is just over 24 
ah. but in the presence of the second 3-element Yagi in the 
stack, the F/R of the pair oscillates between 15 to 26 dB, 
finally remaining consistently over the desired 20-4B level 
for spacings greater than about 1.7 2, where the gain has 
fallen about 0.6 dB from the peak possible gain. A boon 
spacing of 1.7 A at 146 MHz is 11.5 feet, Thus you must 
compromise in choosing the boom spacing between achiev- 
ing maximum gain and the best patter, 

‘The increase in gain of the stack of two S-element 
Yagis peaks at a spacing of about 1 À (6.7 feet), where 
the F/R is an excellent 25 dB. Having more elements or 
a particular length of boom aids in holding a more con- 
sistent FIR in the presence of the second anten 

‘The gain increase for the bigger stack of S element 
Yagis peaks at a spacing of about 1.5 À (10.1 feet), where 
the FIR is more than 27 dB. The 16-element Y. 
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Fig 15—Performance of two different 2-meter Yagis ( 


fed in-phase, as a function of spacing between the booms. Note that the distance is measured in wan 


increase is 2.6 dB for a spacing of about 2.25 A 
(15.2 feet), where the F/R remains close to 25 dB. The 
stacking distance of 15.2 feet for an anten 
27-foot long boom may be a real challenge physically, 
requiring a very sturdy rotating mast to withstand wind 
pressures without bending 

These examples show that the exact spacin 
booms is not overly critical, since the gain varies rela 
tively slowly around the peak. Fi 
boom spacing needed to achieve peak gain from a stack 
increases when higher-gain (longer-boom) individual 
antennas are used in that stack. It also shows that the 
increase in maximum gain from stacking decreases for 

boom antennas. Fig 15B shows that beyond boom 

the F/R pattern holds well for Yagi 
with booms longer than about 0.5 A, which is 
about 4 feet at 146 MHz 

"The plots in Fig 15 are representative of typical mod- 
ern Yagis. You could simply implement these designs as 
is, and you'll achieve good results. However, we recom. 
теп that you model any specific stack you design, just 
1o make sure. Since the boom spacings are displayed in 
terms of wavele the results for 
2 meters to other bands, provided that you use properly 
Scaled Yagi designs to the other bands too. 

You can even tweak the element dimensions and 
spacings of each Yagi used in a stack to optimize the 
rearward pattern for a particular stacking distance. This 
strategy can work out well at VHF/UHF, where stacks 
are often configured for best gain (and pattern) and are 
“hard-wired” with fixed lengths of feed lines permanently 
junctioned together 

‘This is in contrast to the situation at HF (and even 
оа 6 meters). The HF operator usually wants flexibility 
to select individual Yagis (or combinations of Yagis) from 
the stack, to match the array's takeoff angle with iono- 


1 


between 


g 15А shows that the 
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ments on 4-foot boom and B-elements on 12-001 boom) 
ngths. 


spheric propagation conditions, See Chapter 11, HF Ys 
Arrays, The designer of a flexible HF stack thus usually 
doesn't try to redo the element lengths and spacings of 
the Yagis to optimize a particular stack. 


Stacking Stacks of Different-Frequency Yagis 

The investment in a tower is usually substantial, and 
most hams want to put as many antennas as possible on а 
tower, provided that interaction between the antennas car 
be held to a reasonable level. Really ambitious weak- 
signal VHF/UHF enthusiasts may want “stacked 
stacks" sets of stacked Yagis that cover different bands, 
For example, a VHF contester mig 
S-element 2-meter Yagis mounted on the same rotating 
mast as а stack of two S-element 6-meter Yagis. Let's 
assume that the boom length of the S-clement 2-meter 
Yagis is 12 feet (1.78 2). We'll assume а boom length of 
12 feet (0.61 А) for the S element 6-meter Yagis. 

From Fig 15, we find the stacking distance betweet 
the S-element 2-meter beams for peak gain and good pat- 
tern is 1.5 A, or 10 feet, but adequate performance can be 
had for a boom spacing of 0.75 A, which is 5 feet on 2 meters 


ht want a stack of two 


The boom spacing for two S-element 6-meter 
beams is 1 A for peak stacking gain, but a compromise of 
0.625 A (12 feet) still yields an acceptable gain increase 
ol 2 dB over a single Yagi. The overall height of the 


mast sticking out of the top of the tower is thus 
set by the 0.625 A stacking distance on 6 meters, at 
12 feet. In-hetween the 6-meter Yagis at the bottom 
top of the rotating mast we will mount the 2-meter Ya 
stack. With only 12 feet available on the mast, the spacing 
for symmetric placement of the two 2-meter Yagis in be. 
he 6-meter Yagis dictates a distance of only 4 feet 
meter beams. This is less than optimal, 
‘The performance of the 2-meter stack in this “stack 
within a stack" is affected by the close spacing, but the 


between th 


interactions are not disastrous. The stacking gai 
1.62 dB more than the gain Гога single 8-element 
‘Yagi and the F/R remains above 20 dB across the 
band. 

Оп 6 meters, the stacking gain for two Scelement 
6-meter Yagis spaced 12 feet apart is 22 dB more than the 
gain of a single Yagi, while the F/R pattern remains about 
20 dB over the weak-signal portion of the 6-meter band. As 
described in Chapter 11, HF Yagi Arrays, stacking gives more 
advantages than merely a gain increase, and 6-meter ргора- 
gation does require coverage of a range of elevation angles 
Because much of the time ionospheric modes are involved, 

icreasing the length of the rotating mast to 18 feet 
sticking out of the top of the tower will increase perfor- 
mance, particularly on 2 meters. The stacking gain on 
6 meters will increase to 2.3 dB while the F/R decreases 
to 18.5 dB, modest changes both. The 18-foot mast 
allows the 2-meter Yagis to be spaced 6 feet fror 
other and 6 feet away from both top and bottom 6-meter 
antennas, The stacking gain goes to 2.14 dB and the F/R 
approaches 27 dB in the weak-signal portion of the 
2-meter band. 

Whether the modest increase in stacki 


each 


gain is 
worth the cost and mechanical complexity of stacking 
two 2-meter Yagis in-between a stack of 6-meter Yagis is 
a choice left to the operator. Certainly the cost and weight 
of a rotating mast that is 20 feet long (18 feet out of the 
top of the tower and 2 feet down inside the tower), a mast 
that must be sturdy enough to support the ante 

h winds without bending, should give pause to even 
the most enthusiastic 6-meter weak-signal operator. 


QUADS FOR VHF 


The quad antenna can be built with inexpensive 
materials, yet its performance is comparable to other 
arrays of its size. Adjustment for resonance and imped- 
ance matching can be accomplished readily. Quads c: 
be stacked horizontally and vertically to provide high 
gain, without sharply limiting frequency response. Con- 
struction of quad antennas for VHF use is covered later 
in this chapter. 


Stacking Quads 
Quads can be mounted side by side or one above the 
other, or both, in the same general way as other beam 
antennas. Sets of driven eler 
front of a screen reflector. The recor ing 
between adjacent element sides is Y A. Phasing and feed 
methods are similar to those employed with other anten- 
nas described in this chapter. 


Adding Quad Directors 

Parasitic elements ahead of the driven element work 
in a manner similar to those in a Yagi array. Closed loops 
can be used for directors by making them 5% shorter than 
the driven element. Spacings are similar to those for con- 
ventional Yagis. In an experimental model the reflector 


жаз spaced 0.25 2 and the director 0.15 2. A square 
array using four 3element bays worked extremely well. 


VHF AND UHF QUAGIS 

At higher frequencies, especially 420 MHz and 
above, Yagi arrays using dipole-driven elements can be 
difficult to feed and match, unless special care is taken to 
keep the feed-point impedance relatively high by proper 
element spacing and tuning. The cubical quad described 
es the feed problems to some extent. Wher 
many parasitic elements are used, however, the loops are 
iot nearly as convenient to assemble and tune as are 
straight cylindrical ones used in conventional Yagis. The 
Quagi, designed and popularized by Wayne Overbeck, 
NONB, is an antenna having a full-wave loop driven еде 
ment and reflector, and Yagi type straight rod directors. 

Construction details and examples are 

projects later in this chapter. 


COLLINEAR ANTENNAS 


The information given earlier in this chapter per- 
tains mainly to parasitic arrays, but the collinear array is 
worthy of consideration in VHF/UHF operations. This 
array tends to be tolerant of construction tolerances, mak- 
ing it easy to build and adjust for VHF applications. The 
use of many collinear driven elements was once popular 
їп very large phased arrays, such as those required 
moonbounce (EME) communications, but the advent of 
computer-optimized Yagis has changed this, 


Large Collinear Arrays 

Bidirectional curtain arrays of four, six, and eight 
half waves in phase are shown in Fig 16. Usually геПес- 
tor elements are added, normally at about 0.2 % behind 
each driven element, for more gain and a unidirectional 
pattern. Such parasitic elements аге omitted from the 
sketch in the interest of clarity. 

The feed-point impedance of two half waves in phase 
is high, typically 1000 Q or more. When they are com- 
bined in parallel and parasitic elements are added, the 
feed impedance is low enough for direct connection to 
open wire line or twin-lead, connected at the points indi- 
cated by black dots. With coaxial line and a balun, it is 
suggested that the universal stub match, Fig 4A, be used 
at the feed point. All elements should be mounted at their 
electrical centers, as indicated by open circles in Fig 16. 
The framework can be metal or insulating material. The 
metal supporting structure is entirely behind the plane of 
the reflector elements. Sheet-metal clamps can be cut fror 
scraps of aluminum for this kind of assembly, Collinear 
elements of this type should be mounted at their centers 
(Where the RF voltage is zero), rather than at their ends, 
where the voltage is high and insulation losses and 
detuning can be harmful 

Collinear arrays of 32, 48, 64 and even 128 elements 
саа give outstanding performance. Any collinear array 
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should be fed at the center of the system, to ensure bal- 
anced current distribution, This is very important in large 
arrays, where sets of six or eight driven elements are 
treated as “sub arrays,” and are fed through a balanced 
harness. The sections of the harness are resonant I 
usually of open wire line. The 48-element collinear array 
for 432 MHz in Fig 17 illustrates this principle. 


hs, 


Fig 18 Element arrangements for 12. and 16- 

jent collinear arrays. Elements aro % 1 long and 
"paced ^ A. Parasitic reflectors, omitted here for 
clarity, are 5% longer and 0.2 A behind the driven 
elements. Feed points are indicated by black dots. 
Open circles show recommended support points. The 
elements can run through wood or metal booms, 
Without insulation, И supported at their centers in this 
way. Insulators at the element ends (points of high RF 
Voltage) detune and unbalance the system. 


A reflecting plane, which may be sheet metal, wire 
mesh, or even closely spaced elements of tubin 
сап be used in place of parasitic reflectors. To be effec- 
tive, the plane reflector must extend on all sides to at least 
7+4 beyond the area occupied by the driven elements. The 
plane reflector provides high F/B ratio, a clean patter 
and somewhat more gain than parasitic elements, but large 
physical size limits it to use above 420 MHz. An interest- 
ing space-saving possibility lies in using a single plane 
reflector with elements for two different bands mounted 
on opposite sides. Reflector spacing from the driven ele- 
ment is not critical. About 0.2 À is common, 


THE CORNER REFLECTOR 
When a single driv 


screen may be be 
nent in the radiatio 


the reflector 
to form an angle, giving an improve- 
pattern and gain. At 222 and 
420 MHz its size assumes practical proportions, and at 
902 MHz and higher, practical reflectors can approach 
ideal dimensions (very large in terms of wavelengths), 
resulting in more gain and sharper patterns. The corner 
reflector can be used at 144 MHZ, though usually at much 
less than optimum size. For a given aperture, the corner 
reflector does not equal a parabola in gain, but it is simple 
to construct, broadbanded, and offers gains from about 9 
10 14 dBi, depending on the angle and size. This section 
was written by Paul M. Wilson, WAHHK. 

‘The corner angle can be 90, 60 or 45°, but the side 
length must be increased as the angle is nasrowed, For a 
90° corner, the driven element spacing can be anything 
from 0.25 to 0.7 A, 035 to 0.75 À for 60°, and 0.5 to 
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Fig 17—Large collinear arrays should be fed as sets of no more than eight driven elements each, interconnected 
by phasing lines. This 48-element array for 432 MHz (A) is treated as И it were four 12-element collinear antennas. 
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for clarity. The phasing harness is shown at B. Squares represent insulators- 


Fig 18—Radiation resistance of the driven element in a 
corner reflector array for corner angles of 180° (lat 
Sheet), 90°, 60" and 45" as a function of spacing D, as 
shown in Fig 19. 


оз A for 45°. In each case the gain variation over the 


range of spacings given is about 1.5 dB. Because the spac- 
s not very critical to gain, it may be varied for 
impedance-matching purposes. Closer spacings yield 


Lowe fed poi impedances, bu a folded dipole radia- 


Radiation resist 


ice is shown as a function of spac- 
Fig 18. The maximum gain obtained with mini- 
mum spacing is the primary mode (the one generally used 
at 144, 222 and 432 MHz to maintain reasonable side 
lengths). A 90° corner, for example, should have a mini- 
mum side length (S, Fig 19) equal to twice the dipole 
spacing, or 1 À long for 0.5- spacing. A side length 
greater than 2 A, is ideal. Gain with а 60° or 90° comer 
reflector with I-A sides is about 10 dB. А 60° corner with 
J. sides has about 13 dBi 
3-2 sides has about 14 dBi 

Reflector length (L, 
of 0.6 A. Less than that spacin 
increase to the sides and rear, and decreases 

Spacing between reflector rods (G, Fig 19) should 
not exceed 0.06 À for best results. A spacing of 0.06 A. 
results in a rear lobe that is about 6% of the forward lobe 


їп, and a 45° corner with 


19) should be а minimum 


‘causes radiation to 


— — 


Fig 19—Construction of a corner reflector array. The frame сап be wood or metal. Reflector 
or tubing. Dimensions for several bands are given in Table 2. Reflector element spacing, G, is 


ments are stitt wire 
je maximum that 


should be used for the frequency; closer spacings are optional. The hinge permits folding for portable use. 
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(Gown 12 dB). A small mesh screen or solid sheet is pref- 
erable at the higher frequencies to obtain maximum effi- 
ciency and highest F/B ratio, and to simplify construction. 
A spacing of 0.06 A at 1296 MHz, for example, requires 
mounting reflector rods about every 15 inch along the 
sides. Rods or spines may be used to reduce wind load- 
ing. The support used for mounting the reflector rods may 
be of insulating or conductive material. Rods or mesh 
weave should be parallel to the radiator. 

A suggested arrangement for a comer reflector is 
shown in Fig 19. The frame may be made of wood ог 
metal, with а hinge at the comer to facilitate portable work 
or assembly atop a tower. A hinged corner is also useful 
їп experimenting with different angles. Table 2 gives the 
principal dimensions for corner reflector arrays for 144 
1o 2300 MHz. The arrays for 144, 222 and 420 MHz have 
side lengths of twice to four times the driven element 
spacing. The 915 MHz comer reflectors use side lengths 
of three times the element spacing, 1296 MHz comers 


use side lengths of four times the spacing, and 2304 MHZ 
corners employ side lengths of six times the spacing. 
Reflector lengths of 2, 3, and 4 wavelengths are used or 
the 915, 1296 and 2304 MHz reflectors, respectively. A 
4x64 reflector closely approximates a sheet of infinite 
dimensions. 

А corner reflector may be used for several bands, or 
for UHF television reception, as well as amateur ОНЕ 
work. For operation on more than one frequency, side 
length and reflector length should be selected for the low- 
est frequency, and reflector spacing for the highest fre- 
quency. The type of driven element plays a part i 
determining bandwidth, as does the spacing to the cor 
ner. A fat cylindrical element (small Mia ratio) or trian- 
gular dipole (bow tie) gives more bandwidth than a thi 
driven element, Wider spacings between driven element 
and corner give greater bandwidths. A small increase i 
gain can be obtained for any corner reflector by mount- 
ing collinear elements in a reflector of sufficient size, but 


Table 2 
Dimensions of Corner Reflector Arrays for VHF and UHF 

Side Dipole ^ Reflector Reflector Comer Radiation 
Freq, Length to Vertex Length Spacing Angle, Resistance, 
Mhz Sin Dn Lin Gi Vo a 
маб б 274 ав 7% 90 то 
144 во 40 48 4 90 150 
22 42 18 30 5 90 70 
222 52 25 30 a 90 150 
222 100 25 30 Screen 60 70 
420 27 8% 1642% 90 70 
420 54 198 16и Screen 60 70 
эз 20 6% 254 об — 90 70 
915 — 51 16u 25% Scmen 60 65 
915 78 25% 25% Soon 45 70 
1296 18 4% 2 ж 90 70 
1296 48 114 27% Screen 60 65 
1296 72 184 ой Sereen 4 70 
234 154 2% 20% и 90 70 
234 40 6x 20% Screen 60 65 
2304 61 10% 20% Screen 45 70 
“Side length and number of reflector elements somewhat below optimum—slight reduction in gain. 
Notes: 
915 MHz. 


Wavelength is 12.9 in. 
Side length S is 3 x D, dipole to vertex distance 
Reflector length Lis 20 

Reflector spacing G is 0.05 û 


1296 MHz 
Wavelength is 9.11 in 

Side length S is 4 x D, dipole to vertex distance 
Reflector length Lis 30 4 

Reflector spacing G is 0.05 û 


2304 MHz 
Wavelength is 5.12 in. 

Side length S is 8 x D, dipole o vertex distance 
Reflector length Lis 40 4 

Reflector spacing G is 0.05% 
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the simple feed of a dipole is lost if more than two el 
s are used. 

A dipole radiator is usually employed with a corner 

reflector. This requires а Баша between the coaxial line 

and the balanced feed-point impedance of the antenna. 

Baluns are easily constructed of coaxial line on the lower 


VHF bands, but become more difficult at the higher fre- 
quencies. This problem may be overcome by using a 
ground-plane corner reflector, which can be used for ver- 
tical polarization. A ground-plane corner with monopole 
driven element is shown in Fig 20. The corner reflector 
and a '/ radiator are mounted on the ground plane, per- 
mitting direct connection to a coaxial line if the proper 
spacing is used. The effective aperture is reduced, but at 
the higher frequencies, second- or third-mode radiator 
spacing and larger reflectors сап be employed to obtain 
more gain and offset the loss in effective aperture, A 
J antenna could be used to maintain the aperture arca and 


provide a match to a coaxial line. 
For vertical polarization work, four 90° corner 

reflectors built back-to-back (with common reflectors) 

could be used for scanning 360° of horizon with modest 

gain. Fe 

desired sector. 


TROUGH REFLECTORS 


To reduce the overall dim 


line switching could be used to select the 


sions of a large corner 
reflector the vertex can be cut off and replaced with a 
plane reflector. Such an arra 

reflector. See Fig 21. Performance similar to that of the 
large corner reflector can thereby be had, provided that 
the dimensions of S and T as shown in Fig 21 do not 
the figure. This antenna 


ement is known as a trough 


exceed the limits indicated i 


LL Y = jede Ferret 
MEC 
TES 


provides performance very similar to the corner reflec- 
tor, and presents fewer mechanical problems because the 
plane center portion is relatively casy to mount on the 
там. The sides are considerably shorter, as well 

"The gain of both corner reflectors and trough reflec- 
tors may be increased by stackin 
arranging them to radiate in phase, or alter 


wo or more and 
tively by 


Anglo Value of Sor бап Value of T 
@ maximum gain 

90 152 13548 1.1254 

60: 178% Ha 

© 20% 1698 19% 


Fig 21—The trough reflector. This is a useful 
modification of the corner reflector. The vertex has 
been cut off and replaced by a simple plane section. 
The tabulated data shows the gain obtainable for 
greater values of S than those covered In Table 2, 
assuming that the reflector is of adequate size. 


va 


| 


Fig 20—A ground-plane corner reflector antenna for vertical polarization, such as FM communications or packet 
radio. The dimension % X in the front view refers to data in Table 2. 
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adding further collinear dipoles (fed in phase) within a 
Wider reflector. Not more than two or three radiating units 
should be used, because the great virtue of the simple 
feeder arrangement would then be lost. 


HORN ANTENNAS FOR THE 
MICROWAVE BANDS 


Horn antennas were briefly introduced in the sec- 
tion оп coupling energy into and out of waveguides. For 
amateur purposes, horns begin to show usable gain with 
practical dimensions in the 902 MHz bas 
It isn't necessary to feed a horn with waveguide. If 
уу two sides of a pyramidal horn are constructed, the 
antenna may be fed at the apex with a two-conductor 
transmission line. The impedance of this arrangement is 
the order of 300 to 400 Q. А 60" two-sided pyramidal 
horn with 18 inch sides is shown in Fig 22. This antenna 
Ваз a theoretical gain of 15 dBi at 1296 MHz, although 
the feed system detailed in Fig 23 probably degrades this 
value somewhat. A "4 A, 150-0 matching section made 
from two parallel lengths of twin-lead connects to a 
bazooka balun made from RG-S8 cable and a brass tube. 
This matching system was assembled strictly for the pur- 
pose of demonstrating the two-sided horn in a 50-62 
system. In a practical instalation the horn would be Гей 
With open-wire line and matched to 50 © at the station 
equipment. 


Fig 22—An experimental two-sided pyramidal horn 
constructed In the ARRL laboratory. A pair of muffler 
clamps allows mounting the antenna on a mast. This 
‘model has sheet-aluminum sides, although window 
‘screen would work as well. Temporary elements could 
be made from cardboard covered with aluminum fol. 
‘The horizontal spreaders are Plexiglas rod. Oriented as 
‘shown hore, the antenna radiates horizontally 
polarized waves. 
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PARABOLIC ANTENNAS 

When an antenna is located at the focus of а para- 
bolic reflector (dish), it is possible to obtain consider- 
able gain. Furthermore, the beamwidth of the radiated 
energy will be very narrow, provided all the energy fro 
the driven element is directed toward the reflector. This 
section was written by Paul M. Wilson, WAHHK. 

Gain is a function of parabolic reflector diameter, 
surface accuracy and proper illumination of the reflector 
by the feed. Gain may be found from 


ар 
6 otosk| 1 (Eq 1) 
where 

© = gain over an isotropic antenna, dBi (subtract 

2.15 dB for gain over a dipole) 

k = efficiency factor, usually about 55% 

D = dish diameter in feet 

A = wavelength in feet 

See Table 3 for parabolic antenna gain for the bands 
420 MHz through 10 GHZ and diameters of 2 10 30 feet 

A close approximation of beamwidth may be found 
from 


ло. n 
D (42) 
where 
Y = beamwidth in degrees at half-power points 


G dB down) 
D = dish diameter in feet 
A = wavelength in feet 


A1420 MHz and higher, the parabolic dish becomes 
a practical antenna. A simple, single feed point elimi- 
nates phasing harnesses and balun requirements. Gain is 
dependent on good surface accuracy, which is more dif- 
ficult to achieve with increasing frequency. Surface 


Fig 23—Matching 
system used to 
test the horn. 
Better performance 
would be 

with open wire line. 
Seo text. 


Table 3 
Gain, Parabolic Antennas* 
Dish Diameter (Feet) 


Frequency 2 4 6 10 15 
420 MHz % 120 155 200 235 
902 125 185 220 265 300 
1215 150 210 245 290 325 
2300 205 265 300 345 380 
3300 240 300 335 375 415 
5650 285 345 380 425 460 
10 GHz 335 395 430 475 510 


2 30 
260 295 
325 360 
350 385 
405 440 
435 475 
485 520 
535 570 


"Gain over an isotropic antenna (subtract 2.1 dB for gain over a dipole antenna). Reflector efficiency of 55% assumed. 


Fig 24—Detalls of the parabolic curve, Y? = 48X. This 
curve is the locus of points that are equidistant from a 
fixed point, the focus (F), and a fixed line (AB) that is 
called the directrix. Hence, FP = PC. The focus (F) ls 
located at coordinates 8,0. 


errors should not exceed J. À in amateur work. At 
430 MHz „ is 3.4 inches, but at 10 GHz it is 
0.1476 inch! Mesh can be used for the reflector surface to 
reduce weight and wind loading, but hole size should be 
less than is. At 430 MHz the use of 2-inch hole diam- 
ter poultry netting (chicken wire) is acceptable. Fine mesh 
aluminum screening works well as high as 10 GHZ. 

A support form may be fashioned to provide the 
proper parabolic shape by plotting a curve (Fig 24) from 


Yi-asx 


as shown in the figure 

Optimum illumination occurs when power at the 
reflector edge is 10 dB less than that at the center. A cir- 
cular waveguide feed of correct diameter and length for 
the frequency and correct beamwidth for the dish Focal 


h to diameter (9D) ratio provides optimum illumi- 
nation at 902 MHZ and higher. This, however, is imprac- 
tical at 432 MHz, where a dipole and plane reflector are 
often used. An D ratio between 0.4 and 0.6 is consid- 
ered ideal for maximum gain and simple feeds. 

‘The focal length of a dish may be found from 


(ваз) 


D = diameter 
4 = depth distance fro 
Vertex (see Fig 17) 


plane at mouth of dish to 


The units of focal length f are the same as those used. 
to measure the depth and diameter. Table 4 gives the sub- 
tended angle at focus for dish fID ratios from 0.2 to 1.0. 
A dish, for example, with a typical f/D of 0.4 requires а 
10-dB beamwidth of 130°. A circular waveguide feed with 
а diameter of approximately 0.7 A provides nearly opti- 
mum illumination, but does not uniformly illuminate the 
reflector in both the magnetic (TM) and electric (TE) 
planes. Fig 25 shows data for plotting radiation patterns 
from circular guides. The waveguide feed aperture can 
ве modified to change the beamwidth, 

Опе approach used successfully by some experiment- 
ers is the use of a disc at a short distance behind the aper- 
ture as shown in Fig 26. As the distance between the 
aperture and disc is changed, the TM plane patterns 
become alternately broader and narrower than with ar 
unmodified aperture. A disc about 2 in diameter appears 

опе. Some experiment- 


to be as effective as а much larg 
ers have noted a 1 to 2 dB increase in dish gain with this 
modified feed. Rectangular waveguide feeds can also be 
used, but dish illumination is not as uniform as with round 
guide feeds, 

‘The circular feed can be made of copper, brass, 
aluminum or even tin in the form of a coffee or juice can, 
but the later must be painted on the outside to prevent 
rust ог corrosion. The circular feed must be within а 
proper size (diameter) range for the frequency being used. 
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This feed operates jn the dominant circular wav 
mode known as the ТЕ, mode. The 


smaller than the diameter that permits the next higher 
TM, mode to propagate. To support the desirable TE, 
mode in circular waveguide, the cutoff frequency, F, is 


given by 


6917.26 


RE) = 621726. 
CE ches) 


(каз) 
where 

Б. = cutoff frequency in MHz for TE,, mode 

d= waveguide inner diameter 


Circular waveguide will support the TMo, mode 
having a cutoff frequency 


9034.85 


Fe (TMo) = 203085. 
inches) 


The wavelength in a waveguide always exce 
feeespace wavelength and is called guide wavelength, Ag 
Iti elated to the cutoff frequency and operating frquendy 


by the equation 


1180245 
* e (Eq 6) 
um 


where 


ide wavelength, inches 
perating frequency, MHZ 


fe = TE, waveguide cutoff frequ 


MHz 


An inside diame of about 0.66 to 0.76 1 is 


— 


4 Wr. 


/ 


Fig 25—This graph can bo used in conjunction with Tablo 4 for selecting the proper diameter waveguide to 


illuminate a parabolic reflector 


1 
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Table 4 


10 Versus Subtended Angle at Focus of a 
Parabolic Reflector Antenna 


‘Subtended Subtended 
JD Angle (Deg) 00 Angle (Deg) 
O20 203 055 в 

025 181 070 75 

озо 161 075 вз 

035 145 ою ел 

O40 130 085 60 

045 117 090 57 

050 106 095 55 

oss 97 100 82 

oso ав 


Taken from graph “/D vs Sublended Angle at Focus; page 
170 of the 1966 Microwave Engineers’ Handbook and 
Buyers Guide. Graph courtesy of K. S. Kelleher, Aero Geo. 
Astro Corp, Alexandria, Virginia 


(o Raconandel fo smal Dishes) 


= — 
vo, ЖОШ, 
"Give р x 

раа: Lx 


Om m cad 


Fig 26—Detalls of a circular waveguide feed. 


suggested. The lower frequency limit (longer dimension) 
is dictated by proximity to the cutoff frequency. The 
higher frequency limit (shorter dimension) is dictated by 

her order waves. See Table 5 for recommended in- 
side diameter dimensions for the 902- to 10,000-MHZ 
amateur bands, 

‘The probe that excites the waveguide and makes the 
transition from coaxial cable to waveguide is A long 
and spaced from the closed end of the guide by '/ guide 
wavelength. The length of the feed should be two to three 
guide wavelengths. The latter is preferred if a second 
probe is to be mounted for polarization change or for 
polaplexer work where duplex communication (simulta- 
neous transmission and reception) is possible because of 
the isolation between two properly located and oriented 
probes. The second probe for polarization switchin 
polaplexer work should be spaced . guide wavelength 
from the closed end and mounted at right angles to the 
first probe. 

‘The feed aperture is located at the focal point of the 
dish and aimed at the center of the reflector. The feed 


Table 5 
Circular Waveguide Dish Feeds 
Inside Diameter. 


Frog, Circular Waveguide 
(MHz) Range (in) 

916 8.52-9.84 

1296 6.02-6.94 

2304 339391 

3400 229265 

5800 1341.56 

10250 0.76.0.88 


mounts should permit adjustment of the aperture either 
side of the focal point and should present a minimum of 
blockage to the reflector. Correct distance to the dish 
center places the focal point about 1 inch inside the feed 
aperture. The use of a nonmetallic support m 

blockage. PVC pipe, fiberglass and Plexigl 
monly used materials. A simple test by placi 
rial in a microwave oven reveals if it is satisfactory up to 
2450 MHz. PVC pipe has tested satisfactorily and 
appears to work well at 2300 MHZ. A simple, clean look- 
ing mount for а 4-foot dish with 18 inches focal ler 

for example, can be made by mounting a length of 4-inch 
PVC pipe using a PVC flange at the center ofthe dish. At 
2304 MHz the circular feed is approximately 4 inches 
ID, making a snug fit with the PVC pipe. Precautions 
should be taken to keep rain and small birds from enter 
ing the feed. 

Never look into the open end of a waveguide when 
power is applied, or stand directly in front of a dish while 
transmitting. Tests and adjustments in these areas should 
be done while receiving or at extremely low levels of trans- 
milter power (less than 0.1 watt). The US Government has 
seta limit of 10 mW/em? averaged over a 6-minute period 

Other authorities believe even lower 


as the safe maxim 
levels should be used. Destructive thermal heating of body 
tissue results from excessive exposure, This heating effect 
is especially dangerous to the eyes. The accepted safe level 
of 10 mW/em? is reached in the near field of a parabolic 
antenna if the level at 2D°/ is 0.242 mWiem?. The equa- 
tion for power density at the far-field boundary is 


TSP Wem? 


(Eq) 


е power in kilowatts 
na diameter in feet 

5. = wavelength in feet 

New commercial dishes are expensive, but surplus 
ones can often be purchased at low cost. Some amateurs 
build theirs, while others modify UHF TV dishes or cir- 
cular metal snow sleds for the amateur bands. Fig 27 
shows a dish using the homemade feed just described. 
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Fig 27—Coffoo-can 2304 MHz feed described 
in text and Fig 26 mounted on a 4- dish. 


Fig 28—Aluminum framework for a 23-foot dish under 
‘construction by ZL1BJO. 
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Fig 29—Detalled look at the hub assembly for the. 
ZLIBJO dish. Most of the structural members are 
made from inch T section. 


Photos showing a highly ambitious dish project under 
‘construction by ZLIBJO appear in Figs 28 and 29. Prac- 
tical details for constructing this type of antenna are given 
in Chapter 19. Dick Knadle, K2RIW, described modern 
UHF antenna test procedures in February 1976 OST (see 
Bibliography). Also see Chapter 19. 


OMNIDIRECTIONAL ANTENNAS FOR 
VHF AND UHF 


Local work with mobile stations requires an anten- 
ma with wide coverage capabilities. Most mobile work 
is on FM, and the polarization used with this mode is 
generally vertical. Some simple vertical systems are 
described below. Additional material on antennas of 
this type is presented in Chapter 16, Mobile and Mari- 
time Antennas, 


Ground-plane Antennas for 144, 222 and 
440 MHz 


For the FM operator living in the primary coverage 
area of a repeater, the ease of construction and low cost 
of a . ground-plane antenna make it an ideal choice, 
Three different types of construction are detailed in Figs 
30 through 43; the choice of construction method depends 


е desired style of 


the materials at hand a 


The 144-MHz model shown in Fig 30 uses a flat 
piece of sheet aluminum, to which radials are connected 
With machine screws. A 45° bend is made in each of the 
radials. This bend can be made with an ordinary bench 
vise. An 50239 chassis connector is mounted at the cen- 
ter of the aluminum plate with the threaded part of the 
‘connector facing down. The vertical portion of the 


Fig 30— These drawings illustrate the dimensions for the 144-MHz ground-plane antenna. The radials are bent 


down at a 45° angi 


Fig 31—Dimensional information for the 222-MHz ground-plane antenna. Lengths for A, B, C and D are the total 
distances measured from the center of the SO-239 connector. The corners of the aluminum plate are bent down at 
а 45' angle rather than bending the aluminum rod as in the 144-MHz model. Either method is suitable for these 
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Frequency d A (Inches) @ (inches) 
m s-vwo 8m6" 
pa Ме ae 
ЕЗ Exe e 


Fig 32— Simple ground-plane antenna for the 144, 222- 
and 440-MHz bands. The vertical element and radials 
аге "a or "hin. brass welding rod. Although Yin. rod 
is preferred for the 144-MHz antenna, #10 or #12 
copper wire can also be used. 


antenna is made of #12 copper wire soldered directly to 
the center pin of the SO-239 connector. 

‘The 222-MHz version, Fig 31, uses a slightly dif- 
Terent technique for mounting and sloping the radials. In 
this сазе the corners ofthe aluminum plate аге bent down 
at a 45° angle with respect to the remainder of the plate 
The four radials are held to the plate with machine screws, 
lock washers and nuts. A mounting tab is included in the 
design of this antenna as part of the aluminum base. A 
compression type of hose clamp could be used to secure 
the antenna to a mast. As with the 144-MHz version, the 
vertical portion of the antenna is soldered directly to the 
50-239 connector 


A very simple method of construction, shown in 
Figs 32 and 33, requires nothing more than an SO. 
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Fig 33—A 440-MHz ground-plano constructed using 
only an $0-239 connector, no. 4-40 hardware and 
hein. brass welding rod. 


connector and some 


10. 4-40 hardware. A small loop 
formed at the inside end of each radial is used to attach 
the radial directly to the mounting holes of the coaxial 
connector. After the radial is fastened to the $О-239 with 
по. 4-40 hardware, a large soldering iron or propane torch 
is used to solder the radial and the mounting hardware to 


the coaxial connector. The radials are bent to а 45° angle 
and the vertical portion is soldered to the center pin to 
complete the antenna. The antenna can be mounted by 
passing the feed line through a mast of %-inch ID plastic 
ог aluminum tubing. A compression hose clamp сап be 
used to secure the PL-259 connector, attached to the feed 


line, in the end of the mast. Dimensions for the 144-, 
222- and 440-MHz bands are given in Fig 32. 

If these antennas are to be mounted outside itis wise 
to apply a small amount of RTV sealant or similar mate- 
rial around the areas of the center pin of the connector to 


prevent the entry of water into the connector and coax 
line, 


The J-Pole Antenna 


d-fed at the bottom, makin 

at its bottom, Since the radiator is longer than that ofa and giving the antenna its name. 

"wave ground-plane antenna, the vertical lobe is com. Rigid copper tubing, fittings and assorted hardware 

pressed down toward the horizon and it has about LS dB can be used to make a really rugged J-pole antenna for 

of gain compared to the ground-plane configuration. The 2 meters. When copper tubing is used, the entire assem- 

stub-matching section used to transform the high imped- bly can be soldered together, ensuring electrical im 
looking into a half-wave to 50 соах is shorted гіу, and making the whole antenna weatherproof, This 


‘The J-Pole is a half-wave antenna that is the antenna look like the letter “I.” 


+19 A 


Fig 34—At A, exploded assembly diagram of all-copper 
Part of tom icm] -F-Pole antenna. At B, detal of clamp assemblies. Both 
зА Lj clamp assemblies are the same. 
йет Qty. Ран or Matera Name 
eye va inch x 10 foot length of rigid copper 
ЕЛ 1 й tubing (enough for 2 antennas, 60 inches 
per antenna) 
n | Z | n 2 1 babe x 10 тетин of rigla Copper tubing 
— (enough for 6 antennas, 20 inches рег 
+ vU antenna) 
э i з 2 cinch copper pipe clamps 
Pari of tem 2 + 4 2 inch copper pipe clamps. 
+ see Tet 51 
an de 6 1 
кы Foi 
эме нана 0 8.1 
M 9 1 x Teinch copper nipple (Make from item. 
2. Seo text) 
se 10 1 %x3 cinch copper nipple (Make from 
йет 1. Soo text) 
,لا‎ 11 1 Your choice of coupling to mast fitting 
/ (4x 1 inch NPT used at KD8JB) 
12 6 4892x inch brass machine screws 
a (round, pan, or binder head) 


13 6 48 brass flat washers 
14 6 0832 brass hex nuts 
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material came from an article by Michael Hood, KDSJB, 
їп The ARRL Antenna Compendium, Vol. 4. 

No special hardware or machined parts are used inthis 
antenna, nor are insulating materials needed, since the 
tenna is always at de ground. Best of all, even if the parts 
aren't on sale, the antenna can be built for less than SIS. If 
You only build one antenna, you'll have enough tubing left 
over to make most of a second antenna, 


Construction 


Copper and brass is used exclusively in his antenna. 
These metals get along together, so dissimilar metal cor- 
rosion is eliminated. Both metals solder well, 100. See 
Fig 34. Cut the copper tubing to the lengths indicated, 
Item 9 is a l'/-inch nipple cut from the 20-inch length of 
inch tubing. This leaves 18 inches for the '/-match- 
ing stub. ltem 10 is a 3/einch long nipple cut from the 
60-inch length of "inch tubing. The -wave element 
should measure S6'/-inches long. Remove burrs from the 
ends of the tubing after cutting, and clean the mating 
surfaces with sandpaper, steel wool, or emery cloth 

After cleaning, apply a very thin coat of flux to the 

elements and assemble the tubing, elbow, tee, end 
caps and stubs. Solder the assembled parts with a pro- 
pane torch and rosin-core solder. Wipe off excess solder 
with a damp cloth, being careful not to burn yourself. 
The copper tubing will hold heat for a long time after 
you've finished soldering. After soldering, set the assem- 
bly aside to cool. 

Flatten one each of the /-inch and inch pipe 
clamps. Drill a hole in the flattened clamp as shown in 
Fig 34A. Assemble the clamps and cut off the excess metal 
from the flattened clamp using the unmodified clamp as 
a template. Disassemble the clamps. 

Assemble the inch clamp around the "wave 
element and secure with two of the screws, washers, and 
nuts as shown in Fig 34B. Do the same with the inch 
clamp around the -wave element, Set the clamps ini- 
tially to a spot about 4 inches above the bottom of the “Г 
on their respective elements. Tighten the clamps only fin- 
ger tight, since you'll need to move them when tuning. 


Tuning 
The J-Pole can be fed directly from 50-0 coax 
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gh a choke balun (3 turns of the feed coax rolled 
into a coil about 8 inches in diameter and held together 
With electrical tape). Before tuning, mount the antenna 
vertically, about 5 to 10 feet from the ground. A short 
TV mast on a tripod works well for this purpose. When 
tuning УНЕ antennas, keep in mind that they are sensi- 
tive to nearby objects- such as your body. Attach the feed 
line to the clamps on the antenna, and make sure ай the 
nuts and screws are at least finger tight. It really doesn't 
matter to which element -wave element or stub) you 
attach the coaxial center lead. The author has done it both 
ways with no variation in performance. Tune the antenna 
by moving the two feed-point clamps equal distances а 
small amount each time ший the SWR is minimum at the 
desired frequency. The SWR will be close to 1:1 


inal Assembly 

The final assembly of the antenna will determine its 
long-term survivability. Perform the following steps with 
care. After adjusting the clamps for minimum SWR, mark 
the clamp positions with a pencil and then remove the 
feed line and clamps. Apply a very thin coating of flux to 
the inside of the clamp and the corresponding surface of 
the antenna element where the clamp attaches. Install the 
clamps and tighten the clamp screws, 

Solder the feed line clamps where they are attached 
to the antenna elements. Now, apply a small amount of 
solder around the screw heads and nuts where they con 
tact the clamps. Don't get solder on the screw threads! 
Clean away excess Пих with a non-corrosive solvent 
After final assembly and erecting/mounting the antenna 
їп the desired location, attach the feed line and secure 
With the remaining washer and nut, Weather-scal this joint 
with RTV. Otherwise, you may find yourself repairing 
the feed line after a couple years. 


On-the-Air Performance 

Years ago, prior to building the first J-Pole antenna 
for this station, the author used a standard -wave p 
plane vertical antenna. While he had no problem work- 
ing Various repeaters around town with a -wave antenna, 
simplex operation left а lot to be desired. The J-Pole per- 
forms just as well as a Ringo Ranger, and significantly 
better than the '/ı-wave ground-plane vertical 


Practical 6- 


Boom length often proves to be the deciding factor 
when one selects а Yagi design. Table 6 shows three 
-meter Yagis designed for convenient boom lengths (6, 
12 and 22 feet), The 3-element, 6-Foot boom design has 
8.0 dBi gain in free space: the 12 foot boom, S-element 
version has 10.1 dBi gain, and the 22-foot, 7 element Yagi 
has a gain of 11.3 dBi. All antennas exhibit better than 
22 dB front10-1car ratio and cover 50 to 51 MHz with 
171 SWR. 

‘lement lengths and spacing 
ients can be mounted to the boom as shown in 


better thar 

Half 
table. Ele 
Fig 35. Two muffler clamps hold each aluminum plate to 
the boom, and two U bolts fasten each element to the plate, 


are given in the 


to boom clamp. U 
bolts are used to 


clamps hold the 
Plates to the boom. 


Meter Yagis 


Which is 0.25 inches thick and 4 x 4 inches square. 
less steel is the best choice for hardware, however, gal- 
шег 


vanized hardware can be substituted. Automotive 
clamps do not work well in this application, because they 
are not galvanized and quickly rust once exposed to the 
weather. Please note that the ths shown in 
Table 6 are half the overall element lengths. See page 
20-7 to 20-11 in Chapter 20 for practical details of tele- 
scoping aluminum elemes 

‘The driven element is mounted to the boom on a 
Bakelite or G-10 fiberglass plate of similar dimension to 
the other mounting plates. A 12-inch piece of Plexiglas 
rod is inserted into the driven element halves. The 
le clamp on each side of 
the element and also seals the center of the elements 


Plexiglas allows the use of a si 


against moisture. Self-tapping screws are used for elec- 


trical connection to the driven elemes 

Refer to Fig 36 for driven-element and hairpin match 
details. A bracket made from a piece of aluminum is used 
to mount the three $0239 connectors to the driven ele- 
plate. A 4:1 transmission-line balun connects the 
two element halves, transforming the 200 Q resistance at 

рїп match to 50 © at the center connector. Note 


the 


ra 
© y 
е p ie es 
КУ гар. 
NM 


Fig 36— This shows how the driven element and feed system are attached to the boom. The phasing line is colled 
and taped to the boom. The center of the hairpin loop may be connected to the boom electrically and mechanically 


if desired. 
Phasing-line lengths: 

For cable with 0.80 velocity factor - 7 ft, 10% in. 
For cable with 0.66 velocity factor = 6 t, 5%, in. 
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Table в 
Optimized 6-Meter Yagi Designs 


Spacing Seg! 5080 Midband 
Between OD" 007 Gain 
Elements Length Length РА 
inches — inches inches 

306-06 

ор 0750 0.625 

Rel. о 36 23500 — 79dBi 

DE 24 36 16000 — 272dB 

бил 66 26 15.500 

506-12 

ор 0750 0.625 

Rel. о 36 24000 — 101dBi 

DE 24 36 17.125 — 247dB 

Dii 12 26 19.375 

Di2 4 36 18.250 

биз 58 26 18378 


Spacing Seg! Seg? Midband 
Between OD" OD’ бап 
Elements Length (ет КН 
inches inches inches 

706-22 

oD 0750 оёз 

Rel. o 36 25.000 113dBi 

DE 27 36 17250 — 29948 

бил 16 36 18.500 

Di2 51 36 18378 

биз 54 36 18878 

Dia 53 36 16.500 

Di5 58 36 12.500 


20-7 о 20-11 for telescoping aluminum. 
tubing details 


that the electrical length of the balun is 2/2, but the physi- 
cal ler 


h will be shorter due to the velocity factor of the 
particular coaxial cable used. The hairi 
directly across the element halves. The exact center of 
the hairpin is electrically neutral and should be fastened 
to the boom. This has the advantage of placing the drives 
clement at de potential. 

"The hairpin match requires no adjustment as such. 


is connected 


However, 


jou may have to change the length of the drive 
element slightly to obtain the best match in your preferred 
portion of the band. Changing the driven-element length 
will not adversely affect antenna performance. Do not 


adjust the lengths or spacings of the other elements— 
they are optimized already. If you decide to use a gamma 
‘match, add 3 inches to each side of the driven element 
lengths given in the table for all 


High-Performance Yagis for 144, 222 and 
432 MHz 


‘This construction information is presented as an 
introduction to the three high-performance VHF/UHF 
Yagis that follow. All were designed and built by Steve 
Powlishen, KIFO. For years the design of long Yagi 
antennas seemed to be a mystical black art. The problem 
of simultaneously optimizing 20 or more element spac- 
ings and element lengths presented an almost unsolvable 
set of simultaneous equations. With the unprecedented 


increase in computer power and widespread availability 
of antenna analysis software, we are now able to quickly 
E" ie which 


many Yagi designs and deter 
approaches work and which designs to avoid. 

At 144 MHz and above, most operators desire Yagi 
antennas two or more wavelengths in length. This length 
(QA) is where most classical designs start to fall apart in 
terms of gain per boom length, bandwidth and pattern 
quality. Extensive computer and antenna range analysis 
Bas proven that the best possible design is a Yagi that has 
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both varying element spacings and varying element 
lengths. 

This design approach starts with closely spaced 
directors. The director spacings gradually increase until 
а constant spacing of about 0.4 2 is reached. Conversely, 
the director lengths start out longest with the first direc- 
tor and decrease in length in a decreasing rate of change 
until they are virtually constant in length. This method 
of construction results in a wide gain bandwidth. A band- 
width of 7% of the center frequency at the -I dB for- 
ward.gain points is typical for these Yagis even when they 
are longer than 10 log-taper design also 
reduces the rate of change in driver 
vs frequeney. This allows the use of simple dipole driven 
elements while still obtaining acceptable driven-element 
SWR over a wide frequency range. Another benefit is 
that the resonant frequency of the Yagi changes very lile. 
as the boom length is increased. 


‘The driven-clement impedance also changes mod 
erately with boom length. The tapered approach creates 
E clean radiation pattern. Typically, first 
side lobe levels of -17 dB in the E plane, -15 dB in the 
Н plane, and ай other lobes at -20 dB or more are pos: 
sible on designs from 2 % to more than 14 A. 

The actual rate of change in element lengths is 
determined by the diameter of the elements (in wave- 
lengths). The spacings can be optimized for an individual 

as a best compromise for most 


i with a ve 


‘The gain of long Yagis has been the subject of much 
debate. Recent measurements and computer analysis by 
both amateurs and professionals indicates that given an 
optimum design, doubling a Yagi's boom length will 
result in a maximum theoretical gain increase of about 
2.6 dB. In practice, the real gain increase may be less 
because of escalating resistive losses and the greater pos. 
sibility of construction error. Fig 37 shows the maximum 
possible gain per boom length expressed in decibels, ref- 
erenced to an isotropic radiator. The actual number of 
directors does not play an important part in determinis 
the gain vs boom length as long as a reasonable number 


of directors are used. The use of more directors per boom 
length will normall 

ever, a point exists where too many directors will 
adversely affect all performance aspects 


ive a wider gain bandwidth, how 


While short an 


mas (< 1.5 3) may show increased 
gain with the use of quad or loop elements, long Yagis 


(© 24) will not exhibit measurably greater forward gain 
ог pattern integrity with loop-type elements. Similarly, 


loops used as driven elements and reflectors will not si 
nificantly change the properties of a lon 
Multiple-dipole driven-elen 

result in an 

1 


log-taper Yagi. 


nt assemblies will also not 
significant gain increase per given boom 
ith when compared to single-dipole feeds. 

Once a long- Ya 


director string is properly tuned, 
the reflector becomes relatively non critical. Reflector 
spacings between 0.15 2 and 0.2 2 are preferred. The 
spacing can be chosen for best pattern and driven el 
ment impedance, Multiple-reflector arrangements will not 
significantly inerease the forward gain of a Yagi which 
has its directors properly optimized for forward gain 
Many multiple-reflector schemes such as tri-reflectors 
and corner reflectors have the disadvantage of lowerin 
the driven element impedance compared to a single opti- 
ih reflector. The plane or grid reflector, shown 
їп Fig 38, may however reduce the intensity of unwanted 
rear lobes. This сап be used to reduce noise pickup on 
EME or satellite arrays. This type of reflector will usu 
ally increase the driven-element impedance compared to 
le reflector, This sometimes makes driven-e 
‘matching easier. Keep in mind that even for EME, a pl 
reflector will add considerable wind load and weight for 


mun-len 


5 (©) e. 


Fig 37—This chart shows maximum gain per boom length for optimally 


designed long Yagi antennas. 


Fig 38—Front and side views of a 
plano-roflector antenna. 
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only a few tenths of a decibel of receive si 
improvement. 


Yagi Construction 


Normally, alumi 
elements. Hard-drawn enamel-covered copper wire can 


also be used on Yagis above 420 MHz. Resistive losses 
are inversely proportional (0 the square of the element 
diameter and the square root of its conductivity 

Element diameters of less than J. inch or 4 mm 
should not be used on any band. The size should be cho- 
sen for reasonable strength, Half-inch diameter is suit- 
able for 50 MHz, ‘fe to "^ inch for 144 MHz and Yi inch 
is recommended for the higher bands. Steel, including 
stainless steel and unprotected brass ог copper wire 
should not be used for elements, 

Воо: 
square or round. High-strength aluminum alloys such as 
6061-T6 or 6063-T651 offer the best strength-to-weight 
advantages. Fiberglass poles have been used (where avail- 
able as surplus). Wood is a popular low-cost boom mate- 
rial. The wood should be well seasoned and free from. 
knots. Clear pine, spruce and Douglas fir are often used. 
‘The wood should be well treated to avoid water absorp- 
Чоп and warping. 


material may be aluminum tubing, either 


Elements 
above or through the boom. Mounting uninsulated e 
ments theo 

unless the elements are welded in place. The Yagi ele- 
‘ments will oscillate, even in moderate winds. Over sev- 
eral years this element oscillation will work open the 
boom holes. This will allow the elements to move in the 
boom. This will create noise (in your receiver) wher 
wind blows, as the element contact changes. Ever 


jay be mounted insulated or uninsulated, 


Jha metal boom is the least desirable method 


the 
ually 
the element-to-boom junction will corrode (aluminum 
oxide is a good insulator). This loss of electrical contact 
between the boom and element will reduce the boom's 
effect and change the resonant frequency of the Yagi. 
Noninsulated elements mounted above the boom 
will perform fine as long as a good n 
tion is made. Insulating blocks mounted above the boom 
will also work, but they require additional fabrication 
(One of the most popular construction methods is to mount 
the elements through the boom using insulating shoul- 
der washers. This method is lightweight and durable, Its 
ге is difficult disassembly, making this 
ed use for portable arrays, 
1Га conductive boom is used, element lengths must 


schanical connec- 


main disadvani 


method of lin 


be corrected for the mounting method used. The amount 
of correction is dependent upon the boom diameter in 


1 d 
HS 
ii 
Bs 2 
Ek 7 EMI LIA 
EH / inet от ne pom єй. Дуа 
پام‎ 
A Fig 40—Measured E-plane pattern 
3 tor the Z2-element Yagi. Note: This 
Ty antenna pattern Is drawn on a 
2 linear dB grid, rather than on the. 
E standard ARAL log periodic grid, 
NEAR Е to emphasize low sidelobes. 
Fig 39—Yagi element correction vs boom diameter. Curve A is for elements 


mounted through a round or square conductive boom, with the elements in 
mechanical contact with the boom. Curve B is for insulated elements 
mounted through a conductive boom, and for elements mounted on top of 
A conductive boom (elements make electrical contact with the boom). The 
Patterns were corrected to computer simulations to determine Yagi tuning. 
‘The amount of element correction is not affected by element diam 
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‘wavelengths, See Fig 39. Elements mounted through the 
boom and not insulated require the greatest correction, 
Mounting on top of the boom or through the boom on 
insulated shoulder washers requires about half of the 
through-the-boom correction. Insulated elements 


‘mounted at least one element diameter above the boom 
require no correction over the free-space length, 

"The three follow nnas have been optimized 
for typical boom lengths on each band. 


A HIGH-PERFORMANCE 432-MHz YAGI 

This 22-clement, 6.1-A, 432-MHz Yagi was origi- 
nally designed for use in a 12-Yagi EME array built by 
KIFO. A lengthy evaluation and development process 
preceded its construction. Many designs were considered 
and then analyzed on the computer. Next, test models 
‘were constructed and evaluated on а home-made antenna 
range. The resulting design is based on WIEJ's computer- 
optimized spacings 

‘The attention paid to the design process has been 
worth the effort. The 22-element Yagi not only has ех- 
ceptional forward gain (17.9 dBi), but has an unusually 
clean radiation pattern. The measured E-plane pattern is 


Table7 
Specifications for 432-MHz Yagi Family 
БВ DE Beamwidth Stacking 


No Воот Gain ratio imped EM EM 
of Ele. length() (dBi) (dB) (D) () (inches) 
15 34 1567 21 23 3032 5340 
16 38 1605 19 23 2931 5551 
17 42 1645 20 27 2880 5653 
18 46 168 25 32 2729 58% 
19 49 171 25 30 2628 6157 
20 53 174 21 24 25827 6259 
21 57 1765 20 22 25/265 6360 
22 61 179 22 25 2406 65162 
23 65 1815 27 30 23.505 6764 
24 69 1835 29 29 2324 80% 
25 73 1855 23 25 225/35 71/68 
26 77 188 22 22 2223 7370 
27 81 190 22 21 215/225 7572 
в 85 1920 25 25 2122 7776 
20 89 194 2 25 20.5015 79/77 
30 93 1955 26 27 20% 8078 
з1 97 197 24 25 196205 8179 
32 102 198 23 22 19320 280 
33 106 99 23 23 19195 8381 
34 110 — 2005 25 22 188/92 84/82 
35 114 202 27 25 185/90 85/83 
36 118 203 27 26 183/88 86/84 
37 122 204 26 26 181186 87/85 
38 127 205 25 25 189/84 88/86 
39 131 206 25 23 187/82 89/87 
40 135 208 26 21 17508 8088 


"Gain is approximate real gain based on gain measurements 
made on six ditterent-length Yagis. 


shown in Fig 40. Note that a 1-4B-perdivision axis is 
used to show pattern detail. A complete description of 
the design process and construction methods appears in 
December 1987 and January 1988 QST. 

Like other log-taper Yagi designs, this one сап eas- 
ily be adapted to other boom lengths. Versions of this 
Yagi have been built by many amateurs. Boom lengths 
ranged between 5.3 À (20 elements) and 12.2 À (37 ele- 
ments). 

The size of the original Yagi (169 inches long, 
6.1 A) was chosen so the antenna could be built from 
small-diameter boom material (+ 1 inch round 
6061-T6 aluminum) and still survive high winds and ice 
loading. The 22-clement Yagi weighs about 3.5 pounds 
and has a wind load of approximately 0.8 square feet. 
This allows a high-gain EME array to be built with man- 
ареаЫе wind load and weight. This same low wind load 
and weight lets the tropo operator add a high-performance 
432-МН array to an existing tower without sacrificing 
antennas on other bands, 

Table 7 lists the gain and stacking specifications for 
the various length Yagis. The basic Yagi dimensions are 
shown in Table В. These аге free-space element lengths 
for Yhwinch-diameter elements. Boom corrections for the 
clement mounting method must be added in. The element 
length correction column gives the length that must be 
added to keep the Yagi's center frequency optimized for 
use at 432 MHz, This correction is required to use the 
Same spacing pattern over a wide range of boom lengths. 
Although any length Yagi will work well, this design is 

made with 18 elements or more (4.6 À). 
Element material of less than */i-inch diameter is not 
recommended because resistive losses will reduce the gain 
by about 0.1 dB, and wet-weather performance will be 

(Quarter-inch-diameter elements could be used if all 
elements are shortened by 3 mm. The element lengths 
are intended for use with a slight chamfer (0.5 mm) cut 
into the element ends. The gain peak of the array is cen- 
tered at 437 MHz. This allows acceptable wet-weather 
performance, while reducing the gain at 432 MHz by only 
0.05 dB. 

The gain bandwidth of the 22-element Yagi is 
31 MHz (at the -1 dB points). The SWR of the Yagi is less 
than L4: 1 between 420 and 440 MHz. Fig 41 is a network 
analyzer plot of the driven-element SWR vs frequency. 
These numbers indicate just how wide the frequency re- 
sponse of a log-taper Yagi can be, even with a simple di 
pole driven element. In fact, at one antenna gain contest 
some ATV operators conducted gain vs frequency 
ments from 420 10 440 MHZ. The 22 
entrants including those with so-called broadband feeds. 

То peak the Yagi for use on 435 MHz (for satelite 
use), you may want to shorten all the elements by 2 mm, 
To peak it for use on 438 MHz (for ATV applications), 
shorten all elements by 4 mm. If you want to use the Yagi 


at its best when 
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Table 8 
Free-Space Dimensions for 432-MHz Yagi Family 
"Element correction is the amount to shorten or lengthen 
all elements when building a Yagi of that length. 

Element lengths are for “winch diameter material 


Ele. Element Element Element 
No. Position Length Correction” 

(mm from (mm) 

reflector) 
Rell 0 340 
DE 104 зз 
Di 146 315 
D2 224 306 
D3 332 299 
D4 466 295 
D5 622 291 
D6 798 289 
D7 990 287 
ов 1198 285 
D9 1414 283 
Dio 1642 281 -2 
Di 1879 279 2 
Di2 2122 278 2 
Di3 2973 277 2 
014 2629 276 2 
D15 2890 275 E 
016 3154 274 a 
D17 3422 273 a 
Di8 — 3693 272 o 
D19 — 3967 an o 
020 4242 270 o 
D21 4520 269 o 
D22 атов 269 o 
D23 5079 268 0 
D24 5360 268 E 
D25 5642 267 и 
D26 5925 267 4 
D27 6209 266 и 
D28 6404 266 M 
D29 6779 265 2 
D30 7064 265 2 
D31 — 7350 264 m 
D32 7636 264 2 
D33 7922 263 2 
D34 8209 263 2 
035 3406 262 2 
D36 8783 262 m 
D37 9070 261 E 
D38 9359 261 з 


оп FM between 440 MHZ and 450 MHz, short 
elements by 10 mm. This will provide 17.6 dBi gain at 
440 MHz, and 18.0 dBi gain at 450 MHz. The driven 
element may have to be adjusted if the element lengths 
are shortened, 

‘Although this Yagi design is relatively broadband, 
itis suggested that close attention be paid to copying the 
design exactly as built. Metric dimensions are used 
because they are convenient for a Yagi sized for 432 MHZ. 


all the 
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Fig 41—SWR performance of the 22-element Yagi in dry 
weather 


Fig 42—Element-mounting detall. Elements are 
mounted through the boom using plastic insulators. 
Stainless steel push-nut retaining rings hold tho 
element In place. 


Element holes should be drilled within +2 mm. Element 
lengths should be kept within 20.5 mm. Elements can be 
accurately constructed if they are first rough cut with а 
hack saw and then held in a vise and filed to the exact 
length. 

‘The larger the array, the more attention you should pay 
to making all Yagis identical. Elements are mounted or 
shoulder insulators and run through the boom (se 
Fig 42). The element retainers are stainless-steel push nuts. 
These are made by several companies, including Industrial 
Retaining Ring Co in Irvington, New Jersey, and AuVeco in 
Fi Mitchell, Kentucky. Local industrial hardware distribu- 
tors can usually order them for you. The element insulators 
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Fig 43—Sovoral views of the driven 
ет and T match. 
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Fig 44—Detalls of the driven element and T match for the 22-element Yagi. 
Lengths are given in millimeters to allow precise duplication of the 
antenna, See text, 
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Fig 45—Boom-construction information for the 22-element Yagi Lengths are given in millimeters to allow precise 
duplication of the antenna. See text. 
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ииий 1 afi 1 mne 
TTT T TT TTTTTTMÍ information or the 39 element Yagi. 
Lengths are given in millimeters to 
A A O O Gen precise duplication of the 
antenna. 


are not critical, Teflon or black polyethylene are prob- 
ably the best materials. The Yagi in the photographs is 
made with black Delryn insulators, available from C3i in 
‘Washington, DC. 

The driven element uses a UG-S8A/U connector 
mounted on a small bracket. The UGSSA/U should be 
the type with the press-in center pin, UG-58s with center 
pins held in by "C" clips will usually leak water. Some 
connectors use steel retaining clips, which will rust and 
leave a conductive stipe across the insulator. The T-match 
wires are supported by the UT-141 balun, RG-303/0 or 
RG-142/U Tefloninsulated cable could be used if UT-141 
cannot be obtained. Fig 43A and Fig 42B show details of 
the driven-element construction. Driven element dimen- 


Yagi are listed in 
‘Table 9. Fig 45 details the Yagi's boom layout. Element 
material can be either Vis inch 6061-76 aluminum rod or 
hard aluminum welding rod. 

A 24-footlong, 10.6-A. 33-element Yagi was also 
built. The construction methods used were the same as 
the 22-clement Yagi. Telescoping round boom sections 
of l. Ph, and 1 ster were used. A boom 
support is required to keep boom sag acceptable. At 
432 MHz, if boom sag is much more than two or three 
inches, H-plane pattern distortion will occur. Greater 
amounts of boom sag will reduce the gain of a Yagi. 
‘Table 10 lists the proper dimensions for the antenna when. 
built with the previously given boom diameters. The 
boom layout is shown in Fig 46, and the drive 
is described in Fig 47. The 33-clement Yagi exhibits 
the same clean pattern traits as the 22-element Yagi (see 
Fig 48). Measured gain of the 33-element Yagi is 
19.9 dBi at 432 MHz. A measured gain sweep of the 
33-element Yagi gave а —1 dB gain bandwidth of 14 MHZ 
With the -1 dB points at 424.5 MHz and 438.5 MHZ. 


A HIGH-PERFORMANCE 144MHZ YAGI 


‘This 144MHz Yagi design uses the latest log-tapered 
x spacings and lengths. It offers near theoretical 


iches in dian 
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gain per boom length, an extremely clean pattern and wide 
bandwidth. The design is based upon the spacings used. 
ina 4.5-A 432-MHz computerdeveloped design by WIEJ, 
It is quite similar to the 432MHz Yagi described else- 
Where in this chapter. Refer to that project for additional 
‘construction diagrams and photographs. 
iodels do not always directly trans- 
examples. Although the computer 
design provided a good starting point, the author, Steve. 
Powlishen, KIFO, built several test models before the 
final working Yagi was obtained. This hands-on tuning 
included changing the element-taper rate in order to 
‘obtain the flexibility that allows the Yagi to be built with 
different boot 
The design is suitable for use from 1.8 A (10 elements) 
105.1 (19 elements). When elements are added to a Yagi, 
the center frequency, feed impedance and front-to-back 
ratio will range up and down. A modern tapered design 
will minimize this effect and allow the builder to select 
any desired boom length. This Yagi's design capabilities 
per boom length are listed in Table 11. 
The gain of any Yagi built around this design will be 
within 0.1 to 0.2 dB of the maximum theoretical gain at 
frequency of 144.2 MHz. The design is 
intentionally peaked high in frequency (calculated gain 
peak is about 144.7 MHz). It has been found that by 
doing this, the SWR bandwidth and pattern at 144.0 to 
1443 MHz will be better, the Yagi will be less affected 
by weather and its performance in arrays will be more 
predictable. This design stats to drop off in performance 
if built with fewer than 10 elements, At less than 2 А, 
more traditional designs perform well 
"Table 12 gives free-space element lengths for inch- 
diameter elements, The use of metric notati 
much easier dimensional changes during the design stage, 
Once you become familiar with the metric system, you'll 
probably find that construction is easier without the burden. 
‘of cumbersome English fractional units. For e inch- 
Ш parasitic elements by 3 mm. 
are used, shorten all of the 


Mathematical 


late into real worki 


the desi 


allows for 


diameter elements, length 
If % inch diameter elemen 


Table © 
Dimensions for the 22-Element 432-MHz Yagi 


Element Element Element Boom 

Number Position Length Diam 
(mm tom (mm) (ту) 
reflector) 

gen 30 зав 

DE 134 340 

Di 178 221 

D2 2% эи тв 

[3 362 205 

D4 496 301 

D5 652 297 

De вв 205 

D7 1020 293 

ов 1% 291 

D9 1448 289 

D10 1672 288 

Dn 1909 286 

012 21620 285 1 

D13 2403 284 

D14 2659 289 

D15 2020 2 

D16 384 280 

Di? 3452 279 тв 

D18 ara 278 

D19 3997 277 

D20 a272 275 


directors and the reflector by 6 mm. The driven element 
will have to be adjusted for the individual Yagi if the 


12-clement design is not adhered to. 


lement Yagi, inch diameter elements 
were selected because smaller-diameter elements become 
rather flimsy at 2 meters. Other diameter elements can 
be used as described previously. The 2.5-} boom Was cho- 
sen because it has an excellent size and wind load vs gain 
and pattern trade-off. The size is also convenient; three 
6-foot-long pieces of aluminum tubing can be used with 
ош any waste. The relatively large-diameter boom sizes 
(1% and 1% inches) were chosen, as they provide an 
extremely rugged Yagi that does not require a boom sup- 
port. The 12-element 17-foot-long design has a caleu- 
lated wind survival of close to 120 mph! The absence of 
a boom support also makes vertical polarization possible 


Table 10 

Dimensions for the 33-Element 432-MHz Yagi 

Element Element Element Воот 

Number Position Length Diam 
(mm from (тт) (i) 
reflector) 

REF 30 % — 

DE 134 342 

Di 176 323 

D2 254 313 

оз 362 307 

Da 496 303 1 

Ds 652 299 

D6 828 297 

07 1020 296 

ов 1226 293 

D9 1444 291 

D10 1672 290 

Dn 1909 288 

D12 2152 287 Th 

Dra 2403 286 

D14 2659 285 

D15 2920 284 

D16 3184 284 

017 3452 283 

Dia 3723 282 1 

D19 3997 281 

D20 4272 280 

D21 4550 278 

D22 4828 278 

D23 5109 277 Th 

D24 5390 277 

025 5672 ЕД 

D26 5956 275 

D27 6239 274 

D28 6524 274 1 

D29 6809 273 

D30 7094 273 

D31 7380 22 U 


Longer versions could be made by telescoping 
smaller-size boom sections into the last section. Some sort 
of boom support will be required on versions longer than 
22 feet. The elements are mounted on shoulder insulators 


and mounted through the boom. However, elem 


Fig 47—Detalls of the driven 


‘gt ‘element Yagi. Lengths are given in 


millimeters to allow precise 


duplication of the antenna. 
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Table 11 
Specifications for the 144-MHz Yagi Family 


 Beamwidih 
Мо. of Boom бап DE Imped FB Ratio EH 
Ele. Length) (ава) (0) («в O 

10 18 dà 27 17 30/42 
п 22 120 38 19 E 
12 258 125 28 2 22 6% 
з 2% 130 23 20 32/35 
14 32 134 27 18 E 
15 36 138 35 20 E 
16 40 — 142 32 24 29/30 
17 % 145 25 2 28/29 
18 48 148 25 21 E 
19 52 150 30 2 26275 


Table 12 
Free-Space Dimensions for the 


be mounted, insulated or uninsulated, above or through 
the boom, as long as appropriate element length correc 
tions are made. Proper tuning can be verified by checking 
the depth of the nulls between the main lobe and first side 
lobes. The nulls should be 5 to 10 dB below the first side- 
lobe level at the primary operating frequency. The boom 
layout for the 12-clement model is shown in Fig 49. The 
actual corrected element dimensions for the 12-element 


‘The design may also be cut for use at 147 MHz 
There is no need to change element spacings. The ele- 
ment lengths should be shortened by 17 mm for best 
operation between 146 and 148 MHZ. Again, the driven 
clement will have to be adjusted as require. 

‘The driven h diameter) was cho- 
sem to allow easy impedance matching. Any reasonably 
sized driven element could be used, as long as appropri- 
ate length and T-match adjustments are made. Different 


“lement size (i 


[rud 


Stacking 144-MHz Yagi Family 
EH Element diameter is % inch 
() Element Element Element 
10285 No... Position (mm Length 
110100 "rom reflector) 
117108 Refl. 0 1038 
EE DE 312 955 
128120 Dr a 956 
D2 609 E] 
19132 D3 1050 916 
14.1136 D4 1482 906 
340158 DS 1986 897 
152/44 D6 2553 891 
D7 aee ser 
De зви [4 
D9 427 879 
Dio 5259 278 
Di бв 870 
Dig 6786 805 
D13 7506 E 
Di 8352 557 
Dis эма 450 
Die 994 E] 
D17 10744 845 


driven-element dimensions are required if you change the 
boom length. The calculated natural driven-element 
impedance is given as a guideline. A balanced Tach 
was chosen because it’s easy to adjust for best SWR and 
provides а balanced radiation pattern. A 4:1 half-wave 
coaxial balun is used, although impedance-transforming 
quarter-wave sleeve baluns could also be used. The cal- 
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Fig 48—E-plane pattern for the 33- 


Fig 49—Boom layout for the 12-element 144-MHz Yagi. Lengths ar 


given in 


element Yagi. This pattern is drawn on millimeters to allow precise duplication. 


a linear dB grid scale, rather than the 
standard ARAL log-periodic grid, to 
emphasize low sidelobes. 
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Driven Element Detail 12-Element 144МН: Yogi 


Hole Pattern No. 19 Hole 
MENOS 7 (2 places) 


Driven Element Side View 


в) ёш (2 pieces) 


Material: RG-142/U or RO-303/U Teñon-Insulates Cocxial Cable 


жев-5о © 


Fig 50—Drive 
precise duplicati 


ment detall for the 12-element 144-МН Yagi. Lengths are given in milime 
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Table 13 

Dimensions for the 12-Element 2.5- Yagi 

Element Element Element Воот 

Number Position Length Рат 
(mm from (mm) (in) 
reflector) 

Rell 0 оом HL 

DE з2 955 

Di % 962 D 

D2 699 оза 

D3 1050 922 

D4 % 912 

D5 1986 904 

D6 258% вов Ph 

07 3168 вол 

ов 3831 вва 

D9 4527 88 Th 

Dio 5259 es LI 


Fig 51—Н- and E-plane pattern for the 12-element 
144-MHz Yagi. 


culated natural impedance will be useful in determining 
What impedance transformation will be required at the 
200-2 balanced feed point. Chapter 26, Coupling the Line 
to the Antenna, contains information on calculating 
Tolded-dipole and T-match driven-element parameters. A 
balanced feed is important for best operation on this 
‘antenna, Gamma matches can severely distort the pattern 
balance. Other useful driven-element штап 
the Delta match and the folded dipole, if youre willing 
ifice some flexibility. Fig 50 details the driven- 
1 dimensions. 


A noninsulated driven element was chosen for 


mounting convenience. An insulated driven element may 
also be used. A grounded driven element may be less 
affected by static build-up, On the other hand, an insu- 
lated driven element allows the operator to easily check 
his feed lines for water or other contamination by the use 
of the shack. 


‘ohmmeter fror 
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Table 14 
Free-Space Dimensions for the 222-MHz Yagi 


Family 
Element diameter is Heß. 
Element Element — Element 
No. Position Length 
(mm from (mm) 
reflector) 
неп. 0 E 
DE 204 647 
Di 202 623 
de 450 608 
Da E E 
Da 938 597 
D5 1251 581 
Dê 1602 576 
D7 1985 573 
Dê 2395 569 
D9 2829 565 
Dio 3289 562 
Dit 3755 558 
012 4243 556 
913 4745 554 
D14 5259 553 
Dis 5783 E 
D16 6315 ES] 
D17 6853 550 
D18 7395 549 
D19 7939 548 
D20 8483 547 


Fig 51 shows computer-predicted E- and H-plane 
radiation patterns for the 12-element Yagi. The patterns 
are plotted on a LdB-per-division linear scale instead of 
the usual ARRL polar-plot graph. This expanded scale 
plot is used to show greater pattern detail, The pattern 
for the 12-element Yagi is so clean that a plot done in the 
standard ARRL format would be almost featureless, 
except for the main lobe and first sidelobes. 

‘The excellent performance of the 12-clement Yagi 
is demonstrated by the reception of Moon echoes from 
several of the larger 144MHz EME stations with only 
one 12-element Yagi. Four of the 12-clement Yagis will 
make an excellent starter EME array, capable of working 

EME QSOs while being relatively small in size 
The advanced antenna builder сап use the information in 
Table 11 to design a dream array of virtually any size. 


A HIGH-PERFORMANCE 222-MHz YAGI 


Modern tapered Yagi designs are easily applied to 
222 MHz. This design uses a spacing progression that is 
in between the 12-clement 144-MHz design, and the 
22-clement 432-MH2 design presen 

chapter. The result is a design with maximum gain per 
Боот length, a clean, symmetrical radiation pattern, and 
wide bandwidth. Although it was designed for weak-si 
nal work (tropospheric scatter and EME), the design is 


ed elsewhere in this 


Table 15 
Specifications for the 222-MHz Yagi Family 


FB DE Beamwidth Stacking 
Noof Boom Gain Ratio трей EM EM 

Elo. Length(a) (aBd) (dB) (0) () (foot 

2 24 123 22 23 379 — 7.67 
з 28 128 19 в 3336 — 7872 
14 31 132 20 34 32394 BUTS 
15 35 136 24 30 3033 — 8878 
16 39 140 23 23 2931 — 8983 
17 43 1435 20 24 28305 9385 
18 46 147 20 29 2729 — 9589 
19 50 150 22 33 2608 9993 
20 54 — 153 24 29 2527 10306 
21 58 1555 23 24 245265 10508 
22 62 158 21 2 2425 — 107/02 


suited to all modes of 222-MHz operation, such as packet 
radio, FM repeater operation and control links. 

‘The spacings were chosen as the best compromise 
for a 3.9-3. 16-clement Yagi. The 3.9-A design was cho- 
sen, like the 12-element 144-MHz design, because it fits 
perfectly on a boom made from three 6-foot-lon 
num tubing sections. The design is quite extensible, and 

12 elements (2.4 2) to 22 elements (62 
сап be built from the dimensions given in Table 14. Note 
that free-space lengths are given. They must be corrected 
for the element-mounting method. Specifications for vari 
‘ous boom lengths are shown in Table 15. 


models їп 


Construction 

Large-diameter (l /- and I , inch diameter) boom 
construction is used, eliminating the need for boom sup- 
ports. The Yagi can also be used vertically polarized. 
‘Three-sixteenths-inch-diameter aluminum elements are 


used. The exact alloy is not critical; 6061-T6 was used, 
but hard aluminum welding rod is also suitable. Quarter- 
inch-diameter elements could also be used if all elements 


are shortened by 3 mm. Three-cighths-inch-diameter 
elements would require 10-mm shorter lengths. Elements 
smaller than Ju inch-diameter are not recommended. The 
id run through the boom, Plastic 
shoulder washers and stainless steel retainers are used to 
hold the elements in place. The various pieces needed to 
build the Yagi may be obtained from C3i in Washington, 
DC. Fig 52 details the boom layout for the 16-clement 
Yagi. Table 16 gives the dimensions for the 16-clement 
Yagi as built. The driven element is fed with a T match 
and a 4:1 balun. See Fig 53 for construction details. See 
the 432-MHz Yagi project elsewhere in this chapter for 
‘additional photographs and construction diagrams. 

"The Yagi has a relatively broad gain and SWR curve, 
as is typical of a tapered design, making it usable over a 
wide frequency range. The example dimensions are 
intended Гог use at 222.0 to 222.5 MHz. The 16-clement 
Yagi is quite usable to more than 223 MHZ. The best com- 
promise for covering the entire band is to shorten all para- 
sic elements by 4 mm. The driven element will have to 
be adjusted in length for best match. The position of the 
Tone shorting straps may also have to be moved, 

"The aluminum boom provides superior strength, is 
lightweight, and has а low wind-load cross section. Alumi- 
mum is doubly attractive, as it will long outlast wood and 
fiberglass. Using state-of-the-art designs, it is unlikely that 
significant performance inereases will be achieved in the 
next few years. Therefore, it's in your best interest to build 
an antenna that will last many years. If suitable wood or 
fiberglass poles are readily available, they may be used with- 
ош any performance degradation, а least when the wood is 
mew and dry. Use the free-space element lengths given in 
"Table 16 for insulated-boom construction 

The pattern of the 16-element Yagi is shown in 
Fig 54. Like the 144-MHz Yagi, a LdB-per-division plot 
is used to detail the pattern accurately. This 16-element 
design makes а good building block for EME or горо 
DX arrays. Old-style narrow-band Yagis often perform 


elements are insulated 
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Fig 52—Boom layout for the 16- 


element 222-MHz Yagi. Lengths 
ГЛ given in millimeters to allow 


- Precise duplication. 
tis | e | an 


Table 16 
Dimensions for 16-Element 3.9-A 222-MHz Yagi 


Element Element Element Boom 
Number Position Length Diam 
(mm from (тт) (in) 
reflector) 

неп. o вз m 

DE 204 664 

Di 292 630 

D2 450 615 

D3 668 601 Th 
Da 938 594 

D5 1251 588 

D6 1602 583 

D7 1985 580 

ов 2395 576 

[3 2829 572 Ph 
Dio 3283 569 

Dit 3758 565 

012 4243 563 

D13 4745 561 Th 
D14 5259 560. 


unpredictably when used in arrays. The theoretical 
3.0-dB stacking gain is rarely observed. The 16-element 
Yagi (and other versions of the design) reliably provides 
stacking gains of nearly 3 dB. (The spacing dimensions 
listed in Table 15 show just over 2.9 dB stacking gain.) 
This has been found to be the best compromise betwee 
pattern inte 
losses will subtract from the possible stacking gain 


grily and array size. Any phasing line 


Mechanical misalignment will also degrade the perfor- 
mance of an array 


® 


Fig 54—Н- and E-plano patterns for the 16-element 
222-MHz Yagi at A. The driven-element T-match 
dimensions were chosen for the best SWR compromise 
between wot and dry weather conditions. The SWR vs 
frequency curve shown at B demonstrates the broad 
frequency response of the Yagi design. 
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Driven Element 


Fig 83—Driven-element detail for the 1 
duplication. 
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ment 222-MHz Yagi. Lengths are given in millimeters to allow precise 


А 144 MHz 2-Element Quad 


The basic 2-element quad array for 144 MHz is shown 
їп Fig 55. The supporting frame is 1 x L-inch wood, of 
any Kind suitable for outdoor use. Elements are #8 alumi- 
um wire. The driven element is 1 À (83 inches) long, and 
the reflector five percent longer (87 inches). Dimensions 
are not critical, as the quad is relatively broad in frequency 
response. 

The driven element is open at the bottom, its ends 
fastened to a plastic block. The block is mounted at the 
bottom of the forward vertical support. The top portion 
of the element runs through the support and is held firmly 
by а screw running into the wood and then bearing on 
the aluminum wire. Feed is by means of 50-62 coax, 
connected to the driven-element loop. 

‘The reflector is a closed loop. its top and bottom 
portions running through the rear vertical support. It is 
held in position with screws at the top and bottom, The 
loop can be closed by fitting a length of tubing over the 
element ends, or by hammering them Па and bolting them 
together as shown in the sketch. 

s model are not adjustable, though 
this can easily be done by the use of stubs. It would then 
be desirable to make the loops slightly smaller to com- 
pensate for the wire in the adjusting stubs. The driven 
clement stub would be trimmed for length and the point 
of connection for the coax would be adjustable for best 
match. The reflector stub can be adjusted for maximum 
gain or maximum F/B ratio, depending on the builder's 
requirements, 

1а the model shown only the spacing is adjusted, 
and this is not particularly critical. If the wooden sup- 
ports are made as shown, the spacing between the ele- 
ments can be adjusted for best match, as indicated by an 
SWR meter connected in the coaxial line, The spacing 


The elements in 


T A 


Fig 55—Mechanical details of a 2-element quad for 
144 MHz. The driven element, L1, is one wavelength 


the resulting radiation 
is horizontally polarized. Sets of elements of this type 
сап be stacked horizontally and vertically for high gain 
with broad frequency response. Recommended bay 
‘spacing is %+A between adjacent element sides. The 
‘example shown may be fed directly with 50-01 coax. 


has little effect on the gain (from 0.15 to 0.25 2), so the 
variation in impedance with spacing can be used for 
matching. This also permits use of either 50- ог 75-0 


‘coax for the transmission line. 


A Portable 144 MHz 4-Element Quad 


Element spacing for quad antennas found in the lit- 
erature ranges from 0.14 À to 0.25 À. Factors such as the 
ver of elements in the array and the parameters to be 
optimized (F/B ratio, forward gain, bandwidth, ete) 
determine the optimum element spacing within this range 
The 4-element quad antenna described here was designed 
for portable use, so a compromise between these factors 
Was chosen. This antenna, pictured in Fig 56, was 
ned and built by Philip D'Agostino, WIKSC. 
Based on several experimentally determined correction 
factors related to the frequency of operation and the wire size, 
‘optimum design dimensions were found to be as follows. 


10468 
A" 4.) 
element) 
ЕЯ “a 
9373 
Directors () (Eq 10) 


Cutting the loops for 146 MHz provides satisfac- 
tory performance across the entire 144MHZ band. 
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Fig 56—The 4-element 144-MHz portable quad, 
assembled and ready for operation. Sections of 
clothes closet poles joined with pine strips make 
up the mast. (Photo by Adwin Rusczek, WIMPO) 


Materials. 

The quad was designed for quick and easy assembly 
and disassembly, as illustrated in Fig 57. Wood (clear rim 
pine) was chosen as the principal building material because 
of its light weight, low cost, and ready availability. Pine is 
used for the boom and element supporting arms. Round 
wood clothes closet poles comprise the mast material. Strips 
connecting the mast sections are made of heavier pine trim. 
Elements are made of по. 8 aluminum wire. Plexiglas is 
used to support the feed point. Table 17 lists the hardware 
and other parts needed to duplicate the quad. 


Construction 

‘The elements of the quad are assembled first. The 
mounting holes in the boom should be drilled to accom- 
modale 1'% inch no. 8 hardware, Measure and mark the 
locations where the holes are to be drilled in the elem 
spreaders, Fig 58. Drill the holes in the spreaders just 
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Fig 57—The complete portable quad, broken down for 
travel Visible in the foreground is the driven element. 
The pine box in the background is a carrying case for 
equipment and accessories. A hole in the lid accepts 
the mast, so the box doubles as a baso for a short 

mast during portable operation. (WIMPO photo) 


Table 17 
Parts List for the 144 MHz 4-element Quad 
Boom: % x % x48-in. pine 
Driven element support (spreader): 
Jx% x 21% in. pine 
Driven element feed point strut: Y х % x 7% in. pine 
Reflector support (spreader): % x % x 22% in. pine 
Director supports (spreaders) 
% x 34 x 20% in. pine, 2 req'd 
Mast brackets: % x 1% x 12 in. heavy pine trim, 4 req'd 
Boom to mast bracket: % x 15 x 5 in. pine 
Element wire: Aluminum ground wire 
(Radio Shack no. 15-095) 
Wire clamps: Ján. electrician's copper or zine plated 
steel clamps, 3 req'd 
Boom hardware: 
6 no. 8-32 x 1% in. stainless steel machine screws 
6 no. 8.32 stainless steel wing nuts 
12 no. 8 stainless steel washers 
Mast hardware: 
8 hex bolts, 4.20 x 3% in. 
B hex nuts, 4-20, 
16 flat washers 
Mast material: 1% in. x 6 ft wood clothes closet poles, 
3 reqd 
Food point support plato: 3% 24 in. Plexiglas shoot 
Wood preparation materials: 
‘Sandpaper, clear polyurethane, wax 
Feed line: 52-W RG-8 or RG-58 cable 
Feed lino terminals: Solder lugs for no. 8 or larger 
hardware, 2 req'd 
Miscellaneous hardware: 
4 small machine screws, nuls, washers; 2 fi 
wood screws 


head 


large enough to accept the #8 wire elements. It is impor- 
tant to drill all the holes straight so the elements line up. 


When the antenna is assembled, 

Construction of the wire elements is easiest if the 
directors are made first. A handy jig for bending the 
ments can be made from a piece of 2 x 3-inch wood cut to 


the side length of the directors. It is best to start with about 
82 inches of wire for each director. The excess can be cut 
off when the elements are completed. (The total length of 
each director is 77 inches.) Two bends should initially be 
made so the directors сап be slipped into the spreaders 
before the remaining corners are bent, See Fig 59. 
Electrician's copper-wire clamps can be used to join the. 
wires after the final bends are made, and they facilitate 
adjustment of element length. The reflector is made the 
same way as the directors, but the total length is 86 inches. 

The driven element, total length 81 inches, requires 
special attention, as the feed attachment point needs to 
be adequately supported. An extra hole is drilled in the. 
driven element spreader to support the feed-point strut, 
as shown in Fig 60. A Plexiglas plate is used at the feed 
point to support the feed- point hardware and the feed 
line, The feed-point support strut should be epoxied to 
the spreader, and a wood screw used for extra mechani- 


cal strength, 

For vertical polarization, locate the feed point in the 
ter of one side of the driven element, as shown in 
ment places the spreader 


Fig 60, Although this штап 


operation. However, if the antenna is to be left exposed. 
to the weather, the builder may wish to modify the 
design to provide support for the loops at current maxima 
points, such as shown in Fig 60. (The element of Fig 60 
should be rotated 90° for horizontal polarization.) 

Orient the driven element spreader so that it mounts 
properly on the boom when the antenna is assembled. 
Bend the driven elemen 


the same way as the reflector 


. Gan 
PE 
MARI 


‘Dimensions for the pine element spreaders for 
the 144-MHz 4-element quad. 


and directors, but do not leave any overlap at the Feed 
point. The ends of the wires should be Ys inch apart where 
they mount on the Plexiglas plate. Leave enoug 

that small loops can be bent in the wire for attachment to 
the coaxial feed line with stainless steel hardware. 

Drill the boom as shown in Fig 61. It is a good idea 
to use hardware with wing nuts to secure the element 
spreaders to the boom. After the boom is drilled, clean 
all the wood parts with denatured alcohol, sand them, and 

ive them two costs of glossy polyurethane. After the 
polyurethane dries, wax all the wooden parts 

“The boom to mast attachment is made next. Square the 
ends of a 6-f0ot section of clothes closet pole (a miter box is 
useful for this). Drill the center holes in both the boom 
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Fig 59——llustration showing how the aluminum 
element wires are bent. The adjustment clamp and its 
location are also shown. 
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Fig 60—Layout of the driven element of the 144-MHz 
quad. The leads of the coaxial cable should be stripped 
10 4 in. and solder lugs attached for easy connection 
and disconnection. See text regarding impedance at 
loop support points. 
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Fig 61—Detall of the boom showing hole center 
locations and boom to mast connection points. 
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Fig 62—Boom to mast plato for tho 144-MHz quad. 
The screw hole in the center of the plate should be 
countersunk so the wood screw attaching it to the 
mast does not Interfere with the it of the boom. 


Fig 63—Mast coupling connector detalis for the 
portable quad. The plates should be drilled two at a 
time to ensure the holes line ир. 


attach 


piece and one end of the mast section (Fig 62). 
Make certain that the mast hole is smaller than the flat-head 
screw to be used to ensure a snug fit. Accurately drill the 
holes for attachment to the boom as shown in Fig 62. 
Countersink the hole for the lat-head screw to pro- 
vide a smooth surface for attachment to the boom. Apply 
epoxy cement to the surfaces and screw the boom attach- 
ment piece securely to the mast section. One 6 foot mast 
is used for attachment to the other mast sections 
"Two additional 6-foot mast sections are prepared 
next. This brings the total mast height to 18 feet, It is 
nds of each pole so the mast 
stands straight when assembled. Mast-seetion connectors 
nch 
hex bolts, washers, and nuts, sections may be attached as 
needed, for a total height of 6, 12 of 18 feet. Drill the 
holes in two connectors at a time. This ensures good align- 


1 


important to square the 


are made of pine as shown in Fig 63. Using 3 x e 


-44 Chapter 18 


Fig 64—Typical SWR curve for the 144MHz portable 
quad. The large wire diameter and the quad design 
provide excellent bandwidth. 


ment of the holes. A drill press is ideal for this job, but 
With care a hand drill can be used if necessary. 
Line up two mast sections end to end, being careful 
that they are perfectly straight, Use the predrilled con- 
rectors to maintain pole straightness, 
the poles, one at a time. If good alignment is maintained, 
а straight 18-foot mast section can be made. Label the 
connectors and poles immediately so they are always 
assembled in the same order. 
the antenna, install an the el 
on the boom before attachi 


‘When assembling 


е the feed line, Connect the coax 
to the serew co 


ections on the driven element support plale 
and run the cable along the strut to the boom. From there, 
the cable should be routed directly to the mast and down. 
Assemble the mast sections to the desired height. The 
antenna provides good performance, and has a reasonable 
SWR curve over the entire 144 MHz band (Fig 64). 


Building Quagi Antennas 


The Quagi antenna was designed by Wayne 
Overbeck, NéNB. He first published information on this 
antenna in 1977 (see Bibliography). There area few tricks 
to Quagi building, but nothing very difficult or compli- 
cated is involved. In fact, Overbeck mass produced as 
many as 16 in one day. Tables 18 and 19 give the dimen- 
sions for Quagis for various frequencies up to 446 MHz. 

For the designs of Tables 18 and 19, the boom is wood 

other nonconductor (such as, fiberglass or Plexiglas). 
If a metal boom is used, a new design and new element 
lengths will be required. Many VHF antenna builders go. 
‘wrong by failing to follow this rule: If the original uses a 
metal boom, use the same size and shape metal boom when 
you duplicate it. If it calls for a wood boom, use a nonco 
ductor. Many amateurs dislike wood booms, but in a salt air 
environment they outlast aluminum (and surely cost less). 
Varnish the boom for added protection. 

"The 144-MHz version is usually built on a 14 foot, 
1x3 inch boom, with the boom tapered to 1 inch at both 
ends. Clear pine is best because of its light weight, but 
construction grade Douglas fir works well. At 222 MHZ 
the boom is under 10 feet long, and most builders use I x 
2 ог (preferably) J. x 1'/ inch pine molding stock. At 
432 MHz, except for long-boom versions, the boom 
should be J inch thick or less, Most builders use strips 
of "inch exterior plywood for 432 MHZ. 

The quad elements are supported at the current 
‘maxima (the top and bottom, the latter beside the feed 
point) with Plexiglas or small strips of wood. See Fig 65. 
‘The quad elements are made of #12 copper wire, com- 
monly used in house wiring. Some builders may elect to 
use #10 wire on 144 MHz and 414 on 432 MHz, although 


this changes the resonant frequency slightly. Solder a type 
N connector (an SO-239 is often used at 144 MHZ) at the 
midpoint of the driven element bottom side, and close 
the reflector loop. 


Table 19 
432MHz, 15-Element, Long Boom Quagi 
Construction Data 


Element Lengths, Intorolomont Spacing, 


Inches inches 
R28 R-DE7 
DE—26%% DE-DI—SU. 
D111 D1-D2—11 
D21— % 02-0357. 
927% D3.D4—8% 
De DA-DS—8% 
D511 05.06-87. 
Deh D6-D7—12 
951% 07-0812 
DBA e 06. 0 1% 
Doth D9-D10—11% 
Di0—11% 010011974 
Bitte orte e,, 
Di2—11 01201317 
or te 


Boom: 1 x 2in. x 12-1 Douglas fir, tapered to “ein. at 
both ends. 

Driven element: #12 TW copper wire loop in square 
Configuration, fed at bottom center with type N connector 
and 52-0 coax. 

Reflector: #12 TW copper wire loop, closed at bottom. 
Directors: Ya in. rod passing through boom, 


Table 18 
Dimensions, Eight-Element Qua 


Element Frequency 
Lengths 1445 MHZ 147 uit 222MHz 432 MHZ 446 MHz 
Reflector e. ES E 
Driven? 82" 26% E 
Directors 359%, 113% to 1% lo 
1o 35° in Mhe in 11% in 
"e steps e steps e steps 
Spacing 
R.DE T m 
DE-Dt E 
or de 107" 
02:03 5.68" 
D3-D4 846" 
D4-D5 p 
D5-D6 D 
Stacking Distance Between Bays 
ar 1010 Tw ar ЕЕ 


+ All #12 TW (electrical) wire, closed loops. 
2 AI #12 TW wire loop, fed at bottom, 
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The directors are mounted through the boom. They 
сап be made of almost any metal rod or wire of about 
"inch diameter. Welding rod or aluminum clothesline 
wire works well if straight. (The designer uses inch 
stainless-steel rod obtained from an aircraft surplus store.) 
А TV type U bolt mounts the antenna on a mast. A 
single machine serew, washers 
secure the spreaders to the boom so the antenna сап be 
quickly “fattened” for travel. In permanent installations 
fo screws are recommended. 


nd a nut are used to 


Construction Reminders 

Based on the experiences of Quagi builders, the fol- 
lowing hints are offered, First, remember that at 432 MHZ 
even à inch measurement error results in performance 
deterioration. Cut the loops and elements as carefully as 
possible. No precision tools are needed, but accuracy is nec- 


[I CHEERS 


Fig 65—A close-up view of the feed method used on a 
432-MHz Ouagl. This arrangement produces a low SWR. 
and gain in excess of 13 dBi with a 44t 10-n. boom! 
The same basic arrangement is used on lower 
frequencies, but wood may be substituted for the 
Plexiglas spreaders. The boom Is Yin. exterior 
plywood. 


essary. Also make sure to get the elements in the sight or- 

der. The longest director goes closest to the driven element. 
Finally. remember that a balanced antenna is bei 

Ted with an unbalanced line, Every balun the designer 


tried introduced more trouble in terms of losses than the 
му coiled 
several turns of the feed line near the feed point to lis 
line radiation. In any case, the feed line should be kept at 
right angles to the antenna. Run it from the driven ele- 
‘ment directly to the supporting mast and then up or down 
perpendicularly for best results. 


QUAGIS FOR 1296 MHz 


The Quagi principle has recently been extended to 
the 1296-MHz band, where good performance is 
extremely difficult to obtain from homemade conventional 
Yagis. Fig 66 shows the construction and Table 20 gives 
the design information for antennas with 10, 15 and 25 
elements 


feed imbalance caused. Some builders have i 


At 1296 MHz, even slight variations in design or 
building materials can cause substantial changes in per- 
formance The 1296 MHz antennas described here work 
every time—but only if the same materials are used and 
the antennas are built exactly as described. This is not to 
discourage exp 
1296-MHz antenna designs are contemplated, consider 
building one antenna as described here, so a reference is 
available against which variations can be compared 

The Ouag the cubical quad) are built on 
Winch thick Plexiglas booms. The driven element and 


nentation, but if modifications to these 


reflector (and also the directors in the case of the cubical 
quad) are made of insulated #18 AWG solid copper bell 
wire, available at hardware and electrical supply stores. 
Other types and sizes of wire work equally well, but the 
dimensions vary with the wire diameter. Even removing 
the insulation usually necessitates changing the loop 
lengths. 

Quad loops are approximately square (Fig 67), 
although the shape is relatively uncritical. The element 
lengths, however, are critical. At 1296 MHz, variations 
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Fig 66—A view of the 
10:elemont version of 
the 1296-MH2 Quagl I 
is mounted on a 30:n. 
Plexiglas boom with a 
4 3 x 3n. square of 
- Plexiglas to support. 
the driven element and 
— | reflector. Note how the 
driven element Is 
4] attached to a standard 
UG-a90 BNC 
connector. The 
elements are hold in 
place with silicone 
Sealing compound. 


of hs inch alter the performance measurably, and a 
7f inch departure can cost several decibels of gain. The 
loop lengths given are gross le 
lengths and then solder the two ends together. There is a 
"inch overlap where the two ends of the reflector (and 
director) loops are joined, as shown in Fig 67. 

The driven element is the most important of all. The 
#18 wire loop is soldered to a standard UG-290 chassis 
mount BNC connector as shown in the photographs. This 
exact type of connector must be used to ensure unifor- 


hs. Cut the wire to these. 


Table 20 
Dimensions, 1296-MHz Quagi Antennas 

Note: А! lengths are gross lengths. See text and photos 
for construction technique and recommended overlap at 
loop junctions. All loops aro mado of #18 AWG solid- 
covered copper bell wire. The Yagi type directors are 
"hein. brass brazing rod. See text for a discussion of 
director taper 

Feed: Direct with 52-42 coaxial cable to UG-290 connec- 
tor at driven element; run coax symmetrically to mast at 
rear of antenna. 

Воот: Jin. thick Plexiglas, 30 in. long for 10-element 
quad or Quagi and 48 in. long for 15-elemont Quagi; 84 
in. for 25-element Quagi. 

10-Element Quagi for 1296 MHz 


Length Intereloment 
Element Inches Construction Element Spacing, In. 
Reflector 9.5625 Loop RDE 2375 
Driven 925 Loop DED! 20 
Director 1 3.91 Brass rod 0102 267 
Director 2 388 Brass юй 02.03 1.96 
Director 3 386 Brass юй 03.04 292 
Directora 383 Brass rod 0405 292 
Directors 380 Brass юй 05.06 292 
Director 6 378 Brass юй 06.07 475 
Director 7 375 Brass юй 07.08 394 
Director 8 372 — Brass rod 


15-Element Quagi for 1296 MHz 
The first 10 elements are the same lengths as above, 
but the spacing from 06 to D7 is 4.0 in. 07 to DB is also 
40 in. 


Director 9 370 DeD9 375 
Director 10 367 99.54 383 
Director 11 3.64 D10-D11 3.06 
Director 12 3.62 011-012 4.125 
Director 13 3.59 012.013 458 


25-Element Quagi for 1296 MHz 
The first 15 elements use the same element lengths and 
spacings as the 15-element model. The additional 
directors are evenly spaced at 3.0-in. intervals and taper 
in length successively by 0.02 in. per element Thus, D23 
is 3.39 in 


mity in construction. Any substitution may alter the drive 
element electrical length. One end of the 91 inch driver 
loop is pushed as far as it can go into the center pin, 

is soldered in that position. The loop is then shaped 


d 
threaded through small holes drilled in the Plexiglas sup- 


роп. Final 
mounting holes on the BNC connector a 


f. the other end is fed into one of the four 

soldered. 1 
most cases, the best SWR is obtained if the end of the 
Wire just passes through the hole so it is flush with the 
opposite side of the connector flange. 


Fig 67—These photos show the construction method 
used for the 1296-MHz quad type parasitic elements. 
The two ends of the #18 bell wire are brought togeth 
with an overlap of Y In. and soldered. 
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Loop Yagis for 1296 MHz 


Described he 
band. The loop Y 


are loop Yagis for the 1296-МН2 
i fits into the quad family of anten. 
i is a closed loop with a length of 
approximately 1 A. Several versions are described, so the 
builder can choose the boom length and frequency cov- 
erage desired for the task at hand. Mike Walters, G3JVL, 
brought the original loop- Yagi design to the amateur com- 
developed with different loop and boom dimensions. Chip. 
Angle, N6CA, developed the antennas shown here. 

iven. Good perfor- 
be expected if the dimensions are carefully 
followed. Check all dimensions before cutting or drilling 
anything. The 1296-MHz version is intended for weak- 
signal operation, while the 1270-MHz version is opti- 
mized for FM and mode L satellite work. The 1283-MHz 


the 1970s. Since then, many versions have been 


Three sets of dimensions are 


ED 


sima / 


© 


antenna provides acceptable performance from 1280 to 
1300 MHZ. 

‘These antennas have been built on 6- and 12-foot 
booms. Results of gain tests at VHF conferences and by 
individuals around the country show the gain of th 
6-foot model to be about 18 dBi, while the 12-foot ver- 
sion provides about 20.5 dBi. Swept measurements indi- 
cate that gain is about 2 dB do 
230 MHz from the desig 
ever, deteriorates with 
of the design center frequency 


» from maximum gain at 
frequency. The SWR, how- 


a few megahertz on the low side 


The Boom 
‘The dimensions given here apply only to a %-inch 

OD boom. Ifa different boom size is used, the dim 

sions must be scaled accordingly. Many hardware stores 
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Fig 68—1 оор Yagi boom-to-mast plate detalls are given at A. At B, the mounting of the antenna to the mast is 
detailed. A boom support for long antennas is shown at C. The arrangement shown in D and E may be used to 


bear mount antennas up to 6 or 7 ft 
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Fig 69—Boom drilling dimensions. These dimensions must be carefully followed and the same materials used if 
performance is to be optimum. Element spacings are the same for all directors after D6—use as many as 


necessary to fill the boom. 


OA 
“== 


белел, ante Crees) 


[ms abad 


Fig 70—Parasiti elements for the loop Yagi are ma 
from aluminum sheet, the driven element from copper 
sheet. The dimensions given are for %-In. wide by 
0.032541. thick elements only. Lengths specified are 
hole to hole distances; the holes are located "J In. from 
each element end. 


carry aluminum tubing in 6- and 8-foot lengths, and that 
tubing is suitable for a short Yagi. If a 12-foot antenna is 
planned, find a piece of more n 
as 6061-T6 grade aluminum. Do not use anodized tub- 


sed boom material, such 


port to minimize boom sag. The 6 foot version can be 
rear mounted. For rear mounting, allow 4% inches of 


‘The 12foot antenna must have additional boom sup- 


boom behind the last reflector to eliminate SWR effects 
from the support. 

The an 
plate. This plate mounts at the boom center. See Fig 68 
Drill the plate mounting holes perpendicular to the ele- 
ment mounting holes (assuming the antenna polarization. 
is to be horizontal). 

Elements are mounted to the boom with no. 4-40 


enna is attached to the mast with a 


PE 
DEA 


T 


Fig 71—Elementto-boom mounting details. 


machine screws, so a series of no. 33 (0.1 13inch) holes 
the center of the boom to accom- 
ment spac- 


must be drilled alor 


modate this hardware. Fig 69 shows the 
ings for different parts of the band. Dimensions should 
be followed as closely as possible. 


Parasitic Elements 

‘The reflectors and directors are cut from 0.032-inch 
thick aluminum sheet and are I. inch wide. Fig 70 indi 
cates the lengths for the various elements. These lengths 
apply only to elements cut from the specified material. 
For best results, the element strips should be cut with a 
Shear. If the edges are left sharp, birds won't sit on the 
elements. 


Drill the mounting 


holes as shown in Fig 70 after 
carefully marking their locations. After the holes are 
drilled, form each strap into a cirele. This is easily do 
by wrapping the element around a round form. (А small 
juice can works well.) 

Mount the loops to the boom with no. 4-40 x Linch 
machine serews, lock washers and nuts. See Fig 71. It is 
best to use only stainless steel or plated-brass hardware. 
Although the initial costs higher than for ordinary plated- 
steel hardware, stainless or brass hardware will not rust 
and need replacement after a few years. Unless the antenna 


a9 
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is painted, the hardware will definitely deteriorate. 


Driven Element 

"The driven element is cut from 0.032-inch copper 
sheet and is / inch wide. Drill three holes in the strap as 
detailed in Fig 69. Trim the ends as shown and form the 
strap into a loop similar to the other elements. This 
antenna is like a quad; if the loop is fed at the top or 
bottom, it is horizontally polarized. 

Driven element mounting details are shown in Fig 
72. A mounting fixture is made from a 11-20 x 1'/ inch 
brass bolt, File the bolt head to a thickness of Ms inch, 
Bore a 0.144:inch (no. 27 drill) hole k 
the center of the bolt. A piece of 0.141 inch semi-rigid 
Hardline (UT-141 or equivalent) mounts through this hole 
and is soldered to the driven loop feed point. The point at 
"which the UT-141 passes through the copper loop and brass 
mounting fixture should be left unsoldered at this time to 
satching adjustments when the antenna is com- 
pleted, although the range of adjustment is not very large. 

The UT-141 can be any convenient length. Attach. 
the connector of your choice (preferably type М). Use a 
short piece of low-loss RG-$ size cable (or inch 
Hardline) for the run down the boom and mast o the main. 
feed line, For best results, the main feed line should be 
the lowest loss 50-0 cable obtainable. Good "inch 
Hardline has 1.5 dB of loss per 100 feet and virtually 
eliminates the need for remote mounting of the transmit 
converter or amplifier 


jthwise through 


allow for 


Tuning the Driven Element 

If the antenna is built carefully to the dimensions 
given, the SWR should be close to 1:1. Just to be sure, 
check the SWR if you have access to test equipment. Be 
sure the signal source is clean, however: wattmeters 
respond to "dirty" signals and сап give erroneous read- 
ings. If problems are encountered, recheck all dimensions. 
Ir they look good, a minor improvement may be realized 
by changing the shape of the driven element, Slight bend- 
ing of reflector 2 may also improve the SWR. When the 
desired match has been obtained, solder the point where 
the UT-141 jacket passes through the loop and brass bolt. 


Tips for 1296-MHz Antenna Install 


Construction practices that are common on lower fre- 


tions 
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Fig 72—Driven-element details. See Fig 70 and the text 
for additional information. 


quencies cannot be used on 1296 MHz. This is the most 
important reason why all who venture to these frequen- 
cies are not equally successful. First, when a proven 
design is used, copy it exactly%don't change anything 
"This is especially true for antennas. 

Use the best feed line you can get. Here are some 
realistic measurements of common coaxial cables at 
1296 MHz (loss per 100 feet). 

14: 11 dB. 


sopper Hardline: 4 dB 
a/copper Hardline: 1.5 dB 


RG-8, 213, 


imas to keep feed line losses to an 
‘Antenna height is less important than. 
Keeping the line losses low. Do not allow the mast to pass 
through the elements, as is common on antennas for lower 
frequencies. Cut all U-bolts to the minimum length 
needed: J. J at 1296 MHz is only a little over 2 inches. 
Avoid any unnecessary metal around the antenna. 


Trough Reflectors for 432 and 1296 MHz 


Dimensions are given in Fig 73 for 432- and 1296- 
MHz trough reflectors. The gain to be expected is 16 dBi 
and 15 dBi, respectively. A very convenient arrang 
especially for portable work, is to use a metal hinge at 
each angle of the reflector. This permits the reflector to 
be folded flat for transit. It also permits experiments to 
be carried out with different apex angles. 

A housing is required at the dipole center to prevent 
wien of moisture and, in the сазе of the 432-MHZ 
antenna, to support the dipole elements. The dipole may 
be moved in and out of the reflector to get either mini- 
mum SWR or, if this cannot be measured, maximum g 
If a twostub tuner or other matching device is used, the 
dipole may be placed to give optimum gair 


the 


ıd the match- 


ing device adjusted to give optimum match. In the ease 
of the 1296-МН2 antenna, the dipole length can be 
adjusted by means of the brass screws at the ends of the 
elements. Locking nuts are essential 

‘The reflector should be made of sheet aluminum. 
for 1296 MHz, but can be constructed of wire mesh (with 
twists parallel to the dipole) for 432 MHz. To increase 
the gain by 3 dB, a pair of these arrays can be stacked 
so the reflectors are barely separated (to prevent the for- 


mation of a slot radiator by the e 

dipoles must then be fed in phase, and suitable feedin 

and matching must be arranged. A two-stub tuner can 
or double-reflector 


be used for matching either a singl 
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Fig 73—Practical construction information for trough reflector antennas for 432 and 1296 MHz. 
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A Horn Antenna for 10 GHz 


‘The hora antenna is the easiest antenna for the 
beginner on 10 GHz to construct. It can be made out of 
readily available flat sheet brass. Because it is inherently 
а broadband structure, minor constructional errors can 
be tolerated. The one drawback is that horn antennas 
become physically cumbersome at g 
25 dBi, but for most line-of-sight work this much gain is 
rarely necessary. This antenna was designed by Bob 
Atkins, KA IGT, and appeared in OST for April and May, 
1987, 

Horn ant 


s over about 


s are usually fed by waveguide. When 
operating in its normal frequency range, waveguide 
propagation i in the ТЕ у, mode. This means that the ele 
tric (E) field is across the short dimension of the guide 
and the magnetic (H) field is across the wide dimension 
This is the reason for the E-plane and H-plane terminol- 
огу shown in Fig 74. 

There are many varieties of horn 
waveguide is flared out only in the Il plane. the hom is 
called an H-plane sectoral horn. Similarly, if the flare is 
only in the E-plane, an Eplane sectoral horn results, If 
the flare is in both planes, the antenna is called a pyrami- 
dal horn. 

For a horn of any given aperture, directivity (gain 


nnas. If the 


along the axis) is maximum when the field distribution 
across the aperture is uniform in magnitude and phase 
When the fields are not uniform, side lobes that reduce 


а are formed. To obtain a 
hould be as long as pos 
im flare angle. From a practical point 
of view, however, the horn should be as short as possible, 
so there is an obvious conflict between performance and 

Fig 75 illustrates this problem, For a given flare 
angle and a given side length, there is a path-length dif- 
ference from the apex of the horn to the center of the 
aperture (L), and from the apex of the horn to the edge of 
the aperture (L). This causes a phase difference in the 
field across the aperture, which in turn causes formation 
of side lobes, degrading directivity (gain along the axis) 
of the antenna. If L is large this difference is small, and 
the field is almost uniform. As L decreases however, the 
phase difference increases and directivity suffers. An 
optimum (shortest possible) horn is constructed so that 
this phase difference is the maximum allowable before 
side lobes become excessive and axial gain markedly 


the directivity of the ante 
iform distribution, the ho 


decreases 

The magnitude of this permissible phase difference 
is different for E-plane and H-plane horns. For the 
E-plane horn, the field intensity is quite constant across 
the aperture. For the H-plane horn, the field tapers to zero 
at the edge. Consequently, the phase difference at the edge 
of the aperture in the E-plane horn is more critical and 
should be held to less than 90° (1/2). In an H-plane horn 
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the allowable phase difference is 144° (0.4 2). If the 
aperture of a pyramidal horn exceeds one wavelength in 
both planes, the Eplane and Hplane patterns are essen- 
tially independent and can be analyzed separately. 

The usual direction for orienting the waveguide feed 
is with the broad face horizontal, giving vertical polar- 
ization. If this is the case, the H-plane sectoral horn has 
а narrow horizontal beamwidth and а very wide vertical 
beamwidth. This is not a very useful beam pattern for 
most amateur applications. The E-plane sectoral horn has 
а narrow vertical beamwidth and a wide horizontal 
beamwidth. Such a radiation pattern could be useful in a 
beacon system where wide coverage is desired. 

The most useful form of the horn for general appli- 
cations is the optimum pyramidal horn. In this configura- 
tion the two beamwidihs are almost the same. The E-plane 
(vertical) beamwidth is slightly less than the H-plane (hori 
zontal), and also has greater Side lobe intensity 


Fig 74—10-GHz antennas are usually fed with 
waveguide. See text for a discussion of waveguide 
propagation characteristics. 


Fig 75—The path-length (phase) difference between 
the center and edge of a horn antenna is 8. 


Building the Antenna 

A 10-GHz pyramidal horn with 18.5 dBi gain is 
shown in Fig 76. The first design parameter is usually the 
required gain, or the maximum antenna size. These are of 
course related, and the relationships can be approximated 
by the follow 


-plane length (A) = 0.0654 x gain (Eq) 
е aperture (2) = 0.0443 x gain (42) 
aperture (A) = 081 A (Eq3) 

gain is expressed as a ratio; 20 dBi gain = 100 


L, A and B are dimensions shown in Fig 77. 


From these equations, the dimensions for a 20-dBi 
gain horn for 10.368 GHz can be determined. One wave- 
length at 10.368 GHz is 1.138 inches. The length (L) of 
such a horn is 0.0654 x 100 = 6.54 À. At 10.368 ОНУ, 
this is 7.44 inches. The corresponding H-plane aperture 
(A) is 4.43 À (5.04 inches), and the E-plane aperture (В), 
4.08 inches. 

The easiest way to п 
from brass sheet stock a 


ke such a horn is to cut pieces 
solder them together. Fig 77 
shows the dimensions of the triangular pieces for the sides 
and a square piece for the waveguide flange. (A standard 
commercial waveguide flange could also be used.) 
Because the E. plane and H-plane apertures are differe 
the horn opening is not square. Sheet thickness is unim- 
portant; 0.02 to 0.03 inch works well. Brass sheet is 
often available from hardware or hobby shops. 
Note that the triangular pieces are trimmed at the 
apex to fit the waveguide aperture (0.9 x 0.4 inch). This 
cessitates that the length, from base to apex, of the 
smaller triangle (side B) is shorter than that of the larger 
(side A). Note that the length, S, of the two different sides 
of the horn must be the same if the horn is to fit together? 
For such a simple looking object, getting the parts to fit 
together properly requires careful fabrication 
The dimensions of the sides can be calculated with 
simple geometry, but it is easier to draw out templates on 
а sheet of cardboard first. The templates can be used to 
build mock antenna to make sure everything fits together. 
properly before cutting the sheet brass 
First, mark out the larger triangle (side A) on card- 
board. Determine at what point its width is 0.9 inch and 
draw a line parallel to the base as shown in Fig 77. Mea- 
sure the length of the side S: this is also the length of the 
sides of the smaller (side B) pieces. 
Mark out the shape of the smaller pieces by first 
drawing а line of length B and then constructing a sec- 
id line of length S. One end of line S is an end of line 
В, and the other is 0.2 inch above a line perpendicular to 
the center of line B as shown in Fig 76. (This procedure 
is much more easily followed than described.) These 
smaller pieces are made slightly oversize (shaded area in 
Fig 77) so you сап construct the horn with solder seams 
the outside of the horn during assembly. 


Fig 76—This pyramidal horn has 18.5 dBi gain at 
10 GHz. Construction details are given in the text. 
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Fig 77—Dimensions of the brass pieces used to make 
the 10-GHz horn antenna. Construction requires two of. 
each of the triangular pieces (side A and side В). 
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Сш out two cardboard pieces for side A and two for 
side B and tape them together in the shape of the horn. 
The aperture at the waveguide end should measure 0.9 x 
0.4 inch and the aperture atthe other end should measure 
5.04 x 4.08 inches. 

If these dimensions are correct, use the cardboard 
templates to mark out pieces of brass sheet. The brass 
sheet should be cut with a bench shear if one is available, 
because scissors type shears tend to bend the metal. Jig 
the pieces together and solder them on the outside of the 
seams. It is important to keep both solder and rosin from 
contaminating the inside of the horn: they can absorb RF 
and reduce gain at these frequencies. 

Assembly is shown in Fig 78. When the hom is com- 
pleted, it can be soldered to a standard waveguide fl 
ог one cut out of sheet metal as shown in Fig 77. The 
transition between the flange and the horn must be 
smooth. This antenna provides an excellent performance- 
10-cost ratio (about 20 dBi gain for about five dollars in 
paris). 


Fig 78—Assembly of the 


10-GHz horn anten 


/ 


| teste 


Periscope Antenna Systems 


‘One problem common to all who use microwaves is 
that of mounting an antenna at the maximum possible 
height while trying to minimize feed-line losses. The 
higher the frequency, the more severe this problem be- 
icy. Because 

the higher 


‘comes, as feeder losses increase with freque 


parabolic dish reflectors are most often used ог 
bands, there is also the difficulty of waterproofing feeds 
(particularly waveguide feeds). Inaccessibility of the dish 
is also a problem when changing bands. Unless the tower 
is climbed every time and the feed changed, there must Бе 
a feed for each band mounted on the dish. One way around 
these problems is to use a periscope antenna system (som 
times called a “flyswatter antenna”). 

"The material in this section was prepared by Bob. 
Atkins, KAIGT, and appeared in OST for January and 
February 1984. Fig 79 shows a schematic representation 
of a periscope antenna system. A plane reflector is 
mounted at the top of a rotating tower at an angle of 45°. 
This reflector can be elliptical with a major to minor axis 
ratio of 1.41, or rectangular. At the base of the tower is 

unted a dish or other type of antenna such as a Yagi, 
pointing straight up. The advantage of such a system is 
thatthe feed antenna can be changed and worked on eas- 
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ily. Additionally, with a correct choice of reflector size, 
dish size, and dish to reflector spacing, feed losses ca 

be made small increasing the effective system gain. I 
fact, for some particular system configurations, the ga 
of the overall system can be greater than that of he feed 
antenna alone 


Gain of a Periscope System 

Fig 80 shows the relationship between the effective 

gain of the antenna system and the distance between the 

reflector and feed antenna for an elliptical reflector. At 

first sight, it is not at all obvious how the antenna system 

sher gain than the feed alone. The reason 

lies in the fact that, depending on the feed to reflector 

spacing, the reflector may be in the near field (Fresnel) 

region of the antenna, the far field (Fraunhofer) region, 
or the transition region between the two. 

Tn the far field region, the gain is propo 
reflector area and inversely proportional to the distance 
between the feed and reflector. In the near field region, 
seemingly strange things can happen, such as decreasing 
gain with decreasing feed to reflector separation. The 
reason for this gain decrease is that, although the reflec- 


can have a hi 


tor is intercepting more of the energy radiated by the feed, 
it does not all contribute in phase at a distant point, and 
so the 


In practice, rectangular reflectors are more common 
than elliptical. A rectangular reflector with sides equal 
їп length to the major and minor axes of the ellipse will, 
їп fact, normally give a slight gain increase. In the far 
field region, the gain will be proportional to the area of 
the reflector. To use Fig 80 with a rectangular reflector, 
R? may be replaced by А / x, where A is the projected 
area of the reflector. The antenna pattern depends in a 
complicated way on the system parameters (spacing and 
A A size of the elements), but Table 21 gives an approxima. 
tion of what to expect. R is the radius of the projected 
circular area of the elliptical reflector (equal to the 
minor axis radius), and b is the length of the side of the 
projected square area of the rectangular reflector (equal 
to the length of the short side of the rectangle) 
A For those wishing a rigorous mathematical analysis 
of this type of ar 
> in the Bibliography at the end of this chapter 


ına system, several refe 


Mechani 


‘There are some problems with the physical construe 
tion of a periscope antenna system. Since the antenna gain 


of a microwave system is h 


al Considerations 


its beamwidth 


Fig 79— The basic periscope antenna. This design 
makes It easy to adjust the feed antenna. reflector does not produce a beam that is horizontal, the 


. oom 1 О 
К = і 
dl aT P 4 

ЫШ 


Fig 60—Gain of a periscope antenna using a plane elliptical reflector (after Jasik—see Bibliography). 
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Table 21 
Radiation riscope Antenna Systems 
Eliptical — Rectangular 
Reflector Reflector 
3-48 beamwidth,  60W2R — S2ib 
degrees 
6-48 beamwidth, ee en вам 
degrees 
First minimum, e аљ 
degrees from axis 
First maximum, 952R 4 7% 
degrees from axis 
Second minimum, 10 n 116 1 
‘degrees from axis 
Second maximum, 1582/28 14246 
degrees from axis 
Third minimum, 185 en 174 10 


degrees from axis 


Fig 81—Commercial periscope antennas, such as this 
one, are often used for point-to-point communication. 


useful gain of the system will be reduced. From the 
geometry of the system, an angular misalignment of the 
reflector of X degrees in the vertical plane will result in an 
angular misalignment of 2X degrees in the vertical align- 
ment of the antenna system pattern. Thus, for a dish point- 
ing straight up (the usual case), the reflector must be at an 
angle of 45° to the vertical and should not fluctuate from. 
factors such as wind loading. 

‘The reflector itself should be flat to better than J, 
A for the frequency in use. It may be made of mesh, pro- 
vided that the holes in the mesh are also less than n A in 
diameter. A second problem is getting the support mast. 
to rotate about a truly vertical axis. If the mast is not 
vertical, the resulting beam will swing up and down from 
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the horizontal as the system is rotated, and the effective. 
gain at the horizon will fluctuate. Despite these prob- 
ems, amateurs have used periscope antennas success- 
fully on the bands through 10 GHz. Periscope antennas 
are used frequently in commercial service, though usu- 
ally for point-to-point transmission. Such à commercial 
system is shown in Fig 81 

Circular polarization is not often used for terrestrial 
work, but if it is used with a periscope system there is an 
important point to remember. The circularity sense 
changes when the signal is reflected. Thus, for right hand 
circularity with a periscope antenna system, the feed 
arrangement on the ground should produce left hand eir- 
cularity. It should also be mentioned that it is possible 
(though more difficult for amateurs) to construct a peri- 
scope antenna system using a parabolically curved 
reflector. The antenna system can then be regarded as an 
offset fed parabola, More gain is available from such a 
system at the added complexity of constructing a para- 
bolically curved reflector, accurate to "o А. 
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Antenna 


Systems 


for Space 
Communications 


When we consider amateur space communications, 
we usually think about two basic modes: satellite and 
earth-moon-earth (EME—also referred to as moon 
bounce). At their essence, both modes communicate 


using one of the Earth's satellites—our natural satellite 
(the Moon) or one of a variety of m 


There are two main diffe 


made satellites. 


ses between these satel- 


lites. The first is one of distance. The Moon is about 
250,000 miles from Earth, while man 
be as far as 36,000 miles away. This 7:1 difference in 


made satellites can 


distance makes a h 


loss varies as 


arrive at the satellite, since transmissior 

the square of the distance. In other words, the signal 

arriving at the Moon is 20 dB weaker than that arriving at 

а geo-synchro 

distance alone. 
The second differer 

made satellite is that the Moc 


ous satellite 25,000 miles high, due to 


se between the Moon and a man- 
is a passive reflector— 
and not a very good one at that, since it has a craggy and 
rather irregular surface, at least when compared to a flat 
mirror-like surface that would make an ideal reflector. 


Signals scattered by the Mox gular surface are thus 


surfaces. By compari- 
son, a man-made satellite is an active system, where the 


‘weaker than for better reflectin 


satellite receives the signal coming from Earth, amplifies 
itas mits the signal (usually at a different 
frequency) using a high-gain antenna. Think of a satel 
lite as an ideal reflector, with gain. 


then retrar 


The net result of these differences between а man: 
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made satellite and the Earth's natural satellite is that 
се (EME) operation challenges the station 
builder considerably more than satellite operation, par- 

of antennas. Successful EME requires 
power, superb receiver sensitivity and 
excellent operators capable of pulling weak signals out 
of the noise. This chapter will first explore antennas suit- 
able for satellite operations and then describe techniques 
needed for EME work. 


moonbo 


Common Ground 

‘There are areas of commonality between satellite 
and EME antenna requirements, of course. Both require 
consideration of the effects of polarization and elevatio 
angle, along with the azimuth directions of transmitted 
and received signals. 

On the HF bands, signal polarization is generally of 
litle concern, since the original polarization sense is lost 
after the signal passes through the ionosphere. At НЕ, 
vertical antennas receive sky-wave signals emanating 
from horizontal antennas, and vice versa. It is not bene- 
ficial to provide a means of varying the polarization at 
HF. With satelite communications, however, because of 
polarization ch ignal that would disappear into 
the noise on one antenna may be 59 on one that is not 
sensitive to polarization direction. Elevation angle is also 
important from the standpoint of tracking and avoiding 
indiseriminate ground reflections that may cause nulls in 

al strength 
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Antennas for Satel 


links from 


we have amateur satellites providin 
neters and up, and these provide opport 
‘antennas of many types—from the very simple to some 
pretty complex ones, This section was written by Dick 
Jansson, WDAFAB. It covers descriptions of a wide range 
‘of satellite antennas and points operators to source mate- 
rial for construction of many of them. 


Antennas for LEO Satel 


Antenna design and construction requirements for 


use with Amateur satellites vary from low-gain antennas, 
for low-earth-orbit (LEO) satellites to higher-gain an 
nas for the high-altitude elliptical-orbit satellites. You can. 
‘operate the FM LEO satellites with a basic dual-band 
VHF/UHF FM transceiver or even a good FM H-T, as 
some amateurs have managed. Assuming that the trans- 
ceiver is reasonably sensitive, you can even use a good 
ibber duck" antenna. Some amateurs manage to work 

the FM birds with H-Ts and а multi-element directional 
antenna such as the popular Arrow Antenna, Fig 1. ОГ 
course, this means they must aim their antennas at the 
satellites, even as they cross overhead. 

High-quality omnidirectional antennas for LEO < 
vice come in quite a number of forms and shapes. M? 
Enterprises has their EB-144 and EB-432 Eggbeater 
require any rotators for control. See Fig 2. The turnstile- 
over-reflector antenna has been around for a long time, as 
shown in Fig 3. Other operators have done well u 
gain Yagi antennas, such as those shown in Fig 4. 

For even better performance, at the modest cost of a 
single, simple TV antenna rotator, check out the fixed- 
elevation Texas Potato Masher antenna by KSOE, Fig 5. 
‘This antenna provides a dual-band solution for medium- 
gain directional antennas for LEO satellites. This is a con- 
siderable improvement over on sand 
does not require an elevation rotator for good performance, 

"There are still two LEO satellites that work on the 
10-meter band, RS-15 and the newly resurrected AO-7. 
Both have 10-meter dowalinks in the range of 29.3 to 
29,5 MHz. Low-gain | 
or long-wire antennas, are used to receive these satellites. 


is Which have proven to be very useful and do not 


ster antennas, such as dipoles 


Antennas for High-Altitude Satellites 
altitude, Phase-3 satellites, such as AO-10 
AO-13), have been aro 

ber of years. The greater distances to the Phase-3 satel- 


id for quite a nun 


lites mean that more transmitted power is needed to access 
them and weaker signals are received on the ground. Su. 
cessful stations usually require ground-station antennas 
With significant gain (12 dBi or more), such as a set of 
high-gain Yagi antennas. See Fig 6. Note the use of two. 
Yagi antennas mounted on each boom to provide circu- 
lar polarization, usually referred to as CP. 
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Fig 1—The hand-held “Arrow” gain antenna is popular 
for LEO FM operations. (Photo courtesy The AMSAT 
Journal, Sept/Oct 1998.) 


Fig 2—Eggbeater antennas are popular for base station 
LEO satelite operations. This EB-432 eggbeater. 
antenna for 70 cm is small enough to put in an attic. 
Antenna gain pattern is helped with the radials placed 
below the antenna, 


лнн 


Fig 4—Simpl 
ground plane 
and Yagi 
antennas can 
be used for 
LEO satelite 
contacts. 


CIRCULAR POLARIZATION 


Linearly polarized antennas are horizontal or verti- 
cal in terms of the antenna's position relative to the sur- 
face of the Earth, a reference that loses its meaning in 
space. The need to use circularly polarized (CP) anten- 
mas for space communications is well established. If 
spacecraft antennas used linear polarization, ground sta- 
tions would not be able to maintain polarization alig 
ment with the spacecraft because of changing orientations. 
‘The ideal antenna for 
‘one with a circularly 
There are two commonly used methods f 
«circular polarization, One is with crossed li 


random satellite polarizations is 


Antenna Systems for Space Communications 


Fig 5—Jerry Brown, KSOE, uses his Texas Potato. 


Masher antennas to work LEO satellites. 


Fig 6—Dick Jansson, WD4FAB, used th 
70-em crossed Yag's in RHCP for AO-10 and AO-13 
‘operations. The satelite antennas are shown mounted 
above a 6-meter long-boom Yagl. 


such as dipoles or Yagis, as Fig 6 shows. The second popu- 
lar CP method uses a helical antenna, described below. 
Other methods also exist, such as with the omnidirectional 
quadrifilar helix, Fig 7. 

Polarization sense is a critical factor, especially in 
EME and satellite work. The IEEE standard uses the term 
“clockwise circular polarization” for a receding wave. 
Amateur technology follows the IEEE standard, calling 
clockwise polarization for a receding wave as right-hand, 
(or RHCP. Either clockwise ora counter-clockwise (LHCP) 
sense сап be selected by reversing the phasing harness of 
a crossed-Yagi antenna, see Fig В. The sense of a helical 
‘antenna is fixed, determined by its physical construction, 
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Fig 7—W3KH suggests that guadrifilar antennas can 
serve well for omnidirectional satellte-station antenna 


See Fig 9 for construction details 

In working through a satellite with a circularly polar- 
ized antenu и to have the capability 
‘of switching polarization sense. This is because the sense 
‘of the received signal of some of the LEO satellites reverses 
when the satellite passes its nearest point to you. If the 
received signal has right-hand circular polarization as the 
satelite approaches, it may have left-hand circularity as 
the satellite recedes. There is a sense reversal in EME work, 
as well, because of a phase reversal of the signal as it is 
reflected from the surface of the moon. A signal transmit- 
ted with right-hand circularity will be returned to the Earth 
with left-hand circularity. Similarly, the polarization is 
reversed as it is reflected from a dish antenna, so that for 
an overall RHCP performance, the feed antenna for the 
dish needs to be LHCP. 


Crossed Linear Antennas 
Dipoles radiate linearly polarized sig 
polarization direction depends on the or 
antenna. It two dipoles are arranged for horizontal and 
vertical dipoles, and the two outputs are combined with 
the correct phase difference (90°), а circularly polarized. 
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Fig 8—Evolution of the circularly polarized Yagi. The. 
simplest form of crossed Yagi, A, is made to radiate 
circularly by feeding the two driven elements 80° out of 
has the driven elements fed in phase, 
‘one bay mounted '⁄ à forward 
from those of the other. Antenna С offers elliptical 
(circular) polarization using separate booms. The 
‘elements in one set are perpendicular to those of the 
ther and are à forward from those of the other. 


wave results. Because the electric fields are identical in 

magnitude, the power from the transmitter will be equally 

divided between the two fields. Another way of looking at 

this is to consider the power as being divided between the 

two antennas; hence the gain of each is decreased by 3 dB 
the plane of its orientation. 

‘must exist between the two anten- 


When taken alon 

A 90° phase shi 
nas and the simplest way to obtain this shift is to use two 
feed lines to a coplanar pair of crossed- s. One 
тее r, as shown in 
Fig 8A. These separate feed lines are then paralleled to а 
‘common transmission line to the transmitter or receiver. 


section is A 2 longer than the oth 


‘Therein lies one of the headaches of this system. Assum- 
ing negligible coupling between the crossed antennas, the 
impedance presented to the common transmission line by 
the parallel combination is one half that of either sector 
alone. (This is not true when there is mutual coupling 
between the antennas, as in phased arrays.) A practical con 
struction method for implementing a RHCP/LHCP copla- 
mar switched system is shown in Fig 10, 

Another example of a coplanar crossed- Yagi antenna 
is shown in Fig 11. With this phasing-line method, 

ach at one antenna will be magnified by the extra 

‘J. of transmission line, This upsets the current balance 
between the two antennas, resulting in а loss of polariza- 
tion circularity. A 
ation of the cables used i 


ther factor to consider is the attenu- 
the harness, along 


with the 


ТУ 


SE copar 


т=з 


y 


Ventes 


Fig 9— Construction detalis of a co-planar crossed-Yagi antenna. 


Fig 10—Co-planar crossed Yagi, circularly polarized 
antenna with switchable polarization phasing harness. 


connectors. Good low-loss coaxial line should be used. 
‘Type-N or BNC connectors are preferable to the UHF 
variety. 

Another method to obtain circular polarization is to 
use equal-length feed lines and place one antenna Ye A. 
ahead of the other. This offset pair of Yagi-crossed anten- 
nas is shown in Fig SB. The advantage of equal-length feed 
lines is that identical load impedances will be presented to 
the common feeder, as shown in Fig 12, which shows a 
fixed circularity sense feed. To obtain а switchable sense 
feed with the offset Yagi pair, you can use a connector 
like that of Fig 13, although you must compensate forthe 
extra phase added by the relay and connectors. 

Fig 8C diagrams a popular method of mounting two 
separate off-the-shelf Yagis at righ 
The two Yagis may be physically offset by / and fed in 
parallel, as SC. or they may be mounted with 
no offset and fed 90" out of phase. Neither of these 
arrangements on two separate booms produces true circu- 
lar polarization. Instead, elliptical polarization results from 
such a system. Fig 14 is a photo of this type of mounting 
of Yagis on two booms for elliptical operation. 


angles to each other. 


Helical Antennas 

As mentioned, the secon 
larly polarized signal is by means of a helical antenna, 
‘The axial-mode helical antenna was introduced by Dr 
John Kraus, WSIK, in the 1940s. Fig 15 shows examples. 
of S-band (2400-MHz), V-band (145-MHz), and U. band 
(435-MHz) helical antennas, all constructed by WD4FAB 
for satellite service. 


nethod to create a circu- 


‘This antenna has two characteristics that make it 
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Fig 11—This VHF crossed Yagi design by KHGIJ 
(Jan 1973 QST) illustrates the co-planar, fixed- 
circularity Yagi. 


especially interesting and useful in many applications, 
First, the helix is circularly polarized. As discussed car- 
lier, circular polarization is simply linear pol: 

continually rotates as it travels through space. In the case 
of a helical antenna, this rotation is about the axis of the 
antenna. This can be pictured as the second hand of à 
Watch moving at the same rate as the applied frequency, 
Where the position of the second hand can be thought of 
as the instantaneous polarization of the signal. 

‘The second interesting property of the helical 
antenna is its predictable pattern, gain and impedance 
characteristics over a wide frequency range. This is one 
of the few antennas that has both broad bandwidth and 
high gain. The benefit of this property is that, when used 
for narrow-band applications, the helical antenna is very 
forgiving of mechanical inaccuracies. 

Probably the most co 
enna is in satellite communications, where the spin- 
ning of the satellite antenna system (relative to the earth) 
and the effects of Faraday rotation cause the polarization 
of the satellite signal to be unpredictable. Using a linearly 
polarized antenna in this situation results in deep fading, 
Dut with the helical antenna (which responds equally 10 
linearly polarized signals), fading is essentially eliminated, 

‘This same characteristic makes helical antennas use- 
ful in polarization-diversity systems. The advantages of 
circular polarization have been demonstrated on VHF 
Voice schedules over non-optical paths, in cases where 


ization that 


mon amateur use of the heli. 
cal 
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Fig 12—0ffset crossed-Yagi circularly polarized 
antenna-phasing harness with fixed polarization. 


гапу polarized beams did not perform satisfactorily. 

Another use for the helical antenna is the transmis- 
sion of color ATV signals. Many beam antennas (when 
adjusted for maximum gain) have far less bandwidth than 


the required 6 MHz, or have non-uniform gain over this 
frequency range. The result is significant distortion of 
the transmitted and received signals, affecting color 
reproduction and other features. This problem becomes 
more aggravated over non-optical paths. The helix 


exhibits maximum gain (within 1 dB) more than 20 MHz 
anywhere above 420 MHZ. 

"The helical antenna can be used to advantage with 
multimode rigs, especially above 420 MHz. Not only does 
the helix give high gai 
it also allows operation on FM, SSB and CW without the 
need for separate vertically and horizontally polarized 


over an entire amateur band, but 


Helical Antenna Basics 


‘The helical antenna is an unusual specimen in the 


antenna world, in that its physical configuration gives a 


Fig 13—Offset crossed-Yagi circularly polarized 
antenna-phasing harness with switchable polarization. 


Fig 14—An example of offset crossed-Yagi circularly 
Polarized antennas with fixed polarization. This 
‘example is a pair of M° 23CN22EZA antennas, for 

L band (1269 MHz), mounted on an elevation boom. 
(WD4FAB photo.) 


Fig 15—At top, a seven-turn LHCP helical antenna for 
S-band dish feed for AO-40 service. This helical 
antenna uses a cupped reflector 
ntenna feed point. At bottom, 
pair of helical antennas for AO-10 service on 2 meters 
and 70 cm. The 2-meter helical antenna Is not small! 
(WD4FAB photos.) 


hint to its electrical performance. A helix looks like a large 
air-wound coil with one of its ends fed against a ground 
plane, as shown in Fig 16. The ground plane is a screen of 
0.8 to 1.1 diameter (or on a side for a square ground 
plane). The circumference (Су) of the coil form must be 
between 0.75 and 1.33 A for the antenna to radiate in the 
axial mode. The coil should have at least three turns to 
radiate in this mode, The ratio of the spacing between turns 
Gn wavelengths), S; to C, should be in the range of 0.2126 
10 0.2867. This ratio range results from the requirement 
that the pitch angle, а, of the helix be between 12° and. 
16°, where: 


(а!) 
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Fig 16—The basic helical antenna and design 
equations. 


These constraints result in a single main lobe along 
the axis of the coil. This is easily visualized from Fig 15A. 
The winding of the helix comes away from the cupped 
reflector with a counterclockwise winding direction for a 
LHCP. (The winding can also be a clockwise—this results 
ina RHCP polarization sense.) 

A helix with a C} of IÀ has a wave propagating from 
‘one end of the coil (at the ground plane), corresponding 
чо an instantaneous dipole "across" the helix. The ck 
trical rotation of this dipole produces circularly polar- 
ized radiation. Because the wave is moving along the helix. 
conductor at nearly the speed of light, the rotation of the 
electrical dipole is at a very high rate, and true circular 


polarization results, 
‘The IEEE definition, in simple terms, is that when 
Viewing the antenna from the feed-point end, a clockwise 


(LHCP). This is important, because when two 
stations use helical antennas over a nonreflective path, both 
must use antennas with the same pol sense, If 
‘antennas of opposite sense are used, a signal loss of at least 
20 dB results from the cross polarization alone, 

‘As mentioned previously, circularly polarized anten- 
nas can be used in communications with any linearly 
Polarized antenna (horizontal or vertical), because ci 
larly polarized antennas respond equally to all linearly 
polarized signals. The gain of a helix is 3 dB less than the 
‘theoretical gain in this case, because the linearly polarized. 

docs not respond to linear signal components that 
are orthogonally polarized relative to it. 

The response of a helix to all polarizations is 
cated by a term called axial ratio, also known as circular: 
ity. Axial ratio is the ratio of amplitude of the polarization 
that gives maximum response to the amplitude of the 
polarizai ves minimum response, An ideal ci 
Тапу polarized antenna has an axial ratio of 1.0. A well- 
designed practical helix exhibits 
1.1. The axial ratio of a helix is: 


axial ratio of 1.0 to 
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ER 
m 


AR 


(E42) 
where: 


AR = axial ratio 
m = the number of turns in the helix 


Axial ratio cı 


be measured in two ways. The first is 
to excite the helix and use a linearly polarized antenna with 
ап amplitude detector to measure the axial ratio directly 
‘This is done by rotating the linearly polarized antenna in a 
plane perpendicular to the axis of the helix and comparing 
the maximum and minimum amplitude values. The ratio 
‘of maximum to minimum is the axial ratio. 

redace of the helix is easily predicted, The 
ninal impedance of a helix is unbalanced, and is 
defined by: 


Z=140xC, (каз) 
Where Z is the impedance of the helix in ohms. 

‘The gain of a helical antenna is determined by its 
physical characteristics, Gain can be calculated from: 


(abi) =11.8 10108 eus, 


(Eq 4) 


In practice, helical antennas do not deliver the gain i 
Eq 4 for antennas with turns count greater than about 
twelve, There will be more discussions 

practical antennas are discussed, 


this area when. 


The beamwidth of the helical antenna (in degrees) at 
the half-power points is: 


Es) 


be between 0.006 A and 0.05 A, but smaller diameters have 
been used successfully at 144 MHz, The previously noted 
diameter of the ground plane (0.8 À to 1.1 A) should not be 
exceeded if you desire a clean radiation pattern. As the 

round plane size is increased, the sidelobe levels also 
increase. Cupped ground planes have been used according 
to Kraus, as in Fig 15. (The ground plane need not be solid: 
it сап be in the form of a spoked wheel ora frame covered 
With hardware cloth or screen.) 


50-0 Helix Feed 
Joe Cadwallader, K6ZMW, presented this feed 
ethod in June 1981 OST. Terminate the helix in an N 
‘connector mounted on the ground screen at the periphery 
of the helix. See Fig 17. Connect the helix conductor to 
the N connector as close to the ground screen as possible 
(Fig 18). Then adjust the first quarter turn of the helix to 
а close spacing from the reflector 
‘This modification goes a long way toward curing a 
deficiency of the helix—the 140- nominal feed-point 


„ 


peser 


Fig 17—End view and side view of peripherally fed 
helix. 


Fig 18—Wrong and right ways to attach helix to a type 
N connector for 50-0 feed. 


impedance. The traditional 1/4 matching section has proved 
difficult to fabricate and maintain. But if the helix is fed at 
the periphery, the first quarter turn of the helix conductor 
(leaving the N connector) acts much like a tran 

line—a single conductor over a perfectly cor 


ground plane. The impedance of such a transmission line 


(E96) 


line impedance in ohms 
height of the center of the conductor above the 
ground pl 

d = conductor diameter (in the san 


units as h). 


"The impedance of the helix is 140 @ a turn or two. 
away from the feed point. But as the helix conductor 
swoops down toward the feed connector (and the ground 
plane), h gets smaller, so the impedance decreases. The 
140-02 nominal impedance of the helix is transformed to 
a lower value. For any particular conductor diameter, an 
optimum height can be found that will produce a feed- 
point impedance equal to 50 f. The height should be kept 
Very small, and the diameter should be large. Apply power 
to the helix and measure the SWR at the operating fre- 
quency. Adjust the height for an optimum match. 
Typically, the conductor diameter may not be large 
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Fig 19—End view and side view of peripherally fed helix 
with metal strip added to improve transformer action. 


‘enough to yield a 50-02 match at practical (small) values. 
of h. In this сазе, a strip of thin brass shim stock or flash- 
ing copper can be soldered to the First quarter turn of the 
helix conductor (Fig 19). This effectively increases the 
conductor diameter, which causes the impedance to 
decrease further yet. The edges of this strip can be slit 
every 'l inch or so, and the strip bent up or down (toward 
‘or away from the ground plane) to tune the line for an op. 
timum match. 

‘This approach yields a perfect match to nearly any 
‘coax. The usually wide bandwidth of the helix (70% for 
less than 2:1 SWR) will be reduced slightly (to about 40%) 
for the same conditions. This reduction is not enough to 
be of any consequence for most amateur work. The 
improvements in performance, ease of assembly and 
adjustment are well worth the effort in making the helix 
more practical to build and tune. 


ANTENNAS FOR A0-40 OPERATIONS 
Antennas for successful operations оп AO-40 come 
їп many shapes and sizes. AO-40 has provided amateurs 
the opportunity to broadly experiment with antennas. 
Fig 20 shows the satellite antennas at WD4FAB, The 
Yagi antennas are used for the U- and L-band АО-40 
uplinks and the V-band AO-10 downlink, while the S-band 
dish antenna is for the AO-40 downlink. These satellite 
ennas are tower mounted at 63 feet (19 meters) to avoid 
icarby tees and suffering from the 
wo Ol course, satellite ant 
do not always need to be mounted high on a tower if dense 
foliage is not a problem. If satellite antennas are mounted 
lower down, Feed-line length and losses can reduced. 
Another benefit, however, to tower mounting 


of sat- 
elite antennas is that they can be used for terrestrial ham. 
‘communications and contests. The fact that the antennas 
are set up for CP does not really degrade these other 
‘operating activities 

Experience with AO-40 has clearly shown the advan 
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Fig 20—Detalls of WDAFAB's tower cluster of satellite 
antennas including a home-brew elevation rotator. Top 


23CM22EZA antennas in a CP array for L band; 
"FABStar" dish antenna with helix feed for S band; MP 
2W-CP22, a CP V-band antenna (only partially shown.) 
To left of dish antenna is a NEMAS equipment box with 
an Internal 40-W L-band amplifier, and also hosts 


externally mounted preamplii 


(WD4FAB photo) 


tages of using RHCP antennas for both the uplink and 
lennas shown in Fig 20 

are a single-boom RHCP Yagi antenna for U band, a pair 
of closely spaced Yagi antennas phased for RHCP for 
L band (see Fig 14), and a helix-fed dish antenna for 
S band. The antenna gain requirements for U band can eas- 
ily be met with the gain of a 30-element crossed Yagi 
Antennas of this size have boom lengths of 4 to 41: wave- 
lengths. The enterprising constructor сап build а Yagi 
from one of several references, however most of 


us prefer to purchase well-tested antennas from commer- 
cial sources as M? or Hy-Gain. In the past, KLM (now out 
of business) had offered a 40-element CP Yagi for U-band 
satellite service, my of these are still in satisfactory 
use today. 

U-band uplink requirements for AO-40 have clearly 
demonstrated the need for gain less than 16 to 17 dBic 
RHCP, with an RF power of less than 50 W PEP at the 
antenna (= 2,500 W-PEP EIRP with a RHCP antenna) 
depending upon the squint angle. (The squint angle is 
the angle at which the main axis of the satellite is pointed 
away from your antenna on the ground. If the squint angle 
is less than half of the half-power beamwidth, the ground 
station will be within the spacecraft antenna's nominal 
beam width.) 

‘A gain of 16 to 17 die RHCP can be obtained from. 
а 30-element crossed Yagi, AO-13 type antenna, and is 
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Fig 21—Domenico, ISCVS, has this cluster of satellite 
antennas for 40.40. Left to right: array of 4 x 
23-oloment Yagi horizontally polarized for L band; 
1.2:meter dish with 3-turn helix feed for S band; 
t6sturn RHCP helical antenna for U band; 60-cm dish 
for X band. All microwave preamplifiers and power. 
amplifiers are homebrew and are mounted on this 
antenna cluster. (IBCVS photo.) 


good news, considering that the satellite may be over 
60,000 km (37.000 miles) from your station. Success оп 
the U-band uplinks to AO-40 is easier than those for L band 
at wider squint angles more than 20°. At squint angles less 
than 10°, U-band uplink operation can even be done with 
1-5 W power outputs to a RHCP antenna (= 200 W-PEP 
EIRP with RHCP), These lower levels mean that smaller 
be used. In practice, these uplinks will pro- 
ik signals that are 10 to 15 dB above the noise 
foor, or 57 signals over an 83 noise floor. The beacon will 
give а downlink S9 signal for these same conditions. 
WDAFAB's experience with the AO-40 L-band 
uplink has demonstrated that 40 W-PEP delivered to ar 
antenna with a gain of = 19dBic (3,000 W-PEP EIRP with 
RHCP) is needed for operations at the highest altitudes of 
АО-40 and with squint angles < 15°. This is the pretty com- 


pact L-band antenna arrangement with two 22-element 
antennas in a RHCP array shown in Fig 14 and 20. Other 
‘operators have experience that using a 1.2-meter L-band 
dish antenna and 40 W of RF power (6,100 W-PEP EIRP 
with RHCP) can also provide a superb uplink for squint 
angles even up to 25°. A dish antenna can have a practical 
gain of about 21 to 22 dBic. These uplinks will provide 


Fig 22—Wilfred Carey, ZS6JT, constructed this cluster 
of satellite and EME antennas. Left to right: 

23-oloment offset feed Yagi for U band; 1.64-meter dish 
‘with 2'l-tur helix feed for S band; 2 x 11-element. 
coplanar feed Yagi for V band. (258/7 photo.) 


Fig 23—Robert Suding, WOLMD, modified this 4-foot 
dish antenna with a patch feed for S band and an Az-El 
‘mount. (WOLMD photo.) 
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the user a downlink that is 10 to 18 dB above the transpon- 
der noise floor. In more practical terms, this is an S7 to 8 
signal over a $3 transponder noise floor, а very comfort- 
able armchair copy. 

Using the L-band uplink for AO-40, instead of the 
U-band uplink, allows the use of Yagi antennas that more 

vanageable, since their size for a given gain is only one 
third of those for U-band. With L band there is a nar- 
rower difference between using a dish antenna and a Yagi. 
since a 21- to 22-dBic dish antenna would be only about 
12 meters (4 feet) in diameter. However, some of us may 
mot have such “real estate” available on our towers and 
jay seek a lower wind-loading solution offered by Yagis. 

Tone boom rod-element Yagi, or loop- Yagi antennas are 
‘commercially offered by М? and DEM, although this band 
is about the highest for practical Yagis. The example 
shown in Fig 20 is a pair of rod-element Yagi antennas 
from M in a CP arrangement with a gain of 18 to 19 dBic. 

Other amateurs have successful AO-40 operation with 
different arrangements. Fig 21 shows ISCVS's 4 x 
23-element linear array for a 1270 MHz, a 1.2-meter solid 
dish for 2400 MHz, a 15-turn helical antenna for 435 MHz, 
and a 60-em dish for 10.451 MHZ. This arrangement clearly 
shows the advantage and accessibility of having a roof- 
mounted antenna 

Fig 22 shows ZS6JT's setup, with a 1.64-meter 
home-built mesh dish for 2400 MHz and two home-built 
crossed Yagi antennas, one for 435 MHz and the other 
for 145 MHz. Note that in these examples, the antennas 
permit terrestrial communication as well as satellite ser- 
Vice. Two of these stations have also maintained the 
capability to operate the LEO satellites with U- and V- 
band antennas. 

A number of amateurs have taken advantage of the 
availability of surplus C-band TVRO dishes, since most 
users of satelite television have moved up to the more 


Fig 24—WOLMD graduated to this 8-100t dish with patch 
feed for S band for AO-40. On the left is a helical 
antenna for L band and on the right is а 2 x 9-oloment 
offset-feed Yagi for U band. A home-brew Az-El mount 
ls provided. (ОСМО photo.) 
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sed to this 10-foot dish for АО-40 
(operations, with a triband patch feed for U, L, and 
S'üands on ап Az-El mount. (WOLMD photo.) 


Fig 26—WOLMD found the ultimate in this 14-foot dish 
for АО-40, with a triband patch feed and Az-El mount. 
(WOLMD photo) 
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‘convenient К band using 0.5-meter dishes. Some examples 
‘of these dish conversions for satellite communications are 
shown in Fig 23, a WOLMD 4-foot dish with patch feed 
and Az-El mount. Fig 24 shows a WOLMD 8-foot dish with 
patch feed, Az-El mount, a U-band Yagi, and an L-band 
helical antenna, 

Fig 25 is a WOLMD 10-foot dish with tri-band patch 
feed and Az-El mount; and Fig 26 is also а WOLMD 


with S-band patch feed. This dish uses the original 
polar-mounting system and offsets the patch feed to 

compensate for AO-40's deviation from the Clarke belt. 
(K6LG photo.) 


Fig 28—KSGNA's "circularized" mosh modification of 
‘an MMDS dish antenna with a helix-CP feed and DEP 
preamp. The dish modification reduces the spilov 

loss by making the antenna fully circular. (KOE photo.) 


14-foot dish with tri-band patch feed and A2-El moun 
ing. Other operators, like K6LG, have been able to use 
TVRO dishes, Fig 27, with multiband patch feeds and 
still use, within limits, their polar-mounting system, as 
will be explained later. 

Other hams have taken advantage of other surplus 
dish situations. Fig 28 shows modified MMDS dishes, 
by KSGNA, and Fig 29, by KSOE, both using helix feeds 


Fig 30 shows а 75-cm high modified PrimeStar offset feed 
dish, by WDAFAB, using a longer helical feed antenna 


Fig 29—Mesh modification of an ММО dish antenna by 
Jerry Brown, KSOE, with a helix-CP feed and DEM 
preamplifier mounted directly to the helix feed point. 
(К5ОЕ photo.) 


Fig 30—PrimeStar 


offset-fed dish with 
WDAFAB's hellx-feed 
antenna. NONSV was 
зо pleased with the 
modification that he 
med the dish 

\BStar;' and made 
a new label! (NONSV 
Photo.) 
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because of the higher 17D ratio of this dish configuration. 
This dish provides 5 dB of Sun noise, which is good ре 
formance. These efforts have rewarded their users with 
superb service on АО-40. Many have experimented with 
different feed and mounting systems. These experiments 
Will be further illustrated. 

One very popular spun-aluminum dish antenna seen 
in use on АО-40 has been the G3RUH-ON6UG 60-en 
unit with its S-band patch feed, Fig 31. A kit, complete 
With a CP-patch feed is available from SSB-USA and has 
a gain of 21 dBic. It provides a 2.5-4В Sun noise signal. 
Surplus dishes have not been the only source for anten- 
nas for АО-40 operations, since some ingenious opera- 
tors have even turned to the use of cardboard boxes, See 
Figs 32 to 35. 


Fig 31—G3RUH's 60-cm spun-aluminum dish with CP- 
patch teed is avaliable as a kit. This antenna has been 
Popular with many AO-40 operators all over the world. 


Fig 32—A complete satellite station with the tracking 
laptop, FT-847 transceiver, and both downlink and 
uplink cardboard-box antennas. 
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Parabolic Reflector Antennas 
‘The satellite S-band do 

Popular for a variety of reasons: 

+ Good performance with physically small downlink 

+ Availability of good-quality downconverters 

+ Availability of preamps at reasonable prices. 


links have become very 


A number of people advocate S-band operation, 
including Bill McCaa, KORZ, who led the team that 
designed and built the AO-13 S-band transponder and 


nid the reictore and dipole ied in place. The 
fear legs set the antenna elevation to 20'—this gives 
‘good coverage at the design latitude but will need 
‘modification for other stations. 


Fig 34—Front view of the downlink pyramidal horn 
showing how It is mounted in the support carton. 
Notice the coax probe at the back of the horn. 
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James Miller, G3RUH, who operates one of the AO-40 
‘command stations. Ed Krome, KEK, and James Miller 
have published a number of articles detailing construc- 
tion of preamps, downconverters and antennas for S band, 

Some access AO-40's S-band downlink using com- 
pact S-band helical antennas, See Fig 36. With the demise 
of AO-40's 51 transmitter and its high-gain downlink 
antenna, enthusiasts have had to employ high-gain para- 
bolic-dish antennas to use AO-40' S2 downlink, with 
lower-gain helical antenna, 


WOLMD notes that like a bulb in a flashlight, the 


Fig 35—Side view of the downlink pyramidal horn 
showing the elevation control supports and how the. 
downconverter is attached to the horn. The 

downconverter is pulled forward by the tape to align. 
the probe wire parallel to the rear surface of the horn. 


Fig 36—WDAFAB's example of a 16-turn S-band helical 
antenna for AO-40. This is about the maximum length 
of any practical helix. Note the SSB UEK2000 down- 
Converter mounted behind the reflector of the antenna. 
(WD4FAB photo.) 


‘parabolic reflector or dish antenna must have а feed source 
looking into the surface of the dish. Some dishes are 
designed so that the feed source is mounted directly in front 
of the dish. This is referred to as a center-fed dish. Other 
dishes are designed so that the feed source is off to one 
side, referred to as an offcenter-fed dish, or just offset- 
fed dish, as shown in Fig 30. The offset-fed dish may be 
considered a side section of a center-fed dish. The center- 
Ted dish experiences some signal degradation due to block- 
age of the feed system, but this is usually an insignificantly 
small amount, The offset-fed dish is initially more diffi- 
cult to aim, since the direction of reception is not the cen- 
er axis, as it is for center-ed dishes. 

"The basic design precepts of parabolic-dish antennas 
ме covered in more detail in the EME Antenna section of 
this chapter. Dish antenna properties specific to satellite 
‘operations are covered here. The dish’s parabola can be 
designed so the focus point is closer to the surface of the 
dish, referred to a short-focal-tength dish, or further away 
from the dish’s surface, referred to as a long-focal-length 
dish. To determine the exact focal length, measure the 
diameter of the dish and the depth of the dish. 


" 
1d (ат) 


"The focal length divided by the diameter of the dish. 
gives the focal ratio, commonly shown as ID. Center-fed. 
dishes usually have short-focal ratios in the range of 
UD =0.3 to 045. Offset-fed dishes usually have longer 
focal lengths, with 00) = 0.45 to 0.80. If you attach two 
small mirrors to the outer front surface of a dish and then 
point the dish at the Sun, you can easily find the focus 
point of the dish, Put the reflector of the patch or helix 
Feed just beyond this point of focus. 

‘An alternate method for finding a dish's Госа length 
is suggested by WIGHZ (ex-NIBWT), who provides a 
computer program called HDL ANT, available at 
www. wighz.org/I0g/10g_home.him. The method liter- 
ally measures a solid-surface dish by the dimensions of 
the bowl of water that it will form when properly 
positioned. (See: www.qsl-net/albwt/chapS.pdf.) 
WD4FAB used this method on the dish of Fig 30, care- 
fully leveling the bowl, plugging bolt holes, and filling it 
With water to measure the data needed by the WIGHZ 
Web-site calculation. 

‘While many of us enjoy building our own antennas, 
surplus-market availability of these small dish antennas 
makes their construction unproductive, Many AO-40 
‘operators have followed the practices of AO-13 operators 
using a surplus MMDS linear-screen parabolic reflector 
antenna, Figs 28 and 29. These grid-dish antennas are 
often called barbeque dishes. KSOE and KSGNA have 
shown how to greatly improve these linearly polarized 
reflectors by adapting them for the CP service desired for 
АО-40. Simple methods can be used to cireularize a linear 
dish and to further add to its gain using simple methods to 
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Fig 37—Prototype 1.2-meter dish by Rick Fletcher 
KGGIAL, using a dual-band (L and S) patch-tecd 

antenna for AO-40. See text. This kit dish is covered 
with neh mesh. (KGGIAL photo.) 


increase the dish area and feed efficiency. 

Another approach is the construction of a kit-type dish 
antenna, just becoming available in 1.2-meter and 1.8-meter 
diameters. This ingenious design by KGSIAL is available 
from his Web site www.teksharp.com/. Fig 37 shows the 
prototype of the 1.2-meter dish with an DID of 0.30. The 
L2-meter dish is fed with a dual-band patch feed for L and 
S bands. The L8-meter dish is designed for up to three bands 
using a tri-band patch feed for the U, L and S bands. This 
dish will permit U-band operation. A Central States VHF 
Society measurement on a similar sized dish (by WOLMD) 
"with a patch feed showed a gain of about 17.1 dBic (actual 
measurement was 12.0 dBd linearly fed). This performance 
along with a small V-band (145 MHZ) Yagi would permit 
а very modest satellite antenna assembly for all of the 
VHF/UHF LEO satellites, as well as AO-40, 

The ingenuity of the design of the KG6IAL antenna 
is that it is constructed of robust, /-inch-thick alumi- 
mum sheet that is numerically machined for the parabolic 
shape of the ribs. The bucksides of the ribs ate stiffened 
by a bent flange edge. The panel mesh is attached by using 
small tie-wraps or small aluminum wire through the mesh 
and holes provided along the parabolic edge. KGSIAL. 
used "inch mesh in the prototype antenna to reduce wind 
loading. A single formed conduit post is provided in the 
Kit for mounting the patch-feed assembly. The post ex- 
tends rearward to permit the attachment of a counter- 
weight, if needed. 

A040 has also provided some additional challenges 
tothe ham operator. Besides its well-known S-band down- 
link, AO-40 also has a K-band downlink in the range of 
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24.05 GHz. This quite low-powered transmitter has pro- 
vided a substantial challenge to some operators, such as 
NIJEZ, KSOE, WSLUA, G3WDG and others. NUEZ 
documented his work in OST while KSOE shows his 
K-band work on his Web site and in the Proceedings of 
the AMSAT Space Symposium. See Fig 38. 


Parabolic Dish Antenna Construction 

In the USA large numbers of dishes can be obtained 
either free or at low cost. But in some parts of the world 
dishes are not so plentiful, so hams make their own. 
Fig 39 shows G3RUH’s S-band dish antenna. There are 
three parts to the dish antenna—the parabolic reflector, the 
boom and the feed. There are as many ways to construct 
this as there are constructors. You need not slavishly rep- 
licate every nuance of the design, The only critical dimen- 
sions occur in the feed system. After construction, you will 
have a 60-cm diameter S-band RHCP dish antenna with a 
gain of about 20 dBi and a 3-dB beamwidth of 18°. Coupled 
With the proper downconverter, performance will be more 
than adequate for S-band downlink. 

‘The parabolic reflector used for the original antenna 
was intended to be a lampshade. Several of these alum 
num reflectors were located in department-store surplus. 
‘The dish is S85 mm in diameter and 110 mm deep, corre- 
sponding to an {7D ratio of 585/110/16 = 0.33 and a focal 
length of 0.33 х 585 = 194 mm. The fD of 0.33 is a bit 
100 concave for a simple feed to give optimal performance 
but the price was right, and the under-illumination keeps 
ground noise pickup to a minimum. The reflector already 
had a 40-mm hole in the center with three 4-mm holes 
around it in a 25-mm radius circle. 
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The boom passes through the center of the reflector 
and is made from 12.7-mm square aluminum tube, The 
boom must be long enough to mount to the rotator boom 
‘on the backside of the dish. The part of the boom extend- 
ing through to the front of the dish must be long enough 


; 
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Fig 38—Detall of od em S-band dish antenna with fee 


Fig 38—KSOE found this 
K-band dish on the Web 
and has set it up for the 
0-40 K-band downlink. 
(К5ОЕ photo.) 


to mount the feed at the focus. If you choose to mount 
the downconverter or a preamp near the feed, some addi- 
tional length will be necessary. Carefully check the 
requirements for your particular setup. 

А 3-mm thick piece of alu 65 mm in diam- 
eter, supports the boom at the center of the reflector. Once 
the center mounting plate is installed, the center boom is 
attached using four small angle brackets—two on each side 
of the reflector. See Fig 39 for details of reflector and boom 

nbly. 

A small helix is used for the S-band antenna feed. 
The reflector for the helix is made from a 125-mm square 
piece of 1.6-mm thick aluminum. The center of the reflec- 
or has a 13-mm hole to accommodate the square center 
boom described above. The type-N connector is mounted 
to the reflector about 21.25 mm from the middle. This dis- 
tance from the middle is, of course, the radius of a helical 
ına for S-band. Mount the N connector with spacers 
so that the back of the connector is flush with the reflector 
surface. The helix feed assembly is shown in Fig 40. 

Copper wire, or tubing, about 3.2 mm in diameter is 
used to form the helix. Wind four turns around a 40-mm 
diameter form. The turns are wound counterclockwise. This 
is because the polarization sense is reversed from RHCP 
when reflected from the dish surface. The wire helix will 
spring ош slightly when winding is complete, 

nce the helix is wound, carefully stretch it so that 
the turns are spaced 28 mm (£1 mm). Make sure the fin- 
ished spacing of the turns is nice and even. Cut off the first 
half turn. Carefully bend the first quarter turn about 10" so 
it will be parallel to the reflector surface once the helix is 


Spacing = 12 


Retector 125 x 125 


Fig 40—Detalls of helix feed for S-band dish antennas. 
The type-N connector is fixed with three screws and is 
mounted on a 1.6-mm spacer to bring the PTFE molding 
flush with the reflector. An easier 


to 100 mm in diameter. 
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attached to the N connector. This quarter turn will form 
part of the matching section. 

Cut a strip of brass, 0.2 mm thick and 6 mm wide, 
and match the curvature of the first quarter turn of the 
helix, using a paper pattern. Be careful to get this pattern 
and subsequent brass cutting done exactly right. Using a 
large soldering iron and working on a heatproof surface, 
solder the brass strip to the First's turn of the helix. Unless 
you are experienced at this type of soldering, getting the 
Strip attached just right will require some practice. If it 
doesn't turn out right, just dismantle, wipe clean and try 
again, 

After tack soldering the end of the helix to the type- 
N connector, the first / tumn, with its brass strip in place, 
should be 1.2 mm above the reflector at its start (at the N 
connector) and 3.0 mm at its end, Be sure to line up the 
helix so its axis is perpendicular to the reflector. Cut off 
any extra turns to make the finished helix have 21 turns 
total. Once you are satisfied, apply a generous amount of 
solder at the point the helix attaches to the N connector. 
Remember this is all that supports the helix. 

Once the feed assembly is completed, pass the boom 
through the middle hole and complete the mounting by 
any suitable method. The middle of the helix should be 
at the geometrie focus of the dish. In the figures shown 
here, the feed is connected directly to the downconverter 
and then the downconverter is attached to the boom. You 
jay require a slightly different configuration depending 
n whether you are attaching a downconverter, preamp 
or just a cable with iple brackets may be 
used to secure the feed to the boom in a manner similar 
to the boom-to-reflector mounting. Be sure to use some 

ethod of waterproofing if needed for your preamp and/ 
‘or downconverter. 


Dish Feeds 

WOLMD describes in www.ultimatecharger.com/ 
that Feeding a dish has two major factors that determine 
the efficiency. Like a flashlight bulb, the feed source should 
evenly illuminate the entire dish, and none of the feed 
‘energy should spillover outside the diss reflect 
face. No feed system is perfect in illuminating a dish, 
Losses affect the gain from either under-illuminating or 
‘over-illuminating the dish (spillover losses). Typical dish 
efficiency is 50%. That’s 3 dB of lost gain. A great feed 
system for one dish can be a real lemon on another. A patch 
feed system is very wide angle, but a helix feed system is 
marrow angle, 

WOLMD has experimented with helical feeds for low 
ID antennas ("deep dishes) shown in Fig 41. A short- 
focal-rtio center-fed dish requires a wide-angle feed sys- 
tem to fully illuminate the dish, making the CP patch the 
preferred feed system. When used with an offseted dish, a 
bach. type feed system will result in a considerable spillover, 
or over illumination loss, with an increased sensitivity to 
off-axis ORM, due to the higher D of this dish. Offset-fed 
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Fig 41—WOLMD's dual helixdish feed for U and S 
bands. This early experimental feed was found to bo. 
wanting and he then turned to patch feeds for dishes. 
(WOLMD photo.) 


dishes do much better when fed with a helix antenna. 

A helix feed is simplicity personified, Mount a type. 
К connector on a flat reflector plate and solder a couple of 
Turns wire to the inner terminal. Designs are any where from. 
2 to 6 turns. The two-turn helices ate used for very short- 
focal-length dishes in the ID = 0.3 region, and the 6-turn 
helices are used with longer-focal-length (ЛЭ ~ 0.6) dishes, 
typically offset-fed dishes. Since AO-40 is right circular 
and the dish reflection will reverse the polarity, the helix 
should be wound left circular, looking forward from the 
connector. Helix feeds work poorly on the Hort loc 
length dishes but really perform well on the longer-focal- 
length offset-fed dishes. KSOE shows us the helix feed for 
his modified MMDS dish in Fig 42. This design employs 
the cupped reflector of WSIK. 


A Helix Feed for an Offset-Dish Antenna. 

‘This section describes WDAFAB's surplus PrimeStar 
offset-fed dish antenna with a 7-turn helical feed an 
shown in Fig 30. This S-band ant 
5 dB above sky noise. (Don’t try to receive Sun noise with 
the antenna looking near the horizon, since terrestrial noise 
will be greater than 5 dB, at least in a big-city environ- 
ment) WD4FAB received the dish from NONSV, who 
renamed the finished product the "FABStar:" 

"The dish's reflector is a bit out of the ordinary, with 
the shape of a horizontal ellipse. It is still a single parabo- 
loid, illuminated with an unusual feed horn. At 2401 MHZ 
(S band) we can choose to under-illuminate the sides of 
the dish while properly feeding the central section, or over- 
illuminate the center while properly feeding the sides. 
WD4FAB chose to under-illuminate, The WIGHZ water- 
bowl measurements showed this to be a dish with a focal 
point of 500.6 mm and requiring a feed for an (/D = 0.79, 
‘The total illumination angle of the feed is 69.8° in the ver- 
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Fig 42—K50E's helix feed for his MMDS S-band dish 
antenna. (KSOE photo.) 


tical direction and a feed horn with a 3-dB beamwidth of 
40.39, At 50% efficiency this antenna was calculated to. 
provide a gain of 21.9 dBi. A 7-turn helical feed antenna 
was estimated to provide the needed characteristics for this 
dish and is shown in Fig 43. 

The helix is basically constructed as described for 
the G3RUH parabolic dish above. A matching section for 
the first 44 turn of the helix is spaced from the reflector 
at 2 mm at the start and 8 mm at the end of that fractional 
turn. Modifications of the G3RUH design include the 
addition of a cup reflector, a design feature used by the 
originator of the helical antenna, John Kraus, WSIK. For 
the reflector, а 2-mm thick circular plate is cut for a 
94 mm (0.75 A) diameter with a thin aluminum sheet metal 
cup, formed with a depth of 47 mm. Employment of the 
cup enhances the performance of the reflector for a dish 
feed. as shown by KSOE. (See the KSOE material on the 
CD-ROM accompanying this book.) 

The important information for this 7-turn helical 
+ Boom: 12.7-mm square tube or "C" channel. 
+ Element; ‘inch diameter copper wire or tubi 

Close wind the element on a circular 1.50-inch tube 
or rod; the finished winding is 40 mm in diameter and 
spaced to a helical angle of 12.3%, or 28 mm spacing. 
These dimensions work out for an element circumference. 
of 10 A about the center of the wire. 

When WD4FAB tackled this antenna, he felt that the 
small number of helical element supports used by G3RUH 
would be inadequate, in view of the real-life bird traffic 
on the antennas at his OTH. He chose to use PTFE 
(Teflon) support posts every ' turn. This closer spacing 
of posts permitted a careful control of the helix-winding 
diameter and spacing and also made the antenna very 


Fig 43—Seven-turn LHCP helix feed for an offset dish, 
long 10, antenna, with DEM preamp. (WD4FAB photo) 


Fig 44—Mounting details of seven-turn helix and 
preamp. (WD4FAB photo.) 


robust. He set up a fixture on the drill press to uniformly 
predrill the holes for the element spacers and boom, 
Attachment of the reflector is through three very small 
aluminum angle brackets on the element side of the boom, 
Mounting of the helix to the dish requires modifica: 
tion of the dish's receiver-mounting boom. Fig 44 shows 
these modifications using a machined mount. NM2A con- 
structed one of these antennas and showed that а machine 
shop is not needed for this construction. He made a “Z” 
shaped mount from aluminum-angle plate and then used a 
spacer from a block of acrylic sheet. The key here is to get 
the dish focal point at the 1.5-tuen point of the feed 
antenna, which is also at about the lip of the reflector cup, 
The WIGHZ data for this focal point is 500.6 mm 
from the bottom edge of the dish and 744.4 mm from the 
top edge. A two-string measurement of this point c 
confirm the focal point, as shown by Wade in his writ- 
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Fig 45—Rain cover for preamp using a two-Iter soft- 
drink bottle with aluminum foil tape for protection from 
‘sun damage. (WD4FAB photo.) 


ings. When mounting this feed antenna the constructor 
must be cautious to aim the feed at the beam-center of 
the dish, and not the geometric center, as the original 
microwave horn antenna was constructed. Taking the 
illumination angle information noted above, the helical 
feed antenna should be aimed 5.5" down from the geo- 
metric center of the dish. 

As illustrated in Fig 44, a DEM preamp was directly 
mounted to the feed helix, using a TNC female connector 
‘on the helix, chosen for this case, since N connectors are 
quite large Kor this antenna. A male chassis connector 
should be mounted on the preamp so that the preamp can. 
be directly connected to the antenna without any adaptors, 
‘This photo also illustrates how the reflector cup walls were 
riveted to the reflector plate. 

Exposed connectors must be protected from rain- 
water. Commonly materials such as messy Vinyl Mastic 
Pads (3M 2200) or Hand Moldable Plastic (Coax Seal) are 
used. Since this is a tight location for such mastic applica- 
tions, a rain cover was made instead from a 2liter soft- 
drink bottle, Fig 45. Properly cutting off the top of the 
bottle allows it to be slid over the helix reflector cup and 
secured with a large hose clamp. You must provide UV 
protection for the plastic bottle and that was done with a 
wrapping of aluminum foil pressure-sensitive adhesive 
tape. 

There are many methods for mounting this dish 
antenna to your elevation boom. You must give consider- 

доп to the placement of the dish to reduce the wind load- 
ing and off-balance to the rotator system. In WD4FAB's 
FABSt installation, the off-balance issue was nota major 
factor, as the dish was placed near the center of the 
elevation boom, between the pillow-block bearing sup- 
ports. Since there is already a sizeable aluminum plate 
for these bearings, the dish was located to “cover” part 
of that plate, во as to not add measurably to the existing 
Wind-loading area of the overall assembly. 


1949 


A mounting bracket provided with the stock dish 
clamps to the end of a standard 2-inch pipe stanchion 
(actual measure: 2.38 inches in diameter). This bracket 
was turned around on the dish and clamped to the leg of 
a welded-pipe Tee assembly. See Fig 46. Pipe-reducing 
fittings were machined and fitted in the Tee-top bar, which 
Was sawn in all for clamping over the 1'/ inch pipe used 
for the elevation Воот. Bolts were installed through 
drilled holes and used to clamp this assembly. 


Patch Feeds for Dish Antennas 

Patch feeds are almost as simple as helix feeds. A 
patch is typically an N connector on a flat reflector plate 
with a tuned flat-metal plate soldered to the inner term 
nal. Sometimes the flat plate is square; sometimes it is 
rectangular; sometimes it is round, It could have two feed. 
points, 90° out of phase for circular polarization, as used 
in the construction of the AO-40 U-band antennas. Some 
patches are rectangular with clipped comers to create a 
circular radiation pattern 

On 2401 MHz, the plate is 57 mm square and spaced. 
3 mm away from the reflector. The point of attachment is 
‘about halfway between the center and the edge. A round 
patch for 2401 MHZ is about 66 mm in diameter. These 
patches work well on the shorter focal length center-fed 


Fig 46—Welded pipetitting mount bracket for FABStar 
dish antenna. (WD4FAB photo.) 


19-20 Chapter 19 


MMDS and TVRO dishes. G3RUH made a CP patch feed 
for these short ID dishes, shown in Fig 31 and Fig 47, 
Robert, WOLMD, has done a considerable an 
of experimenting with patch feeds for his dish an 
One tri-band feed is shown in Fig 48. These are circular 
patches that have CP properties through the arrangement 
of the feed point and a small piston-variable capacitor 
that is offset from the feed point. Fig 49 shows some of 
the many patches that Robert has created for his trials. 


A No-Tune Dual-Band Feed for Mode L/S 

Jerry, KSOE, notes that the AO-40 transponder has 
two uplink receivers active most of the time for CW/SSB 
activity. Most operators use U band at 435 MHz (70 cm). 
Also available, however, are two L-band (23-cm) receiv- 
ers: L1 at 1269 MHz and L2 at 1268 MHz. The reasons 


the benefits in reduced antenna size and AGC suppression, 
The types of L-band antennas are varied as well. Many use 
helices. Others use beams and arrays of beams. Still 
others use dishes, small and large. 

KSOE recently acquired an old UHF TV dish measur- 
ing 1.2 meters in diameter. He wanted to use it both to re- 
ceive on S band at 2401 MHz (13em) and to transmit on the 
uplink on L band. He covered it with aluminum mesh and 
built a dual-hetix feed for it, but was unhappy with the L- 
band performance. I seems the concentric helices interacted 
with each other substantially. Having had good success with 
patch feeds on $ band, he designed, built and installed а 
dual-patch feed on a L5-meter solid dish for 
Field Day 2002. This arrangement worked superbly’ ог 
uplink (with 25 W), but was embarrassingly deaf on receive. 
‘This second dual-band feed failure led him to experiment 
for months with different configurations, leading ultimately 
10 the design presented here. The project goals were: 


+ Good performance on both S-band receive and L- 
band uplink. 

+ An easy-to-produce model using common hardware 
and simple hand tools. 


helices as dish feeds. This 
investigation and 


Fig 47—Dotalls of 
СЁ-раїсһ feed for short 
WD dish antennas by 
(G3RUH and ONGUG. 


Fig 48—A triband (U, L and S bands) patch-CP feed for 
large dish antennas for A0-40 service. (WOLMD photo.) 


experimenting with helix antennas. In the middle of this 
investigative foray, he saw the radiation pattern for the 
(G3RUH patch feed published on James Miller's web site. 
When he modeled that pattern and input it into the 
WIGHZ feed pattern program, it produced an amazing 
12% efficiency. The best helix he ever modeled has about 
60% efficiency. ISCVS recently ran his own antenna range 
tests of a design similar to the G3RUH patch and pro- 
duced a similarly impressive pattern. 

‘Then KSOE came across the truncated corners 
square patch design popularized by K3TZ. This AO-40 
design here is attributed to JNIJVW, JF6BCC and 
JGLIK. There are references in the literature going back 
over a decade for this now-common commercial design. 
The first model KSOE built outperformed his best heli 
in-cup design by a full S unit (delta over the noise) on his 
FT-100 portable setup. Compared to a helix, the patch 
simply has better illumination efficiency with less 
spillover from side lobes. 

Patch theory is beyond the scope of this article, but 
сап be summarized as building а shape that resonates atthe 
desired frequency, compensated in size by the capacitive 
inductance between itself and the reflector. A patch can be 
practically any shape since it basically acts like a parallel- 
plate transmission line. Current in the patch flows from the 
feed point to the outer edge(s), where all the radiation 
‘occurs. The reputed, but often disputed, circularity of the 
truncated corner patch is accomplished by effectively 
designing two antennas into the patch element (of two dif- 
ferent diagonal lengths) and feeding them 90" ош of phase. 

For KSOE's 12-meter dish, shown in Fig 50, com- 
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Fig 49—Some of the many experimental CP- 
antennas by WOLMD. (WOLMD photo.) 


Fig 50—The 1.2-meter dish with dual-band patch feed 
(К5ОЕ photo; courtesy ofThe AMSAT 


putatio 
dBi on S band, with an assumed 50% efficiency: 


К 


predicted 21-dBi gain on L band and almost 27 


(E48) 


where 
n = efficiency 
A = wavelength in meters. 
А = aperture of the dish in meters = x x 1° 
т = dish radius in meters = diameter/2 in meters = 


pr 
D 


1921 


At 2401.5 MHz, A 


00/2401 


0.125 meters 


4x314) 
ons | 


0 оао змов), 664: 


Where does the feed get mounted? The focal point is 
where the parabolic shape of the dish concentrates the 
reflected signal. In KSOE's case the antenna was placed 
flat on the garage floor to measure the depth 

1=D*/164 (ка) 


where 
diameter ofthe dish in inches. 


lepth of the dish in inches 
f = 48 / (16 x 7.25) = 19.8 inches (50.5 em) 


This is just one example of countless combinations 
of hardware and patch designs. Inherent in this design, 
however, are five key design and construction features 
developed from building and empirical testing of a nu 
ber of patch feeds. 


1. The specified dimensions are critical for no-tune oper 
Чоп. Fig 51 shows the dimensions necessary to build 
the dual-feed patch. (KSOE recommends you reproduce 
this sketch accurately on graph paper. When you cut 
Your patches you сап lay them on the paper template 
Tor checking.) Repeat: These dimensions are critical, 
Even a0.5-mm error will throw your resonance off con- 
siderably patches are not broadband. 


Fig 51—Dual 
millimeter 
AMSAT Jour 


and patch feed dimensions, In 
(SOE diagram; courtesy of The 
n) 
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2. The reflector must be rigid. Spacing between the 
driven element (patch) and the reflector affects the 
resonant frequency. KSOE found 0.025-inch alumi- 
mum sheet and 26-gauge copper sheet acceptable for 
a single S-band patch feed, but too flimsy for an 
L-band reflector, Use more rigid material or provide 
additional stiffening for the L-band reflector, as 
shown in Figs 82, 53 and 54. 

3. The patches must be electrically isolated from each 
other. A metallic center support works for a single 
patch but creates harmonic-coupling problems when 
patches are stacked for multiband use. The use of 
nylon machine screws and nuts helps solve the vexing 
problem of the S-band patch coupling to the 
L-band patch, 

4. The “straight corners” of the truncated comer patch 
must be kept clear of any nearby metal, This includes 
the edges of the feed support or cup, ir used. See Fig 
E 

5. Feeding the patches at 90° to each other minimizes the 
electromagnetic interaction between the two antenna 
fields 


One final design issue deals with the first harmonie 
of the L-band antenna, You must significantly reduce the 
potentially destructive effect from the 1269-MH2 signal's 
second harmonic. Severe desense of your receive signal. 
‘could occur and potentially even overload and damage the 
first active device in your system. Sensitive preamps and 
downconverters without a pre-RF-ampliicr filler will need 
an external filter. KSOE has used a G3WDG stub filter rated 
at 100-48 rejection with good success ahead of his preamp. 
His current setup, however, uses a AIDC-3731AA 
downconverter with its internal combline filter providing. 
adequate filtering. Using the downconverter directly at the 


Fig 52—Assembly of the L band reflector. (KSOE photo; 
courtesy of The AMSAT Journal.) 


Fig 53—The support, L-band reflector and patch. (KSOE 
photo; courtesy of The AMSAT Journal.) 


Fig 54—The completed dual-band patch feed. 
(К5ОЕ photo; courtesy of The AMSAT Journal 


feed point has a noise figure (NF) of 1.0 dB, compared to 
the cumulative NF of 1.6 dB using a filter and a preamp. 
Construction of the feed begins with selection of 
‘material for both the electrical parts (the antennas) and the 
‘mechanical parts (the support structure). The L-band 
antenna is constructed using a 6 x 6-inch double-sided ci 
cuit board for the reflector and a piece of 26-gauge copper 
sheet for the driven element (patch). А flanged female type- 
N connector is used for the feed connection. The S-band 
antenna is constructed of two pieces of 26-gauge copper 
sheeting and the feed connection is made with a short piece 
of UT-141 (0.141-inch copper-clad semirigid coax) term 
nated in a male SMA fitting. Fig 52 illustrates the assem- 
bly of the L-band reflector with the nylon-center support 
bolt, the L-band N-connector, and the S-band semirigid 
coax terminated onto an SMA-to-N adapter through the 
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circuit board, 

The support structure began life as а paint can, mea- 
suring 155 mm in diameter. It was cut down to а 15-mm 
depth. Cut a hole in the middle of the bottom of the can 
and trim the PC board to fit inside the can bottom. Use 
stainless-steel J. inch 4-40 bolts, washers and nuts to 
secure the PC board to the can bottom. A l'/-inch 
6-32 nylon bolt is secured through the center of the PC. 
board with two nylon nuts to provide the 6-mm spacing 
for the L-band patch, Fig 53 shows the L-band patch in 
position and ready to be soldered to the N-connector. Note 
the hole through the L-band patch allowing the S-band 
UT-141 coax to pass (without making contact) 

The remainder of the antenna is then assembled in 
‘order: First the L-band patch is secured with two nylon 
тив and soldered to the N-connector. Then the S-band 
reflector is secured with one nylon nut to provide 3-mm 
spacing, and the UT-141 coax shield is soldered to the 
S-band reflector. Finally, the S-band patch is secured with 
a single nylon nut (3-mm spacing) and soldered to the cen- 
ter conductor of the UT-141 coax. To summarize the over- 
all order of assembly: L-band reflector, two nylon nuts, 
L-band patch, two nylon nuts, S-band reflector, one nylon 
mut, S-band patch, and one nylon аш. 

‘An electrical check with an ohmmeter of the com- 
pleted feed should show the two reflectors connected, with 
the patches isolated from the reflectors and from each other. 
Fig 54 shows the completed feed. Note how the sides of 
the support are cut out to avoid proximity to the L-band 
patch and how the L-band and S-band patches are at 90° to 
each other. Fig SS shows the back of the feed, complete 
with an angle support for the downconverter. The flanged 
N-connectoris for the L-band coax and the male-N adapter 
is secured from the other side of the feed with the SMA 
fitting on the UT-141 coax. 

For those who are tempted to tune the patch, KSOE 
recommends doing it with the feed installed on the an- 
tenna—since the dish surface affects the feed-point im- 
pedance slightly. The feed-point impedance, and thus the 
resonant frequency, can be changed quite а bit by 
adjustment of the spacing of just the straight corners. 
There is no need to change the spacing at the center or the 
feed justa slight up or down bending of the straight cor- 
mers will change the tuning. Do this carefully: а little bit 
goes a long way. This patch design is very repeatable and 
will work adequately (an SWR below 1.5:1) with no 
adjustments, 

‘The antenna performs to the calculated predictions 
above. On receive, this antenna is 4 S units better than 
KSOE's 45-cm dish and 3 S units above his 65-cm dish 
(both other dishes have similar patch feeds and the same 
downconverter). It also clearly outperforms his previous. 
dual-helix arrangement on the 1.2-meter dish, but he was 
unable to do a side-by-side comparison. 

On transmit, it does equally well, with a decent sig- 
nal into the satellite with only 10W measured at the 
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Fig 55—Rear of the completed feed. (KSOE photo; 
courtesy of The AMSAT Journal.) 


antenna. The L band is noticeably improved over the helix 
predecessor. At low squint angles KSOE finds the 
L-band uplink to be about I S unit weaker than his U. 
band uplink. He later added a small plastic hat to extend. 
over the top of the patches to keep the rain and bird drop- 
pings off. both detune the patches when built up between 
the patch and the reflector. 

‘Though simple and effective, this is merely one way 
to construct a dual feed. Cookie-tin lids also make excel- 
lent supports. Tin snips are a good investment and much 
easier to use than a hacksaw. Use a flat file to remove burrs 
from the edges of the patches. Use stainless-steel hard- 
Ware, most notably %/-inch 4-40 machine bolts and nuts 
for the antenna hardware and "inch 6-32 for the support- 
structure connections to the support arms (inch alumi- 
‘num tubing). The copper sheet is much easier to solder to 
than aluminum. Once completed, the feed received a few 
coats of white enamel paint to protect the copper and to 
‘minimize the visual reflections. 

This is not the only dual-band antenna on AO-40, 
‘There are many varied, innovative designs available, 
including G6LVB's simple and effective 1.2-meter home- 
brew stressed chicken wire dish with a dual-G3RUH helix 
feed. G3WDG has a 3-meter dish with L/S-band helices 
and a K-band (1.3-cm) feed horn, and WOLMD has devel- 
‘oped some popular dual- and tri-band "round" patch feeds, 
(See the Notes and References, as well as the CD-ROM 
bundled with this book.) 
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Fig 56—The 
portable 435-MHz 
helix assembled. 
and ready for 


For additional information on constructing anten- 
паз, feeds and equipment techniques for use at micro- 
wave frequencies, see The ARRL UHF/Microwave 
Experimenter's Manual and The ARRL UHF/Microwave 
Projects Manual. Both of these books have a wealth of 
information for the experimenter. 


PORTABLE HELIX FOR 435 MHZ 

Helical antennas for 435 MHz are excellent uplinks 
for U-band satellite communications. The true circular 
polarization afforded by the helix minimizes signal spin 
fading that is so predominant in these applications. The 
‘antenna shown in Fig 56 fills the need for an effective por- 
table uplink antenna for OSCAR operation. Speedy assem- 
bly and disassembly and light weight are among the 
benefits of this array. This antenna was designed by Jim 
McKim, WOCY. 

As mentioned previously, the helix is about the most 
tolerant of any antenna in terms of dimensions. The 
dimensions given here should be followed as closely as 
possible, however. Most of the materials specified are avail- 
able in any well supplied do-it-yourself hardware or build- 
ing supply store. The materials required to construct the 
portable helix are listed in Table 1 

"The portable helix consists of eight turns of inch 
soft-copper tubing spaced around a I-inch fiberglass tube 
ог maple dowel rod 4 feet, 7 inches long. Surplus alumi- 
‘num jacket Hardline can be used instead of the copper tub- 
ing if necessary. The turns of the helix are supported by 
5-inch lengths of "inch maple dowel mounted through 
the L-inch rod in the center of the antenna. Fig STA shows 
the overall dimensions of the antenna, Each of these sup- 
port dowels has a V-shaped notch in the end to locate the 
tubing, as shown in Fig 57B. 

‘The rod in the center of the antenna terminates at 
the feed.point end in a 4-foot piece of l nch ID galva- 


Table 1 
Parts List for the Portable 435-MHz Helix 
Фу пот 

1 Type N female chassis mount connector 


18 feet ein, soft copper tubing 


41001 t-inch ID galvanized stool pipe 

1S feet x 14nch fiberglass tube or maple dowel 

14 S-inch pieces of tinch maple dowel (6 foot 
total) 

een aluminum plate, 10 inches diameter 

3 2x пеп steel angle brackets 

1 80 x 30-inch (round or square) aluminum 
screen or hardware cloth 

B feet Vex ax en aluminum channel stock or 
old TV antenna element stock. 

3 Small scraps of Teflon or polystyrene rod 
(spacers for first half turn of helix) 

1 ex 8 x S-inch aluminum plate (boom-to-mast. 
plato) 

„ inch U bolts (boom-o-mast mounting) 

3 feet 422 bare copper wire (helix turns to таре 


spacers) 
Assorted hardware for mounting connector, aluminum 
plato and screen, otc. 


nized steel pipe. The pipe serves as a counterweight for 
the heavier end of the antenna. The 1-їпеһ rod material 
inside the helix must be nonconductive. Near the point 
Where the nonconductive rod and the steel pipe are joined, 
а piece of aluminum screen or hardware cloth is used as 
а reflector screen. 

If you have trouble locating the -inch soft copper 
tubing, try a refrigeration supply house. The perforated 


aluminum screening can be cut easily with tin snips. This 
material is usually supplied in 30 x 30-inch sheets, mak- 
ing this size convenient or a reflector screen. Galvanized 
inch hardware cloth or copper screen could also be used 
for the screen, but aluminum is easier to work with and is 
lighter. 

A Mino! 


thick aluminum sheet is used as the sup- 
port plate for the helix and the reflector sereen. Surplus 
rack panels provide a good source of this material. Fig 58 
shows the layout of this plate. 

Fig 59 shows how aluminum ch 
to support the reflector screen. (Aluminum tubing also 
works well for this. Discarded TV antennas provide plenty 
of this material if the channel stock is not available.) The 


mel stock is used 


screen is mounted on the bottom of the 10-inch alumi 
center plate. The center plate, reflector sere 
stock are connected together with plated hardware or pop 
rivets. This support structure is very sturdy. Fiberglass 
tubing is the best choice for the center rod material 
igh maple dowel can be used, 

Mount the type-N connector on the bottom of the cen. 
ter plate with appropriate hardware. The center pin should 
be exposed enough to allow a flattened end of the copper 
tubing to be soldered to it. Tin the end of the tubin 

itis flatter 


ıd channel 


altho 


after 
ed so that no moisture can enter it. If the helix 


is to be removable from the ground-plane screen, do not 
solder the copper tubing to the connector. Instead, prepare 
а small block of brass, drilled and tapped at one side for a 
6-32 screw. Drill another hole in the brass block to accept 
the center pin of the type-N connector, 
nection. Now the connection to the copper tubing helix. 
can be made in the field with a 6-32 serew instead of with 
а soldering iro 


nd solder this соп- 


= 
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Fig 57—At A, the layout of the portable 435-MHz helix is shown. Spacing between the first 5-inch winding-support 


dowel and the ground plane Is ‘/ Inch; ай other dowels are spaced 3 Inches apart. At B, the d 
Wwinding-support dowels to accept the tubing is shown. As indicated, drill a inch hole below the notch for a pie 


ol small wire to hold the tubing in place. 
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Fig 58—The ground plane and feed-point support 
assembly are shown. The circular plece Is a 10-inch 
diameter, -inch thick piece of aluminum sheet. (А 
plate may be used instead. Three 2 x "inch 
rackets are bolted through this plate to the 
backside of the reflector screen to support the screen 
on the pipe. The type-N female chassis connector is 
‘mounted in the plate 4 Inches from the 1-inch diameter 
center hol 


Refer to Fig 57A. Drill the fiberglass or maple rod. 
at the positions indicated to accept the S-inch lengths of 
"inch dowel. (IE maple doweling is used, the wood must 
be weatherproofed as described below before drilling.) 
Drill а inch hole near the notch of each S-inch dowel 
to accept a piece of #22 bare copper wire. (The wire is 
used to keep the copper tubing in place in the notch.) 
Sand the ends of the S. wen dowels so the glue will adhere 
properly, and epoxy them into the main support rod. 

Begin winding the tubing in a clockwise direction 
from the reflector screen end. First drill a hole in the flat- 
tened end of the tubing to fit over the center pin of the 
type-N connector. Solder it to the connector, or put the. 
screw into the brass block described earlier. Carefully pro- 
ceed to bend the tubing in a circular winding from one 
support to the next. 

See the earlier section entitled “S0- Helix Feed" 
and Figs 19 and 20 to see how the first half-turn of the 
helix tubing must be positioned close above the reflector 
assembly. Fig 59B shows also an excellent example by 
K9EK on matching his U. band helical antenna to а 52-02 
feed line. It is important to maintain this spacing, since 
extra capacitance between the tubing and ground is 
required for impedance-matching purposes. 

Insert a piece of 422 copper wire in the hole in cach. 
support as you go. Twist the wire around the tubing and 
the support dowel. Solder the wire to the tubing and to. 
itself to keep the tubing in the notches. Continue in this 
‘way until all eight turns have been wound. After winding 
the helix, pinch the far end of the tubing together and 
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Fig 58—At top, the method of reinforcing the reflector 
screen with aluminum channel stock is shown. In this 
version of the antenna, the three angle brackets of Fig 
58 have been replaced with a surplus aluminum flange 
assembly. (WOCY photo.) At bottom, this helix view 
‘shows the details of a '/-turn matching transformer, as 
discussed in the text. (K9EK photo.) 


solder it closed. 


A word about preparing the maple doweling is in 
‘order. Wood parts must be protected from the weather to 

ге long service life. A good way to protect wood is 
to boil it in paraffin for about half an hour. Any holes to 
be drilled in the wooden parts should be drilled after the 
paraffin is applied, since epoxy does not adhere well to 
wood after it has been coated with paraffin, The small 
dowels can be boiled in a saucepan, Caution must be 
exercised here—the wood ean be scorched if the paraffin 
is too hot, Paraffin is sold for canning purposes at most 
grocery stores. Wood parts can also be protected with 
three or four coats of spar varnish. Each coat must be 
allowed to dry fully before another coat is applied. 

"The fiberglass tube or wood dowel must fit snugly 


With the steel pipe. The dowel can be sanded or turned. 
down to the appropriate diameter on a lathe. If fiberglass 
is used, it can be coupled to the pipe with a piece of wood 
dowel that fits snugly inside the pipe and the tubing. Epoxy 
the dowel splice into the pipe for a permanent connection, 

Drill two holes through the pipe and dowel and bolt 
them together. The pipe provides a solid mount to the boom 
of the rotator, as well as most of the weight needed to coun- 

а. More weight can be added to the 
pipe if the assembly is "ront-heavy (Cut off some of the 
pipe if the balance is off in the other direction.) 

‘The helix has a nominal impedance of about 105 2 
in this configuration. By varying the spacing of the first 
half turn of tubing, a good match to 52-02 coax should be 
obtainable. When the spacing has been established for the 
first half turn to provide a good match, add pieces of poly- 
styrene or Teflon rod stock between the tubing and the 
reflector assembly to maintain the spacing. These can be 
held in place on the reflector assembly wi 
ant. Be sure to seal the type-N connector with the san 

nateril. 


terbalance the ante 


silicone seal- 


Exposed Antenna Relays and Preamplifiers 
For stations using crossed Ya 
operation, one feature that has been quite helpful for con 
municating through most of the LEO satellites, has been 
the ability to switch polarization from RHCP to LHCP. In 
some satellite operation this switchable CP ability has been 
essential. Operation through AO-40 has not shown a great 
weed for such CP agility, since if the satellite is seriously 
off-pointed the signals are not particularly useable. When 
‘AO-40's squint angle is less than 25° the need for LHCP 
has not been observed. For those using helical antennas or 
helical-ed dish antennas, we just would not have the choice 
to switch CP unless an entirely new antenna is added to. 
the cluster for that purpose, Not many of us have the luxury 
of that kind of space available on our towers, 

For stations with switehable-circularity Yagi anten- 
mas, experience with exposed circularity switching relays 
and preamplifiers mounted on antennas have shown that 
they are prone to failure caused by an elusive mechanism 
known as diurnal pumping. Often these relays are cov- 
егей with a plastic case, and the seam between the case 
and PC board is sealed with a silicone sealant, Preamps 

nay also have a gasket seal for the cover, while the con- 
asily leak air. None of these methods create a 

true hermetic seal and as a result the day/night tempera- 
ture swings pump air and moisture in and out of the relay 
ог preamp case. Under the right conditions of temperature 
and moisture content, moisture from the air will condense 


inside the case when the outside air cools down. Condensed 
water builds up inside the case, promoting extensive 
corrosion and unwanted electrical conduction, seriously 
degrading component performance in a short time. 

A solution for those antennas with “sealed” plastic 
relays, such as the KLM CX series; you can avoid prob- 
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Fig 60—KLM 2М-22С antenna CP switching relay with 
relocated balun. The protective cover is needed for rain 


rotection, be sure to use a polystyrene kitchen box, 
See text. (WDAFAB photo.) 


Fig 61—A NEMAS box is used to shelter the L-band 
tronics and power supply. The box flanges are 

‘convenient for mounting preamplifiers. The box is 

shown inverted since itis on a tll-over tower. (WD4FAB 


odifications shown in Fig 60. Relo- 
as shown and place à clear polystyrene. 

rover the relay. Notch he con- 
element and the boom so the 


plastic refrigerator сомай 
ainer edges for the dri 
container will sit down over the relay, shelter 
the elements, Bond the container in place with a Few dabs 
of RTV adhesive sealant. Position the antenna in an "X" 
orientation, so neither set of elements is parallel to the 
ground. The switcher board should now be canted at an 
angle, and one side of the relay case should be lower 
than the other. An example for the protective cover for an 
‘S-band preamp can be seen in the discussion on feeds for 
parabolic antennas, 

For both the relay and preamp cases, carefully drill a 
3/32-inch hole through the low side of the case to provide 
the needed vent. The added cover keeps rainwater off the 


it from 
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relay and preamp, and the holes will prevent any buildup 
‘of condensation inside the relay case. Relays and pream- 
plifers so treated have remained clean and operational over 
periods of years without problems, 

Another example for the protection of remotely, tow 
mounted equipment is shown in Fig 50, illustrating the equip 
ment box and mast mounted preamplifiers at the top of 
 WDAEAB's tower. The commercial NEMA4-rated equip- 
теш box, detailed in Fig 61 (shown inverted), is used to 
protect the 23-cm power amplifier and its power supply, as 
Well as a multitude of electrical connections. This steel box 
is very weather resistant, with an exceptionally good epoxy 
finish, but it is not sealed and so it will not trap 
be condensed with temperature changes. Ве sure to use 4 
box with at least a NEMAG rating for rainwater and dust 
protection, The NEMAS rating is just a little better protec- 
tion than the NEMA3 rating. Using a well-rated equipment 
box is very well worth the expense of the box. As you can. 
see, the box also provides some pretty good Пап 
the mast-mounted preamplifiers for three bar 
is an elegant solution for the simple need of ra 
your equipment. See Fig 62. 


Elevation Control 
Satelite antennas need to have elevation control to 
point up to the sky. This is the "EI" part of A2-El control 
ns for CP 


of satellite antennas. Generally, elevation boc 


Fig 62—Protection for tower-mounted equipment need 
not be elaborate. Be sure to dress the cables as shown 
зо that water drips off the cable jacket before it 
reaches the enclosure. One hazard for such open- 
bottom enclosures is that of animals liking the cable 
Insulation as a delicacy. Flying insects also like to bulld 
their houses in these enclosures. 
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satellite antennas need to be non-conducting so that the 
boom does not affect the radiation pattern of the antenna, 
the example shown next, the elevation boom center sec- 
tion is a piece of extra-heavy-wall l f ieh pipe (for greater 
strength) coupled with а tubular fiberglass-epoxy boom 
extension on the 70-em end and a home-brew long exten- 
sion on the 2-meter end. This uses large PVC pipe rein- 
forced with four braces of Phillystran non-metallic guy 
cable. (PVC pipe is notoriously flexible, but the Phillystran 
‘cables make а quite stiff and strong boom of the PVC pipe.) 
For smaller installations, a continuous piece of fiberglass- 
‘epoxy boom can be placed directly through the elevation 
Elevation boom motion needs to be powered, and 

‘one solution by WD4FAB, shown in Fig 63, uses a sur- 
plus jackscrew drive mechanism. ISCVS has also built 
his own robust elevation mechanism. See Fig 64. Note i 
‘each of these applications the methods used to provide 
for the elevation mechanism. In WDAFAB's case, 

axis is a piece of heavy-duty 1'/2-inch pipe, 


Fig 63—WDAFAB's homebrew elevation rotator drive 
Using a surplus-store drive screw mechanism. Note 

Iso the largo journal bearing supporting the elevation 
axis pipe shaft. (WD4FAB photo.) 


(inch OD) and large 2 inch journal bearings are 
used for the motion. ISCVS uses a very large hinge to 
allow his motion. 

Robust commercial solutions for Az-El rotators have 
given operators good service over the years. 
Mar 


A 


Fig 64—18CVS's homebrew elevation mechanism 
using a very large, industrial hinge as the pivot 
and a jackscrow drive. (ISCVS photo.) 


Fig 65—At left Yaesu Az-El antenna-rotator mounting system is shown. Note that antenna loads must be mor 


suppliers. One operator, VESFP, found a solution for his 
A2-El needs by using two low-cost, lightweight TV rota- 
из. See Fig 65B. 


CONVERTED C-BAND TVRO DISHES 

In working with larger, converted C-band TVRO 
dishes for AO-40, some operators have used only the polar 
mount with its jack-screw mechanism. See Fig 66. This 
dish is called Big Ugly Dish or just "BUD" by their users. 
Only using the polar mount mechanism limits the opera- 
tor in the range of motion, as previously discussed 
WOLMD provides for a greater degree of articulation of 
these dishes through several п 


schanisms. One of these is 
а sector-gear elevation drive, shown in Fig 67. 

For the azimuth motion of our satellite anter 
use motorized rotator drives, mainly the co 
sources previously mentioned. Most antennas are tower 
mounted, allowing the placement of the rotator inside the 
tower. For the large wind loads of satellite antennas, these 
‘commercial rotators become rather expensive 

High loads are also prominent with the use of BUD 


carefully balanced on this rotator than in the previously shown systems. At right, VESFP has a solution for his Az-El 


rotators by bolting two of them together in his “An Inexpensive Az-El Rotator System", QST, December 1998. 
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Fig 66—A TVRO dish-drive system Is shown on its pol 
‘mount, using a protected drive-screw mechanism. 
(WOLMO photo.) 


Fig 67—A modified TVRO dish mount is shown using an 
Az-El mount and a sector-gear drive for the elevation. 
(WOLMD photo.) 


antennas, and WOLMD has agai 


engineered some very 

robust mechanisms using combinations of motorcycle- 

chain drives, V-belt drives and gear-head motors, as seen 

in Fig 68. An overall view of one of his BUD antennas is 

shown in Fig 69, showing the Az drive with an El drive 
jechanism. 


that uses a jackscrew. 


Operators through the years have employed many 
methods for the control of their antenna positions, rang- 
ing from true arm-strong manual positioning, to manual 
‘operation of the powered antenna azimuth and elevation 
rotators to fully automated computer control of the rota- 
tors, While computer control of the rotators is not esser 
tial, Ше is greatly assisted with their use. For many year 
‘one of the keystone control units for rotators has been 
the Kansas City Tracker (KCT) board installed in your 
‘computer. Most satellite-tracking programs сап com 
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Fig 68—WOLMD constructed a very robust and low-cost 
Az drive mechanism. (WOLMD photo.) 


the KCT with ease. One difficulty with the KCT unit is 
that they are 8-bit digital units, providing positioning pre- 
cision of 0.35° in elevation and 1.41" in azimuth. For the 
larger dishes, with their narrow beamwidths, these values 
of precision are unacceptable, There are other options to 
replace the KCT unit. 

A recent trend for amateur a 
evolving in the fo 
lates computer antenna-position information into control- 
ler commands with an understanding of antenna-position 
limits. These boxes, represented by the EasyTrak шай, 
Fig 70, from the Tueson Amateur Packet Radio (TAPR) 
group, have made this capability readily available for many 
amateurs. This unit is a 10-bit encoder, providing preci- 
sions of 0,09" in elevation and 0.35° in azimuth, The com- 
puter can also control the operation of your station 
transceiver through the radio interface provided in 
EasyTrak; you will not need any other radio interface. 

(Other position readout and control options are avail- 
able. For many years ham operators have employed syn- 
chros, or selsyns, for their position readouts. These are 


control has been 


of a standalone controller that trans- 


is shown, using a jackscrew elevation drive. (WOLMD 
photo.) 


Fig 70—The EasyTrak automated antenna rotator and 
radio controller by TAPA. (WD4FAB photo.) 


specialized transformers, using principles developed over 
sixty years ago and employed in such devices as surplus 
“radio compass” steering systems for aircraft, While the 
position readout of these devices can be quite precise, in 
general they only provide a visual position indication, 
‘one that is not easily adapted to computer control. ISCVS 
employs such a system at his station and his elevation 
synchro can be seen in Fig 64, using a weighted arm on 
the synchro to provide a constant reference to the Earth's 
gravity vector 

The more up-to-date, computer-friendly position re 
‘out methods used these days are usually based on preci- 
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Fig 71—WOLMD has experimented with highly precise 
‘optical encoders for his antenna position systems. See 
text. (WOLMD photo.) 


sion potentiometers or digital code wheels. Fig 71 shows 
such a digital code-wheel system employed by WOLMD. 
Не notes that such systems, while providing a very high 
precision of angular position, they are not absolute sys- 
tems and that once calibrated, they must be continually 
powered so they do not lose their calibration. Precisior 

potentiometers, on the other hand, provide an absolute 
position reference, but with a precision that is limited to 
the quality of the potentiometer, typically 0.5% (0.45° in 
El and 1.80° in Az) to 1.0%. So the choices have their 
individual limits, unless a lot of money is spent for very 
precise commercial systems 
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‘This section was updated by David Hallidy, K2DH. 
As mentioned earlier, the tremendous path loss incurred 
over an EME circuit places stringent requirements on Earth- 
station performance. Low-noise receiving equipment, п 
mum available power and high-gain antenna arrays are 
required for successful EME operation. Although it is pos- 
sible to copy some of the better-equipped stations with a 
low-gain antenna, it is unlikely that such an 
provide reliable two-way communications. Ar 
of at least 20 dBi is required for reasonable EME success 
Generally speaking, more antenna gain yields the most 
noticeable improvement in station performance, since the 
improves both the received and transmitted 


increased ga 
signals 
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EME Communications 
VHF/UHF EME ANTENNAS 


Several types of antennas for 2 meters and 70 em are 
popular among EME enthusiasts, Perhaps the most popu- 
lar antenna for 144-МН work is an array of either 4 or $ 
long-boom (14 to 15 dBi gain) Yagis. The 4-Yagi array 
provides approximately 20 dB gain, and an 8-Yagi array 
gives an approximate 3 dB increase over the 4-antenna 
e at a 30° tilt 
above the horizon for a stack of four 14-element 2-meter 
Yagis, each with a boomlength of 3.1 A (22 fee 
A1432 MHz, EME enthusiasts often use 8 or 16 lo 


array. Fig 72 shows the computed respi 


they can be constructed from readily available 
materials. Chapter 18, VHF and UHF Antenna Systems, 


has details on some popular Yagi desig 
‘The main disadvantage of Yagi arrays is that the 
polarization plane of the individual Yagis cannot be con- 
this is to use cross- 

polarized Yagis and a relay switching system to select the 
desired polarization, as deseribed in the previous section, 


‘This represents a considerable increase in system complex- 
ity to select the desired polarization. Some amateurs have 
gone so Far as to build complicated mechanical systems to 
allow constant polarization adjustment of all the Yagis in 
ıa large array. Fig 73 shows the KIFO 70-cm EME 16-Ya 
array with full polarization control, described in The ARRE. 
Antenna Compendium, Vol 3. This 432-MHz EME array 
uses open-wire phasing lines to minimize feed-line losses, 
Fig 74 shows the computed response for this array, which 
employs rugged but lightweight 14-element Yag 

3.1 A (7.1 foot) booms. Feed-line losses are not explicitly 
accounted for in the EZNEC Professional computer model 
but are estimated to be less than 0.25 dB. 

Polarization shift of EME signals at 144 MHz is fairly 
rapid, and the added complexity of arelay-controlled cross- 
polarized antenna system or а mechanical polarization 
‘adjustment scheme is probably not worth the effort. At 

where the polarization shifts at a much 


ап adjustable polarization system does offer a 
age over a fixed one. 

‘The Yagi antenna system used by Ed Stallman, 
NSBLZ, is shown in Fig 75. His system employs twelve 
144-МН long-boom I7-element Yagi antennas, The mon- 
ster 48-Yagi 2-meter array of Gerald Williamson, KSQW, 
is shown in Fig 76, and the huge 48-Yagi 70-em EME 
array of Frank Potts, N I. is shown in Fig 77. 

‘Although not as popular as Yagis, Quagi antennas 
(made from both quad and Yagi elements) are sometimes 
used for EME work. Slightly more gain per unit boom 
length is possible as compared to the conventional Yagi, 


at the expense of some robustness. Additional informa- 
tion on the Quagi is presented in Chapter 18, VHF and 
UHF Antenna Systems, 

‘The collinear array is an older type of antenna for 
EME work. A 40-element collinear array has approximately 


Fig 73—K1FO's variable polarization 16 x 14-olemer 
(8.63. boom lengths) 432-МН EME array shown at 2° 
elevation and vertical polarization. (See The ARAL 
‘Antenna Compendium, Vol 3.) 


Fig 72—EZNEC Pro elevation pattern for four 14- 
element 2-meter Yagis (3.6. boom lengths) at an 
elevation angle of 30° above the horizon. The computed 
‘system gain is 21.5 «В, sultable for 2-motor EME. This 
assumes that the phasing system is made of open-wire 
transmission lines so that feed-line losses can be kept 
below 025 dB. 
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required 2464 segments!) With assumed phasing 
harness feed-line losses of 0.25 dB, the overall gain 
‘exceeds 27.5 dBi. 
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the same frontal area as am array of four Yagis, but pro- 
duces approximately 1 to 2 dB less gain. One attraction to 
a collinear array is that the depth dimension is consider- 
ably less than the long-boom Yagis. An 80-element col- 
linear is marginal for EME communications, providing 
неу 19 dB gain. As with Yagi and Quagi ante 
collinear cannot be adjusted easily Tor polarity 
changes. From a construction standpoint, there is little 
difference in complexity and material costs between the 
collinear and Yagi arrays. 


DISH ANTENNAS FOR EME 


On 2 meters the m 


їп for reliable 


Fig 75—The ЕМЕ array used at NSBLZ consists of 
twelve long boom 144-MHz Yagis. The tractor, lower left, 
really puts this array Into perspective! (Photo courtesy 
NSBLZ) 


Fig 76—KSGW's huge 48-Yagl 2-meter EME array. 
(Photo courtesy KSGW) 
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EME communications is about 20 dBi. While a few ama- 
teurs have had access to parabolic dishes large enough for 
EME work at 144 and 222 MHz, at those frequencies ar 
array of four long Yagis is equal in gain а dish 24 feet ir 
diameter! To achieve truly high-gain performance from a 
dish on 2 meters would require a reflector diameter of 
nearly 96 feet (providing 32 dBi gain). Such undertaki 
эге generally beyond amateur means, so there has been litle 
work done with dishes at low frequencies, except for the 
occasional expedition to one of the large radio telescopes 
that have accommodated amateur ЕМЕ work, 


Microwave Parabolic Dish Antennas 
The major problems associated with parabolic dish 
iechanical ones. A dish of about 16 feet i 
diameter is the minimum size required for successful EME 
‘operation on 432 MHz. With wind and ice loading, struc- 
lures of this size place a real strain on the mounting and 


positioning system. Extremely rugged mounts are required 
for large dish antennas, especially when used in windy 
locations. Fig 78 shows the impressive 7-meter diameter 


Fig 77—NCII's magnificent 48-Yagi 70-cm EME array. 
(Photo courtesy NEIL) 


dish built by David Wardley, ZL1BIQ. 
Several aspects of parabolic dish antennas make the 
extra mechanical problems worth the trouble, however. For 
example, the dish antenna is inherently broadband, and may 
be used on several different amateur bands by simply 
changing the feed. An antenna that is suitable for 432 MHZ 
work will most likely be usable on several of the higher 
amateur bands too. Increased gai 
quency of operation is increased, 
‘Another advantage of a dish is the flexibility of the eed. 
system, The polarization of the feed, and therefore the polar- 
ization of the antenna, сап be changed with litle difficulty. It 
is relatively easy matter to devise a system to rotate the feed 
remotely from the shack to change polarization, Because 
polarization changes сап account for as much as 30 dB of 
signal attenuation, the rotatable feed can make the di 
Terence between consistent communications and no commu- 
nications at all, Further information on Parabolic Antennas 
can be found in Chapter 18, VHF and UHF Antenna Systen 
эз well as in the section below. 


A 12-FOOT STRESSED HOMEBREW 
PARABOLIC DISH 

Very few antennas evoke as much interest among UHF 
amateurs as the parabolic dish, and for good reason. First, 
the parabola and its cousins—Cassegrain, hog horn and 
Gregorian—are probably the ultimate in high-gai 
nas. One of the highest-gain antennas in the world (148 dB) 
is a parabola, This is the 200-inch Mi. Palomar telescope. 
(The very short wavelength of light rays causes such a high 
gain to be realizable.) 

‘Second, the efficiency of the parabola does not change 
аз size increases. With Yagis and collinear arrays, the losses 
in the phasing harness increase as the array size increases. 
‘The corresponding component of the parabola is lossless 
ай between the feed horn and the reflecting surface. If there 
are a few surface errors, the efficiency of the system stays 
constant regardless of antenna size. This project was pre- 
sented by Richard Козе, K2RIW, in August 1972 QST. 


is available as the f 


Fig 78—ZL1BJ0's homemade 7-meter (23-foot) 
parabolic dish, just prior to adding "inch wire 
mesh. (Photo courtesy ZL1BJ0.) 
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Some amateurs reject parabolic antennas because of 
the belief that they are all heavy, hard-to-construct, have 
large wind-loading surfaces and require precise surface 
accuracy. However, with modern construction techniques, 
a prudent choice of materials and an understanding of 
accuracy requirements, these disadvantages can be largely 
‘overcome. A parabola may be constructed with a 0.6 (ЛУ 
(focal length/diameter) ratio, producing a rather flat dish, 
Which makes it easy to surface and allows the use of recent 
advances in high-efficiency feed horns. This results i 
greater gain for a given dish size over conventional 
designs 

Such an antenna is shown in Fig 79. This parabolic 
dish is lightweight, portable, easy to build, and can be used 
for 432 and 1296-MHz mountain topping, as well as on 
2304, 3456 and 5760 MHz. Disassembled, it fits into the 
trunk of a car, and can be assembled in 45 minutes. 

The usually heavy structure that supports the su 
face of most parabolic dish antennas has been replaced 
in this design by aluminum spokes bent into а near para- 
bolic shape by string. These strings serve the triple fune- 
tion of guying the focal point, bending the spokes and 
reducing the error atthe dish perimeter (as well as atthe 
center) to nearly zero. By contrast, in c 
designs, the dish perimeter (which has a greater surface 
area than the center) is farthest from the support 
ter hub, For these reasons, it often has the greatest error. 
This error becomes more severe when the wind blows. 

Here, each of the spokes is basically a cantilovered 
beam with end loading. The equations of beam be 


nventional 


Fig 79—A 124оо! stressed parabolic dish sot up for 
satellite signals near 2280 MHz. A preamplifier is shown 
taped below the feed horn. The dish was designed by 
KZRIW, standing at the right. From QST, August 1972. 
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predict a near perfect parabolic curve for extremely small 
deflections. Unfortunately the deflections in this dish are 
not that small and the loading is not perpendicular. For 
these reasons, mathematical prediction of the resultant 
curve is quite difficult. A much better solution is to mea- 
sure the surface error with a template and make the nec- 
essary correction by bending each of the spokes to fit 
‘This procedure is discussed later. 

The uncorrected surface is accurate enough for 432 
and 1296-MHz use. Trophies taken by this parabola in 
antenna-gain contests were won using a completely natu- 
ral surface with no error correction. By placing the trans- 
mission line inside the central pipe that supports the feed 
horn, the arca of the shadows or blockages on the reflector 
surface is much smaller than in other feeding and support- 

systems, thus increasing gain. For 1296 MHz, a back- 
fire feed hora may be constructed to take full advantage of 
this feature. At 432 MHz, a dipole and reflector assembly 
produces 1.5 dB additional gain over a corner-reflector feed. 
system. Because the preamplifier is located right at the horn 
on 2300 MHz, a conventional feed horn may be used. 


Construction 

Table 2 is a list of materials required for construc- 
tion. Care must be exercised when drilling holes in the 
connecting center plates so assembly problems will not be 
experienced later. See Fig 80. A notch in each plate allows. 
them to be assembled in the same relative positions. The 
wo plates should be clamped together and drilled at the 


Fig 80—Centor plate details. Two center plates are 
bolted together to hold the spokes in place. 
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same time. Each of the 18'/-inch diameter aluminum 
spokes has two no. 28 holes drilled at the base to accept 
по. 6-32 machine screws that go through the center plates. 
‘The 6-foot long spokes are cut from standard 12-001 
lengths of tubing. A fixture built from a block of alumi- 
mum assures that the holes are drilled in exactly the same 
position in each spoke. The front and back center plates 
‘constitute an Thea type of structure that gives the dish 
center considerable rigidity 

A side view of the complete antenna is shown in 
Fig 81. Aluminum alloy (6061-T6) is used for the spokes, 
while 2024-T3 aluminum alloy sheet, ' inch thick, is used 
for the center plates. (Aluminum has approximately three 
times the strength-to-weight ratio of wood, and aluminum 
cannot warp or become water logged.) The end of each of 
the 18 spokes has an eyebolt facing the dish focal point, 
Which serves a dual purpose: 


1) To accept the #9 galvanized fence wire that is routed 
through the screw eyes to define the dish perimet 
and 

2) To facilitate rapid assembly by accepting the S hooks 
Which are tied to the end of each of the lengths of 
130-pound test Dacron fishing string. 


‘The string bends the spokes into a parabolic curve: 
the dish may be adapted for many focal lengths by tight- 
ening or slackening the strings. Dacron was chosen 
because it has the same chemical formula as Mylar. This 
is a low-stretch material that keeps the dish from chang- 
ing shape. The galvanized perimeter wire has a S-inch 
‘overlap area that is bound together with baling wire after 
the spokes have been hooked to the str 

The aluminum window screening is be 
perimeter wire to hold it in place on the back of the spokes. 
Originally, there was concern that the surface perturba- 
tions (the spokes) in front of the screening might decrease 
the gain. The total spoke area is so small, however, that 


over the 


Table 2 

Materials List for the 12-Foot Stressed Parabolic 

Dish 

1) Aluminum tubing, 12 ft x '/ in. OD x 0.049-in. wall, 
6061-T6 alloy, 9 required to make 18 spokes. 

2) Octagonal mounting platos 12 x 12 х Ye in., 2024-T3 
alloy, 2 required. 

3) 1 in. ID pipe flange with setscrews. 

4) 1 in. x 8 ft TV mast tubing, 2 required, 

5) Aluminum window screening, 4 x 50 ft 

6) 130-pound test Dacron trolling line. 

7) 38 ft #9 galvanized fence wire (perimeter) 


8) Two hose clamps, 175 in. two U bolts; з x 14 in. 
Bakelite rod or dowel; water-pipe grounding clamp: 
18 eye bolts; 18 S hooks. 


Fig 61—Side view of the stressed parabolic dish. 


this fear proved unfounded. 


Placing the aluminum screening in front of the 
spokes requires the use of 200 pieces of baling wire to 
in place. This would increase the 


assembly time by at least an hour. For contest a 


hold the screeni 


mountaintop operation (when the screening is on the back 
of the spokes) no fastening technique is required other 
than bend dap the wire р 


ihe screen to ov neler. 


Surface 


The Parab: 
A 4-1001 wide той of al 50 feet long. 
is cut into appropriate lengths and laid parallel, with а 

spokes and. 
ub assembly. The overlap seams are sewn together on one 
half of the dish using heavy Dacron thread and a sailmaker's 
curved needle. Every seam is sewn twice; once on each edge 
of the overlapped area. The seams on the other half are left 


3-inch overlap between the top of the unbes 


‘open to accommodate the increased overlap that occurs when 
the spokes are bent into a parabola. The perimeter of the 
screening is then trimmed. Notches are cut in the 3-inch 
‘overlap to accept the screw eyes and S hooks. 

"The first time the dish is assembled, the screening. 
strips are anchored tothe inside surface ofthe dish and the 
seams sewn in this position. It is easier to fabricate the 


surface by placing the screen on the back of the dish frame 
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With the structure inverted. The spokes are sufficiently 
strong to support the complete weight of the dish when 
the perimeter is resting on the ground, 

‘The 4-foot wide strips of aluminum screeni 
form to the compound bend of the parabolie shape very 
easily. If the seams ate placed parallel to the E-field polar- 
ization of the feed horn, minimum feedthrough will occur. 
This feedthrough, even if be seams are placed perpendicu- 
lar to the E field, is so small that it is negligible. Some 
constructors may be tempted to cut the screening into pie- 
shaped sections. This procedure will increase the seam area 
and construction time considerably. The dish surface 
appears most pleasing from the front when the sereening 
perimeter is slipped between the spokes and the perimeter 
Wire, and is then folded back over the perimeter wire. In 
disassembly, the sereening is removed in one piece, folded 
in half, and rolled. 


‘The Horn and Support Structure 


‘The feed horn is supported by 1'/-inch aluminum. 
television mast. The Hardline that is inserted into this tub- 


ing is connected first to the front of the feed horn, which 
then slides back into the tubing for support. A setscrew 
assures that no further movement of the feed horn occurs. 


During antenna-gain competition the setscrew is omit- 
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Fig 82—Backfire type 1296-MHz feed horn, linear polarization only. The small can is a Quaker State oll container; 
the large can is a 50-pound shortening container (obtained from a restaurant, Gold Crisp brand). Brass tubing, 


"I-inch OD extends from UG-23 connector to dipole. Center conductor and dielectric are obtained from 1. 


inch. 


Alumafoam coaxial cable. The dipole is mado from 3/32-Inch copper rod. The septum and 30° section are made from 
galvanized sheet metal. Styrofoam is used to hold the septum in position. The primary gain is 12.2 dB. 


ted, allowing the inch semirigid CATV transmission. 

ог out while adjusting the focal length for 
in. The TV mast is held firmly at the center 
plates by two setserews in the pipe flange that is mounted 
оп the rear plate. At 2300 MHZ, the dish is focused for 
best gain by loosening these setscrews on the pipe flang 
and sliding the dish along the TV mast tubing. (The dish. 
is moved instead of the feed horn.) 

‘The fishing strings are held in place by attaching 
them to à hose clamp that is permanently connected to 
the TV tubing. A piece of rubber sheet under the hose 
clamp prevents slippage and keeps the hose clamp from 
cutting the fishing string. A second hose clamp is mounted 
below the first as extra protection against slippage. 

‘The high-efficiency 1296-MHz dual mode feed horn, 
detailed in Fig 82, wei 


line to move 


в 5 pounds, This weight causes 
some bending of the mast tubing, but this is corrected by 
a "inch diameter bakelite support, as shown in Fig SL 
‘This support is mounted to a pipe grounding clamp with 
n the end of the rod. The 
clamp are mounted midway 
between the hose clamp and the center plates on the mast 
A double run of fishing string slipped over the notched 
upper end of the bakelite rod counteracts bending. 

‘The success of high-efficiency parabolic antennas 
is primarily determined by feed horn effectiveness. The 
multiple diameter of this feed horn may seem unusual 
‘This patented dual-mode feed, designed by Dick Turin 
W2IMU, achieves efficiency by launching two different 
kinds of waveguide modes simultaneously. This causes 
the dish illuminatio 
tional designs, 

Illumination drops off rapidly at the perimeter, reduc- 


a no. 8-32 serow inserted 
bakelite rod and eroundi 


to be more constant than conven- 
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spillover: The feed backlobes are reduced by at least 
35 В because the current at the feed perimeter is almost 
Zero; the phase center of the feed system stays constant across 
the angles of the dish reflector. The larger diameter section 
is a phase corrector and should not be changed in length. In 
theory, almost no increase in dish efficiency can be achieved 
without increasing the feed size in a way that would increase 
‘complexity, as well as blockage. 

The feed is optimized for a 0.6 HID dish. The dimen- 
sions of the feeds are slightly modified from the original 
design in order to accommodate the cans, Either feed type 
‘can be constructed for other frequencies by changing the 
scale of all dimensions. 


Multiband Use 
Many amateurs construct multiband antenna arrays 
by putting two dishes back to back on the same tower 
This is cost inefficient. The parabolic reflector is a com- 
pletely frequency independent surface, and studies have 
shown that a 0.6 f/D surface can be steered seven 
beamvidihs by movin 
before the gain diminishes by 1 dB. Therefore, the best 
‘dual-band antenna can be built by mounting separate horns 
side by side. At worst, the antenna may have to be moved 
A few degrees (usually less than a beamwidth) when switch- 
ing between horns, and the unused horn increases the 
shadow area only slightly. In fact, the same surface can 
function simultaneously on multiple frequencies, making 
‘erossband duplex operation possible with the same dish. 


the feed horn from side to side 


Order of Assembly 


1) A single spoke is held upright behind the rear center 
plate with the screw eye facing forward. Two no. 6- 


32 machine serews are pushed through the holes in 
the rear center plate, through the two holes of the 
spoke, and into the corresponding holes of the front 
center plate. Lock washers and nuts are placed on the 
machine screws and hand tightened. 

2) The remaining spokes are placed between the machine 
screw holes. Make sure that each serew eye faces for- 
ward. Machine screws, lock washers and nuts are used 
to mount all 18 spokes. 

3) The no. 6-32 nuts are ti 

4) The mast tubing is attached to the spoke assembly, 
positioned properly, and locked down with the set- 
screws on the pipe flange at the rear center plate. The 
S hooks of the 18 Dacron strings are attached to the 
screw eyes of the spokes. 

5) The ends of two pieces of fishing string (which go 
over the bakelite rod support) are tied to а screw eye 
atthe forward center plate. 

6) The dish is laid on the ground in an upright position 
and 49 galvanized wire is threaded through the eye- 
bolts. The overlapping ends are lashed together with 
baling wire. 

7) The dish is placed on the ground in an inverted posi- 
Чоп with the focus downward. The screening is placed 
on the back of the dish and the screening perimeter is 
fastened as previously described. 

8) The extension mast tubing (with counterweight) is 
connected to the center plate with U bolts. 

9) The dish is mounted on a support and the transmis- 
sion line is routed through the tubing and attached to 
the horn. 


Parabola Gain Versus Errors 

How accurate must a parabolic surface be? This is a 
frequently asked question. According to the Rayleigh limit 
for telescopes, little gain increase is realized by makir 
the mirror accuracy greater than + . A peak error. John 
Ruze of the MIT Lincoln Laboratory, among others, has 
derived an equation for parabolic antennas and built mod- 
els to verify it. The tests show that the tolerance loss can 
be predicted within a fraction of a decibel, and less than 
1 dB of gain is sacrificed with a surface error of +\, 
(A "his 3.4 inches at 432 MHz, 1.1 inches at 1296 MHZ 

0.64 inch at 2300 MHZ.) 
‘Some confusion about requirements of greater than 
"ed accuracy may be the result of technical literature 
describing highly accurate surfaces, Low sidelobe levels аге 
the primary interest in such designs. Forward gain is a much 
greater concern than low sidelobe levels in amateur work; 
therefore, these stringent requirements do not apply 

When a template is held up against a surface, positive 
and negative (+) peak errors can be measured. The graphs 
of dish accuracy requirements are frequently plotted in 
terms of RMS error, which is a mathematically derived 
function much smaller than + peak error (typically 19. 
‘These small RMS accuracy requirements have discouraged 
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‘many constructors who confuse them with + peak errors. 

Fig 83 may be used to predict the resultant gain of 
various dish sizes with typical errors. There are a couple 
of surprises, as shown in Fig 84. As the frequency is 
increased for a given dish, the gain increases 6 dB per 
octave until the tolerance errors become significant, Gain 
deterioration then increases rapidly. Maximum gain is 
realized at the frequency where the tolerance loss is 
4.3 dB. Notice that at 2304 MHz, a 24-foot dish with 
2-inch peak errors has the same gain as a 6-foot dish with 
Lach peak errors. This is quite startling, when it is 
realized that a 24-foot dish has 16 times the area of a 
6-foot dish. Each time the diameter or frequency is doubled 
or halved, the gain changes by 6 dB. Each time all the errors 
are halved, the frequency of maximum gain is doubled, 
With this information, the gain of other dish sizes with 
other tolerances can be predicted, 

These curves are adequate for predicting gain, assum- 
ing a high-efficiency feed horn is used (as described car- 
lier), which realizes 60% aperture efficiency. At frequencies 
below 1296 MHz where the horn is large and causes con- 
siderable blockage, the curves are somewhat optimistic. A 
properly built dipole and splasher feed will have about 
1.5 dB less gain when used with a 0.6 DD dish than the 
dual-mode feed system described. 

The worst kin 
ace curve in the radial directi 


stortion is where the sur- 
is not parabolic but radu- 
ally departs in a smooth manner from a perfect parabola, 
"The decrease in gain can be severe, because a large area is 
involved. If the surface is checked with a template, and if 
reasonable construction techniques are employed, devia- 
tions are controlled and the curves represent ап upper limit 
to the gain that can be realized. 

If a 24-foot dish with 42-inch peak errors is being 
used with 432 and 1296-MHZ multiple feed horns, the con- 
structor might be discouraged from trying a 2300-MH2 feed 
because there is 15 dB of gain degradation. The dish will 
still have 29 dBi of gain on 2300 MHz, however, making it 
worthy of consideration, 

The near-field range of this 12-foot stressed dish 
(actually 12 feet 3 inches) is 703 feet at 2300 MHz. By 
using the sun as a noise source and observing receiver 
noise power, it was found that the antenna had two main 
lobes about 4° apart. The template showed a surface error 
Gnsufficient spoke bending at . radius), and a correc- 
tion was made. A recheck showed one main lobe, and the 
solar noise was almost 3 dB stronger. 


of surface: 


Other Surfacing Materials 
The choice of surface materials is a compromise 
between RF reflecting properties and wind loading. Alumi- 
num screening, with its very fine mesh (and weight of 
43 pounds per 100 square feet) is useful beyond 10 GHZ 
because ofits very close spacing. This sereening is easy to 
той up and is therefore ideal for а portable dish, This close 
spacing causes the screen to be a 34% filled aperture, bring 


19.39 


b by 
PI a zoe miseret (n) 85 s 
Fig 83 Galn deterioration versus reflector eror, By Richard Kradie, K2RIW. 


ng the wind force at 60 mph to more than 400 pounds on. 


this 12-foot dish. Those considering a permanent installa- 


ie other surfacing 


tion of this dish should investi 


als. 

Hexagonal -inch poultry netting (chicken wire), 
Which is an 8% filled aperture, is nearly ideal for 432-MHZ 
operation. It weighs 10 pounds per 100 square feet, and 
exhibits only 81 pounds of force with 60 mph winds. Mea- 
surement on a large piece reveals 6 dB of feedthrough at 
1296 MHz, however. Therefore, on 1296 MHz, one fourth 
of the power will feed through the surface material. This 


will cause a loss of only 1.3 dB of forward gain, Since the 
low-wind loadin 


material will provide a 30-dBi gain 
od tradeolT 
is very poor material for 2300 MHz 


potential, it is still a ver 


Poultry nettin 


and above, because the hole dimensions approach '/ A. Аз 


materials, minimun 


with all surfacing sedthrough occurs 
when the E-field polarization is parallel to the longest 
dimension of the surfacing holes. 

Hardware cloth with men mesh weighs 20 pounds 


per 100 square Feet and has a wind loading characteristic 
of 162 pounds with 60 mph winds. The filled aperture is 
16%, and this material is useful to 2300 MHZ. 

A rather interesting 


material worthy of investigation 


19-40 Chapter 19 


is sinch reinforced plastic. It weighs only 4 pounds per 
100 square feet. The plastic melts with many universal 
solvents such as lacquer thinner. If a careful plastic-melt 
ing job is done, what remains is the "inch spaced alumi 
num wires with a small blob of plastic at each junction to 


hold the matrix together. 
‘There are some general considerations to be made 

in selecting surface materials: 

1) Joints of screening do not have to make electrical con- 


тап. The horizontal wires reflect the horizontal wave 
‘Skew polarizations are merely a combination of hori 
zontal and vertical components which are thus 
reflected by the corresponding wires of the screening 
To a horizontally polarized wave, the spaci 
diameter of only the horizontal wires determine the 
reflection coefficient (see Fig 85). Many amateurs have 
the mistaken impression that screening materials that 
do not make electrical contact at their junctions are 
poor reflectors. 

2) By measuring wire diameter and spacings between the 
Wires, a calculation of percentage of aperture that is 
filled can be made. This will be one of the major 

factors of wind pressure when the sur 
aterial is dry. 


g and 


determinis 
facing 
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Fig 84—Parabolic-antenna gain versus size, frequency and surface errors. АП curves assume 60% aperture 


efficiency and 10-48 power taper. Graph by K2RIW for ham bands, 


Fig 85—Surfacing material quality. 


А Parabolic Template. 

At and above 2300 MHz (where high surface accu 
тасу is required), a parabolic template should be con 
structed to measure surface errors. A simple template may 
be constructed (see Fig 86) by taking a 12-foot 3-inch 
length of 4-foot wide tar paper and drawing a parabolic 


shape on it with chalk. The points for the parabolic shape 
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ing display technique of J. Ниге, British IEE. 


are calculated at 6-inch intervals and these points are con- 
nected with a smooth curve, For those who wish to use 
the template with the surface material installed, the tem- 
plate should be cut along the chalk line and stiffened by 
cardboard or a wood lattice frame. Surface error mea- 
surements should take place with all spokes installed and 
deflected by the fishi 

center plates does take place. Fig 87 shows the 1 
stressed dish built by Franco Marcelo, N2U0. 


lines, as some bendi 


Variations 
All the possibilities of the stressed parabolic antenna 

have not been explored. For instance, a set of fishing lines 
iind the dish for error cor- 


or guy wires can be set up b 
rection, as long as this does not cause permanent bend- 
ing of the aluminum spokes, This technique also protects 
the dish against wind loading from the rear. An extended 
piece of TV mast is an ideal place to hı 

ght and attach the rear guys. This strengthens the struc- 
ture considerably. 


EME USING SURPLUS TVRO DISH 
ANTENNAS 


Since the 1990s, there has been a significant c 
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abolic template for 12-001, S-inch dish. 


in the systems people use to watch satellite TV broadcasts 
Formerly, C-band satellite receivers were used, along with 
parabolic dish antennas in the 3- to S-meter diameter range 
Now, Ku-band (12-GHz) receivers are the norm, with their 
associated small (usually 18-inch) dish antennas. This has 
provided a large body of surplus C-band dishes, which can 
be used for EME- certainly on the bands at 33 em and 
above, and for the larger dishes (5 meters), even at 70 c 
Many times, these dishes and their mounts can be had for 
the asking, so they truly become an inexpensive way to 
build a multi-band EME antenna. 

‘This updated article, first presented by David Hallidy, 
Корн (ex-KDSRO) in the ARRL UHF/Microwave 
Projects Manual, describes the use of a 3-meter (10-foot) 
TVRO antenna in such an application. (Also see earlier in 
this chapter the section describing converted C-Band 
TVRO Dishes for satellite work.) 


Background 

Calculations show that a 3-meter dish will have about 
30 dBi gain at 1296 MHz. With a state-of-the-art LNA 
(Low-Noise Amplifier or preamp) at the feed, an effi 
cient feed horn illuminating the dish surface, and 200 W 
at 1296 MHz, lunar echoes should be easily detected and 
many stations can be worked, The biggest challenges to 
such a system are assembling the dish to its mount and 
steering it to track the Moon. As much as possible, the 
KISS (“Keep It Simple, Stupid”) principle was used to 
accomplish this task. 

In 1987, WASTNY, KDSRO, KASIPD, and W7CNK 
proved that such an EME system could work, even as high 
as 3.4 and 5.7 GHz, to provide the first EME contacts on 
those bands. An additional advantage to this (or any) small 
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Fig 87—N2UO's homemade 12-foot stressed dish. 
(Photo courtesy N2U0.) 


dish is its ability io be mounted to a trailer and taken out 
‘on EME expeditions. It can also be easily disassembled 
and stored, if necessary. 

As can be seen from Fig 88, the 
simple, using a standard an 
роп for the dish. 


‘Azimuth Drive 
їп azimuth, direct drive of the main rotating shaft was 
selected, and a small prop-pitch motor was used. These 
iotors, while not as plentiful as they were some years ago, 
still turn up with some regularity at flea markets for very 
litle money. The beauty of the prop-piteh motor is that it 
turns slowly, is reversible, provides very high torque, and 
requires no braking system (the gear reduction, onthe order 
‘of 4000:1, provides the necessary braking). Prop-pitch. 
motors are de motors, and were designed to vary the pitch 
of propeller blades at start-up, take-off and landing of older 
large airplanes. Thus, they can be run at different speeds 
merely by varying the de voltage to the motor, and can be 
reversed by reversing the polarity of the de voltage. By 
iounting а thrust bearing of the appropriate size at the top 
of the tower, and mounting the motor directly below it at 
the end of the rotating shaft that tums the anten 
diroct-drive system can be constructed. 

‘The de power supply and control relays are located. 
ina weatherproof box on the side of the tower, next to the 
motor, This system requires only 9 V de at about 5 A to 
adequately start, turn and stop the prop-pitch motor, and 
this voltage turns the antenna through 360° of rotation in 
about 21; minutes. Azimuth position sensing is also a 

le task. See Fig 89. A linear multi-tur potentiometer 
is driven by the rotating shalt, using a simple friction drive. 


A strip of rubber is attached to the rotating shaft and a 
Wheel is connected to the shaft of the pot. The pot is then. 
mounted so that it presses against the rubber strip, and as 
the shaft turns so does the pot. If a ten-turn pot is used, 
and the system is aligned such that the pot is at the center 
of its rotation when the antenna is pointed approximately 
south, the pot will not rotate past the end at either extreme 
of the antenna’s rotation (CW/CCW north), 
alignment is a simple task of calibrating the change in 
resistance (change in voltage, when the pot is fed from a 
constant voltage source) with degrees of rotation (see the 
discussion on Position Readout for details). 


absolute. 


Elevation Drive 

The elevation drive is also very simple. Most (nearly 
all) TVRO setups have a means of moving the dish across 
the sky to align it with various satellites. To do this, most 
companies use a device called a Linear Actuator. This is a 
de motor to which is attached a long lead screw that pulls 
(or pushes) the outer shell of the actuator in or out to make 
it longer or shorter. The movable end of the actuator is 


Fig 88—Viow of K2DH's (ox-KDSRO) complete TVRO 
antenna installation. (K2DH photo.) 
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attached to the dish and the motor end is fixed to the n 
‘The dish rests on pivots, which allow it to move as the 
actuator extends/retracts. To convert this type of mount 
(called a Polar Mount) to an AZJEl mount is usually very 
simple 

Fig 90 shows how this can be done. Simply breaking 
the welds that held the mount in а polar fashion allows the 
mount to be turned on its side and used to pivot the dish 
vertically with the linear actuator. Another feature of lin- 
‘ear actuators is that they also have some means of feeding 
their relative position to the satelite receiver. This is usu- 
ally just a multi-turn potentiometer geared to the lead 
screw. All we have to do is connect this pot to а readout 
system, and we can calibrate the lift of the actuator in 
degrees. We thus have a simple means of rotating the dish 
and elevating it but how do we know that it's pointed at 
the Moon? 


Position Readout 


Readout of the position of the antenna, in both azi- 
muth and elevation is also a relatively simple task. On the 


Fig 89—Azimuth rotation systems, showing prop-pitch 
motor and position sensor. 
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Fig 90—Elovation system, showing modified TVRO 
mount. 


surplus market there are available Digital Volt Meters 
(DVMs) using LED or LCD displays that can do this job 
nicely, and that have more precision than is probably nec- 
essary for a dish (or Yagi array) of small size. As m 
tioned earlier, a multi-turn potentiometer on th 
elevation-drive mechanism can be used to readout eleva- 
and the same technique can be used for azimuth read- 
outa potentiometer coupled to the main rotating shaft 
that turns the antenna. 
pot for readout, the most important thing 
y degrees of antenna position change 
occur (in Az or El) for each turn of the pot. This then can 
be used to calibrate a voltmeter to read volts directly as 
de 
azimuth (Clockwise North), and 9.0 V could correspond 


to know is how mi 


:s—for example, 3.60 V could correspond to 360° 


Fig 91— Schematic. 


diagram of the dish. 
control system. The. 
Datel DM-LX3 is a 


digital 
indicate azimuth and 
elevation angles. 
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10 90° elevation (straight up). 

A resistance bridge circuit is best used in this appli- 
cation, since it is less sensitive to changes in the supply 
voltage. The only thing to be careful about is that the DVM 
must have both the positive (high) and negative (low) 
inputs isolated from ground (assuming the power supply 
used to power the DVM is grounded). You could also use a 
pair of small, cheap Digital Multi-Meters (DMMs), which 
‘can sometimes be found for under $10. Because they are 
battery powered, the isolation issue just discussed is elimi- 
nated, 

Please see Fig 91 for a complete schematic of the 
azimuth, elevation and readout electronies for this 
antenna-drive system. Also note that while this discus- 
sion is geared towards the use of a small dish, the same 
positioning and readout systems could be used in a Yagi 
array for 2 meters or 70 em. 

Now that we know where the dish is pointed, how 
do we know where the Moon is? There are several soft- 
Ware programs available to the Amateur for tracking 
celestial bodies such as the Moon, the Sun, certain stars 
(usable as noise sources), and even Amateur Satellites 
Programs by WOIP, VK3UM, FIEHN and others сап be 
‘obtained very reasonably and these work well to provide 
highly accurate position information for tracking. 


Feeding the Surplus TVRO Dish 

“An area that needs particular attention when attempt- 
ing EME with a small dish isan efficient feed system, An 
efficient feed system can be a real challenge with TVRO 
dishes, because many are “deep”—that is, their 
{їр (focal length to Diameter ratio) is small. 

‘The satelite TV industry used deep dishes because 
they tend to be quieter, picking up less Earth noise due to 
spillover effects. A deep dish has a short focal ler 
and therefore, the feed is relatively close to the surface 
‘of the dish. To properly illuminate the reflector out to its 
edges, а feed horn of relatively wide beamwidth must be 
used. The feeds designed several years ago by Barry 
Malowanchuk, VE4MA, are intended for use with just 
such dishes, and have the advantage of being adjustable 
to optimize their pattern to the dish in use. 

"The feed that was used with this dish was modeled 
after VE4MA's 1296-MHz feed, and a version was even 
sealed for use at 2304 MHz that worked as well as the 
original, See Fig 92 and also see the Notes and Refer- 
‘ences section at the end of this chapter. (Also see the ear- 
lier section in the satellite portion of this chapter 
describing patch feeds for small dishes.) 


SHF EME CHALLENGES 
‘The challenges met when successfully building a 
station for EME at 900 MHz to 5.7 GHz only become 
more significant on the SHF bands at 10 GHz and above, 
Absolute attention to detail is the primary requirement, 
and this extends to every aspect of the EME antenna sys- 
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Fig 92—View of feed, showing cofes-can feed horn and 
hybrid couple 


"The dish surface is probably the п 
lem to solve. As was discussed earlier in this chapter, the 
shape and accuracy of the reflector contribute directly to 
the overall gain of the antenn 

But where slight errors in construction can be toler- 
ated at the lower frequencies, the same cannot be said at 
millimetric wavelengths, Those who have attempted EME 
‘on 10 and 24 GHz have discovered that the weight of the 
dish reflector itself will distort its shape enough to lower 
the gain to the point where echoes are degraded. Stiffen- 
ing structures at the back of such dishes are often found 
necessary. Fig 93 illustrates the back struts added by AL 
Ward, WSLUA, to strengthen his dish. 

Pointing accuracy is also paramount—a 16-foot dish 
at 10 GHz has a beamwidth about equal to the diameter 
‘of the Moon—0.5”. This means that the echo degradatio 
due to the Moon's movement away from where the dish is 
pointed is almost immediate, and autotracking systems 
become more of a necessity than a luxury. At these fre- 
quencies, most amateurs actually peak their antennas on 
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Fig 93— Strengthening struts WSLUA added to the back 
of his dish to hold down distortion. (Photo courtesy 
WSLUA) 


Moon Noise—the black-body Radiation from the Moon 
that becomes the dominant source of noise in space. 

At these frequencies, the elevation of the Moon above. 
the horizon also plays a role in the ability to commur 
cate, since tropospheric absorption due to water vapor is 
greatest at low elevation angles (the signal must pass 
through a greater portion of the troposphere than when the 
Moon is highly elevated). It is beyond the abilities of most 
‘Amateurs to construct their own dishes for these frequen- 
cies, so surplus dishes for Ku-band satellite TV (typically 
3 meters in diameter) are usually employed, as have high- 
performance dishes designed for millimetric radar and 
point-to-point communications at 23 and 38 GHZ. 
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Antenna 


Materials 


and Accessories 


This chapter conta n materials 


ys what types of material 
to look for in а particular application, tips on working with 
and using various materials. Chapter 21 contains 
information on where to purchase these materials 
Basically, antennas for MF, НЕ, VHF and the lower 
UHF range consist simply of one or more conductors that 


radiate (or receive) electromag 
antenna system must also include some means to support 
those conductors and maintain their relative positions— 
the boom for a Yagi antenna and the halyards for a wire 


dipole, for example. in this chapter we'll look at materials 
for those applications, too. Structural supports such as 
elc. ate discussed in Chapter 22. 


towers, masts, poles, 

There are two main types of material used for antenna 
‘conductors, wire and tubing. Wire antennas are generally 
simple and therefore easier to construct, although some 
arrays of wire elements can become rather complex. When 
tubing is required, aluminum tubing is used most often. 
because of its light weight. Aluminum tubing is discussed 
їп a subsequent section of this chapter 


Wire Antennas 


Although wire antennas are relatively simple, they can 
constitute a potential hazard unless properly constructed 
Antennas should never be run under or over publie utility 
(telephone or power) lines. Several amateurs have lost their 
lives by failing to observe this precaution. 

The National Electric Code” of the National Fire 
Protection Associati 


in which a number of recommendations are made concern- 
ing minimum size of antenna wire and the manner of 

o the station. Chapter 1 
more information about this cade. The code in itself 


bringing the transmission lin 


does not have the force of law, but it is frequently made a 
part of local building regulations, which are ег 

‘The provisions of the code may also be written into, or 
referred to, in fire and liability insurance documents 


forceable. 


The RF resistance of copper wire increases as the size 
of the wire decreases. However, in most types of antennas 
that are commonly constructed of wire (even quite small 
wîre), the radiation resistance will be much h 

the RF resistance, and the efficiency of the ar 
still be adequate. Wire sizes as small as #30, or even 


smaller, have been used quite successfully in the 


construction of “invisible nas in areas where more 
conventional antennas cí 
the selection of wire for an antenna will be based primarily 
on the physical properties of the wire, since the suspension 


of wire from elevated supports places a strain on the wire 


WIRE TYPES 


Wire having an enamel coating is preferable to bare 
wire, since the coating resists oxidation and corrosion, 
Several types of wire having this type of coati 
available, depending on the strength needed. “Soft-drawn’ 
or annealed copper wire is easiest to handle; unfortunately. 
it stretches considerably under stress. Soft-drawn wire 
should be avoided, except for applications where the wire 
will be under little or no tension, or where some change in 
length can be tolerated. (For example, the length of a 
horizontal antenna fed at be center with open-wire line is 
not critical, although a change in length may require some 
readjustment of coupling to the transmitter) 
“Hard-drawn” copper wire or copper-clad steel wire 
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и be erected. In most cases, 
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(also known as Copperweld™) is harder to handle, because 
it has a tendency to spiral when it is unrolled. These types 
‘of wire are ideal for applications where significant stretch 
‘cannot be tolerated, Care should be exercised in using this 
Wire to make sure that kinks do not develop—the wire will 
have a far greater tendency to break at a kink. After the 
coil has been unwound, suspend the wire a few feet above 
ground for a day or two before using it. The wire should 
not be recoiled before it is installed. 

Several factors influence the choice of wire type and 


size. Most important to consider are the length of the 
unsupported span, the amount of sag that can be tolerated, 
the stability of the supports under wind pressure, and 
Whether or not an unsupported transmission line is to be 
suspended from the span. Table 1 shows the wire diam, 
current-carrying capacity and resistance of various sizes 
of copper wire. Table 2 shows the n 

tensions of hard-drawn and copper-clad steel wire of 
various sizes. These two tables can be used to select the 
appropriate wire size for an antenna. 


Tablet 
Copper-Wire Table 

Turns 
Wire per Foot 
Sie Dia Linear роп 
AWG in Dia inch Pound 
(BAS) Mist ттт Enamel Bare 
1 2803 — 7348 — 3.947 
2 2576 esa — 4.977 
3 2204 587 — 6.276 
4 2043 бм — 7914 
5 1819 461 — 9.980 
6 1620 4115 — 12.58 
7 маз зб — 15.87 
8 1285 — 3204 76 20.01 
9 1144 — 2900 86 2523 
10 1019 — 2588 эв 31.82 
" 907 2305 107 4012 
12 808 2059 120 5059 
13 720 1828 125 8360 
14 вал 1628 150 8044 
15 571 1450 — 168 — 1014 
16 508 12% 189 1279 
17 453 — 1150 212 1613 
18 403 1024 236 2034 
19 359 0910 264 2565 
20 320 082 294 3234 
21 285 0723 331 4078 
22 253 064 370 5142 
23 226 0573 413 6484 
24 201 0511 4% 8177 
25 179 0455 517 10% 
26 189 бав 580 1300 
27 142 0361 649 1639 
28 126 озм 727 2067 
29 113 0286 — 816 2607 
30 100 0255 905 3287 
31 ag 0227 101 4145 
E 80 0202 113 5227 
33 7л 0180 127 6591 
34 E 0.160 14з 830 
35 56 0.143 1568 10480 
36 Er] 0127 175 2210 
37 45 0113 198 16660 
зв 40 0101 2% 21010 
39 35 ооо 248 26500 
40 31 0.080 2820 33410 


SA mil is 0.001 inch. 
Эмах wîre temp of 212° F and max ambient temp of 135° F. 


Ohms 
рег 
1000 ft 
25°C 
0.1264 
0.1593 
0.2009 
0.2533 
0.3195 
0.4028 
0.5080 
0.6405 
0.8077 
1.018 
1.284 
1619 
2042 
2576 
3247 
4.094 
5.163 
6.510 
8.210 
10.35 
13.05 
16.46 
20.76 
26.17 
33.00 
41.62 
5248 
66.17 
83.44 
105.2 
1327 
1673 
2170 
266.0 
335 
423 
533 
673 
848 
1070 


Cont.-duty 
current? 

Single Wire. 
їп Open Air 
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Table 2 
Stressod Antenna Wire 


American Recommended Tension’ (pounds) 
Wire Gauge — Copporciad — Hard-drawn 
згө copper 
4 495 214 
в 310 130 
a 195 84 
10 120 52 
12 75 E 
14 50 20 
16 E 13 
18 19 8 
20 12 5 


Weight (pounds per 1000 teet) 


Copper-clad — Hard-drawn 
soo copper 
115.8 126.0 
729 795 
455 50.0 
288 314 
181 19.8 
114 124 
тл 78 
45 49 
28 31 


"Approximately one-tenth the breaking load. Might be increased 50% it end supports are firm and there is no danger of 


vee loading. 
2Coppemeld тм 40% copper. 


Wire Tension 

If the tension on а wire can be adjusted to a known 
value, the expected sag of the wire (Fig 1) may be determined 
before installation using Table 2 and the nomograph of 
Fig 2. Even though there may be no convenient method to 
determine the tension in pounds, calculation of the expected 
sag for practicable working tensions is often desirable. If 
the calculated sag is greater than allowable it may be reduced 
by any one or a combination of the following: 


1) Providing additional supports, thereby decreasing the 
span 
2) Increasing the tension in the wire if less than 


recommended 
3) Decreasing the size of the wire 


Instructions for Using the Nomograph 

1) From Table 2, find the weight (pounds/1000 feet) for 
the particular wire size and material to be used. 

2) Draw a line from the value obtained above, plotted on 
the weight axis, to the desired span (feet) on the span 


= 
1 


Fig 1—The half span and sag of a long-wire antenna. 


axis, Fig 2. Note in Fig 1 that the span is one half the 
distance between the supports 

3) Choose an operating tension level (in pounds) 
consistent with the values presented in Table 2 
(preferably less than the recommended wire tension), 

4) Draw a line from the tension value chosen (plotted on 
the tension axis) through the point where the work axis 
crosses the original line constructed in step 2, and 
continue this new line tothe sag axis. 

5) Read the sag in feet on the sag axis. 


Example: 
Weight = 11 pounds/1000 feet 
Span = 210 feet 

Tension 


‘These calculations do not take into account the weight of 
а feed line supported by the antenna wire. 
Wire Splici 
Wire antennas should preferably be made with 
unbroken lengths of wire. In instances where this is not 


feasible, wire sections should be spliced as shown in 
Fig 3. The enamel insulation should be removed for a 
distance of about 6 inches from the end of each section by 
scraping with a knife or rubbing with sandpaper until the 
‘copper underneath is bright, The turns of wire should be 
brought up tight around the standing part of the wire by 
twisting with broad-nose pliers. 

‘The crevices formed by the wire should be completely 
filled with rosin-core solder. An ordinary solderin 
gun may not provide sufficient heat to melt solder outdoors: 
а propane torch is desirable. The joint should be heated 
sufficiently so the solder flows freely into the joint when the 
source of heat is removed momentarily. After the joint has 
cooled completly, it should be wiped clean with a cloth, and 
then sprayed generously with acrylic to prevent corrosion. 
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ANTENNA INSULATION 


To prevent loss of RF power the antenna should be 
well insulated from ground, unless of course it is a shunt- 
fed system. This is particularly important at the outer end 
or ends of wire antennas, since these points are always at a 
comparatively high RF potential. If an antenna is to be 
installed indoors (їп an attic, for instance) the antenna may 
be suspended directly from the wood rafters without 
additional insulation, if the wood is permanently dry. Much 
greater care should be given to the selection of proper 
insulators when the antenna is located outside where it is 
exposed to wet weather 


Insulator Leakage 

Antenna insulators should be made of material that 
will not absorb moisture. The best insulators for antenna 
use are made of glass or glazed porcelain. Depending on 
the type of material, plastic insulators may be suitable, The 
length of an insulator relative to йв surface area is indicative 
of ts comparative insulating ability. A long thin insulator 
will have less leakage than a short thick insulator. Some 
antenna insulators are deeply ribbed to increase the surface 
leakage path without inereasing the physical length of the 
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Fig 3— Correct method of splicing antenna wire. Solder 
should be flowed into the wraps after the connection ls 
completed. After cooling, the joint should be sprayed 
with acrylic to prevent oxidation and corrosion. 


insulator. Shorter insulators can be used at low.potential 
points, such as at the center of a dipole, If such an antenna 
is to be fed with open-wire line and used on several bands, 
however, the center insulator should be the same as those 
used at the ends, because high RF potential may exist across 
the center insulator on some bands, 


Insulator Stress 


As with the antenna wire, the insulator must have 
sufficient physical strength to support the stress of the 
antenna without danger of breakage. Long elastic bands or 
lengths of nylon fishing line provide long leakage paths 
and make satisfactory insulators within their limits to resist 
mechanical strain, They are often used in antennas of the 
“invisible” type mentioned earlier. 

For low-power work with short antennas not subject 
1o appreciable stress, almost any small glass or glazed- 
porcelain insulator will do. Homemade insulators of Lucite 
rod or sheet will also be satisfactory. More care is required 
їп the selection of insulators for longer spans and higher 
transmitter power. 

Fora given material the breaking tension of an insulator 
vin be proportional to its cross-sectional area, It should be 
remembered, however, that the wire hole at the end of the 


insulator decreases Ње effective cross-sectional area. For this 
reason, insulators designed to carry heavy strain are fitted 
with heavy metal end caps, the eyes being formed in the 
metal cap, rather than in the insulating material itself. The 
following stress ratings of antenna insulators are typical: 


“him. square by 4 in. lo 

1 in. diameter by 7 or 1 

1s in. diameter by 8, 12 or 20 in. lo 
‘end caps—5000 Ib 


s, with special metal 


These are rated breaking tensions. The actual working 
tensions should be limited to not more than 25% of the 
breaking rating. 

The antenna wire should be attached to the insulators 
as shown in Fig 4. Care should be taken to avoid sharp 
angular bends in the wire when it is looped through the 
insulator eye. The loop should be generous enough in size 
that it will not bind the end of the insulator tightly. If the 


length of the antenna is critical, the length should be 
measured to the outward end of the loop. where it passes. 
through the eye of the insulator. The soldering should be 
done as described earlier for the wire splice 


Strain Insulators 

Strain insulators have their holes at 
they are designed to be connected as shown in Fig 5. It can 
be seen that this arrangement places the insulating material 
under compression, rather than tension. An insulator 
connected this way can withstand much greater stress, 
Furthermore, the wire will not collapse if the insulator 
breaks, since the two wire loops are interlocked. Because 
the wire is wrapped around the insulator, however, the 
leakage path is reduced drastically, and the capacitance 
between the wire loops provides an additional leakage path. 
For this reason, the use of the strain insulator is usually 
confined to such applications as breaking up resonances 
in guy wires, where high levels of stress prevail, and where 
the RF insulation is of less importance. Such insulators 
might be suitable for use at low-potential points on an 


ght angles, since 


antenna, such as at the center of а dipole. These insulators 
may also be fastened in the conventional manner if the wire 
will not be under sufficient 


ension to break out the eyes. 


Insulators for Ribbon-Line Antennas 
Fig 6A shows the sketch of an insulator designed to 
be used at the ends of a folded dipole or a multiple dipole 
iade of ribbon line. It should be made approximately as 
shown, out of Lucite or bakelite material about Ye inch 
thick. The advantage of this arrangement is that the strain 
of the antenna is shared by the conductors and the plastic 
webbing of the ribbon, which adds considerable strength, 
Aller soldering, the screw should be sprayed with acrylic. 
Fig 6B shows a similar arrangement for suspending 
опе dipole from another in a stagger-tuned dipole system, 
If better insulation is desired, these insulators can be wired 
to a conventional insulator. 


PULLEYS AND HALYARDS 


Pulleys and halyards commonly used to raise and 
lower a wire antenna must also be capable of taking the 


Fig 4—When fastening antenna wire to an insulator, do 
not make the wire loop too snug. After the connection 
is complete, Пом solder into the turns. Then when the 
усаар анаа cr 


Fig 5—Conventional manner of fastening wire to a 
strain insulator, This method decreases the leakage 
path and Increases capacitance, as discussed in the 
text. 


Fig 6—At A, an insulator for th 


nds of folded dipoles, or multiple dipoles made of 300-ohm ribbon. At В, a method 


ol suspending one ribbon dipole from another in a multiband dipole system. 
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Same strain as the antenna wire and insulators. 
Unfortunately, little specific information on the stress 
ratings of most pulleys is available. Several types of pulleys 
are readily available at almost any hardware store. Among 
these are small galvanized pulleys designed for awnings 
and several styles and sizes of clothesline pulleys. Heavi 
and stronger pulleys are those used in marine work. The 
factors that determine how much stress а pulley will handle 
include the diameter of the shaft, how securely the shaft is 
fitted into the sheath 

Another important factor to be considered in the 
selection of a pulley is its ability to resist corrosion. 
Galvanized awning pulleys are probably the most 
susceptible to corrosion, While the frame or sheath usually 
stands up well, these pulleys usually fail at the shaft. The 
shaft rusts out, allowing the grooved wheel to break away 
under tension. 

Most good-quality clothesline pulleys are made of 
alloys which do not corrode readily. Since they are designed 
to carry at least 50 feet of line loaded with wet clothing in 
SUIT winds, they should be adequate for normal spans of 
100 to 150 feet between stable supports. One type of 
clothesline pulley has а 4-inch diameter plastic wheel with 
a cinch shaft running in bronze bearings. The sheath is 
made of cast or forged corrosion-proof alloy. Some look- 
alike low-cost pulleys of this type have an aluminum shaft 
with no bearings. For antenna work, these cheap pulleys 


nd the size and material of he frame. 


Table 3 
Approximate Safe Working Tension for Various 
Halyard Materials 
Dia, Tension, 
Material m. Lo 
Manila homp горе т 120 
% 270 
D 530 
% 800 
Polypropylene горе » 270 
% 530 
" 840 
Nylon rope „ 200 
EN вво 
“ 1140 
7x11 galvanized Me 30 
‘sash cord " 125 
ha 250 
ч 450 
High-strongth stranded . 400 
galvanized steel guy “e 700 
wire “ 1200 
Rayon-filed plastic he 601070 


clothesline 
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are of little long 

Marine pulleys have good weather-resisting qualities, 
since they are usually made of bronze, but they are 
comparatively expensive and are not designed to carry 
heavy loads. For extremely long spans, the wood-sheathed 
pulleys used in “block and tackle” devices and for sail 
hoisting should work well. 


term value. 


Halyards 
Table 3 shows the recommended maximus 
for various sizes and types of line and rope suitable for 
hoisting halyards. Probably the best type for general 
amateur use for spans up to 150 or 200 feet is 4-inch nylon 
rope. Nylon is somewhat more expensive than ordinary 
rope of the same size, but it weathers much better. Nylon 
also has а certain amount of elasticity to accommodate 
gusts of wind, and is particularly recommended for 
antennas using trees as supports. A disadvantage of new 
ylon rope is that it stretches by a significant percentage. 
After an installation with new rope, it will be necessary to 
repeatedly take up the slack created by stretching. This 
process will continue over a period of several weeks, at 
Which time most of the stretching will have taken place, 
Even a year after installation, however, some slack may 
still arise from stretching. 

Most types of synthetic rope are slippery, and some 
types of knots ordinarily used for rope will not hold well 
Fig 7 shows a knot that should hold well, even in nylon 
rope or plastic line. 

For exceptionally long sp: 
steel sash cond makes a suitable support. Cable advertised 
as “wire rope” usually does not weather well. А boat winch, 
sold at marinas and at Sears, is a great convenience in 
antenna hoisting (and usually а necessity with metal 
halyard) 


stranded galvanized 


w 


0 


Fig 7—This is one type of knot that will hold with 
‘smooth rope, such as nylon. Shown at A, the knot for 
‘splicing two ends. B shows the use of a similar knot in 
forming a loop, as might be needed for attaching an 
insulator to a halyard. Knot A is first formed loosely 10 
; then the end is 

knot A. 
Knot B is then formed and both knots pulled tight. 
(Richard Carruthers, KTHDB) 


Antennas of Aluminum Tubing 


Aluminum is a malleable, ductile metal with a mass 
density of 2.70 grams per cubic centimeter. The density of 
aluminum is approximately 35% that of iron and 30% that 
‘of copper. Aluminum can be polished to a high brightness, 
and it will retain this polish in dry air. In the presence of 

jisture, aluminum forms an oxide coating (Al,03) that 
protects the metal from further corrosion. Direct contact 
With certain metals, however (especially ferrous metals 
such as iron or steel), in an outdoor environment can bring 
about galvanic corrosion of aluminum and its alloys. Some 
protective coating should be applied to any point of con- 
tact between two dissimilar metals. Much of this informa- 
was prepared 


tion about aluminum and aluminum tubir 
by Ralph Shaw, KSCAV. 

‘Aluminum is non-toxic; it is used in cooking utensils 
and to hold and cover "T V dinners” and other frozen foods, 
so it is certainly safe to work with. The ease with which it 
‘can be drilled or sawed makes it a pleasure to work with. 
Aluminum products lend themselves to many and varied 
applications. 

‘Aluminum alloys can be used to build amateur 
antennas, as well as for towers and supports. Light weight 
and high conductivity make alun 
applications. Alloying lowers the conductivity ratings, but 
the tensile strength can be increased by alloying aluminum 
With one or more metals such as manganese, silicon, 
‘copper, magnesium or zinc. Cold rolling can be employed 
1o further increase the strength. 

A four-digit system is used to identify aluminum 
alloys, such as 6061. Aluminum alloys starting with a 6 
contain di-magnesium silicide (Mg,Si). The second digit 
indicates modifications of the original alloy or impurity 
limits. The last two digits designate different aluminum 
alloys within the category indicated by the first digit. 

In the 6000 series, the 6061 and 6063 alloys are а 
commonly used for antenna applications. Both types have 
good resistance to corrosion and medium strength. А 
further designation like T-6 denotes thermal treatment (heat 
tempering). More information on 
alloys сап be found in Table 4 


m ideal for these 


he available aluminum 


SELECTING ALUMINUM TUBING 
Table 5 shows the standard sizes of aluminum tubing 
that are stocked by most aluminum suppliers or distributors 
the United States and Canada. Note that all tubing comes 
in 12-foot lengths (local hardware stores somet 
6- and 8-foot lengths) and larger-diameter sizes may be 
available in lengths up to 24 feet. Note also that any 
diameter tubing will fit snugly into the next larger size, 
if the la inch wall thickness. For 
‘example, inch tubing has an outside diameter of 0.625 
inch. This will fit into -i with а 0.058-inch 
wall, which has an inside diameter of 0.634 inch 


nes stock 


Table 4 
Aluminum Numbers for Amateur Use 
Common Alloy Numbers 


Type Characteristic 

2024 Good formabilty, high strength 

5052 Excellent surface finish, excellent corrosion 
resistance, normally not heat treatable for 
high strength 

6061 Good machinabilty, good weldabiity 

6063 Good machinabilty, good weldabiity 

7078 Сова formabilt, high strength 
Common Tempers 

Type Characteristics 

To Special soft condition. 

тз Hard 

тв Hardest, possibly brittle 

ТХХХ Three digit tompors—usualy specialized 
high strength heat treatments, similar to T6 
General Uses 

Typo Uses 

2024-73 Chassis boxes, antennas, anything that will 
be bent or 

707573 Flexed repeatedly 

6061.76 Tubing and pipe; angle channel and bar 
stock 

(6063-T832 Tubing and pipe; angle channel and bar 
stock 


A clearance of 0.009 inch is just right for а slip fit or for 
slotting the tubing and then using hose clamps. Always 
get the next larger size and specify a 0.058-inch wall to 
obtain the 0.009-inch clearance. 

A little figuring with Table 5 will give you all the 
information you need to build a beam, including what the 
antenna will weigh, The 6061-T6 type of aluminum has a 
relatively high strength and has good workability. It is 
highly resistant to corrosion and will bend without taking 


SOURCES FOR ALUMINUM 


Aluminum сап be purchased new, and suppliers are 
listed in Chapter 21. But don't overlook the local п 
scrap yard. The price varies, but between 35 an 

per pound is typical for serap aluminum. Son 
items to look for include aluminum vault 


aluminum 
poles, tent 
poles, tubing and fittings from scrapped citizen's band 
antennas, and aluminum angle stock. The scrap yard may 
even have a section or two of triangular аһ tower 

Aluminum vaulting poles are 12 or 14 feet long and 
range in diameter from 1 to 1% inches. These poles 
are suitable for the center-element sections of large 
14-MHZ beams or as booms for smaller antennas, Tent 
poles range in length from 24 to feet, The tent poles are 
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Table 5 
Aluminum Tubing Sizes. 
6061-76 (618-76) Round Aluminum Tube In 12-Foot Lengths 


Wall Thickness Approximate Weight 


Tubing 1D, Pounds Pounds 
Diameter Inches Stubs Ga. Inches Per Foot Per Length 
Yuin. 0035 (420) 0.117 0.019 0.228 
0.049 (#18) 0089 0025 0330 
iin, 0:035 (#20) 0.180 0.027 0.324 
0.049 (#18) 0152 0036 0482 
0.058 (#17) 0134 0.041 0492 
"win. 0.035 (820) 0242 0.036 0432 
0.049 (#18) 0214 0047 0564 
0.058 (#17) 0196 0055 0660 
"hin. 0.035 (820) 0305 0.043 0516 
0.049 (#18) 0277 0060 0720 
0.058 (#17) 0259 0.068 0816 
0.065 (#16) 0245 0074 0888 
‘win. 0:035 (820) 0367 0.051 0.612 
0.049 (#18) 0339 0.070 0.840 
01065 (#16) 0307 0.089 1068 
"hin. 0.028 (622) 0444 0.049 0.588 
0.035 (#20) 0430 0059 0708 
0.049 (#18) 0402 0082 0.984 
0.058 ($17) 0.384 0095 1040 
0.065 ($16) 0370 0.107 1284 
"hin. 0.028 (622) 0569 0.061 0732 
0.035 (#20) 0555 0075 0900 
0.049 (#18) 0527 0106 1272 
0.058 ($17) 0509 0.121 1452 
01065 ($16) 0495 0137 1644 
Skin. — 0.095 ($20) 0680 0.091 1092 
01049 (#18) 0.652 0125 1500 
0.058 (#17) 0.834 0148 1776 
0.065 (#18) 0620 0160 1920 
0.083 (#14) 0584 0204 2448 
Thin 0.035 (#20) 0805 0.108 1.308 
0.049 ($18) 0777 0151 1810 
0.058 ($17) 0759 0175 2100 
0.065 (#16) 0745 0.199 2399 
tin. 0035 (#20) 0:930 0.123 1476 
0.049 (#18) 0.902 0.170 2040 
0.058 (#17) 0884 0202 2424 
0.065 (#16) 0870 0220 2640 


Wall Thickness. ‘Approximate Weight 


Tubing 1D, Pounds Pounds 
Diameter Inches Stubs Ga. Inches Per Foot Per Length 
0083 (4M) 0.834 0281 3372 
Vin. 0.035 (420) 1.055 0139 1.668 
0.058 (417) 1009 0228 27736 
Vein. 0:035 (420) 1.180 0.156 1860 
0.049 (#18) 17182 0210 2520 
0.058 (417) 17134 0256 3072 
0.065 (416) 1120 0284 3408 
0.083 (414) — 1084 0357 4284 
wen. 0.035 (420) 1:305 0173 2.076 
0.058 (417) 1259 0282 3384 
Vein. 0095 (420) — 1430 0180 2.160 
0.049 (418) 1402 0260 3120 
0.058 (417) 1384 0309 3708 
0.085 (416) 1370 0344 4128 
0.083 (414) 1334 0434 5208 
70428 hin. 1260 0.630 7.416 
+0250 1000 1:150 14.892 
Thin 0035 1555 0.206 2472 
0.058 1509 0336 4.032 
14in. — 0058 1634 0.363 4356 
0.083 1584 0510 6120 
Vein. 0058 1759 0.389 4.668 
2i. 0.049 1902 0.350 4200 
0065 1.870 0450 5400 
0.083 1834 0590 7080 
70126 1750 0.870 9960 
+0250 1500 1620 19920 
2i. 0.049 2152 0398 4776 
0065 2120 0520 6240 
0.083 2084 0.660 7920 
Zain. 0005 2270 0.587 7.044 
0.083 2334 0740 8.880 
10.125 2250 1.100 12.720 
+0250 2000 2080 25440 
3i. 0.065 2870 0710 8.520 
10.126 2.700 1330 15.600 
+0250 2500 2540 31.200 


"These sizes are extruded. All other sizes are drawn tubes. 


usually tapered: they can be split on the larger end and 
then mated with the smaller end of another pole of the same 
diameter. А small stainless-steel hose clamp (sometimes. 
also available at scrap yards!) can be used to fasten the 
poles at this junction. A 14- or 21-MHz element can be 
‘constructed from several tent poles in this fashion. If a 
longer continuous piece of tubing is available, it can be 
used for the center section to decrease the number of 
junctions and clamps 

(Other aluminum стар is sometimes available, such 
as US Army aluminum mast sections designated AB-85/ 
GRA-4 (J&H Smith Mig). These are 3 foot sections with 
а 15 inch diameter. The ends are swaged so they can be 
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assembled one into another. These are ideal for making a 


portable mast for a 144-МН2 beam or for Field Day 
applications, 
CONSTRUCTION WITH ALUMINUM 
TUBING 


Most antennas built for frequencies of 14 MHz and 
above are made to be rotated. Constructing a rotatable 
requires materials that are strong, lightweight and 
easy to obtain. The materials required to build a suitable 
antenna will vary, depending on many factors. Perhaps the 
‘most important factor that determines the type of hardware 


needed is the weather conditions normally encountered 


High winds usually don't cause as much damage to an 
antenna as does ice, especially ice along with high winds. 
Aluminum element and boom sizes should be selected 
So the various sections of tubing will telescope to provide 
the necessary total length, 

"The boom size for a rotatable Yagi or quad should be 
selected to provide stability to the entire system. The best 
diameter for the boom depends on several factors; most 
important are the element weight, number of elements an 
overall length. Tubing of 1-%-inch diameter can easily 
Support three-element 28-MHz arrays and perhaps a two- 
element 21-MHz system. A 2-inch diameter boom will be 
adequate for larger 28-MH2 
conditions, and for antennas up to three elements о 
14 MHz or four elements on 21 MHz. It is not 
recommended that be made any 
longer than 24 feet unless additional support is given to 
reduce both vertical and horizontal bending forces. 
Suitable rein-forcement for a long 2-inch boom ean consist 


аз or for harsh weather 


ofa truss ог a truss and lateral support, as shown in Fig 8. 


А boom length of 24 feet is about the point where а 
3-inch diameter begins to be very worthwhile. This 
dimension provides a considerable improvement in overall 
mechanical stability as well as increased clamping surface 
area for element hardware. Clamping surface area is 
extremely important if heavy icing is common and rotat 
of elements around the boom is to be avoided. Pinning 
element to the boom with a large bolt helps in this regard. 
On smaller diameter booms, however, the elements 
sometimes work loose and tend to elongate the pinning 
both the element and the boom. After some time 
nents shift their positions slightly (sometimes from 
day to day!) and give a rather ragged appearance to the 
system, even though this doesn’t generally harm the 


Fig 8—A long boom needs both verti 
Support. The cross bar mounted above 
Support a double truss to help keep the antenna In 
position. 


electrical performance. 

A 3-inch diameter boom with a wall thickness of 
0.065 inch is satisfactory for antennas up to about a five- 
element, 14-MHz array that is spaced on a 40-foot long 
boom. A truss is recommended for any boom longer than 
24 feet, 

There is no RF voltage at the center of a parasitic 
clement, sono insulation is required in mounting elements 
that are centered on the boom (driven elements excepted). 
This is true whether the boom is metal or a nonconducting 
material. Metal booms have a small “shortening effect” of 
elements that run through them. With materials sizes 
commonly employed, thi опе percent of 
the element length, and may not be noticeable in many 
applications. It is just perceptible with -inch tubing booms 
used on 432 MHz, for example. Design-formula lengths ca 
be used as given, if the matching is adjusted in the frequency 
range one expects to use. The center frequency of an all- 
metal array will tend to be 0.5 to 1 percent higher than a 

milar system built of wooden supporting members 


is not more th 


Element Assembly 
While the maximum safe length of an antenna element 

depends to some extent on its diameter, the only laws that 

specify the minimum diameter of an elemes 

of nature. That is, the element must be rugged enough to 

survive whatever weather conditions it will encounter. 

Fig 9 shows tapered Yagi element designs that will 
survive winds in 
mess of radial ice, these designs will withsta 
to approximately 60 mi/h. (Ice i 
does not increase the strength of the element.) More rugged 
designs are shown in Fig 10. With no ice loading, these 
elements will survive in 120-mi/h winds, and in wi 
exceeding 85 mi/h with / inch of radial ice. If you lose a 
antenna made with elements like these, you'll have plenty 
of company among your neighbors with commercially 

iade antennas! 

Figs 9 and 10 show only half elements. When the 
element is assembled, the largest size tubing for each 
element should be double the length shown in the drawing, 
with its center being the point of attachment to the Боот. 
These designs are somewhat conservative, in that they are 
self-resonant slightly below the frequency indicated for 
each design. Telescoping the outside end sections to shorter 
lengths for resonance will increase the survival wind 
speeds. Conversely, lengthening the outside end sections 
will reduce the survival wind speeds. [See Bibliography 
listing for David Leeson (W6NL, ex-W6QHS) at the end 
of this chapter] 

Fig 11 shows several methods of fastening antenna 
element sections together. The slot and hose clamp 
method shown in Fig ПА is probably the best for joints 
Where adjustments are required. Generally, one adjustable 
joint per element half is sufficient to tune the antenna. 
Stainless-steel hose clamps (beware—some “stainless 


winds up 
seases the wind area but 
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Fig 9—Halt-olement designs for Yagi antennas. The 
other side of the element is identical, and the center 
section should be a single plece twice as long as the. 
length shown here for the largest diameter section. Use 
0.058-In.wall aluminum tubing throughout. Bro 

lines indicate double tubing thickness, where one tube 
is Inserted into another. The overlap insertion depth 
Into a tube two sizes larger, where shown, should be at 
least two Inches. Maximum survival wind speeds 
without ice are shown adjacent to each design; values 
enclosed in parentheses are survival speeds for % inch 
of radial ice. 


m r Fig 10—A more rugged 
2 ME Lu Length schedule of taper 
ewe AO poetis be 
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Fig 11—Methods of connecting telescoping tubing 
‘sections to build beam elements. See text for a 
discussion of each method. 


steel” models do not have a stainless screw and will rust) 
are recommended for longest antenna life. Table 6 shows 
available hose-clamp sizes. 

Figs 11B, LIC and LID show possible fastening 
wethods for joints that do not require adjustment. At В, 
chine screws and nuts hold the elements in place. ALC, 
sheet metal screws are used. ALD, rivets secure the tubing 
If the antenna is to be assembled permanently, rivets are 
the best choice. Once in place, they are permanent. They 
will never work free, regardless of vibration or wind. If 
aluminu 


rivets with aluminum mandrels are used, they 
will never rust. In addition, there is no danger of dissimilar 
metal corrosion with aluminum rivets and alum 
antenna elements. If the isto be disassembled an 

joved periodically, either В or C will work. If machine 
screws are used, however, take all possible precautions to 
Keep the nuts from vibrating free. Use lock washers, lock 
nuts and flexible sealant such as silicone bathtub sealant 
10 keep the hardware in place. 

Very strong elements can be made by using a double 
thickness of tubing, made by telescoping one size inside 
another for the total length. This is usually done at the 
center of an element where more element strength is 
desired at at the boom support point, as in the 14-MHz 
element in Fig 10. Other materials can be used as well, 
such as wood dowels, fiberglass rods, and so forth 

In each case where а smaller diameter length of 


tubing is telescoped inside a larger diameter one, it's a 
good idea to coat the inside of the joint with Penetrox or 
A similar substance to ensure a good electrical bond. 


Antenna elements have a tendency to vibrate when they 
are mounted on a tower, and one way to dampen the 
vibrations is by running a piece of clothesline rope through 
the length of the element, Cap or tape the end of the element 
to secure the clothesline. If mechanical requirements 
dictate (a U-bolt going through the center of the element, 


Table 6 
Hose-Clamp Diameters 
Clamp Diameter (п) 


Size No. Min Max 
06 LE 
08 1 
10 » Th 
12 % Th 
16 3 Th 
20 mh Ph 
24 Mh 2 
28 Pho 2h 
2 n 2h 
36 n Dh 
40 оз 
44 Be dh 
48 2h 3h 
52 Mm Ph 
56 зл а 
64 зл 4h 
72 4 5 
80 аһ Sh 
вв Бл 6 
96 64 ев 
104 oh 7 


for instance), the clothesline may be cut into two pieces. 

Antennas for 50 MHz need not have elements larger 
than "inch diameter, although up to 1 inch is used 
occasionally. At 144 and 220 MHZ the elements are usually 
to inch in diameter. For 420 MHz, elements as small 
as Yu inch diameter work well, if made of stiff rod. 
Alumi 
for 420-MHz arrays, and '/ı inch or larger is good for the 
220-МН» band. Aluminum rod or hard-drawn wire works 
Well at 144 MHZ. 

Tubing sizes recommended in the paragraph above 
are usable with most formula dimensions for VHF/UHF 
antennas. Larg ters broaden the frequency 
response; smaller ones sharpen it. Much smaller diameters 
than those recommended will require longer elements, 


um welding rod of n to Ys inch diameter is 


r dian 


especially in 50-MHz arrays. 


Element Taper and Electrical Length 
The builder should be aware of one important aspect 

of telescoping or tapered elements. When the element 
10, the 


diameters are tapered, as shown in Figs 9 ar 
electrical length is not the same as it would be for a 
cylindrical element of the same total length. Length 

rections for tapered elements are discussed in Chapter 2. 
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Other Materials for Antenna Construction 


Wood is very useful in antenna work. It is available 
їп a great variety of shapes and sizes. Rug poles of wood 
or bamboo make fine booms. Bamboo is quite satisfactory 
for spreaders in quad antennas, 

Round wood stock (doweling) is found in many 
hardware stores in sizes suitable for small arrays. Wood is 
good for the framework of multibay arrays for the higher 
bands, as it keeps down the amount of 
area of the array. Square or rectangular boom and frame 
‘materials can be cut to order in most lumber yards if they 
are not available from the racks in suitable sizes. 


ital in the active 


Wood used for antenna construction should be well 
seasoned and free of knots or damage. Available materials 
Vary, depending on local sources. Your lumber dealer can 
help you better than anyone else in choosing suitable 
materials. Joining wood members at right ап 

done with gusset plates, as shown in Fig 12, These can be 
made of thin outdoor-grade plywood or Masonite. Round 
materials can be handled in ways similar to those used with 
‘metal components, with U clamps and with other hardware 

In the early days of Amateur Radio, hardwood was 
used as insulating material for antennas, such as at the 
center and ends of dipoles, or for the center insulator of 
а driven element made of tubing. Wood dowels cut to 
length were the most common source. To drive out 
‘moisture and prevent the subsequent absorption of 
moisture into the wood, it was treated before use by 
boiling it in paraffin. Of course today's technology has 
produced superior materials for insulators in terms of both 
strength and insulating qualities. However, the technique. 
is worth consideration in an emerg or if 
low cost is à prime requirement. the wood in 
ап oven for a short period at 200° F should drive out any 
‘moisture. Then treatment as described in the next 
paragraph should prevent moisture absorption. The use 
of wood insulators should be avoided at high-voltage 
points if high power is being used. 

All wood used in outdoor installations should be 
protected from the weather with varnish or paint. A good 
grade of marine spar varnish or polyurethane varnish will 
offer protection for years in mild climates, and one or 
more seasons in harsh climates. Epoxy-based paints also 
offer good protection, 


Plastics 

Plastic tubing and rods of various sizes are available 
from many building-supplies stores. The uses for the 
available plastic materials are limited only by your 
imagination. Some amateurs have built beam antennas 
for VHF using wi ide thin PVC 
plumbing pipe. The pipe nts a certain 
mount of physical strength. Other hams have built 
temporary antennas by wrapping plastic pipe with 
aluminum foil or other conductive material. Plastic 


ives the ele 
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Fig 12—Wood members can be joined at right angles 
using gusset plates. 


ч 


Fig 13—Plastic plumbing parts сап be used as antenna 
center and end insulators. 


plumbing pipe fittings can also be used to enclose baluns 
and as the center insulator or end insulators of a dipole, 
as shown in Fig 13. Plastic or Teflon rod can be used as 
the core of a loading coil for a mobile antenna (Fig 14) 
but the material for this use should be selected carefully. 
Some plastics become quite warm in the presence of a 
strong RF field, and the loading-coil core might melt or 
catch fire? 


Fiberglass. 

Fiberglass poles are the preferred material for 
spreaders for quad antennas. They are lightweight, they 
withstand harsh weather well, and their insulating 
qualities are excellent. One disadvantage of fiberglass 
poles is that they may be crushed rather easily. Fracturing 
occurs at the point where the pole is crushed, causing it 
to lose its strength. A crushed pole is next to worthless, 
Some amateurs have repaired erushed poles with 
fiberglass cloth and epoxy, but the original strength is 


Fig 14—A mobile-antenna loading coll wound on a 
polystyrene rod. 


nearly impossible to regain. 

Fiberglass poles can also be used to construct other 
types of antennas, Examples are helically wound Yagi 
elements or verticals, where a wire is wound around the 
pole. 


CONCLUSION 


The antenna should be put together with good 


quality hardware. Stainless steel is best for long life. Rust 
Will quickly attack plated steel hardware, making nuts 
difficult, if not impossible, to remove. If stainless-steel 
aller clamps and hose clamps are not available, the 
s to have them plated. If you can't have them. 
plated, at least paint them with a good zinc-chromate. 
primer and a finish coat or two. 

Galvanized steel generally has a longer life than 
plated steel, but this depends on the thickness of the 
galvanizing coat. Even so, in harsh climates rust will 
usually develop on galvanized fittings in a few years. For 
the ultimate in long-term protection, galvanized steel 
should be further protected with zinc-chromate primer and 
then paint or enamel before exposing it to the weather. 

Good quality hardware is expensive initially, but if 
you do it right the first time, you won't have to take the 
antenna down in a few years and replace the hardware. 
When the time does come to repair or modify the ar 
nothing is more frustrating than fighting rusty hardware 
atthe top of the tower. 

Basically any conductive n 
radiating elen antenna. Almost any insulating 
material can be used as an antenna insulator, The materials 
construction are limited mainly by 
physical considerations (required strength and resistance 
to outdoor exposure) and by the availability of materials. 
Don't be afraid to experiment with radiating materials and 
insulators 


best thi 


serial can be used as the 
nt of a 


used for anten 


BIBLIOGRAPHY 
Source Material and more extended discussion of 
topics covered in this chapter can be found in the 
reference given below. 


J. J. Elengo, Ir. “Predicting Sag in La 
Antennas.” OST, Jan 1966, pp 57-58. 

D. B. Leeson, Physical Design of Yagi Antennas 
(Newington, CT: ARRL), 


Wire 


Antenna Materials and Accessories 20-13 


Antenna Products 
Suppliers 


Antenna Manufacturers Products 


Finding parts can be the most difficult aspect of an section of your local library 
antenna project. Supplicrs of aluminum exist in most Many dealers and distributors will ship their prod- 
major metropolitan areas. They can be found in the Yel ucts by freight or by mail. Tables 1 through 7 list several 


low Pages of the phone book. Some careful searching of categories of antenna products and some suppliers of 
the Yellow Pages may also reveal sources of other mate- them. Company names have been abbreviated where nec- 
аһ and accessories. If you live away from a metropoli- essary. Table 8 is an addres list arranged alphabetically 
tam area, ty using telephone books for the nearest large у company name 


metropolitan ares: they may be available in the reference "roduc lines change often; we recommend that you 
mm 
‘VHF/UHF Microwave Antenna Suppliers 
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request current catalogs from those manufacturers who only and are subject to change without notice. 
interest you. In addition, all indications of ales policies Antenna products for repeaters are listed separately 
and prices for catalogs are given for general information in Chapter 17. 


Table 2 
HF Antenna Suppliers 
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Table 3 Table 5 
Antenna Parts Towers, Masts and Accessor 
Toro 
Ru 
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== т 15 
— cia Glen Marin Engineering 
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. الا‎ d Е. Келе 
— | г RasioShace (masts ony) 
= Es 
= e x f Rotating Tower Systems. 
Tert = Sasha Towers Corporation 
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Antenna 
Supports 


A prime consideration in the selection of a support 
for an antenna is that of structural safety. Building regu- 
lations in many localities require that a permit be obtained 
їп advance of the erection of certain structures, often in- 
antenna poles or towers. In general, localities 


uch requirements also have building safety codes 
that must be observed. Such regulations may govern the 
method and materials used in construction of, for ex- 


ample, a self-supporting tower. Checking with your local 


government building department before putting up a tower 

may save a good deal of difficulty later, because a tower 

would have to be taken down or modified if not approved 
by the building inspector on safety grounds. 

Municipalities have the right and duty to enforce any 

to do with the safety of 

nized, 


reasonable regulations havin 


life ог property. The courts generally have reco 


however, that municipal authority does not extend to 


aesthetic questions. The fact that someone may object to 


the mere presence of a pole, tower or other antenna struc- 
ture because in his opinion it detracts from the beauty of 
the neighborhood is not to issue a 
permit for a safe structure to be erected. 5 
duction of PRB-I (federal preemption of unnecessarily 
restrictive antenna ordinances), this principle has been 


е the intro- 


borne ош in many courts. Permission for erecting ama- 
teur towers is more easily obtained than in the recent past 
because of this legislation. 

Even where local regulations do not exist or are not 
enforced, the amateur should be careful to select а loca- 


a type of support that contribute as much safety 
as possible to the installation. If collapse occurs, the 

should be 
minimized by careful choice of design and erection meth- 


chances of personal injury or property дата 


ods. A single injury can be far more costly than the price 


of a more ny 
and damag 

‘This chapter has been reviewed and rewritten by Kurt 
Andress, КТМУ. 


TREES AS ANTENNA SUPPORTS 
nning of Amateur Radio, trees have bet 
for supporting wire antennas. Trees cost noth- 


«d support, in terms of both monetary loss 


e to the public respect for amateur radio. 


Fig 1—A method of counter weighting to minimize 
antenna movement and avoid its breaking from tree 
movement in the wind. The antenna may be lowered 
without climbing the tree by removing the counter 
weight and tying additional rope at the bottom end of 
the halyard. Excess rope may be left at the counter- 
weight for this purpose, as the knot at the lower end of 
the halyard will not pass through the pulley. 
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ing o use, and often provide a means of supporting a wire 
antenna al considerable height. As antenna support, trees 
are unstable in the presence of wind, except in the case of 
very large trees used to support antennas well down from 
the top branches. As a result, ree-supported antennas must. 
be constructed much more sturdily than is necessary with 
stable supports. Even with rugged construction, it is 

likely that an antenna suspended from a tree, or between. 
trees, will stand up indefinitely. Occasional repair or 
replacement usually must be expected. 

‘There are two general methods of securing a pulley 
to a tree, il be tree can be climbed safely to the desired 
level, a pulley сап be attached to the trunk of the ree, as 
shown in Fig 1. To clear the branches of the tree, the 
antenna end of the halyard can be tied temporarily to the 
tree at the pulley level, Then the remainder of the hal- 
yard is coiled up, and the coil thrown out horizontally 
from this level, in the direction in which the antenna runs. 
It may help to have the antenna end of the halyard 
weighted, 

After attaching the antenna to the halyard, the other 
end is untied from the tree, passed through the pulley, and 
brought to ground along the tree trunk in as straight a line 
as possible. The halyard need only be long enough to reach 
the ground after the antenna has been hauled up. (Addi- 
tional zope can be tied to the halyard when it becomes nec- 
essary to lower the antenna.) 

‘The other method consists of passing a line over the 
tree from ground level, and using this line to haul a pul- 
ley up into the tree and hold it there. Several ingenious 
methods have been used to accomplish this. The simplest 
method employs a weighted pilot line, such as fishing 
line or mason’s chalk line. By grasping the line about 
two feet from the weight, the weight is swung back and 
forth, pendulum style, and then heaved with an under- 
hand motion in the direction of the treetop. 

Several trials may be necessary to determine the 
optimum size of the weight for the line selected, the dis- 
tance between the weight and the hand before throwing, 
аай the point in the arc of the swing where the line 
released. The weight, however, must be sufficiently large 
to carry the pilot ine back to ground after passing over 
the tree. Flipping the end of the line up and down so as to 
puta traveling wave on the line often helps to induce the 
weight to drop down if the weight is marginal. The hi 
the tee, the lighter the weight and the pilot line must be. 
A glove should be worn on the throwing hand, because a 
line running swiftly through the bare hand can cause a 
severe bı 

If here is a clear line of sight between ground and a 
particularly desirable crotch in the tree, it may eventu- 
ally be possible to hit the crotch after а sufficient number 
of tries. Otherwise, it is best to try to heave the pilot line 
completely over the tree, as close to the centerline of the 
tree as possible. If it is necessary to retrieve the line and. 
start over again, the line should be drawn back very 
slowly; otherwise the swinging weight may wrap the line 


her 
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around a small limb, making retrieval impossible 
Stretching the line out straight on the ground before 
throwing may help to keep the line from snarling, but it 
places extra drag on the line, and the line may snag on 
obstructions overhanging the line when it is thrown. 


Another method is to make a stationary reel by driving 
eight nails, arranged in a circle, through a L-inch board. 


After winding the line around the circle formed by the 
ils, the line should reel off readily when the weighted 

end of the line is thrown. The board should be tilted at 

approximately right angles to the path of the throw. 

Other devices that have been used successfully to pass 
a pilot line over a tree are a bow and arrow with heavy 
thread tied to the arrow, and a short casting rod and spi 

ing reel used by fishermen, The Wrist Rocket slingshot 
iade from surgical rubber tubing and a metal frame has 
proved highly effective as an antenna-launching device, 
Still another method that has been used where sufficient 
space is available is flying a Kite to sufficient altitude, 
walking around the tree until the kite string lines up with 
the center of the tree, and paying out string until the kite 
falls to the earth. This method can be used to pass a line 
over a patch of woods between two higher supports, which 
may be impossible using any other method 

‘The pilot line can be used to pull successively heavier 
lines over the tree until one of adequate size to take the 
strain of the antenna has been reached. This line is then 
used to haul a pulley up into the tree after the antenna 
halyard has been threaded through the pulley. The line 
that holds the pulley must be capable of withstanding 
considerable chafing where it passes through the crotch, 
and at points where lower branches may rub against the 
standing рап. For this reason, it may be advisable to use 
galvanized sash cord or stranded guy wire for raising the 
pulley. 

Larger lines or cables require special attention when 
they must be spliced to smaller lines. A splice that mini- 
mizes the chances of coming undone when coaxed 
through the tree crotch must be used. One type of splice 
is shown in Fig 2 


Fig 2—In connecting the halyard to the pilot line, a 
large knot that might snag in the crotch of a tro 
‘should be avoided, as shown. 


X 


Fig 3—A weighted line thrown over the antenna can be 
used to pull the antenna to one side of overhanging 
‘obstructions, such as tree branches, as the antenna is 
pulled up. When the obstruction has been cleared, the 
line сап be removed by releasing one end. 


The crotch in which the line first comes to rest may 
not be sufficiently strong to stand up under the tension of 
the antenna. If, however, the line has been passed over 
(or close to) the center line of the tree, it will usually 
break through the lighter crotches and come to rest in а 
stronger one lower in the tree. 

Needless to say, any of the suggested methods should 
be used with due respect to persons or property in the 
immediate vicinity. A child's sponge-rubber ball (base- 
ball ize) makes a safe weight for heaving a heavy thread 
line or fishing line. 

If the antenna wire sna 
the tree when the wire is pulled up, or if other tees inte 
fere with raising the antenna, a weighted line thrown over 
the antenna and slid to the appropriate point is often help- 
ful in pulling the antenna wire to one side to clear the 
interference asthe antenna is being raised. This is shown 
in Fig 3 


їп the lower branches of 


Wind Compensation 


The movement of an ante 


suspended between sup- 
ports that are not stable in the wind can be reduced by the 
use of heavy springs, such as screen-door springs under 
tension, or by a counterweight at the end of one halyard. 
This is shown in Fig 1. The weight, which may be made 
up of junkyard metal, window sash weights, or a galva- 
nized pail filled with sand or stone, should be adjusted 
experimentally for best results under existing conditions. 
Fig 4 shows a convenient way of fastening the counter 
weight to the halyard. It eliminates the necessity for unt 
ing a knot in the halyard, which may have hardened under 
tension and exposure tothe weather. 


Fig 4—Tho cleat eliminates the need to untie a knot 
that may be weather hardened. 


TREES AS SUPPORTS FOR VERTICAL 
WIRE ANTENNAS 
‘Trees can often be used to support vertical as well 


as horizontal antennas. If the tree is tall and has over- 


hanging branches, the scheme of Fig 5 may be used. The 
top end of the antenna is secured to а halyard passed over 
the limb, brought back to ground level, and fastened to 
the trunk of the tree 


| 


Fig 5—Counterweight for a vertical antenna suspended 
from an overhanging tree branch. 
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MAST MATERIALS 


Where suitable trees are not available, or a more 
stable support is desired, light-duty guyed masts are suit- 
able for wire antennas of reasonable span length, At one 
time, most amateur masts were constructed of lumber, 
but the TV industry has brought out metal masts that are 
inexpensive and much more durable than wood. How- 
ever, there are some applications where wood is neces- 
sary or desirable 


A Ladder Mast 
A temporary antenna support is sometimes needed 

n for antenna testing, site selection, 
emergency exercises or Field Day. Ordinary aluminum 
extension ladders are ideal candidates for this service, 
They are strong, light, extendable, weatherproof and eas- 
ily transported. Additionally, they are readily available 
and can be returned to normal use once the project is con- 
cluded. A ladder tower will support a lightweight triband 
beam and rotator 

With patience and ingenuity one person с: 
this assembly. One of the biggest problems is holding the. 
base down while "walking" the ladder to a vertical posi- 
tion, The ladder can be guyed with '/-inch polypropy- 
lene rope. Rope guys are arranged in the standard fashion. 
With three at each level. If help is available, the ladder 
can be walked up in its retracted position and extended 
after the antenna and rotator are attached. The lightweight 
pulley system on most extension ladders is not strong 
enough to lift the ladder extension. This mechanism must 
be replaced (or augmented) with a heavy-duty pulley and 
rope. Make sure when attaching the guy ropes that they 
do not foul the operation of the sliding upper section of 
the ladder. 

‘There is one hazard in this system that must be 
avoided: Do not climb or stand on the ladder when itis 
being extended—even as much as one rung. Never stand. 
оп the ladder and attempt to raise or lower the upper sec- 
tion, Do all the extending and retracting with the heavy- 
duty rope and pulley! 

If the ladder is to be raised by one person, use the 
following guidelines. First, make sure the rung-latching 

nechanism operates properly before beginning, The base 
must be hinged so that it does not slip along the ground 
y ropes should be tied and posi- 
tioned in such a way that they serve as safety constraints 
їп the event that control of the assembly is lost. Have 
available a device (such as another ladder) for suppor 
ing the ladder during rest periods. (See Fig 6.) 

Aller the ladder is erect and the lower section guys 
tied and tightened, raise the upper portion one rung at a 
time. Do not raise the upper section higher than it is 
designed to go; safety is far more important than a few 
extra feet of height 

For a temporary in 
anchors can be an exercise 


tallation, finding suitable guy 
creativity. Fence posts, trees, 
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Fig 6—Walking the ladder up to its vertical position. 
Keith, VEZAQU, supports the mast with a second ladder 
while Chris, VEZFRJ, checks the ropes. (Photo by Keith 
Baker, VEZXL.) 


and heavy pipes are all possibilities. If nothing of suffi- 
cient strength is available, anchor posts or pipes can be 
driven into the soil. Sandy soil is the most difficult to work 
wih because it does a very poor job of holding anchors. A. 
discarded car axle can be driven into the ground as 
anchor, as its mass and strength are substantial. A chain 
and car-bumper jack can be used to remove the axle whe 
the operation is done. 

Above all else, keep the tower and antenna away 
from power lines. Make sure that nothing ean touch the 
lines ifthe assembly falls. Disassemble by reversing the 
process. Ladder towers are handy for “quickie” antenna 
supports, but as with any improvisation of support mate- 
rials, care must be taken to ensure safe construction. 


The A-Frame Mast 
relat 


A light ly inexpensive mast is shown in 
Fig 7. In lengths up to 40 feet it is very easy to erect and. 
will stand the pull of ordinary wire antenna systems. The 
lumber used is 2 x 2-inch straight-grained pine (which 
many lumber yards know as hemlock) or even fir stock. 
The uprights can be as long as 22 feet each (for a mast 
slightly over 40 feet high) and the cross pieces are cut to 
fit. Four pieces of 2 x 2 lumber, each 22 feet long, pro- 
vides more than enough. The only other materials required 
are five "inch carriage bolts S0 inches long, a few 
spikes, about 300 feet of stranded or solid galvanized wire 
for guying, enough glazed porcelain compression (“egg”) 
insulators to break up the guys into sections, and the usual 
pulley and halyard rope. If the strain insulators are put in 
every 20 feet, approximately 15 of them will be enough. 
After selecting and purchasing the lumber—which 
should be straight-grained and knol-free—sawhorses or 
boxes should be set up and the mast assembled as shown. 


in Fig 8. AL this stage it is wise to give the mast a coat of 
primer and a coat of outside white latex pain 
After the coat of paint is dry, attach the guys and rig 
the pulley for the antenna halyard. The pulley anchor 
should be at the point where the top stays are attached so 


СУ 


но ro 
eee 


Fig 7—The A-frame mast is lightweight and easily 
constructed and erected. 


M OH 


Fig 8—Method of assembling tho A-frame mast on 
sawhorses. 


the backstay will assume the greater part of the load ten- 
sion. It is better to use wire wrapped around the mast 
With a small through-bolt to prevent sliding down than to 
use eyebolts. 

If the mast is to stand on the ground, a couple of 
stakes should be driven to keep the bottom from slipping. 
At this point the mast may be "walked up" by a helper. IF 
itis to go on a roof, first stand it up against the side of the 
building and then hoist it, from the roof, keeping it verti- 
cal. The whole assembly is light enough for two men to 
perform the complete operation—lifting the mast, carry- 
ing it to its permanent berth, and fastening the guys with 
the mast vertical. It is entirely practical to put up such a 


mast on а flat area of roof that would be too small to 
erect a regular tower installation, one that had to be raised 
vertically on the same spot. 


TV Mast Material 

TV mast is available in S. and 10-foot lengths, 
V/cinches diameter, in both steel and aluminum. These 
sections are crimped at one end to permit sections to be 
joined together. A form that is usually more convenient 
is the telescoping mast available from many electronic 
supply houses. The masts may be obtained with th 
four or five 10-foot sections, and come complete with 
guying rings and a means of locking the sections in place 
after they have been extended. These masts are inherently 
more suitable for guyed mast installations than the nor 
telescoping type because the diameters of the sections 
increase toward the bottom of the mast. For instance, the 
top section of a 50-foot mast is 1'/ inches diameter, and 
the bottom section is 2% inches diameter 

Guy rings are provided at 10-foot intervals, but guys. 
may not be required at every point. Guying is essential at 

ter of be 


the top and at least one other place near the c 


mast. If the mast has any tendency to whip in the wind, 
ог to bow under the load of a horizontal wire antenna, 
additional guys should be added at the appropriate points. 


MAST GUYING 

Three guy wires in each set are usually adequate for 

a mast. These should be spaced equally round the mast. 
The required number of sets of guys depends on the height 
of the mast, its natural sturdiness (or stiffness), and the 
required antenna tension, A 30-foot-high mast usually 
requires two sets of guys, and a S0-foot mast needs at 
least three sets. One guy of the top set should be anchored 
toa point directly opposing the force exerted by the wire. 
antenna. The other two guys of the same set should be 
the 


spaced 120° with respect to the first, as shown 
inset in Fig 7. 

Generally, the top guys should be 
tances from the base of the mast at least 60% of the mast 
height. The distance of the guy anchors from the mast 
determines the guy loads and the vertical load compress 
ing the mast, Ata 60% distance, the load on the guy wire. 


ichored at dis 
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opposite the wire antenna is approximately twice the 
antenna tension. The compression in the mast will be 1.66 
times the antenna tension. With the anchors out 80% of 
u. the guy tension will be 1.6 times larger 
sana load and the mast compression will be 


1.25 times larger. 

Whenever possible, the lar ichor spac- 
ing should be used. The additional compression on the 
mast, due to closer anchor spacing, increases the tendency 
of the mast to buckle. Buckling occurs when the com. 
pression on the unsupported spans between guys become 
too great for the unsupported length. The section then 
bows ош laterally and will usually fold over, collapsing 
the mast. Additional sets of guys reduce the tendency for 
the mast to buckle under the compression by decreasing 
the unsupported span lengths and stabilizing the mast, 
keeping itin a straight line. 

A natural phenomenon, called vortex shedding, can 
‘occur when the wind passes over the sections of a guyed 
mast. For every section size, shape, and length, there is a 
wind speed that can cause the sections to oscillate 
mechanically. When all the sections of an antenna sup- 
port mast are close to the same size and length, itis pos- 
sible for all of the mast sections to vibrate simultaneously 
between the guys. To reduce the potential for this, you 
сап place the guys at locations along the mast that will 
result in different span lengths. This creates different me- 
chanical resonant frequencies for each span, eliminating 
the possibility of all sections oscillating at the same time. 

When determining the guy locations along the mast 
to treat this problem, you also need to consider the mast 
buckling requirements. Since the compression in the mast 
is greatest in the bottom span, and the least in the top 
span, the guys should be placed to make the bottom spa 
the shortest and the top span the longest, A general guide 
for determining the different span lengths is to make the 
unguyed lengths change by 10 to 20%. 

Example: For a 30-foot high mast with three guy 
sets, the equal-guy locations would be every 10 feet, We 
can make the center span, 10 feet long, and then make 
the lower span 15% shorter and the top span 15% longer. 
While this is not an exact technical method to determine 
the best solution, the approach will create different 
mechanical resonant frequencies for the spans, with the 
span lengths approximately adjusted for the varying buck- 
ling requirements. 

You can eliminate electrical resonance from con- 
ductive guy materials that might cause distortion of the 
antenna radiation pattern by breaking each guy into non- 
resonant lengths using strain insulators (see Figs 9 and 
10). This subject is covered in detail later in this chapter. 


st available 


Guy Material 


When used within their safe load ratings, you may 
use any of the halyard material listed in Chapter 20 for 
the mast guys. Nonmetallic materials have the advantage 
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Fig 9—Simple lever for twisting solid guy wires when 
attaching strain insulators. 


EN 


Fig 10—Stranded guy wire should be attached to strain 
Insulators by means of standard cable clamps made to 
fit the size of wire used. 


that there is no need to break them up into sections to 
avoid unwanted resonant interactions, АП of these mate- 
rials are subject to stretching, however, which causes 
‘mechanical problems in permanes 
working loads, dry manila rope stretches about 5%, while 

lon rope stretches about 20%. Usually, after a period 
of wind load and wet/dry cycles, the lines will become 
fairly stable and require less frequent adjustment 

Solid galvanized steel wire is also widely used for 

guying. This wire has approximately twice the load rat- 
ings of similar sizes of copper-clad wire, but it is more 
susceptible to corrosion, Stranded galvanized wire sold 
for guying TV masts is also suitable for light-duty appli- 
cations, but is also susceptible to corrosion. It is pruden 
to inspect the guys every six months for signs of deteri 
ration or dan 


installations. At rated 


Guy Anchors 

Figs 11 and 12 show two different kinds of guy 
anchors. In Fig 11, one or more pipes are driven into the 
ground at right angles to the guy wire, Ifa single pipe 
proves to be inadequate, another pipe can be added in 
tandem, as shown, and connected with a galvanized steel 
cable. Heavy-gauge galvanized pipe is preferred for 
corrosion resistance. Steel fence posts may be used й 
the same manner. Fig 12 shows a dead-man type of 


ты. 


/ oy 


Fig 11—Driven guy anchors. One pipe is usually 
sufficient for a small mast. For added strength, a 
‘second pipe may be added, as shown. 


Fig 12—Burled dead-man guy anchor (seo text). 


anchor. The buried anchor may consist of one or тоге 
pipes 5 or 6 feet long, or scrap automobile parts, such as 
bumpers or wheels. The anchors should be buried 3 or 
4 feet in the ground. The cable connecting the dead-man 
to the guys should be galvanized wire rope, like EHS guy 
cable. You should coat the buried part of the cable with 
roofing tar, and thoroughly dry it prior to burial to en- 
hance resistance to corrosion. 


Also available are some heavy auger-type anchors 
that screw into the earth. These anchors are usually 
heavier than required for guying a mast, although they 
тау be more convenient to install. You should conduct 
annual inspections of the anchors by digging several 
inches below grade around the anchor to inspect for 

‘Trees and buildings may also be used as guy anchors 
if they are located appropriately. Care should be exer- 
cised, however, to make sure that the tre is of adequate 
size and that any Fastening to a building can be made suf- 
ficiently secure 


Guy Tension 

Many troubles encountered in mast guying are a 
result of pulling the guy wires too light, Guy-wire ten- 
sion should never be more thun necessary to correct for 


obvious bowing or movement under wind pressure. 
Approximately 10% to 15% of the working load is suf 
cient. In most cases, the tension needed does not require 
the use of turnbuckles, with the possible exception of the 
guy opposite a wire antenna, If any great difficulty is 
experienced in eliminating bowing from the mast, the guy 
tension should be reduced or additional sets of guys are 
required. The mast should be checked periodically, espe- 
cially after large wind events, to ensure the guys and 
anchors have not stretched or moved, allowing the mast 
to get away from the required straight alignment. 


ERECTING A MAST OR OTHER 
SUPPORT 


Masts less than 30 feet high usually can be simply 
walked up after blocking the bottom end securely. Block- 
ing must be done so that the base can neither slip along 
the ground nor upend when the mast is raised. An assis 
tant should be stationed at each guy wire, and may help 
by pulling the proper guy wire asthe mast nears the ver- 
tical position, Halyards can be used in the same manner 

As the mast is raised, it may be helpful to follow the 
underside of the mast with a scissors rest (Fig 13), should 
а pause in the hoisting become necessary. The rest may 
also be used to assist in the raising if an assistant mans 
each leg. 

As the mast пем» the vertical position, those hold- 
ing the guy wires should be ready to temporarily faster 
the guys to prevent the mast from falling. The guys car 
then be adjusted until the mast is perfectly straight. 

For masts over 30 feet long, a gin pole of some for 
тау be required, as shown in Fig 13. Several turns of 


md Vera 


Fig 13—Pulling on a gin line fastened slightly above the 
center point of the mast and on the halyards can assist 
in erecting a tall mast. The tensions should be just 
enough to keep the mast in as straight a line as 
possible. The "scissors" may be used to push on the 
Under side and to serve as a rest a pause in raising 
becomes necessary. 
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горе are wound around а point on the mast above center 
The ends of the rope are then brought together and passed 
over a tree limb, The rope should be pulled as the mast is 
walked up to keep the mast from bending at the center. If 
a tree is not available, a post, such asa 2 x 4, temporarily 
erected and guyed, can be used. After the mast has been 
erected, the assisting rope can be removed by walking 


se end around the mast (inside the guy wires). 

‘Telephone poles and towers are much sturdier sup- 
ports. Such supports may require no guying, but they are 
mot often used solely for the support of wire antennas 
because of their relatively high cost. For antenna heights 
in excess of 50 feet, however, they are usually a most prac- 
tical form of support. 


Tower And Antenna Selection and Installation 


‘The selection of a tower, its height, and the type of 
antennas and rotator is probably one of the more com- 
plex issues faced by station builders. All aspects of the 
tower, antenna, and rotator system are interrelated, and 
уой should consider the overall system before making 
апу decisions regarding specific system components. 

Perhaps the most important consideration for many 
amateurs is the effect of the antenna system on the sur- 
rounding environment. If plenty of space is available for 
a tower installation and if there is litle chance of causi 
esthetic distress on the part of family 

ihbors, the amateur is indeed fortunate. Often, the 
primary considerations are purely financial. For most, 
however, the size of the property, the effect of the system 
оп others, local ordinances, and the proximity of power. 
lines and poles influence the selection of the tower! 
antenna system considerably. 

The amateur must consider the practical limitations 
for installation. Some points for consideration are given 
below 


mbers or the. 


1) A tower should not be installed in a position where it 
‘could fall onto a neighbor's property. 

The antenna must be located in such a position that it 
cannot possibly tangle with power lines, either dur- 
1g normal operation or if the structure should fall. 
Sufficient yard space must be available to position a 
guyed tower properly. The guy anchors should be 
between 60% and 80% of the tower height in distance 
from the base of the tower on level ground—sloping 

terrain may require larger areas. 

Provisions must be made to keep children from climb- 
ing the support. (Poultry netting around the tower base 
will serve this need.) 

Local ordinances should be checked to determine if 
any legal restrictions affect the proposed installation. 


2 


3 


4 


s 


Other important considerations are (1) the total dol- 
поши to be invested, (2) the size and weight of the 
antenna desired, (3) the climate, and (4) the ability of the 
owner to climb a fixed tower. 

Most tower manufacturers provide catalogues or data 
packages that represent engineered tower configurations. 
These are provided as a convenience for users to help 
determine the most suitable tower configurations, The 
most commonly used design specifications for towers are 
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EIA (Electronic Industries Assoc.) RS-222 and UBC (Uni- 
form Building Code). These specifications define how the 
tower, antenna, and guy loads are determined and applied 
to the system, and establish general design criteria for 
the analysis ofthe tower. Local authorities often require 
the review and approval of the installation by a state 
licensed Professional Engineer (PE.) to obtain building 
permits. All local authorities in the United States do not 
subscribe to the same design standards, so often the manu- 
facturers’ general-purpose engineering is not applicable. 
One of the first things you need to determine in the 
tower selection process is the type of specification 
required by the local authorities, if any. Then, you must 
determine the Basic Wind Speed appropriate forthe site. 
The Basic Wind Speed used in most specifications is the 
average wind speed for one mile of wind passing across 
the structure. It will be a lower value than the peak read- 
ings from an anemometer (wind gauge) installed at the 
site. For example, a Basic Wind Speed of 70 mph could 
have a maximum value of 80 mph and a minimum of 
60 mph, equally distributed during the passage of the mile 
of wind. Basic wind speeds can be found in tables or maps 
contained in the appropriate specifications. Often, the 
basic wind speed used for the location may be obtained 
from the local permit authority. Check out the Web site 
at www.championradio.com, which contains ELA basic 
wind speed tables for every county in the USA. UBC 
speeds are available at almost every local library 
Antenna manufacturers also provide antenna data to 
assist im the selection process. Unfortunately, antenna 
mechanical designs do not always Follow the same 
dards used for towers. Proper antenna selec- 
tion often means that you 
surface areas yourself to avoid overloading the tower. 
More discussion about this follows later in this chapter. 
Itis often very helpful to the novice tower installer 
to visit other local amateurs who have installed towers. 
Look over their hardware and ask questions. If possible 
have a few local experienced amateurs look over your 
plans—before you commit yourself. They may be able to 
offer a great deal of help. If someone in your area is plan- 
ning to install a tower and antenna system, be sure to 
offer your assistance. There is no substitute for experi- 
ence when it comes to tower work, and your experience 
there may prove invaluable to you later. 


just determine the antenna 


THETOWER 


Towers for supporting antennas come in а variety of 
different types. Each type has its own set of benefits and 
limitations, or conditions and requirements. Often, you 
сап choose a particular tower type by considering issues 
other than pure mechanical performance. Understanding. 
how each type of tower functions, and what its respective 
requirements are, are the first steps in making the best 
tower selection for your own situation. 


GuyedTowers 
The most common variety of tower is the guyed 
tower made of identical stacked sections, supported by 
guy cables attached to ground anchors placed symmetri 
cally around the tower. These towers are the most eco- 
ıomical, in terms of feet per dollar investment, and are 
more efficient for carrying antenna loads than non-guyed 
The guys resist the lateral loads on the system created 
by the wind. Since the guys slope down to the ground, 
horizontal loads due to the wind result in vertical loads 
applied to the tower at each tower/guy connection. The 
tower becomes a compression member, trying to resist 
the column compression generated by the guy reactions. 
A tower in compression can buckle, so the distance 
between guy connections along the tower is important 


Tower Bases for Guyed Towers 

Another important phenomenon in a guyed tower is 
stretching of the guy cables. АП guys stretch under load. 
and when the wind blows the elongated guys allow the 
Tower to lean over somewhat. If the tower base is buried 
їп the concrete footing—as is commonly done in ama- 
teur installations the bending stress at the tower base 
can become a significant factor. Towers that have been 
installed with tapered pier pin bases much more freely 
absorb tower leaning, and they are far less sensitive to 
guy-clongation problems. 

‘The tapered pier pin tower installation is not with- 
ош some drawbacks. These installations often require 
torque-arm guy brackets or six-guy torque-arm assem- 
blies to control tower rotation due to antenna torque. They 
also require temporary guys when they are being installed 
to hold the base steady until the permanent guys are 
mounted. Some climbers also don’t like the flexing when. 
they start to climb these types of towers. 

On the positive side, pier pin base towers have all 
structural members above the concrete footing, eliminat- 
buried towers. Most decisions regarding the type of base 
installation are made according to the preference of the 
tower builder/maintainer. While either type of base con- 
figuration сап be successfully used, you would be wise 
to do the stress calculations (or have a professional er 

weer do them) to ensure safety, particularly wh 
antenna loads are contemplated and particularly if guys 


about hidden corrosion that can occur with 


that can easily stretch are used, such as Phillystran guys. 
The configuration shown in Fig 14А is taken fror 
an older (1983) Unarco-Rohn catalog. This configura- 
tion has the top set of guys placed at the top of the tower 
With the lower set halfway up the tower. This configura- 
tion is best for most amateur installations, which usually 
have the antennas mounted on a rotatable mast extending 


= quaes ns 
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Fig 14—The proper method of installation of a guyed 
tower. At A, the method recommended for 
installations. At B, the method shown in late 
catalogs. This places considerable strain on the top 
Section of the tower when large antennas are mounted 
on the tower. 
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ош the top of the tower—thereby placing the maximum 
lateral loads when the wind blows at the top of the tower 
f the rotating mast). 
ig 14B is from a newer 
(1998) Rohn catalog. It has 5 feet of unsupported tower 
above the top guy set. The lower guy set is 
ely hallway between the top guys and the base 
The newer configurations are tailored for commercial 
users who populate the top region of the tower with fixed 
arrays and/or dishes. The installation in Fig 148 cannot 
safely withstand the same amount of horizontal top load 
аз can the configuration shown in Fig 14А, simply because 
the guys start farther down from the top of the tower. 
Ап overhead view of a guyed tower is given in 
Fig 14C. Common practice is o use equal angular spac- 
ings of 120° between guy wires. If you must deviate from 
this spacing, the engineering staff of the tower manufac- 
turer or a civil engineer should be contacted for advice. 
Amateurs should understand that most catalogs show 
»ples of tower configurations that work within 
the cited design specifications. They are by no means the 
only solution for any specific tower/antenna configura- 
tion, You can usually substantially change the load сара- 
bility of any given tower by varying the size and number 
of guys. Station builders are encouraged to utilize the 
services of professional engineers to get the most out of 
their guyed towers. Those interested in more generic 
information about guyed tower behavior can find it at 
wwwfreeyellow.com/members3/yagistress/ 


Unguyed Towers 

Another commonly used type of tower is 
mally guyed—these are usually referred to as freestand- 
ing or self-supporting towers. Unguyed towers come in 
three different styles. 

One style is comprised of stacked lengths of identi- 
cal tower sections, just like those used for guyed towers. 
The only difference is that no guys are used. Manufactur- 
ers provide the recommended configurations and allow- 
able loads for this type of installation in their catalogs, 
Unguyed towers are vastly less capable of supporting 
antenna loads than their guyed counterparts, but have great 
utility for light-duty applications—when configured within 
their capabilities. 

The second style utilizes differ 
varying from large sections at the base and tapering dow 
to smaller sections at the top. This style is more much more 
efficient for freestanding applications, because the tower 
is sized for the varying bending loads along the tower 
length, and is shown in Fig 15. 

The third style of unguyed towers is commonly 
called a erank-up tower. It is a freestanding tower with 
telescoping sections that cun be extended or retracted with 
a winch, cable, and pulley mechanism. This allows the 
tower to be raised and lowered for maintenance and 
antenna work. It is usually necessary to retract such tow- 
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Fig 15—Typical 
freestanding 
(unguyed) tower. 
Arrows indicate the 
directions of tt 
forces acting upon 
the structure. Se 
text for discussion. 
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ers for moderate to heavy winds, Some consider this a 
disadvantage because they can't operate their antennas 
at full height when it is windy. Two different forms of the. 
crank-up style, freestanding tower are shown in Fig 16. 

А shows the tubular version: Fig 16B shows the 
triangular space-frame version. 

Some crank-up towers are used with guys and are 
only retracted for maintenance and antenna work. These 
Towers are specially designed with locking mechanisn 
between the tower sections to carry the vertical compres- 
sion created by the guys. Do not use guys with normal 
crank-up towers (those that have no locking devices 
between sections)! The increased tower compression will 
be carried by the hoisting cable, which will eventually 
cause it to fail, 


Never climb а crar 


«up tower unless it is properly 
nested, with all load removed from the hoisting cable. 
For general antenna work, this can be accomplished by 
completely retracting it until the cable becomes loose. 
When servicing the rotator, the tower must be left par- 
tially extended. In this case every tower section must be 


Fig 16—Two examples of 
crank-up towers. 
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blocked with heavy timber or thick-wall tubes, installed 
through the tower bracing, until all sections are resting on 
the blocks and the hoisting cable becomes slack. Safely 
installing the blocks in an extended erank-up tower can be 
challenging. The object is to get all the blocks installed 
Without a climber having to scale the unblocked tower, risk- 
ing loss of limbs should the hoisting cable fail. An exten- 
sion ladder, capable of reaching the required block 
elevations is the safest approach, Ifthe necessary equip- 
ment or expertise is not available, the tower can be 
retracted, antennas removed, and leaned over, with the base 
tilt-over assembly, before extending it to access the rota- 
тог. Failure to properly block the tower before climbing 
can result in serious injury should the cable slip or break! 
All freestanding towers share some unique charac- 
teristic. Each must support antenna and tower loads only 
by virtue of the bending strength of the tower sections 
and the tower Footing connection to earth. Because of the 
large overturning moment at the tower base, freestand- 
ing towers require I 
Towers, They are usually more expensive for the same 
load capability compared to guyed towers, simply because 
they require larger heavier tower sections a 


А 


Fig 17—Fold-over or tilting base. There are several 
different kinds of hinged sections permitting different. 
types of installation. Groat care should be exercised 
When raising of lowering a tilting tower 


Freestanding towers are quite popular, and are often 
the best solutions for sites with limited space ar 
concerns. When cranked down, a telescoping tower ca 
maintain a low-profile system, out of sight of the ne 
bors and family. 


Tilt-Over Towers 
Some towers have another conver 
nged section that permits the owner to fold over all ora 
portion of the tower. The primary benefit is in allowing 
amenna work to be done close to ground level, without 
the necessity of removing the antenna and lowering it for 
service. Fig 17 shows a hinged base used with stacked, 
guyed tower sections. The hinged section can be designed 
for portions of the tower above the base, These are usu- 
ally referred to as guyed sill-over towers, where a con- 
ventional guyed tower can be tilted over for install 
and servicing antennas, Many crank-up towers come with 
optional tll-over base fixtures that are equipped with a 
winch and cable system for tilting the fully nested tower 
from horizontal to vertical positions. 

Misuse of hinged sections during tower erection is a 
dangerously common practice among radio amateurs. 
Unfortunately, these episodes can end in accidents. If you 
do not have a good grasp of the fundamentals of physics, 
it might be wise to avoid hinged towers or to consult a 
expert if there are any questions about safely installing 
and using such a tower. It is often far easier (and safer) to 
erecta regular guyed tower or self-supporting tower with 
gin pole and climbing belt than it is to try to walk up an 
unwieldy hinged tower. 
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‘The AB-577 Military Surplus Tower 
Another light duty tower has found acceptance among 
many amateurs. Available from assorted military surplus 
dealers is the AB-S77 system. This was designed to be a 
portable, rapid deployment antenna support for field com- 
nunications. I is a guyed mast that goes up somewhat like 
‘acrank-up. The system consists of several short sections of 
aluminum tubing, with special end connections for joining 


tower with tribander at 45 foot at K7NV. 
(Photo by Kurt Andress, K7NV) 


them, These can be erected from the base fixture, which has 
a crank-up type winch-driven elevator platform. The tubing 
sections are installed in the base fixture and connected to 
the section above it with an over-center locking Marmon- 
style clamp. Then, the elevator platform is raised with the 
winch and the new tube is locked in place, high on the base 
fixture. Then the elevator is lowered to accept the next sec- 
tion. While the tower is extended, the supporting guys are 
adjusted via the unique snubber assemblies at the anchor 
«tion. One person can erect this system, even in windy 
conditions, when special care is given to keeping the guys 
properly adjusted during each extension, 
The standard AB-577 system, with 3 sets of guys, 
will support a modest triband Yagi at 45 feet. Fig 18A 
a Hy-Gain TH7DX at 45 feet. 


shows an installation wit 


TOWER BASES 

Tower manufacturers can provide customers with de- 
tailed plans for properly constructing tower bases. Fig 19 
is an example of one such plan, This plan calls for a hole 
that is 30 x 3з x 6 feet. Steel reinforcement bars are 
lashed together and placed in the hole. The bars are posi 
tioned so that they will be completely embedded in the 
concrete, yet will not contact any metallic object in the 
base itself. This is done to minimize the possibility of a 
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Fig 19—Plans for installing concrete base for Wilson 
ST-778 tower. Although the instructions and dimen- 
sions vary from tower to tower, this is representative of 
the type of concrete base specified by most manufac- 
turers. 


direct discharge path for lightning through the base 
Should such a lightning discharge occur, the concrete base. 
could be damaged. 

Providing suitable paths for the discharge of light- 
ning energy safely for towers is a complex subject. Several 
companies offer products and guidance. The basic 
requirements for providing controlled discharge paths for 
lightning-induced current is to supply a low-impedance 
grid of conductors from the tower and feed lines to a field 
of interconnected ground rods around the base of the 
tower. Generally, the tower, station, and electrical ser- 
vice grounds need to be connected to prevent dama 
potential differences from developing between the vari- 
‘ous components in the system. 

A strong wooden form is constructed around the top 
of the hole. The hole and the wooden form are filled with 
concrete so that the resultant block will be 4 inches above 
grade. The anchor bolts are embedded in the concrete, 
and aligned with the plywood template, before it hard- 
ens. The template serves to align the anchor bolts to prop- 
erly mate with the tower itself, Once the concrete has 


" 


Fig 20—Another example of a concrete base (Tri-Ex 
шато. 


cured, the tower base is installed on the anchor bolts and. 
the base connection is adjusted to bring the tower into 
vertical alignment. 

For a tower that bolts o à flat base plate mounted to 
the footing bolts (as shown in Fig 19), you can bolt the 
first tower section on the base plate to ensure that the 
base is level and properly aligned. Use temporary guys 
to hold things exactly vertical while the concrete cures. 
(The use of such temporary guys also works well wher 
you place the first tower section in the base hole and 
plumb it vertically before pouring in the concrete.) Manu- 
facturers can provide specific, detailed instructions for 
the proper mounting procedure. Fig 20 shows a slightly 
different design for a tower base 

The one assumption so far is that normal soil is pre- 
dominant in the area in which the tower is to be installed 
Normal soil is a mixture of clay, loam, 
rocks. More conservative design parameters for the tower 
base should be adopted (usually, using more conerete) if 
the soil is sandy, swampy or extremely rocky. If there are 
any doubts about the soil, the local agricultural exten- 
sion office can usually provide specific technical infor- 
mation about the soil in a given area, When this 
information is in hand, contact the engineering depart 
ment of the tower manufacturer or a civil engineer for 
specific recommendations with regard to compensating 
for any special soil characteristics. 


TOWER INSTALLATION 
‘The installation of a tower is not difficult when the 


proper techniques are used. A guyed tower, in particular, 
is not hard to erect, because each of the individual sec- 


sand and small 


tions is relatively lightweight and can be ha 
only a few helpers and some good quality rope, 


The Gin Pole and Tips on Tower Bui 

Am essential piece of hardware for worki 
isa gin pole. This section came from the ARRL book Simple 
and Fun Antennas for Hams. The dictionary describes a gi 
pole as “a device for moving heavy objects.” See Fig 21 
Which shows a drawing of the Rohn "Erection Fixture" 
EF2545. This gin pole was designed to work with the nomi- 

sections of Rohn 25 or 45 towers 

(0 assume in the following discussion 
that you are installing Rohn 45, which weighs about 
70 pounds. This is a lot of weight, and you must refrai 
from adding to that during installation. That means, for 
example, that you do not attempt to lift а 10-foot section 
With the guy wires attached! Neither should you attempt 
to lift the top section with the rotator and rotor shelf 
stalled. The gin pole (and your ground crew) will not ap- 
preciate all that strain. 

The main working part of the 


sin pole is the pulley 


Fig 21—Drawing of Rohn “Erection Fixture” EF2545, 
also known commonly as a “gin polo." 
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mounted at the top of the 12-foot long heavy-wall alu 
mum tubing. This pulley has a rope going down to the 
ground crew through the center of the aluminum tube. AL 
the base of the tower, the pull горе should be run through 
а snatch block attached to the tower just above ground 
level. This block allows the pull rope to be pulled out 
horizontally away from the tower base. That helps pro- 
tect ground crew should a tool be dropped by the people 
on the tower 

An adjustable, sliding clamp towards the bottom of 
the aluminum tubing is clamped to the tower using а 
swinging L-bracket-type clamp with two clamping bolts. 
These have T-bar handles that can be tightened by hand. 
In fact, this gin pole can be moved and deployed without 
any tools. The clamp is positioned on the top ofthe tower 
section onto which the next tower section is to be installed 
Once clamped to the top of the tower, you would loosen 
the T-bar handle that tightens the clamp against the slid- 
ing aluminum tube and slide the tubing up to its maxi- 
mum extent. 

In practice, the following steps are taken as each 
10-foot section of tower is installed, one-by-one. We're 
assuming here thatthe gin pole starts out on the ground, 
with at least one person belted in at the top of the tower, 
We're also assuming that the pull rope has been threaded 

im tube and the top pulley, with a knot 
tied to prevent it from falling back down the tube. 


through the alumi: 


1. The clamp holding the aluminum tubing is loosened 
so that the pulley on the tube can be lowered to where 
it is just above the bottom clamp. Then the T-bar 
handle for the tube clamp is tightened, 

2. The climber lowers a tag rope for the ground crew to 
tie to the gin-pole pull rope. (This tag rope has been 
looped through a temporary pulley clipped to the top 
of the tower, It is also used to pull up tools and other 
materials.) The ground crew then pulls the gin pole 
up to the climber, using the tag line rope. Friction of 
the rope against the top of the pulley-head assembly 
will prevent the gin-pole assembly from slipping 
down. [Note that some climbers prefer to "walk" the 

in-pole up the tower rather than having it pulled up 
from the ground below. They free up their hands for 
climbing and temporarily holding the gin pole by us- 

y their belt lanyard looped around the tower as they 
imb] 

ice the gin-pole head reaches the top of the tower, 

the climber clamps the gin pole clamp securely tothe 

top of the tower. 

4. The T-bar handle for the tube clam 
the alum 


is loosened, and 

im tube is extended to its maximum height, 

as shown in Fig 21. Make sure you have tied the free 
‘end of the rope coming through the top pulley tempo- 
тану to the top of the tower, or else you'll have to 
lower the gin pole and go through this step again. 

5. The free end of the pulley rope is then dropped to the 
ground, often using a weight such as a medium Cres- 
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сеш wrench or perhaps a hammer to keep the rope 
from waving about as it dangles down the tower, 
gling with every imaginable thing as it proceeds down- 
wards. I's amazing how even a tiny breeze can make 
an unweighted rope dance like that. 

The ground crew then ties the free end of the rope 
‘above the balance point of the tower. For Rohn 25 or 
45 there are eight horizontal cross braces per section, 
You want the crew to tie the торе to the fifth horizon- 
tal brace from the bottom. Please remember that you 
want the bottoms of the tower sections" legs to be 
pointed downwards, not flipped over, when the bot- 
tom of these legs approach you atthe top ofthe tower 
section the climber is standing on. 

Once the bottom of the rising tower section is just 
above the top of the legs of the bottom tower section, 
the climber guides the tower down onto the top of the 
three legs, while calling out to the ground crew 
structions about slowly lowering the new section down 
‘onto the legs. See Fig 22, which shows the climber 
guiding the new section of 

Rohn HBX tower onto the 


previous section's legs. 
"This process is consider- 
ably easier to accomplish 
if each section of tower 
has been put together on. 
the ground to make sure 
that the legs fit together 
easily. There's nothing 
more frustrating that try- 
ing to manually force-fit 
tower sections together at 
the top of a tower, 
It seems that freight 
companies don’t always 
handle heavy tower sec- 
tions very gently and legs 
easily get bent out of 
alignment, A careful in- 


staller numbers tower sec- = Fig 22 Climberis. 
tions in the order they've gulding the new 

been test-fited together on section onto the top of 
the ground, marking them — the existing one. The 
witha laundry marker pen, 

You should also spray a 
small amount of WD-40 
up inside 


instructions to the 


Inercia oun ering on 
hem to help prevent gall- (Photo courtesy Mike 
e andes ente ing wac. (Photo out 


tions together. [Don't do. 
this to excess—WD-40 is 
slippery and messy when it runs out of the bottom of 
tower legs] 

Another caution: Make sure before you start install- 
ing any tower that the correct ends of the bottom 


/s legs, "male" rather thar "are pointed 

upwards. A prominent amateur (who will ро unnamed) 
had to have Rohn make and send him a special “gen- 
der bender flange to turn females into males, since 
һе had installed the base upside-down in the concrete 
base. You don’t want to do that. 

8. Once the new tower section has been guided down onto 
the male ends, the six pinning bolts are inserted and 
lightened with nuts, Note that Rohn uses two dilfer- 
ent sized bolts, with the larger diameter one on the 
bottom, 

9. IF this section of tower is one where guy wires are to 
be placed, they can be brought up using the gin pole 
rope and positioned on the tower. The maximum spac- 
ing for Rohn 25 is 30 feet between guy-wire sets, and 
40 feet for Rohn 45. Thirty feet of unguyed Rohn 25 
tower is wobbly, though safe. Many installers prefer 
to come down off the tower when setting guy-wire 
tension, since they do not like to be on a wobbly tower 
When the ground crew is moving around yanking on 
guy Wires, Many also greatly prefer working on Rohn 
45 tower, which is substantially more secure feelin 
and easier to stand on, with its legs 18 inches apart, 
while Rohn 25 legs are only 12 inches apart. 

10. Finally, you reposition the gin pole for the next sec- 
tion of tower. The T-bar at the clamp is loosened, the 
tube is dropped down to the level of the clamp, and 
the climber walks the gin pole up to the top of the 
section just installed and clamps it there, ready to pull 
up the next tower section, 


Tower Satety 

One of the most important aspects of any tower 
installation project is the safety of all persons involved. 
See Chapter I for details on important safety issues. The 
use of hard hats is highly recommended for all assistants 
helping from the ground. Helpers should always stand 
clear of the tower base to prevent being hit by a dropped. 
tool or hardware. Each person working on the tower must 


use a good climber's safety belt. 

When climbing the tower, if more than one person 
is involved, one should climb into position before the 
other begins climbing. The same procedure is required 
for climbing down a tower after the job is completed. The 
purpose is to have the non-climbing person stand still so 
as not to drop any tools or objects on the climbing per- 
son, or unintentionally obstruct his movements. When two 
persons are working on top of a tower, only one should 
change position (unbelt and move) at a time. 

For most installations, a good-quality inch di 
eter Manila hemp rope can adequately handle the 
workload for the hoisting tasks. The rope must be 
periodically inspected to assure that no tearing or chaf- 
ing has developed, and if the rope should get wet from 
rain, it should be hung out to dry at the first opportunity. 
The knots used for connecting hoisting lines and hard- 
ware are critical to executing any safe installation, and 


special attention should be given to this detail for any 
work party. 
Неге is an important point regarding safety—the 


person who climbs the tower should be in charge of what 
happens with the ground crew. Not only does the person 
on the tower have a better overall view of the situation 
below, but also any confusion on the ground can result in 
serious injury to the climber. 


GUY WIRES 


In typical guyed tower installations, guy wires may 
experience loads in excess of 1000 pounds. Since the guys 
are the primary means of carrying the horizontal wind 
Toads, great care should be taken in their selection and 
installation. 
Guys come in a variety of materials an 
tions. Normally, the tower manufacturer or professional 
ег will specify the size and type of cable to be used. 
n type of cable used for tower guying is 
the EHS (Extra High Strength) galvanized steel cable. 
The EHS cables are very stiff and are the highest strength 


Tablet 
Guy Cable Comparisons, 
Cabo Nominal Dia. Breaking 
Inches Strength 
us 
Aw 1 x7 EHS 0188 3990 
Ve 1x7EHS 0250 (6700 
HPTG6700 0220 6700 
НРТОВООО 0290 6000 
"e 1 x7 EHS 0313 11200 
HPTG11200 0320 11200 
He Fiberglass Rod 0375 13000 


Weight Elongation %Elongation 
Lbs/00'  Inches/100' 
73 677 056% 
121 381 032% 
31 1320 1.10% 
35 890 074% 
205 244 020% 
55 545 045% 
97 543 045% 


EHS steel cable information is taken from ASTM A 475-89, the industry standard specification for steel wire rope. 
The HPTG listings are for Philystran aramid cables, and aro based on the manufacturers’ data sheets. Tho elonga- 
tion (stretch) values are for 100 feet of cable with a 3000-pound load. 
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cables in the wire rope family. Other steel cables are made 

to be more flexible for running around pulleys. While 

these are easier to work with when assembling, they are 
jo as strong as the EHS type, and should be avoided for 

tower guying. Non-conductive guys, such as Phillystran 

or pultruded fiberglass rod have become popular for elimi- 
ting resonant interaction with antennas. 

‘Do not attempt to use cheaper cables that don't meet 
or exceed the criteria for those specified for your instal- 
lation. Using the wrong cable, ог failing to install the cable 
properly can have disastrous results! Table 1 shows data 
for several cables commonly used for tower guying. Itis 
important to note that the minimum breaking strength of 
the Various cables are independent of their elongation 
(stretch) under load. 


Guy Cable Installation 

Figs 23 and 24 show methods for tensioning and 
safety wiring guy-wire turnbuckles, Fig 25 shows the tra- 
ditional method for fixing the end of a steel guy wire. A 
thimble is used to prevent the wire from breaking because 
of a sharp bend at the point of intersection. Conventional 
wisdom strongly recommends the use of thimbles that 
are atleast one wire size larger than the cable to provide 
a more gentle wire bend radius. Three cable clamps fol- 
low to hold the wire securely, Be sure to follow the note 
in Fig 25 for which part of the clip bears against the live 
(loaded) cable. As a final backup measure, the individual 
strands of the free end are unraveled and wrapped around 
the guy wire. It is a lot of work, but it is necessary to 
ensure a safe and permanent connection. 

Fig 26 shows the use of a device that replaces the 
clamps and twisted strands of wire, These devices are 
known as dead ends, preformed guy grips, or Big Grips 
and are commonly used on electrical power poles. They 
are far more convenient to use than are clamps, and are 
the recommended method for terminating Phillystran and 


Fig 23—Proper tension сап be placed on the guy wires 
with the ald of а block-and-tackle system. (Photo by 
KIWA) 
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Fig 24—A length of guy cable is used to assure that 
the turnbuckles remain in place after they are tight- 
ened. This procedure is an absolute requirement in 

пува tower systems. (Photo by N4QX) 
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Fig 25- Traditional method for securing the end of a 
guy wir 


Fig 26—Alternative method for attaching guy wires 
using dead ends. The dead end on the right is com- 


pletely assembled (the end of the guy wire extends 
beyond the grip for illustrative purposes). On the left, 
опе side of the dead end is partially attached to the 
guy wire. In front, a thimble is used where a sharp. 
Bond might cause the guy wire or dead end to break. 


fiberglass-rod guys. When using the guy grips, it is 
imperative that the recommended end sleeves are installed 
over the free end of the grip to prevent ice and falling 
hardware from sliding down the guy and unraveling the 
grip connection to the guy. The guy wires must be cut to 
the proper length. The dead end of each wire is installed 
into the object to which the guy wire is being attached 
(use thimble, if needed to eliminate sharp cable bends). 
Опе side of the dead end is then wrapped around the guy. 
Wire. The other side ofthe dead end follows. Using dead 
ends saves time and trouble, more than making up for 
their slightly higher cost. 

When using the non-conductive guy materials, it is 
highly recommended that a 25-foot length of EHS steel 
cable be used at the bottom for connection to the anchor. 
This serves a valuable purpose. The steel cable is 
resistant to damage from ground activity and brush fires, 
and itis the preferred material for measuring cable pro- 
tension with commonly available devices, 

Fig 27 shows two different methods for attaching guy 
wires to towers. At Fig 27A, the guy wire is simply looped 
around the tower leg and terminated in the usual manner. 
AL Fig 27B, a guy bracket, with torque arms has been 
added. Even if the torque arms are not required, it is pre- 
ferred to use the guy bracket to distribute the load from 
the tower/guy connection to all three tower legs, instead 
of just one. The torque bracket is more effective resisting 
torsional loads on the tower than the simpler installation. 
Rohn offers another guy attachment bracket, called а 
Torque Arm Assembly, that allows six guys tobe connected 
between the bracket and anchors. This is by far the best 

vethod of stabilizing a tower against high torque loads, 
and is recommended for installations with large antennas. 

There are two types of commonly used guy anchors 
Fig 28A depicts an earth screw. These are usually 4 to 
6 feet long. The screw blade at the bottom typically mea- 
sures 6 to 8 inches diameter. Fig 28B illustrates two people 
installing the anchor. The shaft is tilted so that ît will be in 
line with the mean angle of all the guys connecting to the 
anchor. Earth screws are suitable for use in normal soil 
Where permitted by local building codes. Informatic 
screw anchors is available from the manufacture 
devices. Information from a supplier specializing in this 
type of anchor can be found at wwwabehance,com. 

‘The alternative to earth serews is the cor 
ig 28C shows the installation of this type of 
anchor; it is suitable for any soil condition, with the pos- 
sible exception of a bed of lava rock or coral. Consult the 
instructions from the manufacturer, ог your tower 
designer, forthe precise anchor configuration. 

Turmbuckles and associated hardware are used to 
attach guy wires to anchors and to provide a convenient 
method for adjusting tension. Fig 29A shows a turnbuckle 
with a single guy wire attached to the eye of the anchor. 
Turnbuckles are usually fitted with either two eyes, or 
one eye and one jaw. The eyes are the oval ends, while 
the jaws are U-shaped with a bolt through each tip. 
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Fig 27—Two methods of attaching guy wires to tower 
See text for discussion. 
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Fig 28—Two standard types of guy anchors. The earth 
screw shown at A s easy to instal and widely ауайаы 
but may not be suitable for use in certain soils. The 
concrete anchor is more difficult to instal properly, but 
itis suitable for use with a wide variety of вой condi- 
tions and will satisfy most building code requirements. 
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Fig 29—Variety of means available for attaching guy 
wires and turnbuckles to anchors. 


Fig 29B shows two tumbuekles attached to the eye of an 
anchor. The procedure for installation is to remove the 
bolt from the jaw, pass the jaw over the eye of the anchor 
and reinstall the bolt through the jaw, through the eye of 
the anchor and through the other side ofthe jaw. 

Iftwo or more guy wires are attached to one anchor, 
equalizer plates should be installed (Fig 29C). In addi- 
tion to providing a convenient point to attach the turn- 
buckles, the plates pivot slightly to equalize the various 
guy loads and produce a single load applied to the 
anchor. Once the installation is complete, a safety wire 
should be passed through the turnbuckles in а figure-eight 
fashion to prevent the tumbuckles from turning and get- 
ting out of adjustment (Fig 29D). 

‘All guyed towers require the guys to be installed with 
а certain amount of pre-tension. The tower manufacturer 
or designer specifies the required pre-tension values, 
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Which are usually 10% of the cable breaking strength, 
Pre-tension is necessary to eliminate looseness in the cable 
caused by the spiral wire construction and to eliminate 
excessive dynamic guy and tower motion under wind 
loading. The recommended method for adjusting the guys 
is to use a cable tension-measuring device such as the 
popular Loos Guy Wire Tensioner. The guy is gripped with 
а special clamp, such as the Klein Cable Grip, which is 
connected to the anchor below the eye (or equalizer plate) 
with a block and tackle arrangement (Fig 23) or a 
ratcheting come-along. Then the turnbuckle is adjusted 
to take up the load, the cable grip is released and the final 
guy tension is adjusted and checked. 

When you adjust the guys at each level, you should 
check the tower for vertical alignment and straightness. 
This is often done with a transit from two ground points 
located 90° from each other. 


Resonance in Guy Wires. 

If guy wires are resonant at or near the operating 
frequency, they can receive and reradiate RF energy. By 
behaving as parasitic elements, the guy wires may alter 
and thereby distort the radiation pattern of a nearby 
antenna. For low frequencies where a dipole or other simple 
antenna is used, this is generally of little or no consequence. 
But at the higher frequencies where unidirectional 
amenna is installed, it is desirable to avoid pattern distor- 
tion if at all possible. The symptoms of re-radiating guy 
Wires are usually a lower front to back ratio and a lower 
front to side ratio than the antenna is capable of produc- 
ing. The gain of the antenna and the feed-point impedance 
will usually not be significantly affected, although some- 
times changes in SWR can be noted as the antenna is 
rotated. (Of course other conductors inthe vicinity of the 
antenna can also produce these same symptoms.) 

The amount ofre-radiation from a guy wire depends 
оп two factors—its resonant frequency, and the degree 
of coupling to the antenna. Resonant guy wires near the 
antenna will have a greater effect on performance than 
those that are farther away. Therefore, the upper por 
of the top level of guy wires should warrant the most 
attention with horizontally polarized arrays. The lower 
guy wires are usually closer to horizontal than the top 
level, but by virtue of their increased distance from the 
amenna, are not coupled as tightly to the antenna, 

To avoid resonance, the guys should be broken up 
by means of egg ог strain insulators. Fig 30 shows wire 
lengths that fall within 10% of" resonance (ora multi- 
ple of А) for all the HF amateur bands. Unfortunately, 

single length greater than about 14 feet avoids reso- 
папсе in all bands. If you operate just a few bands, you 
can locate greater lengths from Fig 30 that will avoid reso- 
nance. For example, if you operate only the 14-, 21- and 
24-MHz bands, guy wire lengths of 27 feet or 51 feet 
‘would be suitable, along with any length less than 16 feet. 


ay не og (Feet) 


Fig 30—The black bars indicate ungrounded guy wire lengths to avoid for the eight HF amateur bands. This chart 
is based on resonance within 10% of any frequency in the band. Grounded wires will exhibit resonance at odd 


multiples of a quarter wavelength. (By Jerry Hall, K1TD.) 


THE RIGHT TOWER FOR YOUR 
ANTENNA 


Most manufacturers rate their towers in terms of the 
maximum allowable antenna load that can safely be carried 
ata specific wind speed, Ensuring thatthe specific anten 
паз you plan to install meet the tower's design criteria 
however, may not always be а straightforward task. 

For most towers, the manufacturer assumes that the 
allowable antenna load is a horizontal force applied at 
the top of the tower. The allowable load represents а 
defined amount of exposed antenna area, at a specified 
wind velocity. Most tower manufacturers rate the load i 
terms of Flat Projected Area (ЕРА). This is simply the 
equivalent area of a flat rectangular surface at right angles 
to the wind. The FPA is not related to the actual shape of 
the antenna itself, only its rectangular projected area, 
Some manufacturers provide separate ЕРАЗ for antennas 
made from cylindrical sections and those made from rect- 

Jar sections 


In the realm of antenna manufacturers, however, 
уой may encounter another wind load rating called the 
Effective Projected Area (EPA). This attempts to take 
into account the actual shape of antenna elements. The 
problem is that there is no agreed-upon standard for the 
conversion from EPA to load numbers. Different manu- 
facturers may use different conversion factors 

Since most tower manufacturers have provided FPA 


figures for their towers—allowing us in effect to ignore 
design-specification details—it would be easiest for us 
to work only with FPA values for our antennas. This would 
be fine, if indeed we had good FPA figures for the spe- 
cific antennas we plan to use! Unfortunately, FPAs are 
rarely specified for commercially built amateur antennas. 

stead, most antenna manufacturers provide effective 
areas in their specification sheets. You may need to con- 
fact the antenna manufacturer directly for the FPA antenna 
area or for the antenna dimensions so that you сап do 
your own FPA calculations 


Determining Antenna Areas 

‘The method for determining the flat projected area 
of an antenna is quite simple. We'll use a Yagi antenna as 
ап example. There are two worst-case areas that should 
be considered here, The first is the FPA of all the ele 
ments when the wind blows in the direction along the 
boom: that is, at right angles to the elements. The second. 
ЕРА for a Yagi is when the wind is at right angles to the 
boom. One of these two orientations produces the worst- 
case exposed antenna area—all other wind angles present 
lower exposed areas, The idea is to take the highest of 
the FPAs for these two wind directions and call that the 
ЕРА of the antenna structure. See Fig 31А. 

The element ЕРА is calculated by multiplying each 
nent's dimension of length by its diameter and ther 
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Fig 31—Description of how loads are developed on a 
Yagi. ALA, Fr is the resultant force from the wind load 
оп a generalized member. Fd is the load acting down- 
wind (drag) that creates the load on the tower. Fc is the 
lateral component of the wind load. The term A is the 
flat projected area (FPA), which is the broadside ar 
normal to the wind. The ferm P is the wind pressure 
B, Ae is the total element area, while Ab is the total 
boom area. АП the loads due to the wind act normal to 
the antenna sections- -the force on element #1 (Fe!) 
acts along the axis of the boom, for example. ALC, a 
plot of the effective FPA as a function of the azimuthal 
wind direction for a Yagi, ignoring drag coefficients. The 
Yagi in this example has 9.0 square foot of element FPA 
and 6.0 square foot of boom FPA. The worst-case FPAS 
‘occur with the beam pointed in the wind and with the 
boom broadside to the wind. To determine the actual 
tower loading, the actual drag coefficients and wind 
pressures must be used. 


At 


ie he FPAs forall elements. The boon's FPA is com- 

puted by multiplying the boom’s length by its diameter. 
The reason for considering two potential peak-load 

orientations becomes clear when different frequency 

antennas are stacked on a mast or tower. Some antennas 

produce peak loads when the elements are broadside to 

This is typical of low-frequency Ya 
the elements are long lengths of aluminun 


is, where 
tubing. On 


the wi 
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the other hand, the boom can dominate the surface area 
computations in higher-frequency Yagis. 

The fundamentals responsible for the need to 
examine both potential FPAs for Yagis relates to how wind 
flows over a structure and develops loads. Called The 
Cross-Flow Principle, this was introduced to the con 
munications industry by Dick Weber, KSIU, in 1993. The 
principle is based оп the fact that the loads created by 
wind flowing across an antenna member only produce 
forces that are normal to (or perpendicular to) the major 
axis of the member. The resultant and component load 

ЕА. 
that wind forces о 


calculations for this method are show 


For a Yagi, this mean the ele- 
ments act in-line with the boom, while forces on the boom. 
ne with the elements. Fig 31B shows a force dia- 
Tor a typical Yagi. Fig 31C shows the FPA for a 
‘Yagi rotated through 90° of azimuth. 


Antenna Placement on the Mast/Tower 

Another important consideration is where the 
amenna(s) will be placed on the tower. As mentioned 
before, most generic tower specifications assume thatthe 
entire antenna load is applied at the top of the tower. Most 
amateur installations have a tubular mast extending above 
the tower top, turned by a rotator mounted down inside 
the tower. Multiple Yagi antennas are often placed on the 
mast above the tower top, and you must make sure that 
both the tower and the mast can withstand the wind forces 


on the ant 

For freestanding towers, you сап determine how a 
proposed 
manufacturer's rating by using an Equivalent Moment 
method. The method computes the bending moment gen: 
erated at the base of the tower by wind loads on he tower's 
rated antenna area located right at the top of the tower 
and compares that to the case when the antenna is mounted 
on а mast sticking out of the top of the tower. 

‘The exact value of wind pressure is not important, 
so long as it is the same for both comparisons. The wind. 
load on the tower itself can be ignored because it is the 
same in both comparisons and the drag cocffici 
the antennas can also be ignored if all calculations are 
performed using flat projected 
recommended previously. 

Keep in mind that this approach does 
actual loads and moments relevant to any specific tower 
design standard, but it does allow equivalent comparisons 
When the wind pressure is constant and all the antenna 
areas are of the same type. An example is in order. 

Fig 32A shows a generic tower configuration, with 
a concentrated antenna load at the top of the tower. We'll 
assume that the tower manufacturer rates this tower at 
20 square feet of flat projected antenna area. Fig 32B 
Shows a typical amateur installation with а rotating mast 
and an antenna mounted 7 feet above the top of the tower. 
To make the calculations easy, we select wind pressure 


omm 


Fig 32—At A, a 70-00! tow 
antenna load at tho top. At B, the same tower with a 2- 
inch OD x 20-00: long mast, with an antenna mounted 
7 feet above the top of the tower. Both configurations. 
produce the samo tower load. 


of 1 pound per square foot (1 psf). This makes the tower 
base moment calculation for Fig 32А: 

Antenna load = 20 feet? x 1 psf = 20 pounds 

Base moment = 70 feet x 20 pound: 


1400 foot-pounds. 


This is the target value for the comparison. An 
equivalent configuration would produce the same base 
moment. For the configuration in Fig 32B, we assume a 
tubular 2-inch diameter mast that is 20 feet long, mounted 


5 feet down inside the tower. Note thatthe lattice struc- 
ture of the tower allows the wind to “see” the whole length 


of the mast and that we can consider the force distributed. 
the mast as being a single force concentrated at the 
mast's center, The flat projected area of the mast by 


itself, without the antenna, is: 


alor 


Mast area = 20 feet x 2 inches / 12 inches/foot = 
3.33 square feet 
‘The center of the п 
75 feet, Using the same I-psf-wind load, the base bend- 


st is located at a height of 


ing moment due to the mast alone is: 


Base moment (due to mast) = 3.33 feet? x I psf x 
75 feet = 249.75 foot-pounds 
Including the mast in the configuration reduces the 
allowable antenna load. The remaining t 


New base target moment 
= 1150.25 foot-pounds. 


400 - 249.75 foot-pounds 


‘The antenna in Fig 32B is located at a height of 
77 feet, To obtain the allowable antenna area at this eleva- 
tion we divide the new base target moment by the antenna 
height, yielding an allowable antenna load of: 


1150.25 foot-pounds / 77 feet = 14.94 pounds. 


Since we chose a wind load of 1 psf, the allowable 
antenna FPA has been reduced to 14.94 square feet from 
20 square feet. If the projected area of the antenna we 
are planning to mount in the new configuration is less 
than or equal to this value, we have satisfied the require- 
ments of the original design. You сап use this equiva- 
method to evaluate different configurations, 

апаз on the mast or situ- 


bent mon 
even ones involving multiple a 
ations with additional antennas placed along the tower 
below the tower top. 

For guyed towers, the analyses become much more 
rigorous to solve. Because the guys and their behaviors 
are such a significant portion of the tower support mecha- 
these designs can become very sensitive to ant 
load placements. A general rule of thumb for guyed towers 
is never to exceed the original tower-top load rating 
regardless of distributed loads along its length. Once you 
redistribute the antenna load placements along a guyed 
tower, you should do а fresh analysis, just to be sure. 

‘You can run evaluations using the above method for 
antennas placed on the mast above a guyed tower top, 
"The use of the Equivalent-Moment method for antennas 
mounted below the top of a guyed tower, however, can 
become quite suspect, since many generic tower designs 
have their intermediate guys sized for zero antenna loads 
lower down the tower. The proper a 
is to have a qualified mechanical engineer check the con- 
figuration, to see if guy placement and strength is 
adequate for the additional antennas down the tower. 

‘Mounting the mast and antenna as shown їп Fig 328 


roach in this case 
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increases tower loads in the region of the mast. You should 
investigate these loads to ensure that the tower bracing in 

Now we will consider the problem 
of bending the rotating mast. 


that area is suf 


Mast Strength 

When you mount antennas on а mast above the tower 
top, you should examine the bending loads on the mast 
to ensure that it will be strong enough. This section 
explains how to perform mast stress calculations for a 
single sustained wind speed. This procedure does not 
include height, exposure and gust-response factors found 
їп most tower design standards, 

Here are some fundamental formulas and values used 
to calculate the bending stress in a mast mounted in the 
top of a tower, The basic formula for wind pressure is 


(Eq) 


P = 00256 V? 


where 
isthe wind pressure isin pounds per square foot 

V = wind speed in miles per hour (mph) 

‘This assumes an air density for standard tempera- 
ture and atmospheric pressure at sea level. The wind speed 
ás not the Basie Wind Speed discussed in other sections 
of this chapter. It is simply a steady state (static) wind 
velocity: 


The formula for calculating the force created by the 
wind on a structure is: 
P-PXAXC, 


where 
P = the wind pressure from Eq (1) 
A = the flat projected area of the structure (square 
feet) 
Irag coefficient for the shape of the structure's 
‘members. 


ШЕ] 


‘The commonly accepted drag coefficient for long 
cylindrical members like the tubing used for the mast and 
antenna is 1.20. The coefficient for a flat plate is 2.0. 

The formula used to find the bending stress in a 
simple beam like our mast is: 


Mxe 
1 аз 


the stress in pounds per square inch (psi) 
ending moment at the base of the mast (inch- 
pounds) 

€ = M of the mast outside diameter (inches) 

1= moment of inertia of the mast section (inches) 


In this equation you must make sure that all values 
are in the same units, To arrive at the mast stress in pounds 
per square inch (ps), the other values need to be in inches 
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and pounds also. The equation used to find the moment 
of inertia for the round tubing mast section is 


Moment of Inertia of the section (inches*) 
Radius of tube outside diameter (inches) 
Radius of tube inside diameter (inches) 


‘This value describes the distribution of material 
about the mast centroid, which determines how it behaves 
under loud. The equation used to compute the bending 
moment at the base of the mast (where its supported by 
the tower) is: 

M = (Fu La) + (Fa xa (Eq 5) 
where 

F = wind force from the mast (pounds) 
Distance from tower top to center of mast 


ind force from the antenna (pounds) 
Distance from tower top to antenna 
‘attachment (inches) 


Lis the distance to the center of the portion of the 
там extending above the tower top. Additional antennas 
can be added to this formula by including their F x L. In 
the installation shown in Fig 32B, a wind speed of 
90 mph, and a mast that is 2 inches OD, with a 0.250- 
inch wall thickness, the steps for calculating the mast 


1. Calculate the wind pressure for 90 mph, from Eg l 


P = 00256 V2 = 00256 х (907 = 20.736 psf 


2. Determine the Па projected area of the mast. The por- 
tion of the mast above the tower is 15 feet lo 
has an outside diameter of 2 inches, which is 2/12 
feet. 
Mast FPA, Ам = 15 feet x (2 inches / 12 inches/feet) = 
2,50 square feet. 


3. Calculate the wind load on the mast, fro 


Mast Force, Бы = PX A x Cg = 
20.736 рз! x 2.50 feet? x 1.20 = 62.21 pounds 


4. Calculate the wind load on the antenna: From Eq 2 


Antenna Force, F4 = P x A x Cy = 20.736 psf x 
14.94 fec 1.20 = 371.76 pounds 


5. Calculate the mast Bending Moment, from Eg 5: 


Eg2: 


M = (Faq x Lag) + (Fa XL) 
62.21 pounds x 90 inches) + (371.76 pounds x 
84 inches) = 36827 inch-pounds 


where Ly = 7.5 feet x 12 inches/foot = 90 inches and La, 
= 7.0 feet x 12 inches/foot = 84 inches. 


6. Calculate the mast Moment of Inertia, from Eq 4: 


1-4. ches“ 
za“ -r 


Faot - 075° у = 05369 
4 


Where, for a 2.0-inch OD and 0.25 
tube, R= 1.0 and r = 0.75, 


inch wall thickness 


т. Caleulate the mast Bending 5 


Mxe _ 36827 ineh-pounds LO inches 
T 03369 


tress, from Eq 3 


8592 psi 


1f the yield strength of the mast material is greater 
than the calculated bending stress, the mast is considered 
safe for this configuration and wind speed. If the caleu- 
ated stress is higher than the mast yield strength, а stron- 


ger alloy, or а larger mast, or one with a thicker wall is 
required. 
There are many different materials and manufactur- 


ing processes for tubing that may be used for a mast. Yield 
strengths range from 25,000 psi to nearly 100,000 psi 

Knowing the minimum yield strength of the material used 
for a mast is an important part of determining if it will be 
safe. Using unknown materials renders efforts from the 
preceding calculations useless! 

When evaluating a mast with multiple ant 
attached to it, special care should be given to finding the 
worst-case condition (wind direction) for the system. 
What may appear to be the worst load case, by virtue of 
the combined flat projected antenna areas, may not always 
be the exposure that creates the largest mast bending 
moment. Masts with multiple stacked antennas should 
always be examined to find the exposure that produces 
the largest mast bending moment. The antenna flat pro- 
jected areas at 0° and 90° azimuths are particularly use- 
ful for this evaluation. 


ANTENNA INSTALLATION 

Alll antenna installations ate different in some 
respects. Therefore, thorough planning is the most impor- 
lant first step in installing any antenna. Before anyone 
climbs the tower, the whole process should be discussed 
to be sure each crewmember understands what is to be 
done. And remember that the person on the tower is in 
charge! Coordinate beforehand what signals and commands 
are used: “Up” or “Up Slowly" for raising something from 
the ground; "Down" or “Down Slowly" for the opposite. 

"Watch Ош!” or "Watch Ош Below!" works for 
dropped hardware or tools to alert the ground crew below. 
Remember, once someone is on the tower, no one should 
be allowed to stand near the base of the tower! 

Consider what tools and parts must be assembled 
and what items must be taken up the tower, and plan 
alternative actions for possible trouble spots. Extra trips 
up and down the tower can be avoided by careful plan- 


If done properly, the actual work of getting the 


antenna into position Can be executed quite easily with 


only one person at the top of the tower. The ground crew 
should do all the heavy work and leave the person on the 
tower free to guide the antenna into position. Because 
the ground crew does all the lifting, a large pulley, pref- 
erably on a gin pole placed at the top of the tower, is 
essential. Local radio clubs often have gin poles avail- 
able for use by their members. Stores that sell tower 
materials Frequently rent gin poles as well 

A gin pole should be placed along the side of the 
tower so the pulley is no more than 2 Feet above the top 
of the tower (or the point at which the antenna is to be 
placed). Normally this height is sufficient o allow the 
‘antenna to be positioned easly. An importa 
the pulley is placed at this level is that there can be con- 
siderable strain on the gin pole when the antenna is pulled 
away from the tower to maneuver past guy Wires. 

Sometime the mast to which the antenna will be 
mounted is used as a place to hang the pulley. You should 
take care that you don't end up bending the mast by pl 
ing the pulley too high on the mast. И may be necessary 
to back-guy the mast on the opposite side of the tower 
from which the antenna is raised. 

‘The rope (halyard) through the pulley must be some- 
What longer than twice the tower height so that the grous 
crew can raise the antenna from ground level. The rope 
should be % or % inch diameter for both strength an 
case of handling. Smaller diameter rope is less easily 
‘manipulated; it has a tendency to jump out of the pulley 
track and foul pulley operation, 

"The first person to climb the tower should carry an 
end of the halyard so that the gin pole can be lifted and 
secured to the tower. Those climbing the tower must have 
safety belts. Belts provide safety and convenience; itis 
simply impossible to work effectively while hanging onto 
the tower with one hand. 

Once positioned, the рїп pole and pulley allow parts 
and tools to be sent up the tower. A useful trick for send- 
ing up small items like bolts and pliers is for a ground 
crew member o slide them through the rope strands where 
they are held by the rope for the trip to the top of the 
tower. Items that might be dislodged by contact with the 
tower should either be taped or tied to the halyard, 

Ever presentis the hazard of falling tools or hardware. It 
is foolish to stand near a tower when someone is working. 
above. Ground crew member should wear hard-hats as 


season that 


Raising the Antenna Alongside the Tower 
A technique that can save much effort in raising the 
antenna is outlined here. First, the halyard is passed through 
the ein. pole pulley or the pulley mounted to the mast, ar 
the leading end of the rope is returned to the ground crew, 
Where it is tied to the antenna. The assembled antenna 
should be placed in a clear area of the yard (or the roof) so 
the boom points toward the tower. The halyard is then 
passed under the front elements of the beam to a position 
past the midpoint of the antenna, where it is securely tied 
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to the boom (Fig 33A). 
Note that once the antenna is installed, the tower 
worker must be able to reach and untie the halyard from 
the boom: the rope must be tied Jess than an arm's len 
along the boom from the mounting point. If necessary, a 
large loop may be placed around the first element located 
beyond the midpoint of the boom, with the knot tied near 
the center of the antenna, The rope may then be untied 
easily after completion of the installation. The halyard 
should be tied temporarily to the boom at the front of the 
antenna by means of a short piece of light rope or twine. 
While the antenna is being raised, the ground erew 
does all the pulling. As soon as the front of the antenna 
reaches the top of the mast, the person atop the tower 
unties the light rope and prevents the front of the antenna 
from falling, as the ground crew continues to lift the 


antenna (Fig 33B). When the center of the antenna is even 
with the top of the tower, the tower worker puts one bolt 
through the mast and the antenna-mounting bracket on 
the boom. The single bolt acts as a pivot point and the 
ground crew continues to lift the back of the antenna with 
the halyard (Fi 

the tower worker secures the rest of the mounting bolts 


y 33C). After the antenna is horizontal, 


and unties the halyard. By using this technique, the tower 


worker performs no heavy lifting. 


Although the same basic methods of installing a Yagi 
apply to any tower, guyed towers pose a special problem, 
Steps must be taken to avoid snagging the antenna on the 
guy wires. With proper precautions, however, eve 
antennas can be pulled to the top of a tower, even if the 
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Fig 33—Ralsing a Yagi antenna alongside the tower. At A the Yagi is placed in a clear 


with the boom pointing 


toward the tower. The halyard is passed under the elements, then is secured to the boom beyond the midpoint. B. 
shows the antenna approaching the top of the mast. The person on the tower guides it after the lifting rope has 
been untied from the front of the antenna. At С the antenna is pulled into a horizontal position by the ground crew. 
The tower worker inserts the pivot bolt and secures it. Note: A short piece of rope is tied around the halyard and. 
the boom at the front of the antenna to stabilize the beam as It Is being raised. The tower worker removes it when 


the boom reaches him at the top of the tower 
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w the boom is lashed temporarily to the tower and 
tents are added, starting at the bottom. At B, the 

ıporary rope securing the boom to the tower is 
removed and the boom is rotated 90° so that the 

is are vertical. At С, the boom is rotated another 
‘weaving through" guy wires И necessary, until the 
vents are parallel with the ground, whereupon the 
| boom ls secured to the tower. 


mast is guyed at several levels 

Sometimes one of the top guys can provide а track 
tm ft to support the antenna as it is pulled upward. Insulators 
X SUITE! in the guys, however, may obstruct the movement of the 


antenna. А better track made with rope is an alternative. 
Опе end of the rope is secured outside the guy anchors. 
The other end is passed over the top of the tower an 
back dow 
the rope forms a narrow V-track strung outside the guy 
wires, Once the V-track is secured, the antenna may 
simply be pulled ир, resting on the track 

Another method is to tie a rope to the back of the 
antenna (but within reach of the center). The ground crews 
then pull the antenna out away from the guys as the 
antenna is raised. With this method, some crewmembers 
are pulling up the antenna to raise it while others are pull- 
ing down and out to keep the beam clear of the guys. 
Obviously, the opposing crews must act in coordination 
© to avoid damaging the antenna. The beam is especially 

vulnerable when it begins to up into the horizontal posi- 


(oan anchor near the first anchor. So arrange 
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tion, If the crew continues to pull out and down against 
the antenna, the boom can be broken. Another problem 
With this approach is that the antenna may rotate on the 
axis of the boom as it is raised. To prevent such rotation, 
Tong lengths of twine may be tied to outer elements, one 
piece on each side of the boom. Ground personnel may 
then use these tag fines to stabilize the antenna, Where 
this is done, provisions must be made for untying the 
twine once the antenna is in place 

A third method is to tie the halyard to the center of 
the antenna. A crewmembs a safety belt, walks 
the antenna up the tower as the erew on the ground raises 
it. Because the halyard is tied at the balance point, the 
tower worker can rotate the elements around the guys. A 
us line can be tied to the bottom end of the boom so that 
а ground worker can help move the antenna around the 
guys. The tag line must be removed while the antenna is 
still vertical. 


A fourth method is to build the antenna on the tower 
and then swing it into position. (See also the section 
below on the PVC Mount.) Building the Yagi on the tower 
works particularly well for Yagis mounted partway up 
the tower, as you might do in a stacked array. The tech- 

iique works best when the vertical spacing between the 
guys is greater than the length of the Yagi boom. 

Fig 34 illustrates the steps involved. A pull rope 
through a gin-pole or tower-mounted pulley is secured to 
the boom at the final balance point and the ground crew 
raises the boom in a vertical position up the tower. A tie 
rope is used to temporarily secure the upper end of the 
boom to keep it stable while the boom is being raised. 
The tower person removes the tie-rope once the boon 
raised to the right level and has been temporarily secured 
to the tower. 

"The elements are then brought up one at a time and. 
mounted to the boom. It helps if you have a 2- or 3-foot 
long spotting mast temporarily attached to the boom to 
form a 90° frame of reference. This allows the ground 
crew to spot from below so that the elements аге all lined 
up in the same plane. After all the elements are mounted 
and aligned properly, the temporary rope securing the 
boom to the tower is released, suspendin 
the pull rope. The tower person then 
90° so that the elements are vertical. Next the clen 
are rotated 90° into the tower so that they are parallel to 
the ground. The ground crew then moves the boom up or 
down using the pull rope to the final point where it is 
mounted to the tower. 


the antenna or 


rotates the boom 


A modification of this technique also works for 
building a medium-sized Yagi on the top of the tower. 
This technique will work if the length of the gin pole at 
maximum safe extension is long enough. See Fig 35, 

‘As usual, the gin-pole pull rope is attached to the 
balance point of the boom and the boom is pulled up the 
tower in the vertical position, using a rope to temporarily 
Че the pull горе to the top end of the boom for stability. 
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Fig 35— Building a Yagi at the top of the tower. The 
length of the gin pole must be longer than I the boom 
зо that the boom can be hoisted upwards to the place 
Where itis mounted to the mast. Usually the boom is 
Initially lashed to the tower slanted slightly from 
vertical so that the top element ends up behind the gin 
pole. The elements are mounted at the bottom end of 
the boom first to provide stability. Then the element at 
the top of the boom is mounted and the boom is moved 

ing the gin-pole hoist rope so that the next- 
ent may be mounted, again behind the gin 
pole. This process is repeated until ай elements are 
mounted (save possibly the middle element if сап be 
reached easily from the tower once the beam has been 
mounted to the mast). Then the boom is tilted to the 
final position, weaving the elements to clear guy wires 
necessary. 


The boom is temporarily secured to the tower with rope 
їп the vertical position so that the top end is just hi 
than the top of the tower. In order to clear the gin pole 
when the elements are mounted and the boom is raised 
ош the next element, you 
slightly so that the element mounted to the top end of the 
boom will be behind the mast, This is very important! 
‘The elements are first mounted to the bottom side 
of the boom to provide weight down below for stability 
Then the top-most element is mounted to the boom. The 
tower person removes the temporary rope securing the 
boom to the tower and the ground crew uses the pull rope 


higher to ust tlt the boom 


to move the mast vertically upwards to the point where 
the next element from the top сап be mounted. Once all 
the elements are mounted and aligned in the same pl 
(with perhaps the center element closest to the mast-to- 
boom bracket left on the ground until later), the tempo- 
rary securing rope is removed. The boom is now swung 
so that the elements can be maneuvered to clear the top 
guy wires. Once the elements are horizontal the boom is 
secured to the mast and the center element is mounted, 


Using aTram 

Another method to get а large Yagi to the top of the 
tower safely is a tram. A tram supports the antenna under 
the tram wire, using a pulley riding on the tram wire. The 
antenna can thus move more freely without the friction 
it would have riding on top of a track rope, us described. 
previously. This puts considerably less strain on the tran 
Wire itself and on the mast to Which it is tied on the tower. 
Some installers prefer to use a wire-rope tramline for its 
reduced sag. 

‘The tram method uses an easily constructed fixture 
mounted to the boom of the Yagi to stabilize it from 
rotating away from the desired attitude as the antenna is 
raised. A guy-wire cable or heavy rope is fixed to the 

nast about two feet above the point where the antenna 
wil mount to the mast. A come-along is often used at the 
ground end to tension the tram wire properly. It is often 
necessary to back-guy the mast to make sure it doesn't 
get bent, since the horizontal forces acting on the mast 
can be considerable in any tram (or track) operation. (Note 
that the tram technique works well for side-mounted 
antennas also, where back-guying is not necessary if you 
are reasonably close to a guy set, as is usually the case.) 

Fig 36 is a photograph of a tram fixture built by Kurt 
Andress, КТМУ. This consists of a pulley riding on top 
of the tramline. This pulley is attached using a caribiner 
or shackle to two equal-length wires connected to the 
boom to make an inverted-V shaped sling. The two sling 
wires are secured to the boom using angle irons and muf- 
fler clamps so that the antenna is perfectly balanced in 
the horizontal plane. Balance is very important to make 
sure the antenna rises properly on the tram without hav- 
ing the boom rotate downward on one end or the other 

The hoisting 
rope running 
through the tower- 
mounted gin-pole 
pulley (and used by 
the ground crew to 
pull the antenna up 
1o the tower on the 
tram line) is at- 
tached to a 2-Foot 
piece of ang 
This is attached to 
the boon 


Fig 36—Photo of the tram 
system used by Kurt Andress, 
КТМУ (Photo by K7NV) 


Note that the angle iron is rotated slightly 
from horizontal so that the plane of the elements is tilted 
upwards—this allows the elements to clear the guy wires 
аз the antenna is raised. (While the antenna is close to 
the ground, the angle iron is adjusted so that the elements 
remain horizontal. Once they are clear of the ground, the 
angle iron is readjusted to align the elements in the proper 
direction to clear the guy wires on the tower.) The force 
of the pull rope along the angle iron also stabilizes the 
antenna from yawing from side-to-side. Note in Fig 36 
thatthe angle iron is mounted just off-center [rom where. 
the boom-to-mast plate will be attached so that it clears 
the mast as the antenna nears the top of the tower. Fig 37 
diagrams how the tram and hoisting line are rigged to the 
м. 

"The tower person directs the activity of the ground 
crew below and guides the antenna to the mast. Once the 
end of the pull rope reaches the mast, the tower man ties 
the boom temporarily to the mast so that he can undo the 
pull rope from the tram-fixture angle iron and гене it 
around the boom. Then the antenna can be raised to the 
point where it can be mounted to the mast. 

"This technique has been employed to raise Yagis with 
booms as long as 42 feet at the N6RO contest station on 
Towers as high as 130 feet, As with the track, the ta 
system requires a good deal of open real estate. While it 
sounds complicated to set up, you can raise some rather 
large antennas in less than an hour, once you get the hang 
of the operatio 


THE PVRC MOUNT 


The methods described above for hoisting antennas 
are sometimes not satisfactory for really large, heavy 

arrays. The best way to handle large Yagis is to assemble 
them on top of the tower. One way to do this easily is by 

using the PVRC Mount. Many members of the Potomac 

Valley Radio Club have successfully used this method to 
install large antennas. Simple and ingenious, the idea 

involves offsetting the boom from the mast to permit the 
boom to tilt 360° and rotate axially 360°. This permits 

the entire length of the boom to be brought alongside the 
tower, allowing the elements to be attached one by one. 

(also allows any part of the antenna to be brought along- 
side the tower for antenna maintenance.) 

See Figs 38 through 42. The mount itself consists 
of a short length of pipe of the same diameter as the rota- 
ting mast (or greater), а steel plate, eight U bolts and four 
pinning bolts. The steel plate is the larger, horizontal one 
shown in Fig 38. Four U bolts attach the plate to the rotat- 
ing mast, and four attach the horizontal pipe to the plate. 
The horizontal pipe provides the offset between the 
antenna boom and the tower. The antenna boom-to-mast 
plate is mounted at the outer end of the short pipe. Four 
bolts are used to ensure that the antenna ends up parallel 
to the ground, two pinning each plate to the short pipe. 
When the mast plate pinning bolts are removed and the 
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Fig 37—At A, bird's-eye view of tram system used to bring large Yagi antennas from the ground to the top of the 
tower. At B, side view of rigging used for tramline and hoisting line, along with the sling and tram fixture used to 


hold the Yagi on the tramlino. 


four U bolts loosened, the short pipe and boom plate can. 
be rotated through 360°, allowing either half of the boom 
о come alongside the tower. 

First assemble the antenna 
‘mark all critical dimensions, and then remove the anten; 
elements from the boom. Once the rotator and mast have 
been installed on the tower, a gin pole is used to bring the 
mast plate and short pipe to the top of the tower. There, the 
top crew unpins the horizontal pipe and tilts the antenna 
boom plate to place it in the vertical plane. The boom is 
attached to the boom plate at the final balance point of the 
assembled antenna. It is important that the boom be rotated 
axially so the bottom side of the boom is closest to the tower. 


the ground. Carefully 
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"This will allow the boom to be tilted without the elements 
striking the tower. 

During installation it may be necessary to loosen one 
guy wire temporarily to allow for tilting of the boom. As. 
а safety precaution, a temporary guy should be attached 
то the same leg of the tower just low enough so the 
assembled antenn 

The eleme 
with those closest to the center of the boom, wor 


will clear it. 
is are assembled on the boom, start 


ely to the farthest director and reflector. This pro- 
cedure must be followed, If all the elements are put first 
on one half of the boom, it will be dangerous (if not 
impossible) to put on the remaining elements. By start- 


al 


Fig 38—The PVRC mount, boom plate, mast and rotator 


ach to go. The mast and rotator are installed on the 
tower first. 


Fig 38—Close-up of the PVRC mount. The long pipe 
(horizontal in this photo) is the rotating mast. The U 


bolts in the vertical plate at the loft are ready to accept 
the antenna boom. The heads of two locking pine 
(bolts) are visible at the midline of the boom plate. The 
other two pins help secure the horizontal pipe to the 
large steel mast plate. (The head of the bolt nearest tho 
camera blends in with the right hand leg of the U bolt 
behind it) 


ing at the middle and working outward, the balance point 
of the partly assembled antenna will never be so far 
removed from the tower that tilting of the boom becomes 
impossible. 

When the last element is attached, the boom is 
brought parallel to the ground, the horizontal pipe is 


Fig 40—Working at the 70-foot level. A gin polo makes. 
pulling up and mounting the boom to the boom plate a 
safe and easy procedur 


pinned to the mast plate, and the mast plate U bolts tight- 
ened. At this point, ай the antenna elements will be posi- 
tioned vertically. Next, loosen the U bolts that hold the 
boom and rotate the boom axially 90°, bringing the ele- 
‘ments parallel to the ground. Tighten the boom bolts a 
double check all the hardware 

Many long-boom Yagis employ a truss to prevent 
boom sag. With the PVRC mount, the truss must be 
attached to a pipe that is independent of the rotating mast. 
А short length of pipe is attached to the boom as close as 
possible to the balance point. The truss then moves with 
the boom whenever the boom is tilted or twisted. 

A precaution: Unless you have a really strong rota- 
tor, you should consider using this mount mainly for 
assembling the antenna on the tower. The offset between. 
ly can ge 
high torque loads on the rotator. Mounting the boom as 
close as possible to the mast will minimize the torque 
When the antenna is pointed i 


the boom and the mast with this assen erate 


o the wind. 
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Fig 41—Mounting the last 
the boom in a horizontal pla 


Fig 42—The U bolts securing the short pipe to the mast 
plate are loosened and the boom is turned to a horizon- 
{al position. This puts the elements in а vertical plane. 
Then the pipe U bolts are tightened and pinning bolts 
secured. The boom U bolts are then loosened and the 
boom turned axially 90°. 
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THE TOWER ALTERNATIVE 


A cost saving alternative to the ground-mounted 
tower is the roof-mounted tripod, Units suitable for small 
HF or УНЕ antennas are commercially available. Perhaps 
the biggest problem with a tripod is determining how to 
fasten it securely to the roof. 

Опе method of mounting a tripod on a roof is to nail 
2х6 boards to the undersides of the rafters. Bolts can be 
extended from the leg mounts through the roof and the 
2 x 6s. To avoid exerting too much pressure on the area 
of the roof between rafters, place another set of 2 x 6s on 
top of the roof (а mirror image of the ones in the attic). 
Installation details are shown in Figs 43 through 46. 

‘The 2 x 6s are cut 4 inches longer than the outside 


distance between two rafters, Bolts are cut from a length 
of t4-inch-threaded rod. Nails are used to hold the boards 
in place during installation, and roofing tar is used to seal 
the area to prevent leaks. 

Find a location on the roof that will allow the 
antenna to turn without obstruction from such thi 
trees, TV antennas and chimneys. Determine the rafter 

(Chimneys and vent pipes make good refer- 
its.) Now the tower is set in place atop three 2 x 
6s, A plumb line run from the top center of the tower can. 
be used to center it on the peak of the roof. Holes for the 
mounting bolts can now be drilled through the roof 

Before proceeding, the bottom of the 2 x 6s and the 
area of the roof under them should be given a coat of roof- 
ing tar. Leave about inch of clear area around the holes. 

sure easy passage of the bolts. Put the tower back in 
place and insert the bolts and tighten them. Apply tar to 
the bottom of the legs and the wooden supports, including 
the bolts. For added security the tripod can be guyed. Guys 
should be anchored to the frame of the house. 

If a rotator is to be mounted above the tripod, pres- 
sure will be applied to the bearings, Wind load on the 
antenna will be translated into a “pinching” of one side 
of the bearings. Make sure that the rotator is capable of 
handling this additional stress. 


ROTATOR SYSTEMS 


There are not that many choices when it comes to 
antenna rotators for the amateur antenna system. Making 

rect decision as to how much capacity the rotator 
must have is very important to ensure trouble-free opera- 
tion, Manufacturers generally provide an antenna surface- 
area rating to help the purchase choose a suitable rotator. 
The maximum antenna area is linked to the rotator's 
torque capability. 

Some rotator manufacturers provide additional 
information to help you select the right size of rotator for 
the antennas you plan to use. Hy-Gain provides an Efec 
tive Moment value, Yaesu calls theirs a K-Factor. Both of 
these ratings are torque values in foot pounds, You can 
compute the effective moment of your antenna by multi- 
plying the ant i radius by its weight, So lon 


the cı 


antenna. In addition to saving yard space, a roof- 
‘mounted tower can be more economical than a ground- 
‘mounted tower. A ground lead fastened to the lower 
part of the frame is for lightning protection. The rotator 
Control cable and the coaxial line are dressed along two 
of the legs. (Photo courtesy of Jane Wolfert) 


of the rafters. Bolts, inserted through the roof and 
two cross pieces, hold the inner cross member in place 


Fig 45—Throe lengths of 2 x 6 wood mounted on tho. 
outside of the roof and reinforced under the гоо! by 
three identical lengths provide a durable means for 


Fig 46—The strengthened anchoring for the tripod. Bolts are placed through 
two 2 x 6s on the underside of the roof and through the 2 x 6 on the top of 
the root, as shown in Fig 43. 


Antenna Supports 22-34 


as the effective moment rating of the rotator is greater 
than or equal to the antenna value, the rotator can be 
expected to provide a useful service life. 

‘There are basically four grades of rotators available 
to the amateur. The lightest-duty rotator is the type typi- 
cally used to turn TV antennas. Without much difficulty, 
these rotators will handle a small 3-element tribander 
array (14, 21 and 28 MHz) or a single 21- or 28-MHz 
monoband three-element antenna, The important consid- 
eration with a TV rotator is that it lacks braking or hold- 
ing capability. High winds turn the rotator motor via the 
gear tain in a reverse fashion. Broken gears sometimes 
result. 

The next grade up from the TV class of rotator usu- 
ally includes a braking arrangement, whereby the antenna 
is held in place when power is not applied to the rotator. 
Generally speaking, the brake prevents gear damage or 
windy days. If adequate precautions are taken, this group. 
of rotators is capable of holding and turning stacked 
monoband arrays, or up to a five-element 14-MHz sys- 
tem, The next step up in rotator strength is more expen- 
sive. This class of rotator will turn just about anything 
the most demanding amateur might want to install 

A description of antenna rotators would not be com- 
plete without the mention of the prop pitch class. The 
prop pitch rotator system consists of a surplus aircraft 
propeller blade pitch motor coupled to an indicator sys- 

а power supply. There are mechanical problems 
of installation, however, resulting mostly from the size 
and weight of these motors. It has been said that а prop 
pitch rotator system, properly installed, is capable of tum- 
ing a house. Perhaps in the same class as the prop pitch 

notor (but with somewhat less capability) is the electric 
motor of the type used for opening garage doors. These 
have been used successfully in turning large arrays. 

Proper installation of the antenna rotator can pro- 
vide many years of trouble-free service; sloppy installa- 
Чоп сап cause problems such as а burned out motor 
slippage, binding and casting breakage. Most rotators are 
capable of accepting mast sizes of different diameters, 
and suitable precautions must be taken to shim an under- 
sized mast to ensure dead-center rotation. It is very 
desirable to mount the rotator inside and as far below the 
тор of the tower as possible. The mast absorbs the torsion 
developed by the antenna during high winds, as well as 
during starting and stopping. 

Some amateurs have used a long mast from the top 
to the base of the tower. Rotator installation and service 
can be accomplished at ground level. A mast length of 
10 feet or more between the rotator and the antenna will 
add greatly to the longevity of the entire system by 
allowing the mast to act as a torsion shock absorber. 
Another benefit of mounting the rotator 10 feet or more 
below the antenna is that any misalignment among the 
rotator, mast and the top of the tower is less significant. 
A tube at the top of the tower (a sleeve bearing) through. 
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Fig 47—Rotator loop for UHF Yagi array. The feed coax 
is bundled with a control cable for the polarization 
relay. The coax/control-cable loop is taped to the 
rotating mast and to the top of the tower with vinyl 
electric tape to allow the array to be rotated. 


Which the mast protrudes almost completely eliminates 
any lateral forces on the rotator casing. АП the rotator 
must do is support the downward weight of the antenna 
system and turn the array. 

While the normal weight ofthe antenna and the mast 
is usually not more than a couple of hundred pounds, even 
with a large system, one can ease this strain on the rota- 
тог by installing a thrust bearing at the top of the tower. 
The bearing is then the component that holds the weight 
of the antenna system, and the rotator need perform only 
the rotating task, 

Don't forget to provide a loop of coax to allow your 
beam to rotate properly. Make sure you position the rota- 
tor loop so that it doesn't snag on anything. Fig 47 shows 
a rotator loop for an elliptically polarized UHF Yagi 
array, Note that the coax loop is taped to the rotating mast 
above the top of the tower and to the tower itself. 


Indicator Alignment 

A problem often encountered in amateur installa- 
tions is that of misalignment between the direction indi- 
cator in the rotator control box and the heading of the 
antenna. With light duty rotator, this happens frequently 
when the wind blows the antenna to а different heading. 
With no brake, the force of the wind can move the gear 
train and motor of the rotator, while the indicator remains 
fixed. Such rotator systems have a mechanical stop to 
prevent continuous rotation during operation, and provi- 
sion is usually included to realign the indicator ag 
the mechanical stop from inside the shack. During 
installation, the antenna must be oriented correctly for 
the mechanical stop position, which is usually north 

In larger rotator systems with an adequate brake, 
indicator misalignment is caused by mechanical slippage 

1o-mast hardware. Many texts su 

gest that the boom be pinned to the mast with a heavy- 
duty bolt and the rotator be similarly pinned to the mast. 
There is a trade-off here. If there is sul 
cause slippage in the couplings without pins, with pins 
the wind could break a rotator casting. The slippage will 
actas a clutch release, which may prevent serious dam- 
аре to the rotator. On the other hand, the amateur might 
not like to climb the tower and realign the system after 
each heavy windstorm, 


ient wind to 
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Radio Wave 
Propagation 


Because radio communication is carried on by means 
of electromagnetic waves traveling through the Earth's 
atmosphere, it is important to understand the nature of these 
waves and their behavior in the propagation medium. Most 
antennas will radiate the power applied to them efficiently, 


but no antenna can do all things equally well, under all cir 
cumstances. Whether you design and build your own anten- 
mas, or buy them and have them put up by a professional 


The Nature of 


You probably have some familiarity with the concept 
of electric and magnetic fields. A radio wave is a combina- 
Чоп of both, with the energy divided equally between them. 
If the wave could originate at a point source in free space, it 
Would spread out in an ever-growing sphere, with the source 
at the center. No antenna can be designed to do this, but the 

id mea- 


theoretical isotopic antenna is useful in expla 
suring the performance of practical ante 
IL is, in fact, the basis for any discussion or evaluation of 
antenna perfor 

‘Our theoretical spheres of radiated energy would 


nas we can build 


expand very rapidly at the same speed as the propagation. 
of light, approximately 186,000 miles or 300,000,000 
elen per second. Т} ough for 
practical purposes, and are used elsewhere in this book. 
If one wishes to be more precise, light propagates in a 
vacuum at the speed of 299.7925 meters per microsee: 
ond, and slightly slower in ай. 
"The path of a ray traced from its source to any рой 
on a spherical surface is considered to be ast 
radius of the sphere. An observer on the surface of the sphere 
would think of it as being flat, just as the Earth seems flat to 
lough from its source to appear flat is 
called a plane wave. From here on, we will be discussing 
primarily plane waves. 


ese values are close er 


us. A radio wave far 


the planning stages and while operating your station. 

For station planning, this chapter contains detailed new 
information on elevation angles from transmitting locations 
throughout the world to important areas throughout the 
world. With this information in hand, you can design your 
‘own antenna installation for optimum capabilities possible 
within your budget. See the CD-ROM in back of this book 


Radio Waves 


helps to understand the radiation of electromagnetic 
energy if we visualize a plane wave as being made up of 
electric and magnetic forces, as shown in Fig 1. The nature 
of wave propagation is such that the electric and magnetic 
lines of force are always perpendicular. The plane contain- 
the sets of crossed lines represents the wave front. The 
direction of travel is always perpendicular to the wave fro 
forward or backward is determined by the relative direc- 


tions of the electric and magnetic forces 
The speed of travel of a wave through anything but a 
‘vacuum is always les han 300,000,000 meters per second. 
How much less depends on the medium. If it is air, the 
reduction in propagation speed ean be ignored in most dis- 
cussions of propagation at frequencies below 30 MHZ. In. 
the VHF range and higher, temperature and moisture con- 
tent of the medium have increasing effects 
nication range, as will be discussed later. In solid insulating 
materials the speed is considerably les. In distilled water 
(а good insulator) the speed is‘ that in free space. In good. 
conductors the speed is so low that the opposing fields set 
up by the wave front occupy practically the same space as 
the wave itself, and thus cancel it out. This is the reason for. 
“skin effect” in conductors at high frequencies, making metal 
enclosures good shields for electrical circuits working at 
radio frequencies 


n the commu- 
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Fig 1- Representation of the magnetic and electric 
fields of a vertically polarized plane wave traveling 
along the ground. The arrows Indicate instantaneous. 
directions of the fields for a wave traveling 
perpendicularly out of the page toward the reader. 
Reversal of the direction of one set of lines reverses 
the direction of travel. There is no change in direction 
when both sets are reversed. Such a dual reversal 
occurs In fact once each hall cycle. 


Phase and Wavelength 
Because the velocity of wave propagation is so 
we tend to ignore it. Only '/ of a second is needed for a 
radio wave to travel around the world but in working with 
antennas the time factor is extremely important, The wave 
concept evolved because an alternating current flowing in а 
Wire (antenna) sets up moving electric and magnetic fields. 
We can hardly discuss antenna theory or performance at all 
Without involving travel time, consciously or otherwise. 
Waves used in radio communication may have frequen- 
cies from about 10,000 to several billion Hz. Suppose the 
frequency is 30 MHz. One cycle, or period, is completed in. 
130,000,000 second. The wave is traveling at 300,000,000 
meters per second, so it will move only 10 meters during the 
lime that the current is going through one complete period of 
alteration. The electromagnetic field 10 meters away from. 
the antenna is caused by the current that was flowing one 
me. The field 20 meters away is caused by 
(wo periods earlier, and so on. 
I each period of the current is simply a repetition of the 
‘one before it, the currents at corresponding instans in each 
period will be identical. The fields caused by those currents 
Will also be identical. As the fields move outward from the 
antenna they become more thinly spread over larger and larger 
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surfaces. Their amplitudes decrease with distance from the 
antenna but they do not lose their identity with respect to the 
instant of the period at which they were generated. They are, 
and they remain, in phase. In the example above, at intervals 
of 10 meters measured outward from the antenna, the phase of 
the waves at any given instant s identical. 

From this information we can define both wave front 
and wavelength. Consider the wave front as an imaginary 
surface. On every part of this surface, the wave is in the 
same phase. The wavelength is the distance between two 
wave fronts having the same phase at any given instant. This 
distance must be measured perpendicular to the wave fronts 
along the line that represents the direction of travel. The 
abbreviation for wavelength is the Greek letter lambda, J. 
Which is used throughout this book. 

The wavelength will be in the same length units as the 
velocity when the frequency is expressed in the same time 
units as the velocity. For waves traveling in free space (and 

war enough for waves traveling through air) the wavelength 


299.7925 
FMH 


Ea) 


There will be few pages in this book where phase, 
wavelength and frequency do not come into the discussion. 
Itis essential to have a clear understanding of their meani 
in order to understand the design, installation, adjustment 
ennas, matching systems or transmission lines 
essence, phase means time. When something 
goes through periodic variations, as an altermating current 
does, corresponding instants in succeeding periods are in 
phase 

The points A, B and C in Fig 2 are all in phase. They 
are corresponding instants in the current flow, at I-A inter- 
vals. This is a conventional view of asi 
current, with time progressing to the right. I also represents 
а snapshot of the intensity of the traveling fields, if distance 
is substituted for time in the horizontal axis. The distance 
between A and В or between В and C is one wavelength. 
The field-intensity distribution follows the sine curve, in both 
amplitude and polarity, corresponding exactly to the ti 
variations in the current that produced the fields. Rem 
ber that this is an instantaneous picture—the wave moves 

ich asa wave created by a rock thrown into water 


or use of 


in detail 


Polarization 

A wave like that in Fig 1 is said to be pola 
direction of the electric lines of force. The polarization here 
is vertical, because the electric lines are perpendicular to 
the surface of the Earth. It is one of the laws of electro- 
magnetis that electric lines touching the surface of a per- 
fect conductor must do so perpendicularly, or else they would 
have to generate infinite currents in the conductor, an obvi- 
ous impossibility. Most ground is a rather good conductor 
at frequencies below about 10 MHZ, so waves at these 


Fig 2—The instantaneous amplitude of both fields 
(electric and magnetic) varies sinusoidally with time as 
‘shown in this graph. Since the fields travel at constant 
velocity, the graph also represents the instantaneous 
distribution of field intensity along the wave path. The 
distance between two points of equal phase such as 
A-B and B-C is the length of the wave. 


frequencies, traveling close to good ground, are mainly ver- 
‘ically polarized, Over partially conducting ground there may 
be a forward tilt to the wave front; the tilt in the electric 
lines of force increases as the energy loss in the ground 
becomes greater. 

Waves trvelin 
called surface waves 
communication. Th 


in contact with the surface of the Earth, 

of litle practical use in amateur 
is because as the frequency is raised, 
the distance over which they will travel without excessive 
energy loss becomes smaller and smaller. The surface wave 
is most useful at low frequencies and through the standard 
AM broadcast band. The surface wave will be covered later 
At high frequencies a wave reaching a receiving antenna 
has had litle contact with the ground, and its polarization is 
not necessarily vertical 

Ifthe electric lines of force are horizontal, the wave is 
said to be horizontally polarized. Horizontally and ven 
cally polarized waves may be classified generally ш 
linear polarization. Linear polarization can be anything 
between horizontal and vertical. In free space, "horizontal" 
and "vertical" have no meaning, since the reference of the 
seemingly horizontal surface of the Earth has been lost. 

1а many cases the polarization of waves is not fixed, 
but rotates continually, somewhat at random. When this 
occurs the wave is said to be elliptically polarized. A gradual 
shift їп polarization in a medium is known as Faraday rota 
tion. For space co tion, circular polarization is com- 
monly used to overcome the effects of Faraday rotation. A 
circularly polarized wave rotates its polarization through 
360° as it travels a distance of one wavelength in the propa- 
{gation medium. The direction of rotation as viewed from 
the transmitting antenna defines the direction of circular- 
ity—right-hand (clockwise) or left-hand (counterclockwise). 
Linear and circular polarization may be considered as spe- 
cial cases of elliptical polarization. 


Field Intensity 

‘The energy from a propagated wave decreases with 
distance from the source. This decrease in strength is caused 
by the spreading of the wave energy over ever-larger spheres 
as the distance from the source increases. 

A measurement of the strength of the wave at a dis- 

is its field intensity, 
which is synonymous with field strength. The strength of a 
wave is measured as the voltage between two points hing 
оп an electric line of force in the plane of the wave fror 
The standard of measure for field intensity is the voltage 
developed in a wire that is 1 meter long, expressed as volts 
per meter. (If the wire were 2 meters long, the voltage 
developed would be divided by two to determine the feld 
strength in volts per meter) 

The voltage in а wave is usually low, so the measure- 
ment is made in millivolts or microvolts per meter. The volt- 
age goes through time variations like those of the current 
that caused the wave. It is measured like any other ac volt- 
‘age—in terms of the effective value or, sometimes, the peak 
value. It is fortunate that in amateur work i is not necessary 
to measure actual field strength, as the equipment required 
is elaborate. We need to know only if an adjustment has 
been beneficial, so relative measurements are satisfactory. 
These can be made easily with home-built equipm 


ance from the transmitting anter 


Wave Attenuation 

In free space, the field intensity of the wave varies 
inversely with the distance from the source, once you are in 
the radiating far field of the antenna. If the field strength at 
1 mile from the source is 100 millivolts per meter, it will be 
50 millivolts per meter at 2 miles, and so on. The relation- 
ship between field intensity and power density is similar to 
that for voltage and power in ordinary circuits, They are 
related by the impedance of free space, which is approxi- 
mately 377 Q A field intensity of 1 volt per meter is there- 
fore equivalent to a power density of 


E (E42 
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Because ofthe relationship between vollage and power, 
the power density therefore varies with the square root of 
the field intensity, or inversely with the square of the dis- 
tance. Ifthe power density at 1 mile is 4 mW per square 
meter, then at a distance of 2 miles it will be 1 mW per 
square meter 

И is important to remember this so-called spreading 
loss when antenna performance is being considered. Gain 
can come only from narrowing the radiation pattern of an 
antenna, which concentrates the radiated energy in the 
desired direction. There is no “antenna magie" by which 
the total energy radiated сап be increased, 

In practice, attenuation of the wave 
much greater than the inverse-distance law would indicate. 
The wave does not travel in a vacuum, and the receiving 
antenna seldom is situated so there is a clear line of sight. 
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The Earth is spherical and the waves do not penetrate its 
surface appreciably, so communication beyond visual dis- 
lances must be by some means that will bend the waves 
around the curvature of the Earth. These means involve 
additional energy losses that increase the path attenuation 
with distance, above that for the theoretical spreading loss 


Bending of Radio Waves 
Radio waves and light waves are both propagated as 
electromagnetic energy. Their major difference is in wave- 
length, since radio-reflecting surfaces are usually much 
smaller in terms of wavelength than those for light. In mate- 
rial of a given electrical conductivity, long waves penetrate 
deeper than short ones, and so require а thicker mass for 
good reflection. Thin metal however is а good reflector of 
even long-wavelength radio waves. With poorer conductors, 
such as the Earth's crust, ong waves may penetrate quite a 
few feet below the surface. 
Reflection occurs at any boundary between materials 
of differing dielectric constant. Familiar examples with light 
эге reflections from water surfaces and window panes. Both 
water and glass are transparent for light, but their dielectric 
constants are very different from that of air. Light waves, 
being very short, seem to bounce off both surfaces. Radio 
waves, being much longer, are practically unaffected by 
glass, but their behavior upon encountering water may Var 
ing on the purity of that medium. Distilled water is a 

salt water is a relatively good conductor. 
Depending on their wavelength (and thus their fre- 
quency), radio waves may be reflected by buildings, trees, 
Vehicles, the ground, water, ionized layers in the upper 
jes between air masses having dif 

tent, lonospheric a 
atmospheric conditions are important in practically all 

communication beyond purely local ranges 

Refraction is the bending of a ray as it passes from one 
medium to another at an angle, The appearance of bending 
of a straight stick, where it enters water at an angle, is an 
‘example of light refraction known to us all. The degree of 

nding of radio waves at boundaries between air masses 
increases with the radio frequency. There is slight a 
spheric bending in our HF bands. It becomes noticeable 


at 28 MHz, more so at 50 MHz, and itis much more of a 
factor in the higher VHF range and in UHF and microwave 
propagation 


Diffraction of light over a solid wall prevents total dark- 
ness on the far side from the light source. This is caused 
largely by the spreading of waves around the top of the wall, 
due to the interference of one part of the beam with another 
The dielectric constant of the surface of the obstruction may 
affect what happens to our radio waves when they encoun- 
ter terrestrial obstructions—but the radio shadow area is 
never totally dark. See Chapter 3, The Effects of Ground, 
for more information on diffraction. 

‘The three terms, reflection, refraction and diffraction, 
were in use long before the radio age began. Radio propa- 
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gation is nearly always a mix of these phenomena, and it 
may not be easy to identify or separate them while they are 
happening when we are on the air. This book tends to rely 

the words bending and scattering in its discussions, with 
appropriate modifiers as needed. The important thing to 
remember is that any alteration of the path taken by energy 
as it is radiated from an antenna is almost certain to affect 
dear resulis—which is why this chapter on propa 
tion is included in an antenna book. 


GROUND WAVES 


As we have already seen, radio waves are affected in 
many ways by the media through which they travel. This 
has led to some confusion of terms in earlier literature con- 
cerning wave propagation. Waves travel close to the ground 
їп several ways, some of which involve relatively ile con- 
tact with the ground itself. The term ground wave has had 
several meanings in antenna literature, but it has come to be 
applied to any wave that stays close to the Earth, reaching 
the receiving point without leaving the Earth's lower atmo- 
sphere. This distinguishes the ground wave from a sky wave, 
Which utilizes the ionosphere for propagation between the 
receiving antennas. 

The ground wave could be traveling in actual contact 
with the ground, as in Fig 1, where it is called the surface 
wave. Or it could travel directly between the transmitting 
and receiving antennas, when they are high enough so they 

ошу called the direct 
ound wave also travels between the transmit- 


can "see" each other this is c 
wave. The g 
ting and receiving antennas by reflection 
off intervening terrain between them. The ground-influenced 
wave may interact with the direct wave to create a vector- 
summed resultant al the receiver antenna 

In the generic term ground wave, we also will include 
ones that are made to follow the Earth's curvature by bend 
ing in the Earth's lower atmosphere, or troposphere, usu- 
ally no more than a few miles above the ground. Often called 
tropospheric bending, this propagation mode is a major 
factor in amateur communications above 50 MHZ. 


THE SURFACE WAVE 

The surface wave travels in contact with the Earth's 
surface. It can provide coverage up to about 100 miles in 
the standard AM broadcast band during the daytime, but 
attenuation is high. As can be seen from Fig 3, the attenua- 
tion increases with frequency. The surface wave is of little 
value in amateur communication, except possibly at 
1.8 MHz. Vertically polarized antennas must be used, which 
tends to limit amateur surface-wave communication to where 
large vertical systems can be erected, 


THE SPACE WAVE 


Propagation between two antennas situated within line 
of sight of each other is shown in Fig 4. Energy traveling 
directly between the antennas is attenuated to about the same 
degree as in free space. Unless the antennas are very high or 


or diffractions 


ye 
L 


Fig 3—Typical HF ground-wave range as a function of 
frequency. 


Fig 4— Tho ray traveling directly from the transmitting 
antenna to the receiving antenna combines with a ray 
reflected from the ground to form the space wave. For 
а horizontally polarized signal a reflection as shown 
here reverses the phase of the ground-reflected гау. 


quite close together, an appreciable portion of the en 
reflected from the ground. This reflected wave combi 


With direct radiation to affect the actual signal receive. 

In most communication between two stations on the 
ground, the angle at which the wave strikes the ground will 
be small. For a horizontally polarized signal, such a reflec- 
tion reverses the phase of the wave. If the distances traveled 
by both parts ofthe wave were the same, the two parts would 
arrive out of phase, and would therefore cancel each other. 
The ground-reflected ray in Fig 4 must travel a litle further, 
so the phase difference between the two depends on the 
lengths of the paths, measured in wavelengths. The wave- 
length in use is important in determining the useful signal 
strength in this type of com 

If the difference in path length is 3 meters, the phase 
difference with 160-meter waves would be only 360° x 
3/160 = 6.8°. This is a negligible difference from the 180° 
shift caused by the reflection, so the effective signal sre 
over the path would still be very small because of cancella- 
Чоп of the two waves. But with 6-meter radio waves the 
phase length would be 360° x 3/6 = 180". With the addi- 


tional 180° shift on reflection, the two rays would add. Thus, 
the space wave is a negligible factor at low frequencies, but. 
it can be increasingly useful as the frequency is raised. It is 
a dominant factor in local amateur communication at 
50 MHz and higher 

Interaction between the direct and reflected waves is 
the principle cause of mobile flutter observed in local УНЕ 
communication between fixed and mobile stations, The flut- 
ter effect decreases once the stations are separated enough 
so that the reflected ray becomes inconsequential. The 
reflected energy can also confuse the results of field-strength 
measurements during tests on VHF antennas. 

As with most propagation explanations, the space-wave 
picture presented here is simplified, and practical consider- 
ations dictate modifications. There is always some energy 
loss when the wave is reflected from the ground, Further, 
the phase of the ground-reflected wave is not shifted 
exactly 180°, so the waves never cancel completely. At UHF, 
ground-reflectior be greatly reduced or elimi- 
nated by using highly directive antennas. By confining the 
antenna pattern to something approaching a flashlight beam, 
nearly all the energy is in the direct wave. The resulting 
energy loss is low enough that microwave relays, for 
example, can operate with moderate power levels over h 
dreds or even thousands of milos. Thus we see that, while 
the space wave is inconsequential below about 20 MHZ, it 
can be a prime asset in the VHF realm and higher. 


VHF/UHF PROPAGATION BEYOND LINE 
OF SIGHT 


From Fig 4 it appears that use of the space wave 
depends on direct line of sight between the antennas of the 
communicating stations. This is not literally true, although 
‘that belief was common in the early days of amateur com- 
munication on frequencies above 30 MHz. When equipment. 
became available that operated more efficiently and after 
antenna techniques were improved, it soon became clear 
that VHF waves were actually being bent or scattered in 
several ways, permitting 
visual distances between the two stations, This was found 
true even with low power and simple antes 
communication range can be approximated by assuming the 
Waves travel in straight lines, but with the Earth's radius 
increased by one-third. The distance to the radio hor 


losses с 


reliable communication beyond 


is. The average 


then given as 
miles = 1.415 i аз) 
ты, 74124 [Ны (E44) 


Where H is the height ot be transmitting antenna, as shown 
in Fig 5. The for 
to the horizon, so an 


nula assumes that the Earth is smooth out 
‘obstructions along the path must be 
taken into consideration. For an elevated receiving. 
antenna the communication distance is equal to D + DI 
that is, the sum of the distances to the horizon of both 
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Fig 5—The distance D to the horizon from an antenna 
of height Н is given by equations in the text. The 
maximum line-of-sight distance between two elevated 
antennas is equal to the sum of their distances to the 
horizon as indicated here, 


antennas. Radio horizon distances are given in graphic form. 
Fig 6. Two stations on a flat plain, one with its antenna 
60 feet above ground and the other 40 feet, could be up to 
about 20 miles apart for strong-signal line-of-sight commu- 
nication (11 +9 mi). The terrain is almost never completely 
fat, however, and variations along the way may add to or 
subtract from the distance for reliable communication, 
Remember that energy is absorbed, reflected or scattered in 

пу ways in nearly all communication situations. The for- 
mula or the chart will be a good guide for estimating the 
pote e for a VHF FM repeater, assum- 

ig the users are mobile or portable with simple, omnidi- 
rectional antennas, Coverage with optimum home-staion 
‘equipment, high-gain directional arrays, and SSB or CW is 
quit a different matter. A much more detailed method for 
estimating coverage on frequencies above 50 MHz is given 
later in this chapter. 

For maximum use of the ordinary space wave it is 
important to have the antenna as high as possible above 
nearby buildings, trees, wires and surrounding terrain. A 
hill that rises above the rest of the countryside is a good 
location for an amateur station of any kind, and particularly 

on the frequencies above 50 MH, 
The highest point on such an eminence is not necessarily 
the best location for the antenna. In the example shown in 
Fig 7, the hilltop would be a good site in all directions. But. 
if maximum performance to the right is the objective, a point 
just below the crest might do better. This would involve a 
trade-off with reduced coverage in the opposite direction. 
Conversely, an antenna situated on the left side, lower down. 
the hill, might do well to the left, but almost certainly would 
be inferior in perform " 

Selection of a home site for its radio potential is a com- 
plex business, at best. А VHF enthusiast dreams of the hig 
est hill. The DX-minded HF ham may be more attracted by a 
Фу spot near a salt marsh. A wide saltwater horizon, espe 
cially from a high cliff, just smells of DX. In shopping for 
ham radio real estate, a mobile or portable rig for the fr 
quencies you're most interested in can provide useful clues. 


ANTENNA POLARIZATION 


If effective communication over long distances were 


Ча! radius of coverag 


so for extensive cover 


se to the 


ed mainly with 


Fig 6—Distance to the horizon from an antenna of 
given height. The solid curve includes the effect of 
atmospheric retraction. The optical line-of-sight 
distance is given by the broken curve 


Fig 7—Propagation conditions are дег 
the antenna is located slightly below the top of a hill 
оп the side facing the distant station. Communication 
is poor when there is a sharp rise immediately in front 
of the antenna in the direction of communication, 


radiation of energy at the lowest possible angle above the 
However, being engaged in a residential avocation 
often imposes practical restrictions on our antenna projects. 
“As an example, our 1.8 and 3.5-MHz bands are used prima- 


horizo 


sály for short-distance communication because they serve 
that purpose with antennas that are not difficult or expen- 
sive to put up. Ош to a few hundred miles, simple wire 


antennas for these bands do well, even though their radi 
tion is mostly at high angles above the horizon. Vertical sys- 
tems might be better for long-distance use, but they require 
extensive ground systems for good performance. 

Horizontal antennas that radiate well at low angles are 
most easily erected for 7 MHz and higher frequencies —hori- 
zontal wires and arrays are almost standard practice for work. 
on 7 through 29.7 MHz. Vertical antennas, such as а single 
omnidirectional antenna of multiband design, are also used 
in this frequency range, An antenna of this type may be a 
good solution to the space problem for a city dweller on а 
small Jot, or even for the resident of an apartment building. 

High-gain antennas are almost always used at SO MHZ 
higher frequencies, and most of them are horizontal. 
‘The principal exception is mobile communication wi 
FM through repeaters, discussed in Chapter 17, Repeater 
Antenna Systems. The height question is answered easily 
for VHF enthusiasts—the higher the better. 

"The theoretical and practical effects of height above 
ground at HF are treated in detail in Chapter 3, The Effects 
‘of Ground. Note that it is the height in wavelengths that is 
important а good reason to think in the metric syste 
rather than in feet and inches, 

In working locally on any amateur frequency b 
best results will be obtained with the same polarization at. 
both stations, except on rare oceasions when polarization 
shif is caused by terrain obstructions or reflections fro 
buildings. Where such a shift is observed, mostly above 100 
MHz or so, horizontal polarization tends to work better than 
vertical. This condition is found primarily on short paths, 
so it is not too important. Polarization shift may occur on 
long paths where tropospheric bending is a factor, but here 
the effect tends to be random, Long-distance communic 
tion by way of the ionosphere produces random polariza- 
tion effects, so polarization matching is of litle or no 
importance. This is fortunate for the HF mobile enthusia 
who will find that even his short, inductively loaded whips 
work very well at all distances other than local. 

Because it responds to all plane polarizations equally, 
circular polarization may pay off on circuits where the 

polarization is random, but it exacts a 3IB penalty 
When used with a single-plane polarization of any kind. Ci 
‘cular systems find greatest use in work with orbiting satel- 
lites. It should be remembered that “horizontal” and 
“vertical” are meaningless terms in space, where the plane- 
Earth reference is lost 


Polarization Factors Above 50 MHz 
In most VHF communication over short distances, the 
polarization of the space wave tends to remain constant 
Polarization discrimination is high, usually in excess of 
20 dB, so the same polarization should be used at both ends 
el the circuit. Horizontal, vertical and circular polarizati 
all have certain advantages above 50 MH, so there has never 
been complete standardization on any one of them. 
Horizontal systems are popular, in part because they 
tend to reject man-made noise, much of which is vertically 


polarized. There is some evidence that vertical polarization 
shifts to horizontal in hilly terrain, more readily than ho 
zontal shifts to vertical. With large arrays, horizontal sys- 
tems may be easier to erect, and they tend to give h 
signal strengths over irregular terrain, if any difference is 
observed. 

Practically al work with VHF mobiles is now handled 
with vertical systems. For use in a VHF repeater system, 
the vertical antenna can be designed to have gain without 
losing the desired omnidirectional quality. In the mobil sta- 
tion a small vertical whip has obvious aesthetic advantages. 
Often а telescoping whip used for broadcast reception can 
be pressed into service for the 144-MHz FM rig. A cartop 
mount is preferable, but the broadcast whip is a practical 
compromise. Tests with a least one experimental repeater 
have shown that horizontal polarization can give a slightly 
larger service area, but mechanical advantages of vertical 
systems have made them the almost unanimous choice in 
VHF FM communication. Except for ће repeater field, h 
zontal is the standard VHF system almost everywhere 

In communication over the Farth-Moon-Earth (EME) 
route the polarization picture is blurred, as might be expected 
with such a diverse medium. If the moon were а flat target, 
же could expect а 180° phase shift from the moon reflec- 
tion process, But it is not flat. This plus the moon's libra- 
tion (its slow oscillation, as viewed from the Earth), and the 
fact that waves must travel both ways through the Earth's 
entire atmosphere and magnetic field, provide other v 
ables that confuse the phase and polarization issue, Build- 

g a huge array that will track the moon, and give gains in 
excess of 20 dB, is enough of a task that most EME enthu- 
siasts tend to take their chances with phase and polarization 
problems. Where rotation of the element plane has been tried 
it has helped to stabilize signal levels, but it is not widely 
employed, 


PROPAGATION OF VHF WAVES 


The wave energy of VHF stations does not simply dis- 
appear once it reaches the radio horizon. It is scattered, but 
it can be heard to some degree for hundreds of miles, well 
beyond line-of-sight range. Everything on Earth, and in the 
regions of space up to at least 100 miles, is a potential for- 
Ward-scatering agent 

Tivpospheric scatter is always with us. Ils effects are 
often hidden, masked by more effective propagation modes 
on the lower frequencies. But beginning in the VHF range, 
scatter from the lower atmosphere extends the reliable range 
markedly if we make use of it. Called troposcatter, this is 
what produces that nearly flat portion of the curves that will 
be described later (in the section where you can compute 
reliable VHF coverage range). With a decent station, you 
сап consistently make troposcatter contacts out o 300 miles 
ош on the УНЕ and even UHF bands, especially if you don't 
mind weak signals and something less than 99% reliability. 
As long ago as the early 1950s, VHF enthusiasts found that 
VHF contests could be won with high power, big antennas. 
and a good ear for signals deep in the noise, They still can. 
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Tonospherie scatter works much the same as the 
tropo version, except that the scattering medium is higher 
up, mainly the E region of the ionosphere but with some 
help from the D and F layers too. lonospheric scatter is 
useful mainly above the MUF, so its useful frequency 
range depends on geography, time of day, season, and 
the state of the Sun. With near maximum legal pow. 
good antennas and quiet locations, ionospheric scatter ci 
fill in the skip zone with marginally readable signals scat- 
тегей from ionized trails of 

dom ionization, cosmic dust, satellites and whatever may 
‘come into the antenna patterns at 50 to 150 miles or so 
above the Earth. It's mostly an E-layer business, so it 
works all E-layer distances. Good antennas and keen ears 
help. 

Transequatorial propagation (TE) was an amateur 
50-MHz discovery in the years 1946-1947. Amateurs of all 
‘continents observed it almost simultaneously on three sepa- 
rate north-south paths. These amateurs tried to communi- 
сше at 50 MHz, even though the predicted MUF was arou 
40 MHz for the favorable daylight hours. The first success 
‘came at night, when the MUF was thought to be even lower. 
A remarkable research program inaugurated by amateurs in 
Europe, Cyprus, Zimbabwe and South Africa eventually pro- 
vided technically sound theories to explain the then- 
unknown mode. 

u has been known for years that the MUF is higher 
and less seasonally variable on transequatorial circuits, but 
the full extent of the difference was not learned until ama- 
As will be explained in a at 


jeteors, small areas of ran- 


teur work brought it to 


section in more detail, the ionosphere over equatorial 
regions is higher, thicker and more dense than elsewhere 
Because of its more constant exposure to solar radiation, 
the equatorial belt has high nighttime-MUF possibilities. 
ТЕ сап often work marginally at 144 MHz, and even at 
432 MHz on occasion. The potential MUF varies with solar 
activity, but not to the extent that conventional F-layer propa- 
gation does, I is a latein-the-day mode, taking over about 
When normal F-layer propagation goes ош. 

‘The TE range is usually within about 4000 km (2500 
miles) either side of the geomagnetic equator. The Earth's 
magnetic axis is tilted with respect to the geographical axis, 
so the TE belt appears as a curving band on conventional 
fat maps of the world. See Fig 8. As a result, TE has a 
different latitude coverage in the Americas from that from 
Europe to Africa. The TE belt just reaches into the southern 
continental US. Stations in Puerto Rico, Mexico and even 
the northern parts of South America encounter the mode 
тоге often than those 


favorable US areas. It is no acci- 


dent that TE was discovered as a result of 50-MHZ work in. 
Mexico City and Buenos Aires. 

Within its optimum regions of the world, the TE mode 
extends the usefulness of the 50-MHZ band far beyond that 
of conventional F-layer propagation, since the practical TE. 
MUF runs around 1.5 times that of normal Fz. Both its sea- 
sonal and diurnal characteristics are extensions of what is 
considered normal for 50-MHz propagation. In that part of 
the Americas south of about 20° North latitude, the exist- 
ence of TE affects the whole character of band usage, espe- 
cially in years of high solar activity. 


Fig 6—Transequatorial spread-F propagation takes place between stations equidistant across the geomagnetic 
‘equator. Distances up to 8000 km (5000 miles) are possible on 28 through 432 MHz. Note that the geomagnetic 
‘equator is considerably south of the geographic equator in the Western Hemisphere. (Figure courtesy of The ARRL 
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Weather Effects оп VHF/UHF Tropospheric 
Propagation 

Changes in the dielectric constant of the medium can 
affect propagation. Varied weather pattems over most of the 
Earth's surface can give rise to boundaries between air 
masses of very different temperature and humidity charac- 
teristics. These boundaries can be anything from local 
anomalies to air-circulation patterns of continental propor- 


Under stable weather conditions, large air masses 
‘can retain their characteristics for hours or even days at a 
time. See Fig 9. Stratified warm dry air over cool moist 
sir, owing slowly across the Great Lakes region to the 
Atlantic Seaboard, can provide the medium for east-west 
‘communication on 144 MHz and higher amateur frequen- 
cies over as much as 1200 miles. More common, how- 
ever, are communication distances of 400 to 600 miles 
under such conditions, 


A similar inversion along the Atlantic Seaboard as а 
result of a tropical storm air-cireulation pattern may bring 
УНЕ and ИНЕ openings extending from the Maritime Prov- 
ices of Canada to the Carolinas. Propagation across the 
Gulf of Mexico, sometimes with very high signal levels, 
enlivens the VHF scene in coastal areas from Florida to 
‘Texas. The California coast, from below the San Francisco 
Bay Area to Mexico, is blessed with a similar propagation 
aid during the warmer months. Tropical storms moving west, 
cross the Pacific below the Hawaiian Islands, 
а transpacifie long-distance VHF n 
exploited this on 144, 220 and 432 MHz, in 1957. It has 
been used fairly often in the summer months since, although 
mot yearly. 

"The examples of long-haul work cited above may 
‘occur infrequently, but lesser extensions of the minimum 
‘operating range are available almost daily. Under minimum 
‘conditions there may be litle more than increased signal 
strength over paths that are workable at any time. 

"There is a diurnal effect in temperate climates. At 
sunrise the air aloft is warmed more rapidly than that near 
the Earth's surface, and as the Sun goes lower late in the 
day the upper air is kept warm, while the ground cools. In 
fair, calm weather such sunrise and sunset temperature 

wersions can improve signal strength over paths heyor 
line of sight as much as 20 dB over levels prevailing during 
the hours of high sun. The diurnal inversion may also 
extend the operating range fora given strength by some 20 
1o 50%. If you would be happy with a new VHF antenna, 
try it first around sunrise! 

There are other short-range effects of local atmospheric 
and topographical conditions. Known as subsidence, the flow 
‘of cool air down into the bottom of a valley, leaving warm 
air aloft, is a familiar summer-evening pleasure. The daily 

shore-offshore wind shift along а seacoast in summer sets 
up daily inversions that make coastal areas highly favored 
as VHF sites. Ask any jealous 144-MIHZ operator who lives 
more than a few miles inland. 


"Tropospheric effects can show up at any time, in any 

season, Late spring and early fall are the most favored peri- 

ods, although a winter warming trend can produce strong 

and stable inversions that work VHF magic almost equal to 
ir spring and fall events. 
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Fig 9—ррег air conditions that produce extended- 
range communication on the VHF bands. At the top is 
shown the US Standard Atmosphere temperatur 

curvo. The humidity curve (dotted) is what would result 
И the relative humidity were 70%, from ground level to 
12,000 feet elevation. There is only slight refraction 
under this standard condition. At the bottom is shown 
а sounding that is typical of marked refraction of VHF 
waves. Figures in parentheses are the “mixing ratio" 
—grams of water vapor por kilogram of dry ай. Note 
the sharp break in both curves at about 3500 feet. 
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Regions where the climate is influenced by large 
bodies of water enjoy the greatest degree of tropospheric 
bending. Hot, dry desert areas see litle of it, at least in the 
forms described above. 


‘Tropospheric Ducting 

"Tropospheric propagation of VHF and UHF waves cun 
influence signal levels at all distances from purely local to 
something beyond 4000 km (2500 miles). The outer limits 
are not well known. At the risk of over simplification, we 
will divide the modes into two classes—extended local and 
long distance. This concept must be modified depending on 
the frequency under consideration, but in the VHF range 
the extended-local effect gives way to a form of propaga- 
tion much like that of microwaves in a waveguide, called 
ducting. The transition distance is ordinarily somewhere 
around 200 miles, The difference lies in whether the atmo- 
spheric condition producing the bending is localized or 
‘continental in scope. Remember, we're concemed here with 
frequencies in the VHF range, and perhaps up to 500 MHz 
At 10 GHz, for example, the scale is much smaller. 

In VHF propagation beyond a few hundred miles, more 
than one weather front is probably involved, but the wave is 
propagated between the inversion layers and ground, in the 
main. On long paths over the ocean (two notable examples 
are California 10 Hawaii and Ascension Island to Brazil), 
propagation is likely to be between two atmospheric layers. 
On such circuits the communicating station antennas must 
be in the duct, or capable of propagating strongly ino it 
Here again, we see that the positions and radiation angles of 

is are important. As with microwaves in a 
waveguide, the low-frequency limit for the duct is critical. 
In long-distance ducting it is also very variable. Airborne 
equipment has shown that duct capability exists well down 
into the HF region in the stable atmosphere west of Ascen- 
sion Island. Some contacts between Hawaii and Southern 
California on 50 MHz are believed to have been by way of 
iropospheric ducts, Probably all contact over these paths on 
144 MHz and higher bands is because of duct propagation. 

Amateurs have played a major part in the discovery 
and eventual explanation of tropospheric propagation. 
recent years they have shown that, contrary o beliefs widely. 
held in earlier times, long-distance communication using 
tropospheric modes is possible to some degree on all ama- 
teur Frequencies from 50 to at least 10.000 MH. 


RELIABLE VHF COVERAGE 

Inthe preceding sections we discussed means by which 
amateur bands above 50 MHz may be used intermittently 
for communication far beyond the visual horizon. In. 
‘emphasizing distance we should not neglecta prime asset 
of the УНЕ band: reliable communication over relatively 
short distances. The VHF region is far less subject to di 
ruption of local communication than ar frequencies below 
30 MHZ. Since much amateur communication is essentially 
local in nature, our VHF assignments can сапу a great load, 


the antem 
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and such use of the VHF bands helps solve interference prob- 
ems on lower frequencies. 

Because of age-old ideas, misconceptions about the cov- 
erage obtainable in our VHF bands persist. This reflects the 
thoughts that VHF waves travel only in straight lines, except 
when the DX modes described above happen to be present. 
However, let us survey the picture in the light of modern wave- 
propagation knowledge and see what the bands above 50 MHZ 
are good for on a day-to-day basis, ignoring the 
that may result in extensions of normal coverage 

Lis possible to predict with fair accuracy how far you 
should be able to work consistently on any VHF or ИНЕ 
band, provided a few simple facts are known. The factors 
affecting operating range can be reduced to graph form, as 
described in this section. The information was originally 
published in November 1961 OST by D. W. Bray, KLMG 
(Gee the Bibliography at the end ofthis chapter) 

‘To estimate your station's capabilities, two basic num- 
bers must be determined: station gain and path loss. Station 
gain is made up of seven factors: receiver sensitivity, trans- 
mitted power, receiving antenna gain, receiving antenna 
height gain, transmitting antenna gain, transmitting antenna 
height gain and required signal-to-noise ratio. This looks 
complicated but it really boils down to an easily made evalu- 
ation of receiver, transmitter, and antenna performance. The 
other number, path loss, is readily determined from the 
nomogram, Fig 10. This gives path loss over smooth Earth, 
for 99% reliability 

For 50 MHz, lay a straightedge from the distance 
between stations (left side) to the appropriate distance at 
the right side. For 1296 MHz, use the full scale, right cen- 
ter. For 144, 222 and 432, use the dot in the circle, square ог 
triangle, respectively. Example: At 300 miles the path loss 
for 144 MHz is 214 dB. 

To be meaningful, the losses determined from this 
„mograph are necessarily greater than simple free-space 
path losses. As described in an earlier section, communica- 
tion beyond line-of-sight distances involves propagation. 
modes that increase the path attenuation with distance. 


VHF/UHF Station Gain 
‘The largest of the eight factors involved in station 
design is receiver sensitivity. This is obtainable from 
Fig 11, if you know the approximate receiver noise 
and transmission-line loss. If you can't measure noise fig- 
ure, assume 3 dB for 50 MHZ, 5 for 144 or 222, 8 for 432 
and 10 for 1296 MH, if you know your equipment is work- 
ing moderately well. These noise figures are well on the 
conservative side for modern solid-state receivers. 

Line loss сап be taken from information in Chapter 24 
for the line in use, if the antenna system is fed properly. Lay 
a straightedge between the appropriate points at either side 
of Fig 11, to find effective receiver sensitivity in decibels 
below 1 watt (ABW). Use the narrowest bandwidth that is 
practical for the emission intended, with the receiver you 
will be using. For CW, an average value for effective work 
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the capabilities of stations 
оп amateur bands from 50 to 
1300 MHz. Either the path loss 
for a given distance or vice 
versa may be found if one of 
the two factors is known, 


is about 500 Hz. Phone bandwidth can be taken from the 
receiver instruction manual, but it usually falls between 2.1 
1027 KHz 

‘Antenna gain is next in importance. Gain 
antennas are often exaggerated. For well-designed Yagis the 
gain (over isotropic) run close to 10 times the boom length 
in wavelengths. (Example: А 24-foot Yagi on 144 MHZ 
is 3.6 wavelengths long: 3.6 x 10 = 36, and 10 logig 36 
15.5 dBi in free space.) Add 3 dB for stacking, where used 
properly. Add 4 dB more for ground reflection gain. This 
varies in amateur work, but averages out near this figure. 

We have one more plus factor—antenna height gain, 
obtained from Fig 12. Note that this is greatest for short 
distances. The left edge of the horizontal center scale is for 
0 to 10 miles, the right edge for 100 to 500 miles. Height 
gain for 10 to 30 feet is assumed to be zero. For 50 feet the. 
height gain is 4 dB at 10 miles, 3 dB at 50 miles, and 2 dB. 
at 100 miles. At 80 feet the height gains are roughly 8, 6 
and 4 dB for these distances. Beyond 100 miles the height 
gain is nearly uniform for a given height, regardless of 
distance 

Transmitter power output must be stated in decibels 
above | watt If you have 500 W output, add 10 log (500/1), 


of amateur 


ог 27 dB, to your station gain. The transmission line loss 
must be sublracted from the station gain, So must the 
required signal-to-noise ratio. The information is based on. 
CW work, so the additional signal needed for other modes 
must be subtracted. Use a figure of 3 dB for SSB. Fading 
losses must be accounted for also. U has been shown that 
for distances beyond 100 miles, the signal will vary plus or 
‘minus about 7 dB from the average level, so 7 dB must be 
subtracted from the station gain for high reliability, For dis 
tances under 100 miles, fading diminishes almost linearly 
with distance. For 50 miles, use -3.5 dB for fading 


What It All Means 

Add all the plus and minus factors to get the station gain. 
Use the final value to find the distance over which you can 
expect to work reliably from the nomogram, Fig 10. Or work 
it the other way around: Find the path loss for the distance 
you want to cover from the nomogram and then figure out 
‘what station changes will be needed to overcome it. 

‘The significance of all this becomes more obvious when 
we see path loss plotted against frequency for the various 
bands, as in Fig 13. At the left this is done for 50% reliabil- 
ity. At the right is the same information for 99% reliability. 
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Fig 11—Nomogram for finding effective receiver sensitivity. 


For near-perfect reliability, a path loss of 195 dB (easily 
encountered at 500r 144 MHZ) is involved in 100-mile con 
nication, But look at the 50% reliability curve: The same 
path loss takes us out to well over 250 miles. Few amateurs 
demand near-perfect reliability. By choosing our times, and 
by accepting the necessity for some repeats or occasional 
loss of signal, we can maintain communication out to di 
tances far beyond those usually covered by VHF stations. 
‘Working out a few typical amateur VHF station setups 
with these curves will show why an understanding of these 
factors is important to any user of the VHF spectrum. Note 
that path loss rises very steeply in the first 100 miles or so 
‘This is no news to VHF operators; locals are very strong, 
stations 50 or 75 miles away are much weaker. What hap- 
pens beyond 100 miles is not so well known to many of us. 
From the curves of Fig 13, we see that path loss levels 
‘off markedly at what is the approximate limit of working 
range for average VHF stations using wideband modulation, 
odes. Work out the station gain for a 50-W station with an 
average receiver and antenna, and you'll find that it comes 
‘out around 180 В. This means you'd have about а 100-mile 
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working radius in average terrain, for good but not perfect 
reliability. Another 10 dB may extend the range to as much 
as 250 miles. Just changing from AM phone to SSB and CW 
makes a major improvement in daily coverage on the УНЕ 
bands. 
A bigger antenna, a higher one if your present beam is 
jot at least 50 feet up, ап increase in power to 500 W from 
50 W, an improvement in receiver noise figure if it is pres- 
ently poor—any of these things can make a big improve- 
ment in reliable coverage. Achieve ай of them, and you will 
have very likely tripled your sphere of influence, thanks to 
that hump in the path-loss curves. This goes a long way 
toward explaining why using a 10-W packaged station with 
a small antenna, fun though it may be, does not begin to 
show what the VHF bands are really good for. 


Terrain at VHF/UHF 

‘The coverage figures derived from the above proce- 
dure are for average terrain, What of stations in mountain- 
‘ous country? Although an open horizon is generally desirable 
for the VHF station site, mountain country should not be 
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Fig 12—Nomogram for determining antenna-helght gain. 
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Fig 13—Path loss versus distance for amateur frequencies above 50 MHz. AL A are curves for 50% of the time; at В, 
for 99%. Tho curves at A are more representative of Amateur Radio requirements. 


‘considered hopeless. Help for the valley dweller often lies 
the optical phenomenon known as knife-edge diffraction. 
A flashlight beam pointed at the edge of a partition does not 
сш off sharply at the partition edge, but is diffracted around 
it, partially illuminating the shadow area. A similar effect 
is observed with УНЕ waves passi is 
а shadow effect, but not a complete blackout, If the signal 
is strong where it strikes the mountain range, it will be 
heard well in the bottom of a valley on the far side. (See 
Chapter 3, The Effects of Ground, for a more thoroug 
cussion of the theory of diffraction.) 


This is familiar to all users of VHF communications 
equipment who operate in hilly terrain, Where only one ridge 
lies in the way, signals on the far side may be almost as 
good as on the near side. Under ideal conditions (a very 
М sharp-edged obstruction near the midpoint of a 
‘enough path so that signals would be weak over aver- 
terrain), knife-edge diffraction may yield signals even 
stronger than would be possible with an open path. 
The obstruction must projet into the radiation patterns 
of the antennas used. Often mountains that look formidable 
ot high enough to have an appreciable 
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effect, опе way or the other. Since the normal radiation pat- 
tern from a УНЕ array is several degrees above the horizo 
tal, mountains that аге less than about three degrees above 
the horizon, as seen from the antenna, are missed by the 
radiation from the array. Moving the mountains out of the 
жау would have substantially no effect оп VHF signal 
strength in such cases 

Rolling terrain, where obstructions are not sharp enough 
to produce knife-edge diffraction, still does not 
exhibit a complete shadow effect. There is no complete bar- 
rier to VHF propagation—only attenuation, which varies 
widely as the result of many factors. Thus, even valley loc: 
tions are usable for VHF communication. Good antenna sy 
tems, preferably as high as possible, the best available 
‘equipment, and above all, the willingness and ability to work 
With weak signals may make outstanding VHF work possible, 
‘even in sites that show litle promise by casual inspection. 


AURORAL PROPAGATION 

"The Earth has a magnetosphere or magnetic field sur- 
rounding it. NASA scientists have described the magneto- 
sphere as a sort of protective “bubble” around the Earth hu 
shields us from the solar wind. Under normal circumstances, 
there are lots of electrons and protons moving in our mag- 
netosphere, traveling along magnetic lines of force that trap. 
them and keep them in place, neither bombarding the earth 
nor escaping into outer space 

‘Sudden bursts of activity on the Sun are somet 
accompanied by the ejection of charged particles, often fro 
so-called Coronal Mass Ejections (CME) because they origi- 
mate from the Sun's outer coronal region. These charged 
particles can interact with the magnetosphere, compressing 
and distorting it. I the orientacion of the magnetic field сог 
tained in a large blast of solar wind or in a CME is aligned 
‘opposite to that of the Earth's magnetic field, the magnetic 
bubble can partially collapse and the particles normally 
trapped there can be deposited into the Earth's atmosphere 
along magnetic lines near the North or South poles. This 
produces a visible or radio aurora. An aurora is visible if 
the time of entry is after dark. 

"The visible aurora is, in effect, fluorescence at E-layer 
height—a curtain of ions capable of refracting radio waves. 
in the frequency range above about 20 MHz. D-region. 
absorption increases on lower frequencies during auroras. 
The exact frequency ranges depend on many factors: time, 
season, position with relation to the Earth's auroral regions, 

the level of solar activity at the time, io name a few. 
"The auroral effect on VHF waves is another amateur 
discovery, this one dating back to the 1930s. The discovery 
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came coincidentally with improved transmitting and receiv- 
ing techniques then. The returning signal is diffused in fe. 
quency by the diversity of the aur 

(Scattering) medium. The result is а modulati 
signal, from just a slight burbling sound to what is best 
described as a “keyed roar” Before SSB took over in VHF 
work, voice was all but useless for auroral paths. A side- 
band signal suffers, too, but its narrower bandwidth helps to 
retain some degree of understandability. Distortion induced 
by a given set of auroral conditions increases with the fre- 
quency in use. 50-MHz signals are much more intelligible 
than those on 144 MHZ on the same path at the same time. 
Оп 144 MHz, CW is almost mandatory for effective auroral 

"The number of auroras that can be expected per year 
varies with the geomagnetic latitude. Drawn with respect to 
the Earth's magnetic poles instead of the geographical ones, 
these latitude lines in the US tilt upward to the northwest 
For example, Portland, Oregon, is 2° farther north (geo- 
graphic latitude) than Portland, Maine. The Maine city's 
geomagnetic latitude line crosses the Canadian border 
before it gets as far west as its Oregon namesake. In terms 
of auroras intense enough to produce VHF propagation 
results, Portland, Maine, is likely to see about 10 times as 

пу per year. Oregon's auroral prospects are more like 
those of southern New Jersey or central Pennsylvania 

‘The antenna requirements for auroral work are mixed. 
High gain helps, but the area of the aurora yielding the best 
retums sometimes varies rapidly, so sharp directivity can be 
а disadvantage. So could a very low radiation angle, or a 
beam pattern very sharp in the vertical plane. Experience 
indicates that few amateur antennas are sharp enough in. 
either plane to present a real handicap. The beam heading 
fo signal can change, however, so а bit of scan- 

ing in azimuth may lum up some interesting results. A very 
large array, such as is commonly used for moonbounce (with 
azimuth-elevation control), should be worthwhile. 

The incidence of auroras, their average intensity 
their geographical distribution as to visual sights 
VHF propagation effects all vary to some extent with solar 
activity. There is some indication that the peak period 
Tor auroras lags the sunspot-cycle peak by a year or two. 
Like sporadic E, an unusual auroral opening can come at 
any season. There is a marked diurnal swing in the nut 
ber of auroras. Favored times are late afternoon and early 
evening, late evening through early morning, and early 
afternoon, in about that order. Major auroras often start 
in early afternoon and carry through to early morni 
the next day. 


HF Sky-Wave Propagation 


As described earlier, the term ground wave is com- 
monly applied to propagation that is confined to the Earth's 
lower atmosphere. Now we will use the term sky ware to 
describe modes of propagation that use the Earth's ion 
sphere. First, however, we must examine how the Earth 
ionosphere is affected by the Sun. 


THE ROLE OF THE SUN 

Everything that happens in radio propagation, as with 
all life on Earth, is the result of radiation from the Sun. The 
variable nature of radio prop 
the ever-changing intensity of ultraviolet and X-ray radia- 
Чоп, the primary ionizing agents in solar energy. Every day, 
solar nuclear reactions are turning hydrogen into heliun 
releasing an unimaginable blast of energy into space in the 
process. The total power radiated by the Sun is estimated 
at 4 x 102 KW that is, the number four followed by 23 
zeroes. At its surface, the Sun creates about 60 megawatts 
per square meter, That is а very potent transmitter! 


n here on Earth reflects 


The Solar Wind 

"The Sun is constantly ejecting material from its sur- 
face in all directions into space, making up the so-called 
solar wind. Under relatively quie solar conditions the solar 
wind blows around 200 miles per second—675,000 miles 
per hour—taking away about two million tons of solar 
material each second from the Sun. You needn't worn — 
the Sun is not going to shrivel up anytime soon. I's big 
enough that it will ake many billions of years before that 
happens 

А 675000 mile/hour wind sounds like a pretty stiff 
breeze, doesn't it? Lucky for us, the density of the material 
in the solar wind is very small by the time it has been spread 
‘out into interplanetary space, Scientists calculate that the den- 
sity of the particles in the solar wind is less than that of the 
best vacuum they ve ever achieved on Earth. Despite the low 
density of the material in the solar wind, the effect on the 
Earth, especially its magnetic field, is very si 

Before the advent of sophisticated satellite sensors, the 
Earth's magnetic field was considered to be fairly simple, 
modeled as if the Earth were a large bar magnet. The axis of 
ibis hypothetical bar magnet is oriented about 11° away fror 
the geographic north-south pole. We now know that the 

alters the shape of the Earth's magnetic field sig- 
nificantly, compressing it on the side facing the Sun and 
elongating it on the other side—in the same manner as the 
tail of a comet is stretched out radially in its orientation 
from the Sun. In fact, the solar wind is also responsible for 
the shape of a comets tail. 

Partly because of the very nature of the nuclear reac- 
tions going on at the Sun itself, but also because of varia- 
tions in the speed and direction of the solar wind, the 
interactions between the Sun and our Earth are incredibly 
‘complex. Even scientists who have studied the subject for 


solar wir 


years do not completely understand everything that happens 
оп the Sun. Later in this chapter, we'll investigate the 
effects of the solar wind when conditions on the Sun are nor 
“quiet.” As far as amateur НЕ skywave propagation is con- 
cemed, the results of disturbed conditions on the Sun are 
not generally beneficial 


Sunspots 

The most readily observed characteristic of the Sun, 
‘other than its blinding brilliance, is its tendency to have gray- 
ish black blemishes, seemingly at random times and at 
random places, on its fiery surface. (See Fig 14.) There are 
written records of naked-eye sightings of sunspots in the 
Orient back to more than 2000 years ago. As far as is known, 
the first indication that sunspots were recognized as part of 
the Sun was the result of observations by Galileo in the early 
1600s, not long after he developed one of the first practical 
telescopes. 

Galileo also developed the projectio 
observing the Sun safely, but probably not before he had suf- 
fered severe eye damage by trying to look at the Sun di- 


method for 


Fig 14—Much more than sunspots can be seen when. 
the sun Is viewed through selective optical filters. This 
photo was taken through a hydrogen-alpha filter that 
passes а narrow light segment at 6562 angstroms. The 
bright patches are active areas around and often 
between sunspots. Dark irregular lines are filaments of 
activity having no central core. Faint magnetic field 
lines are visible around a large sunspot group near the 
disc center. (Photo courtesy of Sacramento Peak 
Observatory, Sunspot, New Mexico). 
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rectly, (He was blind in his last years) His drawings of sun- 
spots, indicating their variable nature and position, are e 
earliest such record known to have been made. His 
reward for this brilliant work was immediate condemnation 
by church authorities of the time, which probably set back 
progress in learning more about the Sun for generations. 
‘The systematic study of solar activity began about 
1750, so a fairly reliable record of sunspot numbers goes 
back that far. (There are some gaps in the early data.) The 
record shows clearly that the Sun is always in a state of 
‘change. It never looks exactly the same from one day to the 
next. The most obvious daily change is the movement of 
visible activity centers (sunspots or groups thereof) across 
the solar disc, from east to west, at a constant rate. This 


movement was soon found to be the result of the rotation of 
the Sun, ata rate of approximately four weeks for a con 
plete round. The average is about 27.5 days, the Sun's syn- 
ойс rotation speed, viewed from the perspective of the Earth, 
Which is also moving around the Sun in the same direction 


as the Sun's rotation 


Sunspot Numbers 
Since the earliest days of systematic observation, our 
traditional measure of solar activity has been based on a 
‘count of sunspots. In these hundreds ol years we have learned 
that the average number of spots goes up and down in cycles 
very roughly approximating a sine wave. In 1848, a method 
Was introduced for the daily measurement of sunspot nun 
bers, That method, which is still used today, was devised by 
the Swiss astronomer Johann Rudolph Wolf. The observer 
counts the total number of spots visible on the face of the 
Sun and the number of groups into which they are clus- 
tered, because neither quantity alone provides a satisfac- 
tory measure of sunspot activity. The observer's sunspot 
number for that day is computed by multiplying the number 
‘of groups he sees by 10, and then adding to this value the 
number of individual spots. Where possible, sunspot data 
collected prior to 1848 have been converted to this syste 

“As can readily be understood, results from one observer 
о another can vary greatly, since measurement depends on 
the capability of the equipment in use and on the stability of 
the Earth's atmosphere at the time of observation, as well as 
‘on the experience of the observer. A number of observato- 
ties around the world cooperate in measuring solar activity. 
A weighted average of the data is used to determine the 
International Sunspot Number or ISN for each day. (Ama- 
teur astronomers can approximate the determination of ISN 
values by multiplying their values by а correction factor 
determined empirically.) 

A major step forward was made with the development of 
various methods for observing narrow portions of the Sun's 
spectrum, Narrowband light filters that can be used with any 
good telescope perform a visual function very similar to the 
aural function of a sharp filter added to a communications 
receiver. This enables the observer to see the actual area of 
the Sun doing the radiating of the ionizing energy, in addition 


to the sunspots, which are more a by-product than a cause. 
The photo of Fig 14 was made through such а filter. Studies of 
the ionosphere with instrumented probes, and later with satel- 
Ties, manned and unmanned, have added greatly to our knowl- 
ейге of the effects of the Sun on radio communication. 

Daily sunspot counts are recorded, and monthly and 
yearly averages determined. The averages are used to see 
trends and observe patterns, Sunspot records were formerly 
kept in Zurich, Switzerland, and the values were known as 
Zurich Sunspot Numbers. They were also known as Wolf 
sunspot numbers. The official international sunspot num- 
bers are now compiled at the Sunspot In 
Bruxelles, Belgium. 

The yearly means (averages) of sunspot nun 
1700 through 2002 are plotted in Fig 15. The cyclic nature 
of solar activity becomes readily apparent from this graph. 
The duration of the cycles varies from 9.0 to 12.7 years, but 
averages approximately 11.1 years, usually referred to as 
the 11-year solar cycle. The first complete cycle to be 
observed systematically began in 1755, and is numbered 
Cycle 1. Solar cycle numbers thereafter are consecutive 
Cycle 23 began in October, 1996. 


The "Quiet" Sun 

For more than 60 years й has been well known that 
radio propagation phenomena vary with the number and size 
of sunspots, and also with the position of sunspots on the 
surface of the Sun. There are daily and seasonal variations 
in the Earth's ionized layers resulting from changes in. 
the amount оГ ultraviolet light received from the Sun. The 
11-year sunspot cycle affects propagation conditions because. 
there is a direct correlation between sunspot activity and 
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Fig 15—Yearly means of smoothed sunspot numbers 
гот data for 1700 through 2002. This plot clearly 
‘shows that sunspot activity takes place In cycles of 
‘approximately 11 years duration. There is also a longer- 
term periodicity in this plot, the Glelssberg 88-year 
cycle. Cycle 1, the first complete cycle to be examined 
by systematic observation, began in 1755. 


Activity on the surface of the Sun is changing continu- 
ally, In this section we want to describe the activity of the 
so-called quiet Sun, meaning those times when the Sun is 
not doing anything more spe » acting like a“ 

thermonuclear ball of flaming gases. The Sun and its 
effects on Earthly propagation can be described in statistical 
terms—thar's what the 11-year solar cycle does. You may 
experience vastly different conditions on any particular day 
‘compared to what a long-term average would su 

n analogy may be in order here. Have you ever gazed 

into a relatively calm campfire and been surprised when 
suddenly a flaming en ge spark was ejected 
your direcion? The Sun can also do unexpected and some- 
limes very dramatic things. Disturbances of propagation 
‘conditions here on Earth are caused by disturbed conditions 
‘on the Sun. More on this later. 

Individual sunspots may vary in size and appearance, 
or even disappear totally, within a single day. In general, 
larger active areas persist through several rotations of the 
Sun. Some active areas have been identified over periods 
up to about а year. Because of these continual changes in 
solar activity, there are continual changes inthe state of the 
Earth's ionosphere and resulting changes in propagation con- 
ditions. A short-term burst of solar activity may trigger un- 
usual propagation conditions here on Earth lasting for less 
iban an hour. 
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Smoothed Sunspot Numbers (SSN) 

Sunspot data are averaged or smoothed to remove the 
effects of short-term changes. The sunspot values used most 
(often for correlating propagation conditions are Smoothed 
Sunspot Numbers (SSN), often called 12-month running 
average values Data for 13 consecutive months are required 
1o determine a smoothed sunspot number. 

Long-time users have found that the upper HF bands 
are reliably open for propagation only when the average 
number of sunspots is above certain minimum levels. For 
example, between mid 1988 to mid 1992 during Cycle 22, 
the SSN stayed higher than 100. The 10-meter band was 
‘open then almost all day, every day, to some part ofthe world. 
However, by mid 1996, few if any sunspots showed up 
the Sun and the 10-meter band consequently was rarely oper 
Even 15 meters, normally a workhorse DX band when solar 
activity is high, was closed most of the time during the low 
point in Cycle 22. So far as propagation on the upper HF 
bands is concerned, the higher the sunspot number, the bet- 
ter the conditions. 

Each smoothed number is an average of 13 monthly 
means, centered on the month of concern. The Ist and 13th 
months are given a weight of 0.5. A monthly mean is sin 
ply the sum of the daily ISN values for a calendi 
divided by the number of days in that month. We would 
‘commonly call this value a monthly average. 

‘This may all sound very complicated, but an example 
should clarify the procedure. Suppose we wished to calcu- 
late the smoothed sunspot number for June 1986, We would 


require monthly mean values for six months prior and six 
months after this month, or from December 1985 through 
December 1986, The monthly mean ISN values for these 
months ше 


De 3s 173 8 181 
Jan 86 25 86 74 
Feb 36 232 зө зв 
Mar 86 151 86 354 
Apr 36 185 8 152 
May 86 137 86 өв 


Jun 86 11 


First we find the sum of the values, but using only o 
half the amounts indicated for the first and 13th months in 
the listing. This value is 166.05. Then we determine the 
smoothed value by dividing the sum by 12: 166.051: 
13.8. (Values beyond the first decimal place are not war- 
ranted.) Thus, 13.8is the smoothed sunspot number for June 
1986. From this example, you can see that the smoothed 
sunspot number fora particular month cannot be determined 
until six months afterwards, 

Generally the plots we see of sunspot numbers are 
averaged data. As already mentioned, smoothed numbers 
make it easier to observe trends and see patterns, but son 
times this data can be misleading. The plots tend to imply 
ibat solar activity varies smoothly, indicating. for example, 
that at the onset of a new cycle the activity just gradually 
increases, But this is definitely not so! On any one day, sig- 

ificant changes in solar activity can take place within hours, 
causing sudden band openings at frequencies well above 
the МИЕ values predicted from smoothed sunspot number 
curves. The durations of such openings may be brief, or 
they may recur for several days running, depending on the 
mature of the solar activity. 


Solar Flux 

Since the late 19405 an additional method of deter- 
‘mining solar activity has been put to use—the measurement 
of solar radio flux. The quiet Sun emits radio energy across 
а broad frequency spectrum, with a slowly varying inten- 
sity. Solar Пих is a measure of energy received per unit time, 
per unit area, per uni frequency interval. These radio fluxes, 
Which originate from atmospheric layers high in the Sun's 
chromosphere and low in its corona, change gradually from 
day to day, in response to the activity causing sunspots. Thus, 
there is a degree of correlation between solar flux values 
and sunspot numbers. 

Опе solar Пих unit equals 1022 joules per second per 
square meter per hertz. Solar flux values are measured daily 
at 2800 MHz (10.7 em) at The Dominion Radio Astrophysi- 
cal Observatory, Penticton, British Columbia, where daily 
data have been collected since 1991. (Prior to June 1991, 
the Algonquin Radio Observatory, Ontario, made the mea- 
surements.) Measurements are also made at other observa- 
tories around the world, at several frequencies. With some 
variation, the daily measured flux values increase with 
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frequency of measurement, to at least 15.4 GHZ. 
The daily 2800 MHz Penticton value is sent to Boulder, 
Colorado, where it is incorporated into WWV propagation 
bulletins (see later section). Daily solar flux information can 
be of some value in determining current propagatio 

tions, as sunspot numbers оп a given day do not relate 
directly to maximum usable frequency. Solar flux values 
are much more reliable for this purpose, when itis averaged 
‘overtime, as will be discussed later in the section on соп 
puterprediction programs. 


condi- 


Correlating Sunspot Numbers and Solar Flux 
Values 


Based on historical data, an exact mathematical rela- 
tionship does not exist to correlate sunspot data and solar 
flux values. Comparing daily values yields almost no corre- 
lation. Comparing monthly mean values (often called 

ionthly averages) produces a degree of correlation, but the 
spread in data is still significant. This is indicated in Fig 16, 
a scatter diagram plot of monthly mean sunspot numbers 
Versus the monthly means of solar flux values adjusted to 
one astronomical unit. (This adjustment applies a correc- 
tion for differences in distance between the Sun and the Earth 
at different times of the year) 

A closer correlation exists when smoothed (12 
running average) sunspot numbers are compared with 
smoothed (12-month running average) solar flux values 
adjusted to one astronomical unit. A scatter diagram for 
smoothed data appears in Fig 17. Note how the plot poin 
establish a better defined pattern in Fig 17. The correlation 
is still no better than a few percent, for records indicate a 
given smoothed sunspot number does not always correspor 
With the same smoothed solar Пих value, and vice versa. 


diagram or X-¥ plot of monthly mean 
‘sunspot numbers and monthly mean 2800MHz solar 
flux values. Data values are from February 1947 
through February 1987. Each “+” mark represents the 
intersection of data for a given month. If the 
correlation between sunspot number and flux values 
were consistent, al the marks would align to form а 
‘smooth curve, 
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"Table 1 illustrates some of the inconsistencies that exist in 
the historical data, Smoothed or 12-month running average 
values are shown 

Even though there is no precise math 
ship between sunspot numbers and solar flux values, it is 
helpful to have some way to convert from one to the other. 
The primary reason is that sunspot numbers are valuable as 
а long-term link with the past, but the great usefulness of 
solar Пих values are their immediacy, and their direct bear- 
ing on our field of interest. (Remember, a smoothed sun- 
spot number will not be calculated until six months after the 
fact) 

"The following mathematical approximation has been 
derived to convert a smoothed sunspot number to а solar 
Пих value. 


tical relation- 


Fig 17—Scatter diagram of smoothed, or 12-month 
running averages, sunspot numbers versus 2800MHz 
Solar flux values. The correlation of smoothed values is 
better than for monthly means, shown in Fig 16. 


Table 1 
Selected Historical Data Showing Inconsistent 
Correlation Between Sunspot Number and Solar 
Flux 


Month Smoothed Smoothed 

Sunspot Number — Solar Flux 
Value 
May 1953 174 756 
Sept 1965 174 785 
Jul 1985 174 747 
Jun 1969 1064 151.4 
Jul 1969 105.9 1514 
Dec 1982 946 1514 
Aug 1948 1410 1805 
Oct 1959 зал 1923 
Арг1979 1414 1804 
Aug 1981 1414 203.3 


F=63.75+ 0.7288 + 0.000898 (45) 


where 


F 


solar Пих nun 

S = smoothed sunspot number 

A graphic representation of this equation is given in 
Fig 18. Use this chart lo make conversions graphically, rather 
than by calculations. With the graph, solar flux and sunspot 
number conversions can be made either way. The equation. 
has been found to yield errors as great as 10% when histori- 
cal data was examined. (Look at the August 1981 data in 
Table 1.) Therefore, conversions should be rounded to the 
nearest whole number, as additional decimal places are 
unwarranted. To make conversions from flux to sunspot 
number, the following approximation may be used. 


5 33.52 85.124 F - 408.99 (ав) 


THE IONOSPHERE 


There will be inevitable “gray areas” in our discussion 
of the Earth's atmosphere and the changes wrought in it by 
the Sun and by associated changes in the Earth's magnetic 
field. This is nota story that can be told in neat equations, or 
values carried out to a satisfying number of decimal places. 
‘The story must be told, and understood —with its well-known 
limitations if we are to put up 
them serve us well 

"Thus far inthis chapter we have been concerned with 
what might be called our “above-ground living space”: 
that portion ofthe total atmosphere wherein we can survive 
Without artificial breathing aids, or up to about 6 km 
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Fig 18—Chart for conversions between smoothed 
international Sunspot Numbers and smoothed 
2800MHz solar flux. This curve is based on the 
mathematical approximation given in the text. 


(4 miles). The boundary area is a broad one, but life d 
radio propagation) undergo basic changes beyond this zone. 
Somewhat farther out, but stil technically within the Earth's 
atmosphere, the role of the Sun in the wave-propagation 
picture is dominant one. 

"This is the ionosphere—a region where the air pres- 
sure is so low that free electrons and ions can move about 
without getting close enough to recombine 
into neutral atoms. A radio wave entering this rarefied 
atmosphere, a region of relatively many free electrons, is 
affected in the same way as in entering a medium of differ- 


for some tin 


ent dielectric constant its direction of travel is altered. 
Ultraviolet (UV) radiation from the Sun is the primary 
cause of ionization in the outer regions of the atmosphere, 
the ones most important for HF propagation. However, there 
are other forms of solar radiation as well, including both 
hard and soft x-rays, gamma rays and extreme ultraviolet 
(EUV). The radiated energy breaks up, or photoionizes, 
atoms and molecules of atmospheric gases into electrons 
and positively charged ions. The degree of ionization does 
not increase uniformly with distance from the Earth's sur- 
face. Instead there are relatively dense regions (layers) of 
ionization, each quite thick and more or les parallel to the 
Earth's surface, at fairly well-defined intervals outward from 
bout 40 to 300 km (25 to 200 miles). These distinct layers 
are formed due to complex photochemical reactions of the 
various types of solar radiation with oxygen, ozone, 
gen and nitrous oxide in the rarefied upper atmosphere. 
Tonization i not constant within each layer, but tapers 
off gradually on either side of the maximum at the center of 
the layer. The total ionizing energy from the Sun reaching a 
given point at a given time, is never constant, so the height 
amd intensity of the ionization in the various regions will 
also vary. Thus, the practical effect on long-distance com- 
‘munication is an almost continuous variation in signal level, 
related to the time of day, the season of the year, the dis- 
tance between the Earth and the Sun, and both short-term 
‘and long-term Variations in solar activity. И would 
all this that only the very wise or the very foolish would 
attempt to predict radio propagation conditions but itis now 
possible to do so with a fair chance of success. It is possible 
to plan antenna designs, particularly the choosing of an- 
tenna heights, to exploit known propagation characteristics. 


lonospheric Layer Characteristics 

‘The lowest known ionized region, called the D layer 
(or the D region) lies between 60 and 92 km (3710 57 miles) 
above the Earth. In this relatively low and dense part of the 
atmosphere, atoms broken up into ions by sunlight recom- 
bine quickly, so the ionization level is directly related to 
sunlight. It begins at sunrise, peaks at local noon and disap- 
pears at sundown. When electrons in this dense medium are 
set in motion by a passing wave, collisions between par- 
ticles are so frequent that a major portion of their energy 
may be used up as heat, as the electrons and disassociated 
ons recombine 
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"The probability of collisions depends on the distance 
an electron travels under the influence of the wave in other 
words, on the wavelength. Thus, our 1.8- and 3.5-MHz 
bands, having the longest wavelengths, suffer the highest 
daytime absorption loss as they travel through the D layer, 
particularly for waves that enter the medium at the lowest 
les. At times of high solar activity (peak years of the 
solar cycle) even waves entering the D layer vertically suf- 
fer almost total energy absorption around midday, making 
these bands almost useless for communication over appre- 
cable distances during the hours of high sun. They “go dead” 
‘quickly in the morning, but come alive again the same way 
late afternoon. The diurnal (daytime) D-layer effect is 

less at 7 MHz (though still marked), slight at 14 MHZ and 

sequential on higher amateur frequencies. 
"The D region is ineffective in bending HF waves back 
10 Earth, so its role in long-distance communication by 
amateurs is largely a negative one. IL is the principal reason, 
why our frequencies up through the 7-MH2 band are useful 
mainly for short-distance communication during the 
sum hours 

"The lowest portion of the ionosphere useful for long- 
distance communication by amateurs is the E layer (also 
known as the E region) about 10010 115 km (621071 miles) 
above the Earth. In the E layer, at intermediate atmospheric 
density, ionization varies with the Sun angle above the hori- 
лоп, but solar ultraviolet radiation is not the sole ionizing 
agent. Solar X-rays and meteors entering this portion of the 
Earth's atmosphere also play a part. Ionization increases 
rapidly after sunrise, reaches maximum around noon local 
time, and drops off quickly after sundown, The minimum is 
after midnight, local time. As with the D layer, the E layer 
absorbs wave energy in the lower-Irequency amateur bands 
when the Sun angle is high, around mid-day. The other var- 
ied effects of E-region ionization will be discussed later. 

Most of our long 


stems from the tenuous outer reaches of the Earth's atmo- 
sphere known as the F layer. At heights above 100 miles, 
ions and electrons recombine more slowly, so the observ- 
able effects of the Sun develop more slowly. Also, the 
region holds its ability to reflect wave energy back to Earth 
well into the night. The maximum usable frequency (MUF) 
for F-layer propagation on east-west paths thus peaks just 
after noon at the midpoint, and the minimum occurs after 

ıl. We'll examine the subject of MUF in more detail 


Judging what the F layer is doing is by no means that 
simple, however. The layer height may be from 160 to more 
than 500 km (100 to over 310 miles), depending on the sea- 
son of the year, the latitudes, the time of day and, most 
‘capricious of all, what the Sun has been doing in the last few 
minutes and in perhaps the last three days before the attempt 
is made. The MUF between Eastern US and Europe, for 
‘example, has been anything from 7 to 70 MHz, depending 
‘on the conditions mentioned above, plus the point in the long 
ctivity cycle at which the check is made. 
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During a summer day the F layer may split into two 
layers. The lower and weaker F, layer, about 160 km (100 
miles) up, has only a minor ole, acting more like the E than. 
the Р; layer. At night the F; region disappears and the Fz 
region height drops somewhat 

Propagation information tailored to amateur needs is 
transmitted in all information bulletin periods by the ARRL. 
Headquarters station, WLAN. Finally, solar and geomag- 
netic field data, transmitted hourly and updated eight times 
daily, are given in brief bulletins carried by the US Time 
Standard stations, WWV and WWVH, and also on Internet 
Web sites. But more on these services later 


Bending in the Ionosphere 

‘The degree of bending of a wave path in an ionized 
layer depends on the density of the ionization and the length 
of the wave (inversely related to its frequency). The bend. 
ing at any given frequency or wavelength will increase with 
increased ionization density and will bend away from the 
region of most-intense ionization, For a given ionization. 
density, bending increases with wavelength (that is, it 
decreases with frequency). 

"Two extremes are thus possible. If the intensity of the 
ionization is sufficient and the frequency is low enough, even 
а wave entering the layer perpendicularly will be reflected 
back to Earth, Conversely. if the frequency is high enough ог 
the ionization decreases to a low-enough density, a condition. 
is reached where the wave angle is not affected enough by 
the ionosphere to cause a useful portion of the wave 
energy to retum to the Earth. The frequency at which this 
occurs is called the verticalincidence critical frequency. Each 
region in the ionosphere has a critical frequency associated 
with it, and this critical frequency will change depending on 
the date, time and state of the 11-уеаг solar cycle. 

Fig 19 shows a simplified eraph of the electron den- 
sity in electrons per cubic meter) versus height in the iono- 
sphere (in km) for a particular set of daytime and nighttime 
conditions. Free electrons are what return the signals you 
launch into the ionosphere back down to the Earth at some 
distance from your transmitter The more free electrons in 
the ionosphere, the better propagation will be, particularly 
at higher frequencies. 

Electron-density profiles are extremely complicated 
and vary greatly from one location to the next, depending 
on a bewildering variety of factors. Of course, this sheer 
variability makes i ай the more interesting and challeng 
for hams to work each other on ionospheric HF paths! 

The following discussion about sounding the iono- 
sphere provides some background information about the 
scientific instruments used to decipher the highly intricate 
mechanisms behind ionospheric HF propagation. 


SOUNDING THE IONOSPHERE 
For many years scientists have sounded the ionosphere 
to determine its communication potential at various eleva- 
Чоп angles and frequencies. The word "sound" stems from 
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Fig 19—Typical electron densities for nighttime and 
daytime conditions in the various ionospheric regions. 


an old idea one that has nothing to do with the audio waves 
that we can hear as “sounds.” Long ago, sailors sounded the 
‘depths beneath their bats by dropping weighted ropes, cali- 
brated in fathoms, into the water. In a similar fashion, the 
instrument used to probe the height of the ionosphere is 
called an ionosonde, or ionospheric sounder. It measures 
distances to various layers by launching a calibrated elec- 
ironic signal directly up into the ionosphere 
Radar uses the same techniques as ionospheric sound- 
ig to detect targets such as airplanes. An ionosonde sends 
precisely timed pulses into the ionosphere over a range of 
МЕ and HF frequencies. The time of reception of an echo 
reflected from a region in the ionosphere is compared o the 
lime of transmission. The time difference is multiplied by 
the speed of light to give the apparent distance that the wave 
has traveled from the transmitter Lo the ionosphere and back 
to the receiver. (Itis an apparent or virtual distance because 
the speed of a wave slows very slightly in the ionosphere, 
just as the speed of propagation through any medium other 
than a vacuum slows down because of that medium.) 
Another type of ionosonde sweeps the frequency of 
from low to high. This is called an “FM-CW" 
‘or more colorfully. а “chirp” sounder. Since a received echo 
takes time to travel from the transmitter up to the reflection 
point and then back again to the receiver, the echo will be at 
‘lower frequency than the l moving frequency of the trans- 
ier The frequency difference is an indication of the height 
of the echo's reflection off the various ionospheric layers. 


Vertical-Incidence Sounders 


Most ionosondes are vertical-incidence sounders, 
bouncing their signals perpendicularly off the various io 


А 


Fig 20—Very simplified Ionogram from a vertical- 
incidence sounder. The lowest trace is for the E region; 
the middle for the F; and the upper trace for the Fz 
region. 


ized regions above it by launching signals straight up in 
the ionosphere. The ionosonde frequency is swept upwards 
until echos from the various ionospheric layers disappear, 
meaning thatthe critical frequencies for those layers have 
been exceeded, causing the waves to disappear into space. 

Fig 20 shows a highly simplified ionogram for а typi- 
cal vertical-incidence sounder. The echos at the lowest height 
at the left-hand side of the plot show that the E region is 
about 100 km high. The F, region shown in the middle of 
the plot varies from about 200 to 330 km in this example, 
and the Р, region ranges from just under 400 km to almost 
600 km in height. You can see that the Е and Е, ionospheric 
regions take a "U" shape, indicating that the electron den- 
sity varies throughout the layer. In this example, the peak in. 
electron density is at a virtual height of the F region of 
about 390 km, the lowest point in the F curve, 

Scientists can derive a lot of information from a verti- 
cal-incidence ionogram, including the critical frequencies. 
for each region, where raising the frequency any higher 
causes the signals to disappear into space. In Fig 20, the 
E-region critical frequency (abbreviated f,E) is about 
4.1 MHz. The F,-region critical frequency (abbreviated Е) 
is 48 MHz. The F2-region critical frequency (abbreviated 
FJ) is this simplified diagram 68 MHZ. 

The observant reader may well e wonderi 
subscripted “o” in the abbreviations E, IF, and F, mean. 
The abbreviation "o" means “ordinary.” When an electro- 
magnetic wave is launched into the ionosph 
magnetic field splits the wave into two independent waves— 
the “ordinary” (o) and the “extraordinary” (x) components. 
The ordinary wave reaches the same height in the ionosphere 
Whether the Earth's magnetic field is present or not, and 
hence is called "ordinary" The extraordinary wave, how- 
ever, is greatly affected by the presence of the Ear 
netic field, in a very complex fashio 

Fig 21 shows an example of an actual ionogram from 
the vertical Lowell Digisonde at Millstone Hill in Massa- 


what the 


e, the Earth's 


mag- 
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Fig 21—Actual verticalIncidence lonogram from the 
Lowell Digisonde, owned and operated at Millstone Hill 
in Massachusetts by MIT. The ordinary (o) and 
extraordinary (x) traces are shown for heights greater 
than about 300 km. At the upper left are listed the 
omputer-dotermined ionospheric parameters, such as. 
АР; of 9.24 MHz and (¿F, at 4.66 MHz. 


chusetts, owned and operated by the Massachusetts Insti- 
tute of Technology. This ionogram was made on June 18, 
2000, and shows the conditions during a period of very high 
Solar activity. The black-and-white rendition in Fig 21 of 
the actual color ionogram unfortunately loses some infor 
mation. However, you can still see that a real ionogram is a 
lot more complicated looking than the simple simulated one 
in Fig 20. 

"The effects of noise and interference from other sta- 
tions are shown by the many speckled dots appearing in the 
ionogram. The critical frequencies for various ionospheric 
layers are listed numerically at the left-hand side of the plot. 
and the signal amplitudes are color-coded by the color bars 
atthe right-hand side of the plot. The x-axis is the frequency, 
ranging from 1 to 11 MHz. 

Compared to the simplified ionogram in Fig 20, 
Fig 21 shows another trace hat appears on the plot from about. 
5.3 109.8 MHz, a trace shifted to the right of the darker ordi- 
nary trace. This second race isthe extraordinary (x) wave men- 
tioned above. Since the x and o waves are created by the Earth's 
magnetic field, the difference in the ordinary and 
extraordinary traces is about % the gyro frequency, the fre- 
{quency at which an electron will spiral down a particular mag- 
netic Field line. The electron gyro frequency is diferent at 
various places around the Earth, being related to the Earth's 
complicated and changing magnetic field. The extraordinary 
trace always has a higher critical frequency than the ordiı 
trace on a vertical-incidence ionogram, and it is considerably 
weaker than the ordinary trace, especially at frequencies be- 
low about 4 MHz because of heavy absorption. 
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Fig 22—Computer simulation of the fF, contours for 25 
November 1998, for an SSN of 85 and a quiet planetary 
Index of 5. Note the two regions of high fF, v 

ой the upper and lower west coast of Africa. Those. 
the “equatorial anomalies,” regions of high electronic 
density in the Р, region that often allow chordal-hop 
north-south propagation. See also Fig 8. (PropLab Pro 
simulation, courtesy of Solar Terrestrial Dispatch.) 


The Big Picture Overhead 
‘There are about 150 vertical-incidence ionosondes 
around the world. onosondes are located on land, even on а 
‘number of islands. There are gaps in sounder coverage, how- 
ever, mainly over large expanses of open ocean. The com- 
pilation of all available vertical-incidence data from the 
Worldwide network of ionospheric sounders results in glo- 
bal fF, maps, such as the map shown in Fig 22, a simula- 
the highly sophisticated PropLab Pro computer 


is for 1300 UTC, several hours after 
East Coast sunrise on Nov 25, 1998, with a high level of 
solar activity of 85 and a planetary Ay index of 5, indicating 
calm geomagnetic conditions. The contours of fF peak 
‘over the ocean olf the west coast of Africa at 38 MHZ. Over 
the southern part of Africa, ГР; peaks at 33 MHZ. 

"These two “humps” in ГР; form what is known as the 
equatorial anomaly” and are caused by upwelling "foun- 
tains” of high electron concentration located in daylight 
areas about $20° from the Earth's magnetic dip equator. The 
‘equatorial anomaly is important in trunsequatorial propaga- 
tion. Those LU stations in Argentina that you can hear on 
28 MIZ from the US in the late afternoon, even during low 
portions of the solar cycle when other stations to the south 
are not coming through, are benefiting from transequatorial 
propagation, sometimes called “chordal hop” propagation, 
because signals going through this area remain in the iono- 
sphere without lossy intermediate hops to the ground. 

From records of fF, profiles, the underlying electron 
densities along a path can be computed. And from the elec- 
tron density profiles computerized "ray racing” may be done 


throughout the ionosphere to determine how a wave propa- 
gates from a transmitter to a particular receiver locatio 
PropLab Pro can do complex ray tracings that explicitly 

clude the effect of the Earth's magnetic field, even taking 
o effect ionospheric stormy conditions. 


Oblique-Angle lonospheric Sounding 
А more elaborate form of ionospheric sounder is the 
oblique ionosonde. Unlike a vertical-incidence ionospheric 
sounder, which sends its signals directly overhead, an 
oblique sounder transmits its pulses obliquely through the 
ionosphere, recording echos at a receiver located some di 
lance from the transmitter. The transmitter and distant 
receiver are precisely coordinated in GPS-derived time in 
iodern oblique sounders. 
Interpretation of ionograms produced by oblique sound- 
s is considerably more difficult than for vertically weiden 
‘ones. An oblique ionosonde purposely transmits over a con- 
tinuous range of elevation angles simultaneously and hence 
cannot give explicit information about each elevation angle 
it launches. Fig 23 shows a typical HF oblique-sounder 
ionogram for the path from Hawaii to California in Mareh of 
1973, during a period of medium-level sunspot activity. The 
y-axis is calibrated in time delay, in milliseconds. Lor 
distances involve longer time delays between the start of a 
smitted pulse and the reception of the echo. The x-axis 
is the frequency, just like a vertical-inci- 
Note thatthe frequency range for his plot 
moprams usu- 


P sweep higher than about 12 MHZ. 
‘Six possible modes are sho 
2E, ЗЕ, 4F; and SF, These involve 
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propagation (commonly called hops) between the ionosphere 
and reflections from the Earth. For example, at an operati 
frequency of 14 MHz, there are three modes open during 
the mid-morni 3F; and 4F. We'll discuss multiple 
hops later in more detail 

‘The lowest mode, IF, in Fig 23, employs a single Fy 
hop to cover the 3900-km long path from Hawaii to Califor- 

ja, but it is only open on 28-MHz. (Note that 3900 km is 
close to the maximum possible single-hop length for th 
region. We'll look at this in more detail later too.) In ge 
eral, each mode that involves more than a single hop is 
Weaker than а single hop. For example, you can see that the 
received SF, echo is weak and broken up because of the 
accumulation of losses at each ground-level reflection in its 
five hops, with absorption in the ionosphere all along its 
complicated path to the receiver 

The trace labeled “РОТ” is the frequency of optimum 
traffic, considered the most reliable frequency for commu- 

cations on this particular circuit and date/time. In this 

example, the FOT would be near the 21-MHz amateur band. 

point in Fig 23 is labeled “High 

Angle Ray.” This refers to the Pedersen ray. Before we go 

into more details about the Pedersen high-angle wave, we 

need to examine how launch angles affect the way waves 
are propagated through the ionosphere 

Fig 24 shows a highly simplified situation, with a single 
ionospheric layer and a smooth Earth. This illustrates sev- 
eral important facts about antenna design for long-distance 
communication. In Fig 24, Wave #1 is launched at the low- 
est elevation angle (that is, most nearly horizontal to the 
horizon). Wave #1 manages to travel from the transmitter to 
the receiving location at point C in a single hop. 

Wave #2 is launched at a higher elevation angle than 
Wave #1, and penetrates further into the ionospheric layer 
before it is refracted enough to return to Earth. The ground 
distance covered from the transmitter to point B is less for 


Another interstin 


Fig 23—HF oblique-sounder Ionogram. This is a typical 
chirpsounder measurement on a 2500-mile path from 
Hawaii to southern California during midmorning in 
March at a medium level of solar activity. Six possible 
modes (hops) are shown. The For is the frequency of 
optimum traffic, considered most reliable for this patty 
time. 


Fig 24—Very simplified smooth-Earth/ionosphere 
dlagram showing how the ground range from 
transmitter to receiver can vary as the elevation angle 
is gradually raised. The Pedersen wave, launched at a 
relatively high angle, has the same ground range as 
the low-angle wave #1, but is weaker because it travels 
for a long distance in the ionosphere. 
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Wave #2 than for lower-angle Wave #1. Wave #3 launched 
ata still-higher elevation angle. Like Wave #2 before it, Wave 
#3 penetrates further into the ionosphere and covers less 


Now, we see something very interesting happening for 
Wave #4, whose launch elevation angle is still higher than 
93, Wave #4 penetrates even higher into the ionosphere than 
93, reaching the highest level of ionization in our theoreti- 
cal ionospheric layer, where itis finally refracted sufficiently 
to bend down to Earth. Wave #4 manages to arrive at the 
same point B as Wave #2, which was launched at a much 
lower elevation angle. 

In other words, in the sequence from #1 to #3 we have 
been continually increasing the elevation launch angle and 
the ground range covered from the transmitter to the retum 
‘of the signal back to Earth has been continually decreasing. 
However, starting with Wave 44, the ground range starts to 
increase with increased elevation angle. A further increase in 
the elevation angle causes Wave #5 to travel for an even longer 

the ionosphere, exiting finally at point C, 
ground distance as lowestangle Wave #1. 

Finally, increasing the elevation angle even further 
results in Wave #6 being lost to outer space because the 
ionization in the layer is insufficient to bend the wave back 
to Earth. In other words, Wave #6 has exceeded the critical 
angle for this hypothetical ionospheric layer and this fre- 
quency of operation 

Both Waves #4 and #5 in Fig 24 are called 
ог Pedersen waves. Because Wave #5 has traveled a great 
dist ough the ionosph 
Wave #1, the one launched at the lowest elevation angle 
Pedersen waves are usually not very stable, since small 
‘changes in elevation angle can result in large changes in the 
ground range that these high-angle waves cover. 


SKIP DISTANCE 
24 shows that we can communicate with the point 


labeled “A” (where Wave #3 arrives), but not 
closer to our transmitter site, When the critical angle is 


igh-angle” 


it is always weaker than 


on the Es 
less than 90° (that is, directly overhead) there will always be 
a region around the transmitting site where an ionospheri- 
cally propagated signal cannot be heard, or is heard weakly. 
This area lies between the outer limit of the ground-wave 
e of energy return from the ionosphere. 
її called the skip zone, and the distance between the origi- 
nating site and the beginning of the ionospheric retum is called 
the skip distance. This terminology should not to be con- 
fused with ham jargon such as “the skip is in,” referring to 
the fact that a band is open for sky-wave propagation, 
"The signal may often be heard to some extent within 
the skip zone, through various forms of scattering (discussed. 
detail later), but it will ordinarily be marginal in strength. 
When the skip distance is short, both ground-wave and sky- 
wave signals may be received near the transmitter. In such 
instances the sky wave frequently is stronger than the ground. 
wave, even as close as a few miles from the transmitter. The 
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communication medium under 
aratively the ground wave is not 
Ir be radio wave leaves the Earth at a radiation angle 
of zero degrees, just at the horizon, the maxin 
that may be reached under usual ionospheric conditions in 
the F region is about 4000 km (2500 miles). 


MULTI-HOP PROPAGATION 


As mentioned previously in the discussion about Fig 24, 
the Earth itself can act as a reflector for radio waves, resulting 
a multiple hops. Thus, a radio signal can be reflected from the 
reception point оп the Earth back into the ionosphere, reach- 
ing the Earth a second time at a still more distant point. This 
effect is illustrated in Fig 25, where a single ionospheric layer 
is depicted although this time we show both the layer and the 
Earth beneath it as curved rather than flat. The wave identi- 
fied as “Critical Angle” travels from the transmitter via the 
ionosphere to point A, in the center of the drawin 

reflected upwards and travels through the ionosphere to point 
Bat the right. This shows a two-hop signal 

As in the simplified case in Fig 24, the distance at which 
а ray eventually reaches the Earth depends on the launch 
elevation angle at which it left the transmitting antenna, You 
have some control of the launch angle by adjusting the height 
of the antennas you use, as deseribed in Chapter 3, The 
Effects of Ground. 

"The information in Fig 25 is greatly simplified. On 
communication paths the picture is complicated by many fac- 
tors. One is that the transmitted energy spreads over a consid- 
erable arca afier it leaves the antenna. Even with an antenna 
array having the sharpest practical beam patter, there is what 
might be described as a cone of radiation centered on the 
wave lines (rays) shown in the drawing. The reflection’ 
refraction in the ionosphere is also highly variable, and is the 
cause of considerable spreading and scattering. 


ionosphere is an effici 
favorable conditions. Соп 


distance 


here itis 


Fig 25 Behavior of waves encountering a simple 
‘curved ionospheric layer over a curved Earth. Rays 
entering the ionized region at angles above the critical 
angle are not bent enough to be returned to Earth, and 
are lost to space. Waves entering at angles below the 
critical angle reach the Earth at increasingly greater 
distances as the launch angle approaches the 
horizontal. The maximum distance that may normally 
be covered in a single hop is 4000 km. Greater 
distances are covered with multiple hops. 


Under some conditions it is possible for as ma 
four or five signal hops to occur over a radio path, as illus- 
trated by the oblique ionogram in Fig 23. But no more than 
two or three hops is the norm. In this way, HF communica- 
tion can be conducted over thousands of miles. 

“An important point should be recognized with regard 
о signal hopping. A significant loss of signal occurs with 
‘each hop. The D and E layers of the ionosphere absorb 

y from signals as they pass through, and the ionosphere 
tends to scatter the radio energy in various directions, rather 

g it in a tight bundle. The roughness of the 

Earth's surface also scatters the energy at a reflection point 

Assuming that both waves do reach point B in Fig 25, 
the low-angle wave will contain more energy at point B. 
‘This wave passes through the lower layers just twice, con 
pared to the higher-angle route, which must pass through 
these layers four times, plus encountering an Earth reflec- 
Чоп. Measurements indicate that although there can be great 
variation in the relative strengths of the two signals—the 
‘one-hop signal will generally be from 7 to 10 dB stronger. 
The nature of the terrain at the mid-path reflection point for 
the two-hop wave, the angle at which the wave is reflected 
from the Earth, and the condition of the ionosphere in the 
vicinity of all the refraction points are the primary factors in 
determining the signal-strength ratio. 

‘The loss per hop becomes significant at greater distances. 
Il is because of these losses that no more than four or five 
propagation hops are useful; the received signal becomes too 
weak to be usable over more hops. Although modes other 
than signal hopping also account for the propagation of radio 
waves over thousands of miles, backscatter studies of actual 
radio propagation have displayed signals with as many as five 
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Fig 26—Moditied VOAAREA plot for 21.2 MHz from San 
Francisco to the rest of the US, annotated with signal 
levels in S units, as well as signal contours in dBW (dB 
below a watt). Antennas are assumed to bo 3-olement 
Yagis at 55 feet above flat ground; the transmitter power 
is 1500 W; the month is November with SSN = 50, a 
moderate level of solar activity, at 22 UTC. The most 
obvious feature is the large “skip zone” centered on the 
transmitter in San Francisco, extending almost a ' of 
the distance across the US. 


hops. So the hopping mode is arguably the most prevalent 
‘method for long-distance communication, 

Fig 26 shows another way of looking at propagation — 
а geographic area look. Fig 26 shows 15-meter signal lev- 
els across the US as they propagate from a transmitting 
station in San Francisco. This simulation of propagation con- 
ditions is for the month of November, with a medium level 
of solar activity (SSN = 50) at 22 UTC. Fig 26 was created 
using the VOAAREA software program, part of the VOACAP 
software suite. Transmitter power is assumed to be 1500 W, 
With 3-clement Yagis, 55 feet high, at the transmitter and at 
each receiving location, 

From the transmitter out to about 50 miles, signals are 
moderate, at about 55 on an S meter. Beyond that coverage 
area to almost J of the way across the country (to Colorado), 
there is a large and distinctive skip zone, where only very 
weak signals retum to Earth (S1 or less). Beyond Colorado, 
signals rapidly build up to S910 dB across the middle of the 
US, falling to S9 and then to S7 in the vicinity of Chicago, 
Illinois. Beyond Chicago, the signals drop to SS in a swath 
from Michigan and part of Ohio down to Alabama. АП along 
the US East Coast, signals come back strong at 59. 

The reason why the signals in Fig 26 drop down to 55 
in the Midwest is that the necessary elevation angles to cover 
this region in a single F2 hop are extremely low even at a 
moderate level of solar activity. To achieve launch angles as 
low as 1° requires either very high antenna heights or a 
high mountaintop location. Beyond the Midwest, out to the 
US East Coast, two F2 hops are required, with higher 
elevation angles and hence greater antenna gain Гог 
moderate antenna heights 


Non-Hopping Propagation Modes 
Present propagation theory holds that for communica- 
Чоп distances of many thousands of kilometers, signals do 
ot always hop in relatively short increments from iono- 
sphere-to-Earth-to-ionosphere and so forth along the entire 
path. Instead, the wave is thought to propagate inside the 
ionosphere throughout some portion of the path length, tend- 
ing to be ducted in the ionized layer 
‘As was shown in Fig 24, the high-angle Pedersen ray 
can also penetrate an ionospheric layer farther than lower- 
angle rays. In the less-densely ionized upper edge of the 
layer, the amount of refraction is les, nearly equaling the 
curvature of the layer itself as it encircles the Earth 
Non-hopping theory of long-distance propagation is fur- 
ther supported by studies of travel times for signals that go 
completely around the world. The time required is sig 
cantly les than would be necessary to hop between the Earth 
and the ionosphere 10 or more times while circling the Earth. 
Propagation between two points thousands of kilo- 
meters apart may in fact consist of a combination of ducting 
and hopping. It may involve combinations of refractions 
from the E layer and the F layer. Despite all the complex. 
factors involved, most long-distance propagation can be seen. 
to follow certain general rules. Thus, much commercial and 
military point-to-point communication over long distances 
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gned to make maximum use of kno 
‘on paths where 


‘employs antennas desi 
radiation angles and layer heights, ev 
ultihop propagation is assumed, 

In amateur work, however, we usually try for the low 
est practical radiation angle, hoping to keep reflection losses 
1o a minimum. Years of amateur experience have shown this 
10 be a decided advantage under all usual conditions. 

"The geometry of propagation by means of the F, layer 
limits our maximum distance along the Earth's surface to 
about 4000 km (2500 miles) for a single hop. For higher 
radiation angles, this same distance may require two or more 
hops (with higher reflection loss). And fewer hops are bet- 
ter, in most cases. I you have a nearby nei 
sistently outperforms you on the longer paths, a radiation 
angle difference in his favor is probably the reason 


MAXIMUM USABLE FREQUENCY 


"The vertical-incidence critical frequency is the maxi- 
‘mum usable frequency for local sky-wave high-angle соп 
munication. It is also useful in the selection of optimum 
working frequencies and the determination of the maximum 
usable frequency for distant points at a given time. The 
abbreviation “MUF for maximum usable frequency will 
be used hereafter. 

In geographic middle latitudes, the vertical-incident 
critical frequency ranges between about 1 and 4 MHz for 
the E layer, and between 2 and 13 MHz for the Е, layer. The 
lowest figures are for nighttime conditions in the lowest years 
‘of the solar cycle. The highest are for the daytime hours in 
the years of high solar activity. These are average figures. 
Critical frequencies have reached as high as 20 MHZ briefly 
during exceptionally high solar activity in the middle Iati- 
tudes. As was pointed out earlier in Fig 22, f, F; levels 
approaching 40 MHz are possible at low latitudes. 

While vertical-incidence critical frequencies are inter- 
18 from a scientific point of view, hams are far more 
‘concerned about how we can exploit propagation conditions 
10 communicate, preferably at long distances. The MUF for 
а 4000-km (2500 miles) distance is about 3.5 times the ver- 
ticalincidence critical f, Ta frequency existing at the path 

Ipoint. For one-hop signals, if a uniform ionosphere is 
assumed, the MUF decreases with shorter distances along 
the path, This is иче because the higher-frequency waves 

just be launched at higher elevation angles for shorter 
ranges, and at these launch angles they are not bent suffi- 
ciently to reach the Earth. Thus, a lower frequency (where 
iore bending occurs) must be used. 

Precisely speaking, a maximum usable frequency or 
MUF is defined for communication between two specific 
points on the Earth's surface, for the conditions existing at 
the time, including the minimum elevation angle that the sta- 
tion can launch at the frequency in use. (This practical form. 
‘of MUF is sometimes called the operational MUF). At the 
same time and for the same conditions, the MUF from either 
‘of these two points to a third point may be different. 
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Table2 
Time and Frequency Stations Useful for 
Propagation Monitoring 


Call Frequency (MHz) Location. 


WWV 25, 5, 10, 15,20 Ft Collins, Colorado 

WWVH Same as WWW but no 20 Kekaha, Kauai, 
Нанай 

CHU 31330, 7.335, 14.670 Ottawa, Ontario, 
Canada 


RID 5.004, 10.004, 15.004 Irkutsk, USSR" 


RWM | 4.996, 9.996, 14.996 Novosibirsk, USSR 

VNG 25,5, 8.634, 12.984, 16 Lyndhurst, Australia 

BPM 5.544, 9.351, 10,18 Xlang, China 

BSF 15 Taoyuan, Taiwan 

ШҮ 25,5, 8, 10, 15 Tokyo, Japan 

LOL 5,10,18 Buenos Aires, 
Argentina 


~The сай, taken from an international table, may not be 
the опе used during actual transmission, Locations and 
frequencies appear to be accurate as provided. 


‘Therefore, the MUF cannot be expressed broadly as a 
single frequency, even for any given location at a particular 
time. The ionosphere is never uniform, and in act at a given 
time and for a fixed distance, the МОЕ changes significantly 
with changes in compass direction for almost any point on. 
the Earth. Under usual conditions, the MUF will always be 
highest in the direction toward the Sun—to the east in the 
1o the south at noon (from northern latitudes), and 
то the west in the afternoon and evening. 

For the strongest signals at the greatest distance, espe- 
cially where the limited power levels of the Amateur Radio 
Service are concerned, it is important to work fairly near 
the MUF. It is at these frequencies where signals suffer the 
least loss. The MUS can be estimated with sufficient accu- 
racy by using the prediction charts that appear on the ARRL. 
Web site (wwwarrL.org/gsUpropcharts) or by using a 
computer prediction program. The CD-ROM bundled in the 
back of this book contains detailed and summary tables for 
more than 175 transmitting locations around the world, (See 
section on "What HF Bands Are Open —Where and When?" 
later in this chapter) 

МИЕ; can also be observed, with the use of a continu- 
‘ous coverage communications receiver. Frequencies up to the 
МИЕ; are in round-the-clock use today. When you "run out. 
of signals” while tuning upward in frequency from your 
favorite ham band, you have a pretty good elue as to which 
band is going to work well, right then. Of course, it helps to 
Know the direction to the transmitters whose signals you are 
hearing. Shortwave broadcasters know what frequencies to 
use, and you can hear them anywhere, i conditions are good. 
Time-and frequency stations are also excellent indicators, 
since they operate around the clock, See Table 2. WWV is 
also a reliable source of propagation data, hourly, as discussed 
їп more detail later in this chapter 


‘The value of working near the MUF is two-fold. 
Under undisturbed conditions, the absorption loss decreases 
proportional to the square of a change in frequency. For 
example, the absorption los is four times higher at 14 MHZ 
than it is at 28 MHZ, Perhaps more important, the hop dis- 
lance is considerably greater as the MUF is approached. А 
transcontinental contact s thus much more likely to be made 
on a single hop on 28 MHz than on 14 MHz, so the higher 
frequency will give the stronger signal most of the time. 
The sirong-signal reputation of the 28-МН band is founded 
en this fact. 


LOWEST USABLE FREQUENCY 


"There is also a lower limit to the range of frequencies 
that provide useful communication between two given points 
by way of the ionosphere. Lowest usable frequency is 
abbreviated LUF. If it were possible to start near the MUF 
work gradually lower in frequency, the signal would 
decrease in strength and eventually would disappear into 
the ever-present “background noise." This happens because 
signal absorption increases proportional to the square ofthe 
lowering of the frequency. The frequency nearest the point 
where reception became unusable would be the LUF. И is 
not likely that you would want to work at the LUF, although 
reception could be improved if the station could increase 
power by a considerable amount, or if larger antennas could 
be used at both ends of the path. 

For example, when solar activity is very high at the 
peak of a solar cycle, the LUF often rises higher than 
14 MHz on the morning Eastern US-lo-Europe path on 
20 meters. Just before sunrise in the US, the 20-meler band 
Will be first to open to Europe, followed shortly by 15 meters, 

then 10 meters as the Sun rises further. By mid-mo: 
however, when 10 and 15 meters are both wide ope 
20 meters will become very marginal to Europe, even whe 
both sides are running maximum legal power levels. By 

rast, stations on 10 meters can be worked readily with a 
transmitter power of only 1 or 2 watts, indicating the wide 
range between the LUF and the МЕ. 

Frequently, the window between the LUF and the MUF 
fortwo fixed points is very narrow, and there may be no am 
teur frequencies available inside the window. On occasion 
the LUF may be higher than the MUF between two points. 
"This means that, for the highest possible frequency that will 
propagate through the ionosphere for that path, the absorp- 
tion is so great as to make even that frequency unusable. Under 

npossibleto establish amateur sky-wave 
sation between those two points, no matter what 
frequency is used. (It would normally be possible, however, 
to communicate between either point and other points on some 
frequency under the existing conditions.) Conditions wh 
amateur sky-wave communication is impossible between two 
fixed points occur commonly for long distances where the 
total path is in darkness, and for ver 
daytime during periods of low solar activity. 
Fig 27 shows a typical propagation prediction fro 


these conditions itis 


Kost Coot to Forte Europe 


Fig 27—Propagation prediction chart for East Coast of 
US to Europe. This appeared in December 1994 QST. 
where an average 2800-MHz (10.7-em) solar flux of 83 
Was assumed for the mid-December to mid-January 
period. On 10% of these days, the highest frequency 
propagated was predicted at least as high as the 
uppermost curve (the Highest Possible Frequency, or 
HPF, approximately 21 MHz), and for 50% of the days. 
as high as the middle curve, the MUF. The broken lines 
‘show the Lowest Usable Frequency (LUF) for a 1500-W 
GW transmitter, 


the ARRLWeb members-only site (www.arrLorg/gst! 
propcharts/, previously from the "How's DX" column in 
OST). In this instance, the MUF and the LUF lies are blurred 
together at about 10 UTC, meaning that the statistical like- 
lihood of any amateur frequency being open for that par- 
ticular path at that particular time was not very good, Later 

after about 11 UTC, the gap between the MUF and LUF 
increased, indicating that the higher bands would be open 
on that path. 


DISTURBED IONOSPHERIC 
CONDITIONS 


Зо far, we have discussed the Earth's ionosphere when 
conditions atthe Sun are undisturbed. There are three sen- 
eral types of major disturbances on the Sun that can affect. 
radio propagation here on the Earth. On the ait, you may 
hear people grousing about Solar Flares, Coronal Holes or 
Sudden Disappearing Filaments, especially when propaga- 
tion conditions are not good. Each of these disturbances, 
causes both electromagnetic radiation and ejection of mate- 
1 from the Sun. 


Solar Flares 

Solar Mares are cataclysmic eruptions that suddenly 
release huge amounts of energy, includ 
energy bursts of radiation from VLF to X-ray frequer 
and Vast amounts of solar material. Most solar flares occur 
around the peak of the 11-year solar cycle. 

The first Earthly indication of a huge flare is often а 
visible brightness near a sunspot group, along with increases 
їп UV, X-ray radiation and VHF radio noise, Ifthe geom- 
etry berwes Earth is right, intense X-ray 
radiation takes eight minutes, traveling the 93 million miles 
to Earth at the speed of light. The sudden increase in X-ray 


stained, high- 


the Sun an 
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ease RF absorption in the Earth's 
lowest ionospheric layers, causing a phenomenon known as 
а Sudden lonospheric Disturbance (SID) 

ID affects all HF communications on the sunlit 
side of the Earth. Signals in the 2 to 30-MHZ range may 
disappear entirely, and even most background noise may 
‘cease in extreme cases. When you experience a big SID, 
your first inclination may be to look outside to see if your 
antenna fell down! SIDs may last up to an hour before iono- 
spheric conditions temporarily return to normal. 

Between 45 minutes and 2 hours after an SID begins, 
particles from the mass eruption on the Sun may begin to 
arrive. These high-energy particles are mainly protons and 
they can penetrate the ionosphere at the Earth's magnetic 
poles, where intense ionization сап occur, with attendant 
absorption of HF signals propagating through the polar 
regions. This is called a Polar Cap Absorption (PCA) event 
and it may last for several days. A PCA results in spectacu- 
lar auroral displays at high latitudes. 


Coronal Holes 

(As described earlier in the section dealing with auroral 
propagation at УНЕ a second major solar disturbance is a so- 
called "coronal hole” in the Suns outer layer (the corona). 
Temperatures in the corona can be more than four million °C 
‘over an active sunspot region but more typically are about two 
million C. A coronal hole is an area of somewhat lower ten 
perature. Solar-terrestrial scientists have a number of compet- 
ing theories about how coronal holes аге formed. 

Matter ejected through this “hole” takes the form of a 
plasma, a highly ionized gas made up of electrons, protons 
and neutral particles, traveling at speeds up to 1,000 km per 
second (2 million miles per hour). The plasma becomes part 
of the solar wind and can affect the Earth's magnetic field, 
but only if the Sun-Earth geometry is right. A plasma has a 
very interesting and somewhat bizarre ability. It can lock- 
the orientation of the magnetic field where it originates ar 
сапу it outwards into space. However, unless the locked. 
magnetic field orientation is aligned properly with the Earth's 
magnetic feld, even large plasma mass may not severely. 
disrupt our magnetosphere, and thence our ionosphere. 

Presently, we don't have the ability to predict very lo 
in advance when the Sun might erupt in a disturbance that 
results in Earthly propagation problems. The SOHO satel- 
lite can help determine whether a mass ejection is heading 
towards Earth, and the ACE satellite about 1 million miles 
away from Earth can g 
the imbedded magnet 
Sun might 

on probl 

‘Statistically, coronal holes tend to occur most often 
during the declining phase of the 11-year solar cycle a 
they can last for a number of solar rotations. This means 
ibat a coronal hole can be a "recurring coronal hole,” dis 
rupting communications for several days about the same ume 
each month for as long as a year, or even more. 


'e about ап hour's war 

field in а mass ejection from 

»pact the Earth's magnetosphere, causing propa- 
ns for hams. 
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‘Sudden Disappearing Filaments 

A sudden disappearing filament (SDF) is the third 
major category of solar disturbance that can affect propaga- 
tion. SDFs take their names from the manner in which they 
suddenly arch upward from the Sun's surface, spewing huge 
amounts of matter as plasma out into space in the solar 
wind. They tend to occur mostly during the rising phase of 
the 11-year solar cycle 


IONOSPHERIC STORMS 


When the conditions are right, a flare, coronal hole or 
ап SDF can launch a plasma cloud into the solar wind, 
resulting in an ionospheric storm here on Earth, Unlike a 
hurricane or a winter Nor'easter storm in New England, an 
ionospheric storm is not something we can see with our eyes 
or feel on our skins. We can't easily measure things occur- 

g in the ionosphere some 200 miles overhead. However, 
же can see the indirect effects of an ionospheric storm on 

wagneti instruments located on the Earth's surface, because 
disturbances in the ionosphere are closely related to the 
Earth's magnetic field. The term Geomagnetic Storm (“Оео” 
means “Earth” in Greek) is used almost synonymously with 
ionospheric storm, 

During a ionospheric storm, we may experience 
extraordinary radio noise and interference, especially at HE. 
You may hear solar radio emissions as increases of noise at 
УНЕ A geomagnetic storm generally adds noise and weak- 
ens or disrupts ionospheric propagation for several days 
Transpola signals at 14 MHz or higher may be particularly 
weak, with a peculiar hollow sound or fluter—even more 
than normal for transpolar signals. 

Depending on the severity of the disturbance to the 
Earth's geomagnetic field and the consequent disturbance 
of the ionosphere, propagation may be disrupted completely 
or it might be at least degraded for a period of time that 
ranges from a day to three or four days before returning to 

mal propagation conditions. 

What сап we do about the solar disturbances and 
related disturbed ionospheric propagation on Earth? The 
truth is that we are powerless faced with the truly awe- 
some forces of solar disturbances like flares, coronal holes 
ог sudden disappearing filaments. Perhaps there is some 
comfort, however, in understanding what has happened to 
cause our HF bands to be so poor. And as a definite con- 
solation, conditions on the УНЕ bands are often excep- 
tionally good just when HF propagation is remarkably poor 
due to solar disturbances. VHF operators enthusiastically 
look forward to conditions when they can engage in auroral 

inications—exaetly the Kind of conditions that have 
НЕ operators scratching their heads, wondering where the 
ionosphere went 


ELEVATION ANGLES FOR HF 
COMMUNICATION 


її was shown in conr 25 that the dis- 
tance at which a ray returns to Earth depends on the eleva- 


tion with 


sp 
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Fig 28—Distance plotted against wave angle (one-hop 
transmission) for the nominal range of heights for the 
E and F2 layers, and for the F1 layer. 


tion angle at which it left the Earth (also known by other 
names: takeoff, launch or wave angle). Chapter 3, The 
Effects of Ground, in this book deals with the effects of 
local terrain, describing how the elevation angle of a hori- 
zontally polarized antenna is determined mainly by its height 
above the ground. 

Although it is not shown specifically in Fig 25, propa- 
gation distance also depends on the layer height at the time, 
as well as the elevation angle. As you can probably in 

the layer height is a very complex function of the state 
of the ionosphere and the Earth's geomagnetic field. There 
is a large difference in the distance covered in a single hop, 
depending on the height of the E or the F layer. The maxi- 

un hop distance by the E layer is about 2000 km 
(1250 miles) or about half the maximum distance via the Fz 
layer. Practical communicating distances for single-hop E 
or F layer work at various wave angles are shown in graphic 
form in Fig 28. 

Actual communication experience usually does not fit 
the simple patterns shown in Fig 25. Propagation 
er the ionosphere is an enormously complicated business 
(which makes it all the more intriguing and challenging to 
radio amateurs, of course), even when the Sun is not in a 
disturbed state. Until the appearance of sophisticated соп 
ршег models of the ionosphere, there was little definitive 
information available to guide the radio amateur in the 


design of his antenna systems for optimal performance over 
all portions of the 11-year solar cycle. Elevation angle 
information that had appeared for many years in The ARRL 
Antenna Book was measured for only one transmitting path, 
during the lowest portion of Solar Cycle 17 in 1934, 


The IONCAP Computer Propagation Model 

Since the 1960s several agencies of the US govern- 
ment have been working on a detailed computer program 
that models the complex workings of the ionosphere. The 
program has been dubbed JONCAP, short for "lonospheric 
Communications Analysis and Prediction Program.” 
JONCAP was originally written for a mainframe computer, 
but later versions have been rewritten to allow them to be 
run by high-performance personal computers. JONCAP 
incorporates a detailed database covering almost three com- 
plete solar cycles. The program allows the operator to specify 
а wide range of parameters, including detailed antenna 
models for multiple frequency ranges, noise models tailored 
to specific local environments (from low-noise rural to noisy 
residential QTHs), minimum elevation angles suitable for a 
particular location and antenna system, different months and 
UTC times, maximum levels of multipath distortion, and 
finally solar activity levels, to name the most significant of 
a bewildering array of options 

While JONCAP has a well-justified reputation for 
being very unfriendly to use, due to its mair 
interactive background, it is also the one ionospheric model 
most highly regarded for its accuracy and flexibility, both 
by amateurs and professionals alike. It is the program used 
for many years to produce the long-term MUF charts for- 
merly included in the "How's DX" monthly column of QST 
and now available on the Members Only ARRLWeb page. 

TONCAP is not well suited for short-term forecasts of 
propagation conditions based on the latest solar indices 
received from WWV. It is an excellent tool, however, for 
long-range, detailed planning of antenna systems and short- 
wave transmitter installations, such as that for the Voice of 


America, or for radio amateurs. Sce the section later in this 
chapter describing other computer pro 
for short-term, interactive propagation predictions. 


rams that ean be used 


IONCAP/VOACAP Parameters 

The elevation-angle statistical ir 
їп this section was compiled from thousands of VOACAP 
runs (an improved version of JONCAP developed by scien- 
tists from VOA, the Voice of America). These runs were 
done for a number of different transmitting locations 
throughout the world to important DX locations throughout. 
the world. 

Some assumptions were needed for setting VOACAP 
parameters. The transmitting and receiving sites 
assumed to be located on flat ground, with “averag 
conductivity and dielectric constant. Each site was assumed 
to have a clear shot to the horizon, with a minimum eleva- 
Чоп angle less than or equal to 1°. Electrical 
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Table 3 
Boston, Massachusetts, to All of Europe 


Elev 80m 40m 30m 20m 17m 
1 41 96 % 17 24 
2 ов 2з 72 14 28 
з оз 07 аз зл 24 
4 05 41 вт ne 122 
5 46 ав 75 127 143 
в тл 89 55 92 ав 
7 85 69 72 46 79 
8 51 7% 54 32 59 
9 зз % 32 31 21 
10 10 40 79 6з 51 
1 19 зв 97 102 72 
12 56 34 ав 85 69 
13 мо 30 24 41 59 
14 76 ав 20 27 38 
15 53 79 20 15 24 
16 28 64 зв 29 15 
17 50 34 45 31 10 
18 42 20 31 31 20 
19 57 14 14 23 13 
20 86 14 12 18 11 
27 44 14 оз ов от 
22 23 24 10 1л ов 
23 13 18 % оз ол 
24 06 10 os 05 ол 
25 оз ов оз от 04 
26 oo 05 07 02 ол 
27 01 01 „ 02 от 
28 оо оз от 02 оо 
29 ол оо 02 оо оо 
30 оо оз оо оо оо 
ES] оо оо 00 оо оо 
32 оо 00 от оо оо 
33 ол оо оо оо оо 
E] оо 00 00 оо оо 
35 oo oo оо оо оо 


15m 12m 10m 
44 55 72 
28 37 5з 
22 44 79 
94 вт зә 


181 92 n2 
122 92 72 
74 100 59 


та ав 65 
39 % 92 
27 ма 66 
54 % 79 
74 ав 66 
46 33 26 


oo 00 оо 


Percentage of time a particular frequency band is open on this specific propagation path. 


8 3 88288 
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receiving location was also assumed to be very low 
‘Transmitting and receiving a 

30-MHz frequency range were specified to be isotropic-type 
antennas, but with +6 dBi gain, representing a good ama- 
teur antenna on each frequency band. These theoretical 
antennas radiate uniformly from the horizon, up to 90" 
directly overhead. With response patterns like this, these 
are obviously not real-world antennas. They do, however, 
allow the computer program to explore all possible modes 
and elevation angles 


nnas for the 3.5 to 


Looking at the Elevation-Angle Statistical Data 
Table 3 shows detailed statistical elevation informa- 


Fig 29—Tho cumulative distribution function showing the 
total percentage of time that 40 meters is open, at or below 
each elevation angie, from Boston to the world. For example, 
50% of the time the band is open to Europe from Boston, it is 
at 10° or less. The angles for DX work are indeed low. 
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Fig 30—The cumulative distribution function showing 
the total percentage of time that 80 meters Is open, at 
or below each elevation angle, from Boston to the 
world. For example, 50% of the time the band is open 
to Europe from Boston, itis at 13° or less. 


tion for the path from Boston, Massachusetts, near ARRL 
HQ in Newington, Connecticut, to ай of Europe. The data 
incorporated into Table 3 shows the percentage of time ver- 
sus elevation angle for all HF bands from 80 meters to 
10 meters, overall portions of the 11-year solar cycle. The 
CD-ROM accompanying this book contains more tables 
such as this for more than 150 transmitting sites around the 
World, These tables are used by the НЕТА program (and 
earlier YT program) and can also be imported into many 
programs, such as word processors or spreadsheets. Six 
important areas throughout the world are covered, one per 
table: all of Europe (from London, England, to Kiev, 
Ukraine), the Far East (centered on Japan), South America 
(Paraguay), Oceania (Melbourne, Australia), Southern 
Africa (Zambia) and South Asia (New Delhi, India). 

You may be surprised to see in Table 3 that angles lower 
than 10° dominate the possible range of incomi 
for this moderate-distance path from New England to 
Europe. In fact, 1.7% of all the times when the 20-meter 
band is open to Europe, the takeoff ang 
You should recognize that very few real-world 20- 
antennas achieve at such an extremely low 


e is as low as 1°. 


»uch вай 
angle—unless they just happen to be mounted about 
400 feet high over flat or else are located on the top 
of a tall, steep mountain. 

‘The situation is even more dramatic о 
80 meters. Fig 29 shows th 
tion” of the total percentage of time (derived from Table 3) 
when 40 meters is open from Boston to the rest of the world, 
plotted against the elevation angle. For example, into E 
торе from Boston, 50% of the time when the band is open, it 
is at 10° or less, Into Japan from Boston, the statisties are 
‘even more revealing: 50% of the time when the band is open, 


40 an 
vumulative distribution func- 


Fig 31—Overlay of signals and elevation angles, 
together with hop-mode information. This is for one 
month, October, at one level of solar activity, SSN=70, 
for the path from Newington, CT, to London, England. 
The mode of propagation does not closely follow the 
elevation angle. From 15 to 19 UTC the mode is 3Р2 
hops, and the elevation angle Is approximately 12°. The 
same elevation angle is required from 23 to 03 UTC, 
but here the mode is 2F2 hops. 


the angle is 6? or less, and 90% of the time the angle is 13° 
or less! 

Fig 30 shows the same sort of information for 80 meters 
from Boston to the world. For 50% of the time from Boston 
to Europe the elevation angle is 13° or less; at the 90% level 
the angle is 20° or less. For the path to Japan on 80 meters 
from Boston, 50% of the time the angle is 8° or less; at the 
90% level, the angle is 13° or less. Now, to achieve peak 
gain on 80 meters at an elevation angle of 8° over flat lan 
а horizontally polarized antenna must be 500 feet high. You 
can begin to see why verticals can do very well on long- 
distance contacts оп 80 meters, even when they are mounted 
over poorly conducting, rocky ground. Clearly, low angles 
are very important for successful DXing. 


The lonosphere Controls Propagation 
You should always remember that it is the ionosphere 
that controls the elevation angles, лог the transmitting 
antenna. The elevation response of a particular antenna only 
determines how strong or weak a signal is, at whatever angle 
(or angles) the ionosphere is supporting at that particular 
instant, for that propagation path and for that frequency. 
1 only one propagation mode is possible at а particu- 
Jar time, and if the elevation angle for that one mode hap- 
pens to be 5°, then your antenna will have to work 
satisfactorily at that very low angle or else you won't be 
able to communicate. For example, if your low dipole has a 
gain of -10 dBi at 5°, compared to your friend's Yagi on а 
‘mountain top with +10 dBi gain at 5°, then you will be down 
2008 compared to his signal. I's not that the elevation angle 
is somehow too low—the real problem here is that you don't 
have enough gain at that particular angle where the iono- 
sphere is supporting propagation. Many “flatlanders” can 
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vividly recall the times when their mountain-top friends 
could easily work DX stations, while they couldn't even 
hear a whisper. 


Looking at the Data—Further Cautions 
A single propagation mode is quite common at the 
‘opening and the closing of daytime bands like 20, 15 or 
10 meters, when the elevation angle is often lower (but not 
always) than when the band is wide open. The lower- 
frequency bands tend to support multiple propagation modes 
simultaneously. For example, Fig 31 plots the signal st 
Ча ИВЦ) and the elevation angle for the dominant mode 
nal) over a 24-hour period from 
Newington to London in October, for a medium-level SSN 
= 70. The morning opening at 10 UTC starts ош with a two- 
hop 2F mode (labeled 2F) at an elevation angle of 6°. Ву 
11 UTC the mode has changed to a three-hop ЗЕ, (labeled 
ЗЕ) at a 12° elevation angle. The band starts to close down 
With weaker signals after about 23 UTC. Note that this path 
actually supports both 2F and ЗР; modes most of the time. 
Either mode may be stronger than the other, depending on 
the particular time of day. 

H is tempting to think that two-hop signals always 
‘occur at lower elevation launch angles, while three-hop sig- 
nals require higher elevation angles. In reality, the detailed 
workings of the ionosphere are enormously complicated 
From 22 UTC to 03 UTC, the elevation angles are higher 
than 11° for 2F hops. During much of the morning ar 
early afternoon in Newington (from 11 to 13 UTC, and from 
15 to 19 UTC), the angles are also higher than 11°. How- 
ече, ЗЕ; hops are involved during these periods of time. 
The number of hops is not directly related to the elevation 
angles needed changing layer heights account for this. 


(with the strongest si 
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Note that starting around 15 UTC, the 
20-meter “slump” (down some 10 dB from peak signal level) 
is caused by higher levels of mainly E-layer absorption when. 

overhead. This condition favors higher 
elevation angles, since signals launched at lower angles must 


the Sun is hi 


travel fora longer time through the lossy lower layer 

How does the situation change with different levels of 
solar activity? Fig 32 overlays predicted signals and eleva- 
tion angles for three levels of solar activity in October, again 
for the Newington-London path, Fig 32 shows the mid- 
morning slump dramatically when the solar activity is at 
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Fig 33—10-meter graph of the percentage of all 
‘openings versus elevation angles, together with 
overlay of elevation patterns over flat ground for three 
10-meter antenna systems. Stacked antennas have 
wider "footprints" in elevation angle coverage for this 
‘example from New England to Europ: 
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Fig 32—October 20-meter signals and elevation angles 
for the full range of solar activity, from W! to England. 
The elevation angle does not closely fellow the level of 
solar activity. What is Important in designing a station. 
‘capable of covering all levels of solar activity is to 
have flexibility in antenna elevation pattern response 
— to cover a wide range of possible angles. 
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Fig 34—15-meter graph of the percentage of all 
openings versus elevation angles, together with overlay 
f elevation patterns over flat ground for two 15-metor 
antenna systems. Like 10 meters, 1S-meter stacked 
antennas have wider footprints in elevation angle 
‘coverage for this example from Now England to Europe. 
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Fig 35—20-moter graph of the percentage of all 
openings from New England to Europe versus elevation 
angles, together with overlay of elevation patterns over 
flat ground for three 20-meter antenna systems. 
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Fig 36—40-metor graph of the percentage of all 
openings from New England to Europe versus 
elevation angles, together with overlays of elevation 
patterns over flat ground for a 100-foot high dipole and 
A largo 4-olomont Yagi at 160 feat. Achieving gain at 
very low elevation angles requires very high heights 
above ground. 


a very high level, represented by SSN = 160. At 15 UTC, 
the signal level drops 35 dB from peak level, and the ele- 
vation angle rises all the way to 24°. By the way, as a 
percentage of all possible openings, the 24° angle occurs. 
only rarely, 0.5% of the time. It barely shows up as a blip 
їп Table 3. Elevation angles are лог closely related to the. 
level of solar activity 
JONCAP/VOACAP demonstrates that elevation angles do 
mot follow neat, easily identified patterns, even over a 
24-hour period mich less over all portions of the solar cycle. 
Merely looking at the percentage of all openings versus 
elevation angle, as shown in Table 3, does not ell the whole. 


Fig 37—80-meter graph of the percentage of all 
openings from New England to Europe versus elevation 
angles, together with overlay of elevation patterns over. 
flat ground for dipolos at two different heights. The 200- 
foot-high dipole clearly covers the necessary elevation 
angles better than does the 100-foot-high dipole, 
although a Four Square vertical array located over 
saltwater is even better for all angles needed. 


story although itis probably the most statistically valid approach. 
to sation design, and possibly the most emotionally satisfying 
approach too. Neither is the whole story revealed by looking 
only at a snapshot of elevation angles versus time for one par- 
ticular month, or for one solar activity level 

What is important to recognize is thal the most effec- 
tive antenna system will be one that can cover the fll range 
of elevation angles, over the whole spectrum of solar activ- 
ity, even if the actual angle in use at any one moment in 
time may not be easy to determine. For this particular path, 
from New England to all of Europe, an ideal antenna would 
have equal response over the full range of angles from 1° to 
28°, Unfortunately, real-world antennas have a tough time 
covering such a wide range of elevation angles equally well. 


Antenna Elevation Patterns 
Figs 33 through 37 show overlays of the same sort of 
elevation angle information listed in Table 3, to 
the elevation response patterns for typical ant 
HF amateur bands 80, 40, 20, 15 and 10 meters. For 
example, Fig 34 shows an overlay for 20 meters, with three 
different types of 20-meter antennas. These ate а 4-clement 
Yagi at 90 feet, a d element Yagi at 120 feet and a large 
stack of four 4element Yagis located at 120, 90, 60 and 
30 feet, Each antenna is assumed to be mounted over flat 
ground. Placement on a hill with a long slope in the direc- 
tion of interest would lower the required elevation angle by 
the amount of the hill’s slope. For example, if a 10° launch. 
angle is desired, and the antenna is placed on a hill with a 
slope of -5*, the antenna itself should be designed for a 
height that would optimize the response at 15° over flat 
ground—one wavelength high. 
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In Fig 35, the large stack of four 20-meter Yagis over 
fat ground comes closest to being ideal, but even this large 
array will not work well for that very small percentage of 
time when the angle needed is higher than about 20°. Some 
ight conclude that the tiny percentage of time when 

high doesn't justify an antenna tailored 
for that response. However, when that new DX country pops 
up on a band, or when a rare multiplier shows up in a con- 
test, doesn't it always seem that the desired signal only comes 
in at some angle your antenna doesn't cover well? What do 
you do then, if your only antenna happens to be a large stack? 
perhaps unique, high-angle prob- 
lem lies in switching to using only the top antenna in the 
stack. In this example, the second elevation lobe of the 
120-foot high antenna would cover the angles from 20° to 
30° well, much better than the stack does, Note that the top 
antenna by itself would not be ideal for all conditions. It is 
simply too high much of the time when the elevation angles 
are higher than about 12°. The experience of many ama- 
teurs on the US East Coast with high 20-meter antennas 
bears this out—they find that 60 to 90-foot high antennas 
эге far more consistent performers into Europe. 


ONE-WAY PROPAGATION 


» occasion a signal may be stated on the way back 
toward the Earth by reflection from the F region, only to com 
down onto the top of the E region and be reflected back up 
again. This set of conditions is one possible explanation for 
the often-reported phenomenon called one-way skip. The 
reverse path may not necessarily have the same multilayer 
‘characteristic. The effect is more often a difference in the 
signal strengths, rather than a complete lack of signal in one 
direction, and many times there may be local noises that mask 
signals at one end of the path. It is important to remember. 
these sorts of possibilities when a long-distance test with a 
new antenna system yields apparently conflicting results. 
Even many tests, on paths of different lengths and headings, 
may provide data that are difficult to understand, Communi- 
cation by way of the ionosphere is not always a source of 
‘consistent answers to antenna questions. 

17 shows the 80-meter path from New England to 
Europe with three different antennas, A really high dipole 
at a height of 200 feet above flat ground would certainly be 
эп impressive antenna, But it would still be overshadowed 
dramatically by a Four-Square vertical array, at least at the 
low elevation angles needed often on this path. This is predi- 
cated on the Four Square being located over sal water, which 
provides a virtually perfect RF ground. At an elevation angl 
of 7°, the Four Square has 7 dB more gain than the 200-fo0t 
high dipole. 


SHORT OR LONG PATH? 


Propagation between any two points on the Earth's 
surface is usually by the shortest direct route—the great- 
circle path found by stretching a string tightly between the 
two points on a globe. If an elastic band going completely 


hams 


the angles are ve 


The answer to th 
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ght line is substituted for he sti 
“the long way 


around the globe in astra 
it will show another great-circle path, рой 
around.” The long path may serve for com 
the desired circuit when conditions are favorable along the 
longer route. There may be times when communication is 
possible over the long path but not possible a all over the 
short path. Especially if there is knowledge of this potential 
at both ends of the circuit, long-path communication may 
work very well. Cooperation is almost essential, because 
both the aiming of directional antennas and the timing of 
the attempts must be right for any worthwhile result. The 
IONCAP/VOACAP computations in the preceding tables 
were made for short-path azimuths only. 

Sunlight is a required element in long-haul communi- 
cation via the F layer above about 10 MHz. This fact tends 
о define long-path timing and antenna ain 
essentially the reverse of the "normal" for a given circuit 
We know also that salt-water paths work better than over- 
land ones. This can be significant in long-path work. 

We can better understand several aspects of long-path 
propagation if you become accustomed to thinking of the 
Earth as a ball. This is easy if you use a globe frequently. A 


Both are 


Fig 38—KSZI's computer-generated azimuthal- 
{equidistant projection centered on Newington, 
Connecticut. (See Bibliography for ordering 
information.) Land masses and information showing. 
long paths to Perth and Tokyo have been added. Notice 
that the paths in both cases lie almost entirely over 
water, rather than over land masses. 


Mat map of the world, of the azimuthal-equidistant projec- 
tion type, is a useful substitute. The ARRL World Map is 
one, centered on Wichita, Kansas. A similar world map 
prepared by KSZI and centered on Newington, Connecti- 
cut, is shown in Fig 38, These help to clarify paths involv- 
ing those areas of the world. 


Long-Path Examples 

There are numerous long-path routes well known to 
DX-minded amateurs, Two long paths that work frequently 
and well when 28 MHZ is open from the northeastern US 
are New England to Perth, Western Australia, and New 
England to Tokyo. Although they represent different bea 
headings and distances, they share some favorable condi- 
tions. By the long path, Perth is close to halfway around the 
world: Tokyo is about three-quarters of the way. On 28 MHZ, 
both areas come through in the early daylight hours, East- 
em Time, but not necessarily on the same days. Both paths 
are at their best around the equinoxes. (The sunlight is more 
uniformly distributed over transequatorial paths at these 
times.) Probably the factor that most favors both is the 
mature of the first part of the trip at the US end. To work 
Perth by way of long path, northeastern US antennas are 
aimed southeast, out over salt water for thousands of miles— 
the best low-loss start a signal could have. It is salt water 
essentially all the way, and the distance, about 13,000 miles, 
is not too much greater than th path 

"The long path to Japan is more toward the south, but 
still with no major land mass at the early reflection points. I 
ich longer, however, than that to Western Australia. 
Japanese signals are more limited in number on the long 
path than on the short, and signals on the average somewhat 
‘weaker, probably because of the greater distance. 

On the short path, an amateur in the Perth area is look- 
ing at the worst conditions—away from the ocean, and out 
across the huge land mass of North America, unlikely to 
provide strong ground reflections. The short paths to both 
Japan and Western Australi, from most of the eastern half 
of North America, are hardly favorable. The first hop comes 
down in various western areas likely to be desert or moun- 
tains, or both, and not favored as reflection poin 

"A word of caution: Don't count on the long-palh signals 
always coming in on the same beam heading. There can be 
notable differences in the line of propagation via the ionosphere 
оп even relatively short distances. There can be more varia- 
ons on long path, especially on circuits close to halfway around 
the world, Remember, for a point exactly halfway around, all 
directions of the compass represent reat circle paths. 


FADING 


When al the variable factors in long-distance HF con 
‘munication are taken in account, it is not surprising that si 
nals vary in strength during almost every contact beyond 
the local range. In VHF communication we can also 

s eater than just o the 
These are mainly the result of cl 


the temperature and moisture content of be air in the first 
few thousand feet above the ground. 

On paths covered by HF ionospheric modes, the causes 
of fading are very complex—constantly changing layer 
height and density, random polarization shift, portions of 
the signal arriving out of phase, and so on. The energy 
arriving at the receiving antenna has components that have 
been acted upon differently by the ionosphere. Often the 
fading is very different for small changes in frequency. With 
a signal of a wideband nature, such as high-quality FM, or 
even double-sideband AM, the sidebands may have differ- 
ent fading rates from each other, ог fro 
causes severe distortion, resulting in what is termed selec- 
dive fading. The effects are greatly reduced (but still present. 
to some extent) when single-sideband (SSB) is used. Some 
immunity from fading during reception (but not to the dis- 
tortion induced by selective fading) can be had by using 
Iwo or more receivers on separate antennas, preferably with 
different polarizations, and combining the receiver outputs 
їп what is known as a diversity receiving system, 


OTHER PROPAGATION MODES 


їп propagation literature there is a tendency to treat the 
various propagation modes as if they were separate and dis- 
tinct phenomena. This they may be at times, but often there is 
а shifting from one to another, or a mixture of two or more 
kinds of propagation affecting communication at one time. In 
the upper part of the usual frequency range for F-region work, 
for example, there may be enough tropospheric ben 
end (or both ends) to have an appreciable effect on the usable 
path length. There is the frequent combination of E and 
F-region propagation in long-distance work. And in the case 
ofthe E region, there are various causes of ionization that have 
very different effects on communication. Finally, there are 
\weak-signal variations of both tropospheric and ionospheric 
odes, lumped under the term “scatter” We look at these phe- 
nomena separately here, but in practice we have to deal with 
them in combination, more often than nol. 


the carrier. This 


Sporadic E (E,) 

First, note that this is E-subseripr-s, a usefully descrip- 
tive term, wrongly written “Es” so often that itis some- 
times called “ease.” which is certainly not descriptive. 
Sporadic E is ionization at E-layer height, but of different 
origin and communication potential from the E layer that 
affects mainly our lower amateur frequencies 

‘The formative mechanism for sporadic E is believed 
to be wind shear. This explains ambient ionization being 
distributed and compressed into a ledge of high density 
without the need for production of extra ionization. Neutral 
winds of high velocity, lowing in opposite directions at 
slightly different altitudes, produce shears. In the presence. 
of the Earth's magnetic field, the ions are collected at a p 
ticular altitude, forming a thin, overdense layer. Data from. 
rockets entering E, regions confirm the electron density 
wind velocities and height parameters. 


Radio Wave Propagation 23-35 


‘The ionization is formed in clouds of high density, last- 
ing only a few hours at а time and distributed randomly. 
They vary in density and, in the middle latitudes in the North- 
егп Hemisphere, move rapidly from southeast to northwest 
Although E, can develop at any time, it is most prevalent in 
the Northern Hemisphere between May and August, with a 
ог season about half as long beginning in December (the 
summer and winter solstice). The seasons and distribution 
in the Southern Hemisphere are not so well known. Austra- 
lia and New Zealand seem to have conditions much like 
those in the US, but with the len 
оГ course. Much of what is known about E, came as the 
result of amateur pioneering in the VHF range 

Correlation of E, openings with observed natural phe- 
nomena, including sunspot activity, is not readily apparent 
although there is a meteorological tie-in with high-altitude 
Winds. There is also а form of E, mainly in the northern 
part of the north temperate zone, that is associated with 
auroral phenomena. 

At the peak of the long E, season, most commonly in 
late June and early July, ionization becomes extremely dense 
and widespread. This extends the usable range from the more 
‘common “single-hop" maximum of about 1400 miles to 
“double-hop” distances, mostly 1400 to 2500 miles. With 
50-MHz techniques and interest improving in recent years, 
it has heen shown that distances considerably beyond 
2500 miles can be covered. There is also an E, “link-up” 
possibility with other modes, believed to be involved in some 
50-MHz. work between antipodal points, or even long-path 
‘communication beyond 12,500 miles. 

When E, is particularly strong and widespread, even 
the HF bunds can suddenly go short skip producing excep- 
tionally strong signals from distances that would normally 
be in the no-signal “skip zone.” Editor NGBV distinctly 
remembers a spectacular 20-meter E, opening in Septem- 
ber 1994, during the “Hiram Percy Maxim/125" anniv 
sary celebration, when he was living in New Hampshire. 
Signals on 20 meters were 30 to 40 dB over S9 from all 
Along the Eastern Seaboard, from W2 to W4. One exasper 
ated W3 complained that he had been calling in the huge 
pileup for 20 minutes. N6BV glanced at the S meter and 
saw that the W3 was 20 dB over 59, normally a very strong 
20-meter SSB signal, but not when almost everybody else 
Was 40 dB over 59! 

‘Such short-skip conditions caused by Sporadic E are 
ore common on 10 meters than they are on 15 or 20 meters. 
‘They can result in excellent transAtlantic 10-meter oper 
ings during the summer m 
normally open for F ionospheric propagation. 

"The MUF for E, is not known precisely. It was long 
thought to be around 100 MHz, but in he last 25 years or so 
there have been thousands of Lé4-ME contacts during the 
summer E, season. Presumably, the possibility also exists 
at 222 MIL. The skip distance at 144 MHz does average 

wach longer than at 50 MHz, and the openings are usually 
brief and extremely variable. 


Ih ofthe seasons reversed, 


ths—when 10 meters is not 
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Fig 38—Schematic of a simple backscatter path. 
‘Stations А and B are too close to make contact via 
normal F-layer lonospherie refraction. Signals 
‘scattered back from a distant point on the Earth's 
surface (S), often the ocean, may be accessible to both 
А and B to create a backscatter circuit. (Courtesy of 
The ARRL Handbook) 


‘The terms “single” 


id "double" hop may not be 
sally, since it is likely that cloud-to-cloud 
paths are involved. There may also be "no-hop" E. At times 
the very high ionization density produces critical frequen- 
cies up to the SO-MHz region, with no skip distance at all. It 
is often said that the E, mode is a great equalizer. With the 
reflecting region practically overhead, even a simple dipole 
close to the ground may do as well over a few hundred miles 
as a large stacked antenna array designed for low-angle 
radiation. I a great mode for low power and simple anten- 
паз on 28 and 50 MHL 


accurate techn 


HF Scatter Modes 

The term “skip zone" (where no signals are heard) 
should not be taken to literally. Two stations communicat- 
ing over a single ionospheric hop can be heard to some 


unless the two are. 


1g low power and usi 
antennas. Some of the wave energy is scattered in all direc- 
tions, including back to the starting point and farther. 
Backscatter functions like a sort of HF ionospheric 
radar. Fig 39 shows a schematic for a simple backscatter 
path. The signal launched from point A travels through the 
ionosphere back to earth at Point S, the scattering point. 
Here, the rough terrain of the land scatters signals in mar 
directions, one of which propagates a weak signal back 
through the ionosphere to land at point B. Point B would 
normally be in the no-signal skip zone between A and S. 
Because backscatter signals arrive from multiple directi 
through various paths through the ionosphere, they have a 
characteristic “hollow” sound, much like you get when you 
talk into а paper tube with its many internal reflections. 
Because backscatter involves mainly scattering from 
the Earth at the point where the strong ionospl 
propagated signal comes down, it is a part of HF over-the- 
horizon radar techniques. (The infamous 1970s-era "wood- 
pecker” was an over-the-horizon НЕ radar.) Amateurs using 
sounding techniques have shown that you can tell to what. 
part of the world a band is usable (single-hop F) by probing. 


the backscatter with a directive antenna and h 
ter power, even when the Earth contact point is open ocea 
In fact, that's where the mode is at its best, because осе 
waves can be efficient backscatter reflectors. 

Backscatter is very useful on 28 MHz, particularly. 
when that band seems dead simply because nobody is 
active in the right places. The mode keeps the 10-meter band 
lively in the low years of the solar cycle, thanks to the never- 
say-die attitude of some users. The mode is also an invalu- 
able tool of SO-MHz DX aspirants, in the high years of the 
sunspot cycle, for the same reasons. Оп a high-MUF morn- 
hundreds of 6-meter beams may zero in on a hot spot 
somewhere in the Caribbean or South Atlantic, where there 
is no land, let alone other 6-meter stations- keeping in 
‘contact while they wait for the band to open to a place where 
there is somebody. 

Sidescatter is simil 


to backscatter, except the ground 
scatter zone is off the direct line between participants. A 
typical example, offen observed during the lowest years ОГ 
the solar cycle, is communication on 28 MHz between the 
eastern US (and adjacent areas of Canada) and n 

Europ 

chatter" between Europeans whose antennas are turned 
toward the Azores. Then suddenly the North Americans join 
the fun, perhaps for only a few minutes, but sometimes much 
longer, with beams also pointed toward the Azores. Dur 
tion of the game can be extended, at times, by careful reori- 
entation of antennas at both ends, as with backscatter. The 
secret, of course, is to keep hitting the highest-MUF area of 
the ionosphere and the most favorable eround-reflection 
рош. 

"The favorable route is usually, but not always, south 
of the great-cirele heading (for stations in the Norther 
Hemisphere). There can also be sidescatter fr 
regions, Sidescuter signals are stronger than backscatter sig 
nals using the same general area of ground scattering 

‘Sidescater signals have been observed frequently on the 
I4-MHz band, and can take place on any band where there is a 
large window between the MUF and the LUF. For sidescater 
‘communications to occur, the thing to look for is a common. 
area to which the band is open from both ends of the path (the 
Azores, in the above example), when there is no diger path 
‘opening. It helps if the common area is in the open ocean, 
Where there is less scattering los than over land. 


GRAY-LINE PROPAGATION 


"The gray line, sometimes called the nviligh zone, is a 
band around the Earth between the Sunlit portion and dark- 
ness. Astronomers call this the terminator. The terminator 
is a somewhat diffused region because the Earth's atmo- 


» the auroral 


Fig 40—The gray line or terminator is a transition region 
between daylight and darkness. One side of the Earth ls 
coming into sunrise, and the other is just past sunset. 


sphere tends to scatter the light into the darkness. Fig 40 
illustrates the gray line. Notice that on one side of the Earth, 
the gray line is coming into daylight (sunrise), and on the 
other side it is coming into darkness (sunset). 

Propagation along the gray line is very efficient, par- 
ticularly on the lower bands, especially on 80 or 160 meters, 
зо greater distances сап be covered than might be expected 
for the frequency in use. One major reason for this is that 
the D layer, which absorbs HF signals, disappears rapidly 

the sunset side of the gray line, and has not yet built up 
the sunrise side. 

‘The gray line runs generally north and south, but var- 
ies as much as 23° either side of the north-south line. This 
variation is caused by the tilt of the Earth's axis relative to 
its orbital plane around the Sun. The gray line will be 
exactly north and south at the equinoxes (March 21 and Sep- 
tember 21). On the first day of Northern Hemisphere sur 
mer, June 21, it is tilted to the maximum of 23° one Way, 
and on December 21, the first day of winter, it is tilted 23° 
the other way. 

‘To an observer on the Earth, the direction of the termi- 
nator is always at right angles to the direction of the Sun at 
sunrise or sunset. I is important to note that, except at the 
equinoxes, the gray-line direction will be diferent at s 
rise from that at sunset. This means you can work different 
areas of the world in the evening than you worked in the 

It isn't necessary to be located inside the twilight zone 
їп order to take advantage of gray-line propagation. The 
effects can be used to advantage before sunrise and after s 
set. This is because the Sun “rises” earlier and “sets” later on 
the ionospheric layers than it does on the Earth below. 
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What HF Bands Are Open—Where and When? 


‘The CD-ROM included at the back of this book 
cludes summary and detailed propagation predictions for 
оге than 150 transmitting locations around the world. This 
propagation data was calculated using CapMAN, an 
upgraded variety of the mainframe propagation program 
IONCAP. The predictions were done for default antennas 
and powers that are representative of a “big-gur 

Of course, ot everyone has а big-gun station in his/her back- 
yard, but this represents what the ultimate possibilities are, 
Statistically speaking. After all, if the bands aren't open for 
the they are unlikely to be open for the “little pi 


tols" to. 

Lets see how propagation is affected if the smoothed 
sunspot number is 0 (corresponding to a smoothed solar flux. 
‘of about 65), which is classified as a "Very Low" level of 
solar activity. And we'll examine the situation for a sunspot 
number of 100 (a smoothed solar flux of 150), which is typi- 
са of a “Very High” portion of the solar cycle. 


Five-Band Summary Predictions. 
"Tables 4 and 5 are Summary tables showing the pro- 


dicted signal levels (in S units) from Boston, Massachu- 
setts, to the rest of the world for the month of January. The 
Boston transmitting site is representative of the entire New 
England area of the USA. The target geographic receiving. 
regions for the major HF bands from 80 through 10 meters 
are tabulated versus UTC (Universal Coordinated Time) 
m hours, Table 4 represents a Very Low level оГ solar ac- 
tivity, while Table 5 is for a Very High level of solar activ- 
ау 

Each transmitting location is organized by six levels 
of solar activity over the whole 1 1-year solar cycle: 


VL (Very Low: SSN between 0 to 20) 
LO (Low: SSN between 20 to 40) 

ME (Medium: SSN between 40 to 60) 

HI (High: SSN between 60 to 100) 

VH (Very High: SSN between 100 to 150) 
UH (Ultra High: SSN greater than 150) 


The receiving geographic regions for each frequency 
band are abbreviated: 


Table 4 


Printout of summary propagation table for Boston to the rest of the world, for a Very Low level of solar 
activity in the month of January. The abbreviations for the target geographic areas are: EU - Europe, 


South Am 


a, AF = Africa, AS = south Asia, ОС 


Table 5 


Printout of summary propagation table for Boston to the rest of the world, for a Very High level of solar 


activity in the month of January. 


+ EU All of Europe 
* FE The Far East, centered on Japan 

+ SA Sou America, centered on Paraguay 
+ AF Allof Africa, centered on Zambia 

+ AS South Asia, centered on India 

+ OC Oceania, centered on Sydney, Australia 
+ NA North America, all across the USA, 


"These propagation files show the highest predicted si 
nal strength (in S-units) throughout the generalized receiv- 
ing area fora 1500-W transmitter and rather good antennas. 
‘on both sides of the circuit The standard antennas аге: 


+ 100-foot high inverted-V dipoles for 80 and 40 meters 
1 Yagi at 100 fet for 20 meters 
1 Yagi at 60 feet for 15 and 10 meters. 


For example, Summary Table 4 shows that in January 
during a period of Very Low solar activity, 15 meters is open 
to somewhere in Europe from Boston for only 4 hour, from 
13 to 16 UTC, with a peak signal level between S4 and S7. 
Now look at Table 5, where 15 meters is predicted to be 
‘open to Europe during a period of Very High solar activity 
for 7 hours, from 12 to 18 UTC, with peak signals ranging 
from S9 to 89+. 


Both Tables 4 and 5 represent snapshots of predicted 
signal levels to generalized receiving locations—that is, they 
are computed for a particular month, from a particular trans- 
mining location, and for a particular level of solar activity. 
These tables provide summary information that is particu- 
larly valuable for someone planning for an operating event 
such as a DXpedition or a contest 

What happens if you don't have a big-gun station with 
high antennas or the 1500-W power assumed in the analy- 
ses above? You can discount the S-Meter readings to 
reflect a smaller station 


+ Subtract 2 S units Гога dipole instead of a Yagi at same 
height on 20/15/10 meter. 

+ Subtract 38 units for a dipole at 50 feet instead of a Yagi 
at 100 feet on 20 meters 

+ Subtract 1 S unit for a dipole at 50 feet rather than a 
dipole at 100 feet on 40/80 meters 

+ Subtract 3 S units for 100 W rather thar 

+ Subtract 6 S units for 5 W (ORP) rather tha 


1500 W. 
1500 w. 


For example, able 4 predicts an 57 signal into Boston 
from Europe оп 15 meters at 14 UTC. If a European station 
is using a dipole at 50 feet, with 100 W of power, what 
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Very High, Sigs in S-Units. By N6BV, ARRL. 


Fig 41—The 20-meter page from Detailed propagation-prediction for the month of January, during Very High solar 


conditions, from Boston to 40 CA Zon 


would th 


do to the predicted signal level in Boston? You 
would compute: S7 - 2 S units (for a dipole instead of Yagi) 
— 3 $ units (100 W rather than 1500 W) = an S? signal 
Boston. А ORP station with a 4-element 15-meter Yagi at 
60 feet would yield: 87 —6 S units = an 51 signal in Bosto 


More Detailed Predictions 

Let's now look at table in Fig al. which is the Detailed 
20-meter page for the same conditions in Table 5: January 
at a Very High level of solar activity from Boston to the 
world. There are six such pages per month/SSN level 
covering 160, 80, 40, 20, 15 and 10 meters. 

Ina Detailed prediction table, the world is divided into 
the 40 CQ Zones, with a particular sample location 
zone. For example, Zone 14 in Western Europe is repre- 
sented by a location in London, England (call sign G), while 
Zone 25 is represented by a location in Tokyo, Japan (call 
sign JAI). Note that Zones with large ham populations are 
highlighted with dark shadowing for easy identification. Fc 
example, Zones 3, 4 and 5 cover the USA, while Zones 14, 


23-40 Chapter 23 


throughout the world. Ther 
for 160, 80, 40, 20, 15 and 10 meters. Those Detalled tables are very 


15 and 16 cover the majority of Europe. Zone 25 covers the 
big ham population in Japan. 
Let's revisit the example above for computing the 


20 meters Again, we'l asume that the G station has a 


dipole at 50 feet and 100 W of transmitter power. At 
14 UTC in Zone 14, the table in Fig 40 predicts very healthy 
signal for the reference big-gun station, at 59. This is a 
signal at least S9 + 10 dB. Here, we're going to round off 
the plus 10 dB to 2 S units, giving a fictional 11 S units to 
start, We discount this for the smaller station: S11 — 3 S 
units (for a dipole at 50 feet instead of a 3-element Yagi at 
100 feet) — 3 S units (100 W rather than 1500 W) = SS 
signal in Boston. This is a respectable signal and will prob- 
ably get through, in the absence of stronger signals calling 
the Boston station at the same time, of course. 

Here's another example of how to use the Detailed 
propagation-prediction tables. Lets say that at 1230 UTC 
in January you work a VU2 station in New Delhi on 
15 meters from Boston, where the local time is 7:30 AM. 


You need а 20-meter contact also for the 5-Band DXCC 
award, so you quickly check the table in Fig 40 for Zone 22 
(VU) and find that the predicted signal strength is S9. Your 
mew VU2 friend is willing to jump to 20 meters and so you 
OSY to make the с 

But pethaps you ate late leaving for work and so 
you ask your new VU2 friend to make a schedule with 
You later that evening. Again, you consult the Detailed 
prediction table for 20 meters and find that signals are 
predicted to be S8 or stronger from 20 to 23 UTC, drop- 
ping to 57 at 00 UTC. You quickly ask your new fri 
Whether he minds waking up at 4:30 AM his time to make 
а schedule with you at 2300 UTC, because New Delhi is 
5% hours ahead of UTC. You determined this using the 
program GeoClock, which is included with the software 
‘on the CD-ROM in the back of this book and which you 
run in the background on Windows. Luckily, he's a very 
gracious fellow and agrees to meet you on a specific fre- 
quency at that time. 

"The Detailed propagation-prediction tables give you 
all the information needed to plan your operations to maxi- 
mize your enjoyment chasing DX. You can use these tables 
to plan a 48-hour contest next month, or next year—or you 
‘ean use them to plan a schedule with your ham cousin on 
the West Coast on Saturday afternoon. 


THE PROPAGATION BIG PICTURE 


А newcomer to the HF bands could easily be over- 
Whelmed with the sheer amount of data available in the Sun 
mary (and particularly the Detailed) prediction tables on 
the CD-ROM included with this book. So here's a long- 
term, "big-picture" view of HF propagation that might help 
answer some common questions. For example, what month 
really is the best for working DX around the clock? Or what 
level of solar activity is necessary to provide an opening 
between your OTH and somewhere in the South Pacific? 
"Table 6 is a table showing the number of hours in а 
day during each month when each major HF band is open. 
1o the same receiving areas shown in Tables 4 and 5. The 
listing is for New England, for three levels of solar activity 
Very Low, Medium and Very High. The number of hours 


are separated in Table 6 by slashes. (Versions of Table 6 for 
other areas around the US are on the CD-ROM that accon 


this book in Fig6Tab.PDF.) 
Let's examine the conditions for New England 

on 15 meters for October. The entry shows 
‘meaning that for a Very Low level of solar acti 
sters is open for 7 hours; for a Medium level, it is 
‘open for 11 hours and for a Very High level of solar activity 
itis open for 17 hours а day. 

Even for a Very Low level of solar activity, the 
With the most hours available per day from Boston to some- 
where in Europe is October, with 7 hours, followed by the 
next largest month of March, with 6 hours. For а Very Н 
level of solar activity, however, the 15-meter band is open 
to Europe for 18 hours in April, followed by 17 hours avail 


ability in September and October. Arguably, the CQ World 
Wide Contest Committee picked the very best month for 
higher-frequency propagation when they chose October for 
the Phone portion of that contest 

You can easily see that even at a Very High level of 
solar activity, the summer months are not very good to work 
DX, particularly on east-west paths. For example, the 
10-meter band is very rarely open from New England to 
Europe after the month of April, even when solar activity is 
at the highest levels possible. Things pick up after Septem- 
ber, even for a Medium level of solar activity. Again, 
October looks like the most fruitful month in terms of the 
iber of hours 10 meters is open to Europe under al levels 
of solar conditions 

Ten meters is open more regularly on north-south paths, 
such as from New England to South America or to southern 
Africa. It is open as much as 10 hours a day during March 
and October to deep South America, and 7 hours a day in. 
October to Africa—even during the lowest parts of the 
solar cycle. (Together with the sporadic-E propagation that. 
10 meters enjoys during the summer, this band can often be 
alot of fun even during the sunspot doldrums. You just have 
to be operating on the band, rather than avoiding it because 
you know the sunspots are “spotty!") 

Now, look at the 20-meter band in Tablo 6, From 
New England, twenty is open to somewhere in South 
‘America for 24 hours a day, no matter the level of solar 
activity. Note that Table 6 doesn't predict the level of 
signals available; it just shows that the band is open with 
a signal strength greater than 0 on the S meter. Look back 
at Summary Table 4 for the predicted signal strengths in. 
January at a Very Low level of solar activity. There, you 
сап see thatthe signal strength from New England into 
deep South America is always 58 or greater for a big gun 
station. A lot of the time during the night the band sounds 
dead, simply because everyone is either asleep or operat- 
ing on a lower frequency. 

For the 40-meter band in Table 6, during the month of 

y the band is open to Europe for 24 hours a day, what- 
ever the level of solar activity is. Look now at Table 4, and. 
you'll see that the predicted level for Very Low solar ac- 
tivity varies from 54 to 59. Local ORM or ОКМ would 
probably disrupt communications on 40 meters in Eu- 
rope for stateside signals weaker than perhaps 53 or S4. 
Even though you might well be able to hear Europeans 
from New England during the day, they probably wont 
hear you because of local conditions, including local S9 
European stations and atmospheric noise from nearby 
thunderstorms, New England stations with big antennas 
can often hear Europeans on 40 meters as early as noon- 
time, but must wait until the late afternoon before the 
Europeans can hear them above their local noise and 
ORM. 

Let's say that you want to boost your country total 
on 80 meters by concentrating on stations in the South 
Pacific. The best months would be from November to 


Jan 
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Table 6 


‘The number of hours per day when a particular band is open to the target geographic areas in Table 4, 


as related to the level of solar activity (Very Low, Medium and Very High). This tabl 


is customized for 


Boston to the rest of the world. Some paths are open 24 hours a day, plus or minus ORM and local ORN, 
по matter what the level of solar activity is. See CD-ROM for other transmitting locations. 


ma (Boston) 


Hours Open to Fach Region for Very-Low/Madiun/Very-High cen. 


dan 17717016 з/а/ з 17/17/16 16/15/15 
тер 17/16/15 3/ 3/ 2 17/16/16 15/13/14 
маг 15/18/14 3/2/12 16/16/15 25/13/13 
ap 13/13/12 4% % o 16/16/14 13/13/13 
Mey 12/13/10 0/0/0 16/15/14 12/11/10 
dun 20/ 9/8 % о/о 14/14/14 12/10/10 
mao 11/11/9 of of 0 18/4/14 12/0/12 
aes 1/1/12 % % 0 16/16/14 13/12/11 
зер 14/13/11 2/1/0 17/16/14 19/13/12 
бее 18/18/13 3/2/31 27/17/16 14/14/13 
Nov %% / 4/1 17/17/16 16/25/14 
Dee 19/16/17 7/ ву а 18/18/17 16/16/16 
dan 24/24/24 15/16/15 24/24/21 21/20/19 
тер 24/24/21 13/11/11 24/23/20 20/19/18 
Mar 22/22/19 10/ 9/7 24/21/28 19/17/17 
aps 21/19/18 а/ 6/4 22/20/18 17/16/15 
May 19/17/17 5/4/53 22/18/17 17/16/14 
ges 17/15/13 4% 2/ 2 22/18/16 16/15/14 
a 18/16/15 5/4/2 24/18/17 17/15/14 
Aus 19/17/16 % 5/4 24/19/18 18/16/15 
Sep 22/21/17 %% 23/20/18 18/17/16 
oet 24/23/20 12/11/ 8 24/23/19 20/18/17 
Nov 24/24/22 14/29/12 24/24/20 22/29/28 
Dee 24/24/24 18/19/22 24/24/21 23/21/19 


February in terms of the number of hours per day when 
the 80-meter band is open to Oceania, You can see by 
e for each month that the level of 


reading across the I 
solar activity is not hugely important on 80 meters to 
any location. Common experience (backed by the statis- 
tical information in Table 6) is that the 80-meter band is 
open only marginally longer when sunspots are low. 

This is true to a greater extent on 40 meters. Thus you 
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ГЕЛ 

say 
va 
уз/ 
мм 
им 
мм 
Y 2% 
P 
уау 
VEN 
7 s7 


24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/28 


22 0% 
залал 


23/22/19 
19/19/27 
17/17/13 
deni s 
А 

Uus 
WEN 
m 
mu 
17/16/14 
22/20/27 
24/23/22 


19/18/15 
16/25/24 
13/13/13 
13/13/11 
2/1/10 
"m 
2/0/10 
13/12/11 
13/13/12 
16/13/13 
17/17/13 
21/19/18 


24/24724 
247/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/28 


way hear the generalization that de low bands tend to be 

better during periods of low solar activity, while the upper 

HF bands (above 10 MHz) tend to be better when the sun is 

"Table 6 can give you a good handle on what months are 

the most productive for DXing and contesting. It should be 

по surprise to most veteran operators that the fall and winter 
s are the best times to work DX. 


19/26/22 15/22/22 24/24/24 20/23/21 
12/10/23 19/21/24 24/24/24 22/22/24 
15/10/24 17/20/24 24/24/24 22/24/28 
15/20/24 18/22/24 24/24/24 22/24/20 
19/23/24 22/24/24 24/24/24 23/24/28 
22/24/24 24/24/24 24/24/24 24/24/24 
19/24/24 24/24/24 24/24/24 22/24/28 
15/20/24 20/24/24 24/24/24 20/24/28 
16/19/24 17/21/24 24/24/24 22/24/20 
15/22/24 16/20/24 24/24/24 22/24/28 
14/20/23 14/22/24 24/24/24 20/24/28 
11/17/24 13/22/24 24/24/24 11/23/24 
4/6/3 2/9/13 12/15/16 9/13/13 
% % anos 19/18/23 11/13/16 
% эла 2/13/25 14/21/24 13/17/22 
0/10/18 3/19/18 15/23/24 15/18/24 
1/19/26 6/10/19 17/20/24 14/18/24 
0/ 2/16 0/ 9/15 16/21/24 14/18/24 
0/ %% 0/ 5/18 15/19/24 12/18/24 
of 2/14 0/8/17 14/18/22 13/16/22 
1/10/17 6/19/17 14/16/24 13/17/22 
7/11/17 10/13/17 12/16/22 12/15/22 
% ала алла 12/16/22 11/14/17 
mes 3/6/9 2/10/13 12/15/23 8/13/15 
dan 0/1/4 0/1/8 amps % %% 
ть 0/2/7 0/2/10 aniana of 9/23 
mar 0/ 0/ © 0/1/10 10/14/20 1/0/14 
Apr 0/0/84 оу оу 7/14/21 0/12/17 
my 0/0/0 0/0/1 7/13/20 1/10/17 
wes 0/0/0 0/0/0 7/21/38 oj 3/27 
та 0/0/0 0/0/0 2/9/19 0/2/28 
ма 0/0/0 0/0/0 2/10/17 0/1/16 
Sep 0/0/4 cine 7/19/18 0/0/16 
oee 0/5/9 of 2/11 10/12/16 7/12/14 
Nor 0/4/8 of 3/11 9/12/15 5/10/13 
Dee % 3/6 % %% anna 1/8/12 


10/20/22. 20/23/22 24/24/24 
15/22/24 20/23/24 24/24/24 
10/22/24 16/24/24 24/24/24 
19/22/24 10/24/24 24/24/24 
23/24/24 21/24/24 24/24/24 
24/24/24 24/24/24 24/24/24 
24/24/24 23/24/24 24/24/24 
20/24/24 19/24/24 24/24/24 
10/22/24 17/24/24 24/24/24 
19/22/24 17/24/24 24/24/24 
17/21/24 19/23/24 24/24/24 
12/22/24 16/24/24 24/24/24 
% % 9/12/13 24/15/16 
3/3/13 m/s 22/16/19 
5/11/17 10/24/27 18/16/23 
3/15/13 21/18/21 16/16/24 
19/27/18 10/26/29 20/19/24 
5/25/18 10/12/20 24/22/22 
o napa 4/22/20 24/22/22 
0/12/17 6/10/19 22/19/21 
snaps 9/14/17 16/16/22 
7/12/17 xanans 18/15/22 
% 3/16 10/19/35 20/16/21 
/ 4% onana 24/15/18 
9% % % %% 23/24/24 
0/3/5 of 7/13 24/24/24 
0/0/8 4% 7/13 23/24/24 
0/ % of sna 18/24/24 
of 1/12 of 2/11 17/20/22 
0/0/0 070/2 21/19/23 
0/ % % of ву в 16/16/24 
0% ода % % 17/17/24 
0/ ола 0/ 2/ ә 19/24/24 
0/ в/в of 8/12 24/24/24 
0/3/6 4/10/12 24/24/24 
0/1/4 27 12 23/23/24 


Do-It-Yourself Propagation Prediction 


Very reliable methods of determining the MUF for any 
given radio path have been developed over the last 50 years. 
As discussed previously, these methods are all based on the 
smoothed sunspot number (SSN) as the measure of solar 
activity. Itis for this reason that smoothed sunspot numbers 
hold so much meaning for radio amateurs and 
others concerned with radio-wave propagation hey are the 
link to past (and future) propagation cor 

Early on, the prediction of propagation conditions 
required tedious work with numerous graphs, along with 
charts of frequency contours overlaid, or overprinted, 
world maps. The basic materials were available from 
agency of the US government. Monthly publications pro- 


vided the frequency-contour data a few months in advance 
Ошу rarely did amateurs ry their hand at predicting propa- 
gation conditions using these hard-to-use methods. 
‘Today's powerful PCs have given the amateur won- 
erful tools to make quick-and-easy HF propagation pre- 
dictions, whether for a contest or a DXpedition. The 
summary and detailed prediction tables described earlier in 
this chapter were generated using CAPMan, a modernized 
version of the mainframe JONCAP program, on a PC. 
While tremendously useful to setting up schedules and 
for planning strategy for contests, both the Summary and 
Detailed prediction tables located on the CD-ROM accom- 
panying this book show signal strength. They do not show 
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Table 7 


Features and Attributes of Propagation Prediction Programs 


ASAPS  CAPMan VOACAP 


m Windows 
User Friendliness Good Good Good 
Operating System Windows DOS Windows 
Uses ког A index No Yes No 
User library of QTHs Yes Yes Yes 
Bearings, distances Yos Yes Yes 
MUF calculation Yes Yes Yes 
LUF calculation Yes Ves Yes 
Wave angle calculation Yes Мав es 
Vary minimum wave angle Yos des Yes 
Path regions and hops Yes Yos Yes 
Multipath effects Yos Yes Yes 
Path probability Yos — Yes Yes 
Signal strengths Yos — Yes ө 
SIN ratios Yes Yes Yes 
Long-path calculation Yes Мав es 
Antenna selection. Yes Ves Yes 
Vary antenna height Yes Yes — Yos 
Vary ground characteristics Yes Yos Les 
Vary transmit power VO 
Graphic displays Yes Yes — Yos 
UT-day graphs Үз Yes — Yos 
Aroa Mapping No Yes os 
Documentation Yes Yes On-line 
Price class 8075 $89 beef 
Price classes are for late 2003 and subject to change, 


TAvalable on tne Word Wide Web: elbertits.blardoc.goulht html 
Available on the World Wide Web at worw.qslnetGelprop/ 
+ Shipping and handing extra. 


ACE-HF — WGELProp  WInCAP ^ PropLab 
V270  Wizard2 Рю 
Excellent Good Good Poor 
Windows Windows Windows DOS 
No Yes Yes Yes 
YeeRX — Yes Yes No 
Yes Yes Yes Yes 
Yes Yes Yes Yes 
Yes No Yos Yos 
Yos Yes Yes Yes 
Yes Yes Yes Yes 
Yes Yes Yes Yes 
Yes No Yes Yes 
Yes Yes Yos Yes 
Yes Yes Yes Yes 
Yes No Yes Yes 
Yes Yes Yes Yes 
Yes Indirectly Isotropic Хез 
Yes Indirectly Мо Yes 
Yes No No No 
Yes Indirectly Yos Yes 
Yes Yes Yes 20/30 
Yos Yes Yos Yes 
Yes Yes No Yos 
Yes Yes Yes Yes 
E воб 82995 87807. 


+HAvalatle on the World Wide Web: www.spacew.com/newiproplab.htm! 


other information that is also in the underlying databases 
used to generate them. They don't, for example, show the 
‘elevation angles and neither do they show reli- 
ability statistics. You may want to run propagation-predic- 
Чоп software yourself to get into the really “nitty-gritty” 
details. 
Modern programs are designed for quick-and-easy pro- 
dictions of propagation parameters. See Table 7 for a list- 
of а number of popular programs. The basic input 
information required is the smoothed sunspot number (SSN) 
or smoothed solar Пих, the date (month and day), and the 
latitudes and longitudes at the two ends of the radio path. 
The latitude and longitude, of course, are used to determine 
the great-circle radio path, Most commercial programs tai- 
lored for ham use allow you to specify locations by the call 
The date is used to determine the latitude of the Sun, 
“and this, with the sunspot number, is used to determine the 
properties of the ionosphere at critical points on the path, 
ОГ course, just because a computer program predicts 
that a band will be open on a particular path, it doesn't 
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dominan 


follow that the Sun and the ionosphere will always cooper- 
ate! A sudden solar flare can result in a major geomagnetic 
storm, taking out HF communication anywhere from hours 
to days. There is still art, as well as a lot of science, in pre- 
dicting propagation. In times of quiet geomagnetic activity, 
however, te prediction programs are good at forecast 
band openings and closings 


Obtaining Sunspot Number/Solar Flux Data 
Alter you have chosen and then set up a comput 
gram for evaluation of a particular path, you will still need 
the sunspot number or solar Пих level for the period in ques- 
st be stated here—for best accuracy and 

consistency, use the average of solar Пах values taken from 
actual observations, perhaps from WWV/WWVH, over the 
previous three ог four days, Many amateur packet systems 
archive WWV flux numbers (plus planetary k and A, indi- 
ces). Solar flux numbers can vary dramatically from day to 
day, but the Earth's ionosphere is relatively slow to respond 
to instantaneous changes in solar radiation. This caveat also 


Чоп. A caution n 


data from 1840 to 1983. Cycle 22 actually peaked in. 
Nov 1989, at a monthly smoothed sunspot number of 
158. Propagation on the higher frequencies throughout 
the peak of Cycle 22 was good to excellent, since tho 
monthly smoothed sunspot number stayed at 100 or 
above from July 1988 through May 1992. (Courtesy of 
Naval Ocean Systems Center, San Diego.) 


holds for sunspot numbers derived, using Fig 18, fro 
WIWVANWVI solar flux numbers 

Fig 42 shows a graph produced in the early 1980s of 
smoothed sunspot numbers for Solar Cycles 17 through 21, 
With predictions for Cycles 22 through 26. The graph cov- 
ers a period of 100 years, from 1940 to 2040, and may be 
used for making long-term or historical calculations. Just 
remember that the graph shows smoothed numbers. The 
solar activity at any given time can be significantly lower or 
significantly higher than the graph indicates. In fact, Cycle 
22 peaked at the end of 1989, as predicted, but with a 
monthly smoothed sunspot level of 158, quite a bit higher 
than predicted, Cycle 23 peaked in early 2002 at a level of 
about 115, a considerably higher level than the predicted 
value 


WWV PROPAGATION DATA 

For the most current data on what the Sun is doing, 

National Institute of Standards and Technology stations 
WWV and WWVH broadcast information on solar activity 
at 18 and 45 minutes past each hour, respectively. These 
propagation bulletins give the solar flux, 
A-Index, Boulder K-Index, and a brief statement of solar 
and geomagnetic activity in the past and comin, 
periods, in that order. The solar flux and A-I 
changed daily with the 2118 UT bulletin, the rest every three 
hours—0018, 0318, 0618 UT and so on. On the Web, up- 
to-date WWV information can be found at: ftp:// 
fp.el.noaa.gov/pubflatestwwv.xt or on the NOAA Web 
page wwwsec.noaa gov] 

Some other useful Web sites are: dx.qsLnet/propaga- 
tion/, www.dxle.com/solar, hfradio.org/propagation. 
html The Solar Terrestrial Dispatch page contains а wealth 
of propagation-related information: wwwspacew.com/. You 


Fig 43—Etfective Sunspot Number (SSN,) produced 
by NWRA. Note large drop ineffective SÓN due to а 
geomagnetic storm commencing Oct 1, 2002. 
(Courtesy ot Northwest Research Associates) 


тау also access propagation information on your local 
PacketCluster. Use the command SH/WWV/n, where n is 

the number of spots you wish to see (five is the default). 
Another excellent method for obtaining an “equivalent 
sunspot number" (SSN, is to go to the Space Weather site of 
Northwest Research Services: www.nwra-az.com/spawx/ 
ssne24.html. NWRA compares real-time ionospheric 
sounder data around the World with predictions using 
various levels of SSN looking for the best match. They thus 
“back into” the actual effective sunspot number. 
Fig 43 is a typical NWRA graph, which covers the week 
ending 6 October 2002. Note the sudden decrease in SSN, 
хас storm depressed SSN, by more than 50%, 


state of activity of the Earth's magnetic field. It is updated 

With the 2118/2145 UT bulletin. The A-Index tells you 
nly how yesterday was, but it is very revealing when 

charted regularly, because geo 

always recur at Гоше 


The K-Index 
‘The K-Index (new every three hours) reflects Boulder 
readings of the Earth's geomagnetic field in the hours just 
preceding the bulletin data changes. It is the nearest thing to 
current data on radio propagation available. With new data 
every three hours, K-Index trend is important. Rising is bad 
ws; falling is good, especially related to propagation on 
paths involving latitudes above 30° north, Because this is a 
Boulder, Colorado, reading of geomagnetic activity, it may 
correlate closely with conditions in other areas. 
The K-Index is also a timely clue to aurora possibilities. 
Values of 4, and rising, warn that conditions associated with 
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Fig 44—Plot of the estimated planetary k index, K,, for 
the last four days. (Courtesy NOAA/SEC.) 


auroras and degraded HF propagation are prese 
der area at the time of the bulletin s preparation. A NOAA 
Web site that carries up-to-date planetary K, data is 
www:sel.noaa.gov/ftpmenu/plots/2003_plots/kp.html, 
Fig 44 is a graph from this Web site for four days stating 
27 April 2003 to 30 April 2003. This was а period of signifi- 
‘cant geomagnetic activity, indicated by K, indices of and 4. 
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Antenna and 
Transmission-Line 
Measurements 


The principal quantities measured on transmission. 
lines are line current or voltage, and standing-wave ratio 
(SWR). You make measui 

determine the power input to the line. SWR measurements 
are useful in connection with the design of coupling c 
cuits and the adjustment of the match between the antenna. 


ments of current or voltage to 


and transmission line, as well as in the adjustment of these 
matching circuits 

For most practical purposes a relative measurement 
is sufficient, An uncalibrated indicator that shows when 
the largest possible amount of power is being put into the 
line is just as useful, in most cases, as an instrument that 
measures the power accurately. It is seldom necessary to 
know the actual number of watts going into the line unless 
the overall efficiency of the system is being investigated, 
An instrument that shows when the SWR is close to 1:1 
is all you need for most impedance-matching adjustments, 
Accurate measurement of SWR is necessary only in stud- 
ies of antenna characteristics such as bandwidth, or for 
the design of some types of matching systems, such as а 
stub match, 

Quantitative measurements of reasonable accuracy 
demand good design and careful construction in the men- 
suring instruments. They also require intelligent use of 
the equipment, including a knowledge not only of its limi- 
tations but also of stray effects that often lead to false 
results, Until you know the comple 
measurements, a certain amount of skepticism regarding 
numerical data resulting from amateur measurements with 
simple equipment is justified. On the other hand, purely 
qualitative or relative measurements are easy to make and 
are reliable for the purposes mentioned above, 

LINE CURRENT AND VOLTAGE 

А current or volta 
coaxial line is a useful piece of equipment. It need not be 
elaborate or expensive. Its principal function is to show 
When the maximum power is being taken from the trans- 


conditions of the 


indicator that can be used with 


minter; for any given set of line conditions (le 
etc). This will occur when you adjust the transmitter cou- 
pling for maximum current or voltage into the transmis 
sion line. Although the final-amplifier plate or collector 
current meter is frequently used for this purpose, it is not 
always a reliable indicator. In many eases, particularly 
with a sereen-grid tube in the final stage, minimum loaded 
plate current does not occur simultaneously with maxi 
mum power output 


RF VOLTMETER 


‘You can put together a germanium diode in conjunc- 


Fig 1—RF voltmeter for coaxial line. 
C1, C2—0.005- or 0.01-4F ceramic, 

D1— Germanium diode, 1N34A. 

J1, J2- Coaxial fittings, chassis-mounting type. 
(more sensitive meter may be 
а; soo text). 

imposition, 1 W for each 100 W of RF 


power 
\я2—680 0, . or 1 W composition. 
R3—10 кй, a W (see text). 
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tion with a low-range milliammeter and а few resistors to 
form an RF voltmeter suitable for connecting across the 
two conductors of a coaxial line, as shown in Fig 1. It 
consists of a voltage divider, RI-R2, having a total resis- 
tance about 100 times the Zy of the line (so the power 
consumed will be negligible) with a diode rectifier and 
milliammeter connected across part of the divider to read 
relative RE voltage. The purpose of R3 is to make the meter 
readings directly proportional to the applied voltage, as 
nearly as possible, by swamping the resistance of DI, since 
the diode resistance will vary with the amplitude of the 
current through the diode. 

You may construct the voltmeter in а small metal box, 
indicated by the dashed line in the drawing, and fitted with 
соах receptacles. RI and R2 should be carbon-composi- 
tion resistors. The power rating for R1 should be 1 W for 
each 100 W of carrier power in the matched line; separate 
1- or 2-W resistors should be used to make up the total 
power rating required, to the total resistance as given. Any 
буре of resistor can be used for R3; the total resist 
should be such that about 10 V de will be developed across 
it at full scale. For example, a 0-1 milliammeter would 
require 10 КО, a 0-500 microammeter would take 20 KQ, 
and so оп. For comparative measurements only, R3 may 
be a variable resistor so the sensitivity can be adjusted for 
various power levels, 

In constructing such a voltmeter, you should exer- 
cise care to prevent inductive coupling between RI and 
the loop formed by R2, DI and Cl, and between the same 
loop and the line conductors in the assembly, With the 
lower end of RI disconnected from R2 and grounded to 
the enclosure, but without changing its position with 
respect to the loop, there should be no meter indication 
when full power is going through the line. 

If more than one resistor is used for RI, the units 
should be arranged end-to-end with very short leads. RI 
and R2 should be kept Ys inch or more from metal sur- 
faces parallel to the body of the resistor. If you observe 
these precautions the voltmeter will give consistent read- 
ings at frequencies up to 30 MHz. Stray capacitance and 
stray coupling limit the accuracy at higher frequencies 
but do not affect the utility of the instrument for com- 
parative measurements, 

Calibration 

You may calibrate the meter for RF voltage by com- 
parison with a standard such as an RF ammeter. This 
requires thatthe line be well matched so the impedance 
at the point of measurement is equal to the actual Z of 
the line. Since in that case Р = PZ,, the power can be 
calculated from the current. Then By making 
current and voltage measurements at © number of differ- 
еш power levels, you can obtain enough points to draw a 
calibration curve for your particular setup, 
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RF AMMETERS 

‘Although they are not as widely available as they 
used to be, if you can find one on the surplus market or at 
a hamfest, an RF ammeter is a good way to gauge output 
power, You сап mount an RF ammeter in any convenient 
location at the input end of the transmission line, ће prin- 
cipal precaution being that the capacitance to grour 
‘chassis, and nearby conductors should be low. A bakelite- 
‘case instrument can be mounted on а metal panel with- 
‘out introducing enough shunt capacitance to ground to. 
‘cause serious error up to 30 MHz. When installing a 

etal-case instrument on a metal panel, you should mount 

it on a separate sheet of insulating material so that there 
is 1 inch or more separation between the edge of the 
‘ease and the metal 

A inch instrument can be mounted in a 2 x 4 x 
4-inch metal box, as shown in Fig 2. This is a convenient 
arrangement for use with coaxial line. Installed this way, 
а good quality RF ammeter will measure current with an 
accuracy that is entirely adequate for calculating power 
in the line. As discussed above in connection with cali 
brating RF voltmeters, the line must be closely matched 
by its load so the actual impedance is resistive and equal 
10 Z, The scales of such instruments are cramped at the 
low end, however, which limits the range of power that 
‘can be measured by a single meter. The useful current 
range is about 3 to 1, corresponding to a power range of 
about 9 to 1 


SWR Measurements 


Оп parallel-conductor lines i is possible to 
the standing-wave ratio by moving a current (or voltage) 
Indicator along the line, noting the maximum and mini- 
‘mum values of current (or voltage) and then computing 
the SWR from these measured values. This cannot be done 
With coaxial line since it is not possible to make mea- 
surements of this type inside the cable, The technique is, 
in fact, seldom used with open lines because itis not only 
inconvenient but sometimes impossible to reach all parts 
of the line conductors. Also, the method is subject to con- 
currents flowing on the lin 
Present-day SWR measurements made by amateurs 
practically always use some form of directional coupler 
or RF-bridge circuit. The indicator circuits themselves 
ally simple, but they require considerable 
vare in construction to ensure accurate measurements. The 
requirements for indicators used only for the adjustment 
of impedance-matching circuits, rather than actual SWR. 
measurement, are not so stringent, and you can casily 
make an instrument for this purpose. 


BRIDGE CIRCUITS 
Two commonly used bridge cireuits are shown in. 
Fig 3. The bridges consist essentially of two voltage 
dividers in parallel, with a voltmeter connected between 
the junctions of each pair of arms, as the individual ele- 
ments are called. When the equations shown to the 
of each circuit are satisfied there is no potential difference 
between the two junctions, and the voltmeter indicates zero 
voltage. The bridge is then said to be in balance 
JERI = R2, half the 
applied voltage, E, will appear across each resistor. Then 
if Rs = Rx, Е will appear across each of these resistors 
and the voltmeter reading will be zero, Remember that a 
ission line has essentially a purely resis- 
tive input impedance. Suppose that the input terminals of 
such а line are substituted for Rx. Then if Rs is a resistor 
equal to the Zp of the line, the bridge will be balanced. 


siderable error from antent 


are fundami 


matched tra 


If the line is not perfectly matched, its input imped- 
ance will not equal Z and hence will not equal Rs, since 
you chose the latter to be equal to Z. There will then be 
a difference in potential between points X and Y, and the 
volimeter will show a reading. Such a bridge therefore. 
саа be used to show the presence of st 

the lin 


Ming waves on 
because the line input impedance will be equal 
when there are no standing waves. 

idering the nature of the incident and reflected. 
components of voltage that make up the actual voltage at 
the input terminals of the line, as discussed in Chapter 
24, it should be clear that when Rs = Zo, the brid 

always in balance for the incident component. Thus the 
voltmeter does not respond to the incident component at 
any time but reads only the reflected component (assum- 
ing that R2 is very small compared with the voltmeter 


а 


Fig 3—Bridge circuits suitable for SWR measurement. 
ALA, Wheatstone type using resistance arms. At B, 
‘capacitance-resistance bridge ("Micromatch'). 


in both types. 


impedance). The incident component can be measured 
across either RI or R2, if they are equal resistances. The 
standing-wave ratio is the 


ЕНЕ? 
E) 


SWR 


(Eq) 


where El is the incident voltage and E2 is the reflected 
voltage. I is often simpler to normalize the voltages by 
expressing E2 as a fraction of El, in which case the for- 
mula becomes 


SwR-DE 


G (Eq2) 


where k = EBI 

The operation of the circuit in Fig 3B is essentially 
the same, although this circuit has arms containing reac- 
lance as well as resistance. 

Tis not necessary that RI = R2 in Fig 3A: the bridge 
can be balanced, in theory, with any ratio of these two. 
resistances provided Ry is changed accordingly. In prac- 
tice, however, the accuracy is highest when the two are 
equal; this circuit is most commonly used. 

A number of types of bridge circuits appear in Fig 4 
many of which have been used in amateur products or 
Amateur construction projects. АП except that at G can 
have the generator and load at a common potential. At G, 
the generator and detector are at a common potential. You 
тау interchange the positions of the detector and trans 
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(D) are usually semiconductor diodes with meters, isolated with RF chokes and 
‘the detector may be a radio receiver. In each circuit, Z represents the load being measured, 
(This information provided by David Geiser, WAZANU) 
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mitter (or generator) in the bridge, and this may be 
advantageous in some applications. 

‘The bridges shown at Р, E, F and Н may have one 
terminal of the generator, detector and load common, 
Bridges at A, B, E, F, G and Н have constant sensitivity 
over a wide frequency range. Bridges at B, C, D and H 
тау be designed to show no discontinuity (impedance 


lump) with a matched line, as shown in the drawing 
Discontinuities with A, E and Р may be small 

Bridges are usually most sensitive when the detector 
bridges the midpoint of the generator voltage, as in G or H, 
er in B when each resistor equals the load impedance. Sen: 
sitivity also increases when the currents in each leg 
equal. 


Resistance Bridge 


The basic bridge configuration shown in Fig 3B may 
be home constructed and is reasonably accurate for SWR 
measurement, A practical circuit for such a bridge is given 
in Fig 5 anda representative layout is shown in Fig 6. Prop- 
erly built, a bridge of this design can be used for measure 
ient of SWRs up to about 15:1 with good accuracy. 
You should observe these important construction 


points 

1) Keep leads їп the RF circuit short, to reduce stray 
inductance. 

2) Mount resistors two or three times their body diam- 
eter away from metal parts, to reduce stray capa 


3) Place the RF components so there is as little inductive 
and capacitive coupling as possible between the bridge 


Fig 5—Resistance bridge for SWR measurement. 

Capacitors are disc ceramic. Resistors are watt 

‘composition except as noted below. 

D1, D2—Germanium diode, high back resistance type 
(Мэл, 1N270, ete). 

J1, J2- Coaxial connectors, chassis-mounting typo. 

Mti—0-100 de microammeter. 

R1, R2—47 0, W composition (seo text). 

R3 Seo text 


Z, (% or 1 W composition) 


In the instrum 


ıt shown in Fig 6, the input and line. 
connectors, J1 and 32, are mounted fairly close together 
so the standard resistor, Rs, can be supported with short 
leads directly between the center terminals of the con- 
rectors, R2 is mounted at right angles to Rs, and a shield 
partition is used between these two components and the 
others. 

The two 47-KQ resistors, RS and R6 in Fig 5, are 
voltmeter multipliers for the 0-100 microammeter used 
as an indicator. This is sufficient resistance to make the 
voltmeter linear (that is, the meter reading is directly pro- 
portional to the RF voltage) and no voltage calibration 
‘curve is needed. DI is the rectifier for the reflected volt- 


Fig 6—A 2 x 4 x 4.inch aluminum box is used to house 
this SWR bridge, which uses the circuit of Fig 5.Tho. 
variable resistor, RA, is mounted on the side. The bridge 
‘components are mounted on one side plate of the box 
‘and a subchassis formed from a piece of aluminum. Tho 
input connector is at the top їп this view. R, is connec- 
ted directly between the two center posts of the connec- 
tors. R2 is visible behind it and perpendicular to it. One 
terminal of D1 projects through a hole in the chassis so 
the lead can be connected to J2. R1 is mounted чегі 
cally to the left of the chassis in this view, with D2 
‘connected between the junction of R1-R2 and a tie point. 
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age and D2 is for the incident voltage. Because of manu- 
facturing variations in resistors and diodes, the readings 

jay differ slightly with two multipliers of the same nomi- 
nal resistance value, so a correction resistor, R3, is 
included in the circuit, You should select its value so that 
is the same with $1 in either position 
when RF is applied to the bridge with the line connection 
open. In the instrument shown, a value of 1000 Q was 
required in series with the multiplier for reflected volt- 

ge: in other cases different values probably would be 
needed and R3 might have to be put in series with the 

ıultiplier for the incident voltage. You can determine this 
by experiment. 

The value used for RI and R2 is not critical, but you 
should п 
sible. Keep the resistance of Rs as close as possible to 
the actual Zp of the line you use (generally 50 or 75 Q). 
Select the resistor by actual measurement with an accu- 
rate resistance bridge, if you have one available 
R4 is for adjusting the incident-voltage reading to 

full scale in the measurement procedure described below 
Its use is not essential, but it offers a convenient alterna- 
tive to exact adjustment of the RF input voltage. 


the meter read 


ich the two resistors with 


1% or 2% if pos 


Testing 

Measure RI, R2 and Rs with a reliable digital ohm- 
meter or resistance bridge after completing the wiring. This 
will ensure that their values have not changed from the 


heat of soldering. Disconnect one side of the 
put and output terminals of the unit open 
during such measurements to avoid stray shunt paths 
through the rectifiers. 

Check the two voltmeter circuits as described above, 
applying enough RF (about 10 V) to the input terminals 
to give a full-scale reading with the line terminals open. 
I necessary, try different values for R3 until the reading 
is the same with 51 in either positio 

With J2 open, adjust the RF input voltage and R4 
for full-scale reading with S1 in the incident-voltage 
position. Then switch S1 to the reflected-voltage pos 
tion. The reading should remain at full scale. Next, short- 
circuit J2 by touching a screwdriver between the center 
terminal and the frame of the connector to make a low- 
inductance short. Switch S1 to the incident-voltage posi- 
tion and readjust R4 for full scale, if necessary. Then 
throw S1 to the reflected-voltage position, keeping J2 
shorted, and the reading should be full scale as before. If 
the readings differ, RI and R2 аге not the same value, or 
there is stray coupling between the arms of the bridge. 
You must read the reflected voltage at full scale with J2 
either open or shorted, wh 
full scale in each case, to make accurate SWR measure- 


and leave the 


the incident voltage is set to 


The circuit should pass these tests at all frequencies 
at which it is to be used. It is sufficient to test at the low- 
est and highest frequencies, usually 1.8 or 3.5 and 28 or 
50 MHz. If RI and R2 are poorly matched but the bridge 
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‘construction is otherwise 
ings will be substantially the same at all frequencies. A 
difference in behavior at the low and high ends of the 
‘can be attributed to stray coupli 
ims, or stray inductance or capacitance 


frequency ram 
between bride 
in the arms. 
"To check the bridge for balance, apply RF and adjust 
R4 for full scale with J2 open. Then connect a resistor 
identical with Rs (the resistance should. 
ог 2%) to the line terminals, using the shortest possible 


jach within 1% 


leads. It is convenient to mount the test resistor inside a 
cable connector (PL-259), a method of mounti 
minimizes lead inductance. When you con 
hould drop to zero. 
The incident voltage should be reset to full scale by means 
of R4, if necessary. The reflected reading should be zero. 
at any frequency in the range to be used. If a good null is 
‘obtained at low frequencies but some residual current 


that also 


resistor the reflected-voltage reading 


shows at the high end, the trouble may be the inductance 
ol the test resistor leads, although it may also be caused 
by stray coupling between the arms of the bridge itself 
If there is a constant low (but not zero) readin 

all frequencies the problem is poor matching of the resis 
lance values. Both effects can be present simultaneously. 
You should make sure you obtain a good null at all fre- 
‘quencies before using your bridge. 


Bridge Operation 

You must limit the RF power input to a bridge of 
this type to a few watts at most, because of the power- 
dissipation ratings of the resistors. If the transmitter has 
no provision for reducing power output to a very low 
valueless than 5 Wa simple power-absorber circuit 
can be made up, as shown in Fig 7. Lamp DSI tends to 
maintain constant current through the resistor over a fairly 


Fig 7—Power-absorber circuit for use with resistance- 
type SWR bridges when the transmitter has no special 
provisions for pos 
50 W,DS is a 117-У 40-W incandescent 
is not used. For higher powers, use sufficient addi- 
tional lamp capacity at 052 to load the transmitter to 
about normal output; for example, for 250 W output 092 
may consist of two 100-W lamps in parallel. R1 is made 
from three 1-W 68-0 resistors connected in parallel. Pt 
‘and P2 are cable-mounting coaxial connectors. Leads 
in the circuit formed by the lamps and R1 should bo. 
Кер! short, but convenient lengths of cable may be 
used between this assembly and the connectors. 


Wide power range, so the voltage drop across the resistor 
ids to be constant. This voltage is applied to the 
bridge, and with the constants given is in the sight r 

for resistance-type bridges, 

To make a measuremen 
to J2 and apply sufficient RF voltage to J1 to give a full- 
scale incident-voltage reading. Use R4 to set the indica- 
tor to exactly full scale. Then throw S1 to the reflected 
voltage position and note the meter reading. The SWR is 
then found by using these readings in Eq 1 

For example, if the full-scale calibration of the de 
instrument is 100 HA and the reading with S2 in the 
reflected-voltage position is 40 pA, the SWR is 


connect the unknown load 


swe = 100140. 40.7353. 
100-40 60 
Instead of calculating the SWR value, you could use 


the voltage curve in Fig 8. In this example the ratio of 
reflected to forward voltage is 40/100 = 0.4, and from 
Fig 8 the SWR value is about 23:1 

You may calibrate the meter scale in any arbitrary 
units, so long as the scale has equal divisions. It is the 
ratios of the voltages, and not the actual values, that 
determine the SWR. 
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je ratio 
the ratio of reflected-to-forward voltage or 
Teflected-to-forward power is known. 


AVOIDING ERRORS IN SWR MEASUREMENTS 

‘The principal causes of inaccuracies within the 
bridge are differences in the resistances of RI and R2, 
stray inductance and capacitance in the bridge arms, and 
stray coupling between arms. If the checkout procedure 
described above is followed carefully, the bridge in Fig 5 
should be amply accurate for practical use, The accuracy 
is highest for low standing-wave ratios because of the 
nature of the SWR calculation: at high ratios the divisor 
in the equation above repr 
two nearly equal quantities, so a small error in voltage 
measurement may mean a considerable difference in the 
calculated SWR. 

The standard resistor Rs must equal the actual Z of 
the line. The actual Zg of a sample of line may differ by a 
few percent from the nominal figure because of manufac- 


sents the difference between 


turing variations, but this has to be tolerated. In the 50- to 
75-0 range, the RF resistance of a composition resistor of 
a or 1-W rating is essentially identical with its de resis- 


Common-Mode Currents 

As explained in Chapter 26, there are two ways in 
which unwanted common-mode (sometimes called 
antenna) curren 
line—currents radiated onto the line because of its spa 
tial relationship to the antenna and currents that result 
from the direct connection between the coax outer con- 
ductor and (usually) one side of the antenna. The radi- 
мей current usually will not be troublesome if the bridge 
and the transmitter (or other source of RF power for 
‘operating the bridge) are shielded so that any RF cur- 
rents flowing on the outside of the line cannot find their 
way into the bridge. This point can be checked by insert- 
ing an additional section of line (^ о 7 electrical wave- 
length preferably) of the same Zo. The SWR indicated by 
the bridge should not change except Гог a slight decrease 
because of the additional line loss. If there is a marked 
change, you may need better shielding. 

Parallel-lype currents caused by the connection to 


can flow on the outside of a coaxial 


will change the SWR with variations 
though the bridge and transmitter are well-shielded and 
tained throughout the system by the 
use of coaxial fittings. Often, merely moving the trans 
mission line around will cause the indicated SWR to 
‘change. This is because the outside of the coax becomes 
part of the antenna system—being connected to the 
antenna at the feed point. The outside shield of the line 
thus constitutes a load, along with the desired load repre- 
sented by the antenna itself. The SWR on the line then is 
determined by the composite load of the antenna and the 
‘outside of the coax. Since changing the line length (or 
position) changes one component of this composite load, 
the SWR changes too. 
The remedy for such a situation is to use a good balun 


line length, even 


the shielding is mai 
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ог to detune the outside of the line by proper choice of 
length. Note that this is not a measurement error, since 
What the instrument reads is the actual SWR on the line 


However, it is an undesirable condition since the line is 
usually operating at a higher SWR than it should—and 
would if the parallel-type current on the outside of the 
coax were eliminated, 


Spurious Frequencies 

Ort-freguency components in the RF voltage applied 
to the bridge may cause considerable error. The principal 
components of this type are harmonics and low-frequency 
subharmonies that may be fed through the final stage оГ 
the transmitter driving the bridge. The antenna is almost 
always a fairly selective circuit, and even though the sys- 
tem may be operating with a very low SWR at the desired 
frequency, itis almost always mismatched at harmonic and 
subharmonic frequencies. If such spurious frequencies are 
applied to the bridge in appreciable amplitude, the SWR. 
indication will be very much in error. In particular, it may 
not be possible o obtain а null on the bridge with any set 
of adjustments of the matching circuit. The only remedy 


^ 
í = CCB 


Fig 9—Methods of determining " and УА. line lengths. 
— line; at B, Чед shorted and 
Ye open-cireuited line. 
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is to filter out the unwanted components by increasing the 
selectivity of the circuits between the transmitter final 
amplifier and the bridge. 


MEASURING LINE LENGTH 

‘The following material is taken from information in 
September 1985 OST by Charlie Michaels, W7XC (see 
Bibliography), 

‘There is a popular myth that one may prepare an 

‘open quarter-wave line by connecting а loop of wire to 

ne end and trimming the line to resonance (as indicated 
by a dip meter). This actually yields a line with capaci- 
tive reactance equal to the inductive reactance of the loop: 
a 4-inch wire loop yields a line 82.8° line at 18 MHz; a 
2-inch loop yields an 86° line. As the loop size is reduced, 
Tine length approaches—but never equals—90". 

‘To make a quarter-wave open line, parallel connect 
a coil and capacitor that resonate at the required frequency 
(see Fig 9A). After adjusting the network to resonance, 
do not make further network adjustments. Open the con- 
nection between the coil and capacitor and series con- 
nect the line to the pair. Start with а line somewhat longer 
than required, and trim it until the circuit again resonates 
atthe desired frequency. For a shorted quarter-wave line 
ог an open half-wave line, connect the line in parallel 
With the coil and capacitor (see Fig 9B). 

Another method to accurately measure a coaxial 
transmission line length uses one of the popular "SWR 
analyzers,” portable hand-held instruments with a tun- 
able low-power signal generator and an SWR bridge. 
While an SWR analyzer cannot compute the very high 
values of SWR at the input of a shorted quarter-wave line 
atthe Fundamental frequency, most include another read- 
‘out showing the magnitude of the impedance. This is very 
handy for finding a low-impedance dip, rather than a high- 
impedance peak. 

At the operating frequency, a shorted quarter-wave line 
results in a high-impedance open-circuit at he input to that 
line, At twice the frequency, where the line is now one-half 
wave long electrically, the instrument shows a low-imped- 

ce short-circuit. However, when you are pruning a line to 
length by cutting off short pieces at the end, sve. 
nient to have to install a short before measuring the response, 
H is far easier to look for the dip in impedance when a quar- 
ter-wave line is terminated in an open circuit. 

‘Again, the strategy is to start with a line physically 
a litle longer than a quarter-wave length, A good rule of 
thumb is to cut the line 5% longer to take into account 
the variability inthe velocity factor of typical coax cable 
Compute this usin 
Length (feet) 
where 

Freq is in MHZ 

VF is the velocity factor in % 

Plug the coax connector installed at one end of the 
line into the SWR analyzer and find the frequency for the 


25 x 1.05 x VF x 984/Freq = VE/Freq 


impedance dip. Prune the line by shipping off short pieces 
at the end. Once you've pruned the line to the desired fre- 
quency, connect the short at the end of the line and re- 
check fora short circuit at twice the funds 

Seal the shorted end of the coax and you're done, 


REFLECTOMETERS 


Low-cost reflectometers that do not have a guaran- 
teed wattmeter calibration are not ordinarily reliable for 


nental frequency, 


accurate numerical measurement of standing-wave ratio. 
They are, however, very useful as aids in the adjustment 


of matching networks, since the objective in such adjust- 


ment is to reduce the reflected voltage or power to zero. 
Relatively inexpensive devices can be used for this, since 
only good bridge balance is required, not actual calib 


tion of SWR. Bridges of this type are usually frequency- 
itive that is, the meter response increase with increas- 
ing frequency for the same applicd voltage. When 

jatching and line monitoring, rather than SWR measure- 
ient is the principal use of the device, this is not a ser- 
‘ous handicap. 

Various sin 
and monitoring, have been described from time to time 
їп OST and in The ARRL Handbook. Because most of 
these are frequency s 
them accurately for power measurement, but their low 
cost and suitability for use at moderate power levels, com- 
bined with the ability to show accurately when a match- 
ing circuit has been properly adjusted, make them a 
worthwhile addition to the amateur station. 


le reflectometers, useful for matching 


sitive, it is difficult to calibrate 


The Tandem Match—An Accurate 


Directional 


Most SWR meters are not very accurate at low power 
levels because the detector diodes do not respond to low 
voltage in a linear fashion. This design uses a compen- 
sating circuit to cancel diode nonlinearity. It also pro- 
vides peak detection for SSB operation and direct SWR. 
readout that does not vary with power level. The follow- 
ing information is condensed from an article by John 
Grebenkemper, KI6WX, in January 1987 QST. 


DESIGN PRINCIPLES 


Directional wattmeters for Amateur Radio use con- 


sist of three basic elements: a directional coupler, a 
detector and а signal-processing and display circuit, A 
coupler samples forward and reflected-power 
components on a transmission line. An ideal directional 
coupler would provide signals proportional to the for- 
ward and reflected voltages (independent of frequency) 
Which could then be used to measure forward and re- 
flected power over a wide frequency range. The best con- 
temporary designs work over two decades of frequency 
The detector circuit provides a de output voltage 
proportional to the ac input voltage. Most directional watt- 


directio 


Table 1 

Performance Specifications for the Tandem Match 

Power range: 1.5 to 1500 W 

Frequency range: 1.8 to 54 MHZ 

Power accuracy: Better than + 10% (+ 0.4 dB) 

SWR accuracy: Better than = 5% 

Minimum SWR: Less than 1.05:1 

Power display: Linear, suitable for use with either analog 
or digital motors 

Calibration: Requires only an accurate voltmeter 


Wattmeter 


element. A z 
iinimize diode nonlinearity at low power levels. Diode 
non-linearity still causes SWR measurement 

it is compensated ahead of the display circuit. Most 
directional wattmeters do not work well at low power lev- 
els because of diode nonlinearity. 

‘The signal-processing and display circuits compute 
and display the SWR. There are a number of ways to per- 
form this function. Meters that display only the forward 
and reflected power require the operator to compute the 
SWR manually. Many instruments require that the 
‘operator adjust the meter to a reference level while mea- 
suring forward power, then switch to measure reflected 
power on a special scale that indicates SWR. Meters that 
directly compute the SWR using analog signal-process- 

rcuits have been described by Fayman, Perras. 


ele germanium diode as the detector 


manium, rather than silicon, diode is used 


Fig 10—The Tandem Match uses a pair of meters to 
forward power and true SWR 
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На 11—Block diagram of the Tandem Match. 


Leenerts 


11 Bailey (see the Bibliography at the end of 
this chapter) 

‘The next section takes a brief look at several popu: 
lar circuits that accomplish the functions above and com- 
pares them to the circuits used in the Tandem Match, The 
design specifications of the Tandem Match are shown in 
Table I, and a block diagram is shown in Fig 11. 

CIRCUIT DESCRIPTION 

A directional coupler consists of an input port, an out- 
put port and a coupled port. The device takes a portion of. 
the power flowing from the input port to the output port 
and directs it to the coupled port, but none of the power 
flowing from the output port to the input port is directed to 
the coupled port 

‘There are several terms that define the performance 
of a directional coupler: 

1) Insertion loss is the amount of power that is lost 
as the signal flows from the input port to the output port. 
Insertion loss should be minimized so the coupler doesn't 
dissipate a significant amount of the transmitted power 

2) Coupling factor is the amount of power (or volt- 

ге) that appears at the coupled port relative to the amount 
of power (or voltage) transferred from the input port to 
the output port. The “flatness” (with frequency) of the 
coupling factor determines how accurately the directional 
Wattmeter can determine forward and reflected power over 
а range of frequencies 
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3) Isolation isthe amount of power (or voltage) that 
appears at the coupled port relative to the amount of power 
(or voltage) transferred from the output port to the input 
роп. 

4) Directvity is the isolation less the coupling fac- 
tor. Directivity dictates the minimum measurable SWR. 
A directional coupler with 20 dB of directivity measures 
а 1:1 SWR as 1221, but one with 30 dB measures a 1:1 
SWR as 1.07:1 

"The directional coupler most commonly used in ama- 
teur radio was first described in 1959 by Bruene in OST 
(see Bibliography). The coupling factor was fairly flat 
(£1 dB), and the directivity was about 20 dB for a Bruene 
‘coupler measured from 3 to 30 MHz. Both factors limit 
the accuracy of the Bruene coupler for measuring low 
values of power and SWR. It is a simple directional cou- 
pler, however, and it works well over a wide frequency 

great precision is not required. 

‘The coupler used in the Tandem Match (see Fig 12) 
‘consists of a pair of toroidal transformers connected in 
tandem. The configuration was patented by Сап G. 
Sontheimer and Raymond E. Fredrick (US Patent no. 
3,426,298, issued February 4, 1969). It has been described 
by Perras, Spaulding (see Bibliography) and others. With 
coupling factors of 20 dB or greater, this coupler is suit 
able for sampling both forward and reflected power 

"The configuration used in the Tandem Match works 
well over the frequency range of 1.8 to 54 MHz, with a 
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rh w 
64 
— o 
Fig 12—Simplified diagram of the Tandem Match directional coupler. At A, a schematic of the two transformers. At В, 


an equivalent circuit. 


nominal coupling factor of 30 dB. Over this range, inser- ‘The coupler described here may overheat at 1500. 

tion loss is less than 0.1 dB. The coupling factor is flat to W on 160 meters (because of the high circulating current 

Within + 0.1 dB from 1.8 to 30 MHz, and increases to in the secondary of T2). The problem could be corrected 

only £0.3 dB at 50 MHz. Directivity exceeds 35 dB from Бу using a larger core or one with 

1.8 to 30 MHz and exceeds 26 dB at 50 MHz A larger core would require lon 
‘The low-frequency limit of this directional coupler — would decrease the hi 

is determined by the inductance of the transformer sec 


seater permeability 


er windings: that option 
sh-feequency limit 


ondary windings. The inductive reactance should be 
greater than 150 0 (three times the line characteristic im. 
pedance) to reduce insertion loss. The high-frequency limit 
of this directional coupler is determined by the length of 
the transformer windings. When the winding length ap- 
proaches a significant fraction 

performance deteriorates, 


of a wavelength, coupler 


Fig 13—Simplitied diagram of the detector circuit used 
in the Tandem Match. The output voltage, V. is rh 
approximately equal to the input voltage. DÍ and D2 
Must be a matched pair (see text). The op amp should 
have a low offset voltage (loss than 1 mV), a low 
'akage current (lass than 1 nA), and be stable ом 
time and temperature. The resistor and capacitor 
feedback path assure that the op amp will be stab 


sores . 


the 


14—Simpliied diagrams of the log circuit at A and 
the antilog circuit at B. 
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Fig 15—8сһетайс diagram for the Tandem Match directional wattmeter. Parts identified as RS ar 
For other parts sources, see Table 3. See Fig 17 for construction of 50-0 loads at J1 and J2. 


from RadioShack. 


Di, D2— Matched pair 1N5711, or equivalent, J1, 42—S0-239 connector 
рз, D4—Matched pair 1N5711, ог оз, J4— Open-ci 

D6, D7—IN34A. Mi, M2—80 pA рап 
D-D14—1N914, Q1, Оз, Q4—2N2222 or equiv. 


FB—Ferrite bead, Amidon FB-73-101 or equiv. 022112907 or equiv. 
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Detector Circuits 

Most amateur directional wattmeters use а germ 
ım diode detector to minimize the forward voltage drop. 
Detector voltage drop is still significant, however, and 
ап uncompensated diode detector does not respond to 
small signals in a linear fashion, Many directional watt- 
meters compensate for diode nonlinearity by adjusting 
the meter scale, 

‘The effect of underestimating detected power wors- 
ens at low power levels. Under these conditions, the ratio 
of the forward power to the reflected power is overos 
mated because the reflected power is always less than the 
forward power. This results in an instrument that underes- 
timates SWR, particularly as power is reduced. A direc- 
tional wattmeter can be checked for this effect by 
measuring SWR at several power levels: the SWR should 
be independent of power level. 

The Tandem Match uses a feedback circuit to com- 
pensate for diode nonlinearity. A simplified diagram of 
the compensated detector is shown in Fig 13. When used 
With the 30-dB directional coupler, the output voltage оГ 
this circuit tracks the square root of power over a range 
from 10 mW to 1.5 KW. The compensated diode detector 
tracks the peak input voltage down to 30 mV, while an 
uncompensated germanium-diode detector shows signi 
cant errors at peak inputs of 1 V and less. More inform 
tion about compensated detectors appears in 
Grebenkemper’s QEX article, “Calibrating Diode Detec- 
tors" (see Bibliography), 

‘The compensation circuit uses the vollage across 
feedback diode, D2, to compensate for the voltage drop 
across the detector diode, DI. (The diodes must be a 
matched pair.) The average current through DI is deter- 
mined by the detector diode load resistor, RI. The peak 
current through this diode is several times larger than the 
average current; therefore, the current through D2 must be 
several times larger than the average current through DI 
to compensate adequately for the peal voltage drop across 
DI. This is accomplished by making the feedback-diode 
load resistor, R2, several times smaller than R1. The volt- 
age at the output of the compensated detector approximates 
the peak RF voltage at the input. For Schottky barrier 
diodes and a 1 MO detector-diode load resistor, а 5:1 ratio 
of RI to R2 is nearly optimal. 


nal. processing and Display Circuits 
‘The signal-processing circuitry calculates and dis- 
plays transmission-line power and SWR. When measur- 
ing forward power, most directional wattmeters display 
the actual forward power present in the transmission lin 
Which is the sum of forward and reflected power if a match 
exists at the input end of the line. Transmission-line for- 
ward power is very close to the net forward power (the 
actual power delivered to the line) so long as the SWR is 
low. As the SWR increases, however, forward power 
becomes an increasingly poor measure of the power 


2744  Chapter27 


delivered to the load. At an SWR of 3:1, a forward power 

reading of 100 W implies that only 75 W is delivered to 

the load (the reflected power is 25 W), assuming the trans- 
ission-line loss is zero, 

‘The Tandem Match differs from most wattmeters in 
that it displays the net forward power, rather than the 
sum of forward and reflected power. This is the quantity 
that must be optimized to result in maximum radiated 
power (and which concerns the FCC). 

"The Tandem Match directly computes and displays 
the transmission-line SWR on a linear scale, As the dis- 
played SWR is not affected by changes in transmitter 
power, a matching network can be simply adjusted to 

inimize SWR. Transmatch adjustment requires only a 


few wats 

The heart of the Tandem Match signal-processing cir 
cuit is the analog logarithm and antilogarithm circuitry 
shown in Fig 14, The circuit is based on the fact that col- 
lector current in a silicon transistor is proportional to the 


exponential (antilog) of its base-emitter voltage over a 
range of collector currents from a few nanoamperes to а 
few milliamperes when the collector-base voltage is zero 
(see Gibbons and Horn reference in the Bibliography). 
Variations of this circuit are used in the squaring circuits 
to convert voltage to power and in the divider circuit used 
to compute the SWR. With good op amps, this circuit will 
work well for input voltages from less than 100 mV to 
greater than 10 V. 

(For the Tandem Match, “good” op amps are quad- 
packaged, low-power nption, unity-gain-stable 
parts with input bias less than 1 nA and offset voltage 
less than 5 mV. Op amps that consume more power than 
those shown may require changes to the power supply.) 


CONSTRUCTION 

‘The schematic diagram for the Tandem Match is 
shown in Fig 15 (see pages 14 and 15). The circuit is 
designed to operate from batteries and draw very litle 
power. Much of the circuitry is of high impedance, so 
lake care to isolate it from RF fields. House it in a metal 
‘case. Most problems inthe prototype were caused by stray 
RF in the op-amp circuitry. 


Directional Coupler 

‘The directional coupler is constructed in its own 
small (2%, х 2x bien aluminum box (see Fig 16). 
‘Two pairs of 80-239 connectors are mounted on opposite 
sides of the box. A piece of PC board is гип diagonally 
across the box to improve coupler directivity. The pieces 
‘of RG-8X coaxial cable pass through holes in the PC 
board, 

(Note: Some brands of "mini" cable have extremely 
low breakdown voltage ratings and ate unsuitable to carry 
even 100 W when the SWR exceeds 1:1. See the subse- 
quent section, “High-Power Operation,” for details of a 
‘coupler made with RG-8 cable.) 

Begin by constructing Т1 and Т2, which are identi 


Fig 16—Construction details for the direct 


Fig 17—The parallel load resistors mounted on an. 
90.239 connector. Four 200-0, 2%, '/=W resistors ar 
‘mounted in parallel to provide a 50-0 detector load. 


cal except for their end connections. Refer to Fig 16. The 
primary for each transformer is the center conductor of a 
length of RG-8X coaxial cable. Cut two cable lengths 
sufficient for mounting as shown in the figure. Strip the 
cable jacket, braid and dielectric as shown. The cable 
braid is used as a Faraday shield between the transformer 
18, so it is only grounded at one end. Important— 
connect the braid only at one end or the directional-cou- 
pler circuit will not work properly! Wind two transformer. 
secondaries, each 31 turns of #24 enameled wire on an 
Amidon T50-3 or equivalent powdere 
Slip each core over one of the prepared cable pieces 

both the shield and the outer insulation). Mount 

sct the transformers as shown in Fig 16, with the 
wire running through separate holes in the copper-clad PC 
board. The directional coupler can be mounted separately 


windir 


Fig 18—Diode matching test setup. 


from the rest of the circuitry if desired. If so, use two 
‘coaxial cables to carry the forward and reflected-power 
signals from the directional coupler to the detector inputs 
Be aware, however that any losses in he cables will affect 
power readings. 

"This directional coupler has not been used at power 
levels in excess of 100 W. For more information about 
using the Tandem Match at high power levels, see the 
section, “High-Power Operation.” 


Detector and Signal-Processing Circ 

‘The detector and signal-processing circuits were 
‘constructed on a perforated, copper-clad circuit board, 
‘These circuits use two separate grounds—ir is extremely 
important that the grounds be isolated as shown in the 
circuit diagram. Failure to do so may result in faulty cir- 
cuit operation, ounds prevent RF currents on 
the cable braid from affecting the op-amp circuitry, 

"The directional coupler requires good 50-0 loads. 
‘They are constructed on the back of female UHF chassis 
‘connectors where the cables from the directional coupler 
enter the wattmeter housing 
200-2 resistors connected from the center conductor of 


Each load consists of four 


ihe ИНЕ connector to the four holes on the mount 
fange, as shown in Fig 17. The detector diode is then run 
from the center conductor of the connector to the 
100-pF and 1000-pF bypass capacitors, which are mounted 
next to the connector. The response of this load and 
detector combination measures flat to beyond 500 MHz. 
Schouky-barrier diodes (уре INSTI1) were used in 
this design because they were readily available. Any RF. 
detector diode with a low forward voltage drop (less than 
300 mV) and reverse break-down voltage greater than 
30 V could be used. (Germanium diodes could be used in 
ibis circuit, but performance will suffer. If germanium di- 
‘odes ate used, reduce the resistance values for the detector 
diode and feedhack-diode load resistors by а factor of 10.) 
"The detector diodes must be matched. This can be 
done with de, using Fig 18. Use a 
high-impedance voltmeter (10 МО or greater). For this 
project, diodes are matched when their forward voltage 
drops are equal (within a few millivolts). Diodes from 
the same batch will probably be sufficiently matched. 
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Table 2 
Range-Switch Resistor Values 


Full-Scale Range Resistor 
Power Level (1% Precision) 
(m (ka 
1 232 
2 324 
3 m 
5 523 
10 768 
15 953 
20 nr] 
25 127 
30 14.0 
50 187 
100 287 
150 374 
200 464 
250 549 
300 63.4 
500 100.0 
1000 237.0 
1500 649.0, 
2000 Open 


The rest of the circuit layout is not critical, but keep 
the lead lengths of the 0.001 and 0.01-pF bypass capaci- 
tors short. The capacitors provide additional bypassing 
Tor the op-amp circuitry. D6 and D7 form a voltage dou- 
bler to detect the presence of a carrier. When the forward 
power exceeds 1.5 W, Q3 switches on and stays on until 
about 10 seconds after the carrier drops. (A connection 
from TPT to TP9 forces the unit on, even with no carrier 
present.) The regulated references of 42.5 V and -2.5 V 

епегме by the LM334 and two LM336s are critical. 
Zener-diode substitutes would significantly degrade per. 
formance. 

The four op amps in U1 compensate for the 
nonlinearity of the detector diodes. DI-D2 and D3-D4 
are the matched diode pairs discussed above. A RANGE 
switch selects the meter range. (A six-position switch was 
used here because it was handy.) The resistor values for 
the RANGE switch are shown in Table 2. Full-scale input. 
power gives an output at UIC or UID of 7.07 V. The 
forward and reflected-power detectors are zeroed with 
RI and R2. 

The forward and reflected-detector voltages are 
squared by U2, US and U6 so that the output voltages 
are proportional to forward and reflected power. The gain 
constants are adjusted using R3 and R4 so that an input. 
of 7.07 V to the squaring circuit gives an output of 5 V. 
"The difference between these two voltages is used by USB 
ко yield an output that is proportional to the power deliv- 
ered to the transmission line. This voltage is peak detected 
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(by an RC circuit connected to the OPERATE position of 
the MODE switch) to hold and indicate the maximum 
power during CW ог SSB transmissions. SWR is com- 
puted from the forward and reflected voltages by U3, U4 
and U7. When no carrier is present, Q4 forces the SWR. 
reading to be zero (that is, when the forward power is 
less than 2% of the full-scale setting of the RANGE switch). 
‘The SWR computation circuit gain is adjusted by R5. The 
‘output is peak detected in the OPERATE mode to steady 
the SWR reading during CW or SSB transmissions. 

‘Transistor arrays (US, U6 and U7) are used for the 
log and antilog circuits to guarantee that the tran 
Will be well matched. Discrete transistors may be used 
but accuracy may suffer. A three-position toggle switch 
selects the three operating modes. In the OPERATE mode 
the power and SWR outputs are peak detected and held 
for a few seconds to allow meter reading during actual 
transmissions. In the TUNE mode, the meters display in- 
stantaneous output power and SWR. 

A digital voltmeter is used to obtain more precise 
readings than are possible with analog meters. The out- 
put power range is 0 to 5 V (0 V = O W and 5 V = full 
scale). SWR output varies from 1 У (SWR = 1:1) 10 5 V 
(SWR = 5:1). Voltages above 5 V are unreliable because 
‘of voltage limiting in some of the op amp circuits 


cali 

‘The directional wattmeter сап be calibrated with an 
accurate voltmeter. АП calibration is done with de volt- 
ages. The directional-coupler and detector circuits are 
inherently accurate if correctly built. To calibrate the 
wattmeter, use the following procedure: 

1) Set the MODE switch to TUNE and the RANGE switch to 
100 W or less. 

2) Jumper TPT to TPS. This turns the unit on. 

3) Jumper TPL to TP2. Adjust RI for 0 V at TP3, 

4) Jumper ТРА to TPS. Adjust R2 for 0 V at TP6. 

5) Adjust RI for 7.07 V at ТРЗ. 

6) Adjust R3 for 5.00 V at TP, or a full-scale reading 
on MI 

7) Adjust R2 for 7.07 V at TP6, 

8) Adjust R4 for O V at TP9, or a zero reading on MI. 

9) Adjust R2 for 4.71 V at TP6, 

10) Adjust RS for 5.00 V at ТРІО, or a full-scale read- 

ing on M2. 

10) Set the RANGE switch to its most sensitive scale. 

12) Remove the jumpers from TP] to TP2 and ТРА to 

TPS. 

13) Adjust RI for 0 V at TP3. 
14) Adjust R2 for 0 V at TPS. 
15) Remove the jumper from TPT to TPS. 

‘This completes the calibration procedure. This pro- 
cedure has been found to equal calibration with expen- 
sive laboratory equipment. The directional wattmeter 
should now be ready for use. 


ation 


ACCURACY 

Performance of the Tandem Match has been com- 
pared to other well-known directional couplers and labo- 
ratory test equipment, and it equals any amateur 
directional wattmeter tested. Power measurement асс 
тасу compares well to a Hewlett-Packard HP-436A power 
meter. The HP meter has a specified measurement error 
of less than + 0.05 dB. The Tandem Match tracked the 
HP436A within 40.5 dB from 10 mW to 100 W, and 
Within + 0.1 dB from 1 W to 100 W. The unit was not 
tested above 100 W because a transmitter with a higher 
power rating was not available 

SWR performance was equally good when compared 
to the SWR calculated from measurements made with 
the HP436A and a calibrated directional coupler. The 
Tandem Match tracked the calculated SWR within + 5% 
for SWR values from 1:1 to 5:1. SWR measurements were 
made at 8 W and 100 W, 


OPERATION 

Connect the Tandem Match in the 50-0 line between 
the transmitter and the antenna matching network (ог 
antenna if no matching network is used). Set the RANGE 
switch to a range greater than the transmitter output rat- 
ing and the MODE switch to TUNE. When the transmitter 
is keyed, the Tandem Match automatically switches on 
and indicates both power delivered to the antenna and 
SWR on the transmission line, When no carrier is present, 
the OUTPUT POWER and SWR meters indicate zero. 

The OPERATE mode includes RC circuitry to mon 
tarily hold the peak-power and SWR readings during CW 
ог SSB transmissions. The peak detectors are not ideal, 
зо there could be about 10% variation from the actual 
power peaks and the SWR reading. The SWR x10 mode 
increases the maximum readable SWR to 50:1. This rang 
should be sufficient to cover any SWR value that occurs 
їп amateur use. (A 50-foot open stub of RG-8 yields a 
measured SWR of only 43:1, or less, at 2.4 MHz because 
of cable los. Higher frequencies and longer cables exhibit 
a lesser maximum SWR.) 

It is easy to use the Tandem Match to adjust an 
antenna matching network: Adjust the transmitter for 


minimum output power (at least 1.5 W). With the carrier 
fon and the MODE switch set to TUNE or SWR x10, adjust 
the matching network for minimum SWR. Once the mini- 
mum SWR is obtained, set the transmitter Lo the proper 
operating mode and output power. Place the Tandem 
Match in the OPERATE mode, 


DESIGN VARIATIONS 
‘There are several ways in which this design could 
be enhanced. The most important is to add UHF capabil- 
йу. This would require a new directional-coupler design 
for the band of interest. (The existing detector circuit 
should work to at least 500 MHz.) 
Those who desire a low-power directio 


I wattmeter 


can build a directional coupler with a 20-4В coupling fac- 
tor by decreasing the transformer turns ratio to 10:1. That 
version should be capable of measuring output power 
from 1 mW to about 150 W (and it should switch on at 
about 150 mW). 

This change should also increase the maximum 
operating frequency to about 150 MHz (by virtue of the 
shorter transformer windings). If you desire 1.8-MHZ 
‘operation, it may be necessary to change the toroidal соге 
material for sufficient reactance (low insertion loss) 

"The Tandem Match circuit can accommodate coaxial 
cable with a characteristic impedance other than 50 0. 
The detector terminating resistors, transformer second- 
aries and range resistors must change to match the new 
design impedance. 

The detector circuitry can be used (without the 
directional coupler) to measure low-level RF power in 
50-0 circuits. RF is fed directly to the forward detector 
(1, Fig 15), and power is read from the output power 
meter, The detector is quite linear from 10 pW to 1.5 W. 


HIGH-POWER OPERATION 

This material was condensed from information by 
Frank Van Zant, KL7IBA, in July 1989 OST. In April 
1988, Zack Lau, WIVT, described a directional-coupler 
circuit (based on the same principle as Grebenkemper’s 
circuit) for a ORP transceiver (see the Bibliography at 
the end of this chapter). The main advantage of Lau’s 
circuit is a very low parts count, 

Grebenkemper used complex log-antilog amplifiers 
to provide good measurement accuracy. This application 
gets away from complex circuitry, but retains reasonable 
measurement accuracy over the 1 10 1500-W range. It 
also forfeits the SWR-computation feature. Lau's cou- 
pler uses ferrite toroids, It works well at low power lev- 
els, but the ferrite toroids heat excessively with high 
power, causing erratic meter readings and the potential 
for burned parts. 


The Revised Design 

Powdered-iron toroids are used for the transformers 
in this version of Lau's basic circuit. The number of turns 
fon the secondaries was increased to compensate for the 
lower permeability of powdered iron. 

‘Two meters display reflected and forward power (see 
Fig 19). The germanium detector diodes (DI and D2— 
1N34) provide fairly accurate meter readings, particularly 
if the meter is calibrated (using R3, R4 and RS) to place 
the normal transmitter output at mid scale. Ifthe wind- 
ng sense of the transformers is reversed, the meters are 
transposed (the forward-power meter becomes the re- 
flected-power meter, and vice versa). 


Construction 

Fig 20 shows the physical layout of the coupler. The 
pickup unit is mounted in а 3%x % 4-inch box. The 
meters, PC-mount potentiometers and HIGH/LOW power 
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Fig 19— Schematic diagram of the high-power directional cou 
RI and R2 are 47 or 5140, /-W resistors. СТ and C2 have S00-V ratings, The secondary windings of T1 and T2 each 
consist of 40 turns of #26 to #30 enameled wire on T-68-2 powdered-iron toroid cores. 

existing antenna tuner, the primary of T1 can be part of the tuner coaxial output line. The 
(Mî and M2) are connected to the coupler box at J1 and J2 via P1 and P2. 


Di and D2 a 


sia list Рие ore рий ше аана © ST velk > уйны 
from the suppliers listed in Table 3. коз 4 


‘The primary windings of TI and T2 are constructed — 
much as Grebenkemper described, but use RG-8 with its эй 5% 
jacket removed so that the core and secondary winding may po 

fit over the cable. The braid is wrapped with fiberglass tape So — 
to insulate it from the secondary winding. An excellent al Мане a 
ternative to fiberglass tape with even higher RF volt . — 
breakdown characteristies—is ordinary plumbers Teflon b, Ed 
pie tape, available a most hardware stores, 

The transformer secondaries are wound on T-68-2 Pn He 
powdered-iron toroid cores. They are 40 turns of 426 to тоза een 
#30 enameled wire spread evenly around euch core. By 

426 o #30 wire on the cores, the cores slip over the 


tape-wrapped RG-8 lines. With #26 wire on the toroids, a 
layer of tape (slightly more with Teflon tape) over © Fig 20—Directional-coupler construction details 
the braid provides an extremely sm Grommets or feedthrough insulators can be used to 
Medos еи route the secondary winding of T1 and Т2 through the 
care when fitting the cores onto the RG-8 as rr ert lech bea saree os ths 


it for the core, Use 
mblies. 


After the toroids are mounted on the RG-8 sections, 
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Table 3 
Parts Sources 

(Also see Chapter 21) 

Components Source 

TLe-series Newark Electronics 


апа CA3146 ICs 4801 N Ravenswood St 
Chicago, IL 60640 
773-784-5100 

Digi-Key Corporation 

701 Brooks Ave 8 

PO Box 677 

Thiet River Falls, MN 56701 
800-344-4539 

Amidon Associates 

240 & 250 Briggs Ave 
Costa Mesa, CA 92626 
714-850-4660 

Fair Radio Sales 

PO Box 1105 

Lima, OH 45804 
419-227-6573 

Palomar Engineers 

PO Box 462222 
Escondido, CA 92048 
760-747-3343 

Surplus Sales of Nebraska. 
1502 Jones St 

‘Omaha, NE 68102 
402-346-4750 


LM334, LM336, 
1% resistors, 
trimmer potentiometers 


Toroid cores, 
Fiberglass tape 


Meters 


тоо cores 


0-150/1500-W-seale 
meters, A&M model по. 
256-138, 1NS711 diodes 


coat the assembly with General Cement Corp Polysty- 
тепе © Dope, or use a spot or two of RTV sealant to hold 
the windings in place and fix the transformers on the 
RG-8 primary windings 


An Inexpensive VHF 


Precision in-line metering devices capable of read- 
ing forward and reflected power over a wide range of 
frequencies are very useful in amateur VHF and UHF 
work, but their rather high cost puts them out of the reach 
of many VHF enthusiasts. The device shown in Fi 

through 16 is an inexpensive adaptation of their basic 
principles. It can be made for the cost of a meter, а few 
small parts, and bits of copper pipe and fittings that can 
be found in the plumbing stocks at many hardware stores. 


Construction 


The sampler consists of a short section of handmade 
coaxial line, in this instance, of 50 © impedance, with a 


Mount а PC-board shield in the center of the box, 
between TI and T2, to minimize coupling between the 
transformers. Suspend TI between the 50.239 connec- 
tors and T2 between two standoff insulators, The detec- 
tor circuits (СІ, C2, DI, D2, RI and R2) are mounted 
inside the coupler box as shown. 


Calibration, Tune Up and Operation 
‘The coupler has excellent directivity. Calibrate the 
meters for various power levels with an RF ammeter and 
а 50-0 dummy load. Calculate PR for each power level, 
and mark the meter faces accordingly. Use R3, R4 and 
RS to adjust the meter readings within the ranges. Di- 
ode nonlinearities are thus taken into account, and 
Grebenkemper's signal-processing circuits are not 
needed for relatively accurate power readings. Start the 
tune-up process using about 10 W, adjust the antenna 
tuner for minimum reflected power, and increase power 
while adjusting the tuner to minimize reflected power. 
‘This circuit has been built into several antenna tun- 
ers with good success. The instrument works well at 
L5-kW output on 1.8 MHz. It also works well from 3.5 
to 30 MHz with 1.2 and 1.5-KW output 
The antenna is easily tuned for a 1:1 SWR usi 
the null indication provided. Amplifier settings for a 
matched antenna, as indicated with the wattmeter, 
closely agreed with those for a 50-0 dummy load, 
Checks with a Palomar noise bridge and a Heath An- 
tenna Scope also verified these findings. This circuit 
should handle more than 1.5 kW, as long as the SWR 
‘on the feed line through the wattmeter is kept at or near 
1:1. (On one occasion high power was applied while 
ot coupled to a load, Naturally 
the SWR was extremely high, and the output transformer 
secondary winding opened like a fuse. This resulted from 
the excessively high voltage across the secondary. The 
damage was easily and quickly repaired.) 


the antenna tuner was 


Directional Coupler 


reversible probe coupled to it. A small pickup loop built 
into the probe is terminated with а resistor at one end and 
а diode at the other. The resistor matches the impedance 
‘of the loop, not the impedance of the line section. En- 
ergy picked up by the loop is rectified by the diode, and 
the resultant current is fed to a meter equipped with a 
calibration control 

‘The principal metal parts of the device are a brass 
plumbing T, a pipe cap, short pieces of inch ID and 
Lech OD copper pipe, and two coaxial fittings. Other 
available tubing combinations for 50-3 line may be us 
able, The ratio of outer conductor ID to inner conductor. 
OD should be 2.4/1. For a sampler to be used with other 
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Fig 21—Circuit diagram for the ine 

sampi 

C1—300-pF feedthrough capacitor, 
solder. type. 


C2--1000-pF feedthrough capacitor, 


18270, 1N295, or similar 

ол, J2 Coaxial connector, type N 
(UG-seA). 

LI Pickup loop, copper strap 1-inch 
long x inch wide. Bend into "C" 
shape with flat portion “inch 


M1—0-100 pA meter 

RI— Composition resistor, 82 to 
100 0. See text. 

R3—50-kà composition control, 
linear taper. 


impedances of transmission line, see Chapter 24 for suit- 
able ratios of conductor sizes. The photographs and 
Fig 21 show construction details 

Soldering of the large parts can be done with a 
300-watt iron or a small torch. A neat job can be done if 
the inside of the T and the outside of the pipe are tinned 
before assembling. When the pieces are reheated and 
pushed together, a good mechanical and electrical bond 
will result. If a torch is used, go easy with the heat, as an 
overheated and discolored fitting will not accept solder 
well 


Coaxial connectors with Teflon or other heat-resis- 
insulation are recommended. Type N, with split ing 
retainers for the center conductors, are preferred. Pry the 
splitting washers out with a knife point or small screw- 
driver. Don't lose them, as they'll be needed in the final 
assembly, 

‘The inner conductor is prepared by making eight 
radial cuts in one end, using a coping saw with a fine- 
toothed blade, o a depth of Y inch. The fingers so made 
are then bent together, forming a tapered end, as shown 
in Figs 22 and 23, Solder the center pin of a coaxial fit- 
ting into this, again being careful not to overheat the work 
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Fig 22—Major components of the line sampler. The 
brass T and two end sections are at the upper left in 
this picture. A completed probe assembly is at the 
Fight. The N connectors have their center pins 
removed. The pins 

left end of the inn 
the right foreground, 


In preparation for soldering the body of the coax 
connector to the copper pipe, it is convenient to use a 
similar fitting clamped into a vise as a holding fixture. 
Rest the T assembly on top, held in place by its own 
weight. Use the partially prepared center conductor to 
assure that the coax connector is concer 


rie with the outer 
ls of the pipe are 
‘cut exactly perpendicular to the axis, apply heat to the 
coax fittin sh so а smooth fillet of sol- 


conductor. After being sure that the er 


г using just enol 
der can be formed where the flange and pipe meet. 

Before completing the center conductor, check its 
length. It should clear the inner surface of the connector 
ву the thickness of the split ring on the center рїп. File to 
length: if necessary, slot as with the other end, and solder 
the center pin in place. The fitting can now be soldered 
onto the pipe, to complete the 50-0 line section. 

"The probe assembly is made from a 1': inch length 
of the copper pipe, with pipe cap on the top to support 
the upper feedthrough capacitor, C2. The coupling loop 
is mounted by means of small Teflon standoffs on a cop- 
per disc, cut to fit inside the pipe. The disc has four small 
labs around the edge for soldering inside the pipe. The 
diode, D1, is connected between one end of the loop and 
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Fig 23 Cross-section view of the line samp! 


The pickup loop is supported by two Teflon standoff insulators. 


‘The probe body is secured in place with one or more locking screws through holes in the brass T. 


2500 pr feedthrough capacitor, СІ, soldered into the disc. 
The terminating resistor, RI, is connected between the 
other end of the loop and ground, as directly as possible 

When the disc assembly is completed, insert it into 
the pipe, apply heat to the outside, and solder the tabs in 
place by melting solder into the assembly at the labs. The 
position of the loop with respect to the end of the pipe 
wil determine the sensitivity of a given probe. For power 
levels up to 200 wats the loop should extend beyond the 
face of the pipe about ‘Yo inch. For use at higher power 
levels the loop should protrude only Je inch. For ope 
tion with very low power levels the best probe position 
саа be determined by experiment 

‘The decoupling resistor, R2, and feedthrough capaci- 
tor, C2, can be connected, and the pipe сар put in place, 
The threaded portion of the capacitor extends through 
the cap. Put a solder lug over it before tightening its nut 
їп place, Fasten the cap with two small screws that go 
into threaded holes in the pipe, 


с 

The sampler is very useful for many jobs even if it 
is not accurately calibrated, although it is desirable to 
calibrate it against a wattmeter of known accuracy. A good 
50-0 VHF dummy load is require. 

The first step is to adjust the inductance of the loop, 
or the value of the terminating resistor, for lowest reflected 
power reading. The loop is the easier to change. Filing it 
to reduce its width will increase its impedance. Inereas 


ation 


ing the cross-section of the loop will lower the imped- 
ance, and this ean be done by coating it with solder. When 
the reflected power reading is reduced as far as possible, 
reverse the probe and calibrate for forward power by 
increasing the transmitter power output in steps and mak- 
ing a graph of the meter readings obtained. Use the cali- 
bration control, R3, to set the maximum reading. 


Var 


ns 


sampler for monitoring both 
forward and reflected power by repeatedly reversing the 


Rather tha 


sections in a 


0 
forward and reflected power without probe reversal. 
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probe, itis better to make two assemblies by mounting 
two T fittings end-to-end, using one for forward and one 
for reflected power. The meter can be switched between 
the probes, or two meters can be used, 

The sampler described was calibrated at 146 MHz. 
as it was intended for repeater use. Or 
meter readin 


her bands the 


will be higher for a given power level, and 
it will be lower for lower frequency bands. Calibration 
for two or three adjacent bands can be achieved by mak 
ing the probe depth adjustable, with stops or marks to aid 
їп resetting for a given band. Of course more probes can 
be made, with each probe calibrated for a given band, as 


is done in some of the commercially available units. 


Other sizes of pipe and fittings can be used by mak 


ing use of information given in Chapter 24 to select 

aductor sizes required for the desired impedances. 
(Since it is occasionally possible to pick up good bar- 
gains in 75-02 line, a sampler for this impedance might 
be desirable.) 

Туре-М fittings were used because of their constant 
impedance and their ease of assembly. Most have the split- 
ring retainer, which is simple to use in this application. 
Some have a crimping method, as do apparently all BNC 
‘connectors. If a fitting must be used and cannot be taken 
apart, drill a hole large enough to clear a soldering-iron 


tip in the copper pipe outer conductor. A hole of up to 
inch diameter will have very little effect on the opera- 
tion of the sampler. 


A Calorimeter For VHF And UHF 
Power Measurements 


A quart of water in a Styrofoam ice bucket, a roll of 
small coaxial cable and a thermometer are all the neces 
sary ingredients for an accurate RF wattmeter. Its cali 
bration is independent of frequency. The wattmeter works 
on the calorimeter principle: A given amount of RF ener 
is equivalent to an amount of heat, which can be deter 
mined by measuring the temperature rise of a known 
quantity of thermally insulated material. This principle 
is used in many of the more accurate high-power watt. 
meters, This procedure was developed by James Bowen, 
WAAZRP, and was first described in December 1975 057. 
"The roll of coaxial cable serves as a dummy load to. 
convert the RF power into heat. RG-174 cable was cho 
sen for use as the dummy load 


this calorimeter because 
of its high loss factor, small size, and low cost. It is a 
standard 50-62 cable of approximately 0.11 inch dian 
eter. A prepackaged roll marked as 60 feet long, but mea- 
sured to be 68 feet, was purchased at а local electronics 
store. A plot of measured RG-174 loss factor as a func- 
tion of frequency is shown in Fig 25. 

In use, the end of the cable not connect 


tothe 
mitter is left open-circuited. Thus, at 50 MHz, the 
reflected wave returning to the transmitter (after making 
а round trip of 136 feet through the cable) is 6.7 dB x 
1,36 = 9.11 dB below the forward wave. A reflected wave 
9.11 dB down represents an SWR to the transmitter of 
2.08:1. While this value seems larger than would be 
desired, keep in mind that most S0-MHz. transmitters can 
be tuned to match into an SWR of this magnitude effi 
ciently. To assure accurate results, merely tune the trans- 
milter for maximum power into the load before making 
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Fig 25— Loss factor of RG-174 coax used in the 
calorimeter. 


Table 4 


Calculated Input SWR for 68 Feet of Unterminated 
RG-174 Cable 


Frog. (MHz) SWR 
50 2.08 
144 1.35 
220 120 
432 1.08 

1296 1.009 

2304 1.0003 


the measurement. At higher frequencies the cable loss 
increases so the SWR goes down. Table 4 presents the 
calculated input SWR values at several frequencies for 
68 feet of RG-174. At 1000 MHz and above, the SWR. 
caused by the cable connector will undoubtedly exceed 
the very low cable SWR listed for these frequencies. 

In operation, the cable is submerged in a quart of 
water and dissipated heat energy Flows from the cable into 
the water, raising the water temperature. See Fig 26. The 
calibration of the wattmeter is based on the physical fact 
that one calorie of heat energy will raise one gram of liq- 
uid water 1° Celsius. Since one quart of water contains 
946.3 grams, the transmitter must deliver 946.3 calories 
of heat energy to the water to raise its temperature 1° C. 
Опе calorie of energy is equivalent to 4.186 joules and a 
joule is equal to 1 W for I second. Thus, the heat capaci- 
tance of 1 quart of water expressed in joules is 
946.3 x 4.186 = 3961 joules!” C. 

‘The heat capacitance of the cable is small with re- 
spect to that of the water, but nevertheless its effect should 
be included for best accuracy. The heat capacitance of 
the cable was determined in the manner described below 


The 68-foot roll of RG-174 cable was raised to a uniform 
temperature of 100° C by immersing it in a pan of boil- 
ing water for several minutes. A quart of tap water was 
poured into the Styrofoam ice bucket and its temperature 


-The calorimeter ready for use. The roll of 
cable is immersed in one quart of water in the 
left-hand compartment of the Styrofoam container. Also 
shown is the thermometer, which doubles as a stirring 
тоа. 


Fig 26. 


was measured at 28.7" C. the cable was then transferred 
quickly from the boiling water to the water in the ice 
bucket, After the water temperature in the ice bucket had 
ceased to rise, it measured 33.0° C. Since the total heat 
gained by the quart of water was equal to the total heat 
lost from the cable, we can write the following equatio 


Toe Султек) = aT cas 


where. 
ATwarex = the change in water temperature 
Солт = the water heat capacitance 


Aca = the change in cable temperature 


Canis: = the cable heat capacitance 
Substituting and solving 
(33.0 — 28.7)3961) = — (33.0 — 100 Cu 


‘Thus, the total heat capacitance of the water and 

cable in the calorimeter is 3961 + 254 = 4215 joules? С. 

9" C, the total heat capacitance can also Бе 
2342 joules? F. 


Since | 
expressed as 4215 x 5/9 
Materials and Construction 

‘The quart of water and cable must be thermally 
insulated to assure that no heat is gained from or lost to 
the surroundings. A Styrofoam container is ideal for this 
purpose since Styrofoam has a very low thermal conduc 
tivity and a very low thermal capacitance, А local variety 
Моге was the source of a small Styrofoam cold chest with 
compartments for earryin 
‘The rectangular compartment for sandwiches was found 
to be just the right size for holding the quart of water and 


sandwiches and drink cans. 


"The thermometer can be either a Celsius or Fahren- 
heit type, but try to choose one that has divisions for each 
degree spaced wide enough so that the temperature can 
be estimated readily to one-tenth degree. Photographic 
supply stores carry darkroom thermometers, which are 
ideal for this purpose. In general, glass bulb thermom- 
eters are more accurate than mechanical dial-pointer 
types. 

"The RF connector on the end of the cable should be 
ice type. A BNC type connector espe- 
ned for use on 0.1 -inch diameter cable was 
located through surplus channels. If you cannot locate 
one of these, wrap plastic electrical tape around the cable 
near its end ший the diameter of the tape wrap is the 
same as that of RG-58. Then connect a standard BNC 
‘connector for RG-58 in the normal fashion. Carefully seal 
the opposite open end of the cable with plastic tape or 
silicone caulking compound so no water can leak into 
the cable at this point. 


Procedure for Use 

Pour 1 quart of water (4 measuring cups) into the 
Styrofoam container. As long as the water temperature is 
not very hot or very cold, it is unnecessary to cover the 
top of the Styrofoam container during measurements 
Since the transmitter will eventually heat the water sev 


Antenna and Transmission-Line Measurements 27-23 


tially a few degrees cooler than at 
temperature is ideal because the average water temper 
ture will very nearly equal the air temperature and heat 
transfer to the air will be minimized. 

‘Connect the RG-174 dummy load to the transmitter 
through the shortest possible le 
such as RG-8, Tape the connectors and adapter at the 
RG-8 to RG-174 joint carefully with plastic tape to pre- 
vent water from leaking into the connectors and cable at 
this point. Roll the RG-174 into a loose coil and submerge 
it in the water. Do not bind the turns of the coil together in 
апу way, as the water must be able to freely circulate 
among the coaxial cable turns. All the RG-174 cable must 
be submerged in the water to ensure sufficient cooling 
Also submerge part of the taped connector attached to the 
RG-174 as an added precaution. 

Upon completing the above steps, quickly tune up 
the transmitter for maximum power output into the load, 
Cease transmitting and stir the water slowly for a minute 
ог зо until is temperature has stabilized. Then measure 
the water temperature as precisely as possible. After the 
initial temperature has been determined, begin the test 


of lower loss cable 
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Fig 27—Nomogram for finding transmitter power output 
for the calorimeter, 
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transmission, measuring the total number of seconds of 
Key-down time accurately. Stir the water slowly with the 
thermometer and continue transmitting until there is a 
ificant rise in the water temperature, say 5° to 10°. 
‘The test may be broken up into a series of short periods, 
as long as you keep track of the total key-down time. 
When the test is completed, continue to stir the water 
slowly and monitor its temperature. When the tempera- 
ture ceases to rise, note the final indication as precisely 
as possible 
"To compute the transmitter power output, multiply 

the calorimeter heat capacitance (4215 for С or 2342 
for F) by the diffe 
perature, Then divide by the total number of seconds of 
key-down time. The resultant is the transmitter power in 
watts. A nomogram that can also be used to find trans- 

jitter power output is given in Fig 27. With a straight 
line, connect the total number of key-down seconds in 
the time column to the number of degrees change (F ог 
C) in the temperature rise column, and read off the trans- 

er power output at the point where the straight line 
crosses the power-ouput column, 


tial and final water tem- 


Power Limitation 
The maximum power handling capability of the calo- 
rimeter is limited by the following. At very high powers 
the dielectric material in the coaxial line will melt because 
of excessive heating or the cable will arc over from 
excessive voltage. As the transmitter frequency gets 
higher, the excessive-heating problem is accentuated, as 
оге of the power is dissipated in the first several feet of 
cable. For instance, at 1296 MHz, approximately 10% of 
the transmitting power is dissipated in the first foot of 
cable. Overheating сап be prevented when working with 
high power by using a low duty cycle to reduce the aver- 
age dissipated power. Use a series of short transmissions, 
such as two seconds on, ten seconds off. Keep count of 
the total key-down time for power calculation purposes 
Ifthe cable ares over, use a larger-diameter cable, such 
as RG-58, in place of the RG-174, The cable should be 
long enough to assure that the reflected wave will be down 
10 dB or more at the input. It may be necessary to use. 
more than one quart of water in order to submerge all the 
cable conveniently. If so, be sure to calculate the new 
Value of heat eapacitance for the larger quantity of water 
Also you should measure the new coaxial cable heat 
‘capacitance using the method previously described. 


A Noise Bridge For 1.8 Through 30 MHz 


The noise bridge, sometimes referred to as an antenna. 
(RX) noise bridge, is an instrument for measuring the im- 
pedance of an antenna or other electrical circuits. The unit 


shown here in Fig 28, designed for use in the 1.8 through 
30-MHz rang 


measurements, Battery operation and small physical size 


provides adequate accuracy for most 


make this unit ideal for remote-location use. Tone modula- 
tion is applied to the wide-band noise generator as an aid 
for obtaining a null indication. A detector, such as the 


station receiver, is required for operation. 
‘The noise bridge consists of two parts—the noise 


generator and the bridge circuitry. See Fig 29. A 6.8-V 


Fig 28—Exterior and interior views of the noise bridge. 
‘The unit is finished in red enamel. Press-on lettering is 
used for the calibration marks. Note that the 
potentiometer must be isolated from ground 


65. we, 000,000 


Fig 29 Schematic diagram of the noise bridge. Use Y. W composition resistors. Capacitors are miniature ceramic 
units unless indicated otherwise. Component designations indicated in the schematic but not called out in the parts 


st are for text and parts-placement reference only. 
BT1—9-V battery, NEDA 1604A or equi 

C1—15- to 150-pF variable 

C2—20-pF mica. 

C3—47-pF mica, 

C4 82-5F mica. 

J1, J2 Coaxial connector. 
Ri- Linear, 250 0, AB type. Use a good grade of resistor. 
S1, S2—Toggl 


T1—Transtormer; 3 windings on an Amidon BLN-43- 
2402 ferrite binocular core. Each winding is three 
turns of 430 enameled wire. One turn is equal to the 

passing once through both holes in the coro. The 


VI Timer, NESSS or equiv. 
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Zener diode serves as the noise source. U1 generates an 
approximate 50% duty cycle, 1000-Hz square wave sig 
nal which is applied to the cathode of the Zener diode. 
"The 1000-Hz modulation appears on the noise signal and 
provides a useful null detection enhancement efect. The 
broadband-noise signal is amplified by Q1, Q2 and asso- 
ciated components to a level that produces an approxi 
mate S9 signal in the receiver. Slightly more noise is 
available at the lower end of the frequency range, as no 
frequency compensation is applied to the amplifier. 
Roughly 20 mA of current is drawn from the 9-V bat 
tery, thus ensuring long battery life— providing the power 


—— 


Fig 30—Etching pattern or the noise bridge PC board, at 
actual size. Black represents copper. This is the pattern 
for the bottom side of the board. The top side of the 
Board is a complete ground plane with a small amount 
of copper removed from around the component holes. 


A 


Fig 31—Parts-placemont guide for tho noise bridge as 
viewed from the component or top sido of the board. 
located in two corners of the board, 
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is switched off after use! 
The bridge portion of the circuit consists of TI, CL 
C2 and RI. TI is а trifilar wound transformer with one of 
the windings used to couple noise energy into the bridge 
circuit. The remaining two windings are arranged so that 
‘each one is in an arm of the bridge. CI and RI complete 
one arm and the UNKNOWN circuit, along with C2, com. 
prise the remainder of the brid, 
RCVR is for connection to the detector. 
‘The reactance range of a noise bridge is depend. 
оа several factors, including operating frequency, value 
of the series capacitor (C3 ог C3 plus C4 in Fig 29) and 
the range of the variable capacitor (CI in Fig 29). The 


e. The terminal labeled 


RANGE switch selects react 
toward either capacitance or inductance by placis 
parallel with C3. The zero-reactance point occurs when 
CI is either nearly fully meshed or fully unmeshed. The 
RANGE switch nearly doubles the resolution of the 
reactance readings. 


CONSTRUCTION 


‘The noise bridge is contained in a homemade alu- 


minum enclosure that measures 5 x 2 x 3%. inches. 
Many of the circuit components are mounted on a circuit 
board that is fastened to the rear wall of the cabinet. The 
circuit-board layout is such that the lead lengths to the 
board from the brid 

minimum. An etching pattern and a parts-placement g 
for the circuit board аге shown in Figs 30 and 31. 

Care must be taken when mounting the potentiom 
eter, RI. For accurate readings the potentiometer must 
be well insulated from ground. Inthe unit shown this was 
accomplished by mounting the control оп a piece of 
plexiglass, which in turn was fastened to the chassis with 
а piece of aluminum an, 

Additionally, a "cinch control-shaft coupling and a 
length of phenolic rod were used to further isolate the 
control from ground where the shaft passes through the 
front panel. A high-quality potentiometer is required ir 
good measurement results are to be obtained 

There is no such problem when mounting the vari- 
able capacitor because the rotor is grounded, Use a h 
quality capacitor: do not try to save money on that 
component, Two RF connectors on the rear panel are con- 


e and coaxial connectors are at a 
ide 


le stock, 


nected to a detector (receiver) and to the UNKNOWN cir 
cuit. Do not use plastic-insulated phono connectors (they 
might influence bridge accuracy at higher frequencies). 
Use miniature coaxial cable (RG-174) between the RCV 
connector and circuit board. Attach one end of C3 to the 


circuit board and the other directly to the UNKNOWN cir 


Bridge Compensation. 

Stray capacitance and inductance in the bridge cir 
cuit can affect impedance readings. If a very accurate 
bridge is required, use the following steps to counter the 
effects of stray reactance. Because the physical location 
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Fig 32—Construction details of the resistive loads used 
to check and calibrate the noise bridge. Each of the 
loads is constructed inside a coaxial connector that 
matches those on the bridge. (Views shown are cross- 
Sections of PL-259 bodies; the sleeves are not shown.) 
Leads should be kept as short as possible to minimize 


load used to determine the loss in a coaxial cable. 


of the board, connectors and controls in the cabinet 
determine where compensation is needed, there is no pro- 
vision for the compensation components on the printed 
circuit board. 

Good calibration loads are necessary to check the 
accuracy of the noise bridge. Four are needed here: a 
0-0 (short-circuit) load, а 50-0 load, a 180-0 load, and 
а variable-resistance load. The short-circuit and fixed- 
resistance loads are used to check the accuracy of the 

wise bridge; the variable-resistance load is used when 
measuring coaxial-cable loss. 

Construction details of the loads are shown in 
Fig 32, Each load is constructed inside a connector. When 
building the loads, keep leads as short as possible to mini- 
mize parasitic effects. The resistors must be noninduc- 
tive (not wirewound). 

Quarter-watt, carbon-compositio 
work fine. The potentiometer in the variable-resistance 


resistors should 


load is a miniature PC-mount unit with а maximum 
resistance of 100 Q or less, The potentiometer wiper and 
‘one of the end leads аге connected to the center pin of 
the connector: the other lead is connected to ground, 


Stray Capacitance 
Stray capacitance on the variable-resistor side of the 
bridge tends to be higher than that on the unknown side 
This is so because the parasitic capacitance in the vari- 
able resistor, RI, is comparatively high. 

‘The effect of parasitic capacitance is most easily 
detected using the 180-0 load, Measure and record the 
actual resistance of the load, Ry, Connect the load to the 
UNKNOWN connector, place S2 in the X, position, tune 
the receiver to 1.8 MHz, and null the bridge. (See the 
section, "Finding the Null” for tips.) Use an ohmmeter 
across RI to measure its de resistance. The magnitude of 
the stray capacitance can be calculated by 


where 
R, = load resistance (as measured) 
RÎ = resistance of the variable resistor 
(C3 = series capacitance 
You can compensate for Cp by placing a variable 
‘capacitor, Ce, in the side of the bridge with lesser stray 
capacitance, IF RI is greater than Ry, stray capacitance is 
greater on the variable resistor side of the bridge: Place 
Ce between point U (on the circuit board) and ground. IF 
RI is less than Ry, stray capacitance is greater on the 
nown side: Place Cc between point B and ground. If 
the required compensating capacitance is only a few 
picofarads, you can use a gimmick capacitor (made by 
twisting two short pieces of insulated, solid wire together) 
for Cc. A gimmick capacitor is adjusted by trimming its 
length. 


(Eq4) 


Stray Inductance 
Parasitic inductance, if present, should be only a few 
tens of nanohenries. This represents a few ohms of induc- 
ice at 30 MHz. The effect is best observed by 
reading the reactance of the 0-2 test load at 1.8 and 
30 MHZ; the indicated reactance should be the same at 
both frequencies. 
If the reactance readin 


decreases as frequency is 
increased, parasitic inductance is greater in the known 
arm, and compensating inductance is needed between 
point U and C3. If the reactance increases with frequency, 
the unknown-arm inductance is greater, and compensat- 
ing inductance should be placed between point B and RI. 

Compensate for stray inductance by placing a single- 
turn coil, made from a 1 to 2-inch length of solid wire, in 
the appropriate arm of the bridge. Adjust the size of this 
coil until the reactance reading remains constant from 
1.8 to 30 MHz. 
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Calibration 

Good calibration accuracy is necessary for accurate 
noise-bridge measurements. Calibration of the resistance 
scale is straightforward. To do this, tune the receiver to а 
frequency near 10 MHz. Attach the 0-Q load to the 
UNKNOWN connector and null the bridge. This is the zero- 
resistance point; mark it on the front-panel resistance 
scale, The rest of the resistance range is calibrated by 
adjusting RI, measuring RI with an accurate oh 
calculating the increase from the zero point and 
the increase on the front panel 

Most bridges have the reactance scale marked in 
capacitance because capacitance does not vary wit 
quency. Unfortunately, that requires calibration curves or 
non-trivial calculations to arrive at the load reactance. 


An alternative method is to mark the reactance scale in 
ohms at a reference frequency of 10 MHz. This method 
calibrates the bridge near the center of its range and dis- 
plays reactance directly, but it requires a simple calcula- 
tion to scale the reactance reading for frequencies other 
than 10 MHz. The scaling equation is: 

10 


X) % 


(845) 
where 

f = frequency in MHz 

Худо = reactance of the unknown load at 10 MHz 

Хуа = reactance of the unknown load at f. 

A shorted piece of coaxial cable serves as a reac- 
tance source. (The reactance of a shorted, low-loss coaxial 
cable is dependent only on the cable length, the measu 
ment frequency and the cable characteristic impedance.) 
Radio Shack RG-8M is used here because it is readily 
available, has relatively low loss and has an almost purely 
resistive characteristic impedance. 

Prepare the calibration cable as follows: 


1) Cut a length of coaxial cable that is slightly longer 
than Y 2 at 10 MHz (about 20 feet for RG-8M) 
Attach a suitable connector to one end of the cable; 
leave the other end open-circuite. 

2) Connect the 0-0 load to the noise bridge UNKNOWN, 
connector and set the receiver frequency to 10 MHz. 
Adjust the noise bridge for a null. Do not adjust the 
reactance control after the null is found, 

3) Connect the calibration cable to the bridge UNKNOWN 
terminal. Null the bridge by adjusting only the vari- 
able resistor and the receiver frequency. The receiver 
frequency should be less than 10 MHZ; if it is above 
10 MHz, the cable is too short, and you need to pr 
pare a longer one. 

4) Gradually cut short lengths from the end of the 
coaxial cable until you obtain a null at 10 MHZ by 
adjusting only the resistance control. Then connect 
the cable center and shield conductors at the open 
end with a short length of braid. Verify that the bridge 
nulis with zero reactance at 20 MHz. 
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5) The reactance of the coaxial cable (normalized to 
10 MHz) can be calculated from: 


г г 
* ) = Ro an (22. 
ө) = Rot | x) 


(Eq 6) 
where 

Хи = cable reactance at 10 MHz 

Ry = characteristic resistance of the coaxial cable 


(52.5 Q for Radio Shack RG-8M) 
f= frequency in MHz 
The results of Eq 6 have less than 5% error for reac- 
tances less than 500 Q, so long as the test-cable loss is 
less than 0.2 dB. This error becomes significantly less at 
lower reactances (2% error at 300 Q for a 0.2-dB-loss 
cable). The loss in 18 feet of RG-8M is 0.13 dB at 
10 MHz. Reactance data for Radio Shack RG-8M is given 
їп Table 5. 


Table 5 
Noise Bridge Calibration Data: Coaxial-Cable 
Method 

This data is for Radio Shack RG-8M cable (A =52.5 2) 
cut to exactly 4 at 10 MHz; the reactances and capaci- 
tances shown correspond to this frequency. 


Reactance Capacitance 
X MHZ) X мн) CD) MHZ) 
io ams ~io 19376 10 — 9798 
20 4484-20 18722 20 эё? 
30 5262 -30 18048 30 9.440 
40 583 о 17368 40 9280 
50 6286 -50 16701 50 9130 
во 6647 -60 16062 60 8080 
70 6943 -70 15471 70 8.859 
B0 7.191 80 14996 в 8735 
90 7404 00 14462 00 8018 
100 7586 -100 14044 100 8508 
110 7747 -io 12682 110 — 8403 
120 7884 -120 13369 — 120 8.304 
130 8009  -130 13097 130 8.209 
140 8119 -м0 12861 140 — 8.119 

150 8217 -150 12.654 

160 8306 -160 12473 

170 8387 -170 12313 

180 8460  -180 12172 

190 8527 -190 12045 

200 8588 -200 11932 Ср) (MHz) 
210 8645 -210 1183 — -10 — 10219 
220 8.697 -220 11739 — -20 10459 
230 8746 -230 11685 — -30 10.721 
240 879 -240 11579 40 11010 
250 8.832  -250 11510 -50 11328 
260 га 11446 60 11679 
270 8908 11387 — -70 12.064 
280 вз 11383 80 12.484 
200 8975 11283 90 12035 
300 9005 11236 -100 13407 
350 9133 11045 110 13,887 
400 9232 10905  -120 14.357 
450 9311 10798 -130 — 14801 
500 9375 10713 2140 15211 


With the prepared cable and calibration values on 
hand, proceed to calibrate the reactance scale. Tune the 
receiver to the appropriate frequency for the desired 
reactance (given in Table 5, or found using Eq 6). Adjust 
the resistance and reactance controls to null the bridge. 
Mark the reactance reading on the front panel. Repeat 
this process until all desired reactance values have been 
marked. The resistance values needed to null the brid 
шїп this calibration procedure may be significant (п 
than 100 Q) at the higher reactances. 

This calibration 
using fixed capacitors across the UNKNOWN connector. 
Also, you can calibrate a noise bridge in less than an hour. 
using this method, 


ethod is much more accurate than 


ing the Null 

In use, a receiver is attached to the RCVR connec- 
tor and some load of unknown value is connected to the 
UNKNOWN terminal. The receiver allows us to hear the 
noise present across the bridge arms at the frequency оГ 
the receiver passband. The strength of the noise signal 
depends on the strength of the noise-bridge battery, the 
receiver bandwidth/sensitivity and the impedance differ- 
ence between the known and unknown bridge arms. The 

ise is stronger and the null more obvious with wide 
receiver passbands, Set the receiver to the widest band- 
Width AM mode available 

The noise-bridge output is heard as a 1000-Hz ton 
When the impedances of the known and unknown brid 
arms are equal, the voltage across the receiver is min 
mized; this is a null. In use, the null may be difficult to 
find because it appears only when both bridge controls 
approach the values needed to balance the bridge. 

To find the null, set CI to mid-scale, sweep RI 
slowly through its range and listen for a reduction in noise 
(it's also helpful to watch the S meter). If no reduction is 
heard, set RI to mid-range and sweep C1. If there is still 
no reduction, begin at one end ofthe С1 range and sweep 
RI. Increment Cl about 10% and sweep RI with each 
increment until some noise reduction appears. Once noise 
reduction begins, adjust CI and RI alternately for min 
mum signal 


MEASURING COAXIAL-CABLE PARAMETERS 
WITH A NOISE BRIDGE 

Coaxial cables have a number of properties that affect 

the transmission of signals through them. Generally, radio 

Amateurs are concerned with cable attenuation and char- 

acteristic impedance. If you plan to use a noise bridge or 

SWR analyzer to make antenna-impedance measurements, 

however, you need to accurately determine not just cable 

impedance and attenuation, but also electrical length. For- 

tunately, all of these parameters are easy to measure with 
ап accurate noise bridge or SWR analyzer. 


Cable Electrical Length 
With a noise bridge and a general-coverage receiver, 


you can easily locate frequencies at which the ine in ques- 
tion is a multiple of '/ A, because a shorted / A line has 
а 0-6) impedance (neglecting line loss). By locating two 


adjacent null frequencies, you can solve for the length of 


line in terms of . } at one of the frequencies and calcu- 
late the line length (overall accuracy is limited by bridge 
accuracy and line loss, which broadens the nulls). As an 
interim variable, you can express cable length as the fre- 
‘quency at which a cable is 1 à long. This length will be 
represented by f 2. Follow these steps to determine f A 
for a coaxial cable. 


1) Tune the receiver to the frequency range of interest. 
Attach the short-circuit load to the noise bridge 
UNKNOWN connector and null the bridge. 

2) Disconnect the far end of the coaxial cable from its 
Toad (the antenna) and connect it to the 0-0 test load 
Connect the near end of the cable to the bridge 

3) Adjust the receiver frequency and the noise-bridge 
resistance control for a null. Do not change the noise 
bridge reactance-contral setting during this proce 
dure. Note the frequency at which the null is found: 
call this frequency f, The noise-bridge resistance at 
the null should be relatively small (less than 20 Q). 

4) Tune the receiver upward in frequency until the next 
null is found. Adjust the resistance control, if neces- 
sary, to improve the null, ur do not adjust the reac 
tance control. Note the frequency at which this second 

ill is found; this is f n+2 
5) Solve Eq 7 forn and the electrical length of the cable 


) 


(Eg 8) 


able electrical length in quarter waves, at Г, 
frequency at which the cable is 12 
cable electrical length, in A. 


For example, consider a 74-foot length of Columbia 
1188 foam-dielectric cable (velocity factor = 0.78) to be 
used on the 10-meter band. Based on the manufacturer's 
specification, the cable is 2.796 A at 29 MHz. Мий» were 
found at 24.412 (fj) and 29.353 (уз) MHz. Eq 7 yields 

9.88, which produces 9.883 MHz from Eq 8 and 2.934 
1 for Eq 9. If the manufacturer's specification is correct, 
the measured length is off by less than 5%, which is very 
reasonable. Ideally, n would yield an integer. The differ- 
ence between n and the closest integer indicates that there 


This procedure also works for lines with an open 
circuit as the termination (n will be close to an odd num- 
ber). End effects from the PL-259 increase the effective 
length of the coaxial cable; however, this decreases the 
calculated fj. 
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Cable Characteristic Impedance 
‘The characteristic impedance of the coaxial cable is 
found by measuring its input impedance at two frequen- 
cies separated by '⁄ f. This must be done when the cable 
is terminated in a resistive load. 
pedance changes slowly as a fun 
of frequency, so his measurement must be done near the fre- 
quency of interest. The measurement procedure is as follows. 
1) Place the 50-0 load on the far end of the coaxial cable 
and connect the near end to the UNKNOWN connector 
of the noise bridge. (Measurement error is minimized 
when the load resistance is close to the characteristic 
impedance of the cable. This is the reason for using 
the 50-02 load.) 
the receiver approximately '/ f below the fr 
icy of interest. Adjust the bridge resistance and 
reactance controls to obtain a null, and note their read- 
ings as Ry and Xy. Remember, the reactance reading 
must be scaled to the measurement frequency. 
3) Increase the receiver frequency by exactly 1/4 fA. Null 
the bridge again, and note the readings as Rp and Xp. 
4) Calculate the characteristic impedance of the coaxial 
cable using Egs 10 through 15. A scientific calculator 
is helpful for this. 


‘Characteristic 


fo 
Я 


(549) 


Веки XxX (Eg 10) 


(Eq 11) 


(Eq 12) 


(Eq 13) 


(Eq 14) 


(Eg 15) 


ue With the example used earlier for cable 


h. The measurements аге: 
29.000 - (9.883 / 8) = 27.765 MHZ 
Ry = 640 

2 (10/2765 
27765 + (9.883/4 ) 


30.236 MHZ 


Cable Attenuation 

Cable loss can be measured once the cable elec 
cal length and characteristic resistance are known. The 
measurement must be made at a frequency where the 
cable presents no reactance, Reactance is zero when the 
‘cable electrical length is an integer multiple of 1/4. You 
‘can easily meet that condition by making the measure- 
ment frequency an integer multiple of . H., Loss at other 
frequencies can be interpolated with reasonable accur- 
acy. This procedure employs a resistor-substitution 
method that provides much greater accuracy than is 
achieved by directly reading the resistance from the noise- 
bridge scale 


1) Determine the approximate frequency at wh 
want to make the loss measurement by usi 


dt 


h you 


(Eq 16A) 
Round n to the nearest integer, then 


(Eg 16B) 


2) mis odd, leave the far end of the cable open; if n is 
even, connect the 0-0 load to the far end of the cable. 
Auach the near end of the cable to the UNKNOWN 
connector on the noise bridge. 

3) Set the noise bridge to zero reactance a 
то fI. Fine tune the receiver frequency and the noise- 
bridge resistance to find the null. 

4) Disconnect the cable from the UNKNOWN terminal 
and connect the variable-resistance calibration load 
їп its place. Without changing the resistance setting 
оп the bridge, adjust the load resistor and the bridge 
reactance to obtain a null 

5) Remove the variable-resistance load from the bridge 
UNKNOWN terminal and measure the load resis- 
tance using an ohmmeter that's accurate at low 
resistance levels. Refer to this resistance as В, 

6) Calculate the cable loss in decibels using 


КЕТ] 


(Eq 17) 


"To continue this example, Eq 16A gives n = 11.74, 
so measure the attenuation at n = 12. From Eq 16B, fl = 
29.649 MHZ. The input resistance of the cable measures 
12.1 Q with 0-0 load on the far end of the cable; this 
corresponds to a loss of 1.86 dB. 


USING A BRIDGE TO MEASURE THE 
IMPEDANCE OF AN ANTENNA 

"The impedance at the end of a transmission line can 
be easily measured using а noise bridge or SWR ana- 
lyzer. In many cases, however, you really want to mea- 
sure the impedance of an antenna—that is, the impedance 
of the load at the far end of the line. There are several 
ways to handle this, 


1) Measurements сап be made with the bridge at the 
antenna. This is usually not practical because the 

must be in its fi for the measure- 
making 
ment is certainly not very сопу, 

2) Measurements can be made at the source end of a 
coaxial cable—if the cable length is an exact integer 
multiple of J. A. This effectively restricts n 
ments to a single frequency. 

3) Measurements can be made at the source end of a 
coaxial cable and corrected using a Smith Chart as 
shown in Chapter 28. This graphic method can re- 
sult in reasonable estimates of antenna impedance — 

as the SWR is not too high and the cable is 

not too lossy. However, it doesn’t compensate for the 

complex impedance characteristics of real-world co- 

axial cables, Also, compensation for cable loss сап 

be tricky to apply. These problems, too, can lead to 
significant errors. 

4) Last, measurements can be corrected using the trans- 


use these measurements in the transmission-line equa. 
enna impedance at each 


tion to determine the actual 
frequency. 

Table 6 and Fig 33 give an example of such a calcu. 
lation. The antenna used for this example is a 10-meter 
inverted V about 30 feet above the ground. The arms of 
the antenna are separated by а 120" angle. Each arm is 
exactly 8 feet long, and the antenna is made of 414 wire, 
The feed line is the 74-Foot length of Columbia 1188 char- 
acterized earlier 

‘See Fig 33A. From this plot of impedance measure- 
ments, itis very difficult to determine anything about the 
antenna, Resistance and reactance vary substantially 


over this frequency range, and the antenna appears to be 
resonant at 27.7. 29.0 and 29.8 MHZ. 
‘The plot in Fig 33B shows the true antenna imped- 


sure the feed-line characteristics beforehand—mea- $. 3 
surements for which you need access to both ends of Н теже 
i é 

‘The procedure for determining antenna impedance * 
nect the antenna to the coaxial cable and measure the input s =" 
impedance of the cable at a number of frequencies. Then = 
Freq Ry N. 8 10MHZ N. RL X ^ aoe 
(MHz) (a) (0) © @ @ ж foot? ... 
270 sa 85 as м -65 I be 
272 60 95 349 26 -56 xe — 
276 о 40 145 32 -42 .* 
286 50 -40 140 4 6 = ¡PE ” 
ae 29 57 E Fig 33-Impedance plot of an inverted-V antenna cut for 
B4 ы „ 42 а и A rll of tener ag mca 
296 78 20 68 Te 26 74-foot length of Columbia 1188 coaxial cable. At B, the 
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ance. This plot has been corrected for the effects of the 
cable using the transmission-line equation, The true 
antenna resistance and reactance both increase smoothly 
with frequency. The antenna is resonant at 28.8 MHZ, with 
а radiation resistance at resonance of 47 0. This is no 
mal for an inverted V. 

"When doing the conversions, be careful not to n 


ke 
measurement errors. Such errors introduce more errors into 


the corrected data. This problem is most si 
the transmission line is near an odd multiple of a '/ û. and the 
line SWR and/or attenuation is high. Measurement errors are 

s in the input impedance or 
line characteristics appear as large changes in 


ized by making the measurements with а trans 
that is approximately an integer multiple of Ys. 


A Practical Time-Domain Reflectometer 


A time-domain reflectometer (TDR) is a simple but 
powerful tool used to evaluate transmission lines. When 
used with an oscilloscope, a TDR displays impedance 
“bumps” (open and short circuits, kinks and so on) in 
transmission lines. Commercially produced TDRS cost 
from hundreds to thousands of dollars each, but you can 
add the TDR described here to your shack for much less. 
This material is based on a OST article by Tom King, 
KDSHM (see Bibliography), and supplemented wit 
formation from the references. 


How a TDR Works 

A simple TDR consists of a square-wave 
and an oscilloscope. See Fig 34. The generator sends a 
train of de pulses down a transmission line, and the 
oscilloscope lets you observe the incident and reflected 
waves from the pulses (when the scope is synchronized 
to the pulses) 

A litle analysis of the scope display tells the nature 
and location of any impedance changes along the lin 
The nature of an impedance disturbance is identified by 

yaring its pattern to those in Fig 35. The patterns are 
based on the fact that the reflected wave from a distur- 
bance is determined by the 
the reflection coefficient of the disturbance. (The paste 
shown neglect losses: actual patterns may vary somewhat 
from those shown.) 

‘The location of a disturbance is calculated with a. 
simple proportional method: The round-trip time (to the 
disturbance) can be read from the oscilloscope screen 
(graticule). Thus, you need only read the time, multiply 
it by the velocity of the radio wave (the speed of light 
adjusted by the velocity factor of the transmission line) 
and divide by two. The distance to a disturbance is given 
by: 


icident-wave magnitude and 


983.6% VES 
E (Eq 18) 
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£ = line length in feet 
VF = velocity factor of the trar 
0 1010) 
1 = time delay in microseconds (ps). 
The Circuit 
‘The time-domain reflectometer circuit in Fig 36 con- 
sists of a CMOS 555 timer configured as an astable 
ultivibrator, followed by an MPS3646 tra 
as a 15-ns-risetime buffer. The timer provides a 71-KHz 
square wave. This is applied to the 50-02 transmission 
line under test (connected at J2). The oscilloscope is con- 
nected to the circuit at JI. 


„mission line (from 


Construction 


ега for the TDR is shown in Fig 37. 
part-placement diagram. The TDR is 
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Fig 35— Characteristic TOR patterns for various loads. The location of tho load can be calculated from tho transit. 


4, which is read from the oscilloscope (see text). R values can be calculated as shown (for p 


ly resistive 


loads only—p < 0 when R < Zo; p < 0 when R > Za). Values for reactive loads cannot be calculated simply. 


designed for a 4 x 3 x Linch enclosure (including the 
batteries). SI, Л and 12 are right-a 
nents. Two aspects of construction are critical. First use 
оту an MPS3646 for QI. This type was chosen for its 
good performance in this circuit. I you substitute another 
transistor, the circuit may not perform properly 
Second, for the TDR to provide accurate measur 

«ted to J1 (between the TDR and 
iust not introduce impedance mis- 
matches in the circuit. Do not make this cable from ordi 


-mounted compo- 


ments, the cable con 
the oscilloscope) 


nary coaxial cable. Oscilloscope-probe cable is the best 
thi 


ig to use for this connection 
(t took the author about a week and several phi 
calls to determine that scope-probe cable isn’t “plain old 
Probe cable has special characteristics that pre 


vent undesired ringing and other problems.) 

Mount a binding post at JI and connect a scope probe 
to the binding post when testing cables with the TDR. RS 
and C2 form a compensation network much like the net- 
works 


‘oscilloscope probes—to adjust for effects of 
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Fig 36— Schematic diagram of the time-domain ref 


istors are IW, 5% tolerance. U1 is a CMOS 555 


timer. Circuit current drain is 10 to 25 mA. When building the TDR, observe the construction cautions discussed in 
the text. C2 is available from Mouser Electronics, part no. ME242-8050. Rightangle BNC connectors for use at J1 
and J2 can be obtained from Newark Electronics, part no. 89W1578. 51 can be obtained from All Electronics, part по. 


NISW-1. An SPST toggle switch can also be used at 51. 


BOR” 


Fig 37 Fulrsize PC-board etching pattern for the TOR, 
Black areas represent unetched copper fol 


the probe wir, 
The TDR is designed to operate from de between 


3 and 9 V. Two C cells (in series —3 V) supply operati 


volt 


in this version. The circuit draws only 10 to 

25 mA, so the cells should last a long time (about 

200 hours of operation). Ul can function with supply volt- 
s as low as 2.25 to 2 


I you want to use the TDR in transmission-line sys- 
tems with characteristic impedances other than 50 О, 
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Fig 38—Part-placoment diagram for the TOR. Parts are 
mounted on the nonfoil side of the board; the shaded. 

area represents an X-ray view of the copper pattern. Be 
Sure to observe the polarity markings of C3, C4 and C5. 


change the value of Ry, to match the system impedance 


as closely as possible, 


Calibrating and Using the TOR 

Just about any scope with a bandwidth of at least 
10 MHz should work fine with the TDR, but for tests in 
short-length cables, a S0-MHz scope provides for much 
тоге accurate measurements. To calibrate the TDR, ter 
minate CABLE UNDER TEST connector, 12, with a 51-0 


Fig 39—TDR calibration trace as shown on an 
‘oscilloscope. Adjust C2 (See Figs 36 and 38) for 
‘maximum deflection and sharpest waveform corners 
during calibration. See text. 


Fig 40—Opor 
0.01 ms per division. See text for interpretation of the 
waveform. 


resistor. Connect the scope vertical input to 11. Turn on 
the TDR, and adjust the scope timebase so that one square- 
wave cycle from the TDR fills as much of the scope dis- 
play as possible (without uncalibrating the timebase). The 
should resemble Fig 39. Adjust C2 to obtain 
‘maximum amplitude and sharpest corners on the observed 
waveform. That's all there is to the calibration process! 
To use the TDR, connect the cable under test to J2 
and connect the scope vertical input to 11. If the wave- 
form you observe is different from the one you observed 
duri (here are impedance variations in 
load you're testing. See Fig 40, showing an unterminated 
test cable connected to the TDR. The beginning of the 
cable is shown at point A. (AB represents the TDR out- 


calibratio the 


Fig 41—TDR display of the impedance char 
of the 142.100t Hardline run to the 492.MHz antenna at 
КОНИ. The scope is set for 0.05 ms per division. See 
text for discussion. 


put-pulse rise time.) 
Segmer 


AC shows the portion of the transmission 
line that has a 50:0 impedance. Between points C and D. 
there is a mismatch in the line, Because the scope trace is 
higher than the 50-0 trace, the impedance of this part of 
the line is higher than 50 Qin this ease, an open circuit. 

"To determine the length of this cable, read the length 
of time over which the 50-02 trace is displayed. The scope 
is set for 0.01 ps per division, so the time delay for the 
50-02 section is (0.01 ps x 4.6 divisions) = 0.046 рз. The 
manufacturers specified velocity factor (VF) of the cable 
is 0.8. Eq 1 tells us that the 50-02 section of the cable is 


983.6 0.8 «00046 ps 
2 


n 18.1 feet 

‘The TDR provides reasonable agreement with the 
actual cable length—in this case, the cable is really 
16.5 feet long. (Variations in TDR-derived calculations 
and actual cable lengths can occur as result of cable VFS 


that can vary considerably from published values. Many 

cables vary as much as 10% from the specified values.) 
Fig 41, where a length 

of „aneh Hardline is being tested. The line feeds a 


A second example is sho 


432-MHz vertical antenna at the top of a tower. Fig 41 
shows that the 50-0 line section has a delay of (6.6 divi- 
sions x 0.05 ps) 
and level at the 50-0 level, the line is їп good shape. The 
trailing edge at the right-hand end shows where the an- 
tenna is connected to the feed line. 

"To determine the actual length of ihe line, use ihe 
same procedure as before: Using the published VF for 
the Hardline (0.88) in Eq 1, the line length is 


0,33 ys. Because the trace is straight 


983.6x0.88x 0.33 ps 
2 


142.8 feet 
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Again, the TDR-derived measurement is in close 
agreement with the actual cable length (142 feet) 


Final Notes 
jeter described here is not 


nts are not made at the 
frequency at which a system is designed to be used 
Because of this, the TDR car 
impedance of an antenna, nor can it be used to measure 
cable loss at a specific frequency. Just the same, in two 
years of use, it has never failed to help locate a transmis- 
sion-line problem. The vast majority of transmissi 
problems result from improper cable installation or con- 
nector weathering. 


iot be used to verify the 


Li 


Certain limitations are characteristic of TDRs 


tations 


because the signal used to test the line differs from the 
system operating frequency and because an oscilloscope 
is a broadband device. In the instrument described here, 
measurements are made with a 71-KHz square wave. That 
wave contains components at 71 KHZ and odd harmonies 
thereof, with the majority of the energy coming from the 
lower frequencies. The leading edge of the trace in 

cates that the response drops quickly above 6 MHz. (The 
leading edge in Fig 40 is 0.042 ps, corresponding to a 
period of 0.168 us and a frequency of 5.95 MHz.) The 
result is de pulses of approximately 7 jis duration. The 


Ground Parameters 


‘This section is taken from an article in The ARRL 
Antenna Compendium, Vol 5 by R. P. Haviland, WAMB, 
In the past, amateurs paid very little attention to the char- 
acteristics of the earth (ground) associated with their 
antennas. There are two reasons for th 

acteristics are not easy to m 
equipment, extreme care is needed. Second, almost all 
hams have to put up with what they have—there are very 
few who can afford to move because their location has 
poor ground conditions! Further, the ground is not a domi- 
nant factor in the most popular antennas—a tri-band Yagi 
at 40 feet or higher, or a 2-meter vertical at roof height, 
for example. 


First, these char- 


asure—even with the best 


Even so, there has been a desire and even a need for 
ground data and for ways to use it. It is very important 
for vertically polarized antennas. Ground data is useful 
for antennas mounted at low heights generally, and for 
such specialized ones as Beverages. The perform 

such antennas change а lot as the ground changes. 


ce of 


Importance of Ground Conditions 
‘To see why ground conditions сап be important, let 

us look at some values. For a frequency of 10 MHz, CCIR 

Recommendation 368, gives the distance at which the si 
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scope display combines the circuit responses to all of 
those frequencies. Hence, it may be difficult to interpret 
any disturbance which is narrowband in nature (alfect- 
ing only a small range of frequencies, and thus a small 
portion of the total power), or for which the travel time 
plus pattern duration exceeds 7 us. The 432-MHz verti- 
‘eal antenna in Fig 41 illustrates a display error resulting 
from narrow-band response. 

The antenna shows as a major imped: 
bance because it is mismatched at the low frequencies 
that dominate the TDR display, yet it is matched at 
432 MHz, For an event that exceeds the observation win- 
dow, consider a LuF capacitor across а 50-0 line. You 
would see only part of the pattern shown in Fi 
because the time constant (1 x 10* x 50 = 50 ms) is much 
larger than the 7-us window. 

In addition, TDRs are unsuitable for 
Where there are major impedance changes 
section to be tested. Such major cha 
tions from additional changes farther down the line. 

Because of these limitations, TDRs are best suited 
for spotting faults in de-continuous systems that main- 
lain a constant impedance from the generator to the load. 
Happily, most amateur stations would be ideal subjects 
for TDR analysis, which can conveniently check antenna 
cables and connectors for short and open-circuit con- 
ditions and locate the position of such faults with fair 
accuracy. 


ice distur- 


for Antenna Analysis 


mal is calculated to drop 10 dB below its free-space level 


Conductivity Distance for 10 dB Drop 


(mS/meter) (km) 
5000 100 
30 15 
3 03 


„conductivity condition is for sea-water. 
Interisland work in the Caribbean on 40 and 80 meters 
is easy, whereas dd. meter ground-wave contact is diffi 
cult for much of the USA, because of much lower ground. 
‘conductivity. On the other hand, the Beverage works be- 
‘cause of poor ground conductivity. 

Fig 42 shows a typical set of expected propagation 
‘curves for a range of frequencies. This data is also from 
CCIR Recommendation 368 for relatively poor ground, 
with a dielectric constant of 4 and a conductivity of 
3 mS/m (one milliSiemens/meter is 0.001 mho/meter). 
The same data is available in the Radio Propagation 
Handbook. There are equivalent FCC curves, found in 
the book Reference Data for Radio Engineers, but only 
the ones near 160 meters are useful. In Florida the author 
has difficulty hearing stations across town on ground 


+ an indication of the poor soil conditions —reflected 
ave signals are often stronger. 


‘Securing Ground Data 
‘There ate only two basic ways to approach this mat- 


EI СЕЕ 


E ter of ground data. One is to use ound data typi- 
H cal to the area. The second is to make measurements, 
T vt really gotten easier. For 
1 oach seems to be а combination 
i. Rie ula codi sa ol ul die pesce 
Е data to make a better estimate. Because of equipment costs 
and measurement difficulties, none of these will be highly 
р * + aH, st hams. But they will be much better than 
somo — simply taking some condition preset into an analysis pro- 


k g a good set of values to plug into an analy- 
Fig 42—Variation of field strength with distance. Typical — Sis can help you evaluate the true worth of a new antenna. 
field strengths for several frequencies are shown. This project 

is from CCIR data for fairly poor soil, with dielectric 

constant of 4 and conductivity of 3 mS 

for good soil are closer to the free-space 
those for ве ‘are much closer to the free-space 


Generic Data 


In connection with its licensing procedure for broad- 
‘cast stations, the FCC has published generic data for the 


e J » 
ух 
AUS 
e МУ 


(ená sei atak on rap эт 


саз! Service, 
typical conductivity for cont ‘band 500 to 1500 KHz. Values are for flat, open 
ind often will not hold for other types of commonly found terrain, such as seashores, river beds, ete. 
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entire country. This is reproduced in Fig 43, а chart showing 
the “estimated effective ground conductivity in the United 
States” A range of 30:1 is shown, from 1 to 30 mS/m. An 
equivalent chart for Canada has been prepared, originally 
by DOT, now DOC. 

Of course, some judgment is needed when trying to 
use this data for your location. Broadcast stations аге 
likely to be in open areas, so the data should not be as- 
sumed to apply to the center city. And a low site near the 
sea is likely to have better conductivity than the generic 
chart for, say, the coast of Oregon. Other than such fac- 
tors, this chart gives a good first value, and a useful cross- 
check if some other method is used. 


Still another FCC-induced data source isthe license 
application of your local broadcast station. This 
calculated and measured coverage data. This may i 
Specific ground data, or comparison of the coverage 
curves with the CCIR or FCC data to give the estimated 
ground conductivity. Another set of curves for ground 
conditions are those prepared by SRI. These give the con- 
ductivity and dielectric constant versus frequency for typi- 
cal terrain conditions. These are reproduced as Fig 44 
and Fig 45. By inspecting your own site, you may select 
the curve most appropriate to your terrain, The curves 


are based on measurements at a number of sites across 


the USA, and are averages of the measured values 


— 
ob == 4 


Fig 44—Typical terrain conductivities versus frequency 


it, and may be very low. To extrapolate 
Js (for 500 to 1500 KHz) shown in 
Fig 43 for a particular geographic area to a different 
frequency, move from the conductivity at the left edge 
of Fig 44 to the desired frequency. For example, in 

of 1 mS/m at 
s, the effective conductivity at 14 MHZ 
would be approximately 4 mS/m. 
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Figs 46 through 48 are data derived from these mea- 
surements. Fig 46 gives the ground-Lissipation factor. Sea 
Water has low loss (a high dissipation factor), while soil in 
the desert or in the city is very lossy, with a low dissipa- 
tion factor. Fig 47 gives the skin depth, the distance for 
the signal to decease to 63% of its value at the surface. 


Penetration is low in high-conductivity areas and deep in 
low-conductivity soil. Finally, Fig 48 shows the wavelength 
in the earth. For example, at 10 meters (30 MHZ), the wave- 
length in sea water is less than 0.3 meters. Even in the 
desert, the wavelength has been reduced to about 6 meters 
at this frequency. This is one reason why buried antennas 
have peculiar properties. Lacking other data, itis suggested 
that the values of Figs 44 and 45 be used in computer 
antenna modeling programs. 


Measuring Ground Conditions 
W2ENQ developed a simple technique to measure 
low-frequency earth conductivity, which has been used 
by War dil. The test setup is drawn in Fig 49, and uses a 
very old technique of 4-terminal resistivity measurements 
For probes of "i 
pene-trating 12 inches into the earth, the conductivity is: 
C22 v (Eq 19) 
‘The voltages are conveniently measured by a digital 
volimeter, to an accuracy of about 2%. In soil suitable 
for farming, the probes can be copper or aluminum. The 


inch diameter, spaced 18 inches and 


тзлт 


strength of iron or copperweld may be needed in hard 
soils. A piece of 2x4 or 4 x 4 with guide holes drilled 
through it will help maintain proper spacing and vertical 
alignment of the probes. Use care when meusuring—there. 
is a shock hazard. An isolating transformer with a 24-V 
tead of 115 V will reduce the danger. 
Ground conditions vary quite widely over even small 


secondary i 


Fig 45— Typical terrain relative dielectric constant for 
the 5 soil types of Fig 44, plus sea water. The dashed 
curve shows the highest measured values reported, 
‘and usually indicates mineralization. 


Fig а6— Typical values of dissipation factor. The вой 
behaves as a leaky di 

dimensionless dissipation factor versus frequency for 
various types of s 

factor is Inversely related to soil conductivity. Among 
other things, a high dissipation factor 

signal penetrating the soil or water 
Strength rapidly with depth. 


lectric. These curves showing the 


is and for sea water. The dissipation 


Fig 48—Typical values of wavelength in soll. Because 
of its dielectric constant, the wavelength in soils and 
Water willbe shorter than that for a wave traveling in 
air. This can be important, since in a Method of Moment 
the accuracy is affected by the number of analysis 
‘segments per wavelength, Depending on the program 
being used, adjust the number of segments for 
antennas wholly or partly in the earth, for ground rods, 
апа for antennas very close to earth. 


Fig 47—Typical values of skin depth. The skin depth is 


the depth at which a signal will have decreased to % 
its value at the surface (to about 30%). The effective 
height above ground is essentially the вате as the 
physical height for sea water, but may be much great 
for the de 

low-angle radiation, but at the same timo wil 
ground losses. 


i. For practical antennas, this may increase 


Fig 49—Low-frequency conductivity measurement 
system. А 60-Hz measuring system devised by W2FNO 
and used by W2FMI. The basic system is widely used in 
geophysics. Use care to be certain that the plug. 
Connection is correct. A better system would use а 
lower voltage and an isolation transformer. Measure the 
Value of Va with no power applied—there may be stray 
ground currents present, especially if there is a power 
Station or an electric railway close. 
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areas. Itis best to make a number of measurements around 
id average the measured values. 

ıt gives only the low-fre- 
quency conductivity, it can be used to select curves in 
Fig 4410 give an estimate of the conductivity for the com- 
топ ham bands, Assume that the 60 Hz value is valid at 
2 MHz, and find the correct value on the left axis. Move 
parallel to the curves on the figure to develop the esti- 
‘mated curve for other soil conditions. 

A small additional refinement is possible. If the 
dielectric constant from Fig 45 is plotted against the con- 
ductivity from Fig 44 for a given frequency, a scatter plot 
develops, showing a trend to higher dielectric constant 
as conductivity increases. At 14 MHZ, the relation is: 


the area of the antenna, 


While this measure 


(Eq 20) 

where k is the dielectric constant and C is the mea- 
sured conductivity. Using these values in MININEC ot 
NEC calculations should give better estimates than coun- 


k= оос 


trywide average values. 


Direct Measurement of Ground Properties 

For really good values, both the conductivity and 
dielectric constant should be measured at the operating 
frequency. One way of doing this is the two-probe tech- 

ique described in George Hagn's article (see Biblio 

Phy). This was the technique used to secure the data for 
Figs 44 through 48. The principle is sketched in Fig 50. 
In essence, the two probes form a short, open cited 
two-wire transmission line. As shown by the equations 
for such lines, the input impedance is a function of the 
conductivity and dielectric constant of the medium. A 
single measurement is difficult to calculate, since the end 
effect of the two probes must be determined, a complex 
task if they are pointed for easy driving. The calculation 
is greatly simplified if a set of measurements is made 
With several sets of probes that vary in length by a fixed 
ratio, since the measured difference is largely due to the 
inercased two-wire length, with some change due to the 
change in soil moisture with depth, 

‘The impedance to be measured is high because of 
the shor line length, so impedance bridges are not really 
suitable. An RF vector impedance meter, such as the 
НР-4193А, is probably the best instrument to use, with a 
RF susceptance bridge, such as the GR-821A, next best 
With care, a Q-meter can be substituted. Because of the 
rarity of these instruments among amateurs, this method 
of measurement is not explored further here. 


Indirect Measurement 

Since the terminal impedance and resonant fre- 
quency of an antenna change as the antenna approaches 
earth, measurement of an antenna at one or more heights 
permits an analysis of the ground characteristics. The 
technique is to calculate the antenna drive impedance for 
ап assumed ground condition, and compare this with 
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—— 


Fig 50—High-freguency conductivity/dielectric constant 
measurement system. System for measuring ground 
Conditions at frequencies up to about 100 MHZ, devised 
by SRI and used o obtain the data in Figs 48 through 
this is a section of transmission line with 
loquires measurement of high 
impedances to good accuracy. 


measured values. If not the sam 
conditions is assumed, and the process is repeated. It is 
best to have a plan to guide the assumpti 

In connection with his studies of transmission lines, 
Walt Maxwell, W2DU, made such measurements on 20, 
40 and 80 meters. Some of the data was included in his 
book Reflections. The following example is based on his 
80-meter data. Data came from his Table 20-1, for a 66- 
foot, 2-inch dipole of #14 wire at 40 feet above ground. 
His able gives an antenna impedance of 72.59 + 1.38. 
at 7.15 MHz. 

Table 7 shows calculated antenna impedances for 
ground conductivities of three different ground conduc- 
tivities: 10, 1 and 0.1 mS/m, and for dielectric constants 
‘of 3, 15 and 80, The nearest value to the 
impedance is for a conductivity of 0.1 mS/m and a dielec- 
trie constant of 3. Figs 44 and 45 indicate that these are 
typical of flat desert and city land. The effect on antenna 
performance is shown in Fig 51. The maximum lobe gain 
for soil typical of a city is over 2 dB lower than that for 
the high-conductivity, high-dielectric constant value. Note 

le that is 


., another set of ground 


ieasured drive 


that the maximum lobe occurs for a radiation a 
directly overhead. 


Table 7 


Calculated values of drive resistance, in ohms, for ап 
conductivity and dielectric constant. 


Conductivity Dielectric Constant 
(msm) з 15 50 

10 8978-/1212 88.53-j10.69 88.38- j7.59 
1 8005-1754 8372-1023 8733-/698 
01 7644-/1569  8318-/985 9730-/646 


40 meter dipole at 40 feet elevation versus 


Tho value measured by W2DU was 72.59 - J 1.28 £2, and compares closest to the poor soil condition of dielectric 


constant of 3 and conductivity of 0.1 mS/m. 


— 


Fig 51—Plot showing computed elevation patterns for 
401001 high, 40-meter dipole for two different ground 
Conditions: poor ground, with dielectric constant of 

3 and conductivity of 0.1 mS/m, and good ground, with 
dielectric constant of 50 and conductivity of 10 тут. 
Note that for a low horizontal antenna, high-angl 
radiation is most affected by poor ground, with low- 
angle radiation least affected by ground characteristics. 


The ground at the W2DU OTH is a suburban Florida. 
lot, covered with low, native vegetation. The ground is 
very sandy (a fossil sand dune), and is some 60-70 feet 
above sea-level. Measurements were made near the end 
of the Florida dry season. The water table is estimated to 
ве 20 to 30 feet below the surface. Thus the calculated 
and measured values are reasonably consistent. 

In principle, a further analysis, using values around 
iS/m conductivity and 3 for dielectric constant, will 


oa 
give a better ground parameter estimate. However, the 
results should be taken with a grain of salt, because the 


Атом 


‘opportunities for error in the computer modeling must 
be considered. The antenna should have no sag, and its 
length and height should be accurate. The measurement 
must be with accurate equipment, free from strays, such 
as current on the outer conductor of the coax. The feed- 
point gap effect must be estimated. Further, the ground 


nna must be flat and have const 
modeling to be completely accurate. 
Шу, the feed-line length and velocity constant 
‘ofthe transmission line must be accurately measured for 
transfer of the measured values at the feeding end of the 
antenna itself, Because of ай the 


itself under the a 


characteristics for 


transmission line to th 
possibilities for error, most attempts at precision should 
be based on measured values at two or three frequencies 
and preferably at two or three heights. Orienting the 
antenna to right angles for another set of measurements 
тау be useful. Obviously, this can involve a lot of detailed 
work 

‘The author was not been able to find any guidelines 
for the best height or frequency. The data in the book 
Exact Image Method for Impedance Computation of 
Antennas Above the Ground suggests that a height of 0.3 А. 
МШ give good sensitivity to ground conditions. Very low 
heights may give confusing results, since several combi- 
nations of ground parameters can give nearly the same 
drive impedance. Both this data and experience suggest 
that sensitivity to ground for heights above 0.75 A is small 
or negligible. 

Iran overall conclusion about ground characteristics is 
needed, we can just restate from the first paragraph—it is 
not greatly important for the most common horizontally po- 
lacized anten 


xallations. But it's worth taki 


ia look when 
you need to depart from typical situations, or when the per- 
formance of a vertically polarized antenna is contemplated, 
Then the techniques outlined here can be helpful. 
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A Switchable НЕ Attenuator 


A switchable RF attenuator is helpful for n 

sin comparisons or for plotting antenna radia- 
tion patterns, You may switch attenuation in or out of the 
line leading to the receiver to obtain an initial reference 


reading on a signal strength meter. Some form of attenu- 
ator is also helpful for locating hidden tran 

the real trick is pinpointing the signal source fror 
a few hundred feet, At such a close distance, strong si 


mittes, where 


within 


nals may overload the front end of th 
impossible to obtain any 
The attenuator of 


ceiver, making it 
dication of a bearing. 

igs 52 and 53 is desig 

power levels, not exceeding '/« watt. If for some reason 


d for low 


the attenuator will be connected to a transceiver, a means 
of bypassing transmit periods must be 
devised, An attenuator of this type is commonly called a 
step attenuator, because any amount of attenuation from. 
0 dB to the maximum available (81 dB for this particula 
instrument) may be obtained in steps of 1 dB. As each 
switch is successively thrown from the OUT to the IN 


the unit durin 


position, the attenuation sections add in cascade to yield 
the total of the attenuator steps switched in. The maxi- 
mum attenuation of any single section is limited to 20 dB 
because leak-through would probably degrade the accu: 
тасу of higher values. The tolerance of resistor values 
also becomes mote significant regarding accuracy at 


igher attenuation values. 

A good quality commercially 
cost upwards from $150, but for less than $25 in parts 
and a few hours of work, you can build an attenuator at 
home. It will be suitable for frequencies up to 450 МНУ. 
Double-sided pe board is used for the enclosure. The ver- 
sion of the attenuator shown in Fig 52 has identification 
etched into the top surface (or front panel) of 
the unit. This adds a nice touch and is a permanent means 
of labeling. OF course rab. on transfers or Dymo tape 
labels could be used as well 

Female BNC si 
are used at each ег 


jade attenuator will 


gle-hole, chassis-mount connectors 


of the enclosure. These connectors 


Fig 52—A construction method for a step atten 
identification) is cut to the desired size and sol 
partitions between sections are 
‘allow machine screws to secure 


though it is not as 
Brass nuts soldered at each of 


J1, J2—Female BNC connectors, Radio Shack 278-105 
or equiv. 
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of 50 2. Resistance 
indicate walls of ci 


81-88, incl ide switches, standard size. (Avoid 
subminiature or toggle switches.) Stackpole 
'$-5022CD03-0 switches are used he 


provide a means of easily connecting and disconnecting 
the attenuator. 


Construction 
Afterall the box parts are cut to size and the neces- 
sary holes made, scribe light lines to locate the inner par- 
titions. Carefully tack-solder all partitions in position. A 
25-W pencil type of iron should provide sufficient heat 
Dress any pe board parts that do not fit squarely. Once 
everything is in proper position, run a solder bead all the 
way around the joints. Caution! Do not use excessive 
amounts of solder, as the switches must later be fit flat 
inside the sections. Complete the top, sides, ends and 
Dress the outside of the box to suit your taste. 
се, You might wish to bevel the box edges. Buff 
the copper with steel wool, add lettering, and finish 
off the work with a coat of clear lacquer or polyurethane 
varnish, 

Using a Tittle lacquer thinner, soak the switches to 
remove the grease that was added during their manufac- 
ture. When they dry, spray the inside of the switches 
lightly with a TV tuner cleaner/lubricant. Use a sharp drill 
bit (about . inch will do), and countersink the moun 
ing holes on the actuator side of the switch mounting 
plate. This ensures that the switches will fit flush against 
the top plate. At one end of each switch, bend the two 
lugs over and solder them together. Cut off the upper 
halves of the remaining switch lugs. (A close look at 
Fig 52 will help clarity these steps.) 

Solder the series-arm resistors between the appro- 


priate switch lugs. Keep the lead lengths as short as pos- 
sible and do not overheat the resistors. Now solder the 
switches in place to the top section of the enclosure by 
flowing solder through the mounting holes and onto the 
circuit-board material. Be certain that you place the 
switches in their proper positi 
values with the degree of attenuation. Otherwise, you may 
wind up with the I-dB step at the wrong end of the box 
how embarrassing! 

Once the switches are installed, thread а piece of 
#18 bare copper wire through the center lugs of all the 
switches, passing it through the holes in the pa 
Solder the wire at euch switch terminal. Cut the wire 
between the poles of each individual switch, leaving the 

‘one switch pole to that of the neighbor- 

g one on the other side of the partition, as shown in 
ig 52. At each of the two end switch terminals, leave a 
wire length of approximately , inch. Install the BNC 
‘connectors and solder the wire pieces to the connector 
center conductors 


si correlate the resistor 


Now install the shunt-arm resistors of each section. 
Use short lead lengths, Do not use excessive amounts of 
heat when soldering. Solder a по. 4-40 brass nut at each 
inside corner of the enclosure. Recess the nuts approxi 

jately "inch from the bottom edge of the box to allow 
sufficient room for the bottom panel to fit flush. Secure 
the bottom panel with four no. 4-40, "cinch machine 
screws and the project is completed. Remember to use 
caution, always, when your test setup provides the possi- 
bility of transmitting power into the attenuator 


A Portable Field Strength Meter 


Few amateur stations, fixed or mobile, are without 
need of a field-strength meter. An ли of this type. 
serves many useful purposes durin; а experiments 
and adjustments. When work is to be done from mat 
wavelengths away, a simple wavemeter lacks the neces- 
Sary sensitivity. Further, such a device has a serious fault 
because its linearity leaves much to be desired. The 
information in this section is based on a January 1973 
OST article by Lew McCoy, WIICP. 

The field-strength meter described here takes care 
of these problems. Additionally, it is small, measuring 
only 4 x 5 x 8 inches. The power supply consists of two 
9-volt batteries. Sensitivity can be set for practically a 
amount desired. However, from a usefulness standpoint, 

ve or it will respond 
it also has excellent linear- 


the circuit should not be too se 
wanted signals. This 
ily with regard to field strength, (The field strength of a 
received signal varies inversely with the distance from. 
the source, all other things being equal.) The frequency 
range includes all amateur bands from 3.5 through 
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upper right is C1 and to the left, C2. The 
the circuit board to the front panel are the shielded 
leads described in the text. 


148 MHz, with band-switched circuit, thus avoiding 
use of plug-in inductors. АП in all, it is a quite useful 
The unit is pictured in Figs 54 and 55, and the sche- 
matic diagram is shown in Fig 56. A type 741 op-amp IC 
is the heart of the unit. The antenna is connected to JI 
and a tuned circuit is used ahead of a diode detector. The 
rectified signal is coupled as de and amplified in the op 
amp. Sensitivity of the op amp is controlled by insert 
resistors R3 through R6 in the circuit by means of 52. 


‘With the circuit shown, and in its most sensitive set 


ting, MI will detect a signal from the antenna on the order 
of 100 pV. Linearity is poor for approximately the first 
‘Js of the meter range, but then is almost straight-line from 
there to full-scale deflection. The reason for the poor 
linearity at the start of the readings is because of non- 
linearity of the diodes at the рой 

However, if gain measurements are bein, 


of first conduction 


jade this is of 


no real importance, as accurate gain measurements can 
ве made in the linear portion of the readings. 


| p 


Fig 56—Circuit 


C1 — 140 pF var 

2 — 15-pF variable 

D1, D2 — 1N914 or equiv. 

L1 34 turns $24 enam. wire wound on an Amidon 
Teste core, tapped 4 turns from ground end. 

12 — 12 turns #24 enam. wire wound on Т.68-2 core. 

L3 — 2 turns #24 enam. wire wound at ground end of L2. 

LA — 1 turn #26 enam. wire wound at ground end of LS. 

LS — 12 turns 426 enam. wire wound on T-25-12 core. 
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iagram of the linear field strength meter. АП resistors are If or >Ч! composition types. 


L6 — 1 turn #26 enam. wire wound at ground end of L7. 

LT — 1 turn #18 enam. wire wound on T-25-12 core. 

MI — 50 or 100 pA de. 

R2 — 10-kû control, linear taper. 

S1 — Rotary switch, 3 poles, 5 positions, 3 sections. 

52 — Rotary switch, 1 pole, 4 positions. 

53 — DPST toggle. 

U1 — Type 741 op amp. Pin numbers shown are for a 
14-pin package. 


The 741 op amp requires both a positive and a nega- 
tive voltage source. This is obtained by connecting two 
9-volt batteries in series and grounding the center. One 
other feature of the instrument is that it can be used 
remotely by connecting an external meter at J2. This is 
handy if you want to adjust an antenna and observe the 
results without having to leave the antenna йе. 

LI is the 3.5/7 MHz coil and is tuned by CI. The 
coil is wound on a toroid form. For 14, 21 or 28 MHz, L2 
is switched in parallel with LI to cover the three bands 
LS and C2 cover approximately 40 to 60 MHz, and L7 
and C2 from 130 MHz to approximately 180 MHZ. The 
two VHF coils are also wound on toroid forms. 


Construction Notes 

The majority of the components may be mounted on. 

ап etched circuit board. A shielded lead should be used 

between pin 4 of the IC and S2. The same is true for the 

leads from R3 through R6 to the switch. Otherwise, para- 

sitie oscillations may occur in the IC because of its very 
igh gain, 

In order for the unit to cover the 144-MHz band, L6 and 
L7 should be mounted directly across the appro- 
priate terminals of S1, rather than on a circuit board. The extra 
ead length adds too much stray capacitance to the circuit U 
isn’t necessary to use toroid forms for the 50- and 144-MHZ 
coils. They were used in the version described here simply 
Because they were available. You may substitute air-wound 
coils of the appropriate inductance 


Calibration 

The field strength meter can be used as is for a rela 
tive-reading device. A linear indicator scale will serve 
admirably. However, it will be a much more useful 
instrument for antenna work if it is calibrated in deci- 
bels, enabling the user to check relative gain and front- 
de back ratios. If you have access to a calibrated signal 
generator, connect it to the fleld-strength meter and use 
different signal levels fed to the device to make a cali- 
bration chart. Convert signal-generator voltage ratios to 
decibels by using the equation 


ав = 20 log (V1/V2) 


(Eq 21) 


VI/V2 is the ratio of the two voltages 


log is the common logarithm (base 10) 


Let's assume that MI is calibrated evenly from 0 to 
10. Next, assume we set the signal generator to provide a 
reading of 1 on MI, and that the generator is feeding а 
100-V signal into the instrument. Now we increase the 
generator output to 200 HV, giving us a voltage ratio of 
2:1, Also let's assume MI reads 5 with the 200-1V input 
From the equation above, we find thatthe vollage ratio 
‘of 2 equals 6.02 dB between 1 and 5 on the meter scale 
М! сап be calibrated more accurately between 1 and 5 
ов its scale by adjusting the generator and figuring the 
ratio. For example, a ratio of 126 pV to 100 HV is 1.26 
corresponding to 2.0 dB. By using this method, all of the 
settings of 52 can be calibrated. In the instrument shown 
here, the most sensitive setting of S2 with R3, 1 MO, pro- 
vides а range of approximately 6 dB for ML. Keep in mind 
that the meter scale for each setting of SI must be cali 
brated similarly for each band. The degree of coupling 
of the tuned circuits for the different bonds will vary, so 
each band must be calibrated separately. 

‘Another method for calibrating the instrument is 
using a transmitter and measuring its output power with 
am RF wattmeter. In this case we are dealing with power 
rather than voltage ratios, so this equation applies: 
ав = 10 log (PLIP2) (E422) 
Where PL/P2 is the power ratio. 

‘With most transmitters the power output can be vat- 
ied, so calibration of the test instrument is rather easy. 
Attach a pickup antenna to the field-strength meter (a 
short wire a foot or so long will do) and position the 
device in the transmitter antenna field. Let's assume we 
set the transmitter output for 10 W and get a reading on 
M1. We note the reading and then increase the output 10 
20 w. a power ratio of 2. Note the reading on MI and 
then use Eq 2. A power ratio of 2 is 3.01 dB. By using 
ibis method the instrument can be calibrated оп ай bands 
and ranges. 

‘With the tuned circuits and coupling links specified 
in Fig 56, this instrument has an average range on the 
various bands of 6 dB for the two most sensitive posi- 
tions of S2, and 15 dB and 30 dB for the next two suc- 
cessive ranges. The 30-48 scale is handy for making 
frontto-back antenna measurements without having to 
switch 82. 
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An RF Current Probe 


‘The RF current probe of Figs 57 through 59 oper- 
ates on the magnetic component of the electromagnetic 
field, rather than the electric field. Since the two fields 
are precisely related, as discussed in Chapter 23, the rela- 
tive field strength measurements are completely equiva- 
lent. The use of the magnetic field offers certain 
advantages, however. The instrument may be n 

compact for the same sensitivity, but its principal advan- 
lage is that it may be used near a conductor to measure. 
the current flow without cutting the conductor. 

In the average amateur location there may be sub- 
stantial currents flowing in guy wires, masts and towers, 
coaxial-cable braids, gutters and leaders, water and gas 
pipes, and perhaps even drainage pipes. Current may be 


de more 


flowing in telephone and power lines as well. АП of these 
RF currents may have an influence on antenna patterns 
ог can be of significance in the case of RFI. 

it diagram of the current probe appears in 
Fig 58, and construction is shown in the photo, Fig 59. 
‘The winding data given here apply only to a ferrite rod 
of the particular dimensions and material specified. 
Almost any microammeter can be used, but it is usually 
‘convenient to use a rather sensitive meter and provide a 
series resistor to swamp out nonlinearity arising from 
diode conduction characteristics. A control is also used 
to adjust instrument sensitivity as required during opera- 
tion. The tuning capacitor may be almost anything that 
will cover the desired range. 


The cite 


Fig 57—The RF current probe. The 
Sensitivity control is mounted at 
the top of the instrument, with the 
tuning and band switches on tho 
lower portion of the front panel 
Frequency calibration of the tuning 


this particular instrument, but 
marks Identifying the various 
amateur bands would be helpful. It 
the unit is provided with a 
calibrated dial, it can also be used 
Эз an absorption wavemeter. 


Fig 58—Schematic diagram of the RF current 
probe. Resistances are in ohms: k = 1000. 
Capacitances are in picofarads; fixed capacitors. 
are silver mica. Be sure to ground the rotor of 
СТ, rather than tho stator, to avoid hand 
capacitance. L1, L2 and L3 are each close-wound 
with #22 enameled wire on a single ferrite rod, 4 
inch long and "⁄ inch diameter, with y = 125 

u (Amidon AS1-50-400). Windings are spaced 

approximately inch apart. 

C1—Air variable, 6-140 pF; Hammarlund HF140 
ог equiv. 

D1— Germanium diode; 1N34A, 1N270 or equiv. 

L1—1.8-5 MHz; 30 turns, tapped at 3 turns from 
grounded end. 

25-20 MHz; 

‘grounded end. 

13-17-39 MHz; 2 turns, tapped at 1 turn. 

МТС Апу microammeter may be used. The one 
pictured is a Micronta meter, RadioShack по. 
2701751. 

Ri—Linear taper. 

RFCI— mH; Miller no. 4642 or equi 
not critica 

Si" Ceramic rotary switch, 1 section, 2 poles, 
2 to 6 positions; Centralab PA2002 ог PA2003 
or equiv. 


turns, tapped at 2 turns from 
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ите rod are mounted on 
Minibox (Bud 


As shown in the photos, the circuit is constructed in a 
metal box. This enclosure shields the detector circuit from 
the electric field of the radio wave. A slot must be eut with 
а hacksaw across the back of the box, and a thin file may 
ве used to smooth the cut. This slot is necessary to prevent 
the box from acting as a shorted turn, 


Using the Probe 

In measuring the current in a conductor, the fer 

rod should be kept at right angles to the conductor, and 

at а constant distance from it, In its upright or vertical 

position, this instrument is oriented for taking measure- 
ente in vertical conductors. It must be laid horizor 


to measure current in horizontal conductors. 

Numerous uses for the 
ап earlier paragraph. In additi 
instrument for checking the current distribution in anter 
elements. It is also useful for measuring RF ground cur- 
rents in radial systems. A buried radial may be located 
‘easily by sweeping the ground. Current division at junc- 
tions may be investigated. Hor spots usually indicate areas 
Where additional radials would be effective 

‘Stray currents in conductors not intended to be part 
of we antenna system may often be eliminated by bond- 
ing or by changing the physical lengths involved. Guy 
Wires and other unwanted parasitic elements will often 
give a tilt to the plane of polarization and can make a 

jarked difference in front-to-back ratios. When the fer- 

rite rod is oriented parallel to the electric field lines, there 
will be a sharp null reading that may be used to locate 
the plane of polarization quite accurately. When using 
the meter, remember that the magnetic field is at right 
angles to the electric field. 

You may also use the current probe as 
nal strength meter. When making 
tical antenna, locate the meter at least two wavelengths 
away, with the rod in a horizontal position. For horizon- 
tal antennas, hold the instrument at approximately the 
same height as the antenna, with the rod vertical. 


Antenna Measurements 


OF all the measurements made in Amateur Radio sys- 
tems, perhaps the most difficult and least understood аге 
various measurements of antennas, For example, it is rela- 
tively easy to measure the frequency and CW power out- 
put of a transmitter, the response of a filter, or the gain of 
ап amplifier. These are all what might be called bench 
measurements because, when performed properly, all the 
factors that influence the accuracy and success of the mea- 
surement are under control. In making antenna measure- 
ments, however, the “bench” is probably your backyard. 
In other words, the environn ng the antenna 
can affect the results of the measurement. 

Control of the environment is not at all as sin 
it was for the bench measuremen 
area may be rather spacious. This section describes an- 
tenna measurement techniques that are closely allied to 
those used in an antenna measuring event or contest. With 
these procedures you can make measurements success- 
fully and with meaningful results. These techniques 
should provide a better understanding of the measure- 


leas 


because now the work 


ment problems, resulting in a more accurate and less dif- 
ficult task. The information in this section was provided 
by Dick Turrin, W2IMU, and was originally published 
їп November 1974 OST. 


SOME BASIC IDEAS 
An antenna is simply a transducer or coupler. 
between a suitable feed line and the environment sur- 
rounding it. In addition to the efficient transfer of power 
from feed line to environment, an antenna at УНЕ or UHF 
Vost frequently required to c 
power into a particular region of the 
"To be consistent while comparing different antennas, 

you must standardize the environment surrounding the 
antenna. Ideally, you Want to make measurements with the 
¡casured antenna so far removed from any objects caus- 
inger senal effects that itis literally in outer space— 
а very impractical situation. The purpose of the 
measurement techniques is therefore to simulate, under 
practical conditions, a controlled environment. At VHF 


is icentrate the radiated 
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and UHF, and with practicalsize antennas, the environ- 
теш can be controlled so that successful and accurate 


measurements can be made in a reasonable amount of 
space 

The electrical characteristics of an anter 
most desirable to obtain by direct measureme 
gain (relative to an isotropic source, which by definition 
has a gain of unity); (2) space-radiation pattern: (3) feed- 
point impedance (mismatch) and (4) polarization. 


Polarization 

In general the polarization can be assumed from the 
geometry of the radiating elements. That is to say, if the 
antenna consists of a number of linear elements (straight 
lengths of rod or wire that are resonant and connected to 
the feed point) the polarization of the electric field will 
be linear and polarized parallel to the elements, If the 
elements are not consistently parallel with each other, then 
the polarization cannot easily be assumed. The follow- 
ing techniques are directed to antennas having polariza- 
tion that is essentially linear (in one plane), although the 
method can be extended to include all forms of elliptic 
(or mixed) polarization 


Feed-Point Mismatch 

‘The feed-point mismatch, although affected to some 
gree by the i 
affect the gain or radiation characteristics of an antenna, 
If the immediate environment of the antenna does not af- 
fect the feed-point impedance, then any mismatch intrin- 
sic to the antenna tuning reflects a portion of the incident 
power back to the source. In a receiving antenna this 
reflected power is reradiated back into the environment, 
and can be lost entirely. 

а transmitting antenna, the reflected power trav- 
els back down the feed line to the transmitter, where it 
changes the load impedance presented to that transmit- 
ter, The amplifier output controls are customarily altered 
during the normal tuning procedure to obtain maxi 
power transfer to the antenna. You can still use a 
matched antenna to its full gain potential, provided the 
mismatch is not so severe as lo cause heating losses in 
the system, especially the feed line and matching devices 
(See also the discussion of additional loss caused by SWR. 
їп Chapter 24.) 

Similarly, a mismatched receiving ante 
matched into the receiver front end for maxin 


iate environment of the antenna, does 


ва. It can only affect the system. 
efficiency when heating losses are considered, 

Why then do we include feed-point mismatch as part 
of the antenna characteristics? The reason is that for effi- 
cient system performance, most antennas are resonar 
transducers and present a reasonable match over а rela- 
tively narrow frequency range. It is therefore desirable 
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to design an antenna, whether it be a simple dipole or an 
array of Yagis, such that the final single feed-point im- 
pedance is essentially resistive and matched to the feed 
line. Furthermore, in order to make accurate, absolute gain 
ents, it is vital that the antenna under test accept 
sil the power from a matched-source generator, or that 
the reflected power caused by the mismatch be measured 
and a suitable error correction for heating losses be 
included in the gain calculations. Heating losses may be 
determined from information contained in Chapter 24. 
While on the subject of feed-point impedance, men- 
should be made of the use of baluns in antennas. A. 
s simply a device that permits а lossless transition 
between a balanced system feed line or a and an 
unbalanced feed line or system. If the feed poin 
antenna is symmetric, such as with a dipole, a 
desired to feed this antenna with an unbalanced feed line 
such as coax, you should provide a balun between the line 
and the feed point, Without the balun, current will be al- 
lowed to flow on the outside of the coax. The current on 


of an 


the outside of the feed line will cause radiation, and thus 
the feed line will become part of the antenna radiation 
system. In the case of beam antennas, where itis desired 
to concentrate the radiated energy is a specifi direction 
this extra radiation from the Feed line will be detrimental, 
‘causing distortion of the expected antenna pattern. See 
Chapter 26 for additional details on this problem. 


ANTENNA TEST SITE SET-UP AND 
EVALUATION 
Since an antenna is a reciprocal device, measure- 
ents of gain and radiation patterns can be made with 
the test antenna used either as а transmitting or as a 
receiving antenna. In general and for practical reasons, 
the test antenna is used in the receiving mode, and the 
iting antenna is located at a specified 
fixed remote site and unattended. In other words the 
source antenna, energized by a suitable tr 
ply required to illuminate or flood the receiving site in a 
controlled and constant manner. 

As mentioned earlier, antenna measurements ideally 
should be made under free-space conditions, A further 
restriction is that the illumination from the source antenna 
be a plane wave over the effective aperture (capture area) 
of the test antenna. A plane wave by definition is one in 
Which the magnitude and phase of the fields are uniform, 
and in the test-antenna situation, uniform over the effec 
tive area plane of the test antenna. Since it is the nature 
of all radiation to expand in a spherical manner at great 
distance from the source, it would seem to be most desir- 


able to locate the source antenna as far from the test site 
as possible. However, since for practical reasons the test 
site and source location will have to be near the earth and 
mot in outer space, the environment must include the 
effects of the ground surface and other obstacles in the 
Vicinity of both antennas, These effects almost always 


dictate that the test range (spacing between source and 
test antennas) be as short as possible consistent with main- 
taining a nearly error-free plane wave illuminating the 
test aperture. 

A nearly error-free plane wave can be specified as 
one in which the phase and amplitude, from center to edge 
of the illuminating field over the test aperture, do not 
deviate by more than about 30° and 1 decibel, respec- 
tively. These conditions will result in a gain-measurement 
error of no more than a few percent less than the true 
gain. Based on the 30° phase error alone, it can be shown 
that the minimum range distance is approximately 


80 2 
x 


(Eq 23) 
Where D is the largest aperture dimension and 2 is the 
free-space wavelength in the same units as D. The phase 
error over the aperture D for this condition is Ye wave- 
length, 

Since aperture size and 


in are related by 


Gain 


(Eq 24) 


where A, is the effective aperture area, the dimension D 
тау be obtained for simple aperture configurations. For 
а square aperture 


b. в 25) 
x (Ea 
that results in a minimum range distance for a square 
aperture of 

D 
— s 
ain = (Eq 26) 
and for a circular aperture of 
San (E427) 


For apertures with a physical area that is not well 
defined or is much larger in one dimension that in other 
directions, such as а long thin array for maximum direc- 
tivity in one plane, it is advisable to use the maximum 
estimate of D from either the expected gain or physical 
aperture dimensions, 

Up to this point in the range development, only the 
conditions for minimum range length, Spin. have been 
established, as though the ground surface were not 
present. This minimum S is therefore a necessary condi- 
tion even under free-space environment. The presence of 
the ground further complicates the range selection, not 
їп the determination of S but in the exact location of the 


source and test antennas above the earth 

Itis always advisable to select а range whose inter- 
Vening terrain is essentially flat, clear of obstructions, and 
of uniform surface conditions, such as all grass or all pave- 


کے — 


Fig 60—0n an antenna test range, 
receiving equipment may arrive after 
from the surface of the ground, as well as by the direct 
path. The two waves may tend to cancel each other, or 


may reinforce one another, depending on their phase 
relationship at the receiving point. 


mation of the source antenna, usually а Yagi, whose gain 


ге consists essentially ог 
the region in the beam of the test antenna, For radiation- 
pattern measurements, the range is considerably larger and 
‘consists of all that area illuminated by the source ап 
especially around and behind the test site. Ideally you 
should choose a site where the test-anter 

the center of a large open area and the source ar 
located near the edge where most of the obstacles (trees, 
poles, fences, ete.) 

‘The primary effect of the range surface is that some. 
of the energy from the source antenna will be reflected 
into the test antenna, while other energy will arrive on a 
direct line-of-sight path, This is illustrated in Fig 60. The 
use of a flat, uniform ground surface assures that there 
will be essentially a mirror reflection, even though the 
reflected energy may be slightly weakened (absorbed) by 
the surface material (ground). In order to perform an 
analysis you should realize that horizontally polarized 
waves undergo a 180" phase reversal upon reflection from 
the earth, The resulting illumination amplitude at any 
point in the test aperture is the vector sum of the electric 
fields arriving from the two directions, the direct path 
and the reflected path. 

If a perfect mirror reflection is assumed from the 
ground (it is nearly that for practical ground conditions 
at VHF/UHF) and the source antenna is isotropic, radiat- 
ing equally in all directions, then a simple geometric 
analysis of the two path lengths will show that at various 
point in the vertical plane at the est-antenna site the waves 
Will combine in different phase relationships. At some 
points the arriving waves will be in phase, and at other 
points they will be 180° ош of phase. Since the field 
amplitudes are nearly equal, the resulting phase change 
caused by path length difference will produce an ampli- 


Antenna and Transmission-Line Measurements 27-49 


Fig 61—The vertical profil, or plot of signal strength 
Versus test-antenna height, for a fixed height of the 
signal source above ground and at a fixed distance. 
See text for definitions of symbols. 


tude variation in the vertical test site direction similar to 
wing wave, as shown in Fig 61, 

‘The simplified formula relating the location of ha 
for maximum and minimum values of the two-path sum- 
mation in terms of hl and S is 


(Eq 28) 


with n =0, 2.4. for minimums and n = 1, 3, 5, ... for 
‘maximums, and S is much larger than either hI or h2. 

‘The significance of this simple ground reflection for- 
mula is that it permits you to determine the approximate 
location of the source antenna to achieve a nearly plane- 
wave amplitude distribution in the vertical direction over 
а particular test aperture size. It should be clear from 
examination of the height formula that as hI is decreased, 
the vertical distribution pattern of signal at the test site, 
h2, expands. Also note that the signal level for h2 equal 
to zero is always zero on the ground regardless of the 
height of hl 

‘The objective in using the height formula then is, 
given an effective antenna aperture to be illuminated from 
Which a minimum S (range length) is determined and a 
suitable range site chosen, to find a value for hl (source 
antenna height). The required value is such that the first 
a practical distance above the ground, and at the same time 
the signal amplitude over the aperture in the vertical 
direction does not vary more than about 1 dB. This last 
condition is not sacred but is closely related to the par- 
ticular antenna under test. 

In practice these formulas are useful only to 
ize the range setup. A final check of the vertical distribu- 
tion at the test site must be made by direct measuremer 
This measurement should be conducted with a small low- 
gain but unidirectional probe antenna such as a corner 


оГ vertical distribution at the test site, h2, is at 


al- 
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reflector or 2-element Yagi that you move along a verti- 

led aperture site, Care should be 
exercised to minimize the effects of local environment 
around the probe antenna and that the beam of the probe 
ве directed at the source antenna at all imes for maxi- 
mum signal. A simple dipole is undesirable as a probe 
antenna because it is susceptible to local environmental 
effects. 

"The most practical way to instrument the vertical dis- 
tribution measurement is to construct some kind of verti- 
cal track, preferably of wood, with a sliding carriage or 
platform that may be used to support and move the probe 
antenna. It is assumed of course that a stable source trans- 


cal line over the inter 


miter and calibrated receiver or detector are available so 
variations of the order of L. dB can be clearly distin- 
guished. 

Once you conduct these initial range measurements 
successfully, the range is now ready to accommodate any 
aperture size less in vertical extent than the largest for 
which Sin and the vertical field distribution were selected. 
Place the test antenna with the center of its aperture at the 
height h2 where maximum signal was found. Tilt the test 
antenna tilted so that its main beam is pointed in the 
direction of the source antenna. The final tilt is found by 
‘observing the receiver output for maximum signal. This 
last process must be done empirically since the apparent 
location of the source is somewhere between the actual 
source and its image, below the ground. 

‘An example will illustrate the procedure. Assume 
that we wish to measure a 7-foot diameter parabolic 
reflector antenna at 1296 MHz (2. = 0.75 foot). The mini- 
mum range distance, S, сап be readily computed from 
the formula for a circular aperture. 


Dl 2x 131 feet 
075 


Now a suitable site is selected based on the qualitative 


s, 


discussion given before. 


Next determine the source height, hl. The proce- 
dure is to choose a height hl such that the first minimum 
above ground ( 


times the aperture size, or about 20 feet. 


2 in formula) is at least two or three 


Place the source antenna at this height and probe the ver- 
tical distribution over the 7-foot aperture location, which 
vil be about 10 feet off the ground. 


AS a ¿235,1 pt 


be- 
moa 


Plot the measured profile of vertical signal level versus 
height. From this plot, empirically determine whether the 
7-foot aperture сап be fitted in this profile such that the 
тав v 


iation is not exceeded. IF the variation exceeds 
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Fig 62—Sample plot of a measured vertical profi 


1 dB over the 7-foot aperture, the source antenna should 
be lowered and h2 raised. Small changes in hl can quickly 
alter the distribution at the test site. Fig 62 illustrates the 
points of the previous discussion, 

The same set-up procedure applies for either hori- 
zontal or vertical linear polarization, However, it is 
‘advisable to check by direct measurement at the site for 
each polarization to be sure that the vertical distribution 
is satisfactory. Distribution probing in the horizontal plane 
is unnecessary as litle or no variation in amplitude should 


be found, since the reflection geometry is constant. 
Because of this, antennas with apertures that are long and 
thin, such as a stacked collinear vertical, should be mea- 
sured with the long dimension parallel to the ground. 

A particularly difficult range problem occurs in mea- 
surements of antennas that have depth as well as cross- 
sectional aperture area. Long end-fire antennas such as 
long Yagis, rhombics, V-beams, or arrays of these anten- 
nas, radiate as volumetric arrays and it is therefore even 

оге essential that the illuminating Field from the source 
antenna be reasonably uniform in depth as well as plane 
wave in cross section. For measuring these types of an- 
tennas it is advisable to make several vertical profile mea- 
surements that cover the depth of the array. A qualitative 
check on the integrity of the illumination for long end- 
fire antennas can be made by moving the array or antenna 
axially (forward and backward) and noting the change in 
received signal level. If the signal level varies less than 1 
or 2 dB for an axial movement of several wavelengths then 
the field can be considered satisfactory for most demands 
‘on accuracy. Large variations indicate that the illuminat- 
ing field is badly distorted over the array depth and subse- 
quent measurements are questionable. It is interesting to 
note in connection with gain measurements that any illu- 
inating field distortion will always result 
ens that are lower than true values 


ABSOLUTE GAIN MEASUREMENT 
Having established a suitable ra 


the measure- 


Fig 62—Standard-gain 
antenna. When 
accurately constructed 
for the desired 
frequency, this antenna 
will exhibit a gain of 

7.7 dB over a dipole. 
radiator, plus or minus. 
025 dB. n this model, 
constructed for 432 MHz, 
the elements are "inch 
diameter tubing. The 
phasing and support 
lines are of feen 
diameter tubing or rod. 
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теш of gain relative to an isotropic (point source) radia- 
tor is almost always accomplished by direct comparison 
with a calibrated standard-gain antenna. That is, the si 
nal level with the test antenna in its optimum location is 
noted. Then you remove the test antenna and place the 
standard-gain antenna with its aperture at the center of 
location where the test antenna was located. Measure the 
1 level between the standard and the 
test antennas and add to or subtract from the gain of the 
Standard-gain antenna to obtain the absolute gain of the 
test antenna. Here, absolute means with respect to a poi 
source with a gain of unity, by definition. The reason for 
using this reference rather than a dipole, for instance, is 
that itis more useful and convenient for system engineer- 
ing. We assume that both standard and test antennas have 
been carefully matched to the appropriate impedance and 
ап accurately calibrated and matched detecting device is 
being used. 

A standard-gain antenna may be any type of ur 
rectional, preferably planar-aperture, antenna, which has 
been calibrated either by direct measurement or in spe- 
cial eases by accurate construction according to computed 
dimensions. A standard-gain antenna has been suggested 
by Richard F. Н. Yang (see Bibliography). Shown in 
Fig 63, it consists of two in-phase dipoles '/ A apart and 
backed up with a ground plane 1 À square. 

In Yang's original design, the stub at the center is a 
balun formed by cutting two longitudinal slots of -inch 
width, diametrically opposite, on а "А-А. section of "h- 
inch rigid 50-0 coax. An alternative method of feeding 
is to feed RG-8 or RG-213 coax through slotted 74-inch 
‘copper tubing. Be sure to leave the outer jacket on the 
‘coax to insulate it from the copper-tubing balun section, 
When constructed accurately to scale for the frequ 
of interest, this type of standard will have an absolute 
gain of 9.85 dBi (7.7 dBd gain over a dipole in free space) 
With an accuracy of + 0.25 dB. 


RADIATION-PATTERN MEASUREMENTS 
OF all antenna п 


difference in sige 


surements, the radiation pattern 
is the most demanding in measurement and the most dif- 
ficult to interpret. Any antenna radiates to some degree 
in all directions into the space surrounding it. Therefore, 
the radiation pattern of an antenna is а three-dimensional 
representation of the magnitude, phase and polarization 
In general, and in practical cases for Amateur Radio con 
the polarization is well defined and only the 

magnitude of radiation is important 

Furthermore, in many of these cases the radiation in 
particular plane is of primary interest, usually the 
plane corresponding to that of the Earth's surface 
less of polarization. Because of the nature of the range 
setup, measurement of radiation pattern can be success- 
fully made only in a plane nearly parallel to the earth's 
surface, With beam antennas it is advisable and usually 
sufficient to take two radiation pattern measurements, one 
їп the polarization plane and one at right angles the 
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plane of polarization. These radiation patterns are referred 
to in antenna literature as the principal E plane and H- 
plane patterns, respectively. E-plane means parallel to the 
electric field that is the polarization plane and H-plane 
means parallel to the magnetic field in free space. The 
electric field and magnetic field are always perpendicu- 
lar to each other in a plane wave as it propagates through 
space. 

When the antenna is located over real earth, the terms 
\zimuth and elevation planes аге commonly used, since 
the frame of reference is the Earth itself, rather than the 
electric and magnetic fields in free space. For a horizon- 
tally polarized antenna such as a Yagi mounted with its 
elements parallel to the ground, the azimuth plane is the 
E plane and the elevation plane is the H-plane, 

‘The technique to obtain these patterns is simple in 
procedure but requires more equipment and patience than 
does making a gain measurement. First, a suitable mount 
is required that can be rotated in the azimuth plane (hori 
zontal) with some degree of accuracy in terms of azimuth- 
angle positioning. Second, a signal-level indicator 
calibrated over at least a 20-dB dynamic range with a 
readout resolution of at least 2 dB is required. A dynamic 
range of up to about 40 dB would be desirable but does 
not add greatly to the measurement significance. 

With this much equipment, the procedure is to locate 
first the arca of maximum radiation from the beam antenna 
by carefully adjusting the azimuth and elevation position 
ing. These settings are then arbitrarily assigned an azimuth 
angle of zero degrees and a signal level of zero decibels. 
Next, without changing the elevation setting (tilt of the 
rotating axis), the antenna is carefully rotated in azimuth 
in small steps that permit signal-evel readout of 2 or 3 dB 
per step. These points of signal level corresponding 
an azimuth angle are recorded and plotted on polar coor- 
dinate paper. A sample of the results is shown on ARRL. 
coordinate paper in Fig 64. 

‘On the sample radiation pattern the measured points 
are marked with an X and a continuous line is drawn in, 
since the pattern is a continuous curve. Radiation pat- 
terns should preferably be plotted on a logarithmic radial 
scale, rather than a voltage or power scale. The reason is 
that the log scale approximates the response of the ear to 

ils in the audio range. Also many receivers have AGC 
systems that are somewhat logarithmic in response; there- 
fore the log scale is more representative of actual system. 
operation 

Having completed a set of radiation-pattern measure- 

vents, one is prompted to ask, "Of what use are they?” 
The primary answer is as a diagnostic tool to determine 
if the antenna is functioning as it was intended to. A sec- 

nd answer is to know how the antenna will discriminate 
against interfering signals from various directions, 

Consider now the diagnostic use of the radiation pat- 
tems. If the radiation beam is well defined, then there is 
an approximate formula relating the antenna gain to the 
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provides space for recording significant data and 
remarks, 


measured half-power beamwidth of the E- and H-plane 
radiation patterns. The half-power beamwidth is indicated 
on the polar plot where the radiation level falls to 3 dB 
below the main beam d. dn reference on either side. The 
formula is 


41253 
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where Og and д are the half-power beamwiduhs in 
degrees of the E- and H-plane patterns, respectively. This 
equation assumes а lossless antenna system, where any 
Side-lobes are well suppressed. 

To illustrate the use of this equation, assume that 
we have a Yagi antenna with a boom length of two wave- 
lengths. From known relations (described in Chapter 11) 
the expected free-space gain of a Yagi with a boom length 
of 2A is about 13 dBi; its gain, G, equals 20. Using the 
above relationship, the product of O x $y = 2062 square 


Gain (an: n^ 


degrees. Since a Yagi produces a nearly symmetric beam. 
shape in cross section, Өр. = Oy = 45°. Now if the mea- 
sured values of Өр and on are much larger than 45°, then. 
the gain will be much lower than the expected 13 dBi. 

As another example, suppose that the same antenna 
(a 2-wavelength-boom Yagi) gives a measured gain of 
9 dBi but the radiation pattern half power beamvidths 
are approximately 45°, This situation indicates that 
although the radiation patterns seem to be correct, the 
low gain shows inefficiency somewhere in the antenna 
such as lossy materials or poor connections. 

Large broadside collinear antennas can be checked 
for excessive phasing-line losses by comparing the gain 
‘computed from the radiation patterns with the direct- 

weasured gain. It seems paradoxical, but it is indeed pos- 
sible to build a large array with a very narrow beamwidth 
indicating high gain, but actually having very low gain 
because of losses in the feed distribution system, 

In general, and for most VHF/UHF 
comm gain is the primary attribute of an 
antenna, However, radiation in other directions than the 
main beam, called sidelobe radiation, should be examined 

1 of radiation patterns for effects such as 
yimmetry on either side of the main beam or excessive 
magnitude of sidelobes. (Any sidelobe that is less than 
10 dB below the main beam reference level of 0 dB should 
be considered excessive.) These effects are usually attrib- 
utable to incorrect phasing of the radiating elements or 
radiation from other parts of the antenna that was not 
intended, such as the support structure or feed line. 

‘The interpretation of radiation patterns is intimately 
related to the particular type of antenna under measure- 
ment. Reference data should be consulted for the antenna 
type of interest, to verify that the measured results are in 

cement with expected results. 
To summarize the use of pattern measurements, if a 
enna is first checked for gain (the easier mea- 
'nt to make) and it is as expected, then pattern mea- 
nts may be academic. However, if the gain is lower 
than expected itis advisable to make pattern measurements 
to help determine the possible causes for low gain 

Regarding radiation pattern measurements, remem- 
ber thatthe results measured under proper range Facilities, 
will not necessarily be the same as observed for the same 
antenna at a home-station installation. The reasons may 
be obvious now in view of the preceding information on 
the range setup, ground reflections, and the vertical-field 
distribution profiles. For long paths over rough terrain 
where many large obstacles may exist, the effects of ground 
reflection tend to become diffused, although they still can 
‘cause unexpected results. For these reasons itis usually 
unjust to compare VHF/UHF antennas over long paths. 
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Vector Network Analyzers 


‘The process of building and properly tuning a phased 
array often involves making a number of different 
measurements to achieve a desired level of performance, as 
was pointed out in Chapter 8, Multielement Arrays. This 
section was written by Rudy Severs, МӨГЕ. 

Alter erecting an array we would like to measure the 
resonant frequency of each element, he self impedance of 
each element and the mutual impedances between the 
elen ıpedances over 
ıhe whole operating band to help design a feed network. 
When building the feed network, we may need to check the 
Values and Qs of the network elements and we will want to 
determine the electrical lengths of transmission lines. 

Final tuning of the array requîres that the relative 
current amplitudes and phases in each element be measured 
and adjusted, if necessary. We also will want to determine 
the SWR at the feed point, Doing all of this even moderately 
well can require quite a bit of equipment, some of which is 
heavy and requires ас line power. This can be a nuisance in 
the field, especially if the weather is not cooperating 

Professionals make these measurements by employing 
а vector network analyzer (УМА) or the somewhat simpler 
‘reflection-transmission test set. These instruments can make 
all the necessary measurements quickly and with great 
accuracy. However, in the past УМА» have been very 
expensive, out of reach for general amateur use. But thanks 
to modern digital technology VNAs that work with a laptop 
computer are now becoming available at prices an amateur 
might consider. I's even possible to homebrew а VNA! with 
performance that approaches a professional instrumer 
Considering the cost of even a simple array, investment in a 
УМА makes sense 


ts. We will also want to know these 


VNAs are based on reflection and transmission 
measurements. To use a УМА itis very helpful to have a basic 
understanding of Scattering Parameters (S-parameters) 
Microwave engineers have long used these because they have 
to work with circuits that are large in terms of wavelength, 
Where measurements of forward and reflected power are eas. 

НЕ arrays are also large in terms of wavelength. The 
techniques for measuring forward and reverse powers work 
well even at 160 meters. For example, even though the array 

s may be 100 feet apart, you can place your 
instruments in a central location and run cables out o each 
element. The effect of the cables from the УМА to the 
elements can be absorbed in the initial calibration procedure 
зо the measurements read out at the УМА are effectively 
those at each element. In other words, the measurement 
reference points сап be placed electrically at the base of the 
element, regardless of the physical location of the 
instrumentation and the interconnecting cables. 

In acompleted array with its feed network, the network 
can be excited by the VNA at the feed point and the relative 
current amplitudes and phases at each element can be 
measured over a frequency band. Then, adjustments сап be 
made as needed. When the final values for the curre 
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amplitudes and phases are known, these values can be put 
back into an array model in a program like EZNEC to 
determine the patter of the array across the whole frequency 
band, 


S-PARAMETERS 


In Chapter 24, Transmission Lines, the reflection 
coefficient rho (p) is defined as the ratio of the reflected 


voltage (У, to the incident voltage (У). 
у, 
- (Eq 30) 


If we know the load impedance (Zp) and the 
transmission line impedance (Z) we can calculate p from: 
Z-Z% 
24 770 (зр 

Keep in mind that p is a complex number (а vector) 
which we represent by either amplitude and phase (2, Ө) 
ог by real and imaginary parts (R X). The two repre- 
sentations are equivalen. From p we can then calculate 
SWR. That's very handy, but here we want to do something 
different, If we have ап instrument that measures p and we 
Know Zp then we can determine 7, from: 


P 


(Eq 32) 


p is one of the things that УМА» do very 
well. With а VNA, the measurement can be made at one 
ıd of a long transmission line with the load at the other 
ıd. The effect of the line can be calibrated out, as mentioned 
above, so that we are in effect measuring right at the load. 


Fig 65—A 2-olement array, where h is the element height 
and S is the spacing between the elements. 


‘This approach ca 
impedance and resonan 
оре elements in an array we can 
determine the mutual as well as self impedances for, and 
between, all the elements. We can also use this approach to 
measure component values, inductor Qs, te 

‘This is an example of a one-port measurement; that is, 
a load at the end of a transmission line. However, а multi- 
clement array actually behaves as a multi-port network, so 
to get the most out of а VNA, you need to generalize the 
above procedure. This is where S-parameters come into play. 
To illustrate the principles we wil use a simple 2-element 
array like that shown in Fig 65. 

"To design a feed network to drive this array we need to 
know the input impedance of each element (Z, and Za) as а 
function of the drive currents (1, and Iz). The i 
impedances will depend on the self impedance of euch 
element the coupling between them (dhe mutual impedance) 


be used directly to measure the 
frequency of a single element. By 
and short eircuitin 


and the drive currents in each element. To manage this 

problem we can represent a 2-element array as à two-port 

ietwork, as shown in Fig 66. And we can relate the port 

voltages, currents and impedances with Eq 33: 

-Z -a 

Va = Za Zak (Eq 33) 
Normally we know 1, and 1, from the design of the 


array, but we need to determine the resulting element 
impedances. That's the challenge. Fortunately, an array is а 
linear network, so Ziz = Zan Which means we need only 
determine three variables: the self impedances Zi; and Z. 
and the mutual impedance, Zi. 

Once we know Ху, Zi, Zo and are given I, and 1. 
we can determine the feed-point impedances at each element 
from: 


n (Eq 34) 


‘This is the conventional approach. However, there are 
some problems here, We have to be able to accurately 
measure either voltages and currents or impedances in 


multiple elements that may be separated by large fractions 


Fig 66—Two-port representation of currents and voltages 
in tho 2-element array in Fig 65. 


‘computer 


‘current, voltage and impedance become increasingly more 
difficultas we go up in frequency. 


tums out that we ean get the 


formation more easly 
by measuring incident and reflected volta 

and from those measurements determine the feed-point 
impedances. A УМА is an instrument for measuring these 
Voltages. It turns out to be easier to measure the ratios of 
two voltages rather than their absolute values. 

"The measurement setup using a VNA for a 2celement 
yy is shown in Fig 67. VNAs usually have at least two 
RF connections: the transmit port (Т) and the receive port 
(R). Professional units may have more RF connections. The 
T output provides an signal from a 50-0 source and the R 
port is a detector with a 50-0 input impedance. Basically 
We have a transmitter and a receiver. The transmit port uses 
a directional coupler to provide measurements of the forward 
amd reflected signals at that output. The receive port measures 
the signal transmitted through the network. Transmission 
lines usually have Zo = 50.2 and may be of any length 
required by the size ofthe array 


s at the ports 
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Using incident and reflected voltages, the two-port 
network representation is now changed, as shown in 
Fig 68, where: 
incident voltage at port 1 
flected voltage at port 1 
voltage at port 2 
lected voltage at port 2 


In a manner analogous to Eq 33, we can write an 
expression in terms of the incident and reflected volta 


Sun Sis 
Saa, Sets PoR 
where: 
x 
"Yeo 
NA (Eq 36) 


We see that the a, and b, are simply the incident and 
reflected voltages at the two ports divided by yZ, -Because 
this is a linear 

What are the Sy quantities? These are called the S- 
parameters, which are defined by: 


(ваз?) 


Note thatthe Sy parameters are all ratios of reflected 
and incident voltages, and they are usually complex numbers. 
"The condition that a, = 0= V3 is the same as saying that port 
2isterminated în a load equal to Zp and the network is excited. 
at port 1. This means there is no reflection from the load on 
роп 2, which makes У = 0. Similarly, if we terminate port 1 
With Zp and excite port 2, then vi 


Fig 68—Two-port network with incident and reflected waves. 
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il we compare Eq 30 to the first line of Eq 37 we see 
that Sj, = py, the reflection coefficient at port 1. We can 
now estate Eq 32 in terms of Sy) 


(Eg 38) 


Where Z is the impedance looking into port 1 with port 2 
terminated in Zo- In the case where port 2 does not ex- 
ist--that is, you are measuring a single element (for ex- 
ample, measuring element 1 with element 2 
‘open-cireuited) or a component, then Z is simply the self 
impedance (Zy, in Eq 33). Since Sy, is a standard mea- 


surement for VNAs you can calculate Z using Eg 38. In 
пу cases the VNA software will do this calculation for 
12 with 


you automatically. You can also measure elem 
‘element 1 open and determine Z22. 

‘Sz represents the ratio of the si 
port 2 (Va) to the input signal on port (V g and is another 
standard VNA measurement. Say is а measurement of the 
signal transmission between the ports through the network 
or in the case of an array, the signal transmission due to the 
‘coupling between the elements, Again, port 2 is terminated 
in 25 

"A full-feature VNA will measure all the Sy par 
at once, but most of the lower-cost units of 
amateurs are what we call reflection-transmission test sets. 
What this means is that they only measure Sj; and S. To 
obtain Sy; and Sy, we have lo interchange the test cables at 
the array elements (see Fig 67) and run the measurements 
again. Normally the software will accommodate this as a 
second entry and we end up with the full set of S, parameters, 

If we do run a full set of S; parameters then we can 
transform these to Zy (Eq 33) using the following 
expressions, assuming that Say 


(Eg 39) 


(1-50) (17 S22) = Si 


‘The example to this point has been for а 2-clement 

array. The S-parameters can be determined for 

with any number of elements. In an n-port 
ieasurement, all ports are terminated in Za the san 

Measurements are made between one set of ports at a ti 

and repeated ший all pairs of ports are measured. 


ARRAY MEASUREMENT EXAMPLE 


А good way to illustrate the use of a VNA for array 
¡casurements is to Work through an example with a real 
тау. Fig 69 is a picture of a 2-element 20-meter phased 


array built by Mark Perrin, М7МО. 

Each element is 744 (self resonant at 14.150 MHZ) and. 
spaced MA (17 feet 5 inches) In the ideal case, both elements 
‘would have the same current amplitude with a 90° phase 


difference, This gives the cardioid pattern shown in Chapter 8, 


Muliclement Arrays. There are many schemes for correctly 


Feeding such an array. The one used in this example uses two. 
different 75-0 transmission lines (one 2/4 and the other 22, 
electrically), as described by Roy Lewallen, WTEL 2 

The first task is to resonate the elements individually. 
With the VNA set to measure S,, phase, we will get a graph 
like that shown in Fig 70. 

At the 744 resonant frequency (6) we will see a sharp 
phase transition as we go from 180. to +180°. This is 
typical of any series resonant circuit. The length of each 


Fig o 
2alement 
2o-meter 
phased array 
(Photo 
courtesy 
THO) 


=== 
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Fig 70—5,, phase plot for an individual 


ment. 


eleme 


is adjusted until the desired f, is achieved. This is a 
very sensitive measurement. You ean see the shift in f, due 
the length of the element changing as 
it heats up in the sun or any interactions between the feed 
line and the antenna as you move the feed line around. In 
fact this is very good point in the process to make sure 
ng is mechanically stable and free of unexpected 
Usually you will find it necessary place choke 
‘each element to reduce stray coupling. 
The next step is to determine the self (Z, and 7) and 
mutual Zi) impedances from which the actual driving point 
impedances present when the array is excited can be 
determined. See Chapter 8, Multielement Arrays. There are 
First, we can simply use the УМА as an impedance 
bridge—ie, make two S, measurements at one element, first 
With the other element open (Zi; or Za) and then with it 
shorted (Zi or Za). We can convert the Sy, measurements to 
impedances using Eq 38. The value for Z can be obtained 
from Eq 40: 


Za fA 2) 
2 n 25 


‘The second approach is to do a full two-port S- 
parameter measurement (Sy, Say Sy; and S23) and derive 
the impedances using Eq 38. Both approaches will work 
but the second approach has the advantage that the + 
ambiguity in Eq 40 is eliminated, 

For this example, the impedance values from the 
measurements at 14.150 MHz, tum out to be: 


to the wind blowin 


(Eg 40) 


Zu =514+J035 
Zaz =503+ j 0.299 
20 = 15.06 ~ [1926 


(Eq 41) 


With these values we can now determine the feed-point 
impedances from: 


(Eq 42) 


Note that =j represents the 90° phase shift between the 
Substituting the values from Eq 41 into Eq 42: 


2 = 3209-J 147 
2 = 696+ [1532 (8449) 

With these impedances in hand we can now design the 
feed network. In this particular example however, we have 
decided to use the 2/4 and A/2 cables as described by 
Lewallen?? and accept the results. So we now proceed to 
‘cut and trim the two cables to length 
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Fig TI Current phase and amplitude ratio test setup- 


in, there are two ways to go. First we ean determine 
the frequency at which each cable is 2/4 long. At this point 
the input impedance of the cable will be equivalent to a 


esonant circuit and we can simply measure the phase 
of Sy as we did earlier for f, and get a plot like that shown 
їп Fig 70. In this example the 2/4 resonant frequencies of 
the two cables are 7.075 MHz and 14.150 MHz. 

The second approach would be to measur 
cable at 14.150 MHz. The phase shift in Sa; tells you how 
long the cable is, in degrees, at a given frequency. Because 
there is a small variation in cable characteristics with 


zı foreach. 


frequency (dispersion) this approach is slightly more 
accurate since it is done at the desired operating frequency. 
But this is not very lage effect at HF. 

"This brings us down to the final measurements, which. 
are to check that the relative current amplitudes and phases 
between the two elements are correct We can then determine 


bee, 


"am 


Fig T2— Measured element current ratio over the 20-meter 
band. 
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ию мю мй мыз MID MIS мю 1436 
Frequency бина этш 
Fig 73—Measured relative current phase shift over the 


20-meter band. 


the feed-point SWR. The phase and amplitude ratios аге 
made using the Sy, capability of the VNA and the test setup 
shown in Fig 71 

"The VNA transmit port is connected to the normal feed 
point. A current sensor (see Chapter 8, Multielement Arrays, 
for a discussion of current sensors) is inserted at the base of 


element | and the output of the sensor is returned to the 
detector or receive port of the УМА. A calibration run is 
then made to normalize this path. That makes it the reference 
Next, the current sensor is shifted to element 2. The 
amplitude and phase plots for Sy, obtained at this point will 
be the desired relative phase shift and amplitude ratio 
between the currents in the array when driven at the 
feed point. Figs 72 and 73 show the behavior of the example 
array over the 20-meter band. Note that the amplitude ratio 
has been converted from dB. We can now use these values 
їп а EZNEC model of the array to determine the actual 
radiation patter, 
Obviously the WTEL feed scheme is not perfect, but it 
‘of simplicity. If better performance 
is desired we can use the values of Z, and Z. determined 


ormal 


has a definite advant 


earlier to design and fabricate a new feed network and then 
proceed to evaluate its performance in the same way. 

"The final measurement is to connect the transmit port 
of the VNA to the feed point and measure S. From this we 
сап calculate the SWR 


1+ Sul 
Ml 


In this example, the return loss, |S, is about -19 dB 

over the entire 20-meter band. This corresponds to SW 

1251 
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Smith Chart 
Calculations 


The Smith Chart is a sophisticated graphic tool for 
solving transmission line problems. One of the simpler 
applications is to determine the feed-point impedance of 
an antenna, based on an impedance measurement at the 
put of a random length of transmission line. By using 
the Smith Chart, the impedance measuremer 
With the antenna in place atop a tower or mast, and there 
is no need to cut the line to an exact multiple of half wav 
lengths. The Smith Chart may be used for other purposes, 
too, such as the design of impedance-matching networks. 
‘These matching networks can take on any of several 
forms, such as L and pi networks, a stub 
tem, a series-section match, and more. With a knowledge 


can be made 


of the Smith Chart, the amateur can eliminate much “cut 
and try” work, 

Named after its inventor, Phillip Н. Smith, the Smith 
(Chart was originally described in Electronics for January 
1939. Smith Charts may be oblained at most university 
book stores. Smith Charts are also available from ARRI 
НО. (See the caption for F 
IK is stated in Chapter 24 that the input impedance, or 
the impedance seen when “looking into” a length of line, 
is dependent upon the SWR, the length of the line, and 
the Z of the line. The SWR, in turn, is dependent upon 
the load which terminates the line. There are complex 
mathematical relationships which may be used to calcu- 
late the various values of impedances, voltages, currents, 
and SWR values that exist in the operation of a particular 
transmission line. These equations can be solved with a 
personal computer and suitable software, or the para- 
meters may be determined with the Smith Chart. Even if 
a computer is used, a fundamental knowledge of the 
(Chart will promote a better understanding of the prob- 
lem being solved. And such an understanding might lead 
to a quicker or simpler solution than otherwise. If the 

impedance is known, it is a simple matter to 
the input impedance of the line for any le 
by means of the chart. Conversely, as indicated abov 
with a given line length and а known (or measured) input 
impedance, the load impedance may be determined by 
means of the chart—a convenient method of remotely 


determining an antenna impedance, for example. 
Although its appearance may at first seem somewhat 

formidable, the Smith Chart is really noth 

а specialized type of graph. Consider it as having curve 

rather than rectangular, coordinate lines. The coordinate 


more than 


system consists simply of two families of cireles—the 
resistance family, and the reactance family. The resistance. 
circles, Fig 1, are centered on the resistance axis (the only 
straight line on the chart), and are tangent to the outer 
circle at the right of the chart. Each circle is assigned a 


value of resistance, which is indicated at the point where 
the circle crosses the resistance axis. АП points along any 


one circle have the same resistance value 


The values assigned to these circles vary from zero at 


the left of the chart to infinity at the right, and actually rep- 

ed 
to the center point of the chart, indicated 1.0. This center 
point is called prime center. If prime center is assigned a 
Value of 100 Q, then 200 0 resistance is represented by the 
2.0 circle, 50. by the 0.5 circle, 20 © by the 0.2 circle, and 
зо on. If, instead, a value of 50 is assigned to prime center, 


resent а ratio with respect to the impedance value asi 


Fig 1—Rosistanco circles of the Smith Chart coordinate 
system. 
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the 20 circle now represents 100., the 0.5 circle 25 £2, and 
the 02 circle 10 2. In each case, it may be seen that the 


IMPEDANCE PLOTTING 


Suppose we have an impedance consisting of 50 £2 


value on the chart is determined by dividing the actual re- 
sistance by the number assigned o prime center. This pro- 
ces is called normalizing. 

Conversely, values from the chart are converted back 
to actual resistance values by multiplying the chart value 
times the value assigned to prime center. This feature per- 
mits the use of the Smith Chart for any impedance val 
ues, and therefore with any type of uniform transmission 
line, whatever its impedance may be. As mentioned above, 
specialized versions ofthe Smith Chart may be obtained 
With a value of 50 0 at prime center. These are intended 
for use with 50-0 lines. 

Now consider the reactance circles, Fig 2, which 
appear as curved lines on the chart because only segments 
of the complete circles are drawn. These circles are tan- 
gent to the resistance axis, which itself is a member of 
the reactance family (with a radius of infinity). The cen- 
ters are displaced to the top or bottom on а line tangent 
to the right of the chart. The large outer circle bounding 
the coordinate portion of he chart is the reactance axis, 

Each reactance circle segment is assigned a value of 
reactance, indicated near the point where the circle touches 
the reactance axis. All points along any one segment have 
the same reactance value. As with the resistance circles, the 
values assigned to each reactance circle are normalized with 
respect to the value assigned to prime center. Values to the 
тор of the resistance axis are positive (inductive), and those 
to the 


resistance and 100 0 inductive reactance (Z = 50 + j 100), 
1f we assign а value of 100 £ to prime center, we nor- 
malize the above impedance by dividing each component 
of the impedance by 100. The normalized impedance is 
then 50/100 + j (100/100) = 0.5 + j 1.0. This impedance 
is plotted on the Smith Chart at the intersection of the 0.5 
resistance circle and the +1.0 reactance circle, as indi- 
cated in Fig 3. Calculations may now be made from this 
plotted value. 

Now say that instead of assigning 100 £2 to prime 
center, we assign a value of 50 02 With this assignment, 
the 50 + j 100 € impedance is plotted at the intersection of 
the 50/50 = 1.0 resistance circle, and the 100/50 = 20 pos 
tie reactance circle. This value. 1 + j 2, is also indicated in 
Fig 3. But now we have vo points plotted in Fig 3 to rep- 
resent the same impedance value, 50 + j 100 £2. How can 
this be? 

‘These examples show that the same impedance may 
be plotted at different points on the chart, depending upon 
the value assigned to prime center. But two plotted points 
cannot represent the same impedance a he same time! It 
is customary when solving transmission-line problems 
to assign o prime center a value equal to the characteris- 
tic impedance, or Z, of the line being used. This value 
should always be recorded at the start of calculations, to 
avoid possible confusion Шет. (In using the specialized 
charts with the value of 50 at prime center, itis, of course, 
not necessary to normalize impedances when working 
‘with 50-0 line. The resistance and reactance values may 
be read directly from the chart coordinate system.) 

Prime center is a point of special significance. As 


bottom of the resistance axis are negative (capacitive). 

When the resistance family and the reactance fam- 
ily of circles are combined, the coordinate system of the 
Smith Chart results, as shown in Fig 3. Complex imped- 
ances (R + JX) can be plotted on this coordinate system. 


Chart. For simplicity, only a few divisions are shown 
for the resistance and reactance values. Various types 
©! Smith Chart forme are available from ARRL HO. At 


he time of this writing, five 875 x 11 Inch Smith Chart 
forms are available for $2. 


Fig 2-Reactance circles (segments) o the Smith Cha 
coordinate system. 
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just mentioned, is is customary when solving problems 
to assign the Z, value of the line to this point on the 
chart -50 © for а 500 line, for example. What this 
means is that the center point of the chart now represents 
50 +] 0 ohms-a pure resistance equal to the characteris- 
tie impedance of the line. If this were a load on the line, 
we recognize from transmission-line theory that it repre: 
sents a perfect match, with no reflected power and with a 
1010 1 SWR. Thus, prime center also represents the 1.0 
SWR circle (with a radius of zero). SWR circles are also 
discussed in a later section. 


Short and Open Circuits 

(Om the subject of plotting impedances, two special 
cases deserve consideration. These are short circuits and 
open circuits. A true short circuit has zero resistance and 


zero reactance, or 0 + j 0). This impedance is plotted at 
the left of the chart, à the intersection of the resistance 
and the reactance axes. By contrast, an open circuit has 
infinite resistance, and therefore is plotted at the right of 
the chart, at the intersection of the resistance and rea 
tance axes. These two special cases are sometimes used 
in matching stubs, described later. 


Standing-Wave-Ratlo Circles 
Members of a third family of circles, which 
are not printed on the chart but which are added 
during the process of solving problems, are 
standing-wave-ratio or SWR circles, Sce Fig 4. 
This family is centered on prime center, and ap- 
pears as concentric circles inside the reactance 
anis, During calculations, one or more of these 
circles may be added with a drawing compass. 
Each circle represents а value of SWR, with 
every point on a given circle representing the 
same SWR. The SWR value for a given circle 
may be determined directly from the chart coor- 
dinate system, by reading the resistance value 
Where the SWR circle crosses the resistance axis 
to the right of prime center. (Th reading where 
the circle crosses the resistance axis o the left 
ol prime center indicates the inverse ratio.) 
Consider the situation where a load mis- 
match in a length of line causes а 340-1 SWR 
ratio to exist. If we temporarily disregard line 
losses we may state that the SWR remains con- 
stant throughout the entire length of this line, 
This is represented on the Smith Chart by draw- 
ing a 3:1 constant SWR circle (a circle with a 
radius of 3 on the resistance axis), as in Fig 5. 


the Length of the line involved 

"This brings into use the wavelength scales, which 
appear in Fig 5 near the perimeter of the Smith Chart. 
These scales are calibrated in terms of portions of an elec- 
trical wavelength along а transmission line. Both scales 
start from 0 at the left of the chart. One scale, running 


The design of the chart is such that any imped- 
ance encountered anywhere along the length of 


this mismatched line will fall on the SWR circle. 
The impedances may be read from the coordi- 
nate system merely by the progressing around 
the SWR circle by an amount corresponding to 


ES 


Fig 5— Example discussed in text. 
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counterclockwise, starts at the generator or input end of 
the line and progresses toward the load. The other scale 
мап» at the load and proceeds toward the generator in а 
clockwise direction. The complete circle around the edge 
of the chart represents / A. Progressing once around the 
perimeter of these scales corresponds to progressing along 
а transmission line for Y: A. Because impedances repeat 
themselves every '/ along a piece of line, the chart may 
be used for any length of line by disregarding or sub- 

acting from the line's total length an integral, or whole 
number, of half wavelengths. 

‘Also shown in Fig 5 is a means of transferring the 
radius of the SWR circle to the extemal scales of the chart, 
by drawing lines tangent to the circle. Another simple way 
to obtain information from these extemal sales is to trans- 
fer the radius of the SWR circle to the external scale with 
а drawing compass. Place the point of a drawing compass 
at the center or Û line, and inscribe a short are across the 
appropriate scale. It will be noted that when this is done 
in Fig 5, the external STANDING WAVE VOLTAGE RATIO scale 
indicates the SWR to be 3.0 (at A)—our condition for ini 
tially drawing the circle on the chart (and the same as the 
SWR reading on the resistance axis). 


SOLVING PROBLEMS WITH THE 
SMITH CHART 


Suppose we have a transmission line with 
а characteristic impedance of 50 Q and an elec- 
ical length of 0.3 А. Also, suppose we termi- 
nate this line with an impedance having a 
resistive component of 25 £2 and an inductive 
reactance of 25 Q (Z = 25 + j 25). What is the 
input impedance to the line? 
"The characteristic impedance of the line is 
50 Q, so we begin by assigning this value to 
prime center. Because the line is not terminated 
in its characteristic impedance, we know that 
standing waves will exist on the line, and th 
therefore, the input impedance to the line will 
not be exactly 50 0. We proceed as follows. First. 
normalize the load impedance by dividing both 
the resistive and reactive components by 50 (Za 
of the line being used). The normalized imped- 
ance in this case is 05 +j 0.5. This is plotted on 
the chart at the imtersection of the 0.5 resistance 
and the +0.5 reactance circles, as in Fig 6. Then 
draw a constant SWR circle passing through this 
point. Transfer the radius of this circle to the 
extemal scales with the drawing compass. From. 
the external STANDING WAVE VOLTAGE RATIO. 
scale, it may be seen (at A) that the voltage ratio 
of 2.62 exists for this radius, indicating that our 
line is operating with an SWR of 2.62 to 1. This 
figure is converted to decibels in the adjacent 
scale, where 84 dB may be read (at В), indicat- 
ing that the ratio of the voltage maximum to the 
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voltage minimum along the line is 8.4 dB. (This is math- 
matically equivalent to 20 times the log of the SWR 
value) 

Next, with a straightedge, draw a radial line from 
prime center through the plotted point to intersect the 
Wavelengths scale. At this Intersection. point C in Fig 6, 
read a value from the wavelengths scale. Because we are 
stating from the load, we use the TOWARD GENERATOR or 
outermost calibration, and read 0.088 A- 

"To obtain the line input impedance, we merely find 
the point on the SWR circle that is 0.3 A toward the gen- 
erator from the plotted load impedance. This is accom- 
plished by adding 0.3 (the length of the line in 
Wavelengths) to the reference or starting point, 0.088; 0.3 
+ 0.088 = 0.388. Locate 0.388 on the TOWARD GENERA- 
той scale (at D). Draw a second radial line from this point 
to prime center. The intersection of the new radial line 
with the SWR circle represents the normalized line input 
impedance, in this case 0.6 - 0.66. 

"To find the unnormalized line impedance, multiply 
by 50, the value assigned to prime center. The resulting 
value is 30 — 33, or 30 © resistance and 33 0 capacitive 
reactance. This is the impedance that a transmitter must 
match if such a system were a combination of antenna 
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Fig 6— Example discussed in text. 
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and transmission line. This is also the impedance that 
‘would be measured on an impedance bridge if the me 
surement were taken at the line input 

In addition to the line input impedance and the SWR, 
the chart reveals several other operating characteristics 
of the above system of ine and load, if a closer look is 
desired. For example, the voltage reflection coefficient, 
both magnitude and phase angle, for this particular load 
is given. The phase angle is read under the radial line 
drawn through the plot of the load impedance, where the 
line intersects the ANGLE OF REFLECTION COEFFICIENT 
scale. This scale is not included in Fig 6, but will be found 
on the Smith Chart just inside the wavelengths scales. In 
this example, the reading is 116.6 degrees. This indicates 
the angle by which the reflected voltage wave leads the 
incident wave at the load. It will be noted that angles on 
the bottom half, or capacitive-reactance half, of the chart 
are negative angles, a "negative" lead indicating that the 
reflected voltage wave actually lags the incident wave. 

"The magnitude of the voltage-reflection-coefficient 
may be read from the external REFLECTION COEFFICIENT 
VOLTAGE scale, and is seen to be approximately 0.45 (at 
Е) for this example. This means that 45 percent of the 
incident voltage is reflected. Adjacent to this scale on the 
POWER calibration, it is noted (at F) that the power reflec- 
tion coefficient is 0.20. indicating that 20 per- 
сеш of the incident power s reflected. (The 
amount of reflected power is proportional to 
the square of the reflected voltage.) 


ADMITTANCE COORDINATES 


Quite often it is desirable to convert 
impedance information to admittance d 
conductance and susceptance. Working with 
sudmitances greatly simplifies determining the 
resultant when two complex impedances are 
connected in parallel, as in stub matching. The 
conductance values may be added directly, as 
may be the susceptance values, to arrive at 
the overall admittance for the parallel combi- 
nation. This admittance may then be con- 
verted back to impedance data, if desired. 
‘On the Smith Chart, the necessary con- 
version may be made very simply. The equiva- 
lent admittance of a plotted impedance value 
Ties diametrically opposite the impedance 
point on the chart In other words, an imped- 
ance plot and its corresponding admittance 
plot will lie on a straight line that passes 
through prime center, and each point will be 
the same distance from prime center (on the 
same SWR circle). In the above example, 
where the normalized line input impedance 
is 0.6 j 0.66, the equivalent admittance lies 
at the intersection of the SWR circle and the 


point D though prime center. Although not shown in Fig 
б, the normalized admittance value may be read as 0.76 + 
11034 if the line starting at D is extended 

In making impedance-admittance conversions, remem- 
ber that capacitance is considered to be a positive 
susceptance and inductance a negative susceptance. This 
corresponds to the seale identification printed on the chart. 
The admittance in siemens is determined by dividing the 
normalized values by the Zo of the line. For this example 
the admittance is 0.76/50 + j 0.84/50 = 0.0152 + j 0.0168 
siemen. Of course admittance coordinates may be con- 
verted to impedance coordinates just as easily—by 
locating the point on the Smith Chart that is diametri 
cally opposite that representing the admittance coordi- 
nates, on the same SWR circle. 


DETERMINING ANTENNA IMPEDANCES 


то determine an antenna impedance from the Smith 
Chart, the procedure is similar to the previous example. 
The electrical length of the feed ine must be known and 
the impedance value at the input end of the line must be 
determined through measurement, such as with an 
impedance- measuring or а good quality noise bridge. In 
this case, the antenna is connected to the far end of the 
line and becomes the load for the line. Whether the 


extension of the straight line passing from 


Fig 7—Example discussed in text. 
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antenna is intended purely for transmission of energy, or 
purely for reception makes no difference: the antenna is 
still he terminating or load impedance on the line as far 
as these measurements are concerned. The input or gen- 
erator end of the line is that end connected o the device 
for measurement of the impedance. In this type of prob- 
Jem, the measured impedance is plotted on the chart, and 
the TOWARD LOAD wavelengths scale is used in conjunc- 
tion with the electrical line length to determine the actual 
amenna impedance. 

For example, assume we have a measured input 
impedance to a 50-3 line of 70 — 25.. The line is 2.35 A. 
long, and is terminated in an antenna. What is the antenna 
feed impedance? Normalize the input impedance wit 
respect to 50.0, which comes out 1.4 — j 05, and plot this 
Value on the chart. See Fig 7. Draw a constant SWR circle 
through the point, and transfer the radius to the external 
scales. The SWR of 1.7 may be read from the VOLTAGE 
RATIO scale (at A). Now draw a radial line from prime cen- 
ter through this plotted point to the wavelengths scale, and 
read а reference value (at В). For this case the value is 
0.195, on the TOWARD LOAD scale. Remember, we are start- 
ing at the generator end of the transmission line. 

To locate the load impedance on the SWR circle, 
add the line length, 2.35 2, to the reference value from 
the wavelengths scale; 2.35 + 0.195 = 2.545. Locate the 
new value on the TOWARD LOAD scale. But because the 
calibrations extend only from 0 to 0.5, we must first sub- 

act a number of half wavelengths from this value and 
use only the remaining value. In this situation, the larg- 
est integral number of half wavelengths that can be sub- 

acted with a positive result is 5, or 2.5 A. Thus, 2.545 — 
25 = 0.045. Locate the 0045 value on the TOWARD LOAD 
scale (at C). Draw a radial line from this value to prime 
center. Now, the coordinates at the intersection of the 
second radial line and the SWR circle represent the load 
impedance. To read this value closely, some interpol 
tion between the printed coordinate lines must be made, 
and the value of 0.62 - j 0.19 is read. Multiplying by 50, 
Wwe get the actual load or antenna impedance as 31 j 9.5 
fü or 31 £2 resistance with 9.5 capacitive reactance. 

Problems may be entered on the chart in yet another 
manner. Suppose we have a length of 50- line feeding a 
Base-loaded resonant vertical ground-plane antenna which 
is shorter than Ye. Further, suppose we have an SWR 
monitor in the line, and that it indicates an SWR of 1-7 to 
1. The line is known to be 0.95 A Jong. We want to know 
both the input and the antenna impedances. 

From the information available, we have no imped- 
ances to enter into the chart We may, however, draw a circle 
representing the 1.7 SWR- We also know, from the defini- 
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tion of resonance, that the antenna presents а purely resis- 
tive load to the line, that i, no reactive component. Thus, 
"he antenna impedance must lie on the resistance axis. If 
we were to draw such an SWR circle and observe the chart 
With only the circle drawn, we would see two points which 
satisfy the resonance requirement for the load. These points 
are 0.59 + j O and L7 + j 0. Multiplying by 50, we see that 
these values represent 29.5 and 85 Q resistance. This may 
sound familiar, because, as was discussed in Chapter 24, 
when a line is terminated ina pure resistance, the SWR in 
the line equals 77, or ZZ. where Zyzload resistance 
and z, ine impedance. 

If we consider antenna fundamentals described in 
Chapter 2, we know that the theoretical impedance of a 
"irk ground-plane antenna is approximately 362. We there- 
fore can quit logically discard the 85-0 impedance figure 
in favor of the 29.5- value. This is then taken as the load 
impedance value for the Smith Chart calculations. To find 
the line input impedance, we subtract 0.52 from the line 
length, 095, and find 0.45 À on the TOWARD GENERATOR 
scale, (The wavelength-scle starting point in this сазе is 
0) The line input impedance is found to he 0.63 = j 0.20, or 
315-00. 


DETERMINATION OF LINE LENGTH 


In the example problems given so far in this chap- 
ter, the line length has conveniently been stated in wave- 
lengths. The electrical length of a piece of line depends 
upon its physical length, the radio frequency under 
consideration and the velocity of propagation in the line. 
fam impedance-measurement bridge is capable of quite 
reliable readings at high SWR values, the line length 
may be determined through line inputimpedance mea- 
surements with short- or open-circuit line terminations 
Information on the procedure is given later in this 
chapter. A more direct method is to measure the physi- 
cal length of the line and calculate its electrical length 
from 
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where 
N = number of electrical wavelengths in the line 


L = line length in feet 
T= frequency. MHz 
УЕ = velocity or propagation factor of the line 


The velocity factor may be obtained from transmis- 
sion-line data tables in Chapter 24. 
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16-1 length of RG-174 coax feeding a 

resonant 28-МН: 300-0 antenna (30-0. 

Coax. velocity factor = 68%, attenuation = 

2 dB per 10019. The SWR at the load is 
A, while tis 34:1 at the Tine input. When 

solving prob 

duo constant SWR circles 


LINE-LOSS CONSIDERATIONS. 
WITH THE SMITH CHART 


The example Smith Chart problems pre- 
sented in the previous section ignored attenu- 
ation, ог line losses. Quit frequently it is not 
even necessary to consider losses when mak- 
ing calculations: any difference in readings 
obtained are often imperceptible on the chart. 
However, when the line losses become appre- 
ciable, such as for high-loss lines, long lines, 
or at VHF and UHF, loss considerations may 
become significant in making Smith Chart cal- 
culations. This involves only опе simple step, 
in addition 1o the procedures previously 
presented. 

Because of line losses, as discussed in 
Chapter 24 the SWR does not remain constant 
throughout the length of the line. As а result, 
there is а decrease in SWR as one progresses 
away from the lad, To truly present this situa 
tion on the Smith Chart, instead of drawing а 
constant SWR circle, it would be necessary to 
draw а spiral inward and clockwise from the 
load impedance toward the generator, as shown 
in Fig 8. The rate at which the curve spirals 
toward prime center is related to the attenua- 
Чоп in the line. Rather than drawing spiral 
curves, a simpler method is used in solving line- 
loss problems, by means of the external scale 
TRANSMISSION LOSS vn STEPS. This scale may 
be seen in Fig 9. Because this is only a relative 
scale, the decibel steps are not numbered. 

E we start at the left end of this external 
scale and proceed in the direction indicated 
TOWARD GENERATOR, the first В step is seen 
to occur at a radius from center correspond- 
ing to an SWR of about 9 (at A): the second 

falls at an SWR of about 4.5 (at B), 
rd at 3.0 (at C) and so forth, ший the 
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Fig 9—Example of Smith Chart calculations taking line losses 
into account 
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15th dB step falls at an SWR of about 1.05 to 1. This 
means that а line terminated in a short or open circuit 
(infinite SWR). and having an attenuation of 15 dB, would 
exhibit an SWR of only 1.05 at is input. It will Бе noted 
that the dB steps near the right end of the scale are very 
close together, and a line attenuation of 1 or 2 dB in this 
area will have only slight effect on the SWR. But ne 

the left end of the scale, corresponding to high SWR val 
ues, a 1 oF 2 dB loss has considerable effect on the SWR. 


Using a Second SWR Circle 


та solving а problem using line-loss information, it 
is necessary only to modify the radius of the SWR circle 
by an amount indicated on the TRANSMISSION LOSS тов. 
STEPS scale. This is accomplished by drawing a second 
SWR circle, either smaller or larger than the first, 
depending on whether you are working toward the load 
or toward the generator 

For example, assume that we have a 50-0 line that 
150282 A long, with 1-dB inherent attenuation. The line 
input impedance is measured as 60 + j 35 0, We desire to 
Know the SWR at the input and at the load, and the load 
impedance. As before, we normalize the 60 + j 35-0 
impedance, plot it on the chart, and draw a constant SWR- 

Je and а radial line through the point. In this case, the 

normalized impedance is 1.2 + j 0.7. From Fig 9, the SWR. 
the line input is seen to be 1.9 (at Р), and the radial 
line is seen to cross the TOWARD LOAD scale, first sub- 
act 0.500, and locate 0.110 (at F); then draw a radial 
Tine from this point to prime center. 

To account for line losses, transfer the radius of the 
SWR circle to the external bl STEPS scale, This radius 
crosses the extemal scale at G, the fifth decibel mark from 
the left. Since the line loss was given as 1 dB, we strike а 
new radius (at Н), one “tick mark” to the left (toward 
load) on the same scale. (This will be the fourth decibel 
tick mark from the left of the scale.) Now transfer this 
пек radius back to the main chart, and seribe a new SWR 

ice of this radius. This new radius represents the SWR. 
at the load, and is read as 2.3 on the extemal VOLTAGE 
RATIO scale At the intersection of the new circle and the 
ond radial line, we read 0.65 — 0.6. This is the normal 
ized load impedance. Multiplying by 50, we obtain the 
actual load impedance as 32.5 — j 30 £2 The SWR in this 
problem was seen to increase from 1.9 at the line input to 
23 (at 1) at the load, with the 1-48 line loss taken into 
consideration. 

In the example above, values were chosen to fall con- 
veniently on or very near the "tick marks" on the 1-4B 
scale. Actually, it is a simple matter to interpolate 
between these marks when making a radius correction. 
When this is necessary, the relative distance between 
marks for each decibel step should be maintained while 
counting off the proper number of steps. 

‘Adjacent to the LDB STEPS scale lies a LOSS COEFFI- 
CENT seale. This scale provides a factor by which the 
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matehed-line loss in decibels should be multiplied to 
account for the increased losses in the line when standing 
waves are present. These added losses do not affect the 
SWR or impedance calculations: they are merely the 
additional dielectric copper losses of the line caused by 
the fact that the line conducts more average voltage in the 
presence of standing waves. For the above example, from 
Fig 9, the loss coefficient at the input end is seen to be 
121 (at J), and 1.39 (at K) at the load. As а good approxi- 
mation, the loss coefficient may be averaged over the length 
of line under consideration; in this case, the average is 1.3. 
Тыз means that the total losses in the line are 1.3 times 
the matched loss of the line (1 dB), or 1.3 dB. This is the 
same result that may be obtained from procedures given in 
Chapter 24 for this data. 


Smith Chart Procedure Summary 


To summarize briefly, any calculations made on the 

Smith Chart are performed in four basic steps, although 

not necessarily in the order listed. 

1) Normalize and plot a line input (or load) impedance, 
and construct а constant SWR circle. 

2) Apply the line length to the wavelengths scales. 

3) Determine attenuation or oss, if required, by means 
of a second SWR circle. 

4) Read normalized load (or input) impedance, and con- 
vert to impedance in ohms. 

The Smith Chart may be used for many types of 
problems other than those presented as examples here. 
‘The transformer action of a length of line—to transform 
a high impedance (with perhaps high reactance) to a 
purely resistive impedance of low value—was not men- 
tioned. This is known as “tuning the line,” or which the 
chart is very helpful. eliminating the need for "cut and 
try" procedures. The chart may also be used to calculate 
lengths for shorted or open matching stubs in а system, 
described later in this chapter. In fact, in any application 
where a transmission line is not perfectly matched, the 
Smith Chart can be of value. 


ATTENUATION AND Zo FROM IMPED- 
ANCE MEASUREMENTS 

1f an impedance bridge is available to make accu- 
rate measurements in the presence of very high SWR v 
ез. the attenuation. characteristic impedance and veloci 
factor of any random length of coaxial transmission line 
can be determined, This section was written by Jerry Hal 
кїтр. 

Homemade impedance bridges and noise bridges 
will seldom offer the degree of accuracy required to Use 
this technique, but sometimes laboratory bridges can be 
found as industrial surplus at a reasonable 
also he possible for an amateur to borrow a 
буре of bridge for the purpose of making some weekend 
measurements. Making these determinations is not diffi- 
cult, but the procedure is not commonly known among 
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amateurs. One equation treating complex numbers is used, 

but the math сап be handled with a calculator supporting 

ig functions. Full details are given in the paragraphs 
that follow. 

For each frequency of interest, two measurements 
are required to determine the line impedance. Just one 
measurement is used to determine the line attenuation and 
Velocity facto. As an example, assume we have a 100- 
foot length of unidentified line with foamed dielectric, 
and wish to know its characteristics. We make our me 
surements at 7.15 MHz. The procedure is as follows, 
1) Terminate the line in an open circuit. The best “open 

circuit" is one that minimizes the capacitance between 
the center conductor and the shield. If the cable has a 
PL-259 connector. unscrew the shell and slide it back 
down the coax for a few inches. I the jacket and insu- 
lation have been removed from the end, fold the braid 
back along the outside of the line, away from the cen- 
ter conductor. 

2) Measure and record the impedance at the input end of 
the line. Ifthe bridge measures admittance, convert, 
the measured values to resistance and reactance. Label 
the values as Ry. + j X. For our example, assume we 
measure 85 + J179 £2 (f the reactance term is capaci 
tive, record it as negative.) 

3) Now terminate the line in a short circuit. If a con- 
nector exists at the far end of the line, a simple 
short is a mating connector with а very shor piece 
‘of heavy wire soldered between the center pin and 
the body. If the coax has no connector, removing 
the jacket and center insulation from a half inch or 
so at the end will allow you to tightly twist the 
braid around the center conductor A small clamp 

stor clip around the outer braid at the twist 
will keep it tight 

4) Again measure and record the impedance at the 
input end of the line. This time label the values 
as R, £j X. Assume the measured value now is 
180120 

‘This completes the measurements. Now we reach 
for the calculator 

As amateurs we normally asume that the cha 
acteristic impedance of а line is purely resistive, 
but it can (and does) have a small capacitive reac- 
tance component. Thus, the Z of а line actually 
consists of Ry + j X, The basic equation for caleu- 

ing the characteristic impedance is 


(692) 


From Eq 2 the following working equation may be 
derived. 


Zo SARR uX Xu (RX X. (Ез 
The expression under the radical sign in Eq 3 is in 
the form of R + X. By substituting the values from our 
example ito Eq 3, the R term becomes 85 x 43- 179 x 
24023, and the X term becomes 85 x (112) + 

we have determined tha 


The quantity under the radical sign is in rectangular 
form. Extracting the square root of a complex term is 
handled easily if it is in polar form, a vector value and its 
angle. The vector value is simply the square root of the 
sum of the squares, which in this case is 


iss 


densis 
The tangent of the vector angle we are seeking is 

the value of the reactance term divided by the value of 

the resistance term. For our example this is arctan -92.8/ 


2412.8 = arctan -0.03846. The angle is thus found to be 
12.20". From all of this we have determined that 


Z= (WEE 


Extracting the square rotis now simply a mater of finding 


open-circuit and short-circuit terminations. 
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the square root of the vector value, and taking half the angle. 
(The angle is treated mathematically as an exponent) 

Our result for this example is Z4 = 491L LL. The 
small negative angle may be ignored, and we now know 
that we have coax with a nominal 30-0 impedance. 
(Departures of as much as 6 to 8% from the nominal value 
are not uncommon.) If the negative angle is large, or if 
the angle is positive, you should recheck your calcul 
tions and perhaps even recheck the original measur 
ments. You can get an idea of the validity of the 
measurements by normalizing the measured values to the 
calculated impedance and plotting them on а Smith Chart 
as shown in Fig 10 for this example. Ideally, the two points 
Should be diametrically opposite, but in practice they will 
be mot quite 180" apart and not quite the same distance 
from prime center. Careful measurements will yield plot- 
ted points that are close to ideal. Significant departures 
from the ideal indicates sloppy measurements, or perhaps 
an impedance bridge that is not up to the task. 


Determining Line Attenuation 

The short circuit measurement may be used to 
determine the line attenuation. This reading is more rel 
able than the open circuit measurement because a good 
short circuit is a short, while a good open circuit is hard 
to find. (It is impossible to escape some amount of 
capacitance between conductors with an “open” circuit, 
and that capacitance presents а path for current to flow at 
the RF measurement frequency) 

Use the Smith Chart and the -bn STEPS 
external scale to find line attenuation. First nor- 
malize the short circuit impedance reading to 
the calculated Zo, and plot this point on the 
chart. See Fig 10. For our example, the nor 
malized impedance is 48/49.1 — 11.2 / 49.1 
or 0.098 — j 0.228. After plotting the point 
transfer the radius to the | D8 STEPS scale. This 
is shown at A of Fig 10. 

Remember from discussions earlier in this 
chapter that the impedance for plotting a short 
ireuit is 0+ /0, at the left edge of the chart on 
the resistance axis. On the | DA STEPS scale this 
is also at the eft edge. The total attenuation in 
the line is represented by the number of dB 
steps from the left edge to the radius mark 
we have just transferred. For this example itis 
0.8 dB. Some estimation may be required in 
interpolating between the 1-dB step marks. 


Determining Velocity Factor 

‘The velocity factor is determined by 
using the TOWARD GENERATOR wavelength scale 
of the Smith Chart. With a straightedge, draw 
a line from prime center through the point rep- 


point is labeled B. Consider that during our measurement, 
the short circuit was the load at the end of the line. Imag- 
ine а spiral curve progressing from 0 + j O clockwise and 
inward to our plotted measurement point. The wavelength 
scale, at B, indicates this line length is 0404 A. By rear- 
ranging the terms of Eq 1 given early in this chapter, we 
arrive at an equation for calculating the velocity factor. 


LI 


1. = line length, feet 
F= frequency, MHZ 
N = number of electrical wavelengths in the line 


Inserting the example values into Eq 4 yields VF 
100 7151984 x 0.464) = 1.566, or 156.6%. OF couse 
this value is an impossible number—the velocity factor in 
coax cannot be greater than 100%. But remember, the 
Smith Chan can be used for lengths greater than Ф.А. There- 
fore, that 0.464 value could righty be 0.964, 1.464, 1.964, 
and so on. When using 0.964 2, Eq 4 yields a 
velocity factor of 0.753, or 75.3%. Trying successively 
greater values for the wavelength results in velocity factors 
of 49,6 and 370%. Because the cable we measured had 
foamed dielectric, 75.3% is the probable velocity factor. 
"This corresponds to an electrical length of 0964 X. There- 
fore, we have determined from the measurements and 


resenting the short-circuit reading, unt 
tersects the wavelengths scale. In Fig 10 this 


2840 Chapter 28 


i Fig TI-Smith Chart determination of input impedances for short 
and open-circuited line sections, 


isregarding line losses. 
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calculations that our unmarked coax has а nominal 50-2 
impedance, an attenuation of 0.8 dB per hundred feet at 
7.15 MHz, and a velocity factor of 75.3%. 

Iiis difficult to use this procedure with shor lengths 
of coax, just a few feet. The reason is that the SWR at the 
line input is too high to permit accurate measurements 
with most impedance bridges. In the example above, the 
SWR at the line input is approximately 12:1 

"The procedure described above may also be used 
for determining the characteristics of balanced lines. 


— 


Fig 12—The method of stub matching а mismatched 
load on coaxial lines. 


devices, and the procedure for measuring a balanced 
impedance accurately with an unbalanced bridge is com- 
plicated. 


LINES AS CIRCUIT ELEMENTS 


Information is presented in Chapter 24 on the use of 
transmission-line sections as circuit elements. For 
example, it is possible to substitute transmission lines of 
the proper length and termination for coils or capacitors 
in ordinary circuits. While there is seldom a practical need 
for that application, lines are frequently used in antenna 
systems in place of lumped components to tune or reso- 
nate elements. Probably the most common use of such a 
Tine is in the hairpin match, where а short section of stiff 
open one line acts as a lumped inductor. 

"The equivalent “lumped” value for any “inductor 
or “capacitor” may be determined with the aid of the Smith 
Chant. Line loses may be taken into account if desired, 
as explained earlier. See Fig 11. Remember that the 
тор half of the Smith Chart coordinate system is used. 
for impedances containing inductive reactances, and the 
bottom half for capacitive reactances, For example, a sec- 
tion of 600-0 line Yur long (0.1875 A) and shorccir- 
сийе at the far end is represented by 1, drawn around a 
portion of the perimeter of the chart. The “Toad” is short- 
Circuit 0+ j0 £2, and the TOWARD GENERATOR wavelengths 
scale is used for marking off the line length. At A in 

Fig 11 may be read the normalized imped- 
ance as seen looking into the length of line, 
0 + j 24. The reactance is therefore induc- 
tive, equal to 600 x 2.4 = 1440 £2. The same 
line when open-ciruited (termination imped- 
ance = =, the point at the right of the chart) 
is represented by /2 in Fig 11, ALB the nor- 
malized line-input impedance may be read 
as 0 — 0.41: the reactance in this case is 
capacitive, 600 x 041 = 246 ©. (Line losses 
fare disregarded in these examples.) From. 
Fig 11 it is easy to visualize that (1 were 
to be extended by e, the total length rep- 
resented by £3, the lin-input impedance 
‘would be identical to that obtained in the case 
represented by £2 alone. In the case of (2 
the line is open-circuited at the far end, but 
in the case of £3 the line is terminated in a 
short. The added section of line for £3 pro- 
vides the “transformer action” for which the 
"Yok line is noted. 

The equivalent inductance and capacitance 
as determined above can be found by substi- 
чийа these values in the equations relating 
Inductance and capacitance to reactance, or 
by using the various charts and calculators 
available. The frequency corresponding to the 


Fig тз—5тиһ Char 
stub matching. 


method of determining the dimensions for 


line length in degrees must be used, of course. 
In this example, if the frequency is 14 MHZ 
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the equivalent inductance and capacitance in the two cases 
are 164 pH and 46.2 pF, respectively. Note that when 
the line length is 45° (0.125 2), the reactance in either 
case is numerically equal to the characteristic impedance 
of the line. In using the Smith Chart it should be kept in 
mind that the electrical length of a line section depends 
оп the frequency and velocity of propagation, as well as 
on the actual physical length. 

'At lengths of line that аге exact multiples of such 
lines have the properties of resonant circuits. At lengths 
where the input reactance pases through zero at the left of 
the Smith Chart, the line acts as а series resonant circi 
At lengths for which the reactances theoretically pass from 

positive” to "negative" infinity at the right of the Smith 
Chart, the line simulates a parallel-resonant circi. 


Designing Stub Matches with 
the Smith Chart 


‘The design of stub matches is covered in detail in 
Chapter 26. Equations are presented there to calculate 
the electrical lengths of the main line and the stub, based 
оп а purely resistive load and on the stub being the same 
type of line as the main line. The Smith Chart may also 
be used to determine these lengths, without the require- 
ments that the load be purely resistive and that the line 
types be identical 

Fig 12 shows the stub matching arrangement in 
coaxial line. As an example, suppose that the load is an 
antenna,  close-spaced array fed with a 52-0 line. Fur- 
"ber suppose that the SWR has been measured as 3.1: 
From this information, a constant SWR circle may be 
drawn on the Smith Chart Is radius is such that it inter- 
sects the right portion of the resistance axis at the SWR 
value, 3.1, as shown at point B in Fig 13. 

Since the stub of Fig 12 is connected in parallel wit 
the transmission line, determining the design of the 
matching arrangement is simplified if Smith Chart val 
ues are dealt with as admitanccs rather than impedances, 
(An admittance is simply the reciprocal of the associated 
impedance. Plotted on the Smith Chart, the two associ 
ated points are on the same SWR circle, but damen 
cally opposite cach other) Using admittances leaves less 
chance for errors in making calculations, by eliminating 
the need for making series-equivalent to parallel equi 
lent circuit conversions and back, or else for using com- 
plicated equations for determining the resultant value of 
yo complex impedances connected in parallel 

A complex impedance, Z, is equal to R + j X, as 
described in Chapter 24. The equivalent admittance, Y, is 
equal to Gj B, where G is the conductive component and 
B the susceptance. (Inductance is taken as negative 
susceptane, and capacitance as positive.) Conductance and 
susceplance values are plotted and handled on the Smith 
Chart in the same manner as resistance and reactance. 

Assuming that the close-spaced атау of our example 
has been resonated at the operating frequency, it will 
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present a purely resistive termination for the load end of 
the 52-0 line. From information in Chapter 24, itis known 
that the impedance of the antenna equals Z/SWR = 52/ 
3.1 = 168 Q. (We can logically discard the possibility 
that the antenna impedance is SWR x Za. or 0.06 £2 If 
this 168-0 value were to be plotted as an impedance on 
the Smith Chart, it would first be normalized (168/52 
(0.32) and then plotted as 0.32 + j 0. Although not neces- 
sary for the solution of this example, this value is plotted 
at point A in Fig 13. What is necessary is a plot of he 
admittance for the antenna as a load. This is the recipro- 
cal of the impedance; 1/16.8 02 equals 0.060 siemen. To 
plot this point it is first normalized by multiplying the 
Conductance and susceptance values by the Z of the line. 
Thus, (0.060 + j 0) x 52 = 3.1 + j 0. This admittance 
value is shown plotted at point B in Fig 13. It may be 
seen that points A and B are diametrically opposite each 
other on the chart. Actually, for the solution of this 
example, it wasn't necessary to compute the values for 
either point A or point В as in the above paragraph, for 
they were both determined from the known SWR v 

of 3.1. As may be seen in Fig 13, the points are located 
оп the constant SWR circle which was already drawn, at 
the two places where it intersects the resistance axis. The 
plotted value for point A, 0.32, is simply the reciprocal 
Df the value for point В, 3.1. However, an understanding 
of the relationship between impedance and admittance is 
easier to gain with simple examples such as this. 

In stub matching, the stub is to be connected at a 
point in the line where the conductive component equals 
the Z of the line. Point В represents the admittance of 
the load, which is the antenna. Various admitances will 
be encountered along the line, when moving in а direc- 
tion indicated by the TOWARD GENERATOR wavelengths 

ut all admittance plots must fall on the constant 
SWR circle. Moving clockwise around the SWR circle 
from point В, it is seen that the line input conductance 
will be 1.0 (normalized Zy of the line) at point C, 0.082 
toward the transmitter from the antenna. Thus, the stub 
should be connected at this location on the line. 

‘The normalized admittance at point C. the point rep- 
resenting the location of the stub, is 1 — 1.2 siemens, 
having an inductive susceptance component A capaci- 
tive susceptance having a normalized value of + j 1.2 
siemens is required across the line at the point of stub 
Connection, to cancel the inductance. This capacitance is 
to be obtained from the stub section itself; the problem 
now is to determine its type of termination (open or 
shorted), and how long the stub should be. This is done 
by fist plotting the susceptance required for cancella- 
tion, 0+ j 1.2, on the chart (point D in Fig 13). This point 
represents the input admittance as seen looking into the 
stub. The "load" or termination for the stub section is 
found by moving inthe TOWARD LOAD direction around 
the chart, and will appear at the closest point on the 
resistancelconductance axis, either at the let or the right 


of the chart. Moving counterclockwise from point D. this 
is located at E, at the left of the chart, 0.139 away. From 
this we know the required stub length. The "load" at the 
far end of the stub, as represented on the Smith Chart, 
has a normalized admittance of 0 + j 0 siemen, which is 
equivalent to ап open circuit. 

"When the stub, having an input admittance of 0 + 
41.2 siemens, is connected in parallel with the ine at a 
point 0.082 A from the load, where the line input admi 
tance is 1.0 — 12, the resultant admittance isthe sum of 
the individual admittances. The conductance components 
are added directly, as are the susceptance components. In 
this case, 1.0 J 1.2 +j 1.2 = 10 + 0 siemen. Thus, the 
line from the point of stub connection to the transmi 
will be terminated in a load which offers a perfect match. 
When determining the physical line lengths for stub match- 
ing. it is important to remember that the velocity factor 
for the type of line in use must be considered. 


MATCHING WITH LUMPED CONSTANTS 

Mt was pointed out earlier that the purpose of a match- 
ing stub is to cancel the reactive component of line 
impedance at the point of connection. In other words, the 
stub is simply a reactance of the proper kind and value 
‘hunted across the line. It does not matter what physical 
shape this reactance takes. It can be a section of trans- 


mission line or a “lumped” inductance or capacitance, as 
desired. In the above example with the Smith Chan solu- 
tion, а capacitive reactance was required. A capacitor 
having the same value of reactance can be used just as 
well There are cases where, from an installation stand- 
point it may be considerably more convenient to con- 
nect а capacitor in place of a stub. This is particu 
true when open-wire feeders are used. If a variable 
capacitor is used, it becomes possible to adjust the 
capacitance to the exact value required. 

"The proper value of reactance may be determined 
from Smith Chart information. In the previous example, 
the required susceptance, normalized, was + 1.2 siemens. 
This is converted into actual siemens by dividing by the 

inc Za; 1.252 = 0.023 siemen, capacitance The required. 
capacitive reactance is the reciprocal of this latter value, 
10023 = 43.5 ©. И the frequency is 14.2 MHz, for in- 
stance, 43.5 0 corresponds to a capacitance of 258 p. A 
325 pF variable capacitor connected across the line 0.082 
A from the antenna terminals would provide ample ad- 
justment range. The RMS voltage across the capacitor is 


к= рх, 


For 500 v. for example, E = the square root of 500 
X 52 = 161 V. The peak voltage is 141 times the RMS 
value, or 227 V. 


The Series-Section Transformer 


“The series section transformer is described in Chap- 
ter 26, and equations are given there for its design, The 
transformer can be designed graphically with the aid of a 
Smith Chart. This information is based on a OST article 
by Frank А. Regier, ODSCG. Using the Smith Chart to 
design a series-section match requires the use of the chart 
in its less familiar off-center mode. This mode is described 
in the next two paragraph 

Fig 14 shows the Smith Chart used in its fami 
centered mode, with all impedances normalized to that 
of the transmission line, in this case 75 О, and all con- 
Stant SWR circles concentric with the normalized value г 
= 1 at the chart center, An actual impedance is recovered 
by multiplying a chart reading by the normalizing 
impedance of 75 €. If the actual (unnormalized) imped- 
ances represented by a constam SWR circle in Fig 14 ar 
instead divided by а normalizing impedance of 300 2, a 
different picture results. A Smith Chart shows all pos- 
sible impedances, and so a closed path such as a constant 
SWR circle in Fig 14 must again he represented by a 
closed path. In fact, it can be shown that the path remains 
A circle but that the constant SWR circles are no longer 
concentric. Fig 15 shows the circles that result when the 


impedances along a mismatched 75-0 line are normal- 
ized by dividing by 300 Q instead of 75. The constant 
SWR circles still surround the point corresponding to the 
characteristic impedance of the line (r = 0.25) but are no 
longer concentric with it. Note that the normalized 
impedances read from corresponding points on Figs 14 
and 15 are different but that the actual, unnormalized, 
impedances are exactly the same. 


‘An Example 

Now tum to the example shown in Fig 16. A com- 
plex load of Z, = 600 + j 900 Q is to be fed with 
300-0 lnc, and a 75-0 series section is to be used. These 
characteristic impedances agree with those used in Fig 
15, and thus Fig 15 can be used to find the impedance 
variation along the 75-0 series section. In particular, the 
constant SWR circle which passes through the Fig 15 
hart center, SWR = 4 in this ease, passes through all the 
impedances (normalized to 300 0) which the 75-0 series 
section is able to match to the 300-2 main line. The length 
11 of 300-0 line has the job of transforming the load 


impedance to some impedance on this matching circle. 
Fig 17 shows the whole process more clearly, with all 
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Fig V Constant SWR circles for SW and5, 
Showing impedance variation along 754 line, normalized to 
75.0. The actual impedance is obtained by multiplying the 
chart reading by 750. 


Fig 15—Paths of constant SWR for SW? 
Showing impedance variation along 75-0 
300 0. Normalized impedances differ from those in Fig 
but actual impedances are obtained by multiplying chart 
айз by 300 A and are the same as those corresponding 
їп Fig 14. Paths remain circles but are no longer concentric: 
One, the matching circle, SWR = 4 in this case, passes 
through the chart center and is thus the locus ofall 
impedances which can be matched to а 300-0 line. 
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Fig 16—Example for solution by Smith Chart. All 
impedances are normalized to 300 Q. 


impedances normalized to 300 £2. Here the normal 
ized load impedance Z, = 2 + s shown at R, and 
the matching circle appears centered on the resistance 
anis and passing through the points г = 1 and r= 
(75/300)? = 0.0625. A constant SWR circle is drawn 
from R to an intersection with the matching circle at 
Qor Q and the corresponding length 1 (or 10 can 
ве read directly from the Smith Chart The clockwise 
distance around the matching circle represents the 
length of the matching line, from either O to P or 
from Q to P. Because in this example the distance QP 
is the shorter of the two for the matching section, we 
choose the length /1 as shown. By using values from 
the TOWARD GENERATOR scale, this length is found a 
0.045 - 0213, and adding O. to obtain a positive re- 
sult yields a value of 0332 A 

“Although the impedance locus from Q to P is 
shown in Fig 17, the length (2 cannot be determined 
directly from this chart. This is because the match 
ng circle is not concentric with the chart center, so 
the wavelength scales do not apply to this circle. This 
problem is overcome by forming Fig 18, which is 
the same as Fig 17 except that all normalized imped- 
ances have been divided by n = 0.25, resulting in a 
Smith Chart normalized to 75 instead of 300. The 
matching circle and the chart center are now concen- 
tri, and the series-section length /2, the distance 
between Q and P, can be taken directly from the chart. 
By again using the TOWARD GENERATOR scale, this 
length is found as 0.250 — 0.148 = 0.102 2 

Tn fact it is not necessary to construct the 
entire impedance locus shown in Fig 18. It is suffi- 
cient to plot Zoin (Z is read from Fig 17) and 
Zyn = Шо, connect them by a circular are centered 
‘om the chart center, and to determine the are length 
12 from the Smith Chart. 


Procedure Summary 

‘The steps necessary to design а series-section 

ransformer by means of the Smith Chart can now 

be listed: 

1) Normalize all impedances by dividing by the 
characteristic impedance of the main line. 

2) On a Smith Chan, plot the normalized load impe- 

dance Z, at R and construct the matching dude 
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so that its center is on the resistance axis and it 

passes through the points r = 1 and: 

‘Construct a constant SWR circle centered on 

the chart center through point R. This circle 

should intersect the matching circle at two 

Points. One of these points, normally the one 

resulting in the shorter clockwise distance 

along the matching circle to the chart center, 
is chosen as point Q. and the clockwise dis- 
tance from R to Q is read from the chart and 

taken to be #1. 

4) Read the impedance 20 from the chart, caleu- 
late Zojn and plot И ax point Q on a second 
Smith Chart. Also plot r Un as point P. 

5) On this second chart construct a circular arc, 
centered on the char center, clockwise from 
© to P. The length of this are, read from the 
chart, represents (2. The design of he trans- 
former is now complete, and the necessary 
physical line lengths may be determined, 

“The Smith Chart construction shows that two 
design solutions are usually possible, correspond- 
ing to the two intersections of the constant SWR. 
circle (forthe load) and the matching circle. These 
two values correspond to positive and negative 
values of the square-root radical in the equation 
fora mathematical solution of the problem. It may 
happen, however, that the load circle misses the 
matching circle completely, in which case no so- 
lution is possible. The cure is to enlarge the 
matching circle by choosing a series section 
‘whose impedance departs more from that ofthe 
main line. 

A final possibility is that, rather than inter 
secting the matching circle, the load circle is tan- 
gent to it. There is then but one solution—that of 
the 12. transformer. 
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Fig 17—Smith Chart representation of the example shown in Fig 


16. The impedance locus always take 


"clockwise direction 


{rom the load to the generator This path is first along the 


constant SWR сисе from the load at to an inter 


the matching cir 
‘rele tothe chart center at P 
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tO or Q and then along the matching 
Length £i сап be determined 


Fig 18—The same impedance locus as shown in Fig 17 except 
normalized to 75 D instead of 200. The matching circle is now 


‘concentric with the chart center, and /2 
‘rectly from the chart, 0-102 A in this ca 
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Appendix 


"This appendix contains a glossary of terms, а list of common abbreviations, length c 


е data. 


‘metric equivalents and antenna-gain-referer 


wersion information (feet and inches), 


Glossary of Terms 


This glossary provides a handy list of terms that are used frequently in Amateur Radio conversation and literature 


about antennas. With each item is a brief definition of the te 
ext of this book, and may be located by using the i 


Actual ground—The point within the earth's surface where 
effective ground conductivity exists. The depth for this 
point varies with frequency and the condition of the ой. 

Antenna—An electrical conductor or array of conductors that 
radiates signal energy (transmitting) or collects signal 
energy (receiving). 

Antenna tuner—A device containing variable reactances (and 
perhaps a balun). It is connected between the transmitter 
and the feed point of an antenna system, and adjusted to 
“tune” or resonate the system to the operating frequency 

Aperture, effective—An area enclosing an antenna, on which 
it is convenient to make calculations of field strength and. 
amenna gain. Sometimes referred to as the "capture area. 

Apes— The fecd-point region of a V type of antenna 

Apex angle—The included angle between the wires of a У, an 
мелей У dipole, and similar antennas, or the included 
angle between the two imaginary lines touching the 
element tips of a log periodic array 


Balanced line —A symmetrical wo-conductor feed ine that 
has uniform voltage and corren distribution along 
length 

Balun—A device for feeding a balanced load with an 
unbalanced line, or vice versa. May be a form of choke, or 
а transformer that provides a specific impedance transfor 
mation (including 1:1). Often used in antenna systems to 
interface а coaxial transmission line to the feed point of a 


balanced antenna, such as a dipole. 
Base loading —A lumped reactance that is inserted at the 
base (ground end) of a vertical antenna to resonate the 


zooka—A transmission line balancer. It is а quarter-wave 
conductive sleeve (tubing or flexible shielding) placed at 
the feed point of a center-fed element and grounded to the 
shield braid of the coaxial feed line at the end of the sleeve 
farthest from the fed point. It permits the use of unbal- 
anced feed line with balanced feed antennas. 


Most terms given here are discussed more thoroughly in the 


Beamvidth—Related to directive antennas. The width, in 
degrees, of the major lobe between the two directions at 
"which the relative radiated power is equal to one half its 
value at the peak of the lobe (half power =-3 dB). 

Ваа match—A form of hairpin match. The two conductors 
straddle the Боот of the antenna being matched, and the 
closed end of the matching-section conductors is strapped 
to the boom. 

Bridge—A circuit wit 
measurements of impedance, resistance or standing waves 
in an antenna system. When the bridge is adjusted for a 
balanced condition, the unknown factor сап be deter- 
mined by reading its value on a calibrated scale or meter 


ко or more ports that is used in 


Capacitance hat—A conductor of large surface area that is 
Connected м he higtrimpedance end of n antenna ш 
effectively increase the electrical length. It is sometimes 
mounted directly above a loading coil to reduce the 
required inductance for establishing resonance. It usually 
takes the form of a series of wheel spokes or a solid 
circular disc. Sometimes referred to as a “top hat 


Center fed—Transmission-line connection at the electrical 
center of an antenna radiator. 

Center loading—A scheme for inserting inductive reactance 

(coil) at or near the center of an antenna element for the 

purpose of lowering its resonant frequency. Used with 

elements that are less than V, wavelength at the operating 

frequency. 


Соах—8ее coaxial cable. 

Coaxial cable—Any of the coaxial transmission lines that 
have the outer shield (solid or braided) on the same axis as 
the inner or center conductor. The insulating material can 
be ай, helium or solid-dielectrie compounds 

Collinear array— linear array of radiating elements 
(usually dipoles) with their axes arranged in а straight 
line. Popular at VHF and above. 
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Conductor—A metal body such as tubing, rod or wire that 
permits current о travel continuously along its length. 

Counterpoise—A wire or group of wires mounted close to 
ground, but insulated from ground, to form a low- 
impedance, high capacitance path to ground. Used at МЕ 
and HF to provide an RF ground for an antenna. Also see 
ground plane. 

Current loop—A peint of curent maxima (antipode) on an 

Current node—A point of current minima on an antenna. 

Decibel —A logarithmic power ratio, abbreviated dB. May 
also representa voltage or current ratio if the voltages or. 
currents are measured across (or through) identical 
impedances. Suffixes to the abbreviation indicate refer- 
ences dBi, isotropic radiator; dBic, isotropic radiator 
circular; dBm, milliwat; ABW, wan. 

Delta loop—A fall-wave loop shaped like a triangle or delta. 

Delta match Center-leed technique used with radiators that 
are not split at the center. The feed line is fanned near the 
radiator center and connected to the radiator symmetri- 
cally. The fanned area is delta shaped, 

Dielectrics Narious insulating materials used in antenna 
systems, such as found їп insulators and transmission 
lines. 

Dipole—An antenna that is split at the exact center for 
connection o a feed line, usually a half wavelength long 
Also called a “doublet” 

Direct ray Transmitted signal energy that arrives at the 
receiving antenna directly rather than being reflected by 
any object or medium. 

Dinectivity The property of an antenna that concentrates the 
radiated energy to form one or more major lobes. 

irector—A conducto placed in front of a driven element to 
cause directivity. Frequently used singly or in multiples 
with Yagi or cubical-quad beam antennas. 

Doublet—See dipole. 

Driven array—An array of antenna elements which are all 
driven or excited by means of a transmission line, usually 
to achieve directivity. 

Driven element—A radiator element of an antenna system to 
‘which the transmission line is connected, 

Dummy load—Synonymous with dummy antenna. A 
nonradiating substitute for an antenna. 

E layer—The ionospheric layer nearest earth from which 
radio signals can be reflected to а distant point, generally 
a maximum of 2000 km (1250 ml). 

E plane —Related to а linearly polarized antenna, the plane 
containing the electric field vector of the antenna and its 
direction of maximum radiation. For terrestrial antenna 
systems, the direction of the E plane is also taken as the 
polarization of the antenna. The E plane is at right angles 
to the H plane. 
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Efficiency The ratio of useful output power to input power, 
determined in antenna systems by losses in the system, 
including in nearby objects. 

LRP tlective isotropic radiated power. The power 
radiated by an antenna in is favored direction, taking the 
gain of the antenna into account as referenced to isotropic. 

Elements The conductive parts of an antenna system that 
determine the antenna characteristics. For example, the 
reflector, driven element and directors of a Yagi antenna. 

End effect —A condition caused by capacitance at the ends of 
ап antenna element. Insulators and related support wires 
contribute to this capacitance and lower the resonant 
frequency of the antenna. The effect increases with 
conductor diameter and must be considered when cutting 
an antenna element to length. 

End fed—An end-fed antenna is one to which power is 
applied at one end, rather than at some point between the 
ends. 

F layer—The ionospheric layer that lies above the E layer. 
Radio waves can be refracted from it to provide 
communications distances of several thousand miles 
bby means of single- or double-hop skip. 

Feed line Sce feeders 


Feeders Transmission lines of assorted types that are used 
to route RF power from a transmitter to an antenna, or 
{rom an antenna lo a receiver. 

Field strength The intensity of a radio wave as measured at 
a point some distance from the antenna. This measurement 
is usually made in microvols per meter. 

Front to back—The ratio of the radiated power of the 
ront and back of a directive antenna. For example, 

а dipole would have a ratio of 1, which is equivalent to 
бав 

Front to rear—Worst-case rearward lobe in the 180°-wide 
sector behind an antenna's main lobe, in dB. 

Front to side—The ratio of radiated power between the major 
Tobe and that 90° off the front of a directive antenna 

Gain The increase in effective radiated power in the desired 

direction of the major lobe. 


Gamma match—A matching system used with driven antenna 
elements to effect a match between the transmission line 
and the fed point of the antenna. It consists of a series 
Capacitor and an arm that is mounted close to the driven 
element and in parallel with it near the feed point. 

Ground plane—A system of conductors placed beneath an 
elevated antenna to serve as an earth ground. Also see 
counterpoise. 

Ground screen—A wire mesh counterpoise. 

Ground wave—Radio waves that travel along the earth's 
surface. 

Н plane—Related to a linearly polarized antenna. The plane 
containing the magnetic field vector of an antenna and its 
direction of maximum radiation. The H plane is at right 
angles to the E plane. 


HAAT- Height above average terrain. A term used mainly in 
‘connection with repeater antennas in determining cover- 
эше area. 

Hairpin match—A U-shaped conductor that is connected to 
the two inner ends of a split dipole for the purpose 
of creating an impedance match to a balanced feeder. 

Harmonic antenna—An antenna that will operate on its 
fundamental frequency and the harmonies ofthe funda- 
mental frequency for which it is designed. An end-fed 
half-wave antenna is one example. 

Helical—A helically wound antenna, one that consists of a 
spiral conductor. If it has a very large winding length to 
diameter ratio it provides broadside radiation. If the 
length-to-diameter ratio is small, it will operate in the 
axial mode and radiate off the end opposite the feed 
point. The polarization will be circular for the axial 
mode, with left or right circularity, depending on 
whether the helix is wound clockwise or counter- 


clockwise 

Helical hairpin“ Hairpin" match with a lumped 
inductor, rather than parallel-conductor line. 

Image antenna The imaginary counterpart of an actual 
antenna. It is assumed for mathematical purposes to be 
located below the earth's surface beneath the antenna, and 
is considered symmetrical with the antenna above ground. 


Impedance —The ohmic value of an antenna feed point, 
‘matching section or transmission line. An impedance may 
contain a reactance as well as a resistance 
component. 

Inverted VA misnomer, as the antenna being referenced 
does not have the characteristics of a V antenna, See 
invered-V dipole. 

Inverted-V dipole—A half-wavelength dipole erected in the 
form of an upside-down V, with the feed point at the apex- 
Iis radiation pattem is similar to that of a horizontal 
dipole. 

Isotropic—An imaginary or hypothetical point-source 
antenna that radiates equal power in all directions. It is 
used as a reference for the directive characteristics of 
actual antennas. 

Lambda—Greek symbol (A) used to represent a 
‘wavelength with reference to electrical dimensions 
in antenna work. 

Line loss—The power lost in a transmission line, usually 
expressed in decibels. 

Line of sight Transmission path of a wave that travels 
directly from the transmitting antenna o the receiving 

vire—Stranded wire with individual strands 

insulated; small wire provides a large surface area 

for current flow, so losses are reduced for the wire size. 


Load The electrical entity to which power is delivered. The 
“antenna system is a load for the transmitter. 

Loading —The process of a transferring power from its source 
to a load, The effect a load has on a power source. 


Lobe—A defined field of energy that radiates from a directive 

Log periodic antenna—A broadband directive antenna that 
has a structural format causing its impedance and radia- 
tion characteristics to repeat periodically as the logarithm 
of Frequency. 

Long wire—A wire antenna that is one wavelength 
‘or greater in electrical length. When two or more wave- 
lengths long it provides gain and a multilobe radiation 
pattern, When terminated at one end it becomes essen- 
tially unidirectional off that end. 

Marconi antenna—A shunt-fed monopole operated against 
around or a radial system. In modern jargon, the term 
refers loosely to any type of vertical antenna 

Matching—The process of effecting an impedance match 
between two electrical circuits of unlike impedance. One 
example is matching a transmission line to the feed point 
of an antenna. Maximum power transfer to the load 
(antenna system) will occur when a matched condition 

Monopole—Lierally one pole, such as a vertical radiator 
operated against the earth or a counterpoise. 

Nichrome wire—An alloy of nickel and chromium; not a 
good conductor; resistance wire. Used in the heating 
elements of electrical appliances: also as conductors in 
transmission lines or circuits where attenuation is desired. 

ical unit is at a 


Null A condition during which an elec 
minimum. A null in an antenna radiation pattem is a point 
in the 360-degree patem where a minima in field intensity 
is observed. An impedance bridge is said to be "pulled" 
when it has been brought into balance, with a null in the 
current flowing through the bridge arm. 

Octave—A musical term. As related to RF; frequencies 
having a 2:1 harmonic relationship. 

Open-wire line—A type of transmission line that resembles a 
ladder, sometimes called “ladder line" Consists of 
parallel, symmetrical wires with insulating spacers at 
regular intervals to maintain the line spacing. The 
dielectric is principally air, making it a low-loss type of 
line 

Parabolic reflector—An antenna reflector that is a portion of 
a parabolic revolution or curve. Used mainly at UHF and 
higher to obtain high gain and a relatively narrow 
beamwidth when excited by one of a variety of driven 
elements placed in the plane of and perpendicular to the 
axis of the parabola. 

Parasitic array—A directive antenna that has а driven 
element and a least one independent director or reflector, 
ога combination of both. The directors and reflectors are 
not connected to the feed line. Except for VHF and UHF 
arrays with long booms (electrically), more than one 
reflector is seldom used. A Yagi antenna is one example of 
a parasitic array. 
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Phasing lines Sections of transmission line that are used 
то ensure the correct phase relationship between the 
elements of a driven array, or between bays of an array 
of antennas. Also used to effect impedance transforma- 

i the desired phase. 

Potarization—The sense of the wave radiated by an 
antenna. This can be horizontal, vertical, elliptical or 
circular (left or right hand circularity), depending on 
the design and application. (See H plane.) 

© section Term used in reference to transmission-line 
matching transformers and phasing lines. 


tions while таймай 


Quad—A parasitic array using rectangular or diamond 
shaped full-wave wire loop elements. Often called the 
“cubical quad.” Another version uses delta-shaped 
elements, and is called а dela loop beam. 

Radiation pattern —The radiation characteristics of an 
antenna as a fonction of space coordinates. Normally, the 
pattern is measured in the far-field region and is 
represented graphically 

Radiation resistance —The ratio of the power radiated by an 
antenna to the square of the RMS antenna current, referred 
to а specific point and assuming no losses. The effective 
resistance at the antenna feed point 

Radiator—A discrete conductor that radiates RF energy in an 

Random wire—A random length of wire used as an antenna 
and fed at one end by means of an antenna tuner. Seldom 
operates as а resonant antenna unless the length happens 
to bo correct. 

Reflected ray—A radio wave that is reflected from the carth, 
ionosphere or а man-made medium, such as a passive 
reflector. 

Reflector—A parasitic antenna element or a metal assembly 
that is located behind the driven element to enhance 
forward directivity. Hillsides and large man-made 
structures such as buildings and lowers may act as 
reflectors. 

Refraction—Process by which a radio wave is bent and 
relumed to earth from an ionospheric layer or other 
medium after striking the medium. 

Resonator—ln antenna terminology, а loading assembly 
consisting of a сой and a short radiator section. Used to 
lower the resonant frequency of an antenna, usually a 
vertical or a mobile whip. 

Rhombic—A rhomboid or diamond-shaped antenna consist- 
ing of sides (legs) that are each one or more wavelengths 
omg. The antenna is usually erected parallel to the ground. 
A rhombic antenna is bidirectional unless terminated by a 
resistance, which makes it unidirectional. The greater the 
electrical leg length, the greater the gain, assuming the tilt 
angle is optimized. 
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‘Sunt feed—A method of feeding an antenna driven element 
with а parallel conductor mounted adjacent to a low- 
impedance point оп the radiator. Frequently used w 
grounded quarter-wave vertical antennas to provide an 
impedance match to the feeder. Series feed is used when 
the base of the vertical is insulated from ground. 

Stacking —The process of placing similar directive antennas atop 
‘or beside one another, forming a “stacked array” Stacking 
provides more gain or directivity than a single antenna. 

5иф—А section of transmission line used to tune an antenna 
element to resonance or o aid in obtaining an impedance 
match 

SWR—Standing-wave ratio on а transmission line in an 
antenna system. More correctly, VSWR, or voltage 
standing-wave ratio. The ratio of the forward to reflected 
voltage on the line, and not a power ratio. A VSWR of L1 
‘occurs when all parts of the antenna system are matched 
correctly to one another. 

T match Method for matching a transmission-line to an 
unbroken driven clement. Attached at the electrical center 
‘of the driven clement in a T-shaped manner. In effect it is 
a double gamma match. 

Tit angle— Half the angle included between the wires at the 
sides of a rhombic antenna 


Top hat Sce capacitance hat. 

Top loading — Addition of а reactance (usually а 
‘capacitance hat) at the end of an antenna element opposite 
the feed point to increase the electrical 
length of the radiator. 

Transmatch—An antenna tuner. 

Trap—Parallel L-C network inserted in an antenna element to 
provide multiband operation with a single conductor. 

Unipole—See monopole. 

Velocity factor The ratio of the velocity of radio wave 
propagation in a dielectric medium to that in free space. 
When cutting a transmission line to а specific electrical 
length, the velocity factor of the particular line must be 
taken into account. 

VSWR— Voltage standing-wave ratio. See SWR. 

Wave—A disturbance or variation that is a function of time or 
space, or both, transferring energy progressively from 
point to point. A radio wave, for example. 

Wave angle—The angle above the horizon of a radio wave as 
itis launched from or received by an antenna. Also called 
elevation angle. 

Wine front —A surface that is a locus of all the points 
having the same phase at a given instant in time. 

Yagi—A directive, gain type of antenna that utilizes a number 
‘of parasitic directors and a reflector. Named after one of 
the two Japanese inventors (Yagi and Uda). 

Zepp antenna-—A half-wave wire antenna that operates on its 
fundamental and harmonics. It is fed at one end by means 
‘of open-wire feeders. The name evolved from its popular- 
ity as an antenna on Zeppelins. In modern jargon the term 
refers loosely to any horizontal antenna. 
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Abbreviations and acronyms that are commonly used throughout this book are defined in the list below. Periods are not part 
of an abbreviation unless the abbreviation otherwise forms a common English word, When appropriate, abbreviations as 
shown are used їп either singular or plural construction 


F EMF—electromotive force 

А ampere ERP—efective radiated power 

ac alternating current E, —ionospheri layer (sporadic E) 

AF audio frequency 

AFSK—audio frequency-shift Keying 

AGC automatic gain contol 

AM. amplitude modula 

ANT antenna 

ARRL American Radio Relay League 

ATV amateur television 

AWG—American wire gauge 
azimuth-elevation 


F- 
frequency 

T ionospheric layer, farad 

F/B—front to back (ratio) 

FIR— worst-case front to rear (ratio) 

EM frequency modulation 
FOT—frequency of optimum transmission 
ft—foot or feet (unit of length) 

F ionospheric layer 


ES 
GDO- grid- or gate-dip oscillator 
GHz—gigahertz 

GND— ground 


BC—broadeast 
BCI broadcast interference 
BW—bandwidih 


a 
H— magnetic field, henry 

HAAT height above average terrain 
HF—high frequency (3-30 MHz) 
H2—hertz (unit of frequency) 


‘cow—counterclockwise 
соах—соахїш cable 
CT enter tap 
‘ew—clockwise 


CW continuous wave 5. 
a current 
D- diode kw. inside diameter 


IEEE Institute of Electrical and Electronic Es 
in— inch 
IRE—astitute of Radio Engineers (now IEEE) 


dB. decibel 
‘dBid-decibels referenced to a dipole 

ant decibels referenced to isotropic 
dBic—decibels referenced to isotropic circular 
(dBm decibels referenced to one milliwatt 
abw. decibels referenced to one watt. 

dc direct current 


deg—degree KHZ—kilohertz 
DE—direction finding km—kilometer 
dia—diameter kW Kilowatt 
DPDT—double pole, double throw kW—kilohm 


DPST—double pole, single throw 


DVM—digital voltmeter = 
DX—Iong distance communication. L—inductance 
Tb pound (unit of mass) 
E LF—low frequency (30-300 KHZ) 
E—ionospheri layer, electric field LHCP—efi-hand circular polarization 
ed —edition In—natural logarithm 
Ed—editor log—common logarth 
EIRP—effective isotropic radiated power LP—log periodic 
ELF extremely low frequency LPDA- log periodic dipole array 
eic electromagnetic compatibility PVA Jog periodic V апау 
LUF— lowest usable frequency. 
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m/s meters per second 
mA—milliampere 


MF- medium frequency (03-3 MH) 
1—millihenry 
MHz— megahertz 


MS—meteor scatter 
MUF—maximum usable frequency 
mW—milliwatt 

MW—megohn 


NC—no connection, normally closed 
NiCd nickel cadmium 

NIST National Institute of Standards and Technology 
МО normally open 

no—number 


OD—outside diameter 


p—page (bibliography reference) 
D-P— peak to peak 

PC- printed circuit 

PEP— peak envelope power 
pF—picofarad 

pot potentiometer 
pp—pages (bibliography refer 
Proc—Procecdings 


05 
O neuss of merit 


ce) 


R—resistance, resistor 
RE radio frequency 

REC radio frequency choke 

RFI radio frequency interference 
RHCP- right-hand circular polarization 
RLC—resistance-inductance-capacitance 
r/min—revolutioos per minute 

RMS. root mean square 
r/s—revolutions per second 

RSGB Radio Society of Great Britain 
RX receiver 


s—second 
S—siemen 
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S/NR— signal-to-noise ratio 
SASE self-addressed stamped envelope 
SINAD— signal-to-noise and distortion 
SPDT—single pole, double throw 
SPST—single pole, single throw 

SWR standing wave ratio 
syne—synchronous 


л 
ріп per inch. 
TR—transmicreceive 

ТУІ television interference. 
TX transmitir 


ES 
UHF—ultra-high frequency (300-3000 MHz) 
US United States 

UTC Universal 


ime, Coordinated 


E 
vow 

VE velocity factor 
УНЕ very-high frequency (30-300 MHz) 
VLF—very-low frequency (3-30 kHz) 
Vol—volume (bibliography reference) 
VOM—volt-ohm meter 
VSWR— voltage standing-wave ratio 
VIVM—vacuum-tube voltmeter 


we 
W—watt 

WPM words per minute 

WRC- World Radio Conference 
WVDC—working voltage, direct current 


* 
X—reactance 
XCVR—transceiver 
XFMR—transformer 
XMTR—teansmitter 


Le 
22 impedance 


-Other symbols and Greek letters- 
7 degrees 

wavelength 

‘dia —wavelength to diameter (ratio) 
i— permeability 

HF microfarad 

IH microhenry 

mie 

Boh 


Length Conversions 


то 
determi 


tout this book, equations may be found for 
wg the design length and spacing of antenna ele- 
ments. For convenience, the equations are written to yield a 
result in feet. (The answer may be converted to meters sim- 
ply by n the result by 0.3048.) If the result in feet 
is not an integral number, however, it is necessary to make a 
‘conversion from a decimal fraction of a foot to inches and 
fractions before the physical distance can be determined with 

wentional tape measure. Table | may be used for this 
wersion, showing inches and fractions for increments of 
0.01 foot. The table deals with only the fractional portion of 
a foot, The integral number of feet remains the same 

For example, say a calculation yields a result of 
11.63 feet, and we wish to convert this to a length we can 
find on a tape measure. For the moment, consider only the 
fractional part of the number, 0.63 foot. In Table 1 locate 
the line with “0,6” appearing in the left column, (This is the 
Tih line down in the body of the table.) Then while staying 


equations. For example, say we wish to conv 
19 feet J / inches to a decimal fraction, Considering only 
the fractional part of this value, 7%. inches, locate the deci- 

the line identified as *7-" and in the column 
headed J. where we read 0.646. This decimal value is 
equivalent to 7 + % = 7% inches. To this value add the 
whole number of feet from the value being converted for 
he final result, 19 in this case. In this way, 19 feet 7 Y inches 
converts to 19 + 0.646 = 19.646 feet. 


ta length of 


Table 2 
Conversion, Inches and Fractions to Decimal Feet 
Fractional increments 

о» u h th % f a 


saying о. 0000 0010 0021 0.031 0042 0052 0093 0073 
оп that ine, move over 1o the column headed "0.037 Noe 4 0009 0094 0104 0115 0.125 0125 0.140 0150 
here that the sum o the column and line heads, 064003, 4. 0167 0177 0.168 0.108 0208 0219 0.229 0240 
čas the value or 0.63 that we want осоп In the body 3. 0250 0260 0271 0281 0292 0.302 0113 0223 
of the иб for his column and line we read the equivalent 4. 0333 044 0494 0305 0375 0385 0.98 0408 
fraction for 063 fou, 774 inches, To thar value, add the f. 0417 0407 0.438 0448 0.58 0469 0479 0490 
number of whole fet from the value being comer, 11in & 0300 0510 0527 0531 0542 0552 0563 0573 
this case. The ot length equivalent of 11.63 feet is thus 7. 0583 0594 0604 0615 0625 0.635 0.646 0.656 
ШУЫ 5. 0.667 0677 0686 0898 0708 0719 0729 0740 
i e tecomenion 9.0780 0760 0771 0781 0/82 0802 0813 0623 
qus MUN рни 10.0893 0844 0.954 0.865 0875 0885 0.696 0900 
rom inches and fractions to decimal fractions ofa foot 10.0889 0884 0854 0.865 0475 0885 0.896 0306 
Тыз table convenient for using measured distances in 
Table 1 
Conversion, Decimal Feet to Inches (Nearest 16th) 
Decimal Increments 

ою oor ooz oos 006 00 00 007 age 009 
oo бо Oh б. ок б Oh Ou ом Oe тм 
OI P ты Phe Phe Pa Ph ha he Pe 2A 
ОВ 2k з т PL e зо 3& зз зп 34 
оз э Ph Phe ЗУ. 4. Phe Phe Phe Pa Ah 
04 бы ы Sh Sho Sh ShO ShO ShO Sho Sh 
05 бо 6 ON Sho Gh еп ем вч. Ghe Th 
% ты ты ты Ph Tie Tha Th Sh She Sh 
07 ви вт ShO бз Wh 90 оп oh Ph Pa 
„% Sh Sh 8. Phu Wh Whe 10 Whe 10% 10 
09 1e i. TU. a пи п» п . п h 
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Metric Eguivalents 


roughout this book, 
їп English units—the mile, the 
units may be made by using the following equations: 
km = mi x 1.609 
I C) x 03048 
(9254 
An inch is hs ofa foot. Tables in the previous section provide informa- 
tion for accurately converting inches and fractions to decimal feet, and vice 
versa, without the need for a calculator. 


istances and dime 


sions are usually expressed. 
foot, and the inch. Conversions to metric 


Gain Reference 


Throughout this book, gain is referenced to an isotropic radiator (dBi) 
or to an isotropic radiator with circular polarization (dBic). 
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MFJ TUNERS 


МЕЈ IntelliTuner™ Automatic Tuners 


The MFL-9938 неко 
Паз you tune any antenna 
[ouomatically = uira fas. 
ea comprehensive automatic 

antenna tuning center complete 
ri SWR/Wattmeter, antenna 
Etc for two antennas and 4:1 
urren balun for balanced lines. 

MEN exclusive шей Timer 
[apti Scarch and stant 
| Roce algorithms give you ша 
[ast automate tuning with over 
(20000 rman” Memor 

You got highly efficient L- 
ener 6-1600 ohm matching 
at 300 Wats SSBICW or extra: 
vide 6-3200 Ohm matching at 
150 Wans SSBCW, 18-30 MHz 
coverage, Cross-Needie and digi- 
tal meters, audio SWR meter, 
ач LED, remote control port, 

radio interface, heavy-duty 16. 


525995 


amp/1000Y relays. 
The MEL 9938 
automatically tunes 
for minimum SWR and remem- 
Ber your frequency and tuner 
senings. The next Ume you 
‘operate on that frequency and 
antenna, these tune settings are 


instantly restored and 
you're read 10 operate 
Ти milliseconds 10W 
x2% нөр” Use 12-18 VDI 
Amp or 110 VAC with MFJ- 
1316, $21.95, Radio interface 


ables, remote control available. 
See rn memterpriss.com 


[4600 и; FJ 
iitomatic Tuner 
тру 


osi but handles 359 
[coo was SSB 

(CW, matches 12-800 Ohms. 
10,000 memories. Does not have 
[LCD display antenna switch, 
[it curent balun, audio SWR 
[maceiesdbuck ИХ? LEID in, 


No Matter Wir" Warranty 
"Every MEI tuner is protected 
by METs famous one year No 
Mater йаг“ limited warranty. 
We will repair or replace your MET 
‘tue (а our option) ora fll усш. 


More hams use MFJ tuners than all other tuners in the world! 


MF3-9982 2500 Watt Tunes 


The MFL.SOR2 ConmousCarier 209828 
antenna tuner handles 2500 Wans “699° 
onines сатте мр on all modes and 
SIT bands into most unbalanced antennas - 
even 160 Meters. -position antenna switch, 
“core balun, Lern dummy load, tru peak 
ere SWR Wattmeter, 13 ДУХУНА D 
MFJ-989D Legal Limit Tuner 


improved 
Mo 
Tegal imi 
ves you bener efficiency. lower los- 
sand anew ти pak reading meter Easily 
Sans 1500 Wats SSBICW, 13:30 MIL 
including MARS/WARC bands Six position 
antenna Switch, dummy load. Nov 500 pF аг 
‘arable capacitors. New improved dirCure™ 
Koller Inductor. New high voltage current 
Биш. New crank knob. АА р: 
MFJ-962D compact kW Tuner 
32795 
A few 
more dollars 
eps you upto 
KW amer for an amp later Hanes 1.3 
KW PEP SSB amplifier input power (300W 
pur) deal for Amerirons AL-SIIH! 
Air Cor roller inductor, gear-driven urna 
Counter, pov lighted Cross Needle 
VV 
front, e ent VOTAVA TIO n 


arge зоон Role Inductor Tuner 
A 
MES BE deluxe 300 Wat Tune 
MHz coverage, custom inductor 46995 
MESSE super salt Taner 
The most for та 
ашак, $ position antenna 129 
ESSA neon mobil Tuner 


5050 
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MF3-974HB Balanced Line Tuner 
Me wrist ти 
run ait 
faner unes any nec 
КЕТ 
ine Coren test 
Mle cia 
dg al aioe 
bands 60 шь ssp 88 
Watts CW. Lighted Cross- 199 
Needle SW ame ee 
Nie 00998 S00 Won Dad 
Buren. 
MEJ-971 portable/ORP Tune 
шекти уле Ез (E) 
E emo мен Ыр 
БРТ o 
mA Mas popr МЕ) "doge 
Sero ee D in. 


MFJ-902 Tiny Travel Tuner 

e АЮ муру 

sal 150 Wa. 80-10 2952 

Metis has tuner’ "89 

Bypass switch, for coakeandom wire 
МЕРЗИМ, $139.95. Same but adds 

Cross meeste SWR Watmeler and 4.1 balun 

Tor balanced ines TANE АН Din, 


MFJ-16010 random wire Tuner 
Operate all bands anywhere 

with MES reversible Lc 

Work Tums random wire nto 

powerful ransmiting antenna 

1330 MHZ. 200 Watts PEP. 

Tiny 2W3EAD inches 


Dealer/Catalog/Manuals 


Visit: htp:/wwwoamfjenterprises.com 
"or call tol free 800-647-1800 


1300 Industrial PE RE Бао е 
М5 59759 PH: (0621 325-3809 
Tech Help: (662) 324-0349 


Fe 


МЕ) ENTERPRISES, INC. 


The word's most popular antenne 
‘nce gives you a complete picture of your 
antenna performance 18 to 170 MHz. 
Super easy-to-use makes tuning your 
antenna quick and easy. Read antenna 
SWR. complex impedance, retum loss, 
reflection coeficient. Determine velocity 
actor coax cable loss in dB, length of 
cox and distance o а short or open m feet. 
Read inductance in ul and capacitance in 
pF at RF frequencies. Large easy-to-read 
Evo line LCD sereen and side-by-side 
meters clearly display your information: 
Built-in frequency counter, Ni-Cad charger 
circuit banery saver, low battery warning 


MFJ-259B Antenna Analyzer 


reduction 
ус tuning 
MEJO, $88.80 
Accessory Package for 
e h Includes 


MEG dip meter 
adapters, MFJ-1312D 
TIOVAC adapter and 
10-pack high capacity 
NiMH MEI Sipercoln* 
batteries. Save $77 


A 


[о тороп in coms Inductance, Capac 
ance: Resonant Frequency, Bandwidth, 
Q. Velocity Factor Асаш сп, more 


МЕЈ Weather-Proof Antenna Feedthrough Panel 


Bring three coax-fed HF/VHI 


hamshack without drilling through walls... New! vid 


MES Weatherproof Antenna 
Feedthrough Panel mounts in your win- 
dow sill. Lets you feed three consed 
antennas, balanced line, random wire and 
round without drilling through walls, 
Simply place in window sill and close 
window. One cur customizes it Tor any 
window up to 48 inches. Use horizontal 
у or vertically. High-quality pressure 
теней wood with excellent 34 inch thick 
insulating properties is painted with 
heavy cont of white outdoor enamel paint. 
Edges sealed by weather sipping. S 


Current Balun/Center 
urios Insulator 
3552495 True 1:1 Curent 
Л Balin Center atv 
\ forces equal antenna currents 
/ Ё \ паро mprone l dipoles 
D Nulles Reduces coax feod- 
ine añito. бей! pattem distortion, ТҮП, 
REL, RF hot spots. 80-259. 18-30 MEZ, 
SEW. Stainless steel hardware. Direct 
wire connection to antenna. x2 inches. 


Antenna Switches % 
MFI-1TO2C 2 position antenna 

coax switch. Exclusive ight- мы ЛИС 
Ting arrestor and center pos |os 
токай img ams 25 ZE 
[РЕР T kW CW Loss be- 

low 2 dB. 50 dB isolation G 
450 MHZ. 50 Ohms, 34233 
MPs 708 Like МЕРОС Me u 
but has 4 positions, e 


$74% 
Жа. Жу Sweet 974 
to 30 МНА 151, 30-650 Mit. 50-23, 


All Band G5RV Antennas 


160-10 Meters with tumer. 102 
. Q ends KW Use as Marconi 


on 160 Meters with ane’ 
ground, Ladder ine S0-239. 
jos 
39 


i 8458 Half. 
size, 52 ft Ge 60-10 
Meiers with tuner 1.5 KW 


Ds Foot fiberglass Mast 


579% 


33 foot super strong fiber- 


Esla 38 foot weighs 13 Ib 


Huge, strong 1 inch borom section. Flexes аттай ste 


to resist breaking. Resists UV. Put up ful 
Size inverted Vee dipole'ventieal antenna in 
tinue and get Jul size performance! 


glass telescoping mast collaps- 


and insulates against all weather conditions. 
Gives years of trouble-free service. 
ADS keen in. 


Tnside/otsde stainless stec! plates bond all 


coo shields to ground. S 
pos brings outside ground connect 
Teflon S0-239 coax connectors, ceramic 


balanced lie anden fest insulators. 


== 


= 
е E 
Ls Si Bonding s. 
ELIT 
Sasso vane om 
уи co alld inio your nes 
бакр КН. mis poa 
een ou ane and eile 
барше Ed tng ig ur 
ale, TASO es 
6-Band Rotatable mini-Dipole 
5239" 
pes 
[тишиме poe has tiny for uring 
Adis Pin an imas. ar o 
Teu шау TV nr 
Arr Ийме ond dey nech 
(iis dion Ju каш e n 
Hs 
jut i SS Cp HE a 
tam als cete 
benden 
ime nave ll 
end oni fn coco rl 
фла ии operant or hte 
Butt pe argh 
svelte nee Sr 
conc em 
MĚS, ЗА WARC band 


MFJ-915 RF Isolator 
ge deot donka mis 
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UHF antennas, balanced line, random wire and ground into your 


55995 


MFJ 
Converts 

unbalanced 2899 

darin 89 

balanced lad 

der transmission line. 

Giant 2-core 4:1 balun 

Wound with Teflon wire, 3/2/87 inche 

SS Heavy duty ceramic feedthrough insu- 

"tors 1300 Wans full legal limit. 30-239. 

Ground post, mounting holes. 


MFJ Field Strength Meters 


Huge 3" meter Tele- 
scoping sround-inde- 

pendent dipole. 1-500 MHZ 

Sensitivity control. Remote 


Sensor, MFJ-ROR, $2495 ELS 
MFJ-301, 524.95. Monopole 
field strength meter, 1% meter 


Clamp-On RF Ammeter 
Essa, Clanp-On RE 


5409957 mps 


ver cables up to 14 
inch diameter. Measure RF cur. 
rents in antenna elements, radials, 
around wires, coax shield. Five 
Calibrated ranges to 3 Amps. 1-30 
мн». 2NXSUHRTAD inches. 


Free MFJ Catalog 
and Nearest Dealer... 800-647-1800. 
vom mjjenterprises.com 


.. А) on orders direct rom MEJ 


|MFJ ENTERPRISES, INC. 
300 Industrial Pk Rd, Sade 
М 59759 PH: (062) 323-3865 

" Tech Help: (662) 323-0549 


e pa 
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hy-gain. HF VERTICALS 


Self-supporting — no guys required . . . Remarkable DX performance -- low angle 
radiation, omnidirectional. . . Handles 1500 Watts . . . Low SWR . . . Automatic band 
switching . . . Aircraft quality aluminum tubing . . . Stainless steel hardware . . . 
Recessed 50-239 connector . . . Two year limited Warranty . . . 


compresion camps oet or edt А 
iieri tse tat TETU 
FF 
S PATRIOT © 
% 
ee hel et remi ad bs pc mun 
pera slate ua er арн БУ make at 
Nas. sonas, 0121820080. [aeai yor эша ice iie PATRIOT 7) 
ved Mee pony ИИ of your sunspot 
anding 3 etic E 
уы ull атна a, Ve uud ada n 
eC каш: tat nd ELE 
Sorts ai eee incs adiis and ground, 
‘Een sim href ымы mate banding 
E rg ê as ny acie Ea 
nent) coma ee Aro ie VSWR шы. Fna f 
a trad tn u 
Маша The sor ofa lala coil re 
dend sides paves heaps КЕЕ 
TA маш pozorne MC SSS Adi Eres, Srila sq for 
БЕЛОЕ д Fin, Alone сш 
Ta pohonné selena ЕТСЕ le, 
iridited for corrosion resistance. Special tilt- гини 


eres rca mig d long | ander 150 Nar key ока 


AV-MAVQ, 516995, (1015.20.40 Meter) po 
158. 9 Ibs. The Han A TAAVQ uses High wind survival of $0 mph. 
esame tsp design as he famous Hy Gain Broadband matching unt made 
‘Thunderbird beams, Thee separate al dielec- [om ай Tel insulated wie 
Аттай quay aluminum ta 
[ng stiles el hardware 
"Jr sei warmen 
PVO STANE QE AS MAS “wo year lcd warnt 
Me REN ato s Tani all placement parts instock 
id Beam design dicere tape for лус, 5309.95, (610.12, 
Sirene Hy perfomance. Tia в he way is dodo Meters) 25 
{ogo би nespenive band promere n Tis bs The AV) uses 
ao space Root mount will AVEO k caer wave шы оп 6, 10:12 
sus and 17 meter and eet end 
лулу, $9995, (1042.151720.3040.80 cating coll and opaco at onf 
SSS маш ie rd 15,20, 30 and 40 meters ~ no 
nd iow con ake the ACV ап exceptional ape. fernen ме placed in 


ЗА lb value Easily tuned о any band by adjusting Parallel not in series. End load 
hy-gain Feed point al the base loading coil, Roof [ns of the lower HF bands 
mount with Hy-Gain AV- LARMQ kit, $80.95. [allows eficient operation with a 


Classics "хт зөэх 00,12. 151729304030 [rans amenna height 
моа Маш pod: 8 тат хал, simos, 
7177. 20 Nc tier E e be e e Nieters). 223 
antennas are entirely self sup- падан Сарала 30 and 40 клы. ihe EDO cox 
VC beben 6 through 20 
They offer remarkable DX per- without having to lower the antenna. Super | Meters with no traps, no coils, no radials yielding an 
formance min ei enemy. V y e OPERE: (onpa ní sas dna: 
Ían angle of adam nd онт. ine e ka RI OOS 51938 
е So lt Sn CR SS Ro 
au unde 158 Ware PEP SSB, Ragai Stem, RRR, 9 5 and Nearest Dee 800975692 
switching (except AV-18VS) and _ DX-TTA, 5449.95. (10, 12, 15, 17, 20, 30, Call your dealer for your best price! 
include а 12-inch heavy duty mast лоб, кыы. м. ad! Oe й 
support bracket (except AV-I8HT). m: ДЕ edic re it * чә 
pr akt ID. дш a ыы Жат 
NIU hh ard co . 
er quali alumina PoE epee , 


E ses ааа [nete E "|Antennas, Rotators & Towers 
[алалуу sires [ишле rens me T red [wr eoe antennas, Rotators & Towers 
ACIE is [иту SNOW, ткн [osi V 
!! | WM ИТЕН) ТЕС ЫРЛЫР > FAX: 009-321033) 

sx ses sr rw np | 2e z earn Rttpi/www.hy-gain.com 
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Antennas built-to-last . 


FAMOUS Heavy Duty hy-gain BALUNS 
BN-86, 579.95, BN-4000B, 5109:95. 
Broadband 50 Ohm. Broadband 50 Ohm 
ferite balun Yagi current balun is 
Useable from 3 to potted to seal out 
МН» Roc- moisture Rated at 4000 
ommended for all Wants for increased 
HF Yagi antennas, power handling capabilites. 1 to 
It provides improved foarte back 54 MHz. 80-239 connector BN- 
йо. Comes with clamp to bolt to 4000D, $108.98. dipoles. BN- 
бооп, S0-239 connector. ADS, 5119.95. "N connector 


isulators. 
zo ьа 


hy-gain Center Dipol 
W 2 
Ба 


iol amenna. 
‘sr rd were 
ae e N 


Arrowpoint Anchor, 


Glazed Ground | hy-gain Rotator 

ceramic Rod words MIN 

Insulator f Durie our a, «pagos 
footy ошар 


WE 
M3 


strong = wit 
or break are 
over or melt 
[even under full 
legal power 
Molded ridges 
give exta-ong path 
fo prevent highvolt 
age breakdown, 


oot makes i 
round. Bica oat person irap form 
Ка 

5000 i stec wedge 
Резон RF hot brake ring pear hundes 
| pots, Use sever 100,000 PSI, dual 98 
ett forma good {02000 PST ds 
RF ground. operation. Max mast 


wr 


оша rod. Sum ушшш ами RFT Bell 
design gives tol weather 
юп. 15 sg. wind 


. . Use hy- gain parts! 


hy-gain Aluminum Tubing 
(6063 T832 round, drawn aluminum tubing sod in 2 styles: 
6 standard or sited one end. (OSS Raps 12" sit long) 
"Tubing are sized то allow telescoping nto one another 
fiom 625 OD to 2 inches OD. Select sited tubing for tele- 
Scoping. Use Hy gain Stainless Sieci hose clamps to secure. 


OD Wa THT vere FTA Oo pa pane uin 
—hygaln Stainless Steel Hose Clamps 


| aay gain Telescopic Aluminum Mast 
ATM, 5199.98. Pied leh. 11-section та ене aluminum 
JJ 
T 
F 
Anna бї ly cradat сыну witout car 
mina required if mast de extended beyond 30 fet Top sesion 
EU D. onem stán č cher OD x 120 wall 


ne end изе v тше k sica Slide one end ao 
[another bin for on polo. Secure иһ standard bot 
chimp. Song: OD 120 wall Good Бш sections JC 
‘St vie aca Sar emp longer cons 
. 

M yga Mount Assembly Kite. 


[EM EUREN 


F 54 9935 biy kt wit base mounting plate, saltos, hardware. 


hy-gain Custom Precision Antenna Hardware 


pote. элу. Boom to Mast Clamp 


| see a ae ror 


ы. lemem to Boom Clamps 
— ат Бетен 


Jin TH series HF Beam Trap Caps 


FF —.— "© ё 


Ty-gain Vertical Antenna Hardware 


à 1; ЕЕРЕЕ 


/ 4 — el 


m, 


Jy-Guin Tower Bases 


erlegt Specify tower model. 
Shipped by tack, cal for quote. 


тее hy-gain 
and Nearest Dealer... $0 


our dealer for your best price! 


һу-цаїп. 


designed 
ET for -gain crank- 
} up tower: Completo 
With base hinge 
Foundation welded 


A —— e r OS 
9 Misa с. PERES htipi/www.hy-qain.com 
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Andrew Cinta' Cable Assemblies 


(CABLE X-PERTS, INC) 


Connector: N, PL259, TNC а 7/16, Burial: Yes, UV Resistant: Yes. 
‘Shale: 2 (100% bond foil +90% Т Braid) VP 87%, Ataruaton 3948 @ 2 GHz at 100. 
зде 490 мн and Higher 


рыз CONNECTORS EACH END 'N MALE CONNECTORS EACH END 
en Price 
$108.95, 
= $139.98 
$108.95 
Tos 
$ 6649 
"II 


passt Tow MA Or CREATE YOUR OWN 
e oe CUSTOM LENGTH ON-LINE, 


Connector N, PL259, TNC, SMA, BNC & QNA, Burial: Yes, UY Restart Yes 

TEC 

sage 430 МН ana Hohe 

PL259 CONNECTORS EACH END 
Price. Price 
dus m 
iss чы та inem ins 
33545 HET 
ins 'Or CREATE YOUR OWN 
ins CUSTOM LENGTH ON-LINE. 


[ANDREWS Cints — 


m 


Connector н, PL259, TNC, SMA, BNC а OMA, Burial: Yes, UV Resistant: Yes. 
Seis, 2 (100%: Bondad l +90% TO Braid) VP 84%, Attenuation 3.008 ( 150 MHz at 1008, 
Usage М and higher 

PL259 CONNECTORS EACH END. 


Price Ог CREATE YOUR OWN 
Hd CUSTOM LENGTH ON-LINE. 
31285 


Fricas subject то change winout naaca or obligator, 


=. 

What makes us better than the competition? ^ 

m Quality products at competitive prices. < 

= Prompt service and customer attention 

= State-of-the-art cable assembly manufacturing facility. 

= Stringent quality control to ensure top-quality finished products. 

= A large inventory of raw materials. е; 

= Short lead times on custom cable assemblies. 

= Experienced engineering and knowledgeable sales staff. ay 

* Centrally located in the Chicago area. Al assemblies are tested to 
ensure optimum performance, 


A 


Many more cables isted or-ine 
‘www.cablexperts.com 


1800 8 585 (CABLE X-PERTS, INC.) 
or call: 800-828-3340 e 


AB-S Special Advortising Section 


www.cq73.com 


Sierra AnlennAs 


ofessional Antennas fo 


CK Explore All of HF with Your 
Sidekick Antenna 


Motor Driven Remotely Tunes 75 to 6 Meters 
160 Meters with an 8 Foot Whip & Six Shooter Capacity Hat 
1.5:1 or Less Typical SWR 


Rated at 200 Watts 

Includes 3 Foot Stainless Black Whip & Standard Controller 
Can Be Used Just About Anywhere! 

No Hazardous Beryllium 

Weighs Less Than 3 Pounds 

EZ-Tune Controllers Available 


HF Transcelver Speaker 


See Our Website www.cq73.com for Package Deals 


HF Antenna Tripod Deluxe 


+ 


HF Antenna 
‘Stake Hole Mount 


+ 


HF Antenna 
Magnet Mount 


HF, WX, AM, FM, TV 


High Sierra AntennAs 


Sola, Battery, АС 
7 1 eraa 530-273-3415 www.cg73.com 
Radio See Our New Website with Lots of HF Products 
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TUN TEE ШШ 


CHNOLOGY INCL 


introducing he. AntennaSmithř"! 


$ 


11-900 Antenna Impedance Analyzer 


2 Sec Sweeps, Sweep Memories, 1 Hz steps, 
Manual 8 Computer Control w/software, USB, low 
power. Rugged Extruded Aluminum Housing - 
Take it up the tower! 


W Full Color TFT LCD Graphic Display 
W Visible in Full Sunlight 
п 0.2-55 MHz 
п SWR 
m Impedance (Z) 
a Rev. 2 


m Reactance (r+jx) н 


W Reflection coefficient (p, Ө) 
E Smith Chart 


Check Your Antennas and Transmisson Lines 
Once you use the 17-900 - 
you'll never want to use any other! 


and... our new line-up 


Data & Rig Control: 


m HamLinkUSB™ Rig Control Plus 


TTL serial interface with PTT 


m U232™ RS-232-to-USB Adapter 


Universal Conversion Module 
replaces PCB-mount 08-9 A DB-25 


m HamLinkBT-Lite" Bluetooth Rig Control 
‘Coming soon for your radio! 

Wi HamLinkBT" Bluetooth 
Wireless Remote Control Head 
Coming soon for Kenwood, Icom & Yaesu! 


m PK-232/USB Multimode Data Controller 


(upgrades available) 
m PK-96/USB TNC 


lupgrades available) 


Noise & QRM Control: 
ш DSP-599zx Audio Signal Processor 


W ANC-4 Antenna Noise Canceller 


From the Timewave Fountain of Youth - Upgrades for many of our DSP & PK products. Call Us Now! 


Timewave Technology Inc 
www.timewave.com 1025 Selby Ave., Suite 101 651-489-5080 
sales & timewave. com St. Paul, MN 55104 USA Fax 651-489-5066 


*ANDREWS * AMERITRON * CUSHCRAFT * VECTRONICS • 


+ WEST MOUNTAIN RADIO PRODUCTS 


HEIL + GAP» DIAMOND + SPI-RO * HUSTLER • МЕЈ + COMET 


WBOW, INC. SK Tower 
800-626-0834 & Accessories 


816-364-2692 « Fax 816-364-2619 
Р.О. Box 8547, St. Joseph, MO 64508 " 
WWW.WBgW.COM Bü 
E-mail WBBW@WBAW.COM 


Ginpote for Rohn Ñ 
25:55 and round 

leg towers up to 
2" O.D. Shown 
here with optional ROHN/Radian 
base pulley. Tower 


Also ginpoles for i 
BX type Towers. & Accessories 


256/456/55G_$991199/250| 


Nifty! Reference Guides 
Free Shipping in Continental U.S.) [RE Connectors 
ARRL Books, Cd's, 8 Study Guides — 52000 
25% off if you mention ARRL Antenna Handbook Ad! tema Contar 


TarheelAntennas 


Mode! 00 
pres Get the quali that only CNC machined bueprintd components 
= in either aircraft aluminum or stainless steel can offer 
I ANTENNA SPECIFICATIONS 
Lite Tarheel 11* 3.5 Mbz-S4.0 МИ» 200 wats PEP * 1-1/4" coil 
16" base 32" whip * 19x 48" G 540 MHZ * 54" @ 3.5 MH 
Model 75 "Stubby" * 17 Mhz - 340 MHz * 400 watis PEP * 2" coil 
16° base * 6 whip * 55 ibs * 7 6" @ SA MHz * Fa 25 MHZ 
Model 10034 Mz 300 15 Kw PED * 2" coil * 3 base * 6 whip 
bs * 94 шї 300 MHz 12 35 Mite 
Model 200734 Mhz - 28.0 MHz * 15 Kw PEP * 2" сой 4 base 
6 whip * 10-4 tla 280 МНЕ * 12 ll @ 35 MHZ 
Mode 
ELA Model 300 * L Mhz - 30.0 MHZ 400 watis PEP * 2" coil * 3 base 
ch whip * RS bs * 94 tal @ 300 MI" It 
ae Mode 400 1.8 Mhz -28.0 MHZ * 400 watis PEP * 2" coil * 4 base 
otel 200 Дн Chip tbe 104r uli @ 280 Mz" 12 ull @ 18 Miz 
6-80 mtrs. — 
$369. k 


All Prices Subject to Change without Notice 


* маалая + NOHIOSI * NASYVI + NIVO-AH . YINNL OYANL + SVNNALNY T33H3VI * 


чил 


TE SYSTEMS AMPS • LDG + ROHN * BX TOWERS. GINPOLES« 
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E BUDDIPOLE 


TT 
ل‎ 
O 
= 
a 
2 
- 
m 


The Buddipole” Portable Dipole fits in your travel bag and assembles 
in minutes. The Buddipole is more than an antenna, it's a versatile 
system for launching your signal. Optimized for transmit power and 
proven for DX work, the Buddipole is the secret weapon used by HF 
portable operators all over the world. 


What is the Buddipol 
> Multi-band design works 9 bands - 40 — >Lightweight,rugged components Е ОД 


meters thru 2metersvithone setof Optional Rotating Armkit lows ДШ 
adjustable coils! users to instantly change antenna PA 
> Rated from ORP to 250 watts PEP configurations i 
> Modular Design- create dozens of >Usedbythe US. Military Special 
different antennas with Forces and Emergency Services 
interchangeable parts Groups throughout the world 


www.buddipole.com 


>Rotatatable/Directional 
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EE 


THE PERFECT ANTENNA 


u 


[For almost? decades GAP has dated thee is по perfec antenna. No 
(# 5.502.183), GAP Technology, to give you options. Within this far 


performance? Then the Voyager DX is worth your attention. I 


assembly process 
[coverage with а VW 


“antena can © 


Thats why we designed a family of antennas that utlize he patented 


a о antennas right for you. If deed restricions or visibility are a problem, take a look at the 


‘What atout a low band antenra with great 40m and 80m 
DX wil end your search 


TITAN DX 


10m, 12m, 15m, 17m, 
20m, 30m, 40m, £ 80m 


25 tel 25 Ibs 


Mounts on 1-1/4" OD 
mast 


No radials required. 


2m, 6m, 10m, 


315'tall 21 
Drop in grou: 
‘supplied, 

3 counterpoi 
required 25' 


"VSWR under 2:1 on. 
som 100 KHz 


"VSWR ur 


тазе and lower you 


QUICK TILT ЫЕ 


LADDER MOUNT 


Accomdates 
11/42" OD Mast 


STAINLESS STEEL & ALUMINUM CONSTRUCTION 


gapantenna.com 


CHALLENGER DX 


‚ 12m, 


15m, 20m, 40m, & 80m 


lbs 
ind mount 


long. 


nder 2:1 on 


som 130 KHz 


ANTENNA 
ACCESSORIES 
FORALL 


GAP 


— 


(772) 571-9922 
Visit us at: 


VOYAGER DX EAGLE ОХ 


20m, 40m, 80m, 
160m 

45'tal 39 be 
Supllied with hinged 
ground mount. 

3 counterpoises 
required 57 long. 


10m, 12m, 15m, 17m, 
20m 8 40m 

21'tall 19 be 
Mounts on 1-1/4" OD. 
mast 


No radials required. 


“VSWR under 2:1 on 
160m 90 KHz 


"40m limited to 
300 watts 


ге your antenna or support mast 
against he elements with a бшу Kit 


GUY KITS 


STAINLESS STEEL 8 ALUMINUM CLAMP 
3/22" UV Protected Black Double Braided Polyester Rope| 


t 


ising Section AB- 
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Your Powerpole Headguarters 
More Powerpole Stuff Than Anybody 


A huge variety of ready-made cables 
with Anderson Powerpoles for ICOM 
(including the new IC-7000), Kenwood 
(including the TS-480), Yaesu, Alinco, 
and most other HF, mobile, and handheld 
rigs. Power supply cables for almost any 
source — home, mobile, or portable, Caine o aaa 
Accessories including panel mounts, mount- | Full selection of cur fa- 
ing plates, crimpers, and wire. каштай" сыре 
See us at Hamfests from Maine to, Feed-through ром, and 
Maryland, or visit our Web Site | „вес tor ICON Yaesu, 
for all of your Powerpole needs and Kenwood 


Quicksilver Radio Products + Meriden, Conn. 


www.gsradio.com 


EQUIPMENT LTD. 


= 


сеп: 708-337-8172 
4421 West 87th Street, Hometown, IL 60456. 


БҮЛЕ 
Siu Esc Tosan K S 
www.w9iix.com — 


10005 of Component Parts 
= Mo Minimum Order — 


— Shortwave — Ham Gear — Scanners — 
— AM/FM Radios — Antennas — Coax — 
— Accessories — Books — Computer Cables — 


Visa/ MC/AMEX/ Discover 


Dave's Hobby Shop 


600 Main Street, Van Buren, Arkansas 
479-471-0750 


www.daveswebshop.com 


Antennas to Build— 
Ideas to 
Experiment With 


oi O | 


Antenna 
Classics 
a 


Hang ‘em high or hang ‘em low, 
"wires are the best antennas to 
Use to get on the air simply and 
inexpensively. Experience the 
satisfaction of building your own 
wire antennas. 


Now you can enjoy a collection 
of the best antenna articles from 
ARRL publications. Inside these 
books, youl find more than just 
creative ideas. Each is filed with 
innovative designs that work! 


= Dipoles 

= Loops 

* Сойпеагв 

= Wire Beams 

m Vertically Polarized 
Multiband Antennas 

and тоге. 


— 2Volumes! — 


Vol 1: ARRL's Wire 
Antenna Classics 
ARRL Order No. 7075 


Vol 2: More Wire 
Antenna Classics 
ARRL Order No. 7709 


Available from ARRL 
and dealers everywhere! 


ARRL г RADIO 
[as Main Sreet 


Newington, CT 06111-1404 USA 
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PowerMaster 
Watt/VSWR Meter 

= Sets the leading edge for al wattvswr 

meters to follow 

= Unheard of accuracy for the price 

= Fast Bright reading meter 

= Application software included 

= Upgradeable via Internet 


$430 


AIM 4170 
Antenna Analyzer 
* Most advanced vector impedance 
analyzer at a fraction of the cost 
* Accurate and easy to use 
= Application software included 
* Lab instrument quality 
m Upgradeable via Internet 


$400 


OptiBeam Antennas 
German Engineering means High Performance 
and Reliability 


OptiBeam 3 element 80 Yagi 


Prosistel 
Rotators 
Strongest Rotators 
on the Market 
Prosistel 

PST 71 DC 


AS-AYL-4 
NEW 4 Direction K9AY Loop Antenna 
Hear What You've Been Missing on the Low Bands 
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Auality Radio Eguipment Since 1942 


AMATEUR TRANSCEIVERS 


Universal Radio is your authorized dealer for all major amateur radio equipment ines 
incuing: Alinco, Icom, Kenwood and Yaesu 


Whether your budget is 60, 500 or 5000, Universal can recommend а shortwave receiver 
o meet your needs. Universal is the олу North American authorized dele or al major 
Shortwave ines including: Elad, сот. Yaesu, Japan Radio Company, Ten Tec, Grand 
són, Sony, Sangean, Pasar, RFspace and Кайо. 


WIDEBAND RECEIVERS I | 


Universal Radio caries а broad selection of wideband and scanner receivers. Alinco, 
AOR, сот, Yaesu and Uniden modela are oferad st compitie prices. Portable and 
tableop model are available. 


ANTENNAS AND ACCESSORIES BOOKS 
Your antenna is just as important as your rado. | Whether your interest is amateur, 
Universal caries antennas for every need, space | shorwawe or collecting: Universal 
requirement and budget. Please vsí our webate or | has te very best selection of rado 
request our catalog o eam more about antennas, | books and study materials 


M USED EQUIPMENT 
Universal caries an extensive selection of used ama- 
teur апа shortwave equipment. Al ilema have been 
tested by our service department and сапу a 60 day 
warranty unless stated otherwise. Request our 
monthly printed used ist or vis cur webste 
www.universal-radio.com 


© VISIT OUR WEBSITE 
Guaranteed lowest prices on the web? Not aways. 
But we do guarantee tal you wil find the Universal 
‘abate to Bethe most informative 
www.universal-radio.com. 


* VISIT OUR SHOWROOM 


FREE 112 PAGE 
CATALOG 

Our informative print catalog 
covers everything for the 
amateur, shortwave and 
Scanner enthusiast. All 
items are also viewable at: 
Www univergal-Fadio.com 


Universal Radio, Inc. pgs 
6830 Americana Pkwy. ИРУ 
Reynoldsburg, OH 43068 RENE 
Е > 800 431-3939 Ord Used equ ы 
Universal | > 5145-4257 momonon шл 
radio inc. F 


The ARRL 
Antenna 
Compendium 
Volume 7 


Hooray for antennas! This is the 
seventh in the very popular АВА. 
Antenna Compendium series. 
Inside, you'll find articles covering 
a very wide range of antenna- 
Telated topics 


= 30, 40, 80 and 160-Meter 
Antennas 


= Measurements and 
Computations 


+ Mobile Antennas 
= Multiband Antennas 
* Practical Tips 


= Propagation and Ground 
Effects 


+ Quad Antennas. 

= Special Antennas 

= Stealth Antennas 

+ Tuners and Transmission 

Lines 

+ Vertical Antennas 

+ VHF/UHF Antennas 

+ Wire Antennas 

= Yagi Antennas 
And, this volume includes even 
more articles on low-band anten- 
nas and operating, and great 
designs for operating on the road- 
rom cars, vans or motor homes. 
ARRL Order No. 8608 
Only $24.95" 


ARRL D j, 
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NG 
Base Antennas 

~ Dan Dane PEO 
WII SIBLANISHM 
Access our ANTENNAS 


cc 


YNNSINV 3.3434 3 V8 HAS амүвлпа i45 [049 1902. 


зао засадам. эя fuo e 


I 


zos un. ha 


атре to assemble, painless to elavate and is easy on the eyes, ийде а the same ne gating 
jun 6 meters tu 80 meters without he requirement of an antenna turer and ground гада. 
714-6304541 + 800-982-2611 + FAX 714-630-7024 wm natcommgroup.com 


easy mi OXpod o a campground or a nice tropica ndn shor, the Comet CHA 2508 8 
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Or contact NCG Company 1275 N. Grove Steet, Anaheim, CA $2806 


For a complete catalog, call ог visit your local dealer. 


"Yu even be able o work some OX while youre at 


үннанумз1узазн 388 Suns br ONVE-TWNG 9-49 1 SW 
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Alphabet soup got you confused? 


There's only one letter you need . . . it’s the G. 
We're the name you've known and trusted for over 56 years! 
Our name stands for... 

Quality 
Integrity 
Enduring Strength 


Choose the original Rohn G Series. 
Because everyone knows "G" comes before all the rest! 


Products 


6718 W. Plank Road ~ Peoria, IL 61604 
Ph. 309-697-4400 ~ Fax 309-697-5612 
‘wweradiancorp.com 


Division of Radian Communication Services, Inc. 


ARREs Yagi Antenna Classics (agi 
—Yagis, Quads, Loops, and other Beam Antennas Antenna 


Contents: Classics 
= Monobanders: Beams for your favorite band 
* Mulibandora: Beams that cover two or more bands 
® HF, VHF and UHF Beams: From 80 meters to 2304 MHz 
* Computer Modeling: Optimize your bear's perfomance 
* Towers, Masts and Guys: Your beam needs solid support 
* The "WOW" Factor: Can you believe this? 


Naples ARL Order No 8187 
ARRL Only $17.95* 
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ANDOVER MA 01810 


No Antenna 
No Ham Radio! 


Antenna Zoning for the Radio Amateur 
by Fred Hopengarten, KIVA 


Heres heip 
navigating the thicket 
f ordinances and 
bylaws 1o obtain a 
Bling perma or your. 
antenna system, Dont 
get caught In he crazy 
ul of regulations 


ANTENNA 


Everything you and 
your atorna пева to 
thaw to ошап a permit 
for your antenna 
Support system. 


‘Antenna Zoning for the Radio Amateur 
ARAL Order No. 8217 
Only $49.95" 


ARRL ix 


“Being the Original has its advantages.” 


ANTENNA MANUFACTURING COMPANY 
VHF - UHF - HF Applications 
Special Models for Beams, Dpoles and Line Isolation 
Manufacturing Baluns and Accessories for over 40 years 
Ham - Commercial - Industrial - Government - Military 


'wwwunadilla.com 


Hang your 
next wire antenna with the 


EZ HANG KIT! 


Comes with everything you need: 
= The original EZ Hang 
= The EZ Winder 
=A spare set of Bands and 
six weights and clips. 


EZ HANG 


Code AB 
2217 Princess Anne SL, Suite 105-6 


Check Our Website for New Products 
www.ezhang.com 


a= 


Fredericksburg, VA 22401 « Phone: 540-286-0176 
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High-Performance 


1.8 to 30 MHz Balanced 

-Network Antenna Tuners: 

Desktop Control Unt with LCD: Westhan Protected VAN 
Remote Tuner Unt (o PGS Sg standarda) 


Remote Automatic Antenna Tuners 
=AT-502 — 200W SSB/CW. 
2 x 85 Memories. $699.95 
www.hamware.de 
Intl: Klaus Bemmerer = service@hamware.de 


Places the Tuner Circuitry at the Antenna Feedpoint for 
= AT-515 — 1 5kW S88/CW 
Tel: +49 4371 869145 


Maximum Efficiency! А 
85 Memories. $1,699.95 
US: Dillon RF Systems = dillonel©mtaonline.net 


Backyard Antennas 


Simple techniques for building 
high performance antennas 


+ Endled and Center-ted Antennas ё 
E Rotary Beams» Loops, Backy 
Tuning Unte e УНН Antennas 
Antenna and Mast Construction 
ransmission Lines. 
Estimating and Measuring tho Performance of 


"ug; Backyard Antennae 
АННЫ HERES ARAD Orda RIA 
ee eee, Only $34.95" 


ADVANCED SPECIALTIES INC. 


New Jerseys Communications Store 


ums Bar 


wn INCO 


ALINCO * LARSEN * COMET * MALDOL * MFJ * UNIDEN 
LDG * ANLI * RANGER * YAESU * TRAM * PROCOMM * PYRAMID 


AMATEUR RADIO - SCANNERS - BOOKS 


на оси 5 & МОКЕ e 
ES mam E nu ores ань 


Big Online Catalog at 
ФФ 77 www.advancedspecialties.net 


= ш 


Simple and Fun 
Antennas 
for Hams 


Lots and lots of real 
world, practical antennas 
you can 
BUILD YOURSELF! 


Contents: 
= Your First VHF Antenna. 
+ Your First HF Antenna. 
+ Facts About Transmission 
Lines 
= Antenna Masts and Supports 
* HF Verticals 


= More Simple and Fun 
Antennas for VHF and UHF 


= More HF Dipoles 


= Dual-Band VHF/UHF 
Antennas 


= An HF Vertical That Needs 
No Radials—Try the НУО 
= Yet More HF Dipoles 
+ More Facts About Feed Lines 
* A Potpourri of Antenna Ideas 
«УНЕ Beam Antennas 
* Towers 
«HF Beam Antennas 
« Getting the Most Out of 
Your Antenna. 
Simple and Fun Antennas. 
for Hams 
ARRL Order No. 8624 
Only $22.95" 


ARRL отел паро 
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Vertical 
Antennas are 
Everywhere 


Оп cell phones, broadcast towers, 
portable radios and vehicles. And 
for good reason! Here are the best 
articles on vertical antennas from 
QST and ARAL publications, 


« Theory and Modeling 
"VHF and UHF 

= Directional Arrays 

« Radials 


* Single-Band and Multi Band 
HF Vertical Antennas 


= Ground Systems 
= Portable Antennas 
= Phased Vertical Arrays 
апа more. 


The Sky's the Limit! 


VERTICAL 
ANTENNA’ 
Аш 


ANTENNA 


Vertical Antenna Classics 
ARRL Order No. 5218 

Only ste. 

More Vertical Antenna Classics 
Second Edition 

ARAL Order No. 9795 

Only $17.95" 


ARRL лети napio 


Antenna Rotation 
Equipment 


Orbital Ring 
Rotor 


Unit shown is the 45/559 
Orbital Ring rotor with 
MonstiR Yagi installed. 


Models available for a 
Size tower (including cell 
Towers). For any size boom, 
or tower воот, 


1117 Highland Park Dr., Bettendorf, IA 52722 
il: KOxg@kOxg.com 
(563) 340-5111 
Visit our Web Site at: 


WWW. KOXG. com 


A picture is worth a thousand words. 


wm me 


ANTENNA MODEL 


| wire antenna analysis program for Windows® you get rue 3D far feld pattems that are far 
more informative than conventional 2D paterne ог wire-frame pseudo 30 patiems. 


Now you can have ай the advantages of the MININEC code and Sommerfeld-Nonon 
around too, down to 0.02 wavelengins above ground. No spit ioa, spit source, or equiva: 
lent monclaper element approximations are needed. Enjoy superior graphing and 2D far 
таа pot comparison capa 

Describe ће antenna to the program in an easy-to-use spreadsheet syl format, and then 
wth ono mouse-clck he program Shows you the antenna pattern. Font to back ato, font 
o rear ratio. input impedance efficiency, SWR. and more. 


An optional Symbols window with formula evaluation capabilty can do your calculations for 

уон. А Match Wizard designs Gamma, T. ос Hairpin matches for Yagi antennas. А Clamp 

Wizard estedates the equivalent дателе, of Yag! clement сатре Yagi Optimization fede 

Yagi dimensions that sity performance objectives you specify. Major antenna properties 
in be graphed as a funcion frequency. 


There is no builtin segment mit Your models can be as large and complicated as your 
system permite 

ANTENNA MODEL is ony $90. This includes а Web ste download and a permanent backup 
copy on CD-ROM, Vist our Web site for more information about ANTENNA MODEL. 


теп Software 
PO. Box 277 
Lincoln, TX 78948 


www.antennamodel.com 
e-mai заез@атеппатоде сот. 
Phone 9794427982 
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POTE BSE PIET 
dnd їздї йз3 for 
DXelieuani on 190, 
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6 ЖҮЛ 


3 on ta lor 
by John Devoldere, own E ES s m: 0 n nien 


ML 


Teri ael d Oss 
пен material on tow band antennas 

and high-gain reren nog arrays 
Includes new sights and new 
design techniques for receiving 
antennas and vertical arrays. 

‘John is one of the most recognizable figures on the DX cene 
He has spent more than 1,500 hour rewring and updating 
ONAUN Low.Band DXing, known far and wide as he 


tow-banders bible;"—R. Dean Straw, N6BV, Editor ARRL Order No. 9140—$39.95" 
CD-ROM included! This edition is bundled with the fully searchable Sprin ana Haag cs sy 
and complete book on CD-ROM for Windows® and Macintosh® systems. aed ur oda shed 


(Also contains additional ONAUN software and over 2000 айу pictures) pue ML o 


T 
АВВІ хит RADIO OnDERTOLL ree 888/277-5269 (US) 
миме WWWARRLORG/SHOP 


Basic Radio 


Understanding the 
Key Building Blocks 


Finally — an introduction to radio 
FOR EVERYONE! — what it does 
and how it does it 


Basic Radio reveals the k 
buiding blocks of radio: receivers, 
transmitters, antennas, and 
propagation. includes simple, 
Sui tt yoursai projects to ur 
theory into practice. 


BASIC 
ELECTRONICS 


Basic Electronics 


“The foundations taught in this book 
will prepare you for more advanced 
concepts in electronics. The text is 
written in an easy-to-understand 
style that nontechnical readers will 
enjoy. You don't have to be an. 
engineer or a math whiz to enjoy 
the thrill of experimenting with 
electronics circuits! 


Basic Radio 
ARRL Order No. 9558 
Only $29.95" 


Understanding Basic Electronics 
ARRL Order No. 3983 
Only $29.95" 


ARRL тия ялоо 


HYBRID-QUAD ANTENNA 


ease e 
MINI T = 
HF BEAM | = 


MQ-1 Four-Band Antenna | 
6,10,15,20 Meters, Iwo elernent 
MQ-24SR Four-Band Antenna 
6,10,15,20 Meters, Enhanced reflector 
MQ-34SR Four-Band Antenna 
6,10,15,20 Meters, Three element, E/Ref. 
MQ-26 Six-Band Antenna 
6,10,12,15,17,20 Meters, Two element 
MQ-26SR Six-Band Antenna 
6.10,12,15,17,20 Meters, Enhanced Refl. 
MQ-36SR Six-Band Antenna 
6,10,12,15,17,20 Meters, Three element E/R 


S 
Т. GM Communications 


Devon Si. Stratford. 
TON canada NSA 228 
Tel. & Fax (519) 271-5928 
wwwa.sympatico.ca/igmc 


ARREs VHF/UHF Antenna Classics 
Build portable, mobile, and fixed 
antenna designs 


Ground planes, J-poles, 
mobile antennas, Yagis, and тҮҮ АТЫ 
more. Build a better antenna ШТО 
for your hand-held radio, n V 
Construct a 2-meter Yagi that 
will rival similar commercial 
antennas. Build a dual-band 
vertical for 146 and 445-MHz. 
The results wil be rewarding! 
Includes projects gathered 
from the pages of OST. 


ARRL Order No. 9078 


Only $14.95* 
‘shipping $7 US (round)$%2.00 Intemational 


ARRL I RADO dee 
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MORE DEALS THAN YOU CAN SHAKE A STICK AT! 


* Great Gear 

* Great Deals 

* Great Service 
+ Free UPS S/H!* 


"On all radi orders shipped 
"Within the contiguous USA 


KENWOOD 


KENWOOD TS-2000X 
Huge Band Coverage, Al 
Mode HFfóm/2m/70cmy23em, 
Auto Tuner И Memory Keye, 
Dual RX, Dual 052 Buitin 
1200/9600 bps TNC and More 
CALL FOR YOUR BEST PRICE! 


KENWOOD TS-480SAT 
Mobile Performance Al Mode 
Hřlém, Auto Tuner Separate 
Front Control Panel, 16 8t DSP 
CTCSS EncoderDecode, More! 
CALL FOR YOUR BEST PRICE! 


KENWOOD TM-D700A 
Mobile 2m/70cm FM XCVR 
With TNC, Separate Font Con 
trol Panel, CTCSS Encode/De 
ode 200 Memories and More! 
CALL FOR YOUR BEST PRICE! 


TEXAS TO 


1108 Summit Avenue, #4 * Plano, TX 75074 


Hours: M-F 9 AM-5 PM 


Email: sales@texastowers.com 


ТЕ 


TOWERS 


ноу @ Big ch Tres! 


BUTTERNUT HF-5B 
Lightweight five band beam, 
small enough to turn with a TV 
rotator—perfectfr portable or 
limited space operation or for 
deed restricted tations. 

CALLFORMORE BUTTERNUT! 


vý 
CUSHCRAFT A3S 
Three element triband beam 
with optional 30/40m Kit Com 
pact yet rugged design with all 
stainless steel hardware Perfect 
forlmited space application. 
CALLFORMORECUSHCRAFT! 


hygain 


HYGAIN TH-3MKA 
Three element triband beam 
designed for broadband per. 
formance. Rugged construc 
tion and al stainless steel hard: 
ware for long term reliably. 

CALL FOR MORE HYGAIN! 


VISA + DISCOVER 


M2 KT-34M2 
Four element, short boom 
triband beam islong on perfor 
mance! Rugged, with al stain- 
less hardware. road gain, high 
F/B, flat match. Balun supplied. 
CALL FOR M2 ANTENNAS! 


ANTENNA ROTATORS 


ROTOR CABLE INSTOCK, CALL! 


= 
mec 
El 
E 
MA SERIES 
Neighbor Friendly 
Д Design offers a fag 
poleike appearance, 
while supporting an 
tema loads up to 22 
square fet. Models 
range from 40-85 feet 
in height and come 
‘wth hand winch and 
house bracket Option 
ПЕТИ 
||| == 


[=P TOWER EXPERTS 
ІД же aint Braggin’ 
But weve helped зо 
||| many Hams order us 
Towers over the years 
4 that weve become 


| | the US Tower experts 
Please call for help se 

lecing the perfect US 

dL towerforyour Qni 


B-18 SERIES 
Light Duty Aluminum 
Self Supporting Towers. 
Five models range from 
3050 feet in height 
and support up to 12 
Sa fcf antenna load, 

CALLFOR MORE INFO! 


8-26 SERIES 
Medium Duty Aluminum. 
Self Supporting Towers. 
Thirteen models range 
бот 30-90 feet and 
supportup to 345 sqft 
of antenna wind load 

САЦ FORMORE INFO! 


B-30 SERIES 
Heavy Duty Aluminum 
Self Supporting Towers. 
Nineteen models ange 
from 40-100 feet, and 
Supportupto 34550.. 
of antenna wind load 

CALLFORMORE INFO! 


w (800) 272-3467 


Proudly Serving Ham Operators Since 1978! 
CentralTime — maSTERCARD Visit Our Website for More Great Deals: 


http://www.texastowers.com 


Sa 


A 

A-frame mast: 

Andes 

AA6GL: 

AA6ZM: 

AAT: 

AB-577 military tower: 
Absorber circuit, power: 
‘Accuracy tests: 
Acute-angle junction: 


Adcock 
Antenna: мт 
Pattern: m 

Adcock, F. 145 

Adding parasitic director to LPDA: 108 

Additional loss due to SWR: 24-1007 

Addresses of suppliers: aram 


Adjustable L-network feed system: 
Adler, Dick, KC 
‘Admittance: 
Aun 
ALTKK: 
Algorithm for ray tracing: 
Aluminum tubing: 
AM broadcast station 
American National Standards Institut: 
American Physical Society 
Ammeters, RF: 
‘Amplitude: 
Reflected signals 
Andress, Kurt, KN 


Angle: 
Azimuth: 
Critical: BA 
Elevation: 28, 2-15, 19-1 
Near overhead: ПЕД 
Zenith 29,215 
Annealed copper Wire 20-1 
ANSI RF exposure guidelines: m 


Antenna Model: 
‘Antenna Modeling course: 
‘Antenna tuner 


TR 15.77.2610 


Antennas: 
Addresses of suppliers aram 
Analysis by computer аи 
Antenna terms, definitions of sam 
A0-40; 19.917 
‘Apartment ant алаг 
Aperture: 27-48 
Base loading: 164 


Antennas: 
Broadband: 
Building on the tower 
Capacitance: 
Center loading: 
Center-fed: 
Clothesline: 
Co-planar crossed Yagi: 
Coaxial sleeve: 
Construction details and practical 
considerations: 431 


Continuously loaded: 16-138. 6-29 
Crossed linear 19-Arf 
Directive: 
Directivity and gain: 2 
Effect m 
Electrical loading: 164 
19-3217 
431 
End-fed: 7-21 
Essential characteristics: 2am 


Flattop: 73 
Folded monopole 6-19 
Folded, efficiency: ГТ 
for repeaters: ДА 
ЗВУ & antenna tuner: 75 
GSRV multiband: Ts 


Ground plane: 2-17, 811, 6-188, 7-16 
Half-sloper 
Half-square: 


Height: 


Helical: 19-3, 19-5 
High horizontal: 6-10 
Horizontal: 6-10 
Image: ИП 
Indoor: n 
Installation LI, 2-23 
Inverted L: mmi 
Inverted V: TA 
Invisible: "roam 
Isolation, for repeaters: їл 
Isotropic: 112 
K-factor: 


LC-matching networks: 
Limited space: 

Long-wire and traveling-wave: 
Losses: 

Low frequency: 

Magnetic core: 

Manufacturers product list 


|| тиг 


Antennas: 
Matching network 
Matching network design: 
Materials and accessories: 
Mobile: 

Mobile & marine: 

Mobile, transient protection 
Modeling programs: 
Multî-dipole: 

Multiband: 

Near resonance: 
Off-center-ed dipole: 


Omnidirectional, УНЕ and UHF: 


Open-Sleeve: 
Other characteristic: 
Parabolic reflector 
Pattern measurements 
Patter planes: 
Polarization: 

Portable 2. 


Practical aspects 
PVRC mount 

0 

Quad arrays 

Quadrifilar: 

Raising alongside the tower: 
Range setup: 

Re-radiation: 
Receiving: 
Receiving wave ante 
Reciprocity: 
Repeater systems design: 
Resonant rhombic: 
Rotators: 

Satellite: 

Selection criteria: 
Separate, for repeaters: 
Short antennas: 

Simple wire: 

Site planning: 

Slopers: 

Space communications: 
Support: 

System: 

System compromises: 
Terminated rhombic 

Texas potato masher: 
Textbooks: 

Тор and side mounting 
Trap: 

Turnstile over reflector: 
Vertical: 

WSDZZ: 

Windom: 

with parallel-tuned circuit 
Zip-cord: 


932 


dp 


ment 6-meter quad: 
Portable 3-clement portable 6-meter Yagi: 


40-10: 
40-13: 
40-40: 197, 19-10. 19-12, 19. 
ол 
Aperture, antenna: 
ix A: 
lx B: 
Wong manual positioning: 
ny loop: 
Array Solutions: — 
Arraxfeed! program: 
Arrays: 
Adjusting feed systems: 
Baluns: 
Bi-square 
Bidirectional: 
Binomial current grading 
Bobtail curtain: 
Broadside: 
Bruce: 
Close-spaced driven: 
Collinear 2 elements: 
Common phased-array feed systems: 
Current distribution: 
Design examples: 
Directional switching: 
Driven: 
Driven combinations: 
End-fire: 
Feeding, shunt components: 
Forward рай 
Four-Square: 
Four-Square, L-network feed: 
Four-Square, simplest feed: 
Ground losses: 
Lenetwork feed system: 
Large, feed systems: 
Lazy- 
Loss resistance & patter: 
Measuring currents: 
Mutual coupling 
Other broadside: 
Parallel broadside: 
Parasitic: 
Pattern null degradation: 
Phased: 
Phased arrays, feeding: 
Phased horizontal: 
Phased, element feed-point impedance: 
Phased, feeding 
Phased, patterns vs spacing: 
Phased, techniques: 
Phasing arrows: 
Practical aspects 
Quad. 
Receiving: 
Recommended feed methods: 


14, 19-24, 19-29 


19.2 
27-48 

8-12, 856 

8-17, 8-19, 8-37 


ism 
. 85, 8.500 
[ЕП 

$26 

SIs, вот 
$2 

КЕ 

310 

8251 

$16 


+ 


fed feeding: 
Simplest feed system: 

Sterba: 

Unidirectional: 

К: 


element binomial broadside: 


‘element driven: 
element rectangular array’ 
4-element, feeding: 
S-element driven: 

120 deg. fed, 60 deg. spaced: 
ARRL log coordinate зума 
Arrow antenna: 

ASTM А 47549: 


Asymmetrical routing of dipole feed line: 26-1917 
Atchley, Dana, WICF: 647 
Atkins, Bob, KAIGT: 18-52, 18-54 
Attenuation: 
From impedance measurements: 27-30, 28-81 
Line, in Smith Chart calculations: 28-61 
Auenuator pad, switchable: 27420 
‘Aurora 2336 
Аше Research .I. VAL 9. 
Automatic n 526 
Average gain test 4-14, 4-16 
АЕ! 19-281 
Azel mount: 19-11, 19-12 
angle: 215, 4-1, 19-1 
drive: 19-42 
pattern: 29,11 
B 
Backscatter: 2536 
Balanced electrostaicaly: 132 
Balanced feeder: 425 
Balloons demonstration: 210 
Baluns 6-19, 18-6, 262117 
‘And off-center-fed dipole: 79 
Arrays: $21 
Choke: 6-19, 6-33, 645, 7-7, 79, 8-21, 11-42 
Coax line: 186 
Common-mode choke: TEIL, 16-24, 26-2107 
Common-mode current: 127 
Current 615.79 
Guanella E 
Impedance step-up: 156 
Impedance step-upistep-down 26-27 
Input of tunes 25-17 
Voltage: 77 
W2DU: $21 
Bamboo spreaders 124 
Bandwidth: 18-1 
Bar clamp (carpenter's clamp): 154 


Barkley. Н.В. 
Barret, Lee, KINN: 
Base loading: 
Base spring: 
BASIC: 
Basic wind speed: 
Beamwidth 
Definition of: 
Versus gain: 
Bedspring antenna 
Bell labs 
Belrose, Dr. John S. VE2CV: 
Belts, safety: 
Bending of radio waves! 
Bending stress: 
Bent dipoles: 
Beta match: 
Beverage: 
Characteristic impedance: 
Characteristic impedance, 2-wire 
Crossfire feed system: 
Feed-point transformers: 
In echelon: 1. 
Optimum length: 
Practical considerations: 
Signal-to-noise ratio: 
Two-wire: 
Beverage, Harold, W2BML: 
Bi-square: 
Bidirectional: 
Big grips: 
Big ugly dish (BUD): 
Bilodeau, John, WIGAN: 
BIP/BOP: 
Bloodworth, Max, Kd 
Bloom, Alan, NIAL: 
BNC connectors: 
Bobtail curtain: 
Bohrer, Paul, W9DUU: 
Boom length: 
Bowl-shaped SWR curve: 
Boyer, Joseph M., W6UYH: 
Braskamp, Leon, AA6GL: 
Breakall, Jim, WA3FET: 
Breed, Gary, КӨАҮ: 
Brewster angle 
Bridge 
Circuits 
Noise, for НЕ: 
Resistance type: 
Sensitivity: 
Broadband: 
Antenna matching 
Bifilar transformer: 
Matching transformers 
Broadcast approach, feeds 
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Capon, Robert, WAZULH: 
Cardboard box antenna: 
Cardiac pacer 
Cardioid pattern: 
Carey, Wilfred, 286 r 
Carolina Windom: 
Cartesian coordinates: 


Casual antenna evaluation: 
Cataract formation: 
Caustic problem: 

Cavity 


Resonators 
Cebik, LB, W4RNL: 
Center 

Feed: 

Insulator: 

Loading: 

Prime (Smith Chart): 
Center-fed dipole: 
Central States VHF Society: 
Cerwin, Steve, WASFRF: 
Cessna, Clair, K6LG: 
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ийет» and RF safety 


517 Coefficient: 


19-13 .— Horizontal reflection: 
IT Vertical reflection: 
142, 14-11, 14-15 Coffee can 2304-MH feed 
19-11 Coil. loading: 
Til, 79  Coiled-coax balun: 
Lan Collincar 
427 Arrays 
1-17 Elements: 
3 Extended double Zepp- 


Gain and directivity 

Vertical 

2 elements: 

3 and 4 elements: 
Combinations of long wires 
Combined balun and math 
Commercial implem 
Common logarithm: 
Common. mode 

Choke balun: 

Currents: 


әт 
or 
43, 10-1, 11-46 


16-1 


‘Transmission-line current 


stations, NEC 


Effects with directional antennas: 


8370, 18-13 
E 
aor 


ng stub: 
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‘Compact vertical dipole (CVD): 
‘Comparing antennas on fading signals: 
Comparisons: 

Between top and base loading 
Quad vs Yagi: 
Compass needle: 
Complementary RLC network: 
Conductance: 
Conduction current: 
Conductivity 
Map: 
Бой: 
Conductivity, soil: 
Measurement of: 
Conductors 
Copper clad steel: 
Copper wire data table 
Fat 
Losses: 
"Tension and sag on wires: 
Wire types: 
Cone of radiation 
Conservation of energy: 
Continental US; 
Continuous: 
Loaded antennas: 
Loaded verticals (helical 
Loading: 

+ Controlled environments: 
Convergence test: 

Cookie-can lid: 


Cookie-sheet & picture-frame-glass capacitor: 


Coordinate scales, radiation patterns: 
Coordinate shortcuts, EZNEC: 
Copper wire, data table: 
Copper-clad steel conductors 
Copperweld: 
Comer reflector: 

Design table: 
Corona: 
Coronal holes: 
Counterpoise: 

Elevated: 
Counterweighting: 
Coupled-resonator: 

Bandwidth 

Complexity 

Equations: 

Frequency independence: 

30/17/12-meter dipole: 
Coupled-resonator dipole: 
Couplers 

Cross band: 

Directional, VHF: 

Hybrid: 


ЫЕ di 


E 
31 


27361 


203 
ES 


25 
126 
oar 


mat 
ДАГ 
8-16 


Coupling 


[ШШ || 


Coupling the ine to the antenna: 26-115 
Coupling the transmitter to the line: 2sam 
Loops: 1746 
Mutual A14, 84, 8-13, 11-33 

Covenants 4-19 

Coverage, repeaters: mar 

Сох, Roger, WBODGE. 103 

cr: 19-217 

CP patch: 19-17 

Crank-up tower: nom d 

(Create 714X-3 triband Yagi: [ЕЛ 

Critical 
Angle: 2224 
Frequency, vertical incidence: 11-36, 23.20 


Crossfire feed system: 
Cross Пом principle: 

Crossed double bazooka: 
Crossed linear antennas 


Cumulative distribution function: 


Capped reflector, S-band 

Current: 
Balun seco 
Balun model: 
Common-mode, on lines 
Conduction: 
Displacement: 
Distribution: 


Distribution on open sleeve antennas. 


Feed-point vs element: 
Induced in conductors: 


Induced, amplitude and phase: 


Loop: 
Measurement: 
Measuring phased arrays: 
Parallel: 
Parasitic conductor 
Probe: 
RF current penetration 
RF measurement probes: 
Source: 
Total: 
‘Transmission lines: 
Zone 

Current forcing 

сүр: 
80-meter 


D 

D'Agostino, Philip, WIKSC: 
D-layer (region): 

D-Ring: 

Daytime band: 

ава 


3311, 6-17 
811, 8-14 


2 + 


SET, 8-19, 8-26, 8- 
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аві 
Dead-man anchor 

Decibel 

Decouple antenna from Feed line: 
Deed restrictions: 

Delay lines: 

Delta match: 

DeMaw, Doug, WIr 

DeMaw, Jean, WICKK: 

Depth of sf current penetration: 


Detuning sleeve balun: 26-2517 
Dielectric constant: зш, зи, 3-20, 4-1, 4-11 
Dielectric, losses: 24.6 


Diffraction 325/324, 324 23-4 
Diffraction model 3-2 
Incident-shadow boundary: 
Reflection-shadow boundary 
Shadow boundaries: 

Wedge: 
Digital elevation model (DEM) 
Dipole: 
Arrays, log periodic: 
Bent: 
Cage: 
Center-fed: 
Coupled-resonator: 
Coupled-resonator 30/17/12-meter 
Flatop: 
Folded: 
Folded, matching: 
GSRV multiband: 


10-107 


Halfwave center-fed: 23, 6-10 
Horizontal: 610г 
Inverted-V: 47, eur 
Multiwiee 11 


Off-center fed (OCF): 
Off-center-loaded dipoles: 
Orientation: 

Paralleld: 

Stagger tuned 


Trap, 80, 40, 20, 15 and 10-meter 
‘Trap, 80, 40, 20, 17 and 12 meters: 
‘Twin-lead folded: 

Vertical half-wave: 

WENK trap: 

135-foot, 80 to 10-meter 

ig to the antenna: 


Direct match 
Direct ray 
Direct wave: 
Direction finding antennas: 
Directional coupler 

УНЕ: 
Directional switching, arrays: 
Directive antenna: 


936 


Directivity: 
And gain: 
‘And radiation pattern: 
Antenna: 2 
RDF: 11 
Director 6-13, пт 
Retrograde: 
Disastrous nulls: 


Discone 
HF, for construction. 
Patterns: 

Disk: 

Barbeque 

Center-fed: 

Circularize: 

Deep: 

EME antennas: 

Feeds: 

Focal point: 

Focal ratio (IDY: 

Gain vs errors: 

K-band: 

Long focal length: 
MMDS, S-band: 
Off-center fed: 
Опе-ей 

Parabolic 12-Foot stressed: 
Patch feed. 

Patch, no-tune dual-band: 
Patch, round feed: 

Patch, truncated corners: 
Short focal length: 
60-em S-band: 

Displacement current: 


Distributed material loads 415 
Diurnal pumping: 19.27 
Diversity 

Effect: 

Receiving system: 

Space: 


"Techniques, repeaters 
Do-it-yourself propagation pre 
Dorr, John, KIAR: 

Double bazooka: 
Double-ducky direction finder: 
Downtil, vertical beam: 

Drag coefficient 

Dream station: 

Drip (loop) 

Driven arrays: 

Driven element impedance: 
Drooping dipole: 

Ducting: 

Dummy element: 

Dump power: 


|| тала 


Duplexers 
Adjustment: 
144 MHz, for construction: 


E 
E and Н fields: 
field 
Ground loss 
Intensity 
Losses: 
layer (region): 
E-plane pattern: 
Earth cen, 
Earth-moon-earth (EME) 
Easy Trak 
ЕВ-144: 
EB-432: 
Echelon, Beverage antennas: 
Eckols, Ansyl, YVSDLT: 
Effective 
Electrical height 
Ground resistance: 
Height: 
Projected arca (EPA) 
Effects: 
of ground: 
of ground in far field: 
+ of irregular terrain in the far field: 
of other conductors: 
Efficiency: 
Antenna matching network 
Antenna traps: 
Radiation: 
Radiation, short vertical: 
EFFLEN.FOR program: 
Eggbeater antenna: 
EIA RS- 
element driven arrays: 
EIRP: 
Electric field: 


Electromagnetic 
Pulse protection: 
Radiation hazards: 
Waves: 


Electron density profiles: 
Electronic 

Antenna rotation: 

Beam forming: 
Electrostatic shield 
Elements 

Assembly: 

Collinear: 

Currents: 


51 Е 


Elements: 
Driven: 
Parallel 
Parasitic: 

Self impedance: 


se aluminum tubing: 
Elengo, John, Jr, KIAFR: 
Elevated. 
Counterpoise: 
Ground-plane antennas: 
Radial 
Elevation: 
Angle: 23,245, 3-1 
Angle statistical data 
Angles for HF communications: 
Another way of looking at 
Control 
Drive: 
Footprint: 
Moderate distances on 40 meters: 
Moderate distances on 75/80 meters: 
Pattern 210, 11 
Peak statistical: 
Wide footprint 
ELF (60 Hz) electromagnetic fields: 


p m * 
бу Е 


fire: 
Arrays: 
element 
Unidirectional: 
element: 
"element collinear: 

Entrance panel: 

Epidemiological studies: 

Equalizer plate: 

Equations: 
Antenna test range setup: 
Broadband matching network efficiency 
Broadband matching network loss: 
Caleulating long-wire length 
Calorimeter calibration 
Capacitance, short vertical 
Capacity hat: 


Mete IF 
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Equations 
Coaxial cable 
Decibels: 
Depth of RF current penetration: 
Dipole with end effect: 
Distance to a disturbance, time domain 


reflectometry: maar 
EIRP calculation: 17-13 
Ferrite-rod antenna design: зыт. 


Frequency for measuring cable losses: 

Gain: 

Gain & beamwidth: 

Horizontal reflection coefficient: 

Horn antenna design: 

Impedance, characteristic, open-sleeve 
elements 

Impedance, characteristic, transmission lines: 

Isolation requirement, repeater antennas: 

Lenetwork: 

Lenetwork matching 

Length, line, electrical: 

Loading inductance, short vertical 

Loop ас resistance: 

Loop antennas, desig: 

Loop antennas, effective height: 

Loop antennas, voltage: 

Loop distributed capacitance 


Loop inductance: 
Loop Q: зв 
Loop radiation efficiency за 
Loop radiation resistance: 5-10 
Loop sensitivity E 
Loopstick antenna design: E 
Loss path 178 
Losses, line: 27-30 
Noise bridge compensation and calibration: ... 27-271 
Off-center loading coils: 641 


Open sleeve elements, characteristic 
impedance: 

PBA: 

Pi-network: 

Quarter-wave matching transformer 

Quarter-wave sloper: 

Quarter-wave vertical: 

Radiation resistance, short vertical: 

Reflection coefficient 

Return loss in dB and SWR: 

S-parameters: 

Series equivalent of unlike parallel reactances: 

SWR: DI 

‘Transient clamping voltage: 

‘Transmission line equation 

‘Transmitting loops, design 

Velocity facto, line: 24-10 


Velocity of propagation: 243 
Vertical reflection coefficient зз 
Wavelength: 232 
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Equations 
Zo, line, from impedance measurements: 
LT loop circumference: 

Equatorial anomaly 

Equivalent: 

Circuit, resonant antenna: 
Loading for Yagis: 
Moment method: 

Erecting a mast: 

Eskenazi, Danny, K7SS: 

Euclid: 

Evaluate property: 

Extended double Zepp: 

Modified: 
Extraordinary wave: 
Extreme ultraviolet (EUV): 


23-19 


EZNEC: 322,42, 1.24, 9-2, 
103, 11-28, 11-40, 12-4, 16-31 

Example, null 8-56 
Example, phasing line feed: eser 
EZNEC M Pro: 32, 19-33 
EZNEC-ARRL: 3-29, 8-10, 8-12, 8-16ff, 8-23, 11-44 
EZNECH: 42 


F 
layer (region) 
FIB: 
пр: 
FR: 
Fl layer 
F2 layer: 
FABStar 
Fading: 
Frequency selective: 
Spin: 
Fall arrest safety harness 
Fano, R. M. 
Far field: 
Elevation patter: 
Faraday rotation: 
Farmer, Ed, AA6ZM: 
Fat conductors: 
Connected to skinny wires 
Elements: 
кс: 
Regulations 
RF-exposure regulations: 
Federal preemption (PRB-1), antennas: 
Feed line: 


Radiation: 
Feed methods 
Antenna impedance mismatching: зт 
Center 73 
Delay lines 174 
Direct: 72 


Floating point number: 
19-1710 © Focal point, dish: 


Dual-helix: 19-18 Роса! ratio (1D): 
End: T2I 7-2 E: 
Feeding a multiband non-resonant antenna: ....... 262 bo! 
Feeding а multiband resonant antenna: 262 foF2: 
Feeding a single-band antenna: 26-11 Fokled dipole 
Helix: 19-171 Folded monopole antenna: m 
Parallel fed dipoles: THE Force 12 C3: 
Patch 19-17, 19-2008 Forcing current 
Patch, no-tune dual band: 19.200 — Ford, Jim, NGJF: 
Phased arrays: SOMME Formula Translation (Fortran): 216, 3-25, 4+3 
Quagis: 18-47 — Forward stagger: пз 
Stacked Yagis: IRR FOT: 23-23 
Feed рой 4-4 Four Square: 8-18, вот 
Impedance: 3-1, 35, 4-10 — Four Square switching: 835 
Resistance: 92 Four-element driven arrays 8-53 
vs element current: Four-way mobile DF system: 14.2447 


Feeder (also see Lines) 
Fenwick, Richard, KSRR: 
Ferrite rod antennas 


Four-vire lines: 24-16 

Fox hunting: 141 
DF twin "tenna: 

Fractional wavelength: 

Frame antenna: 


Loops: rame loops: 
Fiberglass: ranciseo, AL KTNHV: 

for antenna construction: 20-12 Fraunhofer 

Poles: ree space: 

Spreaders: cely, W. B., KGHMS: 
Field Day: 


Field intensity: 
Field strength: 


Frequencies, spurious, and RF measurements: 
Frequency: 


Measurement of AMT Critical 
Meter: L7 E-region critical: 
RF power density: 1% Feregion critical 


Fields: 27 буш 
Reactive near: Optimum trafic (FOT): 
Reinforcement & cancellation: EINE Range 
Figure of merit 1146 Scaling: 
Filters, cavity type: mor 
inding capacitance hat size eur 
inger stock: 16161619 
Fire extinguisher: Integral: 
Fire hazards: Front-o-back ratio: 4-10, 4-12, 4-16, 
Fire-escape antenna: 6-13, 647, 83, 11-3 
Fisher, Reed, W2CQH: Front-to-rear ratio: 410, 4-16, 11-35 
Flagpole: Frost line: 
‘Antenna: Full duplex 177 
Bracket Full-wave resonant frequency 24,241,243 
Flashlight analogy: 
Flat earth 
Ground models a 
Reflections: G-line: 18 
Flat lines G3RUH: 19-13, 19-14, 19-16, 19-18, 19.20, 19-24 
Flat projected area (FPA): озул. 18-58 
Flattop dipole: G3WDG: 19:16, 19- 


Fletcher, Rick, KGGIAL- 
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sev: 
Dipole: 
Inverted V: 
Lobes: 
Losses in conx: 
Multiband: 
GOLVB: 
Ge 
Gain: 26, Satt. 8-12, 18-1 
and feed point mismatch: 27-48 
Array dimensions 86 
Average gain test: m 
Long wi 13-1 
Measuremen 27511 
Patern degradation due to stacking: 159 
Relative to single element: 8-12 
Versus beamwidth: ЕЗ, 27-53 
Versus froat-to-rear ratio, Yagi array пот 
Versus height: m 
Versus mutual impedance semp 
Galvanized steel 20-13 
Gamma match: 3, 18-5, 26.907 
Gamma-match capacitor 622 
Geiser, David, WA2ANU: 14-18, 14-24, 14-23 
Generators, emergency power: 1-121 
Gentle slope: 
Geomagnetic storm: 


(Geometrie optics 
Geometrie theory of diffraction (GTD): 
Geometry, wires: 

Ibert, Eu, K2SQ: 


Going around the hor: 
Gold, Dr Robert E, WBOKIZ: 
Goniometer: 
GDS receiver: 
Graphs: 

Origin: 

Polar: 

RF currents 

SWR: 

3D Wire-frame: 
Gray-line propagation: 
Greenburg, А. W2LH: 
Grimaldi: 
Ground: 

Array losses: 

Buried radials: 

Cities: 

Conductivity 

Diclectric constant 

[Effect in far field: 


Effects, multiclement arrays: Es 
Electrical: Lam 
940 


dp 


Ground: 
Fresh water: 17 
Loops: 110 
Loss: 16-9, 16-10 
Lossy: 
Paramet 
Perfect 
Plane 
Practical suggestions 
Reflected ray: 
Reflection factor: 


s, measuring: 


Reflections: 3-11, 3-19, 4-1 
Resistance: mn 
Return loss. зп 
RF alternative: 110 
Salt water: 317 
Screen. „3-7 
Strap: 19 
Water pipe 7 

Wave IL, zum 


Wave range: с 
Ground-plane antennas: 


32, 4811, 6180, 6-18, 7-16 


Tor 144, 222 and 440 MHz: 18-2310 
Group of dipoles: sl 
Grover, F. W. 54 
Guanella balun: 613 
Gusset plates: 20-12 
Guth, Dr Peter: 3-30, 17-2 
Guy wires 

Anchors: 

‘Avoiding, during installation: 

Earth screw. 

EHS: 

Elongation 


Equalizer plat 
Guy bracket: 
Klein cable grip: 
Loos guy wire tensioner 
Material 
Philly siran: 
Preformed guy grips 
Resonance 
Snubber assemblies: 
Tension: 
‘Thimbles: 
Torque arm assembly 223, 
Tower 
‘Track, for raising antennas: 
Turnbuckles: 

Gyro frequency! 


H field: 33 
Intensity: 35,218 
Losses 37 
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н-Айсос\: 

H-plane pai 

Hairpin match 

Half elements: 

Half sloper: 

Half-power points: 

Halt-square antenna: 
(Changing the shape: 
Feed-point impedance: 
Patterns with frequency, 
Voltage feed: 

Hall-wave (full) sloper: 

Half-wave resonance: 


Half-wave vertical dipole, feeding: 
6-40, 10-22, 15-1, 1 


Hall, Jerry, KITD: 
Hallidy, David, K2DH: 
Halyards 

Safe working tension: 
Hansen, Markus, VEJCA: 
Hard hat: 
Haard-drawn copper wire 
Нап, Ted, WSQIR: 
Hat, capacitance: 
Haviland, Bob, ММВ 
Hazards: 

Electrical shock: 

Health: 

RF awareness guidelines: 

RF radiation: 
HCJB, Missionary radio station: 
HDL ANT program: 
Healy, Rus, K2UA (ex NI2L): 
Heat loss 
Height 

Effective electrical: 

Gain: 

Vertical antennas: 


Helical antenna: 
Axial ratio: 
Basies: 
Beam wil 
Broad bandwidth: 
Diameter: 
Gain: 
Impedance: 
Polarization diversity 
S-band: 
Satellite: 
50-W feed: 

Helically wound: 
Radiator: 
Verticals: 

Helix 
CP feed: 
Feed: 
Feed for offset-dish 


18-6, 26-1117 
ТЕТ 

6.2311, 6-44 

2 1,8-2. 8-3, 113 
62а, ваг 

6-261 

627 


m 


eam 


4-1, 27-36 


вт 
ran 
123 
iir 
121 
1945 
13-16 


18-1 
247 

1923, 19-5 
19-8 

19-61 

19-8 

19.6 

19.8 

19.8 

19.8 

19-6 

1944 

196 

los 


161 
m 


1942 
19-1716 
19-180 


Helix 
For Sailboats 
Yagi arrays: 


НЕТА (HF Terrain Assessment):3-2617, 4-1, 4-19, 6-1 


30, 11-44, 11-45, 17-2, 23-31 
and canyons: 
PDF: 

High accuracy ground: 

High: 
Efficiency: 
Frequency asymptotic sol 
Impedance point: 
Pass T-network: 


Power ARRL antenna tuner: 


O circuit 
Hill-ahead: 
Hill-valley. 


History of antenna modeling: 
Homemade dipole center insulators 


Hooke: 
Нор, extra: 
Hopengarten, Fred, KIVR: 
Hops: 
Horizonal: 
Polarization: 
Polarized antennas: 
Reflection coefficient 
Yagi model 
Horn antennas: 
Feed: 
for 10 GHz: 
Pyramidal: 
Sectoral 
Hose clamps, data table: 
Hutchinson, Chuck, К8СН. 
Huygens 


HYD (Halfwave Vertical Dipole): 


Feeding 
Hybrid coupler: 


1 

Iscvs 

IEEE standard 

Igniting grass: 

Image antenna: 

Impedance: 
Antenna 


Antenna, measuring. 


Antenna, versus element coupling: 


Feed-point: 
Input: 

Load: 
Measurement: 
Mutual... 
Plotting (Smith Chani): 


Шш = TT || 


m 
nam 
n- 


1 


TEI, 18-18, 18-52 
19-37 

18-5217 

18-52, 19-14 

1 
20-11 
154 
EM 
6-15, 6-32 
6-15 
8-10, 8-16 


4:19, ndi 


27-48 
27-3011, 28-500 

*5 

3335, 410, 8-13 
28-1 

EEE 


E 
22: зло, 4-1, вит 
ES 
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Impedance: 
Self: 
Source: 

Importance of low angles for low-band DXing: ..... 6-ИТ 

Improved: 

Crossed-double bazooka: 
Current distribution: 


Telerama: 
In phase: 

Incident power: 
Indoor stealth loop: 
Induced current: 
Induced voltage: 
Induction field: 


Inductors: 
Lines as: 28-101 

Installation: 
Antennas: [NES 
Clotheslines: nz 

Insulators: ази 
Center m 
Tor antennas: EE 
Tor ribbon-line antennas: 20-4, 20-5 
Polystyrene sheet 78 
Strain type: 20-4 
Stress or 20-4 

Inter-penetration 

Interference: 

Interferometer: 


Interlaced elements: 
ational sunspot number (ISN): 
Inverse-distance law: 

Inverse-fed ground plane: 


Inversion: 
Inverted antennas: 

Single elevated radil: 642 
Inverted-V dipole: Үл, OM, Tam 
Invisible long wire: 425 
JONCAP: 321, 23:29, 23-38, 23-43 
Ionization: 25-19 

2321 
Tonosonde: 2321 

Oblique angle 
Ionosphere: 19-1, 23-1907 

Backscatter: 23-361 

Bending in the: EET 

Controls propagation: 2331 

D-layer: 23-1907 

Disturbed conditions ERI 

E-region: 2520 

layer: 2320 

F-region: 2520 

нор: 2324 

Layer characteristics: ENT 

Seater: 

Sidescater 
942 


Ionosphere: 

Sounding: 

Storms: 

Transequatorial scatter (TE): 
Irregular local terrain: зош. 41, 133 
Irrigation tubing: 620 
Isaacs, John, W6PZV: 

Isbell, D. E. 

Isolate antenna from feed lin: 
Isolation, repeater antennas: 
Isotropic antenna: 

Ives, Dick, WTISV: 


J 

Pole, 144 MHz antenna: 
Tackscrew drive: 

Jammers of repeaters, finding: 
Jansson, Dick, WDAFAB: 


JF6BCC: 
бшк: 
Johns, Robert, W3JIP: 15-4, 159 
Johnson, Don, M 16-16, 1626 
Jones, Bill, KD7S: 545 
K 
K-band downlink: 
K-factor: 
K-Index: 
KORZ: 
KIAFR: 
KIAR: 
KIEA: ДЕП 
KIFO: 18-281, 19- 
KIFO 144 MHz Yagi, 12 elem ГЕ 
18-381 
KIFO 432 MHz Yagi, їв-зиг 
KIKI: 1146 
KITD: 15-1, 152, 2-19 
KIVR: 1127, 11.37, пит 
KIWA: 648 
корн. 1943 
KORIW: 19:35, 19-40 
280 2622 
KaLC: 616 
K300F: pen 
KATZ: 1921 
KAERO: E 
KAEWG: 10-25 
KSGNA: 19-12, 19-15 
KSGW: 1933 
кз: 2220 
KSOE: 19-2, 19-3, 19-12, 19-13, 19-15, 
19-16, 19-18, 19-20, 19-22 
KSRR: 1127 


— | 


кэл: 

K6HMS: 

кыс: 

K6SE: 

KESTI: 

KTNHV. 

KINM: 

KINV: 

KISS: 

каси. 1-14, 4-19, 6-31, 6-2, 11-11, 15-4 
CVD, 30 meters бзи 

KoAY: , 15-17 

КӨЕК: 19.26 

KAIGT: 18-54 

KASFSB: 428 

KASIPD: 19.42 

Kandonian, Armig G. 72 

Kansas City Tracker (KCT): 19.30 

ква 616 

KDSRO: 19.33 

крл: 

Keller, J. B. 

Keyhole pattern: 

ков: 

киви: 

Kite 

Klein cable grip: 

Knadle, Dick, K2RIW: 19-35, 19-40 

Knife-edge diffraction: 23-13 


Knob and tube: 
Knots, for halyards 

козту: 

Kouyoumjian, R. б. and Pathak, P. Н. 
Kraus, John, WSIK: 

Krome, Ed, KOEK: 

Krupp. Daniel A. W8NWF: 
KT34XA tribander: 


L 


L-nework 
Adjustable feed system: 
Feed system: 

LIC ratio 

Ladder mast: 

Ladder 
Feeder 
Linear-loaded dipole: 

Lahlum, Robye, WIMK: 

Lambda: 

Lambert, Edgar. WAALVB: 

Laplace loads as 

Latin, William 1. WAJRW. 

Law of reflection 


Lawrence Livermore National Laboratories: 
Lawson, Jim, W2PV: 


Lazy-H: 
LC-matching networks, antenna: 
Lead weight: 

Leakage flux: 

Leeson corrections: 

Leeson, Dave, W6NL (ex-W6QHS): 


Leggio, Joe, WB2HOL: 
Length-to-wire-diameter ratio 
LEO satellite: 

Leslie, Sam, WAPK: 

Lewallen, Roy, WJEL: 


LHCP: 
Libration: 
Light-duty guyed mast 
Lightning: 

Arrester: 

Grounds: 

Protection 


Linear: 
Coordinate systems: 
Loading: 
Polarization: 

Line: 
as circuit elements 
Characteristic impedance: 
Common-mode currents on 
Coupling to antennas: 
Flatener 
for repeaters 
Сл: 
Impedance transformation with 
Isolator: 
Length, electrical, determining: 
Loss 
Losses 
Matched-line losses: 


Measurement, coaxial cable parameters: 


electrical length: 


Printer 
Radiation from: 
Reactance & circuit Q: 

Sampler, УНЕ: 

Single-wire: 

Smith Chart calculations: 

Transient protection: 

Velocity factor, from impedance 

Zo. from impedance measurements: 
Lond: 

Coil 

Сой design: 

Сой resistance: 


Distributed material: 


192, 19.3, 19-15 
9 


42,43. 8-10, 8-16, 
8.23, 8-31, 27-57 
19-19 

237 


19- 


төп, 43417 


таш, азат 


242 
зит 
ES 
182 
Lott 
244 
EX 
КАП 
261 
17-1 
182 
ait 
29, 28-6 
25-1 

27 6. 
axem 
БЕШ 
27-29 
33 
аза 
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Lond: 
Laplace: 
Mathematical 
SWR: 

Up into ше: 
Loading: 

End 

Тор: 

Lobe: 

Higher angle 

Low sidelobe: 

Major: 

Minor: 

Second: 

Worst-case: 

Log periodic antennas: 
Log-cell Yagi: 

Logarithm, common: 

Logarithmic: 

Coordinate system: 
Long boom, support: 
Long path: 
Long-distance communication: 
Long-wire and traveling-wave antennas: 

Calculating length: 

Combinations: 

Directivity 

Diversity effect: 

Feeding: 

Feeding the V beam: 

Gain: 

Gain vs wire length: 

Other V combinations: 

Parallel wires: 


Resonant rhombic: 
Terminated: 
Tilted wires 
V-beam: 

Loop antennas: 
and environment: 
and propagation effects: 
Antenna effect: 
Aperiodic arrays: 
Arrays of 
Balance: 
Cookie-sheet variable capacitor 
Current 
Design data tables: 
Distributed capacitance: 
Electrostaically shielded: 
Half wave: 
Horizontal: 
Inductive loading: 
Large: 
Loopstick: 
Losses in: 


944 


dp 


101 


Loop antennas: 
4-15 One wavelength: 

4-15 Patter comparisons: 

9-1 Pattern distortion: 

259 — Panem nulls: 

Patterns 

Practical transmitting loops 
Qor: 

Shielded: 

Skywire: 

Small: 

Small, transmitting: 
Stealth: 

Transmitting 


Trombone variable capacitor: 
Tuned: 
104070 Tuning: 
29 Tuning capacitor: 
Typical construction: 
Untuned: 
Vertical: 
23-341 vs phased arrays: 
420 Voltage: 
1307 Yagis, for 1296 MHz 
134 — Loopstick: 
1557 for 3.5 МНА 


IR Loos guy wire tensioner 
13-1 Lord Rayleigh: 
13-5 LOS (line of sight) 
159 Loss 
‘Additional loss due to SWR: 
‘and Smith Chart calculations: 
and SWR: 
Antenna broadband matching network 
E-field: 
Earth: 
Ground: 
Heat 
1а loop antennas: 
Jn trap antennas: 
Line: 
Measuring: 
Near-field earth: 
Path: 
Radiation from transmission line 
Resistance: 
Resistive: 
Return (UB), and SWR: 
Spillover 
‘Transmission: 
5-1 Loudspeaker: 
Siem Low 
Earth orbit (LEO): 
Frequency antennas: 
Frequency fields: 
Impedance point: 
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Low 
Power link-coupled antenna tu 25-1311, 25-130 
Q circuit: 

Lowest usable frequency (LUF): 

LPCAD30: 

LPDAs: 417, 10-111. 26-2 
Adding parasitic director: 108 
Alpha: 10 lir 
Basic design considerations: 10-107 
Behavior: 104 
Circularizing tau: 107. 10-8 
Design and computers lom 
Design procedure: 10.917 
Equalizing upper-frequency response: 10-8 
Feeding and constructing 10.67 
Log-cell Yagis- 10-0 
Optimal sigma: 102 
Performance weakness: 104 
Phase line: 10-1 
Relative current magnitude: 10-2, 10-5 
Sigma: 10 lf 
Special correction: 10-8 
Special design considerations: lom 
Тш: 10-107 
Wire LPDA for 35 or 7 MHz 10-1. 
S-band LPDA: ШЕ 


м 
Maer, Claude, vic 
Magic bullet: 
Magnetic field: 

Health hazards: 

60 Ha, near equipment and appliances 
Main lobe: 
Mainframe: 
Major lobes: 
Mallete, Malcolm C., WA9BVS, 
Mallozzi, Domenic, NIDM: 
Malowanchuk, Barry, VEAMA: 
Manufacturers, antenna products 


Planning: 
Soil conductivities for continental USA: 
Marconi: 
Maritime antennas: 
Marmon-style clamp: 
Massachusetts Institute of Technology 
Mast (also see Towers) 

Centroid: 

Guying: 

Stout 

Sua 
Masthead: 
Matched: 


Lines: 244, 24.5, 26311 


-line los 


n an = 


24-10 


Matching 
Circuit 
Deliberate network mismatching 
Delta match: 
Double adjustment stub 
Gamma: 
(Gamma match: 
GAMMA program: 
Hairpin match; 
Impedance, short Verticals: 
‘Matching stubs 
Network loss: 
of folded dipoles: 
Optimum network matching- 
Series section: 
Stub match: 
the line to the transmitter: 
to the transmitter, short verticals: 
Unit, Carolina Windom: 
Universal stub: 
with inductive coupling: 
with lumped constants: 
Mathematical loads: 
Maximum: 


Forward рай E 
Line-of-sight distance: 256 
Permissible exposure (MPE): тла, 4-18 
Usable frequency (MUF): 23-20, 23-26 


Maxwell, James 24 
Maxwell, М. Walter, W2DU: 26-22, 27-40 
MeCaa, Bill, KORZ: 1914 
McCoy, Lew, УПСР. 
McKim, Jim, WOCY: 
Measurements 
and spurious frequer 
Antenna and transmission li 
Current and voltage: 
Current probe, RF: 
Feed-line electrical length: 
Field strength: 
Gain, antennas: 
General information, antennas: 
Impedance, antennas: 
Line length, electrical; 
Noise bridge, for HF: 
Radiation pattem, antennas: 
Range testing. antennas: 
Soil conductivity: 
SWR: 
SWR, errors: 276 
"Transmission line parameters 
Wattmeter, calorimeter type 
Watmeter, RF directional in-line: 
Mechanical strength: 
Мейит: 
Metal fence 
Metal-oxide varistor (MOV): 
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Method of moments 
MFJ-2598: 

Michaels, Charles, W7XC: 
MicroDEM: 

Microphone: 

MicroSmith: 

Miller, James, G3RUH: 
Millstone Hill: 
Minimum SWR. 
MININEC: 


Ground: 
Minor lobes: 
Mirror: 
Mismatched lines 

Deliberate 
Results of: 
Missionary radio station, HCJB: 

Mitchell, Bob, NSRM: 
MMDS dish: 
Mobile and maritime antennas: 
Mobile antennas: 
Base loading: 
Center loading: 
Continuously loaded: 
Equivalent circuit: 
Flutter: 
Mobile J antenna for 144 МНА 
+ Optimum design: 
"Top-loaded 144-MHZ mobile: 
VHF quarter-wavelength vertical 
5/8-wavelength 220-MHz mobile antenna: 
144-MHz 5/8-wavelength vertical: 
Modeling: 
Environment, frequency’ 
Environment. ground! 
History: 
Interactions 
Limitations 
Loads: 
Program: 
Tools: 
Modifying Hy-Gain Yagis: 
Moment af inertia 
‘Antennas, stacking of: 
Yagi performance optimization: 
2-clement quad model: 
Monopole: 
Vertical: 
Vertical eficiency 
Moon: 
Moonbounce: 
Moore, Clarence, W9LZX: 
Mountain tops: 
Moxon rectangle beams: 
Moxon, Les, G6XN: 


эл2, 27-8 
эзоп, 17-2 


19-12, 19-13, 19-18 
161г 


161 
161 
161г 


1657 


16-26, 16-26 
16-27, 16.27 


16-2818 
КЕЛ 


412 
n 
dam 
aom 
ni 
алат 
3D, ашт 
4-19 


631, 11-46 


MUF: 23-20, 23-260 


946 


dp 


миш: 
Hop propagation: 

Dipole antennas 
Port network: 

Multiband antennas: 
Ground systems: 
Harmonie radiation Irom: 
Random-length wires: 
Yagis: n 

Multicouplers, transmitter: 

Multielement arrays: 

Multiple quarter-wave sections: 

Muliitum loops: ... 

Mutual coupling: 


4-14, 8-13, 8-56, 11-33 


and loss T 
Arrays: 8-26 
HET: 3 


Mutual impedance: эз, 3-1, 3-10, 4-1 


and gain: D 

N 

‘Trough reflector 

NONSV: 

NIDM: 

NUEZ: 

хака; 

NSBLZ: 

NSRM: 

NGBV: — 3.21, 328, 11-27, 11-32, 11-37, 23-36, 25-15 

N6BV/I 69, ПЗВ, 11-45 

Volk Lass 

хак 6-13, 6-24, 7-22, 16-31, 27-54 
Extended Double Zepp: E 

NENE: 18-13, 18-45 

NERO: 

NMQ: 

National Academy of Sciences: 

National Cancer Institute: 

National Electrical Code: 18, 20-1 

Natural disasters: езг 

Natural low-frequency EM fields: гав 

NCI 1933 


NCRP. 
Near vertical incidence skywave (NVIS) 
Near-field: 
Earth loss 
Near-overhead angles: 
Nearby communications: 
Nearly resonant: 
NEC: 1-24, 2-15, 3.23, 7-3 


25, 72: 


10 3. 11-40, 12-4, 1631 

NEC- 41,43 
NEC: 42,411,417 
NEC-BSC: зм 
NECA. 2-3, 8-21, 103 


Mc. in Plus: 


2. 42, 103 
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NEC-Win Pro: 42 Open sleeve antennas: 
NECWires 7-33 Monopole: 7-18 
Negative feed-point resistance SIS Patterns: LM 
Nelson, R. A., WBOIKN: 26-10 Practical construction 72 
NEMAS: 19-10, 19-27 Transmission-line mode: лт 
Newfoundland: 321 Oben ire lines: 22,46, 26-1 

6-7 Operator skill: +19 
19-19 Optimized: 
e 10-meter Yagis: nam 
NOALOX: 159  12meter Yagis: плат 
Noise bridge, for HF: XRISH 15-meter Yagis: пал 
Non reciprocal 5258 IT-meter Yagis: ДЕ 
Norton source: Als 20-meter Yagis: ПЕ 
Nulis: 210, 3-11, 3-22, 8-7, 8-12, 11-30, 143 30-meter Yagis: 
Array. 40-meter Yagis: 
Disastrous: Optimizing over local terrain: 
Mislocated: (Optimum ground-system configurations: 
ху: Optimum traffic frequency, 
Antenna height: lr Ordinary wave: 
Choosing the right frequency: 67 Origin: 
(Geographic coverage: alt Other antenna characteristics: 
Low antennas and powerline noise: 69 — Overilluminating, dish 
Strategy: et Overbeck, Wayne, N6NB: 18-13, 18-45 
Summary. 6-10 — Overblown claims: m 
Overlay plots: p 
o 
O'Dell, Pete, KBIN: wis P 
+ Oblique angle sounding Pad, switchable attenuator: + 
OCF dipoles: Painter, J. R., WABBP: 
Even harmonies: Parabolas: 
Odd harmonies: Dish: 
opsca: EME: 
Oerstad: Feed methods: 
ОЕТ Bulletin 65: Mluminating: 
Off-center-loaded dipoles: 63911, 7-810 Paraffin, applying to wood: 
Offset crossed Yagi: Parallel: 


Омо State University: 
Ohm's law: 

Omega match: 
Omnidirectional: 


Equivalent circuit: 
Conductor lines: 

Tuned: 

"Tuned circuits, at antenna terminals: 


ON4UF: Parallel-wire transmission lines 
ONAUN: Arrays: зап 
ONAUN's Low-Band DXing: Conductors: 429 
ONSUG: Effects 22 
On Element: 6-13, 6-13 
Element Yagi 11-8 Passive reflector, moon: 194 

Port measurement: 27-55 Patch: 
Way propagation: cp: 19-17 
Way skip: Feeds: 19201 
Open circuit, line termination: Round feed: 1924 
Open sleeve antennas: S-band: 19-13 
Antenna mode: ‘Truncated comers: 1921 
Bandwidth: Path loss: 17-8, 233-102313 
Current distribution on: Pattern: 181 
Gain: Bidirectional: $3 
Impedance: Dipoles at different frequencies 241 
947 


Б * 


DS IF 
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Pattern 
Distortion, arrays: 
Distortion, dipole: 

plane: 

Elevation: 


Factor: 
Ground-reflection: 
H-plane: 
Half power points 
Measurement of: 
Planes: 
Shape: 
Unidirectional 
Worksheets for: 
PBA: 
and earth quality 
and Salt water 
Pedersen wave: 
Penetrox: 
Perfect 
Conducting ground: 
Earth: 
Ground: 
‘Transmission Tine 
Periscope antennas 
Gain: 
Patterns: 
Perrin, Mar 
Phase: 
+ and wavelength: 
Definition of: 
Reflected signals 
Relationships: 
Shift: 
Phased arrays: 
Adjusting feed systems: 
Baluns: 
Bi-square: 
Bidirectional: 
Binomial current grading 
Bobtail curtain: 
Broadside: 
Bruce: 


NIMO: 


Collinear 2 element: 
Common feed systems: 
Current distribution 
Design examples: 
Directional switching: 
рам 

Driven combinations: 


Element feed-point impedances: 


End-fire: 
Feeding: 


Feeding. shunt components: 


Forward gain: 
Four Square: 


Four Square, L-network feed: 


948 


M 


414 
4-14, 6-12 
war 

[ЕП 

[n 

8 

к 

saam 
82,85, 8-3 
sas 

sam 

saam 

87 

iar 

sar 

$2 

isa 

8-10 

82,85, 850г 
3-10, вт 
821 

$26 

Sls 827 
829 


-= 


Phased arrays: 
Four Square, simplest feed: 
Lenetwork feed system: 
Large, feed systems. 

Lay Hh 

Loss resistance & pattern: 
Measuring current: 

Mutual coupling 

Other broadside: 

Parallel broadside: 

Pattern null degradation 
Phasing arrows: 

Practical aspects 

RDF: 

Receiving: 

Recommended feed methods 
Shunt or gamma-fed feeding: 
‘Simplest feed system: 
Sterba: 

Techniques: 

Unidirectional 

Verticals: 

Walk. 

3-element binomial broadside: 
‘element rectangular array 
4-element, feeding: 


120 deg. fed, 60 deg. spaced: jm 
Phasing lines 10, slam 
Phelps, Ted, WSTP. 526 
Phi 215 
Photoionizes: 25-19 
Physical Design of Yagi Antennas 2-16 
Pi-network: 25-1, 25-707 
Pictraszewski, David, KIWA: 6-48 
PL259: 

Assembly 
Plane: 

Diagrams: 

Wave 


Plasencia, Richard, WORPV: 
Plastics, for antenna construction 
PlastiDip: 
Plot 
Polar: 
Rectangular 
Plumber's delight: 
Point source, HFTA: 
Polar coordinates: 
Polarization: 15.511115 
Antennas 
Circular 


Considerations 
Diversity 
Elliptical: 
EME: 
Horizontal: 
Over fat ground: 
Polarized: 
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T 


Polarization: 
Linear: 214, 233-3 
Reflection coefficients: 
Sense: 

Switching sense: 
‘Through ionosphere: 
Verical 
‘Antennas 
Polarized: 

Pole, gin: 

Pole-vault arm spreaders 

Polygons: 

Polyphaser Corp: 

Portable: 

Antennas 

Dipole for 80 10 2 

2clement 6-meter quad: 

S-clement portable 6-meter Yagi: 
Position readout 


Pots, Frank, NCIE 19.33 
Power: 
Density’ 
Effective isotropic radiated 1713 
Gain: $1 
Generators, emergency, 112 
Loss, traps 7-140 
Ratio: 29 
RE, absorber circuit: 27-6 
Supplies, transient protection: 112 
Powerboats: 
Antennas: 1638 
Counterpoise: 16-38 
Powlishen, Steve, KIFO: 1828 
Practical 6-meter Yagis: i 
Practical aspects, array desig sam 


PRB-I (federal preemption): 
Prime center: 26-1, 28-2 
Probe, for RF current measurement: 8-33, 2 40 
Proceedings of the AMSAT Space Symposium: 19-16 
Programs 
ААТ: aso 
GAMMA 26-10 
НЕТА (HF Terrain Assessment) 3-261 
HFTA PDF: 
LPCADS0: 
MOBILE: 9, 15-8, 15-9, 16-6 
TLW: 24-12, 25-7, 26-13 
WinSmith 2412 


YO (Yagi Optimizer) 
YT (Yagi Terrain analyzer) 


YW (Yagi for Windows) 
Prop-pitch rotator: 2 
Propagation: 

Auroral: 23-36, 23-36 
Bending: 234 
Beyond line-of-sight, VHF: EE 
Diffraction: 234 
Do-it-yourself prediction: BAE 


Propagation: 
Ducting: 
Fading: 
Geographic area 
Gray line: 
Ground wave: 
Ground-wave range: 
Long path: 
Maximum line-of-sight distance: 
Multi-hop: ~- 
One-way: ——— 
Prediction programs: 
Radio wave propagation: 
Reflection: 
Refraction: 
Scatter modes 
Sky wave: 
Space wave: 
What HF bands are open? 
Proplab Pro program: 


Арал electromagnet pulse: m 
Аран ging rum 
rey ES 
pen vivian 
Transient, device fr vig as 
Tren fr fea ie пз 
Proximity его su 
— ang in 
as + 
Polen B 
Paley 1355 эы 
PVC pi 
PVRC iow 
Pyramidal bor 


a 
© factor, antenna traps: 
Отн for DXing: 
Quad antennas: 
Arrays 
at low height: 
Constructing: 
Diamond or square: 
Loop Yagis, for 1296 MHz: 
Making it sturdy’ 
Monoband 2-element: 
Multiband 
Stacking: 
Swiss: 
УНЕ: 
vs Yagi 12-11, 12-11, 12-07 
element, 8-foot boom pentaband: 
S-element, 26-foot boom triband: 
144 MHz, 2 element: 
144 MHz, 4 element portable: 
Quadrifilar antenna: 
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 Quagis: 
Construction: 
Design tables: 
Feed method! 
УНЕ and UHF: 
1296 MHz; 10, 15 or 25 elements: 
Quarter-wave: 
Half-sloper: 
"Transformers 
 Quartering lobes: 
Quiet sun: 


R 
Radar 
Radial 
Close to ground: 
Elevated: 
Quarter-wave, proximity to ground: 
Resonating the antenna: 
Wire systems: 
Wires: 
Radiated: 
Radiating far field 
Radiating near field: 
Radiation: 
Efficiency! 
Feed line de directive array 
Harmonic, from multiband antennas 
Hazards: 
Nonionizing: 
Pattern 


Pattern, coordinate scales 


Pattern, dipoles at different frequencies: 


Pattern, af corner reflector 
Resistance: 22.3. 
Radio waves: 
Bending: 
Horizon: 
Nature of 
Path loss: 


Random length wire: 
Range: 
‘of elevation angles needed: 
of frequencies 
тем site for anteny 
Rauch, Tom, МЕЛ. 
Ray 
Reflected: 
Technique: 
Tracing: 
RDF antennas: 
Adcock: 


950 


AA = 


#1, 8-10, 


18-461 
TEAS, 18-4510 
1847 
18-13 
1847 


644 
264 
122 
ET 


ваш, 162, 16-9 


16:3, 


412 
элїї 
13-2 


зли 
324 
FAI, 23-1, 23-22 


мт 


RDF antennas: 
ARDF (Amateur Radio direction finding): 
by triangulation: 

Calibration and use: 
Electronic antenna rotation: 
Ferrite rod: 

Ferrite-core: 

Four-way mobile DF system: 
Fox-hunting DE twin tenna: 
Interferometer: 

Loop antennas: 

Loopstick for 3.5 MHz: 


Muliitum loops, 
Phased arrays: 
Sensing 
Shielded frame: 14-101 
Shielded loop: 142 
Shielded loop with sensing antenna for 
28 MH: ШЕ 
Snoop Loop for close-range HF RDF: амт 
трол: 1418 
Wullenweber: 147 
I44-MHz candioid pattern RDF antenna: ~. 14-16 
Re-radiation: 421 
Reactance circles (Smith Chart): 282 
Reactive: 
Fields: 
Near field: 


Real-world terrain and stacks: 
Rear quartering lobes: 
Receiving antenna: 

Arrays: 

Wave antennas: 
Reciprocity: 
Recommended feed methods: 
Recreational vehicles (RV): 
Reduction in propagation speed 
Reflected 

Power 

Ray 

Waves 
Reflection: 

Coefficient 

Factor 


91,217, 28-4 
astr 
Refleciometers 
Time domain: 
Reflector: 
Comer: 
Cupped S-band: 
Parasitic: 
Retrograde: 
Trough: 
Refraction: 254 
Regier, Frank, ODSCG: 
Regulatory restrictions 
Relative values: 
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Relay 
Antenna & preamplifier: 
Remote switching: 

Repeater antennas: 
Cardioid: 

Downtilt, Vertical beam: 


Isolation: 
Matching: 
Omnidirectional: 
Polarization: 

Тор and side mounting: 

Repeaters: 

Coverage: 
Diversity techniques: 
Duplexers: 
Equipment manufacturers. 
Isolation: 
System assembly: 
Transmission lines: 
144 MHz duplexer: 
Resistance: 
Bridge: 
Circles (Smith Chan): 
Effective ground: 
Feed point, versus element coupling 
Ground system, arrays 
Loss 
Loss, mutual coupling de gain: 
Radiation: 
RF loss 
Swamping: 
Virtual 
Resonance: 
Full-wave: 
Half-wave: 
їп guy Wires: 
Resonant: 
Antennas: 
Breaker 
Rhombic antenna: 

Resonators, cavity type: 

Return loss (dB), and SWR: 

Return path: 

RF: 

ANSI exposure guidelines 
Athermal effects 
Awareness guidelines 
Chokes: 

Current probe: 
Decoupling: 

Feedback: 

Ground, alternative: 

in the shack: 

Loss resistance: 


Rectification: 
Safe exposure levels 
"Thermal effects: 


mar 
17а 
17900, 17-907 
1715 

am 

17-14 

ma 

Tram. 


mam 
28-1, 28-2 
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RFE: 
RHCP: 
Rhodes, Peter D., KAEWG: 
Rhombic 
Front10-back ratio: 
Methods of feed: 
Multiwiee 
Resonant: 
Terminated: 
Terminated, multiband design: 
Terminated, tilt angle: 
Termination: 
Richard, Louis, ONAUF: 
RingRotor: 
Roadway illumination standards 
Rohn: 
Role of the Sun: 
Rope: 
Rotators: 
Heavy duty 
‘Transient protection: 
RS-15: 
Rubber duck: 
Rusprove, Jay, WIVD: 
Russell, Thomas, N4KG: 


band dish feed: 
S-parameters: 
Safely 
Belts: 
D-ring: 
Electrical; 
Fall arrest 
Gloves: 
Hard hats 
Knots 
Passers-by, 
RE bums: 
RF radiation hazards 
Safety belt: 
Slingshot 
Structural: 
Switch box: 
Working on towers: 
Sag, in antenna wires: 
Sailboats 
Antenna modeling 
Flag halyard: 
Grounding systems 
HF antennas 
Patterns, backsay vertical: 
Patterns, masthead Vertical: 


Patterns, transom vertical 
Rigging 
"Temporary antennas 


429 
19-3, 19-10 
10-15, 10-25 

331, 13-1, 13917 

1315 
Bas 
134, 13-15 
iem 
зит 
13-12 
13-12 


тш 
20-1, 20-307 


16317 
1637 
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Sailboats: 


Transom and masthead mounted verticals: 


40-meter buckstay half sloper: 
Saltwater: xn 
Swamp on a hi 
Sampler, line, VHF: 
Satellites: 
Geo-synchronous: 
High-ahitude: 
Phase-3: 
SCALE program: 
Scaling: 
Boom diameter: 


Element diameters: 
Element lengths: 
Element spacings: 
quency: 
Scaler modes: 
Scattering: 
Parameters: 
‘Schedule, taper, for antenna elements 
Schelkunoff: 
‘Schmidt, Kevin, W9CF: 
Schulz, Walter, КЗООЕ: 
‘Schuster, Jack, WIWEF: 
Scissors rest 


Serewdriver: 
Coil caver: 
+ Loading coil 
Mobile antenna: 
Seawater: 
Second lobe: 
Segments: 
Density: 
Length-to-wire-diameter ratio: 
‘Mutually coupled: 
Source: 
Selective fading: 
Self impedance: 
Selsyn: 
Sensing antennas: 
Sensitivity, bridge measurements: 


Series: 
Equivalent circuit: 
Resonant circuit: 
Section transformers: 

Severns, Rudy, Nel F. 

Sevick, Jerry, W2FML 

Seybold, Mack, W2RYI 

Shield, anti-climbing, for towers: 

‘Shielded: 

Frame loops: 
Loop: 
Loop with sensing antenna for 28 MHz: 
Parallel lines: 
Shock, electrical, and 


ound systems: 


952 


dp 


16-3210 
1635 


20, 6-16, 6-50, 7-7 


320 
элө 
194 
194 
19-21 
1927 
216 


23-4 
27-5400 


209, 20-10 


26-5, 28-1340 
6-13, 6.24, 7-22, 16-31, 27-54 
6-36, 7-16, 8-11 


727 
Lem 


лот 
132 
14-12 
24 
таг 


Short 

Antennas: 

Circuit line termination: 

Fat wires: 

Path: 

Range communication: 
Shortened: 

Dipoles: em 

Radials 6-661 
Shorty forty ваш 
Shriner, Bob, WAQUZO: 17-14 
Shunt: 

Components, array feeding: 

Feed, installing: 
Sidelobes: 

Quartering 
Sidescatier 
‘Signal-to-interfe 
Signal-to-noise ratio: 


Silicone sealant... 
Simple and Fun Antennas for Hams 
Simple: 


Broadband dipole for 80 meters: 9-16, 9-17 
Broadband matching techniques: [Ел 
"Twin-lead antenna for HF portable 

operation 154, 15 


Wire antennas: ти 
‘Simplest feed system: ist 8-25 
‘Simulations of reality: 
Site map: 
Skeleton disc 
‘Skin depth: 
Skin effect 
Skip: 
Distance: 
Zone 
Sky wave: 
Sleeve, open 
Slide switch: 


Sling: 

Slingshot 

Slopers: 
Antennas: tam 
Front-to-back ratio: 649 
7-MH sloper system: am 

Sloping the radials of a ground plane: 6-18 
МА: 19.23 

Smith char: 43, 26-5, 28-100 
Designing series-section transformers 28-1307 
Designing stub matches: EST. 


Off-center mode: 28-14 
Procedure summary. 
‘Smith, George, WAAEO: 
mith, Philip Н. 
moothed sunspot numbers (SSN): 
Snell's law 
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Snyder dipole: 
50-739: 
‘Sobel, Jack, WOSVM: 
Soft-drawn copper wire: 
Solar 

Flares: 

Flux: 

Wind: 
Solid radiation patte 
‘Sommerfeld: 
‘Sommerfeld-Norton: 
‘Sound waves: 
Sounder: 

Chirp: 

Vertical incidence: 

Tonospheric: 
Source: 


Current 
Impedance: 
Segment: 
Sensitivity to placement: 
Specification: 
Split: 
Voltage: 
Space: 
Communications: 
Diversity. 
Wave: 
Spare me the nulls- 
Specific absorption rate (SAR) 
Specific monoband Yagi desi 
Spiders, quad: 
Spillover loss: 
Spin fading: 
Spinning reel: 
Splattering: 
Splicing: 
Split source: 
Sporadic E: 
Spot frequency 
Spotting mast: 
Spreading loss: 
Spreadsheet: 
Squint angle: 
SSN: 
Stacking: 
and azimuthal diversity: 
and fading: 
and gain: 
and precipitation static 
and wide elevation footprint 
Disimilar Yagis: 
Distances between Yagis 
Distances for multiband Yagis: 
Main antenna: 
Minimum stacking distance: 
Monoband antennas: 


S pem = 


27,2328 
dam 
15 
28 
324,823 
40 


21 
23201 


19-11 
1138, 17-12 
asa 
1132 
авт 
nr 

27 
19-170 
1924 

251 


20-4, 2 
413 


m 
19-10 
aam 
49 
11-38 
ДЕТ 
1129 
1138 
m 
11-44 
ДЕ 
11-37 
1139 
4 
18700 
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Stacking: 
Multiplier antenna: 
Quads: 

Stacks of stacks: 

VHF/UHF Yagis: 

Yagis: 

Yagis at different frequencies 

Yagis at same frequencies: 

10-meter example: 

15-meter example: 
20-meter example: 
застае 

Stacks: 

Boom length & spacing: 

Christmas tree: 

Distance and Lobes at НЕ: 

Spacing: 

Switching out Yagis: 

Vertical spacing not critical: 
Stagger tuned: 

Dipoles: 

Radials: 

Stallman, Ed, NSBLZ- 

Standing: 

Wave antennas: 

Waves: 

Wave ratio (SWR) 
Stanford, John, NNOF: 
Stanley, John, K4ERO: 
Statistical entities: 
Statistics, elevation angle: 
Stepped diameter correction 
Sterba curtain: 

Stork, Rudy, KASFSB: 

Straw, R. Dean, NOBV: 

Structural safety 

Stubby antenna: 

Stubs: 

Capacitive 

Filter: 

Harmonies: 

Matching 

ов соах lines 
Subsidence: 

Sudden disappearing filaments 

Suding, Robert, WOLMD: 

Summer solstice: 


Sun noise: 
Sunspors: 
Super-J Maritime Antenna: 
Suppliers: 

Addresses: 

HF antennas 

Quad part: 

Towers: 


Supports: 
Belt hooks: 


mm 
18-13 
[E 
mi 
1, 11290 
wu 
18-1007 
11-3007 
MITES 
ТЕП 
— 1 


m 
1127 
11-330 
1134 
изз 
MITES 


249 
TESI, 6-34 


Шун + 


742 
1922 

253 
28-11 
26-14 

239 

2328 

1941 

66 

1943 

25:15. 23-16 
16237 
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Supports 
Tor antennas 
or open-wire line: 
Ladder mast: 
Trees for vertical 
Truss: 
Surface acoustic wave (SAW) 
Surface wave: 
Surge impedi 
Susceptance: 
‘Swinging link 
SWR: 
Along a lir 
and line losses 


and the transmission line 
Bowl-shaped curve: 
Change with common-mode Current 
Circles (Smith Chan): 
Load: 
Measurement: 
Measurement, errors: 
Return loss (dB), and SWR: 
Symmetry, RDF: 
Synchros: 
System approach: 


T 
+ талас 
Taetwork: 
high pass: 
Tag lines: 
Tandem-Match, 
High-power operation: 
Tape measure beam for RDFing: 
Taper, in antenna elements: 
and electrical length: 
Tapered: 
Element, spacing: 
Lines: 
Picr-pin base: 
Tapped-coil matching network: 
ТАРЕ: 
TDR (Time Domain Reflectometer) 
Teflon 
"Telephone pole: 
Teleruna: 
Telerana, improving the: 
Telescoping aluminum tubing 
Tennis ball shock absorber: 
Tension, on antenna wires: 
Terleski, Jay 
Terminated: 
Long une antennas: 
Rhombic antenna: 


Jine directional RF 


954 


dp 


2226 


2791 
эта 
14-320 


216, 41717 20-9 


20-11 


Xie rm 


16-1 
202 
1142 


13-1010 
[um 


‘Terminations on lines: 
‘Short and open circuits 
‘Terminator: 


Terrain: 
Data from the Internet: 
Optimizing over local 
Profile 
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ES 
2337 


E 
11-45 
17 


Test site, antenna: ant 
"Texas potato masher antenna: 1. 
‘Textbooks, Chap 2 249 
THéDXX: 1137111 
THTDX: 3-31, 11-32, 11-37, 11-39, 11-45 
The AMSAT Journal 192, 19.21 
The ARRL Antenna Compendium series: 51 
The ARRL Antenna Compendium, Vol 1 165 
The ARRL Antenna Compendium, Vol 2: 3-18, 9-13, 9-15 
The ARRL Antenna Compendium, Vol 3: ~-~: 3-12, 19-33 
The ARRL Antenna Compendium, Vol 4: 41,613, 
93, 9-17, 1021 


The ARRL Antenna Compendium, Vol 5: 


The ARRL Antenna Compendium, Vol 6: 
The ARRL Antenna Compendium, Vol 7: 
The ARRL Handbook, 2006 Ed. 


634, 


The ARRL UHE/Microwave Experimenter's 


Manual: 


The ARRL UHF/Microwave Projects 


Manual: 
The Pounder: 
"The Snoop Loop for close- 
Theta 
Thevenin source 
‘Thin-wire approximation 
Three-dimensional: 
"Time and frequency stations 
Time domain reflectometry 
ти 
TL (Transmission Line for 
Windows 
Tolles, H. F. Wirz. 
Top (elevated) counterpoise: 
“Top hat: 
Construction: 
Multiwiee 
Top loading: 


Toploaded 144-MHZ mobile antenna: 


Top-loading capacitance: 

Topography 

Torque апп assembly 

Тош current 

Towers: 
and lightning: 
Antenna installation: 
Antenna placement: 
Antenna selection and ins 
Ani-climbing shield: 


Diflerence-of Arrival (TDOA): 


19-24, 19-42 


nge HF RDF: 


8-24, 11-44, 25.7 
26-10 

645 

3 

ean 

E 
‚6-18 
16-26, 16-26 
16-14 

329 


Sallation: 


T 


Tow 
Bases: 


Building antennas on the tower: 
Canvas bucket: 
Climbing equipment: 
Climbing tips: 
Clothing: 
Crank-up: 
Fold-over: 
Freestanding 
Ground captain: 
Guyed 
Hard hats: 
Installation 
Installing antennas on: 
Notebook: 
PVRC mount 
Raising antennas alongside: 
Rest periods: 
Rohn: 
Roof-mounted tripod: 
Rope and pulley- 
Safety belt: 
Suppliers: 
Tapered pi 
Tie-strings: 
Till-over: 
Tram, sling 
‘Tram, using a 
Unguyed: 
Wet tower: 
Working on: 
Tram, using a 
Transducers: 


n base: 


Transformers 

Quarter wave: 

Series section: 
‘Transition function: 
Transmateh: 
Transmission line: 

Air-insulated coaxial: 

Airinsulated lines: 

as circuit elements: 

Cable capacitance: 

Characteristic impedance. 

Characteristics, table 

Coaxial cables 

Coaxial fittings: 

Construction: 

Equation: 

Flexible lines: 

Half-wavelength line: 

Highly reactive loads 

Impedance transformer 

Input impedance 

Installation: 


КЕШ 
злот 
Ls 
Lam 
EE 
1.26 


EX 
25 
ТӨП, 25-1 
dam 
КЕШ 
24-151 
2413, 24-14 
2421 
244 
24-18 
КЕ 
242217 
КЕ 
Pm 
Eur 
2413 
pm 
ETT 
ман 
pe 


-= 


‘Transmission line: 
Installing: 
Line voltages and current: 
Losses: 
Losses and deterioration: 
Matched lines 
Matched line attenuation, chart 
Matched-line losses: 
Mismatched lines: 
Nonresisive terminations: 
 Open-wire lines: 
Parallel-conductor lines 
Practical: 
Quarter-wavelength line 
Reflection coefficient: 
Running the feed line: 
Simple lightning arrester: 
Singl 
Standing-wave ratio: 
Support for open-wire line: 
Surge impedance: 
Terminated: 
Testing: 
Tuned feeders: 
Twisted 
Two-wire lines: 
Velocity of propagatio 
Voltage & current: 
Voltage and power ratings 
Waveguides: 
Window lead-in panel: 
Window line: 
Z; 
Zip cord 
Transmission os: 
‘Transmission-line resonators (TLR): 
as part of antenna: 
as part of feed line: 
‘Transformer: 


‘Transmitter chassis 
Transom: 
‘Transom and masthead mounted verticals: 
Transponder noise floor 
Transportable antennas: 
Trap Antennas 
Dipole, 3.510 28 MHz, 5 bands: 
Dipole, 80, 40, 17 and 12 meters: 
Dipole, 80, 40, 20, 15 and 10 meters: 
Trapped dipole: 
Trapped tribanders: 
21 and 28 MHz vertical: 
Traps: 
Coax cable: 
Coax capacitor 
Coaxial: 
Construction: 


E 
КЕП 
24-6, 25-1 
24-20 
244,24 
2420 
axem 
245 
2246 
22,242 
24-181 
24-711 
24-13 
247 
am 
435 
um 
249 
m 
244 
зат 
2427 
74 

433 
242 
EH 
24-15 
24.21 
242 
зм 
74.2417 
244 


717 
TAI 713 
741, m 


955 
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Traps: 
Doorknob capacitor: 
Electrical loading: 
Fundamentals: 
Impedance equation: 
LIC ratio: 
Losses: 
Losses £ power rating 
Non-resonant: 
Parallel resonant: 
Power loss: 
Power rating 
PVC pipe: 
RTV sealant: 
"Trec-mounted HF ground planc: 
“Trees, as antenna supports: 
Vertical antennas’ 
Triband Yagi: 
Tropospheric 
Bending: 
Ducting 
Propagation of УНЕ: 
Scaler 
Trough reflector: 
Trough reflectors: 
for 432 and 1296 MIL: 
True north: 
Tubing, aluminum: 
Alloy numbers: 
Construction with: 
Data table 
Sources for 
Telescoping 
"Tucson Amateur Packet Radio (ТАРК 
Tuned feeders 
‘TUNER SUM 
Tuners 
Antenna: 
Balanced: 
Circuit balance: 
Circuit Q: 
Harmonic attenuation 
High-power ARRL antenna tuner: 
L-network: 
Low-power link-coupled: 
Measurement of line input current 
Pi-network: 
Series and parallel coupling: 
Taetwork: 
Variable coupling 
with inductive coupling 
Turnstile over reflector antenna: 
TV antenna: 
TV mast material: 
тулуре standoff insulators 


956 


M 


та! 
79 

79 

7-10 

79 

7-10 
таат 
7-10 

79 
таат 
Dum 
712 

7-12 

153, 154 


1851 
18-1717, 18-51 
1851 

29 

47, 20-617 
20-6 

ET 

207 

20-7 

amr 

1930 

T 

25-15 

25-1 
46.73.77 


25-61 
25-13, 25-1300 
256 

25-700 
253,254 


TVRO: 

C-band: 

Converted C-band: 

ЕМЕ, surplus: 

Feeding: 

Modified elevation mount: 
Twilight zone: 
"Twin-lead folded dipole: 
Туре connectors: 


у 

U-Adcoek: 

UBC (Uniform Building Code): 
UHF Quagis: 

UHF-VHF antenna systems: 

UL 1449: 

Ultraviolet (UV) 

Umbrella shape loading: 
Unbalanced coax feeding a balanced dipole: 
Uncontrolled environments: 
Under-illuminating (dish): 
Underwriters Laboratories 
Undisturbed ionospheric conditions: 
Uneven local terrain: 

Uniform theory of diffraction (UTD): 
Unmatched system: 

Unterminated long-wire antennas: 
US Geological Survey: 

US Naval Academy: 

USGS map: 

Using capacitive end hats 

UT-141 coax 


Radiation: 


v 


-Beam antenna: 
Feeding 
Other combinations 
Vacuum-tube amplifiers: 
Vaisala Lightning Explorer: 
Variable coupling: 
Varney, Louis, GSRV. 
VE2CV: 
VEAMA: 
VEJCA: 
VETCA 2-clement portable HF wiband Yagis: 
Vector Network Analyzer (VNA): 
Velocity factor 
of line, from impedance measurements: окат 
Velocity of propagation: 


ö г | 


Vertical antennas: 
Buried radials: 
Buried-radial ground system: 
Continuously loaded verticals: 
Counterpoises: 
Elevated radials: 
Equivalent loading: 
Examples: 
Examples of short verticals 
Far-field ground reflections: 
Feed-point impedance and ground system: 
Flagpoles: 
Folded monopole: 
Ground conductivity 


Ground dielectrie constant 
Ground plane: 
Ground systems far vertical monopoles: 
Hall-wave dipole: 
Half-wave vertical dipole (HVD). 
Irrigation tubing 
Less-than-ideal ground systems 
Monopole: 
Multiband: 
Omega match: 
Reflection coefficient 
Roadway illumination standards: 
Short: 
Shortening the radials: 
Shunt-fed 
Shunt-fed gamma: 
Sloping the radials of a ground plane 
Standoff insulators: 
Top loading: 
Trap: 
Tree mounted: 
Umbrella shape loading: 
1.8-3.5 MHz using existing tower: 
6-Foot high 7-MH2 antenna: 
Vertical incidence critical frequency: 
Vertical incidence sounder: 
Vertical monopole: 
Vertical monopole, efficiency: 
УНЕ: 
Quads: 
Quagis: 
Quarter-wavel 
VHF/UHF: 
Antenna systems: 
Antenna-height gain, nomograph 
Capabilities, nomograph: 
Effective receiver sensitivity, nomograph: 
Reliable coverage: 
Station gain: 
Terrain: 
View antenna window (EZNEC): 
Viewshed: 


ith vertical 


=ч = 


тати тати 


18-13, 18-4117 
18-13, 18-4517 


16-27 


23-101 
23-101 
23-12 
48 
331,172 


Vinyl electrical tape: 
Virtual resistance: .. 


VNA: 


Array example: 
Mulii-port network: 


VOAAREA: 
VOACAP: 6: 123 
Parameters: 
Voltage: 
Balun: 
Clamping, protection: 
Induced; 
Loop: 
Ratio 
Reflection coefficient: 
RF, measurement: 
Source 
‘Transmission lines: 
Voltmeter, RF: 
Vortex shedding 
w 
Wshaped SWR curve: 97 
wocy: 
WOLMD: 19-12, 19-15, 19-18, 
19-20, 19-21, 19-24, 19-29, 19.31 
WORPY: 
WOSVM: 
WIAW: 
WICE: 
WIEYE 
wir: 
WIGAN; 
WIGHZ (ex-NIBWT): 19-15, 19-18, 19-19, 19-21 
WIICP: 5-10 
WIKSC: 1841 
WIMK: 8-20 
WIVD: 151 
WIWEF: 6.9, 16-1, 162 
W2BML: 13-16 
W2DU: 3:21, 26-22, 27-40 
WADU balun: 26-24 
W2FMI: 6-36, 7-16 
mw 
7-10, 7-12 
154, 15.9 
194 
10-17 
Wane: 10-25 
WAHHK: 18-13, 18-14 
WAIRW. 711 
WAMB: 27-36 
WARNL: 10-1, 11-46 
WSLUA: 19-16, 19-45 
5-10, 5-12 
957 
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WSRTO (now K6SE): 

WGAAQ: 

W6HPH: 

мм: 

WENL (ex-W6QHS): 

W60W0: 

W6TWW. 

worn. 

WICNK: 

WIEL: 

Wi. 

WIXC: 

W8GZ: 

Wall: 

Walk: 

WAIK array; 

WENWE: 

К: 

WSNX trap dipoles: 

WSTP: 

WOCE: 

WODUU: 

WOLZX: 

WOPE: 

WAQUZO: 

WAZANU: 

WA3FET: 

WA3ULH: 

WAAIVE: 

WASERE: 

ле 

WAOBVS: 

Walters, Mike, G3IVL: 

Ward, Al, WSLUA: 

Wardley, David, ZLIBIQ: 

Water pipe: 

Wattmeters: 
A directional iı 


line RF. 


Calorimeter type, for УНЕ and UHF: 


Wave: 

Angle: 

Attenuation: 

Extraordinary 

Ordinary: 

Theory: 
Waveguides: 

Coupling to: 

Dimensions: 

Evolution of 

Modes of propagation in 
Wavelength: 
Wavelength-to-diameter ratio: 
WBODGF: 
WBOIKN: 
WBOKIZ: 


M 


3-10, 8-16, 3-23, & 


EN 


3-12, 27-8 
7-6 

1323 

8-13, 8.51, 1955, 19-18 
6-13, SIT 


WDAFAB: 


19: 


Weatherproofing, wood: 
Weber, Dick, KSIU: 

White, Allan, WIEYE 
Why tribanders?: 

Wilkie, Jim, WYAR: 
Wilkinson divider: 
Williamson, Gerald, KSGW: 
Wilson, Paul M., WAHHK: 
Wilson, Robert, ALTKK: 
Wind compensation 

Wind loading: 

Windom: 

Antenna: 

Carolina: 

Carolina, matching unit: 
Windom, Loren G, WSGZ: 
Window 450-2 ladder line: 
Winter solstice: ~ 
Wire: 

Antenna, splicing: 

as antenna conductors 

Closely spaced: 

Coordinate shortcuts: 

Copper clad steel: 

Copper, data table: 

Crossing: 


Fat wires connected to skinny wires 


(Geometry 
Grid: 

Loss: 

Mesh 

Radial systems 

Random length 

Short fat and acute-angle 
Straight: 

Stressed, dat table: 
"Tension and sag 

Types of: 


Wire LPDA for 35 or 7 MHz: 
Wiring, electrical, and safety 


Win, Frank, АПН, 
Wolf, Johann Rudolph: 
Wolff, Ken, KIEA: 
Wood: 
for antenna construction: 
 Weatherproofing: 
Worst-case front-to-rear: 


Worst-case froat-to-rear rato 


Wright, Joe, WAUEB: 
Wullenweber antenna: 
WWVIWWVH: 
WXOB: 


WXOB Approach to stack matching and Feeding: 
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1-99, 19-10, 19-2, 19-3, 
5, 19-14, 19-18, 19-19, 19-27 


18-14, 18-18 
72 


junction: 


112 
m 
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Yagi: 246, пт 
Bandwidth: пат 
Co planar crossed: 19. 
Comparisons, 3-element desi 16 
Comparisons, S element desi 16 
Comparisons, 6-element desi IL, 11-8 
Comparisons, 8-element desi 11-6, 119 
Construction with aluminum tubing: m 
Drive impedance and SWR: пат 
Element tuning: 19 


FR: m 
-R ralio: m 


" 


Feeding: m 
Gain: пот 
Gain & pattern degradation due to stacking: ., 18-9 
Gain and boom length: иып, 11-10 


Gain versus FIR rato: 
Horizontal model: 
Input impedance 
Interlaced elements 
Loop. for 1296 MHz: 
Mechanical strength: 
Modifying Hy-Gain Yagis. 
Monoband performance optimization 
Multiband: 
Multiband stack spacing: 
Offset crossed: 
Optimized 10-meter Yagi 
Optimized 12-meter Yagis: 
Optimized LS-meter Yagis: 
Optimized 17-meter Yagis: 
Optimized 20-meter Yagis 
neter Yagis: 

neter Yagis: 
Optimum design parameters: 
Optimum designs and element spacing- 
Patterns: 
Performance optimization: 
Performance parameters: 
Specific designs: 
Stacked Yagis: 
Stacking: 
Stacking different frequencies: 18-80 
Stacking same frequencies: 
Stacking stacks of different frequencies: 
y, feed method: 
“Trapped tribanders: 

"Two elements: 

VHF and UHF: 

2element designs: 

-meter 

15 m Yagis: 
Yagi vs quad: 
Yagi-Uda: 
YagiMax: 


1135, 


ш = шиш || 


Yankee Clipper Contest Club: 


YO (Yagi Optimizer): 
YT (Yagi Terrain analyzer): 
YVSDLT: 

YW (Yagi for Windows): 


z 

Zo of lines: 
(From impedance measurements: 

Zenith angle 

Zepp. end-fed 

Zepp. extended double 

Zeppelin: 

Zinc-chromate primer: 

Zip-cord antennas: 

ZLIBIQ: 

Zone current 

зыт. 

Zurich sunspot numbers: 

1-800-MAPS-USA: 

LS MHz antennas, receiving loop: 

1.8-35 MHz vertical using existing tower: 

L3-MHz antennas using towers 

L4-MIH2 inverted-L: 

element broadsidelend-fie switching: 

clement quad: 

element Yagis: 

element, 3-oot boom pentaband quad: 

2M-22C: 

2M-CP2: 

3-element binomial broadside array 

3.5 MHz antennas, horizontal loop: 

35 10 28 МН trap dipole, 5 bands: 

3.5 10 30 MHz small transmitting loops 

3D analysis: 

element arrays, feeding 

element rectangular array 

element rectangular switching 

S-band LPDA: 

S-element, 26-foot boom triband quad: 

‘5/8-wavelength 220-MHz mobile antenna: 

6-Foot high 7. 

7 MHz antennas: 
Horizontal loop: 
Vertical loop: 


Hz vertical antenna: 


7-MHz sloper system: am 
TNUVW. 1921 
10 GHz pyramidal hon nm 
1114,35 MHz Log-Yag: 10.251r 


20/15/10-meter triband 2element Yagi: 
21 and 28 MHz trap vertical: 
23CM22EZA 

30/17/12-meter triband 2-clement Yagi: 
40-meter backstay half sloper: 


_| Шалт 


Tp 


40-meter wire Yogi: 
80, 40, 17 and 12-meter trap dipole: 
80,40, 20, 15 and 10-meter trap dipole: 
BO-meter dipole with TLR transformer: 
BO-meter DX special: 
120 deg. fed, 60 deg. spaced array 
135-foot, 80 to 10-meter dipole: 
144 MHZ antennas: 

Cardioid-pattern RDF antenna: 

Ground-plane: 

Quad, 2 elements: 

Quad, 4 element portable: 

Quagi, 15 elements: 

Yagi, 12 elements 

58 wavelength vertical 
133 МН duplexer: 
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18-3417 
16-2817 
ДА 


$- 


222 MHz antennas: 
Ground-plane: 
Ош, 15 elements: 
Yagi, 16 elements: 

432 MHz antennas: 
Ground-plane 
Quasi, 15 elements 
Quasi, 8 elements: 
Trough reflector 
Yagi, 22 elements 

436-CP30: 

1296 MHz antennas: 
(Ouagi, 10 elements: 
Quagi. 15 elements: 
Ош. 25 elements: 


151 
ТЕП 


18-231 
18451 
18451 
18-42 
EM 
19-10 


18-461 
18-4617 
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Please use this form to give us your comments on this book and what you'd like to see in future editions, or e-mail us at 


Pubsfdbk&arrLorg (publications feedback). If you use e-mail, please include your name, cal, e-mail address and the 
book. 


tío, edition and printing in the body of your message. Also indicate whether or not you are an ARRL member. 


Where did you purchase this book? 
D From ARAL directly О From an ARAL dealer 


Is there a dealer who carries ARRL publications within: 
DS miles D15 miles C130 miles of your location? С Not sure. 
License class: 
O Novice О Technician O Technician with code General Advanced U Amateur 
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Introduction to the CD-ROM Edition 
The ARRL Antenna Book, 21st Edition 


“In recent years it has been borne home om us most forcibly that there is greater room for 
increased performance through superior antenna systems than in any other part of the 
equipment.” 

from the Foreword to the First Edition, 


Much has changed since 1939, including ihe pos- You may not have Acrobat Reader installed on your 
sible ways of delivering information—this CD-ROM is computer or you may have an older version installed. 
evidence of that! One thing that hasn't changed is that Installing Adobe Acrobat Reader Ver. is optional 
antennas and antenna systems are still the make-or- during the main Setup installation, and you can do it 
break component of any amateur station, We are later, ater installing the Antenna Book software too. 
pleased to bring you this 21st edition of The ARRL 
Antenna Book on CD-ROM. The CD-ROM book "To install Acrobat Reader for Windows: 
contains all of the text, drawings and photos contained бадест Rum from the Windows Start menu. 
in the printed 21st edition. And exclusive to the CD- 1. Type or Browse to d:\AdbeRde709 e 
ROM are over 70,000 pages of propagation tables that (where d: îs the drive letter of your CD-ROM 
can help you determine what HF propagation to expect drive; if the CD-ROM is a different drive on 
throughout the world, throughout the year and Your system, use the appropriate letter) and 
throughout the sunspot cycle. press Enter. 
Follow the instructions that appear on your 

Make sure you try out the software included for the screen 
РС. Follow the instructions for installation of the + 
software and data files "To install Acrobat Reader for the Macintosl 
Using this CD-ROM 1. From the top-level folder of the CD, double 

click om the file 

‘This CD-ROM is viewed using Adobe's Reader "Adobe Reader MAC. 708.dmg" to open up 
software, Version 7.0 of the software is included on the the disk image. Then double click the Adobe 
CD-ROM. The book and the companion files include Reader Installer icon to launch the installer 
hyperlinks. These links will appear in blue or green AB21 Intro to CD.DOC HERDS 372007 8:14 
text. Clicking on the text of a hyperlink will cause АМ Page 3 


Reader 10 display another, related part of the book. 
(See the Reader Help documentation for information 
on configuring this feature.) 


The version of Acrobat Reader used with this CD- 
ROM includes Acrobat Search capability, which allows 
rapid full-text search of the entire book, This functions 
as an instant index for every chapter and word in the 
book. We strongly recommend that you take a few 
minutes to view the on-line documentation available 
from Acrobat Reader's Help menu. 


Note: Adobe Reader version 6.0 or higher is re- 
quired to use the search index included on this CD- 
ROM, Older versions of Acrobat Reader will not work 
With the search index, but are otherwise functional. 
Again, Adobe Reader 7.0 is included on the CD-ROM, 
if you need to install this version 

Installing Adobe Acrobat Reader 
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Choices, Summary and Detailed Propagation Tables 


USA Other, North America South America 

WIB Boston, МА 6¥ Kingston, Jamaica CE | Santiago, Chile 

W2A Albany, NY 8P Bridgetown, Barbados СР La Paz, Bolivia 

Мом NYC, NY HP Panama Ciy, Panama FY Cayenne, French Guiana 

W3D Washington, DC KL7 | Anchorage, Alaska НС. Quito, Ecuador 

WAA Montgomery, AL KP2 Virgin Islands НСа Galapagos Islands 

МАР Miami, FL Ti Sen Jose, Costa Rica НК Bogota, Columbia 

WAG Atlanta, GA V3 Belmopan, Belize lU Buenos Aires, Argentina 

Wak Lousvile, KY VE! Найах, Nova Scotia OA Шта, Peru 

WAN Raleigh, NC VE2 Montreal, Quebec P4 Аша 

WaT Memphis, TN VES Toronto, Ontario PY1 Rio de Janeiro, Brazil 

МБА Lite Rock, AR VEA Winnipeg, Manitoba PYO Fernando de Noronha 

WH Houston, ТХ VES | Regina, Saskatchewan ҮҮ Caracas, Venezuela 

WSL New Orleans, LA VES | Edmonion, Alberta YVO Aves Island 

МБМ Jackson, MS VET | Vancouver, BC ZP Asuncion, Paraguay 

WSN Albuquerque, NM VEB Yellowknife, NWT 4 

WSO Oklahoma City, ОК VOI St Johns, NFL Asia 

WET Dallas, Tx VP2 Anguila 15 Spraty Islands 

W6L Los Angeles, CA VPS Turks & Caicos % Ho Chi Minh City, Vietnam 

WES San Francisco, СА ХЕТ Mexico City, Mexico 4) Baku, Azerbaijan 

МТА Phoenix, AZ AS Columbo, Sri Lanka 

WII Boise, ID Europe 4X Jerusalem, Israel 

WM Helena, MT CT Lisbon, Portugal эм Katmandu, Nepal 

WIN Las Vegas NV DL Bonn, Germany AG Dubai, UAE 

WO Portland, OR EA — Madrid, Spain АР Karachi, Pakistan 

WU Salt Lake Ciy, UT El Dublin, ireland BY!  Beijng China 

WW Seatlo WA ER Kishinev, Moldava BYA Shanghai China 

WY Cheyenne, WY E Paris, France BYO Lhasa, China 

WEM беша, Mi G London, England HS Bangkok, Thailand 

W0 Cincinat, OH 1 Rome, lay HZ Riyadh, Saudi Arabia 

WEW Charleston, WV JW Svalbard JAY Tokyo Japan 

WSC Chicago, IL OH Helsinki, Finland ЈАЗ Osaka, Japan 

Wel indianapolis, IN OK Prague, Czech Republic ЗАВ Sapporo, Japan 

WOW Milwaukee, WI ON Brussels, Belgium JT Шап Bator, Mongolia 

WOC Denver, CO OZ | Copenhagen, Denmark ТА Ankara, Turkey 

WOD Bismarck ND SV Athens, Greece Шла Perm, Russia 

Wo) Kansas Giy, MO TF — Reykjavik, Iceland ЧАО Khabarovsk, Russia 

WOK Middle of US, KS UA3 Moscow, Russia. UN — Alma-Ata, Kazakh 

WOM St Louis, MO ЧАВ Rostov, Russia VR2 Hong Kong 

WON Omaha, NE UR Kiev, Ukraine VU New Delhi, India 

WOS Piere, SD YO Bucharest, Romania VU7 Andaman Islands 
YU Belgrado, Yugoslavia XZ Rangoon, Myanmar 
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Oceania Africa Сә Марио, Mozambique 
302 Fiji Islands 389 Rodrigues CN Casablanca, Morroco 
DU Manila, Philippines 3C Bata, Equatorial Guinea СТЗ Madeira Islands 

FO Tahiti 3V Tunis, Tunisia D2 Luanda, Angola 

Ha Honiara, Solomon Islands SN Lagos, Nigeria EAB Canary Islands 

201 Ogasawara Island SA Antananarivo, Madagascar 169 Lampedusa, Italy 
KHO Saipan, Mariana Islands SU Niamey, Niger Republic J2 | Djibouti 

KHSK Kingman Reet 52 Майо, Kenya ST Khartoum, Sudan 
КНБ ` Honolulu, Hawaii 6W | Dakar Senegal SU Cairo, Egypt 

KHB | American Samoa 70  Lolongwe, Malawi VO8 Chagos, Diego Garcia 
V7 Kwajalein, Marshall Islands 7X Algiers, Algeria XT Burkina Faso 

VK2 Sydney, Australia 9J Lusaka, Zambia 251 Capetown, So. Africa 
VK6 Perth, Australia 9L Freetown, Sierra Leone 286 Johannesburg, So. Africa 
VKB Darwin, Australia SX Kigali, Rwanda 


YB Jakarta, Indonesia 
‘Aukland, New Zealand 
Christchurch, New Zealand 


‘These PDF files contain propagation prediction 
tables valid from the transmitting site indicated in the 
filename to seven generalized receiving locations 
throughout the world in the Summary Tables and for the 
40 CQ Zones in the Detailed Tables. The user selects a 
single transmitting site closest to his/her location. You 
сап access this data by opening Adobe Acrobat Reader 
and selecting Prop Index.pdf. Or you can operate from 
the main table of contents in the left pane of the open- 
ing window. 
Each transmitting locution is organized by five lev- 
els of solar activity over the whole 11-year solar cycle 
VL (Very Low: SSN between 0 to 20) 
LO (Low: SSN between 20 to 40) 
ME (Medium: SSN between 40 to 60) 
HI (High: SSN between 60 to 100) 
УН (Very High: SSN between 100 to 150) 
UH (Ultra High: SSN greater than 150) 
‘The seven generalized locations throughout the 
world for the Summary Tables are: 


EU = Europe (all of Europe) 
FE = Far East (centered on Tokyo, Japan) 
SA = South America (centered on Asuncion, 

Paraguay) 

AF = Africa (centered on Lusaka, Zambia) 
AS = southern Asia (centered on New Delhi, In- 
dia) 
OC = Oceania (centered on Sydney, Australia) 
NA = North America (all of USA). 

Both types of propagation files show the big 
predicted signal strength (in S-units) throughout the gen- 
eralized receiving area, for à 1500-W transmitter and 
rather good antennas on both sides of the circuit, The 
standard antennas are 100-foot high inverted-V dipoles 
or 80 and 40 meters, а 3-element Yagi at 100 feet for 20 


best 


--element Yagi at 60 feet for 15 and 10 
unt the S-Me 
represent a smaller station 
Subtract 2 S units for a dipole instead of a Yagi 
Subtract 3 S units for a dipole at SO 
а Yagi at 100 feet 
Subtract 1 S unit for a dipole at 50 feet rather than 
a dipole at 100 feet 
Subtract 3 S units for 100 W rather than 1500 W. 
Subtract 6 S units for 5 W rather than 1500 W. 


readings in the tables to 


instead of 


Shown below is an image of a Summary Table print 
‘out from Boston to the rest of the world, for Very High 
solar activity in January. This table could be used, for 
example, to help plan which bands to operate when on a 
DXpedition to some exotic location. 

The Detailed Table printout from Boston to the rest 
of the world on 20 meters for January from Boston dur- 
ing а Very High level of the solar cycle is shown on the 
following page. It shows the predicted signal strength 
їп each of the 40 CQ Zones around the world. Note that 
long-path openings are predicted by an asterisk ap- 
pended to the end of the predicted signal strength, 

Also located on the CD-ROM in the \Propagation 
subdirectory is the FIg6Tab.pdl file described in Chap- 
ter 3 of the printed book. This set of tables shows the 
hours open to each of 10 regions throughout the USA 
Tor Very-Low/Medium/Very-Hieh levels of SSN. 

Enjoy the software. We would appreciate any feed- 
back or bug reports you might have. 


лз, 
R. Dean Straw, N6BV 


Editor, The ARRL Antenna Book 
email: nábyGarrkorg 
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The Cover. 

Theme: Radio signals propagate from the antenna, through the ionosphere, and 
to distant points on he globe. Sometimes tha ionosphere displays visible phenomena, 
as discussed in tho final papor of this volume. 

Feature photo: Aurora australis, Taken south of New Zealand looking toward 
Antarctica, by Col Robert Overmyer from Spacelab II (Challenger). The principal 
Investigator on the Spacelab Il auroral project were Dr. Thomas Hallinan and mission 
specialist Don Lind. The photo shows not only cloud layers, but also the airlow layer, 
stars, and the aurora. (NASA photo) 

Inset photo: Aurora borealis, showing the entire auroral oval. Taken September 
1981 from a spacecraft altitude of approximately 12,962 miles. The sun iluminates. 
the earth from the left-hand side of the picture. (NASA photo) 
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Foreword 


In 1985 the ARRL added The ARRL Antenna Compendium, Volume 1 
to its library of publications. That book contains 176 pages of previously 
unpublished material, covering a wide range of antenna types and 
related topics. The foreword of Volume 1 suggests that Volume 2 of The 
Compendium might logically follow. 

Like its predecessor, Volume 2 contains all brand-new material 
Because antennas are a topic of great interest among radio amateurs, 
ARAL Headquarters continues to receive many more papers on the 
Subject than can possibly be published as articles in the League's 
journal, QST. So again, as with Volume 1, those papers have been 
collected here and combined with solicited material. None of this 
material has appeared in print before. Whether you have only a casual 
interest in antenna construction or а serious interest in understanding 
fundamental antenna theory, you'll most likely find something to 
stimulate your thinking. 

Will a companion Volume 3 appear in the future? Very likely. 
Amateurs' interest in antennas never ends. 


David Sumner, K1ZZ 
Execulive Vice President. 
Nowington, Connecticut 
‘September 1989. 


Diskette Availability 


Six papers in this book contain listings of BASIC programs suitable 
for use with an IBM PC or compatible computer. Some papers include 
more than one program listing. The programs aid in performing various 
design tasks associated with antennas, as described in those six 
papers. 

The ARAL offers a 54-inch (360K) computer diskette for the IBM 
PC as an optional supplement to this volume. The diskette contains 11 
BASIC programs in ASCII text format, and one compiled Pascal 
program allowing a more extensive series of calculations than its 
corresponding BASIC counterpart. The diskette is copyrighted but not 
copy protected. 

The program files have been supplied by the authors of corresponding 
papers, and filenames have been assigned to resemble the authors’ last 
Names. The diskette is made available as a convenience to the 
purchaser. The ARAL has verified that the programs run properly, but 
does not warrant program operation or the results of any calculations, 


Contents 


Vertical and Inverted L Antenna Systems 


2 Vertical Antennas: New Design and Construction Data 
Archibald С. Doly, dr, KBCFU, John A. Frey, WSESU, and Harry J. Mils, K4HU 
‘What length should а 142 vertical radiator be for resonance? More than likely it is not 234/(MH2). Capacitive 
bottom loading? Folded monopoles? Data from extensive tests are summarized in this comprehensive paper. 
10 Steerable Arrays for the Low Bands 
Bob Alexander, W5AH 
You can aim your beam electronically with time-delay beam steering. The beauty of this system is the steering angle 
is independent of frequency. Use multiband radiators for beam steering on diferent bands. 
16 A Steerable Array of Verticals 
5.1. Seaton, K40R 
"This array covers tho 40, 20 and 15-meter bands. On 40 meters you can steer the beam in four directions. Band changing and 
beam steering are done without a complicated relay system, using a simple manual method to switch base loading coils. 
19 The Robert Тай—А DX Antenna 
Robert L. Brewster, WBHSK 
Invert a bobtail curtain, feed it with coax, and you have an array that reaches out and grabs DX. Nest one inside 
another for 80. and 75-meter coverage. 
25 The Simplest Phased Array Feed System. .That Works 
Roy Lewallen, W7EL 
Feeding two array elements from a T connector with i 
‘90° element phasing. Why not, and how you can gett 


s that differ electrically by %4 X will probably not give you 
proper phasing is explained here. 
36 Unipole Antennas—Theory and Practical Applications 
Ron Nott, KSYNR. 
Unipole antennas are sometimes likened to gamma-matched or shunt-ed antennas. Are they the same? A properly 
designed folded unipole is superior in some ways. 
39 Magnetic Radiators—Low Profile Paired Verticals for НЕ 
Russel E. Prack, KSRP 
‘Would you believe you can have an efficient HF vertical system without radials? And it need be only a small 
fraction of a wavelength high! 
42 A Multiband Loaded Counterpoise for Vertical Antennas 
H. L Ley, Jr, N3CDR. 
There's been a lot of talk about using lumped loading in a counterpoise system of radials. Here are the results of 
‘experiments doing just that, with information included for you to build your own system. 
46 A Multiband Groundplane for 80-10 Meters 
Richard C. Jaeger, КИОЈ 
It lumped loading of counterpoise radials works, then why not use traps instead? And with a multiband radiator, you 
end up with a multiband groundplane antenna. 
50 Tunable Vertical Antenna for Amateur Use 
Kenneth L. Heitner, WB4AKK/AFA2PB 
You can feed a vertical antenna with an omega match. And with this arrangement you can chango bands with a relay. 
A simple remote tuner gives you the final touch—the ability to OSY up and down the band but yet adjust for a low SWA. 
52 А 5/8-Wave VHF Antenna 
‘Don Norman, AF88 
For either permanent or temporary mounting, this antenna accounts well for itself. The location of the grounc-plane 
radials is optimized for minimum antenna current on the transmission line. 


HF and MF 5/8-Wave Antennas 


54 Some Experiments 
Doug DeMaw, WIFB 
A SiB:wave vertically polarized antenna is a winner on 160 meters! Install it as an inverted L. 


Yagi-Type Beam Antennas 


58 New Techniques for Rotary Beam Construction 
G. A. "Dick" Bird, GAZU/FGIDC 
Rotatable beam antennas don't always require aluminum tubing, nor do they need a large turning radius for 
reasonable gain and FB ratio. Use these techniques to construct inexpensive beams, 

61 The Attic Tri-Bander Antenna 
Kirk Kleinschmidt, NTOZ 
Efficient Yagi beams can be made of wire. This indoor Yagi antenna covers three HF bande 

64 Yagi Beam Pattern-Design Factors 
Paul D. Frelich, WIECO 


Over the years, antenna theorists frequently calculated complex radiation patterns for multielement systems by 
combining array patterns. They considered the overall antenna as an array of arrays. Couple this concept with the 
ability of a computer, and you have a truly powerful analysis tool 


Quad and Loop Antennas 


88 Half-Loop Antennas 
Bob Alexander, W5AH 
Hal of afullwave loop antenna can exist as wire in an inverteg.U or inverted.V shape above ground. The other antenna hall 
then exists as an image in the ground and radial system. Such an antenna offers quite respectable performance. 
90 Coil Shortened Quads—A Half-Size Example on 40 Meters 
Kris Merschrod, KAZOIG/TI2 


‘Try a quad with electrically lengthened elements. This paper tells you how to design them, and includes information 
оп using а computer in the design work. 


Multiband and Broadband Antenna Systems 


96 A 14.30 MHz LPDA for Limited Space 
Fred Scholz, KBBXI 
You can cover 10, 12, 15, 17 and 20 meters with this rotatable array. Being mostly wire, it weighs little and has low 
wind resistance. It's just the ticket if you ive on a small city lot. I's great for portable use, too. 
100 Antenna Trap Design Using a Home Computer 
Larry V. East, WIHUE 
You can make traps for multiband antennas from nothing but lengths of coaxial cable. But how much coax, and 
wound in what coll dimensions? Avoid the tedium of cutand-try designs with this simple computer program, 
103 The Suburban Multibander 
Charles A. Lofgren, WELZ 
A single antenna covers the 80- through 10-meter bands. Although the design resembles the GSRV antenna, its 
lineage and operation are different 
106 Fat Dipoles 
Robert C. Wilson. 
Mention а "cage" dipole and you immediately have a hot conversational topic. This simplified technique offers 
some advantages of a cago dipole with a lot loss wire. 
108 Swallow Tail Antenna Tuner 
Dave Guimont, WE6LLO 
This unique adaptation of a fan dipole lots you remotely tuno the antenna for 75 or 80 meters by mechanical 
means, It covers 40 meters, too. 
110 The Coaxial Resonator Match 
Frank Wit, AHH 
Ifyou use a dipole on 80 meters, you'd really like to feed it with coax and have an SWR below 2:1 across the entire 80-meter 
band. Recent ideas have met with success. This one uses a unique combination of coax sections as resonators. 
119 A Simple, Broadband 80-Meter Dipole Antenna 
Reed E. Fisher, W200H 


Several different schemes have been tried over the years for getting an SWR below 2:1 across the 80-meter band. 
This system uses multiple coaxial stubs at the feed point. 


Portable, Mobile and Emergency Antennas 


126 


128 


130 


Emergency Antenna for ARES/RACES Operation 

Ken Stuart, W3VVN 

‘The familiar ¿polo antenna has been constructed with many p 
freestanding support that can be used almost anywhere, even on a fight of stars. 

Portable 2-Meter Antenna. 

Michael C. Crowe, VETMCC: 

This portable 5/8) groundplane offers significantly better results than the typical antenna you'll find on any 
hand-held transceiver. And yet it folds into a very small package, less than 2 inches diameter by 10 inches long. 
The Half-Wave Handie Antenna 

Ken L. Stuart, W3VVN 

Build this Ye antenna for your hand-held transceiver. You'll need only a few parts, and tho results will amaze you. 


Controlled Current Distribution Antennas 


132 


137 


The Controlled Current Distribution (CCD) Antenna 
‘Stanley Kaplan, WB9ROR, and E. Joseph Bauer, W9WO 

What do you have when you break your antenna conductor up into many sections coupled with capacitors? I the 
‘section lengths and capacitor values are chosen properly, you have an efficient antenna with numerous advantages 
‘over a straight conductor. Here's how to design it 

‘The End-Coupled Resonator (ECR) Loop 

ноту S. Koon, WSTRS > 

The controled curentdsirbution (CCD) technique can be applied o loop antennas, too. Неге is basie information 
on why CCD works, as wel 


Balloon and Kite Supported Antennas 
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Antenna Potpouri 
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Balloons as Antenna Supports 
‘Stan Gibilisco, WIGV 

Helium-filed balloons can serve well as supports for long end-fed wires at MF and HF. But there are pitfalls to 
avoid. Follow these tips for success. 

Kite-Supported Long Wires 

Stan Gibilisco, W1GV 


If you've ever flown a kite, you've probably thought about using one to hold up an antenna. Give it a ty. The 
results can be well worth the effort, aside from the fun you'll have. 


Antenna Selection Guide 
Eugene C. Sternko, K6AH 

Your antenna type, the зой conditions in your area, and propagation radiation angles determine how much useful 
signal you have for working DX. Your antenna height plays а рап, too. These results of a comprehensive computer 
analysis will help you choose the best antenna for your neede. 

A Ham's Guide to Antenna Modeling 

Steve Trapp, N4DG 

‘Anyone with access to a computer can calculate numerous antenna and maiching-network parameters. If you do 
your own programming, take advantage of the tips and math relationships in this paper. 

A Window Slot Antenna for Apartment Dwellers 

Ermi Roos, WA4EDV 

Use the reinforcing stol and other metal in your building о enhance your VHFIUHF signal, rather than to shied it from radiating. 
Polar Pattern Plotter for the C84 

‘Stove Corwin, WASFRF 

Lot your Commodore 647% plot antenna radiation patterns for you. You can view patterns on the screen or sond 
them to the printer. 

A VHF RF Sniffer 

Don Norman, AFBB 


An absorptive wavemeter is a very useful item of test equipment when you work with RF power circulis. This 
design is one of the simplest, and yet it is quite effective. 


Baluns and Matching Networks 
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‘Some Additional Aspects of the Balun Problem 

Albert A. Roehm, W208J 

You don't need a complicated or expensive balanced matching network to до from coax to a balanced line 
operating with high SWR. Just put a good balun ahead of your tuner. 

A Servo-Controlled Antenna Tuner 

John Svoboda, WSMIT. 

Go one step beyond a manually adjusted matching network. With this semiautomatic, remotely controlled tuner, you 
сап change bands quickly and easily. 

Remotely Controlled Antenna Coupler, 

Richard Z. Plasencia, WORPV 

This device lets you remotely switch bands and tune a vertical antenna for 1.8, 3.5 and 7 MHz. It uses a unique, 
low-cost homemade variable capacitor that works as well as a vacuum variable. 


Phase-Shift Design of Pi, T and L Networks 

Robert F. White, МВРУ 

Many amateurs uso a matching network at one end of the transmission line. These networks, pi circuits in 
particular, are typically designed for a specific system Q. Designing for a specific phase shift offers a simpl 
design approach, as well as a better understanding of the relationships between various network types. 


Solar Activity and lonospheric Effects 
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Sunspots, Flares and HF Propagation 
Richard W. Miler, VESCIE 


MINIMUF and similar computer programs are excellent for making predictions of HF propagation under normal 
solar conditions, But unusual solar activity can render those predictions useless for a time. Use these guidelines to 
‘get more reliable day-to-day predictions. 


Visible Phenomena of the Ionosphere 
Bradley Wells, KA7L 


‘You probably know the ionosphere contains regions (layers) with diferent electrical characteristics. You may also 
Know the ionosphere is a zone of dynamic activity. But do you know why it sometimes emits light? 


Vertical and 
Inverted L Antenna 
Systems 


Vertical Antennas: New 
Design and Construction Data 


By Archibald С. роу, Jr., KBCFU 
367 Jackson Ва 
"аспе NC 28782 


John A. Frey, W3ESU 
ват Greenwood Dr 
Handersonvia, NC 28739 
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he original objective of the test 
programs that were the basis of 
this paper vasto determine the base- 
impedance transformation that сап be 
accomplished by design variations of ver- 
еш folded. monopole antennas having an 
electrical height of %4 А. As folded mono- 
poles consist of two А.Х vertical elements, 
the starting point for the program was to 
determine the correct heights for the 
various elements to be used. These elements 
had diameters ranging from 0.125 inch to 
2.0 inches in diameter 
Vertical antennas are not too compli- 
cated. They can be drawn, looking from 
the feed point, as a seres resistor, induc- 
tor and capacitor. See Fig 1. The resonant 
Frequency of a vertical is "à frequency at 
which the input impedance of an antenna 
is nonreactive.” In other words, when the 
inductive reactance of the radiating element 
is exactly balanced by the capacitive reac- 
tance of the antenna system at a certain fre- 
quency, the antenna is resonant at that 
frequency. 


Height-to-Diameter Ratio 


To give an example of how this works, 
lets first look at а resonant vertical 
antenna, The vertical radiating wire has a 
‘certain natural value of inductive reactance. 
‘This value is balanced at resonance by the 
capacitive reactance resulting from the 
adjacency of the radiating element to 
‘ground or to nearby structures. For illus- 
trative purposes this capacitance can be 
imagined as resulting from many small 
‘capacitors, each having one end attached. 
{othe antenna, and the other end attached. 
to the ground. Fig 2A. 

If the diameter of the 


the element that is * 
ground, as illustrated in Fig 2B. Thus the 
clement will have greater capacitance to 
sround-—just as making capacitor plates 


"Nees appear on page 9. 
2 


Fig 1—The equivalent circuito a vertical 
antenna. The resistor, R, represents the 
Severa resistances inherent ап antenna 
including the otv resistance value of md 
metalic antenna element, tne radiation 
resistance of he antenna, ele. The induc- 
for, L ie the sotuincuciance ©! the wire or 
tubing used asthe radiating element, and 
the capacitor, C, ie the capacitance bo- 
{ween ine radiating element and tho 
rodné or surrounding objects 


larger increases their capacitance. 

If the antenna system with the larger 
diameter clement, Fig 2B, is to remain 
resonant at its original frequency, it must 
be shortened enough so that it once again 
provides the same capacitance to ground 
эз did the original radiator, Fig 2A. This 
is referred to as the height- (or length.) to- 
diameter ratio, or the antenna-to-diameter 
effect on the resonant frequency of a 
vertical antenna. Simply stated, the ‘fat- 
er" a radiating element is, the shorter it 
must Бе to maintain а fixed resonant fre- 
quency. This explains why the physical 
height of а 14) vertical antenna can be 
considerably less than an electrical quarter 
wavelength. 
End Effect 

There is a second phenomenon, referred 
to as end effect, that also results in the 
physical length Of a radiator being shorter 
"han the electrical length, End effect results 
from the boundary condition at the end(s) 
of the radiator, ie, where the metallic ele- 
‘ment ends and a nonconducting medium 
begins (as air, or an insulator). In this area 
there is a concentration of electric lines of 
force, which implies a greater capacitance 
per unit length than is found along the rest 
Of the radiator. 

"The result of this “extra capacitance at 


ıe capacitance of a vertical 
lenna to ground can bo imagined as the 
result ol many small capacitors, each have 
Ing one end connected o ө adiaing olo: 
int and the other end o ground. Tha. 
drawing at A represents a thin radiator: at 
В, one of greater diameter, and one requi. 
ing a shorer element lengi in order to 


the end of an element is to load the element 
and thus reduce its resonant frequency. 
Thus it will be necessary to reduce the 
physical length of the element to maintain 
its original resonant frequency. In sum- 
mary, anything that adds capacitance to a 
Vertical antenna must be recognized when 
deriving a formula for the physical height 
of the radiating element 

As the la vertical is one of the most 
commonly used antenna systems, we 
assumed that there would be no problem 
їп finding а formula that would provide 
explicit dimensional data for the height of 
the test antennas that we wished to use. 
Wrong! Here а small portion of what was 
found on this subject in an extended 
literature search. А number of references 
acknowledge that the height of a vertical 
antenna must be adjusted to compensate 
for the antenna height-to-diameter ratio, 
or for end effect. But most of them do 
not agree on how much compensation 
should be made for these important 
factors. 

In previous publications ARRL provides 
a formula for various configurations of 
%3 vertical antennas as 


En 
Tuns 


t= 


‘This formula is apparently derived from 


эм _ 246 
AG HE. tes 5% for end effect 
ae 
"ET 


"This formula is incorrect, as it does not 
make provision for the important hightto- 
diameter actor discussed above. (The 1988 


15th edition of the ARRE Antenna Book 
corrects this situation in рап.) Moxon notes 
that, “Even when no insulators are used, the 
resonant length of a dipole i slightly less 
than the free-space half wavelength, depend: 
ing on the ratio of length to diameter bat 
typically 2.4% for wire elements rising to 
4.7% for Linch diameter tubing at 14 MHz, 
ос half this at 28 MHz 

Another source of information disagrees 
with both the older ARRE and the Moxon 
data. In reporting on tests with Yagi-Uda 
dipole antennas, Green states, "During the 
experimental measurements, it was found 
that agreement between theory and practice 
was always obtained at a frequency one or 
two percent lower than the design value 
This was not affected by the number of ele. 
ments nor their spacings, but only by their 
diameter, suggesting а dipole ‘end 
effect Several other sources provide 
excellent or good data and mathematical 
analyses of end effect bur no specific 
formulas, for designing а vertical 

Finally, however, two references provide 
explicit data describing the shortening effect 
fon а 90° vertical antenna resulting from 
its height to diameter ratio. Brown and 
‘Woodward refer to the "shortening effect 
for zero reactance” бе, resonance) in terms 
of percent of a quarter wavelength, and pro 


Fig 3—This photo shows the variation of 
haigh found necessary to resonate 
‘ements of various diameters s 28.0 MHz. 
The length Gorence Between the thinnest 
вотот (1/8 inch) and tha thickest element 
(E inches) в 5 inches. 


00 
Fig Tessin he 27-10 SO МН: range were performed over this countepoise system. l consists of 64 racial wre covering a 20- x 20400! are. 
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vide data оп the basis of the “antenna/ 
diameter” ratio (hcightt0-diameter ratio 
expressed їп degrees)!” Laport takes 
another approach toward describing the 
háght/dlameter ratio effect but comes out 
with almost identical dimensional con- 
clusions." 

"Ihe importance of the height <o-diametor 
shortening factor is illustrated by Fig 3. A 

inch variation of element heights was 
found necessary o resonate the thinnest and 
the thickest elements used in this test pro- 
gram at the same frequency—29.0 MHz 

Tn this test series, the objective was to 
determine correct antenna heights for the 
test frequency—and not to separately define 
‘each of the factors determining the correct 
height for the radiating element. Thus, the 
two elementshortening factors discussed 
above were combined into a single shorten- 
ing factor, C, and the following formula 
derive. 
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where 
hh = height of a 14 vertical monopole, 
feet 


Fig 5—Test equipment was located atthe base o the antenna, beneath the counterpoise 
System. Equipment so located is virtual “invisible to ins antenna Asel! 


f = frequency, MHz 

C = a factor to compensate for all 
aspects of the antenna system that 
‘cause the physical height of the 
radiating element to be les than its 
electrica length бе, height-todiameter 
ratio, end effect, eto) 


Base Resistance and C Factor Tests 

The antennas tested were located above 
the center of a 20- x 20-foot 64radial 
counterpose raised 5 feet above а brick ter- 
race. The counterpoise is shown in Fig 4, 
A and B. Tests were conducted in the 27- 
то 30-MHz range. Extensive prior testing 
had proved that а counterpoise of this size 
would provide a fair approximation of the 
elusive “perfect ground." and should assure 
‘uniformity of testing without concern about 
anomalies in the ground system." Test 
equipment was located at the base of the 
antenna, directly under the counterpoise, as 
shown in Fig 5. Previous experience had 
shown that equipment under a properly 
designed counterpoise is vitally “invisible” 
to an antenna located above the counter- 
poise radial wires. 

When testing began, it was apparent that 


the base impedances of the 4% vertical 
‘monopoles tested were considerably lower 
than anticipated. Also, the heightio- 
diameter effects encountered were quite 
different from those which had been 
published for dipole antennas, Several weeks 
were spent rebuilding, revising and recali- 
brating the test setup, but the height 
anomaly persisted. As retest error with our 
venerable General Radio impedance bridge 
was consistently low, we finally concluded 
that our readings must be correct. 

Fig 6 shows the shortening effect found. 
for the physical length of an electrical X 
vertical monopole antenna over a counter- 
poise. This graph takes into account all 
Factors that cause а vertical antenna to have 
a physical eight less than an electrical 4 А, 

Further testing produced the base- 
resistance figures shown їп Table 1. The 
lower than expected values for the “fatter” 
radiators were of concern until we noticed 
the recent work of Richmond, which indi- 
cates similar values for monopole antennas 
operating over a circular disk (е, a solid 
sounterpojse) 


Capacitive Bottom Loading of Vertical 
Antennas 

‘The “final report” of the tet program. 
described so ar in this paper was writen, 
Provided to participants, and filed away. We 
did not originally plan to publish this data. 
However, the nagging question remained: 
Had some factor been missed that would 
help to explain the unexpectedly short 
height found for YA vertical monopoles? 

"The results of tests made by Brown and 
Woodward have been published in their 
highly respected paper. They show that 
the formula for the height of a vertical 
antenna over normal ground (with all 
Shortening factors included for an antenna 
having а height/diameter ratio of 100) was 


— 20 


height, feet 
frequency, MHZ 

Our tests (using a counterpoise), however, 
showed figures in the range between 205 and 
220. We also remembered an unexplained 
antenna height anomaly that occured when 
Ne constructed the vertical antenna used in 
gur extensive studies of counterpoises.” 
"This antenna was carefully designed, using 
data from The ARRL Antenna Book, to be 
resonant at 1840 kHz. However, when 
tested, it was found to be resonant at 
approximately 1700 kHz (ie, more than 10 
Jeet too high) 

Some months later the first сше to the 
usually short antenna heights appeared. 
‘when we built and tested a number of 
440-MHz folded monopole antennas over 
counterpoises. Fig 7 shows one of these 
Antennas. Here is what we found from a 
Series of tests on these antennas. 


4 


Fig 6—Shortening factor, С, as а function of antenna heights diameter ratio. This curve is 
based on mbosuromonts Y verteai monopoles ove Sadia counterpoise, seprocimelly 
0.63 square and approximately 0.15 y above around. A minor shift in the C-acior value wil 
‘cur with dieron! counlerpole sizes and height above ground. 


Table 1 

Base Resistance of Yé-Wavelength Vertical Antennas over a 64-Radial Counterpoise 
Unpoe Actua HD Base Resonant Theoretical С 
Diameter Height Rato Resis. Frequency Height Factor 
0.425 inch zat 712 995 obne 25, Мн: 845 R 0877 
0375 as me 290 з 8658 бб 
0375 imo m 200 En [C 
0575 та 235 EH 287 вт 0861 
0625 та ма 250 вл 846 — 09e 
9585 теа м2 250 EH 872 оме 
0625 7 in 250 204 ase оне 
9588 72 wa 250 os 850 Ова 
0878 Te we 235 27 007 
0875 za 101 EH 279 сат 
DE в 225 280 D826 
1327% в 220 274 0.522 
1875 T5 % Er] 276 сам 
200 75 а 210 EH 0810 


1) The resonant frequency of a 14A 
vertical antenna used with a counterpoise 
‘aries as the size of the ground system (or 
plate, in the design tested) under the 
ounterpoise. The larger the ground system, 
the lower the resonant frequency. 

2) The resonant frequency of а vertical 
‘antenna used witha counterpaise varies ith 
the distance between the counterpoise and 
the ground. The greater the distance, the 
higher the resonant frequency. 

In other words, the capacitance between 
the counterpoise and ground is acting 10 
capacitively bottom load the vertical 
radiator. The concept of loading vertical 


antennas to reduce their physical height is 
certainly not new. Verticals are often induc- 
tively loaded, as with top, center, or base 
loading coils. Capacitive top loading (a top. 
hat) is also common. As a matter of fact, 
the idea of capacitive bottom loading dis 
cussed here is mentioned in the literature, 
although it has apparently not been exten- 
Sively tested or applied.” 


Capacitive Bottom Loading Tests 

A series of tests was conducted to better 
define and quantity the capacitive-bottom- 
loading effect. The emphasis in these tests 
маз changed instead of attempting to 


maintain a constant resonant frequency, we 
decided то determine what range of resonant 
frequencies could be attained with a fixed 
height of vertical radiator by varying the 
value of the capacitive bottom loading 

їп deriving the test program, we con- 
sidered thatthe capacitive bottom loading 
“Пеш can be described as follows: As the 
frequency of operation is raised, an antenna 
of fixed length looks at its base feed point 
like an increasing resistance in series with 
а decreasing capacitance, The resulting 
inductive reactance at the feed point must 
be tuned out, which necessitates the use of 
capacitive reactance, whichis provided by 
A capacitor. 

In the antennas tested, capacitance was 
Added between the fed point of the antenna 
and the ground system, in order to supply 
the required capacitive reactance. By varying 
‘the value of this capacitive reactance, the 
Frequency at which the base impedance of 
the antenna is purely resistive, le, its 
resonant frequency, was varied 

"Ihe following tests were conducted with 
two Il-inch-diameter copper-clad printed 
rest board plates (capacitive elements 1 
‘and 2 in Fig 8) adjacent to the base of the 
vertical radiator. A 24- x 36inch metal 
plate was spaced under these capacitive ele- 
ments to simulate а vehicle body or other 
ground system. 


Test No. 1 

The capacitance between capacitive 
elements 1 and 2 (CE1 and CE2 in Fig 8A) 
was varied by inserting fixed capacitors 
ranging in value from 0 to 1000 pF. The 
resonant frequency of the antenna system 
Nas found to vary from 27.810 30.7 MHz. 


Test No. 2 

Scc Fig 8B. The spacing between capaci 
tive elements 1 and 2 was varied from 1/8 
inch to 13/8 inch. The resonant frequency 
of the antenna system was found to vary 
from 28.7 to 32.1 MHz 


Ба 7— Ore of tho 
‘Sabie antennas 
Used for testing. 
Wits hese antenas 
it was learned that 
the “resonant 
frequency ofthe 
artical radiator 
depends on the size 
‘ofthe counterpoise 
эла te distance 
Гот ground. This 
оос has been 
formed capacitive 
bottom ойго, 


Test No. 3 


"Three different materials (sheet plastic, 
plywood and perfboard) were inserted 
Between capacitive elements and 2, Fig 8С. 
Each material had a different dielectric 
constant, The resonant frequency of the 
“antenna system was found to vary from 28.7 
10292 MHz. 
Test No. 4 

As shown in Fig 8D, the relative 
diameters of capacitive elements 1 and 2 
were varied from a ratio of 1:1 to approxi- 
mately 1:5. The resonant frequency of the 
antenna system was found to vary from 25.2 
to 36.4 MHz тог than 10 MHz! 


Practical Antennas Utilizing Capacitive 
Bottom Loading. 

A number of antennas for use on 440, 145 
and 29 MHz have been built to evaluate the 
practical aspects of capacitive bottom 
loading. The 29-MH model was extensively 
tested, and found to be tunable from 25.9 
to 31.5 MHz without changing the height 
Of the vertical radiator. With 100 watts 
input, a small trimmer capacitor was found 
to be satisfactory. On-the-air performance 
on the amateur 10 meter band was excellent 

А and В of Fig 9 show 145-MHz mobile 
antennas constructed with the capacitive 
bottomloading feature. In many months of 
fon-the-air use this feature has allowed 
tuning of the antenna over a considerable 
frequency range while it was mounted at 
diferent locations on several different 
vehicles. Performance has been consistently 
excellent. 


Impedance Transformation of Folded- 
Monopole Antennas 

"The folded-monopole antenna consists of 
two or more parallel, vertical elements 
approximately %4-A high, and all connected 
at the top. These elements are at right angles 
to, and fed against, a suitable counterpoise, 
ground plane or other artificial ground 
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Fig 8—A through D, tour test arrangements to 
determine tho eects of capeciive bottom 
loading (ee text, The food method foral 
cases (в shonn at E. CE = capoctie өтет. 


system. IEEE describe а folded monopole 
as being “a monopole antenna formed from 
half of a folded dipole with the unfed ele- 
meni) directly connected o the imaging 
pane 
О. M. Woodward has provided the fol- 
lowing description of the electrical charac- 
tenise of folded-monopole antennas." He 
notes that this approach was first suggested 
by Walter van B. Roberts in 1947.0 First, 
consider a folded monopole of height h, fed 
against an ideal ground of perfect conduc- 
ity and infinite extent, as shown in 
Fig 10A. The generator, e, has zero inter- 
pedance. Next, he circuit сап be 
modified as shown in Fig 10B, using three 
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Fig 9—Tho bases of mobile antennas constructed withthe capacitive-bottom-ioading feature. 


Fig 10—шагайп the analyse ol curont 
ow viní ho boundary conditions of a 
folded monopole. See tex. 


generators having zero internal impedance. 
Instantaneous polarities are indicated by 

“At point A, the left-hand Jeg of the folded 
monopole is fed by two of the generators 
in series, ie, a total voltage of e. At point 
B (the right-hand leg) the two driving gener- 
ators are bucking; hence point В is at zero 
potential with reference to ground. Thus it 
ls seen that the boundary conditions of the 
two drawings are identical. We may now 
find the current that flows using super- 
position theory. 

‘Consider frst the case with only the 
generator that is joined to the ground turned 
Оп, Fig 10C. Since the other two generators 
have zero impedance, then the two lower 
ends of the monopole legs are tied in parallel 
and fed as a simple monopole by the 


6 


generator, €/2. The current from this 
generator is then 


This current is the push-push mode, with 
саш currents flowing in the same directions 
оп the parallel conductors Zo is the radia- 
tion impedance of the “fat” monopole fed 
against ground. 

Now, let us turn off this generator, and 
turn on the other two generators as shown 
in Fig 10D. We now have the push-pull 
mode, with the curent flowing in oppo- 
Site directions in the two parallel legs. This 
rait is now a nonradiating transmission 
lime section short circuited at the far end. 
‘The input reactance is then 


Zg = Ze tan (X x 368) ohms 
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Performance is consistently excollent. 


Fig 11—Equvalent circuit of the folded 
monopol. 


Hence, the equivalent circuit of the folded 
monopole is that shown in Fig 1. Thus, the 
radiation impedance of the two legs fed in 
parallel (Fig 10C) is multiplied by four, and 
the resulting impedance is placed in parallel 
‘withthe transmission line stub (Fig 10D). 

17 the stub is 143. long, then the input 
impedance of the folded monopole is, 
theoretically, four times the radiation 
impedance of the push-push mode. Or, to 
put it another way, so long as the element 
diameters are equal, the input impedance of 
ıa folded monopole will be four times that 
Of a unipole antenna. Our tests showed this 
to be true in practice, so long as the element 
diameters are relatively “fat” as compared 
to their height 

In practice it is of much more interest to 
determine what impedance transformations 
can be accomplished by changing the 
‘diameters of the olded-monopole elements 
and/or the spacing between the elements. 
Data of this type—which has not been 
previously available in the literature—will 
allow the design of folded monopoles having 
base impedances matching the feed line 
то the antenna. Thus separate impedance 
‘matching sections or devices are not required 
to feed the antenna. This reduces losses in 
system efficiency. 

‘Common practice has been to feed most 
vertical antennas with coaxial cable that has 


а nominal impedance of 50 ohms. As the 
base impedance of the usual 4- vertical 
antenna is only a fraction of 50 ohms, an 
impedance matching device is required for 
efficient operation ofthe antenna system. 
Design data has not been previously aval 
able that will allow the construction of 
folded-monopole antennas with predeter- 
mined values of base impedance, as, for 
example, 50 ohms. Data from our tess, 
presentes below, provides this design 


Folded-Monopole Test Results 

The center test frequency was 29.0 МН. 
‘The artificial ground system was the same 
as described сайт, a 20- х 20-foot 
comnterpoise elevated $ feet above an 
extensive paved terrace (see Fig 4). Again, 
©! radials were used, with a peripheral wire 
connecting their ends to eliminate the pos- 
sibility of resonance in the array. 

Equipment included а 5-май, crystal- 
controlled RF source (with the output power 
monitored оп а Bird model 43 RF wati- 
meter), a General Radio 916A RF im- 
pedante bridge, and a Drake model 558-1 
receiver. The test equipment was located 
immediately adjacent to the base Of the test 
antennas so that it was not necessary 10 
‘extend the lengths of the GR bridge leads, 
Fig 12. The operators also positioned them: 
selves under the counterpoise, as shown in 
Fig 13. This arrangement was used because, 
эв indicated earlier, extensive experience had 
Shown that objects under a counterpose are 
virtually “electrically invisible” to a verti- 
‘al antenna above the counterpose. 

Table 2 shows the base impedances found 
for two-lement folded-monopole antennas 
having element diameters from 1/8 inch to 
2. inches, and with spacings between the 
elements of 2 to 10 inches The "main ele 
ment" is that which has Из bottom end 
attached to the counterpoise. The "drop. 
wire” is the fed clement. In each case 
shown, the frequency was varied to achieve 
zero reactance. For reference, the base 
resistance for а %4-X unipole is included in 
the data for each basic main-dement 
diameter. 

From the theory of images, the input 
impedance of a folded monopole should be 
опе half that of a folded dipole having the 
Same element dimensions, It will be noted 
that this theoretical consideration does not 
apply to the values we found. 

‘Since commonly used resistance values of 
52 and 72 ohms are compatible with avail- 
able coaxial fed lines, it is useful to note 
how these conditions can be obtained. As 
Table 2 shows, using the commonly avail- 
able element lengths and diameters, there are 
‘many combinations resulting in base 
resistances at or near 72 ohms, and three at 
or near 52 ohms. 

її Б always interesting to check test results 
with similar work previously undertaken 
by others. This was done, and the data in 
Table 1 compared with the only other tests 


Fig 12—To avoid long test leads, the General Racio impedance bridge is located ight athe base 


fine antenna, 


Fig 13—Jomn Frey, WSESU, st ol. and Hary Mila, KAHU, discuss somo of the tot results. 


of the same kind found in the literature 
those conducted by Brown and Woodward 
more than 40 years ago? After converting 
the Brown-Woodward data to 29.0 MHz, 
here is what was found, The Brown: 
Woodward data shows a resistance of 
approximately 115 ohms fora folded mono- 
pole having an A/D ratio (antenna height- 
To-diameter ratio) of 85, Our tests of an 
‘equivalent folded monopole (h/diam ratio 
of 82, with 1-1/16- x 7/8-inch elements 
spaced 4 inches) showed 120 ohms base 
resistance. Brown and Woodward's Graph 6 
shows 70 ohms for another configuration 
of folded monopole. Our equivalent 1/8- 
x 5/8-inch folded monopole with 4inch 
spacing showed 72 ohms. 


Practical Application to Amateur Antennas 

‘The impedance-transformation cha 
teristics of folded-monopole vertical 
antennas offer several tempting possibili 
ties to Amateur Radio operators. The 
folded-monopole vertical is inherently a 
broader antenna than a monopole, just as 
a folded dipole has broader bandwidth than 
a single wire dipole. Thus the folded mono- 
pole offers ‘significant operational 
advantage—particularly on the 80- and 
160-meter bands. 

As has been shown above, the folded 
monopole, if properly designed, can be 
Constructed to offer base impedance values 
that will allow direct feed with coaxial 
line—without the need for an impedance 
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matching device between the antenna and 
the transmitter. The removal of this match 

ng device and its associated components, 
cables and iting vil improve overal sys- 
fem efficiency. 

In order to tempt experimenters to try 
the folded-monopole type of antenna, pro- 
visional antenna dimensions for the 10- 
through 160-meter bands are presented in 
Table 3. It must be emphasized that these 
are provisional values for the reasons given 
їп the note contained in the table. The 
authors would greatly appreciate comments 
and specific data from anyone who builds 


antennas to these dimensions. 


Radiation Characteristics of Folded 
Monapoles 

Asa matter of curiosity, a number of 
tests were made to assess the radiation 
characteristic of folded-monopole anten- 
таз. Time was not available for an in-depth 
study. However, the results were both in- 
teresting and unexpected. Further study is 
certainly indicated. 

‘We were aware, of course, that radiation 
from folded monopoles should be identi- 
cal in strength and vertical angle with that 


from vertical unipoles of the same electri- 
al eight. Theory teaches that the radia- 
tion mode of a folded monopole is only 
from the push-push operation illustrated 
earlier this is the same for the "fat" uni- 
pole and the folded monopole, ie, the rela- 
five current distributions arc the same. 
Hence, they should have the same 
elevation angle patterns and therefore the 
same directivity gains. This should hold for 
antennas above any Kind of ground screen, 
‘ounterpoise or other ground system that 
Approaches the theoretical perfect ground. 

Та our tests, radiation-angle data was 


Table 2 


Base Impedance Characteristics of Two-Element Folded Monopoles 
Notes on terminology: Drop wires are the fed elements. Main elements are connected to the counterpolse, Spacing was measured 


from outside of tho element. 


Man Drop Folded мап рәр 
Element Wire — Dam Unipole Monopole Resis | Element We Diam noe Monopole. Resis- 
Dam Diam Rato Spacing Ress. Нә tance | Dam Diem Rato Spacing Resis- tance 
tance lance Рао (ance ato 
‘WB inch 18 inch 1:1 4 inches 31.0 ohms 98 ohms 1316 | 510 inch 7/8 inch 57 7 inches 28.0 ohms 1350 
7 % 25 10 x 1379 
10 dos казе 145716 1021 4 1293 
зв „ 5 = = 7 táta 
7 * гм 0 332 
10 97 1313 2 sw 4 254 
se is 7 7m 1232 7 261 
7 m 1242 10 264 
40 = 1287 |m m 7% 4 зо 785 
m 7 4 „ 1216 7 aor 
7 * 125 0 852 
19 LEE зв 7 s 507 
asne 1105 2 FEES 7 sis 
+ @ озм 10 B 
7 FEE we is + 428 
10 3 125 5 433 
2 vis 4 FEE H 441 
7 ® H0 m mo 35s 
10 FEE 7 ng 
зв зз зз 4 — m0 м0 — tam 10 422 
7 do 480 dene 23 4 307 
10 12 зз 7 зза 
за 1 14 7350 10 352 
7 108 1372 2 e 4 260 
0 їп ue 7 a 
5% es 4 T 1255 19 289 
7 „ 1324 | vens xe 72 4 800 
10 100 1345 7 525 
ae T, 3 1282 10 1742 
7 8 1262 se cuo 4 560 
10 2 127 7 561 
зв 621 4 * 1245 10 568 
E LEE ла за 4 "m 
10 ж 1202 7 483 
2 эш 4 ы 1186 10 че 
7 LEE TU 2 132 
10 2 1248 4 356 
вв wo әт а стз 7 368 
7 3e 1558 10 304 
10 e тезе |2 mo зет 4 - = 
ав s 4 io 0396 7 MK 
7 1з таз 10 me rasa 
10 isi 1426 тэзе a221 4 = = 
LI 98 1350 7 = = 
7 We — 1364 10 Ta ur 
10 ios 1375 LN t; s 
m 574 96 1343 H n em 
10 2 vas 


Table 3 


Provisional Folded-Monopole Dimensions 
Operating Desired Base Height of Main Element | Fed Element Spacing Benveen 


Frequency impedance Elements Diameter Diameter Elements 
18MM:  Süchms 1160h — 20m en, 235i. 
75 97s 30976 
за 50 ss 10 675 ms 
75 HA Ed 
72 50 ma os 35 60 
75 25 2825 
м2 5 151 025 175 за 
78 125 1425 
EH so 101 020 125 20 
78 075 95 
En 50 74 — 0125 0675 15 
75 0625 70 


Note: Those dimonsions wore dorve rom the resus ot est оп 20,0 MHz monopolo antenas. 
TT he ground system. Dimensions wi vary monopoles are use 
(Mot урет ol ground systems, Pus may be necessary fo vay o spacings sown lo some 
..... metes la monopole aad over some cer pe o ground. 


„measured by the use of 14 dipoles and 
associated detectors per Bry. We con- 
structed, tested and calibrated the detec- 
tors, and they proved to be well suited for 
use in our application. Our vertical dipoles, 
resonant at 29 MHz, were mounted 200 feet 
from the test antennas at vertical angles of 
O degrees and 17 degrees. Little, but notice- 
able difference in feld strength was 
measured. The variation was in the range 
of 20% in favor of the 0° angle. 
in comparing the relative fied strength 
of а unipole, as compared to several 
folded monopoles, we found gains as high 
эз 30% in favor of the folded-monopole 
configuration. 


‘Summary and Acknowledgments 

‘The test programs described in this paper 
provide a considerable amount of new data 
‘on vertical antennas—with important 
practical implications, Through the use of 
Fig 6, proper dimensions can now be 
derived for 14-A vertical monopoles over а 
Sounterpoise or equivalent ground systems, 


‘This data has not been readily available in 
the past, so far as we can determine. 

“The concept of capacitive bottom 
loading is explained. Illustrations are 
presented for the practical application of 
this convenient and efficent method of 
resonating vertical antennas. The final part 
of the paper provides for the first time 
data that allows the base impedance of 
folded monopoles to be selected by design 
This data will permit the choice of element 
sizes and spacings to achieve a wide varie- 
ty of impedances for matching, phasing 
and other purposes 

"This paper resulied from a privately 
funded research effort to investigate several 
unresolved aspects of vertical monopoles 
and folded monopoles. The material was 
Originally presented at the Technical 
Symposium of the Radio Club of America 
in New York City on November 20, 1987. 
Greatly appreciated data and encourage- 
ment for this program were extended by 
Dr. George Brown, Barry Boothe, 


WIUCW, Richard Frey, K4XU, John Furr 
and, particularly, by O. M. Woodward, Jr. 
‘All tests were performed by the authors. 
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Steerable Arrays for the 
Low Bands 


By Bob Alexander, WAH 
2720 Posey Dr 
Irving, TX 75082 


ве use of vertical arrays on the low 
I bands is not uncommon. Generally 
two elements are used, and the 
‘phase shift between elements is adjusted by 
‘means of a phasing line to provide the 
(desire radiation pattern. Electrically ste 
able phased arrays that permit placement 
‘of beam peak or null where desired arc 
Jess common, and generally consist of more 
than two elements. A steerable, multiband 
phased array is rare. However, if you think 
în terms of time delay rather than phase 
shift, a two-element, multiband, beam- 
steerable array becomes a relatively simple 
project. 


Time-Delay Beam Steering 


ously described by Fenwick and S 
‘and only a simplified explanation is given 
here, Fig 1 illustrates two verticals with 
spacing AB. When elements A and B are 
fed with equal power through equal length 
transmission lines, radiation is in the broad- 
side direction. I the case of an incoming 
signal arriving at angle б, the signal will 
arrive at element B prior Lo element A. CA 
is the extra distance the signal must travel 
Before arriving at element A. When a delay 
line electrically equal to CA is added to the 
transmission line to element В, the signals 
will add in the directions of O° + 9 and 
180° — 0. (Zero and 180° are arbitrary 
designations for the broadside direction.) 
Typical pattems for element spacings 
between % and 2 X are shown in Fig 2." 

Delay-line length îs a function of element 
spacing and angle 0, and is given by 
t= VFS sin 0 


where 
VF = velocity factor of the cable in use 
S = spacing between elements (same 
units as 0 
# > steered angle (less than or equal to 
90°) 


Since the delay line, and therefore the 
steered angle, is independent of frequency, 
operation оп more than one band with the 


"Мове appear on page 15 
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моек 


Fig {Array using time-delay beam steering. 


same steered angle can be achieved through 10 $0 0. C serves to cancel the inductive 
the use of multiband verticals and a sigle reactance of the input wiring and trans- 
delay line. If provision is made to select the former windings. C2 cancels the reactance 
amount of delay and the clement o which in the relay wiring. 

it is applied, 360° time-delay beam steer- The hybrid difference port is terminated 


ing is obtained. with a noninductive resistor, RI. When 
identical impedances are connected to the 
Circuit Description hybrid output ports, as in broadside opera- 


The beam-steering sytem described here tion or with ideally matched antennas, по 
is based on the Omega-T 2000C Beam current flows through the resistor. If a 
Steering Combiner’, which is no longer in mismatch exists between the output ports, 
production. The system is rated for 1500 current will flow through the resistor. 
Watts over а frequency range of 1.8 to Three delay lines with a combined elec- 
7.3 MHz, provided certain antenna require trical length equal to slightly less than the 
ments arc met. These requirements are dis element spacing are switched in and out of 
cussed later. the signal path by relays KI, K2, and КЗ. 
Equal power to the antenna elements is The element to which the delay lines are 
provided by a broadband power divider, connected is selected by K4. 
and the amount of delay is adjusted МА on the schematic is SO- coaxial 
through the use of relay switching. See cable. Its electrical length is equal to that 
Fig 3. T1 isa 2:1 transformer used to match of the signal path from the hybrid output 
‘the 25-Qiinput impedance of the hybrid (T2) through the delay-ine switching relays 


вл 


16.3 


24.9 


341 


‘STEERED ANGLE, DEGREES FROM BROADSIDE 


ELEMENT SPACING, WAVELENGTHS 


element spacings of va to 23. The axis ofthe 
array gain wil vary with spacing and steering элде. 
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Fig 3- Schematic of the divider and switch bo 

(C1200 pF ransmiting typo doorknob 
capac: 

C2280 pF tranamiting tpe doorknob 
capacitor. 

AJE 80:290 connectors. 

Ki DPDT relay (contact rating and in 
дедот must handle 750 watts). 


(relays not energized) to the antenna relay. 
It serves to provide an equal time delay 
from the two hybrid outputs to the antenna 
jacks. ТГ а direct connection is made, а 
built-in time delay sufficient to skew the 
broadside pattern and the steered angles by 
а few degrees exists. 

‘The control unit has been made as simple 
as possible, consisting of the relay power 
Supply and four switches, as shown in 
Fig 3B. SI, S2 and S3 are шей in a binary 
manner to select the desired delay lines), 
ae shown in Table 1. SI selects WI fora 
steered angle of 81° off broadside. 
Switching in W2 while switching out Wi 
Steers the beam to 16.3, and so on until 
ай lines are selected, providing 79° beam 
Steering. A steered angle of 90° is not 
needed since end-fire radiation patterns are 
quite broad. S4 switches the delay lines 
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yx al A, The control unit is shown at В. 

A100 а. 100a noninductve resistor 
wit mounting els, Carborundum 
esp ou or equi 

SES SPST suit 

TU TA E2401 orid cores, 4 req'd 
(Palomar Engineers). See ext and Fig 5 


from one element to the other to reverse 
pattern directions, 

"The choice of 8.1" for the minimum 
steered angle i dictated by several factors, 
"The delay-line segment lengths must be 
related to cach other in a binary manner 
їп order to produce smoothly increasing 
‘amounts of delay. Since the eguation for 
delay-line length contains a sine function, 
then making W2 = 2 x WI and Wi 
= 4 X WI lo obtain the required binary 
relationship results in angles greater than 
‘Dor 4 times that chosen for determination 
‘of Wi, At less than 8.1% end fire radiation 
is not obtained. Therefore the formula for 
‘determining line lengths becomes 
WI = VES sin 8.1 
W2 = 2 x WI 
Wa 2 4 x Wi 


Jor winding information 

тї, T82- S postion terminal block. 

— cable (10-213 or 
similar, ses tex 

TST кала Sable посо or пага: 


Table 1 
‘Switch Position Versus Steered Angle 


S4 S3 52 S! Steere Angle 
о о 0 0 Broadside 

0 0 0 1 fene, 

0 0 т o 163361637 

0 90 1 т 29a 1551 

0 3 0 O 34a M53 

0 3 0 т 33295 

9 3 1 о 5732127 

0 1 1 Y 781011 (endire) 
1 0 0 O Broadside 

1 0 0 1 3519and 1881 

1 0 1 0 387 and 1983 

1 0 1 1 3397 and 2049 

1 3 0 0 3259and 2141 
11 0 1 3185 а 2243 

3 3 1 0 3027 ang 29733 
1101 1 28t 1o 288 (endire) 


where the W numbers 
in the same units as S, VF 
and S = element spacing. 


the cable length 
velocity factor 


Construction 


‘The divider and switching relays are 
housed in a 3 x 8 x 12-inch aluminum. 
box. Component layout has a definite 
effect on the bandwidth of the power 
divider. The parts arrangement shown in 
Fig 4 should be adhered to as closely as 
possible. 

"The autotransformer and hybrid are cach 
wound on stacked F240-61 cores prepared 
as shown in Fig 5. A coating of thermal 
grease is applied between the cores and alu- 
minum bracket. The cores are centered on 
the Linch hole in the bracket and secured 
with tie wraps. One side of the toroids 
then double wrapped with Scotch no. 
ТЕЕ or similar tape. Н should be noted that 


the cores will overlap the edge of the 
bracket by 0.2 inch on cach side 


-F 
Fig 4—interior view of the divider and 
эе box 


“The transformer and hybrid are wound 
as shown in Fig 6. The transformer is trií 
Jar wound with 5 turns in each of the out- 
side windings and 4 turns in the center 
‘winding. The hybrid has 10 bifilar turns of 
twisted no. 18 enameled wires. The wires 
are twisted 3 times per inch prior o winding 
оп the cores. In each case windings should 
be tight around the cores and bracket, and 
as close as possible to adjacent turns. 
“Transmitting-type doorknob capacitors 
are used at Cl and C2, Two such capaci 
tors were connected in parallel at CI to ob- 
tain the required capacitance. CI should be 
mounted as close as possible to TI. Con- 
nections are made via solder lugs secured 
to the tops of the capacitors. Braid (from 
RG-58) with Teflon sleeving over itis used 
for the connection between J1 and Т1-С1. 
Likewise, braid is used between TI and T2 
‘Two ceramic standoffs, mounted adja- 
cent to T2, are used for the hybrid output 
connections. The mounting clips for R! are 
affixed to ceramic standoffs secured to the 


TE wnae 


p 


m 
(P ve) 


Fig S Transtormer and hybrid assembly 


Fig 6—21 transformer and hybrid winding detal. Core and brackets are assembled as 
Shown in Fig 5. e transiormer (A s 5 far turns of no. 18 enameled wir, min 1 turn 
removed from lead no, 4. Lead 1 e ground, lead 4 lsh 50.0 input, and loads 3 and © 
"re the 25 output The hybrid (Б) consists of 10 Bir tums (twisted 3 times per inc). 
prn 


эз 


Fig 7—Powor divider and switch box (oi) and control box (right) 


Fig 8—Power divider and switch box with 
a cables connected. 


side of the box opposite the relays, They 
should be positioned so the leads to T2 are 
short and of equal length. 

The relays are mounted as close as pos- 
sible to the coaxial connectors, as the con- 
nections between them must be short and 
direct, C2is mounted between K3 and КА. 
"The connection from T2 to KI is made by 
using braid with Teflon sleeving over it. AI 
connections between relays are made using 
braid. 

WA is 50-0 coax cable. Its length is 
determined by measuring the length of the 
leads used from T2 to KI to K2 to K3 to 
K4. The length of the signal path through 
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Eig э—Тһе array installation for 80- and 40-meter operation using 


K1, K2, and K3 is also added in (relays not 
energized), Cable length is the measured 
length of the signal path times the velocity 
actor of the cable. RG-316 was used here 
because of its small size and high power- 
handling ability. However, RO-58 can be 
used. 

TEI is mounted on the same side of the 
divider box as the coax connectors. All 
‘connections between it and the relays are 
bypassed with 0.01-4F capacitors. 

The relay power supply is contained in 
‘a separate control unit. Itis not shown on 
the schematic nor described here, as supply 
voltage is dependent upon the relays used. 
SI through Sá are mounted on the front 
panel, along with а power on-off switch 
(not shown on the schematic) A five-lug 
terminal block is placed on the rear of the 
box and each terminal is bypassed with а 
0.01-aF capacitor. 

The assembled boxes are shown in Fig 
7. Fig 8 shows how the power divider and 
switching box is installed. The complete 
array appears in Fig 9 


Testing 

After assembly is completed and all 
wiring checked for errors, the input SWR 
should be measured. Terminate J8 and 19 
‘with 30-9 loads (cach load should be 
capable of dissipating half of the maximum 
input power). Apply low power at JI and 
‘measure the input SWR at the bottom, 
‘middle and top of the 160-, 80-, and 
meter bands. In all cases, the SWR 
should be les than 1.5 to 1, "Worst-case 
SWR measured on the unit described here 
was 1.20 at 7.3 MHz. An SWR of 3 or 
higher results if either J8 or 19 is not 
terminated in 50 0, or if an open circuit 
condition exists between 18, 19 and the 
hybrid. If all appears normal after the 


Бети HF2V bees 


Delay-line Design for Steering to 
90 Degrees 

Author Bob Alexander, WSAH, 
presents an excellent idea for a direc- 
опа! array that uses two vertical an- 
tennas. Bob chose to steer from 0® 
(broadside) to 79°. How would you go 
about modifying his design I you. 
Mehed to stort 3077 


‘answer isto change the length 


of he deley ines o tat hor ot 
Stecal length is equal vo the physi 


Cal spacing between the antenn: 


"o this you wil need three binary 
weighted lengths (as Alexander has 
pointed ош) You could think of them. 
эв binary digits. Tho sum of tho dig 
seven (1 + 2 + 4 = T) That 
means that ihe delay-ine electrical 
lengths are 1/7, 2/7 and 47 of the 
physical spacing between elements. 
‘The delay spacing ratio is the sine of 


the arrival (or 


ine) angle, f. 


ellowing table shows the relation- 
ships for а system designed to steer 


[ro 


Fraction (Sine) Angle, Degrees 


or 
we 
ve 
am 
Ed 
ГА 
7 


00000 0.00 (Broadsice) 
01429 821 

02887 18.60 

0.4206 25.38 

0.5714 34.85 

0.7143 4558 

0.8571 5900 

1.0000 90.0 (End fire) 


* = delaysine lengths 


To determine actual ine lengths, 
‘multiply tho value in athar tho faction 
ог sine column (hey re the same) times 
the physical spacing between elements 
times the velocity factor of the coaxial 
сазе usod for по delay lines. Chuck 
Hutchinson, KOCH 


tial measurements, repeat them using 
increased power. There should be no 
change in SWR. 

Next, connect the control unit to the 
divider and switch box with the 
S-conductor cable to be used in the final 
installation, Apply power and visually 
check that the correct relays аге energized 
їп each of the switch positions 


Antenna Requirements 

‘The two antenna elements must have the 
same SWR with respect to each other at all 
frequencies of operation, In other words, 
the SWR curves should be identical. The 
impedance of cach antenna with the other 
antenna removed should be as close to 
50 0 at resonance as is practicable. 

"They should not be spaced more than 
2h a the highest operating frequency nor 
closer than % А at the lowest frequency. 
For 160- through 40-meter operation, the 
elements should be spaced between Y and 
on 160 meters (1 to 2X on 40 meters). 
For best performance, the antennas should 
not be near any surrounding metal objects, 
Installation 

Once the antenna spacing has been 
selected, the three delay lines are fabricat 
‘ed from low loss 50-0 cable using the for- 
mulas given earlier. Length is measured 
from tip to tip of the coax connector center 
conductors, and must be as near as possi- 
ble to the calculated values 

"The divider and switching box is placed 


midway between the antennas, Feed lines 
from the box to the antennas can be any 
length so long as they are of equal length, 
Hookup is as shown in Fig 3. 

Operation 

‘The SWR seen by the transmitter will 
vary somewhat as the steered angle is 
changed. Although the SWR seen at the 
transmitter may be quite low, operation on 
frequencies where the antenna SWR ex- 
‘ceeds 2:1 should be avoided, as damage to 
the divider can result. The impedance seen 
at the transmitter and that seen by the 
divider is the same only for broadside 
(operation. 

‘On receive, the pattern peaks and nulls 
will be most noticeable on signals arriving 
at relatively low anges. With signals 
arriving at high angles, the steered angle 
selected for best reception may not ac- 
surately indicate the azimuth of the trans- 
mitting station. 

Table 1 lists the switch positions and 
corresponding steered angles. The increas- 
ing rate of change in the steered angle is 
‘compensate for by the fact that the beam- 
width increases as the steered angle nears 
the end-fire direcion. 


Summary Comments 
1) Element spacing need not be exactly 
M or Y4 X, or any of the values listed ia 
Fig 2. An element spacing of, for example, 
0.32 or 0.86 will work just as well. 
2) All coaxial cables, especially those 


used for the delay lines, should be of the 
low-loss variety. Lossy cables will hurt 
performance, especially where null depths 
Are concerned, A loss of 0.8 dB in the delay 
lines will imit nulls to 20 dB or less. 

3) Never change beam headings while 
transmitting, as the relays may be 
damaged. 

4) Since the divider and switch-box 
assembly is to be mounted outdoors, the 
box and all connectors should be weather- 
proofed. 

5) The beam-steering method described 
bere isnot new. It has, however, seen little 
use. Hopefully the material presented here 
will encourage the use of this older tech- 
nology. 

1 wish to express my thanks to Dick 
Fenwick, KSRR, for his assistance in pre- 
paring this article. 


Notes 
R, С. Forwick and п. R. Shel, “Broadband, 


rather than equal power. Because of mutui 
Coupling: eren eed ee vl 


rens For the phase relaionetp ofthe 
Currents may net bo 3 dete Ав а resul 
he bee may Бе skewed шу, and ra deep 
patem nul shown n Fig máy ool be ros 
[in procco. Detaled inmi on ths 
Phenomenon appears in Crap 8 ol te Той 
C 

+The Omega T 20006 Beam Stoning Combine 
ica patented product о Elecospato бунет 
Ine, Ričnaráson. TX 
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A Steerable Array of Verticals 


By S. L. Seaton, K4OR 
460 Windmill Point Ré 
Hampton, VA 29684 


һе array described in this paper can 

be used to cover the 40, 20. and 

13-meter bands with 5 dB gain in 
four (switchable) cardinal directions. A 
self-supporting vertical antenna (see Fig 1) 
is fed by а buried RG-8 coaxial cable from 
а Transmateh, as shown in Fig 2. It pro- 
Vides а good match on the 10- through 
40-meter bands. The last 18 inches of the 
coaxial cable is fanned out to make an 
impedance transformation (Fig 3). The ad- 
ded length also aids in connecting to the 
ground system and the base of the anten- 
ша. A horn gap at the base of each element 
provides lightning protection. 

This particular antenna is near the beach, 
and the foot stainless-steel ground rods 
go down into the salt-water table In addi- 
tion, buried radials assure a reliable ground 
plane." In less favorable locations a more 
extensive ground-radial system is needed. 


Fig 1—Four of tho freestanding antenna slemenis. The driven element is in the center of 


the array, near the tros, 


a 


Su | " 
pe ~ Ш 


Fig 2—The driven element is fed by an underground run of coax, Use stainless-steel hose 


‘lamps but make sure the screw in ne clamp js made ol the eame material some are 


nol. The hom gap isa ighining protection device: see tex 
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Rotating the Beam 

An orthogonal basis of a vector spat 
achieved in three bands by adding parasitic 
elements бее Fig 4) and а switching net- 
work at the base of each. A parasitic ele- 
ment acts as a reflector or а director, 
depending on its spacing from the driven 
element and upon its tuning. I used а con- 
venient spacing of 16.33 feet and a tuning 
eor at the base of each parasite 


‘Stainless lol radial wiro is available from 
ee 229 in St PO бок 620. 
Now Pocholo NY 108020620. To oth we, 
{ape tabou inches Геп ext win a ир со 
al анна tee computa 


Fig 3—The base of the driven element. 
“The wire projecting irom the ground rod 
and alos touching the base ofthe 
“antenna element isthe nom (ar) gap for 
Тоноо protection. 


———"—- „r as dashed 0 батат ното. For aia of 
К Ор som válí амири lan оны эгиши gure рала may, MEN saze The Ae 
тазза тош enero ада ушет То тайак se Un dame a pele: Ares Bu: ТАП МЫ, page 217 
Se e stet el rd ode a O ame! eR o TA. Олуг a сша d бугт 
Mies gy Ota eh wal ick 
тө Yau ий тыа io ien fo 
Жоп of tee ode Чапа PES ты 
ЙЫРЫ nn it 
The driven деш is 31 feet long and Pics nnd ayo Sara 
the parasitic elements are each 26 feet long. тено pa ОЛЫ, سر‎ си 
Fig 3) Thesvitching network is mounted 
Sn Pisa? рше and consists of four 
Banana sockets. One socket leads to 
V 
и ужа wound ona wire due a 
A Dich diameter form another to round 
through а similar сой of 9 turns and the 
fourth open (se Fi €). A eile ead 
шеси the tase of ChE amena toa 
Banana plug that is inserted into the 
жеде Socket (Fig D. The method of 
‘mounting бе anita Gets shown in 
Fes. 

For the 20meter band the director is 
«ка eodd andthe rectors (at aod 
SES) terminate in the open-ended 0mm Wile Ше parasitic дешет ie оп he 
‘coils. On the 40- and 15-meter bands the locus of points describing a parabola, they 
FTT are too far apart to actas a Parable els 
V tor, Bu tuning the аде parasti demens 
3 6 
i done by re plugins. ‘poms, s сий dova on trees 

On te other bands ii owadion- Fig S-AN tuning assomales br o pra. Gee Fis 9). 
r.... pat. Эг domena te mented ona eios 


.... Plate The cols are space wound on i. Hist 
r: B posibleto [hoy шт forms such as plese PVC yi 


бер maintain electrical contact To ft tho 
ШЫ together, den chl ne inner tube 
and warm the Guter tubo. 


My antenna is exposed to high winds. In 
sales the elements look like loaded fishing 
poles, but have withstood 90-mi/h winds 
without taking a permanent set. Neverthe- 
less, it is easy to lower the antennas in the 
light winds before a hurricane strikes. 


dd elements o the base tuning network men АТТ forms euch as Paste AVC, A three-element reversible array helped 
{o accomplish directivity onthe other bands propels ofthe cam тайы, you can maintain long- and shor-path schedules 
3 ome wishes to do то, Fe 9. Шарт a mortuae oven чий western Australia and with New 
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Zealand for the beter part of two decades 
оп the 40- and 20-meter bands, Then 
‘ambition struck! The three-element array 
of verticals would not rotate without phys- 
ically moving the parasitic elements. Now 
wait a minute—with two more post holes 
fora couple more verticals and some brain 
to replace the brawn, а S-element array оГ 
Verticals wil rotate, electrically, that is. 


——— 


Fig 8 The antenna elements are 
mounted on a 4 x 4 redwood post 
Burned 3 fot deep. 


Fig 9—Approsimate radiation patterns of 
(ně Salomontvoricel array. The sold ine 
(A) shows the 40-meter pater. the dashed 
line (5) le for 20 meters, and the dotdash 
line (C) is for 16 meters 


The Robert Tail-A ОХ 


Antenna 


By Robert L. Brewster, W8HSK 
2158 Westminster Rd 
Geveland Heights, OH 44118. 


urine construction of the two 
D towers at the new OTH of Tom 

Lee, KEAZ, Ihe antena configu- 
Talon for each tower was decided upon for 
10 through 40 meters. The north tower, 
Фен to he shack, would be shunt fed on 
160 meters. Whai about the Omelet 
amenna? 

Tom's towers are 120 feet high and 325 
feet apart. The plane of the towers is broad- 
side to Europe and the South Pacific. 
Several broadside 8O-meter arrays were dis- 
cuted and it was evident that whatever 
antenna was installed had to be confined 
"itin the plane of the towers because of 
е close proximity of the trees, 


Development of Design 

1 gave Tom a revamped antenna design 
that Thad used in W3 land many years ago. 
Jt was based on a design by Woody Smith, 
W6BCX.! I inverted а 40-meter bobtail, 
kept the phasing sections off the ground, 
and isolated the center vertical from the 
phasing lines. 

Fig 1А illustrates only the current distri- 
bution. Fig IB shows how the phase 
geomelry of the Robert Tail is developed 
‘when a V-A section from each end is 
rotated 90° with a coax-fed 14) element 
‘added to the center in the same plane. The 
verticals are Y4: apart. 

"The center of the total phasing line is a 
current loop (low impedance) and suitable 
for 50-0 coax feed. The center conductor 
‘of the coax feed line is connected to the 
center vertical. The coax shield connects to 
the center of the phasing sections, which 
in turn connect to the two outside verticals. 

The array beam pattern is a figure 8. 
‘Maximum response is perpendicular to the 
plane of the verticals, with $ dB of gain 
‘over a comparative vertical groundplan 
‘antenna with similar foreground condi 
tions. The displacement of the phasing lines 
from the verticals plus the current rever- 
sals at the center of each Y4- phasing sec- 
tion result in very litle radiation from the 
horizontal sections. This adds virtually 
nothing to the horizontal directivity of the 
апау. 


‘Notes appear on p 24. 


um д 


Fig 1—At A, current distribution on а 3/2 harmonie wire coincident with a comialod. 
1/43 vertical placed in tno middie ofthe center current loop. At B, the phase relationship: 
Currents in al tres verticals are n phase and acdive Inthe broadside direction: The 
Bem paternis perpendicular ta tn pane of the array. At С, the 40 meter version the 
first Robert Тай атау t consisted c three selFsupporing elüminum 118% verticais sup. 
ported on ground mounted verical 104001 4 x 44nch posts, 6 fest арап. 


A previous 40-meter array, Fig 1C,con- tion over a single ground-mounted МЗ 
sisted of three self supporting aluminum vertical with 24 radials, 

Yk verticals supported on 10-foot wooden Тот and | proceeded to round up the 
4 x 4 posts 68 fet apart. This design elimi- necessary materials for an S0-meter wire 
mated the tuner and the ground-radial array to be hung from a rope strung 
system. It provided direct coax feed and between towers, He found a roll of 
proved to have gain in the broadside direc- appliance wire, 1100 feet long and rated at 
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220 volts, at the local electronics surplus 
Store, The tower pulleys were hung at the 
120-foot level, and а 34-inch rope was 
strung on the pulleys between the towers. 
“The total length of the rope is over 800 feet, 
providing enough slack to lower it to 
ground level for measurement and attach- 
ment of the verticals. 

The array wire was laid out on the 
ground, measured and cut to the dimen- 
sions shown in Fig 2, with several inches 
added for insulator loops. To determine the 
total length of Ay and Ao, use the 
harmonic formula based on 3/2 А. 


4923 — 009) _ 14514 
м = 28 = 009 


Gm IR 
anal ваз 
4920 — 009 м4 
Am e 
= 38300" (Ea 2) 
where 


‘Ay = total wire length (feet) for the 
‘80-meter elements and phasing lines 
total wire length for the is meter 
elements and phasing lines 
‘The center verticals are 5 inches apart 
and cut to the length calculated from 
ЁЛ 


м 


* W- (Ga 
Yea 66° 0 
332 MHz oy 


where 
X = center-clement length for 75 meters 
Y = centerelement length for 80 meters 


‘The centers and corners were marked 
with colored tape. The support rope was 
also measured and taped at the appropri- 
ate points. The corner insulators were 
‘strung on the wire before the end insula- 
tors and hanger ropes were installed. The 
hanger ropes had to be adjusted to allow 
for the slack in the 74-inch rope to keep the 
‘phasing sections parallel to the ground. The 
phasing sections are 20 feet above ground 
(Fie 3). A horizontal reference dipole was 
hung at 70 feet in the same plane as the 
array. We would have preferred an 
mer Y «wave vertical with ground radi- 
als as a reference antenna, but that was not 
feasible, 

Fig 2 shows the present configuration of 
this array. The prototype design was hung 
im late 1985, and featured a common 
phasing line tying all four outside verticals 
together with the center verticals fed in 
common. И was our intent to see if two dis- 
crete resonances could be realized, one in 
the CW band DX segment and one in the 
phone band DX segment. Subsequent 
testing and SWR measurements ruled out 
the use of this prototype design. The array 
design was changed to separate three- 
element arrays. The physical dimensions 
‘were set to make the outside array resonant 
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Fig 2—The 75- and d0-meter Robert Tail. Design equations given in the tex can be used 


To dotormine array sizes for other bande. 
K1—Shonn in desnergized (CW) positon. 
"A ОРОТ relay can be used as shown 


atthe CW band DX segment and the inside 
апау resonant in the phone band DX seg- 
‘ment. The actual SWR curves for this con- 
figuration are shown in Fig 4. 

Phone or CW Selection 

Relay switching was added to the feed 
systems to permit instant selection of either 
the CW or phone array from the operating 
position, One relay selects the proper 
Phasing line coincident with the other relay, 
which selects the corresponding center 
vertical. These relays and similar ones are 
available on the surplus market for under 
SS. The relays are operated at a low-voltage 
point and the insulation proves adequate 
at full legal power levels. 

A 1:1 balun, together with the relays, are 
mounted on a Plexiglas® sheet (Fig 5), 
which is attached to and used as a spreader 
for the two center verticals and to suppor 
the center of the phasing sections. A new 
feed system has been built and is discussed 
later 


Design Considerations 

Some considerations influenced the 
design of the Robert Тай, such as (1) how 
„much is lost in efficiency, low-angleradia- 
tion and overall performance as the current 
loops are lowered % 1 when the phasing 
section s raised off the ground and no 


here, or two SPDT relays can работ 
the same function (see text and Fig 5. 


Fig 9—The center verticals are hung from 
the center of the support rope and 
terminata atthe (ead panel The insulated 
phasing ines are taped together for about 
Bo test emer side cl tne feed pane! to 
reduce snagging on tree branches. There 
18 no apparent saverse eact on the атау 
Performance. 


Fig 4—SWA curves based оп actual readings. The operational bandwidth at а 21 SWR is 
about 200 кн: or both CW and SSB arrays. These results were recorded before the 
бетте рев choke balun was installed а! he array input terminals. 
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inches wide by 15 inches long and Y inch 
NOK The 24 de power supply ine common to bom relays s energize for 
7S m and of for 0 m. 


radial system is used, (2) elimination of the 
tuner at the base of the antenna is a di 
tinct advantage, and (3) providing direct 
coaxial feed, Earlier I stated the array 
Grive-point impedance would be suitable 
Tor 50.0 coax feed. A single 4- vertical, 
resonant and over a perfect ground system, 
has a selfimpedance of 36 ©. With the 
many configurations of ground-mounted 
vertical phased arrays, there is much con- 
cem about selfimpedances matching the 
drive impedances within each segment of 
the arrays. 

The mutual coupling between the three 
elements in the Robert Tall array and the 
resulting mutual impedances combined with 
ground losses make the determination of the 
drive point impedance of this array quite 
‘complex. The summary effect of these array 
parameters results in raising the 36-0 self- 
impedance to a higher value approaching 50 
0), Characteristic of coax-fed vertical phased 
arrays is the worsening performance as the 
operating frequency is moved further from 
the array design frequency, This is because 
the drive-point impedance changes, with the 
resulting increasing mismatch, The vertical 
phase relationship deteriorates, resulting in 
а higher SWR and lower array gain. For 
these reasons, the 75-meter SSB array was 
placed inside me 8O-meter CW array to 
maintain optimum SWR end gain figures in 
the respective DX segments of the band. The 
results have been outstanding. 

An 80-meter dipole at 100 feet has its 
maximum vertical gain at 40° above the 
horizon. In the northern Ohio area the 
angles of most 80-meter incoming DX sig 
nals lie between 15 and 45 degrees. The 
difficulty of increasing dipole height for a 
lower angle of radiation makes the verti- 
cal phased array attractive from the соп. 
struction standpoint. 


Comments on Performance. 


‘The Robert Tail vertical phased array 
hears quieter than the reference dipole. 
‘There is по apparent noise pickup from the 
towers, in part due to the deep nulls off the 
ends of the array 

‘The Russian beacon (3.635 MHz, sends 
+ with a long dash) can usually start to 
be heard about 20002 (3:00 PM EST) on 
the array if the ОКМ is low. The reference 
dipole hears the beacon about 1% hours 
later. Using a barefoot TS-830, compara- 
tive reports from DX stations showed a 
consistent 3- to 6-dB improvement using 
the array. In eastern Europe and Asiatic 
Russia there were more significant differ- 
ences. When they could not hear signals 
from the reference dipole, signal from the 
array were often very readable. 

"The Robert Tall is not a Sweepstakes 
antenna and compares poorly with the 
reference dipole out to about 1500 miles 
However, this is a big plus in the DX Con- 
test, This array has considerable attenua- 
tion of high-angle signals, which has been 
demonstrated during the CQ WW and 
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ARRL DX Contest, It is not difficult to 
hear through the big guns on the East 
Coast, and it's a nice feeling during 
European sunrise to ran Europeans simul- 
taneously with ZLs and Wes 


Planned Changes 

Installation of a ground radial system is 
under way, It will consist of several ground 
rode placed їп a line directly under the 
Robert Tail and wired together. The radials 
will connect to the ground rods and be 
placed perpendicular to and on both sides 
of the plane of the array. The coax feed- 
line outer shield will be grounded to the 
radial system at ground level directly under 
the array feed box. 

This ground system should reduce 
around losses in the near field of this array 


but will have little effect on the low-angle 
pattern characteristics, The system will pro- 
vide added lightning protection. In most 
areas, while driven ground rods аге effec- 
tive for lightning protection, their useful- 
ness is often questionable at RF, especially 
їп dry soil and/or at frequencies above 2 
or 3 MHz. The radial wires, however, may 
offer measurable improvement at any 
location. —Ed.] 

"The phase relationship in the Robert Tail 
is critical to its performance. Our 
experience plus published problems with. 
baluns have prompted a change. The 1:1 
balun originally used in this feed system has 
‘been replaced by а ferrite-bead choke balun 
(Fig 6) using the construction data con- 
tained in an article by Walt Maxwell, 
WIDU. The new feed system circuit is 


Iis made trom a 


inch length of RG- 141 wh the outer Jacket removed and 60 feria beade strung on the 
bare outer сов shield. The led holes in he Plexiglas репе! ere tie-down points lor the 


phasing ines, coax cabi 
1—Соппесйол to phone phasing line. 
2— волот tie point or phone vertical 
‘Connection to phone vertical 

A Ferte beads, по. 28790024010; 

501099, 
550-235 panel connector 
"E Mire тв on 24 do ine 
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"and 28 de power ne. Legend: 


РЕ 
C 
Oren terminals shorted togothor 
40e coaxial cabe 
‘Connection to CW vertical 
12—Войоп fe point for GW vertical 
35 Connection to CW phasing na 


identical to the circuit shown in Fig $ except 
that the 1:1 balun is replaced by the ferrite- 
bead choke balun. The test results with the 
bene bed choke balun installed confirms 
Wales observation that the operational 
‘bandwidth is improved and no power oss 
is observed. 

Referring to Fig 4, the SWR curves 
shown are actual readings taken before the 
ferrite beads were installed. With the beads 
installed the operational bandwidth at a 2:1 
SWR increases an additional 40 to 50 kHz 
for each band segment. 

‘A24-V de supply powers the relays from 
the operating position. The two wire nuts 
shown in the lower left corner of the feed 
Бох (Fig 6) will connect to the 24-V dc line 
that enters the box through the bottom 
lower left-hand corner. 

When the power supply is off, both 
relays ae in the CW mode. The right-hand. 
relay connects the CW center vertical with 
the center conductor of the choke-balun 
coax, The left-hand relay connects the CW 
phasing line to the outside shield of the 
‘choke-baluin coax. With the power supply 
fon, both the relays switch to the phone 
mode 

"The relays are attached to the back of the 
feed box with Velcro" strips which permit 
(asy removal. Note that within each relay, 
all common terminals are shorted together 
то increase contact area. Spade-ype female 
terminals afford easy connect/disconnect 
acces to the relay terminal lugs. The 
502239 panel connector provides coaxial- 
cable input to the feed box. The feed-box 
lid, and all internal connections, are sealed 
with Dow-Corning RTV. 

"The performance of antennas using 
baluns inthe fed line, and their effect on 
ignal levels delivered to the receiver input, 
is rarely discussed. Simply stated, as the 
outer shield surface skin-effect current 
increases, the signal level delivered to the 
receiver input decreases. When properly 
installed, the choke balun will reduce this 
problem 

A parts list for the feed box is included 
in Table 1. 


Use on Other Bands 

‘The Q of the Robert Тай favors use at 
40 and 20 meters and the WARC bands, 
A three-element array will provide opera: 
tion over a large portion of cach band with 
les than а 2:1 SWR. The use of two-, 
three or fiveclement arrays in various con 
figurations offers interesting design possi 
bilities for around-the-compass coverage or 
super-gain antennas. 

"The following are sketches of array con- 
figurations that I have not modeled nor 
built but might create some interest. The 
values given for beam idths and gain are 
estimated. 

Fig Tis a switchable fourclement broad- 
side array that consists of three sets of two- 
element arrays with one element common 
to all three arrays. Each selectable array is 


Table 1 

Feed-Box Parts List 

Feed box, Radio Shack cat no. 270224, plastic, 7-12 in. x 4-98 in. x 238 in. 

Relays, Poner and Brumteld model KUP11D15, 24 de, 10-A contacts, cioar poiyear 
"onaie cover, sderiug terminals 

Fero beads, о, 2873002401-0, Fate Product Corp. 

Coaxial cable, RG-141, length 13 in. 

uci side female terminals, HWI no. 534005 3/16 in., quantity 18, hardware store item. 

Coax connector, chassis mount ЗО-239. 

Relay mounts, hoop and loo fasteners, Radio Shack cat no. 64-2046. 

Weatherproof seal, Dow-Corning ATV, hardware stor Пеп. 
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switchable fourolomení broadside array which provides around-he-compass 


Table 2 
Array Dimensions 

Phasing 
Design Outside Cantor Frequency 
Me ene Vorical Lins Length 


7125 PERET 
10100 25017 yz de 10" 
14125 rv 1876808 
% ny 12711 595, 
2100 13.8. тите 47 
28058 8. ova 
2% we vro 


The above dimensione аг based onthe 


ary fp dido he phasing: 
ins dimensions by 2 


set 120° apart around the common element 
and provides selectable azimuth coverage, 

"The center element is permanently con- 
nected to the center conductor of the coax 
feed line. The coax shield is fed through the 
switching relays mounted оп the center 
vertical support. Each relay position con- 
‘ects one phasing line and shifts the beam 
pattern 120° while isolating the other two 
phasing lines, The two isolated verticals are 
30° off the center line of the bidirectional 
beam of the driven array, which places 
them about 7 dB down from the beam 
centerline. Some slight skewing of the beam 
pattern may occur, The six nulls are switch. 
able to possibly reduce offending ORM. 

"The array of Fig 8 develops a switchable 
unidirectional pattern which consists of two 
three-lement arrays set M X арап and 
driven approximately 90° out of phase. The 
antenna relay introduces the delay line and 
provides the switching. [Ideally the radia- 
Чоп pattern would be a cardioid, but the 
phasing arrangement of Fig В likely does 
not yield element currents of equal ampli- 
tude that are exactly 90° ош of phase. See 
the paper by Lewallen elsewhere in this 
chapter —Ed] 

"The beam pattern is perpendicular to the 
plane of the array. The azimuth beam is 
About 70° wide at the half-power points. 
‘The beam direction is toward the vertical 
with the ageing current (through the delay 
lin) 

"Those who have the space and like their 
‘in in double digits in one particular direc- 
tion might consider using a five-clement 
driven array with one five-element 
рагайїсчеПелог array and two five- 
element parasiticdirector arrays, Table 2 
dimensions apply only to the driven array. 
"This configuration of parasitic elements is 
not shown. 
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Conclusion 

1 believe that broadside phased arrays 
mounted off the ground have a lot to offer 
as DX antennas, particularly for hams who 
need an alternative to the use of towers. For 
this type of array it is essential that 
mechanical and electrical array symmetry 
be established for good performance. These 
antennas and feed systems are not difficult 


o build or tune, and arrays for 40 meters 
‘and down can be serviced and maintained 
From step-ladder height. 

My thanks go to Tom Lee, KAZ, for 
providing the facility, material and 
assistance, and particularly for doing the 
climbing. 


Notes 

IW. W. Smite ваат is desero in w. LOT 
а B D Cowan, Al About Vorical Antone 
йол. ОТ Rado Pubieatiens, 1886) Chap 
5p алав 

f? Marvel, “Some Aspects of the Balan 
Problem OST. March 1883, pp 3540. 

жете biam melenas are зай дэю Wom Far 
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eee ое un hit, 290 MHz. aaa rom 
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Fig 8—This атау provides a switchable unidirectional pattem with about 7.5 dB gain over а single element. The dimensions ol each 
cen array ara Чепца The two сох cables connecting the arrays and relay box Should 00 exact the samo longo. (See 
text to calculate element and phasingine lengths) 


The Simplest Phased Array 
Feed System. . . That Works 


By Roy Lewallen, WEL 


5470 SW 152 Ave 
Beaverton, OR 97007 


any amateurs having a phased- 
М: 

Shown in Fig 1, withthe difer- 
nce between the electrical lengths of the 
feed lines equaling the desired phase angle 
‘The resul often disappointing. The rea- 
sons for poor results are twofold. 

1) The phase shift through each fed line 
isnot equal to its electrical length, and 

2) The feed line changes the magnitude 
ofthe current from input to output. 

This surprising combination of events 
occurs in nearly all amateur arrays because 
of the significant, and sometimes dramatic, 
change in clement Lees pon impedances 
by mutual coupling. The clement fed. 
риш. impedances he load impedances 
Sen bythe fed ince affect the delay and 
transformation ratio of the cables, И isn't 

titer, Phasing errors of 
Several tens of degree and clement curent 
falios of 2:1 are not uncommon. Among 
the very few antennas which do work are 
arrays of only two cements fed completely 
in phase (07) or out of phase (1807. Thi 
topic is covered in detail ш The ARRL 
‘Antenna Book! 

THis possible, however, to use the system 
shown in Fig 1 and have the clement 
currents come out the way we want. The 
trick to ше fede lengths which give 
the desired delay and trans formation ratio 
when looking ino. the actual element 
impedances. More specifically, we choose 
the feed ine lengths to give the desired ratio 
of currents, with the cores relative phas- 
ing. This paper explains how to find the 
correct fecic lengths, and includes a 
BASIC program to do the calculations 
(See the Program I listing near the end of 
ths paper) Table 1 gives тышы for a 
эй, 0°арасей, element array. 

Caleiation of the fed-ine lengths, with 
or without the program, requies 
Knowledge of the element self- and mutual 

pedances. Мон of us don't know these 
impedances for our arrays, зо one of 
Several approaches can be taken, 

1) Measure the se. and mutual 
impedances using the techniques described 

The Antenna Book Gee note 1). IF care- 


‘Nees appear on page 29. 
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3) Ifthe elements fit the above descrip- 
tion, and in addition are self-resonant and 
close to % A high, you can use Table 1 in- 
Stead of the program, if desired. 

4) If you can't measure or estimate the 
self- and mutual impedances with 
reasonable accuracy, and your elements 
don't fit the description given in approach 
3, you're likely to get poor results with this 
feed system. A better approach would be 
to use the L-network feed system described 
in The Antenna Book. s quite simple and 
has the advantage of being adjustable. Ad- 


Fig 1—A уреа! food systom tor wo- 


justment methods also are given in The 


element phased arrays See tot for a dis Antenna Book, 
‘cussion othe вво lengine. Grounds 
and cable shields have been omitted for Using The Program. 


ps 


Program 1 was purposefully written in 
ıa very simple form of BASIC. It should run 
оп nearly any computer without modifica- 
tion, If you encounter difficulty, the most 
likely cause is that the program was not 


fully done, this approach will lead to the copied exactly as printed. 


best array performance. 


"The first prompts are or the self-R and 


2) Estimate the self- and mutual im- X of the elements. These are the im- 
pedances, Methods and graphs are given n pedances which would be measured at the 
the The Antenna Book. This approach can base of each element with the other element 
lead to very good array performance ifthe Open-circuited at the base. The sel-R in- 
array elements ae straight and parallel, and cludes any loss resistance. The remainder 
with no loading elements or unusual of the prompts are self-explanatory. Refer 


Features to Table 2, the sample run, for an example 
Table 1 
Phasing Line Lengths for a 90°-Fed, 90°-Spaced Two-Element Array 
See Fig 1. 
Яу. No Radis ———Phasing Lines- 
Ohms рег Element 2, Ohms ect Length (Deg) 
7 % шет Une? 
es 4+ S0 50 dia solution 
76 758 Nosouton 
1550 эв 10496 
9518 162% 
s e soso Nosoution 
75 75 бз 158.20 
13200 18495 
E 16 S0 50 de elne) 
7S 75 в ® 16048 
aaas 18720. 
36 = soso юм 15459 
13188 17323 
75 75 би 15840 
15980. 17913 


. 
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Table 2 


Sample Run of Program 1 for a 90°-Spaced, 90°-Ее Array 
Calculations are for resonant elements, approximately 14- high, with 8 ground 


radiais per element. 
RUN 


SELF A, X OF LEADING ELEMENT (OHMS) 


7540 


SELF R, X OF LAGGING ELEMENT (OHMS) 


7840 
MUTUAL R, X (OHMS) 

220,15 

ELZEL: CURRENT MAGNITUDE, PHASE 
TEHASE MUST BE ZERO OR NEGATIVE 


FEEDLINE 1, 2 IMPEDANCES (OHMS) 
75050 


(DEGREES) 


NO SOLUTION FOR THE SPECIFIED PARAMETERS. 


WOULD YOU LIKE TO TRY DIFFERENT 
FEEDLINE 20'S (Y.N)? Y 

FEEDUNNE 1, 2 IMPEDANCES (OHMS) 

27575 


Z0= 75 OHMS 
TO LEAD. EL. 
ELECT. L. (DEG) 

FIRST SOLN. 132.6088 

SECOND SOLN. 68.1518 

ok 


20- 75 OHMS 
TOLAG. EL. 
ELECT. L. (DEG) 
184.9522 
1542018 


of program operation 
Sometimes you might get the result, NO 
SOLUTION FOR THE SPECIFIED PARAMETERS. 
‘This doesn't mean there's a solution which 
the program couldn’t find; it means that 
there really is no solution for the specified 
conditions. If this happens, try different 
feed-ine impedances. Pue found а combi- 
mation of common fed-line impedances 
which wil work with nearly every array I've 
wanted to feed, but there are some which 
can’t be fed using this method. 
"Whenever there В a solution, there's also 
а second one. Both are computed by the 
program. It may be necessary to use the 
longer set of feed-line lengths in order to 
make the fed ines physically reach the cle- 
ments, You can also add  \ of cable to 
‘oth feed lines and maintain correct oper- 
ation. For example, the array in the sam- 
ple program run of Table 2 can be fed with 
{wo 75-ohm lines of the following lengths 
(Given in electrical degrees). 
68.15" and 154.29° 
132.60° and 184.95° 
248.15" and 334.29° 
312.60" and 364.95° (or 4.95% 
"The first two sets are the lengths given by 
the program. A half wavelength is added 
чо both lines to make sets 3 and 4. Note 
that a full wavelength can be subtracted 
from the second line length in the last set. 
‘Occasionally it's necessary to make the 
feed-line impedances different from each 
‘other. If you want to be able o switch the 
pattern direction but have unequal feed-line 
impedances, add У X of line from each ele- 
ment to the phasing feed line. If both -X 
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lines have the same impedance, direction 
al switching will be possible while main- 
taining correct phasing. 


Using the Table 

Table 1 gives the feed-line lengths neces- 
sary to correctly feed a 90 fed, 90 “<paced, 
element array. The table is based on the 
following assumptions: 

1) The elements are identical and 
parallel. 

2) The ground systems of the elements 
have equal loss. 

3) The elements are resonant when not 
coupled to other elements. A height of 
287 ar, will be close to resonance for 
most vertical elements. 

4) The elements are not loaded and do 
mot have matching networks at their bases. 
‘Traps generally act like loading elements 
‘on the lower bands 

5) The elements are fairly "thin." HF 
antennas made from wire, tubing, ог com- 
mon tower sections fit this category. 

6) Your ground isn't unusually dry ог 
swampy. If it is, you may have more or less 
element self-resistance than shown for the 
number of radials. The resistance versus 
number of radials is based on measure- 
ments by Sevick.? 

Since so many factors сап affect ground 
loses and element self- and mutual 
impedances, the tables probably won't give 
exactly the best feed-line lengths for your 
array. But if the above assumptions apply, 
it's very likely that your array will work 
better using the recommended feed-line 
lengths. If the assumptions don’t describe 


your array, the table values won't be valid. 


Two Four-Element Arrays 
The Antenna Book (note 1) describes a 
feed system for two types of four-element 
arrays based on a combination of the "еш 
Tent forcing” method and an L network. 
Information on these arrays, the current 
forcing method, and practical advice on 
how to measure the various line sections 
сап be found їп Chapter $ of The Anten- 
ла Book. The L network can be replaced 
‘by two feed lines, resulting in the feed sys- 
tems shown in Figs 2 and 3. The principle 
is the same as for the two-clement array, 
although the mathematics are a bit differ- 
ent due to the presence of the М4 or 3/4 
lines and the difficulty of including the 
‘mutual impedances between all elements. 
"The mathematics are described in the next 


Fig 2—Реей system for the foursquare 
array. Grounds and cabo endes have 
Been omitted for clari. Me Ines marked 
arg all the samo long, have тле, 
same Zo, and are electrically eiher 4 or 
ча long. The other Ines are discussed n 


Fig 3—Feed system fr a fourelement rec- 
angular атау. Grounds and cable sheds 
have beer omite for clarity. The Ines 
marked ^" ме al geen 34 long 
‘and have the same Zo. The other lines are 
"discussed inthe ox 


Tables 3 and 4 give feed-line lengths for 
these two arrays. The same restrictions 
apply to the four-element tables as to the 
iwo-element table. They were calculated 
using modified versions of the BASIC pro- 
gram. These programs, which apply only 
fo the four-square and rectangular arrays, 
are listed as Programs 2 and 3. 
The Mathematics 

For an array to work properly, the ele- 
‘ment currents need to have the correct rela- 
tionship. So let's first look at the general 
problem of feeding two loads with а specif- 
ie ratio of currents (Fig 4). The desired cur- 
тет ratio, ky, is a complex number with 
two parts: magnitude Miz and angle б. 
Both parts must be correct for the array lo 
work as planned. Assuming for the mo- 
ment that we know what the load im- 
pedance will be, we can write the following 
equation for feed-ine no. 1 


Via = 1, Za eos + Л, Zoysin0, (Ea 1) 


voltage at the input end of the 


surrent at the output end of the 


Z, = load impedance at the output end 
‘of the line 
(= electrical length of the line 
degrees ог radians 
Zo, = characteristic impedance of the 
Tine 
Уш k. and Z are complex 
"This is the general equation which relates 
the output current to the input voltage for 
a lossless transmission lime) A similar 
equation can be writen for the second feed 
line. Since the feed lines are connected 
together at their input ends, the input volt- 
ages are equal, and we can write 
Vig = 112, cos 0 + Jl, 20 sin 0 
Via = Ta Za cos 03 + jla Za sin O 
Rearranging to solve for the current ratio 
ives 
„ (Za cos b. 422 sin 61) 


I ZA Je sin by (892 


‘This equation can be used to illustrate 
the problems of feeding unequal load 
impedances (present in the elements of 
most arrays). For example, if values that 
might be found in a 90°-spaced, 90° 
апау are 


Z = 35 - pon 
2. 6 + p00 
Za = Zm = 500 
= 90%, and 6) = 180° 


1, would be 0.735 at an angle of 

jot 1 at an angle of ~90° as plan- 
med. In a real array, because of mutual 
coupling, the element feed-point 
impedances are modified by the currents 


Table 3 
Phasing Line Lengths for a Four Square Array 
See Fig 2 
Ap" ло Hadas v4 Phasing Linos —— 
Ohms per Element Line 2) 2 Oe Ect Length Dag) 
Ohms” A В Lhe A Шев 
es + 50 50 so 2068 16850 
илм 20401 
75 75 1270 17080 
16800 197.70 
75 ю 50 Мо solution 
з ® зз 16225 
8 21218 
“ „ . so so 2882 18832 
13825 20051 
з „ 11680 17001 
18118 20208 
75 so so No sota 
з ® чп 167.22 
11895 21172 
E LEES 50 ю мыт мал 
12373 21298 
„ 35 @® 17017 
las 20723 
E эю 2% 12153 
08477 25134 
7 78 No solution 
E] = ә & w No solution 
% ® 3137 17388 
17% 21318 
7 з ю 3955 12294 
12001 26250 
75 75 No solution 
Seltimpedanco, including losses 
Table а 
Phasing Line Lengths for a Four Element Rectangular Array 
See Роз. 


Ry" No. Racine зм 


| 
| 


‘Ohms par Elmont Lino , Zo Ohms e Long (Deg) 
Omm! А Шел Une B 

s 4 50 50 ю 3737 15534 
13287 17910 

75 7 2495 10222 

LUE 

75 ю so No solution 

75 75 вава 15930 

7 16146 

„ в so s so age 15167 
10015 16232 

з „ з qunm 

13817 17544 

75 ю ю No solton 

7 75 No soluton 

в @ эм 11255 

ro 12930 

„ 6 EI 5 so No solution 
75 758 өз 18247 

6808 15050 

75 ю s Мо solution 

mom No solution 

в 50 әй 9874 

з паве 

в = E] 5 so No solution 
75 78 No soliton 

7 S) so мм 908 

17688 27480 

7 75 No сойот 


*Soltimpedance, including losses. 
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Fig 4 Fooding two load impedances with specific currents. This example assumes that 


ZF and 22 are not affected by mutual Couping, 


flowing in the elements. But the element 
‘currents are a function of the clement feed- 
point impedances, so Eq 2 can't be used 
directly to calculate currents in array ele- 
ments. To write an equation which will do 
that, we need to modify Fig 4 to account 
for the effect of mutual coupling (Fig 5). 
From the diagram, 


Vi = h Zu + Za аз) 
Va = b Za + h Z2 [I 


where 
Vs = voltage at the feed point of ele- 
"current at the feed point of ele- 
Zag = seltimpedance of element п (the 
feed point impedance when the ele- 
wen is totally isolated from all other 
elements) 
Za = mutual impedance between the 
‘elements 
АП variables are complex 


A slighty different form of Eq 1 is 
Via = Vi eos + Лу Zo sin 8, (Ea 5) 
and for the second feed line 

Vin = Үз сов б + Л: Zon sin б; (Ea 6) 


V, and V, from Eas 3 and 4 are suba 
aed Ino Eas and 6. Th gh aide of 
Eas 5 and бае set egual 1 tach oth, 
ths Ve the sume for both ford Host 
— а тата 
io moka юг, 
. Zu codi Za cod -der 
Eq 


is the same as Eq 2 except that an 
additional term containing mutual im- 
pedance Zi; appears in both the numer 

tor and denominator. Given the element 
self. and mutual impedances and the 
lengths and impedances of the feed lins, 
Eq 7 can be used to find the resulting ratio 
of currents in the elements. The problem 
мете trying to solve, though, is the other 
way around: how to find the feed-line 
Tengths, given the current ratio and other 
factors. Christman described an iterative 
method of using Eq 7 to solve the problem 
by beginning vith an initial estimate of 
bleed ine lengths, finding the resulting 
‘current ratio, correcting the estimate, and 
repeating unt the answer converges on the 
correct answer.“ This method gives 
accurate answers, and 1 used й for some 
time. The disadvantage of the approach is 
that convergence can be slow, and the iter- 


mem 


"erem 


M. d 
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Fig 6—Feeding two antenna elements with specific currents. The votage sources aro 


died fo account for mutual couping. 


ations can actually diverge for some arrays 
"unless the program includes "damping. " 

Fortunately, an iterative approach isnt 
necessary, since Eq 7 can be solved directly 
for feed-line lengths. The method is 
straightforward, although tedious, and was 
done using several variable transformations 
to keep the equations manageable. The de- 
tails won't be described here. The BASIC 
programs presented at the end of this paper 
use the direct solution method, and the 
validity of the results can be confirmed by 
substitution into Eq 7. 

"The feed system сап be adapted to cer- 
tain larger arrays by combining it with the 
current forcing method described in The 
Antenna Book (sce Figs 2 and 3). The basic 
fequirement is to make the voltages at 
Points A and B have the proper ratio and 
phase angle. If tis is accomplished, the 
elements wili have correct currents because 
of the properties of the VA lines. The 
Antenna Book shows the use of an L net- 
‘Work to obtain the voltage phase shift; the 
same thing can be accomplished by using 
wo feed lines of the correct length. 

То see how we can use the program to 
solve the problem, well rewrite Eq 210 
apply to the currents and impedances at 
Points A and B: 


Ip Za cos d+ sin Oy 
Ty OS 


[I 


Because Va = La Za and Vy = Ip Zp, 
then 


22 Za cos dy + о sin b. 
Za Ze 05 6 + jZo sin 8; Б 
Note the similarity o Ea 7, which is the 
equation the program solves or y and б 
We can use te program to solve Eq 9 if we 

1) Enter Za when i prompt for the 
sel of clement 1, 

2) Eater Zp when it prompt for tbe 
sel of dement 2, 

3) Enter 00 when it prompts for the 
mutual R, X, and 

2) Emer V/V) (% when it 
prompts for the destred current ratio. For 
ti ro fou eet aura, 

VV = 0 - Л 190. 

The following steps are required to 
calculate 24/2. 

1) Measure 9r estimate the self- and 
mutual impedances of the elements: 

2) Using the sel and mutual im- 
pedances and the curent ratios, calcule. 
{he actual lemem feed point impedances. 
The method is described in The Antenna 
Book. 

3) Calculate the impedances looking into 
the VA or 3/4 lines 

12) Where two of the lines are connected, 


Unipole Antennas- Theory 
and Practical Applications 


By Ron Nott, KBYNA 
Not Ltd 
4001 LaPlata Hwy. 
Farmington, NM 87401 


hen properly designed, construct- 
ed and tuned, the folded unipole 
has the potential of having many 
advantages over more traditional antennas. 
is often utilized as an “afterthought” an- 
tenna, sometimes installed on the tower or 
pole supporting a beam and/or VHF or 
UHF antennas. Compromises made to suit 
the particular situation may have negative 
effects on its ultimate performance, its ad- 
‘vantages not being fully realized. While it 
is most familiar in the form of a vertical 
antenna for use on the HF bands, the same 
principles of tuning and performance ap- 
Ply regardless of polarization or frequency. 

"The folded unipole antenna has been said 
to be the same as a gamma-matehed or 
perhaps a shunt-fed antenna. While there 

ies on the surface, a properly 
designed, constructed and tuned folded 
unipole is far superior to the other two 
mentioned in many respects. 

In this paper, several properties are dis- 
cussed and compared to the series-ed 
antenna as well as to the gamma. and 
shunt feed methods, At the outset it should 
be said that a folded unipole is a truly 
tunable antenna. The dimensions for a 
standard series-fed antenna must be care- 
fully calculated and then the ends some- 
times pruned to get optimum performance 
from it. The dimensions on the unipole to 
be described are not critical, the input 
impedance being a function of how the 
stubs between the fold wires and the sup: 
porting structure are set. 

Fg 1 is an illustration of the antenna. 
Compared to other antennas, it has broad 
bandwidth and low Q, and is inherently 
stable with changes of weather and season. 
Finally, it appears to be less ground system 
dependent; that is, it still performs well 
even if the ground system is not ideal or 
real-estate boundaries limit the length of 
around wires, 

Geometry is often overlooked in the 
design of an antenna, sometimes for con- 
venience and sometimes for economics 
Length-to-diameter ratio has been known 
for many years to affect both the band- 
width and propagation velocity of an 
antenna." This ratio is easly improved 
(decrease) by the application of good uni- 
pole desig, 


дез and references appear on р 38. 
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Fig 1—Used commercially for AM broad. 
casting, the folded unipol antenna can bo 
‘Sdapted шлу easly for Amateur Radio 
des Tuning may be accomplished by 
Separate jumpers or one Jumper and a 
Sommoning ving, as shown, 


A good unipole uses several skirt wires 
rather than just one for both symmetry and 
effective diameter increase. A single wire 
may help establish а desired input 
impedance, but it docs little to increase the 
effective diameter of an antenna. On the 
other hand, if three or more wires are 
equally spaced around a supporting struc- 
ture, such as a tower, the effective anten- 
na diameter approaches the diameter of the 
circle encompassing those wires (Fig 2). Ad- 
ditionally, each wire has an effect on the 
input impedance of the total antenna. A 
further effect is a reduction in the velocity 
of propagation within the antenna 

The folded unipole has been described 
asa “transmission line antenna.” It might 
be viewed as a length of skeletonized coax 
cable, with the center conductor grounded 
while the outer conductor (wire skirt) 
becomes the feed point. Measurements 
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Fig 2—This top view shows placement ol 
Si wire that serve lo incsase the 
Antona elective diameter. 


made on model antennas indicate that the 
velocity may be on the order of 0.88 rather 
than the factor of 0.956 which is used in 
the rule-of-thumb formula for % А. 
„-2% 

— 23. 
(approximately И X for а series-fed an- 
tenna; velocity is assumed to be 0.950) 


where 
h = height, feet 
f 2 frequency, MHz 
© = the velocity of EM radiation (such 
as light) 


Using the value of 0.88e, the formula 
becomes 
216 


T 
(approximately % А for a unipole) 


"This makes a -X unipole about 7 10 8 per- 
cent shorter than a series-fed antenna, 
which may provide a slight advantage when 
building an antenna. However, we will see 
‘that there is nothing magic or sacred about 
а %4 unipole antenna. With a series-fed 
antenna, the '4- point is merely the first 
‘dimension at which the reactance goes 
through zero and the resistance s a 
manageable value. It makes input matching 
simple, but by a bit of juggling, we can 
make the folded unipole give us a good 
match without having to be concerned with 
precise height or length dimensions. 
Inthe proces of tuning, subs are placed 
between the inner conductor (often a tower 
ог pole) and the skirt wires. The location 


ofthe stubs can provide a wide variety оГ 
input impedances, depending on what is 
desired. Since most ham equipment has 
adopted a universal value of 50 and zero 
reactance (50 + 0), that's the value that 
will be discussed here, Bear in mind, 
however, that almost any other valve can 
be matched by proper design and tuning. 


‘Theory: Superposition of Two Currents 

During the later years of the Vietnam 
War, our military wanted an antenna sys- 
tem that would quickly tune to any fre- 
quency between 2 and 30 MHz, The forces 
in the field were using a special version of 
the Collins KWM-2 which operated in this 
range. They wanted a quick OSY in the 
event of jamming, ORM or enemy listeners- 
"Today's transceivers have optional auto- 
tuners to quickly match into any antenna 
input impedance (within reason), but they 
‘were not available back at that time, Gener- 
al Dynamics developed an antenna called 
the “Hairpin Monopole” which, with a 
special auto-tuner, attempted to accomplish 
this? For an antenna only 14 feet in 
height, they were able to effect a good im- 
pedance match and reasonable coverage 
throughout the HF spectrum. What is im- 
portant here is their analysis of the currents 
‘within the antenna 

Looking at the lower frequencies, 

‘obvious that a 14-foot antenna is electr 
cally very short. Superposition is а math 
term that can lead to great complexity, but 
we will avoid equations and look at it 
‘graphically. What И means is that we must 
‘analyze the antenas as having two currents 
3 Smulancoust (Fis 3, 
Jy. It enters the antenna terminal, flows 
upward to the top and then downward in 
the other conductor of the antenna toward 
around. Note that its value is constantly 
changing to conform to transmission line 
theory, but if the trip from input terminal 
to ground terminal is much les than 180 
degrees, it never reaches a value of zero or 
reverses direction. 

"The second current is the antenna cur- 
rent, lu. It entes the antenna terminal in 
phase with 1, and remains зо to the top of 
fhe antenna (or the tuning stub). However, 
it does not follow u when it turns and 
starts down the other conductor of the 
antenna. The other conductor, being in the 
very near field of the one connected to the 
input, has а current induced into it the way 
thar a transformer primary winding induces 
A current imo a secondary winding, Thus, 
in this “secondary” portion of the anten- 
na, the two currents, li and Ja, are no 
longer in phase. But because thelr ampli- 
tudes and phases are пог the same, they do 
not entirely cancel each other 

Superposition allows for the analysis of 
the resultant current, We may say that the 
current in the antenna "secondary" is less 
than in the “primary,” but at no two points 
оп the secondary will the resultant current 
be the same. It gets complicated, but 
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Fig 9—Current distribution on a folded unipol. 


Knowledge of such details is not necessary 
to construct a practical antenna. Most of 
he current willbe in the skirt wires and a 
smaller portion in the supporting structure, 
such as tower, The antenna will appear 
to have skin effect with most of the cur- 
rent being effectively in the form of a sheet 
on the effectively large outer diameter. The 
ЕМ flux density will be much less than that 
surrounding a small-diameter conductor. 


Tuning 
have built a two capacitor tuner for my 
toot tower, and it works perfectly бе 
Fig 4) {teed on 1610 klz 228.00 
fre) and on several poti im the 
bbc band (4 33 degrees), and ineach 
case got the optimum match, The tuneup 
mere eed may prove ee o 
o tune for 50 + 300, conne a 
from point A to ground. Set ше R diat ot РӘ (Tuner et for tne authore Hair. 
the bridge 50 B and хате н there. Ad. pon, anne, Compania 
jus Cp and the reactance dial of the rano барио сос трезен Senet 
паде ший a mull found. Move the ier edjuameni procedi 
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bridge lead to point В. Set the bridge dials 
to 50 + JO Q. Adjust Cs until a null is 
found. Note that Cp and L are not reso- 
mated, but are deliberately detuned lo а 

int down the slope of the impedance 
curve. The reactance is then resonated with 
Cs, © is decreased by multiple conductors 
in the antenna, which decreases La. 


Detuning 

‘The unipole also has the capacity to 
function as a “detuning skirt.” This occurs 
when it is deliberately tuned to parallel 
resonance, or nearly зо, which then makes 
the tower or pole effectively disappear. 
Also, there may be times when a directional 
antenna system isto be omnidirectional (all 
the elements but one in the array are to 
effectively disappear). 1 have assisted in 
making two 14-A towers located only Y X 
away from a tower broadcasting at 5 kW 
completely disappear from the effe 
field. 

‘Another application of detuning is to 
negate the effects of a tower that is too 
tall—more than 5/8 X for an AM broad- 
сам antenna, For example. The skirt is sec- 
tionalized somewhere around the 14- point 
with fiberglass insulators. The bottom por- 
tion becomes the antenna while the upper 
portion functions as a detuning skirt to 
‘make the upper part of the tower effectively 
disappear. OST has published excellent 
articles on the subject of conjugate tuning 
through lengths of coax. A simple exten- 
sion of this principle allows us to make use 
of "conjugate detuning” instead, which 


eliminates the need for motorized compo- 
nents in weatherproof boxes up on the 


Practice 


Nothing has been mentioned of how to 
„make such an antenna for a typical ham ap- 
plication. In practice, a birdcage is built on 
A tower or pole with he top ends of the 
wires being either connected or insulated 
at their top ends. The bottom ends must 
be insulated, as they will be commoned 
together to become the eed point. For two 
reasons, the wires must be spaced out a 
Substantial distance from the supporting 
structure: (I) to cause a large effective 
diameter, and (2) to minimize shunt 
capacitance between the wires and the 
structure. Skimping on the spacing defeats 
the advantages. How much is enough 
space? From 1610 30 inches or more. This 
would provide an antenna of several 
degrees diameter even on 160 and 80 meters 

‘What are the stubs and how do you tune 
them? They are simply jumpers between 
the wires and the structure placed at a 
height that will present a reasonable value 
оГ resistance (45 to 60 0). On 40 meters, 
for example, they may be only about 1210 
15 feet up from the feed point. Will the 
antenna be resonant at this point? No, not 
‘even close, There will be a substantial value 
of inductive reactance, which means we 
don't need a loading сой but rather a 
loading capacitor. A variable capacitor is 
‘easier to tune than a сой, and a capacitor 


isan inherent over los device than a 
in practical applications I have installed 
an air-variable capacitor in a weatherproof 
housing in series between the center con- 
ductor of the coax from the transceiver and 
the wire commoning the bottom ends of the 
skirt wires together. Conjugate matching 
might be done by calculating the length of 
the feed line to an appropriate length. 
However, I haven't gotten that far yet 


Conclusion 
‘There is more to building a good antenna 
than just stringing up some wires of ce 
tain dimensions. Geometry is very impor- 
principles can make the difference between 
a high-Q, narrow-band and sometimes un- 
stable antenna and one of low Q, broad 
bandwidth and good stability in varying 
ic conditions. The cage antennas of 
ly decades of ham radio very likely 
helped in settling down transmitting and 
receiving equipment that would have been 
‘wild had it been connected to antennas that 
were also difficult to deal with. 
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Magnetic Radiators-Low 
Profile Paired Verticals for HF 


By Russell E. Prack, KSAP 
2239 Crook На 
Brookshire, TX 77429 


he antenna described inthis article 

consists of paired vertical radiators 

made from wire. The system does 
not require ground radials, nor does it 
require loading coils. The system provides 
ample bandwidth and it is fed directly with 
coaxial cable. It is an efficient radiating 
system which presents a very low profile. 


Electric Versus Magnetic Radiators 

Ordinary antennas such as dipoles and 
verticals are classified as electric radiators. 
‘These antennas generate a very high E com- 
ponent and a very low Н component in the 
fields close in, near the antenna. Boyer 
shows thar the E component creates ground 
losses and that the H component is virtu- 
ally lossless." Electric radiators exhibit a 
relatively high voltage at the antenna ends. 

‘The magnetic radiator generates a very 
low E component and a very high Н com. 
ponent close in to the antenna. Losses in 
the ground and in nearby objects are there- 
fore minimized. Magnetic radiators exhibit 
а low voltage at the antenna ends and a 
relatively high current lowing within. See 
Fig 1. In the case of the electric radiator, 
Boyer shows that the radiation field, with 
a fixed E/H ratio of 377 Q, predominates 
Beyond V X from the antenna. In the case 
of the magnetic radiator, the predominance 
of the radiation field occurs beyond 1% X 
from the antenna, Magnetic radiators can 
therefore be efficient and desirable in many 
applications. 

Laport classifies the U antenna as a 
magnetic radiator.” in Fig 2, four U 
antennas are connected together and evolve 
into Delinger' "coil aerial." The coil is 
rectangular in shape and, although made 
from wire, is derived from Boyer's DDRR 
doublet. 

"The four U antennas forming the rectan- 
gular coil are referred to as a multiple U, 
ог simply MU. The four vertical ends of 
the rectangle are the prime radiators. The 
horizontal wires produce two minor high- 
angle lobes. Note that there are no loading 
coils or radials used, The bottom horizon- 
tal runs of the antenna are located about 
2 feet above ground. 

‘The vertical ends of the antenna are 30 
electrical degrees high. This is less than 


"Nolo appear on page 41 


Fig 1— insight into magnetic and electric 
тайа cán be gained by conaderng the 
Slo antenna. The siot is а magnetic radia 
Tor made by cuting a thin slvr rom a 
large sheet To Ino right, a complimentary 
весне dipole s made rom the siver, 

Near he antennas (nea tek), 1e i eid 
component of he siot is proportional to the 
E component of the dipole. The Н compo" 
nent of ne dipole is proportional to the E 
Component of he siot. Alough the sot 8 
Horizont, polarization is vertical: For com. 
parison, he polo в тошоп 90° to à pos 
fon of vertical polarization. (See notes 4, 5 
and 6) 


Ол А, and indeed presents a low profile. 
This translates to about 11.5 fet for 40.m 
operation and about 21.5 feet for 80.m 
operation. (Although the wires at the far 
end cross at a small angle, these wires are 
referred to as vertical.) 

"The horizontal runs are approximately 
150 electrical degrees long. This is about 
38.2 feet for 40.m operation and 109.2 feet 
Tor 80-m operation. The total wire length 
is approximately 2 X at the desired fre- 
quency. The configuration of the wire in 
the rectangular сой is such that the currents 
in the four vertical end wires are co phased, 
Both the magnitude and phase of these cr. 
rents are virtually constant throughout their 
30° height. 


Radiation Pattern 

Fig 3 shows a plot of the radiation field 
of a model MU operating at 21.4 MHz. 
This plot, although made from crude 
measurements, resembles the theoretical 
free-space pattern for this type of antenna, 
also shown in Fig 3 

"The measurements were made at sites 
ranging in distance from 0.8 to 1.5 miles 
and located at 45" intervals around the 
antenna, beginning in the suspected direc- 
tion of the main lobe. All measurements 
were normalized to I mile. The deep null 
to the southwest is possibly the result of a 
nearby steel tower that is in this direction 


Fig 2— Vorial magnetic radiators 
mounted on wooden supports F 
Seer operation, te Vorel ond 
res aro 115 t high and the 
Razon wires аге 562 f long 
‘ire spacing is 18 in. The colgó 
load ine is an RE choke and 
impedance matching segment (see 
10%), The antena e mounted near 
‘round leva 
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Fig 3—Azimuthpatiom 
рй of he e MU 
Alena. Zero degrees. 
representa monn The 
болота! wres run 
Koe south-west 
Tho lower end is 2 in. 
Fiala 


өйөө in f- 


and directly in line withthe MU model, The 
smaller main lobe to the southeast is pos- 
sibly the result of the measurement sites in 
this area being well below the antenna 
horizon. The plane of the model is oriented 
northeast-southwest, Maximum radiation 
is broadside, as it is from ordinary co- 
Phased verticals. 


Design and Construction 
The following expressions were 
developed for use in designing the MU 
antenna. 
L = 1988/0 
E 
La = 45/7 
5 pst 
where 
L, = total wire length required, ft 
L, = height of each vertical wire, ft 
K = length of each horizontal wire, ft 
"= wire spacing, in. 
f = center frequency of operation, MHz 
For example, for a center frequency of 
3.8 MHz, the following values are obtained 
from the expressions above. 
L = 532 


‘The length of the horizontal runs, Ly, 
will usually give resonance at a slightly 
lower frequency such that the antenna can 
be pruned to resonance. The antenna 
should be pruned by clipping four short 
segments, equal in length, from the center 
‘of each horizontal run. Attempting to 
prune the antenna at the feed point will 
require the reigging of the eight comer 
insulators (se Fig 2). 

For efficient operation, the antenna 
should be made from no, 14 or larger wi 
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Since the antenna is frequency sensitive to 
Stretch in the horizontal runs, stranded wire 
is recommended. Good results have been 
reported when using no. 12 copper-clad 
steel. 

Figs 4 and 5 show some of the construc- 
tion details of the wooden supports used 
here for various MU antennas. On the 40-m 
model, itis recommended that the spacing 
between the cross arms on each support be 
made 14 feet. This will permit vertical 
tension to be applied to the vertical wires. 
For the same reason, 24-foot spacing is 
recommended for the 80.m model, 

If the bottom two horizontal runs are 
placed within a few fest of ground level, 


Fig 4 Typical wooden support. Setup and 
takedown can be accomplished by one 
person (use help il posable). Use treated 
Kimber. To determine dimensions, see tex. 


these runs should be protected or adequate- 
ly marked to prevent someone from falling 
ог becoming burned. If the 80-m model is 
mounted with the bottom near ground, two 
short supports bearing cross arms with 
insulators on the tips should be used to pre- 
vent the lower horizontal runs from s 
ging into the grass. These supports sho 
be placed one-third of the distance between 
the end supports. 


Feeding the MU 

At resonance, the 40-m MU presents a 
measured input impedance of 115 + /0. 
(The impedance will change somewhat with 
different antenna heights above ground.) 


Fig S—Uppor cross-arm delal. Upper and lower cross arms are vertically spaced greater 


inan Ly. (Ses text) 


"This load is ideally matched to $0-0 coaxial 
able by 14 of 75.0 cable acting asa trans- 
former. Since currents їп the MU must be 
held equal, top and bottom, the 5-0 cable 
should be made into an RF choke by 
‘winding it into a Пат сой about 12 inches 
in diameter. This сой can then be taped ог 
strapped together. 

‘The 80-m MU presents а measured input 
impedance of 150 + /O at resonance (again, 
subject to minor change with antenna 
deo. This load is matched by using a 


the cable at a point 16.9 feet from the 
antenna. At this point insert a 6.66-foot 
length of 300-0 ribbon in seris with the 
50 cable. This arrangement matches the 
150-9 load to any random length of $0.0 
feed line. (A velocity factor of 80% was 
assumed for both ribbon and cable, An 
operating frequency of 3.75 MHz was also 
assumed.) The 169-1001 segment should be 
wound into a flat coil to form an RF choke, 
as was done with the 40-m MU. Addition- 
ally, it is well to form a second RF choke 
by winding another flat coil in a portion 
Of the 50-0 cable on the transmitter side of 
the ribbon, right at the ribbon. 

With the feed arrangements just 
described, system bandwidth is about 4% 
of the center frequency. This is approxi- 
mately 280 kHz on 40 m and 150 kHz on 
80 m. The term bandwidth as used here 
refers to the frequencies between which the 


SWR rises to a ratio of 2:1 on the 50-0 
cable feeding the system, 


A “20-Degree” MU 
Joe Logan, WA4CPN, and Dr Tom 
MeLees, WESI, both aircraft pilots, 
became interested in the low-profile per- 
formance of the MU antenna. Hence a de- 
sign for an 80m “20°” MU vas made with 
the vertical ends being but 14.5-fet high. 
Thus Joe, with Doc' assistance, built the 
first 14.5-foot MU for 80 m and erected it 
near Joe's flight strip. The advantage of 
low profile in this application is obvious. 
‘On 3.75 MHz, Doc and Joe measured 
the input impedance of the 14.5-foot MU 
to be 110 + 0. Hence, the 75 © trans 
former match was used. Shortly thereafter 
George McCulloch, WA3WIP, built the 
second 16.5-foot MU for 80-m operation. 
For the lower profile 20° antenna, use 
the following. 
Ly = 5467/0 
La = 4233/7 
pary 


Operating Results 

With the 14.5-foot MU on 80 m, Joe 
consistently receives good reports from 
Europe and Africa. George reports equally 
good results to Europe and to Australia via 
Tong path. Оп one test George reported that 
upon switching to a dipole antenna, neither 
the European nor the Australian via long 
path was able to hear him. 


From this location, using the 21.5-foot 
verticals on 80 m, good reports are con- 
sistently received from South Africa and 
New Zealand, as well as from other con- 
tinenis. Using the 11.5-foot MU on 40 m, 
a dally schedule was maintained for a 
month period with Paul Stein, 
GENV/MM. Paul was aboard a cargo ves- 
sel operating in the South Atlantic, the 
Indian Ocean and the Far East. On 85% 
of the days, Paul reported that signals from 
‘the MU were S9 or more, Although the MU 
is not the best for local contacts, it has been 
found to be surprisingly effective as along 
haul, low profile, radiating system. 

Many thanks go to Dave Atkins, W6VX, 
Joe Boyer, W6UYH, Bob Lewis, W2EBL, 
and Paul Stein, GSNV. They generously 
donated their time and talents to the 
project, 
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A Multiband Loaded 


Counterpoise for Vertical 


Antennas 


By H. L. Loy, Jr, NSCDR 
РО Box 2047 
Rockville, MD 20852 


id you ever wish you could have an 
D efficient vertical amenna without 
installing “umpteen” radials? For 
(most amateurs with limited available space 
for a radial system, the possibility of 
erecting a ground mounted vertical antenna 
ds frequently dismissed because 4- radials 
мй nor fi in the usual residential iy lot. 
Many turn to a root-mounted vertical with 
resonant radials as an alternative. True, this 
isan efficient system with a number of ad- 
vantages, but И removes the antenna to a 
point where it is difficult to reach for ad- 
Jusiments and experimentation, Another 
approach to the design of a ground- 
mounted vertical was presented by L. A. 
Moxon, GéXN.' Moxon points out that 
several amateur, including himself, have 
found a tuned, loaded counterpoise to be 
an efficient substitute for the radial system 
with a conventional ground-mounted ver 
tical radiator. Moxon makes a strong case 
that the counterpose should be shorter 
than А, as it normally would be for a 
oofamounied vertical with insulated, 
resonant radials? He sets as a lower limit 
‘of total physical counterpoise length about 
1/8 M, ог approximately 18 Ген for 
7 MHz) These concepts ed me to explore 
the development of a tuned, loaded multi- 
band counterpoise for a ground-mounted 
vertical antenna that has demonstrated on- 
their performance equivalent to а radial 
System of ten radials up to 37 feet lom 
"The counterpoise system is made from 
wo foot lengths of 34-inch aluminum 
tubing and the associated loading indue- 
ance: These extend 8% feet horizontally 
at either side of the base of the veri 
Antenna, The visual impact is acceptable, 
nd the space requirements are so modest 
that the system will fit into most city 
residential lo 


Mechanical Details 

chose a Hustler 4-BTV antenna for the 
installation because it was available. Other 
‘multiband or single- band vertical antennas 


"Nets appear ол pago 45 
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should give comparable results, The 
antenna vas ground.mounted according to 
the manufacturer's instructions with a 
4-1001 long, inch diam steel pipe, sunk 
2% feet into the ground in the center of a 
48 x 76 foot backyard area, The antenna 
base was insulated from the pipe by a sec 
iion of split PVC tubing. The antenna 
tubing sections were adjusted, again fol- 
lowing the manufacturer's directions, for 
а ground-mounted antenna with surface or 
buried radials. 

In the counterpoise, the two Boot 
lengths of %4-inch aluminum tubing are 
supported 8 inches above the ground by 


ceramic standoff insulators on wooden 
stakes. The tubing sections are placed in a 
straight line, one on either side of the 
vertical, with the inner ends spaced 6 inches 
from the antenna. They are connected at 
their inner ends by a no, 12 wire jumper 
attached at the center to the loading induc- 
tance, Every effort was made to keep the 
installation symmetrical. 

‘Operation of the counterpolse was com- 
pared with that of а radial system by 
Switching between the two. The radial 
system consisted of 10 radial wires, sym: 
metrically placed around the antenna. At 
the base of the antenna, each radial was 


Fig 1—An overhead view o the antenna, radials, counterpo 
‘af aluminum tubing and is perpendicular o the 1 Hooklong radials. 


counierpoise is ma 


‘and surrounding area. The 


connected with a solder lu to а stainless- 
steel disk, drilled and tapped for no. 8-32 
‘machine screws. The radials were cut from 
то. 14 copper wire for the maximum length 
permitted by the size of the lot. Four of the 
radials were 37 feet, four were 25 feet, and 
two were 11 feet long. Each radial was 
pinned to the ground with inch U-shaped 
“staples” cut and formed from coat 
hangers. The installation is outlined in 
Fig 1. In order to achieve symmetry in the 
radial installation, opposing radials were 
laid in a straight line, passing through the 
axis of the antenna. Originally, | gave 
thought to attaching the radials to the chain 
link fence surrounding the yard on three 
sides, but this was dismissed for reasons of 
loss of symmetry and of possible harmonic 
interference generated at rusty fence joints. 


Electrical Details 

For initial tests and evaluation of the 
vertical and radial system, an electrical 
Vs of 5010 RG-58 cable at 7.125 MHz was 
used with a Palomar noise bridge and 
appropriate low-reactance resistors instal- 
led in PL-259 plugs.* Initially, the bridge 
was set o zero on the reactance scale and 
balanced by adjustment of the station 
receiver frequency and the resistance poten- 
tometer in the bridge. Each reading was 
repeated three times to permit averaging 
the result. The results are presented in 
Table 1. The measured antenna resistance 
varied between 45 and 70 ohms at average 
resonant frequencies of 7.10, 14.08, 21.40 
and 28.27 MHz. These ros "die 
Torte" by the fact that the feed line was 
mot an exact multiple of 4-A on all fre- 
quencies, although it was close in the 40- 


Table 1 
Noise Bridge Data on Antenna and 
Radial System 

Zero reactance was measured at all 
"requencios in Mê tano 

Sand Resistance, Frog, 


Ohms une 
om 45 7309 
E] 710 
E] 708 
Average 47 710 
mm © 14100 
E] 14019 
© 14123 
Average 57 1408 
тоб 2140 
Ei 21378 
70 21380 
Average 67 2140 
tom 60 28250 
% 28.276 
60 Er 


Average ce 2827 

Measurements were made through 
BSA: Угу socion or т 
Palomar бод баре 


abe wath 


amd 1S-meter bands. Nevertheless, the 
results indicated that the antenna and radial 
system would give a low SWR with 50.0 
cable on ай bands, a fact that was con- 
firmed in subsequent on-the-ai testing. 
The antenna tubing section lengths could 
have been adjusted on 14, 21 and 28 MHz 
to bring the resonant frequency closer to 
the center of the bands, but 1 decided at 
the beginning of this evaluation to use the 
lengths recommended by the manufacturer 
їп all subsequent measurements and texting. 
Next, a 2-inch diameter, 24-inch long 
loading сой of 8 turns per inch was select- 
ей from the junk box (such as BEW no. 
3900 or AirDux no. 1608T). Alternate turns 
of the сой were bent in toward the center 
‘on one side of the coil to permit tapping 
it at 1,5, 3.5, 5.5 turns and so on. The 
starting turn could be tapped easily from 


the end of the coil. This inductance was 
‘connected from the coax braid connection 
fon the insulated antenna mount through a 
relay to the counterpois with small alliga- 
tor clips. A 12-V 4-pole double-hrow re- 
lay (Radio Shack No. 275-214) with all four 
similar contacts connected in parallel was 
wired to permit remote switching between 
the radial system and loaded counterpoie 
A schematic of the installation is shown in 
Fig 2 

"The station receiver, noise bridge and 
resistance standards were again put o work 
to determine the appropriate taps on the 
loading inductance for 40, 20, 15 and 
10-meter operation with the counterpoise, 
using two separate sections of 500 coax cut 
for й A at 7.05 and 7.125 MHz. Results 
‘of these measurements are shown in Table 2. 
Ak is apparent that the loading of the 
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Fig 2—The remote switching arrangement used to switch between the counterpoise and 


ground radial system from the operating positon. 
KI Radio Shack" four ole double how relay 


м. part no. RSE75214. 
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Table 2 


Noise Bridge Data on Antenna and Counterpoise System 
(RGB cables wore cut to Yè at 7.050 and 7.125 MHz 
» Losdng 
Cabe Measurement Сәй ар Resistance, — Reactancó 


Band Мн Ред MHE Типа Ohms раї 

т 7125 TUS ns Ed nm 
95 E] ©? 
75 E] сю 

40m 7050 тою ns ss сю 
95 © 0 
75 50 010 

ют zoso 14100 55 125 Lio 
35 E] o 
13 E cu 

ләт 709 глю 35 100 im 
15 75 o 
05 70 ст 
15 70 0 

10m 7050 жою None E] сю 

28.390 None E] o 

сошиегрове could be adjusted to provide 

a nonreactive match in all four bands. Table 3 

Measured resistance values at a zero. SWR Data 


reactance setting of the noise bridge varied 
Between 45 and 75 ohms, At 28 MHz no 
added inductance was necessary to achieve 
System resonance at 28.390 MHz. This sug- 
gests that it may be desirable to extend the 
‘counterpose, if the system is to be made 
resonant at a lower frequency on 10 m, by 
increasing the space between the inner ends 
of the tubing and increasing the length of 
the wire connecting them. With the col- 
Jection of these results, it was clear that the 
loaded counterpoise provided an acceptable 
nonreactive antenna, ready for on-the-air 
testing, 


On-the-Air Testing 

Testing was conducted in three stages. 
Firs, SWR measurements were made in all 
four bands with the vertical working first 
against the radial system, and then against 
the counterpoise with the appropriate in- 
ductance connected in the circuit. Results 
of these tests are presented in Table 3. The 
radials and the loaded counterpoise gave 
comparable results in terms of SWR 
measurements. 

‘The second stage of testing included 
‘checking the S-meter levels of received 
signals as the antenna was switched be- 
tween the radial and the counterpoise 
system. No consistent difference was 
observed at levels above 5-6. At levels of 
5-3 or lower, the radial system had a slight 
edge over the counterpoise, up to about one 
S unit. At no time was a signal heard on 
the system with radials that could not be 
heard with the counterpoise. This was true 
on all four bands. 

"The third stage of testing was use of the 
antenna in actual contacts, mainly on 


p 


Frog, Wih ит 
Bano МИ: Rada  Countorpoiso 
ют 7108 171 сла 
zus 171 Qn 
746 181 121 
ют мою 131 151 
1470 171 181 
14200 181 201 
15m 21120 181 181 
21180 201 171 
21180 201 181 
лот 2930 201 211 
юзю 211 201 
2700 221 201 
Measurements were made with а 25-watt- 
‘Gat палате and Hath HO HF 
E) 


40 m in the 7.100-7.150 MHz Novice/ 
‘Technician segment. Contact would be 
initiated with the radials in use, and then, 
later in the contact, after RST reports had 
been exchanged, the system was switched 
{othe counterpoise. 1 announced that | had 
"switched antennas” and asked if the other 
operator noted апу change im signal 
strength. In every case, without a single 
exception, the response from the other 
‘operator was “no change,” sometimes with 
а repetition of the original RST report. 
Contacts with a 25-vatt crysal-con- 
trolled transmitter covered a circle with а 
radius of approximately 400 miles. A quick 
review of the log and an atlas revealed no 
apparent preferred direction of communi- 
cation of the counterpolse system, Further 
testing may reveal some favored direction 
forthe counterpoise, but it is not apparent 


at this point in evaluation of the system. 
Discussion and Conclusions 

‘approached this project with consider 
able skepticism, despite the convincing 
arguments of Moxon that a vertical mono- 
pole with loaded counterpoise was electri- 
cally the near equivalent of a vertical 
dipole. The test results demonstrate that 
‘Moxon was correct, and, further, that the 
loaded counterpoise is equivalent 10 a 
modest system of ten radials in on e af 
testing. 

‘Obviously, the Hustler 4-ВТУ antenna. 
requires some "fine tuning" to adjust its 
element lengths for resonance in the desired 
portions of the bands covered. Do not be 
discouraged if the loaded counterpoise 
reduces the claimed bandwidth of your 
vertical antenna. | remind you that the 
loaded counterpoise will reduce the band- 
width of this or any other vertical antenna 
because of the inclusion of another tuned 
clement in the system. 

T would like to have tested the system in 
actual contacts on bands other than 40 m 
before preparing this paper, but because of 
time, license and propagation limitations 
was unable to do so. Performance on 40 m 
was considered the most critical test of the 
concept because the counterpoise length 
was approximately 1/8 X at 7 MHz. Others 
сап il in the information for 20, 15 and 
10 m, where the counterpoise is a greater 
fraction of a wavelength. 

Some readers may question the use of 
only 10 radials for comparison with the 
сошцегрове, pointing out that the efficien- 
у of a vertical radiator is reduced if the 
ground resistance of the radial system is too. 
high." The radial system included four 
elements greater than 1/4) at 7 MHz, and 
another four at approximately 1/5 А. 
‘Although this does not meet the commercial 
‘broadcast standard of 120 radials, it is 
probably a better radial system than used 
‘by most amateurs, and is certainly as good 
for as better than the usual rooftop 
insulated, resonant radial system. It is 
possible, as noted in The ARRL Antenna 
Book, that a system of twenty 1/81 radials 
might have been preferable to the system 
‘used here. Bat that would have doubled the 
number of wires that could become en- 
tangled in the lawn mower, an environ- 
mental hazard of some concern! Should 
you explore the use ofa larger number of 
radials, I would be interested to learn the 
results 

"There remains one unanswered question 
in my mind at this point in the project. То 
what degree are the favorable results 
Observed with the counterpoise system 
attributable tothe presence ofan isolated 
тайа! ground screen below it? I have no 
answer to this question except to believe 
‘that the influence of the radials on the 
counterpois is minimal because of another 
example given by Moxon in his book.* In 


his Fig 11.16, Moxon sketches a monopole. 
with a short inductively loaded counter- 
poise for 20 m. In this instance the counter- 
poise loading is not lumped but rather dis- 
tributed, with the 21-foot counterpoise bent 
roughly into the shape of a trombone at the 
base of the vertical “A monopole element. 
Не points out that this antenna may be 
mounted at ground level, but that improve- 
ment in performance "of at least half an 
Заві сап be expected if the base height is 
raised to about 0.2, or 4 feet at 14 MHz." 
Moxon's antenna had no radial system 
below it, and, except for the type of loading. 
used, does not differ greatly from the 
design presented here. 

Elevation of the base of the antenna is 
auractive for other reasons, namely 
reduced earth losses and environmental 
safety. On the other hand, it just is not 
always feasible to clevate the base of the 
vertical element by 0.2 2, or 28 feet, at 
40m. In my installation, there are no young 
children in the household or immediate 
neighborhood, so the chance of accidental 
contact of persons with the counterpoise 


element is minimal in а fenced backyard. 
A potential hazard of RF burns exists with 
any ground-mounted vertical element, even 
When operated against grounded radials, so 
the counterpoise is not considered to pose 
а significantly greater hazard than a ground- 
‘mounted vertical. The advantages of having 
e antenna feed point easly accessible for 
adjustment of the counterpose loading 
inductances is obvious, and even critical, if 
the taps ae selected by an electrically or 
‘manually operated switch. If 1 operated high 
power, I would give thought to extending 
and guying the mounting pipe so the 
antenna and counterpoise might be mounted 
about 6 feet above the ground. This would 
significantly improve environmental safe 
yet sill permit acces by ladder for adjust 
ment or repa 

"As yet, I have not found a mathematical 
method to calculate the inductance required 
to resonate the 17-foot centered counter- 
Poise, as did with a loaded short horizontal 
dipole.” 

"The data given here will provide a 
starting point if you are interested in in- 


stalling a similar system. The values of 
inductance used for this ground-mounted 
vertical with loaded counterpoise are 4.3, 
0.92 and 0.52 ИН for 40, 20 and 15 m 
respectively. I will be pleased to hear from 
others installing a similar system, and will 
reply to comments or questions if a 
stamped return envelope is enclosed with 
the ketter. So, ood luck, down with radials, 
and up with the counterpoise! 


Notes 

IL A Moxon, HE Antennas fr AV Locations 
(Sa Patios Bar, Hot, 1982) pp 4, 184- 
157 164168. 
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А Multiband Groundplane 
for 80-10 Meters 


By Richard C. Jaeger, C 
711 Jenniter Dr 
Auburn, AL 26090 


fier several years of inactivity, 1 
recently found time to get back on 
the air. I've always been а DX 
chaser and decided to pursue SBDXCC. A 
review of my QSL collection found coun- 
try totals close to 100 on 10, 15 and 20 
meters, but only 43 on 40 and а paltry 7 
оп 80 meters, It was clar that my activity 
needed to concentrate on 40 and 80 meters. 


Choosing the Antenna 
1 began to explore antennas for low-band 
‘operation. My past experience included а 
40-meter full-wave loop that had per 
formed reasonably well and low dipoles on 
80 meters that had always left a lot to be 
desired. After studying a number of anten- 
па articles and books, I became convinced 
that the low angle of radiation of a verti- 
cal antenna would offer the best opportu- 
nity for low-band DX operation. However, 
the same literature indicated that а large 
number of radials are needed for good per- 
formance, and I simply do not have the 
space to put an adequate radial system into 
the ground, particularly for 80 meters 

Оп the other hand, many European за 
tions produce excellent signals on the high 
frequency bands with groundplane anten- 
nas, and | set out to explore the possibility 
of using such an antenna on 40 and 80 
meters, The book by Orr and Cowan 
provided some very useful information 
about the groundplane antenma.! Fig 1 
gives the vertical radiation pattern of a 
aroundplane with its base at a height of 
% A, showing useful low-angle radiation 
below 10°, 

‘Of even greater interest is Fig 2 which in- 
dicates that as few as 6 radials are needed 
ifthe base of the antenna is % X high, and 
Only four are needed if the antenna is 
Ye X high. If my SO-foot tower were used 
to support the groundplane, it would be 
almost a quarter wavelength high on BO m 
and a half wavelength high on 40 m. At this 
point 1 opted to take down my beam and 
Put upa groundplane. Not wanting to give 
"up 10, 15 and 20 meters, 1 decided to try 
to make a multiband groundplane for 80-10 
meters, 


‘Nets appear on page 49. 
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Fig 1—Verieal radiation pater of a 7-MHz groundplane antenna with the base elevated 
‘wavelength above ground. Calculated with MININEC, a method of moments procedure, 
for average soil conditons deere constant = 19, conducti ~ 5 mS/m). 


The Multiband Design 
‘Butternut verticals enjoy an excellent 
reputation, and the Butternut HFGV | we, 
seemed to be a good choice for the vertical 
radiator. In addition, resonant radials are 
required for each band. Past and present t 
editions of The ARRL Antenna Book have | зо) 
given several 80-10 meter dipole designs \ 
which require only а single set of 40-meter [ 
traps.” As an example, Fig 3 gives the 
Somputer generated SWR curve of such an 
antenna showing the resonances near cach 
of the five major bands. A pair of these 
trap dipoles at right angles to each other 
will provide a simple system of four radi- 
als for five bands, The inductance of the 
traps provides the additional advantage of 


Е 


reducing the overall radial length on 80 | S T T= — 
meters. KO E 
"The first version of this antenna had four besessene 


radials using 40-meter traps from SPL-RO 
Manufacturing.” Details for home con- 


r 
S со ohon 
LT = 


Fig ЭЭМ versus frequency or a S-band 
тар pole obtained from computer 
Simulation using the method of moments 
The simulaton assumes f = 34 108,12 
= 2 Toot and lossless ape. (Ses Fig 4) 


‘There is some disagreement in the liter- 
ature on whether the radials should be ex- 
‘actly % Nin length or approximately 2.5% 
longer than the standard formula fora 4X 
wire antenna. I finally decided to start out 
with the longer length and trim the radials 
Inter if necessary. The inner section of each 
radial must be cut for 40-meter operation, 
and its length in feet is given by 


T т» 


where the frequency fis specified in MHz 
In order to try to cover most of 40 meters, 
design frequency of 7050 kHz was chosen, 
resulting ina length of 34 fet for the inner 
part of the trap radial, 

Based upon the design information from 
SPIRO and the otter designs in The 
Antenna Book, the length of the radial be- 
Lord the trap was chosen to be 25 feet for 
ап operating frequency of 3.5 MHz. To 
desien for other frequencies, this length 
should be changed to 


= 25 x 35 feet CE) 


T 


‘where fis the new frequency in MHz. The 
‘completed radial design is given in Fig 4. 
As it turned out, the length of the radials 
‘vas never changed. 

Concern is often expressed about trap. 
losses, Measurement of a SPI-RO trap in- 
dicates resonance occurs at approximately 
7120 kHz with a 10-H inductor in parallel 
with а SOpF capacitor. The equivalent 
series resistance of the traps was measured 
to be 2 ohms ata frequency of 3 MHZ using 
an RF impedance bridge. Four radials 
provide an equivalent resistance of only e 
‘ohm, lt should be noted tha this resistance 
is substantially higher than the de resistance 
‘of each trap, which is less than 0.04 ohm.) 

Fig 5 shows the calculated current on a 
ар dipole operating at resonance on 
80 meters. The current at the trap position 
is approximately 70% of the current at the 


uc deme 


Fig 4—Multband trap radial design with lengths chosen for operation at 3800 
amd 7050 кнг 


feed point. Feeding 1000 watts into а 
50-ohm antenna results in a current at the 
feed point of ча — 


-W- amos ean 


where Lis the RMS value of the current 
One quarter ofthis current flows in each 
nd the total loss in the four traps is 


P = apr, =a (07 x 
= 49 watts таз 


Fig 5—Simulated current distribution on a 
strat vap cl parar н resonance 
where I, is the current flowing in the tap (9700 KHz) on 80 meters. Current 
hg He ситен oing inthe р ap postion s epoca 70% o! he 
and R, isthe resistance of the trap atthe Кар postion ie ap 
operating frequency 
If the feed- point resistance of the amten- 
па were only 10 ohms, as might occur in 
A short vertical, then the Feed point current 
would increase to 10 amperes, and the loss 
in the traps would be 


m 


the base of the antenna. A single fed wire 
runs from one point on the ring up to the 
coax shield connection on the НЕВУ, The 
Е: feed ring can be seen in Fig 8, which shows 
o the completed antenna with its radials 
(Eq S) stretched out to various supports. The 
radials droop to help raise the feed point 
This loss still represents only 2.5% of the impedance, and the ends are attached to 
total power being supplied to the antenna, various tres with 200-1 test nylon twine 
‘The end of the lowest radial is approximately 
‘Antenna Construction 30 feet above the ground. 

1 removed my CL-33 beam from the The feed ring seems to work well, and 
tower and mounted the HF6V vertical om there has not been any indication of an 
а piece of TV mast at the top of the tower, asymmetrical radiation pattern with the ex- 
placing the base of the groundplanc isting radial system. An alternative ap- 
antenna approximately 55 feet in the air. proach to feeding the radials would be to 
The bottom of the HEY was gently tapped Фо away with the ring and run a bundle of 
into the top end of the TV mast. I drilled feed wires from the radials up to the feed 
a hole through the mast and antenna base, point. This alternative approach should 

and secured the two parts with а 2%-inch Вер balance current flow in the radials. 
bolt. The manufacturer's suggested procedure 
"The radials attach to а guy-wire bracket, бог adjusting the НЕБУ worked fine for 
obtained from Radio Shack, with to tuning up the antenna. One perplexing 
radials (or three for a sixradial system) | problem was encountered, After making an 
attached to each of the bolts of the bracket. adjustment, the SWR became high on 10 
See Figs 6 through 8. The radials are соп. meters, as shown by curve A in Fig 9A, In 
structed of no. 14 Copperweld® wire, and addition, the SWR curve was independent 
cach radial is isolated from the guy.wire of the 10-meter length adjustment, After 
bracket by an insulator. The radials fan out pulling out some hair in frustration, I real- 
from the tower with a 90° spacing for 4 ized that I had replaced the coaxial cables 
radials and a 60° spacing for 6 radials. A between the transceiver, Transmatch and 
wire ing connects one radial to the next at linear amplifier, changing the total length 
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Теле the four radials тоет 
а single connection is made 


base of tha vortal 


Fig 6 Tho base of th Виеттин 
НЁБҮ mounted on top of the TV 
mast on the tower. The radials 
‘tach through strain Insulators to а 
Quy-wre bracket. A fead ring com- 
ad 


betwen the feed ring and the 


E 


E 
— SINGLE CONNECTION 
Ц 
[ g E 
Ld 
А 


Fig 7—Shows the radials attached to the guy-wre bracket. Taping 
the radials fo the tower can help eliminate tangled wires when 
erecting the antenna 
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antenna heights 


Fig 8—The вло radis 
‘Adding radials can compensate lo inelicency caused by lower 


of the coax feed line. Adjusting the length 
of the coax going to the transceiver 


eliminated the problem and resulted in 
curve В in Fig 9A. [The need for this 
change indicates the author probably has 
RF current flowing on the outside of the 
coax shield. The length (resonant frequen 
ey) of the radials will affect this cur 
per] 

T have experimented and found that à 
similar problem can occur on 15 meters. I 
is also worth noting that rhe SWR circuit 
in my 78 5408 usually gives a considerably 
more pessimistic estimate of the oll. 
resonance SWR than does the bridge in шу 
5В-200 amplifier. 

Be prepared to raise and lower the 
antenna several times during the tuning 
process. I have а Hy-Gain gin pole which 
cases the job of dropping the tower and 
raising it again. The process of taking down 
the radials, lowering the tower, adjusting 
the antenna and putting the whole thing 
back up takes about an hour and à half. 

Tris easy to get the radials tangled after 
the tower is raised, particularly with six 
radials. After a couple of bad experiences 
trying to untangle the radials, I developed 
the following system. Each radial is taped 
to a leg of the tower before the tower is 
lowered, and the insulator at the end of 
each radial is marked with its compass 
direction using an indelible marking pen. 
‘Taping the radials helps keep them in their 
proper position, and marking the ends is 
ап aid if they become entangled, When the 
Tower is raised, be sure to untape and raise 


system wth tno groundplano in the ай. 


the radials in the reverse order that they 
were taped to the tower. 


Results and Performance 


The four-radial version of the antenna. 
performed well, but the SWR curve was 
broader than expected on 80 meters, in- 
dicating that there still might be some sub- 
stantial ground losses. So I ordered two 
ore traps and went to а sbradial system. 
"The two additional radials did indeed cause 
the SWR curve to become sharper. 
However, I have not really been able to 
notice any qualitative difference in on-the- 
air performance. 

A photograph of the final antenna with 

al is given in Fig 8, with the SWR. 

curves presented in Fig 9. The antenna 
easily covers the CW DX band on the low 
nd of 80 meters and can be tuned to cover 
almost the full band on 40-10 meters with 
an SWR below 2:1 

Although the HF6V is also designed to 
work on 30 meters, the SWR of the 
sroundplane is approximately 2.3:1 across 
the band. This is higher than desired, but 
itis easily within the range of most Trans- 
matches. My noise bridge indicates that 
resonance is occurring at approximately 9.6 
No, even with the antenna adjustment 
‘the end of its range. Shorting ош a portion 
of a turn on the 30-meter сой should help 
shift the resonance point into the 10-MHz. 
‘band. An extra set of radials for this band 
would be another possibility. 1 have not 
had time to fully experiment with reducing 
the SWR on 30 meters, 

“This is by far the best low-band antenna 
1 have ever had. Running approximately 
800 watts output with this antenna 
produces a competitive signal on 40 meters 
and a solid signal on 80 meters. I often 
break through 40-meter pileups with only 
а few calls. I never knew so much DX 
activity existed on 40 and 80 meters, and 
how routinely work Asia and the fa 
Pacific on all bands. It is common to listen 
1040 meters in the evenings and hear trong. 


Fig 9—5WR curves tor 10:0 motor. 
"Because curve A n drawing A shows an 
unsuitable match, cuve B was obtained" 
by changing the length of the coax food 
line (Soo editor's nora in tex.) 


signals from Europe, Africa, North 
America and South America, ай coming in 
at once, In 18 months of casual but active 
operation I have worked 166 countries on 
40 meters and 112 on 80 meters. 

"The low angle of radiation is effective оп 
all bands. Although giving up 5 dB or more 
of antenna gain on 20 m is a disadvantage 
in big pileups, it has not been a problem 
Tor normal operation. Many times 1 have. 
answered DX stations calling CQ on 20 
meters where I seem to be one of the few 
stations answering the call Fig 1 shows that 
There is substantial radiation from the an- 
tenna as low as 3 and 4 degrees from the 
horizon, and I think this provides an ad- 
vantage on the bands. The multiband fea- 
ture of the antenna is also зо convenient 


‘that 1 am considering keeping the ground- 
plane as my permanent antenna. 

Twish to thank Professor Lloyd S. Riggs 
and Scott Boothe ofthe Auburn University 
Electrical Engineering Department for 
providing the antenna simulations shown 
in Figs 3 and $. 


Notes 
Мм Оп and S. О, Cowan, Al About Vertical 
“ators (on, CT Radio Poca ne, 


26 аа Ea. Tto ARAL Antenna Book, 15m 
а (Nowingion CI ARAL S0) p 120 


эб НОМАИ Веит Ins: PO Box 1838, 
Hendorsenite, NC 28783; 140 aps. 
SEMI 
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Tunable Vertical Antenna 
For Amateur Use 


By Kenneth L. Нейпег, WBAAKK/AFA2PB 


2410 Garnett Ct 
Vienna, VA 22180 


ог many years, I have used a simple oftheantenna. If more wires or a skirt are 
random wir antenna for the lower "led, the upper frequency range ofthe 
HF bands. It served my purposes ron maz, wnes | antenna would be lowered. 

ell since most of my operations one A ground plane was formed from six 
bare about 4.6 MHz. This frequency radial wires, 20 to 30 ee long, running 
is used bythe MARS program in which 1 The | away from the base of the antenna: Sine 
bender However Гао wanted 10 be fhe antenna was oof mounted the radials 
ble to operate onthe 40- and Someter L were terminated a the edge f the roof 
алави bands ж wol ы the TAME was seen | Ground wires were also connected o the 
MARS frequencies. While my coupler Copper vent pipes on the roof. thus 
Moved me o operaie at these frequencies, | төш, Сонау ing nthe water pipes s part 

performance of the random wire атава r ofthe ground system. 
Ж Би thee Opin коне — The tuner circuits shown in Fig 2. The 
Abou two years ago, I began to work Û Т «ira known as the omega match, ad 
on a better approach. e books on antennas 
‘covering the frequencies of interest, 1 also ж-ы What is unique here is that the capacitors 
Sand an antena that would be relatively Are made remotely unable with vo small 
Small and easy o construct from available Dermanenomagnet gear motors. The 
ters The antenna orientation that I fpectic motors 1 used are Autouol no 
‘hose was vertical. This because wanted so-om tone ld Similar smal de gearhead motors 
(o emphasize the low angle radiation, ~ î ие available from C & Н Sar. (See 
especially on the 7 Miz frequencies шей | "ышк | стн wt | 2 caption. in order to achieve very 
For longer distances, Quite frankly, this is cies Fine contro over the capacitance value, 
mot the бен configuration for communica. | Ёла, а mechanical vernier сап be put between 
tion distances under 1000 miles, where high | "оле "E [T the motor output shaft and the capacitor. 
radiation angles are desirable. However, mes ммди LL. | Гшейа model similar to the Radio Kit 
the vertical antenna is also easier to pur up Ari | по. $50. Typically, these verniers are 
în many cases, and Tends sel to stations designed” for only ien dess rotation 
where not much horizontal space is SF the output shaft, Thus, the deer 
available, Fig 1—Tunable vertical antenna. The total must be disassembled, and the stop tabs 
height is approximately 15 feet. Radials are removed to allow for continuous rotation. 
Basie Design oP shown “The tuner component were mounted on 
The basic antenna is shown in Fig 1 a small wood board. The emir tuner was 
Technically, t is a vertical folded placed in a large plastic refrigerator dish 
topo, fed with өп ouran жыка: The Sith a ight sealing cover. The connections 


antenna itself is constructed from two 12), and held in place by wood spacers with мете made by mounting binding posts on 
pieces of aluminum tubing, 1 and 1% small Levan® insulators at the end. Since the refrigerator-dish walls and wiring 
inches OD respectively. I joined them with the voltages involved are not thar high, this directly to the components of the tuner. 
about a 9inch overlap by wrapping the arrangement works well at the 100-watt Thus, the box could be easily connected at 
Small obe with hin aluminum sheet and pomer ke the roof, and it was essentially water proof. 
sliding it into the larger tube. To assure that" The fold runs the full height of the 
the final joint was rigid, I drilled small antenna, On the -MHz band, this provides Performance Characteristics 
holes in the region of overlap, and used six тоге positive reactance (han is needed to The antenna is tuned to the operating 
по, 6 sheci-meal screws to fasten the two tune the antenna. Thus, the fold has a frequency by watching the reflected reading 
parts firmly together. I used plated screws shunt placed across itself by a small relay. on an SWR meter. It is sometimes difficult 
to avoid corrosion. The relay і closed for -MHz operation. to find the initial null because only one 
"he fold in the antenna is designed to Almost any relay will do if it has reasonable capacitor is varied ata time, Once the null 
have a characteristic impedance of about contact spacing when open. My advice is is found, the two capacitors can usually be 
600 ohms. This is another compromise. If по! to operate the relay when transmitting. varied to produce a fairly deep null, in 
the impedance is much lower, my experi- The relay I used is a Radio Shack No. dicating the antenna is resonant. Resonance 
ence is that the antenna tends to become 275-244 with the contacts wired in series. should be achieved before full power is 
too lossy. If the impedance is much higher, The antenna is made to appear electrical; applied to the antenna. 
the spacing between the fold wire and the longer by use of a top hat. In this case, a 
pole becomes too large. The fold was threcavire top hat is used. This approxi- шок, PO Box 978, Pelham, NH 09076, 
constructed of aluminum wire about no. mately doubles the electrical height (length) "el 808-497-2722, 
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С1—150+рЁ ar variable. 
GI 100-pF ar variable. 
¡Sr relay, ОРОТ Radio Shack no. 


1375-244, 
Mi M Small de gear motors. Available 
fom G & H Sales. PO Box 5358, 


Once the antenna is tuned to a particular 
frequency, operation on adjacent 
frequencies does not require retuning. Fig 3 
shows how the SWR varies with frequency. 
‘The bandwidth on 80 meters is at least 
equal to that of a гар vertical, with the 
advantage of retuning if desired. On 40 
meters, the antenna is adequate across the 
entire band with one setting- 

Based on a limited amount of operati 


Fig 2—Remoto controlled omega-match tuner (A) and control box (В). 


э1=ОРОТ swich Goggle or rotar 
S2, e push Suton swich. 
S. SPST cmi 


‘experience at 4.6 MHz, the antenna can 
perform within a few decibels of a random 
Wire. The random wire still has the 
advantage for close-in communications of 
producing more high-angle radiation. On 
7 MHz, this antenna appear to outperform 
the random wire, Certainly, theoretical 
considerations favor the vertical antenna 
for longer HF circuits 


Fig 3— SWR curves for tunable vertical an- 
{ena These curves are win a top hal and 
фал skin, 

See A- Tuned to 7.1 MHz, shunt relay 


созо 
Curve B—Tuned to 3.7 MHz, shunt relay 


ороп 
Curve d. Tuned to 3.9 MHz, shunt relay 
open 


‘As with any do-it-yourself project, some 
care in the choice of materials and the 
methods of assembly will produce a better 
product. My experience with the aluminum 
tubing and plated hardware is that they 
withstood the elements fairly well I think 
this particular antenna design will be use- 
Tul to amateurs who wish to operate on HF, 
but have limited space in which to erect HF 
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A 5/8-Wave VHF Antenna 


By Don Norman, AF88 
41991 Emerson Court 
Era, OH 44095 


his antenna grew out of a series of 
experiments with feed-line de- 
coupling, Ralph Turner, WSHXC, 
‘and 1 began exploring feed-line decoupling 
after Ralph discovered considerable RF on 
the feed line of a popular commercial 
Seeler vertical antenna. The writer built 
а 5/83 antenna and began a series of 
experiments with feed ine decoupling. 

Since this was a homemade antenna, the. 
radials were attached to the mast with a 
homemade rin clamp and could be reposi- 
tioned very easly. A series of tests and 
‘measurements proved to my satisfaction 
that 1/4 radials do not belong near the 
matching network on а 5/8 antenna, 
Quarter-wave radials positioned 3/8 X 
below the matching network worked quite 
nicely and yielded excellent feed line 
decoupling. 

believe that a 9/8 antenna with 1/43. 
radials placed 3/8 X below the matching 
Point acts in the same manner as the vener- 
able extended double Zepp antenna. In 
fact, the antenna works well when the 
‘matching network is removed and it is 
center fed with 300-0 balanced line. The 
balanced line must be led away from the 
antenna at right angles for more than 1. 

"When the decoupling experiments were 
finished, there were a large number of odds 
and ends on hand and a search was begun 
for a design of an antenna that the aver 
age amateur could build with ordinary 
hand tools and hardware store and Вас 
Shack items. A sketch of the antenna is 
presented in Fig 1. 

The radiator is cut from %-inch OD 
aluminum tubing and the supporting mast 
is a 1Y-inch OD television antenna mast. 
"The matching rod and radials are made 
from hard-drawn aluminum clothesline 
wire. The center insulator is made from a 
pipe coupling for the sort of semiflexible 
plastic water pipe that is joined with 
‘molded plastic fittings and stainless steel 
hose clamps. Fig 2 shows three views of the 
plastic pipe fitting. 

Fig 2A is a sketch of the coupling before 
‘anything is done, 28 is a cutaway of the 
coupling inside the mast, and 2C is the 
radiator inside the insulator. The inch 
aluminum radiator В loose fit inside a 
inch pipe coupling, and the Linch pipe 
coupling is a loose fit inside the TV antenna 
mast. These loose fits are tightened with 
shims cut from aluminum beverage cans 
The radiator is installed in the insulator by 
inserting the tubing halfway through the 
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Fig 2—Three views ofthe plastic pipe 
Ming inso the center ineuator 


Fig 1—Dlagram ot the 147-Ml 5783, 
antenna. itis designed to bo bull wih 
readily available pans anc ordinary hand 
look, 


coupling and drilling a hole and installing 
A selftapping sheet-metal screw. The 
radials are attached to the mast with self- 
tapping sheet-metal screws. 

Fig 3 is a sketch of the matching network 
of the 5/8- antenna, The matching rod is 
bent up from a 19-inch length of hard- 
drawn aluminum wire. Measure 2 Inches 
from one end and make a right-angle bend, 
Make another right angle bend 1 inch from 
that one. Measure 2 inches from the other 
end and make a right angle bend. Make 
another right-angle bend 1⁄4 inches from 
the end. You should now have a U-shaped 
piece of wire with the U 1 inch deep at one 
end and % inch deep at the other 

Drill а 3/8-inch hole through the mast 
and insulator between two of the mast 
attachment screws. Fish the coax through 
this ole. Attach the matching rod to the 
radiator and mast with stainless steel hose 
clamps according to the dimensions in Fig 
3, (Be sure to file any paint or anodizing 
off the mast and radiator.) Ground the 
coax shield to the mast under one of the 
mast attachment screws. Attach the coax 
center conductor to the matching rod with 
а homemade clamp. Adjust the coax tap 
Position on the matching rod for best 
SWR. 

The same design works well at 220 MHz. 
А 220 antenna was designed, constructed 


I 
thts 
= = 


Fig 3Detaled view of the matching 
network 


Fig 4— Diagram of the 220-MHz version of. 
‘he antenna 


and tested in 1982, but only recently 
became popular locally. Fig 4 gives overall 
dimensions for the 220 antenna, Materials 
and construction of the 220. MHz version 
are the same as for the 147-МН version; 
only the lengths are different. 

Fig 5 is the matching detail for the 
220-MHz antenna. The antenna may be 
built for center frequencies other than 147 
and 220 MHz. Formulas are (ай dimen- 
sions in inches, Г = center frequency) 

'adiator 7056/7 
radials—2793/1 
radial attachment point below top of 

тай—4263/Г 
matching rod—2205/f 
matching rod attachment point above 


M EN 
AL r s N 


1g The matching network rhe 


top of mast 1323/1 
"The matching rod is spaced 1 inch from the 
radiator for both the Zmeler and l meer 
bands. 

This antenna design works well, 
Whichever frequency it is constructed for 
We have found that matching is easier il 
‘the feed line is cut in multiples of a half 
wavelength at the most common operating 
frequency. A half wavelength in inches is 
determined by the equation 
L (inches) = 5904/ x VF 
where 

f = frequency in MHz 

УЕ = velocity factor of the particular 

cable 
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Some Experiments with HF 
and MF 5/8-Wave Antennas 


By Doug DeMaw, WIFB 
PO Box 250 
Luther, MI 48656 


HF and MF operation? This paper 

describes the results of some related 
fest. I have been asked many times if there 
is anything to be gained from using a 
5/8-wave antenna at MF and HF. I have 
used the standard 5/8-wave vertical 
antenna for Leier mobile operation for 
а number of years, and I find it entirely 
acceptable for communications at УНЕ. 
But, what about lower-frequency use? I 
buili two 5/8 antennas to explore the 
practicality of this type of radiator. My 
Observations follow. 


1 5 a S/&wave radiator practical for 


The Nature of the 5/8-Wave Antenna 


A fullsize $/8-wave radiator presents a 
capacitive reactance of approximately 
165 0. Therefore, it becomes beneficial to 
insert an inductive reactance of equal value 
at the feed point in order to make the 
antenna resistive. This accounts for the 
manner in which series fed 5/8-wave 
mobile antennas are configured, The сой 
may be tapped (shunt feed) to provide a 
500 match to RG- or RG-58 feed line 
(iustrated in Fig 1). This approach is my 
preference for single-band use of a 
5/8-wave antenna 


Comparisons—1/4 Wave to 5/8 Wave 

1 erected a 1/4-wave sloping wire (45° 
piteh) for 40 meters I was worked against 
20 on-ground radials and matched by 
means of a broadband transformer to a 
500 feed line. 1 then constructed a 
S/-wave sloping antenna with  matching/ 
loading coil It was used also with 20 on. 
ground radials. 1 used an antenna switch 
in the ham shack to allow quick compari- 
Sons in signal strength while evaluating the 
antenna performance, The antenna switch 
also controlled remote relays that selected 
inductors which detuned the unused 
antenna when the tests were made. This 
‘vas done to minimize interaction between 
the antennas, 

1 observed local, medium-distance and 
DX signals with the two antennas, State- 
side signals received at my Michigan OTH 
averaged 3.6 dB louder with the 5/8-wave 
antenna, but there were certain times when 
Some signals were equal to or louder than 
those heard via the 5/8-wave, while using 
the 1/4-wave antenna. Antenna compar 
Sons during transmit yielded similar ove 
all results 
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Fig 1—Examl ol а typical s-wave VHF 
móbio antenna. L1 actually resonates the 
System by canceling capacitive reactance 
A the Toes point. L may be timmed 10 
biain an SWR of 1. The ol top е 
Selected o provida a match to 01, feeder 
E 


"The story is somewhat different for DX 
operation. The L/4-wave radiator had the 
edge 750% of the time. The difference in 
signal reports was on ihe order of one S 
unit, favoring the I/4.wave antenna, 
However, there were times when the 
5/8-wave radiator was approximately one 
S unit better than the shorter antenna. The 
time of day and propagation conditions at 
that time caused the change in antenna 
effectiveness. In any event, both antennas 
worked very well for communications to 
Europe and Asia when band conditions 
were favorable 


The 5/8.Wave Antenna on 160 Meters 

have used 1/4- and 3/8-wave inverted- 
L antennas on 1,8 MHz over the years. My 
curiosity prompted me to erecta 5/8-wave 
antenna in 1987. 1 replaced a fullewave, 
vertically erected, rectangular 160-meter 
loop with the $/8-wave radiator. The loop 
had lower-corner feed to provide vertical 
Polarization, and the loop was fed with 
450-0 tuned feeders to permit multiband 
‘operation. 

1 deployed a 5/8-wavelength wire (309 
feet) for the new antenna, No loading/ 
‘matching сой was used. Rather, I chose to 
feed the system with 480-0 ladder line to 
allow multiband operation, Fig 2 shows the 
Arrangement I am using. One side of the 
feeder is connected 10 the buried 160-m 


Fig 2—Detalls of tho WIFE 160 mater, 
Suave inverted antenna. Balanced 
food ne s used 10 рети multioand use 
ftom 18 to 30 MHZ. Tho far end ofthe 
wire may be bent toward ground if space is 
limito: Inground or on-ground racials are 
required or proper antenna perormance, 


radial system (22 wires) and the other side 
of the line is attached to the end of the 
5/8-wave wire, А 4:1 balun transformer is 
located just outside the ham-shack window, 
This converts the balanced feed to RO-R 
coaxial line (8 feet of line to my Trans- 
match in the shack). 

1 cut the 160-m S/i-wave wire for 
1.9 MHz, the center of the band. With the 
arrangement in Fig 2 the SWR is 13:1 at | 
1.9 MHz without using the Transmateh. 1 
need the Transmatch, however, for the | 
low and high ends of 160 meters, and 
during harmonic operation on 80 through 
10 meters 

Performance on 160 meters has been 
excellent, I receive better signal strength 
reports than 1 did from the 1/4- and 
3/8 wave inverted-L antennas. This analysis 
is based on reports from the same stations 
T worked regularly with the smaller anten- 
таз, out 10 1000 miles from Luther, 
Michigan. I hear weak signals better than 
with the previous inveried-L antennas and 
the loop, including DX signals on top 
band, The 2:1 SWR bandwidth on 160 m 
is 100 kHz without the Transmatch, 


Harmonie Operation of the 160-M. 
S/ Wave Wire 

Regular schedules are kept on 80 meters 
with my son, NSHLE, in Tolland, 
Connecticut. some 1000 miles from here. 
My signal improved between 3 and 10 dB 
over what it was with the 160-m loop 
antenna. In a reciprocal manner, his signal 
increased also. WSEEF (MI) also takes part 
in these weekly schedules, Norm uses 
comparable power to mine (AL-80A 
amplifiers) but uses an inverted-V dipole 
antenna for 80 meters (height is 60 feet). 
Previously, he matched or exceeded ту 
signal strength in Connecticut. Now, my 
Signal averages 5-10 dB stronger than his, 
which adds further proof that the inverted 
Lis working well. On 80 meters it functions 
as a 1¥4-wave radiator. My son has since 
feplaced his inverted-V dipole with an 
‘Si-meter$/S-wave inverted L, and he uses 
the same type of feed system that I do. 
(Fig 2). He reports excellent performance 
from 80 through 10 meters, These results 
suggest the practicality of this antenna, 
should it be dimensioned for 40 meters. 

Thave the horizontal part of my 160-m 
s/S-vave L running east and west, 1 dis- 
‘covered during some QSOs with Bill Orr, 
WSSAI, on 12 meters that it has gain and 
оой directivity on the higher harmonics. 
Bill reported that my signal was sufficiently 
loud in Menlo Park, California to suggest 
that | am using а beam antenna and 
an amplifier. 1 operate 12 meters with a 
Barefoot FT-102 (100 W output). There is 
obviously some strong east-west directivity 
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Fig 3- Method tor feeding а S-wave 
inverted L for вте вап operation. A 
SME example s shown. LT consists of 
Ti tums (cose wound) o no. 14 enamel 
Wire оп а den OD wears col form. 
Winding length s 4 inches. The tap on L1 
ls chosen experimentally to prone а 
match o 50:0 coaxial ne. Avoid shorted 
uns when placing the tap on T 


from the wire at the higher frequencies (as 
with a long wire). 
Single-Band Use 

If you prefer to use coaxialcable feed, 
the arrangement in Fig 3 may be followed. 
This will permit burying the feed line, 
which may appeal to city dwellers, L1 is 
adjusted to provide resonance in the 
portion of the band where you plan to 
operate. Next, the 50-0 feeder is tapped 


experimentally on L1 (near the grounded 
end) to obtain an SWR of 1:1. The SWR 
meter may be used at the feed point during 
these adjustments. 

‘Antenna resonance may be checked by 
way of a dip meter. After the feeder is 
matched to the antenna, recheck the 
antenna resonance and adjust LI accord- 
ingly. There will be some interaction be- 
tween the two adjustments. When checking 
antenna resonance, be sure to disconnect 
the feed line from L1, as it will cause mis- 
leading frequency measurements. 


‘Summary Remarks 

‘Try to make the vertical portion of your 
5/8-wave inverted Las high as practicable. 
"This will aid overall performance. Similar- 
ly, try to elevate the horizontal part of the 
antenna as high as you can. Alo, the more 
1/4-wave radials you install the better the 
antenna efficiency. Ideally, we should use 
120 radials as the minimum. 1 seem to 
obtain good results with only 22 radials 
(130 feet long, each), but more wires will 
be laid next summer. 

Dip-meter frequency tests may be made 
by coupling the dipper probe coil to the 
grounded end of LI in Fig 3. Remove coi 
turns if the frequency is too low, and add 
turns if u is too high. You may avoid 
pruning the coil turns by adjusting the over- 
all wire length while observing the SWR 
meter. If сой adjustment is contemplated, 
add three or Four exta turns beyond the 
calculated amount. This will allow leeway 
in resonating the system, 
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Yagi-Type Beam 
Antennas 


New Technigues for Rotary 
Beam Construction 


By G. A. "Dick" Bird, GaZU/F8IDC 
111, Sur Le Four 
Males en Minervois 
11600 Conques sur Orbiel, France 


quipped with lightweight, com- 

pact, modern transistorized equip- 

men many radio amateurs have the 
‘opportunity of taking an HF transceiver on 
holiday or business trips to exotic locations. 
Operation with a mobile whip or the odd 
piece of wire often produces rather disap- 
pointing results, and with a short duration 
‘one-man DXpedition there is generally lit- 
Че possibility of shipping a normal com- 
mercial beam antenna, However, with a 
little ingenuity, and using somewhat un- 
Orthodox techniques, a weekend should 
suffice t construct a very effective beam 
antenna at negligible cost using locally 
available materials and simple tools, 

"The various designs to be presented are 
intended mainly for use on the 10- ог 15-m 
bands; they could even be sealed up for 
20 m, if so desired. Experience indicates 
that 10 and 15 m are probably the most 
rewarding bands For low-power DX work, 
particularly on north/south paths. With the 
higher МОРО to be expected, at least for 
the coming six to seven years, this wil 
become even more evident. 

Novices and others may well find some 
of the designs attractive for use at a 
permanent location, They are easy to con- 
‘suet, light in weight with low wind 
resistance, and the material costs are 
negligible. The performance, regarding 
gain and front-to-back ratio (F/B), will 
certainly not Tall short of a commercial 
product 

Before proceeding further, I must stress 
"hat rotary beam elements do not have to be 
made of aluminum tubing, and they do nor 
necessarily have to de straight. V-shaped 
elements do in fact offer certain electrical 
advantages relating to gain, bandwidth and 
F/B ratio. No. 165 copper wire will support 
power levels up to several kilowatts with 
negligible loss! 

"The first design to be described, the 
"Jungle Tob,” was developed some years 
ago for use in Africa where the only 
materials available were bamboo rods and 
ordinary household electric light wire. The 
subsequent designs are more sophisticated 
developments exploiting the advantages of 
rigid, lightweight plastic materials. They 
offer somewhat higher gain and perhaps 
better visual impact for the neighbors. 


Fig 1—Ths Jungle Job two-slement beam. 
is a simple and lightweight structure 


The Jungle Job 

As will be observed from Fig 1, the 
Jungle Job looks rather like a bow and 
arrow! The "arrow" is the supporting 
Boom, It can be of inch square timber or 
stout bamboo of similar section about 5 to 
6 feet long (for the 10m band). The arrow- 
head on the end to indicate direction of fire 
is an optional extrat 

"The "bow" is fabricated with two 9-foot 
‘bamboo canes, end to end, tightly lashed 
"with string to a supporting member of 
inch X inch timber approximately 
3 feet long. This supporting member was 
fixed to the boom with a 14-inch iron bolt 
and wing out, No dil being available with 
the original model, the holes were made 
with a red-hot пай! As no coax fittings were 
obtainable, a -ampere household plug and 
Socket were mounted at the center of the 


‘bamboo-cane structure, to form the termi 
nation of a dipole radiator wound in a very 
‘open spiral (about one turn per fot) along. 
the length of the bamboo canes. 

"The classic formula for a wire dipole, 
468/0, would suggest 16 feet 6 inches tip 
to tip or 8 feet 3 inches each side. This is 
probably just about correct for no. 16 or 
no. 18 enameled copper wire. In my par- 
ticular case, the only wire available was 
plastic-covered flexible wire, Because of the 
loading effect of the plastic covering, the 
length needs to be shortened by 3 to 5%. 
The reflector, however, need to be about 
3 10 5% longer than the radiator. The 
simplest solution seems to be to cut 16 feet 
$ inches of twin lead, split it down the 
center, use one length for the reflector, and 
{the other cut in the center for the radiator. 
The tips of the radiator could be sub- 
sequently trimmed by an inch or so for best 
SWR. 

Obviously the reflector forms the 
“string” of the bow. It is tensioned by two 
pieces of nylon cord to the tips of the bow, 
producing the form shown in Fig I 

The feed impedance is around 35 to 
40 ohms, according to height, and the SWR. 
‘at band center will be better than 13:1 in 
most caes, The F/B will be around 25 dB, 
‘which is much better than a normal two- 
clement beam, The reason for this superior 
performance is explained in Appendix 1 

For a permanent insallaion, a more 
sophisticated appearance (at some addi- 
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tional cost) could be realized by replacing 
the bamboo canes with tapered fiberglass 
fishing-rod blanks, and the use of a thin- 
wall aluminum tube for the boom. The 
total weight should be well under five 
pounds and the wind resistance is very low, 
So TV mast sections will provide adequate 
Support if attached to the side of the house 
‘ora convenient chimney stack. 

1 doubt whether the complexity of a 
balun is justified, but if desired, a YA 
sleeve removed from larger diameter coax 
‘an be slipped over the lightweight 0.ohm 
coax feeder, or the feeder can be formed 
into four- or елита line choke close to 
the feed point. 


Structural and Size Considerations 

‘The beam in Fig 2 is a three-element 
апау that represents an attempt to over- 
Some many of the imitations and short- 
‘comings of commercial monoband beams. 

Most experts would agree that the gain 
and bandwidth of a three-element beam are 
Proportional to the length of the boom, and 
that with close spacing between elements, 
itis not possible to maintain peak perfor- 
‘mance over the whole width of an amateur 
band. (А boom length of 0.4 to 0.5 X is 
‘optimum with 3 elements). 

Unfortunately, transportation and dis- 
tribution services normally impose a limit 
on the length of packages they are required 
10 handie. Beam manufacturers are there- 
fore obliged to cut both the boom and 
radiating elements in two or more pieces 
To facilitate transit. A split boom produces 
obvious mechanical weaknesses, which is 
aggravated by the end loading resulting 
from the almost universal use of tubular 
‘ements for the director and reflector. 
Mechanical failure makes very bad publi 
city and manufacturers therefore tend to 
favor boom lengths much shorter than 
optimum. 

Many prospective users may be con- 
cerned about the size of the turning circle 
as they wish to avoid overhanging neigh- 
boring property. It is true that a shorter 
boom will reduce the turning circle, and 
thls may in some cases be a deciding factor 
in purchasing brand X as against brand Y. 

In this respect, readers may be interested 
lo note that because of the use of V-shaped 
parasitic elements, the beam of Fig 2 has 
а smaller turning circle than even a very 
lose spaced beam of conventional design. 
therefore provides more gain and band- 
width in less space (and almost certainly at 
much lower cost). See Fig 3. 


Construction 


Because the central wite-dipoe radiator 
aná the V-shaped parasitic elements have 
а weight of around 3 ounces each, and 
because of relatively low wind resistance, 
the boom and support for the radiator can 
be fabricated with light, but reasonably 
rigid material. Selected bamboo canes, with 
the knots smoothed down with a sanding 
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Fig 9—Turning circies (о samo scale). A A, ihre ютеп spaced 0.110 0.15 A have а 
ГОЗ B pur award gum а no more тап 7 or 8 dB B hore tee element speeed 
Z having 10 to 10% dBi gala with orly a moderate F/B. With a spacing of 02 kat С, 


10 айг with à ооа F/B e possil 


disk and a couple of coats of silver paint, 
can look quite reasonable, 

А more elegant solution isto use tapered 
fiberglass rods, such as fishing-rod blanks 
ог spreaders sold for quad antennas. These 
would be fixed solidly in a short length of 
aluminum or plastic tube at the center to 
support the compression force of the 
mounting brackets, which can be fabricated 
with sheet metal and U bolts. Because of 
the wide spacing, no critical adjustments. 
are necessary, 

"The feed impedance is about 40 ohms (as 
compared with only 15 or 20 ohms for a 
close-spaced beam). As with the previous 
antenna, a line choke or 14- balun can be 
used if so desired, Wide-spaced beams have 
а reputation for poor F/B. With this 
particular antenna the F/B is excellent 
(around 25 to 30 dB) because of the 
V-shaped reflector, 

Summary 

The majority of HF operators settle for 
a element Yagi or a loop type of antenna 
such as the cubical quad. Adding further 
elements will produce some extra gain but 
this unfortunately follows the rule of 
diminishing returns. Assuming a YA 
‘boom, it would be necessary to increase the 
boom length eight times to 4 X for an 
improvement of 6 dB ог one S point! A 
better solution is vertical stacking, which, 
with appropriate spacing, can provide up 
10 5 dB of additional gain. Users of stacked 
arrays have an enviable reputation for a 
‘ery potent DX signal, but mechanical and 
structural problems (plus cost) have 

restricted the use of stacked arrays to the 
“lucky few." 

A gain of around 14 dBi can be real 
without critical adjustments. Material cost 
is moderate and weight and wind resistance 
are suprisingly low. 


Appendix 1—Gain and F/B 

"When tuned for maximum gain, а Yagi 
type of beam generally shows a rather 
mediocre F/B. The F/B can be improved 


by retuning the elements but this results in 
a loss of gain, In theory, ап infinite F/B 
ds possible if the current in the radiator and 
parasitic elements are equal and suitably 
phased (phase shift equal 10 physical 
Spacing in fractions of a wavelength, 

‘One method of equalizing currents is to 
couple the elements tightly together by 
using close spacing (with straight tubular 
elements). This unfortunately results in a 
narrow bandwidth and very low radiation 
resistance, which introduces matching 
problems and unacceptable resistive loses. 

A better method is to use V-shaped 
reflectors. The capacitance between the tips 
Of the radiator and reflector provide the 
critical coupling required for a high F/B, 
While the points of maximum current at the 
center of the elements can remain widely 
spaced 10 ensure maximum gain, wide 
bandwidth and reasonably high radiation 
resistance. The optimum spacing between 
the tips of the radiator and reflector will 
generally be between 8 and 14 inches on 
10 m, and proportionally more for 15 ог 
2m. 

‘The spacing between the tips of the 
director and radiator should be at least 
double these figures, preferably 2 feet to 
2 Teet 6 inches, Readers who find attrac- 
dive the low cost and simplicity of this form 
оГ construction may well ask, "Would four 
elements give even more gain, and is it pos- 
sible to construct a band or hree-band 
antenna using similar techniques?” 

A second director will not provide more 
‘than about 1 dB of additional gain, which 
is barely noticeable. Taking advantage of 
the light weight and low wind resistance, 
a better approach would be to mount the 
antenna somewhat higher than could be 
contemplated with a more massive system. 
On long-haul DX contacts, this can often 
provide an improvement of 6 dB or more. 


Appendix 2—Multiband Systems 

In this appendix, | present several 
advanced systems offering the possibility 
‘of multiband coverage. A simple and 
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effective way of covering more than one 
‘band is to (1) scale up the dimensions of 
the Jungle Job (Fig 1) for, say, the 15m. 
band and then (2) add a second 10-m driven 
element in parallel at the feed point, plus 
а 10-m reflector appropriately spaced as in 
Fig 4. When two elements for different 
frequencies are close together there is 
alvay some interaction, For best ЗЕН сс ы 
will generally be necessary to slightly Fig 4 Another band could be adde 

shorten the longer element and lengthen the lacing an additional director and radiator 
shorter element. Folding them back a үшын Dow” used for the lower 


couple of inches vill generally suffice, but 194007085. 

Start with elements a litle on the long side. 

tis possible to cover 10, 15 and 20 m using 

such techniques, but the array becomes Fig 5— Three bande may be accommodated 
rather cumbersome, and there are probably | is usually of similar length. by feeding the driven element with a tuned 
better solutions, as shown in Fig 5 Because of its simplicity, this center-fed  opon-miro ne апе adding elements as 


Most readers are familiar with the antenna js used extensively for 160, 75 and Shown. The 20-m rotloctor le strung around. 
centrica "Zeppein type of radiator, to SO operation. Admitedly a major шше ® Pak O e array in e shape o U 
use the common misnomer. When fed with of operating frequency will require some 
300- to 600ohm balanced lines via a adjustment of ihe Transmatch, but even 
Transmatch, it сап provide a resistive load this chore becomes les significant now that 
to the transmitter over a range of at east more and more stations are equipped with — band), a suitable tip-to-tip length would be 
1⁄4 octaves, and near the high end of the automatic Transmatch units. 26 feet, or in other words, 13 feet each side 
range can (without directors or reflectors) Tmust stress that unlikea Vi-dipole, the of center. A feeder length of around 55 to 
provide a gain of up to 5% dBi (see ex- Па log section does not require trimming 60 feet will provide voltage feed on all 
{ended double Zepp in any antenna book). to any critical length, providing it is not bands 
Using the Zepp ss а driven element, the shorter than about 04 А at the lowest With а fairsized tuning capacitor, a 
forward part of the boom can remain 6 feet frequency to be covered, The feeder can be single tuned circuit in the Transmatch will 
Jong becauseit has to support only the 10.m апу convenient length as dictated by local in most cases cover the entire range of 
director. The beam is thus 3 elements on circumstances, although reference to a frequencies. A more sophisticated alterna» 
10m and 2 elements on 15 and 20 m. For handbook will indicate that certain lengths tive might be switched, pretuned cireults for 
those who insist upon 50-ohm coax feed тау simplify the tuning and loading cach band. This may seem laborious, but 
and are willing to accept the additional procedures it is probably no worse than adjusting a 
(ost, the radiator could be replaced by a For a 10/15/20-m radiator (which will gamma-match system at the top of a 50.1 
commercial three-band trap dipole, which also cover 24 MHz and the 27-MH2 СВ tower! 


The Attic Tri-Bander Antenna 


By Kirk Kleinschmidt, NTOZ 
Assistant Technical Editor 
‘ARAL HO Sn 


hen I moved to Connecticut from. 
Minnesota, I left behind plenty 
of room for my antenna farm. 
то make matters worse, I was forced by 
time constraints and economics to move 
ino an apartment where I would have itle 
‘opportunity for outside antennas. 

As it turns out, I shouldn't have been 
worried. I live оп the third floor of a three- 
family, wood-frame house, with a large 
Walkup attic in which to eret my antennas, 
The first antenna 1 put up was а full- 
wavelength 40.meer loop. Iris run around 
the perimeter of the attic floor in a horizon- 
tal configuration. The loop worked so well 
that, after working a lot of DX on 40 
meters, my thoughts turned to an indoor 
again antenna for 20 through 10 meters. The 
result is the 3-element, attic-mounted wire 
tri-bander deseribed in this paper. 

"The tribander boom (made from . 
inch nylon горе) runs down the attic main 
roof beam, See Fig 1. The wire elements 
are fastened to the rafters or support, ef- 
fectively making the antenna an inverted- 
V wire beam, 

The wire elements (constructed of 
gauge zip cord) are fastened to the rope 
boom through plastic insulators se Fig 2), 
and are fanned out through the use of 
plastic spreaders, shown in Figs 3 and 4. 

The driven element for all bands are ied 
together at the feed point and fed by a 
single run of $0-ohm coax (see Fig 2. 
Driven-element dimensions are derived 
from the standard dipole clement-lensth 
formula (468/f, where f = frequency in 
MHz), and from information contained in 
The ARRL Handbook. 


т ese eye view ol he ati 
bander, shoring ne utne o tho house 
sna eo! ines 
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^ 20-METER ELEMENT 


Fig 2—Constrution дета! of the driven element. The center supporting insulator is made 
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The beam (3 elements on 15 and 10 
meters, 2 elements on 20 meter) uses an 
lementto-clement spacing of 6 feet. That's 
consistent with optimum forward gain on 
20 and 15 meters and acceptable forward 
зап on 10 meters. Front-to-back and front- 
To-side ratios were not considered in this 
design, and indeed, they re not that good. 
Forward gain ranges from approximately 
5.5 Bd on 20 meters to 7.5 dBd on 15 and 
10 meters. For a $10 wire beam, that’s okay 
by me! 

Building the Wire Beam 

"The first мер is to cut the wire elements. 
to length. See Table I or the lengths used. 
IF you'd like to tailor your beam for dif. 
ferent parts of the band, the driven ele- 
ments are cut to standard wire dipole 
lengths (468/0; the director elements are 
5% shorter; the reflector elements are 6% 
longer. 

Dor Hagae sip scd wil shar: 
zipping the two wires as clement halves, 
helped keep each side of the dipole elements 
the same length. After cutting the elements, 
the next step is to fabricate the insulators 
and spreaders. I used plastic strips cut from 
fan old Tupperware" cheese container 
You'll need three center insulators, four 
“long”? spreaders and six "short" 


J plastic o acre sheet, such as Plexiglas. Bara copper wires 
diver element halves foreach ban together 


spreaders. (See Figs 2 and 4 for details. 
After ай of the parts have been fabri 
cated, the antenna is ready to be assembled. 
In my installation, one end of the rope 
boom is fastened to the atic wall, a few 
inches below the гоо! center span. Next, 
the three center insulators are attached to 
the boom (they're spaced 6 feet арап). 
‘Starting with the driven element, the wire 
elements are “laced” onto the center 
insulator and, for the moment, left hanging 
loose. The 20.meter elements are fastened 
to the top hole, the 15-meter elements are 
fastened to the middle hole, and me 
10.meter elements are fastened to the bot- 
tom hole. When all wires are in place, the 
elements on each side of the center insula- 
tor are tied together with a bare copper 
wire. A singe piece of S0xohm coaxial cable 
is soldered to the driven elements, with the 
coax shield going to one side of the center 
Insulator, the center conductor to the othe. 
A single fed line isn't the best way to feed 
the antenna, but И В the simplest, See Fig 2. 
The wire elements making up the director 
are laced onto their center insulator as well. 
These elements are soldered together (to 
make a parasitic element) at the center 
insulator, but are not connected in parallel 
Sce Fig for details. The reflector elements 
эге attached in the same way. Remember, 
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retenue Fig 3 Detail of а completed beam element showing 


Semen. 


"he placement ol те plastic spreaders and center 
Insulator. Tho to wires are connected o tno bottom 
tthe spacers, and nol to the ende of the short 


Table 1 
Element Lengths for the Tri-Band 
Wire Yagi 

Lengths shown are in feet. 

Бетел 20 Meters 15 Meters 10 Motors 
Director 314 % 157 


Die 30 20 165 
Rellector 2 175 


Dir length = 095 x 4581 
DE length = 460/1 


Fell length = 100 x аввл 


Fig 4— Dimensions for the plastic spacers 
(spreaders. Six small and four lage. 
Spacers are needed. The spacers are con- 
siucted of plastic or acre sips. 


‘After the antenna’s in place and all of 
the mire elements have been adjusted for 


the reflector has only two elements because proper tension and symmetry, run the coax 
the 20-meter portion of the beam has only away from the beam (o your shack. Prefer- 


two elements- 
director. Fig 6 shows details. 


driven element and a ably, the coax should be run away from the 


antenna at a right angle. 


"When all the elements have been con- 


nected to their respective center insulators, Tune-Up and Or-the-Ai 


Performance 


the antenna is raised into postion. One end Tuning the wire beam is not difficult, but 
of the rope boom is fastened to the wall may bea bit time consuming. Apply a low- 
with an eye-bolt; the other end is tied power signal to the antenna, starting with 
around the chimney, conveniently located 20 meters and proceeding to 10 meters. 
im the middle of the attic. The center roof Note the SWR values at several points on 
beam is about 13 fet above the floor, put- each band. If the lowest-SWR frequency 
ting my rope boom at about 12 feet above оп any one band is too high, a short piece. 
the floor. Because of this, the 20-uete le- of wire (a Tew inches long) must be added 
ments run down the length of the rafters to each leg of the driven element for that 
and touch the floor. (Actually, about a foot band. This will lower the frequency of 
or зо of the 20-meter elements touch the lowest SWR. Before proceeding, measure 


floor.) 


the SWR at several points on each band 


‘Starting with the driven element, spread again. There js some interaction because of 
the wires out as shown in Fig 3, sliding the (е common feed point 17 the lowest SWR 
appropriate spreaders on the wires before frequency on any one band is too low, trim 
fastening the wire elements to the wooden an inch or so off each leg of the riven le- 
rafters. If your attic doesn't have a lot of ment for that band. This will increase the 


inaccesible nooks and crannies, your 


ire frequency of lowest SWR. Before proceed- 


beam should go up in no time. Unfor. img, measure the SWR at several points on 
tunately, mine didn't! When everything's all bands. Once again, there is some inter- 
їп place, your antenna should look like that action. Repeat the process until the SWR 


shown in Fig 1 
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is as low as possible on all bands, 


eres 


Fig 5Consiructon detail ot the Yagi 
rector element. 


Fig e Construction detail of the Yagi 
reflector element; Note oro are ony two 
Tefiecior elements ono or 15 moter, and 
"ne lor 10 meters. The 2Ometer portón of 
the Yagi has опу a ven өтөп! and а 
fecto 


1f this sounds like a bunch of running 
back and forth, it is! The fruits of your 
labor are well worth the effort, however 
T was able to get the SWR down to 2:1 or 
less over the entire 20- and 15-meter bands, 
and а large porton of the 10-meter band. 


After 1 finished installing my antenna, 
{state listening on 15 meters, just after 
Supper time. As I had hoped, signals from 
the west (boresight for my antenna) were 
Considerably stronger than those received 
on the 40-meter loop. (The loop was fed 
through a Transmatch that was adjusted 
fora 1:1 SWR—my former antenna for the 
high bands.) 

"To make a long story short, signals are 
210 5 S units stronger from the wire beam 
an those received on the loop. The exact 
difference depends on distance, direction, 
and a bunch of other factors that I don't 
fare to consider. The bottom line is the 
antenna works great! I've added a lot of 
new countries to my S-band DXCC and 
(ORP DXCC totals. It works so well, in 
fact, that 1 can hardly tell the difference 
between the wire tribander (at approxi- 
wach 45 feet above the ground) and a con- 
ventional tri-bander located nearby at 
approximately the same height. — 

"The IS-meter horizontal radiation pat- 
tern for the wire tri-bander is shown in 
Fig. Since the installation of the original 
wire beam I've added another. It's aimed 
due east. The two beams are mounted 


Fig 7—Calculated horizontal radiation 
patio for he wira beam on 15 meters- 
‘The beam exhibits moro than 7 Ва for. 
нага gain, although the eder and 
ben eee ratos are not as good 
Sompleiely horizontal Yagi. Tho рат for 
10 meters s пезпу identical to the 
{motor patom. The pattern on 20 motors 
(only two elements) shows less forward 
fin and а lower fonti-back ratio. 


back-to-back (separated by about 8 feet) 
along the main roof beam of the ati. The 

formance of this antenna matches the 
inal. АП in а, is the best-performing 
electrically switchable $25 array I've ever 
If your ham -radio spirit is dampened by 


the lack of outdoor antenna space, and if 
You're lucky enough to have a large attic, 
give this antenna û try. You may be 
pleasantly surprised by its performance, 
‘And if you have the room, there's nothing 
to keep you fom installing the wire beam 


Yagi Beam Pattern-Design 


Factors 


By Paul D. Frelich, Eo 
72 County St 
Dover, MA 02090 


слета! years back while studying the 
good work of Forrest Gehrke, K2BT, 

fon vertical phased arrays,’ 1 
‘wondered why precautions were made that 
certain spacings and phasings must be fol- 
lowed carefully. So I dug out the old text 
bote“ and here is what  elearned: (1) 
A 2element array, driven with equal cur- 
rents, has a patter null (when i exists) that 
is controlled by the element spacing and the 
phase of the drive currents. The null can 
be placed at any desired angle, measured 
from the array axis. (2) The parten- 
product theorem is a very useful design 
tool, ie, for an array of antennas all having. 
the same pattern, the overall pattern isthe 
product of the array pattern and the in- 
dividual antenna patterns, which, being а 
‘common factor, can be factored out and 
multiplied by the array pattern. The same 
applies to an array of subarrays all having 
а common pattern, The useful feature here 
is that the nulls of the subarrays all show 
up in the overall pattern since “nothing 
times something equals nothing." Perhaps. 
this feature could be a useful ‘ool for 
controlling sidelobe levels, for intuitively 
опе would not expect a strong sidelobe level 
тос between O closely Spaced pater 
1 then began to design some phased 
arrays using these two powerful concepts. 
1 proved to myself, for example, that the 
diagonally directed pattern of а square 
element vertical array, such as one might 
use on 40 or 80 meters, is nothing but the 
product of two cardiold patterns at right 
angles to cach other, and hat, within 
reason, similar patterns could be realized 
regardless of element spacing. 1 designed 
some interesting arrays. One 1 especially 
liked was an &element array in a circ, 
slightly greater than V4 X in diameter. Four 
elements were left open-crcuited and the 
remaining four were to be driven as a 
element broadside array with another 
broadside array immediately behind, 
phased to minimize radiation o the rear 
The overall horizontal pattern is the 
product of the patterns of a element 


‘Notas appear on page 70. 
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broadside array and a 2element phased 
array. Result: By switehing the phasing 
network to the appropriate four elements, 
eight beams are availabe, overlapping al 
2 dB down, with equal sidelobes down 
25 ap. 

її also occurred to me that very useful 
patterns could be developed for linear end- 
fire arrays. The scheme is to build up the 
array in steps. The first step is to go from 
a single dipole to a 2-clement array of two 
ipoles. The next step is to treat this array 
эв a subarray and take two of these sub- 
arrays and form another 2clement array 
of the subarrays. Now, if this is done on 
the same axis and with the same spacing, 
we will end up with a 3-clement array, as 
two of the dipoles will be occupying the 
same space and so can be replaced by a 
single dipole carrying the vector sum of 
thelr currents. It is obvious that by iteration 
we can build up the array to any desired 
Size, and at each step a new 2-element array 
pattern is available Гог controlling null 
Positions in the overall pattern. If we stop 
at three elements (dipoles), then the over- 
all three-dimensional pattern would be the 
product ofthe dipole pattern and the two. 
Zelement array patterns. 1 call these 
2 element array patterns PDFs for “pattern 
design factors.” In this paper 1 outline 
some of the problems that arise, and use 
the PDF approach to design Yagi antennas 


Design Procedure 

1 want to apologize now to the poor 
reader who may be perplexed by the 
peculiar intermix of BASIC programming 
artifices and normal mathematical expres- 
sions used in any equations or statements 
that follow. I only hope that the reader 
understands. In outline the design pro- 
cedure is as follows, 

1) Select N, the number of elements. 

2) Select null angles for the N — 1 PDFs. 

3) Select the common element spacing. 

4) Compute the PDF phase angles. 

5) Compute the array pattern as the 
product of the PDFs, Save RO, the response 
‘on the nose of the main lobe, 

©) Compute the overall dipole and array 
pattern and the directivity. 


7) Compute the element currents from. 
the array buildup and PDFS. 

3) Read mutual impedance v spacing 
data, and set up a mutual impedance table 
Zmut 

9) Interpolate the Zmut table amd set up 
эп array mutual impedance matrix. 

10) Set up the linear equation set 

11) Compute the back voltages in each 
element caused by other currents. 

12) Set drive voltages to zero, as if the 
elements are parasiticlly driven. 

13) Compute Zg from Zat + 
Ма =0 for each Clement, 

T3) Compute the clement length, know- 
ing the resistive part of Zar. 

15) Compute the element reactance, 
‘knowing the element length and radius. 

16) Compute the element tuning, know 
ing the element and 7ш reactanccs. 

"This completes the design of the parasitic 
elements. Now, on to consider each element 
as the driven element. But please note, the 
power radiated by the array is known since 
the currens, the pattern response, and the 
directivity are known. 

17) Set up the relationship, power into 
the array equals power radiated by the 
array. 

18) Compute the resistance of Zare 
knowing the current and radiated power 

19) Compute the resistance of Zdar 
from Zdar + УТ = Га seal. 

20) Compute the lement length, know- 
ing the resistive part of Zdar: 

21) Compute the element reactance, 
knowing the element length and radius. 

22) Compute the reactance of Za. 
from 244 + Vs“ = Zare» mä. 

23) Compute, along the way, percent 
shifts of the element lengths from »/2. 

24) Print out, along the way or after- 
wards, all variables of interest. 

25) Plot the array pattern responses, 
using the TAB command. 

26) Plot "cumulative power radiated 
and pattern together, using TAB. 

‘This completes the outline of the design 
procedure. 1 will now review and augment 
‘the steps, put in some theory and a few 
‘equations, and eventually show the results 
of some designs I have worked out. 


Review of Procedure 


First select the number of elements, N, 
and design the pattern of an N-element 
атау as the product of (N — 1) PDFs. Each 
PDF is the pattern of a 2-clement phased 
array, the basic building block. Any null 
ina PDF patter, since we are dealing with 
products, shows up as a null in the overal 
patter, so normally there would be (N= 1) 
nulls there. How the Yagi array is built up 
from the building blocks and the equation 
for the PDFs will be discussed shortly. 

Next select locations for the (N — 1) null 
angles. The array pattern is a pattern of 
revolution about the array axis, so we have 
то deal only with angles from 0 to 180°. 
Divide this range into N equal sectors, and 
put a null in each sector except the first, 
‘where the main lobe is located. 1 use a 
design variable fraction called FRC to 
move all the nulls en masse within their 
sectors. For example, if N = 6 and FRC 

06, there wil be 3 nulls located at 48, 
78, 108, 138, and 168%, 

‘Select the common uniform element 
spacing, and compute the corresponding set 
of PDF phase angles, Next, compute the 
overall array pattern from the product of 
the PDFS, and check the sidelobe level. 
Save RO, the response on the nose of the 
main lobe. Also compute the directivity as 
the ratio of the intensity on the main-lobe 
axis to the average intensity. Compute the 
average intensity as the product of the array 
pattern and a dipole pattern, squared and 
Summed over all elemental areas of a whole 
sphere divided by the area of the whole 
Sphere, If the array is just а single dipole 
with a current of ampere, use the “magic 
2kilometer sphere." 

The practical units for RO will be 60 milli- 
volts/meter. The intensity will be 9.5491 
icrowatts/square meter (0.0/377), and 
the average intensity will be 5.8211 
Wem, The total area is 4 x PI x 10 
Square meters so that the total power radi- 
ated is 73,12 watts, and that is why the 
dipole has a radiation resistance of 73.12 
‘ohms. The dipole and the array patterns 
have different reference axes. The product 
of the patterns for many particular direc- 
tions ate used to compute the directivity. 
These particular directions point from the 
center of the sphere to the center of 2880 
Tittle elemental areas 2.5" by 9° on the 
surface of the sphere. Precomputed 
factors involving the dipole pattern, strips 
2.5" by 90° and symmetry, allow the 
directivity to be calculated as the sum- 
mation of 72 product terms instead of 720 
complicated computations that involve 
spherical trigonometry and inverse trigono- 
metric functions. Taking these interrela- 
tionships into account in earlier programs 
led to long running times when computing. 
the directivity. I have cut the running time 
down considerably by using the pre- 
computed factors for the interrelationships, 
which are stored in data statements. 


Next compute the individual element 
currents using the PDF phase angles. 
Assume 1 A at 0° for the front element at 
the origin and let the array build, one 
element at a time and to the rear, for each 
new PDF, Essentially the build-up is this 
routine: (1) Clone the previous array and 
shift it one space to the rear; (2) Rotate the 
‘currents of the clone by the phase angle of 
the PDF in use; (3) Vectorialy add the 
currens for all pairs of elements that can 
merge into one; and (4) Merge the two 
arrays, Repeat until all the PDFs are used. 

Until now, the element currents, except 
for the first, were not needed. As an 
‘optional check, compute the overal pattern 
using the element currents and the spacing. 
(Compare this against the pattern computed 
using the PDFS. 

Read the MX and MY. 


statements and set up the mutual im 
pedance table. I have adapted and modified 
Table 1.3 found in Lawson, Var Ve using 
more precise values for the MX and MY 
entries at S = 0 and correcting the obvious 
mistake at S = 1.85. 1 found that the dis- 
continuity at S — 2 between the tabular 
Values and the values produced by the ap- 
proximations beyond S = 2 by Lawson's 
Eas 1.15 and 1.16 were giving anomalous 
results in some of my design solutions. This 
was particularly so in larger arrays when 
эп element would move from one side of 
S = 210 the other as small changes in array 
spacing were made. I revised these equa- 
tions to include near-field inverse square 
and inverse cube terms. The discontinuity 
is much less and the array solutions behave 
much beter 

Next, using multiples of the array ele- 
ment spacing, interpolate the mutual 
impedance table by a parabolic fit to three 
"adjacent data points and set up the array 
‘mutual impedance matrix. Let ZMX(J,K) 
and ZMYG,K), and temporarily 
ZMXU=K)=MX(0) and ZMY( =K) 
lch ic, 01,1), 20,2)... .. equal the 
approximate 7312 + 42.46 ohm im- 
pedance of a half-wave dipole. We will 
Soon compute new values for these self- 
impedances. 

Next, before proceeding, lt us examine, 
for example, the set of linear equations that 
relate the array currents, impedances and 
voltages of a small -element array.” 


уа) eee de 
ie Eq 1A) 
VQ) = цуе, +1022, 
HIZO) ZO) (Eq 1B) 
VO) greg. 1020.2) 
HIOZG.)4 1820.4) (Ea 10 
V6) = XD*Z,) 10262) 
16) «14924, (Ea 1D) 


Everything on the right-hand side of 
these equations is known. The currents 


were just computed from the PDF phase 
angles and the spacing, the mutual 
impedances were just computed from the 
‘mutual impedance table and stored in the 
array mutual impedance matrix, and the 
Selftimpedances were set to the impedance 
of a dipole. If that be true, then the 
voltages on the left-hand side are known 
by a straightforward computation of the 
terms on the right-hand side. Voila! Supply 
these drive voltages and the result is a 
phased array with all elements driven, one 
in which we are not particularly interested. 
We shall return to the parasitially driven 
Yagi array shortly. If these “voltage” 
equations are divided through, each in turn 
by 10), 12), 13) and 1(4), then the drive 
impedances are also known, and can be ex 
pressed alternatively as 
ZDRIVE() VD БЕ] 
ZDRIVEO) = 20.1) + (05201,2) + 

ZAD + ZAAN (Ea 3) 
ZDRIVECI) = Z1,1) + Ei 

а 

where VBACK(1) is the sum of the back 
EMES induced into element 1 by the cur- 
rents flowing in the other elements, and so 
‘on for the others 

"Return to Eas 1A through ID. Consider 
cach clement as a candidate for being 
driven parastially, Set all the drive 
generator voltages VJ) to zero. Divide each 
equation through by (К). Remember, the 
currents (К) and the mutual impedances 
240 0 are known, and hence the equations 
сап now be rearranged о solve for the self- 
impedances ZU=K) which, for the 
assumed currents, would make the drive 
voltages zero, both part, real and imagi- 
тагу. These solutions, using Eqs 2 and 4, 
are given by 
ZSELFQ) = Z0 =K) 

= - VBACKU)/IK) (Ea s) 
and except for sign were designated earlier 
эз part of ZDRIVE() in Eg 4. 

Next, compute the half-length KLU) in 
radians for each element (K = 2PL/ 
Lambda), given ZSELFAQ), the real part 


of ZSELFU), and the equation 
RKL) = 104.094KL} — 1909701) 
+ 116256 Œa 6) 


"Then compute the corresponding XKL 
= X(KL) from the equation 
X(KL) = 29260KLy — 26.862(KL) 
+ 12452 Ea?) 
Next, knowing X(KL), KL the element 
length, and ELRAD the element radius, 
compute the element reactance from the 
equation 


ELX = XKL ~ 10L0GQ"KL/ 
ELRAD)- D/TANKL) bea 8) 
‘The three equations above were adapted 

from a table and equation found in Jasik 
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concerning the input impedance of a center- 
driven antenna. The coefficients for the 
first two equations were computed as a 
second-order fit to the last three data 
entres of Jasik's table 

(Next, series tune cach element such that 
ZSELEBQ), the imaginary part of 
ZSELFU), Wil be realized. Compute 
XTUNG), given by 


XTUN = ZSELPB - ELX — (Eq) 


Now, with the real and imaginary parts 
санск, each elements drive generator 
voltage is zero for the assumed array 
currents, and зо the pruned and tuned 
етеш can be shorted and not driven in 
ficu of this. 

‘Check KL the parasitic element half- 
lengths, If ali the element hal lengths fall 
within plus or minus 10% of PL2, then all 
could be used as parasiticaliy driven 
elements, and the design i almost complete 
except for selecting the driven element 

Every element has the potential of being 
the driven element, Consider this: The 
lengths we have just computed made the 
real part of the drive impedance zero, so 
for any опе element, if its length is slightly 
increased, the real part will also increase. 
Зо we increase the length and resistance 
тй the powcr into the array equals tbe 
Power ош of the “magie kilometer 
Sphere,” which is already known for the 
Assumed currents, rom RO and the direc. 
айу. The power in i II) ZDRIVEAU) 
жайа, and the power out of the sphere, for 
the assumed 1 ampere in the first element 
120° бесі watts. Anything else 
violates tn laws of physics. By equating 
these powers and solving for the resistive 
рап of the drive impedance for each 
Sement as the driven element, we have 


ZDRIVEA() = I20(ROIQ)/ 
DIRECTIVITY (Ea 10) 
and also 
ZDSELFAU) = ZDRIVEAQ) 
+ ZSELFAU) (Ea 1) 


Values in this equation are reals, From the 
result, lengths can be computed as before 
and then, from the imaginaries, the as- 
sociated reactances determined for each 
Clement as a driven element. Thus, each 
lement can be a parasitic clement or a 
‘riven element. 

Hence, in this design method of parasitic 
arrays there are two critical lengths for the 
elements: (1) if parasitically driven, that 
length which reduces the loop resistance to 
zero, ie, real part of ZDRIVE to zero, and 
G if the driven element, that length which 
yields a real part of ZDRIVE such that the 
апау gain equals the directivity, as pre 
scribed by the assumed current distribution. 
In effect, all parasitic elements after 
pruning and tuning act as if their drive 
желеги are shorted; only the driven 
element accepi eal power, which, barring 
losses, is radiated, 


My BASIC programs are listed at the end 
‘of this paper. [The programs are available 
from the ARRL on diskette for ће IBM 
РС and compatibles; se information on an 
carly page of this book.—Ed.] А typical 
run was conducted for М = $, a -element 
PDF Yagi, spacing = 54° 0.159) and FRC 

30. The rear element is driven. There 
is no reflector. The elements in the front 
are long, and еец are electrically tuned 
‘with either coils und capacitors or 
transmission-line stubs. The gain is just 
over 12 dBd. 

"The printouts from the programs are 
long, multipage presentations in a format 
that cannot be suitably reproduced inthis 
paper, For the S-element Yagi, however, 
they reveal the four null angle locations of 
the PDFS and the element currents, rectan- 
‘gular and polar. The mutual impedance 
table, adapted from Lawson, is printed out, 
and So is the array matrix in a peculiar 
form. The program can interpolate the 
Zmut table, but it зо happens the matrix 
Values correspond to the tabular values 
because of the 0.15 spacing. Also printed 
ош are the element lengths and the percent 
deviation from PI/2, The tuning reactances 
for the parasitic elements are printed out. 
Values for RO, dBd, dBi, directivity, and 
hhal-power haif-beamvidth are displayed 
also. 

There are two array pattern plots, the 
same as E-plane plots for the ranges 0 10 
=70 dB and 0 to — 50 dB. Combined on 
the second plot is the cumulative radiated 
power plot, on a normalized scale of 0 to 1 
Starting at the nose of che beam, this is how 
the radiated power builds up in the 72 
summation rings, cach 2.5° wide, when 
Computing the directivity. It depicts the 
effectiveness ofa directive beam. I it its 
(0.8 at the half-power beamwidth, I would 
say that you have a good beam on your 
hands, This particular design hits about 0.6 
at the —3 dD beamwidth. 


Sidelobe Levels and Control 


One very important factor in the design 
of multi-clement end-fire antenna arrays, 
whether the elements аге actually driven or 
parasitically driven, is the average sidelobe 
level with respect to the unidi 
main-lobe level. In a highly directional 
array, ie, one with a very narrow main lobe, 
the sidelobe levels must be relatively low 
то realize a high directivity factor, Con- 
sider, for example, an cnd-fire array in free 
space having a maln-lobe beamwidth of 0.2 
тайап (about 11.5* wide), centered within 
a L-kilometer-radius sphere having a total 
area of 4 PI square kilometers. Most of the 
energy radiated outward by this beam 
‘would pass through an area on the sphere 
оГ 0.01 PI square kilometer. The maximum 
directivity Factor could be 400, hat is if no 
power were radiated through the remaining 
Area which is 399 times as large. 

1n order to achieve 80% of the maximum 
directivity, only 20% of the total power 
radiated must pass through the remaining 


area, It works out that the average sidelobe 
level, including the power radiated by the 
main lobe between the — dB points and 
the first null, must be 32 dB below the 
‘main-lobe level, and the directivity would 
rop from 26 dB to 25 dB, In a good design 
most of that 20% would be due to the re- 
maining part of the main lobe. If the 
average sidelobe level is down 26 dB, then 
half of the transmitted power is wasted in 
the sidelobes and the directivity drops to 
23 dB. Of course, the situation becomes 
‘worse with narrower beamwidihs; even 
lower average sidelobe levels are in order. 
Not to worry. I gather from recent litera 
ture that eart-moon earth communication 
is perfectly posible with directives of 23 
to 25 dB. 

"The real design problem is to devise а 
small array that can realize these numbers 
and have small sidelobes to match—in 
other words, o design an array that really 
has an effective narrow beam. A program 
run for an I8-clement array showed the 
mature of this problem, where it was ex- 
pected to realize a gain of 24 dBi, The 
‘cumulative radiated power curve produced 
by the program gives a new insight into the 
effectiveness of a narrow beam with high 
sidelobe levels. The directivity is low; as a 
transmitter it sprays energy everywhere, 
and as a receiver it listens to disturbing 
noises from everywhere, overpowering 
‘what we want to hear in the main lobe. And 
yet it has a very narrow beamwidth in the 
main lobe, with the same target-tracking 
problems of a good array with that narrow 
beamwidth. There is some control over the 
sidelobe levels by moving the nulls back- 
wards, but we can get almost the same 
directivity with a smaller array. It is 
apparent that, for large values of N, the 
present scheme isnot optimum for locating 
the pattern null angles. So we conclude that 
low sidelobe levels become more and more 
important as the directivity goes up and the 
beamwidth goes down. 

Designing the patterns first, using the 
PDF nulls to control the sidelobes, has 
proved to be interesting and very effective 
Î have only begun to explore the pos- 
чый. 


Pattern Design Factors 
“The array pattern of an N-element end- 
fire array can be designed, having N- 1 
‘selected null angles, by using the PDFs and 
the design procedures outlined earlier. Each 
PDF controls one null. The response, with 
the 25 factored out separately, is the 
product of all the 2-element PDF pattern 
responses, and is given by 
RESP = PDF(I)*PDFQ)* 

Dr u- hr (Eq 12) 
The question remains, what is an optimum 
кау to select these null angles? I reasoned 
as follows. Put the nulls everywhere we 
expect sidelobes, but never in the uni- 
directional main lobe region. So I tried a 
‘very simple scheme, Divide the interval 010 


180° into N equal sectors and put a null 
angle in the center of cach sector except the 
first, which is where the main lobe s. The 
computed patterns were remarkable low 
sidelobe levels, nice sharp main lobe, great 
front-to-back ratio, and a directivity ap- 
proximately equal to 20 (log N) — 1 dB. 
T reasoned why not, After all, an end-fire 
array Keeps energy from spreading in two 
dimensions simultaneously, by virtue of 
having an array pattern which is a pattern 
‘of revolution about the array axis. 

A few words are in order about the 
standard pattern response equation for the 
pattern design factors 


R = 2*COS(PHI - S'COS(B) (Еа 13) 


This is found im Jasik,” but 1 have 
rewritten the equation in BASIC notation 
for the variable defined here. PHI is half 
the phase difference of the currents, S is 
half the spacing of the two elements, and 
B is the angle to a far-field observation 
point, BASIC computes trigonometric 
functions properly only if angles and phase 
angles are expressed in radians. Hence, 
PHI must be in radians, S must be convert- 
ed to radians by multiplying the half- 
spacing by 2*PI/Lambda, and B must be 
converted to radians by multiplying it by 
PI/180 before computing its cosine. 

Actually this equation represents twice 
the rel part, ie, twice the cosine of the 
phasor or vector observed at the far field 
point due to the rear element of a 2 element 
атау, placed at S and ~S on the X axis. 
See Fig 1 for the array geometry and Fig 2 
forthe phasor. Fig 2 is a great help in trying 
to picture and estimate beforehand the 
pattem that Eq 13 represents, The inter- 
actions of phase, spacing and bearing 
(PHI, S and B) are readily apparent, and 
estimate of the pattern lobes and null angle 
can be made very quickly. "What if” 
‘questions can be answered immediately, 
100. 

The phasor swings back and forth about 
the recurrent phase angle for one 
complete revolution of the observation 
point around the horizon, somewhat akin 
тоа modulation process. А null is produced 
‘whenever the phasor swings through PL/2, 
fe, 90°, The same conclusion could have 
been reached for Eq 13 by realizing that the 
sosine of PI/2 is zero, producing a null 
‘The null condition is PHI = S*COS(B) = 
PU2. Hence, the phase necessary to 
produce null at angle B, given the spacing 
Sis 
PHI = PI/2 + S*COS(B) (Ea 10 
Given the angle at which we want a null, 
put it into Eq 14 and compute the phase 
angle. Conversely, given the phase angle, 
же could solve for the null angle as an arc- 
cosine, which is tricky in BASIC. But as 
can be sen from Fig 2, there may not even 
be a null. Eg 14 says that there will always 
Bea null if PHI is within the limits PL/2 
+ S and PI/2 ~ S, because of the COS 


Fig ¡—Two-lement array geometry and phasing. 


Fig 2—Phasor and pattern response 


limits +1 and —1. Also, to preclude 
multiple nulls, the spacing (25) must be 
less than PI (oka 180°, М2, or a half 
wavelength.) 
Design Characteristics 

1 have made nine design runs of a 
Slement PDF designed Yagi. Tables 1 
through 3 summarize their characteristics 
for three values of FRC, and three values 
of spacing. BW/2 is half of the half-power 
beamwidth; % DELTAL(N) is the percen- 
tage deviation of the length of the parasitic 
elements from a half wavelength, as like- 
Wise т DELTADL(N) is for the driven le- 


ment. X TUNÇ) is the required series 
tuning reactance for the parasitic element, 
RO is the relative response of the main lobe 
(at the peak), а numeric; RO = 1 fe 
dipole. FRC locates the pattern nulls within 
ther sectors. There are nine designs sum- 
marized in the tables, but only the design 
FRC = 0.75 and SPACING = 63° has an 
extra-long first element, being 16.23% 
Jonger than a half wavelength. So one 
should make either FRC or the spacing 
smaller, or both 

My work so far has uncovered the fol- 
lowing general characteristics 

1) Pattern: Sharp main lobe, low side- 
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Table 1 
Array Parameters v Spacing for FRC = 0.25 


4500 5400 6300 dogroos 
ою 00 070» 

14%4 — 1426 1416 dBhsotropie 
1219 1211 1201 ee 
1950 1970 1990 degrees 


022 "0408 071 ASP NUM 
021 079 232 ohms 
-255 078 6.26 ohms 
DELTA бт 14 960DEVPIZ 
0% DELTALZ тз 158 2.18 DEV Pla 
0% DELTALS -014 -024 -037 DEV PIA 
$DELTALÉ Слз -143 [1.88 DEV PVZ 
% DELTADLS Ioa? 001 DEV de 
xum 
XTUNZ Taree 6081 ohms 
X TUNS 75806 -41.37 ohms 
X TUNA 113985 21920 -18.30 ohms 
Table 2 


Array Parameters v Spacing for FRC = 0.50 
Nes 


Spacing 4500 5400 8300 degroos 
Боот e, ою ою 070) 

ра 1891 1353 1349 gene, 
DaD % 1138 11.28 варов 
dae 2230 2200 22 80 degrees 
Ro oso 065 126 RSP NUM 
ШЗ osa 208 871 ohms 

X DRIVE -379 es 25.78 ohms 
DELTA! 138 400 “art DEV P2 
"eDELTAL2 2268 322 422 DEV PI 
SR DELTALS -031 -0.57 -0.96 DEV P2 
череда -201 -283 1879 DEV PID 
SA DELTADLS 2058 00i 190DEVPIZ 

X TUN e, -3825 -8776 ohms 
XTUN2 Tisas 2665 18533 ohms 

X TUNS 22928 1з 13851 ohms 

X TUNG E 
Table 3 

Array Parameters v Spacing for FRC = 0.75 

"E 

Spacing 68.00 degrees 
Boom length 070). 

DB 1261 dBfsovopie 
eo 1046 прое 
ЕЯ 25.70 degrees 
Ro 201 ASP NUM 
R DRIVE 2687 onme 

X DRIVE 9802 ohms. 

S» DELTALY 16.23 DEV РИ? 
% DELTALZ 508 DEV 5% 
% DELTALO -201 DEV Pl 
% АТАА Туба DEV РИ; 
S DELTADLS 582 DEV РІ. 
хтон -7802 — -166,71 ohme 
хто Tase! 109.98 ohms 

X TUNS s 27.88 ohms 

X TUNA, 14:19 2421 ohms 


lobes, high front-to-back ratio. 

2) Directivity: 20 dog N) for small N to 
20 dog N) — 2 for large N. 

3) Element currents: Related to binomial 
coefficients, peak in center diminishes as 
the spacing increases, uniform progressive 
phase shift. 

4) Element self-impedances: Directly 
computed from lincar equation set. 

5) Element lengths: Directly computed 
from element sell-impedances. 

6) Element tuning: Directly computed 
from element self-impedance, length and 
radius, 

7) Array gain: Driven-lement length 
pruned so that gain over an isotropic source 
equals the directivity. 

3) Drive impedance: As spacing in- 
creases, the main lobe response increases, 
"which allows the drive impedance to in- 
crease, However, at the same time, the 
directivity slowly decreases, so there is a 
trade-off. 

9) Spacing versus element-length toler- 
ance: Not all spacings yield element lengths 
that deviate only slightly from the nominal 
half wavelength. 

10) Design parameter fraction: This 
parameter moves all the pattern nulls en 
masse within thelr angular sectors. As the 
nulls are moved forward, for small arrays, 
directivity first increases as the sidelobes 
rise and then decreases at FRC = 0, where 
the array becomes bidirectional. As FRC 
moves the nulls the other way, the sidelobes 
diminish greatly but the main lobe widens 
and the directivity lessens. Meanwhile, the 
main lobe response increases. IF N is large, 
moving the nulls backwards can improve 
the directivity, but for N greater than 
the equal spacing of the nulls does not seem 
to be optimum. Further work is needed 
here. Perhaps a Dolph-Chebyshev ap- 
proach is called for. There s a trade-off 
Between directivity and the drive impedance 
as a function of the element spacing. 

11) In general, the element lengths are 
longer at the front of the array than at the 
rear, just the opposite of the old-style 
Yagis. This is so because the elements are 
pruned in length to realize a desired real 
part and then tuned to negate the excess 
reactance, How this affects the bandwidth 
deserves future study. Sacrificing band- 
‘width for high gain in a small array may 
indeed be а fine economic trade-off. After 
all, by definition, all our amateur bands are 
bandwidth limited, or they wouldn't be 
called bands, 


Conclusions 

The PDF design procedure by straight- 
forward computations is capable of yield- 
ing some remarkable high-gain Yagis, as 
evidenced by Fig 3 and Tables 4 and 5; At 


Fig 9—Azimuthal radiation pattems of Yagi arrays obtained by using the POF design procedure. Parameters for the arrays appear in 
Tables 4 and 5, 
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по time is it necessary to invert a huge arrays, beginning at N = 13 or so. чис 
matrix to solve for the element current, безтоту Eemeniary Functions (New York 


Fot ener zna Weston, ne 973, 
iven the element lengths, and then com- Notes leon Tax lotum Drei Nor iae, 
Pte the pattern and hope . Phased Araya" Ham CANA 1988 Table V3 gin in Chase, 
instead we stat with a good pattern, and ad, Мау June, luy, October and Decon b 

compute the element lengths to realize that маза 


pattern, Further studies must be made to лог. vec Кб, С 
Optimize the nul angle locations or large | eb E Artes лро Рала, 


Ta 
Parameters Producing the Radiation Patterns of Fig 3 


Element lengths are given in Table 5. The rear-most element is driven, ie, there is no 
Fellctor. Al dive point toactancas aro inductive. 


Number Element Boom Drie Ое 
коз of ‘Spacing, Length Gam, Bw2 Font Рот 

Panom Elements Degrees N” FAC Об) degrees A; Ohms X, Ohms 
A 2 300 0089 044 Бот 5090 1579 2514 

в 3 ар оз 040 TBI 3702 эз 1880 

1 540 б 040 зв 2728 620 1354 

8 5 530 oro 028 1200 1988 232 626 

ey 9 260 09167 030 13% 1633 — 148 оё 

F 7 720 120 040 1428 1535 2% 980 

1 B0 1575 057 1838 2225 2з 1170 

# a 815 1811 040 1626 1190 18 1010 

1 0 soo 2258 oso 1696 1076 240 1398 

3 4 890 2472 040 1751 эт — 108 2088 

коп 930 28617 040 1844 88 20 2851 

і 950 31667 040 1903 819 оз 3694 

Table 5 


Element Lengths Producing the Radiation Patterns of Fig 3 
‘Alco see Table 4. Element no. 1 is the forward element. The highest numbered element is driven, at the rear ofthe array. Length are 


indicated in percent change from a resonant У А. 
Fas то ю М м № л No No № No No м No 
рит 1 2 3 "EF AEN Жоо Ж. “Ж % „ 12 mu 
А ж улай. MERO e ge E 

в DAR ios o CAMERAE ыу ШОТЫШ. Б 
с و‎ AC NC NN эол с ee ف‎ = VS 
5 E E MS 
E den 2309 071 = = 

F omo ame 1502 -0122 A эю з === == T 
a Стаза эш 182 os -orm -ins -2108 өт == Z — — 
H Салот 1681 1795 osa -0050 -100 -1706 -187 ozs == I I 
1 Towra 865 1968 1915 042 -0487 -1298 -1972 -197 oza == TI 
4 1808 164 1858 1272 0687 -001 -osso -1240 -ise -130 158 —_ — 
k Sesi 1682 1805 13 osse 0318 -0275 -0849 -1936 liee -1456 zes Z 
IM 4245 1650 1807 1343 oses osa 0048 -0455 -0929 -130 -1604 -1284 4054 


Quad and Loop 
Antennas 


Half-Loop Antennas 


ву Bob Alexander, WSAH 


2720 Posey Drive 
irving, TX 76062 


he half-loop antenna is a vertically polarized, more or less 
omnidirectional radiator that offers a reasonable match 
to sd ehen transmission ine and has maximum radiation 
at low angles. As its name implies, the half loop is one half of 
а full-wave loop, The ground plane below the antenna provides 
the return path for the loop (see Fig I). The antenna is fed at 
the base of either leg with 50-ohm line. 

"The feed-point impedance, radiation pattern and an equation 
for element length were derived through the use of a model 
constructed on an aluminum ground plane and tested at UHF. 
"The antenna element consisted of a по. 18 wire 12 inches in length 
from feed point to ground. Both an inverted- U and an inverted- 
V shape were tested 

Twelve inches was chosen for the clement length because the 
resonant frequency of the antenna, once determined, can be 
used to calculate the length required to resonate the antenna at 
any given frequency. For example if the antenna resonated at 
502.5 MHz, 502.5/f, where Hz, would yield the length 
required for any other frequency. 

A network analyzer initially calibrated for 450 to 510 MHz was 
used to measure the impedance and resonant frequency of the 
model. The results were a surprise. The plots obtained were 
‘nowhere near the real axis of the Smith Chart. After recalibrating 
the analyzer for 450-550 MHz the plots shown in Figs 2 and 3 
were obtained. Resonance—in other words, the point where the 
plot crosses the real axis of the chart occurs approximately 10% 
higher in frequency than anticipated. Impedance at resonance 
ranged from 62 ohms for the inverted. V shape to 66 ohms for 
the inverted-U shape. t should be noted that the antenna element 
was completely self-supporting and was over a near-perfect 
ground plane, 

"The radiation pattern of the half loop is the same as that of 
a pair of quarter-wavelength verticals spaced % wavelength and 
fed in phase. It has a slight gain ín the broadside direction and 
about 3B front-to-side ratio (see Fig 4). 

During testing of the model it was found that nearby objects 
have an effect on both the resonant Frequency and impedance 
оГ the half loop. When a central support was added for the 
inverted-N shaped element, the resonant frequency dropped to 
within the range originally expected and the measured impedance 
was 49 ohms, 


A 30-Meter Version 

A half loop cut for the center of the 30-meter band, using 530/1 
Tor the element length in feet, made the importance of a good 
ground plane very evident. The loop was built in an inverted-U 


Fig 1—An inverted 
U half кор аА, 
and an metet 
бай loop at 8. 
Each has а wire 
length of sa. 
‘The broken inos 
represent ne 
Image ofthe 
Antenna in a 
‘round piano. 
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Fig 2450. to 550 Hz impedance plo of the inverted U halt 
loop model over а near ропе ground plano. Resonance i at 
$325 MHz, where tno impedance is 65,3 ohms. This char and 
"hat of Fig З are normalized to 50 ohms. 


Fig 3-460. to 550:MHz impedance pot of the inverted-V halt loop 
modal over a near portct ground plane shows 62.6 ohms at a 
resonant frequency of 528 


Shape using fiberglass poles to support the 
vertical legs, The ground connections were 
‘made to 4-foot ground rods placed at the 
base of cach leg. 

The best SWR recorded was over 6:1, 
indicating very high ground losses, After 
adding four radials to the base of each leg 
the SWR was measured as 2:1. Eight 
radials brought the SWR down to 2:1. 

Al this point 1 decided to determine if 
the frequency with the best SWR and the 
resonant frequency were the same. A good 
SWR does not mean that an antenna is 
resonant, Sine the network analyzer pre- 
viously used was unavailable, another 
method was used to calculate the exact 
impedance of the antenna! The resulting 
plo on the Smith Chart was very near the 
Teal axis, indicating that resonance and best 
SWR were occurring together. 

Going back to the antenna, а ground bus. 
жаз added between the two radial sets. The 
bus consisted of a double length of braid 
that had been removed from а piece of 
RGS coax, An SWR of 1.5:1 was then 
recorded. That was still a bit higher than 
the model but more than acceptable, con- 
sidering the initial values. The element 
length, which had not been altered during 
the measurements, was then adjusted but. 


по improvement in SWR was noted. 
Op-theair tests were made after stringing 
‘up an inverted-V dipole as a comparison 
antenna. On receive, the half loop out 
Performed the dipole. The noise from 
thunderstorms in the arca as well аз power 
line noise was two to three 5 units below 
the inverted-V dipole. The improved signal- 
to-noise ratio of the loop made it possible 
to copy several stations that could not be 
heard on the dipole, On transmit neither 
antenna proved better than the other 
Further experimentation with the UHF 
‘model indicated that a unidirectional array 
‘of two half loops in a phased array should 
be possible. However, the ground require- 
ments make construction difficult. 


Conclusion 

"The low noise characteristics of the half 
loop antenna as well as its physical size 
make it ideal for the low bands. Being 
about % wavelength long, it can be erected 
‘where space limitations prevent use of a 
‘s-wavelength antenna. Its low height can 
be used o advantage in areas having severe 
eight limitations. One added bonus is that 
the half loop can be used on its harmonie 
frequencies. 


Fig 4—The azimuthal plot of he halton 
antenna radiation pattern indicates sight 
irocivy broadside te ne wire. 


Notes 
R. Fita, "Measuring Complex Impedance wth 

An SUR Brae," Ham Asa, May 1375 p 4 
xf S Boose and D. Data, "The Hali Dota. 


Coil Shortened Quads— 
A Half-Size Example on 


40 Meters 


By Kris Merschrod, KA2OIGITI2 


Apartado 108-2070 
‘San Joso, Costa Rica 


he general antenna rule the more 
Tae de peer 

"he efficiency. Thus, it is better o 
Kave four quarter waves than а dipole or 
а vertical, The advantages оГ а vertically 
hung loop over а dipole are numerous: 
angle of radiation is lover forthe same 
һам, greater gain and greater bandwidth. 

The disadvantage is mechanical. Jt has 
a third dimension, which means that 
Construction and support present serious 
design challenges. The ice load can be a 
problem in temperate zones. 

However, here in Costa Rica there are 
коке problems and the bamboo grows tall 
and straight. My first attempt was a Tour- 
men quad for 10 metes made of 
bamboo and macrame cord, which was 
Strung up in а eucalyptus treë at a height 
of about 45 et. I has been a great weapon 
for pileups with only во watts going out to 
it. The macrame cord rotted after six 
months andthe dozens of clove hitches had 
то be raid with plastic cord, After his 
Sucoess 1 turned to 40 meters, First used 
the vertical, then the dipole and now the 
uad. There are limit to the size and stress 
Stic bamboo and plasti cord can handle 
A technique had to be found to reduce the 
Elements to а manageable size. 

Literature Review 

In the literature on reduced size quads 
there ме examples of торта or capacitive 
loading) linear loading? stub loading 
trap and сой loading а folded-mini' and 
finally coil loading. The folded, 
Capacitive, linear and bondad quads ай 
present mechanical problems, hat le, they 
fend to be more complex than a simple 
uad, except for size. 

‘Orr and Cowan sat, “Attempts have 
been made to shrink the quad elements 
by the use of loading cols placed n the 
loops; the results have been inconclusive, 
and lite specifie comparative data has 
been found on the performance of the 
loaded quad antenna, А col loaded mini 


"Weis appear on page 82. 
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loop element was tried at WéSAI for a 
period of time to determine if it was 
competitive with a half-wave dipole 
mounted at the approximate mid-height of 
the element, After a period of tests, it was 
concluded that the loaded loop compared 
poorly with the dipole as far as signal 
Strength reports were concerned and 
furthermore, the bandwidth of the loaded 
Loop was quite restrictive compared to that 
of the reference dipole. 

They reported that the stuboaded 
variety was superior in gain and bandwidth 
but 1 believe that the 0.14-wave dangling 
stub is a problem, especially when one 
plans a rotating beam on 40 meters, I've 
used coil-loaded dipoles before with good 
results and fet that this route to reduced 
size quad should be explored 


Coil Loading 

Inthe ARRL Antenna Anthology there 
is a section on off-center-loaded dipole 
antennas. The formula presented therein 
an be used in a computer program, or the 
chart provided can be used to estimate the 
approximate inductance required to 
Shorten a dipole for a given frequency and 
сой position. The 1989 ARRL Handbook" 
Provides a formula for сой designs. 
Sander" provides a computer program to 


combine these formulas. The idea is to 
place a loading сой near the center of each 
leg of the dipole. IF you load toward the 
end you approach an infinite amount of 
inductance needed, and if you are close to 
the feed point the bandwidth is narrow (as 
those of you who have tuned base loaded 
verticals know). Also, the high current near 
the feed point requires a heavier сой. 
Program 1 is a BASIC computer program 
listing which can be used to calculate the 
dimensions of a coll loaded loop. [The ro- 
gram is available on diskette for the IBM 
PC and compatibles; se information on an 
carly page of this book. —Ed.] 


Hypothesis 

If a loop can be assumed to be made of 
two dipoles, then the position and the 
calculation of the coils needed to reduce its 
size would be similar to that of a coil 
loaded dipole. That is, place four cols of 
‘equal inductance and Q (same size form 
and number of turns) 1/8 wavelength on 
ach side of the feed point and 1/8 
wavelength on each side of the mid point 
of the other half of the loop as shown 
in Fig 1. If this would work, then the 
reduced size would be easier to build, The 
antenna would be more stable with the 
‘oils placed on (around) the struts because 


Results 


Fig 1—Colloaded 40:metor cop. Physical 
‘Sze is one half as large as a conventional 
“omar 100p. 


The formulas in the references cited were 
used." The results called for 22 иН of 
inductance in each сой, Plastic water pipe 
23/8 inches OD and 4 inches ong was used 
for the forms. The winding of 29 turns was 
of the same wire used for the elements, no. 
14 multistranded copper with insulation. 
Whatever was readily available was used. 
Instead of the usual crossed-bamboo 
struts, vo 17-foot bamboo poles were used 
horizontally. The c 
the poles and tied at each end. The bottom 
pole hangs from the side wires of the loop 
‘Connecting the coils, and the top pole was 
tied to a rope and pulled up a 
‘eucalyptus tree inside of the existing full 
quad, Both had the same center of gravity 
or effective height above ground. 


From the shape of SWR curve A in 
Fig 2 it appeared that the shortened quad 
was too long, Accordingly, the sides were half-size loop based оп the original 


‘that stations lost in the noise with the full 
loop were copied; I seemed to havea beter 
signal-to-noise ratio. 

Transmitting was done with 100 watts 
output through almost equal lengths of 
‘Belden 9913 (practically no loss at 7 MHZ) 
fed directly to the loops with no balun or 
coils. TIZZM and HISOIG gave a “no 
difference” report The same was true from 
КАЎУЛЕ on CW. DLSPC gave a "slight 
gain” report for the full loop, and 
ÜRIRWW gave the full loop a 1.5:48 
advantage. This was encouraging 
information because it meant that а small 
aight sacrifice was all that was needed to make 

the radical leap to a two-element rotating 
‘quad оп 40 meters. Little time was wasted 
palling down the fll loop to make way for 
a 24-foot boom of bamboo and another 
half-size oop for a reflector, Reflectors are 
generally 5% longer than the driven 
elements. Thus, without trimming, another 


"were slipped over 


Shortened to bring the low point up to the specifications should be а good reflector 
band segment I wished to use without a 
tuner. This is a 100-kHz segment Two-Element Results 


of the decreased wind arca. 


between 7.05 and 7.175 MHz with an SWR 


The first question was element spacing 


of less than 2:1. As shown in Fig 2, 1% feet according to various sources, anything 


40-Meter Hall-Size Loop Example 
In Costa Rica one сап operate single 
sideband below 7.1 MHz. There is plenty 
of DX action in this section of the band for 
both SSB and CW. I picked 7.15 for the 
center frequency because I hoped that it 
‘would be broad enough to work the whole 
band. An existing full-sized loop in the 
form of a trapezoid (55 feet at the top and 
10 feet off the ground) was the reference 
antenna. It was decided that a loop of 16 
feet on а side (half size) would be ideal 
because it would be similar to a fullsize 
20.meter loop, which is manageable in a 
multielement-quad formation. 


SWR was 


necessary. 


was trimmed off each side of the driven from 0.12 to 0.15 wavelength will do. 

element to bring the low SWR рой 

7.125 MHz. This was a substantial approximately 0.12, 0.13 and 0.14 

improvement over the full quad (lowest wavelengths in reference to the single cle- 
) The rig used was a Drake ment at 7.125 MHz. The shapes of the 

TRÁCWs, which tolerates this SWR easily. 

So much for the electrical results; how the lowest curve. Reception and signal 
did ће half-size loop compare with the full reports on the ай did not seem to show a 
loop? The two were compared across the difference between spacing, but the idea 
band using the antenna tuner where was to have a low SWR and bring in the 


upto Fig 3 shows the SWR curves for 


curves are similar, but the 0.13 spacing gave 


QSOs. I checked into the Century Net and 


Reception showed the full loop to be 1 the OMISS nets From time to time to see 
19248 stronger, but when there was QRN, how stateside reports were at that end of 
intelligence was better on the half-size loop. 

‘The half size was quieter, so much quieter other stateside contacts were consistently 


the band (7.272 and 7.234 MH). Also, 


Fig e Results of trimming the halt ize coloaded loop for 40 
meters. The sides of the loop were storenac by equal amounts. 
Curve А—16-оо sides. 

Curve 8— де shortened 1 foot 

Curve C Sides shortened 1% feet. 

Curve 0— sides shortened 2 feet. 

биле E Sides shortened 1% let 


FC 
Icop ana various element spacings lor а similar two-element 
quad. 

Curve A—19.5 өө. 

Gune B163 fee 

Curve C175 fet 

боме DA single coi-onded loop. 
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five or beter for stations using loaded ver- 
tials, mobiles and dipoles. The “big guns” Table 1 
using Yagis and used to copying linear; give Signal Report Comparisons of Halt-size and Full-size Quads 
те five nine phus reports, but “stateside” 
is lose by. 

From Europe, ПКЕВ cam 
over $9 and gave me а five ci 


Report 
u 20 0 Station Comments Haake Futsize 
Mm Similas 8808 Le Yagi, European QAM 3x5 5x8 


ouis came fom BLARS, LATDFA, BOUM, Was coped + 8 Um 
DJEBN, GOCNG and YU4AU. From YSIMAE Was 25 over 9 Sover9 20 over 9 
VVV im* m 


r from different nigh 
June 1988 
Carlos and Sofa (TIZKD end TI2IY of 
“119 DX fame) ive about 200 meters away 
and have a fixed o emen fullsize quad ا‎ Dionne я 
On 40 meters. Their effective height в / UT 
the same as mine, Carlos and I spent ̃ the size of quads. Even though the band 
evening with 100 atts output roaming the Widths not too wide (100 KHZ or ls than 
"and doing “invidious” comparisons. The 2:1 SWR), the SWR is lower than a full- 
ress are shown in Table I size quad (apparently because the 
Tis clear the full loops are benter than | impedance js lower than a ful loop because 
the reduced size. The from 


during May and 


Conclusions 


(o-back ratio of the coil loading), Because of the smaller 588895, Ea ne 1989 ARAL Handbook for 


00 rotating quad tig fa Anim one RL нй 
measure. At this point all have is “slightly possible without expensive structural ор i 
better" for front to back and “that’s elements, I'm searching Гог a 404001 "®, Sander “A Computer Designed Loaded 


Dipole Anienna ^ CO. D 
bener” for the front-io-side report. bamboo boom to try a — K 


Copying off the side is weaker and the model In the meanwhile the two-ciement асау (noun ended) Sanders program 
audio seems garbled. When TI2KD is on model, up about 50 feet in а eucalyptus, wih af ried ccs 
the air, the RF gain and the audio gain is doing a fine job. Pr Er а they shoud 
must be turned all the way down or the фе placed on each sde and not between he 
noise is painful for either front or back. But Note® and References Sols and eso point” Avoid pacing the cole ai 


УО A. Moxon, НЕ Antennas For Ай Locations thw comar. Roca топура еве that those ae 

to the side only the audio gain has to be  "'pawer Bar England Racio Society of Great Iwo dolis wi) ther ands connected. Each 

backed off. Brain, 1885), p 178 ‘So he ena!) shows be adjusted bY equal 
AW S. anderson, Ed. The ARAL ae, тошт. 


Program 1 


BASIC Program to Calculate Coll Dimensions for Reduced-Size Quad Antennas 
ARRL-suppliod disk filename ls MERSCHR.BAS. 


їй CL=AS:GOSU8 1A 
Tu 
эн," 


vpe my 


E 
E] 


184 PRINT 
485 рашти 
186 PAINT 
197 PRINTE 
189 PRINT" 
198 PRINTE 
лет рант 
192 PRINT" 
183 PRINTS 
184 PRINT" 
15 AA /—)))" 
208 PRINT 

218 INPUT" WIDTH OF QUAD IN FEET "jA 


PROGRAM FOR REDUCED SIZE 
‘QUAD ANTENNAS. 


pud 
1988 


ELS 


Зид INPUT" HEIGHT OF QUAD IN FEST "i 


BD IF TEST <,5 OA TEST =,5 GOTO 319 
‘382 PRINT" оло IS TOO WIDE FOR HEIGHT " 
284 INPUT" PRESS RETURN TO CONTINUE "YN 
am 5070 198 
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зїп воси weg, 
311 PRINT" ENTER DIAMETER OF ELEMENT IN INCHES ORY :PRINT 


312 INPUT" GA, (8 TO 18) WIRE "jb 
313 ТЕ D «s 6070 390 


314 IF D = 8 THEN O-,1205 
Sis JF o С AB THEN 0: лич 
316 IF D = 12 THEN Do. fog 
217 IF o 


Б 
308 TF D> ла THEN 0070 01 


ЕКА 
341 TEST2 M 

заз IF TESTE > [Ае нв) GOTO 358 

343 PRINT " THIS" j[ae2ewe2];" Ft. LOOP DOES NOT NEED LOADING" 
344 PRINT " FOR "Ej" Wiz, OPERATION 

345 INPUT н PRESS RETURN TO BEGIN AGAIN "үүн 

346 0010 140 

зм совив 1 

361 Мел 

352 Gave 

354 АГАН] 

3@ bie- terra. gets peel 
EF 

зай e e "21 

398 Sl e 

AS F5=LOG{( eee 41 


218 ee e 
ELE 

3B 1нн-Е1°[[Е2»ЕЗ/Ра1-[ЕБЭЕВ/Е7 1) 

ASH PRINT" ТМЕ INDUCIANCE NEEDED 153" 

480 PRINT 

TB PRINT" mgt uh 

ag PRINT 

480 PRINT 

зей PRINT" EDT 

ERUIT 

ETE 


758 INPUT" DO YOU WISH A PRINTOUT ";POS 
755 IF POS CY% AND POS <> "y" AND POS <> "n" AND POS C^" GOTO 758 
788 IF PON" On POS 


THEN ong 


LPRINT:LPRINT:LPRINT:LPRINT:LPRINT 
(CL=7 160508 у 
ipn" 
[ETT 
am 1 
imme 1 
impr 1 
imme 1 
im I 
imme 1 PROGRAM FOR REDUCED SIZE 19 
taints 1 ‘QUAD ANTENNAS. P 
А Ed 
imus Т когогуттг P 

1 

1 

1 

1 

1 

1 

E 


nm 


nd 1988 P 
Lear 
nd 
len 
nud 
ud 
imm" ЦКС E nma 
nd 
32 LPRINT™ Dd 
22 ang аии 
BG RINT USE ONE LOADING CDILU 
ва ang AT EACH CORNER" 
а LPRINT" 00 NOT CHANGE OVERALL WIOTH OR COIL SIZE" 
S LPRINT" "TRIM BY CHANGING HEIGHT ON EACH SIDE" 
666 LPRINT* соп CATIONS" 
зва ng E at 
2 LPRINT 
à іран" INDUCTANCE 18 "уимн; . 
E76 LPRINT 
в LPRINT" DIAETER IS "уолу" INGHES" 
PRINT 
бе [PRINT LENGTH IS ie hates. 


ELEMENT DIAMETER 


des ane, 


вав LPRINT™ "ун;"тян8 NEEDED" 
BO ІР WGA < 1и GOTO B03 

вет LPRINTILPRINT* USE "WGA" Ga, INSULATED WIRE FOR COIL" 
802 GOTO aaa 


1888 LPRINTIPRINT" USE ";WGA;INCH DIAMETER WIRE f [1/WGA)/2; "TURNS PER INON" 
Эше 0172100608 es 

328 INPUT" DO YOU WISH TO DESIGN ANOTHER REDUCED QUAD 
825 ТЕ AS OY" AND YNS <> "y" AND YNS <> "N" AND YNS 
Зай Ir vns = тҮ" DR үн = "yn GOTO 188 

SE PRINT PRINT" 73 DE KADOTG/TION 

Зей PRINT SPRINT 

зви END 

Мей! COIL DESIGN SUBROUTINE 


соц. DESIGN SPECIFICATIONS” 


NE 
> "n" GOTO 028 


EA PRINT СО 
5515 GOSUB 1A 

Бей INPUT" DIAMETER OF THE COIL IN INCHES "01А 18-012 
deen GOSUB 1289 

588и INPUT" LENGTH OF THE COIL IN INCHES "jL 

daa GOSUB 1949 

5919 TEST = L/DIA 

S92 IF TESTS > .4 GOTO egg, 

deen PRINT”. es...... . 

S94 PRINT SPRINTU THE PROPORTION OF LENGTH TO DIAMETER" 
dern PRINT" SHOULD BE AT LEAST .4" 

5085 PRINT" THE PROPOSED, 
sed РАП Я 
599 PRINTEINFUT PRESS RETURN TO CONTINUE"; YH 

LE] 

Бей * CALCULATE THE NUMBER OF TURNS 

ETAB NCL les )/A 02)". 

6818 CL=9:G05U8 12898 

6615 ТЕ REIT эй THEN 6829 

5019 PRINT" ENTER DIAMETER OF COIL-KIRE IN INCHES OR"PRINT 

(828 INPUT" GA, [18 TO 18) INSULATED HOUSE WIRE = ";WGA:COSUS 11489 
бвг1 IF WGACIS THEN m/ insel 

бега IF rag THEN WS. 

(6805 IF WOA-12 THEN WG. 

(6626 IF ибл-14 THEN WW) -5 

8807 IF WGA-16 THEN wegs 

6228 IF MGA016 THEN 6819 

6028 ьм 

S891 IF LN < L GOTO eg 

BEL = LN + eee 1: GOTO so 

8885 PRINTIPRINTRINPUTY PRESS RETURN TO CONTINUE "y 
SESS L = 19119070 5918 

LIX UE 

ев REM NOTICE OF AUTOCALCULATION OF COIL LENGTH 
ig ТЕ REIT ©-й GOTO 7508 

WS PRINT" TOO MANY TURNS FOR GIVEN FORM LENGTH PRINT 


SSPE PRINT" LENGTH AUTOMATICALLY RECALCULATED |" PRINT SPRINT 
JS REM SCREEN OUTPUT FOR COIL SPECS 

e PRINT COIL SPECS eem 

EEE 

Ba PRINT INDUCTANCE 18 "jL; "uN" 

BAS GOSUB тилии 

воли PRINT" DIAMETER IS  ";DIA;" INCHES" 

SESS GOSUD 19808 

[Lig LENGTH IS "йртнн" 

вези 50808 anang 

BEBE PRINT" use туну" TURKS" 
[T2171 

8805 IF NGA < 18 GOTO aan 

вота PRINT" USE "jMOA;" Ga, INSULATED WIRE FOR COIL" 


8515 GOTO 8825 
8088 PRINT SPRINT USE ";WGA;"INOH DIAMETER WIRE —"; [1/WGA]/2; "TURNS PER NOH 
6935 GOSUB ace 

dene INPUT * DO YOU WISH TO DESIGN ANOTHER COIL "уун 

S915 IF yns <> "Y" AND YNS <> "y" GOTO 0008 ELSE SHAB 

8998 RETURN 

9999 END 

‘yaa FOR т. = 1 TO CL 

‘usa PRINT 

18082 NƏT TCL 

‘usa. RETURN 

diga co 


Multiband and 
Broadband Antenna 
Systems 


А 14-30 MHz LPDA for 
Limited Space 


By Fred Scholz, K6BXI 
3035 Dickens Ct 
Fremont, CA 94596 


аена 14-1030 MHz log period 
H dipole array that has a 13.5-fo0t 

turing radius, weighs les than 
25 pounds, and fits on the roof of my сйу- 
Jot house. This array is made primarily of 
wire with a minimal but rugged supporting 
Structure and is therefore low coat. Mae 
Seltivly easy to transport, folding into it- 
sell after loosening just a few bolts. These 
features will allow anyone to install the 
antenna single-handedly with ease. Low 
Wind resistance is also a feature of this 
array, but the real key o the success of this 
design is its size. To achieve this goal, a 
small compromise in front to-back ratio is 
made on the 20.mete band. This А done 
by resonating element 2 at 14.1 MHz, 
leaving only element 1 to act аза “reee 
tor The met effect on aray pain can be 
determined from Fig 1. 

“According to Isbell, the radiation ef- 
ficiency of the LPDA with onc element 
behind the resonant radiator is about 0.83 
(assuming а of 03). If a second element 
is added to the rear, the radiation efficiency 
is about 0.86, In d is i 10 log (036/035) 
or only 0.15 dB (indicating practically 
no loss of gain if this clement 8 eliminated), 
amd a tremendous reduction in size 
Compared to an antenna with element 3 
resonated for 20 mates. It can be seen 
that the single “rector” element 1 adds 
10102 (0.83/0.5) or 2 24B additonal eain 
to the array therefore this clement is in- 
cluded im the design. Additionally, all 
elements are swept forward by varying 
amounts, reducing the size of the array but 
havine the positive effect of an increase in 
sain and bandwidth for comparable size. 

"The boom and spreaders are supported 
from а single quad-element "spider 
mount” hub, available at flea markets or 
froma supplier of quad antennas. The hub 
is used as the mast mount in the horizontal, 
rather than the vertical plane. The boom 
is constructed of telescoping sections of 
linchdiumeter and 1/8-inch diameter 
aluminum tubing. The tubing is slotted at 
the ends and clamped at the proper length 
with stainless-steel hose clamps, If you 
wish, you can join the boom sections with 
Screws instead of hose clamps, Two L3-foot 
fiberglass spreaders are used as the center 
Support ашы for the апау бее Fig ) Му 
Spreaders were too thin and weak atthe 


"Nets appear on page 99. 
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ends, so 1 cut off the outer 18 inches and 
extended their length to 13 feet using 
Y- inch-diameter Plexiglas® rod, available 
from most plastic shops. This extension 
жаз made at the hub end of the spreader. 


Building the LPDA 

Initial assembly can start with individual 
parts in your workshop. First, cut the 
Boom-mounted insulators (Fig 3) to size, 
and drill the hoes for the brass screws, wire 
feedthrough holes, and mounting holes. 
Then mount the brass screws and tighten 
them down. Build the boom and measure 
the locations for the insulators. Drill the 
holes in the boom for insulator mounting 
and mount the insulators. Cut the element 

res to length plus about six inches, label 
and roll up. Cur sections of 450-ohm ladder 
Jine to length plus about three inches and 
label, Then mount and solder the ladder 
line and the element wires directly to the 
brass screws. Be sure to put a 180-degree 
twist in the ladder line so that each 
succeeding element is 180 degrees out of 
phase with the next 

The last piece to prepare before final 
assembly isthe forward spreader (Fig 4). 
‘This piece is unique in that it provides the 
main forward structural strength of the 
array and also forms element 10, which is 


Fig 1— Racing efficiency versus antenna 
Size ol a log periodie dipole агау, (Afer 
boit see nao 1 


resonant at 33 MHz. This element is cut 
about 3% shorter than it would be for a 
wire element because of its diameter. First, 
eut ап B-foot section of 3/4inch and 
5/8-inch diameter aluminum tubing. Cut 
the 6foot 1/2-inch-diameter fiberglass rod 
in half. Slot one end ofeach 4-foot section 


Fig 2A top view of the LPDA shows that elements 1, 2 and 3 are attached (with 
Insulators) o the spreader arms 


ZTE F 


Fig SA top view of the boom insulator is shown at A. B is a section side view of the 
Insulator mounted onthe aluminum tubing. In C ihe Sand on insulators and boom 


of tubing. Insert the $/8.inch tubing and 
clamp it to the proper length. Extend 
the elements with the fiberglass rods, 
clamping so that 2-1/2 feet extend beyond 
the ends of the 5/inch tubing. (1 first tried 
Plexiglas rod in this application and 
broke under tension.) Сш the fiberglass-bar 
mounting insulators to size and mount 
them to the aluminum tube elements, 
Angle each half a few degrees forward, to 
help tension the wire support. Last, mount 
hose clamps on cach fiberslass-rod 
extender. The clamps are used to support 
the ends of elements 7, 8, and 9. 

"The final assembly сап be done at 
‘ground level and then the array hoisted and 
Put in place. If your yard is too small to 
complete the assembly, it is not difficult to 
do on the roof prior to final installation. 
used an 81001 section of 2-inch PVC pipe 
аз the mast support for the array. Mount 
the U bolts or guy-support rings as shown 
in Fig $ and the photos. My 2-meter beam 
is mounted at the top of this section, just 
above the strut supports for the boom. Fi- 
nally, locate and drill holes for the boom- 
mounted eyebolts that are used to support 
the boom. These bolts can be positioned 
at the holes in the 4S0-ohm ladder line in- 
sulation. 

Mount the forward-clement/spreader 
combination with the inch bolt. Then 
String insulators on the dacron or nylon 
lines and run these lines from the ends of 
the forward spreaders to the ends of the 
central spreaders. This is the proper time 
to mount the forward tension trus (Fig 4). 
Do not apply final tension until element 
опе is cut and secured in place. Unrol the 
wire elements one at a time, starting with 
"he number- element. Cut ito length after 
attaching to the ends of the center spread- 
ers. Now use the turnbuckle to apply final 
tension to the forward spreader. Proceed 
with the number-2 element, attaching it 1 
the first insulator on the nylon or plastic 
line. Elements 3, 4, $ and 6 are done n like 
manner. Elements 7, 8 and 9 can now be 
attached to the forward spreader using the 
three hose clamps on each end. 

‘The weight of the forward spreader as- 
sembly unbalances ihe boom because most 
‘of the weight of the antenna is in this mem. 
ber, To counterbalance this, tie lead 
‘weights along the rear section of the boom 
until the antenna is balanced. usd sever- 
al 6- and 8-ounce fishing weights. To trans. 
bon the LPDA (to the roof, or new OTH) 
undo two bolts on each forward spreader 
and disconnect the center spreaders, The 
entire assembly will now fold up along the 
boom, Wrap the wire elements carefully 
along the boom, and secure with electri. 
cians tape. For а list of the parts used in 
building this antenna, see Table 1 

My roof peaks at a point 23 fect above 
the ground. To be effective as а DX anten- 
ma on 20 meters, I wanted the antenna at 
a height of 35 feet, yet wanted access 10 
work on it while standing on the roof 
without using a ladder. I used a 5-foot tri- 
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rement 10 


MMONORDACRONCORD 1. piam 


Eee тутара A 


FBERCLASS ROO 


PRT Ун 


NO а STANLESS SCREWS 2” LONG 
эс TEN ALR TNE LON 


E 


“тоу THe ELEMENTS 
SEYNA TO KEEP TENSION ON OUTER 


1 FOOT SECTION OF FIBERGLASS BAR STOCK 


(SCREW MUST NOT TOUCH ELEMENT 10) 


e FIBERGLASS RoD 3 FEET токо UP THE LDA, REVOVE 
= THESE Бонн, EACH SIDE 


© 


PU ROA збом CONNECTION POINTS TO ELEMENT TEN 
REST FEED WAIN sen CABLE 


"2 FOOT SECTION FIBERGLASS BAR STOCK, 


element 2 anê 3 = 4 in., omen 3 ang 4 = 12 In, element 4 and 


"A 


00 ctm 


Neue Morena эшан 


© 248 supporto keep e boom kom sagging: The spreader is 


Fig 4—A gives a detailed top view ol the forward spreader with spacings between hose clamps as follows: element 1 and 2 = 9 n 
3 f. Айша element 10 o а length of 6 1, 10% in. These are 


approximate dimensions. ALB the details of mounting and tubing dimensions are shown (minus hose clamps) for he forward Spreader. 


Fig 6—А view of the feed arrangement. 
‘The author found fiberglass to be тог 
serviceable than Plexiglas" (used here to 
Braco element 10) or extensions, 


рой mount with an 11-foot telescoping 
(mast made by cutting a 20-foot telescop- 
ing mast into two 514-1001 sections, This 
allowed the antenna 10 be raised to 35 feet 
for operation, and lowered to 6 feet above 
the roof for adjustments. 


Using the LPDA. 
Nothing I found in my references deals 


Table 1 
14- to 30-MHz LPDA Parts List 


10 Plexiglas insulators % in. x 3 n, x Ya in. cut from shoot 
12 antenna end insulators (Budwig HYE-QUE 2 or similar) 
В sets fathead brass screws, nuts, washers: no. 8 x Y In. 
Зло бх Т. stainless screws, with washers and nuts to mount boom insulators 
T ach Va in. x 20 in. Stamloss #00 Һох пода bot, washer, and locking nut 
б по. B x 2 in. stainless-steel screws, washersand nuts 
Э no. 10 eyetols 
ches 
Aluminum tubing: 
E sections tin. OD, 2 req'd, 
65 sections ain OD, 2 req'd 
84 section dan OD 
E section Sibin. OD 
2 fiberglass spreader rods, 13 1 long 
1 fibergass rod (oie) 6 х in. diameter (Tap Plastics) 
C 
1 spider hub pace from quad element 
30 leet of deen mien rope (or 18in. dacron cord) 
25 f ot 4в0 олт indoor ine 
260 tof heavy duly copper antenna wire (Radio Shack 278-1329) 
50 о! guy wire for strut supports (nylon rope could also be used) 
30 spacers win. long with no. € x Tarn. stainless hardware to secure the ladder line to 
the boom 
в small and 6 medium hose clamps 
2 ocn 21, U Bolts or one in: amet uy ring to o guy vires топ support ett 
Severa small fishing weights to belance boom. 


with what happens to the feed-point im- current off the outside of the transmission 
pedance of an LPDA when the elements are lime braid. If desired, a 1:1 balun can be 
swept forward. There are even some differ- used instead of the choke. 

ences on how to calculate the impedance in the seven months of on-the-air ex- 
of a conventional array among the refer- perience so far, this antenna has captured 
ences, I experimented with various angles 100 countries and produced more than 450 
and clement spacings. Every change | made QSOs. Working the pileups is now more 
had am effect on ford-point impedance. of a pleasure since my success rate is much 
Direct feed with 75-ohm coax (no trans- higher, Signal reports have compared 
former) provided the best results with the favorably with others in the pileups, with 
dimensions given here. SWR readings range тапу QSOs "barefoot," When the linear 
from 1:110 28:1 (for 20, 5, and 10 meters; is needed, the LPDA takes a full 1500 
see Table 2). A Transmatch located atthe мацз. The LPDA has also survived а 
input end of the transmission line can be winter of storms with winds gusting to 5$ 
used to improve the match if desired. The mph. 
%%% ^ Many thanks to Emil, WIEJI (my 
three-tum choke at the point of connection father) for his help and suggestions in the 
(element 10) to the antenna. This sto keep contruction of the LPDA. 


Table 2 


SWR Data— Direct 75-Ohm Coax 
Feed 
Figures ropresont frequency апе SWR. For 


‘example, the frst 20-motor isting омез an 
SWR of 147 at 1405 MHz, 


20 meters 10 meters 
1405 14 2006 28 
iais 18 2816 28 
из 24 2025 28 
из 28 2836 27 
mas 27 
17 motors в 27 
1897 13 2856 26 
1812 14 2875 28 
1816 14 2885 25 
bags 24 
15 motors mus 23 
zs I1 2815 20 
2115 12 mus 17 
2125 14 2936 17 
2135 18 2046 16 
mS 21 2956 14 
mes 15 
12 meteors 
мз зо 
2495 32 
25 32 


jon: ARAL, 1989), Cha 10 
FT 
Hanara Same and o, 181) stes 23 
LR: Morón, HE Antanas Jor Al Locations 

(Pentre Bar, Нед RSG, 1902) 
m 


y on Spidervab 
етта The ARAL Antenna Compendio, 
Va) Y (Nowington: ARAL, 1988), pp 58:5, 


Antenna Trap Design Using a © 
Home Computer 


By Larry East, WIHUE 
1197 Buckland St 
Plantel, CT 08470 


his article describes а BASIC pro- about V inch of stripped cable extending 

[sets as you to gts ‘rough holes in the сой form at each end: 
And accurately desen taps for mul- “The capacitance of this extra cable should 

фара antennas on yout home computer. also be included, as pointed out in an 

‘The program is an adaptation ‘of one Excellent article by Robert Sommer. 

originally writen by Andy опи, | ч or Û Assuming tat here ls 1 inch of extra cable, 

аЛ, fora Tinev/Sincir computer Ea 2 becomes 

It allows you to design antenna traps from 

common coaxial able (or any two-conduc- = AXN: мшу 

tor cable for which the capacitance per foot u 

is known) for any desired frequency. Such 

{tape have the general configuration shown “The basic idea behind Griffith's iterative 


in Fig 1 and have been described in several fig 1—Prelerrod method of constructing @ procedure is to pick a value of N and cal- 
Amateur Radio publications. VIR Sen nei o culate the inductive reactance, X, and the 


Several changes were made to Griffith's capacitive reactance, Xc, for the design 
original program to speed up computation frequency of the trap. I these values are 
nd to improve accuracy. The present not equal, then make an adjustment in N 


Program, listed as Program 1, iswriuenin Griffiths original iteration method to (up or down, as indicated by the sign ofthe 
шлаг BASIC” and can be used with determine the number of turns required for difference) amd try again. Thé actual 
BASICA or GWBASIC on IBM PCS or а resonant rap at a given frequency. This method used by Griffith was to start with 
clones. П can be easly adapted to other is done by progressively increasing the М = 1 and increase it by one full turn until 
implementations of BASIC with few, if number of turns umil the capacitive X, was greater than or equal to Xc. At 
any, changes, (A version is ako available reactance approximately equals the induc- this point, the value of N was decreased 
from the author in APPLESOFT for the tive reactance (the requirement for by one and then increased in steps of 1/10 
Apple Ш series of computers.) resonance in a parallel 1-С circuit). The turn until again X, was greater than or 

When the program i eecuied, you will IndUctance of the coil is calculated using equal to Xe. The value of N at this point 
be asked o supply the following informa- the usual approximate equation for а was assumed to be the desired value, 


tion: coax cable outer diameter in inches, single-layer aircore coil: correct to the nearest 1/10 turn. Doing the 
coax capacitance per foot in pF, form Ама caculaion їп one-tur steps followed by 
лег in inches and frequency in MHZ = $a > OF (Еа!) id an steps drastically reduces the 
at whieh the rap is 10 be resonant. number of calculations over what would be 
The program wil then calculate and here required if 1/10-turn steps had been used 
display — from the beginning. 
1) The inductive reactance of the result- f C mean сый Шет, “This is certainly a reasonable approach; 
ing trap at the specified design frequency, А С cm 600 none however, there is one obvious and one less 
$) The capacitive reactance of the resul М = nambas af imer obvious improvement that can be made. 
ing trap (should be equal to the inductive The obvious one is to include thc 


reactance, but may be slightly different I the coil is tightly wound from wire in | capacitance of all of the stripped cable, as 
to be iterative method of calculation used), | Our case, coax) with diameter D, then the noted above, The less-obvious one has to 


3) The inductance of the trap, coil length, B (for an integer number of do with the way Griffith calculated the 
4) The capacitance of the trap, Turns, at least), is given by B = D x N. length of the coil for use in Eq 1. He used 
5) The number of turns required, ‘The parallel capacitance is assumed to B = D x (N + 1), where Nis the value 
©) The winding length in inches, consist entirely of the capacitance of the at the end of the first iteration loop, in 
7) The total length of cable required for length of cable. This capacitance is given by other words, to the next full turn, He chose 

the trap, and 2 rOUN ON, do use N 1 rather than N because this 
B) The effective length of the trap С = Ае (Eq2) gave better results, However, it turns out 

(explained later) that the value of N after the first loop can 


be as much as 9/10 of a turn greater than 
the final value. For a coil of only a few 
turns, this can cause a large error! 

The curren program therefore uses 
Eq 3 for the capacitance calculation, and 
ше B = D x NI in Eq 1 for the induc- 
tance calculation in the second loop. The 
‘This assumes that the cable ends exactly — program also “fine tunes" NI in steps of 
ots appear on pago 102. at the coil ends, Coil will normally have 0.05 instead of 0.1 


100 


Different parameter values may be 
entered without restarting the program 


just follow the instructions on the screen! ricas 


3.14159, 

«capacitance per foot of the cable, pF 
mean diameter of the сой, inches 
number of turns 


Design Method e 
The method of calculation is based on А 


Program 1 
Program Listing for Coax Trap Calculations 
ARRL-supplied disk епате is EAST BAS, 


CC 


i doen Trap Program . 
PAINT ales) тө, Larry 


н МЕ, р 


la PRINT ge rendes progam witL calcule 
fet TAS]: ctr, өй, 


ШОКТА о o E setos Торма ara tha c 
D PRINT pr) M 


AB PRINT тив}; + INPUT "Enter B fer SCREENy 1 for PRINTER "jPT 


EEG cm эйт IF FT 3 1 0010 38 


FE 
48 PRINT таце ЯСЕ 
ЕЯ (pF) "oe 


pac 

йл. "fom Diameter [in] 210 

TEN mean winding donator 

WH ASO ASA t Mia ate кА: АЙ-АЙ CO 
PRINT Тиге}; en Егете In WE n 

LIC CEDE 

s тей MITA ESTIMATE OF M 

Ma "tw = Nr , Son 100 / {A aso + Cell eds) 

38 se "einer CALCUÍATION Loo 


208 вен — Seoomo CALCULATION Loop 
али "ron (108,5) Т0 [vis] STEP gas 
E ASO 2 а Z (ane жй бт) 


2ш C= IAS prem ет) eo 
BR ko tee / [VO ch 
Bae XE TEN oro vnn 


38) PRINT e Length = 
ж PRINT її, шше 91 
LECT 
NETTE 
S PRINT Taala) "2 — йөре: for M 
F 
фәр Punt TABLA} "4 — Enit Progra 


p: 
fa PRINT TAALO); + HUT "Your Chosen {1 - 4) "p 
Sas PRINT 
S "Чех = 4 THEN вото an 

2 Then oro 
HH 
1 тєл што ш. 


p de Т costal cables Lt aoo Colutaton end авои 


/ Mt we 


‘With these simple changes, the calculated 
number of turns agrees much better with 
as-built traps using high-quality coax. The 
results for four sample trap designs are 
summarized in Table 1. The calculate 
‘number of turns is “right on the mone 
Tor the four designs tested, and consider- 
ably closer than calculated from Griffith's 
original program. 

"The actual (measured) characteristics of 
the cables used im these examples, 
capacitance and diameter in particular, 
were very close to the specified vales, This 
contributed to much of the good agreement 
between the number of turns calculated and 
those actually required. This is not always 
the case with some of the cheaper 
"generic" cables that are available 

"The number of turns is more sensitive 
than one might expect o very small changes 
їп the diameter of the coil form (note the 
squared value in Eq 1). For example, 
rounding off the form diameter in Table 
1 from 1,68 to 1.70 inches reduces the cal- 
culated number of turns by 0.05 for the 10- 
and 1S-meter traps, and by 0.1 for the 20- 
and 30-meter traps 

As mentioned in the introduction, this 
design method can be used for traps made 
from any parall conductor cable, not just 
‘coax. For example, speaker cable has been 
suggested for use in lightweight traps.” AI 
that is required is to determine the 
capacitance per foot of the cable to be used 
and plug it into the program. The method 
of construction would be essentially the 


Program Description 


A complete listing of the program is 
shown in Program 1, [The program is avail- 
able on diskette for the IBM PC and com- 
patibles; se information on an earlier page 
ofthis book —Ed The comments within 
the program listing should give you a pretty 
‘lear idea of what is going on. However, 
а few points might need further clarifi- 

"The “intial estimate,” NO, of the 
number of turns calculated in line 110 is 
based on a simplification of the equation 
that is obtained by substituting Eqs 1 and 
2 into the formula for the resonant fre- 
‘quency of a paralehresonant tuned circuit 
‘The original equation cannot be solved 
directly for N; if it could, the design 
problem would be much simpler! (See the 
references of notes 4, 5 or 6 for details.) 
However, by ignoring a couple of terms, 
it ean be solved for an approximate value 
OFN (the NB value calculated in line 110). 
"The nature of the simplification guarantees 
that NO will always be less than the required 
number of turns, o it is a good starting 
point for the first iteration loop beginning 
at line 130, One could use NØ = I as the 
Starting point, as Griffith did in his 
program, but an initial value closer to the 
Tequired value reduces the number of times 
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through the first iteration loop. This can 
result in а significant saving in calculation 
time for traps having many turas. 

"Results of the calculation are displayed 
оп the CRT screen or printed, as selected 
in line 30, starting at line 300. Sample out- 
put from the program is shown in Table 2. 
"The values are for the 10.1-MHz trap in 
Table 1. 

"The total length of the piece of coax 
needed for the trap is calculated in line 385 
and printed in line 395. An extra amount 
sufficient to make the required connection 
From the inner conductor of the input end 
to the shield of the output end, as shown 
in Fig 1, is included. 

"The “effective length” printed in line 397 
is an estimate of the amount that the next- 
lowcr-requency leg of the trap antenna 
must be shortened to obtain resonance. For 
‘example, if you are making a 10 and 
15-meter trap dipole, place 10-meter traps 
at the ends of а normal-length 10-meter 
dipole. The amount of wire to be connected 
to the trap outputs to make the I5-meter 
dipole will be reduced by the "effective 
length” of each trap from that calculated 
using the usual half-wavedipole formula, 


a 
o. (Ea 4) 


where 
T = length, feet 
= frequency, MHZ 


‘The effective length is taken as 88% of 
the length of the coax in the trap. This is 
а conservative estimate the actual effective 
length could be as low as 80% but prob- 
ably no more than 90%, You should there- 
fore expect to do a little pruning to bring 
the antenna to resonance at the desired re- 
quency. More on this later. 

A definite attempt was made to avoid the 
use of nonstandard BASIC statements. 
‘Also, no PEEKS or POKES are used in the 
program. Only a few lines should require 
any changes for other versions of BASIC. 
You may have to change (or just delete) ine 

|, which clears the display screen (the 
‘clear screen" command might be 
HOME). IF your version of BASIC hap- 
‘pens to internally define PI as 3.14159, then 
Témove the definition from line 90, 

Multiple statements on а line are separat- 
d by colons (). Some BASICS may require 
A different separator, or may require a 
Separate line for each command. Also, some 
versions (early implementations in particu- 
lar) allow variable names to consist only of 
a letter followed by an optional number if 
ours is one of these, then some variable 
names will require changing. 
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Table 1 


Comparison of Design and Measured Values 


o Form 
Type Cap Diam, Diam, 
BAR in om 
Saag dos oios 168 
gde 208 0.195 168 
Rossa 210 0.242 168 
нл? 308 0100 158 


“Loosely spaced tums. 


Table 2 
Sample Program Output 

Новый shown are for the 10.1-МН trap in 
Table 1. The format s nol precisely боі 
сама nere, Coax: 0.1 т. ОО, 30.8 PFI 
Со! кет diameter = 168 in 

X = 15870 

Xo = 15020 

Dar 

© = 1009 pF 

No. of tums = 685 

Winding length = 07 in. 

Coax length = 39.4 in 

Ёйестө length = 34.7 in. 


"Trap Construction 

Designing the traps is only part of the 
fun—the rest is puting them together and 
making the antenna. This is when most of 
the work (and fun?) really begins! 

Methods for coax trap construction are 
described in the references of notes 2, 3 and 
e. Additional useful information is given 
in a 1983 OST article by Doug DeMaw.* 
With so much information already availa- 
ble, it is probably not necessary to give con- 
struction details here. However, there are 
a few things that are important enough Lo 
be repeated. 

First of all, it is absolutely necessary to 
have some means of checking the resonant 
frequency of antenna traps. These are rela- 
tively narrow-band devices, and should be 
resonant at least some place in the band for 
Which they are designed! Probably the most 
readily available method of checking the 
resonant frequency is with a dip oscillator. 
Remember, however, to check the indicated 
resonant frequency with a receiver or fre- 
quency counter, since the calibration of 
most grid or gate dippers is only approxi- 
mate at best. The “Beyond the Dipper” 
device described in OST a while back would 
appear 10 be ideal for measuring trap 


resonance, if you are big on construction 
projects.” A simple method using an 
ordinary transceiver is described in the 
reference of note 8 

Its also necessary to fix the trap in some 
way to keep the turns from shifting. For 
a trap of a few turns, a slight shift in the 
spacing can result in a significant change 
in resonant frequency. Weatherproof sili- 
cone sealant can be used, but you should 
be careful to use a noncorrosive type (f it 
smells ike vinegar, don't use 10. I have 
had very good success with the type sold 
for automotive gasket use. Remember to 
seal the ends of the cable against moisture 
as well, 

"When constructing a multiband trap 
antenna, always start by making sure that 
the highest frequency antenna is pruned to 
the desired resonant frequency before 
adding traps. The traps will pull the 
resonant frequency of the system toward 
the resonant frequency of the trap, making 
út almost impossible to properly trim an. 
antenna with traps present for the same 
band. After the highest frequency anten- 
па has been properly tuned, add the traps 
and the additional wire (mast, or whatever) 
for the next highest frequency antenna to 
he trap outputs. Again, prune to resonance 
before adding the next se of traps. 


"AS. Grif, "A Cos Antenna Trap Program 
lr the e, 1000," GEX, August 
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The Suburban Multibander 


By Charles A. Lofgren, WJZ 
1934 Rosemount Ave 
Claremont. СА 91711 


room for an antenna farm? The 
КЕЧ 

80-10 meter antenna, may be the 
solution. It allows, Transmatch-free 
operation om 40 and 20 metes while 
avoiding the complications and lose of 
{taps or resonators. On the remaining HE 
bands, it has the versatility of a center-ted 
Zepp (o use the common misnomer), but 
greater convenience. Оп ihe higher 
frequencies it even shows some directivity 
and gain. Not cas, the mulibander (йз on 
small lot. Others with limited space may 
fid it Just аз satisfactory as 1 have, 

"The antenna, Fig 1, resembles a standard 
cemer-fed Zepp, epecaly the GSRY 
version, but its lineage and operation are 
diferent. The design draws оп Taft 
Nicholson's compact multiband antenna 
for tuberype transmitters! But special 
attention i given to the need of modem 
Solid-state transmites to se low standing 
Sav ratios. The place to begin is with а 
Bi or theory. 


Theory 

According to Nicholson, the design can 
be understood by considering the antenna 
and transmission line as open and closed 
Tine segments that are joined together to 
form a resonant circuit. (For the open 
segment, the length equals one side or leg 
of the dipole.) Resonance occurs at al 
Frequencies where the reaciances of the 
segments have the same absolute value and 
эге opposite in polarity. As a result, when 
the open and closed segments are each 60° 
long, that is, onesixth wavelength, the 
irc is resonant on most harmonics, for 
segments with lengths equal to discrete- 
angle multiples of 60°, that is, 120°, 240°, 
300° and so on, display a uniform absolute 
value of reactance, with alternating polarity 
at each successive interval. It сап be shown 
‘mathematically that these harmonic 
frequencies are the 2nd, 4th, Sth, th, 8th, 
etc, and exclude the 3rd harmonic and its 
multiples (ће 6th, 9th, ete)? 

As we shall sce, this analysis is useful, 
Ви, in fact, the antenna itself does not 
behave like am open line segment. The 


оез appear on page 104 


— — 


Fig 1—Constucton detals of the Suburban 
Mütibander, a simple 80-10 meter antenna. 
See tex lor detalls and length formulas. For 
“fundamental” operation on 7.1 MHz 
approximate lengths are: Lyr = 38. өө, 
ie = 462 x VF. 


reason is that while а line segment is a pure 
reactance, ignoring losses, this is not true 
for an antenna, which consumes real power 
‘through radiation. A resulting problem is 
that the feed-point impedance of the 
antenna is nor neatly uniform in absolute 
value at the fundamental frequency and 
harmonies described above? This 
difficulty is compounded by end effects, 
variations in antenna height, and other 
‘environmental factors 

In practice, however, the analysis based 
on line segments and hence on pure 
Feactances works in one instance and com 
close in a second. The first is when a "thin 
two-thirds-wawe (240 dipole is fed with 
а one-third-wave (120° segment of 450-0 
transmission line, and the near fit is when 
ıa thin four-thirds-wave (480°) dipole is fed 
‘with a two-thirds-wave (240°) segment of 
450-0 line. Moreover, the two instances are 
particularly interesting because they 
escribe the same antenna, the second case 
‘merely representing harmonic operation. 

"The explanation is straightforward. To 
begin with, even though the actual feed: 
point impedance of a thin dipole is not 
iterative at ай the 60%-per-leg intervals listed 
above, the impedances for dipole lengths 
‘of 240° and 480° are fairly close to one 


another, The dipole in Fig 1, when 
constructed as described below, displays a 
40-meter feed-point impedance of about 
190 + 7140 0. The 20-meter figure i near 
that, with the polarity of the reactive 
component reversed. 

Given the similarity of these two feed- 
point impedances in absolute value, the 
450-0 feed line enters the picture, Because 
of its characteristic or surge impedance 
% and because of the iterative property 
of” discrete-angle 60° intervals along a 
transmission line, the input impedance of 
the 450.0 feed line on 40 meters is 
approximately 50 + 0 ©. (In tech 
terms, a conjugate match occurs at the 
antenna feed point?) On 20 meters, the 
figure at the input of 450-0 line is close 
enough io 50 0 to give an SWR on the 
Coaxial line of less than 2: 

It is also casy to see why on 80 and 10 
meters the design fails to produce a match 
that is suitable for modern solid-state 
transmitters. On each of these bands, the 
feed line remains an appropriate length 
(60° or a discrete-angle multiple of 609, 
but in each case the antenna feed-poi 
impedance shifts further away from the 
40-meter figure. On 80 meters, the dipole 
length is enough under a half wave to 
significantly lower the feed.point 
resistance, resulting in an estimated feed- 
point impedance of approximately 25 —/ 
700 24 


‘On 10 meters, one factor is the increased 
overall antenna length їп terms of 
‘wavelength (approximately two and two- 
thirds wavelengths, versus two-thirds 
wavelength on 40 meters). The major 
culprit, however, is probably the decreased 
impact of end.efíect loading, which makes 
an antenna cut for 40 meters electrically 
Somewhat shorter on 10 meters than the 
desired length of 960°.” (These two factors 
also shift the impedance on 20 meters, but 
not as much.) On both 80 and 10 meters, 
‘hough, sufficient matching occurs to allow 
reasonable reception without use of a 
Transmatch, which, as explained later, is 
itself a useful feature. 


Construction 


In building and installing the antenna 
shown in Fig 1, there are several factors to 
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keep in mind. Two are the gauge of the 
in the dipole and its height, both of which 
affect the antenna surge impedance and 
thus its feed-point impedance. The surge 
impedance shifts slowly, however, because 
the changes logarithmic with respect to the 
ratio of wire diameter and height. Basically, 
then, wire gauge and height are not overly 
critical. My version uses no. 18 solid cop- 
per wire, with the antenna supported at the 
center, about 30 feet high, and the ends 
drooping to about 20 feet. No. 16 wire 
should be suitable, particularly at greater 
heights. The resulting surge impedance 
should be in the vicinity of 1200 to 1300 
$. If in doubt, you can calculate it.* 

‘As for the antenna length, the best 
approach s to begin with an approximation 
slightly on the long side. Use the formula 


ber- # тч 


where f is in MHZ 
After installation, check the antenna center 
frequency with an SWR meter in the coax 
line and trim the ends for the desired 
frequency. (Ideally, the SWR reading 
should be taken at the junction of the balun 
and the coax to the rig, but measurement 
at the rig will do.) Use temporary end clips 
‘while making the adjustments. You may 
Чаке several inches off each leg, depending 
on height, apex angle, nearby objects, ete, 
By contrast, cut the 450-0 transmission 
line exactly to an electrical third of a 
wavelength at the desired center frequency 
and then leave it alone when you make the 
Final adjustments. The formula here Б 


ENT 


Lune = 


where VF = velocity factor of the line 
(discussed below) 

The approximate dimensions given in Fig 
1 are intended for Transmatch-free opera- 
tion primarily on 40 meters. The forego- 
ing formulas also allow cutting a shorter 
antenna for similar operation on a higher 
band, along with Transmatch operation 
elsewhere, 

When cut for 40 meters, the antenna 
dimensions also provide operation without 
a Transmatch on 20 meters. Note, 
however, that the two resonant frequencies 
‘may not have a precise harmonic relation- 
Ship, which is nor surprising in view of the 
matching system and the impact of end 
effects. In addition, while the SWR on 40 
meters will be nearly 1:1, the 20-meter 
Figure will be higher, between 1.5:1 and 
Trl at resonance. Although not ideal, 
these latter figures are adequate for modern 
‘equipment. At the same time, the antenna. 
is only a little longer on 20 meters than an 
extended double Zepp, being 0.67 
‘wavelength per leg versus the prescribed 
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0,64 wavelength, and in the real world it 
‘should show about the same directivity and 
E 

in any event, room remains for Further 
investigation and experimentation on 20 
meters, You may wish to ty lowering the 
SWR figure on the band by slightly vary 
ing the length of both the antenna and the 
450-0 transmission line. The sume ap- 
proach could be used to nudge the exact 
harmonic relationship one way or the 
other 

For the transmission line, use 450-2 line. 
This is important. Do not use 300-0 twin- 
lead, which seriously alters the impedance 
match, besides causing higher losses? in 
determining the physical length of the 
450-0 linc, be sure to take the velocity 
factor inte account, The safest approach 
is to measure it instead of relying on the 
manufacturer's nominal figure," For the 
line that I'm using (which resembles wide 
twindead with windows cut in it), the 
Velocity factor measures 90.5%. 

"The choke balun in Fig 1 is inserted at 
the junction of the 450-0 balanced line and 
the 50-0 coax. It consists of 14 turns of 
RG-58 coax on an Amidon FT 240-43 core 
(u = 850). While the balun might be 
eliminated altogether, it ensures against 
feeding RF onto the outside ofthe coax at 
the junction of the two transmission lines 
With the FT-240-43 core, the balun is 
heftier in terms of power-handling 
capability than is needed in most 
installations, but the very high reactance 
obtained with this core seems advisable for 
Operation of the antenna on 30 and 15 
meters, where the junction with the coax 
is a point of high impedance." 

Because the SWR on the coax line is 
especially high on 30 and 15 meters, use 
low-loss coax (RG-8X or better, excep for 
the RG-S in the choke balun) and keep the 
mun to the shack se short as possible, By 
comparison, the SWR on the coax is lower 
on other bands (and Па! or nearly so on 
з couple of them), but purists may still 
‘object to using coax at all in a feed system 
‘where the SWR is sometimes high. The 
«combination of balanced line and coax is 
‘admittedly not the best way to center-feed 
з wire in such circumstances, It bears 
mention, though, that the same method is 
widely employed wit the popular GSRV 


Oper 

Once trimmed to frequency, the antenna. 
аз easy to use on 40 meters as a half-wave 
dipole. Just switch your Transmatch о the 
Transmateh bypass poston. Depending on 
your installation and equipment 
requirements, “straight-through” opera- 
tion may also work on 20 meters. In any 
case, observe the usual precautions about 
harmonie attenuation. On 40 meters, where 


the SWR is close to 1:1 at the selected 
center frequency, nearly the whole band 
will fall within the 2:1 SWR points, and 
about 200 kHz within the 1.5: роо. 
Although the center-frequency SWR is 
higher on 20 meters, about 150 KHz falls 
within the 2:1 points. (lf you trim the 
antenna primarily for 40 meters, the actual 
"usable coverage on 20 meters will depend 
‘on the harmonie relationship displayed by 
the antenna.) 

Tor the other bands, simply switch in the 
"Transmatch and operate the antenna as you 
would а centered Zepp or GSRV anten- 
na. In fact, because the Transmatch is un- 
necessary on 40 and perhaps 20 meters, you 
‘ean leave it adjusted for another band. A 
further bonus comes from the “near-miss” 
match on 80 and 10 meters. This feature 
Allows monitoring to check band condi 
tions, orto read the тай, without switch. 
ing in the Transmaich. On 30 and 15 
meters, the Transmatch is necessary for 
reception as well as regular operation. (My 
fig does not cover the 12-meter band, but 
the same should hold true for iL) 

In short o to speak!) if you are restrict- 
ed to about 90 feet, here is an antenna. 
‘that's efficient, simple to build, versatile in 
‘operation and convenient to use, You can 
S dream of tha antenna farm, but mean- 
While, why wait? 
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Fat Dipoles 


By Robert С. Wilson 
ою ARRL 
225 Main St 
Nowngton, CT 06111 


mtennas without problems make 

radio communications enjoyable, I 

design overseas radio stations for 
‘living, so Га rather not have to fight my 
‘wn ham sation when just relaxing and rag 
chewing. Fat dipoles do the things 1 want. 
‘They match the coax line well over a wide 
band, and they launch the signal remark- 
ably мей, 


‘Theory 


Making a dipole conductor thicker than 
normal with respect to wavelength 


match the transmission line from the lower 
band edge to the upper band edge. 

T started with the assumption that my 
band of interest would be the 80/7S-meter 
band. From end to end, this requires а 13% 
bandwidth to the 2:1 SWR points for my 
broadband solid-sate final. I also assumed 


Table 1 


Dimensions and Bandwidths on 
Various Bi 


is 
Frequency Length, Spacing (Al. Bandwidth, 
мш nO A мн 


that this antenna was going to be at a | 
nominal height of 30 feet or 0.1 | 
wavelength above ground. The calculations 
indicated that a dipole built of four quarter 
wavelength no. 14 wires (0.064 inch) with 

A spacing of 0.0114 wavelength would 
produce the necessary results. The correct 
length would have to be 0.45 wavelength 
to match a S0-ohm line, 

Length = 442.5/f fect 

Width = 1125/7 feet 

Height = 1125/1 feet 


where f = center frequency in MHz 


increase the bandwidth and modify the 19 233 59 0252 Construction. 
working impedance of the antenna. The 275 018 З 877 Very few problems wil be encountered 
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Tig 1—The fat dipole with construction 
delals of the spreaders, See Table 1 for 
"he leg and spreader dimensions (A) 
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here. One insulator is for the center of the 
dipole and the others are for the four ends. 
You will need four 3-foot-long broom 
sticks or Linch wood or plastic rods with 
good weatherproofing. I painted mine with 
эшо undercoating but outdoor paint ог 
‘amish should alo work, Copperweld wire 
de very desirable because Jt won't stretch 
and change the tuning of yout 
This type of wire is available through 
advertisements in OST. The same source 
тау also be able to supply the essential 
‘wide-band balun transformer and coax. 
Either the RG-58 or RG- types of coax 
cable are satisfactory but the latter requires 
more support because of its greater weight. 
Measure your wire carefully and leave 
enough extra so that the insulators can be 
attached. The final length will need to be 
the calculated value, from insulator wire 


end to insulator wire end. After building 
the four-wire section, attach dowel rods as 
shown to act as spreaders. Fasten each rod 
in place with pieces of wire threaded 
through the holes and then wrapped 
around the antenna wire. Wrap these 
Spreader wires tight enough so that the rods 
will not slip out of place. Snip off pro- 
ecting wire ends wherever they occur to 
prevent RF corona power loss. Then, using 
either wire or rope, make a bridle to hold 
the ends of the antenna, 

Las, solder the balanced end of the 
balan transformer to the dipole, Each wire 
from the balun should go to the pair of 
wires on the tame side of the dipole. The 
solder job should be of the best quality and 
permanent because itis hard to repair later. 
‘The coax needs to be connected to the 
unbalanced side of the balun. If you use 


large-diameter coax (3/8 inch) then think 
about ways to support the weight. Perhaps 
a piece of nylon rope from the dipole center 
insulator o the coax will help take the load, 
but I'l leave the details of the problem up 
to you. After this final construction step, 
haul the antenna up in the trees, using care 
that по twists are allowed. 
Operation 

For once I had а 7S-meter antenna that 
worked better than predicted. The SWR 
was 1.6:1 or better from 3.5 to 4.0 MHz, 
Better yet, reports received were excellent 
with my old 100-watt solid-state trans- 
ceiver. Moving up and down the band gave 
no loading problems from the broadband 
final. The fat dipole is just what I needed 
for a good, relaxing rag chew after a hard 
day with the S00-KW rig at the office. 
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Swallow Tail Antenna 


Tuner 


ву Dave Guimont, WB6LLO 
5000 July St 
San Diogo, CA 92110 


wild the antenna tuner for less than 
a dollar. The complete antenna will 
сон you from ten to fifteen dollars, 
depending on your junk box. It will fit on 
3:40 foot x 40 foot lot. The SWR is less 
than 2:1 from 3.5 MHz to 4.0 MHz and 
from 7.0 MHz to 7.3 MHz. 

"The antenna itself а classic design that 
has been around for years. It is popular 
because it is inexpensive. It allows an 
So-meter antenna on a small lot, and itis 
easily constructed by а novice builder. 
‘About the only disadvantage of the classic 
design is the narrow bandwidth abhored by 
today's transcever 

This simple device eliminates that disad- 
vantage. It accomplishes that by actually 
tuning the antenna. Most so-called antenna 
tuners tune the antenna system, but do 
nothing to the antenna itself. 


General Design 

For those unfamiliar with the design, 1 
will first describe the antenna, It is а com. 
bination 40/80-meter antenna that 
resonates at 80 meters because of a lumped 
inductance at the end of the 40-meter 
section. The 80-meter section is tuned by 
opening and closing a SOinch (approxi- 
mately) tail, on one end only, that is out 
board of the lumped inductance. Fig 1 il- 
lustrates the optimized antenna. By 
formula the 40-meter inverted-V dipole 
would be 32 feet 6 inches on a side. It was 
discovered many years ago that this section 
has to be lengthened to 33 feet 2 inches to 
provide resonance near the center of the 
Ao-meter band. It was first assumed that 
the center section would have to be 
shortened, but this is not the case. Lam not 
an engineer and сап only assume this 
lengthening is required because of the 
‘capacitance between turns on the lumped 
inductance. I would appreciate information 
оп the reason this section has to be 
lengthened. 

"The original antenna covered 40 meters 
adequately, and the swallow tail has litle 
‘or no effect on 40 meters, Cut the center 
section initially to approximately 33 fet 8 
inches and prune to resonance in the 


‘the apex angle will all have an effect on the 
desired frequency. The peak of my antenna 


108 


Fig 1—Withthe tall pulled up ав shown, the antenna is resonant at 3.995 with an SWR of i 


is 36 feet high and the ends are about 12 
feet off the ground. I am using а 1:1 balun 
from an old Hy-Gain beam forthe present 
antenna, It has worked as well with no 
balun, and а 10-turn сой of coax served 
nicely al a recent Field Day exercise. 

"The lumped inductance (about 120 4H) 
is made by winding 50 feet (about 150 
turns) of no. 18 wire оп a piece of %-inch 
Schedule 40 PVC that is 10 inches long. 
‘Two %-inch PVC end caps and suitable 
hardware complete the coil portion. The 
сой occupies about В inches on the form. 
Make two. For those who are wary about 
using PVC as the сой form, the antenna 
has been used at over a kilowatt, Pieces of 
‘old garden hose have been used successfully 
in the past. The end insulators are 4inch 
‘ceramics, and | use 60-pound nylon 
‘monofilament line to support the ends. See 
Fig, 
Construction Details 

‘The antenna wire itself is no, 16 stranded 


copper. Most any size near that should 
‘work as well. Reasonable substitution can 


‘be made in the parts list shown in Table 1, 

Start out with the 80-meter outboard 
portion approximately 56 inches long. Be 
certain to have this portion installed before 
attempting to tune the 40-meter section 
After tuning at 40 meters, prune the out- 
board sections (equally) for resonance at 
3,99 MHz. As mentioned before, antenna 
height, apex angle and other conductors 
will all have an effect on individual 
installations. Some additional pruning may 
be necessary after adding the swallow-tail 
Tuner. Element length is critical, as is 
proximity to other objects. Bandwidth is 
‘extremely narrow at this point, which is the 
reason we add the swallow tail 

As the swallow tail is opened, the 
resonant frequency goes down, Remember 
that altering the apex angle also has an 
‘effect on the resonant frequency. 

“The tuning portion i simplicity in itself. 
A length of the same size wire as the out- 
board section is soldered toa doubled piece 
of RG-8 outer braid (one inside the other) 
2% inches long. Use a heat sink on the 
‘enter portion of the brad to prevent solder 


wicking into the braid. This piece of braid through the same entrance as (he coaxial 


́— wiewil Table 1 Sabe and а counterweight in the shack 
Wax Solder the other end of the braid to Parts List Inna its position. No indicating deve 
the outboard end of one of the cols. See © a i го 10 sanded copper wre of any kind i required other han the ia 
[n 100 no. Ч eramos copo ere dne SWR meter. Tuneup requires oniy 
[ise lr ceramic insulator as de биши auier ando ban seconds o о from the baton о the lop 
J betas in ond neato G reg) Gf he and! Your OTH may require other 
Sire дон Any топас weight Яма schedule 40 wa PVC Wong О буш 
providing minimum wind reino: will — Mem PVO cap (41099) MY antenna tune fom 3.525 o 3585 
Rork as wel. Sixty pound nylon fish ne Sh coma ino as nece alza SWR of iess than 2:1 across that 
Need through the end insulator andi 808488 en fen dne as bee due range. The "footprint" is 
routed o my operating position. Various “ay approxinatdy 57 et by 1 inch, and will 
Aksromechanicl devices could obviously Beb vo (es te) fon a 40 foot x 40 foot lot Though 
J TT 
Simpie, and merely pull on the ul tine "cong fr coe, ati coax Combination appropriately scaled, would 


tune the antenna. The fish line is routed connectors work as well, 


кыш m 


Fig 2—Constucton detail of the swallow tail. When the swallow tail is pulled up, at A, prune the tails for minimum SWR at the high end 
‘of the 75 meter phone band. The nylon рый ine wil tune he antenna for minimum SWR. When te tal s vertical, ho SWR wil be less 
than 2:1 at 95 MHZ. At B, 2 in. of AGE comal braid (doubled, one nede e olhar When soldering, ute a heat sink at те brad 
onte to prevent nicking. This is the suallwall hinge 
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The Coaxial Resonator Match 


By Frank Wit, АНН 


20 Chatham Rd 
Andover, MA 01810 


rough the use of the conil 
T 5 one ean reatie 

an antenna which has the radiating 
properties of a 44 dipole and achieves A 
Broadband match toa transmission ine 
“Typically, the 2:1 SWR bandwidth of the 
antenna loa throe merat of a on: 
denten Ууу dipole. Physically c 
antenna takes up th same space леа А 
dipole. 

"he conval resonator match technique 
vas introduced in April 1989 QST. ln 
that aril he concept was described, and 
deti for two specie Meme antennas 
ere presented: This paper presents he 
dein equations which are required to 
Extend the coaxial resonator match tech. 
sigue to other applications. Also, rents 
Of a computer simulation of the resting 
Antenna re еп, Further, the measure of 
tradeoff which exists between bandwidth 
and matching network os is Ми. 


Broadband Dipole Structure 
In Fig Vis shown a broadband antenna 
system made up of а coaxial transmission 
line, a choke balun, and a И dipole 
antenna that contains а coaxial-resonator 
match. The balun is recommended in order 
to prevent radiation from the feed fine. The 
eoaaial-resonator match is made up of 
three segments of cable that make а total 
length equal to % X. There is a short at one 
end, an open at the other, and a crossover; 
itis fed at a T junction, Wires are con: 
nected as shown in Fig 1 to build out the 
{otal antenna length to be ¥ X The lengths 
may be chosen so that the feed line is 
connected to the physical center of the 
antenna, and variations of the design allow 
the feed line to be connected off center 
‘The coaxial-resonator match performs 
the same functions as its predecessors 
—ihe delta match, the T match and the 
gamma match, ie, that of matching а 
transmission line to a resonant dipole. The 
comxialresonator match has some simi- 
larity o the gamma match in that it allows 
connection o the shield of the coaxial feed 
line to the center of the dipole, and i feeds 
the dipole off-center. (The effective feed 
point of the dipole occurs at the postion 
of the crossover.) The cosxial-resonator 
match has a further advantage, in that it 
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FP 
тобаа to broaden the match ofthe dipole to o transmi 


may be used to broadband the antenna 


system while i is providing an impedance | so- 
match, Fie 2 clearly shows the value of the 
oaxiitesonator match as a means for | as — 
‘enhancing the bandwidth over which the ТУ 
SWR is satisfactory. geet | A 

What is the performance of this broad- | E YZ 
band antenna relative to that of a eon | „| | 
ventional -X dipole? Aside from the loss 7 
Inthe matching network, which is quant | у 
fied late, te broadband version wil . 
behave essentially the same as a dipole et төл, te 


forthe frequency of neret That i, he 

radiation patterns forthe two cases will be 

Чашу the same. Та realty, the dipole Fg 2—The SWA charactertstie ol a pce 
sel i not made “broadband” by the See malc dipole, Sew fr 

777% Comparison а SHA carat of en 

already a broadband radiator, as long as ane hei: dole made frm he 

energy is delivered to it. It is more accurate. йар 

to зау thatthe cossiaLresonator match 

Provides а broadband match between the 

{tansmiston line and the dipole antena. 

Consequently, it would be better to tink these two principles, is presented. 

ofthe term "bandwith" used in this paper 

as "match bandwidth,” rather than Resonant Transformer 

“dipole tandi" The coaxiabresonator match is a 
Later it is shown how the coaxial seg- resonant transformer made from a A 

. ice of coil cable. Ii based on a tc 

the bandwidth and efficiency. In the next nique used at VHF and UHF to realize a 

{wo sections, the principles of ihe resonant юнон impedance transformation. Fig ЗА 

transformer amd offecenter feed are shows how a 43 transmission ine witha 

described. Then the eoaxial-resonalor. short at one end and an open at the other 

ma broadband dipole, which combines may be used to provide transformer action 


Topology has been used im the past to 
achieve broadbanding.*“ The equivalent 
resonator has a © which is related to the 


"mmm F 


¿cut of В inat a simple piace o 
transmission line can provide the function 
ofa tuned vanslormer 


loss of the coax at the frequency of interest. 
Tris the value ofthe resonator Q which will 
determine the matching-network loss. The 
higher the ©, the lower the loss. 

"The approximate impedance transforma- 
tion ratio is given by 
sinos 
p 


where 05 and OP are the electrical angles 
‘of the secondary and primary taps, respec- 
tively, measured from the shoried end of 
the resonator. 

For the practical application of marching 
the coaxial cable to a dipole, the desired 
impedance transformation ratio may be 
readily obtained. The resonatortrans- 
former impedance transformation ratio is 
analogous to a conventional transformer, 
‘where 

NS 
NPP 


NZ 


where NS and NP are the number of 
Secondary and primary turns, respectively 


oll center Feed 

"The reason for the use of coaxial cable 
for the resonator will be seen later. But 
first, the concept of off-center dipole feed 
is covered. The effective feed point of the 
dipole using the coaxial-resonator match is 
a the locaton of the crossover, which may 
not necessarily be at the physical center of 
the dipole. Hence, the effet of off-center 
feed must be dealt with. 

In most cases, -X dipoles are split and 
Ted at the center. However, off-center feed 
is possible and has been used before. Two 
examples are the so-called Windom 
“antenna and the dipole using the gamma 
match. Fig shows a dipole with off-center 
feed. If one assumes (and this is usually а 
very good assumption) that the current 
distribution over the dipole is sinusoidal in 
‘shape, with zero current at the ends and 
maximum current at the center, then the 
radiation resistance at resonance is 


Г p A 1 
, Ce | 
ks y — 


Fig 4—Tho dipole with ой-сөмөг feed. 


modified as follows. 


RAF = EA 
E73 
where 
RAF = the radiation resistance at the 


feed point 

RA = the radiation resistance at the 
‘center of the dipole 

өр = the electrical angular distance off 
of center 


‘The change in antenna feed-point im- 
pedance arising from off-center feed must 
be taken into account for best results, 


The Coaxial-Resonator-Match Broadband 
Dipole 

АП of the necessary elements of the 
broadband dipole have been described, It 
remains to assemble them into an antenna 

"The transformer and resonant cir- 
alized by the resonant transformer 
are the necessary elements for matching 
and broadbanding. The off-center feed 
concept provides the finishing touch. 

Fig 5 shows the evolution of ће broad- 
band dipole for the case when the trans- 
mission line is connected 1o the physical 
center of the dipole. Now it becomes clear 
why coaxial cable is used for the UA 
resonator transformer; interaction between 
the dipole and the matching network is 
minimized. The effective dipole feed point 
is located at the crossover, In effect, the 
match is physically located "inside" the 
dipole, Currents flowing on the inside of 
the shield of the coax are associated with 
the resonator; currens flowing on the out- 
side of the shield of the coax are the usual 
dipole currents, Skin effect provides a 
degree of isolation and allows the coax to 
perform its dual function, The wire exten- 
sions at each end make up the remainder 
of the dipole, making the overall length 
equal to 4 à. The design equations which 
follow apply to the structure of Fig SA, 
which is not the coavial-resonator match 
‘of Fig SD, but experience has demonstrated 
that the’ simple model is sufficiently 
accurate for practical purposes. 

"The coaxial-resonator match, like the 
gamma match, allows one to connect the 
Shield of the coaxial feed line to the center 
Of the dipole. If the antenna were com- 
pletely symmetrical, then the RF voltage 
would be zero (relative to ground) at the 
center and no balun would be required. In 
the real situation, some voltage (again 
referred to ground) does exist at the dipole 
midpoint (as it does with the gamma 
mateh), and a balun should be used. It 
should be a choke balun, such as a longi- 
tudinal choke made by threading several 
turns of coax through a ferrite toroid, or 
а commercial variety, such as the W2DU 
balun.” 

A useful feature ofan antenna usir 
coaxial-resonator match is that the en 
antenna is at the same de potential as the 
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Fig 5 Evolution of he cooxia resonator match broadband dipole. AL A, Ihe resonant 


transformar в usod to match the feed fno o tho oft cone 
ana the dipole aro made cotinoar. AL С, Ino alancoc transmiseion-ino ге 


transformer of A and B is replaced by a coaxial version Since the shield ol ihe coax can 
sene the roe ol a part of Ino dipolo radiator, the wire adjacent to io coax match may bo 


Šlminated as shown at D. 


feed-line potential, thereby avoiding charge 
buildup on the antenna. Hence, noise and 
the potential of damage from nearby 
lightning strikes are reduced. 

"The coaxial-resonator match enables one 
to install at the antenna a transformer that 
has enough bandwidth to enhance the 
‘match of the transmission line to the an- 
tenna. Hence, through the use of the 
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coaxial-resonator match, one can obtain 
with wire antennas the same impedance“ 
transformation function one can get with 
A T or gamma match on antennas made 
from metal tubing. The transformer real 
Jed with the coaxlal-resonator match has 
associated with ita parallel resonant ci 
сий; its impedance level may be selected to 
de high enough so that it has a negligible 


effect on the shape of the SWR characteris- 
tic. On the other hand, the availability of 
the resonator may be used to broadband 
The match to the antenna by providing par- 
tial cancellation of the reactance of the a 
tenna away from resonance 


Determination of Optimum Matching- 
Network Parameters 

"This section shows how the optimum 
segment lengths may be determined, opti- 
‘mum in the sense that maximum match 
bandwidth is achieved. It is important to 
realize, however, that many other segment 
length’ combinations wil yield an im 
proved, though not necessarily ап opti 
mum, match. 

In order to analyze and design the broad- 
band antenna described in this paper, some 
algebra, calculus and trigonometry are re- 
quired. The following sections summarize 
the results of this analysis. The antenna sys: 
tem model that makes the analysis tracta- 
ble is shown in Fig 6. The matching 
network topology is a transformer and a 
parallel resonant circuit. By comparing Fig 
with the resonant transformer of Fig 38, 
one can see how the coaxiabresonator 
match provides the network elements neces- 
sary to achieve broadbanding. Since the 
resonator has a finite Q, the matching net- 
work will exhibit loss which must be taken 
into account in the design. 

Refer to Table 1 for the definition of all 
the terms used below. The definitions of 
SM (and SMMIN), as well as bandwidth, 
BW (and BWMAX), are given in Fig 7. 
Note the W-shaped SWR-versus-frequency 
characterise, 


lustrative Example 

In order to add to the understanding of 
the analytical results that follow, а specif- 

example is considered. This example is 
the 80-Meter DX Special described in April 
1989 OST This design provides an anten- 
па with a good match from the low end of 
the BO-meter band up to 3.85 MHz. The 


following input parameters apply. 
FL = 3.5 MHz 

FH = 3.85 MHz 

QA = 13 

RA = 60 ohms 

SM = 1611 


Coaxial cable type: RO-213 
ZT = ZS = 50 ohms 
VF = 0.66 
А = 0.345 dB per 100 feet 

"The dipole O and radiation resistance are 
generally not known precisely. One may 
make an assumption based on ре 
perience or published inform: 
however, simple SWR measurements may 
be used lo derive values for QA and RA. 
Sce Appendix 1 for methods for finding 
QA and RA, 


Center Frequency 


The center frequency is the geometric 
mean of the band edge frequencies 


Fig 6—The broadband antenna system. In the matching netvor 


Provides breadoanding by compensating forthe reactance ofthe dipole, whe ¡he 
"ranetomer adjusts the impedance lava of the antenna food to an optimum value. 


Table 1 
Definition of Terms 

Input Data: 

FL = lower band-edge frequency, MHz 

m I upper band воде frequency, MHz 

a аео 

RA С dipolo radation resstanco (al contor), ohms 

SM maximum SWR over band, achieved at band centar and at band edges 
ZI transmission ing characteristic impedance, ohms 
. impedance, ohms 

HN 


2 resonator attenuation por 100 fet at requency FO, dB. 


Unknown Parameter: 


m 


= dipola rasonant frequency, MHz 


BW = SMT SWA bancwidth ol Compensated dipole, MHz 
BD = SM:1 SWA bandwidth of uncompensated dipole, MHZ 

ONS resonator O 

BMMAX = maximum SM:1 SWR bandwidth ol compensated dipolo, MHz 


Sin 


MN. С minimum allowable value SM fora Oven bandwidth 
= matching network mpodanco lavol, ohms. 
7 transformer impedance rato 


Loc = matching network loss at band conter, de 
J loss at band edges, dB. 


lectica! angle of secondary stub measured rom shorted end, radians 
С sloctrcalanglo o primary stub measured from shorted end, radians 
T electrical angle о! feed measured from center of antenna, газале 


‘stu, Toet 
Т length o ink toot 


Far dole radiation resistance at oft center feed point, ohms 


BO- ИГЕН = VISITES 


Desired Bandwidth 


2671 MHz 


The bandwidth ofthe 80-Meter DX Spe- 


al coavial-resonator match is киен 
BW = FH — FL = 3.85 — 3.5 вур . OGM 
= 0.350 MHz 
E. зеп x (16 =) _ 
BW = bandwidth for SWR less than BE 
16, 


Bandwidth of Uncompensated Dipole 


For reference, the uncompensated SM:1 
SWR bandwidth of a dipole which js per- 
fectly matched at band center (RA = ZT) 


= 0.134 MHz 


Fig 7—The definition of SM, tho maximum. 
bandwidth over the band, and BW, the 
bandh 


‘The uncompensated dipole in the example 
has a bandwidth of only 134 kHz (SWR less 
than 1.6:1) Thus the desired bandwidth is 
350/134 es the uncompensated 
bandwidth, 


Resonator O 
Before designing the matching network 
parameters, the Q of the coaxial 14 reso- 
nator must be determined 
THA BO _ 2774 x 3.671 
ON AVE 7 O35 x 066 
m 


Although 44.7 is fairly high, it s close 
enough to the © of the uncompensated 

le that it must be taken into account 
im determining the matching-network 
parameters. Note that if the coaxial cable 
had twice the loss, QN would drop by half. 


Maximum Bandwidth 

For a given dipole, allowable SWR and 
resonator О, there is a maximum achieva- 
ble bandwidth. Fortunately, though some- 
what tedious to derive, the result is fairly 
simple. 


BWMAX = IGM КАЙ СГ 


чел = yo- 


In the example, 

13 
^7-TXx 47 
and 


BWMAX 


= 0.403 MHz 
or 403 kHz. Fortunately, this is more than 
the 350 KHz desired bandwidth. Note that 


the potential bandwidth improvement fac- 
tor is 403/134 = 3.0. 
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Minimum SWR 
Similarly, for a given dipole Q, band- 
width and resonator О, there is a minimum 
lmit to SM. See Fig T. This minimum limit, 
SMMIN, is useful when one is interested 
achieving the best match over а given 
band. This formula is approximate, but 
lose enough for practical purposes. 


SMMIN = ( + 


1— 


Plugging the values in for the example 


| Su 


SMMIN — 9 
pi 3m 
Tx 47 


Ву choosing a higher SM than SMMIN, the 
matching-network loss is reduced. 


Matching Network Impedance Level 
Before the coaxial-resonator-match sez- 
ment lengths can be calculated, the desired 
impedance level, ZN, must be determined 
Impedance level is simply the reactance of 
the equivalent tank circuit inductance (or 
capacitance) at resonance. The equation for 
ZN that follows is very general. It applies 
то any type of resonator used for broad. 
banding the dipole. In the case of the 
‘coaxial-resonator match, the value of ZN 
‘establishes the location af the crossover, 


_ RAP x SM 


peg 


eas ear 
1 


where ZN is in ohms. Because of the 
possibility of off-center feed, this equation. 
uses RAF, the off-center radi 

tance, rather than RA, the radiation 
resistance at the dipole center. It is used in 
the following equations as well. However, 
RAF cannot be calculated until the coaxial 
stub lengths are determined. Consequently, 
an iterative process is used. First, all 
Calculations are made using RA in place of 
RAF. The value of RAF so derived is used 
to recalculate all parameters. This process 
is repeated ший the value of RAF con- 
verges to a nonchanging value. The use of 
A spreadsheet for this analysis is described 
later. When a spreadsheet is used, this 
iterative proces is carried out very quickly. 
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Incidentally, the use of RA for RAF as 
above yields а viable antenna design. It 
means that the crossover is at the physical 
center of the antenna and the T is located 
off-center, as shown in Fig 8. In the rest 
of the calculations associated with the 
80-Meter DX Special, RA is used in place 
of RAF. 

Note thatthe equation for ZN has а plus 
ог minus sign, each of which will yield the 
same bandwidth. The plus sign solution 
should be chosen since this gives the higher 
of the two allowable values for ZN, and 
hence the lower matching-network loss. 
"The effect of this choice is shown later 
when matching network los is discussed, 
For the 80-Meter DX Special, when the 
plus sign is used and RA for RAF, 


zN = 


prosa 


= воо 


1f the minus sign had been used, ZN = 
7.650. 

Here, the formula for impedance level 
applies for the case when the SWR band- 
‘width, BW, is specified. OF course, the 
specified bandwidth must be less than the 
maximum possible bandwidth, BWMAX, 
given in the previous section. I is impor. 
tant to present this general case, since one 
can take advantage of the situation 10 
obtain higher antenna system efficiency 
‘when the absolute maximum bandwidth is 
mot required. 

For the special case when the maximum 
bandwidth is desired, the equation for ZN 
simplifies to 


Transformer Impedance Ratio 
The expression for the transformer im- 
pedance ratio, NZ, is very general and applies 
io any matching network with the trans 
former/resonant circuit topology. In the case 
of the coaxial-resonator match, the value 
of NZ establishes the location of the T. 

ма = RAF x SM x ZN x QN 
ZT (RAF + ZN x QN) 


In the case of the example, 


60 x 1.6 X 18.1 x 447 


NZ = “3O O + TTX a 


170: 


Matching Network Loss 

The matching-network loss will vary over 
the band and is worst at the band edges. 
At band center, 


m 
тос = is ets) 


and at the edges, 


CN‏ اج 


For the 80-Meter DX Special, 


100 = 
a. 
som аттат) = o2 
ani 
е 
vos = eft ауар 


озю x ip 
TIME 


‘These results apply when the plus sign 
is used, but LOC = 0,70 dB and LOE = 
1.60 dB when the negative ign is used. This 
illustrates the importance of using the plus 
sign in the equation for ZN, since the loss 
is more than doubled when the negative 
sign is used, 


Electrical Angles of ihe Resonator- 
Transformer. 

In Fig 3, the approximate equivalent 
circuit ofa 14 resonator- transformer was 
given. Equations for the electrical angles 
Shown in the figure are given below. The 


angle associated with the transformer 
“secondary” is given by 
m S dni EN | KES 
VG KEE 
= 0.562 radian 


For the transformer “primary 


— 
OP = aresin TZS X NZ 


„ГЕШ 
EKK 


410 radian 


Coaxial Stub Lengths 

‘The above equations are preparation for 
computing the sought-after result, the 
Jengths of the coax segments (in fee) which 
‘make up the coaxial resonator match. See 
Fig 1 for physical definitions of the shorted 
(15), link (LL), and open (LO) segments. 


492 VF x GP 
BUR 
492 x 046 x 0.410 


ну 11.5 feet 


492 VF x eS 
Do mE 


492 x 066 x 0562 
TX EN 


из-за 


-15-ш 


26 х 0% s 
MEE пу аз = 2840 
off cone, Feed Impedance 


АП of the above calculations assume that 
the crossover is located at the physical center 
ofthe dipole, as shown in Fie 8. This implies 
"hat the T is off-center. One can modify the 
design slightly and allow the T to be located 
atthe dipole center. In order to do this, RAF 
„mast be calculated and the iterative process 
mentioned cartier must be employed. The 
value of RAF depends on the electrical angle 
of the offset 


gp. EXPOKLL e X43 


m 55 
= 0.101 radian 
par = BA 
ToD 
— бобома 


соз 0.101 radians 


The value of RAF is used in an iterative 
process as described earlier in the section 
entitled "Matching Network Impedance 
Level.” In the next section, the final values 
for the example with the T at the center are 
given. 


Design Spreadsheet 

1 used the above equations to develop a 
spreadsheet for the design of broadband 
dipoles with the coaxial-resonator match. 
Te values shown in the spreadsheet after 
the iteration is performed do not differ 
much from those calculated above. The 
values obtained were LS = 11.54 feet, LL. 


Fig 8—The coamlabresonator match dipole with ho crossover at the physical center ol the 


‘pol, For tis caso, RAF = RA 


= 4,37 feet, and LO = 28.32 feet. One 
should use these values for constructing the 
antenna when the coax feed line is con: 
nected to the physical center of the dipole, 
эз shown in Fig 1. The calculated SWR 
Characteristic of the antenna is shown in 
Fig 2. Some tips Гог tuning the antenna are 
given in Appendix 2. 

In the spreadsheet, 1 enter the loss per 
100 feet at 1 MHz. The program computes 
the los at FO with the following formula. 
A Apa VFO 


Simulation Results 

1 have developed a simulation program 
that uses more accurate models for the 
dipole and coaxial resonator. The spread- 
‘sheet results were used in an initial simula- 
tion run. Then the values were manually 
changed to optimize the SWR-versus- 
frequency resul, Relatively small di 
ferences between the calculated lengths and 
the optimized lengths were obtained with 
the aid of the simulation program. It is not 
necessary to use а simulation program to 
design a coaxialresonator match. The 
equations given earlier provide segment 
lengths which are satisfactory for most 
practical applications. 

(OF interest is the electrical stress on the 
coaxial cable in the coaxial- resonator match 
‘application, The simulation program has 
а feature which determines the maximum 
equivalent power in the coax as well as the 
peak voltage at the open when the total 
Power into the antenna is one Kilowatt. The 
maximum equivalent power is 10.2 
kilowatts. This occurs al 3.5 MHz and is 
atthe link segment adjacent to the T. The 
major stress is on the center conductor 
where the RE current is 14.3 amperes RMS. 
‘The peak voltage at the open is 760 volts, 
and this occurs at 3.85 MHz. These stresses 
are readily handled by RG-213 cable in 
typical amateur service. 


Since most amateurs do not accurately 
know what Q and radiation resistance 
would exist for their installation, it is 
desirable to know how sensitive the SWR 
characteristics to those parameters. With 
the aid of the simulation program, a devia- 
tion study was made for Q over the range 
from 10 to 16 and radiation resistance 
ranging from 50 to 70 0. In the analysis, 
the coax segment lengths were not changed 
from the values of the design spreadsheet, 
summarized above. The results, given in 
Tig 9, show that the coaxiabresonator 
match dipole is very robust. The SWR is 
less than 2:1 over virtually the entire 3.5- 
16 3.85-MHz band for the wide range of 
Q and radiation-resstance values 

‘The analysis presented in this paper and 
the simulation program apply to the 
topology shown in Fig SA, where the 
resonatoraransformer match is completely 
isolated from the dipole antenna. This 
approach yields only ап approximate result 
for the antenna shown in Fig SD, where the 
match and dipole are combined in one col- 
linear structure, However, itis clear from 
the experimental results previously 
published? that the design equations given 
here yield an adequate set of dimensions 
for fabricating a coasial-esonator match 


dipole. 


‘The bandwidth improvement in this 
broadband dipole results from two 
effects reactance compensation, and the 
resistive loading of the nonideal coaxial 
resonator. Hence, losser coaxial cables 
yield larger bandwidths, but introduce 
more matching-network loss. This 
bandwiéth-loss tradeoff is shown graphi- 
cally in Fig 10, where the maximum band- 
width parameters described in this paper 
are applied. 

The bandwidth improvement factor 


ns 


тист (us) 


The resul of a deviation study reveal the expected performance of ho design 
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соле C: Q = 10,R = 700, 
Gune D: Q 2 10А = 500, 
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Fig 10—Тгайвон between maiching-nelwork oss and bandwidth improvement 
points shown lr various coaxial cables apply o the case of an &0-meter dipole 
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28% 


(BWIF) of Fig 10 is defined as 


BWIF = 
WR bandwidth of broadband antenna 
ET SWE bandwidth of uncompensated 4% dok 


Ii clear from Fig 10 that the band-edge 
_matching-network loss depends on the type 
‘of coaxial cable used for the resonator. One 
‘must keep in mind that higher loss leads to 
more heating of the coaxial resonator, as 
well as more signal loss. 


Summary 

Presented here is a form of matching net 
werk for use between the transmission line 
and the antenna, The coaxial-resonator 
‘match, which becomes ап integral part of 
A dipole antenna, serves not only as а 
matching device, but also has inherent 
broadhanding properties. 

Tam indebted to my wife, Barbara, 
NIDIS, for her encouragement throughout 
the course of this project. Also, several 
discussions with John Kenny, WIRR, pro- 
vided inspiration during the course of the 
development of coaxial resonator match, 
and an example of a broadband dipole 
shown to me by Reed Fisher, W2CQH, 
stimulated my analysis which led to the 
design equations Гог the optimum match- 
ing network impedance level to realize 
maximum SWR bandwidth, 
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APPENDIX 1 
Dipole Parameters 


The uncompensated dipole may be character 
ized by throe parameters: (I) (he resonant, 
Frequeney, FO, (2) the radiation resistance at 
resonance, RA, and (O) the Q, QA. Fiz 1 shows 
the impedanetversusfrequency characteristic 
Tor a typical dipole. The resonant frequency is 
bel as the frequency where the reactance, 
XA. goes through zero. Notice that the radi 

Чоп resistance changes wih frequency, but s 
‘hang is much ess than the reactance change 
In the appronimace analysis used in this paper, 
їс radios resistance i assumed 1o be constant 
and equal o the radiation resistance at resonance 
їп ihe simulation program, the radiation 
resistance varies in the way depicted in Fig 11, 


Fig 11—Impedance v frequency 
алеп ora typical dipole, 


From the information of Fig 11, the dipole Q 
at resonance may be determine. it depends on 


the slope of the impedance versa requency 
шад in the following way, 


Fo 
9^7 твк 


where ай of the parameters are evaluated at 
erer Hence i one can measure the dipole 
Impedance characterisic with an impedance 
"ridge, then Qa, RA and FO may be determined, 
owes mos amateurs donot have sufficient 
curate test equipment to make the measure- 
men, Ап alternative method of determining the 
(pole parameter e given below. 


Determining Uncompensaed Dipole Parameters 

Fortunately, one can determine QA, RA and 
FO fron SWR measurements of the uncompen- 
‘ated dipole, The dipole should be constructed 
From the materials which will be шей tn the final 
compensated version, and it should be placed in 
The same physical location as the broadbanded 
Antenna. It should Бе fod im the center in the 
Conventional way as shown in Fig 12. choke 
Balun should be used or the resus will be 
unreliable, OF course, the SWR method for 
finding RA and QA depends on the use of an 
accurate SWR meter 

Relcrto Fig 19. Ву measurements at the trans- 
miter, one can find: (1) FO, the fequency at 
hich the SWR is a minimum, in MHZ, @) SL, 
(be minimum SWR, and (3) BW2, the 2:1 SWR 
bandwidth, in MHz. It is importan that the 
SWR measurement be corrected for the 
ttansmisson-line ose between the transmitter 
and the dipole. The following formula may be 
ей to make that correction: 


nen, 


1 
БА 


tan arctan 


" ият] 


where TL is the transmission line loss in di 


“Thee are two cases which may occur, and it 
is important to recoge which one cit, sinee 
the results are different Tor the two can 


oes Xr 


(a et 


Fig 12- Test configuration for determining dipole Q. resonant frequency, and radiation 
TeSisiance al resonance. Note hal а shor circuit is apple at the crossover. 
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RA smaller than the transmission line 
characteristic impedance, ZT 


case 2: 
RA larger than ZT 


Fig 13—Moasured SWR of uncompensated 
RA = SL r dioe referred o the antonna terminals. 


Ea -из-1 


LI 


oa = 


For example, assume measurements establish 
{hat FO = 3.66 MH, SL = 1.20:1 and BW2 = пили accuracy is needed to resolve the ambiguity, 
0.175 MHz Since ZT = 500, there are two pOs- о mos RX noise bridges wlll do the Job. A 
sio. For Cae 1 Simple approach is to balance the bridge with the 
Antenna connected. Then replace the antenna 

14 i Wih a 420 resistor and rebalance. Керем the 
i Procedure with a 6040 resistor. The rie cases 

the one where the balance settings best match the 


ак 36, amenna measurement 
hd ‘Another way to resolve the ambigui without 
making presse antena impedance measure. 
For Case 2, mems or corrections for transmission ine length 
RA = s0 x 12 = 600 “and loss effects makes use of the Smith Chan 


"lh transmitter end of the transmission ine 
‘wean RX moise bridge to measure the impedance 
frequency FO and at frequencies above and 
Below FO. These later frequencies are not 
iia, but frequencies near where the SWR is 
2:1 would be ideal, Normalize the impedance 
на (vide by ZT), and plot the values on a 
One may use experience or RX noise bridge Smith Chart. Sketch (he are of a cr throug! 
measurements to resolve the ambiguity. The the three point, Ifthe center of the Smith Chart 
bridge measurement should be made at the e inside the circle, you have Case 1. IF I 1S 
frequency FO. Fortunately, not much measures outside the circle, you have Case 2. 
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35 36 37 эв 39 
QUENCY (uis) 


Fig 14—SWR of coaxialresonator matched dipole for various tuning conditions. Curve А 
shows the result when tho dipole le resonant 100 KHz too high (about 3.5 fat 100 shor 
Curve В shows the effects when resonance is 100 Н: oo low (about 35 fet оо long) 
Curve С shows a propery tuned antenna. In ай cases, the coaxial segment lengin are 
unchanged 
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APPENDIX 2 


Tuning the Coaxial Resonator Match Dipole 

When а coaxialresonatormatch dipole is 
installed, some tuning will usually be required, 
The tuning consists of adjusting the overall 
length of he dipole by adding or subtracting wire 
the ends ofthe antenna, This is analogous to 
trimming а dipole to resonance 

Fig M shows the SWRwerurirequency 
characteristic of the design example for various 
‘dipole lengths. Im all cases, the coaxial segment 
lengths are unchanged. Note that to improve the 
SWR at ie high end of the and, the dipole mast 
be shortened; o improve the SWR ar the low 
end of the band, the dipole must be lengthened. 


A Simple, Broadband 80-Meter 
Dipole Antenna 


By Reed E. Fisher, W2COM 
2 Forum Ct 
Mori Plane, NJ 07980 


uch has been written about the 

search fora simple, coaxialcable 

Ted broadband 80-meter dipole 
Antenna. Most modern solid-state trans- 
‘miters are designed to reduce power if the. 
Toad SWR exceeds about 2:1—a condition 
that exists near the band edges with a 
conventional thin-wire 80.meter dipole 
Тһе antenna described in this article 
maximizes the bandwidth of а wire dipole 
by exploiting a broadbanding technique 
based upon modern filer theory 


Construction and Simplified Theory 
Fig 1 shows construction details of the 
antenna. Note that the half-wave del 0h 
is constructed of sections of RG-S8 or 
ЕС-39 coaxial cable. These sections of 
coaxial cable serve as quarter-wave shunt 
subs which are essentially connected in 
paralel at the feed point. (Even though the 
Genter conductors and shields of the stubs 
connect to opposite feed-point terminals, 
the connection can be decribed as parallel ) 
At an electrical quarter wavelength (43 ft 
inside the coax) from each side of the 
feed point X-Y, the center conductor is 
shorted to the braid of the coaxial cable. 
Except forthe feed-point connection, the 
antenna is similar to the controversial 
double-bazooks antenna.” 

The parallel stubs provide reactance 
compensation which has been discussed 
thoroughly by Maxwell (see Ref 7). Stated 
briefly, this scheme provides a com- 
pensating reactance of opposite sign which 
fends to cancel the off-resonance antenna 
reactance. For example, at the band center 
of 3.75 MHz the antenna/stub combi- 
nation of Fig | looks like a pure resistance 
of approximately 73 ohms. At the band 
edges of 3.5 and 4.0 MHz, the reactance 
provided by the paralel stubs will again 
make the combination look like à pure 
‘resistance which now has been transformed 
то approximately 190 ohms. Suppose the 
reference resistance (at feed point X-¥) is 
‘hanged to the geometric mean value of the 
band center and band edge resistances 
which is V73 x 190 = 118 ohms. Then the 
antenna will exhibit an SWR of 118/73 
161 at 3.75 MHz, and 190/118 = 1.61 at 


bene appear on page 123 


ёле 


both 3.5 and 4.0 MHz. In order to achieve 
this three-frequency compensation, the 
СУ feed-point resistance must be near 118 
‘ohms, not 50 ohms. In Fig 1, the quartet- 
wave transformer, constructed of the SO-fi 
section of 75-ohm coaxial cable (RG-59) 
"which feeds the balun, provides the 
required resistance transformation. Such a 
broadband antenna is never perfectly 
matched, but the SWR is always less than 
2, which satisfies the solid-state transmitter, 
(itis believed that a similar broadbanding 
technique is used in а commercially 
available broadband dipole antenna.) 
Fig 2 shows that the antenna covers the 
o-meter band with an SWR less than 2. 
The antenna at W2CQH is straight and 
nearly horizontal with an average height of 
‘about 30 feet, The antenna feed point rests 
‘over the center of a one-story ranch house. 


Adjustment 

First, the stubs must be a quarter-wave 
long at the band center of 3.75 MHz. Good 
quality RG-S8 or RG-59, with a velocity 
factor of 0.66, should be cut a bit longer 
than the expected 43 feet. Remember, 
‘cheap coax or foam coax may have a dif. 
Terent velocity factor. Fig 3 illustrates how 
the stubs may be resonated by inserting the 
coil of a dip meter into a small single-turn 
loop at the shorted end of the stub. Cut 
the stub ший a sharp dip is obtained at 
3.75 MHz. 


Fig 2—SWA curves for dipoles. Curve A. 
tho theoretical cuve wih 50-0 stuba and a 
Na, 75.0 matching translormer. Curve В, 
measured response ofthe same antenna, 
фий with RG-38 stubs and an 039 rars- 
former. Curve С, measurements rom a 
(pole without broadbanding. Measure” 
monts were made at W2COH with the 
сов horizontal at 30 foot 


Fig 3—Adjus stub length by couping a dip. 
meter o à loop at one end ofthe coax, 
"and im the other end unti a sharp dip is 
served at 378 Mr. 


‘Connect а 120-ohm, 2-watt carbon (nonin- 
ductive) resistor to the 1:1 balun output ter- 
minals. Connect one end of a 55-foot 
section of RG-59 coax to the balun input 
Connect the other end to a sensitive SWR. 
indicator, then drive the indicator with less 
than 2 Watts of transmitter power at 
3.75 MHz. Prune the cable length until the 
lowest SWR is obtained. The shunt (mag- 
netiing) inductance of most commercial 
1:1 baluns which employ the winding fer- 
те transformer circuit, shown in Fig 1A 
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of Ref 9, requires that the cable length be must be made small, and thus Zo, must be 
Jonger than а quarter-wavelength (43 f) made small, Since the antenna length is 
for an input match to be obtained.” The sel fied, the only parameter that can be varied 
shunt inductance will also raise the trans- | o is the dipole radius a, which must be made 
former resistance to about 120 ohms ms з= ju, | arge. Such a “fat” dipole will yield low 
instead of the 752/50 = 113 ohms which | 33 Ma | О, and is the basis of the bulky but broad- 
‘would be obtained from the quarter-wave band "cage" dipole Gee Ref 4). Staying 
cable alone. This is а desirable condition. with the constraint of a simple antenna, the. 
The W2AU balun is satisfactory when used D fattest practical conductor would be RG-S8 
with a cable length of about 50 feet. coaxial cable which has an effective radius 

"The balun used with the W2CQH ver- a) of 0.075 inch. Substituting this value 


sion of this antenna is a modified version Fig 4—Lumpog constan equivalent сер! 1010 Eqs 2 and 3: 


fa coreless balun described by DeMaw.® Бб, Spo sien. Zos = 1074 ohms 

The modification consisted of replacing As 

3 Then, using Eq 4 with fp = 3.74 MHz, 
Ly 35 pd and C = 55 E 

wound inside а 6-inch section of 2-3/8-inch » 5 

OD PVC water pipe. The third (magnenz.. The antenna characteristic impedance in | Thesaties-resonant cireuit of Fig vl ik 

FV эп SWR versus frequency curve similar to 


18 AWG hookup wire placed between the 3 C of Fig 2. Note that the 2:1 SWR band. 
tums of the coaxial cable. Top and bottom Zo, = 120in ~1] ohms (Ба 2) мі is only about 220 kHz. The simplest 
арз are glued to the PVC pipe to make the x way 10 broadband the series resonant 
assembly watertight. The magnetizing Circuit of Fig isto shunt it with a parallel 
inductance of this balun is about 15 4H. resonant circuit to form the 2stage band- 
Fifty-two feet of RG-59 coax (including the Inspection of Eq 1 shows that, near pass filter shown in Fig 5. Modern filter 
6 feet within the balun) connects the resonance, the antenna behaves like the theory provides a recipe for finding the op- 
‘antenna to the $O-ohm feed point. Beware | series-tuned circuit shown in Fig 4. The timum shunt reactance for L2 and C2 that 
‘of baluns with low shunt inductance. The values of the coil and capacitor may be — will yield the maximum achievable band- 
found by the “slope O" method." This width, obtained from the Chebyshev or 
is done by equating the reactance slope equal ripple response. "1 
terminals of the balun. The input connec- (derivati) of the antenna at resonance Scaling the two-pole, 0.28-4B-cipple 
tor is left open. Insert the coil of a dip with the reactance slope of a lumped L-C Chebyshev filter of Ref 15, pp 9-15, by 
„meter into the loop formed by the capaci- circuit. By doing this it can be shown thar using the techniques of Ref 14, it is found 


where a 


antenna radius (nor is diameter) 


tor and balun. If the combination dips be. the single-oaded Q of this antenna is — that L2 = 0.46 pH, C2 = 3980 pF and Ry 
low 3.75 MHz, the shunt inductance is . c Za, 122 ohms. Bloom, doing a computer 
satisfactory (greater than 15 4H). a- eS = $+ FE search, found similar values for L2, C and 

Adios, he сеи roquero of the ي‎ = wy — was mot bull о 
antenna flat-top to without stu use Tepresent awkwar 
and quarter-wave transformer. To do this, (Ea 3) and possibly lossy reactors, the parallel 


fist disconnect the center conductors of the 
stubs from feed points Vin Fig 1. Leave 
the coax braids attached. Then connect а 
length of S0-ohm coax from balun to trans- 


Tuned circuit is simulated with а shunt 
Qverterwave transmisión line sub of 

frequency Characteristic impedance Zo. a shown in 
enter Frequency = 3:74 MHz Fig 6, Again using the slope Q technique, 
‘mitter and raise the antenna to its final art it can be shown that the single-loaded Q of 
height. Find the frequency where the SWR. 2 60 this shunt stub is 
isloves then adjust he outer ende ofthe For the seriestuned lumped circuit of 
Antena (beyond the shorted stub seston) Fig 4 Gorun = 
tin lowest SWR В obtained at 1.5 МН *j 
AtWACQH the total der o length is 123 q, =- a 
feet—or 3 feet short of the textbook 468/1 Ra where Zo, is the characteristic impedance 
‘ale of 12 tet то maximize bandwidth, the antenna Q, of the AA shunt stub 

Finally connect the antenna system as 
shown in Fig 1 An SWR curve similar to 
шуе A in Fie 2 should be observed, 


Mathematical Theory 
‘The input impedance of a center-fed 


dipole, in free space and near its half-wave 
resonance, is given by Jasik as" 


Za = 73 + - Zu cor kd 


Ea) 


where 


© = antenna half-length (approx 
20 meters) 

A = wavelength = 80.17 meters 
at the geometric band center of 
fy = 3.74 MHz Fig S—Diagram of a 2pol, 0.28 dB ripple, Chebyshev band-pass Mer 
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The single loaded Q of the L2-C2 tank is 


из a 


Qus E 


Combining Eqs 5 and 6, 


Zo =- t e = 85 ohms 
One way to achieve this low value of Zo 
isto connec six SO-ohm stubs jn parallel, 
this would be a bulky arrangement. 
ishing o keep the antenna simple 1 sei 
Z at 25 ohms, the value for two parallel 
Sob stubs. То find the consequence of 
this drastic increase in 2 1 made а com 
puter study of the circu of Fig 6 which 
lso includes a М4 75-ohm matching sec- 
tion. The study used Suncres Software's 
“SNODE" CAD program running on а 
Hovlet-Packard 990-216 computer.” Al 
transmission line sections were assigned the 
textbook-vaue los of 0.8 dB 100 fet. The 
computed values of SWR versus frequen. 
Sy are plotted as curve A, Fig 2. Note that 
the 2:1 SWR bandwidth exceeds 700 kHz, 
which is satisfactory 
The study was repeated with Zo, set to 
the original value of 8.5 ohms. To my sur 
prise, the bandwidth decreed about 50 
Ext but the SWR dipped o almost 1 at 
3550 and 3950 kHz. Returning to filter 
theory, the two-pole Chebyshev response 
‘ensures that a perfect mate is achieved at 
{wo frequencies within the band. The "dis. 
опо Chebyshev” response obtained by 
таш Zo, 10 25 ohms simply means that 
э 1:1 SWR is never achieved, but this 
deficiency is of no importance, A Smith 


shown in Fig 7. Note that 
the curve neatly encircles (bui never 
touches) the origin or 0.02-siemen point 
corresponding to 50 ohms. 

"The impedance characteristics of this 
broadband antenna system should be 
virtually independent of antenna height 
Fig 8 shows that the antenna resonant input 

lance Ry never goes below 60 ohms 
for a horizontal antenna over а lossy 
ground." Since, from Eq 3, the antenna 
О, is a function only of Zo, and Ry, and 
Zos is a function only of wire length and 
radius, then О, (hence bandwidth) should 
be independent of antenna height. 

However, as the antenna gets very close 
to the ground, it begins to look like two 
sections of unterminated quarter-wave 
transmission line with the earth providing a 
¡ground return. The characteristic impedance 
of this arrangement is given in Ref 15, 
р 29.20 as 


Zo 10 -f Ea 
where 

wire height above ground 
intenna diameter 2 0.15 inch 


Fig 6—Broadband antenna equivalent circu 


Fig 7 Computed input admitance ofthe broadband antenna. The plo is normalized to 


082 siemen, corresponding lo 50 ohms. 


Eq 7 shows that when Z = Zo, = 1074 
ohms, then = 13 fet. Below this height, 
Ea 7 predominates, Q, decreases and 
bandwidth increases. OF course, most of 
the transmitter power is now dissipated in 
the earth! 


Lower Q Version 

‘The antenna shown in Fig 1 was erected 
at KEGHU as an inverted-V dipole with the 
110° apex at 60 feet and the center over a 
one-story ranch house. The results were dis- 
appointing, Curve A of Fig 9 shows that 
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Fig 8— Rosistance of a horizontal resonant 
antenna over earth. (Алег Proclor see Aer 
та 


though the flat frequency response 
remains, the SWR seldom falls below 2. 
‘Measurements made on the dipole alone, 
fed with 50-ohm coax and stubs discon 
nected, showed that the SWR reached 1 at 
3.75 MHz. This indicated that 50 ohms (not 
73 ohms) was ће resonant resistance. This 
low antenna resistance is verified by Lewin 
whose graph of radiation resistance versus 
apex angle is shown in Fig 10.” 

"The simplest method of lowering the 
SWR to 1.5 at band center i 10 drive this 
SO.ohm antenna with a 7S-ohm (not 
118-ohm) source. This was done by build- 
ing a 15:1 matching transformer consisting 
of a 19.foot section of RG-59 coax shunt 
‘ed by a 220-pF transmitting mica capaci- 
Tor at the antenna. See Fig 11. A simple 
balun was Бий by coiling the coax into 
inch diameter, 12-urn roll. The antenna 
shown in Fig 1 was driven with the 1.5:1 
transformer; curve В of Fig 9 shows the 
SWR results. 

Note that the band-center SWR is now 
1.5 as expected, but the band-edge SWR 
exceeds 2. This high band -edge SWR results 
from the rise in antenna Q as the radiation 
resistance is lowered. Assuming that the 
antenna characteristic impedance Zon, dis- 
cussed in the theory section, remains cons- 
tant (with a small change in apex angle), 
then the lowering of radiation resistance in- 
creases the antenna Q, by a factor of 
73/50 = 1.46. 

Johnson and Jasik show that antenna. 
Zy (hence Q,) can be lowered by a factor 
of 0.66 (but not much more) by con- 
structing the antenna with four les (tubs) 
as shown in Fig 12 Bill Mumford, 
W2CU, had been using such a four-stub 
antenna for several years, in the same 
inverted-V dipole configuration, and 
reported broadband performance. The 
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Fig 9— SWR curves tor antennas at 
KÉGHU. Curve A, he antenna shown in 
Fig 1; curvo B, an antenna win two 50.0 Û s0-om Feco PONT 
Stubs and a 15:1 RG-59 тапете (aao 

Fig 11) Curve С. an antenna їп four 


1 6-5 I 
transformer. Curve D, an antenna with four Fig 11—Detall of a 1.5: transformer and 
Sa) stubs and a dec! 504 food balun or 80 mates 


antenna of Fig 12 was built of sections ol 
RG-S8 coax with four cross-connectee 
stubs. The legs were hung as double 
fatenaries with about a 4-foor spacing 
between the catenary centers. 

‘When this lower-Q four-stub antenna 
was driven with the 1.5:1 transformer’ 
balun, the response of curve C, Fig 9, was 
obtained. This antenna, though bulky, 
‘easily meets the SWR criterion. When the 
‘same four-stub antenna is driven directly 
with 50-ohm coax and a 1:1 balun (no 
transformer) the results are those shown in 
Fig 9, curve D. This is the configuration 
at W2CU, which also satisfies the SWR 
requirement. Thus, it appears that for 
inverted-V or other "bent" configurations, 
Fig 10— Radiation resistance ol vertedy the fourstub antenna is required for 
dipole antenna. (Aner Lewin- see Aef 1) acceptable SWR. 


L Sent стоит 


Fig 12—Detals of tho four stub antenna. 


Additional Topics 
The shunt stubs and quarter-wave 
matching section introduce some addtional 
Joss into this antenna system which is plot- 
тейїп Fig 13. Note that а minimum loss of 
about 1 dB is achieved at 3750 kHz where 
the shunt stubs are in resonance. Curve С 
of Fig 13 shows that reduced loss results 
if the shunt stubs (flat-top) are constructed 
of RG-8 or RG-213 and the quarter-wave 
matching section is made of RO-11 

ual band (80/40-m) operation should 
be possible if the two shunt stubs are 
replaced by a single, half-wavelength 
(68-fo00 section of RG-39 which shunts the 
balun at its feed point. The other end of 
the half-wavelensth stub must be an open 
‘iret. This stub would parallel the RG-59 
(quarter-wave transformer. The 40-meter 
antenna could run parallel or perpendicular 
fo the 80-meter antenna. A trap dipole will 
probably perform poorly since the traps 
greatly reduce the bandwidth of the 
cler dipole. It may be possible to dis- 
pense with the 75-ohm, quarter-wave 
matching section and feed the balun direct- 
ly with $0-ohm coax if a 2:1 impedance 
ratio balun/transformer is constructed 
using the tapped transformer technique 
suggested in Fig 1 of Ref 9. 

Both the W2CQH and KEGHU versions 
of this antenna seem to withstand 1 KW 
PEP in SSB operation with no ill effects. 
ALLEN, approximately 300 У RMS exists 
‘across the antenna and shunt stubs, well 
‘within the voltage rating of solid polyethy- 
Tene dielectric КОЗЕ. At this power the 
current flowing in the center conductor of 
the quarter-wave transformer and the 


Fig 13 Compulad values of additional oss 
using two stubs and a уа matching trans 
former. ALA, RG Se stubs and RGSS 
Vansicimer: at В, RG 59 subs and RG-59 
iransformer: at C, AG stubs and AG-11 
Vanstormor. 


center conductor of the shunt stubs (near 
the short circuits) js nearly 6 A, so some 
heating oceurs in these regions. If doubt 
‘exists about the power-handling capabili- 
ty, build the flat-top from RG-213 and the 
transformer from RG-11 coaxial cable. 
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Portable, Mobile 
and 
Emergency Antennas 


Emergency Antenna for 
ARES/RACES Operation 


By Ken Stuart, W3VVN 
«в Johnson Rd 
Pasadena, MD 21122 


10 fulfill the need Tor a completely 

portable antenna for emergency 
conditions. Unlike some which have been 
described previously in ham publications, 
this unit has many advantages, It fits into 
‘reasonably small package but can be set 
‘up and operational in less than a minute 
‘The antenna provides gain over a quarter- 
wave antenna but docs not have radials. It 
сап be se up in confined spaces, on uneven 
terrain, or on stairs if need be. There are 
по detachable parts to drop during assem- 
bly and disassembly in the field. 


T his antenna was designed and built 


Antenna 


for this system was 
ar “J-pole," or J antenna. 
sasons prompted this choice, the. 
‘most obvious of which is that radials are 
unnecessary. This permits is use in emer- 
‘gency offices, shelters and he like, 

the worry of having а radial catch in some- 
clothing and pull 


of the way near a wall or window. 

Another reason for using the Jepole is 
that it is actually an end-fed half-wave 
antenna, It has better gain in the horizon- 
tal plane than a quarter-wave vertical. 

As can be seen from Fig 1 and the photo, 
this meter J is made from two collapsible 
‘whip antennas. One is sold as a replacement 
for hand-held Citizens Band transceivers, 
and the other for the familiar TV rabbit 
cars. These whips are supported by a 
Vcinch-thick plastic frame which attaches 
to the tripod mount. They are connected 
together at their bases and fed by clamp 
connections located about 2 inches up from 
the base of each element, Pieces of string 
with washers tied to their ends are attached 
to the top of the plastic support and are 
used as guides to quickly set the length of 
each whip. 
Antenna Mount 

Even though the J is a highly suitable 
antenna for emergency work, it is not self- 
supporting. 1 considered several schemes 
for a mount, such as a spring clamp or 
easily assembled fixed base, but none was 
satisfactory for a wide variety of terrain 
conditions. Then one day I happened 10 
соте upon a discarded camera tripod, The 
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ready for transportation. (Photo courtesy of Doan Айу, NS3V) 


base of the antenna was bolted to the 
‘camera mounting plate of the tripod in such 
ıa way that the antenna could be tilted down, 
180° to nest alongside the tripod legs. (Of 
‘course, the antenna base could be fitted 
with a 4-24 пш so thatthe antenna could 
be detached, should the user wish to use the 
tripod for photographic purposes.) The use 
of the tripod permitted erection of the 
antenna on any type of terrain. By adjust- 
ing the legs, the height of the antenna can 
be varied to fit inside а room, or it can be 
fully extended for better propagation. 


Construction. 


As can be seen in Fig 1, the whip anten- 
mas are mounted in а frame made from 
beck by Linch-wide plastic. 
Plexiglas® is ideal for this, but other 
materials can be used as long as they are 
monconductive and not affected by 
moisture. The individual sections of the 
frame are drilled and tapped to accept по. 
2:56 screws for structural strength. The 
antennas are mounted on the bottom sec- 
tion with their mounting screws and extend 
through clearance holes drilled inthe top 
section. Solder lugs are mounted under 
cach whip and connected together with 
tinned copper braid (obtainable from a 
inch piece of RO-S8 coax). The braid 
must not touch the BNC connector. 


‘The connections to the whips are clamps 
made from thin strips of copper. These can 
be easily loosened in order to do the initial 
tuning of the J antenna. Ordinary stranded 
hookup wire is used to make the connec- 
tions to the BNC connector. It makes no 
difference whether the connector center 
conductor is connected to the long whip. 
and the outer conductor connected to the 
Short one, or vice versa. 

‘An additional ресе of Plexiglas is heated 
and bent into a right angle, then screwed 
to the bottom plate of the frame. The 
"upright portion of this section is drilled to 
accepta screw to mount the antenna to the 
ipod. The captive screw in the tripod. 
head, which secures the camera, should be 
removed and a no. 10-32 screw and nut 
used instead. This additional piece of 
Plexiglas is necessary in order to provide 
clearance between the antenna and the 
pod when the antenna is rotated down for 
storage and transport. 


Operation 

Before initial use, the antenna must be 
adjusted for minimum SWR at the frequen- 
cy of interest, This is done by extending the 
elements to about 19 and 57 inches, and 
then adjusting the antenna feed points and 
element lengths го obtain the minimum 
reading on an SWR meter. When the ele- 
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Table 1 
Parts List 

The replacement antenna elements and 
BNC connector are available from Radio 


7 ic ‘Shack and have tho stock numbers. 
e 6 emet | rises 


Element RS Number 


me | Long whip г) 270-1408 
= Short np 007 2701401 
BNC connector 276104 
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Portable 2-Meter 
Antenna 


By Michael C. Crowe, E, 
2575 W 20h Ave 
Vancouver, BC VeL 169 


T his portable antenna is designed for if you are not satisfied with the SWR, try equally spaced holes (sufficient to take a 


long-range communications оп different conditions, Smm bol) are drilled around its cit- 
2 meters while sing small mobile or ‘cumferenee. The washer is then mounted 
hand-held transceivers. It is light, simple, Construction (on a female-o-female BNC connector 


rugged and convenient to carry and erect. Аз Figs 1 and 2 show, construction (mine is an Amphenol part) designed for 
‘Although based on common principles and centers on an ordinary steel washer, about panel mounting so that Ив body is threaded. 
breaking no new technical ground, it has 2 mm thick and 4 em in diameter. Four Tighten the washer around the body of the 


been very effective in the field. connector using а large lock washer and the 
Tt is best described as а telescoping two nuts supplied none are, scrounge 2 
5/6:wavelengih vertical whip above а couple). It is also possible to find BNC con: 
ground plane of four folding telescoping rectors with pre-diled flanges on their 
quarter-wave radial whips. The theory bodies for chassis mounting, but these 
came from material in olde editions of The appear too delicate for portable use. 
ARRL Handbook; my only contribution is Several suppliers sell replacement tele 
inthe simple folding construcion to make scoping antennas for portable AM radios 
it portable. which have a fattened mounting portion 
"The ubiquitous "rubber duck” is con- atone end. Most already have a small hole 
venient but has severe shortcomings when drilled in the flat portion and an elbow 
errain and distance intervene. In trying where the whip itself is screwed. Find four 
different antenna configurations on my of these (they are often sold by Radio 


handheld transceiver while searching for, = motins Sack. among others, in packages of our 
A VHF antenna for use in hiking and CR o OVA parton 00и or about $10; 1 wonder who otherwise 
camping and also for emergency Opera- — Cenlers on an ordinary steel washer, about buys packages of them). One is mount- 
Sons, several things became apparents | 2 mem hick ала in ат Si each hole is Че йд ылы, АК 
noticed that, special im transmitting, 

round plane pave considerable assistance 
to том Omnidirectional vertical antennas 
tnd seemed alo to improve the SWR 
Sli, The height of a last а quarter 
wave, or even better, half or 5/8 wave, sar es 
helped transmissions when compared to а. 75 

compact heal or "rubber duck antenna, зотон 


It came down to a decision between loaded * / farsa 
(U 


5/8- or 1/2-wave verticals, The 5/8 tested 
ош beter, and my efforts then concentrated ors жоно 
оп building such а ground. plan antenna sere moč 
i a form practical for field work в 

Alter trying various configurations, 1 i ES 
came upon the idea to incorporate a ground 


plane of telescoping whips structurally into Wynn T ааа 
the antenna base by affixing them to a case 
sturdy washer mounted there. After that, солк vo TRANSEN ч 

the actual prototype construction took only AS 

ап hour, utilizing а second-hand tele 

scoping $/8-wave whip. The SWR across cocine 

the 2-mete band is less than 1.5 to 1 (it can 

be adjusted to no more than 2.0 to 1 on wr 

the marine band, so is useful on boats, Si dm. 
alte) In use, the SWR varies with antenna | Flg 2—Constructon detalls of the portable antenna. эч сонместок 


tilt (see later text), closeness to vegetation, 
dampness, cic, at any one frequency. So 
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lock washer on each side and other small 
washers as needed, Lo be tightly mounted 
bythe 3-mm bolts and nuts (or such other 
Sie as is convenient) 

‘Attach a $/8-wave base-loaded tele- 
soping whip to the upper BNC connector, 
anda length of coax cable (mine is 1 meter; 
Somewhat longer would be better) with 
male BNC connectors at each end to the 
lower connector. The other coax end then 
fonnects to the BNC connector on your 
hand-held or mobile 2-meter transceiver. 
‘That is all there is to it. 


Operation 

The antenna is basically omnidirectional, 
and the best results (please do not ask why) 
эге achieved by fully extending all whips 
and tilting the vertical whip slightly away 
from the desired direction of transmission. 
Having the horizontal whips bunched on 


опе side further favors transmitting in that 
direction. For reception, the ground-plane 
‘whips can be left telescoped without signif 
cant sensitivity loss, but for maximum 
transmitting efficiency, their extension is 
essential. 

This forms an antenna 130 em high and 
95 cm wide when fully extended, but folds 
and telescopes to a package only 5 cm in 
diameter by 24 em long. It weighs less than 
half a Kilogram, and easily packs in its 
folded state by wrapping an elastic band 
around it. Over a rubber duck, the antenna 
has a theoretical advantage of about 8 dB 
(do not have the equipment to measure 
this, but my results support it). The addi- 
tion of extra horizontal whips in the 
“round plane array seems to have no dis- 
(ernible effect, nor does the use of longer 
horizontal whips. Do not worry about 


droop; even if bent at 45 degrees, they are 
эш effective 

Tts first use was in the mountains near 
Vancouver in the fall of 1987. Ina clearing 
(definitely avoid overhead vegetation) in a 
valley behind а 2000-meter mountain ridge, 
1 was able to make contacts through wo 
repeaters on apartment buildings in 
(Vancouver, about 140 straight-line kilo- 
meters away. My signal was adequate 10 
make telephone calls on the autopatch on 
опе of them. Contacts indicated my signal 
strength to be sufficient for only parti 
quieting but fully ineligible. 

More recently, during an emergency 
preparedness exercise, I was able to access. 
repeaters that more powerful mobil trans- 
семето in vehicles with mag mounted whips 
‘could not. Several more of these antennas 
have been built by local hams in the 
Vancouver area 
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The Half-Wave Handie Antenna 


By Ken L. Stuart, W3VVN 
48 Johnson Ra 
Pasadena, MO 21122 


the ultimate choice for use on a 

hand-held transceiver, For effective 
operation, а $/RA antenna must work 
‘against a good ground plane, which a hand- 
held radio certainly is not, Also, the addi- 
tional 1/8 X over а half-wave actually 
produces an out-of-phase component 
which creates addtional lobes and gives а 
vertical angle to the radiation pattern. (See 
the treatise on 5/8 antennas in The 
ARRL Antenna Compendium Volume 
1.1) The main advantage оГ the half-wave 
is the gain over a 1/44 whip, and itis easy 
to load. 

"The Half-Wave Handie Antenna is an 
improvement over the 5/8 whip. Actual 
ly, the half-wave is the perfect antenna for 
producing the desired doughnut-shaped 
radiation pattern. And by end feeding i, 
the need for a ground system is essentially 
liminated. It is also slightly shorter in 
length than a 5/8-A, which reduces strain 
on the hand-held transceiver coax connec- 
tor. A commercially manufactured version 
‘ofthis antenna has been available for sever- 

years and has become very popular (the 
АВА Hot Rod). 


Construction 

Being of Scottish descent, I decided that 
1 could build my own version of one of 
these antennas for less money, so 1 took 
several pieces of plastic and wire, а BNC 
‘connector, a trimmer capacitor and a Radio 
Shack replacement whip antenna element 
and fashioned my own junk-box special 
Tt has operated on my hand-held trans- 
ceiver for several years, and produces 
excellent results. In fact, in tests of this 
antenna, a 1/42 whip and а 5/8-\ whip, 
this antenna “whipped”! them all 

‘This antenna works on the principle that 
a 14-A dipole is an excellent radiating ele- 
теш, and by feeding the element at one 
end where the impedance is highest, we can 
eliminate the need for a ground plane, One 
common utilization of this principle is the 
Popular pole antenna, where the 
Tadiatins element is actually a 14- element 
fed at the end by a 1/42 matching stub. 
(The J could be used on a hand-held trans- 
ceiver, and would work very well, but an 
antenna length of almost 5 feet atop a 
hand-held unit would be impractical.) 

Electrically, the 74-A antenna consists of 
а 39-inch collapsible whip with а parallel 
tuned matching network connected 


T be garden variety 5/8- whip is not 


1D. K бошо. 
лета Мун 
Compara. Vene Y pp 101-108. 
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Fig 1—Constuction detal of tho Halt 

‘Wave Handie Antenna. The enclosure ie 

formed from a sirip o thick plate 

Whip—Radio Shack 15-232 (page 101 in 
the 1988 catalog) 

Trimmer сарасйог—8 to 50 pF. Radio 
"Shack 272-1340 or Arco 404. 

BNO connector. UG 260 or 06-88. 

Coi. шта no. 18 bus wire, inch 
“lamer, Y nch length. Tap approx. 
‘ately one tum from around. (Agust for 
minimum SWR) 


between it and the hand-held transceiver 
ground, RF from the radio is applied to a 
Tap on ihe сой of the matching network, 
Tuning ofthe antenna is accomplished by 
‘moving the tap feed point and adjusting the 
trimmer capacitor to achieve a minimum 
SWR. 

Figs I and 2 will aid in understanding the 
following construction steps. Mechanical 
ly, 1 formed a strip of thick plastic into a 
four-sided box shape with a pair of 
opposite sides open. (Sce August 1988 QST 
for detailed information on building en- 
closures) A piece of copper was drilled to 
accept the BNC.connectorcableclamp nut, 
which was dropped into the hole and its 
flange soldered to the copper. Four holes 
were drilled in the copper and the plastic 
housing for mounting the BNC. Mounting 
of the Whip was done by drilling а snug 
clearance hole in the top of the housing and 
а small hole in the bottom to accept the 
whip mounting screw. The сой and trim- 
"mer capacitor were mounted simply by 
soldering them to the new BNC connector 


cy us Youn 
sia” ger Augu 196, pp 3034, 


Fig 2—Tne trimmer capacitor is on the let 
Side ofthe col and direcy in front ofthe 
е. (Pot ones of Dean Ale, 
[5 


flange and a solder lug at the 
of the whip. A piece of bus wire 
connects the center pin of the BNC to the. 
tap point on the сой. I is soldered to the 
center pin of the BNC, the pin is inserted 
in the connector, and the pin and wire pot- 
ted in place with epoxy cement or hot glue. 


Operation 

‘Although the antenna is properly 
matched only when the whip is extended 
то full length, have used it on low power 
with the whip collapsed with no ill effect 
то the radio. 1 don't use high power with 
the whip collapsed, however. Hand-held 
transceivers as а breed are pretty bullet- 
proof, but 1 prefer not to abuse mine by 
{tying to work into a mismatch at a full 
power setting. 

"This antenna has proved itself time and 
арип, It has seen use in numerous RACES 
and ARES drills and emergencies, and in 
Public service events. It lives on my radio 
at all times, It is replaced by a duck only 
‘when communications will be needed over 
very limited geographic area, when it will 
be more convenient to wear the hand-held 
transceiver on my belt and use a speaker 
mike, 


Controlled Current 
Distribution Antennas 


The Controlled Current 
Distribution (CCD) Antenna 


By Stanley Kaplan, ВАО. 
11541 N Laguna Dr 
Mequon, Wi 53062 

E. Joseph Bauer, W9Wa. 
N5415 Crystal Springs Ct 
Fredonia, WI 53021 


isit any Field Day site and you 
V now what io expect in the way 
of antennas silhouetted against the 
sky. Beam or vertical, long wire or dipole, 
all will exhibit one characteristic in common 
long, uniform metallic conductors made 
of wire or tubing. On the other hand, visi- 
tors to the Ozaukee Radio Club's Field Day 
te during any of the last five years who 
looked closely at the antennas would have 
noticed something unusual. At least two of 
the wire dipole antennas at our multiple- 
transmitter site had little "nodes." These 
were spaced regularly along the antenna, 
beginning a short distance from the mid- 
die where the open wire feeder was connect- 
ed to each leg of the dipole, Each node was 
A small insulator bridged by a capacitor 
"The dipole itself was not at all a standard 
dipole. Rather, it was a controlled current 
distribution (CCD) antenna, designed and 
built by the authors, based upon articles 
‘that have appeared on the subject and on 
several consulting sessions with Harry 
Mills, W4FD, the originator of the 
antenna. 

Ош initial experiments with this unusual 
design proved that the antenna was an 
excellent performer. We modeled a com- 
Puter program to do the calculations neces- 
sary to build and test variations of the 
dipole, as well as vertical and end-fed Zepp 
versions. This paper presents some of the 
theory behind the antenna, the advantages 
and disadvantages, the results of our com- 
puter modeling, and some practical hints 
Tor building the CCD. We believe that our 
original series of articles (from which this 
paper is derived) is the first published any- 
‘where to present accurate values of length 
and capacitance which can be used to build 
practical versions of the antenna for several 
bands. 

A conventional dipole is configured so. 
that the two horizontal legs of the antenna 
are each % X long, for a total of Y X 
(Fig 1). Ош CCD version uses a stretch 
factor of two, meaning that each leg is Vê 
Nand the whole dipole is a full wavelength 
long (Fig 2). We insert capacitor in series 
with the wire of the dipole, spaced regularly 


“Notas appear on pago 186 
132 


as 


Fig 1—Tho conventional nait wave dipolo 
Each leg is Và fora total o Y X 


along its length, as shown in Fig 3. All of 
the capacitors in а given CCD antenna are 
of the same value. However, their value, 
number and spacing can vary widely, 
depending upon how the antenna is 
designed. The band of use will dictate the 
total length of wire, but the number of 
capacitors and spacing can be varied 
depending upon what is in your junk box. 
In general, the more capacitors, the better. 
Why the capacitors? You will recall that 
а piece of wire suspended in space has 
inductance, and the value of inductance 
(which can easly be calculated) depends 
upon the length of the wire and its 
diameter. A standard dipole has а value of 
inductance (and capacitance) which makes 
that antenna resonant at the chosen fi 
quency. However, in our antenna, which 
is "stretched" to double the usual length, 
there is actually more than double the usual 
inductance. Too much inductance is 
present o resonate at our chosen fre- 
quency. Therefore, we add capacitance 
However, we must add only hall the 
‘capacitance needed to cancel the inductance 
of the wire; the other half must be left so 
"hat the antenna will be resonant at the 
‘chosen frequency. The result is an antenna 
that is physically a full wavelength, but 
‘which represents an electrical 4 A. And 
there are several important advantages to 


Fig 2—The CCD dipole we describe in his 
эйе has а "stretch factor” of tn, 
making fone ful wavelength from ond to 
tnd. For simply, he capacitors ihat ara 
character ofthe CCD are not shown in 
ths diagram. They are included in Fig 3. 


Fig 3—The COD dipole consists of а toal 
of N sections (12 are shown in this 
‘example at the arrows). and N - 2 (10) 
Capacitors. Each hal of the dipole has NI2 
sections and (М2) ~ 1 capachors. 


this! Read on, and they will become self- 
evident. 

4 shows the current distribution of 
a standard Y4- dipole. Current is highest 
in the center, as shown by the graph just 
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Fig 4— Voltage and сштеп! distribution in 
the conventional dipole. Current (onom 
graph) is highest in the center and drops 
fas the ends are approached. The 
"amount o radiation from тай sections of 
the antenna follows the ситет. 
Gitibuton:—ignest atthe canter and 
lomos! at cach end. Voltage s exactly the 
Opposite rom current—hignest at Ine ends 
"and lowest at the feed point in tho center. 
Highwatage arcing is most likely atthe 
ends of the antenna, making it necessary 
Ta use good end Insultors and spacing 
well away rom trees and buildings. 


above the antenna. Voltage is low at the 
center, but high at either end; that is why 
we must use insulators at the ends, and 
carefully mount them away from tres and 
buildings 

‘On the other hand, the CCD version of 
the dipole (Fig 5) shows several unique 
properties with respect to current and 
Voltage. The capacitors change the current 
and voltage distribution, making variations 
in both parameters less than in a standard 
34 dipole fed with the same input power. 
(This also leads to another plus—a higher 
feed-point impedance. Our preliminary 
estimate is that the feed-point impedance 
is increased by three to four times.) 

Since voltage is not high on the CCD 
antenna, it ean be mounted so that it runs 
through trees or bushes without fear of 
arcing! That represents а terrific advantage 
for Field Day, as well as for the home 
отн. 

Another advantage is based upon how. 
much signal the CCD antenna puts into 
free space. In any dipole antenna, 
‘maximum “pumping” of the signal into 
Space occurs where the current is highest 
"Thus, Fig 4 shows us that the conventional 
dipole does most of its radiating at the 
‘enter, and this radiation drops off as we 
‘move toward the ends. In the CCD antenna, 
there are many current peaks along the wire 
length (Fig 5), and any given section of wire 
(a “section” is the wire between two capa- 
tors is about as effective in pumping out 
radiation as any other section. Thus, the 
entire length of wire is utilized to radiate 
Signal, as opposed t the drop-off in radi- 


spreading it out. In summary, the CCD an- 


tenna utilizes the whole wire to radiate your 
i signal, and it is a whole wavelength long, 


“йт ‘The advantages and disadvantages of the 
CCD antenna are listed in Table 1. 
Ке TSG | Calculations 


Ш you have а computer with BASIC, 
Program 1 will do the dipole calculations 
for you. If you have an MS-DOS com- 
puter, a complied PASCAL version gives 
‘Amore extensive series of calculations than 
the BASIC program. 

"To prepare a second program to caleu- 
late long-wire and vertical versions of the 
— бе Program aná make the fo 
1те CCD dipole. Воп voltage and ситет OE changes, 
peaks are much lower han in a conven: 100 REM This version is for VERTICAL/ 
Хота dipole, because the capacitors break LONG-WIRE CCDs 
up the single large current peak and he 499 FOR SECTION =50 TO 1 STEP — 1 
‘wo large voltage peaks into a seres of 510 САРП) = CTOT() "(SECTION 1) 


many smaller ones. Voltage peaks are 

%%% The rationale behind these changes is given 

‘and arcing ie reduced or totaly eliminated. — later. 

More important, antenna radiation is also If you have no computer, do not despair. 

spread over the entire wire length, when We give you enough data here to get an 

compared with a conventional dipole. 80.meter CCD dipole going even if you 

Coupled wih the fact that his antenna isa done have a computer with BASIC. 

full wavelength long, is lear that the 5 

000 e a much more alecive radiator, — | 00508 In (4/9) — 0.75) or 
L = 0.00508 1 [2.303 log (4/0) — 0.5] 


where 
ation as the ends are approached, whichis L = inductance, Н 

Seen in the conventional dipole, The capa. 1 = length of antenna, inches. 

tors reduce the magnitude of the single @ = diameter of wire, inches 
current peak seen in a conventional dipole Note that we suspected, and our correspon- 
and induce more peaks, thus effectively dence with МАО confirmed, that garbled 
fattening out the curren distribution and typesetting caused his original article to 


Table 1 


Advantages and Disadvantages of ССО Antennas 
The CCD has many advantages over more familiar antennas: 
It exhibits grosor gain than а conventenal dipole. 


The vertical version of ne CCD has a lower radiation angie ал a dipole—it is a good 
DX antenna. 

Another Field Day advantage—it works wall at only 8 fast above ground. Furthermore, 
‘changes in height produce progressively leas relative changes in antenna resistance as 
{he number of eapactors and overal length aro increased. 

No phaseinvering stubs are needed. 

You can seal it up or down to ft the available space. 

It exhibits very good broadband characteristics. 

Ct for the low ond of the band and you should bo able to work both phone and CW. 

Itis loss lossy than a standard dipole 

118 eflectvely adapted to quads, ditas, loops and other antenna forms. Harmonie opera- 
боп becomes more and more effective as the number o! capacitors 1 increased and the 
Sections are proportionally shortened. Thus, an antenna with many sections is likely to 
be very affective оп several bands. 

Both lobes and nulls are very strong, making the CCD much more directional han a con 
‘ventional dipole. (To bad that low-band versions are not easly rotated 
So what are he disadvantages? There are afew, of course: 

ın costs somewhat mor lo bula, owing to he need for capacitors, as wel as twice ihe 
wire o a conventional antenna. 

Construction takes a longer me than with conventional dipole, cinco thre are wo. 
"older joints lo make at each capacitor, and ono must use reasonable care in measure- 
теп of section length, 

Erection space is larger. since the ОСО (stretch factor = 2) is а full wavelength long 
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present the method for calculation of 
inductance incorrecely.“ 

"The length of the antenna, i, is found by 
ош old standard. 


i = 39.37 x 300/7 inches 
where f = frequency in MHz 


Note that the usual shortening factor (5%) 
to compensate for end effects is по to be 
used in these calculations, 

Capacitance in pF needed to resonate our 
CCD is found by 
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A typical output from Program 1 is 
shown in Table 2. The output is calculated 
for the 80-meter band. Note that the first 
three lines of output list the frequency (3.5 
MHZ), the total length of the antenna in 
inches (round to 3374.6) and in feet (round 
to 281). Thereafter, the chart lists the 
‘number of sections, capacitor values (in 
pico farads) for no. 20 through no. 12 wire, 
and the length of each section in inches and 
in feet 

Thus if you have 24 (number of sections 
minus two) 500-pF capacitors in your junk 
box, you can make а CCD with 26 sections, 
total length = 281 feet, with each section 
129.8 inches long made of по. 14 AWG 
wire. (Multiply 129.8 x 26 and you should 
come up with close to 3375.8 inches). Cut 
Your wire and solder in the capacitors во 
that from the center of one capacitor to the 
center of the next is 10 feet, I0 inches, Real- 
ize that while we often do our calculations 
to several decimal places, we can rarely 
measure wire to that accuracy. And even 
if we could, wire stretches with time. 
Therefore, close is good enough. 

"That is how the calculations are done 
Given those tool, the next step is to explore 
Your junk box or the upcoming swapfests 
Tor a fistful of identical capacitors. Try to 
find units with a 5% tolerance, Fit your 
design to those components, 

‘The best of all possible worlds is to feed 
the CCD with open-vire line originating 
from a tuner. On the other hand, there is 
no reason why it cannot be fed with $2-ohm 
coax, terminated at the antenna with a4:1 
balun (preliminary results of our testing of 
а meter CCD vertical indicate that 
balun is about right). In either case, a tuner 
is desirable, and а must for multiband 


Vertical, Long-Wire and Zepp Versions 

‘You will notice in the dipole CCD, Fig 3, 
that there are a total of N sections (12 are 
shown in the example), and N ~ 2 capaci 
tors (10 in this case). The calculations we 
did for the dipole version resulted in a value 
of capacitance to cancel the entire induc- 
tance of the wire; we doubled this to come 
up with a value that would cancel only half 
this inductance s0 as to resonate at the 
desired frequency. We then multiplied this 
value of capacitance by the number of 
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Table 2 


Sample Program Output of Program 1 for 3.5 MHz 
‘Sect the capacitor value and wir size you wish o use, then read the number of 


sections and length of each rom this list 
3.500 MHz 


DIPOLE CCD 
3374.571 inches 
281214 feet 

* fe Ke na mo 

Or Амс Айс AWG AWG AWG SECTIONS 
Seo рғ PF pF pF FEET INCHES 
э юз ат Se 1008 Wo bee 6749 
„ 000 07 9a эм oea св 7030 
„% B0 вт эш 92 94 бп 7338 
Z бю зв 89 00 80 639 7669 
@ T 806 вз вз в бю 8035 
„ MM — T6 T 797 818 70 ыз 
„ . m5 тю 755 TO Тар 8880 
36 60 бв 60р 718 707 791 89974 
„% бз бз бз бп 665 827 89925 
32 з 608 GI 69 642 879 10648 
30 м би 55 387 5090 037 11249 
з SH м 634 545 558 1004 12052 
26 4 м аз 508 Ыз 1080 1279 
2% & з 2 ай ап MB MOD 
22 968 аз ап шө 428 — 1278 15339 
20 б з 970 377 35 1406 16873 
з 216 022 зу зв 340 1562 18748 
„% 27 ж В 298 300 1758 21091 
ми „ 2o 287 282 257 2009 24104 
% мв 202 2% 210 24 2343 28121 
Jo ов dei а 168 17% 2812 33746 
8 9 ia 123 126 108 2515 42182 
6 „ "m ю м ав лев 56245 
4 4 % „ ® 4 73 MM 
2 o o “o “9 “9 14051 168729 


capacitors о be used (N — 2). If that con- 
fuses you, don't forget that when we place 
сапа чае capacitors in series, as is done 
in our CCD dipole, the total capacitance 
is equal to the value of one capacitor divid- 
ed by the number of capacitors 

In the case of a long-wire CCD, our feed 
point is not located in the center, but rather 
at one end, To convert from the dipole con- 
figuration, we pull out the feed line and add 
‘one more capacitor in its place, as shown 


Fig 6—To convert a dipole CCD to a long 
wire, the center feed Ine is removed and 
fone more capacitor ls addod (at X) The. 
eed line is reconnected at one ond or the 
‘ther. The numbor of sections (N) has not 
changed; there are sul 12, as there wore 
in the dipolo version (Fig 3), However, the 
number of capacitors has increased by 
оюн 1 


їп Fig 6. We then reconnect the feed line 
at one end of the antenna (note that some 
sort of impedance matching will invariably 
be required with solid-state transmitter). 
JE we rotae the antenna 90°, it becomes а 
vertical (Fig 7). If we eed it with open-wire 
feed, it becomes a Zepp antenna (so named 
because it was used as an antenna trailing 
from Zeppelins, back when they were in 
style). Fed with open wire, coax, or hooked 
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Fig 7—А vertical COD is nothing more than 

R longue version rotated 90°. The end. 

Tod Zapp is a ong wire, ed by орепъміе 
member o the pair unterm 


directly го the transmitter makes no dif- 
ference; the basic design is the same. Pull 
‘out the center feed line of the dipole, throw 
none more capacitor in the center, and we 
are ready to go. But what about the caleu- 
tions? 

"When we calculated the value of the 
capacitors for the CCD dipole, we used the 
formula 
€ = CaS - 2) 
where 

C = value of each capacitor 

Сы = total capacitance needed to 

Tisonate the antenna 

S = total number of sections 

"This formula is in line 510 of the BASIC 
program listing. For longawire or vertical 
calculations, the above formula should be 
changed to 


C= Cw (5 - D 


This change is because the number of 
capacitors used in long-wire or vertical 
antennas опе les than the number of sec- 
tions. The modifications of the program to 
do these calculations is indicated earlier; 


to decrease by 1 for each loop. 
‘Additional Notes and Construction Hints 


Here are some points and hints that will 
make both your design and building tasks 
easier, and will result in a more durable 
antenna. In the selection of capacitors for 
the CCD, precision is more important than 
accuracy. Good precision means that the 
capacitors should all be as close to each 
Aber in value аз possible, For that reason, 
we suggest you use 5% dipped silver mica 
units. On the other hand, the exact value 
of the capacitors (accuracy) В les critical. 
For example, if you use 1000-pF 5% capa- 
lor in your CCD, the true value of each 
is between 950 and 1050 pF. Therefore, i 
your calculations tell you to use a batch of 
SSI-pF capacitors, 1000 pF 5% will be just 
fine, 

We recommend using supports at each 
mode, especially if your CCD is to be 
permanent, A no-cost source of really good 
Insulator material for these supports can be 
found at your local hardware store in the 
form of scraps of the plastic which must 
be used (by law in most communities) to 
replace glass in storm doors. This water- 
clear plastic is tough, a good dielectric, and 
best of all, free. You can get all you need 
by stopping by your favorite hardware 
emporium from time to time and rum- 
‘maging in their waste can (with permis- 
sion). You are sure to find seraps there, 


Fig 8 End мөн of the jaws of “running 
piers,” used by glass workers to snap 
Sass anar scoring. Available tor under $10, 
{his loo is especially helpful in snapping 
apart small proces of window plati, sug- 
gested for use as node insulators in ће 
ox. The opposing bende ofthe jaws 
Supply the pressure needed to snap his 
{ough plas. 


especially before cold weather. Don't try 
do cut the stuff with a зам is really 
difficult unless you have a very fine toothed. 
band saw available. А quick and easy way 
то сш tis to score it using a special scoring 
tool for this purpose. Such a tool can be 
found at the hardware store (and its pur- 
chase helps to justify the free scraps). Once 
scored, break it along the line with pliers, 
For small pieces such as those you will need 
for the CCD, running pliers really make the 
job easy, These are the special pliers used 
to snap glass after scoring (see Fig 8). Pieces 
about ⁄4 x 1 inch or slightly larger are 
about right. Drill holes in them, and use 
them at each node to take the strain off the 
capacitor (Fig 9). It is best to “pot” each 
node after assembly for permanent inst 
lations, We have found the plastic goop 
used to insulate plier handles works well 
and can be purchased at most hardware 
stores. You can even get it in different 
colors to identify different antennas. 
"When cutting the wire and soldering in 
the capacitor nodes, it is helpful to do it 
in a rather systematic way. Solder a hunk 
of wire at one node, then clamp the plastic 
insulator in a vise in the center of the node 
(Gee Fig ich Stretch the wire o a chair back 
ог other similar support. Fasten one end 
ot your tape measure to the vise with tape 
and drape the other end over the chair 
back. Now measure the wie (120 inches in 
the case of our BO-meter CCD dipole), but 
ш the wire at least 4 inches longer. Now 
thoroughly strip any insulation off the last 
$ inches. Place the new node so that its 
center is 10 feet, 10 inches from the pre- 
vious node center, and wrap the wire. 
‘Solder it thoroughly. When cool, put it in 
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Fig 9—А capacitor can bo temporarily 
tapad to the conto of a paste insulator 


twisting tho wire and leads together, space 
iem арап, as shown. This permis the 
solder to bond the wire and leads over the 
Space of several turns Tighty spaced 
{rns wil not permit tho solder to penetrate 
between lur. 


Fig 10—А А a suggested method for 
assembly of ihe CGD antenna. A vise and 
hair back make п possible Tor one person 
to build the sections. Dont forge to cut 
the wire (at he chair back in te ustra- 
tion) at least 4 inches longer than he final 
length of the section. Than sirip to 
enamel or plastic insulation off at least 6 
inches, for wrapping and one Section 
measurements should be mado between. 
the center ol capacitors, as shown at В. 


the vise in place of the previous node. Then 
start the process over, Only 25 more 
sections to gol 

"There you have it. Our experience with 
this antenna at Field Day has been 
uniformly excellent, and several of our club 
members have found similar results at their 
homes. The proof of the pudding is in the 
ine the proof of the CCD is in the send- 
ing and receiving. Try it; you'll ike itt 
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Program 1 


BASIC Listing for CCD Dipole Calculations. 
The program was writen for uso with the GW-BASIC interpreter distributed with MS-DOS 


versions 3.2 or higher, Dut should work with almost any BASIC with minor modifications. If 


Your BASIC interpretar does not ave the "PRINT USING" function, mod each ap- 
propriate io by removing the characters: USING "ees. ee". [Тә ARAL suppl disi 
Merane for this program Is KAPLAN BAS. Ed] 


486 REN This ver 
1M CLEAR P CLS 


jon fs for DIPOLE CCD ANTENNAS 


188 INPUT*Enter frequency [in Miz): "FRED 


198 PRINT "Send resulte to printer 


148 ente 


139 IF Peer” OR р-"у THEN ure 
37 


188 TOTLINGI-(aBE/FREL] Pa: 
178 TOTLFEET-TOTL INGVA2 
488 DAMI 1)=.02 
LENE 
гей DIAN 3=. ASE 
218 D1AM[a]-. ont 
228 DTAM[S)- fare 
2AB PRINT 

248 PRINT USING 
250 PRINT " мна 


нанне PH 


EN 
DIPOLE со" 


welt as screen? (Y/N): "i 


BOS PRINT USING "488888,888" TOTLINO! 
E РАШТ " 


nchaa" 


THEN LPRINT" 
THEN LPRINT " 
THEN LPRINT " 


E 
PRINT" 
408 PRINTHOF 
Зай PRINTPSEC 
da PRINT 
Дей ТЕ LPTON=A THEN LPRIMT 
IF LPTON THEN LPRINT"OF 
TE LPTOM-A THEN CPRINTHSEC 
IF tert THEN LPRINT"— 
FOR SECTIONS TO 2 STEP-2 
FOR I TO © 

CAP (I J-cror(r Je (secr101-2] 


еа rns ne 


дс ж 
РЕ 


PF 


Сай 


NEXT SECTION 


TF gere THEN LPRINT USING "99499. 


2 PRINT "Do another run? [Y/NJs"; 


NENAS) 
BAS TE XOY" Ой xt" 
EJES 


анана aun TOTLFEET S 


THEN LPRINT USING "24994 
инг 

THEN URINT USING мизин, HEPTTOTLINON, 

THEN LORINT USING 1999048. vue. once, 


ШКЕ olo 


AESBE*TOTLINCN) * [(LOG[A*TOTLINGOJAMET]]-. 281] 
it ИЛИ, Pt FREQ] ^ê) INDUCT (13) *W8^6]) 


ne 
Аб 
РЕ 


SECTIONS" 
FEET INCHES" 
na ne ма ne 
AG б ж мб 
РР PF PF pF 


PRINT USING "#4288" ;CAP[1 J sCAP( 2) ;CAPS) ;CAP[4);CAP S] 
PRINT USING e FI";FEETIN 


THEN 188 ELSE 058 


SECTIONS" 
FEET INCHES! 
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The End-Coupled Resonator 
(ECR) Loop 


By Henry S. Koon, WSTRS 
Box т-м, 
Fox, AR 72051 


ably fostered by commercial 

interests) for the average ham anten- 
a installation to include a rotary beam 
mounted on a tower, complete with rotator 
and all the necessary hardware. The station 
‘ould include a legal-imit amplifier and 
other expensive accessories. The newcomer 
to our frequencies may well look at the cost 
ofall this and decide to change his or her 
hobby to bird watching. 

"The wire antenna to be described, at а 
height of 28 feet, with a “barefoot” trans- 
ceiver and less than 100 watts input, has 
consistently reached all continents. This 
was accomplished despite the recent nadir 
of solar activity and its consequent effect 
upon DX. 

The intended function of the transmit- 
Jing antenna is to launch the transverse 
electromagnetic (TEM) mode into space, 
This mode of propagation may be regarded 
as using an unrestricted waveguide, without 
the frequency limitations imposed by trans- 
verse dimensions. The TEM mode has its 
Чесї and its magnetic fields normal (at 
right angles) to each other, with the re- 
sulting direction of propagation being 
normál to both. OF these two basic com- 
ponents, the electric Feld is relatively casy 
lo distort either by the presence of a 
conductive body, or something of a 
dielectric nature. Littl, if any attention is 
‘usually paid o this phase in the design of 
the average ham antenna. The ECR loop 
represents an attempt 10 correct this 
oversight. 


Dipole Comparisons 

Let us begin with a common ham 
antenna, the horizontal dipole. This is 
shown in Fig 1. When this antenna i high 
above ground, it should work well. At 
practical heights, the electric field at each 
end will tend to be attracted to ground, 
with its great size, rather than to the field 
lines emanating from the other end of the 
dipole. Ground is such a poor conductor 
that it must be seen as introducing losses 
19 the system. 

A move that is directed toward cor- 
Tecting this problem is to remove much of 
the high-voltage ends ofthe dipole. There 
the voltage distribution tells us that the 


T here is a growing tendency (prob- 
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Fig 1— Electric field of a horizontal pole 


electric field is most intense, and likely to 
be affected by the presence of nearby 
‘ground. The removed ends of the dipole 
Will be replaced by appropriate capacitors, 
as shown im Fig 2, im order to retain 
"The wire length as shown in Fig 2 is con- 
sidered to bea section of transmission line 
‘whose characteristic impedance, Zo, is 
related to the wire size and its height above 
round. This relationship becomes: Zp = 
138 log (dh/a), where the height, h, and the 
wire diameter, d, are both expressed in 
similar terms. Fig 3 shows the relationship 
of wire size and height above ground to the 
resulting characteristic impedance. 


"The Dipole Center 

In developing the basic loaded section 
used in this antenna, the shortened length 
of wire is assumed to have been taken out 
‘of the center of a dipole. Consequently, a 
voltage node is stil in the center of the wire 
Section. Because identical capacitors are 
used in the loading process, this can be 
taken asa valid assumption. An inductive 
reactance will be presented at each end of 
The wire section, which must be related to 
wire dimensions and placement by Xy. 
Zo tan 8/2, where 20 is the previously 
obtained characteristic impedance of the 
wire section, and f is the length of the wire 
section in electrical degrees, a wavelength 
being 360 such degrees. X is the inductive 


bet 


Fig 2—The basic 
capacitor loaded section. 


reactance of the wire section. 

If we are to maintain resonance in the 
wire section, the capacitive loading reac- 
lances, as shown in Fig 2, will have to equal 
the inductive reactance just obtained, 
However at this point the computed сара. 
Gor assumes that its other terminal is 
‘grounded, a most unreasonable situation 
in an antenna, as we cannot run a ground 
wire from each capacitor 

‘This apparently impossible situation is 
quickly resolved, however, when a number 
of such sections are connected in series, 
Fig 4. Experience in the mid 1950's, when 
1 was project engineer in a study of (then 
new) strip transmission lines, suggested that 
when connected as a closed loop, a com- 
plete phase reversal would be found at cach 
pair of coupling capacitors. Their common 
terminals were at zero, or ground potential 
‘Thos we have created “phantom” ground, 
which serves the purpose without the need 
of a single ground wire. Carrying the idea 
азер further, a single capacitor of half the 


Fig 32, versus height and wie sizo, 
“tee ang) = 
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Fig 4—Phantom grounds rosuting from 
series connections of basic loaded, 
Scions 


value of hat computed for Fig 2 will satisfy 
ай the requirements of the pair 

If now we sketch the voltage distribution 
along a series of such sections, with a phase 
reversal across each capacitor, and a 
voltage null at the center of each wire 
section, it becomes apparent that the 
current flow in all wire sections will be in 
the same direction. There are no current 
reversals, regardless of the number of 
sections (Fig 5). 
Multiple Radiators 

We may therefore deploy the array asa 
closed loop, with a diameter of М 
‘wavelength, so that radiation from one side 
will be reinforced by radiation from the 
‘opposite side, thus favoring a low angle of 
radiation. Originally the loop was deployed 
as a square, a half wavelength on a side, 
and supported at the corners. See Fig 6. 
Although performance was excellent, I felt 
а closer approximation of a circle might be 
preferable. Additional supporting lines of 
‘monofilament nylon were added to the 
centers of the sides of the square, and the 
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Fig 5— Actual series sections Mustraing 
nt agreement and method of stran 


shape became an octagon. No direct com- 
parison was possible, but I felt a circular 
shape might give more uniform coverage. 

Some form of strain relief should be 
provided for the capacitors. At WSTRS 
they were made from one of those fiber 
lass poles intended for use on а bicycle to 
display a Па, making its presence known 
in traf 

"The 450-0 open wire feed line is installed 
in the center of the most convenient wire 
section. A total of four supporting points 
will be needed. With plenty of space to 
work with, support of the loop at as many 
аз 8 or 12 points should be possible, In this 
‘ase it would be wise to assemble the array 
‘on the ground first, and then raise it, one 
‘main line at a time. The nylon lines used 
‘can be inexpensive 20- or 30-pound-est 
‘monofilament nylon fishing line. 

No attempt has been made to measure 
the actual input impedance of the ECR 
Toop because the input is а balanced line, 
rather than coaxial. Practically all ham 
equipment for measuring complex 
impedances is of the coaxial “persuasion 
and measurements would be complicated 
by whatever form of balun is included. 
Same early Smith Chart computations that 
need not be detailed here gave an estimate 
of somewhere around 200 to 300 0 as the 
real component of such quantities, 1 use a 
matching network at the input end of the 
balanced line. 

А major problem in developing this loop 
has been the availability of suitable 
‘capacitors. Originally 5% silver-mica units 
with а 500-У rating were used. However 
when attempts were made to tune it up on 
ıa band for which it had not been designed, 
опе ог more of them “objected”; as a 
result, all were replaced with 10% ceramic 
capacitors with a 5 У rating. Because of 
the estimated high impedance of the loop 
input, Т used no, 20 wire instead of the 
more familiar no. 14. 

Objections will probably be raised by 
some who feel that the wire sections are too 
short. One should recall the excellent work 
several years ago by Jerry Sevick, W2EMI, 
with top-loaded vertical antennas where be 
showed that radiation from the high- 
current portion of a mobile whip was very 
effective. 

In general, the ECR loop was found to 
be most effective on the band for which it 
was designed. It should be obvious that 
when a band change modifies the half- 
wavelength diameter of the array, it will 
loose some of its effectiveness. 

A further advantage of the ECR loop in 
a horizontal plane is the ow profile, A low 
25.foot height reduces the probability of a 
direct lightning strike when the usual 
Summer thunder storms begin to growl. 
Furthermore, this low profile may be à 
factor in keeping peace in the family, when 
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Fig 6—Loop configurations. Capacitor 
location are not shown. AL A the 
icumterence is 2 or a square. The 
octagon al B has a circumference of 
11687 x. The crcumterence or ne 12-point 
‘igure ai C s 16077 1. Place tne loop n à 
horizontal plane for operation. 


the XYL or the next door neighbor objects 
10 a tower, as this antenna is practically 
invisible! Of course it must not be assumed 
that one is limited to 25 feet! 


‘Computation of the 20-Meter ECR Loop. 

‘The wire size is no. 20, the frequency. 
14.1 MHz, and the capacitors are 33 pF. 
From Fig 3, at a height of 25 feet, Zo is 
found to be about 630 0. It may be noted 
that if a value of 600 Lis assumed, an error 
of only 5% will be present. 

‘The capacitors of 33 pF may be com- 
pared to those of Fig 4, which would show 
two series capacitors of 86 pF each, At 14.1 
MHz they will have а reactance of 171 0. 


106 
Xe = aec 


Ea 


where 

Xe = capacitive reactance, ohms 

T frequency, MHz 

C = capacitance, pF 

‘The inductive reactance of half the 
wire section (from the null in the center 
to each end) must be equivalent 
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‘Therefore, 171/630 = tan 15.2 degrees, 
s0 0 = 30.4 degrees. This fixes the wire 
length per section as 5.89 fee, or 70.6 
inches, as wavelength is 69.8 feet. These 
dimensions are not very critical, as residual 
reactances are easily compensated by the 
tuned matching network, 

One more decision remains. . the pat- 
tem in which we will deploy the loop: 
‘whether a square, an octagon or a 12 point 
figure. This will determine the number of 
sections that must be provided. If a square 
is used, the circumference is clearly 2 
wavelengths, or 720 electrical degrees. 


729/3044 = 23.7 sections (use 24) 


If an octagon is chosen, the circum- 
ference is 1.657 wavelengths, or 596.5 
degrees, so 596.5/30.376 = 19.6 sections 
(use 20). With the 12-point figure, the cir- 
Sümference is 1.6077 wavelengths, or 578.8 
degrees, so 578.8/30.4 = 19.1 sections (use 
19). In any case, the nearest whole number 
of sections will be chosen. Methods of sup- 
porting the loop with nylon lines are shown 
in Fig 6. 

All of this may seem complex for a non- 
directional antenna. However, when one 
‘compares it with all the work necessary to 
properly install vertical antenna, with all 
the dozens of ground wires that would have 
tobe placed, lawns being torn up, and even 
cement walks, it is obviously a simpler 
solution. 


Appendix. 

Consider an array of end-coupled half- 
wavelength resonators (Fig 7). If there аге 
N identical sections, then there are N peaks 
of resonance before harmonic responses 
"appear. The mechanism responsible for 
these different resonances is phase reversals 
that appear across the air gaps coupling the 
different sections. 
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Fig 7—A 2eloment ond-coupled fiter. Tho 
ung piane has bee ed Ca 
ЯА. By adjusting the loading (end gaps) 
‘and coupling (center gap) a very passable 
finer response was obtained. B shows the 
phase reversal across а single capacitor or 
{wo capacitors of twice the value (depicting 
the phantom ground) but only at resonant, 
frequencies. 
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This is most easly understood when only 
wo sections are considered, At the highest 
frequency of resonance, the sections may 
be considered as normal half-vavelength 
sections. At the lower frequency of 
resonance, there will be found to bea phase 
reversal across the center gap. The effect 
of this action is to place a capacitive load 
on each of the resonating sections, thus 
causing a second resonance on a lower fre- 
quency than would otherwise take place. 
‘This effect was used to arrive at gap 
capacitance versus spacing relationships to 
a high degree of accuracy, as frequency 
measurements (of resonances) are much 
‘easier to obtain with accuracy than other 


parameters 

"The fac that such phase reversals actually 
took place was proved by using a slotted 
line probe to actually probe the fields of 
the resonant sections. At the lowest fre- 
quency of resonance, there was a phase 
reversal across every gap in the assembly. 
čis at this one resonance that the ECR 
loop functions, While there are 20 such 
resonances in the possible passband of the 
Joop, the highest such Frequency would be 
hen the -foot wire length becomes a half 
wavelength. This would be somewhere 
about 940/12 or 78 MHz, which suggests 
that operation in the 20-meter band should 
be no problem. 
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Balloon and Kite 
Supported Antennas 


Balloons as Antenna Supports 


By Stan Gibilisco, WIGV 


ns Cleveland Ave, Apt pe 
St Paul, MN 55116 


ог operation on the lower frequency 

amateur bands—160, 30 and 

occasionally 40 meters he idea of 
using a helium-filled balloon as an antenna 
Support has occurred to most of us. This 
article is concerned with my experiments in 
using helium: led ballons as supports for 
wire antennas on these bands. Ideas for 
balloon modifications 1o allow for easy 
flying in various weather conditions are 
discussed. 


Limitations on Balloon Flying 

Balloons will not, in my experience, 
behave in winds of more than 15 to 20 miles 
per hour without special stabilizers. Even 
then, it is doubtful that any balloon will 
мау up very long in a sustained wind of 
more than 30 miles per hour. The problem 
is that the wind tends to drag the balloon. 
down (Fig 1A). This is simply illustrated 
as a vector diagram in which the sideways 
wind creates the effet of a downward force 
on the balloon. Downdrafis are а common 
problem in irregular terrain (Fig 1B). These 
air currents literally drive the balloon 
down. Downdrafis occur most often as 
wind turbulence but can take place even 
with a very light wind 

Both drag and downdrafts are countered 
by using balloons having sufficient lift. The 
wind resistance of a balloon increases with 
the square of the radius for a spherical 
balloon, while the volume, and 
consequently the lifting power, increase 
With the cube of the radius. A large 
Spherical balloon is the best. 1 have used 
40inch and S4-inch diameter spherical 
balloons. 

Precipitation will present a problem. 
Frozen precipitation causes the most 
trouble. Dry snow may not stick to a 
balloon, but wet snow, sleet and freezing 
rain will almost always bring it down. A 
heavy downpour will do the same. 

The wire must be light so that it does not 
weigh down the system. I have used fine 
aluminum welding wire, 0.030 inch in 
diameter, which has about 1200 feet per 
pound. This has allowed me to Пу antennas 
Up to about 1.6 wavelengths at 1.8 MHz 
with no trouble. 

"We will not deal with the theory of 
antennas here, except to say that any length 
‘of wire can be flown, as long as the balloon 
‘will lift it, Generally, a practical maximum. 
is about 2 wavelengths at 1.8 MHz, flown 
аз a sloping long wire. Balloon antennas 
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wire puling back, Y, produce а net downward component 2. At В, downdrafs are another 
Problem when fing a copio ballon; they may blow t down directly. 


often Пу at an angle because of the wind. neck mutilated by incessant pulling and. 
Stretching; this balloon popped when I took 
Safety the twist tie of. 

ОГ primary importance when flying a 1 decided that it would be necessary to 
balloon antenna is that no one gets hurt and use some sort of stopper that could be 
по property gets damaged. The rules are pulled out of the balloon neck for refilling 
simple enough but are plainly stated here: to which the wire could easily be attached. 

1) Never Пу a balloon antenna where it 1 came up with the scheme shown at 
can come down on a power line. This Fig 2. The stopper was an empty 
means that the nearest aboveground pomer | 35-millimeter camera-film container. А 
line should be farther away than the length screw eye was inserted and the end sealed 
of the antenna wire, 

2) Always tether the balloon with a 
backup cord such as 20-pound-est fishing 
line, so that the balloon will not be likely 
to carry away the antenna wire. The wire 
could come down on a power line. 

З) Never Пу balloon antennas near or in 
thundershowers. 

4) Don't пу to Пу a balloon antenna if 
the weather В, or is expected to be windy, 
rainy, snowy, or severe in any way except 
for very cold or hot. 


5) Use helium, not hydrogen, to inflate | Bike — сыш 
the balloon. 

'6) Keep an eye on the balloon when it 
is up, and reel the antenna in when itisnot | screw eve 


‘being used. Never leave the balloon B1 4 

Attaching the Wire nem 
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With five-minute epoxy. Elastic rubber 
bands secured the neck of the balloon 
around the tumbler-shaped plastic stopper. 
When it became necessary o recharge the 
balloon, it was quite easy to pull the 
stopper out. Some care was needed 
peeling off the neck of the balloon since 
breakage was a high risk. 

For balloons with larger necks, I settled 
оп the idea shown in Fig 3. The stopper is 
actually left in the neck of the balloon all 
the time. The gas is kept in by putting the 
top (actually the bottom) on the shampoo 
bottle. A hole is punched in the bottom of 
the bottle, about 1/8 inc in diameter, to 
allow for slow filing and also to allow 
some time for placing the bottle top on 
after the balloon is taken from the tank 
nozzle. The screw eye is placed in the bottle 
top, using five-minute epoxy for filler. This 
arrangement works quite well and is 
physically rugged. 

‘One problem to be watched for is that 
the wire will try to slip off the screw eye. 
The wire should be twisted about eight 
times, at least, and a closed screw eye is 
preferable to a screw hook. Kinks in the 
Wire must be avoided since hard-drawn 
aluminum (alloy 5356) wire wil break iı 
kinks. 


Winding and Unwinding 

The antenna wire should be wound on 
a spool that will allow casy retrieval and 
will prevent kinking. A spool for electrical 
cord is very good for this purpose. It has 
‘turing circumference of about 18 inches 


Fig 3—Another method of tying the wire to 
Ihe balcon. Ti method does not requie 
that he stopper bo removed to add holum. 
Tho balloon is recharged by unscrewing 
бә bor top and replacing it anor ination 
Is completed. 


and a built-in crank. The aluminum wire 
from the original spool should be fitted 
‘witha rubber band to keep it in place, then 
‘wound from the original spool onto the 
electrical cord spool, The tether line, such 
as 20-pound-test monofilament fishing ine, 
may be wound at the same time. The 
fishing line comes in lengths such as 110 
yards, and this is very close to 5/8 
‘wavelength at 1.8 MHZ, Simply wind the 
wire and fishing line together onto the 
spool until there is no more fishing line. 
Care should be exercised to ensure that 
both the line and the wire are securely 
fastened to the spool prior to winding. The 
two should be securely fastened together at 
the balloon end, as well. 

The antenna is unwound by simply 
Tetting the balloon go. This should be done 
slowly, so the wire doesn't become 100 
slack, but it should be done fast enough to 
get the balloon up and in the clear before 
it has a chance to rub against something. 
and pop. (Perhaps Murphy's Laws have an 
explanation for why a balloon seems to 
"lay for"ebjects like eaves corners and 
sharp tree branches when it's on a short 
leash) A rate of about six feet per second 
is reasonable 

‘The wire length will depend on the band 
and antenna configuration you want to use, 
Itis a good idea to measure the number of 
crank turns of the spool that are needed to 
obtain, say, а quarter wavelength at 7 MHZ 
(G3 feet), then keep track of the 
approximate amount of wire you let out by 
counting the turns of the spool as the 
balloon is launched. An antenna tuner can 
then be used to get the desired 1:1 SWR for 
the transmitter, The point on the wire can 
be marked with masking tape for future 
reference. If you want to be precise about 
having the correct length, you must test for 
resonance at an odd number of quarter 
‘wavelengths, bypassing the antenna tuner 
and adjusting for a dip in SWR. Once you 
know the length, then you can add or 
‘subtract any length up to 1 wavelength by 
physical measurement, Remember 10 
Include the length of the lead-in when 
estimating inital antenna length. 

Tti important that the spool be properly 
anchored once the ballon is at the desired 
altitude. The spool must be tethered o that 
mo more wire can unwind, to ensure the 
balloon will not carry the entire spool 
away. (1f a 40-inch helium-filed balloon 
сап carry off a medium-sized hammer, then 
út can carry more than you might expect.) 
T secured the spool to a balcony railing by 
passing an old bel through it and securing. 
he belt to the tightest notch. Turning was 
prevented by making a looped end on a 
piece of stiff coat-hanger wire, putting the 
loop around the spool crank, and securing 
the other end of the stiff wire to the railing 
(Fig 4). Even then, the stiff wire had to be 
pulled tight or the spool would break free 
And all of the wire would be let out. 

Reeling the wire in is quite easy unless 
there is a wind and you've let ош a lot of 
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Fig 4— Method of anchoring wire spool lo 
balcony rating. in any case the anchoring 
must be very secure, sine balloons can 
Pl with surprising force. 


wire. In any case, don't hurry, and make 
sure you do not lose the spool! When the 
is down with about 66 feet of wire 
left (a quarter wavelength at 3.5 MH), the 
antenna can be left alone for the next use. 
Leaving some wire up will keep the balloon. 
from being batted around and possibly 
jerking loose or popping. Of course if the 
‘Wind gets too Strong the whole assembly 
Will have to be taken into the garage. 
Connecting the lead-in during actual use 
is done via an alligator clip from the lead- 
in to the antenna wire. When the antenna 
wire is long, static electricity will build up 
on it, and it is common for this to result 
in sparking when the clip is first attached. 
Itis wise to avoid touching the lead-in and 
the antenna simultaneously before they are 
electrically connected. 


On the Air 


It is not very practical to constantly 
watch the antenna while on the air. Ifthe 
antenna comes down, there will be a large 
change in the SWR and in the loading. 
‘Glancing at the SWR meter with the switch 
in the REFLECTED position is a good idea 
from time to time. The SWR will not 
‘change much asthe antenna blows around, 
unless it becomes almost parallel to the 
ground. When there is so much wind that 
the antenna is constantly threatening to 
come down, you are better off to reel it in 
nd delay using it until conditions are 
better 

For receiving, a balloon-supported 
antenna will be susceptible to noise. This 
is partially offset by the higher signal levels 
in some cases, but when the noise level 
exceeds S9, it is worthwhile to consider 
other antennas for receiving. Low long 
wires, loops and Beverages are excellent for 
this. 
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Signal reports at night for stateside 
contacts are generally 58 to S9-plus, with 
100 watts or more RF output on 160 and 
30 meters. It was rare Lo get anything but 
39 reports when running 500 watts. This 
was not during contests (when most reports 
are routinely given as $9); many times T had 
reports of S9 plus 20 or even 30 dB. 
Remarks such as, "You've got the 
strongest signal I've heard in awhile on this 
band,” were commonplace. 

‘The most universal thing wes the 
enthusiasm that other hams seemed to 
Show when I told them what was holding 
‘up my antenna. They often wanted to know 
details, such as the type of wire used, where 
the balloons were obtained, how many 
radials there were, and such things. Often 
1 was told that such a project had been 
considered but never done, 


Stabilization 

The problem of wind was reduced some- 
what by adding a disk at the base of the 
balloon in the hope of counteracting the 
natural tendency of air resistance to pull 
the balloon downward. 1 thought that if 
Something were to deflect air downward, 
the reaction would push the balloon up- 

rd, One device that seemed to help is 
illustrated in Fig 5. 

A cardboard disk was traced from a 
33:31pm record. The disk was then sprayed 
with acrylic for rigidity and water 
resistance, and a hole punched in the 
‘center. This disk was cemented with epoxy 
1o the base of the stopper for the balloon, 
Thus, if the balloon were to fly vertically, 
with the wire straight up and down, the disk 
would be horizontal. If a wind blew the 
balloon aside, the disk would remain 
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Fig S— Addition ө! deflecting disk to stabilize 
balloon in winds upto approximately 20 miles 
рег бош. A урса! fying angle is 40 to 

o degrees above the horizon, unless there is- 
по wind. Perfectly vertical ight is very rare. 


perpendicular to the antenna wire, 
deflecting air downward and tending to 
counteract the force pushing down on the 
balloon. 

"The idea proved fruitful and the stability 
of the antenna was virtually guaranteed in 
‘sustained winds of up to 20 miles per hour. 
Gusts over 25 miles per hour still caused 
‘rouble; under these conditions even kites 
usually become unstable, and more down- 
to-caríh antennas are necessary (figu 


atively and literally. 

(Other ideas for stabilization have been 
considered. The most interesting is flying 
ıa kîte with the balloon several feet beyond, 
and the whole assembly held together with 
‘wine. The ideal kite would have no tail, 
such as the Jalbert рага ої or Hargrave 
box kite. The kite would have to be light 
‘enough, or the balloon big enough, to allow 
flight under conditions of little ог no wind, 


Choice of Antenna Length 

The best antenna lengths for good all- 
around signal propagation are between 1/2 
and 5/8 wavelength. The impedance atthe 
feed point is very high and contains no 
reactance when the length is 1/2 wave- 
length. This length is best if a good RF 
around system, consisting of numerous 
radials, cannot be installed, At 1.8 MHz, 
1/2 wavelength is about 260 feet. 

It several radials, each at least 1/4 
wavelength, сап be laid down at the station, 
then а 5/S-wavelength wire is а better 
choice. This is about 325 feet at 1.8 MHz, 
‘An antenna tuner will sometimes match а 
‘5/8-wavelenath antenna better than it will 
a 1/2-maveleneth antenna, perhaps because 
"he resistive part of the impedance is lower 
with the $/8-wavelength wire. The voltage 
is also much lower for a given power level 

Various kinds of antennas can be flown. 
using balloons when there is wind and thus 
a dope to the antenna. I have used slopers 
of up to 1.6 wavelengths at 160 meters 
‘whopping 830 feet—to take advantage of 
the directional properties of long wires. 
When this wire was at a slant of 45 degrees, 
the far end was up about 590 feet. I wonder 
what the record height for a 160-meter 
antenna is 


Kite-Supported Long Wires 


By Stan Gibilisco, W1GV 
871 S Cleveland Ave, be 
Si Paul, MN 55116 


his article discusses an antenna that 

is elementary, and also as old as the 

wireless art, although the theory is 
somewhat complex. Any shortwave listener 
who has used а kite or balloon to support 
a long wire will agree that such an antenna 
is very effective at medium and high 
frequencies. Из value for amateur 
transmitting has been somewhat ignored in 
recent years, because of the availability of 
other, more complicated types of antennas. 


The Concept of the Very Long Wire 

A very long wire (VLW) is exactly what 
its name suggests: a wire that is not just 
long, but very long. Ideally a VLW is of 
such a length that adding more wie wil not 
change its characteristics significantly. 
From a practical standpoint, we may 
consider for amateur use that а УСЛУ is at 
least one full wavelength at 1.8 MHz, so 
‘that it has multiple lobes. This length is 
represented by 533 feet, At 14 MHz, such 
эп antenna is about eight wavelengths; at 
28 MHz, 16 wavelength. 

The VLW tends to exhibit diversity in 
both receive and transmit, as well as a more 
ог less omnidirectional radiation pattern 
when supported by a high-angle kite or 
balloon. The gain normally associated with 
а long wire will occur, but is of little 
importance in most ‘situations, The 
„numerous minor lobes account for most of 
the useful radiation from a kite- or balloon- 
supported VLW. These lobes tend to blend 
together because of wire curvature or sag. 
The fed-point impedance is generally quite 
high. The use of a kite ensures that the wire 
will be high above the ground, maximizing 
bon enge radiation and minimizing ground 
losses to practically zero. Helium-filled 
balloons may also be used when there is not 
enough wind to support a kite 


Radiation and Response from End-Fed 
Wires 

‘The radiation patterns from end-fed 
wires are fairly well known, and are dis- 
cussed in detail in The ARRL Antenna 
Book and other publications. The shortest 
commonly used end-fed wire is % А long 
and often is erected as a vertical, operated 
against ground and fed with coaxial cable 
(Fig D. The wire may be shorter than % 
X and tuned to resonance by means of a 
Series inductor. Some verticals are up to 5/8. 
Xin height, The reactance may be tuned out 
and the remaining resistance matched to 50 
(075 ohms in a variety of ways. All of these 


Fig 1—Typleal quarter-wave vertical 
‘operated against ground. This fs ono of tho 
Simples types of ended antennas. 


vertical antennas have simple donut-shaped 
п patterns with the greatest 
radiation perpendicular to the wire. 
When the length exceeds about 5/8 А, 
maximum radiation is no longer perpen. 
dicular to the wire, but is in the form of 
lobes at various different angles. As the 
wire is made longer, the major lobe 
develops at an ever decreasing angle with 
respect to the line of the wire. These lobes 
become more numerous as the length of the 


wire increases. When the wire is very long 
—several wavelengths the lobes are зо 
‘numerous that the radiation pattern may 
be considered omnidirectional for all 
practical purposes. Eventually the wire тау 
become so long that adding more wire does 
mot make any practical difference. When 
this condition is reached, we have a true 
VLW. A wire that is at least one full 
wavelength at 1.8 MHz will act as a true 
VLW at frequencies above about 14 MHZ 
(Fig 2), and will be a fairly good approxi- 
mation of a true VLW at 3.5 and 7 MHz 
It may be considered as a simple long wire 
at 1.8 MHz, but will operate on all bands 
with excellent efficiency 

Directional effets will be noticed with 
such а wire, although they will not be 
especially pronounced. The best radiation 
will be generally in a direction "down- 
wind” from the feed point; the same is true 
for response, 

"The minor lobes take the form of double 
cones with greater apex angles than that of 
the main lobe, but having the same axis, 
namely, the line containing the wire. For 
A wire that is M quarter waves long, М 
being an integer (1, 2, 3,...), there are 
exactly M radiation lobes. 

In theory the radiation pattern from a 
VLW that is eight wavelengths long is that 
shown in Fig 2. The maxima result from 
addition of the radiation from each current 
maximum in the wire. The minima result 
from cancellation of the radiation from the 
‘current maxima. In practice, with an end. 


Fig 2— Theoretical tree- 
pace radiation pato 
IEE 
хамата 53.097 

Miro a 3 Sta) The 


the poak of mo major 
lobes is approximately 
1955 ва. 


145 


fed VLW, the maxima in the direction 
away from the feed point (toward the far 
end of the wire) are of greater magnitude 
than those in the opposite directi 
because some of the electromagnetic field 
is radiated as k travels along the wire. Also, 
the nulls become les and less well defined 
asthe length gets greater, primarily for this 
same reason, and also because of 
surrounding physical object that tend to 
absorb and reradlate energy from the wire. 
‘A practical radiation pattern for an eight- 
‘wave VLW is illustrated in Fig 3. 

With а true VLW antenna the minor 
lobes tend to merge, so the antenna can be 
considered an all-around fair radiator. The 
antenna radiates just about equally well in 
directions generally broadside tothe wire. 
In the case of a wire running straight 
upward from the feed point, the antenna 
approaches the behavior of an isotropic 
radiator in the half space above the 
horizon. Energy directed downward toward 
the ground will Бе reflected back upward 
anyway. The high gain of the main lobes 
is directed almost straight up, but ina very 
marrow cone that does not contain much 
of the energy in the transmitted signal, This 
Situation i shown in Fig 4 


Input Impedance of Very Long 

For practical reasons, all of the antennas 
1 have tested are end-fed very long wires 
‘The antennas аге fed as unbalanced systems 
against ground. For simplicity the wires are 
brought directly to the station window, 
where a Transmatch js employed, The RE 
(round consists of a connection to a cold- 
water pipe, the utility ground at a 120-volt 
socket, and one ate "radial" wire for 
ach amateur band 160 through 10 meters, 
calcite for length £ according to te 
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Whenever possible, the wiris such that 
itis near an integral multiple of 4 X at the 
operating frequency. The formula for 
determining the length of a wire N 
wavelengths long, where N is some integral 
multiple of И, is generally agreed to be 


PREPEENTS 
pos 
where Fis the length of the wire and fis the 


frequency of operation. 

"The complex impedance of an end-fed 
wire varies according to the graph of 
Fig 5. Lengths shorter than % ) are not 
considered for the purposes of this 
discussion. Note that the reactance 
alternates between capacitive (negative) and 

ductive (positive), being zero at each 
tegral multiple of 14 A. The resistive 
component is rather low ai odd multiples 
of Y h, but high at even multiples of М 
A. With each succeeding increase of А A 
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Fig 3A practical radiationresponse 
pattern for an & wire operated against 
Ground and flown at a hgh ange Wit 
Говро tothe horizon. 
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in the length of the wire, the resistance be- 
‘comes closer and closer to а certain limiting 
value, approaching this value from below 
at odd multiples of % X and from above 
at even multiples. We are concerned only 
with the even multiples of %4 A. 

For low values of N, where N is the 
number of half waves in the wire, the 
resistance R is on the order of several 
thousand ohms. As N becomes large, 
however, R decreases to perhaps one or {WO 
hundred ohms for, say, N greater than 30, 
1 have not actually measured the change in 
the value of R as the length increases, but 
1 have found that the standing wave ratio 
(SWR) without a Transmatch seems io 
approach a value of about 3, suggesting. 
that the wire feed-point impedance con- 
verges on some value near R + JX = 150 
+0 


Fig 4— Theoretical radiation pattern or a 
(Sot VLW at 14.3 Hz onentec 
vertically. Relatively Ийе energy is 
Concentrated in the main lobe 

Se nign gain (8448, torn 
Calculated with MININEG, a method of. 
Moments procedure, for a fat earth having 
Average sol conditions (a conductivity of 
mêl and a dlectne constant of 13). 


We can expect that the exact length of 
the wire, and whether or not it is some 
precise integral multiple of А, becomes 
relatively unimportant when the length of 
ihe antenna is very great, say, 10 
‘wavelengths (N = 20). The fluctuations in 
reactance, as well as in resistance, will 
become smaller and smaller although the 
resonant bandwidth, as а percentage ofthe 
‘operating frequency, gets narrower and 

T decided to use а length of 555 feet in 
practical tests. This is exactly two 
‘wavelengths at 3.5 MHz as calculated using 
‘the formula above, The length is found to 
be four wavelengths at 7.048 MHz and 


Fig 5—Varlalion in complex impedance of 
Am ended wira as ii becomes longer Tha 
Sune intersects tho resistance axe ( = 0) 
St oach integral тиде of М electrical 
‘wavelength Tho curve converges on а 
paint of zero reactance with a resistance of 
‘bout 150 ohms (experimental ound). 


eight wavelengths at 14.139 MHz, These 
are all CW frequencies! The resistive part 
of the input impedance will be high at these 
frequencies, minimizing ground losses. At 
the 21- and 28-MHz bands, the wire is 
probably зо long that length is not of much 
importance in determining the resistive 
portion of the input impedance. The 
Antenna is also close to one wavelength long 
at 1.8 MHz, 

Expectations were that, with this VLW. 
attached to a kite and flown at a high angle 
above the horizon, results would be good 
Tor DX as well as for stations at close-in 
distances. There would be plenty of high- 
angle radiation, good for local work at the 
lower frequencies. This prediction was 
verified dramatically in actual operation 
The more interesting tests were on 14, 21 
and 28 MHz. Although this antenna does 
тог have much lowangle radiation in 
theory, the horizon distance at an elevation 
of several hundred feet might allow for 
useful radiation even at angles of less than 
1° with respect to the horizon. I have yet 
to perform extensive tests to compare the 
VLW with other antennas at these 
frequen 

In any event there can be little doubt that 
the VLW is a good antenna for Stateside 
contesting, especially on the lower 
Frequency bands at 1.8, 35 and 7 MHz. lis 
stability for Field Day is obvious. 

"The general radiation pattern im the 
vertical plane for a VLW antenna 555 feet 
long, flown with a kite at an angle of 337 
(average) is shown in Fig 6 for 1.8, 3.5 and 
7 MHz. Maxima are indicated by arrows 
with lengths denoting approximate relative 
field strength or response. At bands above 
7 MHz, the pattern becomes similar to that 
of an isotropic radiator, somewhat 
favoring the “downwind” directions. The 
wire sag tends to filli the nulls and slightly 
attenuate the maxima of the actual 
radiaion/ response pattern. 


Advantages 

We would expect the VLW to have 
certain advantages, as follows. 

‘Simplicity: The VLW is easy to put up 
and take down. 

Moderate to low cost: The whole setup, 
not including tuner, can be had for less 
than S100. 

Wide-band coverage: The efficiency is 
excellent on all bands, 160 meters and 
down, with a Transmatch and single 
ground lead for each band, 

‘High efficiency: There is minimal ground 
loss and zero feed-line loss. 

Portability: The entire antenna fits in the. 
back seat or trunk of a small car. 

‘Diversity: Because of its great length, the 
VLW will act as a diversity system for 
receive, and presumably for transmit also. 


"ote appear on page 140 


Fig 6- Radiati/rsponeo patter for VLW 
at 55° angle with respect to the horizon. 
Jengin 555 feet. A! A: frequency 1.8 MHZ: 
a 35 MHz; at C, 7 Miz. The antenna 
тау be considered isotropic on amatour 
Frequencies above 7 MHZ 


Each half-wave section may be considered 
аз а separate antenna, all connected 
together at the feed point and spanning a 
length of one to several wavelengths 


Practical Considerations 

Now we will examine the mechanice of 
kite flying. Though “electric” kites are 
over a century old, they sil are useful 
Having chosen a 555-foot very-long wire 
to be supported by a kite, the problem now 
becomes a mechanical hurdle. A certain 
amount of wind is necessary, of course; in 
practice this wind must be over 5 to 7 miles 
per hour, but less than gale force. We must 
have a wire that is very lightweight yet is 
а good conductor. The whole apparatus 


‘must not be unduly expensive, 

T use two different kite arrangements, 
опе for light winds and one for heavier 
winds. A foot delta wing “ultralight” 
suffices for winds in the range of about 5 
to 25 mi/hy a Ferrari ram kite is used for 
winds in excess of 25 mi/h up to perhaps 
3540 mi/h. Aluminum welding wire of 
diameter 0.035 inch is employed, The alloy, 
called 5356, "is hard-drawn wire having 
approximately 900 feet per pound. It comes 
in rolls of 1 pound. Table 1 shows the parts 
needed for flying a VLW antenna, not 
including an excellent location and an 
antenna tuner with а fairly wide-range 
matching capability from 1.8 through 
29.7 MHz. 


Table 1 


Parts List for the Very Long Wire (VLW) Antenna 
Not Included: cholce of location and antenna tuning network. 


Description 

Kho, dota, 7 t 

ito, Fora ram, 4 fe^ 

Welco Aloy 5356 aluminum welding wire 
“pound rol 0.095 n. 

Ate swivel attachments, 50 pound* 

Tethering twine 

Spool, вест corda 

Alligator сїр 

өзб wre (min length possible) 

Bolt lor securing spool 

Grounding wire. 


‘Quantity Total Cost 
1 $25.00 
1 200 


EI 
190 
250 
E: 
EI 


КЕ 


"Into The Wind, 1408 Peart S, Boulder, CO 80302. Kies I use are part numbers 367 


(Sunbum deta) and 505 (Ferrari ram) 
available at welding supply shops. 
‘avaiable at most hardware stores. Tho spool 


has а handheld siding attachment and 


‘rank for rapid tuming and a minimum diameter of about SY inches. 
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Safety 

‘There are several important precautions. 
to be taken when flying an “electric” kite. 
First, the wire must never be able to fall 
оп à power line, Second, you have to be 
aware that substantial electrostatic voltage 
will build up on the wire under certain con- 
ditions, and this can be quite dangerous 
even in clear weather. Third, the wire тиз 
be tethered to prevent it from flying away 
if the wire sould break. Kite line, with a 
strength of the rated amount, should work 
well. 1 am fortunate to live in a neighbor- 
hood where all of the power lines are 
underground. The nearest above-ground 
lines are about 600 fee directly west of the 
house. Another set is at about 800 feet 
‘north-northeast; another is at approximately 
1200 feet south of the house. With a 
prevailing west wind, it is safe to Пу a kte- 
Supported antenna 19 more than a quarter 
of a mile. 

Jt is essential that the area near the 
station be surveyed and the nearest above: 
ground power lines found. Then, do not 
Пу kite-supported wires that are likely to 
fall on any of these power lines. Close 
watch must be kept on the kite so that 
changes in wind direction will be noticed 
before they can cause a hazard. 

Atmospheric statie is a different 
problem. The antenna must not, of course, 
be flown in or near thundershowers, in 
rainy weather, or if the weather is 
threatening. Alo, a kite antenna must not 
be left unattended for long periods of time, 
even if it will stay up. Once the kite is at 
A distance of about 200 feet from the 
station, it should be grounded by means of 
A wire loop that the antenna wire passes 
through (Fig 7). This looped wire is con- 
nected to the station ground, and this 
Station ground must be good at direct 
current. | have seen sparks jump more than 
% inch from ungrounded, kite supported 
wires. I have a friend who has seen sparks 
тар to 3 inches in sunny weather with a 
60000 kite supported wire for shortwave 
listening. These voltages can knock you 
down if they are allowed to discharge 
through your chest cavity. 

‘Once the kite antenna is at the operating 
altitude, a spark gap сап be connected 
between the output ОГ the antenna tuner 
and ground. This will keep electrostatic 
voltages from building up oa the antenna. 
For high power levels, a larger вар must 
be used. The protective wire-loop ground 
should be left around the antenna wire until 
After the lead-in to the station has been 
‘connected, and should be reconnected prior 
to disconnecting the station lead-in. In 
other words, the antenna should always be 
protected for static charges, Voltages build 
up very quickly on a free wire 

As long as the Kite and line together 
weigh less than 5 pounds no Federal 
Aviation Administration (FAA) restrictions 
apply, with one exception: The kite and line 
must not present а hazard to people, 
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Fig 7—Looping a heavy, bare wire around 
{he Mr support wre às ts lot out 
protects against electrostatic buildup. The 
егу wire should be grounded, 


property or alreraft, The kites I have used 
‘weigh less than } pound by themselves. 
‘Theoretically, I could Пу up 104% pounds 
ог wire—about a mile if the wind were 
Strong enough. 1 haven't red such a daring 
adventure yet. 
Favorable Winds 

Kite flying is, itself, ап art that requires 
practice, It makes an interesting biathlon 
with ham radio operating. A knowledge of 
the sorts of winds that are good For a 
particular kite, and the kinds of conditions 


in which kite flying is a pleasure versus 
those that make it a nightmare, comes with 
experience This experience can be gained 
only by playing with kites. | am not 
especially concerned with what people 
think of a 34-year-old man playing with 
Kites in the streets, but I have become 
rather popular with children in the neigh- 
borhood. 

T have used just these two kites for my 
antennas, because they do not pull 
extremely hard and do not require soph 
cated lines. Larger kites, with Dacron fying 
line along with the hard-drayn aluminum 
wire, would probably provide increased 
stability and reliability. I have in mind the 
possibility of obtaining a large delta- 
Conyne kite having а wingspan of 13 feet, 
4 inches Гог use with VLW antennas even 
longer than the present standard of 555 
feet. A better winding spool would 
probably also be necessary for use with 
Such a kite. A winch would be almost 
mandatory. 

Table 2 is a Beaufort table showing 
various wind speeds and the types of kites 
best suited for work at these speeds. The 
Kite configurations may include others 
besides those shown here. 

In my experience, winds of less than 5 
то 7 mi/h will not support any kite reliably 
‘enough to allow comfortable operation of 
VI. Winds of more than 40 mi/h cause 
All Kites to become unstable; they are apt 
To dive and ва tangled up in trees and other 
nearby objects. . 

For no-wind conditions, helium balloons 
may be used. A balloon of 40 inches 
diameter will support а considerable 
amount of wire. (See the accompanying 
article in this chapter.) The problem with 
balloons із that they tend to blow down in 
even a light breeze, and mishaps with birds 


Table 2 


Beaufort Scale of Wind Speeds, and Kit 
Various Speeds 


ite Types Best Suited for Work at 


Beaufort Speed, Bost 
Number тт ° Description of Wind Action Kite Types 
0,1 05 Smoke risas vertically or drifts; wind cannot None 
bo tt 
2 47 Шоп breeze. Wind fet on face. Leaves rustle. bels 
Wind vanos novo; 
з 8:12 Gonlebroozo. Loaves ала twigs in motion. gels 
gh fags extended, Dotta-Conyno 
4 1218 Moderato broozo. Wind raises dust and Dona 
Paper. Smell branches in motion. Flags fap. ele coe 
s 19:24 — Frosh broozo. Small ros in ea! sway. Delta Conse 
Wavelets form on lakes and ponds. Апо 
Ram 
D 2531 — Stong breeze, Large branches move. Airfoil 
Telephone ines whistle Ram 
7 3038 Strong wind. Whole trees in motion. Ram 
Walking impeded. 
в . Gale. Progrosavaly greater elec. Nor 
recommended 


are almost invariably fatal for the 
balloon—and perhaps for the bird as well 

Again, experience is necessary in order 
to get the best results with kite-supported 
antennas. So play around a while frst with 
‘ordinary kite line before attempting to Пу 
A VLW antenna. You might even want to 
Tead some books about kites and kite 
‘ying. Some interesting historical informa: 
tion can be found, such as the experiments 
‘of Marconi, and this is good reading in any 


Measuring the Wire 
“The length of SSS feet is not especially 
critical and need no be directly measured, 
In fact very close measurement can be 
made by resonating the antenna as a 2.25 
radiator at a frequency of 3.944 Mia. This 
frequency is found by using the formula for 
determining length fp fora mire of N = 
225%, and setting la = 555. 
225-0005 _ 2189 
9 [7 fun 


sss 


m 
fan = 2189 5.568 


We simply rel out wire until we reach the 
filth SWR minimum without a Transmarch 
at 3.944 MHz, indicating a length of 9/4 
0 2.25) (SWR minima will occur when the 
length is 1, 3, 5, 7, 9,.. quarter 
wavelengths). This SWR will not be exactly 
1:1, but the minimum will indicate near. 
resonance and in this way the length can 
be found quite accurately. 

It is best to have a tunable antenna- 
matching network. This allows continuous 
frequency coverage, whereas a simple 
transformer will not. The settings of the 
antenna tuner will be critical, especially at 
the higher frequencies where reactance fluc- 
tuations occur, and it can be expected that 
changes in adjustment will be quite rapid 
den for relatively small changes in 
operating frequency. This is because, for 
an antenna several wavelengths long, a 
slight change in wavelength moves the 
Current nodes а fairly large distance at the 
feed point. The difference adds up foreach 
wavelength along the wire, beginning t the 
Kie end. 

Jt should be mentioned again that the 
‘nearest above-ground power lines must be 
farther from the station, in the general 
direction of flight, than the length of the 


antenna wire. If there is any doubt about 
this, the wire should be shortened by reeling 
it in ший you are certain it cannot fall on 
а power line. 


Comparison Tests 
1 have compared this antenna with a 
“backward inverted L" on all bands, and 
have found that the Kite-supported VLW 
is superior almost without exception at 1.8, 
3.5 and 7 MHz. There is more testing sl 
10 be done, as of this writing, at 14, 21 and 
28 MHz. I do not have 10-MHz capability 
And cannot perform tests on this band. 

For receiving, gain of 5 to 15 dB is 
typical for the VLW over the backward 
inverted L. The difference seems more 
‘pronounced for relatively nearby stations 
(out to perhaps 1000 miles) than for DX 
м 7 MHz. The gain is dramatic for all 
signals at 1.8 and 3.5 MHz. There is less 
frequently a difference at 14, 21 and 
28 MHz, although rarely are signals louder. 
fon the backward inverted L than on the 
W. 

‘The VLW does receive more noise than 
the backward inverted L on all bands, 
Generally the signals are proportionately 
louder on the VLW along with the noise 
at 1.8, 3.5 and 7 MHz; however, on 14, 21 
and 28 MHz, signals are occasionally more 
readable on the backward inverted L 
because of this noise difference. Contacted 
stations agree that the VLW is superior at 
160 and 80 meters, This is generally true 
at 40 meters also, especially when the 
contacted station is “downwind.” 

Tests on the higher bands (20, 15 and 
10 meters) so far indicate that the VEW. 
performs at least as well as the backward 
inverted L in almost every case, When the 
station is “downwind” the VLW has 
definite gain over the other, up to around 
10 dB by observation. This is probably the 
result of the general directional effect of 
an arbitrarily long wire. There is a 
noticeable diversity effect on receive, so 
that there is less fading on the VLW than 
on the backward inverted L. It would be 
‘expected that this diversity characteristic 
‘would hold true for the VLW over other 
smaller antennas such as the Yagi or quad, 
for both transmitting and receiving. 

The VLW appears to have certain 
‘advantages and disadvantages, as follows, 


Advantages: (1) simplicity, О) moderate 
to low cost, (3) wide-band coverage, (4) 


high efficiency even with marginal ground, 
(5) portability, and (6) diversity оп receive 
(and presumably on transmit, too) 


Disadvantages: (1) large space require 
ment, (2) somewhat greater susceptibility to 
noise as compared with narrow-band 
antennas, (3) powerline and electrostatic 
hazards, (4) need for steady winds, and (5) 
need for supervision. 


Future Plans—The Ultimate VLW 


A true very long wire may be defined as 
‘one that behaves essentially аз an infinitely 
long wire; that is, such that adding more 
wire would not significantly change its 
behavior. When I can afford it, 1 wil test 
such a very long wire system. I prefer the 
lower frequency bands and have the room 
needed to use this Kind of antenna regularly, 

The system will include a 160-inch delta- 
Сопупе kite, a large Ferrari ram kite (prob. 
ably 10 square feet), Dacron flying line for 
the delta-Conyne, and, most probably, a 
heavier aluminum wire such as 0.040-nch 
diameter. 

For windless conditions, helium-filed 
balloons can be used, although windless 
conditions are rare in my part of the 
country, especially in the winter when the 
low bands are best. For those with the 
money and the space, an arrangement of 
this Kind might make а good starting setup, 
although I recommend setting some kiting 
experience before working with a kite 
capable of overpowering a person in a 
moderate to strong wind, 

‘The VLW is an antenna that may have 
escaped notice because of its uter sim- 
plicity, and because of our universal 
tendency to dismiss such an idea as gran- 
dose oF too simple to work. For those with 
a touch of madness as well as an aprecia- 
tion that an antenna can have artistic value 
аз well as practicality, and for those with 
the necessary physical space, the VLW 
might well prove a worthwhile antenna to 
"y 


je ian rvertod L wih a top section about 
100 fet long and а vocal zetor about 
30 tomt long with o vrtea section tthe at 
nd and отоо at he basa. wore 
Урса inverted È 
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the stage where the only requirement 
‘ofan antenna is to “get on the air," 
he or she begins to set up a more complex 
set of specifications. This “dream anten- 
‘na plan first starts out with a number of 
features to be included, but to make the de- 
sien more complicated many constraints 
also appear. Cost is one important factor, 
but so are other considerations. The plans 
тау have to allow for the size of your 
property, the covenants, conditions, restric- 
ions, and wishes of the XYL or OM, so 
the ultimate design is a collection of many 
factors and compromises. Throush the use 
of the tables and discussions presented 
here, you can select an antenna to provide 
for the type of communication desired on 
the HF bands. The data in the tables pro- 
vides the basis for selecting the best ap- 
proach based on performance and cost 
When deciding between antenna improve- 
ments or more power, remember that the 
antenna equally benefits the receiver, 

If one of the important features of the 
antenna system is to have the ability to 
‘work DX, the designer soon finds out that 
Jow angles of radiation are important. In 
"he past, the general rule of thumb has been 
to make the antenna as high as possible if 
using a horizontal antenna or o use a ver- 

cal mounted at ground level. If the hori- 
zontal design is required to get above local 
obstructions or for some other reason, the 
‘question is, "What is the best antenna 
system that will provide the desired 
results?” This sometimes has resulted in the 
examination of vertical radiation patterns 
‘of horizontal antennas at various heights 
above a perfectly conducting ground. The 
type of information availabe left much to 
be desired, for in most cases it was hard 
to determine decibel levels versus angles of 
elevation, and at best required a consider- 
able amount of interpolation. Further- 
more, most graphs do not show the effects 
of an imperfect ground. 

One of the first questions to be answered. 
as specifically as possible is, “What angles 
of radiation does my antenna need for 
Working DX?" The results of one study 
conducted to answer this question are 
presented in The ARRL Antenna Book." 
From this table i can be seen that when 
propagation permitted, 99% of the time for 
reception between England and New Jer 


S hortly after a radio amateur passes 


"ole appear on page 156. 
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sey on 7 MHz, the signals arrived at angles 
from 1010 35° above the horizon; for 10 
MHz, from 8 to 26°; for 14 MHz, from 6 
то 17%; for 18 MHz, from S to 127; for 21 
MHz, from 4 to 11 "and for 28 MHz, from 
3 to 9°, The ideal antenna system should 
provide maximum radiation and reasonably 
uniform gain between the angles specified. 
‘An antenna with a pencilsharp beam wi- 
thin the angles specified may give a super 
signal at times, but for consistent DX. 
would be best to cover as equally as possi 
ble the entire range of angles provided in 
The Antenna Book, 

With the availability of low-cost and 
relatively simple computer software, it is 
possible to determine how important the 
antenna-sysem design variables are, and 
how they affect the vertical radiation pat- 
tern. The antenna analysis program called 
ANNIE was made available in 1984 by 
James С. Rautio, AJ3K.* Using this pro- 
‘gram, I examined the information for con- 
ducting tradeoffs in the selection of 
antenna parameters in respect to antenna 
height, ground characteristics and anten- 
mà directivity in the vertical plane. Unfor- 
tunately, ANNIE does not automatically 
take into consideration the change of an- 
tenna radiation resistance as a function of 
antenna height. Instead, it requires that an 
adjustment (clement weight) be made to 
keep the antenna power constant forall 
heights above ground. Fortunately, at an- 
tenna heights above %4 X, the errors 
introduced are not more than 0.2 dB with 
the element weight held constant. To sim- 
plify the analyses once an element weight 


‘was selected, it was held constant in the 
data presented here, but this should not 
reduce the validity of the conclusions. 


‘Comparative Analysis of Antenna Types 


I started the vertical directive analysis by 
examining the most popular low-cost an- 
tennas used at many amateur stations. The 
abbreviations in the "Ant Type" column 
of Table 1 should be interpreted as follows 
Vert 025 is a vertical monopole % long 
with the base at around level; Vert 0.5 is 
A vertical 14 X long; Hor 0.258 is a MA 
horizontal dipole mounted % X above 
‘ground and the gain is measured broadside 
to the antenna; an "E" indicates gain off 
the end of the dipole; the V. antenna is 


xenna center 0.225 X high 
and each leg 4 à long. In Table 2, the VS 
0.188 antenna is a 14-A vertical monopole. 
s base is 0.18 X above ground level. It uses 
a +) monopole sloping at a 45° angle 
from horizontal at the base of the vertical 
section but not grounded at that point. The 
antenna is fed al the center or base of the 
vertical section with a balanced transmis- 
sion line. The "S" antenna is a -X an- 
tenna sloping 40° from vertical. 
Reference to the quality of the ground 
beneath an antenna system includes ground 
below the antenna and up to 20 or more 
wavelengths away. The quality of the 
around immediately below the antenna be- 
‘comes very important when the antenna is 
vertical and ground becomes part of ће an- 
tenna circuit, as with a ground-mounted 
343 vertical antenna. Then the quality of 


Table 1 


Gain of Popular 3.5-MHz Antennas Over Average Ground 
Decibel Levels at Angles Above Horizontal 
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Table 2 
Gain of Popular 7-MHz Antenn 
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the ground near the antenna base deter- 
mines the ratio of the power radiated to the 
power used to heat the earth in close 
proximity to the antenna base. For exam- 
ple, with a perfect ground (zero loss) 100% 
of the power is radiated. Ifthe ground loss 
{sequal to power in the radiated signal, half 
or 3 dB is lost to heat. 

‘The values used in this analysis for the 
sround conductivity (in milisiemens/meec) 
and dielectric constant are, respectively: 
desert 1, T; average 5, 15; good 20, 30; and 
жа 1000, 81 

"Tables 1 through 4 show the dB gain of 
the antenna as a function of height over 
average soil and are relative to the broad- 
side gain of a dipole in free space. Also 
shown is the gain asa function of other soil 
conditions. In some cases these tables con- 
tain values carried to three significant fig- 
ures, which is somewhat of an overkill as 
far as any one value is concerned. 
However, this accuracy was included to 
show that in many cases the differences be- 
een some antennas is rather small. Frac- 
tions of a dB difference between different 
types of antennas may be open to some 
question because the gain shown is direc 
ly related to element weight as discussed 
above. However, when antennas are simi 
lar, the element weight is about the same 
so thatthe results are not far off, Further. 
more, when listening to the beacon stations 
transmitting on 14.1 MHz, one can realize 
how little change there i in signal reada- 
bility with their 10.48 changes in output 
poner. To observe how trivial few dB are, 
so to а Hi-Fi radio shop and try out one 
Of their sets that has a dB read-out of the 
volume level. Check to see if you can de- 
tect the difference in 2 dB. Therefore, small 


differences in dB levels are unimportant un- 
les you are communicating under margi- 
nal conditions and that small difference is 
just enough to push the signal above or be- 
Jow the minimum signal-to-noise ratio for 
copying. Another justification for small 
improvements is if you сап collect a fair 
number of small gains, their sum may make 
а significant change. 


Discussion of Antennas Typically Used 

‘The selection ofan antenna becomes the 
greatest challenge when required for the 
lower frequency bands, namely 1.8 and 
3.5 MHz. Antennas for these bands are 
‘normally physically large compared to a 
typical city lot, and can place a strain on 
а small budget. The design of the support 
for these antennas may require the help of 
a good civil engineer when restrictions and 
esthetics are included in the problem 
Examples of popular antennas for the 


Table 3 
Horizontal Pattern of the V-S Type 


‘Azimuth Decibel Loves at Anges 
‘angie’ Above Horizontal 
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3.5-MHz band are given in Table 1. An- 
tennas for the 1.8-MHz band are similar, 
but remember that a 4-4 radiator for that 
band is about 260 fet long, so some form 
of а compromise probably will be 


that is notem- 
ployed frequently enough is the use of a 
Senter-fed radiator, The feed should be in 
the form of an open-wire balanced trans- 
mission line. For low power, TV twin-lead 
can be used. If radiation broadside to the 
antenna is desirable, а centered antenna 
makes a very versatile radiator. This form 
of antenna can be operated on almost any 
frequency. At the length of 0.64 each side 
оГ center, the antenna is known as an ex- 
tended double Zepp, which provides about 
3 dB gain over a 142» dipole and has a 
‘beamwidth of approximately 35°. On lower 
frequencies where the length is less n terms 
‘of wavelengths, the pattern broadens and 
‘the gain drops until the antenna approaches 
the characteristics of an isotropic radiator. 
Because of resistive losses in the antenna, 
feeder system and matching network, the 
efficiency of the antenna will drop when 
the radiator is less than У X long. These 
losses are typically small when compared 
to losses in an antenna depending оп à 
коой ground system (as in a vertical work- 
ing against ground). With good construc- 
tion techniques, satisfactory operation may 


Table 4 


Gain of Popular 14-MHz Antennas Over Average Ground 
Decibel Levels at Angles Above Horizontal 
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be found with a center-fed horizontal an- 
temna 20 to 25 feet long on cach side of Tablo 5 
center. Personal use of such an antenna on Gain at Critical Angles of a 14-MHz Ground-Mounted 14-\ Vertical Monopole 
80 meters has convinced me of the fact. — Versus Ground Conditions 

‘The vertical antenna gives good omni. 


directional coverage and may be the best Ground m Max B Angle of Max dB 
C listed in Deset о-ы 647 -ost 287 
Table 1. A sloping 14-A monopole (noted Average 018 -480 077 26% 
MS DUO Rr DER уну at manner” =] 476 421 402 14° 
stitute for the vertical, Thisantenna could мы 88 421 ш 
bean insulated guy fora mast with а height 

of 55 fet ог greater. By selecting which guy 

Js fed, a frontto-back ratio of 4 db or more 

‘ean be realized. Not shown in the tables is 

the fact that maximum gain is realized at 
E 


of the horizontal antenna at high angles 
and broadside io the antenna is useful Gain at Critical Angles of a 28-MHz Ground-Mounted den Vertical Monopole 
mainly for local communication. Another Versus Ground Conditions 
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"The antennas considered as candidatos 
for use on the 7-MHz band are shown in 
"Table 2. On this band the size and cost of 
an antenna are much more reasonable. lated for 10° (the lower angle of DX recep- low angles required for this frequency. This 
Here the possibility of two horizontal ¥- tion on 40 meters) 35° (the upper limit), | provides another good argument for using 
antennas oriented at right angles о each and 22* (the median angle). horizontal polarization for the bands at 
other and mounted at a height of 95 Ais ALIS MHz and above, the size of an an- 14 MHzand above, The advantage of using 
hard to beat except at radiation angles of tenna becomes even more manageable for horizontal polarization оп 14 MHz and 
10° and below. L these low angles are not the average ham. With ¥ Nat 14 MHz be- above is shown in Tables 7 and 8. With 
important, the inverted-V dipole with its ing only 33 fest, it is possible to either ro- | horizontal polarization it can be seen that 
center at 4 X is a very close competitor. | ate the antenna or have several fixed arrays the quality of the ground has less effect on 
A compromise antenna isthe one labeled | to cover the desired directions. As can be the field strength over the range of angles 
VS, vertical and sloping. This antenna seen from Table 4, the competition is be- for optimum DX. The program ANNIE 
consists of a ИА monopole with its base tween the heights of the horizontal han- provided the data shown in Table 9. This 
‘mounted at 0.22 (31 feet) above ground. tenna. Later in this paper, 1 will show the | table shows essentially that, irrespective of 
The other half of the antenna is a mono- optimum height for DX. No, it's not al- the antenna type, there is just one best 
pole which runs from the base ofthe verti- ways the higher the better! height to maximize the signal in the range 
cal element to ground level at an angle of — Should you desire omnidirectional cover- of angles bes for DX. This height is slightly 
30° from vertical. An open-wire Feeder is age, minimum space requirements and/or over 1.2. Less height reduces the signal 
ched at the junction of the two ele- — to disguise your antenna, you may choose strength at the low angles while raising the 
The desirable features of thisanten- а vertical antenna. Table $ provides the signal level at the upper angle. Heights over 
re its good low-angle performance and decibel-response levels at the upper and the 1.2 do the reverse, and will place a 
‘moderately omnidirectional characteristics, lower angles for optimum DX coverage very deep null in the range for optimum 
If four sloping elements are provided when the antenna is mounted over differ. communication, This 1.2 A at 14 MHz 
(which also can serve as guys if properly ent grounds, It is obvious that the beter equates 10 an antenna height of approxi- 
insulated from the mast and ground) and the conductivity and the larger the dilec- mately 85 fect. Ап interesting fact is that 
if a means for switching to different slop- trie constant of the ground, the better. This 85 fect turns out to be about the optimum 
ing elements is used, some small amount table will tell you whether to move to the height for all frequencies from 14 MHz to 
of directivity can be obtained; see Table 3. seashore or buy an amplifier. Remember, 28 MHz. 
in, remember that plus or minus that ground must extend for many Тһе question about vertical steering of 
п а good signal will be hard to wavelengths from the base of the antenna. the antenna lobe in the 14 10 28 MHz range 
detect. The height of the vertical element This is because the data presented heres was answered by the program ANNIE. The 
‘an be reduced to make for easier construe- based on the signal reflected from the answer is that the best configuration has 
tion if the angle of the sloping monopole — ground, which adds to or subtracts from the ай of the elements horizontal and in the 
is increased toward 90°. See У-5 0.06В(ог signal radiated skyward depending upon same plane. Any deviation will result in less 
E), but note that some low-angle gain is е phase and amplitude. Note that losses signal strength. The way to steer the anten- 
sacrificed. in the ground for the return of current in па lobe in the vertical plane is to change 
The directional characteristics of the your antenna system are not included here. is height above the ground, 
V.S antenna are shown in Table 3. The Table 6 provides the same type of data 
90" angle is of the back side away from аз above except it is for operation оп Conclusions 
the direction of the sloping clement, Zero 28 MHz. These data indicate that fora The information presented here will serve 
degrees is off the side and 90° is in the radiator, the type of ground has greater as a quantitative guide for antenna selec- 
direction of slope, The dB levels are tabu- effect on the radiated field strength at the боп and for conducting tradeoff studies for 
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improving your ability to hear and work 
DX. It will give you a good idea where the 
best place is to spend your effort and 
money to maximize the gain. This infor- 
mation evaluates the antennas in the real 
world, not hypothetically with an infinite- 
ly conductive ground or in free space. The 
table values permit a numerical evaluation 
зо you can determine whether you should. 
buy a new beam, a new tower, more pow- 
et, or move to the sea coast. 

Remember that | or 2 dB is a trivial mat- 
ter unless your typical communication in- 
volves digging signals out of the noise. In 
the choosing of an antenna the important 
area to check is if the antenna will put the 
signal where you want it. The large loss 
typically off the end of a dipole at low radi- 

tion angles is something worth consider 
ing and avoiding. The fact that a vertical 
antenna provides a few dB less in a favored 
direction may be acceptable considering 
that itis omnidirectional and has low-angle 
radiation capability. The vertical sloping 
antenna (type V-S in the tables) may be 
worth a second look if you want to favor 
some direction or need а slight front-to- 
back ratio and the ability to roughly choose 
the direction (within 90°) 

If you really want to maximize your sig- 
nal in some favored direction, a beam will 
help, but the beam must be at the correct 
height if you want to place the vertical lobe 
correctly for optimum communication. The 
vertical postion of the antenna lobe is just 
as important as rotating your beam to place 
your antenna lobe at the correct azimuth 
angle 

ANNIE provides interesting conclusions 
regarding vertical antennas where it shows 
the gain versus length of antenna as a func- 
tion of operating frequency. The quality of 
the ground determines if gain is increased 
as the antenna height is increased from Y. 
1o 14A (both antennas mounted at ground 
leve). When the quality of the ground is 
good or better, the longer antenna is bet- 
fer and the greatest improvement for the 
longer antenna is at the lower angles of 
radiation. 

‘Although the vertical antennas present- 
cere were limited to И and Y A, ANNIE 
docs shown that several dB of gain can be 
realized by increasing the length to 0.64). 

‘After reviewing the above data, the next 
antenna I erect will be a version of the IK 
type. It will have two parallel horizontal 
radiating elements spaced about 10 feet 
apart and each driven at its center with а 
balanced transmission line to provide equal 
power with a 180° phase difference. The 
length of the radiating elements will be 18 
1022 feet on each side of center. The ideal 
height for this array is about 85 feet above 
ground level. Less height is acceptable at 
а cost of decreased gain at low angles of 
radiation 

Note that my antenna differs from the 


Table 7 
Gain at Critical Angles of a 14-MHz YA Horizontal Dipole Versus Ground 
Conditions 

Height = 0.5 ; indicated responses are broadside to the antenna. 

Ground. 17° e.  MaxdB Angle of Max dB 

Desert 318 -399 452 

Average 353 386 503 

ood 376 -378 бат 

Sea so -378 59 

Ped 402 -381 801 

Table o 

Gain at Critical Angles of a 29-MHz ¥4-\ Horizontal Dipole Versus Ground 
Conditions 

Height = 1 Indicated responses are broadside to the antenna. 

‘Ground e, „„ Масов Angie of Max dB 

Desert as -544 520 145 

Average all 3.87 ба qae 

(Good 42 -328 5% 1% 

Table © 


Beam Coverage of 14-MHz Reception Band With Average Ground Versus 


‘Antenna Type Comparison 


Antenna 
Type „„ об mada 
Hor Dipole — 362 302 557 
80 Тура тю 711 94 
Yagi 38 1002 юм 1254 


“неу in wavolongtne 


‘Angie of Antenna 


мәх ав нор 
T 1235 
0 1508 
тб "mo 


‘JK antenna, which specifies . radiators 
оп each side of the feed point. As long as 
the radiators on each side of the feed point 
эге of equal length, the antenna will work? 
"The only time length becomes critical is 
when each side of center exceeds 5/8 A 
where multiple lobes start to form; the 
‘other condition is when the length is much 
Jess than V X where losses must be consi- 
dered in the feed line and matching net- 
work. If these losses are minimized, 
‘operation on 80 meters should be accepta. 
ble. In fact, on-herair tests have proved 
this fact, 1 will probably raise a few eye- 
brows when I tell my 80-meter contacts to 
жай a few seconds while I rotate my beam. 

This antenna will operate with good ef- 
ficiency on any frequency from 10 to 
30 MHz, and between these frequencies it 
‘ill provide within 3 dB of the maximum 
gain of a 3element monoband Yagi. As 


‘operation approaches 30 MHz, its gain will 
almost equal that of the Yagi. No dimen- 
Чоп is crucial as long as each radiating ele- 
ment is the same length. The antenna can 
be light weight and offer low wind load, 
‘which will make it simple to rotate. IT T 
want to equal or exceed the pain of a 
3-element Yagi, I will add another identi 
‘al array about 0.4) (at the lowest operat- 
ing frequency) above. The vertical height 
‘of the antenna will be about 85 feet to Ihe 
enter of the array. The two ses of arrays 
willbe fed in phase. A big feature is that 
all adjustments are made at ground level. 
No tower climbing is necessary to make ad- 
Justments for a lower SWR. 

‘What will be an inconvenience is the fact 
that the Teed to the elements must be via 
A balanced transmission line. The feed line 
must be tuned to transform the antenna 
load ioa So-ohm unbalanced line to match 
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the modern transceiver, Alo, the radiation 
pattern is bidirectional, which may or may 
not be a disadvantage. T certainly won't 
have to be concerned whether the short 
path or the long path is best 

1f the inefficiency of this antenna turns. 
ош to be a problem at the lower frequen 
cies, а second antenna will be the vertical 
sloper noted as V-S in the tables, By select- 
ing which of four sloping elements is 
driven, a preferred direction can be select- 
fed to provide a small gain with а small 
front-to-back ratio. This antenna will have 
to be fed with a tuned balanced transmis- 
sion line but will have the advantage of 
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‘operating with good efficiency on any fre- 
{quency where the element lengths are more 
than 1/10 long. The maximum frequen- 
cy should be limited to the point where the 
clement lengths exceed 5/8 unless a 
‘multiple-lobe vertical pattern is acceptable 

Perhaps the small gain figures of the V.S. 
antenna may not be very impressive, but 
the 10 dB or so improvement over the radi- 
ation off the end of a fixed horizontal an- 
tenna ls highly significant, Also the V-S 
antenna compares favorably with the gain 
of a horizontal dipole mounted les than 
M A above ground. 

In my opinion, the single-band Yagi for 
the HF bands is about as out of date as a 


arystal-controlled transmitter of pre-World 
War П vintage 


Notes 

"GL Hal Es. The ARAL Antenna Book, 
"sh ation Чаап АЯА, 1889), p 2317, 
E 


чл C: Вале, "Tho Effect of Real Ground on 
‘037, Nov 1984 p %. 

rue WB апау сопа of our X lamenta 
porat in а colineand.tre arrangement 
Tie vedators are shortened tony V Keach 
Sip conor to antenna босата simpy a 
Ме йотоп prasad array end approxmbty 
368 of gan wil bo dae ed čo, 
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A Ham’s Guide to Antenna 


Modeling 


By Steve Trapp, N4DG 
24768 Mango St 
Hayward, СА 94545. 


omputer modeling of an antenna 
( System is a practical approach, now 

‘that many hams have computers at 
home or work. If you are putting up a stan- 
dard, well-matched antenna, you may need 
no more analysis than referring to the 
tables in The ARRL Antenna Book. But 
if your antenna is a short dipole or loop, 
or if it needs а matching network, you may 
‘want to use a computer to estimate the i 
pedance at the transmitter. This paper 
presents equations and suggestions on us- 
ing a computer to calculate antenna system. 
efficiency and impedance. 

My particular dilemma was having to live 
with a moderately invisible 33-foot-long 
apartment wire to ап adjacent building and 
the desire to work all the HF bands. My 
shack location puts my rig at the other end 
Of 80 feet of RO-BX coax. 1 don't mind go- 
ing out to the balcony to Пір а band switch 
if there is по decent way to tune the anten- 
та from my matching network at the rig. 
My goal was to make rough predictions on 
the various matching networks I wanted t0 
"ry at the antenna base and at the rig. This 
forced me to know the effects of the an- 
tenna, coax and matching network. 

(One rule came up several times in the 
model and design iterations: Without good 
‘measurements, your results will be rough. 
This is particularly true with an antenna, 
where impedance is hard to predict. It is 
also generally easier to refer to a Smith 
(Chart (or other faster analysis) to guide 
yourself in the rough design. However, 
‘computer analysis helps you to understand 
the compromises in your design, and allows 
you to see the antenna system response at 
many frequencies, through the line and 
matching network. 


(Component Modeling 

To perform network calculations you 
need to find the impedance of all the com- 
ponents. Eqs 1 and 2 are nothing new, just 
the reactance of capacitors and inductors, 
sealed to use more convenient units. Му 
analysis program (on CP/M Turbo Pascal) 


‘overflowed until I scaled the frequency, 
capacitance and inductance. 


= hms (Еф 


E 
Zr Tae бур 
XL = 4/2 fun Lan ohms (Ea 2) 


As RF current is confined to a thin lay- 
er near the surface of the wire, the wire loss 
is important to consider, especialy in low- 
impedance (loaded) antennas." Since the 
current through an antenna decreases 
toward the tip, you should use around half 
the formula resistance value. Conversely, 
the resistance value shouldbe increased for 
inductors, because the magnetic ficld causes 
increased concentration of the current. The 
‘optimum wire size for air coils should give 
э 10% го 359» wire diameter to pitch ra- 
tio, decreasing with the coil lengh-to- 
diameter ratio? With the precautions 
mentioned, the wire resistance in ohms is 


Ruin = 0.0010 lengthg ohms 


вазу 


Iisa good idea to make rough estimates 
ofthe series resistance of al coils and capa- 
citors. Doing so helps avoid the computer 
giving you impossibly good results or over- 
flows at resonance. To model the effect of 
соге or dielectric loss in an inductor or 
capacitor, you could add a resistance with 
a value of R, = ОХ. 

“Transformers can be modeled to include 
the effects of imperfect coupling, 
capacitance, and finite reactance-to- 
Impedance ratios. The following formula 
will give the impedance that is seen at the 
primary terminals of a transformer with the 
secondary loaded? 


2 
ee bin, 
Zo Xue At Rag oh 


(Ea 4) 


"Notes appear on page 16. 


where 

Xuy and Хш = primary and secon- 
‘dary impedance of the windings 

Ticas = impedance connected to the 


metas that coud replace the 

Fee sn te oad 

k “осп upne (approaches 
T a tay coupled tanto 


‘This formula reduces to the familiar 
No. step-up of impedance when К 
approaches 1 and Хы is much greater 
than Za 


Network Analysis 

"The fastest and easiest way to calculate 
he response of а matching network at 
many frequencies is as а ladder network. 
The computer figures the effective 
Thevenin source voltage and series 
impedance as each part ofthe network is 
added. The calculation is repeated for every 
frequency to be analyzed, 

To analyze stating from the antenna, 
assume you have a one-watt signal existing 
a the antenna impedance. The calculations 
“walk through" the rest of the circuit, 
modifying the effective source voltage and 
impedance to reflect the influence of each 
рап. Finally, you note the voltage at your 
50.0 rig. You can calculate the loss of your 
antenna system as well as the load im- 
pedance along the way. Remember, in 
calculating the output power, even a per- 
fect match would have half the Thevenin 
Voltage across the load 

The effective source voltage and im- 
pedance are calculated for each successive 
рап. For series components, use Fig along 
with Eqs 5 and 6. For paralle components, 
use Fig 2 along with Eqs 7 through 9. 


Ve = Vas Eas 

Zae = Zaa + Tui [DI 
Zour 

Vaw = Voi eer ал 
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142 MHz i l 


or a] pum. 
Luo e $7 a om T. 
te 20 EE 


NERO Sm PDA SUN AG TRANSMITTER MATCH NETWORK ANTENA 


Fig 3—Antonna matching network. Resistors shown with broken ines represent loss 
resistance in the сой, capacitor and associated connections 


: Su A 

O m ‘Step 1. Start with the source impedance M 
and voltage. Va = V3 x у tyg = (088 jm 
Zi = 50 +00 


КЕЕ 1 
Step 2. Add the series inductor by Eq * (1000 + 0) + (1000 — 73) 
F compro oa sand ane te cl nas © oF 108 
ky 
+ Rag) 270 X 
Z2 = 0 t Rog tJO + xD = 246 ову = V 
"EM 
‘Step 3. Add the parallel capacitor using power с q Vina Var? 
Ba US hee ec ase mm 
Ge We e e er neat 
1 
Жесе ded. 2. M6 ay was 
FEET: 055 i 
: Dt OTR 
i The constant 4 is required, as mentioned 
z 2 E previously, because even a perfect load has 
E Жу Мше Teen ease atu E 
(Ea 9 3212 + JIA 0.7 = 7296 Thevenin models assume the transmitter 
Bete а ai Ер ara мачо таш 
E ioiai, таме ander adm ee sure ine 


pedance was given cartier in Eq 4. If you Apply Bq 9 to each 1/Z value in the pedance. The load inefficiency was already 
Ere simulating s circuit and know the denominator and combine terms. Applying considered in the transmitter design, 
Thevenin equivalent source connected to Ea 9to be result yields Z3 = 1000 — J30. Тизе this circuit at the base of my 40-m 


i rier tn ore can e Se кыд 
formed” to a new effective source from? „ the antenna is resonant, but at a high im- 
ш: 8 М0 07 - 19 pedanee. 
Xim Vs 0 Suggestions for Calculation 
ne = gE a 
Zue + Kipi qam, 33 - JU 1) Store your impedances in an array so 
"m (07,29 0080 soos Ice ly тошу de component 
Zne = ien = ваш 


DEIR an CEDE MR 
S ity 
rm 


ret 


where 


V, Z, form the source connected to the (When multiplying two complex terms such 


Transformer primary as here, remember that = —L—Ed] reciprocal subroutines, In BASIC, or lan- 
Ут» Zine, form the resultant source Nota bad match fora 1000-0 12 dipole! guages without subroutines with argu- 
‘that includes the transformer ‘To see what the voltage would be under a ments, you could use the position of the 


Xu = VE Ха Nie, the mutual LA Toad, we proceed to the last step. real and imaginary elements in an array to 
e Step 4. Apply the load impedance in | refer to the complex quantities. 
parallel (across the source), and use Váro 4) Decide what values will probably be 
ве the power. Since this is the last step, we | changed often during your design iteration. 
‘Suppose the network of Fig 3 is at the don't need to know the Thevenin source The frequently changed values can be typed 
base of an antenna, fed by а 50.0 соох line impedance. The resistance used in the pomer in at run time and the more constant values 
from a transmitter supplying 50 watts at calculation should be the resistive portion сап be stored in the program text. Use of 
14.2 MHZ. of the load. a quick edit-compile-run environment such 
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Fig 4—Model ol transmission ine, 


эз QuickBASIC or Turbo Pascal will help 
blur the distinction and make program 
changes easier. 

5) Print out intermediate results to check 
Your program and help guide yourself in 
“tweaking” component values. You can 
eliminate the printouts later, or have a vari- 
able that enables these printouts. 

'6) The Thevenin source voltage is nor the 
voltage measured across that portion of the 

мй. It is the voltage at that point in the 
circuit without any further loading. It is 
generally greater, but in the middle of a 
dien O circuit can actually be much less 
than the actual voltage 

7) All simple circuit combination calcu- 
lations can be performed without the use 
‘of any tig functions to preserve accuracy 
‘and speed, as shown in Eq 9 above. 

З) For easy design iteration, it is good to 
have both the ability to do simple im- 
pedance calculations and a full network 
simulation. I frequently found my program 
100 restrictive in not being able to jump 
imo smaller subcircuitsto quickly see what 
‘would resonate away small mismatches 
My HP-15C calculator can perform com- 
‘plex calculations, which I use while the pro- 
gram runs to modify component values. А 
more versatile program interface, where 
You can save and combine networks, would 
hei. 


Modeling Coax Cable 
The impedance Z, looking into a trans- 


mission line of impedance 2, and termi 
mated by an impedance Zp ls 


Ze cosh vx + sinh vx 
% = Zo co vx + Zr sinh vx 


(Esta 


=a +B 
а = attenuation constant in nepers 
(8.686 dB) per unit length 
В = phase constant in ra 
length О x x length) 
x = length of line 


dess lc dus 


Fig S— Radiation resistance ol dipole antenna versus s length for various lenghiam 
ralos. Note that lor a fixed conductor diameter, tne lengtnídtam ratio changes when the 


length is adjusted: (Afer Johnson and Jas) 


cosh vx 


(em y een) cos Bx + ев = e—a) sin Bx 
B 


sinh vx 


(et = en) cos Bx + Дев + e-m) in Bx 
E 


Simulation Method of Solving 
"Transmission Line. 


"The above equation assumes a uniform 
dB loss per length. 1 was interested in 
‘checking the loss of the cable under high 
SWR conditions, where the loss would 
probably be worst atthe impedance ex- 
tremes, Its possible to break up the line 
чо a series of small L-C pi networks that 
imulate the cable transformation of load 
impedances, Fig 4. For accurate modeling, 
the pieces should be no bigger than one per- 
cent of the wavelength. This method of 
analysis is lowed by the need for looping 
the calculation down the transmission line, 
but does not require any trig or log func- 
tons. The resistance R,,, assumes all the 
loss is due to skin resistance and none due 
to the dielectric. A better model would have 


a portion of the loss as a parallel resistance 
representing leakage loss. 


teng „ 
ee E базу 
m 
inc NES таме 
— 
he m Vim 
(Eq 15% 
tere 


Zo = characteristic impedance of line 

VE = velocity factor of line 

© = velocity of light, sealed as are L, C. 
and length (083,6 f/ps or 299.8 1/45) 

length = length of each iterated piece, 
Jess than 1% of a wavelength 

Вр Гов and (p = set of loss, 
frequency and length data from coax 
loss tables. For accuracy, use loss data 
near the frequencies of interest. 


Modeling the Antenna 
Having an equation for something seems 
to give a result some legitimacy and exact- 
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ness. In modeling the real world, that isn't 
“always tre, This is certainly the case with 
‘antennas, But we are only looking for a 
result sood enough to preserve your signal 
and transmitter. An impedance error of 
10% would be a good prediction, and 
would affect your SWR only marginally. 
‘The exception is with high-Q loaded anten- 
паз or networks, where a small change in 
value will throw the SWR off. 

‘An antenna impedance will depend on 
height, ground conductivity, orientation, 
wire diameter, length, frequency, the effect 
of surrounding objects and the connection. 
hardware. Because of the greet variabil- 
ity on antenna impedance, itis best to 
either build the antenna and make measure- 
ments, or to accept а rough estimate in 
advance 

"The antenna impedance equation I used 
included the effect o conductor diameter. 
‘The best bandwidth comes with wide ele 
ments; my no. 18 wire was а necessary 
compromise that I wanted to investigate, 
Tineluded a rough multiplying factor in my 
amenna model to account for the V shape 
and the ground proximity. 


СЕСЕ 


j [e d L i) cot cen - x 00] 


(Ea 16)" 


here 
2 = impedance of a center driven 
dipole antenna of total length 2t and 
radius а. 

(k = 2% = electrical length of one 

element in radians 

(Cand а are the length and diameter of 

‘each element 
ROD) = 19.94 (k)? + 2.83 (k) + 
0.19 (KDE + 0.10 (KDS 

X) = 7.98 (kl) + 23.96 (KI) 

= 32.99 (KD + 22.73 (IF 
ET 

Eq 16 is good for antenna elements 
shorter than % V, Above that length, it i 
best to refer to graphic data. To avoid the 
need for storing and interpolating the table 
data for RK and ХКК), 1 fit the data to 
polynomials, accurate to 0.1 Q. 

When the length of each element is 
longer than И 2, the real impedance will 
rise and the reactance becomes inductive. 
‘The change in impedance and reactance wil 
be much smaller if you can use wide cle- 
ments, as shown in Figs 5 and 6. 


Summary 

My antenna system, simulation program 
and calculation methods have evolved over 
the last few years, My Pascal program 
creates а data type, Thevenin, which is a 
combination of two complex data types. 1 
wrote subroutines to create, add, multiply 
and invert complex numbers. Thevenin 
sources can be created and placed in series 
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Fig 6Reactance of dipole antenna versus ts length for various lengtvalam ratios. See 
rote in Fig 8 caption. (Aer Johnson and Jas) 


or parallel. The routines would be faster 
if they combined sources with impedances 
and ignored the phase of the voltage, but 
T made all impedances Thevenin networks 
for generality. My program shows the im- 
pedance and power at several places in the 
circuit numerically, and finally in a graphic 
form 

Ladder-network simulations are good 
for problems with опе source and one load 
which includes most antenna systems 
without multiple radiators. Full N x N 
matrix solutions require more computation 
and are not required in these cases, Solving 
opamp filters, Wheatstone bridges, ete 
cannot be described by a simple ladder 
network and requires a more sophisticated 
solution. 

The L-C network coax model does a 
good job of simulating test cases (10:1 im- 


pedance mismatch, et) and transforms my 
simulated antenna impedance to match the 
antenna tuner settings. 

T began the antenna simulation by inter- 
polating graphic data.!? The wider con- 
ductor used in the graph seemed to 
compensate for the proximity of my 
antenna to the ground, giving good 
agreement with my measurements. When 
1 began using formulas, I had to modity 
the impedance values and effective antenna 
length slightly to account for he effects of 
the L-shaped antenna, ground and metal 
proximity. 

T wanted to find a “canned” equation 
for antenna impedance in terms of length, 
diameter, shape, ground, ete. 1 couldn't 
find anything that reduces all the complex 
interactions into а formula. There ae really 
оо many more effects to be considered. 


This is why measurements, graphs and ex- 
Perimentation are necessary. 

T initially avoided putting a second 
matching network at the antenna base, but 
the high impedance of the 33-foot wire on 
the 80, 20 and 10 m bands makes the system 
lossy and critical to tune. However, I was 
able to operate on 20 m for over а year by 
using a Transmatch at the rig, and the 
matching settings could be verified by the 
computer. 

(On 10 and 15 m the coax is a few wave- 
lengths long, the matching network had a 
high Q and unknown stray reactances, and 
the computer predictions did not do as well. 
‘This demonstrates that your computer pre- 
dictions will never be any better than your. 
data, verifying the computer proverb, 
"Garbage in, garbage ош.” 

designed an antenna base matching net- 
work where the antenna is plugged into one 
Socket for 80 m with inductive loading, one 
Tor 20 and 10 m that reduces the high im- 
pedance to near 5011, and one straight to 
"he coax for the naturally resonant 40- and 
15:m bands. The trickiest part in modeling 
the performance was the 80-m loading сой. 


The reactance of the antenna is about ten 
times its resistance, зо my 20% deviation 
їп actual reactance made the inital соах 
SWR high. 

‘One other lesson I learned is to think as 
much about an unbalanced "grounded" 
radiator as the hot one. Unless the antenna 
is а ground plane, the voltage and current 
at the junction of the grounded les will be 
as high as the hot leads. If the antenna is 
asymmetrical, the ground leg will have an 
independent contribution о Ве impedance. 
For example, my loaded 80-m radiator has 
а radiation impedance of 10-15 ©, but the 
%3 element connected to the shield raises 
the total impedance to about 5011. Another 
thing, your computer won't tell you if you 
have a nonresonant ground -side radiator. 
Both elements should be loaded inde 
pendently or your "ground" may become 
very hot, but the loading impedances сап 
be combined for the ladder network model. 

Thope this information will let you start 
making computer estimates of what is hap- 
pening with your antenna, feed line and 
tuning network. Computer modeling allows 
you to experiment with a concept and 


esimaté the outcome. Your result will be 
as good as your model. 
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A Window Slot Antenna 
for Apartment Dwellers 


By Ermi Roos, WA4EDV 


7400 Miami Lakes Dr, Apt 0-208 
Miami Lakes, FL 2001 


ams who live in apartments or 

condominiums face the severest 

restrictions, imaginable to their 
Amateur Radio activities. Often, no out- 
door antenna of any kind i permitted. This 
usually limits the ham to using a short in- 
door antenna, Short antennas are accept. 
able if operation is restricted to the УНЕ 
and UHF range, but if the antenna must 
be indoors, performance is still likely to be 
poor. This is because the steel and concrete 
sed in the construction of large buildings 
Shields and absorbs radio waves. 

"The Window Slot antenna described here 
is an indoor antenna that functions nearly 
as well as a comparably sized outside 
antenna. The concrete and steel building 
materials actually help, rather than hinder, 
the performance of this kind of antenna. 
Not only will the apartment building not 
obstruct the radiation of RF energy, but the 
building itself will radiate some of the 
energy. By converting the building from a 
shield to a radiator, it is possible to obtain 
much of the performance of an ou 
Antenna from an indoor antenna. 


Slot y Wire Antennas 


Most antennas used by amateurs are 
made of wires or metal rods. A transmit. 
Ter causes RP current to flow along the 
lengths of the wires or rods, and the cur- 
rent generates RF radiation. Energy [rom 
а radiating wire inside an apartment 
building is attenuated by the walls of the 
building. 

A slot antenna is made by cutting a long 
narrow slot in a metal sheet. RF power is 
applied to the slot, and RF current flows 
all over the area of the sheet. Fig 1 iu- 
strates the essential differences between the 
two kinds of antennas. The current in the 
‘sheet causes the radiation of RF energy. BY 
placing the slot antenna on a window, the 
walls of the building become an extension 
of the metal sheet. Some RF current flows 
through the walls, causing them to radiate 
power. Therefore, a slot antenna mounted 
Оп a window converts the building from a 
shield to a radiator. Of course, the walls 
эге not as effective at radiating power as 
a metal sheet, but fortunately, most of the 
‘current flows in the immediate vicinity of 
the slot. Thus, the poor efficiency of the 
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Fig 1— comparison between the wire 
Antenna and the sor antenna. ALA, RF 
Current of а wie antenna їз carried only 
"long the wiro. ALB, RF current of a cot 
Antenna le spread out over the metal sheet 
Surrounding the sr. 


walls as radiators will not greatly affect the 
antenna performance. 

If the slot is cut їп the horizontal direc- 
tion, the radiation will be vertically 
polarized. Unlike a slot, a wire or rod 
antenna must be oriented vertically in order 
то obtain vertical polarization. This charac- 
teristic of slot antennas is very useful 
because the windows of most modern 
apartment buildings are longer horizontally 
than vertically. Itis therefore usually easier 
to mount a horizontal slot in а window 
than a vertical one, Because of limitations 
in the size of windows, the Window Slot 
is most useful in the VHF-UHF spectrum, 
and vertical polarization is most often used 
fon these frequencies. 


Construction 


Each Window Slot antenna is a custom. 
construction project because it В necessary 


to design an antenna for the particular 
‘window being used. Some general construc. 

tion hints will be given here, The severest 
restriction in the use of the Window Slot 
is that the window should Face in the direc- 

tion of desired operation. Usually there wil 
be litle choice im this matter. In most 
apartments the windows face in onc, orat 
‘most, two directions. In your apartment, 
if you are lucky, the window you wish 10 
use faces а favored direction. Even if this 
is not the case, the antenna will radiate in 
‘other directions. The best operation will be 
in the direction outside your window. А 
power amplifier will help make the anten- 
na useful in unfavorable directions 

"A second construction constraint is that 
the antenna should not be conspicuous 
when viewed from the outside, and the light 
shining through the window should not be 
blocked, This means that the antenna 
should be made with metal screen instead 
of solid metal sheet. Copper is the best 
‘material to use, but today copper sereen is 
very expensive and difficult to find. I is 
Tar more economical to use aluminum 
screen. The main disadvantage in using 
aluminum is that it is not аз easy to solder 
as copper. Although soldering of aluminum 
is difficult, it is by по means impossible, 
and the necessary techniques are described 
later in this paper. 

"The size of the window used is another 
important constraint. To accommodate 
different window sizes, three different con- 
figurations of the Window Slot are 
described here. The largest i the fll-wave 
antenna, Fig 2, which is useful for very 
large windows or extremely high frequen- 
cles. This would be the best lot size to use 
if window dimensions and the operating 
frequencies permit it. The half-wave 
antenna, Fig 3, lite trickier to use, but 
will funcion as well as the full-wave 
antenna once it is properly set up. The short 
antenna, Fig 4 is used if the window is not 
large enough to permit the use of a half- 
wave antenna at the desired operating fre- 
quency. This antenna is the most difficult 
to tune, but will give very good per- 
formance if the antenna length is not a 
great deal shorter than a half wavelength, 

"The wavelength, may be calculated for 
a particular frequency, f, by the use of the 
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Fig 2A tullwavo slot antenna for vertical 
polarization. 


following formula: 
a 


[7 


For example, at 147.0 MHz, X = 8027 
inches. For a half-wavelength slot operating 
at this frequency, the total length of the 
‘antenna is 40.14 inches, and the coax con- 
nestor is soldered 4.0 inches from one end 
of ihe slot. See Fig 3) 

To solder the coax cable to the aluminum. 
screen, itis necessary to rub the screen with 
"he soldering iron tip while performing the 
soldering. The difficulty with soldering 
aluminum is that a very thin oxide coating 
rapidly forms on the metal surface, and it 
is impossible to solder to the oxide. The 
rubbing action removes the coating {rom 
the aluminum, and permits the solder to 
sick to the bare metal. Мо special 
aluminum solder or flux is necessary. The 
same solder used for ordinary copper wire 
may be used. Aluminum sereen is very 
fragile, and care should be taken not to 
separate the strands while performing the 
soldering. To reduce the mechanical tres 
on the solder joints, lightweight RG-173 
coax cable should be used. In case RG-174 
cable is not available, ordinary RG-58 cable 
will function very well. RG-174 cable has 
very high losses (0.13 dB/ft at 147 MHz), 
and the length should be kept as short as 
possible. If RG-58 cable is used, the losses 

mot be as great (0.07 dB/ft at 147 
MH, but extra care should be taken when 
‘mounting the antenna to avoid breaking the 
solder connections. 

The screen may be mounted to the 
window with duct tape, but this is not a 
very secure mounting method. The duct 
tape will tend to become loose with time. 
H would be best to have the sereen mounted 
їп a frame of the proper size for your 


Fig 3A hattwave siot antenna. 


window. You will probably be able to find 
several firms in your area that make 
window screens with any size frame. 

In the full wave antenna of Fig 2, the 
impedance at the center of the antenna is 
50 0, making it ideal for use with 50.0 
coaxial cable. The impedance at the center 
‘of the half-wave antenna of Fig 3 is 5000, 
but at approximately 1/20 wavelength from 
one end of the antenna, the impedance is 
500. You may have to experiment with the 
Position of the feed point to find the loca- 
tion that gives the minimum SWR. 
Short Slot Antennas 

Fig 4 shows a short nonresonant slot 
antenna that is tuned with a capacitor in 
series with the coax cable, The dimensions 
and capacitor value shown in Fig 4 are 
applicable only to the 144-148 MHZ band. 
For other frequencies, the dimensions and 
capacitor values would have to be 


ie short wire antennas, which have 
capacitive reactance, short slot antennas 
have inductive reactance. Because of the 
capacitive reactance of short wire antennas, 
they are resonated with loading coils. On 
the other hand, because short slot antennas 
are inductive, they are resonated with 
loading capacitors (such as in Fig 4) 
Because inductors are usually very lossy 
compared to capacitors, short slot antennas 
should be more efficent than short wire 
antennas of the same size. The antenna of 
Fig 4 has a radiation resistance of approxi- 
mately 50 0 at the operating frequency, 
allowing coupling to O coax cable. Ifthe 
slot is significantly shorter compared to a 
wavelength than the antenna of Fig 4 
(0.36), however, the radiation resistance 
will become very low. An antenna tuner 
would be needed to step up the antenna 
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uso in the 144-148 MHz band. The 
capacitor cancels inductive reactance at 
{he food point 


impedance to obtain proper coupling to a 
coax cable. To increase the radiation 
resistance of a very short antenna, the slot 
‘can be made wider. This will make it easier 
to match the antenna to the coaxial cable 

‘As with most indoor antenna projects, 
the builder must use a great deal of imagi- 
nation to make a good slot antenna, The 
information in this paper should be suffi- 
cient for making VHF and UHF antennas, 
but the real challenge for а serious 
experimenter would be in making an effec- 
tive short slot for an HF band. This can 
be accomplished only with a great deal of 
trial and error, but the references at the end 
of this article can provide some additional 
useful information. 

"The most attractive feature of slot 
antennas is that they have no protruding 
structure, and can therefore be used in 
‘many situations where an antenna should 
not be conspicuous, A slot could even be 
placed over a ditch in the ground, resulting 
in an antenna that has по height what- 
socver. The earth surrounding the slot 
would actually become a radiator of RF 
energy. Admittedly, such an "under- 
ground" antenna is more useful for 
underground organizations than radio 
amateurs, but the example illustrates the 
‘extreme concealability that can be achieved. 

We hams are very proud of our hobby, 
and usually like to show off our antennas 
and equipment. But the slot antenna should 
be kept їп our bag of tricks for those situa- 
tions where we would rather not attract too 
‘much attention, and simply blend into the 
scenery 
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Polar Pattern for the C64 


By Steve Cerwin, WASFRF 
3911 Pipers Ct 
San Antonio, TX 78251 


his paper describes two BASIC pro- 
I grams for the Commodore 64 which 
graphically plot polar coordinate 
data. One program outputs to an 80-column 
printer (MPS801), the other to the 
Ao column TY screen. The major elements 
of the programs specific to the C64 are the 
VO statements, and translation to other 
computer types wil involve 1/0 and sereen 
"The programs were inspired by the call 
of Henry Elwell, NAUH, for software to 
graphically, display polar MINIMUF 
predictions.! However, the programs are 
not limited o this application and are use- 
ful for the general-purpose display of polar 
relationships, In fact, the mathematical 
‘lationship loaded in the programs listed 
here defines the radiation pattern of a two- 
element phased array of specified element 
spacing and phase delay useful program 
for predicting antenna patterns of custom 
ог multiband arrays. 


Program Output 

Examples of the graphic output from the 
programs are given in the figures. Fig 1 
shows the familiar cardioid pattern 
obtained when two verticals are spaced 
Ya Харап (1/2) and fed 90° out of phase 
(also 7/2). Fig 2 shows the broadside and 
"елап patterns obtained with two anten- 
nas spaced И X apart and fed either in 
phase (0) or 180° out of phase (т). The 
double plot was obtained by running the 
same piece of paper through the printer 
twice, with the delay variables and plot 
symbols entered differently for each run. 
"The delay-sariable differences are indi 
the figure caption. Antenna orienta- 
tion is indicated by the dark dots on the Y 
axis, and phase delay is positive when feed- 
ing the upper antenna and negative when 
feeding the lower. 

Figs I and 2 are examples of the printer 
‘output; photographs ofthe TV screen out- 
putare given in Fig 3. Shown are the end- 
fire versus broadside patterns for the case 
‘of YA spacing, as in Fig 2. The fourfold 
‘eduction in resolution in going from the 
30 -column to 40-column format is evident 
‘when comparing the two. However, a sub- 
stantial penalty in process time is paid for 


‘Notes appear on page 157, 
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the hardcopy output: five minutes plot time 
versus 35 seconds for the screen output. 
Computation time adds an additional 30 
seconds or so. For experimentation, the 
screen output yields quick results, which 
can be followed with higher resolution 
hardcopy if desired. 

All of the patterns available for a two- 
element array with spacings from 1/8 to 
1 X and delays from 0° to 180° are given 
in the The ARRL Antenna Book? With 
the exception of linear versus log output 
(which can be included in the polar equa- 
tion in the program, U desired), the out- 
puts of these programs essentially mimic 
The Antenna Book plots, Obviously, these 
programs offer an element of flexibility for 
spacings and delays which are beyond those 
shown in The Antenna Book, or are at in- 
between values. This becomes valuable 
‘when analyzing the patterns of fixed arrays 
‘operated on multiple bands. For example, 
if the array with 14 spacing depicted in 


Figs 2 and 3 were cut for 40 meters but 
Operated ai the third harmonic on 15 
meters, then the multlobed radiation 
patter shown in Fig 4 would result. Here 
the pattern for in-phase feed is plotted. 


‘The Programs 


‘The BASIC program listings for the 
screen and printer output programs are 
given in Programs 1 and 2, respectively 
‘The first line of the screen program sets the 
cursor color (Commodore key and the 
‘number 6 key depressed), clears the screen 
Ghif-CLR), and centers the cursor 
(multiple down arrow) for the print state- 
ments in lines 20-40, (These statements give 
the programmer something to look at while 
he computer is off doing trig calculations), 
Line 50 dimensions the rectilinear array in 
which the polar pattern, axes, and antenna 
symbols wil be plotted. For both the screen 
and printer output programs, the largest 
XY array of X columns by Y rows which 
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there 


Hardcopy output rom tho polar 
lor program, depicting the cardia 
Patter rom a phased array. Program 
fine 500 for tnis particuiar pattern i: 
509 SP = r2 DL 2 REM 

‘SPACING, DELAY 


| e 2—Hardcopy output depicting end 

i gra reac работе or a grasas ara. 

i — The dodi pt 

i . te sae oe of 

: d paper through the printer twice. Program 

° i 5 fe 200 for he wo patterns is. 

i 9 Жо SP - COLERE SPACING.DELAY 
TOR y 

! же DL = «REM SPACING.DELAY 
TORO 


Fig 3— Screen output of the polar plotter program. At A, endir patter, and at B, broadside ранет ol to elements spaced Ye» ap 
‘The i а reduction in resolution fom hardcopy pinouts because o the 40-coluinn screen format. but process ime for screen displays 
is significantly shorter. 
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n Fig 4—Computed radiation pattem when 
Н operating мо Уг. spaced elements on 
Й ег r harmonic. Program ine 500 tr 
i thi pato e: 
i 509 $Р=3.24° «DL = REM 
| SPACING DELAY 
П 
woe | TF, 
+ . i B . 
B i ^ 
E 1 Й 
+ E E 
B te * 
] 
+ i: E 
X ba 
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was both “square” (equal length by width) 
and would fit in the output area was 
determined. This turned out io be 29 
columns by 22 rows for the sereen pro- 
aram, and 79 columns by 47 rows for the 
printer program. The idea behind the 
plotting program is to use the indi 
dual cursor locations om the screen 
‘or printer as possible data point locations 
‘and to fill only the computed data locations 
‘with а data symbol, leaving all others 
blank. Symbols depicting the axes and 
intenna orientation are added at the 
appropriate locations. 

Line 60 of Program 1 starts the 120-step 
loop which calculates polar data a -degree 
increments а resolution which pretty well 
matches that available in the output arca. 
Line 70 converts degree data to radians and 
line 80 calls the subroutine which calculates 
the length of the polar radius given by the 
trigonometric formula in line $10. The 
equation shown gives the radiation pattern 
of two antennas spaced distance SP radians 
apart and fed with a phase difference of DL 
radians. The desired values of SP and DL 
ме entered into the program by editing line 
500 directly. At the end of each execution 
of the program, the program is LISTed 
(lines 260-270) which allows access to line 
E 

"The relationship defining the polar func- 
tion is wholly contained in the subroutine 
beginning at line 500, Therefore, if data on 
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something other than the two-element 
phased array (for example, the 360-degree 
MINIMUF propagation prediction) is 
desired, then the appropriate function can 
be loaded in the subroutine and will be 
invoked by the сай in line 80. The angle ТН 
(radians) is passed to the subroutine, and 
the amplitude of the polar radius is 
returned in PR, PR must be a positive 
number, normalized to the range from O 
101 

Lines 90 and 100 perform а polar-to- 
rectangular conversion using the computed 
length of the polar radius and the polar 
angle. These lines determine the X and Y 
locations in the matrix which are to con- 
tain a data point. The coordinates are 
loaded into the matrix in line 110. 

"The nested loops for output begin at line 
140 and end at line 250. Each column of 
every row corresponds to an element in the 
matrix and is tested for a data point. If it 
contains one, then the data symbol defined 
in line 190 is printed. The Y and X axes are 
printed in lines 170 and 180, with the data 
point having priority in the event of con- 
fict. Lines 200 and 210 plot the symbols 
indicating antenna orientation, with the 
symbols having priority over axis marks or 
data points. 

‘After the program is through calculating 
and plouing the data (be patient—there are 
‘lot of numbers to crunch!) the polar pat- 
ternis displayed until a RETURN is entered 


in response to the INPUT statement in tine 
260. RETURN causes the program to LIST 
(ine 270) returning the computer to the 
BASIC mode with the last part of the pro- 
gram listed on the sereen. The programmer 
then can modify the spacing and delay 
parameters in line 500 or the polar equa: 
tion in line 510 and RUN the program 
again 

"The listing for the hardcopy program is 
given in Program 2. И operates in much the 
Same manner as the screen version except 
that there are no messages sent to the sereen 
while the program is in the trig calculation | 
loop, and the computer output remains as- 
signed to the line printer after execution is 
completed. 17 the hardcopy program is 
LISTed to the screen before i is RUN, suc- 
cessive iterations сап be accomplished by 
entering the desired alterations to the pro- 
aram (which remains listed on the screen), 
placing the cursor over the previous RUN 
line (which appears at the end of the pro- 
gram listing), and pressing RETURN. Line 
260 of the hardcopy program causes lines 
500 and $10 to be printed under the polar 
graph. To return output control to the 
screen after running the hardcopy program, 
PRINT# and CLOSEI commands must 
be executed (or you can just do a "Com- 
modore 64 Reset“ by cycling power off and 
on). 

"Remember that the spacing and delay 
variables must be entered in radians. One 


wavelength = 360° = 2 radians = 6.28, alternate subroutine listed in Program 3 
A half wavelength will be half these predicis the radiation pattern Гога phased 
‘amounts, and so on. The C64 will accept array of four verticals arranged in a 
the x key as a numeric input (SHIFT-1). diamond, spaced %4 ) across a diagonal 

"The programs have been fun to use in The N-S pair are driven endfire and phased 
playing around with the different antenna — with the E-W pai, which are driven broad- 
Patterns and combinations of patterns. side, It is а relatively simple task to elec- 
‘They have even proved useful in developing | tronicall rotate the pattern to eight points 
mew attempts to turn my city lot into 2 around the compass by switching phasing 
directional black hole for forty meters. The lines. To see what the pattern looks like 


Program 1 
BASIC Listing for Screen Output Program for C84 Computer 


Bolatace type in lines 10, 30 and 40 indicates inverse Commodore characters, le, dark 
characters оп illuminated background. 


[This program is not included with hoto available on disk trom the ARRL.—Ed] 


10 PRINT -(араседһевпуоаоооао" 
20 PRINT SPO(S)"WASFRF POLAR PLOTTER” 
30 PRINT SPC(7}"Q0Q39 SECONDS COMPUTE TIME 
4а PRINT SPOJ9)"00025 SECONDS PLOT TIME” 
50 DIM XY(29,22REM DEFINES MATRIX 
б FOR 1—3 ТО 300 STEP ЗАЕМ 2 DEG DATA 
70 TH =! “ӨЕМ DEG TO RADIANS 
80 GOSUB 588 REM CALCULATE POLAR RADIUS 
90 X= NT(14°PRSIN(TH) + 19:ЯЕМ POLAR TO RECTANGULAR CONVERSION 
100 Y=INT(9"PR"COS(TH) +12) 
110 ХҮС) = AEM LOADS CARTESIAN MATRIX WITH POLAR DATA 
NEXT Y 

PRINT"POLAR PLOTTER OUTPUT” 

22 TO 1 STEP — REM PLOT 


/;REM PLOTS AXES 
1801E 1—11 THEN MS 
-REM MATRIX SYMBOL SELECTION. 
REM PLOTS ANTENNA ORIENTATION 


240 PRINT CHAS) 
250 NEXT 1 
260 INPUT"PRESS RETURN TO LIST PROGRAM FOR CHANGE OF 
PARAMETERS. “RS 
rus 
500 SP = «DL» Y REM SPACING, DELAY 
510 PR=SQR(2—2*COS(==(SP"OOS(TH)-DLAIV2:REM POLAR RADIUS EQUATION 
520 RETURN 


you'll have to load up the code and run the 
program! 


Notes 

1H G Edel. Jr “эво Dogrop MINIMUE Prope 
ren Psico. Ham Rad, Fab 1087, 
EEE 

aL, Hall Ed, Tho ARAL Antenna Book, 14th 
rs еб (емо, CT: ARRE, 1582 or 


Тв pp S and 0% Ah ed) or pp 8 and 
ASE 
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Program 2 

BASIC Listing for Printer Output Program for C64 Computer 

[This program is not Included with those available on disk trom the ARRL.—E4] 
REM WASFRF POLAR PLOTTER 

DIM XYG947:REM DEFINES MATRIX 

30 FOR 1-3 TO 300 STEP ЗАЕМ 3 DEG DATA 

40 ele DEG TO RADIANS 

50 00508 Se REM CALCULATE POLAR RADIUS 

60X=INTG9"PR" | REM POLAR TO RECTANGULAR CONVERSION 

то 7% ee 20) 

80 XYQY)- 1:REM LOADS CARTESIAN MATRIX WITH POLAR DATA 

% NEXT | 


110 PRINT. “POLAR PLOTTER OUTPUT 
120 FOR 1=47 TO 1 STEP —1:REM PLOT POLAR PATTERN 
130 FOR J=110 79 

ло MS = 

190 F J=40 THEN MS. 
100 IF 1223 THEN MS — 
170 f THEN MS 
100 F 1-36 AND J= 40 THEN MS = 
190 IF 1212 AND 740 THEN MS = 
209 PRINTE MS: 

210 NEXT J 

220 PRINT#1,CHAS(13) 

230 NEXT I 

240 PRINTI 

250 CMD Y 

260 LIST 500-510AEM PRINTS CONSTANTS AND EQUATION 
500 SP = DL =r REM SPACING DELAY 

510 PR = SQR(Z—2*COS(=—(SP"COS(TH)—DL)IVZ:REM POLAR RADIUS EQUATION 
520 RETURN 


-REM PLOTS AXES 


/REM MATRIX SYMBOL SELECTION 
[REM SHOWS ANTENNA ORIENTATION 


Program 3 
‘Subroutine to Predict the Radiation Pattern of а Four-Element Phased Array 
in a Diamond Configuration. 

[This subroutine is not included with programs available on disk from the ARRL.—Ed] 


500 SP = DL r:REM SPACING, DELAY 
510 РАС B19SOR(2-2*COS(»- (SP COS(TH) -DL 
520 IF TH> = 9/2 AND ТН-<3 5/2 THEN PA=PA"(- 1) 


550 RETURN 
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А VHF RF Sniffer 


By Don Norman, AFEB 
41991 Emerson Court 
Elyria, Он 44035 


simples, yet one of the handiest 
pieces of antenna test equipmer 

that the VHF antenna experimenter can 
‘own. Technically, the device is an absorp- 
tion wave meter, and its use and electrical 
design date back into the early days of 
Amateur Radio. The circuit is nothing 
more than a tuned circuit with a pilot lamp. 
in seris. It is sensitive enough to detect the 
presence of RF on antenna elements and. 
feed lines, and the relative brightness 
enables the user to compare current loops 
оп an antenna with the theoretical current 
loops in The ARRL Antenna Book. 

"The sniffer is shown schematically 
Fig 1. A sketch of the physical layout of 
the sniffer is shown in Fig 2. 


Construction 

The sniffer is easiest to build on a 
piece of nonconducting material, such as 
phenolic perforated board or plastic sheet. 
Perforated board is easiest to use, as the 
conductor loop may be threaded through 
the holes in the board to keep the conductor 
in place. As an alternative, the loop may 
Бе glued to the board with epoxy cement, 
‘The conductor loop should be made of 
enameled magnet wire, no. 16 or larger, 
with one side of the loop within 1/8 inch 
of the edge of the board. The insulated 
board should be large enough to minimize 
the effects of hand capacitance, A noncon- 
ducting handle may be attached. Sensitivity 
of the sniffer is governed by the spacing of 
а side of the loop to the conductor being. 
tested. The pilot lamp should use a socket; 
you wif blow it out. А no. 48 lamp may 
be used as readily as a по. 49. A no. 48 
lamp has a screw base, while a no. 49 has 
A bayonet base. Use what you have. 

"The siffer can be tuned to cover the 
-meter or the 220-MH band. Place the 
Sniffer near a source of RF in the band of 
interest and tune the variable capacitor for 
the greatest brilliance on the pilot lamp. A 
hand-held transceiver is ап excellent signal 
generator for tune-up (Fig 3). Once the 
Sniffer is tuned you are ready to examine 
your feed lines for unwanted RF. 


T he VHF RF Sniffer is one of the 


Uses 

1 use the sniffer extensively in the 
development of VHF antennas, Other 
testing devices are available, but one of 
these sniffers fastened to a wooden yard- 
stick shows immediately and unmistakably 
the presence or absence of RF in the various 
рап» of an antenna and its feed line. The 
Sequence of steps in checking an antenna 
{sto mount the antenna six or so feet above 
ground. (A two-meter antenna six feet 
above the ground is roughly equivalent to 


а 40-meter antenna 120 feet above the 
ground.) Use the sniffer to check for the 
presence of RF on the radiator. Next, check 
for RF on the radials. Then check for the 
presence of RF on the outside of the feed 
line, The radials should have RF present, 
while the feed line should not. 

‘One commercial VHF antenna exhibited 
current loops for the full 50 feet of a 
coaxial feed line when running 10 watts 
output. A popular published home-built 
design showed no detectable RF on ihe 
radials, while current loops were present оп 
‘the coax ай the way to the transmitter. Such 
radials serve no electrical function and are 
relegated to the roles of humming in the 
wind and serving as bird perches. 

This arüci falls short of depicting all the 
possible applications of the RF sniffer. The 
basic unit has been equipped with clips and 
hung on feed lines that were going to be 
ош of reach. It has also been attached to 
radiators with masking tape, and used in 
a number of other applications, However, 


mo method has been found to use it 
efficiently in bright sunlight. 


Fig 2—Tho physical layout of the AF 
Siler can be Just Ike the Sohamate, Also 
see the photo. 


Fig 1—The RF Snitter is a 
tuned circuit witha smali 
incandescent lamp used as 
A curent indicator. 
C1—5-15-pF varabio 
LEE Wire oop; see tex 
бетем 48 ог pot 
Tight 


Fig 3A hand had transceiver в useful for tuning and 
checking operation of the RF Sniffer. 
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Baluns and 
Matching Networks 


Some Additional Aspects of 


the Balun 


By Albert A. Roehm, W208J 
22 Brookdale Road 
Cranford, NJ 07016 


simple chang in balun style and 
A en improve operation 
your шат antenna ye, 
Walt Manvel W2DU, wrote a very infor. 
Ina ari about bans for ic March 
та sue of OST Some ofthe mystery 
жк (m ee аы d 
outa eed ne and balanced тишн 
Sas cred or st me in ham radio 
как The ыда s a mating deve 
fou dere wie rh fo mee 
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provide proper curent рь between 
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The constuction of z chote gps blan 
sing fric beads on the uide f coaxial 
Cables abso deseos I you havent 
Шешу read tis excelent arly you 
Soul, Andi you did perhaps you shoud 
feradi het te era powder 
of he pies mentbred f i 
ee lm arce worthy of your 
aston opened The ARR Antone 
impendi, Volume fa vas ten 
by Koy Lewallen, WEL This paper 
dicis ases d experinens della 
to mody петата сога ae 
digo using no balun, а vliage ype 
Galan and бошу, a coke pe balun. The 
Superiority of ihe choke type balun 
Тон obvious from he aa presented, 
Whi boh of the above referenced 
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Problem 
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Fig 1—Examples of resonant dipole 
[antennae tnat Go not nood tuners 


The Basic Requirements 

То begin with, we are faced with two 
requirements: (1) to resonate the antenna 
System at the desired operating frequency, 
ie, obtain a conjugate match, and (2) o po 
from an unbalanced circuit at the output 
Of the transmitter to a balanced circuit at 
the input end of the transmission line 
(points A and B of Fig 2). The first 


requirement is easily met by using an 
Antenna tuner or stub matching. Since the 
tuner is so much more flexible than the 
Stub, it is almost universally used by 
‘amateurs at HF. Among the most popular 
tuner circuits we find the L, pi, T, Ultimate 
and SPC types.™ They have all been 
described and their virtues outlined any 
number of times. However, they invariably 
have one thing in common, eg, for simplic- 

y's sake, they are unbalanced. Although 
the T circuit is shown in Fig 2 it could be 
replaced by any of the others 

"There are also а number of ways of 
accomplishing the second requirement 
Most often, a balun of the 1:1 or 124 variety 
is used at the output of the tuner. А review 
ofthe information in Ref 2 will show that 
‘these baluns fall into the voltage-type de- 

because when they are properly con- 
structed they produce output voltages that 
эге equal їп magnitude and opposite in 
Phase. If points A and B of Fig 2 have 
somewhat unequal impedances, Ohm's 
Law predicts that either balun will cause 
unequal currents in the transmission lines, 
This could lead to a skewed radiation 
pattern. On the other hand, if the 
impedances are equal, not only will the 
transmission line currents be equal, but no 
штен will Пом in the third or magnetizing 
‘winding of the 1:1 balun. Paradoxically, if 
this winding carries no current it is not 
needed (see Ref 2). 

"There are other disadvantages to conven 
tionally wound transformerstyle voltage 
baluns. For example, they are generally 
restricted in bandwidth if constructed with 
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Fig 2—Турса! setup for a multiband centered antenna. 


an air core. If enough inductance is used 
to cover the 160- or 80-meter bands then 
there is the danger of having too much in- 
terwinding capacitance. Although a solid 
соге can increase the operating bandwidth 
of the voltage balun, the core is also 
the magnetic flux 
ent. This 
principle is exactly the same as the iron core 
in а power transformer. Conversely, Refs 
1 and 2 show that a choke-type balun is 
used to oppose (choke) only the imbalance 
current, not the entire load current. In 
addition, a choke balun constructed of 
coaxial cable and ferrite beads is not limited 
by bandwidth, power handling at amateur 
levels, or SWR considerations 


The Current-Path Approach. 

The amateur fraternity seems to have 
overly complicated its understanding of 
balanced versus unbalanced circuitry. In 
‘many applications it doesn't matter if а cir 
uit is balanced or not, as long as the cur- 
rent paths are controlled. For example, in 
the driven element of a Yagi-type beam or 
the simple center-fed dipole, the predicted 
radiation pattern is obtained with equal RF 
‘currents in both halves of the antenna. 
Note that it В not the voltages nor the im- 
pedances that need to be equal—only the 
currents. 

‘Until now, amateurs have been led to 
think of a balanced circuit as symmetrical 
about its (sometimes imaginary) center 
This is, no doubt, a carry-over from push 
pull vacuum tube circuitry as well аз au 
and telephone technology. Stated another 
way, a balanced circuit was thought to be 
an unbalanced circuit plus Из mirror image. 
This definition is true for voltage or 
impedance considerations between various 
pants of the circuit and ground. Fig 3 shows 
an example of a balanced antenna tuner, 

It has been recognized for a long time 
that installing the balun after the tuner 
subjects it to the same SWR as at the 
beginning of the transmission line. The 
impedance at this point can vary by many 
thousands of ohms. Placing the balun on 
‘the input side of the tuner (generally at 
30 ohms) allows the tuner to buffer the 
balun from these transmission-line 
variations.’ Until now, this meant using a 
balanced tuner configuration with its 
Inherent high cost, complexity, and bulk. 

То resonate the antenna system shown 
in Fig 2, all that is needed is an unbalanced 
tuner to obtain the conjugate match and 
а choke balun on the input side to control 
the current paths. This concept is shown 
in Fig 4. The explanation which follows is 
based on the operation of the T-match 
tuner shown in Fig 4, but can be adapted 
to any of the other tuner circuits. Accord- 
ing o Kirchhoff's Law, the phasor sum of 
all currents into and ош of any branch 
point in a circuit must equal zero. This idea 
can be expanded, for example, зо we can 
say that the current going in and coming 


Fig 9—Typical balanced tuner. Nolo that the dual section capacitors requie insulated 
statis 


ош of the antenna tuner must also (vectori- 
ally) add to zero, This is true provided the 
imensions of the tuner are a fractional 
‘wavelength and radiation losses 

ble, For operation at HF both 
of these conditions are met. 

For convenience, we can label the vari- 
ous current paths as follows: 

11—the (outside of the) inner conductor 
of the feeding coax. 

12—the inside of the outer conductor 
(shield) of the feeding coax. 

13 the outside of the outer conductor 
of the feeding coax. 

Ti—apacitive coupling from the tuner 
то ground. 

15 and 16—the two antenna transmission 
line conductors. 

їп a coaxial cable, 11 and 12 are inher- 
ently equal in magnitude and 180° out of 
phase. This can be proved mathematically 
Using Ampere’s second law, but a simple 
‘experiment suggested by Roy Lewallen, 
WIEL, also illustrates the idea." This is 
shown in Fig 5. Here a short length of coax 
is connected to two unequal resistors 


labeled R and 2R. If a high enough im- 
pedance is added to the outside of the 
Shield, the cable will drive the equal inner 
currents through the load resistors even if 
the resistors are unequal. Measurements 
taken at 400 kHz and 4 MHz indicate that 
the voltage drop across resistor 2R is twice 
the voltage developed across resistor R, 
where R equals 27 ohms. This test proves 
that the currents are equal, and lads to the 
substitution of an unbalanced tuner in 
place of the resistors. Incidentally, the 
resistors can be interchanged with the same 
results 

T is desirable, in fact crucial, to reduce 
the current in path 13 (Fig 4) to nearly zero. 
As stated above, this is accomplished by in- 
creasing the impedance through ferrite 
loading of the shield. This isolation of the 
outer surface of the shield results in the 
transmitter end of the modified coaxial 
cable being unbalanced while the tuner end 
is balanced. 

Likewise, path 14 should be reduced to 
nearly zero. First and foremost, remove 
any ground connection to the tuner circuit. 
Second, place the tuner at least 4 inches 


Fig 4—A choke. type balun on the Input side ot an unbalanced tuner controis current 
‘athe and permite the tuner to operate in a balanced оло 
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away from grounded metallic objects and 
wiring to reduce capacitive coupling. 

‘Another look at Fig 4 will aid in under- 
standing the following key statements 
With both 13 and Tà reduced to negligible 
amounts, and with I1 equal and opposite 
to 12, then 15 must also be equal and 
opposite 16. After all, paraphrasing 
Kirchhoff, “what goes in must come out.” 
Also, 12 cannot equal 16 because of the 
circulating current through inductor LI. 
However, the impedance for these two 
current paths remains close to 25 ohms at 
the tuner when the antenna system 
matched for the operating frequency. Thi 
quantity represents the coax-shield half of 
‘the tuners input impedance, While it is nice 
o have the appropriate test equipment on 
hand for various measurements, a simple 
heck using only а small neon lamp and a 
100-watt transmitter will confirm that the 
impedance for I5 is usually higher than for. 
16. For most antenna systems on most 
bands the lamp will light when coupled to 
point A but remain dark for point В. This 
indicate that the voltage developed at point 
‘A exceeds the ignition voltage of the lamp. 
Since 15 is equal in magnitude to 16, the 
only way VS can exceed V6 isto have ZS 
greater than Z6. 

"There is another important reason for 
locating the choketype balun on the input 
side of he tuner, Using the recommended 
design of the balun employing only type 77 
bead material, the estimated impedance on 
the outside of the shield varies from 1560 
ohms at 160 meters to 2640 ohms at 
10 meters, peaking at about 3480 ohms at 
20 meters. You can see that the ratio of the 
impedance controlling 13 compared to the 
tuner's low input impedance forces 
practically all of the load current to enter 
the tuner, This is not true when the same 
‘choke balun is used on the output side of 
the tuner. Here, for some frequencies, the 
transmission-line impedance could easily 
equal or exceed the balun impedance, 
forcing the current on the outside of the 
shield to increase dramatically. 

Measurements I took with an RF am. 
meter on my antenna system show excellent 
current balance on the transmission lines 
from 160 through 15 meters (10 meters was 
not tried), Current imbalance was gener- 
ally less than 5% on ай bands and never 
exceeded 8% after a conjugate match was 
achieved, 


Balun Construction 
Depending on the power and oper 
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Fig 5—Test setup to show hat 11 equals 12 
Nn їз s reduced to zero. 


frequency, there are several ways of making 
а good ferrie-oaded choke balun. First, 
select the type of coaxial cable needed to 
meet the impedance and RF power 
requirements of the station. Since most 
amateur installations use S0-ohm cable, 
RG-SBA with an OD of 0.195 inch is a good 
choice for power levels up to about 
600 watts. RG-8/M (Radio Shack mo. 
278-1328) cable has an OD of 0.242 inch 
‘and handles well over a kilowatt of power. 
Ап economical balun can be constructed 
by slipping 12 Amidon type FB.77.5621 
ferrite beads ($1.05 each) over an 18-inch 
length of either of these coaxial cables. 
‘The beads measure 0.562 inch OD by 0.250 
inch ID by 1.125 inches in length, and can 
be strung on the cable ether touching each 
‘other or separated. This balun design can 
handle about 100 watts of power 
оп 160 meters, 250 watts on 80 meters, and 
‘over 600 watts on the other HF bands. 
‘Type 77 bead material is semi conductive 
and should be insulated or dressed away 
from nearby bare wires or other metalic 
surfaces, The beads are also losy at HF 
and under some conditions will get 
extremely hot at flux densities well below 
Saturation. This material has a permeability 
f 2000 (which is considered high) and the 
beads closest to the tuner tend to operate 
at higher flux densities compared to the 
beads farther down the cable, This effect 
is somewhat similar to uneven voltage 
drops across resistors connected in series. 
As expected, the beads doing the most 
work have the greatest rise in temperature. 
One method of controlling heat build-up 
is to use shorter beads (presently 
‘unavailable in the required ID) or, aher- 


natively, to use а lower permeability 
material such as type 43 with a mu of 850. 

‘An excellent 80- through 10-meter high- 
power balun consists of 12 type FB-77-5621 
beads plus 6 type FB-43-5621 beads (5095 
each) on a 28-inch length of RG-8/M cz 
ble. Be sure to place the type 43 beads on 
‘the tuner end of the balun. To extend high- 
‘power operation to the 160-meter band, se 
A 36-inch length of cable and add 6 more 
FB-43-5621 beads on the input end of the 
balun, 

I RG- or RG-213 cable is used, a mini- 
mum of 20 type ЕВ.77-1024 beads (51.50. 
each) are recommended. These beads mea- 
Sure 1 inch OD by 0.5 inch ID by 0.825 inch 
long. Again, if the balun is to be sup- 
plemented with some lower permeability 
‘material, add 7 or 8 type FB-43-1020 beads 
(51.50 each) on one or both ends of the 
balun. 

"The information presented in this paper 
should help you understand the operation 
‘of tuners and baluns in multiband anten- 
na systems, Three new concepts were in- 
troduced: (1) the use of a choke-type balun 
at the tuner input, (2) а balun (of any type) 
ahead of an unbalanced tuner, and (3) con- 
struction of a balun using a mixture of er 
тие materials. Now you сап put the 
Kind of balun in the right place and never 
worry about it failing. 

Special thanks are extended to Walt, 
W2DU, and Roy, WEL, for their gener. 
ous assistance, patience, and encourage 
ment. Withou their help 1 would still be 
using a toroidal balun on the output side 
of my tuner. 
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А Servo-Controlled Antenna 


Tuner 


By John Svoboda, WEMIT 
517 Santa Ciara Way 
‘San Mateo, CA 94403 


he tuner to be described uses the 
same L network as many others. But 
it does work, seemingly by magic, 
and it sure beats going out into the rain to 
change bands. It will work with any end- 
fed antenna. The antenna 1 am currently 
using is a 53.foot vertical with an 80.meter 
trap above a 160:meter loading coil posi- 
tioned 39 fet from the bottom. This antenna 
works from 160 through 20 meters when 
used with the servo-controlled antenna 
‘The two principle components of the 
tuner are available from ether swap meets 
or from Fair Radio." One is the motor- 
driven inductor assembly from a Collins 
180L remote tuner, priced around $30. The 
other is a motor-driven vacuum-variable 
capacitor from the same tuner, priced at 
about $70. You can buy the entire tuner for 
around $110. Another important item is the 
enclosure. In my case, I found a brand new 
Steel Hoffman electrical control box, 12 x 
24 x 10 inches, at my local surplus store. 
Jt has a waterproof hinged door on the 
front. These are also made in fiberglass, 
which probably would have been easier to 
Work with, I have since found several suita 
Ме enclosures at swap meets 
Fig 1 shows the RF circuit of the tuner. 
LI and Cl are the motor-driven compo- 
ments mentioned above. Relay КІ switches 
in L2, and is шей for matching impedances 
of less than $0 © (160 and 75 meters). It 
should be able to handle a reasonable 
amount of current. The voltage rating need 
be only moderate, Both relays are off for 
high-impedance matches. K2 is activated 
for impedances greater than 50 ohms 
(20 meters) and is а high-voltage vacuum 
tape. It must be well insulated since it is 
connected to the RF output. Both relays 
Should have the same coil voltages to 
simplify the interconnections. Also 
included are an RF ammeter and an RF- 
sampling transformer and detector. The 
detector provides remote current sensing 
for use during tune-up. The component 
layout should minimize lead length. Leads 
should be no. 10 wire or copper strap to 
reduce stray inductance. L2 was salvaged 
from a BC-375 10-МН tuning unit 
Three basic control methods are available 
tothe designer. Using manual control, one 


‘notes appear on page 181 


Fig 1—Cireul diagram ofthe tuner. 

C1—7-1000 pF, ЗХУ motor-driven vacuum- 
‘Variable capacitor rom a Golins 180. 
тето tuner 

DI, 02—бйсоп power diodes. 

D3Germanium small-signal diode such as 
INMA. 

KI SPOT relay with a 24V de coi. 

KA—SPDT highvotage vacuum relay with 
ау co col, 


must hold a control switch until the devise 
arrives at the desired postion and then 
bring the next device to Из position. This 
must be repeated foreach adjustment, and 
is slow at best. Fully automatic tuners that 
are capable of matching over a broad range 
tend to be rather complicated, and are 
beyond the scope of this article. Semiau- 
tomatic control makes things easier since 
preset controls сап be adjusted and null 
circuits will bring the variables to their 
desired settings at top speed. This is the 
basis of the tuner described in this paper. 
It uses de motors, servo amplifiers and 
components that minimize the problems 


LI Approx 40 „Н motor-driven inductor 
assembly пот a Coline 100L remote 
12 inductor of 1.5 to 2 nH. Tho one used 
in tha project i om ¢ B0375 oe 
МІЯ ammeter, 05 amperes 

Bee Fig 2 


associated with construction of gearing sys- 
tems їп a home workshop. 


Modifications of L1 and C1 

Remove the rotary switch from L1 and 
the limit switches from CI. Remove the 
power resistor from both units, 1 suggest 
That you do some experimenting by running 
‘these assemblies with a variable low voltage 
supply (12 volts maximum) so that you get 
Some idea of exactly what happens during 
‘operation. In actual operation Ihe motors 
will see only about half the supply voltage 
‘This will also allow you the opportunity to 
learn something about the "dead band” in 
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servo systems. Dead band, in this case, is 
‘the range through which the signal from the 
control pots can be varied without initia- 
ting a response from the motors. Your ех. 
periments should yield stall voltage and 
Current as well as мап voltage and current. 
Take care during your experiments to pre- 
vent damage to the components; do not 
allow them to slam against the stops. Note 
also that on the low-capacitance end of the 
travel of CI, it takes a great deal of power 
чо drive it the full range. | made a bracket 
and attached a spring to neutralize some 
of this force, reducing the power required 
to drive it to the extremes. 

In the department of “more confusing 
to write about than to do" is the task of 
adding the position pot to Cl, The last 
external gear of the drive train turns some- 
‘what less than one turn when running from 
опе extreme to the other, Therefore, You 
will need to find a slightly smaller gear to 
„mount on the pot such that it will produce 
somewhat less than one turn, The exact size 
is not important so long as they mesh. With 
ıa suitable gear on hand, fabrication of the 
‘mounting bracket should pose no great 
problem. Finding the pots and the needed 
hardware may be a problem, but a few 
surplus stores should yield all you need. 


Positioning Potentiometers 

Positioning potentiometers are spec 
pots with a high degree of resetabliy and 
linearity, and are basically Tree-turning 
360° degree controls. They have little or 
no dead space, and во from full resistance 
to zero in 2 or 3" at the end of their travel. 
Ordinary pots operate over about 270°, and 
the beginning and end are dead for about 
10 to 20°. They are not suitable for these 
applications. The resistance value of the 
position pots is not terribly important as 
long as the maximum bridge-unbalance 
voltage does not exceed the servo-amplifier 
limits, in this case 7 volt. The 2.5-K0 pots 
used here are about the minimum accept- 
able value. For other values simply scale 
‘the divider resistance values to suit. The 
higher the pot resistance, the more Q1 and 
Q2 (Fig 3) willafTect the circuit. Pots with 
a value of 10-2 would probably be a good 
bet. 

‘Most precision pots have a flange type 
‘mount. They are attached to the panel with 
a ring that allows the pot to be rotated to 
‘exact angular position and then locked in 
place with eccentric washers that fit into a 
aroove on the side of the unit. This permits 
placing the dead space exactly where you 
want й. Although mounting seems dif 
ficult, 1 found that 1 was able to do an 
adequate job with а Пу cutter on the drill 
press. Figure out the required counterbore, 
‘cut that first, wen reset the cutter for the 
through-hole. 

"The pots used in the controller should be 
good quality 10-tur types with counter 
als. The resistance values should be close 
to those in the tuner. In my case 1 used 
2,5500 pots in the tuner and 200 in the 
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controller. Standard 270 linear pots will exit the box via a surplus water-resistant 
work at the sacrifice of some resetability. AN connector. RF IN and DETECTOR OUT 
lines are via UHF feedthrough connectors, 

Construction Grounding bolts are located at cach end of 

‘The entire tuners built on а 19-inch rack the box for convenience. Copper ground 
panel 8-3/4 inches high and 1/8 inch thick. straps from the bolts go to the base plate 
"The panel is then mounted to the inside of via the cabinet standoffs to assure a low. 
the box on short standoffs. This permits loss path to ground. Putting the holes in 
removing the tuner for maintenance the steel Hoffman box is a demanding task. 
‘without dismounting the box, and also The output dome insulator required a 
makes it a lot easier to work on. With the 4inch diam hole. I laid out and drilled pilot 
сой assembly attached to the panel, an holes and then visited an electrician friend 
additional hole was drilled in line with the who has a hydraulic punch set, I'd still be 
Shaft of the old switch assembly, The po- filing today without thet punch. The 
sition potentiometer was then mounted on LOCAL C а controls permit working on 
the back of the panel. It must be oriented the unit without the control box. 
то establish the dead space outside the area à 
traversed from start to end of the coil, Electronics 

(A small Plexiglas® panel supports the The basis of the servo amplifier, shown 
RE ammeter. It in turn is mounted on in Fig 3, is the National LM2878 IC, a 
berglass od standoffs at a height such stereo amplifier chip designed to provide 
that the lead from the coil and the lead о S watts per channel, In this configuration 
the feedthrough are kept short. The RF it is operating as a high-gain bridging de 
sampling transformer is actually mounted amplifier. This arrangement permits zero 
‘within the dome of the feedthrough insu- crossing from a single 29-vol supply. The 
lator, See Fig 2. trade-offs that the motors see only about 

"The circuitry is housed in a closed chas- — half the supply voltage. Fortunately, the 
sis at the bottom of the mounting plate. motors run quite well at this level. 
‘Terminal strips are provided for all pots, Тһе amplifier however, is operating near 
‘motors and relay connections. A connector maximum dissipation, Therefore, a first- 
is also provided for the interconnection rate heat sink is required. The mounting 
between the tuner and the wall of the Box. tab, which is grounded, is clamped between 
All interconnection wiring is shielded and two aluminum bars 3/8 x 3/8 inch and 3/8 
located on the far side of the base plate X 1/2 inch, which are attached to a base 
‘where possible. Control and power leads plate of 0.09-inch thick stock that makes 
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Fig 2—The AF sampling transformer mounted in tho dome of the feedthrough insulator. 
‘The secondary of T1 ie mado by winding enough no. 20 wire on an insultes Amidon 
T8892 cora o cover it wth single layer winding. The Faraday shld is а tube mace 
чот copper shim stock 
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Fig 3—Servo amplior schematic. АП resistor values are in ohms. Al capacitor 

values are in mcrotarads 

Ut National Semiconductor LM2878 stereo amplifer IC. See text and Fio 5 
Tor moditcations related to Ut 


‘a base for the electronics assembly, Over. | Dither Reducing the Dead Band it can only help. In as much as these drive 


heating of the amplifiers results in lower 
sain, producing broader nulls and reduced 


her is a process rather ike shaking an assemblies have а lot of mechanical 
ита clock lo ty to et it started. The ‘stance (CI) and slack (LI), perfect 


Fesetability. This does not occur in normal shaking overcomes the mechanical res. Tesetabili will not occur. Some touch-up 


operation but can and has happened during tance In this case, ac is fed into the ampli. Will always be required to reach a 
ial setup demonstrations to friends. fer to encourage the motor to move i 
‘Allowing the amplifiers to cool will restore closer to null. The frequency of this signal The Control Unit 


SWR. 


‘normal operation. Should, by definition, be several times the The control unit, Fig 4, is mounted in an 

"The IC pins were bent at a right angle system frequency. Probably any frequen- LMB cabinet and contains two power sup- 
(es in a DIP) and plugged into the circuit су between 300 and 2000 Hz would satisfy plies, the inductor and capacitor (L and C) 
‘ard. The complete assembly is attached to the requirement. During my experiments І PRESET controls, limit controls, the re- 
the chassis box. The terminal strip and found no optimum and eventually settled mote RF ammeter and miscellaneous can- 
associated parts are mounted on the back оп 300 Hz. The peak-to-peak amplitude of trols. The LOAD switch provides power for 
wall of the chassis box. the signal should be somewhat greater than а relay to select the dummy load and the 

QI and Q2 reduce bridge sensitivity at the dead band as determined earlier. The AUX switch provides power to select an 


low amplifier output. The effect isto ease effect of the gain-reduction circuit and alternate antenna, ete. 


"making small adjustments near null. The dither should bring the system closer to null The first power supply section supplies 


RCA complimentary pair, types SK9453 


higher gain SK945 and SK9456 mi 


the preset values. The contribution made de to the tuner. Relay K3 is controlled by 
and SK9454, are used in this unit. The by dither alone to the overall system per. ап NESSS timer and turns the regulator 
tbe formance is a bit questionable. On the and off, Pressing START turns on the line 


interesting to try. other hand, the parts are not expensive and | for 12 io 15 seconds. This is more than 


177 


Fig 4—Типег controllerunit schematic: Al resistor values аге in ohms and ай capacitor values are in mirotarads. K3 сой resistance 
‘must be greater than 60 ohms and tho pullin current must be less han 200 mA: 


‘enough time for the сой to run from one 
fend to the other. The timer offers two 
benefits. First, it shuts down the servo 

fers when they are not needed, thus 


filtering and shielding problems that arise 
during high-power operation. Tuning is 
done only at low RF levels. Final voltage 
adjustment to the tuner is done after 
Installation, Test points should show 24-26 
volts withthe servos at null. 

A second, poorly regulated power sup- 
ply operates the relays in the tuner. It pro- 
Vides plenty of closing voltage but drops 
то a reasonable holding voltage. The con- 
trol wire is Belden rotator wire with two 
large and seven smaller wires. By setting up 
the power supplies and regulator as 
described, control-cable length can largely 
be ignored. 

"The remote meter is fed with a separate 
shielded wire, It enters the control chasis 
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with an insulated BNC connector. The 
return is de blocked to prevent motor and 
relay current from influencing the meter. 


Checking the Servo Amplifiers 
‘To verify operation of the servo ampli- 
fiers, I suggest that you substitute a motor 
‘similar to the type in the assemblies or that 
you temporarily remove the motor from 
Just the LOCAL pot 


pot slowly and the motor should start 
again, but in the reverse direction. After 
you have checked out both amplifiers, rein- 
stall the motor. Before continuing, be sure 
to double check all wiring, as an open in 
the bridge circuit can cause the system to 
malfunction. Ensure that the LOCAL-RAT 
(normal) switch is set 10 LOCAL and that 
the Land c controls are set near the center 
of their ranges. Reduce operating voltage 
эз much as possible and connect power. 


“The motors should drive toward a null and 
stop. If they simply go to one end (take care 
hitting the end stop), it probably means 
that you will need to reverse the motor 
leads. Try again, and the unit should drive 
to the nul, If minimum dial setting now 
‘occurs at maximum component value, 
reverse the outer connections of the pot and 
the two motor leads. After you are satis- 
fied with basic operation then increase vol- 
tage to the normal 29 volts. 

‘Adjustment of the limit pots in the con- 
trol unit is fairly straightforward, Set the 
switch to кмт (normal) and the limit pots 
то about midrange. Check system opera- 
Чоп, then set what would appear a safe 
value near minimum resistance and run to 
the limit of the device. After several trials 
with different pot settings you should be 
able to come very near the end without hi 
ing the mechanical stop, 

Calibration of the remote ammeter can 


سور ي E‏ 


— 


Fig 5— revised control and tuner block 
diagram to provide postive and negative 
Voltage юг à power op amp. The 1 
Primary on tha remote ипе transformer is 
Rot used fr normal operation bui is usu 
Tor Bench testing a o tuner. 


be done any time after the system is in- 
stalled and operating. Tune up normally, 
then go out and note the RF ammeter read- 
ing. Assuming the range switch is set for 
the 1-A range, adjust that pot. For im- 
proved accuracy, it is best to set the 10-A 
range at high power. Note the reading and 
adjust accordingly. If the meter is 100 
"live" on SSB, increase the value of the 
shunt capacitor, 


Operation 

1 tune up into a dummy load, then switch 
кийе network and bring it into adjustment 
Minimum SWR and maximum antenna cur 
теп should oscur at the same setting if all 
{swell For your initial band settings, юв 
Sour values and then back off the tuner 10 
Some other setting. Now reset your logged 
value and run the tuner to it, You should 
Ve right on, I not, record the value and 
ту again. The average of several trials 
Should be quite good. Allow tne amplifiers Fig 6—Thepositon<eading potentiometer or C1 isin the foreground. The electronics to 
/ square aparing in тө sido of ne өстисе chassis to 

CCC 

0 / 
probably always require some touch-up as Spring and bol standing above the postion pot аге to balance tension on CT, ав 
bandwidth may be rather narrow. А simple mentioned m tot 
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bonded to а fiberglass base piate. A 
inch fiberglass rod was bonded to the 


у assembiy Contact bergan o c 
End san Body в va copper shim sock 
ing ore o he four sol one sible im 
hot) А маз соррт sap connects 
{he эмен ofthe ASS atop LT to the pane 
КЕ 


Fig 8—Тһе tuner installd in the weather- 
Biel потап cabinet i e 
tthe space. The tuner can be control 
ith the toca. cones (botom of cabina 
8 wel as rom the remote unt. Bags o 
Sica gol reduce humidity bulcüp in the 
саш. 


calibration chart will now get you tuned up 
in short order, 

‘After operating the tuner and the verti 
cal antenna for several years, find that the 
speed amd convenience has made band 
changing a pleasure. The hum of the tuning 
motors doing their thing has made the 
difference 


Addendum 


Some time has passed now since 1 built 
the unit just described and wrote the fore- 
going material. Probably the availability of 
parts has changed. One noteworthy change 
has occurred, namely the LM2878 has been 
discontinued by National Semiconductor. 

‘This is unfortunate since this complex chip 
handles a reasonable amount of power and 
the price, $2.95, was attractive. I have not 
been able to locate а direct replacement 

There are several things to consider when 
looking for a substitute, The power rating 
should be 5 watts or more per channel. The 
maximum operating voltage should be 
around 30 volts. There are many audio 
chips on the market, but most are designed 
for operation in the 12- to Is ol region 
‘with а maximum rating of 20 volts. This 


Fig 10—me remote control unt is mounted 
Ina small LMB cabinet, Tro motor roads 
Antenna current at Y or 10 amperes їшї 
calo Standard 270 pots with calibrated 
Knops wore used hore. These were later 
replaced uth tanum pots and counter 
ав to improve ee The wr cun. 
Servo mater switch is rol shown on the 
Schematic since serios only passing 
interest, What shows as à white ine 


F e to cabinat and ho fet i a 
Checa iia pelo an exa sret on 1 Deset роте iing can be seen under ne I napad celraton an reas by an 
ECC 
Е frequencies of interest 
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results in less than 10 volts to the motors 
and the results are not too satisfactory. The 
chips should have differential inputs. 

My overall design approach has been to 
minimize the mechanical complexity as well 
asthe electronics. Keeping it simple gener- 
ally improves the reliability. A discrete 
amplifier design is certainly possible, 
however it will require at least four power 
ICs per channel, plus numerous other 
parts. Power operational amplifiers (op 
Amps) ate probably the best bet. Unfor- 
tunately, because of limited markets, they 
tend to be expensive—$25 and up. Burr- 
Brown and National Semiconductor make 
а variety of these? Fortunately, National 
makes the LM675 which is affordable: 1 
have not had a chance to try it but expect 
10 for my next version. 

"The most practical circuit configuration 
requires а plus and minus supply. This can 
be achieved without adding another wire 
to the remote unit by modifying the power 
system as shown in Fig 5. Moving the rec- 
fier and regulators to the tuner will also 
improve overall performance. The unused 
primary winding of the tuner supply will 
be very handy when bench testing the unit. 


Although it may not be possible to make 
an exact duplicate of the control circuit, the 
the mechanical and RF system probably 
‘won't require any modifications. Mechani- 


Fig 11—This interior view of the electronics 
Chassis shows the servo smplfers 
adjacent to he heatsink par near the 
center ol the enclosure. At op еп is a 
{alnrecucton adjustment pot Center let 
fB тә adjustment for diner ampituce ала 
Below that he second gal reduction 
pot. To the ght of the heat sink is the 
"thor oscilar. 


cal details and components are illustrated 
in Figs 6 to 11 

As with most ham projects, they are 
never really finished-there is always 
another improvement just around the 
corner. This uni is actually model 3. I you 
happen to locate a great deal on power op 
amps, please drop me a line and 1 will begin 
work on model 4. 


Notes 
Falk. Radio Sales Co, Inc Box 1105, 1016 
Furia та, OH 5552 11522757. 
Corp corporate. nasdguariars) 

400, Fuson, AŽ 86734, 


ey Corp, 701 Brooks Avo 
y de Pier Fal, MN S870 
Píce cis as oft wing: 8. 
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Remotely Controlled Antenna 


Coupler 


By Richard Z. Plasencia, МАРУ 
РО Box 1195 
Cedar Rapids, IA 52406 


he seemingly endless low at the end 
T immessi 

теши ack ol openings in he шр. 
per НЕ bands tave given me ample oppor. 
айу o optimize my antenna system or 
ihe lower bands. sted оп a vertical an- 
tenna for use on 160 throug 40 meters for 
ths location back in 1984. Although the 
vertical has provided superior performance 
compared +û tne various horizon anten 
Tas uscd in the past, the vertical has unique 
problems. The wo most import of these 
Problems are (hat the feed point must be 
{reat over a ground sereen or radial sys. 
lem, and that the length of c antenna fesd 
Tine is measured in inches Ada o these the 
compilations caused by aro ec point 
impedance changes because of multiband 
operation, and the inescapable conclusion 
itat onc neds an antenna couper at the 
base оге vertical as рап of the antenna 
system. One of my better couplers was the 
ammunition ox" тода shown im my 
December 1983 OST aide" 


The First Coupler 

In the ammunition-box coupler, band 
changing was accomplished by moving al 
Üigator clips to different сой or capacitor 
taps, The ammunition-box coupler was 
200d simply because the lid was easy to 


‘Computer-Aided Two Band 
Bosign." OST. Dec 1988 


Fig 1—Gonoral iow of coupler. Tho white cylinder in to foro- 
‘round is РУС pipe used as tha maximum capacitance travel 
тї. Tro variable capackor а, half maximum postion. 
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‘open and close when changing bands, even 
‘with mittens on during Iowa's harsh winter. 
Whatever invective appropriately describes 
our winters, one thing is true, they spark 
‘creativity. | must confess it took two 
winters to spark my creativity. To change 
bands I had to go through two rooms, put 
ona parka, mittens, and rubber boots, then 
go through the garage and one more door 
to reach the back yard. Now I was ready 
to trudge through 75 feet of back yard 
usually covered with drifted snow, locate 
the coupler by where the vertical dis- 
appeared into the snow, and clear the snow 
away before opening the easj-lo-open 
"That was fun. Try it a few times with the 
parka over your pajamas in near blizzard 
conditions and se if that doesn't cause a 
spark of creativity 


Remote Control 


While thawing out after my return from 
‘onc of these treks I resolved to design a re- 
motely tuned antenna coupler. 1 placed 
some constraints on the design. This had 
to bea relatively inexpensive design, casi- 

ly reproduced by the average ham. After 
all, there would be litle challenge or fun 
in his project for me if I used the resources 
made available to me by my gracious em. 

ployer. No special tooling or components 
could be used. The original coupler was 
destroyed while being cleaned to be pho- 
tographed for this paper. So 1 am present- 
ing version 2 of the coupler, à much 


simplified and more reliable unit than the 
prototype. 

"This article is not meant to be а step-by 
sep construction article to duplicate my an- 
tenna coupler. This type unit is amply 
‘described in various reference sources avail- 
able to most hams. However, if you study 
the photographs (Figs 1 through 8) and the 
schematics (Figs 9 and 10) you should be 
able to make a good copy. My intentis to 
pass along some design criteria and a 
method of building a high quality 
capacitor. 

"The electrical design is our old standby, 
the L network. An L network has a mini 
‘mum of components and can be used to 
match almost any antenna load encoun- 
tered by hams. The main components of 
an L network are а coll and a capacitor. 
I the coupler is to be used with a Воман. 
transmitter, these two circuit elements will 
have to be capable of handling large eur 
rents and high voltages. Standard сой stock 
in the 2 to 3-inch size with 8 to 10 turns 
per inch will handle the current. The vari- 
able capacitor will need а rating of at least 
10,000 volts to cope with the voltages on 
the antenna when the operating frequency 
s such that the antenna is operating as A 
half-wave radiator. The maximum 
capacitance is dictated by several design 
parameters such as L/C rato (related to the 
required impedance transformation ratio), 
desired range of adjustment, and lowest 
band to be covered, 


Fig 2— Samo as Fig 1, but tho PVC limi stop Is Installed on the 
molor shall and the capacitor is at maximum capacitance: 


‘The Variable Capacitor Solution 


Often a very low minimum capacitance 
is more important than а very large 
‘maximum. If you read the above to mean 
a vacuum variable is required, go to the 
head of the class. If you also understand 
‘vacuum variable equals lots of money, you 
know your capacitors. It is apparent from 
‘the above discussion that the single most 
expensive and difficult to procure compo- 
nent will be the variable capacitor. One 
more item: Conventional capacitors are 
‘unsuited because of moisture shorting the 
plates, and corrosion of the rotary contacts 
causing noise in the receiver. The 
ammunition-box coupler used a small 
tapped inductor in series with the fixed 
capacitor to provide a means of trimming 
he fixed capacitor to the exact required 
value for antenna matching. Usin 
motor-driven roller inductor in the new 
coupler meant using moving contacts, a 
Source of noise and eventual circuit failure 
because of corrosion. Therefore, а variable 
inductor was ruled out both as (he L con 
ponent and as a means of trimming circuit 
capacitance. 


Fig 5—Tho method of assembly of wing nut to movable capacitor 


Plato. The PC board win the four ceramic capacitors is the seres 
Eapactor to eleccaly shorten he antenna lo 40 mater. 
resonance. The banana plug lading ош of Ine picture goes to 
{he antenna lead and the ва end ofthe сой. 


We will make our own tuning capacitor. 
For our purposes it will have characteris- 
tics similar to the finest vacuum variable 
except for the price, Take a good look at 
"he photographs of the coupler. The vari- 
able capacitor is the device on four pillars 
to the left of the motor. It consists of two 
‘aluminum plates separated by a piece of 
window glass, The lower plate is epoxied 
to the glass. The upper plate is free to move 
in a wooden track epoxied to the upper sur- 
Tace of the glass. The motor is reversible 
and moves the upper capacitor plate by 
rotating a threaded rod in a wing mi С 
pinned to. tab on the capacitor plate. The 

Tour pillars are cut from PVC pipe to 
insulate the capacitor from the chassis and 
to elevate t into alignment with the motor 
shaft. The РУС supports are also epoxied 
а to the glass and chassis. A 

(One source of single weight glass is dime 

store picture frames, Threaded rods, wing 
nuts, small nails ог brads, PVC pipe, and 
epoxy are found at hardware stores. The 
‘wooden track for the upper capacitor plate 
is made from a single wooden paint stirrer 
obtained free at the hardware store. A 


Fig 4— Weather cover 
showing feedthrough 
connector with caulking 
"materia to waterproct 
the joint 


Fig 3 Same as Fig 2 but with the capacitor at minimum setting 
‘ero the movable plato would bear against weather cover The 
‘mechanisms used lo create the minimum-capactance iit stop 


source of aluminum sheet is cooking 
utensils such as cookie sheets or pie plates. 
That takes care of the logistics. 
Here are the design criteria so you can 
make a capacitor sulted to your needs, For 
reference look in the section on capacitance 
їп your ARRL Handbook for the Radio 
Amateur, the single most important 
Teference book in your shack. There you 
will find a table of dielectric constants and 
breakdown voltages and the formula for 
calculating capacitance. That formula is 
0.224KA 
4 1) 
where 
capacitance, pF 
dielectric constant of material 
between plates 
‘area of one side of one plate in 
square inches. 
a = separation of plate surfaces in 
inches 
n > number of plates 
If the plates in one group do not have the 
same aren as the plates in the other, use the 
area of the smaller plates. 


Fig 6—Detal of tno lower capacitor plata and support stand oft 
Ingulators. The wooden wack or те Upper plate s mado by 
splitting a wooden paint stirrer with a krite into one narrow and 
Sho wide stip. The narrow sirip s cemonted tothe glass: Y 
Wido strip s cemented on top and overhangs tno movable llo, 
Creating See track Since the wood s supported by he glass 
Plato, insulating qualities ara o no importance 


183 


Notice the influence that the dielectric | voltage rating of 200 x 63 = 12,600 volts. capacitance change to the rate of travel. 
constant, К, has on the numerical results If you assume a rating of 250 volts per mil If you have a computer, you can use 2 
of the formula. Increasing K increases the of thickness then the capacitor will have a simple program written in standard BASIC 
total capacitance. Common window glass breakdown rating of 15,750 volts. to calculate the capacitor design par 
has the highest K factor in the table. This My requirements were for a maximum meters. A program listing is given as 
‘means that the capacitor plate area can be capacitance of 550 pF. I designed for Program I, and a sample program run is 
igh times smaller than а similar capacitor 575 pF because the formula is for a single given in Table 2. [This program is available 
using air as a dielectric, further simplifying dielectric. Since I cannot achieve perfect оп diskette for the IBM PC and compat- 
four project. have been using K = Binmy metal-o-las contact, some air intervenes. bles; sce information on ап early page of 
calculations, and checking prototype This has the effect of lowering the total this оок. Еа] 
capacitors with a capacitance bridge verifies capacitance from the calculated value. The Construction of the coupler follows 
this assumption. minimum capacitance is the circuit stray normal procedures and is adaptable to 
ingle-weight glass is commonly used in capacitance, as the capacitor plates can be materials at hand. My chassis is an 
picture framing. This type of glass is about widely separated. The capacitor has the aluminum cookie sheet. All components 


half the thickness of ordinary window characteristics shown in Table | are attached to this by screws and internal 
‘las. 1 used pieces measuring approximate tooth washers. Don't forget these washers, 
fy 0.063 inch thick, or 63 mils. According The Mechanism ‘After the aluminum ages a bit u will be 
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the variable capacitor aro reached. 


Table 1 Table 2 
Home-Built Variable Capacitor With Glass Dielectric Sample Run of Program 1 

Size of glass plate = 8.5 x 5.5 inches RUN. 

Size of motal plates = 45 x 45 Inches DIELECTRIC CONSTANT =? 8. 

Breakdown voltage = 12,000 vol (average value from test) AREA OF ONE PLATE IN SQUARE INCHES =? 20.25 


542 oF SEPARATION OF PLATES IN INCHES =? 0.059, 


Minimum capacitance = 16 pF TOTAL NUMBER OF PLATES =? 2 
Power factor = negligible, about the samo as air MAXIMUM CAPACITANCE 18 : 576 pF 
Cost of materials = S287 (һе pictura frame cost $1.25) RUN PROGRAM AGAIN? YIN =? N 
Time to ld = 2 hours Ok 
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screw. The cover is lowered over the chassis 
and secured by a bead of silicone caulking 
material. The cover extends beyond the end 
of the chassis to which the cables are 
attached, leaving a gap. This serves a 
dual purpose. One, it allows the cables 
the cover and compromising йз rain- 
protecting qualities. Two, it allows circu- 
lation of air to prevent harmful condensa: 
tion because of weather changes. 

"The multiple pin connector for the con- 
trol wires is mated to the cable coming from 
the shack, and the connectors are pushed 
"up into the coupler to protect them from 
rain. Notice the unused pins on the control 
‘connector. This is from the original coupler 
Where several extra wires were needed for 
apacitorravel limit sensing and capacitor 
Position. The chassis sits on a concrete 
Block at the base of the antenna. 

The control unit sits on а bookshelf 
above my operating position. The case is 
from a surplus computer disk drive. Inside 
ds a simple 24-V de power supply rated at 
2 amperes. A double-pole rotary switch 
controls power on/off and band changing. 
А green LED in the upper right of the panel 
indicates power on. A double-pole double- 
throw spring center-off rotary switch con- 
trols the capacitor motor. Red LEDs in the 
"upper right of the panel indicate limit of 
capacitor travel. | could have used а 
standard toggle switch instead of a fancy 
rotary, but 1 ad both types in the junk box 
and i do enjoy my luxuries. 


Improvements 

Here is what 1 learned from the 
prototype coupler: KISS. Keep it simple, 
Stupid. 1 had micro switches at either end 
of the capacitor to sense limits of travel. 
They were hard to keep adjusted and 
ultimately failed because of corrosion. The 
original capacitor drive system used flexible 
couplings and springs 1o take up excess 
‘motor torque. The couplings would slip, 
‘and the springs work hardened and broke. 
‘The new model does away with all these 
problems by not using limit switches or 
exible couplings. 

originally thought i important to know 
how much capacitance was in the circuit 
T read this by using a dial cord attached to 
the movable capacitor plate that went 

found a plastic pulley with a S-inch cir- 
čumference. The other end of the dial cord 
was kept taut by along сой spring running 
back under the capacitor. The pulley 
rotated a potentiometer whose resistance 
was read by a milliammeter on the control 
panel. The circumference of the pulley was 
made longer than the length of the 
capacitor-plae travel to accommodate the 
fact that most potentiometers only rotate 
330 degrees. This still provided an accurate 
linear position readout, Mute testimony to 
the usefulness of this complicated feature 
is seen in the fact that 1 left it out of the 
new improved coupler. I now rely entirely 
‘on my Bird wattmeter for toning indica- 


im Fiabe, @ 


OE moment 


— 
Fig 9 Schematic diagram of the power supply and control unit 
CI 150, 50 capacitor R1, R23 0,2 W. 
Di, 02, Da. Radio Shack 276-1655 LITE 
desortod LEDS. SI-DPDI center of, 


D4, 05, de deer Shack 276-1611 
diodes, 50 V, 6 A- 
кА ше. ZA, center tapped. 


tion. If 1 run the capacitor toward MAX motor control leads changes with rotation 
and the SWR staris to go up, I reverse ће direction. А single no. 51 bulb used in 
switch position to мїм. Egad, how simple. automobiles works very well, but changed 
In the accompanying photographs you to LEDs to get that modern solid-state 
will notice a short length of PVC pipe look. 
covering the capacitor-drive screw between I eliminated the other source of trouble, 
the motor and the glass support/insulator slipping couplings, by not using them. The 
plate, When the motor rotates о move the threaded shaft is pinned to the motor shaft 
‘capacitor plate to the maximum-capaci- by drilling through the coupling and motor 
tance position, the plate will jam against shaft and using a small пай аз a pin. This 
the end of the PVC pipe stopping further is cut almost flush and riveted into place 
‘motion. In the other direcion the сарад. by а couple of well-applicd hammer blow. 
tor plate will jam against the plastic weather The threaded-shalt to  molorcoupling 
cover. The results are positive limit stops— | interface is handled the same way. Some 
rude but effective and maintenance free. system flexibility is preserved by the 
How does the operator know the limit method of attaching the drive nut to the 
has been reached? Think a bit. What capacitor plate. A wing nut is used. The 
happens to motor current when the motor extreme ends of the nut are drilled with 
stalls? Right, it goes up! We sense the the same drill bit used on the mok 
excess current condition with a red LED end of the shaft. The movable capacitor 
bypassed by a3-ohm resistor in each of the plate is drilled to pass the threaded rod and, 
two leads о the motor. The operating cur- оп either side, slots are made to accept the 
rent is about 300 mA; under this condition wings of the wing nut. (Use two or three 
not enough voltage is developed across the — small holes and a small Swiss file to con- 
3-ohm resistor to light the LED. When the ben the holes, thereby forming the slots.) 
‘motor stalls, the current increases to over Use two small nails for cotter pins to secure 
500 mA; the LED will now light. Two the wing nut to the capacitor plate. Ifyou 
LEDs are used because the polarity of the have done the job as intended, the not will 
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Fig 10—Schematic diagram of he antenna 
tuning unit. The designated relay cis 
есейе power when tuned to th e 
Bands 160 meters —KZA, 80 meters КА, 


75 meters. one, 40 melors- КЛА and 


‘on 40 meters, The author used 250 př. 
А ‚ л Mutipie pin connector to match Pi 
i, K2, кэ-_5РОТ relays wih 241 coll 
A Р (Je vot relays could be used by changing 
E = ҮТ а 2evot comter apod wansiormar 
Vd using a diferent motor 
8 ч Col sack, 2 дату 10 uns por 
T 2 inch (ir Dux no. 20101, Polyeole 1776, 
He ог equi). Tap for a match al 
Sparling quency. Soider the taps. 
МО min reversio geared de mete. 
l ЕА = Pi—Multplepin connector to match Jt 
P2—PL'260 coax conector 


be free to move in al axes, except 
rotational, in a manner similar to a 
universal joint. 

Here are some further notes on the 
variable capacitor that may be of general 
interest, I have another version in which the 
plates are fixed; one plate is the side of the 
metal equipment enclosure, and the glass 
is moved in and out. This type of capacitor 
‘avoids movable contacts and the induc- 
tance of connecting leads, but it provides 
only а 640-1 capacitance range. Dual 
movable plates can also be used by placing 
another sheet of glass on the other side of 
the fixed plate and yoking another movable 
plate to the original with a long U-shaped 
Strap. This scheme doubles the maximum 
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Program 1 


Calculates r design parameters. [The ARRL-supplied disk filename for 
this program is PLASENCIBAS.— Ed.] 


AB REX CAPACITOR CALCULATOR 
28 INPUT "OIELECTRIC CONSTANT ="; 
30 INPUT "AREA OF ONE PLATE IN SQUARE INCHES =";A 
A INPUT "SEPARATION OF PLATES IN INCHES =";D 
БИ INPUT "TOTAL NUMBER OF PLATES "jh 
E2249 ([K*AVD) JAU) 
PAINT "MAXIMIN CAPACITANCE 15 


188 IF e GOTO 2f 
118 Tr Asni" бото 198 
188 % пото 188 


Phase-Shift Design of Pi, T 
and L Networks 


By Robert F. White, W6PY 
130 Heather Lane 
Palo Alo, CA 94309. 


in radio systems 10 match im- 
pedances and to provide selectivity 

Pi and T networks comprise one inductor — Tenn 

and two capacitors (or the reverse), while 

E network comprise one inductor and one Ж k a 

capacitor. Assuming an ideal system in Sal Po 

‘which the impedances to be matched are 

pure resistances and the network elements. | „ 4 

Pure reactance, there are, for any specific | : E 


P i, T and L networks are widely used 


pait of resistances, infinite mathematically * b 
Correct pi nets, each with a unique combi- 
tation of cements and characteristic. For | о} I 
Sach such pi net there is an equivalent T 
та. The pi and T mess come in two een woes 
Categories: conventional and unconven- EM pom 
tonal. There is a unique L net which can xe 
be treated as ciber a degenerate pi or a par н 
degenerate T net. Finally, every one of the к 
foregoing networks can be configured in төт 
cier low-pass or a high pass form. ык 
Many aries on network design have 
appeared in the сга over the years 
Mostly they have focused on conventional wn 
low-pass pi and pie nes, with system Q 
as the parameter of choice. Wingfield and me 
‘Wayman give especially good treatments 1? 5 
The methods эге precise and straightfor- ky 
ward but they lack generality and do not 
Provide much insight into the relationships 
mong network types. Fig 1 Basi normalized phase-hit made and design ат, The pi network shown at 
System Q, an important system charac. the өл а aguialent toe T rator и те nghe y 
terii which affects slety and бп real 
Stems) system Joses, has some limitations 
A8 a computational aid. Another system 
Characteristic, is phase shift, is an deal such networks. The method gives both the The phase shift can be positive for low- 
mathematical tool and in some cases may VCC 
be of interest per se. Each of the infinite (+ for inductive, — for capacitive) ofthe works, It is easily seen from Fig that the 
network possibilities described earlier has . ideally suited for only effect of changing the sign of P will 
а specific phase shift. Everitt suggested a programmable<alultor or computer im- be to change the signs of A, В, C and the 
Say in which ideal lossless networks could plementatons. six X values, without alfeing thir 
de designed for such а specific phase © Fig | provides the model and the basic magnitudes. To simplify discusion and 
S He left the matter there because, he algorithm forthe normalized trigonometric avoid confusion ГЇ focus on positive P and 
said, the phase shift was of litle intrest. phase-shift design method. For a given low-pass networks from here on, except 
resistance pair (Rr) one can in principle where otherwise noted. 
A Normalized, Trigonometrie Design designan ideal maiched system оваке any” The method and the algorithm of Fig 1 
Process Чеге phase shift between (out not includ. are very easy o explain and o understand 
By pursuing Ever" suggestion, adding ng) O and 180”. Practical considerations ifthe phase shife, P, is regarded as a 
ideas of my own pius some borrowed from impose some limitations in real systems. primary system objective rather than 
Wayman, Wingfield and others, and by "Ра provides all the ingredients for syn- merely а useful mathematical tool, Jas 
tinkering with it over a numberof years thesizing all possible pi and T networks to such an application is discussed briefly near 
Ive arrived at the phaseshift approach march a given Rye pair. The only variable the very end of this paper) 
which is the subject of this paper. It has im the process i the choice of a suitable To ilustrate the simplicity of the 
complete generality and isin a form which value of phase shift, P. Once a Р has been method, suppose for example that wc 
%% of the Network wanted to construct a network to match 
elements and the system © is straight. SO ohms to 200 ohms with phase shift of 
"ete appear on page 190. forward 25:168", another network with a P of 
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From Fig 1, calculate N = 50 x 200 
= 100, and T = 200/50 = 4. With T = 4and 
and with each P in turn, calculate A, Band C 
бо 4 decimal places). The results are shown 
in Table 1. From these results we can deduce: 

1) The systems are all low-pass (Bs are 
E 

2) The first system is unconventional (A 
and C have unlike signs), 

3) The second system is conventional (A 
and C have like signs), and 

4) The third system is an L network (С 
is nearly infinite). (The author's result for 
C in this network is an approximation, 
probably the result of internal calculator 
rounding. The denominator value when 
solving for C is actually ero, and a divide- 
byszero error will occur in many calcula- 
tors. Ed] 

(By using the appropriate equations from 
ig 1, the ohmic pi and T ractances for 
the three networks can be calculated. These 
results are shown in the lower portion of 
‘Table 1. See Fig 2A for the L-network con. 
figuration, Fig 2B for the conventional pi 
and T configurations, and Fig 2C for the 
unconventional pi and T configurations, 


Choosing a Suitable P 

Since P is the only variable in the whole 
process, it needs to be carefully considered. 
‘The chosen P should produce a network of 
the desired category and should provide an 
appropriate value of Q— something which 
зо far has not been mentioned. Following 
is a menu for the choices. 


Qu -VTT 


Conventional pi or T network: 
Pa < Pe < 180° 
9: > Om 


Unconventional pi or T network: 
Pm > Py > 0° 
Q > 0m 

"The L net doesn’t require or allow any 
choice. Since T is fixed, Py and O. are 
‘also fixed. In the case of our example, T 
= 4, Pa = 60°, and Qu = 1.732. 

With the fixed-choice 1. net out of the 
way we can tackle the more complicated 
problem of selecting an appropriate P for 
the element nets. Values of P (P) 
between Pq and 180" will produce the 
conventional low-pass configurations of 
Fig. 2B. O. will increase monotonically 
from Op to infinity as P, increases from 
Pp to 180%, 

"Values of P (P) between Р and 0° will 
produce unconventional low-pass config- 
trations as in Fig 2C. О, will increase 
‘monotonically from Qu, to infinity аз Py 
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Table 1 
Results of Calculations for R = 200, r = 50 


А A в с 
5768" 02000 +01005 +01015 

154.500 0206 04305 01525 

в000 11547 10860 азо" 

х Xe Xe x Я % 
eoo 41005 +1016 -9M94 © 95502 +50002 
[зб +4005 21598 565158 -23228 439711 
sar 18880 аз? 100000  -us ES 


Fig 2—The five possible low-pass configurations. Рэг high-pass configurations. change 
Inductors to capacitors and vico versa. At A, the L nat. At B, conventional pi and T 
or. А Crunconvntona pi and T тойну. The folowing equations app or hose 
p 


т For B: Py < P, < 180% 
For Ai Pe = arcos JE 

T [Ir 
decreases from P, to 0°. by Eqs 6 and 7 below. For any P, the 


applicable Q s the arger of Q, and бу зо 

T, P and Q Relationships Tic impe amer ccu bo tad 
“Tes tre fundamental tem carac pick the ago 

teria are so related that f two. are in our example, with a T of 4, 

Known, the third is calculable. Since Ts 


fixed by the initial conditions, we can Р of 5.768° gives O, = 5.08 and O, 
calculate © as a function of T and P, or = 10.00 
calculate P as a function of T and O. in P of 154.50* gives Q, = 10.00 and Qu 
each case there is a slight complication, > 6.74 


When T and P are known there is опу р or 600° gives both Q, ar 
one possible Q, but the calculations ше Р 076200 gives both Q and Qy = 1.732 


differen for a Р, than for a P, as given When T and Q are the known quantities, 


there are two complications. The 
Q must not be les than VT = 1 (Qa) 
‘The second is that for any value of O great 
than Qq there are two possible values of 
P, one in the conventional range and the 
‘other in the unconventional range, Р. and 
P, in terms of T and © (© > Qu) are 
given by Eqs Sc and Su below. in our 
‘example, the desired О was 10. Eqs Sc and 
Su give Pe as 154.509, and Py as 5.768°. 

Consider now this set of numbered 
equations. 


Pre-choice: 
ization factor: 
xr bea 


Th bea 


Tenet phase shift, the minimum for 
ve the maximum for Py 


= arccos T 

Pa үт аз) 

Let О, the minimum © for a given Т: 
Qa = TET (ваа 
Баа O: 

The P, for any Q > Qu: 
Pe = arccos Y 
where y = 
ELI 

[zy 
(Eq 0 


The Р, for any Q > Qu; 
УТ + QS TT 


discendi 
EE 
РҮ 
тей for a P > Pat 
© | VT + VI7T - 2 cos F. 
E 3 
The Qu trap < Pa: 
NT - cos Р, | 
a= اچ‎ та» 


Note: The Q for any P is the larger of Qe 
and Qu. If Qe is larger, the system is 
conventional if Q is larger, the system is 
unconventional; if О; and Qu are equal, 
isan L net. 

Eas 1 and 2 in effect convert R and into 
the normalizable identities R= N T and 
т = N QUT. Once М and T have been 
calculated, R and r drop out of the picture 


‘completely and N plays only a very minor 
role as а multiplying constant in the reac- 
tance equations. The zransformation ratio 
Т, on the other hand, is the key element 
їп the whole process. In the normalized 


form Ris represented by УТ, r by Vi/T, 


and VR x rby 1 


Eas 3 and 4, which depend only on T and 
hence are constants for а particular 


application, give 


really the phase shift 


and the © for the unique L-net solution. 
Fry also provides useful information for Р 
selection, and Qu provides similar infor- 


mation for © selection. 


Eqs c and Su provide an “exact Q” 
design option by means of which one can 


specify any © (> Om) and use it 


ith Tto 


calculate the corresponding P. Eq Se will 
generate a conventional solution and Eq Su 
ап unconventional one. Eqs Sc and Su are 
alternates, used опе at a time, and only 


With the exact-Q option. 


Eqs 6 and 7 give О, and Qu. For any 
value of P, the larger ОГО, and Q, gives 
the applicable Q. Eqs 6 and 7 are redundant 
When the Q option is used, but can provide 


A useful check. 


‘Ate these seven calculations have been 
made, the design is essentially complete. N, 
T, P, and Q are known, and all that 
remains is to calculate the network reac- 
tances as a function of N, Т, and P. This 
second set of equations may be used for 


tune 
pico E 
Xa = CIEN 
— 


lou has T reactances: 


System type indicator 
SON 0. - Qu 


Ca 


(E49 
(Ea 10) 


ау 
(Ea 10 


(Ea 13) 


(Eq 10 


Мое: SGN is positive for conventional 
systems, negative for unconventional, and 


zero for an L net, 


Automating the Process 


‘The two sets of equations constitute à 
blueprint for automating the calculation 
process. In my case it is by the TI-S9 
calculator program of List 1. My interest 
in these networks is almost entirely the- 
‘retical, so the program is broken into four 
subroutines which can be used indepen. 


dently for system analysis or as a chained 
Sequence to construct networks for specific 
applications. The subroutines share a 
coordinated bank of data registers; the 
equation numbers and the corresponding 
ata register numbers have been made the 
same. Although the program in List 1 is for 
а specific machine, it should be easily 
adaptable to other calculators or to com- 
puters, I've programmed it on a Casio 
e000 machine and the results are 
identical. However the program on the 
vintage TI-59 machine is easier to deser 
‘The Q-Design Option 

"The List 1 program is set up to favor the. 
ae, O option for two reasons. One rea- 
Son is that it becomes easy to compare this 
phaseshifl method with the O-based 
methods in the current literature. A more 
compelling reason is that Q as a system 
characteristic is already a familiar concept, 
and a rationale for choosing О is well estab. 
lished. In theory, © can be assigned any 
value from Qm fo infinity, but practical 
considerations impose an upper limit, If 
harmonie attenuation ав well as impedance 
matching is desired, the consensus seems 
to be that Q should be atleast 10 but no 
more than about 20. For simple impedance 
matching, Q values fairly close to Qm wil 
keep real system losses to а minimum and 
real system performance closer to that of 
ап ideal system than would be the case for 
higher values of Q. 

List 1 shows how to use each subroutine 
individually but not how to chain them to 
ZQ-design" for a particular application. 
Here's how: Store R in 21 and r in 22, and 
press A to do the prechoice equations, 
When the machine stops, Ол will appear 
in the display. Choose any valve of Q great- 
er than Quo Key it, and store it in 23. Then 
press B fora conventional solution or press 
C for an unconventional one. When P, ot 
Py appears in the display, values for N; T, 
and P will al be duly stored and D can be 
pressed to run the main program, Sub 
sequent runs for the same Rr pair can 
be made without repeating SBR-A. With 
R = 200, r = 50, and Q = 10, the A,B 
sequence will produce а Р; of 154.50*and 
эп A,C, sequence a Р, of 8.768" asin the 
previously described example. 


An Interactive P-Design Option 

Sb p. the main program of List 1, is 
essentially complete in itself and can Бе 
used in an interactive manner to empirically 
find a suitable value of P for a particular 
application. The procedure is to manually 
calculate and store N and T, then use the 
program ise to evaluate different values 
of P until a suitable one is found. It takes 
only a few seconds to run the program and 
only a few iterations are needed, Indeed, 
with the help of precalculated information 
in Tables 2 and 3, which I'l get to shorty, 
the initial choice for P may well be the final 
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Lista 

The Main TI-59 Program 

SERA: Prostorod Inputs, Rin 21, rin 22. 
Pross A 

LBL A (Sbr A starts) 

anen зоо 

(ад ат Ja 

Eq) =F, Sio 03 

й-б, Sto 04 

RIS (Sbr A Stops wih Q, displayed) 


запа and dente Prestored inputs, T in 
PTS 
Fas Sr or C tor P, 

BCB (Sor sara 

аз =F, S005 

ЁЗ Sore dope win P, displaye) 

LBL C hr C tare) 


Eq su) = Р, S10 05 
RIS (Sbr slope with P, displayed) 


‘SBA: Prostord inputs, N in 01, T in 02, 
P in 05. Press D. 


mo b dez 
Eiig 27 
Bore So 
(Eq 9) = Sto 09 
40 бею 
БЕК 
(атут Peu 
9416 8 mu 
EEE 


NI (Sor D stops with SON in display. 


‘The simple program shown completely 
in List 2 is remarkable in that any value of 
Р, except for zero or exact multiples of 
180*, will produce a mathematically correct 
set of network elements, The program will 
also identify the category, conventional if 
SGN is postive, unconventional if SGN is 
negative, or L net if SGN is zero. Qs is 
applicable for positive SGN, Oy for nega- 
tive SGN, and either for an Û net. The 
applicable Q will be the larger of О, and 
О, as calculated from Eqs 6 and 7 

Without recourse to the tables, here's 
how we might tackle our example problem 
using the List 2 program. Our objective: 
а conventional system to match 200 to 50 
‘ohms with a Q of about 10. 

1) Set the machine to display three 
decimal places. 

2) Manually calculate N = 100 and store 
itin OL, then manually calculate T = 4 and 
store it in 02. 

3) For the first run calculate Pa, = 60°, 
store it in 05, and press D. In about 7 
seconds, 0.000 will appear on the TI-59 
display, indicating an L net. O. and Qu 
will both show 1.732. 

4) Now do successive runs with P values 
(0090, 120, 150, 160, 155, 154, and 154.5° 
Producing Q, values of 2.5, 4.041, 8464, 
12.804, 10.205, 9.804, and 10.000 respec 
tively. 
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List 2 

SBR-D as а Stand-Alone Program 

‘SER: Prestored inputs, N in on T in 02, 
Pinos Press D 

үа р (бан. sta) 

— = O, Sie 08 


IT суруше! = ©, Sor 
eee 1) = X, 80 0 
К E 
Шер) = X Soo 
"NX = XT ES 
TNE Fe S012 
ee) ЗЯ 
8. & can 


RIS (SBD stops with SGN in display) 


The whole process, including the manual 
calculations and entries, takes no more 
than a couple of minutes, even less on the 
Casio calculator which does the calculation 
almost instantaneously. 

‘A similar sequence to find the P, for an 
‘unconventional solution with a Q of about 
10 might be: Py values of 30, 20, 10, 5, 
55, 6, and 5.75" giving respective Qu 
values of 2.268, 3.100, 5.846, 11.517, 
10.481, 9.619 and 10.031. 

1 used these rather long sequences to 
show how easily one could converge on an 
‘exact or near-exact Q by iteration. For an 
‘approximate Q, two or three iterations 
should suffice, particularly if Table 2 or 
Table 3 is used for the initial selecti 


The P-Picker Tables 
Tables 2 and 3 provide a complete 


mapping of the T, Р and © relationships 
for transformation ratios from I to about 
250 and for Q values ranging from Q,, to 
20. This covers all ranges of practical 
interest. 

For any of the 20 specific lines and the. 
six Q columns, you can read off directly 
the values of P for each such О. In our 
‘example with T = 4, we can immediately 
find 60° for Py, 5.768* for an uncon- 
ventional systemy with a Q of 10, and 


Jd also deduce that any P 


nd also that the minimum. 
Qs 1.732 and the Q at 90° is 2.5. 

For values of T which fall between the 
lines or or values of Q which fall between 
columns, a simple and rather rough inter 
polation will give a good initial value. There 
3s really no need to be overly precise in 
selecting an initial Р. 

For example, consider a system with a 
7 of 70 for which a Р, is desired to give 
а Q of about 12. Using the closest T line, 
65 in this case, and picking a P, about 
halfway between 115° and 140° should give 
а good initial value. Actual calculations 
with T = 70 and P = 127.5" produce a 
ду of 12.2, very close to the objective. А 
caveat: Some of the very low Р, values in 
Table 3 may require impractical large or 
small network elements 

For easy reference, Table 4 lists the 
results of six different calculations for the 
example problem. Because N in this 
example is 100, the ohmic X values can be 
converted to the equivalent normalized 
values by moving the decimal point two 
places to the left 

So far in both the discussions and the 


Table 2 


P, T, and Q Relationships for Conventional Configurations 


P, tor 
d = 10 
EL 
157319 
crate 


197410 

13091 

E 

118.30 

Joi 

DE 
11718. 
11238 
103.624 
86.196 


Table 3 


P, T, and О Relationships for Unconventional Configurations 


Pm > Py > 00, > Om 


кош 
m“ os 
m% on 
© т 
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r 
s F 
wo з 
т 4 
э 5 
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ю 7 
„ 3 
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101 0 
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145 12 
mo 13 
197 14 
ов 18 


эю рию 
d. % 0 76 
OST олы" 
12099 ere. 
2e ges. 
4214 2802 


Er 


Table 4 
Example Calculations. 
в = 200, r = 50, N = 100, T 


Pa = 60°, 0, = 1.792 


P e» 90. 
oj m 2 2 

END NT 

9. 508 158 алт 250 
a% лою 200 1732 200 
X 22000 10000 -11547 = 100 
12 1005 60.00 8660 300 
ж 10.15 30000 493x105 100 
xi -98489 — -10000 000 300 
Xp 99496 L16667 -11547 MI 
х2 500.00 10000 85.60, © 
SON ма Neg Zo Pos 


mathematical treatment, eq 
has been given to the conventional and the 
unconventional configurations. From a 
practical viewpoint, interest is overwhelm- 
{ingly in the conventional configurations. 
Indeed, the current literature doesn’t 
appear to acknowledge that the unconven- 
tonal configurations even exist 
A discussion of the class 

equations which Everitt 
develop may help to put things into per- 
spective. Whyman and Wingfield cited these 
equations and used portions of them, but 
not the complete set, In their articles. 


Everit's Pi-Network Equations 


Using my terminology бе, R and r instead 
of RI and R2) the Everitt equations are: 


Pole Ver (Ev. 38) 
— жш 
Rai- 


Xe = — ШШШ "ү 
RA 


‘The Everitt approach was to arbitrarily 
Select an Xy less than VR X r, and then 
use Ev. 37 and Ev, 3610 calculate X and 
Xe. He pointed out that for any Xp there 
are two possible Xa, Ne pairs, cor- 
responding to the plus or minus signs in 
front of the radicals in the two equations. 
He warned that if the positive sign is used 
for Xa it must also be used for Xe, and 

То illustrate the two possibilities, Everitt 
used an example: a generator of 2000 ohms 
о be matched against a 500-ohm line. He 
arbitrarily chose a value of 800 ohms for 
Xy (the maximum would be 1000 ohms), 
then calculated two Xa, Xc pairs using 
Ev. 37 and Ev. 36, producing the networks 
of Fig 3. 


dae moe two ровное of Ever 
example, from his Figs 120(2) and 1200); 
Soo text and note 3. The network at A 
resul when postive signs are Used before 
the radicals (Ev. 36 through 38, gen in 
‘the tet ofthis paper, and thai at B rom 
negatie sions before to radical. 


After pointing out that either network 
‘would have an input impedance of 2000 
‘ohms and would absorb maximum power 
from the generator, he went on 10 say: 
“The network of Fig 12068) will attenuate 
the harmonies, while Fig 120() will not, 
‘and therefore Fig 120(4) is usually the more 
desirable." (Emphasis added.) 

The italicized portion of that statement 
is inaccurate. Both networks attenuate the. 
harmonics, but the attenuation is sub- 
stantially higher for the conventional 
network, and hence Everit’s conclusion 
that Fig 120(a) is usually the more desirable 
is valid. 

Things would have been much more in- 
teresting had Everitt chosen 866 ohms for 
Xp. He would then have found, using the 
minus signs for the radicals, values of 
— 1154.7 ohms for ХА, and about ten 
million ohms for Xc. Indeed, had he 
chosen 866.0254038 and made the calcula- 
tions exactly, he would have found Xe to 
be about 4.8% 10, with Xa unchanged at 
= 1154.7 ohms. Clearly an Xy of 866 = 
about an ohm would make Xc so large 
that it could be replaced by an open circi 
thus producing an L net, Using my termi- 
nology, the value of Xp to produce an L 
те сап be calculated as 

puna a 
=н 


т 


їп principle, Хе should become infinite 
for this Xp, but usually when done опа 
calculator is some huge number which 
‘can be either positive or negative. 

‘A further point of interest: Had Everitt 
chosen an Xp between 866 and 1000, Xe 
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Fig 4—Those graphs indicate the behavior 
of the normalized reactance values versus 
P for various values of T. The parameters 


аз calculated using the minus sign before 
the radical would have come out negative, 
in which case Everitt’s Fig 120(6)—my Fig 
3B—would have both ХА and Xe as 
capacitive, the conventional configuration. 
Only for Xn values less than 866 ohms 
would the configuration be as actually 
shown in Fig 3B. 

Everitt simply ignored these possibilities 
and went on to other things, no doubt a 
‘wise decision since a full explanation would 
Ваке been complicated. In phase-shift 
terms the explanations аге fairly easy. Ev- 
37 and Ev. 36 with plus sens before the 
radicals correspond to phase shifts between 
30 and 180°, the configuration always 
being conventional. With minus signs 
before the radicals they correspond 19 
phase shifts between 0 and 90°, the con- 
figuration being conventional for phase- 
shifts between Ра, and 90°, and uncon- 
ventional for those between Py and 0°. 
Exactly Ра of course gives the Loet 
solution, 


A Bit of System Analysis 

The Everitt example provides a good 
basis for some system analysis. Using the 
phase-shift method with R = 2000 and r 
= 500 gives these pre-ehoice numbers. 


When Everitt chose 800 ohms for Xy he 
was indirectly choosing two values of P, 
fone in the first quadrant and the other in 
the second. By using a variation of Eq 9 
with Xp = 800 ohms and N = 1000, we 
сап calculate 


Xa 8 
в aresin Ê = 53.13 


From this, 
P2 = 180 ~ 53.13 = 126875 


And indeed, if we run the SBR-D TI-59 
program with N = 1000, T = 4 and P = 
53.13, we set the following. 
Xa = — 1143, Ха = 800, Xe = 4000, Qu 
E 

Note that Everitt made an error in Xa; 
method also gives — 1143) 

‘An SBR-D run with P = 126.87* gives 
615, 800 and —364 for the reactance 


values, identical to Everitt's numbers, The 
Q (QJ is 4.625. 

Even though he didn't mention Q at all, 
we see that Everitt was indirectly choosing 
э О, of 4.625 for Ev. 120(a) and a Q, of 
15 for Ex. 12000). 


[Normalized Calculations using SBR-D 


‘The algorithm of SBR-D, unlike that of 
Fig 1, does not explicitly give the normal- 
ized clements. By the simple expedient of 
setting М = 1 Ge, storing a “1” in OD), 
SBR-D can be used to produce A, B, C, 
—1/C, -1/В, and —1/А instead of the 
six ohmic reactances. SBR-D was used in 
this manner to derive the six graphs of Fig 4. 
A and B of Fig depict the behavior of the 
‘normalized elements and the © for a low 
value of T (1.1), C and D for a medium. 
value of T C), and E and F for a high value 
of T (100). 

These graphs are not meant to be used 
as calculation aids, but rather to provide 
insights into the way the various systems 
and elements are interrelated. Much useful 
information can be gleaned from the 

raphs, but that is peripheral to the main 
thrust of this paper. 1 won't attempt to 
elaborate except fora couple of points. One 
is the special nature of the network 
‘elements at Pp, and at 90°. P,, has already 
been discussed in detail, A 90°, the derived 
networks have а special characteristic similar 
to that of a quarter-wave section of trans- 
mission line. The nets are symmetrical, with 
B= land A = C = —1. A system with 
90° phase shift will match any R pair whose 
product is equal to NP, regardless of the 
value of T. However, the © will depend on 
T according to the following relationship. 


Qu = УТ + VT (Ea 15) 


A second point is the behavior of the 
normalized elements for the special case 
‘when R = rand T = 1. If in Fig 4A we 
imagine T being reduced below 1.1, Ра 
will move toward zero and the peak of the 
curve for A will increase in magnitude. In 
the limit, as T approaches 1, Pr, and Qu 
will approach zero, while A and C will be 
equal and will approach — œ. At 90° A 
and C will be — 1, and at 180° they will go 
to zero. Thus, the entire range from 0 to 
180° is conventional, which accounts for 
Table 3 not having a line for T = 1. The 
T = 1 line in Table 2is useful for networks 
intended to provide selectivity or а specific 
Phase shift without changing the impedance. 


The Unconventional Networks 

‘The unconventional versions of the pi 
and T networks seem to have received little 
‘or no attention in the literature in the half- 
‘century since Everitt briefly described and 
dismissed them as inferior to the con- 
ventional types. Do they have any real 
Usefulness, or are they merely of academic 


Ie just recently stumbled across a refer- 
ence which indicates that they re useful 
nd have ben used, but perhaps have not 
been denied as belonging to the pi and 
T family, The reference is a circuit in the 
1986 ARL Handbook; Fig MD of Chapter 
2, shown here as Fig SA, A statement in 
ie text accompanying the Handbook 
cut says, "The circuit of Fig 84D has 
ever been ziven any special name but is 
Ate popular in both antenna and transis 
tor matching applications" 

‘When redrawn as in Fig SB, the circi 
is seen to be identical to the high-pass 
Version of an unconventional pi net. The 
component relationships are R = RÀ = 
RI, Xa = Xu Ха = Xe, and Xe =e 

Таар. there ме other circuits In be 
that would fi into he" unconventona 
pi- and T-network family. Al such circuits 
ould be easily designed using the phase- 
shift approach. 


Frequency Response, Unconventional 
Networks 


At the risk of confusing matters, I have 
to mention that the unconventional net- 
works are not truly “low-pass” or "high- 
pass" circuits except in а limited sense. For 
values of Q, lose to the minimum Q, the 
responses of the unconventional nets ap- 
proximate those of conventional nets with 
he same Q, which are true low pass or high 
pass. But for considerably larger Q values, 
The unconventional circuits have а rather 
‘symmetrical band-pass characteristic. Fig 
89 and the accompanying text in the 1986 
ARRL Handbook give an indication of the 
тебропге of the circuit of Fig 84D for 
several conditions.’ The responses show a 
“high-pass” system. A mirror image of the 
response curve would show how the low 

pass responses look. 


Fig SALA, the "no special гапе" ciui 
of The ARAL Handbook. At B їз equivalen! 
chi soon to be an unconvantóna. 
отрава pi network. 
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То give these orphan systems an identify- 
ing name it is convenient, at least for the 
purposes of this paper, to continue to 
identify them as unconventional low-pass 
designs, where P and X аге positive, and 
‘unconventional high-pass where Pa and 
Xp ate negativo. Perhaps a less cumber- 
Some description can be found. 


Matching Complex Impedances. 

‘The simplicity and generality of the 
approach described so far result from the 
assumptions that the impedances to be 
‘matched are purely resistive and that the 
network elements are purely reactive. 
‘Things get somewhat more complicated but 


still manageable if we allow one or both of o 9 Lyd w bed + 
"he impedances to be complex, but continue * 
to treat the network elements as pure | шш. тыт © 
reactances. Fortunately there is a fairly | А7 5 


simple approach that wil yield good results 
їп most situations of practical interest, 
Provided high-quality inductors and 
Capacitors are used, the operational Q is 
not excessive and the frequencies involved 
are in the HF range 

"The approach matches a generator with 
а purely resistive impedance, R, o a load 
‘with a complex impedance. The load im- 


pedance in series form is given by R, + r 
Xs and im parallelequivalent form is 
‘given by 
Rê + ха та 
Re -+ A 
(Eq 16) 
x, 


ат) 


32 


rabo reges 
rama 
E Dama 
RU or DC eti 
нт 
TT ES SS, re 
aa DTE 
rer 
Shc Sarg 
and R, will always be different (k, larger), 
the pi and T nets will no longer be inter- 
changeable as they are in the ideal case. It Fig 6—The four possible cases for matching а resistive source, R, o a complex load. 
pee bes 
кшз 
ч D NM 
WEE EE cay 
PE OR = а 
ons as depicted by Cases 1 through 4 (Eq 19) 
Fig 6. 


The equations for modifying the network ж 
element in the four cases are: ее 
яр 
Case 1: زاق‎ =e 
X3' + X, = X3,X3' = X3 — X, » Note that careful attention must be given. 
(Eq 18) (Eq 20) to the signs of all the X values. In some 
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cases, modifying an clement may even 
change its sign. Note also that following the 
rule that X and X1 always face the larger 
resistance, the network elements in Cases 
2 and 4 are reversed from their usual 
positions. 

The calculation proces is best described 
by way of example. The one Ill use is a 
generator impedance Ry = 50 ohms and 
а complex load impedance Z = 200 — 100 
ohms. 

First we'll look for a conventional low- 
pass pi net with a Q of 10, second a con- 
‘ventional T network with the same Q, third 
an unconventional T net with the same О, 
and finally a low-pass L net, which 
curiously enough is the most complicated 
of all. 


Р Network with Complex Load 

For the pi net (see Fig 7) we must convert 
2:10 the parallel equivalent form using Fas 
18 and 19, giving Rp = 250 and Xp = 
= 500 ohms. Зо the basie network will have 
R= 250 and r = 50. Using SBR-A or by 
direc calculation, we find N = 111.8, 
T 5, and from Table 2 we find that for 
Q = 10 we need a Pe of 153.477. With N, 
T and P, as inputs, SBR-D or an equiva 
leat calculation gives the following basic 
network elements. 
Ху = -35.7 Xy = 5001; 

Ke = i667; = 10 

Since Ry is less than R the category is 
Case 4, so we must use Eq 21 to calculate 
XA! = 3847. See Fig 7 for the resulting 
matched system. 


T Network with Complex Load 
For the T network (se Fig 8) the initial 
data are Ry = 50, R, = 200 and X, 
— 100, With an K of 200 and r of 50 we 
find N = 100, T = 4, and from Table 2 
we read a Р; of 14.0" for a Q of 10. The 
Basic network elements are then 
ХІ = 651,6;X2 = ~2324; X3 = 337-1; 
Q= 10 
Since Ry is less than R, the category is 
Case 2 and we must use Eq 19 to calculate 
XI = 751.6. See Fig 8 for the resulting 
matched system. 


Unconventional T-network with Complex 
Load 

“This is just like the preceding case except 
that we use Table 3 instead of Table 2 and 
find that P, is 5.768" instead of 184,30". 
The basic network elements are then 
Ха = ~985.0; X2 = —995.0; X3 = 500; 

Q = 10 

The category is Case 2 so we use Eq 19 
to calculate ХІ, = —885.0. See Fig 9 for 
the resulting matched system. 


Low-Pass L Net with Complex Load 
As indicated earlier, the L net is a bit 
more complicated. There are three pos- 


Fig 7—Low-pass conventional pi notwork with compie load. 


eee 


Fig 8 Low-pass conventional T network with complex load. 
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XA = 12% Xp = 100; Xc = æ; Q = 2 


Using Ба 21 we get Xa’ = — 166.67. 
‘See Fig 10 for the matched system. 
What 11? 


What if Z were 200 + J100 instead of 
200 — 1007 The process would be exactly 
ihe same except that X, and X, would 
change to inductors of +200 and +500 
‘ohms, respectively. Xa would change to 
3343 in Fig 7 and to ~ 100 in Fig 10. 
XI would change to + 551.6 in Fig and 
to — 1085 in Fig 9. 

What if Z were 200 + /100 and we made 
ай P angles negative? In that case the mag. 
Bitudesof all the P values and all reactances 
in Figs 7 through 10 would be unchanged, 


but all plas signs would become minus and 
vice versa. Every inductor would become 
a capacitor, every capacitor an inductor, 
and the resulting networks would all be 
high pass instead of low pass. 

"To simplify discussion and avoid con- 
fusion, the calculation processes described 
earlier ай assume low-pass networks and 
positive P angles, with high-pass equivalents 
то be derived by merely changing the signs 
of all the network reactances, This sen 
‘changing can be avoided by simply using 
negative values of P with SBR-D or the 
‘equivalent calculation when the objective 
is high-pass networks 
© Values of the Modified Systems 

When a modified network X and the 
Лоа X it faces have the same sign (as in 
Figs 7, 9 and 10), the modified system Q 
‘and the basic system O are the same. 

When these two X values have different 
signs (as in Fig 8), the modified system О 
is greater than the basic system Q by 


хук, 


Phase Shift as a System Objective 


may be an important system objective. A 
‘ease in point in the fairly recent amateur 
literature appears in an article by Forrest 
Gehrke.” In his fourth of a series of articles 
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on vertical phased arrays Gehrke shows, 
among other things, how symmetrical (Т 
= 1 in my terminology) “coaxial 
equivalent” pi or T circuits could be used 
instead of coaxial delay lines to establish 
precise phase relationships among the 
Currents in the driven elements of such 
systems. 

Gehrke uses a specific length of coax 
‘between each antenna element and the 
junction point where the feeders are paral- 
leled. He then uses an L net im each line 
to transform the rotated complex impedance 
as seen at the input to each coax to the 
previously calculated pure resistance needed 
Tor combining with the other feeder. 
Finally, with the current phase of one of 
the lines as a reference, he uses а sym- 
‘metrical pi or T net in each other line to 
bring all current phases into synchronism 
‘without changing the already established 
resistive impedances. 

‘Gehrke points out several advantages in 
using these discrete networks rather than 
coaxial “delay lines" to bring about this 
phase synchronization. The discrete net- 
works can be designed for any desired 
characteristic impedance, and for leading 
(high-pass nets) as well as lagging (low-pass 
nets) phase shifts. Coax, on the other hand, 
is available in only а few specific 
pedances and can provide only lagging 
phase shifts unless rather long lines are 
‘sed, A disadvantage of the discrete circuits 
is that they function over a narrower 
frequency range than coax, but Gehrke 
shows how this disadvantage can be 
minimized by using two or more networks 
in tandem. 

Gehrke's equations for calculating the pi 
ог T nets are identical to mine with T set 
equal to 1. The pi and T nets in his 
approach always match pure resistances. 
Additional flexibility can be achieved by 
using nets designed to do impedance trans- 
forming in addition to the phase-shifting 
function. This, however, is only a small 
рап of a very complex process, and is far 
beyond the scope of this paper. 

tis clear, nevertheless, that phase shift 
is a useful and significant system charac- 
teristic worthy of more attention than 
Everitt gave it 


Validating the Phase-Shift Approach 

"The validity of solutions produced by the 
phase-shift algorithm can be tested by ex- 
periment, by comparison with known 
results where available, or by mathematical 
analysis. Experimental validation of the 
many possible variations would be an 
awesome task, but in any case I have no 
facilities for such testing. 


196 


— 
Fig 9—Low-pass unconventional Т network with complex oss 


Fig 10—Lowpass L network with complex load. 


‘The Wingfield, Whyman and Gehrke “impedance tapered shape for the net 
articles provide many tabulated examples work models and the use of Rand r for the 
for conventional pi- and L-netconfigura- resistances are mnemonic aids which 1 find 
tions, and im ай cases the phaseshift Useful in Keeping the orientation straight. 
method exactly duplicates thet solutions. Others may not need such mental props 
But except for the single example in 
Everit’s Fig 1200) 1 find nothing in the 

erature about the unconventional net: 
works and very lite about T networks, Notes 

By far the most comprehensive and ‘E. W, Wyman, “Pawo Design an Analy- 
useful test is by mathematical analysis, A: em nasa, Sop 1977, 0 5038 
in my case by another TI-S9 program, a E h g ктан 
ladder anal ram adapted from — lg 183 em 2029. 
an НР. program nan ace by Leonard W буш. Lee 
Н. Anderson.” My program checks the АЕ 
voltage phate shift, the current phase shift — ББ Zo o n 287 
and the system Q, in addition 10 checking : aots Y 3082 
the impedance match. This ladder program | "Mi Wison, E, ne ARAL 1986 Handbook 
confirms the validity of the phaseshift [Menu 1905) Fig 840. p 240. (ihe samé 
method for all possible configurations. The oret appears as Po 800 yea matic, 
ladder program can also be used to check arto ee, og ec 1987 Inc 
the response of a network. al frequencies- en eee ee, 
other than the design frequency Ж Fg Bû mmu ect prt 1566 

in closing Pd ike to repent the cautions v Getto, утса Phang Anaye, Par a” 
about the care which must be given to the  , Hem Aadio. Oct 1983, pp 34-48. 
Signs of the X values and the orientation S 4 "дуган, cagar ados Crest 
ofthe network elements. The asymmetrical "Anais Hem do Os 1077, pp 8%. 


Solar Activity 
and 
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Sunspots, 


Flares and HF 


Propagation 


By Richard W. Miller, VESCIE 
RT 
Hillsburgh, ON NOB 120, Canada 


introduced the MINIMUF computer 

program to the Amateur Radio 
end. MINIMUF provides a prediction 
of maximum usable frequency (МОР) 
between two locations taking into account 
time of day, season, solar activity, and 
transmission path geometry. Since that 
time many commercial and home-pro- 
‘rammed versions have been produced for 
A variety of computers. MINIMUF type 
programs are now found їп the shacks of 
most amateurs who are interested in 
various aspects of HF propagation. The 
level of long-term solar activity is 
counted for by using the 10-cm solar radio 
flux which is well correlated with the sun- 
spot number. This allows for the pre- 
diction of the MUF for various times in the 
approximately 11-year solar cycle. How- 
ever, it does not account for variations in 
the ‘day-to-day level of solar activity 
produced by solar flares, disappearing fila- 
ments and coronal holes and their effects 
on HF propagation. In this paper we 
examine some of the ways in which 
Amateur operators can include the varia- 
tions caused by solar flares in their fore- 
casts of propagation conditions. 


The Ionosphere 

‘The normal ionosphere consists of three 
layers which are important to HF commu- 
nications; the D, Е, and F layers. The F 
layer sometimes splits into two layers, the 
FI and F2. The parameter of significance 
is the maximum electron density of the 
layer, which is related to the maximum 
frequency that can be reflected by the layer. 
If the electron density of a layer is suffi- 
ciently low, the signal is transmitted 
through the layer, 1f the density is suffi- 
ciently high, the signal is reflected. 
However, if the density is high enough, the 
signal may be absorbed. See Fig 1. The 
portion of the HF spectrum usable for 
communications is limited on the high fre 
quency side by the maximum electron 
density of the F layer and on the low fre- 
‘quency side by signal absorption in the D 
layer. The useful frequency range lies 
between the maximum usable frequency, 
MUF, and the lowest usable frequency, 


I п December 1982, Bob Rose, KEGKU, 


‘Motes appear on pago 203. 
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well behaved under normal (quie) solar 
conditions, programs such as MINIMUF 
car predict the MUF within an accuracy of 
a few percent? However, during solar ac- 
tive conditions, solar fares may caue 
ionospheric storms, geomagnetic storms, 
and radio noise storms. The effect of these 
Phenomena are to lower MUF values and 
Increase absorption and пове, These 
changes can be so intense as to cause a com- 
piaren | plete radio blackout along certain transmis- 
Sion paths, These sporadic changes are not 
accounted for in MINIMUF type 
Programs 
jte MUF les between 5 эге 
FOTE МЫР des beween 5 and, ss Solar Flares and Their Effect 
through the Олор Frequentes below Solar flares are responsible for a variety 
the LUF aro absorbed of disturbances which affect HF propagar 
tion, as indicated in Fig 2 and Table 1. 
‘These effects may ocur almost immediately 
(iin 8 minutes) if they result from elec- 
LUF. Since absorption varies inversely with tromagnetic radiation such as ultraviolet, 
the square of the frequency, one should use X-rays or radio emissions. Cosmic ray par- 
a frequency as close as possible to the ticles (mainly protons) require 15 minutes 
MUF: When the ionosphere is relatively to several hours to reach the earth, while 


P 6 
E sas 


CN 


Fig 2—А A. types of solar activity affecting HF radio propagation. See Tabie 1 for further 
information. The drawing at B indicates the percent of geomagnetic disturbances by cause 
"rom June 1, 1976, to December 31, 1983 (er Jesolo, 1004. 909 note 12) 


Table 1 
Types of Solar Activity and Effects: 
Active Regions 
10em solar fux—used in MINIMUF typo 
programs 
кх levels and occurrence of active 
regions increase wih peak of sunspot 
суйе 
Increased F layer ionization 
increased D layer absorption 
Higher MUFS wih higher fux levels 
Sóvearth transit ime 8.9 minutos 
Flares 
rays, gh, radio emissions 
Sudden ionospheric disturbances (SIDO) 
Radio noise storms 
F layer increase 
E layer increase 
unearth transit time 63 minutos 
Cosmic ray particles 
Polar сар absorption (PCA) 
Suncearth transit Bme 4 О во 
Solar wind particles 
Geomagnetic storms 
Aurora 
loncepheri storms 
Average sun-canh папай time 48 hours 
‘Tae fares produce geomagnetic disturbances 
Disappearing Filaments 
Number of flaments which disappear 
increases at sunspot cycle peak 
Geomagnetic storms 
Aurora, 
derne storms 
Average и вал transit timo 134 hours 
15% of disappearing filaments produce. 
geomagnelc disturbances 
coronal Holes 
Неси at 27 day intervals (the rotational 
‘period ofthe sun). Once established, they 
Parsist up to about 6:8 rotations 
‘Geomagnetic storms 
po 
loncsphori storms 
‘Average sunar transit timo 72 hours 
146% of coronal holes produce geomagnetic 
eee 


FREQUENCY, mie 


a 
TIME, MINUTES AFTER START OF FLARE 


Fig э—А typical dynamic spectrum that might be produced by a large flare. Individual 
"res exhib mary variations 10 this spectrum. Type I emissions begin а about 300 MHz 
and sweep зому o 10 Miz; they aro loosely associated wi major fares and indicate а 
major disturbance in the solar wine. Type IV omissions aro broacbandod bursts between 


300-30 MHz. Toy occur with como major fares and begin 10 to 20 minutas afier tna faro 


maximum; thoy can las for soveral Pours. 


solar wind disturbances require about 48 
hours, on average, for ther effects to be- 
come apparent. 

Ultraviolet and X-ray emissions from 
solar fares are responsible for a class of 
disturbances called sudden ionospheric dis- 
turbances (SIDs). ОГ these, the SID of 
primary importance to the amateur is the 
shortwave fade-out (SWF), SWF can be 
quite intense, resulting in a complete black- 
‘Out of signals on sunlit paths. SWES are 
caused by increased D-layer absorption of 
Signals. Solar radio emissions occur at 


wavelengths ranging from centimeters to 
decameters. These emissions may occur as 
storms, bursts or sweeps, They are classi 
Tied according to the frequencies effected 
and their duration, as shown in Fig 3. 
‘Cosmic ray particles may cause polar cap 
absorption events (PCA). PCAs occur with 
major flares. They begin after a few hours 
and peak after one or two days. PCAS 
result in anomalous absorption of polar 
path HF signals, Disturbances which result 
from shock waves propagating in the solar 
wind result in geomagnetic and ionospheric 


Table 2 
Effects of Solar Flares on HF Propagation 
(бее note 13.) 
Shortwave 
Равот 
Duration Fow minutos 10 
several тоша 
Greatest Day sido 
E 
Least Night side 
E 
Bost Bando 1015m 
Worst Bands 20:60 m 
Remedial Use night paths; 
po use higher 
"aquencias on 
day paths, 


Polar Сар tonospheric Polar 

Absorption Som p 

Sovoral minutes Severa hours Severa hours 

io several days o several days 1o several days 

Polar Polar regions, Polar regions, 

ay or night mints weten 
бау or night day or night 

Maıattudo and Low latiude and Low atiudo and 

equatoral equatorial equator 

КА regions regione 

10m 80-160 m None 

15-160 т 1040m 10-160 m 

Use lov latitude Use юн latitudo Use low latitude 

‘and oquatoral and equatorial and одиле! 

раа, use paths; uso pat. 

Fignortroquoncios Foner troquonci 

оп high ais оп high laudo 

эга pola pate. and polar patne, 
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storms when he shock waves interact with 
the earth's magnetic Пе. (Note: These 
shock waves do not always reach the earth, 
and asa result geomagnetic storms are ex- 
tremely difficult to predict even though a 
major fare may have occurred.) 

Geomagnetic storms are worldwide 
disturbances in the earth's magnetic field, 
apart from the normal diurnal variations 
Tonospherie storms, which occur in connec- 
tion with geomagnetic storms, are distur- 
bances in the F region of the ionosphere, 
‘They begin in the auroral repions and 
spread slowly toward the equator. They 
result in the reduction of the MUF due to 
decreased F layer ionization. This may 
result in a partial or total radio blackout 
along certain paths. Geomagnetic storms 
also cause increased auroral activity that 
is useful for extended range VHF propa- 
gation. 

Solar flares are classified according to 
ther increasing intensity of X-ray emission 
эв С, M, and X class flares? C flares have 
litle effect on HF propagation, while М 
Tares may cause minor events. X flares 
may result in SWFs of major proportion 
with total radio blackout, When accompa- 
nied by type Il or type IV radio emissions, 
extreme radio noise may occur. The emis 
sion of protons (cosmic ray particles) will 
result in a PCA event. X class flares can 
produce massive solarovínd shock waves 
and hence intense ionospheric storms, The 
effects of solar flare activity and resulting 
‘geomagnetic and ionospheric disturbances 
are summarized in Table 2. 


Monitoring Solar Flare Activity 

Amateurs who are interested in 
‘monitoring solar Паге activity may obtain 
information from the Space Environment 
Services Center (SESC), Boulder, CO, 
either аз GEOALERT messages transmitted 
ма radio station WWV or the SESC com- 
puter bulletin board, tel 303-497-5000." 
However, amateurs with small telescopes 
may monitor potential solar fare activity 
directly by observing sunspots, 

Observations of sunspots in white light 
are easily made with a small telescope. (1 
use а refracting telescope of 60 mm 
aperture.) Safe methods of solar observa- 
tion are described by Richard Hill” 
WARNING: Never look at the sun 
without proper precautions. Retinal 
damage can result in nearly Instantano- 
‘ous blindness! 

In 1966, Patrick S. Metntosh of SESC 
introduced a modification to the long- 
established Zurich classification of sun- 
spots." The Zurich classes had already 
Been correlated with solar flares,” but the 
Melniosh system incorporated further 
structural and dynamic characteristics of 
sunspot groups which were noted by flare 
forecasters to enhance the correlation. 
Evaluation of the relationship between sun- 
pots as classified by Mcintosh and X-ray 
Flare activity indicates that the Mcintosh 
system effectively distinguishes between 
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where 


Fig for acditonal intonation. 


are-active and non flaring sunspots 

"The Melntosh sunspot classification con- 
sists of three components as shown in 
Fig 4. In this classification scheme, 


їн ser | Sunspot group type = D + a + i 


D = modified Zurich class 
а = type of largest spot 

interior distribution of spots between 
leader and follower spots 
The complete classification is illustrated in 
Fig 5 and Table 3. There are 63 possible 
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Fig а= McIntosh sunspot classification. The classification covers three categories: 
cited Zurich cass, ype of largest spot and sunspot dtrbetion, defied as indicated 
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Table з 


Definitions for Meintosh Sunspot Classification. 

See Fig 5 for drawings of the various classifications. 

Abbreviations and symbols in this table (not part of Mcintosh classification) 

óhelographi degree 

aus 

greater than 

os han 

Modiod Zurich clas: 

A-Urioolar group, no penumbra, вану or final stage of evolution 

E— Bipolar group. without penumbra on any spots 

Bipolar group with penumbra on one end of group, usual the largest of leader 
umbrae 

D-Bipolar group, penumbra on spots at both ends, length < 10 hd 

E-Bipcar group, penumbra on spots at both ends, length 10-15 hd inclusive 

F- Bola group, penumbra on spots at both ends, length > 18 hd 

Н Unipolar group wih penumbra, usually evolved Irom a larger group 

Type of largest spot: 

x—No penumbra 

‘Rudimentary penumbra partly surrounding largest spot 

smal, symmetric, noh to south diameter < = 25 hà 

A Smal, asymmetrie, nori o south diameter < = 25 hd 

Large, symmetric, nori o south diameter > = 25 hd 

K-Largo asymetrie, north to south dametar > = 25 hd 

Sunspot dstibuon: 

ж—пдойпев tor unipolar groupe 

9— Ороп, low spots between leader and follower, weak magnetic tieid gradient 

JJ... ̃ and оног, none wih penumbra 

Compact, many strong spots between leader and flower. at least опе has penumbra 


categories to whichsansporgroupemaybe of the ky, determining the presence or 
"located. In order o determine the dass. absence of the appropriate feature i the 
fiction, an observer mus note the follow- selected group, When moving along a 
%% vertical path in the key, you vl encounter 
%%% ine at which you have choice 
(8) maturity and shape ofthe penumbra, fo move either lt or right, depending on 
(5) penumbra size on the largest spot, and the feature present. Move în the direction 
(6) Spot distribution within the group. indicated for the desired feature. This will 
(Once the Minos classification has allow you to correaly determine the 
been determined for the sunspot group, it Melntosh classification of the observed 
can be related to the potential for Xray group. Tn the key, below each diass dc 
fare production as determined from a mation, the probability of flate oscuence 
statistical analysis of previous activity of greater than 15% is indicated according to 
Similar spot groups." 1 have prepared “A | te following classifications 
Fae Predam ich col a уло Viae ow, 1530% 


Allocating sunspot groups to Melmosh i 0н, 35647 
ss and ie шй of an ana of Modera, 79% 
— HI—high, 80-100% 


12,411 sunspot groups and 1485 associated 
flares. The key, included here as Fig 6, can Where two probabilities are indicated, the 
be used to assist in the determination of the upper is for M class flares and the lower 
Melntosh class. Tor X class flares. If there is only one 

То use the key, select а sunspot group probability, it is for M class flares. For 
for classification and begin at START. example, a sunspot group classed as Eke 
Proceed through each successive division will have а high probability of producing 
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Fig 7--SESC region 5080, July 2, 1988, 
TA UT тот а 60 mm 17 reta tete 
scope, by he author. 


M flares and a very low probability of 
producing X flares. Fig 7 illustrates a 
drawing of an Fke sunspot group, desig- 
nated SESC 5060, which 1 observed on 
July 2, 1988 at 1314 UT. This group 
rotated onto the solar disk on June 25, 
1988 as a Dkc group. It grew quickly to Fke 
within one day and maintained this config- 
‘uration until July 4, when it decayed to Eke 
and finally o Eki on July 6. 1t crossed the 
‘west limb of the disk on July 8. During the 
disk transit, this group produced 42 C class 
flares and 13 M flares." (Note the key of 
Fig 6 indicates high probability of M fares 
and low probability of X flares for an Екс 
group.) The group produced no X flares. 
Intervals of minor and major geomagnei- 
ie storms occurred June 29-July 2 at high 
latitudes as a result of flares from this 
group and several others on the sun's sur- 
face. The Anchorage (Alaska) K index 
reached storm levels of 5 and 6 on June 30. 
(As well, several shortwave fade-outs and 
type II and IV radio noise storms occurred 
during the passage of SESC 5060. 


Summary 
Programs such as MINIMUF are useful 
for predicting propagation conditions 
during various phases of the sunspot cycle. 
However, their predictions for the MUF are 
based on average conditions when the 
ionosphere is well behaved. Day-to-day 
variations in solar activity are not taken 
into account. In order to consider these 
effects, amateur operators can monitor so- 
lar activity. Amateurs may do their own 
monitoring by directly observing sunspots 
on the solar disk. This information can be 
used to make changes to planned operat- 
ing frequencies or to pass priority traffic 
before bands close. Amateurs who take 
into account the effects of solar ares on 
propagation conditions are able to make 
more effective use of MUF predictions 
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Visible Phenomena of the 
lonosphere 


By Bradley Wells, KR7L 
1290 Puget Dr East 
Port Orchard, WA 96366 


any amateurs have an intense 

boarder because of efect 
on heir communications activities. Hardy 
27050 goes by without а conversational 
Тайшет о propezaton conditons 
our doubt, hams are a most ten: 

ive audience or he WWV forecasts at 18 

es pas each hour, Many facts of our 
Bobby ould ot est without ts refrac. 
tv lier of e atmosphere, We wouid 
Бестау nied to reer ee 
munications, regardless of operating re. 
Sieny or power kevel 

Coni imesigaions have shown 
the inogphere o be a region of amame 
жау. fomsa boundary zone in wich 
Ше atmosphere interacts эй the arts 
magnetosphere, Atmospheric sciences and 
fcophysc san provide us wit an ander 
Sanding of he physical and hems 
ross operative la the Ionosphere. 

Semi divide the cats atmosphere 
imo various regions, cach with it own 
particular carters, Se Fig L- While 
Sach region i defined by aide, i i 
important to realize tat hee various 
zones prade no cach other. Atmospheric 
hrace do mor abruptly change 
Sro sharply defined boundaries 

Те lowen ron ofthe atmosphere i 
wie troposphere, where the temperature 
бетиме with increasing aktitude, (Refer 
do Fie 19 is here that mow of the writs 
Wester takes piace. The weather reports 
nd photograph presented by television 
E 
iy im this region. 

‘A abou: 10 mie altitude we enter the 
sustosphere, where temperature ncc 
чаң lado t e here that we find he 
Some layer, the subject of much ree 
vegas, Here (o, primary comic 
туз ate mere when ey impact air 
mole. Ti ns ito showers iess 
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“Above бе stratosphere, beginning at an 
aiude of 30 miles, we rove into the ean 
Of the nene “Temperature again 
Жом with аах, reachas а lov of 
“ер ata height of 50 mil. The D 
layer of tne ionosphere forms theta 
оп кесп he mesosphere and the isher 
thermosphere, Above this owes layer or 
the ende the temperature cimos 
Shalit reaching some 3600" a 180 
mile. Ths the region of the upper 
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Fig 1—Foatures o the atmosphere showing the heights of tho layers and the action tha 


takes place at diferent levels 


ionosphere, sirglow and aurora. 

“Above 300 miles we find the exosphere, 
which has по real upper boundary, The 
atmosphere becomes progressively thinner, 
finally merging with the magnetosphere 
and solar wind. While it is convenient to 
Speak of these various atmosphere regions, 
none is sharply defined, but grade one into 
the other. 


Active Regions 
The territory of primary concern to 
Amateur Radio operators, and to many 
other users of the radio spectrum, is that 
region extending from the middle 
mesosphere to the upper reaches of the 
thermosphere. It is here we find the 
ionosphere and a varity of atmospheric 
features which can affect radio com muni- 
cations locally and worldwide 
Surprisingly, one of the fist features 
encountered al this altitude is reminiscent 
of activity within the troposphere. Clouds 
тау form in the mesosphere above the 
high-latitude regions of the carth. 
However, they are unlike anything found 
in the lower atmosphere. These clouds are 


visible only after dark, when the sun is well 
Below the horizon. For this reason they are 
called пос осет clouds. In addition, they 
are normally visible only during the 
Summer months of the Northern and 
Southern Hemispheres. They form white 
veils, somewhat resembling cirrus clouds, 
at altitudes of 50 miles above the surface 
‘of the earth in that boundary region called 
the mesopause. Amateurs more commonly 
know this region as the D layer of the 
ionosphere, 

‘AC this altitude, these clouds are above 
99.9% of the atmosphere. The mesopause 
is the coldest region of the earth's 
atmosphere, where summer temperatures 
may drop 10 — 225*F, It is interesting to 
note that the lowest temperatures recorded 
in the mesopause have occurred during the 
Summer months, rather than winte 

A few sounding rockets have been fired 
through these clouds to collect samples of 
‘material. Analysis of this particulate mat- 
ter indicates that a significant proportion 
is of extraterrestrial origin. Many of these 
recovered particles are considerably larger 
‘than the maximum size of terrestrial dust 


ог volcanic ash which could have been car. 
Hed to this height. Iis posible these clouds 
ате made up of microscopic dust particles 
produced when meteors burn up within the 
"upper atmosphere. The 1908 Tunguska 
Event in Siberia (the fall of a meteorite or 
‘comet estimated 10 weigh 1000 tons) caused 
the immediate appearance of very striking 
noctilucent clouds in the Northern 
Hemisphere. Some scientists fel that these 
dus particles are merely the nuclei for ice 
crystals, However, a difficuty with this the- 
ory is the almost total lack of water vapor 
at this altitude, 

Itis possible that we are able to perceive 
this material only where its accumulation 
becomes thick enough to reflect ће sun's 
light, This observation poses another ques- 
tion. Why is there such an uneven distri- 
bution of these particles throughout the 
upper reaches of the atmosphere? These 
clouds form and move through the lower 
reaches of the ionosphere, but there has 
been little investigation of their possible 
interaction with ongoing civi in the D 
layer. 

‘The density and temperature of the 
atmosphere at altitudes above 50 miles 
remained relatively unknown until the 
advent of artificial satellites. Prior to this 
time, infrequent measurements were made 
through the use of sounding rockets or the 
computation of meteor trajectories, 
Gradual changes in the orbits of satellites 
allowed scientists to calculate densities in 
the upper atmosphere. 

"These computations revealed that less 
than 1/10,000 of our atmosphere exists 
above 50 miles. In spite of this very low 
density, most of the incoming solar radia- 
tion in the short ultraviolet (UV) range is 
absorbed here. As a result of this absorp- 
tion, daytime temperatures may soar to 
3600°F around noon and drop to 1000"F 
during the night. In reality, these tem. 
peratures have little correlation with our 
everyday experiences, Temperature is 4 
measure of the average random velocity of 
gas molecules, but the low densities 
involved here reduce this to an almost 
abstract concept. The individual gas 
‘molecules are moving at high speeds, but 
Since so few are involved, there is a negligi 
ble heat content. In this rarefied 
atmosphere, with its gas temperature of 
3600°F, a person would freeze to death in 
the shade (disregarding, for the moment, 
the lack of oxygen to support life). 


Early Research 

In 1902, Leon Philippe Teisserene de 
Bott presented the French Academy of 
Sciences with the results of his three-year 
study of the atmosphere. Teisserenc de 
Bott, an amateur meteorologist, had 
launched some 236 balloons to probe the 
upper atmosphere. He began his investiga 
tions using kites tethered with thin steel 
‘ables. Much to the relief of local residents, 
he was forced to discontinue this practice 
since the cables repeatedly broke and would 


deposit several miles of wire across the city 
of Paris. In addition to the obvious effects 
Of draping a steel cable over power lines, 
"Teisserene de Bott holds the dubious honor 
of having shorted, on several occasions, the 
telegraph wires which were carrying the 
press accounts of the Alfred Dreyfus trial. 
"The result of his balloon experiments 
demonstrated that the atmosphere did not 
continue to get colder with altitude, but 
leveled off at about 7 miles. He assumed 
tha temperatures remained constant above 
this altitude. Without a temperature 
differential, Teisserene de Bott hypothe- 
sized the upper atmosphere would be 
devoid of convection currents, and at- 
mospheri gases would settle into distinct 
layers based on their molecular weight. 
"While later investigation proved this 
incorrect, it does occur farther up in the 
thermosphere. Here, the short UV radia- 
tion of the sun breaks molecules into their 
constituent atoms, Then these atoms tend 
to sort into layers determined by their 
atomic weight. Nitrogen and oxygen settle 
below the lighter gases of helium and 
hydrogen because of the almost total 
absence of generalized atmospheric motion 
in this region of the atmosphere. 
‘Atomic oxygen, combined with smaller 
proportions of nitrogen and nitrogen-oxide 
ions, is the principal constituent of the 
lower thermosphere. Between 200 and 600 
miles altitude, helium becomes the primary 
gas of the atmosphere. Above 600 miles, 
the prevalent gas is hydrogen, which 
becomes increasingly rarefied until it 
merges with the earth's magnetosphere. 
As we now know, the atmosphere has 
electromagnetic layers in addition to its 
‘chemical layers. The explanation for this 
phenomenon was first advanced by the 
English physicist Oliver Heaviside, several 


‘months after the transatlantic success or 
Guglielmo Marconi. He stated, “There 
may possibly be а sufficient conducting lay- 
er їп the upper air. If so, the waves wil, 
so to speak, catch on to it more or less. 

Then the guidance will be by the sea on one 
side and the upper layer on the other," 
Heaviside's explanation was also arrived at 
independently by the American electrical 
engineer Arthur Edwin Kennelly. 

In this region of the mesosphere, X-rays 
and UV radiation from the sum ionize 
atoms and molecules, Free electrons may 
then be caught up in the electromagnetic 
field of a passing radio wave, They first 
absorb and then radiate energy, and the 
effect of this interaction is to slightly bend 
the radio wave. The more free electrons 
present, the more the wave front is bent 
At a critical density, the wave front will be 
Bent enough to rera č to the cuts 

There is also а direct relationship 
between electron density and the highest 
frequency of radio wave affected. Since 
ionization is a function of incoming solar 
radiation and atmospheric density, the 
number of free electrons increases with 
altitude. Maximum density occurs around 
185 miles. This is not an even progression, 
but occurs in steps which give rise to the 
various layers of the ionosphere. These are 
the familiar D, E and F layers, which affect 
radio communications worldwide. 

Since the extent of these layers can only 
be approximated, itis more convenient and 
correct to refer lo them as regions: the D 
region at altitudes below 55 miles, the E 
region between 55 and 100 miles, and the 
F region above 100 miles. The F region is 
subdivided into two layers, the Fl and F2. 
The uppermost (F2) layer, beginning 
around 155 miles, has the highest concen- 
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tration of free electrons. 


Light-Producing Regions 

In addition to its effects on radio waves, 
the ionosphere makes its presence known, 
in another way. Simply ри, it glows. If you 
have ever been outside on a truly dark 
night, far from the effects of urban light 
pollution, you know that it is not comple 
ly dark. As your eyes become dark- 
adapted, there is often enough light to read 
letters J inch high. Under these condi- 
tions, individual stars appear sharp and 
brilliant, while the Milky Way stretches out 
in a glowing band across the sky. 

It was originally thought that this residu- 
al light was the contribution of the 6000 
stars visible to the naked eye. We now 
know that starlight accounts for only 15% 
of this illumination, and the rest comes 
from the ionosphere, This diffuse layer of 
light, called airglow, is faintest at the zenith 
and strongest at about 10 degrees above the 
horizon, which makes it ап atmospheric, 
rather than stellar, phenomenon. 

"Two types of reaction take place within 
the ionosphere. The first is simple ioniza- 
tion of atoms and molecules, as shown in 
Fig 2A. UV radiation and X-rays from the 
sun separate atoms into ions and free 
electrons, The recombination of these 
particles causes the emission of light. Air- 
Blow, because of its faintness, often ар. 
pears colorless o the eye, but is composed 


of a variety of discrete wavelengths. 

When an atom is ionized, some of its 
remaining electrons may be raised to higher 
energy levels without actualy leaving the 
atom. When these electrons spontaneous. 
ly drop to lower energy levels, they emit 
radiation. Fach type of atom has its own 
‘unique emission spectrum. Some of this 
radiation may be visible light, depending 
upon an atom's electron structure and 
energy levels 

‘Characteristic emission lines found in air- 
‘low spectra are green, 5577 angstroms (A) 
‘and red; 6300, 6364 and 63914. These are 
the lines of atomic oxygen. Green is the 
most prominent color at altitudes of 60 to 
75 miles and the red lines originate around 
100 miles. The intensity of 5577А emission 
is greatest around midnight, while the гей 
lines are strongest during the early evening 
amd around dawn. 

In addition to the emission lines of gases, 
the spectral lines of metallo sodium, 
lithium, calcium and magnesium have also 
been identified. The ratio of sodium to 
potassium in airgow emission is similar to 
the ratio of these elements in seawater. 
Additionally, the abundance of sodium 
appears highest in winter and lowest im 
summer. The conclusion is that these ele- 
ments are carried high ino the atmosphere 
by a very slow, large-scale circulation cor- 
responding with the seasons of the year. The 
source of other metalic ions is believed to 


be the result of meteors burning up within 
the atmosphere. 

Dissociation, the second mechanism 
generating airglow, is more chemical. Here, 
‘UV radiation dissociates molecules of gas 
(primarily oxygen) into individual atoms. 
Free oxypen can easily combine with other 
atoms, primarily nitrogen and sodium. The 
result ofthis recombination is the emission 
Of visible lip. The proces is called 
ehemiluminescence and occurs as shown in 
Fig 28. 

Airglow is not only visible from the 
ground, but can be seen from orbiting satel- 
"ies. Identified by John Glenn, the first 
‘American to orbit the earth, it has been 
‘observed and photographed on many sub- 
sequent manned missions. Pictures of this 
phenomenon show it as colored bands 
‘which follow the curvature of the earth's 
Surface and extend above the lower 
atmosphere. 

“The ionosphere reaches almost to the top 
of the thermosphere. At sea level, an air 
molecule can travel only 3/1,000,000 inch 
before colliding with another molecule In 
the upper reaches of the thermosphere, 
molecules travel an average of six miles 
before colliding. This increase in the mean 
free path is responsible for the relative 
longevity of the F layer when contrasted to 
the D layer. 

‘At the altitude of the F layer, deloniza- 
tion proceeds at a very low rate because of 


Fig 9—Sequence of events producing 
rüonish white ight of aurora. 


Allen belts. They gradually leak ош of this of Naming gas. 
and electrons. Since the rate of collision js magnetic trap where И closely approaches One early significant discovery was that 
So low at this altitude, the lighter gas atoms the earth’ surface. These charged particles the aurora follows the llyear sunspot 
move relatively unimpeded and can be cycle. During the years of sunspot maxima, 
accelerated to escape velocities. Thus, there more numerous and brilliant, 
is a gradual loss of hydrogen and helium out north and south magnetic poles. ‘hile during the sunspot minima they are 
of the atmosphere and into space. However, An auroral display normally becomes visi- fewer and smaller. The years from 1645 to 
there is no net loss of these elements. Hel ble a few hours after sunset and disappears 1715 are often referred to as the Little Ice 
‘um is injected into the atmosphere as а by- with the sunrise. The activity of an aurora Age, a time of worldwide sub-normal 
product of radioactive decay, while pho- does not cease during daylight hours. Its temperatures. These decades also encom- 
tochemical breakdown of water releases light is simply lost in the overwhelming lu- pass the Maunder Minimum, named after 


molecular hydrogen. minosty of the sun. From the ground, an Е. Walter Maunder, the British astronomer 
Aurora may be seen as convoluted sheets of who first pointed out this irregularity. 
Aaa light or a glowing arch directly over the ob- | During this 70-year period there were few, 


Perhaps the most spectacular phenome- server. Actually, both of these forms are one if any, sunspots on the solar surface 
mon occurring within the ionosphere is the ара the same, but appear visually different Auroras were so uncommon during the 
‘aurora borealis and its southern counter. because of the effets of perspective. Only Maunder Minimum that an entire gener 
рап, aurora australis. The light of the from high in space, looking down over the tion never witnessed their Beauty. 
шога is generated by the interaction of poles, can is true circular shape be seen and How do incoming particles, spilling out 
solar particles and the atoms of the upper photographed. Astronauts in low earth or- of the Van Allen belts, produce auroral 
atmosphere. Ions and electrons of the solar bit have described their passage through light? The mechanism is similar to that 
‘wind can become imprisoned within the Van aurora as similar to fying between columns which produces airglow. Spectroscopic 
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studies have revealed the most common 
light to be a whitish-green color with a 
wavelength of 5577 А. This is the familiar 
emission line of atomic oxygen, produced 
as shown in Fig 3. This form of oxygen can 
also emit light at a wavelength of 6300 
This color forms the “blood red" auror 
зо much feared in medieval times as the 
precursor to war, famine and pestilence, If 
эп aurora becomes very active, the bottom 
‘of the curtain is often tinted crimson red, 
A visible light emission by molecular 
nitrogen. 

Auroral emission is triggered by high- 
speed electrons passing through a tenuous 
medium, A neon light works in much the 
same manner, In the upper atmosphere an 
energetic electron impinges upon a nitrogen 
atom, ionizing it. The ionized nitrogen 
‘atom emits light in the ultraviolet region 
at a wavelength of 3914 А. The electron 
«ected from the nitrogen, as it was ionized, 
сап hit an oxygen atom and excite it. The 
‘oxygen emits Из characteristic white-green 
light at a wavelength of SS77 А as it 
returns to its lowest energy state. Since the 
original incoming electron is very energetic, 
it continues to ionize large numbers of 
nitrogen atoms as it passes through the 
upper atmosphere. When its energy drops 
10 the point of being unable to ionize nitro- 
gen, it can still excite these same atoms to 
саше the crimson red emission often seen 
at the bottom of auroral curtains. In addi 
Поп to emission at visible and UV 
‘wavelengths, an aurora also emits radiation 
in the infrared and radio portions of the 
electromagnetic spectrum. 

The Earth as а Generator 

‘Auroras represent an electrical discharge 
‘phenomenon involving an enormous flow 
f current at a power level of one trillion 
‘watts. The annual energy release is 9000 bil- 
lion kilowatt hours, or nine times the 
‘annual consumption of electrical energy in 
‘the United States. The source of this energy 
is provided by the solar wind as it cuts 
through the lines of force of the earth's 
magnetic field. This is illustrated in Fig 4. 

In essence, the earth's magnetosphere 
functions as а tremendous generator with 
currents of 1,000,000 amperes flowing 


across а potential difference of 100,000 
vols. As with any generator, there must be 
two terminals. In the case of the 
‘magnetosphere, the positive terminal is 
located on the morning side and the nega- 
tive terminal оп the evening side. The pro- 
tons in the solar wind tend to move to the 
‘morning side of the magnetopause (the 
boundary layer of the magnetosphere), 
‘while the electrons migrate to the evening 
side. The interaction of the earth's magnet- 
ie field lines with those of the solar wind 
provide the path for current flow between 
the two "terminals" of the magnetopause. 
Electrons moving along these field lines 
provide the current for upper-atmosphere 
electrical discharge, which we see as aurora. 

“Auroras are not limited to the earth's 
environment. Any planet possessing a 
magnetic field and atmosphere can gener- 
ate these phenomena. Auroras above the 
magnetic poles of Jupiter were photo- 
graphed by the Voyager spacecraft in 1977, 
Strong radio emission from Jupiter's mag- 
melosphere and auroras are detectable at a 
frequency range of 18-22 MHz by relatively 
simple equipment 

"The impact of auroras on radio commu- 
nications В varied, depending on frequen: 
ey, path and geography. A large aurora 
manifests itself in several ways. Incoming 
electrons and UV emission greatly 
strengthen the D layer, which results in 
Increased absorption of HF radio energy. 
‘Thus, activity on the high-frequency bands 
is shut down for those living in the high lati- 
tudes. Polar paths between stations in mid- 
latitudes are also disrupted. 

‘At the higher frequencies of the VHF 
spectrum, the auroral curtains act Ше 
imperfect reflectors. VHF stations can 
‘work greater than normal distances during 
an auroral disturbance by pointing their 
antennas in a generally northern direction, 
father than the traditional great-circle path. 
Since the reflection characteristics of the 
curtains are constantly changing in 
response to shifts in electron density, the 
operator using a very high gain, narrow 
beamwidth antenna may be at a disadvan- 
tage when compared to those stations using 
тоге modest antenna systems. 

Aurora, airglow and the ionosphere are 


all features of the upper atmosphere. They 
are interrelated and affected by activity 
within the earth's magnetosphere. The 
electrical activity of the magnetosphere is 
controlled by events on the surface of the 
‘sun. Over the past several decades it has 
Become clear that none ofthese phenome: 
ma can be studied or explained in isolation. 
Each is affected by the other. 

Answers have become more involved for 
those of us asking questions about the 
ionosphere. However, with his complexity 
comes order and, with order, comes 
Knowledge. While we still have а long way 
to go, each passing year brings us coser to 
the goal of completely understanding the 

ionosphere. The achievement of this objec- 
tive would give us the ability to predic 
accurately which DX can be worked during 
A certain hour on any given day of the year. 
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of . During the past 

60 years we've sold almost a million copies of The ARRL 
Antenna Book, making it one of the most successful. 
ARRL books ever published. In it, you'll find not only the 
detailed theory behind antennas, transmission lines and 
propagation, but a wealth of practical, how-to construction 
projects for all types of antennas and skill levels. 

This new edition contains many updates and revisions—in 
fact, about 40% is either new or has been revised exten- 
sively. We are fortunate to have the expertise of some 

^ well-respected and highly talented authors: Kurt Andress, 
KTNV, writing about towers and other antenna-support structures; L. B. Серік, 
WARNL, on Log Periodic Dipole Arrays; Rudy Severns, N6LF, and Roy Lewallen, 
W7EL, on multielement phased arrays; and Frank Witt, AITH, writing about broad- 
band antennas. You'll also find thoroughly updated chapters on quads, long wire 
and multiband antennas, written by ARRL staff. 

We've upgraded the most popular software programs from the last edition to 

the full potential of the Windows environment: YW (Yagi for Windows) and TLW 
(Transmission Line for Windows), Both programs incorporate new functionality 
and features, with an intuitive, easy-to-navigate (even fun!) graphical interface. 
With publication of the 17 Edition of The ARRL Antenna Book in 1994, radio 
amateurs gained much-needed information about the kinds of elevation angles 
needed for worldwide HF communication. The 19th Edition includes even more of 
the detailed statistical analyses pioneered back in 1994—we now cover a large 
number of different locations around the world, as well as all around the US. 

You now have the information you will need to actually design your own system 
properly—the angles to aim for from your part of the world, together with the effects 
of your own terrain, as modeled using the acclaimed ҮТ program also included 
with this book. 

In addition, summary propagation tables cover all phases of the 11-year solar cycle 
from more than 140 locations all around the world. You can use these tables to help 
plan a DXpedition, or to plan when you can expect to work a new DXpedition, 
months or even years ahead of time. 

If you enjoy reading about or experimenting with antennas (and who doesn't), this 
19" Edition of The ARRL Antenna Book is for you! 
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Foreword 


We are pleased to offer the 19th Edition of The AR RL Antenna Book. Since the first edition 
appeared in September 1939, each new volume has provided more and better information 
about the fascinating subjects of antennas, transmission lines and propagation. We've sold 
almost a million Antenna Books over the years to amateurs, professional engineers and 
technicians alike, making it one of the most successful books in the AR RL extensive lineup 
af publications, 

While the underlying fundamentals change only occasionally from edition to edition, 
the way the fundamentals are applied changes significantly. This can resultin more 
highly optimized or specialized antennas that expand the amateurs ability to communicate, 
Many of the antennas described in this new edition benefit directly from advances In 
sophisticated computer modeling, for example, 

This 19th Edition represents a great deal of effort on the part of its editor and many 
contributors. Nearly every chapter has been revised, including many that have been rewritten 
ог extensively revised from the 18th Edition three years ago. We are fortunate to have had the 
expertise of the book's editor, Dean Straw, N6BV, and an impressive list of well-known and 
talented authors: Kurt Andress, КУМУ, writing about towers and other antenna-support 
structures; L. B. Cebik, Wan l. on Log Periodic Dipole Arrays; Rudy Sevems, N6LF and Roy 
Lewallen, W7EL, on multielement phased arrays; and Frank Witt, AIH, writing about 
broadband antennas. 

In this 19th Edition we have also upgraded the most popular of the DOS-based 
programs included with the previous edition to more modem software standards. Editor 
Dean Straw, N6BV, put on his programming hat and developed two new Windows 
programs: YW (Yagi for Windows) and TLW (Transmission Line for Windows). Both 
incorporate new functionality and features that weren't possible in the DOS environment. 
YW and TLW work in the Microsoft Windows 95, 98 or 2000 programming environments. 
And we still include the innovative DOS YT (Yagi Terrain analysis) for analyzing the effects 
af your local terrain on the launch of HF signals into the ionosphere. 

With publication of the 17th Edition of The ARRL Antenna Book in 1994, radio. 
amateurs gained much-needed information about the kinds of elevation angles needed 
for worldwide HF communication. This 19th Edition includes even more of the detailed 
statistical analyses pioneered back in 1994, now covering 82 different locations around 
the world, You have information you need to design your own complete system properly— 
the angles to aim for from your part of the world, together with the effects of your own 
terrain. 

We appreciate hearing from you, our readers, about any errors that may have crept into 
the book or about suggestions on how future editions might be made even more useful to 
you. A form for mailing your comments is included at the back of the book, or you can 
e-mail us at: pubsfdbkGarrl.org. 


David Sumner, K1ZZ 
Executive Vice President. 
Newington, Connecticut 
‘August 2000 
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About the ARRL 


The seed for Amateur Radio was planted in the 1890s, when Guglielmo Marconi 
began his experiments in wireless telegraphy. Soon he was joined by dozens, then 
hundreds, of others who were enthusiastic about sending and receiving messages 
through the air—some with a commercial interest, but others solely out of a love for this 
new communications medium. The United States government began licensing Amateur 
Radio operators in 1912. 

By 1914, there were thousands of Amateur Radio aperators—hams—in the United 
States. Hiram Percy Maxim, a leading Hartford, ̃ inventor and industrialist saw 
the need for an organization to band together this fledgling group of radio experimenters 
In May 1914 he founded the American Radio Relay League (ARRL) to meet that need. 

Today ARAL, with approximately 170,000 members, is the largest organization of 
radio amateurs in the United States. The ARAL is a not-for-profit organization that 

+ promotes interest in Amateur Radio communications and experimentation 

+ represents US radio amateurs in legislative matters, and 

* maintains fraternaism and a high standard of conduct among Amateur Radio 
operators 

AtARRL headquarters in the Hartford suburb of Newington, the staff helps serve the 
needs of members. ARRL is also International Secretariat for the International Amateur 
Radio Union, which is made up of similar societies in 150 countries around the world 

ARRL publishes the monthly journal OST, as well as newsletters and many 
publications covering all aspects of Amateur Radio. Its headquarters station, W1AW, 
transmits bulletins of interest to radio amateurs and Morse code practice sessions. The 
ARRL also coordinates an extensive field organization, which includes volunteers who 
provide technical information for radio amateurs and public-service activities. In addition, 
ARRL represents US amateurs with the Federal Communications Commission and other 
{government agencies in the US and abroad. 

Membership in ARRL means much more than receiving QST each month. In addition 
to the services already described, ARRL offers membership services on a personal level, 
such as the ARRL Volunteer Examiner Coordinator Program and a QSL bureau 

Full ARRL membership (available only to licensed radio amateurs) gives you a voice 
in how the affairs of tne organization are governed. ARRL policy is set by a Board of 
Directors (one from each of 15 Divisions). Each year, one-third of the ARRL Board of 
Directors stands for election by the full members they represent. The day-to-day operation 
ofARRL HO is managed by an Executive Vice President and a Chief Financial Officer 

No matter what aspect of Amateur Radio attracts you, ARRL membership is relevant 
and important, There would be no Amateur Radio as we know it today were it nat for the 
ARRL. We would be happy to welcome you as a member! (An Amateur Radio license is 
not required for Associate Membership.) For more information about ARRL and answers to 
any questions you may have about Amateur Radio, write or call 


ARRL—The national association for Amateur Radio 
225 Main Street 

Newington CT 06111-1494 

Voice: 860-594-0200 

Fax: 860-594-0259 

E-mail: hq@arrl.org 

Internet: www.arrl.org/ 


Prospective new amateurs call (toll-free): 
800-32-NEW HAM (800-326-3942) 

You can also contact us via e-mail at newham@arrl.org 
or check out ARRLWeb at http:/www.arrl.org/ 
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n Safety First 


Safety begins with your attitude. If you make it a habit 
to plan your work carefully and to consider the safety aspects 
of а project before you begin the work, you will be much 
safer than "Careless Carl,” who just jumps in, proceeding in. 
ıa haphazard manner. Learn to have a positive attitude about 
safety. Think about the dangers involved with a job before 
you begin the work. Don't Бе the one to say, “I didn't think 
it could happen to me." 

Having a good attitude about safety isn't enough. 
however, You must be knowledgeable about common safety 
guidelines and follow them faithfully. Safety guidelines can't 
possibly cover all the situations you might face, but if you 
approach a task with a measure of "common sense," you 
should be able to work safely 

This chapter offers some safety guidelines and 
protective measures for you and your Amateur Radio station. 
You should not consider it to be an all-inclusive discussion 
o safety practices, though. Safety considerations will affect 
your choice of materials and assembly procedures when 
building an antenna. Other chapters of this book will offer 
further suggestions on safe construction practices. For 
example, Chapter 22 includes some very important advice 
‘on a tower installation. 


PUTTING UP SIMPLE WIRE ANTENNAS. 


No matter what type of antenna you choose to erect 
you should remember a few key points about safety. If you 


are using a slingshot or bow and arrow to get a line over a 
tree, make sure you keep everyone away from the 
“downrange” area. Hitting one of your helpers with a rock 
or fishing sinker is considered not nice, and could end up 
causing a serious injury 

Make sure the ends of the antenna are high enough to 
be out of reach of passers-by. Even when you are transmitti 
with low power there may be enough voltage at the ends of 
Your antenna to give someone nasty “RF burns.” If you have 
“vertical antenna with its base at ground level, build a wooden. 
safety fence around it at least 4 feet away from it. Do not use 
metal fence, as this will interfere with the proper operation. 
of the antenna. Be especially certain that your antenna is not 
close to any power wires. That is the only way you can be 
sure it won't come in contact with them! 

‘Antenna work often requires that one person climb up 
on a tower, into a ree or onto the roof of a house. Never 
work alone! Work slowly, thinking out each move before 
You make it, The person on the ladder, tower, tree or rooftop. 
should wear a safety belt, and keep it securely anchored. It 
is helpful (and safe!) o tie strings or lightweight ropes to all 
tools. If your tools are tied оп, you'll save time getting them 
back if you drop them, and you'll greatly reduce the risk of 
injuring a helper on the ground. (There are more safety tips 
for climbing and working on towers later in this chapter. 
"Those tips apply to апу work that you must do above the 
ground to install even the simplest antenna.) 


Tower Safety 


Working on towers and antennas is dangerous, and 
possibly fatal, if you do not know what you are doing. Your 
tower and antenna can cause serious property damage and 
personal injury if any part of the instalation should fail. 
Always use the highest quality materials in your system, 
Follow the manufacturer's specifications, paying close 
attention to base pier and guying details. Do not overload 
the tower. If you have any doubts about your ability to work 
ов your tower and antennas safely, contact another amateur 
with experience in this area or seek professional assistance 

Chapter 22 provides more detailed guidelines for 


constructing a tower base and putting up a tower. It also 
explains how to properly attach guy wires and instal guy 
anchors in the ground. These are extremely important parts 
ofa tower installation, and you should not take shortcuts or 
use second-rate materials. Otherwise the strength and safety 
of your entire antenna system may be compromised. 

‘Any mechanical job is easier if you have the right tools. 
Tower work is no exception. In addition to a good assortment 
of wrenches, screwdrivers and pliers, you will need some 
specialized tools to work safely and efficiently on a tower. 
You may already own some of these tools. Others may be 
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purchased or borrowed. Don't start a job until you hav 
assembled all of the necessary tools. Shortcuts or improvised 
tools can be fatal i you gamble and lose at 70 feet in the air, 
‘The following sections describe in detail the tools you will 
need to work safely on à tower 
CLOTHING 

"The clothing you wear when work 

is should be Selected for maximum comfort and safety 
Wear clothing that will keep you warm, yet allow complete 
freedom of movement. Long denim pants and a long-sleeve 
shirt will protect you from scrapes and cuts. (A pull-on shirt, 
like a sweat shirt with no openings or buttons to snag or 
tower parts, is best) Wear work shoes with heavy soles, or 
better yet, with steel shanks (steel inserts în the soles), to 
give your feet the support they need to stand on a narrow 
tower rung. 

Gloves are necessary for both the tower climber and 
all ground-crew members. Good quality leather g 
protect hands from injury and keep them warm, They also 
offer protection anda better grip when you are handling rope. 
In cooler weather, a pair of gloves with light insulation will 
help keep your hands warm. The insulation should not be so 
bulky as to inhibit movement, however. 

Ground-erew members should have hard hats for 
protection in case something falls from the tower. It is not 
uncommon for the tower climber to drop tools and hardware, 
A wrench dropped from 100 feet will bury itself several 
inches in soft ground; imagine what it might do to an 
unprotected skull. 

SAFETY BELT AND CLIMBING ACCESSORIES 

Any amateur with a tower must own a high-quality 
safety belt, such as the one shown in Fig 1. Do not attempt 
to climb a tower, even a short distance, without а belt. The 
climbing belt is more than just a safety device for the 
experienced climber. It is а tool to free up both hands for 
work. The belt allows the limber to lean back away from 
the tower to reach bolts or connections, It also provides a 
solid surface to lean against to exert greater force when 
hoisting antennas into place. 

A climber must trust his life to his safety belt. For this 
reason, nothing les than a professional quality, commercially 
made, tested and approved safety belt is acceptable. Check 
the suppliers list in Chapter 21 and ads in OST for suppliers 
of climbing belts and accessories. Examine your belt for 
defects before each use. I the belt or lanyard (tower strap) 
are cracked, frayed or Wor in any way, destroy the damaged 
piece und replace it with a new one. You should never have 
to wonder if your belt will hold. 

Along with your climbing belt, you should seriously 
‘consider purchasing some climbing accessories. A canvas 
bucket is a great help for carrying tools and hardware up the 
tower. Two buckets, a large one for carrying tools and а 
smaller one for hardware, make it easier to find things wher 
needed. A few extra snap hooks like those on the ends of 
your belt lanyard are useful for attaching tool bags and 
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on towers and 


oves will 


| 2 
Fig 1—Bill Lowry, WAVY, uses a good quality safety 
belt, a requirement for working on a tower. The belt 
should contain large steel loops for the strap snaps. 


Leather loops at the rear of the belt are handy for 
holding tools. (Photo by KIWA) 


equipment to the tower at convenient spots. These hooks 
are better than using rope and tying knots because in many 
cases they can be hooked and unhooked with one hand. 

Gorilla hooks, shown in Fig 2, are especially useful 
Tor ascending and descending the tower. They attach to the 
belt and are hooked to the tower on alternating rungs as the 
climber progresses. With these hooks, the climber is secured 
to the tower at all times. Gorilla hooks were specially 
designed for amateur climbers by Ron Williams, WOIVE, 
1408 W Edgewood, Indianapolis, IN 46217-3618. 


Rope and Pulley 

Every amateur who owns a tower should also own a 
good quality rope at least twice as long as the tower height. 
"The rope is essential for safely erecting towers and installing 
antennas and cables. For most installations, а good quality 
"inch diameter manila hemp rope will do the job, although, 
ıa thicker rope is stronger and may be easier to handle. Some 
types of polypropylene rope are acceptable also: check the 
manufacturer's strength ratings. Nylon rope is not 
recommended because it tends to stretch and cannot Ве 
securely knotted without difficulty. 

Check your rope before each use for tearing or chafing 
Do not attempt to use damaged rope: iit breaks with tower. 


Fig 2— Gorila hooks are designed to keep the climber 
attached to the tower at all times when ascending and 
descending. 


pulley wheel and jam. 


section or antenna in mid-air, property damage and personal 
injury are likely results, If your rope should get wet, let it 
air dry thoroughly before putting it away. 

Another very worthwhile purchase is a pulley like the 
‘one shown in Fig 3. Use the right size pulley for your rope. 
Ве sure that the pulley you purchase will not jam or bind as 
the rope passes through it 


‘THE GIN POLE 

A gin pole, like the one shown in Fig 4, is a handy 
device for working with lower sections and masts. This gin 
pole is designed to clamp onto one leg of Rohn No. 25 ог 45 
tower. The tubing, which is about 12 feet long, has а pulley 
оп one end. The rope is routed through the tubing and over 
the pulley. When the gin pole is attached to the tower and 
the tubing extended into place, the rope may be used to haul 
Tower sections or the mast into place. Fig S shows the basic 
process. A gin pole can be expensive for an individual to 
buy, especially fora one-time tower installation. Some radio 
clubs own a gin pole far use by their members. Stores that 
sell tower sections to amateurs and commercial customers 
frequently will rent a gin pole to erect the tower. If you 
attempt to make your own gin pole, use materials heavy 
enough for the job. Provide a means for securely clumping 
the pole to the tower. There are many cases on record where 
homemade gin poles have failed, sending tower sections 
crashing down amidst the ground crew. 


clamped to a tower leg to aid in the assembly of 
Sections as well as the installation of the mast. The 


Slipping over the top section. (Photo by KIWA) 
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When you use а gin pole, make every effort to keep 
the loud as vertical as possible. Although gin poles are strong, 
you are asking for rouble if you apply too much lateral force, 


INSTALLING ANTENNAS ON THE TOWER 

All antenna installations are different in some respects, 
Therefore, thorough planning is the most important first step 
їп installing any antenna. At the beginning, before anyone 
climbs the tower, the whole process should be thought 
through. The procedure should he discussed to be sure each 
crew member understands what is to be done. Plan how to 
work out all bugs. Consider what tools and parts must be 
assembled and what items must be taken up the tower Extra 
trips up and down the tower can be avoided by using 
forethought, 

Getting ready to raise a beam requires planning. Done 
roperly, the actual work of getting the antenna into position. 
сап be accomplished quite easily with only one person at 
the top of the tower. The trick is to let the ground crew do all 
the work and leave the person on the tower free to guide the 
antenna into position, 

Before the antenna can be hoisted into position, the 
tower and the area around it must be prepared. The ground 
crew should clear the area around the base while someone 
limbs the tower to remove any wire antennas or other objects 
that might get in the way. The first person to climb the tower 
should also rig the rope and pulley that will be used to raise 
the antenna, The time to prepare the tower is before the 
antenna leaves the ground, not after it becomes hopelessly 
entwined with your 3.5-MHz dipole 

SOME TOWER CLIMBING TIPS 

The following tower climbing safety tips were compiled. 
by Tom Willeford, NSETU. The most important safety factor 
many kind of hazardous endeavor is the right attitude. Safety 
is important and worthy of careful consideration and 
implementation. The right attitude toward safety is a 
requirement for tower climbers. Lip service won't do, 
however; safety must be practiced. 

The safe hum's safety attitude is simple: Don take 
алу unnecessary chances, There are по 
exceptions to this plain and simple rule Iis 


Take time to plan your climb; this time is never wasted, 
and i's the first building block of safety. Talk the climb over 
With friends who will be helping you. Select the date and 
alternative dates to do the work. Choose someone to be 
responsible for all activities on the ground and for all 
communication with the climbers. Study the structure to be 
climbed and choose the best route to your objective. Plan 
emergency ascent and descent paths and methods. 

Make a list of emergency phone numbers to keep by 
your phone, even though they may never be used, Develop а 
plan for rescuing climbers from the structure, should that 
become necessary, 

Give careful thought to how much time you will need 
то complete the project. Allow enough time to go шр, do the 
work, and then climb down during daylight hours. Include 
time for resting during the climb and for completing the work 
ina quality fashion. Remember that the temperature changes 
fast as the sun goes down. Climbing up or down a tower 
With cold hands and feet is very difficuli—and dangerous. 

Give careful consideration to the weather, and climb 
only in good weather. Investigate wind conditions, the 
temperature, and the weather forecast, The weather сап 
change quickly so if you're climbing a really tall tower, it 
may bea good idea to have a weather alert radio handy duri 
the climb. Never climb a wet tower, 

‘The person who is going to do the climbing should be 
the one to disconnect and tag all sources of power to the 
structure. АШ switches or circuit breakers should be labeled 
clearly with DO NOT TOUCH instructions, Use locks on 
any switches designed to accept them. (See Fig 6.) Only the 
climber should reconnect power sources. 

An important part of the climbing plan is to review 
notes on the present installation and any previous work. I's 
а good idea to keep a notebook, listing every bolt and nut 
size on your tower/antenna installation. Then, when you have 
to go upto make repairs, you'll be able to take the minimum 
number of tools with you to do the job. IF you take too many 
tools up the tower, there is a much greater chance of droppi 
something, risking injury to the ground crew and possibly 
damaging the tool 


the first rule of safety and, of course, of 
climbing. The second rule is equally simple 
Don't be afraid то terminate an activity 
(climbing, in this case) at any time if things 
don't seem to be going well. 


Fig в— the switch box feeding power to 
equipment on your tower is equipped 
with a lock-out hole, use it. With a lock 
through the hole on the box, the power. 
cannot be accidentally turned back о 
(Photos courtesy of American ED CO", 
atleft, and Osborn Mfg Corp, at right) 
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її is also a good idea to review the instruction sheets 
and take them with you. In other words, plan carefully what 
you are going todo, and what you'll need to doit efficiently 
and safely. 

I's better to use a rope and pulley to hoist tools. 
Climbing is hard work and there's no sense making it more 
difficult by carrying a big load of tools. Always rig the pulley 
and rope so the ground crew raises and lowers tools and 
equipment 


Climbing Equipment 

Equipment is another important safety consi 
By equipment, we don't just mean tools. We mean safety 
equipment. Safety equipment should be selected and cared 
for as if your life depends on il because it does! 

The list of safety equipment essential to a safe climb 
and safe work on the tower should include: 

1) A first class safety bel. 

2) Safety glasses, 

3) Hard hat, 

4) Long-sleeved, pull-over shirt with no buttons or ope 
to snag (long sleeves are especially important Гог 
wooden poles), 

5) Long pants without cuffs, 

б) Firm, comfortable, steel-shank shoes with no-slip soles 
and well-defined heels, and 

7) Gloves that won't restrict finger movement (insulated 
gloves if you MUST work in cold weather). 

Your safety belt should be approved for use on the 
structure you are climbing. Different structures may require 
different types of safety hooks or straps, The belt should be 
light weight, but strength should not be sacrificed 10 save 
weigh. It should fit you comfortably, АП moving parts, such 
as snap hooks, should work freely. You should inspect safety 
belts and harnesses carefully and thoroughly before each 
climb, paying particular attention to stitching, rivets and 
weight-bearing mechanical parts- 

Support belt hooks should always be hooked to the D 
rings in an outward configuration. That is, the opening part 
of the hook should face away from the tower when engaged 
in the D rings (see Fig 7). Hooks engaged this way are easier 
to unhook deliberately but won't get squeezed open by a part 
of the tower or engage and snag a part of the tower while you 
are climbing. The engagement of these hooks should always 
be checked visually. snapping hook makes the same sound 
Whether i's engaged or not. Never check by sound-— look to 
be sure the hook is engaged properly before trusting i 

Remember that the D rings on the safety belt are for 
support hooks only. No tools or lines should be attached to 
these hooks. Such tools or lines may prevent the proper 
engagement of support belt hooks, or they may foul the 
hooks, At best, they could prevent the release of the hooks 
inan emergency. No one should have to disconnect a support 
hook to get tool and then have to reconnect the support 
hook before beginning to work again. That's foolish. 

Equipment you purchase new is best. Homemade belts 


Fig 7—Mark Wilson, KIRO, shows the proper way to 

attach a safety hook, with the hook opening facing 
hat way the hook can't be 

by pressing it against a tower leg. 


accidentally ге 


or home-spliced lines are dangerous. Used belts may have 
wom or defective stitching, ог other faulty components, Be 
careful of so-called "bargains" that could cost you your life. 

Straps lanyards and lines should be as short as possible 
Remember, in general knots reduce the load strength of a 
line by approximately 509 

Before actually climbing, check the structure visually 
Review the route. Check for obstacles, both natural (like 
Wasp's nests) and man-made. Check the structure supports 
and add more if necessary. Guy wires can be obstacles to 
the climb, but it's better to have too many supports than not 
‘enough. Check your safety bel, support Вей» and hooks at 
the base ofthe tower. Really test them before you need them. 
Never leave the ground without a safety belt even 5 or 
10 feet After all of this, the climb will be a "cake walk" if 
you are careful 

Climb slowly and surely. Don't overzeach or overstep. 
Patience and watchfulness is rewarded with good hand and 
foot holds. Take a lesson from rock climbers. Hook on to 
the tower and rest periodically during the climb. Don't try 
to rest by wedging an arm or leg in some joint; to rest, hook 
on. Rests provide an opportunity to review the remainder оГ 
the route and lo make sure that your safety equipment feels 
‘good and is working properly. Rest periods also help you 
conserve a margin of energy in case of difficulty. 

Finally. keep in mind that the most dangerous part of 
working on a tower occurs when you are actually climbing. 
Your safety equipment is not hooked up at this time, so be 
extra careful during the ascent or descent. 
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You must climb the tower to install or work on an 
antenna. Nevertheless, any work that can be done on the 
ground should be done there. If you can do any assembly ог 
make any adjustments on the ground, that’s where you should 
do the work! The less time you have to spend on the tower, 
the better off you'll be. 

When you arrive atthe work area, hook on to the tower 
and review what you have to do. Determine the best position 
to do the work from, disconnect your safety strap and move 
to that position. Then reconnect your safety strap at а safe 
spot away from joints and other obstacles. IF you must move 
around an obstacle, try to do it while hooked on to the tower 
Find a comfortable position and go to work. Don't 
overreach—move to the work, 

Use the right tool for the task. IF you don't have й, 
have the ground crew haul it up. Be patient. Lower tools, 
don't drop them, when you are finished with them. Dropped 
tools ean bounce and cause injury or damage, or can be 
broken or lost. I's a good idea to tie a piece of sting or light 
rope to the tools, and to tie the other end to the tower or 
some other point so if you do drop a tool, it won't fall all the 
Way to the ground. Don't tie tools to the D ring or your safely 
belt, however! 

Beware of situations where an antenna may be off 
balance. I's hard to obtain the extra leverage needed to 
handle even a small beam when you are holding it far from 
the balance point. Leverage can apply to the climber as well 
asthe device being levered. Many slips and skinned knuckles 
result rom such situations. A severely injured hand or finger 
сап be a real problem to a climber. 

Before descending, be sure to check all connections 
and the tightness of all the bolts and nuts that you have 
worked with. Have the ground crew use the rope and pulley 
to lower your tools. Lighten your load as much as possible 
Remember, you're more tired coming down than going up. 
While still hooked on, wiggle your toes and move a itle to 
get your senses working again. Check your downward route 
and begin to descend slowly and even more surely than you 
Went up. Rest is even more important during the descent. 

The ground captain is the director of all activities on 
the ground, and should be the only one to communicate with 
а person on a tower. Hand-held transceivers can be very 
helpful for this communication, but no one else should 
transmit to the workers on the tower. Even minor confusion 
or misunderstanding about a move to be made could be very 
dangerous. 

"Antenna parties" can be lots of fun, but the joking 
and fooling around should wait until the job is done and 
everyone is down safely. Save the celebrating until after the 
work is completed, even for the ground crew. 

These are justa few ideas on tower climbing safety; no 
list can include everything that you might run into. Check 
Chapter 22 for additional ideas. Just remember—you can't 
be 100 careful when climbing. Keep safety in mind while 
doing antenna work, and help ensure that after you have 
fallen for bam radio, you don't fall from bam radio. 
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THE TOWER SHIELD 
A tower can be legally classified as an 
nuisance" that could cause injuries. You should take some 
precautions to ensure that “unauthorized climbers” can't 
hurt on your tower. This tower shield was originally described 
by Baker Springfield. W4HY Y, and Richard Ely, WASVHM, 
in September 1976 OST , and should eliminate the worry 

Generally. the atractive-nuisance doctrine applies to 
your responsibility to trespassers on your property. (The law 
îs much stricter with regard to your responsibility lo an 
invited guest.) You should expect your tower to attract 
children, whether they are already technically trespassing 
or whether the tower itself lures them onto your property. A 
tower is dangerous to children, especially because of their 
inability to appreciate danger. (What child could resist trying 
taclimb a tower once they see one?) Because of this danger, 
you have a legal duty to exercise reasonable care to eliminate 
the danger or otherwise protect children against the perils 
of the attraction, 

The tower shield is composed simply of panels that 
enclose the tower and make climbing practically impossible, 
These panels are 5 feet in height and are wide enough to fit 
snugly between the tower legs and flat against the rungs. A 
height of 5 feet is sufficient in almost every ease. The panels 
are constructed from 18-gauge galvanized sheet metal 
obtained and cut to proper dimensions from a local sheet- 
metal shop. A lighter gauge could probably be used, but the 
extra physical weight of the heavier gauge is an advantage 
if no additional means of securing the panels to the tower 
rungs are used. The three types of metals used for the 
components of the shield are supposedly rust proof and 
nonreactive. The panels are galvanized sheet steel, the 
brackets aluminum, and the screws and nuts are brass. For a 
triangular tower, the shield consists of three panels, one for 
each of the three sides, supported by two brackets. Construct 
these brackets from 6-inch pieces of thin aluminum angle 
stock, Bolt two of the pieces together to form a Z bracket 
(see Figs 8, 9 and 10). The Z brackets are bolted together 
with binding head brass machine screw. 

Lay the panels fat for measuring, marking and drilling, 
First measure from the top of the upper mounting rung on 
the tower to the top of the bottom rung. (Mounting rungs 
are selected to position the panel on the tower) Then mark 
this distance on the panels. Use the same size brass serews 


Fig 8—Z-bracket component pie 


Fig 9—АззетЫу of the Z bracket. 


КЩНЩ. ай] 


Fig 10. 


installation of the shield on a tower rung. 


and nuts throughout the shield. Balt the top vertical portion 
of each Z bracket to the panel. Drill the mounting-screw 
holes about 1 inch from the end of the Z brackets so there is 
an offset clearance between the Z-bracket binding-screw 
holes and the panel-bracket mounting-serew holes. Drill 
holes in each panel to match the Z-bracket holes. 

"The panels are held on the tower by their own weight, 
They are not easy to grasp because they fit snugly betweer 
the tower legs, If you feel a need for added safety against 
deliberate removal of the panels, this can be accomplished 
by means of Че wires. Drill a small hole in the panel just 
above, just below, and in the center of each Z bracket. Run a 
piece of heavy galvanized wire through the top hole, around 
the Z bracket, and then back through the hole just below the 
Z bracket, Twist together the two ends of the wire. One 


tie wire should be sulficient for each panel, but use two 
if desired. 

‘The completed panels are rather bulky and difficult 
to handle, A feature that is useful if the panels have to be 
removed offen for tower climbing or accessibility is a pair 
of removable handles. The removable handles can be 
constructed from one threaded rod and eight nuts (se 
Fig 11). Drill two pair of handle holes in the panels a few 
inches below the top Z bracket and several inches above 
the bottom Z bracket. For panel placement or removal 
you can hook the handles in these panel holes. The hook, 
on the top of the handle, fits into the top hole of each pair 
of the handle holes. The handle is optional, but for the 
effort required i certainly makes removal and replacem 
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Fig 11—Removable handle construction. 


much safer and easier 
Fig 12 shows the shield installed on a tower. This 
relatively simple device could prevent an accident 


Figi— 
Installed 
tower shield, 
Note the 
holes for 
using the 
handles. 
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Electrical Safety 


Although the RF, ac and de voltages in most amateur 
stations pose a potentially grave threat to life and limb, 
common sense and knowledge of safety practices will help 
You avoid accidents. Building and operating an Amateur 
Radio station can be, and is for almost all amateurs, a perfectly 
safe pastime. However, carelessness can lead to severe injury. 
or even death. The ideas presented hore are only guidelines: 
it would be impossible to cover all safety precautions. 
Remember, there is no substitute for common sense, 

A fire extinguisher is a requirement for the well- 
equipped amateur station. The fire extinguisher should be 
of the carbon-dioxide type to be effective in electrical fires. 
Store it in an easy-to-reach spot and check it at recommended 
intervals. 

Family members should know how to turn the power 
off in your station. They should also know how to apply 
artificial respiration. Many community groups offer courses 
on cardiopulmonary resuscitation (CPR). 

AC AND DC SAFETY 

The primary wiring for your station should be 
controlled by one master switch, and other members of your 
household should know how to kill the power in an 
emergency. All equipment should be connected to a good 
ground. АП wires carrying power around the station should 
be of the proper size for the © 
be insulated for the voltage level involved. Bare 
chassis cor 
invitation to accidents. Remember that h 
voltage power sources шге just as dangerous as 
low-current sources. Possibly the most-dangerous voltage 
Source in your station is the 120-V primary supply: it is a 
hazard often overlooked because itis a part of everyday life. 
Respect even the lowliest power suppl 

Whenever possible, Kill the power and u 
equipment before working on it. Discharge capacitors with 
an insulated screwdriver: don't assume the bleeder resistors 
are 100% reliable. In a power amplifier, always short the 
tube plate сар to ground just to Ве sure the supply is 
discharged. If you must work on live equipment, keep one 
hand in your pocket. Avoid bodily contact with any grounded 
object to prevent your body from becoming the return path 
from a voltage source to ground. Use insulated tools for 
adjusting or moving any circuitry. Never work alone. Have 
someone else present: it could save your life in an emergency. 


National Electrical Code 
The National Electrical Code® is a comprehensive 
document that details safety requirements for all types of 
electrical installations. In addition to setting safety standards 
for house wiring and grounding, the Code also contains а 
section on Radio and Television Equipment — Article 810. 
C and D specifically cover Amateur Transmitting 

and Receiving Stations Highlights of the section concern 


Sec 
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Amateur Radio stations follow. If you are interested in 

ig more about electrical safety, you may purchase а 
сору of The National Electrical Code or The National 
Electrical Code Handbook, edited by Peter Schram, from 
the National Fire Protection Association, Battery march Park, 


tallations are covered in some detail in he 
Code. It specifies minimus 


conductor sizes for different 
length wire antennas. For hard-drawn copper wire, the Code 
specifies #14 wire for open (unsupported) spans less than 
150 feet, and #10 for longer spans. Copper-clad steel, bronze 
or other high-strength conductors may be #14 for spans less 
than 150 feet and #12 wire for longer runs. Lead- 
conductors (for open-wire transmission line) should be at 
east as large as those specified for antennas, 

The Code also says that antenna and lead-in conductors 
attached to buildings must be firmly mounted at least 
3 inches clear of the surface of the building on nonabsorbent 
insulators. The only exception to this minimum distance is 
When the lead-in conductors are enclosed in a “permanently 
and effectively grounded” metallic shield. The exception 
covers coaxial cable. 

According to the Code, lead-in conductors (except those 
covered by the exception) must enter a building through а 
rigid, noncombustible, nonabsorbent insulating tube or 
bushing, through an opening provided for the purpose that 
provides a clearance of at least 2 inches or through a drilled 
Window pane, АП lead-in conductors to transmitting equipment 
must be arranged so that accidental contact is difficult 

Transmitting stations are required to have a means of 
draining static charges from the antenna system. An antenna 
discharge unit (lightning arrester) must be installed on each 
lead-in conductor (except where the lead-in is protected by 
a continuous metallic shield that is permanently and 
effectively grounded, or the antenna is permanently and 
effectively grounded). An acceptable alternative to lightning 
arrester installation is a switch that connects the lead-in to 
ground when the transmitter is 

Grounding conductors are described in detail in the 
Code. Grounding conductors may be made from copper, 
aluminum, copper-clad steel, bronze or similar erosion- 
resistant material. Insulation is not required. The “protective 
grounding conductor” (main conductor running to the ground 
rod) must be as large as the antenna lead-in, but not smaller 
than #10. The “operating grounding conductor” (to bond 
equipment chassis together) must be at east #14. Grounding 
conductors must be adequately supported and arranged so 
they are not easily damaged. They must run in as straight a 
line as practical between the mast or discharge unit and the 
ground rod. 

The Code also includes some information on safety 
inside the station, All conductors inside the building must 
be at least inches away from conductors of any lighting or 
signaling cireu except when they are separated from other 


conductors by conduit ог a nonconducting material. 
Transmitters must be enclosed in metal cabinets, and the 
ounded, АП metal handles and controls 


cabinets must be g 
accessible by the operator must be 
must be fitted with interlocks that will disconnect all 
potentials above 350 V when the door is opened. 


grounded. Access doors 


Ground 
An effective ground system is necessary for every 
amateur station. The mission of the ground system is twofold. 
First, it reduces the possibility of electrical shock if 
ina piece of equipment should fail and the chassis 
ог cabinet becomes “hot” If connected properly, t 
electrical systems ground the chassis, but older amateur 
equipment may use the ungrounded two-wire system. A 
ground system to prevent shock hazards is generally referred 
toas “de ground. 

‘The second job the ground system must perform is to 
provide a low-impedance path to ground for any stray RF 
current inside the station. Stray RF can cause equipment to 
‘malfunction and contributes to RFI problems. This low- 
impedance path is usually called “RF ground.” In most 
stations, de ground and RF ground are provided by the same 

The first step in building a ground system is to bond. 
together the chassis of all equipment in your station. Ordinary 
hookup wire will do for a de ground, but for a good RF 
ground you need a low-impedance conductor. Copper strap. 
Sold as “flashing copper,” is excellent for this application 
but it may be hard to find. Braid from coaxial cable is a 
popular choice: it is readily available, makes a low- 
impedance conductor, and is flexible 

Grounding straps can be run from equipma 
to equipment chassis, but a more convenient approach is 
illustrated in Fig 13. In this installation, a !/-inch diameter 
copper water pipe runs the entire length of the operating 
bench. A thick braid (from discarded RG-8 cable) runs from 
each piece of equipment to a clamp on the pipe. Copper 
water pipe is available at most hardware stores and home 


along the rear of the operating bench. 

the equipment is bonded to a coms 
bus, the ground bus must be wired to a good earth ground. 
This run should be made with a heavy conductor (braid is а 
popular choice, again) and should be as short and direct as 
possible. The earth ground usually takes one of two forms 

In most cases, the best approach is to drive one or more 
ground rods into the earth at the point where the conductor 
{rom the station ground bus leaves the house. The best ground 
rods to use are those available from an electrical supply 
house. These rods are 8 to 10 feet long and are made from 
steel with a heavy copper plating. Do not depend on shorter 
thinly plated rods sold by some home electronics suppliers. 
These rods begin to rust almost immediately after they are 
driven into the soil, and they become worthless within a short 
time. Good ground rods, while more expensive initially, offer 
long-term protection 

I your зой is soft and contains few rocks, an acceptable 
alternative to "genuine" ground rods is '/-inch diameter 
copper water pipe. A6- io. bol length of this material offers 
а good ground, but it may bend while being driven into the 
earth. Some people have recommended that you make а 
connection to a water line and run water down through the 
copper pipe so thatit forces its own hole in the ground. There 
тау be a problem with this method, however. When the 
ground dries, it may shrink away from the pipe and not make 
proper contact with the ground rod. This would provide а 

ther poor ground. 

Once the ground rod is installed, clamp the conductor 
from the station ground bus to it with a clamp that can be 
tightened securely und will not rust. Copper-plated clamps 
made especially for this purpose are available from electrical 
supply houses, but a stainless-steel hose clamp will work 
тоо. Alternatively, drill several holes through the pipe and 
bolt the conductor in place. If a torch is available, solder the 

Another popular station ground is the cold water pipe 
system in the building. To take advantage of this ready made 
ground system, run a low-impedance conductor from the 


Теше. Alternatively, asp of asin copper muy Berun Salon ground bustoa convenient cold war pipe, bete 
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somewhere near the point where the main water supply enters 
the house. Avoid hot water pipes; they do not run directly 
into the earth. The advent of PVC (plastic) plumbing makes 
it mandatory to inspect the cold water system from your 
intended ground connection to the main inlet, PVC is an 
excellent insulator, so any PVC pipe ог fittings rule out your 
cold water system for use as a station ground. 

For some installations, especially those located above 
the first floor, a conventional ground system such as that 
just described will make a fine de ground but will not provide 
the necessary low-impedance path to ground for RF. The 
length of the conductor between the ground bus and the 
ultimate ground point becomes a problem. For example, the 
ground wire may be about 2. (or an odd multiple of sh) 
Tong on some amateur band. A . l wire acts as an impedance 
inverter from one end to the other. Since the grounded end 
is at a very low impedance, the equipment end will be at а 
high impedance. The likely result is RF hot spots around the 
station while the transmitter is operating. A ground system 
like this may be worse than having no ground at ай, 

An alternative RF ground system is shown in Fig 14, 
Connect a system of b. radials to the station ground bus, 
Install at least one radial for each band used. You should still 
be sure to make a connection o earth ground for the ae power 
wiring. Try this system if you have problems with RF in the 
shack It may just solve a number of problems for you. 


Ground Noise 
Noise in ground systems can affect sensitive radio 
equipment. Itis usually related to one of three problems: 
1) Insufficient ground conductor size, 
2) Loose ground connections, or 
3) Ground loops. 
These matters are treated in precise scientific research. 


Fig 14 Here om alternative to earth ground ifthe 
station is located far from the ground point a 

inthe station В a problem. sal at least one ek 
radial for each band used. 


equipment and some industrial instruments by pas 
attention to certain rules. The ground conductor should be 
atleast as large as the largest conductor in the primary power 
circuit Ground conductors should provide solid connection 
to both ground and to the equipment being grounded. Liberal 
use of lock washers and star washers is highly recommended, 
A loose ground connection is a tremendous source of noise, 
particularly in a sensitive receiving system. 

Ground loops should be avoided at all costs. A short 
discussion of what a ground loop is and how to avoid them. 
may lead you down the proper path. A ground loop is formed 
when more than one ground current is flowing in a sing 
conductor. This commonly occurs when grounds are dit. 
chained” (series linked), The correct way to ground 
‘equipment iso bring all ground conductors out radially from. 
‘a common point to either a good driven earth ground or toa 
cold water system, 

Ground noise ean affect transmitted as well as receiv 
signals. With the low audio levels required to drive amateur. 
transmitters, and with the ever-increasing sensitivity of our 
receivers, correct grounding is critical. 


Lightning and EMP Protection 


"The National Fire Protection Association (NEPA) 
publishes a booklet called Lightning Protection Code (NFPA 
no. 78-1983) that should be of interest to radio amateurs. 
For information about obtaining а copy of this booklet, write 
to the National Fire Protection Association, Batterymarch 
Park, Quincy, MA 02269. Two paragraphs of particular 
interest to amateurs are presented below. 

26 Antennas. Radio and television masts of metal, 
located on a protected building, shall be bonded to the 
lightning protection system with a main size conductor and 
fittings 


27 Lightning arresters, protectors or antenna discharge 
units shall be installed on electric and telephone service 
entrances and on radio and television antenna lead-ins." 

"The best protection from lightning is to disconnect all 
antennas from equipment and disconnect the equipment from 
the power lines. Ground antenna feed lines to safely bleed 
off statie buildup. Eliminate the possible paths for lightning 
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strokes, Rotator cables and other control cables from the 
antenna location should also be disconnected during severe 
electrical storms, 

In some areas, the probability of lightning surges 
entering homes via the 120/240-V line may be high. 
Lightning produces both electrical and magnetic fields that 
Vary with distance. These fields can be coupled into power 
lines and destroy electronic components in equipment that 
is miles from where the lightning occurred. Radio equipment 
can be protected from these surges to some extent by using 
transient protective devices. 


ELECTROMAGNETIC PULSE AND THE 
RADIO AMATEUR 

‘The following material is based on a d. pan OST 

article by Dennis Bodson, W4PWF, that appeared in the 

August through November 1986 issues of OST (see the 

References cited at the end of this chapter). The series was 


condensed from the National Communications System report 
NCS TIB 85-10. 

An equipment test program demonstrated that most 
Amateur Radio installations can be protected from lightning 
and electromagnetic pulse (EMP) transients with a 
basie protection scheme. Most of the equipment is not 
susceptible to damage when all external cabling is removed. 
You can duplicate this stand-alone configuration simply by 
unplugging the ac power cord from the outlet, disconnecting 
the antenna feed line at the rear of the radio, and isolating 
the radio gear from any other long metal conductors. Often 
it is not practical to completely disconnect the equipment 
whenever itis not being used. Also, there is the danger that a 
lightning strike several miles away could induce a large 
voltage transient on the power lines or antenna while the radio 
isin use, You can add two transient-protection devices to the 
interconnected system, however, that will also closely 
duplicate the safety of the stand-alone configuration. 

The ac power line and antenna feed line are the two. 
important points that should be outfitted with transient 
protection. This is the minimum basic protection scheme 

commended for ай Amateur Radio installations. (For fixed 
installations, consideration should also be given to the rotator 
connections —see Fig 15.) Hand-held radios equipped with 
a “rubber duck" require no protection at the antenna jack. If 
а larger antenna is used with the hand-held, however, а 
protection device should be installed 


General Considerations 

Because ofthe unpredictable energy content of a nearby 
lightning strike or other large transient, it is possible for a 
metal-oxide varistor (MOV) to be subjected to an energy 
surge in excess of its rated capabilities, This may result in 


the destruction of the MOV and explosive rupture of the 
package. These fragments cun cause damage to nearby 
components or operators and possibly ignite flammable 
material. Therefore, the MOV should be physically shielded. 
A proper ground system is a key factor in achieving 
protection from lightning and EMP transients. A low- 
impedance ground system should be installed to eliminate 
transient paths through radio equipment and to provide a good 
physical ground for the tansient-suppression devices. single 
point ground system is recommended (see Fig 16). Inside the 
station, single-point grounding can be had by installing а 
ground panel or bus bar. All external conductors going tothe 
radio equipment should enter and exit the station through this 
panel. Install ай transient suppression devices directly on the 
panel. Use the shortest length) possible of #6 solid wire to 
connect the radio equipment caseís) to the ground bus. 


АС Power-Line Protection 

Tests have indicated that household electrical wiring 
inherently limits the maximum transient current that it will 
pass to approximately 120 A. Therefore, if possible, the 
‘amateur station should be installed away from the house ас 
entrance panel and breaker box to take advantage of these 
listing effects 

AC powerline protection can be provided with easy- 
to-install, plug-in transient protectors. Ten such devices were 
tested far the article series in 1986, The plug-in-strip units 
are the best overall choice for a typical amateur installation, 
"They provide the protection needed, they're simple to install 
and can be easily moved to other operating locations with 
the equipment 

In their tests, NCS found that the model that provided 
transient paths to ground from the hot and neutral lines 


Fig 15—Transient 


suppression 
techniques 
applied to an 
en к Amateur Radio 
E А — „ station. 
con — E — 


Safety First 1-41 


Fig 16—AtA, the proper method а 


of tying all ground points. 
together. The transient path to 


ground with a single-point ground 
System and use of transient 
Suppressors is shown at B. 


(common mode) us well as the transient path between the 
hot and neutral lines (normal mode) performed best. The 
best model used three MOVs and a 3-elecirode gas- 
discharge-tube arrester to provide fast operation and large 
power dissipation capabilities. This unit was tested 
repeatedly and operated without failure. 
The flood of low-cost computers in the 1990s spawned 
a host of surge protection devices designed to limit transient 
voltage spikes coming from the ac line and also through the 
telephone line into а modem connected to a computer. Many 
of these devices are well-designed and can be relied upon to 
provide the protection they claim 
however, easily find a variety of really low- 
strips at flea markets and discount hardware 


You ci 
cost bargair 
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stores. A bargain-brand $6 unit may prove to be a poor 
bargain indeed if it allows a spike to get through to damage 
your $2000 computer or $4000 transceiver. 

You should be careful to find one that carries а sticker 
indicating that it meets Underwriters Laboratories safety 
standard UL 1449. This defines the minimum level of 
clamping voltage beyond which a surge protector will “fire” 
to protect the device connected to its output. The UL 1149 
limit is 330 V ae. Prices for brand-name units from Tripp 
Lite, APC or Curtis vary from about $30 to $80, depending 
on how many ac sockets they have and the number of 

и and switched/unswitched sockets. A brand- 
name device is well worth the small additional cost over the 
argain-basement units. 


A transient suppressor requires a 3-wire outlet; the 
outlet should be tested to ensure all wires are properly 
connected. In older houses, an ac ground may have to be 
installed by a qualified electrician. The ae ground must be 
available for the plug-in transient suppressor to function 
properly. The ac ground of the receptacle should be attached 
to the station ground bus, and the plug-in receptacle should 
be installed on the ground panel behind the radio equipment, 


Emergency Power Generators 

Emergency power generators provide two major 
transient-protection advantages. First, the station is 
disconnected from the commercial ac power system. This 
isolates the radio equipment from a major source of damaging 
transients, Second, tests have shown that the emergency 
power generator may not be susceptible to EMP transients 

When the radio equipment is plugged directly into the 
generator outlets, transient protection may not be needed. If 
an extension cord or household wiring is used, transient 
protection should be employed. 

An emergency power generator should be wired into 
the household circuit only by a qualified electrician. When 
properly connected, a switch is used to disconnect the 
commercial ae power source from the house lines before 
the generator is connected to them. This keeps the generator 
output from feeding back into the commercial power system. 
If this is not done, death or injury to unsuspecting linemen 
сап result. 


Feed-Line Protection 

Coaxial cable is recommended for use as the 
transmission line because it provides a certain amount of. 
transient surge protection for the equipment to which itis 
attached. The outer conductor shields the center conductor 
from the transient field. Also, the cable limits the maximum. 
conducted transient voltage on the center by arcing the 
differential voltage from the center conductor о the grounded 
cable shield. 


By providing a path to ground ahead of the radio 
equipment, the gear can be protected from the large currents 
impressed upon the antenna system by lightning and EMP. 
A single protection device installed at the radio antenna jack 
"vil protect the radio, but not the transmission line. To protect 
the transmission line, another transient protector must be 
installed between the antenna and the transmission line. (See 
Fig 15). 

RF transient protection devices from several 
manufacturers were tested (see Table 1) using RG-$ cable 
equipped with UHF connectors. АП ofthe devices shown 
can be installed in a coaxial transmission line. Recall that 
during the tests the RG-8 cable acted like a suppressor: 
damaging EMP energy arced from the center conductor 
to the cable shield when the voltage level approached 
5.5 KV. 

Low price and a low clamping-voltage rating must be 
considered in the selection of an RF transient-protection 
device. The lower cost devices have the higher clamping 
voltages, however, and the higher-cost devices have the lower 
clamping voltages. Because of this, medium-priced devices 
manufactured by Fischer Custom Communications were 
selected for testing. The Fischer Spikeguard Suppressors ($55 
price class) for coaxial lines can be made to order to operate 
at a specific clamping voltage. The Fischer devices 
satisfactorily suppressed the damaging transient pulses, 
passed the transmitter RF output power without interfering 
With the signal, and operated effectively over a wide 
frequency range. 

Polyphaser Corporation devices are also effective in 
providing the necessary transient protection. The devices 
available limited he transmitter RF output power to 100 W 
or less, however. These units cost approximately $83 each. 

RF coaxial protectors should be mounted on the station 
ground bus bar, I the Fischer device is used, it should be 
attached to a grounded UHF receptacle that will serve 
as a hold-down bracket, This creates a conductive path 
between the outer shield of the protector and the bus 

bar. The Polyphaser device can be 
mounted directly to the bus bar with the 


Table 1 


Approximate 
Cost 
Manufacturer Device (US Dollars) 
Fischer FCC-250-300-UHF E] 
Fischer FCC-250-350-UHF ss 
Fischer. FCC-250-150-UNF ES 
Fischer FCC-250-120-UHF ss 
Fischer FCCA50-120-UHF E] 
Polyphaser 15-NEMP а 
Polyphaser IS-NEMP-1 a 
Polyphaser IS-NEMP-2 эз 


Note: The transmitter output power, frequency of operation, and transmission line 


SWR must be considered when selecting any of these devices. 


bracket provided. 
Attach the tra 
matching network to the grounded 


Measured protector with a short (6 foot or less) 
cee, piece of coaxial cable. Although the 
12 — Cable provides а ground path to the bus 
[o bar from the radio equipment, tis ot a 
эз satisfactory transient-prorection ground 
za path for the transceiver Another ground 
ша Should be installed between the 
s transceiver case and the ground bus using 
aa Solid #6 wire. The coaxial cable shield 
E Should be grounded to the amenna tower 
160 leg at the tower base. Each tower eg 


should have an earth ground connection. 
and be connected to the single-point 
round system as shown in Fig 16. 
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Antenna Rotators 
be protected by plugging the 
o a protected ac power source and adding 
protection to the control lines to the antenna rotator. When 
the control lines are in а shielded cable, the shield must be 
grounded at both ends. MOVs of the proper size should be 
installed at both ends of the control cable. At the station 


Antenna rotators e 


control box i 


end, terminate the control cable in a small metal box that is 
connected to the station ground bus. Attach МОУ» from each 
conductor to ground inside the box. At the antenna end of. 
the control cable, place the MOVs 
їп a small metal box that is properly grounded. 

For example, ihe Alliance HD73 antenna rotator uses 
а 6-conductor unshielded control cable with a maximum 
control voltage of 24.7 V de. Select an MOV with a clar 
voltage level 10% higher (27 V or more) so the MOV won't 
clamp the contro signal to ground. If the control voltage is 
ac, be sure to convert the RMS voltage value to peak voltage 
When considering the clamping voltage level 


side the rotator case or 


Mobile Power Supply Protection 
‘The mobile amateur station environment exposes 
ralio equipment to other transient hazards in addition to those 
of lightning and EMP. Currents as high as 300 A are switched 
When starting the engine, and this can produce voltage spikes 
of over 200 V on the vehicles electrical system. Lightning 
and EMP are not likely to impact the vehicle" electrical 
system as much as they would that of a fixed installation 
Because the automobile chassis is not normally grounded. This 
would not be the case if the vehicle is inadvertently gro 

for example, when the vehicle is parked against a gro 
ital conductor. The mobile radio system has two advan 
Lightning is almost never a proble 

and the vehicle battery is а natural surge suppressor. 
Mobile radio equipment should be installed in a way that 
takes advantage of the protection provided by the battery. See 


over a fixed installati 


Fig 17.To do this, connect the positive power lead of the radio 
directly to the positive battery post, not to intermediate points 
in the electrical system such as the fuse box or the auxiliary 
contacts on the ignition switch. To prevent equipment damage 
or fire, in-line fuses should be installed in the positive leads 
Where they are attached to the battery post. 

An MOV should be installed between the two leads of 
the equipment power cord. A GE MOV (V36ZA80) is 
recommended for this application. This MOV provides the 
lowest measured clamping voltage (170 V) and is low in cost. 


Mobile Antenna Installation 

Although tests 
an EMP transient without protection for the antenna system, 
protection from lightning transients is still required. A 
coaxial-line transient suppressor should be installed on the 
vehicle chassis between the antenna and the radio's antenna 


сме that mobile radios can survive 


A Fischer suppressor can be attached to a UHF 
receptacle that is mounted on, and grounded to, the vehicle 
chassis. The Polyphaser protector can be mounted on, and 
grounded to, the vehicle chassis with its flange. Use a short 


length of coaxial cable between the radio and the transient 
suppressor. 
Clamping Voltage Calculation 

When selecting any EMP-protection device to be used 
at the antenna port of a radio, several items must be 
considered. These include transmitter RF power output, the 
SWR, and the operating frequency. The protection device 
‘must allow the outgoing RF signal to pass without clampin 
А clamping voltage calculation must be made for each 
amateur installation, 

The RE-power input to a transmission line develops a 
corresponding Voltage that becomes important when а 
voltage-surge arrester is in the line, SWR is important 


кышы 


Fig 17- Recommended method of connecting mobile radio equipment to the vehicle battery and antenna. 
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because of its influence on the voltage level. The maxim 


voltage developed fora given power input is determined by 
V = JEXPXZXSWR (Eq) 
where 


P= peak power in W 


Eg 1 should be used to determine the peak voltage 
present across the transmission line. Because the RF 

ient-protection devices use gas-lischarge tubes, the 

şe level at which they clamp is not fixed: safety margin 

must be added to the calculated peak voltage. This is done 
by multiplying the calculated value by а factor of three. This 
added safety margin is required to ensure that the 
transmitter’ RF output power will pass through the transient 
suppressor without causing the device to clamp the RF signal 
to ground. The final clamping voltage obtained is then high 
enough to allow normal operation of the transmitter while 
providing the lowest practical clamping voltage for the 
suppression device. This ensures the maximum possible 
protection for the radio system. 

Here's how to determine the clamping voltage require. 
Let's assume de SWR is 15:1. The power output of the 
transceiver is 100 W PEP. RG-8 coaxial cable has an 
impedance of 52 Q Therefore 


P=100W 
z-20 
SWR-LS 


Substituting these values into Eq I 


v 


ү]2х100х52х1.5 = 124.89 V peak 


Note that the voltage, V is the peak value at the peak 
of the RF envelope, The final clamping voltage (ЕСУ) is 
three times this value, or 374.7 V. Therefore, a coaxial-line 
transient suppressor that clamps at or above 375 V should 
be used. 

The cost of a two-point basic protection scheme is 
estimated to be $100 for each fixed amateur station. This 
includes the cost of a good quality plug-in power-line 
protector ($45) and one Fischer coaxial-lin protector ($55). 


Inexpensive Transient-Protection Devices 

‘The radio antenna connection сап be protected by 
means of another simple device. As shown in Fig 18, two 
spark gaps (Siemens BI-A350) are installed in series at one 
end of acoaxial-cable T connector. Use the shortest practical 
ead length (about / inch) between the two spark gaps. One 
lead is bent forward and forced between the spit sections of 
the inner coaxial connector until the spark gaps approach 
the body of the connector. A short length of insulating 
material (such as Mylar) is placed between the spark gaps 
and the connector shell. The other spark-gap lead is folded 
over the insulator, then conductive (metallic) tape is wrapped 
around the assembly. This construction method proved 


Fig 18—Pictorial diagram of an inexpensive, homemad 
RF coax transient protector. 


durable enough to allow many insertions and removals of 
the device during testing. Estimated cost of this assembly is 
$9. Similar devices can be built using components from 
Joslyn, General Electric, General Semiconductor or Siemens. 
Summary 
иеш» should be aware of which components in their 
radio system are most likely to be damaged by EMP. They 
should also know how to repair the damaged equipment 
Amateurs should know how to reestablish communications 
after an EMP event, ta 
effects on the earth's atmosphere and radio equipment. One 
of the first things that would be noticed, providing the radio 
equipment is operative, is а sudden silence in radio 
transmissions across all frequencies below approximately 
100 MHz. This silence would be caused in part by damage to 
unprotected radio gear from the EMP transient. Transmissions 
from one direction, the direction of the nuclear blast, would 
be completely out. RF signal loss by absorption and 
attenuation by the nuclear fireball are the reasons for this. 
Alter an EMP event, the amateur should be prepared 
to operate CW. CW gives the most signal power under 
adverse conditions. И also provides a degree of message 
security from the general public. 
Amateurs should develop the capability and flexibility 
to operate in more than one frequency band. The lower 
ground-wave frequencies should be useful for long-distance 
‘communications immediately after an EMP event. Line-of- 
sight VHF would be of value Гог local communications 
What cun be done to increase the survivability of an 
Amateur Radio station? Here are some suggestions 
1) IF you have spare equipment, keep it disconnected; use. 
‘only the primary station gear. The spare equipment would 
then be available after an EMP event. 

2) Keep equipment turned off and antenna and power lines 
disconnected when the equipment is not in use. 

3) Connect only those external conductors necessary forthe 
current mode of operation, 

4) Tie ай fixed equipment to a single-point earth ground to 
prevent closed loops through the ground, 

5) Obtain schematic diagrams of your equipment and tools 
for repair of the equipment. 


ng into consideration its adverse 
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6) Have spare parts on hand for sensitive components of the 
radio equipment and antenna system. 

7) Learn how to repair or replace the sensitive compone 
of the radio equipment 

8) Use nonmetallic guy lines and antenna structural parts 
where possible. 

in emergency power source and operate from it 
periods of increased world political tension. The 

Source should be completely isolated from the 

commercial power lines. 

10) Equipment power cords should be disconnected when 
the gear is idle. Or the circuit breaker for the line feeding 
the equipment should be kept їп the OFF position when. 
the station is off the air. 


ха the antenna lead-in when the station is off 
Or use a grounding antenna switch and keep it in 


the GROUND position when the equipment is not in use 

12) Have a spare antenna and transmission line on hand to 
replace a damaged antenna system. 

13) Install EMP surge arresters and filters on all primary 
conductors attached to the equipment and antenna. 

14) Retain tube type equipment and spare components; keep. 
them in good working order. 

15) Do not rely on a microprocessor to control the station 
after an EMP event. Be able to operate without 
microprocessor control 

The recommendations contained in this section were 
developed with low cost in mind; they are not intended to 
cover all possible combinations of equipment and installation 
methods found in the amateur community. Amateurs should 

examine their own requirements and use this report as a 

guideline in providing protection or the equipment 


RF Radiation and Electromagnetic Field Safety 


Amateur Radio is basically a safe activity. In recent 
years, however, there has been considerable discussion and 
concern about the possible hazards of electromagnetic 
radiation (EMR), including both RF energy and power 
frequency (50-60 Hz) electromagnetic (EM) fields. FCC 
regulations set limits on the maximum permissible 
exposure (MPE) allowed from the operat 
transmitters. These regulations do not take the place of RF- 
safety practices, however. This section deals with the topic 
of RF safety. 
‘This section was prepared by members of the ARRL. 
RF Safety Committee and coordinated by Dr Robert E. Gold, 
WBOKIZ. It summarizes what is now known and offers 
safety precautions based on the research to date 
АШ life on Earth has adapted to survive in an 
environment of weak, natural, low-frequency electro- 
magnetic fields (in addition to the Earth's static geomagnetic 
field). Natural low-frequency EM fields come from two main 
sources: the sun, and thunderstorm activity. But in the last 
100 years, man-made fields at much higher intensities and 
With a very different spectral distribution have altered this 
tural EM background in ways that are not yet fully 
understood. Researchers continue to look at the effects of 
RF exposure over a wide range of frequencies and levels. 
Both RF and 60-Hz fields are classified as nonionizing 
radiation, because the frequency is too low for there to be 
enough photon energy to ionize atoms. (onizing radiation, 
such as X-rays, gamma rays and even some ultraviolet 
radiation has enough energy to knock electrons loose from 
When this happens, positive and negative ions 
are formed.) Still, at sufficiently high power densities, EMR 
poses certain health hazards. It has been known since the 
early days of radio that RF energy сап cause injuries by 
heating body tissue. (Anyone who has ever touched an 
improperly grounded radio chassis or energized antenna and 


of radio 


their aton 
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received an RF burn will agree that this type of injury can 
be quite painful.) In extreme cases, RF-induced heating in 
the eye can result їп cataract formation, and can even 


blindness, Excessive RF heating of the reproductive organs 
can cause sterility. Other health problems also can result 


from RF heating. These heat-related health hazards are called 
thermal effects. A microwave oven is a positive application 
o this thermal effect. 

"There also have been observations of changes in 
physiological function inthe presence of RF energy levels 
"hat are too low to cause heating. These functions return to 
normal when the Field is removed. Although research is 

going. no harmful health consequences have been linked 
to these changes. 

Tn addition to the ongoing research, much else has been 
done to address this issue. For example, FCC re 
set limits on exposure from radio transmitters. The Institute 
of Electrical and Electronics Engineers, the American 
National Standards Institute and the National Council for 
Radiation Protection and Measurement, among others, have 
recommended voluntary guidelines to limit human exposure 
to RF energy. The ARRL has established the RF Safety 
Committee, consisting of concerned medical doctors and 
scientists, serving voluntarily to monitor scientific research 
in the Fields and to recommend safe practices for radio 


lations 


THERMAL EFFECTS OF RF ENERGY 

Body tissues that are subjected to very high levels of 
RF energy may suffer serious heat damage. These effects 
depend on the frequency of the energy, the power density ot 
"he RF field that strikes the body and factors such as the 
polarization of the wave. 

At frequencies near the body's 
frequency, RF energy is absorbed more efficiently, and an 


increase in heating occurs. In adults, this frequency usually 
is about 35 MHZ if the person is grounded, and about 
70 MHz if insulated from the ground. Individual body parts 
тау be resonant at differen frequencies. The adult head, 
for example, is resonant around 400 MHz, while a baby's 
smaller head resonates near 700 MHz. Body size thus 
determines the frequency at which most RF energy is 
absorbed. As the frequency is moved farther from resonance, 

erally occurs. Specific absorption rate 
(SAR) is aterm that describes the rate at which RF energy is 
absorbed in tissue, 

Maximum permissible exposure (MPE) limits are based 
оп whole-body SAR values, with additional safety factors 
included as part of the standards and regulations. This helps 
explain why these safe exposure limits vary with frequency. 
The MPE limits define the maximum electric and magnetic 
field strengths or the plane-wave equivalent power densities 
associated with these fields that a person may be exposed to 
Without harmful effeci—and with an acceptable safety 
factor. The regulations assume that a person exposed to а 
specified (safe) MPE level also will experience a safe SAR. 

Nevertheless, thermal effects of RF energy should not 
be a major concern for most radio amateurs, because of the 
power levels we normally use and the intermittent nature of 
most amateur transmissions, Amateurs spend more time 

ig, and many amateur transmissions 
such as CW and SSB use low-duty-cycle modes. (With ЕМ. 
or RTTY, though, the RF is present continuously at its 
maximum level during each transmission.) In any event, it 
is rare for radio amateurs to be subjected to RF fields sn 
enough to produce thermal effects, unless they are close to 
an energized antenna or unshielded power amplifier. Specific 
suggestions for avoiding excessive exposure аге offered later 
in this chapter. 


ATHERMAL EFFECTS OF EMR 

Research about possible health effects resulting from 
exposure to the lower level energy fields, the athermal 
effects, has been of two basic types: epidemiological research 
and laboratory research. 

Scientists conduet laboratory research into biological 
mechanisms by which EMR may affect animals including 
humans, Epidemiologists look at the health pattems of large 
groups of people using statistical methods. These 
epidemiological studies have been inconclusive. By their 
basic design, these studies do not demonstrate cause and 
effect, nor do they postulate mechanisms of disease. Instead, 
epidemiologists look for associations between a 
environmental factor and an observed pattern of illness. For 
example, in the earliest research on malaria, epidemiologists 
observed the association between populations with high 
prevalence of the disease and the proximity of mosquito 
infested swamplands. It was lefi to the biological and medical 
scientists to isolate the organism causing malaria in the blood 
of those with the disease, and identify the same organisms 
in the mosquito population. 


In the case of athermal effects, some studies have 
identified a weak association between exposure to EMF at 
home or at work and various malignant conditions including 
leukemia and brain cancer. А larger number of equally well 
designed and performed studies, however, have found no 
association. A risk ratio of between 1.5 and 2.0 has been 
‘observed in positive studies (the number of observed cases 
of malignancy being 1.5 to 2.0 times the “expected” 
umber in the population). Epidemiologist generally regard 
a risk ratio of 4.0 or greater to be indicative of a strong 
association between the cause and effect under study. For 
example, men who smoke one pack of cigarettes per day 
increase their risk for lung cancer tenfold compared to 
nsmokers, and two packs per day increases the risk to 
more than 25 times the nonsmokers" risk. 

Epidemiological research by itself is rarely conclusive, 
however. Epidemiology only identifies health patterns in 
groups—it does not ordinarily determine their cause. And 
there are often confounding factors: Most of us are exposed 
to many different environmental hazards that may affect our 
health in various ways. Moreover, not all studies of persons 
likely tobe exposed to high levels of EMR have yielded the 
same results 

‘There also has been considerable laboratory research 
about the biological effects of EMR in recent yeurs. For 
example, some separate studies have indicated that even fairly 
low levels of EMR might alter the human body's 
circadian rhythms, affect the manner in which T lymphocytes 
function in the immune system and aller the nature of the 
electrical and chemical signals communicated through the 
cell membrane and between cells, among other things. 
Although these studies are intriguing, they do not demonstrate 
any effect of these low-level fields on the overall organism. 

Much of this research has focused on low-frequency 
magnetic fields, or on RF fields that are keyed, pulsed or 
modulated at a low audio frequency (often below 100 H2). 
Several studies suggested that humans and animals сап adapt 
to the presence of a steady RF carrier more readily than to 
ап intermittent, keyed or modulated energy source. 

The results of studies in this area, plus speculatio 
concerning the effect of various types of modulation, were 
and have remained somewhat controversial. None of the 
research to date has demonstrated that low-level EMR causes 
adverse health effects. 

Given the fact that there is a great deal of ongoing 
research to examine the health consequences of exposure to 
ЕМЕ, the American Physical Society (a national group or 
highly respected scientist) issued a statement in May 1995 
based on its review of available data pertaining to the 
possible connections of cancer to 60-Hz EMF exposure. This 
report is exhaustive and should be reviewed by anyone with 
serious interest in the field. Among its general conclusio 
жеге the following 
1. The scientific literature and the reports of reviews by other 

panels show no consisten 
and power line fields. 


2. No plausible biophysical mechanisms for the 
systematic initiation or promotion of cancer by these 
extremely weak 60-Н fields has been identified. 

3. While it is impossible to prove that no deleterious health 
effects occur from exposure to any environmental factor, 
it is necessary to demonstrate a consistent, significan, 
and causal relationship before one can conclude that such 
effects do occur. 

In a report dated October 31, 1996, a committee of the 

ional Research Council of the National Academy of 

Sciences Ваз concluded that no clear, convincing evidence 

exists to show that residential exposures to electric and 

magnetic fields (EMFs) are a threat 1o human health. 

A National Cancer Institute epidemiological study of 
residential exposure to magnetic fields and acute 
lymphoblastic leukemia in children was published in the New 
England Journal of Medicine in July 1997. The exhaustive, 
seven-year study concludes that if there is any link at all, it 
is far too weak lo be concerned about. 

Readers may want to follow this topic as further 
studies are reported. Amateurs should be aware that exposure 
to RF and ELF (60 Hz) electromagnetic fields at all power 
levels and frequencies has not been fully studied 
under all circumstances. “Prudent avoidance” of any 
avoidable EMR is always a goad idea. Prudent avoidance 
doesn't mean that amateurs should be fearful of using their 
equipment. Most amateur operations are well within the MPE 
limits If any risk does exist, it will almost surely fall well 
down on the list of causes that may be harmful to your health 
(on the other end of the list from your automobile). It does 
mean, however, that hams should be aware of the potential 
for exposure from their stations, and take whatever 
reasonable steps they can take to minimize their own 
exposure and the exposure of those around them. 


Safe Exposure Levels 

How much EM energy is safe? Scientists and regulators 
have devoted a great deal of effort to deciding upon safe RF- 
exposure limits. This is a very complex problem, involving 
difficult public health and economic considerations. The 
recommended safe levels have been revised downward 
several times over the years —and not all scientific bodies 
agree on this question even today, An Institute of Electrical 
and Electronics Engineers (IEEE) standard for recommended 
EM exposure limits was published in 1991 (see 
Bibliography). It replaced a 1982 American National 
Standards Institute (ANSI) standard. In the new standard, 
most of the permitted exposure levels were revised downward 
(made more stringent) to better reflect the current research. 
The new IEEE standard was adopted by ANSI in 1992. 

The IEEE standard recommends frequency dependent 
and time-dependent maximum permissible exposure levels 
Unlike earlier versions of the standard, the 1991 standard 
recommends different RF exposure limits in controlled 
environments (thats, where energy levels can be accurately 
determined and everyone on the premises is aware of the 
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presence of EM fields) and in uncontrolled environments 
(where energy levels are not known or where people may 
not be aware of the presence of EM fields). FCC regulations 
also include controlled/occupational and uncontrolled 
general population exposure environments. 

The graph in Fig 19 depicts the 1991 IEEE standard. It 
is necessarily a complex graph, because the standards differ 
not only for controlled and uncontrolled environments but 
also for electric (E) fields and magnetic (H) fields. Basically, 
the lowest E-field exposure limits occur at frequencies 
between 30 and 300 MHz, The lowest k. feld exposure 
levels occur at 100-300 MHz. The ANSI standard sets the 
maximum E-field limits between 30 and 300 MHz ata power 
density of | mW/em? (61.4 V/m) in controlled 
environments —but at one-fifth that level (02 mW/em or 
275 V/m) in uncontrolled environments. The H-field limit 
drops to 1 mW/em (0.163 A/m) at 100-300 MHz in 
controlled environments and 0.2 Wem (0.0728 A/m) in 
uncontrolled environments. Higher power densities are 
permitted at frequencies below 30 MHz (below 100 MHz 
for Н fields) and above 300 MHz, based on the concept that 
the body will not be resonant at those frequencies and will 
therefore absorb less energy. 

In general, the 1991 IEEE standard requires averaging 
the power level over time periods ranging from 6 to 
30 minutes or power-density calculations, depending on the 
Frequency and other variables. The ANSI exposure limits for 
uncontrolled environments are lower than those for controlled 
environments, but to compensate for that the standard allows 
exposure levels in those environments to be averaged over 
much longer time periods (generally 30 minutes). This long 
averaging time means that ап intermittently operating RF 
source (such as an Amateur Radîo transmitter) will show а 
much lower power density than а continuous-duty station — 
for a given power level and antenna configuration. 

Time averaging is based on the concept that the 
human body can withstand a greater rate of body heating 
(and thus, a higher level of RF energy) far a short time than 
for a longer period. Time averaging may not be appropriate, 
however, when considering nonthermal effects of RF energy 

The IEEE standard excludes any transmitter with an 
‘output below 7 W because such low-power transmitters 
would not be able to produce significant whole-body heating. 
(Recent studies show that hand-held transceivers often 
produce power densities in excess of the IEEE standard 
Within the head.) 

There is disagreement within the scientific community 
about these RF exposure guidelines, The IEEE standard is 
still intended primarily to deal with thermal effects, not 
exposure to energy at lower levels. A small but significant 
number of researchers now believe athermal effects also 
should be taken into consideration, Several European 
countries and localities in the United States have adopted 
stricter standards than the recently updated IEEE standard. 

Another national body inthe United States, the National 
Council for Radiation Protection and Measurement (СЕР), 


Fig 19—1991 RF protection guidelines for body exposure of humans. It is known offi 


tally as the "IEEE Standard for 


Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to 300 GHz." 


also has adopted recommended exposure guidelines. NCRP 
urges a limit of 0.2 mWyem for nonoccupational exposure 
in the 30-300 MHz range. The NCRP guideline differs from. 
IEEE in two notable ways: It takes into account the effects 
of modulation on an RF carrier, and it does not exempt 
transmitters with outputs below 7 W. 

"The FCC MPE regulations are based on parts of the 
1992 IEEEJANSI standard and recommendations of the 
National Council for Radiation Protection and Measurement 
(NCRP). The MPE limits under the regulations аге slightly 
different than the IEEE/ANSI limits. Note that the MPE 
levels apply to the FCC rules put into effect for radio amateurs 
on January 1, 1998. These MPE requirements do not reflect 
and include ай the assumptions and exclusions of the IEEE/ 
ANSI standard, 


Cardiac Pacemakers and RF Safety 

Its widely held belief that cardiac pacemakers may 
be adversely affected in their function by exposure to 
electromagnetic fields, Amateurs with pacemakers may ask 
Whether their operating might endanger themselves or 


Visitors to their shacks who have a pacemaker. Because of 
this, and similar concerns regarding other sources of 

elle fields, pacemaker manufacturers apply 
design methods that or the most par shield the pacemaker 
circuitry from even relatively high EM field streng 


It is recommended that any amateur who has a 
pacemaker, or is bein 

With his or her physician. The physician will probably put the 
amateur into contact with the technical representative of the 


considered for one, discuss his matter 


pacemaker manufacturer These representatives are generally 


excellent resources, and may have data from laboratory or 
in the Field” studies with specific model pacemakers. 

‘One study examined the function of a modern (dual 

chamber) pacemaker in and around an Amateur Radio. 


nerator has circuits that receive 


station, The pacemaker g 
and process electrical signals produced by the heart, and 
also, 


enerate electrical signals that stimulate (pace) the heart. 
In one series of experiments, the pacemaker was connected 
to a heart simulator. The system was placed on top of the 
cabinet of I-KW HF linear amplifier during SSB and CW 
operation. In another test, the system was placed in close 
proximity to several 1 105-W 2- 
The test pacemaker was connected to the heart simulator in 
A third test, and then placed on the ground 9 meters below 
element Yagi НЕ 
antenna. No interference with pacemaker function was 


neter hand-held transceivers. 


and 5 meters in front of a thre 


observed in these experiments. 

Although the possibility of interference cannot be 
entirely ruled out by these few observations, these tests 
represent more severe exposure to EM fields than would 
ordinarily be encountered by an amateur—with an average 
amount of common sense, OF course, prudence dictates that 
Amateurs with pacemakers, who use hand-held VHF 


transceivers, keep the antenna as far as possible from the 
site of the implanted pacemaker generator. They also should 
use the lowest transmitter output required for adequate 
communication. For high power HF transmission, the 


antenna should be as far as possible from the operati 
position, and all equipment should be properly grounded, 
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FCC RF-Exposure Regulations 

FCC regulations control the amount of RF 
exposure that can result from your station's operation 
1959713, 97.503, 1.1307 (61018, 1.1310 and 2.1093). 
The regulations setiimits on the maximum permissible 
exposure (MPE) allowed from operation of transmite in 
Al radio services. They also require that certain types of 
Stations be evaluated to determine if hey are in compl 
ance with the MPEs specified in the rules. The FCC has 
also required that five questions on RF environmental 
Safety practices be added to Novice, Technician and 
General license examinatons, 

These rules went into effect on  anuary 1, 1998 for new. 
stations or stations that fle a Form 605 application with 
the FCC. Other existing stations have unti! 

September 1, 2000 to be in compliance with the rules. 


The Rules 
Maximum Permissible Exposure (MPE) 

All radio stations regulated by the FCC must comply 
with the requirements for MPES, even ORP stations 
running only a few watts or less. The MPEs vary with 
frequency, as shown in Table A. MPE limits are specified 
in maximum electic and magnetic fields for frequencies 
below 30 MHz, in power density for frequencies above 
300 MHz and all three ways for frequencies from 30 to 
300 MHz. For compliance purposes, al of these limits 
‘must be considered separately. If any one is exceeded, 
the station is not in compliance. 

The regulations control human exposure to RF fields, 
not the strength of RF 
fields. There fs no litt 


applied to your home and property to which you can 
control physical access. The uncontrolled environment is 
intended for areas that are accessible by the general 
public, such as your neighbors properties. 

"The MPE levels are based on average exposure An 
averaging time of 6 minutes s used for controlled 
exposure; an averaging period of 30 minutes is used for 
uncontrolled exposure. 

Station Evaluations 

The FCC requires that certain amateur stations be 
evaluated for compliance with the MPEs. Although an 
amateur can have someone else do the evaluation, Iis 
not dificult for hams to evaluate their own stations, The 
ARAL book RF Exposure and You contains extensive 
information about the regulations and a large chapter of 
tables that show compliance distances for specific 
antennas and power levels. Generally, hams will use 
these tables to evaluate thelr stations, Some af these 
tables have been included in the FCC s information — 
ОЕТ Bulletin 65 and its Supplement B. If hams choose, 
however, they can do more extensive calculations, use а 
computer to model their antenna and exposure, or make 
actual measurements 


Categorical Exemptions 


Some types of amateur stations do not need to be 
evaluated, but these stations must stl comply withthe 
MPE limits. The stabon licensee remains 


how strong a feld can be as 
long as no one is being 
exposed to It although FCC 
regulations require that 


aeu use e minimum Frequency Electric Field 
cesary power stair” Range Strength 
times 897313 a). н) Мт) 
vironments 0330 ви 

3030 18420 
expotue envionment 30300 614 
йршей and uncooled. 301800 — 


1500-100,000 — 
‘= frequency in MHz 


A controlled environment is 
one in which the people 
who are being exposed are 
aware of that exposure and 
сап take steps to minimize 
that exposure, if appropri- 


ate, In an uncontalled. Frequency Elect Field 
environment, the people Range Strength 
being exposed are not (MHz) (vim) 
normally aware of the EDT 
vanen nit are more 13430 een 
stringent than the controled 30-300 ns 
environment imis 300 10 


Although the controlled 
environment is usually 
intended as an occupational 
environment, the FCC has 
determined that it generally 
applies to amateur opera 
tors and members of thelr 
immediate households. In 
most cases, controlled. 
environment limits can be 


1500100000 — 
t= frequency in MHz 


relationships: Pa 


Table A— (From 81.1310) Limits for Maximum Permissi 
(A) Limits for Occupational/Controlled Exposure 


jle Exposure (MPE) 


Magnetic Field Power Density Averaging Time 


Strength (mWiemž) (minutes) 
(ат) 

163 aoo 6 

4 90% [5:24 6 

0.163 10 6 

L 1300 6 

- 5 D 


+ Plane-wave equivalent power density (see Note 1) 


(8) Limits for General Population/Uncontrolled Exposure 


Magnetic Field Power Density Averaging Time 


Strength (тст) (minutes) 
(Am) 

163 qoo E] 

2 40% (180/8) 30 

ША 02 30 

L 111500 30 

= 10 30 


= Plane-wave equivalent power density (see Note 1) 


Note 1: This means the equivalent far-field strength that would have the E ог H-field 
component calculated or measured. It does not apply wel in the near field of an antenna. The 
‘equivalent far-field power density can be found in the near or far field regions from the 

eon 73770 mwem or rom р, 


[хзт1лтнкт? 
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Table B—PowerThresholds for Routine 
Evaluation of Amateur Radio Stations 


Wavelength Evaluation Required if 
d Power* (watts) Exceeds: 

MF 

150m 500 
HF 

20m 500 

75m 500 

dom 500 

зот E 

ELI ES 

inm 125 

15m 100 

12m 15 

ют 50 

VHF (all bands) 30 
m 

70cm E] 

эзет 150 

Bu 200 

їзєт. 250 


SHE (all bands) 250 
EHF (all bands) 250 


Repeater stations 
{all bands) 


non-bulldng-mounted antennas: 

height above ground level 

to lowest point of antenna 

<10 m and power > 500 W ERP 

buiiding-mounted antennas: 

power >500 W ERP 

“Transmitter power = Peak-envelope power input to antenna 
For repeater stations only, power exclusion based on ERP 
(effective radiated power) 


responsible for ensuring that the station meets 
these requirements 

The FEC has exempted these stations from the evalua- 
tion requirement because thelr output power, operating 
mode and frequency are such that they are presumed to 
be in compliance with the rules. 

"Stations using power equal to or less than the levels In 
Table B do not have to be evaluated. For the 100-W HF 
ham station, for example, an evaluation would be required 
only on 12 and 10 meters 

Hand-held radios and vehicle-maunted mobile radios 
that operate using a push-to-talk (PTT) button are also 
categorically exempt from performing the routine evalua- 
боп. Repeater stations tat use less than 500 W ERP or 
"hose with antennas not mounted an buildings, if the 
Antenna is at least 10 meters off the Ground, also do not 
need to be evaluated 


Correcting Problems 

Most hams are already in compliance with the MPE 
requirements. Some amateurs, especialy those using 
Indoor antennas or high power, high-duty-cycle modes. 
Such as a RTTY bulletin Station and specialized stations 
for moonbounce operations and te like may need to 
make adjustments to their station or operation to be in 
compliance. 

The FCC permis amateurs considerable flexibillty In 
complying with these regulations. As an example, hams 
сап adjust their operating frequency, mode or power to 
comply with the MPE limits. They can also adjust thelr 
operating habits or control the direction thelr antenna i 
painting. 


моге information 
This discussion offers only an overview of this topic 

addtional information can be found in 

RF Exposure and You and on ARALWeb at 

htp:/iwwwarrlorginews/rfsafety/. ARRLWeb 

has links to the FCC Web site, with ОЕТ Bulletin 65 and 

‘Supplement В and links to software that hams can use to 

evaluate their stations, 


Low-Frequency Fields 

Although the FCC doesn'tregulate 60-Hz fields, some 
recent concern about EMR has focused on low-frequency 
energy rather than RF, Amateur Radio equipment can be a 
significant source of low-frequency magnetic fields, 
although there are many other sources of this kind of energy 
in the typical home, Magnetic fields can be measured 
relatively accurately with inexpensive 60-Hz meters that are 
made by several manufacturers 

Table 2 shows typical magnetic field intensities of 
Amateur Radio equipment and various household items. 
Because these fields dissipate rapidly with distance, 
“prudent avoidance" would mean staying perhaps 12 to 
18 inches away from most Amateur Radio equipment (and 
24 inches from power supplies with 1-KW RF amplifiers), 


Determining RF Power Density 
Unfortunately, determining the power density of the RF 
fields generated by an amateur station is not as simple as 
measuring low-frequency magnetic fields. Although 
sophisticated instruments can be used to measure RF power 
densities quite accurately, they are costly and require frequent 
recalibration. M ost amateurs don’t have access to such 
equipment, and the inexpensive field-strenath meters that we 
do have are not suitable for measuring RF power density. 
Table 3 shows a sampling of measurements made at 
Amateur Radio stations by the Federal Communications 
Commission and the Environmental Protection Agency їп 
1990. As this table indicates, a good antenna well removed 
from inhabited areas poses no hazard under any of the |EEE/ 
ANSI guidelines, However, the ЕСС/ЕРА survey also 
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indicates that amateurs must be careful about using indoor 
or antic-mounted antennas, mobile antennas, low directional 
arrays or any other antenna that is close to inhabited areas, 
especially when moderate to high power is used. 

Ideally, before using any antenna that is in close 


ields Near Amateur 
'owered Household 


Appliances 
Values are in miligauss. 
hem Field Distance 
Elecvic blanket 30.90 Surface 
Microwave oven — 10200 Surface 
110 БЭ 
18M personal 5-10 ‘Atop monitor 
computer 01 15" frm screen 
Electi dii 5002000 At handle 
Hair dryer 200-2000 Athandle 
HF wansceiver 10-100 Atop cabinet 
15 15" from front 
ldWRFamplfer 802000 Азр cabinet 
125 15° from front 


(Source: measurements made by members of the ARRL RF 
Safety Commitee) 


Table 3 
Typical RF 
Antennas 
A sampling of values as measured by the Federal 
Communications Commission and Environmental 
Protection Agency, 1990 


ld Strengths Near Amateur Radio 


Antenna Type Freq Power Field 
(Mz W) (Ит) Location 
Dipole in attic 145 100 — 7300 — Inhome 
Disconein atic 1465 250 1027 Inhome 
Malfsloper — 215 1000 50 Lm from 
base 
Dipole at 7-13 114 120 8450 — 12mfrom 
earth 
Vertical 38 soo 180 0 h en. 
base 
S-element Yagi 212 1000 10:20 in shack 
‘ate fe 14 12m from 
base 
3-elementYagl 285 425 812 men 
at25 ft base 
inverted). 723 1400 527 Below 
at 22-46 ft antenna 
Меліса! on roof 14.11 140 69 inhouse 
35-100 — Atantenna 
tuner 
Whip on auto roof246.5 100 22 2m 
antenna 
15.30 In vehicle 
30 Rear seat 
S-element Yagi 501 soo 3750 10m 
E antenna 
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proximity to an inhabited area, you should measure the RF 
power density. If that is not feasible, the next best option is 
make the installation as safe as possible by observing the 
safety suggestions listed in Table 4 

also is possible, of course, to calculat the probable 
power density near an antenna using simple equations. 
Such calculations have many pitfalls. For one, most of 
the situations where the power density would be high 
enough to be of concern are in the near field, In the near 
field, ground interactions and other variables produce 
power densities that cannot he determined by simple 
arithmetic. In the far field, conditions become easier to 
predict with simple calculations. 

The boundary between the near field and the far field 
depends on the wavelength of the transmitted signal and the 
physical size and configuration of the antenna. The boundary 
between the near field andthe far field of an antenna can be 
as much as several wavelengths from the antenna. 

‘Computer antenna-modeling programs are another 
approach you can use. MININEC or other codes derived fom 
NEC (Numerical Electromagnetics Code) are suitable for 
estimating RF magnetic and electric fields around amateur 
antenna systems. 

These models have limitations. Ground interactions must 
be considered in estimating near-field power densities. and the 
“correct ground” must be modeled, Computer modeling is 
generally not sophisticated enough to predict "hot spots” in the 
пеш Field places where the field intensity may be far higher 
than would be expected, due to reflections from nearby objects. 
Inaddition, “nearby objects" often change or vary with weather 
or the season, so tbe model so laboriously rafied may not be 
representative of the actual situation, by the time it is running 
оп the compute, 

Intensely elevated but localized fields often can be 
detected by professional measuring instruments, These “hot 
spots” are often found near wiring in the shack. and metal 
objects such as antenna masts or equipment cabinets. But 
even with the best instrumentation, these measurements also 
may be misleading in the near field. 

One need not make precise measurements or model 
the exact antenna system, however, to develop some idea of 
the relative fields around an antenna. Computer modeling 
using close approximations of the geometry and power input 
ofthe antenna will generally suffice. Those who are familiar 
with MININEC can estimate their power densities by 
computer modeling, and those who have access to 
professional power-density meters can make useful 

"While our primary concern is ordinarily the intensity 
of the signal radiated by an antenna, we also should 
remember that there are other potential energy sources to be 
considered, You also can be exposed to RF radiation directly 
from a power amplifier if it is operated without proper 
shielding. Transmission lines also may radiate а significant 
amount of energy under some conditions. Poor microwave 
waveguide joints or improperly assembled connectors are 
another source of incidental radiation. 


Table 4 
RF Awareness Guidelines 
These guidelines were developed by the ARRL RF Safety 
Committee, based on the FCC/EPA measurements of 
Table 3 and other data 
"Although antennas on towers (well away from people) 
pose no exposure problem, make certain thatthe RF 
radiation is confined to the antennas radiating elements 
themselves. Provide a single, good staton ground (earth), 
and eliminate radiation fram transmission lines. Use good 
coaxial cable or other feed line propery. Avold serious 
imbalance in your antenna system and feed Ine. For high 
powered installations, avoid end-fed antennas that come 
directly into the transmitter area near the operator 
+ No person should ever be near any transmitting antenna 
while itis in use. This is especially true for mobile or 
around. mounted vertical antennas. Avold transmitting with 
more than 25 W in a VHF mobile Installation unless itis 
possible to frst measure the RF fields inside the vehicle. 
Atthe 1-kw level, both HF and VHF directional antennas 
Should be atleast 35 ft above inhabited areas. Avoid 
using indoor and atüt-mounted antennas if at all possible. 
If open-uire feeders are used, ensure that itis not 
possible for people (or animals) to come into accidental 
Contact with the feed line. 


+ Dont operate high-power amplifiers with the covers 
removed, especialy at VHF/UHF 

+ In the UHF/SHF region, never look into the open end of an 
activated length of waveguide or microwave feed-horn 
antenna or point toward anyone. (If you do, you may be 
exposing your eyes to mare than the maximum permissible 
exposure level of RF radiation.) Never point a high-gain, 
marrow-bandwidth antenna (a paraboloid, for instance) 
toward people. Use caution in aiming an EME 
(moonbounce) array toward the horizon; EME arrays may 
deliver an effective radiated power of 250,000 W or more. 
+ With hand-held transceivers, keep the antenna away from 
yourhead and use the lowest power possible to maintain 
communications. Use a separate microphone and hold the 
rig as far away from you as possible. This will reduce your 
exposure to the RF energy. 

+ Don't work on antennas that have RF power applied. 

* Don't stand or sit close to a power supply or near 
amplifier when the ac power is tumed on. Stay atleast 24 
inches away from power transformers, electical fans and 
other sources of high-level 60.Hz magnetic fields. 


Further RF Exposure Suggestions 
Potential exposure situations should be taken seriously 
Based on the FCC/EPA measurements and other data, the “RF 
awareness" guidelines of Table were developed by the ARRL. 
RF Safety Committee. А longer version of these guidelines, 
along with a complete list of references, appeared in a OST 
article by Ivan Shulman, MD, WC2S (“Is Amateur Radio 
Hazardous to Our Health?” QST, Oct 1989, pp 31-34). 


In addition, the ARRL has published a book, RF 
Exposure and You, that is helping hams comply with 
the FCC's RF-exposure regulations. The ARRL also 
maintains an RF-exposure news page on its Web site. See 
http/www.arrLorg/news/risafety. This site contains 
reprints of selected OST articles on RF exposure and links 
to the FCC and other useful sites. 


Safety First 1-23 


Antenna 
Fundamentals 


Antennas belong to a class of devices called 
transducers. This term is derived from two Latin words, 
meaning literally "to lead across” or “to transfer." Thus, a 
transducer isa device that transfers, or converts, energy from 
one form to another. The purpose of an antenna is to convert 
radio-frequency electric current to electromagnetic waves, 
which are then radiated into space. [For more details on the 
properties of electromagnetic waves themselves, see Chapter 
23, Radio Wave Propagation.) 

We cannot directly see or hear, taste or touch 
electromagnetic waves, so it's not surprising that the process 
by which they are launched into space from our antennas 
can be a little mystifying, especially to a newcomer. In 
everyday life we come across many types of transducers, 
although we don't always recognize them as such. A 
comparison with a type of transducer that you can actually 
зев ап touch may beuseful. You are no doubt familiar with 
a loudspeaker. It converts audio-frequency electric current. 
from theoutputof your radio or stereo into acoustic pressure. 
waves, also known as sound waves. The sound waves are 
propagated through the air to your ears, where they are 
converted into what you perceive as sound, 

We normally think of a loudspeaker as something that 
converts electrical energy into sound energy, but we could 
justas well turn things around and apply sound energy to a 


loudspeaker, which wil then convertitinto electrical energy. 
When used in this manner, the loudspeaker has become a 
microphone. Theloudspeaker/microphone thus exhibits the 
principle of reciprocity, derived from hel айп word meaning 
to move back and forth. 

Now, les look more closely at that special transducer 
We call an antenna, When fed by a transmitter with RF 
current (usually through a transmission line), the antenna 
launches electromagnetic waves, which are propagated 
through space. This is similar to the way sound waves are 
propagated through theairby a loudspeaker. In the next town, 
or perhaps on a distant continent, a similar transducer (that 
is, a receiving antenna) intercepts some of these 
electromagnetic waves and converts them into electrical 
current or a receiver to amplify and detect. 

In the same fashion that a loudspeaker can act as a 
microphone, a radio antenna also follows the principle of 
reciprocity. In other words, n antenna can transmit as well 
as receive signals. However, unlike the loudspeaker, an 
antenna does not require a medium, such as аг, through 
which it radiates electromagnetic waves. Electromagnetic 
waves can be propagated through air, he vacuum of outer 
space or the near-vacuum of the upper ionosphere, This is 
the miracle of radio- electromagnetic waves can propagate 
without a physical medium. 


Essential Characteristics of Antennas 


What other things make an antenna different from an 
ordinary electronic circuit? In ordinary circuits, the 
dimensions of coll, capacitors and connections usually are 
small compared with the wavelength of the frequency in. 
use. Here, wedefine wavelength as the distancein free space 
traveled during one complete cycle of a wave. The velocity 
of a wave in free space is the speed of light, and the 
wavelength is thus: 


_ 279.7925 x 10° meters/sec _ 2997925 


a (60D 
Where Xp the Greek letter “lamba 


wavelength in meters. 


Expressed in feet, Eq 1 becomes: 


_ 9835592 9836 
«^7 Тинг) ` TMR) 


When circuit dimensions aresmall compared to A, most 
of the electromagnetic energy is confined to the circuit itself 
and is used up either performing useful work or is converted 
into heat. However, when the dimensions of wiring or 
components become significant compared with the 
wavelength, some ofthe energy escapes by radiation in the 
form of electromagnetic waves. 

‘Antennas come in an enormous, even bewildering, 
assortment of shapes and sizes, This chapter on fundamentals. 


А, (842) 
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will deal with the theory of simple forms of antennas, usually 
in “free space,” away from the influence of ground 
Subsequent chapters will concentrate on more exotic or 
specialized antenna types. Chapter 3 deals with the 
complicated subject of the effect of ground, including the 
effect of uneven local terrain. Ground has a profound 
influence on how an antenna performs in the real world. 

No matter what form an antenna takes, simple or 
complex, its electrical performance can be characterized 
according to the following important properties: 


l. Feed-point Impedance 
2. Directivity, Gain and Efficiency 
3. Polarization 


FEED-POINT IMPEDANCE 

Thefirst major characteristic defining an antenna is its 
feed-pointimpedance, Since we amateurs are freeto choose 
our operating frequencies within assigned bands, we need 
to consider how the feed-point impedance of a particular 
antenna varies with frequency, within a particular band, or 
even in several different bands if weintend to use one antenna 
on multiple bands. 

Thereare wo forms of impedance associated with any 
antenna: self impedance and mutual impedance, As you 
might expect, self impedance is what you measure at the 
feed-point terminals of an antenna located completely away 
from the influence of any other conductors. 

Mutual, or coupled, impedance is due to the parasitic 
efecto nearby conductors; thtis conductors located within 
the antennas reactive near field. (The subjectof fields around 
an antenna will be discussed in detail later) This includes 
the effect of ground, which is a lossy conductor, but a 
conductor nonetheless. Mutual impedance is defined using 
Ohm's Lan, just like self impedance. However, mutual 
impedance is the ratio of voltage in one conductor, divided 
by the current in another (coupled) conductor. Mutually 
coupled conductors can distort the pattern of a highly 
directive antenna, as well as change the impedance seen at 
the feed point. 

In this chapter on fundamentals, we won'tdirectiy deal 
with mutual impedance, considering it as a side effect of 
nearby conductors. Instead, here we'll concentrate on simple 
antennas in free space, away from ground and any other 
conductors, Mutual impedance will be considered in detail 
in Chapter 11 on HF Yagi Arrays, where it is essential for 
proper operation of these beam antennas. 


Self Impedance 

‘Thecurrent that flows into an antenna's feed point must 
be supplied at a finite voltage. The self impedance of the 
antenna is simply equal to the voltage applied to its feed 
point divided by the current flowing into the feed point. 
Where the current and voltage are exactly in phase, the 
impedance s purely resistive, with zero reactive component. 
Farthiscasetheantennais termed resonant. (A mateursoften. 
use the term "resonant" rather loosely, usually meaning 
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"nearly resonant" or "close-to resonant") 

You should recognize that an antenna need not be. 
resonantin order to bean effective radiator. There s in fact. 
nothing magic about having a resonant antenna, provided of 
course that you can devise some efficient means to feed the 
antenna. Many amateurs use non-resonant (even random. 
length) antennas fed with open-wire transmission lines and 
antenna tuners, They radiate signals just as well as those. 
using coaxial cable and resonant antennas, and as a bonus 
they usually can use these antenna systems on multiple. 
frequency bands, It is important to consider an antenna and 
its feed line as а system, in which all losses should be kept 
to a minimum. See Chapter 24 for details on transmission 
Tine loss as a function of impedance mismatch. 

Except at the one frequency where its truly resonant, 
thecurrentin an antenna is ata different phase compared to 
the applied voltage. In other words, the antenna exhibits а 
feed-point impedance, not just a pure resistance. The feed 
point impedance is composed of either capacitive or 
Inductive reactance in series with a resistance. 


Radiation Resistance 

The power supplied to an antenna is dissipated in two 
ways: radiation of electromagnetic waves, and heat losses 
in the wire and nearby dielectrics. The radiated power is 
what we want, the useful part, but it represents а form of 
"oss" just as much as the power used in heating the wire or 
nearby dielectrics is a loss. In either case, the dissipated 
power is equal to FR. In the case of heat losses, R is a real 
resistance. In the case of radiation, however, R İsa "virtual" 
resistance, which, И replaced with an actual resistor of the 
same value, would dissipate the power that is actually 
radiated from the antenna. This resistance is called the 
radiation resistance. The total power in the antenna is 
therefore equal to ‚+ R), where R is the radiation 
resistanceandR represents the total o all the loss resistances, 

In ordinary antennas operated at amateur frequencies, 
the power Iost as heat in the conductor does not exceed a few 
percent of the total power supplied to the antenna Expressed 
in decibels, helassis less than 0.1 dB. The RF loss resistance 
of copper wire even as small as #14 is very low compared 
with the radiation resistance of an antenna that is reasonably 
clear of surrounding objects and is ottoo close to the ground. 
You can therefore assume thatthe ohmic loss in reasonably 
Wel-ocated antenna is negligible, and thatthe total resistance 
shown by the antenna (the feed-point resistance) is radiation 
resistance. As a radiator of electromagnetic waves, such an 
antenna is a highly efficient device. 


Impedance of a Center-Fed Dipole 

A fundamental type of antenna is the center-fed half 
wave dipole. Historically, the 1/2 dipole has been the most 
popular antenna used by amateurs worldwide, largely 
because it is very simple to construct and because it İs an 
effective performer, Itis also a basic building block for many 
other antenna systems, including beam antennas, such as 
Yagis. 


A center-ed half-wave dipole consists of a straight 
wire, one-half wavelength long as defined in Eq 1, and fed 
in the center. The term "dipole" derives from Greek words 
meaning “two poles.” See Fig 1. A A/2-long dipole is just 
one form a "dipole" can take. Actually, a center-fed dipole 
can beany length electrically, as ong asit is configured in a 
symmetrical fashion with two equal-length legs. There are 
also versions of dipoles that are not fed in the center. These 
are called off-center-fed dipoles, sometimes abbreviated as 
“OCF dipoles.” 

Infreespace—with the antennaremotefrom everything 
else the theoretical impedance of a physically half-wave 
long antenna made of an infinitely thin conductor is 73 + 
1425 0. This antenna exhibits both resistance and reactance. 
The positive sign in the + 42.5-0 reactive term indicates 
that the antenna exhibits an inductive reactance at its feed 
point. The antennas slightly long electrically, compared to 
the length necessary for exact resonance, where the reactance 
is zero, 

The feed-point impedance of any antenna is affected 
by the wavelength-to-diameter ratio (2/Dia) of the 
conductors used, T heoreticians ike to specify an "infinitely 
thin” antenna because itis easier to handle mathematically. 

What happens if we keen the physical length of an 
antenna constant, but change the thickness of the wire used 
in ts construction? Further, what happens if we vary the 
frequency from well below to well above the half-wave 
resonance and measure the feed-point impedance? Fig 2 
graphs the impedance of a 100-foot long, center-fed dipole 
in free space, made with extremely thin wire in this case, 
wire that is only 0.001 inches in diameter. There is nothing 
particularly significant about the choice here of 100 feet. 
Thisis simply a numerical example. 

We could never actually build such a thin antenna (and 
neither could we install itin "free space), but ше can model 
how this antenna works using a very powerful piece of 
Computer software called NE C-4.1. Seethe sidebar “Antenna 
Analysis by Computer" later in this chapter. 

The frequency applied to the antenna in Fig 2 is varied 
from Ito 30M Hz. Thex-axishasalogarthmic scale because 
of the wide range of feed-polnt resistance seen over the 
frequency range. The y-axis has a linear scale representing 


point, with no intervening transmission line. Most 
Commonly in amateur applications, the overall length 
of the dipole is 1/2, but the antenna can in actuality be 
any length. 


Fig 2— Feed-polnt impedance versus frequency for a 
theoretical 100-008 long dipole, fed in the center in free 
Space, made of extremely thin 0.001-inch diameter wire. 
The y-axis is calibrated in positive (inductive) series 
reactance up from the zero line, and negative 
(capacitive) series reactance in the downwards 
direction. The range of reactance goes from -6500 £ to 
46000 0. Note that the x-axis is logarithmic because of 
the wide range of the real, resistive component of the 
feed-point impedance, from roughly 2 to 10,000 c. The 
‘numbers placed along the curve show the frequency in 
MHz. Note that the curve spirals in towards 377 0, the 
theoretical intrinsic impedance of free space. 


the reactive portion of the impedance, Inductive reactance 
is postive and capacitivereactanceis negativeon the y-axis, 
‘The bold figures centered оп the spiraling line show the 
frequency in M Hz. 

At1 MHz, the antenna is very short electrically, with a 
resistive component of about 2 Q and a series capacitive 
reactance about -5000 £2. Close to 5 M Hz, the line crosses. 
the zero-reactance line, meaning that the antenna goes 
through half-wave resonance there. Between 9 and 10 M Hz 
the antenna exhibits a peak inductive reactance of about 
6000.2. It goes through full-wave resonance (again crossing 
the zero-reactance line) between 9.5 and9.6 M Hz. At about. 
10 M Hz, the reactance peaks at about ~6500 ©. Around 
14 MHz, the line again crosses the zero-reactance line, 
meaning that the antenna has now gone through 3/2-wave 
resonance. 

Between 29 and 30 MHz, the antenna goes through 
4/2-ave resonance, which is twice the full-wave resonance 
ог four times the half-wave frequency. If you allow your 
mind's eye to trace out the curve for frequencies beyond 
30M Hz, iteventualy spirals down to a resistive component. 
somewherebelow about 400 ©, Tis is no coincidence, since 
this is actully the theoretical 376.7-@ intrinsic impedance 
of free space, the ratio of the complex amplitude of the 
electric field to that of the magnetic field in free space. This 
can also be expressed as n, Je, =376.70 , where н, is 
the magnetic permeability of a vacuum and en is the 
permittivity of a vacuum, Thus, we have another way of 
looking at an antenna—as a sort of transformer, one that 
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Fig 3- Feed-point impedance versus frequency for a 
theoretical 100-foot long dipole, fed in the center in free 
space, made of thin 0.1-Inch (#10) diameter wire. Note that 
the range of change in reactance is less than that shown 
їп Fig 2, ranging from -2700 0 to +2300 0. At about 

5,000 û, the maximum resistance is also less than that in 
Fig 2 for the thinner wire, where itis about 10,000 0. 


transforms the free-space intrinsic Impedance into the 
impedance seen at its feed point. 

Now lock at Fig, which shows thesame kind of spiral 
curve, but for a hicker-diameter wire, one that is 0.1 inches 
in diameter, This diameter is close to #10 wire, a practical 
size we might actually use to build a real dipole. Note that 
the y-axis scale in Fig 3 is different from that in Fig 2. The 
range is from +3000 £2 in Fig 3, while it was +7000 Q in 
Fig 2. The reactance for the thicker antenna ranges from 
42300 to -2700 £2 over the whole frequency range from 
1 to 30 MHz. Compare this with the range of +5800 to 
-6400 о for the very thin wire in Fig 2. 

Fig 4 shows the impedance for a 100-foot long dipole 
using really thick, 1.0-inch diameter wire. The reactance 
varies from +1000 to ~1500 0, indicating once again that a 


{ш 
is 
Fig 4— Feed-polnt impedance versus frequency for a 


theoretical 100-foot long dipole, fed in the center, in 
free space, made of thick 1.0-inch diameter wire. Once 
again, the excursion in both reactance and resistance 
over the frequency range is less with this thick wire 
dipole than with thinner ones. 
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larger diameter antenna exhibits less of an excursion in the 
reactive component with frequency. Note that at the hal 

wave resonance just below 5 M Hz, the resistive component. 
of theimpedanceis still about 70 0, just about what itis for 
‘amuch thinner antenna, Unlike the reactance, the half-wave 
radiation resistance of an antenna doesn't radically change 
with wire diameter, although the maximum level of resistance 
at full-wave resonance is lower for thicker antennas, 

Fig Sshowstheresullsfor a very thick, 10-inch diameter 
Wire. Here, the excursion in the reactive component is even 
less: about +400 to -600 з. Note that the full-wave resonant 
frequency is about В M Hz for this extremely thick antenna, 
While thinner antennas have full-wave resonances closer to 
9 MHz. Note also that the full-wave resistance for this 
extremely thick antenna is only about 1,000 0, compared to 
the10,000 О shown in Fig 2. All half-waveresonances shown 
in Figs 2 through 5 remain close to 5 MHz, regardless of the 
diameter of the antenna wire. Onceagain, the extremely thick, 
10-inch diameter antenna has a resistive component at half- 
Wave resonance close to 70 ©. And once again, the change 
in reactance near this frequency is very much less for the 
extremely thick antenna than for thinner ones, 

Now, we grant you that a 100-foot long antenna made 
with 10-inch diameter wire sounds a little odd! A length of 
100 feet and a diameter of 10 inches represents a ratio of 
120:1 in length to diameter. However, this is about the same 
length-to-dlameter ratio as a 432-M Hz half-wave dipole 
using 0.25-inch diameter elements, where the ratio is 109:1. 
In other words, the ratio of length-to-diameter for the 10. 
inch diameter, 100-foot long dipole is not that far removed 
from what is actually used at UHF. 

Another way of highlighting the changes in reactance 
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Fig 5— Feed-polnt impedance versus frequency for a 
theoretical 100-foot long dipole, fed in the center, in free 
‘space, made of very thick 10.0-inch diameter wire. This 
ratio of length to diameter is about the same as a 
typical rod type of dipole element commonly used at 
432 MHz. The maximum resistance is now about 1,000 0 
and the peak reactance range is from about -625 t to 
+380 (This performance is also found in "cage" 

where a number of 


Fig 6—Expansion of frequency range around half-wave 
resonant point of three thicknesses of center-fed 
dipoles. The frequency is noted along the curves in 
MHz. The slope of change in series reactance versus. 
series resistance ls steeper for the thinner antennas 
than for the thick 1.0-inch antenna, indicating that the 
Q of the thinner antennas is higher. 


and resistance is shown in Fig 6. This shows an expanded 
portion of thefrequency range around the half-wave resonant. 
frequency, from 4 to 6 MHz. In this region, the shape of 
each spiral curve is almost a straight line. The slope of the 
Curve for the very thin antenna (0.001-inch diameter] is 
steeper than that for the thicker antennas (0.1 and 1.0-inch 
diameters), Fig 7 illustrates another way of looking at the 
impedance data above and below the half-wave resonance. 
This is for a 100-foot dipole made of #14 wire. Instead 
of showing the frequency for each impedance point, the 
wavelength is shown, making the graph more universal in 
application 

Just ta show that there are lots of ways of looking at 


Fig 7— Another way of looking at the data for a 10 

foot, centerfed dipole made of #14 wire in free sp 
‘numbers along the curve represent the fractional 

wavelength, rater thon frequency as show in Fig 6. 

Note that this antenna goes through its half-wave 

resonance about 0.488 1, rather than exactly at a halt- 

‘wave physical length. 
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Fig 6 effect of antenna diameter on length for half. 
wavelength resonance, shown as a multiplying factor, 
K; to be applied to the free-space, half-wavelength. 


thesamedata, Fig Boraphs the constant "K" used to multiply 
the free-space half-wavelength as a function of the ratio 
between the half-wavelength and the conductor diameter, 
The curve approaches the value 1.00 for an infinitely thin 
conductor, in other words an infinitely large ratio of half- 
wavelength to diameter, 

The behavior of antennas with different diameter 
ratios corresponds to the behavior of ordinary seres-resonant 
circuits having different values of Q. When the Q of a circuit 
is low, the reactance is small and changes rather slowly as 
the applied frequency is varied on either side of resonance. 
Ifthe Q is high, the converse is true. The response curve of 
thelow-0 circuit is broad; that of the high-Q circuit sharp. 
So it is with antennas the impedance of a thick antenna 
changes slowly over a comparatively wide band of 
frequencies, while a thin antenna has a faster change in 
impedance. Antenna Q is defined 


(E93) 


where f, is the center frequency, AX is the change in the 
reactance for a Af change in frequency, and R ois the 
resistance the f, For the “Very Thin," 0.001-inch diameter 
dipole in Fig 2, a change of frequency from 5.0 to 5.5 MHz 
yields a reactance change from 86 to 351.0, with ап R, of 
95 d. TheQ is thus 14.6. For the 1.0-inch-diameter “Thick” 
dipole in Fig 4, АХ = 1310 and R, is still 95.0, making 
Q = 7.2 for the thicker antenna, roughly half that of the 
thinner antenna 

Let's recap. We have described an antenna first as a 
transducer, then as a sort of transformer to the free-space 
impedance. Now, we just compared the antenna to a series- 
tuned circuit Near itshalf-wave resonant frequency, a center- 
Ted 2/2 dipole exhibits much the same characteristics as а 
conventional series-resonant circuit. Exactly at resonance, 
the currentat the input terminals isin phase with the applied 
voltage and the feed-point impedance is purely resistive. If 
the frequency is below resonance, the phase of the current 
leads the voltage; that is, the reactance of the antenna is 
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capacitive, When the frequency is above resonance, the 
Opposite occurs; the current lags the applied voltage and the 
antenna exhibits inductive reactance. us Like a conventional. 
series-tuned circuit, the antenna's reactance and resistance 
determines its Q. 


ANTENNA DIRECTIVITY AND GAIN 


The Isotropic Radiator 

Before we can fully describe practical antennas, we 
must first introduce a completely theoretical antenna, the 
isotropic radiator. Envision, if you will, an infinitely small 
antenna, a point located in outer space, completely removed 
from anything else around it. Then consider an infinitely 
small transmitter feeding this infinitely small, point antenna, 
You now have an isotropic radiator. 

The uniquely useful property of this theoretical point 
source antenna is that it radiates equally well in ай directions 
That is to say, an isotopic antenna favors no direction at the 
expense of any other— in other words, it has absolutely no 
directivity. The isotropic radiator is useful as a "measuring. 
stick" for comparison with actual antenna systems. 

You will find later that real, practical antennas all 
exhibit some degree of directivity, which is the property of 
radiating more strongly in some directions than in others. 
The radiation from a practical antenna never has the same 
intensity їп all directions and may even have zero radiation. 
in some directions, The fact that a practical antenna displays 
directivity (while an isotropic radiator does not) is not 
necessarily a bad thing, The directivity of a eal antenna is 
often carefully tailored to emphasize radiation in particular 
directions. For example, a receiving antenna that favors 
certain directions can discriminate against interference or 
noise coming from other directions, thereby increasing the 
signal-to-noise ratio for desired signals coming from the 
favored direction. 


Directivity and the Radiation Pattern— 
a Flashlight Analogy 

The directivity of an antenna is directly related to the 
pattern of its radiated field intensity in free space. A graph 
showing the actual or relative field intensity at a fixed 
distance, as a function of the direction from the antenna 
system, is called a radiation pattern. Since we can tactually 
see electromagnetic waves making up the radiation pattern 
of an antenna, we can consider an analogous situation. 

Fig 9 represents a flashlight shining in a totally 
darkened room. To quantify what our eyes are seeing, we 
usea sensitive light meter like thoseused by photographers, 
with a scale graduated in units from O to 10. We place the 
meter directly in front of the flashlightand adjust the distance 
о the meter reads 10, exactly full scale. We also carefully 
note the distance. Then, always keeping the meter the same 
distance from theflashlightand keeping itat the same height 
above the floor, we move the light meter around the 
flashlight, as indicated by the arrow, and take light readings 
ata number of different positions. 
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Fig 9—The beam from a flashlight illuminates a totally 
darkened area as shown here. Readings taken with 
Photographic light meter at the 16 points around the 
circle may be used to plot the radiation pattern of the 
flashlight. 


After all the readings have been taken and recorded, 
we plot those values on a sheet of polar graph paper, like 
that shown in Fig 10, The values read on the meter are potted 
at an angular position corresponding to that for which each 
тег reading was taken, Following this, we connect the 
plotted points with a smooth curve, also shown in Fig 10, 
When this finished, we have completed a radiation pattern 
for the flashlight. 


Antenna Pattern Measurements 

‘Antenna radiation patterns can be constructed in a 
similar manner, Power is fed to the antenna under test, and a 
fleld-strength meter indicates the amount of signal. We might 
wish to rotate the antenna under test, rather than moving the 
‘measuring equipment to numerous positions about the 
antenna. Or we might make use of antenna reciprocity, since 
the pattern while receiving is the same as that while 
transmitting. A source antenna fed by а low-power 
transmitter illuminates the antenna under test, and the signal 
intercepted by the antenna under test is fed to a receiver and 
measuring equipment. Additional information on the 
mechanics of measuring antenna patterns is contained in 
Chapter 27. 

Some precautions must be taken to assure that the 
measurements are accurate and repeatable, In the case of 
the flashlight, lers assume that the separation between the 
light source and the light meter is 2 meters, about 6.5 feet. 
The wavelength of visible light is about one-half micron, 


Fig 10— The radiation pattern of the flashlight in Fig 9. 
‘The measured values are plotted and connected with a 
smooth curve. 


Where micron is one-millionth of a meter. 

For the flashlight, a separation of 2 meters between 
source and detector is 2.0/(0.5 x 10") =4 million A, a very 
largenumber of wavelengths. M easurements of practical HF 
or even / HF antennas are made at much closer distances, in 
terms of wavelength. For example, at 3.5 MHz a full 
wavelength is 85.7 meters, or 281.0 feet, To duplicate the 
flashlight-to-light-meter spacing in wavelengths at 3.5 M Hz, 
we would have to place the field-strength measuring 
instrument almost on the surface of the Moon, about а 
quarter-million miles away! 

‘The Fields Around an Antenna 

Why should we be concerned with the separation 
between the source antenna and the field-strength meter, 
which has its own receiving antenna? One important reason 
is that if you place a receiving antenna very close to an 
antenna whose pattern you wish to measure, mutual coupling 
between the two antennas may actualy alter the pattern you 
are trying to measure. 

‘This sort of mutual coupling can occur in the region 
very close to the antenna under test. This region is called 
the reactive near-field region, The term "reactive" refers to 
the fact thatthe mutual impedance between the transmitting 


and receiving antennas can be either capacitive or inductive 
in nature, The reactive near field is sometimes called the 
"induction field," meaning that the magnetic field usually is 
predominant over the electric field in this region, Theantenna 
acts as though it were a rather large, lumped-constant 
inductor or capacitor, storing energy in the reactive near field 
rather than propagating it into space. 

For simple wire antennas, the reactive near field is 
considered to be within about а half wavelength from an 
antenna's radiating center, Later on, in the chapters dealing 
with Yagi and quad antennas, you will find that mutual 
coupling between elements can be put to good use to 
purposely shape the radiated pattern. For making pattern 
measurements, however, we do not want to be too close to 
the antenna being measured, 

The strength of the reactive near field decreases in a 
complicated fashion as you increase the distance from the 
antenna. Beyond the reactive near field, the antenna’s 
radiated field is divided into two other regions: the radiating 
near field and the radiating far field. Historically, the terms 
Fresnel and Fraunhofer fields have been used for the 
radiating near and far fields, but these terms have been largely 
supplanted by the more descriptive terminology used here. 
Even inside the reactive near-field region, both radiating and 
reactive fields coexist, although the reactive field 
predominates very close to the antenna. 

Because the boundary between the fields is rather 
"fuzzy," experts debate where one field begins and another 
leaves off, but the boundary between the radiating near and 
far fields is generally accepted as: 


EU 
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Where L is the largest dimension of the physical antenna, 
expressed in the same units of measurement as the 
wavelength 2. Remember, many specialized antennas do not. 
follow the rule of thumb in Eq 4 exactly. Fig 11 depicts the 
three fields in front of a simple wire antenna. 
Throughout the est of this book we will discuss mainly 
the radiating far-flelds, those forming the traveling 
electromagnetic waves. Far-field radiation ls distinguished 
by the fact that the intensity is inversely proportional to the 
distance, and that the electric and magnetic components, 
although perpendicular to each other in the wave front, are 
in time phase. The total energy is equally divided between 
the electric and magnetic fields. Beyond several wavelengths 
from the antenna, these are the only fields we need to 
consider. For accurate measurement of radiation patterns, 
wemust placeour measuring instrumentation at least several 
wavelengths away from the antenna under test. 


D (E04) 


Pattern Planes 

Patterns obtained above represent the antenna radiation. 
in just one plane. In the example of the flashlight, the plane 
of measurement was at one height above the floor. Actually, 
the patter for any antenna is three dimensional, and therefore 
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Fig 11—The fields around a radiating antenna. Very 
close to the antenna, the reactive field dominates. 
Within this area mutual impedances are observed 
between antenna and any other antennas used to 
measure response. Outside of the reactive field, the 
near radiating field dominates, up to a distance 
approximately equal to 2L°/, where L is the length 
of the largest dimension of the antenna. Beyond the 
nearifar field boundary lies the far radiating field, 
where power density varies as the inverse square of 
radial distance. 


cannot be represented in asingle-plane drawing. The solid” 
radiation pattern оГ ап antenna in free space would be found 
by measuring the field strength at every point on the surface 
of an imaginary sphere having the antenna at its center. The 
information so obtained would then be used to construct a 
solid figure, where the distance from a fixed point 
(representing the antenna) to the surface of the figure is 
proportional to the field strength from the antenna in any 
given direction, Fig 128 shows a three-dimensional wire- 
grid representation of the radiation pattern of a half-wave 
dipole 

For amateur work, relative values of field strength 
(rather than absolute) are quite adequate in pattern plotting. 
In other words, itis not necessary to know how many 
microvolts per meter а particular antenna will produce at a 
distance of 1 mile when excited with a specified power level. 
(Thisisthekind of specifications thatA M broadcast stations 
must meet to certify their antenna systems to the FCC.) 

For whatever data is collected (or calculated from 
theoretical equations), itis common to normalize the plotted 
values so the field strength in the direction of maximum 
radiation coincides with the outer edge of the chart. On а 
given system of polar coordinate scales, the shape of the 
pattern is not altered by proper normalization, only its size, 


Е and H-Plane Patterns 


Thesolid3-D pattern of an antenna in fre space cannot 
adequately be shown with field-strength data on а flat sheet 
of paper. Cartagraphers making maps of a round Earth on 
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Fig 12- Directive diagram of a free-space dipole. At A, 
the pattern in the plane containing the wire axis. The 
length of each dashed-line arrow represents the relative 
field strength in that direction, referenced to the 
direction of maximum radiation, which is atright angles 
to the wire's axis. The arrows at approximately 45° and. 
315- are the half-power or -3 dB points. At B, a wire grid 
representation of the “solid pattern" for the same. 
antenna. These same patterns apply to any center-fed 
dipole antenna less than a half wavelength long. 


{lat pieces of paper face much the same kind of problem. As 
we discussed above, cross-sectional or plane diagrams are 
very useful for this purpose. Two such diagrams, one in the 
plane containing the straight wire of a dipole and one in the 
plane perpendicular to the wire, can convey a great deal of 
information. The pattern in the plane containing the axis of 
the antenna is called the E-plane pattern, and the one in the. 
plane perpendicular to the axis is called the H-plane pattern. 
These designations are used because they represent the planes 
in which the electric (symbol E), and the magnetic (symbol 
H) lines of force lie, respectively. 

The lines represent the polarization of the antenna, 


Introduction to the Decibel 
The power gain of an antenna system is usually 
expressed in decibels. The decibel is a practical unit 
for measuring power ratios because itis more closely 
related to the actual effect produced at a distant 
receiver than the power ratio itself. One decibel 
represents a just detectable change in signal strength 
regardless of the actual value of the signal voltage. A 
20-decibel (20-dB) increase in signal, for example, 
represents 20 observable "steps" in increased signal. 
The power ratio (100 to 1) corresponding to 20 dB 
gives an entirely exaggerated idea of the improvement 
in communication to be expected. The number of 
decibels corresponding to any power rato is equal to 
10 times the common logarithm of the power ratio, or 


P, 
dB-10b9, р 


Ifthe voltage ratio is given, the number of 
decibels is equal to 20 times the common logarithm of 
the ratio. Thats, 


M 
dB 20 bald yÈ 


When a voltage ratio is used, both voltages must 
be measured across the same value of impedance. 
Unless this is dane the decibel figure is meaningless, 
because itis fundamentally а measure of a power ratio. 

The main reason a decibel is used is that succes- 
sive power gains expressed in decibels may simply be 
added together. Thus a gain of 3 dB followed by a gain 
of 6 dB gives a total gain of 9 dB. In ordinary power 
ratios, the ratios must be multiplied together to find the 
total gain 

A reduction in power is handled simply by 
subtracting the requisite number of decibels. Thus, 
reducing the power to +. the same as subtracting 3 
decibels. For example, a power gain of 4 in one part of 
а system and a reduction to “in another part gives а 
total power gain of 4 x t =2, In decibels, this is 6- 3 

dB. A power reduction or "boss" is simply indicated 
by including a negative sign in front of the appropriate 
number of decibels. 


Polarization will be covered in more detail later in this 
chapter. The electromagnetic field pictured in Fig 1 of 
Chapter 23, asan example, isthe field that would be radiated 
from a vertically polarized antenna; that is, an antenna in 
which the conductor is mounted perpendicular to the earth. 

When a radiation pattern is shown for an antenna 
mounted over ground rather than in free space, two frames 
of reference are automatically gained—an azimuth angle and 
an elevation angle. The azimuth angle is usually referenced 
to the maximum radiation lobe of the antenna, where the 


azimuth angle is defined at 0, or it could be referenced to 
the Earth's True North direction for an antenna oriented in a 
particular compass direction. The E-plane pattern for an 
antenna over ground is now called the azimuth pattern. 

The elevation angles referenced to the horizon atthe 
Earth's surface, where the elevation angle is 0°. Of course, 
the Earth is round but because its radius is so large, it can in 
this context be considered to beflat inthe area directly under 
the antenna. An elevation angle of 90 is straight over the 
antenna, and a 180° elevation is toward the horizon directly 
behind the antenna. 

Professional antenna engineers often describe an 
antennas orientation with respect to the point directly 
overhead using the zenith angle, rather than the elevation 
angle, The elevation angle is computed by subtracting the 
zenith angle from 90°. 

Referenced u the horizon of the Earth, the H-plane 
pattem is now called the elevation pattern. Unlike the free- 
space H-plane pattem, ће over-ground elevation pattern is 
drawn as a half-circle, representing only positive elevations 
above the Earth's surface. The ground reflects or blocks 
radiation at negative elevation angles, making below-surface 
radiation plats unnecessary. 

After a little practice, and with the exercise of some 
imagination, the complete solid pattern can be visualized 
with fair accuracy from inspection of the two planar 
diagrams, provided of course that the solid pattern of the 
antenna is "smooth," a condition that is true for simple 
antennas like 2/2 dipoles. 

Plane diagrams are plotted оп polar coordinate paper, 
as described earlier. The points on the pattern where the 
radiation is zero are called nulls. The curved section from 
onenul o thenexton the plane diagram, or the corresponding 
section on the solid pattem, is called а lobe. The strongest 
lobe is commonly called the main lobe. Fig 12A shows the 
E-plane pattem for a half-wave dipole. In Fig 12, the dipole 
is placed in fee space. In addition to the labels showing the 
main lobe and nulls in the pattern, the so-called half-power 
points on the main lobe are shown, T hese are the points where 
the power is3 dB down from the peak valuein the main lobe, 


Directivity and Gain 

Let us now examine directivity more closely. As 
mentioned previously, all practical antennas, even the 
simplest types, exhibit directivity. Freespace directivity can 
be expressed quantitatively by comparing the three: 
dimensional pattern of the antenna under consideration with 
the perfectly spherical three-dimensional pattern of an 
isotropic antenna. The field strength (and thus power per 
unit area, or “power density”) are the same everywhere on 
the surface of an imaginary sphere having a radius of many 
wavelengths and having ап isotropic antenna at its center, 
At the surface of the same imaginary sphere around an 
antenna radiating the same total power, the directive pattern 
resultsin greater power density atsome points on this sphere 
and less at others. The ratio of the maximum power density 
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to the average power density taken over the entre sphere 
(which is the same as from the Isotropic antenna under the 
specified conditions) is the numerical measure of the 
directivity of the antenna. That is, 


(eqs) 


P = power density et as maximum point on the surface 
of the sphere 
Pay =average power density 


‘Thegain of an antennal closely related to its directivity. 
Because directivity is based solely on the shape of the 
directive patter, it does not take into account any power 
losses that may occur in an actual antenna system. To 
determine gain, these losses must be subtracted from the 
power supplied to the antenna. Thelossis normally a constant 
percentage of the power input, so the antenna gain is 


(Eq 6) 


xin (expressed as а power ratio) 

rectivity 

K =efficiency (power radiated divided by power input) 
of the antenna 

P and Pu, ae as above 


For many of the antenna systems used by amateurs, the 
efficiency is quite high (the loss amountsto only a few percent 
of the total). In such cases the gain is essentially equal to the 
directivity. The more the directive diagram is compressed—or, 
in common terminology, the “sharper” thelobes—the greater 
the power gain of the antenna. This is natural consequence 
ofthefactthatas power is taken away from a larger and larger 
portion of the sphere surrounding the radiator, it is added to 
the volume represented by the narrow lobes. Power is 
therefore concentrated in some directions, at the expense of 
others. In a general way, the smaller the volume of the solid 
radiation pattern, compared with the volume of a sphere 
having the same radius as the length of the largest lobe in the 
actual pattern, the greater the power gain. 

As stated above, the gain of an antenna s related to its 
directivity, and directivity is related to the shape of the 
directive pattern, A commonly used index of directivity, and 
therefore the gain of an antenna, is a measure of the width 
of the major lobe (or lobes) of the plotted pattern. The width 
is expressed in degrees at the half-power or —3 dB points, 
and is often called the beamwidth. 

Thisinformation provides only a general idea of relative 
gain, rather than an exact measure. This is because an 
absolute measure involves knowing the power density at 
every pointon the surface of a sphere, while asingle diagram 
shows the pattern shape in only one plane of that sphere. It 
iscustomary to examine at least the E-plane and the H-plane 
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patterns before making any comparisons between antennas 
A simple approximation for gain over an isotropic 
radiator can be used, but only if the sidelobes in theantenna's 
patter are small compared to the main lobe and if the 
resistive losses in the antenna are small. W hen the radiation 
pattern is complex, numerical integration is employed to give 
the actual gain. 
ansa 
Mmm Van 
where Hand E, arethe hall-power points, in degrees, 
for the Wh E -pl pattems. 


Radiation Patterns for Center-Fed Dipoles at 
Different Freguencies 

Earlier, we saw how the feed-point impedance of a 
fixed-length center-fed dipole in free space varies as the 
frequency is changed. W hat happens to the radiation pattern 
of such an antenna as the frequency is changed? 

In general, the greater the length of a center-fed antena, 
in terms of wavelength, the larger the number of lobes into 
Which the pattern splits, A feature of all such patterns is the 
fact that the main lobe the one that gives the largest field 
strength ata given distance always is the one that makes the 
smallest angle with the antenna wire. Furthermore, this angle 
becomes smaller as the length of the antenna is increased. 

Let's examine how the free-space radiation pattern 
changes for a 100-foot long wire made of 414 wire as the 
frequency is varied. (Varying the frequency effectively 
changes the wavelength for a fixed-length wire) Fig 13 
shows the E plan pattern at the 22 resonant frequency of 
48 MHz. This is a classical dipole patter, with а gain in 
free space of 2.14 dBi referenced to an isotropic radiator. 

Fig 14 shows the free-space E-plane pattern for the 
same antenna, but now at the full-wave (21/2) resonant. 
frequency of 9.55 MHz. Note how the pattern has been 
“pinched in" at the top and bottom of the figure. In other 
words, the two main lobes have become sharper at this 
frequency, making the gain 3.73 dBi, higher than at the. 
2 frequency, 

Fig 15 shows the patter at the 32/2 frequency of 


Coordinate Scales for Radiation Patterns 

A number of different systems of coordinate scales or 
aris" are in use for plotting antenna patterns, Antenna 
[patterns published for amateur audiences are sometimes. 
placed on rectangular grids, but more often they are shown 
using polar coordinate systems, Polar coordinate systems 
[may be divided generally into three classes: linear, 
logarithmic, and modified logarithmic. 

A very important point to remember is that the shape of 
а parem (its general appearance) в highly dependent on 
the grid system used for the plotting. This is exemplified in 
Fig А-А), where the radiation pattem fora beam antenna 
is presented using three coordinate systems discussed in 
the paragraphs that follow. 


Linear Coordinate Systems 

The polar coordinate system for the flashlight 
radiation pattern, Fig 10, uses linear coordinates. The 
concentric circles are equally spaced, and are graduated 
from 0 to 10. Such a grid may be used to prepare а linear 
plot af the power contained in the signal For ease of 
comparison, the equally spaced concentric circles have 
been replaced with appropriately placed circles represent 
ing the decibel response, referenced to 0 dB at the outer 
ейде of the plot. In these plats the minor lobes are 
suppressed. Lobes with peaks more than 15 dB or so 
below the main lobe disappear completely because of 
"heir small size. This is а good way to show the pattern of 
an array having high directivity and small minor labes. 


Logarithmic Coordinate System 

Another coordinate system used by antenna manufac- 
turers is the logarithmic grid, where the concentric grid lines 
are spaced according t the logarithm of the voltage in the 
signal. {the logarithmically spaced concentric circles are 
replaced with appropriately placed circles representing the 
decibel response, the decibel circles are graduated linearly. 
"n that sense, the logarithmic grid might be termed a near. 
log grid, one having linear divisions calibrated in decibels, 

This grid enhances the appearance of tne minor 
lobes. If the intent is to show the radiation pattern of an 
array supposedly having an omnidirectional response, this 
grid enhances that appearance. An antenna having a 
difference of 8 or 10 dB in pattern response around the 
compass appears to be closer to omnidirectional on this 
arid than on any of the others. See Fig A- (B). 


ARRL Log Coordinate System 
The modified logarithmic grid used by the ARRL has. 
а system of concentric grid lines spaced according to the 
logarithm of 0.89 times the value of the signal voltage. In 
this grid, minor lobes that are 30 and 40 dB down from the 
main lobe are distinguishable. Such lobes are of concern 
in VHF and UHF work. The spacing between plotted points 
ato de and -3 dB is significantly greater than the spacing 
between 20 and -23 dB, which in tarn is significantly 
greater than the spacing between -50 and -53 В. The 
spacings thus correspond generally to the relative 
significance of such changes in antenna performance. 
Antenna pattem plots in this publication are made on the 
modiied-log grid similar to that shown in Fig A~ (С). 


Fig A— Radiation pattern plots for a beam antenna on 


* 
Of sidelobe structure are lost with this grid. At 

Same pattern on a grid with constant 10 dB circles. 
‘The sidelobe level is exaggerated when this scale is 
employed. At C, the same pattern on the modified log 
grid used by ARRL. The side and rearward lobes are 
Clearly visible on this grid. The concentric circles in 
All three grids are graduated in decibels referenced to 
0 dB at the outer edge of the chart. The patterns look 
quite different, yet they all represent the same 
antenna response! 
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lane radiation pattern for a 
100.foot dipole at its half-wave resonant frequency of 
4.80 MHz. This antenna has 2.14 dBi gain. The dipole 
is located on the line from 90° to 270: 


Fig 15— Free-space E-Plane radiation pattern for a 
100-foot dipole at its 3/2. resonant frequency of 
14.60 MHz. The pattern has broken up into six lobes, 
and thus the peak gain Is down to 3.44 dBi. 


Free Space Coto 


Fig 14— Free-space E-Plane radiation pattern for a 
100.foot dipole at its full-wave resonant frequency of 
3,55 MHz. The gain has increased to 3.73 dBi, because 
the main lobes have been focused and sharpened 
compared to Fig 13. 


14.6 MHz. M ore lobes have developed compared to Fig 14. 
This means that the power has split up into more lobes and 
consequently the gain decreases a small amount, down to 
3.44 dBi. This is still higher than the dipole at its 2/2 
Frequency, but lower than at its full-wave frequency. Fig 16 
shows the E-plane response at 19.45 MHz, the 42/2, or 2A, 
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Fig 16—Free-s lane radiation pattern for a 
100-foot dipole at its twice full-wave resonant 
frequency of 19.45 MHz. The pattern has been 
refocused into four lobes, with a peak gain of 3.96 dBi. 


resonant frequency. Now the pattern has re-formed itself into 
only four lobes, and the gain has as а consequence risen to 
3.96 dBi. 

In Fig 17 the response has become quite complex atthe 
ЗАЛ resonance point of 24.45 M Hz, with ten lobes showing, 
Despite the presence all these lobes, the main lobes now show 


a gain of 4.78 dBi. Finally, Fig 18 shows the pattern at the 
3.162) resonance at 29.45 M Hz. Despite the fact that there 
are ewer lobes taking up power than at 24.45 M Hz, the peak 
gain is slighty less at 29.45 M Hz, at 4.70 dBi 

The pattern and hence the gain— of a fixed-length 
antenna varies considerably as the frequency is changed. ОГ 
Course, the pattern and gain change in the same fashion if 
the frequency is kept constant and the length of the wire is 
varied. In either case, the wavelength is changing. It is also 
evident that certain lengths reinforce the pattern to provide 
more peak gain. If an antenna is not rotated in azimuth when 
the frequency is changed, the peak gain may occur in a 


Fig 17- Free-space E-Plane radiation pattern for a 

100.foot dipole at its 5/2 resonant frequency of 

24.45 MHz. The pattern has broken down into eight 
а peak gain of 4.78 dBi. 
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Fig 19— Vertical and horizontal polarization of a dipole 
above ground. The direction of polarization is the 
direction of the maximum electric field with respect to 
the earth. 
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pace E-Plane radiation pattern for a 
its three-times full-wave resonant 

J.45 MHz. The pattern has come back to 

six lobes, with a peak gain of 4.70 dBi. 


Fig 20— Diagram showing polar representation of a 
point P lying on an imaginary sphere surround a point- 
Source antenna. The various angles associated with 
this coordinate system are shown referenced to the x, 
y and zaxes. 
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different direction than you might ike. In other words, the 
main lobes change direction as the frequency is varied, 


POLARIZATION 

We've now examined the first two of the three major 
properties used to characterize antennas: the radiation pattern 
and the feed-point impedance. The third general property is 
polarization. An antenna's polarization is defined to be that 
of its electric field, in the direction where the field strength 
is maximum. 

For example, if a 2/2 dipole is mounted horizontally 
over the Earth, the electric field is strongest perpendicular 
to its axis (that is, at right angle to the wire) and parallel to 
the earth, Thus, since the maximum electric field is 


horizontal, the polarization in this case s also considered 
to be horizontal with respect to the earth, If the dipole 
is mounted vertically, its polarization will be vertical. See 
Fig 19, Note that if an antenna is mounted in free space, 
there is no frame of reference and hence its polarization is 
Indeterminate. 

‘Antennas composed of a number of 2/2 elements 
arranged so that their axes lie in the same or parallel 
directions have the same polarization as that of any one of 
the elements, For example, а system composed of a group. 
of horizontal dipoles is horizontally polarized. If both 
horizontal and vertical elements are used in the same plane 
and radiate in phase, however, the polarization isthe resultant 
of the contributions made by each set of elements to the 


Antenna Analysis by Computer 

Wit the proliferation of personal computers since 
the early 19805, significant strides in computerized 
antenna system analysis have been made. Itis now 
possible for the amateur with a relatively inexpensive 
computer ta evaluate even complicated antenna 
Systems, Amateurs can obtain a greater grasp of the 
operation of antenna systems—a subject that has been 
a great mystery to many in the past. 

The most commonly encountered programs for 
antenna analysis are those derived from a program 
developed at US government laboratories called NEC, 
short for ‘Numerical Electromagnetics Code." NEC uses 
a Method of Moments" algorithm. The mathematics 
behind this algorithm are pretty formidable to most 
hams, but the basic principle is simple. In essence, an 
antenna is broken down into a number of straight-line 
wire "segments," and the field resulting from the RF 
current in each segment is evaluated by itself and also 
with respect to other mutually coupled segments. 
Finally the feld from each contributing segment is 
vector-summed together to yield the total field, which 
сап be computed for any elevation or azimuth angle 
desired. The effects of fat-earth ground reflections, 
Including the effect of ground conductivity and dielectric 
constant, may be evaluated as well 

In the early 19805, MININEC was written in 
BASIC for use on personal computers. Because of 
limitations in memory and speed typical of personal 
computers of the time, several simplifying assumptions 
were necessary in MININEC, which limited potential 
accuracy. Perhaps the most significant Imitation was 
that "perfect ground“ was assumed to be directly under 
"he antenna, even though the radiation pattern in the 
far field did take into account real ground parameters. 
This meant hat antennas modeled closer than approxi 
mately 0.2 over ground sometimes gave erroneous 
impedances and inflated gains, especially for horizontal 
polarization, Despite some limitations, MININEC 
represented a remarkable leap forward in analytical 
capabilty. See Roy Lewallen's “MININEC—the Other 
Edge of the Sword"in Feb 1991 QST for an excellent 
weatment on pitfalls when using MININEC. 

Because source code was made avalable when 


MININEC was released to the public, a number of 
programmers have produced some very capable 
versions for the amateur market, many incorporating 
exciting graphics showing antenna patterns in 2D or 
30. These programs also simplify the creation of 
models for popular antenna types, and several come 
with libraries of sample antennas. 

By the end of the 1980s, the speed and capabili- 
ties of personal computers had advanced to the point 
where PC versions of NEC became practical, and 
several versions are now available to amateurs. Like 
MININEC, NEC is a general-purpose modeling pack 
age, and it can be difficult to use and relatively slow in 
operation for certain specialized antenna forms. Thus, 
custom software has been created for quick and 
accurate analysis of specific antenna varieties, mainly 
Yagi arrays. See Chapter 11. 

The most dificult part of using a NEC-type of 
modeling program is setting up the antenna's geom- 
ешу— you must condition yourself to think in tree. 
dimensional coordinates. Each end point of a wire Is 
represented by three numbers: an x, y and z coordi- 
nate. An example should help sort things out. See 
Fig D, showing a “model” for a 135-foot center-fed 
dipole, made of #14 wire placed 50 feet above fat 
ground. This antenna is modeled as a single, straight 

For convenience, the ground is located at the 
origin of the coordinate system, at (0, û, 0) feet, directy 
under the center of the dipole. Above the origin, ata 
height of 50 feet, is the dipole'sfeedpoint The “wing- 
spread” of the dipole goes toward the left (that s, in the 
"negative y" direction) one-half the overall length, or 
-67.5 feet Toward the right, i goes 467.5 feet. The 
dimension of our dipole is zero. The dipole's ends are 
thus represented by two points, whose coordinates аге: 
(0, -67.5, 50) and (0, 67.5, 50) feet The thickness of 
the antenna is the diameter of the wire, #14 gauge. 

Now, another nasty lite detal sufaces— you 
must specify the number of segments into which the 
dipole is divided for the method-of- moment analysis. 
The guideline for setting the number of segments is to 
use atleast 10 segments per half- wavelength In Fig D, 
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total electromagnetic field at a given point some distance 
from the antenna, In such а case the resultant polarization is 
still linear, but is tilted between horizontal and vertical 

In directions other than those where the radiation is 
maximum, the resultant wave even for a simple dipole is a 
combination of horizontally and vertically polarized 
Components. Theradiation off the ends of a horizontal dipole 
is actually vertically polarized, albeit at a greatly reduced 
amplitude compared to the broadside horizontally polarized 
radiation—the sense of polarization changes with compass. 
direction 

Thusitis often helpful to consider the radiation pattern 
from an antenna in terms of polar coordinates, rather than 
trying to think in purely linear horizontal or vertical 


coordinates. See Fig 20, Thereferenceaxisin a polar system 
is vertical to the earth under the antenna. The zenith angles 
usually referred to as 0 (G reek letter theta), and the azimuth 
angle is referred to as o (Greek letter phi. Instead of zenith 
angles, most amateurs are more familiar with elevation 
angles, whereazenith angle of 0° is the same asan elevation 
angle of 90°, straight overhead, Native NEC or MININEC 
Computer programs use zenith angles rather than elevation 
angles, although most commercial versions automatically 
reduce these to elevation angles. 

1f vertical and horizontal elements in the same plane 
are fed out of phase (where the beginning of the RF period 
applied to the feed point of the vertical element is not in 
time phase with that applied to the horizontal), the resultant 
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Fig D— Model for a 135-foot long horizontal dipole, 
50 feet above the ground. The dipole is over the y-axis. 
The wire has been segmented into 11 segments, with 
the center of segment number 6 as the feed point. 
Note that the left-hand end of the antenna is -67.5 feet 
from the center feed point and that the right-hand end 
is at 67.5 feet from the center. 


ош dipole has been divided into 11 segments for 80-m 
operation. The use of 11 segments, an odd rather than 
an even number such as 10, places the dipoles 
feedpoint (the “source” in WEC-pariance) right at the 
antenna's center and at the center of segment number 

Since we Intend to use our 135-foat long dipole on 
all HF amateur bands, the number of segments used 
actually should vary with frequency. The penalty for 
using more segments in a program ке NEC в that the 
program slows down roughly as the square of the 
Segments- double the number and the speed drops to a 
fourth. However, using too few segments wil introduce 
inaccuracies, particularly їп computing the feed-point 
impedance. The commercial versions of NEC handle 
Such nitty-gritty details automaticaly 

Lets get a Ие more complicated and specify the 
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Fig E Model for an inverted-V dipole, with an 
included angle between the two legs of 120. Sine 

and cosine functions are used to describe the heights 
of the end points for the sloping arms of the antenna. 


135-foot dipole, configured as an inverted-V. Here, as 
shawn in Fig D, you must specify bro wires. The two 
wires oin at the top, (0, 0, 50) feet. Now the specifica- 
tion ofthe source becomes тоге complicated. The 
easiest way is to specify мо sources, one on each end 
segmentat the junction of the two wires. If you are using 
the "native" version of NEC, you may have to go back to 
your high-school trigonometry book to figure out how to 
specify the end points of our "droopy" dipole, with its 
120- Included angle. Fig D shows the details, along with 
the tig equations needed, 

So, you see that antenna modeling isn't entirely a 
cutand-dried procedure. The commercial programs da. 
"heir best to hide some of the more unwieldy parts of 
NEC, but there's stl some art mixed in with the science, 
And as always, there are trade-offs to be made— 
segments versus speed, for example. 
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polarization is elliptical. Circular polarization is a special 
Case of elliptical polarization. The wave front of a circularly 
polarized signal appears (in passing a fixed observer) to rotate 
every 90° between vertical and horizontal, making а 
complete 360° rotation once every period. Field intensities 
are equal at all instantaneous polarizations. Circular 
polarization is frequently used for space communications, 
and is discussed further in Chapter 19, 

Sky-wave transmission usually changes the polarization 
of traveling waves, (This is discussed in Chapter 23.) The 


polarization of receiving and transmitting antennas in the 
3 to 30-M Hz range, where almost all communication is by 
means of sky wave, need not be the same at both ends of а 
communication circuit (except for distances of a fem miles) 
In this range the choice of polarization for the antenna is 
usually determined by factors such as the height of available 
antenna supports, polarization of man-made RF noise from. 
nearby sources, probable energy losses in nearby objects, 
the likelihood of interfering with neighborhood broadcast 
or TV reception, and general convenience. 


Other Antenna Characteristics 


Besides the three main characteristics of impedance, 
pattern (gain) and polarization, there are some other useful 
Properties of antennas. 


RECIPROCITY IN RECEIVING AND 
TRANSMITTING 

Many of the properties ofa resonant antenna used for 
reception are the same as its properties in transmission. It 
has the same directive pattern in both cases, and delivers 
maximum signal to the receiver when thesignal comes from 
а direction in which the antenna has its best response. The 
impedance of the antenna is the same, at the same point of 
measurement, in receiving as in transmitting. 

Inthe receiving case, theantennais the source of power 
delivered to the receiver, rather than the load for a source of 
power (sin transmitting). Maximum possible output from 
the receiving antenna is obtained when the load to which 
the antenna Îs connected is the same as the impedance of 
theantenna, We say thatthe antenna is "matched to its load, 

The power gain in receiving is the same as the gain in 
transmitting, when certain conditions are met. One such 
condition is that both antennas (usually /2-1ong antennas) 
must work into load impedances matched to their own 
impedances, so that maximum power is transferred in both 
cases. in addition, the comparison antenna should be oriented 
so it gives maximum response to the signal used in the est; 
thats, it should have the same polarization as the incoming 
signal and should be placed so its direction of maximum 
gain is toward the signal source. 

In long-distance transmission and reception via the 
ionosphere, the relationship between receiving and 
transmitting, however, may not be exactly reciprocal, This 
is because the waves do not always follow exactly the same 
paths аай times and so may show considerable variation in 
the time between alternations between transmitting and 
receiving. Also, when more than one ionospheric layer is 
involved in the wave travel (see Chapter 23), itis sometimes 
possible for reception to be good in one direction and poor 
in the other, over the same path. 

Wave polarization usually shiftsin the ionosphere. The 
tendency is for thearriving waveto beelliptically polarized, 
regardless of the polarization of the transmitting antenna, 
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Vertically polarized antennas can be expected to show no 
more difference between transmission and reception than 
horizontally polarized antennas. On the average, however, 
an antenna thattransmits well in a certain direction also gives 
favorable reception from the same direction, despite 
ionospheric variations. 


Frequency Scaling 


Any antenna design can be scaled in size for use on 
another frequency or on another amateur band. The 
dimensions of the antenna may be scaled with Eq 8 below. 


(Eq8) 


where 
D =scaled dimension 

riginal design dimension 

f1 = original design frequency 

12 = scaled frequency (frequency of intended. 

operation) 


From this equation, a published antenna design for, say, 
14 M Hz, can be scaled in size and constructed for operation 
on 18 M Hz, or any other desired band. Similarly, an antenna 
design could be developed experimentally at VHF 
ог UHF and then scaled for operation in one of the НЕ 
bands. For example, from Eq 8, an element of 39,0 inches 
length at 144 MHz would be scaled to 14 M Hz as follows: 
D = 144/14 x 39 = 401.1 Inches, or 33.43 feet. 

To scale an antenna properly, all physical dimensions 
mustbescaled, including element lengths, element spacings, 
boom diameters, and element diameters. Lengths and 
spacings may be scaled in a straightforward manner as in 
the above example, but element diameters are often nat as 
conveniently scaled. For example assumea 14-M Hz antenna 
is modeledat 144 M Hz and perfected with inch cylindrical 
elements. For proper scaling to 14 M Hz, theelements should 
be cylindrical, of 144/14 x ог 3.86 inches diameter. From 
arealistic standpoint, a -inch diameter might be acceptable, 
but cylindrical elements of 4-Inch diameter in lengths of 
33 feet or so would be quite unwieldy (and quite expensive; 
пої to mention heavy). Choosing another, more suitable 
diameter is the only practical answer. 


DIAMETER SCALING 

Simply changing the diameter of dipole type elements 
during the scaling process isnot satisfactory without making 
а corresponding element-length correction. This is because 
changing the diameter results in a change in the Adia ratio 
from the original design, and this alters the corresponding 
resonant frequency of he element. The element length must 
be corrected to compensate for the effect of the different 
diameter actually used. 

To be more precise, however, the purpose of diameter 
scaling is not to maintain the same resonant frequency for 
the element, but to maintain the same ratio of self-resistance 
to self-reactance at the operating frequency—that is, the Q. 
of thescaled element should be the same as that of the original 
element, This is nat always possible to achieve exactly for 
Elements that use several telescoping sections of tubing. 

TAPERED ELEMENTS 

Rotatable beam antennas are usually constructed with 
elements made of metal tubing. The general practice at HF 
is to taper the elements with lengths of telescoping tubing, 
‘The center section has a large diameter, but the ends are 
relatively small. This reduces not only the weight, but also 
the cost of materials forthe elements. Tapering of HF Yagi 
elements is discussed in detail in Chapter 11. 


Length Correction for Tapered Elements 

Theeffectof tapering an elementisto alter its electrical 
length. That is to say, two elements of the same length, one 
cylindrical and one tapered but with the same average 
diameter as the cylindrical element, will not be resonant at 
the same frequency, The tapered element must be made 
longer than the cylindrical element for the same resonant 
frequency. 

A procedure for calculating the length for tapered 
elements has been worked out by Dave Leesan, W GNL (ex 
W60HS), from work done by Schelkunoff at Bell Labs and 
is presented in Leeson’s book, Physical Design of Yagi 
Antennas. In the software accompanying this book is a 
subroutine called EFFLEN. OR. Itis written in Fortran and 
is used in the SCALE program to compute the “effective 
length” of a tapered element. The algorithm uses the 
WENL-Schelkunoff algorithm and is commented step-by. 
step to show what is happening. Calculations are made for 
only one half of an element, assuming the element is 
symmetrical about the point of boom attachment. 

Also, read the documentation SCALE.TXT for the 
SCALE program, which will automatically do the complex. 
‘mathematics to scale a Yagi design from one frequency to 
another, or from one taper schedule to another. 


The Vertical Monopole 


Sofar in this discussion on A ntenna Fundamentals, we 
have been using the free-space, centered dipole as our main 
example. Another simple form of antenna derived from a 
dipole is called a monopole. The name suggests that this is 
опе half of a dipole, and so it is. The monopole is always 
used in conjunction with a ground plane, which acts as a 
sort of electrical mirror. See Fig 21, where a /2 dipole and 
а 3/4 monopole are compared. The image antenna for the 
‘monopole is the dotted line beneath the ground plane. The 


image forms the "missing second half" of the antenna, 
transforming a monopole into the functional equivalent of a 
dipole. From this explanation you can see where the term 
image plane is sometimes used instead of ground plane. 
Although we have been focusing throughout this 
chapter on antennas in free space, practical monopoles are 
usually mounted vertically with respect to the surface of the 
ground. As such, they are called vertical monopoles, or 
simply verticals. A practical vertical is supplied power by 


Fig 21— The 1/2 antenna and its 2/4 counterpart. The 
missing quarter wavelength can be considered to be 
Supplied as an image in the ground, if itis of good. 
conductivity. 


Fig 22—The ground-plane antenna. Power is applied 
between the base of the vertical radiator and the 
center of the four ground plane wires. 
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Fig 23— Feed-point impedance versus frequency for a 
theoretical 50-foot high grounded vertical monopole 
made of #14 wire. The numbers along the curve show 
the frequency in MHz. This was computed using 

perfect" ground. Real ground losses will add to the 
feed-point impec 


Fig 24 Feed-point impedance for the same antennas 
as in Fig 21, but calibrated in wavelength rather th 
frequency, over the range from 0.132 to 0.300), above 
and below the quarter-wave resonance. 


feeding the radiator against a ground system, usually made 
Up of a series of paralleled wires radiating from and laid out. 
in a circular pattern around the base of the antenna. These 
wires are termed radials. 

The term "ground plane" is also used to describe a 
vertical antenna employing a A/4-long vertical radiator 
working against a counter poise system, another name for 
the ground plane that supplies the missing half of the 
antenna, The counterpoise for a ground-plane antenna 
consists of four Jorg radials elevated well above the 
earth. See Fig 22, 

‘Chapter 3 devotes much attention to the requirements 
for an efficient grounding system for vertical monopole 
antennas, and Chapter 6 gives more information on ground: 
plane verticals. 
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Characteristics of a 2/4 Monopole 

The free-space directional characteristics of a 2/4 
monopole with its ground plane are the same as that of a 
A2 antenna in free space. A 2/4 monopole has an 
omnidirectional radiation pattern in the plane perpendicular 
to the monopole. 

The current in a 2/4 monopole varies practically 
sinusoidally (as is the case with a /2 wire), and is highest 
at he ground-plane connection, The RF voltage, however, 
is highest at the open (top) end and minimum at the ground 
plane. The feed-point resistance close to 4 resonance оГ a 
vertical monopole over a "perfect ground plane” is one-half 
that for a М2 dipole at its A/2 resonance. In this case, a 
perfect ground plane san infinitely large, lossless conductor, 

‘See Fig 23, which shows the feed pont impedance of 
a vertical antenna made of #14 wire, 50 feet long, located 
over perfect ground. This is over the whole HF range from 
11030 M Hz. Again there is nothing special about the choice 
of SOfeetforthe length of the vertical radiator; tis simply a 
convenient length for evaluation. Fig 24 shows an expanded 
portion of the frequency range above and below the 2/4 
resonant point, but now calibrated in tems of wavelength 
Note tha this particular antenna goes through 44 resonance 
atalength of 0.244 A, notat exactly 0.252, Theexact length 
for resonance varles with the diameter of the wire used, just 
as it does for the /2 dipole at its 22 resonance. 

The word "height" is usually used for a vertical 
monopole antenna whose base is on or near the ground, and 
in this context, height has the same meaning as "lengt 
when applied to 4/2 dipole antennas. Older texts often refer 
to heights in electrical degrees, referenced to a free-space 
wavelength of 360°, but here height is expressed in terms 
of the free-space wavelength. The range shown in Fig 23 is 
from 0.132 à to 0.300 à, corresponding to a frequency range 
2200 58 Mz 

The reactive portion of the feed-point impedance 
depends highly on the елда ratio of he conductor, as 
was discussed previously for a horizontal centered dipole. 
The impedance curve in Figs 23 and 24 is based on a #14 
conductor having а lengtcia ratio of about 800 to 1. As 
usual, thicker antennas can be expected to show les reactance 
ata given height, and thinner antennas will show more. 


Efficiency of Vertical Monopoles 

This topic of the efficiency of vertical monopole 
systems will be covered in detail in Chapter 3, butit's worth 
noting at this point that the efficiency of a real vertical 
antenna over real earth often suffers dramatically compared 
with that of a 4/2 antenna, Without a fairly elaborate 
grounding system, the efficiency Is not likely to exceed 50%, 
and it may be much less, particularly at monopole heights 
below 2/4 


BIBLIOGRAPHY 
J.S. Belrose, “Short ntennas for M obile Operation," QST, 
Sep 1953, 


G. H. Brown, “The Phase and M agnitude of Earth Currents 
Near Radio Transmitting Antennas,“ Proc IRE 
Feb 1935, 

G. H. Brown, R. F. Lewis and J. Epstein, “Ground Systems 
as a Factor in Antenna Efficiency," Proc IRE, Jun 1937, 
рр 753.787. 

G. H. Brown and О. M. Woodward, Jr, “Experimentally 
Determined Impedance Characteristics of Cylindrical 
Antennas," Proc IRE, April 1945. 

A. Christman, "Elevated Vertical Antenna Systems," QST, 
Aug 1988, pp 35-42. 

R. B. Dome, "Increased Radiating Efficiency for Short 
Antennas," QST, Sep 1934, pp 9-12. 

A. C. Doty, Jr, J.A. Frey and H. J. Mills, "Characteristics 
of the Counterpoise and Elevated Ground Screen, 
Professional Program, Session 9, Southcon "83 (IEEE), 
Atlanta, GA, Jan 1983. 

A. C. Doty, Jr, J.A. Frey and H.J. Mills, "Efficient Ground 
Systems for Vertical Antennas," QST, Feb 1983, 
pp 20225. 

A. C. Doty, Jr, technical paper presentation, “Capacitive 
Bottom Loading and Other Aspects of Vertical Antennas," 
Technical Symposium, Radio Club of America, New York 
City, Nov 20, 1987. 

A.C. Doty, Jr, J.A. Frey and H.J. Mills, “Vertical Antennas: 
Кен Design and Construction Data," The ARRL Antenna 
Compendium, Volume 2 (Newington: ARRL, 1989), pp 
29. 

R. Fosberg, "Some Notes on Ground Systems for 
160 M eters," QST, Apr 1965, pp 65-67. 

G. Grammer, “More on the Directivity of Hori 
‘Antennas; Harmonic Operation— Effects of Tilting," 
Mar 1937, pp 38-40, 92, 94, 98. 

H. E. Green, “Design Data for Short and Medium Length 
Yagi-Uda Arrays," Trans IE Australia, Vol EE-2, 
No. 1, Mar 1966, 

H. J. Mills, technical paper presentation, “Impedance 
Transformation Provided by Folded M onopoleA ntennas," 
Technical Symposium, Radio Club of America, New York 
City, Nov 20, 1987. 

B. Myers, "TheW2PV Four-ElementY agi,” OST, Oct 1986, 
pp 15-19. 

L. Richard, “Parallel Dipoles of 300-Ohm Ribbon," QST, 
Mar 1957, 

J. H. Richmond, “Monopole Antenna on Circular Disc," 
IEEE Trans on Antennas and Propagation, Vol. AP-32, 
No, 12, Dec 1984, 

W. Schulz, “Designing a Vertical Antenna," QST, Sep 1978, 
pp 19-21, 

J. Sevick, “The Ground-Image Vertical Antenna," QST, Jul 
1971, pp 16-17, 22 

J. Sevick, “TheW 2FM | 20-M eter Vertical Beam,” QST, Jun 
1972, pp 14-18, 

J. Sevick, “The W2FM | Ground-M ounted Short Vertical 
QST, Mar 1973, pp. 13-18, 41. 

1. Sevick, "A High Performance 20-, 40- and 80-M eter 


Vertical System,” OST, Dec 1973, 

1. Sevick, "Short Ground-Radial Systems for Short 
Verticals," QST, A pr 1978, pp 30-33, 

C. E. Smith and E. M. Johnson, "Performance of Short 
Antennas," Proc IRE, Oct 1947. 

J. Stanley, "Optimum Ground Systems for Vertical 
Antennas QST, Dec 1976, pp 13-15. 

R. E. Stephens, “Admittance Matching the Ground-Plane 
Antenna to Coaxial Transmission Line," Technical 
Correspondence, QST, Apr 1973, pp 55-57, 

D. Sumner, "Cushcraft 32-19 'Boomer and 324-0K Stacking 
Kit,” Product Review, QST, Nov 1980, pp 48-49. 

W. van B. Roberts, “input Impedance of a Folded Dipole, 
RCA Review, Jun 1947. 

E. M. Williams, “Radiating Characteristics of Short Wave 
Loop Aerials,” Proc IRE, Oct 1940. 


TEXTBOOKS ON ANTENNAS 

C.A. Balanis, Antenna Theory, Analysis and Design (New 
York: Harper & Row, 1982). 

D. S. Bond, Radio Direction Finders, 1st ed. (New York: 
McGraw-Hill Book Со). 

W. N. Caron, Antenna Impedance Matching (Newington: 
ARRL, 1989). 

K. Davies, lonospheric Radio Propagation— National 
Bureau of Standards M onograph 80 (Washington, DC 
U.S, Government Printing Office, April 1, 1965). 

R.S. Elliot Antenna Theory and Design (Englewood Cliffs, 
NJ: Prentice Hall, 1981). 

А.Е. Harper, Rhombic Antenna Design (New York: D. Van 
Nostrand Co, Inc, 1941). 

K. Henney, Principles of Radio (New York: John Wiley and 
Sons, 1938), р 462. 

H. Jasik, Antenna Engineering Handbook, Isted. (New York: 
McGraw-Hill, 1961). 

W. C. Johnson, Transmission Lines and Networks, Ist ed. 
(New York: McGraw-Hill Book Co, 1950). 

R.C. Johnson and Н. Jasik, Antenna Engineering Handbook, 
2nd ed. (New York: McGraw-Hill, 1984). 

E. C. Jordan and К. G. Balmain, Electromagnetic Waves 
and Radiating Systems, 2nd ed. (Englewood Cliffs, NJ 
Prentice-Hall, Inc, 1968), 

R. Keen, Wireless Direction Finding, 3rd ed. (London: 
Wireless World). 

R.W. P.K ing, Theory of Linear Antennas (Cambridge, MA: 
Harvard Univ. Press, 1956) 

R. W. P. K ing, H- R. Mimno and A. H. Wing, Transmission 
Lines, Antennas and Waveguides (New York: Dover 
Publications, Inc, 1965), 

King, Mack and Sandler, Arrays of Cylindrical Dipoles 
(London: Cambridge Univ Press, 1968). 

M. G. Knitter, Ей, Loop Antennas— Design and Theory 
(Cambridge, WI: National Radio Club, 1983). 

M. G. Knitter, Ed, Beverage and Long Wire Antennas 
Design and Theory (Cambridge, WI: National Radio Club, 
1983). 


Antenna Fundamentals 2.19 


J. D. Kraus, Electromagnetics (New York: McGraw-Hill 
Book Co), 

J. D. Kraus, Antennas, 2nd ed. (New York: McGraw-Hill 
Book Co, 1988) 

E. A. Laport, Radio Antenna Engineering (New York 
McGraw-Hill Book Co, 1952). 

J. L. Lawson, Yagi-Antenna Design, 1st ed. (Newington 
ARAL, 1986). 

Р.Н. Lee, The Amateur Radio Vertical Antenna Handbook, 
2nd ed. (Port Washington, NY: Cowen Publishing Co., 
1984) 

A. W. Lowe, Reflector Antennas (New York: IEEE Press, 
1978) 

м. W. Maxwell, Reflections— Transmission Lines and 
Antennas (Newington: A RRL, 1990). Out of print. 

G. M. Miller, Modern Electronic Communication 
(Englewood Cliffs, NJ: Prentice Hall, 1983). 

V.A. Misek, The Beverage Antenna Handbook (Hudson, NH: 
V.A. Misek, 1977) 

т. Moreno, Microwave Transmission Design Data (Мем 
York: McGraw-Hill, 1948). 

L. A. Moxon, HF Antennas for All Locations (Potters 
Bar, Herts: Radio Society of Great Britain, 1982), pp 
109-111. 

Ramo and Whinnery, Fields and Waves in Modern Radio 
(New York: John Wiley & Sons) 

V.H. Rumsey, Frequency Independent Antennas (New York 
‘Academic Press, 1966). 

Р.М. Saveskie, Radio Propagation Handbook (Blue Ridge 
Summit, PA: Tab Books, Inc, 1980). 

S.A. Schelkunoff, Advanced Antenna Theory (New York 
John Wiley 6 Sons, Inc, 1952). 


2-20 Chapter2 


S. A. Schelkunoff and Н. T. Friis, Antennas Theory and 
Practice (New York: john Wiley & Sons, Inc, 1952). 

J. Sevick, Transmission Line Transformers (Atlant: Noble 
Publishing, 1996) 

н. H. Skilling, Electric Transmission Lines (New York 
McGraw-Hill Book Co, Inc, 1951) 

M. Sluczburg and W. Osterheld, Electrical Essentials of 
Radio (New York: McGraw-Hill Book Co, Inc, 1944) 

6. Southworth, Principles and Applications of Waveguide 
Transmission (New York: D. Van Nostrand Co, 1950). 

F. E. Terman, Radio Engineers! Handbook, 1st ed. (New 
York, London: M cGran-Hill Book Co, 1943) 

F. E. Terman, Radio Engineering, 3rd ed. (New York 
McGraw-Hill, 1947) 

S. Uda and Y. Mushiake, Yagi-Uda Antenna (Sendai, Japan 
Sasaki Publishing Co, 1954. [Published п English Ed] 

P.P. Viezbicke, "Yagi Antenna Design," NBS Technical Note 
688 (U. S. Dept of CommercejN ational Bureau of 
Standards, Boulder, CO), Dec 1976. 

G. B. Welch, Wave Propagation and Antennas (New York 
D. Van Nostrand Co, 1958), pp 180-182 

‘The GIANT Book of Amateur Radio Antennas (Blue Ridge 
Summit, PA: Tab Books, 1979), pp 55-85, 

IEEE Standard Dictionary of Electrical and Electronics 
Terms, 3rd ed. (New York: IEEE, 1984) 

Radio Broadcast Ground Systems, available from Smith 
Electronics, Inc, 8200 Snowwille Rd, Cleveland, OH 
Em 

Radio Communication Handbook, Sth ed. (London: RSGB, 
1916) 

Radio Direction Finding, published by the Happy Flyers 
1811 Hillman Ave, Belmont, CA 94002 


The ground around and under an antenna is part af the 
environment in which any actual antenna must operate. 
Chapter 2 dealt mainly with theoretical antennas in free 
space, completely removed from the influence of the ground, 
‘This chapter is devoted to exploring the interactions between 
antennas and the ground, 

‘The interactions can be analyzed depending on where 
they occur relative to two areas surrounding the antenna 
the reactive near field and the radiating far field. You will 
recall that the reactive near field only exists very close to 
the antenna itself. in this region the antenna acts as though 
itwerealargelumped-constantinductor or capacitor, where 
energy is stored but very litle is actually radiated. The 
Interaction with the ground in this area creates mutual 


impedances between the antenna and its environment and 
these interactionsnot only modify the feed-point impedance 
of an antenna, but often increase losses, 

In the radiating far field, the presence of ground 
profoundly influences the radiation pattern of a real antenna, 
‘The interaction is different, depending on the antenna's 
polarization with respect to the ground. For horizontally 
polarized antennas, the shape ofthe radiated pattern in the 
elevation plane depends primarily on the antennas height 
above ground. For vertically polarized antennas, both the 
shape and thestrength of the radiated pattern in the elevation 
plane strongly depend on the nature of the ground itself (its 
dielectric constant and conductivity at RF), as well as оп 
the height of the antenna above ground, 


The Effects of Ground in the Reactive Near Field 


FEED-POINT IMPEDANCE VERSUS 
HEIGHT ABOVE GROUND 

Waves radiated from the antenna directly downward 
reflect vertically from the ground and, in passing the antenna. 
оп their upward journey, induce а voltage in it. The 
magnitude and phase of the current resulting from this 
induced voltage depends onthe height of the antenna above 
the reflecting surface. 

The total current in the antenna consists of two 
components, The amplitude of thefirst is determined by the 
power supplied by the transmitter and the free-space feed- 
point resistance of the antenna. The second component is 
Induced in the antenna by the wave reflected from the 
ground. This second component of current, while 
Considerably smaller than the first at most useful antenna 
heights, is by no means insignificant. At some heights, the 
two components will bein phase, so the total currentis larger 
than is indicated by the free-space feed-point resistance. At 
other heights, the two components are out of phase, and the 
total current is the difference between the two components. 

Changing the height of the antenna above ground will 
change the amount of current flow, assuming thatthe power 
Input to the antennas constant. higher current at the same 
power input means that the effective resistance of the antenna 
is lower, and vice versa, In other words, the feed. point 


resistance of the antenna is affected by the height of the 
antenna above ground because of mutual coupling between 
the antenna and the ground beneath it. 

The electrical characteristics of the ground affect both 
the amplitude and the phase of reflected signals. For this 
reason, the electrical characteristics of the ground under the 
antenna will have some effect on the impedance of that 
antenna, the reflected wave having been influenced by the 
ground. Different impedance values may be encountered 
when an antenna is erected at identical heights but over 
different types of earth, 

Fig 1 shows the way in which the radiation resistance of 
horizontal and vertical half-wave antennas vary with height 
above ground (in A, wavelengths), For horizontally polarized 
half-wave antennas, the differences between the effects of 
perfect ground and real earth arenegligibleif the antenna height 
isgreste than 0.22. Atlower heights, thefeed-polntresistance 
over perfect ground decreases rapidly as the antenna isbrought 
closer to a theoretically perfect ground, butthis doesnot occur 
o rapidly for actual ground, Over real earth, the resistance 
begins increasing at heights below about 0.08 à. The reason. 
for the increasing resistance at very low heights is that more 
and more of the reactive (induction) field of the antenna is. 
absorbed by the lossy ground in close proximity, 

For a vertically polarized A/2-long dipole, differences. 
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Fig 1-Variation in radiation resistance of vertical and 
horizontal half-wave antennas at various heights above 
flat ground. Solid lines are for perfectly conducting ground; 
the broken line is the radiation resistance of horizontal 
half-wave antennas at low heights over real ground. 


between the effects of perfect ground and real earth on the 
feed-point impedance is negligible, as seen in Fig 1. The 
theoretical half-wave antennas on which this chart is based 
are assumed to have infinitely thin conductors. 


GROUND SYSTEMS FOR VERTICAL 
MONOPOLES 

In this section, we'll look at vertical monopoles, which 
require some sort of ground system in order to make up for 
the "missing" second half of the antenna. In Chapter 2 and 
up to this point in this chapter, the discussion about vertical 
‘monopoles has mainly been for antennas where "perfect. 
ground“ is available. We have also briefly looked at the 
‘ground-plane vertical in ree space, where the four ground- 
plane radials form a built-in "ground" system. 

Perfect ground makes a vertical monopole into the 
functional equivalent of a center-fed dipole, although the 
Teed-point resistance at resonance is half that of the center- 
fed dipole. But how can we manage to create that elusive 
“perfect ground" for our real vertical antennas? 


Simulating a Perfect Ground in the. 
Reactive Near Field 

The effect of а perfectly conducting ground (as far as 
feed-point resistance and losses are concerned) can be 
simulated under a real antenna by installing a very large 
metal screen or mesh, such as poultry netting (chicken wire) 
or hardware cloth, on or near the surface of the ground, The 
screen (also called а counterpise system, especially if itis 
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elevated off the ground) should extend at least a half 
wavelength in every direction from the antenna. The feed 
point resistance of aquarter-wavelong, thin vertical radiator 
‘over such aground screen will approach the theoretical value 
of 360. 

Based on the results of a study published in 1937 by 
Brown, Lewis and Epstein (see Bibliography), a grounding 
system consisting of 120 wires, each at least 2/2 long, 
extending radially from the base of the antenna and spaced 
equally around a circle, is also the practical equivalent of 
perfectly conducting ground for reactive field currents. The 
wires can either be aid directly on the surface of the ground 
or buried a few inches below, 

Another approach to simulating a efect ground system 
is to utilize the ground-plane antenna, with its four ground: 
plane racials elevated well above lossy earth. Heights greater 
than A/B have proven to yield excellent results. See Chapter 
6 for more details on practical ground-plane verticals. 

For a vertical antenna, a large ground screen, either 
made of wire mesh or a multitude of radials, or an elevated 
system of ground-plane radials will reduce ground losses 
near the antenna. This is because the screen conductors are 
solidly bonded to each other and the resistance is much lower 
than that of the lossy, low-conductivity earth itself. If the 
ground screen or elevated ground plane were not present, 
RF currents would be forced to flow through the lossy, low: 
conductivity earth to return to the base of the radiator. The 
ground screen or elevated ground plane in effect shield 
Oround-return currents from the lossy earth. 


Less-Than-ldeal Ground Systems 

Now, what happens when something less than an ideal 
ground screen is used as the ground plane for a vertical 
monopole? You will recall from Chapter 2 that an ideal 
ground-plane antenna in free space requires only four radials 
asa ground countespoise. Thus, the fourradial ground plane 
antenna in free space represents one limit in the range of 
possibilities for a ground system, while a perfect ground 
screen represents the other limit, Real antenna systems over 
real ground represent intermediate points in this continuum 
of ground configurations. 

A great deal of mystery and lack of information seems 
to surround the vertical antenna ground system. In the case 
of ground-mounted vertical antennas, many general 
statements such as "the more radials the better” and "lots of 
short radials are better than a few long ones have served as 
rules of thumb to some, but many questions as to relative 
performance differences and optimum number for a given 
length remain unanswered. Most of these questions boil 
down to one: namely, how many radials, and how long, 
should be used in a vertical antenna installation? 

A ground system with 120 2/2 radials is not very 
practical for many amateur installations, which often must. 
contend with limited space for putting together such an ideal 
system. Unfortunately, ground-return loss resistance 
increases rapidly when the number of radials is reduced. At 


Table 1 
Optimum Ground-System Configurations 


Configuration Designation 


A B 
Number of radials 6 24 
Length of each radial in wavelengths 01 0.125 
Spacing of radials in degrees 225 15 
Total length of radial wire 

installed, in wavelengths 18 з 


Power loss in dB at low angles with 
а quarter-wave radiating element — 3 2 
Food-point impedance in ohms with 


A quarter-wave radiating element — 52 


Г: E F 
36 — 60 90 120 
015 02 0.25 04 
10 6 4 3 
54 12 225 ав 
15 i os o. 
з 4 з 28 


Note: Configuration designations are indicated only for text reference. 
“Reference. The los of this configuration is negligible compares to а perfectly conducting ground. 


least 15 radials should beused if at all possible. Experimental 
measurements show that with this number, the loss resistance 
is such asto decrease the antenna efficiency to about 50% if 
the monopole vertical length is A/A. 

Asthenumberof radials is reduced, the vertical radiator 
length required for optimum results with a particular number 
of radials also decreases—in other words, if only а small 
number of radials can be used with a shortened vertical 
radiator, there is no point in extending them out 42, This 
comes about because the reactive near field of a short vertical 
radiator extends out radially less than that for a full-sized AJ 
4 vertical, With 15 radials, for example, a radiator length of 
248 is sufficient. With as few as two radials the length is 
almost unimportant, but the efficiency of 33/4 antenna with 
such a grounding system is only about 25%. (It is 
considerably lower with shorter antennas.) 

In general a large number of radials (even though some 
or all of them must be short) is preferable to a few long 
radials for a vertical antenna mounted on the ground. The 
conductor size is relatively unimportant: #12 to #28 copper 
wirels suitable. The measurement of the actual ground-loss 
resistance at the operating frequency is difficult. The power 
lossin the ground depends on the current concentration near 
the base of the antenna, and this depends on the antenna 
height Typical values for small radial systems (15 or less) 
have been measured to be from about 5 to 30 Q, for antenna 
heights from A/16 to 1/4. The impedance seen at the feed 
point of the antenna is the sum of the loss and the radiation 
resistance. 

Table 1 summarizes these conclusions, John Staley, 
K AERO, first presented this material in December 1976 QT. 
Onesourceof information on ground-system design is Radio 
Broadcast Ground Systems (see the Bibliography at the end 
of this chapter). M ost of the data presented in Table 1 is 
taken from that source, or derived from the interpolation of 
data contained therein. 

Table 1 gives numbers of radials and a corresponding 


optimum radial length for each case. Using radials 
considerably longer than suggested for a given number or 
using a lot more radials than suggested for a given length, 
While notadverseto performance, does not yield significant 
improvement either. That would represent a nonoptimum 
use of wire and construction time. Each suggested 
configuration represents an optimum relationship between 
length and number for a fixed amount of total, The loss 
figuresin Table 1 are calculated for a quarter-wave radiating 
element. A very rough approximation of loss when using 
shorter antennas can be obtained by doubling the loss in dB 
each time the antenna height is halved. For longer antennas 
the losses decrease, approaching 2 d8 for configuration A 
of Table 1 for a half-wave radiator. Longer antennas yield 
correspondingly better performance. 

The table is based on average ground conductivity. 
Variation of the loss values shown can be considerablê, 
especially for configurations using fewer radials, Those 
building antennas over dry, sandy or rocky ground should 
expect more loss. Оп the Other hand, higher than average 
soil conductivity and wet soils would make the 
"compromise" configurations (those with the fewest radials) 
even more attractive, 

When antennas are combined into arrays, either of 
parasitic or all-driven types, mutual impedances lower the 
radiation resistance of the elements, drastically increasing 
the effects of ground loss. For instance, an antenna with а 
52-0 feed-point impedance and 10 © of ground-loss 
resistance will have an efficiency of approximately 83%, A n 
array of two similar antennas in a driven array with the same 
ground loss may have an efficiency of 70% or less, Special 
precautions must be taken in such cases to achieve 
satisfactory operation. Generally speaking, a wide-spaced 
broadside array presents little problem, but a close-spaced 
end-firearray should be avoided for transmission, unless the 
lower loss configurations are used or other precautions taken, 
Chapter 8 covers the subject of vertical arrays in great detail 
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In cases where directivity is desirable or real estate 
limitations dictates, longer, more closely spaced radials can 
beinstalledin one direction, and shorter, more widely spaced 
in another. Multiband ground systems can be designed using 
different optimum configurations for different bands. Usually 
it is most convenient to start at the lowest frequency with 
fewer radials and add more short radials for better 
performance on the higher bands 

There is nothing sacred about the exact details of 
the configurations given, and slight changes in the number 
of radials and lengths will nat cause serious problems, 
Thus, a configuration with 32 or 40 radials of 0.14 A or 
0.16 A will work as well as configuration C shown in the 
table. 

If less than 90 radials are contemplated, there is no 
need to make them a quarter wavelength long. This differs 
rather dramatically from the case of aground plane antenna, 
where four 2/4 resonant radials are installed above ground. 
For the ground-mounted antenna, four 4/4 radials are far 
from optimum. Because the radials of а ground-mounted 
vertical are actually on, if not slightly below the surface, 
they are coupled by capacitance or conduction to the ground, 
and thus resonance effects are not important. The basic 
function of radials is to provide a low-loss return path for 
ground currents. The reason that short radials are sufficient 


When few are used is that at the perimeter of the circle to 
which the ground system extends, the few wires areso spread 
‘apart that most of the return currents are already in the ground 
between the wires rather than in the wires themselves, As 
more wires are added, the spaces between them are reduced 
and longer length helps to provide a path for currents still 
farther out 

Radio Broadcast Ground Systems states, “Experiments 
show that the ground system consisting of only 15 radial 
wires need nat be more than 0.1 wavelength long, while the 
system consisting of 113 radials is still effective out to 0.5 
wavelength.” M any graphs in that publication confirm this 
statement. This is not to say that these two systems will 
perform equally well; they most certainly will not However, 
if 0.1 A isas ong as the radials can be, thereis litle point in 
using more than 15 of them, 

"The antenna designer should (1) study the cost of 
various radial configurations versus the gain of each; (2) 
Compare alternative means of improving transmitted signal 
and their cost (more power, etc); (3) consider increasing the 
physical antenna height the electrical length) ofthe vertical 
radiator, instead of improving the ground system; and (4) 
use multielement arrays for directivity and gain, observing 
the necessary precautions related to mutual impedances 
discussed in Chanter 8. 


The Effect of Ground in the Far Field 


‘Theproperties of the ground in the far field of an antenna 
are very important, especially for a Vertically polarized 
antenna, Even if the ground system for a vertical has been 
‘optimized to reduce ground-retum losses in the reactive near 
field to an insignificant level, the electrical properties of the 
ground may still diminish far-field performance to lower 
levels than "perfect-ground" analyses might lead you to 
expect. The key is that ground reflections from horizontally 
and vertically polarized waves behave very differently. 


Reflections in General. 

Over flat ground, both horizontally or vertically 
polarized downgolng waves launched from an antenna into 
he far field strike the surface and are reflected by a process. 
Very similar to that by which light waves are reflected from 
a mirror. As is the case with light waves, the angle of 
reflection is the same as the angle of incidence, so a wave 
striking the surface atan angleof, say, 15° is reflected upward 
from the surface at 15°. 

‘The reflected waves combine with direct waves (those. 
radiated at angles above the horizon] in various ways. Some 
of the factors that influence this combining process are the 
height of the antenna, its length, the electrical characteristics 
of the ground, and as mentioned above, the polarization of 
the wave, At some elevation angles above the horizon the 
direct and reflected waves are exactly in phase that is, the 
maximum field strengths of both waves are reached at the 
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same time at he same point in space, and the directions of 
the fies аге the same. In such a case, the resultant field 
strength for that angle is simply the sum of the direct and 
reflected fields, (This represents atheoretical Increase in field 
strength of 6 В over the free-space pattern at these angles. 

Atolher elevation angles the two waves are completely 
out of phase- that is, the fields’ intensities are equal at he 
same instant and the directions are opposite. At still other 
angles, the resultant field will have Intermediate values, 
Thus, the effectof the ground is to increase radiation intensity 
at some elevation angles and to decrease it at others. When 
youplottheresultsasan elevation pattern, you will see labes 
and nulls, as described in Chapter 2. 

Theconceptof an image antenna is often useful to show 
the effect of reflection. As Fig 2 shows, the reflected ray 
has the same path length (AD equals BD) that it would if it 
originated at a virtual second antenna with the same 
characteristics as the real antenna, but situated below the 
ground just as far as the actual antenna is above it. 

Now, if we look at the antenna and its image over 
perfect ground from a remote point on the surface of the 
ground, we will see that the currents in a horizontally 
polarized antenna and its image are flowing in opposite 
directions, or in other words, are 180° out of phase. But the 
currents in a vertically polarized antenna and its image are 
flowing in the same direction- they arein phase. This 180° 
phase difference between the vertically and horizontally 


Fig 2- At any distant point, P, the field strength will be 
the vector sum of the direct гау and the reflected гау. 

The reflected ray travels farther than the direct ray by 
the distance BC, where the reflacted ray is considered 
to originate at the "image" antenna, 


polarized reflections off ground is what makes the 
combinations with direct waves behave so very differently. 


FAR-FIELD GROUND REFLECTIONS 
AND THE VERTICAL ANTENNA 

A vertical's azimuthal directivity is omnidirectional, A 
‘vertical over ideal earth has the eevation-plane radiation. 
pattern shown by the solid line in Fig 3. Over real earth, 
however, the pater looks more like the shaded one in the 
samediagram. n this case, thelou-angleradiation that might 
be hoped for because of the perfect ground performance is 
not realized. 

Now look at Fig 4A, which compares the computed 
elevation-ange response for two half-wave dipoles at 14 
MHz, One is oriented horizontally over ground at a height 
of M2 and the other is oriented vertically, with its center just 
over 244 high (so that the bottom end of the wire doesn't 
actually touch the ground). The ground is “average” in 
dielectric constant and conductivity. Ata 15° elevation angle, 
the horizontally polarized dipole has almost dg more gain 
than its vertical brother. Contrast Fig 4A to the comparison 
in Fig 48, wherethe peak gain of a vertically polarized half- 
wave dipole over seawater, which is virtually perfect for RF 
reflections, is quite comparable with the horizontal dipole's 
response at 15°, and exceeds the horizontally polarized 
antenna dramatically below 15° elevation. 

To understand why the desired ow-angle radiation is 
not delivered over real earth, examine Fig 5A. Radiation 
from each antenna segment reaches a point P in space by 
two paths; one directly from the antenna, path AP, and the 
other by reflection from the earth, path AGP. (Note that P is 
so far away that the slight difference in angles is 
insignificant for practical purposes the waves аге parallel 
to each other at point P.) 

If the earth were a perfectly conducting surface, there 
would be no phase shift of the vertically polarized wave 
Upon reflection at point G. Thetwo waves would add together 


I-plane radiation pattern for a ground- 
mounted quarter-wave vertical. The solid line is the 
pattern for perfect earth, The shaded pattern shows how 
he response is modified over average earth (k =13, 

G =0.005 Sim) at 14 MHz. y is the pseudo-Brewster 
angle (PBA), in this case 14.8. 
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Fig 4—At A, comparison of horizontal and vertical 1/2 
dipoles over average ground. Average ground has 
conductivity of S т5/т and dielectric constant of 13. 
Center of each antenna is 2/2 over ground. Horizontal 
antenna is much less affected by far-field ground 
losses compared with its vertical counterpart. At 
comparison of 20-meter 1/4 vertical dipole raised 1 
over seawater with 2/2 horizontal dipole, 2/2 over 
Average ground. Seawater is great for verticals! 
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Fig 5—The direct wave and the reflected wave combine 
point P to form the pattern (P is very far from the 


lengths are nearly equal. 


with some phase difference because of the different path 
lengths. This difference in path lengths of the two waves is 
why the free-space radiation pattern differs from the pattern 
of the same antenna over ground, Now consider a point P 
that is lose to the horizon, as in Fig 5B. The path lengths 
AP and AGP are almost the same, so the magnitudes of the 
two waves add together, producing a maximum at zero angle 
of radiation. The arrows on the waves point both ways since 
the process works similarly for transmitting and receiving. 

With real earth, however, the reflected wave undergoes a 
change in both amplitude and phase in the reflection process 
Indeed, at a low enough elevation angle, the phase of the 
reflected wave will actually change by 180° and its magnitude 
will then subtract from that of thedirect wave. At a zero takeoff 
angle, it will be almost equal in amplitude, but 180° out of 
phase with the direct wave. Complete cancellation will result 
ina null, inhibiting any radiation or reception at 0° 


THE PSEUDO-BREWSTER ANGLE AND THE 
VERTICAL ANTENNA 


Much ofthe material presented here regarding pseudo: 


Brewster angle was prepared by Charles). Michaels, W7XC, 
and first appeared in July 1987 OST, with additional 
information in The ARRL Antenna Compendium, Vol 3. (See 
the Bibliography atthe end of this chapter) 

M ost fishermen have noticed that when the sun slow, 
its light is reflected from the water's surface as glare, 
obscuring the underwater view. When the sun is high, 
however, the sunlight penetrates the water and it is posible 
to see objects below the surface ofthe water. The angle at 
which this transition takes place is known as the Brewster 
angle, named for the Scottish physicist, Sir David Brewster 
(1781-1868) 

A similar situation exists in the case of vertically 
Polarized antennas; the RF energy behaves as the sunlight 
inthe optical system, and the earth under the antenna acts as 
the water. The pseudo-Brenster angle (PBA) is the angle at 
which the reflected waveis 90° out of phase with respect to 
the direct wave. "Pseudo" is used here becausethe RF effect 
is similar to the optical effect from which the term gets its 
name. Below this angle, the reflected wave is between 90° 
and 180° out of phase with the direct wave, so some degree 
of cancellation takes place. The largest amount of 
cancellation occurs near 0, and steadily less cancellation 
occurs as the PBA is approached from below. 

The factors that determine the РВА for a particular 
locaton are not related to the antenna itself butto the ground 
around it. The first of these factors is earth conductivity, G, 
which is a measure of the ability of the soil to conduct 
Sella, Conductivity is the inverse of resistance. The 
second factor is he dielectric constant, k, which is a unless 
quantity that corresponds to the capacitveeffectof the earth 
For both of these quantities, the higher the number, the better 
the ground (for vertical antenna purposes}. The third factor 
determining the PBA for a given location is the frequency 
of operation. The PBA increases with increasing frequency, 


Surface Type 


Fresh water 
Salt water 
Pastoral, low hills, rich вой, typ Dallas, TX, 
to Lincoln, NE areas 
Pastoral, low hills, rich soil, typ OH and IL 
Flat country, marshy, densely wooded, typ LA 
near Mississippi River 
Pastoral, medium hills and forestation, typ MD, PA, 
NY (exclusiva of mountains and coastline) 
Pastoral, medium hills and forestation 
heavy clay soil, typ central VA 
Rocky soil, steep hills, typ mountainous 
Sandy, dry, flat, coastal 
Cities, industrial areas 
Cities, heavy industrial areas, high buildings 


s and Dielectric Constants for Common Types of Earth 


Dielectric Conductivity Relative 
Constant (Sim) Quality 

80 0.001 

at 50 

20 0.0303 Very good 

14 0.01 

12 0.0075 

13 0.008 

13 0.008 Average 

1214 0.002 Poor 

10 0.002 

s 0.001 Vary Poor 

3 0.001 Extremely poor 
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all other conditions being equal. Table2 gives typical values 
of conductivity and dielectric constant for different types of 
sol. The map of Fig 6 shows the approximate conductivity 


Table 3 
Pseudo-Brewster Angle Variation with Frequency, 


. Sats, Diet Constant, and Conductivity о. 

As the frequency is increased, the role of the dielectric TUAM red it 
constantin determining the PBA becomesmoresignificant (МР2) Constant — (Sim) (degrees) 
Table 3 shows how the PBA varies with changes in ground 7 FEET es 
Conductivity dielectric constant and frequency. The table з oms 199 
shows ends in PBA dependency on ground constants and 3 Ою 159 
Frequency The constants chosen are not necessarily typical „ p a 
of any geographical ara: they are just examples. 

‘At anges below the PBA, the reflected vertically uà mo uw dx 
polarized wave subtracts from the direct wave, causing the fa 0005 hr 
Fadiation intensity to al off rapidly. Similarly, above the i3 002 154 
PBA, the reflected wave adds tothe direct wave, and the $ о Eri 
radiated pattern approaches the perfect-earth pattern. Fig 3 3 0.001 295 
shows he PBA, usually labeled ys 

When plotna veal antena radiation paternsover 21 20 0009 19 
rel earth, De reflected wave rom an antenna segment îs з oms 152 
multiplied by a factor called hevericl reflection coefficient 3 gm pa 
and the productis then added vectorially to the direct wave „ чш = 


to getthe resultant. The reflection coefficient consists of an 


sine us - Ф? f d ۴ Yes 
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Fig 6— Typical average soil conductivities for the continental United States. Numeric values indicate conductivities 
in millisiemens per meter (mS/m), where 1.0 mS/m = 0.001 S/m. 
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attenuation factor, A, and a phase angle, , and s usually 
expressed asA Zo. (os always a negative ange, because the 
earth acts as alossy capacitor in his situation.) The following 
equation can be used to calculate the reflection coefficient 
for vertically polarized waves, for earth of given conductivity 
and dielectric constant at any frequency and elevation angle 
(also called the wave angle in many texts) 


Kanv- FEY 
Ata- (Eq) 
PETE 
where 
A yanê = vertical reflection coefficient 
aeration angle 


18х10°х6 


k=k-j T 


k = dielectric constant of earth (k for air = 1) 
G = conductivity of earth in S/m 

T frequency in MHz 

j = complex operator (21) 


Solving this equation for several points indicates what 
effect the earth has оп vertically polarized signals at а 
particular location for a given frequency range. Fig 7 shows 
the reflection coefficient as function of elevation angle at 
21 MHz over average earth (G = 0.005 Sim, k = 13). Note 
thatas the phase curve, 0, passes through 90°, the attenuation 
Curve A, passes through a minimum at the same waveangle, 
y. This is the PBA. At this angle, the reflected wave is nat 
only ata phase angle of 90° with respect to the direct wave, 
but Is so low in amplitude that it does not aid the direct 
wave by a significant amount. In the case illustrated in Fig 
7 this elevation angle is about 15°. 


Variations in PBA with Earth Quality 

From Eq 1, itis quite a task to search for either the 90° 
phase point or the attenuation curve minimum for a wide 
Variety of earth conditions. Instead, the PBA can be 
Calculated directly from the following equation. 


He fear e pese] - 1] 
(+k?) -1 


(£02) 
Where k, G and f are as defined for Eq 1. 


Fig 8 shows curves calculated using Eq 2 for several 
different earth conditions, at frequencies between 1.8 and 30 
MHz. As expected, poorer earths yield higher PBAS, 
Unfortunately, at the higher frequencies (where lon-angle 
raditionismostimportantfor DX work), he PBA are highest. 
The PBA isthe same for both transmitting and receiving. 
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Relating PBA to Location and Frequency 

Table2 lists the physical descriptions of various kinds 
of earth with their respective conductivities and dielectric 
constants, as mentioned earlier. Note that in general, the 
dielectric constants and conductivities are higher for better 
earths. This enables the labeling of the earth characteristics 
as extremely poor, very poor, poor, average, very good, and 
so on, without the complications that would result from 
treating the two parameters independently. 

Fresh water and salt water are special cases; in spite of 
high resistivity, the fresh-water PBA 15 6.4°, and is nearly 
Independent of frequency below 30 M Hz. Salt water, because 
of its extremely high conductivity, has a PBA that never 
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Fig 7— Reflection coefficient for vertically polarized 
waves. A and ¢ are magnitude and angle for wave 
angles v. This case is for average earth, (к 13, 

© 


005 S/m), at 21 MHz. 
= = 


of earth over the 1.8 to 30.MHz frequency range. Note 
that the frequency scale is logarithmic. The constants 
used for each curve are given in Table 2. 


exceeds 1° in this frequency range. The extremely low 
conductivity listed for cities (last case) in Table 2 results 
more from the clutter of surrounding buildings and other 
‘obstructions than any actual earth characteristic. The PBA 
atany location can be found for a given frequency from the 
curves in Fig 8. 


FLAT-GROUND REFLECTIONS AND 
HORIZONTALLY POLARIZED WAVES 

‘The situation for horizontal antennas is different from 
that of verticals, Fig 9 shows the reflection coefficient for 
horizontally polarized waves over average earth at 21 M Hz. 
Note that in this case, the phase-angle departure from 0° 
never gets very large, and the attenuation factor that causes 
the most loss for high-angle signals approaches unity for 
low angles. Attenuation increases with progressively poorer 
earth types, In calculating the broadside radiation pattern of 
a horizontal 2/2 dipole, the perfect-earth image current, equal 
to the true antenna current but 180° out of phase with it) is 
‘multiplied by the horizontal reflection coefficient given by 
Eq 3 below. The product is then added vectorilly to the 
direct wave to get the resultant at that elevation angle. The 
reflection coefficient for horizontally polarized waves can 
be calculated using the following equation. 


2 Kus W sny 
үс 


(643) 


tos W 4siny 
Where 
A poiz = horizontal reflection coefficient 


18 x 10%%G 
| T 


electric constant of earth 


omplex operator (71) 


For a horizontal antenna near the earth, the resultant. 
pattern is a modification of the free-space pattern of the 
antenna. Fig 10 shows how this modification takes place 
fora horizontal 1/2 antenna over a perfectly conducting flat 
surface. The patterns at the Jet show the relative radiation 
when one views the antenna from the side; those at the right 
show the radiation pattern looking at the end of the antenna, 
Changing the height above ground from 2/4 to 4/2 makes a 
significant difference in the high-angle radiation, moving 
the main lobe down lower. 

Notethat for an antenna heightof 2/2 (Fig 10, bottom), 
the out-of-phase reflection from a perfectly conducting 
surface creates a null in the pattern at the zenith (90° 
elevation angle). Over real earth, however, а “filling іп" of 
this null occurs because of ground losses that prevent perfect 
reflection of high-angle radiation. 

Ata0 elevation angle, horizontally polarized antennas 
also demonstrate а null, because out-of-phase reflection 
cancels the direct wave. As the elevation angle departs from 
0°, however, there is а slight filling-in effect so that over 
other-than-perfecteath, radiation atlower angles is enhanced 
compared to a vertical. A horizontal antenna will often 
outperform a vertical for low-angle DX work, particularly 


y =elevation angle over lossy types of earth at the higher frequencies 
> 
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Fig 9— Reflection coefficient for horizontally polarized 
waves (magnitude A at angle 6), at 21 MHz over average 
‘earth (k = 13, G = 0.005 Sim). 


Fig 10- Effect of the ground on the radiation from а 
horizontal half-wave antenna, for heights of one-fourth 
and one-half wavelength. Broken lines show what the 
pattern would be if there were no reflection from the 
ground (free space). 
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Reflection coefficients for vertically and horizontally 
polarized radiation differ considerably at most angles above 
round, scan be seen by comparison of Figs 7 and 8. (Both 
Sets of curves were plotted for the same ground constants 
and at the same frequency, so they may be compared 
directly.) This is because, as mentioned earlier, the image of 
a horizontally polarized antenna is out of phase with the 
antenna itself, and heimageof a vertical antenna isin phase 
with the actual radiator. 

The result is that the phase shifts and reflection 
magnitudes vary greatly at different angles far horizontal 
and vertical polarization. The magnitude of the reflection 
coefficient for vertically polarized waves is greatest (near 
unity) at very low angles, and the phase angle is lose to 
180°. As mentioned earlier, this cancels nearly all radiation 
at very low angles. For the same range of angles, the 
magnitude of the reflection coefficient for horizontally 
polarized waves is also near unity, but the phase angle is 
near 0° for the specific conditions shown in Figs 7 and 9. 
This causes reinforcement of low-angle horizontally 
polarized waves Atsomerelaively high angle, the reflection 
coefficients for horizontally and vertically polarized waves 
are equal in magnitude and phase. At this angle 
(approximately 81° for the example case), the effect of 
ground reflection on vertically and horizontally polarized 
signals wil be exactly the same. 


DEPTH OF RF CURRENT PENETRATION 


When considering earth characteristics, questions about 
depth of RF current penetration often arise. For instance, if a 
given location consists of a6-foot ayer of soil overlying ahighly 
resistive rock strata, which material dominates? The answer 
depends on the frequency, the soil and rock dielectric constants, 
and their respective conductivities. The following equation can 
de used to calculate the current density at any depth. 


eso Current Density at Depth D 
Current Density at Surface 
where 
d = depth of penetration in ст 


(а) 


008 x e xf 


k = dielectric constant of earth 
Frequency in MHz 
б = conductivity of earth in Sm 


After some manipulation of this equation, itcan be used 
to calculate the depth at which the current density is some 
fraction of that at the surface. The depth at which the current 
density is 37% (Це) of that at the surface (often referred to 
askin depth) isthe depth at which the current density would 
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Fig 11— Depths at which the current density is 37% of 
that at the surface for different qualities of earth over 
the 1.8- to 30.MHz frequency range. The depth for fresh 
water, not plotted, is 156 feet and almost independent 
of frequency below 30 MHz. See text and Table 2 for 
ground constants. 


be zero if it were distributed uniformly instead of 
exponentially. (This 1e factor appears in many physical 
situations. For instance, a capacitor charges to within Ше of 
full charge within oneRC time constant) Atthis depth, since 
the power loss is proportional to the square of the current, 
approximately 91% ofthe total power loss has occurred, ав 
has most ofthe phase shift, and current flow below this level 
is negligible. 

Fig u shows the solutions to Eq 4 over the 1.8 to 
30M Hz frequency rangeforvatioustypes of earth. Forexample, 
in very good earth, substantial RF currents flow down to about 
33 feet at 14 M Hz. This depth goes to 13 fet in average earth 
andas far as 40 festin very poor earth. Thus, if theoverying soil 
isrich, moist loam, he underlying rock stratais of itle concer. 
However, if the soil is only average, the underlying rock may 
constitutea major consideration in determining thePBA and the 
depth to which the RF current will penetrate. 

The depth in fresh water is about 156 feet and is nearly 
independent of frequency in the amateur bands below 
30 MHz. In salt water, the depth is about seven inches at 
18 M Hz and decreases rather steadily to about two Inches 
at 30 MHz. Dissolved minerals in moist earth increase Ив 
conductivity. 

The depth-of-penetration curves in Fig 11 illustrate a 
noteworthy phenomenon. While skin effect confines RF 
current flow close to the surface of a conductor, the earth is 
so lossy that RF current penetrates to much greater depths 
than in most other media. The depth of RF current penetration 
is a function of frequency as well as earth type. Thus, the 
only casesin which mast ofthe current flows near the surface 
are with very highly conductive media (such as salt water), 
and at frequencies above 30 M Hz. 


DIRECTIVE PATTERNS OVER REAL GROUND 

As explained in Chapter 2, because antenna radiation 
patterns are hree-dimensional, itis helpful in understanding 
their operation to use a form of representation showing the 
Vertical directional characteristic Гог different heights. It is 
possibleto show selected vertica-plane patterns oriented in 
Various directions with respect to the antenna axis. In the 
case of the horizontal half-wave dipole, a plane running ina 
direction along the axis and another broadside to the antenna 
will give a good deal of information. 

The effect of reflection from the ground can be 
expressed as a separate pattern factor, given in decibels. 
For any given elevation angle, adding this factor 
algebraically to the value for that angle from the free-space 
pattern for that antenna gives the resultant radiation value at 


that angle. The limiting conditions are those represented by 
the direct ray and the reflected ray being exactly in phase 
and exactly out of phase, when both, assuming there are no 
ground losses, have equal amplitudes. Thus, the resultant 
field strength at a distant point may be either 6 dB greater 
than the free-space patter (twice the field strength, or zero, 
in the limiting cases, 


Horizontally Polarized Antennas 

The way in which pattern factors vary with height for 
horizontal antennas over flat earth is shown graphically in 
the plots of Fig 12 Thesolid-line plots are based on perfectly 
conducting ground, while the shaded plots are based on 
typical real-earth conditions, These patterns apply to 
horizontal antennas of any length. While these graphs are, 


J Antenna 1-1/2А high 


K= Antenna 1-3/4 high 


L- Antenna 2А high 


Fig 12- Reflection factors for horizontal antennas at various heights above flat ground. The solid-line curves are 
the perfect-earth patterns (broadside to the antenna wire); the shaded curves represent the effects of average earth 
{к 18. G = 0.005 5/m) at 14 MHz. Add 7 dB to values shown for absolute gain in dBd referenced to dipole in free 


‘space, or 9.15 dB for gain in 
25 elevation. 


For example, peak gain over perfect earth at l. height is 7 dBd (or 9.15 dBi) at 
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in fact, radiation patterns of horizontal single-wire antennas 
(dipoles) as viewed from the axis of the wire, it must be 
remembered that the plots merely represent pattern factors 

Vertical radiation pattems in he directions off the ends of 
a horizontal half-wave dipole are shown in Fig 13 for various 
antenna heights. These patterns are scaled so they may be 
compared directly to hose for the appropriate heights in Fig 12. 
Note thatthe perfect earth patterns in Figs 13A and 128 are he 
same as those in the upper part of Fig 10. Note also that the 
perfect-earth patterns of Figs 138 and 12D are the sameas those 
in the lower section of Fig 10. The reduction in field strength 
off the ends of the wire at the lower angles, as compared with 
the broadside field strength is quite apparent It is also clear 
from Fig 13 that, at some heights, he high-angle radiation off 
the ends is nearly as great as the broadside radiation, making 
the antenna essentially an omnidirectional radiator. 

In vertical planes making some intermediate angle 
between 0° and 90° with the wire axis, the pattern will have 


ii DAE 


a shape intermediate between the broadside and end-on 
patterns, By visualizing a smooth transition from the end 
on pattern to the broadside pattern as the horizontal angle is 
varied from 0° to 90°, a fairly good mental picture of the 
actual solid pattern may be formed. A n example is shown in 
Fig 14. AtA, the vertical pattern of a half-wave dipole at a 
height of 142 is shown through a plane 45° away from the 
favored direction of the antenna. At B and C, the vertical 
pattern of the same antenna is shown at heights of 3/4 and 
1 А (through the same 45° off-axis plane). These patterns 
are scaled so they may be compared directly with the 
broadside and end-on patterns for the same antenna (at the 
appropriate heights) in Figs 12 and 13. 

The curves presented in Fig 15 are useful for 
determining heights of horizontal antennas that give either 
maximum or minimum reinforcement at any desired wave 
angle. For instance, if you want to place an antenna at a 
height so that it will havea null at 30°, the antenna should 


D-Antenno 1 high 


F-hotenna 1-1/2 A high 


Fig 13- Vertical-plane radiation patterns of horizontal hal 
solid-line curves are 


jat, perfect-earth patterns, and the sh: 


fave antennas off the ends of the antenna wire. The 
‘curves represent the effects of average flat 


earth (k = 13, G = 0.005 S/m) at 14 MHz. The 0-dB reference in each plot corresponds to the peak of the main lobe in 
the favored direction of the antenna (the maximum gain). Add 7 dB to values shown for absolute gain in Ва 
1 


referenced to dipole in free space, or 9.15 dB for gain in 


A-Height 1/2 А 


ХА 


BoHeight 3/4 X 


C-Height 1 A 


Fig 14— Vertical-pl 
ground. The solidi 


radiation patterns of half-wave horizontal antenn 
ind shaded curves represent the same conditions as in Figs 12 and 13. These patterns are 


45 from the antenna wire over flat 


‘Scaled зо they may be compared directly with those of Figs 12 and 13. 


312 Chapter3 


be placed where a broken line crosses the 30° line on the 
horizontal scale, There are two heights (up to 2 A) that will 
yield this null angle: 1 and 22. 

Asasecond example, you may wantto have the ground 
reflection give maximum reinforcement of the direct ray 
from а horizontal antenna at a 20° elevation angle. The 
antenna height should be 0.75 2, The same height will give 
a null at 42° and a second lobe at 90°. 

Fig 15 also useful for visualizing the vertical pattem of 
a horizontal antenna. For example, if an antenna is erected at 


Fig 15—Angles at which nulls and maxima (factor = 6 dB) 
in the ground reflection factor appear for antenna 
heights up to two wavelengths over flat ground. The solid 
lines are maxima, dashed lines nulls, for al horizontal 
antennas. See text for examples. Values may also be 
determined from the trigonometric relationship В = arc 
Sin (A/h), where 0 is the wave angle and his the antenna 
height in wavelengths. For the first maximum, A has a 
value of 1; for the first null A has a value of 2, for the 
second maximum 3, for the second null 4, and so on. 


125 4, it will have major lobes (solid-ine crossings) at 12° 
and 37°, as well as at 90° (the zenith). The nulls in this pattern 
(dashed-ine crossings) will appear at 24 and 53°. By using 
Fig 15 along with wave-angleinformation contained in Chapter 
23, itis possible to calculate the antenna height that will best 
suit your needs, remembering that this is for flat-earth terrain. 


Vertically Polarized Antennas 

In the case of a vertical 2/2 dipole or a ground-plane 
antenna he horizontal directional pattern is simply a circle 
at any elevation angle (although the actua field strength will 
Vary, atthe different elevation angles, with the height above 
ground). Hence, one vertical pattern is sufficient to give 
Complete information (for a given antenna height) about the 
antenna in any direction with respect to the wire. series of 
Such patterns for various heights is given in Fig16.Thethree- 
dimensional radiation pattern in each case is formed by 
rotating the plane pattern about the zenith axis of the graph. 

The solid-line curves represent the radiation pattems 
of the}/2 vertical dipole at different feed-point heights over 
perfectly conducting ground. The shaded curves show the 
patterns produced by the same antennas at the same heights 
over average ground (G = 0.005 Sim, k= 13) at 14 MHz. 
The PBA in this caseis 148°. 

In short, far-field losses for vertically polarized antennas 
arehighly dependentonthe conductivity and dilecti constant 
ofthe earth around the antenna, extending far beyond the ends 
of any radials used to complete the ground return for the near 
fied. Putting more radials out around the antenna may wel 
decrease ground return losses in the reactive near field for a 
vertical monopole, but will not increase radiation at low 
devation launch angles in the far field, unless the radials can 


D-Antenno 3/4 A high 


Fig 16- Vertical-plane radiation patterns of a groundplane antenna above flat ground. The height is that of the 
‘ground plane, which consists of four radials in a horizontal plane. Solid lines are perfect-earth patterns; shaded 
Curves show the effects of real earth. The patterns are scaled that is, they may be directly compared to the solid- 
line ones for comparison of losses at any wave angle. These patterns were calculated for average ground (k = 13, 
G =5 mS/m) at 14 MHz. The PBA for these conditions is 14.8. Add 6 dB to values shown for absolute gain in di 
over dipole in free space. 
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extend perhaps 100 wavelengths in all directions! A side from 
moving to the fabled "saltwater swamp on a high hill thereis 
ver lie that someone can do to change the character of the 
ground that affects the far-field pattern of a real vertical 
Classical texts on verticals often show elevation patterns 
computed over an “infinitely wide infinitely conducting ground 
plane" Real ground, with finite conductivity and less-than 
perfect dielectric constant, сап severely curtail the low-angle 
radiation at which verticals are supposed to excel 


While real verticals over real ground are not а sure- 
fire method to achieve low-angle radiation, cost versus 
performance and ease of installation are stil attributes that 
can highly recommend verticals to knowledgeable builders. 
Practical installations for 160 and 80 meters rarely allow 
amateurs to put up a horizontal antenna high enough to 
radiate effectively at low elevation angles. After all, a half 
wave on 18 M Hz is 273 feet high, and even at such a lofty 
height the peak radiation would be at a 30° elevation angle. 


The Effects of Irregular Local Terrain 
in the Far Field 


‘The following material is condensed and updated from. 
an article by R. Dean Straw, N6BV, in July 1995 QEX 
magazine. The YT program, standing for “Yagi Terrain 
Analysis,” and supporting data files are included on the 
CD-ROM in the back of this book. 


Choosing a QTH for DXing 

The subject of how to choose a OTH for working DX 
has fascinated hams since the beginning of amateur 
operations, No doubt, Marconi probably spent a lot of time 
wandering around Newfoundland looking for a great radio 
QTH before making the first transatlantic transmission. 
Putting together a high-performance HF station for contesting 
or Xing hasalways followed some pretty simplerules. First, 
you need the perfect QTH, preferably оп а rural mountain 
top or at least on top of a hill. Even better yet, you need а 
mountain top surrounded by seawater! Then, after you have 
found your dream OTH, you putup the biggest antennas you 
possibly can, on the highest towers you can afford, Then you 
Work all sorts of DX— sunspots willing, of course. 

‘The only trouble with this straightforward formula for 
successisthatit doesn talway's work, Hams fortunate enough 
to be located on mountain tops with really spectacular drop 
offs often find that their highest antennas don'tdo very well 
especially on 15 or 10 meters, but often even on 20 meters 
When they compare their signals with nearby locals in the 
flatlands, they sometimes (but not always) come out on the 
losing end, especially when sunspot activity is high. 

On the other hand, when the sunspots drop into the 
cellar, the high antennas on the mountain top are usually the 
ones crunching the plleups— but again, not always. So, the 
really ambitious contest aficionados, the guys with lots of 
resources and infinite enthusiasm, have resorted to putting 
up antennas at all possible heights, on a multitude of towers, 

There isa more scientific way to figure out where and 
how high to put your antennas to optimize your signal during 
all parts of the 11-year solar cycle. We advocate a system 
approach to HF station design, in which you need to know 
the following 


1. The range of elevation angles necessary to get from point. 
A to point B 
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2. The elevation patterns for various types and configura 
tions of antennas 

3. The effect of local terrain on elevation patterns for hori 
zontally polarized antennas. 


WHAT IS THE RANGE OF 
ELEVATION ANGLES NEEDED? 

Until 1994, The ARRL Antenna Book contained only a 
limited amount of information about the elevation angles 
needed for communication throughout he word, In the 1974 
edition, Table 1-1 in the Wave Propagation chapter was 
captioned: "Measured vertical angles of arrival of signals 
from England at receiving location in New Jersey." 

What the caption didn't say was that Table 1-1 was 
derived from measurements made during 1934 by Bell Labs, 
‘The highest frequency data seemed prety shaky, considering 
that 1934 was the low point of Cycle 17. Neither was this 
data applicable to any other path, other than the one from 
New Jersey to England. Nonetheless, many amateurs located 
throughouttheUS ted to usethe sparseinformationin Table 
1-1 as the only rational data they had for determining how 
high to mount thelr antennas. (If they lived on hilis, they 
made estimates on the effect of the terrain, assuming that 
the hill was adequately represented by a long, unbroken 
slope. More on this later) 

In 1993 ARRAL HO embarked on a major project to 
tabulate the range of elevation angles from al regions of 
the US to important DX QTHs around the world. This was 
accomplished by running many thousands of computations 
using the IONCAP computer program. IONCAP has been 
under development for more than 25 years by various 
agencies of the US government and is considered the 
standard of comparison for propagation programs by many 
agencies including the Voice of A merica, Radio Free Europa, 
and more than 100 foreign governments throughout the 
world IONCAP isa real pain in the neck to use, butitisthe 
standard of comparison 

The calculations were done for all levels of solar 
activity, for all months of the year, and for all 24 hours of 
the day. The results were gathered ino some very large 
databases, from which special custom-written software 
extracted detailed statistics. The results appeared in summary 
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Fig 17— Graph showing 20-meter percentage of all 
openings from New England to Europe versus elevation 
angles, together with overlay of elevation patterns over 
flat ground for three 20-meter antenna systems. The 
most statistically likely angle at which the band will be 
open is 5°, although at any particular hour, day, month 
and year, the actual angle may well be different. 


form in Tables 4 through 13 printed in the chapter “Radio 
Wave Propagation,” Chapter 23, of the 17th Edition and in 
тоге detail on the diskette included with that book. (This 
book, the 19th Edition, contains even more statistical data, 
for more areas of the world, on the accompanying CD-ROM.) 

Fig 17 reproduces Fig 28 from Chapter 23, This depicts 
thefull range of elevation angles for the 20-meter path from 
Newington, Connecticut to all of Europe. This is for all 
‘openings, in all months, over the entire 11-year solar cycle. 
The most likely elevation angle occurs between 4° to 6° for 
about 34% of the times when the band is open. There is a 
secondary peak between 10° to 12°, occurring for about 25% 
of the time the band is open, 

In Fig 17, the statistical angle information is also 
overlaid with the elevation responses for three different 
antenna configurations, all mounted over flat ground. The 
stack of four 4-elementY agis at 120, 90, 60 and 30 feet best 
covers the whale range of necessary elevation angles among 
the three systems shown, with the best single antenna 
arguably being the 90-foot high Yagi 

Now, we must emphasize that these are statistical 
entities— in other words, just because 5° is the "statistically 
most likely angle" for the 20-meter path from New England to 
Europe doesn't mean that the band will be open at 5° at any 
particular hour, on a particular day, in a particular month, in 
any particular year. In fact, however, experience agrees with 
thelONCAP computations: the 20-meter path to Europe from 
New England usually opens atalow anglein themorning hours, 
rising to about 11° during theaftemoon, when thesignalsremain 
strongest throughout the afternoon unti the evening. 

Now see Fig 18 Just because 5 is the statistically most 
prevalent angle (occurring some 13% of the time) from Seattle 
to Europe on 20 meters, this doesn’t mean that the actual 


20m, WT Seattle) to Europe 
‘sof Openings, АП SSN, Months 


Fig 18 Graph showing 20-meter percentage of all 
openings, this time from Seattle WA, to Europe, together 
with overlay of elevation patterns over flat ground for 
‘three 20-meter antenna systems.The statistically most 
likely angle on this path is 5- occurring about 13% of the 
time when the band is actually open. Higher antennas 
predominate on this path. 


20 m, W9 (Chicago) to Southem Africa 
Ys of Openings, All SSN, Months 


Fig 19— Graph showing 20-meter percentage of all 
openings from Chicago to Southern Africa, together 
with overlay of elevation patterns over flat ground for 
three 20-meter antenna systems. On this long-distance 
path, higher antennas are most effective. 


angleat any particular moment in time might not be 109, or 
егеп 27 The statistics for W7 to Europe say that 5° is the 
most likely angle, but 20-meter signals from Europe arrive 
at angles ranging from 1° to 16°. If you design an antenna 
System to cover all possible angles needed о talk to Europe 
from Seattle (or from Seattle to Europe) on 20 meters, you 
would need to cover the full range from 1° to 16? equally 
well 

Similarly, if you wish to cover the ull range of elevation 
angles from Chicago to Southern Africa on 15 meters, you 
would need to cover 1° to 149, even though the most 
statistically likely signals arrive at 5, for 16% of the time 
when the band is open for that path. See Fig 19. 
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DRAWBACKS OF COMPUTER MODELS FOR 
ANTENNAS OVER REAL TERRAIN 

Modem general-purpose antenna modeling programs 
such as NEC or MININEC (or their commercially upgraded 
equivalents, such as NEC/Mires or EZNEC) can accurately 
model almost any type of antenna commonly used by radio 
amateurs. In addition, there are specialized programs 
specifically designed to model Y agis efficiently, such as YO, 
YW (Yagi for Windows, included on the CD-ROM with this 
book) or Yagil ax. These programs however are ай unable to 
model antennas accurately over anything other than purely 
flat ground. 

While both NEC and MININEC can simulate irregular 
ground terrain, they do so in a decidedly crude manner, 
employing step-like concentric rings of height around an 
antenna, The documentation for NEC and MININEC both 
clearly state that diffraction off these "steps" is not modeled. 
Common experience among serious modelers is that the 
warnings in the manuals are well worth heeding! 

‘Although analysis and even optimization of antenna designs 
can be dane using free-space or flat-eath ground modes, itis 
diffraction that makes the real world a very, very complicated 
place indeed, This should be clarified diffraction is hard, even 
tortuous, to analyze properly, but it makes analysis of real world 
resultsfar more believablethan aflet world reflection тода does. 


RAY-TRACING OVER UNEVEN LOCAL TERRAIN 
The Raytracing Technique 

First, let's look at a simple raytracing procedure 
involving only horizontally polarized reflections, with no 
difracions, From a specified height on the tower, n antenna 
shoots гау” (just as though they were bullets) in 025° 
increments from 435° above the horizon to -35° below the 
horizon. Each ray istraced over he foreground terrain to see 
if it hits the ground atany point on its travels in the direction 
of Interest. If it does hit the ground, the ray is reflected 
following the classical “Iaw of reflection.” That is, the 
outgoing angle equals the incoming angle, reflected through 
the normal tothe slope of the surface. Once the aysexitinto 
the ionosphere, the individual contributions are vector 
summed to create the overall far-field elevation pattem. 

The next step in terrain modeling involves adding 
diftractions as well as reflections. At the Dayton antenna 
forum in 1994, Jim Breakall, WA SFET, gave а fascinating 
and tantalizing lecture on the effect of foreground terrain. 
Later Breakall, Dick A йе, K3CXZ, oe Young anda group 
of other researchers published an extremely interesting paper 
entitled "The Modeling and M easurement of HE Antenna 
Skywave Radiation Pattersin Irregular Terrain” inthe) uly 
1994 IEEE Transactions on Antennas and Propagation. They 
described in rather general terms the modifications they made 
to the NEC-BSC program. They showed how the addition 
of a ray-tracing reflection and diffraction model to the 
simplistic star stepped reflection mode in regular NEC gave. 
far more realistic results, For validation, they compared 
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actual pattern measurements made on a site in Utah (with 
an overflying helicopter) to computed patterns made using 
the modified NEC software. However, because the work was 
funded by the US Navy, the software was, and still is, а 
military secret. 


Thumbnail History of the 
Uniform Theory of Diffraction 

It is instructive to look briefly at the history of how 
"Geometric Optics" (GO) evolved (and still continues to 
evolve) into the "Uniform Theory of Diffraction” (UTD) 
The following is summarized from the historical overview 
in one book found to be particularly useful and 
comprehensive оп the subject of UTD: Introduction to the 
Uniform Geometrical Theory of Diffraction, by M сМ amara, 
Pistorius and Malherbe. 

Many years before the time of Christ, the ancient 
Greeks studied optics. Euclid is credited with deriving the 
law of reflection about 300 BC. Other Greeks, such as 
Ptolemy, were also fascinated with optica phenomena. In 
the 1600s, a Dutchman named Snell finally figured out the 
law of refraction, resulting in Snell's law. By the early 1800s, 
the basic world of classical optics was pretty well described 
from а mathematic point of view, based on the work of a 
number of individuals. 

Аз its nameimplies, classical geometric optical theory 
deals strictly with geomeric shapes, Of course, theimportance 
of geometry in optics shouldn't be minimized after all, we 
wouldn't have eyeglasses without geometric optics. 
Mathematical analysis of shapes utilizes a methodology that 
traces the paths of straight-line rays of light. (Note that the 
paths of rays can also be likened to the straight-line paths of 
particles) In classical geometric optics, however, there is no 
mention of three important quantities: phase, intensity and 
polarization. Indeed, without phase, intensity or polarization, 
there is no way to deal properly with the phenomenon of 
interference, ог its cousin, diffraction. These phenomena 
require theories that deal with waves rather than rays. 

Wavetheory hasalso been around for along ime although 
notaslong as geometry. Workers like Hooke and Grimaldi had 
recorded their observations of interference and diffraction in 
the mid 1600s. Huygens had used elements of wave theory in 
the late 1600s to help explain refraction. By thelate 18005, be 
work of Lord Rayleigh, Sommerfeld, Fresnel, Махна! and 
many others led to the full mathematic characterization of all 
electromagnetic phenomena, light included. 

Unfortunately, ray theory doesn't work for many 
problems, t less ray theory inthe classical optical form. The 
real world isa lot more jagged, pointy and fuzzy in shape than 
can bedescribedin atotally rigorous mathematic fashion. Some. 
properties of the real world are most easily explained on the 
micro level using electrons and protons as conceptual objects, 
While other macro phenomena (like resonance, for example) 
are more easily explained in terms of waves. To get a handie 
оп a typical real-world physical situation, a combination of 
classical ray theory and wave theory was needed. 


The breakthrough їп the combination of classical 
geometric optics and wave concepts came from J. B. K eller 
of Bell Labs in 1953, although he published his work in the 
early 1960s. In the very simplest of terms, К eller introduced 
the notion that shooting агау ata diffraction “wedge” causes 
wave interference at the tip, with an infinite number of 
diffracted waves emanating from the diffraction point. Each 
diffracted wave can be considered to bea point source radiator 
at the place of generation, the diffraction point. Thereafter, 
the paths of individual waves can be traced as though they 
were individual classical optic rays again. W hat K eller came 
ир with was a reasonable mathematical description of what 
happens atthe tip of the diffraction wedge. 

Fig 20 is a picture of a simple diffraction wedge, with 
an incoming ray launched at an angle of a, referenced to the 
horizon, impinging on it. The diffraction wedge here is 
considered to be perfectly conducting, and henceimpenetrable 
by theray. The wedge generates an infinite numberof diffracted 
Waves, going in all directions ot blocked by the wedge itself. 
The amplitudes and phases of the diffracted waves are 
determined by the interaction at the wedge tip, апа this in tum 
is governed by the various angles associated with the wedge. 
Shown in Fig 20 are the included anole of the wedge, the 
angles of theincoming ray (referenced tothe incoming surface 
ofthe wedge), and the observed angle ф of one of the outgoing 
diffracted waves, also referenced to the wedge surface 

The so-called "shadow boundaries" are also shown in 
Fig 20. TheReflection-Shadow Boundary (RSB) istheangle 
beyond which no further reflections can take place for a given 
incoming angle. The Incident-Shadow Boundary (ISB) is 
that angle beyond which the wedge'sface blocks any incident 
rays from illuminating the observation point. 

Keller derived the amplitude and phase terms by 
comparing the classical Geometric Optics (GO) solution with 
the exact mathematical solution calculated by Sommerfeld 


for a particular case where the boundary conditions were 
well known- an infinitely long, perfectly conducting wedge 
illuminated by a plane wave. Simply speaking, whatever 
was left over had to be diffraction terms. К eller combined 
these diffraction terms with GO terms to yield the total field 
everywhere, 

Keller's new theory became known as the Geometric 
Theory of Diffraction (abbreviated henceforth as GTD).The 
beauty of СТО was that in the regions where classical GO 
predicted zero fields, the GTD “filled in the blanks,” so to 
speak. For example, see Fig 21, showing the terrain for a 
hypothetical case, where a 60-foot high 4-element 15-meter 
Yagi illuminates a wide, perfectly flat piece of ground. A 
10-foot high rock has been placed 400 feet away from the 
tower base in the direction of outgoing rays. Fig 22 shows 


Fig 21— Hypothetical terrain exhibiting so-called “10-foot 
rock effect? The terrain is flat from the tower base out to 
400 feet, where a 10-oot high rock is placed. Note that 
this forms a diffraction wedge, but that also blocks 
direct waves trying to shoot through it to the flat surface 
beyond, as shown by Ray A. Ray B reflects off the flat 
Surface before it reaches the 10-foot rock, but it is 
blocked by the rock from proceeding further. A simple 
Geometric Optics (GO) analysis of this terrain without 
taking diffraction into account will result in the elevation 
response shown in Fig 22. 


Fig 20- Diagram showing diffraction mechanism of ray 
launched at angle o; below horizon at diffraction wedge, 
whose included angle is a. Referenced to the incident 
face (the "o-face" as itis called in UTD terminology), the 
incoming angle is ¢ (phi prime). The wedge creates an 
infinite number of diffracted waves. Shown is one. 
whose angle referenced to the o-face is o, the so-called 
"observation angle” in UTD terminology. 


Fig 22— Elevation response for rays launched at terrain in 
Fig 21 from a height of 60 feet using a &-element Yagi. This 
was computed using a simple Geometrical Optics (G0) 
Teflection-only analysis. Note the "hole" in the response 
between 6 to 10- in elevation. Itis not reasonable fora. 
10-foot high rock to create such a disturbance at 21 MHz! 
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the elevation patter predicted using relecion-only GO. 
techniques. Dueto blockage of the direct wave (A | tying to 
shoot past the 10-foothigh rock, and due to blockage of (8) 
reflections from the flat ground in front of the roc, there Is 
a "hole" in the smooth elevation pattern. 

Now, doesn't it defy common sense to imagine that a 
single 10-foothigh rock will really have such an effect on а 
15-meter signal? Keller's GTD took diffraction effects into 
account to show that waves do indeed sneak past and over 
the rock to fil in the pattem, The whole GTD scheme is 
Very clever indeed 

However, GTD wasn't perfect Keller's GTD predicts 
somebig spikes in the pattern, even though the overall shape 
of theelevation patter is much closer to reality than a simple 
GO reflection analysis would Indicate, The region right at 
theRSB and ISB shadow boundaries is where problems are 
found. The GO terms go to zero at these points because of 
blockage by the wedge, while Keller's diffraction terms tend 
to go to infinity at these very spots, In mathematical terms 
this is referred to as a “caustic problem.” Nevertheless 
despite these nasty problems at the ISB and RSB, the GTD 
provided a remarkably better solution to diffraction problems 
than did classical GO. 

In the early 1970s, a group at Ohio State University 
under R, G.K ouyoumjian and P. H. Pathak did some pivotal 
work to resolve this caustic problem, introducing what 
amounts to a clever “fudge factor” to compensate for the 
tendency of the diffraction terms at the shadow boundaries 
to go to infinity. They introduced what is known as a 
“transition function," using a form of F resnel integral. M ost 
importantly, the Ohio State researchers also created several 
FORTRAN computer programs to compute the amplitude 
and phase of diffraction components. Now computer hackers 
could getto work! 

The program that resulted is called YT, standing for 
“Yagi Terrain.” Asthenamesuggests, YT analyzes the effect 
of local terrain for Yagis only, and only for horizontally 
polarized agi. The accurate appraisal of the effect of terrain 
on vertically polarized signals is a far more complex problem 
than for horizontally polarized Waves. 


SIMULATION OF REALITY 
— SOME SIMPLE EXAMPLES FIRST 

We want o focus firston some simple results, to show 
that he computations do make some sense by presenting 
some simulations over simple terrains. We've already 
described the "10-foot rock at 400 feet” situation, and 
showed where a simple GO reflection analysis is inadequate 
to the task without taking diffraction effects into account 

Now look at the simple case shown in Fig23, where a 
very long, continuous downslope from the tower base is 
shown. Note that the scales used for the X and Y-axes are 
different the Y-axis changes 300 fet in height (rom 800 to 
1100 fee) while the X-axis goes from 0 to 3000 feet This 
exaggerates the apparent steepness of the downward slope, 
whichis actually a rather gente slope, atan”! (1000 - 850) 
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Fig 23—A long, gentle downward-sloping terrain. This 
terrain has no explicit diffraction points and can be 
lyzed using simple GO reflection techniques. 


Fig 24- Elevation response for terrain shown in Fig 23, 
using a dralement Yagi, 60-foot high. Note that the 

pe of the response is essentially shifted toward the 
left, toward lower elevation angles, by the angle of the 
sloping ground. For reference, the response for an 
Identical Yagi placed over flat ground is also shown. 


1(3000- 0) = -2.86°. In other words, the terrain falls 150. 
feetin height over a range of 3000 feet from the base of the 
tower 

Fig 24 shows the computed elevation response for this 
terrain profile, for a four-element horizontally polarized Yagi 
оп a 60 foot tower. The response is compared to that of an 
Identical Yagi placed 60 feet above flat ground. Compared 
tothe"flatland” antenna, the hilltop antenna has ап elevation 
response shifted over by almost 3 toward thelower elevation 
angles, In fact, this shift is directly due to the -2.86" slope 
of the hill. Reflections off the slope are tilted by the slope. 
In this situation there are no diffractions just reflections. 

Look at Fig 25, which shows another simple terrain 
profile, called a fl, Valle scenario, Here, the 60-foot 
high tower stands on the edge of a gentle ill overlooking а 
long valley. Once again the slope of the hill is exaggerated 
by the different X and Y-axes, Fig 26 shows the computed 


Fig 25— "HillValley” terrain, with reflected and 


diffracted rays. 


Fig 26- Elevation response computed by YT program 
for single 4-elementYagi at 60 feet above "Hil Valley" 
terrain shown in Fig 25. Note that the slope has caused 
the response in general to be shifted toward lower. 
elevation angles. At 5- elevation, the diffraction 
Components add up to increase the gain slightly above 
the amount a GO-only analysis would indicate. 


Fig 27— "Hill-Ahead" terrain, shown with diffracted rays 


created by illumination of the edge of the plateau at the 
top of the hill. 


elevation response at 21.2 MHz for a 4-element Yagi on a 
60-foot high tower at the edge of the slope. 

Once again, the pattern is overlaid with that of an 
identical 60-foot-high Yagi over flat ground. Compared to 
the flatland antenna, the hilltop antenna's response above 
9° in elevation is shifted by almost 3° towards the lower 
elevation angles. Again, this is due to reflections off the 
downward slope. Fram 1° to 9°, the hilltop pattern is 
enhanced even more compared to the flatland antenna, this 
time by diffraction occurring at the bottom of the hill. 

Now let's see what happens when there isa hill ahead in 
thedirecion of Interest. Fig 27 depicts such a situation, labeled 
“Hill-Abead.” Here, at a height of 400 feet above mean sea 
level, the land is flat in front of the tower, out toa distance of 
500 feet, where the hill begins. The hill then rises 100 feet over 
the range 500 to 1000 feet away from the tower base, After 
that, the terrain isa plateau, ata constant 500 feet elevation. 

Fig28 shows the computed elevation pattem for a four 
element Yagi 60-feet high on the tower, compared again with 
an overlay for an identical 60-foot high antenna over flat 
ground, The hill blocks low-angle waves directly radiated 
from the antenna from 0° to 2.3°. In addition, waves that 
Would normally be reflected from the ground, and that would 
normally add in phase from about 2.3° to 12°, are blocked 
by the hill also. Thus the signal at 8 is down almost 5 dB 
from the signal over flat ground, all due to the effect of the 
hill. Diffracted waves start kicking in once the direct wave 
rises enough above the horizon to illuminate the top edge of 
the hill. These diffracted waves tend to augment elevation 
angles above about 12°, which reflected waves can't reach. 

Is there any hope for someone in such a lousy OTH for 
DXing? Fig 29 shows the elevation response for a truly 
heroic solution. Thisinvolvesa stack of four 4-element Y agis, 
mounted at 120, 90, 60 and 30 feet on the tower. Now, the 
total gain is just about comparable to that from a single 
4-element Yagi mounted over flat ground. Where there's а 
ham, there is a way! 


Fig 28- Elevation response computed by YT for "Hill 
Ahead" terrain shown in Fig 27. Now the hill blocks. 
direct rays and also precludes possibility of any 
constructive reflections. Above 10 diffraction 
components add up together with direct rays to create 
the response shown. 
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Fig 29- Elevation response of "heroic effort” to 
surmount the difficulties imposed by hil in Fig 27.This 
“бог involves a stack of four 4-elementYagis in a stack 
Starting at 120 feet and spaced at 30-foot increments 
оп the tower. The response is roughly equivalent to а 
Single four-element Yagi at 60 feet above flat ground, 
hence the characterization as being a "heroic effort” 
Note that the elevation-angle statistics have been 
added to this plot as an overlay of asterisks. 


ALS" elevation, four diffraction components add up 
(there are zero reflection components) to achieve the far 
field pattern, This seems reasonable, because each of the 
four antenasisilluminating the diffraction point separate 
and we know that none of ће four antennas can "see ove 
the il directly to producea reflection ata low launch angle 

You will note something new on Fig 29— another curve 
has appeared. The line with asterisks refers to the legend "WI. 
MA-EU РАН "Thiscuvepotoystherdatvepercentgeof ime 
during which particular elevation anglearivesin M assachusets 
from Europa We have thus integrated on one graph he range of 
elevation angles necessary to communicate from New England 
to Europe [over thewhole 11-year sunspot cycle) vith the response 
attributi to the topography of a particular tain 

For example, at an elevation angle of 5°, 15-meter 
signals arrive from Europe about 13% of the total number 
of times when the band is actually open. We can look at his 
another way. For about two-thirds of the times when the 
band is open on this path, the incoming angleis between 3° 
to 12°. For about one-third of the time, signals arrive above 
10°, where the "heroic" four-stack is finally beginning to 
come into its own, sort of, anyway. 


А More Complex Terrain 

‘The results for simple terrains look reasonable; let's 
try a more complicated real-world situation, Fig 30 shows 
the terrain from the N6BV OTH toward Japan. The terrain 
is complex, with 17 different points ҮТ identifies as 
diffraction points. Fig 31 shows the YT output for three 
different types of antennas on 20 meters: а stack at 120 and 
60 feet, the 120-foot antenna by itself, and then a 120-foot 
high antenna over flat ground, for reference, The elevation 
angle statistics for New England to the Far East (J apan) are 
overlaid on the graph also, making for a very complicated 
looking picture it is а lot easier to decipher the lines on 
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Fig 30- Terrain of NGBV in Windham, New Hampshire, 
toward j apan. YT identifies 17 different points where 
diffraction can occur. 


mem 


Fig 31— Elevation responses computed by YT for N6BV 
terrain shown in Fig 30, for a stack of two 4-element 
Yagis at 120 and 60 feet, together with the response for 
A single Yagi at 120 feet The response due to many 
diffraction and reflection components is complicate 
The response for a single four-element Yagi over flat 
ground is shown by the light dotted line, for reference. 


thecolor CRT, by the way, than an a black-and-white printer, 

Examination ofthe detailed data output from YT shows 
that at an elevation angle of 5°, the peak percentage angle 
(19% of the time when the band is open), there are three 
reflection components for the 120/60-foot stack, but there 
are also 25 diffraction components! There are many, many 
Signals bouncing around off the terrain on their trip to Japan, 
Note that because of blockage of some parts of the terrain, 
the 60-foot high Yagi cannot illuminate all the diffraction. 
points, while the higher 120-footY agi is able to "see" these 
diffraction points 

It is fascinating to reflect on the thought that received 
signals coming down from the ionosphere to the receiver аге 
having encounters with the terrain, but from the opposite 
direcion. It's not suprising, given these kinds of interactions, 
that transmitting and receiving might not be totally reciprocal, 

It is interesting that the 120/60-foot stack, indicated 
by the solid line in Fig 31, achieves its peak gain of 
180 dBi at 8° elevation, where tis about 4 dB greater than 


the single 120-foothigh four-element Yagi. A 11" elevation, 
the difference is about 7 dB in favor of the stack. Numerous 
times such a marked difference in performance between the 
stack and each antenna by itself have been observed. Such 
performance differences due to complex terrain may in Fact 
partly account for why stacks often seem to be "magic" 
compared to single agis at comparable heights. 

Certainly there is no way atwo-beam stack can actually 
achieve a 7 dB difference in gain over a single antenna due 
to stacking alone, Computer modeling over flat ground 
indicates a maximum practical gain difference on the order 
of 2.5 to 3 dB, depending on the spacing and interaction 
between individual Yagis in a stack of two the uneven 
terrain is giving the additional focusing gain. Note that you 
stil don't get something for nothing. While gain at particular 
angles may be enhanced by terrain focusing, gain at other 
angles is degraded compared to aflat-ground terrain. 

Much of the ime when comparisons are being made, 
the small differences in signal are difficult to measure 
‘meaningfully, especially when the OSB varies signals by 
20 d or so during a typical 050. 


USING YT 
Generating a Terrain Profile 
The program uses two distinct algorithms to generate 


the far-field elevation patter, Thefirstis a simple reflection- 
only Geometric Optics (GO) algorithm. The second is the 
diffraction algorithm using the Uniform Theory of 
Diffraction (UTD). These algorithms work with a digitized 
representation of the terrain profile for a single azimuthal 
direction for example, toward J apan or toward Europe. 

The terrain file is generated manually using а 
topographic map and a ruler or a pair of dividers. The 
YT.TXT fileon the accompanying CD-ROM gives complete 
instructions on how to create a terrain file. The process is 
simple for people in the USA, Mark on the US Geological 
Survey 7.5 minute map the exact location of your tower. 
You will find 7.5 minute maps available from some local 
sources, such as large hardware stores, but the main contact 
point is the U.S. Geological Survey, Denver, CO 80225 or 
Reston, VA 22092. Call 1-800-MAPS-USA. Ask for the 
folder describing the topographic maps available for your 
geographic area. Many countries outside the USA have 
topographic charts also. Most are calibrated in meters, 
however. To use these with TA, you will have to convert 
meters o feet by multiplying meters by 3.28 

Mark off a pencil line from the tower base, in the 
azimuthal direction of interest, perhaps 45° from New 
England to Europe, or 335° to Japan. Then measure the 
distance from the tower base to each height contour crossed 
by the pencil line. Enter the data at each distance/heightinto 


Fig 32—A portion of USGS 
7.5 minute topographic тар 
showing N6BV OTH, together 
With marks in direction of 
Europe and J apan from tower 
base. Note that the elevation 
contours were marked by 
hand to help eliminate 
confusion. This required a 
‘magnifying glass and a 
steady hand! 
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anASCII computer file, whose filename extension is" PRO, 
standing for "profile." 

Fig32showsaportion of the USGS map for me 
QTH in Windham, NH, along with lines scribed in several 
directions toward various parts of Europe and the Far East. 
Note that the elevation heights of the intermediate contour 
lines are labeled manually in pencil in order to make sense. 
of things. It is very easy to get confused unless you do this! 

‘The terrain model used by YT assumes that the terrain, 
is represented by flat "plates" connecting the elevation points 
in the *.PRO file with straight lines. The model is two 
dimensional, meaning that range and elevation are the only 
data for a particular azimuth. In effect, YT assumes that the 
width of а terrain plate is wide relative to its length 
Obviously, the world is three dimensional. If your shot in а 
particular direction involves aiming your Yagi down a 
canyon with steep walls, then it's pretty likely that your actual 
elevation pattern will be different from what YT tells you. 
‘The signals must careen horizontally from wall to wall, in. 
addition to being affected by the height changes of de terrain. 
YT isn't designed to do canyons. 

To geta true 3-D picture of the full effects of terrain, а 
terrain model would haveto show azimuth, along with range 
and elevation, point-by-point for about a mile in every 
direction around the base of the tower. A fter you go through 
the pain of manually creating a profile for a single azimuth, 
you'll appreciate the immensity of the process f you try to 
Create а full 360° 3-0 profile. 

Digital terrain maps are available in some locations. 
However, be cautioned that the digitized data from such 
databases is fairly crude in resolution. No doubt, the data is 
adequate to keep a Cruise M issile flying above the terrain, 
oneof theoriginal intents for digitized terrain data, T he data 
is probably adequate for many other non-military purposes 
too, But it is rarely sufficiently detailed to be truly 
representative of what your antenna looks down at from the. 
tower 


Algorithm for Ray-Tracing the Terrain 
‘There are a number of mechanisms that should be taken 
into account as a ray travels over the terrain: 


1. Classical ray reflection, with Fresnel ground coefficients. 

2. Direct diffraction, where a diffraction point is illumi 
nated directly by an antenna, with no intervening terrain 
features blocking the direct illumination. 

3. When a diffracted ray is subsequently reflected off the 
terrain, 

4. When a reflected ray encounters a diffraction point and 
causes another series of diffracted rays to be generated, 

5. When adiffracted ray hits another diffraction point, gener- 
айпа another whole series of diffraction. 


Certain unusual, bowl-shaped terrain profiles, with sheer 
vertical faces, can conceivably cause signals to reflect or 
difractin a backward direction, only to be reflected back again 
intheforward direction by the sheer-walled terrain to the rear. 
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ҮТ does not accommodate these interactions, mainly because 
to do so would increase the computation time too much. 


ҮТ» Internal Antenna Model 

"The Yagi antenna used inside YT can be selected by the 
operator to be anywhere from a 2-element to an 8-element. 
Yagi. The default assumes a simple cosine-squared response 
equivalent to a 4-element Yagi in free space. YT traces rays 
only in the forward direction from the tower along the azimuth 
of interest. This keeps the algorithms reasonably simple and 
saves computing time, while minimizing memory 
requirements. Since we Yagi model assumes that the antenna 
has a decent front-to-back гаво, there Is no need to worry 
about signals bouncing off the terrain behind the tower, 
something that would be necessary for a dipole, for example. 

ҮТ considers each Yagi İn a stack as а separate point 
source. The simulation begins to fall apart if a traveling wave 
type of antenna like a rhombic is used, particularly if the 
terrain changes under the antenna- that is, the ground is not 
flat under the entire antenna. For atypical Yagi, even along 
boom one, the point-source assumption is reasonable, The 
Internal antenna model also assumes that the Yagi is 
horizontally polarized. YT does not do vertically polarized 
antennas. 

YT compares well with the measurements for the 
horizontal antennas described earlier by Jim Breakall, 
WA3FET, using a helicopter in Utah. Breakall’s 
measurements were done with a 15-foot high horizontal 
dipole 


More Details About YT 
Frequency Coverage 

YT can be used on frequencies higher than the HF bands, 
although the graphical resolution is only 025°, The patterns 
above about 100 M Hz thus look rather grainy. The UTD is a 
"high-frequency asymptotic" solution, o in theory the results 
get more realistic as the frequency is raised. Keep in mind too 
that YT is designed to model launch angles for skywave 
propagation modes, including F-layer and even sporadic E. 
Since by definition the ionospheric launch angles include only 
those above the horizon, direct line-of-sight UHF modes 
involving negative launch angles are not considered in YT. 

Ses T.TXT for further details on the operation of the 
YT program. This file, as well as saple terrain profiles 
for “big-gun" stations, is located on the CD-ROM 
accompanying this book 
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Planning and Practical 


Considerations 


Selecting Your Antenna System 


Where should you star in putting together an antenna 
system? A newcomer to Amateur Radio, an amateur moving 
to anew location, or someone wanting to improve an existing 
‘antenna farm" might ask this question. The answer: In а 
comfortable chair, with a pad and writing instrument. 

The most important time spent in putting together an 
antenna system is that time spent in planning. It can save а 
lot of time, money and frustration. While no one can tel 
you the exact steps you should take in developing your 
master plan, this section, prepared by Chuck Hutchinson, 
ect, should help you with some ideas, 

Begin planning by spelling out your communications 
desires. What bands are you interested in? Who (ог where) 
do you want to talk to? When do you operate? How much 
time and money are you willing to spend on an antenna 
system? What physical limitations affect your masterplan? 

From the answers to the above questions, begin to 
formulate goals— short, intermediate, and long range. Be 
realistic about those goals. Remember that there are three 
station effectiveness factors that are under your control. 
These are: operator skill, equipment in the shack, and the 
antenna system. There is no substitute for developing 
operating skills. Some trade-offs are possible between shack 
equipment and antennas. For example, a high-power 
amplifier can compensate for а less than optimum antenna 
By contrast, a better antenna has advantages for receiving 
as well as for transmitting 

Consider your limitations. Are there regulatory 
restrictions on antennas in your community? Are there any 
deed restrictions or covenants that apply to your property? 
Do other factors (finances, family considerations, other 
interests, and so forth) limit the type or height of antennas 
that you can erect? AI of these factors must be investigated 
because they play a major role determining the type of 
antennas you erect 

Chances are that you won't be able to immediately do 
all you desire. Think about how you can budget your resources 
over а period of time. Your resources are your money, your 
time available to work, materials you may have on hand, 
friends that are willing to help, ete. One way to budget is to 
concentrate your initial efforts оп a given band or two. If 
your major interest isin chasing DX, you might want to start 
with a very good antenna for the 14-M Hz band, A simple 
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multiband antenna could initially serve or other frequencies 
Later you can add better antennas for those other bands, 


SITE PLANNING 
A тар о! your property or proposed antenna ste can 
be of greathelp as you begin to consider alternative antennas. 
You'll need to know the size and location of buildings, trees 
and other major objects in the area. Be sure to note compass. 
directions on your map. Graph paper or quadrille paper is. 
very useful for this purpose. See Fig for an example. It's а 
good idea to make a few photocopies of your site map so 
you can mark on the copies as you work on your plans. 


Fig 1—A site map such as this one is a useful tool for 
planning your antenna installation. 


Use your map to plan antenna layouts and locations of 
any supporting towers or masts. If your plan calls for more 
than one tower or mast, think about using them as supports 
for wireantennas. A s you work on a layout, be sure to think 
in three dimensions even though the map shows only two. 

Be sensitive to your neighbors. A 70-foot guyed tower 
in the front yard of a house in a residential neighborhood is 
not а good idea (and probably won't comply with local 
ordinances!) 


ANALYSIS 

Use the information in this book to analyze antenna 
patterns in both horizontal and vertical planes. If you want. 
to work DX, you'll want antennas that radiate energy at low 
angles. A n antenna pattern is greatly affected by the presence 
of ground. Therefore, be sureto consider what effect ground 
will have on the antenna pattern at the height you are 
considering. A 70-foot high antenna is approximately *, 1, 
Jh and 2 wavelengths (А) high on 7, 14, 21 and 28 MHz 
respectively, Those heights are useful for long-distance 
communications, The same 70-foot height represents only 
144 at 3.5 M Hz. M ost of the radiated energy from a dipole. 
at that height would be concentrated straight up. This 
condition is not great for long-distance communication, but 
can still be useful for DX work and excellent for short-range 
communication 

Lower heights can be useful for communication. 
However, itis generally true that "the higher, the better” as 
far as communications effectiveness is concerned. 

There may be cases where it is nat possible to install 
low-frequency dipoles at 2/4 or more above the ground. 
A vertical antenna with many radials is a good choice for 
long-distance communications. You may want to install 
both a dipole and a vertical for the 3.5 or 7-MHz bands, 
On the 1.8-MHz band, unless very tall supports are 
available, a vertical antenna is likely to be the most useful 
for DX ing. You can then choose the antenna that performs 
best for а given set of conditions. A low dipole will 
generally work better for shorter-range communications, 
While the vertical will generally be the better performer 
over longer distances. 

Consider the azimuthal patter of fixed antennas. You'll 
want to orient any fixed antennas to favor the directions of 
greatest interest to you. 

BUILDING THE SYSTEM 

When the planning is completed, it is time to begin 
construction of the antenna system. Chances are that you 
can divide that construction into a series of phases or steps, 
Say, for example, that you have lots of room and that your 
long-range plan calls for a pair of 100-foottowersto support 
monoband Yagi antennas. The towers will also support a 
horizontal 3.5-M Hz dipole at 100 feet, for DX work. on 
Your map you've located them so the dipole will be roadside. 
to Europe Initially you decide to build a 60-foot tower with 
a triband beam and a 3.5-M Hz Inverted-V dipole to begin 
the projec. In your master plan, the 60-foot tower is really 


4-2 chapter a 


the bottom part of a 100-foot tower, The guys, anchors and 
all hardware are designed Гог use in the 100 footer. 

Initially you buy а heavy-duty rotator and mast that 
will be needed for the monoband antennas later. Thus, you 
avoid having to buy, and then sell, a medium-duty rotator 
and lighter-weight tower equipment. You could have saved 
money in the long run by putting up a monoband beam for 
your favorite band, but you decided that Гог now itis more 
importanto havea beam on 14, 21 and 28 M Hz. The second 
step of your plan calls for installing the second tower. This 
time you've decided to wait until you can install all 100 feet 
of that second tower, and put a 7-M Hz Yagi on top of it 
Later you will remove the top section of the first (60 foot) 
tower and insert the sections and add the guys to bring it up 
to 100 feet. You decide that at that time you'll continue to 
use the tribander for a few months to see what difference 
the 60 foot to 100-foot height change makes. 


COMPROMISES 

Because of limitations, most amateurs are never able 
to build their “dream” antenna system. This means that some 
compromises must be made. Do not, under any 
circumstances, compromise the safety of an antenna 
installation. Follow the manufacturer's recommendations for 
tower assembly, installation and accessories. M ake sure that 
all hardware is being used within its ratings. 

Guyed towers are frequently used by radio amateurs. 
because they cost less than more complicated unguyed ог 
freestanding towers with similar ratings. Guyed towers are 
fine for those who can climb, or those with a friend who is 
Willing to climb. But you may want to consider an antenna 
tower that folds over, or one that cranks up (and down) 
Some towers crank up (and down) and fold over too. See 
Fig 2. That makes for convenient access to antennas for 
adjustments and maintenance without climbing. Crank-up 
towers also offer another advantage. They allow antennas 
to be lowered during periods af no operation, such as for 
aesthetic reasons or during periods of high winds, 

A well-designed monoband Yagi should out-perform a 
‘multiband Yagi. in а monoband design the best adjustments. 
can be made for gain, front-to-back ratio (F/B), and 
matching, but only for a single band, In a multiband design, 
there are always trade-offs in these properties for the ability 
to operate on more han one band, Nevertheless, a multiband 
antenna has many advantages over two or more single band 
antennas. A multiband antenna requires less heavy duty 
hardware, requires only one feed line, takes up less space, 
and it costs less 

Apartment dwellers face much greater limitations in 
their choice of antennas. For most the possibility of a tower 
is only a dream. (One enterprising ham made arrangements 
to purchase atop-floor condominium from a developer. The 
arrangements were made before construction began, and the 
plans were altered to include a roof-top tower installation.) 
For apartment and condominium dwellers, the situation is 
stil far from hopeless. A later section presents ideas for 
consideration. 


Fig 2— Alternatives to а guyed tower are shown here. At A, the crank-up tower permits working on antennas at 
reduced height. It also allows antennas to be lowered during periods of no operation. Motor-driven versions are 
available. The fold-over tower at В and the combination at C permit working on antennas at ground level. 


EXAMPLES 

You can follow the procedure previously outlined 
to put together modest or very large antenna systems, 
What might a ham put together for antennas when he or 
she wants to try a little of everything, and has a modest 
budget? Let's suppose that the goals are (1) low cost, (2) 
по tower, (3) coverage of all HF bands and the repeater 
portion of one VHF band, and (4) the possibility of 
working some DX 

After studying the pages of this book, the station owner. 
decides to first put up a 135-foot center-fed antenna, High 
trees in the backyard will serve as supports to about 50 feet. 
This antenna will cover all he HF bands by using a balanced 
feeder and an antenna tuner. It should be good for DX 
contacts on 10 M Hz and above, and will probably work okay 
for DX contacts onthe lower bands. However, her plan calls 
for a vertical for 3.5 and 7 MHz to enhance the DX 
possibilities on those bands. For V HF, a chimney-mounted 
vertical is included, 
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ANOTHER EXAMPLE 

A licensed couple has bigger ambitions. Goals for their 
station are (1) a good setup for DX on 14, 21 and 28 MHz, 
(2) moderate cost, (3) one tower, (4) ability to work some 
DX on 18,35 and 7 MHz, and (5) no need to cover the CW 
portion of the bands. 

After considering the options, the couple decides to 
instal а 65-foot guyed tower. A large commercial triband 
Yagi will be mounted on top of the tower. The center of a 
trap dipole tuned for the phone portion of the 3.5 and 
7-M Hz bands will be supported by a wooden yard arm 
installed atthe 60-foot level of the tower, with ends drooping 
down to form an inverted V. An inverted L for 1.8 MHz 
starts near ground level and goes upto a similar yard arm on 
the opposite side of the tower. The horizontal portion of the 
inverted L runs away from the tower at right angles to the 
trap dipole. Later, the husband will experiment with sloping 
antennas for 3.5 MHz. If those experiments are not 
successful, a 2/4 vertical will be used on that band 


Apartment Possibilities 


A complete nd accurate assessment of antenna types, 
antenna placement, and feet-line placementis very important 
forthe apartment dweller. Among the many possibilities for 
types are balcony antennas, "invisible" ones (made of fine 
wire), vertical antennas disguised as flag poles or as masts 
with a TV antenna on top, and indoor antennas. 

A number of amateurs have been successful in 
negotiating with the apartment owner or manager for 
permission to install a short mast on the roof of the structure. 
Coaxial lines and rotator control cables might be routed 
through conduit troughs or through duct work, If you livein 
опе of the upper stories of the building, routing the cables 
‘over the edge of the roof and in through a window might be 
the way to go. Thereis a story about one amateur who owns 
a triband beam mounted on a 10-foot mast. But even with 
Such a short mast, he is the envy of all his amateur friends 
because of his superb antenna height. His mast stands on 
top of a 22-story apartment building. 

Usually the challenge isto find ways to install antennas 
that are unobtrusive, That means searching out antenna 
locations such as balconies, eaves, nearby trees, etc. For 
example, a simple but effective balcony antenna isa dangling 
vertical, Attach an "invisible" wire to the tip of a mobile 
whip or a length of metal rod or tubing, Then mount the 
rigid part of the antenna horizontally on the balcony гаї, 
dangling the wire over the edge. The antenna Is operated 
against he balcony railing or other metallic framework. А 
matching network Is usually required at the antenna feed 


Antennas for 


Itis not always practical to erect full-size antennas for 
the НЕ bands. Those who live in apartment buildings may 
be restricted to the use of minuscule radiators because of 
house rules, or simply because the required space for full 
size antennas is unavailable. Other amateurs may desire 
mall antennas for aesthetic reasons, perhaps to keep peace 
with neighbors who do not share their enthusiasm about high 
towers and big antennas, There are many reasons why some 
‘amateurs prefer to use physically shortened antennas; this 
chapter discusses proven designs and various ways of 
building and using them effectively. 

Few compromise antennas are capable of delivering 
the performance one can expect from the full-size variety 
But the patient and skillful operator can often do as well as 
some who are equipped with high power and full-size 
antennas. Someone with a reduced-size antenna may not be 
able to “bore a hole” in the bands as often, and with the 
commanding dispatch enjoyed by those who are better 
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point. Metal in the building will likely give a directivity 
effect, but this may be of litle consequence and perhaps 
егеп an advantage. The antenna may be removed and stored 
when not in use 

Frequently, the task of finding an inconspicuous route 
for a feed line is more difficult than the antenna installation 
itself. When Al Francisco, К TNHV, lived in an apartment, 
he used a tree mounted vertical antenna. The coax feeder 
exited his apartment through a window and ran down the 
wall to the ground. Al buried the section of line that went. 
from under the window to a nearby tree. A tthe tree, a section 
of enameled wire was connected to the coax center conductor. 
Heran the wire up the side the tree away from foot traffic. 
A fem short radials completed the installation. The antenna 
worked fine, and was never noticed by the neighbors. 

See Chapters 6 and 15 for ideas about low-frequency 
and portable antennas that mightfit nto your available space. 
Your options are limited as much by your imagination and 
Ingenuity as by your pocketbook. Another option for 
apartment dwellers is to operate away from home. Some 
hams concentrate оп mobile operation as an alternative to а 
fixed station, It is possible to make a lot of contacts on HF 
mobile. Some have worked DXCC that way. 

Suppose that you like VHF contests. Because of other 
activities, you are not particularly interested in operating 
УНЕ outside the contests, Why nottake your equipment and 
antennas to а hilltop for the contests? М any hams combine 
love for camping or hiking with their interest in radio, 


Limited Space 


equipped, but DX can be worked successfully when band 
conditions are suitable. 


INVISIBLE ANTENNAS 

We amateurs don't regard our antennas as eyesores; in 
fact, we almost always regard them as works of ап! But 
there are occasions when having an outdoor or visible 
antenna can present problems, 

When weare confronted with restrictions-self-imposed 
or otherwise-we can take advantage of a number of options 
toward getting on the air and radiating at least a moderately 
effective signal. In this context, а poor antenna is certainly 
better than no antenna at all! This section describes a number 
of techniques that enable us to use indoor antennas or 
"invisible" antennas outdoors. M any of these systems will 
yield good-to-excellent results for local and DX contacts, 
depending on band conditions at any given time. The most 
important consideration is that of not erecting any antenna 


that can present a hazard (physical or electrical) to humans, 
animals and buildings. Safety first! 


Clothesline Antenna 

Clotheslines are sometimes attached to pulleys (Fig 3) 
о that the user can load the line and retrieve the laundry 
from a back porch. Laundry lines of this variety are accepted 
parts of the neighborhood "scenery" and can be used handily 
as amateur antennas by simply insulating the pulleys from 
their support points. This calls for the use of a conducting 
type of clothesline, such as heavy gauge stranded electrical 
wire with Teflon or vinyl insulation. A high quality, flexible 
steel cable (stranded) is suitableas a substitute if one doesn't 
mind cleaning it each бте clothing is hung on it. 

А jumper wire can be brought from one end of the line 
to the ham shack when the station is being operated. If a good 
electrical connection exists between the wire clothesline and 
the pulley, a permanent connection can be made by connecting 
the lead-in wire between the pulley and its insulator, An 
antenna tuner can be used to match the “invisible” random. 
length wire to the transmitter and receiver 


Invisible Long Wire 

A wireantenna is not actually a "long wire" unless itis 
one wavelength or greater in length Yet many amateurs refer 
to (relatively) long physical spans of conductor as “long 
wires.” For the purpose of this discussion we will assume 
wehavea fairly long span of wire, and refer to itas an "end 
fed” wire antenna. 

If we use small-diameter enameled wire for our end: 
fed antenna, chances are that it will be very difficult to see 
against the sky and neighborhood scenery. The smaller the 
wire, the more "invisible" the antenna will be The limiting 
factor with small wireis fragility. A good compromise is #24 
ог #26 magnet wire for spans up to 130 feet; lighter-gauge 
Wire can be used for shorter spans, such as 30 or 60 feet. The 
major threatto the longevity of fine wire is icing. Also, birds 
тау fly into the wire and break it Therefore, this style of 
antenna may require frequent service or replacement. 


- 


Fig illustrates how we might install an invisible end: 
fed wire. Itis important that the insulators also be lacking in 
prominence. Tiny Plexiglas blocks perform this function 
well. Small-diameter clear plastic medical vials are suitable 
also. Some amateurs simply use rubber bands for end 
insulators, but they will deteriorate rapidly from sun and air 
pollutants. They are entirely adequate for short-term 
operation with an invisible antenna, however. 


Rain Gutter and TV Antennas 

A great number of amateurs have taken advantage of 
standard house fixtures when contriving inconspicuous 
antennas. A very old technique is the use of the gutter and 
down spout system on the building. This is shown in Fig 5, 
Where a lead wire is routed to the operating room from one 
end of the gutter trough. We must assume that the wood to 
which the gutter is affixed is dry and of good quality to 
provide reasonable electrical insulation. The rain gutter 
antenna may perform quite poorly during wet weather or 
when there s ice and snow on it and the house roof. 

Al joints between gutter and down spout sections must 
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"invisible" end-fed antenna. 


Fig 4—Th 


Fig 3— The clothesline antenna is more than it appears 
to be. 
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Fig 5— Rain gutters and TV antenna installations can be 
used as inconspicuous Amateur Radio antennas. 


de bonded electrically with straps of braid or flashing copper 
to provide good continuity in the system. Poor joints can 
permit rectification of RF and subsequently cause ТҮ! and 
other harmonic interference. Also, it is prudent to insert a 
section of plastic down spout about 8 feet above ground to 
prevent RF shocks or burns to passersby while the antenna 
is being used. Improved performance may result if the ront. 
and back gutters of the house are joined by a jumper wire to 
Increase the area ofthe antenna 

Fig 5 also shows а TV or FM antenna that can be. 
employed as an invisible amateur antenna, Many of these 
antennas can be modified easily to accommodate the 144 or 
222-M Hz bands, thereby permitting the use of the 300-02 
lineasa feeder system, Some FM antennas can be used on 6 
meters by adding #10 bus wire extensions to the ends of the 
elements, and adjusting the match for an SWR of 1:1. If 
300-0 lineis used it will require a balun or antenna tuner to 
interface the line with the station equipment 

For operation in the HF bands, the TV or FM antenna 
feeders can be tied together at the transmitter end of the 
span and the system treated as a random length wire. If this 
is done, the 300-0 line will have to be on TV standoff 
Insulators and spaced well away from phone and power 
company service entrance lines. Naturally, the TV or FM 
radio must be disconnected from the system when it is used 
for amateur work! Similarly, masthead amplifiers and 
splitters must be removed from the line f the system Isto be 
used for amateur operation If the system is mostly vertical, 
good RF ground system with many radials around the base 
of the house should be used to improve performance. 

A very nice top-loaded vertical can be made from a 
length of TV mastwith alargeTV antennaon thetop, Radials 
can be placed on the roof or at ground level with the TV 
“feed line" acting as part of the vertical. An extensive 
discussion of loaded verticals and radial systems is given in 
Chapter 6. 


Flagpole Antennas 

We can exhibit our patriotism and have an invisible 
‘amateur antenna atthe same time by disguising our antenna 
as shown in Fig 6. The vertical antenna is a wire that has 
been placed Inside a plastic or fiberglass pole. 

The flagpole antenna shown Is structured for a single 
amateur band, and it is assumed that the height of the pole 
corresponds to а quarter wavelength forthe chosen band. The 
radials and feed line сап be buried in the ground as shown. In 
a practical installation, the sealed end of the coax cable would 
protrude slightly into the lower end of the plastic pole. 

If a large-diameter fiberglass pole were available, а 
multiband trap vertical may be concealed inside it. Or we 
mightusea metal pole and bury a water-tight box atits base, 
containing fixed-tuned matching networks for the bands of 
interest. The networks could then be selected remotely by 
means of relays inside the box. A 30-foot flagpole would 
provide good results in this kind of system, provided it was 
used in conjunction with a buried radial system. 
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Fig 6—A flagpole antenna 


Still another technique is one that employs a wooden 
flagpole. A small diameter wire can be stapled to the pole 
and routed to the coax feeder or matching network. The 
halyard could by itself constitute the antenna wireif it were 
made from heavy duty insulated hookup wire, There are 
countless variations for this type of antenna, and they are 
limited only by the Imagination of the amateur. 
Other Invisible Antennas 

Some amateurs have used the metal fence on apartment 
Verandasas antennas, and have had good results on the upper 
НЕ bands (14, 21 and 28 M Hz), We must presume that the 
fences were not connected to the steel framework of the 
building, but rather were insulated by the concrete floor to 
which they were affixed. These veranda fences have also 
been used effectively as ground systems (counterpoises) for 
HF-band vertical antennas putin place temporarily after dark. 

One New York City amateur uses the fire escape on 
his apartment building asa 7-M Hz antena, and reports good 
success working DX stations with It. Another apartment 
dweller makes use of the aluminum frame on is living room 
picture window as an antenna for 21 and 28 M Hz. He works 
it against the metal conductors of the baseboard heater in 
the same room. 

Many jokes have been told over the years about 
“bedspring antennas." The idea is by no means absurd, 
Bedsprings and metal end boards have been used to advantage 
as antennas by many apartment dweller as 14, 21, and 
28M Hz radiators. A countespoise ground can berouted along 
the baseboard of the room and used in combination with the 
bedspring. It is important to remember that any independent 
(insulated) metal object of reasonable size can seve as an 
antenna if the transmitter can be matched to it, An amateur 


in Detroit once used his Shopsmith craft machine (about 
5 feet tall) as a 28-M Hz antenna. He worked a number of 
DX stations with it when band conditions were good, 

A number of operators have used metal curtain rods 
and window screens for VHF work, and found them to be 
acceptable for local communication. Best results with any 
of these makeshift antennas will be had when the “antennas 
are kept well away from house wiring and other conductive 
objects. 


INDOOR ANTENNAS 

Without question, the best place for your antenna is 
outdoors, and as high and in the clear as possible. Some of 
us, however, for legal, social, neighborhood, family or 
landlord reasons, are restricted to indoor antennas, Having 
to setle for an indoor antenna is certainly a handicap for the 
amateur seeking effective radio communication, but that is 
not enough reason to abandon all operation in despair. 

First, we should be aware of the reasons why Indoor 
antenas do not work well Principal faults are: (1) low height 
above ground-the antenna cannot be placed higher than the 
highest peak of the roof, a point usualy low in terms of 
wavelength at HF, (2) the antenna must function in a lossy 
RF environment involving close coupling to electrical 
wiring, guttering, plumbing and other parasitic conductors, 
besides dielectric losses in such nonconductors as wood, 
plaster and masonry, (3) sometimes the antenna must be 
made smal in termsof a wavelength and (4) usually it cannot 
be rotated, These are appreciable handicaps. Nevertheless, 
global communication with an indoor antenna is still 
possible, although you must be sure that you are notexposing 
anyone in your family or nearby neighbors to excessive 
radiation, See Chapter 1 on Safety. 

Some practical points in favor of the indoor antenna 
include: (1) freedom from weathering effects and damage 
caused by wind, ice, rain and sunlight (the SWR of an attic 
antenna, however, can be affected somewhat by a wet or 
snow-covered roof), (2) indoor antennas can be made from 
mateialsthat would be altogether impractical outdoors, such 
as aluminum fol and thread (the antenna need support only 
its own weight, (3) the supporting structure is already in 
place, eliminating the need for antenna masts and (4) the 
antenna is readily accessible in all weather conditions, 
simplifying pruning or tuning, which can be accomplished 
without climbing or tilting over a tower 


Empiricism 

A typical house or apartment presents such a complex 
electromagnetic environment that itis Impossible to predict. 
theoretically which location or orientation of the indoor 
antenna will work best. This is where good old fashioned 
cutand-try, use-what-works-best empiricism pays off. But 
to properly determine what really is most suitable requires 
an understanding of some antenna measuring fundamentals, 

Unfortunately, many amateurs do not know how to 
evaluate performance scientifically or compare one antenna 
with another. Typically, they will put up one antenna and try 
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itouton the arto see how it “gets out" in comparison with 
a previous antenna. This is obviously a very poor evaluation 
method because there is no way to know if the better or 
worse reports are caused by changing band conditions, 
different S-meter characteristics, or any of several other 
factors that could influence the reports received. 

Many times the difference between two antennas or 
between two different locations for identical antennas 
amounts to only а few decibels, a difference that is hard to 
discern unless instantaneous switching between the two is 
possible, Those few decibels are not important under strong 
Signal conditions, of course, but when the going gets rough, 
as is often the case with an indoor antenna, a few dB can 
make the difference between solid copy and no possibilty 
of real communication. 

Very litte in the way of test equipment is needed for 
casual antenna evaluation, other than a communications 
receiver. You can even do a qualitative comparison by ear, 
if you can switch antennas instantaneously Differences of 
less than 2 dB, however, are still hard to discern. The same 
is true of S-meters Signal strength differences of less than a 
decibel are usually difficult to see, If you want that last 
fraction of a decibel, you should use a good ac voltmeter at 
the receiver audio output (with theA GC turned of). 

In order to compare two antennas, switching the coaxial 
transmission line from one to the other is necessary. No 
elaborate coaxial switch is needed; even a simple double 
throw toggle or slide switch will provide more than 40 dB 
of isolation at HF. See Fig 7. Switching by means of 
manually connecting and disconnecting coaxial lines is not 
recommended because that takes too long. Fading can cause 
signal-strength changes during the changeover interval 

Whatever difference shows up in the strength of the 
received signal will bethe difference in performance between. 
the two antennas in the direction of that signal. For this test 
to be valid, both antennas must have nearly the same feed 
point impedance, a condition thats reasonably well met if 
the SWR is below 2:1 on both antennas. 


should be short and direct.) 1 through J 3 are c 
connectors. 


On ionospheric propagated signals (sky wave) there 
will be constant fading, and for a valid comparison it will 
be necessary to take an average of the difference between 
the two antennas. Occasionally, the inferior antenna will 
deliver a stranger signal to the receiver, but in the long run 
the law of averages will put the better antenna ahead 

Of course with a ground-wave signal, such as that from a 
station across town, there will beno fading problems. A ground 
Wave signal will enable the operator to properly evaluate the 
antenna under test in the direction of the source. The results 
will be valid for ionospheric-propagated signals at low 
elevation angles in that direction. On 28 MHz, all sky-wave 
signals arrive and leave at low angles. Buton the lower bands, 
particularly 3.5 and 7 MHz, we often use signals propagated 
at high elevation angles, almost up to the zenith. For these 
angles a ground-wave test will not provide a proper evaluation 
ofthe antenna, and use of sky-wave signals becomes necessary. 


Dipoles 

ALHF the most practical indoor antenna is usually the 
dipole. Attempts to get more gain with parasitic elements. 
will usually fal because of close proximity of the ground or 
coupling to house wiring. Beam antenna dimensions 
determined outdoors will not usually be valid for an attic 
antenna because the roof structure will cause dielectric 
loading of the parasitic elements. It is usually more 
worthwhile to spend time optimizing the location and 
performance of a dipole than to ry to improve results with 
parasitic elements. 

Most attics are nat long enough to accommodate half- 
wave dipoles for 7 M Hz and below. If this is the case, some 
folding of the dipole will be necessary. The final shape of 
the antenna will depend on the dimensions and configuration 
of the attic. Remember that the center of the dipole carries 
the most current and therefore does most of the radiating, 
This part should beas high and unfolded as possible. Because 


the dipole ends radiate less energy than the center, their 
orientation is notas important. They do carry the maximum. 
Voltage, nevertheless, so care should be taken to position. 
the ends far enough from other conductors to avoid arcing, 

The dipole may end up being L-shaped, Z-shaped, U 
shaped ar some indescribable corkscrew shape, depending 
on what space is available, but reasonable performance 
сап often be had even with such a nonlinear arrangement. 
Fig 8 shows some possible configurations, M ultiband 
‘operation is possible with the use of open-wire feeders and 
an antenna tuner, 

One alternative not shown here is the aluminum-foil 
dipole, which was conceived by Rudy Stork, KASFSB. He 
suggests mounting the dipole behind wallpaper or in the ас, 
with portability, ease of construction and adjustment, and 
economy in design among its desirable features. T his antenna 
should also display reasonably good bandwidth resulting 
from the large area of its conductor material. If coaxial feed 
is used, some pruning of an attic antenna to establish 
minimum SWR at the band center will be required. Tuning 
the antenna outdoors and then installing it inside is usually 
not feasible since the behavior of the antenna will not be the 
same when placed in the atic, Resonance will be affected 
somewhat if the antenna is bert 

Even if theantennais placed ina straight line, parasitic 
conductors and dielectric loading by nearby wood structures 
can affect the impedance. Trap and loaded dipoles are shorter 
than the full-sized versions, but are comparable performers, 
Trap dipoles are discussed in Chapter 7; loaded dipoles in 
Chapter 6. 


Dipole Orientation 

Theoretically a vertical dipole is most effective at low 
radiation angles, but practical experience shows that the 
horizontal dipole is usually a better indoor antenna. A high 
horizontal dipole does exhibit directional effects at low 
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farious configurations for small Indoor antennas. See text for discussion. 


radiation angles, but you will not be likely to see much, if 
any, directivity with an atic-mounted dipole, Some operators 
place two dipoles tight anoles to each other with provisions 
atthe operating position for switching between the two. Their 
reasoning isthe radiation patterns will inevitably be distorted 
inan unpredictable manner by nearby parasitic conductors. 
There will be little coupling between the dipoles if they are 
oriented at right angles to each other as shown in Figs 9A. 
and 98. There will be some coupling with the arrangement. 
shown in Fig SC, but even this orientation is preferable to a 
single dipole 

With two antennas mounted 90° apart, you may find 
that ane dipole is consistently better in nearly all directions, 
n which case you will want to remove the inferior dipole, 
perhaps placing it someplace else. In this manner the best 
spats in the house or attic can be determined experimentally. 


Fig 9— Ways to or 


Pair of perpendicular dipoles. 
The orientation at A and B will result in no mutual 
coupling between. dipoles, but there will be. 
‘some coupling in the configuration shown at C. En 
(£1) and center (C1) insulators are shown. 
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Parasitic Conductors 

Inevitably, any conductor in your house near a quarter 
wauein length or longer at the operating frequency will be 
parasitically coupled to your antenna, The word parasitic is 
particularly appropriatein this case because these conductors 
Usually introduce losses and leave less energy for radiation 
into space. Unlike the parasitic elements in a beam antenna 
conductors such as house wiring and plumbing are usually 
connected to lossy objects such as earth, electrical 
appliances, masonry or other objects that dissipate energy. 
Even where this energy is reradiated, itis not likely to bein 
the ight phase nthe desired direction; itis, in fact, likely to 
bea source of RFI 

Thereare, however, somethings that can be done about 
parasitic conductors. The most obvious is to reroute them at 
right angles to the antenna or close to the ground, or even 
underground-procedures that are usually not feasible in a 
finished home. W here these conductors cannot be rerouted, 
other measures can be taken, Electrical wiring сап be broken 
up with RF chokes to prevent the flow of radio-frequency 
currents while permitting 60-H current (or audio, inthe case 
of telephone wires) to Пон unimpeded. A typical RF choke 
fora power line can be 100 turns of #10 insulated wire close 
wound on alength of 1-inch diameter plastic pipe. Of course 
one choke will be needed for each conductor. three-wire 
Tine сай for three chokes. The chokes can be simplified by 
winding them bifilar or trifilar on a single coll form. 


THE RESONANT BREAKER 


Obviously, RF chokes cannot beused on conductors such 
as metal conduit or water pipes. But itis still possible, 
surprising as it may seem, to obstruct RF currents on such 
conductors without breaking the metal. The resonant breaker 
was fist described by Fred Brown, W6HPH, in Oct1979QST. 

Fig 10showsa method of accomplishing this.A figure: 


Fig 10— A “resonant breaker" such as shown here can be 
used to obstruct radio-frequency currents їп a conductor 
without the need to break the conductor physically. A 
Vernier dial is recommended for use with the variable 
capacitor because tuning ls quite sharp. The 100-pF 
capacitor is in series with the loop. This resonant breaker 
tunes from 14 through 29.7 MHz. Larger models may be 
constructed for the lower frequency bands 


eight loop is inductively coupled to the parasitic conductor 
and is resonated to the desired frequency with a variable 
capacitor. Theresultis a very high impedance induced in series 
with the pipe, conduit or wire. This impedance will block the 
flow of radio-frequency currents. The figure-eight coil canbe 
thought of as two turns of an air-core toroid and since the 
parasitic conductor threads through the hole of this соге, there 
will betight coupling between the two, Inasmuch as the figure- 
eight coil is parallel resonated, transformer action will reflect 
a high Impedance in series with the linear conductor. 

Before you bother with a "resonant breaker" of this 
type, be sure that there isa significant amount of RF current 
flowing in the parasitic conductor, and that you will therefore 
benefit from installing one. The relative magnitude of this 
current can be determined with an RF current probe of the 
type described in Chapter 27.A ccording to the rule of thumb 
regarding parasitic conductor current, if it measures less than 
"bsc that measured near the center of the dipole, the parasitic 
current is generally not large enough to be of concern 

The current probe is also needed for resonating the 
breaker after it is installed. Normally, the resonant breaker 
will be placed on the parasitic conductor near the point of 


maximum current, When itis tuned through resonance, there 
will bea sharp dip in RF current, as indicated by the current 
probe, Of course, the resonant breaker will be effective only 
‘on one band. You will need ane for each band where theres 
significant current indicated by the probe. 


Power-Handling Capability 

So far, our discussion has been limited to the indoor 
antenna as a receiving antenna, except for the current 
measurements, where it is necessary to supply a small 
amount of power to the antenna, These measurements will 
otindicatethefull power-handling capability of the antenna. 
Any tendency to flash over must be determined by running 
full power or, preferably, somewhat more than the peak 
power you intend to use in regular operation, The antenna 
should be carefully checked for arcing ar RF heating before 
you do any operating. Bear in mind that attics are indeed 
vulnerable to fire hazards. A potential of several hundred 
Volts exists atthe ends of a dipole fed by the typical Amateur 
Radio transmitter. If а power amplifier is used, there could 
bea few thousand volts at the ends of the dipole. К een your 
antenna elements well away from other objects. Safety first! 


Construction Details 
and Practical Considerations 


Ultimately the success of an antenna project depends on 
the details of how the antenna is fabricated. A great deal of 
construction information is given in other chapters of this book. 
For example the construction of HF Yagis is discussed in 
Chapter 11, Quad arrays in Chapter 12, VHF antennas in 
Chapter 18 and in Chapter 20 there is an excellent discussion 
of antenna materials, particularly wire and tubing for elements 
Here is still more helpful antenna construction information. 


END EFFECT 

If the standard expression 2/2 = 491.8/f(M Hz) is used 
for the length of 22.2 wireantenna, the antenna will resonate 
ata somewhat lower frequency than is desired. The reason 
is that in addition to the effect of the conductor diameter 
and ground effects (Chapter 3) an additional "loading" effect 
is caused by the insulators used at the ends of the wires to 
support the antenna. The insulators and the wire loops that 
tie the insulators to the antenna add a small amount of 
capacitance to the system. This capacitance helps to tune 
theantenna to a slightly lower frequency, in much the same 
way that additional capacitance in any tuned circuit lowers 
the resonant frequency. In ап antenna this is called end effect. 
‘The current at the ends of the antenna does nat quite reach 
zero because of the end effect, as there is some current 
flowing into the end capacitance. N ote thatthe computations 
Used to create Figs 2 through 7 in Chapter 2 did not take 
into account any end effec. 

End effect increases with frequency and varies slightly 
with different installations. However, at frequencies up to 
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30M Hz (the frequency range over which wire antennas are. 
most commonly used), experience shows that the length of 
a practical 2/2 antenna, including the effect of diameter and 
end effect, is on the order of 5% less than the length of a 
half wave in space. A an average, then, the physical length 
of a resonant 2/2 wire antenna can be found from: 


491.8 x 0.95 
(MHZ) 


468 
(MHZ) 


(Eq) 


Eq 1 is reasonably accurate for finding the physical 
length of a 22 antenna for a given frequency, but does not 
apply to antennas longer than a half wave in length, In the 


Fig 11 Some ideas for homemade antenna insulators. 


practical case, if the antenna length must be adjusted to exact 
Frequency (not all antenna systems require it) the length 
should be “pruned” to resonance. Note thatthe use of plastic- 

insulated wire will typically lower the resonant frequency 
of ahalfwave dipole about 3%. 


INSULATORS. 
Wire antennas must be insulated at the ends. 


Commercially available insulators are made from ceramic, 
glass or plastic. Insulators are available from many Amateur 


Radio dealers. Radio Shack and local hardware stores are 
other possible sources. Acceptable homemade insulators may 
be fashioned from a variety of material including (but not 
limited to) acrylic sheet or rod, PVC tubing, wood, fiberglass 
rod or even stiff plastic from a discarded container. Fig 11 
shows some homemade insulators. Ceramic or glass insulators 
will usually outlast the wire, so they are highly recommended 
for a safe, reliable, permanent installation. Other materials 
may tear under stress or break down in the presence of 
sunlight Many types of plastic do not weather well 


Installing Transmission Lines 


Many wire antennas require an insulator at the feed 
point Although there are many ways to connect the feed 
line, there area ен things to keep in mind. If you feed your 
antenna with coaxial cable, you have two choices. You can 
install an 50-239 connector on the center insulator, as shown 
by the center example in Fig 12, and use a PL-259 on the 
end of your coax, or you can separate the center conductor 
from the braid and connect the feed line directly to the 
antenna wire as shown in the other two examples In Fig 12 
and theexamplein Fig 13A though it costs less to connect 
direct, the use of connectors offers several advantages. 
Coaxial cable raid soaks up water like а sponge. I you do 
not adequately seal the antenna end of the feed line, water 
will find its way into the braid, Water in the feed line will 


Fig 12- some homemade dipole center insulators. The 
опе in the center includes а builtin 50-239 connector. 
Others are designed for direct connection to the feed line. 


w 


m 


Fig 13- Details of dipole antenna construction. At A, the end insulator connection is shown. At B, the completed 
antenna is shown. A balun (not shown) is often used at the feed point, since this is a balanced antenna, 
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ce of cut Plexiglas can be used as a center 
to support a ladder-line feeder. The. 
Plexiglas acts to reduce the flexing of the wires where 
they connect to the antenna, Use thick Plexiglas in 
areas subjectto high winds. 


Fig 15—A support for open-wire line. The support at the 
intenna end of the line must be sufficiently rigid to 
Stand the tension of the line. 


lead to contamination, rendering the coax useless long before 
its normal lifetime is up. 

Itis not uncommon for water to drip from the end of 
the coax inside the shack after a year or so of service if the 
antenna connection is not properly waterproofed. Use of а 
PL-259/50-239 combination (or connector of your choice) 
makes the task of waterproofing connections much easier. 
Another advantage to using the PL -259/S0-239 combination 
is that feed-line replacement is much easier, should that 
become necessary, 

Whether you use coaxial cable, ladder line, or twin lead 
to feed your antenna, an often overlooked consideration is 
the mechanical strength ofthe connection, Wire antennas and 
feed lines tend to move slot in the breeze, and unless the feed 
lineis attached securely, the connection will weaken with time. 
The resulting failure can range from a frustrating intermittent 
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electrical connection to a complete separation of feed line and 
antenna. Fig 13 and Fig 14 illustrate different ways of attaching 
either coax or ladder line to the antenna securely. 

When open-wire feed line is used, the conductors of 
the line should be anchored to the insulator by threading 
them through the eyes of the insulator two or three times, 
and twisting the wire back on itself before soldering. A slack 
tie wire should then be used between the feeder conductor 
and the antenna, as shown in Fig 14, (The tie wires may be 
extensions of the line conductors themselves.) When 
window-type lineis suspended from an antenna in a manner 
Such as that shown in Fig 14, the ine should be twisted— at 
several twists per foot— to prevent stress hardening of the 
wire because of constant flexing in the wind. 

When using plastic-insulated open-wire line, the 
tendency ofthe ine to twist and short outcloseto theantenna 
сап be counteracted by making the center insulator of the 
antenna longer than the spacing of the line, as shown in 
Fig 14. In severe wind areas, it may be necessary to use 
"lcinch thick Plexiglas for the center insulator rather than 
thinner material 


RUNNING THE FEED LINE FROMTHE 
ANTENNA TO THE STATION 
Chapter 24 contains some general guidelines for 
installing feed lines. M ore detailed information is contained 
in this section. Whenever possible, the transmission line 
should be lead away from the antenna at a 90° angle to 
‘minimize coupling from the antenna to the transmission line. 
This coupling can cause unequal currents on the transmission 
line, which will then radiate and it can дешпе the antenna. 
Except for the portion of the line in close proximity to 
the antenna, coaxial cable requires no particular care in 
Tunning from the antenna to the station entrance, other than 
protection from mechanical damage. If the antenna is not 
Supported at the center, the line should be fastened to a post 
more than head high located under the center of the antenna, 
allowing enough slack between the post and the antenna to 
take care of any movement of the antenna in the wind. If the 
antenna feed point is supported by a tower or mast, We cable 
can be taped to the masta intervals or to one leg of the tower. 
Coaxial cable rated for direct burial can be buried a 
few inches in the ground to make the run from the antenna 
to thestation. deep slit can be cut by pushing asquare-end 
spade ull depth into the ground and moving the handle back 
and forth to widen the slit before removing the spade. A fter 
the cable has been pushed into the slit with a piece of Linch 
board 3 or 4 inches wide, the slit can be tamped closed, 
Solid ribbon or the newer "window" types of line should 
bekeptreasonably well spaced from other conductors running 
it for more than a few feet. The "rule 
is to space open-wire line away from other 
conductors by at least twice the spacing between the wires in 
the line, TV-type standoff insulators with strap clamp 
‘mountings can be used for running this type of line down а 
mast or tower leg. Similar insulators of the screw-in type can 
be used in supporting thelineon wooden poles for a long run. 


Open-wire lines with bare conductors require frequent 
Supports to keep the lines from twisting and shorting out, as 
well as to relieve the strain. One method of supporting а 
long horizontal run of heavy open-wire line is shown in 
Fig 15. The line must be anchored securely ata point under 
the feed point of the antenna. Window-type line can be 
Supported similarly with wirelinks fastened tothe insulators 

To keep the line clear of pedestrians and vehicles, itis 
usually desirable to anchor the feed line at the eaves or rafter 
line of the station building (see Fig 16), and then drop it 
Vertically to the point of entrance. The points of anchorage 
and entrance should be chosen to permit the vertical drop 
without crossing windows, 

If the station is located in a room on the ground floor, 
one way of bringing coax transmission lineinto the houses 
to go through the outside wall below floor level, feed it 
through the basement or crawl space, and then up to the 
station through ahalein the floor. When making the entrance 
holein the ide of the building, suitable measurements should 
be made in advance to be sure the hole will go through the 
sill 2 or 3 inches above the foundation line (and between 
Joists if the bore is parallel to the joists). The line should be. 
allowed to sag below the entrance hole level outside the 
building to allow rain water to drip off. 

Open-wirelinecan be fd in asimilar manner, although 
it will require separate hole for each conductor. Each hole 
should be insulated with a length of palystyrene or Lucite 
tubing. If available, ceramic tubes salvaged from old: 


fashioned "knob and tube" electrical installations, work very 
well for this purpose. Drill the holes with a slight downward 
slant toward the outside of the building to prevent rain 
seepage. With window ladder line, it will be necessary to 
remove a few of the spreader insulators, cut the line before 
passing through the holes (allowing enough length to reach 
the inside), and splice the remainder on the inside. 

If the station is located above ground level, or if there 
isother objection to the procedure described above, entrance 
can be made at a window, using the arrangement shown in 
Fig 17. An Amphenol type 83-1F (U G-363) connector can 
beused as shown in Fig 18; ceramic feedthrough insulators 
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Fig 18- Feedthrough connector for coax line. an 
‘Amphenol 83-1] (PL-258) connector, the type used to 
splice sections of coax line together, Is soldered into a 
hole cutin a brass mounting flange. An Amphenol 
bulkhead adapter 83-1F may be used instead. 


Fig 16— Anchoring open-wire line at the station end. 
The springs are especially desirable if the line is not 
supported between the antenna and the anchoring paint. 
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Fig 17—Ап adjustable window lead-in panel made up of two 
sheets of Lucite or Plexiglas. A feedthrough connector for 
coax line can be made as shown in Fig 18. Ceramic feed- 
through insulators are suitable for open-wire line (WIRVE). 
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Fig 19—A simple lightning arrester for apen«wire line 
made from three standoff or feedthrough insulators 
and sections of 1  'j-inch brass or copper strap. 
Should be installed in the line at the point where the 
line enters the station. Th heavy ground lead should bo 
as short and as direct as possible. The gap setting. 
Should be adjusted to the minimum width that will 
prohibit arcing when the transmitter is operated. 


сап be used for open-wire line. Ribbon line can be run 
through clearance holes in the panel, and secured by a 
winding of tape on ether side of the panel, or by cutting the 
retaining rings and insulators from a pair of TV standoff 
insulators, and clamping one on each side of the panel 


LIGHTNING PROTECTION 

Two or three types of lightning arresters for coaxial 
cable are available on the market. If the antenna feed point 
is at the top of a well-grounded tower, the arrester can be 
fastened securely to the top of the tower for grounding 
purposes, A short length of cable, terminated In a coaxial 
Plug, is then run from the antenna feed pointto one receptacle 
of the arrester, while the transmission line is run from the 
other arrester receptacle to the station. Such arresters тау 
also be placed atthe entrance point to the station, if a suitable 
ground connection is available at that point or arresters may 
be placed at both points for added insurance), 
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Fig 20 The lightning arrester of Fig 19 may be used 
with 300-2 ribbon line in the manner shown here. The 
TV standoffs support the line an inch or so away from 
the grounded center member of the arrester. 


Theconstruction of a homemade arrester for open: wire 
line is shown in Fig 19, This type of arrester can be adapted 
to ribbon line an inch or so away from the center member of 
the arrester, as show nin Fig 20 Sufficient insulation should 
be removed from the line where it crosses the arrester to 
permit soldering the arrester connecting leads. 


Lightning Grounds 

Lightning-ground connecting leads should be of 
conductor size equivalent to at least #10 wire. The #8 
aluminum wire used for TV-antena grounds is satisfactory. 
Copper braid inch wide (B eiden 8662-10) is also suitable. 
The conductor should run in a straight line to the grounding 
point. The ground connection may be made to a water pipe 
System (if the pipe is not plastic), the grounded metal frame 
of a building, or to one or more inch ground rods driven 
to a depth of at least 8 feet. More detailed information on 
lightning protection s contained in Chapter 1. 


A loop antennas a closed-circuit antenna thats, one 
in which a conductor is formed into one or тоге turns so its 
two ends are close together. Loops сап be divided into two 
‘general classes, those in which both the total conductor 
length and the maximum linear dimension of a turn are very 
small compared with the wavelength, and those in which 
both the conductor length and the loop dimensions begin to 
be comparable with the wavelength. 

A "small" loop can be considered to besimply a rather 
large coll, and the current distribution in such a loop is the 
sameas ina coll, Thatis, the current has the same phase and 
the same amplitude in every part of the loop, To meet this 
condition, the total length f conductor in the loop must not 
exceed about 0.1 А. Small loops are discussed later in this 
chapter, and further in Chapter 14. 

A “large” loop is one in which the current is not the 
same ether in amplitude or phase in every part of the loop. 
This change in current distribution gives rise to entirely 
different properties compared with a small loop. 


Half-Wave Loops 

The smallest size of "large loop generally used is one 
having a conductor length of ‘fı 4. The conductor is usually 
formed into a square, as shown in Fig 1, making each side 
, long. When fed at the center of one side, the current 
flows in a closed loop as shown in Fig 1A. The current 
distribution is approximately the same as on a /2. wire, and 
sois maximum atthe center of theside opposite the terminals 
X-Y, and minimum at the terminals themselves, This current 
distribution causes the field strength to be maximum in the 
plane of the loop and in the direction looking from the low: 
current side to the high-current side. If the side opposite the 
terminals Is opened atthe center as shown in Fig 18 (strictly 
speaking, itis then no longer a loop because it is no longer a 
closed circuit), the direction of current flow remains 
unchanged but the maximum current flow occurs at the 
terminals. This reverses the direction of maximum radiation 

The radiation resistance at a current antinode (which 
is also the resistance at X-Y in Fig 18) is on the order of 
50 Q The impedance at the terminals in Fig 1A is a few 
thousand ohms, This can be reduced by using two identical 


loops side by side with a few inches spacing between them. 
and applying power between terminal X on one loop and 
terminal Y on the other, 

Unlike a /- dipole or a small loop, there is по 
direction in which theradiation from aloop of thetypeshown 
inFig Lis zero. Theres appreciable radiation inthe lection 
perpendicular to the plane of the loop, as well as to the 

rear" the opposite direction to the arrows shown. The 

front-to-back (F/B) ratio is approximately 4 to 6 dB. The 
small size and the shape of the directive pattern result in a 
loss of about 1 dB when the field strength in the optimum 
direction from such a loop is compared with the field from 
371-3 dipole in its optimum direction. 

The ratio of the forward radiation to the backward 
radiation can be increased, and the field strength likewise 
increased at the same time to give a gain of about 1 dB over 
a dipole, by using inductive reatances to “load” the sides 
joining the frontand back of theloop. Thisis shown in Fig 2. 
Thereactances, which should havea value of approximately 
360.0, decrease the current in the sides in which they are 
inserted and increase it in the side having terminals. This 
increases the directivity and thus increases the efficiency of 
theloop asa radiator. L ossy coils can reduce this advantage 
greatly. 


One-Wavelength Loops 
Loops in which the conductor length is 14. have 


Fig 1— Half-wave loops, consisting of a single turn 
having a total length of 3} A- 
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Fig 2— Inductive loading їп the sides of a L loop to 
increase the directivity and gain. Maximum radiation or 
response is in the plane of the loop, in the direction 
shown by the arrow. 


NE V = 


AS A 
Re v 


0 ау 


w 
Fig 3—AtA and B, loops having sides */ i long, and at 
© having sides +. long (total conductor length 17). 
The polarization depends on the orientation of the loop 
and on the position of the feed point (terminals X-Y) 
around the perimeter of the loop. 


different characteristics than). loops. Three forms of 13. 
loops are shown in Fig3.AtA and B the sides of the squares 
are equal to Je, the difference being in the point at which 
the terminals are inserted. At C the sides of the triangle are 
equal to lı à. The relative direction of current flow is as 


shown in the drawings. This direction reverses halfway 
around the perimeter of the loop, as such reversals always 
occur at the junction of each Hel section of wire. 

‘The directional characteristics of loops of this type are 
‘opposite in sense to thase of a small loop. Thatis, the radiation 
is maximum perpendicular to the plane of the loop and is 
minimum in either direction in the plane containing the loop. 
If the three loops shown in Fig 3 are mounted In a vertical 
plane with the terminals at the bottom, the radiation is 
horizontally polarized. When the terminals are moved to the 
center of one vertical side in Fig 3A, or to aside corner in В, 
theradiationis vertically polarized. ftheterminalsare moved 
to a side comer in C, the polarization will be diagonal, 
containing both vertical and horizontal components 

In contrast to straight-wire antennas, the electrical 
length of the circumference of a 1-4, loop is shorter than the 
actual length. Fora loop made of bare #18 wire and operating 
at a frequency of 14 MHz, where the ratio of conductor 
length to wire diameter is large, the loop will be close to 
resonance when 


1032 


Length, 


p 


The radiation resistance of a resonant 1-2 loop is 
approximately 120 0, under these conditions. Since the loop. 
dimensions are larger than those of a Jen dipole, the 
radiation efficiency is high 

In the direction of maximum radiation (that is, 
broadside to the plane of the loop, regardless of the point at 
Which it is fed) the 1-2 loop will show a small gain over a 
Yeh dipole. Theoretically, this gain is about 1 dB, and 
measurements have confirmed that it is of this order. 

‘The 1-4 loop is more frequently used as an element of 
a directive antenna array (the quad and delta-loop antennas. 
described in Chapter 12) than singly, although there is no 
reason why it cannot be used alone. In the quad and delta 
loop, it is nearly always driven so that the polarization is 
horizontal 


Small Loop Antennas 


The electrically small loop antenna has existed in 
various forms for many years. Probably the most familiar 
form of this antenna is the ferrteloopstick found in portable 
AM broadcast-band receivers. Amateur applications of the. 
small loop include direction finding, low-noise directional 
receiving antennas for 1.8 and 3.5 MHz, and small 
transmitting antennas, Because the design of transmitting 
and receiving loops requires some different considerations, 
the two situations are examined separately in this section. 
This information was written by Domenic M. Mallozzi, 
NIDM 


The Basic Loop 
What is and what is not а small loop antenna? By 
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definition, the loop is considered to be electrically small 
when its total conductor length is less than 0.1 2— 0.085 is 
the number used in this section. This size is based on the 
fact that the current around the perimeter of the loop must 
bein phase. When the winding conductor is more than about 
0.085 2. long, this is no longer true. This constraint results 
їп a very predictable figure-eight radiation pattern, shown 
in Fig. 

The simplest loop is a 1-turn untuned loop with a load 
connected toa pair of terminals located in the center of one 
of thesides, as shown in Fig 5. How its pattern is developed 
is easly pictured if we look at some "snapshots" of the 
antenna relative to а signal source. Fig 6 represents a loop 
from above, and shows the instantaneous radiated voltage 


Fig 4— Calculated small loop antenna radiation pattern. 


Fig 6— Example of orientation of loop antenna that 
does not respond to a signal source (null in pattern). 


/ 


Fig 7— Example of orientation of loop antenna for 
maximum response. 


wave. Note that points A and B of the loop are receiving the 
same instantaneous voltage. This means that no current will 
flow through the loop, because there is no current flow 
between points of equal potential. A similar analysis of 
Fig 7, with the loop turned 90° from the position represented 
in Fig 6, shows that this postion of the loop provides maximum 
response. Of course the voltage derived from the passing wave 
is small because of the small physical size of the loop. Fig 4 
shows the ideal radiation pattern for a small loop. 
‘The voltage across the loop terminals is given by 


2m A N E coso 


(Eq) 


where 
V = voltage across the loop terminals 
А = area of loop in square meters 
number of turns in the loop. 
RF field strength in volts per meter. 
ngle between the plane of the loop and the signal 
Source (transmitting station) 
‘wavelength of operation in meters 


This equation comes from aterm called effective height. 
Theeffectveheightrefersto the height length) of a vertical 
piece of wire above ground that would deliver the same 
voltage to the receiver. The equation or effective heights 
22A 

E (£02) 
where his in meters and the other terms аге as for Eq 1. 

A few minutes with a calculator will show that, with 
the constraints previously stated, the loop antenna wili have 
a very small effective height. This means it will deliver a 
relatively small voltage to the receiver, with even a large 
transmitted signal 


TUNED LOOPS 


We can tune the loop by placing a capacitor across the 
antenna terminals. This causes a larger voltage to appear 
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across the loop terminals because of the Q af the parallel 
resonant circuit that is formed, 

The voltage across the loop terminals is now given by 
ERN EQ aa Е, 
where Q is the loaded Q of the tuned circuit, and be other 
terms areas defined above, 

Most amateur loops are of the tuned variety. For this 
reason, all comments that follow are based on tuned-loop 
antennas, consisting of one or more turns The tuned-loop. 
antenna has some particular advantages For example, itputs 
high selectivity up atthe front” of a receiving system, where 
it can significantly help factors such as dynamic range 
Loaded 0 values of 100 or greater are easy to obtain with 
careful loop construction. 

Consider a situation where the inherent selectivity of 
the loop is helpful. Assume we havea loop with a Q of 100 
at 1.805 MHz. We are working a DX station on 1.805 MHz 
and are suffering strong interference from a local station 
10 kHz away. Switching from a dipole to a small loop will 
reduce the strength of the off-frequency signal by 6 dB 
(approximately one S unit), This, in effect, increases the 
dynamic range of the receiver. In fact, if the off-frequency 
station were further off frequency, the attenuation would be 
greater. 

Another way the loop can help is by using the nulls in 
its pattern to null outon-frequency (or slightly off-frequency) 
interference. For example, say we are working a DX station 
to the north, and just 1 kHz away is another local station 
engaged in a contact. The local station is to our west. We 
can simply rotate our loop to put its null to the west, and 
now the DX station should be readable while the local will 
be knocked down by 60 or more dB. This obviously is quite 
a noticeable difference. Loop nulls аге very sharp and are 
generally noticeable only on ground-wave signals (more on 
this later) 

Of course, this method of nulling will be effectiveonly 
if the interfering station and the station being worked are 
not in the same direction (or in exact opposite directions) 
from our location. If the two stations were on the same line 
from our location, both the station being worked and the 
undesired station would benulled out Luckily the nulls are 
very sharp, so as long asthe stations are at east 10° off axis 
from each other, the oop null will be usable. 

А similar use of the nulling capability is to eliminate 
local noise interference, such as that from a light dimmer in 
a neighbor's house. Just put the null on the offending light 
dimmer, and the noise should disappear. 

Now thatwe have seen some possibleuses of the small 
Joop, let us look at a bit of detail about its design, First, the 
loop forms an inductor having a very small ratio of winding 
length to diameter. The equations for finding inductance 
given in most radio handbooks assume that the inductor coil 
is longer than its diameter, However, F. W. Grover of the 
US National Bureau of Standards has provided equations 


v= 
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Tor inductors of common cross-sectional shapes and small 
length-to-diameter ratios. (See the Bibliography at the end 
of this chapter.) Grover’s equations are shown in Table 1. 
Their use will yield relatively accurate numbers; results 
are easily worked out with a scientific calculator or home 
computer. 

The value of a tuning capacitor for а loop is easy to 
calculate from the standard resonance equations The only 
matter to consider before calculating this is the value of 
distributed capacitance of the loop winding. This capacitance 
shows up between adjacent turs of the coil because of thelr 
Slight differencein potential. T his causes each turn to appear 
as a charge plate. As with all other capacitances, the value 
of the distributed capacitance is based on the physical 
dimensions of the coil. An exact mathematical analysis of 
its value is а complex problem. A simple approximation is 
given by M edhurst (see Bibliography) as 


(E04) 


distributed capacitance in pF 

Н = a constant related to the length-to-diameter ratio 
of the coil (Table 2 gives H values for length- 
diameter ratios used in loop antenna work.) 

D = diameter of the winding in cm 


Table 1 
Inductance Equations for Short Coils 
(Loop Antennas) 
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number of turns 
side length in cm. 
oil length in ст 


Note: In the case of single-tum coils, the diameter of 


the conductor should be used for £ 


Table 2 
Values of the Constant H 
for Distributed Capacitance 


Length to Diameter н 


Ratio 
0.10 0.96 
0.15 0.79 
0.20 0.78 
0.25 0.64 
030 0.60 
0.35 0.57 
040 0.54 
050 050 
100 0.46 


Medhurst's work was with coils of round cross section. 
Forloopsof square cross section the distributed capacitance 
is given by Bramslev (see Bibliography) as 
C=60s 
where 
C =the distributed capacitance in pF 
S =the length of the sidein meters 


if you convert thelength in this equation to centimeters, 
you will find Bramslev's equation gives results in the same 
order of magnitude as M edhurst's equation. 

This distributed capacitance appears as if it were a 
capacitor across the loop terminals. Therefore, when 
determining the value f the tuning capacitor, the distributed 
capacitance must be subtracted from the total capacitance 
required to resonate the loop. The distributed capacitance 
also determines the highest frequency at which a particular 
loop can be used, because itis the minimum capacitance 
obtainable, 


Electrostatically Shielded Loops 

Over the years, many loop antennas have incorporated 
ап electrostatic shield. This shield generally takes the form 
of a tube around the winding, made of a conductive but 
nonmagnetic material (such as copper or aluminum). Its 
purpose is to maintain loop balance with respect to ground, 
by forcing the capacitance between all portions of the loop 
and ground to be Identical. This is illustrated in Fig 8. It is 
necessary to maintain electrical loop balance to eliminate 
what is referred to as the antenna effect. When the antenna 
becomes unbalanced it appears to act partially as a small 
vertical antenna. This vertical pattern gets superimposed on 
theideal figure-eight pater, distorting the pattern and filling 
inthenulls. The typeof pattern that results is shown in Fig 9. 

‘Adding the shield has the effect of somewhat reducing 
the pickup of the loop, but this ossis generally offset by the. 
increase in null depth of the loops. Proper balance of the 
loop antenna requires that the load on the loop also be 
balanced. This is usually accomplished by use of a balun 
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Fig 8- AtA, the loop is unbalanced by capacitance to 
its surroundings. AEB, the use of an electrostatic 
shield overcomes this effect. 


Fig 9— Distortion in loop pattern resulting from antenna. 
effect. 


transformer or a balanced input preamplifier. One important 
point regarding the shield is that it cannot form a 
continuous electrical path around the loop perimeter, or it 
will appear as a shorted coil turn. Usually the insulated break 
is located opposite the feed point to maintain symmetry. 
Another point to be considered i that the shield should be 
of a much larger diameter than the loop winding, or it will 
lower the Q of the loop. 

Various construction techniques have been used in 
making shielded loops. Genaille located his loop winding 
inside aluminum conduit, while True constructed an 
aluminum shleld can around his winding, Others have used 
pieces of Hardlineto form a loop, using the outer conductor 
asashield. DeM aw used flexiblecoax with the shield broken 
atthe center of the loop conductor in а multiturn loop for 
18 MHz. Goldman uses another shielding method for 
broadcast receiver loops. His shield is in the form of a barrel 
made of hardware cloth, with the loop in its center. (See 
Bibliography for above references.) All these methods 
provide sufficient shielding to maintain the balance, It is 
possible, as Nelson shows, to construct an unshielded loop 
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with good nulls (60 dB or better) by paying great care to 
symmetry. 


roof o 

As previously mentioned, Q is an important 
consideration in loop performance because it determines both 
theloop bandwidth and ts terminal voltage for a given field 
strength. The loaded Q of a loop is based on four major 
factors, These are (1) the intrinsic Q of the loop winding, 
(2) the effect of the load, (3) the efect of the electrostatic 
shield, and (4) the Q of the tuning capacitor. 

The major factor is the Q of the winding of the loop 
itself. Theac resistanceof the conductor caused by skin effect 
is the major consideration, The ac resistance for copper 
conductors may be determined from 


0.996 «10° VF 


R - (Eq 6) 
where 

R = resistance in ohms per foot 

f = frequency, Hz 


d = conductor diameter, inches 


The Q of the inductor is then easily determined by 
taking the reactance of the inductor and dividing itby the ac 
resistance, If you are using a multiturn loop and are a 
perfectionist, you might also want to include the loss from 
conductor proximity effect. This effectis described in detail 
later in this chapter, in the section on transmitting loops 

Improvement in Q can be obtained in some cases by 
theuseof L itz wire short for Litzendraht). Liz wire consists 
of strands of individual insulated wires that are woven into 
bundles in such a manner that each conductor occupies each 
location in the bundle with equal frequency. Litz wire results 
in improved over solid or stranded wire of equivalent size, 
up to about 3 M Hz. 

Also, the Q of the tuned circuit of the loop antenna is 
determined by the Q of the capacitors used to resonate it. In 
the case of air variables or dipped micas this is notusually а 
problem. But if variable-capacitance diodes are used to 
remotely tune the loop, pay particular attention to the 
manufacturer's specification for Q of the diode at the 
frequency of operation. The tuning diodes can have а 
significant effect on circuit Q, 

Now we consider the effect of load impedance on loop 
Q. In the case of a directly coupled loop (as in Fig 5), the 
load is connected directly across the loop terminal, causing 
it to be treated as a parallel resistance in a paralle-tuned 
ALC circuit. Obviously, if the load is of a low value the Q 
of theloop will below. A simple way to correct thisis to use 
a transformer to step up the load impedance that appears 
across the loop terminals, In fact, if we makethis transformer 
a balun, it also allows us to use our unbalanced receivers 
with theloop and maintain loop symmetry. A nother solution 
isto use what is referred to as an inductively coupled loop, 
such as DeMaw' four tum electrostatically shielded loop. 
А obe bim link is connected to the receiver. This turn is 
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wound with the four-turn loop. In effect, this builds the 
transformer into the antenna. 

Another solution to the problem of load impedance on 
loop Q isto usean active preamplifier with a high impedance 
balanced input and unbalanced output. This method also has 
the advantage of amplifying the low-level output voltage of 
the loop to where it can be used with a receiver of even 
mediocre sensitivity Infact, the Q of the loop when used 
with a balanced preamplifier having high input impedance 
тау beso high as to be unusable in certain applications, An 
example of this situation would occur where loop is being 
Used to receivea 5 kHz wideA M signal ata frequency where 
the bandwidth of the loop is only 1.5 kHz. In this case the 
detected audio might be very distorted. The solution to this 
isto puta O-degrading resistor across the loop terminals. 


FERRITE-CORE LOOP ANTENNAS 
The ferite core loop antenna is a special case of the 
air-core receiving loops considered up to now. Because of 
itsuseln every AM broadcast band portable radio, the ferrite 
core loop is, by quantity, the most popular form of the loop 
antenna. But broadcast-band reception is far from its only 
use; It is commonly found in radio direction finding 
equipment and low frequency receiving systems (below 
500 kHz) fortime and frequency standard systems, In recent 
years, design information on these types of antennas has 
been a bit sparse in the amateur literature, so the next few 
paragraphs are devoted to providing some details. 

Ferrite loop antennas are charactristically very small 
compared to he frequency of use. For example, a35-M H2 
version may be in the range of 15 to 30 cm long and about 
125 em in diameter. Earlier in this chapter, effective height 
Wasintroduced asa measure of loop sensitivity. The effective 
height of an alr-core loop antenna is given by Eg 2. 

Ifan air-core loop is placed in afield, in essence it cuts 
the lines of flux without disturbing them (Fig 10A). On the 
other hand, when a ferrite (magnetic) core is placed in the 
field, the nearby field lines are redirected into the loop 
(Fig 10B). This is because the reluctance of the ferrite ma 
terial is less than that of the surrounding air, so the nearby 
flux lines tend to flow through the loop rather than passing 
itby.(Reluctanceisthe magnetic analogy of resistance, while 
flux is analogous to current.) The reluctance is inversely 
proportional to the permeability of the rod core, 1, (In 
Some texts the rod permeability is referred to as effective 
permeability, а). This effect modifies the equation for ef- 
fective height of a frite-core loop to 


20 U Аны 
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E 


where 


effective height (length) in meters 

number of turns in the loop 

A =area of loop in square meters 

H „g= permeability of the ferrite rod 
¡avelength of operation in meters 


N 


Fig 10— А. 
field lines. B 
nearby fied lines. The field is altered by the reluctance 
of the ferrite materia. 


This obviously isa large increase in "collected" signal 
If the rod permeability were 90, this would be the same as 
making the loop area 90 times larger with the same number 
‘of turns. For example, a 1.25-cm diameter ferite-core loop 
would have an effective height equal to an air-core loop 
22.5 cm in diameter (with the same number of turns). 

By now you might have noticed we have been very 
careful to refer to rod permeability. There isa very important 
reason for this. The permeability that rod of ferrite exhibits 
isacombination of the material permeability or p, the shape 
of therod, and the dimensions of the rod. In ferrite rods, p is 
Sometimes referred to as initial permeability, ш, ог toroidal 
permeability, 1,- Because most amateur ferrite loops arein 
the form of rods, we will discuss only this shape. 

Thereason hat u „isdiffrent from is a very complex 
physics problem that is well beyond the scope of this book. 
For those interested in the details, books by Polydoraff and 
by Snelling cover this subject in considerable detail. (See 
Bibliography.) For our purposes a simple explanation will 
suffice. The rod is In fact nota perfec director of flux, as İS 
illustrated in Fig 11. Note that some lines impinge on the 
sides of the core and also exit from the sides. These lines 
therefore would not pass through all the turns of the сой if it 
were wound {гот one end of the core to the other. These 
flux lines are referred to as leakage Пих, or sometimes as 
flux leakage. 

Leakage flux causes the flux density in the core to be 
nonuniform along its length. From Fig 11 it can be seen that 
the flux has a maximum at the geometric center of the length 
of the core, and decreases as the ends of the core are 
approached. This causes some noticeable effects. As a short 


Fig 11— Example of magnetic field lines near a practical 
ferrite rod, showing leakage flux. 
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Fig 12— Rod permeability, mag, versus materi 
permeability, m, for different rod length-to-diameter 
ratios. 


coil is placed at different locations along a long core, its 
Inductance will change. The maximum inductance exists 
when the coll is centered on the rod, TheQ of ashort coil on 
a long rod is greatest at the center. On the other hand, if you 
require a higher Q than this, it is recommended that you 
spread the coil turns along the whole length of the core, 
even though this will result in a lower value of inductance, 
(The inductance can be increased to the original value by 
adding turns.) Fig 12 gives the relationship of rod 
permeability to material permeability fora variety of values, 

‘The change in y over the length of the rod results in an 
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adjustment nthe term p, for its so called “free ends" (those 
not covered by the winding), This adjustment factors given 
by 


až 
n (Eq8) 


the corrected permeability 
the length ofthe core 
b =the length of the coil 


This value ofp’ should be used in place of y, in Eq 7 
to obtain the most accurate value of effective height. 

Al these variables make the calculation of ferite loop. 
antenna Inductance somewhat less accurate than for the air- 
core version. The inductance of a ferrite loop is given by 


an N? Ap gg x10 
NS = 


ї (Eq9) 
where 

Inductance in pH 

umber of turns 

ross-sectional area of the core in square mm 

7 = magnetic length of core in mm 


Experiments indicate thatthe winding diameter should 
beascloseto thatof the rod diameter as practical in order to 
maximize both Inductance value and 0. By using all this 
information, we may determine the voltage at the loop 
terminals and its signal-to-noise ratio (SNR). The voltage 
тау be determined from 


AE (E910) 


utput voltage across the loop terminals 

ор area in square meters 

N = number of turns in the loop winding 
corrected rod permeability 

jaded Q of the loop 

F field strength in volts per meter 

A = wavelength of operation in meters 


Lankford's equation for the sensitivity of the loop for 
a10d8 SNR is 


109x107 
ANO 


(equ) 


operating frequency in Hz 
loop inductance in henrys 
receiver bandwidth in Hz 


Similarly, Belrose gives the SNR of a tuned loop 
antenna as 
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From this, if the field strength E, u,b, and A arefixed, 
then Q or N must increase (or L decrease) to yield a better 
SNR. Higher sensitivity can also be obtained (especially at 
frequencies below 500 kHz) by bunching ferite cores 
together o increase the loop area over that which would be 
possible with a single rod. High sensitivity is important 
because loop antennas are not the most efficient collectors 
of signals, butthey do offer improvement over other receiving 
antennas In terms of SNR. For this reason, you should attempt 
to maximize the SNR when using a small loop receiving 
antenna. In some cases there may be physical constraints 
that limit how large you can make a ferite core loop. 

After working through Eq 11 or 12, you mightfind you 
stil require some increase in antenna system gain to 
effectively use your loop. In these cases the addition of a 
low noise preamplifier may be quite valuable even on the 
lower frequency bands where hey are not commonly used. 
Chater 14 contains information on such preamplifiers. 

Theelectrostatic shield discussed earlier with reference 
to air-core loops can be used effectively with ferite-core 
loops. (Construction examples are presented in Chapter 14.) 
Asin theair-core loop, a shield will reduce electrical noise 
and improve loop balance, 


PROPAGATION EFFECTS ON NULL DEPTH 

After building a balanced loop you may find it does not 
approach the theoretical performance in the пи! depth. This 
problem may result from propagation effects. Tilting the loop 
away from a vertical plane may Improve performance under 
Some propagation conditions, to account or the vertical angle 
of arrival. Basically, the loop performs as described above 
only when the signal is arriving perpendicular to the axis of 
rotation of the loop. At incidence angles other than 
perpendicular, the position and depth of the nulls deteriorate, 

The problem can be even further influenced by the fact 
thatif theloop is situated over less than perfectly conductive 
ground, the wave front will appear to tilt ог bend. (This 
bending is not always detrimental; in the case of Beverage 
antennas, sites are chosen to take advantage of this effect) 

Another cause of apparent poor performancein the null 
depth can be from polarization error. If the polarization of 
the signal isnot completly linear, the nulls wilt notbesharp. 
In fact, for circularly polarized signals, the loop might appear 
to have almost no nulls. Propagation effects are discussed 
further in Chapter 14, 


SITING EFFECTS ON THE LOOP 

The location of the loop has an influence on its 
performance that at times may become quite noticeable. For 
ideal performance the loop should be located outdoors and 
clear of any large conductors, such as metallic downspouts 
and towers. A VLF loop, when mounted this way, will show 
good sharp nulls spaced 180° apart if the loop is well 
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balanced. This is because the major propagation mode et 
VLF is by ground wave. At frequencies in the HF region, а 
significant portion of the signals are propagated by sky wave, 
and nulls are often only partial. 

Most hams locate their loop antennas near their 
operating position. If you choose to locate a small loop 
indoors, its performance may show nulls of less than the. 
expected depth, and some skewing of the pattern, For 
precision direction finding there may be some errors 
associated with wiring, plumbing, and other metallic 
construction members in the building. Also, a strong local 
signal may be reradiated from the surrounding conductors 
so thatit cannot be nulled with any positioning of the loop. 
There appears to be no known method of curing this type of 
problem. All this should not discourage you from locating a 
loop indoors; this information is presented here only to give 
You an idea of some pitfalls. Many hams have reported 
excellent results with indoor mounted loops, in spite of some 
of the problems. 

Locating a receiving loop in the field of a transmitting 
antenna may cause а large voltage to appear at the receiver 
antenna terminals. This may be sufficient to destroy sensitive 
RF amplifier transistors or front-end protection diodes, This 
can be solved by disconnecting your loop from the receiver 
during transmit periods, This can obviously be done 
automatically with a relay that opens when the transmitter 
is activated, 


LOOP ANTENNA ARRAYS 

Arrays of loop antennas, both in combination with each 
other and with other antenna types, have been used for many 
years. The arrays are generally used to cure some 
“deficiency” in the basic loop for a particular application, 
such as 3180” ambiguity in thenull direction, low sensitivity, 
and so forth. 


A Sensing Element 

For direction-finding applications the single loop 
suffers the problem of having two nulls that are 180° apart 
This leads to an ambiguity of 180° when trying to find the 
direction to a transmitting station from a given location. A 
sensing element (often called a sense antenna) may be added 
ta the loop, causing the overall antenna to have a cardioid 
pattern and only one null. The sensing element Is a small 
vertical antenna whose height is equal to or greater than the 
loop effective height. This vertical is physically close to the 
loop, and when its omnidirectional pattern Is adjusted so 
that its amplitude and phase are equal to one of the loop 
labes, the patterns combine to form a cardiold. This antenna 
can be made quite compact by use of a ferrite loop to form a 
portable DF antenna for HF direction finding. Chapter 14 
Contains additional information and construction projects 
using sensing elements 


Arrays of Loops 


A moreadvanced array which can develop more diverse 
patterns consists of twa ог more loops. Their outputs are 


combined through appropriate phasing lines and combiners 
to form a phased array. Two loops can alsa be formed into 
an array which can be rotated without physically turning 
the loops themselves. This method was developed by Bellini 
and Tosi in 1907 and performs this apparently contradictory 
feat by use of a special transformer called a goniometer. 
‘The goniometer is described in Chapter 14, 


Aperiodic Arrays 

‘The aperiodic loop array is a wide-band antenna. This 
type of array is useful over at least а decade of frequency, 
such as2 to 20 M Hz, Unlike mast o the loops discussed up. 
to now, the laap elements in an aperiodic array areuntune. 
Such arrays have been used commercially for many years 
One loop used In such an атау is shown in Fig 13, This 
loop is quite different from all the loops discussed so far in 
this chapter because is pattem isnot the familiar figure eight. 
Rather, itis omnidirectional. 

The antenna is omnidirectional because itis purposely 
unbalanced, and also because the isolating resistor causes 
the antennato appear as мо closely spaced short monopoles, 
The loop maintains the omnidirectional characteristics over 
a frequency range of atleast four or fiveto one. These loops, 
when combined into end-fire or broadside phased arrays, 
can provide quite impressive performance. commercially 
made end-fire array of this type consisting of four loops 
equally spaced along a 25-meter baseline can provide gains 
in excess of 5 dBi over a range of 2 to 30 MHz. Over a 


ante 


and loop antenna used in an 


aperiodic array. 
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considerable portion of this frequency range, the array can 
maintain F/B ratios of 10 dB. Even though the commercial 
version is very expensive, an amateur version can be 
constructed using the Information provided by Lambert. One 
interesting feature of this type of array is that, with the proper 
combination of hybrids and combiners, the antenna can 
simultaneously feed two receivers with signals from different 
directions, as shown in Fig 14. This antenna may be 
especially interesting to one wanting a directional receiving. 
array for two or more adjacent amateur bands. 


SMALL TRANSMITTING LOOP ANTENNAS 

The electrically small transmitting loop antenna 
Involves some different design considerations compared to 
receiving loops. Unlike receiving loops, the size limitations 
of the antenna are notas clearly defined, For most purposes, 
any transmitting loop whose physical circumference is less 
than J û. сап be considered “small.” In most cases, as а 
consequence of their relatively large size (when compared 
to a receiving loop), transmitting loops have a nonuniform 
Current distribution along their circumference. This leads to 
some performance changes from a receiving loop. 

‘The transmitting loop is а paralie-tuned circuit with а 
large inductor acting as the radiator. As with the receiving. 
loop, the calculation of thetransmitting loop inductance may 
becarried out with the equations in Table 1. Avoid equations 
for long solenoids found in most texts. Other fundamental 
equations for transmitting loops are given in Table 3. 

In the March 1968 QST, Lew McCoy, WIICP, 
introduced the so-called "Army Loop" to radio amateurs, 
This was an amateur version of a loop designed for portable 
use in Southeast Asia by Patterson of the US Army and 
described in 1967, The Army Loop is diagrammed їп 
Fig 15A, showing that this is a parallel tuned circuit fed by 


pa 


Fig 14- Block diagram of a four-loop broadside array 
with dual beams separated by 60- in azimuth, 
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Table 3 
Transmitting Loop Equations 
X, =2xfL ohms 


Po 
гей 


y 


where 
X, =inductive reactance, ohms 
frequency, Hz 
yandwidth, Hz 
diation resistance, ohms 
loss resistance, ohms (see text) 
number of turns 
area enclosed by loop, square meters 
wavelength at operating frequency, meters 
joltage across capacitor 
power, watts 
resonant circulating currenti loop 


a tapped-capacitance impedance-matching network 

The Hart “high-efficiency” loop was Introduced in the. 
June 1986 QST by Ted Hart, WSQJR. It is shown 
‘schematically in Fig 158 and has the series tuning capacitor 
separate from the matching network. The Hart matching 
network is basically a form of gamma match. Other designs 
have used a smaller loop connected to the transmission line 
to couple into the larger transmitting loop. 

The approximate radiation resistance of a loop in ohms 
is given by 


E) 


(Eq 13) 


number of turns 
area of loop in square meters 
A = wavelength of operation in meters 


The radiation resistance of a small transmitting loop is 
usually very small. For example, a l-meter diameter, single- 
turn circular loop has a radius of 0.5 meters and an enclosed 
areaof x 0.5 20,785 пт, Operated at 14.0 M Hz, thefree- 
space wavelength is 21.4 meters and this leads to a computed 


— — 


3/0 De. uo 


Fig 15— At, a simplified diagram of the army loop. At B, the WSQ R loop, which is described in more detail 


later in this Chapter. 


radiation resistance of only 3.12 x 10+ (0.785/21.4")* = 
00920. 

Unfortunately the loop also has losses, both ohmic and 
from skin effect By using this information, the radiation. 
efficiency of a loop can be calculated from 

R 

[FEIN 
where 

n = antenna efficiency, % 

radiation resistance, © 
loss resistance, ©, which includes the lop's 
conductor loss plus the loss in the series tuning. 
capacitor. 
A simple ratio of Ry versus R, shows the effects on 
the efficiency, as can be seen from Fig 16. The loss resis- 
tance is primarily the ac resistance of the conductor. This. 
can be calculated from Ea 6. A transmitting loop generally 
requires the use of copper conductors of at least “cinch in. 
diameter in order to obtain reasonable efficiency. Tubing is 
as useful as а solid conductor because high-frequency cur- 
rents flow only along a very small depth of the surface of 
the conductor; the center of the conductor has almost по 
effect on current flow. 

Note thatthe R, term above also includes the effect of 
the tuning capacitor's loss. Normally, the unloaded Q of a 
‘capacitor can be considered to beso high that any loss in the 
tuning capacitor can be neglected. For example, avery high 
quality tuning capacitor with no mechanical wiping contacts 
Such as a vacuum-variable or a transmitting butterfly 
capacitor, might have an unloaded Q of about 5000. This 


n (Eq 14) 


implies a series loss resistance of less than about 0.02 © for 
а capacitive reactance of 100 Q. This relatively tiny loss 
resistance can become significant, however, when the 
radiation resistance of the loop is only on the order of 0.1 Q! 
Practical details for curbing capacitor losses are covered later 
in this chapter. 

In the case of multiturn loops there is an additional 
loss related to aterm called proximity effect. The proximity 
effect occurs in cases where the turns are closely spaced 
(such as being spaced one wire diameter apart). As these 
current-carrying conductors are brought close to each other, 
the current density around the circumference of each 
conductor gets redistributed. The result is that more current 
per square meter is flowing atthe surfaces adjacent to other 
conductors. This means that the loss is higher than a simple 


ЕЯ 
Fig 16- Effect of ratio of Ry/R, on loop efficiency. 
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skin-effect analysis would indicate, because the current is 
bunched so it flows through a smaller cross section of the 
conductor than ifthe other turns were not present. 

Astheelficiency of a loop approaches 90%, the prox 
imity effect is less serious. But unfortunately, the less effi 
cient the loop, the worse the effect. For example, an 8-turn 
transmitting loop with an efficiency of 10% (calculated by 
the skin-effect method) actually only has an efficiency of 
3% because of the additional losses introduced by the prox 
imity effect. If you are contemplating construction of a 
multitur transmitting loop, you might want to consider 
spreading the conductors apart to reduce this effect G. 5 
Smith includes graphs that detail this effectin his 1972 IEEE. 
paper 

The components in a resonated transmiting loop are 
subject to both high currents and voltages as a result of the 
large circulating currents found in the high-Q tuned circuit 
formed by the antenna, This makes it important that any fixed 
capacitors have a high RF current rating, such as transmitting 
micas or the Centralab 850 series. Be aware that even a 100-W 
transmitter can develop currents inthe tens of amperes, and 
voltages across the tuning capacitor in excess of 10,000 V. 
This consideration also applies to any conductors used to 
connect the loop to the capacitors. A piece of #14 wire may 
have more resistance than the rest of the loop conductor! 

Itis therefore best to use copper strips or the braid from 
a piece of large coax cable to make any connections. Make 
the best electrical connection possible, using soldered or 
welded joints. Using nuts and bolts should be avoided, 
because at RF these joints generally have high resistance, 
especially after being subjected to weathering, 

‘An unfortunate consequence of having a small but high 
efficiency transmitting loop is high loaded Q, and therefore 
limited bandwidth, This typeof antenna may require retuning 
for frequency changes as little as 5 kHz, If you are using 
any wide-band mode such as AM or FM, this might cause 
fidelity problems and you might wish to sacrifice a little 
efficiency to obtain the required bandwidth. 

A special case of the transmitting loop is that of the 
ferrite loaded loop. This is a logical extension of the 
transmitting loop if we consider the improvement that a 
ferrite core makes in receiving loops. Theuse of ferrites in a 
transmitting loop is still under development. (See the 
Bibliography reference for DeVore and Bohley.) 


PRACTICAL COMPACT TRANSMITTING LOOPS 

The ideal small transmitting antenna would have 
performance equal o a large antenna. A small loop antenna 
can approach that performance except for a reduction in 
bandwidth, butthat effect can be overcome by retuning. This 
section із adapted and updated from material written by 
RobestT. (Ted) Hart, W5Q)R. 

A pointed out above, small antennas are characterized 
by low radiation resistance. For a typical small antenna, such 
as a short dipole, loading coils аге often added to achieve 
resonance. However, thelossinherent in the coils can result 
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inan antenna with low efficiency. If instead of coils a large, 
low-loss capacitor is added to a low-loss conductor to achieve 
resonance, and if the antenna conductor is bent to connect. 
the ends to the capacitor, a loop is formed. 

Based on this concept, the small loop is capable of 
relatively high efficiency, compared to its cll-loaded cousin. 
In addition, the small loop, when mounted vertically, can 
radiate efficiently over the wide range of elevation angles 
required on the lower frequency bands. This is because it 
has both high-angle and low-angle response. See Fig 17, 
which shows the elevation response for a compact 
transmitting loop only 16.2 inches wide at 14.2 MHz. This 
loop is vertically polarized and its bottom is B feet above 
average ground, which has a conductivity of 5 mS/m and а 
dielectric constant of 13. For comparison, Fig 17 also shows 
the responses of three other reference antennas—the same 
small loop flipped sideways at a height of 30 feet to produce 
horizontal radiation, a full-sized /- ground plane antenna 
mounted 8 feet above average ground using two tuned radials, 
and finally asimole”/>flatop dipole mounted 30 feet above 
flat ground, The considerably smaller transmitting loop 
comes to within 3 dB of the larger Чед. vertical at a 10° 
elevation angle, and itis far stronger for high elevation angles 
because it does not have the null at high elevation angles 
that the ground plane has. Of course, this characteristic 


Dente at 30 


Fig 17- Elevation-plane plot at 14.2 MHz, showing 
response of an 8.5-foot circumference octagonal 
copper loop (width of 16.2 inches), compared to a full- 
Sized 3/4 ground-plane vertical with two elevated 2/8 
‘alas, the same small loop flipped horizontally ata 
height of 30 feet, and lastly, a //2 Набор dipole also at 
a height of 30 feet. Both the 2/4 ground-plane vertical 
and the vertically polarized loop are elevated 8 feet 
Above typical ground, with с 5 mS/m and г = 13.The 
low vertically polarized loop is surprisingly 
competitive, only down about 2.5 dB compared to the 
far larger ground plane at low elevation angles. Note 
that the vertical loop has both high-angle as well as 
lowangle radiation, and hence would be better at 
working close-in local stations than the ground plane 
Vertical, with its deep nulls at higher angles. The simple 
анор dipole, however, is better than either vertical 
because of the poor ground reflection for a vertically 
polarized compared to a horizontally polarized signal. 


does make it more susceptible to strong signals received at 
high elevation angles. Incidentally, just in case you were 
wondering, adding more radials to the 2/4 ground plane 
doesn't materially improve its performance when mounted 
atan 8-foot height on 20 meters 

‘The simple horizontal dipole in Fig 17 would be the 
clear winner in any shootout because its horizontally 
polarized radiation does not suffer as much attenuation at 
reflection from ground as does a vertically polarized wave. 
The case is not quite so clear-cut, however, for the small 
loop mounted horizontally at 30 feet While it does have 
increased gain at medium elevation angles, it may not be 
worth the effort needed to mount it on a mast, considering 
the slight loss at low angles compared to its tuin mounted 
vertically only 8 feet above ground. 

A physically small antenna like the 16.2-inch-wide 
vertically polarized loop does put out an impressive signal 
compared to far larger competing antennas. Though 
somewhat ungainly, itis a substantially better performer than 
most mobile whips, for example. The main deficiency in a 
compact transmitting loop is its narrow bandwidth it must 


be accurately tuned to the operating frequency. The use of a 
remote motor drive allows the loop to be tuned over a wide 
frequency range. 

For example, for fixed-station use, two loops could 
be constructed to provide continuous frequency coverage 
from 3.5 to 30 MHz.A loop with an 8.5 foot circumference, 
16 inches wide, could cover 10 through 30 MHz and a loop 
with a 20-foot circumference, 72 inches wide, could cover 
35 to 10.1 MHz, 

Table presents summary data for various size loop 
antennas for the HF amateur bands. Through computer 
analysis, the optimum size conductor was determined to be 
Heinch rigid copper water pipe, considering both 
performance and cost. Performance will be compromised, 
but only slightly, if inch flexible copper tubing is used. 
This tubing can easily be bent to any desired shape, even a 
circle. The rigid finch copper pipe is best used with 
45° elbows to make an octagon. 

The loop circumference should be between nd 2. 
atthe operating frequency. twill become self-resonant above 
Ye, and efficiency drops rapidly below Ys A. In the 


Table 4 
Design Data for Loops 


Loop Circumference 
Vertically Polarized 


8.5 (Width =16.2"), 


Frequency, MHz — 101 142 212 29.0 
Max Gain, dBi 4% -142 4134 42.97 
Max Elevation Angle 40° 30° 22: 90 
Gain, dBi @ 10 -8.40 -461 -0.87 +040 


Total Capacitance, pF 145 70 2 13 
Peak Capacitor KV 23 27 30 30 


Loop Circumference = 8.5 (Width = 16.2), 
Horizontally Polarized, © 30° 

Frequency, MHz — 101 142 212 
Max Gain, dBi -306 +171 4543 
Max Elevation Angle 34 28. 20° 16 


Gain, dBi @ 10 2925 -311 4261 4534 
Total Capacitance, pF 145 70 29 13 
Peak Capacitork 23 27 30 30 
Loop Circumference =20 (Width = 67, 

Vertically Polarized 

Frequency, MHz 3, 40 72 101 
Max Gain, dBi -7.40 -607 -1.69 -034 
Max Elevation Angle 68° — 60° 38 30 
баі, 081910 -146 -1012-527 -3.33 
Capacitance, pF 379 286 85 38 


Peak CapacitorkV 22 24 26 30 


Loop Circumference = 20 (Width 
Horizontally Polarized, @ 30 
Frequency MHz 35 40 72 101 
Max Gain, dBi -1332 -10.60-0.20 3320 
Max Elevation Angle 42° 42° 38 34% 
Gain, dBi © 10- -2162 -18.79-7.51 -322 
Capacitance, pt 379 2% 85 38 
Peak Capacitorkv 22 24 26 — 30 


h 


Loop Circumference 
Vertically Polarized 


38 (Width = 11.5), 


Frequency MHz 3 40 72 
Мах Gain, dBi -2.93 -2.20 -0.05 
Max Elevation Angle 46° 42, 28: 
Gain, dBi © 10- -6.48 -5.69 -280 
Capacitance, pF 165 123 29 


Peak Capacitor — 26 27 33 


Notes: These loops are octagonal in shape, constructed with 
reh capper water pipe and soldered 45° copper elbows. 
The gain figures assume a capacitor unloaded Qc = 5000, 
typical for vacuum-vaiable type of tuning capacitor. The bottom 
atthe lop is assumed o be 8 feet high for safely and the. 
ground constants are typical" at conductuly = 5 mS/m and 
dielectric constant = 13. Transmitter power & 1500 W. The 
voltage across the tuning capacitor for lower powers goes 


down with a multiplier of „| Ech - For example, at 100 W using 
the 38 footeircumference оар at 7.2 MHz, the peak voltage 


would be 33KVx 
Y 
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frequency ranges shown in Table 4, the high frequency is 
tuned with а minimum capacitance of about 29 pF— 
Including stray capacitance. 

‘The low frequency listed in Table 4 is that where the 
loop responses down about 10 dB from that of a full-sized 
elevated ground plane at low elevation angles suitable for 
DX work. Fig 18 shows an overlay at 3.5 MHz of the 
elevation responses for two loops: one with an 8.5-foot 
circumference and one with a 20-foot circumference, 
together with the response for a full-sized 80-meter ground 
plane elevated 8 feet off average ground with 2 tuned radial, 
The20-footcircumferenceloop holds ts own well compared 
to the full-sized ground plane. 


Controlling Losses 

Contrary to earlier reports, adding quarter-wave ground 
radials underneath a vertically polarized transmitting loop 
doesn’t materially increase loop efficiency. The size of the 
conductor used for a transmitting loop, however, does 
directly affect several interrelated aspects of loop 
performance. 

Datafor Table 4 was computed for Heben copper water 
pipe (nominal OD of 0.9 inch). Note thatthe efficiency is 
higher and the is lower for loops having a circumference 
near à. Larger pipe size will reduce the loss resistance, 
butthe 0 increases. Therefore ће bandwidth decreases, and 
the voltage across the tuning capacitor increases. The voltage 
across the tuning capacitor for high-power operation can 
become very impressive, as shown in Table 4. Rigid inch. 
Copper water pipe is a good electrical compromise and can 
also help make a small-diameter loop mechanically sturdy, 


‘Theequivalentelecrical circuitfortheloop isa parallel 
resonant circuit with a very high Q, and therefore a narrow. 
bandwidth. The efficiency is а function of radiation 
resistance divided by the sum of the radiation plus loss 
resistances. The radiation resistance is much less than 1 6, 
so it is necessary to minimize the loss resistance, which is 
largely the skin effect loss of the conductor, assuming that 
the tuning capacitor has very low loss, Poor construction 
techniques must be avoided. Al joints in the loop must be 
brazed or soldered 

However, if the system loss is too low, for example by 
Using even larger diameter tubing, the Q may become 
excessive and the bandwidth may become too narrow for 
practical use. These reasons dictate the need for a complete 
analysis to be performed before proceeding with the 
construction of a loop, 

‘Thereis another source of additional loss in a completed 
loop antenna besides the conductor and capacitor losses. I the 
loop is mounted near lossy metallic conductors, the large 
magnetic field produced will induce currents into those 
conductors and be reflected as losses in the loop. Therefore 
the loop should be as far from other conductors as possible. If 
you use the loop inside a building constructed with large 
amounts of iron or near ferrous materials, you will simply have 
to live with the loss if the loop cannot otherwise be relocated. 


‘The Tuning Capacitor 

Fig 19 demonstrates the selection of loop size versus 
tuning capacitance for any desired operating frequency range 
for the HF amateur bands. This is for octagonal-shaned loops 
using */rinch copper water pipe with 45° copper elbows, 


J Elevation-plane response of three antennas at 
3.5 MHz e 20-foot circumference octagonal copper 
‘oop, a 38-foot circumference copper loop and a full 


Fig 


down only about 4 dB at low elevation angles. The 
20-foot circumference loop is much more lossy, but 
wlth its top only about 14 feet off the ground is very 
much of a “stealth” antenna, 
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Fig 19— Frequency tuning range of an octagon-shaped 
loop using “winch copper water pipe, for various. 
Values of tuning capacitance and loop circumference. 


For example, a capacitor that varies from 5 to 50 pF, used with 
a loop 10 fet in circumference, tunes from 13 to 27 MHZ 
(represented by the left dark vertical bar). A 25 to 150 pF 
Capacitor with а 13.5-foot loop circumference covers the 7 to 
14.4 M Hz range, represented by the right vertical bar. 

Fig 20 illustrates how the 29-M Hz elevation pattern 
becomes distorted and rather bulbous-looking for the 
10-foot circumference loop, although the response at low 
elevation angles is still better than that of a full-sized ground 
plane antenna. 


Air Variable Capacitors 

Special care must be taken with the tuning capacitor if 
anair-variabletypeis used. The use of a split-stator capacitor 
eliminates the resistance of wiper contacts, resistance that 
isinherentina single-section capacitor. The ends of the loop 
are connected lo the stators, and the rotor forms the variable 
Coupling path between the stators With this arrangement. 
the value of capacitance is divided by two, but the voltage 
rating is doubled. 

You must carefully select a variable capacitor for 
transmitting-loop application that is, all contacts must be 
welded, and no mechanical wiping contacts are allowed. For 
example, if the spacers between plates are not welded to the 
plates, there will be loss at each joint, and thus degraded loop 
efficiency. (Earlier transmitting loops exhibited poor efficiency 
because capacitors with wiping contacts were used.) 

There are several suitable types of capacitors for this 
application. A vacuum variable is an excellent choice, 
provided one is selected with an adequate voltage rating, 
Unfortunately, those capacitors are very expensive. 

WSQJR used specially modified air-variable capacitor 
in his designs. This had up to 340 pF maximum per 
section, with inch spacing, resulting in 170 pF when both 
sections were in series as a butterfly capacitor. Another 


ма esse анти Ange 20.9485, 


Fig 20—Elevation-plane plot for a 16.2-inch wingspan 
‘octagonal copper loop at 29 MHz, compared to a % 
‘ground-plane antenna with two resonant elevated 
radials. The gains at low angles are almost identical, 
but the loop exhibits more gain at medium and high 

levation angles. Again, the bottom of each antenna is 
located 8 feet above ground for safety. 


alternative is to obtain a large air variable, remove the 
aluminum plates, and replace them with copper or double- 
sided PC board material to reduce losses. Connect all plates 
together on the rotor and on the stators. Solder copper straps 
to the capacitor for soldering to the loop itself. 

The spacing between plates in an ar-variable capacitor 
determines the voltage-handling capability, ated at 75,000 V 
per inch. For other power ratings, multiply the spacing (and 
Voltage) by the square root of the ratio of your power to 
1000 W. For example, for 100 W, the ratio would be =0.316, 


A Teflon-Insulated Trombone Variable Capacitor 
Another type of variable capacitor discussed in the 
amateur literature for use with а compact transmitting loop 
isthe so-called "trombone" type of capacitor. Fig 21 shows 
a practical trombone capacitor created by Bll) ones KD7S, 
for Nov 1994 OST. This capacitor uses downward pointing 
extensions of the two inch OD main conductor copper 
pipes, with a Teflon-insulated trombone section made of 
inch ID copper pipe. The trombone telescopes into the 
main pipes, driven by a lead screw and a 180-rpm gear-head 


60 pF, and can withstand at least 5 kV peak. The 
10-inch "inch ID tubes are covered with 
insulation and slide into the "Inch ID c 


motor Like the butterfly аг variable capacitor, the trombone 
works without lossy wiper contacts. ones capacitor varied 
from 12 pF (including strays) to almost 60 pF, making it 
suitable to tune his 3-foot circumference loop from 14 to 
30 MHz atthe 100-W level 

KD7S used 5-mil (0.005 inch) thick Teflon sheet as an 
insulator, Since Teflon is conservatively rated at more than 
‘LKV per mil of thickness, the voltage breakdown capability 
of this capacitor is well in excess of 5 KV. The parts istis 
given in Table 5 

A short length of plastic tubing connects the threaded 
brass rod to the motor. The tubing acts as an insulator and a 
flexible coupling to smooth out minor shaft-alignment errors. 
The other end of the rod is threaded into a brass nut soldered 
to the crossbar holding the inch pipes together Jones used 
8 12-V motor rated at 180 rpm, but it has sufficient torque to 
work with as little as 4 V applied, Instead of a sophisticated 
variable duty-cyclespeed control circuit, he used an LM 327 
adjustable voltage regulator to vary the motor-control voltage. 
from 4 to 12 V. Tuning speeds ranged from 11 seconds per 
inch at 12 to 40 seconds per inch at V. The higher speed 
is necessary to jump from band to band in a reasonable length 
of time. The lower speed makes it easy to fine-tune the 
capacitor to any desired frequency within a band, 

When building the capacitor, keep in mind that the 
smaller tubes must telescope in and out of the larger tubes 
with silky smoothness. ny binding will cause erratic tuning, 
For the same reason, the 48-32 brass threaded rod must be 


Table 5 
KD7S Loop-Tuning Capacitor Parts List for 
Nominal 50-pF Capacitor 

Qty Description 

2 Minch length of l. nen o type M copper water 


pipe 

2 40-inch length of Ener. b type M copper water 
pipe 

1 Finch length of Een h type M copper water 
pipe 

2 finch, 90° capper elbows 

2 Yeinch, 90° copper elbows 

2 10x 22-inch piece of 0.005-inch-thick Teflon sheet 
plastic 


1 1Zeinch length of 48-32 threaded brass rod 
1l — 52 brass shoulder nut 
2 22xS'bxileinch ABS plastic sheet (top and 
bottom covers) 
з 1%5'x'feinch ABS plastic sheet (end pieces and 
center) brace/quide 
1522 x'Jeinch ABS plastic sheet (side rails) 
50 to 200-rpm gear-head dc motor 
ОРОТ center-off toggle switch (up/down control) 
SPDT microsuitches (limit switches) 
0 feet 3-conductor control cable 
Enclosure for control switch 
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straight and properly aligned with the brass nut. Take your. 
time with this part of the project. 

Perhaps the easiest way to form the insulator is to pre- 
cut a length of Teflon sheet to the proper size. Place а 
lengthwise strip of double-sided tape оп the tube to secure 
oneend ofthe Teflon sheet. Begin wrapping the Teflon around 
the tube while keeping it as tight as possible. Don't allow 
wrinkles or ridges to form. Secure the other end with another 
piece of tape. Once both tubes are covered, ensure they are 
just short of being a snug fit inside the larger tubes. Confirm 
that the insulation completely overlaps the open end of the 
small tubes. If nat, the capacitor is certain to arc intemally 
with more than a few watts of power applied to it. 

Route the motor wiring inside the antenna pipes to 
‘minimize the amount of metal within the field of the antenna, 
Bring the wires out next to the coaxial connector. A three- 
wire system allows the use of limit switches to restrict the 
‘movement of the trombone section. Besureto solder together 
all metal parts ofthe capacitor. Use a small propane torch, а 
good quality Пих and 50/50 solid solder. Do not use acid 
core solder! Clean all parts to be joined with steel wool prior 
to coating them with flux. 


A Cookie-Sheet and Picture-Frame-Glass 
Variable Capacitor 

In Vol 2 of The ARRL Antenna Compendium series, 
Richard Plasencia, W ORPY, described a clever high-voltage 
variable capacitor he constructed using readily available 
materials, See Fig 22, which shows Plasencia's homebrew 
high-voltage variable capacitor, along with the сой and other 
parts used in his homemade antenna coupler. This capacitor 
could be varied from 16 to 542 pF and tested ata breakdown 
of 12,000 V. 

Тһе capacitor sits on four PVC pillars and consists of 
two 4x 4 j-inch aluminum plates separated by a piece of 
window glass that is 8: x 5' Inches in size. The lower 


Fig 22— The picture-frame-glass variable capacitor design 
of Richard Plasencia, WOR PV. Two aluminum plates 
Separated by a piece of glass scavenged from a picture 
frame create a variable capacitor that can withstand 
12,000 V, with a variable range from 16 to 542 pF. 


plateis epoxied to the glass. The upper plate is free to move 
ina wooden track epoxied to the upper surface ofthe glass 
The motor is reversible and moves the upper capacitor plate 
by rotating a threaded rod in a wing nut pinned to a tab on 
the capacitor plate. The four pillars are cut from PVC pipe 
to insulate the capacitor from the chassis and to elevate it 
into alignment with the motor shaft. 

WORPV used a piece of 0.063-inch thick single weight 
glass that exhibited a dielectric constant of 8. He removed 
the glass from a d me Store picture frame. In time-honored 
ham fashion, heimprovised his wooden tracks for the upper 
capacitor plate from a single wooden paint stirrer, and for 
the capacitor plate, he used aluminum cookie sheets. 

The wooden track for the upper plate is made by 
splitting the wooden paint stirrer with aknife into one narrow 
and one wide strip. The narrow strip is cemented on top and 
overhangs the movable plate, creating а slotted track. Since 
the wood is supported by the glass plate, its insulating 
qualities are of no importance. 

‘The principle of operation is simple, The reversible 
motor turns a threaded fe nc rod with a pitch of 20 threads 
to the inch. This rod engages a wing nut attached to the 
movable capacitor plate. Although WORPV grounded his 
capacitor’s movable plate with a braid, an insulator similar 
to that used in the trombone capacitor above should be used 
to isolate the lead-screw mechanism. Several pieces of braid 
made from RG-8 coax shield should be used to connect to 
the ends of the compacttransmitting loop conductors to form 
low-loss connections, 

WORPV used a 90-rpm motor from a surplus vending 
machine. It moved his variable capacitor plate 42 inches, 
taking about a minute to travel from one end to the other, 
Since he wished to eliminate the complexity and dubious 
reliability of limit switches when used outdoors, he 
‘monitored the motor's dc current through two 3.0, 2-W 
resistors placed in series with each lead of the motor and 
shunted by red LEDs at the control box. When the motor 
stalled by jamming up against the PV С limit stop or against 
the inside of the plastic mounting box, the increased motor 
current caused one or the other of the LEDs to light up. 


TYPICAL LOOP CONSTRUCTION 

After you select the electrical design for your loop 
application, you must consider how to mount it and how to 
feed it. If you wish to cover only the upper HF bands of 20 
through 10 meters, you will probably choose loop that has 
acircumferenceof about 85 feet You can make a reasonably 
sturdy loop using 1-inch diameter PVC pipe and “inch 
flexible copper tubing bent into the shape of a circle. Robert 
Capon, WA 3ULH, did this for a QRP-level transmitting loop 
described in M ay 1994 QST. Fig 23 shows a picture of his 
loop, with PVC H-frame stand 

This loop design used a 20-inch long coupling loop 
made of RG-8 coax to magnetically couple into the 
transmitting loop rather than the gamma-match arrangement 
used by WSQJR in his loop designs. The coupling loop was 


Fig 23— Photo of compact transmitting loop designed 
by Robert Capon, WA3ULH. This uses a L-inch PVC 
Heframe to support the loop made of flexible nen 
copper tubing. The small coupling loop made of RG 
coax braid couples the loop to the coax feed line. The 
tuning capacitor and drive motor are at the top of the 
loop, shown here in the ARRL Laboratory during 
testing. 


fastened to the PV c pipe frame using 2-inch long #8 bolts 
that also held the main loop to the mast. 

A more rugged loop can be constructed using rigid 
nch copper water pipe, as shown in the 50ЈА design 
in Fig 24. While a round loop is theoretically a bit more 
efficient, an octagonal shape is much easier to construct 
‘The values presented in Table 4 are for octagons, 

For a given loop circumference, divide the 
circumference by 8 and cut eight equal-length pieces of 
inch copper water pipe. Join the pieces with 45° elbows 
to form the octagon. With the loop lying on the ground on 
scraps of 2 x 4 lumber, braze ог solder all joints. 

W50] R madea box from clear plastic to house his ir 
variable capacitor and drive motor at the top of the loop. 
Thesideof the box that mounts to the loop and the capacitor 
should be at least -inch thick, preferably "js inch. The 
remainder of the box can be "inch plastic sheet. He 
mounted the loop to the plastic using -inch bolts (two on 
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Fig 24— Octagonal loop construction details. Table 4 gives loop design data for various frequency ranges. 


either side of center) after cutting out a section of pipe 
2 inches wide in the center. On the motor side of the 
Capacitor, he cut the pipe and installed a copper T for the 
motor wiring. 

WSQJR's next step was to solder copper straps to the 
loop ends and to the capacitor stators, then he remounted the 
loop to the plastic. If you insert wood dowels, the pipe will 
remain round when you tighten the bolts. Next he installed 
the motor drive cable through the loop and connected it to 
the motor. Antenna rotator cable is a good choice for this 
cable. He completed the plastic box using short pieces of 
aluminum angle and small sheet-metal screws to join the 
pieces, 

Theloop was then ready to raise to the vertical position. 
Remember, no metal is allowed near the loop. W5Q)R made 
a pole of 2xd-inch lumber with 14-inch boards on either 
side to form an | section. He held the boards together with 
inch bolts, 2 feet apart and tied rope guys to the top. This 
made an excellent mast up to 50 feet high. The pole height 
should be one foot greater than the loop diameter, to allow 
room for cutting grass or weeds at the bottom of the loop. 
W5QJR installed a pulley at the top so that his loop could 
be raised, supported by rope. He supported the bottom of 
the loop by tying it to the pole and tied guy ropes to the 
sides of the loop to keep it from rotating in the wind. Ву 
moving the anchor points, he could rotate his loop in the 
azimuth plane, 

W5QJR used a gamma-matching arrangement made 
of flexible “cinch copper tubing to couple the loop to the 
transmission line. In the center of one leg, he cut the pipe 
and installed a copper T. Adjacent to the Т, he installed а 
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mount for the coax connector, He made the mount from. 
Copper strap, which can be obtained by splitting a short piece 
of pipe and hammering it flat. 

While the loop was in the vertical position he cut a 
piece of inch flexible copper tubing the length of one of 
the straight sides of the loop. He then flattened one end and 
soldered a piece of flexible wire to the other. He wrapped 
the tubing with electrical tape for insulation and connected 
the lexible wire to the coax connector. He then installed the 
tubing against the inside of the loop, held temporarily in 
place with tape. He soldered the flat part to the loop, ending 
Up with a form of gamma match, but without reactive 
components, This simple feed provided better than 1.7:1 
SWR over a 2:1 frequency range. For safety, he installed а 
good ground rod under the loop and connected itto the strap 
for the coax connector, using large flexible wire. 


TUNE-UP PROCEDURE 

Theresonant frequency of the loop can be readily found. 
by setting the receiver to a desired frequency and rotating 
the capacitor (by remote control) until signals peak. T he peak 
will be very sharp because of the high Q of the loop. 

Тит on the transmitter in the tune made and adjust 
either the transmitter frequency or the loop capacitor for 
maximum signal on a field-strength meter, or for maximum 
forward signal on an SWR bridge. Adjust the matching 
network for minimum SWR by bending the matching line. 
Normally a small hump in the «inch tubing line, as shown 
in Fig 24, will givethe desired results. For a loop that covers 
two or more bands, adjust the feed to give equally low SWR. 
at each end of the tubing range. The SWR will be very low 


in the center of the tuning range but will rise at each end. 
If there is metal near the loop, the additional loss will 
reducetheQ and therefore the impedance of the oop. In those 
cases twill be necessary to increase the length of the matching 
line and tap higher up on the loop to obtain a 50-2 match 


PERFORMANCE COMPARISON 

As previously indicated, acompacttransmitting loop can 
provide performance approaching full-size dipoles and verticals. 
To illustrate one case, a loop 100 feet in circumference would 
be30 feet high for 1.8 M Hz. However, a good dipole would be 
240 feet (J A) in length and at least 120 feet high 
САЛ) А Lo vertical would be 120 feettall with alargenumber 


The Loop 


Are you looking for a multiband HF antenna that is 
(asy to construct, costs nearly nothing and yet works well? 
You might want to try this one. The Loop Skywire antenna is 
afull-sized horizontal loop. Early proponents suggested that 
theantenna could befed with coaxial cable with litle concern 
for losses, but later analysis proved that this was a bit of 
wishful thinking—the relatively low values for SWR across 
multiple bands indicate that cable losses were part and parcel 
performance. The best way to feed this versatile antenna is 
with open-wireladder line, with an antenna tuner in the shack 
to present the transmitter with a low value of SWR. 


of radiais on the ground, each 120 feet in length. The smaller 
loop could replace both of thoseantennas with only a moderate 
degradation in performanceanda requirement for a high-voltage 
variable capacitor. 

On the higher frequencies, the same ratios apply, but 
full-size antennas are less dramatic. However, very few city 
dwellers can erect good verticals even on 7 M Hz with a full- 
size counterpoise. Even on 14 M Hza loop about 3 feet high 
can work the world. 

Other than trading small sizefor narrow bandwidth and 
a high-voltage capacitor, the compact transmitting loop is 
an excellent antenna and should find use where large 
antennas are not practical 


Skywire 
THE DESIGN 
The Loop Skywire is shown in Fig 25. The antenna 
has one wavelength of wire in its perimeter a the design or 
fundamental frequency. If you choose to calculate L y in 
feet, the following equation should be used: 
E 
не 
where f equals the frequency in MHz 
Given any length of wire, the maximum possible area 
the antenna can enclose is with the wire in the shape of à 


n 


Fig 25—A complete view of the Loop Skywire. The square loop is erected horizontal to the earth. 
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circle, Since tiles on infinite number of supports to hang a 
circular loop, the square loop (four supports) is the most 
practical, Further reducing the area enclosed by the wire loop 
(fewer supports) brings the antenna closer to the properties 
ofthe folded dipole, and both harmonic-impedance and feed 
line voltage problems can result. Loop geometries other than 
‘square are thus possible, but remember the two fundamental 
requirements for the Loop Skywire— its horizontal position 
and maximum enclosed area, 

‘Thereis another great advantage to this antenna system. 
It can be operated as a vertical antenna with top-hat loading 
оп other bands as well. This is accomplished by simply 
Keeping the feed line run from the antenna to the shack as 
vertical as possible and clear of objects. Both feed-line 
conductors are then tied together, and the antenna is fed 
against а good ground. 


CONSTRUCTION 

Antenna construction is simple. Although the loop can. 
bbe made for any band or frequency of operation, the 
following two оор Skywires are good performers. The 10 
MHz band can also be operated on both. 


3.5-MHz Loop Skywire 
(35-28 MHz loop and 1.8-M Hz vertical) 
Total loop perimeter: 272 feet 
Square side length: 68 feet 

7-MH2 Loop куміте 
(7-28 MHz loop and 3.5-M Hz vertical) 
Total loop perimeter: 142 feet 
Square side length: 35.5 feet 


The actual total length can vary from the above by а 
few feet, as the length is not at all critical. Do not worry 
about tuning and pruning the loop to resonance. No signal 


B 
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Fig 26— Two methods of installing the insulators at the 
loop corners. 
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Fig 27— At A, azimuth-plane response of 142-foot long, 
7.MHz Loop Skywire, 40 feet in the air at 7.2 MHz, 
compared with te, dipole 30 feet in the air. At 
response of same Loop Skywire at 14.2 MHz, compared 
With уз 14.2.MHz dipole 30 feet in the air. Now the 
loop has some advantage in certain directions. At C, 
response of the same Loop Skywire at 21.2 MHz 
compared to a 21.2-MHz dipole at 30 feet. Here, the 
Loop Skywire has more gain in almost ali directions 

than the simple dipole. All azimuth-plane patterns were 
made at 10° elevation. 


difference will be detected on the 

other end when that method is used. 
Bare #14 copper wire s used in 

the loop. Fig 26 shows the placement 


ofthe nsulatorsatthe oop comes. Two E 
common methods ae used to attach the 
insulators, Either lock or tie the 
insulator in place with a loop wire tie, 
as shown in Fig 26A, or leave the 
insulator free to “float” or slide along 
thewire, Fig 268.Mostloopusersfloat 
at least two insulators. This allows 
pulling the slack out of the loop once 
itis in the alr, and eliminates the need 
to have all the supports exactly placed 
for proper tension n each leg. Floating 
two opposite comers Is recommended 
Fig 27А shows the azimuth: 
plane performance on 7.2 MHz of a 
142-footlong, 7-M Hz Loop Skywire, 
40 feet high at an elevation angle of 
10%, compared to a regular flattop 


ph dipoleatahelghtof 30 feet The 
loop comes into its own at higher 
frequencies. Fig 27B shows the 
response at 14.2 MHz, compared again to a- 14.2-M Hz 
dipole ata height of 30 feet. Now the loop has several lobes 
thatare stronger than the dipole. Fig 27C shows the response 
at 21.2 MHz, compared to a dipole. Now the loop has 
superior gain compared to the eg dipole at almost any 
azimuth, In its favored direction on 21.2 M Hz, the loop is 8 
dB stronger than the dipole. 

Thefeed point can be positioned anywherealang the oop 
thatyou wish. However, mostusers feed the Skywire ata corer 
Fig 28depictsa method of doing this, using a pieceof plexiglass 
to provide insulation as well as strain relief for the open-wire 
ladder line. It is advantageous to keep the feed-polnt 
mechanicals away from the corner support. Feeding a foot or 
so from one corner allows the feed line to exit more freely. 
This method keeps the feed line free from the oop support 

Generally a minimum of four supports is required. If 
trees are used for supports, then at least two of the ropes or 
‘quys use to support the insulators should be counterweighted 
and allowed to move freely, The feed-line comer is almost 
always tied down, however. Very litle tension is needed to 
support the loop (far less than that for a dipole). Thus, 
counterweights are light. Several such loops have been 
constructed with bungie cords tied to three of the four 
insulators. This eliminates the need for countenweighting. 

Recommended height or the antenna is 40 feet or more. 
The higher the better, especially if you wish to use the loop 
in the vertical mode. However, successful local and DX 
‘operation has been reported in several cases with the antenna 
at 20 feet. Fig 29 shows the feed arrangement for using the 
Loop Skywire as a top-loaded vertical fed against ground 
оп the lower bands, 


Fig 28— Most users feed the Skywire ata corner. A high-impedance 
weather-resistantinsulator should be used for the feed-point insulator. 


Because the loop is high in the air and has considerable 
electrical exposure to the elements, proper methods should 
фе employed to eliminate the chance of Induced or direct 
lightning hazard to the shack and operator. Some users simply 
completely disconnect the antenna from the antenna tuner 
and rig and shack during periods of possible lightning activity. 


= 


Fig 29— The feed arrangement for operating the 7-MHz 
Loop Skywire as a vertical antenna. 
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7-MHz Loop 


An effective but simple 7-MHz antenna that has а 
theoretical gain of approximately 2 dB over a dipole is a 
full-wave, closed vertical loop. Such a loop need not be 
square, as illustrated in Fig 30. It can be trapezoidal, 
rectangular, circular, or some distorted configuration in 
between those shapes, For best results, however, the builder 
should attempt to make the loop as square as possible. The 
more rectangular the shape, the greater the cancellation of 
energy in the system, and the less effective it will be. In the 
limiting case, the antenna loses its identity as a loop and 
becomes a folded dipole, 

‘The loop can be fed in the center of one of the vertical 
sides if vertical polarization is desired. For horizontal 
polarization, it is necessary to feed either of the horizontal 
sides atthe center. Optimum directivity occursatrightangles 
to the plane of the loop, or in more simple terms, broadside 
from the loop. One should try to hang the system from 
available supports which will enable the antenna to radiate 
the maximum amount in some favored direction, Fig 31 
shows how the elevation pattern changes with changes in 


Fig 30- Details of the full-wave loop. The dimensions 


given are for operation at 7.05 MHz. The height above 
‘Ground was 7 feet in this instance, although improved 
Performance should result ifthe builder can install the 
{оор higher above ground without sacrificing length on 
the vertical sides. The inset illustrates how a single 
Supporting structure can be used to hold the loop in a 

lamond-shaped configuration. Feeding the diamon 
the lower tip provides radiation in the horizontal plane. 
Feeding the system at either side will result in vertical 
polarization of the radiated signal. 
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the eed-point location. For DX work, the optimal feed point 
for vertical polarization sin the center of ane of the vertical 
wires. Feeding the loop at one of the comers at the bottom 
gives good compromise for local and DX work, The actual 
impedance is roughly the same at each point: bottom 
horizontal center, corner or side center, 

Just how the wire is erected will depend on what is 
available in one’s yard. Trees are always handy for 
Supporting antennas, and in many instances the house is high 
enough to be included in the lineup of solid objects from 
which to hang a radiator. If only one supporting structure is 
available, it should be a simple matter to put up an A frame 
or pipe mast to use as a second support (Also, tower owners 
see Fig 30 inset) 

The overall length of the wire used in a loop is 


\ 


Fig 31- Elevation-plane responses for the 7-MHz loop, 
fed at different points. The solid line is for feeding it at 
the bottom; the dashed line is for feeding it at either 
corner at the bottom; the dotted line is for feeding itat 
the center of one of the vertical sides. For reference, 
the response of a simple flattop horizontal dipole at 
30 feet in height is shown as a dashed-dotted line. 


Fig 32— Elevation-plane response of 7-MHz loop used 
оп 14.2 MHz. This Is for a feed point at the center of 
опе of the two vertical wires. The dashed line is the 
response of a Панор 20-meter dipole at 30 feet in 
height for comparison. 


determined in feet from the formula 1005/f (M Hz), Hence, 
for operation at 7.125 M Hz the overall wire length will be 
141 feet, The matching transformer, an electrical ЧА. of 
75-0 coax cable, can be computed by dividing 246 by the 
operating frequency in M Hz, then multiplying that number 
by the velocity factor of the cable being used. Thus, For 
operation at 7.125 MHz, 2467125 MHz = 34.53 feet. If 
coax with solid polyethylene insulation is used, a velocity 
factor of 0.66 must be employed. Foam-polyethylene coax 
has a velocity factor of 0,80. Assuming R G-59 is used, the 


length of the matching transformer becomes 34.53 (feet) x 
0.66 = 22.78 feet, or 22 feet, 91 inches. 

This same loop antenna may be used on the 14 and. 
21-M Hz bands, although its pattern will not be as good as 
that on its fundamental frequency, The gain from a simple 
flattop dipole, mounted at 30 feet, will be superior to the 
loop operated on а harmonic frequency. Fig 32 shows the 
response at the peak lobe of the loop, at a 45° angle to the 
planeof theloop, compared to the peak response for asimple 
halfwave 20-meter dipole, 30 feet high. 


A Receiving Loop for 1.8 MHz 


You can use a small shielded loop antennas to improve 
reception under certain conditions, especially at the lower 
amateur frequencies. This is particularly true when high levels 
of man-made noise are prevalent, when the second-harmonic 
energy from a nearby broadcast station falls in the 1.8-MHz 
band, or when interference exists from some other amateur 
station in theimmediatearea.A propery constructed and tuned 
small loop will exhibit approximately 30 dB of front-to-side 
response, the minimum response being at right angles to the 
plane of the loop. Therefore, noise and interference can be 
reduced significantly or completely nulled out by rotating the 


Fig 33—J ean DeMaw, WICKK, tests the 1.8-MHz 
shielded loop. Bamboo cross arms are used to 
Support the antenna. 


lop so tha itis sideways to the interference causing source. 

Generally speaking, small shielded loops are far less 
responsive to man-made noise than are the larger antennas 
used for transmitting and receiving. But a trade-off in 
performance must be accepted when using the loop, for the 
strength of received signals will be 10 or 15 dB less than 
when using а full-size resonant antenna. This condition is 
пог a handicap on 1.8 or 3.5 MHz, provided the station 
receiver has normal sensitivity and overall gain. Because а 
front-to-side ratio of 30 dB may be expected, a shielded loop 
can be used to eliminate a variety of receiving problems if 
made rotatable, as shown in Fig 33. 

To obtain the sharp bidirectional pattern of a small loop, 
the overall length of the conductor must not exceed 0.1 A- 
The loop of Fig 34 has a conductor length of 20 feet, At 
181 MHz, 20 fes 0.037 A. With this style of loop, 0.037 1 
is about the maximum practical dimension if you want to 
tune the element to resonance. This imitation results from 
the distributed capacitance between the shield and inner 
conductor of the loop. RG-59 was used for the loop element 
in this example. The capacitance per foot for this cable is 
21 pF, resulting in а total distributed capacitance of 420 pF. 
Ап additional 100 pF was needed to resonate the loop at 
1810 Hz 

Therefore, the approximate inductance of the loop is 
15 uH. The effect of the capacitance becomes less 
pronounced atthe higher end of the HF spectrum, provided 
the same percentage of a wavelength is used In computing 
the conductor length. The ratio between the distributed 
capacitance and the lumped capacitance used atthe feed point 
becomes greater at resonance. These facts should be 
contemplated when scaling the loop to those bands above 
18 MHz 

There will not bea major differencein the construction 
requirements of the lop if coaxial cables other than RG-59 
are used. The line impedance is not significant with respect 
to the loop element. Various types of coaxial line exhibit 
different amounts of capacitance per foot, however, thereby 
requiring more or less capacitance across the feed point to 
establish resonance. 

Shielded loops are not affected noticeably by nearby 
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Fig 34— Schematic diagram of the loop antenna. The 
dimensions are not critical provided overall length of 
the loop element does not excee 

Small loops whict 

‘one will prove useful where limited space is a 
Consideration. 


Objects, and therefore they can be installed indoors or out 
after being tuned to resonance. M oving them from one place 
to another does not significantly affect the tuning 

You can see in the model shown in Fig 33 that a 
supporting structure was fashioned from bamboo poles. The 
X frameis held together at the center with two U bolts, The 
loop element is taped to the cross-arms to form a square. 
You could likely use metal cross arms without seriously 
degrading the antenna performance. Alternatively, wood can 
be used forthe supporting frame. 

A Minibox was used at the feed point of the loop to 
hold the resonating variable capacitor. In this model a 50. 
to 400-pF compression trimmer was used to establish 
resonance. You must weatherproof the box for outdoor 
Installations. 

Remove the shield braid of the loop coax for one inch 
directly opposite the feed point You should treat the exposed 
areas with a sealing compound once this is done. 

n operation this receiving loop has proven very 
effective fornulling aut second-harmonic energy from local 
broadcast stations. During DX and contest operations on 
18 MHz helped prevent receiver overloading from nearby 
18-M Hz stations that share the band, The marked reduction 
їп response to noise has made the loop a valuable station 
accessory when receiving weak signals. It is not used all of 
the time, but is available when needed by connecting it to 
the receiver through an antenna selector switch. Reception 
of European stations with the loop has been possible from 
New England at times when other antennas were totally 
Ineffective because of noise. 

It was also discovered that the effects of approaching 
storms (with attendant atmospheric noise) could be nullified 
considerably by rotating the оор away from the storm front 
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It should be said that the loop does not exhibit meaningful 
directivity when receiving sky-wave signals. The directivity 
characteristics relate primarily to ground-wave signals, This 
is a bonus feature in disguise, for when nulling out local 
noise or interference, one is still able to copy sky-wave 
signals from all compass points! 

For receiving applications it is not necessary to match. 
the feed line to the loop, though doing so may enhance the 
performance somewhat If no attempt is made to obtain ап 
SWR of 1, the builder can use 50 or 75-0 coax for a feeder, 
and no difference in performance will be observed. The Q 
of this loop is sufficiently low to allow the operator to peak 
itfor resonance at 1.9 M Hz and use it across the entire 1.8- 
M Hz band. The degradation in performance at 1.8 and 2 MHz 
will be so slight that it will be difficult to discern. 
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In theory there is по difference between antennas at 
10 MHz and up and those for lower frequencies. Їп reality 
however, there are often important differences. Itis the size 
of the antennas, which increases as frequency is decreased, 
that creates practical limits on what can be realized physically 
at reasonable cost 

ALT MHz, 14 = 133 feet and by the time we getto 
1.8 MHz, LA =547 feet Even a А2 dipole is very long on 
160 meters. The result is that the average antenna for these 


Frequency 
Antennas 


bands is quite different from the higher bands, where Y agis 
and other relatively complex antennas dominate. In addition, 
vertical antennas can be more useful at low frequencies than 
they are on 20 meters and above because ofthe low heights 
(in wavelengths) usually available for horizontal antennas 
оп the low bands. Much of the effort on the low bands is 
focused on how to build simple but effective antennas with 
limited resources, This section is devoted to antennas for 
use on amateur bands between 1.8 to 7 M Hz. 


Horizontal Antennas 


As shown in Chapter 3, radiation angles from 
horizontal antennas are a very strong function of the height 
aboveground in wavelengths. Typically for DX work heights 
Of X2 to 1 à are considered to be a minimum. As we go 
down in frequency these heights become harder to realize. 
For example, а 160-meter dipole at 70 feet is only 0242. 
high. This antenna will be very effective for local and short 
distance Q5Osbut not very good for DX work. Despite this 
limitation, horizontal antennas аге very popular on thelower 
bands because the low frequencies are often used for short 
range communications, local nets and rag chewing, Also 
horizontal antennas do not require extensive ground systems 
to be efficient. 


DIPOLE ANTENNAS 

Half-wave dipoles and variations of these can bea very 
good choice fora low band antenna A variety of possibilities 
are shown in Fig 1.Anuntuned or “flat” feed lineisa logical 
choice оп any band because the losses are low, but this 
generally limits the use of the antenna to one band. Where 
only single-band operation is wanted, the 2/2 antenna fed 
with untuned line is one of the most popular systems on the 
35 and 7-M Hz bands, 

If the antenna is a single wire affair, its impedance is 
in the vicinity of 60 ©, depending on the height and the 
ground characteristics. The most common way to feed the 
antenna is with 72-02 twin-ead or 50 or 75-0 coaxial line, 
Heavy duty twin-lead and coaxial line present support 


problems because they area concentrated weight at the center 
ofthe antenna, tending to pull the center of the antenna down. 
This can be overcome by using an auxiliary pole to take at 
least some of the weigh of the line. The line should соте 
away from the antenna at right angles, and it can be of any 
length. 


Folded Dipoles 

A folded dipole (Fig 18 and C) has an impedance of 
‘about 300.0, and can be fed directly with any length of 300-02 
line. The folded dipole can be made of ordinary wire spaced 
by lightweight wooden or plastic spacers, 4 or 6 inches long, 
or a plece of 300 or 450-0 twin-lead or ladder ine. 

A folded dipole can be fed with a 600-0 open wire 
line with only 22:1 SWR, but a nearly perfect match can be 
obtained with a threewire dipole fed with either 450-0 
ladder line ог 600-0 open wire line. One advantage of the 
two- and three-wire antennas over the single wire is wet 
they offer a better match over a wider band. This is 
particulary important full coverage of the 3.5-M Hz band 
is contemplated 


Inverted-V Dipole 

The halves of a dipole may be sloped to form an 
inverted V, as shown in Fig 2. This has the advantages of 
requiring only asinglehigh support and less horizontal space. 
There will be some difference in performance between а 
normal horizontal dipole and the inverted V as shown by 
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Fig 1— Half-wavelength antennas for single band operation. The multiwire types shown in B, C and D offer a better 
match to the feeder over a somewhat wider range of frequencies but otherwise the perform: 

feeder should run away from the antenna at a right angle for as great a distance as possible. In t 
circuits shown, tuned circuits should resonate to the operating freque the series-tuned circuits of A, B, and 
C, high L and low C are recommended, and in D the inductance and capacitance should be similar to the output- 
amplifier tank, with the feeders tapped across at least; the сой. The tapped-coil matching circuit shown In 
Chapter 25 can be substituted in each case. 


the radiation patterns in Fig 3. There is small loss in peak — isnotcrilcal, although itshould probably bemadeno smaller 
gain and the pattern is less directional. than 90°, Because of the lower impedance, a 50-02 line 

Sloping of the wires results in a lowering of the resonant should be used. For those who are dissatisfied with anything 
frequency and a decrease in feed-polnt impedance and — butaperfectmatch, the usual procedure isto adjust the angle 
bandwidth. Thus, for the same frequency, the length of the Гог lowest SWR while keeping the dipole resonant by 
dipole must be decreased somewhat The angle at the apex — adjustmentof length, Bandwidth may be increased by using 
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Fig 2—The inverted-V dipole. The length and apex angle 
should be adjusted as described in the text. 
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Fig 3-AtA, 
patterns comparing a normal 80-meter dipole 
Inverted-V dipole. The center of both dipoles is at 
(65 feet and the ends of the inverted V are at 20 feet. The 
frequency is 3.750 MHz. 


multiconductor elements, such as a cage configuration 


PHASED HORIZONTAL ARRAYS 

Phased arrays with horizontal elements, which provide 
some directional gain, can be used to advantage at 7 M Hz, 
if they can be placed at least 40 feet above ground, At 
35 MHz heights of 70 feet or more are needed for any real 
advantage, M any of the driven arrays discussed in Chapter 
8 and even some of the Yagis discussed in Chapter 11 can 
be used as fixed directional antennas. If a bidirectional 
characteristic is desired, the W 8] K array, shown in Fig 4A, 
is a good one. If a unidirectional characteristic is required 
two elements can be mounted about 20 feet apart and 
provision included for tuning one of the elements as either 
a director or reflector, as shown in Fig 4B 


Fig 4- Directional antennas for 7 MHz. To realize any 
advantage from these antennas, they should be at least 
40 feet high. At A, system is bidirectional. At B, system 
is unidirectional in a direction depending upon the 
tuning conditions of the parasitic element. The length 
of the elements in either antenna should be exactly the 
Same, but any length from 60 to 150 feet can be used. If 
the length of the antenna at A is between 60 and 

80 feet, the antenna will be bidirectional along the 
Same line on both 7 and 14 MHz. The system at B can 
be made to work on 7 and 14 MHz in the same way, by 
keeping the length between 60 and 80 feet. 
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The parasitic element is tuned at the end of its feed 
Line witha series or paralle-tuned circuit (whichever would 
normally be required to couple power into the line), and the 
proper tuning condition can be found by using the system 
for receiving and listening to distant stations along the line 
to the rear ofthe antenna. Tuning the feeder to the parasitic 
element can minimize the received signals from the back of. 
the antenna. This is in effect adjusting the antenna for 
maximum front-to-back ratio. Maximum frant-to-back does 
not occur at the same point as maximum forward gain but 
thelossin forward gain is very small. A djusting the antenna. 
for maximum forward gain (peaking received signals in the 
forward direction) may increase the forward gain slightly 
but will almost certainly result in relatively poor frontto- 
back ratio, 


A MODIFIED EXTENDED DOUBLE 2ЕРР 

If the distance between the available supports is greater 
than 2/2 then a very simple form of a single wire collinear 
array can be used to achieve significant gain. The extended 
double Zepp antenna has long been used by amateurs and is 
discussed in Chapter 8, A simple variation of this antenna 
with substantially improved bandwidth can be Very useful 
on 3.5 and 7.0 M Hz. The following material has been taken 
from an article by Rudy Severns, N6LF, in The ARRL 
Antenna Compendium Vol 4 

‘The key to improving the characteristics of a standard 
double-extended Zepp is to modify the current distribution. 
Oneof thesimplest ways to do this is to insert a reactance(s] 
in series with the wire. This could either be an inductor(s) 
or a capacitor(s). In general, a series capacitor will have а 
higher Q and therefore less loss. With either choice it is 
desirable to use as few components as possible. 

Аз ап initial trial at 7 M Hz, only two capacitors, one. 
оп each side of the antenna, were used. The value and 
position of the capacitors was varied to see what would 
happen. It quickly became clear that the reactance at the. 
feed point could be tuned out by adjusting the capacitor. 
value, making the antenna look essentially like a resistor 
over the entire band, The value of the feed- paint resistance 
could be varied from less than 150 £ to over 1500 £ by 
changing the location of the capacitors and adjusting thelr 
values to resonate the antenna 

A number of interesting combinations were created. 
‘The one ultimately selected is shown in Fig S. The antenna 
is 170 feet in length. Two 9.1 pF capacitors are located 
25 feet out each side of the center. The antenna is fed with 
450-0 transmission line and a 9:1 three-core Guanella balun 
used at the transmitter to convert to 50 Q. The transmission 
line can be any convenient length and it operates with а 
very low SWR 

Thats all there is to it. The radiation pattern, overlaid 
with that for a standard DE Zepp for comparison, is shown 
їп Fig 6, The sidelobes are now reduced to below 20 dB. 
Themain lobeis now 43° wideatthe 3-dB points, as opposed 
to 35° for the original DEZepp. The antennahas gain over a 
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Fig 5—Schematic 
for modified NGLF 
Double Extended 
р. Overall 
length is 170 feet, 
with 9.1 pF 
capacitors placed 
25 feet each side 
of center. 


Fig 6— Azimuth. 
pattern for NGLF 
Double Extended 


‘lassie Double 
Zep) 
Tine). 


р 
The 


the sidelobes are 
suppressed better. 


dipole for > 50° now and the gain of the main lobe has 
dropped only 0.2 68 below the original ОЕ рр. 


Experimental Results 

Theantenna Was made from #14 wire and the capacitors 
were made from 3.5-inch sections of RG-213, shown in 
Fig 7A. Note that great care should be taken to seal out 
moisture in these capacitors The voltage across the capacitor 
for 1.5 kW will be about 2000 so any corona will quickly 
destroy the capacitor 

A silicon sealant was used and then both ends covered 
with coax seal, finally wrapping it with plastic tape. The 
solder balls indicated on the drawing are o prevent wicking 
of moisture through the braid and the stranded center 
conductor. This is a small butimportant point if long service 
outin the weather is expected. An even better way to protect 
the capacitor would be to enclose itin a short piece of PVC 
pipe with end caps, as shown in Fig 78. 

Note that all RG-8 type cables do not have exactly the 
same capacitance per foot and there will also be some end 
effect adding to the capacitance. If possible the capacitor 
should be trimmed with a capacitance meter. It isn't 
necessary to be too exact the effect of varying the 
capacitance +10% was checked and the antenna still worked 
fine. 

The results proved to be close to those predicted by 
the computer model. Fig 8 shows the measured value for 


Fig 7— 
Construction 
details for series 
Capacitor made 
from RG-213 
Coaxial cable. At 
A, the method 
used by NGLF is 
illustrated, AEB, a 
Suggested method 
to seal capacitor 
Better against 
Weather is shown, 
m im sing a section of 
Of | == O PVC pipe with end 
А} iy caps. 
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2 Fig 8—Measured 
* SWR curve 
É across 40-meter 
E band for NGLF 
— — wl. 
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Fig 9—75/80-meter modified Double 
Extended Zepp, designed using NEC 
Wires. At A, a schematic is shown for 
antenna. At B, SWR curve is shown. 
across 75/80-meter band. Solid line 
shows measured curve for W7ISV 
antenna, which was pruned to place 
SWR minimum higher in the band. The 
dashed curve shows the computed 
response when SWR minimum is set 
to 3.8 MHz. 


SWR across the band, These measurements were made with 
a Bird directional wattmeter. The worst SWR is 1.35:1 at 
the low end of the band, 

Dick Ives, W 7ISY, erected an 80-meter version of the 
antenna, shown in Fig 9A. The series capacitors are 17 pF. 
Since he isn't interested in CW, Dick adjusted the length 
for the lowest SWR at the high end of the band, as shown in 


the SWR curve (Fig 98). Theantenna could have been tuned 
somewhat lower in frequency and would then provide an 
SWR <2:1 over the entire band, as indicated by the dashed 
Tine 

This antenna provides wide bandwith and moderate 
gain over the entire 75/80-meter band. Not many antennas 
will give you that with a simple wire structure. 
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Vertical Antennas 


On the low bands vertical antennas become 
increasingly attractive, especially for DX work, because they 
provide a means for lowering the radiation angle. This is 
especially true where practical heights for horizontal 
antennas retoo low. In addition, verticals can be very simple 
and unobtrusive structures. For example, it is very easy to 
disguise a vertical as а flagpole. In fact an actual flagpole 
тау be used as a vertical. Performance of a vertical is 
determined by several factor: 


+ Height of the vertical portion of the radiator 
* The ground ar counterpoise system efficiency 

* Ground characteristics in the near and far-field regions 

* The efficiency of loading elements and matching networks 


For best performance the vertical portion of the antenna 
shouldbe3/4 or more, bt thisîs not an absolute requirement 
With proper design, antennas as short as 0.1 i or even less 
canbe efficient and effective. Antennas shorter than 2/4 will 
bereaciveand someform of loading and perhaps a matching 
network will be required. 

If the radiator is made of wire supported by 
nonconducting material, the approximate length for 144 
resonance can be found from: 


234 


e bee (€q1) 


For tubing, the length for resonance must be shorter 
than given by the above equation, as the length-to-diameter 
ratio is lower than for wire (see Chapter 2). For a tower, the 
resonant length will be shorter stil. In any case, after 
installation the antenna length (height) can be adjusted for 
resonance at the desired frequency. 

The effect of ground characteristics on losses and 
elevation pattern is discussed in detail in Chapter 3. The 
‘most important points made in that discussion are the effect 
of ground characteristics on the radiation pattern and the 
means for achieving low ground resistance in a buried 
ground system. As ground conductivity increases, low-angle. 
radiation improves, This makes a vertical very attractive to 
those who live in areas with good ground conductivity. If 
your OTH is on a saltwater beach, then a vertical would be 
Very effective, even when compared to horizontal antennas 
at great height 

When a buried-radial ground system is used, the 
efficiency ofthe antenna willbe limited by the loss resistance 
of the ground system. The ground can be а number of radial 
Wires extending out from the base ofthe antenna for about 
3/4. Driven ground rods, while satisfactory for electrical 
safety and for lightning protection, are of little value as an 
RF ground fora vertical antenna, except perhaps in marshy 
or beach areas. As pointed out in Chapter 3, many long 
radials are desirable. In general, however, a large number 
of short radials are preferable to only a few long radials, 
although the best system would have 60 or mare radials 
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longer than 3/4. An elevated system of radials or a ground 
screen (counterpoise) may be used instead of buried radials, 
and can result in an efficient antenna. 


ELEVATED RADIALS AND COUNTERPOISES 
Elevated radials, isolated from ground, can be used in 
place of an extensive buried radial system. Work by Al 
Christman, K 3LC (ex-K B81), has shown that to 8 elevated 
radials can provide performance comparable toa 120 2/4- 
long buried wires. This is especially important for the low 
bands, where such a buried ground system is very large and 
impractical for most amateurs. An elevated ground system 
is sometimes referred to as а ground plane or counter poise 
Fig 10 compares buried and elevated ground systems, 
showing the difference in current flow in the two systems. 

An elevated ground can take several forms. A number 
of wires arranged with radial symmetry around the base of 
the antenna is shown in Fig 108. Four radials are normally 
used, but as few as two, ог as many as eight, can be used 
For a given height of vertical, the length of the radials can 
be adjusted to resonate the antenna. For а 2/4 vertical, the 
radials are normally i/4 long. 

Inthe case of a multiband vertical, two or more sets of 
radials, with different lengths, may beinteleaved, The radials 
associated with each band are adjusted or resonance on their 
associated band, 

А counterpolseis most commonly a system of elevated 
radials, where the radial wires are interconnected with 
jumpers, as shown in Fig 11. As illustrated in Fig 10, be 
purpose of the elevated-ground system sto provide return 
path for the displacement currents flowing in the vicinity of 
the antenna, The idea is to minimize the current flowing 
through the ground itself, which is usually very losy. By 
raising theradials above ground most of the current will flow 
in the radials, which are good conductors, This allows а 
simple radial system to provide a very efficient ground, 
However, there is price to be paid for this 

The ground system now has a direct effecton the feed- 
pointimpedance, introducing reactance as well as resistance, 
and is relatively narrow band. For a given vertical height, 
the radial length must be adjusted to resonate the antenna 
The length of the radials must be readjusted for each band if 
а multiband vertical is used. As pointed out above, this 
usually means the installation of а set of radials for each 
band. To minimizecurretflowing in the ground, the antenna, 
ground plane and feed line must be isolated from ground for 
RF, More on this later, 

The height of the vertical does not have to be exactly 
эй. Other lengths may be used and the antenna may be 
resonated by adjusting the length of the radials Table gives 
а comparison between three different vertical lengths in an 
antenna using four elevated radials at 3.525 M Hz. 

An important feature of Table 1 is the dramatic 
reduction in radial length (Lz) with even a small increase in 


40 
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Fig 10— How earth currents affect the losses in a short vertical antenna system. At A, the current through the 


combination of Ce and Re may be appreciable if C is much greater than Cy, the 


pacitance of the vertical to the 


ground wires. This ratio сап be improved (up to a point) by using more radials. By raising the entire antenna 
System off the ground, C, (which consists of the series combination of Cy, and C,,) is decreased while Cy stays 
the same. The radial systém shown at B is sometimes called a counterpolse. 


Fig 11- Counterpolse, showing the radial wires 
connected together by cross wires. The length of the 
Perimeter of the individual meshes should be < 1/4 to 
prevent undesired resonances. Sometimes the center 
Portion of the counterpoise is made from wire mesh. 


Table 1 
Illustration of the Effect of Variable Vertical Height 
(Lı) on Elevated Radial Length (Lz) and Rr 

312 Wire, Elevated 5 Feet Over Average Ground at 
3.525 MHz 

„ „ Hg 

à feet) (feet) (2) 

0225 628 м 288 

05 698 67 2344 

027 750 45 510 

оз 837 2 759 


vertical height (L). For example, increasing the height by 
5 feet reduces the radial length by 22 feet. On the other hand 
even a small decrease in L can cause a substantial increase 
in L. This would be very undesirable, since the area required 
by the radials is already considerable. Notice also that the 
small increase in height raises Ry to 51 Q. This trick of 
increasing the height slightly to reduce the size of the 
elevated ground system and to increase the input resistance 
сап be very useful. In a following section the use of top. 
loading for short antennas will be discussed. Top loading 
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сап also be used on a 4/4 vertical to achieve the same effect 
as increasing the height- the ability to use shorter radials 
and a better match 


GROUND-PLANE ANTENNAS 


‘The ground-plane antenna is a 4/4 vertical with four 
radials, as shown in Fig 12. The entire antenna is elevated 
above ground with the radials angled downward. A practica 
example of а 7-M Hz ground-plane antenna is given in 
Fig 13. As explained earlier, elevating the antenna reduces 
the ground loss and lowers the radiation angle somewhat. 


Fig 12—The ground- 
plane antenna. Power 
1з applied between the 
Base of the vertical 
radiator and the 
Center of the ground. 
plane, as indicated in 
the drawing. 
Decoupling from the 
transmission line and 
any conductive 
Support structure is 
highly desirable. 


The radials are sloped downward to make the feed-point 
impedance closer to 50.0. 

The feed-point impedance of the antenna varies with 
the height above ground, and to a lesser extent varies with 
the ground characteristics. Fig 14 is a graph of feed-point 
resistance (R) for a ground-plane antenna with the radials 
parallel to the ground. Ra is plotted as a function of height 
‘above ground, Notice thatthe difference between perfect 
‘ground and average ground (e = 13 and о = 0.005 Sim) is 
Small, except when quite close to ground. Near ground Ry 
is between 36 and 40 £2. This is a reasonable match for 
50-0 feed line but as the antenna is raised above ground 
Ra drops to approximately 22 0, which is not a very good 
match. The feed-point resistance can be increased by sloping 
the radials downward, away from the vertical section, 

The effect of sloping the radials is shown in Fig 15. 
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Fig 13—A ground-plane antenna is effective for DX work 
оп 7 MHz. Although its base can be any height above 
‘ground, losses in the ground underneath will be reduced 
by keeping the bottom of the antenna and the ground 
plane as high above ground as possible. Feeding the 
antenna directly with 50-2 coaxial cable will result in a 
low SWR.The vertical radiator and the radials are all 2/4 
long electrically. Contrary to popular myth, the radials, 
need not necessarily be 5% longer than the radiator 

Their physical length will depend on their length-to- 
diameter ratios, the height over ground and the length of 
the vertical radiator, as discussed in text. 
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Radiation resistance of a 4-radial ground-plane 
s a function of height over ground. Perfect 
and average ground are shown. Frequency is 3.525. 

MHz. Radial angle (0) is 0 
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Fig 15- Radiation resistance and resonant length for a 
radial ground-plane antenna > 0.3 above ground аз 
a function of radial droop angle (č) 


The graph is for an antenna well above ground (> 0.3 4) 
Notice that R =50 Q when the radials are sloped downward. 
atan angle of 45°. The resonant length of the antenna will 
vary slightly with the angle. In addition, the resonant length 
will vary asmall amount with height above the ground. It is 
for these reasons, as well asthe effect of conductor diameter, 
that someadjustmentof theradial lengths is usually required 
When the ground-plane antenna is used on the higher HF 
bands and at VHF, the height above ground [s usually such 
that a radial sloping angle of 45° will give a good match to 
50-0 feed line 

‘The effectof height on Ry with a radial angle of 45° is 
shown in Fig 15. At 7 MHz and lower, itis seldom possible 
to elevate the antenna a significant portion of a wavelength 
and the radial angle required to match to 50-0 lineis usually 
of the order of 10° to 20°. To make the vertical portion of 
the antenna as long as possible, it may be better to accept a 
slightly poorer match and keep the radials parallel to ground. 

‘The principles of the folded dipole (Fig 1) can also be 
applied to the ground-plane antenna, as shown in Fig 17. 


ji (û) and Length Fee 


Fig 16— Radiation resistance and resonant length for a 
A-radial ground-plane antenna for various heights above 
average ground for radial droop angle à = 4$ 


Fig 17— The folded 
monopole antenna, 

Shown here is a ground 
plane of four 1/4 radials. 
‘The folded element may be 
‘operated over an extensive 
‘countarpoise system or 
mounted on the ground 
and worked 


= 
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With the folded dipol 
antenna, the feed-point 
impedance depends on the 
ratios of the radiator 
Conductor sizes and their 
spacing. 


This is the folded monopole antenna. The feed-point 
resistance can be controlled by the number of parallel vertical 
conductors and the ratios of their diameters, 

As mentioned earlier, itis importantin mostinstallations 
to isolate the antenna from the feed line and any conductive 
‘supporting structure, This is done to minimize the return 
current conducted through the ground. А return current on 
the feed line or the support structure can drastically alter the 
radiation pattern, usually for the worse. For these reasons, а 
balun (see Chapter 26) or other isolation scheme must be 
used. 1:1 baluns are effective for the higher bands but at 3.5 
and 1.8 MHz commercial baluns often have too low a shunt 
inductance to provide adequate isolation. It is very easy to 
recognize when the isolations inadequate. When the antenna 
is being adjusted by means of an isolated impedance ог SW R 
meter, adjustments may be sensitive to your touching the 
instrument. After adjustment and after the feed line is 
attached, the SWR may be drastically different. When the 
feed line is inadequately isolated, the apparent resonant 
Frequency or the length of the radials required for resonance 
may also be significantly different from what you expect. 

In general, an isolation choke inductance of 50 to 
100 uH will be needed for 3.5 and 1.8-M Hz ground-plane. 
antennas. One of the easiest ways to make the required 
Isolation chokeis to wind a length of coaxial cable into a сой 
as shown in Fig 18. For 1.8 M Hz, 30 turns of RG-213 wound 
ons 14-inch length of B-inch diameter PVC pipe, will makea. 
very good isolation choke that can handle full legal power 
continuously. A smaller choke could be wound on 4-inch 
diameter plastic drain pipe using RG-8X or a Teflon insulated 
cable, The important point here is to isolate or decouple the 
antenna from the feed line and support structure 

A fullsize ground-plane antenna is often a little 
impractical for 3.5-M Hz and quiteimpractical for 1.8 МН, 


Fig 18—A choke balun with sufficient impedance to 
Isolate the antenna properly can be made by winding 
coaxial cable around a section of plastic pipe. Suitable 
dimensions are given in the text. 
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butit can be used at 7 MHz to good advantage, particularly 
for DX work. Smaller versions can be very useful on 3.5 
and 18 MHz 


EXAMPLES OF VERTICALS 
There are many possible ways to build a vertical 
antenna the limits are set by your ingenuity. The primary 
problem is creating the vertical portion of the antenna with 
sufficient height. Some of the more common means ae: 


+ A dedicated tower 

+ Using an existing tower with an HF Yagi on top 

+ A wire suspended from a treelimb or the side of a building 

+A vertical wire supported by a line between two trees or 
other supports 


+ А tall pole supporting a conductor 
+ Flagpoles 

+ Light standards 

+ Irrigation pipe 

«TV masts 


If you have the space and the resources, the most 
straightforward means is to erect a dedicated tower for а 
vertical. While this is certainly an effective approach, many 
‘amateurs do not have the space or the funds to do this, 
especially if they already have a tower with an HF antenna 
‘onthe top. The existing tower can be used as а top-loaded 
vertical, using shunt feed and a ground radial system. А 
system like this is shown in Fig 198. 

For those who live in an area with tall trees, it may be 


© 


Fig 19— Vertical antennas are effective for 3.5 or 7-МН work. The 2/4 antenna shown at A is fed directly with 


56:0 coaxial ine, and the resulting SWR is usually less than 1.5 to 1, depending on the ground resistance. Ifa grounded 
antenna в used as at B, the antenna can be shunt fed with either 50 or 75-0 coaxial ine. The tap for best match and the 
Value of C will have to be found by experiment. The line running up the side of the antenna should be spaced 6 to 

12 inches from the antenna. If tall trees are available the antenna can be supported from a line suspended between the 
trees, as shown in C. ifthe vertical section is notlong enough then the horizontal support section can be made of wire 
and actas top loading. A pole or even a grounded tower can be used with elevated radials if a cage of four to six wires 
is provided as shown in D. The cage surrounds the pole which may be wood or a grounded conductor. 
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possible to install a support rope between two trees, or 
between a tree and an existing tower. (Under no 
circumstances should you use an active utility pole) The 
vertical portion of the antenna can bea wire suspended fram 
the support line to ground, as shown in Fig 19C. If top 
loading is needed, some or all of the support ine can be 
made part of the antenna 

Your local utility company will periodically have older 
power poles that they no longer wish to keep in service. 
These are sometimes available at litle or no expense. If 
You see a power line under reconstruction or repair in your 
area you might stop and speak with the crew foreman, 
Sometimes they will have removed older poles they will 
rot use again and will have to haul them back to their shop 
for disposal Your offer for local "disposal" may well be 
accepted. Such a pole сап be used in conjunction with а 
tubing ог whip extension such as that shown in Fig 19А. 
Power poles are not your only option. In some areas of the 
US, such as the southeast or northwest, tall poles made 
directly from small conifers are available. 

Freestanding (unguyed) flagpoles and roadway 
illumination standards are availabe in heights exceeding 
100 feet. These are made of fiberglass, aluminum or 
Galvanized steel, АП of these are candidates for verticals, 
Flagpole suppliers are listed under “Flags and Banners” in 
your Yellow Pages. For lighting standards (lamp posts), you 
Can contact а local electrical hardware distributor, Like a 
wooden pole, a fiberglass flagpole does not require а base 
insulator, but metal poles do, Guy wires will be needed 

One option to avoid the use of guys and a base insulator 
is to mount the pole directly into the ground as originally 
intended and then use shunt feed. If you want to keep the 
pole grounded but would like to use elevated radials, you can 
attach а cage of wires (four to six) at the top as shown in 
Fig 190. The cage surrounds the pole and allows the pole (or 
tower for that matter) to be grounded while allowing elevated 
radials to be used, The use of a cage of wires surrounding the 
pole or tower is а very good way to increase the effective 
diameter. ThisreducestheQ ofthe antenna thereby increasing 
thebanduidth It can alsoreducethe conductor loss, especially 
if the pole is galvanized steel, which is not a very good ВЕ 
conductor. 

Aluminum irrigation tubing, which comes in diameters 
of 3and 4 inches and in lengths of 20 to 40 fee, is widely 
available in rural areas. One or two lengths of tubing 
connected together can make a very good vertical when 
суе with non-conducting line. Itis lso very lightweight 
and relatively easy to erect. A variety of TV masts are 
available which can also be used for verticals. 


1.8-3.5 MHz VERTICAL USING 
AN EXISTING TOWER 

A tower can be sed as a vertical antenna, provided that 

а good ground system is available. The shunt-fed tower is at 

itsbeston 1.8 М Hz, where. full 4/4 vertical antennas rarely 

possible, Almost any tower height can be used, Ifthe beam 


structure provides some top loading, so much the better, but 
anything can be made to radiate— if itis fed properly. W SRTQ 
uses a self-supporting, aluminum, crank-up,tit-over tower, 
with aTH6DXX tribander mounted at 70 feet. M easurements 
showed thatthe entire structure has about the same properties 
as a125-foot vertical. It thus works quite well as an antenna 
оп 1.8 and 3.5 MHz for DX work requiring low-angle 
radiation 


Preparing the Structure 
Usually some work on the tower system must be done 
before shunt-feedingis ried, If present, metallic guys should 
be broken up with insulators. They can be made to simulate 
top loading, if needed, by judicious placement of the first 
insulators. Don't overdo it; there is no need to "tune the 
radiator to resonance" in this way since a shunt feed is. 
employed. If the tower is fastened to ahouseata point more 
than about one-fourth of the height of the tower, it may be 
desirable to insulate the tower from the building. Plexiglas 
sheet, /einchor more thick, can be bent to any desired shape. 
for tis purpose, if itis heated in an oven and bent while hot. 
AI cables should be taped tightly to the tower, on the 
inside, and run down to the ground level. It is not necessary 
to bond shielded cables to the tower electrically, but there 
should be no exceptions to the down-to-the-ground rule. 

А good system of buried radials is very desirable. The 
ideal would be 120 radials, each 250 feet long, but fewer and 
shorter ones must often suffice. You can lay them around 
Corners of houses, along fences ог sidewalks, wherever they 
can be put a few inches under the surface, or even on the 
earth's surface. Aluminum clothesline wire may be Used 
extensively in areas where it will not be subject to corrosion. 
Neoprene-covered aluminum wire wll be better in highly acid 
soils. Contact with the soll is not important Deep-driven 
ground rods and connection to underground copper Water 
pipes may be helpful, if available, especially to provide some 
protection from lightning. 


Installing the Shunt Feed 

Principal details of the shunt-fed tower for 1.8 and 
35 M Hz are shown in Fig 20. Rigid rod or tubing can be 
Used for the feed portion, but heavy gauge aluminum or 
copper wire is easier to work with. Flexible stranded 48 
copper wire is used at WSRTQ for the 1.8-M Hz feed, 
because when the tower is cranked down, the feed wire must 
come down with it. Connection is made at the top, 68 fet, 
through a 4-foot length of aluminum tubing clamped to the. 
top of the tower, horizontally. The wire is clamped to the 
tubing at the outer end, and runs down vertically through 
standoff insulators. These are made by fitting 12-inch lengths 
of PVC plastic water pipe over 3-foot lengths of aluminum 
tubing. These are clamped to the tower at 15 to 20-foot 
intervals, with the bottom clamp about 3 feet above ground. 
These lengths allow for adjustment of the tower-to-wire 
spacing over a range of about 12 to 36 inches, for impedance 
matching, 
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Fig 20— Principal details of the shunt-fed tower at 
WSRTO.The 1.8-MHz feed, left side, connects to the 
top of the tower through 

diameter aluminum tubing. The other arms have. 
Standoff insulators at their outer ends, made of 1 bet 
lengths of plastic w 


matching with large changes in frequency. 


The gamma-match capacitor for 1.8 M Hz Is a 250-pF 
variable with about '-inch plate spacing. This is adequate 
for power levels up to about 200 watts. A large transmitting 
or а vacuum-variable capacitor should be used for high- 
power applications. 
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Tuning Procedure 

The 1.8-M Hz feed wire should be connected to the top 
of thestruclure if itis 75 feettall or less, M ount the standoff 
insulators so as to havea spacing of about 24 inches between 
Wire and tower, Pull the wire taut and clamp it in place at 
the bottom insulator. Leave a litte slack below to permit. 
adjustment of the wire spacing, if necessary. 

Adjust the series capacitor in the 1.8-MHz line for 
‘minimum reflected power, as indicated on an SWR meter 
connected between the coax and the connector on the 
capacitor housing, M ake this adjustment ata frequency near 
the middle of your expected operating range. Ifa high SWR 
is indicated, try moving the wire closer to the tower. Just 
the lower part of the wire need be moved for an indication 
as to whether reduced spacing is needed. f the SWR drops, 
‘move all insulators closer to the tower, and try again 

If the SWR goes up, increase the spacing. There will 
bea practical range of about 12 to 36 inches. If going down 
to 12 inches does not give a low SWR, try connecting the 
top a bit farther down the tower. If wide spacing does not. 
make it, the omega match shown for 3.5-M Hz work should 
be tried. No adjustment of spacing is needed with the latter 
arrangement, which may be necessary with short towers or 
installations having little or no top loading, 

The two-capacitor arrangement in the omega match is 
also useful for working in more than one 25-kH2 segment 
of the 1.8-M Hz band. Tuneup on the highest frequency, say 
1990 kHz, using the single capacitor, making the settings of 
wire spacing and connection point permanent for this 
frequency. To move to the lower frequency, say 1810 kHz, 
connect the second capacitor into the circuit and adjust it 
for the new frequency. Switching the second capacitor in 
and outthen allows changing from one segment to the other, 
with no more than a slight retuning of the first capacitor 


SIMPLE, EFFECTIVE, ELEVATED 
GROUND-PLANE ANTENNAS 
This section describes a simple and effective means 
of using a grounded tower, with or without top-mounted 
antennas, as an elevated ground-plane antenna for 80 and 
160 meters. It first appeared in a June 1994 QST article by 
Thomas Russell, NAKG 


From Sloper to Vertical 
Recall the quarter-wavelength slopes, also known as 
thehalf-soper. It consists of an isolated quarter wavelength 
оГ wire, sloping from an elevated feed point on a grounded 
tower. Best results are usually obtained when the feed point 
is somewhere below a top-mounted Yagi antenna. You feed 
asloper by attaching the center conductor of a coaxial cable 
to the wire and the braid of the cable to the tower leg, Now, 
imagine four (or more) slopes, but instead of feeding each 
individually, connect them together to the center conductor 
of a single feed line, Voilà! instant elevated ground plane. 
Now, all you need to do is determine how to tune the 
antenna to resonance. With no antennas on the top of the 


tower, the tower can be thought of as a fat conductor and 
should be approximately 4% shorter than a quarter 
wavelength in free space. Calculate this length and attach 
four insulated quarter-wavelength radials at this distance 
from the top of the tower. For 80 meters, а feed point 65 
feet below the top of an unloaded tower is called for. The 
tower guys must be broken up with insulators for ай such 
installations, For 160 meters, 130 feet of tower above the 
feed point is needed. 

What can be done with atypical grounded-tower-and- 
Yagi installation? A top-mounted Yagi acts as a large 
capacitance hat, top loading the tower. Fortunately, top 
loading is the most efficient means of loading a vertical 
antenna. 

The examples in Table 2 should give us an idea of 
how much top loading might be expected from typical 
amateur antennas, The values listed in the Equivalent 
Loading column tell us the approximate vertical height 
replaced by the antennas listed in a top-loaded vertical 
antenna, To arrive at the remaining amount of tower needed 
for resonance, subtract these numbers from the non-loaded 
tower height needed for resonance. Note that for all but the 
10-meter antennas, the equivalent loading equals or exceeds 
а quarter wavelength on 40 meters. For typical HF Yagis, 
this method is best used only on 80 and 160 meters. 


Construction Examples 

Consider this example: A TH7 triband Yagi mounted 
оп а 40-foot tower. The THT has approximately the same 
overall dimensions as a full-sized 3-element 20-meter beam, 
but has more interlaced elements. Its equivalent loading is 
estimated to be 40 feet. At 3.6 MHz, 65 feet of tower is 
needed without loading, Subtracting 40 feet of equivalent 
loading, the feed point should be 25 feet below the TH7 
antenna. 

Ten quarter-wavelength (65-foot) radials were run from 
anylon rope tied between tower legs at the 15-foot level, to 
various supports 10 feet high. Nylon cord was tied to the 
insulated, stranded, #18 wire, without using insulators. The 
radials are all connected together and to the center of ап 
exact half wavelength (at 3.6 M Hz) of RG-213 coax, which 
will repeat the antenna feed impedance at the other end. 
Fig 21 is a drawing of the instalation. The author used а 
Hewlett-Packard low-frequency impedance analyzer to 
measure the input impedance across the 80-meter band. An 
exact resonance (zero reactance) was seen at 3.6 M Hz, just 
as predicted. The radiation resistance was found to be 17 0. 
The next question is, how to feed and match the antenna, 

Опе good approach to 80-meter antennas is to tune 
them to the low end of the band, use a low-loss transmission 
line, and switch an antenna tuner in line for operation in the 
higher portions of the band. With a 50-0 line, the 17-0 
radiation resistance represents a 3:1 SWR, meaning that an 
antenna tuner should be in-line for all frequencies. For short 
runs, itwould bepermissibleto useRG-8 or RG-213 directly 
tothe tuner. If you have a plentiful supply of low-loss 75-2 


Table 2 


Effective Loading of Common Yagi Antennas 


Antenna Воот Equivalent 
Length S Loading 
(leo) (ава) (ве) 
azo 24 768 39 
5L15 2 624 35 
s 20 480 at 
ais i 384 28 
501024 384 28 
40 18 288 24 
% 12 192 20 
TWO 24 = 40 (estimated) 
т 14 m! 27 (estimated) 
Fig 21—At A, an 
ee, goemetertop- 
loaded, reverse- 
fed elevated 
‘ground plane, 
using a 
A0-foot tower 
carrying aTH7 
triband Yagi 
antenna, At 


dimensions of the 


oo 3.6-MHz matching 
w network, made 
Pad, from RG-59. 
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CATV rigid coax, you can take another approach. 

Make a quarter-wave (70 fet x 0.6 velocity factor = 
46 fee) 37-0 matching line by paralleling two pieces of 
RG-59 and connecting them between the feed point and a 
run ofthe rigid coax to thetransmitter. The magic of quarter- 
wave matching transformersisthatthe inputimpedance (A) 
and output impedance (Ro) are related by 


p 


xR 
For R; =17 Qand Z 


(£22) 
37.0, Ro =800, an almost 
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perfect match for the 75-0 CATV coax. The resulting 1.6:1 
SWR at the transmitter is good enough for CW operation 
without a tuner. 


160-Meter Operation 

Onthe 160-meter band, a resonant quater wavelength 
requires 130 feet of tower above the radials. That's a pretty 
tall order. Subtracting 40 fet of top loading for a 3-element 
20-meter or THT antenna brings us to a more reasonable 
90 feet above the radials. Additional top loading in the form 
of more antennas will reduce that even mare. 

Another installation, using stacked TH6S on a 75-foot 
tower is shown in Fig 22. The radials are 10 feet off the 
ground. 


PHASED VERTICALS 

Two or mare vertical antennas spaced apart can be 
operated as a single antenna system to obtain additional gain. 
and a directional pattern, There is an extensive discussion 
of phased arrays in Chapter 8. M uch of this material is useful 
for low-band antennas. 


The Half-Square Antenna 


The half-square antenna is a very simple form of 
vertical two-element phased array that can be very effective 
оп the low bands, The following section was originally 


Fig 22-A 160- 
meter antenna. 
using a 75-foot 
tower carrying 
stacked triband 
Yagis. 


YA Rodas 


presented in The ARRL Antenna Compendium Vol 5, by Rudy 
Severs, NGLF, 

A simple modification to a standard dipole is to add 
two 3/4 vertical wires, one at each end, as shown in Fig 23, 
This makes a half-square antenna, The antenna can be Гей 
atone corner (low-impedance, current fed) or at the lower 
end of one of the vertical wires (high-impedance, voltage 
fed). Other feed arrangements are also possible. 

The "classical" dimensions for this antenna are 3/2 
(131 feet at 3.75 MHz) for the top wire and 44 (65.5 feet) 
forte vertical wires. However, thereis nothing sacred about 
these dimensions! They can vary over a wide range and still 
obtain nearly the same performance. 

This antenna is two 244 verticals, spaced 142, fed in- 
phase by the top wire. The current maximums are at the top 
‘corners. The theoretical ain over a single vertical is 3.8 dB 
Ап important advantage of this antenna is that it does not 
require the extensive ground system and feed arrangements, 
that a conventional pair of phased 2/4 verticals would. 


Comparison to a Dipole 

Inthe past, oneof the things that has turned off potential 
users of the half-square an 80 and 160 meters is the perceived 
need for 2/4 vertical sections. This forces the height to be 
265 feet on 80 meters and >130 feet on 160 meters. That's 
not really a problem. If you don't have the height there are 
several things you can do. For example, just old the ends in, 
as shown in Fig 24. This compromises the performance 
surprisingly little. 

It is helpful to compare the examples given in Figs 23 
‘and 24 to dipoles at the same height. Two heights, 40 and 
80 fee, and average, very good and sea water grounds, were 
used for this comparison. It is also assumed that the lower 
‘end of the vertical wires had to bea minimum of 5 feet above 
ground. 

At 40 feet the half-square is really mangled, with only 
35-foothigh (= 3/8) vertical sections, The comparison between 
this antenna and a dipole of the same height is shown in 
Fig 25. Over average ground thehalf-squareis superior below 


fed at the bottom of one of the wires againsta 
‘small ground counterpoise, the feed point is a high- 
impedance, voltage-feed. 


Fig 24— Ап 80-meter half-square configured for 40-foot 


high supports. The ends have been bent inward to 
reresonate the antenna. The performance is 
compromised surprisingly litte. 


Fig 25— Comparison of 80-meter elevation response of 


40-foot high, horizontally polarized dipole over average 
ground and a 40-foot high, vertically polarized half- 
‘Square, over three types of ground: average 
(conductivity о = 5 ms/m, dielectric constant = 13), 
Very good (a = 30 mS/m, + = 20) and salt water (5 = 5000. 
mS/m, £ = 80)-The quality of the ground ck 

profound effect on 


32° and at 15° is almost 5 dB. better. That is а worthwhile 
improvement I you have very good soil conductivity, like 
parts of the lower Midwest and South, then the half-square 
Will be superior below 38° and at 15° will be nearly 8 dB 
better. For those fortunate few with saltwater frontal property 
the advantage at 157 is 11 dB! Notice also that above 35°, the 
response drops off rapidly. This is great for DX but is not 
good for local work. 

If we push both antennas up to 80 feet (Fig 26) the 
differences become smaller and the advantage over average 
ground is 3 dB at 15°. The message here is that the lower 
your dipole and the better your ground, the more you have 
to gain by switching from a dipole to a half-square. The 
half-square antenna looks like a good bet for DX ng. 


Changing the Shape 

Just how flexible is the shape? There are several 
‘common distortions of practical importance. Somehave very 
little effect but afew are fatal to the gain, Suppose you have. 
either more height and less width than called for in the 


Fig 26— Comparison of 80-meter elevation response of 
A0-foot high, horizontally polarized dipole over average 
ground and an 80-foot high, vertically polarized half. 
Square, over same three types of ground as in Fig 25: 
average, good and salt water. The greater height of th 
dipole narrows the gap in performance at low elevation 
angles, but the half-equare is still a superior DX antenna, 
especially when the ground nearby is salt water! For 
local, high-angle contacts, the dipole is definitely the 
winner, by almost 20 dB when the angle is near 90°, 


standard version or more width and less height, as shown in 
Fig 27A. 

The effect on gain from this type of dimensional 
variation is given in Table 3. For a top length (L) varying 
between 110 and 150 feet, where the vertical wire lengths. 
(Ly) readjusted to resonate the antenna, the gain changes 
only by 0.6 d8. Fora 1 dB change the range of Ly is 100 to 
155 feet, a pretty wide range. 

Another variation results f we vary the length of we 
horizontal top wire and readjust the vertical wires for 
resonance, while keeping the top at a constant height. See 
Fig 278. Table 4 shows the effect of this variation on the 
peak gain. Fora rangeof Ly =110 to 145 feet the gain changes 
only 0.65 dB. 

Theeffectof bending theends into a V shape, as shown 
inFig27C,isgivenin Tables. The bottom of the antenna is. 
kept at a height of 5 feet and the top height (H) is either 40, 
or 60 feet, Even this gross deformation has only a relatively 
small effect on the gain. Sloping the ends outward as shown 
in Fig 27D and varying the top length also has only a small 
effecton the gain, While this is good news because allows. 
you dimension the antenna to fit different OTHs, not al 
distortions are so benign. 

Suppose the two ends are nat of the same height, as 
illustrated in Fig 28, where one end of the half-square is 
20 feet higher than the other. The radiation pattern for this 
antenna ls shown in Fig 29 compared to а dipole at 50 feet, 
This typeof distortion does affectthe pattern. The gain drops 
‘somewhat and the zenith null goes away. The nulls off the 
end of the antenna also go away, so that there is some end- 
fireradiation. In thisexamplethedifferencein heightis fairly 
extreme at 20 feet. Small differences of 1 to 5 feet do not 
affect the pattern seriously. 
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Fig 27— Varying the horizontal and vertical lengths of a 


halfsquare. AEA, both the horizontal and vertical legs 
are varied, while keeping the antenna resonant. At B, 
the height of the horizontal wire is kept constant, while 
its length and that of the vertical legs is varied to keep 
the antenna resonant. ALC, the length of the horizontal 
wire is varied and the legs are bent inward in the shape 
‘of dess, At D, the ends are sloped outward and the 
length of the flattop portion is varied. АП these 
symmetrical forms of distortion of the basic half- 
Square shape result in small performance losses. 


If the top height is the same at both ends but the length 
of the vertical wires is not the same, then a similar pattern 
distortion can occur. The antenna is very tolerant of 
symmetrical distortions but it is much less accepting of 
asymmetrical distortion. 

"What if the length of the wires is such that the antenna 
is not resonant? Depending on the Feed arrangement, that 
may or may not matter, We will look at that issue later on, 
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Table 3 
Variation in Gain with Change in Horizontal 
Length, with Vertical Height Readjusted for 
Resonance (see Fig 27A) 


Lr (feet) Ly(feet) Gain (dBi) 
100 854 285 
по 795 315 
120 77 355 
130 678 375 
140 s 385 
150 56 305 
155 E] 265 


Horizontal 
Length, with Vertical Length Readjusted for 
Resonance, but Horizontal Wire Kept at Constant 


Height (see Fig 278) 

rd Ly (feet) Gain (dBi) 
110 TA] 315 

120 739 255 

130 68 378 

140 63 335 


145 607 305 


Fig 27C) 
H=40' H=60' H=60" 

Lr(feet) Lg (feet) Gain (dB) le (feet) Gain (dBi) 
40 5756 325 520 278 

% 514 375 454 335 

80 — 452 — 395 754 365 
100 386 375 614 — 385 
10 mI 30 44A — 385 


мо — = 23 305 


Inthe section on patterns versus frequency. The half-square 
antenna, like the dipole, is very flexible in its proportions. 


Feed-Point Impedance 

There are many different ways to feed the half-square. 
Traditionally the antenna has been fed either at the end of 
one of the vertical sections, against ground, or atone of ће 
upper corners as shown in Fig 23, 

For voltage feed at the bottom against ground, the 
impedance is very high, on the order of several thousand 
ohms. For current feed at corner, the impedance is much 
lower and is usually close to 50 ©. This is very convenient 
for direct feed with coax, 

The half-square is a relatively high-Q antenna 
(Q = 17). Fig 30 shows the SWR variation with frequency 
for this feed arrangement, An 80-meter dipole is not 


Fig 28— An asymmetrical distortion of the half-square 
where the bottom of one leg is purposely 
feet higher than the other, This type of 
distortion does affect the pattern! 
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Fig 29— Elevation pattern for the asymmetrical half. 
square shown in Fig 28, compared with pattern for a 
Só-foot high dipole. This is over average ground, with a 
conductivity of S mS/m and a dielectric constant of 
Note that the zenith-angle null has filled in and the peak 
gain is lower compared to conventional halt-square 
Shown in Fig 25 over the same kind of ground. 


particularly wideband either, but a dipole will have less 
extreme variation in SWR than the half-square, 


Patterns Versus Frequency 

Impedance is not the only issue when defining the 
bandwidth of an antenna. The effect on the radiation pattern 
of changing frequency is also a concern, For a voltage-fed 
half-square, the current distribution changes with frequency. 
For an antenna resonant near 3.75 MHz, the current 
distribution is nearly symmetrical. However, above and 
below resonance the current distribution increasingly 
becomes asymmetrical. In effect, the open end of he antenna 
is constrained to be a voltage maximum but the feed point. 
сап behave less as a voltage point and more like a current 
‘maxima, This allows the current distribution to become 
asymmetrical. 

Theeffectis to reduce the gain by -0.408 at 3.5 MHz 
and by -0,6 dB at 4 MHz. The depth of the zenith null is 
reduced from -20 dB to 10 dB. The side nulls are also 
reduced. Note that this is exactly what happened when the 
antenna was made physically asymmetrical. Whether the 
asymmetry is due to current distribution or mechanical 
arrangements, the antenna pattern will suffer. 

When current-feed at a corner is used, the asymmetry 
introduced by off-resonance operation is much less, since 
both ends of the antenna are open circuits and constrained 
to be voltage maximums. The resulting gain reduction is 
only -0.1 dB. Itis interesting thatthe sensitivity of the pattern 
to changing frequency depends on the feed scheme used. 

Of more concern for corner feed is the effect of the 
transmission line. The usual instruction is to simply feed 
the antenna using coax, with the shield connected to vertical 
wireand te center conductor to thetop wire. Sincethe shield 
of the coax is a conductor, more or less parallel with the 
radiator, and is in the Immediate field of the antenna, you 


Fig 30 Variation of SWR with 
frequency for current fed half- 


square antenna. The SWR. 
bandwidth is quite narrow. 
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might expect the pattern to be seriously distorted by this 
practice, This arrangement seems to have very litle effect 
on the pattern. The greatest effectis when the fed-ine length 
was near a multiple of 2/2. Such lengths should be avoided. 

Of course, you may use a choke balun at the feed point 
it you desire This might reduce the coupling to the feed line 
even further but it doesn't appear to be worth the trouble. In 
fact, If you use ап antenna tuner in the shack to operate away 
from resonance with a very high SWR on the transmission 
line, a balun at the feed point would take a beating 


Voltage-Feed at One End of Antenna: 
Matching Schemes 
Several straightforward means are available for 
narrow-band matching. However, broadband matching over 
the full 80-meter band is much more challenging. Voltage 
feed with a parallel-resonant circuit and a modest local 
ground, as shown in Fig 31, is the traditional matching 
‘scheme for this antenna. Matching is achieved by resonating 
the circuit at the desired frequency and tapping down on 
the inductor in Fig 31A or using a capacitive divider (Fig 
318). It is also possible to use a 3/4 transmission-line 
matching scheme, as shown in Fig 31C 
If the matching network shown in Fig 318 is used, 
typical values for the components would be: L = 15 иН, 
C1 =125 pF and C2 = 855 pF. A tany single pointthe WR 
can be made very close to 1:1 but the bandwidth for SWR. 
«21 will be very narrow at <100 kHz. Altering the L-C 
ratio doesn't make very much difference. The half-square 
antenna has well-earned reputation for being narrow band. 
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Fig 31—Typical matching networks used for voltag 
feeding a half-square antenna 


Short Antennas 


On the lower frequencies it becomes increasingly 
difficult to accommodate a full /4 vertical height and full- 
sized 2/4 radials. In fact, it is not absolutely necessary to 
‘make the antenna full size, whether it is a grounded antenna 
ога ground-plane antenna, The size of the antenna can be 
reduced by half or even more and still retain high efficiency 
and the desired radiation pattern. This requires careful design, 
however. If high efficiency is maintained, the operating 
bandwidth of the shortened antenna will be reduced because 
the shortened antenna will have a higher 0. 

This translates into a more rapid increase of reactance 
анау from resonance. The effect can be mitigated to some 
extent by using larger-diameter conductors. Even doing this 
however, bandwidth will be a problem, particularly on the 
3.5 to 4-M Hz band, which is very wide in proportion to the 
center frequency. 

If we takea vertical with a diameter of 2 inches and а 
frequency of 3.525 MHz and progressively shorten it, the 
feed-point impedance and efficiency (using an inductor at 
the base to tune out the capacitive reactance) will vary as 
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shown in Table 6. In this example perfect ground and 
conductor are assumed. Real ground will not make a great 
difference in the impedance but will introduce ground loss, 
which will duce the efficiency further, Conductor loss will 
also reduce efficiency. In general, higher R will result in 
better efficiency. 

The important point of Table 6 is the drastic reduction 
in A as the antenna gets shorter. This combined with the 
increasing loss resistance of the inductor (R, ) used to tune 
out the increasing base reactance (X), reduces the 
efficiency. 

The base of the antenna is a convenient point at which 
to add a loading inductor, but it is usually not the lowest 
loss point at which an inductor, of a given Q, can be placed. 
Thereis an extensive discussion of the optimum location of. 
the loading in a short vertical as function of ground loss 
and inductor Q in Chapter 16 for mobile antennas. This 
information should be reviewed before using inductive 
loading. 

On the accompanying CD-ROM is a copy of the 


Table 7 
Effect of Shortening a Vertical using Top Loading 


2/4 Using Inductive Base Loading. U 4 Length’ А 
Frequency ls 3.525 MHz and for the Inductor Q =200. (be (еей a 

Ground and Conductor Losses Are Omitted 140 авв 0050 40 

Length Length Ra Xc R, Eticioncy Loss 209 386 0075 85 

(ee) G) (D б) D (% (d) 279 301 0100 140 

14 0050 096 -761 38 20 7р 349 228 0105 199 

209 0075 22 -533 27 45 45 419 173 0150 255 

279 0100 42 -395 20 68 17 489 пэ 0175 304 

349 015 68 -298 15 82 086 558 70 0200 339 

419 0150 104 -220 11 90 044 628 24 02% 357 

489 0175 151 -153 077 95 — -022 

558 0200 214 -92 046 98 -009 

628 0225 297 -34 017 99 002  ——————————— 
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Fig 32—Horizontal wire used to top load a short vertical. 


program MOBILE.EXE. This is an excellent tool for 
designing short, inductively loaded antennas. In most cases, 
where top loading is not used, the optimum point is near or 
alittle above the middle of the vertical section. Moving the 
loading coil from the base to the middle of the antenna can 
make an important difference, increasing а and reducing 
the inductor loss. For example, in an antenna operating at 
3.525 MHz, if we make L, = 34.9 feet (0.125 1) the amount 
of loading inductor placed at the center is 25.2 uH. This 
resonates the antenna, In this configuration R, Will increase 
from 68 0 (base loading) to 13.5 © (center loading). This 
substantially increases the efficiency of the antenna, 
depending on the ground loss and conductor resistances. 

Instead of a lumped inductance being inserted at some 
point in the antenna, it is also possible to use "continuous 
loading," where the entre radiator is wound as a small 
diameter coil. The effectis to distribute the inductive loading 
all along the radiator. In this version of Inductive loading 
the сої is the radiator. A n example of а short vertical using 
this principle is given later in this chapter, 

Inductive loading is not the only or even the best way 
to compensate for reduced antenna height Capacitive op 
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Fig 33— Comparison of top (capacitive) and base 
(inductive) loading for short verticals. Sufficient 
loading is used to resonate the antenna. 


loading can also be used as indicated in Fig 32. Table 7 
gives information on a shortened 3.525-M Hz vertical using 
top loading. The vertical portion (Lı) is made from 2-inch 
tubing, The top loading is also 2-inch tubing extending across 
the top like a T, The length of the top loading T (el is 
adjusted to resonate the antenna, Again the ground and the. 
conductors are assumed to be perfect in Table 7. 

Fora given vertical height, resonating the antenna with 
top loading results in much higher Ra — 2 to 4 times. In 
addition, the loss associated with the loading element will 
bemuch smaller. The resultis a much moreefficient antenna 
for low heights. A comparison of R for both capacitive top. 
loading and inductive base loading is given in Fig 33. For 
heights below 0.152 the length of the top-loading elements 
becomes impractical but there are other, potentially more 
useful, top-loading schemes. 

A multiwire system such as the one shown in Fig 34 
has more apacitancethan the single conductor arrangement, 
and thus does not need to be as long to resonate at а given 
frequency, This design does, however, require extra supports. 
for the additional wires. Ideally, an arrangement of this sort 
should bein the form of across, but parallel wires separated 
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Fig 34— Multiple top wires can Increase the effective 

capacitance substantially. This allows the use of o 

‘shorter top wires to achieve resonance. к 


Fig 35—A close-up 
View of the 


loop of copper 


by several feet give a considerable increase in capacitance 
over a single wire, 

‘Thetop loading can be supplied by avariety of metallic 
structures large enough to have the necessary self- 
capacitance. For example, as shown in Fig 35, a multi- 
spoked structure with the ends connected together can be 
used. One simple way to make a capacitance hat is to take 
four to six, 8-footfiberglass CB mobile whips, arrange them 
like spokes in a wagon wheel and connect the ends with а 
peripheral wire. This arrangement will produce a 16-foot 
diameter hat which is economical and very durable, even 
when loaded with ice. Practically any sufficiently large 
metallic structure can be used for this purpose, but simple 
geometric forms such as the sphere, cylinder and disc are 
preferred because of the relative ease with which thelr 
‘capacitance can be calculated. 

The capacitance of three geometric forms can be. 
estimated from the curves of Fig 36 as a function of their 
size. For the cylinder, the length is specified equal to the 
diameter. The sphere, disc and cylinder can be constructed 
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Fig 36— Capacitance of sphere, disc and cylinder as a 
function of their dlameters. The cylinder length is 
assumed equal to its diameter. 


from sheet metal, if such construction is feasible, but the 
capacitance will be practically the same in each if a 
skeleton" type of construction with screening or networks 
of wire or tubing are used, 


FINDING CAPACITANCE HAT SIZE 


The required size of a capacitance hat may be 
determined from the following procedure, The information 
in this section is based on a September 1978 OST article by 
Walter Schulz, K300F. The physical length of a shortened 
antenna can be found from: 


11808 
Кин; 
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[IE] 


here h = length in inches 

Thus, using an example of 7 MHZ and a shortened 
length of 0167 à, h 
equivalent to 23.48 feet, 

Consider the vertical radiator as an open-ended 
transmission line, so the impedance and top loading may be 
determined, The characteristic impedance of a vertical 
antenna can be found from. 


sept] 


айга! logarithm 
length (height) of vertical radiator in inches (as 
above) 

d = diameter of radiator in inches 


(E94) 


2 
eeeh] 
: 


610 


x 


(645) 


nó 
Where 


X = capacitive reactance, ohms 
Zo = characteristic impedance of antenna (from Eq 4) 
© = amount of electrical loading, degrees 


This value for a 30° hat is 361/81 30° = 625 0. This 
capacitive reactance may be converted to capacitance with 
the following equation, 
_ aes 

pon 
where 

С = capacitance in pF 

f = frequency, MHz 

Xe = capacitive reactance, ohms (from above) 


For this example, the required C =10(2 x x 7 x 625) 
= 36.4 pF, which may be rounded to 36 pF. A disc capacitor 
is used in this example. The appropriate diameter for 36 pF 
of hat capacitance can be found from Fig 36, The disc 
diameter that yields 36 pF of capacitance is 40 inches. 

The skeleton disc shown in Fig 35 is fashioned into a 
wagonwheel configuration. Six 20-inch lengths of “inch 
OD aluminum tubing are used as spokes. Each is connected 
to the hub at equidistant intervals. The outer ends of the 
spokes terminate in a loop made of #14 copper wire, Note 
thatthe loop increases the hat capacitance slightly, making 
a better approximation of а solid disc. The addition of this 
hat at the top of a 23.4-foot radiator makes it quarter-wave 
resonant at 7 MHz 

‘After construction, some slight adjustment in the 
radiator length or the hat size may be required if resonance 
ata specific frequency is desired. From Fig 33, the radiation 
resistance of а 0.167- high radiator Is seen to be about 
13.0 without top loading. With top loading R, = 25 © or 
almost double, 


(Eq6) 


LINEAR LOADING 

An alternative to inductive loading is linear loading 
This be under od method of shortening radiators can 
be applied to almost any antenna configuration including 
parasitic arrays. Although commercial antenna 
manufacturers make use of linear loading In their HE 
antennas, relatively few hams have used it in their own 
designs. Linear loading can be used to advantage in many 
antennas because it introduces very litle loss, does not 
degrade directivity patterns, and has ом enough Q to allow 
reasonably good bandwidth. Some examples of linear loaded 


antennas аге shown in Fig 37. 

Since the dimensions and spacing of linear-loading 
devices vary greatly from one antenna installation to another, 
the best way to employ this technique is to try a length of 
conductor 10% to 20% longer than the difference between 
the shortened antenna and the full-size dimension for the- 
Tinesr-loading device, Then use the “cut-and-try" method, 
varying both the spacing and length of the loading device 
to optimize the match. A hairpin at the feed point can be 
Useful in achieving a 1:1 SWR at resonance. 


Linear-Loaded Short Wire Antennas 

Moredetall on linear loading is provided in this section, 
which was originally presented in The ARRL Antenna 
Compendium Vol 5 by John Stanford, NN DF. Linear loading 
сап significantly reduce the required length for resonant 
antennas. For example, itis easy to make a resonant antenna 
thats as much as 30 to 40% shorter than an ordinary dipole 
Tor a given band. The shorter overall lengths come from 
bending back some of the wire. The increased self-coupling 
lowers the resonant frequency. These ideas are applicable 
to short antennas for restricted space or portable use, 


Experiments 

The results of the measurements are shown in Fig 38 
andarealso consistent with values given by Rashed and Tai 
from an earlier paper. This shows several simple wire 
antenna configurations, with resonant frequencies and 
impedance (radiation resistance), The reference dipole has 
а resonant frequency fa and resistance R = 72 £2. The fa 
values give the effective reduced frequency obtained with 
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Fig 37— Some examples of linear loading. The small 


circles indicate the feed points of the antennas. 
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the linear loading in each case, For example, the two-wire 
linear-loaded dipole has its resonant frequency lowered to 
about 0.67 to 0.70 that of the simple reference dipole of the 
same length, 

The three-wire linear-loaded dipole has its frequency 
reduced to 0.55 to 0.60 of the simple dipole of the same 
length. As you will see later, these values will vary with 
conductor diameter and spacing. 

The twa-wire linear-loaded dipole (Fig 388) looks 
almost like a folded dipole but, unlike a folded dipole, itis 
‘open in the middle of the side opposite where the feed line 
is attached. M easurements show that this antenna structure 
has a resonant frequency lowered to about two-thirds that 
of the reference dipole, and R equal to about 35 0. A three- 


Fig 38— Wire dipole antennas. The ratio f/f is the 
measured resonant frequency divided by frequency f, of 
A standard dipole of same length. R is radiation 
resistance in ohms. АА, standard single-wire dipole. 

At B, two-wire inear-oaded dipole, similar to folded 
dipole except that side opposite feed line is open. At, 
three-wire linear loaded dipole. 


wire linear-loaded dipole (Fig 38C) has an even lower 
resonant frequency and R about 25 to 30 O. 

Linear-loaded monopoles (one half of the dipoles in 
Fig 38) working against a radial ground plane have similar 
resonant frequencies, but with only half the radiation, 
resistance shown for the dipoles. 


A Ladder-L ine Linear-L oaded Dipole 

Based on these results, NNOF next constructed alinear- 
loaded dipole as in Fig 388, using 24 feet of 1-inch ladder 
line (the black, 450-0 plastic kind widely available) for the 
dipole length. He hung the system from a tree using nylon 
fishing line, about feet from the tree at the top, and about 
8 feet from the ground on the bottom end. It was slanted at 
about a 60° angle to the ground. This antenna resonated at 
12.8 M Hz and had a measured resistance of about 35 0. 
After the resonance measurements, he fed it with 1-inch 
ladder open-wire line (a total of about 100 feet tothe shack). 

For brevity, this is called avertical LLSD (linear.loaded 
short dipole). A tuner resonated the system nicely on 20 and 
30 meters. On these bands the performance of the vertical 
LLSD seemed comparable to his 120-foot long, horizontal 
entered Zepp, 30 feet above ground. In some directions 
Wherethe horizontal, all-band Zepp has nulls, such as toward 
Siberia, the vertical LLSD was definitely superior. This 
System also resonates on 17 and 40 meters. However, from 
listening to various signals, NNOF had the impression that 
this length LL SD is not as good on 17 and 40 meters as the 
horizontal 120-foot antenna 


Using Capacitance "End Hats" 


He also experimented with an even shorter resonant. 
length by trying an LLSD with capacitance "end-hats." The 
hats, as expected, increased the radiation resistance and 


Fig 39— Two-wire linear-loaded dipole 
with capacitance end hats. Main 
dipole length was constructed from 
24 feet of “windowed” ladder line. The 
end-hat elements were stiff wires 6 

' long. The antenna was strung at 
about a 60° angle from a tree limb 
Using monofilament fishing line. 
Measured resonant frequency and 
radiation resistance were 10.6 MHz 
and 50:2. 
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lowered the resonant frequency. Six-foot long, singlewire 
hats were used on each end of the previous 24-foot LL SD, as 
shown in Fig 39, The antenna was supported in the same 
way as the previous vertical dipole, but the bottom-end hat 
wire was only inches from the grass. This system resonated 
at 10.6 MHz with a measured resistance of 50 Q. 

If the dipole section were lengthened slightly, by a foot 
ого, to about 25 feet, it should hit the 10.1-M Hz band and 
be a good match for 50-0 coax. It would be suitable for a 
restricted space, shortened 30-meter antenna. Note that this 
antenna is only about half the length of a conventional 
30-meter dipole, needs по tuner, and has no losses due to 
traps. It does have the loss of the extra wire, but this is 
essentially negligible. 

Any of thelinear-loaded dipole antennas can be mounted 
either horizontally or vertically. The vertical version can be 
used for longer skip contacts- beyond 600 miles or so— 
unless you have rather tall supports for horizontal antennas 
to give a low elevation angle. Using different diameter 
conductors in linear-loaded antenna configurations yields 
different results, depending on whether the larger or small 
diameter conductor is fed. NN OF experimented with a vertical 
ground: plane antenna using a 10-foot piece of electrical 
Conduit pipe ( inch OD) and #12 copper house wire. 

Fig 40 shows the configuration. The radial ground 
‘system was buried a couple of inches under the soll and is. 
nat shown, Note that this is not a folded monopole, which 
would have ether or B grounded 

The wo conductors were separated by 2 inches, using 
plastic spreaders held onto the pipe by stainless-steel hose 
clamps obtained from the local hardware store. Hose clamps. 
intertwined at right angles were also used to clamp the pipe 
on electric fence stand-off insulators on a short 2 x post 
set vertically in the ground, 

The two different diameter conductors make the 
antenna characteristics change, depending on how they are 
configured, With the antenna bridge connected to the larger 
diameter conductor (point A in Fig 40), and point B 


Fig 40- Vertical ground-plane antenna with a 10-foot 
pipe and #12 wire as the linear-loaded element. 
Resonant frequency and radiation resistance dı 

on which side (A or B) is fed. The other side ( 
‘not grounded. See text for details. 


unconnected, the system resonated at 16.8 MHz and had 
R 235 п. With the bridge at (the smaller conductor), and 
point leftunconnected,theresonance lowered to 124 MHz 
and R was found to be about 24.0. 

The resonant frequency of the system in Fig 40 can be 
adjusted by changing the overall height, or for increasing 
the frequency, by reducing the length of the wire. Note that 
33M Hz resonant ground plane can be made with height 
only about half that of the usual 67 feet required, if the 
smaller conductor is fed (point in Fig 40). In this case, the 
pipe would be left unconnected electrically. The lengths 
given above can be scaled to determine а first-try attempt 
for your favorite band. Resonant lengths will, however, 
depend on the conductor diameters and spacing 

Thesame ideas hold fora dipole, except thatthe lengths 
should be doubled from those of the ground plane in Fig 40. 
The resistance will be tice that of the ground plane. Say, 
how abouta shortened 40-mete horizontal beam to enhance 
your signal?! 


COMBINED LOADING 

‘Asan antenna is shortened further the size of the top- 
loading device will become larger and at some point will be 
impractical. In this situation inductive loading, usually 
placed directly between the capacitance "hat" and the top 


Fig 41— Radials may be shortened by using either 
capacitive (A) or inductive (B) loading. In extreme 
cases both may be used but the operating bandwidth 
Will be limited. 
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of the antenna, can be added to resonate the antenna. Ап 
alternative would be to use linear loading in place of 
inductive loading. The previous section contained an 
example of end loading combined with linear loading. 


SHORTENING THE RADIALS 

Very often the space required by full-length radials is 
simply not available. Likethe vertical portion of the antenna, 
the radials can also be shortened and loaded In much 
the same way. An example of end loaded radials given in 
Fig 41A. Radials half the usual length can be used with 
litiereductonin efficiency but asin the caso top loading, 
theantennaQ will behigher and the bandwidth reduced. As 
shown in Fig 418, inductive loading can also be used, As 
Jong as they are not made too short (down to 0.1 А) loaded 
radials can be efficient with careful design. 


GENERAL RULES 
The steps in designing an efficient short vertical 

antenna system are: 

= Make the vertical section as long as possible 

+ Make the diameter of the vertical section as large as 
possible. Tubing or a cage of smaller wires will work well 

+ Provide as much top loading as possible 

+ If thetop loading is insufficient, resonate the antenna with 
a high-Q inductor placed between the hat and the top of 
the antenna 

+ For buried-ground systems, use as many radials (> 0.2 à) 
as possible, Forty or more is best 

+ If an elevated ground plane is used, use 4 to 8 radials, 5 or 
more fet above ground 

+ If shortened radials must be used then capacitive loading} 
is preferable to inductive loading 


EXAMPLES OF SHORT VERTICALS 

A 6-Foot-High 7-MHz Vertical Antenna 

Figs 42, 43, 44 and 45 give details for building short, 
effective vertical quarter-wavelength radiators. This 
information was originally presented by Jerry Sevick, 
WMI. 

A short vertical antenna, properly designed and 
installed, approaches the efficiency of a full-size resonant 
quarter-wave antenna, Even a 6-foot vertical оп 7 M Hz сап 
produce an exceptional signal. Theory tells us thatthis should 
be possible, but the practical achievement of such а result 
requires an understanding of the problems of ground losses, 
loading, and impedance matching, 

The key to success with shortened vertical antennas 
lies inthe efficiency of the ground system with which the 
antenna is used. A system of at least 60 radial wires is 
recommended for best results, although the builder may want 
to reduce the number atthe expense of some performance, 
The radials can be tensioned and pinned at the far ends to 
permit on-the-ground installation, which will enable the 
amateur to mow the lawn without the wires becoming 
entangled in the mower blades. Alternatively, the wires can. 
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Fig аз— Construction details for the top hat. For a 
diameter of 7 feet, in, aluminum tubing ls used. The 
hose clamp is made of stainless steel and is available 
at Sears, The rest of the hardware is aluminum. 


beburied inthe ground, where they will ntbevisible There 
is nothing critical about the wire size for theradials. Radial 
made of 28, 22, or even 16-gauge wire, will provide the 
same results. The radials should be at least 0.2 A. long (27 
feet or greater on 7 MHz) 

A top hats formed as illustrated in Fig 43. The diameter 
is7 feet, and a continuous length of wireis connected to the 
spokes around the outer circumference of the wheel A 
loading coil consisting of 14 tums of B& W 3029 M iniductor 
stock (2/rinch dia, 6 TPI, #12 wire) is installed 6 inches 
below the top hat (see Fig 42). This antenna exhibits a feed- 
pointimpedanceof 3.5 «at 7.21 MHz. For operation above 
or below this frequency, the number of coil turns must be 
decreased or Increased, respectively. M atching is 


accomplished by increasing the feed-point impedance to 
14.0 through addition of a 4:1-transformer, then matching 
14 to 50.0 (feeder impedance) by means of api network 
The 2:1 SWR bandwidth for this antenna is approximately 
100 kHz. 

More than 200 contacts with the 6-foot antenna have 
indicated the efficiency and capability of a short vertical. 
Invariably at distances greater than 500 or 600 miles, the 
short vertical yields excellent signals Similar antennas can 
be scaled and constructed for bands other than 7 M Hz. The 
T-oot-diameter-top hat was tried on a 3.5-M Hz vertical, with 


an antenna height of 22 feet The loading coil had 24 turns 
and was placed 2 feet below the top hat. On-the-air results 
duplicated those on 40 meters. The bandwidth was 65 kHz. 

Short verticals such as these have the ability to radiate 
and receive almost aswell asa full-size quarter-wave. Trade- 
offs arein lowered input impedances and bandwidths. With 
а good radial system and a proper design, these trade-offs 
can be made entirely acceptable. 


Short Continuously Loaded Verticals 

While there is the option of using lumped inductance 
to achieve resonance in a short antenna, the antenna can also 
be helically wound to provide the required inductance. This 
is shown in Fig 46, Shortened quarter-wavelength vertical 
antennas can be made by forming a helix on along cylindrical 
insulator. The diameter of the helix must be small in terms 
of Ato prevent the antenna from radiating in the axial mode. 

‘Acceptable form diameters for HF-band operation are 
from 1 inch to 10 inches when the practical aspects of antenna 
construction are considered. Insulating poles of fiberglass, 
PVC tubing, treated bamboo or wood, or phenolic are suitable 
for use in building helically wound radiators. If wood ог 
bamboo is used the builder should treat the material with at 
least two coats of exterior spar varnish prior to winding the 
antenna element. The completed structure should be given 


Fig 44 Standing-wave ratio of the 6-foot vertical using 
A 7-foot top hat and 14 turns of loading 6 inches below 
the top hat. 


of the vertical antenna showing the 60 
"The aluminum disc is 15 inches in 

ide inches thick. Sixty tapped holes for 

0 aluminum hex-head bolts form the outer ring and 
20 form the inner ring. The inner Бойз were used for 
performance comparisons with more than 60 radials. 
‘The insulator is polystyrene material (phenolic or 
Plexiglas suitable) with a Linch diameter. Also shown 
is the impedance bridge used for measuring input 
resistance, 
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Fig 46—Helically wound ground 
Performance from this type of antenna is comparable 
to that of many full-size Já vertical antennas. The 
major design trade-off is usable bandwidth. All 
shortened antennas of this variety are narrow-band 
devices. At 7 MHz, in the example illustrated here, the 
bandwidth between the 2:1 SWR points will be on the 
order of 50 kHz, half that amount on 80 meters, and 
twice that amount on 20 meters. Therefore, the antenna 
‘should be adjusted for operation in the center of the 
frequency band of interest 
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two more coats of varnish, regardless of the material used 
for the coll form. Application of the varnish will help 
weatherproof the antenna and prevent the coll turns from 
changing position. 

Nostictrule has been established concerning how short 
a helically wound vertical can be before significant drop in 
performance is experienced. Generally, one should use the 
greatest amount of length consistent with available space. A 
Guideline might be to maintain an element length of 0.05 
wavelength or more for antennas which are electrically а 
quarter wavelength long. Thus, use 13 feet or more of stock 
for an 80-meter antenna, 7 feet for 40 meters, and so on. 

А quarter-wavelength helically wound vertical can be 
used In the same manner as a full-size vertical. That is, It 
can be worked against an above-ground wire radial system 
(four or more radials), or it can be ground-mounted with 
radials buried or lying оп the ground. Some operators have 
reported good results when using antennas of this kind with 
four helically wound radials cut for resonance at the 
operating frequency, The latter technique should capture the 
attention of those persons who must use indoor antennas. 


Winding Information 
There Is no hard-and-fast formula for determining the 
amount of wire needed to establish resonance in a helical 
antenna. The relationship between the length of wire needed 
for resonanceand a full quarter wave at the desired frequency 
depends on several factors. Some of these аге wire size, 
diameter of the turns, and the dielectric properties of the 
form material, to name a few. Experience has indicated that 
a section of wire approximately one half wavelength long, 
wound on an insulating form with a linear pitch (equal 
spacing between turns) will come closeto yielding a resonant 
quarter wavelength. Therefore, an antenna for use оп 
160 meters would require approximately 260 feet of wire, 
spirally wound on the support. 

No specific rule exists concerning the size or type of 
wire one should use in making а helix. Larger wire sizes 
are, of course, preferable in the interest of minimizing IR 
losses in the system. For power levels up to 1000 watts itis 
wise to usea wire size of #16 or larger. A luminum clothesline 
wireis suitable for usein systems wherethe spacing between 
turns is greater than the wire diameter. Antennas requiring 
close-spaced turns can be made from enameled magnet wire 
or #14 vinyl jacketed, single-conductor house wiring stock. 
Every effort should be made to keep the turn spacing as 
large as ls practical to maximize efficiency. 

A short rod or metal disc should be made for the top or 
high-impedance end of the vertical. This is a necessary part 
of the installation to assure reduction in antenna Q. This 
broadens the bandwidth of the system and helps prevent 
extremely high amounts of RF voltage from being developed 
at the top of the radiator. (Some helical antennas act like 
Tesla coils when used with high-power transmitters, and can 
actually catch fire at the high-impedance end when a stub 
or disc is not used.) Since the Q-lowering device exhibits 
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some additional capacitancein thesystem, it must bein place 
before the antenna is tuned, 
Tuning and Matching 

Oncetheelementiswound should be mounted where 
it will be used, with the ground system installed. The feed 
end of the radiator can be connected temporarily to the 
‘ground system. Use a dip meter to check the antenna for 
resonance by coupling the dipper to the last few turns near 
the ground end of the radiator. Add or remove turns until 
the vertical is resonant at the desired operating frequency. 

itis impossible to predict the absolute value of feed 
impedance for a helically wound vertical. The value will 
depend upon the length and diameter of the element, the 
‘ground system used with the antenna, and the size of the 
disc or stub atop the radiator. Generally speaking, the 
radiation resistance will be very low approximately 3 to 
10.0. AnL network ofthe kind shown in Fig 46 can be used 
to increase the impedanceto 50 2. The 0, (loaded Q) of the 
network Inductors is low to provide reasonable bandwidth, 
consistent with the bandwidth of the antenna, Network values 
for other operating bands and frequencies can be determined 
by using the reactance values listed below. The design center 
for the network is based on a radiation resistance of 5 0. If 
the exact feed impedance is known, the following equations 
‘can be used to determine precise component values forthe 
matching network. (See Chapter 25 for additional 
information on L-network matching.) 


X, «QR, (E97) 
m 
Xa 0“ Ar (Eq8) 
EE] 
Xu = kat es (649) 
where 


Хе =capacitive reactance of CL 
capacitive reactance of C2 
inductive reactance of L1 
© = loaded Q of network 
R, radiation resistance of antenna 
Example: Find the network constants for a helical 
antenna with a feed impedance of 5 O at 7 MHz, Q =3: 


Therefore, C1 = 1500 pF, C2 
0.7 pH. The capacitors can be made from parallel or series 
combinations of transmitting micas. L1 can be a feu turns. 
of large M iniductor stock, At RF power levels of 100 W or 
less, large compression trimmers can be used at C1 and C2 


because the maximum АМ S voltage at 100 £2 (across 50 0) 
will be 50 V. At, say, 800 W there will be approximately 
220V RM S developed across 50.0. This suggests the use cf 
mall transmitting variables atC1 and C2, possibly connected 
in parallel with fixed values of capacitance to constitute the. 
required amount of capacitance forthe network, 

By making some part of the network variable, it will 
be possible to adjust the circuit for an SWR of 1:1 without 
knowing precisely what the antenna feed impedance is. 
‘Actually, C1 isnot required as part ofthe matching network. 
Itis included here to bring the necessary value for L into a 
practical range. 

Fig 46 illustrates the practical form a typical helically 
wound ground-plane vertical might take. Performance from 
this type antenna is comparable to that of many fullsize 
quarter- wavelength vertical antennas. The major design 
trade-off is in usable bandwith, All shortened antennas of 
this variety are narrow-band devices. At 7 MHz, in the 
‘example illustrated here, the bandwidth between the 2:1 
SWR points will beon the order of 50 kHz, half that amount. 
on 80 meters, and twice that amount on 20 meters. Therefore, 
the antenna should be adjusted for operation inthe center of 
the frequency spread of interest. 
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Fig 47- When space is limited, the ends may be bent 
downward as shown at A, or back on the гас 

shown at В. The bent dipole ends may come straight 
down or be led off at an angle away from the center of 
the antenna. An inverted V at C can be erected with the 
ends bent parallel to the ground when the support. 
Structure is not high enough. 


SHORTENED DIPOLES 

As shown in preceding sections there are several ways 
to load antennas so they may be reduced in size without severe 
reduction in effectiveness. Loading s always a compromise; 
the best method is determined by the amount of space available 
and the bands) to be worked, 

The simplest way to shorten a dipole s shown in Fig 47. 
If you do not have sufficient length between the supports, 
simply hang as much of the center of the antenna as possible 
between the supports and let the ends hang down. The ends 
can be straight down or may be at an angle as indicated but in 
either case should be secured so that they do not move in the. 
wind. As long as the center portion between the supports is at 
least 4/4, the radiation pattern will be very nearly the same as 
a full-length dipole. 

The resonant length of the wire will be somewhat shorter 
than a full-length dipole and can best be determined by experi- 
mentally adjusting the length of ends, which may be conveni 
ently near ground. Keep in mind that there can be very high 
potentials at the ends of the wires and for safety the ends should 
be kept out of reach. Letting the ends hang down as shown isa 
form of capacitive end loading, While itis efficient, it will also 
reduce the matching bandwidth— as does any form of loading. 
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Fig 48— At A is a dipole antenna lengthened electrically 
with off-center loading coils. For a fixed dimension A, 
greater efficiency will be realized with greater distance 
B, butas B is Increased, L must be larger in value to 

if the two coils are placed at the 
in theory they must be infinite in 
Šize to maintaln resonance. At itive loading of 
the ends, either through proximity of the antenna to 
other objects or through the addition of capacitance 
hats, will reduce the required value of the coils. At C, а 
fan dipole provides some electrical lengthening as well 
as broadbanding. 
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Fig 49— Chart for determining 


J] approximate inductance values for 


]| off-center-loaded dipoles. See 


Fig 48A. At the intersection of the 


appropriate curve fram the body of 
the chart for dimension A and 


proper value for the coll position 
from the horizontal scale at the 
bottom of the chart, read the 


required Inductive reactance for 


resonance from the scale at the left 


Dimension A is expressed as 


percent length of the shortened 


Antenna with respect tothe length 


of a half-wave dipole of the same 
conductor material. Dimension B is 


expressed as the percentage of coil 
distance from the feed point to the 
end of the antenna. For example, а 


Shortened antenna, which is 50% or 


half the size of a half-wave dipole 


(one-quarter wavelength overall) 


with loading colls positioned 


midway between the feed point and 


each end (50% out), would require 
coils having an inductive reactance 


of approximately 950 < at the 


operating frequency for antenna 


The most serious drawback associated with inductive 
loading is high loss in the coils themselves. It is important. 
that you use inductors made from reasonably large wire or 
tubing to minimize this problem. Close winding of turns 
should also be avoided if possible. A good compromises to 
use some off-center inductive loading in combination with 
capacitive end loading, keeping the inductor losses small 
and the efficiency as high as possible. 

Some examples of off-center coil loading and 
capacitive-end loading are shown in Fig 48. This technique 
was described by Jerry Hall, К1ТО in Sep 1974 QST. For 
the antennas shown, the longer the overall length (dimension. 
A, Fig 48А) and the farther the loading coils are from the 
center of the antenna (dimension В), the greater the 
efficiency of the antenna. As dimension В is increased 
however, the inductance required to resonate the antenna at 
the desired frequency increases. A proximate inductance 
values for single-band resonance (for the antenna in Fig 48A. 
only) may be determined with the aid of Fig 49 or from 
Eq 10 below, The final values will depend on the proximity 
of surrounding objects in individual installations and must 
be determined experimentally. The use of high-Q low-loss 
coils is important for maximum efficiency. 
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Fig 50— The WOSVM "Shorty Forty" center-loaded 
antenna. Dimensions given are for 7.0 MHz. The 
loading сой is 5 inches long and 2: inches diameter. 
It has a total of 30 turns of $12 wire wound at 6 turns 
per inch (Miniductor 3029 stock). 


(Eq 10) 


A dip meter or SWR indicator is recommended for use 
during adjustment of the system, Note that the minimum 
inductance required is for a center-loaded dipole. If the 
Inductive reactance is read from Fig 49 for a dimension В of 


zero, one сой having approximately twice this reactance can 
be used near the center of the dipole. Fig 50 illustrates this 
idea. This antenna was conceived by Jack Sobel, WOSVM , 
who dubbed the 7-M Hz version the "Shorty Forty.” 


Inverted-L Antennas 


The antenna shown in Fig 51 is called an inverted-L 
antenna, It is simple and easy to construct and is a good 
antenna for the beginner or the experienced 1.8-MHz DX er. 
Because the overall electrical length is made somewhat 
greater than 144, the feed-point resistance ison the order of 
50.0, with an inductive reactance. That reactance is canceled 
by a series capacitor as indicated in the figure. For a vertical 
section length of 60 feet and a horizontal section length of 
125 feet, the Input impedance is = 40 + j 450 £2. Longer 
Vertical or horizontal sections would increase the input 
impedance. The azimuthal radiation pattern is slightly 
asymmetrical with =1 to 2 dB increase in the direction 


opposite to the horizontal wire. This antenna requires good 
buried ground system or elevated radials 

This antenna is a form of top-loaded vertical, where 
the top loading is asymmetrical. This results in both vertical 
and horizontal polarization because the currents in the top 
wire do not cancel like they would in a symmetrical-T 
vertical. This is not necessarily a bad thing because it 
eliminates the zenith null present in a true vertical. This 
allows for good communication at short ranges as well as 
forDX 

A yardarm attached to a tower or a tree limb can be 
used to support the vertical section. А with any vertical, 
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Fig 51- The 18-MHz inverted L. Overall wire length is 
165 to 175 feet. The variable capacitor has a maximum 
capacitance of 500 to 800 pF. Adjust antenna length and 
Variable capacitor for lowest SWR. 
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Fig 53— Elevation pattern for the inverted L with a 
single radial 


Fig 52—A single elevated radial can be used for the 
inverted L. This changes the directivity slightly. 


Fig SA— Azimuthal pattern for the inverted L with а 
single radial at an elevation angle of 25. 


Low-Frequency Antennas 6-29 


ss po wre 


Fig 55—Detalls and dimensions for gamma-match 
feeding a 50-foot tower as а 1.8.MHz vertical antenna. 
The rotator cable and coaxial feed line for the 14-MHz 
beam is taped to the tower legs and run into the shack 
from ground level, No decoupling networks are 
necessary. 


for best results the vertical section should be as long as 
possible. A good ground system is necessary for good 
results the better the ground, the better the results. 

If the ground system suggested for Fig 51 is not 
practical, it is possible to use a single elevated radial as 
shown in Fig 52. For the dimensions shown in the figure 
2, = 50 + j 465 ©. The vertical and azimuthal radiation. 
patterns are shown in Figs 53 and 54. Note that the 1 to 2 dB 
asymmetry is now in the direcion of the horizontal wires, 
just the opposite of that for a symmetrical ground system, 


A Different Approach 
Fig 55 shows the method used by Doug DeM aw, 
WFB, to gamma match his self-supporting 50-foot tower 


ш operating as an inverted L. A wire cage simulates a gamma 
" rod of the proper diameter The ning capacitor is fashioned 
2 s- from telescoping sections of 1% and Linch aluminum 
— nosan, tubing with polyethylene tubing serving as the dielectric. 
ANO walt ten This capacitor is more than adequate for power levels of 
* e 100 watts, The horizontal wire connected to the top of the 

tower provides the additional top loading 

Sloper Antennas 


Sloping dipoles and 142 dipoles can be very useful 
antennas on the low bands. These antennas can have one 
end attached to a tower, tree ог other structure and the other 
end near ground level, The following section gives a number 
of examples of these types of antennas. 


THE QUARTER-WAVELENGTH 
“HALF SLOPER" 

Perhaps one of the easiest antennas to install is the J4 
sloper shown in Fig56.A sloping 42 dipoleis known among 
radio amateurs as a “full sloper” or just “sloper.” If only 
one half of it is used it becomes a “half sloper.” The 
performance of the two types of sloping antennas is similar: 
They exhibit some directivity in the direction of the slope 
and radiate energy at low angles respective to the horizon. 
The wave polarization is vertical. The amount of directivity 
will range from 3 to 6 dB, depending upon the individual 
installation, and will be observed in the slope direction. A 
typical radiation pattern is given in Fig 57. 

The advantage of the half sloper over the full sloper is 
that the current portion of the antenna is higher. A Iso, only 
half as much wireis required to build theantenna for a given 
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amateur band, The disadvantage of the half sloper is that it 
is sometimes impossible to obtain a low SWR when using 
coaxial-cable feed, especially withouta good isolating choke 
balun, (See the section above on isolating ground-plane 
antennas.) Other factors that affect the feed impedance are 
tower height, height of the attachment point, enclosed angle 
between the sloper and the tower, and what is mounted atop 
thetower (HF or VHF beams).A Iso the quality ofthe round 
under the tower (ground conductivity, radials, etc) has a 
marked effect on the antenna performance. The final SWR 
сап vary (after optimization) from 1:1 to as high as 6:1. 
Generally speaking, the closer the low end of theslope wire 
is to ground, the more difficult it will be to obtain a good 
match. 


Basic Recommendations for Half Sloper 

Thehalf sloper can bean excellent DX type of antenna. 
Itis usually installed on a metal supporting structure such 
as a mast or tower. The support needs to be grounded at the 
lower end, preferably to a buried or on-ground radial system. 
If a nonconductive support is used, the outside of the coax 
braid becomes the return circuit and should be grounded et 
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Fig 56—The 2/4 "half sloper" antenna. 


the base of the support. As a starting point one can attach 
the sloper so the feed point is approximately 2/4 above 
ground. If the tower is not high enough to permit this, the 
antenna should be fastened as high on the supporting 
structure as possible. Start with an enclosed angle of 
approximately 45°, as indicated in Fig 56. The wire may be 
cut to the length determined from 

260 

[m ш 
This will allow sufficient extra length for pruning the wire 
for the lowest SWR. A metal tower or mast becomes an 
operating part of the half slaper system. In effect, it and the 
slope wire function somewhat like an inverted-V dipole 
antenna. In other words, the tower operates as the missing 
half of the dipole. Hence its height and the top loading 
(beams) play a significant role. 

The 50-0 transmission line can be taped to the tower 
leg at frequent intervals to make it secure. The best method 
is to bring it to earth level, then route it to the operating 
position along the surface ofthe ground if it can't be buried, 
This will ensure adequate RF decoupling, which will help 
prevent RF energy from affecting the equipment in the 
station, Rotator cable and other feed lines on the tower or 
mast should be treated in a similar manner, 

Adjustment of the half sloper is done with an SWR 
indicator in the 50-02 transmission line, A compromise can 
be found between the enclosed angle and wire length, 
providing the lowest SWR attainable in the center of the 
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Fig 57- Radiation pattern for a typical half sloper. At A, 
elevation pattern. At B, azimuth pattern. 


chosen part of an amateur band. If the SWR "bottoms out” 
at 2:1 or lower, the system will work fine without using an 
antenna tuner, provided the transmitter can work into the 
load, Typical optimum values of SWR for 35 or 7-MHz 
half slopers are between 1.3:1 and 2:1.A 100-kH z bandwidth 
isnormal on 35 M Hz, with 200 kHz being typical at7 M Hz 

If the lowest SWR possible is greater than 2:1, the 
attachment point can be raised or lowered to improve the. 
match. Readjustment of the wire length and enclosed angle 
тау be necessary when the feed point height is changed. If 
the tower is quyed, the guy wires will need to be insulated 
from the tower and broken up with additional insulators to 
prevent resonance. 


1.8-MHz ANTENNA SYSTEMS USING TOWERS 

An existing metal tower used to support HF or VHF 
beam antennas can also be used as an Integral part of а 
1.8-M Hz radiating system. The haf slaper discussed earlier 
will also perform well on 1.8 MHz. Prominent 1.8-M HZ 
operators wha have had success with the half sloper antenna 
Suggest a minimum tower height of 50 feet. Dana Atchley, 
WCE, used the configuration sketched in Fig 58. He 
reported that the uninsulated guy wires act as an effective 
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Fig 58— The WICF half sloper for 160 meters is arranged in this manner, Three monoband antennas atop the tower 


provide capacitive loading. 


counterpaise for the sloping wire. At Fig 59 is the feed 
system used by Doug DeM aw, WIFB, on a 50-foot self 
supporting tower. The ground for the W1FB system is 
provided by buried radials connected to the tower base. 

As described previously, a tower can also be used as a 
truevertical antenna, provided a good ground system is used. 
The shunt-fed tower is at its best on 1.8 M Hz, where a full 
3/4 vertical antenna is rarely possible, Almost any tower 
height can be used. An HF beam at the top provides some top 
loading, 


7-MHz “SLOPER SYSTEM” 

One of the more popular antennas for 35 and 7 MHz 
is the half-wave long sloping dipole. David Pietraszewski, 
K1WA, made an extensive study of sloping dipoles at 
different heights with reflectors at the 3-GHz frequency 
range. From his experiments, he developed the novel 7-M HZ 
antenna system described here, With several sloping dipoles 
Supported by a single mast and a switching network, an 
antenna with directional characteristics and forward gain 
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Fig 59- Feed system used by WIFB for 1.8 MHz half 
sloper on а 50-foot self-supporting tower. 


can besimply constructed. This 7-M Hz system uses several 
"slopers" equally spaced around a common center support. 
Each dipole is cut to 2/2 and fed at the center with 50-02 
coax. The length of each feed line is 36 feet. 

AII of the feed lines go to a common point on the 
Support (tower) where the switching takes place. The line 
length of 36 feet is just over 3/8, which provides a useful 
quality. At 7 M Hz, the coax looks inductive to the antenna 
when the end at the switching box is open circuited. This 
has the effect of adding inductance at the center of the 
sloping dipole element, which electrically lengthens the 
element, The 36-foot length of feed line seves to increase 
the length of the element about 5%, This makes any unused 
element appear to be a reflector. 

The атау is simple and effective. By selecting one of 
the slopers through a relay box located et the tower, the 
system becomes a parasitic array that can be electrically 
rotated. All but the driven element of the array become 
reflectors, 

The physical layout is shown in Fig 60, and the basic 
materials required for the sloper system are shown in 
Fig 61. The height of the support point should be about 


70 feet, but can be less and still give reasonable results. The 
upper portion of the sloper is 5 feet from the tower, 
suspended by rope. The wire makes an angle of 60° with 
the ground. 

In Fig 62, the switch box is shown containing all the 
necessary relays to select the proper feed line for the desired 
direction. One feed line is selected at a time and the feed 
lines of those remaining are opened, Fig 63. In this way the. 
array is electrically rotated. These relays are controlled from 
inside the shack with an appropriate power supply and rotary 
switch. For safety reasons and simplicity, 2-volt dc relays 
are used. The control line consists of afive-conductor cable, 
one wire used as а common connection; the others go to the 
Tour relays. By using diodes in seres with the relays and а 
dual-polaity power supply, the number of control wires can 
be reduced, as shown in Fig 638, 

Measurements indicate that this sloper array provides 
up to 20 dB front-to-back ratio and forward gain of about 
4 dB over a single half-wave sloper. If one direction is the 
only concern, the switching system can be eliminated and 
the reflectors should be cut 5% longer than the resonant 
Frequency. The one feature worth noting isthe good F/B ratio. 
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simple 


sloping dipoles suspended from one support. Directivity and forward gain can be obtained from this 
The top view shows how the elements should be spaced around the support. 
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Fig 62—Inside view of relay box. Four relays provide 
control over five antennas. See text. The relays pictured 
here are Potter and Brumfeld type MR11D. 


Fig 61— The basic materials required for the sloper 
system. The control box appears at the left, and the 
relay box at the right. 


Fig 63— Schematic diagram for sloper control system. АП relays are 12-volt dc, DPDT, with B-A contact ratings. At A, 
the basic layout, excluding control cable and antennas. Note that the braid of the coax is also open-circuitad when 
notin use. Each relay ls bypassed with 0.001-uF capacitors. The power supply is a low current type. At B, diodes 
эге used to reduce the number of control wires when using de relays. See text. 
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By arranging the system properly, а null an be placed in an 
unwanted direction, thus making it an effective receiving 
antenna, In the tests conducted with this antenna, the number 
of reflectors used were as few as one and as many as five. 


The optimum combination appeared to occur with four 
reflectors and one driven element. No tests were conducted 
with more than five reflectors. This same array can be scaled 
to 3.5 MHz for similar results. 


Low-Frequency (“Lowfer”) Antennas 


The following section on low-frequency antennas is 
from material submitted by Andrew Corney, ZL2B8), 
and Bob Vernall, ZL2CA, and material from Curry 
Communications. 

The Low Frequency band (known commonly as the 
lower band) ranges from 30 to 300 kHz, or in terms of 
wavelength from 10,000 to 1000 meters, Allocation of 
specific LF bands varies from one region of the world to 
another. For example, in the US the owfer allocation is from 
160 to 190 kHz, and the band is commonly referred to as 
1750 meters. 

The long wavelengths of LF bands introduce real 
challenges for amateur antennas, A frequency of 200 kHz 
corresponds to a wavelength of 1500 meters, where a full- 
sized AJA vertical would be about 375 meters (1230 feet) 
hight 

In the US, FCC regulations limit the antenna to a 
cylindrical area 50 feet high, with a diameter of 50 feet. 
This essentially restricts US lowfer antennas to top-loaded 
verticals, since a loop with those dimensions is not very 
practical. In terms of wavelength, a 15-meter high vertical 
is only 0.0086 A. high on 1750 meters, putting lt into the 
category of areally tiny antenna! The FCC also limits power 
input to the antenna to 1 watt. 


ELECTRICALLY SMALL ANTENNAS 

The impedance of electrically tiny antennas is highly 
reactive (capacitive for whips, inductive for loops, since 
they ae too small to have any natural resonance While any 
small antenna can be resonated by loading with inductance 
(or capacitance for а loop), antenna and ground losses 
overshadow whatever powers radiated to the far field. For 
amateur LF antennas, radiation resistance is conveniently 
expressed in milliohms, rather than ohms, The overall 
efficiency of an amateur LF antenna is unlikely to exceed 
1%. In fact, 0.1% is a more realistic target for amateur LF 
antenas in suburban locations. Nevertheless, even 0.1% 
efficiency can achieve useful communication over several 
hundred kilometers, 


LF PROPAGATION CHARACTERISTICS 
Contrasted with HF, the surface wave at LF is a very 
important propagation mode. Even at 1.8 MHz in the. 
Medium Frequency (MF) spectrum, attenuation of the. 
ground wave is relatively high, rendering the surface ground 
wave far less useful than at LF. 
Surprisingly little radiated power can provide effective 


LF communication over hundreds of kilometers. A 180 kHz 
mW of radiated power will enablea CW signal to be copied 
ata range of 400 km over sea or good ground, and 300 km 
over poor ground, assuming a daytime noise level of about 
~10 dB re1 pV m in а500-Н2 bandwidth. 

Daytime signals are remarkably steady in strength 
providing good conditions for SSB, where 10 mW radiated 
power can be copied comfortably at 300 km over a seawater 
path or good ground. Daytime conditions are likely to favor 
specialized computer-controlled modes using low 
information rates, which promise much greater ranges than 
are possible with conventional CW. 

During thenight,skywave propagation by ionospheric 
reflection generally dominates the surface wave for reception 
over longer distances. The skywave is strongly attenuated 
during daylighthours, but around sunset attenuation usually 
decreases. This results in progressive increases n DX signal 
strength, reaching a maximum four to six hours after sunset 
The skywave is actually a mixture of waves resulting from 
different ionospheric-reflection mechanisms, The multipath 
nature of these means that they interfere with each other 
and with the ground wave to produce a random pattern 
of signal enhancements followed by deep fades. An 
enhancement will typically last several minutes, and 
similarly fading is generally slow. 

Nighttime DX signal strengths are generally much 
stronger than during the day. However, as night-time 
atmospheric noise tends to rise in sympathy with the sky. 
wave strength, there s less benefit from enhanced night 
time propagation than we might expect Nevertheless, the 
greatest communication ranges using conventional CW are 
usually achieved one or two hours after sunset at the mid 
point of a path. Fortunately there re some occasions when 
Skywaves are favorable and QRN is lower than normal, the 
combination of which leads to DX opportunities. 


POLARIZATION FOR LF 

The conductivity of most types of ground means that 
vertically polarized LF waves can propagate relatively 
unhindered as surface ground waves. Higher ground 
conductivity leads to lower propagation loss. On the other 
hand, horizontally polarized waves have an electric field 
component parallel to the conducting surface of the ground. 
This effectively “shorts out the electric field, resulting in 
higher losses for horizontal polarization. 

There is litle choice in the matter— LF transmitting 
antennas must be vertically polarized. Even for sky-wave 
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antenna. A base loading сой with a 
Variometer for fine-tuning is used, 
Along with capacitance-hat top- 
loading wires. Note that three vertical 
wires are used to increase the 
bandwidth and that the performance 
gets better with more top-loading 
"Wires to increase the top 
capacitance.The ground-radial 
System consists of as many wires as 
possible, buried a few inches below 
the surface. 
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propagation (with its random polarization of received signals 
dueto ionospheric reflections) aground-mounted LF antenna 
responds mainly tothe vertical component. 


LF TRANSMITTING ANTENNAS 
Often an existing HF or MF wire antenna can be put to 
useon LF. L and Т antennas were popular in the early days 
of LF radio transmission, and the principles still apply. If 
there are regulatory limits on the overall size of an LF 
antenna (asin the US), then a vertical with inductive center 
loading, with or without top loading, is the most suitable 
choice for making the most of a size- limited situation. 

A toprloaded system, such as a T, is preferable to a 
straight coil-loaded vertical, since it can give a considerable 
increase in efficiency compared to a simple vertical of the 
Same height. For a T antenna, the radiated power is 
proportional to the square of the “effective height" The 
current in a vertical with no top loading tapers linearly from 
maximum at the bottom to zero at the top, and has ап 
effective height of half the physical height of the antenna, 
‘The more top loading used, the higher the current at the top 
ofthe vertical section. With infinite” capacitive top loading, 
the effective height is equal to the physical height, giving a 
four-fold increase in efficiency. 

Multiple top loading wires and multiple ground radial 
wires (usually bare copper wire) buried just below ground 
level are highly recommended. Multiple earth rods can also 
be used to advantage, such as being connected to the far 
ends of radial wires, but are probably notas useful as adding 
more radial wires. 

For estimating the capacitance of a T antenna made of 
wires, an approximation is to use 6 pF per meter for vertical 
wires, and 5 pF per meter for horizontal wires. When multiple 
close-spaced wires are used, proximity effect will reduce 
the net capacitance to less than if individual wires were 
summed in capacitance. For additional details on capacitance 
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top-hat loading, especially multispoked “wagon wheel" 
structures, see discussion earlier in this chapter. 

A low-loss (high-Q) base loading coil is needed to 
resonate the vertical atthe operating frequency. The coil shape 
should havea diameter to length ratio of about 2.5 for highest 
© (which is different from the optimum shape for HF 
inductors). Turns should be spaced by about one wire 
diameter. Tuning is fairly critical, and a variometer (some 
series turns on a spindle inside the loading coil) can be very 
handy for fine tuning. 


The ZL2CA LF Transmitting Antenna 

See Fig 64 for information on an ideal type of LF 
vertical for amateur use. In most cases amateurs will need 
to adapt the ideal to suit the practicalities of a given QTH. A 
top-loaded T antenna is used by ZL 2CA for operation in the 
vicinity of 180 KHz, It is not a large antenna, but performs 
reasonably well. The vertical feed is near the middle of the 
property, and rises some 8 meters to a horizontal fiberglass 
rod mounted near the top of a pipe mast that is also used for 
mounting other antennas. The fiberglass rod provides good 
insulation and keeps the vertical feed wire a meter or so 
away from the grounded pipe mast. It also terminates all 
top-loading wires. 

Top-loading wires at ZL2CA go in various directions, 
customized to fit on the particular property. The loading 
system toward the rear of the property is actually a horizontal 
40-meter delta loop. The corner feed point can be manually 
changed from a coax balun (balanced feed in HF mode) toa 
single wire coming from the fiberglass standoff (unbalanced 
feed in LF mode). The delta loop feed point is on the pipe 
mast near the fiberglass standoff used for LF, and is 
accessible by ladder. The other two poles supporting the 
delta loop are some 10 meters high. Top-loading wires 
toward the front of the property make up a fan of six wires, 
varying in length from 11 to 17 meters. There is a seventh 


Table 8 


Measured Impedance at the Bottom of ZL2CA's 
T Antenna 


Frequency Resistance Capacitance 
(kHz) (2) (pF) 
100 “ 790 
165 п 200 
190 10 805 
250 9 810 
300 8 815 


wire running across the far end of the fan to support the fan 
wires at an average of around 9 meters above ground. 

The ground system consists of 13 bare copper radials 
running to various parts of the property, and several of these 
havea driven-pipeearth atthe far end. The measured values 
of theimpedance atthe bottom of the vertical wire are shown 
in Table 8. The antenna is sel-resonant around 14 MHz 
and is useful on 160 meters as well as LF. The resistance 
measured between the RF earth and mains earth is 4.1 ©. 
The earth resistance probably varies with soil moisture. 
Some of the antenna top loading is galvanized wire, and 
this may contribute to the RF resistance of the antenna 
However, the lower resistance with increasing frequency in 
the above table suggests itis nota major factor. he loading 
сой used has a Q of just over 300, which adds some 3 Q in 
series with the overall loop resistance. 

The antenna vertical wire is taken from a carefully 
selected point around 57 turnson the loading coil. Theloaded 
© of the whole antenna is about 60, so tuning is critical. 
Matching to 50-0 coaxial cable is by tapping 2 turns from 
the "cold" end of the loading сой. An alternative is an L 
match consisting of 30 nF of polypropylene capacitors 
between coax inner and ground, with the series inductance 
of some 20 uH in effect being a small part of the loading 
сой. The matching bandwidth of the antenna is satisfactory 
for SSB. 

Ап estimate of radiation resistance at 180 kHz is 
10 milliohms, giving an efficiency of 0.08% (the net series 
resistance ssome 13 02). A pplying 100 watts results in about 
2.7 amps of antenna current, and a radiated power of up to 
80 mW. The voltage applied from the loading coll to the 
antenna İs about 6000 volt, tis difficult to know the specific 
radiated power, but whatever it is, it provides а lot of fun 
for chasing DX when propagation conditions re good, This 
has resulted in logging two-way CW contacts to 670 km 
and two-way SSB contacts to 460 km, SSB has been 
monitored at distances to 700 km. 


Other Transmitting Antenna Types 

Some lowfers in the US use helically wound short 
verticals, with top-hat loading, such as are described in some 
detail earlier in this chapter. They use three 10-foot sections 
of 2-inch diameter white PV C pipe. The three sections are 


coupled together with wood dowels and are wound with #22 
wire spaced evenly along each section, where the turns are 
spaced by diameter of the wire. Solder lugs are bolted to 
each end of each section to connect to the wire. Once the 
three sections are joined together to make up the 30-foot 
long radiator, wire jumpers are soldered across adjoining 
lugs, The final antenna must be pruned for resonance, 


Loops 

The tp-loaded vertical antenna is almost always the 
best choice for an amateur LF transmitting antenna. (In fact 
itis virtually the only choice in the US due to FCC 
regulations) A nother possible alternative outside the US is 
some form of loop. However, а top-loaded vertical in à 
suburban backyard will have а much higher radiation 
resistance than can be achieved by a loop antena in the 
same space, and the directional properties of the loop are 
usually more of a hindrance than a help. 


INSULATION FOR TRANSMITTING ANTENNAS 

High voltages are present on the antenna and feeders 
during LF transmission. Especially for a loaded vertical 
antenna, the whole antenna system is subject to much higher 
voltages than in typical HF antennas. A dequate insulators 
are needed at every support point on any LF transmitting 
antenna, Egg-type insulators аге generally not up to the task, 
especially when they are wet. Leakage paths cross insulators 
should be as long as practical 

Monofilament nylon (otherwise known as heavy duty 
fishing line) provides cheap and very effective insulation for 
LF antennas, It is also visually unobtrusive, The length of a 
nylon line insulator can be as long as is convenient, and the 
smooth surface is washed clean in the rain. The life of 
monofilament nylon insulators is approximately five years, 
depending on wind conditions and ultraviolet radiation levels. 

The feeder to an LF antenna will generally need to exit 
either the cabinet of a tuner box or go through the shack 
wall, so very good feedthrough insulation should be 
provided. Plastic tubing can be used to sleeve a feeder wire 
that passes through a feedthrough hole in a wall. Several 
layers of plastic tubing can be applied by using appropriately 
selected diameters. If arcing is suspected, it can be monitored 
with a nearby VHF receiver, and it should soon be obvious 
if arcing occurs during LF transmission. It is hard enough 
to radiate a small amount of power at LF, so wasting power 
on unwanted discharges must be avoided! 

Base insulators can be very simple, Some use a glass 
soft drink bottle held ina hollow cinder block on the ground. 
Ап old-fashioned "Coke" bottle makes a great insulator! 


LF RECEIVING ANTENNAS 

Receiving LF signals is generally much easier than 
transmitting LF signals. Electrical noisefrom thunderstorms 
travels vast distances, establishing a background atmospheric. 
noise that greatly exceeds the receiver thermal noise 
Inefficient receiving antennas are tolerable as long as they 
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Fig 65— Remote active lowfer preamplifier, Note that 
careful attention must be paid to ground isolation for 
best S/N- 


сап still hear the background noise. M an-made radio noise 
is usually a more serious limitation in most suburban 
situations, as the electricity mains conduct “hash” around 
the neighborhood. Switching-mode power supplies in 
domestic appliances such as PCs are one of the more 
obnoxious noise sources. 

ALLE, local noise is spread more by being conducted 
by mains electrical wiring, rather than by radiation. An LF 
transmitting antenna often couples rather well to the near 
field of mains wiring, giving the LF band an undeserved 
reputation as being excessively noisy. A dramatic 
improvement can result from using a small active antenna 
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Fig 66— Remote active preamplifier for directional loop 
receiving antenna. 


located a modest distance (20 feet or more) away from any 
building supplied with mains power. The small aperture of 
the active antenna reduces coupling to the mains wiring 
without sacrificing far-field reception, provided the very high 
impedance of the small antenna is properly matched to the 
receiver with a low-noise-figure buffer amplifier. 

Itis also very important to prevent mains interference 
from reaching the antenna by the cable from the receiver to 
the antenna by decoupling the cable using chokes and/or 
isolating transformers. The active-antenna power supply 
should also be well decoupled from the mains. It is also 
very important to detune the transmitting antenna while 
receiving, to prevent noise picked up by the large antenna 
from coupling into the receive antenna, This coupling can 
‘occur over a surprisingly long distance. 

Cable decoupling is particularly important for an active 
vertical antenna, Fig 65, where the buffer amplifier is 
‘grounded directly beneath the antenna, and isolated from 
‘common-mode cable interference by means of a transformer 
to isolate the signal and a bifilar choke to isolate the power 


supply. The JFET buffer amplifier used to match the very 
high antenna impedance to the low cable impedance must 
have a low noise figure, together with a high second-order 
intermodulation threshold to prevent interference from 
strong AM broadcast signals. 

Thetypeof FET used is important, the] 310 being one 
of the more satisfactory, Two FETS in parallel increase the 
second order threshold by 6 dB. Input filtering may still be 
needed if the antenna is within а few kilometers of high- 
power broadcast and television stations. Itis not commonly 
appreciated that the voltage induced by LF and MF signals 
is proportional to the average height of the antenna above 
ground, rather than to thelength of the antenna. Even a small 
antenna mounted high up may pick up enough A M broadcast 
signals to overload the antenna. 

A remotely tuned receiving loop having a performance 
limited by natural noise (external QRN is shown in Fig 66, 
A smaller loop is satisfactory for nighttime use but will not 
have а good enough noise figure for daytime work, when 
noise levels are much lower. A larger loop with fewer turns 
will work well if itis not too near mains wiring. A balanced 
unshielded loop is easier to construct than a shielded loop. 
and rejects electric fields just as well. This is important if 
the signals from an active loop and active vertical are to be 
Combined in а manner similar to that used in direction- 
finding, which can give a signal-to-noise improvement of 
2 dB. This does not sound impressive but can make all the 
difference in whether or not a weak signal can be copied. 


LF ANTENNA TEST EQUIPMENT 

High permeability ferrite cores must be used at LF for 
current transformers and directional wattmeters, Ferrite cores 
salvaged from surplus TV line outout transformers are very 
Useful, An inline RF current monitor with the antenna feed 
passing through the core (equivalentto a single turn primary) 
is an effective way of sampling antenna current, The 
secondary can be 20 to 30 turns, loaded with 27 ©, and a 
simple diode feeding a low-current meter through a suitable 
range resistor. The current monitor can even be calibrated 
against an RF thermocouple ammeter, If the monitor is at 
the high-voltage end of а vertical antenna loading coil, take 
care to ensure that adequate insulation is present around the 
antenna feed passing through the toroidal core, 

Many amateurs use even simpler instrumentation, 
‘Three NE-2 neon bulbs in series placed near the antenna 
serve as а Very useful indicator of tuning, although they can 
bea little hard to see in direct sunlight. 

When a new antenna is erected its useful to know the 
capacitance inthe case of a vertical, or the inductancein the 
case of loop, so that matching circuits can be designed. An 
audio component bridge will give an answer that is fairly 
close to the LF capacitance value, provided precautions are 
taken against mains pickup overloading the bridge detector 
Another method is to usea signal generator and oscilloscope 
to find the resonant frequency with a known inductance for 
a vertical, This method also enables the loss component to 


be estimated from the observed 0. 

‘Comparative before-and-after tests on transmitting 
antenna effectiveness following a hoped-for improvement 
(for example, more top loading or better earth system) can 
be made by measuring the open-circuit voltage from a 
navigation beacon. The open-circuit voltage is directly 
proportional to the effective height of the antenna, and any 
improvement in effective height means an improvement in 
efficiency. One way of obtaining a relative open-circuit 
voltage measurement is to couple the antenna to an LF 
receiver through а capacitor of afew picofarads. Of course, 
the coupling capacitor should not be disturbed between 
changes to the system. 


SAFETY PRECAUTIONS 
While amateurs can have a lot of fun with RF 
‘experimentation at LF, thereare important safety precautions 
required for transmitting antennas. Most LF antennas are 
resonant arrangements with relatively high Q, and high RF 
voltages are present. There should be no possibility of 
humans or animals coming into contact with exposed feeders 
or antenna wires, Al insulation material should be very good. 
Although the power radiated into the far field is minute, the 
near fields in the close vicinity of an LF antenna can be 
intense enough to exceed the electromagnetic field exposure 
limits applying in some countries. The antenna should not 
be energized if people are close to any of the conductors 
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2:2 Multiband 


7 


For operation їп a number of bands, such as those 
between 3.5 and 30 M Hz, it would be impractical for most 
amateurs to put up a separate antenna for each band. But 
this is nat necessary ad pole cut for the lowest frequency 
band to be used, can be operated readily on higher 
frequencies, To do so, one must be willing to accept the fact 
that such harmonic-type operation leads to a change in the 
directional pattern of the antenna (see Chapter 2). The user 
mustalso be willing to use so-called tuned feeders. A center- 
fed single-wire antenna can be made to accept power and 
radiate it with high efficiency on any frequency higher than. 
its fundamental resonant frequency and, with a reduction in 
efficiency and bandwidth, on frequencies as low as one half 
the fundamental 

In fact, it is not necessary for an antenna to be a full 
half-wavelength long at the lowest frequency. An antenna 
can be considerably shorter һап, even as short as hà. 
and still be a very efficient radiator. The use of such short 


Antennas 


antennas results in stresses, however, on other parts of the 
System, for example the antenna tuner and the transmission 
line This will be discussed in some detail in this chapter, 

Methods have been devised for making a single antenna 
structure operateon a number of bands while stil offering а 
good match to a transmision line, usually of the coaxial 
уре. It should be understood, however, that a multiband 
antenna is not necessarily опе that will match а given line 
оп all bands where you intend to use it. Even a relatively 
short whip type of antenna can be operated as a multiband 
antenna with suitable loading for each band, Such loading 
may be in the form of a сой at the base of the antenna on 
those frequencies where loading is needed, or it may be 
incorporated in the tuned feeders running from the 
transmitter to the base of the antenna. 

This chapter describes a number of systems that can 
be usedi on two or more bands. Beam antennas, such as Y agis 
ог quads, are treated separately in later chapters, 


Simple Wire Antennas 


‘The simplest multiband antenna is а random length of 
#12 ог #14 wire. Power can be fed to the wire on practically 
any frequency using one or the other of the methods shown 
in Fig 1. Ifthe wire is made either 67 or 135 feet long, itcan 
also be fed through a tuned circuit, as in Fig 2. It is 
advantageous to use an SWR bridge or other indicator in 
the coax line at the point marked "X " 

I a 28- or SO-M Hz rotary beam has been installed, in 
many cases it may be possible to use the beam feed line as 
an antenna on the lower frequencies. Connecting the two 
wires of the feeder together atthe station end will give a 
random-length wire that can be conveniently coupled to the 
transmitter as in Fig 1. The rotary system at the far end will 
serve only to end-load the wire and will nothave much other 
effect. 

Опе disadvantage of all such directly fed systems is 
that part of the antenna is practically within the station, and 
there isa good chance that you will have some trouble with 
RF feedback. RF within the station can often be minimized 
by choosing a length of wire so that the low feed-point 


impedance ata current loop occurs at or near the transmitter. 
This means using a wire length of 2/4 (65 feet at 3.6 M Hz, 
33 feet at 7.1 MHz), or an odd multiple of 1/4 (3/42. is 
195 feet at 3.6 M Hz, 100 feet at 7.1 MHz). Obviously, this 
сап be done for only one band In the case of even 
harmonically related bands, since the wire length that 
presents a current loop at the transmitter will present а 
Voltage loop at two (or four) times that Frequency. 

‘When you operate with a random-length wire antenna, 
asin Figs 1 and 2, you should try different types of grounds 
on the various bands, to see what gives you the best results, 
In many cases it will be satisfactory to return to the 
transmitter chassis for the ground, or directly to a convenient 
metallic water pipe. If neither of these works well (or the 
metallic water pipe is not available), a length of #12 or #4 
wire (approximately 2/4 long) can often be used to good 
advantage. Connect the wire at the point in the circuit that 
is shown grounded, and run it out and down the side of the. 
house, or support it a few feet above the ground if the station 
is on the first floor or in the basement. It should not be 
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Fig 1-AtA, a random-length wire driven directly from the 
pi-network output of a transmitter. At B, an L network for 
se in cases where sufficient loading cannot be obtained 
With the arrangement at A. C1 should have about the 

the final tank capacitar in a 
Vacuum-tube type of transmitter; a maximum capacitance 
Gf 100 pF is sufficient if LI is 20 to 25 JH. A suitable coll 
Would consist of 30 turns of #12 wire, 2%; inches. 
diameter, 6 ums per inch. Bare wire should be used so 
the tap can be placed as required for loading the 
transmitter, 


Fig 2—ifthe antenna length is 137 feet, a paralle-tuned 
coupling circuit can be used on each amateur band from 
3.5 through 30 MHz, with the possible exception of the 
10., 18- and 24-MHz bands. C1 should duplicate the final 
tank tuning capacitor and 11 should have the same 
dimensions as the final tank inductor on the band being 
used. if the wire is 67 feet long, series tuning can be used 
оп 3.5 MHz as shown at the lef parallel tuning will be 
required on 7 MHz and higher frequency bands. 

CZ and L2 will in general duplicate the final tank tuning 
Capacitor and inductor, the same as with parallel tuning. 
The L network shown in Fig 18 is also sultable for these 
antenna lengths. 


Connected to actual ground at any point. 


END-FED ANTENNAS 


When a straight-wire antenna is fed at one end with a 
two-wire transmission line, the length of the antenna portion 
becomes critical if radiation from the line is to be held to а 
‘minimum, Such an antenna system for multiband operation 
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Fig 3—An end-fed Zepp antenna for multiband use. 


is the end-fed Zepp or Zepp-fed antenna shown in Fig3. 
The antenna length is made 1/2 long at the lowest operating 
frequency. (This name came about because the first 
documented use ofthis sort of antennas was on the Zeppelin 
balloons.) The feeder length can be anything that is 
convenient, but feeder lengths that are multiples of 24 
generally give trouble with parallel currents and radiation 
from the feeder portion of the system. The feeder can be an 
‘open-wireline of #14 solid copper wirespaced 4 or 6 inches 
with ceramic or plastic spacers. Open-wireTV line (not the. 
type with a solid web of dielectric) is a convenient type to 
use. This typeof lineis available in approximately 300- and 
450-0 characteristic impedances, 

If onehas room for only a67-foot flat top and yet wants 
to operate in the3.5-M Hz band, the wo feeder wires can be 
tied together at the transmitter end and the entire system 
treated as a random-length wire fed directi, as in Fio 1. 

The simplest precaution against parallel currents that 
could cause feed-line radiation is to use a feeder length that 
is not a multiple of 4/4. An antenna tuner can be used to 
provide multiband coverage with an end-fed antenna with 
any length of open-wire feed line, as shown in Fig 3 


CENTER-FED ANTENNAS 

The simplest and most flexible (and also least 
expensive) all-band antennas are those using open-wire 
parallel-conductor feeders to the center of the antenna, as in 
Fig 4. Because each half of the flat top is the same length, 
the feeder currents wll be balanced at all frequencies unless, 
of course, unbalance is introduced by one half of the antenna 
being closer to ground (or a grounded object) than the other. 
For best results and to maintain feed-current balance, the 
feeder should run away at right angles to the antenna, 
preferably for at least YA, 

Center feed is not only more desirable than end feed 
because of inherently better balance, but generally also 
results in a lower standing wave ratio on the transmission 
line, provided a parallel-conductor line having a 
characteristic impedance of 450 to 600 Q is used, TV-type 
open-wirelineis satisfactory for all but possibly high power 
installations (over 500 W), where heavier wire and wider 
spacing is desirable to handle the larger currents and voltages. 


Fig 4—A center-fed antenna system for multiband use. 


Thelength of the antennais notcritical, noristhe length 
of the line. As mentioned earlier, the length of the antenna 
canbe considerably less than A/2 and still be very effective, 
If the overall length is at least 2/4 at the lowest frequency, а 
quite usable system will result. The only difficulty that may 
exist with this type of system is the matter of coupling the 
antenna-system load to the transmitter. M ost modern 
transmitters are designed to work into a 52 0 coaxial load. 
With this type of antenna system a coupling network (ап 
antenna tunes) is required. 
Feed-Line Radiation 

The preceding sections have pointed out means of 
reducing or eliminating feed-Jine radiation. However, it 
should be emphasized that any radiation from a transmission 
line is not “lost” energy and is not necessarily harmful 
Whether or nat feed-line radiation is important depends 
entirely onthe antenna system being used. For example, feed- 
line radiation is nat desirable when a directive array is being 
used, Such feed-line radiation can distort the desired pattern. 
of such an атау, producing responses in unwanted directions. 
In other wards, one wants radiation only from the directive 
атау, rather than from the directive array and the feed line. 
See Chapter 26 for a detailed discussion of this topic. 

‘On the other hand, in the case of a multiband dipole. 
where general coverage is desired, if the feed line happens 
to radiate, such energy could actually havea desirable effect, 
Antenna purists may dispute such a premise, but from a 
practical standpoint where one is not concerned with а 
directive pattern, much time and labor can be saved by 
ignoring possible transmission-line radiation. 


THE 135-FOOT, 80TO 10-METER DIPOLE 

As mentioned previously, one of the most versatile 
antennas around is a simple dipole, center-fed with open- 
wire transmission line and used with an antenna tuner in the 
shack. A 135-foot long dipole hung horizontally between 
two trees or towers at a height of 50 feet or higher works 
Very well on 80 through 10 meters, Such an antenna system 
has significant gain atthe higher frequencies, 


Flattop or Inverted-V Configuration? 

There is no denying that the inverted-V mounting 
configuration (sometimes called a drooping dipole] is very 
convenient sinceit requires only a single support. The flattop 
configuration, however, where the dipole is mounted 
horizontally, gives more gain at the higher frequencies. Fig 5 
shows the 80-meter azimuth and elevation patterns for two 
135-foot long dipoles. The first is mounted as а Пайор at а 
height of 50 feet over flat ground with a conductivity of 
5 тот and a dielectric constant of 13, typical for "good 
soil." The second dipole uses the same length of wire, with 
the center apex at 50 feet and the ends drooped down to be 
suspended 10 feet off the ground, This height is sufficient 
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Fig 5— Patterns on 80 meters for 135-foot, centered 
dipole erected as a horizontal flattop dipole at 50 feet, 
compared with the same dipole installed as an inverted 
V with the apex at 50 feet and the ends at 10 feet. The 
azimuth pattern is shown at A, where the dipole wire 
lies in the 902 to 270° plane. At B, the elevation pattern, 
the dipole wire comes out of the paper ata right angl 
On 80 meters, the patterns are not markedly different 
from either flattop or inverted-V configuration. 
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so that there is no danger to passersby from RF burns. 
At 3.8 MHz, the flattop dipole has about 4 dB more 
peak gain than its drooping cousin. On the other hand, the 
inverted-V configuration gives a pattern that is more 
‘omnidirectional than the flattop dipole, which has nulls off 
the ends of the wire, Omnidirectional coverage may be more 
important to net operators, for example, than pure gain. 
Fig 6 shows the azimuth and elevation patterns for the 
same two antenna configurations, butthis time at 14.2 M Hz. 
The flattop dipole has developed four distinct lobes at a 
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Fig 6— Patterns on 20 meters for two 135-foot dipoles. 
One is mounted horizontally as a flattop and the other 
as an inverted V with 120° included angle between the 
legs- The azimuth pattern is shown in A and the 
elevation pattern is shown in B. The inverted V has 
about 6 dB less gain at the peak azimuths, but has а 
тоге uniform, almost omnidirectional, azimuthal 

‘the elevation plane, the inverted V has a fat 
verhead, making ita somewhat better antenna for 
local communication, but not quite so good for DX 
contacts at low elevation angles. 
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10° elevation angle, an angle typical for 20-meter skywave 
communication, The peak elevation angle gain of 9.4 dBi 
occurs at about 17° fora height of 50 feet above flat ground 
for the flattop dipole. Theinverted-V configuration is again 
‘nominally more omnidirectional, but the peak gain is down 
some 6 dB from the flattop. 

"The situation gets even worse in terms of peak gain at 
28.4 MHz for the inverted- V configuration. Here the peak 
gain is down about 8 dB from that produced by the flattop 
dipole, which exhibits eight lobes at this frequency with a 
maximum gain of 10.5 dBi at about 7° elevation. See the 
comparisons in Fig 7. 

Whatever configuration you choose to mount the 
135-foot dipole, you will want to feed it with some sort of 
low-loss open-wire transmission line. So-called window 
450-0 ladder line is popular for this application. Be sure to 


configurations as in Figs 5 and 6. Once again, the 
inverted-V configuration yields a more omnidirectional 
pattern, but at the expense of almost 8 dB less gain 
than the flattop configuration at its strongest lobes- 


twist the line about three or four turns per foot to keep it 
from twisting excessively in the wind. Make sure also that 
You provide some mechanical support for the line at the 
junction with the dipole wires. This will prevent flexing of 
the transmission line wire, since excessive flexing will result 
in breakage, 
THE GSRV MULTIBAND ANTENNA 

A multiband antenna that does not require a lotof space, 
is simple to construct, and is low in cost is the GAV. 
Designed in England by Louis Varney (GSRV some years 
ago, it has become quite popular in the US. The GSRV design 
Is shown in Fig 8. The antenna may be used from 3.5 through 
30 M Hz Although some amateurs claim it may be fed directly 
with 50-а coax on several amateur bands with a low SWR, 
Varney himself recommends the use of an antenna tuner on 
bands other than 14 MHZ (see Bibliography). In fact, an 
analysis of the GSRV feed-point impedance shows there is 
no length of balanced line of any characteristic impedance 
that will transform the terminal impedance to the 50 to 75-02 
range on all bands. (Low SWR indication with coax feed 
and no matching network on bands other than 14 M Hz may 
indicate excessive losses in the coaxial line) 

‘The portion of the antenna shown as horizontal in Fig 
8 may also be installed in aninverted-V dipole arrangement, 
subject to the same loss of peak gain mentioned above for 
the 135-foot dipole. Or instead, up to s of the total length 
of the antenna at each end may be dropped vertically, semi 
vertically, or bent at a convenient angle to the main axis of 
the antenna, to cut down on the requirements for real estate. 


THE WINDOM ANTENNA 

An antenna that enjoyed popularity in the 19305 and 
into the 1940s was what we now call the Windom. It was 
known at the time as a “single-feeder Hertz" antenna, after 
being described in Sep 1929 QST by Loren б. Windam, 
W8GZ (see Bibliography) 

‘The Windom antenna, shown in Fig9, is fed with a 
single wire, attached approximately 14% off center. The 
system is worked against an earth ground, Because the feed 
line is brought to the operating position, “RF in the shack" 
and a potential radiation hazard may be experienced with 
this antenna, 
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Fig 8—The GSRV multiband antenna covers 3.5 through 
30 MHz. Although many amateurs claim it may be fed 
directly with 50-0 coax on several amateur bands, 
Louis Varney, its originator, recommends the use of a 
matching network on bands other than 14 MHz, 


MULTIPLE-DIPOLE ANTENNAS 

‘Theantenna system shown in Fig 10 consists of a group 
of center-fed dipoles, all connected in parallel at the point 
where the transmission linejoins them. The dipoleelements 
are stagger-tuned. That is, they are individually cut to be 
3/2 at different frequencies. Chapter 9 discusses the stagger 
tuning of dipoleantennas to attain alow SWR across abroad 
range of frequencies. А n extension of the stagger tuning idea 
is to construct multiwire dipoles cut for different bands, 

In theory, the 4-wire antenna of Fig 10 can be used 
with a coaxial feeder on five bands. The four wires are 
prepared as parallel-fed dipoles for 3.5, 7,14, and 28 M Hz. 
The 7.M Hz dipole can be operated on its 3rd harmonic for 
21-M Hz operation to cover the Sth band. However, in 
practice it has been found difficult to get a good match to 
coaxial line on all bands. The 2/2 resonant length of any 
one dipole in the presence of the others is not the same as 


A 


Fig 9—The Windom antenna, cut for a fundamental 
frequency of 3.75 MHz. The single-wire feeder, 
connected 14% off center, s brought into the station 

id the system is fed against ground. The antenna is. 
also effective on its harmonics. 


Fig 10— Multiband antenna using 
connected to a common low-impedance transmission 
line. The half-wave dimensions may be either for the 
centers of the various bands or selected to fit favorite. 
frequencies in each band. The length of a half wave in 
feet is 468/fraquency in MHz, but because of interaction 
among the various elements, some pruning for 
resonance may be needed on each band. 


lleled dipoles all 
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for a dipole by itself due to interaction, and attempts to 
optimize l four lengths can become a frustrating procedure. 
The problem is compounded because the optimum tuning 
changes in a different antenna environment, so what works 
for one amateur may not work for another. Even o, many 
amateurs with limited antenna space are willing to accept 
the mismatch on some bands jus so they can operate оп 
those frequencies using a single coax feed line. 

C 
usea balanced transmission lineto feed it. The most desirable 
type of lineis 75-0 transmitting twin-lead However, ether 
52-2 or 75-0 coaxial line can be used; coax line introduces 
Some unbalance, but this is tolerable on the lower 
frequencies Ап alternative isto usea balun atthe feed point, 
fed with coaxial cable. 

The separation between the dipoles for the various 
frequencies does not seem to be especially critical. One set 
of wires can be suspended from the next larger set, using 
insulating spreaders (of the type used for feeder spreaders) 
to give a separation of a few inches. Users of this antenna 
often run some of the dipoles at right angles to each other to 
help reduce interaction. Some operators use inverted-V- 
mounted dipoles as guy wires for the mast that supports the 
antenna system. 

Aninteresting method of construction used successfully 
by Louis Richard, ON4UF, is shown in Fig U The antenna 
has four dipoles (for 7, 14, 21 and 28 MHz) constructed 
from 300-0 ribbon transmission line. A single length of 
ribbon makes two dipoles, Thus, two lengths, as shown in 
the sketch, serve to make dipoles for four bands, Ribbon 
with copper-clad steel conductors (A mpheno type 14-022) 
Should be used because all of the weight, including that of 
the feed line, must be supported by the uppermost wire. 

Two pieces of ribbon ae first cut to a length suitable 
for the two halves of the longest dipole. Then one of the 
conductors in each pieces cut to proper length for the next 


fm 


band higher in frequency. The excess wire and insulation is 
stripped away. A second pair of lengths is prepared in the 
Same manner, except that the lengths are appropriate for the 
next two higher frequency bands. 

A piece of thick polystyrene sheet drilled with holes 
for anchoring each wire serves as the central insulator. The 
shorter pair of dipoles is suspended the width of the ribbon 
below the longer pair by clamps also made of poly sheet. 
Intermediate spacers are made by sawing slots in pieces of 
poly sheet so they will fit the ribbon snugly. 

The multiple-dipole principle can also be applied to 
vertical antennas. Parallel ог fanned 1/4 elements of wire or 
tubing can be worked against ground or tuned radials from 
a common feed point. 


OFF-CENTER-FED DIPOLES 

Fig12shoustheoff-cente fed or OCF dipole Because 
it is similar in appearance to the Windom of Fig 9, this 
antenna is often mistakenly called a “Windom,” or 
Sometimes a"coax-fed Windom.” The wo antennas are nat 
the same, as the Windom is worked agains is image in the 
ground, whileoneleg is worked against the other in the OCF 
dipole. 

Itis not necessary to feed a dipole antenna at Its center, 
although doing so will allow itto be operated witha atively 
low feed-point impedance on its fundamental and odd 
harmonics. (For example, a 7-M Hz center-fed half-wave 
dipole can also be used for 21-M Hz operation.) Ву contrast, 
the OCF dipole of Fig 12, fed 1/3 of its length from one 
end, may be used on its fundamental and even harmonics. 
Its free-space antenna-terminal impedance at 35, 7 and 
14 MHz is on the order of 150 to 2000. A 1:4 step-up 
transformer at the feed point should offer a reasonably good 
match to 50- or 75-0 line, although some commercially 
made OCF dipoles use а 1:6 transformer. 

At the 6th harmonic, 21 MHz, the antenna is three 
wavelengths long and fed at a voltage loop (maximum), 
instead of a current loop. The feed-point impedance at this 
frequency is high, a few thousand ohms, so the antenna is 
unsuitable for use оп this band. 


Fig Y1— Sketch showing how the twin-lead multipl 
dipole antenna system is assembled. The excess wire 
and insulation are stripped away. 
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Fig 12— The off centered (OCF) dipole for 3.5, 7 and 
14 MHz. A 1:4 or 1:6 step-up current balun is used at 
the feed point. 


Balun Requirements 

Because the OCF dipole is not fed at the center of the 
radiator, the RF impedance paths of the two wires at the 
feed point are unequal. Ifthe antenna is fed directly with 
coax (or a balanced line), or if a Voltage step-up transformer 
is used, then voltages of equal magnitude (but opposite 
polarity) are applied to the wires at the feed point. Because 
of unequal impedances, the resulting antenna currents 
flowing in the two wires will not be equal. (This also means 


that antenna current can flow on the feeder— on the outside 
of the coaxial line. 

How much current flows there depends on the impedance 
of theRF current path down the outside of the fed line) This 
isnota desirable situation. Rather, equal currents are required 
at the feed point, with the same current flowing in and aut of 
the short leg as in and out of the long leg of the radiator. A 
current or choke type of balun provides just such operation 
(Current baluns are discussed in detail in Chapter 26.) 


Trap Antennas 


By using tuned circuits of appropriate design 
strategically placed in a dipole, the antenna can be made to 
show what is essentially fundamental resonance at a number 
of different frequencies. The general principle is illustrated 
by Fig13 

Even though a trap-antenna arrangement is a simple 
one, an explanation of how a trap antenna works can be 
elusive. For some designs, traps are resonated in our amateur 
bands, and for others (especially commercially made 
antennas) the traps are resonant far outside any amateur band. 

A trap in an antenna system can perform either of two 
functions, depending on whether or not it is resonant at the 
operating frequency. A familiar case is where the trap is 
parallel-resonant in an amateur band. For the moment, let us 
assume that dimension A in Fig 13 is 33 feet and that each 
LIC combination is resonant in the 7-M Hz band. Because of 
its parallel resonance, the trap presents a high impedance at 
that point inthe antenna system. The electrical effect at 7 MHZ 
is that the trap behaves as an insulator. It serves to divorce 
the outside ends, the B sections, from the antenna. The result 
is easy to visualize we have an antenna system that is 
resonant in the -M Hz band. Each 33-foot section (labeled A 
in the drawing) represents 2/4, and the trap behaves as an 
insulator. We therefore have a full-size 7-M Hz antenna. 


The second function of a trap, obtained when the 
frequency of operation is not the resonant frequency of the 
trap, is one of electrical loading. If the operating frequency 
is below that of trap resonance, the trap behaves as ап 
inductor; if above, as a capacitor, Inductive loading will 
electrically lengthen the antenna, and capacitive loading will 
electrically shorten the antenna, 

Let's сату our assumption a bit further and ty using the 
antenna we just considered 3.5 M Hz. With the traps resonant 
in the 7-MHz band, they will behave as inductors when 
operation takes place at3.5 M Hz, electrically lengthening the 
antenna. This means that the total length of sections A and B 
{plus the length of the inductor) may be something less than а 
physical 2/4 for resonance at 3.5 MHz. Thus, we have a two- 
band antenna that is shorter than full size оп the lower 
frequency band. But with the electrical loading provided by 
the traps, the overall electrical length is 2/2. The total antenna 
length needed for resonance in the 3.5-M Hz band will depend 
on the L/C ratio ofthe rap elements 

The key to trap operation off resonance sits L/C ratio, 
the ratio of the value of L to the value of C. At resonance, 
however, within practical limitations the L/C ratio is 
immaterial as far as electrical operation goes. For example, 
in the antenna we've been discussing, it would make по 
difference for 7-М Hz operation whether the inductor were 
ТАН and the capacitor were 500 pF (the reactances would 
be ustbelow 45 © at 7.1 M Hz), or whether theinductor were 
5 uH and the capacitor 100 pF (reactances of approximately 
224 © at 7.1 M Hz). But the choice ofthese values will make 
а significant difference in the antenna size for resonance at 
3.5 MHz, In the first case, where the LIC ratio is 2000, the 
necessary length of section В of the antenna for resonance at 
3.75 MHz would be approximately 28.25 feet. In the second 
case, where the LIC ratio is 50,000, this length need be only 
24.0 feet, a difference of more than 15%, 

The above example concerns a two-band antenna with 
trap resonance at one of the two frequencies of operation, 
On each of the two bands, each half of the dipole operates as 
an electrical М4, However, the same band coverage can be 
obtained with a trap resonant at, say, 5 MHz, a frequency 
quite removed from either amateur band. With proper 
selection of the L/C ratio and the dimensions for A and В, 
the trap will act to shorten the antenna electrically at 7 MHZ 
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and lengthen it electrically at 3.5 MHz. Thus, an antenna 
that is intermediate in physical length between being full 
sizeon 3.5 MHz and full size on 7 M Hz can cover both bands, 
егеп though the trap is not resonant at ether frequency 
Адап, the antenna operates with electrical /4 sections. 

Additional traps may be added jn an antenna section 
to cover three ог more bands. Or a judicious choice of 
"dimensions and the L/C ratio may permit operation on three 
‘or more bands with justa pair of identical traps in the dipole. 

An important point to remember about traps i this. If 
the operating frequency is below that of rap resonance, the 
trap behaves as an inductor, if above, as a capacitor. The 
above discussion is based on dipoles that operate electrically 
as N2 antennas, This is not a requirement, however. 
Elements may be operated as electrical 3/2, or even 5/2 à, 
and still present a reasonable impedance to а coaxial feeder. 
In trap antennas covering several HF bands, using electrical 
lengths that are odd multiples of 2/2 is often done at the 
higher frequencies. 

To further aid in understanding гар operation, let's now 
choose trap L and C components that each havea reactance 
of 20 @ at 7 MHz. Inductive reactance is directly 
proportional to frequency, and capacitive reactance is 
Inversely proportional. When we shift operation to the 
3.5-MHz band, the inductive reactance becomes 10 0, and 
the capacitive reactance becomes 40.0. At first thought, it 
may seem that the trap would become capacitive at 3.5 M Hz 
with a higher capacitive reactance, and that the extra 
capacitive reactance would make the antenna electrically 
shorter yet. Fortunately, this is not the case. The inductor 
and the capacitor are connected in parallel with each other 


(а 


where j indicates а reactive impedance component, rather 
than resistive. A positive result indicates inductive reactance, 
and a negative result indicates capacitive. In this 3.5-M Hz 
case, with 40 © of capacitive reactance and 10 Q of 
inductive, the equivalentseris reactanceis 13.3 £2 inductive. 
This inductive loading lengthens the antenna to an electrical 
242 overall at 35 MHz, assuming the В end sections in 
Fig 13 are of the proper length. 

With the above reactance values providing resonance 
at7-MHz, X, equals X ç, and thetheortical series equiva- 
lentis infinity. This provides the insulator effect, divorcing 
the ends. 

ALIA MHz, where X, =400 and X = 100, the 
resultant series equivalent trap reactance is 13.3. capaci 
tive I the total physical antenna length is slightly longer 
than 3/22 at 14 M Hz, this trap reactance at 14 M Hz can be 
used to shorten the antenna to an electrical 3/2 A. In this 
way, 3-band operation is obtained for 3.5, 7 and 14 MHz 
with just one pair of identical traps. The design of such a 
system is not straightforward, however, for any chosen L/C 
ratio for a given total length affects the resonant frequency 
of the antenna on both the 3.5 and 14-M Hz bands, 
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Trap Losses 

Since the tuned circuits have some inherent loses, the 
efficiency of a trap system depends on the unloaded Q values 
of the tuned circuits. Low-loss (ОВО) cols shouldbe used, 
and the capacitor losses likewise should be kept as low as 
possible, With tuned circuits that are good in this respect. 
comparable with the low-loss components used in transmitter 
tank circuits, for example the reduction in efficiency 
compared with the efficiency of a simple dipole is small, 
but tuned circuits of low unloaded Q can lose an appreciable 
portion of the power supplied to the antenna. 

Thecommentary above applies to traps assembled from 
conventional components. The important function of a trap 
that is resonant in an amateur band is to provide a high 
isolating impedance, and this Impedance is directly 
proportional to Q. Unfortunately, high Q restricts the antenna 
bandwidth, because the traps provide maximum isolation 
only at trap resonance. 


FIVE-BAND W3DZZ TRAP ANTENNA 

C.L. Buchanan, W 3027, created one of the first trap 
antennas for the five pre WA RC amateur bands from 3.5 to 
30 MHz. Dimensions are given in Fig 14. Only one set of 
traps is used, resonantat7 M Hz to isolate the inner (7-M Hz) 
dipole from the outer sections, This causes the overal system. 
to be resonant in the 3.5-M Hz band. On 14, 21 and 28 M Hz 
the antenna works on thecapacitive-reactance principle just 
outlined. With a 75-0 twin-lead feeder, the SWR with this 
antenna is under 2:1 throughout the three highest frequency 
bands, and the SWR is comparable with that obtained with 
similarly fed simple dipoles on 3.5 and 7 MHz. 


Trap Construction 


Traps frequently are built with coaxial aluminum tubes 
(usually with polystyrene tubing between them for 
insulation) for the capacitor, with the coll either self 
Supporting or wound on a form of larger diameter than the 
tubular capacitor, The coil is then mounted coaxially with 
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Fig 14—Five-band (32 MHz) trap dipole 
for operation with 75-2 feeder at low SWR (C.L, 
Buchanan, W3DZZ). The balanced (paralll.conductor) 
line indicated is desirable, but 75-2 coax can be. 
substituted with some sacrifice of symmetry in the 
System. Dimensions given are for resonance (lowest. 
SWR) at 3.75, 72, 14.15 and 29.5 MHz, Resonance is 
Very broad on the 21-MHz band, with SWR less than 2:1 
throughout the band. 


the capacitor to form a unit assembly that can be supported 
at each end by the antenna wires. In another type of trap 
devised by William . Latin, W4J RW (see Bibliography at 
the end of tis chapter), the coil is supported inside ап 
aluminum tube and the trap capacitor is obtained in the form. 
of capacitance between the coil and the outer tube. This type. 
of trap is inherently weatherproof. 

А simpler type of trap, easily assembled from readily 
available components, is shown in Fig 15. A small 
transmitting-type ceramic "doorknob" capacitor is used, 
together with a length of commercially available coil 
material, these being supported by an ordinary antenna strain 
Insulator. The circuit constants and antenna dimensions differ 
slightly from those of Fig 14, in order to bring the antenna 
resonance points closer to the centers of the various phone 
bands. Construction data are given in Fig 16. If a 10-turn 


Fig 15- Easlly 
constructed trap for 
wire antennas (А. 
Greenburg, W2LH). 
The ceramic 
insulator is 4 
inches long 
(Birnback 688). The 
clamps are si 
Service connectors 
available from 
electrical supply 
and hardware stores 
(Burndy KS90 
servits). 


Fig 16— Layout of multiband antenna using traps 
constructed as shown in Fig 15. The capacitors are 

100 pF each, transmitting type, 5000-volt dc rating 
(Centralab 8505L-100N). Coils are 9 turns of no. 12 wire, 
24 Inches diameter, 6 turns per inch (B&W 3029) with 
end turns spread as necessary to resonate the traps to 
72 MHz. These traps, with the wire dimensions shown, 


length of inductor is used, a half turn from each end may be 
used to slip through the anchor holes in the insulator to act. 
as leads, 

‘The components used in these traps are sufficiently 
weatherproof in themselves so that по additional 
weatherproofing has been found necessary, However, if itis 
desired to protect them from the accumulation of snow ог 
ice, a plastic cover can be made by cutting two discs of 
polystyrene slightly larger in diameter than the сай, drilling 
atthe center to pass the antenna wires, and cementing a plastic 
cylinder on the edges of the discs. The cylinder can be made 
by wrapping two turns or sa of 0.02-inch poly or Lucite sheet 
around the discs, if no suitable ready-made tubing is available. 
Plastic drinking glasses and 2-liter soft-drink plastic bottles 
are easily adaptable for use as impromptu trap covers. 


TWO wa MULTIBAND, COAX-TRAP DIPOLES 

Over the last 60 or 70 years, amateurs have used many 
kinds of multiband antennas to cover the traditional HF 
bands. The availability of the 30, 17 and 12-meter bands 
has expanded our need for multiband antenna coverage. 

Two different antennas are described here. The first 
covers the traditional 80, 40, 2, 15 and 10 meter bands, 
and the second covers 80, 40, 17 and 12 meters. Each uses 
the same ype of W BNX trap— connected for different modes 
of operation— and a pair of short capacitive stubs to enhance 
coverage. The WANX coaxial-cabletraps have two different 
modes: a high- and a low-impedance mode. The Inner 
conductor windings and shield windings of the traps are 
connected in series for both modes. How ever, either the low- 
or high-impedance point can be used as the rap's output 
terminal. For low-impedance trap operation, only the center 
conductor turns of the trap windings are used. For high 
impedance operation all turns are used, in the conventional 
manner for а trap, The short stubs on each antenna are 
strategically sized and located to permit more flexibility in 
adjusting the resonant frequencies of the antenna 


80, 40, 20, 15 and 10-Meter Dipole 

Fig 17 shows the configuration of the 80, 40, 20, 15 
and 10-meter antenna, The radiating elements are made 
of #14 stranded copper wire. The element lengths are the 
wire span lengths in feet These lengths do not include the 
lengths of the pigtails at the balun, traps and insulators. The 
32.3-foot-long inner 40-meter segments are measured from 
the eyelet of the input balun to the tension-relief hole in the 
trap coll form, The 4.9-foot segment length is measured 
from the tension-relief hole in the trap to the 6-foot stub, 
The 16 |-foot outer-segment span is measured from the stub 
to the eyelet of the end insulator. 


Fig 17—A W8NX multiband dipole for 80, 
40,20,15 and 10 meters. The values. 


‘shown (123 pF and 4 ul) for the coaxial- 
cable traps are for parallel resonance at 
7.15 MHz. The low-impedance output of 

‘each trap Is used for this antenna. 
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The coaxial-cable traps are wound on PVC pipe coil 
forms and use the low-impedance output connection, The 
stubs are 6-foot lengths of 1/8-inch stiffened aluminum or 
copper rod hanging perpendicular to the radiating elements. 
Thefirstinch of their length is bent 90° to permit attachment 
to the radiating elements by large-diameter copper crimp 
connectors, Ordinary #14 wire may be used for the stubs, 
but it has a tendency to curl up and may tangle unless 
weighed down at the end. You should feed the antenna with 
75-0 coax cable using a good 1:1 balun, 

‘This antenna may bethoughtof as a modified W 3077 
antenna dueto the addition of the capacitive stubs. T he length 
and location of the stub give the antenna designer two extra 
degrees of freedom to place the resonant frequencies within 
the amateur bands. This additional flexibility is particularly 
helpful to bring the 15 and 10-meter resonant frequencies to 
more desirable locations in these bands. The actual 10-meter 
resonant frequency of the original W3DZZ antenna is 
somewhat above 30 M Hz, pretty remote from the more. 
desirable low frequency end of 10 meters 


80, 40, 17 and 12-Meter Dipole 

Fig 18 shows the configuration of the 80, 40, 17 and 
12-meter antenna. Notice that the capacitive stubs are 
attached immediately outboard after the traps and аге 6.5 
feet long, foot longer than those used in the other antenna, 
The traps are the same as those of the other antenna, but are 
connected for the high-impedance parallel-resonant output. 
mode. Since only four bands are covered by this antenna, it 
is easier to fine tune it to precisely the desired frequency on 
all bands, The 12.4-foot tips can he pruned to a particular 
17-meter frequency with little effect on the 12-meter 
frequency. The stub lengths can be pruned to a particular 
12-meter frequency with little effect on the 17-meter 
frequency. Both such pruning adjustments slightly alter the 
80-meter resonant Frequency. However, the bandwidths of 
the antennas are so broad on 17 and 12 meters that little 
need for such pruning exists, The 40-meter frequency is 
nearly independent of adjustments to the capacitive stubs 
and outer radiating tip elements, Like the first antennas, this 
dipole s fed with a 75-0 balun and feed line. 

Fig 19 shows the schematic diagram of the traps. It 
explains the difference between the low and high-impedance 
‘modes ofthe traps. Notice thatthe high-impedance terminal 
is the output configuration used in most conventional trap 
applications. The low-impedance connection is made across 
only the inner conductor turns, corresponding to one-half of 


the total turns of the trap. This mode steps the trap's 
impedance down to approximately one fourth of that of the 
high-impedance level. This is what allows a single trap 
design to be used fortwo different multiband antennas. 

Fig 20 is a drawing of a cross-section of the coax trap 
shown through the long axis of the trap. Notice that the rans 
are conventional coana-cabe гар, except for the added 
low-impedance output terminal. The taps are 8 close- 
spaced turns of RG-59 (Belden 8241) on a2%/inch-00 PVC 
pipe (schedule 40 pipe with 22-inch ID) coil form. The forms 
are inches ong, Trap resonant frequency is very sensitive 
to the outer diameter of the col form, so check it carefully. 
Unfortunatly, not all PVC pipe is made with the same wall 
thickness. The trap frequencies should be checked with a dip 
meter and general-coverage receiver and adjusted to within 
50 kHz of the 7150 kHz resonant frequency before 
installation. One inchis leftover ateach end of the coll forms 
to allow for the coax feed-through holes and holes for tension- 
relief attachment ofthe antenna radiating element to the traps. 
Ве sure to seal the ends of the trap coax cable with RTV 
sealant to prevent moisture from entering the coaxial cable. 

Also, be sure that you connect the 32.3-faot wire 
element at the start of the inner conductor winding of the 
trap. This avoids detuning the antenna by the stray 
capacitance of the coaxial-cable shield. The trap output 
terminal (which has the shield stray capacitance) should be 
at the outboard side of the trap. Reversing the input and 
output terminals ofthe trap will lower the 40-meter frequency 
by approximately 50 KHz, but there will be negligible effect 
on the other bands 

Fig 21 shows a coaxlal-cable trap. Further details of 
benen installation are shown in Fig 22. This drawing applies 
specifically to he 80, 40, 20, 15 and10-mete antenna, which 
uses the low-impedance trap connections. Notice the lengths 
of the trap pigtails: 3 to 4 inches at each terminal of theta. 
If you usea differentarrangement, you must modify the span 


Fig 19— Schematic 
for the W8NX 
‘coaxial-cable trap. 
RG-59 is wound 
on a finch OD 
PVC pipe. 


Fig 18A WBNK multiband dipole for 
80,40, 17 and 12 meters. For this 
antenna, the high-impedance output is 
used on each trap. The resonant. 
frequency of the traps is 7.15 MHZ. 


lengths accordingly, All connections can be 
made using crimp connectors rather than by 
soldering. Access to the trap's interior is 
attained more easily with acrimping tool than 
with a soldering iron. 


Performance 

‘The performance of both antennas has 
been very satisfactory. W8NX uses the 80, 
40, 17 and 12-meter version becauseit cavers 
17 and 12 meters, (He has a tribander for 20, 
15 and 10 meters.) The radiation pattern on 
17 meters is that of s-wave dipole. On 12 
meters the pattern is that of a*l-wave dipole. 
At his location in Akron, Ohio, the antenna 


runs essentially east and west. It is installed 
as an inverted V, 40 feet high at the center, 
with a 120” included angle between the legs. 
Since the stubs are very short, they radiate little 
power and make only minor contributions to the radiation 
patterns. In theory, the pattern has four major lobes on 17 
meters, with maxima to the northeast, southeast, southwest 
and northwest. These provide low-angle radiation into 
Europe, Africa, South Pacific, Japan and Alaska. A narrow 
pair of minor broadside lobes provides north and south 
Coverageinto Central America, South A merica and the polar 
regions. 

‘There are four major lobes on 12 meters, giving nearly 
end-fire radiation and good low-angle east and west 
coverage. There are also three pairs of very narrow, nearly 
broadside, minor lobes on 12 meters, down about 6 dB from 
the major end-fire lobes. On 80 and 40 meters, the antenna 
has the usual figure-8 patterns of a hall-wave-length dipole. 

Both antennas function as electrical half-wave dipoles 
оп 80 and 40 meters with alow SWR. They both function as 
odd-harmonic current-fed dipoles on their other operating 
frequencies, with higher, but still acceptable, SWR. The 
presence of the stubs can either raise or lower the input 
impedance of the antenna from those of the usual third and 
fifth harmonic dipoles. Again WBNX recommends wet 
75-0, rather than 50-0, feed line be used because of the 


Fig 20- Construction detalls of the WBNX coaxial-cable trap. 


generally higher inputimpedances at the harmonic operating 
frequencies of the antennas, 

The SWR curves of both antennas were carefully 
measured using а 75 to 50-0) transformer from Palomar 
Engineers inserted at the junction of the 75-0 coax feed 


Fig 21— Other views of a WBNX coax-cable trap. 


Fig 22— Additional 
construction details 
for the WENX coaxial- 
cable trap. 
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line and a 5042 SWR bridge. The transformer is required 
for accurate SWR measurement if а 50-0 SWR bridge is 
used with 75-а ine. M ost 50- rigs operate satisfactorily 
with a75-0 line, although this requires different tuning and 
load settings in the final output stage of the rig or antenna 
tuner. The author uses the 75 to 50-2 transformer only when 
making SWR measurements and at low power levels. The 
transformer is rated for 100 W, and when he runs his 1-kW 
PEP linear amplifier the transformer is taken out of the line. 

Fig 23 gives the SWR curves of the 80, 40, 20, 15 and 
10-meter antenna Minimum SWR is nearly 1:1 on 80 meters, 
151 on 40 meters, 16:1 on 20 meters, and 1.5:1 on 10 
meters. The minimum SWR is slightly below 3:1 on 15 
meters On 15 meters, he stub capacitive reactance combines 
with the inductive reactance of the outer segment of the 
antenna to produce a resonant rise that raises the antenna 
input resistance to about 220 0, higher than that of the usual 
=wavelength dipole. An antenna tuner may be required on 
this band to keep a solid-state final output stage happy under 
these load conditions. 

Fig 24 shows the SWR curves of the 80, 40, 17 and 
12-meter antenna, Notice the excellent 80-meter 
performance with a nearly unity minimum SWR in the 
middle of the band. The performance approaches that of a 
full-size 80-meter wire dipole. The short stubs and the low 
inductance traps shorten the antenna somewhat on 80 meters, 
Also observe the good 17-meter performance, with the SW R 
being only a litle above 2:1 across the band 

But notice the 12-meter SWR curve of this antena, 
which shows 4:1 SWR across the band. The antenna input 
resistance approaches 300.0 on this band because the 
capacitive reactanceof the stubs combines with he inductive 


Fig 23— Measured SWR curves for an 80, 
10-meter antenna, installed as an inverted-V with 
apex and 120 included angle between legs. 


) 20,15 and 
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Fig 24— Measured SWR curves for an 80,40, 17 and 


12-meter antenna, installed as an inverted-V with 
40.ftapex and 120- included angle between legs. 


reactance of the outer antenna segments to give resonant 
rises in impedance. These are reflected back to the input 
terminals, These stub-Induced resonant impedance rises аге 
similar to those on the other antenna on 15 meters, but are 
егеп more pronounced. 

Too much concern must not be given to SWR on the 
feed line. Even if he SWR isas high as 9:1 no destructively 
high voltages will exist on the transmission line. Recall that 
transmission-line voltages increase as the square root of the 
SWR in the line. Thus, 1 KW of RF power in 75-0. line. 
corresponds to 274 V line voltage for a 1:1 SWR. Raising 
the SWR to 9:1 merely triples the maximum voltage that 
thetine must withstand to 822 V. This voltageis well below 
the 3700-V rating of RG-11, or the 1700-V rating of RG-59, 
the two most popular 75-02 coax lines. Voltage breakdown 
inthe trapsis also very unlikely. As will be pointed out later, 
the operating power levels ofthese antennas аге limited by 
RF power dissipation inthe traps, nottrap voltage breakdown. 
or feed-line SWR. 


Trap Losses and Power Rating 

Table presents the results of trap Q measurements 
and extrapolation by a two-frequency method to higher 
frequencies above resonance. W NX employed an old, but 
recently calibrated, Boonton Q meter forthe measurements 
Extrapolation to higher-freguency bands assumes that trap 
resistance losses rise with skin effect according to the square 
root of frequency, and that trap dielectric losses rise directly 
with frequency. Systematic measurement errors are not 
increased by frequency extrapolation. However, random 
measurement errors increase in magnitude with upward 
frequency extrapolation. Results are believed to be accurate 
within 4% on 80 and 40 meters, but only within 10 to 15% at 
10 meters. Trap Q is shown at both the high- and low 
impedance tap terminals, The Q at the low-impedance 
output terminals 15 to 20% lower than the Q atthe high 


Table T 


Trap o 

Frequency (MHz) зв 715 1418 181 
High Z out (W) 101 124 189 165 
Low Z out (W) es 103 125 137 
Table 2 


Trap Loss Analysis: 80, 40, 20, 15, 10-Meter Antenna 


Frequency (MHz) 38 715 1418 
Radiation Efficiency (%) зва 708 өза 
Trap Losses (dB) 016 15 002 


Table 3 
Trap Loss Analysis: 80, 40, 17, 12-Meter Antenna 


Frequency (MHz) 38 715 181 
Radiation Efficiency (%) 895 905 993 
Trap Losses (dB) 05 04 003 


213 249 286 
73 179 18 
44 149 1% 
213 286 
999 100.0 
001 0003 
249 

En 

0.006 


impedance output terminals. 

WNX computer-analyzed trap losses for both antennas 
in free space. Antenna-input resistances at resonance were 
first calculated, assuming lossless, infinite-Q traps. They 
were again calculated using the Q values in Table 1. The 
radiation efficiencies were also converted into equivalenttrap 
losses in decibels. Table summarizes the trap-loss analysis 
for the 80, 40, 20, 15 and 10-meter antenna and Table3 for 
the 80, 40,27 and 12-meter antenna. 

The loss analysis shows radiation efficiencies of 90% 
or more for both antennas on all bands except for the 80, 40, 
20, 15 and 10-meter antenna when used on 40 meters. Here, 
the radiation efficiency falls to 70.8%. A 1-kW power level 
at 90% radiation efficiency corresponds to 50-W dissipation. 
per trap. In WBNX's experience, this is the traps survival 
limit for extended key-down operation. SSB power levels 
of 1 kW PEP would dissipate 25 W or less in each trap. This 
is well within the dissipation capability of the traps. 

When the 80, 40, 20, 15 and 10-meter antenna is 
operated on 40 meters, the radiation efficiency of 70.8% 
corresponds to a dissipation of 146 W in each trap when 
LKW is delivered to the antenna, This is sure to burn out the 
traps even if sustained for only a short time, Thus, the 
power should belimited to less than 300 W when this antenna 
is operated on 40 meters under prolonged key-down 


conditions. A 50% CW duty cycle would correspond to a 
600-W power limit for normal 40-meter CW operation 
Likewise, a 50% duty cycle for 40-meter SSB corresponds 
to a 600-W PEP power limit for the antenna. 

The author knows of no analysis where the burnout 
wattage rating of traps has been rigorously determined, 
Operating experience seems to be the best way to determine. 
trap burn-out ratings. In his own experience with these 
antennas, he's had no traps burn out, even though he operated 
the 80, 40, 20, 15 and 10-meter antenna on the critical 40- 
meter band using his L-80A linear amplifier at the 600-W 
PEP output level. He did not make a continuous, key-down, 
CW operating tests at full power purposely trying to destroy 
the traps! 

Some hams may suggest using a different type of 
coaxial cable for the traps, The dc resistance of 40.7 © рег 
1000 feet of RG-59 coax seems rather high. However, W8NX 
has found no coax other than RG-59 that has the necessary 
inductance-to-capacitance ratio to create the trap 
characteristic reactance required for the 80, 40, 20, 15 and 
10-meter antenna. Conventional traps with wide-spaced, 
‘open-air inductors and appropriate fixed-value capacitors 
ould be substituted or the coax traps, but the convenience, 
weatherproof configuration and ease of fabrication of 
coaxial-cable traps is hard to beat. 
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Multiband Vertical Antennas 


There are two basic types of vertical antenas; ether 
type can be used in multiband configurations, The first is 
the ground-mounted vertical and the second, the ground 
plane. These antennas are described in detail in Chapter 6 

Theefficency of any ground-mounte vertical depends 
а great deal on near-field earth losses. As pointed out in 
Chapter 3, these near-field losses can be reduced or 
eliminated with an adequate radial system. Considerable 
experimentation has been conducted on this subject by | erry 
Seiick W 2F MI, and several important result were obtained. 
It was determined that a radial system consisting of 40 to 
SOradials 02 A long, would reduce the earth losses to about 
2 а when 22/4 radiator was being used, T hese radials should 
be on the earth's surface, or if buried, placed not more than 
aninchorso below ground, Otherwise, the RF curent would 
have to travel through the lossy earth before reaching the 
radials. In a multiband vertical system, the radials should be 
023 long for the lowest band, that is, 55 feet long for 
35.MHz operation. Any wire size may be used for the 
radials. Theradials should fan ou in a circle, radiating from 
the base of the antenna. A metal plate, such as a piece of 
sheet copper, can be used at the center connection. 

The other common type of vertical is the ground plane 
antenna. Normally, this antenna is mounted above ground 
withthe radials fanning out from the base of the antenna. 
The vertical portion of the antenna is usually an electrical 
АЙ, as is each of the radials. In this type of antenna, the 
System of radials acts somewhatlikean RF choke, to prevent 
ВЕ currents from flowing in the supporting structure, so he 
number of radials is not as important a factor as itis with a 
oround-mounted vertical system, From a practical 
standpoint, he customary number of radials is four or five 
їп а multiband configuration, 14 radials are required for 
each band of operation with the ground-plane antenna. 

This is not so with the ground-mounted vertical 
antenna, where the ground plane İs relied upon to provide 
an image of the radiating section. Note that even quarter 
wavelong radials are greatly detuned by thelr proximity to 
ground radial resonances not necessary or even possible. 
in the ground-mounted case, so long as the ground screen. 
radials are approximately 02 A long atthe lowest frequency, 
the length will be more than adequate for the higher 
frequency bands. 


Short Vertical Antennas 

A short vertical antenna can be operated on several 
bands by loading it at the base, the general arrangement being 
similar to Figs 1 and 2. That is, for multiband work the 
vertical can be handled by the same methods that аге used 
for random-length wires. 

A vertical antenna should not be longer than about 
"la à. at the highest frequency to be used, however, if low- 
angle radiation is wanted. If the antenna is to be used on 
28 MHz and lower frequencies therefore, it should not be 
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more than approximately 25 feet high, and the shortest. 
possible ground lead should be used. 

Another method of feeding is shown in Fig 25. L Lisa 
loading coil, tapped to resonate the antenna on the desired 
band. A second tap permits using the coil as а transformer 
for matching a coax line to the transmitter. C1 is not strictly 
necessary, but may be helpful on the lower frequencies, 3.5 
and 7 M Hz, if the antenna is quite short. In that case C1 
makes it possible to tune the system to resonance with a 
coll of reasonable dimensions at L 1, C1 may also be useful 
оп other bands as well, if the system cannot be matched to 
the feed line with а coil alone, 

The coil and capacitor should preferably be installed 
atthe base of the antenna, but if this cannot be done a wire 
сап be run from the antenna base to the nearest convenient 
location for mounting L1 and C1. The extra wire will of 
course bea part of the antenna, and since it may have to run 
through unfavorablesurroundingsitis best to avoid using it 
if atall possible. 

This system is best adjusted with the help of an SWR. 
indicator. Connect the coax line across a few turns of L1 
and take trial positions of the shorting tap until the SWR 
reaches its lowest value. Then vary the line tap similarly; 
this should bring the SWR down to a low value. Small 
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Fig 25— Multiband vertical antenna system using base 
loading for resonating on 3.5 to 28 MHz. L1 should be 
wound with bare wire во It can be tapped at every turn, 
using #12 wire. A convenient size is 2/ inches 
diameter, 6 turns per inch (such as B&W 3029). Number. 
of turns required depends on antenna and ground lead 
length, more turns being required as 

‘ground lead are made shorter. For a 2 
and a ground k 

About 30 turns. The use of C1 is explained in the text. 
‘The smallest capacitance that will permit matching the 
coax cable should be used; a maximum capacitance of 
100 to 150 pF will be sufficient in any case. 


adjustments of both taps then should reduce the SWR to 
close to 1:1, If not, try adding C1 and go through the same 
procedure, varying С1 each time a tap position is changed, 


Trap Verticals 

The trap principle described in Fig 13 for center-fed 
dipoles also can be used for vertical antennas. There are two 
principal differences. Only one half of the dipole is used, 
the ground connection taking the place ofthe missing half, 
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Fig 26— Constructional details of the 21- and 28-MHz 
dual-band antenna system. 


and the feed-point impedance is one half the feed-point 
impedance of a dipole. Thus itis in the vicinity of 30 ©. 
(plus the ground-connection resistance), so 52-0 cable 
should be used since it is the commonly available type that 
comes closest to matching. 


ATRAP VERTICAL FOR 21 AND 28 MHz 
Simple antennas covering the upper HF bands can be 
quite compact and inexpensive. The two-band vertical 
ground plane described here is highly effective for long 
distance communication when installed In the clear 
Figs26, 27 and 28 show the important assembly details. 
The vertical section of the antenna is mounted on a 
winch thick piece of plywood board that measures 7 x 10 
inches, Several coats of exterior varnish or similar material 
will help protect the wood from inclement weather. Both 
the mast and the radiator are mounted on the piece of wood 
by means of TV U-bolthardware. The vertical is electrically 
isolated from the wood with apiece of 1-inch diameter PV С 
tubing. A piece approximately 8 inches long is required, and 


Fig 27—A close-up view of a trap. The coil is 3 inches 
in diameter. The leads from the Coaxial-cable capacitor 
should be soldered directly to the pigtails of the coll. 
‘These connections should be coated with varnish after 
they have been secured uni ове clamps. 


ter of the aluminum L bracket The U 


intenna hardware. The plywood 
should be coated with varnish or similar material, 
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itis of the schedule- 80 variety. To prepare the tubing, you 
must slit it along the entire length on ane side. A hacksaw 
will work quite well. The PVC fits rather snugly on the 
aluminum tubing and will have to be "persuaded" with the 
ald of a hammer. М ount the mast directly on the wood with 
no insulation. 

Usean 50-239 coaxial connector and four solder lugs 
оп an L-shaped bracket made from a piece of aluminum 
sheet. Solder a short length of test probe wire, or inner 
conductor of RG-58 cable, to the inner terminal of the 
connector. A UG-106 connector hood is then slid over the 
wire and onto the coaxial connector, Then bolt the hood and 
connector to the aluminum bracket. Twa wood screws are 
used to secure the aluminum bracket to the plywood, as 
shown in the drawing and photograph. Solder the free end 
of the wire coming from the connector to a lug mounted on 
the bottom of the vertical radiator. Fill any space between 
the wire and where it passes through the hood with GE 
siliconesealantor similar material to keep moisture out. The 
eight radial, four for each band, are soldered to the four 
lugs on the aluminum bracket. Separate the two sections of 
the vertical member with a piece of clear acrylic rod 
Approximately 8 inches of Cinch OD material is required, 
You must slit the aluminum tubing lengthwise for several 
inches so the acrylic rod may be inserted. The two pieces of 
aluminum tubing are separated by 21. inches. 

The trap capacitor is made from RG-8 coaxial cable 
and is 30.5 inches long. RG-8 cable has 29.5 pF of 


capacitance per foot and RG-58 has 28.5 pF per foot. RG-8. 
cable is recommended over RG-58 because of its higher 
breskdown-voltage capability. The braid should be pulled 
back 2 inches on one end of the cable, and the center 
conductor soldered to one end af the coll. Solder the braid 
to the other end of the coil. Compression type hose clamps 
are placed over the capacitor/col leads and put in position 
at the edges of the aluminum tubing. When tightened 
securely, the clamps serve a two-fold purpose- they keep 
the trap in contact with the vertical members and prevent. 
the aluminum tubing from slipping off the acrylic гой, The. 
coaxial-cable capacitor runs upward along the top section 
of the antenna. This is the side of the antenna to which the 
braid of the capacitor is connected. Place a cork or plastic 
cap in the very top of the antenna to keep moisture out. 


Installation and Operation 

‘The antenna may be mounted in position using a TV- 
type tripod, chimney, wall or vent mount. Alternatively, а 
telescoping mast or ordinary steel TV mast may be used, in 
which case the radials may be used as guys for the structure 
(The 28-M Hz radials аге feet 5 inches long, and the21-M HZ 
radials are 11 feet 7 inches, 

‘Any length of 52-02 cable may be used to feed the 
antenna. The SWR at resonance should be on the order of 
12:1to 15:1 on both bands, The reason the SWR is nat 1:1 
is that the feed-point resistance is something other than 
52.0 closer to 35 or 40.0, 


The Open-Sleeve Antenna 


Although only recently adapted for the HF and VHF 
amateur bands, the open-sleeve antenna has been around 
since 1946, The antenna was invented by De]. T. Bolljahn, 
of Stanford Research Institute. This section on sleeve 
antennas was written by Roger A. Cox, WBODGF. 

The basic form of the open-sleeve monopole is shown 
in Fig 29. The open-sleeve monopole consists of a base fed 
central monopole with two parallel closely spaced parasitic, 
one on each side of the central element, and grounded at 
each base. The lengths of the parasitics are roughly one half 
that ofthe central monopole, 


Impedance 

The operation of the open sleeve can be divided into 
two modes, an antenna-mode and atransmission-line mode. 
Thisis shown in Fig 30. 

The antenna mode impedance, Z is determined by 
the length and diameter of the central monopole. For sleeve 
lengths less than that of the monopole, this impedance is 
essentially independent of the sleeve dimensions 

The transmission-line mode impedance, Z, , is 
determined by the characteristic impedance, end impedance, 
and length of ће 3-wire transmission line formed by the 
central monopole and the two sleeve elements. The 
characteristic impedance, Z, can be determined by the 
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element diameters and spacing if all element diameters are 
equal, and is found from 
Ze =207 1091.59 (D/d) бз) 


where 


pacing between the center of each sleeve element 
and the center of the driven element 
d = diameter of each element 


This is shown graphically in Fig 31, However, since 
"he end impedance is usually unknown, there is itle need 
to know the characteristic impedance. Thetransmission-line 
modeimpedance, 2, isusually determined by an educated 
guess and experimentation. 

As an example, let us consider the case where the 
central monopoleis2/4 2t 14 M Hz.Itwouldhavean antenna 
mode impedance, Z, , of approximately 52.0, depending 
upon the ground conductivity and number of radials. If two 
sleeve elements were added on either side of the central 
monopole, with each approximately half the height of the 
monopole and ata distance equal to their height, here would 
be very lite effect on te antenna mode impedance, Z, „at 
мина 

Also, Z, at 14 MHz would be the end impedance 
transformed through а AJ8 section of a very high 
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Fig 28- Diagram ofan open sleeve monopole. _ 


characteristic impedance transmission line. Therefore, 2, 
would be on the order of 500-2000 0 resistive plus a large 
capacitive reactance component. This high impedance in 
parallel with 52 C would still give a resultant impedance 
closeta 52 Q. 

Ata frequency of 28 M Hz, however, Z, is that of an 
end-fed half-wave antenna, and is on the order of 1000. 
5000 Q resisive Also, Z, at28 MHz would beon the order 
of 1000-5000 © resistive, since it is the end impedance of 
the sleeve elements transformed through a quarter-wave 
section of a very high characteristic impedance 3-wire 
transmission line. Therefore, the parallel combination of 7, 
and Z, would still eon the order of 500-2500 © resistive. 

If thesleeve elements were brought closer to the central 
monopole such that the ratio of the spacing to element 
diameter was less than 10:1, then the characteristic 
impedance of the 3-wire transmission line would drop to 
less than 250 ©. At 28 MHz, Z, remains essentially 
unchanged, while Z begins to edge closer to 52 © as the 
spacing is reduced. At some particular spacing the 
characteristic impedance, as determined by the D/d ratio, is 
just right to transform the end impedance to exactly 52 2 
at some frequency. Also, as the spacing is decreased, the 
frequency where the impedanceis purely resistive gradually 
increases 

‘The actual impedance pots of a 14/28-M Hz open sleeve 
monopole appear in Figs 31 and 32. The length of the central 
monopole is 195.5 inches, and of the sleeve elements 
89.5 inches. The element diameters range from 1.25 inches 
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Fig 31— Characteristic impedance of transmission line. 
mode in an open-sleeve antenna. 


Fig 32— impedance of an open-sleeve monopole for the 
frequency range 13.5-15 MHz. Curve A is fora 14 MHz 
monopole alone. For curves B, C and D, the respective. 
Spacings from the central monopole to the sleeve 
elements are 8, 6 and 4 inches. See text for other 
dimensions 
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at the bases to 0.875 inch at each tip. The measured 
impedance of the 14 M Hz monopole alone, curveA of Fig 32, 
isquite high. Thisis probably because of a very poor ground 
plane under the antenna. The addition of the sleeve elements 
raises this impedance slightly, curves B, C and D. 

As curves A and B in Fig 33 show, an 8-inch sleeve 
spacing gives a resonance near 27.8 M Hz at 70.0, while а 
Grinch spacing gives a resonance near 28.5 MHz at 42 £ 
Closer spacings give lower impedances and higher 
resonances. The optimum spacing for this particular antenna 
would be somewhere between 6 and 8 inches. Once the 
spacing is found, the lengths of the sleeve elements can be 
tweaked slightly for a choice of resonant frequency. 

In other frequency combinations such as 10/21, 10/24, 
14/21 and 14/24-M Hz, spscingsin the 6 to 10-inch range work 
very well with element diameters in the 0.5 to 1.25-inch range. 


Bandwidth 
The open-sleeve antenna, when used as а multiband 


Fig 33— Impedance of the open-sleeve monopole for 
the range 25-30 MHz. For curves A,B and C the. 
spacings from the central monopole to the sleeve 
elements are 8,6 and 4 inches, respectively. 
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Fig 34—Return loss and SWR of a 10 MHz vertical 
antenna. A return loss of 0 dB represents an SWR of 
infinity. The text contains an equation for converting 
return loss to an SWR value. 
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antenna, does not exhibit broad SWR bandwidths unless, of 
course, the two bands are very close together. For example, 
Fig 34 shows the retur loss and SWR of a single 10-M Hz 
vertical antenna, Its 2:1 SWR bandwidth is 1.5 МН, from 
9810 11.3 M Hz. Return loss and SWR are related as given 
by the following equation. 


1k 
зикр [IE] 
where 

кею 


Ry = return loss, dà 


When sleeve elements are added for a resonance near 
22 M Hz, the 2:1 SWR bandwidth at 10 M Hz is still nearly 
15 MHz, as shown in Fig 35. The total amount of spectrum 
under 2:1 SWR increases of course, because of the additional 
band, but the Individual bandwidths of each resonance аге 
virtually unaffected 

The open-sleeve antenna, however, can be used as a 
broadband structure, if the resonances ae close enough to 
overlap. With the proper choices of resonant frequencies, 
sleeve and driven element diameters and sleeve spacing, the 
SWR "hump" between resonances сап be reduced to a value 
less than 3:1, This is shown in Fig 36. 

Current Distribution 

According to H. В. Barkley (see Bibliography at the 
end of this chapter), the total curent flowing into the base 
of the open-sleeve antenna may be broken down into two 
components, that contributed by theantenna mode, 1, , and 
that contributed by the transmission-line modé, 1, 
Assuming thatthe sleeves are approximately half the height 
ofthe central monopole, the impedance of the antenna mode 
Z, IS very low at the resonant frequency of the central 
mónopole, andthe impedance of thetransmission-linemode, 
2,, is very high. This allows almost all of the current to 
flow in the antenna mode, and |, is very much greater than 
1. Therefore, the current on the central 2/4 monopole 
assumes the standard sinusoidal variation, and the radiation 
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Fig 35— Return loss and SWR of a 10/22 MHz open- 
sleeve vertical antenna, 


Fig 36— SWR response of an open-sleeve dipole and a 
conventional dipole. 


and gain characteristics are much like those of a normal 2/4 
vertical antenna. 

However, at the resonant frequency of the sleeves, the 
impedance of the central monopole is that of an end fed 
half-wave monopole and is very high. Therefore 1, issmall 
If proper element diameters and spacings have been used 
to match the transmission line mode impedance, Z, , to 
52.0, then |, the transmission line mode current, is high 
compared to 1, 

This means that very little current flows in the central 
‘monopole above the tops of the sleeve elements, and the 
radiation is mostly from the transmission-line mode current, 
1, in all three elements below the tops of the sleeve 
elements, The resulting current distribution is shown in 
Figs 37 and 38 for this case. 

Radiation Pattern and Gain 

The current distribution of the open-sleeve antenna 
Where all three elements are nearly equal in length is nearly 
that of a single monopole antenna. If, at a particular 
frequency, the elements are approximately 2/4 long, the 
current distribution is sinusoidal 

If, for this and other length ratios, the chosen diameters 
and spacings are such that the two sleeve elements approach 
an interelement spacing of 2/8, the azimuthal pattern will 
show directivity typical of two in-phase vertical radiators, 
approximately 2/8 apart. If a bi-directional pattern is needed, 
then this is one way to achieve it. 
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Fig 37- Current distribution in the transmission line 
mode. The amplitude of the current induced in each. 
sleeve element equals that of the current in the central 
element but the phases are opposite, as shown. 


Fig 38 Total current distribution with A= 1/2, 


Spacings closer than this will produce nearly circular 
azimuthal radiation patterns, Practical designs in the 10 to 
30 M Hz range using 0.5 to 1.5-inch diameter elements will 
produce azimuthal patterns that vary less than +1 dB 

If the ratio of the length of the central monopole to the 
length of the sleeves approaches 2:1, then the elevation 
pattern of the open-sleeve vertical antenna at the resonant 
frequency of the sleeves becomes slightly compressed. This 
is because of thein-phase contribution of radiation from the 
А0 central monopole, 

As shown in Fig 39, the 10/21-M Hz open sleeve 
vertical antenna produces а lower angle of radiation at 
212 MHz with a corresponding increase in gain of 0.66 dB. 
over that of the 10-M Hz vertical alone, 

At length ratios approaching 3:1, the antenna mode 
and transmission-line mode impedance become nearly equal 
again, and the central monopole again carries a significant 
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plane. At 10.1 MHz the maximum gain is 5.09 dBi, and 
5.75 dBi at 21.2 MHz. 


portion of the antenna current. The radiation from the top 
AJ2 combines constructively with the radiation from the 44 
sleeve elements to produce gains of up to 3 В more than 
just a quarter-wave vertical element alone. 

Length ratios in excess of 32:1 produce higher level 
sidelobes and less gain on the horizon, except for narrow 
spots near the even ratios of 4:1, 6:1, 81, etc. These are 
where the central monopole is ап even multiple of a half 
wave, and the antenna-modeimpedanceis too high to allow 
much antenna mode current 


Up to this point, it has been assumed that only 144 
resonance could be used on the sleeve elements. The third 
fifth, and seventh-order resonances of the sleeve elements 
and the central monopole element can be used, but their 
radiation patterns normally consist of high-elevation lobes, 
‘and the gain on the horizon is less than that of a /4 vertical 

Practical Construction and Evaluation 

Theopen-sleeve antenna lends itself very easily to home 
construction. For the open-sleeve vertical antenna, only a 
feed-point insulator and a good supply of aluminum tubing 
аге needed. No special traps or matching networks are 
required. The open-sleeve vertical can produce up to 3 dB 
more gain than a conventional 1/4 vertical. Further, there is 
noreductionin bandwidth, because there are no loading coils. 

The open-sleeve design can also be adapted to 
horizontal dipole and beam antennas for HF, V HF and UHF. 
A good example of this is Telex/Hy-Gain's Explorer 14 
triband beam which utilizes an open sleeve for the 10/ 
15-meter driven element. The open-sleeve antenna is also 
Very easy to model in computer programs such as NEC and 
MININEC, becauseof the open tubular construction and lack 
of traps or other intricate structures. 

In conclusion, the open-sleeve antenna is an antenna 
experimenter's delight. It is not difficult to match or 
construct, and it makes an ideal broadband or multiband 
antenna. 


HF Discone Antennas 


‘The material in this section is adapted from an article 
by Daniel A. Krupp, W8NWF, in The ARRL Antenna 
Compendium, Vol 5. The name discone is @ contraction of 
the words disc and cone. Although people often describe a 
discone by its design-center frequency (for example, a “20- 
meter discone”), it works very well over a wide frequency 
range, as much as several octaves. Fig 40 shows a typical 
discone, constructed of sheet metal for UHF use. On lower 
frequencies, the sheet metal may be replaced with closely 
spaced wires and/or aluminum tubing, 

The dimensions of a discone are determined by the 
lowest frequency of use. The antenna produces a vertically 
polarized signal at a low-elevation angle and it presents a 
good match for 50-02 coax over its operating range. One 
advantage ofthe discone is that its maximum current area is 
near the top of the antenna, where it can radiate away from 
ground clutter. The cone-like skirt of the discone radiates 
the signal— radiation from the disc on top is minimal. This 
is because the currents flowing in the skirt wires essentially 
all go in the same direction, while the currents in the disc 
elements oppose each other and cancel out. The discone's 
‘omnidirectional characteristics make t desi for roundtable 
QSOs or for a Net Control station. 

Electrical operation of this antenna is very stable, with 
по changes due to rain or accumulated ice. Itis a self- 
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Fig 40 Diagram of VHF/UHF discone, using a sheet- 

metal disc and cone. itis fed directly with 50-0 coax 

line.The dimensions L and D, together with the spacing 
D 


lowest frequency to be used. Diameter D should be 
from 0.67 to 0.70 of dimension L. The diameter at the 
bottom of the cone B is equal to L.The space $ 

between disc and cone can be 2 to 12 inches, with the 
wider spacing appropriate for larger antenna: 


contained antenna unlike a traditional ground-mounted 
vertical radiator, the discone does not rely on a ground-radial 
system for efficient operation. However, [ust ike any other 
vertical antenna, the quality of the ground in the F resnel area 
will affect the discone's far-field pattern 

Both the disc and coneare inherently balanced for wind 
loading, so torque caused by the wind is minimal. The entire 
cone and metal mast or tower can be connected directly to 
ground for lightning protection. 

Unlike a trap vertical or a triband beam, discone 
antennas are not adjusted to resonate ata particular frequency 
in a ham band or a group of ham bands. Instead, a discone 
functions as a sort of high-pass filter, efficiently radiating 
RF all the way from the low-frequency design cutoff to the 
high-frequency limits imposed by the physical design. 

While VHF discones have been available out-of-the- 
box for many years, HF discones are rare indeed. Some 
articles have dealt with HF discones, where the number of 
disc elements and cone wires was minimized to cut costs or 
ta simplify construction. While the minimalist approach is 
fine if the sought-after results really are obtained, W BNWF 
believes in building his discones without compromise. 


History of the Discone 

The July 1949 and July 1950 issues of CQ magazine 
both contained excellent articles on discones. The first article, 
by Joseph M. Boyer, WGUYH, said that the discone was 
developed and used by the military during World War II. 
(See Bibliography) The exact configuration ofthe top disc 
and cone was the brainchild of Armig G. K andonian. Boyer 
described three VHF models, plus information on how to 
build them, radiation patterns, and most importantly, a 
detailed description of how they work. He referred to the 
discone as a type of "coaxial taper transformer.” 

‘The July 1950 article was by М ack Seybold, W2RY | 
Hedescribed an 11-M Hz version he built on his garage roof. 
The mast actually fit through the roof to allow lowering the 
antenna for service. Seybold stated that his 11-M Hz discone 
would load up on 2 meters but that performance was down 
10 dB compared to his 100-M Hz Birdcage discone. He 
Commented that this was caused by the relatively large 
spacing between the disc and cone, Actually, the performance 
degradation he found was caused by the wave angle lifting 
upward at high frequencies. The cone wires were electrically 
long, causing them to actlike long wire antennas. SeeFig 41. 


W8NWF's First Discone: the A-Frame Discone 

Thefirstdiscone was one designed to cover 20 through 
10 meters without requiring an antenna tuner. The cone. 
assembly uses 18-foot long wires, with a 60° included apex 
angle and a 12-foot diameter disc assembly. See Fig 42 and 
Fig 43. The whole thing was assembled on the ground, with 
the feed coax and all guys attached. Then with the aid of 
some friends, it was pulled up into position. 

Theauthor used a 40-foot tall wooden "A-frame" mast, 
made of three 22-foot-long 2 x 4s. He primed the mast with 
sealer and then gave it two coats of red bam paint to make it 


Fig 41— Computed elevation plot over average ground 
for WENWF's small discone at 146 MHz, ten times its 
design frequency range.The cone wires are acting as 
long-wire antennas, distorting severely the low- 
elevation angle response, even though the feed-point 
impedance is close to 50 f 


Fig 42— Photo of WBNWF's original A-frame mounted 
НР discone 


look nice and last a long time, The disc hub was a 12-inch 
length of 2-inch schedule-40 PVC plumbing pipe. The PV С 
is very tough, slighty ductile, and easy to drill and cut. PVC 
is well suited for RF power at the feed point of the antenna, 

Three 12-foot by 0.375-inch OD pieces of 6061 
aluminum, with 0.058-Inch wall thickness, were used for 
the 12-foot diameter top disc. These were cutin half to make 
the center portions of the six telescoping spreaders. Four 
twelve foot by 0.250-inch OD (0.035-inch wall thickness) 
tubes were cut into 12 pieces, each 40 inches long. This 
gave extension tips for each end of the six spreaders, 

See Fig 44 for details on the disc hub assembly. 
WNWE started by drilling six holes straight through the 
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Fig 43 Detailed drawing of the 
A-frame discone for 14 to 30 MHz. 
‘The disc assembly at the top of 
the A-frame is 12 feet in diameter. 
There are 45 cone wires, each 

18 feet long, making a 60° 
included angle of the cone. This 
antenna works very well over the 
design frequency range. 


inches, For convenience, place the 
whole mast assembly in a horizontal 
position on top of two clothesline poles 
and one stepladder 

Placethe disc head assembly over 
the top of the mast, but don't secure it 
yet. This allows for rotation while 
adding the disc spreader extensions. A 
tip for safety: tie white pieces of cloth 
to the ends of elements near eye leve! 
Just remember to remove them before 
raising the antenna. 

For a long-lasting installation, use 


PVC for the six spreaders, accurately and squarely, starting 
about two inches down from the top and spaced radially 
every 30°. Each hole is 0.375 inches below the plane of the 
previous one, Take great care in drilling— a poor job now 
will look bad from the ground up for along time! It's a good 
idea to make up а paper template beforehand. Tape this to 
the PVC hub and then drill the holes, which should make 
for a close fit with the elements. If you goof, start over with 
‘anew piece of PV C— it's cheap. 

Each six-foot spreader tube was secured exactly inthe 
center to clear a 6-32 threaded brass rod that secured the 
elements mechanically and electrically. A bwo-foot long by 
inch OD wooden dowel was inserted into the middle of 
each six-foot length of tubing. The dowel added strength 
and also prevented crushing the element when the nuts on 
the threaded rod were tightened, 

Insert the 40-inch long extensions four inches into each 
end of the six-foot spreaders. M ark and drill holes to pin the 
telescoping tips, plus holes big enough to clear #18 soft- 
drawn copper wire. This was for the inner circumferential 
wire for the disc. Drill a single hole for 418 wire about 
“Je inch from each extension element tip, through which 
passes the outer circumferential wire. Finally, insert all six- 
foot elements into the PVC hub and line up the holes in the 
Center so the brass rod could be inserted through the middle 
to secure the elements, 

Thenext step is to “chisel to fit" the top of the wooden 
mastto allow the PV C to slidedown on it about sx or seven 
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ап anti-corrosion compound, such as 

Penetrox, when assembling the 
aluminum antenna elements, As the extensions are added, 
secure them in the innermost of the two holes with a short 
piece of 418 wire, Then run a wire through the remaining 
holes looping each element as you go. This gives added 
support laterally to the elements, Next add a #18 wire to the 
tips of the extensions in the same fashion. This provides 
егеп more physical stability as well as making electrical 
connections, 

Next, pin the PVC disk hub to the wooden mast with a 
„nch threaded rod. This is also the point where the cone 
wires are attached, using a loop of #12 stranded copper wire 
around the PVC. Solder each cone wireto this loop, together 
with the coax shield braid. М ake sure the loop of #12 wire 
is large enough to make soldering possible without burning 
the PVC withthe soldering iron. 

Connect the coax center conductor to the disc assembly 
by securing it with the same 6-32 threaded rod that ties all 
the disc elements together. Make sure to use coax-seal 
‘compound to keep moisture out of the coax. The coax is then 
fed down the mast and secured in a few places to provide 
strain relief and to keep it out of the way of the cone wires. 

Use two sets of three guy wires. Break these up with 
egg insulators, just to be sure there won't be any interaction 
with the antenna, Use 45 wires of #18 soft-drawn copper 
wire for the cone, 18 feet long each, Cut them a little long 
so they can be soldered to the connecting loop. 

A difficult task is now at hand- keeping all the сопе 
wires from getting tangled! Solder each of the 45 cone wires 


3/8" 00 aluminum dise through J 
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Fig 44— Details of the top hub for the 
‘A-frame discone. The three-inch PVC 
pipe was drilled to hold the six 
‘Spreaders making up the top disc. 
Connections for the shield of the 
feed coax were made to the disc. 
‘The coax center conductor was 
connected to the cone-wire 
assembly by means of a loop of 

$12 stranded wire encircling the 
Outside of the PVC hub. 


jJ 


checking that all hardware is Eight A 
rain cap at the top of the PVC disc hub 
completes construction. 


Putting it All Up 

You are going to need alotof help 
пон to raise the antenna, Have the whole 
process fully thought out before trying 
to raise it. You should have the spot 
selected for the base of the mast and 
some pipes driven into the ground to 
prevent the mast from slipping sideways 
as itis being pulled up. The three guy 
stakes should be in place, 23 feet, 1/2 
inches from mast center. Of course, the 
guys should have been cutto the correct 
length, with some extra. Be sure the 
‘coax transmission line will come off the 
mast where it should. A long length of 
rope to an upper and lower guy line is 
used to pull up the whole works, 

The author used an old trick of 
standing an extension ladder vertically 
near the antenna base with the pull lines 


to the loop of #12 wire, spacing each wire about “ inch 
from thelastone or an even distribution all the way around. 

The cone base is 18 feet in diameter to provide a 60° 
included angle. At the base of the cone, use five 12-foot 
long aluminum straps, 1 inch wide by J, inch thick, 
overlapping 8. inches and fastened together with aluminum 
rivets. Drill holes along the strap every 15 inches to secure 
the cone wires. 

M ake sureto handle the aluminum strap carefully while 
fastening the cone wire ends; too sharp of a bend could 
possibly break it. Fasten six small-diameter nylon lines to 
the cone-base aluminum strap to stabilize the cone. These 
cone gas share the same guy stakes as the mast guy lines. 
After cutting the nylon lines, heat the frayed ends of each 
with a small flameto prevent unraveling. A poly several coats 
of clear protective spray to the disk head assembly, after 


looped over the top rung to get a good 
ft angle. The weight added to the mast 
from the antenna disc assembly and cone wires is about 
26 pounds, most af itfrom the cone assembly. Usetwo strong 
people to pull up the antenna slowly so thatthe other helpers 
on the guy wires and cone guy lines havetime to move about 
as required. Аз the antenna rises to the vertical position, if 
there are no snafus, the guy lines can be secured. Then бе 
the six cone lines o stakes. 


A Really Big Discone 

When an opportunity arose to buy а 64-foot self- 
supporting TV tower, the author jumped at the chance to 
implementa full 7 to 30-M Hz discone. His new tower had 
eight sections, each eight feet long. Counting the overlap 
between sections, the cone wires would come off the tower 
at about the 61.5-Foot mark. 

WENWF took some liberties with the design of this 
larger discone compared to the first one, which he had done 
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strictly “by the book." Thefirstchange was to make the cone 
wires 70 feet long, even though the formula said they should 
be 38 feet long. Further, the cone wires would not be 
connected together atthe bottom. With the onger cone wires, 
he elt that 75 and 80-meter operation might Бе а possibility. 

‘The second major change was to widen the apex angle 
‘ut from 60° to about 78°, М odeling said this should produce 
a flatter SWR over the frequency spectrum and would also 
give better guy system for the tower 

‘The topside disc assembly would be27 feet in diameter 
and have 16 radial spreaders, using telescoping aluminum 
tubing tapering from leto toe inches OD. A I spreaders 
were made from 0.058-inch wall thickness 6063-7832 
aluminum tubing, available from Texas Towers. A section 
of 10-inch PVC plumbing pipe would be used as the hub for 
construction of the disc assembly. 


Construction Details for the Large Discone 

While installing the tower, the author had left the top 
section on the ground. This allowed him to fit the disc head 
assembly precisely to it. Fig 45 shows the overall plan for the 
large discone. The 10-inch diameter PVC hub was designed 
to slip over the tower top section, but was a litle too large. So 
a set of shims was installed on the three legs at the top of the 
tower for a justright fit Drilling the PVC pipe for the eight 
lech OD elements was started about an inch down from 
the top. WNW purposely staggered the drilled holes in the 
same fashion as the hub for the smaller antenna. See Fig 46. 


Адап, three foot sections of -inch wooden dowel 
Were used to strengthen the Je inch center portion of each 
spreader. Instead of using a loop of #12 wire for the 
Connecting the cone wires, as had been done on the smaller 
discone, he drilled 36 holes in the PVC hub. These holes 
are small enough so that the PVC hub would not be 
weakened appreciably. He drilled the circles of holes for 
the cone wires about six inches below the disc spreaders. 

He prepared a three-foot long piece of RG-213 coax, 
permanently fastened on one end to the antenna, with а 
female type-N connector at the other end. Type- fittings 
Were used because of their superior waterproofing abilities. 
The coax center lead was connected with а terminal lug 
under a nut on the brass threaded rod securing the disc 
spreaders. The coax shield braid was folded back over а 
six-inch long copper pipe and clamped to It with a stainless 
steel hose clamp. See Fig 47 for details. 

The plan was that after the top disc assembly had been. 
hoisted up and attached at the top of the tower, individual 
cone wires would be fed, one at a time, through the small. 
holes drilled in the PV C. They were to be laid against the 
copper pipe and secured with stainless-steel hose clamps. 

The ij and 'Jeinch OD spreader extension tips were 
secured in place with two aluminum pop-rivets at each joint. 
Again, the author used anti-oxidant compound on all spreader 
junctions, He drilled a hole horizontally near the tip of each 
“inch tip all around the perimeter to allow а #8 aluminum 
wire to circle the entire disc. A small stainless-steel sheet 
metal screw was threaded into the end of 
each element to secure the wire. 


їп parallel with the aluminum wire, 
a length of small-diameter black Dacron 
line was run, securing it in a couple of 
places between each set of spreaders with 
UV-resistant plastic tie wraps. The reason 
for doing this was to hold the aluminum 
wire in position and to prevent it from 
dangling, in case it should break some 
years in the future. Two coats of clear 
protective spray were applied for 
protection 

A truss system helps prevent the 
disc from sagging due to its own weight. 
See Fig 48 for details. This shows the 
completed disk assembly mounted on the 
top of the tower. A three-foot length of 
two-inch PVC pipe was used for a truss 
mast above the disc assembly, notching 
the bottom of the pipe so that it would 
form a saddle over the top couple of 
spreaders. This gave a good foothold. He 


Fig 45- The large WENWF discone, 
designed for operation from 7 to 
14 MHz, but usable with a tuning 
network in the shack for 3.8 MHz. 


Fig 47- Details of the copper pipe slipped over the feed 
coax. The coax shield has been folded back over the 
copper pipe and secured with two stainless-steel hose 
‘lamps. The cone wires are also laid against the copper 
pipe and secured with additional hose clamps. 


Fig 46— Photo showing details of the hub assembly for 
the large discone, including the threaded brass rod that 
connects the radial spreaders together. The 10-inch PVC 
pipe is drilled to accommodate the radial spreaders. 
Each spreader is reinforced with a three-foot long 
wooden dowel inside for crush resistance. Note the row 
of holes drilled below the lowest spreader. Each of the. 
36 cone wire passes through one of these holes. 


cut a circle of thin sheet aluminum to fit over the 10-inch 
PVC to serve as a rain cap. The cap has a hole in the center 
for the two-inch PVC truss mast to pass through, thereby 
holding it down tight. The author sprayed a few light coats 
of paint over the PVC for protection from ultraviolet 
radiation from the sun. 

Sixteen small-diameter black Dacron ropes were 
connected at the top ofthe truss support mast, with the other 
ends fastened to the disc spreaders, halfway out. Another 
rain cap was added to the top of the two-inch PVC truss 
mast Eight lengths of the same small diameter Dacron rope 
were added halfway out the length of every other spreader, 
These ropes are meant to be tied back to the tower, to prevent 
Lpdrafts from blowing the disc assembly upwards. Small 
egg insulators were used near the spot where height bottom. 
trusses were tied to the disc spreaders, just to be sure there 
would be no RF leakage in rainy weather. 

Hoisting the completed disc assembly tothe top of the 
tower can be done easily, with the assistance of at least two 
others. The trickiest partis to get the disc assembly from its 
position sitting flat on the ground to the vertical position 
needed for hoisting it up the tower without damaging it.The 
disc assembly weighs about 35 pounds. Someone at the top 
of the tower will receive the disc as it is hoisted up by gin 
pole, and can mount it on the tower top. 

You should prepare three six-foot long metal braces 
going over the outside of the PVC to fasten to the tower 
legs. They really beef things up. 

In plastic irrigation pipe buried 


between the house and tower base, the 
author ran 100 feet of 9086 low-loss 
‘coax to the shack. For cone wires, he 
wasableto obtain some #18 copperclad 
> steel wire, with heavy black insulation 
that looked a lot like neoprene. The 
Cone system takes a lot of wire: 36 x 
70 feet = 2520 feet, plus some extra at 
- ‘each end for termination. You'd be well 
advised to look around at hamfests to 
save money. 
As each cone wire is connected 
atthe top of the tower, a helper should. 


Fig 48—Photo of the spreader 
hub assembly, showing the truss 
ropes above and below the radial 
Spreaders. This is a very rugged 
assembly 
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place the other end at its proper spot below. The lower end 
of each cone wire is secured to an insulator screwed Into a 
Fencepost. See Fig 49, There are 36 treated-pine fenceposts, 
each standing about 5 feet tall, 45 feet from the tower 
base to hold the lower end of the cone wires. This makes 
mowing the grass easier and the cone wires are less likely 
to be tripped over too. 

On the final trip down the tower, the eight Dacron 
downward-truss lines were tied back to the tower about six 
feet below the disc assembly, The author's tower has three 
ground rods driven near the base, connected with heavy 
Copper wire to the three tower legs. 


Performance Tests 

On the air tests proved to be very satisfying. Loading 
up on 40 meters was easy—the SWR was 1:1 across the 
entire band. WBNWF can work all directions very well and 
receives excellent signal reports from DX stations. When 
he switches to his long (333 foot) center-fed dipole for 
comparison, he finds the dipole is much noisier and that 
received signals are weaker. During the daytime, nearby 
stations (less than about 300 to 500 miles) can be louder 
with the dipole, but the discone can work them just fine 
also, 

Theauthor happily reports that this antenna even works 
well on 75 meters. As you might expect, it doesn't presenta 
11 match. However, the SWR is between 3,5:1 and 5,5:1 
across the band. WBN WF uses an antenna tuner to operate 
the discane on 75, It seems to get out as well on 75 as it 
does on 40 meters. 

The SWR on 30 meters is about 1.1:1. On 20 meters 
the SWR runs from 1.05:1 at 14.0 MHz to 14:1 at 14.3 
MHz. TheSWR onthe 17,15, 12 and 10-meter bands varies, 
going up to a high of 3.5:1 on 12 meters, 


Fig 50— Computed patterns showing elevation 


wires are clearly too long for efficient operation on 
10 meters, producing unwanted high-angle lobes that 
rob power from the desirable low-elevation angles. 


Fig 51— Computed elevation-response patterns for the 
larger WBNWF discone for 3.8, 7.2 and 21.2 MHz 
operation. Again, as in Fig 50, the pattern degrades at 
21.2 MHz, although itis stil reasonably efficient, if not 
optimal. 


Fig 49- Photo showing some of the 
fence posts used to hold individual 
‘cone wires to keep them off the 
ground and out of harm's way. The 
truck in the background is carting 
away the A-frame discone for 
installation at KABUNO's OTH, 
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Radiation Patterns for the Discones 

From modeling using NEC/Wires by K6STI, 
WBNWF verified that the low-angle performance for the 
bigger antenna is worse than that for the smaller discone 
оп the upper frequencies. See Fig 50 for an elevation 
pattern comparison on 10 meters for both antennas, with 
average ground constants. The azimuth patterns are simply 
circles, Radiation patterns produced by antenna modeling 
programs are very helpful to determine what to expect 
from an antenna, 

The smaller discone, which was built by the book, 
displays good, low-angle lobes on 20 through 10 meters. 
The frequency range of 14 through 28 M Hz is an octave's 
worth of coverage. It met expectations in every way by 
covering this frequency span with low SWR and a low 
angle of radiation, 

‘The bigger discone, with a modified cone suitable for 
use on 75 meters, presents а little different story. The low- 
angle lobe on 40 meters works well, and 75 meter 
performance also is good, although an antenna tuner is 
necessary on this band. The 30-meter band has a good low. 
angle lobe but secondary high-angle lobes are starting to 


hurt performance. Note that 30 meters is roughly three times 
the design frequency of the cone. On 20 and 17 meters there 
still are good low-angle lobes but more and more power is 
wasted in high-angle lobes. 

‘The operation on 15, 12, and 10 meters continues to 
worsen for the larger discone, The message here is that 
although a discone may have a decent SWR as high as 10 
times the design frequency, its radiation pattern 15 not 
necessarily good for low-angle communications. See Fig 51 
for a comparison of elevation patterns for 3.8, 7.2 and 21.2 
MHz on the larger discone. 

A discone antenna built according to formula will work 
predictably and without any adjustments. One can modify 
the antenna's cone length and apex angle without fear of 
rendering it useless. The broadband feature of the discone 
makes it attractive to use on the HF bands. The low angle of 
radiation makes DX a real possibility, and the discone is 
also much less noisy on receive than a dipole. 

Probably the biggest draw back to an HF discone is its 
bulky size. There is no disguising this antenna! However, if 
you live in the countryside you should be able to put up а 
nice one. 


Harmonic Radiation from Multiband Antennas 


Since a multiband antenna is intentionally designed for 
operation on a number of different frequencies, any 
harmonics or spurious frequencies that happen to coincide 
with one ofthe antenna resonant frequencies will be radiated 
with very little, if any, attenuation. Particular careshould be 
exercised, therefore, to prevent such harmonics from 
reaching the antenna. 

Multiband antennas using tuned feeders have а certain 
inherent amountof built-in protection against such radiation, 
since itis nearly always necessary to use a tuned coupling 
circuit (antenna tuner) between the transmitter and the feeder. 
This adds considerable selectivity to the system and helps 
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one. 

Multiple dipoles and trap antennas do not have this 
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252 Multielement 
Arrays 


Thegain and directivity offered by an array of elements 
represents a worthwhile improvement both in transmitting 
and receiving. Power gain in an antenna is the same as an 
equivalent increase in the transmitter power. But unlike. 
increasing the power of one's own transmitter, antenna gain. 
works equally well on signals received from the favored 
direction. In addition, the directivity reduces the strength of 
signals coming from the directions not favored, and so helps 
discriminate against interference. 

Onecommon method of obtaining gain and directivity 
is to combine the radiation from a group of 1/2 dipoles to 
concentrate it in a desired direction, A few words of 
explanation may help make it clear how power gain is 
obtained. 

In Fig 1 imagine that the four circles, A, B, C and D, 
represent four dipoles so far separated from each other that 
the coupling between them is negligible. Also imagine that 
point is so far away from the dipoles that the distance from 
Pto each oneisexactly the same (obviously P would have to 
be mach farther away than itis shown in this drawing). Under 
these conditions the fields from all the dipoles will add up at 
P if all four are fed RF currents in the same phase 

Let us say that a certain current, |, in dipole A will 
produce a certain value of field strength, E, at the distant 
point P. The same current in any of the other dipoles will 
produce the same field at P. Thus, if only dipoles A and B 
are operating, each with a current, the field at P will be 2E. 


Fig 1— Fields from separate antennas combine at a 
produce a field strength that. 
produced by the same power in a 


With, B and C operating, ће Пей will be 3E, and with all 
four operating with the same |, the field will be 4E. Since 
"he power received at P is proportional to the square of the 
field strength, the relative power received at P is, 4, 9 or 
16, depending on whether one, two, three or four dipoles 
are operating 

Now, since all four dipoles are alike and there is no 
coupling between them, the same power must be put into 
each in order to cause the current to low. For two dipoles 
the relative power input is 2, for three dipoles it is 3, for 
four dipoles 4, and so on. The actual gain in each case is the 
relative received (or output) power divided by the relative 
input power. Thus we have the results shown in Table 1. 
The power ratio is directly proportional to the number of 
elements used. 

Itis well to have clearly in mind the conditions under 
which this relationship is true 


1) The fields from the separate antenna elements must bein 
phase at the receiving point 

2) The elements are identical, with equal currents in all 
elements 

3) The elements must be separated in such a way that the 
‘current induced in one by another is negligible; that is, 
the radiation resistance of each element must be thesame 
as it would be f the other elements were not here. 

Very few antenna arrays meet all these conditions 

exactly. However, the power gain of a directive array using 

dipole elements with optimum values of element spacing is 

approximately proportional to the number of elements. 


Table 1 
‘Comparison of Dipoles with Negligible Coupling 
(See f 


Relative Relative Gain 
Output input Power in 

Dipoles Power Power Gain ав 

Aonly 1 1 1 o 

‘ands 4 2 2 3 

A Bado 9 3 a m 

AB CandD 16 4 4 6 
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Another way to say his is that a gain of approximately з d8 
will be obtained each ime the number of elements is doubled, 
assuming the proper element spacing is maintained, It is 
possible, though, for an estimate based on this rule 
to bein eror by a ratio factor of two or more (gin eror of 
308 or more), especially if mutual coupling isnot negligible. 


DEFINITIONS 

An element in a multi-element directive атау is usually 
a 12 radiator or а A/A vertical element above ground. The 
length is not always an exact electrical half or quarter 
wavelength, because in some types of arrays it is desirable 
thatthe element show elther inductive or capacitive reactance. 
However, the departure in length from resonanceis ordinarily 
small (not more than 5% in the usual case) and so has no 
appreciable effect on the radiating properties of the element. 

Antenna elements in multi-element arrays of the type 
considered in this chapter are always either parallel, as in 
Fig 2A, or collinear (end-to-end), asin Fig 28. Fig 2C shows 
an array combining both parallel and collinear elements, The 
elements can be either horizontal ог vertical, depending on 
whether horizontal or vertical polarization s desired. Except 
for space communications, there is seldom any reason for 
mixing polarization, so arrays are customarily constructed 
with all elements similarly polarized. 

A driven element is one supplied power from the 
transmitter, usually through a transmission line. A parasitic 
element is one that obtains power solely through coupling 
to another element in the array because of its proximity to 
such an element. 

A driven array is one in which all the elements are 
driven elements. A parasitic array is one in which one or 
тоге of the elements are parasitic elements. At least one 
element must bea driven element, since you must somehow 
introduce power into the array. 

A broadside array is one in which the principal 
direction af radiation is perpendicular to the axis of the атау 
and to the plane containing the elements, as shown in Fig 3. 
The elements of a broadside атау may be collinear, as in 
Fig 3A, or parallel (two views in Fig 38) 


mom e 


Anend-frearray is onein which the principal direction 
of radiation coincides with the direction of the array axis. 
This definition is illustrated in Fig a An end-fire array must 
consist of parallel elements. They cannot be collinear, as 
22 elements do not radiate straight off their ends. A Yagi is 
a familiar form of an end-fire array. 

A bidirectional array is one that radiates equally well 
in either direction along the line of maximum radiation. А 
bidirectional pattern is shown in Fig А. A unidirectional 
array isonethathas only one principal direction of radiation, 
as the pattern in Fig 58 shows 

The major lobes of the directive pater are those in 
which the radiation is maximum. Lobes of lesser radiation 
intensity are called minor lobes. The beamwidth of a directive 
antenna is the width, in degrees, of the major lobe between 
the two directions at which the relative radiated power is 
equal to one half its value at the peak of the lobe. At these 
half-power points the field intensity is equal to 0707 times 
its maximum value, or down 3 dB from the maximum. Fig 6 
shows a lobe having a beamwidth of 30°. 
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Fig 3— Representative broadside arrays. At A, collinear 
elements, with parallel elements at 8. 
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Fig 2—AtA, parallel and at В, collinear antenna 
elements. The array shown at С combines. 
both parallel and collinear elements. 
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Fig 4—An end-fire array. Practical arrays may combine 
both broadside directivity (Fig 3) and end-fire 
directivity, including both parallel and collinear 
elements. 


Unless specified otherwise, the term gain as used in 
this section is the power gain over an isotropic radiator in 
free space. The gain can also be compared with a 2/2 dipole 
of the same orientation and height as the array under 
discussion, and having the same power input. Gain may 
elther be measured experimentally or determined by 
calculation, Experimental measurement is difficult and often 
subject to considerable error, for two reasons. First, errors 


© 


Fig 5—AtA, typical bidirectional pattern and at B, 
unidirectional directive pattern. These drawings also 
illustrate the application of the terms majorand minor 
to the patter lobes. 


Half-Power 
Points 


Fig 6—The width of a beam is th 
between the directions at which 

‘mitted power is half the maximum power (-3 dB). 
Each angular division of the pattern grid 5°. 


normally occur in measurement because the accuracy of 
simple RF measuring equipment is relatively poor— even 
high-quality instruments suffer in accuracy compared with 
their low-frequency and de counterparts. And second, the 
accuracy depends considerably on conditions- the antenna 
site, including height, terrain characteristics, and 
surroundings under which the measurements are made. 
Calculations are frequently based on the measured ог 
theoretical directive patterns of the antenna (see Chapter 2) 
The theoretical gain of an array may be determined 
approximately from: 


41253 


6 10009 22 
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where 
G = decibel gain over a dipole in is favored direction 
0% = horizontal half-power beamwidth in degrees 

ву = vertical half-power beamwidth in degrees, 


‘This equation strictly speaking, applies only to lossless 
antennas having approximately equal and narrow E- and Н. 
plane beam widths up to about 20*— and no large minor 
lobes. The Е and Н planes are discussed in Chapter 2. The 
error may be considerable when the formula is applied to 
simple directive antennas having relatively large beam 
widths, The error isin the direction of making the calculated 
gain larger than the actual gain. 

Frontto-back ratio (F/B) is the ratio of the power 
radiated in the favored direction to the power radiated in the 
Opposite direction. See Chapter 11 for a discussion of front- 
to-back ratio, and its close cousin, worst-case front-to-rear 
ratio, 


Phase 

The term phase has the same meaning when used in 
connection with the currents flowing in antenna elements 
asitdoesin ordinary circuit work. For example, two currents 
arein phase when they reach their maximum values, flowing 
in the same direction, at the same instant. The direction of 
current flow depends on the way in which power is applied 
to the element. 

Thisisillustrated in Fig 7. A ssumetthat by some means 
an identical voltage is applied to each of the elements at the 
ends marked A. Assume also that the coupling between the 
elements is negligible, and that the instantaneous polarity of 
the voltage is such that the current is flowing away from the 
point at which the voltage is applied. The arrows show the 
assumed current directions. Then the currents in elements 1 
and 2 arein phase, since they are flowing inthe same direction 
in space and are caused by the same voltage. However, the 
current in element 3 is flowing in the opposite direction in 
space because the voltage is applied to the opposite end of 
the element. The current in element 3 is therefore 180° out 
of phase with the currents in elements 1 and 2. 

The phasing of driven elements depends on the 
direction of the element, the phase of the applied voltage, 
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Fig 7— This drawing Illustrates the phase of currents in 
antenna elements, represented by the arrows. The 
Currents in elements 1 and 2 are in phase, while that in 
element 3 is 180° out of phase with 1 and 


‘and the point atwrhich the voltageis applied. In many systems. 
used by amateurs, the voltages applied to the elements are 
exactly in or exactly out of phase with each other. Also, the 
‘axes ofthe elements are nearly always in the same direction, 
since parallel or collinear elements are invariably used. The 
currents in driven elements in such systems therefore are 
usually either exactly in or exactly out of phase with the 
currents in other elements 

itis possible to use phase differences of less than 180° 
in driven arrays. One important case is where the current in 
one set of elements differs by 90° from the current in another 
set. However, making provision for proper phasing in such 
systems Is considerably more complex than in the case of 
simple 0° or 180° phasing, as described in a later section of 
this chapter. 

In parasitic arrays the phase of the currents in the 
parasitic elements depends on the spacing and tuning, as. 
described later 


Ground Effects 

The effect of the ground is the same with a directive 
antenna as itis with a simple dipole antenna. The reflection 
factors discussed in Chapter 3 may therefore be applied to 
the vertical pattern of an array, subject to the same 
‘modifications mentioned in that chapter. In cases where the. 
array elements are not all at the same height, the reflection 
factor for the mean height of the array may be used for a 
close approximation. The mean height is the average of the 
heights measured from the ground to the centers of the lowest 
and highest elements 


MUTUAL IMPEDANCE 
Consider two 142 elements that are fairly close to each 
other. Assume that power is applied to only one element, 
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causing currento flow. This creates an electromagnetic field, 
which induces a voltage in the second element and causes 
current to Пои in itas well The current flowing in element 2 
will in tur induce a voltage n element 1, causing additional 
current to Пон there. The total current in 1 is then the sum 
(taking phase into account of the original current and the 
induced current. 

With element 2 present, the amplitude and phase of 
the resulting current in element 1 will be different than if 
element 2 were not there. This indicates that the presence of 
the second element has changed the impedance of the first. 
Thiseffectiscaled mutual coupling. Mutual coupling results 
ina mutual impedance between the wo elements. Themutual 
impedance has both resistive and reactive components. The 
actual impedance of an antenna element is the sum of its 
self-impedance (the impedance with no other antennas 
present) and its mutual impedances with all other antennas 
in the vicinity 

“The magnitude and nature of the feed-point impedance. 
of the first antenna depends on the amplitude of the current 
induced in it by the second, and on the phase relationship 
between the original and induced currents. The amplitude 
and phase of the induced current depend on the spacing 
between the antennas and whether or notthe second antenna 
is tuned to resonance. 

Inthe discussion ofthe several preceding paragraphs, 
power is applied to only one of the two elements. Do nat 
interpret this to mean that mutual coupling exists only in 
parasitic arrays! It is important to remember that mutual 
coupling exists between any мо conductors that are located 
near one another. 


Amplitude of Induced Current 

The induced current will be largest when the two 
antennas are close together and are parallel, Under these 
conditions the voltage induced in the second antenna by the 
first, and in thefirst by the second, has Ив greatest value and 
causes the largest current flow. The coupling decreases as 
the parallel antennas are moved farther apart. 

The coupling between collinear antennas is 
comparatively small, and so the mutual impedance between. 
such antennasis likewisesmall.Itis not negligible, however 


Phase Relationships 

When the separation between two antennas is an 
appreciable fraction of a wavelength, a measurable period 
of time elapses before the field from antenna 1 reaches 
antenna 2. There is a similar time lapse before the field set 
up by the current in number 2 gets back to induce a current 
in number 1. Hence the current induced in antenna 1 by 
antenna 2 will have a phase relationship with the original 
currentin antenna 1 that depends on the spacing between the 
two antennas. 

The induced current can range all the way from being 
completely in phase with the original current to being 
completely out of phase with it. If the currents are in phase, 


the total current is larger than the original current, and the 
antenna feed-polntimpedanceis reduced. I the currents are 
out of phase, the total current is smaller and the impedance 
is increased. At intermediate phase relationships the 
impedance will be lowered or raised depending on whether 
the induced current is mostly in or mostly out of phase with 
the original current. 

Exceptin the special cases when the induced current is 
exactly in or out of phase with the original current, the 
induced current causes the phase of the total current to shift 
with respect to the applied voltage. Consequently, the 
presence of a second antenna nearby may cause the 
impedance of an antenna to be reactive that, the antenna 
will be detuned from resonance- even though its self 
Impedance is entirely resistive. The amount of detuning 
depends on the magnitude and phase ofthe induced current. 


Tuning Conditions 

A third factor that affects the impedance of antenna 1 
when antenna 2 is present is the tuning of number 2. If 
antenna 2 is not exactly resonant, the current that flows in it 
asa result of the induced voltage will either lead or lag the 
phase it would haveif theantenna were resonant. This causes 
an additional phase advance or delay that affects the phase 
of the current induced back in antenna 1. Such a phase lag 
has an effect similar to a change in the spacing between 
self-resonant antennas. However, a change in tuning is not 
exactly equivalent to a change in spacing because the two 
methods do not have the same effect on the amplitude of the 
induced current. 


MUTUAL IMPEDANCE AND GAIN 

The mutual coupling between antennas is important 
because it can have a significant effect on the amount of 
currentthat wil flow for a given amount of power supplied. 
And itis the amount of current flowing that determines the 
field strength from the antenna, Other things being equal, if 
the mutual coupling between two antennas is such thatthe 
currents are greater for the same total power than would be 
the case if the two antennas were not coupled, the power 
gain will be greater than that shown in Table 1. On the other 
hand, if the mutual coupling is such as to reduce the current, 
the gain will be less than if the antennas were not coupled. 
The term mutual coupling, as used in this paragraph, assumes 
that the mutual impedance between elements is taken into 
account, along with the added effects of propagation delay 
because of element spacing, and element tuning or phasing, 

Thecalculation of mutual impedance between antennas. 
is a complex problem. Data for two simple but important 
Cases are graphed in Figs and 9, These graphs do not shaw 
the mutual impedance, but instead show a more 
useful quantity— the feed-point resistance measured at the 
center of an antenna as itis affected by the spacing between 
two antennas. 

As shown by the solid curve in Fig 8, the feed-point 
resistance at the center of either antenna, when the two are 


self-resonant, parallel, and operated in phase, decreases as 
the spacing between them is increased until the spacing is 
about 0.7 à. This is a broadside array. The maximum gain is 
achieved from a pair of such elements when the spacing 
is in this region, because the current is larger for the same 
power and thefields from thetwo arrive in phaseata distant 
point placed on a line perpendicular to the line joining the 
two antennas. 

‘The dashed line in Fig 8, representing two antennas 
‘operated 180° out of phase (end-fir), cannot be interpreted 
quite so simply. The Feed-point resistance decreases with 
spacing decreasing less than about 0.6 2 in this case, 
However, for the range of spacings considered, only when 
the spacing is 0.5 à do the fields from the two antennas add 
up exactly in phase ata distant pointin the favored direction. 
At smaller spacings the fields become increasingly out of 
phase, so the total fied is less than the simple sum of the 
two. Smaller spacings thus decrease the gain at the same 
time thatthe reduction in feed point resistance is increasing 
it. For a lossless antenna, the gain goes through a maximum. 
When the spacing is in the region of J A. 

The feed-point resistance curve for two collinear 
elements in phase, Fig 9, shows that the feed-point resistance 
decreases and goes through a broad minimum in the region 
of 0.4 to 0.6-2 spacing between the adjacent ends of the 
antennas. As the minimum is not significantly less than the 
feed-point resistance of an isolated antenna, the gain will 
not exceed the gain calculated on the basis of uncoupled 
antennas. That is, the best that two collinear elements will 
give, even with optimum spacing, is a power gain of about. 
2 (3 dB). When the separation between the ends is very 
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опе element as a function of the spacing between the 
ends of two collinear self-resonant +- antenna 
‘elements operated in phase. 


Small- the usual method of operation the gain is reduced, 


GAIN AND ARRAY DIMENSIONS 
‘The gain of an array is principally determined by the 
dimensions of the array as long as there are a minimum 
number of elements. A good example of this is the 
relationship between boom length, gain and number of 
elements for an array such as a Yagi, Fig 10 compares the 
gain versus boom length for Yagis with different numbers 
of elements, Notice that, for given number of elements, the 
gain increases as the boom length increases, up to a 
maximum. Beyond this point, longer boom lengths result in 
less gain for a given number of elements. This observation 
does not mean that it is always desirable to use only the 
minimum number of elements. Other considerations of array 
performance, such as front-to-back ratio, minor lobe 
amplitudes or operating bandwidth, may make it 
advantageous to use more than the minimum number of 
elements for a given array length. A specific example of this 
is presented in a later section in a comparison between а 
half-square, a bobtail curtain and a Bruce array. 

In a broadside array the gain is function of both the 
length and width of the array. The gain can be increased by 
adding more elements (with additional spacing) or by using 
longer elements (>2/2), although the use of longer elements. 
requires proper attention to current phase in the elements, 
In general, in a broadside array the element spacing that 
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Fig 10— Yagi gain for 3, 4, 5, 6 and 7-element beams as 
a function of boom length. (From Yagi Antenna Design, 
J. Lawson, W2PV.) 


gives maximum gain for a minimum number of elements, is 
in the range of 0.5 to 0.7 A. Broadside arrays with elements 
spaced for maximum gain will frequently have significant 
side lobes and associated narrowing of the main lobe 
beamwidth, Side lobes can be reduced by using тоге than 
the minimum number of elements, spaced closer than the 
‘maximum gain distance. 

Additional gain can be obtained by expanding the array 
into a third dimension. An example of this is the stacking of 
'endfire arrays in a broadside configuration. In the case of 
stacked short endfire arrays, maximum gain occurs with 
spacings in the region of 0.5 to 0.7 A. However, for longer 
higher-gain end-fire arrays, larger spacing is required to 
achieve maximum gain, This is important in V HF and UHF 
arrays, which often use long-boom Y agis. 


PARASITIC ARRAYS 

‘The foregoing applies to multi-element arrays of both 
types, driven and parasitic. However, there are special 
considerations for driven arrays that do not necessarily apply 
to parasitic arrays, and vice versa. Such considerations for 
Yagi and quad parasitic arrays are presented in Chapters 11 
and 12, The remainder of this chapter is devoted to driven 
arrays, 


Driven Arrays 


Driven arrays in general are either broadside or end- 
fire, and may consist of collinear elements, parallel elements, 
ога combination of both. From a practical standpoint, the 
‘maximum number of usable elements depends on the 
frequency and the space available for the antenna. Fairly 
elaborate arrays, using as many as 16 or even 32 elements, 
сап be installed in а rather small space when the operating 
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frequency is in the VHF range, and more at UHF. At lower 
frequencies the construction of antennas with a large number. 
of elements is impractical for most amateurs. 

Of course the simplest of driven arrays is one with just 
two elements. If the elements аге collinear, they are always 
fed in phase. The effects of mutual coupling are not great, 
as illustrated in Fig 9. Therefore, feeding power to each 


element in the presence of the other presents no significant 
problems. This may not be the case when the elements are 
parallel to each other. However, because the combination of 
spacing and phasing arrangements for parallel elements is 
infinite, the number of possible radiation patterns is endless. 
This is illustrated in Fig 11. When the elements are fed in 
phase, a broadside pattern always results. At spacings of less 
than J. 2 with the elements fed 180° out of phase, an end 
fire pattern always results. With intermediate amounts of 
phase difference, the results cannot be so simply stated, 
Patterns evolve that are not symmetrical їп all four quadrants. 
Because of the effects of mutual coupling between the. 
two driven elements, fora given power input greater or lesser 
currents will flow in each element with changes in spacing 
and phasing, as described earlier. This, in шт, affects the 
gain of the array in a way that cannot be shown merely by 
plotting the shapes of the patterns, as has been done in Fig 
11. Therefore, supplemental gain information is also shown 
in Fig 11, adjacent to the pattern plot for each combination of 
spacing and phasing, The gain figures shown are referenced 
to a single element. For example, a pair of elements fed 90° 
apart at a spacing оГ, will havea gain in the direction of 
maximum radiation of 3.1 dg over a single element. 


Current Distribution in Phased Arrays 

Inthe plots of Fig 11, the two elements are assumed to 
be identical and sef-resonant In addition, currents of equal 
amplitude are assumed to be flowing at the feed point of 
each element, a condition that most often will not exist in 
practice without devoting special consideration to the feeder 
system, Such considerations are discussed in the next section 
of tis chapter 

M ost literature or radio amateurs concerning phased 
arrays is based on the assumption that if all elements in the 
array are identical, the current distribution in all the elements 
will be identical. This distribution is presumed to be that of 
а single, isolated element, ог nearly sinusoidal. However, 
information published in the professional literature as early 
as the 1940s indicates the existence of dissimilar current 
distributions among the elements of phased arrays. (See 
Harrison and K ing referencesin the Bibliography.) Lewallen, 
in July 1990 QST, points out the causes and effects of 
dissimilar current distributions. 

In essence, even though the two elements in a phased 
array may be identical and have exactly equal currents of 
the desired phase flowing at the feed point, the amplitude. 


and phase relationships degenerate with departure from the 
feed point. This happens any time the phase relationship is 
not 0 oF 180°, Thus, the field strengths produced ata distant 
point by theindividual elements may differ. This is because 
thefield from each elementis determined by the distribution 
of the current, aswell as its magnitude and phase. The effects 
are minimal with shortened elements— verticals less than 
“ho dipoles less than J A long. The effects on radiation 
patterns begin to show at the above resonant lengths, and 
become profound with longer elements— 32 à or longer 
verticals and 1A or longer center fed elements, These effects 
are less pronounced with thin elements. The amplitude and 
phase degeneration takes place because the currents in the 
array elements are not sinusoidal. Even in two-clement arrays 
with phasing of 0° or 180°, the currents are not sinusoidal, 
butin these two special cases they do remain identical 

The pattern plots of Fig 11 take element current 
distributions into account The visible results of dissimilar 
distributions ae incomplete nulls in some patterns, and the 
development of very small minor lobes in others. For 
example, the pattern for a phased array with 90° spacing 
and 90° phasing has traditionally been published in amateur 
literature as a cardioid with perfect ul in the rear direction. 
Fig 11, calculated for 7.15-M Hz self-resonant dipoles of #12 
wire in free space, shows a minor lobe at the rear and only а 
33-48 front-to-back ratio. 

Its characteristic of broadside arrays that the power 
gain is proportional to the length of the array but is 
substantially independent of the number of elements used, 
provided the optimum element spacing isnot exceeded. This 
means, for example, that a five-element атау and a six- 
element array will havethe same gain, provided the elements 
in both are spaced so the overall array length is the same, 
Although this principle is seldom used for the purpose of 
reducing the number of elements because of complications 
introduced in feeding power to each element in the proper 
phase, it does illustrate the fact that there is nothing to be 
gained, in terms of more gain, by increasing the number of 
dementsif the space occupied by theantenaisnotincreased 
proportionally 

Generally speaking, the maximum gin in the smallest 
linear dimensions will result when the antenna combines both 
broadside and end-fire directivity and uses both parallel and 
collinear elements In this way the antena is spread over a 
greater volume of space, which has the same effect as extending 
its length to a much greater extent in one linear direction. 
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angles other than o. The two elements are assumed 
to be thin and self-resonant, with equal-amplitude 
currents flowing at the feed point. See xt Я 
Current distributions. The gain fi with 
ach pattern inuicates Wat ote array over a single 
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lots represent the horizontal or azimuth the other (Patterns computed with ELNEC- see 
Bibliography.) 


Siemens when viewed on ond, wth one element above 
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Phased Array Technigues 


Phased antenna arrays have become increasingly 
popular far amateur use, particularly on the lower frequency 
bands, where they provide one ofthe few practical methods 
of obtaining substantial gain and directivity. This section on 
phased array techniques was written by Roy W. Lewallen, 
TEL, The operation and limitations of phased arrays, how 
to design feed systems to make them work properly, and 
how to make necessary tests and adjustments are discussed 
in the pages that follow. The examples deal primarily with 
vertical HF arrays, but the principles apply to horizontal and 
VHF/UHF arrays as well 

‘The performance of a phased array is determined by 
several factors. Most significant among these are the 
characteristics of a single element, reinforcement or 
cancellation ofthe fields from the elements, and the effects 
of mutual coupling. To understand the operation of phased 
arrays, itis first necessary to understand the operation of а 
single antenna element 


Fundamentals of Phased Arrays 

OF primary importance is the strength of the field 
produced by the element. The field radiated from a linear 
(straight) element, such as a dipole or vertical monopole, is 
proportional to the sum of the elementary currents flowing 
in each part of the antenna element. For this discussion itis 
important to understand what determines the current in а 
single element, 

Theamountof current flowing atthe base of a resonant 
ground mounted vertical or ground-plane antenna is given 
by the familiar formula. 

т 

N 

where 
P is the power supplied tothe antenna 
R is the feed-point resistance. 


R consists of two parts, the loss resistance and the ra 
diation resistance. The loss resistance, Ry, includes losses. 
in the conductor, in the matching and loading components, 
and dominantly (in the case of ground-mounted verticals), 
in ground losses. T he power dissipated in the radiation re- 
sistance, Ry, Is the power that is radiated, so maximizing 
the power dissipated by the radiation resistance is desirable 
However, the power dissipated in the loss resistance truly is 
lost (as heat), so resistive losses should be made as small as 
possible 

‘The radiation resistance of an element may be derived 
from electromagnetic field theory, being a function of 
antenna length, diameter, and geometry. Graphs of radiation 
resistance versus antenna length are given in Chapter 2. The 
radiation resistance of а thin е. ground-mounted vertical 
is about 36 £2. A 1-2. dipole in free space has a radiation 
resistance of about 73 Q. Reducing the antenna lengths by 


(E92) 
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one half drops the radiation resistances to approximately 7 
and 14.0, respectively. 


Radiation Efficiency 
To generate a stronger field from a given radiator, itis 
necessary ether to increase the power P (the brute-force 
solution), or to decrease the loss resistance R (by putting 
in а more elaborate ground system for a vertical, for in- 
stance), orto somehow decrease the radiation resistance Ry 
о more current will flow with a given power input. This 
can be seen by expanding the formula for base current as 
— 
тл 


(E03) 


Splitting the feed-pointresistanceinto components Ry, 
and R, easly leads to an understanding of element efficiency. 
The efficiency of an element isthe proportion of the total 
power that is actually radiated, The roles of Ry and В, in 
determining efficiency can be seen by analyzing a simple 
equivalent circuit, shown in Fig 12. 

The power dissipatedin Ry (the radiated power) equals 
RS, The total power supplied to the antenna system is 
P =I? (Ra +) (E04) 
so the efficiency (the fraction of supplied power that is 
actually radiated) is 

PR. Ry 
VER Rat RL 


eff 


(E95) 


Efficiency is frequently expressed in percent, but 
expressing it in decibels relativeto a 100%-efficientradiator 
gives a better idea of what to expect in the way of signal 
strength. The field strength of an elementrelativeto a lossless 
but otherwise identical element, in dB, is 


© а= 


"m 


Fig 12- Simplified equivalent circuit for a singl 
element resonant antenna. Ra represents the radiation 
resistance, and R, the ohmic losses In the total 
antenna system. 


R 
н 


where FSG fiel strength gain, dB. 

For example information presented by Sevick inM arch 
1973 QST shows that а 5-3. ground-mounted vertical 
antenna with four 0.2. radials has a feed olnt resistance 
of about 65 (see the Bibliography at the end of this 
chapter) The eficiency of sucha system is 36/65 = 55.4%, 
It is rather disheartening to think that, of 100 W fed to the 
antenna, only 55 W are being radiated, with the remainder 
literally warming up the ground. Yet the signal will be only 
10109 (36/65) =-2.57 dB relative to the same vertical with 
aperfectoround system. In view of this information, trading 
asmal reduction in signal strength for lower costand greater 
simplicity may become an attractive consideration. 

So far, only the currentat the base of a resonant antenna 
has been discussed, but the field is proportional to the sum 
of currents in each tiny part of the antenna. The field is a 
function of not only the magnitude of current flowing at the 
base, but also the distribution of current along the radiator 
and the length of the radiator. H owever, nothing can be done 
atthe base of the antenna to change the current distribution, 
so for a given element, the field strength is proportional to 
the base current (or center current, in the case of a dipole). 
However, changing the radiator length or loading itat some 
point other than the feed point will change the current 
distribution. More information on shortened or loaded 
radiators may be found in Chapters 2 and 6, and in the 
Bibliography references of this chapter. A few other 
important facts follow 
1) If there is no loss, the feld from even an infinitesimally 
short radiator is less than Ys В weaker than the field 
from half-wave dipole or quarter-wave vertical. Without 
loss, al the supplied power is radiated regardless of the 
antenna length, so the only factor influencing gain is the 
Sight difference in the patterns of very short and 1-3. 
antennas. The small pattern difference arises from 
diferent current distributions. A short antenna has very 
low radiation resistance, resulting in a heavy current flow 
overitsshortlengt In the absence of las, this generates 
a field strength comparable to that of a longer antenna. 
Where loss is present- that is, in practical antennas 
shorter radiators usually don't do so well, since the low 
radiation resistance leads to lower efficiency for a given 
loss resistance. If careis taken, short antennas can achieve 
ооой efficiency. 

The feed-point resistance of folded antennas isn't the 
radiation resistance as the term is used here. The act of 
folding an antenna only transforms the input Impedance 
to higher value, providing an easier match in some cases. 
The higher feed-point impedance doesn't help the 
efficiency, since the resulting smaller currents flow 
through mare conductors, for thesamenetloss Ina folded 
vertical, the same total current ends up flowing through 
the ground system, again resulting in the same loss. 

3) The current flowing in an element with a given power 


FSG 


(Eq 6) 


2 


inputcan be increased, or decreased, by mutual coupling 
to other elements. The effect is equivalent to changing 
the element radiation resistance. Mutual coupling is 
Sometimes regarded as a minor effect, but most often it 
is not minor! 


Field Reinforcement and Cancellation 

Consider two elements that each produce a field 
strength of, say, exactly 1 millivolt per meter (mV [m at 
Some distance many wavelengths from the array. In the 
direction in which the fields are in phase, a total field of 
2 mV/m results; in the direction in which they are out of 
phase, azero field results, The ratio of maximum to minimum 
field strength of this array is 2/0, or infinite. 

Now suppose, instead, that one field is 10% high and 
the other 10% low 1.1 and 0.9 mV /m, respectively, In the 
forward direction, the fied strength is still 2 mV Im, but in 
thecanceling direction, the field will be0.2 mV /m. The front 
to-back ratio has dropped from infinite to 2/0.2, or 20 dB. 
(Actually, slightly more power is required to redistribute the 
field strengths this way, so the forward gain is reduced— 
but only by a small amount, less than 0.1 dB.) For most 
arrays, unequal fields from the elements have a minor effect 
on forward gain, but a major effect on pattern nulls. 

Even with perfect current balance, deep nulls aren't 
assured, Fig 13 shows the minimum spacing required for 
total field reinforcement or cancellation. If the element 
spacing isn't adequate, there may not be any direction in 
which the fields are completely out of phase (see curve B of 
Fig 13). Slight physical and environmental differences 
between elements will invariably affect null depths, and null 
depths will vary with elevation angle. However, a properly 
designed and fed array can, in practice, produce very 
impressive nulls. The key to achieving good performance is 
being able to control the fields from the elements, This, in 
turn, requires knowing how to control the currents in the 
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Fig 13— Minimum element spacing required for total 
field reinforcement, curve A, or total field cancellation, 
curve B. Total cancellation results in pattem nulls in. 
опе or more directions. Total reinforcement does not 
necessarily mean there is gain over a single 

as the effects of loss and mutual coupling mi 
Considered. 


ment, 
o be 
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elements, since the fields are proportional to the currents 
Most phased arrays require the element currents to be equal 
in magnitude and diferent in phase by some specific amount. 
Just how this can be accomplished is explained in a 
subsequent section 


MUTUAL COUPLING 

Mutual coupling refers to the effects which the elements 
in an атау have an each other. Mutual coupling can occur 
intentionally or entirely unintentionally. For example, 
Lewallen has observed effects such as a quad coupling to an 
inverted. dipole to form a single, very strange, antenna 
system, The current in the "parasitic element" (nondriven 
antenna) was caused entirely by mutual coupling, just as in 
the familar Yagi antenna. The effects of mutual coupling are 
present regardless of whether or not the elements are driven. 

Suppose that two driven elements are very far from 
each other. Each has some voltage and current at its feed 
point. For each element, the ratio of this voltage to current 
is the element sel-impedance. If the elements are brought 
close to each other, the current in each element will change 
in amplitude and phase because of coupling with the field 
from the other element Significant mutual coupling occurs 
at spacings as great as a wavelength or more. The fields 
change the currents, which change the fields. There is an 
equilibrium condition where the currents in all elements 

(hence, their fields) are totally interdependent The feed 

point impedances of all elements also аге changed from their 

values when far apart, and all are dependent on each other. 

Ina driven array, the changes in feed-point impedances cen 

cause additional changes in element currents, because the 

operation of many feed systems depends onthe element feed 
point impedances. 

Connecting the elements o a feed system to form a 
driven array does not eliminate the effects of mutual 
coupling In fact, in many driven arrays the mutual coupling 
has a greater effect on antenna operation than the feed system 
does. All feed-system designs must account for the 
impedance changes caused by mutual coupling if the desired 
current balance and phasing are to be achieved. 

Several general statements can be made regarding 
phased-aray systems. Mutual coupling accounts for these 
characteristics 
1)Theresistances and reactances of all elements of an array 

generally will change substantially from the values of an 
isolated element. 

2) If the elements of a two-element array are identical and 
have equal currents, which are in phase or 180° out of 
phase, the feed-point impedances of he two elements will 
be equal. But they will be different than for an isolated 
element If the two elements are part of a larger array, 
thelr impedances can be very different from each other, 

3) Ifthe elements of a two-element array have currents that 
are neither in phase (0°) nor out of phase (1807, their 
feed-point impedances will not be equal. The difference 
will be substantial in typical amateur arrays. 
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4) The feed-point resistances of the elements in a closely 
spaced, 180° out-of-phase array will be very low, resulting 
in poor efficiency unless care is taken to minimize loss. 
This is also true for any other closely spaced array with 
significant predicted gain. 


Gain 
Gain is strictly a relative measure, so the term is 
completely meaningless unless accompanied by a statement 
of just what it is relative to. One useful measure for phased 
array gain is gain relative to a single similar element, This 
is the increase in signal strength that would be obtained by 
replacing a single element by an array made from elements 
just like it. All gain figures in this section are relative to a 
single similar element unless otherwise noted. In some 
instances, such as investigating what happens to array 
performance when all elements become mare lossy, gain 
refers to a more absolute, although unattainable standard; a 
lossless element. Uses of this standard are explicitly noted. 
Why does a phased array have gain? One way to view 
itisin terms of directivity. Since a given amount of radiated 
power, whether radiated from one or a dozen elements, must 
be radiated somewhere, field strength must be increased in 
Some directions if it is reduced in others, There is no 
guarantee that the fields from the elements of an arbitrary 
array will completely reinforce or cancel in any direction; 
element spacing must be adequate for either to happen (see 
Fig 13). If the fields reinforce or cancel to only a single 
extent, causing a pattern similar to that of a single element, 
the gain will also be similar to that of a single element, 

То get а feel for how much gain a phased array can 
deliver, consider what would happen if there иеге по change 
in element feed-point resistance from mutual coupling. This 
actually does occur at some spacings and phasings, but 
not in commonly used systems. It is a useful example, 
nevertheless. 

In the fictitious array the elements are identical and 
there are no resistance changes from mutual coupling. The 
feed-point resistance, Re, equals Ry +R, the sum of radia 
tion and loss resistances. If power P is put into a single ele- 
ment, the feed-point current is 


үк; (E07) 


Ata given distance, the field strength is proportional 
to the current, so the field strength is 


(648) 


where k is the constant relating the element current to the 
field strength at the chosen distance. 

If, instead, the power is equally split between two 
elements, 


UH 


үк, 


ler (E99) 


From this, 


(Eq 10) 


If the elements are spaced far enough apart to allow 
full field reinforcement, the total field in the favored direcion 
will be 


PE E 
= C 2k 
Bet 2% . tam 
This represents a field strength gain of 
FSG = 20100 4/2 =3dB (Eq 12) 


where FSG = field strength gain, dB. 

The power gain in В equals the field strength gain in 
dB The above argument leading to Eq 11 can be extended 
to show thatthe gain in dB for an array of n elements without 
resistance changes from mutual coupling and with sufficient 
spacing and geometry for total field reinforcement, is 
FSG = 20 log үп =10 log n (Eq 13) 

That is, a five-element array satisfying these 
assumptions would have a power gain of 5 times, ог about 
тав. Remember, the assumption was made that equal power 
is fed to each element. With equal element resistances and 
по resistance changes from mutual coupling, equal currents 
are therefore made to flow in all elements. 

Thegainof an array can be increased ог decreased from 
1010 n decibels by mutual coupling, but any loss will move 
the gain back toward 10 log n. This is because resistance 
changes from mutual coupling get increasingly swamped 
by the loss as the loss increases. Arrays designed to have 
substantially more gain than 10 og n decibels require heavy 
element currents. As designed gain increases, the required 
currents increase dramatically, resulting in power losses that 
partially or totally negate the expected gain. The net result 
isa practical limit of about 10 log n for the gain in dB of an 
element array, and this gain can be achieved only if extreme 
attention is paid to keeping losses very small. The majority 
of practical arrays, particularly arrays of ground-mounted 
verticals, have gains closer to 10 log n decibels. 

The foregoing comments indicate that many of the 
claims about the gain of various arrays are exaggerated, if 
not ridiculous. Butan honest 3 dB or so of gain from a two 
element array can really be appreciated if an equally honest 
3 dB has been attempted by other means. Equations for 
calculating атау gain and examples of their use are given in 
a later section of this chapter. 


FEEDING PHASED ARRAYS 

‘The previous section explains why the currents in the 
elements must be very close to the ratios required by the array 
design. This section explains how to feed phased arrays to 
producethedesired current ratio and phasing, Since the desired 
current ratio is 1:1 for virtually all bwo-element and for most 


larger amateur arrays, special attention is paid to methods of 
assuring equal element currents, Other current ratios are lso 
examined. 


Phasing Errors 

For an array to produce the desired pattern, the element 
currents must have the required magnitude and the required 
phase relationship. On the surface, this sounds easy; just make 
sure that we difference in electrical lengths of the feed lines 
totheelements equals ће desired phase angle. Unfortunately, 
this approach doesn’t necessarily achieve the desired result. 
‘The frst problem is thatthe phase shift through theine is not 
equal to its electrical length. The current (or, for that matter, 
voltage) delay in a transmission line is equal to its electrical 
length in only a few special cases- cases which do not exist. 
in most amateur arrays! The impedance of an element in an 
атау is frequently very different from the impedance of an 
isolated element, and the impedances of all the elements in 
an array can be different from each other. 

Consequently, the elements seldom provide a matched 
load for the element feed lines. The effect of mismatch on 
phase shift can be seen in Fig 14. Observe what happens to 
the phase of the current and voltage on a line terminated by 
a purely resistive impedance which is lower than the 
characteristic impedance of the line (Fig 144). Ata point 
45° from the load, the current has advanced less than 45°, 


Fig 14— Resultant voltages and currents along a 
mismatched line. ALA, R less than Zo and at B, 
R greater than Zo: 
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and the voltage more than 45°. AL 90° from the load, both 

are advanced 90°. At 135°, the current has advanced more 

and the voltage less than 135°. This apparent slowing down 

and speeding up of the current and voltage waves is caused 

by interference between the forward and reflected waves. It 

‘occurs on any line not terminated with a pure resistance equal 

to its characteristic impedance, If the load resistance is 

greater than the characteristic impedance of the line, as 

shown in Fig 148, the voltage and current exchange angles, 

Adding reactance to the load causes additional phase shift 

The only cases in which the current (or voltage) delay is 

equal to the electrical length of the line are 

1) When the line is fiat, thatis, terminated in a purely resistive 
load equal to its characteristic impedance; 

2) When the line length is an integral number of half 
wavelengths; 

3) When the line length is an odd number of quarter 
wavelengths and the load is purely resistive; and 

4) When other specific lengths are used for specific load 
impedances, 

Just how much phase error can be expected if two lines 
are simply hooked up to form an array? There is no simple 
answer. Some casually designed feed systems might deliver 
satisfactory results, but most will not. Later examples show 
just what the consequences of casual feeding can be. 

The effect of phasing errors is to alter the basic shape 
of the radiation pattern. Nulls may be reduced in depth, and 
additional lobes added. Actual patterns can be calculated by 
using Eq 15 in a later section of this chapter, The effects of 
phasing errors on the shape of а 90° fed, 90° spaced array 
pattern are shown їп Fig 15. 

A second problem with simply connecting feed lines 
of different lengths to the elements is that the lines will 
change the magnitudes of the currents. The magnitude of 


the current (or voltage) out of a line does not equal the 
magnitude in, except in cases 1, 2 and 4 above. The feed 
systems presented here assure currents which are correct in 
both magnitude and phase. 


The Wilkinson Divider 

‘The Wilkinson divider, sometimes called the Wilkinson 
power divider, has been promoted in recent years as a means 
to distribute power among the elements of a phased array. It 
is therefore worthwhileto investigate just whatthe Wilkinson 
divider does. 

‘The Wilkinson divider is shown in Fig 16. Itis a very 
useful device for splitting power among several loads, ог, 
reverse, combining the outputs from several generators. If 
all loads are equal to the design value (usually 50 ©), the. 
power from the source is split equally among them, and no 
power is dissipated in the resistors. If the impedance of one 
of the loads should change, however, the power which was 
being delivered to that load becomes shared between it and 
the resistors. The power to the other loads is unchanged, so 
they are not affected by the errant load. 

The network is also commonly used to combine the 
outputs of several transmitters to obtain a higher power than 
a single transmitter can deliver. The great value of the 
network becomes evident by observing what happens If one 
transmitter fails, The other transmitters continue working 
normally, delivering their full power to the load. The 
Wilkinson network prevents them, or the load, from seeing 
the failed transmitter, except as а reduction of total output 
power. Most other combining techniques would result in 
Incorrect operation or failure of the remaining transmitters. 

"The Wilkinson divider is a port-to-port isolation device. 
Itdoesnot assure equal powers or currents in all ads When 
connected to a phased array, it might make the system more 


Fig 35 The change in patem of a 90- spaced array caused 
similar current distributions assumed). At A, ге: 


"ina! changes in gain aswell n pater shapes with phase angi 


element; add 3.4 dB to the s 


йе values shown for each plot. 
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by deviations from 90° phasing (equal currents and 
spective phase angles a 
NC 


Fig 16— The Wilkinson divider. Three output ports are 
shown here, but the number may be reduced to two or 


loads. The Z of the Ve sections is equal to the load 

Impedance times the square root of the number of loads. 

RI, R2, R3— Noninductive resistors having a value 
‘equal to the impedance of the loads. 


broadband by an amount directly related to the amount of 
power being last in the resistors! A mateurs feeding a four 

square array (reference Atchley, Steinhelfer and White— 
see Bibliography) with this network have reported one or 
more resistors getting very warm, indicating lost power bet 
Would be used to advantage if radiated, 

Incidentally, if the divider is to be used for its intended 
purpose, the source impedance must be correct for proper 
operation. Hayward and DeM aw have pointed out that 
amateur transmitters do not necessarily havea well-defined 
output impedance (see Bibliography). 

In summary, if the Wilkinson divider is used for feeding 
а phased array, (1) it will not assure equal element powers 
(which are not wanted anyway). (2) It will not assure equal 
element currents (which are wanted). (3) It will waste power. 
‘The Wilkinson divider is an extremely useful device, But it 
is not what is needed for feeding phased antenna arrays. 


The Broadcast Approach 

Networks can be designed to transform the element 
base impedances to, say, 50 © resistive. Then another 
network can be inserted at the junction of the feed lines to 
properly divide the power among the elements (not 
necessarily equally!).A nd finally, additional networks must. 
bebulltto correct for the phase shifts of the other networks, 
This general approach is used by the broadcast industry. 
Although this technique can be used to feed any type of 
array, design is difficult and adjustment is tedious, as all 
adjustments interact W hen the relative currents and phasings 
are adjusted, the feed-point impedances change, which in 
tum affect the element currents and phasings, and so on. A 
further disadvantage of using this method is that switching. 
the array direction is generally impossible. Information оп 
applying this technique to amateur arrays may be found in 
Paul Lee's book. 


А PREFERRED FEED METHOD 

The feed method introduced here has been used in its 
simplest form to feed television receiving antennas and other 
arrays, as presented by Jasik, pages 2-12 and 24-10 
However, this feed method has nat been widely applied to 
amateur arrays. 

The method takes advantage of an interesting property 
of Ye transmission lines. (All referencesto lengths of lines 
are electrical length, and lines are assumed to have negligible 
loss.) See Fig 17. The magnitude of the current out of a 
o. transmission line is equal to the input voltage divided 
by the characteristic impedance of the line, independent of 
the load impedance. In addition, the phase of the output 
current lags the phase of the input voltage by 90°, also 
independent of the load impedance. This property can be 
used to advantage in feeding arrays with certain phasings 
between elements, 

If any number of loads are connected to а common 
driving point through 1 lines of equal impedance, the 
currents in he loads will be forced to be equal and in phase, 
regardless of the load impedances. So any number of in- 
phase elements can be correctly fed using this method. Arrays 
Which require unequal currents сап be fed through lines of 
unequal impedance to achieve other current ratios. 

The properties of 7-2 lines also are useful. Since the 
current out of a Y line equals the input current shifted 
180°, regardless of the load impedance, any number of half 
wavelengths of line may be added to the basic t, and the 
current and phase “forcing” property will be preserved, For 
example, if one element is fed through а l. line, and 
another element is fed from the same point through a 7. 
line of the same characteristic impedance, the currents in 
the two elements will be forced to be equal in magnitude. 
and 180" out of phase, regardless of the feed-point 
impedances of the elements 

If an array of two identical elements is fed in phase or 
180° out of phase, both elements have the same feed-point 
impedance. With these arrays, feeding the elements through 
equal lengths of feed line (in phase) or lengths differing by 
180° (out of phase) will lead to the correct current and phase 


Fig 17—A useful property of ч. transmission lines; 
see text. This property is utilized In the "current 
forcing" method of feeding an array of coupled 
elements, 
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match, regardless of whatthe line length is. Unless the lines 
are an integral number of half wavelengths long, the currents 
out of the lines will not be equal to the input currents, and 
the phase will not Бе shifted an amount equal to the electrical 
lengths of the lines. But both lines will produce the same 
transformation and phase shift because their load impedances 
are equal, resulting in a properly fed array. In practice, 
however, feed- point impedances of elements frequently are 
different even in these arrays, because of such things as 
different ground systems (for vertical elements), proximity 
to buildings or other antennas, or different heights above 
ground (for horizontal elements) 

In many larger arrays, tuo or more elements must be 
Ted either in phase or out of phase with equal currents, but. 
Coupling to other elements may cause their impedances to 
change unequally sometimes extremely so. Using the 
currentforcing method allows the feed system designer to 
ignore all these effects while guaranteeing equal and 
correctly phased currents in any combination of 0° and 180° 
fed elements, 


Feeding Elements in Quadrature 

Many popular arrays have elements or groups of 
elements which are fed in quadrature (90° relative phasing). 
A combination of the forcing method and a simple adjustable 
network can produce the correct current balance and element 
phasing, 

Suppose that en lines of the same impedance are 
connected to two elements. The magnitudes of the element. 
currents equal the voltages at the feed-line inputs, divided 
by the characteristic impedance of the lines. The currents 
are both shifted 90° relative to the input voltages. If the two 
input voltages can be made equal in magnitude but 90° 
different in phase, the element currents will also be equal 
and phased at 90°. M any networks will accomplish the. 
desired function, the simplest being the L network. Either a 
high-pass or low-pass network can be used. A high-pass 
network will give a phase lead, and a low-pass network 
causes a phase lag. The low-pass network offers dc 
continuity, which can be beneficial by eliminating static 
buildup. Only low-pass networks are described here 

The harmonic reduction properties of low-pass 
networks should nat be a consideration in choosing the 
network type; antenna system matching components should 
not be depended upon to achieve an acceptable level of 
harmonic radiation. The quadrature feed system is shown in 
Fig 15 

For element currents of equal magnitude and 90° 
relative phase, equalions for designing the network аге 

z? 


Kaa, 


R; (Eq 14) 
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(Eq 15) 


where 
X su =the reactance of the series component. 
=the reactance of the shunt component 
the characteristic impedance of the vA lines 
the feed-point resistance of element 2 
X; =the feed-point reactance of element 2 

R and X may be calculated from Eqs 21 and 22, 
presented late: If X ser or X is positive, that component. 
is an inductor, if negative, а capacitor, In most practical 
arrays, X ser is an inductor, and X yy isa capacitor. 

Unlike thecurrent-forcing methods, the output-to-input 
Voltage transformation and the phase shift of an L network 
do depend on the feed-point impedances af the array elements 
So the impedances of the elements, when coupled to each 
other and while being excited to have the proper currents, 
mustbeknown in order to design a proper L network. M ethods 
for determining theimpedance of one element nthe presence 
of others are presented in later sections, 

Suffice it to say here that the self-Impedances of the 
elements and thelr mutual impedance must be known in order 
to calculate the element feed-point impedances. In practice, 
if simple dipoles or verticals are used, a rough estimation of 
self- and mutual impedances is generally enough to provide 
‘starting point for determining the component values, Then 
the components may be adjusted for the desired array 
performance, 


The Magic Bullet 
Two elements could be fed in quadrature without the. 
necessity to determine self- and mutual impedances if a 
quadrature forcing network could be found. This passive 
network would have any one f the following characteristics, 
but the condition must be independent of the network load 
impedance: 
1) The output voltage is equal in amplitude and 90° delayed 
ог advanced in phase relative to the input voltage. 


Fig 18— Quadrature feed system. Equations in the text 
permit calculation of values for the L network 
Components, X ar and Xy. 


2) The output current is equal in amplitude and 90° delayed 
ог advanced in phase relative to the input current. 

3) The output voltage isin phase or 180° out of phase with 
the input current, and the magnitude of the output voltage 
is related to the magnitude of the input current by a 
constant. 

4) The output currents in phase or 180° out of phase with 
the input voltage, and the magnitude of the output current 
is related to the magnitude of the input voltage by a 
constant. 

Such a network would be the magic bullet to extend 
the forcing method to quadrature feed systems, Lewallen 
has looked long and hard for this magic bullet without 
success. A mong the many unsuccessful candidates is the 90° 
hybrid coupler. Like the Wilkinson divider, the hybrid 
coupler is a useful port-to-port isolation device that does 
‘not accomplish the needed function for this application. The 
feeding of amateur arrays could be greatly simplified by use 
of a suitable network. Any reader who is aware of such а 
network is encouraged to publish itin amateur literature, or 
to contact Lewallen or the editors of this book. 


PATTERN AND GAIN CALCULATION 

The following equations are derived from those 
published by Brown in 1937. Findings from Brown's and 
later works are presented in concise form by Jasik, 
Equivalent equations may be found in other texts, such as 
Antennas by Kraus. (See the Bibliography atthe end of this 
chapter.) The equations in this part will enable the 
mathematically inclined amateur armed with a calculator or 
computer to determine patterns, actual gains, and front-to- 
back or frontto-sideratios of two-elementarrays. Although 
only two-element arrays are presented in detail in this part, 
the principles hold for larger arrays. 

The importance of equal element currents (assuming 
identical elements) in obtaining the best possible nulls was 
explained earlier, dissimilar current distributions 
notwithstanding. Maximum forward gain is obtained usually, 
if not always, for two-element arrays when the currents are 
equal. Therefore, most of the equations in this part have been 
simplified to assume that equal element feed-point currents 
are produced. Just how this can be accomplished for many 
соттоп атау types has already been described briefly, and 
is covered in more detail later in this chapter, Equations that 
include the effects of unequal feed-point currents аге also 
presented later in this chapter. 

The equations given below are valid for horizontal or 
vertical arrays. However, ground-reflection effects must be 
taken into account when dealing with horizontal arrays 
doubling the number of elements, which must be dealt with 
In fact, the impedance and vertical radiation patterns of 
horizontal arrays over a reflecting surface (such as the 
ground) can be derived by treating the images as additional 
array elements 

Fartwo-elementarrays of identical elements with equal 
element currents, the field strength gain at a distant point 


relative to a single similar elementis 
UE 
TR, HR, JFR m COS 


FSG =10109 (Eq 16) 
where 
FSG =field strength gain, dB. 
ciation resistance of а single isolated element 

s resistance of a single element 
lement spacing in degrees 
irection from array (see Fig 19) 
hase angle of current in element 2 relative to 
element 1. фу в negative if element 2 is 
delayed (lagging) relative to element 1 

tua resistance between elements [see Fig 20) 


The Gain Equation 

The gain value from Eq 16 is the power gain in dB, 
which equals the field strength gain in dB. Eq 16 should not 
be confused with equations used to calculate only the shape 
of the pattern. The above equation gives not only the shape 
of the pattern, but also the actual gain at each angle, relative 
to a single element. 

‘The quantity for which the logarithm is taken in Eq 16 
is composed of two major parts, 


Fig 19- Definition of the angle б for pattern calculation. 


Ба 


X тирии) 


Бетин өөр. Vonta 


Fig 20- Mutual impedance between two paralel 4 7. 
vertical elements. Multiply the resistance: 

fenctance values by two fr 3 diples Values for 
Vertical elements that are between 0.15 and 0.25 . high 
may be approximated by multiplying the given values 
by Ap/36, where Ry is the radiation resistance of the 
vertical given by graphs in Chapter 2. 
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1+ cos (5 cos 0 +0) (Term) 

which relates to field reinforcement or cancellation, and 
ЕСИ 

(Rg R. JFR 0050, 

which is the gain change caused by mutual coupling. It is 

informative to look at each of these terms separately, to see 

what effect they have on the overall gain 


If there were no mutual coupling at all, Eq 16 would 
reduce to 


(Term 2) 


FSG = 10 log [1 +cos (S cos 0 +411 eam 
Theterm 
Cos (5 cos 0 C (Term 3) 


сап assume values from -1 to +1, depending on the element. 
spacing, current phase angle, and direction from the array. 
In the directions in which the term is -1, the gain becomes 
zero; a null occurs W heretheterm is equal to +1, a maximum 
gain of 
FSG =10 log 2 =3 dB (Eq 18) 
occurs, This is the same conclusion reached earlier (Eq 13) 
If the element spacing is insufficient, the term will fall to 
reach -1 or 41 in any direction, resulting in incomplete nulls 
or reduced gain, or both. Analysis of the spacing required for 
the term to reach -1 and +1 results in the graphs of Fig 11. 
Analyzing array operation without mutual coupling is 
not simply an intellectual exercise, even though mutual 
coupling is present in all arrays. There are some 
circumstances that will make the mutual coupling portion of 
the gain equation equal, or very nearly equal to one. Term 2 
above will equal one if 
R cos (Term 4) 
is equal to zero. This will happen if R = 0, which does 
occur at an element spacing of about 0.43 2. (see Fig 20) 
Arrays don’t usually have elements spaced at 0.43 À, but a 
much тоге common circumstance can cause the effect of 
‘mutual coupling on gain to be zero. Term 4 also equals zero 
if бу, the phase angle between the element currents, is 
+90”. As a result, the gain of any tworelement array with 
90° phased elements is 3 dB їп the favored directions, pro 
vided that the spacing is at least Y 2. The "Je. minimum is 
dictated by the requirement for full field reinforcement. If 
the elements are closer together, the gain will be less than 
Зав, as indicated in Fig 11. 


Loss Resistance and Antenna Gain 

А circumstance that reduces the gain effects of mutual 
coupling is the presence of high losses. Ifthe loss resis 
tance, R, becomes very large, the Ry +R, part of Term 2 
above gets much larger than the R m cos o; part. Then Term 
2, the mutual coupling part of the gain equation, becomes 
‘approximately 


Ra +R 
к+ї | 
[EEN 
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Thus, the gain of any very lossy two-element array is 
3.68 relative to a single similar element, providing that the 
spacing is adequate for full field reinforcement. Naturally, 
higher losses will always lower the gain relative to a single 
lossless element. 

This principle can be used to obtain substantial gain if 
an inefficient antenna system is in use. The technique is to 
construct one or mare additional closely spaced elements 
(each with its own ground system), and feed the resulting 
array with all elements in phase, The array won't have 
appreciable directivity, but it will have significant gain if 
the original system is very inefficient. As losses increase, 
the gain approaches 10 log n, where n is the number of 
elements 3 dB for two elements. This gain, of course, is 
relative to the original lossy element, so the system gain is 
unlikely to exceed that of а single lossless element 

Why does a close-spaced second element provide gain? 
An intuitive way to understand it isto note that two or more 
closely spaced in-phase elements behave most ikea single. 
element, because of mutual coupling. However, the ground 
systems are not coupled, so they behave like parallel 
resistors, The resltis a more favorable ratio of radiation to 
loss resistance. In an efficient system, which has a favorable 
ratio to begin with, the improvement is not significant, but. 
itcan be very significant if the original antenna is inefficient. 

The following example illustrates the use of this tech 
nique to improve the performance of a 1.8-M Hz antenna 
system. Suppose the original system consists of a single 
50-foot high vertical radiator with a 6-inch effective diam. 
eter. This antenna will have a radiation resistance, R, of 
312 2 at1.9 MHz, A moderate ground system on a city lot 
Will have a loss resistance, R, of perhaps 20.0. The effi 
ciency of the antenna will be 3.12/(20 + 3.12) = 135%, 
or -8.7 dB relative to a perfectly efficient antenna. 

If a second 50-100: antenna with a similar ground 
system is constructed just 10 feet away from the first, the 
mutual resistance between elements will be 3.86 Q. 
(Calculation of mutual resistance for very short radiators 
isn't covered in this chapter, but Brown shows that he mutual 
resistance between short radiators drops approximately in 
proportion to the self-resistance of each element.) Putting 
the appropriate values into Eg 16 shows an array gain of 
234 dB relative to the original single element. 

When the effects of mutual coupling are present, the. 
gain in the favored direction can be greater or less than 
3 dB, depending on the sign of Term 4, Analysis becomes 
easier if the element spacing is assumed to be sufficient for 
full field renforcement If this is true, the gain in the favored 
direction is 


ARa tR) 
[К к, Am cose 
Ra +R, 
(ттер 


FSG =10 log 
(419) 


08 +1005 


Note that Term 4 above appears in the denominator 
of Eg 19. If maximum gain is the goal, this term should 
be made as negative as possible. One of the more obvious 
ways is to make 012, the phase angle, be 180°, so that 
соз yy =-1, and space the elements closely to make Rm 
large and positive (see Fig 20). Unfortunately, lose spac 
ing does not permit total field reinforcement, so Eq 19 is 
invalid for this approach. However, the very useful gain of 
just under 4 dB is still obtainable with this concept if the 
loss is Kept very low. The highest gains for two-element ar. 
rays (about 5.6 dB) occur at close spacings with feed angles 
just under 180°, All close-spaced, moderate to high-gain 
arrays are very sensitive to loss, so they generally will pro- 
duce disappointing results when made with ground: mounted 
vertical elements 

Here are some examples which illustrate the use of 
Eq 16, Consider an array of two parallel, -A high, ground- 
mounted vertical elements, spaced , apart and fed 180° 
cut of phase, For this атау, 

Ry =360 

5 100. 

du =180° 

Ry =-6 (from Fig 20) 

R must be measured or approximated, measurements 
being preferred for best accuracy, Suitable methods are 
described later. Alternatively, R, can be estimated from 
graphs of ground-system losses. Probably the most extensive 
set of measurements of vertical antenna ground systems was 
published by Brown, etal in their classic 1937 paper. Their 
data have been republished countess times since, in amateur 
and other literature. Unfortunately, information is sparse for 
systems of only a few radials because Brown's emphasis is 
on broadcast installations. M easurements by Sevick nicely 
fil this void. From his data, we find that the typical feed 
point resistance of a 0e. vertical with four 0.2 to 0.43. 
radials is 65 0. (SeeFig 24.) Theloss resistance js 65 - 36. 
29.0. This value is used for the example. 

Putting the values into Eq 16 results in 


65 [1+cos (180° cos ø +180°)] 
65+(-6cos180") 


Calculating the result for various values of û reveals 
the familiar two-lobed pattern with maxima at 0° and 180°, 
and complete nulls at 90° and 270°. Maximum gain is 
calculated from Eq 16 by taking Ө as 0°. 


6501-1 
65+6 


In this array, the mutual coupling decreases the gain 
slightly from the nominal 3-dB figure. The reader can 
confirm that if the element losses were zero (R, = 0), the 
gain would be 2.34 dB relativeto asimilar, lossless element. 
IF the elements were extremely lossy, the gain would 
approach 3 d8 relative to a single similar and very lossy 
element. The efficiency of the original example elements is 


FSG 


FSG =10 og 


2.6308 


36/65 = 55%, and a single isolated element would have a 
signal strength of 10 log 36/65 = -2.57 dB relative to a 
lossless element. As determined above, this phased array 
has а gain of 2.63 dB relative to a single 55% efficient 
element. Comparing the decibel numbers indicates the array 
performance in its favored directions is approximately the 
same as а single lossless element 

Changing the phasing of the алтау to 0° rotates the 
pattern 90°, and changes the gain to 


65x2 
65-6 

A system of very lossy elements would give 3 dB gain 
as before, and a lossless system would show 3.80 d8 (each 
relative to a single similar element). In this case, the mutual 
coupling increases the gain above 3 dB, but the losses drop 
itback toward that figure. This effect can be generalized for 
larger arrays: Increasing loss in a system of n elements tends 
to move the gain toward 10 log n relative to a single similar 
(lossy) element, provided that spacing is adequate for full 
field reinforcement. If the spacing is closer, losses can reduce 
gain below this value. 


MUTUAL COUPLING AND FEED-POINT 
IMPEDANCE 
Thefeed-pointimpedances of the elements of an array 
are important to the design of some of the feed systems 
presented here. When elements are placed in an array, their 
feed-point impedances change from the self-impedance 
values (impedances when isolated from other elements) The 
following information shows how to find the feed-point 
impedances of elements in an атау. 
Theimpedance of element 1 in  two-element array is 
given by Jasik as 
Ri eR, +M 12 (Rn C05 042 - X Sin Oy) 
Xy =X +M ıa (Gs cos Ф + Rp SiN 013) 


FSG =10 log 222 = 3.4308 


(Eq 20) 
(6921) 


the feed-point resistance of element 1 

the feed-point reactance of element 1 

Rs = the self-resistance of a single isolated element = 
radiation resistance R + loss resistance Ry 

Xs =the self-reactance of a single isolated element 

M yz =the magnitude of currentin element 2 relativeto 
thatin element 1 

е phase angle of current in element 2 relative to 

thatin element 1 


R =the mutual resistance between elements 1 and 2 
Xr = the mutual reactance between elements 1 and 2 
For element 2, 
Ra =Rg Ma (Ry COS 601 = Xy SIN 621) (6422 
Xa =Ks £M pK toS 601 Ry sin 00 (Eq23) 
where 
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ber- on 
and other terms are as defined above. 

Equations for the impedances of elements in larger 
arrays are given later 


‘Two Elements Fed Out of Phase 

Consider the earlier example of a two-element array 
of ez verticals spaced] apart and fed 180° out of phase. 
To find the element feed-point impedances, first the values 
of Ray and X m are found from Fig 20, These are -6 and 
-15 0, respectively. Assuming that he element currents can 
be balanced and that the desired 180° phasing can be 
‘obtained, the feed-point impedance of element 1 becomes 


s +1 [-6 cos 180° - (-15) sin 180] =R +60 


s +1[-15 cos 180° + (-6) sin 180°] =X +152 

Suppose that the elements, when not in an array, are 
resonant (Xs = 0) and that they have good ground systems 
so their feed-point resistances (Rc) are 402, The feed-point 
impedance of element 1 changes from 40 + | 0 for the ele- 
ment by itself to 40 + 6 +] (0 +15) =46 +) 15 Q, because 
of mutual coupling with the second element. Such change 
Would be quite noticeable. 

The second element in this array would be affected by 
the same amount, as the elements look the same to each 
other thereisno difference between 180° leading and 180° 
lagging. Mathematically, the difference in the calculation 
for element 2 involves changing +180° to -180* in the 
equations, leading to identical results. Elements fed in phase 
(ê, 20) also look the same to each other. So for two-element 
arrays fed in phase (0°) or out of phase (180°), the feed 
point impedances of both elements change by the same 
amount and in the same direction because of mutual 
coupling. This is not generally true for a pair of elements 
that are part of a larger array, as a later example shows. 

Two Elements with 90° Phasing 

Now see what happens with two elements having a 
different relative phasing. Consider the popular vertical ar 
ray with two elements spaced [and fed with a 90° rela 
tive phase angle to obtain a cardiold pattern. А ssuming equal 
element currents and + elements, Fig 20 shows that 
Ry =20 and X y 2-15 Q. Use Eqs 19 and 20 to calculate 
the feed-point impedance of the leading element, and 
Eqs 21 and 22 forthe lagging element. 

s +1 [20 cos(-90*) - (-15) sin (-90")] =Rs - 15.0 
s +1 [-15 cos (-90°) +20 sin (-90°)] =Xs- 20 2 
A nd for the lagging element, 

s +1 [20 cos 90° - (-15) sin 90°] =Rs «15 

s +1 [(-15) cos 90° +20 sin 90°] =X s +200 

‘These values represent quite a change in element 
impedance from mutual coupling. If each element, when 
isolated, is 50 © and resonant (50 + j 0 © impedance), the 
impedances ofthe elements in the array become 35 - | 20 
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and 65 +] 20.. These very different Impedances can lead 
to current imbalance and serious phasing errors if a casually 
designed or constructed feed system is used 


Close-Spaced Elements 
Another example provides good illustration of several 
principles. Consider an array of two parallel J-2, dipoles 
fed 180° out of phase and spaced 0.1 A apart. To avoid 
complexity in this example, assume these dipoles are a free 
space . long, which is about 1.4% longer than a thin, 
resonant dipole. At this spacing, from Fig 20, Ry = 67 © 
and Х = 7 ©. (Remember to double the values from the 
graph of Fig 20 for dipole elements) For each element, 
Ry eR; =, +1167 cos 180° - 7 sin 180°] =Rs - 670 
X1 =X =X +1 [7 cos 180° +67 sin 180°] 2X,-70 

The feed-point impedance of an isolated, free-space 
Ye dipole is approximately 74 + | 44 ©. Therefore the 
elements in this атау will each have an impedance of about 
74- 67 +] (44 - 7) =7 - | 37 Q Aside from the obvious 
problem of matching the array to a feed line, there are some 
other consequences of such a radical change in the feed 
point impedance. Because of the very low feed-point 
impedance, relatively heavy current will flow in the 
elements, Normally this would produce a larger field 
strength, but ote from Fig 13 thatthe element pacing (36°) 
is far below the 180° required for total feld reinforcement. 
What happens here is that the fields from the elements of 
this array partially or totally cancel in all directions; theres 
no direction in which they fully renforce. As а result the 
атау produces only moderate gain. Even afew ohms of loss 
resistance will disipate a substantial amount of power, 
reducing the array дап. 

This type of array was first described in 1940 by Dr. 
John Kraus, W8JK (see Bibliography). At 0.1- spacing, 
the array will deliver justunder 4 dB gain if there is no loss, 
and just over 3 dB if there is 1-0 loss per element. The gain 
drops to about 1.3 dB for 5 £ of loss per element, and to 
zero dB at 100. These figures can be calculated from Eq 16 
or read directly from the graphs ink raus's paper. The modern 
WBJK array (presented ater in this chapter) is based on the 
array just described, but it overcomes some of the above 
disadvantages by using four elements instead of two (two 
pairs of two half waves in phase). Doubling the size of the 
array provides theoretical 3 dB gain increase overtheabove 
values, and feeding the array аз pairs of half waves in phase 
increases the feed-point impedance to a more reasonable 
value. However, the modern W 8)K array is still sensitive to 
losses, as described above, because of relatively high currents 
flowing in the elements, 

LARGER ARRAYS 

As mentioned earlier, the feed-pointimpedance of any 
given element in an array of dipole or ground-mounted 
Vertical elements is altered from its self-impedance by 
coupling to other elements in the array. Eqs 19, 20, 21 and 
22 may be used to calculate the resistive and reactive 


components of the elements in a two-element array. In a 
larger array, however, mutual coupling must be taken into 
account between any given element and all other elements 
in the array. 


Element Feed-Point Impedances 

‘The equations presented in tis section may be used to 
calculate element feed-point impedances in larger arrays 
Jasik gives the impedance of an element in an n-element 
array as follows, For element 1, 


Ry -u $M Вр совер - Kaz sin ди) + 
Mıa(Rı3 COS фуз - Хаз Sin aa) +... + 

M {Ёз cos On- Xap sin фу), (Eq 24) 
Xy =X ıı +M уйн s фр +X cos Op) + 
Maa(Ry3 sen +X ces +... + 

мй SiN en + X ın cos or (6425) 
For element p, 

Rp = Rpg +M В OS фи = Ху sin dp) + 

Мый COS a = X pa sin Opal +... + 

M gl y COS Opn = Ху, їп фы) (E926) 
X, =X pp +M al SiN ду + Xpı соф) + 

МВ SIN б +X pa COS Opa) +... + 

мый SiN ду, + X pm cos p) (6927) 
And for element, 

Ra =й EM py COS dy = Xp, sin д) + 

M 20А 2 cos фз - X nz SIN Oya) +...+ 
Майа) COS Ona) Xay SM Фу) (E428) 
Xy =X q +M ш Sin O + Xn 005 dn) + 

M pal nz Sin Ona + X na COS dna) +... + 

Mrinal Rae) SN er rı) +X (ey OSa) (E29) 


where 

Ry =sel resistance of element] 

Xj = self reactance of element] 

Mj = magnitude of current in element k relative to that 

in element] 
mutual resistance between elements and k 
mutual reactance between elements and k 
phase angle of current in element k relative to that 
in element j 
These are more general forms of Egs 19 and 20. 

Examples of using these equations appear in a later section 


Quadrature Fed Elements in Larger Arrays 
In some arrays, groups of elements must be fed in 

quadrature. Such a system is shown in Fig 21. The current 

in each element in the left-hand group equals 

Vin 


д (630) 


1 


The current in the elements in the right-hand group equals 


Y 
2 ¡Va 

Ze (аз) 

Thus, if Vag = У а the right-hand group will have 


currents equal in magnitude to and 90° delayed from the 
currents in the left-hand group. The feed-point resistances 
of the elements have nothing to do with determining the 
current relationship, except that the relationship between V ye 
and V in İsa function of the impedance of the load presented 
to the L network. That load is determined by the imped 
ances of the elements in the right-hand group. 
Values of network components are given by 


225 
sýr (8932) 
ag 
. R СЕЛ 
where 
Хы = he reactance of the series network element 
X = the reactance of the shunt network element (at the 
output side) 
Za = the characteristic impedance of the element feed 


lines 

XR; =thesum of the feed-point resistances of all elements 
‘connected to the output side of the network 

XX, =the sum of the feed-pointreactances of all elements 
connected to the output side of the network 

‘These are more general forms of Eqs 13 and 14, If the 

valueof X ser Or X ispositive that component isan inductor; 

if negative, а capacitor. 


Fig 21—The L network applied to larger arrays. Coaxial 
cable shields and ground connections for th 

have been omitted for clarity. The text gives equ: 
for determining the component values of X, , X, 
X» X ls an optional impedance matching component. 
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Array Impedance and Array Matching 
Although the impedance matching of an атау to the 
main feed line is not covered in any depth in this chapter, 
simply adding X; to the L network, as shown in Fig 21, can 
improve the match of the array. X, is а shunt component 
with reactance, added at the network input With the proper 
X, the атау common-paint impedance is made purely re- 
sistive improving the SWR or allowing Q-section match 
ing. X; is determined from 
255 
CA 
where 
Xy = the reactance of the shunt network matching ele- 
ment (at the input side) 
„=the sum of thefeed point reactances of all elements 
connected to theinput side of the network and other 
terms are as defined above 


Е) 


x 


If the value of X; is positive, the component is an inductor 
if negative, a capacitor. With the added network element in 
place the array common-point Impedance is 


2,2 
ER, + XR 


Zum = (E935) 
where 
ZR, =thesumoftheeed-poltresstanceso all elements 
connected to the inputsideof henetwork and other 
terms are as described above. 

Xy and X should be adjusted for correct phasing and 
curent balance as described later They should not be ad- 
usted for the best SWR. Xy, only, is adjusted for the best 
SWR, and has no effect on phasing or current balance 


CURRENT IMBALANCE AND ARRAY 
PERFORMANCE 

Theresultof phaseerror in a driven array was discussed 
earlier. Changes in phase from the design value produce 
pattern changes such as shown in Fig 15. Now we tum our 
attention to the effects of current amplitude imbalance inthe 
elements, This requires theintroduction of more general gain 
equations to takethe current ratio into account; the equations 
given earlier are simplified, based on equal element currents. 


Gain, Nulls, and Null Depth 
A moregeneral form of Eq 16, taking thecurrentratios 
into account, is 


(Ra +R емо? + 2M o cos (Scose ef 


FSG =10 log 
(Rs +R, LM] 28 Rn соб 
(Eq 36) 

where 
FSG = field strength gain relative to a single, similar 


element, dà 


М =the magnitude of currentin element relative to 
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the current in element 1. and other symbols are 
as defined for Eq 16. 

Eq 36 may be used to determine the array field strength 
ata distant point relative to that from asinglesimila element 
for any spacing of two атау elements. Now consider arrays 
where the spacing is sufficient for total field reinforcement 
or total field cancellation, or both, Fig 13 shows the spacings 
necessary to achieve these conditions, The curves of Fig 13 
show spacings which will allow the term 
cos (S cos oy) 
to equal its maximum possible value of +1 (total field 
reinforcement) and minimum possiblevalueof -1 (tol field 
cancellation). In reality, the fields from the two elements 
cannot add to zero unless this term is -1 and the element 
currents and distributions are equal. For a given set of 
element currents, the directions in which the term is +1 are 
thase of maximum gain, and thedirectionsin which the term 
is -1 are those of the deepest nulls. 

The elements in many arrays are spaced at least as far 
apart as given by the two curves in Fig 13. Considerable 
simplification results in gain calculations for unequal 
currentsif itis assumed thatthe elements are spaced to satisfy 
the conditions of Fig 13. Such simplified equations follow. 

In the directions of maximum signal, 


(Ra +R }ї+м„)? 


кв m1010 Ка RUE May O O 
"PER. JL Mj J- 2M z Rn costs 


(37) 
This is a more general form of Eq 19, and is valid provided 
that the element spacing is sufficient for total field 
reinforcement. In the directions of minimum gain (nulls), 


(Ra eR Ma) 
(Ea 38) 
This equatlonis valid if the spacing is enough for total field 


cancellation, The "frontto-null" ratio can be calculated by 
combining the above two equations. 


FSG a nulls =10 log 


Front-to- null ratio =10 log (Eq 39) 


This equation is valid if the spacing is sufficient for total 
field reinforcement and cancellation. The equation for 
forward gain is further simplified for those special cases 
where 


nee, тет 
is equal to zero. (See the discussion of Eq 16 and Term 4 in 
the earlier section, “The Gain Eguation.") 

1+M 2) 
isa Mal um 


This equation is valid if the element spacing is sufficient for 
total field reinforcement, 

I an array is more closely spaced than indicated above, 
the gain will be less, the nulls poorer, or front-to-nul ratio 
worse than given by Eas 37, 38, 39 and 40. Eq 36 is valid 
regardless of spacing. 

Graphs of Eqs 39 and 40 are shown in Fig 22. Note 
thatthe “forward gain" curve applies only to arrays for which 
Term 5, above, equals zero (which includes ай two-element 
arrays phased at 90° and spaced at least 3). The curve is 
useful, however, to get а ballpark idea of the gain of other 
arrays. The "front-to-null" curve applies to any two-element 
array, provided that spacing is wide enough for both full 
reinforcement and cancellation. Fig 22 clearly shows that 
current imbalance affects the front to-null ratio much more 
strongly than it affects forward gain. 

If the two elements have different loss resistances (for 
example, from different ground systems in a vertical array), 
gain relative to a single lossless element can still be 
Calculated 


параны? ens аав) 
-wie 


(Еда) 
where 

the gain is relative to a lossless element 

Ri = loss resistance of element 1 

Ria = loss resistance of element 2. 


Current Errors with Simple Feed Systems 

It has already been said that casually designed feed 
systems can lead to poor current balance and improper 
phasing. To illustrate just how significant the errors can be, 
consider various arrays with typical feed systems. 

The first array consists of two resonant, Ic, ground: 
mounted vertical elements, spaced ! A apart. Each element. 
has a feed-point resistance of 65 £2 when the other element 


(Ra ER] s (Re +В: + 2M z Rn csr 


is open circuited. This is the approximate value when four 
radials per element are used. In an attempt to obtain 90° 
relative phasing, element 1 is fed with а line of electrical 
length L, and element 2 is fed with a line 90 electrical 
degrees longer el The results appear in Table 2. 

Not only is the magnitude of the current ratio off by as 
much as nearly 40%, but the phase angle is incorrect by as 
much as 30°! The pattern of the array fed with feed system 
number 1 is shown in Fig 23, with а correctly fed array 
pattern for reference. Note that he example array has only а 
9.0 dB frontto-back ratio, although the forward gain is only 
0.1 dB more than the correctly fed array. This pattern was 
calculated from Eq 36. Similar current distributions in the 
elements are assumed. 

Results wll be different for arrays with different ground 
systems. For example, if the array fed with feed system 1 
had elements with an initial feed-poln resistance of 40 2 


duum 


Fig 22 Effect of element current imbalance on forward 
gain and frontto-null ratio for certain arrays. See text. 


Table 2 
Two Чед. Vertical Elements 


ч). Spacing 


Feeder system: Lino lengths to elements 1 and 2 are given below as L; and Lz, respectively. The lino length to 


element 2 is electrically 90° longer than to element 1 


Feed Lines Ele. Feed Point impedances Ele. Current Ratio 
Do d hg ER Zo Phase, 

No 2 Dog. Deg а a Mag. Deg. 

1 50 — 90 180 508-609 — 698./400 0620  -120 

2 90 180 451-140 733-743 0973 108 

3 50 180 270 457-4141 529246 0956  -107 

а 75 480 270 515404 — 794-324 0705 -108 

5 80 45 15 — 452-844 63728 ossa 120 

6 75 4 135 — 502-j149 7348.7 0840 — -98 

7 Correctly fed 500-200 300 200 1000 — 0 
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Table 3 


Two e Vertical Elements with 127. Spacing and Different Sel 


FResistances 


Solfrosistancos: Element 1—50 Q; Element 2—65 £2(diferonco caused by different ground losses). Feeder system: 
Line lengths to elements 1 and 2 are given below as L, and Lẹ, respectively. 


Feed Lines Ele. Feed Point impedances Ele. Current Ratio 
2 Wi Mig. Že Zo Phase, 

No 2 Dog. Deg 4 а Mag. Deg 

1 Any" 180 180 459-/122 — 565-j183 0800 +31 

2 50 135 195 438-]119 — 597-/186 0834 -58 

3 78 136 135 4 1 608-/177 oses -68 

4 Any" 2704 270} 440-150 590-150 1000 00 

5 50 45 2058 842% 74/10 0820 -172 

в Any" 180 360 556/110 7134202 0764 -185 

7 Any’ 90t 270 860 78 710+/160 1000 -180 


"Both lines must have the same 2, 
‘Curent forced 


HO 
HH 


Lj w 


Fig 23— Patterns of an array when correctly fed, A, and when casually fed, 


distributions are assumed.) The difference in 
element; add 3.1 dB to the scale values shown- 


instead of 65 £2, the current ratio would be almost exactly 
1- but the phase angle would stil be -120°, resulting in 
poor nulls, The forward gain of the array is 4.0 dB, but the 
frontto-back ratio is only 11,5 dB. 

The advantage of using the current forcing method to 
feed arrays of in-phase and 180° out-of-phase elements is 
shown by the following example, Suppose that the ground 
systems of two half-wave spaced, vertical elements are 
slightly different, so that one element has a feed-point 
resistance of 50.0, the other 65.0. (Each is measured when 
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- (See text. Similar current 


is about 0.1 dB. Gain is referenced to a single similar 


the other element is open circuited.) What happens in this 
case is shown in Table, 

The patterns of the nonforced arrays are only slightly 
distorted, with the main deficiency being imperfect nulls. 
‘The in-phase array fed with feed system number 1 exhibits 
afrontto-side ratio of 18.8 dB. The out-of-phase array fed 
with feed system number 6 has a front-to-side ratio of 
17.0 dB. Both these arrays have forward gains very nearly 
equal to that of a correctly fed array. 

Even when the ground systems of the two elements are 


only slightly different, a substantial current imbalance can 
occur in in-phase and 180° out-of-phase arrays if casually fed, 
Two elements with feed-point resistances of 36.0 and 41 Q 
(when isolated), fed with ала 1 A of line, respectively, will 
have a current ratio of 0,881. This is a significant error for a 


small resistance difference that may be impossible to avoid 
in practice. As explained earlier, two horizontal elements of 
different heights, or two elements in many larger arrays, even 
when fed in phase or 180° out of phase, require more than a 
casual feed system for correct current balance and phasing. 


Phased Array Design Examples 


This section, also written by Roy Lewallen, W7EL, 
presents four examples of practical arrays using the design, 
principles given in previous sections. Al arrays areassumed 
to be made of е. vertical elements. 


General Array Design Considerations 

If the quadrature fed system (Fig 18) is used, the self- 
Impedance of one or more elements must be known. If the 
ements are common types, such as plain vertical wires or 
tubes, the impedance can be estimated quite closely from the 
graphs in Chapter 2 Elements that are close to fe high will 
be near resonance, and calculations can be simplified by 
adjusting each element to exact resonance (with the other 
element open-circuited at ће fed point) before proceeding. 
If the elements are substantially less than high they will 
have a large amount of capacitive reactance. This should be 
reduced in order to keep the SWR on the feed lines to a value 
Jow enough to prevent large losses, possible arcing, or other 
problems. Any tuning or loading done to the elements at the 
feed point must be in series with the element, so as not to 
shuntany of the carefully balanced currentto ground. A loading 
Coil in series with a short element is permissible, provided 
that all elements have identical loading сой, but any shunt 
Component at the element feed point must be avoided 

For the following examples, it is assumed that the 
elements are close to ..). high and that they have been 
adjusted for resonance. The radiation resistance of each 
element is then close to 36.0, and the self-reactance s zero 
because it is resonant 

In any real vertical array, theres ground loss associated 
with each element. The amountof loss depends on the length 
and number of ground radials, and on the type and wetness 
ofthe ground under and around the antenna. This resistance 
appears in series with the radiation resistance. The self- 
resistance is the sum of the radiation resistance and the loss 
resistance. Fig 24 gives resistance values for typical ground 
systems, based on measurements by Sevick July 1971 and 
March 1973 QST). The values of quadrature feed system 
components based on Fig 24 will be reasonably close to 
correct, even if the ground characteristics are somewhat 
different than Sevick's. 

Feed systems for the design example arrays to follow 
are based on the resistance values given below. 


Number of Radials Loss Resistance, 2 


4 29 
8 18 
16 9 
Infinite 0 


The mutual impedance of the elements also must be 
known in order to calculate the impedances of the elements 
when in the array. The mutual impedance of paralel elements 
of near-resanant length may betaken from Fig 20. For elements 
of different lengths, ог for unusual shape or orientation, the 
mutual impedance is best determined by measurement, using 
measurement methods as given later, Fig 20 suffices for the 
mutual impedance values in the example arrays. 

‘The matter of matching the array for the best SWR on. 
the feed line to the station ís not discussed here. M any of 
the simpler arrays provide a match that is close to 50 or 
75.0, so no further matching is required. If better matching 
is necessary, the appropriate network should be placed in 
the single feed line running to the station. Attempts to 
improve the match by adjustment of the phasing L network, 
antenna lengths, or individual element feeder lengths will 
ruin the current balance of the array. Information on 
impedance matching may be found in Chapters 25 and 26, 


90" FED, 90° SPACED ARRAY 

The feed system for a 90° fed, 90° spaced array is 
shown in Fig 18. The values of the inductor and capacitor 
must be calculated, at least approximately. The exact values 
can be determined by adjustment. 


i 
| 
| 
| 

X 
| 


Fig 24 Approximate feed point resistance of a 
resonant 


Moderate length radials (02 to 
7) were used for the measurements. The exact 
resistance, especially for only a few radials, will 
depend on the nature of the soll under the antenna. 
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In this example the elements are assumed to be close 
toho. high, and each is assumed to have been adjusted for 
resonance with the other element open circuited. If each 
element has, say, four ground radials, the ground loss 
resistanceis approximately 29 O. Theself-esistanceis 65.0. 
Theseff-rexctanceis zero, asthe elements are resonant. From 
Fig 20, the mutual resistance of two parallel Ju. verticals 
spaced Je. apart is 20 ©, and the mutual reactanceis -15 O. 
These values are used in Eas 20, 21, 22 and 23 to calculate 
the feed-point impedances of the elements. Element currents 
of equal magnitude are required, so My = M = 1. The L 
network causes the current in element 2 to lag thatin element. 
1by 90°, so û, = -90* and бу = 90*. Summarizing, 

R, 


Putting these values into Eqs 19, 20, 21 and 22 results 
in the following values, 


‘These are the actual impedances at the bases of the 
two elements when placed in the array and fed properly. It 
is necessary only to know the impedance of element 2 in 
order to design theL network, but theimpedance of element. 
‘Lwas calculated hereto show how different the impedances 
are. Next, the impedance of the fed lines is chosen. Suppose 
the choice Is 50.9. For Eqs 14 and 15, 


From Eg 14, 
502 

X- E 
0 

And from Eq 15, 

502 

20-80 

The signs show that X is an Inductor and Х is a 

capacitor. The actual values of L and C can be calculated for 


the desired frequency by rearranging and modifying the 
basic equations for reactance. 


130 


ала 


Xa 


ar (Ea 42) 


(Eq 43) 


where 
L =inductance, pH 


X, and X = reactance values, с. 

The negative sign in Eq 43s included because capaci 
tive reactance values are given here as negative. A similar 
process is followed to find the values of X a, and X, for 
different ground systems and different eed-Iineimpedances 
The results of such calculations appear in Table 4. 

To obtain correct performance, both network components 
must be adjustable. f an adjustable inductor is not convenient 
or available, a fixed inductor in series witha variable capacitor 
will provide the required adjustability. The equivalent 
reactance should be equal to the value calculated for X . 

For example, to use the above design at 7.15 MHz, 
Lag = 0697 pH, and Ca, = 534 pF. The 0.697 uH inductor 
(reactance = 31.3 0) canbe replaced by a 1.39 pH inductor 
(reactance = approximately 62.6 0) in series with a Variable 
capacitor capable of being adjusted on both sides of 711 pF 
(reactance = -31.3 0). The reactance of the series 
combination can then be varied on both sides of 62.6 - 31.3 

1.3 0, Actually, it might be preferable to use 75-0 feed 
line instead of 50 £ for this array. Table 4 shows that the L 
network reactances are about twice as reat if 75-0 line is 
chosen, This means thatthe required capacitance would be 
one half as large. Smaller adjustable capacitors are more 
соттоп, and тоге compact. 

The voltages across the network components are 
relatively low. Components with breakdown voltages of a 
few hundred volts will be adequate for a few hundred watts 
of output power. If fixed capacitors are used, they should be 
good quality mica or ceramic units. 


A THREE-ELEMENT BINOMIAL 
BROADSIDE ARRAY 
An array of three in-line elements spaced "lA apart 
and fed in phase gives a pattern that Is generally bidirectional. 
If the element currents are equal, the resulting pattern has a 
forward gain of 5.7 dB (for lossless elements) but substantial 
sidelobes, If the currents are tapered іп a binomial coefficient 


L Network Values for Two E 
Fed 90° Out of Phase (Fig 18) 


Rs, No. ofRadials Zo х, Хы 
п perElement п 07 a 

65 4 50 из -n7 
65 4 75 тоз -938 
54 a 50 362 -510 
54 E 75 815 -1148 
45 16 50 47 -625 
is 75 9 4408 
36 - 50 490 -806 
36 - 75 10 -1815 


12:1 ratio (twice the current in the center element as in the 
two end elements), the gain drops slightly to 5.2 dB, the 
main lobes widen, and the side lobes disappear 

‘The array is shown in Fig 25. To obtain a 1:2:1 current 
ratio in the elements, each end element is fed through a 
е2. line of impedance Zo. Line lengths of). are chosen. 
because "ed lines will not physically reach. The center 
element is fed from the same point through two parallel 
"Jo. lines of the same characteristic impedance, which is 
equivalent to feeding it through a line of Impedance 2,2. 
The currents are thus forced to be in phase and to have the 
correct ratio 


A FOUR-ELEMENT RECTANGULAR ARRAY 

‘Thefour-element array shown with its pattem in Fig 26 
has appeared numerous times in amateur publications. 
However, the accompanying feed systems invariably fail to 
deliver currents in the proper amounts and phases to the 
various elements. The array can be correctly fed using the 
principles discussed in this section 

Elements 1 and 2 can be forced to be in phase and to 
have equal currents by feeding them through 2А. lines. 
(Again, 74- lines are chosen because ‘fi lines won't 
physically reach, Likewise, the currents in elements 3 and 4 
can be forced to be equal and in phase, Elements 3 and 4 are. 
made to have currents of equal amplitude but of 90° phase 
diference from elements 1 and 2 by use of the quadrature 


feed system shown in Fig 27. The phasing network is the type 
shown in Fig 18, but Eqs 32 and 33 must be used to calculate 
the network component values. For this array they are 
„že 
IR; 


255 
[FEE 


Xn (Eq 44] 


Fig 25— Feed system for the three element 1:2: 
binomial array. All feed lines are ^ electrical 
wavelength long and have the same characteristic 
Impedance. 


Fig 26- Pattern and layout of the four-element. 
rectangular array. Gain is referenced to a single similar 
element; add 6.8 dB to the scale values shown. 


to 
мөл re, 


е four-element rectangular 


Fig 27— Feed system for 
been omitted for 


array. Grounds and cable shields ha 
clarity. 
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The impedances of elements 3 and 4 will change by 
the sameamount because of mutual coupling. If their ground 
systems are identical, they will also have equal values of 
Ry, Ifthe ground systems are different, an adjustment of 
network values must be made, butthe currents in all elements 
will be equal and correctly phased once the network is 
adjusted. 

Eqs 26 and 27 are used to calculate Ry and Xa. For 
element 3, they become 
Ra =R +M йз COS 03 X sin б) + 
M ga 005 0; = Хә SiN Qaa) + 
Мыйз C05 034 = Xaa sin бф) 
Xa =X £M gif in Өз, +X соз dy) + 
M gf Sin en + X3 005037) + 
Мыйз Sin + X34 COS фы) 


Xa 


(Eq45] 


where 


0 © (from Fig 20, 0.25-A spacing) 
150 (0.254, spacing) 
10 (056-2 spacing) 
Хзз=-100 (0.56-4 spacing) 
R3=-6 0 (0.50 spacing) 
X 342-15 0 (0.50- spacing) 
resulting INR eR; +19 and X; eXs- 5.002. Rs and Xs 
аге the self-resistance and self-reactance of a single isolated 
element. In this example, they are assumed to be the same 
for all elements. Thus, element 4 will have the same 
impedance as element 3 

Itis now possibleto make table of X gı, and X values 
for this array for different ground systems and feed-line 
impedances, Theinformation appears in able. Calculation 
of actual values of L and C are the same as for the earlier 
example, 


Table 5 
L Network Values for the Four-Element 
Rectangular Array (Fig 27) 


Rs, le eee e, Xsm Хы 
„ perElement а 2 5 

в 4 ю ма 40 
es а з ms ae 
мов so 171 -160 
%4 2 75 385 361 
м i 50 185 181 
PEE 75 439 — 08 
æ x 50 227 208 
æ I 7 511 Савә 
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THE FOUR-SOUARE ARRAY 

A versatile array is one having four elements arranged 
in a square, commonly called the four.sauare array. The 
array layout and its pattern are shown in Fig 28. This атау 
has several atractive properties: 

1) 55 dB forward gain over a single similar element, for 
any value of loss resistance 

2) 3 8 or greater forward gain over a 90° angle; 

3) 20 dB or better F/B ratio maintained over a 130° angle; 

4) symmetry that allows directional switching in 90° 
increments. 

Because of the large differences in element feed-point 
impedances from mutual coupling, casual Teed systems 
nearly always lead to poor performance of this array. Using 
the feed system described here, performance is very good, 
being limited chiefly by environmental factors. Such an array 
and feed system have been in useat W TEL for several years 

Although the impedances of only two of the four 
elements need to be calculated to design the feed system, all 
lement impedances will be calculated to show the wide 
differences in value. This is done by using Eqs 24, 25, 26, 
27,28 and 29, with the following values for the variables. 

for all jand k 
"S 
Fig 20, 025. spacing) 
NEN 
(0.254 spacing} 
Ra 


2 (0354-). spacing) 
=-18 0 (0354-1 spacing) 
E 

p 


Fig 28 Pattern and layout of the four-square array. 
Gain is referenced to a single similar element; add 
5.5 dB to the scale values shown. 


Fig 29- Feed system for the four-square array. Grounds 
and cable shields have been omitted for clarity. 


resulting in 


Where Rs and X, arethe resistance and reactance of a single 
element when isolated from the array. 

If element 1 had a perfect ground system and were 
resonant (a sef-impedance of 36 +) 0 £2), in the атау it 
would have a fed-point impedance of 36 - 38 - j 22 =-2 
- | 22 0. The negative resistance means that it would be 
delivering power into the feed system. This can, and does, 
happen in some phased arrays, and is a perfectly legitimate 
result The power is, of course, coupled into it from the other 
elements by mutual coupling. Elements having impedances 
of precisely zero ohms could havethe feed lineshort circuited 
at the feed point without effect; that is what a parasitic 


Table 6 
L Network Values for the Four-Square Array 
(Fig 29) 


Rs No.ofRadils Zp Xsem Хы 
Q^ perElement 2 d 2 

6 4 50 4 197 
65 4 75 — 385 -309 
ы в 50 202 458 
ы 2 75 — 454 382 
м 16 50 226 -178 
м 16 75 521 396 
в = 50 284 -202 
2 75 628 454 


element is. This is yet another illustration of the error of 
trying to deliver equal powers to the elements. 

The basic system for properly feeding the four square 
атау is shown in Fig29, F oamed-dielectric cable must be 
used for the? lines The velocity factor of solid dielectric 
cable is lower, making an electrical J A of that type 
physically too short to reach. Elements 2 and 3 are forced 
to have equal and in-phase currents regardless of differences 
їп ground systems, Likewise, elements 1 and 4 are forced 
to have equal, 180° out-of-phase currents, in spite of 
extremely different feed-pointimpedances. The 90° phasing 
between element pairs is accomplished, as before, by an L 
network. 

Eas 44 and 45 may be used directly to generate a table 
of network element values or this array. For this атау the 
Values of resistance and reactance for element 3 are as 
calculated above 


(Because each element was resonated when isolated 
from the other elements, X, equals 0.) Table shows values 
of L-network components for various ground systems and 
feed-line impedances 

This array is more sensitive to adjustmentthan the two- 
element 90° fed, 90° spaced array. Adjustment procedures 
and a method of remotely switching the direction of this 
array are described in the section that follows. 


Practical Aspects of Phased Array Design 


With almostany type of antenna system, there is much 
that can be learned from experimenting with, testing, and 
using various array configurations. In this section, Roy 
Lewallen, W7EL, shares the benefit of years of his 
experience from actually building, adjusting, and using 
phased arrays. There is much more work to be done in most 
of the areas covered here, and Roy encourages the reader to 
build on this work. 


Adjusting Phased Array Feed Systems 

If aphased array is constructed only to achieve forward 
gain, adjusting itis seldom worthwhile. This is because the 
forward gain of most arrays is quite insensitive to either the 
magnitude or phase of the relative currents flowing in the 
elements. If, however, good rejection of unwanted signals 
is desired, adjustment may be required, 
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The in-phase and 180° out-of-phase current forcing 
methods supply very well-balanced and well-phased currents 
tothe elements without adjustment If the pattern of an array 
fed using this method is unsatisfactory, this is generally the 
result of environmental differences; the elements, furnished 
with correct currents, do not generate correct fields. Such an 
array can be optimized in a single direction, but a more 
general approach than the current-forcing method must be 
taken. Some possibilities are described by Paul Lee and 
Forrest Gehrke (see Bibliography). 

Unlike the current forcing methods, the quadrature feed 
systems described earlier in this chapter are dependent on 
the element self and mutual impedances, The required L 
network component values can be computed о a high level 
of precision, but the results are only as good as the knowledge 
of the relevant impedances, A practical approach is to 
estimate the impedances or measure them with moderate 
accuracy, and adjust the network for the best performance. 
Simple arrays, such as the two-element 90° fed and spaced 
array, may be adjusted as follows. 

Place a low-power signal source ata distance from the 
array (preferably several wavelengths), in the direction of 
the null. While listening to the signal on a receiver connected 
to the array, alternately adjust the wo L -network components 
for the best rejection of the signal 

This has proved to be a very good way to adjust two- 
element arrays, However, variable results were obtained 
when afour-square array was adjusted using this technique. 
The probable reason is that more than one combination of 
current balance and phasing will produce a nul in a given 
direction. But the overall array pattern is different for each 


combination. So a different method must be used for 
adjusting more complex arrays. This involves actually 
measuring the element currents one way or another, and 
adjusting the network until the currents are correct 


MEASURING ELEMENT CURRENTS 

The element currents can be measured two ways, One 
way is to measure them directly at the element fed points, 
as shown in Fig 30.4 dual-channel oscilloscope is required 
to monitor the currents. This method is the most accurate, 
and it provides a direct indication of the actual relative 
magnitudes and phases of the element currents, The current 
probe is shown in Fig 31. 

Instead of measuring the element currents directly, hey 
may be indirectly monitored by measuring the voltages on 
the feed lines an electrical or / from the array. The 
voltages at these points are directly proportional to the 
element currents, A II the example arrays presented earlier 
(Figs 18, 21, 25, 27 and 29) have Jı or А. lines from all 
elements to а common location, making this measurement 
method convenient, The voltages may be observed with a 
dual-channel oscilloscope, or, to adjust for equal-magnitude 
currents and 90° phasing, the test circuit shown in Fig 32 
may be used. 

The test circuit is connected to the feed lines of two 
elements which are to be adjusted for 90° phasing (such 
as elements 1 and 2, or 2 and 4 of the four-square array of 
Fig 29). Adjust the L-network components alternately unti 
both meters read zero. Proper operation of the test circuit 
may be verified by disconnecting one ofthe inputs. Thephase 
output should then remain close to zero. If not, there is an 
undesirableimbalancein the circuit, which mustbe corrected, 
Another means of verification is to first adjust the L network 
so the tester indicates correct phasing (zero volts atthe phase 
output). Then reverse the tester input connections to the 
element, The phase output should remain close to zero. 


— 


Fig 30— One method of measuring element currents in 
A phased array. Details of the current probe are given 
in Fig 31. Caution: Do not run high power to the 
antenna system for this measurement, or damage to 
the test equipment may result. 
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Fig 31— The current probe for use in the test setup of 
Fig 30, The ferrite core is of type 72 material, and may 
be any size. The coax line must be terminated at the 
‘opposite end with a resistor equal to its characteristic 
impedance. 


Fig 32— Quadrature test circuit. All diodes аге 

germanium, such as 1N34A, 1N270, or equiv. All 
is, 5% tolerance. Capacitors are 

Alligator clips are convenient for making the 

input and ground connections to the array. 

т1—7 trifilar turns on an Amidon FT-37-72 or equiv 

ferrite toroid core. 


DIRECTIONAL SWITCHING OF ARRAYS 

Oneideal directional-switching method would take the 
entire feed system, including the lines to the elements, and 
rotate them. The smallest possible increment of rotation 
depends on the symmetry of the атау— the feed system 
would need to rotate until the array again looks the same to 
it. For example, any two-element array can be rotated 180° 
(although that wouldn't accomplish anything if the array 
was bidirectional to begin with). The four-element 
rectangular array of Figs 26 and 27 can also be reversed, 
and the four-square array of Figs 28 and 29 can be switched 
їп 90° increments, Smaller increment switching can be 
accomplished only by reconfiguring the feed system, 
including the phase shift network, if used. Switching їп 
smaller increments than dictated by symmetry will create а 
different pattern in some directions than in others, and must 
be thoughtfully done to maintain equal and properly phased 
element currents, The methods illustrated here ill deal only 
with switching in increments related to the array symmetry, 
except one, a two-element broadsidelend-fire array. 

In arrays containing quadrature-fed elements, the 
success of directional switching depends on the elements 
and ground systems being identical. Few of us can afford 
the luxury of having an array many wavelengths away from 
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Fig 33- Two-element broadsidejend-fire switching 

All lines must have the same characteristic Impedance. 
Grounds and cable shields have been omitted for 
clarity. 


all other conductors, so ап array will nearly always perform 
somewhat differently in each direction. The array, then, 
should be adjusted when steered in the direction requiring 
the most signal rejection in the nulls. Forward gain will for 
practical purposes, be equal in all the switched directions, 
Since gain is much more tolerant of error than nulls аге. 


BASIC SWITCHING METHODS 
Following is a discussion of basic switching methods, 
how to power relays through the main feed line, and other. 
practical considerations. In diagrams, grounds are frequently 
omitted to aid clarity, but connections of the ground 
conductors must be carefully made. In fact, itis recommended 
that the ground conductors be switched just as the center 
conductors re. This is explained in more detail in subsequent. 
text. In all cases, interconnecting lines must be very short. 

А pair of elements spaced ‘lz apart can readily be 
‘switched between broadside and end-fire bidirectional 
patterns, using the current-forcing properties of /+. lines. 
The method is shown in Fig 33, The switching device can 
bea relay powered via a separate cable or by de sent along 
the main feed ine. 

Fig 34 shows directional switching of а 90° fed, 90° 
spaced array. he rectangular array of Figs 26 and 27 can be 
switched in a similar manner, as shown in Fig 35. 

Switching the direction of an array in increments of 
90°, when permitted by its symmetry, requires at least two 
relays. A method of 90° switching of the four-square array 
is shown in Fig 36. 


Powering Relays Through Feed Lines 
All ofthe abave switching methods can be implemented 


without additional wires to the switch box. A single-relay 
system is shown in Fig 37A, and a two-relay system in 
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Fig 3490: fed, 90° phased array reversal switching. 
All interconnections must be very short. Grounds and 
cable shields have been omitted for clarity. 


== == 


Fig 35- Directional switching of a four-clement 
rectangular array. Al interconnections must be very 
short. Grounds and cable shields have been omitted 
for clarity. 


Fig 378. Small 12 or 24-V de power relays can be used in 
either system at power levels up to at least a few hundred 
watts, Do notattemptto change directions while transmitting, 
however. Blocking capacitors C1 and C2 should be good 
quality ceramic or transmitting mica units of 0.01 to 0.1 pF. 
No problems have been encountered using 0.1 uF, 300-V 
‘monolithic ceramic units at RF output levels up to 300 W. 
C2 may be omitted if the antenna system is an open circuit 
at dc. C3 and C4 should be ceramic, 0.001 pF or larger. 
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Fig 36— Directional switching of the four-square array. 
All interconnections must be very short. 


In Fig 378, capacitors CS through C8 should be 
selected with the ratings of their counterparts in Fig 364, as 
given above. Electrolytic capacitors across the relay coils, 
C9 and C10 in Fig 378, should be large enough to prevent 
the relays from buzzing, but not so large as to make relay 
operation too slow. Final values for most relays will be in 
the range from 10 to 100 pF. They should have a voltage 
rating of at least double the relay coil voltage. Some relays 
do not require this capacitor. All diodes are 1N4001 or 
similar. А rotary switch may be used in place of the two 
toggle switches in the two-relay system to switch the relays 
in the desired sequence, 

Although plastic food-storage boxes are inexpensive 
‘and durable, using them to contain the direction-switching 
circuitry might ead to serious phasing errors If the circuitry 
is implemented as shown in Figs 33, 34, 35 and 36 and the. 
feed-line grounds are simply connected together, the currents 
from more than one element share a single conductive path 
and get phase shifted by the reactance of the wire. As much 
as 30° of phase shift has been measured at 7 M Hz from one. 
side of a plastic box to the other, a distance of only four 
inches! #12 wire was connecting the two points. Since this 
experience, twice the number of relay contacts have been 
used, and the ground conductor of each coaxial cable has 
been switched right along with the center conductor, A solid 
‘metal box might present a path of low enough Impedance 
to prevent the problem. IF it does not, the best solution 
is to use a nanconductive box, and switch the grounds 
as described. 


w 
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Fig 37- Remote switching of relays. See text for 
component information. A one-relay system is shown 
atA, and a two-relay system at B. In B, 51 activates 
Ki, and 82 activates K2. 


MEASURING THE ELECTRICAL LENGTH OF 
FEED LINES 

W hen using the feed methods described earlier, the feed 
lines must be very closeto the correct length, For best results, 
they should be correct within 1% or so. This means that a 
line thats intended to be, say, % 2.at7 M Hz, should actually 
be] at some frequency within 70 kHz of 7 MHz. A simple 
but accurate method to determine at what frequency a line 
is Jc or 37+ X is shown in Fig 38A. The far end of the line is 
short circuited with a very short connection. A signal is 
applied to the input, and the frequency is swept until the 
impedance at the input is a minimum. This is the frequency 
at which the line s/s Either the frequency counter or the 
receiver may be used to determine this frequency. The line 
is, of course, "4 A. at one half the measured frequency. 

The detector can be a simple diode detector, or an 
oscilloscope may be used if available A 6 to 10 dB attenuator 


Fig 38—At A, the setup for measurement of the 
electrical length of a transmission line. The receiver 
may be used in place of the frequency counter to. 
determine the frequency of the signal generator. The 
Signal generator output must be free of harmonics; the 
half-wave harmonic filter at 8 may be used outboard if 
there is any doubt. It must be constructed for the 
frequency band of operation. Connect the filter 
between the signal generator and the attenuator ра 
C1, C3- Value to have a capacitive reactance = В, 
C2 Value to have a capacitive reactance 

lue to have an inductive reactance 


padis included to prevent the signal generator from looking 
into a short circuit atthe measurement frequency. The signal 
generator output must be free of harmonics. If there is any 
doubt, an outboard low-pass filter, such as a half-wave 
harmonic filter, should be used. The half-wave filter circuit 
is shown in Fig 388, and must be constructed for the 
frequency band of operation. 

Another satisfactory method is to use а noise or 
resistance bridge at the input of the line, again looking for a 
low impedance atthe input while the output is short circuited. 
Simple resistance bridges are described in Chapter 27 

Dip oscillators have been found to be unsatisfactory. 
The required coupling loop has too great an effect оп 
measurements. 


MEASURING ELEMENT SELF-IMPEDANCE 

The self-impedance of an unbalanced element, such as 
vertical monopole, canbe measured directly atthe feed point 
using an Impedance bridge. Commercial noise bridges are 
available, and noise and RLC bridges for home construction 
are described in Chanter 27. In the 1990s, portable impedance) 
SWR-measuring instruments with builtin signal generators 
and digital readouts have become very popular. 


MultielementArrays 8-33 


When the measurement is being made, all other 
elements must be open circuited. If the feed point is not 
readily accessible, the impedance can be measured remotely 
through one or more half wavelengths of transmission ine. 
Other line lengths may also be used, but then an impedance 
conversion becomes necessary, such as with a Smith Chart 
(see Chapter 28) or by using а computer program, such as 
the TL program on the CD-ROM included with this book 

A balanced antenna, for example а dipole, must be 
measured through a transmission line to permit insertion 
of the proper type of balun (see below) unesstheimpedance 
meter can be effectively isolated from the ground and nearby 
object, including the person doing the measurement. 

When measuring Impedance through a transmision line, the 

following precautions must be taken to avoid substantial 

ето. 

1) The characteristic impedance of the transmission line 
should be as close as possible to the impedance being 
measured. The closer the impedances, the less the 
sensitivity to feed-line loss and length. 

2) Do notuse any more sections of line than necessary. 
Errors are multiplied by the number of sections, 
Measurements made through lines longer than 12. should 
be suspect. 

3) Uselou-Iss ine Lossy line will skew the measured value 
toward the characteristic impedance of the line. If the 
line mpedancelscloseto the impedance being measured, 
the effect is usually negligible. 

4) If af section of line or multiples being used, measure 
the line length using one of the methods described earlier. 
Do nottry to make measurements at frequencies very far 
away from the frequency at which the lineis the correct 
length. The sensitivity to electrical line length is less If 
the line impedance is close to the impedance being 
measured. 

5) If the impedance of a balanced antenna such asa dipole 
isbeing measured, thecorrecttypeof balun must be used. 
{бее ена! ел on baluns, listed intheBbliography.) One 
way to make the proper type of balun is to use coaxial 
feed line, and pass the line through a large, high 
permeability ferrite core several times, near the antenna 
Ora portion of the line may be wound into a flat coil of 
several turns, a foot or two in diameter, near the antenna, 
A third method is to string a large number of ferrite cores 
over the feed line, as described in Chapter 26. The 
effectiveness of the balun can be tested by watching the 
impedance measurement while moving the coax about, 
and grasping it and letting go. The measurement should 
not change when this is done. 

MEASURING MUTUAL IMPEDANCE 
Various methods for determining the mutual impedance 
between elements have been devised. Each method has 
advantages and disadvantages. The basic difficulty in 
achieving accuracy is thatthe measurementof a small change 
inalargevalueis required. Two methods are described here. 
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Both require the use of a calibrated impedance bridge. The 
necessary calculations require a knowledge of complex 
arithmetic. If measurements are made through feed lines, 
Instead of directly at the feed points, the precautions listed 
above must be observed. 


Method 1 

1) Measure the self-impedance of one element with the 
second element open circuited at the feed point, or with 
the second element connected to an open-lcuted feed 
line that is an integral number of /: A long. This 
impedance is designated Z 

2) Measure the self-impedance of the second element with 
thefirstelement open circuited. This impedanceis called 
2% 

3) Short cireuitthe feed pointof the second ептеп, directly 
or atthe end of an integral numberof: of feed line. 
WeasuetheimpedanceoT thefirst element. Thisis called 
Zs 

4) Calculate the mutual impedance 2 


22402123225) (Eq 46] 
where all values are complex. 

Because the square root is extracted, there are two 
answers to this equation. One of these answers is correct 
and onels Incorrect. Thereisno way to be surewhich answer 
is correct except by noticing which one is closest to a 
theoretical value, or by making another measurement with 
a different method. This ambiguity is one disadvantage of 
using method 1.Theolher disadvantage Is that the difference 
between the two measured values is small unless the 
elements re very closely spaced, This can cause relatively 
large errors in the calculated value of Z yz if small errors are 
made in the measured impedances, Useful results can be 
obtained with this method if cae is taken, however, The 
chief advantage of method 11 its simplicity 


Method 2 

3) А їп method 1, begin by measuring the sel-Impedance 
of one element, with the second element open circuited 
at he feed point, or with the second element connected 
toa*/ (or multiple) open-circuited line. Designtethis 
impedance Z 

2) Measure the sl-Impedance of the second element with 
thefirstelement open circuited, Call this impedance Zz. 

3) Connect the two elements together with 1/2 à of 
transmission пе, and measure the impedance atthe feed 
point of one element. А +. line may be added to both 
elements for this measurement f necessary. That is, the 
line to element 1 would be: À, and the line to element 2 
a full wavelength, Be sure to read and observe the 
precautions necessary when measuring impedance 
through a transmission line, enumerated earlier. This 
measured impedance s called Z, 

4) Calculate the mutual impedance Z pz 


(Eq 47) 


Т) 


where all values are complex 

A gain, there are two answers, But the correct one is 
generally easier to identify than when method 1 is used. For 
most systems, 2 and Zaz are about the same. If they are, 
the wrong answer will be about equal to -Zı (or -Z2). 
‘The correct answer will be about equal to Zy- 221x (0F 225 
= 221x). The advantages of this method are that the correct 
answer is easier to identify, and that there Is a larger 
difference between the two measured Impedances. The 


disadvantage Is that the fe line adds another possible. 
source of error, 

The wrong answers from methods 1 and 2 will be 
different, but the correct answers should be the same. 
Measure with both methods, if possible. Accuracy in these 
measurements will enable the builder to determine more 
precisely the proper values of components for a phasing L 
network. And with precision in these measurements, the. 
performance features of the array, such as gain and null 
depth, can be determined more accurately with methods 
given earlier in this chapter. 


Broadside Arrays 


Broadside arrays can be made up of collinear or parallel elements or combinations of the two. This section was 


contributed by Rudy Severns, N6LF. 


COLLINEAR ARRAYS 

Collineararrays are always operated with the elements 
in phase. (If alternate elements in such ап array are out of 
phase, the system simply becomes a harmonic type of 
antenna.) A collinear array is a broadside radiator, the 
direction of maximum radiation being aright angles tothe 
line ofthe antenna 


POWER GAIN 

Because ofthe natureof the mutual impedance between 
collinear elements, the feed-point resistance (compared to a 
singleelement, which 5730) is increased as shown earlier 
in this chapter (Fig 9). For this reason the power gain does 
notincrease in direct proportion to the number of elements. 
The gain with two elements, as the spacing between them is 
varied, is shown by Fig 39. Although the gain is greatest 
when the end-to-end spacing isin the region of 0.4 to 0.6 à, 
the use of spacings of this order is inconvenient 
constructionally and introduces problems in feeding the two 
elements. As a result, collinear elements аге almost always 
operated with their ends quite close together— in wire 
antennas, usually with just a strain insulator between 

With very small spacing between the ends of adjacent 
elements the theoretical power galn of collinear arrays, 
assuming the use of #12 copper wire, is approximately as 
follows: 

2 collinear elements 1.6 dB 

3 collinear elements— 3.1 dB 

4 collinear elements- 3.9 dB 

More than four elements are rarely use. 

DIRECTIVITY 

The directivity of a collinear array, in a plane containing 
the axis of the array, increases with its length. Small 
secondary lobes appear in the pattern when more than two 
elements are used, but he amplitudes of these lobes are low 
enough so that they are usually not important In a plane at 
right angles to the array the directive diagram is a circle, no 
matter what the number of elements. Collinear operation, 


therefore, affects only E-plane directivity, the plane 
containing the antenna. 

When а collinear array is mounted with the elements 
vertical, the antenna radiates equally well in all geographical 
directions An array of such stacked collinear elements tends 
to confine the radiation to low vertical angles. 

Ifacollinea array is mounted horizontally, the directive 
patter in the vertical plane at right angles to the array isthe 
Same as the vertical pattern of a simple 1/2 antenna at the 
same height (Chapter 3) 

TWO-ELEMENT ARRAYS 

The simplest and most popular collinear array is one 
using two elements, as shown in Fig 40. This system is 
commonly known as мо half-wavesin phase. The directive 
patter in a plane containing the wireaxisisshownin Fig 41. 
Fig 41 gives superimposed patterns for a dipoleand 2, Запі 
4 dementcollinear arrays. Depending on the conductor size, 
height, and similar factors, the impedance at the fed point 
can be expected to be in the range of 4 to 6 KO, for wire 
antennas, If the elements аге made of tubing having a low 
Уйа (wavelength to diameter) ratio, values as low as1 kr 
are representative. The system can be fed through an apen- 
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Fig 39— Gain of two collinear e elements as a 
function of spacing between the adjacent ends. 
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Fig 40— At A, two-element collinear array (two half- 
waves in phase). The transmission line shown would 
operate as a tuned line. A matching section can be 
Substituted and a nonresonant line used if desired, as 
shown at B, where the matching section Is two series, 
capacitors. 


pem 


Fig 41— Free-space E-plane directive diagram for 
dipole, 2, 3 and 4-element collinear arrays. The solid 
line is a 4-element collinear; the dashed line is for a 
3-element collinear; the dotted line s for a 2-element 
collinear and the dashed-dotted line is for a //2 dipole. 


wire tuned linewith negligible loss for ordinary line lengths, 
or a matching section may be used if desired. 

А number of arrangements for matching the feedline 
to this antenna are described in Chapter 26. If elements 
somewhatshorter than 1/2 are used, then additional matching 
schemes can be employed at the expense of a slight reduction 
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їп gain. When the elements are shortened two things 
happen the impedance at the feed-point drops and the 
impedance ha inductive reactance that can be tuned outwith 
simple series capacitors, as shown in Fig 408 

Note that these capacitors must be suitable for the 
power level. Small doorknob capacitors such as those 
frequently used in power amplifiers, are suitable. By way of 
an example, if each side of а 40-meter -element array is 
shortened from 67 to 58 feet, the feed-pointlmpedance drops 
from nearly 6000 £2 to about 1012 0 with an inductive 
reactance of 1800 ©. The reactance can be tuned out by 
inserting 25 pF capacitors at the feed-point The 1012 Qi 
resistance can be transformed to 200 C using a М4 matching 
Section made of 450-0 ladder line and then transformed to 
50 £2 with a an balun, Shortening the array as suggested 
reduces the gain by about 0.5 dB 

Another scheme that preserves the gin is to use a 
450-0 М4 matching section and shorten the antenna only 
slightly to have a resistance of 4 ka. The impedance at the 
inputof the matching section is then ner 502 and a simple 
1:1 balun can be used, Many other schemes are possible 
The free-space E-plane response for а 2-element collinear 
array is shown in Fig 41, compared with the responses for 
more elaborate collinear arrays described below. 

THREE- AND FOUR-ELEMENT ARRAYS 

Ina long wire the direction of current flow reverses in 
exch 2/2 section. Consequenty, collinear elements cannot. 
simply be connected end to end; there must be some means 
for making the current flow in the same direction in al 
elements, When more than two collinear elements are used 
its necessary to connect phasing stubs between adjacent 
elements in order to bring the currents in all elements in 
phase. In Fig 42A the direction of current flow is correct in 
the two left-hand elements because the shorted 2/4 
transmission line (stub) is connected between them. This 
stub may be looked upon simply as the alternate 2/2 section 
of a long-wire antenna folded back on itself to cancel its 
radiation. In Fig 42A the partto therightof the transmission 
line has a total length of three half wavelengths, the center 
half wave being folded back to form а 2/4 phase reversing 
stub. No data are available on the impedance at the feed 
pointin this arrangement, but various considerations indicate 
that it should be over ко 

An alternative method of feeding three collinear 
elements is shown in Fig 428. In this case power is applied 
at he center of the middle element and phase-reversing stubs 
axe used between this element and both of the outer elements, 
The impedance at the feed point in this case is somewhat 
over 300 0 and provides a close match to 300 © line. The 
SWR will be less than 2:1 when 600-0 lines used. Center 
feed of this type is somewhat preferable to the arrangement 
in Fig 42A because the system as a whole is balanced. This 
assures more uniform power distribution among the 
ements. In Fig 42А, the right-hand element is likely to 
receive somewhat less power than the other two because а 
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Fig 42- Layouts for 3- 


arrays. Alternative methods of feeding a 3-element array are 


shown at and B. These drawings also show the current distribution on the antenna elements and phasing 
Stubs. A matched transmission line can be substituted for the tuned line by using a suitable matching section. 


portion of the input power is radiated by the middle element 
before it can reach the element located at the extreme right. 

A four-element array is shown in Fig 42C. The system 
is symmetrical when fed between the two center elements 
asshown. Asin thethree-element case, no data are available 
‘on the impedance at the feed point. However, the SWR with 
2600 Q line should not be much over 2:1. 

Fig 41 compares the directive patterns of 2, 3 and 4- 
element arrays, Collinear arrays can be extended to more 
than four elements. However, the simple two-element 
collinear array is the type most Frequently used, as it lends 
itself well to mult. bend operation. M ore than two collinear 
elements are seldom used because more gain can be obtained 
from other types of arrays. 

ADJUSTMENT. 
In any of the collinear systems described, the lengths 


of the radiating elements in feet can be found from the 
Formula 468/fy yz: The lengths of the phasing stubs can be 


found from the equations given in Chapter 26 for the type of 
line used. If the stub is open-wire line (500 to 600.2 
impedance) you may assume a velocity factor of 0.975 in 
the formula for a 1/4 line. On-site adjustment is, in general, 
an unnecessary refinement. If desired, however, thefollowing 
procedure may be used when the system has more than two 
elements, 

Disconnect all stubs and all elements except those 
directly connected to the transmission line (In the case of 
feed such as is shown in Fig 428 leave only the center 
element connected to the line). Adjust the elements to 
resonance, using the still-connected element. When the 
proper length is determined, cut all other elements to the 
same length. M ake the phasing stubs slightly long and use а 
shorting bar to adjust their length. Connect the elements to 
the stubs and adjust the stubs to resonance, as indicated by 
maximum current n the shorting bars or by the SWR on the 
transmission line. If more than three or four elements are 
used it is best to add elements two ata time (one at each end 
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of the array), resonating the system each time before a new 
pair is added, 


THE EXTENDED DOUBLE ZEPP 

One method to obtain higher gain that goes with wider 
spacing in a simple system of two collinear elements is to 
make the elements somewhat longer than 2/2. As shown in 
Fig 43, this increases the spacing between the two in-phase 
MŽ sections at the ends of the wires. The section in the center 
carries a current of opposite phase, but if this section is short 
the current will be small it represents only the outer ends of 
3142 antenna section. Because of the small current and short 
length, the radiation from the center is small. The optimum 
length for each elementis 0.64 2. At greater length the system 
tends to act as a long-wire antenna, and the gain decreases. 

This system is known as the extended double Zepp. 
The gain over а 2/2 dipole is approximately 3 dB, as 
compared with about 1.6 dB for two collinear 2/2 dipoles. 
The directional pattern in the plane containing the axis of 
the antenna is shown in Fig 44, As in the case of all other 
collinear arrays, the free-space pattern in the plane at right 
angles to the antenna elements is the same as that of a 2/2 
antenna- circular 

‘This antenna is not resonant at the operating frequency 
so that the feed-point impedance is complex (R +} X). A 


Fig 44—E-plane pattern for the extended double Zepp 
of Fig 43. This is also the horizontal directional pattern 
When the elements are horizontal. The axis of the 


The free-space 


Fig 43— The extended double Zepp. This system gives 
somewhat more gain than two J-sized collinear 
elements. 
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Fig 45- Resistive and reactive feed-point impedance of 
A 40-meter extended double Zepp in free space. 


Fig 46— Typical Sterba 
„ array, a 0-element 
Version. 


typical example of the variation of the feed-pointimpedance 
over the band for a40-meter double-extended Zepp is shown 
in Fig 45. This antenna is normally fed with open-wire 
transmission line to an antenna tuner. Other matching 
arrangements are, of course, possible. A method for 
transforming the feed-point impedance to 450 £2 and 
eliminating the minor lobes is given in Chapter 6. 
THE STERBA ARRAY 

Two collinear arrays can be combined to form the 
Sterba array, often called the Sterba curtain, An -element 
example of a Sterba array is shown in Fig 46. The four 4 
elements joined on the ends are equivalent to two 2/2 
elements The two collinear arrays are spaced 12 and the 
244 phasing lines connected together to provide /2 phasing 
lines. This arrangement has the advantage of increasing the 
gain for a given length and also increasing the E-plane 


directivity, which is no longer circular, An additional 
advantage of this array is that the wire forms a closed loop. 
For installations where icing Is a problem a low voltage de 
ог low frequency (50 or 60 Hz) ac current can be passed 
through the wire to heat it for deicing. The heating current. 
is isolated from RF by decoupling chokes. This is standard 
practice in commercial installations. 

The number of sections in а Sterba атау can be 
extended as far as desired but more than four or five are 
rarely used because of the slow Increase in gain with extra 
elements, the narrow H-plane directivity and the appearance 
of multiple sidelobes, When fed at the point indicated the 
impedance is about 600 ©. The antenna can also be fed at 
the point marked X. The impedance at this point will be 
about 1 cer The gain of the B-element array in Fig 46 will 
de between 7 t8 dB over a single element. 


Parallel Broadside Arrays 


To obtain broadside directivity with parallel elements 
the currents in the elements must all bein phase. Ata distant 
point lying on a line perpendicular to the axis of the array 
and also perpendicular to the plane containing the elements, 
the fields from all elements add up in phase. The situation is 
like that pictured in Fig 1 in this chapter, where four parallel 
3.2, dipoles were fed together a broadside array. 

Broadside arrays of this type theoretically can have any 
number of elements, However, practical limitations of 
construction and available space usually limit he number 
of broadside parallel elements. 

POWER GAIN 

The power gain of a parallel-element broadside array 
depends on the spacing between elements ав well as on the 
number of elements. The way in which the gain of a two: 
element array varies with spacing is shown in Fig 47. The 
greatest gain is obtained when the spacing is in the vicinity 
of 0.67 A. 

The theoretical gains of broadside arrays having mare 
than two elements are approximately as follows: 


No.of dB Gain dB Gain 
Parallel with 4/2 with 3/4 a 
Elements Spacing Spacing 
3 57 72 

4 11 85 

5 81 94 

6 89 104 


The elements must, of course, all le in the same planê 
and all must be fed in phase. 


DIRECTIVITY 

The sharpness of the directive pattern depends on 
spacing between elements and number of elements. Larger 
element spacing will sharpen the main lobe, for a given 
number of elements, up to a point as was shown in Fig 39, 
Thetwo-elementarray has no minor lobes when the spacing 
is 142, but small minor lobes appear at greater spacings, 
When three or more elements are used the pattern always 
has minor lobes, 


1H 
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Fig 47— Gain as a function of the spacing between two 
parallel elements operated in phase (broadside). 
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Other Forms Of Broadside Arrays 


For those who have the available room, multi-element 
arrays based оп the broadside concept have something to 
offer. The antennas are large but of simple design and non 

critical dimensions; they are also very economical in terms 
of gain per unit of cost. 

Largearrayscan often be fed at several different points 
However, the pattern symmetry may be sensitive to the 
choice af feed-point within the array. Non-symmetrical feed 
points will result in small asymmetries in the pattern but. 
these are not usually of great concern. 

‘Arrays of threeand four elements areshown in Fig 48, 
Inthe 3-element array with 2/2 spacing tA, the array is fed 
atthe center This is the most desirable point in that it tends 
to keep the power distribution among the elements uniform, 
However, the transmission line could alternatively be 
connected at either point B or C of Fig 48A, with only slight 
skewing of the radiation pattern. 

When the spacing is greater than 2/2, the phasing lines 
must be 12 long and are not transposed between elements, 
This is shown Fig 488. With this arrangement, any element 
spacing up to 1. can be used, jf the phasing lines can be 
folded as suggested in the drawing. 

The 4-element array at C is fed at the center of the 
system to make the power distribution among elements as 
uniform as possible. However, the transmission line could 
be connected at either point B, C, D or E. In this case the 
section of phasing ine between B and D must be transposed 
to make the currents flaw in the same direction in all 
elements. The 4-element атау at C and the 3-element array 
at B have approximately the same gain when the element 
spacing in the array at B iS. 

Analternative feeding method is shown in Fig 480. This 
system can also be applied to the 3-element arrays, and will 
resultin better symmetry in any case. It is necessary only to 
move the phasing line to the center of each element, making 
connection to both sides of the line instead of one only. 

The free-space pattem for a 4-element array with 1/2 
spacing is shown in Fig 49, This is also approximately the 
pattern for a 3-element array with 7. spacing. 

Larger arrays can be designed and constructed by 
following the phasing principles shown in the drawings. No 
accurate figures are available for the impedances at the 
various feed points indicated in Fig 48. You can estimate it 
to be in the vicinity of 1 ka when the feed point is at a 
junction between the phasing line and a 2/2 element, 
becoming smaller as the number of elements in the array is 
increased. W hen the feed point is midway between end-fed 
elements as in Fig 48C, the feed-point impedance of a 
4-element array is in the vicinity of 200 to 300 ©, with 
600 £2 open-wire phasing lines. The impedance at the feed 
point with the antenna shown at D should be about 1.5 kn. 


NON-UNIFORM ELEMENT CURRENTS 
‘The patter for a 4-element broadside array shown in 
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Fig 49 has substantial side lobes, This is typical for arrays 
more than 2/2 wide when equal currents flow in each 
element Sidelobe amplitude can be reduced by using non- 
uniform current distribution among the elements. Many 
possible current amplitude distributions have been 
suggested. All of them have reduced current in the outer 
elements and greater current in the inner elements. This 
reducesthe gain somewhat but can produce a more desirable 
pattern. One of the common current distributions is called 
binomial current grading. In this scheme the rato of element 
currents is set equal to the coefficients of a polynomial. For 
example: 


r 
ARA 
7 


Fig 48 Methods of feeding three- and fou 
broadside arrays with parallel elements, 


Fig 49— Free-space E-plane pattern of a four-element 
broadside array using parallel elements (Fig 48). This 
corresponds to the horizontal directive pattern at low 
wave angles for a vertically polarized array over ground. 
‘The axis of the elements lies along the 90-270 line. 


(+p 
(x42)? - э 121 

(xj = 1043€ 3x41, = 1,3,3,1 

(x)! = 1x4 eb 46x? «6x1, = 1,4,6,4,1 


(Eq 48) 


In a 2-element array the currents are equal, in a 
3-element array the current in the center element is twice 
hat in the outer elements, and so on. 


HALF-SQUARE ANTENNA 

On the low-frequency bands (40, 80 and 160 meters] it 
becomes increasingly difficult to use /2 elements because 
of their size. Thehalf-squareantennais a2-element roadside 
array with 2/4-high vertical elements and 2/2 horizontal 
spacing. See Fig 50. The free-space H-plane pattern for this 
array is shown in Fig 51. The antenna gives modest 
(42 dBi) but useful gain and has the advantage of only 2/4 
height. Like all vertically polarized antennas, real-world 
performance depends directly on the characteristics of the 
ground surrounding it. 

The half-squarecan be fed either at the point indicated 
orat the bottom end of ane of the vertical elements using а 
Voltage feed scheme, such as that shown in Fig 52 for the. 
bobtail curtain. Thefeed-point impedance is in the region of. 
50 £2 when fed at a corner as shown in Fig 50. A typical 
SWR plot is shown in Fig 53. Chapter 6 has a detailed 
discussion of the half-squareantenna with several variations, 
together with practical considerations, 


Fig 50- Layout for the half-square antenna, 


Figs 
half-square 


BOBTAIL CURTAIN 


The antenna system in Fig 52 uses the principles of 
co-phased verticals to produce a broadside, bidirectional 
pattern providing approximately 5.1 dB of gain over a single 
2/4 element. The antenna performs as three in-phase, top- 
fed vertical radiators approximately A/4 in height and spaced 
approximately 2/2. Itis most effective for low-angle signals 
and makes an excellent long-distance antenna for 1.8, 3.5 
or7 MHz 

The three vertical sections are the actual radiating 
Components, but only the center element is fed directly. The 
two horizontal parts, А, act as phasing lines and contribute 
very litte to the radiation pattern, Because the current in the 
center element must be divided between the end sections, 
the current distribution approaches a binomial 1:2:1 ratio. 
The radiation pattern is shown in Fig 54. 

The vertical elements should be as vertical as possible. 
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Fig 52— The bobtail curtain is an excellent low-angle 
radiator having broadside bidirectional characteristics. 
Current distribution ls represented by the arrows. 
Dimensions A and B (in feet, for wire antennas) can be 
determined from the equations. 
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Fig 53- Typical SWR plot for a 40-meter half-square. 
antenna fed at one comer. Antenna in free space; 


Theheight for the horizontal portion should beslightly greater 
than B, as shown in Fig 52. The tuning network is resonant 
at the operating frequency. The L/C ratio should be fairly 
low to provide good loading characteristics. As a starting 
point, a maximum capacitor value of 75 to 150 pF is 
recommended, and the inductor value is determined by C 
and the operating frequency. The network is first tuned to 
resonance and then the tap points adjusted for the best match 
A slight readjustment of C may be necessary. A link coll 
consisting of afew turns can also be used о feed the antenna, 

A feeling for the matching bandwidth ofthis antenna 
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Fig 54—Calculated free-space E-plane directive 
diagram of the bobtall curtain shown їп Fig 52. 
‘The array lies along the 90-270" axis. 


can be obtained by looking ata feed point located at the top 
end of the center element. The impedance at this point will 
be approximately 322 An SWR plat (forZo=32 0) for an 
80-meter bobtail curtain at this feed pointis shown in Fig 55. 
However itis not advisable to actually connecta feedline at 
this polntsinceitwould detunethe array and alter the pattern. 
This antenna is relatively narrow band. When fed at the 
bottom of the center element as shown in Fig 52, the SWR 
can be adjusted to be 1:1 at one frequency but the operating 
bandwidth for SWR «2:1 may beeven narrower than Fig 55 
shows. For B0-meters, where operation is often desired in 
the CW DX window (3510 MHz) and in the phone DX 
window (3.790 MHz), it will be necessary to retune the 
matching network as you change frequency. This can bedone 
by switching a capacitor in or out, manually or remotely 
with a relay. 

While the match bandwidth is quite narrow, the 
radiation pattern changes moreslowly with frequency. Fig 56 
shows the variation in the pattern over the entire band (3.5 
to 40M Hz) As would be expected, the gain increases with 
frequency because the antenna is larger in terms of 
wavelengths. The general shape of we pattern, however, is 
quie stable 


THE BRUCE ARRAY 

Four variations of the Bruce array are shown in 
Fig57. The Bruceis simply a wire folded so thatthe vertical 
sections carry large in-phase currents, while the horizontal 
sections carry small currents flowing in opposite directions 
with respect to the center of a section (indicated by dots). 
The radiation is vertically polarized. The gain is proportional 


К L4 
is 
Frege (un) 
Fig 55— Typical SWR plot for an BO-meter bobtail 


curtain in free space. This is a narrow-band antenna, 


Fig 56— 80-meter bobtail curtain's free-space E-plane 
pattern variation over the 80-meter band. 


to the length of the array but is somewhat smaller than you 

сап obtain from a broadside array of 2/2 elements of the 

same length. This is because the radiating portion of the 

elements is only 2/8 

The Bruce array has a number of advantages: 

1) The array is only 2/4 high. This is especially helpful on 
80 and 160 meters, where the height of 2/2 supports 
becomes impractical for most amateurs 

2) The атау is very simple. Itis just single piece of wire. 
folded to form the атау. 

3) The dimensions of the array are very flexible. Depending 
оп the available distance between supports, any number 
of elements can be used. The longer the array, the greater 
the gain. 

4) The shape of the array does not have to be exactly 1.05 
314 squares, I the available heights short but the array 
сап be made longer, then shorter vertical sections and 
longer horizontal sections can be used to maintain gain 
and resonance. Conversely, if more height is available 
but width is restricted then longer vertical sections can 
be used with shorter horizontal sections, 

5) The атау can be fed at other points more convenient for 
a particular installation 

6) The antenna is relatively low Q, so that the feed- point 
impedance changes slowly with frequency. This is very 
helpful on 80 meters, for example, where the antenna 
сап be relatively broadband. 

7) The radiation pattern and gain is stable over the width of 
ап amateur band, 

Note that the nominal dimensions of the array in 
Fig 57 call for section lengths = 1.05 1/4. The need to use 
slightly longer elements to achieve resonance is common 
in large wire arrays. A quad loop behaves in the same 
manner. This is quite different from wire dipoles which are 
typically shortened by 2-5% to achieve resonance. 

Fig 58 shows the variations in gain and pattern for 2- 
to S-element 80-meter Bruce arrays. Table 7 lists the gain 
over a vertical 2/2 dipole, a -radial ground-plane vertical 
and the ize ofthe array. The gain and impedance parameters 
listed are for free space. Over real ground the patterns 
and gain will depend on the height above ground and the 
ground characteristics. Copper loss using #12 conductorsis 
included 

Worthwhile gain can be obtained from these arrays, 


Table 7 


Bruce array length, impedance and gain as a function of number of elements 


Number Gain Over i2 Gain over 44 
Elements Vertical Dipole Ground-Plane 

2 1248 1948 Me 
3 28 dB 36 dB "n 
4 4308 БЕ E 
5 53dB 6.1 0B 1 


Array Length 
Wavelengins 2,0 


Approx. Food. 


130 
200 
250 
300 
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Fig 57—Various Bruc 


especially on 80 and 160 meters, where any gain is hard to 
come by. The feed point impedance is or the center of a 
vertical section. From the patterns in Fig 58 you can see 
that sidelobes start to appear as the length of the array is 
increased beyond 2. T sis typical for arrays using equal 
currents in the elements 
Itisinteresting to compare the bobtail curtain (Fig 52) 
with a 4-element Bruce array. Fig 59 compares the radiation 
patterns for these two antennas. Even though the Bruce is 
shorter (3/4 3) than the bobtail (1 A), it has slightly more 
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rays: 2, 3, 4 and Scelement versions. 


gain. The matching bandwidth is illustrated by the SWR 
curve in Fig 60. The 4-element Bruce has over twice the 
match bandwidth (200 kHz) than does the bobtall (75 kHz 
in Fig 55). Part of the gain difference is due to the binomial 
current distribution. the center element has twice the current 
as the outer elements in the bobtail. This reduces the gain 
slightly so thatthe 4-element Bruce becomes competitive 
This is a good example of using more than the minimum 
number of elements to improve performance ог to reduce 
size, On 160 meters the 4-element Bruce will be 140 feet 


Fig 58—80-meter free-sp 


patterns for the Bruce arrays shown їп Fig 57. 
The 5-elements pattern is a solid line; the -element 
is a dashed line; the 3-element is a dotted line, and 
the 2-element version is a dashed-dotted line. 


Fig 59— Comparison of free space p 


atterns of a 
d-element Bruce array (solid line) and a 3-element 
bobtail curtain (dashed line). 


ey (rte) 


Fig 60—Typical SWR curve for a 4-element 60-meter 
Bruce array. 


shorter than the bobtail, a significant reduction. If additional 
space is available for the bobtail (1A) then a 
S-element Brucecould beused, with a small increasein gain 
but also introducing some sidelobes. 

The 2-element Bruce and the half-square antennas are 
both 2-elementarrays. However, since the spacing between 
radiators is greater in the half-square (A/2) the gain of the. 
half-square is about 1 dB greater. If space is available, the 
half-square would bea better choice. If there isnot room for 
а half-square then the Bruce, which is only half as long 
(0/4), тау beagood alternative The -element Bruce, which 
has the same length (A2) as the half-square, has about 
0% dB more gain than the haf-square and will ave a wider 
match bandwidth 

The Bruce antenna can be fed at many different points 
andin different ways. In addition to the feed points Indicated 
in Fig 57, you may connect the feed linet the center of any 
of the vertical sections. In longer Bruce arrays, feeding at 
one end will result in some current imbalance among the 
elements but the resulting pattern distortion is small 
Actually, the feed-point can be anywhere along a vertical 
section. One very convenient point is at an outside corner. 
The feed-point impedance will be higher (about 600 Q). A 
ood match for 450-0 ladder-line can usually be found 
Somewhere on the vertical section. It is important to 
recognize that feeding the antenna ata voltage node (dots in 
Fig 57) by breaking the wire and inserting an insulator, 
completely changes the current distribution. This will be 
discussed in the section on endfire arrays. 

A Bruce can be fed unbalanced against ground or 
against а counterpoise as shown in Fig 61 Because it is a 
vertically polarized antenna, the better the ground system 
the better the performance. As few as buo elevated radials 
can be used as shown in Fig 618, but more radials can also 
фе used to improve the performance, depending on local 
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Fig el Alternate feed arrangements for the Bruce 
array. At A, the antenna is driven against a ground 
System and at B, it uses a two-wire counterpoise. 
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Fig 62— Four-element broadside array ("lazy Н”) using 


collinear and parallel elements. 
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Fig 63- Free-space directive diagrams of the four- 
element antenna shown in Fig 62. ALA is the E-plane 

tern. The axis of the elements lies along the 90 270 
line. At is the free-space Н-ріапе pattern, viewed as if 
one set of elements is above the other from the ends of 
the elements. 


ground constants. The original development of the Bruce 
array In the late 1920s used this feed arrangement. 


FOUR-ELEMENT BROADSIDE ARRAY 

The 4-element array shown in Fig 62 is commonly 
known as the lazy H. It consists of a set of two collinear 
elements and a set of two paralel elements, all operated in 
phase to give broadside directivity. The gain and directivity 
will depend on the spacing, as in the case of a simple parallel 
elementbroadsidearray. The spacing may be chosen between 
the limits shown on the drawing, but spacings below . 
are nat worthwhile because the gain s small. Estimated gains 
compared to a single element are: 

"le spacing— 4.2 dB 

"f: spacing 58 dB. 

"le spacing— 6.7 dB. 

"A spacing— 63 dB 

Half-wave spacing is generally used, Directive patterns 
for this spacing are given in Figs 63 and 64, With > 2 
spacing between parallel elements, the impedance at the 
junction of the phasing line and transmission lineis resistive 
and in the vicinity of 1002. With larger or smaller spacing 
the impedance at this junction will be reactive as well as 
resistive. Matching stubs are recommended in cases where 
а non-resonant line Is to be used. They may be calculated 
and adjusted as described in Chapter 26. 

‘The system shown in Fig 62 may be used on two bands 
having a2-to-1 frequency relationship. It should be designed 
for the higher of the two frequencies, using 4 2 spacing 
between parallel elements. It will then operate on the lower 
frequency as a simple broadside array with“. spacing. 

An alternative method of feeding is shown in the small 
diagram in Fig 62. In this case the elements and the phasing 
Tine must be adjusted exactly to an electrical half wavelength. 
The impedance at the feed point will be resistive and on the 
order of 2 kQ. 


Fig 64- Vertical pattern of the four-element broadside 
antenna of Fig 62, when mountad with the elements 
horizontal and the lower set / above flat ground. 
Stacked arrays of this type give best results when the 
lowest elements are atleast’: high. The gain is 
reduced and the wave angle raised if the lowest 
elements are too close to ground. 


THE BI-SQUARE ANTENNA 

A development of the lazy Н, known as the bi-square 
antenna, is shown in Fig 65. The gain of the bi-square is 
somewhat less than that of the lazy-H, but this array is 
attractive because it can be supported from a single pole, It 
has a circumference of 2 A atthe operating frequency, and is 
horizontally polarized, 

‘The bi-square antenna consists of two 12 radiators, fed 
180° out of phase atthe bottom of the array. The radiation 
resistanceis 300 0, so it can be fed with ether 300- or 600-2 
line, The free space gain of the antenna is about 5.8 dB, which 
is 3.7 dB more than a single dipole element. Gain may be 
increased by adding a parasitic reflector or directo. Two bi 
square arrays can be mounted at right angles and switched to 
provide omnidirectional coverage. In this way, the antenna 
Wires may be used as part of the guying system for the pole. 

Although it resembles a loop antenna, the bi-square is 
nota true loop because the ends opposite the feed point are 
‘open. However, identical construction techniques can be used 
for the two antenna types, Indeed, with a means of remotely 
closing the connection at the top for lower frequency 
operation, the antenna can be operated on two harmonically 
related bands. As an example, an array with 17 feet per side 
can be operated as a bi-square at 28 M Hz and asa full-wave 
loop at 14 M Hz. For tuo-band operation in this manner, the 
side length should favor the higher frequency. The length of 
a closed loop is not as critical 


Fig 65 The bi-square array. It has the appearance of 
a loop, but s nota true loop because the conductor 
is open at the top. The length of each side, in feet, is 
азо! (мна). 


MultielementArrays 8-47 


End-Fire Arrays 


Theterm end-fire covers anumber of different methods 
‘of operation, all having in common the factthat the maximum 
radiation takes place along the array axis, and that the атау 
consists of a number of parallel elements in one plane. End- 
fire arrays can be either bidirectional or unidirectional. In 
the bidirectional type commonly used by amateurs there are 
only two elements, and these are operated with currents 180° 
ош of phase. Even though adjustment tends to be 
complicated, unidirectional end-fire driven arrays have also 
seen amateur use, primarily as a pair of phased, ground- 
‘mounted en vertical elements, Extensive discussion of this 
array is contained in earlier sections of this chapter. 

Horizontally polarized unidirectional end-firearrays 
see little amateur use except in log-periodic arrays 
(described in Chapter 10). Instead, horizontally polarized 
unidirectional arrays usually have parasitic elements 
(described In Chapter 21). 


TWO-ELEMENT END-FIRE ARRAY 

Ina 2-element array with equal currents out of phase, 
the gain varies with the spacing between elements as shown 
їп Fig 66. The maximum gain occurs in the neighborhood 
of 0.1). spacing. Below that the gain drops rapidly due to 
conductor loss resistance. 

Thefeed-point resistance for either elementis very low 
atthe spacings giving greatest gain, as shown in Fig 8 earlier 
in this chapter. The spacings most frequently used аге 
“je and Ча А, at which the resistances of center-fed 1 
elements are about 9 and 32 £2, respectively. 

The effect of conductor resistance on gain for various 
spacings is shown in Fig 67. Because current along the 
element is not constant (its approximately sinusoidal), the 
resistance shown is the equivalent resistance (Req) inserted 
atthe center of the element to account for the loss distributed 
along the element. 

‘The equivalent resistance of 3/2 element is '/: the C 
resistance (Rac) of the complete element. Rac is usually >> 
Айс due to skin effect. For example, a 1.84 MHz dipole 
using #12 copper wire will have the following Reg; 

Wire length =267 feet 

Rdc = 0.00159 [Ооо х 267 [feet] = 0.42.0 
Fr=RaciRde = 108 

Req dee x Fr 220 0 

Fora 3:75 MHz dipole made with #12 wire, Req = 1.59 O. 

In Fig 67, itis clear that end-fire antennas made with 
#12 or smaller wire will limit the attainable gain because of 
losses. There is no point in using spacings much less than 
025 Xf you use wire elements. If instead you use elements 
‘made of aluminum tubing then smaller spacings can be used 
to increase gain, However, as the spacing is reduced below 
025 A, the increase in gain is quite small even with good 
conductors. Closer spacings give little gain increase but can 
drastically reduce the operating bandwidth dueto the rapidly 
increasing Q of the array. 
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Fig 66— Gain of an end-fire array consisting of two. 
elements fed 180° out of phase, as a function of the 
Spacing between elements. Maximum radiation is in 
the plane of the elements and at right angles to them 
at spacings up to , but the direction changes at 
greater spacings. 
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Fig 67—Gain over a single element of two out-of-phase 
elements in free space as a function of spacing Юг 
Various loss resistances. 


Unidirectional End-Fire Arrays 

Two parallel elements spaced ij) apart and fed equal 
currents 90° out of phase will have a directional pattern in 
the plane atright angles to the plane of the array. See Fig 68, 
‘The maximum radiation sin the direction of the elementin 
which the current lags. In the opposite direction the fields 
from the two elements cancel 

When the currents in the elements are neither in phase 
пог 180° out of phase, the feed-point resistances of the 
elements are not equal. This complicates the problem of 
Feeding equal currents to the elements, as discussed in earlier 
sections 


Fig 68— Representative H-plane pattern for a 2-element 
'end-fire array with 90° spacing and phasing. The 
elements Пе along the vertical axis, with the uppermost 
element the one of lagging phase. Dissimilar current 
distributions are taken into account. (Pattern computed 
with ELNEC.) 


Fig 69— H-plane pattern for a 3-element end-fire array 


with binomial current distribution (the current in the 
Centar element is twice that in each end element). The 
elements are spaced l., apart along the 0-180 axis. 
‘The center element lags the lower element by 90°, while 
the upper element lags the lower element by 180" in 
phase. Dissimilar current distributions are taken into 
Account. (Pattern computed with ELNEC.) 


Morethan two elements can be used in a unidirectional 
end-firearray The requirement for unidirectivity is that there 
must be a progressive phase shift inthe element currents 
equal to the spacing, in electrical degrees, between the 
elements. The amplitudes of the currents in the various 
elements also must be properly related. This requires 
binomial current distribution. In the case of three elements, 
this requires that the current in the center element be twice 
that in the buo outside elements, for 90° (^1 à) spacing and 
element current phasing. This antenna has an overall length 
of ‘la. Thedirecivediagram is shown in Fig 69, Thepattem 
is similar to that of Fig 68, but the 3-element binomial array 
has greater directivity, evidenced by the narrower halí-power 
beamwidth (146° versus 176°). Its gain is 1.0 dB greater. 


THE М8] K ARRAY 

As pointed out earlier, John Kraus, W8JK, described 
his bi-directional flat-lop WBJK beam antenna in 1940, See 
Fig 70. Two 1/2 elements are spaced 3/8 to 4/4 and driven 
180° out of phase. The free-space radiation pattern for this 
antenna, using #12 copper wire, is given in Fig 71 The 
pattern is representative of spacings between 3/8 and A 
where the gain varies less than 0.5 dB. The gain over a dipole. 
is about 3.3 dB (5.4 dBi referenced to anisotropic radiator), 
a worthwhile improvement. The feed-point impedance 
(including wire resistance) of each element is about 11 (2 
for A/B spacing and 33.0 for % spacing. The feed-point 
impedance at the center connection will depend on the length 
and 7, of the connecting transmission line. 

Kraus gave a number of other variations for end-fire. 
arrays, some of which are shown in Fig 72. The ones fed at 
the center (A, C and E) are usually horizontally polarized 
flat-top beams. The end-fed versions (B, D & F) are usually 
vertically polarized, where the feed point can be conveniently 
near ground. A practical variation of Fig 72B is given in 
Fig 73. In this example, the height is limited to 44 so the 
ends can be bent aver as shown, producing a 2-element end- 
fire атау. This reduces the gain somewhat but allows much 


p 


Fig 70—A 2-element Wa) K array. 
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Fig 73—A 2-element end-fire array with reduced height. 


е E-plane pattern for the 2-element 


shorter supports, an important consideration on the low 
bands, if additional height available, then you can achieve 
some additional gain. The upper ends can be bent over to fit 
the available height. The feed-point impedance will greater 
than 1 ко, 


FOUR-ELEMENT END-FIRE AND 
COLLINEAR ARRAYS 

Thearray shown in Fig 74 combines collinear in-phase 
elements with parallel out-of-phase elements to give both 
broadside and end-fire directivity. It is a two-section WB) К 
The approximate free-space gain using #12 copper wire is 
4.9 dBi with e A spacing and 5.4 dBi with I. spacing. 
Directive patterns are given in Figs 75 for free space, and in 
Fig 76 for heights of 1 and 1 A above flat ground. 

‘The impedance between elements at the point where 
the phasing line is connected is of the order of several 
thousand ohms, The SWR with an unmatched line 
consequently is quite high, and this system should be 
constructed with open-wire line (500 or 600 O) if thelineis 
to be resonant. With 2/4 element spacing the SWR on a 
600 Q line is estimated to be inthe vicinity of 3 or 4:1. 

To usea matched line, you could connect closed stub 
3/16 à long at the transmission-line junction shown in 
Fig 74. The transmission line itself can then be tapped on 
this matching section atthe point resulting in the lowest ine 
SWR. This point can be determined by trial 

‘This type of antenna can be operated on two bands 
having a frequency ratio of 2 to 1, if a resonant feed line is 
used, For example, if you design for 28 MHz with 2/4 
spacing between elements, you can also operate on 14 M HZ 
as a simple 2-element end-fire array having 2/8 spacing, 


‘Combination Driven Arrays 

You can readily combine broadside, end-fire and 
collinear elements to increase gain and directivity, and this 
is in fact usually done when more than two elements are 


Fig 74—A fourelement array combining collinear 
broadside elements and parallel end-fire elements, 
popularly known as a two-section WE) K array. 


used in an array. Combinations of this type give more gain, 
in a given amount of space, than plain arrays of the types 
just described. Since the combinations that can be worked 
out are almost endless, this section describes only a few of 
the simpler types. 

The accurate calculation of the power gain of a multi 
clement атау requires a knowledge of the mutual impedances 
between all elements, as discussed in earlier sections. For 
approximate purposes it is sufficient to assume that each set 
(collinear, broadside, end-fire) will have the gains as given 
earlier, and then simply add up the gains for the combination, 


Fig 75—Free-space E-plane pattern for the antenna 
shown in Fig 74, with "ei. spacing. The elements are 
parallel to the 90`-270° line in this diagram. Less than 
21 change in half-power beamwidth results when the 
Spacing is changed from “sto eh. 


Fig 76—Elevation-plane pattern for the four-element 
antenna of Fig 74 when mounted horizontally at two 
>. high; dashed 
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This neglects the effects of cross-coupling between sels of 
elements. However, the array configurations are such that 
the mutual impedances from cross-coupling should be 
relatively small, particularly when the spacings are Y or 
тоге, so the estimated gain should be reasonably close to 
the actual gain. Alternatively, an antenna modeling program 
will give good estimates of all parameters for a real-world 
antenna, providing that you take care to model all applicable 
parameters 


FOUR-ELEMENT DRIVEN ARRAYS 

Thearray shown in Fig 77 combines parallel elements 
with broadside and end-fire directivity. The smallest array 
(physically) — A. spacing between broadside and A. 
spacing between end-fire elements has an est mated gain 
of 6.5 dBi and the largest— and f. A spacing, 
respectively — about 8.4 dBi. Typical directive patterns for 
аў fo атау are given in Figs 78 nd 79. 

The impedance at the feed point will not be purely 
resistive unless the element lengths are correct and the 
phasing lines are exactly long (This requires somewhat 


less than 25 spacing between broadside elements.) In this 
case the impedance at the junction is estimated to be over 
10 ka. With other element spacings the impedance at the 
junction will be reactive as well as resistive, butin any event 
the SWR will be quite large. A n open-wire line can be used 
as a resonant line, or a matching section may be used Гог 
non-resonant operation, 


EIGHT-ELEMENT DRIVEN ARRAYS 

Тһе атау shown in Fig BOis a combination of collinear 
and parallel elements in broadside and end-fire directivity 
Common practice in a wire antenna is to use spacing for 
the parallel broadside elements and. spacing for the end: 
fire elements. This gives a free-space gain of about 9.1 dBi. 
Directive patterns for an array using these spacings are similar 
to those of Figs 78 and 79, but are somewhat sharper. 

TheSWR with this arrangement will be high. Matching 
stubs are recommended for making the lines non-resonant, 
Their position and length can be determined as described in 
Chapter 26. 

This system can be used on two bands related in 


Transmission Line 


Fig 77—Four-element array combining both broadside and end-fire elements. 
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Fig 78- Vertical pattern of the antenna shown in Fig 77 
ata mean height of" lowest elements 722 above flat 
ground) when the antenna is horizontally polarized. For 
Optimum gain and low wave angle the mean height 
Should be at least. 


Fig 78— Free-space H-plane pattern of the four-element 
antenna shown in Fig 77. 


Fig 80— Eightelement driven array combining collinear and parallel elements for broadside and end-fire directivity. 
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Fig 81— Methods of checking the phase of currents in 
‘elements and phasing lines. 


frequency by a 2-to-1 ratio, providing it is designed for the. 
higher of the two, with J. spacing between the parallel 
broadside elements and . spacing between the end-fire. 
elements. On the lower frequency it will then operate as a 
four-element antenna of the type shown in Fig 77, with A. 
broadside spacing and “la X end-fire spacing. For two-band 
operation a resonant transmission line must de used, 


PHASING ARROWS IN ARRAY ELEMENTS 

In the antenna diagrams of preceding sections, the 
relative direction of current flow in the various antenna 
elements and connecting lines was shown by arrows. In 
laying out any antenna system itis necessary to know bet 
the phasing lines are propetly connected; otherwise the 
antenna may have entirely different characteristics than 
anticipated. The phasing may be checked either on the basis 
of current direction or polarity of voltages. There are two 
rules to remember: 

1) In every #2 section of wire, starting from an open end, 
the current directions reverse, In terms of voltage, the 
polarity reverses at each X point, starting from an open 
end. 

2) Currents in transmission lines always must flow in 
opposite directions in adjacent wires. In terms of voltage, 
polarities always must be opposite 

Examples of the use of current direction and voltage 
polarity are given at A and 8, respectively, in Fig 81. The 

‘2 points in the system are marked by small circles. W hen 

current in one section flows toward a circle, the current in 

the next section must also flow toward it, and vice versa, In 
thefour-elementantenna shown atA, the currentin the upper 
right-hand element cannot flow toward the transmission line, 
because then the current in the right-hand section of the 
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phasing line would have to flow upward and thus would be 
flowing in the same direction as the current in the left-hand 
wire. The phasing line would simply act like two wires in 
parallel in such a case, Of course, all arrows in the drawing 
could be reversed, and the net effect would be unchanged. 

C shows theeffect of transposing the phasing line. This. 
transposition reverses the direction of current flow in the 
lower pair of elements, as compared with A, and thus 
changes the array from a combination collinear and end- 
fire arrangement into a collinear-broadside array. 

The drawing at D shows what happens when the 
transmission line is connected at the center of a section of 
phasing line. Viewed from the main transmission line, we 
two parts of the phasing line are simply in parallel, so the 
half wavelength is measured from the antenna element along 
the upper section of phasing line and thence along the 
transmission line, The distance from the lower elements is 
measured in the same way. Obviously the two sections of 
phasing line should be the same length. If they are not, the 
current distribution becomes quite complicated; the element. 
Currents are neither in phase nor 180° out of phase, and the. 
elements at opposite ends of the lines do not receive the 
same current. To change the element current phasing at D 
into the phasing at A, simply transpose the wires in one 
section of the phasing line; this reverses the direction of 
current flow in the antenna elements connected to that 
section of phasing line. 
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Antennas systems that provide good impedance match 
to the transmitter over a wide frequency range have been a 
topic of interest to hams for many years. M ost emphasis has 
been focused on the 80-meter band, since a conventional 
half-wave dipole will provide better than 2:1 SWR over only 
about one-third of the 3.5 to 4.0 M Hz band, The advantage 
‘of a broadband match is obvious fewer adjustments during 
tuneup and an antenna tuner may not be required. 

This chapter was written by Frank Witt, AL, who 
has written numerous articles in OST and in The ARRL 
Antenna Compendium series on this subject. See the 
Bibliography for details. 

Theterm broadband antennas has frequently been used 
to describe antenna systems that provide a wideband 
impedance match to the transmitter. This is something of a 
misnomer, since most antennas are good radiators over a wide 
Tangeof frequencies and are therefore "broadband antennas" 
by definition. The problem is getting the energy to the antenna 
so itcan be radiated. Antenna tuners solve this problem in 
‘some cases, although lossesin transmission lines, baluns and 
the antenna tuner itself can be excessive. Also worthy of 
mention is that antenna directional properties are usually 
frequency dependent. In this chapter, we discuss 
broadbanding the impedance match to the transmitter only. 


GENERAL CONCEPTS 


The Objective 

Fig 1 shows a simplified system: the transmitter, an 
SWR meter and the transmitter load impedance. Modern 
transceivers are designed to operate properly into a 50-02 


Fig 1— Basic antenna system elements at the output of 
A transmitter. 


load and hey will deliver full power into theload impedance 
at their rated level of distortion, when the SWR is less than 
about 1.5:1. Loads beyond this limit may cause the 
transceiver to protect itself by lowering the output power. 

Many transceivers have builtin automatic antenna 
tuners that permit operation for loads outside the 15:1 SWR 
range, but the matching range is often limited, particularly 
on helower-freguency bans. In practice, barefoot operation 
is simplified if the load SWR is held to less than 2:1, 

For high-power amplifiers, it is also best to keep the 
load SWR to less than about 2:1, since output tuning 
components are commonly rated to handle such loads. You 
can see that the primary function of the SW meter in Fig 1 
isto measure the suitability of the load impedance so far as 
the transmitter is concerned, Henceforth, we will use the 
term load SWR as a description of the transmitters load 

The SWR meter is actually reading a circuit condition 
ata single pointin the system. In fact, the meter really mea 
‘sures magnitude of the reflection coefficient, butis calibrated 
in SWR. The relationships between the complex load 
impedance, 2. the magnitude of the reflection coefficient, 
lol and the load SWR are as follows: 


(Eqn 


єа2 
-pl (42) 


Where 50 Q is used as the reference impedance, since the 
design load impedance for the transmitter is assumed to be 
500, 

‘Animportant pointis that you need not know the output 
impedance of the transmitter to design a broadband matching 
network. The issue of the actual value of the output 
impedance of typical RF power amplifiers is a matter of 
continuing controversy in amateur circles. Fortunately, this 
issueis not important for the design of broadband matching 
networks, since the load SWR Is independent ofthe output 
impedance of the transmitter. Our objective s to design the 
matching network so that the load SWR (with a 50- 
reference resistance) is less than some value, say 2:1, over 
as wide a band as possible, 
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Resonant Antennas 

‘The broadband matching techniques described here 
apply to antennas operating near resonance Typical resonant 
antennas include half-wave dipoles, quarter-wave verticals 
over a ground plane and full-wave loops. To design а 
broadband matching network, you must know the antenna 
feed-point impedance near resonance. Fig 2 shows the 
antenna-impedance equivalent circuit near resonance. 
Although the series RLC circuit is an approximation, it is 
ood enough to allow us to design matching networks that 
significantly increase the band over which a good match to 
the transmitter is achieved. 

Note that the impedance is defined by F p, the resonant 
frequency, Ry. the antenna resistance at resonance, and Qa, 
the antenna Q. R, is actually the sum of the radiation resis 
tance and any loss resistance, including conductor losses 
and losses induced by surrounding objects, such as the 
round below the antenna, Ry is frequency dependent, but 
itis sufficient to assume it is fixed during the matching net 
work design process. Minor adjustments to the matching 
network will correct or the frequency dependence of R 

The antenna resistance and Q depend on the physical 


et 


Fig 2—The equivalent circuit of a resonant antenna. 
‘The simple series RLC approximation applies to many 
resonant antenna types, such as dipoles, monopoles, 
and loops. Ra, Qa and Fo are properties of the entire 
Antenna, as discussed in the text. 
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Fig 3— Feed-point resistance (solid line) for 80-meter 
horizontal dipole at resonance versus height over 
ground. The free-space value is shown as a dashed 
Tine. 
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properties of the antenna itself, the properties of ground 
and the height above ground. Consider as an example an 
80.mete horizontal half-wave dipole made from 412 wire 
located over average ground (dielectric constant = 13 and 
conductivity =5 m/m). Figs 3 and 4 show how feed-point 
resistance and Q vary with height. It is clear from these 
figures that there are wide gyrations in antenna parameters 
The better these parameters are known, the more successful 
we will be at designing the broadband matching network 
For horizontal dipoles, Figs 3 and 4 may be used to get а 
good idea of antenna resistance and Q, so long as the height 
is scaled in proportion to wavelength. For example, a 
160-meter dipole at a height of 100 feet would have about 
the same resistance and Q as an 80-meter dipole at 50 feet. 

For optimum results, the resistance and Q can be 
determined from computer simulation (using an program 
like EZNEC, for example) or measurement (using a low 
power SWRIZ meter such as the МЕ]-259В or the Autek 
Research УАТ or RF-1). Ry can also be computed using 
SWR measurements at resonance. Fig 5 shows the typical 
bowl-shaped SWR curve as a function of frequency for a 
resonant antenna. Sy is the SWR at resonance. You must 
take into account the loss of the feed line if the measure- 
ment must be made at the end of along 50-02 transmission 
line. If the line loss is low or if the measurement is made at 
the antenna terminals, the formulas given below apply 
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Fig 4— Antenna Q for 80» 
line) versus height. The fre 
dashed line. 


r horizontal dipole (solid 
pace value is shown as a 


Fig 5—SWR at the antenna versus frequency in the 
Vicinity of resonance. 


кога, >500 


Ra 85 X50 (E93) 
ков, «500 
50 
х= (Eq 4) 


There is an ambiguity, since we do not know if Ry is 
greater than or less than $0.0. A simple way of resolving 
this ambiguity is to take the same SWR measurement at 
resonance with a 10-02 non-inductive resistor added in 
series with the antenna impedance. If the SWR goes up, 
Ry > 45 Q. If the SWR goes down, Ry < 45 ©. This will 
resolve the ambiguity. 

Q, may be determined by measuring the SWR band 
width, Define BW as the bandwidth over which the reso. 
пап antenna SW R is less than 2:1 (inthe same units as Fo). 
SeeFig 5. 

Fork, 50 


Qa = gap 12550502 -1 (645) 
кога, «50. 
Foy 555 
On w. у, 125507 8 1 (E96) 


Again, you must take into account the loss of the feed 
Line if you make the measurement at the end of a long 50-02 
transmission line, 

For horizontal and inverted-V half-wave dipoles, a very 
good approximation for the antenna Q when R, is known is 
given by: 


(Ea) 


where D = the diameter of wire, in inches. 


Loss 

When you build a resonant antenna with some matching 
scheme designed to increase the bandwidth, you might 
overlook the loss introduced by the broadband matching 
components, Loss in dB is calculated from: 


Power radiated by antenna 


Loss =~ gy power from transmiter Ege) 
or, alternatively, define efficiency in % as 
Efficiency = 100 Pones radiated by antena (ee 


Total power from transmitter 

An extreme degree of bandwidth broadening of an 
80-meter dipole is illustrated in Fig 6. This approach is not 
recommended, but it is offered here to make a point. The 
broadening is accomplished by adding resistive losses. From 
network theory we obtain the RLC (resistor, inductor, 


Estoy (8) 


Pesce (aH) 


Fig 6— Matching the dipole with a complementary RLC 
network greatly Improves the SWR characteristic: 

nearly 1:1 across the 3.5-MHz band. However, the 
relative loss at the band edges is greater than 5 dB. 


capacitor) matching network shown. The network provides 
the complement of the antenna impedance. Note that the 
SWR is virtually 1:1 over the entire band (and beyond), but 
the efficiency falls off dramatically away from resonance 

The band-edge efficiency of 25 to 30% shown in Fig 6 
means that the antenna has about to 6 dB of los relative 
to an ideal dipole A tthe band edges, 70 to 75% of the power 
delivered down the transmission line from the transmitter is 
heating up the matching-network resistor. For a 1-KW output 
level, theresistor musthavea power rating of atleast 750 W! 
Use of an RLC complementary network for broadbanding 
is not recommended, but it does illustrate how resistance 
(orlosses) inte matching network can significantly increase 
the apparent antenna SWR bandwidth. 

The loss introduced by any broadband matching 
approach must be taken into consideration. Lossy matching 
networks will usually provide more match bandwidth 
improvement than less lossy ones. 


SIMPLE BROADBAND MATCHING TECHNIQUES 


The Cage Dipole 

You canincrease the match bandwidth of asingle-wire 
dipole by using a thick radiator, one with a large diameter, 
The gain and radiation pattern are essentially the same as 
that of a thin-wire dipole. The radiator does not necessarily 
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have to be solid; open construction such as shown in Fig 7 
тау be used, 

The theoretical SWR response of an 80-meter cage 
dipole having a 6-inch diameter is shown in Fig 8. BW for 
this antenna fed with 50-O line is 287 kHz, and the Q is 
approximately 8. Its 2:1-SWR frequency range is 1.79 times 
broader than a dipole with a Q of 13, typical for thin-wire. 
dipoles. 

There are other means of creating a thick radiator, 
thereby gaining greater match bandwidth. The bow-tie and 
the fan dipole makeuse of the same Q-lowering principle as, 
the cage for increased match bandwidth, The broadbanding 
techniques described below are usually more practical than 
the unwieldy cage dipole, 


Stagger-Tuned Dipoles 

A single-wire dipole exhibits a relatively narrow 
bandwidth in terms of coverage for the 3.5 to 4.0-M Hz band. 
A technique that has been used for years to cover the entire 
band isto use two dipoles, one cut for the CW portion and 


one for the phone portion. The dipoles are connected in 
parallel at the feed point and use a single feeder. This 
technique is known as stagger tuning. 

Fig 9 shows a the theoretical SWR response of a pair 
of stagger-tuned dipoles fed with 50-2 line. No mutual 
coupling between the wires is assumed, a condition wet 
would exist if the two antennas were mounted at right angles. 
to one another. As Fig 9 shows, the SWR response is less. 
than 1.9:1 across the entire band. 

A difficulty with such crossed dipoles is that four 
supports are required for horizontal antennas. A more 
common arrangement isto use inverted V dipoles with a 
single support, at the apex of each element, The radiator 
wires can also act as guy lines for the supporting mast. 

When the dipoles are mounted at something other than 
arightangle, mutual coupling between them comesinto play. 
This causes interaction between the two elements- tuning 
of one by length adjustment will affect the tuning of the 
other. The interaction becomes most critical when the two 
dipoles arerun paralel to each other, suspended by the same 
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Fig 7- Construction of a cage dipole, wi 


has some resemblance to a round 


icage. The spreaders need not be 


of conductive material, and should be lightweight. Between adjacent conductors, the spacing should be 0.02 ог 
less. The number of spreaders and their spacing should be sufficient to maintain a relatively constant separation 


of the radiator wires. 


А 
= 
Fig 8- Theoretical SWR versus frequency response 


for a cage dipole of length 122 feet 6 inches and a 
spreader diameter of 6 inches, fed with 50-2 line. The 
2:1SWR bandwidth frequencies are 3.610 and 3.897 
MHz, with a resulting BW, of 287 KHZ. 
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Fig 9— Theoretical SWR response of two stagger tuned 
dipoles. They are connected in parallel at the feed point 
and fed with 50-2 line. The dipoles are of wire such as 
412 or #14, with total lengths of 119 and 132 fe 


Supports, and the wires are close together, Finding the 
‘optimum length for each dipole for total band coverage can 
become a tedious and frustrating process 


Stagger-Tuned Radials 

A variation of the use of stagger tuning has been ap- 
plied by Sam Leslie, W4PK. See his article entitled 
"Broadbanding the Elevated, Inverse-Fed Ground Plane 
Antenna” in The ARRL Antenna Compendium Val 6, An 
existing tower with a large beam and VHF/UHF antennas 
on top is used as an 80-meter monopole. See Fig 10A. The 
feed point is part way up the tower, at а point where the 
metal above it makes up an electrical quarter wavelength, 
Four elevated quarter-wave radials are used as a ground 
plane. The radials droop away from the tower. They are 
joined together at the tower but not connected to the tower. 


The antenna is fed with 50-2 coax and an impedance step 
down autotransformer (50:22 Q unun) located at the tower. 
The shield of the coax is carried through the transformer 
and connected to the tower. The coax "hot ide” is connected 
to the junction of the radials. A Q-section made from two 
paralleled RG-59 coax cables (2, = 75/2 = 37.5 ch may be 
Used instead of the autotransformer, 

The broadband match is achieved by cutting two 
opposing radials for one end of the desired match range 
(75 meters) and cutting the other two for the other end of 
the range (80 meters). See Fig 108 for the resultant SWR 
Versus frequency characteristic. 


FEED-LINE IMPEDANCE MISMATCHING 


The simplest broadband matching network is a trans 
former at the junction of the transmission line and the 
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Fig 10— ALA, details of 
the Inverse-fed ground- 
plane atwWaPk. The 

Inset shows the feed 


close to 90° as 

possible. Don't try to 

resonate the antenna by 
djusting radial 


lengths. AtB, SWR 
curve of the inverse-fed 
ground plane antenna 
with staggertuned 


both the CW and 558. 
80/75-meter DX 
Windows. 
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antenna, See Frank Wis article entitled “M atch Bandwidth 
of Resonant Antenna Systems" in October 1991 QST. 
Observe that the impedance of the series RLC resonant 
antenna model of Fig 2 increases at frequencies away from 
resonance. The result is that more bandwidth is achieved 
when SWR at resonance is not exactly 1:1, For example, if 
the antenna is fed with a low-loss 50-0 transmission line, 
the maximum SWR bandwidth is obtained if the effective 
Ry = 501.25 = 40 ©. The improvement in BW, the 2:1 
SW bandwidth, over a perfect match at resonance is only 
6%, however. This condition of Ry =40 Q can be achieved 
by installing a transformer atthe junction of the feed line 
and the antenna, 

If the line loss is larger, you can gain more benefit in 
terms of bandwidth by deliberately mismatching at the 
antenna. If the matched-line loss is 2 dB, the Improvement. 
rises to 18%. To achieve this requires an Ry =28.2 Q. Again, 
the improvement over a perfect match at resonance is modest. 

Itis interesting to compare the 2:1 SWR bandwidth (at 
the transmitter end of the line) for the case of a lossless line 
Versus the case of 2-d8 matched-line loss. BW for the lossy 
line case is 1.95 times that of the lossless line case, so sub- 
stantial match bandwidth improvement accurs, but atthe 
cost of considerable loss, The band edge loss for the lossy 
line case is 3 dB! 

This example is provided mostly as a reference for 
comparison with the more desirable broadbanding 
techniques below. It also explains why some installations 
with long feed lines show large match bandwidths. 


PARALLEL-TUNED CIRCUITS ATTHE 
ANTENNA TERMINALS 

As mentioned previously, a resonant antenna has an. 
equivalent circuit that may be represented as a series RLC 
circuit. We can cancel out some of the antenna reactance 
away from resonance with a parallel-tuned circuit connected 
across the antenna terminals. The impedance level of the 
parallel-tuned circuit must be low enough to be effective 
and must have the same resonant frequency as the antenna, 
You can use a paralle-tuned circuit made with lumped LC 
Components or with transmission-line segments. A quarter 
Wave transmission line with a short at ће far end, or a half 
wave line with an open at the far end, each behave like а 
parallel-tuned LC circuit. 

‘The Double Bazooka 

‘The response of the controversial double bazooka 
antenna is shown in Fig 11. This antenna actually consists 
of a dipole with two quarter-wave coaxial resonator stubs 
connected in series, The stubs are connected across the 
antenna terminals 

Not much bandwidth enhancements provided by this 
resonator connection because the impedance of the matching 
network is too high. The antenna offers a 2:1-SWR 
bandwidth frequency range that is only 1.14 times that of a 
simple dipole with the same feeder, And the bandwidth 
enhancement is partially due to the “fat” antenna wires 
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coaxial dipole. The antenna is s 
3.75 MHz. The resonator stubs ar 
of ac Sun c 


composed mostly of the coax shield. No improvement in 
antenna gain or pattern over a thin-wire dipole can be 
expected from this antenna. 


The Crossed Double Bazooka 

A modified version of the double-bazooka antenna is 
shown in Fig 12. In this case, theimpedance of the matching 
network is reduced to one-fourth of the impedance of the 
standard double-bazooka network. The lower impedance 
provides more reactance correction, and hence increases the 
bandwidth frequency range noticeably, to 1.55 times that of 
a simple dipole. Notice, however, thatthe efficiency of the 
antenna drops to about 80% at the 2:1-5W points. This 
amounts to a loss of approximately 1 d8. The broadbanding, 
in part, is caused by the losses in the coaxial resonator stubs 
(made of RG-58A coax), which have a remarkably low Q 
(only 20). 


MATCHING NETWORK DESIGN 


Optimum Matching 

You can improve the match bandwidth by using а 
transformer or a parallel-tuned circuit at the antenna 
terminals, A combination of these two techniques can yield 
a very effective match bandwidth enhancement. A gain, you 
can make the impedance transformation and implement the 
tuned circuit using lumpedcircuit elements (transformers, 
inductors and capacitors) or with distributed-circuit elements 
(transmission lines). 

In 1950, an article by R. М. Fano presented the theory 
of broadband matching of arbitrary impedances. This classic 
work was limited to lossless matching networks 


5 
ي‎ mm 
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Fig 12— The crossed double 
Improvement by using two quarter-wave resonators, 
parallel connected, as a matching network. As with the 
double bazooka, the resonator stubs are 43.23-foot 
lengths of RG-58A coax. 


Unfortunately, matching networks realized with transmission 
Lines have enough loss to render the Fano results useful as 
only a starting point in the design process. A theory of 
optimum matching with lossy matching networks was 
presented in an article by Frank Witt entitled "Optimum 
Lossy Broadband Matching Networks for Resonant 
Antenas” that appeared in April 1990 RF Design and was 
summarized and extended in “Broadband Matching with the 
Transmission Line Resonator,” in The ARRL Antenna 
Compendium Vol 4. 

Using a matching network, the 2:1 SWR bandwidth 
can be increased by a factor of about 2.5. Instead of the 
familiar bowl-shaped SWR versus frequency characteristic 
seen in Fig 5, the addition of the matching network yields 
the W-shaped characteristic of Fig 13. The maximum SWR. 
over the band is Su. Theband edges areF, and Fy. Thus the 
bandwidth, BW, and the center frequency, Fn are 


(Eq 10) 


(9ш 


Fig 14 shows the pertinent equivalent circuit for a 
typical broadband antenna system. The parallel LC 
matching network is defined by its resonant frequency, Fo 
(whichis the same ав the resonant frequency of the antenna), 
its Q and its impedance level. The Impedance level is the 
reactance of either the matching network inductance or 
capacitance at Fo. The optimum transmitter load resistance, 
Rc, is achieved using an impedance transformer between 
the transmitter and the input to the paralle-tuned circuit. 
Thus for a transmitter whose optimum load resistance is 


Fig 13— Wshaped SWR versus frequency 
characteristic that results when a transformer 
and parallel LC matching network are used. 
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Fig 14— Assumed equivalent circuit for the broadband 
matching system. The antenna and the matching 
network have the same resonant frequency. 


50 ©, the required impedance transformer would have an 
impedance transformation ratio of SO: 

The goal is to keep the SWR over the band as low as 
possible. There is a best or minimum value of Sy that may 
be achieved over the entire band. It depends оп the desired 
match bandwidth andthe Qs of the antenna and matching 
network and is given by the following formula: 


Жыз, Jo. . . 
Qu 20. 


Sw min 
21-20. 
20, 
(E912) 
where B, = Ê ang 
R 
0, =antenna Q 


Ол = matching network Q. 
The reactance at resonance of the parallel tuned LC 
matching network is given by: 


where Ry =antenna resistance in ©. 


(Eq 13) 
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‘The transmitter load resistance is calculated from: 
Sumin Ra Qn Хип 
Ra +0 Хуп 


‘The loss of the matching network is always greatest at 
the edges of the band. This loss, Ly ye, in dB, ls given by: 


R 


s (Eq 14) 


Ra 
"Хна 


Lune =10 log 1+ (8,7 +з) (Eg15) 

Now you have all the information needed to design an 
optimal broadband matching network. An 80-meter dipole 
will serve as an example to illustrate the procedure. The 
following parameters are assumed. 


The values of Ry and Q are reasonable values for 
an 80-meter inverted V with an apex 60 feet above ground. 

40.65 is the calculated value of the 0 of a resonator 
made from RG-213 or similar cable In the middle of the 
80-meter band, The results are 


BW =05мн2 (from Eq 10) 
Fy = 3.742 MHz (from Eq 11) 
Su mn =18 (from Eq 12) 
Ху 19 (from Eq 13) 
Rc -480 (from Eq 14) 
Lune =132 dB (from Eq 15) 


Shown in Fig 15 is the plat of SWR and matching net 
work loss versus frequency for this example. The reference 
resistance for the SWR calculation is Rg or 94.8 ©. Since 
the desired load resistance for the transmitter is 50 0, we 
need some means to transform from 94.8 © to 50.2. The 
examples given in the rest of this chapter will show а 
variety of ways of achieving the necessary impedance 
transformation 

The meaning of X yo = 15.9 2s that the inductor and 
the capacitor in the matching network would each have а 
reactance of 15.9 Q at 3.742 MHz. Methods for obtaining а 
particular value of X yy areshown in the following examples 
as well. The particular value of X y of this example may be 
obtained with a one-wavelength resonator (open-circulted 
atthe far end) made from RG-213, The system described in 
this example is shown in Fig 16. 

The broadband antenna system shown in Fig 16 has а 
desirable SWR characteristic, but the feed line to the 
transmitter is not yet present. Fortunately, the same cable 
segment that makes up the resonator may be used as the 
feed line.A property of a feed line whose length isa multiple 
Of A12 (an even multiple of 2/4) is that its input impedance 
is a near replica of the impedance at the far end. This is 
exactly true for lossless lines at the frequencies where the 
312 condition is true. Fortunately, practical lines have 
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Fig 15— SWR and matching network loss for example. 
Note that Sy ls exactly 1.8 and the band-edge loss is 
exactly 1.32 dB, as calculated. 
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Fig 16— 80-meter dipole example with a 1). resonator 
as the matching network. 


low-enough loss that the property mentioned above is rue 
at the resonant frequency. Off resonance, the desired 
reactance cancellation we are looking for from the resonant 
line takes place. The very same design equations apply. 

In Fig 17, the antenna shown in Fig 16 is moved to the 
far end of the in resonator. The SWR and loss for this case 
are shown in Fig 18, which should be compared with 
Fig 15. The SWR is only slightly degraded, but the loss is 
about the same at the band edges, We have picked up a feed 
line that is 17 long (1735 feet) and broadband matching 
You can make the SWR curve virtually the same as that of 
Fig 15 if the transmitter oad resistance is increased from 
54.8.0 102 0. From a practical pointof view, this degree 
of design refinement is unnecessary, but is instructive to 
know how the SWR characteristic may be controlled. You 
may apply the same approach when the resonator san odd 
multiple of a wavelength, but in that case the transmitter or 
antenna must be connected 2/4 from the shorted end 


(one Women) ВА 
SS кек 


козю enn 


(Eq 17) 


(Eq 18) 


The loss at the band edges is glven by Eg 15. The. 
frequencies where the transmitter load is 50 +] 0., FL and 
Fy, are given by: 


Fig 17— The antenna is at the far end of the 1. line. The 
line does double duty- broadband matching and signal 
transport. 
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Fig 18— SWR and loss for a 1 50-0 feed line. The 
antenna system model is the one shown in Fig 17. 
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Chebyshev Matching 

A though it is not as efficient from the standpoint of 
bandwidth improvement and loss, Chebyshev matching 
is useful for some purposes. This arrangement yields а 
transmitter load impedance of 50 + 02 at two frequencies 
in the band. The matching network circuit is the same as the 
optimum matching case, but the parameters are different. In 
this case, we assume that the antenna parameters, Fy, Ra 
and Q, the network Q and the maximum SWR over the 
band are specified, The bandwidth, impedance level and 
generator resistance are given by: 


to [s +в) +204)5 -0115n -1) 
aw = fo (rler +20«)ви tan - 
rm ES 


(Eq 16) 


A (Eq 19) 

where 

Fu (Ea 20) 
2 

= (аз) 


LC-MATCHING NETWORKS 

Before the theory of optimal matching above was 
developed, Frank Witt, AIL, described in his article 
"Broadband Dipoles— Some New Insights” in October 1986 
OST the basic principle and some applications of LC 
matching networks. Fig 19 shows an LC matching network 
thatisa modified version of one originally proposed by A lan 
Bloom, N1AL. Note that the basic ingredients аге present: 
the parallel-tuned circuit for reactance cancellation and a 
transformer. 

The network also functions as a voltage balun by 
connecting the shield of the coaxial feed line to the center 
tap of the inductor, The capacitor is connected across the 
entire coil to obtain practical element values. The SWR 
response and efficiency offered by a network of lumped 
Components is shown in Fig 20. The 2:1-SWR bandwidth 
with 50-0 lineis 460 kHz. Thedesign isa Chebyshev match, 
where SWR = 1:1 is achieved at two frequencies. For the 
same configuration, more match bandwidth and less loss 
could have been realized if the optimal-match theory һай 
been applied, 

The efficiency at the band edges for the antenna 
system shown in Fig 20 is 90% (Loss = 0.5 dB). This low 
loss is due to the high Q of the LC matching network 
(Qu = 200). The very low-impedance level required 
(Xo = 12.4 0) cannot be easily realized with practical 
inductor-capacitor values. Iis for this reason thatthe coil is 
tapped and serves as an autotransformer with multiple taps. 
The required impedance transformation ratio of 1:28 is 
easily achieved with this arrangement. 


80-Meter DXer's Delight 
A version of an antenna system with an LC 


broadbanding network is dubbed the 80-meter DXer's 
Delight. This antenna has SWR minima near 3.5 and 
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Fig 19—A practical LC matching network that provides 
reactance compensation, impedance transformation 
and balun action. 


Fig 20— Efficient broadband matching with an lumped 
element LC network. The antenna in this example has а 
resistance of 720 and a Q of 12.The matching network 
has an impedance level of 12.4.0, and a Q of 200.The 
feed line is 50-0 coax, and the matching network 
provides an impedance step-up ratio of 28:1 


3.8 MHz. A single antenna permits operation with а 
transmitter load impedance of about 50 Q intheDX portions 
of the band, both CW and phone. The efficiency and SWR 
characteristic are shown in Fig 21. 

Fig 22haws the method of construction, The selection 
of a capacitor for this application must be made carefully, 
especially if high power is to be used. For the capacitor 
described in the caption of Fig 22, the allowable peak power 
(limited by the breakdown voltage) is 2450 W. However, the 
allowable average power (limited by the RF current rating of 
4A) isonly 88 W! These limits apply atthe 18:1 SWR points. 
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Fig 21. The 80-meter DXer Delight permits operation 
with a 50-0 transmitter load in the DX portions of the 
band, both CW and phone. This network was designed 
to provide a broadband match for an inverted V with 

F, =3.67 MHz, an antenna resistance of 60 m and a Q 
of 13.The matching network has an impedance level of 
9.0, and a Q of 220.The feed line is 50-2 coax, and the 
matching network provides an Impedance step-up ratio 
of 20:1. 


Fig 22—A method of constructing the LC broadband 
matching network. Components must be chosen for 
high Q and must have adequate voltage and current 
ratings. The network is designed for use at the antenna 
feed point, and should be housed in a weather- 
resistant package. 

‘The component 
values are as 
follows 

'C1—400 pF 
transmitting mica 
rated at 3000 V, 
(RF) 
1-47 ин, в 
turns of B&W coil 
stack, type 3029 
6 turns per in. 
Drin. dia, #12 wire). 
The LC circuiti 
brought to midband 
resonance by 
adjusting an end 
tap on the inductor. 
The primary and 
secondary portions 
of the coll have 1 
and 2 turns, 
respectively. 


PROPERTIES OF TRANSMISSION-LINE 
RESONATORS 

Oneway around the power limitations of LC broadband 
matching networks is to use a transmission line as the 
resonator, Transmission line resonators, TLRS, typically have 
higher power-handling capability because the losses, though 
higher, are distributed over the length of the line instead of 
being concentrated in the lumped-LC components 
Transmissior-line resonators must be multiples of a quarter 
wavelength. For а parallel-tuned circuit, the odd-multiple 
J4 lines must be shorted at the far end and the even-multiple 


24 lines must be open circuited. 

The length of the matching network resonator is п 
electrical quarter wavelengths. The impedance level, Q, and 
line length are given by: 


ye 
п 
ar, solving for2, 
p" (Eg22) 
z,- n 
AM. 
Oy = (E923) 
(Eq 24) 


V =velocity factor, and 
ine length in feet, 

‘These equations may be used to find the properties 
of the transmission line resonator in the systems shown in 
Figs 16 and 17. The line is RG-213 with the following 
properties: 
2,-500 
V -0466 
А, =04 08/100 feet at 4 MHZ 

We need the matched loss at 3.142 MHz. Since the 
line loss is approximately proportional to frequency , 


(Eq25) 


Where se; and A оез are the matched line losses at frequen- 

cies F and Fr respectively. Hence, 

387 dB/100 feet at 3.742 MHz 

4065 (from Eq 23) 
This isthe Q of any resonator made from RG-213 for 

a frequency of 3.742 MHz. It does not matter how many 

quarter wavelengths (n) make up the cable segment. Earlier 

we calculated that the required impedance level, Xo, is 

15.9.0. Therefore, the required impedance level is: 


22099 улп (from Eq 22) 


This means that you could use a quarter-wavelength 
segment with a short at the far endif Z, 

wavelength segment with a open at the far end if Z 
Our example used an open-circuited full-wavelenath 
resonator (n =4) with a Zo of 50 0. This example was crafted 
to make this happen (so that it fits RG-213 properties), but 
it illustrates that some juggling is required to obtain the 
right resonator properties when itis made from a transmis- 
sion line, since we are stuck with the cable's characteristic 
impedance. 


The TLR Transformer 

A way around the limitation created by available char 
acteristic impedance values is to use the transmission-line 
resonator transformer. The basic idea is to make the 
connection to the TLR at an intermediate point along the 
line instead of atthe end of the line. Itis analogous to using 
taps on a parallel-tuned LC resonant circuit to achieve trans 
former action (See Fig 19). The nature of the transformer 
action is seen in Fig 23, where the ends of the transformer 
are designated 1-1 and 2-2. The impedance ratio of the trans 
former, Nz, is approximated by 


DE (E020) 
The distance in feet, x, is given by 
Oko, зу 
W" 30 F (E02) 


This approach may be used for the connection of the. 
TLR to the transmitter or to the antenna or both. An 
example will help make the power of the TLR transformer 
clear, We want to broadband match an 80-meter dipole 
(where Fpis 3.742 MHz, Ra is 65 O and 0, is 13). The feed 
line is RG-213 50-02 cable, and the total distance between 
the antenna and transmitter s less than 100 feet 


Fig 23- Transformer action in the TLR. The definition of 
transformer terminals depends on whether the TLR end 
is open- or short-circuited. 8 is the distance between 
the minimum of the voltage standing wave (at 
resonance) and the connection point, expressed as an 
electrical angle. The distance x is that same distance 
expressed in feet. 
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Since we know that Zo = 50 0, we will design a 
prototype system with e TLR (n=3). Since n is odd, he 
TLR must be shorted atone end, and we will place the short 
at the transmitter end of the line. The Intermediate step 
of using a prototype system will enable us to design a sys 
tem with thefinal TLR, but without transformer action. Then 
well calculate the proper connection points along the TLR 
Fig24 shows he prototype system and the system with built 
in transformers, 

Note thatthe prototype antenna is connected to the open 
end of the TLR. The prototype generator (transmitter) 
is connected at a multiple of /2 from the antenna. Here, at 
resonance, an approximate replica of the antenna will 
appear. We will use primed variables to indicate prototype 
antenna system elements. The prototype ntena differs from 
the actual antenna in impedance level, so only R will 
change. Fg and 0, remain the same. 

Starting with the TLR, we have 
Xu -220 (from Eq 22) 

Theprototypeantennaesitanceatresonance, R^, ls 
calculated by rearranging Eq 13 


Ry XnoQe (6428) 
„Ж 
2, 
Earlier we calculated that Qy 24065 and Sui, -A 
Now wefind 
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Fig 24— An optimized antenna system with a i 
‘TLR made from RG-213 coaxial cable. The prototype 
system at A is a convenient intermediate step in the 
design process. AtB is the configuration with TLR. 
transformers. It has an open stub, Lo, a link, L, (which 
serves as the feed line), and a shorted stub, Ls. 
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(from Eq 28) 
(from Eg 14) 

The electrical angles (in degrees) and connection 
locations (in fee) are given by 


[Ra 
{Eq 29) 
(6430) 
(Eq 31) 
(Eq 32) 
A 59V 
where چ د را‎ 801 
The lengths of the stubs and link of Fig 24 are given 
by 
losti (E933) 
Ls = (6934) 
Ly =ALy-Lo-Ls (6935) 
Since L; =434 feet, 
9, =674" (from Eq 29) 
05 =38.0° (from Eq 30) 
Lo 109 feet (from Eq 33) 
Ls =188 feet (from Eq 34) 
Ly 21004 feet (from Eq 35) 


These dimensions are summarized in Fig 24. If 
required, additional 50-02 cable may be added between the 
transmitter and the junction of the shorted stub and the link 
A remarkable aspect of the TLR transformer, as demonstrated 
inthis example, is that itis a transformer with multiple taps 
distributed over a great distance, in this case over 100 feet. 

The calculated SWR and loss of the antenna system 
with the TLR transformer are shown in Fig 25А. We 
mentioned earlier that the stub calculations are an 
approximation. Fig 25 bears this out, but the changes 
necessary to achieve the optimized results are relatively 
small. By changing the lengths and dipole resonant frequency 
slightly, thetarget optimized SWR characteristic of Fig 258 
results. See Table 1 for a summary of the changes required. 

To demonstrate the significant improvement in match 
bandwidth that the TL R transformer provides, the SW R and 
loss of the same dipole fed with 100.4 feet of RG-213 cable 
is shown in Fig 25C. The loss added by the two stubs used 
to obtain match bandwidth enhancement is negligible (0.2 
1005 dB) 

A TLR transformer may be used by Itself to achieve 
a low-loss narrow-band impedance transformation, 


TĚ 
тезу (a 


w 


Impe 


Trenes (a 


0 


== 


H 
H 
i 
H 
i 


› 


Freno (ta 


© 


Fig 25—The SWR and loss of the TLR transformer 
antenna system. At A, the results are shown with the 
calculated line lengths. At B, the Improvement after the 
lengths were optimized is shown in Table 1. ALC, for 
comparison, SWR and loss for the same setup as at A, 
but with the stubs removed. 


Table 1 
Calculated and Optimized Parameters Using TLR 
Transformers 


Calculated Optimized 

Dipole resonant 3742 МН2 3.710 MHz 
frequency (Fo) 

Open stub (Lo) 109 13.1 feet 

Shorted stub (Ls) 18.8 teet 201 feet 

Link (L) 1004 foot 


101.0 feet 


functioning likea/4 Q-section is differentin nature from 
a Q-section,inthat itis true impedance transformer, whilea 
@ section is an impedance inverter. The TLR transformer 
тау be designed into the antenna system and is a useful tool. 
when a narrow-band impedance transformation is needed. 


TRANSMISSION-LINE RESONATORS 
AS PART OF THE ANTENNA 


‘The Coaxial-Resonator Match 

‘This material is condensed from articles that appeared 
in April 1989 OST and The ARRL Antenna Compendium 
Volume 2, The coaxial-resonator match, а concept based on 
the TLR transformer, performs the same function as the 


Fig 26—Dipole matching methods. At A, the T mate 
B, the gamma match; at C, the coaxial 


T match and the gamma match, that is, matching а 
transmission line to a resonant dipole. These familiar 
‘matching devices as well as the coaxial resonator match are 
shown in Fig 26, The coaxial resonator match has some 
similarity to the gamma match in that it allows connection 
ofthe shield of the coaxial feed line to the center of the dipole, 
and it feeds the dipole off center. The coaxial resonator match 
has a further advantage: It can be used to broadband the 
antenna system while providing an impedance match 

The coaxial resonator match is а resonant transformer 
made from a quarter-wave long piece of coaxial cable. 
Fig 27 shows the evolution of the coaxlal-resonator match. 
Now it becomes clear why coaxial cable is used for the 
quarter-wave TLR transformer— interaction between the 
dipoleand the matching network is minimized. Theeffective 
dipole feed point is located atthe crossover, which is an off- 
center feed point In effect, the match is physically located 
"inside" the dipole. Currents flowing on the inside of the 
shield of the coax are associated with the resonator; currents 
flowing on the outside of the shield of the coax are the usual 
dipole currents, Skin effect provides a degree of isolation 
and allows the coax to perform its dual function, The wire 
extensions at each end make up the remainder of the dipole, 
‘making the overall length equal to one half- wavelength. 

A useful feature of an antenna using the coaxial 
resonator match is that the entire antenna is at the same 
dc potential as the feed-line potential, thereby avoiding 
charge buildup onthe antenna. Hence, noiseand the potential 
of lightning damage are reduced. 

Fig 28 shows the detailed dimensions of an 80-meter 
inverted-V dipole using a coaxial-resonator match. This 
design provides a load SWR better than 1.6:1 from 3.5 to 
3425 MHz and has been named the 80-M eter DX Special 
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Fig 27- Evolution of the coaxial-resonator-match 
broadband dipole. At A, a TLR transformer is used to 
match the feed line to the off-center-fed dipole. The 
match and dipole are made collinear at B. At C; the 
balanced transmission-line TLR transformer of A and B 
is replaced by a coaxial version. Because the shield of 
the coax can serve as a part of the dipole radiator, the 
wire adjacent to the coax match may be eliminated, D. 


Fig 28— Dimensions for the 80-Meter MHz DX Special, an 
antenna optimized for the phone and CW DX portions of 
the 3.5-MHz band. The coax segment lengths total to one 
quarteravavelength. The overal length is the same as that 
ofa conventional inverted V dipole. 


ө- 


4 Chapters 


— 
Fig 29— Measured SWR performance of the 80-Meter DX 


Special, curve A. Note the substantial broadbanding 
relative to a conventional uncompensated dipole, curve B. 


The coax is an electrical quarter wavelength has a short at 
one end, an open at the other end, a strategically placed 
crossover, and is fed at aT junction. (The crossover is made 
by connecting the shield of one coax segment to the center 
conductor of the adjacent segment and by connecting the 
remaining center conductor and shield in a similar way.) 
The antenna is constructed as an inverted-V dipole with a 
110° included angle and an apex at 60 feet. The measured 
SWR versus frequency is shown in Fig 29.۸ Iso in Fig 29 is 
the SWR characteristic for an uncompensated inverted-V 
dipole made from the same materials and positioned exactly 
like the broadband version. 

The8O-H eter DX Special is madefrom RG-213 coaxial 
cable and #14 AWG wire, and is fed with 50-02 coax. The 
coax forming the antenna should be cut so that the stub 
lengths of Fig 28 are within inch of the specified values, 
PVC plastic-pipe couplings and 50-239 UHF chassis 
connectors can be used to make the T and crossover 
connections, as shown in Fig 30A and 308. Alternatively, а 
standard НЕ T connector and coupler cn be used for the 
Т, and the crossover may bea soldered connection (Fig 30C) 
RG-213 is used because of its ready availability, physical 
strength, power handling capability, and moderate loss. 

Cut the wire ends of the dipole about three fee longer. 
than the lengths given in Fig 28. If theresa tiltin the SWR. 
frequency curve when the antenna is first built, it may be 
flattened to look like the shape given in Fig 29 by increasing 
or decreasing the wire length. Each end should be lengthened 
or shortened by the same amount. 

A word of caution: If the coaxial cable chosen Is not 
RG-Bor equivalen, thedimensions wll haveto be modified, 
Thefollowing cabletypeshave aboutthe same characteristic 
impedance, loss and velocity factor as RG-213 and could be 
substituted: RG-8, RG-BA, RG-10, RG-10A, RG-213 and 


© 


Fig 30—T and crossover 
construction. At A, a 2 
PVC pipe coupling c 
for het, and at B, a 
coupling for the crossover. 
These sizes are the nominal 
inside diameters of the PVC 
pipe that is normally used with 
the couplings. The T could Бе 


hardware (an M-358T and 
PL-258 coupler) An alternative 
construction for the crossover. 
is shown at C, where a direct 
solder connection is made. 


RG-215. If the Q of the dipole is particularly high or the 
radiation resistance is unusually low because of different 
ground characteristics, antenna height, surrounding objects 
and so on, then different segment lengths will be required. 
What is the performance of this broadband antenna 
relative to that of a conventional inverted-V dipole? Aside 
from the slight loss (about 0.75 dB at band edges, less 
elsewhere) because of the non-ideal matching network, the 
broadband version will behave essentially the same as а 
dipolecutforthefrequency of interest Thats, the radiation 
patterns for the two cases will be virtually the same, 


The Snyder Dipole 

A commercially manufactured antenna utilizing the 
principles described in the M atching Network Design section. 
is the Snyder dipole. Patented by Richard D. Snyder in late 
1984 (see Bibliography), it immediately received much 
public attention through an article that Snyder published 
Snyder's claimed performance for the antenna İsa 2:1 SWR 
bandwidth of 20% with high efficiency. 

The configuration of the Snyder antenna is like that of 
the crossed-double bazooka of Fig 12, with 25-2 line used 
for the cross-connected resonators, In addition, the antenna 
is fed through a 2:1 balun, and exhibits a W-shaped SWR 
characteristic like that of Fig 13. The SWR at band center, 
based on information in the patent document, is 1.7 to 1. 
Thereis some controversy in professional circles regarding 
the claims for the Snyder antenna 


The Improved Crossed-Double Bazooka 

The following has been condensed from an article by 
Reed Fisher, W2CQH, that appeared in The ARRL Antenna 
Compendium Volume 2. The antenna is shown in Fig 31. 
Note thatthe half-wave flat-top is constructed of sections of 
RG-58 coaxial cable. These sections of coaxial cable serve 
as quarter-wave shunt stubs that are essentially connected 
in parallel at the feed point in the crossed double bazooka 


Fig 31- Details of the W2CQH broadband-matched 
ec meter dipole. 


fashion. At an electrical quarter wavelength (43 feet) from 
each side of the feed point X-Y, the center conductor is 
shorted to the braid of the coaxial cable. 

The parallel stubs provide reactance compensation. The 
necessary impedance transformation at the antenna feed 
pointis provided by the quarter-wave -section constructed 
of a50-Foot section of 75-2 coaxial cable (RG-59).A W2DU 
1:1 current balun is used at the feed point. See Fig 32 for 
the SWR versus frequency for this antenna with and without 
the broadband matching network. 

This antenna is essentially that of the crossed double 
bazooka antenna shown in Fig 12, withthe addition of the 
75-а Q-section. The improvement in match bandwidth is 
substantial. The antenna at W2COH is straight and nearly 
horizontal with an average height of about 30 feet. 
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Fig 32 SWR curves for the improved double bazooka. 
Curve A, the theoretical curve with 50-0 stubs and a 
20, 75-1 matching transformer. Curve B, measured 

It RG-58 stubs 
surements from 


made at W2CQH with the dipole horizontal at 30 feet. 


TRANSMISSION-LINE RESONATORS AS PART 
OFTHE FEED LINE 


A Simple Broadband Dipole for 80 Meters 

This system was described in an article in September 
1993 QST. It has the advantage that the radiator is the same 
as that of a conventional half-wave wire dipole, Thus the 
antenna is light weight, easy to support and has small wind 
and ice loading. The broadband matching netwark is 
integrated into the feed line. 

‘The system is shown in Fig 33. Itis a variation of the. 
example shown in the M atching Network Design section of 
this chapter as shown in Fig 17. The TLR isa 1 length of 
RG-213 50-0 coax and the impedance transformation is 
accomplished with a 75-02 Q-section made of RG-11. The 
antenna is an inverted-V with a 140° included angle and an 
apex helghtof 60 feet. The wire sizeis #14, butis not critical 
Thebalun is aW2DU 1:1 current type. It easily handles the 
legal power limit over the entire 80-meter band. The 
measured SWR is shown in Fig 34 

A unique advantage of this antenna sha by paralleling 
a 40-meterdipoleatthe feed point and sharing the feed line, 


Fig 34- Measured SWR versus frequency for the 
broadband and conventional antenna systems. 


‘operation on both 80 and 40 meters is possible. The reason. 
for this is that the lengths of the Q-section and the TLR are 
multiples of a half-wavelength on 40 meters. To minimize 
the interaction, the two dipoles should be spaced from each 
other away from the feed point. First tune the 80-meter 
antenna and then the 40-meter one. Fig 35 shows the result 
of adding a 40-meter dipole to the system shown in Fig 33. 
Each 40-meter dipole leg is 34.4 feet long. Note that the 
SWR on 80 meters changes very little compared to Fig 34. 
No change was made to the 80-meter dipole or to the 
transmission line. 
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Fig 35— Measured SWR for the 80- and 40-meter 
multiband antenna system. 


Fig 33- This simple broadband 
antenna system resembles a 
Conventional 80-meter dipole except 
{forthe 1J4-wavelength 75-0 segment, 
The lengths of the Q-section, TLR 
(including balun) and dipole are 

43.3 feet, 170.5 feet, and 122.7 feet, 
respectively. 
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Fig 36- Broadbanding with the TLR transformer. The 
dimensions shown apply for an 80-meter horizontal 
dipole 80 feet above average ground. Ifthe 21.6-foot 
shorted stub is removed, the impressive broadbanding 
disappears and the loss at 3.5 and 4.0 MHz drops a 
Small amount to only 1 dB. 


80-Meter Dipole with the TLR Transformer 

The total length ofthe feed line in the system just de 
scribed above in Fig 33 is quite long, about 214 feet. For 
installations with shorter runs, the TLR transformer concept 
may be employed to advantage. An example provided in 
"Optimizing the 80-M eter Dipole" in The ARRL Antenna 
Compendium Vol 4 is shown in Fig 36. Here the TLR is 
31,2. long overall and is made from RG-213 50-0 cable. The 
design applies for an 80-meter horizontal dipole, 80 feet above 
average ground, with an assumed antenna Fo, Ra, and Qa 
of 3.72 MHz, 92 © and 9, respectively. (See Figs 3 and 4.) 
‘The lengths must be revised for other dipole parameter, 

For this design, the feed line is 113.1 feet long and the 
shorted stub at the transmitter end is 21.6 feet long. You cen 
add any length of 50-02 cable between the transmitter and 
the junction of the shorted stub and the feed line, The shorted 
stub gives a de path to ground for both sides of the dipole, 
preventing charge buildup and some lightning protection 
For multiband operation with an antenna tuner, the stub 
should be removed, 

‘The general application of the TLR transformer concept 
has tap at both the transmitter end and a tap at the antenna 
end. (See Fig 24.) In this case, the concept was applied only 
at the transmitter end, since very little impedance 
transformation was required at the antenna end. The location 
of the TLR transformer is not obvious. Consider a % TLR 
with a short at one end, and an open at the other end where 
the antenna [s connected. The generator for no impedance 
transformation would be located 1/4 (43.6 feet © 3.72 M Hz) 
from theshort, By connecting the transmitter 21.6 fet from 
the short, the required impedance transformation for a 
transmitter optimized for 50-0 loads is achieved. 
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‘This chapter was contributed by L. B. Cebik, WARNL. 
The Log Periodic Dipole Array (LP DA) is one of a family 
of frequency-independent antennas. Alone, an LPDA forms 
adirectional antenna with relatively constant characteristics 
across a wide frequency range. It may also be used with 
parasitic elements to achieve specific characteristic within 
a narrow frequency range. Common names for such hybrid 
arrays are the log-cell Yagi or the Log-Yag. We shall look at 
the essential characteristics of both types of arrays in this 
chapter 

The LPDA is the most popular form of log-periodic 
systems, which also includezig-zag, planar, trapezoidal, slot, 
and V forms. The appeal of the LPDA version of the log 
periodic antenna owes much to its structural similarity to 
the Yagi-Uda parasitic атау. This permits the construction. 
of directional LPDAs that can be rotated-—at least within 
the upper HF and higher frequency ranges. Nevertheless, 
the LPDA has special structural as well as design 
considerations that distinguish it from the Yagi. A number 
о! different construction techniques for both wire апа tubular 
elements are illustrated later in this chapter. 

The LPDA in its present form derives from the 
pioneering work of D. E, Isbell at the University of Ilinois 


Log Periodic 
Arrays 


inthelate 1850s A though you may design LPDAS for large 
frequency ranges for example, from 3 to 30 M Hz or alittle 
over 3 octaves— the most common РОА designs that radio 
amateurs use are limited to aone-actave range, usually from 
141030 MHz. Amateur designs or this range tend to consist 
of linear elements, However, experimental designs for lower 
frequencies have used elements shaped like inverted Vs, and 
some versions use vertically oriented elements over a 
ground system, 

Fig 1shows the parts of a typical LPDA. Thestructure 
consists of a number of linear elements, the longest of which 
is approximately 15 2 long at the lowest design frequency. 
Theshortest element is usually bout) long ata frequency. 
well above the highest operating frequency. The antenna 
feeder, also informally called the phase-line, connects the 
center points of each element in the series, With a phase 
reversal or cross-over between each element. A stub consisting 
of a shorted length of parallel feed line is often added at the 
back of an LPDA. 

The arrangement of elements and the method of feed 
yield an array with relatively constant gain and front-to- 
back ratio across the designed operating range. In addition, 
the LPDA exhibits a relatively constant feed-point 
impedance, simplifying matching to a transmission line. 


BASIC DESIGN CONSIDERATIONS 

For the amateur designer, the most fundamental facets 
of the LPDA revolve around three interrelated design 
variables: cı (alpha), x (tau), and o (sigma). Any one of the 
three variables may bedefined by reference to the other two. 

Fig 2 shows the basic components of an LPDA. The 
angle a defines the outline of an LPDA and permits every 
dimension to be treated as a radius or the consequence of а 
radius (R) of a circle. The most basic structural dimensions 
are theelementlengths (L), the distance R) of each element 
from theapex of angle o, andthe distance between elements 
(D). A single design constant, т, defines all of these 
relationships in the following manner 
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Fig 1—The basic components of a log periodic dipole 
array (LPDA). The forward direction is to the left in this 
ny variations of the basic design are 
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where element п and nal are successive elements in the 
array working toward the apex of angle a. The value of is. 
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Fig 2—Some fundamental relationships that defin 
array as an LPDA. See the text for the defining 
equations. 


always less than 1.0, although effective LPDA design re- 
quires values as close to 1.0 as may be feasible. 

The variable т defines the relationship between 
successive element spacings but it does not itself determine 
the initial spacing between the longest and next longest 
elements upon which to apply < successively. The initial 
spacing also defines the angle о for the array. Hence, we 
have two ways to determine the value of o, the relative 
spacing constant: 

l-t Da 
ana 2L. 
where D, is the distance between any мо elements of the 
array and L is the length of the longer of the two elements, 
From the first of the two methods of determining the value 
of c, we may also find a means of determining a when we 
know both т and o. 

For any value of т, we may determine the optimal value 
СЕ 
бок =0243т- 0051 (£03) 


‘The combination of a value for z and its corresponding. 
optimal value of a yields the highest performance of which 
an LPDA is capable. For values of z from 0.80 through 0.98, 
the value of optimal с varies from 0.143 to 0.187, in 
increments of 0.00243 for each 0.01 change in т. However, 
using the optimal value of usually yields a total array length 
that is beyond ham construction or tower/mast support 
capabilities, Consequently, amateur L PDA s usually employ 
compromise values of rand c that yield lesser but acceptable 
performance, 

Fora given frequency range, increasing the value of т 
increases both the gain and the number of required elements, 
Increasing the value of с increases both the gain and the 
overall boom length. A т of 0.96—which approaches the 
Upper maximum recommended value for т— yields an 
optimal с of about 0.18, and the resulting array grows to 
over 100 feet long for the 14 to 30 M Hz range, The maximum 
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free space gain is about 11 dBi, with a front-to-back ratio 
that approaches 40 dB. Normal amateur practice, however, 
uses values of т from about 0.88 to 0.95 and values of o 
from about 0.03 to 0.06. 

Standard design procedures usually set the length of 
the rear element for a frequency about 7% lower than the 
lowest design frequency and use the common dipole formula 
[La = 468/142) to determine its length (5% lower than а 
free-space half wavelength, where L jg =493.56/fyya). The 
Upper frequency limit of the design is ordinarily set at about 
13 times the highest design frequency. Since т and c set the 
increment between successive element lengths, the number 
of elements becomes a function of when the shortest. 
element reaches the dipole length for the adjusted upper 
frequency, 

‘The adjusted upper frequency limit results from the 
behavior of LPDAs with respect to the number of active 
elements. See Fig 3, which shows an edge view of a 10. 
element LPDA for 20 through 10 meters, The vertical lines 
represent the peak relative current magnitude for each 
element at the specified frequency. At 14 M Hz, virtually 
every element of the array shows а significant current 
magnitude. However, at 28 MHz, only the forward 
5 elements carry significant current. Without the extended 
design range to nearly 40 M Hz, the numberof elements with 
significant current levels would be severely reduced, along 
with upper frequency performance, 


Fig 3—The relative current magnitude on the elements 
of an LPDA at the lowest and highest operating 
frequencies for a given design. Compare the number of 
“active” elements, that is, those with current levels at 
least "oof the highest level 


‘The need to extend the design equations below the 
lowest proposed operating frequency varies with the value 
of т. In Fig 4, we can compare the current on the rear 
elements of two LPDAS, both with a с value of 0.04. The 
upper design uses a т of 0,89, while the lower design uses a 
value of 0.93. The most significant current-bearing element. 
moves forward with increases in t, reducing (but not wholly 
eliminating) the need for elements whose lengths are longer 
than a dipole for the lowest operating frequency. 


LPDA Design and Computers 

Originally, LPDA design proceeded through а serles 
of design equations intended to yield the complete 
specifications for an array. M ore recent techniques available 
to radio amateurs include basic LPDA design software and 
antenna modeling software. One good example of LPDA 
design software is LPCAD28 by Roger Cox, WBODGF. A 
сору of this freeware program is on the CD-ROM wet 
‘accompanies this volume. The ser begins by specifying the 
lowest and highest frequencies in the design. He then enters 
either his selected values for t and o or his choices for the 
number of elements and the total length of the array. With 
this and other input data, the program provides a table of 
element lengths and spacings, using the adjusted upper and 
lower frequency limits described earlier. 


w 
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Fig 4— Patterns of current magnitude at the lowest. 
‘operating frequency of two different LPDA designs: 
a 10-element low-: design and a 16-element higher- 
design. 


‘The program also requests the diameters of the longest 
and shortest elements in the array, as well as the diameter of 
average element. From this data, the program calculates a 
recommended value for the phase-line connecting the 
elements and the approximate resistive value of the input 
Impedance. A mong the additional data that LP CAD 28 makes 
available is the spacing of conductors to achieve the desired 
characteristic impedance ofthe phase-line. These conductors 
may be round- as we would use for a wire phase-line— or 
square— as we might use for double-boom construction 

‘An additional vital output from LPCAD28 is the 
conversion of the design into antenna modeling input files 
of several formats, including versions for AQ and NECAWIN 
(both MININEC-based programs), and a version in the 
standard * NEC format usable by many implementations of 
NEC-2 and NEC-4, including NECWin Plus, GNEC, and 
EZNEC Pro, Every proposed LPDA design should be 
verified and optimized by means of antenna modeling, since 
basic design calculations rarely provide arrays that require 
no further work before construction. A one-octave LPDA 
represents а segment of an arc defined by a thats cut off at 
both the upper and the lower frequency limits. M oreover, 
some of the design equations are based upon approximations 
and do not completely predictL PDA behavior. Despitethese 
limitations, most of the sample LPDA designs shown later 
in this chapter are based directly upon the fundamental 
calculations. Therefore, the procedure will be outlined in 
detail before turning to hybrid log-cell Yagi concepts. 

Modeling LPDA designs is most easily done on a 
version of NEC. The transmission line (TL) facility built 
into NEC-2 and NEC-4 alleviates the problem of modeling 
the phase-line as a set of physical wires, each section of 
which hasa setof constraints in MININEC attheright-angle 
junctions with the elements, Although the NEC TL facility 
does not account for losses in the lines, the losses are 
ordinarily low enough to neglect. 

NEC models do require some careful construction to 
obtain the most accurate results. Foremost among the 
cautions is the need for careful segmentation, since each 
element has a different length. The shortest element should 
haveabout9 or 11 segments so thatit has sufficient segments 
at the highest modeling frequency for the design. Each 
element behind the shortest one should havea greater number 
of segments than the preceding element by the inverse of 
the value of т. However, there is a further limitation. Since 
the transmission line is at the center of each element, NEC 
elements should have an odd number of segments to hold 
the phase-line centered. Hence, each segmentation value 
calculated from the inverse of т must be rounded up to the 
nearest odd integer. 

Initial modeling of LPDAs in NEC-2 should be done 
with uniform-diameter elements, with any provision for 
stepped-diameter element correction turned off. Since these 
correction factors apply only to elements within about 15% 
of dipole resonance at the test frequency, models with 
stepped-diameter elements will correct for only a few 
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elements at any test frequency. The resulting combination 
‘of corrected and uncorrected elements will not yield a model 
with assured reliability 

(Once one has achieved a satisfactory model with 
uniform-diameter elements, the modeling program can 
be used to calculate stepped-diameter substitutes. Each 
uniform-diameter element, when extracted from the larger 
array, will have a resonant frequency. Once this frequency 
is determined, the stepped-diameter element to be used in 
final construction can be resonated to the same frequency, 
Although NEC-4 handles stepped diameter elements with 
much greater accuracy than NEC-2, the process just 
described is also applicable to NEC-4 models for the greatest 
precision, 


LPDA Behavior 

Although LPDA behavior is remarkably uniform over 
а wide frequency range compared to narrow-band designs, 
such as the Yagi-Uda array, it nevertheless exhibits very 
significant variations within the design range. Fig 5 shows 
several facets of these behaviors. Fig 5 shows the free-space 
gain for three LPDA designs using 0.5-inch diameter 
aluminum elements, The designations for each model list the 
values of т (0.93, 0.89, and 0.85) and of c (0.02, 0.04, and 
0.06) used to design each атау. The resultant array lengths 
arelisted with each designator, The total number of elements 
varies from 16 for "9302" to 10 for "8904" to 7 for "8504," 

First, the gain is never uniform across the entire 
frequency span. The gain tapers off at both the low and high 
ends of the design spectrum. M oreover, the amount of gain 
undulates across the spectrum, with the number of peaks 
dependent upon the selected value of т and the resultant 
number of elements, The front-to-back ratio tends to follow 
the gain level. In general, it ranges from less than 10 d8 


‘Short-Boom LPDAs: 14° to 18.5" 
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Fig 5—The modeled free-space gain of 3 relatively 
‘small LPDAs of different design. Note the relationship 
Of the values of and of «for these arrays with quite 
Similar performance across the 14-30 MHz span. 
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when the free-space gain is below 5 dBi to over 20 dB as 
the gain approaches 7 dBi. The front-to-back ratio may reach 
the high 30s when the free-space array gain exceeds 8.5 dBi 
Well-designed arrays, especially those with high values of x 
and c, tended to have well-controlled rear patterns that result 
in only small differences between the 180° front-to-back 
Tatio and the averaged front-to-rear ratio. 

Since атау gain is a mutual function of both т and o, 
average gain becomes a function of array length for any given 
frequency range. Although the gain curves in Fig 5 
Interweave, there is little to choose among them in terms 
of average gain for the 14 to 18-foot range of array lengths, 
Well-designed 20- to 10-meter arrays in the 30-foot array 
length region are capable of about 7 dBi free-space gain, 
While 40-foot arrays for the same frequency range can 
achieve about 8 В! free-space gain. 

Exceeding an average gain of 8.5 d8 requires at least 
а 50-1001 array length for this frequency range. Long 
arrays with high values of т and c also tend to show 
smaller excursions of gain and of front-to-back ratio їп 
the overall curves. In addition, high-r designs tend to 
show higher gain at the low frequency end of the design 
spectrum. 

Thefrequency sweeps shown in Fig 5 are widely spaced. 
at1 MHz intervals. The evaluation of a specific design for 
the 1 to 30-M Hz rangeshould decrease the interval between 
check points по greater than 0.25 M Hz in order to detect 
frequencies at which the array may show а performance 
weakness. Weaknesses are frequency regions in the overall 
design spectrum at which the array shows unexpectedly 
lower values of gain and front-to-back ratio, In Fig 5 note 
the unexpected decreasein gain of model "8904" at 26 М Hz. 
The other designs also have weak points, but they fall 
between the frequencies sampled. 

In large arrays, these regions may be quite small and 
may occur in more than one frequency region. The weakness 
results from the harmonic operation of longer elements to 
the rear of those expected to have high current levels, 
Consider a 7-element LPDA about 12.25-foot long for 14 to 
30 M Hz using 0.5-inch aluminum elements. AL28 M Hz, the 
Tear elements operate in a harmonic mode, as shown by the 
high relative current magnitude curves in Fig 6. The result 
is a radical decrease in gain, as shown in the “No Stub" 
curveof Fig 7. The front-to-back ratio also drops as a result 
of strong radiation from the long elements to the rear of the 
атау. 

Early designs of LPDAs called for terminating 
transmission-line stubs as standard practiceto help eliminate 
such weak spots in frequency coverage. In contemporary 
designs, their use tends to be more specific for eliminating 
ог moving frequencies that show gain and front-to-back 
weakness, (Stubs have the added function of keeping both 
sides of each element at the same level of static charge or 
discharge.) The model dubbed "8504" was fitted (by trial 
and error) with an 18-inch shorted stub of 600-0 
transmission line. А Fig 6B shows, the harmonic operation 


^ 
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Fig 6—The relative current magnitude on the elements 
‘of model "8508" at 28 MHz without and with a stub. 
Note the harmonic operation of the rear elements 
before a stub is added to suppress such operation. 


of the rear elements is attenuated, The "stb" curve of Fig 7 
shows the smoothing of the gain curve for the array 
throughout the upper half of its design spectrum. In some 
arrays showing multiple weaknesses, a single stub may nat 
iminateal of them. However, itmay move the weaknesses 
to unused frequency regions W here full-spectrum operation 
ofan LPDA is necessary, additional stubs located at specific 
elements may be needed. 

Most LPDA designs benefit (with respect to gain and 
{rontto-back ratio) from the use of larger diameter elements. 
Elements with an average diameter of atleast 0.5-inch are 
desirable in the 14 to 30 MHz range. However, standard 
designs usually presume a constant element length-to- 
diameter ratio. In the case of LPCAD 28, this ratio is about 
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Fig 7—A graph of the gain of model “8504” showing the 
frequency region in which a "weakness" occurs and its 
absence once a suitable stub is added to the array. 


125:1, which assumes an even larger diameter To achievea 
relatively constant length-to-diamete ratio in the computer 
models, you can set the diameter of the shortest elementin a 
given array design and then increase the element diameter 
by the inverse of 1for each succeeding longer element. This 
procedure is often likely to result in unreasonably large 
element diameters for the longest elements, relative to 
standard amateur construction practices. 

Since ost amateur designs using aluminum tubing for 
elements employ stepped-diameter (tapered) elements, 
roughly uniform element diameters will result unless the 
LPDA mechanical design tries to lighten the elements atthe 
forward end of the атау. This practice may not be advisable, 
however. Larger elements at the high end of the design 
spectrum often counteract (at least partially) the natural 
decrease in high-frequency gain and show improved 
performance compared to smaller diameter elements. 

An alternative construction method for LPDAS uses 
wire throughout. At every frequency, single-wire elements 
reduce gain relative to larger-diameter tubular elements. An 
alternative to tubular elements appears in Fig 8, For each 
element of a tubular design, there is a roughly equivalent 
2-wire elementthat may be substituted. The spacing between 
the wire is determined by taking one of the modeled tubular 
elements and finding its resonant frequency, A two-wire 
element of the same length is then constructed with shorts 
atthe far ends and at the junctions with the phase-line. The 
separation of the two wires is adjusted until the wire element. 
is resonant at the same frequency as the original tubular 
element. The required separation will vary with the wire 
chosen for the element, M odels used to develop these 
substitutes must pay close attention to segmentation rules. 
for NEC due to the short length of segments in the end and 
center shorts, and to the need to keep segment junctions as 
exactly parallel as possible with close-spaced wires. 
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Fig T vent 
composed of two wires shorted at both the outer ends 
and at the center junction with the phase-line. 


Feeding and Constructing the LPDA 

Original design procedures for LPDAS used a single, 
ordinarily fairly high, characteristic impedance for the phase“ 
line (antenna feeder). Over time, designers realized that 
other values of impedance for the phase line offered 
both mechanical and performance advantages for LPDA 
performance. Consequently, for the contemporary designer, 
phase line choice and construction techniques are almost 
inseparable considerations. 

High-impedance phaselines (roughly 200 з and higher) 
are amenable to wire construction similar to that used with 
ordinary parallel-wire transmission lines. They require 
careful placement relative to a metal boom used to support 
individual elements (which themselves must be insulated 
from the support boom). Connections also require care. If 
the phase ine is given a half-twist between each element, 


the construction of the line must ensure constant spacing and 
relative isolation from metal supports to maintain a constant 
impedance and to prevent shorts 

‘Along with the standard parallel wire line, shown in 
Fig 9A, there area number of possible РОА structures using 
booms. The booms serve both to support the elements and 
to create relatively low-impedance (under 200 0) phase 
lines. Fig 98 shows the basics of a twin circular tubing boom 
with the elements cross-supported by insulated rods. Fig 9C 
shows the use of square tubing with the elements attached 
directly to each tube by through-bolts Fig 9D illustrates the 
use of L-stock, which may be practical at НЕ frequencies. 
Each ofthese sketchesis incomplete, however, sinceitomits 
the necessary stress analyses that determine the mechanical 
feasibility of a structure for a given LPDA project. 

The use of square boom material requires some 
adjustment when calculating the characteristic impedance 
of the phase-line. For conductors with а circular cross- 
section, 


(E04) 


Where D is the center-to-center spacing of the conductors 
and d is the outside diameter of each conductor, bath ex 
pressed in the same units of measurement. Since we are 
dealing with closely spaced conductors, relative to their 
diameters, the use of this version of the equation for calcu 
lating the characteristic impedance (2,) is recommended, 
For a square conductor, 

ЖҮ] (645) 
Where dis the approximate equivalent diameter of the square 
tubing and wis the width of the tubing across oneside. Thus, 
for a given spacing, a square tube permits you to achieve а 


iD 
2 =120 cosh? 2 
a 


в 


© 
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Fig 9—Four (of many) possible construction techniques, shown from the array end. In A, an insulated plate 
supports and separates the wires of the phase-line, suitable with wire or tubular elements. A dual circular boom 


phase-line also supports the elements, which are cross-supported for boom stabilit 
with through-bolts and an insert in 


With the elements joined to the boom/phase-li 
shown in D is useful for lighter VHF and UHF arrays. 
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Square tubing is used in C, 
ch half element. The L-stock 


lower characteristic impedance than round conductors. How. 
‘ever, square tubing requires special attention to matters of 
strength, relative to comparable round tubing 

Electrically, the characteristic impedance of theL PDA 
phase line tends to influence other performance parameters 
of the array. Decreasing the phase-line Z also decreases 
the feed-point impedance of the array. For small designs 
with few elements, the decrease Is not fully matched by 
а decrease in the excursions of reactance. Consequently, 
using a low impedance phase-line may make it more diffi 
cult to achieve a 2:1 or less SWR for the entire frequency 
range. However, higherimpedance phase-lines may result 
ina feed-point impedance that requires the use of an imped 
ance-matching balun. 

Decreasing the phase-line 2, also tends to Increase 
LPDA gain and front-to-back ratio. There is a price to be 
paid for this performance improvement weaknesses at 
specific frequency regions become much more pronounced 
with reductions in the phase-line Zp. For a specific array 
You must weigh carefully the gains and losses, while 
employing one or more transmission line stubs to get around 
performance weaknesses at specific frequencies, 

Depending upon the specific values of т and © 
selected for a design, you can sometimes select a phase: 
Tine Zo that provides either a 50-0 or a 75-0 feed-polnt 
impedance, holding the SWR under 2:1 for the entire 
design range of the LPDA. The higher the values of r and 
« for the design, the lower the reactance and resistance 
excursions around a central value. Designs using optimal 
values of c with high values of т show a very slight 
capacitive reactance throughout the frequency range. 
Lower design values obscure this phenomenon due to 
the wide range of values taken by both resistance and 
reactance as the frequency is changed, 

At the upper end of the frequency range, the source 
resistance value decreases more rapidly than elsewhere in 
the design spectrum. In larger arrays, this can be overcome 
by using a variable Zp phase-line for approximately the first 
20% of the array length. This technique is, however, diffi 
cultto implement with anything other than wire phase-lines. 
Begin with a line impedance about half of the final value 
and increase the wire spacing evenly until it reaches в final 
and fixed spacing. This technique can sometimes produce 
smoother impedance performance across the entire frequency 
span and improved high-frequency SWR performance. 

Designing an LPDA requires as much attention to 
designing the phase-line as to element design. It is always 
useful to run models of the proposed design through several 
iterations of possible phase-line Zg values before freezing 
the structure for construction 


Special Design Corrections 

Thecurvefor the sample 8504 LPDA in Fig 7 revealed 
severa deficienciesin standard LPDA designs. The weakness 
in the overall curve was corrected by the use of a stub to 
eliminate or movethe frequency at which rearward elements 


‘operated in a harmonic mode. In the course of describing 
the characteristics of the array, we have noted several other 
means to improve performance. Fattening elements (either 
uniformly or by increasing their diameter in step with т) 
and reducing the characteristic impedance of the phase-line. 
are capable of small improvements in performance. 
However, they cannot wholly correct the tendency of the 
array gain and front-to-back ratio to fll off atthe upper and 
lower limits of the LPDA frequency range. 

One technique sometimes used to improve 
performances near the frequency limits isto design the LPDA 
for upper and lower frequency limits much higher and lower 
than the frequencies of use. This technique unnecessarily 
increases the overall sizeof the array and does not eliminate 
the dow nward performance curves. Increasing the values of 
and a will usually improve performance at no greater cost 
їп size than extending the frequency range. Increasing the 
value of т is especially effective in improving the low 
frequency performance of an LPDA. 

Working within the overall size limits of a standard 
design, one may employ a technique of circularizing the 
Value of for the rear-most and forward-most elements, See 
Fig 10, which is nat to-scale relative to overall array length 
and width, Locate (using an antenna-modeling program) the. 
element with the highest current at the lowest operating 
frequency, and the element with the highest current atthe 
highest operating frequency. The adjustments to element 
lengths may begin with these elements or— at most— one 
clement further toward the атау center. For thefirst element. 
(counting from the center) to be modified, reduce the value 
of by about 0.5%. For a resrward element, use the inverse. 
of the adjusted value of to calculate the new length of the 
element relative to the unchanged element just forward of 


Fig 10—A before and after si 
‘the original lengths of the el 
adjustments from diminishing the v 
ends of the array. See the text for the amount of 
change applicable to each element. 


h of an LPDA, showing 
i 
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the change. For a forward element, use the пен value of r to 
calculate the new length of the element relative to the 
unchanged element immediately to the rear of it. 

For succeeding elements outward, calculate new values. 
of т from the adjusted values, increasing the increment of 
decrease with each step. Second adjusted elements may use. 
values of t about 0.75% to 1.0% lower than the values just 
calculated. Third adjusted elements may use an increment. 
of 10% to 1.5% relative to the preceding value. 

Not all designs require extensive treatment. As the 
values of т and a increase, fewer elements may require 
adjustment to obtain the highest possible gain at the 
frequency limits, and these will always be the most outward 
elements in the array. second caution is to check the feed: 
point impedance of the array after each change to ensure 
that it remains within design limits. 

Fig I1 shows the free-space gain curves from 14 to 
30M Hz fora 10-element LPDA with an initial cof 0.89 and 
а в of 0.04. The design uses a 200-0 phase-line, 0.5-inch 
‘aluminum elements, and a 3-inch 600-0 stub, The lowest 
curve shows the modeled performance across the design 
frequency range with only the stub. Performance at the 
frequency limits is visibly lower than within the peak 
performance region. The middle curve shows the effects of 
circularizing т. Average performance levels have improved 
noticeably at both ends of the spectrum, 

Та lieu of, or in addition to, the adjustment of element 
lengths, you may also add a parasitic director to an LPDA, 
as shown in Fig 12 The director is cut roughly for the highest 
operating frequency. It may be spaced between 0.1 A and 
015 à from the forward-most element of the РОА. The 
exact length and spacing should be determined exper- 


Special Corrections: 14 10 30 MHz LPDA 
Stub, Cireularization, Extra Director 


imentally (or from models) with two factors in mind. First, 
the element should not adversely effect the fees point 
impedance at the highest operating frequencies, Close 
spacing of the director has the greatest effect on this 
impedance. Second, the exact spacing and element length 
should be set to have the most desired effect on the overall 
performance curve of the array. The mechanical impact of 
adding a director is to increase overall array length by the 
spacing selected for the element. 

‘The upper curve in Fig 11 shows the effect of adding a 
director to the circularized array already equipped with a 
stub. The effect of the director is cumulative, increasing the. 
upper range gain still further. Note that the added parasitic 
director isnot ust effective at the highest frequencies within 
the LPDA design range. Ithas a perceptible effect almost all 
the way across the frequency span of the array, although the 
effect is smallest at the low-frequency end of the range. 

‘The addition of a director can be used to enhance upper 
frequency performance of an LPDA, as in the illustration, 
or simply to equalize upper frequency performance with mid- 
range performance. High-r designs, with good low- 
frequency performance, may need only a director to 
compensate for high-frequency gain decrease. One potential 
challenge to adding a director to an LPDA is sustaining a 
high front-to-back ratio at the upper frequency range. 

‘Throughout the discussion of LPDAS, the performance. 
curves of sample designs have been treated at all frequencies 
alike, seeking maximum performance across the entire 
design frequency span. Special compensations are also 
possible for ham-band-only LPDA designs, They include 
the insertion of parasitic elements within the array as well 
as outside the intial design boundaries. Їп addition, stubs 
may be employed not so much to eliminate weaknesses, but 
only to move them to frequencies outside the range of 
amateur interests, 


4 
ШИР 


Fig 11—The modeled free space gain from 14 to 30 MHZ 
‘of an LPDA with < of 0.89 and o of 0.04. Squares: justa 
Stub to eliminate a weakness; Triangles: with a stub 
and circularized elements, and Circles: with a stub, 
Circularized elements and a parasitic director. 
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Fig 12—A generalized sketch of an LPDA with the 


addition of a parasitic director to improve performance 
at the higher frequencies within the design range. 


A DESIGN PROCEDURE FOR AN LPDA 
The following presents a systematic step-by-step design 
procedure for an LPDA with any desired bandwidth. The 
procedure requires some mathematical calculations, but a 
common calculator with square-root, logarithmic, and 
trigonometric functions is completely adequate. Thenotation 
used in this section may vary slightly from that used earlier 
in this chapter. 
1) Decide on an operating bandwidth B between fi 
lowest frequency and f, highest frequency: 
fs 
сагаа ea 
2) Choose rand o givethe desired estimated average 
gai, 


08s «098 and 0035050, [Z7] 


where ais calculated as noted earlier in this chapter, 
3)Determine the value for the cotangent of the apex 

half-angle a from 

4o 

тт (E98) 


Although ct is not directly used in the calculations, 
cot ais used extensively 

4) Determine the bandwidth of the active region Bar 
from 


cot 


By =11+7.7(1-1) cota (Eq 9) 
5) Determine the structure (атау) bandwidth B, from 
BxBy (Eq 10) 


6) Determine the boom length L, number of elements 
N, and longest element length /,. 


(Eq) 
E 
Mec (6012) 
108 
1 1 dos 
m (Eq13) 
492 
ат (E014) 


Usually the calculated value for N will not bean integral 
number of elements. If the factional valueis morethan about. 
03, increase the value of N to the next higher integer 
Increasing the value of N will also increase the actual value 
of L over that obtained from the sequence of calculations 
just performed. 


Examine L, N and |; to determine whether or not the 
array size is acceptable for your needs, If the array is too 
large, increase, ог decrease or x and repeat steps 2 through 
6. Increasing f, will decrease all dimensions. Decreasing a 
will decrease the boom length. Decreasing т will decrease 
both the boom length and the number of elements 

T) Determine the terminating stub 2, (Note: For many 
НЕ arrays, you may omit the stub, short out the longest ele- 
ment with a 6-inch jumper, or design a sub to overcome а 
specific performance weakness.) For VHF and UHF arrays 
calculate the stub length from 


(Eq15) 


(610 
9) Determine the element spacing б, from 
— 
diz шешуше (€q17) 


where (i and £z are the lengths of the rearmost 
elements, and dh. is the distance between the elements with 
the lengths £, and г, Determine the remaining element-to- 
element spacings from 


d 


ran c -- (Eq18) 

10) Choose Ry, the desired feed-point resistance, to 
give the lowest SWR for the intended balun ratio and feed- 
line impedance. Ro, the mean radiation resistance level of 
the LPDA input impedance, is approximated by: 


(Eq19) 


where the component terms are defined and/or calculated in 
the following way. 

From the following equations, determine the neces- 
sary antenna feeder (phase-line) impedance, Zo: 


(is the mean spacing factor and is given by 


(E921) 


Zay is the average characteristic impedance of a 
dipole and is given by 


2% -120 10 10) 2.25 
^" dam, 
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(Eq22) 


109 


The ratio, I/diam, is the length-to-diameter ratio of 
the element n. 

11) Once Zg has been determined, select а combination 
of conductor size and spacing to achieve that impedance, 
using the appropriate equation forthe shape of the conduc 
tors, If an impractical spacing results for the antenna feeder, 
select a different conductor diameter and repeat step 11. 
In severe cases it may be necessary to select a different Ry 
and repeat steps 10 and 11. Once a satisfactory feeder 
arrangement is found, the L PDA design is complete. 

A number of the LPDA design examples at the end of 
this chapter make use of this calculation method. However, 
the resultant design should be subjected to extensive 
modeling tests to determine whether there are performance 
deficiencies or weaknesses that require modification of the 
design before actual construction, 


Log-Cell Yagis 

Fig 12 showed an LPDA with an added parasitic 
director Technically, this converts the original design into а 
hybrid Log-Yag. However, the term Log-Yag (or more 
generally the log-cell Yagi) is normally reserved for 
‘monoband designs that employ two or more elements in a 
single-band LPDA arrangement, together with (usually) а 
reflector and one or more directors The aim isto produce а 
monoband directive array with superior directional qualities 
over a wider bandwidth than can be obtained from many 
Yagi-Uda designs. Log-cells have also been successfully 
used as wide-band driver sections for mult-band agi beams, 

Fig 13 Illustrates the general outline of a typical log- 
cell Yagi, The driver section consists of a log periodic array 
designed for the confines of a single amateur band or other 
narrow range of frequencies. The parasitic reflector is usually 
spaced about 0.085 A behind the rear element of the log cell, 
while the parasitic director is normally placed between 0.13 
and 0.15 2. ahead of the log cell. 

Early log-cell Yagis tended to be casually designed. 
Мозг оГ these designs have inferior performance compared 


Director 


Fig 13—A sketch of a typical monoband log-cell Yagi. 
The reflector is, in principle, optional. The log-cell may 
have from 2 to 5 (or more elements). There may be one 
or more directors. 
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with present-day computer-optimized Yagis of the same 
boom length. Some were designed by adding one or more 
parasitic directors to simple phased pairs of elements 
Although good performance is possible, the operating 
bandwidth of these designs is small, suitable only for the 
so-called WARC bands, However, when the log-cell is 
designed as a narrowly spaced monoband log periodic array, 
the operating bandwidth increases dramatically. Operating 
bandwidth here refers not just to the SWR bandwidth, but 
also to the gain and front-to-back bandwidth, 

‘The widest operating bandwidths require log cells of 3 
to 4 elements for HF bands like 20 meters, and 4 to 
5 elements for bands as wide as 10 meters. (The bandwidth of 
the 20-meter band is approximately 2.4% of the center 
frequency, while the bandwidth of the 10-meter band 
approaches 9.4% of the center frequency.) A practical limitto 
« for log cells used within parasitic arrays is about 0.05. 
Slightly higher gain may be obtained from higher values of 
a, but atthe costof a much longer log сей. The limiting figure 
for results п a practica value for t between 0.94 and 0.95 
to achieve а cell with the desired bandwidth characteristics 

An array designed according to these principles has an 
overall length that varies with the size of the log cell. A 
typical array with a 4-element log-cell and single parasitic 
elements fore and aft is a bit over 0.35 A long, while a 
5-elementlog-cel Yagi will be between 0.4 and 0.45 2. long. 
Spacing the reflector more widely (for example, up to 
0.254) has little effect on either gain or front-to-back ratio. 
Wider spacing of the director will also have only a small 
effect on gain, since the arrangement is already close to the 
‘boom: length limit recommended for director-driver-reflector 
arrays. Further lengthening of the boom should be 
accompanied by the addition of one or more directors to the 
array f additional gain is desired from the design. 

Compared to a modern-day Yagi of the same boom 
length, the og cel ¥ agi is considerably heavier and exhibits 
a higher wind load due to the requirements of the log-cell 
driver. Yagis with 3- and 4-elements within theboom lengths. 
just given are capable of peak free-space gain values of 8.2 
to 85 dBi, while sustaining a high front-to-back ratio. Peak 
front-to-back ratios are typically in the vicinity of 25 dB. 
However, Yagi gain tends to decrease below the design 
frequency (and increase above it), while the front-to-back 
Tatio tends to taper off as one moves away from the design 
frequency. For the largest log-cell sizes, log-cell Yagis of 
the indicated boom lengths are capable of sustaining at least 
82 dBi free-space gain over the entire band, with frontto- 
back ratios of over 30 dB across the operating bandwidth. 

The feed-point impedance of a log-cell Yagi is а 
function of both the cell design and the influence of the 
parasitic elements, However, for most cell designs and 
common phase-line designs, you can achieve a very low 
Variation of resistance and reactance across a desired band, 
In many cases, the feed impedance will form a direct match 
for the standard 50-0 coaxial cable used by most amateur 
installations, (In contrast, the high-gain, high-front-to-back. 


Fig 14—Overlaid free-space azimuth patterns for 
virtually identical Selement log-cell Yagis (with 
3-element log-cells), one having the elements Vid 
forward at 40° from linear (dashed), the other with 
linear elements (solid). 


Yagis sed for comparison here have feed-point impedances 
ranging from 20 to 25.0.) 

А соттоп design technique used in some LPDA and 
log cell Yagi designsisto bend the elements forward to form 
а series of Уз. A forward angle on each side of the array 
centerline of about 40* relative to a linear element 
has been popular In some instances, the mechanical design 
of the array may dictate this element formation. However, 
this arrangement has no special benefits and possibly may 
degrade performance. 

Fig l4shows hefree spaceazimuth patterns of a single 
S-element log cell Yagi in mo versions: with the elements 
linear and with the elements bent forward 40°, The V-array 
loses about ‘fı dB gain, but more significantly, it loses 
considerable signal rejection from the sides. Similar 
comparisons сап be obtained from pure РРА designs and 
from Yagi-Uda designs when using elements in the vicinity 
of. Unless mechanical considerations call for arranging 
the elements in a V, the technique is not recommended. 

Ultimately, the decision to build and usea log-cell Yagi 
involves balancing the additional weight and wind-load 
requirements of this design against the improvements in 
operating bandwidth for all of the major operating 
parameters, especially with especttothefront-to-back ratio 
and the feed-point impedance. 


Wire Log-Periodic Dipole Arrays 
for 3.5 or 7 MHz 


Thesewirelog-periodic dipole arrays for the lower HF 
bands are simple in design and easy to build. They are 
designed to have reasonable gain, be inexpensive and 
lightweight, and may be assembled with stock items found 
in large hardware stores. They are also strong— they can 
withstand a hurricane! These antennas were first described 
by John J. Uhl, KVSE, in QST for August, 1986. Fig 15 
shows one method of installation. You can use the 
information here as a guide and point of reference for 
building similar LPDAs. 

If space is available, the antennas can be rotated or 
repositioned in azimuth after they are completed. A 75-foot. 
tower and a clear turning radius of 120 feet around the base 
of the tower are needed. The task is simplified if you use 
‘only three anchor points, instead of the five shown in Fig 15. 
Omit the two anchor points on the forward element, and 
extend the two nylon strings used for element stays all the 
way to the forward stay line. 


DESIGN OF THE LOG-PERIODIC 
DIPOLE ARRAYS 


Design constants for thetwo arrays are listed in Tables 1 
and 2. The preceding sections of this chapter contain the 


design procedure for arriving at the dimensions and other 
parameters of these arrays. The primary differences between 
these designs and one-octave upper HF arrays are the 


pm v 


pical lower-HF wire 4-element log periodic 
тау erected on a tower. 
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Table 1 


Design Parameters for the 3.5-MHz 
LPDA 


ingle-Band 


Element lengths: 
(1 =149.091 feet 
12 - 125.982 feet 


13 = 106.455 feet 

14 = 89.954 feet 

Element spacings: 
17.891 feet 


All = 0.0641 inches 
ildiameter ratios: 
"йат, 
пату 
diam, 
tidiam; 


Antenna feeder: 
412 wire spaced 0.58 inches 
Balun: &1 

Feed line: 5240 coax 


Design Parameters for the 7-MHz Single-Band 
LPDA 


69 MHz 


Element lengths: 


Element spacings: 
dyz =8.557 feet 
dzs = 7.230 feet 
52 = 6-10 feet 
Element diameters: 
44 elements (increase to 4) All =0.0641 inches 
inch short jumper ‘diameter ratios 
габата 
Alcan 
уйата 
губат 


Antenna feeder: 
412 wire spaced 0.66 inches 
Balun: 4:1 

Feed line: 52-0 coax 


narrower frequency ranges and the use of wire, rather than 
tubing, for the elements. As design examples for wel PDA, 
you may wish to work through the step-by-step procedure. 
and check your results against the values in Tables 1 and 2, 
You may also wish to compare these results with the output 
of an LPDA design software package such as LP CAD 26, 
From the design procedure, the feeder wire spacings 
for the two arrays are slightly different, 0.58 inch for the 
35M Hz array and 0.66 inch for the 7-M Hz version. As а 
compromise toward the use of common spacers for both 
bands, a spacing of inch s quite satisfactory. Surprisingly, 
the feeder spacing is not at all critical here from a matching 
standpoint, as may be verified from Z = 276 log (25/diam) 
and from Eq 4, Increasing the spacing to as much а e inch 
results in an Ry SWR of less than 1.1:1 on both bands. 


Constructing the Arrays 

Construction techniques are the same for both the 3.5 
and the 7-M Hz versions of the array. Once the designs are 
completed, the next step isto fabricate the fitings; see Fig 16 
for details. Cutthe wire elements and feed lines to the proper 
sizes and mark them for identification. A fter the wires are 
cut and placed aside, it will be difficult to remember which 
is which unless they are marked. When you have finished 
fabricating the connectors and cutting all of the wires, the 
antenna can be assembled. Use your ingenuity when building 
опе of these antennas; it isn't necessary to duplicate these. 
LPDAs precisely. 

Theelements are made of standard #14 stranded copper 
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wire. The two parallel feed lines are made of +12 solid 
Copper-coated steel wire, such as Copperweld. Copperweld 
will not stretch when placed under tension. The front and 
rear connectors are cut from "inch thick Lexan sheeting, 
and the feed-line spacers from "inch Plexiglas sheeting 

Study the drawings carefully and be familiar with the 
way the wire elements are connected to the two feed lines, 
through the front, rear and spacer connectors. Detalls are. 
sketched in Figs 17 and 18. Connections made in the way 
shown In the drawings prevent the wire from breaking. All 
‘ofthe rope string, and connectors must be made of materials 
that can withstand the effects of tension and weathering, Use 
nylon rope and strings, the type that yachtsmen use. Fig 15 
shows the front stay rope coming down to ground level at а 
point 120 feet from the base of a 75-f001 tower. Space may 
not be available for this arrangement in all cases, An 
alternative installation technique is to put a pulley 40 feet 
up in a tree and run the front stay rope through the pulley 
and down to ground level at the base ofthe tree, The front. 
stay rope will have tobe tightened with a block and tackle 
at ground level 

Putting an LPDA together is not difficult if it is 
assembled in an orderly manner. It is easier to connect the. 
elements to the feeder lines when the feed-Iine assembly is 
stretched between two points. Use the tower and a block 
‘and tackle. Attaching the rear connector to the tower and 
assembling the РА atthe base of the tower makes raising 
the antenna into place a much simpler task. Tie the rear 
connector securely to the base of the tower and attach the 


me 7 


ide from inch Lexan 
iso made from "inch Lexan. At C is the pattern for the phase-line. 
Spacers, made from '-inch Plexiglas. Two spacers are required for the array. 


two feeder lines to it. Then thread the two feed-line spacers 
* onto the feed line. The spacers will be loose at this time, but 

will be positioned properly when the elements are connected, 

щил, Naw connect the front connector to the feed lines. A word 
< of caution: М easure accurately and carefully! Double-check 

all measurements before you make permanent connections, 

Connect the elements to the feeder lines through their 

respective plastic connectors, beginning with element 1, then 

element, and so оп. K eep all of the element wires securely 

coiled. If they unravel, you will have a tangled mess of 

kinked wire, Recheck the element-to-feeder connections to 

ensure proper and secure junctions. (See Figs 17 and 18.) 

Once you have completed all of the element connections, 

attach the 4:1 balun to the underside of the front connector. 

foe Connect the feeder lines and the coaxial cable to the balun. 
p You will need a separate piece of rope and a pulley to 
raise the completed LPDA into position. First secure the. 

ight element ends with nylon string, referring to Figs 15 

and 17, The string must be long enough to reach the tie- 

down points, Connect the front stay rope to the front 

connector, and the completed LPDA is now ready to be. 

raised into position. While raising the antenna, uncoil the 

element wires to prevent their getting away and tangling up 


jeneric layout for the lower HF wire LPDA. 
balun on the forward connector. See Tables 1 
and 2 for dimensions. 
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Fig 18—Detalls of the electrical and mechanical 
connections of the elements to the phase-Iine. Knots 
in the nylon rope stay line are not shown. 


into a mess, Use care! Raise the rear connector to the proper 
height and attach it securely to the tower, then pull the front. 
stay rope tight and secure it. Move the elements so they 
form a 60° angle with the feed lines, in the direction of the 
front, and space them properly relative to one another. By 
adjusting the end postions of the elements as you walk back 
and forth, you will beable to align all the elements properly. 
Now it is time to hook your rig to the system and make 
some contacts, 


Performance 

‘Thereports received from these L PDA s were compared. 
with an inverted-V dipole. All of the antennas are fixed; the 
LPDAs radiate to the northeast, and the dipole to the 
northeast and southwest. The apex of the dipoleisat70 feet, 
and the 40- and 80-meter LPDAS are at 60 and 50 feet, 
respectively. Basic атау gain was apparent from many of 
the reports received. During pileups, it was possible to break 
in with a few tries on the LPDAS, yet it was impossible to 
break in the same pileups using the dipole. The gain of the 
LPDAs is several dB over the dipole. For additional gain, 
experimenters may wish to try a parasitic director about 
эһ), ahead of the array. Director length and spacing from 
the forward LPDA element should be field-adjusted for 
maximum performance while maintaining the impedance 
match across each of the bands. 

Wire LPDA systems offer many possibilities. They are 
easy to design and to construct real advantages in countries 
where commercially built antennas and parts are not 
available at reasonable cost, The wire needed can be obtained 
in all parts of the world, and cost af construction is low. If 
damaged, the LPDAS can be repaired easily with pliers and 
solder, For those who travel оп DX peditions where space 
and weight are large considerations, LPD Asarelightweight 
but sturdy, and they perform well 


5-Band Log Periodic Dipole Array 


A rotatable log periodic array designed to cover the 

frequency range from 13 to 30 MHz is pictured in Fig 19. 

‘This isa largearray having a free-space gain that varies from 

6.6 to over 6.9 dBi, depending upon the operating portion of 

the design spectrum. This antenna system was originally 

described by Peter D. Rhodes, WA 4J VE, in Nov 1973 QST. 

A measured radiation pattern for the array appears in Fig 20. 
The characteristics of this array are: 

1) Half-power beamwidth, 43° (14 MHz) 

2) Design parameter т = 0.9 

3) Relative element spacing constant o = 0.05 

4) Boom length, L =26 feet 

5) Longest element 1 =37 feet 10 inches. (A tabulation of 

element lengths and spacings appears in Table 3.) 
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6) Total weight, 116 pounds 

7) Wind-load area, 10.7 square feet 

8) Required input impedance (mean resistance), Ro =72 0, 
Z, =6-inch jumper #18 wire 

9) Average characteristic dipole impedance, Zay: 337.8 0 

10) Impedance of the feeder, Zg: 117.102 

11) Feeder: #12 wire, close spaced 

12) Witha 1:1 toroid balun at the inputterminalsand а 72-2 
coax feed line, the maximum SWR is 14:1. 

The mechanical assembly uses materials readily 
available from most local hardware stores or aluminum 
Supply houses. The materials needed are given in Table 4, 
In the construction diagram, Fig 21, the materials are 
referenced by their respective material list numbers. The 


Fig 19— The 13-30 MHz log periodic dipole array. 


Fig 20—Measured radiation pattern of the 13-30 MHz 
LPDA.The frontto-back ratio is about 14 dB at 14 MHZ 
and increases to 21 dB at 28 MHZ. 


photograph shows the overall construction, and the drawings 
show the detail, Table 5 gives the required tubing lengths 
to construct the elements, 

Experimenters may wish to improve the performance 
of the array at both the upper and lower frequency ends of 
the design spectrum so that it more closely approaches the 
performance in the middle of the design frequency range. 
‘The most apt general technique for raising both the gain and 
the frontto-back ratio at the frequency extremes would be 
to circularize ras described earlier in this chapter. However, 
other techniques may also be applied. 


Table 3 
13-20 MHz LPDA Dimensions, feet 


Ele. 
No. Length dnia (spacing) 
io mor o 

2 wor 

з 3079 

227.75 

5 uo 

& war 

1 2014 

„ 1812 

9 1635 

ш wrs 

ш yae 

D mos" 

Table 4 


Materials list: 13-30 MHz LPDA 
Material Description. 
1) Aluminum tubing—0.047" wall 
thickness 
112 or 6 lengths 
712 lengths 
7187—8 or 12 lengths 
3/4"—8" lengths 
2) Stainless-steel hose clamps— 
2 max 
3) Stinless-steel hose clamps— 
Th max 
4) TV type U bolts 
5) U bolts, galv. type 
305 Ts" 
Wear 
6) 1710 polyethylene water. 
service pipe 160 Ibn? test, 
approx. 131" OD 
AV x у x LB" aluminum 
Angle lengths 
B) 1° х ibt aluminum barê: lengths 
7) 134” top ral of chain-link fence. 
8) 1:1 toroid balun 
9) 6-32 x 17 stainless steel screws 
6.32 stainless steel nuts 
ж solder lugs 
10) #12 copper feeder wire 
А) 12” x 8° x 11.” aluminum plate 
B) 6* x 4" x)" aluminum plate 
12А) ч galv. Pipe 
B) 1" gal. pipe-mast 
13) бам guy wire 
14) 1h" x 2” tumbuckles 4 ea 
15) 7 15b" eye bolts 2 ea 
16) TV guy clamps and eye bolts 


Nearest. 
Resonant 


минг 


18 MHz 
22 MHz 


PET 
28 MHZ 


Quantity 


126 lineal feet 
96 lineal feet 
66 lineal feet 
16 lineal feet 


48 ea 


2600 
14 ea 


den 
2ea 


20 tinea! feet 


30 lineal feet 
12 lineal feet 
26 lineal feet 
le 
2400 
48 ea 
24 ea 
60 lineal feet 
le 
m 
3 lineal feet 
5 lineal feet 
50 lineal feet 


202 
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Fig 21 Construction diagrams of the 13-30 MHz LPDA, B and C show the method of making electrical connection 
between the phase-line and each half-element. D shows how the boom sections are joined. 
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Table 5 
Element Material Requirements: 13-30 MHz LPDA 


Ele r Са р mor 
[^ Tubing Tubing Tubing ^ Angle Bar 
ten бу е бу len Qy Len len 

i 6" 2% yg ey у . 
2 „ duri LE y r 
3 6 2 dri IDII $ or 
1 OZ dari сс vor 
5 6 2 т DI ror 
A ORI e? } OE 
7 бз p? — — r 
H „ „ у? — — r 
5 6 2 w? Z Y 
Dori т; = = E 
поз coi v 
ш з; (à = 1 
TheTelerana 


The Telerana (Spanish for spider web) is a rotatable log 

periodic antenna that is lightweight, easy to construct and 

relatively inexpensive to build. Designed to cover 12.1 to 

30M Hz, it was co-designed by George Smith, W4AEO, and 

Ansy Eckals, Y VSDLT, and first described by Eckols in 

QST for Jul 1981. Someof the design parameters areas follow. 

Jr=03 

2) 0=005 

3) Gain = 4.5 to 5.5 dBi (free-space) depending upon 
frequency 

4) Feed arrangement: 400-0 feeder line with 4:1 balun, fed 
with 52-0 coax. The SWR Is 15 or less in all amateur 
bands. 

The array consists of 13 dipole elements, properly 
spaced and transposed, along an open wire feeder having an 
impedance of approximately 400 0. See Figs 22 and23. The 
array is fed at the forward (smallest) end with a 4:1 balun 
and RG-8 cable placed inside the front arm and leading to 
the transmitter. An alternative feed method Is to use open 
wireor ordinary TV ribbon and a tuner, eliminating the balun, 

The frame that supports the array (Fig 24) consists of 
four 15-foot fiberglass vaulting poles slipped over short 
ripples at the hub, appearing like whee! spokes (Fig 25 
Instead of being mounted direct into the fiberglass, the 
hub mounts into short metal tubing sleeves that are inserted 
into the ends of each arms to prevent crushing and splitting 
the fiberglass. The necessary holes are drilled to receive the 
wires and nylon, 

A shopping list is provided in Table 6, The center hub 
is made from a Pinch galvanized four-outlt cross or X 
and four 8-inch nipples (Fig 25). A 1-inch diameter X may 
be used alternatively, depending on the diameter of the 
fiberglass. A holes drilled in the bottom of the hub to allow 


the cable to be passed through after welding the hub to the 
rotator mounting stub. 

AII four arms of the array must be 15 feet long. They 
should be strong and springy to maintain the tautness of the 
атау. If vaulting poles are used, try to obtain all of them 
with identical strength ratings. 

‘The forward spreader should be approximately 14.8 feet. 
long. It cen be much lighter than the four main arms, but 
must be strong enough to keep the lines rigid. If tapered, the 
spreader should have the same measurements from the center 
to each end, Do not use metal for this spreader. 

Building the frame forthe array is the first construction 
step. Once the frame is prepared, then everything else can. 
be built onto it. Begin by assembling the hub and the four 
arms, letting them lie flat on the ground with the rotator 
stub inserted in a hole in the ground. The tip-to-tip length 
should be about 31.5 feet each way. A hose clamp is used at 
each end of the arms to prevent splitting, Place the metal 
Inserts in the outer ends of the arms, with 1 inch protruding, 
The mounting holes should have been drilled at this point, 
If the egg insulators and nylon cords are mounted to these 
tube inserts, the whole antenna can be disassembled simply 
by bending up the arms and pulling out the inserts with 
everything still attached. 

Choose the arm to be at the front end, M ount two egg 
Insulators at the front and rear to accommodate the inter- 
element feeder, These insulators should be as close as 
possible to the ends. 

At each end of the cross-arm on top, install a small 
pulley and string nylon cord across and back. Tighten the 
Cord until the upward bow reaches 3 feet above the hub. All 
cords will requireretightening after thefirst few days because 
of stretching. The cross-arm can be laid on its side while 
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Fig 22—The overall configuration of the spider web antenna. Nylon monofilament line is used from the ends of the 
elements to the nylon cords. Use nylon line to Че every point where lines cross. The forward fiberglass feeder lies 
ion the feeder line and is tied to it. Both metric and English measurements are shown, except for the illustration of 
the feed-line insulator. Use soft drawn copper or stranded wire for elements 2 through 12. Element 1 should use 
7/22 flexible wire or #14 AWG Copperweld. 
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Fig 23—The frame construction of the spider web antenna. Two different hub arrangements are illustrated. 
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Fig 24—Although the spider web antenna resembles a 

s indicated by 
Figs 22 and 23. However, the antenna can be lifted by 
hand. 


Table 6 

Shopping List for the Telerana 

nch galvanized, 4-outie cross or X 

e neh nipples. 

4—15-foot long arms. Vaulting poles suggested. These 
must be strong and ай of the same strength (150 Ib) or 
better. 

1— Spreader, 14.8 foot long (must not be metal) 

141 balun unless open-wire or TV cable is used. 

12—Feed-line insulators made from Plexiglas or fiberglass. 

36— Smal egg insulators. 

328 feet copper wire for elements; flexible 7/22 is 
suggested. 

65.6 feet (20 m) #14 Copperweld wire for Interelement feed 
Ine. 

164 feet (50 m strong ‘finch dia cord. 

1—Roll of nylon monofilament fishing line, 50 Ib test or 
better. 

Metal tubing inserts go into the ends of the fiberglass 

2— Fiberglass fishing-rod blanks. 

4 Hose clamps. 


Fig 25—The simple arrangement of the sı 
antenna hub. See Fig 23 and the text for details- 


preparing the feeder line. For the front:to-rear bowstring it 
is important to use a wire that will not stretch, such as #14 
Coppenweld, This bowstring is actually the inter-element 
transmission line. See Fig 26. 

Secure the rear ends of the feeder to the two rear 
insulators, soldering the wrap. Before securing the fronts, 
slip the 12 insulators onto the two feed lines. A rope can be 
used temporarily to form the bow and to aid in mounting 
the feeder line. The end-to-end length of the feeder should 
be 30.24 feet 

Now lift both bows to their upright position and tie the 
feeder ine ena the cross eim bowstring together where they 
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Fig 26—The elements, balun, transmission line and 
main bow of the spider web antenna. 


cross, directly over and approximately 3 feet above the hub, 

"The next step is to install the number 1 rear element 
from the rear egg insulators to the right and left cross-arms 
using other egg insulators to provide the proper element 
length. Be sure to solder the element halves to the 
transmission line. Complete this portion of the construction 
by installing the nylon cord catenaries from the front arm to 
the cross-arm tips. Use egg insulators where needed to 
prevent cutting the nylon cords. 

When preparing the fiberglass forward spreader, keep 
in mind that it should be 14.75 feet long before bowing and 
is approximately 13.75 feet across when bowed. Secure the 


Improving the Telerana. 

In The ARRL Antenna Compendium Vol 4, Markus 
Hansen, VE7CA, described how he modified the 
Telerana to improve the front-to-back ratio on 20 and 15 
meters. In addition, he added a trapped 30/40-meter 
dipole that functions as a top truss system to stabilize 
the modified Telerana in strong uprising winds that 
otherwise could turn the antenna into an “inside-out 
umbrella." 


Fig A shows the layout for the modified Telerana, 
and Table А lists the lengths and spacings for the #14 
wire elements. Note that VE TCA used tuning stubs to 
tweak the 15 and 20-meter reflector wires far best. 
rearward pattern, The construction techniques used by 
VETCA are the same as for the original Telerana. Fig B 
shows a side view of the additional 40/30-meter-dipole 
truss sytem. 
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Note: the reflector lengths do not include 
the length ofthe tuning stubs. 


Fig A—Physical layout of modified 
Telerana with 20 and 15-meter reflectors 
added (in place of first two elements in 
original Telerana). Note the tuning stubs 
for the added reflectors. 


Fig B—Side view of 30/40-meter addition to 
the modified Telerana, using cinch PVC 
pipe as a vertical stabilizer and support for 
the 30/40-meter trapped dipole. 
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center of the bowstring to the end of the front arm. Lay the 
spreader on top of the feed line, then tie the feeder to the 
spreader with nylon fish line. String the catenary from the 
spreader tips to the cross-arm tips. 

A this point of assembly, prepare antenna elements 2 
through 13. There will be two segments for each element. 
Atthe outer tip make а small loop and solder the wrap. The 
loop will be for the nylon leader. М easure the length plus 
0.4 inch for wrapping and soldering the element segment to 
the feeder. Seven-strand 422 antenna wire is suggested for 
the element wires, Slide the feed-line insulators to their 
proper position and secure them temporarily. 

The drawings show the necessary transposition. 
scheme. Each element half of elements 1, 3, 5, 7, 9, 11 
and 13 [s connected to its own side of the feeder, while 
elements 2, 4, 6, 8, 10 and 12 cross over to the opposite 
side of the transmission line. 


There are four holes in each of the transmission-line. 
Insulators (see Fig 22). The inner holes are for the 
transmission line, and the outer ones are for the elements. 
Since the array elements are slanted forward, they should 
pass through the insulator from frontto back, then back over 
the insulator to the front side and be soldered to the 
transmission line. The small drawings of Fig 22 show the 
details of the element transpositions, 

Everywhere that lines cross, tie them together with 
nylon line, including all copper-nylon and nylon-nylon 
junctions. Careful tying makes the array much more rigid. 
However, all elements should be mounted loosely before 
you try to align the whole thing, Tightening any line or 
elementaffectsall heothers. There will be plenty of walking 
back and forth before the array is aligned properly. Expect. 
the array to be firm but not extremely taut. 


The Pounder: A Single-Band 144-MHz LPDA 


The 4-element Pounder LPDA pictured in Fig 27 was 
developed by Jerry Hall K 17D, for the 144-148 M Hz band. 
Becauseit started as an experimental antenna, it utilizes some 
unusual construction techniques. However, it gives a very 
good account of itself, exhibiting a theoretical free-space 
ain of about 7.2 dBi and a frontto-back ratio of 20 dB or 
ete, The Pounder is small and light. It weighs ust] pound, 
and hence і name. In addition, as may be seen in Fig 28, it 
can be disassembled and reassembled quickly, making it an 
excellent antenna for portable use. This array also serves 
wel as a fixed-station antenna, and may be changed easily 
to either vertical or horizontal polarization. 

The antenna feeder consists of two lengths of ox 
"ex inch angle aluminum. The use of two facing flat 
surfaces permits the builder to obtain a lower characteristic 
impedance than can be obtained from round conductors with 
the same spacing, The feeder also serves as the boom for 
the Pounder. In the first experimental model, the array 
contained only two elements with а spacing of 1 fot, so а 
boom length of 1 foot was the primary design requirement 
for the4-dement version. Table 7 gives the calculated design 
data for the 4-element array. 


Construction 

You сап see the general construction approach for the 
Pounder in the photographs. Drilled and tapped pieces of 
Plexiglas sheet, inch thick, serve as insulating spacers for 
the angle aluminum feeder. Two spacers are used, one near 
the front and one near the rear of the array. Four #6-32 x 
"inch pan head screws secure each aluminum angle section 
to the Plexiglas spacers, as shown in Figs 29 and 30. 
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Fig 27—The 144 MHz Pounder. The boom extension at 
the left of the photo is a 40-Inch length of slotted РУС 
tubing, inch outer diameter. The tubing may be 
clamped to the side of tower or attached to a mast 
With a small boom-to-mast plate. Rotating the tubing at 
the clamp will provide for elther vertical or horizontal 
polarization. 


Fig 28—One end of each half element is tapped to 
fasten onto boom-mounted screws. Disassembly of the 
array consists of merely unscrewing 8 half elements 
from the boom. The entire disassembled array creates a 
small bundle only 21 inches long. 


Fig 29—A close-up view of the boom, showing an 
alternative mounting scheme. This photo shows an. 
‘earlier 2-element array, but the boom construction is 
the same for 2 or 4 elements. See the text for details 


Table 7 
Design Parameters for the 144-MHz Pounder 
143 MHZ Element lengths 
148 MHz 11 3.441 feet 
2 3165 feet 
13 =2.912 feet. 
14 22.679 feet 
Element spacings: 
diz =0.365 feet 
di; = 0.336 feet 
dii = 0.309 feet 
0.98 feet Element diameters: 
3.90 elements (increase to 4) Al = 0.25 inches 
(diameter ratios: 


Г 128.6 
139.8 

0.05526 (didam, = 151.9 
heria ‘Alam, = 165.2 


Antenna feeder: х\н” angle alu 
spaced ij^ 

Balun: 1 [see text) 

Feed line: 52-0 coax (see text) 


Fig 30—The feed arrangement, using a right-angle 
chassis-mounted BNC connector, modified by 
removing a portion of the flange. A short length of bus 
wire connects the center pin to the opposite feeder 
conductor, 
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Useflatwashers with each screw to preventitfrom touching 
the angle stock on the opposite side of the spacer. Be sure 
the screws are not so long as to short out the feeder! А 
Clearance of about hs inch is sufficient. If you have doubts 
about the screw lengths, check the assembled boom for a 
short with your ohmmeter on a M egohm range. 

Either of two mounting techniques may be used for 
the Pounder, As shown in Figs 27 and 28, the rear spacer 
measures 10 x 2^ inches, with 45? corners to avoid sharp 
points. This spacer also accommodates a boom extension of 
PVC tubing, which is attached with two #10-32 x Linch 
screws, This tubing provides for side mounting the Pounder 
away from a mast or tower. 

‘Analternative support arrangements shown in Fig 29. 
Two ‘fx 3-inch Plexiglas spacers are used at the front and 
rear of the атау. Each spacer has four holes drilled je inch 
арап and tapped with #6-32 threads. Two screws enter each 
Spacer from either side to make a tight aluminum. Plexiglas 
aluminum sandwich. А tthe center of the boom, secured with 
only two screws, is a 2 x 18-inch strip of inch Plexiglas. 
This strip is slotted about 2 inches from each end to accept 
hose clamps for mounting the Pounder atop а mast. As 
shown, the trip is attached for vertical polarization. Alternate 
‘mounting holes, visible on the now-horizontal lip of theangle 
stock, provide for horizontal polarization. Although 
sufficient, this mounting arrangement is not as sturdy as that 
shown in Fig 27, 

The elements are lengths of thick-wall aluminum 
tubing, finch OD. The inside wall conveniently accepts а 
1910.32 tap. The threads should penetrate the tubing to a depth 
of at least 1 inch. Eight #10-32 x 1-inch screws are attached 
to the boom at the proper element spacings and held in place 
with #10-32 nuts, as shown in Fig 28. For assembly, the 
elements are then simply screwed into place. 

Note that with this construction arrangement, the two 
halves of any individual element are not precisely collinear; 
their axes are offset by about "1 inch. This offset does not 
seem to affect performance. 


The Feed Arrangement 

Use care initially in mounting and cutting the elements 
to length. To obtain the 180° crossover feed arrangement, 
the element halves from a single section of the feeder/boom. 
must alternate directions. That is, or half-elements attached 
to one of the two pieces of angle stock, elements 1 and 3 
will point to one side, and elements 2 and 4 to the other 
This arrangement may be seen by observing the element- 
mounting screws in Fig 28. Because of this mounting 
scheme, the length of tubing for an element “half” is not 
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simply half of the length given in Table 7, After final 
assembly, halves for elements 2 and 4 will have a slight 
overlap, while elements 1 and 3 are extended somewhat by 
the boom thickness. The best procedure is to cut each 
assembled element to its final length by measuring from tip 
to tip. 

‘The Pounder may be fed with RG-58 or RG-59 coax 
andaBNC connector. A modified right-angle chassis-mount 
BNC connector is attached to one side of the feeder/boom 
assembly for cable connection, Fig 30. The modification 
consists of cutting away part of the mounting flange that 
Would otherwise protrude from the boom assembly. This 
leaves only two mounting-flange holes, but these are 
sufficient for a secure mount. A short length of small bus 
wire connects the center pin to the opposite side of the feeder, 
where it is secured under the mounting-screw nut for the 
shortest element. 

For operation, you may secure the coax to the PVC 
boom extension or to the mast with electrical tape. You 
should use a balun, especially if the Pounder is operated 
with vertical elements А choke typeof balun is satisfactory, 
formed by taping 6 turns of the coax into а сой of 3 inches 
diameter, but a bead balun is preferred (see Chapter 26) 
‘The balun should be placed at the point where the coax is 
brought away from the boom. If the mounting arrangement 
of Fig 29 is used with vertical polarization, а second balun 
should be located approximately “Je wavelength down the 
coax line from the first, This will place it at about the level 
of the lower tips of the elements. For long runs of coax to 
the transmitter, a transition from RG-58 to RG-8 or from 
RG-59 to RG-9 is suggested, to reduce line losses, М ake 
this transition at some convenient point near the атау. 

No shorting feeder termination is used with the array 
described here. The antenna feeder (phase line) Zg of this 
атау is in the neighborhood of 120 ©, and with a resulting 
feed- point impedance of about 72 £2. The theoretical mean 
SWR with 522 lineis 72/52 or 1.4 to 1. Upon array comple- 
tion, the measured SWR (52-0 line) was found to be 
relatively constant across the band, with a value of about 
17 to 1. The Pounder offers a better match to 72-0 coax. 

Being anall-driven array, the Pounder is more immune 
to changes in feed-pointimpedance caused by nearby objects 
than isa parasitic array. This became obvious during portable 
Use when the array Was operated near trees and other 
objects... the SWR did not change noticeably with antenna 
rotation toward and away from those objects, Consequently, 
the Pounder should behave well ina restricted environment, 
such as an ati. Weighing just one pound, this атау indeed 
does give a good account of ise. 


Log Periodic-Yagi Arrays 


Several possibilities exist for constructing high-gain 
arrays that use the log periodic dipole array concept. One 
technique isto add parasitic elements to theL PDA to increase 
both the gain and the front-to-back ratio for a specific 
frequency within the passband of the LPDA. The LPDA- 
Yagi combination is simple in concept. It utilizes an РОА 
group of driven elements, along with parasitic elements at 
normal Yagi spacings from theactive elements of hel POA. 

TheLPDA -Yagi combinalionsare endless. A n example 
of asingle-band high-gain design isa 2- or -element L PDA 
for 21.0 to 21.45 MHz with the addition of two or three 
parasitic directors and one parasitic reflector, Thename Log- 
Yag (log-cell Yagi) array has been coined for these hybrid 
antennas, The LPDA portion of the array is of the usual 
design to cover the desired bandwidth, and standard Yagi 
design procedures are used for the parasitic elements, 
Information in this section is based on a Dec 1976, QST 
articleby P. D. Rhodes, K4EWG, and] R. Painter, W4BBP, 
"The Log-Yag Array.” 

THE LOG-YAG ARRAY 

The Log-Yag array, with its added parasitic elements, 
provides higher gain and greater directivity than would be 
realized with the LPDA alone. Yagi arrays require a long 
boom and wide element spacing for wide bandwith and 
high gain, because the Q of the Yagi system increases as the 
number of elements is increased or as the spacing between 
adjacent elements is decreased, An increase in the Q of the 
Yagi array means that the total operating bandwidth of the. 
array is decreased, and the gain and front-o-back ratio 
specified in the design are obtainable only over small 
portions of the band. [Older Yagi designs did indeed exhibit 
thelimitations mentioned here. But modern, computer-aided 
design has resulted in wideband Yagis, provided that 
sufficient elements are used on the boom to allow stagger 
tuning for wide-band coverage, See Chapter 11.—Ed.] 

TheLog-Yag system overcomes this difficulty by using 
a multiple driven element cell designed in accordance with 
the principles of the og periodic dipole array. Since this log 
cell exhibits both gain and directivity by itself, I is a more 
effective wide-band radiator than a simple dipole driven 
element, The front-to-back ratio and gain of the og cell can 
then be improved with the addition of a parasitic reflector 
and director 

Itis not necessary for the parasitic element spacings to 
be large with respect to wavelength, since the log cell is the 
determining factor in the array bandwidth. AS well, the 
element spacings within the log cell may be small with 
respect to a wavelength without appreciable deterioration 
ofthe cell gain. For example, decreasing the relative spacing 
constant (a) from 0.1 to 0.05 will decrease the array gain by 
less than 1 dB 


A Practical Example 

The photographs and figures show a Log-Yag array 
for the 14-M Hz amateur band, The array design takes the 
form of a 4-element log cell, a parasitic reflector spaced at 
0.085 Ana and a parasitic director spaced at 0.15 À 
(Where ho isthe longest free-space wavelength within the 
array passband). Array gain is almost unaffected with 
reflector spacings from 0.08 2 to 0.25 2, and the increase in 
boom length is not justified. The function of the reflector is 
to improve the front-to-back ratio of the log cell, while the 
director sharpens the forward lobe and decreases the 
half-power beamwidth. As the spacing between the 
parasitic elements and the log cell decreases, the parasitic 
elements must increase in length. 

‘The log cell is designed to meet upper and lower band. 
limits with о = 0.05. The design parameter r is dependent 
on the structure bandwidth, B., When the log periodic 
design parameters have been found, the element length and 
spacings can be determined, 

‘Array layout and construction details can be seen in 
Figs 31, 32, 33 and 34, Characteristics of the array are given 
in Table 8. 

The method of feeding the antenna is identical to that 
of feeding the log periodic dipole array withoutthe parasitic 
elements. As shown in Fig 31, a balanced feeder is required 
for each log-cell element, and al adjacent elements are fed 


Table 
Log-Yag Array Characteristics 

1) Frequency range 14 to 14.35 MHz 

2) Operating bandwidth 1.025 

3) Design parameter 0.946657 

4) Apex half angle 149217 cot a =3.753 
5) Halt-power beamwidth 42 (14 to 1435 MHZ) 


6) Bandwidth ofstucture Bs =1.17875 
T) Free-space wavelength ıa, = 70.28 feet 
8) Log cell boom length — 172100 feet 


9) Longest log element #1 = 35.14 feet (a tabulation 
of element lengths and 
spacings is given in Table 9) 
10) Forward gain (free 8.2 dBi 
space) 
11) Frontto-back ratio 
12) Frontto-side ratio 


32 dB (theoretical) 
45 dB (theoretical) 


13) Input impedance PEETI 
14) SWR 1310 1 (14 to 14.35 MHZ) 
15) Total weight 96 pounds 
16) Wind-load area 85 sq feet 


17) Reflector length 
18) Director length 
19) Total boom length 


36.4 feet at 6.0 foot spacing 
322 feet at 10.5 foot spacing 
26.5 feet 
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pom Table 9 
Log-Yag Array Dimensions 
Element Length Spacing 


Feet Feet 
Reflector 3640 6.00 (Ref. to £1) 
a 3534 351 (dy) 
2 3327 332 (da) 
з 3149 314 (dy) 
4 2981 1057 (24 to dir) 


Director 3220 


witha 180° phaseshiftby alternating connections. Since the 
Log-Yagaray will becovering relatively small bandwidth, 
the radiation resistance of the narrow-band log cell will vary 
from 80 to 90 <2 (tubing elements) depending on the operating 
bandwidth. The addition of parasitic elements lowers thelog 
cell radiation resistance. Hence, it is recommended that а 
1:1 balun be connected at the log-cell input terminals nd 
50-0 coaxial cable be used for the feed line. 

The measured radiation resistance of the 14-M Hz 
Log-Yag is 37 © over the frequency range from 14.0 to 
14.35 MHZ. Itis assumed that tubing elements will be used. 
However, if a wire array is used, then the radiation resis: 
tance A and antenna-feeder input impedance 2, must be 
calculated so that the proper balun and coax may be used, 


ase | ama | en [зет The procedures outlined in detail in an earlier part of this 
chapter. However, programs such s P CAD 28 are also suit 
Fig 31 Layout of he Log-Yag aray. able to automate te calculations, 


Fig 32—Assembly details. The numbered components refer to Ta 
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Table 10 
Element Material Reguirements: Log-Yag Array 


Lin. rim, ein 
Tubing Tubing Tubing 
Len. Len. Len. 
Feet Qy Feet Oy Feet Qy 
Reflector з 1 6 2 2 
a + 2 4$ T + 2 
a 6 2 6 2 в 2 
a 6 2 6 2 6 2 
а RCE 2.0% Ж 
Dic 12 1 6 2 в 2 


уып. Yelo. 
Angle Bar 
Len. Len 
Feet Feet 
None None 
35 4 

y 1 
MES 

3 1 
None None 


we 


Fig 33—The attachment of the elements to the boom. 


Fig 34— Looking from the front to the back of the Log- 
Yag array. A truss provides lateral and vertical support. 


Table 11 

Materials List, Log-Yag Array 

1) Aluminum tubing—0.047 in. wall thickness 
1in—12 ft lenths, 24 lin. ft 
Lin—12 ftor 6 ft lengths, 48 in. ft 
fle In.—12 ftor 6 frlengihs, 72 lin. ft 
>leln.—8 епот, 48 lin. ft 
le Ce felengths, 36 in. ft 

2) Stainless steel hose clamps—2 in. max, В ea 

З) Stainless steel hose clamps—1% in. max, 24 ea 

4) Тулуре U bots - in, 6 ea 

5) U bolts, galv. type: 5/16 in. x 134 n. 6 ea 

5A) U bolts, galv. type: 4 in. x 1 in, 2 ea 

5) lin. ID water-service polyethylene pipe 160 In. 
test approx. La in. OD, 7 lin. fe 

7) wen x PA in. x e. aluminum angle—6 ft 
lengths, 12 in. ft 


8) in. Ye n. x in aluminum angle—6 ft lengths, 
n 

9) Vein. top ral of chain-link fence, 26.5 in. t 

10) 13 torold balun, 1 ea 

11) No. 6-32 x Lin. stainless steel screws, 8 ea 
No. 6-32 stainless steel nuts, 16 ea 
No. 6 solder lugs, 8 ea 

12) #12 copper feed wire, 22 lin. ft 

13) 12 in. x 6 in. x Ча in. aluminum plate, 1 ea 

14) Sin.x4 in. x in. aluminum plate, 1 ea. 

15] en. дам. pipe, 3 In. ft 

16) 1 in. galv. pipe mast, 5 lin. ft 

17) бам guy wire, 20 lin. ft 

18) Чап. x 2 in. urmbuckles, 4 ea 

19) Hein. x 14:10, eye bolts, 2 ea 

20) TV guy clamps and eyebolts, 2 ea 


"Table 9 has array dimensions. Tables 10 and 11 contain 
lists of the materials necessary to build the Log-Yag array. 
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HF Yagi 
Arrays 


Along with the dipole and the quarter-wave vertical, 
radio amateurs throughout the world make extensive use of. 
the Yagi array. The Yagi was invented in the 1920s by 
Hidetsugu Yagi and Shintaro U da, two Japanese university 
professors. Uda did much of the developmental work, while 
Yagi introduced the array to the world outside) apan through 
hiswritingsin English. though the antenna should properly 
becalleda Yagi-Uda атау, itis commonly referred to simply 
asa Yagi 

‘The Yagi is a type of endfire multielement array. At 
the minimum, it consists of a single driven element and а 
single parasitic element. These elements are placed parallel 
to each other, on a supporting boom spacing them apart. 
Thisarrangementis known asa2-elementY agi. The parasitic 
element is termed a reflector when it is placed behind the 
driven element, opposite to the direction of maximum 
radiation, and is called a director when itis placed ahead of 
the driven element. See Fig 1. In the VHF and UHF 
spectrum, Y agis employing 30 or more elements are not 
uncommon, with a single reflector and multiple directors. 
See Chapter 18 for details on VHF and UHF Yagis. Large 
HF arrays may employ 10 or more elements, and will be 
covered in this chapter. 

‘The gain and directional pattern of a Yagi array is 
determined by the relative amplitudes and phases of the 
currents induced into all the parasitic elements. Unlike the 
directly driven multielement arrays considered in Chapter 
8, where the designer must compensate for mutual coupling 
between elements, proper Yagi operation relies on mutual 
coupling. The currentin each parasitic element is determined 
by its spacing from both the driven element and other 
parasitic elements, and by the tuning of the element itself. 
Both length and diameter affect element tuning. 

For about 50 years amateurs and professionals created 
Yagi array designs largely by "cut and try“ experimental 
techniques. In the early 1980s, Jim Lawson, W2PV, 
described in detail for the amateur audience the fundamental 
‘mathematics involved in modeling Yagis. His book Yagi 
Antenna Design is highly recommended for serious antenna 
designers. The advent of powerful microcomputers and 
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Fig 1—Two-element Yagi systems using a single 
parasitic element. At A the parasitic element acts as a 
director, and at B аз a reflector. The arrows show the 
direction in which maximum radiation takes place, 


sophisticated computer antenna modeling software in the 
mid 1980s revolutionized the field of Yagi design for the 
radio amateur. In a matter of minutes, a computer can try 
100,000 or more different combinations of element lengths 
and spacings to create a Yagi design tailored to meet a 
particular set of high-performance parameters. To explore 
this number of combinations experimentally, a human 
‘experimenter would take an unimaginable amount of time 
‘and dedication, and the process would no doubt suffer from 
considerable measurement errors. With the computer tools 
available today, an antenna can be designed, constructed and 
then put up in the air, with litle or no tuning or pruning 
required. 
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Yagi Performance Parameters 


‘There are three main parameters used to characterize 
the performance of a particular Y agi forward gain, pattern 
and drive mpedance/SWR. Another important consideration. 
ismechanical strength. Itis very important to recognize that 
each of the three electrical parameters should be 
characterized over the frequency band of interest in order to 
be meaningful. Neither the gain, SWR or pattem measured 
atasinglefrequency gives very much insight into the overall 
performance of a particular Yagi. Poor designs have been 
known to reverse thelr directionality over a frequency band, 
while other designs have excessively narrow SWR 
bandwidths, or overly "pesky" gain response. 

Finally, an antenna's ability to survive the wind and 
ice conditions expected in one's geographical location is an 
important consideration in any design. M uch of this chapter 
will be devoted to describing detailed Yagi designs which 
are optimized for a good balance between gain, pattern and 
SWR over various amateur bands, and which are designed 
to survive strong winds and icing. 


YAGI GAIN 

Likeany other antenna, the gain oa Yagi must bestated 
in comparison to some standard of reference. Designers of 
phased vertical arrays often state gain referenced to asingle, 
isolated vertical element. See the section on “Phased Array 
Techniques” in Chapter 8. 

Many antenna designers prefer to compare gain to that 
of an isotropic radiator in free space. This is a theoretical 
antenna that radiates equally well in all directions, and by 
definition, ithas a gain of 0 dBi (dB isotropic), Many radio 
amateurs, however, are comfortable using а dipole as a 
standard reference antenna, mainly because it is not а 
theoretical antenna 

In free space, а dipole does not radiate equally well in 
all drections— it has a “figure eight" azimuth pattern with 
deep nulls off the ends of the wire. In its favored directions, 
a free-space dipole has 2.15 68 gain compared to the 
isotropic radiator, You may see the term dBd in amateur 
literature, meaning gain referenced to a dipole in free space. 
Subtract2.15 dB from gain in dBi to convert to gain in Bd. 

‘Assume oramoment that wetakea dipole out of “free 
space," and place it one wavelength over the ocean, whose 
salt-water makes an almost perfect ground. At an elevation 
angleof 15", where seawater-reflected radiation add in phase 
with direct radiation, the dipole has а gain of about 6 dB, 
compared to its gain when it was in free space, isolated from 
any reflections. See Chapter 3, "The Effects of Ground." 

1015 perfectly legitimate to say that this dipole has a 
gain of 6 Bd, although the term "dBd" (meaning "dB 
dipole") makes it sound as though the dipole somehow has 
gain over itself! Always remember that gain expressed in 
dad (or dBi) refers to the counterpart antenna in free space. 
The gain of the dipole over saltwater in this example can be 
rated at either 6 dBd (over a dipole in free space), or as 
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8.15 dBi (over an isotropic radiator in free space). Each 
frame of reference is valid, as long as itis used consistently 
and clearly. in this chapter we will often switch between 
Yagis in free space and Yagis over ground. To prevent any 
confusion, gains will be stated in dB 

Yagi free-space gain ranges from about 5 dBi for a 
small 2element design to about 20 dBi for a 31-element 
long-boom UHF design. The length of the boom is the main 
factor determining the gain a Yagi can deliver. Gain asa 
function of boom length will be discussed in detail after the 
sections below defining antenna response patterns and SWR 
characteristics 


RESPONSE PATTERNS— 
FRONT-TO-REAR RATIO 

As discussed in Chapter 2, for an antenna to have gain, 
itmust concentrate energy radiated in a particular direction, 
atthe expense of energy radiated in other directions. Gain is 
thus closely related to an antenna's directivity pattern, and 
also to the losses in the antenna. Fig 2 shows the E-plane 
(also called E-field, for electric field) and H-plane (also 
called H-field, for magnetic field) pattern of a 3-element 
Yagi in free space, compared o a dipole, and an isotropic 
radiator. These patterns were generated using the computer 
program NEC, which is highly regarded by antenna 
professionals for its accuracy and flexibility. 

їп free space there is no earth reference to determine 
whether the antenna polarization is horizontal or vertical, 
and so its response patterns are labeled as E-field (electric) 
or H-field (magnetic). Far aY agi mounted over ground rather 
than in free space, if the E-field is parallel to the earth (that 
is, the elements are parallel to the earth) then the antenna 
polarization is horizontal, and its E-field response is then 
usually referred to asits azimuth pattern, Its H-field response 
is then referred to as its elevation pattern, 

Fig 2A demonstrates how this 3-element Yagi in free 
space exhibits 7.28 dBi of gain (referenced to isotropic), 
and has 5.13 dB gain over a free space dipole. The gain isin 
the forward direction on the graph at 0° azimuth, and the 
forward part of the lobe is called the main lobe. For this 
particular antenna, the angular width of the E-plane main 
lobe atthe half power, or 3 dB points compared to the peak, 
is about 66°. This performance characteristic is called the 
antenna's azimuthal half-poner beamwidth. 

Again as seen in Fig 2A, this antenna's response in the 
reverse direction at 180° azimuth is 34 dB less than in the 
forward direction. This characteristic is called the antenna's 
front-to-back ratio, and it describes the ability of an antenna 
to discriminate, for example, against interfering signals 
coming directly from the rear, when the antenna is being 
used for reception. In Fig 2A there are two sidelobes, at 
120° and at 240° azimuth, which are about 24 dB down from 
the peak response at 0°. Since interference can come from 
any direction, not only directly off the back of an antenna, 


Fig 2—E-plane (electric feld) and H-plane (magnetic 
field) response patterns for 3-element 20-meter Yagi in 
free space. ALA the E-plane pattern for a typical 
3-elementYagi is compared with a dipole and an 
isotropic radiator. At B the H-plane patterns аге 

i has an 
an H-plane 
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ar ratio, which 
s the response at 0- to the largest lobe in the 
rearward 120 arc behind the antenn: 


the lobes at 120" and 240. 


these kinds of sidelobes limit the ability to discriminate 
against rearward signals. The term worst-case Irontto-rear 
ratio is used to describe the worst-case rearward labe in the 
180"-wide sector behind the antenna's main lobe. In this 
case, the worst-case front to-rear ratio is 24 В. 

In the rest of this chapter the worst-case frontto-ear 
ratio will be used as a performance parameter, and will be 
abbreviated as “F/R.” For a dipole or an isotopic radiator, 
Fig 2A demonstrates that F/R is 0 dB. Fig 28 depicts the H 
field response for the same 3-element Yagi in free space, 
again compared to a dipole and an isotropic radiator in free 
space, Unlike the E-field pattern, the H-field pattern for a 
Yagi does not havea null at907, directly over the top of the 
Yagi. For this 3-element design, the H-field half-power 
beamwidth is approximately 120°. 

Fig 3 compares the azimuth and elevation patterns for 
a horizontally polarized 6-element 14-M Hz Yagi, with а 
60-foot boom mounted one wavelength over ground, to a 
dipole atthe same height As with any horizontally polarized 
antenna, the height above ground is the main factor 
determining the peaks and nulls in the elevation pattern of 
exch antenna. Fig ЗА shows the E-field pattem, which has 
пой been labeled as the Azimuth pattern. This antenna has 
a half-power azimuthal beamwidth of about 50°, and at an 
elevation angleof 12° it exhibits a forward gain of 16.02 dBi, 
including about dB of ground reflection gain over relatively 
poor ground, with a dielectric constant of 13 and conductivity 
of 5 mS/m. In free space this Yagi has a gain of 10.97 dBi 

The H-field elevation response of the 6-element Yagi 
has a half-power beamwidth of about 60° in free space, but 
as shown in Fig 3B, the first lobe (centered at 12° in 
vation) has a half power beamwidth of only 13° when 
the antenna is mounted one wavelength over ground. The 
dipole atthe same height has a very slightly larger ist lobe 
half power elevation beamwidth of 14°, since its free-space 
Н-П response is omnidirectional. Note that the free-space 
H-field directivity of the Yagi suppresses its second lobe 
over ground (at an elevation angle of about 40°) to 8 di 
меме dipole's response at Its second lobe peak [t about 
48°) is ata level of 9 dBi 

The shape of the azimuthal pater for a Yagi operated 
over real ground will change slightly as the Yagi is placed 
closer and closer to earth. Generally, however, ће azimuth 
pattern doesn't depart significantly from the free-space 
pattern until the antenna is less than 0.5 à high. This is just 
over 17 feet high at 28.4 М Hz, and justunder 35 feet at 14.2 
MHz, heights that аге not difficult to achieve for most 
amateurs. Some advanced computer programs can optimize 
Yagis at the exact installation height. 


DRIVE IMPEDANCE AND SWR 

The impedance at the driven element in a Yagi is 
affected not only by the tuning of the driven element itself, 
but also by the spacing and tuning of nearby parasitic 
elements, and to a lesser extent by the presence of ground. 
In some designs which have been tuned solely for maximum. 
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Fig 3—Azimuth pattern for 6-element 20-meter Yagi on 
60-foot long boom, mounted 69 feet over ground. ALA, 
‘the azimuth pattern at 12" elevation angle is shown, 
‘compared to a dipole at the same height. Peak gain of 
Or just over 8 dB compared to the 


pattern of the Yagi is compressed slightly lower 


Compared to the dipole, even though they are both at 
the same height over ground. This is most noticeable 
for the Yagi's second lobe, which peaks at about 40°, 

While the dipole's second lobe peaks at about 48. This 
is due to the greater free-space directionality of the 

Yagi at higher angles. 


10-meter band for two different 3-element Yagi 
designs. One Is designed strictly for maximum gain, 
while the second is optimized for F/R pattern and SWR 
Over the frequency band. A Yagi designed only for 
maximum gain usually suffers from a very narrow SWR 
bandwidth. 


gain, the driven-element impedance can fall to very low 
levels, sometimes less than 5 ©. This can led to excessive 
losses due to conductor resistance, especially at VHF and 
UHF. In a Yagi that has been optimized solely for gain, 
conductor losses are usually compounded by large 
excursionsin impedance levels with relatively smal changes. 
in frequency. The SWR can thus change dramatically over a 
band and can create additional losses in the feed cable. Fig 4 
illustrates the SWR over the 28 to 28.8 MHZ portion of the 
10-meter amateur band for a S-element Yagi on a 24-foot 
boom, which has been tuned for maximum forward gain at 
a spot frequency of 28.4 M Hz. Its SWR curve is contrasted 
to that of a Yagi designed for a good compromise of gain, 
SWR and F/R. 

Even profesional antenna designers have difficulty 
accurately measuring forward gain. On the other hand, 
SWR can easily be measured by professional and amateur 
alike. Few manufacturers would probably want to 
advertise an antenna with the narrow-band SWR curve 
shown in Fig 4! 


Yagi Performance Optimization 


DESIGN GOALS 

The previous section discussing driven-element 
impedance and SWR hinted at possible design trade-offs 
‘among gain, pattern and SWR, especially when each 
parameter is considered over a frequency band rather than 
at a spot frequency. Trade-offs in Y agi design parameters 
сап be a matter of personal taste and operating style. For 
‘example, one operator might exclusively operate the CW 
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portions of the HF bands, while another might only be 
interested in the Phone portions. Another operator may want 
good pattern in order to discriminate against signals coming 
from a particular direcion; someone else may wantthe most. 
forward gain possible, and may not care about responses in 
other directions, 

Extensive computer modeling of Yagis indicates that 
the parameter that must be compromised most to achieve 


wide bandwidths for front-to-rear ratio and SWR is 
forward gain. However, not much gain must be sacrificed 
for good F/R and SWR coverage, especially on long-boom 
Yagis. 

Although 10. and 7-M Hz Yagis are not rare, the HF 
bands from 14 to 30 M Hz are where Yagis are most often 
found, mainly due to the mechanical difficulties involved 
with making sturdy antennas for lower frequencies. The 
highest HF band, 28.0 to 29.7 M Hz, represents the largest 
percentage bandwidth of the upper HF bands, at almost 6%. 
Itis difficult to try to optimize in one design the main 
performance parameters of gain, worst-case F/R ratio and 
SWR over this large а band, M апу commercial designs thus. 
split up their 10-meter designs into antennas covering one 
of two bands: 28.0 to 28.8 M Hz, and 28.8 to 29.7 MHz. For 
the amateur bands below 10 meters, optimal designs wet 
cover the entire band are more easily achieved. 


DESIGN VARIABLES 
There are only a few variables available when one 


is designing a Yagi to meet certain design goals. The 
variables are 


1. The physical length of the boom 
2. The number of elements on the boom. 

3. The spacing of each element along the boom 

4. The tuning of each element 

5. The type of matching network used to feed the array. 


GAIN AND BOOM LENGTH 

As pointed out earlier, the gain of a Yagi is largely a 
function of the length of the boom. As the boom is made 
longer, the maximum gain potential rises. For a given boom. 
length, the number of elements populating that boom can be 
varied, while still maintaining the antenna's gain, provided 
of course thatthe elements are tuned properly. In general 
putting more elements on a boom gives the designer added 
flexibility to achieve desired design goals, especially to 
spread the response out over a frequency band. 

Fig 5A isan example illustrating gain versus frequency 
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Fig 5—Comparisons of three diferent 3-element 10-meter 
Yagi designs using 8-foot booms. At A, gain comparisons 
shown. The Yagi designed for the best compromise of 
{gain and SWR sacrifices an average of about 0.5 В 
Compared to the antenna designed for maximum gain. The 
Yagi designed for optimal F/R, gain and SWR sacrifices an 


antenna designed strictly for gain has a F/R of 3 dB at the 
high end of the band. AEC, the three antenna designs are 
compared for SWR bandwidth. At the high end of the 
band, the antenna designed strict for gain has a very 
high SWR. 
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for three different types of 3-element Y agis on 8-foot booms. 
The three antennas were designed for the lower end of the 
10-meter band, 28.0 to 28.8 M Hz, based on the following 
different design goals: 


Antenna 1: Maximum mid-band gain, regardless of F/R ог 
SWR across the band 

Antenna 2: SWR lees than 2:1 over the frequency band; best 
compromise gain, with no special consideration 
for F/R over the band. 

Antenna 3: “Optimal” case: F/R greater than 20 dB, SWR. 
less than 2:1 over the frequency band; best 
compromise gain. 


Fig SB shows the F/R over the frequency band for these. 
three designs, and Fig SC shows the SWR curves over the. 
frequency band. Antenna 1, the design which strives strictly 
for maximum gain, hasa poor SWR response over the band, 
as might be expected after the previous section discussing 
SWR. The SWR is 10:1 at 28.8 MHz and rises to 22:1 at 
29 MHz. At28 M Hz, atthe low end of the band, the SWR of 
themaximum-gain design is morethan 6:1. Clearly, designing 
for maximum gain alone produces an unacceptable design in 
terms of SWR bandwidth. The F/R for Antenna 1 reaches a 


high point of about 20 dB atthe low-frequency end of the 
band, but falls to only 3 dB at the high-frequency end. 

‘Antenna 2, designed forthe best compromise of gain 
while the SWR across the band is held to less than 2:1, 
achieves this goal, but atan average gain sacrifice of 0.7 dB. 
compared to the maximum gain case, T he F/R for this design 
isjustunder 15 В over the band. This design is fairly typical 
of many amateur Yagi designs before the advent of computer 
modeling and optimization programs. SWR can easily be 
measured, and experimental optimization for forward gain is 
a fairly straightforward procedure By contrast, overall pattern 
Optimization is not a trivial thing to achieve experimentally, 
particularly for antennas with more than four or five elements, 

‘Antenna 3, designed for an optimum combination of 
F/R, SWR and gain, compromises forward gain an average 
of 1.0 dB compared to the maximum gain case, and about 
0.4 dB compared to the compromise gain/SWR case. It 
achieves its design objectives of more than 20 dB F/R over 
the 28.0 to 28.8 M Hz portion of the band, with an SWR less 
than 2:1 over that range. 

Fig 6A shows the free-space gain versus frequency for 
the same three types of designs, but for a bigger -element 
10-meter Yagi on a20-foot boom. Fig 68 shows the variation 
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Fig 6—Comparisons of three different designs for 
5-element 10-meter Yagis on 20-foot booms. At A, the 
gain of three different S-element 10-meter Yagi designs 
‘graphed. The difference In gain between the three 
antennas narrows because the elements can be 
Stagger.tunad to spread the response out better over 


than 22 dB F/R over the band, while the Yagi designed 
for gain and SWR displays on average 10 dB less F/R 
throughout the band. At C, the SWR bandwidth is 
‘compared for the three Yagis. The antenna designed 
strictly for forward gain has a poor SWR bandwidth 
and a high MHz. 
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in F/R, and Fig 6C showstheSWR curves versus frequency. 
Once again, the design which concentrates solely on 
maximum gain has a poor SWR curve over the band, 
reaching just over 6:1 toward the high end of the band. The 
difference in gain between the maximum gain case and the 
optimum design case has narrowed for this size of boom io 
an average of under 0.5 dB. This comes about because the 
designer has access to more variables in a 5-element design 
than he does п a 3-element design, and he can stagger-tune 
the various elements to spread the response out over the 
whole band, 

Fig 7A, B and С show thesame three types of designs, 
but for a 6-element Yagi on а 36-foot boom, The SWR 
bandwidth of the antenna designed for maximum gain has 
improved compared to the previous two shorter-boom 
examples, but the SWR stil rises to more than 4:1 at 
288 MHz, while the F/R ralio is pretty constant over the 
band, ata mediocre 11 dB average level. While the antenna 
designed for gain and SWR does hold the SWR below 2:1 
over the band, it also has the same mediocre level of F/R 
performance as does the maximum-gain design, 

The optimized 36-foot boom antenna achieves ап 


“ 


excellent F/R of more than 22 dB over the whole 28.0 to 
288 MHz band. Again, the availability of more elements 
and morespace on the 36-f00t long boom gives the designer 
more flexibility in broadbanding the response over the whole 
band, while sacrificing only 0.3 dB of gain compared to the 
rmaximum-gain design. 

Fig 8A, B, and show thesamethreetypes of 10.meter 
designs, but now for a 60-foot boom, populated with eight. 
elements, With eight elements and a very long boom on 
which to space them out, the antenna designed solely for 
maximum gain can achieve a much better SWR response 
across the band, although the SWR does rise to more than 
7:1 atthe very high end of the band. The SWR remains less 
than 2:1 from 28.0 to 28.7 M Hz, much better than for shorter- 
boom designs. The worst-case F/R ratio is never better than 
19 dB, however, and remains around 10 dB over much of 
the band, The antenna designed for the best compromise 
gain and SWR loses only about 0.1 dB of gain compared to 
the maximum-gain design, but does little better in terms of 
FIR across the band. 

Contrasted to these two designs, the antenna optimized 
for F/R, SWR and gain has an outstanding patter, exhibiting 


n 


Fig 7—Comparisons of three different 6-element 
10-meter Yagi designs on 36-foot booms. At A, 
gain is shown over the band. With more elements 
and a longer boom, the tuning can be staggered 
even more to make the antenna gain more Uniform 
over the band, This narrows the gain differential 
between the antenna designed strictly for 
maximum gain and the antenna designed for an 
optimal combination of F/R, SWR and gain. The 
average difference in gain is about 0. 
throughout the band. At B, the F/R performance 
over the band is shown for the three antenna 
designs. The antenna designed for optimal 
performance maintains an average of almost 
15 dB better F/R over the whole band compared to 
the other designs. At C, the SWR bandwidth is 
compared. Again, the antenna designed strictly for 
maximum gain exhibits a high SWR of 

MHz, and rises to more than 14:1 at 
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Fig 8—Comparisons of three different -element 
10-meter Yagi designs using 60-foot booms. At A, 
gain is shown over the frequency band. With even 
тоге freedom to stagger.tune elements and a very 
long boom on which to place them, the average 
antenna gain differential over the band is now less 
than 0.3 dB between the three design cases, At B, an 
excellent 24 dB F/R for the optimal design is 
‘maintained over the whole band, compared to the 
average of about 12 dB for the other two designs. At 
C, the SWR differential over the band is narrowed 
between the three designs, again because there are 
тоге variables available to broaden the bandwidth. 


an F/R of more than 24 dB across the entire band, while 
keeping the SWR below 2:1 from 28.0 to 28.9 M Hz. It must 
sacrifice an average of only 0.4 dB compared to the 
‘maximum gain design atthe low end of the band, and actually 
has тоге дап than the maximum gain and gain/SW R designs 
atthe high-frequency end of the band, 

The concluslon drawn from these and many other 
detailed comparisons is that designing strictly for maximum. 
 mid-band gain yields an inferior design when the antenna is 
‘examined over an entire frequency band, especially in terms 
of SWR. Designing aY agi for bath gain and SW R will yield 
antennas which have mediocre rearward patterns, but which 
lose relatively little gain compared to the maximum gain 
сазе, at least Гог designs with more than three elements, 

However, designing a Yagi for a optimal combination 
of F/R, SWR and gain results in a loss of gain less than 
0.5 dB compared to designs designed only for gain and SWR. 
Fig 9 summarizes the forward gain achieved for the three 
different design types versus boom length, as expressed in 
wavelength, Unless otherwise stated, the Yagis described in 
the rest ofthis chapter have the following design goals over 
а desired frequency band: 
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1. Front-to-rear ratio over the frequency band of more than. 
20 dà 

2, SWR over the frequency band less than 2:1 

3. Maximum gain consistent with points 1 and 2 above 


Justfor fun, Fig 10showsthe gain versus boom length 
for theoretical 20-meter Y agis that have been designed to 
meet the three design goals above, The 31-element design 
for 14 M Hz would be wondrous to behold. Sadly, it is 
unlikely that anyone will build one, considering that the 
boom would be 724 feet long! However, such a design does 
become practical when scaled to 432 M Hz. In fact, aK1FO 
22-element and aK 1FO 31-element Yagi are the prototypes 
forthe theoretical 14-M Hz long-boom designs. See Chapter 
18 for VHF and UHF Y agis. 


OPTIMUM DESIGNS AND 
ELEMENT SPACING 

One of the more interesting results of computer. 

modeling and optimization of high-performance Yagis 

with four or more elements is that a distinct pattern in the 

element spacings along the boom shows up consistently. This 


nigh ihe 


Fig 9—Gain versus boom length for three different 
10-meter design goals. The goals are: (1) designed for 


and (3) designed for 
optimal F/R, SWR and gain across 28.0 to 28.8 MHz 
portion of 10-meter band. The gain difference is less 
than 0.5 dB for booms longer than approximately 0.5 1. 


pattern is relatively independent of boom length, once the 
boom is longer than about 0.3 2. The reflector, driven 
element and first director of these optimal designs are 
typically bunched rather closely together, occupying together 
only about 0.15 to 0.20 A of the boom. This pattern contrasts 
sharply with older designs, where the amount of boom taken 
Up by the reflector, driven element and first director was 
typically morethan 0.3 l. Fig 11 shows the element spacings 
for an optimized 6-element, 36-foot boom, 10-meter design, 


Fig 10—Theoretical gain versus boom length for 
20-meter Yagis designed for optimal combination of 
FIR, SWR and gain across the entire 14.0 to 14.35 MHz 
band. The theoretical gain approaches 20 dBi for a 
gigantic 724-foot boom, populated with 31 elements. 
Such a design on 20 meters is not too practical, of 
course, but can readily be achieved on a 24-foot boom 
on 432 MHz. 


compared to aW 2PV 6-element design with constant spacing 
of 0.15 A between all elements, 

A problem arises with such a bunching of elements 
toward the reflector end of the boom- the wind loading of 
the antenna is not equal along the boom. Unless properly 
compensated, such new-generation Y agis will act like 
windvanes, punishing, and often breaking, therotators trying 
to turn, or hold, them in the wind. One successful solution 
to windvaning has been to employ “dummy elements’ made 
of PVC piping. These nonconducting elements are placed 
оп the boom clase to the last director so the windload is 
equalized at the mastto-boom bracket. In addition, it may 
be necessary to insert a small amount of lead weight at one 
end of the boom in order to balance the antenna weight. 

Despite the relatively close spacing of the reflector, 
driven element and first director, modern optimal Yagi 
designs are not overly sensitive to small changes in either 
element length or spacing. In fact, these antennas can be 
constructed from design tables without excessive concern 
about close dimensional tolerances. In the HF range up to 
30 MHz, building the antennas to the nearest e inch results 
in performance remarkably consistent with the computations, 
without any “tweaking” or fine-tuning when the Yagi is on 
the tower. 


Fig 11—Tapered spacing versus constant element 
spacing. At A, illustration of how the spacing of the 
reflector, driven element and first director (over the first 
0297 of the boom) of an optimally designed Yagi is 
bunched together compared to the Yagi at B, which 
uses constant 0.15 à spacing between all elements. 

The optimally designed antenna has more than 22 В 
F/R and an SWR less than 1.5:1 over the frequency 
band from 28.0 to 28.8 MHz. 
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ELEMENT TUNING 

Element tuning (or self-impedance) is a complex 
function of the effective electrical length of each element 
and the effective diameter of the element. In turn, the 
effective length and diameter of each element is related to 
the taper schedule (if telescoping aluminum tubing is used, 
the most common method of construction), the length of 
each telescoping section, the type and size of mounting 
bracket used to secure the element to or through the boom, 
and the size of the Yagi boom itself. See the section entitled 
“Antenna Frequency Scaling,” and “Tapered Elements" in 
Chapter 2 of this book for details about element tuning as а 
function of tapering and element diameter, Note especially 
that Yagi constructed using wire elements will perform very 
differently compared to the same antenna constructed with 
elements made of telescoping aluminum tubing. 

The process by which a modern Yagi is designed 


Usually starts out with the selection of the longest boom 
possible for a given installation. А suitable number of 
elements of a given taper schedule are then placed on this 
boom, and the gain, pattern and SWR are calculated over 
the entire frequency band of interest to the operator. Once 
an electrical design is chosen, the designer must then 
ensure the mechanical integrity of the antenna design. This 
Involves verifying the integrity of the boom and each 
element in the face of the wind and ice loading expected 
for a particular location. The section entitled 
“Construction with Aluminum Tubing" in Chapter 20 of 
this book shows details of tapered telescoping aluminum 
elements for the upper HF bands. In addition, the ARAL 
book Physical Design of Yagi Antennas, by Dave Leeson, 
WEQHS, describes the mechanical design process for all 
portions of a Yagi antenna very thoroughly, and Is highly 
recommended for serious Y agi builders 


Specific Yagi Designs 


The detailed Yagi design tables which follow are for 
two taper schedules for Yagis covering the 14- through 
30-M Hz amateur bands. The heavy-duty elements are 
designed to survive at least 120-mph winds without icing 
or 85-mph winds with “Jeinch radial ice. The medium-duty 
elements are designed to survive winds greater than 80 mph, 
or 60-mph winds with inch radial ice. 

For 10.1 MHz, the elements shown are capable of 
surviving 105-mph winds, ог 93-mph winds with “einch 
radial ice, For 7.1 MHz the elements shown can survive 
93-mph winds, or 69-mph winds with inch radial ice. For 
these two lower frequency bands, the elements and the booms 
needed are very large and heavy, Mounting, turning and 
keeping such antennas in the air is not a trivial task. 

Each elementis mounted above the boom with a heavy 
rectangular aluminum plate, by means of U-bolls with 
saddles, as shown in Fig 27 of Chapter 18, and as described 
in the ARRL book Yagi Antenna Design. This method of 
element mounting is rugged and stable, and because the 
element is mounted away from the boom, the amount of 
element detuning dueto the presence of the boom is minimal 
The element dimensions given in each table already take 
into account any element detuning due to the boom-to 
element mounting plate. For each element, the tuning is 
determined by the length of the tip, since the inner tubes are. 
fixed In diameter and length. 

Note: Each design shows the dimensions for one-half 
of each element, mounted on oneside of the boom. The other 
half of each element is the same, mounted on the other side 
of the boom. The use of a tubing sleeve inside the center 
portion of the element is recommended, o that the element. 
is not crushed by the mounting U-bolts. Unless otherwise 
noted, each section of tubing is made of 6061-T6 aluminum 
tubing, with a 0.058-inch wall thickness. This wall thickness 
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ensures that the next standard size of tubing can telescope 
with it. Each telescoping section is inserted 3 inches into 
the large tubing, and is secured by one of the methods shown 
in Fig 11 in Chapter 20 of this book. Each antenna is designed 
with a driven-element length appropriate for a gamma type. 
of matching network. The driven-element's length may 
require slight readjustment for best match, particularly if a 
different matching network is used. Do not change either 
thelengths or the telescoping tubing schedule of the parasitic 
elements- they have been optimized for best performance. 
and will not be affected by tuning of the driven element! 
10-METER YAGIS 

Fig 12 describes the electrical performance of seven 
‘optimized 10-meter Yagis with boom lengths between 8 to 
(60 feet. The end of each boom Includes 3 inches of space for 
the reflector and last-director mounting plates. Fig 12А shows 
the free-space gain versus frequency for each antenna; 128 
shows the frontto-rear ratio, and 12C shows theSWR versus 
frequency. Each antenna was designed to cover the lower 
half of the 10-meter band from 28.0 to 28,8 M Hz, with SWR 
less than 2:1 and F/R better than 20 dB over that range. 

Fig 12D shows the taper schedule for two types of 
10-meter elements. The heavy-duty design can survive 
125-mph winds with no icing, and 88-mph winds with 
"inch of radial ice. The medium-duty design can handle 
96-mph winds with no icing, and 68-mph winds with inch. 
af radial ice. The element-to-boom mounting plate for these 
Yagisisa 0.250-inch thick flataluminum plate, 4 inches wide 
by 4 inches long. Each elements centered on the plate, held 
by two galvanized U-bolts with saddles. Another set of 
U-bolts with saddles is used to secure the mounting plate to 
the boom. Electrically each mounting plateis equivalent to a 
cylinder, with an effective diameter of 2.405 inches for the. 
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Fig 12— Gain, F/R and SWR performance versus frequency for optimized 10-meterYagis. At A, gain is shown versus. 
frequency for seven 10-meter Yagis whose booms (% long, and which have been optimized for 
better than 20 dB F/R and less than 2:1 SWR over the frequency range from 28.0 to 28.8 MHz. At B, front to-rear ratio for 
these antennas Is shown versus frequency, and at C, SWR is shown over the frequency range. At D, the taper schedule 
is shown for heavy-duty and for medium-duty 10-meter elements. The heavy duty elements can withstand 125-mph. 
winds without icing, and 88-mph / medium-duty elements can survive 96-mph winds 
without icing, and 68-mph winds with /einch radial ice. The wall thickness for each telescoping section of 6061-76 


aluminum tubing is 0.058 Inches, and the overlap at 


heavy-duty element, and 2.310 inches for the medium-duty 
element The equivalent length on each side of the boom is 2 
inches. These dimensions are used in the computer modeling 
program to simulate the effect of the mounting plate. 

The second column in Table 1 shows the spacing of 
each elementrelativeto the next element in lineon the boom, 
starting at the reflector, which itself is defined as being at 
the 0.000-inch reference point on the boom. The boom for 
antennas less than 30 feet long can be constructed of 2-inch 
OD tubing with 0.065-inch wall thickness. Designs larger 
than 30 feet long should use 3-inch OD heavy-wall tubing 
for the boom, Because each boom has 3 inches extra space 
at each end, the reflector is actually placed 3 inches from 
the end of the boom. For example, in the 310-08Н ҮАС 
design (3 elements on an 8-foot boom), the driven element 
is placed 36 inches ahead of the reflector, and the director is 


ch telescoping junction is 3 inches. 


placed 54 inches ahead of the driven element. 

The next columns give the lengths for the variable tips 
for the heavy-duty and then the medium-duty elements. In 
the example above for the 310-08H.YAG, the heavy-duty 
reflector tip, made out of inch OD tubing, sticks out 
66.750 inches from the “inch OD tubing. Note that each 
telescoping piece of tubing overlaps 3 inches inside the piece 
into which it fits, so the overall length of -inch OD tubing 
is 69.750 inches long for the reflector, The medium-duty 
reflector tip has 71.875 inches protruding from the “finch 
OD tube, and is 74.875 inches long overall. As previously 
stated, the dimensions are not extremely critical, although 
measurement accuracy to “inch is desirable. 

The last row in each variable tip column shows the 
length of one-half of the “dummy element” torque 
compensator used to correct for uneven wind loading along 
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Table 1 
Optimized 10-Meter Yagi Designs 


Three-element 10-meter Yagi, 8-foot boom 


Element Spacing 

File Name 

Reflector 0.000" 

Driven Element 36.000" 

Director 1 54.000 
Compensator 12° behind Dir. 1 


Four-element 10-meter Yagi, 14-foot boom 


Element Spacing 

File Name 

Reflector 0.000" 

Driven Element 36.000" 
Director 1 36.000" 
Director 2 30.000" 
Compensator 12° behind Dir. 2 


Five-element 10-meter Yagi, 24-foot boom 


Element Spacing, inches 
File Name 

Reflector 0.000" 

Driven Element 36.000" 
Director 1 36.000" 
Director 2 39.000" 
Director 3 111.000" 
Compensator 12" behind Dir. 3 


Sicelement 10-meter Yagi, 36-foot boom 


Element ‘Spacing, inches 
File Name 

Reflector 0.000" 

Driven Element 37.000" 

Director 1 43.000" 

Director 2 98.000" 

Director 3 127.000" 

Director 4 121,000" 
Compensator 12° behind Dir 4 
Seven. element 10-meter Yagi, 48-foot boom 


Element Spacing, inches 
File Name 

Reflector 0.000" 

Driven Element 37.000" 
Director 1 37.000" 
Director 2 36.000" 
Director 3 130.000" 
Director 4 154.000" 
Director 5 116.000 
Compensator 12" behind Dir. 5 


Eight-element 10-meter Yagi, 60-foot boom 


Element ‘Spacing, inches 
File Name 

Reflector 0.000" 

Driven Element 32.000" 
Director 1 37.000" 
Director 2 87.000" 
Director 3 126.000" 
Director 4 141.000" 
Director 5 157.000" 
Director 6 121,000" 
Compensator 12° behind Dir. 6 


Heavy-Duty Tip 
31008H.YAG 
66.750" 
57.625" 
53125" 
18/000" 


Heavy-Duty Tip 
410-14H.YAG 


57.000" 
47750, 
22000" 


Heavy-Duty Tip 
510.24H.YAG 
65.625" 
58.000" 
57125" 
55.000" 
50750" 
287507 


Heavy-Duty Tip 
610-36H.YAG 
65.750" 
57625° 
57125" 
Er 
53875" 
49.875" 
32000 


Heavy-Duty Tip 
71048H.YAG 
65375" 
58125" 
57500° 
54.875" 
52.250" 
Er 
39.875" 
35.750" 


Heavy-Duty Tip 
810.604.YAG 
65.000" 
57375" 
57125" 
EE 
53250" 
51875" 
52500. 
50325" 
59375- 


Medium-Duty Tip. 
310-08M.YAG 


Medium-Duty Tip. 
410.14M.YAG 


Medium-Duty Tip. 
510-24M.YAG 


Medium-Duty Tip. 
610-36M,YAG 


Medium-Duty Tip 
710.48M.YAG 


33.750" 


Medium-Duty Tip. 
810.60M.Y4G 


These 10-meter Yagi designs are optimized for > 20 В F/R, and SWR «21 over frequency range from 28.000 to 28.800 MHZ, for heavy- 
duy elements [125 mph win survival] and er medium duty (/ 
inches Hor end of each element but leave element spacings Ше same as „ element Up dimensions are Shawn and al 
dimensions ae in inches. See ̃ telescoping tubing schedule. Torque compensator elements made of 25" OD PVC water 
Pipe placed 12 Inches behind last director Dimensions shown far compensators are one hal of ial lengin, centered an boom, 
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Fig 13—Gain, F/R and SWR performance versus frequency for optimized 12-meter Yagis. At A, gain is shown versus 
frequency for six 12-meter Yagis whose booms range from 10 feet to 54 feet long, and which have been optimized for 
better than 20 dB F/R and less than 2:1 SWR over the narrow 12-meter band from 24.89 to 24.99 MHz. At B, frontto-rear 
ratio for these antennas is shown versus frequency, and at C, SWR over the frequency range is shown. At D, the taper 
Schedule for heavy-duty and for medium-duty 12-meter elements is shown. The heavy-duty elements can withstand 
%% winds with cinch radial ice. The medlum-duty elements can survive 85-mph 
winds without icing, and 61-mph winds with Yeinch radial ice. The wall thickness for each telescoping section of 


6061-T6 aluminum tubing is 0,058 inches, and the overlap at each telescoping junction is 3 inches. 


the boom. This compensator is made from 2.5 inches OD 
PVC water pipe mounted to an element-to-boom plate like. 
those used for each element. The compensator is mounted 
12 inches behind the last director, the first director in the 
case of the 3-element 310-08.YAG antenna, Note that the 
heavy-duty elements require a correspondingly longer torque 
‘compensator than do the medium-duty elements, 


12-METER YAGIS 

Fig 13 describes the electrical performance of six 
‘optimized 12-meter Y agis with boom lengths between 10 to 
54 feet The end of each boom includes 3 inches of space for 
the reflector and last director mounting plates, The narrow 
frequency width of the 12-meter band allows the performance 
to be optimized easily. Fig 13A shows the free-space gain 
versus frequency for each antenna; 138 shows the frontto- 
rear ratio, and 13C shows the SWR versus frequency. Each 
‘antenna was designed to cover the narrow 12-meter band 
from 24,89 to 24.99 M Hz, with SWR less than 2:1 and F/R 
better than 20 dB over that range. 


Fig 13D shows the taper schedule for two types of 
12-meter elements. The heavy-duty design can survive 
123-mph winds with no icing, and 87-mph winds with 
ža inch of radial ice, The medium-duty design can handle 
85-mph winds with no icing, and 61-mph winds with 
“fa inch of radial ice. The element-to-boom mounting plate 
for these Yagis is a 0.375 inch thick flat aluminum 
plate, 5 inch wide by 6 inches long. Electrically, each 
mounting plate is equivalent to a cylinder, with an effective 
diameter of 2.9447 inches for the heavy-duty element, and 
2.8568 inches for the medium-duty element. The equivalent 
length on each side of the boom is 3 inches. As usual, the 
torque compensator is mounted 12 inches behind the last 
director 


15-METER YAGIS 


Fig 14 describes the electrical performance of seven 
optimized 15-meter Yagis with boom lengths between 
12 feet to a spectacular 80 feet. The end of each boom 
includes 3 inches of space forthe reflector and last director 
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Table 2 
Optimized 12-Meter Yagi Designs 


Three-element 12-meter Yagi, 10-foot boom 
Element Spacing, inches Heavy-Duty Tip Medium-Duty Tip 
File Name 312-10H.YAG 312-10M.YAG 
Reflector 0.000" 69,000" 

Driven Element 30.000" 59.125" 

Director 1 74.000" 54,000" 

Compensator 12 behind Di. 1 13625 

Four-element 12-meter Yagi, 14-foot boom 

Element ‘Spacing, inches Heavy-Duty Tip Medium-Duty Tip 
File Name 412-14H.YAG 412-14M.YAG 
Reflector 0.000" 66.875" 

Driven Element 46.000" 60.625" 

Director 1 45.000. Er 

Director 2 82.000" 50.875" 

Compensator 12"behindDi 2 — 16375" 

Five-element 12-meter Yagi, 20-foot boom 

Element ‘Spacing, inches Heavy-Duty Tip Medium: Duty Tip 
File Name 512-20H.YAG 512-20M.YAG 
Reflector 0.000" 69.750" 

Driven Element 46.000" 61.750" 

Director 1 46.000" 60.500" 

Director 2 48.000" 55.500" 

Director 3 94,000" 54.625, 

Compensator 12* behind Di. 3 22.125- 

Six-element 12-meter Yagi, 30-foot boom 

Element ‘Spacing, inches Heavy-Duty Tip Medium -Duty Tip 
File Name 612-30H.YAG 512-30M.YAG 
Reflector 0.000" 68.125" 

Driven Element 46.000" 61.750" 

Director 1 46.000" 60.250" 

Director 2 T2000" 52.375" 

Director 3 75.000" 57.625" 

Director 4 114000 53.625" 

Compensator 12* behind Dir. 4 30.000" 

Six-element 12-meter Yagi, 40-foot boom 

Element ‘Spacing, inches Heavy-Duty Tip Medium-Duty Tip 
File Name 612-40H.YAG 612.40M.YAG 
Reflector 0.000" 67.000" 

Driven Element 46.000" 60.125" 

Director 1 46.000 57.375" 

Director 2 91.000" 57.375" 

Director 3 157.000" 57.000" 

Director 4 134000" 54.375" 

Compensator 12 behing Dir. 4 — 36300" 

Seven-element 12-meter Yagi, 54-foot boom 

Element ‘Spacing, inches Heavy-Duty Tip ‘Medium: Duty Tip 
File Name 712-54H.YAG 712-54M.YAG 
Reflector 0.000" 67.125" 

Driven Element 46.000" 60.500" 

Director 1 46.000" 56.750, 

Director 2 75.000" 58,000" 

Director 3 161.000" 55.625" 

Director 4 174000" 56.000" 

Director 5 140,000" 53,125" 

Compensator 12* behind Di. 5 43.125" 


These 12-meter Yagi designs were optimized for > 20 dB F/R, and SWR <2:1 over frequency range from 24.890 to 24.990 MHZ, for 
heavy-duty elements (123-mph wind survival) and for medium. duty (#5-трһ wind survival). Only element tip dimensions are shown, 
and al dimensions are in inches. See Fig 13D for element telescoping tubing schedule. Torque compensator element is made of 
3S OD РУС water pipe placed 12" behind te last director. Dimensions shown or compensators аге one-half of total length, 
centered on boom, 
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Fig 14—Gain, F/R and SWR performance versus frequency for optimized 15-meter Yagis. At A, gain versus frequency 
is Shown for seven 15-meter Yagis whose booms range from 12 feet to è long, and which have been optimized 
for better than 20 dB F/R and less than 2:1 SWR over the frequency range from 21.0 to 21.45 MHz. At В, front-to-rear 
ratio for these antennas is shown versus frequency, and at С, SWR over the frequency range is shown. At D, the taper 
Schedule for heavy-duty and for medium duty 15-meter elements is shown. The heavy-duty elements can withstand 


124-mph winds without icing, 


ind 90.mph winds with уа 


‘mounting plates Fig 14А shows the free-space gain versus 
frequency for each antenna; 148 shows the worst-case front- 
to-tear ratio, and 14C shows the SWR versus frequency. Each 
antenna was designed to cover the full 15-meter band from 
21.000 to 21.450 M Hz, with SWR less than 2:1 and F/R 
ratio better than 20 dB over that range. 

Fig 14D shows the taper schedule for two types of 
15-meter elements. The heavy-duty design can survive 
124-mph winds with no icing, and 90-mph winds with 
ach of radial ice. The medium-duty design can handle 


ich radial ice, The medium-duty elements can survive 
86-mph winds without icing, and 61-mph winds with "inch radial ice. The wall thickness for each telescoping 
section of 6061-T6 aluminum tubing is 0.058 inches, and the overlap at each telescoping junction is 3 inches. 


86-mph winds with no icing, and 61-mph winds with 
inch of radial ice. The element-to-boom mounting plate 
for these Yagis is а 0.375-inch thick flat aluminum plate, 
5 inches wide by 6 inches long. Electrically, each mounting 
plate is equivalent to a cylinder, with an effective diameter 
of 3.0362 inches for the heavy-duty element, and 
2.9447 inches for the medium-duty element. The equivalent 
length on each side of the boom is 3 inches, As usual, the 
torque compensator is mounted 12 inches behind the last 
director 
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15-Meter Yagi Designs 
lement 15-meter Yagi, 12-foot boom 


Element Spacing Heavy-Duty Tip Medium: Duty тр 

Fie Name 12 Boom ИЛӘН ТАС 313-12M.YAG 

Reflector 0.000" 61375 83750 

Driven Element 36000. Er 72625. 

Director 1 Dr 33500 66.750: 

Compensator 12" behind Dict 34750" 57625. 

Four-element is meter Yagi, 18-foot boom 

Element acing Heavy-Duty Tip Medium-Duty тр 

File Name 415.18. АС. 415-18M.YAG 

Reflector одор 58.750 82251 

Driven Element Er 50.875: 73875: 

Director 1 56.000: 48.000" 775325. 

Director 2 98.000" 36525 60.250: 

Compensator 12 behind on: 20.818 28625 

Five-element 15-meter Yagi, 24-100t boom 

Element spacing Heavy-Duty Tip Medium-Dut Tip 

File Name 515-24H.YAG SIS AM. YAG 

Reflector одор 52.000" EE 

Driven Element Erg 52.375" 75.250: 

Director 48.000" 45675 1059. 

Director 2 52.000" 47.000 10325 

Director 3 134.000" 41.000" КЕ 

Compensator 12 behind Dir 3 40250 E 

Sicelement 15-meter Yagi, 16001 boom " eres 
ment spacing Heavy-Duty Tip tedium- Duty Tip 

fle Name 613- J6H.YAG @1$-36М-ҮАБ 

Reflector 0.000 61.000" mam 

Driven Element 53000" 51.375" 74250: 

Director T 36.000" dui 12125 

Director 2 39.000" 45.125 КЕТ 

Director 3 116.000 Hh 71000. 

Director a 142.000" 42:000" 65.375" 

Compensator 12" behind Dira 45500 39750" 

Shcelement 15-meter Yagi, 48-foot boom 

Element Spacing Heavy-Duty Tip Medium-Duty Tip 

File Name 615-48H.YAG 615-480. AG 

Reflector 60.500" 

Driven Element 50.875 

Director 1 31250 

Director 2 42955. 

Director 3 45.500" 

Directora 32000 

Compensator 12"behind Dir. а 51500 

Seven-element 15-meter Yagi, 60-foot boom 

Element Spacing Heavy-Duty Tip Medium-Duty тр 

File Name аон ТАС. 715-60M.YAG 

Reflector 0.000 59.750" 82.250" 

Driven Element 48.000" 51315 1250, 

Director 1 Erg 32000 74.875: 

Director 2 $3000" 32500 72500" 

Director 3 173.000" 44:125" 22595. 

Director 4 197-000" 45.500 68.750" 

Director 5 155.000" 41750: 85135. 

Compensator 12" behind Dins 58500 51 000 

Elghtelement 15-meter Yagi, 80-foot boom re PR 
lement spacing Heavy-Duty Tip tedium- Duty Tip 

File Name анс 815.80. ТАБ, 

Reflector 6,000" 60.625 83.125: 

Driven Element 56.000: 51.250 14325 

Director 1 48.000" 31500 an 

Director 2 115.000" 42595 71.500: 

Director 3 164.000" 45.750" Erg 

Director 4 202-000" 43125 86.500" 

Director 5 206.000" 44:150" Erg 

Director 6 163.000" 3978. БЕ 

Compensator 12" behind Dir 6 380668 B3375 


These 15-meter Yagi designs are optimized or >20 dB F/R, and SWR <2:1 over entire frequency range fram 21.000 to 21.450 
MHz, for heavy-duty elements (124-mph wind survival) and for medium. duty (86-mph wind survival]. Only element tp dimensions 
are shown. See Flo 14D lr element telescoping ubing Schedule, Al dimensions afe in Inches, Torque compensator element Is 
made of?" OD PVC water pipe placed 12" behind last director, and dimensions shown or compensators are one-half of total 
length, centered on Боот. 
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Fig 15—Gain, F/R and SWR performance versus 
frequency for optimized 17-meter Yagis. At A, gain 
Versus frequency is shown for five 17-meter Yagis 
whose booms range from 14 feet to 60 feet long, and 
which have been optimized for better than 20 dB F/R 
and less than 2:1 SWR over the narrow 17-meter band 
from 18.068 to 18.168 MHz. At B, front-to-rear ratio for 
these antennas is shown versus frequency, and at C, 
SWR over the frequency range is shown. At D, the 
taper schedule for heavy-duty and for medium-duty 
17-meter elements is shown. The heavy-duty elements 
can withstand 123-mph winds without icing, and 
B9.mph winds with -inch radial ice. The medium-duty 
elements can survive 83-mph winds without icing, and 
59-mph winds with inch radial ice. The wall 
thickness for each telescoping section of 6061-76 
aluminum tubing is 0.058 inches, and the overlap at 
each telescoping junction is 3 inches. 
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17-METER YAGIS 

Fig 15 describes the electrical performance of five 
optimized 17-meter Y agis with boom lengths between 14 to 
a heroic 60 feet As usual, the end of each boom includes 
3inchesof space for the reflector and last director mounting 
plates. Fig 15A shows the free space gain versus frequency 
for each antenna; 158 shows the worst-case front-to-rear 
ratio, and 15C shows the SWR versus frequency. Each 
antenna was designed to cover the narrow 17-meter band 
from 18,068 to 18.168 MHz, with SWR less than 2:1 and 
FIR ratio better than 20 dB over that range. 

Fig 15D shows the taper schedule for two types of 


17-meter elements. The heavy-duty design can survive 
123-mph winds with no icing, and 83-mph winds with 
cinch of radial ice. The medium-duty design can handle 
83-mph winds with no icing, and 59-mph winds with /sinch 
of radial ice. The element-to-boom mounting plate for these 
Yagis is a 0.375-Inch thick flat aluminum plate, 6 inches 
wide by 8 inches long, Electrically, each mounting plate 
is equivalent to a cylinder, with an effective diameter of 
3.5122 inches for the heavy-duty element, and 3.3299 inches 
for the medium-duty element, The equivalent length on each 
side of the boom is 4 inches. As usual, the torque 
compensator is mounted 12 inches behind the last director. 
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Table 4 
Optimized 17-meter Yagi De: 


Three-element 17-meter Yagi, 14-foot boom 
Element Spacing 


Heavy-Duty Tip 


Medium. Duty Tip 


File Name 317-14H.YAG 317-14M.YAG 
Reflector 88.250 

Driven Element 81125 

Director 1 77250" 
Compensator 12" behind Dir. 1 10.750 

Four-element 17-meter Yagi, 20-foot boom 

Element Spacing Heavy-Duty Tip Medium-Duty Tip 
File Name 417-20H.YAG 417-20M.YAG 
Reflector 0.000" 89.500" 

Driven Element 48.00 82.625" 

Director 1 48.000 81.125" 

Director 2 138.000" Er 
Compensator 12" behind Dir 2 36.250" 


Five-element 17-meter Yagi, ic: lot boom 
Element Spacing 


Heavy-Duty Tip 


Medium-Duty Tip 


File Name 517-30H.YAG 517-30M.YAG 
Reflector 89.875" 
Driven Element 81.125" 
Director 1 78.250" 
Director 2 7850 
Director 3 72500 
Compensator 12" behind Dir 3 45.875" 


Six-element 17-meter Yagi, 48-foot boom 
Element Spacing 


Medium-Duty Tip 


File Name 517-48H.YAG 617-48M.YAG 
Reflector 90.250" 
Driven Element 81.125" 
Director 1 74375 
Director 2 76.625" 
Director 3 75.875" 
Director 4 71.125" 
Compensator 12" behind Dir 4 57500" 


Shelement lj. meter Yagi, 60-foot boom 


Element Spacing Heavy-Duty Tip Medium-Duty Tip 
File Name 617.60H.YAG 617-60M.YAG 
Reflector 89.250 

Driven Element 83.125" 
Director 1 80.750: 

Director 2 74.875 

Director 3 13.625" 
Director 4 70.625" 
Compensator behind Dir 4 53.000" 


These 17-meter Yagi designs are optimized for > 20 dB F/R, and SWR «23 over entre frequency range fram 18,068 to 18.168 
Miz, for heavy-duty elements (123.mph wind survival) and Tor medium duty (E3-mph wind Survival. Oniy element tip dimensions 
are shown, All dimensions are in inches. Torque compensator element is made of 25" OD PVC water pipe placed 12" behind last 
director, and dimensions shown for compensators are one-half of tatal length, centered an boom. 


20-METER YAGIS 

Fig 16 describes the electrical performance of seven 
optimized 20-meter Y agis with boom lengths between 16 to 
а giant 80 feet. As usual, the end of each boom includes 
inches of space for the reflector and last director mounting 
plates. Fig 16A shows the free-space gain versus frequency 
for each antenna; 168 shows thefront-to-rear ratio, and 16C 
Shows the SWR versus frequency. Each antenna was 
designed to cover the complete 20-meter band from 14.000 
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to 14.350 MHz, with SWR less than 2:1 and F/R ratio better 
than 20 dB over that range 

Fig 16D shows the taper schedule for two types of 
20-meter elements. The heavy-duty design can survive 
122-mph winds with no icing, and 89-mph winds with 
“inch of radial ice, The medium-duty design can handle 
82-mph winds with no icing, and 60-mph winds with inch. 
of radial ice. The element:to-boom mounting plate for these. 
Yagis is a 0.375-inch thick flat aluminum plate, 6 inches 


(c) 
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Fig 16— Gain, F/R and SWR performance versus. 
frequency for optimized 20-meter Yagis. At A, gain versus 
frequency is shown for seven 20-meter Yagis whose 
booms range from 16 feet to 80 feet long, and which have 
been optimized for better than 20 В F/R and less tha 

21 SWR over the frequency range from 14.0 to 
14.35 MHz. At B, frontto-rear ratio for these antennas is 
‘shown versus frequency, and at C, SWR over th 
frequency range is shown. At D, the taper schedule for 
heavy-duty and for medium-duty 20-meter elements is 
‘shown. The heavy-duty elements can withstand 122-mph 
‘winds without icing, and 89.mph winds with inch radial 
ice. The medium-duty elements can survive 82-mph 
winds without icing, and 60-mph winds with cinch radial 
ice. The wall thickness for each telescoping section of 
(6061-76 aluminum tubing is 0.058 inches, and the overlap 
at each telescoping junction is 3 inches. 
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wide by 8 inches long. Electrically, each mounting plate 
is equivalent to a cylinder, with an effective diameter of 
3.7063 inches for the heavy-duty element, and 3.4194 inches 
forthe medium-duty element. The equivalent length on each 
side of the boom is 4 inches, As usual, the torque 
compensator їз mounted 12 inches behind the ast director 


30-METER YAGIS 

Fig 17 describes the electrical performance of three 
optimized 30-meter Yagis with boom lengths between 15 to 
34 feet Because of the size and weight ofthe elements alone 
for Yagis on this band, only 2-elementand 3-element designs 
are described. The front-to-rear ratio requirement for the 
2-element antenna is relaxed to be greater than 10 dB over 


the band from 10.100 to 10.150 M Hz, while that for the 
3-element designs is kept at greater than 20 dB over that 
frequency range. 

As usual, the end of each boom includes 3 inches of 
space for the reflector and last director mounting plates 
Fig 17А shows thefree-spacegain versus frequency for each 
antenna; 178 shows the worst-case front-to-rear ratio, and 
LIC shows the SWR versus frequency, 

Fig 17D shows the taper schedule for the 30-meter 
elements. Note thatthe wall thickness of the firsttwo sections. 
of tubing is 0.083 inches, rather than 0.058 inches. This 
heavy-duty element design can survive 107-mph winds with 
no icing, and 93-mph winds with “cinch of radial ice. The 
element-to-boom mounting plate for these Yagis is a 


HF Yagi Arrays 1119 


Table 5 
Optimized 20-Meter Yagi Designs 
Three-element 20-meter Yagi, 16-foot boom 


Element Spacing Heavy-Duty Tip Medium Duty Tip 
File Mame 320-16H.7AG 320-158 146 
Reflector боо: Er ines 

Driven Element 80.000" БЕ 64.500 

Director 1 106,000" 2 695. 56.375" 
Compensator ES 38.350 
Four-element 20-meter Yagi, 26-foot boom 

Element ‘Spacing Heavy-Duty ip Medium Duty Tip 
File Name 420 42025 Y4G 
Reflector олоо. 65.625" 76.875" 

Driven Element 72.000" 53.375" FE 

Director 1 60.000" $1750" Ern 

Director 2 Er 22 628. 51.500" 
Compensator 12 behind o2 54.250" КЕШ 
Five-element 20-meter vag, 2-foot boom 

Element Spacing Heavy-Duty Th Medium Duty Ti 
Flle Mame к prr d Еа 
Reflector олоо. Fr 80.750" 

Driven Element 72,000" 52 250: 65.375" 

Director 1 71.000" 45815. EE 

Director 2 42005. ал ERA 

Director 3 151.000" 37.000" 31.000 
Compensator 12" behind Di3 89280" 36.280 
Five-element 20-meter Yagi, 40-foot boom 

Element Spacing Heavy-Duty To Medium Duty Tip 
File Mame 520 Ас 520-40M.YAG 
Reflector олоо. 68375" 80.500" 

Driven Element 72,000" 53500: 66.825" 

Director 1 72.000" БЕ 64.825" 

Director 2 138000. 18379. 61.750" 

Director 3 191000. 38.000" 52.000" 
Compensator 12" behind Di. 3 69.750" 56.750 
Five-element 20-meter Yagi, 48.foot boom 

Element Spacing Heavy-Duty Tip Medium Duty Tip 
File Mame 520.484 Ас 520-48N.YA6 
Reflector олоо. 66.250" 78.500" 

Driven Element 12.000" КЕ EE 

Director 1 50 00. 50.500" 63.750" 

Director 2 198.000" 17378. 60.875 

Director 3 2 600. 39.350" 53,825" 
Compensator 12" behind Die 70.325" 57325 
Sixcelement 20-meter Yagi, 60-foot boom 

Element ‘Spacing Heavy-Duty Tip Medium Duty Tip 
File Name 620.804 YAG 620.604.146 
Rellector aooo 67.000" 79.250" 

Driven Element Er PE 65.500" 

Director 1 31000" 5л 58.750 

Director 2 130.000" 1295. 35.125" 

Director 3 220 000. 1689. FE 

Director 4 199,000 39.125" 53.000" 
Compensator 12" behind oia 72.873" 59.250 
Sixcelement 20-meter Yagi, 80-foot boom 

Element ‘Spacing Heavy-Duty Tip Medium Duty Tip 
File Mame 620-804, ҮА, 520.504. YAS 
Reflector олоо. 66.125" 78.375" 

Driven Element 72000. БЕ 65.500 

Director 1 122.000" 4918. 62.500" 

Director 2 229.000" 13500. 50.125" 

Director 3 291.000" 12625. 56.375" 

Director 4 240.000" 38.750: 52.625 
Compensator 12 behind Dic 4 78780" 64.125 


These 20-meter Yagi designs are optimized for >20 48 F/R, and SWR < 21 over entre frequency range from 14.000 to 14.350 MHz, for 
heavy-duty elements (122-mph wind survival) and for medlum-duy (82-mph wind survival), Only element ps are shown. See Fig 160 
for element telescoping tubing schedule. All dimensions are in inches. Torque compensator element в made of 2.5" OD PVC water pipe 
Placed 12" behind last director, and dimensions shown for compensalors are one-half of oa length, centered оп boom. 
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Fig 17—Gain, F/R and SWR performance versus. 
frequency for optimized 30-meter Yagis. At A, gain versus 
frequency is shown for three 30-meter Yagis whose 
booms range from 15 feet to 34 feet long, and which have 
been optimized for better than 10 dB F/R and less than 
2:1 SWR over the frequency range from 10.1 to 

10.15 MHz. At B, frontto-rear ratio for these antennas 

is shown versus frequency, and at C, SWR over the 
frequency range is shown. At D, the taper schedule is 
shown for heavy-duty 30-meter elements, which can 
withstand 107-mph winds without icing, and 93-mph 
winds with inch radial ice. Except for the 2cineh 

and 2-nch sections, which have 0.083-inch thick walls, 
‘the wall thickness for the other telescoping sections of 
6061-T6 aluminum tubing is 0.058 inches, and the overlap. 
at the inch telescoping junction with the winch section 
1а 3 Inches, The 2nch section utilizes two machined 
‘aluminum reducers to accommodate the Linch tubing. 
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0.500-inch thick fiat aluminum plate, 6 inches wide by 24 
inches long. Electrically, each mounting plateis equivalent 
to a cylinder, with an effective diameter of 4.684 inches. 
The equivalent length on each sideof the boom is 12 inches. 
These designs require no torque compensator. 


40-METER YAGIS 

Fig 18 describes the electrical performance of three 
optimized 40-meter Y agis with boom lengths between 20 to 
48 feet Like the 30-meter antennas, because of the size and 
weight of the elements for a 40-meter Yagi, only 2-element 
and 3-element designs are described, The front-to-rear ratio 
requirement for he 2-elementantenna is relaxed to be greater 
than 10 dB over the band from 7.000 to 7.300 M Hz, while 
thegoal for the 3-element designs is 20 dB over the frequency 
range of 7.000 to 7.200 M Hz, It is exceedingly difficult to 


hold the F/R greater than 20 dB over theentire 40-meter band 
without sacrificing excessive gain with a 3-element design, 

‘As usual, the end of each boom includes 3 inches of space. 
for therefiector and last director mounting plates. Fig 18А shows 
the ree space gain versus frequency foreach antenna; 188 shows 
the front to-ear ratio, and 18C shows the SWR versus frequency. 

Fig 18D shows the taper schedule for the 40-meter 
elements, Note that the wall thickness of the first two sections 
of tubing is 0.083 inches, rather than 0.058 inches. This element 
design can survive 93-mph winds with no icing, and 68.mph 
winds with inch of radial ice The lement-to-boom mounting. 
plate for these Yagis is a 0.500-inch thick flat aluminum plate, 
6 inches wide by 24 inches long. Electrically each mounting 
plate is equivalent to a cylinder, with an effective diameter of 
4,684 inches. The equivalen length on each side of the boom 
is 12 inches. These designs require no torque compensator. 
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Table 6 
Optimized 30-Meter Yagi Designs 
Two-element 30-meter Yagi, 15-foot boom 


Element Spacing Heavy-Duty Tip 
File Name 230-150 ҮАб 
Reflector 0.000 50.250" 

Driven Element 174.000 14.875" 


Three-element 30-meter Yagi, 22-foot boom 
Element Spacing Heavy-Duty Tip 
File Name 33022.AG 
Reflector 0.000 59.375 

Driven Element 135.000 30375 
Director1 123.000 19.625 


Three-element 30-meter Yagi, 34-foot boom 


Element Spacing Heavy-Duty Tip 
File Name 330-34.YAG 
Reflector 0,000" 53.750" 

Driven Element 212" 26,625 
Director 1 190" 14500 


These 30-m Yagi designs are optimized for > 10 dB F/R, and 
SWR <2: over entre frequency range from 10.100 to 
10.150 MHz lor heavy duly elements (105-mph wind 
Survival, Only element tip dimensions are shown. See 

Fig 170 for element islescopig tubing schedule Ali dimen- 
sions are in inches. No torque compensator element is 
require. 
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Fig 18—Gain, F/R and SWR performance versus 
frequency for optimized 40-meterYagis. At A, gain. 
versus frequency is shown for three 40-meter Yagis 
whose booms range from 20 feet to 48 feet long, and 
which have been optimized for better than 10 dB F/R 
and less than 2:1 SWR over the frequency range from 

0 to 7.2 MHz. At B, front-to-rear ratio for these 
antennas is shown versus frequency, and at C, SWR. 
over the frequency range is shown. At D, the taper. 
Schedule is shown for heavy-duty 40-meter elements, 
which can withstand 93-mph winds without icing, and 
(69.mph winds with cinch radial ice. Except for the 
Pilelnch and 2-Inch sections, which have 0.083-inch 
thick walls, the wall thickness for the other telescoping 
Sections of 6061-T6 aluminum tubing is 0.058 inches, 
and the overlap at telescoping junctions ls 3 inches. 
The 2-Inch section utilizes two machined aluminum 
reducers to accommodate the Linch tubing. 
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Two-element 40-meter Yagi, 20-foot boom Thre 


lement 40-meter Yagi, 48-foot boom 


Element Spacing Heavy-Duty Tip Element Spacing Heavy-Duty Tip. 
File Name 240-20.YAG File Name 340-48.YAG 
Reflector 0.00 85.000" Reflector 9999. 19.375, 

Driven Element 240.00 25.500" Driven Element 300.000 50.625 
Three-element 40-meter Yagi, 32-foot boom. Directori © 270000 27500 

Element Spacing Heavy-Duty Tip These 40-m Yagi designs are optimized for > 10 dB F/R, and 
File Name 34032.YAG SWR <2:1 over low-end of frequency range from 7.000 to 
Fiet m 0 505 1200 Miia, or heavy-duty elements [95-mph wind survival) 


Олу element tip dimensions are shown. See Fig 140 for 
element telescoping tubing schedule АЙ dimensions are in 
inches. No wind torque compensator is required. 


Driven Element 196.00 
Directorl 182.00 


55.875" 
33.875" 


Modifying Hy-Gain Yagis 

Enterprising amateurs have long used the Telex proudly points out that many of their monobanders are 
Communications Hy-Gain “Long John” series of HF still working after more than 30 years. In the older designs 
monobanders as a source of top-quality aluminum and the elements were purposely spaced along the boom to 
hardwarefor customized gis, Olten modified older models achieve good weight balance atthe mast-to-boom bracket, 
includetne 1058, for 10 meters, the 155BA for 15 meters, — With electrical performance as a secondary goal. Thus 
and the 2048A and 205BA for 20 meters. Newer Hy-Gain the electrical performance was not necessarily optimum, 
designs, the 105CA, 155СА and 205CA, have been particularly over an entire amateur band, Newer Hy-Gain 
redesigned by computer for better performance: designs are electrically superior to the older ones, but 

Hy-Gain antennas have historically had an excellent because of their strong concern for weight-balance are 
reputation for superior mechanical design, and Hy-Gain still not optimal by the definitions used ín this chapter, 
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Fig 19—Gain, F/R and SWR over the 28.010 28.8 MHz Fig 20 Gain, FR and SWR over the 21.0 to 21.45 MHZ 
iginal and optimized Yagis using Hy.Galn band for original and optimized Yagis using Hy-Gain 
‘Original 1058A design provided excellent 558A design provided excellent 
weight balance at boom-to-mast bracket but boom o-mast bracket, but 
<ompromisad the electrical performance somewhat compromised the lectricai performance somewhat 
Because of nomoptimum spacing of elements, Because of non-optinum spacing of elements. 
Optimized design requires wind larque-balancing Optimized design requires wind orque-talancing 
compensator element and compensating ] element, and compensating weight at 
director end of boom to rebalance weight The FIR ratio director end of boom to rebalance weight The F/A ratio 
over the frequency range for the optimized design is over the frequency range forthe optimized design ie 


more than 23 dB. ‘more than 22 dB. Each element uses the original Hy- 
Gain taper schedule Gain taper schedule and element-to-boom clamp, but 
the length of the tip is changed per Table 10. the length of the tip Is changed per Table 9. 
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Table 8 
Optimized Hy-Gain 20-Meter Yagi Designs 


Optimized 2048A, Four-element 20-meter Yagi, 
26-foot boom 


Element Spacing Element Tip 
File Name BV204CA.YAG 
Reflector 0.00 54.500" 

Driven Element 85.00 52.000" 
Director 1 72.00 61.500" 
Directora 14900 50.125" 
Optimized 205CA, Five-element 20-meter Yagi, 
34-foot boom 

Element Spacing Element Tip 
File Name ВУ205СА.ТАб 
Reflector 

Driven Element 

Director 1 63.875" 
Director 2 61.625" 
Director 3 55.000° 


See CD-ROM Пе for torque compensator information. 


Table 9 
Optimized Hy-Gain 15-Meter Yagi Designs 


Optimized 155ВА, Five-element 15-meter Yagi, 
24-foot boom 


Element Spacing Element Tip 
File Name BVISSCA.YAG 
Reflector 0.000" 
Driven Element 48.000- 
Director 1 48.000" 
Director 2 82.750" 
Director3 127250" 


See CD-ROM fle for torque compensator 


With the addition of wind torque-compensation dummy 
elements, and with extra lead weights, where necessary, 
at the director end of the boom for weight-balance, the 
electrical performance can be enhanced, using the same 
proven mechanical parts. 

Fig 19 shows the computed gain, F/R ratio and SWR 
for a 24-foot boom, 10-meter optimized Yagi (modified 


Table 10 
Optimized Hy-Gain 10-Meter Yagi Designs 


Optimized 1058, 


, Five-element 10-meter Yagi, 


24. wor boom 
Element Spacing, inches Element Tip 
File Name BVIOSCA.YAG 
Reflector 9900. 44.250" 
Driven Element 40.000" 53.625" 
Director 1 40.000 52.500" 
Director 2 89.500" 50.500" 
Director3 122.250" 34.750" 


See CD-ROM fle for torque compensator information, 


Fig 21—Gain, F/R and SWR over the 14.0 to 14.35 MHZ 
band for original and optimized Yagis using Hy-Galn. 
hardware. Original 2058A design provided good weight 
balance at boom-to-mast bracket, but compromised the 
electrical performance because of non-optimum spacing 
of elements. Optimized design requires a wind tora 
balancing compensator element, апа compensating 
weight at director end of boom to rebalance weight The 
FIR ratio over the frequency range for the optimized 
design is more than 23 dB, while the original design never 
went beyond 17 dB of F/R. Each element uses the original 
Hy-Gain taper schedule and elementto-boom clamp, but 
ihe length of the Up is changed per Table 


1058A) using Hy-Gain hardware. Fig 20 shows the same 
for a 26-foot boom 15-meter Yagi (modified 1558), and 
Fig 21 shows thesame for a 34-foot boom (modified 205BA ) 
20-meter Yagi, Tables 8 through 10 show dimensions for 
these designs. The original Hy-Gain taper schedule is used 
for each element. Only the length of the end tip (and the 
spacing along the boom) is changed for each element. 


Stacked Yagis 


Parasitic arrays are commonly stacked either in 
broadside or collinear fashion to produce additional 
directivity and gain. In HF amateur work, the most common 
broadside stack isa vertical stack of identical Yagison a single 
tower. This arrangements commonly called a vertical stack. 
ALVHF and UHF, amateurs often employ collinear stacks, 
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where identical Yagis are stacked side-by-side at the same 
height. This arrangement is called a horizontal stack, and is 
not usually found at HF, because of the severe mechanical 
difficulties involved with large, rotatable side-by-side arrays 
Fig 22 illustrates the two different stacking arrangements, 
In either case, the individual Yagis making up the stack are 


w 


MD 


Fig 22—Stacking arrangements. At A, two Yagis are 
stacked vertically (broadside) on the same mast. At 
two Yagis are stacked horizontally (collinear) side-by- 
Side. At HF the vertical stack is more common because 
of mechanical difficulties involved with large HF 
antennas stacked side-by-side, whereas at VHF and 
UHF the horizontal stack is common. 


generally fed in phase. There are times, however, when 
individual antennas in a stacked array are fed out of phase in 
order to emphasize a particular elevation pattern. See Fig 4 
in Chapter 17 for sucha case where elevation pattern steering 
is implemented for a repeater station. 

‘The following material on stacking Yagis has been 
condensed from an aticlein February 1994 QST by R. Dean 
Straw, N6BV, and Fred Hopengarten, K1VR, where they 
described their two different stacks of triband vgs 


STACKS AND WIDE ELEVATION FOOTPRINTS 

Detailed studies using sophisticated computer models 
of theionospherehaverevedled that coverage of a wide range 
of elevation angles is necessary to ensure consistent DX or 
contest coverage on the HF bands. These studies have been 
conducted over all phases of the 11-year solar cycle, and for 
numerous transmitting and receiving ОТН throughout the 
world, Table 11 is an example of such а study using а 
program called |ONCAP for the path from New England to 


both Western and Eastern Europe. Itlists the statistical range 
of elevation angles covering 100% of the time that signals 
arrive. This is for the whole 11-year solar cycle. Different 
tables are required to describe paths from New England to 
other parts of the world, and to describe the paths from other 
transmitting sites to various parts of the world. [See Chapter 
23, "Radio Wave Propagation, for additional elevation angle 
information for other parts of the world. 

Fig 23 shows the computed elevation response for 
various combinations of Hy-Gain TH 7DX triband Yagis on 
10 meters, calculated using a version of the MININEC 
Computer program. The highest curve is for a stack of three 
THTDXs at heights of 90, 60 and 30 feet, placed on one 
tower above flat ground with an average conductivity and 
dielectric constant. Overlaid on the same graph are the 
elevation patterns for a single TH 7DX at 70 feet, representing. 
a fairly common station setup. Also shown is the pattern for 
a single TH7DX at 40 feet, the pattern for a stack of two 
ТН7ОХ tribanders at 70 feet and 40 feet on one tower and 
the pattern for a single 90-foot high dipole. 

At lo meters, the stack of three triband Yagis at 90, 60 
and 30 feet has good coverage for low elevation angles, and 
good coverage out to about 11° elevation, where its pattern 
crosses that of the single 40-foot-high antenna. At an 
elevation of 2°, the stack of three has 8 d8 more gain than 
the single 40-foot-high antenna, but only 2 dB of gain over 
the stack of two antennas at 70 and 40 feet. For the range of 
angles needed to cover Westem and Eastern Europe, the race 
between the stack of three and the shorter stack of two is 
pretty close.A single TH 7DX on 10 meters at 90 feet suffers 
dramatically whenever the elevation angles are higher than 
approximately 9°, as commonly occurs into Western Europe 
during the strongest part of the 10-meter opening from New 
England, 

Both of the stacks illustrated heregive wider elevation 
footprint than any single antenna, so that all the angles can 
ре covered automatically without having to switch from 
higher to lower antennas manually. This is perhaps the major 
benefit of using stacks, but not the only one. 

Fig 24 compares the 15-meter elevation responses for 
tribanders at the same heights as for 10 meters, Here, the 
best system is also the stack of three at 90, 60 and 30 feet, 
followed by the stack of two at 70 and 40 feet. For most of 


Table 11 
Range of Elevation Angles from New England to 
Europe 


Band Elevation Angles — Elevation Angles 
for Western Europe for Eastem Europe 

80 meters . 21, 1-33 

40 meters 15.22 1-30 

20 meters 3 18 1-28 

15 meters — 25.19 rom 

10 meters 1.15 1-18 
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Fig 23— Comparison of elevation patterns for 10-meter 


TH7DX tribander combinations mounted over flat 
ground. The 10-meter stack of three at 90, 60 and 
30 feet has an elevation footprint between 3.5" to 11° 
atits half-power points, and a peak gain of 17.8 dBi. 
The stack at 70 and 40 feet has a peak gain of 16.7 dBi 
at 8, with coverage from 4- to 12.5" at its half-power 
points. A dipole at 90 feet might seem like a practical 
Feference antenna for the stack of three Yagis. At 7- 
elevation, the 17.8 dBi gain of the stack of three is 
almost 10 dB greater than the gain of the 90-foot 
dipole. However, at 11°, where the dipole is in a nul, 
the 14.6 dBi gain of the thrae-stack is 32 dB stronger 
than the dipole—this would be a gain of 32 dB! Clearly, 
is difficult to measure a stack of Yagis directly 
against a single dipole. It would be fair, however, to use 
A stack of dipoles for comparison, or to compare the 
Stack’s gain to a free-space dipole. By definition, the 
use of dBi compares the stacks gain to that of a single 
free-space isotropic radiator. 


the time, the single Yagi at 70 feet is down from the stacks 
by atleast 3 dB. The stack of three at an elevation of 8° has 
a gain of about 7 dB over the single tribander at 40 feet, 
Адап, either 15-meter stack gives a wider elevation footprint 
than any single antenna does. 

Fig 25 shows the 20-meter elevation response for the 
sametriband antennas. The edge in favor of the bigger stack 
narrows somewhat compared to the other antennas, mainly 
because the 30-foot spacing (0.43 A) between antennas in 
the stack is more of a compromise for gain on 20 meters 
than for the upper bands. However, the stack of three still 
gives a gain of 6 dB over the single 40-foot-high tribander 
ata 10° elevation angle, and has a wider elevation footprint. 
than any single antenna. 


STACKS AND COMPRESSION OF THE 
FORWARD AND REARWARD 
ELEVATION LOBES 

The basic principle of a stacked array is that it 
concentrates energy from higher angle lobes (which don't 
contribute much to communications anyway) into the main 
elevation lobe. The stack squeezes down the main elevation 
lobe, while maintaining the frontal lobe azimuth pattern of 
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Fig 24—Comparison of elevation patterns for 15-meter 
TH7DX tribander combinations mounted over flat 
ground. The stack at 90, 60 and 30 feet yields an 
excellent footprint over the range of 4 to 14" at its hal 
ower points, with a peak gain of 17.1 dBi. The stack at 
70 and 40 feet has a peak gain of 16.0 dBi at 11°, with 
coverage from 5° to 17° at its half-power points. Like 
the 10-meter stack of three, the stack of two TH7DXS is 
very close in overall performance, except for lower gain 
at very low angles, where the higher top antenna, 

comes into play in the stack of three. 


* ME 


Fig 25—Comparison of elevation patterns for 20-meter 
THIDX tribander combinations. The peak gain for the 
90, 60 and 30-foot stack is 15.7 dBi at 13° elevation. The 
зав 


levation coverage Is from 6.5" to 21.5". The peak 

two at 70 and 40 feetis 14.7 dBi at 
vation coverage is from 7.5- to 25" 
The stack of three has proven to be an extremely 
effective antenna. 


a single Yagi. This is the reason why many state-of-the-art 
contest stations are stacking arrays of relatively short-boom 
antennas, rather than stacking long-boom, higher-gain Yagis. 
A bon boom HF Yagi narrows both the azimuthal pattern 
and the elevation pattern, making pointing of the antenna 
more critical, and making it more difficult to spread a signal 
over a wide azimuthal area, such ас ай of EuropeandA іабс 
Russia at onetime. 

‘The compression of the higher angle lobes has another 
desirable effect, beyond that of creating more gain, It reduces 


QAM from high-angle signals arriving from the direction in 
which the antenna is pointed, and from high-angle signals 
coming from other directions, such as local QRM. A stack 
also squeezes down the elevation response of the rearward 
lobe, just ike the forward lobe. On the negative side, 
however, the front-to-rear ratio оГ a stack is often degraded 
compared to that of a single, optimized Yagi, although this 
is nat usually a severe problem. 

By definition, a stack of triband Yagis has a constant 
vertical spacing between antennas in terms of feet or meters, 
but not in terms of wavelength. There is a great deal of 
folklore and superstition among amateurs about stacking 
distances Thereis nothing magical about stacking distances 
for practical HF Yagis. The gain gradually increases as 
spacing in terms of wavelength is increased between 
individual Yagis in a stack, and then decreases slowly once 
the spacing is greater than about 1.0 J. The difference in 
gain between spacings of 0.5 à. and 1.0 A for a stack of 
TH7DX Yagis amounts to only a fraction of a decibel 
Furthermore, the main constraint that limits choice of 
stacking distances between Yagis is the spacing between guy 
wire sts on the tower itself. 

Fig 26 shows the elevation patterns for two 15-meter 
THIDXS stacked at 70 and 46.8 feet (a half-wavelength 
spacing on 15 meters), and at 93.2 and 46.8 feet lone 
wavelength spacing). The elevation footprint for the higher 
stack has slightly more gain at lower angles, as expected, 
and the peak gain is just slightly higher, but the stack with 
the smaller spacing still has good gain and a desirable pattern. 
The situation is different on VHF, where truly long-boom, 
high-gain designs are practical and desirable, and where stack 
spacing is correspondingly mare critical because of complex 
mutual coupling and interaction between the antennas. 

You will note that the stack in Fig 26 at 93.2 and 
46,8 feet has a rather nasty looking high-angle obe peaking 
around 55°, W hilea high-angle lobe likethis does look rather 
‘ominous, the fact is that signals on the upper HF bands 
{wherestackingis commonly employed) rarely arrive at such 
high incoming angles. In fact, incoming angles are 
predominantly less than 30° this includes both desired 
signals and undesired interfering signals. Look again at the 
incoming angles in Table 11. Concern about such high-angle 
lobes is not really warranted in practice. 


STACKS AND FADING 

Both K1VR and N6BV have solicited a number of 
reports from stations, malnly in Europe, to compare various 
combinations of antennas in stacks and as single antennas, 
The peak gain of the stack is usually just a litle bit higher 
than that for the best of the single antennas, which is not 
surprising. Even a large stack has no more than about 6 dB 
‘of gain over a single Yagi at a height favoring the prevailing 
elevation angle. Fading on the European path can easily be 
20 dB or more, so it is very confusing to try to make 
definitive comparisons. They have noticed over many tests 
thatthe stacks are much less susceptible to fading compared 
to single Y agis. Even within the confines of a typical SSB 


asas ren 


fect of stacking distance on elevation 
patterns for 15-meterTH7DXs. The stack at 93.2 and 

46.8 feet (one wavelength spacing) has a lower peak 
elevation angle (because of the top antenna height) 
And just slightly more stacking gain than does the. 
Stack at 70 and 46.8 feet The exact distance between 
practical HF Yagis is not critical to obtain the benefits 
bf stacking. For a stack of tbanders at 90, 60 and 

Зо feet, the distance in wavelengths between individual 
antennas is 0.87 2 at 28.5 MHZ, 0.65 1 at 21.2 MHz, and 
043 at 14.2 MHz. 


bandwidth, frequency-selecive fading occasionally causes 
the tonal quality of a voice to change on both receive and 
transmit, often dramatically becoming fuller on the stacks, 
and tinnier on the single antennas. This doesn’t happen all 
the time, but is often seen, They have also observed often 
that the depth of a fade is less, and the period of fading is 
longer, оп the stacks compared to single antennas. 

Exactly why sacks exhibit less fading is а fascinating 
subject, for which thereexist a number of speculative ideas, 
but little hard evidence. Some maintain that stacks 
outperform single antennas because they can afford space 
diversity effects, whereby virtue of thedifferencein physical 
placement one antenna will randomly pick up signals that 
another one in another physical location might not hear. 

This is difficult to argue with, and equally difficult to 
provescientificlly A more plausibleexplanation aboutwhy 
stacked Yagis exhibit superior fading performance is that 
their narrower frontal elevation lobes can discriminate 
against undesired propagation modes, Even when band 
conditions favor, for example, avery low 3° elevation angle 
оп 10 or 15 meters from New England to Western Europe, 
there are signals, albeit weaker ones, that arrive at higher 
elevation angles. These higher-angle signals have traveled 
longer distances on their joumey trough the ionosphere, 
and thus their signal levels and their phase angles are 
different from thesignals traversing the primary propagation 
mode. When combined with the dominant mode, the net 
effectis that theres both destructive and constructive fading. 
If the elevation response of a stacked antenna can 
discriminate against signals arriving at higher elevation 
angles, then in theory the fading will be reduced. 
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STACKS AND PRECIPITATION STATIC 

The top antenna in a stack is often much more affected 
by rain or snow precipitation static than is the lower antenna. 
N6BV and K1VR have observed this phenomenon, where 
signals on the lower antenna by itself are perfectly readable, 
while S9+ rain static is rendering reception impossible оп 
thehigher antenna or on the stack. This means that the ability 
to select individual antennas in a stack can sometimes be 
extremely important 

STACKS AND AZIMUTHAL DIVERSITY 

Azimuthal diversity is a term coined to describe the 
situation where one of the antennas in a stack is purposely 
pointed in a direction different from the main direction of 
the stack. During most of the time in a DX contest from the 
East Coast, the lower antennas in a stack are pointed into 
Europe, while the top antenna is often rotated toward the 
Caribbean or Japan. In a stack of three identical Y agis, the 
first-order effect of pointing one antenna in a different 
direction is that one-third of the transmitter power is diverted 
from the main target area, This means thatthe peak gain is 
reduced by 1.8 dB, nota very large amount considering that 
signals are often 10 to 20 dB over 59 anyway when the band 
is open from New England to Europe. 


THE N6BV/1 ANTENNA SYSTEM— 
BRUTE FORCE FEEDING 

‘TheN6BV/1 system in Windham, New Hampshire, was 
located on the crest of а small hill about 40 miles from 
Boston, and could be characterized as a good, but not 
dominant, contesting station. A number of top-10 contest 
results were achieved from that station in the 1990s before 
N6BV returned to California 


‘There was a single 120-foot high Rohn 45 tower, guyed. 
at 30-foot intervals, with a 100-foot horizontal spread from 
tower base to each guy point so there was sufficient room 
for rotation of individual Yagis on the tower. Each set of 
guy wires employed heavy-duty insulators at 57-foot 
intervals, to avoid resonances in the 80 through 10-meter 
amateur bands. There were fiveY agis on thetower.A heavy- 
duty 12-foot long steel mast with 0.25-inch walls was at the 
top of thetower, turned by an Orion 2800 rotator. Two thrust 
bearings were used above the rotator, one at the top plate of 
the tower itself, and the other about 2 feet down in the tower 
оп a modified rotator shelf plate. The two thrust bearings 
allowed the rotator to be removed for service. 

Atthetop of the mast, 130 feet high, was a 5-element, 
computer-optimized 10-meter Yagi, which was a modified 
Create design on a 24-f00t boom. The element tuning was 
modified from the stock antenna in order to achieve higher 
gain and a better pattern over the band. At the top of the 
tower (120-foot level) was mounted a Create 714X -3 triband 
Yagi. This was a large tribander, with a 32-foot boom and 
fiveelements. Three elements were active on 40 meters, four 
were active on 20 meters and four were active on 15 meters. 
The 40-meter elements were loaded with coils, traps and 
capacitance hats, and were approximately 46 feet long. А 
triband 20/15/10-meter Hy-GainTH7DX tribander was fixed 
into Europe at the 90-foot level on the tower, just above the 
third set of guys. 

Atte 60-footlevel onthetower just above the second. 
setof guys, еге was а "swinging-gate” side-mount bracket, 
made by DX Engineering of Oregon. A Hy-Gain Tailtwister 
rotator turned aTH7DX on this side mount. (Note that both 
the ide mount and the element spacings of the TH 7DX itself 


Fig 27—N6BVA switch-box system. This uses a modified DX Engineering remote switch box, with relay K6 added to 


allow selection of either of the two top antennas ( 
"multiple 


lent 10-meter Yagi or 40/20/ 15-meter triband 714Х-3) a 
"antenna. There is no special provision for SWR equalization when any or all of the Yagis are connected 


in parallel as a stack fed by the Main coaxial cable. Each of the five Yagis is fed with equal lengths of flexible 
Belden 9913 coax, so phasing can be maintained on any band. The Main and “Multiplier” coaxes going to the shack 


are 0.75 inch OD 75-1 Hardline cables. 
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prevented full rotation around the tower— about 280° of 
rotation was achieved with this system.) A tthe 30-foot level, 
Justabove the first se of guys, was located he third TH7DX, 
also fixed on Europe. 

All five agis werefed with equal lengths of Belden 9913 
low-loss coaxial cable, each measured with a noise bridge to 
ensure equal electrical characteristics. At each feed point a 
ferit bead choke balun (using seven large beads) was placed 
on the coax. AlI five coaxial cables wentto a relay switch box 
mounted a the 85-foot level on the tower. Fig 27 shows the 
schematic for the switch box, which was fed with 250 feet of 
15.0, 0.75-nch OD Hardline coaxial cable. 

The stack DX Engineering remote suitch box was 
modified by adding relay K6, s that either the 130-foot or 
the 120-foot rotating antenna could be selected through a 
second length of 0.75:inch Hardline going tothe shack. This 
created a Multiplier antenna, independent of the Main 
antennas, A second band could be monitored in this fashion 
while calling CQ using the main antennas on another band. 
Band-pass filters were required at the multiplier receiver to 
prevent overload from the main transmitter. 

The0.75-inch Hardline had very low losses, even when 
presented with a significant amount of SWR at the switch- 
box end. This was important, becauseunlikeK 1V R's system, 
по attempt was made at N6BV to maintain а constant SWR 
when relays K1 through K5 were switched in or out. This 
seemingly cavalier atitude came about because of several 
factors. First, there were many different combinations of 
antennas that could be used together in this system. Each relay 
coll was independently controlled by a toggle switch in the 
shack. N6BV was unable to devise a matching system that 
did not become incredibly complex because of the numerous 
impedance combinations used over all the five bands. 

Second, the worst-case additional transmission line loss 
due to a 4:1 SWR mismatch when four antennas were 
connected in parallel on 10 meters was only 05 dB. It was 
true that the linear amplifier had to be retuned slightly when 
combinations of antennas were switched in and out, but this 
was a small penalty to pay for the reduced complexity of the 
switching and matching networks The 90/60/30-foot stack 
into Europe was used Гог about 95% оГ the time during DX 
contests, so the small amount of amplifier retuning for other 
antenna combinations was considered only a minor irritation, 


WHY TRIBANDERS? 

‘Without a doubt, the most common question КУА and 
N6BV were asked is: "Why did you pick tribanders for your 
stacks?" Triband antennas were chosen with full recognition 
that they are compromise antennas. Other enterprising 
amateurs have built stacked tribander arrays. Bob Mitchell, 
NSRM, isa prominent example, with his so-called TH28DX 
array of four TH7DX tribanders on a 145-fool-high rotating 
tower, M itchell employed a rather complex system of relay- 
selected tuned networks to choose either the upper stacked 
pair, the lower stacked pair ог all four antennas in tack. Others 
in Texas have also had good results with their tribander stacks. 
Contester Danny Eskenazi, K 755, has very successfully used 


A pair of stacked КТ-34ХА tribanders for years. 

A major reason why tribanders were used is that over 
theyears both authors have had good results using TH6DXX 
orTH7DX antennas. They are ruggedly built, mechanically 
and electrically. They are able to withstand New England 
winters without a whimper, and their 24-foot long booms 
are long enough to produce significant gain, despite trap- 
loss compromises, Amateurs speculating about trap losses 
in tibanders freely bandy about numbers between 0.5 and 
208. BothN6BV and K 1VR are comfortable with the lower 
figure, as are the Hy-Galn engineers 

Consider this: If 1500 W of transmitter power is going 
into an antenna, a loss of 0.5 dB amounts to 163 W. This 
would create a significant amount of heat in the six traps 
that are on average in use on а TH6DX X, amounting to 
27 W per trap. If the loss were as high as 1 B, this would be 
300 W total, or 50 рег trap. Common sense says that if 
the overall loss were greater than about 0.5 dB, the traps 
would act more like big firecrackers than resonant circuits! 
A long boom tribander like the TH6DXX or TH7DX also 
has enough space to employ elements dedicated to different 
bands, so the compromises in element spacing usually found 
on short-boom 3 or 4-element tribanders can be avoided. 

Another factor in the conscious choice of tribanders was 
first-hand frustration with the serious interaction that can 
result from stacking monoband antennas closely together on 
one mast in a Christmas Tree configuration, N6BV's worst 
experience was with the ambitious 10 through 40-meter 
Christmas Tree at W60W0 in the early 19805. This 
installation used a Tri-Ex SkyN eedle tubular crankup tower 
with a rotating 10-foot-long heavy-wall mast. The antenna 
suffering the greatest degradation wasthe -element 15-meter 
Yagi, sandwiched 5 feet below the -element 10-meter Yagi 
atthetop of the mast, and 5 feet above the full-sized 3-element 
40-meter Yagi, which also had five 20-meter elements 
interlaced on Ив 50-foot boom. 

The frontto-back ratio on 15 meters was at best about 
12 dB, down from the 25+ dB measured with the bottom 
40/20-meter Yagi removed. No amount of fiddling with 
element spacing, element tuning or even orientation of the 
15-meter boom with respect to the other booms (at 90° or 
180°, for example) improved its performance, Further, the 
20-meter elements had to be lengthened by almost a foot on 
each end of each element in order to compensate for the 
effect of the interlaced 40-meter elements, It was a lucky 
thing that the tower was a motorized crankup, because it 
went up and down hundreds of times as various experiments 
were attempted! 

Interaction due to close proximity to other antennas in 
a short Christmas Tree can definitely destroy carefully 
optimized patterns of individual Yagis. Nowadays, such 
interaction can be modeled using a computer program such 
as EZNEC or NEC.A gain reduction of as much as 2 to 3 dB 
can easily result due to close vertical spacing of 
monobanders, compared to the gain of a single monoband 
antenna mounted in the clear. Curiously enough, at times 
such a reduction in gain сап be found even when the front- 
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to-back ratio is not drastically degraded, or when the front- 
to-back occasionally is actually improved. 

Dave Leeson, W NL (ex W6QHS), mentions that the 
10-meter Yagi in his closely stacked Christmas Tree 
(15 meters atthe top, 10 meters in the middle, and 20 meters 
at the bottom of the rotating mast) loses "substantial gain” 
because of serious Interaction with the 20-meter antenna 
(We calculated that the free-space gain in the WNL stack 
drops to 5 dBi, compared to about 9 dB with no surrounding 
antennas.) Monobanders are definitely not universally 
superior to tribanders in multiband installations! In private 
conversations, W 6NL has indicated that he would not repeat 
this kind of short Christmas Tree installation again 

I you plan on stacking monoband Y gis- for example, 
putting only 15-meters Yagis on a single tower, with your 
other monoband stacks on other towers— do make sure you 
model the system to see if any interactions occur. 

Finally, in the N 6BV /1 installation, triband antennas 
were chosen because the system was meant to be as simple 
as possible, given a certain desired level of performance, of 
course, Triband antennas make for less mechanical 
complexity than do an equivalent number of monobanders 
There were five agis on the N6BV /1 tower, yielding gain 
from 40 to 10 meters, as opposed to using 12 or 13 
monobanders on the tower. 


THE K1VR ARRAY: A MORE ELEGANT 
APPROACH TO MATCHING 

The KVR stacked array is on a 100-foot high Rohn 
25 tower, with sets of guy wires at 30, 60 and 90 feet, made 
of nonconducting Phillystran. Phillystran is a nonmetallic 
Kevlar rope covered by black polyethylene to protect against 
the harmful effects of the sun's ultraviolet rays. A caution. 
about Phillystran: Don't allow tree branches to rub against 
it It is designed to work in tension, but unlike steel guy 
wire, it does not tolerate abrasion well 

Both antennas are Hy-Gain TH 6DXX tribanders, with 
the top one at 97 feet and the bottom one at 61 feet. The 
lower antenna is rotated by a Telex Ham-M rotator on a 
homemade swinging-gate side mount, which allows itto be 
rotated 300: around the tower without hitting any guy wires 
or having an element swing into the tower. At the 90-foot 
point on the tower, а 2-element 40-meter Cushcraft Yagi 
has been mounted on a RingR otor о it can be rotated 360° 
around the tower 

After several fruitless attempts trying to match the 
TH6DXX antennas so that ether could be used by itself or 
together in a stack, K 1VR settled on using а relay-selected 
broadband toroidal matching transformer, When both triband 
antennas are fed together in parallel as stack, it transforms 
the resulting 25-0 impedance to 50 £2. The transformer is 
wound on a T-200-A powdered-iron core, available from 
Amidon, Palomar Engineering or Ocean State Electronics 
‘Two lengths of twin RG-59 coax (sometimes called Siamese 
or WangNet), four turns each, are wound on the core. Two- 
separate RG-59 cables could be used, but the Siamese-twin 
cable makes the assembly look much more tidy. The shields 


11-30 Chapter 11 


Fig 28—Diagram for matching transformer for KAVR 
stacked tribander system. The core is powdered-iron core 
1-200А, with four turns of two RG-59A or “Siamese” coax 
cables: Center conductors are connected in parallel and 
Shields are connected in series to yield 0.667:1 turns 
ratio, close to desired 25 to 50-0 transformation. 


of the RG-59 cables are connected in series, and the center 
conductors are connected in parallel. See Fig 28 for details. 

Fig 29 shows the schematic of the КЛУ А switch box, 
which is located in the shack. Equal electrical lengths of 
50. 0 Hardlineare brought from the antennas into the shack 
‘and then to the switch box. Inside the box, the relay con- 
tacts were soldered directly to the 50-239 chassis connec- 
torsto keep the wire lengths down to the absolute minimum, 
KIVR used a metal box which was larger than might ap- 
pear necessary because he wanted to mount the toroidal trans- 
former with plenty of clearance between itand the box walls. 
The toroid is held in place with a piece of insulation foam 
board. Before placing the switch box in service, the system 
was tested using two 50-0 dummy loads, with equal lengths 
of cable connected in parallel to yield 25 0. The maximum 
SWR measured was 1.25:1 at 14 M Hz, 13:1 at21 MHz and 
1.15:1 at 28 M Hz, and the core remained cold with 80 W of 
Continuous output power, 

Onekey to the system performanceis that K 1V R made 
the electrical lengths of the two hardlines the same (within 
Linch) by using a borrowed TDR (time domain reflectome- 
ter). Almost as good as Hardline, K 1VR points out, would 
be to cut exactly the same length of cable from the same 
500-foot roll of RG-213, This eliminates manufacturing tol- 
'erances between different rolls of cable. 


Fig 29—Relay switch box for KIVR stacked tribander 
system. Equal lengths of 50-0 Hardline (with equal 
lengths of flexible 50-0 cable at each antenna to allow 
rotation) go to the switch box in the shack. The SWR 
оп all three bands for Upper, Lower or Both switch 
positions is very close to constant. 


K1VR’s experience over the ast 10 years has been that 
atthe beginning ofthe 10 or 15-meter morning opening to 
Europe the upper antenna is better. Once the band is wide 
‘open, both antennas are fed in phase to cast a bigger shadow, 
or footprint, on Europe. By mid-morning, the lower antenna 
is better for most Europeans, although he continues to use 
the stack in case someone is hearing him over a really long 
distance path throughout Europe. He reports that it is a 
ways very pleasant to be called by а 457 or HSO or VU2 
when he is working Europeans at a fast clip! 


SOME SUGGESTIONS FOR STACKING 
TRIBANDERS 

It is unlikely that many amateurs will try to duplicate 

exactly K1VR'sor N6BV'S contest setups. However, many 


Fig 30—Simple feed system for 70/40-foot stack of. 
tribanders, Each tribander is fed with equal lengths of 
0.5-inch 75-0 Hardline cables (with equal lengths of 
flexible coax at the antennas to allow rotation}, and can 
be selected singly or in paralel atthe operators 
position in the shack. Again, no special provision is 
made in this system to equalize SWR for any of the 
combinations. 


dens already have a tribander on top of a moderately tall 
tower, typically ata height of about 70 feet It is not terribly 
difficult to add another, identical tribander at about the 
40-foot level on such a tower. The second tribander can be 
pointed in a fixed direction of particular interest (such as 
Europe or Japan], or it can be rotated around the tower on а 
side mount or a Ring Rotor. If guy wires get in the way of 
rotation, the antenna can usually be arranged so that it is 
fixed in a single direction. 

Insulate the guy wires at intervals to ensure that they 
don't shroud the lower antenna electrically. A simple feed 
system consists of equal-length runs of surplus 0.5-inch 
75-0 Hardline (or more expensive 50-02 Hardline, if you 
are really obsessed by SWR) from the shack up the tower to 
each antenna, Each tribander is connected to its respective 
Hardline feeder by means of an equal length of flexible co- 
axial cable, with a ferrite choke balun, so that the antenna 
an be rotated. 

Down in the shack, the two hardlines can simply be 
switched in and out of parallel to select the upper antenna 
only, the lower antenna only, ог the two antennas as a stack. 
See Fig 30. Any impedance differences can be handled as 
stated previously, simply by retuning the linear amplifier, or 
by means of the internal antenna tuner (included in most 
‘modern transceivers) when the transceiver is run barefoot 
The extra performance experienced in such a system will 
be far greater than the extra decibel or two that modeling 
calculates 
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Chapter 11, HF Yagi A тау, discussed Yagi arrays as 
systems of approximately half-wave dipole elements that 
are coupled together mutually. You can lso employ other 
kinds of element using the same basic principles of analysis. 
For example, loops of various types may be combined into 
directive arrays. A popular typeof parasitic атау using loops 
is the quad antenna, in which loops having a perimeter of 
about one wavelength are used in much the same Way as 
half-wave dipole elements in he Yagi antenna 

Clarence M oore, W9L ZX, created the quad antennain 
theearly 1940s while he was айтте Missionary Radio Station 
HCJB in Quito, Ecuador. He developed the quad to combat 
the effects of corona dischargeat high altitudes. The problem 
atHCJB was that ther large Yagi was literally destroying 
itself by melting its own element tips. This occurred due to 
the huge balls of corona it generated in the thin atmosphere 
ofthe high Andes mountains. M oore reasoned correctly that 
closed loop elements would generate less high voltage— 
and hence less corona than would the high impedances at 
the ends of a half-wave dipole elements. 

Fig 1 shows the original version of the two-element 
quad, with a driven element and a parasitic reflector. The 
Square loops may be mounted either with the comer ying 
on horizontal and vertical lines, as shown at the left, or with 
two sides horizontal and two vertical (right). The feed points 
shown for these two cases will result in horizontal 
polarization, whichis commonly used. 

Sinceitsinception, therehas been controversy whether 
thequadisa better performer than aY agi. Chapter 11 showed 
that the three main electrical performance parameters of a 
Yagi are gain, response patterns (front-rear ratio, F/R) 
and drive impedancelSWA. Proper analysis of а quad also 
involves checking all these parameters across the entire 
frequency range over which you intend to use it. Both a 
quad and a Yagi are classified as “parasitic, end-fire arrays” 
Modern antenna modeling by computer shows that 
monoband Y айс and quads with the same boom lengths and 
optimized for the same performance parameters have gains 
within about 1 dB of each other, with the uad slightly ahead 
of the Yagi 

Fig 2 plots the three parameters of gain, frontto-rear 
ratio (F/R) and SWR over the 14.0 to 14.35-H Hz band for 


Fig 1— The basic two-element quad antenna, with 
driven-element loop and reflector loop. The driven. 
loops are electrically one wavelength in circumference 
(ele wavelength on a side); the reflectors are slightly 
longer. Both configurations shown give horizontal 
polarization. For vertical polarization, the driven 
element should be fed at one of the side corners in the 
Arrangement at the left, or at the center of a vertical 
Side in the "square" quad at the right. 
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in, F/R and SWR over the 14.0 
35-MHz range for an optimized three-element 
quad and an optimized three-element Yagi, both on 
26-foot booms. The quad exhibits almost 6.5 dB more 
gain for the same boom length, but doesn't have as 

rd pattern over the whole frequency 


га SWR curve is also not quite as 
fiat as the Yagi. The quad's design emphasizes gain 
more than the other two parameters, 
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two representative antennas— a monoband three-element 
quad and a monoband four-element Yagi. Both of these have 
26-foot booms and both are optimized for the best 
compromise of gain, F/R and SWR across the whole band. 

White the quad in Fig 2 consistently exhibits about 
0.5 dB тоге gain over the whole band, its F/R pattern 
toward the rear isn't quite as good as the Y agi's over that 
span of frequencies. This quad attains a maximum F/R of 
25 dB at 14.1 MHz, butit falls to 17 dB at the bottom end 
of the band and 15 dB at the top. On the other hand, the 
Yagi's F/R stays consistently above 21 dB across the 
Whole 20-meter band. The quad's SWR rises to just under 
3:1 at the top end of the band, but stays below 2:1 from 
14.0 to almost 14.3 MHz, The Y agi's SWR remains lower 
than 1.5:1 over the whole band. 

The reason the Yagi in Fig 2 has more consistent 
responses for gain, F/R and SWR across the whole 20-meter 
band is that it has an additional parasitic element, giving 
two additional variables to play with that is, the length of 
that additional element and the spacing of that element from 
the others on the boom, 

Yagi advocates point out that it is easier to add extra 
elements to a Yagi, given the mechanical complexities of 
adding another element to a quad. Extra parasitic elements 
give a designer more flexibility to tailor all performance 
parameters over a wide frequency range. Quad designers have 
historically opted to optimize strictly for gain and, as stated 
before, they can achieve as much as 1 dB more gain than a 
Yagi with the same length boom. But in so doing, а quad 
designer typically has to settle for front-to-rear patterns that 
are peaked over morenarrow frequency ranges, The 20-meter 
quad plots in Fio 2 actually represent an even-handed 
approach, where the gain is compromised slightly to obtain 
a more consistent pattern and SWR across the whale band. 

Fig 3 plots gain, F/R and SWR for two 10-meter 
monoband designs: a five-element quad and а ive-element. 
Yagi, both placed on 26-foot booms. The quad now has the 
same degrees of freedom as the Yagi, and as a consequence 
the pattern and SWR are more consistent across the range 
from 28.0 to 28.8 M Hz. Thequad'sF/R remains above about 
18.5 dB from 28.0 to 28.8 MHz. Meanwhile, the Yagi 
maintains an F/R of greater than 22 dB over the same range, 
but has almost 0.8 dB less gain compared to the quad at the 
low end of the band, eventually catching up at the high end 
of the band. The SWR for the quad is just over 2:1 at 
the bottom of the band, but remains less than 2:1 up to 
288 MHz. The SWR on the Yagi remains less than 16:1 
over the whole band. 

Fig 4 shows the performance parameters for two 15- 
meter monoband designs: a five-element quad and a five- 
element Yagi, both on 26-foot booms. The quad is still the 
leader in gain, but has a less optimal rearward pattern and a 
somewhat less flat SWR curve than the Yagi. One thing 
should be noted in Figs 2 through 4. The F/R pattern on the 
Yagi is largely determined by the response at the 180° point, 
directly in back of the frontal lobe. This point is usually 
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10-M Optimized Monoband Quad vs Yagi 
‘le, Odds e. Yagi ~ 26 Booms 


booms. The gain advantage of the q 
0.25 dB at the low end of the band. The F/R is more. 
peaked in frequency for the quad, however, than the 
Yagi. 
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Fig 4— Comparison of gain, F/R and SWR over the 21.0 
to 2145-MHz range for an optimized S-element quad 
and optimized S-element Yagi, both on 26-foot boom: 
The quad enjoys a gain advantage of about 0.5 В 
most of the band. Its rearward pattern is not as g 
the Yagi, which remains higher than 24 dB across the 
Whole range, compared to the quad, which remains in 
the 16-48 average range. 


referred to when discussing the font b. beck ratio." 

‘The quad on the other hand has what a sailor might 
term "quartering lobes" (referring to the direction back 
towards the "guarterdeck“ atthe stern of a sailing vessel) in 
the rearward pattern. These quartering lobes are often worse 
than the response at 180°, directly in back of the main beam, 
Fig 5 overlays the free-space E-Field responses of the 


15-meter quad and Yagi together. At 21.2 MHz, the quad 
actually has a front-to-back ratio (F/B) of about 24 dB 
excellent in anyone's book. The Yagi at 180" has a F/B of 
about 25 dB, again excellent 

However, at an azimuth angle of about 125° (and at 
235° azimuth on the other side of the main lobe) the quad's 
“quartering lobe” is down only some 17 dB, setting the worst 
caseF/R at 17 dB also. Asexplained in Chapter 11, he reason 
F/R is more important than just the F/B is that on receive 
signals can came from any direction, nt just from directly 
behind the main beam, 

Table 1 lists he dimensions for the three computer 
optimized monoband quads shown in Figs 2, 3 and 4. 
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Fig S— Comparing the pattern of the 15-meter quad and 
Yagi shown in Fig 3. The quad has a slightly narrower 
frontal beamwidth (it has 0.5 dB more gain than the Yagi), 
buthas higher “rear quartering” sidelobes at about 125° 
(with a twin sidelobe, not shown, at 235"). These 
sidelobes limit the worst-case front-to-rear (F/R) to about 
17 dB, while the F/B (at 180 , directly at the back 

‘of the quad) is more than 24 dB for each antenni 


Table 1 
bens ons for Optimized Monoband Quads in 


Figs 2, 3 and 4, on 26-Foot Booms 
ele 2L2MHE 284 MHz 
Reflector ars 
ЋЕ Spacing an 
Driven Element 25 1 
DE-DI Spacing se 
Director 1 we 
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Director 2 ac 
2-03 Spacing 75 
Director 3 wr 
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ls a Quad Better at Low Heights than a Yagi? 

Another belief held by some quads enthusiasts is that 
they need not be mounted very high off the ground to give 
excellent DX performance. Quads are somehow supposed 
to be great superior to a Yagi at the same height above 
ground. Unfortunately, this is mainly wishful thinking 

Fig 6 compares the same two 10-meter antennas asin 
Fig 3, but this time with each one mounted on а 0-foot 
tower over flat ground, rather than in theoretical free space. 
The quad does indeed have slightly more gain than a Yagi 
with the same boom length, as it has in free space. This is 
evidenced by the very slight compression of the quad's main 
lobe, but is more obvious when you look at the third obe, 
which peaks at about 53° elevation. In effect, the quad 
squeezes some energy out of its second and third lobes and 
adds that to the first lobe. However, the difference in gain 
compared to the Yagi is only 0.8 dB for this particular quad 
design ata 9 elevation angle. And while it's true that every 
dB counts, you can also be certain that on the air you 
wouldn't be able to tell the difference between the two 
antennas. After all, a 10- to 20-48 variation in the level 
signals is pretty common because of fading at HF. 

Multiband Quads 
On the other hand, one of the valid reasons quads have 


remained popular over the years is that antenna homebrewers 
can build multiband quads far more easily they can construct 


10-Meter Optimized Quad and Yagi 
28.4 MHz Gain, SI cia 


Fig 6—A comparison on 10 meters between an optimized 
five-element quad and an optimized five-elementYagi, 
both mounted 50 feet high over flat ground and both 
employing 26-foot booms. There is no appreciable 
difference in the peak elevation angle for either antenna. 
În other words, a quad does not have an appreciable 
elevation-angle advantage over a Yagi mounted at the 
Same boom height. Note that the quad achieves its 
slightly higher gain by taking energy from higherangle 
lobes and concentrating that energy in the main elevation 
lobe. This is a process that is similar to what happens 
with stacked Yagis. 
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multiband Yagis. In effect, all you have to do with a quad is 
add more wire to the existing support arms. It's not quite as 
Simple as that, of course, but the idea of ready expandability 
Tor other bands is very appealing to experimenters 

Like the Yagi, the quad does suffer from interactions 
between wires of different frequencies, but the degree of 
interaction between bands is usually less for a quad. The 
higher-frequency bands are the ones that often suffer most 
from any interaction, for both agis and quads. For example, 
the 10- and 15-metes bands are usually the ones affected 
most by nearby 20-meter wires in a triband quad, while the 
20-mete elements are not affected by the 10- or 15-meter 
elements, 

Modern computer modeling software can help you 
counteract at least some of the interaction by allowing 
you to do virtual "retuning" of the quad on the computer 
screen — rather than clinging precariously to your tower 
fiddling with wires, However, the programs (such as 
NEC-2 or EZNEC) that can model three-dimensional wire 
antennas such as quads typically run far more slowly than 
those designed for monoband Yagis (such as YW included 
with this book). This makes optimizing rather tedious, 
but you use the same considerations for tradeoffs between 
gain, pattern (F/R) and SWR over the operating bandwidth 
as you do with monoband Y agis. 


CONSTRUCTING A QUAD 

The parasitic element shown in Fig 1 is tuned in much 
the same way as the parasitic element in a Yagi antenna 
That is, the parasitic loop is tuned to a lower frequency than 
the driven element when the parasitic is to act as a reflector, 
and to a higher frequency when it is to act as a director. 
Fig 1 shows the parasitic element with an adjustable tuning 
stub, а convenient method of tuning since the resonant 
frequency can be changed simply by changing the position 
of the shorting bar on the stub. In practice, it has been found 
thatthe length around the loop should be approximately 3.5% 
‘greater than the self-resonant length if the element is a 
reflector and about 3.0% shorter than the self-resonant length 
if the parasitic element is a director. Approximate formulas 
for the loop lengths in feet are 


Theseare valid for quad antennas intended for operation 
below 30 M Hz and using uninsulated #14 stranded copper 
wire. At VHF, where the ratio of loop circumference to 
conductor diameter is usually relatively small, the 
Circumference must be increased In comparison to the 
wavelength. For example, aone-wavelength loop constructed 
of inch tubing for 144 M Hz should havea circumference. 
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about 2% greater than in the above equation for the driven 
element 

Elementspacingson the order of 0.14 to 0.2 free-space 
wavelengths are generally used, You would employ the 
smaller spacings for antennas with more than buo elements, 
wherethe structural support or elements with larger spacings 
tends to become challenging. The feed-point impedances of 
antennas having element spacings on this order have 
been found to be in the 40- to 60-0 range, so the driven 
element can be fed directly with coaxial cable with only а 
small mismatch. 

For spacings on the order of 0.25 wavelength 
(physically feasible far two elements, ог for several elements 
2028 MHz) the impedance more closely approximates the 
impedance ofa driven loop alone thats, 80 to 100.02. The 
feed methods described in Chapter 26 сап be used, just sin 
the case of he Yagi 


Making It Sturdy 

The physical sturdiness of a quad is directly proportional 
to the quality of the material used and the care with which it 
is constructed, The size and type of wire selected for use with 
а quad antenna is important because it will determine the 
capability of the spreaders to withstand high winds and ice. 
One of the more common problems confronting the quad 
owner is that of broken wires. A solid conductor is more apt 
to break than stranded wire under constant flexing conditions. 
For this reason, stranded copper wire is recommended. For 
14, 21- or 28-M Hz operation, #14 or #12 stranded wireis a 
good choice, Soldering of the stranded wire at points where. 
flexing is likely to occur should be avoided, 

You may connect he wires to the spreader armsin many 
ways. The simplest method is to drill holes through the 
fiberglass at the appropriate points on the arms and route 
the wires through the holes. Soldering a wire loop across 
thespreader, as shown later, is recommended. However, you 
should take careto prevent solder from flowing to the corner. 
point where flexing could break it. 

While a boom diameter of 2 inches is sufficient for 
smaller quads using two or even three elements for 14, 
21 and 28 M Hz, when the boom length reaches 20 feet or 
longer a 3-inch diameter boom is highly recommended. 
Wind creates two forces on the boom, vertical and 
horizontal. The vertical load on the boom can be reduced 
with a guy-uire truss cable. The horizontal forces on the. 
boom are more difficult to relieve, so 3-inch diameter 
tubing is desirable. 

Generally speaking, three grades of material can be. 
used for quad spreaders, The least expensive material is 
bamboo. Bamboo, however, is also the weakest material 
normally used for quad construction. It has a short life, 
typically only three or four years, and will not withstand a 
harsh climate very well. Also, bamboo is heavy in contrast 
to fiberglass, which weighs only about a pound per 13-foot 
length, Fiberglass is the most popular type of spreader 
material, and will withstand normal winter climates. One 
step beyond the conventional fiberglass arm is the pole- 


vaulting arm. For quads designed to be used on 7 MHz, 
surplus "rejected" pole-vaulting poles are highly 
recommended, Their ability to withstand large amounts of 
bending is very desirable. The cost of these poles is high, 
and they are difficult to obtain, See Chapter 21 for dealers 
and manufacturers of spreaders. 


Diamond or Square? 

The question of how to orient the spreader arms has 
been raised many times over the years. Should you mount. 
the loops п a diamond or a square configuration? Should 
one set of spreaders be horizontal to the earth as shown in 
Fig 1 (right, or should the wire itself be horizontal to the 
ground (spreaders mounted in the fashion of an X) as shown 
in Fig 1 (left)? From the electrical point of view, thereis not 
enough difference in performance to worry about 

From the mechanical pointof Мен thereis no question 
which version Is better. The diamond quad, with the 
associated horizontal and vertical spreader ams, is capable 
of holding an ice load much better than a system where no 


vertical support exists to hold the wire loops upright Put 
another way, the vertical poles of a diamond array, if 
sufficiently strong, will hold the rest of the system erect. 
When water droplets are accumulating and forming into ice, 
itis very reassuring to see water running down the wires to 
а сотег and dripping off, rather than just siting there on 
the wires and freezing. The wires of a loop (or several loops, 
in the case of a multiband antenna) help support the 
horizontal spreaders under a load of ice. square quad will 
droop severely under heavy ice conditions because there is 
nothing to hold it up straight 

Of course, in climates where icing is nat a problem, 
many amateurs point out that they like the aesthetics of the 
square configuration. There are thousands of square 
configuration quads in temperate areas around the world 

Another consideration will enter into your choice of 
orientation for a quad. You must mount a diamond quad 
somewhat higher on the mast or tower than for an equivalent. 
square array, just to keep the bottom spreader away from 
the tower guys when you rotate the antenna. 


Two Multiband Quads 


This section describes two multiband quad designs. The 
first is a large triband 20/15/10-meter quad built on a 26 
foot boom made of 3-inch irrigation tubing, This antenna 
has three elements on 20 meters, four elements on 15 meters, 
and five elements on 10 meters. Fig 7 shows a photograph 
of the five-element triband quad. 

‘The second project is a compact two-element triband 
quad on an 8-foot boom that covers 20, 17, 15, 12 and 
10 meters. We сай this a "pentaband" quad since it covers 
five bands. This antenna uses five concentric wire loops 
mounted on the each of the two sets of spreaders. Either 
antenna may be constructed in a diamond or square 
configuration, 

While the same basic construction techniques are 
employed for both multiband quads, the scale of the larger 
triband antenna makes ita far more ambitious undertaking! 
‘The large quad requires a strong tower and a rugged rotator. 
It also requires а fair amount of real estate in order to raise 
the quad to the top of the tower without entangling trees or 
other antennas, 


A FIVE-ELEMENT, 26-FOOT BOOM 
TRIBAND QUAD 

Five sets of element spreaders are used to support the 
three elements used on 14 M Hz, four elements on 21 MHz 
andfiveelements on 28-M Hz. We choseto use four elements 
оп 15 meters in this design (rather than the five we could 
have been employed on this length of boom) because the 
difference in optimized performance wasn't great enough 
to warrant the extra complexity of using five elements. The 


dimensions relisted in Table2, and are designed for center 
frequencies of 14.175, 21.2 and 28.4 M Hz. 

‘The spacing between elements has been chosen to 
provide good compromises in performance consistent with 
boom length and mechanical construction. You can see that 
the element spacings for 20 meters are quite different from 
those for the optimized monoband design, This is because 
the same set of spreaders is used for all three bands on three 
out of the five elements, and the higher-frequency bands 
dictate the spacing because they are more critical. 

Each of the parasitic loops is closed (ends soldered 
together) and requires no tuning. Fig 8 shows the physical 


Fig 


layout of the triband quad. Fig 9 plots the computed free- 
space gain, front-to-rear ratio and SW R response across the 
20-meter band. With only afew degrees of freedom in tuning 
and spacing of the three elements, itis impossible to spread 
the response out to cover the entire 20-meter band. The 
compromise design results in a rearward pattern that varies 
from a worst-case of just under 10 dB at the high end of the 
bend, to a peak F/R of just under 19 dB at 14.2 M Hz, in the 
phone portion of the band. The F/R is about 11 dB at the 
low end of the band. 

The SWR remains under 3:1 for the entire 20-meter 
band, rising to 2.8:1 at the high end. The feed system for 
this triband quad consists of three separate 50-2 coax lines, 
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Layout for the three-band, five-element quad, not drawn to scale. See Table 2 for dimensions. 


one per driven element, together with a relay switchbox 
mounted to the boom so that a single coax can be used back 
to the operating position. Each feed line uses а ferrite-bead 
balun to control common-mode currents and preserve the 
radiation pattern and each coax going to the switchbox is 


20-Meter Optimized Triband Quad 
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Fig 9— Computed performance of the triband, five- 
element quad over the 20-meter band. The direct 50-0 
feed system holds the SWR below 2.8: 1 across the 
Whole band. This could be improved with a gamm: 
match system tuned to 14.1 MHz if the builder really 
desires a low SWR. The F/R peaks at 14.1 MHz and 
remains above 10 dB across the whole band. 


cutto bean electrical three-quarter wavelength on 15 meters. 
This presents а short at the unused driven elements since 
modeling indicated that the 15-meter band is adversely 
affected by the presence of the 20-meter driven element if 
it is left open-circuited. If you use RG-213 coax, the 
heh electrical length of each feed line is 23 feet long at 
21.2 MHz. This is sufficient physical length to reach each 
driven element from the swilchbox. 

Fig 10 shows the free-space response for the 15-meter 
band, The rearward response is roughly 15 dB across the 
band, This is a result of the residual interaction between the 
20-meter elements on 15 meters, and no further tuning could 
improvethe F/R. Notehow flatthe SWR curves. This SWR 
characteristic is what gives the quad the reputation of being 
“wideband.” A flat SW R curve, however, is not necessarily 
a good indicator of optimal performance for directional 
antennas like quads or Yagis, particularly multiband designs 
where compromises must be made by physical necessity 

Fig 11 shows the characteristics of the 10-meter portion 
of the two-element triband quad. The response favors the 
low-phone band, with the F/R falling to about 12 dB at the 
low end of the frequency range and rising to just about 
2308 128.4 M Hz, TheSWR curveisonceagain relatively 
flat across the major portion of the band up to 28.8 M Hz. 

Construction 

The most obvious problem related to quad antennas is 
the ability to build a structurally sound system. If high winds 
ог heavy Ice are a normal part of the environment, special 
precautions are necessary if the antenna Is to survive a 
‘winter season. Another stumbling block for would-be quad 
builders is the installation of a three-dimensional system 
(assuming aY agi has only two important dimensions) on top 
of atower-especially if thetower needs guy wires for support. 
With proper planning, however, many ofthese obstacles can 
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be overcome. For example, a tram system may be used. 

Both multiband quad arrays use fiberglass spreaders 
(see Chapter 21 for suppliers). Bamboo is a suitable 
substitute (if economy is of great importance). However, 
theadditional weightof the bamboo spreaders over fiberglass 
isan important consideration. A typical 12-foot bamboo pole 
Weighs about 2 pounds; the fiberglass type weighs less than 
а pound. By multiplying the difference times 8 for a two: 
element атау, times 12 or a three-element antenna, and so 
on, it quickly becomes apparent that fiberglass is worth the 
Investment if weightis an Important factor. Properly treated, 
bamboo has a useful life of three or four years, while 
fiberglass life is probably 10 times longer. 

Spreader supports (sometimes called spiders) are 
available from many different manufacturers. If the builder 
is keeping the costat a minimum, he should consider building 
his own. The expense is about half that of a commercially 
manufactured equivalent and, according to some authorities, 
the homemade arm supports described below are less likely 
to rotate on the boom as a result of wind pressure, 

A 3-foot length of steel angle tock, 1 inch per side is 
used to interconnect the pairs of spreader arms. The steel is 
drilled at the center to accept a muffler clamp of sufficient 
size to clamp the assembly to the boom, The fiberglass is 
clamped to the steel angle stock with automotive hose 
clamps, two per pole. Each quad-loop spreader frame 
consists of two assemblies of the type shown in Fig 12. 

Connecting the wires to the fiberglass can be done In a 
number of different ways. Holes can be drilled at the proper 
places on thespreader arms andthe wires run through them, 
A separate wrap wire should be included at the entry/exit 
point to prevent the loop from slipping. Details are presented 
in Fig 13. Some amateurs have experienced cracking of the 
fiberglass, which might bea result of drilling holes through 
the material. However, this seems to be the exception rather 
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limiting the worst-case F/R to about 15 dB. The 
and SWR curves are relatively flat across the band. 


SWR rises at the top end of the band beyond 2:1. The 
free-space gain is higher than 10 dBi across the band. 
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than the rule, The model described here has no holes in the 
spreader arms; the wires are attached to each arm with afew 
layers of plastic electrical tape and then wrapped 
approximately 20 times in a crisscross fashion with inch 
diameter nylon string, followed by more electrical tape for 
UV protection, as shown in Fig 14. 

The wireloops ae left open at the bottom of each driven 
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Fig 12- Details of one of two assemblies for a spreader 


form an X with a muffler clamp mounted at the position. 
shown. 


Ted 


— 


Fig 13A method of assembling a corner of the wire 
loop of a quad element to the spreader arm. 
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Fig 14— An alternative method of assembling the wire 
ofa quad loop to the spreader arm. 


element where the feec-line coaxes are attached. Al of the 
parasitic elements are continuous loops of wire; the solder 
Joint is at the base of the diamond, 

Although you could run three separate coax cables 
down to he shack, we suggest that you install a relay box at 
the center of the boom. А three-wire control system may be 
used to apply power to the proper relay for changing bands, 
The circuit diagram of a typical configuration is presented 
in Fig 15 and its installation is shown in Fig 16. 

Every effort must be placed upon proper construction 
if you want to have freedom from mechanical problems, 
Hardware must be secure or vibration created by the wind 
тау cause separation of assemblies, Solder joints should be 
clamped in place to keep them from flexing, which might 
fracture a connection point 


ATWO-ELEMENT, 8-FOOT BOOM 
PENTABAND QUAD 

This two-element pentaband (20/17/15/12/10-meter] 
uad uses the same construction techniques as its big brother 
above. Since only two elements are used, the boom can be 
less robust for this antenna, at 2 inches diameter rather than 
3 inches, Those who like really rugged antennas can still 
use the 3-inch diameter boom, of course. 

Table3 lists the element dimensions for the pentaband. 
quad, The following plots show the performance for each of 
the five bands covered, The feed system for the pentaband 
quad uses five, direct 50-0 coaxes, one to each driven 
element. These five coaxes are cut to be irk electrically on 
10 meters (17 feet, 2 inches for RG-213 at 28.4 MHz). In 
this design the 10-meter band is the one most affected by 
the presence of the other driven elements if they are left 
Unshorted. The 2, lines open-circuited at the switehbox 
are long enough physically to reach all elements from a 
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Fig 15- Suitable circuit for relay switching of bands for 
the three-band quad. A three-wire control cable is 
required. K1, К2— any type of relay suitable for RF 
Switching, coaxial type not required (Potter and 
Brumfeld MR11A acceptable; although this type has 
double-pole contacts, mechanical arrangements of 
most single-pole relays make them unacceptable for 
Switching of RF). 


centrally mounted switchbox. This length assumes that the 
switchbox open-circuits the unused coaxes. If theswitchbox 
short-circuits unused coaxes (as several commercial 
Switchboxes do), then use =. long lines to feed all five. 
driven elements (11 fet, 5 inches for RG-213 at 28.4 M Hz). 

The SWR curves do not necessarily go down to 1:1 
because of this simple, direct feed system. If anyone is 
bothered by this, of course they can always implement 
individual matching systems, such as gamma matches, M ost 
amateurs would agree that such a degree of complexity is 
not warranted, The worst-case SWR is less than 2.3:1 on 
each band, even with direct feed on 20 meters. With typical 
lengths of coaxial feed line from the shack to the switchbox. 
al the antenna, say 100 feet of RG-213, the SWR at the 
transmitter would be ess than 2.0:1 on all bands due to losses 
in the feed line. 

Fig17showsthecomputed responses for the pentaband 
quad over the 20-meter band, With only two degrees of 
freedom [spacing and element tuning) there is not much that 


Fig 16— The relay box is mounted on the boom near the 
center, Each of the spreader-arm fiberglass poles is 
attached to steel angle stock with hose clamps. 


сап be done to spread the response out over the entire. 
20-meter band. Nonetheless, the performance over the band. 
is still pretty reasonable for an antenna this small. The F/R 
pattern peaks at 19 dB at 14.1 M Hz and falls to about 10 dB 
at either end of the band. The free-space gain varies from. 
about 7.5 dBi to just above 6 dBi, comparable to a short 
boom three-element Yagi. The SWR curve remains below 
2.3:1 across the band. If you were to employ a gamma match. 
tuned at 14.1 MHz, you could limit the peak SWR to less 
than 2.0:1, and this would still occur at 14.0 MHz. 

On 17 meters, Fig 18 shows that the other elements are 
affecting 18 MHz, even with element-length optimization 
Careful examination of the current induced on the other 
elements shows that the20-meter driven elementis interacting 
on 18 M Hz, deteriorating the pattern and gain slightly. Even. 
stil, the performance on 17 meters is reasonable, especially 
for a five-band quad on an &-foot boom. 

On 15 meters, the interactions seems to have been 
contained, as Fig 19 demonstrates. The F/R peaks at 
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Band Two-Element Quad on 8-Foot Boom 
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20-Meters, Optimized Pentaband Quad 
2e Quad, ¥ Boom 


ed Pentaband Quad 


12 Meters, Opti 


Zlo. Quad, $ Boom 


Fig 17— Computed performance of the pentaband two- 
element quad on 20 meters, With the simple direct-feed 
System, the SWR rises to about 2.3:1 at the low end of. 
the band. A gamma match can bring the SWR down to 
1л at 14.1 MHz, if desired. 


17 Meters, Optimized Pentaband Quad 
2e Quad, S Boom 


Fig 18— Computed performance of the pentaband two- 


element quad on 17 meters. There is some interaction 
with the other elements, but overall the performance is 
Satisfactory on this band, 


15 Meters, Optimized Pentaband Quad 
Zlo. Quad, S Boom 
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Fig 20— Computed performance of the pentaband two- 
lement quad on 12 meters. 


10 Meters, Optimized Pentaband Quad 
ale Quad, $ Boom 


Fig 21— Computed performance of the pentaband two- 
element quad on 10 meters. The SWR curve is slightly 

jove the target 2:1 at the low end of the band and 
rises to about 2.2:1 at 28.8 MHz. This unlikely to be a 
problem, even with rigs with automatic power-reduction 
Aue to SWR, since the SWR at the input of atypical 
coax feed line will be lower than that at the antenna 
Aue to losses in the line. 


Fig 19— Computed performance of 
the pentaband two-element quad on 
15 meters. The performance is 
acceptable across the whole band. 


21.1 MHz, at 19 dB and remains better than 12 dB past the 
top of the band. The SWR curveis low across the whole band. 

Оп 12 meters, the interaction between bands is minor, 
leading to the good results shown in Fig 20. The SWR change 
across this band is quite flat, which isn't surprising given. 
the narrow bandwidth of the 12-meter band. 

On 10 meters the interaction seems to have been tamed 
well by computer-tuning of the elements. The F/R remains 
higher than about 14 dB from 28 to 29 MHz. The SWR 
remains below 2.2:1 up to about 28.8 MHz, while the gain 
is relatively flat across the band at more than 7.2 dBi in free 
space, See Fig 21. 

Overall, this pentaband quad is physically compact 
and yetit provides good performance across all five bands. 
1015 competitive with commercial Log Periodic Dipole 
Array (LPDA) designs and triband Yagi designs that 
employ longer booms. 
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Long 


-Wire and 


Traveling-Wave 
Antennas 


The power gain and directive characteristics of 
electrically long wires (that is, wires that are long in terms 
of wavelength), as described in Chapter 2, make them useful 
for long-distance transmission and reception on the higher 
frequencies. Long wires can be combined to form antennas 
of various shapes that increase the gain and directivity over 
а single wire. The term long wire, as used in this chapter, 
means any such configuration, not just a straight-wire 
antenna. 


LONG WIRES VERSUS 
MULTIELEMENT ARRAYS 

In general, the gain obtained with long-wire antennas 
is not as great, when the space available for the antenna is 
limited, as you can obtain from the multielement phased 
arrays in Chapter 8 or from a parasitic array such as a Yagi 
or quad (Chapters 11 ог 12). However, thelong-wire antenna. 
has advantages of its own that tend to compensate for this 
deficiency, The construction of long-wire antennas is simple 
both electrically and mechanically, and there are по 
especially critical dimensions ог adjustments. The long-wire 
antenna will work well and give satisfactory gain and 
directivity over a 2-to-1 frequency range. In addition, it will 
accept power and radiate well on any frequency for which 
its overall length is not less than about a half wavelength, 
Sinceawire is not electrically long, even at 28 M Hz, unless 
its physical length is equal to at least а half wavelength on 
3.5 M Hz, any long-wire can be used on all amateur bands 
that are useful for long-distance communication, 

Between two directive antennas having the same 
theoretical gain, one а multielement array and the other а 
long-wireantenna, many amateurs have found that the long- 
wire antenna seems more effective in reception. One possible 
explanation is that there is a diversity effect with a long: 
Wire antenna because itis spread out over a large distance, 
rather than being concentrated in a small space, as would be 
the case with a ай, for example. This may raise the average 
level of received energy for ¡onospheric-propagated signals. 
Another factor is that long-wire antennas have directive 
patterns that can be extremely sharp in the horizontal 
(azimuthal) plane. This is an advantage that other types of 
multielement arrays do not have, but it can be a double“ 
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edged sword too. We'll discuss this aspect in some detail in 
this chapter. 


GENERAL CHARACTERISTICS OF 
LONG-WIRE ANTENNAS. 

Whether the long-wire antenna is a single wire running 
їп one direction or is formed into a V-beam, rhombic, ог 
Someother configuration, there are certain general principles 
that apply and some performance features that are common 
to all types. The first of these is that the power gain of а 
long-wire antenna as compared with a half-wave dipole is 
not considerable until the antenna is really long (its length 
measured in wavelengths rather than in a specific number 
of feet), The reason for this is that the fields radiated by 
elementary lengths of wire along the antenna do not combine, 
ata distance, in as simple a fashion as the fields from half- 
wave dipoles used in other types of directive arrays. 

There is no point in space, for example, where the 
distant fields from all points along the wire are exactly in 
phase (as they are, in the optimum direction, in the case of 
two or more collinear or broadside dipoles when fed with 
in-phase currents). Consequently, the field strength at a 
distance is always less than would be obtained if ће same 
length of wire were cut up into properly phased and 
separately driven dipoles. As the wire is made longer, the 
fields combine to form increasingly intense main lobes, but 
these lobes do not develop appreciably until the wire is 
several wavelengths long. See Fig 1. 

The longer the antenna, the sharper the lobes become 
and since it is really a hollow cone of radiation about the 
wire in free space, it becomes sharper in both planes. Also, 
the greater the length, the smaller the angle with the wire at 
which the maximum radiation lobes occur. There are four 
main lobes to the directive patterns of long-wire antennas; 
each makes the same angle with respect to the wire. 

Fig 2A shows the azimuthal radiation pattern of a 1-2. 
long-wire antenna, compared with a 1-2. dipole. Both 
antennas are mounted at the same height of 1 above flat 
ground (70 feet high at 14MHz, with a wire length of 
70 feet) and both patterns are for an elevation angle of 10°, 
an angle suitable for long-distance communication on 
20 meters. Thelong-wirein Fig 2A is orlented in the 270° to 
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Fig 1— Theoretical gain of a long- 
so wire antenna, in dBi, as a function of 


Wire length. The angie, with respect 
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to the wire, at which the radiation 


intensity is maximum also is shown, 
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90° direction, while the dipole is aligned at right angles so 
thatits characteristic figure-8 pattern goes left-to-right The 
1-4 long-wire has about 0.6 dB more gain than the dipole, 
with four main lobes ав compared to the two lobes from the 
dipole. 

You can see thatthe two lobes оп the left side of Fig 2A 
are about 1 dB down compared to the twa lobes on the right 
side. This is because the long-wire here is fed at the left 
hand end in the computer model. Energy is radiated as wave 
travels down the wire and some energy is also lost to ohmic 
resistance in the wire and the ground. The forward-going 
wave then reflects from the open-circuit at the right-hand 
end of the wire and reverses direction, traveling toward the 
left end, still radiating as it travels. An antenna operating in 
this way has much the same characteristics as a transmission 
line that is terminated in an open circuit—that is, it has 
standing waves on it. Unterminated long-wire antennas are 
often referred to as standing wave antennas. As the length of 
а long-wire antenna is increased, a moderate front-to-back 
Tatio results, about 3 dB for very long antennas, 

Fig 28 shows the elevation-plane pattern for the long: 
wire and for the dipole. In each case the elevation pattern is 
atthe azimuth of maximum gain—at an angle of 38° with 
respect to the wire-axi for the long-wire and at 90° for the. 
dipole. The peak elevation for the long-wire is very slightly 
lower than that for the dipole at the same height above 
ground, but not by much. In other words, the height above 
ground is the main determining factor Гог the shape of the 
main lobe of a long-wire's elevation pattern, as itis for most 
horizontally polarized antennas. 


Fig 2- At top, comparison of azimuthal patterns for a 
1-7 long-wire antenna (solid line) and a 7-2. dipole 
(dashed line) at an elevation angle of 10-. Each 
antenna is located 1 à (70 feet) over flat ground at 
Т ИНЕ Rt bottom, the elevation plane patterns at 

k azimuth angles for each antenna. The long-wire. 
fas about 0.6 dB more gain than the dipole. 


Fig 3—A 3-0 representation of the radiation pattern 
for the 1-4 long-wire shown in Fig 2.The pattern is 
‘obviously rather complex. It gets even more 
‘Complicated for wires longer than 1% 


Theshapeof theazimuth and elevation paternsin Fig 2 
mightlead you to believe thatthe radiation patterns simple. 
Fig3 isa 3-D representation of the pattern from a 1- long 
wire thatis 1 high over flat ground. Besides the main low. 
angle lobes, there аге strong lobes at higher angles, Things 
get even more complicated when the length of the long-wire 
increases, 


DIRECTIVITY 

Because many points along a long wire are carrying 
currents in different phases (with different current amplitudes. 
as well), the field pattern at a distance becomes more 
complex as the wire is made longer. This complexity is 
manifested in a series of minor lobes, the number of which 
increases with the wire length. The intensity of radiation 
from the minar lobes is frequently as great as, and sometimes 
greater than, the radiation from a half-wave dipole. The 
energy radiated in the minor lobes s notavailableto Improve 
the gain in the major labes, which is another reason why а 
long-wire antenna must be long to give appreciable gain in 
the desired directions. 

Fig 4 shows an azimuthal-plane comparison between 
a 3- (209 feet long) long-wire and the comparison l. 
dipole. The long-wire now has 8 minor lobes besides the 
four main lobes. Note that the angle the main lobes make 
with respect to theaxis of thelong-wire (also left-to-right in 
Fig 4) becomes smaller as the length of the long-wire 
increases. For the 3-A long-wire, the main lobes occur 28° 
olf the axis of the wire itself. 

Other types of simple driven and parasitic arrays do 
not have minor lobes of any great consequence. For that 
reason they frequently seem to have much better directivity 
than long-wireantennas, because their responses in undesired 
directions are well down from their response in the desired 
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Fig 4— An azimuthal-plane comparison between а 
3-۸ (208 feet long) long-wire (solid line) and the. 
comparison +- dipole (dashed line) at 70 feet high 
(13) at14 MHz. 


direction. This isthe case even if amultielement array and а 
long-wire antenna have the same peak gain in the favored 
direction. Fig 5 compares the same 3-2 long-wire with a 
4-element Yagi and a % dipole, again both at the same 
height as the long-wire. Note that the Yagi has only a single 
backlobe, down about 21 dB from its broad main lobe, which 
has a 3-d8 beamwidth of 63°, The 3-dB beamwidth of the 
long-wire's main lobes (ata 28° angle from the wire axis) is 
far more narrow, at only 23°. 

For amateur work, particularly with directive antennas 
that cannot be rotated, the minor lobes of along-wire antenna 
have some advantages. Although the nulls in the computer 
model in Fig 5 are deeper than 30 dB, they are not 30 
dramatic in actual practice. This is due to irregularities in 
the terrain that inevitably occur under the span of a long 
wire. In most directions the long-wire antenna will be as 
good as a half-wave dipole, and in addition will give high 
gain in the most favored directions, even though thats over 
Narrow azimuths. 

Fig 6A compares the azimuth responses for a 5-3 long- 
wire (350 feet long at 14 M Hz) to the same 4-element Yagi 
and dipole. The long-wire now exhibits 16 minor lobes in 
addition to its four main lobes. The peaks of these sidelobes, 
are down about 8 dB from the main lobes and they are 
stronger than the dipole, making this long-wire antenna 
effectively omnidirectional. Fig 6B shows the elevation 
pattern of the 5-4 longewire at its most effective azimuth 
compared to a dipole. A gain, the shape of the main lobe is 
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Fig 5— А comparison between the 3.) long-wire (solid 


line) in Fig 4, а 4-element 20-meter' 
boom (dotted line), and a y» dipole (dashed line), 
again ata height of 70 feet. The main lobes of the long- 
Wire are very narrow compared to the wide frontal lobe 
о! the Yagi. The long-wire exhibits an azimuthal pattern 
that is more omnidirectional in nature than a Yagi, 
particularly when the narrow, deep nulls in the long- 
Wire's pattern are filed-in due to Irregularities in the 
terrain under its long span of wire. 


igi on a 26-foot 


mainly determined by the long-wire's height above ground, 
since the peak angle is only just а bit lower than the peak 
angle for the dipole. The long-wire's elevation response 
breaks up into numerous lobes above the main lobes, justas 
it does in the azimuth plane. 

For the really ambitious, Fig 7 compares the 
performance for an 8- (571 feet) long-wire antenna with а 
4-elementYagi and the =i. dipole. A gain, in actual practice, 
the nulls would tend to be filled in by terrain irregularities, 
so a very long antenna like this would be a pretty potent 
performer. 


CALCULATING LENGTH 

In this chapter, lengths are discussed in terms of 
wavelengths. Throughout the preceding discussion the 
frequency In the models was held at 14 MHz, Remember 
that a long-wire that is 4 long at 14 M Hz is 8 4 long at 
28 MHz 

‘There is nothing very critical about wire lengths in an 
antenna system that will work over a frequency range 
including several amateur bands, The antenna characteristics 
change very slowly with length, except when the wires are 
short (around one wavelength, for instance). There isno need 
To try to establish exact resonance at a particular frequency 
for proper antenna operation. 

‘The formula for determining the lengths for harmonic 
wires is: 


984 (N - 0.025) 


Length (fet) = rz) 
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Fig 6— At left, the azimuth responses for a 5 long-wire 
(350 feet long at 14 MHz solid пеј) to the same 
‘element Yagi (dotted line) and dipole (dashed line) as 
in Fig 5. Above, the elevation-plane responses for the 
long-wire (soli line) and the dipole (dashed line) by 
themselves. Note that the elevation angle giving peak 
gain for each antenna is just about the same. The long- 
‘wire achieves gain by compressing mainly the azimuthal 
response, squeezing the gain into narrow lobes; not so 
much by squeezing the elevation pattern for gain. 
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Fig 7—The azimuthal-plane performance for a 
1571 feet) long-wire antenna (solid line), compared 

-element Yagi (dotted line) and a Ve dipole 
Tine). 


where is the antenna length in wavelengths, In cases where. 
precise resonance is desired for some reason (for obtaining 
a resistive load for a transmission line at a particular 
Frequency, for example) it is best established by trimming 
the wire length until the standing-wave ratio on the line is 
minimum, 
Tilted Wires 

In theory, itis possible to maximize gain from a long- 
wire antenna by tilting It to favor a desired elevation take- 
off angle. Unfortunately, the effect of real ground under the. 
antenna negates the possible advantages of tilting, just as it 
does when a Yagi or other type of parasitic array is tilted 
from horizontal. You would do better keeping a long-wire 
antenna horizontal, but raising it higher above ground, to 
achieve more gain at low takeoff angles. 


Feeding Long Wires 

A long-wire antenna is normally fed at the end or at a 
current loop. Since a current loop changes to а node when 
the antennais operated at any even multipleof the frequency 
for which itis designed, along-wire antenna will operate as 
atrue long wire on all bands only when it is fed at the end, 

A common method of feeding a long-wire is to use a 
resonant apen-wire line. This system will work on ай bands 
down to the one, if any, at which the antenna is only a half 
wave long, Any convenient line length can be used if you 
match the transmitter to the line's input impedance using an 
antenna tunes, as described in Chapter 25, 
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Fig 8— Methods for feeding long single-wire antennas. 


Two arrangements for using nonresanantlinesare given 
in Fig8. The one at A is useful far one band only since 
the matching section must be a quarter wave long, 
approximately, unless a different matching section is used 
for each band. In B, the 2/4 transformer (Q-section) 
impedance сап be designed to match the antenna to the line, 
as described in Chapter 26. You can determine the value of 
radiation resistance using a modern modeling program or 
you can actually measure the feed-point impedance. 
Although it will work as designed on only one band, the 
antenna can be used on other bands by treating the line and 
matching transformer as а resonant ine. In this case, as 
mentioned earlier, the antenna will pot radiate as a true long 
wire on even multiples of the frequency for which the 
matching system is designed. 

Theend-fed arrangement, although the most convenient 
When tuned feeders are used, suffers the disadvantage that 
there is likely to be a considerable antenna current on the 
line. In addition, the antenna reactance changes rapidly with 
frequency. Consequently, when the wire is several 
wavelengths long, a relatively small change in frequency— 
a fraction ofthe width of aband—may require major changes 
inthe adjustment of the antenna tuner. A Iso, the line becomes 
unbalanced at all frequencies between those at which the 
antenna is resonant. This leads to a considerable amount of 
radiation from the line. The unbalance can be overcome by 
using multiple long wires in a V or rhombic shape, as 
described below. 


COMBINATIONS OF LONG WIRES 

Thedirectiviy and gain of long wires may be increased. 
by using two wires placed in relation to each other such that 
the fields from both combine to produce he greatest possible 
field strength at a distant point. The principle is similar to 
that used in designing the multielement arrays described in 
Chapter 8. 
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Fig 9—Two long wires and their 
respective patterns are shown at the 
lef. f these two wires are combined 
to form a V with an angle that is 
twice that of the major lobes of the 
Wires and with the wires excited out 
of phase, the radiation along the 
bisector of the V adds and the 
radiation inthe other directions 
tends to cancel. 


Parallel Wires 

One possible method of using two (or more) long wires 
isto place them in parallel, with a spacing of ^ or so, and 
feed the two in phase. In the direction of the wires the fields 
will addin phase. However, the takeoff angleis high directly 
in the orientation of the wire, and this method will result in 
rather high-angle radiation even if the wires are several 
wavelengths long. With a parallel arrangement of this sort 
the gain should be about 3 dB over a single wire of the same 
length, at spacings in the vicinity оГ; wavelength 


The V-Beam Antenna 


Instead of using two long wires parallel to each other, 
they may be placed in the form of a horizontal V, with the 


pe 


Fig 10— Azimuthal-plane pattern at 10° elevation angle 
for a 14-MHz V-beam (solid line) with 1- legs (68.5 feet 
long) using an included ar 

‘The V-beam is mounted 1 
compared with a“ dipole (dashed line) and a d- 
‘clement 20-meter Yagi on a 26-foot boom (dotted line). 
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included angle between the wires equal to twice the angle 
made by the main lobes referenced to the wire axis for a 
single wire of the same physical length. For example, for a 
leg length of 5 4, the angle between the legs of a V should 
be about 42°, twice the angle of 21° of the main lobe 
referenced to the long-wire's axis. See Fig 6A. 

The plane directive patterns of the individual wires 
combine long alinein the plane of the antenna and bisecting 
the V, where the fields from the individual wires reinforce 
each other. The sidelobes in the azimuthal pattern are 
suppressed by about 10 dB, so the pattern becomes 
essentially bidirectional. See Fig 9. 

‘The included angle between the legs is not particularly 
critical. This is fortunate, especially if the same antenna is 
used on multiple bands, where the electrical length varies 
directly with frequency. This would normally require 
different included angles for each band. For multiband V- 
antennas, a compromise angle is usually chosen to equalize 
performance. Fig 10 shows the azimuthal pattern for а V- 
beam with 1-A legs, with an Included angle of 75° between 
the legs, mounted 1 2. above flat ground. This is for a 10° 
elevation angle At 14 M Hz the antenna has two 70-foot high, 
68.5-foot long legs, separated at their far ends by 83.4 feet. 
For comparison the azimuthal patterns for the same 
4-element Yagi and r dipole used previously for the long 
wires are overlaid on the same plot. The V has about 2 dB 
more gain than the dipole but is down some 4 dB compared 
to the Yagi, as expected for relatively short legs. 

Fig 11 shows the azimuthal pattern for the same 
antenna in Fig 10, but at 28 M Hz and at an elevation angle 
of 6°, Because the legs are twice as long electrically at 
28 MHz, the V-beam has compressed the main lobe into а 
narrow beam that now has а peak gain equal to the Yagi, but 
with a 3-08 beamwidth of only 18.8”. Note that you could 
obtain about 0.7 dB more gain at 14 MHz, with а 1.7-48 
degradation of gain at 28 M Hz, if you increase the included 
angle to 90° rather than 75°. 

Fig 12 shows the azimuthal pattern for a V-beam with 
2-A legs (137 feet at 14 MHz), with an included angle of 
60° between them. As usual, the assumed height is 70 feet, 
ог1 at 14 MHz. The peak gain for the V-beam is just about 
equal to that of the 4-element Y agi, although the 3-08 nose 
beamwidth is narrow, at 23°. This makes setting up the 


Fig 11The 
(solid line), 


a d-element f 
line). The V-beam's pattern Is very narrow, at 18. 
the 3-d8 points, requiring accurate placement of the 
supports poles to aim the antenna at the desired 
geographic target. 


geometry critical if you want to maximize gain into a 
particular geographic area. While you might be able to get 
away with using convenient trees to support such an antenna, 
it's far more likely that you'll have to use carefully located 
towers to make sure the beam is aimed where you expect it 
to be pointed 

For example, in order to cover all of Europe from San 
Francisco, an antenna must cover from about 11° (to 
Moscow) to about 46° (to Portugal). This is a range of 35° 
and signals from the V-beam in Fig 12 would be down some 
708 over this range of angles, assuming the center of the 
beam is pointed exactly ata heading of 28.5”, The 4-element 
Yagi on the other hand would cover this range of azimuths 
more consistently, since its 3-08 beamwidth is 63°. 

Fig 13 shows the same V-beam as in Fig 12, but this 
timeat 28 M Hz. Thepeak gain of the main lobeis now about 
1 dB stronger than the l element Yagi used as a reference, 
and the main lobe has two nearby sidelobes that tend to 
broaden outthe azimuthal response A this frequency theV. 
beam would cover all of Europe better from San Francisco 

Fig 14 showsa V-beam with 3-) (209 feet at 14 M Hz] 
legs with an included angle of 50° between them, The peak 
gain is now greater than that of a 4-element Yagi, but the 
3-48 beamwidth has been reduced to 17.8", making aiming 
the antenna even more critical, Fig 15 shows the same 
V-beam at 28 MHz. Here again, the main lobe has nearby 
sidelobes that broaden the effective azimuth to cover а 
wider area. 


Fig 12— Azimuthal pattern for a V-beam (solid line) with 
2-\ legs (137 feet at 14 MHz), with an included angle of 
60 between them. The height is 70 feet, or 1 à, over flat 
ground. For comparison, the response for a 4-element. 
Yagi (dotted line) and a dipole (dashed line) are shown. 
The 3-48 beamwidth has decreased to 23.0". 
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Fig 13— The same 2- per leg V-beam (solid line) as in 
Fig 12, but at 28 MHz and ata e takeoff elevation. 
angle. Two sidelobes have appeared flanking th 

lobe, making the effective azimuthal pattern wider 
this frequency. 


13-7 


Fig 14—A V-beam (solid line) with 3-1 (209 feet at 14 MHz) 
legs using an included angle of 50° between them, 
compared to a 4-element Yagi (dotted line) and а dipole 
(dashed line]-The 3-48 beamwidth has now decreased 
юпа. 


Fig 15— The same 209-foot/leg V-beam as Fig 14, but 
at28 MHz. Again, the two close-in sidelobes tend to 
‘Spread out the azimuthal response some at 28 MHz. 


Fig 16 shows the elevation-plane response for the same 
209-footleg V-beam at 28 М Hz (3- at 14 M HZ), compared 
to a dipole at the same height of 70 feet. The higher-gain V- 
beam suppresses higher-angle lobes, essentially stealing 
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Fig 16—The elevation-plane of the 209-footleg V-beam 
(solid line) compared to the dipole (dashed line). Again, 
the elevation angle for peak gain corresponds well to 
that ofthe simple dipole at the same height. 


Fig 17— Elevation pattern for the same 209-foot-per-leg 
Vbeam (solid line), at 7 MHz, compared to a 40-meter 
dipole (dashed line) at the same height of 70 feet. 


energy from them and concentrating itin the main beam at 
6° elevation. 

The same antenna can be used at 3.5 and 7 MHz. The 
gain will not be large, however, because the legs are not 
Very long at these frequencies. Fig 17 compares theV-beam 
versus a horizontal 12-2. 40-meter dipole at 70 feet At low 
elevation angles there is about 2 dB of advantage on 
40 meters, Fig 18 shows the same type of comparison for 
80 metes where the B0-meterdipoleis superior atall angles, 


Other V Combinations 
A gain increase of about 3 dB can be had by stacking. 
two V-beams one above the other, а half wavelength apart, 
and feeding them with in-phase currents. This will resultin а 
lowered angle of radiation. The bottom V should be at least 
a quarter wavelength above the ground, and preferably a half 
wavelength. This arrangement will narrow the elevation. 
pattern and it will also have a narrow azimuthal patter, 
TheV antenna can be made unidirectional by using а 
second V placed an odd multiple of a quarter wavelength in 
back of thefirstand exciting the two with a phase difference 


Fig 18— Elevation pattern for the same 209-foot-perleg 
V-beam (solid line), at 3.5 MHz, compared to an 80- 
meter dipole at 70 feet (dashed line). 


of 909. The system will be unidirectional in the direction of 
the antenna with the lagging current. However, the V 
reflector is not normally employed by amateurs at low 
frequencies because it restricts the use to one band and 
requires a fairly elaborate supporting structure. Stacked V s 
with driven reflectors could, however, be built for the 200 
to 500-M Hz region without much difficulty. 


Feeding the V Beam. 

The V-beam antenna is most conveniently fed with 
tuned open-wire feeders with an antenna tuner, since this 
permits multiband operation. Although the length of the 
wires in a V-beam is not at ll critical, it is important that 
both wires be the same electrical length. If the use of a 
nonresonant line is desired, probably the most appropriate 
matching system is that using a stub or quarter-wave 
matching section. The adjustment of such a system is 
described in Chapter 26, 


THE RESONANT RHOMBIC ANTENNA 

‘The diamond-shaped or rhombic antenna shown in 
Fig 19 can be looked upon as two acute-angle V-beams 
placed end-to-end, This arrangement is called a resonant 
rhombic. The leg lengths of the resonant rhombic must be 
an integral number of half wavelengths to avoid reactance 
at its feed point. 

‘The resonant rhombic has two advantages over the 
simple V-beam. For the same total wire length it gives 
somewhat greater gain than the V-beam. A rhombic with 
3 on a leg, for example, has about 1 dB gain over a V 
antenna with 6 wavelengths on a leg. Fig 20 compares the 
azimuthal pattern ata 10° elevation fora resonant rhombic 
with 33. legs on 14 M Hz, compared to a V-beam with 6 2 
legs at thesame height of 70 feet The 3-dB nose beamwidth 
of the resonant rhombic is only 12.4" wide, but the gain is 
very high at 16.26 dBi 

The directional pattem of the rhombic is less frequency 
sensitive than the V when the antenna is used over a wide 
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Fig 19—The resonant rhombic or diamond-shaped 
antenna. All legs are the same length, and opposite 
les of the diamond are equal. Length r is an integral 
‘number of half wavelengths for resonance. 


Fig 20— Azimuthal-plane pattern of resonant 
funterminated) rhombic (solid line) with 3- legs on 
14 MHz, at a height of 70 feet above flat ground, 
compared with a 6-i per leg V-beam (dashed line) at 
the same height. Both azimuthal patterns are at. 
takeoff angle of 10-.The sidelobes for the resonant 
rhombic are suppressed to a greater degree than. 
those for the beam. 


frequency range. This is because a change in frequency 
causes the major lobe from one leg to shift in one direction 
While the lobe from the opposite leg shifts the other way. 
This automatic compensation keeps the direction the same 
over a considerable frequency range. The disadvantage of 
the rhombic as compared with the V-beam is that an 
additional support is required, 

The same factors that govern the design of the -beam 
apply in the case af the resonant rhombic, The optimal apex 
angled in Fig 19 is the same as that for a V having an equal 
leg length. The diamond-shaped antenna also can be operated 
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as a terminated antenna, as described later in this chapter, 
and much of the discussion in that section applies to the 
resonant rhombic as well 

The resonant rhombic has a bidirectional pattern, with 
minor lobes in other directions, their number and intensity 
depending on the leg length. In general, these sidelobes аге 
suppressed better with a resonant rhombic than with a V. 
beam, When used at frequencies below the V HF region, the 
rhombic antenna is always mounted with the plane containing. 
the wires horizontal, The polarization in this plane, and also 
in the perpendicular plane that bisects the rhombic, is 
horizontal. At 144 M Hz and above, the dimensions are such 
thatthe antenna can be mounted with the plane containing 
the wires vertical if vertical polarization is desired 

When the rhombic antenna isto be used on several HF 
amateur bands, itis advisable to choose the apex angle, A, 
оп the basis of the leg length in wavelengths at 14 MHz, 
Although the gain on higher frequency bands will not be 
quite as favorable as if the antenna had been designed for 
the higher frequencies, the system will still work well atthe 
low angles that are necessary at such frequencies. 

‘The resonant rhombic has lots of gain, but you must 
not forget that this gain comes from a radiation pattern 
that is very narrow. This requires careful placement of 
the supports for the resonant rhombic to cover desired 
geographic areas. This is definitely notan antenna that allows 
you to use just any convenient trees as supports! 

The resonant rhombic antenna can be fed in the same 
way as the V-beam. Resonant feeders are necessary if the 
antenna is to be used in several amateur bands, 


TERMINATED LONG-WIRE ANTENNAS 

Alltheantennasystems considered so far in this chapter 
have been based on operation with standing waves of current 
and voltage along the wire. А [though most hams use antenna 
designs based on using resonant wires, resonance is by no 
means a necessary condition for the wire to radiate and 
intercept electromagnetic waves efficiently, as discussed in 
Chapter 2 The esultof using nonresonant wires is reactance 
at the feed point, unless the antenna is terminated with a 
resistive load 

In Fig 21, suppose that the wire is parallel with the 
ground (horizontal) ands terminated by a load Z equal tots 
characteristic impedance, Z yy. The wire and its image in 
the ground create a transmission line, The load Z can 
represent a receiver matched to the line. The terminating 
resistor R is also equal to the Zaur of the wire. A wave 
coming from direction X will tik the wire first at is far 
end and sweep across the wire at some angle until it reaches. 
the end at which Z is connected, In so doing, it will induce 
voltages in the antenna, and currents will flow as а result. 
The current flowing toward Z is the useful output of the an- 
tenna, while the current flowing backwards toward will be 
absorbed in R. The same thing strueof a wave coming from 
the direction X^. In such an antenna there are no standing 
waves, because all received power is absorbed at either end. 
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Fig 21— Layout for a terminated long-wire antenn 


The greatest possible power will be delivered to the 
load Z when the individual currents induced as the wave 
sweeps across the wire all combine properly on reaching 
the load, The currents will each Z in optimum phase when 
the time required for а current to flow from the far end of 
the antenna to Z is exactly one-half cycle longer than the 
time taken by the wave to sweep over the antenna. A half 
cycle is equivalent to а half wavelength greater than the 
distance traversed by the wave from the instant it strikes the 
Tar end of the antenna to the instant that it reaches the near 
end. This is shown by the small drawing, where AC 
represents the antenna, BC İsa line perpendicular to the wave 
direction, and AB is the distance traveled by the wave in 
sweeping pastA C. AB must beone-half wavelength shorter 
than AC. Similarly, AB’ must be the same length as AB for 
A wave arriving from X’, 

A wave arriving at the antenna from the opposite 
direction Y (or), will similarly resultin the largest possible 
current at the far end. However, since the far end is 
terminated in R, which is equal to Z, all the power delivered 
wa by the wave arriving from will beabsorbed in R. The 
curtenttraveling to will producea signal in Zin proportion 
to its amplitude. If the antenna length is such that all he 
individual currents arrive at Z in such phase as to add up to 
zero, here ll beno current through Z.A other lengths the 
resultan current may reach appreciable values. The lengths 
that give zero amplitude аге those which are odd multiples 
of fd, beginning at. Theresponsefrom theY direction 
is greatest when the antenna is any even multiple of f А 
long; the higher the multiple, we smaller the response 


Directional Characteristics 

Fig 22 compares the azimuthal pattern for a 5-2 long 
14-M Hz long-wire antenna, 70 feet high over flat ground, 
when it is terminated and when it is unterminated, The 
rearward pattern when the wire is terminated with a 600. 
resistor is reduced about 15 dB, with a reduction in gain in 
the forward direction of about 2 dB. 

For a shorter leg length in a terminated long-wire 
antenna, the reduction in forward gain is larger—more 
energy is radiated by a longer wire before the forward wave 
is absorbed in the terminating resistor. The azimuthal patterns 
for terminated and unterminated V-beams with 2- legs are 
overlaid for comparison in Fig 23. With these relatively short 
legs the reduction in forward gain is about 3.5 dB dueto the 
terminations, although the front-to-rear ratio approaches 
20 dB for theterminated V-beam. Each leg of this terminated 
V-beam use a 600-0 non-inductive resistor to ground, Each 
resistor would have to dissipate about one-quarter of the 
transmitter power. For average conductor diameters and 
heights above ground, the Z, . of the antenna is of the 
order of 500 to 600 0. 


‘THE TERMINATED RHOMBIC ANTENNA 
The highest development of the long-wire antenna is 
the terminated rhombic, shown schematically in Fig 24. It 
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Fig 22- Azimuthal-plane pattern for 5- long-wire 
antenna at 14 MHz and 70 feet above flat ground. The 
Solid line shows the long-wire terminated with 600-2. 
to ground, while the dashed line is for the same 
antenna unterminated. For comparison, the response 
for a, dipole 

You сай see 
frontto-back pattern, but it loses about 2 dB in forward 
‘gain compared to the unterminated long-wire. 
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consists of four conductors joined to form a diamond, or 
rhombus. All sides of the antenna have the same length and 
the opposite corner angles are equal. The antenna can be 
considered as being made up of two V antennas placed end 
to end and terminated by a noninductive resistor to produce 
‘unidirectional pattern. The terminating resistor is connected 
between the far ends of the two sides, and is made 
approximately equal to the characteristic impedance of the 
antenna as a unit. The rhombic may be constructed either 
horizontally ог vertically, but is practically always 
constructed horizontally at frequencies below 54 M Hz, since 
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Fig 23— The azimuthal patterns for a shorter-leg V-beam 
(25. legs) when it is terminated (solid line) and 
unterminated (dashed line). With shorter legs, the 
‘terminated V-beam loses about 3.5 dB in forward gain 
compared to the unterminated version, while 
suppressing the rearward lobes as much as 20 dB. 


Fig 24—The layout for a terminated rhombic antenna. 
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the pole height required is considerably less. Also, horizontal 
polarization is equally, if not more, satisfactory at these 
frequencies over most types of soil 

‘The basic principle of combining lobes of maximum 
radiation from the four individual wires constituting the 
rhombus or diamond is the same in either the terminated 
type or the resonant type described earlier in this chapter. 


Tilt Angle 
In dealing with the terminated rhombic, itis a matter 
of custom to talk about the tilt angle (o in Fig 24), rather 
than the angle of maximum radiation with respect to an 
individual wire, Fig 25 shows the tilt angle as a function of 
the antenna leg length, The curve marked "0°" is used for a 
takeoff elevation angle of 0°; that is, maximum radiation in 
the plane ofthe antenna, The other curves show the proper 
tiltangles to use when aligning the major lobe with а desired 
takeoff angle. For a 5° takeoff angle, the difference in tilt 
angles less than 1° for the range of lengths shown. 

‘The broken curve marked “optimum length” shows 
the leg length at which maximum gain is obtained at any 
given takeoff angle, Increasing the leg length beyond the 
‘optimum will resultin less gain, and for that reason the curves 
do not extend beyond the optimum length. Note that the 
optimum length becomes greater as the desired takeoff angle 
decreases, Leg lengths over 6 A are not recommended 
because the directive pattern becomes so sharp that the 
antenna performance is highly variable with small changes 
in the angle, both horizontal and vertical, at which an 
incoming wave reaches the antenna. Since these angles vary 
to some extent in ionospheric propagation, it does not pay 


to attempt to try for too great a degree of directivity. 


Multiband Design 

When a rhombic antenna is to be used over a 
considerable Frequency range, a compromise mustbe made 
in the tilt angle. Fig 26 gives the design dimensions of a 
Suitable compromise for a rhombic that covers the 14 to 
30 MHz range well. Fig 27А shows the azimuth and 
elevation patterns for this antenna at 14 M Hz, ata height of 
70 feet over flat ground. The comparison antenna in this 
case is a 4-element Yagi on a 26-foot boom, also 70 feet 
above flat ground, The rhombic has about 2.2 dB more gain, 
but its azimuthal pattern is 17.29 wide at the 3 dB points, 


Fig 26— Rhombic antenna dimensions fora 
compromise design between 14- and 28-MHz 
requirements, as discussed in the text The leg 
length is 6. at 28 MHz, 3). at 14 MHZ. 


Fig 25—Rhombic-antenna design 


chart. For any given leg length, the 
‘curves show the proper tit angle to 


give maximum radiation at the 
Selected takeoff angle. The broken 
curve marked "optimum length” 


Shows the leg length that gives the 
maximum possible output at the 
Selected takeoff angle. The optimum. 


length as given by the curves should 
be multiplied by 0.74 to obtain the. 


leg length for which the takeoff angle 
and main lobe are alignec 
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Fig 27— At left, azimuthal pattern for 3) (at 14 MHz) 
terminated rhombic (solid line) shown in Fig 26, 
Compared with 4-element 20-meter Yagi (dotted line) on 
a 26-foot boom and а 20-meter dipole (dashed line). All 
antennas are mounted 70 feet (1 ^) above flat ground. 
The rearward pattern of the terminated rhombic is good 
and the forward gain exceeds that of the Yagi, but the 
frontal lobe is very narrow. Above, elevation-plane 
pattern of terminated rhombic compared to that of а 
Simple dipole at the same height. 


and only 26° at the -20 dB points! On the other hand, the 
Yagi has a 3-dB beamwidth of 63°, making it far easier to 
aim at a distant geographic location. Fig 278 shows the 
elevation-plane patterns for the same antennas above. 
As usual, the peak angle for either horizontally palarized 
antenna is determined mainly by the height above ground. 

The peak gain of a terminated rhombic is less than that 
of an unterminated resonant rhombic. For the rhombic of 
Fig 26, the reduction in peak gain is about 1.5 dB. Fig 28 
compares the azimuthal patterns for this rhombic with and 
without an 800-02 termination. 

Fig 29 shows theazimuth and elevation patterns for the 
terminated rhombic of Fig 26 when it is operated at 
28 MHz, The main lobe becomes very narrow, at 6.9° at the 
3-68 points. However, this is partially compensated for by 
the appearance of two sidelobes each side of the main beam. 
‘These tend to spread out the main pattern some. Again, а 
4-element Yagi at the same height is used for comparison, 


Termination 

Although the difference in the gain is relatively small 
with terminated or unterminated rhombics of comparable 
design, the terminated antenna has the advantage that over a 
wide frequency range it presents an essentially resistive and 
constant load to the transmitter. In a sense, the power 
dissipated in the terminating resistor can be considered power 
that would have been radiated in the other direction had the 
resistor not been there. Therefore, the fact that some of the 
power (about one third) is used up in heating the resistor does 
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Fig 28— Comparison of azimuthal patterns for 
terminated (solid line) and unterminated (dashed line) 
rhombic antennas, using same dimensions as Fig 26 at 
a frequency of 14 MHz. The gain tradeoff is about 

1.5 dB in return for the superior rearward pattern of the 
‘terminated antenn: 
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Fig 29— At A, the azimuthal pattern for the same 
terminated antenna in Fig 26, but now at 28 MHz 
compared to a 4-element 10-meter Yagi „At B, the 
elevation-plane pattern comparison for these antennas. 


mot mean that much actual loss in the desired direction. 

The characteristic impedance of an ordinary rhombic 
antenna, looking into the input end, is in the order of 700 to 
800 Q when properly terminated in a resistance at the far 
end. The terminating resistance required to bring about the 
matching condition usually is slightly higher than the input 
impedance because of the loss of energy through radiation 
by the ime the far end is reached, The correct value usually 
will be found to be of the order of 800 ©, and should be 
determined experimentally if the fattest possible antenna is 
desired. However, for average work a noninductive 
resistance of 800 Qo can be used with the assurance that the. 
operation will not be far from optimum. 

The terminating resistor must be practically a pure. 
resistanceat the operating frequencies; hats its inductance 
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and capacitance should be negligible. Ordinary wire-w ound 
resistors are not suitable because they have far too much 
inductance and distributed capacitance. Small carbon 
resistors have satisfactory electrical characteristics but will 
not dissipate more than a few watts and so cannot be used, 
except when the transmitter power does nat exceed 10 ог 
20 watts ог when the antenna is to be used for reception 
only. Thespecial resistors designed either for use as dummy 
antennas or for terminating rhombic antennas should beused 
in other cases. To allow a factor of safety, the total rated 
power dissipation of theresistor or resistors should be equal 
to half the power output of the transmitter, 

Toreducethe effects of stray capacitance it is desirable 
to use several units, зау three, in series even when one alone 
will safely dissipate the power. The two end units should be 
identical and each should have one fourth to one third the 
total resistance, with the center unit making up the difference. 
The units should be installed in a weatherproof housing at 
theend ofthe antenna to protect them and to permit mounting 
without mechanical stain, The connecting leads should be 
short so that little extraneous inductance is introduced. 

Alternatively, the terminating resistance may be placed. 
at the end of an 800-0 line connected to the end of the 
antenna, This will permit placing the resistors and their 
housing at a point convenient for adjustment rather than at 
the top of the pole. Resistance wire may be used for this 
line, so that a portion of the power will be dissipated before 
it reaches the resistive termination, thus permitting the use 
of lower wattage lumped resistors. 


Multiwire Rhombics 

‘The nputimpedance ofa rhombic antenna constructed 
as in Fig 26 is not quite constant as the frequency is varied, 
This is because the varying separation between the wires 
causes the characteristic impedance of the antenna to vary 
along its length. The variation in Zay can be minimized 
фу a conductor arrangement that increases the capacitance. 
per unit length in proportion to the separation between the. 
wires 

‘The method of accomplishing this is shown in Fig 30. 
Three conductors are used, joined together at the ends but 
with increasing separation as the junction between legs is 
‘approached. For HF work the spacing between the wires at 
the center is 3 to 4 feet, which is similar to that used in 
commercial installations using legs several wavelengths. 
lang. Since all three wires should have the same length, the 
top and bottom wires should be slightly farther from the 
support than the middle wire, Using three wires inthis way 
reduces the Z ¿y of the antenna to approximately 600 2, 
thus providing a better match for practical opes-wire line, 
in addition to smoothing out the impedance variation over 
the frequency range. 

A similar effect (although not quite as favorable) is 
obtained by using two wires instead of three. The 3-wire 
system has been found to increase the gain of the antenna 
by about 1 dB over that of a single-conductor version. 


Fig 30—Three-wire rhombic antenna, Use of multiple 
wires improves the Impedance characteristic of a 
terminated rhombic and increases the gain somewhat. 


Front-to-Back Ratio 
It is theoretically possible to obtain an infinite front- 
to-back ratio with a terminated rhombic antenna, and in 
practice very large values can be had. However, when the. 
antenna is terminated in its characteristic impedance, the 
Infinite frontto-back ratio can be obtained only at frequencies. 
for which the leg length is an odd multiple of a quarter 
wavelength. Thefronb-to-back ratio is smallest at frequencies 
for which the leg length is multiple of a half wavelength, 


When the leg length is notan odd multiple of a quarter 
waveatthe frequency under consideration, the front-to-back 
ratio can be made very high by decreasing the value of 
terminating resistance slightly. This permits a small reflection 
from thefar end of the antenna, which cancels out the residual 
response atthe input end. With large antennas, the front-to- 
back ratio may be made very large over the whole frequency 
range by experimental adjustment of the terminating 
resistance. Modification of the terminating resistance can 
result in a splitting of the back null into two nulls, one on 
either side of a small lobe in the back direction. Changes in 
the value of terminating resistance thus permit steering the 
back null over a small horizontal range so that signals coming 
from a particular spot not exactly to the rear of the antenna 
may be minimized. 


Methods of Feed 

If the broad frequency characteristic of the terminated 
rhombic antenna is to be utilized fully, the feeder system 
mustbe similarly broadbanded, O pen-wire transmission ine 
of the same characteristic impedance as that shown at the 
antenna input terminals approximately 700 to 800 ©) may 
be used. Data for the construction of such lines is given in 
Chapter 24 While the usual matching stub can be used to 
provide an impedance transformation to more satisfactory 
line impedances tis limits the operation of the antenna оа 
comparatively narrow range of frequencies centering about 
that for which the stub is adjusted. Probably a more 
satisfactory arrangement would be to use a coaxial 
transmission line and а broadband transformer balun at the 
antenna feed point 


Receiving Wave Antennas 


Perhaps the best known type of wave antenna İs the 
Beverage. M any 160-meter enthusiasts have used 
Beverage antennas to enhance the signal-to-noise ratio 
while attempting to extract weak signals from the often 
high levels of atmospheric noise and interference on the 
low bands. Alternative antenna systems have been 
developed and used over the years, such as loops and long 
spans of unterminated wire on or slightly above the 
ground, but the Beverage antenna seems to be the best 
for 160-meter weak-signal reception. The information їп 
this section was prepared originally by Rus Healy, K2UA 
(ex-NJ2L). 
THE BEVERAGE ANTENNA 

А Beverageis simply a directional wire antenna, atleast 
one wavelength long, supported along its length at a fairly 
low height and terminated at the far end in ts characteristic 
impedance. This antenna is shown in Fig 31A. It takes its 
name from its inventor, Harold Beverage, W2BM L. 
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Many amateurs choose to use а single wire Beverage 
because they are easy to Install and they work well. The 
drawback is that Beverages are physically long and they do 
require that you have the necessary amount of real estate to 
install them. Sometimes, a neighbor will allow you to put up 
temporary Beverage for a particular contest or DX pedition 
on his land, particularly during the winter months. 
Beverage antennas can be useful into the HF range, 
but they are most effective at lower frequencies, mainly оп 
160 through 40 meters. The antenna is responsive mostly to 
low-angleincoming waves that maintain a constant (vertical) 
polarization. These conditions are nearly always satisfied 
оп 160 meters, and most of the time an 80 meters. As the 
frequency isincreased, however, the polarization and arrival 
angles are less and less constant and favorable, making 
Beverages less effective at these frequencies. M any amateurs 
have, however, reported excellent performance from 
Beverage antennas at frequencies as high as 14 MHz, 
especially when rain or snow (precipitation) static prevents 
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Fig з1—АЕА, a simple on 
Variable termination impedanci 
autotransformer for the receiver Impedance. At B, а 
portion of a wave from the desired direction is shown 
traveling down the antenna wire. ts tilt angle and 
effective wave angle are also shown. At C, a situation 
logous to the action of a Beverage on an incoming 
Wave is shown, See text for discussion. 


good reception on the Yagi or dipole transmitting antennas 
used on the higher frequencies 


Beverage Theory 

TheBeverage antenna acts like a long transmission line 
with one lossy conductor (the earth], and one good conductor 
(the wire), Beverages have excellent directivity if erected 
properly, but they are quite inefficient because they are 
mounted close to the ground. This is in contrast with the 
terminated long-wire antennas described earlier, which are 
typically mounted high off the ground. Beverage antennas 
are not suitable for use as transmitting antennas. 

Because the Beverage is a traveling wave, terminated 
antenna, it has no standing waves resulting from radio 
signals. As a wave strikes the end of the Beverage from the 
desired direction, the wave induces voltages along the 
antenna and continues traveling in space as well. Fig 318 
shows part of a wave on the antenna resulting from a desired 
signal. This diagram also shows the tilt of the wave. The 
signal induces equal voltages in both directions. The resulting 
Currents are equal and travel in both directions; the 
Component traveling toward the termination end moves 
againstthe waveand thus builds down to a very low level at 
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the termination end. A пу residual signal resulting from this 
direction of currentflow will be absorbed in te termination 
(if the termination is equal to the antenna impedance). The 
component of the signal flowing in the other direction, as 
We will see, becomes a key part of the received signal 

As the wave travels along the wire, the wave in space 
travels at approximately the same velocity. (There is some 
phase delay in the wire, as ие shall see) At any given point 
intime, the wave traveling along in space induces a voltage 
in the wire in addition to the wave already traveling on the 
wire (voltages already induced by the wave). Because these 
two waves are nearly in phase, the voltages add and build 
toward a maximum at the receiver end of the antenna. 

This process can be likened to a series of signal 
generators lined up on the wire, with phase differences 
corresponding to their respective spacings on the wire 
(Fig 31C). At the receiver end, a maximum voltage is 
produced by these voltages adding in phase. For example, 
the wave component induced atthe receiver end of the antenna 
will bein phase (at the receiver end) with a component of the 
same wave induced, say, 270° (or any other distance] down 
the antenna, after it travels to the receiver end, 

In practice, there is some phase shift of the wave on 
the wire with respect to the wave in space. This phase shift 
results from the velocity factor of the antenna, As with any 
transmission line, the signal velocity on the Beverage is 
somewhat less than in free space.) Velocity of propagation 
on a Beverage is typically between 85 and 98% of that in 
free space. As antenna height is increased to a certain 
optimum height (which is about 10 feet for 160 meters), the 
velocity factor increases. Beyond this height, only minimal 
improvement is afforded, as shown in Fig 32. These curves 
are the result of experimental work done in 1922 by RCA, 
and reported in a QST article (November 1922) entitled “The 
WaveAntenna for 200-M eter Reception," by Н. H. Beverage 
The curve for 160 meters was extrapolated from the other 
curves 

Phase shift (per wavelength] is shown asa function of 
velocity factor in Fig 33, and is given by: 


Um - y 

3 

where k = velocity factor of the antenna in percent. 
The signals present on and around a Beverage antenna 

are shown graphically nA through D of Fig 34. These curves 

show relative voltage levels over a number of periods of the 

wave in space and their relative effects in terms of the total 

signal at the receiver end of the antenna. 
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Performance in Other Directions 

The performance of a Beverage antenna in directions 
other than the favored one is quite different than previously 
discussed, Take, for instance, the case of a signal arriving 
perpendicular to the wire (90° either side of the favored 
direction). In this case, the wave induces voltages along the 
wire that are essentially in phase, so that they arrive at the 


vei of Antenna Wre бен) 


Fig 32- Signal velocity on a Beverage increases with 
height above ground, and reaches a practical maximum 
at about 10 feet. Improvement is minimal above this 
height. (The velocity of light is 100%.) 


receiver end more or less out of phase, and thus cancel. (This 
сап be likened to a series of signal generators lined ир 
along the antenna as before, but having no progressive phase 
differences) 

Asaresultof this cancellation, Beverages exhibit deep. 
nulls off the sides. Some minor sidelobes will exist, as with 
‘other long-wire antennas, and will increase in number with 
the length of the antenna, 

їп the case of a signal arriving from the rear of the 
antenna, the behavior of the antenna is very similar to its 
performance in the favored direction. The major difference 
isthatthesignal from the rear adds in phaseat the termination 
end and is absorbed by the termination impedance. Fig 35 
compares the azimuth and elevation patterns for a 
2-2. (1062 foot) anda 1-4 (531 foot) Beverage at 1.83 M Hz. 
The wire is mounted 8 feet above flat ground (to keep it 
above deer antlers and away from humans too) and is 
terminated with a 500-0 resistor in each case, although the 
‘exact value of the terminating resistance is not very critical. 
The ground constants assumed inthis computer model are 
conductivity of 5 mS/m and a dielectric constant of 13. 
Beverage dielectric performance tends to decrease as the 
‘ground becomes better. Beverages operated over saltwater 
do not work as wel as they do over poor ground. 


Long-Wire and Traveling-Wave Antennas 


Fig 33— This curve shows phase shift (per wavelength) 
as a function of velocity factor on a Beverage antenna. 
Once the phase shift for the antenna goes beyond 90°, 
the gain drops off from its peak value, and any 
increase in antenna length will decrease gain. 


For most effective operation, the Beverage should be 
terminated in an impedance equal to the characteristic 
impedance 2, of the antenna. For maximum signal 
transfer to the receiver you should also match the receiver's 
inputimpedanceto the antenna. If the termination impedance 
is not equal to the characteristic impedance of the antenna, 
some part of the signal from the rear will be reflected back 
toward the receiver end of the antenna. 

If the termination impedance is merely an open circuit. 
(no terminating resistor), total reflection will result and the 
antenna will exhibit a bidirectional pattern (still with very 
deep nulls off the sides). А n unterminated Beverage will not 
have the same response to signals in the rearward direction 
as it exhibits to signals in the forward direction because of 
attenuation and reradiation of part of the reflected wave asit 
travels back toward the receiver end, Fig 36 compares the 
response from two 2-1. Beverages, one terminated and the 
other unterminated. Just like a terminated long-wire 
transmitting antenna (which is mounted higher off the ground 
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Fig 34- These curves show the voltages that appear in 
A Beverage antenna over a period of several cycles of 
The wave. Signal strength (at A) is constant over the 
length of the antenna during this period, as is voltage 
induced per unit length in the wire (at B}. (The voltage 
induced in any section of the antenna is the same as. 
the voltage induced in any other section of the same 
size, over the same period of time.) AEC, the voltages 
Induced by an undesired signal from the rearward 
direction add in phase and build to a maximum at the 
termination end, where they are dissipated in th 
termination (if Zem = Zo). The voltages resulting from a 
desired signal arë shown at D. The wave on the wire 
travels closely with the wi and the voltages 
resulting add In phase to a maximum at the receiver 
fend of the antenn: 


than a Beverage, which is meant only for receiving), the 
terminated Beverage has a reduced forward lobe compared 
to its unterminated sibling. The unterminated Beverage 
exhibits about a 5 dB front-to-back ratio for this length 
because of the radiation and wire and ground losses that 
occur before the forward wave gets to the end of the wire. 
If the termination is between the extremes (open circuit 
and perfect termination in Z ¿yy |, the peak direction and 
intensity of signals off the rear of the Beverage will change. 
As а result, an adjustable reactive termination can be 
employed to steer the nulls to the rear of the antenna (see 
Fig 37). This can be of great help in eliminating a local 
interfering signal from a rearward direction (typically 30° to 
40° ether side of the back direction). Such a scheme doesn't 
help much for interfering skywave signals because of 
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Fig 35— At top, azimuthal patterns of a 2- (solid line) 
and a 1- (dashed line) Beverage antenna, terminated 
with 550-2 resistor at 1.83 MHz, atan elevation angle 
0f 10". The rearward pattern around 180° is more than 
20 dB down from the front lobe for each antenna 
‘Above, the elevation-plane patterns. Note the rejection 
of very high-angle signals near 907. 


variations encountered inthe ionosphere that constantly shift 
polarity, amplitude, phase and incoming elevation angles. 

To determine the appropriate value for a terminating 
resistor, you need to know the characteristic impedance 
(surge mpedance Z syr, of the Beverage Its interesting 
to notethat Z., is nota function of the length, just likea 
transmission li 
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where 
Z ¿yy = characteristic impedance of the Beverage = 
terminating resistance needed 


Fig 36— Comparing the azimuthal patterns for a 2-7 
Beverage, terminated (solid line) and unterminated 
(dashed line). 


h = wire height above ground 
d = wire diameter (in the same units as h) 


Another aspect of terminating the Beverage is the 
quality of the RF ground used for the termination, For most 
types of soil a ground rod is sufficient, since the optimum 
value for the termination resistance is in the range of 400 to 
600 Q for typical Beverages and the ground-loss resistance 
is in series with this, Even if the ground-loss resistance at 
the termination pointis as high as 40 or 50 ©, itstill is notan. 
‘appreciable fraction of the overall terminating resistance. For 
soil with very poor conductivity, however (such as sand ог 


rock), you can achieve a better ground termination by laying 
radial wires on the ground at the both the receiver and 
termination ends, These wires need not be resonant quarter. 
wave in length, since the ground detunes them anyway. 
Like the ground counterpoise for a vertical antenna, a number 
of short radials is better than a few long ones. Some 
amateurs use chicken-wire ground screens for their ground 
terminations 

AS with many other antennas, improved directivity and 
gain can be achieved by lengthening the antenna and by 
arranging several antennas into an array. One item that must 
be keptin mind is that by virtue of the velocity factor of the 
antenna, theres some phase shift of the wave on the antenna 
with respect to the wave in space. Because of this phase shift, 
although the directivity will continue to sharpen with 
increased length, there will besome optimum length at which 
the gain of the antenna will peak. Beyond this length, the 
current increments arriving at the receiver end of the antenna 
will no longer be in phase, and will not add to produce a 
maximum signal at the receiver end, This optimum length is 
a function of velocity factor and frequency, and is given by: 
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„maximum effective length 
ignal wavelength in free space (same units as L) 
locity factor of the antenna in percent 


Because velocity factor increases with height to a point, 
as mentioned earlier), optimum length is somewhat longer if 
theantennaheightis increased, The maximum effective length 
also increases with the number of wiresin the antenna system. 
For example, for a two-wire Beverage like the bidirectional 
version shown in Fig 37, the maximum effective length is 
about 20% longer than the singlewire version. A typical 
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Fig 37—A two-wire 


p 
direction switching and 

+ hull steering in the rear 
quadrant. Performance 
improves with height to a 
point, and is optimum for 
1.8-MHz operation at 
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length for asingle-wire L.8-M Hz Beverage made of 426 wire 
and erected 10 feet above ground) is about 1200 feet 


Feed-Point Transformers for 
Single-Wire Beverages 

Matching transformer T1 in Fig 31 is easily con 
structed. Small toroidal ferrite cores are best for this appli 
cation, with those of high permeability (u; = 125 to 5000) 
being the easiest to wind (requiring fewest turns) and hav 
ing the best high-frequency response because few turns are 
used), Trifilar-wound autotransformers are most convenient. 

M ost users are nat concerned with a small amount of 
SWR on the transmission line feeding their Beverages 
For example, let us assume that the 2, of a particular 
Beverage is 525 0 and the terminating resistance is made 
equal to that value, If a standard 3:1 turns-ratio 
autotransformer is used at the input end of the antenna, the 
nominal impedance transformation 50 © x 3*=450 ©. This 
leads to the terminology often used for this transformer as a 
9:1 transformer, referring to its impedance transformation, 
Theresulting SWR on the feed line going back to the receiver 
would be 525/450 = 127:1, not enough to be concerned 
about. Fora Z yyy of 600 0, the SWR is 600/450 = 133:1, 
again nota matter of concern. 

Hence, most Beverage users use standard 9:1 
(450:50 0)  autotransformers, You can make a matching 
transformer suitable for use from 160 to 40 meters using 
eight trifilar turns of #24 enameled wire wound over a stack 
of two Amidon FT-50-75 or two MN CX cores, See Fig 38. 

Make your own trifilar cable bundle by placing three 
3-footlengths of the 424 wire side-by-side and twisting them 
ina hand drill so tha there isa uniform twist about onetwist- 
perinch, This olds the three wires together in a bundle that 
can be passed through the two stacked cores, rather like 
threading a needle. Remember that each time you put the 
bundle through the center of the cores counts as one turn. 

After you finish winding, cut the individual wires to 
leave about l. och leads, sand off the enamel insulation 
and in he wires with a soldering Iron. Identify heindividual 
wires with an ohmmeter and then connect them together 
following Fig 38. Coat the transformer with Q-dope (liquid 
polystyrene) to finalize the transformer. W hite glue will work 
also, See Chapters 25 and 26 and The ARRL Handbook for 
more information on winding toroidal transformers or see 
Chapter 7 (Special Receiving Antennas) of ONU N's Low. 
Band DXing, published by ARRL. 


‘The Two-Wire Beverage 

‘The two-wire antenna shawn in Fig 37 has the major 
advantage of having signals from both directions available 
at the receiver at the flip of a switch between J1 and J2. 
Also, because there are two wires in the system (equal 
amounts of signal voltage re induced in both wires), greater 
signal voltages will be produced. 

A signal from the left direction in Fig 37 induces equal 
voltages in both wires, and equal in-phase currents flow as 
а result. The reflection transformer (T3 at the right-hand 
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Fig 38- Constructing the feed-point transformer for a 
single-wire Beverage. See text for details. 


end of the antenna) then inverts the phase of these signals 
and reflects them back down the antenna toward the receiver, 
using theantenna wires sa balanced open- wire transmission 
line. This signal Is then transformed by T down to the input 
impedance of the receiver (50.0) at) 1. 

Signals traveling from right to left also induce equal 
voltages in each wire, and they travel in phase toward the 
receiver end, through T1, and into T2. Signals from this 
direction are available at 2. 

T1 and T2 are standard 9:1 wideband transformers 
capable of operating from 1.8 to at least 10 MHz. Like any 
two parallel wires making up a transmission lin, the two-wire 
Beverage has a certain characteristic impedance—we'l call it 
Z, here—depending on the spacing between the two wires 
‘and the insulation between them. T3 transforms the terminat- 
ing resistance needed at the end of the line to 2,. Keepin mind 
that this terminating resistance is equal to the characteristic. 
impedance 7, of the Beverage—that is, the impedance of 
the parallel wires over their images in the ground below. For 
example, if Z, of the Beverage wire is 300 0 (that is, you 
used TV twin-lead for the two Beverage wires), T3 must trans- 
form the balanced 300 Q to the unbalanced 500 2 2 
pedance used to terminate the Beverage. 

The design and construction of the reflection 
transformer used ina two-wire Beverage is more demanding 
than that for the straightforward matching transformer T1 
because the exact value of terminating impedance is more 
critical for good F/B. See Chapter 7 (Special Receiving 
Antennas) in ONAUN's Low-Band DXing for details on 
winding the reflection transformers for a two-wire Beverage. 

‘Another convenient feature of the two-wire Beverage 
is the ability to steer the nulls off either end of the antenna 
while receiving in the opposite direction. For instance, if 
the series RLC network shown at ]2 is adjusted while the 
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receiver is connected to J 1, signals can be received from the 
left direction while interference coming from the right can 
be partially or completely nulled. The nulls can be steered 
over a 60" (or more) area off the right-hand end of the 
antenna. The same null-steering capability exists in the 
opposite direction with the receiver connected at J 2 and the 
termination connected atJ 1. 

Thetwo-wire Beverageis typically erected atthesame 
height as a single-wire version. The two wires are at the 
same height and are spaced uniformly—typically 12 to 
18 inches apart for discrete wires. Some amateurs construct. 
two-wire Beverages using “window” ladder-line, twisting 
the line about three twists рег foot for mechanical and 
electrical stability in the wind. 

The characteristic impedance Z ayy of a Beverage 
made using two discrete wires with air insulation between 
them depends on the wire size, spacing and height and is 
given by 


4h р (2h)? 
Zam = хоу] г ү РЕ m 
where 
Z yy = Beverage impedance = desired terminating 
resistance 
S =wire spacing 


h = height above ground 
d = wire diameter (in same units as 5 and h) 


Practical Considerations 
Even though Beverage antennas have excellent directive 


patterns if terminated properly, gain never exceeds about 

~3 dBi inmost practical installations. However, the directivity 

that the Beverage provides results in a much higher signal 
to-noise ratio for signals in the desired direction than almost 
any other real-world antenna used at low frequencies 

A typical situation might bea station located in the US 
Northeast (W1), trying to receive Topband signals from 
Europe to the northeast, while thunderstorms behind him in 
the US Southeast (W4) are creating huge static crashes. 
Instead of listening to an S7 signal with 10-48 over $9 noise 
and interference on a vertical, the directivity of a Beverage 
will typically allow you to copy the same signal at perhaps 
S5 with only 53 (or lower) noise and interference. This is 
certainly a worthwhile improvement. However, if you are 
inthe middle of a thunderstorm, or if there sa thunderstorm 
inthe direction from which you ae trying to receive signal 
по Beverage is going to help you! 

There are a few basic principles that must be kent 
їп mind when erecting Beverage antennas if optimum 
performance is to be realized. 

1) Plan the instalation thoroughly, including choosing an 
antenna length consistent with the optimum length values 
discussed earlier. 

2) Keep theantennaas straight and as nearly level as possible 
over its entire run. Avoid following the terrain under the 
antenna too closely—keep the antenna level with the 
average terrain, 

3) Minimize the lengths of vertical downleads at the ends of 
the antenna, Their effect is detrimental to the directive 
pattern of the antenna, It is best to slope the antenna wire 
from ground level to its final height (over a distance of 
SO feet or so) at the feed-point end, Similar action should 


Fig 39— The. 
fishbone antenna 
provides higher 
gain per acre а 
does a rhombic. t 
is essentially a 
Wave antenna that 
evolved from we 
Beverage. 
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be taken at the termination end. Ве sure to seal the 
transformers against weather, 

4) Use a noninductive resistor for terminating a single wire 
Beverage. If you live in an area where lightning storms 
are common, use 2-W terminating resistors, which can. 
survive surges due to nearby lightning strikes. 

5) Use high-quality insulators for the Beverage wire where 
it comes into contact with the supports. Plastic insulators 
designed for electric fences are inexpensiveand effective. 

6) Keep the Beverage away from parallel conductors such as 
electric power and telephone lines for a distance of at least 
200 feet. Perpendicular conductors, even other Beverages, 
may be crossed with relatively litte interaction, but de 
mot cross any conductors that may pose а safety hazard 

7) Run the coaxial feed line to the Beverage so that it is not 
directly under hespan of the wire. This prevents common: 
‘mode currents from appearing on the shield of the coax. 
It may be necessary to use a ferrite-bead choke on the 
feed linelf you find that the fed lineitself picks up signals 
when it is temporarily disconnected from the Beverage. 
See Chapter 26 for details on common-mode chokes. 

8) If you use elevated radials in your transmitting antenna 
system, keep your Beverage feed lines well away from 
them to avoid stray pickup that will uin the Beverage's 
directivity. 


FISHBONE ANTENNAS 


Another type of wave antenna is the fishbone, which, 
unlike the Beverage, is well suited to use at HF. A simple 
Fishbone antenna is Illustrated in Fig 39, Its impedance is 


re 
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Fig 40—The English HAD fishb. 
version of the standard fishbone. 
ingle-bay antenna fed with 600-2 open-wire ine. 


13-22 Chapter 13 


approximately 400 0. The antenna is formed of closely 
spaced elements that are lightly coupled (capaciivel) to а 
Jong, terminated transmission ine Thecapactrsaechosen 
to have a value that will keep the velocity of propagation of 
RF onthelinemorethan 90% of thatin air. The elements are 
usually spaced approximately 0.1 à (or slightly more) so that 
an average of seven or more elements are used for each full 
wavelength of ransmission-line length This antenna obtains 
Lowangle response primarily as a function of its height, and 
therefore, is generally installed 60 to 120 feet above ground. 
1f the antenna is to be used for transmission (for which itis 
vell suited because of its excellent gain and broadband 
nature), tansmiting typecapactors mustbe used, since they 
must handle substantial current 

TheEnglish HAD fishbone antenna, shown in its two- 
bay form in Fig 40, is less complicated than the one of 
Fig 39. It may be used singly, of course, and may be fed 
with 600-0 open-wire line. Installation and operational 
characteristics are similar to the standard fishbone antenna. 
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‘The se of radio for direction-finding purposes (RDF) 
is almost sold as its application for communications. Radio 
amateurs have learned RDF techniques and found much 
satisfaction by participating in hidden-transmiter hunts. 
Other hams have discovered RDF through an interest in 
boating or aviation, where radio direction finding is used 
for navigation and emergency location systems. 

In many countries of the world, the hunting of hidden 
amateur transmitters takes on the atmosphere of a sport, as 
participants wearing jogging togs or track suits dash toward 
the area where they believe the transmitter is located. The 
sport is variously known as fox hunting, bunny hunting, 
ARDF (Amateur Radio direction finding) or simply 
transmitter hunting. In North America, most hunting of 
hidden transmitters is conducted from automobiles, although 
hunts on foot are gaining popularity. 

Thereare less pleasant RDF applications as well, such 
as tracking down noise sources or illegal operators from 
unidentified stations. Jammers of repeaters, traffic nets and 
other amateur operations can be located with RDF 
equipment, Or sometimes a stolen amateur rig will be 
operated by a person who is not familiar with mateur Radio, 
and by being lured into making repeated transmissions, the 
operator unsuspectingly permits himself to be located with 
RDF equipment. The ability of certain RDF antennas to 
reject signals from selected directions has also been used to 
advantage in reducing noise and interference. Through 
APRS, radio navigation is becoming a popular application 
of RDF. The locating of downed aircraft is another, and one 
in which amateurs often lend their skills, Indeed, there аге 
many useful applications for RDF 

Although sophisticated and complex equipment 
pushing the state of be art has been developed for use by 
governments and commercial enterprises, relatively simple 
equipment can be built at home to offer the Radio Amateur 
ап opportunity to RDF. This chapter deals with antennas 
suitable for that purpose. 


RDF by Triangulation 


Itis impossible, using amateur techniques, to pinpoint 
the whereabouts of a transmitter from a single receiving 
location, With a directional antenna you can determine the 


direction of a signal source, but not how far away itis. To 
find the distance, you can then travel in the determined 
direction until you discover the transmitter location. 
However, that technique can be time consuming and often 
does not work very well 

A preferred technique is to take at least one additional 
direction measurement from а second receiving location. 
Then use a map of the area and plot the bearing or direction 
measurements as straight lines from points on the map 
representing the two locations. The approximate location of 
the transmitter will be indicated by the point where the two 
bearing lines cross, Even better results can be obtained by 
taking direction measurements from three locations and 
using the mapping technique just described. Because 
absolutely precise bearing measurements are difficult to 
obtain in practice, the three lines will almost always cross 
to form a triangle on the map, rather than ata single point. 
The transmitter will usually be located inside the area 
represented by the triangle. Additional information on the 
technique of triangulation and much more on RDF 
techniques may be found in recent editions of The ARRL 
Handbook. 


DIRECTION FINDING SYSTEMS 

Required for any RDF system are adirective antenna 
and a device for detecting the radio signal. In amateur 
applications the signal detector is usually a transceiver and 
for convenienceit will usually havea meter to indicate signal 
strength. Unmodified, commercially available portable or 
mobile receivers are generally quite satisfactory for signal 
detectors. At very close ranges a simple diode detector and 
de microammeter may suffice for the detector, 

‘On the other hand, antennas used for RDF techniques 
are nat generally the types used for normal two-way 
communications. Directivity is a prime requirement, and 
here the word directivity takes on a somewhat different 
meaning than is commonly applied to other amateur 
antennas, Normally we associate directivity with gain, and 
we think of the ideal antenna pattern as one having a long, 
thin main lobe. Such a pattern may be of value for coarse 
measurements in RDF work, but precise bearing 
measurements are not possible. There is always a spread of 
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a few (or perhaps many) degrees on he nose of the lobe, 
Where a shift of antenna bearing produces no detectable 
change in signal strength. In RDF measurements, it is 
desirable to correlate an exact bearing or compass direction 
with the position of the antenna, In order to do this as 
accurately as possible, an antenna exhibiting а null in its 
pattern is used. А null can be very sharp in directivity, to 
within а half degree or less. 


Loop Antennas 
A simple antenna for HF RDF work is a small loop 
tuned to resonance with a capacitor. Several factors must be 
considered in the design of an RDF loop. The loop must be 
small in circumference compared with the wavelength. Ina 
single-turn loop, the conductor should be less than 0.08 A. 
long. For 28 MHz, this represents a length of less than 
34 inches (a diameter of approximately 10 inches) 
Maximum response from the loop antenna is in the plane of 
the оор, with nulls exhibited at right angles to that plane. 

To obtain the most accurate bearings, the loop must be 
balanced dectrostatically with respect to ground. Otherwise, 
the loop will exhibit two modes of operation. One is the 
made of a true oop, while the other is that of an essentially 
nondirectional vertical antenna of small dimensions. This 
second mode is called the antenna effect. The voltages 
introduced by the two modes are seldom in phase and may 
add or subtract, depending upon the direction from which 
the wave ls coming, 

The theoretical true loop pattern is illustrated in 
Fig 18. When properly balanced, the loop exhibits two nulls 
that are 180° арап. Thus, a single null reading with a small 
loop antenna will nt indicate the exact direction toward the 
transmitter only the line along which the transmitter les 
Ways to overcome this ambiguity re discussed later. 

When the antenna effect is appreciable and the loop is 
tuned to resonance, the loop may exhibit ittie directivity, as 


f antenna effect- the undesired response of the loop. 
acting merely as a mass of metal connected to the 
receiver antenna terminals. The straight lines show the 
Plane of the loop. 
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shown in Fig 1B. However, by detuning the loop to shiftthe 
phasing, a pattern similar to 1C may be obtained. A though 
this pattern is not symmetrical, it does exhibit a null. Even 
so, the null may not be as sharp as that obtained with a loop 
thats well balanced, and it may not be at exact right angles 
to the plane of the loop. 

By suitable detuning, the unidirectional cardioid pattern 
of Fig 1D may be approached. This adjustment is sometimes 
used їп RDF work to obtain a unidirectional bearing, 
although there is no complete null in the pattern. A cardioid 
pattern can also be obtained with a small loop antenna by 
adding a sensing element. Sensing elements are discussed 
in a later section of this chapter, 

Ап electrostatic balance can be obtained by shielding 
the loop, as Fig 2 shows. The shield is represented by the 
broken lines in the drawing, and eliminates the antenna 
effect. The response of a well-constructed shielded loop is 
quite clase to the ideal pattern of Fig 1A 

For the low-frequency amateur bands, single-turn loops 
of convenient physical size for portability are generally found 
to be unsatisfactory for RDF work. Therefore, multiturn 
loops are generally used instead. Such a loop is shown in 
Fig 3. This loop may also be shielded, and if the total 
conductor length remalns below 0.08 2, the directional 
pattern is that of Fig 1A. A sensing element may also be 
used with a multiturn loop. 


Loop Circuits and Criteria 

No single word describes a direction-finding loop of 
high performance better than symmetry. To obtain an 
undistorted response pattern from this type of antenna, you 
‘must build itin the most symmetrical manner possible. The 
next key word is balance. The bette the electrical balance, 
the deeper the loop null and the sharper the maxima. 


Fig 3— Small loop consisting of several turns of wire. 
The total conductor length is very much less than а 
wavelength. Maximum response is in the plane of the 
loop. 


The physical size of the loop for 7 MHz and below is 
пого! major consequence. А 4-foot diameter loop will exhibit 
the same electrical characteristics ав one which is only ап 
inch or two in diameter, The smaller the loop, however, the. 
lower its efficiency. This is because its aperture samples а 
smaller section of the wave front. Thus, if you use loops. 
that are very small in terms of a wavelength, you will need 
preamplifiers to compensate for the reduced efficiency. 

An important point to keep in mind about a small loop 
antenna oriented in a vertical plane is that it is vertically 
polarized. It should be fed at the bottom for the best null 
response. Feeding it at one side, rather than at the bottom, 
will not alter the polarization and will only degrade. 
performance To obtain horizontal polarization from a small 
Toop, it must be oriented in a horizontal plane, parallel to 
the earth. In this position the loop response is essentially 
‘omnidirectional 

The earliest loop antennas were of the frame antenna 
variety. These were unshielded antennas built on a wooden 
frame in a rectangular format. The loop conductor could bea 
single turn of wire (on the larger units) ог several turns if the 
framewas small. Later, shielded versions of the frame antenna 
became popular, providing electrostatic shielding— an aid to 
noise reduction from such sources as precipitation static 


Ferrite Rod Antennas 

With advances in technology, magnetic-core loop 
antennas came into use. Their advantage was reduced size, 
and this appealed especially to the designers of aircraft and 
portable radios. М ost of these antennas contain ferite bars 
or cylinders, which provide high inductance and Q with a 
relatively small number of сой turns, 

Magnetic-core antennas consist essentially of turns of 
wire around a ferrite rod. They are also known as loopstick 


antennas. Probably the best-known example of this type of 
antennais that used in small portableA M broadcast receivers. 
Becauseof ther reduced size advantage ferrite-rod antennas 
are used almost exclusively for portable work at frequencies. 
below 150 MHz 

As implied in the earlier discussion of shielded loops 
in this chapter, the true loop antenna responds to the mag 
netic field of the radio wave, and not to the electrical field. 
The voltage delivered by the loop is proportional to the 
amount of magnetic flux passing through the coll, and to 
the number of turnsin the сой. The action is much the same 
as in the secondary winding of a transformer. For a given 
size of loop, the output voltage can be increased by increas 
ing the flux density, and this is done with a ferrite core of 
high permeability. A inch diameter, T-inch rod of Q2 
ferite lu = 125) is suitable for a loop core from the broad 
cast band through 10 M Hz. For increased output, the tums 
may be wound on two rods that are taped together, as shown 
in Fig 4. Loopstick antennas for construction are described 
later in this chapter. 

Maximum response of the loopstick antenna is 
broadside to the axis of the rod as shown in Fig 5, whereas 
maximum response of the ordinary loop is in a direction at 
right angles to the plane of the loop. Otherwise, the 
performances of the ferrite-rod antenna and of the ordinary 
loop are similar. The loopstick may also be shielded to 
eliminate the antenna effect, such as with a U-shaped or 
C-shaped channel of aluminum or other form of trough. The 
length of the shield should equal or slightly exceed the length 
of the rod 


Sensing Antennas 

Because there are two nulls that are 180° apart in the 
directional pattern of a loop or a loopstick, an ambiguity 
exists as to which one indicates the true direction of the 
station being tracked. For example, assume you take а 
bearing measurement and the result indicates the transmitter 
is somewhere on a line running approximately east and west 


Fig 4— А ferrite-rod or loopstick antenna. Turns of wire 
тау be wound on a single rod, or to increase the 
Output from the loop, the core may be two rods taped 
together, as shown here. The type of core material must 
be selected for the intended frequency range of the. 
loop. То avoid bulky windings, fine wire such as 428 

ог #0 is often used, with larger wire for the leads. 
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Fig 5— Field pattern for а ferrite rod antenna. The dark 
bar represents the rod on which the loop turns are 
wound. 


from your position. With this single reading, you have no 
way of knowing for sure if the transmitter is east of you or 
west of you. 

If more than one receiving station takes bearings on a 
single transmitter, or if a single receiving station takes 
bearings from more than one position on the transmitter, the 
ambiguity may be worked out by triangulation, as described 
earlier. However, it is sometimes desirable to have a pattern 
with only one null, so there sno question about whether the 
transmitter in the above example would be east or west from. 
your position 

A loop or loopstick antenna may be made to have a 
singlenull if a second antenna element is added. The element. 
is called a sensing antenna, because it gives an added sense 
of direction to the loop pattern. The second element must be 
‘omnidirectional, such as a short vertical. When the signals 
from the loop and the vertical element are combined with a 
90° phase shift between the two, a cardioid pattern results. 
The development of the pattern is shown in Fig 6A. 

Fig 68 shows a circuit for adding a sensing antenna to 
‘loop or loopstick. R is an internal adjustment and is used 
to set the leve! of the signal from the sensing antenna. For 
the best null in the composite pattern, the signals from the 
loop and the sensing antenna must be of equal amplitude, so 
RL is adjusted experimentally during setup. In practice, the 
null of the cardioid is not as sharp as that of the loop, so the 
usual measurement procedure is to first use the loop alone 
ta obtain a precise bearing reading, and then to add the 
sensing antenna and take another reading to resolve the 
ambiguity. (The null of the cardioid is 90° away from the 
nulls of the loop.) For this reason, provisions are usually 
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ALA, the directivity pattern of a loop antenna 
with sensing element. AtB is a circuit for combining 
the signals from the two elements. C1 is adjusted for 
resonance with TI at the operating frequency. 


made for switching the sensing element in an out of 
operation. 


PHASED ARRAYS 

Phased arrays are also used in amateur RDF work. Two 
general classifications of phased arrays are end-fire and 
broadside configurations, Depending оп the spacing and 
phasing of the elements, end-fire patterns may exhibita null 
in one direction along the axis of the elements. At the same 
time, the response is maximum off the other end of the axis, 
in the opposite direction from the null. A familiar 


arrangement is two elements spaced 112, apart and fed 90° 
out of phase. The resultant pattern is a cardioid, with the 
null in the direction of the leading element. Other 
arrangements of spacing and phasing for an end-fire array 
are also suitable for RDF work. One of the best known is 
the Adcock array, discussed in the next section. 

Broadside arrays are inherently bidirectional, which 
means there are always at least two nulls in the patter, 
Ambiguity therefore exists in the true direction of the 
transmitter, but depending on the application, this may be 
по handicap, Broadside arrays are seldom used for amateur 
RDF applications however, 

The Adcock Antenna 

Loops are adequate in RDF applications where only 
the ground wave is present. The performance of an RDF 
system for sky-wave reception can be improved by the use 
of an Adcock antenna, one of the most popular types of end: 
fire phased arrays. A basic version is shown in Fig 7. 

"This system was invented by F, Adcock and patented 
in 1919. Thearray consists of two vertical elements fed 180° 
apart, and mounted so the system may be rotated. Element 
spacing is not critical, and may be in the range from 0.1 to 
0.75 A The two elements must be of identical lengths, but 
need not be self-resonant. Elements that are shorter than 
resonant are commonly used, Because neither the element. 
spacing nor the length is critical in terms of wavelengths, an 
‘Adcock array may be operated over mare than one amateur 
band, 

‘The esponseof theA dcock array to vertically polarized 
waves is similar to a conventional loop, and the directive 
pattern is essentially the same. Response of the array to а 
horizontally polarized wave is considerably different from 
that of а loop, however. The currents induced in the 
horizontal members tend to balance out regardless of the 
orientation of the antenna, This effect has been verified 
in practice, where good nulls were obtained with an 


experimental A dcock under sky-wave conditions. The same 
circumstances produced poor nulls with small loops (both 
conventional and ferite-loop models] 

Generally speaking, the A dcock antenna has attractive 
properties for amateur RDF applications. Unfortunately, its 
portability leaves something to be desired, making it more 
Suitableto fixed or semi- portable applications. W hilea metal 
Support for the mast and boom could be used, wood, PVC 
or fiberglass are preferable because they are nonconductors 
and would therefore cause less pattern distortion, 

Sincethe атау is balanced, an antenna tuner is required 
to match the unbalanced input of a typical receiver. Fig 8 
shows a suitable link-coupled network. C2 and СЗ are nul 
balancing capacitors. A low-power signal source is placed 
some distance from the A dcock antenna and broadside to it. 
C2and СЗ arethen adjusted until the deepest null s obtained, 
The tuner can be placed below the wiring-harness junction 
оп the boom. Connection can be made by means of a short 
length of 300-0 twin- lead. 

The radiation pattern of the Adcock is shown in 
Fig 9A. The nulls are in directions broadside to the array, 
and become sharper with greater element spacings. However, 
with an element spacing greater than 0.75 A, the pattern 
begins to take on additional nulls in the directions off e 
ends of the array axis. Ata spacing of 12 the pattern is that 
of Fig 9B, and the array is unsuitable for RDF applications. 

Short vertical monopoles are often used in what is 
sometimes called the U-Adcock, so named because the 
elements with their feeders take on the shape of the letter U 
Inthis arrangement the elements are worked against e earth 
as a ground or counterpoise, If the array is used only for 
reception, earth losses are of no great consequence. Short, 
elevated Vertical dipoles are also used in what is sometimes 
called the H-Adcock 

TheA dcock array, with two nulls in its patter, has the 
same ambiguity as the loop and the loopstick. Adding 
sensing element to the A dcock array has not met with great 


dus 


Fig 7—A simple Adcock antenna. 


Fig 8A suitable coupler for use with the Adcock 
Antenna. 
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Fig 9—At A, the pattern of the Adcock array with an element spacing of t wave 
igned with the horizontal axis. As the element spacing is increased beyon 
develop off the ends of the array, and at a spacing of 1 wavelength 


Unsuitable for RDF work. 


success, Difficulties arise from mutual coupling between the 
array elements and the sensing element, among other things. 
Because Adcock arrays are used primarily for fixed-station 
applications, the ambiguity presents no serious problem. The 
fixed station is usually one ofa group of stations in an RDF 
network 


LOOPS VERSUS PHASED ARRAYS 
‘Although loops can be made smaller than suitable 
phased arrays for the same frequency of operation, the phased 
arrays are preferred by some for a variety of reasons. In 
general, sharper nulls can be obtained with phased arrays, 
but this is also a function of the care used in constructing 
and feeding the individual antennas, as well as of the size of 
the phased array in terms of wavelengths. The primary 
constructional consideration isthe shielding and balancing 
of the feed line against unwanted signal pickup, and the 
balancing of the antenna for a symmetrical pattern. 

Loops arenot as useful for skywave RDF work because 
of random polarization of the received signal. Phased arrays 
are somewhat less sensitive to propagation effects, probably 
because they are larger for the same frequency of operation 
and therefore offer some space diversity. In general, loops 
and loopsticks are used for mobile and portable operation, 
while phased arrays are used for fixed-station operation. 
However, phased arrays are used successfully above 
144 MHz for portable and mobile RDF work. Practical 
examples of both types of antennas are presented later in 
this chapter. 


THE GONIOMETER 


Most fixed RDF stations for government and 
Commercial work use antenna arrays of stationary elements, 
rather than mechanically rotatable arrays. This has been true 
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nth. In these plots the elements 
‘wavelength, additional nulls 
le pattern at B exists. This pattern is 


since the earliest days of radio, The early-day device that 
permits finding directions without moving the elements is 
called a radiogoniometer, or simply a goniometer. Various 
types of goniometers are still used today in many 
installations, and offer the amateur some possibilities. 

‘The early style of goniometer is a special form of RE 
transformer, as shown in Fig 10. It consists of two fixed 
coils mounted at right angles to one another. Inside the fixed 
coils is a movable coil, not shown in Fig 10 to avoid 
cluttering the diagram. The pairs of connections marked А 
‘and B are connected respectively to two elements in an array 
and the output to the detector or receiver is taken from the 
movable сой. As the inner сой is rotated, the coupling to 
one fixed coil increases while that to the other decreases, 


Fig 10— An early type of goniometer that is still used 
today in some RDF applications. This device is a 
special type of RF transformer that permits a movable 
Coll in the center (not shown here) to be rotated and 
‘determine directions even though the elements are 
Stationary. 


Both the amplitude and the phase ofthe signal coupled into 
the pickup winding are altered with rotation in a way that 
corresponds to actually rotating the array itself. Therefore, 
the rotation of the inner coil can be calibrated in degrees to 
correspond to bearing angles from the station location. 

In the early days of radio, the type of goniometer just 
described saw frequent use with fixed Adcock arrays. A 
refinement of that system employed four A dcock elements, 
two arrays at right angles to each other. With a goniometer 
arrangement, RDF measurements could be taken in all 
compass directions, as opposed to none off the ends of a 
two-element fixed array. However, resolution of the 4 
element system was not as good as with a single pair of 
elements, probably because of mutual coupling among the 
elements. To overcome this difficulty afew systems of eight 
elements were installed, 

Various other types of goniometers have been developed. 
over the years, such as commutator switching to various 
elements in the array. A later development is the diode 
Switching of capacitors to provide a commutator effect. As 
mechanical action has gradually been replaced with electronics 
to "rotate" stationary elements, the word goniometer is used 
less frequently these days. However, it still appears in many 
engineering reference texts. The тоге complex electronic 
systems of today are called beam-forming networks. 

Electronic Antenna Rotation 

With an array of many fixed elements, beam rotation 
canbe performed electronically by sampling and combining 
signals from various individual elements in the array. 
Contingent upon the total number of elements in the system 
and their physical arrangement, almost any desired antenna 
pattern can be formed by summing the sampled signals in 
appropriate amplitude and phase relationships. Delay 
networks are used for some of the elements before the 
summation is performed. In addition, attenuators may be 
used for some elements to develop patterns such as from an 
array with binomial current distribution 

One system using these techniques is the Wullenweber 
antenna, employed primarily in government and military 
installations. The Wullenweber consists of a very large 
number of elements arranged in a circle, usually outside of 
(or in front of) a circular reflecting screen. Depending on 
the installation, the circle may be anywhere from a few 
hundred feet to more than a quarter of a mile in diameter. 
Although the Wullenweber is not one that would be 
constructed by an amateur, some of the techniques it uses 
тау certainly be applied to Amateur Radio. 

For the moment, consider just two elements of a 
Wullenweber antenna, shown as А and B in Fig 11. Also 
shown is the wavefront of a radio signal arriving from a 
distant transmitter. A s drawn, the wavefront strikes element. 
A first, and must travel somewhat farther before it strikes 
element B. Thereis a finite time delay before the wavefront 
reaches element B. 

‘The propagation delay may be measured by delaying 


Fig 11—This diagram illustrates one technique used in 

electronic beam forming. By delaying the signal from 
ment A by an amount equal to the propagation delay, 

the two signals may be summed precisely in phase, 

even though the signal is not in the broadside 

direction, Because this time delay is identical for all 

frequencies, the system is not frequency sensitive. 


the signal received atelementA before summing itwith that 
from element В. If the two signals are combined directly, 
the amplitude of the resultant signal will be maximum when 
thedelay forelement exactly equals the propagation delay. 
This results in an in-phase condition atthe summation point. 
Or if one of the signals is inverted and the two are summed, 
a null will exist when the element-A delay equals the 
propagation delay; the signals will combine in а 180° out: 
of-phase relationship. Either way, once the time delay is 
known, it may be converted to distance. Then the direction 
from which the wave Is arriving may be determined by 
trigonometry, 

By altering the delay in small increments, the peak of 
the antenna lobe (or the null) can be steered in azimuth. This 
is true without regard to the frequency of theincoming wave. 
Thus, as long as the delay is less than the period of one RF 
cycle, the system is not frequency sensitive, other than for 
the frequency range that may be covered satisfactorily by 
thearray elements themselves. Surface acoustic wave (SAW) 
devices or lumped-constant networks can be used for delay 
lines in such systems if the system is used only for receiving. 
Rolls of coaxial cable of various lengths are used in 
installations for transmitting. In this case, the lines are 
considered for the time delay they provide, rather than as 
simple phasing lines. The difference is that a phasing line is 
ordinarily designed for a single frequency (or for an amateur 
band), while a delay line offers essentially the same time 
delay at all frequencies, 

By combining signals from other Wullenweber 
elements appropriately, the broad beamwidth of the pattern 
from the two elements can be narrowed, and unwanted 
sidelobes can be suppressed. Then, by electronically 
Switching the delays and attenuations to the various elements, 
the beam so formed can be rotated around the compass. The 
package of electronics designed to do this, including delay 
lines and electronically switched attenuators, is the beam. 
forming network. However, the Wullenweber system is not 
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restricted to forming а single beam. With an isolation 
amplifier provided for each element of the array, several 
beamforming networks can be operated independently. 
Imagine having an antenna system that offers a dipole 
pattern, a rhombic pattem, and a Yagi beam pattern, al 
simultaneously and without frequency sensitivity. One or 
more may be rotating while another is held in а particular 
direction, The Wullenweber was designed to fulfill this type 
of requirement. 

One feature of the Wullenweber antenna is that it can 
operate 360° around the compass, In many government 
installations, thereis no need for such coverage, as the areas 
of interest lie in an azimuth sector. In such cases an in-line 
array of elements with a backscreen or curtain reflector may 
be installed broadside to the center of the sector. By using 
the same techniques as the Wullenweber, the beams formed 
from this атау тау be slew ed left and right across the sector. 
The maximum sector width available will depend on the 
installation, but beyond 70° to 80° the patterns begin to 
deteriortetothepointthat they are unsatisfactory for precise 
RDF work. 


RDF SYSTEM CALIBRATION AND USE 

Once an RDF system is initially assembled, it should 
be calibrated or checked out before actually being put into 
use. Of primary concern is the balance or symmetry of the. 
antenna pattern. А lop-sided figure-B pattern with a loop, 
for example, is undesirable; the nulls are not 180° apart, nor 
are they at exact right angles to the plane of the loop. If you 
didn't know this fact in actual RDF work, measurement 
accuracy would suffer. 

Initial checkout can be performed with a low-powered 
transmitter at a distance of a few hundred feet, It should be 
within visual range and must be operating into a vertical 
antenna, (A quarter-wave vertical or a loaded whip is quite 
suitable. The site must be reasonably clear of obstructions, 
especially steel and concrete or brick buildings, large metal 
objects, nearby power lines, and so on. If the system operates 
above 30 M Hz, you should also avoid trees and large bushes. 
An open field makes an excellent site. 

The procedure is to find the transmitter with the RDF 
equipment as if its position were not known, and compare 
the RDF null indication with the visual path to the transmitter 
For antennas having more than one null, each null should 
be checked 

If imbalance is found in the antenna system, there are 
two options available, One is to correct the imbalance. 
Toward this end, pay particular attention to the feed line. 
Using а coaxial feeder for a balanced antenna invites an 
asymmetrical pattern, unless an effective balun is used. А 
balun is not necessary if the loop is shielded, but an 
asymmetrical pattern can result with misplacement of the 
break in the shield itself. The builder may also find that the 
presence of a sensing antenna upsets the balance slightly, 
due to mutual coupling. Experiment with its position with 
respect to the main antenna to correct the error. You will 
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also note that the position of the null shifts by 90° as the 
sensing element is switched in and out, and the null is not as 
deep. This is of litle concern, however, as the intent of the 
sensing antenna is only to resolve ambiguities. The sensing 
element should be switched out when accuracy Is desired 

The second option is to accept the imbalance of the 
antenna and use some kind of indicator to show the true 
directions of the nulls. Small pointers, painted marks on the 
таз, or an optical sighting system might be used, Sometimes 
the end result of the calibration procedure will be a 
compromise between these two options, as a perfect 
electrical balance may be difficult or impossible to attain. 

The discussion above is oriented toward calibrating 
portable RDF systems. The same general suggestions apply 
if the ADF array is fixed, such as an Adcock, However, It 
won't be possible to move it to an open field. Instead, the 
array must be calibrated in its intended operating position 
through the use of a portable or mobile transmitter Because 
of nearby obstructions or reflecting objects, the nul in the 
pattern may not appear to indicate the precise direction of 
the transmitter, Do not confuse this with imbalance in the 
RDF array. Check for imbalance by rotating the array 180° 
and comparing readings. 

Once the balance is satisfactory, you should make а 
table of bearing errors noted in different compass directions, 
These error values should be applied as corrections when 
actual measurements are made, The mobile or portable 
transmitter should be at a distance of two or three miles for 
these measurements, and should be in as clear an area as 
possible during transmissions. The idea is to avoid 
conduction of the signal along power lines and other 
overhead wiring from the transmitter to the RDF Ste OF 
course the position of the transmitter must be known 
accurately for each transmission, 


FRAME LOOPS 

It was mentioned earlier that the earliest style of 
receiving loops was the frame antenna, If carefully 
constructed, such an antenna performs well and can be built 
atlow cost Fig 12 illustrates the details of a practical frame 
type of loop antenna, This antenna was designed by Doug 
DeM aw, W1FB, and described in QST for July 1977. (See 
the Bibliography at the end of this chapter.) T he circuit in 
Fig 12A isa S-turn system tuned to resonance by C1. If the 
layoutis symmetrical, good balance should be obtained. L2 
helps to achieve this objective by eliminating the need for 
direct coupling to the feed terminals of L1. If the loop feed 
were attached in parallel with C1, a common practice, the 
chance for imbalance would be considerable, 

L2 can be situated just inside or slightly outside of L 1; 
a -inch separation works nicely. The receiver or preamplifier 
сап be connected to terminals A and B of L2, as shown in 
Fig 128. C2 controls the amount of coupling between the. 
loop and the preamplifier. Thelighter the coupling, the higher 
is the loop Q, the narrower is the frequency response, and 
the greater is the gain requirement from the preamplifier, It. 


Fig 12—A multitur frame antenna is shown at A. L2 is 
the coupling loop. The drawing at B shows how L2 is 
connected to a preamplifier. 


should be noted that no attempt is being made to match the 
extremely low loop impedance to the preamplifier. 

A supporting frame for the loop of Fig 12 can be 
constructed of wood, as shown in Fig 13. The dimensions 
given are for a 1.8-M Hz frame antenna. For use on 75 or 40 
meters, L1 of Fig 12A will require fewer turns, or the sizeof 
the wooden frame should be made somewhat smaller than 
thatof Fig 13. 


SHIELDED FRAME LOOPS 

If electrostatic shielding is desired, the format shown 
in Fig 14 can be adopted. In this example, the loop conductor 
and the single-turn coupling loop are made from RG-58 
coaxial cable. The number of loop turns should be sufficient 
to resonate with the tuning capacitor at the operating 
frequency. Antenna resonance can be checked by first 
connecting C1 (Fig 12A) and setting it at midrange. Then 
connect a small 3-turn coll to the loop feed terminals, and 
couple to it with a dip meter, Just remember thatthe pickup 
сой will act to lower the frequency slightly from actual 
resonance. 
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‘wooden frame can Бе used to contain the 
wire of the loop shown In Fig 12. 


Fig 13. 


Fig 14—An assembled table-top version of the 
tlectrostaticaly shielded loop. RG-38 cable is used 
in its construction. 
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In the antenna photographed for Fig 14, the -turn 
coupling loop was made of 422 plasic-Insulated wire. 
However, electrostatic noise pickup occurs on such а 
coupling loop, noise of the same nature that the shield on 
the main loop prevents. This can be avoided by using RG 
58 for the coupling loop. The shield of the coupling loop 
Should be opened for about 1 inch at the ор, and each end 
of the shield grounded to the shield of the main loop. 

Larger single-tur frame loops can be fashioned from 
aluminum acketed Hardline, I that style of coax is available. 
In either case, the shield conductor must be opened at the 
electrical center of the loop, as shown in Fig 15 A and 8 
The design example is for 1.8-M Hz operation. 

To realize the best performance from an electro 
statically shielded loop antenna, you must operate it near to 
and directly above an effective ground plane. An automobile 
roof (metal) qualifies nicely for small shielded loops. For 
Tixed-station use, a chicken-wire ground screen canbe placed 
below the antenna at a distance of 1 to 6 feet 
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Fig 15— Components and 


sembly details of the 
Shielded loop shown in Fig 14. 
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FERRITE-CORE LOOPS 

Fig 16 contains a diagram for a rod loop (Ioopstick 
antenna. This antenna was also designed by Doug D eM aw 
WB, and described in QST for July 1977. The winding 
(L1) astheappropriatenumber of turns to permit resonance 
with С1 at the operating frequency. L should be spread 
over approximately ‘ofthe core center. Lite wire will yield 
the best Q, but Formvar magnet wire can be used if desired, 
A layer of 3M Company glass tape (or M ylar tape) is 
recommended as a covering for the core before adding the 
wire. Masking tape can be used if nothing else is available. 

L2 functions as а coupling link over the exact center 
of L1. C1 is a dual-section variable capacitor, although а 
differential capacitor might be better toward obtaining 
optimum balance. The loop Q is controlled by means of C2, 
which is a mica-compression timmer. 

Electrostatic shielding of rod loops can be effected by 
centering the rod in a U-shaped aluminum, brass or copper 
channel, extending slightly beyond the ends of the rod loop 
(Linch is suitable). The open side (top) ofthe channel can't 
be closed, as that would constitute a shorted turn and render 
the antenna useless. This can be proved by shorting across 
the center of the channel with a screw driver blade when the 
loop Is tuned to an incoming signal The shield-braid gap in 
the coaxial loop of Fig 15 is maintained for the same reason. 

Fig 17 shows the shielded rod loop assembly. This 
antenna was developed experimentally for 160 meters and 
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Fig 16— AEA, the di 
section air.variable. 
loop contained in an electrostatic shield channel (see 
text. A suitable low-noise preamplifier is shown in Fig 19. 


Fig 17—The assembly atthe top of the picture is a 
shielded ferrite-rod loop for 160 meters: Two rods has 
been glued end to end (see text). The other units in the 
picture are a low-pass filter (lower left), broadband 
Preamplifier lower center) and a Tektronix step 
Attenuator (lower right). These were part of the test 
Setup used when the antenna was evaluated. 


uses two T-inch ferrite rods, glued together end-to-end with 
epoxy cement. The longer core resulted in improved 
sensitivity for weak-signal reception. The other items in the 
Photograph were used during the evaluation tests and are 
not pertinent to this discussion. This loop and the frame loop 
discussed in the previous section have bidirectional nulls, 
as shown in Fig 1A, 


Obtaining a Cardioid Pattern 

Although the bidirectional pattern of loop antennas can 
be used effectively in tracking down signal sources by means 
of triangulation, an essentially unidirectional loop response 
will help to reduce the time spent finding the fox. Adding а 
sensing antenna tothe oop is simpleto do, andit will provide 
the desired cardioid response. The theoretical pattern for this 
combination is shown in Fig 10 

Fig 18 shows how a sensing element can be added to a 
loop or loopstick antenna. The link from the loop is 
connected by coaxial cable to the primary of T1, which is a 
tuned toroidal transformer with a split secondary winding. 
C3 is adjusted for peak signal response at the frequency of 
interest (as is C4), then R1 is adjusted for minimum back 
response of the loop. It will be necessary to readjust C3 and 
RI several times to compensate for the interaction of these 
controls, The adjustments are repeated until no further null 
depth can be obtained, Tests atA RAL Headquarters showed 
that null depths as great as 40 dB could be obtained with the 
circuit of Fig 18 on 75 meters. A near-field weak-signal 
source was used during the tests, 

‘The greater the null depth, the lower the signal output 
from the system, so plan to include а preamplifier with 
25 to 40 dB of gain. Q1 shown in Fig 18 will deliver 
‘approximately 15 dB of gain. The circuit of Fig 19 can be 
used following T2 to obtain an additional 24 dB of gain. In 
the interest of maintaining а good noise figure, even at 
1.8 MHz, Q1 should be a low-noise device. A 2N4416, an 
MPF102, or a 40673 MOSFET would be satisfactory. The 
sensing antenna can be mounted 6 to 15 inches from the 
loop. The vertical whip need not be more than 12 to 20 inches 
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Fig 18- Schematic 
diagram of a rod-loop 
Antenna with a cardioid 
response. The sensing 
Antenna, phasing 


2 Also. The secondary of T1 
sao ue Ind the primary of T2 are 
tuned to resonance at. 
the operating frequency 
of the loop. T-68-2 to 
T-68-6 Amidon toroid 
cores are suitable for 
both transformers. 
‘Amidon also sells ferrite 
at rods for this type of. 
antenna, 
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Fig 19— Schematic diagram of a two-stage broadband amplifier patterned after a design by Wes Hayward, W7ZOI. 
TIand T2 have a 4:1 impedance ratio and are wound on FT-50-61 toroid cores (Amidon) which have au of 125. 
They contain 12 turns of #24 enamel wire, bifilar wound. The capacitors are disc ceramic. This amplifier should 


be built on double-sided circuit board for best stability. 


long. Some experimenting may be necessary in order to 
obtain the best results. Optimization will also change with 
the operating frequency of the antenna. 


A SHIELDED LOOP WITH 
SENSING ANTENNA FOR 28 MHz 

Fig20showstheconstruction and mounting of asimple 
shielded 10-meter loop. The loop was designed by Loren 
Norberg, WOPY G, and described in QST for April 1954. 
(See the Bibliography at the end of this chapter) It is made 
from an 18-inch length of RG-11 coax (ether solid or foam 
dielectric) secured to an aluminum box of any convenient 
size, with two coaxial cable hoods (A mphenol 83-1HP). The 
outer shield must be broken at the exact center. C1 is а 
25-pF variable capacitor, and is connected in parallel with а 
33-pF fixed mica padder capacitor, СЗ. C1 must be tuned to 
the desired frequency while the loop is connected to the 
receiver in the same way as it will be used for RDF. C2 isa 
small differential capacitor used to provide electrical 
symmetry. The lead-in to the receiver is 67 inches of 6-59 
(82 inches if the cable has a foamed dielectric). 

The loop can be mounted on the roof of the car with а 
rubber suction cup. The builder might also fabricate some 
Kind of bracket assembly to mount the loop temporarily in 
the window opening of the automobile, allowing for loop 
rotation, Reasonably true bearings may be obtained through 
the windshield when the car is pointed in the direction of 
the hidden transmitter. More accurate bearings may be 
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‘obtained with the loop held out the window and the signal 
‘coming toward that side of the car. 

Sometimes the car broadcast antenna may interfere with 
accurate bearings, Disconnecting the antenna from the 
broadcast receiver may eliminate tis trouble. 


Sensing Antenna 

A sensing antenna can be added to Norberg'sloop above 
to determine which of the two directions indicated by the 
loop is the correct one. A dd a phono jack to the top of the 
aluminum case shown in Fig 20. The insulated center terminal 
of the jack should be connected to the side of the tuning 
capacitors that is common to the center conductor of the 
RG-59 coax feed line. The jack then takes а short vertical 
antenna rod of the diameter to fit the jack, or a piece of #12 
ог #14 solid wire may be solderedto the center pin of a phono 
plug for insertion in the jack. The sensing antenna can be 
plugged in as needed. Starting with a length of about four 
times the loop diameter, the length of the sensing antenna. 
should be pruned until the pattern is similar to that of Fig 1D. 


THE SNOOP LOOP— FOR 
CLOSE-RANGE HF RDF 

Picture yourself оп a hunt for a hidden 28-MHz 

transmitter The night is dark, very dark. After you take off 

at the start of the hunt, heading in the right direction, the. 

Signal gets stronger and stronger, Your excitement increases 

with each additional S unit on the meter, You follow your 
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Fig 20- Sketch showing the constructional details of 
the 28-MHz RDF loop. The outer braid of the coax loop 
is broken at the center of the loop. The gap is covered 
with waterproof tape, and the entire assembly is given 
A coat of acrylic spray. 


loop closely, and itis working perfectly. You're getting out 
of town and into the countryside. The roads are unfamiliar. 
Now the null is beginning to swing rather rapidly, showing 
that you are getting close. 

Suddenly the null shifts to give a direction at right 
angles to the car. With your flashlight you look carefully 
across the deep ditch beside the road and into the dark field 
Where you know thetransmitter is hidden. There areno roads 
into the field as far as you can see in either direction, You 
dare not waste miles driving up and down the road looking 
for an entrance, for each tenth of a mile counts. But what to 
do?— Your HF transceiver is mounted in your car and 
requires power from your car battery. 

In a brief moment your decision is made. You park 
beside the road, take your flashlight, and plunge into the 
veldt in the direction your loop null clearly indicated. But 
after taking a few steps, you're up to your armpits in brush 
and can't see anything forward or backward. You stumble 
on in hopes of running into the hidden transmitter you're 


probably not more than afew hundred feet from it. But away 
from your car and radio equipment, its like the proverbial 
hunt for the needle in the haystack. What you really need is 
а portable setup for hunting at close range, and you may 
prefer something that is inexpensive, The Snoop Loop was 
designed for Just these requirements by Claude М ser, Jr, 
\WOIC, and was described in QST for February 1957. (See 
the Bibliography at the end of this chapter.) 

"The Snoop Loop is pictured in Fig 21. The loop itself 
is made from a length of RG-8 coax, with the shield broken 
atthe top. A coax T connector is used for convenience and 
езе of mounting. One end of the coax loop is connected to 
amaleplug inthe conventional way, but the center conductor 
ofthe other end is shorted to the shield so the male connector 
atthat end has no connection to the center prong. This results 
inan unbalanced circuit, but seems to give good bidirectional 
null readings, as well as an easily detectable maximum 
reading when the grounded end ofthe loop is pointed in the 
direction of the transmitter. Careful tuning with C1 will 
improve this maximum reading. Don't forgetto remove one 
inch of shielding from the top of the loop. You won't get 
much signal unless you do. 

‘The detector and amplifier circuit for the Snoop Loop. 
Isshown in Fig 22 The model photographed does not include. 
the meter, as it was built for use only with high-impedance 
headphones. The components are housed in an aluminum 
box. Almost any size box of sufficient size to contain the 


Fig 21— The box containing the detector and amplifier 
is also the "handle" for the Snoop Loop. The loop is 
mounted with a coax T as a support, a convenience but 
notan essential part ofthe loop assembly. The loop 
tuning capacitor is screwdriver adjusted. The on-off 
Switch and the meter sensitivity control may be 
mounted on the bottom. 
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in the shielding; about a Linch section of the outer 

Conductor should be cut out Refer to Fig 23 for 

alternative connection at points A and B for other 

frequencies of operation. 

BT1—Two penlight cells. 

C1~25-pF midget air padder. 

B1- Smallsignal germanium diode such as 2344 or 

0512 Optional 2-cell penlight lamp for meter 
illumination, such as no. 222 

Q1-PNP transistor such as ECG102 or equiv. 

RIC 100 potentiometer, linear taper May be PC- 
mount style 

RZ SPA potentiometer, linear taper 

S1- SPST toggle. 

52- Optional momentary push for illuminating meter. 


meter can be used, At very close ranges, reduction of 
sensitivity with R2 will prevent pegging the meter. 

The Snoop Loop is not limited to the 10-meter band or 
to a builtin loop. Fig 23 shows an alternative circuit for 
other bands and for plugging in a separate loop connected 
by a low-impedance transmission line. Select coil and 
capacitor combinations that will tune to the desired 
frequencies. Plug-in coils could be used. Itisa good idea to 
have the RF end of the unit fairly well shielded, to eliminate 
signal pickup except through theloop. This еши! should 
certainly help you on those dark nights in the country. (Tip 
to the hidden-transmitter operator if you want to foul up 
some of your pals using these loops, just hide near the 
antenna of a 50-KW broadcast transmitter!) 


A LOOPSTICK FOR 3.5 MHz 

Figs 24, 25 and 26 show an RDF loop suitable for the 
35-M Hz band. It uses a construction technique that has had 
considerable application in low-frequency marine direction 
finders. The loop is a coll wound on a ferrite rod from a. 
roadcast-antenna loopstick, The loop was designed by John 
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Fig 23—1при+ circuit for lower frequency bands. Points 
A and В are connected to corresponding points in the 
circuit of Fig 22, substituting for the loop and C1 in that 
Circuit. 11-С1 should resonate within the desired 
amateur band, but the L/C ratio is not critical. After 
construction is completed, adjust the position of the. 
tap on L1 for maximum signal strength. Instead of 
connecting the RDF loop directly to the tap on L1, a 
length of low impedance line may be used between the 
loop and the tuned circuit, L1-C1. 


Fig 24- Unidirectional 3.5-MHz RDF using ferrite-core. 
loop with sensing antenna. Adjustable components of 
the circuit are mounted in the aluminum chassis 
supported by a short length of tubing. 


Isaacs, W 6P2V, and described in OST for June 1958. Because 
you can make a coll with high Q using a ferrite core, the 
sensitivity of such a loop is comparableto a conventional loop 
that is afoot or so in diameter. The output of the vertical-rod 
sensing antenna, when properly combined with that of the loop, 
gives the system the cardiold pattern shown in Fig 10. 

To make the loop, remove the original winding on the 
ferrite core and wind a new coil, s shown in Fig 25. Other 


Fig 25- Circuit of the 3.5-MHz direction finder loop. 

C1—140 pF variable (125-pF ceramic trimmer in parallel 
with 15-pF ceramic fixed. 

L1— Approximately 140 iH adjustable (Miller No. 4512 
or equivalent. 

RI 1-k carbon potentiometer. 

S1-SPST toggle. 

Loopstick— Approximately 15 Н (Miller 705-A, with 
original winding removed and wound with 20 turns of 
322 enamel). Link is two turns at center. Winding ends. 
Secured with Scotch electrical tape. This type of 
ferrite rod may also be found in surplus transistor AM 
radios. 


Fig 26— Components of the 3.5-MHz RDF are mounted 
‘on the top and sides of a channel-lock type box. In this 
View R1 is on the left wall at the upper left and C1 is at 
the lower left. L1, $1 and the output connector are on 
the right wall. The loopstick and whip mount on the 
outside. 


types of cores than the one specified may be substituted; 
use the largest coil available and adjust the winding so that 
the circuit resonates in the 3.5-M Hz band within the range 
of C1. The tuning range of the loop may be checked with а 
dip meter. 

‘The sensing system consists of a 15-inch whip and an 
adjustable inductor that resonates the whip asa quarter-wave 
antenna, Italso contains a potentiometer to control the output 
of the antenna. S1 is used to switch the sensing antenna in 
and out af the circuit. 


The whip, the loopstick, the inductance L1, the 
capacitor C1, the potentiometer R1, and the switch S1 are 
all mounted on a 4 x 5 3-inch box chassis, as shown in 
Fig 26. The loopstick may be mounted and protected inside 
a piece of inch PVC pipe. A section of cinch electrical 
conduit is attached to the bottom of the chassis box and this 
supports the instrument. 

To produce an output having only one null there must 
‘290° phase difference between the outputs of the loop and 
sensing antennas, and the signal strength from each must be 
the same. The phase shift is obtained by tuning the sensing 
antenna slighty off frequency, using the slug in L1. Since 
the sensitivity of the whip antenna is greater than that of the 
loop, its output is reduced by adjusting R1. 


Adjustment 

To adjust the system, enlist the aid of a friend with a 
‘mobile transmitter and find ã clear spot where the transmitter 
and RDF receiver can be separated by several hundred feet. 
Озе ав little power as possible at the transmitter. (M ake very 
sure you don't transmit into the loop if you are using а 
transceiver as a detector] With the test transmitter operating 
оп the proper frequency, disconnect the sensing antenna with 
S1, and peak the loopstick using C1, while watching the 
S meter on the transceiver. Once the loopstick is peaked, no 
further adjustment of C1 will be necessary. Next, connect 
thesensing antenna and turn R 1 to minimum resistance. Then 
vary the adjustable slug of L1 until a maximum reading of 
the S meter is again obtained. It may be necessary to turn the 
unit a bit during this adjustment to obtain a higher reading 
than with the loopstick alone. The last turn of the slug is 
{quite critical, and somehand-capacitance effect may be noted. 

Now turn the instrument so that one side (not an end) 
of the loopstick is pointed toward the test transmitter. Turn 
R1 a complete revolution and if the proper side was chosen 
а definite null should be observed on the S meter for one 
particular position of R1. If not, turn the RDF 180° and try 
again. This time leave R1 at the setting producing the 
minimum reading. Now adjust L1 very slowly until the S 
meter reading is reduced still further. Repeat this several 
times, first R1, and then L1, until the best minimum is 
obtained 

Finally, as a check, have the test transmitter move 
around the RDF and follow it by turning the RDF. If the 
tuning has been done properly the null will always be 
broadside tothe oopstick. M ake a note of the proper side of 
the RDF for the null, and the job is finished, 


А 144-MHz CARIOID-PATTERN RDF ANTENNA 

Although there may be any number of different VHF 
antennas that can producea cardioid pattern, a simple design 
is depicted in Fig 27. Two 'J- wavelength vertical elements 
are spaced one"). apart and are fed 90° out of phase. Each 
radiator is shown with two radials approximately 5% shorter 
than the radiators. This array was designed by Pete O'Dell, 
KBIN, and described in QST for March 1981. 
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Fig 27— At Ais a simple configuration that can 
produce a cardioid pattern. AtB is a convenient way 
f fabricating a sturdy mount for the radiator using 
BNC connectors. 


Computer modeling showed that slight alterations in 
thesize, spacing and phasing of the elements strongly impact 
the pattern, The results suggest that this system is a little 
touchy and that the most significant change comes at the 
null. Very slight alterations in the dimensions caused the 
notch to become much more shallow and, hence, less usable 
for RDF. Early experiencein building a working model bore 
this out 

This means that if you build this antenna, you will find 
it advantageous to spend a few minutes to tune it carefully 
for the deepest null. If it is built using the techniques 
presented here, then this should prove to be a small task, 
well worth the extra effort. Tuning is accomplished by 
adjusting the length of the vertical radiators, the spacing 
between them and, if necessary, the lengths of the phasing 
harness that connects them. Tune for the deepest null on your 
S meter when using a signal source such as a moderately 
strong repeater. 

This should be done outside, away from buildings and 
large metal objects. Initial indoor tuning on this project was 
tried in the kitchen, which revealed that reflections off the 
appliances were producing spurious readings. Beware too 
of distant water towers, radio towers, and large office or 
‘apartment buildings. They can reflect the signal and give 
false indications, 

Construction is simple and straightforward. Fig 278 
shows female BNC connector (Radio Shack 278-105) that 
has been mounted on a small piece of PC-board material 
The BNC connector is held upside down, and the vertical 
radiator is soldered to the center solder lug. A 12-inch piece 
‘of brass tubing provides a snug fit over the solder lug. A 
second piece of tubing, slightly smaller in diameter, is 
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telescoped inside the first, The outer tubing is crimped 
slightly at the top after the inner tubing is installed, This 
provides positive contact between the two tubes. For 146 
MHz the length of the radiators is calculated о be about 19 
inches, You should be able to find small brass tubing at a 
hobby store. If none is available in your area, consider 
brazing rods. These are often availablein hardware sections 
of discount stores. It will probably be necessary to solder а 
short piace to the top since these come in 18-inch sections, 
Also, tuning will not be quite as convenient. Two 18-inch 
radials are added to each element by soldering them to the 
board, Two 36-inch pieces of heavy brazing rod were used 
inthis project. 


The Phasing Harness 

As shown in Fig 28, a T connector is used with two 
different lengths of coaxial line to form the phasing harness, 
This method of feeding the antenna is superior over other 
simple systems to obtain equal currents in the two radiators. 
Unequal currents tend to reduce the depth of the null in the 
pattern, all other factors being equal 

The ‘wavelength section can be made from either 
RG-58 or RG-59, because it should actas a 1:1 transformer. 
With по radials or with two radials perpendicular to the 
vertical element, it was found that а wavelength section 


Fig 28—The phasing 
RDF array.The phasing sections must be measured from 
the center ofthe T connector to the point that the vertical 
radiator emerges from the shielded portion of the upside- 
down BNC female. Don't forget to take the length of the 
connectors into account when constructing the harness. 
Weare is taken and coax with solid polyethylene 
dielectric is used, you should not have to prune the 
phasing line. With this phasing system, the null will be 

in a direction that runs along the boom, on the side of 
the "j-wavelength section. 


made of RG-59 75-0 coax produced a deeper notch than a 
"ewwavelength section made of RG-58 50- line. However, 
with the two radials bent downward somewhat, the RG-5B 
section seemed to outperform the R G-59. Because of minor 
differences in assembly techniques from one antenna to 
another, twill probably be worth your time and effort to try 
both types of coax and determine what works best for your 
antenna, You may also want to try bending the radials down 
at slightly diferent angles for the best null performance. 

Themostimportant thing about the coax forthe harness 
is that it be of the highest quality (well-sielded and with a 
polyethylene dielectric), The reason for avoiding foam 
dielectric is tat the velocity factor can vary from one roll to 
the next some soy that it varies from one foot to the next. 
Of course, tcan beused if you havetest equipment available 
that will allow you to determine its electrical length 
Assuming that you do not wantto or cannot go to that trouble, 
stay with coax having a solid polyethylene dielectric. Avoid 
coax that is designed for the CB market or do-it-yourself 
cableTV market (А good choice is Belden 8240 for the 
RG-58 or Belden 8241 for the RG-59,) 

Both RG-58 and RG-59 with polyethylene dielectric 
have a velocity factor of 0.66, Therefore, for 146 M Hz а 
quarter wavelength of transmission line will be 20.2 inches 
0,66 =13.3inches A hal- wavelength section will be tice 
this length or 26.7 inches. One thing you must take into 
accountisthat the transmission lines the total length of the 
cable and the connectors. Depending on the type of 
construction and the type of connectors that you choose, the 
actual length of the coax by itself will vary somewhat. You 
will have to determine that for yourself, 

Y connectors that mate with RCA phono plugs are 
widely available and the phono plugs are easy to work with 
Avoid the temptation, however, to substitute these or the T 
and BNC connectors, Phono plugs and aY connector were 
tried. The results with that system were not satisfactory. The 
performance seemed to change from day to day and the notch 
was never as deep as it shouid have been. A though they are 
more difficult to find, BNC T connectors will provide 
superior performance and are well worth the extra cost. If 
you must make substitutions, it would be preferable to use 
UHF connectors (type PL-259) 

Fig 29 shows a simple support for the antenna. PV С 
tubing is used throughout, Additionally, you will need aT 
fitting, two end caps, and possibly some cement. (By not 
cementing the PV С fittings together, you will havethe option 
of disassembly for transportation.) Cut the PVC for the 
dimensions shown, using a saw or a tubing cutter. A tubing 
cutter is preferred because it produces smooth, straight edges 
without making a mess. Drill a small hole through the PC 
board near the female BNC of each element assembly. 
Measure the 20-inch distance horizontally along the boom 
and mark the two end points. Drill a small hole vertically 
through the boom at each mark. Use a small nut and bolt to 
attach each element assembly o the boom 


Fig 29—A simple mechanical support for the DF 
antenna, made of PVC pipe and fittings. 


Tuning 

‘The dimensions given throughout this section are those 
for approximately 146 M Hz, Ifthesignal you will behunting 
is above that frequency, then the measurements should be а 
bitshorter. If you wish to operate below that frequency, then 
they will need to be somewhat longer. Once you have built 
the antenna to the rough size, the fun begins, You will need 
a signal source near the frequency that you will be using for 
your RDF work. Adjust the length of the radiators and the. 
spacing between them for the deepest null on your S meter, 
Make changes in increments of */ inch or less. If you must 
adjust the phasing line, make sure that the f wavelength 
sectionis exactly one-half the length of the half-wavelength 
section. Keep tuning until you have satisfactorily deep null 
on your S meter, 


THE DOUBLE-DUCKY DIRECTION FINDER 

For direction finding, most amateurs use antennas 
having pronounced directional effects, either a null ora peak 
in signal strength. FM receivers аге designed to eliminate 
the effects of amplitude variations, and so they ae difficult 
to use for direction finding without looking at an S meter. 
Most modern HT transceivers do nat have 5 meters. 

This classic “Double-Ducky" direction finder (DD DF) 
was designed by David Geiser, WA 2A NU, and was described 
in QST for July 1981. It works on the principle of switching 
between tuo nondirectional antennas, as shown in Fig 30. 
This creates phase modulation on the incoming signal batis 
heard easily on the FM receive. When the two antennas are 
exactly the same distance (phase) from the transmitter, asin 
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Fig 30- At the left, Ат represents the antenna of the 
hidden transmitter, T. At the right, rapid switching 
between antennas A, and A, at the receiver samples 
the phase at each antenna, Creating a pseudo-Doppler 
effect. An FM detector detects this as phase 


O 
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Fig 31—If both receiving antennas are an equal 
distance (D) from the transmitting antenna, there will 
ве no difference in the phase angles of the signals in 


detect any phase modulation, and 
disappear from the output of the detector. 


Fig 31 the tone disappears. (This techniques also known in 
the RDF literature as Time-Difference-o Arrival, orTDOA, 
sincesignalsarriveateach antenna at slightly different times, 
and hence at slightly different phases, from any direction 
except on a ine perpendicular to and halfway in-between 
the two antennas. A nother general term for this kind of two- 
antenna RDF technique is interferometer. — Ed.) 

In theory the antennas may be very close to each other, 
but in practice the amount of phase modulation increases 
directly with thespacino, up to spacings of a half wavelength. 
While a half-wavelength separation on 2 meters (40 inches) 
is pretty large for a mobile array, a quarter wavelength gives 
entirely satisfactory results, and even an eighth wavelength 
(10 inches) is acceptable. 

Think in terms of two antenna elements with fixed 
spacing. Mount them on a ground plane and rotate that 
¿round plane. The ground plane held above the hiker‘ head 
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ог car roof reduces the needed height of the array and the 
directional-distorting effects or the searcher's body or other 
conducting objects. 

The DDDF is bidirectional and, as described, its tone 
‘ull points both toward and away from the signal origin. An 
L-shaped search path would be needed to resolve the 
ambiguity. Use the techniques of triangulation described 
earlier in this chapter. 


Specific Design 

Itis not possible to find a long-life mechanical switch 
operable ata fairly high audio rate, such as 1000 Hz. Yet we 
want an audible tone, and the 400- to 1000-Hz range is 
perhaps most suitable considering audio amplifiers and 
average hearing. Also, if we wish to use the transmit function. 
of a transceiver, we need a switch that will сату perhaps 
10 W without much problem. 

A solid-stateswitch the PIN diode s used. The intrinsic 
region of this type of diode is ordinarily bare of current 
carriers and, with a bit of reverse bias, looks like a low- 
capacitance open space. А bitof forward bias (20 to 50 тА) 
will load the intrinsic region with current carriers that are 
happy to dance back and forth at а 148-M Hz rate, looking 
like a resistance of an ohm or so. In a 10-W circuit, the 
diodes do not dissipate enough power to damage them. 

Because only two antennas are used, the obvious 
approach isto connect one diode forward to one antenna, to 
Connect the other reverse to the second antenna and to drive 
the pair with square-wave audio frequency ac. Fig 32shows 
the necessary circuitry. RF chokes (Ohmite 2144, J. W. 
Miller RFC-144 or similar vhf units) are sed to let the audio 
through to bias the diodes while blocking RF. Of course, 
the reverse bias on one diode is only equal tothe forward 
bias on the other, but in practice this seems sufficient. 

A number of PIN diodes were tried in the particular 
setup built These were the Hewlett-Packard H 5082-307, 
he Ipha LE-5407-4, the KSW K S-3542 and еМ icrowave 
Associates M [A-COM 47120. All worked well, but the HP 
diodes were used because they provided a slightly lower 
SWR (about 3:1) 

A type 567 IC is used as the square wave generator. 
The output does have а de bias that is removed with a 
nonpolarized coupling capacitor. his minor inconvenience 
is more than rewarded by the ability of the IC to work well 
with between 7 and 15 volts (a nominal 9-V minimum is 
recommended) 

Thenonpolarized capacitor is also used for de blocking 
When the function switch is setto xm r.D3,alight-emiting 
diode (LED), is wired in series with the transmit bias to 
indicate selection of the vun mode. In that mode there is а 
high battery current drain (20 тА or 50). S1 should be a 
center-off locking type toggle switch. An ordinary center 
off switch may be used, but beware. If the switch is left on 
хит you will soon have dead batteries. 

Cables going from the antenna to the coaxial T 
connector were cut to an electrical . wavelength to help 
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Fig 32— Schematic diagram of the DDDF circuit. Construction and layout are not critic 


(Components inside 


the broken lines should be housed inside a shielded enclosure. Most of the components are available from 


RadioShack, except D1, D2, the antennas and ure TAZ, 


the open circuit, represented by the reverse-biased diode, 
look open atthe coaxial T. (The length of the line within the 
T was included in the calculation.) 

‘The length of the line from theT to the control unitis. 
not particularly critical, f possible, keep the total of the cable 
length from theT to the control unit to the transceiver under 
8 feet, because the capacitance of the cable does shunt the 
square-wave generator output. 

Ground-plane dimensions are not critical. See Fig 33. 
Slightly better results may be obtained with a larger ground 
plane than shown. Increasing the spacing between the pickup 
antennas will q ehe greatest improvement. Every doubling 
(up to а half wavelength maximum) will cut the width of 
the null in half. A 1° wide null can be obtained with 20-inch 
spacing. 


"These components are discussed in the text. S1 See text. 


DDDF Operation 

Switch the control unit to DF and advance the drive 
potentiometer until a tone is heard on the desired signal. Do 
not advance the drive high enough to distort or "hash up" 
the voice. Rotae the antenna for а null in the fundamental 
tone. Note that a tone an octave higher may appear. The 
cause of the effect is shown in Fig 34. In Fig 34A, an 
oscilloscope synchronized to the “90° audio" shows the 
receiver output with the antenna aimed to one side of the 
null (on а well-tuned receiver). Fig 348 shows the null 
condition and a twice-frequency (one octave higher set of 
pips, while С shows the output with the antenna aimed to 
the other side of the null 

If theincaming signal is quite out of the receiver linear 
region (10 kHz or so off frequency), the off-null antenna 
ат may presenta fairly symmetrical AF output to one side, 
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RFC (онт 2144) 


Fig 33—Ground-plar 
antenna connectors. 


layout and detail of parts at the 


Fig 34— Photo of Fox-Hunting DF Twin Tenna set up as 
a horizontally polarized, 3-element Yagi. 


Fig 35A. It may also show instability ata sharp null position, 
indicated by the broken line on the display in Fig 358. Aimed 
to the other side of a null, it will givea greatly increased AF 
output, Fig 35C. This is caused by the different parts of the 
receiver FM detector curve used. The sudden tone changes 
the tip-off that the antenna null position is being passed, 
The user should practice with the DDDF to become 
acquainted with how it behaves under known situations of 
signal direction, power and frequency. Even in difficult 
nulling situations where a lot of second-harmonicAF exists, 
rotating the antenna through the null position causes a very 
distinctive tone change. With the same frequencies and 
amplitudes present, the quality ofthe tone (timbre) changes, 
It is as if a note were first played by a violin, and then the 
same note played by a trumpet. (A good part of this is the 
change of phase of the fundamental and odd harmonics with 
respect to the even harmonics.) The listener can recognize 
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differences (passing through the null) that would give ап 
electronic analyzer indigestion. 


A FOX-HUNTING DF TWIN TENNA 

Interferometer give sharp bearings, but they lack 
sensitivity for distant work. Yagis are sensitive, but they 
provide relatively broad bearings. This project yields an 
antenna that blends both on a single boom to cover both 
ends of the hunt, This is a condensation of a October 1998 
QST article by R- F. Gillette, W9PE. 

A good fox-hunting antenna must meet a number of 
criteria: (1) small size, (2) gain to detect weak signals and 
(3) high directivity to pinpoint the fox, Small antennas, 
however, do not normally yield both gain and directivity 
By combining two antennas, all three requirements are 
satisfied in away that makes nice build-it yourself project. 

Thisantenna uses slide switches to configureitas either 
aYagi or a single-channel interferometer. When used as an 
interferometer, а GaAs RF microcircult switches the FM 
receiver between two matched dipoles at an audio frequency. 
То make the antenna compact W РЕ used hinged, telescopic 
whips as the elements; they collapse and fold parallel to the 
boom for storage. 


The Yagi 

‘The Yagi isa standard three-element design, based on. 
02.2. spacing between the director, the driven element and 
the reflector It yields about 7 dBi gain and а front-to-back 
ratio of over 15 dB. Because a slide switch is used at the 
center of each element and the elements have small 
diameters, their resonant lengths are different from typical 
ones, Table 1 shows the sizes used and Fig 34 shows the 
Yagi. 

To make sure that radiation from the coax does not 
affect the pattern, the author used some ferrite beads as 
coaxial choke-baluns, This also prevents objects near the 
coax from affecting signal-strength readings. The Yagi also 
has a low SWR; with uncalibrated equipment, he measured 
less than 1.3:1 over most of the 2-meter band 

This Yagi has a lot more gain than a “rubber ducky 
but we need more directivity for fox hunting. That's where 
the interferometer comes in. 


An Interferometer 

То form the interferometer, the two end elements are 
Converted to dipoles and the center element is disabled. When 
the three switches in Fig 35 are thrown to the right, the feed 
Tine to the receiver Is switched from the center element to 
the RF switch output, and the end elements are connected 
via feed lines to the RF switch inputs, With the Y agis feed 
point open and the driven element equidistant from both 
interferometer antennas, the center element should have no 
effect on the Interferometer, Nonetheless, ¡Us easier to 
Collapse the driven-element whips and get them out of the 
way than to worry about spacing 

Now if both interferometer coax cables are of equal 
length (between the antennas and switch) and the two 
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Fig 35- Schematic of the Yagifnterferometer antenna system. 


Table 1 
Yagi Design 
lem Overall Length _ Boom to 
Element Tip 
Inches) (Inches) 
Director length 3475 17.00 
Director to Driven El. spacing 1575 16.00 
Driven EL length 37.75 18.50 
Driven El. to Reflector spacing 1575 16.00 
Rellector length 4075 20.00 


"SWR less than 1.3: from 144.510 148 MHz 


antennas are the same distance from the transmitter 
(broadside to it), the signals from both antennas will be in 
phase. Switching from one antenna to the other will have no 
effect on the received signal. If one antenna is a little closer 
to the transmitter than the other, however, there will be а 
phase shift when we switch antennas. 

"When the antenna switch is at an audio rate, say 
700 Hz, the repeated phase shifts result in a set of 700 HZ 
sidebands. At this point, all that was needed was a circuit to 
Switch from one antenna to the other at an audio rate. W PE 
chose a low-cost Mini-Circuits M SWA-2-20 GaAs RF 
switch driven by asimple multivibrator and buffer. The GaAs 
switch is rated to 20 GHz, hence this switching concept can 
easily be scaled to other ham bands, The PC board should 
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work through the 440 M Hz ham band. The author suggests 
adding a ground plane under the RF portion of the PC board 
and testing it before using it at a higher frequency. 

TheRF switch is controlled by asetof equal amplitude, 
copposite-phase square waves: 0 V at one control port and 
-8 to -12 V at the other. (Mini Circuits is unclear about 
maximum voltages for this device. For safety, don't power 
itwith more than 9V.— Ed. The opposite controls the other 
switch position. A 9-У battery was used as the power supply, 
with the positive terminal grounded, This results in a 0 V 
control signal to the RF switch when the buffer transistor is 
off and a Vsat (about 02 V less than the -9 V battery: 
-88 V) signal when the buffer transistor is saturated. The 
multi-vibrator has two outputs, and each drives a buffer 
resulting in the required equal-and-oppasite-phase drive 
signals 


Circuit Construction 

After he selected the M ini-Circuits RF switch, W9PE 
realized that its small size would be best handled with a 
simple PC board. He made the prototype boards with a 
photocopy transparency technique. 

А power on-off switch was not used, asthe 9-V battery 
connector serves the same function, The battery fits tightly 
in the inch U channel. W 9PE covered the circuit board 
with a plastic-lined aluminum cover, but plastic film and 
Some aluminum foil, provide the same function. А cable tie 
will strap either into the U channel 

Table 2 is a complete bill of materials. You can use 
any telescoping elements, providing that they extend to over 
20 Inches and have a mounting stud long enough to 
‘accommodate the insulated washers. As an alternate to the 
stud, they can have ends tapped to receive a screw for the 
insulated mounting. The author picked up his elements at a 
hamfest from the vendor listed; they are also available from 
most electronic parts houses, The M ini-Circuit RF switch is 
а currently available рап. 


‘Antenna Construction 

Fig 35 shows the antenna schematic, Itshowsall three 
switches in the Yagi postion; each would slide to the right 
for interferometer use. Slide switches work pretty well at 
2 meters. Each of the elements is mounted to the boom with 
insulating washers, and a strip of copper stack connects each 
elemento its slide switch. (You can substitute copper braid, 
solder wick, coax shield or any short, low resistance, low 
inductance conductor for the copper stock.) This switching 
arrangement allows you to switch the reflector and director 
from being parasitic elements (electrically continuous) to 
being dipoles (center fed) 

Because the elements telescope, you can adjust the 
interferometer dipoles to exactly equal lengths each time 
you switch the antenna configuration from Yagi to 
interferometer, A gain, choke baluns block RF on the outside 
of each element's coax. 

Caution: Do not transmit when the RF switch is 
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Table 2 

Bill of Materials 

Quantity Шет 

an ben aluminum U channel 

6 sets insulated shoulder washers for elements 
1 9 V battery 

9 V battery connector 

10 UF, 16 V electrolytic capacitor 

0.01 uF, 25 V capacitor 

0.022 pF, 25 V capacitor 

тко V/a W resistor. 

4.7 kk W resistor. 

тока ‘hs W resistor 

47 ка чн W resistor 

1 ка W resistor 

2N2222 transistors 

Mini-Circuits MSWA-2-20 (Mini-Circuits Labs, 
13 Neptune Avo, Brooklyn, NY 11235; 
tel 718-934-4500, 417-335-5935, 
fax 718-332-4661; e-mail 
sales@minicircuits.com; 
URL www.minicireuits.com) 

a ОРОТ slide switch (1 inch, 29 mm, 

‘mounting centers), Stackpole. 3 A, 125 V used 
10ft 50 coax (0.140-inch maximum OD) 
1 coaxial connector (receiver dependent) 
1 lot, mounting hardware 
1 lot, heat-shrink tubing or equal 
4 cable ties 
1 
1 
1 


2x 3.5-inch single-sided fiberglass PC board 
inch PVC conduit 
2 #FB-20 ferrite beads D.14-inch ID, 
0.5-inch long (All Electronics Corp: 
PO Box 567, Van Nuys, CA 91408-0567. 
Tol 888-826-5432, fax 818-781-2653, 
emal allcorp@allcorp.com, 
URL hitp://www.allcorp.com.) 
в 20'/=inch telescoping antenna elements 
(Nebraska Surplus, tel 402-346-4750; 
‘e-mail grinnell@probe.net) 
1 Special resist film (Techniks Ine, PO Box 463, 
Ringoes, NJ 08551; tel 908-788-8249, 
fax 908-788-8897; e-mail techniks@idt.net; 


URL hip:/wwwctechniks.com/) 


selected, Transmit only when in the Yagi configuration, RF 
power will destroy the M ini-Circuits RF switch. To be safe, 
lock out your transmit function, Most HTS have this 
capability. When using a mobile radio, disconnect the 
microphone. It is, however, safe to transmit in the Yagi 
configuration which is nice for portable operating. 

Fig 36 gives dimensions for drilling a standard “cinch 
aluminum U channel for the boom and shows how the author 
cut a Linch PVC pipe (plastic conduit) for a mast and а 
‘mast locking ring. If PVC conduit is not available in your 
area, PVC water pipe (and a PVC union for thelocking ring) 
will Work, This mast allows mounting the antenna for either 
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Fig 36— Boom-drilling 
and mast-machining 
details. 
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vertical or horizontal polarization. 

Besureto test the plastic pipe you use for low RF loss. 
Do this by heating a sample in a microwave oven. Place а 
pipe sample and a glass of water in the oven, (The sample is 
not placed їп the glass of water; the water keeps the 
microwave from operating without a load.) Bring the water 
to a boil, and then carefully check the sample's temperature. 
If the sample is not hot, Ив RF loss is low, and the plastic 
can be used. 


Using the Antenna 

When starting a hunt, setup the Y ад antenna by placing 
all switches in theY agi position. Swing all ofthe telescoping 
elements perpendicular to the boom and set the whip lengths 
to achieve the proper element lengths, while keeping each 
element symmetrical about the Боот. The cables or boom 
сап be marked with the length data, 

While thesignal is wek, use the Yagi, It has 7 dBi gain, 
butits bearing resolution is only about 20°. When the signal 
gets stronger, use the Interferometer. It has less gain, but tS 
bearing resolution is better than 1°. If the fox transmitter 
begins overloading your receiver, collapse the whips 


(equally) to reduce the gain and continue triangulating. Near 
the transmitter, you should triangulate both horizontally 
(azimuth) and vertically (elevation). The antenna works 
both ways, and the transmitter may be located above or 
below you. 


Antenna Alternative 

As an alternative to the telescoping elements, George. 
Holada, K 9GLJ, suggested using fixed-length elements with 
banána plugs matched to banana jacks on the boom. Three 
pairs would be used for the Yagi, an extra driven-element 
pair for the interferometer made and two short-element pairs 
to reduce the received signal level if an overload condition 
occurs, Healso suggested a PV C boom allowing the elements 
to be stored inside the boom, 

THE FOUR-WAY MOBILE DF SYSTEM 

This innovative, yetsimple, RDF antenna system was 
described in an article by Malcolm C. Mallette, WA 9BVS, 
in November 1995 QST. Itis derived from theT DOA design 
shown earlier in this chapter by David T. Geiser, WA2ANU, 
and by a design by Paul Bohrer, W9DUU. (See 
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Bibliography.) 

Direction-finding often involves two different 
activities: DFing on foot and DF ng from a vehicle. Often, 
you must track the signal using a vehicle, then finish the 
hunt on foot. Whether on foot or in a vehicle, the primary 
problem you'll encounter when trying to locate the 
transmitter is multipath reception. Multipath reception 
involves receiving the same signal by more than one path, 
onesignal from the true direction of thetransmitter and others 
by reflected paths that may come from widely different 
directions. VHF and UHF signals bounce off almost any 
object and hide the rue source of a signal. For example, if 
there's large metal building north of you, a signal from the 
south may arrive from the north because the signal bounces 
off the building and back to you. 

Multipath reception effects can be defeated by taking 
a number of readings from different positions and arriving. 
at an average direction. While moving at road speeds in а 
vehicle, It's possible to take a number of readings from 
different positions and average them, and it's also possible 
to average number of readings over a distance of travel by 
electronic means. The true bearing to the transmitter can 
usually be found by ether method 

DFing equipment for use on foot is simpler than 
systems for use on а vehicle. While afoot, you can turn at 
will or easily rotate an antenna, Turning vehicle while going 
down a street may result in а fender-bender if you're not 
careful! 

ThesimplestDF ng system to use whileon foot consists 
of an S-meterequipped hand-held receiver and a small, hand- 
held Yagi with an attenuator in line between the antenna 
and receiver. The attenuator keeps the S meter from pinning, 
The direction in which the beam points when the strongest 
signal is received isthe direction of the transmitter. Of course, 
you'll want to take readings at several locations at least а 
wavelength apartto obtain an average heading, as multipath 
reception can still cause false readings in some locations. 

Another approach that many hams have taken is the 
simple WA2ANU bo ff it is now commonly known 
simply as the "buzzbox." Various commercial versions of 
the hand-held buzzbox system are available: Some systems 
have been upgraded to indicate whether the signal is arriving 
from the left or right of your position. The main drawback, 
however to thebuzzboxisthat t's notas sensitiveasasimple 
dipole and not nearly as sensitive as a beam. 

In theory, you could takea buzzbox or Yagi/attenuator 
system in a car, stop periodically, get out and check the 
direction to the transmitter, then climb back in and drive 
off. Although this procedure works, itis t very practical— 
it takes along time to find the transmitter. 

This design is or а left-right, front-back box (LRFB 
box) that indicates whether the received signal is to the eft 
or rightand whether itis to the front or back of the receiver, 
The locaton display consists of four LEDS arranged in a 
diamond patter (see the title-page photo). When the top 
LED is on, the signal is coming from the front. When the 
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top and right LEDS are on, the transmitter is between the 
frontand the right When only theright LED ison, the signal 
is directly to the right. When the bottom LED and right LED 
are on, the transmitter is to the right and to the back. The 
Same pattern occurs around the clock. Therefore, four LEDS 
indicate eight directions. As most highways and streets have 
intersections that force a driver to choose moving straight 
ahead, right or left, the indication is sufficiently precise for 
practical transmitter hunting, 

If the four-LED display is used alone, ll parts can be 
obtained from your local Radio Shack store Two zero-center 
50-нА meters (50-0-50)— M 1 and M 2— can be used in 
addition to, or in place of, the LEDs, but RadioShack does 
not stock such meters. Fig 37 shows the front pane! layout. 
of the LRFB. 

The LRFB box uses four mag-mount ‘vA antennas 
placed on the vehicle roof as shown in Fig 38. The whips in 
the mag mounts can be changed to 31.2. 440-M Hz whips 
andthe antennas placed closer together when switching from 
144-MHz to 440-M Hz operation 


Circuit Description 

See Fig 39 in the following discussion (pages 26 and 
21).U2, 2585 timer, generates a string of square wave pulses 
at pin 3. The pulse frequency is determined by the setting of 
RA, The pulses are fed to the clock input (pin 14) of U3, a 
4017 decade counter. On the first pulse, а positive voltage 
appears at U3, pin 3. On receipt of the second pulse from U2, 
pin 3 of U3 goes to ground and a positive voltage appears on 
pin 2. This sequence continues on successive pulses from U2 
aspins3,2,4, 7, 10, 1,5, 6, 9and 11 go positivein succession, 

р1 through DS, and D6 through D 10, OR the pulses. 


Fig 37— Front panel of the Four-Way DFer. At the 
‘extreme left of the front panel is the voume control, 
Immediately to the right is the scujorrjor center-off 
toggle switch, with the damping (ow) control switch. 
nearby. Four LEDs mounted in a diamond pattern 
indicate signal direction: front (yellow), right (green), 
back (orange) and left (red). The horizontally mounted 
Zero-center meter indicates leftright signal reception, 
the vertically mounted meter displays frontback signal 
reception. A small speaker is mounted on the top cover. 


The result is that ТРЗ goes positive on the first pulse from 
U2, whileTP2 is at OV. The next pulse of U2 results in TP2 
going positive and TP3 going to 0 V. This sequence repeats 
asthe counter goes around to make pin 3 positive again, and 
recycles, 


Antenna Switching 

Uz and U3 produce alternating pulses at ТР2 and TP3. 
If we wanted only to alternately turn on and off two antennas, 
we could use the pulses at TP2 and TP3, The design ensures 
that the pulses at ТР? are the same length as the pulses at 
TP3, For the LRFB box, however, we need to switch between 
the left-right antennas many times, then switch between the 
front-back antennas many times. 

Pin 12 of U3, CARRY OUT, emits a pulse every time 
U3 counts through its cycle of 10 pulses. The сату pulses 
from U3 go to U4, pin 14, the clock input of that 4017 
counter. Аз U4 cycles, its output pins pulse; those pulses 
аге, İn effect, directed by D11 through D20. 

‘As a result, ТРА is positive during the first 50 pulses 
from U2 and TPS is positive during the second 50 pulses of 
2. Q1 through Q6 form a quad AND gate. They AND the 
pulses at TP4 and TPS with the alternating pulses at ТР? 
and ТРЗ so that the result is a pulse at the base of Q9, 
followed by a pulse at the base of Q 10, a pulse at the base of 
99, and so on. The pulses alternate 25 times between 09 
and Q10. Then, as ТРА goes to 0 V, TPS rises from O V to 
Some positive voltage and the alternating pulses appear at 
the bases of Q7 and Q8. The pulses alternately go to the 
bases of Q7 and 08 25 times, Then they alternate between 
the bases of 09 and Q10 25 times. This pattern continues as 
long as the unit is in DF operation. 

In Fig 40, two leads of a four-conductor-plus-ground 
cable to the antenna-switch board are connected to points A 
and B. The same pulses that шт 07 and QB off and on turn 
on and off the left and right antennas. One of those two 


antennas is turned on and off in phase with Q7 and the other 
is turned on and off їп phase with Q8. The PHASE switch, 
53, determines which antenna is in phase with which 
transistor. Similarly, the two frontfback antennas are turned 
оп and off in phase with Q9 and Q10, and S4 determines 
which antenna is in phase with which transistor. 

‘The pulses arriving at points A and B turn on and off 
the diodes connecting the coax of the left and right antennas 
to therecelver coax. This occurs 25 times, thereby switching 
the receiver between the left and right antennas 25 times. 
Similar switching then occurs between the front and the back 
antennas from pulses arriving at points C and D. 

Detector Circuit 

‘The detector circuit (back again in Fig 39) starts with 
US, a741 op amp that amplifies the receiver's audio output. 
The audio is fed into R24 and R27, two 4.7-КО pots. The 
zero-center, 50-A meters across R24 and R27 are optional, 
The meters, as well as the LEDS, indicate front/back and 
lefüright. Such meters can be expensive unless you find 
surplus meters, and they're not really necessary. 

When the left/right antennas are active, one end of R24 
is grounded by Q7 and Q8 on each alternate pulse. If Q7 is 
conducting, Q8 isnot conducting. On each pulse, one of the 
lefüright antennas is turned on and one end of R24 is 
grounded. On the next pulse, the other left/right antenna is 
turned on and the other end of R24 is grounded. If there isa 
phase difference between the signal received by the left 
antenna and the signal received by the right antenna, a dc 
voltage Is built up across R24. That voltage causes the quad 
comparator, U7 in Fig 41 to tum on DS3 (red) or DS4 (green) 
LIR LEDs. If the optional leftright meter is installed, it 
deflects to indicate the direction as do the LEDs, 

After 25 cycles, the left and right antennas are both 
turned off and the front and back antennas are cycled on and 
off 25 times with the same detection process, praducing a 
Voltage across R27 if there is a phase difference between 
the RF received by the front and the back antennas. That 
voltage across R27 causes quad comparator U6 to turn on 
051 or D52. 

C9 and C10, for the F/B detector, and C7 and CB, for 
the L/R detector, damp the voltage swings caused by 
multipath reception. To control damping, 52А and S28 
Switch the 4700-uF capacitors in or out of the circuit. You 
Wantihe greatest amount of damping when you drivethrough 
an area with a lot of multipath propagation (as from 
buildings); alot of damping helps under those circumstances, 


Construction 

The prototype was built using a pad-per-hole Radio 
Shack board, However, aPC board makes construction a lot 
faster. Far Circuits offers a printed-circuit project on their 
Web site: http://www.claismetifarcir/). Except for the 
optional meters and the nonpolarized capacitors, most parts 
are available from Radio Shack. 

First build the power supply so you can power the unit 
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Fig 39— Unless otherwise specified, part numbers in parent 
Че, -tolerance units. Equivalent parts can be substitute 


C1, €15—0.1-uF, 50-V (272-1069) 

C2 10-F, 35-V electrolytic capacitor (272-1025) 

C3- 0.01-HF, 25-V disc-ceramic capacitor (272-131) 

€4, C5— Luk, 16.V electrolytic capacitor (272-1434) 

€6-0.001-uF, 25-V dise-ceramic capacitor (272-126) 

€7, С9— 100-1F,6.3.V bipolar (nonpolarized) capacitor; 
Digi-Key P-1102, available from Digi-Key Corp, 701 
Brooks Ave 5, PO Box 677, Thief River Falls, MN 
56701-0677, tel 800-344-4539, 218-681-6674; fax: 21 
687-3880; RadioShack stocks 100-uF, 35-V axial (272- 
1016) and radia-lead (272-1028) electrolytic 
capacitors. 

C8, C10—4700-uF, 6.3-V bipolar capacitor (made of five 
1000-uF, 6:3-V bipolar capacitors), Digi-Key P1106. 
Standard 1000-uF, 35-V radial and axial-lead 
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heses are RadioShack. All fixed-value resistors are 
d. 


electrolytic capacitors are avallable from 
RadioShack; a 4700-1F, 35-V axial-lead electrolytic 
capacitor is also available (272-1022). Note that C7, 
C8, C9 and C10 are non-polarized capacitors because 
a small reverse voltage can appear across the meter 
and capacitors when the system is in use. Standard 
Polarized electrolytics have been used in a number of 
"units using this circuit (the same detector circuit. 
used in W9DUU's unit) without any known ill effects, 
however. 

D1-D20- 1N914 silicon switching diode (276-1620 or 
276-1122) 

F1—2-A fuse (270-1007) 

LS1—8:W speaker (40-245) 

MI, M2—Zero-center, 50-1A meter; optional 


see text 


Q1-010— MPS2222 or 282222 NPN silicon general- 
purpose transistors (276-2009) 

R1, R20, R27—4.7 ko (271-281); note: many of the fixed- 
‘Value resistors can be found in RadioShack resistor 
assortment packages 271-308 and 271-312. 

R2, R12, R14, R16, R18— 220 0 (271-1330) 

R3, R25, R26, R28, R29 1 ko (271-1321) 

R4~ 100-k2 trimmer potentiometer (271-284) 

R5—10 ко (271-1335) 

R6, RB, R21, R22— 100 ko (271-1347) 

R7, RS, R11, R13, RIS, R17— 47 ko (271-1342) 

R10- 1-ko trimmer potentiometer (271-280) 

R19- 25-0 panel-mount potentiometer (271-265A) 

R23—1 Mo (271-1134) 


RAS- 5 ko (part of 271-312 assortment) 

S1 SPDT, centor.off switch (275-325) 

S2- DPDT switch (275-626) 

T1- 80 to de audio-output transformer (273-1380) 

U1- LM317T, 15-8, three-terminal, adjustable voltage 
regulator (276-1778) 

027555 timer (276-1723) 

U3, Ud— 4017 decade counter (276-2417) 

US-LM741 op amp (276-007) 

Misc: two 8-pin IC sockets (276-1995); tuo 16-pin IC 
sockets (276-1992); experimenters PC board (276- 
148) or FAR Circuits PC board set; enclosure; four 
mag-mount antennas, four-conductor shielded cable; 
incline fuse holder (270-1281). 
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Fig 40- Schematic of the 

antenna switch board. Part. 

parentheses are 
lue 
resistors are den 5%-tolerance 

Units. Equivalent parts сап be 

substituted. 

D22-D25- 1N914 silicon 
Switching diode (276-1620 or 
276-1122) 

J1—Six-pin female Molex 
connector (274-236 or 274-155) 

P1 Sbcpin male Molex 
connector (274-226 or 274-152) 

RS0-R54.—2.2 ko (can be found 
in RadioShack resistor 
assortment packages 271-308 
and 271-312); also available in 
pack of five (271-1325) 

53, 54 DPDT switch (275-626) 


Fig 41— Schematic of the LED driver 
circuit. Part numbers in parentheses 
эге RadioShack. All fixed-value 
Fesistors are iW, 5%-tolerance units. 
Equivalent parts can be substituted. 
F,25-V disc-ceramic 


D21- 184733, 
(276-565) 

DS1-DS4— LEDs; one each red 
(276-066); green (276-022); yellow 


(276-021); orange (276-012) 

R30, R32, R41, R43— 10 ko (271-1335) 

R34, R39, R40, R61—470ků 
(271-1354) 

RSSR38—1ko (271-1321) 

R31, R33, R42, ка4— 100-0 trimmer 
potentiometer (271-284 ) 

US, U7—LM339 quad comparator 
(276-1712) 

Misc: two 14-pin IC sockets 
(276-1999) 


from your car or another 12-V source. Apply 12 V to the 
DFer and adjust R1 until U1's output is +9 V. (You can use. 
3 9-V battery and omit the power-supply section, but you'd 
better take along a spare battery when you go DFing.) 
Install U2 and its associated parts. Power up and turn 
on S1. A string of pulses should appear at TP1. If you 
have a frequency counter, set R4 for a pulse frequency of 
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2200 Hz at ТР1. If you don't have a counter, connect а 
0.1-pF capacitor fromT P1 to headphones or a small speaker 
and set R4 for atone of about 2 kHz. Later, you'll adjust the 
clock so the unit works with the passband of your receiver. 

Turn off S1 and remove the power source. Install U3 
andits diodes. Pin 12 of U3 need not be connected yet Apply 
power and turn on S1. At TP2 and TP3, you should find 


alternating 1100-H2 pulses. If you have a dual-trace scope, 
you can see that the pulses alternate. If you have a single- 
trace scope, connect ТРЗ to TP2 and to the scope input and 
the trace will appear as а solid line as there is а pulse at 
either TP2 or TP3atall times. If you don'thave a scope, the 
tone in a speaker or earphones from TP2 or P3 will sound 
half as high (about 1 kHz) as the tone at TP1. 

Tum off S1, Install U4 and its diodes, Note hat pin 12 
of U3 is connected to pin 14 of U4. ALTP4 and TPS, there 
should be long pulses five times longer than the pulses at 
TP, and the pulses should alternate between TP4 and TPS. 
The pulse frequency should be about 44 Hz. Power down 
and turn off SL. Install the remaining circuit components. 
When you power up, 25 alternating pulses should appear at 
A and B, then 25 alternating pulses should appear at C and 
D. Use a scope to verify that 

If you're not using the optional panel meters, connect 
Aa voltmeter across R24 (А BALANCE), using the lowest 
dcvoltage range. Note that neither end of R24 is grounded. 
With no audio input, adjust R24 until there is no voltage 
across it. Do the some with R27 (F/B BALANCE). If you 
use the optional meters, adjust R24 and R27 so there's no 
current shown on either meter 

Power down and assemble the rest of the circuit. With 
power applied, but with no audio input, adjust R31, 33, 42 
and 44 so that the four LEDs (051 through DSA) are off. 
The objective of the following adjustments is to get the red 
and green LEDs to turn on with the same voltage amplitude, 
but opposite polarity, across R24. M ove R24's wiper so a 
low positive voltage appears across R24, as indicated by 
the voltmeter connected across R24 or movement of the 
panel-meter needle. Adjust R44 (LED AD] 1A) and R42 
(LED AD] 18) so thatthe green LED (054) comes on when 
the voltage goes positive at one end of R24, but goes off 
when R24 is adjusted for O V across R24. 

Next, adjustR 24 for a slight negative-voltage indication 
and adjust R42 and R44 so that the red LED (053) comes 
оп, butextinguishes when the voltage across 24150 V. When 
you're done, adjusting R24's wiper slightly one way should 
¡lluminatethered LED. Both LEDs should beoff when there's 
по voltage across R24; rotating R24's wiper slighty in the 
‘opposite direction should turn on the green LED. 

Connectthe voltmeter across R27 or use the panel meter 
asan indicator. With no audio input, adjust R27 so that there's 
no voltage across R27. Adjust R31 (F/B LED AD) 1А) and 
R33 (F/B LED 18) o thata F/B LEO (DS1) is on when there 
isa slight positive voltage across R27 and the other F/B LED 
(DS2)is on when there is а negative voltage across R27. 


Switch Board 

Assemble the switch board for the four mag-mount 
antennas (see Fig 40). You сап use half of а RadioShack 
dual pad-per-hole PC board (RS 276-148) asa platform. Lead 
length is critical only on this board and in the length of the 
соак from theswitching board to theantennas, so avoid wire- 
wrap construction here. 


Feed Lines 

The coax lines from the switch board to each of the 
four antennas must be of equal length. The coax lengths 
should be long enough to permit each antenna to be placed 
slightly less than . A from its counterpart, at the lowest 
frequency of operation. (There's a local belief that 271 inches 
is the best length. The author used that length and it works, 
but other lengths might work as well) An attempt to locate 
the switch board inside the vehicle and run equal-length 
12-foot-long cables to the antennas failed. К еер the switch 
board on the vehicle's roof. 

Use the same type of coax for ай lines— that is, don't 
mix foam and polyethylene dielectric coax on the antenna 
lines. If the velocity factor of the lines is not equal, a phase 
shift in the signals will exist even when the transmitter is 
dead ahead and it will lead you astray, 

Solder the coax from the antennas directly to the 
board- don't use connectors. From the switch board to the 
receiver, use 50-02 coax of any type and length. Equip the 
receiver end of the line with a connector that mates with 
your receiver'santenna-input jack. Make the four-conductor 
shielded cable from the main DFer box to the switch board 
long enough to reach from the LRFB box's operating position 
totheroof of the car. Construct the antennas so thatthe whips 
can be changed easily for use on any frequency in which 
you're interested, 


Mechanical Assembly 


Mount the finished PC boards in a metal box of your 
choice. You can follow the construction method used in the 


Fig 42—An inside view of one DF unit built into а 
2x 8» S'jcinch (HWD) box. Because of the height 
restriction, the two 4700-1F damping capacitors (C8 
and C10) are not mounted on the PC board, but near 
the rear panel behind the smaller of the two PC boards. 
Опе of the 4700-uF damping capacitors is a standard 
electrolytic, the other is a parallel combination of five 
11000-uF, 6.3-V bipolar (nonpolarized) capacitors 
‘wrapped in electrical tap 
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Power and audio 
With an inline fuse holder and 

pin female Molex connector (five pins are used) feeds 
the four antennas. The audio-input cable s terminated 
in a finch diameter male plug. 


prototype (see Fig 42 and Fig 43), but do ensure that RA can 
be adjusted easly with a tuning tol from outside the box. A 
hale drilled in the box atthe right point will suffice. Arrange 
the LEDs in a diamond pattern on the front pane, with the 
left LED (red) tothe left, the ight LED (green) on the right, 
and the front and back LEDs at the top and the bottom, 

Wrap the switch board with tape to waterproof it, or 
placeitin a watertight box. Arrangethemag-mount antennas. 
оп top of the vehicle in a diamond shape. The distance 
between each antenna pair should be less than YJ. at the 
operating frequency. (In limiting the distance between 
antennas in a pair F/B orL/R— to less than .f. the author 
followed W9DU U's example) 

Final Adjustments 

Its best to start on 2 meters. Install the 2-meter whips 
inthe antenna bases. M ount the antennas onthe top of your 
vehicle. Identify the left and right antenna bases with L and 
R, and mark the front and back antenna bases, too. 

А good way to find out if the antennas are properly 
installed isto short either the left or rightantenna with a clip 
led from the whip to the metal base; the L/R meter will 
deflect one way and the left or right LED will light. If you 
short oneof the front and back antennas with clip lead, the 
frontar back LED will come on. If you short one of the L/R 
antennas and it makes the meter go to the right, it does not 
necessarily mean you have the phase switch in the proper 
position. That depends on the relative phase determined by 
the number of audio stages in your receiver, each of which 
may contribute a shift of 180°. 

Connect the coax from the switch board to your FM 
receiver It must be an FM receiver; an AM VHF or AM 
aircraft receiver won t suffice. Connect the audio output of 
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your2-meter receiver to theLRFB box audio input If you're 
using a transceiver, disable its transmit function by removing 
the mike. You don't want to transmit into the switch board! 

Turnon the receiver and placethe ВЕВ box in receive. 
by setting S1 to the Cv position. Center R10. Only one of 
the antennas will be turned on and the DF operation will be 
disabled, Back off the squelch and notice that you hear the 
audio from thespeaker of theL RFB box. Switch to an unused 
simplex channel. Have a friend with an HT stand 20 feet or 
so in front of the Vehicle. With the receiver in the car turned 
off, tum S1 to DF. The four LEDs should be off. If an LED 
lights, adjust R24 and R27 for zero voltage. If the LED is 
stil on, readjust R31 and R33, or R42 and R44 as explained 
earlier. When all four LEDS are off with the antennas 
connected, по audio from the receiver and no RF input signal, 
you're ready. Turn on your receiver and have your friend 
transmit on the 2-meter frequency (simplex) that your 
receiver is set to. When he transmits, one or mare of the 
LEDs should illuminate. Ignore the front/back LEDs, but 
check to see if the rightor left LED is on, Ifthe right LED is 
оп and your friend is standing to the right of the center of 
the vehicle front, all is well. Have him walk back and forth 
in frontof the vehicle and noticethat when heis tothe right, 
the green LED turns on, and when he's to the left, the red 
LED glows. If the indications are reversed, that is, if the 
LRFB box indicates left when your friend is to your right, 
reverse the position of PHASE switch 53. 

When the L/R indicators are working properly, have 
your friend walk back and forth between a position 20 feet 
to the front and right of the car and a position 20 feet away 
to the rear and right of the car, The right LED should stay 
on, but the front LED should be on when the HT is in front 
of the antennas, and the back LED should be on when the 
HT is behind the antennas. f the fron/back indications are 
reversed, reverse the position of PHASE switch 54. 

While receiving a signal from your friend's HT, adjust 
RA for maximum deflection on any опе of the two optional 
meters, or on a voltmeter (seton the lowest de voltage range] 
connected across R24 or R27. Look for the maximum 
deflection of the meter needle as the meter swings both ways 
while the signal source moves from back to front or left to 
right (depending, of course, on which panel meter you're 
looking at or which resistor R24 or R27— your voltmeter 
is across). The audio passband of FM receivers varies, and 
if you switch from an ICOM 1C-27 to an ICOM IC-W2A, 
for example, you'll have to change U2's master clock 
frequency. You may encounter receivers that don't require 
readjusting RA, but such readjustment should be expected, 
When changing receivers, you may also need to change the 
position of PHASE switches $3 and 54. This may also be 
necessary when changing from UHF to VHF, or VHF to 
UHF on the same receiver, as the number of receiver stages 
(and, hence, the audio phase) may change from band to band. 


‘Audio Level Adjustments 
With meter damping (52) off, adjust R10 so that you 


have full deflection of one of the two meters (ог your 
multimeter) with the signal source at a 45° angle rom the 
vehicle (halfway between ahead and right) and a reasonable 
audio level from the speaker. Turn the rig's volume control 
all the way up to ensure that the audio circuit doesn't 
overload. If it overloads, the meters won't deflect. From zero 
to full blast, ће meter should deflect more and more unless 
the signal is straight ahead or exactly for right). If you're 
using an H-T, maximum deflection of the meter should occur 
before the volume control is of maximum, or before the 
volume control ist: of maximum i you're using a mobile 
rig. f R10 is property adjusted, turning the volume control 
to maximum won't cause the meter to fall back toward zero, 
If increasing the Volume causes the meter to deflect les, 
then А105 seting is too high. 

Now have your friend walk around the vehicle with the 
HT transmitting and notice that the LEDs indicate the signal 
direction. On 2 meters in а clear field, theindicatons should 
be correct 80 or 90% of the time. The erroneous readings 
that occasionally occur are due to multipath propagation 
caused by the irregular shape of the vehicle. Slight 
adjustments in the positions of the L/R and F/B antennas 
may be necessary to make the zero points fall directly in 
front ofthe vehicle (neither leftnor right LED on) and at the 
center of the antennas (neither front nor back LED on) 

Try the same procedure on 440 M Hz. You may haveto 
flip the pest switches when you move to another band, 
even when using the same receiver, Remember that the total 
length of the 440-M Hz antennas must be 7. ог less, and 
the antennas must be placed less than 4% apart. The results 
оп 440 M Hz probably Won't be as consistent as the results 
оп 2 meters, as there is likely to be a lot more multipath 
propagation caused by the irregular shape of the vehicle. 


Fox Hunting 

Before heading out to find the fox, check to be certain 
the LRFB box is working properly. Tune to the fox's 
frequency and drive off. Turning on the рамно switch 
stabilizes the indication as you drive along. Follow 
Indications generated as you travel over the road or street. If 
an indication is constant for 15 or 20 seconds while you're 
moving down the road, it’s probably the true direction to 
the fox. Its possible to have a reflection from a mountain 
over a long distance down the road, however. When you 
сап hear the fox with no antenna, it's time to get out of the 
car, switch to the hand-held system and hunt for the fox on 
foot. 

If you switch to a new receiver, you may have to 
readjust R4, CLOCK FREQ. That's because both receivers 
тау nat have the same audio bandwidth, Author WA 9B VS 
forgat this while chasing a balloon once and the results were 
comical. When chasing balloons with ham radio transmitters, 
the readings you get are likely to be confusing when the 
balloon is ata high angle with respect to the plane of the car 
top. Use a hand-held Yagi to verify the balloon location, 
Even with a simple buzzbox, you should be able to find а 


keyed transmitter. 


AN ADCOCK ANTENNA 
Information in this section is condensed from ал August 
1975 OST article by Tony Dorbuck, КІЕМ, ex-WIYNC 
Earlier in this chapter it was mentioned that loops are 
adequate in applications where only the ground wave is 
present Butthe question arises, what can be done to improve 
the performance ofan RDF system for sky-wave reception? 
One type of antenna that has been used successfully for this 
purpose is the Adcock antenna, There are many possible 
variations, but the basic configuration Is shown in Fig 44 
The operation of theantenna when a vertically polarized 
wave s presentis very similar to a conventional loop. As can 
be seen from Fig 44, currents 11 and 2 will be induced in the 
vertical members by the passing wave. The output currentin 
the transmission line will be equal to their difference 
Consequently, the directional pattem will be identical to the 
loop with a пш! broadside to the plane of the elements and 
with maximum gain occurring in end-fire fashion. The 
magnitude of the difference current will be proportional to 
the spacing, d, and the length of the elements, Spacing and 
length are not critical, but somewhat more gain will occur 
forlargerdimensionsthan for smaller ones In an experimental 
model, the spacing was 21 feet (approximately 0.15 


Fig 44—A simple Adcock antenna and suitable coupler 
(seo text). 


Direction Finding Antennas 14-31 


wavelength at 7 M H2) and the element length was 12 feet. 

Response of the Adcock antenna to a horizontally 
polarized waveis considerably different from that of a loop. 
The currents induced in the horizontal members (dashed 
arrows in Fig 44) tend to balance out regardless of the 
orientation of the antenna. This effectis borne outin practice, 
since good nulls can be obtained under sky-wave conditions 
that produce only poor nulls with small loops, either 
conventional or fene loop modes. Generally speaking, the 
Adcock antenna has very attractive properties for fixed- 
station RDF work or for semi-portable applications. Wood, 
PVC tubing or pipe, or other nonconducting material is 
preferable for the mast and boom. Distortion of the pattern 
may result from metal supports. 

Since a balanced feed system Is used, a coupler is 
needed to match the unbalanced input of the receiver, It 
consists of T1, which is an air-wound coll with a two-tum 
link wrapped around the middle. The combination is then 
resonated to the operating frequency with C1. C2 and СЗ 
are null-clearing capacitors. A low-power signal source is 
placed some distance from the Adcock antenna and 
broadside to it. C2 and СЗ ae then adjusted until the deepest 
nul is obtained, The coupler can be placed on the ground 
below the wiring-harness junction on the boom and 
connected by means of a short length of 300-ohm twin-leat. 
A length of PVC tubing used as a mast facilitates rotation 
and provides a means of attaching a compass card for 
obtaining bearings. 

Tips on tuning and adjusting a fixed-location RDF 
атау are presented earlier in this chapter, See the section, 
"RDF System Calibration and Use.” 
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For many amateurs, the Words portable antennas may 
conjure visions of antenna assemblies that can be broken 
down and carried in a backpack, suitcase, golf bag, or what- 
have you, for transportation to some out-of-the way place 
where they wlll be used. Or the vision could be of larger 
array that can be disassembled and moved by pickup ruck 
to a Field Day site, and then erected quickly on temporary 
supports. Portable antennas come in a wide variety of sizes 
and shapes, and can be used on any amateur frequency. 

Strictly speaking, the words “portable antenna" really 
means transportable antenna one that is moved to some 
(usually temporary) operating postion for use. As such, 
portable antennas are not placed Ina service when they are 
being transported. This puts them in a different class from 
mobile antennas, which are intended to be used while in 
motion. Of course this does not mean that mobile antennas 
cannot be used during portable operation. Rather, тше 
portable antennas are designed to be packed up and moved, 
usually with quick reassembly being one of the design 
requisites. This chapter describes antennas that ae designed 
for portability. However, many of these antennas can aso 
be used in more permanent installations. 

Any of several schemes can be employed to support 
an antenna during portable operation. For HF antennas made 
of wire, probably themost common suppor isa conveniently 
located tre at the operating site. Temporary, lightweight 
masts arealso used. An aluminum extension ladder, properly 
quyed, can serve as a mast for Field Day operation, Such 
Supports are discussed in Chapter 22. 


A SIMPLE TWIN-LEAD ANTENNA FOR HF 
PORTABLE OPERATION 

The typical portable HF antenna is a random-length 
wireflung over a tree and end: fed through an antenna tuner. 
Low-power antenna tuners can be made quite compac, but 
each additional piece of necessary equipment makes portable 
‘operation less attractive. The station can be simplified by 
using resonant impedance-matched antennas for the bands 
of interest. Perhaps the simplest antenna of this type is the 
half-wave dipole, center-fed with 50- or 75-0 coax 
Unfortunately, RG-58, RG-59 ar RG-8 cable is quite heavy 


and bulky for backpacking, and the miniature cables such 
as RG-174 are too lossy. 

A practical solution to the coax problem, developed 
by Jay Rusgrove, WAVD, and Jerry Hall, KITD, is to use 
folded dipoles made from lightweight TV twin lead. The 
characteristic impedanceof this type of dipole is near 300 0, 
but this can easily be transformed to a 50-£2 impedance. 
The transformation is obtained by placing a lumped 
capacitive reactance at а strategic distance from the input 
end of the line. Fig 1 illustrates the construction method 
and gives important dimensions for the twin-lead dipole. 

A silver-mica capacitor is shown for the reactive 
element butan open-end stub of twin-lexd can seve as wel 
provided itis dressed aright angles to the transmission line 
for some distance, The stub method has the advantage of 
easy adjustment of the system resonant frequency. 

The dimensions and capacitor values for bwin-lead 
dipoles for the HF bands are given in Table 1. To preserve 
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Table 1 


Tuin-Lead Dipole Dimensions and Capacitor 
Values 


Frequency Length A Length C, Stub Length 
3.75 MHz 124 0% 10" 289рЕ S74" 
745 GSS 6 10 151 pF 197" 
1025 46 2%½ 47107 107рЕ 19° 10" 
14475 — 330" 25% 76 67 910%" 
1818 25 0% 2787 60рЕ 79” 
21208 — 2240 XP 55 pf 677" 
24% 189 PAA dapF ЫТ 
285 165" Vel a8 pf 47 


the balance of the feeder, а 1:1 balun must be used at the 
елі of the feed ine. In most backpack ORP applications the 
balance is not critical, and the twin-lead can be connected 
directly to a coaxial output jack— one lead to the center 
contact, and one lead to the shell. 

Because of the transmission-line effect of the shorted- 
radiator sections, a folded dipole exhibits a wider bandwidth 
than a singleconductor type. The antennas described here 
are not as broad as a standard folded dipole because the 
impedance-transformation mechanism is frequency 
selective. However, the bandwidth should be adequate. An 
antenna cut for 14.175 M Hz, for example, will present an 
SWR of less than 2:1 over the entire 14-M Hz band. 


ZIP-CORD ANTENNAS 

Zip cord is readily available at hardware and department 
stores, and it's not expensive. The nickname, zip cord, refers 
to that parallel-wire electrical cord with brown or white 
insulation used for lamps and many small appliances. The 
conductors are usually #18 stranded copper wire, although 
larger sizes may also be found, Zip cord is light In weight 
and easy to work With. 

For these reasons, zip cord can be pressed into service 
as both the transmission line and the radiator section for an 
emergency dipole antenna system, This information by J erry 
Hall, KITD, appeared in QST for M arch 1979. The radiator 
section of а zip-cord antenna is obtained simply by 
“unzipping” or pulling thetwo conductors apart forthe length 
needed to establish resonance for the operating frequency 
band. The initial dipole length can be determined from the 
equation / = 468/f, where ris the length in feet and f is the 
frequency in M Hz. (It would be necessary to unzip only half 
the length found from the formula, since each of the two 
wires becomes half of the dipole) The insulation left on 
the wire will have some loading effect, so a bit of length 
trimming may be needed for exact resonance atthe desired 
frequency, 

For installation, you may want to use the eletrician's 
knotshownin Fig 2atthedipolefeed point This is a balanced 
knot that will keep the transmission-line part of the system 
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Fig 2— This aloctrician's knot, often used inside lamp 
bases and appliances in lieu of plastic grip, can also. 
Serve to prevent the transmission-line section of a zip- 
сога antenna from unzipping itself under the tension of 
dipole suspension. To е the knot, first use the right- 
hhand conductor to form a loop, passing the wire behind 


id wire of the pair behind the wire extending 
off to the left, in front of the unseparated pair, and 
thread it through the loop already formed. Adjust the 
knot for symmetry while pulling on the two dipole wires. 


from unzipping itself under the tension of dipole suspension. 
This way, if zip cord of sufficient length for both the radiator 
and the feed line is obtained, a solder-free installation can be 
‘made right down to the input end of the line. 

(Purists may argue that knots at the feed point will 
create an impedance mismatch or other complications, but 
aswill become evident inthe next section, this is nota major 
consideration.) Granny knots (or any other variety) can be 
used at the dipole ends with cotton cord to suspend the 
System. You end up with a light-weight, low-cost antenna 
system that can serve for portable or emergency use. 

But just how efficientis a zip-cord antenna system? 
Since itis easy to locate the materials and simple to install, 
how about using such for a more permanent installation? 
Upon casual examination, zip cord looks about like 72-02 
balanced feed line. Does it work as well? 


Zip Cord as a Transmission Line 

To determine the electrical characteristics of zip cord 
as a radio frequency transmission line, a 100foot roll was 
Subjected to tests in the ARRL laboratory with an RF 
impedance bridge. Zip cord is properly called parallel power 
cord. The variety tested was manufactured for GC 
Electronics, Rockford, IL, being 18-gauge, brown, plastic- 
insulated typeSPT-1, GC cat no. 14-118-2642, Undoubtedly, 
minor variations in the electrical-characteristics will occur 
among similar cords from different manufacturers, but the 
results presented here are probably typical 

The characteristic impedance was determined to be 
107 0 at 10 MHz, dropping in value to 105 Q at 15 MHz 
and to a slighty lower value at 29 M Hz. The nominal value 


15105 £2atHF. The velocity factorof thelinewas determined 
to be 69.5%, 

Who needs a 105-0 line, especially to feed a dipole? A 
dipole in free space exhibits afeed-pointesistance of 73 0, 
and at heights above ground of less than . wavelength the. 
resistance can be even lower. An 80-meter dipole at 35 feet 
over average soil, for example, will exhibit a feed-point 
resistance of about 35 2. Thus, for a resonant antenna, the 
SWR in the zip-cord transmission line can be 105/35 or 3:1, 
and maybe even higher in some installations. Depending on 
the type of transmitter in use, the rig may not like working 
into the load presented by the zip-cord antenna system. 

Butthereally bad news is sil to come- line loss! Fig 3 
isa plot of line attenuation in decibels per hundred feet of 
line versus Frequency. Chart values are based on the. 
assumption that the line is perfectly matched (sees a 105-02 
Toad as its terminating impedance). 

In a feed line, losses up to about 1 decibel or so can be 
tolerated, because at the receiver a 1-dB differencein signal 
strength is just barely detectable. B ut for losses above about 
138, beware. Remember that if the total losses are 3 dB, 
half of your power will be used just to heat the transmission 
Tine. A dûitional losses over those charted in Fig 3 will occur 
when standing waves are present. (See Chapter 24.) The 
trouble is, you can't use а 50- or 75-02 SWR instrument to 
measure the SWR in zip-cord line accurately 

Based on this information, we can see that а hundred 
feet or so of zip-cord transmission line on 80 meters might 
be acceptable, as might 50 feet on 40 meters, But for 
longer lengths and higher frequencies, the losses become 
appreciable, 


Fig 3— Attenuation of zip cord in decibels per hundred 


frequency amateur bands. 


Zip Cord Wire as the Radiator 

For years, amateurs have been using ordinary copper 
house wire as the radiator section of an antenna, erecting it 
without bothering to strip the plastic insulation. Other than 
the loading effects of the insulation mentioned earlier, no 
noticeable change in performance has been nated with the 
insulation present. А nd the insulation does offer a measure 
of protection against the weather. These same statements 
сап be applied to single conductors of zip cord. 

Thesituation ina radiating wire covered with insulation 
is not quite the same as in two parallel conductors, where 
there may be a leaky dielectric path between the two 
conductors. In the paralel lin, itis the current leakage that 
contributes to line losses. This leakage current is set up by 
the voltage potential that exists on the two adjacent wires. 
The current flowing through the insulation on a single 
radiating wire is quite small by comparison, and so as a 
radiator the efficiency is high. 

In short, communications can certainly be established 
with a zip-cord antenna in a pinch on 160, 80, 40, 30 and 
perhaps 20 meters, For higher frequencies, especially with 
long line lengths for the feeder, he efficiency of the system 
is so low that its value becomes questionable. 

A TREE-MOUNTED HF GROUND-PLANE 

ANTENNA 


A tree-mounted, vertically polarized antenna may 
sound silly. Butisit really? Perhaps engineering references 


be connected to stakes or other convenient points. 
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Fig 5— Dimensions and construction of the tree- 
mounted ground-plane antenn: 


donotrecommendit, but such an antenna does not cast much, 
is inconspicuous, and it works. This idea was described by 
Chuck Hutchinson, KBCH, in OST for September 1984, 

‘The antennaitselfis simple, as shown in Fig 4. A piece 
of RG-58 cable runs to the feed point of the antenna, and is 
attached to a porcelain Insulator. Two radial wires are 
soldered to the coax-line braid at this point. Another piece 
of wire forms the radiator. The top of the radiator section is 
suspended from a tree limb or other convenient support, and 
in turn supports the rest of the antenna, 

‘The dimensions for the antenna are given in Fig 5.A II 
three wires of the antenna are J. wavelength long. This 
generally limits the usefulness of the antenna for portable 
‘operation to 7 M Hz and higher bands, as temporary supports 
higher than 35 or 40 feetaredificultto come by Satisfactory 
operation might be had on 3.5 MHz with an inverted-L 
configuration of the radiator, if you can overcome the 
accompanying difficulty of erecting the antenna at the 
operating site. 

The bes mounted vertical idea can also be used for 
fixed station installations to make an invisible antenna. 
Shallow trenches can beslit for burying the coax feeder and 
the radial wires. The radiator itself is difficult to see unless 
you are standing right next to the tree. 


A PORTABLE DIPOLE FOR 80TO 2 METERS 

‘This dipoleantenna, described by Robert Johns, W3) IP, 
in August 1998 QST, can be used for any band from 80 
through 2 meters, One half of the dipole is an inductively 
loaded aluminum tube. Its length is adjustable from 4 to 
11 feet, depending on how much room is available. Theother 
half is flexible insulated wire that can be spooled out as 
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legs that make a tripod. 


necessary. The tube is supported by a flagpole bracket 
attached to along carpenter's clamp. The clamp mounts the 
antenna to practically anything: a windowsill, railing, a chair 
or post. If there is no structure to mount the antenna (а 
parking lot or the beach), the clamp attaches to two light 
wooden legs to form a tripod, as shown in Fig б. 

The key to mounting flexibility is the large clamp. The 
Key to electrical flexibility is a large adjustable coil that lets 
you resonate the tube on many bands. The coil is wound 
with 48 aluminum ground wire rom RadioShack. The form 
is a four-inch (e inch OD) styrene drain coupling from 
the Home Depotor alarge plumbing supply store А movable 
tap adjusts the inductance to tune the upright tube to the 
desired band. The wire half of the antenna is always a bit 
less than 744 on each band, Hang it from any convenient 
support or drape it over bushes to keep it off the ground, 


Construction 

‘The 18-inch carpenter's clamp (sometimes called a bar 
clamp, such as Jorgensen's No. 3718) and flagpole bracket 
that takes а finch pole are common hardware items, 
Insulate the bracket from the clamp jaw with a L inch 
length of 1-inch PVC pipe (see Fig 7). Hammer the PVC 
over he end clamp jaw to make it take the shape of the jam. 
Secure heflagpole bracketto PVC with a large ground clamp 
(for "f: or Linch conduit). The ground clamp includes . 
inch bolts; enlarge the flagpole bracket holes to accept them, 
Some flagpole brackets have an integral cleat; the author 
hammered the cleat ears flat on his 

Mount an 50-239 chassis connector on the flagpole 
bracket using RadioShack insulated standoffs (276-1381). 
The standoffs tightly press the center pin of the 50-239 
against the bracket surface; no other connection is needed, 
Other mounting hardware may require a connection from the 
coax center conductor to the bracket The spooled wire'sinner 
end wraps around a standoff and connects to а ring terminal 


Fig 7—The flagpole bracket that supports the tubing 
elements is clamped to the long carpenter's clamp, but 
insulated from it by a small section of inch PVC pipe. 
А coax connector ls mounted to the bracket ar 

Spool of wire is attached to the coax connector. 


under a screw holding the 50-239 flange to the standoff, 

The 1x 2:inch wooden legs for the tripod are each 
30 inches long. Bolt them together at ane end with a 1 or 
ch Jong bolt Countersink the bolt head and nut below 
the surface ofthe wood so they don tinterfere with the clamp 
jaws 

Aluminum Element 

You can make this element from three lengths of 
telescoping aluminum tubing (% Je and */ inch, 0.058-inch 
walls), The author used tubing with thinner walls for less 
weightand easier handling. A 45-inch-long,*fvinch tube fits 
the flagpole bracket. He chose this length because it and the 
flagpole bracket make 2/4 on 6 meters. The two outer tubes 
are both */ı inch, made by cutting a seven-foot aluminum 
Clothesline pole in halves. They are joined together with а 
copper coupling ( inch 1D) for inch copper pipe. The 
coupling is bolted to one of the*/einch sections, and a slotis 
cut in the free half of the coupling. The remaining 
*jeinch tube is inserted there and secured with a hose clamp. 
SeeFig8, 

One’/-inch tube slidesinto the inch tube to provide 
a continuously variable element length from about 4 to 
Tij feet. This extends from 7:2 to 11 feet when the two 
ach sections are joined together 


Loading Coil 

The loading coil has 12 turns of bare aluminum wire 
spaced to fill the 3:b-inch length of the drain coupling. Drill 
och holes at the ends of the coil form to accept the ends 
of thecoll wire. (See Fig 9.) To wind thecoil, feed four inches 
of wire through the form, make a sharp bend in the wire and 
start winding away from the nearby mounting hole. Wind 12 
turns on the form, spacing them only approximately. Cut the 
wire for a 4-inch lead and feed it through the other hale in 
the form, Tighten the wire as best you can and bend it into 
another acute angle where it passes Into the form. Space the 


E 


Fig 8—The joint between two sections of finch tubing 
is made from a '/-inch copper pipe coupling, bolted to 
оле section and hose clamped to the other. 


turns about equally, but don't fuss with them. Final spacing 
will be set after the wire is tightened, 

Tighten the coil wire by putting a screwdriver or a 
needie-nose pliers jaw under ane tum, and pry the wire up. 
and away from the surface of the coil form. While this can 
be done nyivhera it’s best to put these kinks on the backside, 
away from the mounting shaft Put kinks in every other turn, 
removing any slack from the coil and holding the turns in 
place, Should the сой ever loosen, simply reighten itwith a 
screwdriver. If you prefer, glue the coil tums in place with 
epoxy or coil dope. Use a thin bead of glue that won't 
interfere with the clip that connects to the coll 

The coil form mounts ona nine-inch-long inch PVC 
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Fig 9— Holes to be drilled in the. 
styrene coupling and the winch PVC 
pipe. All holes are "inch diameter, 


to provide clearance for 46-32 bolts. 
The hole 1%: inches from one end 
holds a bolt that serves аз a stop, so 
thatthe antenna tube does not slide 
in too far. Space the holes for coil 
leads far enough from the mounting 
holes to clear the “inch pipe. 


pipe. (See Fig 9 and Fig 10.) The inside diameter is slightly 
larger than the inch aluminum, but slotting the PUC and 
tightening it with a hose clamp secures the tube. [Use a wide. 
‘saw to cutthese slots, not a hacksaw.) The coll form mounts 
to the PVC pipe with 6-32 x Linch bolts. A five-inch 
long, inch aluminum tube permanently attaches to one 
end of the cal assembly and slides into the flagpole bracket. 
One end of the coll wire connects to this short tube, Flatten 
the wire end by hammering it on something hard, then drill 
a cn hole in the flattened end and attach it to the short 
tube with a 46-32 x 1-inch bolt. Tighten the bolt until the 
"pinch tube starts to flatten. This will keep pressure on the 
aluminum-to-aluminum joint. 

The aluminum element sides into the opposite end of 
the coll assembly. The hose clamp there can be tightened 
until the element just slides in snugly. 

А 12-inch clip lead connects the aluminum element to 
the coil. Bolt the plain wire end to the inch tube three 
inches from its end. M any alligator clips will fit in the space 
between the turns of the coil (about "s inch], but W3JIP 
preferred using a solid-copper clip (Mueller TC-1). Cut off 
most of the jaws, so that only the part close to the hinge 
grabs the coil. This shorter lever grips very tightly. 


Wire and Spool 

The lower half of the antenna is insulated wire that is 
about 1/4 on the band of operation. The wire is pulled from 
the spool, and the remaining wire forms an inductance that 
doesn't add much to the antenna length. The Home Depot 
sells #12 and #14 insulated stranded copper wire in 50 and 
100 foot lengths, on plastic spools. (See Fig IL) A inch 
dowel fits into the spool to make a handle and spool axle. 
Bolts through the dowel on either side of thespool hold itin 
place. A crank handle is made by putting a one-Inch-long 
bolt through the spool flange. 
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The author calibrates the wire on thespool with markers 
and electrical-tape flags. There's а mark (from a permanent 
marking pen) at each foot, a black flag every five feet and a 
length-marked colored flag every 10 feet. Simply mark the 
length for each band, if you like. 


eS 


Fig 10— Top photo shows the loading coil for the 20, 30, 
and 40-meter band coverage. The short aluminum tube 
оп the сой slides into the flagpole bracket, and the 
tubing element slides into the other end of the PVC pipe. 
The wire and clip connect the element to the coil 

Bottom photo shows the coll for operating the antenna 
оп 80 meters. This is placed in the flagpole bracket and 
the 40-meter aluminum сой plus the tubing element is 
inserted into it 


ё 


Fig 11— The wire spool has a wooden axle/handle and 
small handle for winding the wire. A bungee cord 
‘stretched over the spool and around the axle prevents 
wwe wire from unwinding. 


Make sure you prevent the wire from unspooling 
especially when it's hanging from a window mounting. A 
heavy rubber band works, but it doesn't las long. A better 
solution isa loop of ight bungee cord, preferably witha knot 
for rip. The bungee loop runs from the axle/handle around 
the spool making a half twist on the way, and then passes 
over the axle end on the other side of the spool (See Fig 11) 


Operation 

Table 2 lists element length, wire length and coil tap 
point for various bands, W hen the number of turns shown is 
zero, the cil is not needed. On all bands except 6 meters, 
you can simply bypass the сой with the clip lead the extra 
length just lowers the frequency a bit. For 6 meters, the coil 
must be removed, The location of the unspooled wire greatly 
affects the settings, so these numbers are only starting points. 
The lengths in the table were taken with the wire one to 
three feet above ground, draped over and through bushes 
and flowerbeds. The antenna will still work if the wire is 
lying on the ground, but it will require less unspooled wire 
to resonate. balun is not needed, and an SWR analyzer is 
Very helpful while adjusting this antenna 

TheSWR islessthan 15:1 on all bands, and it’s usually 
below 1.2:1, Occasionally, a band shows a higher SW (still 
less than 2:1), but that can always be lowered by adjusting 
the length or location of the lower wire. Never set up the 
antenna where it could fall and injure someone, or where 
the unwary could get an RF burn by touching it. 

The author's results with this antenna have been 
excellent, both from home and on vacation. If you haven't. 
yet operated from a seashore location, be prepared for a 
pleasant surprise! The good ground afforded by the salt water 
really makes a difference. 


80 Meters 
It's easy to add this lower frequency band. Fig 108 
shows a 35 ЫН coll for 80 meters, It's constructed and 
tightened just like the 40-meter coil, but has 20 turns of #12 
magnet wire 
То operate on 75/80 meter, insertthe new cail into the. 


Table 2 
Element Length, Wire Length and Coil Tap Points 
Tubing Length Сой Tums luis Length 
бее) (ее) 
6 meters 4 
10 meters 


12 meters 


15 meters 1 


17 meters . 


20 meters 1 


30 meters 1 


40 meters 1 


flagpole bracket and plug the 40-meter coil into it. Tune 
across the band with the movable tap on the 40-meter coil 
This varies antenna resonance from below 3.5 to above 
4.0 MHz, with the full 11 feet of tubing extended. If your 
version doesn't achieve this tuning range, adjust the spacing 
of the turns on the 80-meter coil. 

The 80-meter coil has a five-inch length of finch 
Aluminum tube inserted into one end of the Nich PVC 
pipe that supports the coll farm. One end of the coil is 
connected to this aluminum tube. The other end is secured 
under the bolt that holds the coil form to the PVC pipe. A 
second clip lead connects the base of the 40-meter сой! to 
the outer end of the larger coil, The length of wire on the 
spool must also be increased to about 64 feet 

2 Meters 

А 2 dipole for 2 meters can be made with about 
15 inches of inch aluminum tubing in the flagpole bracket, 
and 18 inches of wire. The tubing element is shorter than 
normal for 2 meters because the bracket is also part of the 
antenna. You can also shorten the 6-meter wire a bit and 
‘operate the G-meter antenna as а 32/2 on 2 meters, with а 
somewhat higher SWR. 


Continuous Coverage 

With easily changed element lengths and a 
continuously variable loading coil, you may operate the 
antenna on any frequency from 6.5 to 60 MHz, if coverage 
for other services is needed. With taps in the 80-meter coil 
at 8, 11 and 14 turns, the antenna will also tune from 4 to 
тин: 
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THE HF CABOVER ANTENNA 

If you have ever had the pleasure of traveling across 
the country with an HF mobilein a camper, trailer or motor 
home you may want to duplicate this antenna for use when 
you park, This antenna was described by Jim Ford, N6JF, in 
The ARAL Antenna Compendium Vol 5. 

‘The author's camper has limited spots on which to 
mountan HF mobile antenna, The back ladder isa convenient 
placeto mounta small mobile whip. However, the efficiency 
of typical mobile center-loaded antennas, depending on coil 
Q and other assumptions, is often less than 2% for 80 meters 
and 10% for 40 meters. (These numbers come from the 
excellent, easy-to-use M O BILE antenna design program by 
Leon Braskamp, AAGGL, which ison the CD-ROM bundled 
with this book. 

At some locations, N6JF used an 80-meter dipole, 
which was very efficient and worked great on all bands when 
fed with open-wire line and an antenna tuner, However, it 
took over 40 minutes to setup and about 20 minutes to tear 
down, working with a sling shot and many tree snags, This 
isto much time to make a schedule or for an early morning 
departure, although it's OK if you plan to stay for a while. 
Even more important, there were often too many trees or 
other barriers (perhaps some even social) to allow putting 
Up the dipole at a campsite 

When this happened he was stuck with the mobile 
antenna with poor efficiency. There had to be better antenna 
for camper operation. The author decided on alarge vertical 

A telescoping aluminum extension pole used for roller 
painting would make a good bottom section for the loaded 
Vertical, These are avallable at many local home supply 
centers, The author's was 1 inch in diameter and 6 fet long, 
telescoping to almost 12 feet. He disassembled both sections 
and cross-cut a Linch slot in the top of the bottom section 
with a hacksaw to allow compression clamping with a hose 
clamp. Thetip of thetop section was fitted with an aluminum 
plug that had a f-24hole tapped in it. This procedure was a 
Simple machine-shop operation. The plug was pounded into 
thetop section and is quite snug. He tapped some set screws 
through the pole into the plug, however, just to be sure. An 
insulated, lay-down marine antenna mount fit perfectly into 
the bottom of the aluminum base and was secured with a 
bolt that also served as the electrical connection from the 
capacitor matching box. See Fig 12 showing the aluminum 
base plate, the laydown mount and the antenna mast itself 
lowered down the back of the camper. Fig 13 shows the 
layout of the back of the camper, with the antenna on the 
right-hand side, laid down for travel 

Thevariable capacitor in the matching box is a surplus 
three section 365-pF broadcast tuning capacitor. Two of three 
sections are connected in parallel and a switch parallels in 
thethird section, along with an extra 800 pF mica capacitor 
for use on 80 metes, See the schematic in Fig 14. 

The capacitor assembly was put in a custom-glued 
Plexiglas box to keep out the weather and mounted to apiece 
of plate aluminum, along with an 50-239 connector. The 
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of mounting to the camper. The four banana-plug Jacks 
fon the bottom are for extra radials, И desired. 


Fig 13— Photo showing the back of the camper, with the 
antenna in the lowered position, parallel to the ladder. 
The "Outback" standby mobile antenna is shown 
clamped to the left side of the ladder. 


aluminum plate was riveted to the camper shell using a lot 
of aluminum rivets, Do not use steel, NEJF peeled back about 
a inch wide section of the side of the camper for this direct. 
aluminum-to-aluminum connection. People who are hesitant 
to modify their campers like this need to find an alternate 
low-resistance connection method. His camper was old 
enough not to be an issue. 

For an extra low-resistance connection a 14-inch 
aluminum strip was added from the top of the base plate to 
the camper, as shown in Fig 12 near the 80-meter switch, 
The tuning knob protrudes from the side of the Plexiglas 
box. The four bottom holes in the plate are for banana plugs 


Ct 3 Section 365pF 
C2 B00 pF mica 
Si ie Closed on BOM 


Fig 14— Schematic of tuning capacitor at base plate. C2 


acitor. CLis a thre 
actor. S1 is closed 


is an 800 pF transmitting mica с 
Section 365 pF broadcast tuning 
for 80-meter operation. 


to connect ground radials if extra efficiency is desired 
However, roof of a camper is oneof the better places for 
ıa mobile antenna, so the author seldom hooks up the radials. 
When he does use them, he tuning changes only a little. 

To keep losses down, NSJF used coils wound with 
aluminum clothesline wireon old mobile coil center sections 
with quick disconnect fitings. See Fig 15, which shows both 
the 80 and 40 mete coils, together with the top portion of 
theantenna. An article by Robert Johns, W3JIP, in October 
1992 QST described techniques for building your own 
loading сой. The coils ended with a little more inductance 
than calculated and the author had to remove some turns 
Both coils are spaced at 4 tums per inch. The 8-inch long 
80-meter coil has 18 turns. The -inch long 40-mete coil 
has 8 turns. 

‘The matching network is actually an L section step-up 
match, using the netinductive reactance of the antenna plus 
the center loading coil The PVC coil construction technique 
was described їп W3JIP's QST article and a follow-up 


Fig 15- ck r coils, with 
top section and telescoping whip antenna with swivel 
bracket for tuning the top section for the higher bands. 
Note quick-disconnect connectors at top and bottom of 
both coils. The top whip is a Fiberglas CB whip, used 
‘on 80 and 40 meters. 


Technical Correspondence piece in October 1992 QST. 
Basically It consists of drilling an accurate row of slightly 
undersized holes along a length of inch PVC pipe and 
then carefully sawing down the center of the row of holes 
with a hack saw. Then, you trap the col wires in the grooves 
between the two sawed halves and ie the to halves together 
with string. When you are satisfied that everything is proper, 
you then tighten the string and apply epoxy glue to make it 
strong and permanent. 

One advantage of aluminum clothes line wireis that it 
is already coiled at the approximate diameter needed when 
you buy it and it is easy to position on the coil form. The 
Clothesline wire had aplastic coating, which wasn't removed 
except at the contact points, Once the epoxy dris, this 
method of construction does a good jab of holding the 
finished coll together andit is lightweight. 

The computed coil Q from the MOBILE antenna 
program is about 800 for the 80-meter coil and about 400 
for the 40-meter col. The author accidentally made the 
40-meter coil 7 inches in diameter instead of a higher-Q 
6 inch diameter. Even so, the whole antenna system with а 
9-foot top section calculates as being 56% efficent on 
80 meters and 85% for 40 meters. 

The removable top section for 80 and 40 meters is a 
full-sizefiberglass CB whip from RadioShack. Thefiberglass 
whip has about a 416 hole in the center of it. Besureto sand 
and paint the whip for protection against UV and to protect 
yourself against fiberglass spurs in the hands. N6JF tried а 
full-size stainless steel CB whip to get a slightly higher 
capacitance to ground because of larger conductor size but 
discovered it was far too heavy. That experience reinforced 
his decision that aluminum was a far more practical coll and 
base section material for this project. 

Quick-disconnect connectors found years ago at a 
hamfest were used for both сой forms and for thetop section. 
Bands higher than 40 meters don't need any loading colls 
and the antenna length can be telescoped to get a f. 
wavelength Ten meters doesn't require any top section. Ве 
sureto usesome NOA LOX or similar compound to prevent 
corrosion and poor connections tal aluminum joints. This 
is especialy true for the telescoping sections and the 
aluminum rivets. The matching capacitor is in the circuit at 
all times but when the gd mere switch is off you can set the 
Capacitor at minimum (about 14 pF) and itis effectively out 
of the circuit, even at 10 metes. The author has not tried 
this antenna on power levels greater than about 100 W but 
the weakest ink would probably be the matching capacitor 
The voltage at the matching capacitor is low, so 200 W 
should be no problem. 

You can achieve 1:1 SWR match for 80 or 40 meters 
and a good SWR is obtained without retuning the base 
matching capacitor for approximately 100 kHz on 80 meters 
and most of 40 meters. The top section, however, does not 
have such low Q and needs to be tuned. The 2:1 SWR 
bandwidth on 80 meters is about 25 kHz and 150 kHz for 
40 meters. Tuning is accomplished by using a telescoping 
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FM portable radio antenna connected to the top-section whip 
with a stainless steel hose clamp. The maximum length of 
the telescoping section used was 29 inches, and it collapses 
down to 7 inches. A whip with an elbow was used to adjust 
the angle of the whip as well. A telescoping whip half the 
length would sil be long enough for the full adjustment of 
both bands, 

Adjustment of the top section is one of the penalties 
paid to achieve high efficiency for operation on 80 and 
40 meters, Substituting an automatic antenna tuner would 
likely lose efficiency, particularly on 80 meters since the 
base resistance calculates to about 10 2. NG) F has not tried 
to make the antenna work on 160 meters, The SWR for 
the higher bands was good enough without any matching 
network. 

As light as the antenna is, it still won't hold up in а 
moderate wind without some support guys. NEJF used 
een and ‘finch PVC support pipes in а telescoping 
arrangement for storage, but expanding to give an 
approximate 459 support at the top of the bottom section 
from bath directions. One end of the telescoping section 
Was connected to the camper roof with a hinge. The other 
end formed asnap-fitoutof a PV С barrel that was cut length 
wise. See Fig 16 and Fig 17 for details. Even though it 
formed a good snap fit МЈ F didn’ ttrustthe joint for strong 
winds so he glued a piece of Velcro to the joint to close up. 
the open end. Becareful, though, because Velcro deteriorates 
with exposure, 

Another hase clamp near the top ofthe bottom section 
holds an fr Inch line taken up the adder to pull up the antenna. 
without the need of an assistant, The disadvantage Is you 


haveto climb the oof. U sea non-slip floor mat or something 
similar to spread the load on the roof and to avoid slipping. 
Once on the roof, however, the coll is at а height for easy 
adjustment when the telescoping section is in the down 
position. 

Ап advantage of being able to assemble the whole 
antenna on the roof is that you don't need a lot of swing-up 
room and you can clear trees easily. You can put calibration 
marks on the upper aluminum section for resonant lengths 
оп the higher bands but just raise the top section up all the 
way for 80 or 40 meters. Mark also the small сой tuning 
whip for 80 or 40 meters, although different locations may 
require slightly different settings due to detuning from nearby 
metal objects. 

The overall length is about 21 feet. The top of the 


Fig 16- Close-up of one of the snap-on support 
brackets used to brace the antenna. Note the Velcro: 
pieces used to ensure that the antenna doesn’t pop out 
Of the bracket in the wind. 
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Fig 17— Photo showing the two support bracket poles 
bracing the bottom section of the antenna, The top. 
tuning whip is evident above the homemade loading 
Coll at те top of the bottom section. 


author's camper is about 10 feet high when on the truck, 
putting the tip at 31 feet This antenna is definitely designed 
for use when you are parked at a fixed location. N6JF can 
put up this antenna in less than 5 minutes and can take it 
down in half the time, The success of this project has as 
much to do with knowing how and where you operate as it 
does paying attention to mechanical and electrical details, 
The antenna has been a good compromise between efficiency 
and convenience. 


TWO PORTABLE 6-METER ANTENNAS, 

‘These antennas were described by Markus Hansen, 
VETCA, in The ARRL Antenna Compendium Vol 5. After 
years of HF operation, he became enthusiastic about V HF/ 
UHF operation when he found a used Yaesu FT-726R VHF/ 
UHF all-mode transceiver ata reasonable price. 

Buthebecame really enthused when he goton 6 meters 
and discovered the Joys of driving to high mountain peaks 
to operate. Not only does an antenna have to be portable for 
this kind of operation, it must be easily assembled and 
disassembled, just in case you have to move quickly to а 
better location 


А Portable Two-Element Six-Meter Quad 

VETCA's primary objective was to construct a two- 
element quad using material found in any small town. It 
should not use. complicated matching network. The Gamma 
matches commonly used on quads do not hold up well when 
you are setting up and taking down these antennas in the 
field. The final design adjusted the distance between the 
driven and the reflector elements so thatthe intrinsic feed 
point impedance was 50 Q. 

Fig 18 shows the dimensions for the boom and the 
boom-to-mast bracket. The boom is made from a 27'Jeinch 
length of 2x 2. (The actual dimension of 2 x 2 is closer to 
Tk by Lisinches butitis commonly known in lumber yards 
35225 2.) Use whatever material is available in your area, 
but lightweight wood is preferred, so clear cedar or pine is 
ideal, Drill the four “inch holes for the spreaders with а 
wood bit, two at each end, through one of the faces of the 
2 x 2 and the other through the other face. The boom-to- 
mast bracket is made from “Inch fir plywood, 

‘Thespreaders are'/-inch dowel. T he local lumberyard 
had a good supply of fir dowels but other species of wood 
are available. The exact material is not important. Maple is 
stronger but expensive. Fiberglass would be ideal but it is 
not always available locally. Cut two of the -inch dowels 
to a length of 839 inches for the driven element spreaders 
and two to 88 inches for the reflector spreaders, Fig 19 shows 
опе end of the boom with the twa spreaders inserted, The 
mast was made from two six-foot lengths of 1inch fir 
dowel. Again, use whatever you may have available, 
Waterproof all wooden parts with at least two coats of 
exterior varnish. 

While you are atthe lumberyard or hardware stare look 
for plastic pipe that fits over the end ofthe inch spreaders, 


"— 


Fig 18 Dimensions for boom and the boom- 
bracket for VE7CA's portable two-element f meter 
quad. 


You will need a one-foot length, with some to spare. Cut it 
into seven equal lengths, approximately one inch long, and 
one to a length of 1% inches. Drill a /ı-inch hole through 
the seven equal lengths e inch from the ends, and two holes. 
опе above the other У, inch apart on the 17-inch sleeve 
VETCA used #14 hard-drawn stranded bare copper wire for 
the elements. Do not use insulated wire unless you are 
willing to experimentally determine the element lengths, 
since the insulation detunes each element slight. 

Cut the reflector element 251 inches long and slip one 
end of the wire through the holes you drilled in four of the. 
plastic sleeves, Dory tattemptto secure the wireto the plastic 
sleeves at tis point Cross the end of the reflector elements 
опе inch from thelr respective ends and twist and solder 
together. The total circumference of the reflector element 
should be 249 inches when the ends are connected together 

Cut the driven element wireto 241 Inches and slip three 
of the Lunch sleeves onto the wire, A gain, don't secure the. 
wires to the sleeves yet. Then the ends are passed through 
the two holes in the 1/-inch pipe. Wrap the ends around 


d 


Fig 19— Photo of one end of the VE7CA quad with the 
two spreaders inserted 
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the pipe and twist them back onto themselves to secure the 
wire. The coax feed line is attached directly to the two ends 
atthis point. The circumference of the driven-element loop 
from the points where the coax is attached should be 236'/: 
Inches. Solder the coax feed line to the driven element and 
waterproof the coax with silicone seal. The author used 
RG-58, as itis lightweight The length required for a portable 
installation is typically not very long, maybe 20 feet, so the 
lossin the small cable snot excessive. N ear the feed point, 
coil the coax into six turns with an inside diameter of two 
Inches. This isan effective method of choking any RF from 
flowing on the outside of the coax shield. 

Begin assembling the quad by pushing the two reflector 
spreaders, without wires attached, through one end of the 
boom and the two shorter driven-element spreaders through 
the holes in the other end of the boom. Center the spreaders 
and mark the spreaders with а black felt-ip pen next to the 
boom. Now insert a 1½ #8 wood screw or a threaded L- 
hook into the boom so that it just touches one of the 
spreaders. Take the screw or L-hook out and file the end 
flat then reinsetitso that itis just snug against the spreaders, 
The author only used two L-hooks for the two vertical 
spreaders; the horizontal spreaders are held in the proper 
position by the tension of the wire loops. If you use an L- 
hook, you can unscrew it with your hands you won’thave 


Fig 20 Photo showing one of the plastic sleeves 
slipped over end of a spreader to provide a mechanical 
mounting point and support for the wires. 


to worry about leaving the screw driver at home 

You are now ready to assemble the wire loops. Take. 
the reflector loop and place the four plastic caps over the 
ends of the reflector spreaders. Equalize the wire lengths 
between the spreader so that the loop is square, Now, secure 
the plastic sleeve pipes by tightly wrapping wire around the 
sleeve and the wire element and soldering the wire in place. 
See ig 20 a photo showing oneof the plastic sleeves slipped 
‘over one of the spreader ends, with the wire element through 
the hale and fastened in place. Follow the same procedure 
with the driven element 

Fig 21 shows the quad's boom, with the plywood 
boom: to-mast bracket fastened with wood screws and glue, 
Two U-bolts are used to attach to the mast. When the quad 
is raised, the shape of the loop is commonly known as a 
diamond configuration, The mast consists of two six-foot 
lengths of doweling joined together with a two-foot length 
of PVC plastic pipe, held together with wood screws. 

Make a slot the width of a #8 wood screw about one 
inch deep from the top of the plastic PVC pipe and then put 
the top mast into the plastic pipe. Insert a one inch 48 wood 
screw into the bottom of the slot you cut into the top of the 
pipe and tighten only enough so that the top mast can be 
removed without unscrewing it VE CA drove a nail into 
the end of the ower mast and leftitexposed an inch or more. 
This end is placed in the ground and the nail holds the pole 
in place, A strip of wood approximately 1x3 and long 
enough to cross aver the roof rack of the family van is used 
to hold the center of the antenna mast to the roof rack of the 


Fig 22—Ready 
for action! VETCA 
has setup his 


Fig 21— Photo of the two-element quad's boom, with 
the plywood boom-to-mast bracket secured with wood 
screws and glue. 
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van with small diameter rope. See Fig 22 for a photo of the 
quad in action next to the family van. 

To disassemble the quad, lay it on its side, slip the. 
plastic sleeves off the ends of the spreaders and roll up the 
wire loops. Loosen the L-hooks holding the vertical 
spreaders in place. Push the spreaders out of the boom, loosen 
the U-bolts and free the mast from the boom, 

‘That is all there is to it. It takes about two minutes to 
putitup, or take it down. Iis quite sturdy and has survived 
several high-wind storms. 


A Three-Element Portable 6-Meter Yagi 

‘The idea to build a Yagi antenna resulted when the 
author traded the family van for a compact car, He needed 
Something which would fit into the trunk of the car. A close 
to 7-feet long, the quad spreaders were too long. Computer 
modeling showed that а three-element Yagi on a five-foot 
boom also could pick up about 1.5 dB gain over the short 
boom two-element quad. A five-foot boom fits into the trunk 
ог across the back seat of the car, but something had to be 
done about the nine-foot elements! 

One day VEJCA noticed a box of portable-radio 
telescoping antenna elements at the radio parts store. They 
were 54 inches long when fully extended, He next found а 
60-inch length of aluminum tubing that fit over the end of 
the telescoping elements, There are many different sizes of 
telescoping antenna elements, with different diameters. This 
is where you will have to use your scrounging skills! Fig 23 
shows how the tubing is used as a center section to join two 
telescoping elements together. It also serves to extend the 
total length of each element, since two telescoping elements 
themselves are not long enough to resonate on six meters 


Fig 23— Photo showing a piece of aluminum tubing 
used as a center section to Join the two telescoping 
tips together. 


Fig 24—A view of the center sections of the three Yagi 
elements with their mounting brackets. 


See Table 3 for dimenslons and element spacings. Each 
center section is slotted at both ends with a hacksaw, and 
stainless-steel hose clamps re used to secure the telescoping 
elements 

Fig 24 shows the center sections of the three elements 
with their mounting brackets. A square boom was used to 
obtain a flat surface to work with. Fig 25 shows how the 
reflector is attached to the end of the боот with two 1> 
inch 10-32 bolts and wingnuts. Fig 26A provides the 
dimensions and details for the reflector and director element: 
to-boom brackets, which are formed from "inch plate 
aluminum. The driven element is split in the center and is 
insulated from the boom. Fig 268 shows details for the 
driven-element bracket. Fig 27 is a photo of the driven 
element with the hairpin matching wire and the banana plugs 
used to connect the coax to the driven element. You could 
use a female PL-259 connector if you wish. VETCA used 
d solid bare copper wire for the hairpin. tis very durable 
even after being severely warped in the car trunk, it can be 
bent back into shape quickly and easily 

‘The boom is cinch square aluminum, 65 inches long, 
‘The material was found at a local hardware store. To detach 
the elements, just loosen the wing nuts and remove the 
elements from the boom. A similar method was used to attach 
the support mast to the boom. 


Table 3 
‘Three-Element Yagi, Element Lengths and Spacing 
Along the Boom, and Hairpin Dimensions 


Element _ Spacing Center Telescoping Total Length 
Along Boom Section Ele. Lengih (inches) 

(inches) (inches) 
Reflector 0 ж ыз 1294 
Dive 2В „, аз B) 
Director &з% м» иш опт 
Hapin #i4wire 4long 1% spacing 


* drven-element uses 2 sections insulated at сег 


Fig 25— Photo detailing attachment of the reflector to 
the square-section boom, using two #10 bolts and 
wingnuts. 
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Fig 27- Photo of the driven element, complete with 
hairpin match and the banana plugs used to connect 
the coax cable to the driven element. 


‘As with the quad, a choke balun was used, consisting 
of acoil of 6 tums of coax with an inside diameter of 2 Inches, 
To tune the hairpin match, assemble theY agi on its mast and 
extend the elements. Spray switch contact solution on a cloth 
and wipe any dirt and grease from the elements. Push the 
elements together and apart a couple of times so that the 
contact solution cleans the elements thoroughly. Attach the 
antenna mast to your vehicle or use whatever method of 
Support you intend to usein the field, Connectan SWR meter 
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and a transmitter to the coax feeding the antenna. МЕСА 
used two alligator clips soldered together to slide along the 
twa hairpin wires to find the position for the lowest SWR. 
‘The dimensions computed by computer were correct! The 
SWR was below 1.16:1 from 50.05 to 50.2 MHz, 

You can take this antenna out ofthe trunk of the car 
and assemble it in less than two minutes. One caution: the 
telescoping elements when fully extended are quite fragile. 
VETCA has not broken one as yet, but carrying a spare 
element just in case would be a good idea. 
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Mobile antennas are those designed for use while they 
are in motion. At the mention of mobile antennas, most 
amateurs think of a whip mounted on an automobile ог other 
highway vehicle, perhaps on a recreational vehicle (RV) or 
maybe on an off-road vehicle, While it is true that most 
mobileantennas ae vertical whips, mobile antennas can also 
be found in other places. For example, antennas mounted 
aboard a boat or ship are mobile, and are usually called 
maritime antennas. Fig 1 shows yet another type of mobile 
antenna- those for use on handheld transceivers. Because 
they may be used while in mation, even these antennas are 
mobile by litera definition. 

Pictured in Fig Lisa telescoping full-size quarter-wave 
antenna for 144 M Hz, and beside it a stubby antenna for the 
same band. The stubby is a helically wound radiator, made 
of stiff copper wire enclosed in a protective covering of 
rubberlike material. The inductance of the helical windings 
provides electrical loading for the antenna, For frequencies 
above 28 M Hz, most mobile installations permit the use of 


Fig 1—Two mobile antennas—mobile because they may 
bbe used while in mation. Shown here are a telescoping 
antenna and a “stubby” antenna, both designed for 
MHz. The J., antenna is 19 inch long, while 
the stubby antenna is only 3% inch long. (Both. 
dimensions exclude the length of the BNC connectors. 
The stubby ls a helically wound radiator. 
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a full-size antenna, but sometimes smaller, loaded antennas 
are used for convenience, The stubby, for example, is 
convenient for short-range communications, avoiding the 
problems of a lengthier, cumbersome antenna attached to a 
handheld radio. 

Below 28 MHz, physical size becomes a problem with 
full-size whips, and some form of electrical loading (as with 
the stubby) is usually employed. Commonly used loading 
techniques are to place a coll at the base of the whip (base 
loading), or atthe center of the whip (center loading). These 
and other techniques are discussed in his chapter 

Few amateurs construct thelr own antennas for HF 
‘mobile and maritime use, since safety reasons dictate very 
sound mechanical construction. Several construction 
projects are included, however, in this chapter for those wha 
may wish to build their own mobile antenna, Even if 
commercially made antennas are installed, most require 
some adjustment for the particular installation and type of 
Operation desired and the information given here may 
provide a better understanding of the optimization 
requirements. 


HF-MOBILE FUNDAMENTALS 

Fig 2 shows a typical bumper-mounted center-loaded 
whip suitable for operation in the HF range. Jack Schuster, 
W1WEF, operates 80 through 2 meters from his car. The 
antenna could also be mounted on the car body itself (such 
asa fender), and mounts are available for this purpose. The 
base spring and tennis ball act as shack absorbers for the. 
bottom of the whip, as the continual flexing whilein motion 
would otherwise weaken the antenna, A short heavy mast 
section is mounted between the base pring and loading coll. 
Some models have a mechanism that allows the antenna to 
be tipped over for adjustment or for fastening to the roof of 
the car when not in use. 

Itisalso advisable to extend a couple of guy lines from. 
the base of the loading col to clips or hooks fastened to the 
roof gutter on the car, ог to the trunk and rear bumper, as 
W1WEF has done. Nylon fishing line (about 40-pound test) 
issuitablefor this purpose, The uy lines act as safety cords 
and also reduce the swaying motion of the antenna 
considerably. The feed line to the transmitter is connected 
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Fig 2—A typical bumper-mounted HF mobile 
antenna, as used by WIWEF. Note the nylon guy 

lines and the tennis ball used as a shock absorber. 
(Photo courtesy WIWEF.) 


to the bumper and base of theantenna, Good low-resistance 
connections are important here. 

Tuneup of the antenna is usually accomplished by 
changing the height af the ajustable whip section above the 
precut loading coll. First, tune the receiver and try to 
determine where the signals seem to peak up. Once this 
frequency is found, check the SWR with the transmitter on, 
and find the frequency where the SWR is lowest. Shortening 
the adjustable section will increase the resonant frequency, 
and making it longer will lower the frequency. Itisimportant 
thatthe antenna be away from surrounding objects such as 
overhead wires by ten feet or more, as considerable detuning 
can occur. Once the setting is found where the SWR is lowest 
atthe center of the desired frequency range, the length of the 
adjustable section should be recorded, 

Propagation conditions and ignition noise are usually 
the limiting factors for mobile operation on 10 through 
28 MHz. Antenna sizerestrictions affect operation somewhat 
оп 7 MHz and much more on 3.5 and 1.8 M Hz, From this 
standpoint, perhaps the optimum band for HF-mobile 
operation is 7 M Hz, The popularity of the regional mobile 
nets on 7 M Hz is perhaps the best indication of its suitability. 
For local work, 28 MHz Is also useful, as antenna efficiency 
is high and relatively simple antennas without loading coils 
are easy to build. 

As the frequency of operation is lowered, an antenna 
of fixed length looks (at its feed point) ike a decreasing 
resistance in seris with an Increasing capacitive reactance. 
The capacitive reactance must be tuned out, necessitating 
the use of an equivalent series inductive reactance or loading 
coil. The amount of inductance required will be determined 
by the placement of the coil in the antenna system. 
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Base loading requires the lowest value of inductance 
for a fixed-length antenna, and as the сой is placed farther 
Up the whip, the necessary value increases. This is because 
the capacitance of the shorter antenna section (above the 
coll) to the car body is now lower (higher capacitive 
reactance), requiring more inductance to tune the antenna 
to resonance. The advantage is that the current distribution. 
onthewhipis improved, increasing the radiation resistance. 
The disadvantage is that requirement of a larger coil also 
means the coil size and losses increase. Center loading has 
been generally accented as a good compromise with minimal. 
construction problems, Placing the coil 4 the distance up. 
the whip seems to be about the optimum position. 

For typical antenna lengths used in mobile work, the 
difficulty in constructing suitable loading coils increases as 
the frequency of operation is lowered. Since the required 
resonating inductance gets larger and the radiation resistance 
decreases at lower frequencies, most of the power is 
dissipated in the coils loss resistance and in other ohmic 
losses. This is one reason why it is advisable to buy а 
commercially made loading coll with the highest power 
rating possible, even If only low-power operationis planned, 

Coil losses in the higher-power loading coils areusually 
less (percentage-wise), with subsequent improvement in 
radiation efficiency, regardless of the power level used. Of 
course, the above philosophy also applies to homemade 
loading coils, and design considerations will be considered 
in a later section. 

Once the antenna is tuned to resonance, the input 
Impedance at the antenna terminals will look like а pure 
resistance. Neglecting losses, this value drops from nearly 
15 Q at 21 MHz to 0.1 0 at 1.8 M Hz for an 8-foot whip. 
When coll and other losses ae included, the input resistance 
increases to approximately 20 O at 1,8 MHz and 16 Q at 
21 M Hz. These values are for relatively high-efficiency 
systems, From this it can be seen that the radiation efficiency 
is much poorer at 18 M Hz than at 21 M Hz under typical 
conditions. 

Since most modern gear Is designed to operate with a 
50-0 transmission line, a matching network is usually 
necessary, especially with the high-efficiency antennas 
previously mentioned. This can take the form of either a 
broadband transformer, a tapped coil, or an LC matching 
network. With homemade or modified designs, the tapped. 
сой arrangement is perhaps the easiest one to build, while 
the broadband transformer requires no adjustment. As the 
losses go up, so does theinput resistance, and in less efficient 
systems the matching network may not be needed, 


The Equivalent Circuit of a Typical Mobile 
Antenna 

In the previous section, some of the general 

considerations were discussed, and these will now be taken 

Up in more detail. It is customary in solving problems 

involving electric and magnetic fields (such as antenna 

systems) to try to find an equivalent network with which to 


replace the antenna for analysis reasons. In many cases, the 
network may be an accurate representation over only а 
limited frequency range. However, this is often a valuable 
method in matching the antenna to the transmission line. 

Antenna esonanceis defined as the frequency at which 
the input impedance at the antenna terminals is purely 
resistive. The shortest length at which this occurs for a 
vertical antenna over a ground plane is when the antenna is 
an electrical quarter wavelength at the operating frequency; 
the impedance value for this length (neglecting losses) is 
about 36 u The idea of resonance can be extended to 
antennas shorter (or longer) than a quarter wave, and means 
only thatheinput impedance is purely resistive. As pointed 
cut previously, when the frequency is lowered, the antenna 
looks like a series RC circuit, as shown in Fig 3. For the 
average 8-foot whip, the capacitive reactance of C may 
range from about -150 Qa at 21 M Hz to as high as -8000 0 
at 18 MHz, while the radiation resistance R , varies from 
about 15 @ at 21 MHz to as ow as 0.1 @ at 1B MHz, 

For an antenna less than 0.1 À long, the approximate 
radiation resistance may be determined from the following 


Ry =273x (2x108 (Eq) 


where £ is the length of the whip in inches, and f is the 
frequency in megahertz. 

Since the resistance is low, considerable current must. 
flow inthecircuitif any appreciable power isto be dissipated 
in the form of radiation in Rp. Yet itis apparent that little 
current can be made to flow in the circuit as long as the 
comparatively high series reactance remains. 


‘Antenna Capacitance 
Capacitive reactance can be canceled by connecting 

an equivalent inductive reactance, (coil L ) in series, as 

shown in Fig , thus tuning the system to resonance. 


Fig 3—At frequencies below 
resonance, the whip antenna will 
‘show capacitive reactance as well 
аз resistance. Ry is the radiation. 
resistance, and С, represents the 
antenna capacitance, 


Fig 4—The capacitive reactance at 
{frequencies below the resonant 
‘frequency of the whip can be 
canceled by adding an equivalent 
Inductive reactance in the form of a 
loading coil in series with the 
antenna. 


‘The capacitance of a vertical antenna shorter than a 
quarter wavelength is given by: 


TE] 


apacitance of antenna in pF 
antenna height in feet 

D = diameter of radiator in inches 
f = operating frequency in MHz 


(E92) 
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Fig 5 shows the approximate capacitance of whip 
antennas of various average diameters and lengths. For 1.8, 
4 and 7 MHz, the loading coil inductance required (when 
the loading coil is at the base) would be approximately the 
inductance required to resonate in the desired band (with 
the whip capacitance taken from the graph). For 10 through 
21 M Hz, this rough calculation will give more than the 
required inductance, but it will serve as a starting point for 
the final experimental adjustment that must always be made. 


LOADING COIL DESIGN 

To minimize loading coil loss, the coll should have a 
high ratio of reactance-to-resistance (that is, a high unloaded 
Q).A A Hz loading coil wound with small wire on a small 
diameter solid form of poor quality, and enclosed in a metal 
protector, may have a Q as low as 50, with а loss resistance 
of 50 Q or more. High-Q coils require a large conductor, 
air-wound construction, large spacing between turns, and 
the best insulating material available. А diameter not less 
than half the length of the coil (not always mechanically 
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Fig 5—Graph showing the approximate capacitance of 
short vertical antennas for various diameters and 
lengths. These values should be approximately halved 
fora centeroaded antenna. 
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feasible) and a minimum of metal in the field of the coil аге 
also necessities for optimum efficiency. Such а coil for 
A MHz may show а Q of 300 or more, with a resistance of 
120orless 

‘The coll could then be placed in series with the feed 
line at the base of the antenna to tune out the unwanted 
capacitive reactance, as shown in Fig 4. Such a method is 
often referred to as расе loading, and many practical mobile 
antenna systems have been built using this scheme. 

Over the years, the question has come up as to whether 
ог not mare efficient designs are possible compared with 
simple base loading. While many ideas have been tried with 
varying degrees of success, only a fem have been generally 
accepted and incorporated into actual systems. These are 
center loading, continuous loading, and combinations of the 
latter with more conventional antennas. 


Base Loading and Center Loading 

If whip antenna is short compared to a wavelength 
and the current is uniform along the length r, the electric 
field strength E, at a distance û, away from the antenna is 
approximately 


E 
E DA 
where 


1 Is the antenna current in amperes 
2 is the wavelength in the same units as D and / 


A uniform current flowing along the length af the whip. 
isan idealized situation, however, since the currentis greatest 
atthe base of the antenna and goes to a minimum at the top, 
In practice, the field strength will be less than that given by 
the above equation, because it is a function of the current 
distribution on the whip. 

‘The reason that the current is not uniform on a whip. 
antenna can be seen from the circuit approximation shown 
in Fig 6. whip antenna over a ground plane is similar in 
many respects to a tapered coaxial cable where the center 
conductor remains the same diameter along its length, but 
with an increasing diameter outer conductor. The inductance 
per unit length of such a cable would increase along the 
Tine, while the capacitance per unit length would decrease, 
In Fig 6 the antenna is represented by a series of LC circuits 
in which C1 is greater than C2, which is greater than СЗ, 
and so on, L1 is less than L2, which is less than succeeding 
inductances. The netresultis that most of the antenna current 
retumsto ground near the base of the antenna, and very little 
near the top. 

Two things can be done to improve this distribution 
and make the current more uniform. One would be to 
increase the capacitance of the top ofthe antenna to ground 
through the use of top loading or capacitance hat, as 
discussed in Chapter 6, Unfortunately, the wind resistance 
of the hat makes it somewhat unwieldy for mobile use. The 
other method is to place the loading coil farther up the whip, 
as shown in Fig 7, rather than at the base. If the coll is 
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Fig 6—A circuit approximation of a simple whip over 
а perfectly conducting ground plane. The shunt 
capacitance per unit length gets smaller as the height 
increases, and the series Inductance per unit length gets 
larger. Consequently, most of the anten: 

to the ground plane near the base of the antenna, 
the current distribution shown at the right. 


Fig 7— Improved. 
current distribution. 

u resulting from center. 
loading. 


A 


resonant (or nearly so) with the capacitanceto ground of the 
section above the coil, the current distribution is improved 
as also shown in Fig 7. The result with both top loading and 
center loading is that the radiation resistance is increased, 
offsetting the effect of losses and making matching easier. 

Table 1 shows the approximate loading coll inductance 
for the various amateur bands. Also shown in the table are 
‘approximate values of radiation resistance to be expected 
with an 8-foot whip, and the resistances of loading coils 
опе group having а Q of 50, the other a Q of 300. A 
comparison of radiation and coil resistances will show the 
importance of reducing the coll resistance to а minimum, 
especially onthe three lower frequency bands. Table 2 shows 
‘suggested loading-coll dimensions for the inductance values 
given in Table 1. 


Table 1 


Approximate Values for 8-ft Mobile Whip 
Loading 9050) R-/DS00) Ay 
мна) Lun а й a 
Base Loading 
18 мв moon ол 
за т a ел 025 
72 20 „ з 135 
101 эз 2 2 28 
142 45 77 1а 57 
181 EN] so 10 109 
2125 125 34 os ма 
En 3 2 — 200 
200 = koa = 
Center Loading 
18 тю ив 23 ог 
за 150 2 а ов 
72 40 ж в 30 
101 20 2 аз 58 
м2 m % 25 mo 
120 da 92 15 190 
2125 25 es 1 270 


Re = loading сой resistance; Rx = radiation resistance 


Feed A? Matching 
a тан 
22 a 

16 12 
18 n 
12 04 
12 028 
“ 028 
15 028 
22 025 
36 023 
м E 
22 14 
19 вт 
18 ов 
19 025 
22 oar 
2 029 


“Assuming loading col O - 300, and including estimated ground-oss resistance. 


Table 2 

Suggested Loading Coil Dimensions 
Rega Wre Оа. Length 
Lj) Tums Sie Inches Inches 
КАТ 22 з 10 
as 135 10 10 
150 100 16 10 
т т м 10 
n m 12 m 
4 з 16 2 
4 з 12 m 
2 1 16 ve 
» 2 12 2 
as 18 14 2 2 
ав 15 12 2% a 
45 0 14 2 ve 
ав а 12 2h 4 
25 в 12 2 

25 в B E 

125 в 12 D 

125 в Д 2h 


OPTIMUM DESIGN OF SHORT COIL-LOADED 
HF MOBILE ANTENNAS 

Optimum design of short HF mobile antennas results 
from a careful balance of the appropriate loading coil Q- 
factor, loading coil position in the antenna, ground loss 
resistance, and the length-to-diameter ratio ofthe antenna, 
The optimum balance of these parameters can be realized 
only through athorough understanding of how they interact. 


This section presents a mathematical approach to designing 
mobile antennas for maximum radiation efficiency. Bruce 
Brown, W6TWW, in The ARRL Antenna Compendium 
Volume 1, first presented this approach, (Seethe Bibliography 
atthe end of this chapter) 

The optimum location for a loading coil in an antenna 
сап be found experimentally, but it requires many hours of 
designing and constructing models and making 
measurements to ensure the Validity of the design. A faster 
and more reliable way of determining optimum coil location 
is through the use of a personal computer. This approach 
allows the variation of any single variable, while observing 
the cumulative effects on the system. When plotted 
graphically, the data reveals that the placement of the loading 
coll is critical if maximum radiation efficiency is to be 
realized. (See the program M OBILE EXE, whichisincluded 
on the CD-ROM in the back of this book.) 


Radiation Resistance 
The determination of radiation efficiency requires the 
knowledge of resistive power losses and radiation losses. 
Radiation loss is expressed in terms of radiation resistance. 
Radiation resistance is defined as the resistance that would 
dissipate the same amount of power that is radiated by the 
antenna. The variables used in the equations that follow are 
defined once in the text, and are summarized in Table 3. 
Radiation resistance of vertical antennas shorter than 45 
electrical degrees (Js wavelength) is approximately: 


E 
ae Eq 4) 
a (Eqa) 
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Table 3 
Variables used in Eqs 4 through 20 

A = area in degres-amperes. 

а = antenna radius in English or metric units 

В = signal loss in decibels 

Е. efficiency in percent 

f (MHz) = frequency in megahertz 

Н = height in English or metric units 

h = height in electrical degrees 

hı = height of base section in electrical degrees 

hz = height of tap section in electrical degrees 

1 hus = 1 ampere base current 

mo 

kı, = mean characteristic impedance 

km = mean characteristic impedance of base section 
Kz mean characteristic impedance of tap section 
U length or height of the antenna in faet 

Pi power fad o the antenna 

Pa = power radiated 

= coii igure of merit 

Re = coil loss resistance in 2 

Ве = ground loss resistance in 2 

Fp = radiation resistance іта 

X. = loading cel inductive reactance 


radiation resistance in 2 
h antenna length in electrical degrees. 


Antenna height in electrical degrees Is expressed by: 


ho gpg (MHz) x 360 (645) 


where 


£ = antenna length in feet 
f (M Hz] = operating frequency in megahertz. 


End effectis purposely omitted to ensure hat an antenna 
is electrically long. This is so that resonance at the design 
frequency can be obtained easly by removing a turn or two 
from the loading сой. 

Eq 4 is valid only for antennas having a sinusoidal 
current distribution and no reactive loading. However, itcan 
be used as a stating point for deriving an equation that is 
Useful for shortened antennas with other than sinusoidal 
current distributions 

Refer to Fig 8. The current distribution on an antenna 
90° long electrically (^ wavelength) varies with the cosine 
of the length in electrical degrees, The current distribution 
of the top 30° of the antenna is essentially linear, It is this 
linearity that allows for derivation of a simpler, more useful 
equation for radiation resistance. 

The radiation resistance of an electrically short base- 
loaded vertical antenna can be conveniently defined in terms 
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Fig 8—Relative current distribution on a vertical 
antenna of height h = 90 electrical degrees. 


‘of a geometric figure, a triangle, as shown in Fig 9, The. 
radiation resistance is given by: 


(Eq 6) 


K isa constant (to be derived shortly) 
А =area of the triangular current distribution in degree- 


amperes. 
Degree-ampere area is expressed by 
1 
PILIS ба) 
By combining Eqs 4 and 6 and solving for K, we get 
K pa. 
32xA7 (Eg) 
By substituting the values from Fig 9 into Eq 8 we get 
302 


— افا‎ 
БЕСЕ 

and by substituting the derived value of K into Eq 6 we get 

Ra =0.0128 x A? (E99) 

Eq is useful for determining the radiation resistance 

of col loeded vertical antennas less than 309in length. The 

derived constant differs slightly from that presented by 


d 


Fig 9—Relative current distribution on a base-loaded 
vertical antenna of height H = 30 electrical degrees 
linearized). The base loading сой is not shown here. 


Laport (see Bibliography), as he used a different equation 
for radiation resistance Eq 4. 

When the loading coll is moved up an antenna (away 
from the feed point), the current distribution is modified as 
shown in Fig 10. The current varies with the cosine of the 
height in electrical degrees at any point in the base section. 
Therefore, the current flowing into the bottom of the loading 
coil is less than the current flowing atthe base of the antenna, 

But what about the current in the top section of the 
antenna? The loading coll acts as the lumped constant that 
itis, and disregarding losses and coil radiation, maintains 
the same current flow throughout A sa result, the current at 
thetop of a high-Q coll is essentially the same as that at the 
bottom of the coil. This is easly verified by installing RF 
ammeters immediately above and below the loading сой in 
a test antenna. Thus, the coil “forces” much more current 
into the top section than would flow in the equivalent section 
of a full 90° long antenna. This occurs as a result of the 
extremely high voltage that appears at the top of the loading 
coil. This higher current flow results in more radiation than 
would occur from the equivalent section of a quarter-wave 
antenna. (This is true for conventional coils. However, 
radiation from long thin coils allows coil current to decrease, 
asin helically wound antennas.) 

The cross-hatched area in Fig 10 shows the current that 
would flow in he equivalent part of a 90*high antenna, and 
reveals that the degree-ampere area of the whip section of 
the short antenna is greatly increased as a result of the 
modified current distribution, The current flow in the top 
section decreases almost linearly to zero atthe top. This can 


are 


aetas 


Pe 


Fig 10— Relative current distribution on a centerloaded 
antenna with base and top sections each equal to 15 
electrical degrees in length. The cross-hatched area 
‘shows the current distribution that would existin the top 
15 of a 90-high vertical fed with 1 ampere at the base. 


be seen in Fig 10. 

The degree-ampere area of Fig 10 is the sum of the 
triangular area represented by the current distribution in the 
top section, and the nearly trapezoidal current distribution 
in the base section. Radiation from the coll is not included 
in the degree-ampere area because it is small and difficult 
to define, Any radiation from the coll can be considered а 
bonus. 

The degree-ampere area Is expressed by: 


1 
РИЯ) (E910) 
where 
hy =electrical length in degrees of the base section 


hi = electrical height in degrees of the top section. 

The degree-ampere area (calculated by substituting 
Eq 10 into Eq 9) can be used to determine the radiation 
resistance when the loading coil is at any position other than. 
the base of the antenna, Radiation resistance has been 
calculated with these equations and plotted against loading 
сой position at three different frequencies for 8- and 11-foot 
antennas, Fig 11. Eightfestisatypica length for commercial 
antennas, and 11-foot antennas are about the maximum 
practical length that can be installed on а vehicle. 

In Fig 11, the curves reveal that the radiation resistance 
rises almost linearly as the loading coil is moved up the 
antenna, They also show that the radiation resistance rises 
rapidly as the frequency is Increased. Ifthe analysis were 
stopped at this point, one might conclude that the loading 
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coll should be placed at the top of the antenna. This is not 
50, and will become apparent shortly. 


Required Loading Inductance 
Calculation of the loading coil inductance needed to 
resonate a short antenna can be done easly and accurately 
by using the antenna vansmision-line analog described by 
Boyer in Ham Radio. For a base loaded antenna, Fig 9, the 
loading coll reactance required to resonate the antenna is 
given by 
X, ==) Ka cath 
where 


X, inductive reactance required 
K m = mean characteristic impedance (defined in Eq 12). 
The - term indicates that the antenna presents 
capacitive reactance at the feed point A loading coll must 
cancel this reactance. 
The mean characteristic impedance of an antenna is 
expressed by 


(Eq) 


эн 


кав (In 


14 


Fig 11—Radiation resistance plotted as a function of 
loading coll position. 
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where 
Н = physical antenna height (excluding the length of 


the loading coll) 
radius of the antenna In the same units as H. 


From Eq 12 you can see that decreasing the height 
diameter ratio of an antenna by increasing the radius results 
ina decrease in K y. With reference to Eq 11, a decrease in 
Km decreases the inductive reactance required to resonate 
an antenna. As will be shown later, this will increase radia 

tion efficiency. In mobile applications, we quickly run into 
wind-loading problems if we attempt to use an antenna that 
is physically large in diameter. 

1f the leading coll is moved away from the base of the 
antenna, the antenna is divided into a base and top section, 
as depicted in Fig 10. The loading coil reactance required to 
resonate the antenna when the coil is away from the base İs 
given by 
X, =] Kaa cot hj -I Kya (tan hı) (£13) 

In mobile-antenna design and construction, the top 
section is usually whip with a much smaller diameter than 
the base section. Because of this, itis necessary to compute 
separate values of K y for the top and base sections. K mi 
and K y are the mean characteristic impedances of the base 
and top sections, respectively. 

Loading coil reactance curves for the 3.8-M Hz antennas 
of Fig 11 have been calculated and plotted in Fig 12. These 
curves show the influence of the loading сой postion on 
the reactance required for resonance, The curves in Fig 12 
show that the required reactance decreases with longer 
antennas. The curves also reveal that the required loading 
сой reactance grows at an increasingly rapid rate after the 
coil passes the center of the antenna, Because the highest 
possible loading coil Q factor is needed, and because 
optimum Q is attained when the loading сой! diameter is 
twice the loading coil length, the coil would grow like а 
smoke ring above the center of the antenna, and would 
quickly reach an impractical size. tis or this reason that 
the highest loading coll position i limited to one foot from 
the top of the antenna in all computations. 


Loading Сой Resistance 
Loading сой resistance constitutes one of the losses 
that consumes power that could otherwise be radiated by 
theantenna. Heat lossin the loading coil is not af any benefit, 
о it should be minimized by using the highest possible 
loading coil Q. Loading coil loss resistance is a function of 
the coll Q and is given by 
x 


E (Eq 14] 


loading сой loss resistance in © 
ХС = loading coil reactance 
Q = coil figure of merit 


Inspection of Eq 14 reveals that, for а given value of 


Fee 


— 


узан Col Reotonce h Ohms X10! 


Fig 12—Loading coll reactance required for resonance, 


plotted as a function of сой height above the antenna 
base. The resonant frequency is 3.9 MHz. 


Inductive reactance, loss resistance will be lower for higher 
0 coils. Measurements made with a Q meter show that 
typical, commercially manufactured col stock produces а 
0 between 150 and 160 in the 3.8-M Hz band. 

Higher Q values can be obtained by using larger 
diameter coils having a diameter-to-length ratio of two, by 
using larger diameter wire, by using more spacing between 
turns, and by using low-loss polystyrene supporting and 
enclosure materials. In theory, loading coll tums should not 
be shorted for tuning purposes because shorted turns 
somewhat degrade Q. Pruning to resonance should be done 
by removing turns from the coil. 

In fairness it shouldbe pointed out that many practica 
mobile antennas use large-diameter loading coils with 
shorted turns to achieve resonance. The popular "Texas Bug 
Catcher" coils come to mind here. Despite general 
proscriptions against shorting turns, these systems are often 
тоге efficient than antennas with small, relatively low-0, 
fixed loading coils. 


Radiation Efficiency 


‘The ratio of power radiated to power fed to an antenna 
determines the radiation efficiency, It is given by: 


P, 
E = yÊ x100% (Eq 15) 


where 


E =radiation efficiency in percent 
power radiated 
lower fed to the antenna at the feed point, 

Ina short, coil-oaded mobile antenna, a large portion 
of the power fed to the antenna is dissipated In ground and 
coil resistances. A relatively insignificant amount of power 
is also dissipated in the antenna conductor resistance and in. 
the leakage resistance of the base insulator, Because these. 
last two losses are both very small and difficult to estimate, 
they are here neglected in calculating radiation efficiency. 

Another loss worth nating is matching network loss. 
Because weare concerned only with power fed tothe antenna 
in the determination of radiation efficiency, matching 
network loss isnot considered in any of the equations, Suffice 
it to say that matching networks should be designed for 
minimum loss in order to maximize the transmitter power 
available at the antenna, 

Theradiation efficiency equation may berewriten and 
expanded as follows: 


_ ER, 100 
RM 
NENESE 


where 


(Eq 16) 


antenna base current in amperes 
= ground loss resistance in © 
coll loss resistance in 2. 
Each term of Eg 16 represents the power dissipated in 
its associated resistance. All the current terms cancel, 
simplifying this equation to 


R, 100 
R 


Rc +Rc eh] 


{Eq 17) 


For base-loaded antennas the term costh, drops to 
unity and may be omitted 


Ground Loss 


Eq 14 shows thatthe total resistive losses in the antenna 
system are: 


Ry =Ra +В +R (COs? hy) (Eq18) 
where Ry is the total resistive loss. Ground loss resistance 
сап be determined by rearranging Eq 18 as follows: 

Re =Rr - Ra- Re cos? hi (Eq19) 

Rr may be measured in a test antenna installation on а 
vehicle using an R-X noise bridge or an SWR analyzer. You 
сап then calculate Ry and Re. 

Ground loss is a function of vehiclesize, placement of 
the antenna on the vehicle, and conductivity of the ground 
over which the vehicle is traveling. Only the first two 
variables can be feasibly controlled. Larger vehicles provide 
better ground planes than smaller ones, The vehicle ground 
plane s only partial, so the resultis considerable RF current 
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flow (and ground los) in the ground around and under the 
vehicle. 

By raising the antenna base as high as possible on the 
vehicle, ground losses are decreased. This results from a 
decrease п antenna capacitance to ground, which increases 
the capacitive reactance to ground. This, in tum, reduces 
ground currents and ground loses. 

This effect has been verified by installing the same 
antenna at three different locations on two different vehicles, 
and by determining the ground loss from Eq 19. In the first 
test, the antenna was mounted 6 inches below the top of а 
large station wagon, just behind the left rear window. This 
placed the antenna base 4 feet 2 inches above the ground, 
and resulted in a measured ground loss resistance of 25 Q. 
The second test used the same antenna mounted on the left 
rear fender of a mid-sized sedan, just to the left of the trunk 
lid. In this test, the measured ground loss resistance was 
4 0. The third test used the same mid-sized car, but the 
antenna was mounted on the rear bumper, In this last test, 
the measured ground loss resistance was 6. 

Thesameantenna therefore sees three different ground 
loss resistances as a direct result of the antenna mounting 
location and size of the vehicle. It is important to note that 
the measured ground loss increases as the antenna base nears 
the ground, Theimportance of minimizing ground loses in 
mobile antenna installations cannot be overemphasized 


Efficiency Curves 
With the equations defined previously, a computer was 
used to calculate the radiation efficiency curves depicted in 
Figs 13, 14, 15 and 16, These curves were calculated for 
38: and 7-M Hz antennas of 8- and 11-footlenaths Several 
values of loading сой Q were used, for both 2 and 10.2 of 
ground loss resistance. For the calculations, the base section 
is -inch diameter electrical EMT, which has an outside 
diameter of "s inch, The top section is fiberglass bicycle- 
whip material covered with Belden braid, These are readily 
available materials, which can be used by the average 
amateur to construct an inexpensive but rugged antenna 

Upon inspection, these radiation-efficiency curves 
reveal some significant information 
1) Higher coil produces higher radiation efficiencies, 

2) longer antennas produce higher radiation efficiencies, 

3) higher frequencies produce higher radiation efficiencies, 

4) lower ground loss resistances produce higher radiation 
efficiencies, 

5) higher ground lass resistances force the loading coil above 
the antenna center to reach a crest in the radiation- 
efficiency curve, and 

6) higher coil Q sharpens the radiation-efficiency curves, 
resulting in the coil position being more critical for 
optimum radiation efficiency. 

Note that the radiation efficiency curves reach a peak 
and then begin to decline as the loading coll is raised farther 
up the antenna. This is because of the rapid increase in 
loading coll reactance required above the antenna center. 
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Fig 13—Radiation efficiency of 8-foot antennas at 
3.9 MHz. 


Í 
[г/ 


Fig 14—Radiation efficiency of 11-foot antennas at 
3.9 MHz. 


Top Sector tJ 


Fig 15— Radiation efficiency of &-foot antennas at 
7.225 MHz. 


Fig 16—Radiation efficiency of 11-foot antennas at 
7405 MHz. 


Reter to Fig 12. The rapid increase n col size required for 
resonance results inthe coil oss resistance Increasing much 
mare rapidly than the radiation resistance. Ts results in 
deceased radiation iden s shown in Fig 11 

A sigrereverse curvature exists n the curves between 
the base loaded position and the one fot coil-height 
position. This is caused by a shift in the curve resulting from. 
вето of a base section of larger dender hen the whip 
When the coil is above the base 

The curves in Figs 13, 14, 15 and 16 were calculated 
wit constant (ut not egual) diameter base and whip 
Sections. Because of wind loading, It s not desirable to 
increase e diameter of thewhip section. However, the base. 
Section diameter can be Increased within reason to further 
improve radiation efficiency. Fg 17 was calculated for base. 
section diameters Tanging поп de ne o 3inches The 
Curves eve ht a small increase In radiation efficiency 
ress rom lage diameter base sections, 

Trecurvesin Figs 13, 14, 15 and 16 show tnatradiation 
efcenciescan beguitelow in he 3-42 band compared 
lo the LM Hz band. They are loner yetin the LEM Hz band 
To gan some perspective on what these low efíclences 
mes interms of na sengih, Fig 18 was calculated using 
the following equation: 
"e eum 
where 

08 = signal loss in decibels 

ey in percent 


Thecurvein Fio 28 reveals that an antenna having 25% 
efficiency has a signal loss of 6 dB (approximately one S. 
unit) below a quarter-wave vertical antenna over perfect. 
ground. An antenna efficiency in the neighborhood of 6% 
will produce a signal strength on the order of two S units or 
about 12 dB below the same quarter-wave reference vertical 
By careful optimization of motile-antenna design, signal 
strengths from mobiles can be made fairly competitive with 
those from fixed stations using comparable power. And don't 
forget: Moving your car near saltwater, with its high 
conductivity, can result in surprisingly strong signals from 
a mobile station! 


Impedance Matching 

The input impedance of short, high- coll-loaded 
antennas is quite low. For example, an &-foot antenna 
optimized for 3.9 M Hz with a unloaded coil Q of 300 and a 
oround-loss resistance of 2 «2 has a base input impedance of 
about 13.0. This ow impedance value causes standing wave 
ratio of 4:1 on a 50-2 coaxial line at resonance. This high 
SWR is not compatible with the requirements of solid-state 
transmitters. Also, the bandwidth of shortened vertical 
antennas is very narrow. This severely limits the capability 
to maintain transmitter loading over even a small frequency 
range. 

Impedance matching can be accomplished by means of 
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Fig 17—Radiation efficiency plotted as a function of 


base section diameter. Frequency =3.9 MHz, ground 
loss resistance 220, and whip section = "/einch 
diameter. 
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Fig 18—Mobile antenna signal loss as a function of 
radiation efficiency, compared to a quarter-wave 
Vertical antenna over perfect ground. 
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L networks or impedance-matching transformers, but the 
narrow bandwidth limitation remains. A moreelegant solution 
to the impedance matching and narrow bandwidth problem 
is to install an automatic tuner at the antenna base. Such а 
device matches the antenna and coaxial line automatically, 
and permits operation over a wide frequency range. 

‘The tools are now available to tailor a mobile antenna 
design to produce maximum radiation efficiency. 
Mathematical modeling with a personal computer reveals 
that loading coll Q factor and ground loss resistance greatly 
influencethe optimum loading сой position in ashort vertical 
antenna. It also shows that longer antennas, higher сой! Q, 
and higher operating frequencies produce higher radiation 
efficiencies 

End effect has nat been included in any ofthe equations 
to assure that the loading coll will be slighty larger than 
necessary, Pruning the antenna to resonance should be done 
by removing coil turns, rather than by shorting turns or 
shortening the whip section excessively. Shortening the whip 
reduces radiation efficiency, by both shortening the antenna 
and moving the optimum сой position. Shorting turns in the 
loading coil degrades the Q of the сой. 


Shortened Dipoles 
Mathematical modeling techniques can be applied to 
shortened dipoles by using zero ground loss resistance and 
by doubling the computed values of radiation resistance and 
feed-point impedance. Radiation efficiency, however, does 
not double. Rather, it remains unchanged, because a second 
loading coil is required in the other leg of the dipole. The 
addition ofthe second coll offsets the gain in efficiency that 
occurs when the feed-polnt impedance and radiation 
resistance are doubled. T hereis again in radiation efficiency 
over a vertical antenna worked against ground, though, 
because the dipole configuration allows around loss 
resistance to be eliminated from the calculations. 


CONTINUOUSLY LOADED ANTENNAS, 

‘The design of high-Q air core inductors for RF work is 
complicated by the number of parameters that must be 
optimized simultaneously. Oneof these factors affecting coil 
© adversely is radiation from a discrete loading coll 
Therefore, the possibility of cutting down other losses while 
Incorporating the coil radiation into that from the rest of the 
antenna system is an attractive one. 

‘The general approach has been to use a coll made from 
heavy wire (#14 or large), with length-to-diameter ratios 
as high as 21. British experimenters have reported good 
results with g. ot overall lengths on the 1.8- and 3.5-M Hz 
bands, The idea of making the entire antenna out of one 
section of coll has also been tried with some success, This 
technique is referred to as linear loading. Further information. 
on linear-loaded antennas can be found in Chapter €. 

While going to extremes trying to find a perfect loading 
arrangement may not improve antenna performance very 
much, a poor system with lossy coils and high-resistance 


connections must be avoided if а reasonable signal is to be 
radiated. 


MATCHING TO THE TRANSMITTER 

M ost modern transmitters require a 50- output load, 
and because the feed-point impedance of a mobile whip is 
quite low, a matching network is usually necessary. Although 
Calculations are helpful in the initial design, considerable 
experimenting is often necessary in final tune-up. This is 
particularly true for the lower bands, where the antenna is 
electrically short compared with a quarter-wave whip. The 
reason is that the loading coil is required to tune out a very 
large capacitive reactance, and even small changes in 
Component values resultin large reactance variations. Since 
the feed-point resistance is low to begin with, the problem 
is even more aggravated 

You can transform the low resistance of the whip to a 
value suitable for a 50-0 system with an RF transformer or 
with a shunt-feed arrangement, such as an L network. The 
latter may only require a shunt coil or shunt capacitor at the 
base of the whip, since the net series capacitive or inductive 
reactance of the antenna and its loading coil may be used as 
part of the network. The following example illustrates the 
calculations involved. 

‘Assume that a center-loaded whip antenna, 8.5 feet in 
overall length, is to be used on 7.2 MHz. From Table 1, 
earlier in this chapter, we see thatthe feed-point resistance 
of the antenna will be approximately 19 £2, and from Fig 5 
that the capacitance of the whip, as seen at its base, is 
approximately 24 pF, Since theantenna is to be center loaded, 
the capacitance value ofthe section above the coil will be 
cut approximately in half, to 12 pF. From this, it may be 
calculated that a center-loading inductor of 40.7 pH is 
required to resonate the antenna, that is, to cancel out the 
capacitive reactance. (This figure agrees with the 
‘approximate value of 40 pH shown in Table 1. The resulting 
feed-point impedance would then be 19 +} 0 0— а good 
match, if опе happens to have a supply of 19-02 coax.) 

Solution: The antenna can be matched to a 52-0 line 
such as RG-8 by tuning it either above or below resonance 
and then canceling out the undesired component with an 
appropriate shunt element, capacitive or inductive. The way 
in which the impedance is transformed up can be seen by 
plotting the admittance of the series RLC circuit made up of 
the loading coll, antenna capacitance, and feed-point resis- 
tance, Such a plot is shown in Fig 19 for a constant feed 
point resistance of 19.0, There are two points of interest, P1 
and P2, where the input conductance is 19.2 millisiemens, 
Corresponding to S2.0. The undesired susceptance is shown 
as 1/X , and ~1/X ‚, which must be canceled with a shunt 
element of the opposite sign, but with the same magnitude. 


The value of the canceling shunt reactance, X p, may be 
found from the formula: 
Ru 
x Zo 
(Eq 21 


where X y is the reactance in 2, Ry is the feed-point resis- 
tance, and Z is the feed-line impedance. For Zp =52 0 and 
R, =19 a, X, 22395 © A сой or good quality mica ca 
pacitor may be used as the shunt element. With the tune-up 
procedure described later, the value is not critical, and а 
fixed-value component may be used. 

To arrive at point P1, the value of the center loading- 
coil inductance would be less than that required for 
resonance. The feed-point impedance would then appear 
capacitive, and an inductive shunt matching element would 
then be required, To arrive at point P2, the center loading 
coil should be more inductive than required for resonance, 
and the shunt element would need to be capacitive. 

The value of the center loading coll required for the. 
shunt-matched and resonated condition may be determined 
from the equation: 


Fig 19—Admitance diagram of the RLC circuit consisting 
ofthe whip capacitance, radiation resistance and loading 
foil discussed intext The horizontal xi represents 
‘conductance, and the vertical axis susceptance. The 
point Pp ls the input admittance with no whip loading 
Inductance. Points P1 and P2 are described in the text. 
The conductance equals the reciprocal of the resistanc 
if no reactive components are present. For a series RX 
circuit the conductance is given by 


woe 


and the susceptance is given by 

x 

a ** 

Consequently, a parallel equivalent GB circuit of the 
series RX one can be found which makes computations 
‘easier. This is because conductances and susceptances 


‘add in paralel the same way resistances and reactances 
in Series. 
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where addition is performed if a capacitive shunt is to be 
used, or subtraction performed if the shunt is inductive, and 
where L is in uh, f is the frequency in MHz, C is the 
capacitance of the antenna section being matched in pF, and 


ZN, (єз) 


Forthe example given, where Z, 2520, R, =19 0, 
2 MHz, and C =12 pF, X is found to be 25.0.0. The 
required antenna loading Inductance is either 40.2 uH or 
41.3 uH, depending on the type of shunt. Various matching 
possibilities for this example are shown in Fig 20. At A, 
the antenna is shown as tuned to resonance with L, , à 
40.7 uH coil, but with no provisions included for matching 
the resulting 19-0 impedance to the 50-0 line. At B. L, 
has been reduced to 40.2 pH to make the antenna appear net 
capacitive, and L „having a reactance of 39.5 6, is added 
in shunt to cancel the capacitive reactance and transform. 
the feed-point impedance to 52 0. The arrangement at C is 
similar to that at В except that L, has been increased to 
41.3nH, and C, (ashunt capacitor having a negative reac- 
tance of 30.5 0) is added, which also results in a 52-0 
nonreactive termination for the feed line. 

‘The values determined for the loading coil in theabove 
example point out an important consideration concerning 
the matching of short antennas— relatively small changes 
їп values of the loading components will have a greatly 
magnified effect on the matching requirements. A change 
of less than 3% in the loading coil inductance value 
necessitates a completely different matching network! 


w © © 
Fig 20—At A, a whip antenna that is resonated with а 


value of the loading 
tes 


provides an impedance transformation to match the Zo 
of the feed line. An equally acceptable procedure, 
rather than altering the loading coll inductance, is to 
adjust the length of the top section above the loading 
Coll for the best match, as described in the tune-up 
Section of the text. 
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Likewise, calculations show that a 3% change in antenna 
capacitance will give similar results, and the value of the 
precautions mentioned earlier becomes clear. The sensitivity 
of thecircuitwith regard to frequency variations is also quite 
critical, and an excursion around practically the entirecircle 
in Fig 19 may represent only 600 kHz, centered around 
72 MHz, for the above example. This is why tuning up а 
mobile antenna can be very frustrating unless a systematic 
procedure is followed 


типе-ир 

‘Assume that inductive shunt matching is to be used 
with the antenna in the previous example, Fig 208, where 
39.5 Q is needed for L, This means that at 7.2 MHz, a 
сой of 0.87 uH will be needed across the whip feed. point 
terminal to ground. With a 40-uH loading coil in place, the 
adjustable whip section above the loading coil should be set 
for minimum height. Signals in the receiver will sound weak 
and the whip should be lengthened a bit ata time until signals 
start to peak. Тит the transmitter on and check the SWR at 
а few frequencies to find where a minimum occurs. If it is 
below the desired frequency, shorten the whip slightly and 
check again. It should be moved approximately e inch at a 
time until the SWR is minimum at the center of the desired 
range. If the frequency where the minimum SWR occurs is 
above the desired frequency, repeat the procedure above, 
but lengthen the whip only slightly. 

If a shunt capacitance is to be used, as in Fig 20C, а 
value of 560 pF would correspond to the required ~39.5 © 
of reactance at 7.2 M Hz. With a capacitive shunt, start with 
the whip in its longest position and shorten it until signals 
peak up. 


TOP-LOADING CAPACITANCE 

Because the loss resistance varies with the inductance 
ofthe loading сой, the resistance can be reduced by removing 
turns from the coil. This must be compensated by adding 
capacitance to the portion of the mobile antenna that is above 
theloading coil (Fig 21). Capacitance hats, as they are called, 
can consist f a single stiff wire, two wires or more, ога disc. 
made up of several wires like the spokes of a wheel. A solid 
metal disc could also be used, but is less practical for mobile 
work. The larger the capacitance hat (physically), the greater 
is the capacitance, The greater the capacitance, the less is 
the inductance required for resonance at a given frequency, 

Capacitance-hat loading Is applicable in either base- 
loaded or center-loaded systems. Since more inductance is 
required for center-loaded whips to make them resonant at 
a given frequency, capacitance hats are particularly useful 
in improving their efficiency. 


TAPPED-COIL MATCHING NETWORK 

Some of the drawbacks of the L-network can be 
eliminated by the use of the tapped-coil arrangement shown. 
in Fig 22, Tune-up still remains critical, however, although 
somewhat more straightforward than for an L-network. col 
L2 can be inside the car body, at the base of the antenna, or 


Fig 21—А capacitance hat сап be used to improve the 
performance of base- or center-loaded whips. A solid 
‘metal disc can be used in place of the skeleton disc 
shown here. 


atthe base of the whip. As L2 helps determine the resonance 
of heantenna, L 1 should be tuned to resonance in the desired 
part of the band with L2 in the circuit. The top section of the 
whip can be telescoped until  field-strength maximum is 
found. The tap on L2 is then adjusted for the lowest reflected 
power. Repeat these two adjustments unt no further increase. 
in field strength can be obtained; this point should coincide 
with the lowest SWR. The number of turns needed for L2 
will have to be determined experimentally 


MOBILE IMPEDANCE-MATCHING COIL 
Bob Hawk, KOY EH, designed this shunt-coil 
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Fig 22—A mobile antenna using shuntfeed matching. 
Overall antenna resonance is determined by the 
combination of L1 and L2. Antenna resonance is set by 
pruning the turns of L1, or adjusting the top section of 
the whip, while observing the field-strength meter or SWR 
Indicator. Then adjust the tap on L2 for the lowest SWR. 


L-network system for HF mobile antennas and dubbed it 
the OY EH Dollar Special. ts primary purposeisto provide 
а very efficient match to 50-0 coax line, and nat to base 
load the antenna. The antenna itself should already be 
resonated for the band of operation, preferably using a center 
loading inductor for efficiency. KOY EH used a Hustler 
antenna and resonator on his саг. See Fig 23. 

The Dollar Special is a great performer, fun to build, 
and costs only about a dollar for parts. If you have a junk 
box, you probably already have just about everything you'll 
need. With the matcher properly installed and adjusted, 
You will beable to get on any of the HF bands (3.5 through 
29.7 MHz) for which your antenna is designed, with а 
11 50% 

The matching unitis shown in Fig 24. It adapts easily 
to passenger cars, pickup tucks, vans, trailers and RV's, as 
long as there is a metal body fora ground. Body mounts are 
better than bumper mounts for a number of reasons. The 
matcher can, however, be bumper mounted, and will still 
perform reasonably well in this configuration 

A 3.5-MHz mobile whip, resonated as an electrical 
quarter-wave antenna, typically presents a load impedance 
of about 8.0, and this represents a mismatch of more than 
6 to 1! Similar mismatches (but of lesser magnitudes as 
frequency is increased) occur on the higher bands as well 
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Thematching coil is easy and efficient to use after initial 
tune-up. After finding the best coil tap using the alligator 
clip, you should mark thetap position with fingemail polish. 
Band changing may then be done easily, usually within а 
couple of minutes (depending on the length of time you need 
to change resonators). 


Construction 

Fig 25 shows а drilling template for the matching-coil 
assembly, and Fig 26 shows detalls of the Insulation standoff 
block. Table 4 contains a list of materials needed for the 
Dollar Special. Carefully lay out the reference lines on the 
base plate, using a needle-point scribe and a ruler. M ark and 
dill all holes. The large 1.34-inch diameter hole may be cut 
out with a nibbling tool or a chassis punch, or you can drill 
several holes in thearea and file them out A fter drilling and 
cutting all holes, make a 909 bend at bend-line Z. 

To form the loading coil, find a piece of 1½ geh 
diameter tubing or pipe that is at least afoot long. Use it as 
‘form and wind the £10 copper wire tightly around it. A bout 
20 turns make up the coil. A fter winding, carefully spread 
the coll turns as evenly as possible so that the coil is inches 
long with 20 turns. On one end of the coil, fashion a loop to 
fitsnugly around the cinch bolt. (This bolt will be attached 
at paint D, shown at the left in Fig 25.) 


Fig 23 


jb Hawk showing off his mobile antenna, 
which uses the KOYEH Dollar Special matching unit. 
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Bend the extra / urn atthe feed-point end of the coll 
жа 45 angle (about ' inch from the end of the 20th turn) 
and cutoff the excess. Attach the end of the 2 inch length 
of braid at this point and solder. Wrapping the joint with 
fine solid copper wire (about #24) before soldering makes 
the soldering job easier, 

Fabricate the standoff insulator as shown in Fig 26, 
With a file or knife, remove material at the top center, as 
shown, to avoid sharp edges against the coil tie-down 
material. Next mount the dielectric standoff to the base at 
points E and F using two no. 5 screws. In mounting the 
dielectric piece, make sure that hole is parallel to the base 
plate and to the axis of the mounted coil 

Secure the ground end of the coll and the terminal end 
of the T-inch length of braid at hole D with the "sich bolt 
assembly, Connect the one bottom turn of the coil to the 
standoff with a 2- or 3-foot plece of cord or string (fishing 
line works well) through hole 


Fig 24 The assembled Dollar Special, ready for 
mounting. 
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Fig 25—Driling template for the base plate of the 
Dollar Special. 


Fig 26—Insulated standoff (to support 
on the base at holes Е and F with two small (no. 5) 
Sheet-metal screws. Trim the top center, as shown, to 
About "to +, inch wide. The insulation block is about 
“ls inch square 1 cinch, Drill a Yeinch hole at) (юг 
fishing line) to Че to the bottom of one сой turn. 


ой). Mount 


Table 4 
Materials Needed to Construct the Dollar Special 
1) Aluminum or brass sheet 9% inch wide, 7% inch 

long, and about 0.040 to 0.050 inch thick. 

2) Ono 8'/ foot length of #10 solid copper wire. 

3) Flexible braid about *« to ^ inch wide: one length 
s inch long with a terminal for a по. 10 metal bolt 
‘on one end and a no. 30e Muelle сїр (small copper 
alligator clip) soldered to the other ond. The second 
piece of braid should be 3% inch long with a terminal 
for a no. 8 serew soldered to ane end. 

4) One piece ol dielectric (insulating) material about 
"to ^l inch square and about 2 inch long. This can 
be plastic such as nylon, Teflon, polyethylene or 
phenolic, or dry wood (if wood, preferably painted or 
boiled in paraffin) 

5) One no. 10:32 x % Inch bolt, three star washers, two 
flat washers, and one lock washer. 

6) Two no. 5 sheet-metal screws, "inch long, to mount 
the dielectric standoff at points X and Y. 


Your Dollar Special should now be complete and ready 
for mounting. The secret of the outstanding performance of 
any mabile antenna is good grounding, Be sure to observe 
the precautions given in the next section about removing 
paint from the vehicle body. 


Mounting the Matcher 

The Dollar Special is easily mounted. If you have a 
standard (preferably heavy duty) swivel mount on your 
vehicle, remove two of the (usually 3) bolts from the mount 
and slip the base of the matcher underneath the heavy ring 
plate (approximately 4-inch diameter). Connect the "hot" 
(feed-point) end of the coil, with attached terminal, to the 


same feed point connector as the center conductor of the 
coax. Make sure the shield of the coax is grounded to the 
large mounting ring with a short length of the shield braid 
(2 inches lng or less) 

Make sure the hole in the matcher base (about 
134 inches) i properly centered so it does not touch and 
short out the center bolt assembly of the antenna, Itis a good 
idea to make sure you have at least about ato fe inch of 
clearance here. 

Remove the antenna mount completely and remove ll 
the paint and primer from at least a Linch diameter area 
around each of the bolt holes on the inner side of the mount. 
Itisessential to obtain the best possible ground to the vehicle 
boch Star washers should be used between all contacting 
surfaces, and the hardware must be tightened well 

If you do not have a standard mount, make the 
appropriate connection to the antenna you are using based 
on these instructions. Mounting may take alte creativity, 
but the Dollar Special can be made to work with virtually 
any kind of mobile antenna. 


Tune-Up 

Place an SWR meter in the transmission line at the 
output of the transceiver. To avoid possible damage to the 
final amplifier and to prevent any unnecessary interference, 
tune-up should be done with the SWR meter at maximum 
sensitivity and the RF drive adjustments at no more than 
necessary to getan accurate SWR indication. Because? MHz 
is one of the most popular mobile bands, it is desirable to 
begin the tune-up procedure there. [A djusiment of each of 
the other bands is similar.) 

First, move the alligator clip on the matching сой to 
the eighth tum from the feed point end of the coil. Make а 
few spot SWR checks and determine where the SWR is 
lowest If the SWR improves as you move toward the top of 
the band (7.3 MHz), you'll need to lengthen the resonator 
Whip a small amount or use more inductance in your center 
loading coil. Conversely, if you find the SWR best at the 
bottom of the band, you will need to shorten the whip or use 
less center-loading inductance. You will also need to move 
thealligator clip on the Dollar Special coil (check the SWR 
while you do this) a turn or half-tum at a time until you 
eventually find the coil-tap position that yields the best match. 

After you have completed the tuning, the SWR should 
be at (or near) 1:1 at the desired frequency. On the 7-M HZ 
band you should be able to move 10 to 15 kHz either way 
from this frequency with lessthana 1.5:1 SWR. On 14 MHZ 
and higher bands, you should be able to work the entire SSB 
subband with les than a 1.5:1 SWR. (These figures will 
Vary somewhat depending onthe antenna that you are using, 
but these numbers are typical for a Hustler antenna.) 
Measured SWR curves are shown in Fig 27. 

Once you have found the best tap position on the 
matching coil for 7 MHz, mark it with red enamel or 
fingernail polish. This single tap position on the matching 
coil should be usable across the entire 7-M Hz band. 
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Frequency excursions of more than 15 or 20 kHz from the 
center of the desired frequency range will require changing 
the length ofthe whip top section accordingly. 

The other bands are tuned in a similar manner. 
Approximate tap positions on the matching coil for the other 
bands (counting from the feed-point end of the col) are as 
follows. 


35 MH2—15 turns 
7M H2— 8 turns 
14 MH2— Ph turns 
21 MHz-3 tums 
28MH2-2 turns 


Most commercially made masts (Hustler, for example) 
are 4.5 feet long, and are made of approximately ¥/-inch 
OD tubing with “inch x 24 threaded fittings. If you are 
fortunate enough to find the material and have the capability, 
make a 1:2 foot extension to add to the top of your mast, or 
else use a 6-foot mast. Your reward will be significantly 
improved operation on the 3.5- through 21-M Hz bands. 


TWO-BAND HF ANTENNA WITH AUTOMATIC 
BANDSWITCHING 

A popular HF mobile antenna is а center-loaded whip 
consisting of a loading coil mounted 2 to 4 feet from the 
base, with a whip atop the coil. A shorting-tap wire is 
provided to short out turns at the bottom end of the coil, 
bringing the antenna to resonance. Another popular scheme 
uses a commercial resonator, consisting of a coil and a short 
top section, mounted on the short mast. 

It is obvious that to change bands with these HF 
antennas, the operator must stop the car, get out, and change 
the cal tap or resonator. Further, if a matching arrangement 
isused in the trunk of the vehicle at the antenna mount (such 


Tees be, 


Fig 27—Typical SWR curves for 
amateur bands. At 14 MHz, with 
оп 14.25 MHz, the entire voice band is covered with 
эп SWR of less than 1.2 to 1. Operation is similar at 
21 and 28 MHz. At 7 MHz, the bandwidth is narrowe 
"Which is even more true for 3.5 MHz. A match m: 
obtained after significant frequency shifts in these 
bands by adjusting the antenna resonator. 
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as a shunt L or shunt C), the matching reactance must also 
be changed. The antenna described in this section was 
developed by William Т. Schrader, K2TNO, to provide 
instant band changing. 

One approach to instant band changing is to install а 
pair of relays, one to switch the laading-coil tap and one to 
switch the matching reactance. (Of course, this is not 
practical with an antenna resonator.) In addition to the 
problem of running relay lines through the passenger 
compartment, this approach is a poor one because the coil 
tap changing relay would need to beatthecoil, adding weight 
and wind load to an already cumbersome antenna 
Furthermore, that relay would need to be sealed, asit would 
be exposed to the weather. 

The solution here allows automatic band changing, 
depending upon only the frequency of the signal applied to 
the antenna. The antenna described provides gratifying 
results; it shows an SWR of less than 1.2:1 at both the 
7- and 14-M Hz design frequencies. The chosen method 
employs two resonant circuits, one that switches the 
matching capacitance in and out, and one that either shorts 
ог opens turns of the coll, depending upon the excitation 
frequency. See Fig 28. 


Coil-Tap Switching 

A series LC circuit looks electrically like a dead short 
atits resonant frequency. Below that frequency lt presents а 
capacitive reactance; above resonance it looks inductive. A 
series resonant network, L2-C1, is resonant at the 14-M Hz 
design frequency. One end of C 1 is connected to the 14-M HZ 
tap point on the coil, and the other end is connected to the 
bottom of the coil. On 14 M Hz, the network looks like а 
shart ircuitand shorts out the unwanted turns atthe bottom 
end of the coll. At 7 M Hz the network is not а short, and 
therefore opens the bottom turns (but adds some reactance 
to the antenna) 

A coil-tapping clip is soldered to the stud at one end of 
C1, The other end of C1 is connected to L2. A dip meter is 
used to prune L2 until the L2-C1 network is resonant 
somewhere n the 14-M Hz CW band. The design of the plastic 
supports on 2 limits pruning of the coil to = шгп increments. 
Oneleadof L2 should becutcloseto the plastic and the short. 
pigtail attached with a machine screw to the capacitor stud. 
‘The far end of L2 should have a long pigtail (about 5 to 
6 inches) to secure the lower end of the network to the bottom 
of theantenna loading coil, L1. While resonating the network, 
the long pigtail can be bent around to clip to the top of the 
capacitor to form a parallel-resonant circuit. 

Any doorknob capacitor between about 25 and 100 pF 
could be used for C1, The lower the value of C, the larger 
the coll inductance will need to be. A 1000-V silver mica 
capacitor would also work, but the doorknob is preferred 
because of the mechanical stability it provides. 

The LC network should be mounted to the main coil, 
withthe lower coil pigtail extended down roughly parallel 
to the main coil. Some turns adjustment will be required, so 
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Fig 28—Detalls of the 7- and 14-MHz mobile antenna. 
C1—Ceramic doorknob capacitor. See text. 
€2—14 MHz matching. See text for determining value. 
May be made up of two or three parallel:connected 
silver mica capacitors to obtain the required 


12-87: turn сөй (B & W #3086), 1% inch diameter, 
€ turns per inch. 


this plgtall should not be tight. The mounting details are 
visible in Fig 29, 


Tuning the Antenna 

Once the LC network is attached, the antenna must be 
tuned for the 7- and 14-M Hz bands. This job requires the 
Use of an impedance-measuring device such as an R-X noise 
bridge (hame-builtar commercial, ether is пе) or an SWR. 
analyzer. As with many antenna projects, you're just wasting 
your timeif you try to do thejob with an SWR meter alone, 
Prepare a length of coax feed line that isan electrical half 
wavelength at the 7-M Hz design frequency. Do not attempt. 
to use the vehicle coax feed line unless you want to do a lot 
of Smith Chart calculations. 

Once the special feed line is attached, install the 
impedance bridge and begin the tuning as follows, The 
antenna must first be resonated to each band by adjusting 
the taps on L1, first for 7 and then for 14 M Hz. Mark these 


Fig 29—Close-up of the mounting arrangement of the 
14-MHz LC network on the main tuning coil. The 
antenna was pulled to a nearly horizontal position and 
the camera tilted slightly for this photograph.) 


two tap locations on the coil. Then using the steps that follow, 

perform tuning for the 14-M Hz design frequency. 

1) Move the T-M Hz tap wire up the coil to a пен position 
that leaves about 60% of the original turns unshorted, 

2) Listen at 14 M Hz and adjust the impedance bridge or a 
null. Thereactance dial should show capacitive reactance. 
Move the LC-network tap point down the coil about 
šfı turn at atime until the bridge indicates pure resistance. 

3) Switch to 7 MHz and follow the same procedure. On this 
band, move the shorting wire about turn at a time. Do 
not besurprised if ittakes some hunting to find resonance; 
tuning is very critical on 7 MHz 

4) The two adjustments interact; repeat steps 2 and 3 of this 
section for both bands until the measured impedance is 
purely resistive at both design frequencies, 

5) Removethe impedance bridge and install an SWR meter, 
Determine the SWR on both bands. The minimum SWR 
should be about 1.5:1 on 14 MHz and about 22:1 on 
7M Hz. Shift the VFO frequency about 10 kHz above 
and below the design frequencies on both bands to verify 
that the minimum SWR occurs atthe design frequencies. 
Do not expect the minimum SWR to be 1:1, because the 
antenna isnot yet matched to the line. Alternate bands 
and adjust he two taps slightly for minimum SUR atthe 
desired frequencies for both bands 

6) Record the SWR and tap points for both bands. This 
completes the adjustments Гог the resonating work. 


Designing the Matching Networks 

Since the feed-point impedance is not 52 Q on either 
band, a matching network is needed for each. M atching can 
be done easily with an L network, as described earlier in 
this chapter and in Chapter 25. Schrader's network consists 
of a shunt capacitor from the antenna feed point to ground 
and a compensating increase in the coil inductance of L1, 
obtained by moving the tap slightly. The value of the 
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matching capacitor is calculated by knowing Ry, the 

antenna feed-point resistance at resonance, Zp, the 

impedance of the coax feed line, and f, the operating 
frequency in kHz. 

1) Calculate the antenna feed-point resistance from the 
relationship SWR =Zp/Ry. Do this calculation for both 
bands. For the antenna Schrader constructed, values of 
Ry were 33.3 Qon 14 MHz and 21.4 Q on 7 MHz. 

2) Calculate the value for C2, the 14-MHz matching 
capacitor. This is the value obtained for Cy from 


NACEN 
MZ 
where 

Си Is the matching capacitance in pF 


Ry and Zo are in Q 
Fisin MHz. 


Using Schrader's value of Ry as an example, the 
capacitance is calculated as follows. 


c (Eq 23) 


ҮЗ33(52- 333) 
Тл x 1406 x 52 x 333 


Thisisthe value for C2. A practical value is 160 pF. 
3) From Eq 24, calculate the total matching capacitance 
required for 7 M Hz. Again, using Schrader's value, 


x x10 -163pF 


nans 


d EEN f 


4) Because C2 is present in the matching circuit at both 7 
and 14 MHz, the value of СЗ is not the Cy value just 
calculated. Calculate the value of C3 from 

C3=Cy- C2 (Eq 24) 

where Cy is the value calculated in step 3 of this section. 

In this example, СЗ =518 - 163 = 355 pF. 


Final Tuning of the Antenna 

Install C2 from the antenna feed pointto ground. Now 
readjustthe tap point of the 14-M Hz LC network to add just 
enough additional inductance to give a 50-0 feed-point 
resistance. The tap point will be moved down (more turns 
in use) as the match is approached. 

VA tech the SWR meter and apply RF at 14 MHz (10W or 
so). Note that the SWR is higher than it was before C2 
was added. 

2) Move the ap point down the coil about j tum at time 
Eventually the SWR will begin to fall, and there will be 
а point where it approaches 1:1, For the antenna in the 
photos, almost a full additional сой tum was necessary 
on MHZ 

3) Verify (by shifting the VEO) that the minimum SWR 
occurs at the 14-M Hz design frequency. Adjust the tap 
point until this condition is met. Note: If the SWR never 
fallstonearly 1:1, either Cy was miscalculated, he SWR 
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was not measured correctly, the antenna was not resonant, 
ог the measuring coax feed line was not actually 
`h wavelength long on 7 M Hz. 

4) Ad C3 in parallel with C2. Repeat steps 2 and 3 of this 
section at 7 MHz, moving the 7-M Hz tap wire 

5) Recheck 14 and 7 M Hz. Both bands should now show а 
low SWR (less than 12) atthe design frequencies. Note: 
The orounded end of СЗ must belifted when you recheck 
14 MHz and then reconnected for 7 M Hz. 

Now the antenna is resonant and properly matched on 
both bands, but C3 must be manually grounded and 
ungrounded to change bands. This problem may be solved 
as described below. 


Matching Capacitor Switching 

A length of coaxial cable (any impedance) that is 
exactly one-quarter wavelength long at a given frequency 
and is open-circuited at its far end will be resonant at that 
frequency. At this frequency, the input end of the coax 
appears as a dead short. If a signal of twice the frequency is 
applied, the line iss. long at that frequency, and the input 
terminals of the line are not shorted, but rather present а 
very high impedance (an open circuit, in theory). This 
property of quarter- and half- wavelength transmission lines 
сап be used as a switch in this antenna, because the two 
frequencies in use are harmonically related, 

Cut a length of RG-58 to resonate at the 7-M HZ 
design frequency (about 22 feet), and leave the far end open. 
High RF voltages exist at this end, so it is a good idea to 
insulate it. Strip back the braid about “he inch and tape the 
end of the cable. This length of coax acts as an automatic 
Switch to either ground or lift the low side of C3. 

Connect one lead of СЗ to the antenna feed point, and 
the other end to the center conductor of the coax stub, as 
shown in the diagram of Fig 28. Ground the braid of the 
coax at the base ofthe antenna. This circuit grounds the low 
end of the capacitor on 7.060 M Hz, but opens it on 
14.060 MHz automatically, depending on the frequency of 
the signal applied to it Details of the matching network are 
shown in Fig 30. 

Coil the coax stub and place it out of the way (in the 
trunk or wherever is convenient). Coiling does not affect. 
stub tuning at all 


Operation of the Antenna 

With antenna adjustments completed, remove the 
wavelength feed line and reinstall the regular Feed line. 
The antenna should now be operable on either band with а 
very low SWR. Because of the high Q of the open-wire coil 
and the antenna, bandwidth is limited on 7 MHz. An antenna 
tuner can be used to allow wide frequency excursions, If 
only a small segment of the 7-M Hz band isto be used, no 
tuner is necessary. 

The L2-C1 network should be positioned behind the. 
main coll for minimum wind buffeting. As its attachment 
pointis dictated by the electrical requirements, the network 
сап be rotated behind the coil by installing a washer on the. 


Fig 30—Details of the matching network located at the 
base of the antenna inside the vehicle. The mica 
capacitors are visible at the center. The coaxial stub 
used to switch them in and out of the circuit comes in 
from the left, and the feed line exits toward the bottom 
of the photo: 


inch x 24 stud where the bottom of the coll is attached to 
the lower mast. The antenna is shown installed on a vehicle 
In Fig 1 

Orientation of the tap wire and the LC bottom tap wire 
have a large effect on tuning. Be sure to orient these leads 
during tuning in the same way that you will when using the 
antenna. 

SWR measurements have been made with various tap 
positions of both the 14-M Hz LC trap and the 7-M Hz tap 
wire. The results are summarized in Table 5. With the 
matching and switching system installed as described, the 
antenna showed an SWR of 1:1 atthe transmitter on both 
bands, The2:1 SWR bandwidth was bout 40 kHz on 7 M Hz, 
and over 350 kHz on 14 MHz. 

Table 5 includes typical col-tap settings for changing 
the resonant frequency on both bands. Exact tap positions 
will depend upon the geometry of the antenna, its position 
on the vehicle and the arrangement of the leads themselves, 
Thetable also shows how the two band adjustments interact. 
For example, with the 14-M Hz LC tap at J turns, changing 
the 7-M Hz tap from 11% to 12 tums moved the 7-M HZ 
resonance point from 7.267 to 7.104 MHz. There was also a 
30-kHz change in the 14-M Hz resonance point, from 14.190 
to 14.160 MHz. The inverse effect was even more 
pronounced, With 12 tursin use for the 7-4 Hz tap, moving 
the 14-M Hz LC tap from 6'/to Б> turns altered ће 14-M HZ 
frequency from 14.160 to 14.085 MHz, Simultaneously the 
1-М Hz resonant frequency shifted from 7.104 to 7.207 M Hz. 
Thus, both settings interact strongly 

Since the bandwidth on 14 M Hz is nearly sufficient to 
cover the entire amateur band without adjustment, the 
settings of the 14-M Hz LC network are not very critical 
However, as Table 5 shows, slight readjustments of either. 
tap will have marked effects upon T-M Hz performance. 

Typical SWR curves for the two bands are shown in 
Figs 32 and 23. Fig 32 shows that moving the 14-4 Hz LC 


Fig 31—This photo shows the antenna mounted on the 
trunk of a car. The structure is somewhat cumbersome, 
зо itis guyed appropriately. 


Table 5 
Coil Tap Positions for the Two-Band Mobile Antenna 
Unshorted Tums? ResonantFrequency (MHz)? 
танг LO 7MH Tap — dee Band MHz Band 
E» 14.190 7.287 
14170 тла 
14160 тли 
> том 
9n 14.085 7207 
14.070 7.080 
14020 7.008 


"Turns in use (measured Кот the top of the coil 
Frequency at which SWR is 1:1 


tap point from 6's to 6l turns raised the resonant frequency 
from 14.040 to 14.168 MHz, The 7-M Hz tap was set at 12 
turns for these measurements. When the 7-M Hz tap was 
moved to 11: turns, the 14-М Hz resonant frequency was 
raised to 14.190 MHz, The 14-M Hz LC tap was kept constant 
for the measurements shown in Fig 33, and the difference 
in resonant frequency that results from moving the 7-M Hz 
tap is shown. 
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‘The matching network, using C2/C3, is quite broad- 
band. Once the feed-point matching capacitors (C y ) and 
the retuned сой were adjusted, the minimum SWR was 
1:1 at all tap settings on both bands. Thus, the matching 
arrangement does not require adjustment. If a compromise 
setting is chosen for the L4-M Hz LC tap position to allow 
both CW and 558 operation on that band, only adjustment. 
of the 7-M Hz tap will be required during routine operation, 
To this end, the plots shown in Fig 34 were obtained. The 
Curves show the 7-M Hz resonant frequency as a function of 
tap position. Also included is a plot showing the effect at 
7 MHz of altering the 14-M Hz LC tap point. 


Other Considerations 


There is no reason why the strategy described here 
could notbe applied to any two bands, as long as the desired 
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Fig 32—SWR curves for the antenna in the 14-MHz 
band. The 7-MHz tap was 12 turns from the top. Curves 
are shown for the 14-MHz LC tap positioned at 6%. 
turns (A) and at 6/« turns (B). In the last case, moving 
the 7.MHz tap to 117) turns altered the resonant 
frequency as shown at C. 
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Fig 33—SWA curves for the antenna In the 7-MHz band. 
The 14-MHz LC tap was 6%) turns from the top. The 
7-MHz tap for curve A was set at 11% turns, Li turns 
for B, 12 turns for C, and 12% turns for D. 
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operating frequencies are harmonically related. Other likely 
candidates would be 3.5-M Hz CW/7-MHz CW using a 
3.5-MH2 coll, 14 M Hz/28 MHz using a 14-МН coil, and 
7-MHz SSB/14-MHz SSB. A combination that would 
probably not work is 3.8-M Hz SSB/T-M Hz SSB, butitmight 
be worth a try. 

The antenna performs Very well on the design 
frequencies. Itistoo big for routine city use, but itsure makes 
а great open-highway antenna, 


A MOBILE J ANTENNA FOR 144 MHz 

The] antenna is a mechanically modified version of 
theZepp (Zeppelin) antenna. It consists of ahalf-wavelength 
radiator fed by a quarter-wave matching stub. This antenna 
exhibits an omnidirectional pattern with little high-angle 
radiation, but does not require the ground plane that маме 
and "wave antennas do to work properly. The material in 
this section was prepared by Domenic M allozzi, NIDM 
and Allan White, W 1EY | 

Fig 35 shows two common configurations of the J 
antenna. Fig 354 shows the shorted-stub version that 15 
usually fed with 200- to 600-0 open-wire line. Some have 
attempted to feed this antenna directly with coax without a 
b, and this usually leads to less than optimum results. A mong 
the problems with such a configuration are a lack of 
reproducibility and heavy coupling with nearby objects. To 
eliminate these problems, many amateurs have used a 4:1 
half-wave balun between the feed point and a coaxial feed 
line. This simple addition results in an antenna that can be 
easily reproduced and that does not interact so heavily with 
‘surrounding objects. The bottom of the stub may be grounded 
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Fig 34 East of tap positions оп resonant frequency 


in the 7 MHz band. The 14-MHz LC tap was set at 6. 
turns from the top. ALA, 

resonant frequency at which the SWR is 1: 
about each point show the frequency limits at which. 
the SWR is 2:1. The measurements were repeated with 
the 11-MHz LC tap set at 6/: turns, yielding the circled 
points on curve В. 


(for mechanical or other reasons) without impalring the 
performance of the antenna. 

‘The open-stub-fed | antenna shown in Fig 358 can be 
connected directly to low-impedance coax lines with good 
results. The lack of a movable balun (which allows some 
impedance adjustment) may make this antenna a bit more 
difficult to adjust for minimum SWR, however. 


‘The Length Factor 

Dr. John 5. Belrose, VE2CV, noted in The Canadian 
Amateur that the diameter of the radiating element is 
important to two characteristics of the antenna its 
bandwidth and its physical length. (See Bibliography at the 
end of this chapter) As the element diameter is increased, 
the usable bandwidth Increases, while the physical length of. 
the radiating element decreases with respect to the free-space 
half-wavelength, The increased diameter makes the end effect 
more pronounced, and also slows the velocity of propagation 
оп the element. These two effects are related to resonant 
antenna lengths by a factor, "K." This factor is expressed as 
a decimal fraction giving the equivalent velocity of 
propagation on the antenna wire asa function of the ratio of. 
the element diameter to a wavelength. The К factor is 
discussed at length in Chapter 2. 

The length of the radiating element is given by 

5904 xk 
is 

T 
where 

£ = length in inches 

f frequency in MHz 

k =k factor, 

Thek factor can havea significant effect. For example, 
if you usea /einch diameter piece of tubing for the radiator 
at 144 MHz, the k value is 0.907 (9.3% shorter than a free- 
space half wavelength). 

The) antenna gives excellent results for both mobile 
and portable work. The mobile described here is similar to 


(Eq 25) 
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Fig 35—Two configurations of the J antenna. 


an antenna described by Wi. 8. Freely, KGHM S,inA pril 1977 
QST. This design uses mechanical components that are easier 
to obtain. A s necessary with all mobile antennas, significant 
attention has been paid to a strong, reliable, mechanical 
design. It has survived not only three New England winters, 
but also two summers of 370-mile weekend commutes, 
During this time, it has maintained consistent electrical 
performance with no noticeable deterioration, 

The mechanical mount to the bumper is a 2 x 2-inch 
stainless steel angle iron, 10 inches long. It is secured to the. 
bumper with stainless steel hardware, as shown in Fig 36 А 
stainless steel *f-inch pipe coupling is welded to the left 
side of the bracket, and an 50-239 connector is mounted at 
the right side of the bracket. The bracket is mounted to the. 
bumper so a vertical pipe inserted in the coupling will allow 
the hatchback of the vehicle to be opened with the antenna 
installed, Fig 37, 

A "inch galvanized iron pipe supports the antenna so 
the radiating portion of the J is above the vehicle roof 
line, This pipe goes into a bakelite insulator block, visible 
in Fig 37. The insulator block also holds the bottom of the 
stub. This block was first drilled and then split with a 
band saw, as shown in Fig 38. After splitting, the two 
portions are weatherproofed with varnish and rejoined with 
10-32 stainless hardware. The corners of the insulator are 
cutta clear the L sections at the shorted end of the stub. 

‘The quarter-wave matching section is made of 37-inch 
typeL copper tubing iss inch ID, inch OD), The short at 
the bottom of the stub is made from two copper L-shaped 
sections and a short length of inch tubing. Drill a finch 
holein the bottom of this piece of tubing to drain any water 
that may enter or condense in the tub. 

A inch diameter brass rod, 1% to 2 inches long, is 
partially threaded with a se x 24 thread to accept a Larsen 


Fig 36—The mount for the mobile] is made from 
stainless-steel angle stock and secured to the bumper 
With stainless-steel hardware. Note the '/-Inch pipe 
plug and a PL-259 (with a copper disc soldered In its 
unthreaded end). These protect the mount and 
connector threads when the antenna is not in use. 
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Fig 37—The antenna, ready for use. Note the bakelite 
insulator and the method of feed. Tie wraps are used to 
attach the balun to the mounting block and to hold the 


Coax to the support pipe. Clamps made of flashing 
Copper are used to connect the balun to the ) antenna 
Just above the insulating block. The ends of the balun 
should be weatherproofed. 


whip connector, This rod is then sweated into one of the 
legs of the quarter-wave matching section. A 40-inch whip 
is then inserted into the Larsen connector 

‘The antenna is fed with 50-0 coaxial line and a coaxial 
4:1 half-wave balun, This balun is described at the end of 
Chapter 26, As with any V HF antenna, use high-quality coax. 
for the balun, Seal all open cable ends and the rear of the 
50-239 connector on the mount with RTV sealant 

Adjustmentis not complicated. Set the whip so that its 
tip is 41 inches above the open end of the stub, and adjust 
the balun position for lowest SWR. Then adjust the height 
of the whip for the lowest SWR atthe center frequency you 
desire, Fig 39 shows the measured SWR of the antenna after 
adjustments are complete. 


THE SUPER.) MARITIME ANTENNA 

‘This 144-M Hz vertical antenna doesn't have stringent 
grounding requirements and can be made from easy to find 
parts, The material in this section was prepared by Steve 
Cerwin, WASFRF, who developed the Super.) for use on 
his boat. 
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Fig 38—Details of the insulated mounting block. The 
material is bakelita. 
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Fig 39—Measured SWR of the mobile J antenna, 


‘Antennas for maritime use must overcome difficulties 
that other kinds of mobile antennas normally do not 
encounter. For instance, the transom of a boat is the logical 
place to mount an antenna. But the transoms of many boats 
аге composed mostly of fiberglass, and they ride some 
distance out of the water- from several inches to afew feet, 
depending on the size of the vessel. Because the next best 
thing to a ground plane (the water surface) is more than an 
appreciable fraction of a wavelength away at 144 MHz, none 
of the popular gain-praducing antenna designs requiring а 
Counterpoise are suitable. A Iso, since a water surface does а 


good job of assuming the earth's lowest mean elevation (at 
least on a calm day), anything that can be done to get the 
radiating part of the antenna up in the air is helpful 

One answer is the venerable J-pole, with an extra In- 
phase half-wave section added on top— the Super antenna, 
The two vertical half waves fed In phase give outstanding 
omnidirectional performance for a portable antenna. Also, 
the) -pole feed arrangement provides the desired insensitivity 
to height above ground (or water) plus added overall antenna 
height. Best of all, a wave CB whip provides enough 
material to build the whole driven element of the antenna, 
with afew inches to spare The antenna has enough bandwidth 
to cover the entire 144-M Hz band, and affords a measure of 
lightning protection by being a grounded design, 


Antenna Operation 

Theantemnaisrepresented schematically in Fig 40. The 
classic J-pole antenna is the lower portion shown between 
points A and C. The half-wave section between points B 
and C does most of the radiating. The added half-wave 
section of the Super. version is shown between points C 
and E, The side-by-side quarter-wave elements between 
points and B comprise the] feed arrangement. 

At first glance, counterproductive currents in the J 
section between points A and B may seem a waste of element 
material, but itis through this arrangement that the antenna 
isableto perform well in the absence of a good ground. The 
two halves of the) feed arrangement, side by side, provide 
aloading mechanism regardless of whether or not a ground 
plane is present. 

The radiation resistance of any antenna fluctuates as a 
function of height above ground, but the magnitude of this 
effectis small compared to the wildly changing impedance 
encountered when the distance from a ground plane element 
to its counterpoise is varied, Also, the | section adds il 
wavelength of antenna height, reducing the effect of ground 
height variations even further. Reducing ground-height 
sensitivity is particularly useful in maritime operation on 
those days when the water is rough. 

"The gain afforded by doubling the aperture of aJ -pole 
with the extra half-wave section can be realized only if the 
added section is excited in phase with the half-wave element 
B-C. This is accomplished in the Super in a conventional 
manner, through the use of the quarter-wave phasing stub 
shown between C and D. 


Construction and Adjustment 
The completed Super is shown in Fig 41. Details of 
the individual parts are given in Fig 42. The driven element 
can be liberated from a quarter-wave CB whip antenna and 
cut to the dimensions shown. All other metal stock can be 
obtained from metal supply houses or machine shops. М etal 
may even be scrounged for litle or nothing as scraps or 
remnants, as were the parts for the antenna shown here. 
The center insulator and thetwo J stub spacers remade 
of inch fiberglass and stainless steel stock, and the end 
caps are bonded to the insulator sections with epoxy. If you 
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don't have access to a lathe 
to make the end caps, а 
simpler one-piece insulator 
design of wood or fiberglass 
could be used, However, 
keep in mind that good 
electrical connections must. 
be maintained at all joints, 
and strength is а 
consideration for the center 
insulator. 

The quarter-wave 
phasing stub is made of 
inch stainless steel tubing, 
Fig 43. The line comprising 
this stub is bent in a 
semicircular arc to narrow 
the vertical profile and to 
keep the weight distribution 
balanced. This makes for an 
attractive appearance and 
keeps the antenna from 
leaning to one side. 

The bottom shorting 
bar and base mounting plate 
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Fig 42— Details of parts used in the construction of the 144-MHz Super. Not to scale, 
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are made of inch stainless steel plate, shown in Fig 44. 
The] stub is made of inch stainless-steel rod stock. The 
RF connector may be mounted on the shorting bar as shown, 
and connected to the adjustable slider with a short section of 
coaxial cable. RTV sealant should be used at the cable ends 
to keep out moisture. The all-stainless construction looks 
nice and weathers well in maritime mobile applications. 

‘Theantenna should work well over the whole 144-M Hz 
band if cut to the dimensions shown. The only tuning 
required is adjustment of thesliding feed point for minimum 
SWR inthe center of the band segment you use most. Setting 
the slider 25 inch above the top of the shorting bar gave 
thebest match for this antenna and may beused for a starting 
point. Four turns of coax made into a col at the feed point 
ora errte-sleeve balun act asa common-mode choke balun 
to ensure satisfactory performance. 


Performance 

Initial tests of the Super were performed in portable 
use and were satisfactory, if not exciting. Fig 45 shows the 
Super mounted on a wooden mast at a portable site 
Simplex communication with a station 40 miles away with 
а 104 mobile rig was full quieting both ways. Stations 
Were worked through distant repeaters that were thought 
inaccessible from this location. 

Comparative tests between the Super.) and a 
commercial wave antenna mounted on the car showed 
the Super to give superior performance, even when the 
Super was lowered to the same height asthe саг roof. The 
mast shown in Fig 45 was made from two foot lengths of 


Fig 43—A close-up look at the de, phasing section of. 
the Super The insulator fitting is made of stainless- 
steel end caps and fiberglass rod. 


1 x inch pine. (The two mast sections and the Super. сап 
be easily transported in most vehicles) 

‘The Super) offers again of about 6 dB over a quarter- 
wavewhip and around 3 dB over a'Jewave antenna. Actual 
performance, especially under less-than-ideal or variable 
ground conditions, is substantially better than other vertical 
antennas operated under the same conditions, The freedom 
from ground-plane radials proves to be a real benefit in 
maritime mobile operation, especially for those passengers 
in the back of the boat with sensitive ribs! 


ATOP-LOADED 144-MHz MOBILE ANTENNA 

Earlier in this chapter, the merits of various loading 
schemes for shortened whip antennas were discussed. Quite 
naturally, one might be considering HF mobile operation 
for the application of those techniques. But the principles 
may be applied at any frequency. Fig 46 shows a 144-M Hz 
antenna that is both top and center loaded, This antenna is 
suitable for both mabile and portable operation, being 
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Fig 44—The bottom 
shorting bar and base 
Mounting plate assembly. 


Fig 45—The Super} 
in portable use ata 
field site, 
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Intended for use on a handheld transceiver. This antenna 
was devised by Don Johnson, W6AAQ, and Bruce Brown, 
МТУ, 

А combination of top and center loading offers 
improved efficiency over continuously loaded antennas such 
as the "stubby" pictured at the beginning of this chapter, 
This antenna also offers low construction cost. The 
only materials needed are a length of stiff wire and a scrap 
of circuit-board material, in addition to the appropriate 
connector. 


Construction 

‘Theentire whip section with above-center loading coil 
15 made of one continuous length of material, An 18-inch 
length of brazing rod or #14 Copperweld wire is suitable. 

In the antenna pictured in Fig 46, the top loading disk 
was cut from a scrap of circut-board material, but flashing 
copper or sheet brass stock could be used instead, Aluminum 
is not recommended, 

The dimensions of the antenna are given in Fig 47, 
First wind the center loading coil. Usea '-inch bolt, wood 
dowel, or other cylindrical object for a coil form. Begin 
winding at a point 3 inches from one end of the wire, and 
wrap the wire tightly around the coil form, Wind 51 turns, 
with just enough space between turns so they don't touch. 

Remove the coil from the form. Next, determine the 
length necessary to insert the wire into the connector you'll 

be using. Cut the long end of the 
wire to this length plus 4 inches, 
measured from the center of the 
coll. Solder the wire to the center 
pin and assemble the connector. 
A tight-fitting sleeve made of 
Teflon or Plexiglas rod may be 
used to support and insulate the 
antenna wire inside the shell. An 
alternative is to fill the shell with 
epoxy cement, and allow the 
cement to set while the wire is 
held centered in the shell. 

Thetop loading disk may be 
circular, cut with a hole saw. A 
circular disk is not required, 
however- itmay beof any shape, 
Just remember that with a larger 
disk, less сой Inductance will be 
required, and vice versa, Drill a 
hole at the center of the disk for 
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Fig 46 This 144-MHz antenna 
l uses a combination of top and 
Г center loading. It offers low 

construction cost and 
improved efficiency over 
continuously loaded rubber- 
ducky antennas. 
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Fig 47—Dimensions for 
the top-loaded 144-MHz 
antenna. See text 
regarding coll length. 


mounting ito the wire. For 
а more rugged antenna, 
reinforce the hole with а 
brass eyelet. Solder the 
disk in place at the top of 
the antenna, and 
construction is completed. 


Tune-Up 

Adjustment consists 
of spreading the coil tums 
for the correct amount of 
Inductance, Do this at the. 
center frequency of the 
range you'll normally be 
using. Optimum induc. 
tance is determined with 
the ald of a field strength 
meter at a distance of 10 or 15 feet. 

Attach the antenna to а handheld transceiver operating 
con low power, andtakea fied-strength reading, With the rans 
mitte turned off, spread the col turns slightly, and then take 
another reading. By experiment, spread or compress the coil 
turns for the maximum field-strength reading. Very little 
adjustment should be required, There is one precaution, 
however. You must keep your body, arms, legs, and head in 
the same relative position for each field-strength measurement. 
It is suggested that the transceiver be placed on a nonmetal 
table and operated at arm's length for these checks. 

Once the maximum field-strength reading is obtained, 
adjustments are completed. With this antenna in operation, 
you'll likely find it possible to access repeaters that are 
difficult to reach with other shortened antennas. W 6AA Q 
reports that in distant areas his antenna even outperforms а 
eh vertical 


VHF QUARTER-WAVELENGTH VERTICAL 
Ideally, a V HF vertical antenna should be installed over 
a perfectly flat reflector to assure uniform omnidirectional 
radiation, This suggests that the center of the automobile 
roof isthe best placet mount itfor mobileuse Alternatively, 
the flat portion of the trunk deck can be used, but will result 
in a directional pattern because of car boch obstruction, 
Fig 48illustrates how a M illen high-voltage connector 
can be used asa roof mount for a VHF whip. The holein the 
roof can be made over the dome light, thus providing 
accessibility through the upholstery. RG-59 and the ¥/=wave 
matching section, L (Fig 48C), can be routed between the 
car roof and the ceiling upholstery and brought into the trunk 
compartment, or down to the dashboard of the саг. Instead 


of aMillen connector, some operators install an 50-239 coax 
connector on the roof for mounting the whip. The method is 
similar to that shown in Fig 48. 

It has been established that in general, 4). vertical 
antennas for mobile repeater work are not as effective as 
Hoch verticals are. With a l antenna, more of the 
transmitted signal is directed at a low wave angle, toward 
the horizon, offering a gain of about 3 dB over the е). 
vertical. However, in areas where the repeater is located 
nearby on a very high hill ora mountaintop, the- antenna 
will usually offer more reliable performance than а “Je. 
antenna, This is because there is more power in the lobe of 
the е). vertical at higher angles. 


144-MHz 5/8- WAVELENGTH VERTICAL 

Perhaps the most popular antenna for 144-M Hz ЕМ 
mobile and fixed-station use is the wavelength vertical 
As compared to a /ewavelength vertical, it has 3 dB gain. 

‘This antenna is suitable for mobile or fixed-station use. 
because itis small, omnidirectional, and can be used with 
radials or asolid-plane ground (such ава саг body). f radials 
are used, they need be only */ wavelength long, 


Construction 

The antenna shown here is made from low-cost 
materials. Fig 49 shows the base coil and aluminum 
mounting plate. The coil form is a piece of low-loss solid 
rod, such a Plexiglas or phenolic, The dimensions for this 
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‘antenna when desired. Epoxy cement should be 
used at the two mounting screws to prevent the entry 
of moisture through the screw holes. Diagram Св 
discussed In the text. 


‘and other parts of the antenna are given in Fig 50. A length 
of brazing rod is used as the whip section. 

The whip should be 47 inches long. However, brazing 
rod comes in standard 36-inch lengths, so if used, it is 
necessary to solder an 11-Inch extension to the top of the 
whip.A piece of #10 copper wire will suffice. A Itematively, 
а stainless-steel rod can be purchased to make a 47-inch 
whip. Shops that sell CB antennas should have such rods 
for replacement purposes on base-loaded antennas. The 
limitation one can expect with brazing rod is the relative 
fragility of the material, especially when the threads are cut 
for screwing the rod into the base сой form. Excessive stress 
сап cause the rod to break where it enters the form, 
The problem is complicated somewhatin this design because 
а spring is not used at the antenna mounting point. 
Builders of this antenna can find all kinds of solutions to 
the problems just outlined by changing the physical design 
and using different materials when constructing the antenna. 
Themain purpose this description isto provide dimensions 
and tune-up information 

The aluminum mounting bracket must be shaped to fit 
the car with which it will be used, The bracket can be used 
to effecta no-holes mount with respect o the exterior portion 
of the car body. The inner lip of the vehicle trunk (or hood) 
сап be the point where the bracket is attached by means of 
no. 6 or no. 8 sheet-metal screws. The remainder of we 
bracketis bent so that when the trunk lid or car hood is raised 
and lowered, there is no contact between the bracket and the. 
‘moving part. Details of the mounting unit are given in 
Fig 508. А 14-gauge metal (or thicker) is recommended for 
rigidity. 

Wind 10% turns of #10 or #12 copper wire on the 
elch diameter coil form, The tap on L1 is placed 
approximately Four tums below the whip end. A secure solder 
joint is imperative. 


Tune-Up 
After the antenna has been mounted on the vehicle, 
connecten SWR indicator in the 50-0 transmission line. Key 
the 144-M Hz transmitter and experiment with the coil tap 
placement. If the whip section is 47 inches long, an SWR of 
1: can be obtained when the tap |в atthe right location, As an 
alternative method of adjustment, place the tap at four turns 
from the top of L1, make the whip 50 inches long, and tim 
the whip length until an SWR of 1:1 occurs. Keep the antenna 
Well away from other objects during tune-up, as they may 
detune the antenna and yield false adjustments for a match. 


A 5/8-WAVELENGTH 220-MHz MOBILE 
ANTENNA 

The antenna shown in Figs 51 and 52 was developed 
to fill the gap between a homemade . mobile antenna 
and a commercially made. model. W hile antennas can 
bemade by modifying CB models, that presents the problem 
of cast in acquiring the original antenna, The major cost in 
this setup is the whip portion, This can be any tempered rod 
that will spring easily. 
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Fig 49—At top, a photograph of the ‘i. vertical base 
section. The matching coll is affixed to an aluminum 
bracket that screws onto the inner lip of the car trunk. 
Above, the completed assembly. The coll has been 
‘wrapped with vinyl electrical tape to keep out dirt and 
moisture. 


Fig S0— Structural details for the 2-meter j- antenna 
are provided at A. The mounting bracket is shown at B 
and the equivalent circuit is given at C. 
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Fig 51— The 220-MHz 30-2 mobile antenna. The сой 
tums are spaced over a distance of Linch, and the 
bottom end of the coll is soldered to the coax 
connector 


Construction 

‘The base insulator portion is made of inch Plexiglas 
rod. A few minutes" work on a lathe is sufficient to shape 
and drill the rod. (The innovative builder can use an electric 
drill and a file for the lathe work.) The bottom: inch of the 
rod is turned dawn to a diameter of . inch. This portion 
will now fitinto aPL -259 UHF connector A cinch diameter 
hole is drilled through the center of the rod, This hole will 
hold the wires that make the connections between the center 
conductor of the connector and the coil tap. The connection 
between the whip and the top of the coll is also run through 
this opening. A stud İs force-fitted into the top of the Plexiglas 
rod. This allows for removal of the whip from the insulator. 

The coll should be initially wound on a form slightly 


Fig 52—Diagram of the 220-MHz mobile antenna. 


smaller than the base insulator. When the col is transferred 
tathe Plexiglas rod, it will keep its shape and will not readily 
move. A fter the tap point has been determined, a longitudinal 
holeis drilled into the center of the rod. A 422 wire can then 
be inserted through the center of the insulator into the 
connector, This method is also used to attach the whip to the 
top of the coil After the whip has been fully assembled, а 
coating of epoxy cement is applied. This seals the entire 
assembly and provides some additional strength. During а 
full winter's use there was no sign of cracking or other 
mechanical failure. The adjustment procedure is the same 
as for the 144-M Hz version described previously. 


Mobile and Maritime Antennas 16-31 


НЕ ANTENNAS FOR SAILBOATS 


This material was contributed by Rudy Severns, N6LF. 
Many of the antenna ideas appearing earlier in this chapter 
сап be applied to sailboats. However, the presence of the 
‘mast and the rigging, plus the prevalence of non-conducting 
fiberglass hulls complicates the issue. There are many 
possibilities for antennas aboard sailboats. This includes both 
permanently installed antennas and antennas that can be 
hoisted for temporary use at anchor: 
1. Permanent 

Commercial or home-brew automobiletype verticals 

Backstay verticals and slopers 

Shunt feed of uninsulated rigging 


2. Temporary 
Sloping dipoles 
Inverted V's 
Yagis 


You should remember some basic facts of life on a 
sailboat: 


1) On most boats the spars, standing rigging and some 
running rigging will be conductors. Stainless steel wire 
is usually used for the rigging and aluminum for the 
зраз 

2) Topping lifts, running backstays and jackstays all may 
be made of conducting materials and may often change 
position while the boat is underway. This changes the 
configuration of the rigging and may affect radiation 
patterns and feed: point impedances. 

3) Shipboard antennas will always be close to the mast 
and rigging, in terms of electrical wavelength, Some 
antennas may in fact be part of the rigging 

4) The eed-point impedance and radiation pattern can be 
strongly influenced by the presence of the rigging. 

5) Because of the close proximity, therigging isan integral 
pat of the antenna and should be viewed as such. 

6) The behavior of a given antenna will depend of the 
details of the rigging on a particular vessel. The 
performance of a given antenna can vary widely on 
different boats, due to differences in dimensions and 
arrangement of the rigging 

7) Even though you may be floating on asea of salt water, 
grounding still requires careful attention! 

ANTENNA MODELING 
Because of the strong interaction between the rigging 
and the antenna, accurate prediction of radiation pattems 
and a reasonable guess at expected feed-point impedance 
requires that you model both the antenna and the rigging 

Unless you do accurately model the system, considerable 

cut-and-try may be needed. This can be expensive when it 

has to bedonein 1 x 19 stainless steel wire with $300 swaged 
insulator fittings! 
Infact, when your antennais going to be part of standing 
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rigging, it's a very good idea to try your designs out at the 
dock. You could temporarily use Copperweld wire and 
inexpensive insulators in place of the stainless rigging wire 
and the expensive insulators. This approach can save a good 
deal of money and aggravation. А wide variety of modeling 
programs are available and can be very helpful in designing 
a new antenna but they have to be used with some caution: 


1) The rigging will have many small intersection angles 
and radically different conductor diameters, this can 
cause problems for NEC and MININEC programs. 

2) You must usually taper the segment lengths near the 
junctions. This is done automatically in programs like 
ELNEC and EZNEC. 

З) tis usually necessary to use one wire size for the mast, 
spars and rigging. Some improvement in accuracy can 
be obtained by modeling the mast as a cage of 3 ог 
4 wires. 


‘The predicted radiation patterns will be quite good but 
the feed-point impedance predictions should be viewed as 
preliminary, Some final adjustment will usually be required. 
Because of the wide variation between boats, even those of 
the same class, each new installation is unique and should 
be analyzed separately 


Fig 53—An example of a 20-meter 1/4 whip mounted on. 
the transom. local ground system must also be 
provided, as described in the section on grounding. 


A SAFTEY NOTE 

Ungrounded rigging endpoints near deck leve can have 
high RF potentials on them when you transmit. For example, 
the shrouds on a fiberglass boat connect to chainplates that 
are bolted to the hull, but are not grounded, These can inflict 
painful RF burns on the unwary, even while operating at low 
power! As а general rule all rigging, spars and lifelines near 
deck level should be grounded, This also makes good sense 
for lightning protection. For a backstay antenna with its feed 
point near deck level, a sleeve of heavy wall PVC pipe can 
be placed over the lower end of the stay asa protective shield. 


‘TRANSOM AND MASTHEAD MOUNTED 
VERTICALS 

A very common antenna for boats is a vertical, ether a 

short mobile antenna or a full J4, placed on the transom, as 

shown in Fig 53, Note that in this example the antenna is 

mounted off to one side— it could also be mounted in the 

(center of the transom. The 20-meter radiation pattern for 
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Fig 54—Typical radiation pattern for the 1/4 transom 
mounted whip in Fig 53. 


this antenna as shown in Fig 54. Unlike a free standing 
vertical, this antenna doesn't havean omnidirectional pattern. 
It is asymmetrical, with a front-to-back ratio of about 
13 dB. Further, the angle for maximum gain is offset in the 
direction the antenna is placed on the transom, 

Thisisa very good example of the profound effect the 
rigging can have on any antenna used on board a sailboat. 
Not only is the pattern affected but the feed-point impedance 
will be reduced from a nominal 36 Q to 25 to 30 0. 

The directive gain can be useful— if you point the boat 
їп the right direction! Usually, however, a more uniform 
omnidirectional pattern is more desirable. It is tempting to 
Suggest putting the vertical at the masthead, perhaps using a 
foot loaded automobile whip, with the mast and rigging 
acting as a ground plane. Fig 58 shows such a system, 
Unfortunately, this usually doesn't work very well because 
the overall height of the mast and antenna will very likely 
be > 5/8 A. This will result in high-angle lobes, as shown in 
Fig 56. Depending on the mast height, this idea may work 
reasonably well on 40 or 80 meters, but you will still be faced 
with severe mechanical stress due to magnified motion at 
the masthead in rough sea, The masthead is usually reserved 
to VHF antennas, with their own radial ground plane, 


. 


is fed back down the mast either inside or outside. The 
base of the mast and the rigging is assumed to be 
properly grounded. 
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Fig 56—Typical radiation pattern for a masthead- 
mounted vertical. The multiple vertical lobes are due 
to the fact the antenna is higher than 3/2. 


THE BACKSTAY VERTICAL 

A portion of the backstay can be insulated and used as 
a vertical as shown in Fig 57. The length of the insulated 
section will bei on the lowest band of interest. Typically, 
due to the loading effect of the rest of the rigging, the 
resonant length of the insulated section will be shorter than 
the classic 234 (MHz) relation, although it can in some 
case actually be longer. Either modeling or trial adjustment 
can be used to determine the actual length needed. On а 
typical 35 to 40-foot sailboat, the lowest band for 2/4 
resonance will be 40 meters due to the limited length of the 
backstay. Examples of the radiation patterns on several bands 
for such an antenna аге given in Figs 58, 59 and 60, 

The pattern is again quite directional due to the 
presence of the mast and rigging. On 15 meters, where the 
antenna is approximately ^ A, higher angle lobes appear. 
On 40 and 15 meters, the feed point is near a current 
maximum and is in the range of 30 to 50 0. On 20 meters, 


Fig 57—An example of a backstay vertical. A local 
ground point must be established on the transom next. 
to the base of the backstay. 
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backstay vertical in Fig 57. 


backstay Vertical in Fig 57. 


however, the feed point is a very high impedance because 
the antenna is near 2/2 resonance. One way to get around 
this problem for multiband use isto make the antenna longer 
than 2/4 on the lowest band. If the lowest band is 40 meters 
then on 20 meters the feed-point impedance will be much 
lower, This antenna is non-resonant on any of the bands but. 
can be conveniently fed with a tuner because the feed. point 
impedances are within the range of commonly available 
commercial tuners. Tuners specifically intended for marine 
applications frequently can accommodate very high input. 
impedances, but they tend to be quite expensive. 

‘The sensitivity of the radiation pattern to small detalls 
of the mast and rigging is illustrated in Fig 61. This is the 
Same antenna as shown in Fig 57 with the exception that the 
forestay is assumed to be ungrounded. In this particular 
example, ungrounding the forestay drastically increases the 
front-to-back ratio, With slightly different dimensions, 
however, the pattern could have changed in other ways. 

High-quality insulators for rigging wire can be quite 


pe 


Fig 60— Typical radiation patterns on 15 meters for the 
backstay vertical in Fig 57. 


expensive and represent a potential weak point if they fall 
the mast may come down. It is not absolutely necessary to 
use two insulators in a backstay vertical. As shown in 
Fig 62, the upper insulator may be omitted. The radiation. 
patterns are shown in Figs 63 and 64, In this case the pattern 
is actually more symmetrical than it was with an upper 
insulator but this may not hold true for other rigging 
dimensions. The feed point does not have to be at the bottom 
of the backstay. A s indicated in Fig 62, the feed point can be 
moved up into the backstay to achieve a better match ога 
more desirable feed-point impedance variation with 
frequency. In that case, the center of the coaxial feed line is 
connected to the upper section and the shield to the lower 
section, The cable is then taped to the lower portion of the 
backsta. 

If single-band operation is all you want, even the lower 
Insulator can be omitted by using shunt feed. A gamma match 
would be quite effective for this purpose, as discussed in 
Chapter 6 when driving a grounded tower. 
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Fig 61—The effect of ungrounding the forestay on the 
radiation pattern. This is for 40-meter operation. 


A 40-METER BACKSTAY HALF SLOPER 

A half-sloper antenna can be incorporated into the 
backstay, as shown in Fig 65, This will behave very much 
the same as the slopers described in Chapter 6, The advantage 
of this antenna for a sailboat installation is that you don't. 
need to create а good ground connection at the ster, as you 
would have to do for a transom-mounted vertical or the 
backstay vertical just described. This may be more 
convenient. The mast, shrouds and stays must still be 
‘grounded for the half-sloper but the arrangements somewhat 
simpler. 


TEMPORARY ANTENNAS 


Not everyone needs permanent antennas. A variety of 
temporary antennas can be arranged. A few of these are 
shown in Figs 66, 67 and 68. Of all of these the rigid dipole 
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Fig 62—Feeding the backstay without an Insulator at 
the top. The feed point may be moved along the 
antenna to find a point with a better match on a 
particular band or to provide a better range of 
impedances for the tuner to match. The coaxial feed 
line is taped to the lower portion of the backstay. 
‘Again, a good local ground is needed at the base of the 
backstay. 


(Fig 66) will provide the best operation and will have а 
patter close to that expected from a freestanding dipole. 
The other two examples will be strongly affected by ther 
close proximity to the rigging. 


GROUNDING SYSTEMS 

You may besitting in the middle of a thousand miles of 
saltwater, This is great for propagation but you will still have 
to connect to that ground if you want to use a vertical. There 
are many possibilities, but the scheme shown in Fig 69 is 
representative. First a bonding wire, or better yet a copper 
strap (it сап be very thin!) is connected from bow-to-stern 
оп each side, connecting the forestay, lifeline stanchions, 
chainplates, bow and stern pulpits and the backstay, Other 
bonding wires are run from the bow, stern and chainplates 
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Fig 63— Typical 40-meter radiation pattern in Fig 62. 


оп both sides to a common connection at the base of the 
mast The fore-and-aft bonding can be attached to the engine 
and to the keel bolts. The question arises: "What about 
electrolysis between the keel and propeller if you bond them 
together?” This has to be dealt with on a case-by-case basis 
If your protective zincs are depleting more rapidly after you 


Install a bonding scheme, change it by disconnecting 
something, the engine-shaft propeller, for example. 

Grounding will vary in every installation and has to be. 
customized to each vessel. However, just as on shore, the 
better the ground system, the better the performance of the 
vertical! 
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Fig 65—A 40-meter half-sloper fed at the masthead. 
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Fig 66—A dipole can be taped to a wood or bamboo 
pole and hoisted to the masthead with the main halyard 
While at anchor. Itis possible to make this a multiband 
dipole. 
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Fig 67—One end of dipole can be attached to the main 
halyard and pulled up to the masthead. The bottom end 
of the dipole should be poled out away from the rigging 
эз much as possible to reduce the impact of the 
rigging on the impedance. 


Fig 68—The flag halyard can be used to hoist the 
center of an inverted V to the spreaders, or 
alternatively, the main halyard can to use to hoist the 
Center of the antenna to the masthead. Interaction, 
between the rigging and the antenna will be very 
pronounced and the length of the antenna will have to 
be adjusted on a cutand-try basis 
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Fig 69—A typical 
sailboat grounding 
scheme. 


ANTENNAS FOR POWER BOATS 


Powerboaters are not usually faced with the problems 
and opportunities created by the mast and rigging on a 
sailboat. A powerboat may have a small mast, but usually 
noton the same scale as a sailboat. Antennas for power boats 
have much mare in соттоп with automotive mobile 
operation, but with some important exceptions: 


1) In an automobile, the body is usually metal and it 
provides a groundplane or counterpoise for a whip 
antenna. M ost modern powerboats, however, have 
fiberglass hulls. These ae basically insulators, and will 
not wark as counterpaises. (On the other hand, metal 
hulled power boats can providenesrly ideal grounding!) 
A height restriction on automotive mobile whips is 
imposed by clearancelimítson highway overpasses and 
also by the need to sustain wind speeds of up to 80 miles 
рег hour an the highway. 

n general, powerboats can have much taller antennas 
that can be lowered for the occasional low bridge. 
The mation on powerboat, especially їп rough seas, 
сап be quite severe. This places additional mechanical 
strain on the antennas, 

Оп both powerboats and sailboats, operation in а salt- 
water marine environment is common, This means that 
a careful choice of materials must be made for the 
antennas to prevent corrosion and premature failure. 


The problem of a ground plane for vertical antennas. 
can be handed in much the same manner as shown in Fig 69 
for sailboats. Since here will most likely not bea large keel 
structure to connect to and provide a large surface area, 
additional copper foil can beadded inside the hull to increase 
the counterpoise area, Because of the small area of the 
propeller, it may be better not to connect to the engine, but 
to rely instead on increasing the area of the countespoise 
and operate it as a true counterpoise— thats, isolated from 
ground. Sometimes a number of radial wires are used fora 
Vertical, much like that for a ground-plane antenna. This is 
not a very good idea unless the “wires” are actually wide 
copper-foil strips that can lower the Q substantially. 

The problem is the high voltage present at the ends of 
normal ground-plane antenna radials, For a boat these radials 
ave likely to be in close proximity to thecabin, which in tum 
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contains both people and electronic equipment. The high 
potential atthe ends of the radials is both a safety hazard and 
can resultin RF coupling back into the equipment, including 
ham gear, navigational instruments and entertainment 
devices. The cook is not likely to be happy if he or she gets 
an RF burn after touching the galley stove! Decoupling the 
counterpoise from the transmission line, as discussed in 
Chapter б, can be very helpful to keep RF out of other 
equipment. 

One way to avoid many of the problems associated 
with grounding is to usea rigid dipole antenna, On 20 meters 
and higher, a rigid dipole made up from aluminum tubing, 
fiberglass poles or some combination of these, can be 
effective, As shown in Fig 70А the halves of the dipole can 
be slanted upward like rabbit ears to reduce the wingspan 
and increase the feed-point impedance for а better match to 
‘common coax lines, On the lower bands a pair of mobile 
whips can be used, as shown in Fig 70B, Hame-brew coils 
could also be used. 


w 


AtB, a pair of mobile whips used as a dipole. 
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For short-range communication, a relatively low dipole 
over saltwater can be effective. However, if long-range 
communication is needed, then а well-designed vertical, 
operating over seawater, will work much better. For these 
to work, of course, you must solve the ground problems 
associated with a vertical 

Itis natuncommon for large powerboats to have a two 
or three-element multiband Yagi installed on a short mast 
While these can be effective, if they are not mounted high 
(> 3/2) they may be disappointing for longer-range 
Communication. Over saltwater, vertical polarization is very 
effectivefor longer distances. A simpler, but well-designed, 
vertical system on a boat may outperform a low Yagi. 

The combination of a good ground system and one of 
the high-quality, motor-tuned multiband mobile whips now 
available commercially can also be very effective. 
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o Repeater 
Antenna 
Systems 


There Is an old adage in Amateur Radio that goes “If 
your antenna did not fall down last winter, It wasn't big 
enough.” This adage might apply to antennas for MF and 
НЕ work, butat VHF things area bit different, at least as far 
as antenna size s concerned. VHF antennas are smaller than 
their HF counterparts, yet the theory is the same; a dipole is 
a dipole, and a Yagi is a Yagi, regardless of frequency. A 
144-M Hz agi may passasaTV antenna, but most neighbors. 
can easily detect a radio hobbyist if a 14-M Hz Yagi looms 
over his property. 

Repeater antennas are discussed in this chapter. 
Because the fundamental operation of these antennas is no 
different from what is presented in Chapter 2 there is no 
need to delve into any exotic theory. Certain considerations 
must be made and certain precautions must be observed, 
however, as most repeater operations- amateur and 
commercial take place at VHF and UHF. 


Basic Concepts 

The antenna is a vital part of any repeater installation. 
Because the function of a repeater is to extend the range of 
communications between mobile and portable stations, the 
repeater antenna should be installed in the best possible 
location to provide the desired coverage. This usually means 
getting the antenna as high above average terrain as possible. 
In some instances, a repeater may need to have coverage 
only in a limited area or direction. When this is the case, 
antenna installation requirements will be completely, 
different, with certain limits being set on height, gain and 
power. 


Horizontal and Vertical Polarization 
Until the upsurgein FM repeater activity several years 
ago, most antennas used in amateur VHF work were 
horizontally polarized. These days, very few repeater groups 
use horizontal polarization. (One of the major reasons for 
using horizontal polarization is to allow separate repeaters 
to share the same Input andlor output frequencies with closer 
than normal geographical spacing.) The vast majority of НЕ 
and UHF repeaters use vertically polarized antennas, and 
all the antennas discussed in this chapter are of that type. 


Transmission Lines 

Repeaters provide the first venture into VHF and UHF 
work for many amateurs, The uninitiated may not be aware 
that the transmission lines used at VHF become very 
important because feed-line losses increase with frequency. 

Thecharacterstics of feed lines commonly used atVHE 
axe discussed in Chapter 24. though informations provided 
for RG-58 and RG-59, these should not be used except for 
Very short feed lines (25 feet or less). These cables are very 
lossy at VHF. In addition, the losses can be much higher if 
the ftings and connections are not carefully installed. 

The differences in loss between solid polyethylene 
dielectric types (RG-8 and RG-11) and those using foam 
polyethylene (FM 8 and FM 11) аге significant. If you can 
afford the line with the least loss, buy it. 

If coaxial cable must be buried, check with the cable 
manufacturer before doing so. Many popular varieties of 
coaxial cable should not be buried, as the dielectric can become 
contaminated from moisture and soll chemicals. Some coaxial 
cables are labeled as non-contaminating. Such a label is the 
best way to be sure your cable can be buried without damage 


Matching 

Losses arelowestin transmission lines that are matched 
to their characteristic impedances. If there is а mismatch at 
the end of the line, the losses Increase. 

The only way to reduce the SWR on a transmission 
line is by matching the line at the antenna. Changing the 
length of a transmission line does not reduce the SWR. The 
SWR is established by the impedance of the line and the 
impedance of the antenna, so matching must be done at the 
antenna end of the line. 

The importance of matching, as far as feed-line losses 
аге concerned, is sometimes overstressed. But under some 
conditions, it is necessary to minimize feed-line losses 
related to SWR if repeater performance is to be consistent 
1015 important to keep in mind that most VHF/UHF 
equipment is designed to operate into а 50-42 load 
Theoutput circuitry will not be loaded properly if connected 
to a mismatched line. This leads to а loss of power, and in 
some cases, damage to the transmitter. 
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Repeater Antenna System Design 


Choosing a repeater or remote- base antenna system is 
as close as most amateurs cometo designing a commercial 
grade antenna system, Theterm system s used because most 
repeaters utilize not only an antenna and a transmission line, 
but also include duplexers, cavity filters, circulators or 
isolators in some configuration. Assembling the proper 
combination of these items in constructing a reliable system. 
is both an art and a science. In this section prepared by 
Domenic M allozzi, N1DM the functions of each component 
ina repeater antenna system and their successful integration 
are discussed. While every possible complication in 
constructing a repeater is not foreseeable at the outset, this 
discussion should serve to steer you along the right lines in 
solving any problems encountered. 


‘The Repeater Antenna 

‘The most important part of the system is the antenna 
itself. As with any antenna, it must radiate and collect RF 
energy as efficiently as possible. Many repeaters use 
‘omnidirectional antennas, but this is not always the best 
choice. For example, suppose a group wishes to set up a 
repeater to cover towns А and В and the interconnecting 
state highway shown in Fig 1. The X shows the available 
repeater site on the map. No coverage is required to the west 


Fig 1— There are many situations where equal repeater 
coverage is not desired in al directions from the 
"machine." One such situation is shown here, where th 
repeater is needed to cover only towns A and В and the 
interconnecting highway. An omnidirectional antenna 
Would provide coverage in undesired directions, such as 
over the ocean, The broken line shows the radiation pattern 
ofan antenna that is better suited to this circumstance. 
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or south, or over the acean. If an omnidirectional antenna is 
used in this case, a significant amount of the radiated signal 
oes in undesired directions. By using an antenna with а 
cardioid pattern, as shown in Fig 1, the coverage is 
concentrated in the desired directions. The repeater will be 
more effective in these locations, and signals from low. 
power portables and mobiles will be more reliable. 

In many cases, antennas with special pattems are more 


Fig 2— The “keyhole” horizontal radiation pattern at A is 
generated by the combination of phased Yagis and vertical 
elements shown at B. Such a pattern is useful in over- 
Coming coverage blockages resulting from local terrain 
features. (Based on a design by Decibel Products, Inc) 


expensive than omnidirectional models. This is an obvious 
consideration in designing a repeater antenna system. 

Over terrain where coverage may be difficult in some 
direction from the repeater site, it may be desirable to skew 
the antenna pattern in that direction, This can be 
accomplished by using a phased-vertical array or a 
combination of a Yagi and a phased vertical to produce а 
“keyhole” pattern. See Fig 2. 

Аз repeaters are established on 440 MHz and above, 
many groups are investing in high-gain omnidirectional 
antennas, A consequence of getting high gain from an 
omnidirectional antenna is vertical beamwidth reduction. In 
most cases, hese antennas аге designed to radiate their peak 
gain at the horizon, resulting in optimum coverage when the 
antenna is located at a moderate height over normal terrain. 
Unfortunately, in cases where the antenna is located ata very 
high site (overlooking the coverage area) this is notte most 
desirable pattern. In a case like this, the vertical pattern of 
the antenna can be tilted downward to facilitate coverage of 
the desired area. This is called vertical-beam dow 

Ап example of such a situation is shown in Fig 3. The 
repeater site overlooks a town in a valley. A 450-M Hz repeater 
is needed to serve low power portable and mobile stations, 
Constraints on the repeater dictate the use of an antenna with 
again of 11 dBi. (An omnidirectional antenna with this gain 
has a vertical beamwidth of approximately 6°.) If the repeater 
antenna has its peak gain at the horizon, a major portion of 
the transmitted signal and the best area from which to access 
the repeater exists above he town By tilting the pattern down 
37, the peak radiation will occur in the town. 

Vestica-beam downtiltis generally produced by feeding 
the elements of a collinear vertical array lightly outof phase 
with each other, Lee Barret, K TNM showed such ап array 
in Ham Radio. (See the Bibliography at the end of this 
chapter.) Barrett gives the geometry and design of а four 
pole array with progressive phase delay, and a computer 
program to model it. The technique is shown in Fig 4 


Fig 3- Vertical-beam downtilt is another form of 
radiaion-pattern distortion useful for Improving repeater 
Coverage. This technique can be employed in situations 
where the repeater station is ata greater elevation than 
the desired coverage area, when a high-gain omni- 
directional antenna is used, Pattern A shows the 

normal vertical-plane radiation pattern of a high-gain 
‘omnidirectional antenna with respect tothe desired 
coverage area (the town). Pattern B shows the pattern 
tilted down, and the coverage Improvement is evident. 


Commercial antennas are sometimes available (at extra 
cost) with builtin downtit characteristics, Before ordering 
sucha commercial antenna, make sure that you really require. 
it; they generally are special order items and are not 
returnable. 

There are disadvantages to improving coverage by 
means of vertical-beam downtilt. When compared to а 
standard collinear array, an antenna using vertical-beam 
downtilt will have somewhat greater extraneous lobes in the 
Vertical pattern, resulting in reduced gain (usually less than 
108), Bandwidth is also slightly reduced. The reduction in 
gain, when combined with the downtilt characteristic, results 
in a reduction in total coverage area. These trade-offs, as 
well as the increased cost of a commercial antenna with 
downtit, must be compared to the improvement in total 
performance in a situation where vertical-beam downtilt is 
required. 


Top Mounting and Side Mounting 
Amateur repeaters often share towers with commercial 
and public service users. In many of these cases, other 
antennas are at the top of the tower, so the amateur antenna 
mustbe side mounted. A consequence of this arrangement is 
that the free-space pattern of the repeater antenna is distorted 
by the tower. This effect is especially noticeable when an 
omnidirectional antenna is side mounted on а structure. 

The effects of supporting structures are most 
pronounced at close antenna spacings to the tower and with 
large support dimensions. The esultis a measurable increase 
in gain in one direction and a partial null in the other direction 
(sometimes 15 dB deep). The shape of the supporting 
structure also influences pattern distortion. M any antenna 
manufacturers publish radiation patterns showing the effect 
of side mounting antennas in their catalogs. 

Side mounting is not always a disadvantage. In cases 
Where more (or less) coverage is desired in one direction 
the supporting structure can be sed to advantage If pattern 
distortion is not acceptable, a solution is to mount antennas 
around the perimeter of the structure and feed them with the 
proper phasing to synthesize an omnidirectional pattern. 
Many manufacturers make antennas to accommodate such 
situations 

The effects of different mounting locations and 
arrangements can be illustrated with an array of exposed 
dipoles, Fig 5. Such an array is a very versatile antenna 
because, with simple rearrangement of the elements, it can 
develop either an omnidirectional pattern or an offset pattern. 
Drawing A of Fig 5 shows a basic collinear array of four 
vertical 1-3 elements. The vertical spacing between adjacent 
elements is 1 2. АП elements are fed in phase. If this array is 
placed in the clear and supported by a nonconducting mast, 
the calculated radiation resistance of each dipole elementis 
ontheorder of 63.2. Ifthe feed lineis completely decoupled, 
the resulting azimuth pattern is omnidirectional. The vertical 
plane pattern is shown in Fig 6. 

Fig 58 shows the same array in a side mounting 
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Fig 4- Vertical-beam downtit can be facilitated by inserting 52-2 delay lines in series with the 75 feed lines to the 


collinear elements of an omnidirectior 
Shift between elements is uniform. Odd `f- 


ten 


"The delay lines to each elementare progres-sively longer so the phase 
coaxial transformers are used in the main (751) feed system to match the 


dipole impedances to the driving point. Titing the vertical beam in this way often produces minor lobes in the vertical 


pattern that do not exist when the elements are fed in phase. 


Ten 
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arrangement, ata spacing of .f from a conducting mast In. 
this mounting arrangement, the mast takes on the role of a 
reflector, producing an F/B ratio on the order of 5.7 dB. The 
azimuth pattern is shown in Fig 7. The vertical pattern is not 
significantly different from that of Fig 6, except the four 
small minor lobes (two on either side of the vertical axis 
tend to become distorted. They are not as "clean," tending 
to merge into one minor labe at some mast heights. This 
apparently is a function of currents in the supporting mast. 
The proximity of the mast also alters the feed-point 
impedance. For elements that are resonant in the 
configuration of Fig 5A, the calculated impedance in the. 
arrangement of Fig 58 is in the order of 72 +j10 0. 

If side mounting is the only possibility and an omni- 
directional pattern is required, the arrangement of Fig SC 
may be ed. The calculated azimuth pattern takes on a slight 


Fig 5— Various arrangements of exposed dipole 
elements. ALA is the basic collinear атау of four. 
elements, B shows the same elements mounted on 
the side of a mast, and C shows the elements in a side- 
mounted arrangement around the mast for omni- 
directional coverage. See text and Figs 6, 7 and 8 for 
radiation pattern information. 


Fig 6— Calculated vertical-plane pattern of the array of 
Fig 5A, assuming a nonconducting mast support and 

‘decoupling of the feeder. In azimuth the array 
дап of the array is 
‘6 dBi ato” elevation; the -3 dB point is at 6.5-- 


ıs suming "1-1 spacing from a 
ted gain in the favored direction, away 
from the mast and through the elements, is 10.6 di 


Cloverleaf shape, but is within 1.5 dB of being circular. 
However, gain performance suffers, and the idealized verti 
cal pattern of Fig 6 is not achieved. See Fig 8. Spacings 
other than А from the mast were not investigated. 

One very important consideration in side mounting an 
antenna is mechanical integrity. As with all repeater 
Components, reliability is of great importance. An antenna 
hanging by the feed line and banging against the tower 
provides far from optimum performance and reliability. Use 
а mount that is appropriately secured to the tower and the 
antenna, Also use good hardware, preferably stainless steel 
(or bronze). If your local hardware store does nat carry 
stainless steel hardware, try a boating supplier. 

Be certain thatthe feed lineis properly supported along 
Its length, Long lengths of cable are subject to contraction 


Fig 8— Calculated vertical pattern of the array of Fig 5 
assuming Че. element spacing from a 4-inch mast. The 
azimuth pattern is circular within 1.5 dB, and the 
calculated gain is 4.4 dBi 


and expansion with temperature from season to season, so it 
is important that the cable not be so tight that contraction. 
causes it to stress the connection at the antenna, This can 
cause the connection to become intermittent (and noisy) or, 
atworst, an open circuit This is far from a pleasant situation 
if the antenna connection is 300 feet up a tower, and it 
happens to be the middle of the winter! 


Effects of Other Conductors 

Feed-line proximity and tower-access ladders or cages 
also havean effect on the radiation patterns of side-mounted 
antennas. This subject was studied by Connolly and Blevins, 
and their findings are given in EEE Conference Proceedings 
(see the Bibliography at the end of this chapter). Those 
considering mounting antennas on air conditioning 
evaporators or maintenance penthouses on commercial 
buildings should consult this article, It gives considerable 
information on the effects of these structures on both 
unidirectional and omnidirectional antennas. 

Metallic guy wires also affect antenna radiation patterns. 
Yang and Willis studied this and reported the results in IRE 
Transactions on Vehicular Communications. As expected, 
the closer the antenna is to the guy wires, the greater the 
effect on the radiation patterns, If the antennas are near the 
point where the guy wires meet the tower, the effect of the 
guy wires can be minimized by breaking them up with 
insulators every 0.75 A for 2.25 to 3.0. 


ISOLATION REQUIREMENTS IN REPEATER 
ANTENNA SYSTEMS 

Because repeaters generally operate in full duplex (the 
transmitter and receiver operate simultaneously), he antenna 
system must act as a filter to keep the transmitter from 
blocking the receiver. The degree to which the transmitter 
and receiver must be isolated is a complex problem. It is 
quite dependent on the equipment used and the difference in 
transmitter and receiver frequencies (offset). Instead of going 
into great detail, a simplified example can be used for 
illustration. 

Consider the design of a 144-M Hz repeater with a 
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(600-kHz offset. The transmitter has an RF output power of 
10 W, and the receiver has a squelch sensitivity of 0.1 nV, 
This means there must be at least 1.9 x 10-16 W at the 52-02 
receiver-antenna terminals to detect a signal. If both the 
transmitter and receiver were on the same frequency, the. 
isolation (attenuation) required between the transmitter and. 
receiver antenna jacks to keep the transmitter from activating 
the receiver would be 


Isolation =10 log TO ats -1в7ав 


155210 w 

Obviously thereis no need for this much attenuation, because. 
the repeater does not transmit and receive on the same 
frequency. 

If the 10-W transmitter has noise 600 kHz away from. 
the carrier frequency that is 45 dB below the carrier power, 
һа! 45 dB can be subtracted from the isolation requirement. 
Similarly, if the receiver can detect а 0.1 uV on-frequency 
signal in the presence of a signal 600 kHz away that is 
40 dB greater than 0.1 nV, this 40 dB can also be subtracted 
from the isolation requirement, Therefore, the isolation. 
requirement is 


16708 - 45 dB - 40 dB =82d8 


Other factors enter into the Isolation requirements as 
well. For example, if the transmitter power is increased by 
10 dB (from 10 to 100 W), this 10 dB must be added to the 
isolation requirement. Typical requirements for 144 and 440- 
M Hz repeaters are shown in Fig 9. 

Obtaining the required isolation is the frst problem to 
be considered in constructing a repeater antenna system, 
There are three common ways to obtain this isolation: 

1) Physically separate the receiving and transmitting antennas 
o the combination of path loss for the spacing and the 
antenna radiation patterns results in the required isolation. 

2) Usea combination of separate antennas and high-Q filters 
ta develop the required isolation. (The high-Q filters serve 
to reduce the physical distance required between 
antennas) 

3) Use a combination filter and combiner system to allow 
the transmitter and receiver to share one antenna. Such a 
filter and combiner is called a duplexer. 

Repeaters operating on 28 and 50 M Hz generally use 
separate antennas to obtain the required isolation. This is 
largely because duplexers in this frequency range are both 
large and very expensive. It is generally less expensive to 
buy two antennas and link the sites by а committed phone 
line or an RF link than to purchase duplexes. At 144 M HZ 
and higher, duplexers are more commonly used. Duplexers 
are discussed in greater detail in a later section. 


Separate Antennas 

Receiver desensing (gain limiting caused by the 
presence of a strong off-freguency signal) can be reduced, 
and often eliminated, by separation of the transmitting and 
receiving antennas, Obtaining the 55 to 90 dB of isolation 
required for a repeater antenna system requires separate 
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Fig 9— Typical isolation requirements for repeater 
‘transmitters and receivers operating In the 132-174 MHz 
band (Curve A), and the 400-512 MHz band (Curve В). 
Required isolation in dB is plotted against frequency 
Separation in MHz. These curves were developed for a 
100-W transmitter. For other power levels, the isolation 
requirements will differ by the change in decibels 
relative to 100 W. Isolation requirements will vary with 
receiver sensitivity. (The values plotted were calculated 
for transmitter.carrier and receiver.noise suppression 
necessary to prevent more than 1 dB degradation in. 
receiver 12:48 SINAD sensitivity.) 


antennas to be spaced а considerable distance apart (in 
wavelengths) 

Fig 10 shows the distances required to obtain specific 
values of isolation for vertical dipoles having horizontal 
Separation (atA ) and vertical separation (at). Theisolation 
gained by using separate antennas Is subtracted from the total 
isolation requirement of the system. For example, i the 
transmitter and receiver antennas for а 450-M He repeater 
are separated horizontally by 400 feet, the total isolation 
requirement in the system is reduced by about 64 dB 

Note from Fig 10B that a vertical separation of only 
about 25 feet also provides 64 dB of isolation. Vertical 
‘Separation yields much more isolation than does horizontal 
Separation. Vertical separation s also more practical than 
horizontal, as only a single support is required 

An explanation of the significant difference between 
thetwo graphs is in order, The vertical spacing requirement 
for 60 dB attenuation (isolation) at 150 MHz Is about 
43 feet The horizontal spacing for tne same isolation level 
ison the order of 700 feet. Fig u shows why this difference 
exists. The radiation patterns of the antennas at A overlap: 
each antenna has gain in the direction of the other. The path 
Toss between the antennas is given by 
Path loss (dB) =20 [d 
where 
stance between antennas 
iavdengh, in the same units as d 


The isolation between the antennas in Fig 11A is the 
path loss less the antenna gains. Conversely, the antennas at 
В share pattern nulls, so the isolation is the path loss added 
to the depth of these nulls, This significantly reduces the 
spacing requirement for vertical separation, Because the 


Fig 11A relative representation of the isolation 
advantage afforded by separating antennas horizontally 
(А) and vertically (B) is shown. A great deal of isolation. 
is provided by vertical separation, but horizontal 
Separation requires two supports and much greater 
distance to be as effective. Separate-site repeaters 
(those with transmitter and receiver at different 
locations) benefit much more from horizontal 
Separation than do single-site installations. 


(t 


Fig 10— At A, the amount of attenuation (isolation) 
provided by horizontal separation of vertical dipole 
antennas. At B, isolation afforded by vertical separation 
of vertical dipoles. 


depth of the pattern nulls is not infinite, some spacing is 
required. Combined horizontal and vertical spacing is much 
more difficult to quantify because the results are dependent 
оп both radiation patterns and the positions of the antennas 
relative to each other. 

Separate antennas have one major disadvantage: They 
create disparity in transmitter and receiver coverage. For 
example, say a 50-M Hz repeater is installed over average. 
terrain with the transmitter and repeater separated by 2 miles 
If both antennas had perfect omnidirectional coverage, the 
situation depicted in Fig 12 would exist. In this case, stations 
able to hear the repeater may not be able to access it, and vice 
versa, In practice, the situation can be considerably worse. 
This is especially true if the pattems of both antennas are not 
omnidirectional. If this disparity in coverage cannot be 
tolerated, the solution involves skewing the patterns of the 
antennas until their coverage areas are essentially the same. 


Cavity Resonators 

As Just discussed, receiver desensing can be reduced 
by separating the transmitter and receiver antennas. But the 
amountof transmitted energy that reaches the receiver input. 
must often be decreased even farther. Other nearby 
transmitters can cause desensing as well. A cavity resonator 
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Fig 12— Coverage disparity is a major problem for 
Separate-site repeater antennas. The transmitter and 
Fecelver coverage areas overlap, but are not entirely 
‘mutually inclusive. Solving this problem requires a great. 
deal of experimentation, as many factors are involved. 
Among these factors are terrain features and distortion 
of the antenna radiation patterns from supports. 


(cavity filter) can be helpful in solving these problems. When 
properly designed and constructed, this type of resonator 
has very high Q.A commercially made cavity is shown in 
Fig 13. 

A cavity resonator placed in series with a transmission 
line acts as a band-pass filter. For а resonator to operate in 
Serie, it must have input and output coupling loops (or 
probes] 

A cavity resonator can also be connected across (in 
parallel with) a transmission line. The cavity then acts as а 
band-reject (notch) filer, greatly attenuating energy at the 
frequency to which itis tuned. Only one coupling loop or 
probe is required for this method of filtering. This type. 
of cavity could be used in the receiver line to "notch" 
the transmitter signal. Several cavities can be connected in. 
series or parallel to increase the attenuation in a given 
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Fig 13— A coaxial cavity 
filter of the type used in 
many amateur and 
commercial repeater 
Installations. Center. 
conductor length (and. 
thus resonant frequency) 
is varied by adjustment 
of the knob бор). 


configuration. The graphs of Fig 14 show the attenuation of 
a single cavity (A) and a pair of cavities (B). 

The only situation in which cavity filters would not 
help is the case where the off-frequency noise of the 
transmitter was right on the receiver frequency. With cavity 
resonators, an important point to remember is that addition 
of a cavity across a transmission line may change the 
impedance of the system. This change can be compensated 
by adding tuning stubs along the transmission line. 


Duplexers 

‘The material in this section was prepared by Domenic 
Mallozzi, NIDM. Most amateur repeaters in the 144, 220 
and 440-M Hz bands use duplexers to obtain the necessary. 
transmitter to receiver isolation. Duplexers have been 
commonly used in commercial repeaters for many years. 
The duplexer consists of two high-Q filters. One filter is 
used in the feed line from thetransmitterto the antenna, and 
another between the antenna and the receiver, These filters 


m 


Fig 14- Frequency response curves for a single 
ith coupling loops, each having an Insertion loss of 0.5 dB. (The total insertion loss is indicated In the 


cavities 


body of each graph.) Selectivity will be greater if lighter coupling (greater insertion loss) can be tolerated. 
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must have low loss at the frequency to which they are tuned 
while having very high attenuation at the surrounding 
frequencies. To meet the high attenuation requirements at 
frequencies within as littleas 0.4% of the frequency to which 
they are tuned, the filters usually take the form of cascaded 
transmission-line cavity filters. These are either band-pass 
filters, or band-pass filters with a rejection notch. (The 
rejection notch is tuned to the center frequency of the other 
filter) The number of cascaded filter sections is determined 
by the frequency separation and the ultimate attenuation 
requirements, 

Duplexers forthe amateur bands representa significant 
technical challenge, because in most cases amateur repeaters 
operate with significantly less frequency separation than their 
Commercial counterparts. Information on home construction 
of duplexers is presented in a later section of this chapter. 
Many manufacturers market high quality duplexers for the 
amateur frequencies. 

Duplexers consist of very high Q cavities whose 
resonant frequencies are determined by mechanical 
components, in particular the tuning rod, Fig 15 shows the 
cutaway view of atypical duplexer cavity. The rod is usually 
made of a material which has а limited thermal expansion 
coefficient (such as Invar). Detuning of the cavity by 
environmental changes Introduces unwanted losses in the 
antenna system. An article by Arnold in Mobile Radio 
Technology considered the causes of drift in the cavity (see 
the Bibliography at the end of this chapter), These can be 
broken into Four major categories. 

1)A mbienttemperature variation (which leads to mechanical 
Variations related to the thermal expansion coefficients 
of the materials used in the cavity). 

2) Humidity (dielectric constant) variation. 

З) Localized heating from the power dissipated in the cavity 
(resulting from its insertion loss 

4) Mechanical variations resulting from other factors 
(vibration, etc). 

In addition, because of the high O nature of these 
cavities, the Insertion loss of the duplexer increases when 
thesignal is notat he peak of the filter response. This means, 
in practical terms, less power is radiated for a given 
transmitter output power. Also, the drift in cavities in the 
receiver line results in increased system noise figure, 
reducing the sensitivity of the repeater. 

As the frequency separation between the receiver and 
the transmitter decreases, the insertion loss of the duplexer 
reaches certain practical limits, A 144 M Hz, the minimum 
insertion loss for 600 kHz spacing is 1.5 dB per filter. 

Testing and using duplexers requires some special 
considerations (especially as frequency increases). Because 
duplexers are very high Q devices, they are very sensitive 
to the termination impedances at their ports. A high SWR 
оп any port is a serious problem, because the apparent 
insertion loss of the duplexer will increase, and the isolation 
тау appear to decrease. Some have found that, when 
duplexersareused atthe imits of their isolation capabilities, 


Fig 15— Cutaway view of a typical cavity. Note the 
relative locations of the coupling loops to each other 

чо the center conductor of the cavity. A locknut is 
used to prevent movement of the tuning rod after 
adjustment. 


‘a small change in antenna SW R is enough to cause receiver 
desensitization. This occurs most often under ice-loading 
conditions on antennas with open-wire phasing sections 

The choice of connectors in the duplexer system is 
important BNC connectors are good for use below 300 MHz. 
Above 300 M Hz, their use is discouraged because even 
though many types of BNC connectors work well up to 
16Hz, older style standard BNC connectors are inadequate 
atUHF and above. TypeN connectors should be used above 
300 MHz, It is false economy to use marginal quality 
Connectors. Some commercial users have reported 
deteriorated isolation in commercial UHF repeaters when 
using such connectors. The location of a bad connector in а 
system is a complicated and frustrating process. Despite all 
these considerations, the duplexer is still the best method 
for obtaining isolation in the 148 to 925-M Hz range. 


ADVANCED TECHNIQUES. 

Asthenumberaf available antenna sites decreases and. 
the cost of various peripheral items (such as coaxial cable) 
increases, amateur repeater groups are required to devise 
advanced techniques if repeaters are to remain effective. 
Some f the techniques discussed here have been applied in 
Commercial services for many years, but ип recently have 
not been economically justified for amateur use 

One technique worth consideration is the use of cross- 
band couplers, To illustrate a situation where а сто Бапа 
coupler would be useful, consider the following example. А 
repeater group plans to install 144 and 902-M Hz repeaters 
on the same tower. The group intends to erect both antennas. 
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оп a horizontal cross-arm at the 325-foot level. A 325-foot 
run of 7inch Heliax costs approximately $1400. If both 
antennas ae to be mounted at the top of the tower, the logical 
approach would require two separate feed lines. A better 
solution involves he use of a single feed line for both repeaters, 
along with a cross-band coupler at each end of the line. 

‘The use of the cross-band coupler is shown in Fig 16, 
As the term implies, the coupler allows two signals on 
different bands to share a common transmission line, Such 
couplers cost approximately $200 each. In our hypothetical 
example, this represents a saving of $1000 over the cost of 
using separate feed lines. But as with all compromises, there 
are disadvantages. Cross-band couplers havea loss of about. 
0.5 dB per unit. Therefore, the pair required represents а 
loss of 10 dB in each transmission path. If this loss can be 
tolerated, the cross-band coupler is a good solution. 

Cross-band couplers do not allow two repeaters on the 
same band to share a single antenna and feed line. As 
repeater sites and tower space become more scarce, it may 
be desirable to have two repeaters on the same band share 
the same antenna, The solution to this problem is the use of 
transmitter multicoupler. The multicoupler is related to the 
duplexers discussed earlier. Itis a cavity filter and combiner 
which allows multiple transmitters and receivers to share the 


Fig 16— Block diagram of a system using cross-band 
couplers to allow the use of single feed Jine for two 
repeaters. H the feeder to the antenna location is long 
(more than 200 feet or so), cross-band couplers may 

provide a significant saving over separate feed lines, 


same antenna, This sa common commercial practice A block 
diagram of a multicouper system is shown in Fig 17. 

The multicoupler, however, isa very expensive device, 
and has the disadvantage of even greater los per transmission 
path than the standard duplexer. For example, a well-designed 
duplexer for 600 kHz spacing at 146 MHz has а loss per 
transmission path of approximately 1.5 dB. A four.channel 
multicoupler (the requirement for two repeaters) has an 
insertion loss per transmission path on the order of 2.5 dB or 
more. Another constraint of such a system is that the antenna 
must present a good match to the transmission ine at all 
frequencies on which it will be used (both transmitting and 
receiving). This becomes difficult for the system with two 
repeaters operating at opposite ends of a band. 

If you elect to purchase a commercial base station 
antenna that requires you to specify a frequency to which 
the antenna must be tuned, be sure to indicate to the 
manufacturer the intended use of the antenna and the 
frequency extremes. In some cases, the only way the 
manufacturer can accommodate your requests to provide 
an antenna with some vertical-beam uptilt at one end of the 
band and some downtilt at the other end of the band. In the 
case of antennas with very high gain, this in itself may 
become a serious problem. Careful analysis of the situation 
is necessary before assembling such a system. 


Diversity Techniques for Repeaters 

Mobile utter, “dead spots" and similar problems are a 
real problem forthe mobile operator. The popularity of hand 
held transceivers using low power and mediocre antennas 
causes similar problems, A solution to these difficulties is 
the use of some form of diversity reception, Diversity 
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Fig 17— Block diagram of a system using a transmitter. 


multicoupler to allow a single feed line and antenna to 
Бе used by two repeaters on one band. The antenna 
must be designed to operate at all frequencies that the 
repeaters utilize. More than two repeaters can be 
operated this way by using a multicoupler with the 
Appropriate number of input ports. 


reception works because signals do not fade at the same rate 
when received by antennas at different locations (space 
diversity) ого! different polarizations (polarization diversity). 

Repeaters with large transmitter coverage areas often 
have difficulty "hearing" low power stations in peripheral 
areas or in dead spots. Space diversity is especially useful in 
such a situation. Space diversity utilizes separate receivers 
at different locations that are linked to the repeater. The 
repeater uses a circuit called a voter that determines which 
receiver has the best signal, and then selects the appropriate 
receiver from which to feed the repeater transmitter. This 
technique is helpful in urban areas where shadowing from 
large buildings and bridges causes problems. Space diversi 
receiving, when properly executed, can give excellent results, 
Butwith the improvement соте some disadvantages: added 
initial cost, maintenance costs, and the possibility of failure. 
created by the extra equipment required. If installed and 
maintained carefully, problems are generally minimal 

A second improvement technique ls the use of circularly 
polarized repeater antennas. This technique has been used 
їп the FM broadcast field for many years, and has been 
considered for use in the mobile telephone service as well 
Someexperiments by amateurs have proved very promising, 
as discussed by Pasternak and M orris (see the Bibliography 
atthe end of this chapter). 

The improvement afforded by circular polarization is 
primarily areduction in mobile flutter. T he flutter on a mobile 
signal is caused by reflections from large buildings (in urban. 
settings) or other terrain features. These reflections cause 
measurable polarization shifts, sometimes to the point where 
а vertically polarized signal at the transmitting site тау 
appear to be primarily horizontally polarized after reflection 

А similar situation results from multipath propagation, 
where one or more reflected signals combine with the direct 
signal at the repeater, having varying effects on the signal 
‘The multipath signal is subjected to large amplitude and 
phase variations at a relatively rapid rate. 

In both of the situations described here, circular 
polarization can offer considerable improvement. This is 
because circularly polarized antennas respond equally to all 
linearly polarized signals, regardless of the plane of 
polarization. At this writing, there are no known sources of 
commercial circularly polarized omnidirectional antennas for 
theamateur bands, Pasternak and M orris describe circularly 
polarized antenna made by modifying two commercial four- 
pole arrays 


EFFECTIVE ISOTROPIC RADIATED POWER 
(EIRP) 

itis useful to know effective isotropic radiated power 
(EIRP) in calculating the coverage area of а repeater. The 
FCC formerly required EIRP to be entered in thelog of every 
amateur repeater station A though logging EIRP is no longer 
required, it is stl useful to have this information on hand 
for repeater coordination purposes and so system 
performance can be monitored periodically. 


Calculation of EIRP is straightforward. The PEP output 
of thetransmitteris simply multiplied by the gains and losses 
in the transmitting antenna system. (These gains and losses 
are best added or subtracted In decibels and then converted 
to a multiplying factor.) The following worksheet and 
example illustrates the calculations. 


Feed-line loss dB 
Duplexer loss dB 
Isolator loss dB 
Cross-band coupler loss dB 
Cavity filter loss 08 
Total losses (L) dB 


G (dB) = antenna gain (dBi) - L 


WhereG =antenna system gain. (If antenna gain is specified 
in dBd, add 2.14 dB to obtain the gain in dBi.) 


M =10020 
where M = multiplying factor 
EIRP (watts) = transmitter output (PEP) x M 


Example 

A repeater transmitter has a power output of SOW РЕР 
(50-W ЕМ transmitter). The transmission line has 1.8 dB 
loss, The duplexer used hasa loss of 1.5 dB, and a circulator 
on the transmitter port has a loss of 0.3 dB. There are no 
cavity filters or cross-band couplers in the system. Antenna 
gain is 5.6 dBi. 


Feed-line loss 1808 
Duplexer loss 1508 
Isolator loss 0308 
Cross-hand coupler loss 008 
Cavity filter loss. 008 
Total losses (L) 3.608 


Antenna system gain in d8 È 


G =5.6 dBi - 3.6 dB =2 d8 
Multiplying factor =M = 10610 
M = 10210 = 1.585 


EIRP (watts) transmitter output (PEP) x M 
EIRP =50 W x 1585 = 79.25 W 

If the antenna system is lossier than this example, G 
may be negative, resulting in a multiplying factor less than 
1 Theresultisan EIRP that is less than the transmitter output 
power. This situation can occur in practice, but for obvious 
reasons is not desirable. 
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Assembling a Repeater Antenna System 


This section will aid you in planning and assembling | information on propagation for the band of your interest 
your repeater antenna system. The material was prepared First a repeater antenna selection checklist such as this 
by Domenic Mallozzi, NIDM. Consult Chapter 23 for will help you in evaluating the antenna system for your needs, 


Gain needed Yes 


Pattern required 


dBi 1s downtilt required? 
Omnidirectional 


omat Type of RF connector 

Cardioidal 

directional 

Bidirectional ie 

Special pattern Other (specify) 

(specify) 

Size (length) 

Mounting Top of tower Weight 

Side of tower Maximum cost 

(Determine effects 

of tower on pattern. 

Is the result con: 

sistent with the 

pattern required?) 
Table 1 
Product Matrix Showing Repeater Equipment and Manufacturer by Frequency Band 

Antennas тиреле Cavity Fita 

Sore [Ba] 0 [res | 222 Гаво [aoe pase [тат [2 [во ] 002 |ves | 222 | sso [902 
mane] 5 |5 [5 [5 [5 [5 Ts 
семе | o |с |с [сс с с о |е [е [е [е [оо 
Comet c eee 
seat | |с (c [оо 
veered | |o je | e | e | c ojo |s s je c 
RF Pans cjele с 
snr (ос |c | e o |e |e с o |e 
THR с |с c с ео е 
Wacom o |e HÛ HH HE 


Cross-Band Couplers 


Combiners 


wr | 0512 | вола [esa 
source | 28 | so | 144 |222 | aso | өог | taa | 222 | aso | 902 | 450-512 | 800-960 | 206-960 | 806-960 


[3 aaa ajajaja s 
Dec Prod c clc e e | Cc 
Sinclair c (om «ex mex es: c 
TXRK с сс ссе с с c с с с 
Wacom o: co [rox o com roan) com) у: дету: © 


Atbrevialad names above are lor the following manufacturers: Austin Antenna, Celvave RF Inc, Cusheralt Corp, Decibel Products 
Inc, RF Parts, Sinclair Radio Laboratorios Inc, TX/RX Systems Inc and Wacom Inc. A manufacturers’ contact ist appears in 
Chapter 21 

Key to codes used 

© = in-stock catalog item 

S = available special order 

Note: Coaxial cable is not listed, because most manufacturers sell only to dealers 
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Table 1 has been compiled to provide general 
information on commercial components available for 
repeater and remote-base antenna systems, The various 
components are listed in а matrix format by manufacturer, 
for equipment designed to operate in the various amateur 
bands. See Chapter 21 for supplier information for these 
components, Although every effort has been made to make 
this data complete, theARRL isnot responsible for omissions 
or errors, The listing of a product in Table 1 does not 
constitute an endorsement by the RRL. Manufacturers are 


urged to contact the editors with updating information, 

Even though almost any antenna can be used for a 
repeater, the companies indicated in the Antennas column 
in Table 1 are known to have produced heavy-duty antennas. 
to commercial standards for repeater service. M any of these 
Companies offer their antennas with special features for 
repeater service (such as vertical-beam downtilt. It is best 
to obtain catalogs of current products from the manufacturers. 
listed, both for general information and to determine which 
special options are available on thelr products. 


A 144 MHz Duplexer 


Obtaining sufficient isolation between the transmitter 
and receiver of а repeater can be difficult. Many of the 
solutions to this problem compromise receiver sensitivity 
ог transmitter power output, Other solutions create an 
imbalance between receiver and transmitter coverage area, 
When a duplexer is used, insertion loss is the compromise. 
But a small amount of insertion loss is more than offset by 
the use of one antenna for both the transmitter and receiver, 
Using one antenna assures equal antenna patterns for both 
transmitting and receiving, and reduces cost, maintenance 
and mechanical complexity 

As mentioned earlier in this chapter, duplexers may be 
built in the home workshop. Bob Shriner, WA 0020, 
presented a small, mechanically simple duplexer for low- 
power applications in April 1979 QST. Shriner's design is 
unique, as the duplexer cavities are constructed of circuit 
board material. Low cost and simplicity are the result, but 
with a trade-off in performance. A silver-plated version 
оГ Shriner's design has an insertion loss of approximately 
5 dB at 146 MHz. The loss is greater if the copper is not 
plated, and increases as the inner walls of the cavity tarnish. 

This duplexer construction project by John Bilodeau, 
WIGAN, represents an effective duplexer. The information 
originally appeared in July 1972 QST. It's a time proven 
project used by many repeater groups, and can be duplicated 
relatively easily. Its insertion loss is just 1.5 dB 

Fig 18 will help you visualize the requirements for a 
duplexer, which can be summed up as follows. The duplexer 
must attenuate the transmitter carrier to avoid overloading 
the receiver and thereby reducing its sensitivity. It mustalso 
attenuate any noise or spurious frequencies from the 
transmitter on or near the receiver frequency. In addition, а 
duplexer must provide a proper impedance match between 
transmitter, antenna, and receiver. 

‘Asshown in Fig 18, transmitter output on 146.94 M Hz 
going from point to D should not be attenuated. However, 
the transmitter energy should be greatly attenuated between 
points В and A. Duplexer section 2 should attenuate any 
noise or signals that are on or near the receiver input 
frequency of 146.34 М Hz. For good reception the noise and 
spurious signal level must be less than -130 dBm (0 dBm = 
1 milliwatt into 50 ©). Typical transmitter noise 600 kHz 


away from the carrier frequency is 80 dB below the 
transmitter power output. For 60 W of output (+48 dBm), 
thenoise level is -32 dBm. The duplexer must make up the 
difference between -32 dBm and -130 dBm, or 98 08 

The received signal must go from point B to A with a 
minimum of attenuation. Section 1 of the duplexer 
must also provide enough attenuation of the transmitter 
energy to prevent receiver overload, For an average receiver, 
the transmitter signal must be less than -30 dBm to meet. 
this requirement. The difference between the transmitter 
output of +48 dBm and the receiver overload point of -30 
dBm, 78 dB, must be made up by duplexer section 1. 


THE CIRCUIT 

Fig 19 shows the completed six-cavity duplexer, and 
Fig 20 shows the assembly of an individual cavity. A fek. 
resonator was selected for this duplexer design. T he length 
of the center conductor is adjusted by turning a threaded 
rod, which changes the resonant frequency of the cavity. 
Energy is coupled into and out of the tuned circuit by the 
coupling loops extending through the top plate. 

‘The cavity functions as a series resonant circuit When 
a reactance is connected across a series resonant circuit, an 
anti-resonant notch is produced, and the resonant frequency 
is shifted. If a capacitor is added, the notch appears below 


Tem Eza 
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Fig 18- Duplexers permit using one antenna for both 
transmitting and receiving in a repeater system. Section 1 
prevents energy at the transmitter frequency from 
Interfering with the receiver, while section 2 attenuates 
any offfrequency transmitter energy that is at or near the 
Tecelver frequency. 
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Fig 19—A six-cavity 
duplexer for use with a 
144.MHz repeater. The 
cavities are fastened 
to a plywood base for 
mechanical stability. 
Short lengths of 
double-shielded cable 
эге used for con- 
nections between 
individual cavities 

An insertion loss of 
less than 1.5 dB is 
possible with this 
design. 


the resonant frequency. Adding Inductance instead of 
‘capacitance makes the notch appear above the resonant 
frequency. The value of the added component determines the 
spacing between the notch and the resonant frequency of the 
cavity 

Fig 21 shows the measured band-pass characteristics 
cof the cavity with shunt elements, With the cavity tuned to 
146.94 MHz and a shunt capacitor connected from input to 
output, a 146,34-M Hz signal is attenuated by 35 dB. If an 
inductance is placed across the cavity and the cavity is tuned 
to 146,34 MHz, the attenuation at 146.94 M Hz is 35 dB. 
Insertion loss in both cases is 0.4 dB. Three cavities with 
shunt capacitors are tuned to 146.94 MHz and connected 
together in cascade with short lengths of coaxial cable. The 
attenuation at 146.34 М Hz is more than 100 d8, and insertion. 
loss at 146.94 MHz is 1.5 dB. Response curves for a six 
cavity duplexer are given in Fig 22. 
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Fig 20—The assembly of an individual cavity. A Bud Minibox is mounted on the top plate with three screws. А 


clamping sleeve mac 


f brass pipe is used to prevent crushing the box when the locknut is tightened on 


tuning shaft. Note that the positions of both C1 and L1 are shown, but that three cavities will have C1 installed 
and three will have L1 in place. 
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Fig 21— Typical frequency response of a single cavity of 
the type used in the duplexer. The dotted line represents 
the passband characteristics of the cavity alone; the solid 
line forthe cavity with a shunt capacitor connected 
between input and output. An inductance connected in the 
Same manner will cause the rejection notch to be above 
the frequency to which the cavity is tuned. 


Construction 

The schematic diagram for the duplexer is shown in 
Fig 23. Three parts for the duplexer must be machined; all 
others can be made with hand tools. A small lathe can be 
used to machine the brass top plate, the threaded tuning 
plunger bushing, and the Teflon insulator bushing. The 
dimensions ofthese parts are given in Fig 24. 

Type DWV copper tubing is used for the outer conductor 


оГ the cavities. The wall thickness is 0.058 inch, with an 
outside diameter of 4 inches. You will need a tubing culter. 
large enough to handle this size (perhaps borrowed or rented), 
The wheel of thecutter should be tight and sharp. M ake slow, 
careful cuts so the ends will be square. The outer conductor 
is 221 inches long 

Theiner conductor is made from type М copper tubing 
having an outside diameter of 1: inches. А 6-inch length of 
‘Linch OD brass tubing is used to make the tuning plunger. 

Thetubing types mentioned above аге designations used 
in the plumbing and steam -fitting industry. Other types may 
фе used in the construction of a duplexer, but you should 
check the sizes carefully to assure that the parts will fit each 
other. Tubing with a greater wall thickness will make the 
assembly heavier, and the expense will increase accordingly. 

Softsolderis used throughout the assembly. Unless you 
have experience with silver solder, do not use it. Eutectic 
type 157 solder with paste or acid flux makes very good joints. 
This type has a slightly higher melting temperature than 
ordinary tin-lead alloy, but has considerably greater strength. 

First solder the inner conductor to the top plate 
(Fig 25). The finger stack can then be soldered inside the 
lower end of the inner conductor, while temporarily held in 
place witha plug made of aluminum or stainless steel, While 
soldering, do not allow the flame from the torch to overheat 
the finger stock. The plunger bushing is soldered into the 
tuning plunger and a 20-inch length of threaded rod is 
soldered into the bushing, 

Cut six slots in the top of the outer conductor. They 
should be inch deep and equally spaced around the tubing, 


— — 


Fig 22- Frequency response of the six-cavity duplexer. One set of three cavities is tuned to pass 146.34 MHz and 


notch 146.94 MHz (the receiver leg). The remaining set of three cavities is tuned to pass 146.94 MHz 


d noteh 


146.34 MHz. This duplexer provides approximately 100 dB of isolation between the transmitter and receiver when 


properly tuned. 
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ity duplexer. Coaxial cable lengths between cavities are critical and must be followed 
le and high quality connectors should be used throughout The sizes and shapes of the 


Fig 23— Diagram of the si 


C1- L7-11 pF circuitboard mount, E. F. J ohnson 189-5-5 or equiv. closed for intial alignment. 


Fig 24— Dimensions for the three parts that require machining. A small metal-working lathe should be used for 
making these parts 


17-16 Chapter 17 


Fig 25— Two of the center conductor and top plate 
assemblies. In the assembly at the left, C1 Is visible 
Just below the tuning shaft, mounted by short straps. 
made from sheet copper. The assembly on the right 

has L1 in place between the BNC connectors. The 
Miniboxes are fastened to the top plate by a single large 
rutin these units. Using screws through the Minibox 
into the top plate, as described in the text, is preferred. 


‘The bottom end of the -inch tubing is soldered to the square 
bottom plate. The bottom plates have holes in the corners so 
they can be fastened to a plywood base by means of wood 
screws, Because the center conductor has no support atone 
end, the cavities must be mounted vertically. 

The size and position of the coupling loops are critical. 
Follow the given dimensions closely. Both loops should be 
"je inch away from the center conductor on opposite sides, 
Connect a solder lug to the ground end of the loop, then 
fasten the lug to the top plate with а screw. The free end of 
the loop is insulated by Teflon bushings where it passes 
through the top plate for connection to the BNC fittings. 

Before final assembly of the parts, clean them 
thoroughly, Soap-filled steel wool pads and hot water work 
well for this, Be sure the finger stock makes firm contact. 
with the tuning plunger. The top plate should fit snugly in 
the top of the outer conductor— a large hose clamp tightened 
around the outer conductor will keep the top plate in place. 


ADJ USTMENT 

After the cavities have been checked for band-pass 
characteristics and insertion loss, install the anti-resonant. 
elements, C1 and L1. (See Fig 21.) It is preferable to use 
laboratory test equipment when tuning the duplexer A n option. 
is to use a low power transmitter with an RF probe and ап 
electronic voltmeter, Both methods are shown in Fig 26. 

With the test equipment connected as shown in Fig 264, 
adjust the signal generator frequency to the desired repeater 
Input frequency. Connecta calibrated step attenuator between 
points X and Y. With no attenuation, adjust the HP-415 for 
0 on the 20.dB scale. You can check the calibration of the 
415 by switching in different amounts of attenuation and 
noting the meter reading. You may note a small error at either 
high or very low signal levels. 

Next, remove the step attenuator and replace it with a 


“apime OL ist 


x Hess 


Fig 26— The duplexer can be tuned by either of the two 
methods shown here, although the method depicted at A 
is preferred. The signal generator should be modulated 
by a 1-khz tone. f the setup shown at B is used, the 
transmitter should not be modulated, and should have a 
minimum of noise and spurious signals. The cavities to 
be aligned are inserted between X and Y in the setup at A, 
and between P and Q in B. 


cavity that has the shunt inductor, L1, in place. Adjust the 
tuning screw for maximum reading on the 415 meter 
Removethecavity and connect points X and Y. Setthe signal 
generator to the repeater output frequency and adjust the 
415 for а 0 reading on the 20-d8 scale, 

Reinsertthe cavity between X andy and adjustthe cavity 
tuning for minimum reading on the 415. The natch should be 
sharp and have a depth of at least 35 dB. It is important to 
maintain the minimum reading on the meter while tightening 
the locknut on the tuning shaft 

то check the insertion loss of the cavity, the output 
from the signal generator should be reduced, and the 
calibration of the 415 meter checked on the 50-d8 expanded 
scale, Usea fixed 1-dB attenuator to make certain the error 
is less than 0.1 dB. Replace the attenuator with the cavity 
and read the loss, The insertion loss should be 0.5 dB or 
less. The procedure is the same for tuning all six cavities, 
except thatthe frequencies are reversed for those having the 
shunt capacitor installed. 


Adjustment with Minimum Equipment 


A transmitter with a minimum of spurious output should 
be used for this method of adjustment. Most madern 
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transmitters meet this requirement. The voltmeter in use 
should be capable of reading 0.5 V (or less), full scale. The 
RF probe used should berated to 150 M Hz or higher Sections 
of RG-58 cable are used as attenuators, as shown in Fig 268 
The loss in these 140-foot lengths is nearly 10 dB, and helps 
to isolate the transmitter in case of mismatch during tuning. 

Set the transmitter to the repeater input frequency 
and connect P and Q. Obtain a reading between 1 and ЗУ on 
the voltmeter. Insert a cavity with shunt capacitors in 
place between P and Q and adjust the cavity tuning for a 
minimum reading on the voltmeter (This reading should be 
between 0.01 and 0.05 V.) The rejection in dB can be 
calculated by 
dB =20 log (V1N2) 

This should be at least 35 dB. Check the insertion loss by 
putting the receiver on the repeater output frequency and 
noting the voltmeter reading with the cavity out of the circuit. 

A 0.5-dB attenuator can be made from a 7-foot length 
of RG-58, This 7-foot cable can be used to check the 
calibration of the detector probe and the voltmeter, 

Cavities with shunt inductance can be tuned the same 
way, but with the frequencies reversed. If two or mare cavities 
are tuned while connected together, transmitter noise can 
cause the ejection readings to be low. In other words, there 
will be ess attenuation. 


Results 
The duplexer is conservatively rated at 150 W input, 
but if constructed carefully, should beableto handle as much 
as 300 W. Silver plating the interior surfaces of the cavities 
is recommended if input power is to be greater than 150 W. 
A duplexer of this type with silver plated cavities has an 
insertion loss of less than 1 dB, and a rejection of more than 
100 dB, Unplated cavities should be disassembled at least 
every tia years, cleaned thoroughly, and then retuned 


Miscellaneous Notes 

1) Double-shielded cable and high-quality connectors are 
required throughout the system, 

2) TheSWR of the antenna should not exceed 1.2:1 for proper 
duplexer performance. 

3) Good shielding of the transmitter and receiver at the 
repeater is essential, 

4) The antenna should have four or more wavelengths of 
vertical separation from the repeater. 

5) Conductors in the near field of the antenna should be well 
bonded and grounded to eliminate noise. 

6) The feed line should be electrically bonded and 
mechanically secured to the tower or mast. 

7) Feed lines and other antennas in the near field of the 
repeater antenna should be well bonded and as far from 
the repeater antenna ав possible. 

8) Individual cavities can be used to improve the performance 
of separate antenna or separate site repeaters, 
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9) Individual cavities can be used to help solve inter- 
modulation problems. 
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"VHF and UHF 
Antenna Systems 


А good antenna system is one of the most valuable 
assets available to the VHF/UHF enthusiast. Compared 
to an antenna of lesser quality, an antenna that is well 
designed, is built of good quality materials, and is well 
maintained, will increase transmitting range, enhance 
reception of weak signals, and reduce interference 
problems. The work itself Is by no means the least 


attractive part of the job. Even with high gain antennas, 
experimentation is greatly simplified at VHF and UHF 
because the antennas аге a physically manageable size. 
Setting up a home antenna range is within the means of 
most amateurs, and much can be learned about the nature 
and adjustment of antennas. No large investment in test 
equipment is necessary. 


The Basics 


Selecting the best VHF or UHF antenna for a given 
Installation Involves much more than scanning gain figures 
and pricesin a manufacturer's catalog. There sno one "best" 
VHF or UHF antenna design for all purposes, The first step 
in choosing an antenna i figuring out what you want it to do, 


Gain 

AtVHF and UHF, itis possible to build Yagi antennas. 
with very high gain—15 to 20 dBi— on a physically 
manageable boom. Such antennas can be combined in arrays 
of two, four, six, eight, or more antennas. These arrays are 
attractive for EM E, tropospheric scatter or other weak-signal 
‘communication modes 


Radiation Patterns 

Antenna radiation can be made omnidirectional, 
bidirectional, practically unidirectional, or anything between 
these conditions. A VHF net operator may find an 
omnidirectional system almost a necessity, but it may be а 
poor choice otherwise. Noise pickup and other interference 
problems tend to be greater with such omnidirectional 
antennas, and such antennas having some gain are especially 
badin these respects. Maximum gain and low radiation angle 
are usually prime interests of the weak signal DX aspirant. 
A clean pattern, with lowest possible pickup and radiation 
off the sides and back, may be Important in high activity 
areas, or where the noise level is high. 


Frequency Response 


‘The ability to work over an entire VHF band may be 
importantin some types of work. M odem Y agis can achieve 


performance over a remarkably wide frequency range, 
providing that the boom length is long enough and enough 
elements are used to populate the boom. Modern Yagi 
designs in fact are competitive with directly driven collinear 
arrays of similar size and complexity. The primary 
performance parameters of gain, front-to-1ear ratio and SWR 
сап be optimized over all the VHF or UHF amateur bands 
readily, with the exception of the full 6-meter band from 
50.0 to 54,0 M Hz, which hasan 8% wide bandwidth. A Y agi 
сап be easily designed to cover any 2.0-M Hz portion of the 
6-meter band with superb performance. 


Height Gain 

In general, the higher the better in V HF and UHF antenna 
installations. If raising the antenna clears its view over nearby 
obstructions, it may make dramatic improvements in 
coverage. Within reason, greater heights almost always worth 
its cost, but height gain (see Chapter 23) must be balanced 
against increased transmissionline los. This loss can be 
considerable, and it increases with frequency. The best 
available line may notbe very good if the run islong in terms 
of wavelengths Line loss considerations (shown in ableform 
in Chapter 24) are important in antenna planning. 


Physical Size 

A given antenna design for 432 M Hz has the same gain. 
as the same design for 144 M Hz, but being only one-third 
as large intercepts only one-ninth as much energy in 
receiving. In other words, the antenna has less pickup 
efficiency at 432 MHz. To be equal in communication 
effectiveness, the 432-M Hz array should be at least equal in 
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size to the 144-M Hz antenna, which requires roughly three 
times ав many elements, With all the extra difficulties 
involved in using the higher frequencies effectively, itis 
best to keep antennas as large as possible for these bands. 


DESIGN FACTORS 

With the objectives sorted out in a general way, 
decisions on specifics, such ав polarization, type of trans 
mission line, matching methods and mechanical design must 
be made. 


Polarization 

Whether to position antenna elements vertically or 
horizontally has been widely questioned since early VHF 
pioneering. Tests have shown litte evidence as to which 
polarization sense is most desirable. On long paths, there is 
по consistent advantage either way. Shorter paths tend to 
yield higher signal levels with horizontally polarized 
antennas over some kinds of terrain, Man-made noise, 
especially ignition interference, also tends to be lower with 
horizontal antennas, These factors make horizontal 
polarization somewhat more desirable for weak-signal 
‘communications. On the other hand, vertically polarized 
antennas are much simpler to usein omnidirectional systems 
and in mobile work. 

Vertical polarization was widely used in early VHF 
work, but horizontal polarization gained favor when 
directional arrays started to become widely used. The major 
trend to FM and repeaters, particularly in the 144-M Hz band, 
has tipped the balance in favor of vertical antennas in mobile 
and repeater use. Horizontal polarization predominates in 
other communication on 50 M Hz and higher frequencies 
‘Additional loss of 20 dB or more can be expected when 
cross-polarized antennas are used 


TRANSMISSION LINES 

‘Transmission line principles are covered in detail in 
Chapter 24. Techniques that apply to VHF and UHF 
‘operation are dealt with in greater detail here. The principles 
of carrying RF from one location to another via a feed line 
are the same for all radio frequencies As at HF, RF is carried 
principally via open-wire lines and coaxial cables at VHF/ 
UHF. Certain aspects of these lines characterize them as good 
or bad for use above 50 M Hz. 

Properly built open-wire line can operate with very low 
loss in VHF and UHF installations. A total line loss under 
2 dB per 100 feet at 432 M Hz can easily be obtained. A line 
made of #12 wire, spaced inch or more with Teflon 
spreaders and run essentially straight from antenna о station, 
can be better than anything but the most expensive coax, Such 
line can be home-made or purchased at a fraction of the cost 
of coaxial cables, with comparable loss characteristics. Careful 
attention must be paid to efficient impedance matching if the 
benefits of this system are to be realized. A similar system for 
144 M Hz can easily provide а line loss under 1 dB 

Small coax such as RG-58 or RG-59 should never be 
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used in VHF work if the run is more than a few feet. Lines 
of "inch diameter (RG-8 or RG-11) work fairly well at 
50 MHz, and are acceptable for 144-M Hz runs of 50 feet or 
less. These lines are somewhat better if they employ foam 
instead of ordinary PE dielectric material. A luminum- jacket. 
“Hardline” coaxial cables with large inner conductors and 
foam insulation are well worth their cost, and can sometimes 
be obtained for free from local cable TV operators as “end 
runs" pieces atthe end of a roll. The most common CATV 
cable is /=inch OD 75-0 Hardline. M atched-line loss for 
this cable is about 1.0 dB/100 feet at 146 M Hz and 2.0 dB 
100 feet at 432 MHz. Less commonly avallablefrom CATV 
companies is the *Jeinch 75-0 Hardline, sometimes with а 
black self-healing hard plastic covering. This line has 0.8 dB 
of loss per 100 feet at 146 M Hz, and 1.6 dB loss per 100 feet 
31432 MHz. There will be small additional losses for either 
Tine if 75 to 50-0 transformers are used at each end. 

Commercial connectors for Hardline are expensive but 
provide reliable connections with full waterproofing, 
Enterprising amateurs have "home-brewed" low-cost 
connectors. If they are properly waterproofed, connectors 
and Hardline can last almost indefinitely. Hardline must not 
be bent too sharply, because it will kink 

Beware of any "bargains" in coax for VHF or UHF use, 
Feed-líne loss can be compensated to some extent by 
increasing transmitter power, but once lost, a weak signal can 
never be recovered in the receiver, Effects of weather on 
transmission lines should not be ignored. Well constructed 
open-wire line works optimally in nearly any weather, and it 
stands up well. Twin-lead is a most useless in heavy rain, wet 
snow or icing. The best grades of coax are completely 
impervious to weather; they can be run underground, fastened 
to metal towers without Insulation, and bent into any 
convenient position with no adverse effects on performance, 


G-Line 
Conventional two-conductor transmission lines and 
most coaxial cables re quite lossy in the upper UHF and 
microwave ranges. If the station and antenna are separated 
by more than 100 feet, common coaxial cables (such as 
RG-8) are almost useless for serious work, Unless the very 
best rigid coax with the proper fittings can be obtained, itis 
worthwhile to explore alternative methods of carrying RF 
energy between the station and antenna. 
Thereisasingle-conductor transmission line, invented 
by Georg Goubau (called "G-Line" in his honor), that сап 
be effectively used in this frequency range. Papers by the 
inventor appeared some years ago, in which seemingly 
fantastic claims for line loss were made under 1 dB per 
100 feet in the microwave region, for example. (See the 
Bibliography atthe end of this chapter.) E specially attractive 
was the statement that the matching device was broadband 
in nature, making it appear that a single G-L ine installation 
might be made to serve on, say, 432, 903 and 1296 M Hz. 
The basic idea is that a single conductor can be an 
almost lossless transmission line at UHF, if a suitable 


"launching device” is used. A similar "Iauncher" is placed 
at the other end. Basically, the launcher is a cone-shaped 
device that is а flared extension of the coaxial cable shield. 
In effect, the cone begins to carry the RF as the outer 
conductor is gradually “removed.” These launch cones 
should be at least 3 2. long. The line should be large and 
heavily insulated, such as #14, vinyl covered 

Propagation along a G-Line is similar to “ground 
wave,” or “surface wave" propagation over perfectly 
conducting earth. The dielectric material confines the energy 
to the vicinity of the wire, preventing radiation. The major 
drawback of G-Line is that it is very sensitive to deviation 
from straight lines. If any bends must be made, they should 
be in the form of a large radius arc, This is preferable to 
егеп an obtuse angle change in the direction of the run. The 
line must be kept several inches away from metal objects 
and should be supported with as few insulators as possible 


WAVEGUIDES 

Above 2 GHz, coaxial cableisa losing proposition for 
communication work, Fortunately, at this frequency the 
wavelength is short enough to allow practical, efficient 
energy transfer by an entirely different means, A waveguide 
is a conducting tube through which energy is transmitted in 
the form of electromagnetic waves. The tube is not 
considered as carrying a current in the same sense that the 
wires of a two-conductor line do, but rather as a boundary 
that confines the waves in the enclosed space. Skin effect 
prevents any electromagnetic effects from being evident 
outside the guide. The energy is injected at one end, either 
through capacitive or inductive coupling orby radiation, and 
is removed from the other end in a like manner. Waveguide 
merely confines the energy of the fields, which are 
propagated through it to the receiving end by means of 
reflections against ts inner walls 

Analysis of waveguide operation is based on the 
assumption that the guide material is a perfect conductor of 
electricity. Typical distributions of electric and magnetic 
fieldsin arectangular guide are shown in Fig 1. The intensity 
ofthe electric field is greatest (as indicated by closer spacing 
of the lines of force) at the center along the X dimension 
(Fig 1C), diminishing to zero at the end walls. The fields 
must diminish in this manner, because the existence of any 
electric field paralel to the walls at the surface would cause 
aninfinitecurrentto flow in a perfect conductor. Waveguides, 
of course, cannot carry RF in this fashion. 


Modes of Propagation 

Fig 1 represents the most basic distribution of the 
electric and magnetic fields in a waveguide. There are an 
Infinite number of ways in which the fields can arrange 
themselves in a waveguide (for frequencies above the low 
cutoff frequency of the guide in use). Each of these field 
configurations is called a mode. 

The modes may be separated into two general groups. 
One group, designated ТМ (transverse magnetic), has the 
magnetic field entirely transverse to the direction of 
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Fig 1—Field distribution in a rectangular waveguide, 
‘The TE y mode of propagation is depicted. 


propagation, but has a component of the electric field in 
that direction, The other type, designated TE (transverse 
electric) has the electric Пе entirely transverse, but has а 
component of magnetic field in the direction of propagation. 
TM waves are sometimes called E waves, and E Waves are 
sometimes called Н waves, buttheTM and TE designations 
are preferred. 

The mode of propagation is identified by the group 
laters followed by two subscript numerals. For example, 
Les, TM 1, etc. The number of possible modes increases 
with frequency for a given size of guide, and there is only 
one possible mode (called the dominant mode) for the lowest 
frequency that can be transmitted. The dominant mode is 
the one generally used in amateur work. 

Waveguide Dimensions 

In rectangular guide the critical dimension is X in Fig 1. 
This dimension must be more than */:2 at the lowest 
frequency to be transmitted. In practice, the Y dimension 
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usually is made about equal to X to avoid the possibility 
of operation in other than the dominant mode. 

Cross-sectional shapes other than the rectangle can be 
used, the most important being the circular pipe. M uch the 
same considerations apply as in the rectangular case, 

Wavelength dimensions for rectangular and circular 
guides are given in Table 1, where X is the width of a 
rectangular guide and r is the radius of a circular guide. All 
figures apply to the dominant mode. 


Coupling to Waveguides 

Energy may be introduced into or extracted from a 
waveguide or resonator by means of either the electric or 
magnetic field. The energy transfer frequently is through а 
coaxial line. Two methods for coupling to coaxial line are 
shown in Fig2. The probe shown at A is simply a short 
extension of the nner conductor of the coaxial line, oriented 
so that it is parallel to the electric lines of force. The loop 
shown at B is arranged so that it encloses some of the 
magnetic lines of force. The point at which maximum 
coupling is obtained depends on the mode of propagation in 
the guide or cavity. Coupling is maximum when the coupling 
device isin the most intense field. 

Coupling can be varied by turning the probe or loop 
through a 90° angle. When the probe is perpendicular to the 
electric lines the coupling is minimum; similarly, when the 
Planeof theloop is parallel to the magnetic lines ће coupling 
is minimum, 

If a waveguide is left open at one end it will radiate 
energy. This radiation can be greatly enhanced by flaring 


Table 1 
Waveguide Dimensions 

Rectangular Circular 
Cutoff wavelength 2x aia 
Longest wavelength trans- 
mitted with litle attenuation — 1.6X 32 
Shortest wavelength before 
next mode becomes possible 1.1% 257 


Fig 2—Coupling coaxial line to waveguide and 
resonators. 
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the waveguide to form a pyramidal horn antenna. The horn. 
acts as a transition between the confines of the waveguide 
and free space. To effect the proper impedance 
transformation the horn must be at least 1А on a side. A 
hor of this dimension (cutoff) has a unidirectional radiation. 
pattern with a null toward the waveguide transition. The 
gain at the cutoff frequency is 3 dB, increasing 6 dB with 
each doubling of frequency. Horns are used extensively in 
microwave work, both as primary radiators and as feed 
elements for elaborate focusing systems. Details for 
constructing 10-GHz horn antennas are given later in his 
chapter, 


Evolution of a Waveguide 

Suppose an open wire line is used to carry RF energy 
from a generator to a load. If the line has any appreciable 
length it must be mechanically supported. The line must be 
well insulated from the supports if high losses are to be 
avoided. Because high quality insulators are difficult to 
Construct at microwave frequencies, the logical alternative 
isto support the transmission line with /- stubs, shorted at 
the end opposite the feed line. The open end of such a stub 
presents an infinite impedance to the transmission line, 
provided the shorted stub is nonreactive. However, the 
shorting link has a finite length, and therefore some 
inductance. The effect of this inductance can be removed by 
making the RF current flow on the surface of a plate rather 
than a thin wire. If the plate is large enough, it will prevent 
the magnetic lines of force from encircling the RF current 

An infinite number of these ‘J.-A. stubs may be 
connected in parallel without affecting the standing waves 
of voltage and current. The transmission line may be 
Supported from the top as well as the bottom, and when an 
infinite number of supports are added, they form the walls 
of a waveguide at its cutoff frequency, Fig 3 illustrates how 
а rectangular waveguide evolves from a two-wire parallel 
transmission lineas described. This simplified analysis also. 
shows why the cutoff dimension is A. 

Whilethe operation of waveguides is usually described 
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Fig 3—At its cutoff frequency a rectangular waveguide 
сап be thought of as a parallel two-conductor trans- 
mission line supported from top and bottom by an 
infinite number of Ye stubs. 


in terms of fields, current does flow on the inside walls, just 
as on the conductors of atwo-wiretransmission line. At the 
waveguide cutoff frequency, the current is concentrated in 
the center of the walls, and disperses toward the floor and 
ceiling as the frequency increases, 


IMPEDANCE MATCHING 

Impedance matching is covered in detail in Chapters 
25 and 26, and the theory is the same for frequencies above 
50 MHz, Practical aspects are similar, but physical size can 
bea major factor in the choice of methods, Only the matching 
devices used in practical construction examples later in this. 
chapter are discussed in detail here. This should not rule. 
‘out consideration of other methods, however, and a reading 
of relevant portions of both Chapters 25 and 26 is 
recommended, 


Universal Stub 

As its name implies, the double adjustment stub of 
Fig 4A isuseful for many matching purposes. Те ш length 
is varied to resonate the system, and the transmission line. 
attachment point is varied until the transmission line and 
stub impedances are equal. In practice this involves moving 
both the siding short and the point of line connection for. 
zero reflected power, as indicated on an SWR bridge 
connected in the ine. 

The universal stub allows for tuning out any small 
reactance present in the driven partof the system, It permits 
„matching the antenna to the line without knowledge of the. 
actual impedances involved. The position of the short. 
yielding the best match gives some indication of the amount 
of reactance present, With little or no reactive component to 
be tuned out, the stub must be approximately “% 3. from 
load toward the short. 

Thestub should bemadeof stiff barewireor rod, spaced 
по more than “hn. apart. Preferably it should be mounted 
rigidly, on insulators. Once the position of the short is. 
determined, the center of the short can be grounded, if 
desired, and the portion of the stub no longer needed can be 
removed, 

Itis not necessary that the stub be connected directly 
to the driven element. It can be made part of an open wire 
line, asa device to match coaxial cable to the line. The stub 
can be connected to the lower end of a delta match or placed 
atthe feed point of a phased array. Examples of these uses. 
are given later. 

Delta Match 

Probably the most basic impedance matching device 
is the delta match, fanned ends of an open wire line tapped 
onto a 1.2. antenna at the paint of most efficient power 
transfer. This is shown in Fig 4B. Both the side length and 
the points of connection either side of the center of the 
element must be adjusted for minimum reflected power on 
неле, butas with the universal tub, the impedances need 
‘notte known, The delta match makes по provision for tuning 
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Fig 4—Matching methods commonly used at VHF. The 
universal stub, A, combines tuning and matching. The 
Adjustable short on the stub and the points of 
Connection of the transmission line are adjusted for 
minimum reflected power on the line. In the delta 
match, B and C, the line s fanned out and connected to 
the dipole at the point of optimum Impedance match. 
Impedances need not be known in A,B or C.The 
gamma match, D, is for direct connection of coax, C1 
tunes out inductance In the arm. A folded dipole of 
uniform conductor size, E, steps up antenna 
impedance by a factor of four. Using a larger conductor. 
in the unbroken portion of the folded dipole, Р, gives 
higher orders of Impedance transformation. 


out reactance, so the universal stub is often used as a 
termination for it, to this end. 

Atonetime, the delta match was thoughtto be inferior 
Tor VHF applications because of its tendency to radiate if 
improperly adjusted. The delta has come back into favor 
пон that accurate methods are available for measuring the 
effects of matching. It is very handy for phasing multiple 
bay arrays with open wire lines, and its dimensions in this 
use are not particularly critical It should be checked out. 
carefully in applications like that of Fig 4C, where no tuning 
device is used. 


Gamma and T Matches 


An application of the same principle allowing direct 
connection of coax is the gamma match, Fig 4D. Because 
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the RF voltage at the center of a 10-2. dipole is zero, the 
outer conductor of the coax is connected to the element at 
this point. This may also be the junction with a metallic or 
wooden boom. The inner conductor, carrying the RF current, 
is tapped out on the element atthe matching point. Inductance 
of thearmis tuned out by means of C1, resulting in electrical 
balance, Bath the point af contact with the element and the 
setting ofthe capacitor are adjusted for zero reflected power, 
with a bridge connected in the coaxial line. 

‘The capacitance can be varied until the required value 
is found, and the variable capacitor replaced with a fixed 
unit of that value. C1 can be mounted in a waterproof box 
The maximum required value should be about 100 pF for 
50 MHz and 35 to 50 pF for 144 M Hz. 

‘The capacitor and arm can be combined in one coaxial 
assembly with the arm connected to the driven element by 
means of a sliding clamp, andthe inner end ofthe arm sliding 
insidea sleeve connected to the center conductor of the coax. 
An assembly of this type can be constructed from concentric 
pieces of tubing, insulated by plastic or heat-shrink sleeving, 
RF voltage across the capacitor is low when the match is 
adjusted properly, so with a good dielectric, insulation 
presents по great problem. The initial adjustment should be 
made with low power. clean, permanenthigh conductivity 
bond between arm and element is important, as the RF 
currentis high at this point. 

Because it is inherently somewhat unbalanced, the 
gamma match can sometimes introduce pattern distortion, 
particularly on lang-boom, highly directive Yagi arrays. The 
T match, essentially two gamma matches in series creating 
a balanced feed system, has become popular for this reason, 
A coaxial balun like that shown in Fig 5 is used from the 
200-0 balanced T match to the unbalanced 50-02 coaxial 
line going to the transmitter, See K 180 Yagi designs later 
in this chapter for details. 


Folded Dipole 

‘The impedance of a /~) antenna broken at its center 
isabout70 £ Ifa single conductor of uniform size is folded 
to make а -A dipole as shown in Fig 4E, the impedance is 
stepped up four times. Such a folded dipole can be fed 
directly with 300.0 line with no appreciable mismatch, If a 


4:1 balun is used, the antenna can be fed with 75-02 coaxial 
cable. (See balun information presented below.) Higher step- 
Upimpedance transformation can be obtained if the unbroken 
portion is made larger in cross-section than the fed portion, 
as shown in Fig 4F, 


Hairpin Match 

The feed-point resistance of most multi-elemenL Y agi 
arrays is less than 50 0. If the driven element is split and 
Ted atthe center, it may beshortened from its resonant length 
to add capacitive reactance at the feed point. Then, shunting 
the feed point with a wire loop resembling a hairpin causes 
a step-up of the feed-point resistance. The hairpin match is. 
used together with a 4:1 coaxial balun in the 50-M Hz arrays 
described later in this chapter. 

BALUNS AND TRANSMATCHES 

Conversion from balanced loads to unbalanced lines 
(ог vice versa) can be performed with electrical circuits, ог 
their equivalents made of coaxial cable. A balun made from 
flexible coax is shown in Fig SA, The looped portion is an 
electrical . . The physical length depends on the velocity 
factor of theline used, so tis important to check its resonant 
frequency as shown in Fig 5B. The two ends are sharted, 
and the loop at one end is coupled to a dip meter coil. This 
type of balun gives an impedance step-up of 4:1 (typically 
50 to 200 ©, or 75 to 300 0). 

Coaxial balunsthat yield 1:1 impedance trans-formatlons 
are shown in Fig 6. The coaxial sleeve, open at the top and 
connected to the outer conductor of the line at the lower end 
(A) is the preferred type At, a conductor of approximately 
the same size as the line is used with the outer conductor to 
form a irk stub. A nother piece of coax, using only the outer 
conductor, will serve this purpose. Both baluns are intended 
to present an infinite impedance to any RF current that might 
otherwise flow on the outer conductor of the coax, 

The functions of the balun and the impedance 
transformer can be handled by various tuned circuits. Such 
adevice, commonly called an antenna tuner or Transmatch, 
сап provide a wide range of impedance transformations. 
‘Additional selectivity nde ert in de Transmatch can reduce 
RFI problems. 


Fig 5—Conversion from unbalanced coax to a 
balanced load can be done with a Y». coaxial 
balun at A. Electrical length of the looped section 
should be checked with a dip meter, with the ends. 
‘shorted, as at B.The he balun gives 

impedance step-up. 
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Fig 6—The balun conversion function, with no 
Impedance transformation, can be accomplished with 
Чед lines, open at the top and connected to the coax 
outer conductor at the bottom. The coaxial sleeve at A 
is preferred. 


THE YAGI AT VHF AND UHF 

Without doubt, the Yagi is king of home-station 
antennas these days. Today's best designs are computer 
optimized. For years amateurs as well as professionals, 
designed ¥ agi arrays experimentally. Now we have powerful 
(and inexpensive} personal computers and sophisticated 
software for antenna modeling. These have brought us 
antennas with improved performance, with little or no 
element pruning required. The chapter on HF Yagis in this 
handbook describes the parameters associated with ¥ agi 
Uda arrays. Except for somewhat tighter dimensional 
tolerances needed at V HF and UHF, the properties that make 
agood Yagi at HF also are needed on the higher frequencies. 
See the end of this chapter for practical Yagi designs, 

STACKING YAGIS 

Where suitable provision can be made for supporting 
them, two Yagis mounted one above the other and fed in 
phase can provide better performance than one long Yagi 
with the same theoretical or measured gain. The pair occupies 


a much smaller turning space for the same gain, and their 
lower radiation angle can provide excellent results The wider 
azimuthal coverage for a vertical stack often results in QSOs 
that might be missed with a single narrow-beam long-boom 
Yagi pointed in a different direction. On long ionospheric 
paths, a stacked pair occasionally may show an apparent gain 
much greater than the measured 2 to 3 dB of stacking gain. 

Optimum vertical spacing for Y agis with boom longer 
than 1 4. or more is about 1. (984/50.1 = 19.64 feet, but 
this may betoo much for many builders of 50-M Hz antennas 
to handle. Worthwhile results can be obtained with as little 
as Ys (10 feet), but sj (12 feet) is markedly better, The 
difference between 12 and 20 feet may not be worth the 
added structural problems involved in the wider spacing, at 
least at 50 MHz. The closer spacings give lower measured 
gain, but the antenna patterns are cleaner in both azimuth 
and elevation than with 1 2 spacing. Extra gain with wider 
spacings is usually the objective on 144 М Hz and the higher 
frequency bands, where the structural problems are not as 
severe 

Yagis can also be stacked in the same plane (collinear 
elements) for sharper azimuthal directivity. A spacing of 
*/e between the ends of the inner elements yields the 
maximum gain within the main lobe ofthe array. 

If individual antennas of a stacked array are properly 
designed, they look ike noninductve resistors to the phasing 
system that connects them. The impedances involved can 
thus be treated the same as resistances in parallel. 

Three sets of stacked dipoles are shown in Fig 7. 
Whether these are merely dipoles or the driven elements of 
Yagi arrays makes no difference for the purpose of these 
examples. Two 300-0 antennas at are 1 A apart, resulting 
in a feed-point impedance of approximately 150 £2 at the 
center, (Actually it is slighty less than 150.0 because of 
coupling between bays, but this can be neglected for 
illustrative purposes.) This valueremains the same regardless 
of the impedance of the phasing line. Thus, any convenient 
line can be used for phasing, as long as the electrical length 
of each line is the same. 

The velocity factor of the line must be taken into 
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Fig 7—Three methods of feeding 
stacked VHF arrays. A and В are 
for bays having balanced driven 
elements, where a balanced 
phasing line is desired. Array С 
has an all-coaxial matching and 
phasing system. If the lower 
Section is also 7. i no 
transposition of line connections 
is needed. 
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account as well. As with coax, this is subject to so much 
variation that itis important to make а resonance check on 
the actual line used. The method for doing this is shown in 
Fig 58. A '1- line is resonant both open and shorted, but 
the shorted condition (both ends) is usually the more 
convenient test condition. 

The impedance transforming property of a +- line 
section can be used in combination matching and phasing 
lines, as shown in Fig 78 and C.AtB, two bays spaced i. 
apart are phased and matched by a 400-02 line, acting as a 
double Q section, so that a 300 O main transmission line is 
matched to two 300-0 bays. The two halves of this phasing 
Tine could also be J. û. or Ў. long, if such lengths serve а 
useful mechanical purpose. (An example isthe stacking of 
two Yagis where the desirable spacing is more than % A.) 

А double Q section of coaxial line is illustrated in 
Fig 7С. This is useful for feeding stacked bays that were 
designed for 50-0 feed. spacing of C is useful for small 
Yagis, and this isthe equivalent of a full electrical wavelength 
of solid-dielectic coax such as RG-11. 

If one phasing line is electrically ч. and sj on the 
other, the connection to one driven element should be 
reversed with respect to the other to keep the RF currents in 
the elements in phase- the gamma match is located on 
Opposite sides of thedriven elements in Fig 7C. If the number 
of X lengths is the same on either side of the feed point, 
thetwo connections should be in the same position, and pot 
reversed, Practically speaking, however, you can ensure 
proper phasing by using exactly equal lengths of line from 
the same roll of coax. This ensures that the velocity factor 
for each line is identical. 

One marked advantage of coaxial phasing lines is that 
they can be wrapped around the vertical support, taped or 
grounded to it, ог arranged in any way that is mechanically 
convenient. The spacing between bays can be set at the most 
desirable value, and the phasing lines placed anywhere 
necessary. 

In stacking horizontal Yagis one above the other on a 
single support, certain considerations apply whether the bays 
are for different bands or for the same band, As a rule of. 
thumb, the minimum desirable spacing is half the boom. 
length for two bays on thesame band, or half the boom length 
of the higher frequency array where two bands are involved. 

Assume the stacked two-band array of Fig 8 is for 50 
and 144 MHz. The50-M Hz, -elementY agi is going to tend 
to look like" ground" tothe7-element 144-M Hz Yagi above 
it, if It has any effect at all. It is well known that the 
impedance of an antenna varies with height above ground, 
passing through the free-space value at '/ A and multiples 
thereof. At úl A and at the odd multiples thereof, ground 
also acts like a reflector, causing considerable radiation 
straight up. This effect is least at the points, where the 
impedance also passes through the free-space value, 
Preferably, then, the spacing 5 should be f 2, or multiple 
thereof, at the frequency of the smaller antenna. The “half 
the boom length" rule gives about the same answer in this 
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Fig 8—In stacking Yagi arrays one above the other, the 
‘minimum spacing between bays (5) should be about 
half the boom length of the smaller array. Wider 

ing is desirable, in which case it should be 43, 


example. For this size 144-M Hz antenna, 40 inches is the 
minimum desirable spacing, but 80 inches would be better. 

The effect of spacing on the larger (lower frequency) 
array is usually negligible. If spacing closer than half the 
boom length or /: must be used, the principal concern is 
variation in feed impedance of the higher frequency antenna, 
If this antenna has an adjustable matching device, closer 
spacings can be used in a pinch, if the matching is adjusted 
for best SWR. Very close spacing and interlacing of elements 
should be avoided unless the builder is prepared to go through 
an extensive program of adjustments of both matching and 
element lengths. 


QUADS FOR VHF 
The quad antenna can be built of very inexpensive 
materials, yet its performance is comparable to other arrays. 
of its size. Adjustment for resonance and impedance 
matching can be accomplished readily. Quads can be stacked 
horizontally and vertically to provide high gain, without 
sharply limiting frequency response. Construction of quad 
antennas for V HF use is covered later in this chapter. 


Stacking Quads 

Quads can be mounted side by side or one above the 
‘other; or both, in the same general way as other antennas. 
Sets of driven elements can also be mounted in front of а 
screen reflector. The recommended spacing between adjacent 
element sides is*/ 2. Phasing and feed methods are similar 
to those employed with other antennas described in this 
chapter 


Adding Directors 

Parasitic elements ahead ofthe driven element work in 
а manner similar to those in a Yagi array. Closed loops can 
be used for directors by making them 5% shorter than the 


driven element, Spacings are similar to those for 
conventional Yagis. In an experimental model the reflector 
Was spaced 0.25 2. and the director 0.15 A. A square array 
Using four 3-element bays worked extremely well 


VHF AND UHF QUAGIS 
Athigher frequencies, especially 420 M Hz and above, 
Yagi arrays using dipole driven elements aredifficulto feed 
and match, unless special care s taken to keep the feed 
point impedance relatively high by proper element spacing 
and tuning, The cubical quad described earlier overcomes 
the feed problems to some extent. When many parasitic 
elements are used, however, the loops are not nearly as 
convenient to assemble and tune as are straight cylindrical 
ones used in conventional Y agis. The Quagi, designed and 
popularized by Wayne Overbeck, N6NB, is an antenna 
having a full-wave loop driven element and reflector, and 
Yagi type straight rod directors. Construction details and 
examples are given in the projects later in this chapter. 


COLLINEAR ANTENNAS 

‘The information given earlier in this chapter pertains 
mainly to parasitic arrays, but the collinear array is worthy 
of consideration in VHF/UHF operations. This array tends 
to be tolerant of construction tolerances, making it easy to 
build and adjust for VHF applications. The use of many 
callinear driven elements was once popular in very large 
phased arrays, such as those required in moonbounce (EM E) 
‘communication, buttheadvent of computer-optimized Y agis 
has changed this in recent years, 


Large Collinear Arrays 

Bidirectional curtain arrays of four, six, and eight half 
waves in phase are shown in Fig 9. Usually reflector 
elements are added, normally at about 0.2 behind each 
driven element, for more gain and a unidirectional pattern. 
Such parasitic elements are omitted from the sketch in the 
interest of clarity. 

The feed-point impedance of two half waves in phase 
is high, typically 1000 £2 or more. W hen they are combined 
in parallel and parasitic elements are added, the feed 
impedanceis low enough for direct connection to open wire 
line or twin-lead, connected at the points indicated by black 
dots. With coaxial line and a balun, i is suggested that the 
Universal stub match, Fig 4A, be used at the feed point. A II 
elements should be mounted at their electrical centers, as 
indicated by open circles In Fig 9. The framework can be 
metal or insulating material. The metal supporting structure 
is entirely behind the plane of the reflector elements. Sheet: 
metal clamps can be cut from scraps of aluminum for this 
kind of assembly. Collinear elements of this type should be 
‘mounted at their centers (where the RF voltages zero), rather 
than at their ends, where the voltage is high and insulation 
losses and detuning can be harmful 

Collinear arrays of 32, 48, 64 and even 128 elements 
can give outstanding performance. Any collinear array 
should be fed at the center of the system, to ensure balanced 


Fig 9—Element arrangements for 8, 12 and 16-element 
collinear arrays. Elements are +} long and spaced 

`a Parasitic reflectors, omitted here for clarity, are 
5% longer and 0.2 > behind the driven elements. Feed 
points are indicated by black dots. Open circles show 
recommended support points. The elements can run 
through wood or metal booms, without insulation, if 
supported at thelr centers in this way. Insulators at the 
element ends (points of high RF voltage) detune and 
unbalance the system. 


current distribution. This is very important in large arrays, 
here sets of six or eight driven elements are treated as “sub 
arrays," and are fed through a balanced harness The sections 
of the harness are resonant lengths, usually of open wire 
line. The 48-element collinear атау for 432 M Hz in Fig 10. 
illustrates this principe. 

A reflecting plane, which may be sheet metal, wire 
mesh, or even closely spaced elements of tubing or wire, 
сап be used in place of parasitic reflectors. To be effective, 
the plane reflector must extend on all sides to at least la A. 
beyond the area occupied by the driven elements. The plane 
reflector provides high F/B ratio, a clean pattern, end 
somewhat more gain than parasitic elements, but large 
physical size limits it to use above 420 M Hz. An interesting 
space-saving possibility lies in using a single plane reflector 
with elements for two different bands mounted on opposite 
sides, Reflector spacing from the driven element is not 
critical, A bout 0.22 is common, 


THE CORNER REFLECTOR 

When a single driven element is used, the reflector 
screen may bebentto form an angle, giving an Improvement. 
in the radiation pattern and gain. At 222 and 420 MHz its 
size assumes practical proportions, and at 902 M Hz and 
higher, practical reflectors can approach ideal dimensions 
(very largein terms of wavelengths), resulting in more gain 
and sharper patterns. The corner reflector can be used et 
144 M Hz, though usually at much less than optimum size. 
For a given aperture, the comer reflector does not equal а 
parabola in gain, but it is simple to construct, roadbanded, 
and offers gains from about 10 to 15 dB, depending on the 
angle and size. This section was written by Paul M. Wilson, 
WaHHK 

The corner angle can be 90, 60 or 45°, but the side 
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Fig 10—Large collin 


arrays should be fed as sets of no more than eight driven elements each, interconnected by 


phasing lines. This 48-element array for 432 MHz (A) is treated as if it were four 12-element collinear antennas. Reflector 


‘elements are omitted for clarity. The phasing harness is shown at! 


length must be increased as the angle is narrowed. For a 90° 
comer, the driven element spacing can be anything from 
0.25 to 0.72, 0.35 to 0.75 à for 60°, and 0.5 to 0.8%, for 
45". In each casethe gain variation aver the range of spacings 
given is about 1.5 dB. Because the spacing isnot very critical 
to gain, it may be varied for impedance matching purposes, 
Closer spacings yield lower Feed-point impedances, but а 
folded dipole radiator could be used to raise this to a more 
convenient level. 

Radiation resistance is shown as a function of spacing 
in Fig U. The maximum gain obtained with minimum spac- 
ing is the primary mode (the one generally used at 144, 222 
and 432 MHz to maintain reasonable side lengths). A 90° 
Corner, for example, should have a minimum side length 
(S, Fig 12) equal to twice the dipole spacing, or 1 long for 
0.5-3 spacing. A side length greater than 2 À is ideal. Gain 
with a 60° or 90° corner reflector with 1 à sides is about. 
10 dB. A 60° corner with 2 A sides has about 12 dB gain, 
and a 45° comer with 3 sides has about 13 dB gain, 

Reflector length (L, Fig 12) should be а minimum of 
0.6. Less than that spacing causes radiation to increase to 
the sides and rear, and decreases gain. 

Spacing between reflector rods (G, Fig 12) should not 
exceed 0.06 for best results. spacing of 0.06 A results in 
arearlobethatisabout6% of the forward lobe (down 12 dB). 
A small mesh screen or solid sheet is preferable at the higher 
frequencies to obtain maximum efficiency and highest F/B 
ratio, and to simplify construction. A spacing of 0.06 à at 
1296 M Hz, for example, requires mounting reflector 
rods about every “f=inch along the sides. Rods or spines 
тау be used to reduce wind loading. The support used for 
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LI 


Fig 11—Radiation resistance of the driven element in a 
corner reflector array for corner angles of 180 (flat 
Sheet), 90°, 60° and 45- as a function of spacing D, as 
shown in Fig 12. 


mounting the reflector rods may be of insulating or conduc- 
tive material, Rods or mesh weave should be paralel to the 
radiator. 

A suggested arrangement fora corner reflector isshown 
in Fig 12.The frame may be made of wood or metal, with а 
hinge at the corner to facilitate portable work or assembly 
alopatower A hinged corner is also useful in experimenting 


/ 
Y 
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Fig 12—Construction of a corner reflector a 


The frame can be wood or metal, Reflector elements are stiff wire 


or tubing. Dimensions for several bands are given in Table 2. Reflector element spacing, G, is the maximum that 
Should be used for the frequency; closer spacings are optional, The hinge permits folding for portable use. 


with different angles. Table 2 gives the principal dimensions 
Tor corner reflector arrays for 144 to 2300 M Hz. The arrays 
for 144, 222 and 420 M Hz have side lengths of twice to four 
times the driven element spacing. The 915-M Hz corner 
reflectors use side lengths of three times the element spacing, 
1296-M Hz corners use side lengths of four times the spacing, 
and 2304-M Hz corners employ side lengths of six mes the. 
spacing. Reflector lengths of 2, 3, and 4 wavelengths are 
used onthe915, 1296 and 2304-M Hz reflectors, respectively. 
A 4x 6+. reflector closely approximates a sheet of infinite 
dimensions. 

A comer reflector may be used for several bands, or 
for UHF television reception, as well as amateur UHF work. 
For operation on mare than one frequency, side length and 
reflector length should be selected for the lowest frequency, 
and reflector spacing for the highest frequency. The type of 
driven element plays a part in determining bandwidth, as 
does the spacing to the corner, A fat cylindrical element 
(small ¿ía ratio) or triangular dipole (bow tie) gives more 
bandwidth than a thin driven element. Wider spacings 
between driven element and corner give greater bandwidths. 
А small increase in gain can be obtained for any comer 
reflector by mounting collinear elements in a reflector of 


sufficient size, but the simple feed of adipoleis lostif more 
than two elements are used. 

A dipole radiator is usually employed with a corner 
reflector, This requires a balun between the coaxial line and 
the balanced feed-point impedance of the antenna. Baluns 
are easily constructed of coaxial line оп the lower VHF 
bands, but become more difficult at the higher frequencies. 
This problem may be overcome by using a ground-plane 
comer reflector, which can be used for vertical polarization. 
A ground-plane corner with monopole driven element is 
shown in Fig 13. The corner reflector and a */+. radiator 
are mounted on the ground plane, permitting direct 
connection to a coaxial line if the proper spacing is used, 
The effective aperture is reduced, but at the higher 
frequencies, second or third-mode radiator spacing and larger 
reflectors can be employed to obtain more gain and offset 
the loss in effective aperture, А J antenna could be used to 
maintain the aperture area and provide a match to а coaxial 
line. 

For vertical polarization work, four 90° corner 
reflectors built back-to-back (with common reflectors) could 
beused for scanning 360° of horizon with modest gain. Feed 
line switching could be used to select the desired sector. 
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Table 2 


jensions of Corner Reflector Arrays for VHF and UHF 


Side Dipole Reflector Reflector Comer Radiation 
Freq, Length to Vertex Length Spacing Angle, Resistance, 

% 5.0. D. Lin, бю VW Q 

144 з arh а т 0 70 Wavelength is 12.9 in. 

la 80 4 4B 4 30 150 ide length S is 3 x D, dipole to vertex distance. 
ша ы шз BOB Rom TIT 
22 52 з 0 3 90 150 

[OP ES МЫШ ЖАНЕ. ШЫ Reflector spacing G is 0.05 2 

420 27 16% жо 90 70 

40 54 16% Screen 60 70 1296 MHZ 

915 20 254 065 80 70 Wavelength is 9.11 in. 

915 51 2% Screen 60 65 Side length S is 4 x D, dipole to vertex distance 
915 78 25% Screen 45 70 Reflector length L is 3.0), 

1296 18 2h J 0 70 ۴ 

u u г E Reflector spacing G is 0.05% 

1296 72 2% Screen 4 70 

2304 15% 20% J. 9 70 2304 Mite 

2304 30 % 20% Screen 60 65 Wavelength is 5.12 in. 

2304 61 10% 20% Screen 45 70 Side length S is 6 x D, dipole to vertex distance 


ide length and number of reflector elements somewhat below opt 
mum-—slght reduction in gai. 


Reflector length L is 440. 
Reflector spacing G is 0.05 2 


m Ж 


Fig 13—A ground-plane comer reflector antenna for vertical polarization, such as FM communications or packet 
radio. The dimension J: L in the front view refers to data in Table 2. 


TROUGH REFLECTORS 

To reduce the overall dimensions of a large comer 
reflector the vertex can be cut off and replaced with a 
plane reflector. Such an arrangement is known as a trough 
reflector, SeeFig 14, Performance similar to that of the large 
corner reflector can thereby be had, provided that the 
dimensions of S and T as shown in Fig 14 do not exceed the 
limits indicated in the figure, This antenna provides 
performance very similar to the corner reflector, and presents 
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fewer mechanical problems because the plane center portion 
is relatively easy to mount on the mast. The sides are 
considerably shorter, as well. 

The gain of both corner reflectors and trough reflectors 
may beincreased by stacking two or more and arranging them 
toradiate in phase, or alternatively by adding further collinear 
dipoles (Ted in phase] within a wider reflector. Not more than 
tuo or three radiating units should be used, because the great 
virtue of the simple feeder arrangement would then be lost. 


аме Value of for Gain Value of 
a maximum gain T 

m 157 13dB 1.1252 
60 1755 1548 10 
as Br пав 13A 


Fig 14—The trough reflector. This is a useful 
modification of the corner reflector. The vertex һав 
been cut off and replaced by a simple plane section. 
The tabulated data shows the gain obtainable for 
greater values of S than those covered in Table 2, 
assuming that the reflector is of adequate siz 


HORN ANTENNAS FOR THE MICROWAVE 
BANDS 

Horn antennas were briefly introduced in the section 
оп coupling energy into and out of waveguides. For amateur 
purposes, horns begin to show usable gain with practical 
dimensions in the 902-M Hz band, 

Itisr't necessary to feed a horn with waveguide. If only 
two sides of а pyramidal horn are constructed, the antenna 
may be fed at the apex with a two-conductor transmission 
line. The impedance of this arrangement is on the order of 
300 to 400 Q.A 60° two-sided pyramidal horn with 18-inch 
sides is shown in Fig 15. This antenna has a theoretical gain 
of 15 dBi at 1296 M Hz, although the feed system detailed 
in Fig 16 probably degrades this value somewhat. A + 
180-0 matching section made from two parallel lengths of 
twin-lead connects to a bazooka balun made from RG-58 
cableand a brass tube, This matching system was assembled 
strictly for the purpose of demonstrating the two-sided horn 
ina 50-2 system. In a practical installation the horn would 
Бегей with open wireline and matched to 50 £2 atthe station 
equipment, 


PARABOLIC ANTENNAS 

When an antenna is located at the focus of а parabolic 
reflector (dish), it is possible to obtain considerable gain. 
Furthermore, the beamwidth of the radiated energy will be 
very arrow, provided all the energy from the driven element 
is directed toward the reflector. This section was written by 
Paul M. Wilson, WAHHK 

Gain is a function of parabolic reflector diameter, 
surface accuracy and proper illumination of the reflector by 


Fig 15—An experimental two-sided pyramidal horn 
constructed in the ARRL laboratory. A pair of muffler 
‘lamps allows mounting the antenna on a mast This model 
has sheetaluminum sides, although window screen would 
work as well Temporary elements could be made from 
cardboard covered with aluminum foil The horizontal 

‘spreaders are Plexiglas rod. Oriented as shown here, the 
Antenna radiates horizontally polarized waves. 


Fig 16— Matching 
system used 

to test the horn, 
Better 
performance 
Would be realized 
with open wire 
line. See text. 


the feed. Gain may be found from 


TEJ 


where 


E 


gain over an isotropic antenna, dB (subtract 
2.15 dB for gain over a dipole) 
k =efficiency factor, usually about 55% 

D = dish diameter in feet 

A = wavelength in feet 

See Table 3 for parabolic antenna gain for the bands 
420 MHz through 10 GHz and diameters of 2 to 30 feet. 
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Table 3 
Gain, Parabolic Antennas* 

Dish Diameter (Feet) 
Frequency 2 4 6 10 15 20 30 


420MHz 60 120 155 200 235 260 295 
902 125 185 220 265 300 325 360 
1215 150 210 245 290 325 350 385 
2300 205 265 300 345 380 405 440 
3300 240 300 335 375 415 435 475 
5650 285 345 380 425 460 485 520 
10 %% 335 395 430 475 510 535 570 


“Gain over an isotropic antenna (subtract 2.1 dB for gain over a 
‘dipole antenna). Refactor efficiency of 55% assumed, 


A close approximation of beamwidth may be found 
from 


(€q2) 


where 
v = beamwidth in degrees at half-power paints (3 dB 
down) 
D =dish diameter in feet 
A = wavelength in feet 


A420 M Hz and higher, the parabolic dish becomes a 
practical antenna. A simple, single feed point eliminates. 
phasing harnesses and balun requirements. Gain is dependent 
оп good surface accuracy, which is more difficult to achieve 
with increasing frequency. Surface errors should not exceed 
"ed In amateur work. At 430 M Hz is 3.4 inches, but at 
10 GHz itis 0.1476 inch! Mesh can be used for the reflector 
surface to reduce weight and wind loading, but hole size 
should be less than 7⁄2 5. At 430 M Hz the use of 2-inch hole 
diameter poultry netting (chicken wire) is acceptable. Fine 
‘mesh aluminum screening works well as high as 10 GHz. 

A support form may be fashioned to provide the proper 
parabolic shape by plotting а curve (Fig 17) from 
Y2 45x 
as shown in the figure. 

Optimum illumination occurs when power at the 
reflector edge is 10 dB less than that at the center. A circular 
waveguide feed of correct diameter and length for the 
frequency and correct beamwidth for the dish focal length 
to diameter (1/D) ratio provides optimum illumination at 
902 M Hz and higher. This, however, is impractical at 
432 MHz, where a dipole and plane reflector аге often used, 
An 1/D ratio between 0.4 and 0.6 is considered ideal for 
maximum gain and simple feeds. 

The focal length of a dish may be found from. 

D 
150 


f (ваз) 
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Fig 17—Details of the parabolic curve, Y? = 4SX. This 
curve is the locus of points which are equidistant from 
A fixed point, the focus (F), and a fixed line (AB) which 
is called the directrix. Hence, FP = PC. The focus (F) is 
located at coordinates 5,0. 


lepth distance from plane at mouth of dish to vertex 
(see Fig 17) 

The units of focal length f are the same as those used to 

measure the depth and diameter, 

Table 4 gives the subtended angle at focus for dish ID 
ratios from 0.2 to 1.0. A dish, for example, with a typical 
ID of 0.4 requires a 10-dB beamwidth of 130°. A circular 
waveguide feed with a diameter of approximately 0.7 A 
provides nearly optimum illumination, but does not 
uniformly illuminate the reflector in both the magnetic (ТМ) 
and electric (TE) planes. Fig 18 shows data for plotting 
radiation patterns from circular guides. The waveguide feed 
aperture can be modified to change the beamwidth. 

Опе approach used successfully by some experimenters 
is the use of a disc ata short distance behind the aperture as 
shown in Fig 19. As the distance between the aperture and 
disc is changed, the TM plane patterns become alternately 
broader and narrower than with an unmodified aperture. A 
disc about 2 in diameter appears to be as effective as a 
much larger one. Some experimenters have noted a 1 to 2 dB 
increase in dish gain with this modified feed, Rectangular 
waveguide feeds can also be used, but dish illumination is 
motas uniform as with round guide feeds, 

‘The circular feed can be made of copper, brass, 
aluminum or even tin in the form of a coffee or juice can, 
but the latter must be painted on the outside to prevent rust 
or corrosion, The circular feed must be within a proper size 
(diameter) range for the frequency being used. This feed 
operates in the dominant circular waveguide mode known 


Table 4 
fiD Versus Subtended Angle at Focus of a 
Parabolic Reflector Antenna 

Subtended Subtended 
40 Angle (Deg) fD Angle (Deg.) 
020 203 0.65 80 
0.25 181 0.70 15 
030 161 075 69 
0.35 145 0.80 64 
040 130 085 60 
045 ш 090 57 
050 106 095 55 
0.55 97 100 52 
0.60 Ej 


Taken from graph О vs Subtended Angle at Focus," page 
170 of the 1966 Microwave Engineers’ Handbook and 
Buyers Guide. Graph courtesy of K. S. Kelleher, Aero Geo 
Astro Corp, Alexandria, Virginia 


as the TE, mode, The guide must be large enough to pass 
the Ten mode with no attenuation, but smaller than the 
diameter that permits the next higher TM y, mode to 
propagate. To support the desirable TE y, mode in circular 


waveguide, the cutoff frequency, Fc, is given by 
6917.26 

Fe (TEx) oT (E94) 

where 


fe = cutoff frequency in MHz for TE y, mode 
d = waveguide inner diameter 

A circular waveguide will support the TM y, mode having a 

cutoff frequency 


9034.85 
inches) 


‘The wavelength in а waveguide always exceeds the free- 
space wavelength and is called guide wavelength, Ag. It is 


Fe (TM ox) (Еа 5) 


i 
i 


Fig 18—This graph can be used in conjunction with Table 4 for selecting the proper diameter waveguide to 


illuminate a parabolic reflector. 
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Fig 19—Details of a circular waveguide feed. 


related to the cutoff frequency and operating frequency by 
the equation 


1180285 
vie = fe? 
where 

2, = guide wavelength, inches 

fg = operating frequency, M Hz 

fe Ten Waveguide cutoff frequency, MHz 


An inside diameter range of about 0.66 to 0.76 is 
suggested. The lower frequency limit (longer dimension) is 
dictated by proximity to the cutoff frequency. The higher 
frequency limit (shorter dimension) is dictated by higher 
order waves, See Table for recommended inside diameter 
dimensions for the 902 to 10,000-M H amateur bands 

The probe that excites the waveguide and makes the 
transition from coaxial cable to waveguide is le A long and 
spaced from the closed end of the guide by , guide 
wavelength. The length of the feed should be two to three 
guide wavelengths. The latter is preferred if a second probe 
is to be mounted for polarization change or for polaplexer 
work where duplex communication (simultaneous trans 
mission and reception) is posible because of the isolation 
between two properly located and oriented probes. The second 
probe for polarization switching or polaplexer work should 
be spaced . guide wavelength from the closed end and 
mounted at right angles to the first probe. 

The feed aperture is located at the focal point of the 
dish and aimed atthe center of he reflector. The Teed mounts 
should permit adjustment of the aperture either side of the 
focal point and should present a minimum of blockage to 
the reflector. Correct distance to the dish center places the 
focal point about 1 inch inside the feed aperture. The use of 
a nonmetallic support minimizes blockage. PVC pipe, 
fiberglass and Plexiglas are commonly used materials. A 
simpletestby placing amaterial in a microwave oven reveals 
if it is satisfactory up to 2450 MHz. PVC pipe has tested 
satisfactorily and appears to work well at 2300 M Hz, A 
simple, clean looking mountfora4-foot dish with 18 inches 
focal length, for example, can be made by mounting a length 
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Table 5 
Circular Waveguide Dish Feeds 
Inside Diameter 


Freq Circular Waveguide 
(MHz) Range (in) 

915 8.52-9.84 

1296 502.694 

2304 339.391 

3400 229265 

5800 134155 
10250 0.76-0.88 


of inch PVC pipe using a PVC flange atthe center of he 
dish. At 2304 M Hz the circular feed is approximately 
4 inches ID, making asnug fit with the PV C pipe. Precautions 
should be taken to keep rain and small birds from entering 
the feed. 

Never look into the open end of a waveguide when 
power is applied, or stand directly in front ofa dish while 
transmitting. Tests and adjustments in these areas should be 
donewhilereceiving or atextremely low levels of transmitter 
power (less than 0.1 W). The US Government has seta limit 
‘of 10 mW Jem? averaged over a -minute period as the safe 
maximum. Other authorities believe even lower levels should 
фе used. Destructive thermal heating of body tissue results 
from excessive exposure, This heating effect is especially 
dangerous to the eyes, The accepted safe level of 10 mW/ 
cm? is reached in the near field of a parabolic antenna if the 
level at 2D2/ is 0.242 mW /cm2, The equation for power 
density is 


Fig 20— 
Сойее-сап 
2308-MHz feed 
described 

in text and 

Fig 19 
mounted on 

a het dish. 


Fig 21—Aluminum framework for а 23-foot dish under 
construction by 2118] 0. 


where 
P =average power in kilowatts 
D antenna diameter in feet 
A = wavelength in feet 


New commercial dishes re expensive, but surplus ones 
can often be purchased at low cost. Some amateurs build 
"heirs whileothers modify UHF TV dishes or circular metal 
пон sleds for the amateur bands, Fig 20 shows а dish using 
the homemade feed just described, Photos showing a highly 
ambitious dish project built by ZL 18)0 appear in Figs 21 


Fig 22—Detalled look at the hub assembly for the 
2118] Q dish. Most of the structural members are made 
from Venen T section, 


and 22. Practical details for constructing this type of antenna 
are given In Chapter 19. Dick К nadle, K2RIW, described 
modern U HF antenna test procedures in February 1976 Q ST 
(see Bibliography). 


OMNIDIRECTIONAL ANTENNAS 
FOR VHF AND UHF 

Local work with mobile stations requires an antenna 
with wide coverage capabilities, M ost mobile work is on 
FM, and the polarization used with this mode is generally 
vertical. Some simple vertical systems are described below. 
Additional material on antennas of this type is presented in 
Chapter 16 


Ground-plane Antennas for 144, 222 and 
440 MHz 


For the FM operator living in the primary coverage 
area of a repeater, the ease of construction and low cost of а 
Че}, ground-plane antenna make it an ideal choice. Three 
different types of construction are detailed in Figs 23, 24, 
25 and 26; the choice of construction method depends on 
the materials at hand and the desired style of antenna 
mounting. 

The 144-M Hz model shown in Fig 23 uses a flat piece 
of sheet aluminum, to which radials are connected with 
machine screws, A 45° bend is made in each of the radials. 
This bend can be made with an ordinary bench vise. An 
50-239 chassis connector Is mounted at the center of the 
aluminum plate with the threaded part of the connector facing. 
down. The vertical portion of the antenna is made of #12 
copper wire soldered directly to the center pin of the 50.239 
connector 

The222-M Hz version, Fig 24, uses a slightly different 
technique for mounting and sloping the radials, In this case 


the corners of the aluminum plate are bent down at a 45° 
angle with respect to the remainder of the plate. The four 
radials are held to the plate with machine screws, lock 
washers and nuls. A mounting tab is included in the design 
of this antenna as partof the aluminum base. A compression 
type of hase clamp could be used to secure the antenna to а 
mast As with the 144-M Hz version, the vertical portion of 
the antenna is soldered directly to the 50-239 connector. 

А very simple method of construction, shown in Figs 25 
and 26, requires nothing more than an 50-239 connector and 
some 44-40 hardware. A small loop formed at the inside end 
of each radial is used to attach the radial directly to the 
mounting holes of the coaxial connector, After the radial is 
fastened to the SO-239 with 44-40 hardware, a large soldering 
iron or propane torch is used to solder the radial and the 
mounting hardware to the coaxial connector. The radials are 
bent to a 45° angle and the vertical portion is soldered to the 
center pin to complete the antenna. The antenna can be 
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ig 23—These drawings illustrate the dimensions for the 144-MHz ground-plane antenna 


45 angle rather than bending the aluminum rod as in the 144-MHz model. Either method is suitable for these. 
antennas 
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Fig 25—Simple ground-plane antenna for the 144, 222 


and 440-MHz bands. The vertical element and radials 
are э or winch brass welding rod. Although %=Inch 
Tod is preferred for the 144-MMz antenna, #10 or #12 
Copper wire can also be used. 


‘ground-plar 
Constructed using 


| Fig 26—A 440-MHz 
| only an 50-239 


mounted by passing the feed line through a mast of inch 
ID plastic or aluminum tubing. A compression hose clamp. 
сап be used to secure the PL-259 connector, attached to the 
feed line, in the end of the mast. Dimensions for the 144, 222 
and 440-M Hz bands are given in Fig 25. 

If these antennas are to be mounted outside itis wise 
to apply a small amount of RTV sealant or similar material 
around the areas of the center pin of the connector to prevent 
the entry of water into the connector and coax line. 


Practical 6-MeterYagis 


Boom length often proves to bethe deciding factor when 
onê selects a agi design. Table 6 shows three 6-meter Y agis 
designed for convenient boom lengths (6, 12 and 22 feet), The 
3-element,6-foot boom design has 8 dBi gain in free space; 
the 12-foot boom, 5-element version has 10 dBi gain, and the. 
22-foot, 7-element Yagi has a gain of 11.4 dBi. All antennas 
exhibit better than 22 dB frontto-rear ratio and cover 50 to 
51 M Hz with better than 1.6:1 SWR. 

Element half lengths and spacings are given in the table. 
Elements can be mounted to the boom as shown in Fig 27. 
Two muffler clamps hold each aluminum plate to the boom, 
and twa U bolts fasten each element to the plate, which is 
0.25 inches thick and 4 x 4 inches square. Stainless steel is 
the best choice for hardware; however, galvanized hardware 
сап be substituted. Automotive muffler clamps do not work 
well in this application, because they are not galvanized and 


Fig 27—The 
element to boom 
clamp. U bolts are 
used to hold the 
element to the 
plate, and 2-inch 
galvanized muffler 
lamps hold the 
plates to the boom. 


Table 6 

Optimized 6-Meter Yagi Designs 
Spacing Segi Seg? Midband 
Between OD 00" бат 
Elements Length Length FR 
inches inches inches 

30606 

ор 0750 — 0625 

Ret. 0 35 22500 Biagi 

DE. A E] 16000 28.308 

Del a2 36 15500 

506-12 

ор 0750 — 0.625 

Ret, o 35 23625 100881 

DES M 36 17125 — 26848 

Del 12 Ed 19375 

К dà ЕЯ 18250 

Dic3 58 36 15375 

70622 

ор 0750 — 0625 

Ret, 0 Ed 24750 — nad 

DE. 27 Ed 15625 24305 

Del 16 ЕЯ 17250 

Deo s1 E] 15250 

Dri 54 Ed 15300 

Dri 53 36 15750 

ES E] 12730 


"See pages 20-6 t 20-10 for telescoping aluminum tubing details, 
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1 This shows how the driven element and feed system are attached to the boom. The phasing line is coiled 


and taped to the boom. The center of the hairpin loop may be connected to the boom electrically and mechanically 


if desired. 

Phasing-line lengths: 

For cable with 0.80 velocity factor—7 feet, 10/ inches 
For cable with 0.66 velocity factor—6 feet, S inches 


quickly rust once exposed to the weather. 

The driven elementis mounted to the boom on a Bakelite 
or G-10 fiberglass plate of similar dimension to the other 
mounting plates. A 12-inch piece of Plexiglas rod is inserted 
into the driven element halves. The Plexiglas allows the use 
of a single clamp on each side of the element and also seals 
the center of the elements against moisture. Self-tapping 
screws areused for electrical connection to the driven element. 

Refer to Fig 28 for driven element and hairpin match 
details. A bracket made from a piece of aluminum is used to 
mount the three $0-239 connectors to the driven element 
plate. A 4:1 transmission-line balun connects the two element 
halves, transforming the 200-0 resistance at the hairpin 
match to 50 © atthe center connector. Note thatthe electrical 
length of the balun is 2/2, but the physical length will be 
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shorter due to the velocity factor of the particular coaxial 
cable used. The hairpin is connected directly across the 
element halves. The exact center of the hairpin is electrically 
neutral and should be fastened to the boom. This has the 
advantage of placing the driven element at de ground 
potential 

The hairpin match requires no adjustment as such. 
However, you may have to change the length of the driven 
element slightly to obtain the best match in your preferred 
portion of the band. Changing the driven-element length will 
not adversely affect antenna performance. Do not adjust the 
lengths or spacings of the other elements they are optimized 
already. If you decide to use a gamma match, add 3 inches 
to each side of the driven element lengths given in the table 
for all antennas. 


High-Performance Yagis for 144, 222 апа 432 MHz 


This construction information is presented as an 
introduction to thethreehigh-performance V HF/UHF Y agis. 
that follow. АП were designed and built by Steve Powlishen, 
K1F0, 

For years the design of long Yagi antennas seemed to 
be a mystical black art. The problem of simultaneously 
optimizing 20 or more element spacings and element lengths 
presented an almost unsolvable set of simultaneous 
equations, With the unprecedented increase in computer 
power and widespread availability of antenna analysis. 
Software, we are now able to quickly examine many Yagi 
designs and determine which approaches work and which 
designs to avoid, 

At 144 MHz and above, most operators desire Yagi 
antennas two or more wavelengths in length. This length 
(23) is where most classical designs start to fall apart in 
termsof gain per boom length, bandwidth and pattern quality. 
Extensive computer and antenna range analysis has proven 
that the best possible design is a Y agi that has both varying 
element spacings and varying element lengths. 

This design approach starts with closely spaced 
directors, The director spacings gradually increase until а 
constant spacing of about 0.4 . is reached. Conversely, the 
director lengths start out longest with the first director and 
decrease in length in a decreasing rate of change until they 
are virtually constant in length. This method of construction 
results in a wide gain bandwidth. A bandwidth of 7% of the 
center frequency atthe -1 dB forward-gain points is typical 


for these Yagis even when they are longer than 10 A. The 
log-taper design also reduces the rate of change in driven 
element impedance vs frequency. This allows the use of 
simple dipole driven elements while still obtaining 
acceptable driven-element SWR over a wide frequency 
range. Another benefit is that the resonant frequency of the 
Yagi changes very litle as the boom length is increased. 
Thedriven-element impedance also changes moderately with 
boom length. The tapered approach creates a Yagi with a 
very clean radiation patter, Typically, first side obe levels 
of -17 dB in the E plane, -15 dB in the H plane, and all 
other lobes at -20 dB or more are possible on designs from 
2 to more than 14 2. 

The actual rate of change in element lengths is deter 
mined by the diameter of the elements (in wavelengths). The 
spacings can be optimized for an individual boom length or 
chosen as a best compromise for most boom lengths. 

The gain of long Yagis has been the subject of much. 
debate, Recent measurements and computer analysis by both 
amateurs and professionals indicates that given an optimum. 
design, doubling a Yagi's boom length will result in a 
maximum theoretical gain increase of about 2.6 dB. In 
practice, the real gain increase may be less because of 
escalating resistive losses and the greater possibility of 
construction error. Fig 29 shows the maximum possible gain 
per boom length expressed in decibels, referenced to an 
isotropic radiator. The actual number of directors does not 
play an important partin determining the gain vs boom length 
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Fig 29— This chart shows maximum gain per boom length for optimally 


designed long Yagi antennas. 


Fig 30—Front and side views of a 
plane-reflector antenna, 


VHF and UHF Antenna Systems 13-21 


as long as a reasonable number of directors are used. The 
use af more directors per boom length will normally give a 
wider gain bandwidth, however, а point exists where too 
many directors will adversely affectal performance aspects. 

‘While short antennas (< 1.5 2) may show increased 
gain with the use of quad or loop elements, long Yagis 
(> 2) will not exhibit measurably greater forward gain or 
pattern integrity with loop-type elements, Similarly, loops 
Used as driven elements and reflectors wll not significantly 
change the properties of a long log-taner Yagi. Multiple- 
dipole driven-element assemblies will also not result in any 
significant gain increase per given boom length when 
compared to single-dipole Feeds 

Oncea long-Yagi director string is properly tuned, the. 
reflector becomes relatively noncritical. Reflector spacings 
between 0.15 A and 0.2 A are preferred. The spacing can be 
chosen for best pattern and driven element impedance, 
Multiple-reflector arrangements will not significantly 
increase the forward gain of a Yagi which has its directors 
properly optimized for forward gain. M any multiple-eflector 
schemes such a tri-reflectors and corner reflectors have the 
disadvantage of lowering the driven element impedance 
compared to a single optimum-length reflector. The plane 
or grid reflector, shown in Fig 30, may however reduce the 
intensity of unwanted rear lobes. This can be used to reduce 
noise pickup on EM E or satellite arrays. This type of reflector 
will usually increase the driven-element impedance 
compared to a single reflector. This sometimes makes driven 
element matching easier. K еер in mind that even for EM E, 
aplanereflector will add considerable wind load and weight 
for only a few tenths of a decibel of receive signal-to-noise 
improvement. 


Yagi Construction 

Normally, aluminum tubing or rod is used for Yagi 
elements, Hard-drawn enamel-covered copper wire can also 
be used оп Yagis above 420 M Hz. Resistive losses are 
inversely proportional to the square of the element diameter 
and the square oot of its conductivity. 

Element diameters of less than a inchor mm should 
not be used on any band, The size should be chosen for 
reasonable strength. Half-inch diameter is suitable for 
50 MHZ, % to "inch for 144 MHz and "js inch is 
recommended for the higher bands Stel, including stainless 
steel and unprotected brass or copper wire, should not be 
used for elements. 

Boom material may be aluminum tubing, either square 
ог round. High-strengh aluminum alloys such as 6061-7 6 
or 6063-1651 offer the best strength-to-weight advantages, 
Fiberglass poles have been used (where available as surplus). 
Wood is popular low-cost boom material, The wood should 
be well seasoned and free from knots. Clear pine, spruce 
and Douglas fir are often used. The wood should be well 
treated to avoid water absorption and warping. 

Elements may be mounted insulated or uninsulated, 
above or through the boom. Mounting uninsulated elements 
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through a metal boom is the least desirable method unless 
the elements are welded in place. The Yagi elements will 
oscillate, even in moderate winds. Over several years this 
element oscillation will work open the boom holes. This 
will allow the elementsto movein the boom. This will create 
noise in your receiver when the wind blows, asthe element 
contact changes. Eventually the element:to-boom junction 
will corrode (aluminum oxideis a good insulator), This loss 
of electrical contact between the boom and element will 
reduce the doom s effect and change the resonant frequency 
of the Vag 

Noninsulated elements mounted above the boom will 
perform fine as long as a good mechanical connection is 
made. Insulating blocks mounted above the boom will also 
work, butthey require additional fabrication. One of the most 
popular construction methods is to mount the elements 
through the boom using insulating shoulder washers. This 
method is lightweight and durable. Its main disadvantage is 
difficult disassembly, making this method of limited use for 
portable arrays. 

Ifa conductive boom is used, element lengths must be 
corrected for the mounting method used, The amount of 
correction is dependent on the boom diameter in 
wavelengths. See Fig 31. Elements mounted through the 
boom and not insulated require the greatest correction 
Mounting on top of the boom or through the boom on 
insulated shoulder washers requires about half of the 
through-the-boom correction. Insulated elements mounted 
at least one element diameter above the boom require по 
correction over the free-space length. 

The three following antennas have been optimized for 
typical boom lengths on each band. 


A HIGH-PERFORMANCE 432-MHz YAGI 


This 22-element, 62.2, 432-MHz Yagi was originally 
designed for use in a 12-Yagl EME array built by K1FO. A 
lengthy evaluation and development process preceded its 
construction. Many designs were considered and then 
analyzed on the computes. Next, test models were constructed 
and evaluated on а homemade antenna range. The resulting 
design is based on W 1EJ s computer-optimize spacings. 

Theatention paid o the design process has been worth 
the effort The 22-element Yagi not only has exceptional 
forward gain (17.9 dBi), but has an unusually "clean" 
radiation pattem. The measured E-plane pattem is shown in 
Fig 32. Note that a 1-48-per-division axis is used to show 
pattern detail. A complete description of the design process 
and construction methods appears in December 1987 and 
January 1988 05T. 

Like other log-taper Yagi designs, this one can easily 
beadaptedto other boom lengths. Versions of this Y agi have 
been built by many amateurs. Boom lengths ranged between 
532.020 elements) and 12.2 à (37 elements). 

The size of the original Yagi (169 inches long, 6.1 4) 
was chosen so the antenna could be built from small-diameter 
boom material inch and inch round 6061-T6 aluminum) 


(d 


Fig 32— Measured 
for the 22-element Yagi. Note: This 
antenna pattern is drawn on a 


— 


== linear dB grid, rather than on the 
standard ARRL log-periodic grid, 


Fig 31—Yagi element correction vs boom diameter, Curve A is for elements 


to emphasize low sidelobes. 


mounted through a round or square conductive boom, with the elements in 
mechanical contact with the boom. Curve B is for Insulated elements 
‘mounted through a conductive boom, and for elements mounted on top of 
A conductive boom (elements make electrical contact with the boom). The 
patferns were corrected to computer simulations to determine Yagi tuning. 
‘The amount of element correction is not affected by element diameter. 


and still survive high winds and ice loading. The22-element 
Yagi weighs about 3.5 pounds and has a wind load of 
approximately 0.8 square feet This allows a high-gain EM E 
array to be built with manageable wind load and weight. 
This same low wind load and weight lets the tropo operator 
add a high-performance 432-M Hz array to an existing tower 
without sacrificing antennas on other bands. 

Table 7 lists the gain and stacking specifications for 
the various length Yagis, The basic Yagi dimensions are 
shown in Table B. These arefree-spce element lengths for / 
zeinch-diameter elements. Boom corrections for the element. 
mounting method must be added in. The element-length 
Correction column gives the length that must be added to 
keep the Yagl's center frequency optimized for use at 
432 MHz. This correction is required to use the same spacing 
pattem over a wide range of boom lengths, A though any 
length Yagi will work well, this design is at its best when 
made with 18 elements or more (4.6). Element material of 
less than "inch diameter is not recommended because 
resistive losses will reduce the gain by about 0.1 dB, and 
wet-weather performance will be worse. 

Quarter-inch-diameter elements could be used if all 
elements are shortened by 3 mm. The element lengths are 
intended for use with a slight chamfer (0.5 mm) cutinto the 
element ends. The gain peak of the array is centered at 
437 MHz. This allows acceptable wet-weather performance, 
while reducing the gain at 432 MHz by only 0.05 dB. The 
gain bandwidth of the 22-element Yagi is 31 M Hz (at the 


-1dB points). The SWR of the Yagi is less than 14:1 
between 420 and 440 MHz, Fig 33 is a network analyzer 
plotof the driven-element SWR vs frequency. These numbers 
Indicate|ust how wide the frequency response of alog-taper 
Yagi can be, even with a simple dipole driven element. In 
fact, at one antenna gain contest, some ATV operators 
conducted gain vs frequency measurements from 420 to 
440 MHz, The 22-element Yagi beat all entrants including 
those with so-called broadband feeds. 

To peak the Yagi for useon 435 M Hz (or satellite use), 
You may want to shorten all the elements by 2 mm, To peak 
it for use on 438 MHz (for ATV applications), shorten all 
elements by 4 mm. If you want to use the Yagi on FM 
between 440 M Hz and 450 M Hz, shorten all the elements 
by 10 mm. This will provide 17.6 dBi gain at 440 M Hz, and 
18.0 dBi gain at 450 M Hz. The driven element may have to 
be adjusted ifthe element lengths are shortened. 

Although this Yagi design is relatively broadband, itis 
Suggested that close attention be paid to copying the design 
exactly as built. Metric dimensions are used because they 
are convenient for a agi sized for 432 M Hz. Element holes 
should be drilled within +2 mm, Element lengths should be 
kept within+0.5 mm. Elements can be accurately constructed 
if they are first rough cut with a hacksaw and then held in а 
vise and filed to the exact length. 

‘The larger the атау, the more attention you should pay 
to making all Yagis identical. Elements are mounted on 
shoulder insulators and run through the boom (see Fig 34). 
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Table 7 
Spec 


ко. 
of El 
15 
16 
17 
18 
19 
20 
a 
2 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


"Gains approximate real gain based on gain measurements made on six diferent length Yagis. 


Boom 
length (2) 
34 
38 
42 
46 
49 
53 
57 
61 
65 
69 
13 
17 
81 
85 
89 
93 
97 
102 
106 
по 
па 
па 
122 
127 
131 
13.5 


Gain 
(вй 
1567 
16.05 
1645 
168 
171 
174 
17.65 
179 
1815 
18.35 
18.55 
18.8 
19.0 
1920 
194 
1955 
197 
19.8 
19.9 
20.05 
20.2 
203 
20.8 
205 
206 
208 


ЕВ 
ratio 
(ав) 
a 
19 
20 
25 
25 
a 
20 
2 
27 
29 
23 
2 
2 
25 
25 
26 
24 
23 
23 
25 
27 
27 
26 
25 
25 
26 


ications for 432-MHz Family 


DE 
тра 
(2) 
2 
23 
27 
32 
30 
24 
22 
25 
30 
29 
25 
22 
21 
25 
25 
27 
25 
22 
23 
22 
25 
26 
26 
25 
23 
21 


Beamwidth 
EM 

0 

30/32 
29/31 
28/30 
27129 
26/28 
255/27 
25/265 
24/26 
235/25 
23124 
225/215 
22/23 
215/225 
21/22 
20.5/215 
20/21 
19.6 / 20.5 
193/20 
19/195 
188/192 
185/190 
183/188 
181/186 
189/184 
187/182 
175/18 


Stacking 
EM 
(inches) 
53/49 
55/51 
56/53 
58/55 
61/57 
62/59 
63/60 
65/62 
67164 
69/66 
nies 
73170 
75172 
77115 
79/77 
80/78 
81/79 
82/80 
83/81 
84/82 
85/83 
86/84 
87/85 
88/86 
89/87 
90/88 


Peres (a) 


Fig 33—SWR performance of the 22-element Yagi in dry 


weather. 
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Table 8 
Free-Space Dimensions for 
432-MHz Yagi Fami 


Element lengths are for "inch 
diameter material. 


El Element Element Element 

No. Position Length Correction“ 
(mm from (mm) 
reflector) 

REF 0 340 

DE 104 334 

D1 146 315 

D2 224 306 

D3 332 299 

D4 466 295 

DS 62 291 

D6 798 289 

D7 990 287 

D8 1% 285 

09 144 283 


D10 1642 281 -2 
DH 1879 279 -2 
D12 2122 28 -2 
D13 эз 277 -2 
D14 2829 276 -2 
DIS 2890 275 -1 
016 3154 274 4 
D17 322 23 4 
D18 3693 272 o 


D19 3967 271 o 
D20 4242 270 0 
021 4520 269 o 
D22 4798 269 o 
D23 5079 268 o 


D24 5360 268 + 
025 5642 % «41 
D26 5925 267 + 
D27 629 26 + 
D28 6494 26 + 
D29 679 25 + 
D30 7064 265 + 
D31 7350 264 + 
032 7636 264 + 
D33 7922 263 + 
D34 8209 263 + 
D35 8496 262 2 
D36 8783 262 2 
D37 9070 261 + 
D38 9359 280 + 


Tengen al ements when balding a Yagi al 
pon 


The element retainers аге stainless steel push nuts. These 
are made by several companies, including Industrial 
Retaining Ring Co in Irvington, New Jersey, and A uVeco in. 
FtMitchell К entucky. Local industrial hardware distributors 
сап usually order them for you. The element insulators are 
not critical. Teflon or black polyethylene are probably the 
best materials. The Yagi in the photographs is made with 
black Delryn insulators, available from Rutland Arrays in 
New Cumberland, Pennsylvania. 

The driven element uses a UG-58A/U connector 
mounted on a small bracket. The U G-58A/U should be the 
type with the press-in center pin. UG-58s with center pins 
heldin by "C" clips will usually leak water. Some connectors 
use steal retaining clips, which will rust and leave a conductive 
stripe across the Insulator. The T-match wires are supported 
by the UT-141 balun. RG-303/U or RG-142/U Teflon- 
insulated cable could be used if UT-141 cannot be obtained. 
Fig 35A and Fig 358 show details of the driven-element 


-| 


Fig 34—Element mounting detail. Elements are 
mounted through the boom using plastic insulators. 
Stainless steel push-nut retaining rings hold the 
element in plac 


в) 
Fig 35—Several views of the driven element and T match. 


construction, Driven element dimensions are given in Fig 36. 

Dimensions for the 22-element Yagi are listed in 
‘Table 9, Fig 37 details the Yagi's boom layout. Element 
material can be either f nch 6061-76 aluminum rod or 
hard aluminum welding rod. 

A 24-foot-long, 10.6-4, 33-element Y agi was also built 
The construction methods used were the same as the 22. 
element Yagi. Telescoping round boom sections of 1, 1% 
and 1%) inches in diameter were used. A boom support is 
required to keep boom sag acceptable. At 432 М Hz, if boom 
sag is much more than two or three inches, H-plane pattern 
distortion will occur. Greater amounts of boom sag will reduce 
the gain of a Yagi. Table 10 lists the proper dimensions for 
the antenna when built with the previously given boom 
diameters, The boom layoutis shown in Fig 38, and the driven 
elementis described in Fig 39. The 33-element agi exhibits 
the same clean pattern traits as the 22-element Yagi (see 
Fig 40). Measured gain of the 33-element Yagi is 19.9 dBi at 
432 M Hz, A measured gain sweep of the 33-element Yagi 
gavea-1 dB gain bandwidth of 14 M Hz with the-1 dB points 
at 424.5 MHz and 438.5 MHz. 


A HIGH-PERFORMANCE 144-MHz YAGI 


This 144-M Hz Yagi design uses the atest log-tapered 
element spacings and lengths. It offers near-theoretical gain 
per boom length, an extremely clean pattern and wide 


Table 9 
Dimensions for the 22-Element 432-MHz Yagi 
Element Element Element Boom 
Number Position Length Diam 

(mm from (mm) — (in) 


reflector) 
REF 30 346 

DE 134 30 U 
m 176 321 

02 254 m opu 
03 362 305 

D4 496 301 

Ds 652 297 

D6 828 295 

D7 1020 293 

Da 1226 201 

D9 1444 289 

DIO 1672 288 

DH 1909 286 

DI 2152 в | fi 
DIS — 2403 284 

D14 2659 283 

DIS 2920 281 

016 3184 280 

DI] 2452 ze | 
die 373 278 

DIS 3997 m 

D20 4272 me U 
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bandwidth. The design is based on the 
spacings used in a 4,5-2 432-MHz 
computer-developed design by W 1EJ 
Itis quite similar to the 432-14 Hz Yagi 
described elsewhere in this chapter. 
Refer to that project for additional 
Construction diagrams and photographs. 

Mathematical models do not 
always directly translate into real 
working examples. Although the 
computer design provided a good 
starting point, the author, Steve 
Powlishen, K1FO, built several test 
models before the final working Yagi 
Was obtained. This hands-on tuning 
included changing the element-taper 
rate in order to obtain the flexibility that 
allowsthe Yagi to be built with different 
boom lengths. 

The design is suitable for use from 
1.8 A (10 elements) to 5.1 А (19 
elements). When elements are added to 
a Yagi, the center frequency, feed 
impedance and front-o-back гаво will 
range up and down. A modern tapered 
design will minimize this effect and 
allow the builder to select any desired 
boom length. This Yagi's design 
capabilities per boom length are listed in 
Table 11 

The gain of any Yagi built around 
this design will be within 0.1 to 0.2 dB 
of the maximum theoretical gain at the 
design frequency of 144.2 M Hz. The 
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Fig 36—Details of the driven element and T match for the 22-element Yagi. 
Lengths are given in millimeters to allow precise duplication of the antenna. 
See text. 
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Fig 37—Boom -construction Information for the 2z-element Yagi. Lengths are given їп millimeters to allow precise 


duplication of the antenna. See text. 
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design is intentionally peaked high in frequency (calculated Table 10 


gain peak is about 144.7 M Hz). It has been found that by 
doing this, the SWR bandwidth and pattern at 144.0 to 


Dimensions for the 
33-Element 432-MHz Yagi 


144.3 M Hz will be better, the Yagi will be less affected by 


weather and its performance in arrays will be more 
predictable. This design stats to drop off in performance if 
built with fewer than 10 elements. At less than 2 2, more 


Element Element Element Boom 
Number Position Length Diam 
(тт from (mm) (in) 


traditional designs perform well aer 70% в р 
Table 12 Gives ree sace element lengths fr inch коош з 
diameter ements Theo! merie rotation alowsfor much mom m 
esse dimensional changes during the design tae. Once пош om 
you become familiar with the metric system, you'll probably оз 362 307 
find that construction is easier without the burden of „ 9 B | 
cumbersome English fractional uns. For Jin diameter A 1 
elements lengthen al parasitic elements by 3 mm. If A E 
vie ameter demente are used shorten al of Ie direciors „% оз 
and the rlecor by 6 тт, The iven етеп will Have lo 5 na ml 
be adjusted for the individual Yagi Be 12-lement eign Bo dno ж 
is not adhered to. оп 1909 м ||, 
Forthe 12-elemert Yagi, lindaa demen vete me ан жо 
selected because smaller diameter demens become rather CA E 
ms a 2 mer, Other diameter emen can De used s E E E 
desees previously. The 2-2 om was chosen Decus i Duo ma m 
hasan excallentslze and wind load vs ga nd palem ade mo xn m 
of. The size is аа convenient; he on long pieces of LEE NE | | 
aluminum tubing can be used without any waste. The my 3991 91 
really large diameter boom sizes (Lk and Lj Ine] шк шш оз 
were chosen, ey provide an extremely rugged Yagi hat E o 
PNE am | fin 
EE 27 
% uno m 
в xo m 
bro wa m 
ш оён m |, 
з NE 
ba 00и 22 
ӘП mm ae | 


Fig 38—Boom-construction information for the 33-element Yagi. Lengths are 
given in millimeters to allow precise duplication of the antenna. 
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Fig 40—Е-рїапе pattern for the 33 — 
(lementYagi. This pattern is drawn 


оп alinear dB grid scale, rather than 


Fig 39—Detalls of the driven element and T match for the 33-element Yagi. the standard ARAL log-periodic grid, 
Lengths are given in millimeters to allow precise duplication of the antenna. to emphasize low sidelobes. 
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Beamwiath Stacking 144-MHz Yagi Fami 
No. of Boom Gain DE impd ЕВ Rato ЕН ЕН Feen le ЧА inch 
п 22 120 38 19 36/40 11.0/10.0 такып). 
3H Bio Pour Slc ш m 
ПО шз A % БШ ио ш E: 
19 52 150 30 2 26/275 1521144 05 1986 897 
кшк; D12 6786 865 
- Table 13 


ES 


Dimensions for the 
12-Element 2.5-) Yagi 
Element Element Element Boom 


Fig 41 -Boom layout for the 1: 
millimeters to allow precise duplication. 


does not require a boom support. The 12-element 17-foot- 
long design has a calculated wind survival of close to 
120 mih! T he absence of a boom support also makes vertical 
polarization possible. 

Longer versions could be made by telescoping smaller 
size boom sections ino the last section. Some sort of boom 
support will be required on versions longer than 22 feet. The 
elements are mounted on shoulder insulators and mounted 
through the boom. However, elements may be mounted, 
insulated or uninsulated, above or through the boom, as long 
as appropriate element length corrections are made. Proper 
tuning can be verified by checking the depth of the nulls 
between the main lobe and first side lobes. The nulls should 
de 5 to 10 dB below the first side-lobe level at the primary 
operating frequency. The boom layout for the 12-element 
model is shown in Fig 41. The actual corrected element 
dimensions for the 12-element 2.5-4 Yagi are shown in 
Table 13, 

The design may also be cut for use at 147 M Hz. There 
is no need to change element spacings. The element lengths 
should be shortened by 17 mm for best operation between 
146 and 148 M Hz. Again, the driven element will have to 


18-28 Chapter 18 


Number Positon Length Diam 
(mm from (mm) (in) 
reflector) 

REF 0 1044 

DE 32 95 

01 ат 962 

D2 699 938 Th 

D3 1050 922 

D4 1482 912 

Ds 1986 904 

Ds 255з 898 2A 

D7 3168 04 

D8 3831 889 

09 4527 885 n 

bio 5259 882 


be adjusted as required, 

Thedriven-elementsize (inch diameter) was chosen 
to allow easy impedance matching. Any reasonably sized 
driven element could be used, as long as appropriate length 
‘and T-match adjustments are made. Different driven-element 
dimensions are required if you change the boom length. The 
calculated natural diven-element impedance is given as a 
guideline. A balanced T-match was chosen because it's easy 
to adjust for best SWR and provides a balanced radiation 
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Driven Element Side View 
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Fig 42—Driven-clement detail for the I2-element 144-MHz Yagi. Lengths are given in millimeters to allow precise 
duplication. 
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pattern, A 4:1 half-wave coaxial balun is used, although 
impedance-transforming quarter-wave sleeve baluns could 
also be used. Thecalculated natural impedance will be useful 
in determining what impedance transformation will be 
required at the 200-02 balanced feed paint. The ARRL 
Antenna Book contains information on calculating folded- 
dipole and T-match driven-element parameters. А balanced 
Teedisimportantfor best operation on this antenna. Gamma 
matches can severely distort the pattern balance. Other useful 
driven-element arrangements are the Delta match and the 
folded dipole, if you're willing to sacrifice some flexibility. 
Fig 42 details the driven-element dimensions. 

A noninsulated driven element was chosen for 
‘mounting convenience. An insulated driven element may 
also beused. A grounded driven element may be less affected 
by static build-up. On the other hand, an insulated driven 
element allows the operator to easily check his feed lines 
for water or other contamination by the use of an ohmmeter 
from the shack. 

Fig 43 shows computer-predicted E and H-plane 
radiation patterns for the 12-element Yagi. The patterns are 
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Gan dBi 1466 FB 22 


Fig 43—H and E-plane pattern for the 12-element 
144-MHz Yagi. 


Table 15 
Specifications for the 222-MHz Family 
FB DE Beamwih Stacking 
No.of Boom Gan Rato mpd ЕН Ен 
ЕГ" Length) ава (d8) ш (7 (ee) 
Free-Space Dimensions forthe 12 24 Di n з N95 11161 
222-MHz Yagi Family 13 28 12.8 19 28 33/36 78172 
Element diameter is "i inch. Bo 12 0 з 24 85 
El Element Element’ 15 35 Bé H3 30 30/33 85/78 
n. 1 50 5 Pd 16 39 140 23 23 29/31 89/83 
us п аз из 20 24 28/305 93/85 
ВЕР 1 кї а ав мт 20 2% 22 96/89 
DE M Bh 19 50 150 2 3 26/28 99/03 
Di 0 EH 20 sa 133 %4 29 25027 103/96 
a p Е 2 58 1555 2 24 045/265 105/98 
95 E эм 2 62 158 n 23 — A15 107/102 
m эзв 597 
p цз ET 
D6 1602 5% oom Section, oom Sac cor! Bem Sacto 
07 1985 373 ا‎ a EE m 
De 2355 569 Same RASA ak 
D3 202 565 — E 
010 заз 562 NEL I 
on — 355 558 
o2 6243 556 
D13 as 554 
014 5259 553 - р 
015 5783 552 E = 
016 6315 551 
017 6853 550 те m en 
018 7385 549 Em 
ы ed 817 Fig 44—B: it for the 16-el it 222-MHz Yagi. Length: jiven i 
m am s millimeters to allow precise duplication. 8 
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Table 16 
Dimensions for 16-Element 3.9. 


222-MHz Yagi 
Element Element Element Boom 


Number Position Length Diam 
(mm from (mm) (m) 
reflector) 

REF s г 

DE 204 664 

m 292 630 

02 450 615 

D3 668 601 ИЛ 

D4 28 594 

DS — 125 — 588 

D6 1500 58 hn 

D7 198 580 

D8 2395 576 

D9 289 — 572 Ж. 

DIO 3283 568 

эп 3755 55 

D12 4243 5з 

D13 4745 561 m 

pu 5259 se LY 


plotted on a 1-dB-per-division linear scale instead of the 
usual ARRL polar-plot graph. This expanded scale plot is 
used to show greater pattern detail. The pattern for the 12 

element Yagi is so clean that a plot done in the standard 
ARRL format would be almost featureless, except for the. 
main lobe and first sidelobes. 

The excellent performance of the 12-element Yagi is 
demonstrated by the reception of M oon echoes from several 
of the larger 144-MHz EME stations with only one 12- 
element Yagi. Four of the 12-element Y agis will make an 
excellent starter EM E array, capable of working many ЕМЕ 
QSOs while being relatively small in size. The advanced 
antenna builder can use the information in Table 11 to design 
a "dream" array of virtually any size. 


A HIGH-PERFORMANCE 222-MHz YAGI 

Modern tapered Y agi designs are easily applied to 
222 M Hz. This design uses a spacing progression that is in 
between the 12-element 144-M Hz design, and the 
22-element 432-M Hz design presented elsewhere in this 
chapter. The result is a design with maximum gain per boom 
length, a clean, symmetrical radiation pattern, and wide 
bandwidth. Although it was designed for weak-signal work 
(tropospheric scatter and ЕМЕ), the design is suited to all 
modes of 222-M Hz operation, such as packet radio, FM 
repeater operation and control links. 

The spacings were chosen as the best compromise for 
23.9. 16-elementY agi. The 3.9-2 design was chosen, like 
the 12-element 144-M Hz design, because it fits perfectly 
оп a boom made from three 6-foot-long aluminum tubing 
sections. The design is quite extensible, and models from 


Fig 45—Driven-element detail for the 16-element 222-MHz Yagi. Lengths are 
given in millimeters to allow precise duplication. 


p 
/ 


€ 


Fig 46—H and E-plane patterns for the 16-element 222- 
MHz Yagi at A.The driven-elementT-match dimensions 
were chosen for the best SWR compromise between wet 
and dry weather conditions. The SWR vs frequency curve 
Shown at B demonstrates the broad frequency response 
of the Yagi design. 
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12 elements (2.4 to 22 elements (6.2) can be built from 
the dimensions given in Table 14. Note that free-space 
lengths are given. They must be corrected for the element. 
‘mounting method. Specifications for various boom lengths 
are shown in Table 15. 


Construction 

Large-diameter (134 and Jeinch diameter) boom 
construction is used, eliminating the need for boom supports 
The Yagi can also be used vertically polarized. Three 
sixteenths-inch-diameter aluminum elements are used. The 
exact alloy is not critical; 6061-76 was used, but hard 
aluminum welding rod is also suitable. Quarte-inch- diameter 
elements could also be used if all elements are shortened by 
3mm. Three eighths-inch-diameter elements would require 
10 mm shorter lengths. Elements smaller than -inch 
diameter are not recommended, The elements аге insulated 
and run through the boom, Plastic shoulder washers and 
stainless steel retainers are used to hold the elements in place. 
‘The various pleces needed to build the agi may be obtained 
from Rutland Arrays in New Cumberland, Pennsylvania, 
Fig 44 details the boom layout for the 16-element Yagi 
Table 16 gives the dimensions for the 16-element Yagi as 
built The driven element is fed with a T match and a 4:1 
balun. See Fig 45 for construction details. See the 432-M HZ 
Yagi project elsewhere in this chapter for additional 
photographs and construction diagrams. 

‘The Yagi has a relatively broad gain and SWR curve, 
as is typical of a tapered design, making it usable over а 
wide frequency range. The example dimensions are intended 


for use at 222.0 to 222.5 MHz. The 16-element agi is quite 
usable to more than 223 MHz. The best compromise for 
Covering the entire band is to shorten all parasitic elements 
by 4 mm. The driven element will have to be adjusted in 
length for best match. The position of the T-wire shorting 
straps may also have to be moved. 

The aluminum boom provides superior strength, is 
lightweight, and has а low wind-load cross section. 
Aluminum is doubly attractive, as it will long outlast wood 
and fiberglass. Using state-of-the-art designs, itis unlikely 
that significant performance increases will be achieved in 
the next few years, Therefore, it's in your best interest to 
build an antenna that will last many years. If suitable wood 
ог fiberglass poles are readily available, they may be used 
without any performance degradation, atleast when the wood 
is new and dry. Use the free-space element lengths given in 
Table 16 for insulated-boom construction. 

The pattern of the 16-element Yagi is shown in Fig 4б. 
Like the 144-M Hz Yagi, a I-dB-per-dvision plot is used to 
detail the pattem accurately. This 16-element design makes a 
‘good building block for EME or горо DX arrays, Old-style 
narrow-band Y agis often perform unpredictably when used in 
arrays. The theoretical 3.0-48 stacking gain is rarely observed, 
The 16-elementYagl(and other versions of the designi) reliably 
provides stacking gains of nearly 3 dB. (The spacing 
dimensions listed in Table 15 show just over 2.9 dB stacking 
gain.) This hasbeen found to bethe best compromise between 
(ein, pattern integrity and array size. А ny phasing line losses 
will subtract from the possible stacking gain. Mechanical 
misalignment will also degrade the performance of an array. 


A 144-MHz 2-Element Quad 


Thebasic 2-element quad array for 144 M Hz is shown 
in Fig 47. The supporting frame is 1 x Linch wood, of any 
kind suitable for outdoor use, Elements are #8 aluminum 
wire. The driven element is 1 2 (83 inches) long, and the 
reflector 5% longer (87 inches). Dimensions are notcritical, 
as the quad is relatively broad in frequency response. 

The driven element is open at the bottom, its ends. 
fastened to а plastic block. The block is mounted at the 
bottom of the forward vertical support. The top portion of 
the element runs through the support and is held firmly by a 
screw running into the wood and then bearing on the 
aluminum wire. Feed is by means of 50- coax, connected 
to the driven-element loop. 


Fig 47—Mechanical details of a 2-element quad for 
144 MHz, The driven element, L1, is one wavelength 
long; reflector L2 is 5% longer. With the transmission 
line connected as shown here, the resulting radiation is 
horizontally polarized. Sets of elements of this type can 
be stacked horizontally and vertically for high gain with 
broad frequency response. Recommended bay spacing 
is н). between adjacent element sides. The example 
shown may be fed directly with 50:1 coax. 
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The reflector is a closed loop, its top and bottom 
portions running through the ear vertical support. Itis held 
in position with screws at the top and bottom. The loop can 
be closed by fitting a length of tubing over the element ends, 
or by hammering them flat and bolting them together as 
shown in the sketch, 

The elements in this model are not adjustable, though 
this can easily be done by the use of stubs. It would then be 
desirable to make the loops slightly smaller to compensate 
Tor the wire in the adjusting stubs, The driven element stub 
would be trimmed for length and the pointof connection for 


the coax would be adjustable for best match. The reflector 
stub can be adjusted for maximum gain or maximum F/B 
Tatio, depending on the builder's requirements 

In the model shown only the spacing is adjusted, and 
this is not particularly critical. If the wooden supports are 
made as shown, the spacing between the elements can be 
adjusted for best match, as indicated by an SWR meter 
connected in the coaxial line. The spacing has little effect on 
the gain (from 0.15 to 0.25 A), so the variation in impedance 
with spacing can be used for matching. This also permits use 
of either 50 ar 75-0 coax for the transmission line. 


A Portable 144-MHz 4-Element Quad 


Element spacing for quad antennas found in the 
literature ranges from 0.14 2 to 0.25 A. Factors such as the 
number of elements in the array and the parameters to be 
optimized (F/B ratio, forward gain, bandwidth, etc), 
determine the optimum element spacing within this range. 


Fig 48—The 4-element 144-MHz portable quad, 
assembled and ready for operation. Sections of 
st poles joined with pine strips make up. 


‘The d-element quad antenna described here was designed 
for portable use, so a compromise between these factors was 
chosen. This antenna, pictured in Fig 48, was designed and 
built by Philip D'Agostino, W 1K SC. 

Based on several experimentally determined correction 
factors related to the frequency of operation and the wire 
size, optimum design dimensions were found to be as 
follows. 


Reflectorlengin(t) = 10468 (eq 9) 
Driven element (ft) = 2255 [2E] 
9373 
т Г] 


Cutting the loops for 146 MHz provides satisfactory 
performance across the entire 144-M Hz band. 


The pine box in the background is a 
equipment and accessories. A hole in tha lid accepts 
the mast, so the box doubles as a base fora short mast 
during portable operation. (WIMPO photo) 
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Materials 

‘The quad was designed for quick and easy assembly 
and disassembly, as illustrated in Fig 49. Wood (clear trim 
pine) was chosen as the principal building material because 
of its light weight, low cost, and ready availability. Pine is 
used forthe boom and element supporting arms, Round wood 
Clothes-closet poles comprise the mast material. Strips 
connecting the mast sections are made of heavier pine trim, 
Elements are made of #8 aluminum wire. Plexiglas is used 
to support the feed point. Table 17 lists the hardware and 
other parts needed to duplicate the quad. 


Construction 

‘The elements of the quad are assembled first. The 
mounting holes in the boom should be drilled to 
accommodate 1' inch no. 8 hardware. M easure and mark 
the locations where the holes areto be drilled in the element. 
spreaders, Fig 50. Drill the holes in the spreaders just large 
enough to accept the 48 wire elements. It is important to 
drill al the holes straight so the elements line up when the 
antenna is assembled. 

Construction of the wire elements is easiest if the 
directors are made first. A handy jig for bending the elements 
can be made from a piece of 2 x 3-inch wood cut to the side 
length of the directors. Itis best to start with about 82 inches 
of wire for each director. The excess can be cut off when the 
elements are completed. (The total length of each director 
is 77 inches.) Two bends should initially be made so the 
directors can be slipped into the spreaders before the 
remaining corners are bent. See Fig 51 Electrician's copper- 
wire clamps can be used to join the wires after the 
final bends are made, and they facilitate adjustment of 
element length. The reflector is made the same way as the 
directors, but the total length is 86 inches. 

The driven element, total length 81 inches, requires 
special attention, as the feed attachment point needs to be 
adequately supported. А п extra hole is drilled in the driven 
element spreader to support the feed-point strut, as shown 
In Fig 52.A Plexiglas plateis used atthe feed point to support. 
the feed-point hardware and the feed line. The feed. point 


Fig 50—Dimensions for the pine element spreaders for 
the 144-MHz 4-element quad. 
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Table 17 

Parts List for the 144-MHz 4-element Quad 

Boom: *l x fe 48-in. pine 

Driven element support (spreader): “fa x "sx 21 in. 
pine 

Driven element feed: point strut 1 x "1 x 7 in, pine 

Reflector support (spreader): Ya x "4 х 22 п, pine 

Director supports (Spreaders): x "A x 20° in. 
pine, 2 req'd 

Mast brackets: % x 1% x 12 in. heavy pine tim, 4 req'd 

Boom to mast bracket: 1/2 x 14 x 5 in. pine. 

Element wire: Aluminum ground wire (Radio Shack 
по. 15-035) 

Wire clamps: vin. electrician's copper or zinc 
plated steel clamps, 3 req'd 

Воот hardware: 
бло. 8-32 x 14: in. stainless steel machine screws 
6 по. 8-32 stainless steel wing nuts 
12 no, 8 stainless steel washers 

Mast hardware: 
8 hex bolts, 44-20 x З\ in. 
8 hex nuts, 1120. 
16 flat washers 

Mast material: I*hs in. x 6 ft wood does closet 
poles, 3 req'd 

Feed-point support plate: 3½ x 21 in. Plexiglas sheet 

Wood preparation materials: Sandpaper, clear 
polyurethane, wax 

Feed line: 520 RG-8 or RG-58 cable. 

Feed-line terminals: Solder lugs for no. 8 or larger 
hardware, 2 req'd 

Miscellaneous hardware: 
4 small machine screws, nuts, washers; 2 flat-head 


wood screws 


Fig 51—illustration showing how the aluminum element 
wires are bent. The adjustment clamp and its location 
are also shown. 


Fig 52—Layout of the driven element of the 144-MHz 
‘quad. The leads of the coaxial cable should be stripped 
to Ys inch and solder lugs attached for easy connection 
and disconnection. See text regarding impedance at 
loop support points. 


Fig 53—Detall of the boom showing hole center 
locations and boom-to-mast connection points. 


Support strut should be epoxied to the spreader, and a wood 
screw used for extra mechanical strength 

For vertical polarization, locate the feed point in the. 
center of one side of the driven element, as shown in Fig 52. 
Although this arrangement places the spreader supports at 
voltage maxima points on the four loop conductors, 
D'Agostino reports no adverse effects during operation. 
However, if the antenna is to be left exposed to the weather, 
the builder may wish to modify the design to provide support 
for the loops at current maxima points, such as shown in 
Fig 52. (The elements of Fig 52 should be rotated 90° for 
vertical polarization. 

Orient the driven element spreader so that it mounts 
properly on the boom when the antenna is assembled. Bend 
the driven element the same way as the reflector and 
directors, but do not leave any overlap at the feed point The 
ends of the wires should be inch apart where they mount. 
on the Plexiglas plate. Leave enough excess that small loops 
сап be bent in the wire for attachment to the coaxial feed 
line with stainless steel hardware. 

Drill the boom as shown in Fig 53. Itis a good idea to 


Fig 54—Boom-to-mast plate for the 144-MHz quad. The 
screw hole in the center of the plate should be 
Countersunk so the wood screw attaching itto the 
mast does not interfere with the fit of the boom. 


Fig 55—Mast coupling connector details for the portable 
quad. The plates should be drilled two ata time to 
ensure the holes line up. 


usehardwarewith wing nuts to secure the element spreaders 
to the boom. After the boom is drilled, clean all the wood 
parts with denatured alcohol, sand them, and give them two 
coals of glossy polyurethane. After the polyurethane dries, 
wax all the wooden parts. 

The boom to mast attachment is made next. Square the 
ends of a 6-foot section of clothes closet pole (a miter box is 
useful for this). Drill the center holes in both the Боот 
attachment piece and one end of the mast section (Fig 54) 
M ake certain thatthe mast hole is smaller than the flat-head 
Screw to be used to ensure a snug fit Accurately drill the 
holes for attachment to the boom as shown in Fig 54. 

Countersink the hole for the Пак head screw to provide 
a smooth surface for attachment to the boom. Apply epoxy 
cement to the surfaces and screw the boom attachment piece 
securely to the mast section. One 6-foot mast is used for 
attachment to the other mast sections. 

Two additional 6-foot mast sections are prepared next. 
This brings thetotal mastheightto 18 feet. Itis important to 
square theends of each pole so the mast stands straight when 
assembled. M ast-section connectors are made of pine as 
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Fig Typical SWR curve forte ЗЫН: portable 
"The large wire diameter and the quad design 
Provide excellent bandwidth. 


shown in Fig 55. Using 3 x inch hex bolts, washers, 
and nuts, sections may be attached as needed, for a total 
height of 6, 12 or 18 feet. Drill the holes in buo connectors 
ata time, This ensures good alignment of the holes. A drill 
press is ideal for this job, but with care a hand drill can be 
Used If necessary 

Lineup two mast sections end to end, being careful that 
they are perfectly straight. Use the predrilled connectors to 
maintain pole straightness, and dil through the poles, one at 
a time. If good alignment is maintained, a stright 18-foot 
mast section can be made. Label the connectors and poles 
immediately so they are always assembled in the same order. 

When assembling the antenna, install all the elements 
on the boom before attaching the eed line. Connect the coax 
to the screw connections on the driven-element support plate 
and run the cable along the strut to the boom. From there, 
the cable should be routed directly to the mast and down, 
Assemble the mast sections to the desired height. The 
antenna provides good performance, and has a reasonable 
SWR curve over the entire 144-M Hz band (Fig 56). 


Building Quagi Antennas 


‘The Quagi antenna was designed by Wayne Overbeck, 
N6NB. He first published information on thisantenna in 1977 
(see Bibliography). There area few tricks to Quagi building, 
butnothing very difficultor complicated isinvolved. In fact, 
Overbeck mass produced as many as 16 in one day. Tables 
18 and 19 give the dimensions for Quagis for various 
frequencies up to 446 M Hz. 

For the designs of Tables 18 and 19, the boom is wood 
or any other nonconductor [such as, fiberglass or Plexiglas). 


If a metal boom is used, a new design and new element 
lengths will be required. M any VHF antenna builders go. 
wrong by failing to follow this rule: If the original uses a 
‘metal boom, use the same size and shape metal boom when. 
you duplicate it. If it calls for a wood boom, use a 
onconductor. М any amateurs dislike wood booms, but in 
а salt air environment they outlast aluminum (and surely 
cost less), Varnish the boom for added protection. 
The 144-M Hz version is usually built on a 14-Foot, 
1x inch boom, with the boom tapered to 
Linch at both ends. Clear pine is best 


Table 18 
Dimensions, 8-Element Quagi 
Element Frequency 
Lengths — 144.5 MHz 147 MHz 222 MHZ 
Reflector! 864 85" E 
Driven? 82" 80° E 
Directors 355 — IS jet 234 
03590 in 
het steps if" steps 
Spacing 
RDE 21. 
DEDI 15%" 
DLD2 33" 
D2D3 17 
D3D4 — 261" 
DADS — 261" 
05.06 2&1" 


Stacking Distance Between Bays 
n 101 тг 29 

{All #12 TW (electrical) wire, closed loops. 

ЗАП #12 TW wire loops, fed at botom. 


because of its light weight, but construction. 
grade Douglas fir works well, At 222 MHz 
the boom is under 10 feet long, and most 
builders use 1 x 2 or (preferably) ex Y 
inch pine molding stock. At 432 M Hz, 
except for long-boom versions, the boom 
should be "inch thick or less. Most 
builders use strips of "inch exterior 
plywood for 432 M Hz. 

The quad elements are supported atthe 
current maxima (the top and bottom, the 


446 MHz 
Я 


ВА later beside the feed poit) with Plexiglas 
dor: or small strips of wood. See Fig 57. The 
Ser quad demens ore madeo! #12 copper ire, 
8.46" commonly used in house wiring. Some 
91 Builders may elect to use #10 wire on 


144 MHz and #14 on 432 M Hz, although 
this changes the resonant frequency sight. 
Solder a type N connector (an 50-239 is 
often used at 144 M Hz) at the midpoint of 
the driven element bottom side, and close 
the reflector loop. 
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Table 19 
432-MHz, 15-Element, Long Boom Quagi 
Construction Data 


Element Lengths, Interelement Spacing, 


Inches Inches 
R—28 R-DE7 

DE~ 26th DE-DI5%4 
D111 DID2-1 
[T 0203—57 
03—18 03.04-81 
94 11% 0405-81 
05—16 05.068 
96 11 D6-D7—12 
D71 D7-D8—12 
в 99.00% 
09—13. 09010-1: 
10-1 bio 
du % D1L012—12]. 
51211 ( 512013137, 
51311 


Boom: 1 x 2 n. x 12-f Douglas fr, tapered to I. in. at 
both ends 

Driven element: #12 TW copper wire loop in square. 
Configuration, fed at bottom center with type М 
connector and 52-0 coax. 

Reflector: 212 TW copper wire loop, closed at bottom. 

Directors: Yen. rod passing through boom. 


Thedirectors are mounted through the boom. They can 
be made of almost any metal rod or wire of about "inch 
diameter. Welding rod or aluminum clothesline wire works 
well if straight. (The designer uses “inch stainless steel 
Tod obtained from an aircraft surplus store.) 

ATV typel bolt mounts he antenna on amast.A single 
machine screw, washers and a nut are used to secure the 
spreaders to the boom so the antenna can be quickly 

flattened” for travel, In permanent installations two screws 
are recommended, 


Construction Reminders 


Based on the experiences of Quagi builders, the 
following hints ae offered. First, remember that at 432 M HZ 


Fig 51—A close-up view of the feed method 
used on а 432-MHz Quagi. This arrangement 
produces a low SWR and gain in excess of 
13 dBi with a 4-foot 10-inch boom! The same 
basic arrangement is used on lower 
frequencies, but wood may be substituted for 
the Plexiglas spreaders. The boom is inch 
exterior plywood. 


егеп a inch measurement error results in performance 
deterioration. Cut the loops and elements as carefully as 
possible. No precision tools are needed, but accuracy is 
necessary. Also make sure to get the elements in the right 
order. The longest director goes closestto the driven element. 

Finally, remember that a balanced antenna is being fed 
with an unbalanced line. Every balun the designer tried 
Introduced more trouble in terms of losses than the feed 
imbalance caused. Some builders have tightly coiled several 
tums of thefeed line near the feed pointto imitline radiation. 
In any case, the feed line should be kept at right angles to 
the antenna. Run it from the driven element directly to the 
supporting mast and then up or down perpendicularly for 
best results. 


QUAGIS FOR 1296 MHz 

The Quagi principle has recently been extended to the 

1296-M Hz band, where good performance is extremely 

difficult to obtain from homemade conventional Yagis. 

Fig 58 shows the construction and Table 20 gives the design 
information for antennas with 10, 15 and 25 elements. 


Fig 58—A view of the 
10'element version of the 
1296-МН: Quagi. It is 
mounted on a 30-inch 

lexiglas boom with a 3x 
3-inch square of Plexiglas 
to support the driven 
element and reflector. Note 
how the driven element is 
attached to à standard 
06-290 BNC connector. 
The elements are held in 
place with silicone sealing 
Compound. 
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Table 20 

епзїопз, 1296-MHz Quagi Antennas 

Note: All lengths are gross lengths. See text and photos 

for construction technique and recommended overiap at 

loop junctions. All oops are made of #18 AWG solid 
covered copper bell wire. The Yagi type directors are 

"iin. brass brazing rod. See text for a discussion of 

director taper. 

Feed: Direct with 52-42 coaxial cable to UG-290 
Connector at driven element; run coax symmetrically 
to mast at rear of antenna, 

Воот: fin. thick Plexiglas, 30 in. long for 10-element 
quad or Quagi and 48 in. long for 15-element Quagi 
84 in. for 25-element Quagi. 


10-Element Quagi for 1296 MHz 


Length, Interelement 
Element Inches Construction Element Spacing, In. 
Reflector 95825 Loop RDE 2375 
Driven 925 Loop DEDI 20 
Director1 331 — Brassrod 01.02 3.67 
Director? 3.88 — Brassrod 02.03 1% 
Director3 3.86 Brass rod 03.04 292 
Director4 383 Brassrod А05 292 
Directors 380 Brassrod 05.06 292 
Direcor& 378 Brassrod 06.07 475 
Director? 375 Brassrod 07.08 394 
Director8 372 Brass rod 


15-Element Quagi for 1296 MHz 
The first 10 elements are the same lengths as above, 
but the spacing from D6 to D7 is 4.0 in D7 to DB is 
also 4.0 in. 


Director9 370 92 9% 375 
Director 10 3.67 09010 383 
Director ll 3.64 0100 306 
Director 12 3.62 DILDI2 4125 
Director 13 359 012.013 458 


25-Element Quagi for 1296 MHz 
The first 15 elements use the same element lengths 

and spacings as the 15-element model. The additonal 
directors are evenly spaced at 3.0-in. intervals and taper 
in length successively by 0.02 in. per element. Thus, 
D23 is 3.39 in 


At 1296 M Hz, even slight variations in design or 
building materials can cause substantial changes in 
performance. The 1296-M Hz antennas described here work 
every time but only if the same materials are used and the 
antennas are bullt exactly as described. This is not to 
discourage experimentation, but if modifications to these 
1296-М Hz antenna designs are contemplated, consider 
building one antenna as described here, so a reference is 
available against which variations can be compared. 

The Quagis (and the cubical quad) are built on “inch, 
thick Plexiglas booms. The driven element and reflector (and 
also the directors in the case of the cubical quad) are made 
of insulated #18 AWG solid copper bell wire, available at 
hardware and electrical supply stores. Other types and sizes 
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Fig 59—These photos show the construction method 
used for the 1296-MHz quad type parasitic elements. The 
‘two ends of the #18 bell wire are brought together with 
an overlap of inch and soldered. 


of wire work equally well, but the dimensions vary with the 
wire diameter. Even removing the insulation usually 
necessitates changing the loop lengths. 

Quad loops are approximately square (Fig 59), 
although the shape is relatively noncritical, The element 
lengths, however, are critical. At 1296 M Hz, variations of 
"hu inch alter the performance measurably, and а “inch 
departure can cost several decibels of gain. Theloop lengths 
given are gross lengths, Cut the wire to these lengths and 
then solder the two ends together, There isa*/r-inch overlap 


Where the two ends of the reflector (and director) oops are 
joined, as shown in Fig 59. 

The driven element is the most important of all. The 
318 wire loop is soldered to a standard UG-290 chassis- 
mount BNC connector as shown in the photographs, This 
exact type of connector must be used to ensure uniformity 
in construction. Any substitution may alter the driven 
element electrical length. One end of the 97-inch driven 


loop is pushed as far as it can go into the center pin, and is 
soldered in that position. The loop is then shaped and 
threaded through small holes drilled in the Plexiglas support. 
Finally, the other end is fed into one of the four mounting 
holes on the BNC connector and soldered. In most cases 
the best SWR is obtained if the end of the wire just passes 
through the hole so it is flush with the opposite side of the. 
connector flange. 


Loop Yagis for 1296 MHz 


Described here re cop Yagis for the 1296-M Hz band. 
The loop Yagi fits into the quad family of antennas, as each 
elementis a closed loop with a length of approximately 1 2. 
Several versions are described, so the builder can choose. 
the boom length and frequency coverage desired for the task 
at hand. М ike Walters, G3JVL, brought the original loop 
Yagi design to the amateur community in the 1970s. Since 
then, many versions have been developed with different loop. 
and boom dimensions. Chip Angle, МЄСА, developed the 
antennas shown here, 


veta 


Three sets of dimensions are given. Good performance 
сап be expected if the dimensions are carefully followed, 
Check all dimensions before cutting or drilling anything, 
The 1296-MHz version is intended for weak-signal 
operation, while the 1270-M Hz version is optimized for FM. 
‘and model satellite work. The 1283-M Hz antenna provides 
‘acceptable performance from 1280 to 1300 MHz. 

These antennas have been built on 6 and 12-foot booms. 
Results of gain tests at VHF conferences and by Individuals 
around the country show the gain of the 6-foot model to be 
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Fig 60—Loop Yagi boom-to-mast plate details are given at A. At B, the mounting of the antenna to the mast is 


detailed. A boom support for long antennas is shown 
rear-mount antennas up to 6 or 7 feat long. 


„The arrangement shown in D and E may be used to 
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about 18 dBi, while the 12-foot version provides about 
205 dBi. Swept measurements indicate that gain is about 
2 dB down from maximum gain at 30 M Hz from the design 
frequency. The SWR, however, deteriorates within a few 
megahertz on the low side of the design center frequency. 


The Boom 


‘The dimensions given here apply only to a i ien OD. 
boom. If a different boom size is used, the dimensions must 
bescaled accordingly. M any hardware stores carry aluminum 
tubing in 6 and &-foot lengths, and that tubing is suitable for 
a short Yagi. If а 12-foot antenna is planned, find а piece of 
more rugged boom material, such as 6061-T6 grade 
aluminum, Do not use anodized tubing. The 12-foot antenna 
must have additional boom support to minimize boom sag. 
The 6-foot version can be rear mounted. For rear mounting, 
allow 4%: inchesof boom behind the ast reflector to eliminate 
SWR effects from the support. 

‘The antenna is attached to the mast with a gusset plate, 
This plate mounts at the boom center. See Fig 60. Drill the 
plate mounting holes perpendicular to the element mounting. 
holes (assuming the antenna polarization isto be horizontal) 

Elements are mounted to the boom with 44-40 machine 
screws, so a series of #33 (0.113-inch) holes must be drilled 
along the center of the boom to accommodate this hardware, 
Fig 61 shows the element spacings for different parts of the 
band, Dimensions should be followed as closely as possible, 


Parasitic Elements 

The reflectors and directors are cut from 0.032-Inch 
thick aluminum sheet and are! inch wide. Fig 62 indicates 
the lengths for the various elements. These lengths apply 
only to elements cut from the specified material. For best 
results, the element strips should be cut with a shear. If the 
edges are left sharp, birds won't sit on the elements. 

Drill the mounting holes as shown in Fig 62 after 
carefully marking their locations A fter the holes are drilled, 
form each strap into a circle, This is easily done by wrapping 
the dement around a round form. (A small juice can works 
well.) 


— — 


— — 


Fig 62—Parasitic elements for the loop Yagi are made 
from aluminum sheet, the driven element from copper 
"sheet The dimensions given are for cinch wide by 
0.0325-inch thick elements only. Lengths specified are 
hole to hole distances; the holes are located “inch 
from each element end. 
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Fig 63—Elementto-boom mounting detalls, 


Mount the loops to the boom with #4-40 x Linch 
machine screws, lock washers and nuts. See Fig 63. Itis best 
to useonly stainless steel or plated brass hardware. Although 
the initial cost is higher than for ordinary plated steel 
hardware, stainless or brass hardware will not rust and need 


Fig 61 Boom drilling dimensions. These dimensions must be carefully followed and the same materials used if 
performance is to be optimum. Element spacings are the same for all directors after DG—use as many as necessary 


o fill the boom. 
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replacement after a few years. Unless the antenna is painted, 
the hardware will definitely deteriorate. 


Driven Element 

Thedriven elementis cut from 0.032-inch copper sheet. 
and is inch wide, Drill three holes in the strap as detailed 
in Fig 62. Trim the ends as shown and form the strap into а 
loop similar to the other elements. This antenna is like а 
quad; if the loop is fed at the top or bottom, itis horizontally 
polarized. 

Driven element mounting details are shown in Fig 64. 
A mounting fixture is made from a 11-20 x L inch brass 
bolt. File the bolt head to a thickness of . inch. Bore a 
0.144-inch (427 drill) hole lengthwise through the center of 
thebolt A ресе of 0.141-inch semi-rigid Hardline (UT-141 
or equivalent) mounts through this hole and is soldered to 
the driven loop feed point. The point at which the UT-141 
passes through the copper loop and brass mounting fixture. 
should be left unsoldered at this time to allow for matching 
adjustments when the antenna is compleled, although the. 
range of adjustment is not very large. 

The UT-141 can be any convenient length. Attach the 
connector of your choice (preferably type N). Use a short. 
piece of low-loss RG-8 size cable (or inch Hardline) for 
the run down the boom and mast to the main feed line. For 
best result, the main feed line should be the lowest loss 
50-0 cable obtainable. Good "/-inch Hardline has 1.5 dB 
of loss per 100 feet and virtually eliminates the need for re- 
mote mounting of the transmit converter or amplifier. 


Tuning the Driven Element 

Ifthe antennas built carefully to the dimensions given, 
the SWR should be close to 1:1. Just to be sure, check the 
SWR if you have access to test equipment В esurethesignal 
source is clean, however; wattmeters respond to “dirty” 
signals and can give erroneous readings. If problems are 
encountered, recheck all dimensions. If they look good, а 
minor improvement may be realized by changing the shape 
of thedriven element Slight bending of reflector 2 may also 
improve the SWR. When the desired match has been 
obtained, solder the point where the UT-141 jacket passes 
through the loop and brass bolt 


Tips for 1296-MHz Antenna Installations 
Construction practices that are common on lower 
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Fig G4 Driven element details. See Fig 62 and the text. 
fof additional information. 


frequencies cannot be used on 1296 M Hz. This is the most 
important reason why all who venture to these frequencies. 
are not equally successful. First, when a proven design is 
used, copy it exactly don't change anything. This is 
especially true for antennas. 

Use the best feed line you can get. Here are some. 
realistic measurements of common coaxial cables at 
1296 MHz (loss per 100 feet) 


AG-8, 213, 214: 11 dB 
"inch foam/copper Hardline: 4 dB 
"inch foamicopper Hardline: 1.5 dB 


Mount the antennas to keep feed. ine losses to an 
absolute minimum, Antenna height is less important than 
Keeping the line losses low. Do not allow the mast to pass 
through the elements, as is common on antennas for lower 
frequencies. Cut all U bolts to the minimum length needed; 
. at 1296 MHz Is only a little over 2 inches. Avoid any 
unnecessary metal around the antenna, 
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Trough Reflectors for 432 and 1296 MHz 


Dimensions are given in Fig 65 for 432 and 1296-M Hz 
trough reflectors. The gain to be expectedis 15 dB and 17 dB, 
respectively. A very convenient arrangement, especially for 
portable work, is to use a metal hinge at each angle of the 
reflector. This permits the reflector to be folded flat for 
transit It also permits experiments to be carried out with 
different apex angles. 

A housing is required atthe dipole center to prevent 
the entry of moisture and, in the case of the 432-M Hz 
antenna, to support the dipole elements. The dipole may 
be moved in and out of the reflector to get either minimum 
SWR or, if this cannot be measured, maximum gain. If a 
two-stub tuner or other matching device is used, the dipole 
тау be placed to give optimum gain and the matching 


device adjusted to give optimum match. In the case of 
the 1296-M Hz antenna, the dipole length can be adjusted 
by means of the brass screws at the ends of the elements 
Locking nuts are essential 

The reflector should be made of sheet aluminum for 
1296 MHz, but can be constructed of wire mesh (with 
twists parallel to the dipole) for 432 MHz. To increase 
the gain by 3 dB, a pair of these arrays can be stacked so 
the reflectors are barely separated (to prevent the 
formation of a slot radiator by the edges). The radiating 
dipoles must then be fed in phase, and suitable feeding 
nd matching must be arranged. A two-stub tuner can be 
used for matching either a single or double-reflector 
system 


Дано Som 


sy 


ZP | nn 
vele م م م‎ an م‎ e | yee] sare | m 


Fig 65— Practical construction information for trough reflector antennas for 432 and 1296 MHz 
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A Horn Antenna for 10 GHz 


‘The horn antenna is the easiest antenna for the beginner 
on 10 GHz to construct. It can be made out of readily 
avalabl at sheet brass, Because itis inherently a broadband 
structure, minor constructional errors can be tolerated, The 
опе drawback is that horn antennas become physically 
cumbersome at gains over about 25 dB, but for most line- 
sight work this much gain is rarely necessary. This antenna 
was designed by Bob Atkins, KA IGT, and appeared in OST 
for April and May 1987. 

Hom antennas are usually fed by waveguide. When 
operating in its normal frequency range, waveguide 
propagation isin theTE 49 mode. This means thatthe electric 
(E) fied is across the short dimension of the guide and the 
magnetic (H) field is across the wide dimension. This is the 
reason for the E plane and H-plane terminology shown in 
Fig 66 

There are many varieties of horn antennas. If the 
waveguideis flared out only in the H-plane, thehorn is called 
an H-plane sectoral horn, Similarly, if the flareis only in the 
E-plane, an E-plane sectoral hor results, f the flare is in 
both planes, the antenna is called a pyramidal horn. 

Forahom of any given aperture, directivity (gain along 
the axis) is maximum when the field distribution across the 
aperture is uniform in magnitude and phase. When the fields 
are not uniform, side lobes that reduce the directivity of the 
antenna are formed. To obtain a uniform distribution, the 
horn should beas long as possible with minimum flare angle. 
From a practical point of view, however, the horn should be 
as short as possible, so there is an obvious conflict between 
performance and convenience. 

Fig 67 illustrates this problem. For a given flare angle 
and a given side length, there is а path-length difference 
from the apex of the horn to the center of the aperture (L) 
and from the apex of the horn to the edge of the aperture 
(L). This causes a phase difference in the field across the 
aperture, which in turn causes formation of side lobes, 
degrading directivity (gain along the axis) of the antenna, If 
Lis large this difference is small, and the field is almost 
uniform, As L decreases, however, the phase difference 
increases and directivity suffers. An optimum (shortest 
possible) horn is constructed so that his phase differences 
the maximum allowable before side lobes become excessive 
and axial gain markedly decreases. 

The magnitude of this permissible phase difference is 
different for E and H-plane horns. For theE-plane horn, the 
field intensity is quite constant across the aperture. For 
the H-plane horn, the field tapers to zero at the edge. 
Consequently, the phase difference at he edge of the aperture 
in the E-plane horn is more critical and should be held to 
less than 90° (ч A), In an H-plane horn, the allowable phase 
aifferenceis 144° (0.4 2). the aperture of a pyramidal horn 
exceeds one wavelength in both planes, the E and H-plane 
patterns are essentially independent and can be analyzed 
separately. 


Fig 66—10-GHz antennas are usually fed with 
‘waveguide, See text for a discussion of waveguide 
propagation characteristics. 


Fig 67—The path-length (phase) difference between the 
center and edge of a horn antenna is A. 


‘The usual direction for orienting the waveguide feed 
is with thebroad face horizontal giving vertical polarization. 
If this is the case, the H-plane sectoral horn has а narrow 
horizontal beamwidth and a very wide vertical beamwidth, 
This is not a very useful beam pattern for most amateur 
applications. The €-plane sectoral orn has a narrow vertical 
beamwidth and a wide horizontal beamwidth. Such а 
radiation pattern could be useful in a beacon system where 
wide coverage is desired, 

The most useful form of the horn for general 
applications is the optimum pyramidal horn. In this 
configuration the two beamwidths are almost the same. The 
E-plane (vertical) beamwidth is slightly less than the H-plane 
(horizontal), and also has greater side lobe intensity. 


Building the Antenna 

А 10-GHz pyramidal horn with 18.5 dBi galnis shown 
In Fig 68, The first design parameter is usually the required 
gain, or the maximum antenna size. These are of course 
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Fig 68—This pyramidal horn has 18.5 dBi gain at 10 GHz. 
Construction details are given in the text. 


related, and the relationships can be approximated by the 
following: 


L =H-plane length (A) = 0.0654 x gain (Eq) 
A =H-plane aperture (A) 20.0443 x gain (E92) 
B =E-plane aperture (A) = 0.81 A (E93) 


Where 
gain is expressed as a ratio; 20 dB gain =100 

L,A and В are dimensions shown in Fig 69 

From these equations, the dimensions for a 20.8 gain. 
horn for 10.368 GHz can be determined. One wavelength at 
10.368 GHz is 1.138 inches. The length (L) of such a horn 
i50.0654x 100 =6.54 .At 10.368 GHz, this is 7.44 inches, 
The corresponding H-plane aperture (A) 15 4.43 
(5.04 inches), and the E-plane aperture (8), 4.08 inches, 

The easiest way to make such a horn is to cut pieces 
from brass sheet stock and solder them together. Fig 69 shows 
the dimensions of the triangular pieces for the sides and a 
square plece for the waveguide flange. (A standard 
commercial waveguide flange could also be used.) Because 
the E plane and H-plane apertures are different, the horn. 
‘opening is not square. Sheet thickness is unimportant; 0.02 
to 0.03 inch works well. Brass sheet is often available from 
hardware or hobby shops. 

Note that the triangular pieces are trimmed at the apex. 
to fitthe waveguide aperture (0.9 0.4 inch). This necessitates 
thatthe length, from baseto apex, of the smaller triangle side 
B) is shorter than that of the larger (side A). Note that the 
length, S, of the two different sides of the horn must be the 
same if the hom is to fit together! For such a simple looking 
object, geting the parts to fit together properly requires careful 
fabrication. 

The dimensions of the sides can be calculated with 
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simple geometry, but it is easier to draw out templates on а 
sheet of cardboard first The templates can be used to build 
а mock antenna to make sure everything fits together 
properly before cutting the sheet brass. 

First, mark outthelarger triangle side) on cardboard. 
Determine at what point its width is 0.9 inch and draw а 
line parallel to the base as shown in Fig 69, M easure the 
length of the side 5; this is also the length of the sides of he 
smaller (side B) pieces, 

Mark out the shape of the smaller pieces by first 
drawing a ine of length В and then constructing a second 
Tine of length S. One end of line S is an end of line B, and 
the others 0.2 inch abovea line perpendicular to the center 
of lineB as shown in Fig 69. (This procedure is much more 
easily followed than described.) These smaller pieces are 
made slightly oversize (shaded area in Fig 69) so you can 
construct the horn with solder seams on the outside of the. 
horn during assembly. 

Cut out two cardboard pieces for side A and two for 
side 8 and tape them together in the shape of the horn, The. 
‘aperture at the waveguide end should measure 0.9 x 0.4 


Fig 70—Assembly of the 10-GHz hom antenna. 


inch and the aperture at the other end should measure 
5.04 x 4.08 inches 

If these dimensions are correct, use the cardboard 
templates to mark out pieces of brass sheet. The brass sheet 
should be cut with a bench shear if one is available, because 
scissors type shears tend to bend the metal. Jig the pieces 
together and solder them on the outside of the seams, It is 
important to keep both solder and rosin from contaminating 
the inside of the horn; they can absorb RF and reduce gain 
at these frequencies. 

Assembly is shown in Fig 70. When the horn is 
completed, it can be soldered to astandard waveguide flange, 
ог one cut out of sheet metal as shown in Fig 69. The 
transition between the flange and the horn must be smooth, 
This antenna provides an excellent performance to-cost ratio 
(about 20 dB gain for about $5 in parts) 


Periscope Antenna Systems 


Опе problem common to all who use microwaves is 
that of mounting an antenna atthe maximum possible height 
while trying to minimize feed-line losses, The higher the 
frequency, the more severe this problem becomes, as feeder 
losses increase with frequency. Because parabolic dish 
reflectors are most often used on the higher bands, there is 
also the difficulty of waterproofing feeds (particularly 
waveguide feeds). Inaccessibility ofthe dish is also a problem. 
when changing bands, Unless the tower is climbed every 
time and the feed changed, there must be a feed for each 
band mounted on the dish. One way around these problems 
is to use a periscope antenna system (sometimes called а 
“flyswatter antenna), 

The material In this section was prepared by Bob 
Atkins, KA GT, and appeared in OST for January and 
February 1984. Fig 71 shows a schematic representation of 
a periscope antenna system. A plane reflector is mounted at 
the top of a rotating tower at an angle of 45°. This reflector 
сап be elliptical with a major-to-minor axis ratio of 1.41, or 
rectangular, At the base ofthe tower is mounted a dish or 
other type of antenna such as a Yagi, pointing straight up. 
The advantage of such a system is that the feed antenna can 
be changed and worked on easily. A ditionally, witha correct 
choice of reflector size, dish size, and dish-to-reflector 
spacing, feed losses can be made small, increasing the 
effective system gain. In fact, for some particular system 
configurations, the gain of the overall system can be greater 
than that of the feed antenna alone. 


Fig 71—The basic periscope antenna. This design 
makes it easy to adjust the feed antenna, 
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Gain of a Periscope System 

Fig 72 shows the relationship between the effective 
gain of the antenna system and the distance between the 
reflector and feed antenna for an elliptical reflector. At first 
sight, it is not at all obvious how the antenna system can 
havea higher gain than the feed alone. The reason lies n the 
fact that, depending on the feed-to-reflector spacing, the 
reflector may be in the near field (Fresnel) region of the 
antenna, the far field (Fraunhoffer) region, or the transition 
region between the two. 

In the far field region, the gain is proportional to the 
reflector area and inversely proportional to the distance 
between the feed and reflector. In the near field region, 
seemingly strange things can happen, such as decreasing 
gain with decreasing feed-to-reflector separation. Thereason 
for this gain decrease is that, although the reflector is 
intercepting more of the energy radiated by the feed, it does 
пога! contribute in phase at a distant point, and so the gain 
decreases. 

In practice, rectangular reflectors are more common 
than elliptical. A rectangular reflector with sides equal in 
length to the major and minor axes of the ellipse will, in 
fact. normally give а Sight gain increase. In the far field 
region, the gain will be proportional to the area of the 
reflector. To use Fig 72 with a rectangular reflector, R may 
be replaced by A/r, where A is the projected area of the 
reflector. The antenna pattern depends in a complicated way 
onthe system parameters (spacing and size of the elements), 


but Table21 gives an approximation of what to expect R is 
the radius of the projected circular area of the elliptical 
reflector (equal to the minor axis radius), and b is the length 
of the side of the projected square area of the rectangular 
reflector (equal to the length of the short side of the 
rectangle) 

For those wishing a rigorous mathematical analysis of 
this type of antenna system, several references are given in 
the Bibliography at the end of this chapter. 


Mechanical Considerations 


Therearesome problems with the physical construction 
of a periscope antenna system. Since the antenna gain of a 
microwave system Is high and, hence, its beamwidth narrow, 
the reflector must be accurately aligned. If the reflector does 
not produce a beam that is horizontal, the useful gain of the 
System will be reduced. From the geometry of the system, 
an angular misalignment of the reflector of X degrees in the 
vertical plane will result in an angular misalignment of 2X 
degrees in the vertical alignment of the antenna system 
pattern. Thus, for a dish pointing straight up (the usual case), 
the reflector must be at an angle of 45" to the vertical and 
should not fluctuate from factors such as wind loading. 
The reflector itself should be flat to better than o. 
for the frequency in use. It may be made of mesh, provided 
thatthe holes in the mesh are also less than “ho in diameter. 
A second problem is getting the support mast to rotate about 
‘truly vertical axis. If the mast s not vertical, the resulting 
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Fig 72—Gain of a periscope antenna using a plane elliptical reflector (after J asik—st 
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Table 21 
Radiation Patterns of Periscope Antenna Systems 


Eliptical Rectangular 
Reflector — Refector 

3-48 beamwidth, degrees 80 7% 827% 

6-48 beamwidth, degrees  8212R 68 Ab 

First minimum, degrees 73 МОА 88 Alb 

from axis 

First maximum, degrees — 952/2R — Вал 

from axis 

Second minimum, degrees 13010R 116 Jb 

from axis 

Second maximum, degrees 156 МОй — 142b 

from axis 

Third minimum, degrees 185 Мой 1745 

from axis 


beam will swing up and down from the horizontal as the 
system is rotated, and the effective gain at the horizon will 
fluctuate. Despite these problems, amateurs have used 
periscape antennas successfully on the bands through 
10 GHz. Periscope antennas are used frequently in 
commercial service, though usually for point-to-point 
transmission. Sucha commercial system is shownin Fig 73. 

Circular polarization is not often used for terrestrial 
work, but if it is used with a periscope system there is an 
important point to remember. The circularity sense changes 
when the signal is reflected, Thus, for righthand circularity 
with а periscope antenna system, the feed arrangement on 
the ground should produce left hand circularity, It should 
also be mentioned tht itis possible though more difficult 
for amateurs) to constructa periscope antenna system using 
a parabolially curved reflector. The antenna system can then 
be regarded as an offset fed parabola. М ore galn is available 
from such a system at the added complexity of constructing 
a parabolically curved reflector, accurate to l. 
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Antenna Systems 
for Space 
Communications 


‘There are two basic modes of space communications: 
satellite and earth-moon-earth (EM E also referred to as 
moonbouncej. Both require consideration of the effects of 
polarization and elevation angle, along with the azimuth 
directions of transmitted and received signals. 

Signal polarization is generally of litle concern оп 
the HF bands, as the original polarization direction is lost. 
after the signal passes through the ionosphere. Vertical 
antennas receive sky-wave signals emanating from 
horizontal antennas, and vice versa. It is not beneficial to 
provide a means of varying the elevation angle in this case, 
because at HF the takeoff angle is not significantly 
affected, With satellite communications, however, because 


of polarization changes, a signal that would disappear Into 
the noise on one antenna may be S9 on one that is not 
sensitive to polarization direction. Elevation angle is also. 
important from the standpoint of tracking and avoiding 
indiscriminate ground reflections that may cause nulls in 
signal strength. 

These are the characteristics common to both satelite 
and EME communications. There are also characteristics 
unique to each mode, and these cause the antenna 
requirements to differ in several ways some subtle, others 
profound. Each mode is dealt with separately in this chapter 
after some basic information pertaining to all space 
communications is presented. 


Antenna Positioning 


Where high-gain antennas are required in space 
communications, precise and accurate azimuth and elevation 
control and indication are necessary, High gain implies 
narrow beamwidth in at least one plane. Low orbit satellites 
Such as FO-12 move through the window very quickly, so 
azimuth and elevation tracking are essentia if high gain 
antennas are used. 

These satellites are fairly easy to access with moderate 
power and broad coverage antennas. The low power, high- 
gain approach is more sophisticated, but the high power, low- 
gain solution may be more practical and economical 

Some EME arrays are fixed, but these are limited to 
narrow time windows for communication. The az-el 
positioning systems described in the following sections are 
adaptable to either satellite or modest EM E arrays. Figs Land 
2illustrate one of the more ambitious ventures in positioning 
a large EME атау. 


AN AZ-EL MOUNT FOR CROSSED YAGIS 
The mounting system of Figs 3, 4 and 5 was originally 


described by K atashi Nose, K H6IJ, İn June 1973 QST. (See 
the Bibliography attheend of this chapter.) T he basic criteria 
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in the design of this system were low cost and ease of 
assembly. The choice of a crossed Yagi system Was 
influenced by the ready availability of Yagi antennas from 
dealers. M ethods of feeding such arrays are discussed later 
in this chapter. 


1-an 
approach to 
steering a giant 
EME antenna 
A Sinch gun 
turret from a 
destroyer. 
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Flo 2— The gun mount of Fig 1 with its 
“warhead” attached-a home-made 42-foot 
parabolic dish. This is part of the arsenal of. 
Ken Kucera, KAOY. 


gis, Cornell-Dubilier or Blonder-Tongue rotators 
‘commercially made tripod. 


Fig 3 shows the assembled array. The antennas are 
eightelement Y apis. Fig 4 is a head-on view of the array, 
showing the antennas mounted at 90° with respect to each 
other and 45° with respect to the cross arm. Coupling 
between the two Yagis is minimal at 90°. By setting the 
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Fig 4—An end-on view of the crossed Yagi antennas 
shows that they are mounted at 90° to each other, and 
at 45" to the cross boom. 


9 
pair of PM-2 rotators may also be used. The adapter plate 
(B) may be fabricated from "cinch thick aluminum stock, 
ога ready made plate is available from Blonder-Tongue. 


angleat 45" with respect to the cross arm, coupling is reduced 
(but not eliminated). 

Determine length d in Fig 4 by pointing the array 
straight up and rotating it. Length d should be the minimum 
distance necessary for the elements to clear the tripod base 
when thisis done. In the array shown in Fig 3, a5-foot section 
of TV mast serves the purpose. 


‘The Mounting Tripod 

A mounting tripod can be made of aluminum railing, 
called "NuRail,” of which all manner of swivels, crosses 
and T fittings are available. The least expensive method, 
however, is to purchase a TV-antenna tripod, These tripods 
sel for such low prices that there is little pointin constructing 
your own. Spread the legs of the tripod more than usual to 
assure greater support, and be sure that the elements of the 
antenna clear the base in the straight-up position 


Elevation and Azimuth Rotators 

Any medium-duty rotator can be used for azimuth 
rotation inthis system, The elevation rotator should be one 
that allows the cross arm of the array to be rotated on its 
axis when supported at the center. 

Fig 5 shows the mounting of the two rotators. The flat 
portion of the Comell-D ubilierA R-20 rotator makes an ideal 
‘mounting surface for the elevation rotator. If commercially 
fabricated components areto be used throughout, amounting 
plate similar to that shown in Fig 5B can be purchased. The 
adapter plate may be used to fasten two rotator together. 


ELEVATION CONTROL USING SYNCHROS 

Many amateurs have adapted TV rotators such as the 
Alliance U-100 and U-110 for use as elevation rotators. For 
small OSCAR antennas with wide beamwidths, these 
rotators perform satisfactorily. Unfortunately, however, the 
elevation of antennas with the stack U-100 and U-110 
rotators Is limited to increments of 10°. This limitation, 
combined with the possiblity of the control box losing 
synchronization with the motor, can cause the actual antenna 
elevation to differ from that desired by as much as 30° ог 
40° times. With high gain, narrow beamwidth arrays, such 
asthoseneeded for EM E work and for high altitude satellites 
(Phase 1), this large a discrepancy is unsuitable. (Rotators 
designed specifically for usein the horizontal position should 
be used for EME antennas, The elevation readout system 
described here will provide superior accuracy when used 
with most rotators) 

This indication system uses a pair of synchro 
transformers to provide an accurate, continuous readout of 
the elevation angle ofthe antenna array. TheA Iliance rotator 
control unitis modified so that the motor can be operated to 
provide continuously variable angle of antenna elevation, 
Jim Bartlett, TX, described this system in  une1979 QST. 

Thesynchroor Selsyn is a specialized transformer, See 
Fig 6A. It can be best described as a transformer having 
three secondary windings and a single rotating primary 
winding. Synchros are sometimes called "one-by-threes" for 
this reason. When two synchros are connected together as 
in Fig 6B and power is applied to their primary windings, 
the shaft attached to the rotating primary in one synchro 
will track the position of the shaft and winding in the other. 
When two synchros are used together in such an 
arrangement, the system is called a synchro repeater loop. 

In repeater loops, one synchro transformer is usually 
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Fig 6—AtA, a schematic diagram of the synchro or 
Selsyn transformer. Connection of two synchros in a 
repeater loop is shown at B. The drawing at C shows 
the instantaneous forces in the repeater loop with the 
rotor shafts at different positions. The "TX" and "TR" 
notations stand for torque transmitter and torque 
receiver, respectively. Synchros are sometimes listed 
їп catalogs by these "type" symbols. 
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designated asthe one where motion is initiated, and the other 
repeats this motion, When two synchro transformers are used 
in such a repeater loop, the individual units can be thought 
of as “transmitter” and “receives,” or synchro generator and 
Synchro motor, respectively. In this application (where one 
unitis located at the antenna array and another is used as an 
indicator), the antenna unit is referred to as the generator 
and the indicator unit the motor, 

The synchro generator is so named because it 
electrically transmits a rotational forceto the synchro motor 
The motor, also sometimes called the receiver, follower or 
repeater, receives this energy from the generator, and its 
shaft turns accordingly. 


Physical Characteristics 

Synchro transformers, both generator and motor types, 
resemble small electric motors, with only minor differences. 
Generator and motor synchros are identical in design for ali 
practical purposes. The only difference between them is the 
presence of an inertia damper— a special flywheel— on units 
specifically designated as synchro motors. F or antenna use, 
the inertia damper is not a necessity. 

Fig 6A shows the synchro transformer schematically. 
Ineach synchro, there are two elements: the fixed secondary 
windings, called the stator, and the rotatable primary, called 
the rotor. The rotor winding is connected to a source of 
alternating current, and the shaft is coupled to a controlling 
shaft or load— in this case, the antenna array or elevation 
readout pointer. An alternating field is set up by the rotor 
winding asa result of the ac voltage applied to It T his causes 
voltages tobe induced in the stator windings. These voltages 
are representative of the angular postion of the rotor. 

Thestator consists of many coils of wire placed in slots 
around the inside of a laminated field structure, much like 
that in an electric motor. The stator coils are divided into 
three groups spaced 120° around the inside of the field with 
some overlap to provide a uniform magnitude of attractive 
force on the rotor. The leads from the rotor and stator 
windings are attached to insulated terminal strips, usually 
located at the rear of the motor or generator housing. The 
rotor connections are labeled R1 and R2, and the stator 
connections 1, S2 and 53. Theseareshown in Fig 6A. These 
rotor and stator designations are standard identifications. 


Synchro Transformer Action 

Synchros operate much like transformers. The main 
difference between them is that in а synchro, the primary 
winding (rotor) can be rotated through 360" 

The ac applied to the synchro rotor coll varies, but the 
most common ratings are 115 V /60 Hz, 115 V/400 Hz, and 
26V/400 Hz. The400-Hz varieties are easier to find on the 
Surplus market, but are more difficult to use, as a 400-Hz 
supply must be built. Bartlett, KITX, used 90-V 60-H2 
synchrosforthis project and the 90V required was obtained 
by using two surplus transformers back to back (one 63 V 
and one 5 V). Regardless of the voltage or line frequency 
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used, synchros should be fused, and isolated from the ac 
mains by a transformer. This is important to ensure a safe 
installation 

The voltages induced in the stator windings are 
determined by the position of the rotor. Aste rotor changes 
position and diferent values are induced, the direction of 
the resultant fields changes 

When a second synchro transformer is connected to 
the first, forming a generatorimotor pair or repeater loop, 
the voltages induced in the three generator stator coils are 
also induced into the respective motor stator coils. As long 
as the two rotor shafts are in the same position, the voltages 
induced in the stator windings of the generator and motor 
units are equal. These voltages are of opposite polarity, 
however, because ofthe way the two units are connected 
together This results in а zero potential difference between 
the stators in the uo synchro units, and no curent flows in 
either set of stator coils. 

With the absence of current flow, no magnetic feld is 
setup by the stator windings, and the sy stem is in mechanical 
equilibrium. (T here are no unbalanced forces acting on either 
rotor) This situation exists whenever the two rotors are 
aligned in identical angular positions, regardless of the 
specific angle of displacement from the zero point (52) 

The repeater action of the two-synchro system occurs 
when one rotor is moved, causing the voltages in thesystem 
to become unbalanced. When this happens, current flows 
through the stator coils, setting up magnetic fields that tend 
to pull the rotors together so that the static (equilibrium) 
condition again exists. A torque results from the magnetic 
fields set up in both units, causing the two rotors to turn in 
opposite directions until they align themselves. 

The generator shaft, however, is usually attached to a 
control shaft or large load (relative to that attached to he 
motor shaft) so that it cannot freely rotate. Thus, as long as 
the motor rotor is free to move, it will remain in alignment 
with the generator rotor. Fig 6C shows the instantaneous 
forces present in a repeater loop when one rotor is turned. 


Selecting the Synchros 

Synchro operating voltages are not critical. M ost units 
will function with voltages as much as 20% above or 30% 
below their nominal ratings. Make sure the transformers] 
you use will handle the necessary current. Fig 7A shows 
how to connect two transformers to obtain 90 V for the units 
used in this project. 

Synchro transformers normally found in surplus 
catalogs and at flea markets may not be suitable for this 
application. Some of the types you should not buy are ones 
marked differential generator, differential synchro or resolver 
synchro. These synchros are designed for different uses 

Most catalogs list synchro transformers with their 
ratings and prices. Look for the least expensive set of 
synchros that will operate at the required voltage and line 
frequency. W hen comparing specifications, look for synchros 
that have a high torque gradient (accuracy). It is possible. 


а 
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Fig 7— Shown atA are the circuits for the modified 

control unit and the synchro power supply. T1, D51 

and C1 are from the stock U-100 or U-110 control box. 

See text. At B, the mounting method used to secure 

the synchro motor is shown. Details of the synchro. 
generator mounting are shown at C. See text for 

description of materials. 

FL F2— LA, 250V fuse. 

SI-DPDT momentary contact, center off toggle 
switch, 

52- SPST toggle switch. 

12,13- Transformers selected for proper voltage to 

synchro rotor. 


to obtain accuracy as good as 41° with а properly installed 
synchro readout system. 

When the synchros have been obtained and a power 
supply designed, begin construction of the elevation system. 
Check thesynchros by connecting the two units as shown in 
Fig 68. Verify proper operation. Set the synchros aside and 
Begin modification of the Alliance rotator-control unit (if 
you have decided to use an Alliance rotator). 


The Alliance Rotator-Control Unit 

Removethe transformer, capacitor and pilot light from 
the control unit and discard the rest. M ount the transformer 
and capacitor їп a small, shallow enclosure, like the one 
shown in Fig 8. The synchro power supply will also be 
mounted in this box. 

Wire the rotator control circuit as shown in Fig 7A. The 
transformer, pilot light and capacitor shown are the ones 
removed from theA Iliance control unit. Add a fuse at the point 
shown. The 120-V input to this circuit can be tied to that of 
the power supply circuiti desired. This allows for a common 
fuse and power switch, The rating of the fuse depends on the 
current drain of the synchros used, but a 1-A fuse should be 
ample to handle the control and power supply circuits. Note 
that there are four wires in the Alliance control system. Only 
three are needed here; the fourth wire is not used. 

Test the control unit before mounting the rotator on 
the mast. Connect the motor to the modified control unit 
and check to see that it rotates properly in both directions 
when S1 is activated, This switch should be a DPDT, 


Fig 
elevation. The dial face was made from a plastic 
protractor. 
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momentary on, center off toggle switch. Next install the 
synchro power supply inside the rotator-control enclosure. 
Some type of multiconnector plug and jack combination 
should be used at the rear of the cabinet so the rotator and 
synchro control wires can be easily disconnected from the 
control box, Eight wires are used between the control unit. 
and the synchro and rotator mounted at the antenna array. 
An 8-рїп, octal connector set and standard B-wire rotator 
cable were used in this project. A suitable alternative 
connector set is Calectra F3-248 (male cord) and F3-268 
(female chassis). 


Mechanical Details 


The synchro motor providing the elevation readout is 
mounted inside cube-shaped chassis, (A ny suitable chassis 
will do.) Two aluminum brackets support the motor inside 
the box, as shown in Fig 78. The motor is positioned to 
allow the shaft to protrude through the front panel of the 
enclosure, The pointer is fashioned from a scrap of copper 
sheet, and soldered to the edge of a washer, This is secured 
to the shaft between two nuts. large protractor that fits the 
front of the enclosure serves as the dial face. 


Mounting and Calibration 

The synchro generator mounting is shown in Fig 7C. 
An aluminum plate is drilled and fitted with standard 
hardware. Cut two slots between the clamps, and insert а 
large stainless steel hose clamp through theslots and around 
the generator casing. After positioning the synchro, tighten 
the clamp. The generator is mounted closeto the rotator and 
directly behind the elevation mast when the antennas are 
pointed at the horizon, 

‘The elevation and azimuth rotators are mounted in the. 
normal fashion, as shown in Fig 9. Elevation of the antennas 
causes generator shaft rotation through а weighted rod 
fastened to the synchro shaft, as shown in Fig 7С. 

Astheantenna array is elevated, the synchro generator 
moves through an arc starting behind the elevation mast, 
through a position directly below the mast, to one in front 


Fig 9—Close-up photo of the synchro transformer 
mounting method. The weighted arm is kept short to 
minimize wind effects on elevation readout. 
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of it. During the swing through this arc, gravity keeps the 
weighted rod perpendicular to the ground, and the synchro 
shafttums in proportion to theelevation angle. (Г high winds 
are common in your area, keep the “plumt-line” swing arm 
short so gusts of wind won't cause fluctuations in the 
elevation readout) 

The easiest way to calibrate the system is to attach the 
antennas and synchro to the mast when the elevation rotator 
isattheend of rotation (ata stop). Do this o any movement 
must be in the direction that will elevate the array with 
respect to the horizon. With the antennas pointing at the 
horizon, set the synchro motor pointer to 0° at one end of 
the protractor scale. The proper "zero" end depends on the 
specific mounting scheme used at the antenna 

If the generator is mounted as shown in Fig 7C and 
all connections are properly made, the elevation needle 
Should swing from right to left as the antennas move from 
zero through 90 to 180°. If not, remove power from the 
system and interchange the $1 and $3 wires at the 
indicator moto. 


A RADIO-COMPASS ELEVATION READOUT 
‘SYSTEM 

Asdescribed by Jim Bartlett, K TX, in September 1979 
QST, an MN-98 Canadian radio compass and а Sperry 
5663642 synchro transmitter combine to make a highly 
precise elevation indicator. These components, displayed in 
Fig 10, may be available from Fair Radio Sales Co., PO 
Box 1105, Lima, OH 45802. The AY-201 transmitter is not 
suitable for this project. 

Place the M N-98 indicator face down on a soft cloth 
оп a flat surface and remove the rear cover of the indicator 
unit. Disconnect the four wires that go to the glass-metal 
feedthrough located on the back panel. This frees the rear 
cover, Remove the rear cover and put it aside. Drill a small 


Fig 10— The MN-98 Canadian radio compass and Sperry 
5663642 synchro transmitter. Note the small knob at the 
upper right-hand corner of the indicator face. This can be 
used to calibrate the system without making any changes at 
the antenna end. By turning this knob, you can rotate the 
degree markings around the outside of the dial face so that 
any desired heading can be placed in line with the pointer. 


Fig 11— The rear of the MN-98 Canadian radio compass is 
shown at A.The drawing at B shows the interconnecting 
method used between the MN-98 and the Sperry synchro 
transmitter. The schematic diagram at C shows the power 
Supply used with this indicator system.T1 can be Radio 
Shack 273-1384 or any junk-box 6.3-V transformer. 
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hole in the rear of the case, next to the edge of the 
feedthrough, (See Fig IIA.) Do this carefully, making sure 
that the drill bit doesn't push through into the inside of the 
Indicator shell and get tangled in the wiring. When the bit 
breaks through the metal casing, the pressurized seal will 
be broken. 

Using a small screwdriver and a hammer, tap each 
of theindividual glass feedthrough inserts, cracking them. 
Try to keep the screwdriver from pushing the broken 
pleces of glass down into the enclosure where they could 
get lodged in the dial mechanism. Attempt to shake all 
the pieces of glass out ofthe case. The remaining part of 
the feedthrough can be removed by heating with a 
soldering iron and prying with a screwdriver or needle 
nosed pliers. 

After the feedthrough has been removed, gently pull 
the ends of the wires out through the hole left by the 
feedthrough. Clip off the feedthrough terminal pins. There 
are five wires— a group of three and two others. The group 
of three will probably be blue, yellow and black. The other 
two wires twisted together should be red and black. Fig 118 
shows how these are connected to the terminals on the 
synchro transmitter in a five-wire system, 


Construction of the System 

Fig uc shows the schematic diagram of a simple 
63V ac power supply for the indicator system. Because 
the synchro and indicator were orginally designed to operate 
from 26 V at 400 Hz, a 6.3-V transformer is acceptable for 
use at 60 Hz. A 22-0 resistor is wired in series with the 
synchros to limit current and thus eliminate an annoying 
buzzing sound in the indicator unit at certain pointer 
positions. 

The indicator, along with the power supply, can be. 
mounted in a small metal enclosure. Include a fuse, ON-OFF 
Switch, and three-wire line cord. А the synchro transmitter 
end (at the antenna), provide some kind of shield to keep 
weather from affecting the system, 

A small weight, cut in the shape of a large pie section 
and drilled to fit the synchro transmitter shaft, can be 
‘mounted on the shaft and shielded with a small margarine 
tub which is taped or glued to the outside of the synchro 
casing, This arrangement should allow free movement of 
the weight, yetkeep high winds or heavy icing from affecting 
the indicator. The synchro transmitter should be mounted to 
the mast in such a way that it will rotate with the antennas, 
causing the weight to turn the shaft. 
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Antennas for Satellite Work 


‘This section contains a number of antenna systems that 
are practical for satellite communications. Some of the sim 
pler ones bring space communications into the range of any 
amateur's budget 


RECEIVING ANTENNAS FOR 29.4 MHz 


Fig 12 shows three antennas suitable for satellite 
downlink reception at 29 M Hz. ALA İsa turnstile, an antenna 
that is omnidirectional in the azimuth plane. The vertical 
pattern depends on the height above ground. (This subject 
is treated in detail in Chapter 3.) The circular polarization 
of the turnstile at high elevation angles reduces signal fading 
from satellite rotation and ionospheric effects. 

‘The antenna at B is a simple rotatable dipole for use 
When a satellite is near the horizon and some directivity is 
helpful When horizontally mounted, the full-wave loop at 
C gives good omnidirectional reception for elevation angles 
above 30°, It should be mounted а least / above ground, 
It is difficult to predict which antenna will deliver the best 
signal under any circumstances, A 
are inexpensive, and the most 


Fig 13—The 
turnstile- 
reflector (TR) 
array consists 
of crossed 
dipoles above 
‘oot square 
screen reflector, 


effective amateur satellite stations 
have all three, with a means of 
selecting the best one for the 
existing conditions. For low 
altitude satellites, conditions 
should be expected to changein the 
matter of a few minutes, 


А 146-MHz TURNSTILE р, 
ANTENNA È 

The 146-M Hz antennaof Fig " 

13 is simple and effective for use ЕЗ 
with OSCAR Modes A, В and J E] 


The antenna, called а turnstile 
reflector array, can be built very 
inexpensively and put into 
operation without the need for test 
equipment. The information 
contained here is based on a 
September 1974 QST article by 
Martin Davidoff, K2UBC 
Experience with several 
amateur satellites has shown that 
rapid fading is a severe problem in 
satellite work. Fortunately, the 
round station has control over two 
important parameters affecting 
fading: cross polarization between 
the ground-station antenna and 
OSCAR antenna, and nulls in the 


ground-station antenna pattern. 


Fading that results from cross — Flg 12— Any one of three 29-MHz antennas— a turnstile (A), rotary dipole (B), 
polarization can be reduced by er horizontal loop (С)- тау be selected for OSCAR downlink reception, 
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Using а circularly polarized ground station antenna. Fading 
caused by radiation pattern nulls can be overcome by (1) 
Using a rotatable, tltabl array and continuously tracking 
the satellite or (2) using an antenna with a broad, null-free 
patter, The turstile-reflector array solves these problems, 
as it is circularly polarized at high elevation angles and has 
a balloon-like high-angle directivity pattern. At lower 
elevation angles the polarization is elliptical, (Circular and 
elliptical polarizations are discussed later in this chapter) 


Construction 

The mast used to support the two dipoles is made of 
wood, being 2 inches square and 8 feet long. The dipoles 
тау be made of #12 copper wire, aluminum rod, or tubing, 
Thereflecting screen is 20 gauge hexagonal poultry netting, 
‘Linch mesh, stapled to a 4-foot square frame made of furring 
strips. Hardware cloth can be used in place of the poultry 
netting. Corner bracing of the reflector screen provides 
Increased mechanical stability. Spar varnish applied to the 
Wooden members wil extend the service life ofthe assembly. 

Dimensions for the two dipole antennas and the phas- 
ing network are shown in Fig 14. Spacing between the 
dipole antennas and the reflecting screen affects the antenna 
radiation pattern. Choose the spacing for the pattern that 
best suits your needs from data in Chapter 3, and construct. 
the antenna accordingly. A spacing of e 2. (30 inches) is 
suggested. This distance provides a theoretical pattern 
response of +1.5 dB atall angles above 15°. Spacings greater 
than 30 inches will increase ће response at elevation angles 
lower than 15°, but at the expense of nulls in the pattern at 


Fig 14—Dimensions and connections for the turnsti 
antenna. The phasing line is 13.3 Inches of RG-59 coax 
(velocity factor = 0.66). similar length of RG-58 cable 
latching section between the turnstile 
Tine. The phasing line length should be 
Corrected for lines with other velocity factors. 


higher angles. The feed-point impedance of the array will 
vary somewhat, depending on the spacing between the 
dipole elements and the reflecting screen, 


Circular Polarization 


The ideal antenna for random polarization is one with 
а circularly polarized radiation pattern. There are two 
‘commonly used methods for obtaining circular polarization, 
Опе! with crossed linear elements such as dipoles or Yagis, 
An array of crossed Yagis is shown in Fig 15, The second 
соттоп method iswith the helical antenna, described later 
in this chapter. Other methods also exist, such as with the 
quadrifilar helix (see Maxwell Bibliography listing at the 
end of this chapter) 

Polarization sense sa critical factor, especially in EM E 
work or if the satellite uses a circularly polarized antenna, 
In physics, clockwise rotation of an approaching wave is 
called “right circular polarization," but the IEEE standard 
Uses the term “clockwise circular polarization,” for a 
receding wave. Amateur technology follows the IEEE 
standard, calling clockwise polarization fora receding wave 
asright-hand, Either clockwise or acounter-clockwise sense 
can be selected by reversing the phasing harness of a crossed 
Yagi antenna, The sense of a helical antenna is fixed, 
determined by its physical construction 
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In working through a satellite with a circularly polarized 
antenna, itis necessary to have the capability of switching 
the polarization sense. This is because the sense of the 
recelved signal reverses when the satellite passes its nearest 
point to you. If the received signal has right hand circular 
polarization as the satellite approaches, it will have left hand 
circularity as the satellite recedes. There ls a sense reversal 
in EME work, as well, because of a phase reversal of the 
signal as itis reflected from the surface of the moon A signal 
transmitted with right-hand circularity will be returned to 
the Earth with left-hand circularity. 

Mathematically, linear and circular polarization are 
special cases of elliptical polarization. Consider two electric- 
field vectors at right angles to each other. The frequencies 
are the same, but the magnitudes and phase angles vary If 
either one or the other of the magnitudes is zero, linear 
polarization results, f the magnitudes are the same and the 
phase angle between the two vectors (in time) is 90°, circular 
polarization results. Any combination between these two 
limits gives elliptical polarization 
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Fig 15—This VHF 
crossed Yagi antenna 
design by KH6IJ was 
presented in January 
1973 QST. Placement 
of the phasing 
harness and T 
connector is shown 

in the lower half of 
the photograph. 

Note that the gamma 
match is mounted 
Somewhat off element 
center for better 
balance of RF 
voltages on elements. 


Crossed Linear Antennas 

Dipoles radiate linearly polarized signals, and the 
polarization direction depends on the orientation of the 
antenna, Fig 16 shows the electric-field or E-plane patterns 
of horizontal and vertical dipoles at A and B. If the two 
outputs are combined with the correct phase difference (90°) 
acireulaly polarized wave results, and the resulting electric: 
field pattern is shown in Fig 16€. Note that because the 
electric fields are identical in magnitude, the power from 
the transmitter must be equally divided between the two 
fields. Another way of looking at this is to consider the 
power as being divided between the two antennas; hence 
the gain of each is decreased by 3 dB when taken alone in 
the plane of its orientation, 

‘As previously mentioned, a 90° phase shift must exist 
between the two antennas. The simplest way to obtain the 
shift is to use two feed lines with one section that is . A 
longer than the other, as shown in Fig 17A. These separate 
feed lines are then paralleled to a common transmission line 
to the transmitter or receiver. Therein lies one of the 
headaches of this system- assuming negligible coupling 
between the crossed antennas, the impedance presented to 
the common transmission line by the parallel combination 
isonehalf that of either section alone. (This isnottruewhen 
there is mutual coupling between the antennas, asin phased 
arrays.) A practical construction method for implementing 
the system of Fig 17А is given in Fig 18, 

Another factor to consider is the attenuation of the 
cables used in the harness, along with the connectors. Good 
low-loss coaxial line should be used. Type N or BNC 
Connectors are preferable to the UHF variet. 

Another method of obtaining circular polarization Is 
to use equal length feed lines and place one antenna Ys A. 
ahead ofthe other. This method is shown atB of Fig 17. The 
advantage of equal-length feed lines is that identical load 
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Fig 16— Radiation patterns looking head-on at dipoles. 


impedances will be presented to the common feeder. With 
the phasing-line method, any mismatch at one antenna will 
be magnified by the exta A of transmission line. This 
upsets the current balance between the two antennas, 
resulting in a loss of polarization circularity. 

Fig 17C shows a popular method of mounting off-the- 
shelf Yagi arrays— at right angles to each other. The two 
arrays may be physically offset by "hand fed in parallel, 
as shown, or they may be mounted with no offset and Гей 
90° out of phase, Neither of these arrangements produces 
true circular polarization, Instead polarization diversity is 
obtained with elliptical polarization from such a system. 


ELLIPTICALLY POLARIZED ANTENNAS FOR 
144 AND 432-MHz SATELLITE WORK 

‘The antenna system described here offers polarization 
diversity, with switchable right-hand or left hand elliptical 
polarization. The array can be positioned in both azimuth 
and elevation. This system makes use of commercially 
available antennas (KLM 9-element 145-M HZ and KLM 
14-element435-M Hz antennas], rotators (A llanceU-110 and 
Telex/Hy-Galn Ham series or Tailtwister) and coaxial relays 
which are combined in a way that offers total flexibility. 

This setup is suited for Mode B or Mode | satellite 
operation. Аз shown in Figs 19 and 20, the whole assembly is 
built on a heavy-duty TV tripod so that it can be rof-mounte, 
The idea for this system came from Clarke Greene, K1JX. 


System Outline 

‘The antennas shown in the photographs are actually 
two totally separate systems sharing the same azimuth and 
elevation positioning systems. Each system is identical in 
the way it performs— one system for 145 M Hz and one for 
435 MHz. Individual control lines allow independent control 
ofthe polarization sense for each system. This is mandatory, 
as often a different polarization sense is required for the 
uplink and downlink, Also, throughout any given pass of a 
satellite, the required sense may change. 
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Fig 17- Evolution of the. 
circularly polarized Yagi. 
The simplest form of 
crossed Yagi, A, is made 
to radiate circularly by 
feeding the two driven 
elements 90 out of phase. 
Antenna В uses the same 
line length for both feeds, 
c» but has the elements of. 
опе bay "3 forward from 
those in the other. Antenna 
© offers polarization 
diversity with elliptical 
polarization. With separate 
Booms, the elements in 
опе set are perpendicular 
to those in the other. The 
Seton the right has lts 
elements +}. forward of 
those on the left. 
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Fig 18— 
Construction. 
details ofa 
‘crossed Yagi 
antenna. 


Mechanical Details 

The azimuth rotator is mounted inside the tripod by 
means of а Rohn 25 type of rotator plate. See Fig 20. U 
bolts around the tripod legs secure the plate to the tripod. A 
length of Linch galvanized water pipe (the mast) extends 
from the top of the rotator through a homemade aluminum 
bearing at the top of the tripod. Because a relatively small 
diameter mast is used, several pieces of shim material are 
required between it and the body of the rotator to assure that 
the mast will be aligned in the bearing through 360° of 
rotation. This is covered in detail in the Telex/Hy-Gain 
rotator instruction sheets. 

‘TheAlliance U-110 elevation rotator is mounted to the. 
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“Linch water pipe mast by means of a f. neh aluminum 
plate. TV U-bolt hardware provides a good fit or this mast. 
material. The cross arm that supports the antennas is a piece 
of Vcinch-thick fiberglass rod, 6 feet in length. Other 
materials can be used, but the strength of fiberglass makes 
it desirable as across arm. This should bea consideration if 
you livein an area thatis frequented by ice storms. A touch 
itis relatively expensive (about $3 to $4 per foot), one piece 
should last a lifetime. 


Electrical Details 


As the antenna systems are identical, this description 
applies to both. Аз mentioned earlier, itis possible to obtain 
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Fig 19— An elliptically polarized antenna system for 
satellite communications on 146 and 435 MHz. The array 
is assembled from KLM log periodic Yagis. 


Fig 20—The polarization sense of the antenna is 
controlled by coaxial relays and phasing lines. The 
146 and 435-MHz systems are controlled independently, 
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Fig 21— Electrical diagram of the switchable polarization 
complete with cable specifications. 
ulating the lengths of individual cables, be sure 
to include the proper velocity factor of the cable used. 


polarization diversity with two separate antennas mounted 
‘apart from each other as shown in the photographs. One 
advantage of this system is that the weight distribution on 
each side of the elevation rotator is equal. As long as the 
separation between antennas is small, performance should 
be nearly as good as when both sets of elements are on a 
single boom. There is no operational difference between 
true circular polarization and the polarization diversity 
provided by this antenna system. 

Because of mutual coupling between the arrays, the 
two feed: point impedances will not be identical, but from a 
practical standpoint the differences are almost insignificant. 
One antenna must be fed 90° out of phase with respect to 
the other. For switchable right-hand and left-hand 
polarization, some means must be included to shift а 90° 
phasing line in series with either antenna. Such a scheme is 
shown in Fig 21. Since two antennas are essentially 
connected in parallel, the feed impedance will be half that 
of either antenna alone. The antennas used in this system 
have а 52-0 feed-point impedance. RG-133 (95-0 coax) 
proves difficult to locate. RG-63 (125-0 impedance) may 
be used with a slightly higher mismatch, As can be seen in 
the drawing, the phasing line is always in series with the 
system feed point and one of the antennas. A s shown, the 
antenna on the left receives energy 90° ahead of the one on 
the right. When the relay is switched, the opposite is true. 

Itis not necessary to use single quarter wavelengths of 
line. For example, the 75-62 impedance-transforming lines 
between each antenna and the relay can beany odd multiple 
of J 3, such as % J. ed, etc, The same is true for the 95 
or 125-0 phasing line 


ost so a 


Fig 22—The basic antenna system for switchable right 
or left-hand elliptical polarization. Lines A and B step 
the 52-0 antenna impedance up to 100 1) The phasing 
line is made from 95-1) coaxial cable to provide a good 
match to the 100-0 system. See text for a detailed 
description of the system. The shorter lengths are for 
135.15 MHz and the longer lengths are for 145.925 MHz, 
‘The line lengths shown are for a 66% velocity factor. 


Keep track of phasing-line lengths. This is especially 
Important when determining which position of the relay will 
yield right or left-hand polarization, You will probably 
find it necessary to use a number of quarter wavelengths, 
becausea single quarter wavelength of lineis extremely short 
(when the velocity factor is taken into consideration). The 
lengths used in this system are shown in Fig 22 Try to use 
the shortest practical lengths, because the SW R bandwidth 
of thearray decreases as the number of quarter wavelengths 
of line is increased. 


Antenna Systems for EME Communications 


‘The tremendous path loss incurred over an EM E circuit 
places stringent requirements on Earth station performance. 
Low-noise receiving equipment, maximum legal power and 
large antenna arrays are required for successful EME 
‘operation. Although itis possible to copy some of the better- 
equipped stations with a single Yagi antenna, it is unlikely 
that such an antenna can provide reliable two-way 
communication. Antenna gain of at least 20 dB is required 
for reasonable success, Generally speaking, more antenna 
gain yields the most noticeable improvement in station 
performance, as the increased gain improves both the 
received and transmitted signals. 

Several types of antennas have become popular among 
EME enthusiasts. Perhaps the most popular antenna for 
144-M Hz work isan атау of either 4 or 8 long-boom (14 to 
158 gain) Yagis. The4-Yagi array provides approximately 
20 dB gain, and the 8-antenna system gives an approximate 
3 dB increase over the 4-antenna array. At 432 MHz, 8 or 
16 long-boom Yagis are often used. Yagi antennas are 
‘commercially available, and can be constructed from readily 
available materials. Information on maximum gain Yagi 
antennas is presented in Chapter 18, 

A moderately sized Yagi array has the advantage that 
it is relatively easy to construct, and can be positioned in 
azimuth and elevation with commercially available 
equipment. Matching and phasing lines present few 
problems, The main disadvantage of Yagi arrays is that the 
polarization plane of the individual Yagis cannot be 
conveniently changed. One way around this is to use cross 
polarized Yagis and a relay switching system to select the 
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desired polarization, as described in the previous section, 
This represents a considerable increase in system complexity 
to select the desired polarization. Some amateurs have gone 
as far as building complicated chain driven systems to allow 
constant polarization adjustment of all the Yagis in a large 
array. Polarization shiftof EM E signals at 144 M Hz is fairly 
slow, and the added complexity of the cross-polarized 
antenna system or a sophisticated chain-driven polarity 
adjustment scheme may not be worth the effort At 432 M Hz, 
where the polarization shifts at a somewhat faster rate, an 
adjustable polarization system offers a definite advantage 
over a fixed one. 

TheYagi antenna system used by Ed Stallman, NSBLZ, 
is shown in Fig 23. The system is comprised of 12 
144-M Hz long-boom 17-element Yagi antennas. The Yagi 
arrays of Timo K orhonen, OH NU, and Steve Powlishen, 
K1FO, are shown in Figs 24 and 25, respectively. 

Quagi antennas (made from both quad and Yagi 
elements) are also popular for EME work, Slightly more 
gain per unit boom length is possible as compared to the 
conventional Yagi. Additional information on the Quagi is 
presented in Chanter 18. 

The collinear array is another popular type of antenna 
for EME work. A 40-element collinear array has 
approximately the same frontal area в ал атау of four Y agis, 
but produces approximately 1 to 2 dB less gain. One 
attraction to a collinear array is that the depth dimension is 
considerably less than the long-boom Y agis A n 80-element 
collinear is marginal for ЕМЕ communications, providing 
approximately 19 dB gain. Many operators using collinear 
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Fig 23— The EME antenna system used at NSBLZ 
consists of twelve 17-element, long boom 144-MHz 
Yagis. The tractor, lower left, rally puts this array into 
perspective! 


Fig 25— KIFO uses this system for serious moonbounce 
work. 


arrays use 160-element or larger systems. 

As with Yagi and Quagi antennas, the collinear cannot 
beadj usted easily for polarity changes. From a constructional 
standpoint, there is little difference in complexity and 
material costs between the collinear and Y ад arrays. 

The parabolic dish is another antenna that is used 
extensively for EME work, Unlike the other antennas 
described, the major problems associated with dish antennas 
are mechanical ones. Dishes approaching 20 feetin diameter 
are required for successful EM E operation on 432 MHz. 
Structures of this size with wind and ice loading place а 
severe strain on the mounting and positioning system. 
Extremely rugged mounts are required for large dish 
antennas, especially when used in windy locations. 

Several aspects of parabolic dish antennas make the 
extra mechanical problems worth the trouble, however For 
example, the dish antenna is inherently broadbanded, and 
may be used on several diferent bands by simply changing 
the feed. An antenna that is suitable for 432 M Hz work is 
also usable for each of the higher amateur bands. Increased 
gain is available as the frequency of operation is increased. 

Another advantage of this antennaisin the feed system, 
Th polarization of the feed, and therefore the polarization 
of the antenna, can be adjusted with litle difficulty. It is а 
relatively easy matter to devise a system whereby the feed 
can be rotated remotely from the shack, Changes in 
polarization of the signal can thereby be compensated for at 
the operating position. 

Because polarization changes can account for as much 
as 30 dB of signal attenuation, the rotatable feed can make 
Fig 24—The Yagi array used for EME at OHBNU/OHENM. 
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Fig 26—The -inch wire mesh is about all that is 
needed to complete this 7-meter diameter dish at 
21189. 


the difference between consistent communications and no 
communications at all. A parabolic dish built by Dave 
Wardley, ZL 18J0, is shown in Fig 26. The 20-foot stressed 
parabolic dish used at F2TU is shown in Fig 27. More 
information on parabolic dish antennas is given later in this 
chapter and in Chapter 18, 

Antennas suitable for ЕМЕ work are by no means 
limited to the types described thus far, Rhombics, quad 


Fig 27— This 20-foot stressed parabolic dish is used for 
EME work at FZTU on 432 and 1296 MHz. 


arrays, helicals and others can also be used, These antennas 
have not gained the popularity of the Yagi, Quagi, collinear 
and parabolic dish, however. 


A 12-Foot Stressed Parabolic Dish 


Very few antennas evokeas much interest among UHF 
amateurs as ће parabolic dish, and for good reason First, 
the parabola and its cousins- Cassegrain, hog horn and 
Gregorian are probably the ultimate in high gain anten. 
nas. One of the highest gain antenna in the world (148 dB) 
is a parabola. This is the 200-inch МЕ Palomar telescope. 
(The very short wavelength of light rays causes such a high 
gain to be realizable.) Second, the efficiency of the parabola 
does not change as size increases. With collinear arrays, the 
lass of the phasing harness increases ав the size increases. 
The corresponding component of the parabola is lossless 
air between the feed horn and the reflecting surface. If there 
are few surface errors, the efficiency of the system stays 
Constant regardless of antenna size. This project was pre- 
sented by Richard K nadle, K 2R WI, in August 1972 QST. 

Some amateur reject parabolic antennas because of 
the belief that they are all heavy, hard to construct, have 
large wind loading surfaces, and require precise surface ac 
curacy. However, with modern construction techniques, a 
prudent choice of materials, and an understanding of accu- 
racy requirements, these disadvantages can be largely over- 
come. A parabola may be constructed with а 0.6 frd focal 
lengthidiameter) ratio, producing a rather flat dish, which 
makes it easy to surface and allows the use of recent 
advances in high efficiency feed horns. T his results in greater 
gain for a given dish size over conventional designs 

Such an antenna is shown in Fig 28. This parabolic 
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dish is lightweight, portable, easy to build, and can be used 
for 432 and 1296-M Hz mountaintopping, as well as on 2300, 
3450 and 5760 M Hz. Disassembled, it fits into the trunk of 
a car, and can be assembled in 45 minutes. 


A 12-foot stressed parabolic dish set up for 
reception of Apollo or Skylab signals near 2280 MHz. А 
preamplifier is shown taped below the feed horn. The 
dish was designed by K2RIW, standing at the right. 
From QST, August 1972. 
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‘The usually heavy structure that supports the surface 
of most parabolic dish antennas has been replaced in this 
design by aluminum spokes bent into a near parabolic shape 
by string. These strings serve the triple function of guying 
the focal point, bending the spokes, and reducing the error 
atthe dish perimeter (as well as at the center] to nearly zero. 
By contrast, in conventional designs, the dish perimeter 
(which has а greater surface area than the center) is farthest 
from the supporting center hub. For these reasons, it often 
has the greatest error, This error becomes more severe when 
the wind blows. Here, each of the spokes is basically а 
cantilevered beam with end loading. The equations of beam 
bending predicta near perfect parabolic curve for extremely 
small deflections. Unfortunately the deflections in this dish 
are not that small, and the loading is not perpendicular. For 
these reasons, mathematical prediction of the resultant curve 
is quite difficult. A much better solution is to measure the 
surface error with а template and make the necessary 
correction by bending each of the spokes to fit. This 
procedure is discussed in a later section, 

‘The uncorrected surface is accurate enough for 432 and. 
1296-М Hz use. Trophies taken by this parabola in antenna 
gain contests were won using a completely natural surface 
with no error correction, 

By placing the transmission line inside the central pipe 
that supports the feed horn, the area of the shadows or 
blockages on the reflector surface is much smaller than in 
other feeding and supporting systems, thus increasing gain. 
For 1296 M Hz, a backfire feed horn may be constructed to 
take full advantage of this feature. At 432 M Hz, a dipole 
and reflector assembly produces 1.5 В additional gain over 
a comer reflector feed system, Because the preamplifier is 
located right at the horn on 2300 M Hz, a conventional feed 
hom may be used. 


Construction 


Table 1 is alist of materials required for construction. 
Care must be exercised when drilling holesin the connecting 


Table 1 

Materials List for the 12-Foot Stressed 

Parabolic Dish 

1) Aluminum tubing, 12 ftx '/ in. OD x 0.049-in. wall, 
6061-76 alloy, 9 required to make 18 spokes. 

2) Octagonal mounting plates 12 x 12 x ^ in. 
2024-73 alloy, 2 required 

3) Hl in. 0 pipe flange with setscrews. 

4) If in. x B ETV mast tubing, 2 required. 

5) Aluminum window screening, 4 x 50 ft. 

6) 130-pound test Dacron trolling Ine 

7) 38 ft 49 galvanized fence wire (perimeter). 

8) Two hose clamps, 1: n. two U bolts; Y x 14 in 
Bakelite rod or dowel; water-pipe grounding clamp; 
18 eye bolts; 18 S hooks, 
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center plates so assembly problems will not be experienced 
later, See Fig 29. A notch in each plate allows them to be 
assembled in the same relative positions. The two plates 
should be clamped together and drilled at the same time. 
Each of the 18%/-inch diameter aluminum spokes has two 
по. 28 holes drilled at the base to accept no. 6-32 machine 
screws that go through the center plates. The 6-foot long 
spokes are cut from standard 12-feet lengths of tubing. А 
fixture builtfrom a block of aluminum assures that the holes. 
аге drilled in exactly the same position in each spoke. The 
front and back center plates constitute an -beam type of 
structure that gives the dish center considerable rigidity. 

A side view of the complete antenna is shown in 
Fig 30. Aluminum alloy (6061-T6) is used for the spokes, 
while 2024-T3 aluminum alloy sheet, / inch thick, is used 
for the center plates. (Aluminum has approximately three 
times the strength-to-weight ratio of wood, and aluminum 
cannot warp or become water logged) The end of each of 
the 18 spokes has an eyebolt facing the dish focal point, 
which serves a dual purpose: 

1) To accept the #9 galvanized fence wire that is routed 
through the screw eyes to define the dish perimeter, and 

2) To facilitate rapid assembly by accepting the S hooks 
Which are бей to the end of each of the lengths of 130. 
pound test Dacron fishing string. 

‘The string bends the spokes into a parabolic curve; the. 
dish may be adapted for many focal lengths by tightening or 
slackening the strings. Dacron was chosen because it has 
the same chemical formula as M ylar. This is a low-stretch 
material that keeps the dish from changing shape. The 


Fig 29— Center plate details. Two center plates аге 
bolted together to hold the spokes in place. 


Fig 30 Side view of the stressed parabolic dish. 


galvanized perimeter wire has а 5-inch overlap area that is 
Bound together with baling wire after the spokes have been 
hooked to the strings 

The aluminum window screening is bent over the 
perimeter wire to hold itin place on the back of the spokes. 
Originally, there was concern that the surface perturbations 
(the spokes) in front of the screening might decrease the 
gain. The total spoke area isso small, however, that his 
fear proved unfounded. 

Placing the aluminum screening in front of the spokes 
requires the use of 200 pleces of baling wire to hold the 
screening in place. This procedure increases the assembly 
time by at least an hour. For contest and mountaintop 
operation (when the screening is on the back of the spokes) 
no fastening technique is required other than bending the 
screen to overlap the wire perimeter. 


The Parabolic Surface 

A 4-footwideroll of aluminum screening 50 feet long 
is cut into appropriate lengths and laid parallel with a 
3-inch overlap between the top of the unbent spokes and 
hub assembly. The overlap seams are sewn together on one 
half of the dish using heavy Dacron thread and a sail maker's 
curved needle, Every seam is sewn twice, once on each edge 
of the overlapped area, The seams on the other half are left 
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open to accommodate the increased overlap that occurs when 
the spokes are bent into a parabola. The perimeter of the 
screening is then trimmed. Notches are cut in the 3-inch 
overlap to accent the screw eyes and S hooks. 

"The first time the dish is assembled, the screening strips 
are anchored to the inside surface of the dish and the seams 
sewn in this position. It is easier to fabricate the surface by 
placing the screen on the back of the dish frame with the 
structure inverted. The spokes are sufficiently strong to 
Support the complete weight ofthe dish when the perimeter 
is resting on the ground. 

The 4-foot wide strips of aluminum screening 
conform to the compound bend of the parabolic shape 
very easily. If the seams are placed parallel to the E-field 
polarization of the feed horn, minimum feedthrough will 
occur. This feedthrough, even if the seams are placed 
perpendicular to the E fiel, isso small that it is negligible 
Some constructors may be tempted to cut the screening 
into pie shaped sections. This procedure will increase the 
seam area and construction time considerably. The dish 
surface appears mast pleasing from the front when the 
screening perimeter is slipped between the spokes and 
the perimeter wire, and is then folded back over the 
perimeter wire. In disassembly, the screening is removed 
їп one piece, folded in half, and rolled 
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‘The Horn and Support Structure 

The feed horn is supported by 1:/-1поћ aluminum. 
television mast. The Hardline thatis inserted into this tubing 
is connected first to the front of the feed horn, which then 
slides back into the tubing for support. A selscrew assures 
that no further movement of the feed horn occurs. During 
antenna gain competition the setscrew is omitted, allowing 
the /zinch semirigid CATV transmission ine to movein or 
‘out while adjusting the focal length for maximum gain. The 
‘TV masts held firmly at the center plates by two setscrews 
їп the pipe flange that is mounted on the rear plate, At 
2300 M Hz, the dish is focused for best gain by loosening 
these selscrews on the pipe flange and sliding the dish along 
the TV mast tubing. (The dish is moved instead of the feed 
hom) 

The fishing strings аге held in place by attaching them. 
to a hose clamp that is permanently connected to the TV 
tubing. A pieceof rubber sheet under the hose clamp prevents 
slippage and keeps the hose clamp from cutting the fishing 
string. A second hose clamp is mounted below the first as 
extra protection against slippage. 

The high efficiency 1296-M Hz dual mode feed horn, 
detailed in Fig 31, weighs 5% pounds. This weight causes 
some bending of the mast tubing, but this is corrected by а 
inch diameter bakelite support, as shown in Fig 30. This 
support is mounted to a pipe grounding clamp with a no, 
8-32 screw inserted in the end of the rod, The bakeite rod 
and grounding clamp are mounted midway between the hose. 
Clamp and the center plates on the mast. A double run of 
fishing string slipped over the notched upper end of the 
bakelite rod counteracts bending. 

‘The success of high efficiency parabolic antennas is 
primarily determined by feed horn effectiveness, The 
multiple diameter of this feedhorn may seem unusual. This 


patented dual mode feed, designed by Dick Turrin, W2IMU, 
achieves efficiency by launching two different kinds of 
waveguide modes simultaneously. This causes the dish 
illumination to be more constant than conventional designs. 

Illumination drops off rapidly atthe perimeter, reducing 
spillover. The feed backlobes are reduced by at least 
35 dB because the current at the feed perimeter is almost 
zero; the phase center of the feed system stays constant across 
the angles ofthe dish reflector. The larger diameter section 
is a phase corrector and should not be changed in length. In 
theory, almost no increase in dish efficiency can be achieved 
without increasing the feed sizein a way that would increase 
complexity, as well as blockage. 

‘The feed is optimized for 30.6 jd dish. The dimensions 
of the feeds are slightly modified from the original design 
їп order to accommodate the cans. Either feed type can be 
constructed for other frequencies by changing the scale of 
all dimensions, 


‘Multiband Use 


Many amateurs construct multiband antenna arrays by 
putting two dishes back to back on the same tower. This 
is cost inefficient The parabolic reflector is a completely 
frequency independent surface, and studies have shown that 
20 f/d surface can be steered seven beamwidths by moving 
the feed hom from side to side before the gain diminishes 
by 1 dB, Therefore, the best dual band antenna can be built 
by mounting separate horns side by side. At worst, the 
antenna may have to be moved a few degrees (usually less 
than a beamwidth) when switching between horns, and the 
unused horn increases the shadow area slightly. In fact, the 
same surface can function simultaneously on multiple 
frequencies, making crossband duplex operation possible. 
with the same dish 
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from a restaurant, Gold Crisp brand). 

xtends from UG-23 connector to dipole. Center conductor and dielectric are obtain 

Alumafoam coaxial cable. The dipole is made from */:-inch copper rod. The septum and 30° section are made from 
ized sheet metal. Styrofoam is used to hold the septum in position. The primary gain is 12.2 di 
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Order of Assembly 

1)A single spokeis held upright behind the rear center plate 
with the screw eye facing forward, Two 6-32 machine 
screws are pushed through the holes in the rear center 
plate, trough the two holes of the spoke, and into the 
corresponding holes of the front center plate. Lock 
washers and nuts are placed on the machine screws and 
hand tightened. 

2) The remaining spokes are placed between the machine 
screw holes. M akesurethat each screw eye faces forward. 
Machine screws lock washers, and nuts are used to mount 
all 18 spokes. 

3) The no. 6-32 nuts are tightened using a nut driver, 

4) The mast tubing is attached to the spoke assembly, 
positioned properly, and locked down with the setserews 
‘onthe pipe flange at the rear center plate. Тһе hooks of 
the 18 Dacron strings are attached to the screw eyes of 
the spokes. 

5) The ends of two pieces of fishing string (which go over 
the bakelite rod support) are tied to a screw eye at the 
forward center plate. 

6) The dish is laid on the ground in an upright position and 
49 galvanized wire is threaded through the eyebolts. The 
overlapping ends are lashed together with baling wire. 

7) The dish is placed on the ground in an inverted position 
With the focus downward. The screening is placed on the 
back of the dish and the screening perimeter is fastened 
as previously described, 

8) The extension mast tubing (with counterweight) is 
connected to the center plate with U bolts. 

9) The dish is mounted on a support and the transmission 
lineis routed through the tubing and attached to the horn. 


Parabola Gain Versus Errors 


How accurate must a parabolic surface be? This is а 
frequently asked question. According to the Rayleigh limit 
for telescopes, litle gain increase is realized by making the 
mirror accuracy greater than peak errr. John Ruze of 
the MIT Lincoln Laboratory, among others, has derived an 
equation for parabolic antennas and built models to verify 
it The tests show that the tolerance loss can be predicted 
within a fraction of a decibel, and less than 1 dB of gain is 
sacrificed with a surface error of #42. (A Ya is 34 inches 
at 432 MHz, 1.1 inches at 1296 MHz and 0.64 inch at 
2300 MHZ.) 

Some confusion about requirements of greater than 
Je accuracy may be the result of technical literature 
describing highly accurate surfaces. Low sidelobe levels 
are the primary interest in such designs, Forward gain is а 
much greater concern than low sidelobe levels in amateur 
work; therefore, these stringent requirements do not apply. 

When a template is held up against a surface, positive 
and negative (+) peak errors can be measured. The graphs 
of dish accuracy requirements are frequently plotted in terms 
of RMS error, which is a mathematically derived function 
much smaller than + peak error (typically ^). These small 
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RMS accuracy requirements have discouraged many con- 
structors who confuse them with + peak errors. 

Fig 32 may be used to predict the resultant gain of 
various dish sizes with typical errors. There area couple of 
surprises, as shown in Fig 33. As the Frequency is increased 
fora given dish, the gain increases 6 dB per octave until the 
tolerance errors become significant. Gain deterioration then 
increases rapidly. Maximum gain is realized at the frequency 
where the tolerance loss is 4.3 dB, Notice that at 2304 M Hz, 
a 24-foot dish with +2-inch peak errors has the same gain as 
aG-footdish with +1-inch peak errors, Quite startling, when 
it is realized that a 24-foot dish has 16 times the area of a 
6-foot dish. Each time the diameter or frequency Is doubled 
or halved, the gain changes by 6 dB. Each бте ай the errors 
are halved, the frequency of maximum gain is doubled, With 
this information, the gain of other dish sizes with other 
tolerances can be predicted. 

"These curves are adequate for predicting gain, assuming. 
а high efficiency feed horn is used (as described earlier) 
which realizes 60% apertureefficiency. A tfrequencies below 
1296 MHz where the horn is large and causes considerable 
blockage, the curves are somewhat optimistic. A properly 
built dipole and splasher feed will have about 1.5 dB less 
gain when used with a 0.6 fd dish than the dual mode feed 
system described. 

‘The worstkind of surface distortion is where the surface 
curvein the radial direction is not parabolic but gradually 
departs in a smooth manner from a perfect parabola, The 
decrease in gain can be severe, because а large area is 
involved. Ifthe surface is checked with a template, and if 
reasonable construction techniques are employed, deviations. 
are controlled and the curves represent an upper limit to the 
gain that can be realized. 

Ifa 24-foot dish with +2-inch peak errors is being used 
with 432 and 1296-M Hz multiple feed horns, the constructor 
might be discouraged from trying a2300-M Hz feed because. 
there is 15 dB of gain degradation. The dish will still have 
29 dB of gain on 2300 M Hz, however, making it worthy of 
consideration. 

The near-field range of this 12-foot stressed dish. 
(actually 12 feet 3 inches) is 703 feet at 2300 MHz. By 
using the sun asa noise source and observing receiver noise. 
power, it was found that the antenna had two main lobes 
about 4° apart. The template showed a surface error 
(insufficient spoke bending at I radius), and a correction 
Was made, A recheck showed one main lobe, and the solar 
noise was almost 3 dB stronger. 


Other Surfacing Materials 

The choice of surface materials is a compromise 
between RF reflecting properties and wind loading 
Aluminum screening, with its very fine mesh (and weight 
of 4.3 pounds per 100 square fet) is useful beyond 10 GHZ 
because of Ив very close spacing. This screening s easy to 
roll up and is therefore ideal for a portable dish. This close 
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Fig 32— Gain deterioration versus reflector error. Basic Information obtained from J. Ruze, British IEE. 


spacing causes the screen to bea 34% filled aperture, bringing 
the wind force at 60 mijh to more than 400 pounds on this 
12-foot dish. Those considering a permanent installation of 
this dish should investigate other surfacing materials. 

Hexagonal L-inch poultry netting (chicken wire), which 
is an 8% filled aperture, is nearly ideal for 432-M Hz 
Operation. It weighs 10 pounds per 100 square feet, and 
exhibits only 81 pounds of force with 60 mi/h winds. 
Measurement on a large piece reveals 6 dB of feedthrough 
1296 M Hz, however. Therefore, on 1296 M Hz, one fourth 
of the power will feed through the surface material. This 
Will cause a loss of only 1.3 dB of forward gain. Since the 
Tow wind loading material will provide a 30-d8 gain 
potential, it is a very good trade-off. 

Poulby netting is very poor material for 2300 MHz 
and above, because the hole dimensions approach . А. Аз 
with all surfacing materials, minimum feedthrough occurs 
when the E-field polarization is parallel to the longest 
dimension ofthe surfacing holes, 

Hardware cloth with Inch mesh weighs 20 pounds 
ре 100 square feet and has a wind loading characteristic of 
162 pounds with 60 тїп winds. The filled aperture is 16%, 
and this material is useful to 2300 M Hz, 
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A rather interesting material worthy of investigation is 

ach reinforced plastic. It weighs only 4 pounds per 100 

square feet. The plastic melts with many universal solvents. 

such as lacquer thinner. If a careful plastic-melting job is 
done, what remains is the inch spaced aluminum wires 
with asmall blob of plastic at each junction to hold the matrix 
together 

There are some general considerations to be made in 
selecting surface materials 

1) Joints of screening do not have to make electrical contact 
The horizontal wires reflect the horizontal wave. Skew 
polarizations are merely a combination of horizontal and 
vertical components which are thus reflected by the 
corresponding wires of the screening. To a horizontally 
polarized wave, the spacing and diameter of only the 
horizontal wires determine the reflection coefficient (see 
Fig 34), Many amateurs have the mistaken impression 
that screening materials that do not make electrical contact 
at their junctions are poor reflectors. 

2) By measuring wire diameter and spacings between the 
wires, a calculation of percentage of aperture that is filled 
can be made. This will be опе of the major determining 
factors of wind pressure when the surfacing material is dry. 
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Fig 33— 


rabolic-antenna gain versus size, frequency, and surface errors. All curves assume 60% aperture 


efficiency and 10-48 power taper. Reference: J. Ruze, British IEE. 


Fig 35- Parabolic template for 124001, 3 
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Under ce and snow conditions, smaller aperture materials 
may become clogged, causing the surfacing material to act 
asa solid "sail." Ice and snow have a rather minor effect 
оп the reflecting properties of the surface, however. 

3) Amateurs who live in areas where ice and snow are 
prevalent should consider a de-icing scheme such as 
Weaving enameled wirethrough the screening and passing 
а current through it, fastening water-pipe heating tape 
behind the screening, or soldering heavy leads to the 
screening perimeter and passing current through the 
screening itself, 


А Parabolic Template 

Atand above 2300 M Hz (where high surface accuracy 
is required), a parabolic template should be constructed to 
measure surface erors.A simple template may be constructed 
(see Fig 35) by taking a 12-foot 3-inch length of 4-foot wide 
tar paper and drawing a parabolic shape on it with chalk, The 


points for the parabolic shape are calculated ste. ch intervals 
and these points are connected with a smooth curve, 

For those who wish to use the template with the surface 
material installed, the template should be cut along the chalk 
line and stiffened by cardboard or a wood lattice frame. 
Surface error measurements should take place with all spokes 
installed and deflected by the fishing lines, as some bending 
of the center plates does take place 


Variations 
All the possibilities of the stressed parabolic antenna 
have not been explored. For instance, a set of fishing lines 
or guy wires can be set up behind the dish for error correction, 
as long as this does not cause permanent bending of the 
aluminum spokes. This technique also protects the dish 
against wind loading from the rear. An extended plece of 
TV mast san ideal placeto hang a counterweight and attach 
the rear guys. This strengthens the structure considerably. 


The Helical Antenna 


The axial-mode helical antenna was introduced by 
Dr John Kraus, W8)K, in the 19405, The material in this 
section was prepared by Domenic Mallozzi, N1DM 

This antenna has two characteristics that make It 
especially interesting and useful in many applications First, 
the helix is circularly polarized. As discussed earlier, circular 
polarization is simply linear polarization that continually 
rotates as it travels through space. In the case of a helical 
array the rotation is about the axis of the antenna, This can 
be pictured as the second hand of a watch moving at the 
same rate as the applied frequency, where the position of 
the second hand can be thought of as the instantaneous 
polarization of the signal 

The second interesting property of the helical antenna 
isits predictable patter, gain and impedance characteristics 
over a wide frequency range. This is опе оГ the few antennas 
thathas both broad bandwidth and high gain. The benefit of 
this property is that, when used for narrow-band appli 
cations, the helical antenna is very forgiving of mechanical 
inaccuracies, 

Probably the most common amateur use of the helical 
antenna is in satellite communications, where the spinning 
of the satellite antenna system (relative to the earth) and the 
effects of Faraday rotation cause the polarization of the 
satellite signal to be unpredictable. Using a linearly polarized 
antenna in this situation results in deep fading, but with the 
helical antenna (which responds equally to linearly polarized 
signals), fading is essentially eliminated. 

‘This same characteristic makes helical antennas useful 
in polarization diversity systems. The advantages of circular 
polarization have been demonstrated by Bll Sykes, G2HCG, 
оп VHF voice schedules over nonoptical paths, in cases 
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‘where linearly polarized beams did not perform satisfactorily. 
(See Bibliography.) An array of linear antennas was used to 
develop a circularly polarized radiation pattern in this case. 
The helix is also a good antenna for long-haul commercial 
TV reception. 

Another use for the helical antenna is the transmission 
of color ATV signals. М any beam antennas (when adjusted 
for maximum gain) have far less bandwidth than the required 
6M Hz, or have nonuniform gain over this frequency range. 
The result is significant distortion of the transmitted and 
received signals, affecting color reproduction and other 
features. This problem becomes more aggravated over 
‘nonaptical paths. The helix exhibits maximum gain (within 
1.08) over at least 6 M Hz anywhere above 420 M Hz. 

The helical antenna can be used to advantage with 
multimode rigs, especially above 420 MHz. Not only does 
the helix give high gain over an entire amateur band, but it 
also allows operation on FM , SSB and CW without theneed 
for separate vertically and horizontally polarized antennas, 


HELICAL ANTENNA BASICS 

The helical antenna is an unusual specimen in the 
antenna world, in that its physical configuration gives a hint 
to its electrical performance. A helix looks like a large ar. 
wound coil with one of its ends fed against a ground plane, 
as shown in Fig 36, The ground plane is a screen of 0.8 to 
11, diameter (or on a side for a square ground plane). The 
circumference (C) of the coil form must be between 0.75 A. 
and 1.33 A for the antenna to radiate in the axial mode. The 
сой should have at least three turns to radiate in this mode. 
(It is possible, through special techniques, to make 


с, 702519 133. 
S) = 0.2126 C; to 0.2867 C, 
G-08t LIA 

9 201200131 


AR (axial ratio) = 2131 


S, = axial length of one turn 
ameter of winding 


9 = ground plane to first turn distance 
©, STD, = circumference of winding 
n = number of turns 

Gain (dBi) = 11.8 + 10 log (e 


Half power beamwidth (HPBW) 


degrees 


us 
Beamwidth to first nulls «C s. degrees 
ani, 


Input impedance = 140 C, ohms 
Lı = length of conductor in one turn 


EOS 


Fig 36- The basic helical antenna and design equations. 


axial-made helicals with as little as one turn.) The ratio of 
the spacing between turns (in wavelengths), S; to C. should 
bein the range of 0.2126 to 0.2867. This rati range results 
from the requirement that the pitch angle, о, of the helix be 
between 12° and 16°, where 


a =arctan 


‘These constraints result in a single main lobe along 
the axis of the coil, This is easily visualized from Fig 37. 
Assume the winding of the helix comes out of the page with 
а clockwise winding direction. (The winding can also be a 
counterclockwise this results in the opposite polarization 
sense) 

A helix with a C, of 1 has a wave propagating from. 
one end of the coil (at the ground plane). The “peak (+) of 
the wave appears opposite the "valley" (-) of the wave. Ths 
corresponds to a dipole “across” the helix with the same 
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ratio of 1.0 
text. 


Fig 37—A helical antenna with an axi 
produces pure circular polarization, 


polarization as the instantaneous polarization of the helix at 
mer, 

Atalater time(T^| the" peak” and "valley" of the wave 
are ata slightly different angle relative to the original dipole. 
The polarization of the dipole antenna at this instant is 
slightly different At an instant of time later yet (T^), the 
dipole has again "moved," changing the polarization slightly 
again, 

‘The electrical rotation of this dipole produces circularly 
polarized radiation. Because the wave is moving along the 
helix conductor at nearly the speed of light, the rotation of 
the electrical dipole is at a very high rate, True circular 
polarization results. 

Physicists and engineers formerly had opposite terms 
for the same sense of polarization. Recently, the definition 
of polarization sense used by the Institute of Electrical and 
Electronic Engineers (IEEE) has become the standard. The 
IEEE definition, in simple terms, is that when viewing the 
antenna from the feed-point end, a clockwise wind results 
in right-hand circular polarization, and a counterclockwise 
wind results in left-hand circular polarization, This is 
important, because when two stations use helical antennas 
over a nonreflective path, both must use antennas with the 
same polarization sense. If antennas of opposite sense are 
used, a signal loss of at least 30 dB results from the cross 
polarization alone 

As mentioned previously, circularly polarized antennas 
сап be used in communications with any linearly polarized 
antenna (horizontal or vertical), because circularly polarized 
antennas respond equally to all linearly polarized signals. 
The gain of a helix is 3 dB less than the theoretical gain in 
this case, because the linearly polarized antenna does not 
respond to linear signal components that are orthogonally 
polarized relative to it. 

‘The response of a helix to all polarizations is indicated 
by aterm called axial ratio, also known as circularity. А xial 
Tatio is the ratio of amplitude of the polarization that gives 
maximum response to the amplitude of the polarization that 
gives minimum response. An ideal circularly polarized 
antenna has an axial ratio of 1.0. A well-designed practical 
helix exhibits an axial ratio of 1.0 to 1.1. The axial ratio of a 
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helix is 
AR 2021 
7n 
where 
AR =axlal ratio 
n =the number of turns in the helix 


Axial ratio can be measured in two ways. The first is 
to excite the helix and use a linearly polarized antenna with 
an amplitude detector to measure the axial ratio directly. 
This is done by rotating the linearly polarized antenna in а 
plane perpendicular to the axis of the helix and comparing 
the maximum and minimum amplitude values. The ratio of 
maximum to minimum is the axial ratio 

Another method of measuring axial rato was presented 
in 73 byA. Bridges, W8 4V X P. (See the Bibliography atthe 
end of this chapter) The linear antena is replaced by two 
circularly polarized antennas of equal gain but opposite 
polarization sense. Taking the amplitude measurement with 
first one and then the other, the following equation is used 
to calculate axial ratio: 


Erp Is the voltage measured with the right-hand 
circularly polarized test antenna 

Ec is the voltage measured with the left-hand 
circularly polarized test antenna. 


This equation gives not only the axial ratio, but also 
indicates the polarization sense. f the result is greater than 
zero, the antenna being excited is right hand circularly 
polarized, and left-hand if negative. This method is useful 
to those measuring other types of elliptically polarized 
antennas with polarization senses that are not easily 
determined. 

The impedance of the helix is easly predictable. The 
terminal impedance of a helix is unbalanced, and is defined 
by 
Z=10xC, 

Where is the impedance of the helix in ohms 

The gain of a helical antenna is determined by its 
physical characteristics, Gain can be calculated from 
Gain (dBi) = 11.8 +10 log (C,205,) 

The beamwidth of the helical antenna (in degrees) at 
the half-power points is 


52 


BW =. 


T 
m 

‘The diameter of the helical antenna conductor should 

be between 0.006 2 and 0.05 2, but smaller diameters have 

been used successfully at 144 MHz, The previously noted 

diameter of the ground plane (0.8 to 1.1 4) should not be 

exceeded if a clean radiation pattern is desired. A s the ground 
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planesizeisincressed, thesidelobe levels also increase. (The 
ground plane need not be solid; it can be in the form of а 
spoked wheel or a frame covered with hardware cloth or 
poultry netting.) 


MATCHING SYSTEMS 

Because helical antennas present impedances on the 
order of 110 to 180.0, the antenna must be matched for use 
with a 52-0 transmission line. Matching systems for helical 
antennas are classified two ways: narrow band and wide 
band, Narrow band is generally recognized to represent 
bandwidths less than 2596. Narrow-band matching 
techniques are relatively straightforward; matching systems 
useful over the fll frequency range of a helix area bit more 
involved. 

Many matching techniques аге available, Some of the 
proven methods are discussed here. For narrow-band use, 
the simplest impedance matching technique is the use of а 
Ye series transformer, A 1- circumferencehelix has a feed 
pointimpedance of approximately 140.0, so the transformer 
must be / à of 84-0 transmission line. This line can be 
fabricated in microstrip form, or apiece of air-dielectric coax 
canbe built, as shown by Doug DeM au in November 1965 
QST. (See Bibliography.) 

Another solution is to design the helix so that its fee 
point impedance allows the use of а standard impedance 
line for the matching transformer. This method was shown 
by D. Mallozzi in the March 1978 AM SAT Newsletter. This 
helix was designed with a circumference of 0.8 , resulting 
inan inputimpedanceof 112 ©. Standard 75-0 coaxial cable 
can be used for the Jen matching transformer in this case, 
as shown in Fig 38, Yet another matching method isto use а 
series section. For example, a 125 helix may be matched 
to 52-0 line by inserting 0.125 à of RG-133 (95-0 
impedance) in the 52-0 line at a distance of 0.0556 à. from 
the antenna feed point. Series section matching is discussed 
їп Chapter 26 

The physical construction of a n transformer or 
a series section at UHF is a project requiring careful 
measurement and assembly, For narrow bandwidths at 
relatively low frequencies (below 148 M Hz), the familiar pi 
network can be used for impedance matching to helical 
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Fig 38 Narrow-band matching technique using a 
In the length equation, 
cable; f = frequency, MHZ. 
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Fig 39— The dual series quarter-wave transformer is 
another means of matching 52-0 coaxial cable to a 
helical antenna. 


Fig 40-An array of four helicals on a common ground 
screen can provide as much gain as a single helix with 
four times as many turns as the individual helicals in the 
array. The benefits of this design include a cleaner 
Fadiation pattern and much smaller turning radius than a 
Single long helix. See Fig 41 for detail of taper section. 


antennas. Other matching methods are discussed in the 
referenceslistedin the Bibliography atthe end of this chapter, 

Two series transformers can be used to allow opera: 
tion of a helical antenna over ¡ts entire bandwidth (see 
Fig 39). This method is in use in a number of helical an 
tenna installations and provides good performance. 


SPECIAL CONFIGURATIONS 
Many special helical antenna configurations have been 
developed. These special configurations usually address 
improvements in one or more of four areas: 
1) Easing mechanical construction. 
2) "Cleaning up" the radiation pattern (reducing sidelobes 
and backlobes), and increasing gain. 
3) Maximizing bandwidth. 
4) Improving terminal characteristics, 
Increasing the bandwidth of a helical antenna is not 
usually required in amateur applications. Many of the 
professional journals listed in the Bibliography have 
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Fig 41—A diagram of 
опе ofthe four tapered 
lines shown in Fig 40. 
This feed arrangement 
allows an array of four 
helicals to be fed 
directly with a 52-0. 
line. 


published articles discussing this subject, however. The other 
improvements listed all have application in amateur work. 

For example, the mechanical difficulty of making a 
helical antenna of the required diameter with the required 
conductor diameter is formidable at and below 148 M Hz. 
Square or triangular winding forms are simpler than round 
forms at these frequencies. Теве configurations offer more 
mechanical stability under icing and wind conditions. 
Measurements indicate that if the perimeter of the form 
remains constant, It makes lite difference in helical antenna 
characteristics the cross-sectional shape is circular, square 
or triangular 


Helical Antenna Variations 
leaning ир” the radiation pattern (minimizing 
extraneous minor lobes) and increasing the gain of the helix 
can be done in a number of ways. The most соттоп method 
of doing this is to mount three or four helical radiators on a 
single reflector and feed them in phase. This results in high 
gain with a cleaner radiation pattern than can be obtained with 
asinglehelica radiator having enough turns to obtain the same 
gain. Four 6-turn helicals mounted as shown in Fig 40 exhibit 
essentially the same gain as a single 24-tum helix. The turning 
radius of the quad array of helical is smaller than the turning 
radius of a single helix of equal gain. The four elements are 
fed in parallel, using the feed method shown in Fig 41. 

Another method of reducing extraneous lobes isto use 
the helix to excite a conical horn, This method is somewhat 
cumbersome mechanically, but is useful in situations where 
very clean radiation patterns are required, 

Combining two "good" antennas can sometimes result 
in a single “better” antenna, This is the case when a helix is 
used to feed a parabolic dish. The high gain inherent in the 
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dish and the circular polarization afforded by the helix 
combine to make an excellent antenna for satellite and EM E 
communications, 

Such an antenna was built and tested at 465 MHz. The 
bandwidth was measured at more than 60 MHz. The antenna 
produces circular polarization with a sense opposite that of 
the feed helix. (The sensei reversed in reflection of he wave 
front from the parabolic surface.) This antenna is much easier 
to build than other types of circularly polarized dishes, because 
the mechanical construction of the feed is simpler. 

This eed system Isattractiveto those who wish to use 
any of the common TVRO dishes that are available at 
reasonable cost, The gain of this combination at a given 
frequency is based on the illumination efficiency and size 


of the dish used, 

When using short helical antennas in a quad array for 
reception, wiring a series resistor of 155 £2 ‘Je à from the 
‘open end of each helix improves the array performance. The 
sidelobe levels decrease, and matching and circularity (axial 
ratio) increase as a result of this modification. This 
performance improvement has been attributed to resistor 
dissipation of the unradiated energy reflected back toward 
the feed from the open end of the windings. 

Publications such as IEEE Transactions on Prop 
agation and Antennas and similar professional journals are 
a good source of information on the uses of helical antennas, 
University libraries often have these publications available 
for reference. 


A Switchable Sense Helical Antenna 


Constructing a pair of helix antennas for the 435-M Hz 
band is quite simple. One antenna is wound for RHCP, and 
the other for LHCP, as shown in Fig42, A good UHF relay 
and some Hardline are all that is needed to complete the 
system. Inexpensive, readily available materials are used for 
construction, and the dimensions of the helicals are not 
critical. Fig 36 shows the helix formulas and dimensions, 

This antenna has a 70% bandwidth, and is Ideal for a 
high gain, broad beamwidth satellite tracking antenna. This 
switchable antenna system and 50 to 100 W of RF output. 
yield respectable signals on the Phase І satellites. 

A detail of the complicated portion ofthe helix is shown. 
InFig43, Table2 contains keyed list of parts for the array. 
A good starting point for construction is the reflector, which 
is made of heavy wire mesh. This wire mesh is used in most 
UHF TV “bow tie" antennas. Wire companies and many 
hardware stores supply this material in 4-foot widths, It is 
14-gaugegalvanized steel, and sells for approximately $1.60 
to $2 per lineal foot. A piece of mesh 2 x 4 feetis required to 
build two antennas. Trim the mesh so that na sharp ends 
stick out 

‘The next step s to make the reflector mounting plates 
and boom brackets. Follow the dimensians shown in 
Fig 44, Heavy aluminum material s recommended; 0.060 
Inch is the minimum recommended thickness, Thicker 
material is more difficult to bend, but two bends of 45° 
spaced about inch apart will work fine for the brackets in 
this case. The measurements shown are for TV type Th inch 
U bolts. If you use another size, change the dimensions 
appropriately. Drill the four holes in the reflector mounting 
plate and mount the coax receptacle, using pop rivets or 
stainless steel hardware. 

Check the clearance between the coax receptacle and 
the elevation boom before final assembly. The thickness of 
the U-bolt spacers will affect this clearance, M ount a short 
piece of pipe (the same size as the elevation boom you will 
be using) to the U bolts, wire mesh reflector, reflector 
‘mounting plate and boom brackets. The elevation boom is 
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shown in Fig 43, Position the plate in the center of the wire 
mesh reflector. (It may be necessary to bend some of the 
mesh to clear the U bolts.) Finger tighten the U bolts so the 
plate can be adjusted to fit the mesh, 

The wood boom assembly shown in Fig 43 consists of 
two 6-foot wooden tomato stakes joined by spacers in three 
places. M ountone spacer in the center and the other spacers 
‘Lfoot from each end. Notch the ends of the boom to fit into 
the mesh, When the correct alignment is obtained, clamp 
the assembly together and drill holes for rivets or bolts 
through the reflector mounting plate, brackets and wood 
Boom assembly. When drilling the boom holes, place the 


Fig 42—Righthand circular polarization, A. Left hand 
circular polarization, 
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Fig 43— The details of the helix mounting arrangement. See Table 2 for а number-keyed parts list. 


Table 2 
Parts 
Shown in 
Piece 

Но. Description 
1 U bolt, TV type 


for the Helix Mounting Detai 
43 


‘Comments 
Use to bolt antenna to 
elevation boom 

As above 

Аз above 


U bolt spacer 
U bolt nut with 
with lock washer 
4 Reflector mounting 

plate (see Fig 44) 
5 Type N coaxial 


Rivet through reflector 
to boom brackets 
Rivet to mounting plate 


receptacle 

6 1 nch heavy gauge Reflector, cut approx. 
wire mesh 22 inches square 

7 Helix boom-to-refector Rivet through reflector to 
brackets mounting plate 

e Мо. 8:32 bolts with nuts Bolt boom brackets to 
and washers boom 

9 Boom, approx. 1xl-inch 2 pieces, 6 ft long. 
tomato stake 


10  BoomspacerlxLinch Boom to bolt cut to give 
9.inch spacing 

Attach spacers to boom 

(three places) 


Ш No, 8 wood screws with 
washers 


Notes: 

{Mount reflector mounting plate to boom brackets, leaving 0m 
clearance for Boom 

уйге mesh may be bent to provide clearance far U bats. 

V 
oust receptacle m ne wire een У 
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reflector flat on the floor and use а square so the boom is 
perpendicular to the reflector. M ark the boom through the 
holes in the boom bracket, When the assembly is complete, 
coat the wood boom with marine varnish, 

The most unusual aspect of this antenna is its use of 
coaxial cable for the helix conductor. Coax is readily 
available, inexpensive, lightweight, and easy to shape into 
the сой required for the helix. Nine turns requires about 
22 feet of cable, but start with 25 feet and trim off any excess, 
The antenna of Fig 45 uses FM-8 coaxial cable, but any 
coax that is near the inch diameter required can be used, 
(The cable used must have a center conductor and shield 
that can be soldered together) 

Strip about 4 inches off one end of the cable down to 
the center conductor, but leave enough braid to solder to the 
center conductor. Solder the braid to the center conductor at 
this point. M easure the exposed center conductor 3.3 inches 
from the short and cut off the excess, (This is dimension g 
inFig 36.) 

Wind the 25-foot length of coax in a coil about 
10 inches in diameter. Fig 42 shows which way to wind the 
сой for RHCP or LHCP. Slip the coll over the boom and 
move the stripped end of the cable toward the coax 
receptacle, which is the starting pointof the nine turns, Solder 
the center conductor to the coax receptacle, and start the 
first turn 3.3 inches from the point of connection at the coax 
receptacle. 

Use tie wraps to fasten the coax to the wood boom. 
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Fig 44—AtA, the helix reflector mounting plate (part no. 4 in Table 2). At B, the boom brackets (part no. 7 in Table 2). 


Mark the boom using dimension S, in Fig 36, The first tie 
Wrapisonly half this distance when it first comes in contact. 
with the boom; each successive turn on that side of the boom. 
will be spaced by dimension S,. Use two tie wraps so they 
form an X around the boom and coax. Oncethe first wrap is 
Secure, wind each turn and fasten the cable one point ata 
time. Before each tum is tightened, make sure the dimensions 
are correct 

When all nine turns are wound, check all dimensions 
again. Cutthe coax atthe ninth turn, strip the end, and solder 
the braid to the center conductor. The exposed solder 
connections at each end of the coax conductor should be 
sealed to weatherproof them, 

A coaxial 75-0 Ye matching section as shown in 
Fig 38 is connected in series with the feed linet the antenna 
feed point. The length of this cable (including connectors) 
is 4.5 inches if the cable used has a velocity factor of 0.66, 
Lengths for other types of cable can be calculated from the 
equation in the drawing. 

The impedance of the helix is approximately 140 2. 
To match the 52-62 transmission line, a transformer of 
853 Qis required, The 75-0 cable used here is lose enough 
to this value for a good match.The transformer should be 
Connected directly to the female connector mounted on the 
reflector mounting plate. Use a double female adapter to 
connect the feed line to the matching transformer, 
Weatherproof the connectors appropriately 

То mount these antennas on an elevation boom, а 
counterbalancels required. The best way to do this isto mount. 
an arm about 2 feetlong to the elevation boom, at some point 
thats clear of the rotator, mast and other antennas. Point the 
arm away from the direction the helicals are pointing, and 
add weight to the end of the arm until balance is obtained, 
The completed antenna is shown in Fig 45. 

Do notrun long lengths of coax to this antenna, unless 
you use Hardline. Even short runs of good RG-B coax are 
quite lossy; 50 feet of foam dielectric RG-8 has a loss of 
248 at 430 M Hz. There are other options if you must make 
long runs and can't use Hardline, Some amateurs mount 
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Fig 45—A close-up view of the 435-MHz helical antenna, 
designed and БШ by Bernie Glassmeyer, WSKDR. 


the converters, transverters, amplifiers and filters at the 
antenna. This can be easily done with the helix antenna; the 
units can be mounted behind the reflector. (This also adds 
counterweight.) If this approach is used, check local 
electrical codes before running any power lines to the 
antenna, 


52-0 HELIX FEED 

Joe Cadwallader, K 62M W, presented this feed method 
in June 1981 OST. Terminate the helix in an N connector 
mounted on the ground screen at the periphery of the helix 
(Fig46). Connect the helix conductor to the N connector as 
closeto the ground screen as possible (Fig 47). Then adjust 
the first turn of the helix to maintain uniform spacing of 
the turns 
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Fig 46— End view and side view of peripherally fed helix. 


Fig 47— Wrong and right ways to attach helix to a type. 
N connector for 52-1 feed. 


This modification goes a long way toward curing а 
deficiency of the helix the 240-0 nominal feed-point 
impedance. The traditional “JA matching section has proved 
difficult to fabricate and maintain. But if the helix is fed at 
the periphery, the first half turn of the helix conductor 
(leaving the N connector] acts much like a transmission. 
line- a single conductor over a perfectly conducting ground 
plane. The impedance of such a transmission line is 


asig $t 


ine impedance in ohms 
sight of the center of the conductor above the 
ground plane 

onductor diameter (in the same units as h). 


‘The impedance ofthe helix is 140 © a turn or two away 
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Fig 48 End view and side view of peripherally fed helix 
with metal strip added to improve transformer action. 


from the feed point. Butas the helix conductor swoops down 
toward the feed connector (and the ground plane), h gets 
smaller, so the impedance decreases. The 140-0 nominal 
impedance of the helix is transformed to a lower value. For 
any particular conductor diameter, an optimum height can 
be found that will produce a feed-point impedance equal to 
52 0. Theheight should bekept very small, and the diameter 
should be large. Apply power to the helix and measure the 
SWR at the operating frequency. A djust the height for an 
‘optimum match, 

‘Typically, the conductor diameter may not be large 
enough to yield a 52-22 match at practical (small) values of 
h. In this case, a strip of thin brass shim stock or flashing 
copper can be soldered to the first quarter turn of the helix 
conductor (Fig 48). This effectively increases the conductor 
diameter, which causes the impedance to decrease further 
yet. The edges of this strip can be slit every 1 inch or so, 
and the strip bent up or down (toward or away from the 
ground plane) to tune the line for an optimum match, 

This approach yields a perfect match to nearly any coax. 
The usually wide bandwidth ofthe helix (70% for less than 
2:1 SWR) will be reduced slightly (to about 40%) for thesame 
conditions. This reduction is not enough to be of any 
consequence for most amateur work. The improvements in 
performance, ease of assembly and adjustment are well worth 
theeffortin making the helix more practical to build and tune, 
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Portable Helix for 435 MHz 


Helicals for 435 M Hz are excellent uplink antennas 
for Mode B satellite communications, The true circular 
polarization afforded by the helix minimizes signal "spin 
fading" that is so predominant in these operations, The 
antenna shown in Fig 49 fills the need for an effective 
portable uplink antenna for OSCAR operation. Speedy 
assembly and disassembly and light weight are among the 
benefits of this array. This antenna was designed by Jim 
McKim, WOCY. 

As mentioned previously, the helix is about the mast 
tolerant of any antenna їп terms of dimensions. The 
dimensions given here should be followed as closely as 
possible, however. Most of the materials specified are 
available in any well supplied “do it yourself" hardware or 
building supply stre. The materials required to construct 
the portable helix are listed in Table 3 

The portable helix consists of eight turns of 
"inch soft copper tubing spaced around a 1-inch fiberglass 
tube or maple dowel rod 4 feet 7 inches long, Surplus 
aluminum jacket Hardline can be used in lieu of the copper 
tubing if necessary, The tums of the helix are supported by 
S-inch lengths of Y-inch maple dowel that are mounted 
through the 1-inch rod in the center of the antenna, 
Fig 50А shows the overall dimensions ofthe antenna, Each 
of these support dowels has a V shaped notch in the end to 
locate the tubing (see Fig 508) 

The rod in the center of the antenna terminates at the 
feed-pointend in a 4-foot plece of Linch D galvanized steel 
pipe. The pipe serves as a counterweight or the heavier end 
of the antenna (that with the helical winding), The Linch 
rod material that is inside the helix must be nonconductive, 
Near the point where the nonconductive rod and the steel 
pipe are joined, a piece of aluminum screen or hardware 
cloth is used as a reflector screen. 

If you have trouble locating the “inch soft copper 
tubing, шу a refrigeration supply house. The perforated 
aluminum screening can be cut easily with tin snips. This 
material is usually supplied in 30 x 30-inch sheets, making 
this size convenient for a reflector screen. Galvanized Y 
inch hardware cloth or copper screen could also be used Гог 
the screen, but aluminum is lighter and easier to work with. 

A inch thick aluminum sheet is used as the support 
plate for the helix and the reflector screen. Surplus rack 
panels provide good source of this material. Fig 51 shows 
the layout of this plate. 

Fig 52 shows how aluminum channel stock is used to 
support the reflector screen. (Aluminum tubing also works 
well for this. Discarded TV antennas provide plenty of this 
material if the channel stock isnot available) The creen is 
mounted on the bottom of the 10-inch aluminum center plate. 
The center plate, reflector screen and channel stock are 
connected together with plated hardware or pop rives This 
support structure is very sturdy. 
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(WOCY photo) 


Table 3 
Parts List for the Portable 435-MHz Hel 

Qty tem 

1. Type N female chassis mount connector 

lan Чеп. soft copper tubing 

Aft Lin. ID galvanized steel pipe 

1 SftxLin fiberglass tube or maple dowel 

la Sin. pieces of лїп, maple dowel (6 f total) 

1 ein, aluminum plate, 10 in. diameter 

3 2x ein. steel angle brackets 

1 30 30-1. (round or square) aluminum screen 


or hardware cloth 
ай fx in. aluminum channel stack or old 
TV antenna element stack 


3 Smal scraps of Teflon or polystyrene rod 
(spacers for first half turn of helix) 

1 Yex5 x Sin. aluminum plate (boom to mast plate) 

4 Win. U bolts (boom to mast mounting) 

3ft 422 bare copper wire (helix turns to maple 
spacers) 


Assorted hardware for mounting connector, aluminum 
plate and screen, etc. 


Fiberglass tubing is the best choice for the center rod 
material. Maple dowel can be used, but is generally not 
available in lengths over 3 feet. If maple must be used, the 
dowels can be spliced together by drilling holes in the center 
of each end and inserting a short length of smaller dowel 
into one of them. One of the large dowel ends should be 
notched, and the end of the other cut in a chisel shape so 
that they fit together. The small dowel can then be epoxied 
into both ends when they are fitted together. Fig 53 illustrates 
this method of splicing dowels. The splice in the dowels 


Fig 50— At A, the layout of the portable 435-MHz helix is shown. Spacing between the first 5-inch winding-support 
dowel and the ground plane is /: inch; all other dowels are spaced 3 inches apart At B, the detail of notching the 
‘drill a "Inch hole below the notch for a piece of small 


Winding-support dowels to accept the tubing. As indicated, 
wire to hold the tubing in plac 
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Fig 51— The ground plane and feed-polnt support. 

sembly. The circular piece Is a 10-inch diameter, 
Leinen thick piece of aluminum sheet. (A square plate 
may be used instead.) Three 2 > "inch angle brackets 
are bolted through this plate to the back side of the 
reflector screen to support the screen on the pipe.The 
type female chassis connector is mounted in the plate 
four inches from the Linch diameter center hole. 


should be placed as far from the center plate as possible to 
minimize stress on the connection. 

Mount thetypeN connector on the bottom of the center 
plate with the appropriate hardware, The center pin should 
be exposed enough to allow а flattened end of the copper 
tubing to be soldered to it. Tin the end of the tubing after it 
is flattened so that no moisture can enter it. If the helix 
is to be removable from the ground-plane screen, do not 
solder the copper tubing to the connector, Instead, prepare 
a small block of brass, drilled and tapped at one side for a 
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Fig 52— The method of reinforcing the reflector screen. 
with aluminum channel stock, In this version of the. 
antenna, the three angle brackets of Fig 51 have been 
replaced with a surplus aluminum flange assembly. 
(WOCY photo) 


o. 6-32 crew, Drill another hole п the brass block to accept 
the center pin of the type N connector, and solder this 
connection. Now the connection to the copper tubing helix 
can be made in the field with a no. 6-32 screw instead of 
with a soldering iron. 

Refer to Fig SOA. Drill the fiberglass or maple rod at 
the positions indicated to accept the S-inch lengths of 
"pinch dowel, (If maple doweling is used, the wood must 
beweatherproofed as described below before drilling.) Drill 
¿inch hole near the notch of each S-inch dowel to accept 
a piece of 422 bare copper wire. (The wire is used to keep 
the copper tubing in place in the notch.) Sand the ends of 
the inch dowels so the glue will adhere properly, and epoxy 
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Fig 53— Close-up view of the dowel-splicing method. 
Опе dowel is notched, and the other is cut in a wedge 
shape to fit into the notch. Before this is done, both 
ends are drilled to accept a small piece of dowel 

Cis inch), which is glued into one of the ends. The large 
dowels should both be weatherproofed before splicing. 


Fig 54— Side view of the helix feed-point assembly. The 
first half turn of the helix should be kept between ^ and 
loch above the ground screen during winding. The 
height above the screen is adjusted for optimum match 
to а S241 transmission line after the antenna ls 
completed. 


them into the main support rod. 

Begin winding the tubing in а clockwise direction from 
the reflector screen end. First drill a hole in the flattened 
end of the tubing to fit over the center pin of the type N 
connector, Solder it to the connector, or put the screw into 
the brass block described earlier. Carefully proceed to bend 
the tubing in a circular winding from one support to the next. 

Fig 54 shows how the first half turn of the helix 
tubing must be positioned about inch above the reflector 
assembly. It is important to maintain this spacing, as extra 
capacitance between the tubing and ground is required for 
impedance- matching purposes 

Insert a piece of #22 copper wire in the hole in each 
Support as you go. Twist the wire around the tubing and the 
Support dowel. Solder the wire to the tubing and to ise to 
keep the tubing in the notches. Continue inthis way until all 
eight turns have been wound. After winding the helix, pinch 
the far end of the tubing together and solder it closed. 


Weatherproofing the Wood 

A word about preparing the maple doweling isin order. 
Wood parts must be protected against the weather to ensure 
lang service life. A good way to protect wood is to boil itin 
paraffin for about half an hour. Any holes to be drilled in the 
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with the tubing alone, а 6-inch piece of copper flashing. 
material can be soldered to the bottom of the first turn 
of the helix, starting very close to the feed point. The 
spacing can then be adjusted for best match as 
described in the text When the appropriate spacing 
has been found, affix Teflon or polystyrene blocks 
between the screen and the winding with silicone 
sealant to maintain the spacing. 


Wooden parts should be drilled after the paraffin is applied, 
as epoxy does not adhere well to wood after it has been 
coated with paraffin, The small dowels can be boiled in a 
saucepan, Caution must be exercised here the wood can 
be scorched if the paraffin is too hot Paraffin is sold for 
canning purposes at most grocery stores. 

‘The center maple dowel is too long to put in a pan for 
boiling. А hair drier can be used to heat the long dowel, and 
paraffin can then be rubbed onto It. Heat the wood again to 
impregnate the surface with paraffin, This process should 
be repeated several times to ensure proper weatherproofing, 
Wood parts can also be protected with three or four coats of 
spar varnish. Each coat must be allowed to dry fully before 
another coat is applied. 

‘The fiberglass tube or wood dowel must fit snugly with 
the steel pipe. The dowel can be sanded or turned down to 
the appropriate diameter on a lathe. If fiberglass is used, it 
can be coupled to the pipe with a piece of wood dowel that 
fits snugly inside the pipe and the tubing. Epoxy the dowel 
splice into the pipe for a permanent connection. 

Drill two holes through the pipe and dowel and belt 
them together. The pipe provides a solid mount to the boom. 
of therotator, as well as mostof the weight needed to counter- 
balance the antenna. M ore weight can be added to the pipe 
if the assembly is “front-heavy,” (Cut off some of the pipe if 
the balance is off in the other direction. 

The helix has a nominal impedance of about 105 Q in 
this configuration. By varying the spacing of the first half 


turn of tubing, a good match to 52-0 coax should be 
obtainable. If the SWR cannot be brought below about 1,5:1, 
a -inch length of copper flashing material can be added to 
the first half turn of the helix, as shown in Fig 55. The 
flashing material should be added as close to the coaxial 
cable connector as possible, 

When the spacing has been established for the first half 
turn to provide a good match, add pieces of polystyrene or 
Teflon rod stock between the tubing and the reflector 
assembly to maintain the spacing. These can be held in place 
оп the reflector assembly with silicone sealant. Be sure to 
seal the type N connector with the same material 
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Materials and 


Accessories 


This chapter contains information on materials 
amateurs use to construct antennas— what types of materia 
to look for in a particular application, tps on working with 
and using various materials, Chapter 21 contains information. 
оп where to purchase these materials, 

Basically, antennas for MF, HF, VHF and the 
lower UHF range consist simply of one or more 
conductors that radiate (or receive] electromagnetic waves, 
However, an antenna system must also include some 
means to support those conductors and maintain their 
relative positions- the boom for a Yagi antenna and the 


halyards for a wire dipole, for example. In this chapter we'll 
look at materials for those applications, too. Structural 
Supports, such as towers, masts and poles, are discussed in 
Chapter 22. 

There are two main types of material used for 
antenna conductors, wire and tubing. Wire antennas аге 
generally simple and therefore easier to construct, although 
Some arrays of wire elements can become rather complex. 
When tubing is required, aluminum tubing is used mostoften 
because of its light weight Aluminum tubing is discussed 
їп а subsequent section of this chapter 


Wire Antennas 


Although wireantennas are relatively simple, they can 
constitute a potential hazard unless properly constructed. 
Antennas should never be run under or over public utility 
(telephone or power) lines. Several amateurs have lost thelr 
lives by failing to observe this precaution. 

The National Electric Code“ of the National Fire 
Protection Association contains a section on amateur stations 
in which anumber of recommendations are made conceming 
minimum size of antenna wire and the manner of bringing 
the transmission line into the station, Chapter 1 contains 
more information about this code. The code in itself does 
not have the force of law, but itis frequently made a part of 
local bullding regulations, which are enforceable, The 
provisions of the code may also be written into, or referred 
to, in fire and liability insurance documents. 

‘The RF resistance of copper wire increases as the size 
of the wire decreases, However, in most types of antennas 
that are commonly constructed of wire (even quite small 
wire), the radiation resistance will be much higher than the 
RF resistance, and the efficiency of the antenna will still be 
adequate. Wire sizes as small as #30, or even smaller, have 
been used quite successfully in the construction of 
"invisible" antennas in areas where more conventional 
antennas cannot be erected. In most cases, the selection of. 
wire for an antenna will be based primarily on the physical 
properties of the wire, since the suspension of wire from 
elevated supports places a strain on the wire. 


WIRE TYPES 

Wire having an enamel coating is preferable to bare 
wire, since the coating resists oxidation and corrosion. 
Several types of wire having this type of coating are 
available, depending on the strength needed, "Soft-draun" 
or annealed copper wire is easiest to handle; unfortunately, 
itstretches considerably under stress, Soft-órawn wire should 
be avoided, except for applications where the wire will be 
under itle or no tension, or where some change in length 
сап be tolerated. (For example, the length of a horizontal 
antenna fed at the center with open-wire line is not critical 
although a change in length may require some readjustment 
of coupling to the transmitter.) 

ard-draun" copper wire or copper-clad steel wire 
(also known as Copperweld™) is harder to handle, because 
it has a tendency to spiral when itis unrolled, These types 
of wire are ideal for applications where significant stretch 
cannot be tolerated. Care should be exercised in using this 
Wire to make sure that kinks do not develop the wire will 
havea far greater tendency to break at a kink. After the coil 
has been unwound, suspend the wirea few feet above ground 
for a day or two before using it. The wire should not be 
recoiled before it is installed. 

Several factors influence the choice of wire type and 
size. M ost important to consider are the length of the 
unsupported span, the amount of sag that can be tolerated, 
thestability ofthe supports under wind pressure, and whether. 
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ог not an unsupported transmission line is to be suspended 
from the span. Table 1 shows the wire diameter, current 
carrying capacity and resistance of various sizes of copper 
wire. Table 2 shows the maximum rated working tensions of 
hard-drawn and copper-clad steel wire of various sizes. These 
two tables can be used to select the appropriate wire size for 
an antenna. 
WIRE TENSION 
If the tension on a wire can be adjusted to a known 

Value, the expected sag of the wire (Fig 1) may bedetermined 
before installation using Table 2 and the nomograph of 
Fig 2. Even though there may be no convenient method to 
determine the tension in pounds, calculation of the expected 
sag for practicable working tensions is often desirable. If 
the calculated sag is greater than allowableit may be reduced 
by any one or a combination of the following: 

1) Providing additional supports, thereby decreasing thespan. 

2) Increasing the tension in the wire if less than 
recommended. 

3) Decreasing the size of the wire. 


Instructions for Using the Nomograph 
1) From Table 2, find the weight (pounds/1000 feet) for 
the particular wire size and material to be used 
2) Draw a line from the value obtained above, plotted on 
the weight axis, to the desired span (feet) on the span axis, 
Fig 2. Note in Fig 1 that the span is one half the distance 
between the supports. 


З) Choosean operating tension level (in pounds] consistent 
with the values presented in Table 2 (preferably less than 
the recommended wire tension] 

4) Draw aline from the tension value chosen (plotted on 
the tension axis) through the point where the work axis 
crosses the original line constructed in step 2, and continue 
this new line to the sag axis, 

5) Read the sag in feet on the sag axis, 

Example: 

Weight = 11 pounds/1000 feet 
Span = 210 feet 

Tension = 50 pounds 

Answer: Sag = 4.7 feet 


These calculations do not take into account the weight of а 
feed line supported by the antenna wire. 


Fig 1—The span and sag of a long-wire antenn: 


Table 1 
copper wire Table 
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Table 2 
Stressed Antenna Wire 


‘American Recommended Tension! (pounds) 
Wire Gauge — Copperciad Натйант 
steel? copper 
4 495 214 
в 310 130 
a 195 84 
10 120 52 
12 75 E 
14 50 20 
16 з 13 
18 19 a 
20 12 5 


Weight (pounds per 1000 feet) 
Copperciad  Hard-drawn 
steal? copper 
1188 1260 
729 795 
455 50.0 
28.8 314 
18.1 198 
114 124 
Ti 78 
45 49 
28 зл 


"Approximately one-tenth the breaking load. Might be increased 50% if end supports are frm and there is по danger о! es loading. 


ICopporweld "U 40% copper 


Wire Splicing 
Wireantennasshould preferably bemade with unbroken 
lengths of wire. In instances where this is not feasible, wire 
sections should be spliced as shown in Fig 3. The enamel 
insulation should be removed for a distance of about 6 inches 
from the end of each section by scraping with a knife or 
rubbing with sandpaper until the copper underneath is bright. 
The turns of wire should be brought up tight around the 
standing part of the wire by twisting with broad-nose pliers. 
The crevices formed by the wire should be completely 
filled with rosin-cre solder. An ordinary soldering iron or 
gun may not provide sufficient heat to melt solder outdoors; 
а propane torch is desirable. The joint should be heated 
sufficiently so the solder flows freely into the joint when the 
source of heat is removed momentarily. After the joint has 
cooled completely, it should be wiped clean with a cloth, and 
then sprayed generously with acrylic to prevent corrosion. 


ANTENNA INSULATION 

To prevent loss of RF power, the antenna should be 
well insulated from ground, unless of course it is a shunt 
fed system. T isis particularly important at the outer end or 
ends of wire antennas, since these points are always at a 
comparatively high RF potential. If an antenna is to be 
installed indoors (in an attic, for instance) the antenna may 
be suspended directly from the wood rafters without 
additional insulation, if the wood is permanently dry. M uch 
greater care should be given to the selection of proper 
insulators when the antenna is located outside where it is 
exposed to wet weather 


Insulator Leakage 

Antenna insulators should be made of material that will 
not absorb moisture. The best insulators for antenna use are 
made of glass or glazed porcelain. Depending on the type of. 
material, plastic insulators may be suitable. The length of an 
Insulator relative to its surface area is indicative of its 
comparativeinsulating ability. A long thin insulator will have 
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Fig 2— Nomograph for determining wire sag. J ohn 
Elengo, J r, KIAFR) 


less leakage than а short thick insulator. Some antenna 
insulators are deeply ribbed to increase the surface leakage 
path without increasing the physical length of the insulator. 
Shorter insulators can be used at low-potential points, such 
as at the center of a dipole. If such an antenna is to be fed 
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with open-wire line and used on several bands, however, 
the center insulator should be the same as those used at he 
ends, because high RF potential may exist across the center 
insulator on some bands. 


Insulator Stress 

As with the antenna wire, the insulator must have 
sufficient physical strength to support the stress of the 
antenna without danger of breakage. Long elastic bands or 
lengths of nylon fishing line provide long leakage paths and 
make satisfactory insulators within their limits to resist 
mechanical strain. They are often used in antennas of We 
“invisible” type mentioned earlier. 

For low-power work with short antennas not subject 
to appreciable stress, almost any small glass or glazed 
porcelain insulator will do. Homemade insulators of Lucite 
rod or sheet will also be satisfactory. M ore care is required 
їп the selection of insulators for longer spans and higher 
transmitter power. 

Fora given material, the breaking tension of an insulator 
will be proportional to its cross-sectional area, It should be 
remembered, however, that the wire hole at the end of the. 
insulator decreases the effective cross-sectional area, For this 
reason, insulators designed to carry heavy strains are fitted 
with heavy metal end caps, theeyes being formed in the metal 
сар, rather than in theinsulating material itself. Thefallowing 
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Fig 3— Correct method of splicing antenna wire. Solder 
Should be flowed Into the wraps after the con 
completed, After cooling, the joint should be 
with acrylic to prevent oxidation and corrosion. 


Fig 4— When fastening antenna wire to an insulator, do 
not make the wire loop too snug. After the connection 
is complete, flow solder Into the turns. Then when the 
joint has cooled completely, spray It with acrylic. 
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stress ratings of antenna insulators are typical 

"ein. square by 4 in. long- 400 Ib 

Lin, diameter by 7 or 12 in. long 800 Ib 

I in. diameter by 8, 12 or 20 in. long, with special 
metal end caps— 500010 

‘These are rated breaking tensions. The actual working 
tensions should be limited to not more than 25% of the 
breaking rating. 

‘The antenna wire should be attached to the insulators 
as shown in Fig 4. Care should be taken to avoid sharp 
angular bends in the wire when it is looped through the 
insulator eye. The loop should be generous enough in size 
that it will not bind the end of the insulator tightly. If the 
length of the antenna is critical, the length should be 
measured to the outward end of the loop, where it passes 
through the eye of the insulator. The soldering should be 
done as described earlier for the wire splice. 


Strain Insulators 

Strain insulators have their holes at right angles, since 
they are designed to be connected as shown in Fig 5. It can. 
be seen that this arrangement places the insulating material 
Under compression, rather than tension. An insulator 
connected this way can withstand much greater stress, 
Furthermore the wire will not collapseif theinsulator breaks, 
since the two wire loops are interlocked. Because the wire 
is wrapped around the insulator, however, the leakage path 
is reduced drastically, and the capacitance between the wire 
loops provides an additional leakage path. For this reason, 
the use of the strain insulator is usually confined to such 
applications as breaking up resonances in guy wires, where 
high levels of stress prevail, and where the RF insulation is 
of less importance. Such insulators might be suitable for 
Use at low-potential points on an antenna, such as at the 
center of a dipole. These insulators may also be fastened in 
the conventional manner if the wire will not be under 
sufficient tension to break out the eyes, 


Insulators for Ribbon-Line Antennas 

Fig 6A shows the sketch of an insulator designed to be 
used atthe ends of a folded dipole or a multiple dipole made 
of ribbon line. It should be made approximately as shown, 
out of Lucite or bakelite material about“ inch thick. The 
advantage of this arrangements thatthe train of the antenna 
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Fig 5- Conventional manner of fastening wire to a strain. 
insulator. This method decreases the leakage path and. 
increases capacitance, as discussed in the text. 


is shared by the conductors and the plastic webbing of the 
ribbon, which adds considerable strength. After soldering, 
the screw should be sprayed with acrylic. 

Fig 68 shows a similar arrangement for suspending 
one dipole from another in a stagger-tuned dipole system. If 
better insulation is desired, these insulators can be wired to 
a conventional insulator. 

PULLEYS AND HALYARDS 

Pulleys and halyards commonly used to raise and lower 
awire antenna must also be capable of taking the same strain 
as the antenna wire and insulators, Unfortunately, little 
specific information on the stres ratings of most pulleys is 
available. Several types of pulleys are readily available at 
almost any hardware store. Among these are small 
galvanized pulleys designed for awnings and several styles 
and sizes of clothesline pulleys. Heavier and stronger pulleys 
are those used in marine work. The factors that determine 
how much stress a pulley will handle include the diameter 
of the shaft, how securely the shaft is fitted into the sheath 
and the size and material of the frame. 

‘Another important factor to be considered in the 
selection of a pulley is its ability to resist corrosion, 
Galvanized awning pulleys are probably the most susceptible 
to corrosion, While the frame or sheath usually stands up 
well, these pulleys usually fail at the shaft. The shaft rusts 
out, allowing the grooved whee! to break away under tension, 

Most good-quality clothesline pulleys are made of 
alloys which do not corrode readily. Since they are designed 
to сату at least 50 feet of line loaded with wet clothing in 
stiff winds, they should be adequate for normal spans of 
100 to 150 feet between stable supports. One type of 


clothesline pulley has a 4-inch diameter plastic wheel with 
a . cen shaft running in bronze bearings. The sheath is 
made of cast or forged corrosion-proof alloy. Some look 
alike low-cost pulleys of this type have an aluminum shaft 
with no bearings. For antenna work, these cheap pulleys are 
of little long-term value. 

Marine pulleys have good weather-resisting qualities, 
since they are usually made of bronze, but they are 
comparatively expensive and are not designed to carry heavy 
loads. For extremely long spans, the wood-sheathed pulleys 
used in "block and tackle" devices and for sail hoisting 
should work well 
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Fig 7—This is one type of knot that will hold with 
‘smooth rope, such as nylon. Shown at A, the knot for 
splicing two ends. B shows the use of a similar knot in 
forming a loop, as might be needed for attaching an 
insulator to a halyard. Knot А is first formed loosely 

10 oF 12 in. from the end of ће rope; then the end is 
passed through the eye of the insulator and knot A. 
Knot is then formed and both knots pulled tight. 
(Richard Carruthers, K7HDB) 
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Fig 6—At A, an insulator for the ends of folded dipoles, or multiple dipoles made of 300-оһт ribbon. At B, a method 
of suspending one ribbon dipole from another in a multiband dipole system. 
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Halyards 

Table3 shows the recommended maximum tensions. 
for various sizes and types of line and rope suitable for 
hoisting halyards. Probably the best type for general 
amateur use for spans up to 150 or 200 feet is cinch 
nylon rope. Nylon is somewhat more expensive than 
ordinary rope of the same size, but it weathers much better, 
Nylon also has a certain amount of elasticity to 
accommodate gusts of wind, and is particularly 
recommended for antennas using trees as supports. A 
disadvantage of new nylon rope is that it stretches by a 
significant percentage. A fter an installation with new rope, 
it will be necessary to repeatedly take up the slack created 
by stretching. This process will continue over a period of 
several weeks, at which time most of the stretching will 
have taken place. Even a year after installation, however, 
some slack may still arise from stretching. 

Most types of synthetic rope are slippery, and some 
types of knots ordinarily used for rope will not hold well 
Fig 7 shows a knot that should hold well, even in nylon 
rope or plastic line. 

For exceptionally long spans, stranded galvanized steel 
sash cord makes a suitable support. Cable advertised as "wire 
торе" usually does not weather well. A boat winch, sold at 
marinas and at Sears, is a great convenience in antenna 
hoisting (and usually а necessity with metal halyard). 


Table 3 
Approximate Safe Working Tension for Various 
Halyard Materials 


Dia, Tension, 
Material m. Lo 
Manila hemp rope M 120 
+ 270 
% 530 
^ 800 
Polypropylene rope 270 
^ 530 
% 840 
Nylon rope Л 300 
^ 660 
% 140 
7x11 galvanized he 30 
sash cord a 125 
эе 250 
% 450 
High-strongth stranded ., 400 
galvanized steel guy fe 700 
wire " 1200 
Rayon-filied plastic “he 601070 


clothesline 


Antennas of Aluminum Tubing 


Aluminum is a malleable, ductile metal with а mass 
density of 2.70 grams per cubic centimeter. The density of 
aluminum is approximately 35% that of iron and 30% that 
of copper, Aluminum can be polished to a high brightness, 
and it will retain this polish in dry air. In the presence of 
moisture, aluminum forms an oxide coating (A1203) that 
protects the melal from further corrosion. Direct contact with 
Certain metals, however (especialy ferrous metals such as 
iron ог steel), in an outdoor environment can bring about 
galvanic corrosion of aluminum and its alloys. Some 
protective coating should be applied to any point of contact 
between two dissimilar metals, Much of this information 
about aluminum and luminum tubing was prepared by Ralph 
Shaw, KSCAV. 

Aluminum is non-toxic; itis used in cooking utensils 
and to hold and cover “TV dinners" and other frozen foods, 
ж it is certainly safe to work with, The esse with which it 
can be drilled or sawed makes İt a pleasure to work with. 
Aluminum products lend themselves to many and чапей 
applications. 

Aluminum alloys can be used to build amateur 
antennas, as well as for towers and supports, Light weight 
and high conductivity make aluminum ideal for these 
applications Alloying lowers the conductivity ratings, but 
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Table 4 
Aluminum Numbers for Amateur Use 
Common Alloy Numbers 


Typo Characteristic 

2024 Good formability, high strength 

5052 Excellent surface finish, excellent corrosion 
resistance, normally по! heat treatable for 
high strength 

6061 Good machinabiliy, good weldabiity 

6063 Good machinability, good weldabiity 

7075 Good formabilty, high strength 
Соттоп Tempers 

Type Characteristics 

To Special soft condition 

тз Hard 

T6 Hardest, possibly brittle 

TXXX Three digit tempers- usually specialized 
high strength heat treatments, similar to T6 
General Uses 

Type Uses 

2024-73 Chassis boxes, antennas, anything that will 
be bent or 

7078 40 | Floxed repeatedly. 

6061-76 Tubing and pipe; angle channel and bar stock 


063-1892 Tubing and pipe: angie channel and bar stock 


Table 5 

Aluminum Tubing Sizes 

6061-T6 (618-76) Round Aluminum Tube in 12-Foot Lengths 
Wall Thickness Approximate Weight 


Tubing. 1D, — Pounds Pounds 
Diameter Inches Stubs Inches Per Рег 
Ga. Foo! Length 

hein, 0085 (#20) 0.117 0019 0.228 
0.049 (#18) 0089 0025 0330 

Thin. 0085 (420) 0.180 0027 0.324 
0.049 (#18) 0152 0038 0432 

0.058 (#17) 0134 0041 0492 

n. 0:085 (#20) 0242 0.036 0.402 
0.049 (#18) 0214 0.047 0564 

0.058 (#17) 01% 0.055 0680 

hln. 0:035 (#20) 0305 0043 0516 
0.049 (#18) 0277 0060 0720 

0.058 (#17) 0259 0068 086 

0.065 (#16) 0245 0074 0888 

0.035 (#20) 0367 0051 0612 

0.049 (#18) oasa 0070 0840 

0.065 (#16) 0307 0088 1068 

Min. 0028 (#22) 0444 0049 0588 
aoas (#20) 0480 0059 0708 

0.049 (418) 0402 0082 0.084 

0.058 (417) 0.384 0095 1040 

0.065 (#6) 0370 0107 1284 

Shin. 0028 (422) 0:588 0.061 07732 
0.035 (#20) 0.555 0075 0900 

0.049 (#18) 0527 0106 1272 

0.058 (#17) 0509 0121 1452 

0.065 (416) 0495 0187 1.644 

Yuin. 0.035 (420) 0680 0:091 1092 
0.049 (#18) 0682 0125 1500 

0.058 (#17) 0634 0148 1776 

0.065 (#16) 0620 0160 1920 

0.083 (#14) 0.584 020 2448 

ein. 0035 (#20) 0805 0108 1308 
0049 (#18) 0777 0151 1810 

0.058 (417) 0759 0175 2100 

0.065 (#6) 0745 0199 2399 

iin. 0035 (420) 0930 0123 1.476 
0.049 (418) 0902 0170 2040 

0.058 (#17) 0.884 0202 2424 

0.065 (#16) 0870 0220 2640 

0083 (#14) 0834 0281 3372 


Wall Thickness Approximate Weight 


Tubing 10, ` Pounds Pounds 
Diameter Inches Stubs Inches Per Per 
Ga. Foot Length 

Tin 0035 (#20) 1.055 0.199 1.668 
0.058 (817) 1009 0228 2736 

Tin. 0.095 (420) 1.180 0.155 1.880 
oosa ($18) 1152 0210 2520 

0.058 (817) 1134 0258 3072 

0065 (816) 1120 0284 зав 

0083 (814) 1084 0357 4284 

Phi. 0035 (420) 1305 0173 2076 
0058 ($17) 1258 0282 3384 

‘hin. 0038 (420) 1430 0180 — 2160 
0049 ($18) 1402 0260 3120 

0.058 ($17) 1384 0309 3708 

0065 (816) 1370 0344 4128 

0083 (814) 1334 0434 5208 

10428 Vein, 1250 0630 7416 

-0280 in. 1000 1150 14.892 

Phim. 0035 (320) 1655 0208 2472 
0058 (#17) 1508 0336 — 4032 

Pin. 0058 (417) 1634 0363 43% 
0083 (#14) 1584 050 6120 

Tim. 0058 (817) 1759 0389 4668 
2in 0049 ($18) 1902 0350 4200 
0065 ($16) 1870 0450 5400 

0083 (#14) 1834 0590 7080 

20128 "in. 1750 0870 9960 

0250 Win. 1500 1620 19920 

Zuin 0049. ($18) 2152 0398 4776 
0.065 ($16) 2120 0520 6240 

0083 ($14) 2084 0680 7920 

%a. 0065 ($16) 2370 0587 7044 
0083 ($14) 2334 074) — 8880 

20125 Vein, 2250 1100 12720 

420 in. 2000 2080 25440 

din. 0065 ($16) 2870 070 8520 
20128 "in. 2700 1330 15600 

20250 in. 2500 2540 31200 


"These sizes are extruded, Al other sizes are drawn tubes 


the tensile strength can be increased by alloying aluminum 
with aneor more metals such as manganese, silicon, copper, 
magnesium or zinc. Cold rolling can be employed to further. 
increase the strength 

A four-digit system is used to identify aluminum alloys, 
such as 6061. Aluminum alloys starting with a 6 
contain di-magnesium silicide (M 0,51). The second digit 
indicates modifications of the original alloy or impurity 
limits. The last two digits designate different aluminum alloys 
within the category indicated by the first digit 

In the 6000 series, the 6061 alloy is a commonly used 
for antenna applications, Type 6061 has good resistance to 
corrosion and has medium strength. A further designation 
like T-6 denotes thermal treatment (heat tempering). More. 


information on the available aluminum alloys can be found 
in Tabled. 


SELECTING ALUMINUM TUBING 

"Table 5 shows the standard sizes of aluminum tubing 
thatare stocked by most aluminum suppliers or distributors 
in the United States and Canada. Note that all tubing comes 
in 12-foot lengths (local hardware stores sometimes stock 
6- and 8-foot lengths). Note also that any diameter tubing 
will fitsnugly into the next larger size, if the larger size has 
а 0.058-inch wall thickness. For example, inch tubing 
has an outside diameter of 0.625 inch, This will fit into 
cinch tubing with a 0.058-inch wall, which has an inside 
diameter of 0.634 inch. A clearance of 0.009 inch is just 


Antenna Materials and Accessories 20-7 


Tight for a slip fit or for slotting the tubing and then using 
hose clamps. Always get the next larger size and specify a 
0.058-inch wall to obtain the 0.009-inch clearance. 

A little figuring with Table 5 will glve you all the 
Information you need to build a beam, including what the 
antenna will weigh. The 6061-76 type of aluminum has а 
relatively high strength and has good workability. Itis highly 
resistant to corrosion and will bend without taking a "set" 


SOURCES FOR ALUMINUM 

‘Aluminum can be purchased new, and suppliers are 
listed in Chapter 21. Butdon'toverlook the local melal scrap 
yard. The price varies, but between 35 and 60 cents per pound 
Istypical for scrap aluminum. Some aluminum items to look 
for include aluminum vaulting poles, tent poles, tubing and 
fittings from scrapped citizen's band antennas, and 
aluminum angle stack. The scrap yard may even have a 
section or two of triangular aluminum tower. 

‘Aluminum vaulting poles are 12 or 14 feet long and 
range in diameter from 13/ to 1 inches. These poles are 
Suitable for the center-element sections of large 14-M Hz 
beams or as booms for smaller antennas. Tent poles range 
in length from 27 to 4 feet. The tent poles are usually 
tapered; they can be split on the larger end and then mated 
with the smaller end of another pole of the same diameter, 
A small stainless-steel hose clamp (sometimes also available 
at scrap yards!) can be used to fasten the poles at this 
Junction. A 14- or 21-M Hz element сап be constructed from 
Several tent poles in this fashion. If longer continuous piece 
of tubing is available, it can be used for the center section to 
decrease the number of junctions and clamps. 

Other aluminum scrap is sometimes available, such as 
US Army aluminum mast sections designated A В-85/6ВА-4 
(J&H Smith M fg). These are 3 foot sections with a 1% inch 
diameter, The ends are waged so they can be assembled one 
into another, These are ideal for making a portable mast for a 
144-M Hz beam or for Field Day applications 


CONSTRUCTION WITH ALUMINUM TUBING 

Most antennas built for frequencies of 14 M Hz and 
above are made to be rotated. Constructing a rotatable 
antenna requires materials that are strong, lightweight and 
easy to obtain. The materials required to build a suitable 
antenna will vary, depending on many factors. Perhaps the 
most important factor that determines the type of hardware 
needed is the weather conditions normally encountered. High 
winds usually don't cause as much damage to an antenna as 
does ice, especially ice along with high winds. Aluminum 
element and boom sizes should be selected so the Various 
sections of tubing will telescope to provide the necessary 
total length. 

The boom size for а rotatable Yagi or quad should be 
selected to provide stability tothe entire system. The best 
diameter for the boom depends on several factors; most 
important are the element weight, number of elements and 
overall length. Tubing of 1'/vinch diameter can easily 
Support three-element 28-M Hz arrays and perhaps a two- 
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element 21-M Hz system. А -inch diameter boom will be 
adequate for larger 28-M Hz antennas or for harsh weather 
conditions, and for antennas up to three elements on 14 M HZ 
or four elements on 21 MHz. It is not recommended that 
2-inch diameter booms be made any longer than 24 feet 
unless additional support is given to reduce both vertical 
and horizontal bending forces, Suitable reinforcement for a 
long 2-inch boom can consist of a truss or a truss and lateral 
support, as shown in Fig 8, 

А boom length of 24 feet is about the point where a 
3-inch diameter begins to be very worthwhile, This 
dimension provides a considerable improvement in overal 
mechanical stability ав well as increased clamping surface 
area for element hardware. Clamping surface area is 
extremely important if heavy icing Is common and rotation 
of elements around the boom is to be avoided. Pinning an 
element to the boom with a large bolt helps in this regard. 
Оп smaller diameter booms, however, the elements 
sometimes work loose and tend to elongate the pinning holes 
in both the element and the boom. After some time the 
elements shift their positions slightly (sometimes from day 
to day!) and give a rather ragged appearance to the system, 
even though this doesn’t generally harm the electrical 
performance. 

А 3-inch diameter boom with a wall thickness of 0.065 
Inch їз satisfactory for antennas up to about a five-element, 
14-M Hz array tatis spaced on a40-foot long boom. А truss 
is recommended for any boom longer than 24 feet 

There is no RF voltage at the center of a parasitic 
element, so no insulation is required in mounting elements 
that are centered on the boom (driven elements excepted). 
This is true whether the boom is metal or a nonconducting 
material, Metal booms have a small "shortening effect” on 
elements that run through them. With materials sizes. 


Fig 8—A long boom needs both vertical and horizontal 
Support. The cross bar mounted above the boom can 
Support a double truss to help keep the antenna in 
position. 


commonly employed, this is not more than one percent of 
the element length, and may not be noticeable in many 
applications. tis just perceptible with -inch tubing booms 
used on 432 M Hz, for example. Design-formula lengths can. 
beused as given, if the matching is adjusted in the frequency 
range one expects to use. The center frequency of an all- 
metal array will tend to be 0.5 to 1 percent higher than а 
similar system built of wooden supporting members 


Element Assembly 

While the maximum safe length of an antenna element 
depends to some extent on its diameter, the only laws that 
specify the minimum diameter of an element are the laws of 
nature Thatis the element must be rugged enough to survive 
whatever weather conditions it will encounter. 

Fig 9 shows tapered Yagi element designs that will 
survive winds in excess of 80 mi/h Witha finch thickness 
of radial ice, these designs will withstand winds up to 
approximately 60 mifh.(ceincreases the wind area but does 
not increase the strength of the element.) Моге rugged 
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Fig 9 Half-element designs for Yagi antennas. The other. 


side of the elementis identical, and the center section 
should be a single piece twice as long as the length 
Shown here for the largest diameter section. Use. 
0.058in-wall aluminum tubing throughout. Broken lines 
Indicate double tubing thickness, where one tube is 
inserted into another. The overlap insertion depth into a 
tube two sizes larger, where shown, should be at least 
imum survival wind speeds without ice 
cent to each design; values enclosed in 
parentheses are survival speeds for inch of radial ice. 


designs are shown in Fig 10. With no ice loading, these 
elements will survive in 120-mi/h winds, and in winds 
exceeding 85 mih with inch of radial ice, If you lose an 
antenna made with elements like these, you'll have plenty 
of company among your neighbors with commercially made 
antennas! 

Figs 9 and 10 show only half elements. When the 
elementis assembled, helargestsizetubing foreach element 
should be double the length shown in the drawing, with its 
center being the point of attachment to the boom. These 
designs are somewhat conservative, in that they are self- 
resonant slightly below the frequency indicated for each 
design. Telescoping the outside end sections to shorter 
length for resonance will increase the survival wind speeds. 
Conversely lengthening the outside end sections will reduce 
"hesurvival wind speeds. [See Bibliography listing for David 
Leeson (WNL, ex-W 6QHS) at the end of this chapter] 

Fig 11 shows several methods of fastening antenna 
element sections together. The slot and hose clamp method 
shown in Fig ПА is probably the best for joints where 
adjustments are required. Generally, one adjustable joint per 
етеп һа is sufficient to tune the antenna, Stinles-stel 
hose clamps (heware some "stainless steel” models do 
not have a stainless screw and will rust) are recommended 
for longest antenna life. Table 6 shows avallable hose- 
clamp sizes. 

Figs 118, 11C and 110 show possible fastening 
methods for joints that do not require adjustment. At B, 
machine screws and nuts hold the elements in place. ALC, 
sheet metal screws are used, ALD, rivets secure the tubing 
If the antennas to be assembled permanently, rivets are the 
best choice. Once in place, they are permanent They will 
never work free, regardless of vibration or wind. If aluminum 
rivets with aluminum mandrels are used, they will never 
rust. In addition, there is no danger of dissimilar-metal 
corrosion with aluminum rivets and aluminum antenna 
elements. If the antenna is to be disassembled and moved 
periodically, either B or C will work. If machine screws are 
used, however, takeall possible precautions to keep the nuts 
from vibrating free. Use lock washers, lock nuts and flexible 
sealant such as silicone bathtub sealant to keep the hardware 
in place 

Very strong elements can be made by using a double 
thickness of tubing, made by telescoping one size inside 
another for the total length. This is usually done atthe center 
ofan element where more element strength is desired at the 
boom support point, as in the 14-M Hz element in Fig 10. 
Other materials can be used as well, such as wood dowels, 
fiberglass rods, and so forth. 

in each case where a smaller diameter length of tubing 
istelescopedinsidealarger diameter one, its a good idea to 
coat the inside of the joint with Penetrox or a similar 
substance to ensurea good electrical bond. Antenna elements 
havea tendency to vibrate when they are mounted on tower, 
and one way to dampen the vibrations is by running a piece 
Of clothesline горе through the length of the element. Cap 
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Fig 10—A more rugged schedule of taper proportions for Yagi hall-elements than Fig 9. See the Fig 9 caption for 
details. Table 5 gives details of aluminum tubing sizes. 


Table 6 
Hose-Clamp Diameters 


Clamp Diameter (In.) 


Size No. Mn Max 
06 a la 
08 u 1 
10 1 m 
12 А ота 
16 „ тр 
20 „о 
24 1. 2 
28 Pho 2 
32 ih 2e 
36 Vh Ph 
40 2 3 
а Bře ЗА 
48 2 a 
52 Ph Ph 
56 з» 4 
64 Sh а 
72 4 5 
80 ар 5 
88 Бл в 
E Sh 8% 
104 б» 7 
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Fig 11— Methods of connecting telescoping tubing 
sections to build beam elements. See text for a 
discussion of each method. 


or tape the end of the element to secure the clothesline. f 
mechanical requirements dictate (а U-bolt going through 
the center of the element, for instance), the clothesline may 
be cut into two pieces. 

Antennas for 50 MHz need not have elements larger 
than eincn diameter, although up to 1 inch is used 
occasionally. At 144 and 220 M Hz the elements are usually 
"fto Ya inch in diameter. For 420 M Hz, elements as small 
as he inch diameter work well, if made of stiff rod 
Aluminum welding rod of * to Ye inch diameter is fine 
Tor 420-M Hz arrays, and Y inch or larger is good for the 
220-MHz band. Aluminum rod or hard-drawn wire works 
well at 144 MHz. 

Tubing sizes recommended in the paragraph above re 


usable with most formula dimensions for VHF/UHF 
antennas. Larger diameters broaden the frequency response: 
smaller ones sharpen it M uch smaller diameters than those 
recommended will require longer elements, especially in 
50-M Hz arrays. 


Element Taper and Electrical Length 

The builder should be aware of one important aspect 
of telescoping or tapered elements. When the element 
diameters are tapered, as shown in Figs 9 and 10, the 
electrical length is not the same as it would be for 
a cylindrical element of the same total length, 
Length corrections for tapered elements are discussed in 
Chapter 2. 


Other Materials for Antenna Construction 


Wood is very useful in antenna work. Itis available in 
a great variety of shapes and sizes. Rug poles of wood or 
bamboo make fine booms. Bamboo is quite satisfactory for 
spreaders in quad antennas 

Round wood stock (doweling) is found in many 
hardware stores in sizes suitable for small arrays. Wood is 
ood for the framework of multibay arrays for the higher 
bands, as it keeps down the amount of meta in the active 
area of the атау. Square or rectangular boom and frame 
materials can be cut to order in most lumber yards if they 
are not available from the racks in suitable sizes 

Wood used for antenna construction should be well 
seasoned and free of knots or damage. Available materials 
Vary, depending on local sources. Your lumber dealer can 
help you better than anyone else in choosing suitable 
materials. joining wood members atright angles can be done 
with gusset plates, as shown in Fig 12. ese can be made 
of thin outdoor-gradeplywood or M asonite Round materials 
can be handled in ways similar to those used with metal 
components, with U clamps and with other hardware. 

In the early days of Amateur Radio, hardwood was 
used as insulating material for antennas, such as at the center 
and ends of dipoles, ог for the center insulator of a driven 
element made of tubing. Wood dowels cut to length were 
the most common source. To drive out moisture and prevent 
the subsequent absorption of moisture into the wood, it was 
treated before use by boiling itin paraffin. Of course today's 
technology has produced superior materials for insulators 
interms of both strength and insulating qualities. However, 
the technique is worth consideration in an emergency 
situation or if low cost is a prime requirement, "Baking" 
the wood in an oven for a short period at 200° F should 
drive out any moisture. Then treatment as described in the 
next paragraph should prevent moisture absorption. The use 
of wood insulators should beavoided at high-voltage points 
if high power is being used. 

‘All wood used in outdoor installations should be 
protected from the weather with varnish or paint. А good 


grade of marine spar varnish or polyurethane varnish will 
offer protection for years in mild climates, and one or more 
seasons in harsh climates, Epoxy-based paints also offer good 
protection. 
Plastics 

Plastic tubing and rods of various sizes are available 
from many building-supplies stores. The uses for the 
available plastic materials are limited only by your 
imagination. Some amateurs have built beam antennas for 
VHF using wire elements run inside thin PVC plumbing pipe. 
The pipe gives the elements a certain amount of physical 
strength. Other hams have built temporary antennas by 
wrapping plastic pipe with aluminum foil or other conductive. 
material. Plastic plumbing pipe fittings can also be used to 
enclose baluns and as the center insulator or end insulators 
of a dipole, as shown in Fig 13. Plastic or Teflon rod can be 
used as the core of a loading coil for a mobile antenna 


Fig 12—Wood members can be joined at right angles 
using gusset plates. 
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Fig 13- Plastic plumbing parts can be used as antenna 
‘center and end insulators, 


(Fig 24) but the material for this use should be selected 
carefully. Some plastics become quite warm in the presence 
of a strong RF field, and theloading-oll core might melt or 
catch fre! 


Fiberglass 

Fiberglass poles are the preferred material for spreaders 
for quad antennas. They are lightweight, they withstand harsh 
weather well, and their insulating qualities areexcellent One 
disadvantage of fiberglass poles is that they may be crushed. 
rather easily. Fracturing occurs at the point where the pole 
is crushed, causing it to lose its strength. A crushed pole is 
next to worthless, Some amateurs have repaired crushed 
poles with fiberglass cloth and epoxy, but the original 
strength is nearly impossible to regain. 

Fiberglass poles can also be used to construct other types 
of antennas. Examples are helically wound Yagi elements or 
verticals, where a wire is wound around the pole. 


CONCLUSION 

The antenna should be put together with good quality 
hardware. Stainless steel is best for long life. Rust will 
Quickly attack plated steel hardware, making nuts dificult, 
if natimpossible, to remove. If stainless-steel muffler clamps 
and hose clamps are not available, the next best thing is to 
have them plated. If you can't have them plated, at least 
paint them with a good zinc-chromate primer and a finish 
cost or two, 

Galvanized steel generally has a longer life than plated 
steel, but this depends on the thickness of the galvanizing 
coat Even so, in harsh climates rust will usually develop on. 
galvanized fittings in a few years. For the ultimate in long: 
term protection, galvanized steel should be further protected 
with zinc-chromate primer and then paint or enamel before 
exposing itto the weather 

Good quality hardware s expensive initially, butif you. 
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polystyrene rod. 


do itright the first ime, you won't have to take the antenna 
down in a few years and replace the hardware, When the 
time does come to repair or modify the antenna, nothing is 
more frustrating than fighting rusty hardware at he top of 
the tower. 

Basically any conductive material can be used as the 
radiating element of an antenna, Almost any insulating 
material cn be used as an antenna insulator. The materials 
used for antenna construction are limited mainly by physical 
considerations (required strength and resistance o outdoor 
exposure) and by theavailability of materials, Don tbeafraid 
to experiment with radiating materials and Insulators 
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Antenna Manufacturers Products 


Finding parts can be the most difficult aspect of an antenna project Supplies of aluminum existin most major metropolitan areas. 
“They can be found in the Yellow Pages of the phone book. Some careful searching of the Yellow Pages may also revel sources of other 
materials and accessories. If you live away from a metropolitan area, try using telephone books for the nearest large metropolitan area; 
they may be available in the reference section of your local library. 

M any dealers and distributors will ship their products by freight or by тай. The listings of tables 1, 2, 3, 4, 5, 6 and list several 
categories of antenna products and some supplies of them. Company names have been abbreviated where necessary Table 8 is an 
adress list arranged alphabetically by company name. 

Product lines change often; we recommend that you request current catalogs rom those manufacturers who interest you. In addition, 
all indications of sales policies and prices for catalogs are given for general information only and are subject to change without notice 

‘Antenna products for repeaters are listed separately, in Chapter 17. 


Table 1 
\VHF/UHF/Microwave Antenna Suppliers 


Notes 
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Table 2 
HF Antenna Suppliers 


uad, 
Manutacturer Yagi | toop 


Dipole 


AEA 


Арпа Dota 


Arternas West 


4444 


Dela Loop 7 


Dressler 


Бусан 


Force 12 7 


— 


Gem Quad. 2 


(Grove 


High Sara 


Hunter 


Jade Produc 


Nele 


км 7 


Lakeview 


E sot 2 
м 


МЕТ 


Mosley 7 


Nema 7 


[ne — 


2 


Palomar 


Pro-Am Valor 


Roadrunner 


Sommer 7 


EI 


Tele Gain 7 


Texas Rado 


"The Rado wora 


Notes: 
labern antenna mount 
“HF and VHF versions available 
хладне oplon available 

* полаб 


Van Gorden 
WIC 
мам 7 
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Tables 
Antenna Parts 


ij 


E 
d 
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Table 4 


Suppliers of Quad Antenna Parts 
Fiberglass and Bamboo Poles for Spreaders 


Company Material Size 

Advanced Composites , and vin. OD, 12 and 
20 foot lengths 

Cuber Co., Inc. ell x 13 а 
13 ft cast spiders, boom-to- 

mast mounts 


ав» Enterprises leis ameter, 13.0 
lengths. Severe-duty cubical 

quads and accessories. 

Lightning Bolt Custom made fberglass 
spreaders, any length 


Sky-Pole Manufacturing, Vaulting poles and tubing of 

ine various sizes and lengths. 
Tto тула. tubing in odd 
lengths. 


Tropical Accents 


Bamboo poles 


Table 5 
Towers, Masts and Accessories 


Towers 
Auma 

Create Design 

Glen Marin Engineering 
Heights Tower 

Natonsl Tower 

Radio Shack (masts only) 
пат 

Teloxhy- Gain 

Texas Tower. 

Trex 

Ton 

Universal Manufacturing 
US Tower 


Climbing and Safety Equipment 


E 
RADIOKIT 


CATS. (repair) 
Create Design 

Mosley 

Ocean State Electronics 
ao Shack 

Tele Gain. 

Yaesu 


Stacking Frames 
(Unies otherwise noted these fames are for use in stacking the 


manufacturer's own antennas in pairs or quads. These stacking kis 
Sre tor VAF or UHF antennas only 


Cusheratt 
Down East 

m 

Mosley 

Rutana Arrays 
Spectrum Intemational 


Combiners, Power Dividers and Phasing Harnesses 


(These devices are usualy made by a manufacturer for use when 
stacking hs antennas in pars or quede) 


Byers (Mot speci to particular antennas, kits only for 
144-1250 ина) 

Custera 

Down East 

Spectrum Intemational 

та 


Table 6 
Transmission Lines 


Malor manufacturers of cable usualy do not sell direct to amateurs: 
Almost all ham distributors sell coax cables: The companies lated 
below specialize in seling RF connectors and transmission Ines. 


Source Come Hardline Ladder Line 
AGW / 

Belden Й И 

Cable X-Pers И ; E 
International Wire û Cable - 

Nemal ; E 

RADKIOKIT / 
The Radia Works E И 
нус Y 
манн И 
The Wireman А А И 
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Table 7 
Transmission Line Instruments and Accessories 


Matching Networks Lightning Arresters Switches (Remote, Coax) 
Ameriton Alpha Dela Ameritron 
Barker Willamson Ameriron Antennas Ete 
Cubex Comet 
ICOM (mobile & fixed) Cusherat SWR and Wattmelers 
Kenwood Industrial Communication Engineers AEA1SWR analyzer) 
м) Lightning and Nose Protectors ion 
Nye ин Bid 
Ocean State Electronics Polyphaser Coaxial Dynamics 
Tenctec Radioware Dielectie Communications 
Texas Radio Imobile only Rohn MĚJ (SWR analyzer) 
Vectrnies Telex Gan Nye (including audible version for the 
Ferrite Cores and Rods ad SM taky Woah 
ero Surge ine Kypr 
Amidon А ВЕ Pars 
Palomar Switches (Manual, Coax) Texas Radio 
AADIOKIT Alpha Dela 
Filters TVI (Low Pass and High Barter & Willamson 
Pass) ий 
Antennas Ete 
Econ 


Tucker Electronics 


We have made every fot ensure that this st is complete and accurate as of eariy 2000. The ARRL takes no responsibilty for errors 
oromissons. Silly, a isting here does not represent an endorsement af a manufacturer or products by the AARL. Refer o the 
Product reviews in OST for descriptions of particular products that interest you To the best of our knowledge the supplier lated are 
‘ling to sell products to amateurs by тай unless indicated otherwise. This listing wil be updated with each editan of The Antenna Book 
and The ARR Handbook in the TISFIND manufacturer database. Check ads in QST and ather Amateur Radio publications for any 
‘changes to this information. Suppliers who wish to be listed or update their information are urged t contact he editors. 
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v" 
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Antenna 
Supports 


A prime consideration in the selection of a support for 
an antenna is that of structural safety. Building regulations 
in many localities require that a permit be obtained in 
advanceof the erection of certain structures, often including 
antenna poles ог towers, In general, localities having such 
requirements also have building safety codes that must be 
observed. Such regulations may govern the method and 
materials used in construction of, for example, a self- 
Supporting tower. Checking with your local government 
building department before putting up a tower may save а 
good deal of difficulty later, because a tower would have to 
be taken down or modified if not approved by the building 
inspector on safety grounds. 

Municipalities have the right and duty to enforce any 
reasonable regulations having to do with the safety of life 
or property. The courts generally have recognized, however, 
that municipal authority does not extend to esthetic 
questions. The fact that someone may object to the теге 
presence of a pole, tower or other antenna structure because 
inhisopinion it detracts from the beauty of the neighborhood 
is not grounds for refusing to issue a permit for a safe 
structure to be erected, Since the introduction of PRB-1 
(federal preemption of unnecessarily restrictive antenna 
ordinances), this principle has been borne out in many courts. 
Permission for erecting amateur towers is more easily 
obtained than inthe recent past because ofthis legislation 

Even where local regulations do not exist or are not 
enforced, the amateur should be careful to select a location 
and a type of support that contribute as much safety as 
possible to the installation, If collapse occurs, the chances 
of personal injury or property damage should be minimized 
by careful choice of design and erection methods. A single 
injury can be far more costly than the price of a more rugged 
Support, in terms of both monetary loss and damage to the 
public respect for amateur radio. 

This chapter has been reviewed and rewritten by Kurt. 
Andress, KINV. 


TREES AS ANTENNA SUPPORTS 


From the beginning of A mateur Radio, trees have been 
used widely for supporting wire antennas. Trees cost nothing. 
to use, and often provide a means of supporting a wire 


antenna at considerable height. As antenna supports, trees 
are unstable in the presence of wind, except in the case of 
very large trees used to support antennas well down from. 
the top branches. As a result, tree-supported antennas must 
be constructed much more sturdily than is necessary with 
‘stable supports. Even with rugged construction, tis unlikely 
that an antenna suspended from a tree, or between trees, 
will stand up indefinitely. Occasional repair or replacement. 
usually must be expected, 

There ae two general methods of securing a pulley to 
a tree If the tree can be climbed safely to the desired level, 
apulley can be attached to the trunk of the tree, as shown in 
Fig 1. To clear the branches of the tree, the antenna end of 
the halyard can be tied temporarily to the tree at the pulley 
level. Then the remainder of the halyard is coiled up, and. 
the coil thrown out horizontally from this level, in the 
direction in which the antenna runs. It may help to have the 
antenna end of the halyard weighted. 

After attaching the antenna to the halyard, the other 
end is untied from the tree, passed through the pulley, and 
brought о ground along the tree trunk in as straight a line 
as possible. The halyard need only be long enough to reach 
the ground after the antenna has been hauled up. (Additional 
Tope can be tied to the halyard when it becomes necessary 
to lower the antenna.) 

The other method consists of passing а line over the. 
tree from ground level, and using this line to haul a pulley 
up into thetreeand hold it there. Several ingenious methods 
have been used to accomplish this. The simplest method 
employs a weighted pilot line, such as fishing line or mason's 
chalk line. By grasping the line about two feet from the 
weight, the weightis swung back and forth, pendulum style, 
and then heaved with an underhand motion in the direction 
of the treetop. 

Several trials may be necessary to determine the 
optimum sizeof the weight for the line selected, the distance 
between the weight and the hand before throwing, and the 
point in the arc of the swing where the line released, The 
weight, however, must be sufficiently large to carry the pilot 
line back to ground after passing over the tre. Flipping the 
end of the line up and down so as to puta traveling waveon 
the line often helps to induce the weight to drop down if the 
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Fig 1—A method of counterweighting to minimize 
antenna movement and avoid its breaking from tree 
Movement in the wind. The antenna may be lowered 
without climbing the tree by removing the counter- 
weight and tying additional rope at the bottom end of 
the halyard. Excess rope may be left at the counter- 
weight for this purpose, as the knot at the lower end of 
the halyard will not pass through the pulley. 


welghtis marginal. The higher the tree, thelighter the weight 
and the pilot line must be. A glove should be worn on the 
throwing hand, because a line running swiftly thraugh the 
bare hand can cause a severe burn. 

If there is a clear line of sight between ground and a 
particularly desirable crotch in the tree, it may eventually 
bepossibleto hit the crotch after a sufficient number of tries, 
Otherwise, itis best to try to heave the pilot line completely 
over the tree, as close to the centerline of the tree as possible. 
If itis necessary to retrieve the line and start over again, the 
line should be drawn back very slowly; otherwise the 
swinging weight may wrap the line around а small limb, 
making retrieval Impossible 

Stretching the line out straight on the ground before 
throwing may help to keep the line from snarling, but it places 
extra drag onthe line, and the line may snag on obstructions 
overhanging the line when it is thrown. Another method is 
to make stationary reel by driving eight nails, arranged in 
a circle, through a 1-inch board. After winding the line 
around the circle formed by the nails, the line should reel 
off readily when the weighted end of the line is thrown. The 
board should be tilted at approximately right angles to the 
path of the throw. 

Other devices that have been used successfully to pass 
apilotlineover a tree area bow and arrow with heavy thread 
ied to the arrow, and a short casting rod and spinning reel 
used by fishermen. The Wrist Rocket slingshot made from 
surgical rubber tubing and а metal frame has proved highly 
effective as an antenna-launching device, Still another 
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method that has been used wheresufficientspace is available 
isflying akite to sufficient altitude, walking around the tree 
until the kite string lines up with the center of the tree, and 
paying out string until the kite falls to the earth. This method 
сап be used to pass a line over a patch of woods between 
two higher supports, which may be impossible using any 
other method. 

The pilot line can be used to pull successively heavier 
lines over the tree until one of adequate size to take the strain 
of the antenna has been reached, This line is then used to 
haul a pulley up into the tree after the antenna halyard has 
been threaded through the pulley. The line that holds the 
pulley must be capable of withstanding considerable chafing 
"where passes through the crotch, and at points where lower 
branches may rub against the standing part. For this reason, 
itmay be advisable to use galvanized sash cord or stranded 
‘guy wire for raising the pulley. 

Larger lines or cables require special attention when 
they must be spliced to smaller Iines. A splice that minimizes 
thechances of coming undone when coaxed through the tree 
crotch must be used. One type of splice is shawn in Fig 2 

The crotch in which the ine first comes to rest may 
nat be sufficiently strong to stand up under the tension of 
the antenna, If, however, the line has been passed over (ог 
close to) the center line of the tree, it will usually break 
through the lighter crotches and come to rest in a stronger 
‘one lower in the tree. 

Needless to say, any of the suggested methods should 
be used with due respect to persons or property in the 
immediate vicinity. А child's sponge-rubber ball (baseball 
size) makes a safe weight for heaving a heavy thread line or 
fishing line. 

If the antenna wire snags in the lower branches of the 
tree when the wire is pulled up, or if other trees interfere 
with raising the antenna, a weighted line thrown over the 
antenna and slid to the appropriate point is often helpful in 
pulling the antenna wire to one side to clear the interference 
as the antenna is being raised, This is shown in Fig 3. 
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Fig 2—In connecting the halyard to the pilot line, a 
large knot that might snag in the crotch of a tree 
should be avoided, as shown. 


Fig 3—A weighted line thrown over the antenna can be 
used to pull the antenna to one side of overhanging 
‘obstructions, such as tree branches, as the antenna is 
pulled up. When the obstruction has been cleared, the 
Tine сап be removed by releasing one end. 


‘that may be weather hardened. 


Wind Compensation i 
The movement of an antenna suspended between 
supports that are not stable In the wind can be reduced by | 
the use af heavy springs, suc as screen- door springs under — 
tension, or by а counterweight at the end of one halyard. 


This is shown in Fig 1. The weight, which may be made up Н 
of junkyard metal, window sash weights, or a galvanized 

pail filled with sand or stone, should be adjusted 

experimentally for best results under existing conditions 

Fig 4shows a convenient way of fastening the counterweight 

to the halyard. It eliminates the necessity for untying a knot 
inthe halyard, which may have hardened under tension and 
exposure to the weather 


TREES AS SUPPORTS FOR VERTICAL 
WIRE ANTENNAS. 

Trees can often be used to support vertical as well as 
horizontal antennas. If the tree is tall and has overhanging Fig S—-Counterwelght fora vertical antenna suspended 
branches, the scheme of Fig 5 may be used. The top end of from an overhanging tree branch. 
the antenna is secured to a halyard passed over the limb, 

Brought bck to roe evel гла tone о We tur of PES 
A temporary antenna support is sometimes needed for 
MAST MATERIALS ап antenna system for antenna testing, site selection, 

Where suitable trees are not available, or a mare stable emergency exercises or Field Day. Ordinary aluminum 
Support is desired, light-duty guyed masts are suitable for — extension ladders are ideal candidates for this service. They 
wire antennas of reasonable span length. At one time, most ате strong, light, extendable, weatherproof and easily 
amateur masts were constructed of lumber, but the TV — transported. Additionally, they are readily avallable and can. 
industry has brought out metal masts that are inexpensive be returned to normal use once the project is concluded. 
and much moredurablethan wood. However, therearesome А ladder tower will support a lightweight triband beam. 
applications where wood is necessary or desirable. and rotator. 
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With patience and ingenuity one person can erect this 
assembly. One of the biggest problems is holding the base 
down while “walking” the ladder to a vertical position. The 
ladder can be guyed with inch polypropylene rope. Rope 
guys are arranged in the standard fashion with three at each 
level. If help is available, the ladder can be walked up in its 
retracted position and extended after the antenna and rotator 
are attached. The lightweight pulley system on most 
extension ladders is not strong enough to lift the ladder 
extension, This mechanism must replaced (or augmented) 
with a heavy-duty pulley and rope. M ake sure when attaching 
the guy ropes that they do not foul the operation of the sliding 
upper section of the ladder. Thereis one hazard in this system 
that must be avoided: Do not climb or stand on the ladder 
when itis being extended-— even as much as one rung. Never 
stand оп the ladder and attempt to raise or lower the upper 
section. Do all the extending and retracting with the heavy. 
duty rope and pulley! 

If the ladder is to be raised by one person, use the 
following guidelines. First, make sure the rung-latching 
mechanism operates properly before beginning. The base 
must be hinged so that it does not slip along the ground 
during erection. The guy ropes should be ied and positioned 
in such a Way that they serve as safety constraints in the 
event that control of the assembly is lost. Have available a 
device (such ав another ladder) for supporting the ladder 
during rest periods. (See Fig 6.) 

After the ladder is erect and the lower section guys 
tied and tightened, raise the upper portion one rung ata ime. 
Do not raise the upper section higher than it is designed 
to go; safety is far more important than a few extra feet 
of height. 

For a temporary Installation, finding suitable guy 
anchors can be an exercise in creativity. Fence posts, trees, 
and heavy pipes are all possibilities. If nothing of sufficient 
strength is available, anchor posts or pipes can be driven 


into the soil. Sandy soll is the most difficult to work with 
because it does a very poor job of holding anchors. A 
discarded car axle can be driven into the ground as an anchor, 
as its mass and strength are substantial. A chain and car. 
bumper jack can be used to remove the axle when the 
operation is done. 

Above all else, keep the tower and antenna away from. 
power lines. Make sure that nothing can touch the lines if 
the assembly falls. Disassemble by reversing the process, 
Ladder towers are handy for “quickie” antenna supports, 
butas with any improvisation of support materials, care must. 
be taken to ensure safe construction. 


‘The A-Frame Mast 

A light and relatively inexpensive mast is shown in 
Fig 7. In lengths up to 40 feet itis very easy to erectand will 
stand the pull of ordinary wire antenna systems. The lumber 
used Is 2 x 2-inch straight-grained pine (which many lumber 
yards know as hemlock) or even fir stock. The uprights 
can be as long as 22 feet each (for a mast slightly over 
40 feet high) and the cross pieces are cut to fit. Four pieces 
of 2x2 lumber, each 22 feet long, provides more than 
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keith, VE2AQU, supports the mast with a second ladder 
While Chris, VE2FRJ , checks the ropes. (Photo by Keith 
Baker, VEZL) 
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Fig 7—The A-frame mast is lightweight and easily 
constructed and erected. 


enough. The only other materials required are five inch 
carriage bolts 56h inches long, a few spikes, about 300 feet 
of stranded or solid galvanized wire for guying, enough 
glazed porcelain compression ("egg") insulators to break 
up the guys into sections, and the usual pulley and halyard 
rope. If the strain insulators are put in every 20 feet, 
approximately 15 of them will be enough. 

After selecting and purchasing the lumber which 
should be straight-grained and knot-free— sawhorses or 
boxes should be set up and the mast assembled as shown in 
Fig 8 Atthis stage iswiseto givethemastacoatof primer 
and a coat of outside white latex paint 

fter the coa of paint is dry, attach the guys and rig 
the pulley for the antenna halyard. The pulley anchor should 
be at the point where the top stays are attached so the 
backstay will assume the greater part of the load tension. It 
is better to use wire wrapped around the mast with a small 
through-boltto prevent sliding down than to use eyebolts. 

If the mastis to stand on the ground, a couple of stakes 
should be driven to keep the bottom from slipping. At this 
point the mast may be "walked up" by a helper. If it is to go 
ona of, first stand tup against the side of the building and 
then hoist it, from the roof, keeping it vertical. The whole 
assembly slight enough fortwo men to perform the complete 
operation lifting the mast carrying itto its permanent berth, 
and fastening the guys with the mast vertical. It is entirely 
practical to put up such a mast on a flat area of rof that 
would be too small to erecta regular tower installation, one 
that had to be raised vertically on the same spot 

TV Mast Material 

TV mast is available in 5- and 10-foot lengths, 
inches diameter, in both steel and aluminum. These 
Sections fe crimped atone end to permit sectonsto be]oined 
together. A form that is usually more convenient is the 
telescoping mast available from many electronic supply 
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jethod of assembling the A-frame mast on 
sawhorses. 


houses, The masts may be obtained with three, four or five 
10-foot sections, and come complete with guying rings and 
‘a means of locking the sections in place after they have been 
extended. These masts are inherently more suitable for guyed 
mast installations than the non-telescoping type because 
the diameters of the sections increase toward the bottom of 
the mast. For instance, the top section of a 50-foot mast 
1514, inches diameter, and the bottom section is 21 inches 
diameter. 

Guy rings are provided at 10-foot intervals, but guys 
may not be required at every paint. Guying is essential et 
the top and at least one other place near the center of the 
mast. If the mast has any tendency to whip in the wind, or to 
bow under the load of a horizontal wire antenna, additional 
guys should be added at the appropriate points. 


MAST GUYING 

Three guy wires in each set are usually adequate for a 
mast These should be spaced equally round the mast The 
required number of sets of guys depends on the height of 
the mast, its natural sturdiness (or stiffness), and the required 
antenna tension, А 30-foothigh mast usually requires two 
sets of guys, and a 50-foot mast needs at least three sets, 
Oneguy of thetop set should be anchored to a point directly 
‘opposing the force exerted by the wire antenna, The other 
two guys of the same set should be spaced 120° with respect 
to the first, as shown in the inset in Fig 7. 

Generally thetop guys should be anchored at distances 
from the base of the mast at least 60% of the mast height. 
The distance of the guy anchors from the mast determines. 
the guy loads and the vertical load compressing the mast. At. 
a 60% distance, the load on the guy wire opposite the wire 
antenna Is approximately twice the antenna tension. The 
compression in the mast will be 1.66 times the antenna 
tension, With the anchors out 80% of the mast height, de 
guy tension will be 1.6 times larger than the antenna load 
and the mast compression will be 1.25 times larger. 

Whenever possible, thelargest available anchor spacing 
should be used, The additional compression on the mast, 
due to closer anchor spacing, increases the tendency of the 
mast to buckle. Buckling occurs when the compression on 
the unsupported spans between guys become too great for 
the unsupported length. The section then bows out laterally 
and will usually fold over, collapsing the mast. Additional 
sets of guys reducethe tendency for the mast o buckle under 
the compression by decreasing the unsupported span lengths. 
and stabilizing the mast, keeping it in a straight line. 

A natural phenomenon, called vortex shedding, can 
occur when the wind passes aver the sections of a guyed 
mast. For every section size, shape, and length, there is a 
wind speed that can cause the sections to oscillate 
‘mechanically. When all the sections of an antenna support 
mast are close to the same size and length, it is possible for 
all of the mast sections to vibrate simultaneously between 
the guys. To reduce the potential for this, you can place the 
guys at locations along the mast that will result in different 
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span lengths. This creates different mechanical resonant 
frequencies for each span, eliminating the possibility of all 
sections oscillating at the same time, 

When determining the guy locations along the mast to 
treat this problem, you also need to consider the mast 
buckling requirements. Since the compression in the mast 
is greatest in the bottom span, and the least in the top span, 
the guys should be placed to make the bottom span the 
shortest and the top span the longest. А general guide for 
determining the different span lengths isto make the unguyed 
lengths change by 10 to 20% 

Example: For a 30-foot high mast with three guy sets, 
the equal-guy locations would be every 10 feet. We can 
make the center span, 10 feet long, and then make the 
Tower span 15% shorter and the top span 15% longer. While 
this is nat an exact technical method to determine the 
best solution, the approach will create different mech. 
anical resonant frequencies for the spans, with the span 
lengths approximately adjusted for the varying buckling 
requirements, 

You can iminate electrical resonance тот conductive 
guy materials that might cause distortion of the antenna 
radiation pattern by breaking each guy into non-resonant 
lengths using strain insulators (see Figs 9 and 10). This 
subject is covered in detail later in this chapter. 


Fig 9—Simple lever for twisting solid guy wires when 
attaching strain insulators. 


Guy Material 

When used within their safe load ratings, you may use 
any of thehalyard materials liste in Chapter 20 for the mast 
guys. Nonmetallic materials have the advantage that there 
is no need to break them up into sections to avoid unwanted 
resonant interactions. All of these materials are subject to 
stretching, however, which causes mechanical problems in 
permanent installations. At rated working loads, dry manila 
торе stretches about 5%, while nylon rope stretches about 
20%. Usually, after a period of wind load and wet/dry cycles, 
the lines will become fairly stable and require less frequent 
adjustment 

Solid galvanized steel wire is also widely used for 
guying. This wire has approximately twice the load ratings 
of similar sizes of copper-clad wire, butit is more susceptible 
to corrosion, Stranded galvanized wire sold for guying TV 
masts is also suitable for light-duty applications, but is also 
susceptible to corrosion. It is prudent to inspect the guys 
every six months for signs of deterioration or damage. 


Guy Anchors 

Figs 11 and 12 show two different kinds of guy anchors, 
In Fig 11, one or more pipes are driven into the ground at 
right angles to the guy wire. If a single pipe proves to be 
inadequate, another pipe can be added in tandem, as shown, 
and connected with a galvanized steel cable. Heavy-gauge 
galvanized pipe is preferred for corrosion resistance. Steel 
fence posts may be used in the same manner. Fig 12 shows 
a dead-man type of anchor, The buried anchor may consist 
of one or more pipes 5 or 6 feet long, or scrap automobile 
parts, such as bumpers or wheels. The anchors should be 
buried 3 or 4 feet in the ground. The cable connecting the 
dead-man to the guys should be galvanized wire rope, like 
EHS guy cable. You should coat the buried part of the cable 
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Fig 10—Stranded guy wire should be attached to strain 
Insulators by means of standard cable clamps made to 
fitthe size of wire used. 
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Fig 11— Driven guy anchors. One pipe is usually 
sufficient for a small mast. For added strength, a 
Second pipe may be added, as shown. 


Fig 12 


uried dead-man guy anchor (see text). 


with roofing tar, and thoroughly dry it prior to burial to 
enhance resistance to corrosion. 

Also available are some heavy auger-type anchors that 
screw into the earth. These anchors are usually heavier than 
required for guying a mast, although they may be more 
convenient to install. You should conduct annual inspections 
of the anchors by digging several inches below grade around 
the anchor to inspect for corrosion. 

‘Trees and buildings may also be used as guy anchors 
if they are located appropriately. Care should be exercised, 
however, to make sure that the tree is of adequate size and 
that any fastening to a building can be made sufficiently 
secure, 


Guy Tension 

Many troubles encountered in mast guying are a result 
of pulling the guy wires too tight. Guy- wire tension should 
never be more than necessary to correct for obvious bowing 
ог movement under wind pressure. Approximately 10% to 
15% of the working load is sufficient. In most cases, the 
tension needed does not require the use of turnbuckles, with 
the possible exception of the guy opposite a wire antenna 
1f any great difficulty is experienced in eliminating bowing 
from the mast, the guy tension should be reduced or 
additional sets of guys are required. The mast should be 
checked periodically, especially after large wind events, to 
ensure the guys and anchors have nat stretched or moved, 
allowing the mast to get away from the required straight 
alignment. 


ERECTING A MAST OR OTHER SUPPORT 

Masts less than 30 feet high usually can be simply 
walked up after blocking the bottom end securely. Blocking 
must be done so that the base can neither slip along the 
ground nor upend when the mast is raised. An assistant 
should be stationed at each guy wire, and may help by pulling 
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Fig 13—Pulling on a gin line fastened slightly above 

the center point of the mast and on the halyards can 

assist in erecting a tall mast. The tensions should be 
just enough to keep the mast in as straight а line as 

Possible. The “scissors” may be used to push on the 
Under side and to serve as a rest a pause in raising 
becomes necessary. 


the proper guy wire as the mast nears the vertical position. 
Halyards can be used in the same manner, 

As the mast is raised, it may be helpful to follow the 
underside of the mast with a scissors est (Fig 13), should a 
pause inthe hosting become necessary. The rest may also 
be used to assist in the raising if an assistant mans each leg. 

As the mast nears the vertical position, those holding 
the guy wires should be ready to temporarily fasten the guys 
to prevent the mast from falling. The guys can then be 
adjusted until the mast is perfectly straight. 

For masts over 30 feet long, а gin pole of some form 
may be required, as shown in Fig 13. Several tums of rope. 
are wound around a point on the mast above center. The 
ends of the rope are then brought together and passed over a 
tree limb. The rope should be pulled as the mast is walked 
up to keep the mast from bending at the center. If a tree is 
not available, a post, such as a 2 x 4, temporarily erected 
and guyed, can be used. After the mast has been erected, the 
assisting rope can be removed by walking one end around 
the mast (inside the guy wires). 

Telephone poles and towers are much sturdier supports. 
Such supports may require no guying, but they are not often 
used solely for the support of wire antennas because of their 
relatively high cost. For antenna heights in excess of 50 feet, 
however, they are usually a most practical form of support 
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Tower And Antenna Selection and Installation 


The selection of a tower, its height, and the type of 
antennas and rotator is probably one of the more complex 
issues faced by station builders. All aspects of the tower, 
antenna, and rotator system are interrelated, and you should 
consider the overall system before making any decisions 
regarding specific system components 

Perhaps the most important consideration for many 
amateurs is the effect of the antenna system оп the 
surrounding environment. If plenty of space is available for 
a tower installation and if there is little chance of causing 
esthetic distress on the part of family members or the 
neighbors, the amateur is indeed fortunate. Ofte, the primary 
considerations are purely financial. For most, however, the 
size of the property, the effect of the system on others, local 
‘ordinances, and the proximity of power lines and poles 
influence the selection of the towerlantenna system 
considerably, 

Theamateur must consider the practical limitations for 
installation. Some points for consideration ae given below: 
1) A tower should not be installed in a position where it 

could fall onto a neighbor's property. 

2) The antenna must be located in such a position that it 
cannot possibly tangle with power lines, either during 
normal operation or if tne structure should fall. 

3) Sufficient yard space must beavailableto position aguyed 
tower properly. The guy anchors should be between 60% 
and 80% of the tower height in distance from the base of 
the tower on level ground- sloping terrain may require 
larger areas. 

4) Provisions must be made to keep children from climbing 
the support, (Poultry netting around the tower base will 
serve this need.) 

5) Local ordinances should be checked to determine if any 
legal restrictions affect the proposed installation. 

Other important considerations are (1) the total dollar 
amount to be invested, (2) thesize and weight of the antenna 
desired, (3) the climate, and (4) the ability of the owner to 
climb a fixed tower. 

Most tower manufacturers provide catalogues or data 
packages that represent engineered tower configurations, 
These are provided as a convenience for users to help 
determine the most suitable tower configurations. The most 
commonly used design specifications for towers are EIA 
(Electronic Industries Assoc.) RS-222 and UBC (Uniform 
Building Code). These specifications define how the tower, 
antenna, and guy loads are determined and applied to the 
system, and establish general design criteri for the analysis 
of the tower. Local authorities often require the review and 
approval of the installation by а state licensed Professional 
Engineer (P.E.) to obtain building permits. All local 
authorities in the United States do not subscribe to the same 
design standards, so often the manufacturers’ general- 
purpose engineering is not applicable. 

Oneof the rst things you need to determinein thetower 
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selection process is the type of specification required by the 
local authorities, if any. Then, you must determine the Basic 
Wind Speed appropriate for the site. The Basic Wind Speed 
used in most specifications [s the average wind speed for 
one mile of wind passing across the structure. It will be а 
lower value than the peak readings from an anemometer 
(wind gauge) installed atthe site. For example, a Basic Wind 
Speed of 70 mph could have a maximum value of 80 mph 
and a minimum of 60 mph, equally distributed during the 
passage of the mile of wind. Basic wind speeds can be found 
in tables or maps contained in the appropriate specifications. 
Often, the basic wind speed used for the location may һе 
obtained from the local permit authority. Check out the Web 
Steathttp://www.championradio.com, which contains EIA 
basic wind speed tables for every county in the USA. UBC 
speeds are available at almost every local library. 

Antenna manufacturers also provide antenna data to 
assist in the selection process. Unfortunately, antenna 
mechanical designs до not always follow the same design 
standards used for towers, Proper antenna selection often 
means that you must determine the antenna surface areas 
yourself to avoid overloading the tower. More discussion 
about this follows later in this chapter. 

Itis often very helpful to the novice tower installer to 
Visit other local amateurs who have installed towers. Look 
over their hardware and ask questions. If possible, have а 
few local experienced amateurs look over your plans— 
before you commit yourself. They may be able to offer a 
great deal of help. If someone in your area is planning to 
install a tower and antenna system, be sure to offer your 
assistance, There is no substitute for experience when it 
comes to tower work, and your experience there may prove. 
invaluable to you later, 


THE TOWER 

Towers for supporting antennas come in a variety of 
different types. Each type has its own set of benefits and 
limitations, or conditions and requirements. Often, you can 
choose a particular tower type by considering issues other 
than pure mechanical performance. Understanding how each 
type of tower functions, and what their respective 
requirements are, are the first steps in making the best tower 
selection for your own situation, 


Guyed Towers 

‘The mast common variety of tower is the guyed tower 
made of identical stacked sections, supported by guy cables 
attached to ground anchors placed symmetrically around the 
tower. These towers arethe mos! economical, in terms of feet 
рег dollar investment, and are more efficient for carrying 
antenna [oads than non-quyed towers. 

‘The guys resist the lateral loads on the system created 
by the wind. Since the guys slope down to the ground, 
horizontal loads due to the wind result in vertical loads 


applied to the tower at each tower/guy connection. The tower 
becomes compression member, trying to resist the column. 
compression generated by the guy reactions. A tower in 
compression can buckle, so the distance between guy 
connections along the tower is important. 


Tower Bases for Guyed Towers 

Another important phenomenon in a guyed tower is 
stretching of the guy cables. АП guys stretch under load and 
when the wind blows the elongated guys allow the tower to 
lean over somewhat If the tower base is buried in the concrete 
footing— asis commonly done in amateur installations— the 
bending stress at the tower base can become a significant 
factor. Towers that have been installed with tapered pier-pin 
bases much more freely absorb tower leaning, and they are 
far less sensitive to guy-elongation problems, 

The tapered pier-pin tower installation is not without 
some drawbacks. These installations often require torque- 
arm guy brackets orsi guy torque arm assemblies to control 
tower rotation due to antenna torque. They also require 
temporary guys when they are being installed to hold the 
base section steady until the permanent guys are mounted 
Some climbers also don't like the flexing when they start to 
climb these types of towers. 

On the positive side, pier-pin base towers have all 
structural members above the concrete footing, eliminating 
concerns about hidden corrosion that can occur with buried 
towers. M ostdecisions regarding the type of base installation 
are made according to the preference of the tower builder] 
maintainer, While either type of base configuration can be 
successfully used, you would be wise to do the stress 
calculations or have а professional engineer do them) to 
ensure safety, particularly when large antenna loads are 
contemplated and particularly if guys that can easly stretch 
are used, such as Pillystran guys. 

The configuration shown in Fig 14A is taken from an 
older (1983) Unarco-Rohn catalog, This configuration has 
the top set of guys placed at the top of the tower with the 
lower set halfway up the tower. This configuration is best 
for most amateur installations, which usually have the 
antennas mounted on a rotatable mast extending out the top 
of the tower- thereby placing the maximum lateral loads 
when the wind blows at the top of the tower (and the bottom 
of the rotating mast) 

The configuration shown in Fig 148 is from a newer 
(1998) Rohn catalog, It has 5 feet of unsupported tower 
extending above the top guy set The newer configurations 
axe tailored for commercial users who populate the top region 
of thetower with fixed arrays andlor dishes. Theinstallation 
in Fig 148 cannot safely withstand the same amount of 
horizontal top load as can the configuration shown in 
Fig 14А, simply because the guys start farther down from 
the top of the tower. 

‘An overhead view of a guyed tower is given in Fig 14C. 
Common practice is to use equal angular spacings of 120° 
between guy wires. If you must deviate from this spacing, 
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Fig 14—The proper method of installation of a guyed 
tower. At A, the method recommended for most 
amateur installations. At B, the method shown in later 
Rohn catalogs.This places considerable strain on the 
top section of the tower when large antennas are 
mounted on the tower. 


the engineering staff of the tower manufacturer or a civil 
engineer should be contacted for advice. 

Amateurs should understand that most catalogs show 
generic examples of tower configurations that work within. 
the cited design specifications. They are by no means the. 
only solution for any specific towerfantenna configuration. 
You can usually substantially change the load capability of 
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any given tower by varying the size and number of guys. 
Station builders are encouraged to utilize the services of 
professional engineers to get the most out of their guyed 
towers. Those interested in more generic information about. 
guyed tower behavior can find it at wwwÍreeyellow.com/ 
members3/yagistress. 

Unguyed Towers 

Another commonly used type of tower is not normally 
Quyed— these are usually referred to as freestanding or self- 
Supporting towers. Unguyed towers come in three different 
styles 

One style is comprised of stacked lengths of identical 
tower sections, just like those used for guyed towers, The 
only difference is that no guys are used. Manufacturers. 
provide the recommended configurations and allowable 
loads for this type of installation in their catalogs. Unguyed 
towers are vastly less capable of supporting antenna loads 
than their guyed counterparts, but have great utility for light- 
duty applications when configured within thelr 
capabilities, 

The second style utilizes different tower section sizes, 
varying from large sections at the base and tapering down. 
to smaller sections at the top. This style is more much more 
efficient for freestanding applications, because the tower is 
sized for the varying bending loads along the tower length, 
and is shown in Fig 15 

‘The third style of unguyed towers is commonly called 
acrankeup tower. Itis a freestanding tomer with telescoping 
sections that can be extended or retracted with a winch, cable, 
and pulley mechanism. This allows the tower to be raised 
and lowered for maintenance and antenna work. Itis usually 
necessary to retractsuch towers for moderate to heavy winds, 
Some consider this a disadvantage because they can't operate- 
their antennas at full height when itis windy, Two different 
forms of the crank-up style, freestanding tower are shown 
in Fig 16.Fig 164 shows thetubular version; Fig 168 shows 
the triangular space-frame version, 

Somecrank-up towers are used with guys and areonly 
retracted for maintenance and antenna work. These towers 
are specially designed with locking mechanisms between 
the tomer sections to carry the vertical compression created 
by the guys, Do nat use guys with normal crank-up towers 
(those that have no lacking devices between sections)! The 
increased tower compression will be carried by the hoisting 
cable, which will eventually cause it to fall 

Never climb a crank-up tower unless it is properly 
nested, with all load removed from the hoisting cable. For 
general antenna work, this can be accomplished by 
completely retracting ituntil the cable becomes loose. When 
servicing the rotator, the tower must be left partially 
extended. In this case every tower section must be blocked 
with heavy timber or thick-wall tubes, installed through the 
tower bracing, until all sections are resting on the blocks 
and the hoisting cable becomes slack. Safely installing the 
blocks in an extended crank-up tower can be challenging, 
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Fig 15—Typical freestanding (unguyed) tower. Arrows 
Indicate the directions of the forces acting upon the 
structure, See text for discussion. 


‘The bjectisto get all the blocks installed without a climber 
having to scale the unblocked tower, risking loss of limbs 
should the hoisting cable fail. An extension ladder, capable 
of reaching the required black elevations is the safest 
approach, If the necessary equipment or expertise is not 
available, the tower can be retracted, antennas removed, and 
leaned over, with the base tilt-over assembly, before 
‘extending it to access the rotator. Failure to properly block 
the tower before climbing can result in serious injury should 
the cable sip or break! 

All freestanding towers share some unique 
characteristics, Each must support antenna and tower loads 
only by virtue of the bending strength of the tower sections 
and the tower footing connection to earth. Because of the 
large overturning moment at the tower base, freestanding 
towers require larger concrete footings than guyed towers. 
They areusually more expensive for the same load capability 


Fig 16—Two examples of crank-up towers. 


compared to guyed towers, simply because they require 
larger heavier tower sections and a larger footing to get the. 
job done. The telescoping mechanisms in crank-up tower 
require more maintenance to. 

Freestanding towers are quite popular, and are often 
the best solutions for sites with limited space and aesthetic 
concerns, When cranked down, a telescoping tower can 
maintain a low-profile system, out of sight of the neighbors 
and family. 


Tilt-Over Towers 

Some towers have anather convenience feature— a 
hinged section that permits the owner to fold over all or a 
portion of the tower. The primary beneftis in allowing antenna 
work to be done close to ground level, without the necessity 
of removing the antenna and lowering it for service. Fig 17 
shows a hinged base used with stacked, guyed tower sections. 
The hinged section can be designed for portions of the tower 
above the base. These are usually referred to as guyed tilt- 
over towers, where a conventional guyed tower can be tilted 
over for installing and servicing antennas. Many crank-up 
towers come with optional tilt-over base fixtures that are 
equipped with a winch and cable system for tilting the fully 
nested tower from horizontal to vertical positions 

Misuse of hinged sections during tower erection is a 
dangerously common practice among radio amateurs. 
Unfortunately, these episodes can end in accidents If you do 
not havea good grasp of the fundamentals of physics, it might. 
bewiseto avoid hinged towers orto consult an experti there 
are any questions about safely installing and using such а 
tower. Itis often far easier (and safer) to erecta regular guyed 
tower or self-supporting tower with gin pole and climbing 


Fig 17—Fold-over or tilting base. There are several 
different kinds of hinged sections permitting different 
types of installation. Great care should be exercised 
when raising or lowering a tilting tower. 
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belt than It is to try to walk up an unwieldy hinged tower. 


‘The AB-577 Military Surplus Tower 

Another light duty tower has found acceptance among 
many amateurs. TheA B-577 system, available from assorted 
military surplus dealers, was designed to bea portable, rapid 
deployment antenna support for field communications tis 
а guyed mast that goes up somewhat like a crank-up. The. 
system consists of several short sections of aluminum tubing, 
with special end connections for joining them. These can be 
erected from the base fixture, which has a crank-up type 
winch-driven elevator platform. The tubing sections are 
installed in the base fixture and connected to the section. 
above it with an over-center locking Marmon-style clamp. 
Then, the elevator platform is raised with the winch and the 
пен tube is locked in place, high on the base fixture. Then 
the elevator is lowered to accept the next section. While the 
tower is extended, the supporting guys are adjusted via the 
unique snubber assemblies at the anchor connection. One. 
person can erect this system, even in windy conditions, when 
special care is given to keeping the guys properly adjusted 
during each extension, 

The standard AB-577 system, with 3 sets of guys, will 
support a modest triband Y agi at 45 feet. Fig 18A shows an 
installation with a Hy-Gain TH7DX at 45 feet. 


TOWER BASES 

Tower manufacturers can provide customers with 
detailed plans for properly constructing tower bases. Fig 19 
is an example of one such plan. This plan calls for a hole. 
thatis 3/ x 332x 6 feet, Steel reinforcement bars are lashed 
together and placed in the hole. The bars are positioned so 
that they will be completely embedded in the concrete, yet 
will not contact any metallic object in the base itself. This is 
done to minimize the possibility of a direct discharge path 
for lightning through the base. Should such a lightning 


Fig 18—Installaion of surplus AB-577 tower with 
tribander at 45 feet at КУМУ, (Photo by Kurt Andress, 
БЛ 
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discharge occur, the concrete base could be damaged. 

Providing suitable paths for the discharge o lightning 
energy safely for towers Is a complex subject. Several 
Companies offer products and guidance. The basic 
requirements for providing controlled discharge paths for 
lightning-induced currentis to supply a low-impedance grid 
of conductors from the tower and feed lines to a field of 
interconnected ground rods around the base of the tower, 
Generally, the tower, station, and electrical service grounds 
need to be connected to prevent damaging potential 
differences from developing between the various 
Components in the system, 

A strong wooden form is constructed around the top of 
the hole. The hole and the wooden form are filled with 
concrete so that the resultant block will be 4 inches above 
grade. The anchor bolts are embedded in the concrete, and 
aligned with the plywood template, before it hardens. The 
template serves to align the anchor bolts to properly mate. 
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Fig 19— Plans for installing concrete base for Wilson 
ST-778 tower. Although the instructions and 

ons vary from tower to tower, this ls 
representative of the type of concrete base specified 
by most manufacturers. 


withthe tower itself. Once the concrete has cured, the tower 
bases installed on the anchor bolts and the base connection 
is adjusted to bring the tower into vertical alignment. 

For a tower that bolts to а flat base plate mounted to 
the footing bolts (as shown in Fig 19), you can bolt the first 
tower section on the base plate to ensure that the base is 
level and properly aligned, Use temporary guys to hold things 
exactly vertical while the concrete cures. (The use of such 
temporary guys also works well when you place the first 
tower section in the base hole and plumb it vertically before 
pouring in the concrete.) M anufacturer can provide specific, 
detailed instructions for the proper mounting procedure 
Fig 20 shows а slighty different design for a tower base 

The one assumption so far is that normal soil is 
predominant n the area in which the tower isto be installed 
Normal soil isa mixture of clay, loam, sand and small rocks 
More conservative design parameters for the tower base 
should be adopted (usually, using more concrete if the soil 
is sandy, swampy or extremely rocky. If there re any doubts 
about the soll, the local agricultural extension office can 
usually provide specific technical information about the sail 
їп a given area. When this information is in hand, contact 
the engineering department ofthe tower manufacturer or a 
civil engineer for specific recommendations with regard to 
compensating for any special soil characteristics. 


TOWER INSTALLATION 


‘The Installation of a tower is nat difficult when the 
proper techniques are used. A guyed tower, in particular, is 
not hard to erect, because each of the individual sections is 
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Fig 20—Another example of a concrete base 
(Tr-EX LM-470). 


relatively lightweight and can be handled with only a few 
helpers and some good quality горе А gin pole isa necessity 
for raising and installing the tower sections. The gin pole 
shown in Fig 21 is designed to fit around a leg of the tower 
and clampsin place Thegin poletube, which is about 12 feet 
long, has a pulley on the upper end. A ropeis routed through 
the tubing and over the pulley. When the gin poleis attached 
tothe tower and the tubing is extended into place and locked, 
the rape can be used to haul tower sections and/or antennas 
into place 

One of the most important aspects of any tower 
installation project is the safety of all persons involved. See 
Chapter 1 for details on important safety issues. The use of 
hard hats is highly recommended for all assistants helping 
from the ground, Helpers should always stand clear of the 
tower base to prevent being hit by a dropped tool or 
hardware. Each person working on the tower must use а 
good climber's safety belt. 

When climbing the tower, if more than one person is 
involved, one should climb into position before the other 
begins climbing, The same procedureis required for climbing 
down a tower after the job is completed, The purpose is to 
have the non-climbing person stand still so as not to drop 
any tools or objects on the climbing person, or 
unintentionally obstruct his movements. W hen two persons 
are working оп top of a tower, only one should change 


Fig 21—A gin pole is helpful in positioning antennas 
and tower sections. The ground crew holds the weight 
of the assembly with a heavy rope, making tower work 
safer and less tiring. (Photo by Dave Pietraszewski, 
KIMA) 
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position (unbelt and move) ata time. 

For mostinstallations, a good-quality inch diameter 
Manila hemp rope can adequately handle the workload for 
the hoisting tasks. The горе must be periodically Inspected 
to assure that no tearing or chafing has developed, and if the 
торе should get wet from rain, it should be hung out to dry 
at the first opportunity. The knots used for connecting 
hoisting lines and hardware are critical to executing any safe 
Installation, and special attention should be given to this 
detail for any work party. 

Hereisan important point regarding safety the person 
Who climbs the tower should be in charge of what happens 
with the ground crew. Not only does the person on the tower 
have a better overall view of the situation below, but also 
any confusion on the ground can result in serious injury to 
the climber, 


GUY WIRES 
In typical guyed tower installations, guy wires may 
experience loads in excess of 1000 pounds. Since the guys 
arethe primary means of carrying the horizontal wind loads, 
great care should be taken in their selection and installation, 
Guys come in a variety of materials and constructions. 
Normally, the tower manufacturer or professional engineer 
will specify the size and type of cable to be used, The most 
Common typeof cable used for tower guying isthe EHS (Extra 
High Strength) galvanized steel cable. The EHS cables are 
very stiff and are the highest strength cables in the wire rope 
family. Other steel cables are made to be more flexible for 
running around pulleys, While these are easier to work with 
when assembling, they are not as strong asthe EHS type, and 
should be avoided for tower guying. Non-conductive guys, 
such as Phillystran or pultruded fiberglass rod have become 
popular fr eliminating resonant interaction with antennas, 
Do not attempt to use cheaper cables that don't meet 
or exceed the criteria for those specified for your installation 
Using thewrong cable, or failing to install the cable properly 
сап have disastrous results! Table 1 shows data for several 


cables commonly used for tower guying. It is important to 
note thatthe minimum breaking strength of the various cables 
are independent of their elongation (stretch) under load, 


Guy Cable Installation 

Flgs22and 23 show methods for tensioning and safety 
wiring guy-wire turnbuckles. Fig 24 shows the traditional 
method for fixing the end of a steel guy wire. A thimble is 
used to prevent the wire from breaking because of a sharp. 
bend at the point of intersection. Conventional wisdom 
strongly recommends the use of thimbles that are at least 
one wire size larger than the cable to provide a more gentle 
wire bend radius. Three cable clamps follow to hold the wire 
securely. Be sure to follow the note in Fig 24 for which part 
of the clip bears against the live (loaded) cable. As a final 
backup measure, the individual strands of the free end are 
unraveled and wrapped around the guy wire. It is a lot of 
work, but it is necessary to ensure a safe and permanent 
connection. 

Fig 25 shows the use of a device that replaces the 
clamps and twisted strands of wire, These devices are known 


-tackle system. (Photo by 


Table 1 

Guy Cable Comparisons 

Cable Nominal Dia. Breaking Weight 
Inches Strength 15/100" 

Los 

Ja ixTEHS 0188 390 7з 

"1 x7 EHS 0.250 6700 121 

HPTG6700 0.220 670 31 

HPTG8000 0.290 8000 35 

"e tx7EHS 0313 11200 — 205 

HPTG11200 0.320 11200 55 

>" Fiberglass Rod 0.375 13000 37 


Elongation — %Elongation 
Inches/100' 

em 0.56% 

зв 0.32% 
1320 110% 

8.90 074% 

244 0.20% 

545 0.45% 

543 0.45% 


EHS stool cable information is taken from ASTM A 475-89, the industry standard specification for steel wire rope. The 
HPTG listings are for Philystran aramid cables, and are based on the manufacturers data sheets. The elongation 
(stretch) values are for 100 feet of cable with a 3000-pound load. 
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Fig 23—A length of guy cable is used to assure that the 
tumbuckles remain in place after they are tightened. 
This procedure is an absolute requirementin guyed 
tower systems. (Photo by KIWA) 
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Fig 24- Traditional method for securing the end of a 


guy wire. 


=" 


Fig 25—Alternative method for attaching guy wires 
using dead ends. The dead end on the right is 
completely assembled (the end of the guy wire extends 
beyond the grip for illustrative purposes). On the left, 
опе side of the dead end is partially attached to the 
guy wire. їп front, а thimble is used where a sharp bend 
Might cause the guy wire or dead end to break. 


as dead ends, preformed guy grips, or Big Grips and are 
commonly used on electrical power poles. They are far more 
convenient to use than are clamps, and are the recommended 
method for terminating Phillystran and fiberglass-rod guys. 
When using the guy grips, it is imperative that the 
recommended end sleeves are installed over the free end of 
the grip to prevent ice and falling hardware from sliding 
down the guy and unraveling the grip connection to the guy. 
The guy wires must be cut to the proper length. The dead 
end of each wire is installed into the abject to which the guy 
wire s being attached (use a thimble, if needed to eliminate 
sharp cable bends). One side of the dead end is then wrapped 
around the guy wire. The other side of the dead end follows, 
Using dead ends saves time and trouble, more than making 
up for their slightly higher cost 

When using the non-conductive guy materials, itis 
highly recommended that a 25-foot length of EHS steel cable 
be used at the bottom for connection to the anchor. This 
serves a valuable purpose. The steel cable is more resistant 
to damage from ground activity and brush fires, and itis the 
preferred material for measuring cable pre-tension with 
‘commonly available devices. 

Fig 26 shows two different methods for attaching guy 
wires to towers. At Fig 26A, the quy wire is simply looped 
around the tower leg and terminated in the usual manner. At 
Fig 268, a guy bracket, with torque arms has been added, 
Even if the torque arms are not required, it is preferred to 
use the guy bracket to distribute the load from the tower 
guy connection to all three tower legs, instead of just one. 
The torque bracket is more effective resisting torsional loads 
оп the tower than the simpler installation. Rohn offers 
another guy attachment bracket, called a Torque Arm 
Assembly, that allows six guys to be connected between the 
bracket and anchors. This is by far the best method of 


Fig 26—Two methods of attaching guy wires to tower, 
See text for discussion. 


Antenna Supports 22-15 


stabilizing a tower against high torque loads, and is 
recommended for installations with large antennas. 

There are two types of commonly used guy anchors. 
Fig 27A depicts an earth screw. Theseare usually 4 to 6 feet 
long. The screw blade at the bottom typically measures 6 to 
8 inches diameter, Fig 278 illustrates two people installing 
the anchor, The shaft is tilted so that it will be in line with 
the mean angle of all the guys connecting to the anchor. 
Earth screws are suitable for use in normal soil where 
permitted by local building codes. Information about screw 
anchors is available from the manufacturers of these devices, 
Information from a supplier specializing in this type of 
anchor can be found at http://www abchance.com. 

The alternative to earth screws is the concrete block 
anchor, Fig 27C shows the installation of this typeof anchor; 
it is suitable for any soll condition, with the possible 
exception of а bed of lava rock or coral. Consult the 
instructions from the manufacturer, or your tower designer, 
for the precise anchor configuration. 


T 
| 


Fig 27—Two standard types of guy 
Screw shown at А is easy to instal and widely available, 
but may not be suitable for use in certain soils. The 
concrete anchor is more difficult to install properly, but 
itis suitable for use with a wide variety of soll condi 
tions and will satisfy most building code requirements. 
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Tumbucklesand associated hardware are used to attach 
guy wires to anchors and to provide а convenient method 
for adjusting tension. Fig 28A shows a tumbuckle with а 
single guy wire attached to the eye ofthe anchor. Turnbuckles 
are usually fitted with either two eyes, or one eye and one 
jan. Theeyesaretheoval ends, whilethejawsare U-shaped 
with abolt through each ip, Fig 288 shows two turnbuckles 
attached to the eye of an anchor. The procedure for 
installation is to remove the bolt from the jaw, pas the jaw 
over he eye of the anchor and reinstall the bolt through the 
jaw, through the eye of the anchor and through the other 
side of the jaw. 

If two or more guy wires are attached to one anchor, 
equalizer plates should be installed (Fig 28C). In addition to 
providing a convenient point t attach the urnbuckles, he 
plates pivot slighty to equalize the various guy loads and 
produce a single load applied to the anchor. Once the 
installation is complete, a safely wire should be passed 
through the turnbuckles in a figure eoht fashion to prevent 
the tumbuckes from turning and gating out of adjustment 
(Fig 280) 
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s available for attaching guy 
wires and turnbuckles to anchors. 


Fig 28—Variety of 


All quyed towers require the guys to be installed with 
a certain amount of pre-tension. The tower manufacturer 
or designer specifies the required pre-tension values, 
which are usually 10% of the cable breaking strength. 
Pre-tension is necessary to eliminate looseness in the cable 
caused by the spiral wire construction and to eliminate 
excessive dynamic guy and tower motion under wind 
loading, The recommended method for adjusting the guys 
is to use a cable tension-measuring device such as the 
popular Loos Guy Wire Tensioner. The guy is gripped with 
a special clamp, such as the Klein Cable Grip, which is 
connected to the anchor below the eye (or equalizer plate] 
with а block and tackle arrangement (Fig 22) ога 
ratcheting come-along. Then the turnbuckle is adjusted 
to take up the load, the cable grip is released and the final 
guy tension is adjusted and checked, 

When you adjust the guys at each level, you should 
check the tower for vertical alignment and straightness. This 
is often done with a transit from two ground points located 
90° from each other. 


Resonance in Guy Wires 

If guy wires are resonant at or near the operating 
frequency, they can receive and reradiate RF energy. By 
behaving as parasitic elements, the guy wires may alter and 
thereby distort the radiation pattern of a nearby antenna. For 
low frequencies where a dipole or other simple antenna is 
used, thisis generally of little or no consequence. But tthe 


higher frequencies where a unidirectional antenna is 
installed, itis desirable to avoid pattern distortion if at all 
possible. The symptoms of re-radiating guy wires areusually 
a lower front to back ratio and a lower front to side ratio 
than the antenna is capable of producing. The gain of the 
antenna and the feed-point impedance will usually not be 
significantly affected, although sometimes changes in SWR 
сап be noted as the antenna is rotated. (Of course other 
conductors in the vicinity of the antenna can also produce 
these same symptoms.) 

The amount of re-radiation from a guy wire depends 
оп two factors- its resonant frequency, and the degree of 
coupling to the antenna. Resonant guy wires near the antenna 
will havea greater effect on performance than those that are 
farther away. Therefore, the upper portion of the top level 
of guy wires should warrant the most attention with 
horizontally polarized arrays. The lower guy wires are 
usually closer to horizontal than the top level, but by virtue 
oftheir increased distance from the antenna, are not coupled 
as tightly to the antenna. 

То avoid resonance, the guys should be broken up. 
by means of egg or strain insulators. Fig 29 shows wire 
lengths that fall within 10% of +. resonance (or a multiple 
of is A) for all the HF amateur bands, Unfortunately, no 
single length greater than about 14 feet avoids resonance in 
all bands. If you operate just a few bands, you can locate 
greater lengths from Fig 29 that will avoid resonance. For 
example if you operate only the 14-, 21- and 24-M Hz bands, 


ay Wee Length (Feet) 


Fig 29—The black bars indicate ungrounded guy wire lengths to avoid for the eight HF amateur 


his chartis 


based on resonance within 10% of any frequency in the band. Grounded wires will exhibit resonance at odd 


multiples of a quarter wavelength. (By J erry Hall, KITD) 
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guy wire lengths of 27 feet or 51 feet would be suitable, 
along with any length less than 16 feet. 


THE RIGHT TOWER FOR YOUR ANTENNA 

Most manufacturers rate their towers in terms of the 
maximum allowable antenna load that can safely be carried 
ata specific wind speed. Ensuring thatthe specific antennas. 
you plan to install meet thetower's design criteria, however, 
may nat always be a straightforward task. 

Mosttower manufacturers rate the loadin terms of Flat 
Projected Area (FPA). This is simply the equivalent area of 
а flat rectangular outline of the antenna members at right 
angles to the wind. Your tower calculations are done using 
the FPA but they must take into account the shape of the 
antenna members actually used (rectangular or tubular). Each 
Shape results in different loads applied to the tower. Some 
tower manufacturers provide FPA values for each type of 
antenna construction, while others statea specific shape they 
intend. When the tower rating does not clearly identify 
whether the antenna is tubular or rectangular, you should 
contact the tower manufacturer to clarify the rating. 

In the realm of antenna manufacturers, however, you 
may encounter another wind load rating called the Effective 
Projected Area (EPA). This attempts to take into account 
the actual shape of antenna elements. The problem is that 
there is no agreed-upon standard for the conversion from 
ЕРА to load numbers. Different manufacturers may use 
different conversion factors. 

Since most tower manufacturers have provided ЕРА 
figures or their towers allowing usin ect to ignore design 
specification details— it would be easiest for us to work only 
with FPA values for our antennas. This would befine if indeed 
we had good FPA figures for the specific antennas we plan to 
use! Unfortunately, FPA are rarely specified for commercially 
built amateur antennas. Instead, most antenna manufacturers 
provide effective areas in their specification sheets. You may 
need to contact the antenna manufacturer directly for the FPA 
antenna area or for the antenna dimensions so that you can do 
your own FPA calculations. 


Determining Antenna Areas 

The method for determining the flat projected area of an 
antennas quitesimple. We'll use aY agi antenna as an example. 
There are two worst-case areas that should be considered here. 
Thefirstisthe FPA of all the elements when the wind blows in 
the direction along the boom; that i, at right angles to the 
elements, The second FPA for a Yagi is when the wind is at 
right angles to the boom. One of these two orientations 
produces the worst-case exposed antenna area— all other wind 
angles present lower exposed areas. The idea is to take the 
highest of the FPA s for these two wind directions and call that 
the FPA of the antenna structure. See Fig 30. 

The element FPA is calculated by multiplying each 
element's dimension of length by its diameter and then 
summing the FPAs for all elements. The boom's FPA is 
computed by multiplying the booms length by its diameter. 

The reason for considering two potential peak-load 
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orientations becomes clear when different frequency 
antennas are stacked on a mast or tower. Some antennas 
produce peak loads when the elements are broadside to the 
wind. This is typical of low-frequency Yagis, where the 
elements are long lengths of aluminum tubing. On the other 
hand, the boom can dominate the surface area computations 
in higher-frequency Yagis. 

‘The fundamentals responsible for the need to examine 
both potential FPAs for Yagis relates to how wind flows 
over a structure and develops loads. Called The Cross- low 
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Fig 30—Description of how loads are developed on a 
Yagi. At A, Fr is the resultant force from the wind load 
on a generalized member. Fd is the load acting 
downwind (drag) that creates the load on the tower. Fe 
is the lateral component of the wind load. The term A is 
the flat projected area (FPA), which is the broadside 
area normal to the wind. The term P is the wind 
pressure; AtB, Ae is the total element area, while Ab is 
the total boom area. All the loads due to the wind act. 
normal to the antenna sections. the force on element 
#1 (Fel) acts along the axis of the boom, for example. 
ALC, a plot of the effective FPA as a function of the 
azimuthal wind direction for a Yagi, ignoring drag 
Coefficients. The Yagi in this example has 9.0 square 
feet of element FPA and 6.0 square feet of boom FPA. 
The worst-case FPAs occur with the beam pointed in 
the wind and with the boom broadside to the wind. To 
determine the actual tower loading, th drag 
coefficients and wind pressures must be used. 


Principle, this was introduced to the communications 
industry by Dick Weber, KSIU, in 1993. The principle is 
based on the fact that the loads created by wind flowing 
across an antenna member only produce forces that are 
normal to (or perpendicular to) the major axis of the member. 
The resultant and component load calculations for this 
method are shown in Fig 304. 

Fora Yagi this means that wind forces on he elements 
act in-line with the boom, while forces on the boom act 
in-line with the elements. Fig 308 shows а force diagram 
for atypical Yagi. Fig 30C shows the FPA fora Yagi rotated 
through 90° of azimuth 


Antenna Placement on the Mast/Tower 

Another important consideration is where the 
antenna(s) will be placed on the tower. As mentioned before, 
most generic tower specifications assume that the entire 
antenna load is applied atthe top of the tower. M ost amateur 
installations have a tubular mast extending above the tower 
top, turned by a rotator mounted down inside the tower. 
‘Multiple Yagi antennas are often placed on the mast above 
the tower top, and you must make sure that both the tower 
and the mast can withstand the wind forces on the antennas, 

For freestanding towers, you can determine how а 
proposed antenna configuration compares to the tower 
manufacturer's rating by using an Equivalent Moment 
method. The method computes the bending moment 
generated at the base of the tower by wind loads on the 
tower's rated antenna area located right at the top of the 
tower and compares that to the case when the antenna is 
mounted on a mast sticking out of the top of the tower. 

The exact value of wind pressure is not important, so 
lang as itis the same for bath comparisons, The wind load 
оп the tower itself can be ignored because it is the same in 
both comparisons and the drag coefficients for the antennas 
сап also be ignored if all calculations are performed using 
flat projected antenna areas, as we've recommended 
previously, 

Keep in mind that this approach does not calculate 
actual loads and moments relevant to any specific tower 
design standard, but it does allow equivalent comparisons 
when the wind pressure is constant and all the antenna areas 
are of the same type. An example is in order, 

Fig 31A shows a generic tower configuration, with a 
concentrated antenna load at the top of the tower. We'll 
assume that the tower manufacturer rates this tower at 
20 square feet of flat projected antenna area, Fig 318 shows 
a typical amateur installation with a rotating mast and an 
antenna mounted 7 feet above the top of the tower. To make 
the calculations easy, we select a wind pressure of 1 pound 
per square foot (1 psf). This makes the tower base moment. 
calculation for Fig 314 


Antenna load = 20 feet? x 1 psf =20 pounds 


Base moment = 70 feet x 20 pounds = 1400 foat-pounds. 
‘Thisisthetarget value for the comparison, An equivalent 


VSE 


at the top. At B, the same tower with 
ich OD x 20-foot long mast, with an antenna 
mounted 7 feet above the top of the tower. Both 
Configurations produce the same tower load. 


configuration would produce the same base moment. For the 
configuration in Fig 318, we assumea tubular 2-inch diameter 
mast that is 20 feet long, mounted 5 feet down inside the 
tower. Note that the lattice structure of the tower allows the 
wind to “see” the whale length of the mast and that we сап 
consider the force distributed along the mast as being a single 
force concentrated at the mast's center. The flat projected area 
of the mast by itself, without the antenna, is: 
Mast area =20 feet x 2 inches / 12 incheslfoot 
= 3.33 square feet 
The center of the masts located ata height of 75 feet, 
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Using the same 1 psf wind load, the base bending moment 

due to the mast alone is 

Base moment (due to mast) 
7249.15 foot pounds 

Including the mast in the configuration reduces the 
allowable antenna load. The remaining target base moment 
left for the antenna is found by subtracting the moment due 
to the mast from the original target value: 

New base target moment = 1400 - 249.75 foot: pounds 
1150.25 foot pounds. 

‘The antenna in Fig 318 is located ata helghtof 77 fet. 
To obtain the allowable antenna area at this elevation we 
divide the new base target moment by the antenna height, 
yielding an allowable antenna load of: 

1150.25 foot-pounds / 77 feet = 14.94 pounds. 

Since we chose a wind load of 1 psf, the allowable 
antenna FPA has been reduced to 14.94 square feet from 
20 square feet If the projected area of the antenna we are. 
planning to mount in the new configuration is less than or 
equal to this value, we have satisfied the requirements of e 
original design. You can use this equivalent-moment method 
to evaluate different configurations, even ones involving 
‘multiple antennas on the mast or situations with additional 
antennas placed along the tower below the tower top, 

For guyed towers, the analyses become much more 
rigorous to solve. Because the guys and their behaviors are 
such a significant portion ofthe tower support mechanism, 
these designs can become very sensitive to antenna load 
placements. A general rule of thumb for guyed towers is never 
to exceed the original tower-top load rating, regardless of 
distributed loads along its length. Once you redistribute the. 
antenna load placements along а guyed tower, you should 
do a fresh analysis, just to be sure. 

You can run evaluations using the above method for 
antennas placed on the mast above a guyed tower top. The 
useof the Equivalent-M oment method for antennas mounted 
below the top of a guyed tower, however, can become quite. 
suspect, since many generic tower designs have their 
intermediate guys sized for zero antenna loads lower down 
the tower. The proper approach in this case is to have a 
qualified mechanical engineer check the configuration, to 
see if guy placement and strength is adequate for the 
additional antennas down the tower. 

Mounting the mast and antenna as shown in Fig 318 
increases tower loads in the region of the mast. You should 
Investigate these loads to ensure thatthe tower bracing in 
that area is sufficient. Now we will consider theprablem of 
bending the rotating mast. 


Mast Strength 

When you mount antennas on а mast above the tower 
top, you should examine the bending loads on the mast to 
ensure thatit will be strong enough, This section explains how 
to perform mast stress calculations for a single sustained wind 
speed. This procedure does not include height, exposure and 


3.33 feet? x 1 psf x 75 feet 
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Qustresponse factors found in most tower design standards, 

Here are some fundamental formulas and values used 
to calculate the bending stress in a mast mounted in the top 
of a tower. The basic formula for wind pressure is 


P=00256V2 (equ) 
where 
P is the wind pressure isin pounds per square foot 
(psf) 


V =wind speed in miles per hour (mph) 


This assumes an air density for standard temperature 
and atmospheric pressure at sea level. The wind speed is 
not the Basic Wind Speed discussed in other sections of 
this chapter. Itis simply a steady state (static) wind velocity. 

The formula for calculating the force created by the 
wind on a structure is: 
xA xXCa 
where 

P =the wind pressure from Eq (1) 

A =the flat projected area of the structure (square feet) 

Ca = drag coefficient for the shape of the structure's 

members. 

The commonly accepted drag coefficient for long 
cylindrical members like the tubing used for the mast and 
antenna is 1.20, The coefficient for a flat plate is 2.0. 

‘The formula used to find thebending stress in a simple 
beam like our mast is: 


(E92) 


-12 (E03) 


ıê stress in pounds per square inch (psi) 
M = bending moment at the base of the mast (inch 
pounds] 

ih of the mast outside diameter (inches) 

= moment of inertia of the mast section (inches) 


In this equation you must make sure that all values 
arein the same units. To arrive at the mast stress in pounds 
per square inch (psi), the other values need to be in inches 
and pounds also. The equation used t find the moment of 
inertia for the round tubing mast section is: 


regen) 


where 


(E94) 


Moment of Inertia of the section (inches) 
R = Radius of tube outside diameter (inches) 
= Radius of tube inside diameter (inches) 


This value describes the distribution of material about. 
the mast centroid, which determines how it behaves under 
load. The equation used to compute the bending moment at 
the base of the mast (where itis supported by the tower) is: 


M = (Fy xy }+{к, xy) (Eq5) 


where 

F y = wind force from the mast (pounds) 

Ly =Distancefrom tower top to center of mast inches) 

Fy =Wind force from the antena (pounds) 

Lj, = Distance from tower top to antenna attachment 

(inches) 

Ly is the distance to the center of the portion of the 
mast extending above the tower top, Additional antennas 
can be added to this formula by including ther F xL. Inthe 
installation shawn in Fig 318, a wind speed of 90 mph, and 
amastihatis2 inches OD, with a0.250-inch wall thickness, 
the steps for calculating the mast stress are: 


1, Calculate the wind pressure for 90 mph, from Eq 1: 
P =.00256 V: = 00256 x (90 = 20.736 psf 


2 Determine the flat projected area of the mast. The 
portion of the mast above the tower is 15 feet long and 
has an outside diameter of 2 inches, which is 2/12 fee. 

Маз РРА, Ay =15 feet x (2 inches 12 inchesfeet 

250 square fet 
3. Calculate the wind load on the mast, from Eq 2: 
Mast Force, Fy 10736 pst x 250 fet? x 
120 =62.21 pounds 
4. Calculate the wind load on the antenna: From Eq (2) 
Antenna Force, F =P xA x Ca 22036 psf x 1494 fee? 
x 120 = 371.76 pounds 

5. Calculate the mast Bending Moment, from Eq 5: 

M =(Fy xku) (Fa хд) 

(6221 pounds x 90 inches) + (371.76 pounds x 84 
inches] = 36827 inch-pounds 


feet x 12 inches/foot 
6. Calculate the mast Moment of Inertia, from Eq 4: 


1= F(R‘) = So - 075) = 05369inches 


where, for a2.0-inch OD and 0.250-inch wall thickness 
tube, R=10andr=0.75, 


Calculate the mast Bending Stress, from Eq 3: 
Mxc 


36827 inch pounds x 1.0 inches 
T 03368 


= 68592 psi 


If the yield strength of the mast material is greater than 
the calculated bending stress, the mast is considered safe 
for this configuration and wind speed. If the calculated stress 
is higher than the mast yield strength, a stronger alloy, or a 
larger mast, or one with a thicker wall is required. 

‘There are many different materials and manufacturing 
processes for tubing that may be used for a mast. Yield 
strengths range from 25,000 psi to nearly 100,000 psi. 
Knowing the minimum yield strength of the material used 


for a mast is an important part of determining if it will be 
safe. Using unknown materials renders efforts from the 
preceding calculations useless! 

When evaluating a mast with multiple antennas attached 
to it, special care should be given to finding the worst-case 
condition (wind direction] for the system. What may appear 
tobe the worst load case along a single azimuth exposure, by 
Virtue of the combined lat projected antenna areas, may not 
always be the exposure that creates the largest mast bending 
moment M asts with multiple stacked antennas should always 
be examined to find the exposure that produces the largest 
mast bending moment, The antenna flat projected areas at 0° 
and 90° azimuths are particularly useful for this evaluation. 

ANTENNA INSTALLATION 

All antenna installations are differentin some respects 
Therefore, thorough planning isthe most important first step 
in installing any antenna. Before anyone climbs the tower, 
the whole process should be discussed to be sure each 
crewmember understands what is to be done. A nd remember 
that the person on the tower is in charge! Coordinate 
beforehand what signals and commands are used: "Up" or 
“Up Slowly” for raising something from the ground; “Down” 
or “Down Slowly” for the opposite. 

Watch Out! or" Watch Out Below!” works for dropped 
hardware or tools о alert the ground crew below. Remember, 
once someone is on the tower, no one should be allowed to 
stand near the base of the tower! 

Consider what tools and parts must be assembled and 
what items must be taken up the tower, and plan alternative. 
actions for possible trouble spots. Extra trips up and down 
the tower can be avoided by careful planning, 

If done properly, the actual work of getting the antenna 
into position can be executed quite easily with only one person 
atthe top of the tower. The ground crew should do all the 
heavy work and leave the person оп the tower free to guide 
the antenna into position. Because the ground crew does all 
the lifting, a large pulley, preferably on a gin pole placed at 
the top of the tower, is essential, Local radio clubs often have 
gin poles available for use by their members Stores that sell 
tower materials frequently rent gin poles as well 

А gin pole should be placed along the side of the tower 
so the pulley is по more than 2 feet above the top of the 
tower (or the point at which the antenna is to be placed). 
Normally this height is sufficient to allow the antenna to be 
positioned easily. An important reason that the pulley is 
placed at this level is that there can be considerable bending 
loads on the gin pole when the antenna is pulled away from 
the tower to maneuver past guy wires, 

Sometimes the mast to which the antenna will be 
mounted is used as a place to hang the pulley. You should 
take care that you don't end up bending the mast by placing 
the pulley too high on the mast It may be necessary to back- 
guy the mast on the opposite side of ће tower from which 
the antenna s raised. 

‘Therope (halyard) through the pulley must besomewhat 
longer than twice the tower height so that the ground crew 


Antenna Supports 22.21 


can raise the antenna from ground level. The rope should be 
ol fe inch diameter for both strength and ease of handling. 
Smaller diameter rope is less easily manipulated; it has а 
tendency to jump out of the pulley track and foul pulley 
operation. 

‘The first person to climb the tower should carry an end. 
of the halyard so that the gin pole can be lifted and secured 
to the tower. Those climbing the tower must have safety 
belts. Belts provide safety and convenience; it is simply 
impossible to work effectively while hanging onto the tower 
with one hand. 

Once positioned, the gin pole and pulley allow parts 
and tools to be sent up the tower. A useful trick for sending 
up small items like bolts and pliers is for a ground crew 


member to slide them through the rope strands where they 
are held by the rope for the trip to the top of the tower. Items 
that might be dislodged by contact with the tower should 
either be taped or tied to the halyard, 

Ever present is the hazard of falling tools or hardware. 
Itis foolish to stand near a tower when someone is working 
above. Ground crew members should wearhard-hats as extra 
insurance. 


Raising the Antenna Alongside the Tower 

A technique that can save much effort in raising the 
‘antenna is outlined here. First, the halyard is passed through 
the gin-pole pulley or the pulley mounted to the mast, and 
the leading end of the rope is returned to the ground crew, 
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Fig 32—Raising a Yagi antenna alongside the tower. At A the Yagi is placed in a clear area, with the boom pointing 
toward the tower. The halyard is passed under the elements, then is Secured to the boom beyond the midpoint. 


shows the antenna approaching the top of 
been untied from the front of th 


mast. The person on the tower guides It after the lifting rope has 
intenna. ALC the antenna is pulled into a horizontal position by the ground crew. 


The tower worker inserts the pivot bolt and secures It. Note: A short piece of rope is tied around the halyard and 
the boom at the front of the antenna to stabilize the beam as it is being raised. The tower worker removes it when 


the boom reaches him at the top of the tower. 
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whereitis ted to the antenna, The assembled antenna should 
be placed ina clear area of the yard (or the roof) so the boom. 
points toward the tower. The halyard is then passed under the 
front elements of the beam to a position past the midpoint of 
the antenna, where it is securely tied to the boom (Fig 32A). 

Note that once the antenna is installed, the tower worker 
must be able to reach and untie the halyard from the boom; 
the rope must be tied less than an arm's length along the 
boom from the mounting point. If necessary, a large loop 
тау be placed around the first element located beyond the 
midpoint of the boom, with the knot tied near the center of 
the antenna, The rope may then be untied easily after 
completion of the instalation. The halyard should be tied 
temporarily to the boom at the front ofthe antenna by means 
of a short piece of light горе or twine. 

While theantennais being raised, the ground crew does 
all the pulling. As soon as the front of the antenna reaches 
the top of the mast, the person atop the tower unties the 
light rope and prevents the front of the antenna from falling, 
as the ground crew continues to lift the antenna (Fig 328). 
When the center of the antenna is even with the top of the. 
tower, the tower worker puts one bolt through the mast and 
the antenna-mounting bracket оп the boom. The single bolt 
acts as a pivot point and the ground crew continues to lit. 
the back of the antenna with the halyard (Fig 32C). After 
the antenna is horizontal, the tower worker secures the rest 
of the mounting bolts and unties the halyard. By using this 
technique, the tower worker performs no heavy lifting. 


Avoiding Guy Wires 

Although the same basic methods of installing a Yagi 
apply to any tower, quyed towers pose a special problem, 
Steps must be taken to avoid snagging the antenna on the 
guy wires, With proper precautions, however, even large 
antennas can be pulled to the top of a tower, even if the mast. 
is guyed at several levels. 

Sometimes one of the top guys can provide a track to 
support the antenna as it is pulled upward. Insulators in the 
guys, however, may obstruct the movement ofthe antenna, A 
better track made with rope Is an alternative. One end of the 
Tope is secured outside the guy anchors. The other end is 
passed over the top of the tower and back down to an anchor 
near the first anchor. So arranged, the rope forms a narrow V. 
track strung outsidethe guy wires, Once the V-track is secured, 
the antenna may simply be pulled up, resting on the track. 

Another method is to tie a rope to the back of the 
antenna (but within reach of the center). The ground crews 
then pull the antenna out away from the guys as the antenna 
is raised. With this method, some crewmembers аге pulling 
up the antenna to raise it while others are pulling down and 
out to keep the beam clear of the guys. Obviously, the 
‘opposing crews must actin coordination to avoid damaging 
the antenna, The beam is especially vulnerable when it begins 
ta tip into the horizontal position. Ifthe crew continues to 
pull out and down against the antenna, the boom can be 
broken. Another problem with this approach is that the 


antenna may rotate on the axis of the boom as it is raised. To 
prevent such rotation, long lengths of twine may be tied to 
outer elements, one piece on each side of the boom. Ground 
personnel may then use these tag lines to stabilize the 
antenna. Where this is done, provisions must be made for 
untying the twine once the antenna is in place, 

A third method is to tie the halyard to the center of the 
antenna. A crewmember, wearing a safety belt, walks the 
antenna up the tower as the crew on the ground raises it 
Because the halyard Is tied at the balance point, the tower 
Worker can rotate the elements around the guys. A tag line 
сап be tied to the bottom end of the boom so that a ground 
Worker can help move the antenna around the guys. The tag 
line must be removed while the antenna is still vertical 

А fourth method is to build the antenna on the tower 
and then swing it into position (See also the section below 
onthe PV RC M ount.) Building the Yagi on the tower works 
particularly well for Yagis mounted partway up the tower, 
as you might do in a stacked array. The technique works 
best when the vertical spacing between the guys is greater 
than the length of the Yagi boom, 

Fig 33 illustrates the steps involved. pull rope through 
a gin-pole or tower-mounted pulley is secured to the boom 
at the final balance point and the ground crew raises the boom 
їп a vertical position up the tower. A tie rope is used to 
temporarily secure the upper end of the boom to keep it stable 
while the boom is being raised. The tower person removes 
the tie rope once the boom is raised to the right level and has 
been temporarily secured to the tower 

The elements are then brought up one at a time and 
mounted to the boom. It helps if you have a 2- or 2 oo 
long spotting mast temporarily attached to the boom to form 
а 90" frame of reference, This allows the ground crew to 
spot from below so that the elements are all lined up in the 
‘same plane. After all the elements are mounted and aligned 
properly, the temporary rope securing the boom to the tower 
is released, suspending the antenna on the pull rope. The 
tower person then rotates the boom 90° so that the elements. 
are vertical, Nextthe elements are rotated 90° into the tower 
so that they are parallel to the ground. The ground crew then 
moves the boom up or down using the pull ope to the final 
point where itis mounted to the tower, 

A modification of this technique also works or building 
a medium-sized Y agi on thetop of the tower. This technique 
will work if the length of the gin pole at maximum safe 
extension is long enough. See Fig 34. 

As usual, the gin-pole pull горе is attached to the 
balance point of the boom and the boom is pulled up the 
tower in the vertical position, using a rope to temporarily tie 
the pull rope to the top end of the boom for stability. The 
boom is temporarily secured to the tower with rope in the 
Vertical position so that the top end is just higher than the 
top of the tower, In order to clear the gin pole when the 
elements are mounted and the boom is raised higher to mount. 
the next element, you must tilt the boom slightly so that the 
element mounted to the top end of the boom will be behind 
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Fig 33—Building a Yagi partway down 
the tower. At A, the boom is lashed 
temporarily to the tower and elements 
are added, starting at the bottom. At 8, 
the temporary rope securing the boom 
rig removed and the boom is 
о that the elements are 
At C, the boom is rotated 
Another 90, “weaving through” guy 
Wires if necessary, until the elements. 
are parallel with the ground, whereupon 
the boom is secured to the tower. 
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Fig 34— Bullding a Yagi at the top of the tower, The 
length of the gin pole must be longer than 72 the boom 
so that the boom can be hoisted upwards to the place 
Where itis mounted to the mast. Usually the boom is 
Initially lashed to the tower slanted slightly from 
Vertical so thatthe top element ends up behind the gin 
pole. The elements are mounted at the bottom end of 
the boom first to provide stability. Then the element at 
the top of the boom is mounted and the boom is moved 
upwards using the gin-pole holst rope so that the next- 
to:top element may be mounted, again behind the gin 
pole. This process is repeated until all elements are 
mounted (save possibly the middle element if it can be 
reached easily from the tower once the beam ha 

‘mounted to the mast). Then the boom is tilted to th 
final position, weaving the elements to cl 

if necessary. 


r guy wires 


the mast. This is very important! 

The elements are first mounted to the bottom side of 
the boom to provide weight down below for stability. Then 
the top-most element is mounted to the boom, The tower 
person removes the temporary rope securing the boom to 
the tower and the ground crew uses the pull rope to move 
the mast vertically upwards to the point where the next 
clement from the top can be mounted. Опсе аі the elements 
are mounted and aligned in the same plane (with perhaps 
the center element closest to the mastto-boom bracket left 
on the ground until later), the temporary securing rope is 
removed, The boom is now swung so that the elements can 
be maneuvered to clear the top guy wires. Oncethe elements 
are horizontal the boom is secured to the mast and the center 


element is mounted. 


Using a Tram 

Another method to get a large Yagi to the top of the 
tower safely is a tram. A tram supports the antenna under 
the tram wire, using a pully riding on the tram wire. The 
antenna can thus move more freely without the friction 
it would have riding on top of a track rope, as described 
previously. This puts considerably les strain on the tram 
wire itself and on the mast to which it is tied on the tower. 
Some installers prefer to use a wire-rope tramline for its 
reduced sag. 

The tram method uses an easily constructed fixture 
‘mounted to the boom ofthe Yagi to stabilize it from rotating 
away from the desired altitude as the antenna s raised. A 
guy-wire cable or heavy rope is fixed to the mast about two 
feet above the point where the antenna will mount to the. 
mast A come-along is often used at he ground end to tension 
the ram wire proper. Itis often necessary to back-guy the 
mast to make sure It doesn’t get bent, since the horizontal 
forces acting on the mast can be considerable in any tram 
(or track) operation. (Note that the tram technique works 
well for side mounted antennas also, where back-guying is 
not necessary if you are reasonably close to a guy se, as is 
usualy the case. 

Fig 35 is a photograph of a tram fixture ult by Kurt 
Andress, K7NV, This consists of a pulley riding on top of 
the tramline. This pulley is attached using а caribiner or 
shackle to two equal-lengh wires connected to the boom to 
makean inverted-V shaped sling, The wo slings are secured 
to the boom with modified muffler clamps containing 
еуеро for the sling wires so that the antenna is perfectly 
balanced in the horizontal plane. Balance is very important 
to make sure the antenna rises properly on the tram without 
having the boom rotate downward on one end or the other. 

The hoisting rope running through the tower-mounted 
pulley (and used by the ground crew to pull the antenna up 
to the tower on the tram line) is attached to a 2-foot piece of 
angle iron. This is attached to the boom with a muffler clamp. 
Note thatthe angle ion is rotated slightly from horizontal 
so that the plane of the elements is tilted upwards— this 
allows the elements to clear the guy Wires as the antenna is 
raised. (While the antenna is close to the ground, the angle 
iron is adjusted so that the elements remain horizontal. Once 


Fig 35—Photo of the tram system used by Kurt 
Andress, K7NV. (Photo Ву K7NV) 
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Fig 36—At A, bird's-eye view of tram system used to bring large Yagi antennas from the ground to the top of the 
tower, At B, side view of rigging used for tramline and hoisting line, along with the sling and tram fixture used to 


hold the Yagi on the tramline. 


they are clear of the ground, the angle iron is readjusted to 
align the elements in the proper direction to clear the guy 
Wires on the tower.) The force of the pull rope along the 
angleiron also stabilizes the antenna from yawing from side- 
to-side. Note in Fig 35 that the angle iron is mounted just 
off-center from where the boom-to-mast plate will be 
attached so that it clears the mast as the antenna nears the 
top ofthe tower. Fig 36 diagrams how the tram and hoisting 
line are rigged to the mast. 

Thetower person directs the activity ofthe ground crew 
below and guides the antenna to the mast. Once the end of 
the pull rope reaches the mast, the tower man ties the boom 
temporarily to the mast so that he can undo the pull rope 
from thetram-fixture angle iron and retie¡taround the boom. 
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Then the antenna can be raised to the point where it can be 
mounted to the mast. 

This technique has been employed to raise Yagis with 
booms as long as 42 feet at the N 6RO contest station on 
towers as high as 130 feet As with the trac, the tram system 
requires a good deal of open real estate. While it sounds 
complicated to set up, you can raise some rather large 
antennas in less than an hour, once you get the hang of the 
operation. 


THE PVRC MOUNT 


"The methods described above for hoisting antennas are 
Sometimes not satisfactory for really large, heavy arrays 
The best way to handle large Y agis i to assemble them on 


Fig 37—Тһе PVRC mount, boom plate, mast and rotator 
ready to go.The mast and rotator are installed on the 
tower first. 


Fig 38— Close-up of the PVRC mount. The long pipe 
(horizontal in this photo) is the rotating mast The U 
bolts in the vertical plate at the left are ready to accept 
the antenna boom. The heads of two locking pins 
(bolts) are visible at the midline of the boom plate. The 
other two pins help secure the horizontal pipe to the 
large steel mast plate. (The head of the bolt nearest the 
Camera blends їп with the right hand leg of the U bolt 
behind it. 


top of the tower. One way to do this easily is by using the 
PVRC Mount, M any members of the Potomac Valley Radio 
Club have successfully used this method to install large. 
antennas. Simple and ingenious, the idea involves offsetting 
the boom from the mast to permit the boom to tilt 360° and 
rotate axially 360°. This permits the entire length of the boom 
to be brought alongside the tower, allowing the elements to 
beattached one by опе (Italso allows any partof the antenna 


Fig 39—Working at the 70-foot level. A gin pole makes 
pulling up and mounting the boom to the boom plate a 
safe and easy procedure. 


to bebroughtalongsidethe tower for antenna maintenance.) 

See igs37, 38,39, 40 апа 41. The mountitself consists 
of ashort length of pipe ofthe same diameter as the rotating 
mast (or greater), aste plate, eight U bolts and four pinning 
bolts, The stel plate is the larger, horizontal one shown in 
Fig 37. Four U bolts attach the plate to the rotating mast, 
and four attach the horizontal pipe to the plate. The horizontal 
Pipe provides the ofset between the antenna boom and the 
tower, The antenna boom-to-mast plate s mounted at the 
outer end of the short pipe. Four bolts are used to ensure 
thatthe antenna ends up parallel to the ground, two pinning 
exch plate to the short pipe. When the mast plate pinning 
bolts are removed and the four U bolts loosened, the short 
pipe and boom plate can be rotated through 360, allowing 
either half of the boom to come alongside the tower. 

First assemble the antenna on the ground. Carefully 
mark all critical dimensions, and then remove the antenna 
elements from the boom. Once the rotator and mast have 
been installed on the tower, а gin pole is used to bring the 
mast plate and short pipe to the top of the tower. There, the 
top crew unpins the horizontal pipe and tilts the antenna 
boom plate to place it in the vertical plane. The boom is 
attached to the boom plate at the balance point of the 
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Fig 40—Mounting the last element prior to positioning 
the boom in a horizontal plane. 


plate are loosened and the boom is turned to 
horizontal position. This puts the elements in a vertical 
plane. Then the pipe U bolts are tightened and pinning 
bolts secured. The boom U bolts are then loosened and 
the boom turned axially 90°, 
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assembled antenna, It is important that the boom be rotated 
axially so the bottom side ofthe boom is losestto the tower. 
This will allow the boom to be tilted without the elements 
striking the tower. 

During installation it may be necessary to loosen one 
guy wire temporarily to allow for tilting of the boom. А a 
safety precaution, a temporary guy should be attached to 
the same leg of the tower just low enough so the assembled 
antenna will clear it. 

Theelements are assembled on the boom, starting with 
those closest to the center of the boom, working out 
alternately to the farthest director and reflector. This 
procedure must be followed. If all the elements аге put first 
оп one half of the boom, it will be dangerous (if not 
impossible) to puton heremaining elements. By starting at 
the middle and working outward the balance point of the 
party assembled antenna will never beso far removed from 
the tower that tilting of the boom becomes Impossible 

When the last element is attached, the boom is brought 
parallel to the ground, the horizontal pipe is pinned to the 
mast plate, and the mast plateU boltstightened.A tthis point, 
all the antenna elements will be positioned vertically. Next, 
loosen the U bolts that hold the boom and rotate the boom 
axially 90°, bringing the elements parallel to the ground, 
Tighten the boom bolts and double check all the hardware. 

Many long-boom Yagis employ a truss to prevent boom 
sag. With the PV RC mount, the truss must be attached to a 
pipe that is independent of the rotating mast. A short length 
of pipe is attached to the boom as close as possible to the 
balance point Thetruss then moves with the boom whenever 
the boom is tilted or twisted, 

А precaution: Unless you have a really strong rotator, 
you should consider using this mount mainly for assembling 
the antenna on the tower. The offset between the boom and 
the mast with this assembly can generate high torque loads 
оп the rotator. Mounting the boom as close as possible to 
the mast will minimize the torque when the antenna is 
pointed into the wind. 


THE TOWER ALTERNATIVE 

A cost saving alternativeto the ground-mounted tower 
is the roof-mounted tripod. Units suitable for small HF or 
VHF antennas are commercially available. Perhaps the 
biggest problem with a tripod is determining how to fasten 
it securely to the roof 

One method of mounting a tripod on a roof is to 
nail 2 x 6 boards to the undersides of the rafters, Bolts can 
be extended from the leg mounts through the roof and the 
2x 6s. To avoid exerting too much pressure on the area of 
the roof between rafters, place another set of 2 x 6s on top 
of the roof (a mirror image of the ones in the attic). 
Installation details are shown in Figs 42, 43, 44 and 45. 

The 2 x 6s are cut 4 inches longer than the outside 
distance between two rafters. Bolts are cut from a length of 
einch-threaded rod. Nails are used to hold the boards in 
place during installation, and roofing tar is used to seal the 


‘ground lead fastened to the lower 


part of the frame is for lightning protection. The rotator 


Control cable and the coaxial line are dressed along 
two of the legs. (Photo courtesy of Jane Wolfert) 


Fig 43—This cutaway view illustrates how the tripod 
tower is secured to the roof rafters. The leg to b 
‘Secured to the crosspiece is placed on the outside 
of the roof, Another cross member is fastened to the 
underside of the rafters. Bolts, inserted through the 
roof and the two cross pieces, hold the inner cross 
member in place because of pressure applied. The 
inner crosspiece can be nailed to the rafter for 
added strength. 


Fig 44—Three lengths of 2 x 6 wood mounted on the 
Outside of the roof and reinforced under the roof by 


three identical lengths provide a durable means for 
ipod. A thick coat of roofing tar guards 
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-The strengthened anchoring for the tripod. 
jolts are placed through two 2 » 6s on the underside 
о! the roof and through the 2 x 6 on the top of the roof, 

эв shown In Fig 43. 


area to prevent leaks. 

Find a location on the roof that will allow the antenna 
to turn without obstruction from such things as trees, TV 
antennas and chimneys. Determine the rafter locations, 
(Chimneys and vent pipes make good reference points.) Now 
the tower is set in place atop three 2 x 6s.A plumb line run. 
from the top center of the tower can be used to center ¡ton 
the peak of the roof. Holes for the mounting bolts can now 
be drilled through the roof. 

Before proceeding, the bottom of the 2 x 6s and the 
area of the roof under them should be given a coat of roofing 
tar. Leave about ' inch of clear area around the holes to 
ensure easy passage of the bolts. Put the tower back in place 
and insert the bolts and tighten them. A pply tar to the bottom. 
of the legs and the wooden supports, including the bolts. 
For added security the tripod can be guyed. Guys should be 
anchored to the frame of the house, 

If a rotator is to be mounted above the tripod, pressure 
will be applied to the bearings. Wind load on the antenna 
will be translated into a “pinching” of one side of the 
bearings. М ake sure that the rotator is capable of handling 
this additional stress. 

ROTATOR SYSTEMS 

There are not that many choices when it comes to 
antenna rotators for the amateur antenna system. Making 
the correct decision as to how much capacity the rotator 
must һауе!в very importantto ensure trouble-free operation. 
Manufacturers generally provide an antenna surface-area 
rating to help the purchaser choose а suitable rotator. 
‘The maximum antenna area is linked to the rotator's torque 
capability. 

Some rotator manufacturers provide additional 


22-30 chapter 22 


information to help you select the right size of rotator for 
the antennas you planto use. Hy-Gain provides an Effective 
Moment value. Yaesu calls theirs a K-F actor. Both of these 
ratings are torque values in foot pounds. You can compute 
the effective moment of your antenna by multiplying the 
antenna turning radius by its weight So long asthe effective 
moment rating of the rotator s greater than or equal to the 
antenna value the rotator can be expected to provide a useful 
service life. 

There re basically four grades of rotators available to 
the amateur. The lightest-duty rotator is the type typically 
used to шт TV antennas. Without much difficulty, these 
rotators will handle a small 3-elementtribander атау (14, 
21 and 28 MHz) orasingle21- or 28-M Hz monoband three- 
element antenna. The important consideration with a TV 
rotato ls that it lacks braking or holding capability. High 
winds шт the rotator motor via the gear train in a reverse 
fashion. Broken gears sometimes result. 

Thenext grade up from theTV class of rotator usually 
includes a braking arrangement, whereby the antenna is held 
in place when power is not applied to the rotator, Generally 
speaking, the brake prevents gear damage on windy days. 
If adequate precautions are taken, this group of rotators is 
capable of holding and turing stacked monoband arrays, 
orup wales sener 14-M Hz system. Thenextstep upin 
rotator strength is more expensive. This class of rotator will 
turn justabout anything the most demanding amateur might 
want to instal 

А description of antenna rotators would not be complete 
without the mention of the prop pitch class. The prop pitch 
rotator system consists of a surplus aircraft propeller blade 
pitch motor coupled to an indicator system and a power 
supply, There are mechanical problems of installation, 
however, resulting mostly from the size and weight of these 
motors. It has been said that a prop pitch rotator system, 
properly installed, is capable of turning a house. Perhaps in 
the same class as the prop pitch motor (but with somewhat 
less capability) is the electric motor of the type used for 
opening garage doors. These have been used successfully 
in turing large arrays 

Proper installation of the antenna rotator can provide 
many years of trouble-free service; sloppy installation can 
causeproblems such asa bumed out motor slippage, binding 
and casting breakage. M ost rotators are capable of accepting 
mast sizes of different diameters, and suitable precautions 
must be taken to shim an undersized mast to ensure dead 
center rotation. Itis very desirable to mount the rotator inside 
and as far below the top of the tower as possible. The mast 
absorbs the torsion developed by the antenna during high 
winds, as well as during starting and stopping. 

Some amateurs have used along mast from the top to 
the base of the tower. Rotator installation and service can be 
accomplished at ground level, A mast length of 10 feet or 
more between the rotator and the antenna will add greatly to 
the longevity of the entire system. Another benefit of 
mounting the rotator 10 feet ог more below the antenna is 
that any misalignment among the rotator, mast and the top 


of thetower is less significant. A tube atthe top of the tower 
(a sleeve bearing) through which the mast protrudes almost 
Completely eliminates any lateral forces on the rotator casing. 
All the rotator must do is support the downward weight of 
the antenna system and шт the array. 

While the normal weight of the antenna and the mast 
is usually not more than a couple of hundred pounds, even 
with a large system, one can ease this strain on the rotator 
by installing a thrust bearing at the top of the tower. The 
bearing is then the component that holds the weight of the 
antenna system, and the rotator need perform only the 
rotating task 


Indicator Alignment 

A problem often encountered in amateur installations is 
that of misalignment between the direction indicator in he 
rotator control box and the heading of the antenna. With a 
light duty rotator, this happens frequently when the wind 
blows the antenna to а different heading. With no brake, the 
force of the wind can move the gear train and motor of the 
rotator, whiletheindicator remains fixed, Such rotator systems 
havea mechanical stop to prevent continuous rotation during 
operation, and provision is usually included to realign the 
indicator against the mechanical stop from inside the shack 
During installation, the antenna must be oriented correctly 
for the mechanical stop position, which is usually north. 

In larger rotator systems with an adequate brake, 
indicator misalignments caused by mechanical slippage in 
theantenna boom-to-mast hardware. M any texts suggest that 
the boom be pinned to the mast with a heavy-duty bolt and 
the rotator be similarly pinned to the mast. There is a trade- 
olf here. If there is sufficient wind to cause slippage in the 
couplings without pins, with pins the wind could break a 
rotator casting. The slippage will act as a clutch release, 
which may prevent serious damage to the rotator. On the 
other hand, the amateur might not like to climb the tower 
and realign the system after each heavy windstorm. 
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Radio Wave 
Propagation 


Because radio communication is carried on by means 
of electromagnetic waves traveling through the Earth's 
atmosphere, itis important to understand the nature of these 
waves and their behavior in the propagation medium. M ost 
antennas will radiate the power applied to them efficiently, 
but no antenna can do all things equally well, under all 
circumstances. Whether you design and build your own 
antennas, or buy them and havethem put up by a professional, 


you'll need propagation know-how for best results, both 
during the planning stages and while operating your station. 
For station planning, this chapter contains detailed 
information on elevation angles from transmitting locations 
throughoutthe world to important areas throughout the world 
With this information in hand, you can design your own 
antenna installation for optimum capabilities possible within. 
your budget. See the CD-ROM at the back of this book. 


The Nature of Radio Waves 


You probably have some familiarity with the concept 
of electric and magnetic fields A radio waveisacombination 
of bath, with the energy divided equally between them, If 
the wave could originate ata point source in free space, it 
would spread out in an ever-growing sphere, with the source 
at the center. No antenna can be designed to do this, but the. 
theoretical isotropic antenna is useful in explaining and 
measuring the performance of practical antennas we can 
build. tis, in fact, the basis for any discussion or evaluation 
of antenna performance. 

‘Our theoretical spheres of radiated energy would expand 
very rapidly at the same speed as the propagation of light, 
approximately 186,000 miles or 300,000,000 meters per 
second. These values are close enough for practical purposes, 
and are used elsewhere in this book. If опе wishes to be more 
precise, light propagates in a vacuum atthe speed of 299.7925 
meters per microsecond, and slightly slower in ай. 

The path of агау traced from its source to any point on 
a spherical surface is considered to be a straight line— a 
radius of the sphere. n observer an the surface of the sphere 
would think of itas being flat, just as the Earth seems flat to 
us. A radio wave far enough from its source to appear flat is 
called a plane wave. From here on, we will be discussing 
primarily plane waves. 

It helps to understand the radiation of electromagnetic 
energy if we visualize a plane wave as being made up of 
electric and magnetic forces, asshown in Fig 1. The nature. 
of wave propagation is such that the electric and magnetic 
lines of farce are always perpendicular. The plane containing 
the sets of crossed lines represents the wave front. The 
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Fig 1—Representation of the magnetic and electric 
fields of a vertically polarized plane wave traveling 
along the ground. The arrows indicate instantaneous 
directions of the fields for a wave traveling 
perpendicularly out of the page toward the reader. 
Reversal of the direction of one set of lines reverses 
the direction of travel. There is no change in direction 
When both sets are reversed, Such a dual reversal 
occurs in fact once each half cycle. 
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direction of travel is always perpendicular to the wave front; 
"forward" or "backward" is determined by the relative 
directions of the electric and magnetic forces. 

The speed of travel of a wave through anything but a 
vacuum is always less than 300,000,000 meters per second 
How much less depends on the medium. If it is air, the 
reduction in propagation speed con be ignored in most 
discussions of propagation at frequencies below 30 MHz. In 
theVHF range and higher, temperature and moisture content 
ofthe medium have increasing effects оп the communication 
range, as will be discussed later. In solid insulating materials 
the speed is considerably less. In distilled water (a good 
insulator) the speeds than free space. In good conductors 
the speed is so low that the opposing fields set up by the 
wave front occupy practically the same space as the wave 
itself, and thus cancel ош. Thisis thereason for “skin ect” 
in conductors at high frequencies, making metal enclosures 
good shields for electrical circuits working at radio 
frequencies 


Phase and Wavelength 
Because the velocity of wave propagation is so great, 
we tend to ignore it. Only * of a second is needed for a 
radio waveto travel around the world— but in working with 
antennas the time factor is extremely important. The wave 
concept evolved because an alternating current flowing in a 
wire (antenna) sets up moving electric and magnetic fields. 
We can hardly discuss antenna theory or performance at all 
without involving travel time, consciously or otherwise 
Waves used in radio communication may have 
frequencies from about 10,000 to several billion Hz. Suppose. 
the frequency is30 M Hz. One cycle, or period, is completed 
in1/30,000,000 second. Thewaveis traveling at 300,000,000 
meters per second, so it will move only 10 meters during the 
time that the current is going through one complete period 
of alteration, The electromagnetic field 10 meters away from 
the antenna is caused by the current that was flowing one. 
period earlier in time. The field 20 meters away is caused by 
the current that was flowing two periods earlier, and so on. 
If each period of the current is simply a repetition of 
the one before it, the currents at corresponding instants in 
each period will be identical. The fields caused by those 
currents will also be identical. А the fields move outward 
from the antenna they become more thinly spread over larger 
and larger surfaces. T helr amplitudes decrease with distance. 
from the antenna but they do not lose their identity with 
respect to the instant of the period at which they were 
generated. They are, and they remain, in phase. In the 
example above, at intervals of 10 meters measured outward 
from the antenna, the phase of the waves at any given instant 
is identical 
From this information we can define both wave front" 
and "wavelength." Consider the wave front as an imaginary 
surface. On every part of this surface, the wave is in the 
same phase. The wavelength is the distance between two 
wavefronts having thesame phase at any given instant This. 
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distance must be measured perpendicular to the wave fronts 
along the line that represents the direction of travel. The 
abbreviation for wavelength is the Greek letter lambda, A, 
which is used throughout this book. 

The wavelength will be in the same length units as the 
velocity when the frequency is expressed in the same time 
units as the velocity. For waves traveling in free space. 
(and near enough for waves traveling through айг) the 
wavelength is 


299.7925. 
aes FM Hz] 


There will be few pages in this book where phase, 
wavelength and frequency do not come into the discussion. It 
is essential to have a clear understanding of their meaning in 
order to understand the design, installation, adjustmentor use 
of antennas, matching systems or transmission lines in detail 
In essence, "phase" means "time." When something goes 
through periodic variations, as an alternating current does 
corresponding instants in succeeding periods are in phase. 
The points A, В and C in Fig 2 areall in phase. They are 
corresponding instants in the current flow, at 1- intervals 
Thisisa conventional view of asine-wavealternating current, 
with time progressing to the right. It also represents a 
snapshot" of the intensity of the traveling fields, If distance. 
is substituted for time in the horizontal axis, The distance 
between A and B or between B and C is one wavelength. The 
field-intensity distribution follows the sine curve, in both 
amplitude and polarity, corresponding exactly to the time 
variations in the current that produced the fields. Remember 
that hiss an instantaneous picture- the wave moves outward, 
much as a wave created by a rock thrown into water does 
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Polarization 

A wave like that in Fig 1 is said to be polarized in the 
direction of the electric lines of force. The polarization here 
is vertical, because the electric lines are perpendicular to the 
surface ofthe Earth. Itis one of the laws of electromagnetics 


p 


Fig 2—The instantaneous amplitude of both fields 
(electric and magnetic) varies sinusoidally with time as. 
‘shown in this graph. Since the fields travel at constant 
velocity, the graph also represents the instantaneous 
distribution of field Intensity along 
distance between two points of eq 
ind B-C is the length of the wave 


thatelectric lines touching the surface of а perfect conductor 
must do so perpendicularly, or else they would have to 
generate infinite currents in the conductor, an obvious 
impossibility. M ost ground is a rather good conductor at 
frequencies below about 10 MHz, so waves at these 
frequencies, traveling close to good ground, are mainly 
vertically polarized. Over partially conducting ground there 
may bea forward tilt to the wave front; the ltin the electric 
lines of force increases as the energy loss in the ground 
becomes greater 

Waves traveling in contact with the surface ofthe Earth, 
called surface waves, are of little practical use in amateur 
communication. This is because as the frequency is raised, 
the distance over which they will travel without excessive 
energy loss becomes smaller and smaller. The surface wave 
is most useful at low frequencies and through the standard 
AM broadcast band. The surface wave will be covered later. 
At high frequencies а wave reaching a receiving antenna 
has had little contact with the ground, and its polarization is 
not necessarily vertical 

If the electric lines of force are horizontal, the wave is 
said to behorizontally polarized, Horizontally and vertically 
polarized waves may be classified generally under linear 
polarization, Linear polarization can be anything between 
horizontal and vertical. In free space, “horizontal” and 
“vertical” have no meaning, since the reference of the 
seemingly horizontal surface of the Earth has been lost. 

In many cases the polarization of waves is not fixed, 
but rotates continually, somewhat at random. When this 
occurs the waves said to beelliptically polarized. А gradual 
shift in polarization in a medium is known as Faraday 
rotation. For space communication, circular polarization is 
commonly used to overcome the effects of Faraday rotation. 
A circularly polarized wave rotates its polarization through 
360" as it travels a distance of one wavelength in the 
propagation medium. The direction of rotation as viewed 
from the transmitting antenna defines the direction of 
circularity right-hand (clockwise) or left-hand 
(counterclockwise). Linear and circular polarization may be 
Considered as special cases of elliptical polarization 


Field Intensity 

The energy from a propagated wave decreases with 
distance from the source. This decrease in strength is caused 
by the spreading of the wave energy over ever-larger spheres 
asthe distance from the source increases. 

A measurementof the strength ofthe waveat distance 
from the transmitting antenna is is field intensity, which is 
synonymous with field strength. The strength of a wave is 
measured as the voltage between two points lying on an 
electric line of force in the plane of the wave front. The 
standard of measure for field intensity is the voltage 
developed in a wire that is 1 meter long, expressed as volts 
per meter. (I the wire were 2 meters long, the voltage 
developed would be divided by two to determine the field 
strength in volts per meter) 


The voltage in a wave is usually low, so the 
measurement is made in millivolts or microvolts per meter. 
The voltage goes through time variations like those of the 
current that caused the wave. It is measured like any other 
ac voltage— in terms of the effective value or, sometimes, 
the peak value. It is fortunate that in amateur work it is not 
necessary to measure actual field strength, as the equipment 
required is elaborate, We need to know only if an adjustment. 
has been beneficial, so relative measurements are 
satisfactory. These can be made easily with home-built 
equipment. 


Wave Attenuation 

In free space, the field intensity of the wave varies 
inversely with the distance from the source, once you are in 
the radiating far field of the antenna, If the field strength at 
1 mile from the source is 100 millivolts per meter, it will be 
SO millivolts per meter at 2 miles, and so on. Therelationship 
between field intensity and power density is similar to that 
for voltage and power in ordinary circuits. They are related 
by the impedance of free space, which is approximately 
377 Q. A field intensity of 1 volt per meter is therefore 
equivalent to a power density of 


E? _ 1(volt/m)? 
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Because of be relationship between voltage and power, 
the power density therefore varies with the square root of 
the field intensity, or inversely with the square of the 
distance. If the power density at 1 mile is 4 mW per square 
meter, then at a distance of 2 miles it will be 1 mW per 
square meter. 

Its important to remember this spreading loss when 
antenna performance is being considered. Gain can come 
only from narrowing the radiation pattern of an antenna, to 
concentrate the radiated energy in the desired direction, 
There is no "antenna magic" by which the total energy 
radiated can be increased. 

In practice, attenuation of the wave energy may be much 
greater than the "Inverse distance“ law would indicate. The 
ave does not travel in a vacuum, and the receiving antenna 
seldom is situated so there is a clear line of sight. The Earth 
is spherical and the waves do not penetrate its surface 
appreciably, so communication beyond visual distances must 
be by some means that will bend the waves around the 
curvature of the Earth, These means involve additional energy 
losses that increase the path attenuation with distance, above 
that for the theoretical spreading loss in a vacuum. 
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Bending of Radio Waves 

Radio waves and light waves are both propagated as 
electromagnetic energy. Their major difference is in 
wavelength, though radio-reflecting surfaces are usually 
much smaller in terms of wavelength than those for light. In 
material of a given electrical conductivity, long waves 
penetrate deeper than short ones, and so require a thicker 
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mass for good reflection. Thin metal, however, is a good 
reflector of even long-wavelength radio waves. With poorer 
conductors, such as the Earth’s crust, long waves may 
penetrate quite a few feet below the surface. 

Reflection occurs at any boundary between materials 
of differing dielectric constant. Familiar examples with light 
are reflections from water surfaces and window panes, Both 
water and glass are transparent for light, but their dielectric 
constants are very different from that of air. Light waves, 
being very short, seem to "bounce off” both surfaces. Radio 
waves, being much longer, are practically unaffected by 
glass, buttheir behavior upon encountering water may vary, 
depending on the purity of that medium. Distilled water isa 
good insulator; salt water is a relatively good conductor 

Depending on their wavelength (and thus their 
frequency), radio waves may be reflected by buildings, trees, 
vehicles, the ground, water, ionized layers in the upper 
atmosphere, or at boundaries between air masses having 
different temperatures and moisture content lonospheric and 
atmospheric conditions are important in practically all 
Communication beyond purely local ranges. 

Refraction is the bending of агау asit passes from one. 
medium to another atan angle. The appearance of bending 
of a straight stick, where it enters water at an angle, is an 
example of light refraction known to us all, The degree of 


bending of radio waves at boundaries between air masses 
increases with the radio frequency. There is slight 
atmospheric bending in our HF bands. It becomes noticeable. 
at 28 M Hz, more so at 50 MHz, and itis much more of a 
factor in the higher VHF range and in UHF and microwave 
propagation. 

Diffraction of light over a solid wall prevents total 
darkness on the far side from the light source. This is caused 
largely by the spreading of waves around the top of the wall, 
dueto the interference оГ one part of the beam with another, 
‘The dielectric constant of the surface of the obstruction may 
affect what happens to our radio waves when they encounter 
terrestrial obstructions— buttheradio "shadow area" Isnever. 
totally "dark." 

‘The three terms, reflection, refraction and diffraction, 
were їп use long before the radio age began. Radio 
propagation is nearly always a mix of these phenomena, 
and it may not be easy to identify or separate them while 
they are happening when we are on the air, This book tends 
to rely on the words bending and scattering in its discussions, 
with appropriate modifiers as needed, The important thing 
to remember is that any alteration of the path taken by energy 
as itis radiated from an antenna is almost certain to affect 
on-the-air results which is why this chapter on propagation 
is included in an antenna book, 


The Ground Wave 


As we have already seen, radio waves are affected in 
many ways by the media through which they travel. This 
has led to some confusion of terms in earlier literature 
concerning wave propagation, Waves travel close to the 
ground in several ways, some of which Involve relatively 
Tittle contact with the ground itself. The term ground wave 
has had several meanings in antenna literature, but it has 
cometo be applied to any wave that stays close to the Earth, 
reaching the receiving point without leaving the Earth's 
lower atmosphere. This distinguishes the ground wave from 
a sky wave, which utilizes the ionosphere for propagation 
between the transmitting and receiving antennas. 

The ground wave could be traveling in actual contact 
with the ground, as in Fig 1, where it is called the surface 
wave, Or it could travel directly between the transmitting 
and receiving antennas, when they are high enough so they 
сап "see" each other— this is commonly called the direct 
wave. The ground wave also travels between the transmitting 
and receiving antennas by reflections or diffractions off 
intervening terrain between them. The ground-influenced 
wave may Interact with the direct wave to create a vector 
summed resultant at the receiver antenna, 

In the generic term ground wave, we also will include 
ones that are madeto follow the Earth's curvature by bending 
Inthe Earth's lower atmosphere, or troposphere, usually no 
more than а few miles above the ground, Often called 
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tropospheric bending, this propagation mode is a major 
factor in amateur communications above 50 M Hz. 


THE SURFACE WAVE 

The surface wave travels in contact with the Earth's 
surface. It can provide coverage up to about 100 miles in 
the standard AM broadcast band during the daytime, but 
attenuation is high. As can be seen from Fig 3, he attenuation 
increases with frequency. The surface wave İs of little value 
in amateur communication, except possibly at 1.8 MHz. 
Vertically polarized antennas must be used, which tends to 
limit amateur surface-wave communication to where large 
vertical systems can be erected. 


‘THE SPACE WAVE 

Propagation between two antennas situated within line 
of sight of each other is shown in Fig 4. Energy traveling 
directly between the antennas is attenuated to about the same. 
degree as in free space, Unless the antennas are very high or 
quite close together, an appreciable portion of the energy is 
reflected from the ground, This reflected wave combines. 
with direct radiation to affect the actual signal received 

In most communication between two stations on the 
ground, the angle at which the wave strikes the ground will 
besmall For a horizontally polarized signal, such areflection 
reverses the phase of the wave. If the distances traveled by 


Fig 3—Typical HF ground-wave range as a function of 
frequency. 


Fig 4—The ray traveling directly from the transmitting 
antenna to the receiving antenna combines with a ray 
reflected from the ground to form the space wave. For 
а horizontally polarized signal a reflection as shown 
here reverses the phase of the ground-reflected ray. 


both parts of the wave were the same, the two parts would 
arrive out of phase, and would therefore cancel each other. 
The ground-reflected ray in Fig 4 must travel a litte further, 
so the phase difference between the two depends on the 
lengths of the paths, measured in wavelengths. The 
wavelength in use is important in determining the useful 
signal strength in this type of communication, 

If the difference in path length is 3 meters, the phase 
difference with 160-meter waves would be only 360° x 
3/160 = 6.8°. This is a negligible difference from the 180° 
shift caused by the reflection, so the effective signal strength 
over the path would still be very small because of 
cancellation of the two waves. But with 6-meter radio waves 
the phase length would be 360° x 3/6 = 180°. With the 
additional 180° shift on reflection, the tuo rays would add. 
Thus, the space waveis a negligible factor at low frequencies, 
but it can be increasingly useful as the frequency is raised, 
It is a dominant factor in local amateur communication at 
50 MHz and higher, 

Interaction between the direct and reflected waves is 
the principle cause of "mobile flutter” observed in local VHF 
communication between fixed and mobile stations. The 
flutter effect decreases once the stations are separated enough 


so that the reflected ray becomes inconsequential. The 
reflected energy can also confuse the results of field-strength 
‘measurements during tests on VHF antennas. 

‘As with most propagation explanations thespace-wave 
picture presented here is simplified, and practical 
considerations dictate modifications. There is always some 
energy loss when the wave is reflected from the ground, 
Further, the phase of the ground-reflected wave is not shifted 
exactly 180°, so the waves never cancel completely, ALUHF, 
ground-reflection losses can be greatly reduced or eliminated 
by using highly directive antennas. By confining the antenna 
pattern to something approaching а flashlight beam, nearly 
all the energy is In the direct wave. The resulting energy 
lossis low enough that microwave relays, for example, can 
‘operate with moderate power levels over hundreds or even 
thousands of miles. Thus we see that, while the space wave 
is inconsequential below about 20 M Hz, it can be a prime 
asset in the VHF realm and higher. 


VHF Propagation Beyond Line of Sight 

From Fig 4 it appears that use of the space wave 
depends on direct line of sight between the antennas of the 
‘communicating stations. This is not literally true, although 
that belief was common in the early days of amateur 
Communication on frequencies above 30 MHz. When 
equipment became available that operated efficiently and 
after antenna techniques were improved, It soon became clear 
that VHF waves were actually being bent or scattered in 
several ways, permitting reliable communication beyond 
visual distances between the two stations, This was found 
true even with low power and simple antennas, The average 
communication range can be approximated by assuming the 
Waves travel in straight lines, but with the Earth's radius 
increased by one-third. The distance to the "radio horizon" 
is then given as 


D m= 1415 (43) 


or 


Di, 74124 H ш, (Eq 4) 


where is the height of the transmitting antenna, as shown 
in Fig S. The formula assumes that the Earth is smooth out 
to the horizon, so any obstructions along the path must be 
taken into consideration, Foran elevated receiving antenna 
the communication distance is equal to D + D1, that is, the 
sum of the distances to the horizon of both antennas, Radio 
horizon distances are given in graphic form in Fig 6. Two 
stations on a flat plain, one with Its antenna 60 feet above 
ground and the other 40 feet, could be up to about 20 miles 
apart for strong-signal line-of-sight communication (11 + 
9 mi). The terrain is almost never completely flat, and 
variations along the way may add to or subtract from the 
distance for reliable communication. Remember that energy 
is absorbed, reflected or scattered in many ways in nearly 
all communication situations. The formula or the chart will 
be a good guide for estimating the potential radius of 
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Coverage for а VHF FM repeater, assuming the users are 
mobile or portable with simple, omnidirectional antennas. 
Coverage with optimum home station equipment, high-gain 
directional arrays, and SSB or CW isquitea different mater 
A much more detailed method for estimating coverage on 
frequencies above 50 M Hz is given later in this chapter. 
For maximum use of the ordinary space wave it is 
important to have the antenna as high as possible above 


Fig 5—The distance D to the horizon from an antenna of 
height H is given by equations in the text. The maximum 
line-of-sight distance between two elevated antennas is 
equal to the sum of their distances to the horizon as 
indicated here. 


Fig 6—Distance to the horizon from an antenna of. 

id curve Includes the effect of 
atmospheric retraction.The optical line-of-sight 
distance is given by the broken curve. 
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nearby buildings, trees, wires and surrounding terrain. A hill 
that rises above the rest of the countrysideis a good location 
for an amateur station of any kind, and particularly so for 
extensive coverage on the frequencies above 50 M Hz. The 
highest point on such an eminence is not necessarily the 
best location for the antenna, In the example shown in 
Fig, the hilltop would be a good site in all directions. But 
if maximum performance to the rightis the objective, a point 
just below the crest might do better. This would involve a 
trade-off with reduced coverage in the opposite direction. 
Conversely, an antenna situated on the leftside, lower down 
the hil, might do well to the left, but almost certainly would 
be inferior in performance to the right. 

Selection of a home site for its radio potential is a 
Complex business, at best A VHF enthusiast dreams of the 
highest hill. The DX-minded ham may be more attracted by 
а dry spot near a salt marsh. A wide saltwater horizon, 
especially from a high cliff, just smells of DX. In shopping 
for ham radio real estate, a mobile or portable rig for the 
frequencies you re mostinterested in can provide useful clues. 


Antenna Polarization 
If effective communication over long distances were 
the only consideration, we might be concerned mainly with 
radiation of energy at the lowest possible angle above the 
horizon. However, being engaged in а residential vocation 
often imposes practical restrictions on our antenna project, 
Аз an example, our 1.8 and 3.5-M Hz bands are used 
primarily for short-distance communication because they 
serve that purpose with antennas that are not difficult or 
expensive to put up. Out to a few hundred miles, simple 
wire antennas for these bands do well, even though their 
radiation is mostly at high angles above the horizon. Vertical 
systems might be better for long-distance use, but they 
require extensive ground systems for good performance. 
Horizontal antennas that radiate well at low angles are 
most easily erected for 7 MHz and higher frequencies— 
horizontal wires and arrays are almost standard practice for 
work on 7 through 29.7 M Hz. Vertical antennas are also used 
in this frequency range, such as a single omnidirectional 
antenna of multiband design. А п antenna of this type may be 


Fig 7 Propagation conditions are generally best when 
the antenna is located slightly below the top of a hill on 
the side facing the distant station. Communication s 

poor when there is a sharp rise immediately in front of 
the antenna in the direction of communication, 


a good solution to the space problem for a city dweller on a 
small lot, or even for the resident of an apartment building 
High-gain antennas are almost always used at 50 MHZ 
and higher frequencies, and most of them are horizontal. The 
principal exception is mobile communication with M through 
repeaters, discussed in Chapter 17. The height question is 
answered easily for VHF enthusiasts- the higher the better. 
The theoretical and practical effects of height above 
ground at HF are treated in detail in Chapter 3, Note thatitis 
the height in wavelengths that is important a good reason 
to think in the metric system, rather than in feet and Inches. 
In working locally on any amateur frequency band, best 
results will be obtained with the same polarization at both 
stations, except on rare occasions when polarization shift is 
caused by terrain obstructions or reflections from buildings. 
Where such a shift is observed, mostly above 100 M Hz or 
so, horizontal polarization tends to work better than vertical. 
This condition is found primarily on short paths, so itis not 
too important. Polarization shift may occur on long paths 
Where tropospheric bending is a factor, but here the effect 
tends to be random, Long-distance communication by way 
of the ionosphere produces random polarization effects 
routinely, so polarization matching is of little or no 
importance. This is fortunate for the HF mobile enthusiast, 
who will find that even his short, inductively loaded whips 
work very well at all distances other than local 
Because it responds to all plane polarizations equally, 
circular polarization may pay off on circuits where the 
arriving polarization is random, but it exacts a 3-48 penalty 
when used with a single-plane polarization of any kind. 
Circular systems find greatest use in work with orbiting 
satellites. It should be remembered that "horizontal" and 
“vertical” are meaningless terms in space, where the plane- 
Earth reference is lost. 


Polarization Factors Above 50 MHz 

In most VHF communication over short distances, the 
polarization of the space wave tends to remain constant. 
Polarization discrimination is high, usually in excess of 
20 dB, so the same polarization should be used at both ends 
of the circuit, Horizontal, vertical and circular polarization 
all havecertain advantages above 50 M Hz, so therehas never 
been complete standardization on any one of them. 

Horizontal systems are popular, in part because they 
tend to reject man-made noise, much of which is vertically 
polarized, There is some evidence that vertical polarization 
shifts to horizontal in hilly terrain, more readily than 
horizontal shifts to vertical. With large arrays, horizontal 
systems may be easier to erect, and they tend to give higher 
signal strengths over irregular terrain, if any difference is 
observed. 

Practically all work with VHF mobiles is now handled 
with vertical systems, For usein aV HF repeater system, the 
vertical antenna can be designed to have gain without losing 
the desired omnidirectional quality. In the mobile station а 
small vertical whip has obvious aesthetic advantages. Often 


а telescoping whip used for broadcast reception can be 
pressed into service for the 144-M Hz FM rig. A car-top 
mount is preferable, but the broadcast whip is a practical 
compromise. Tests with at least one experimental repeater 
have shown that horizontal polarization can give a slightly 
larger service area, but mechanical advantages of vertical 
systems have made them the almost unanimous choice in 
VHF FM communication. Except for the repeater field, 
horizontal isthe standard VHF system almost everywhere 

In communication over the Earth-M oon-Earth (ЕМЕ) 
route the polarization picture is blurred, as might beexpected 
with such a diverse medium. If the moon were а flat target, 
we could expect a 180° phase shift from the moon reflection 
process. But it is not flat. This plus the moon's libration, 
and the fact that waves must travel both ways through the 
Earth's entire atmosphere and magnetic field, provide other 
variables that confuse the phase and polarization issue. 
Building a huge array that will track the moon, and give 
gains in excess of 20 dB, is enough of a task that most EM E 
enthusiasts tend to take their chances with phase and 
polarization problems. Where rotation of the element plane. 
has been tried it has helped to stabilize signal levels, butitis 
not widely employed. 


TROPOSPHERIC PROPAGATION OF 
VHF WAVES 

‘The effects of changes in the dielectric constant of the. 
propagation medium were discussed earlier. Varied weather 
patterns over most of the Earth's surface can give rise to 
boundaries between air masses of very different temperature 
and humidity characteristics. These boundaries can be 
anything from local anomalies to air-cireulation patterns of 
continental proportions, 

Under stable weather conditions, large air masses can 
retain their characteristics for hours or even days at a time. 
See Fig, Stratified warm dry air over cool moist аг, flowing 
slowly across the Great Lakes region to the antic Seaboard, 
can provide the medium for east-west communication on 
144 MHz and higher amateur frequencies over as much as 
1200 miles. More common, however, are communication 
distances of 400 to 600 miles under such conditions. 

A similar inversion along the Atlantic Seaboard as a 
result of a tropical storm air-circulation pattern may bring 
VHF and UHF openings extending from the Maritime. 
Provinces of Canada to the Carolinas. Propagation across 
the Gulf of Mexico, sometimes with very high signal levels, 
enlivens the VHF scene in coastal areas from Florida to 
Texas, The California coast, from below the San Francisco 
Bay Area to Mexico, is blessed with a similar propagation 
aid during the warmer months, Tropical storms moving west, 
across the Pacific below the Hawaiian Islands, may provide 
a transpacific long-distance VHF medium. This was first 
exploited by amateurs on 144, 220 and 432 M Hz, in 1957. 
It has been used fairly often in the summer months since, 
although not yearly. 

Theexamples of long-haul work cited above may occur. 
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infrequently, butlesser extensions of the minimum operating 
range are avail able almost daily. Under minimum conditions 
there may be little more than increased signal strength over 
paths that are workable at any time, 

There is a diurnal effect in temperate climates. At 
sunrise the ir aloft is warmed more rapidly than that near the 


12000 ( 
x 
\ 
тоо een. 
\ 
* 
юр oo 
i \ 
E \ 
15 ES 
\ 
B (se 


женше A 


Fig 8—Upper air conditions that produce extended- 
range communication on the VHF bands. At the top is 
shown the US Standard Atmosphere temperature 

Curve. The humidity curve (dotted) is what would result 
ifthe relative humidity were 70%, from ground level to 
12,000 feet elevation. There is only slight refraction 
under this standard condition. At he bottom is shown 
а sounding that is typical of marked refraction of VHF 
Waves. Figures in parentheses are the "mixing 

Tatio" grams of water vapor per kilogram of dry air 
Note the sharp break in both curves at about 3500 feet. 
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Earth's surface, and as the Sun goes lower late in the day the 
upper air is kept warm, while the ground cools. In fair, calm 
weather the sunrise and sunset temperature inversions can 
improve signal strength over paths beyond line of sight as 
much as 20 B over levels prevailing during the hours of high 
sun, Thediurnal inversion may also extend the operating range 
fora given strength by some 20 to 50%. If you would be happy 
with a new VHF antenna, try it first around sunrise! 

‘There are other short-range effects of local atmospheric 
‘and topographical conditions. Known as subsidence, the flow 
of cool air down into the bottom of a valley, leaving warm 
air aloft, is a familiar summer-evening pleasure. The daily 
inshore-offshore wind shift along a seacoast in summer sets 
up daily inversions that make coastal areas highly favored 
as V HF sites. Ask any jealous 144-M Hz operator who lives 
more than a few miles inland! 

Tropospheric effects can show up at any time, in any 
season. Late spring and early fall are the most favored 
periods, although a winter warming trend can produce strong 
and stable inversions that work VHF magic almost equal to 
that of the more familiar spring and fall events. 

Regions where the climateis influenced by large bodies 
of water enjoy the greatest degree of tropospheric bending. 
Hot, dry desert areas see litle of it, at least in the forms 
described above. 


Tropospheric Ducting 

Tropospheric propagation of НЕ and UHF waves can. 
influence signal levels at all distances from purely local to 
something beyond 4000 km (2500 miles). The outer limits 
are not well known. At the risk of over simplification, we 
will divide the modes into two classes- extended local and 
long distance. This concept must be modified depending on 
the frequency under consideration, but in the VHF range 
the extended-local effect gives way to a form of propagation 
much lke that of microwaves in a waveguide, called ducting. 
The transition distance is ordinarily somewhere around 
200 miles, The difference lies in whether the atmospheric 
Condition producing the bending is localized or continental 
in scope. Remember, we re concerned here with frequencies 
inthe VHF range, and perhaps up to 500 MHz, At 10 GHz, 
for example, the scale is much smaller. 

InVHF propagation beyond afew hundred miles, more 
than one weather frontis probably involved, but the wave is 
propagated between the inversion layers and ground, inthe 
main. On long paths over the ocean (two notable examples 
are California to Hawaii and Ascension Island to Brazil), 
propagation is likely to be between two atmospheric layers, 
Оп such circuits the communicating station antennas must 
be in the duct, or capable of propagating strongly into it. 
Hereagain, we see that the positions and radiation angles of 
the antennas are important. As with microwaves in а 
waveguide, the low-frequency limit for the duct is critical. 
In long-distance ducting it is also very variable. Airborne 
equipment has shown that duct capability exists well down 
into the HF region in the table atmosphere west of Ascension 
Island, Some contacts between Hawaii and Southern 


California оп 50 M Hz are believed to have been by way of 
tropospheric ducts. Probably all contact over these paths on 
144 M Hz and higher bands s because of duct propagation. 
Amateurs have played а major part in the discovery 
and eventual explanation of tropospheric propagation. In 
recent years they have shown that, contrary to beliefs widely 
held in earlier times, long-distance communication using 
tropospheric modes is possible to some degree оп all amateur 
frequencies from 50 to at least 10,000 M Hz, 


RELIABLE VHF COVERAGE 

Inthe preceding sections we discussed means by which 
amateur bands above 50 M Hz may be used intermittently 
for communication far beyond the visual horizon. In 
emphasizing distance we should not neglect а prime asset 
of the VHF band: reliable communication over relatively 
short distances. The VHF region Is far less subject to 
disruption of local communication than are frequencies 
below 30 MHz. Since much amateur communication is 
essentially local in nature, our VHF assignments can carry а 
great load, and such use of the VHF bands helps solve 
interference problems on lower frequencies, 

Because of age-old ideas, misconceptions about the 
coverage obtainable in our VHF bands persist This reflects 
thethaughts tha VHF waves travel only in straight lines, except 
when the DX modes described above happen to be present. 
However, letus survey the picturein the lightaf modem wave- 
propagation knowledge and see what the bands above 50 M Hz 
are good for on a day-to-day basis, ignoring the anomalies 
that may result in extensions of normal coverage. 

Itis possible to predict with fair accuracy how far you 
should be able to work consistently on any VHF or UHF 
band, provided a few simple facts are known. The factors 
affecting operating range can be reduced to graph form, as 
described in this section. The information was originally 
published in November 1961 QST by D. W. Bray, K2LMG 
(see the Bibliography at the end of this chapter). 

To estimate your station's capabilities, two basic 
numbers must be determined: station gain and path loss. 
Station gain is made up of seven factors: receiver sensitivity, 
transmitted power, receiving antenna gain, receiving antenna 
height gain, transmitting antenna gain, transmitting antenna 
height gain and required signal-to-noise ratio. This looks 
complicated but it really boils down to an easily made 
evaluation of receives, transmitter, and antenna performance. 
‘The other number, path loss, is readily determined from the 
nomogram, Fig 9. This gives path loss over smooth Earth, 
for 99% reliability, 

For 50 MHz, lay a straightedge from the distance 
between stations (left side) to the appropriate distance at the 
right side, For 1296 MHz, use the full scale, right center. 
For 144, 222 and 432, use the dat in the circle, square or 
triangle, respectively. Example: At 300 miles the path loss 
for 144 MHz is 214 dB. 

To be meaningful, the losses determined from this 
nomograph are necessarily greater than simple free-space 


path losses. As described in an earlier section, 
communication beyond line-of-sight distances involves 
propagation modes that increase the path attenuation with 
distance, 


VHF/UHF Station Gain 
‘The largest of the eight factors involved in station 
design is receiver sensitivity. This is obtainable from 
Fig 10, if you know the approximate receiver noise figure 
and transmission-line loss. If you can tmeasure noise figure, 
assume 3 dB for 50 M Hz, 5 for 144 or 222, 8 for 432 and 10 
for 1296 MHz, if you know your equipment is working 
moderately well. These noise figures are well on the 
conservative side Гог modern solid-state receivers, 

Line loss can be taken from information in Chapter 24 
forthe line in use, if the antenna system is fed properly. Lay 
a straightedge between the appropriate points at either side 
of Fig 10, to find effective receiver sensitivity in decibels 
below 1 watt (dBW). Use the narrowest bandwidth that is 
practical for the emission intended, with the receiver you 
will be using, For CW, an average value for effective work 
is about 500 Hz. Phone bandwidth can be taken from the 
receiver instruction manual, butitusually falls between 2.1 
102.7 kHz. 

Antenna gain is next in importance. Gains of amateur 
antennas ae often exaggerated, For well-designed Y apis hey 
run close to 10 times the boom length in wavelengths. 
(Example: A 24-foot Yagi on 144 M Hz is 3.6 wavelengths 
long; 3.6 10 =36, or about 15" dB. A dd 3 dB for tacking, 
Where used properly. Add 4 В more for ground reflection 
gain. This varies in amateur work, but averages out near 
this figure. 

We have one more plus factor— antenna height gain, 
obtained from Fig 11. Note that this is greatest for short 
distances, The left edge of the horizontal center scale is for 
0 to 10 miles, the right edge for 100 to 500 miles. Height 
gain for 10 to 30 feet is assumed to be zero. It will be seen 
that for 50 feet the height gain is 4 dB at 10 miles, 3 dB at 
50 miles, and 2 d8 at 100 miles. At 80 feet the height gains 
are roughly 8, 6 and 4 dB for these distances. Beyond 
100 miles theheightgain is nearly uniform for a given height, 
regardless of distance, 

Transmitter power output must be stated in decibels 
above 1 watt. If you have 500 watts output, add 
10 log (500/1), or 27 dB, to your station gain. The 
transmission-line loss must be subtracted from the station 
gain. So must the required signal-to-noise ratio. The 
information is based on CW work, so the additional signal 
needed for other modes must be subtracted. Use a figure 
of 3 dB for SSB, Fading losses must be accounted for also, 
It has been shown that for distances beyond 100 miles, the 
signal will vary plus or minus about 7 dB from the average 
level, so 7 dB must be subtracted from the station gain for 
high reliability. For distances under 100 miles, fading 
diminishes almost linearly with distance. For 50 miles, use 
-35 dB for fading. 


Radio Wave Propagation 23-9 


„йй 
(ES 


ЕЕН 
КЕН 
E 


Fig 9—Nomogram for finding the 
Capabilities of stations on amateur bands 
from 50 to 1300 MHz. Either the path loss 
fora given distance or vice versa may be 
found if one of the two factors is known. 


What It All Means 
Add all the plus and minus factors to get the station 
gain. Use the final value to find the distance over which you 
сап expect to work reliably from the nomogram, Fig 9. Or 
work it the other way around: Find the path loss for the 
distance you wantto cover from the nomogram and then Figure 
‘out what station changes will be needed to overcome it. 

Thi significance ofall this becomes more obvious when 
we see path loss plotted against frequency for the various 
bands, as in Fig 12.A tthe leftthis is done for 50% reliability. 
Atthe rights the same information for 99% reliability. For 
near-perfect reliability, a path loss of 195 dB (easily 
encountered at 50 or 144 MHz) is involved in 100-mile 
communication, But look at the 50% reliability curve: The 
same path loss takes us out to well over 250 miles, Few 
amateurs demand near-perfect reliability. By choosing our 
times, and by accepting the necessity for some repeats or 
occasional loss of signal, we can maintain communication 
‘ut to distances far beyond those usually covered by VHF 
stations. 

Working out afew typical amateur V HF station setups 
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with these curves will show why an understanding of these 
factors is important to any user of the VHF spectrum, Note 
that path loss rises very steeply in the first 100 miles or so. 
Thisisno news to HF operators; locals are very strong, but 
stations 50 or 75 miles away are much weaker W hat happens. 
beyond 100 miles is not so well known to many of us 

From the curves of Fig 12, we see that path loss levels 
off markedly at what is the approximate limit of working 
range for average V HF stations using wideband modulation 
modes. Work out the station gain for а 50-watt station with 
anaveragerecelver and antenna, and you'll find thatit comes 
out around 180 dB. This means you'd have about а 
100-mile working radius in average terrain, for good but not 
perfect reliability. Another 10 88 may extend the range to 
as much as 250 miles, Just changing from AM phoneto SSB 
and CW makes a major improvement in daily coverage оп 
the VHF bands. 

A bigger antenna, a higher oneif your present beam is 
not at least 50 feet up, an increase in power to 500 watts 
from 50, an improvement in receiver nose figure if it is 
presently poor— any of these things can make a big 


Eo Fig 10—Nomogram for finding effective 
receiver sensitivity. 


100 


Fig 11—Nomogram for determining antenna-height 
sain. 2 
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50 MHz. At A are curves for 50% of the time; at 


for 99%. The curves at A are more representative of Amateur Radio requirements. 


improvementin reliable coverage. Achieve all of them, and 
you will have very likely tripled your sphere of influence, 
thanks to that hump inthe ath Iss curves. This goes long 
way toward explaining why using a 10-watt packaged station 
with a small antenna, fun though it may be does not begin 
to show what the VHF bands are really good for. 


Terrain at VHF/UHF 

‘The coverage figures derived from the above procedure 
are for average terrain, What of stations in mountainous 
country? Although an open horizon is generally desirable 
for the VHF station site, mountain country should not be 
considered hopeless. Help for the valley dweller often lies 
in the optical phenomenon known as knife-edge diffraction. 
A flashlight beam pointed at the edge of a partition does not 
cutoff sharply at the partition edge, but is diffracted around 
it, partially illuminating the shadow area. A similar effect is 
observed with VHF waves passing over ridges; there is a 
shadow effect, but not a complete blackout If the signal is 
strong where it strikes the mountain range, it will be heard 
well in the bottom of a valley on the far side, 

This is familiar to all users of VHF communications 
equipment who operate in hilly terrain. W hereonly one ridge 
lies in the way, signals on the far side may be almost as 
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‘good as on the near side. Under ideal conditions (a very 
high and sharp-edged obstruction near the midpointof along- 
enough path so that signals would be weak over average 
terrain), knife-edge diffraction may yield signals even 
stronger than would be possible with an open path 

The obstruction must project into the radiation patterns 
of the antennas used. Often mountains that look formidable 
tothe viewer arenothigh enough to have n appreciable effect, 
‘one way or the other. Since the normal radiation from a V HF 
array is several degrees above the horizontal, mountains that 
аге less than about three degrees above the horizon, as seen 
from the antenna, are missed by the radiation from the array. 
Moving the mountains ut of theway would have substantially 
no effect on VHF signal strength in such cases. 

Rolling terrain, where obstructions are not sharp enough 
to produce knife-edge diffraction, still does not exhibit а 
‘complete shadow effect Theres no complete barrier to VHF 
propagation only attenuation, which varies widely as the 
resulto! many factors. Thus, even valley locations are usable 
for VHF communication. Good antenna systems, preferably 
as high as possible, the best available equipment, and above 
all, the willingness and ability to work with weak signals 
may make outstanding VHF work possible, even in sites that 
show litle promise by casual inspection. 


Sky-Wave Propagation 


As described earlier, the term “ground wave" is 
commonly applied to propagation that is confined to the 
Earth's lower atmosphere. Now we will use the term "sky 
wave" to describe modes of propagation that use the Earth's 
ionosphere. First, however, wemustexaminehow the Earth's 
ionosphere is affected by the Sun, 


THE ROLE OF THE SUN 
Everything that happens in radio propagation, as with 
all life on Earth, is the result of radiation from the Sun. The 
variable nature of radio propagation here on Earth reflects 
the ever-changing intensity of ultraviolet and X-ray 
radiation, the primary ionizing agents in solar energy. Every 
day, solar nuclear reactions are turning hydrogen into helium, 
releasing an unimaginable blast of energy into space in the 
process. The total power radiated by the Sun is estimated at 
4x 10” KW— that is, the number four followed by 23 zeroes 
Atits surface, the Sun creates about 60 megawatts per square 
meter, That is a very potent transmitter! 
The Solar Wind 

TheSun is constantly ejecting material from its surface 
in all directions into space, making up the so-called solar 
wind. Under relatively quiet solar conditions the solar wind 
blows around 200 miles per second 675,000 miles per 
hour- taking away about two million tons of solar material 
each second from the Sun. You needn't worry the Sun is 
not going to shrivel up anytime soon. It's big enough that it 
will take many billions of years before that happens, 

А 675,000 mile/hour wind sounds like a pretty stiff 
breeze, doesn't it? Lucky for us, the density of the material 
in the solar wind is very small by the time it has been spread 
out into interplanetary space. Scientists calculate that the 
density of the particles in the solar wind is less than that of 
the best vacuum they've ever achieved on Earth. Despite 
the low density of the material in the solar wind, the effect 
onthe Earth, especially its magnetic field, is very significant 

Before the advent of sophisticated satellite sensors, the 
Earth's magnetic field was considered to be fairly simple, 
modeled as if the Earth were a large bar magnet. The axis of 
this hypothetical bar magnet is oriented about 11° away from 
the geographic north-south pole. We now know that the solar 
wind alters the shape of the Earth's magnetic field 
significantly, compressing it on the side facing the Sun and 
elongating it on the other side in the same manner as the 
tall of a comet is stretched out radially in its orientation 
from the Sun. In fct, the solar wind is also responsible for 
the shape of a comet's tail, 

Partly because of the very nature of the nuclear 
reactions going on at the Sun itself, but also because of 
variations in the speed and direction of the solar wind, the 
interactions between the Sun and our Earth are incredibly 
complex, Even scientists who have studied the subject for 
years do not completely understand everything that happens 


on the Sun. Later in this chapter, we'll investigate the effec 
of thesolar wind when conditions on the Sun arenot “quiet. 
As far as amateur HF skywave propagation is concerned, 
the results of disturbed conditions on the Sun are not 
generally beneficial! 


Sunspots 

Themostreadiy observed characteristic ofthe Sun, other 
than its blinding brilliance, is its tendency to have grayish 
black blemishes, seemingly at random times and at random 
places, оп its fiery surface. (See Fig 23) There are written 
records of naked-eye sightings of sunspots in the Orient back 
to more than 2000 years ago. As far as is known, the first 
indication that sunspots were recognized as pat of the Sun 
was the result of observations by Galileo in the early 1600s, 
notlon after he developed one of the first practical telescopes, 

Galileo also developed the projection method for 
observing the Sun safely, but probably not before he һай 
suffered severe eye damage by trying to look at the Sun 
direct. (He was blind in his last years) His drawings of 
sunspots, indicating their variable nature and position, are 
the earliest such record known to have been made His reward. 


Fig 13—Much more than sunspots can be seen when. 
the sun Is viewed through selective optical filters. This 
photo was taken through hydrogen-alpha filter that 
passes a narrow light segment at 6562 angstroms. The 
Bright patches are active areas around and often. 
between sunspots. Dark irregular lines are filaments of 
activity having no central core. Faint magnetic field 
lines are visible around a large sunspot group near the 
disc center. (Photo courtesy of Sacramento Peak 
Observatory, Sunspot, New Mexico). 
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for this brilliant work was immediate condemnation by 
church authorities of the time, which probably set back 
progress in learning more about the Sun for generations. 

The systematic study of solar activity began about 1750, 
oa fairly reliable record of sunspot numbers goes back that 
far (Therearesome gaps in the early data) The record shows 
clearly that the Sun is always in a state of change. It never 
looks exactly the same from one day to the next. The most 
obvious daily change is the movement of visible activity 
centes (sunspots or groups thereof) across the solar disc, from 
eastto west ata constantrate. This movementwas soon found 
to be the result of the rotation of the Sun, at a rate of 
approximately four weeks for a complete round. The average 
is about 27.5 days, the Sun's syndic rotation speed, viewed 
from the perspective of theEarth, which is also moving around 
the Sun in the same direction as the Sun's rotation. 


Sunspot Numbers 

Since the earliest days of systematic observation, our 
traditional measure of solar activity has been based on a 
countof sunspots. In these hundreds of years wehave learned 
thatthe average number of spots goes up and down in cycles 
Very roughly approximating a sine wave. In 1848, a method 
was introduced for the daily measurement of sunspot 
numbers, That method, which is still used today, was devised 
by the Swiss astronomer Johann Rudolph Wolf. The observer 
Counts the total number of spots visible on the face of the 
Sun and the number of groups into which they are clustered, 
because neither quantity alone provides a satisfactory 
measure of sunspot activity. The observer's sunspot number 
for that day is computed by multiplying the number of groups 
he sees by 10, and then adding to this value the number of 
individual spots, Where possible, sunspot data collected prior 
to 1848 have been converted to this system. 

As can readily be understood, results from one observer 
to another can vary greatly, since measurement depends on 
the capability of the equipment in use and on the stability of 
the Earth's atmosphere at the time of observation, as well as 
onthe experience of the observer. А number of observatories 
around the world cooperate in measuring solar activity. A 
weighted average of the data is used to determine the 
International Sunspot Number or ISN for each day. (Amateur 
astronomers can approximate the determination of ISN 
values by multiplying their values by a correction factor 
determined empirically.) 

A major step forward was made with the development 
of various methads for observing narrow portions of the 
Sun's spectrum. Narrowband light filters that can be used 
with any good telescope perform a visual function very 
similar to the aural function of a sharp filter added to a 
Communications receiver. This enables the observer to see 
the actual area of the Sun doing the radiating of the ionizing 
energy, in addition to the sunspots, which are more a by. 
product than а cause. The photo of Fig 13 was made through 
Such a filter. Studies of the ionosphere with instrumented 
probes, and later with satellites, manned and unmanned, have 
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added greatly to our knowledge of the effects of the Sun on 
radio communication. 

Daily sunspot counts are recorded, and monthly and 
yearly averages determined. The averages are used to see 
trends and observe patterns. Sunspot records were formerly 
kept in Zurich, Switzerland, and the values were known as 
Zurich Sunspot Numbers. They were also known as Wolf 
sunspot numbers, The official international sunspot numbers 
are now compiled at the Sunspot Index Data Center in 
Bruxelles, Belgium, 

‘The yearly means (averages) of sunspot numbers from. 
1700 through 1986 are plotted in Fig 14, The cyclic nature 
of solar activity becomes readily apparent from this graph. 
The duration of the cycles varies from 9.0 to 12.7 years, but 
averages approximately 11.1 years, usually referred to as 
the 11-year solar cycle. The first complete cycle to be 
observed systematically began in 1755, and is numbered 
Cycle 1. Solar cycle numbers thereafter are consecutive. 
Cycle 23 began in October 1996. 


The “Quiet” Sun 

For more than 50 years it has been well known that 
radio propagation phenomena vary with the number and size 
of sunspots, and also with the position of sunspots on the 
surface of the Sun, There are daily and seasonal variations 
in the Earth's ionized layers resulting from changes in the. 
amount of ultraviolet light received from the Sun, The 11 
year sunspot cycle affects propagation conditions because 
there is a direct correlation between sunspot activity and 
ionization. 

Activity on thesurface of the Sun is changing continually. 
Inthis section we wantto describe the activity of the so-called 
quiet Sun, meaning those times when the Sun is not doing 
anything more spectacular than acting like a “normal” 
thermonuclear ball of flaming gases! The Sun and its effect 
on Earthly propagation can be described in “statistic: 
terms- thats what the 11-year solar cycle does, You may 
experience vastly different conditions on any particular day 
compared to what a long-term average would suggest. 

An analogy may bein order here. Have you ever gazed 
into a relatively calm campfire and been surprised when 
suddenly a flaming ember or a large spark was ejected in 
your direction? The Sun can also do unexpected and 
Sometimes very dramatic things. Disturbances of propagation 
conditions here on Earth are caused by disturbed conditions 
on the Sun. M ore on this later, 

Individual sunspots may vary in size and appearance, 
or even disappear totally, within a single day. In general, 
larger active areas persist through several rotations of the 
Sun. Some active areas have been identified over periods 
Up to about a year. Because of these continual changes їп 
solar activity, there are continual changes in the state of the 
Earth's ionosphere and resulting changes in propagation 
conditions. A short-term burst of solar activity may trigger 
unusual propagation conditions hereon Earth lasting for less 
than an hour. 


$ 


Fig 14— early means of sunspot 

for 1700 through 
1986.This plot clearly shows that 
Sunspot activity takes place in cycle 
of approximately 11 years duration. 
Cycle 1, the first complete cycle to be 
examined by systematic observation, 
began in 1755. 
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Smoothed Sunspot Numbers (SSN) 

Sunspot data are averaged or smoothed to remove the 
effects of short-term changes. The sunspot values used most 
often for correlating propagation conditions are Smoothed 
sunspot Numbers (SSN), often called 12-month running 
average values, Data for 13 consecutive months arerequired 
to determine a smoothed sunspot number 

Long-time users have found that the upper HF bands 
are reliably open for propagation only when the average 
number of sunspots is above certain minimum levels. For 
example, between mid 1988 to mid 1992 during Cycle 22 
the SSN stayed higher than 100, The 10-meter band was 
open then almostal day, every day, to some pat ofthe world. 
However, by mid 1996, few if any sunspots showed up on 
the Sun andthe 10-meter band consequently was rarely open 
Even 15 meters, normally a workhorse DX band when solar 
activity is high, was closed most of the time during the low 
point in Cycle 22, So far as propagation on the upper HF 
bandsis concemed, the higher the sunspot number, the beter 
the conditions. 

Each smoothed number is an average of 13 monthly 
means, centered on the month of concern. The 18 and 13th 
months are given weight of 0.5.A monthly mean is simply 
thesumof the dally ISN values for a calendar month, divided 
by the number of days in that month. We would commonly 
call this value a monthly average 

This may all sound very complicated, but an example 
should clarify the procedure. Suppose we wished о calculate 
the smoothed sunspot number for June 1986. We would 
require monthly mean values Гог six months prior and six 
months after this month, or from December 1985 through 
December 1986. The monthly mean ISN values for these 
months are 


Dec 85 173 Jul 86 181 
Jan 86 25 Aug 86 74 
Feb 86 232 Sep 86 38 
Mar 86 151 Oc 86 354 
Apr 86 185 Nov 86 152 
Мау 86 137 Dec 86 68 
Jun 86 11 


First wefind the sum of the values, butusing only one- 
half the amounts indicated Гог the first and 13th months in 


the listing. This value is 166.05. Then we determine the 
smoothed value by dividing the sum by 12: 166.05/12 
13,8. (Values beyond the first decimal place are not 
warranted) Thus, 13.8 is the smoothed sunspot number for 
June 1986. From this example, you can seethat the smoothed 
sunspot number for a particular month cannot be determined 
until six months afterwards. 

Generally the plots we see of sunspot numbers are 
averaged data. As already mentioned, smoothed numbers 
make it easier to observe trends and see patterns, but 
sometimes this data can be misleading. The plots tend to 
imply that solar activity varies smoothly, indicating, for 
example, that at the onset of a new cycle the activity just 
gradually increases. But this is definitely not so! On any 
one day, significant changes in solar activity can take place 
within hours, causing sudden band openings at frequencies 
well abovetheM UF values predicted from smoothed sunspot 
number curves. The durations of such openings may be brief, 
or they may recur for several days running, depending on 
the nature of the solar activity. 

Solar Flux 

Sincethelate1940s an additional method of determining 
solar activity has been put to use- the measurement of solar 
radio flux. The quiet Sun emits radio energy across a broad 
frequency spectrum, with a slowly varying intensity. Solar 
flux is а measure of energy received per unit time, per unit 
area, per unit frequency interval. These radio fluxes, which 
originate from atmospheric layers high in the Sun's 
chromosphere and low in its corona, change gradually from 
day to day, in response to the activity causing sunspots. Thus, 
thereis a degree of correlation between solar flux values and 
sunspot numbers. 

‘One solar flux unit equals 107 joules per second per 
square meter per hertz. Solar flux values are measured daily 
al 2800 MHz (10.7 cm) at The Dominion Radio 
Astrophysical Observatory, Penticton, British Columbia, 
where daily data have been collected since 1991. (Prior to 
June 1991, ед Igonquin Radio Observatory, Ontario, made 
the measurements. Measurements are also made at other 
observatories around the world, at several frequencies. With 
somevariation, the daily measured flux values increase with 
increasing frequency of measurement, to at least 15.4 GHz 
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The daily 2800-M Hz Penticton value is sent to Boulder, 
Colorado, where it is incorporated into W WV propagation 
bulletins (see later section). Daily solar flux information is 
of value in determining current propagation conditions, as 
sunspot numbers on а given day do not relate directly to 
maximum usable frequency. Solar flux values are much more 
reliable for this purpose. 


Correlating Sunspot Numbers and 
Solar Flux Values 

Based on historical data, an exact mathematical 
relationship does not exist to correlate sunspot data and solar 
flux values. Comparing daily values yields almost no 
correlation. Comparing monthly mean values (often called 
monthly averages) produces a degree of correlation, but the 
spread in data is till significant. This is indicated in Fig 15, 
a scatter diagram plot of monthly mean sunspot numbers 
versus the monthly means of solar flux values adjusted to 
one astronomical unit (This adjustment applies a correction. 
for differences in distance between the Sun and the Earth at 
different times of the year) 

A closer correlation exists when smoothed (12-month 
running average) sunspot numbers are compared with 
smoothed (12-month running average) solar flux values 
adjusted to one astronomical unit. А scatter diagram for 
smoothed data appears in Fig 16. Note how the plot points 
establish а better defined pattern in Fig 16. The correlation 
is still no better than a few percent, for records indicate а 
given smoothed sunspot number does not always correspond 
with the same smoothed solar flux value, and vice versa 
Table illustrates some of the inconsistencies that exist in 
the historical data. Smoothed or 12-month running average 
values are shown. 
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Even though there is no precise mathematical 
relationship between sunspot numbers and solar lux values, 
itis helpful to have some way to convert from one to the 
other. The primary reason is that sunspot numbers are 
valuable as a long-term link with the past, but the great 
usefulness of solar flux values are heir immediacy, and their 
direct bearing on our field of interest. (Remember, a 
smoothed sunspot number will not be calculated until six 
months after the fact.) 

The following mathematical approximation has been. 
derived to convert a smoothed sunspot number to a solar 
flux value. 


F - 63.75 +07285 +0.00089 S? 


(845) 


Table 1 
Selected Historical Data Showing Inconsistent 


Correlation Between Sunspot Number and 

Solar Flux 

Month Smoothed Smoothed 
Sunspot Number Solar Flux Value 

May 1953 174 756 

Sept 1965 174 785 

ка 174 747 

Jun 2% 108.1 1514 

Jul 1969 1059 1514 

Dec is: 946 1514 

Aug 1948 dani 1805 

Oct1959 1411 1923 

Apr1978 dani 1804 

Aug төвт тагт 2033 


Fig 15—Scatter diagram or X-Y plot of monthly mean 
sunspot numbers and monthly mean 2800-MHz solar flux 
Values. Data values are from February 1947 through 
February 1987. Each “+” mark represents the intersection 
of data for a given month. If the correlation between 
sunspot number and flux values were consistent, all the 
marks would айап to form a smooth curve. 
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Fig 16—5санег diagram of smoothed, or 12-month, 
running averages, sunspot numbers versus 2800-MHz 
solar flux values. The correlation of smoothed values 
is better than for monthly means, shown in Fig 15. 


where 

F = solar flux number 

S = smoothed sunspot number 

A graphic representation of this equation is given in 
Fig17. Usethischartto make conversions graphically, rather 
than by calculations. With the graph, solar flux and sunspot 
number conversions can be made either way. The equation 
has been found to yield errors as great as 10% when historical 
data was examined. (Look at the August 1981 data in 
Table 1.) Therefore, conversions should be rounded to the 
nearest whale number, as additional decimal places are 
unwarranted. To make conversions from flux to sunspot 
number, the following approximation may be used. 


S=3352 ITTF - 408.99 (£6) 
THE UNDISTURBED IONOSPHERE 

There wil e inevitable gray areas” in our discussion 
of the Earth's atmosphere and the changes wrought in it by 
the Sun and by associated changes in the Earth's magnetic 
field. This is nota story that can be told in neat equations, or 
values carried out to a satisfying number of decimal places. 
Thestory must be told, and understood— with its well-known 
limitations—if we are to put up good antennas and make 
them serve us well 

Thus far in this chapter we have been concerned with 
what might be called our above-ground living space that 
portion of the total atmosphere wherein we can survive 


a 
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Fig 17—Chart for conversions between smoothed 
ternational Sunspot Numbers and smoothed 

2800-MH2 solar flux. This curve is based on the 

‘mathematical approximation given in the text. 


without artificial breathing aids, or up to about 6 km 
(4 miles). The boundary area is a broad one, but life (and 
radio propagation] undergo basic changes beyond this zone. 
Somewhat farther out but sil technically within the Earth's 
atmosphere, the role of the Sun in the wave-propagation 
pictures a dominant one. 

Thisisthe onosphere— aregion where the air pressure 
is so low that free electrons and ions can move about for 
some time without geting close enough to recombine into 
neutral atoms. A radio wave entering this rarefied 
atmosphere, а region of relatively many free electrons, is 
affected inthe same way as in entering a medium of different 
dielectric constant- its direction of travel is altered. 

Ultraviolet (UV | radiation from the Sun is the primary 
cause of ionization in the outer regions of the atmosphere, 
the ones most important for HF propagation. However, there 
are other forms of solar radiation as well, including both 
hard and soft xrays, gamma rays and extreme ultraviolet 
(EUV). The radiated energy breaks up, or photolonzes, 
molecules of atmospheric gases into electrons and positively 
charged ions. The degree of ionization does not increase 
uniformly with distance from the Earth's surface. Instead 
there are relatively dense regions (layers) of ionization, each 
quite thick and more or less parallel to the Earth's surface, 
ak fairly well-defined intervals outward from about 40 to 
300 km (25 to 200 miles). These distinct layers are formed 
dueto complex photochemical reactions of the various types 
of solar radiation with oxygen, ozone, nitrogen and nitrous 
oxide in the rarefied upper atmosphere. 

Ionization is not constant within each layer, but tapers 
off gradually on either side of the maximum at the center of 
the layer. T he total ionizing energy from the Sun reaching а 
given point, ata given time, is never constant, so the height 
and intensity of the ionization in the various regions will 
also vary. Thus, the practical effect on long-distance 
communication is an almost continuous variation in signal 
level, related to the time of day, the season of the year, the 
distance between the Earth and the Sun, and both short-term 
and long-term variations in solar activity. It would seem from 
all this that only the very wise or the very foolish would 
attempt to predictradio propagation conditions, butitis now 
possible to do so with a fair chance of success. Itis possible 
to plan antenna designs, particularly the choosing of antenna 
heights, to exploit known propagation characteristics. 


Layer Characteristics 

The lowest known ionized region, called the D layer, 
lies between 60 and 92 km (37 to 57 miles) above the Earth. 
In thisrelatively low and dense part af the atmosphere, atoms 
broken up into ions by sunlight recombine quickly, so the 
ionization level is directly related to sunlight It begins at 
sunrise, peaks at local noon and disappears at sundown. 
When electrons in this dense medium are set in motion by a 
passing wave, collisions between particles are so frequent 
that a major portion of thelr energy may be used up as heat, 
as the electrons and disassociated ions recombine. 
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The probability of collisions depends on the distance 
an electron travels under the influence of the wave in other 
words, onthe wavelength, Thus, our 1.8- and 3.5-M Hz bands, 
having the longest wavelengths, suffer the highest daytime 
absorption loss, particularly for waves that enter the medium 
at the lowest angles. At times of high solar activity (peak 
years of the solar cycle) even waves entering the D layer 
Vertically suffer almost total energy absorption around 
midday, making these bands almost useless for 
communication aver appreciable distances during the hours 
af high sun. They "go dead" quickly inthe morning, but come 
alive again the same way in late afternoon. The diumal D- 
region effectis less at 7 M Hz (though still marked), slightat 
14M Hz and inconsequential on higher amateur frequencies. 

The D layer is ineffective in bending HF waves back 
to Earth, so Its role in long-distance communication by 
amateurs is largely a negative one. It is the principal reason 
why our frequencies up through the 7-M Hz band are useful 
mainly for short-distance communication during the high 
sun hours. 

The lowest portion of the ionosphere useful for long 
distance communication by amateurs is the E region or 
E layer about 100 to 115 km (62 to 71 miles) above the 
Earth. In the E layer, at intermediate atmospheric density, 
ionization varies with the Sun angle above the horizon, but 
solar ultraviolet radiation is пой тне sole ionizing agent. Solar 
X-rays and meteors entering this portion of the Earth's 
¿tmospherealso play apar Ionization increases rapidly after 
sunrise, reaches maximum around noon local time, nd drops 
off quickly after sundown. The minimum is after midnight, 
local time. As with the D region, the E layer absorbs wave 
energy in the lower frequency amateur bands when the Sun 
angle is high, around mid-day. The other varied effects of 
E-region ionization will be discussed later. 

Most of our long-distance communication capability 
stems from the tenuous outer reaches of the Earth's 
atmosphere known as the F region or F layer. At heights 
above 100 miles, ions and electrons recombine more slowly, 
so the observable effects of the Sun develop more slowly. 
Also, theregion holds ts ability to reflect wave energy back 
to Earth well into thenight. The maximum usable frequency 
IM UF) for layer propagation on east-west paths thus peaks 
just after noon at the midpoint, and the minimum occurs 
after midnight. We'll examine the subject of MUF in more 
detail later, 

Using the F region effectively is by no means that 
simple, however, The layer height may be from 160 to more 
than 500 km (100 to over 310 miles), depending on the 
season of the year, the latitudes, the time of day and, most 
capricious of all, what the Sun has been doing in the last 
few minutes and in perhaps the ast three days before the 
attemptis made. The M UF between Eastern US and Europe, 
for example, hasbeen anything from 7 to 70M Hz, depending 
оп the conditions mentioned above, plus the pont in the 
long-term solar activity cycle at which the check [s made, 

Propagation information tailored to amateur needs is 
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transmitted in all information bulletin periods by theA RRL 
Headquarters station, W 14W. Finally, solar and geomagnetic 
field data, transmitted hourly and updated eight times daily, 
are given in brief bulletins carried by the US Time Standard 
stations, WWV and WW VH. Butmoreon these services later, 

During the day the F region may split into two layers. 
‘The lower and weaker Е, layer, about 160 km (100 miles) 
up, has only a minor role, acting moreliketheE than the Fz 
region. At night the F, layer disappears and the F, layer 
height drops somewhat. 


Bending in the lonosphere 

The degree of bending of a wave path in an Ionized 
layer depends on the density ofthe ionization and the length 
of the wave (inversely related to its frequency). The bending 
at any given frequency or wavelength will increase with 
increased ionization density. For a given ionization density, 
bending increases with wavelength (that is, decreases with 
frequency). Two extremes are thus possible. If the intensity 
of theionizationis sufficientand the frequency low enough, 
even a wave entering the layer perpendicularly will be 
reflected back to Earth. Conversely If the frequency is high 
enough or the ionization decreases to а low enough density, 
a condition is reached where the wave angle is not affected 
enough by the ionosphere to cause a useful portion of the 
Wave energy to return to the Earth. This basic principle has 
been used for many years to “sound” the ionosphere to 
determine its communication potential at various wave 
angles and frequencies 

A simplified example, showing only one layer, is given 
їп Fig 18, The effects of additional layers are shown in 
Fig19. Thesimplecasein Fig 18 illustrates several important 
facts about antenna design for long-distance communication, 


т 
above the critical angle are not bent enough to be 
‘returned to Earth, and are lostto space. Waves entering 
at angles below the critical angle reach the Earth at 
increasingly greater distances as the launch angle 
approaches the horizontal. The maximum distance that 
‘may normally be covered in a single hop is 4000 km. 
Greater distances are covered with multiple hops. 


Fig 19 Typi 
frequencies (14 to 2 » 
going through the E and Fj layers, but not enough to be 
returned to Earth. The actual reflection is from the 

Fa laye 


Attheleftwesee three waves that will do us no good— they 
all take off at angles high enough that they pass through the 
layer andare lostin space. Note that as the angle of radiation 
decreases (thats, the waveis launched closer to the horizon) 
the amount of bending needed for sky-wave communication 
also decreases. The fourth wave from the left takes off at 
whats called the critical angle the highest that wil return 
the wave to Earth at a given density of ionization in the 
layer for the frequency under consideration. 

We can communicate with point A at this frequency, 
but nat any closer to our transmitter site. Under this set of 
conditions of layer height, layer density and wave angle, we 
cannot communicate much farther than pointA. But suppose 
we install an antenna that radiates at a lower angle, as with 
thefifth wave from the eft. This will bring our signals down 
to Earth appreciably farther away than the higher (critical) 
angle did. Perhaps we can accomplish even more if we can 
achieve a very low radiation angle. Our sixth wave, with its 
radiation angle lower still, comes back to Earth much farther 
away, at point B 

‘The lowest wave drawn in Fig 18 reaches the Earth ata 
still greater distance, beyond point. If the radio wave leaves 
the Earth at a radiation angle of zero degrees, just at the 
horizon, the maximum distance that may be reached under 
usual ionospheric conditions is about 4000 km (2500 miles). 

‘The Earthitself acts as a reflector of radio waves. Often 
агайо signal will be reflected from the reception point on 
the Earth into the ionosphere again, reaching the Earth а 
second time at a still more distant point. This effect is also 
illustrated in Fig 18, where the critical-angle wave travels 
from the transmitter via the ionosphere to point A, in the 
enter of the drawing, The signal reflected from point A 
travels by the ionosphere again to point , atthe right. Signal. 
travel from the Earth through the ionosphere and back to 
the Earth is called a hop. Signal hopping is covered in more 
detail in a subsequent section 

In each case in Fig 18, the distance at which a ray 
reaches the Earth in a single hop depends on the launch 


elevation angle at which it left the transmitting antenna, and 
this comes into play throughout this book. An amateur has 
some control of the launch angle by adjusting the height of 
the antennas he uses. 


Skip Distance 

When the critical anglels less than 90° there will always 
be a region around the transmitting site where the 
onospherically propagated signal cannot be heard, or is 
heard weakly. This area lies between the outer limit of the 
oround-waverangeand the Inner edge of energy return from 
the ionosphere. It is called the skip zone, and the distance 
between the originating site and the beginning of the 
ionospheric return is called the skip distance. This 
terminology should notto be confused with ham jargon such 
as “the skip is in," referring to the fact that a band is open 
for sky-wave propagation. 

The signal may often be heard to some extent within 
the skip zone, through various forms of scattering, but it 
will ordinarily be marginal in strength. When the skip 
distance is short, both ground-wave and sky-wave signals 
тау be received near the transmitter, In such instances the 
sky wave frequently is stronger than the ground wave, even 
as closeas a few miles from the transmitter. The ionosphere 
is an efficient communication medium under favorable 
conditions. Comparatively, the ground wave is not. 

MULTIHOP PROPAGATION 

In the interest of explanation and example, the 
information in Fig 18 is greatly simplified. On actual 
communication paths the picture is complicated by many 
factors. One is that the transmitted energy spreads over a 
considerable area after it leaves the antenna. Even with an 
antenna array having the sharpest practical beam pattern, 
there is what might be described as a cone of radiation 
centered on the wave lines (rays) shown in the drawing. The 
"reflection" in the ionosphereis also varied, and is the cause 
of considerable spreading and scattering 

As already mentioned, a radio signal will often be 
reflected from the reception point on the Earth into the 
ionosphere again, reaching the Earth a second time ata still 
more distant point. As in the case of light waves, the angle 
of reflection is the sameas the angle of incidence, soawave 
striking the surface of the Earth at an angle of, say, 15" is 
reflected upward from the surface at approximately the same 
angle. Thus, the distance to the second point of reception 
will be about twice the distance of the first, that is, the. 
distance from the transmitter to point A versus to paint B in 
Fig 18. Under some conditions it is possible for as many as 
four or five signal hops to occur over a radio path, but no 
more than two or three hops is the norm. In this way, HF 
‘communication can be conducted over thousands of miles 

An important point should be recognized with regard 
to signal hopping. A significant loss of signal occurs with 
each hap. TheD and E layers oftheionosphere absorb energy 
from the signals as they pass through, and the ionosphere 
tends to scatter the radio energy in various directions, rather 
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than confining it in a tight bundle. The roughness of the 
Earth's surface also scatters the energy at a reflection point. 

Assuming that both waves do reach point В in Fig 18, 
the low-angle wave will contain more energy at point В. 
This wave passes through the lower layers just twice, 
compared tothe higher-angle route, which must pass through 
these layers four times, plusencountering an Earth reflection, 
Measurements indicate that although there сап be great 
variation in the relative strengths of the two signals the 
one-hop signal will generally be from 7 to 10 dB stronger. 
The nature of the terrain atthe mid-path reflection point for 
the two-hop wave, the angle at which the wave is reflected 
from the Earth, and the condition of the ionosphere in the 
vicinity of all the refraction points are the primary factors in 
determining the signal-strength ratio. 

The loss per hop becomes significant at greater 
distances. It is because of these losses that no more than 
four or five propagation hops аге useful; the received signal 
becomes too weak to be usable over more hops, Although 
modes other than signal hopping also account for the 
propagation of radio waves over thousands of miles, 
backscatter studies of actual radio propagation have 
displayed signals with as many as 5 hops. So the hopping 
mode is one distinct possibility for long-distance 
communication. 

Present propagation theory holds that for 
communication distances of many thousands of Kilometers, 
signals do not always hop in elaivey shortincrements from 
ionosphere-to-Earth-to-ionasphere and so forth along the 
entire path. Instead, the waveis thought to propagate inside 
the ionosphere throughout some portion of the path length, 
tending to be ducted in the ionized layer. This theory is 
Supported by the results of propagation studies that show 
that a medium-angle ray sometimes reaches the Earth at а 
greater distance from the transmitter than a low-angle ray, 
as shown in Fig 20, This higher-angle ray, named the 
Pedersen ray, penetrates the layer farthe than lower-angle 
rays. In the less densely ionized upper edge of the layer, the 
amount of refraction is less, nearly equaling the curvature 
of the layer itself asi encircles the Earth. This nonhopping 
theory Is further supported by studies of propagation times 
for signals that travel completely around the world. The ime 
required is significantly less than would be necessary to hop 
between the Earth and the ionosphere 10 or moretimes while 
circling the Earth. 

Propagation between two points thousands of 
kilometers apart may consist of а combination of ducting 
and hopping Whatever he exact mechanics of long-distance 
wave propagation may be, the signal must first enter the 
ionosphere at some point The amateur wanting to work great 
distances should strive to put up antennas that emphasize 
the lowest possible launch angles, for years of amateur 
experience have shown this to bea decided advantage under 
all usual conditions. Despiteall the complex factors involved 
mastlong distance propagation can be seen to follow certain 
general rules. Thus, much commercial and military point 
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to-point communication over long distances employs 
antennas designed to make maximum useof known radiation 
angles and layer heights, even on paths where multihop 
propagation is assumed. 

In amateur work we usually try for the lowest practical 
radiation angle, hoping to keep reflection losses to a mini 
mum. The geometry of propagation by means of the F layer 
limits our maximum distance along the Earth s surface to 
about 4000 km (2500 miles) for a single hop. For higher 
radiation angles this same distance may require two or more 
hops (with higher reflection loss). Fewer hops are better, in 
most cases. If you have a nearby neighbor who consistently 
outperforms you on the longer paths, a radiation angle 
difference in his favor is probably the reason. 


Virtual Height and Critical Frequency 

lonospheric sounding devices have been in service at 
enough points over the world's surface that a continuous 
record of ionospheric propagation conditions going back 
many years is available for current use, or for study. The 
sounding principle is similar to that of radar, making use of 
travel time to measure distance. The sounding is made at 
Vertical incidence, to measure the useful heights of the 
ionospheric layers. This can be done at any one frequency, 
but the sounding usually is done over a frequency range. 
wider than the expected return-frequency spread, so 
Information related to the maximum usable frequency (M UF) 
is also obtained 

‘The distance so measured, called the virtual height, is 
thatfrom which a pure reflection would have the same effect 
as the rather diffused refraction that actually happens. The 
‘method is illustrated in Fig 21. Some time is consumed in 
the refraction process, so the virtual height isslightly higher 
than the actual 

The sounding procedure involves pulses of energy at 
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Fig 20—Studies have shown that under some 
conditions, rays entering the layer at intermediate 


Precisely speaking, a maximum 
usable frequency or MUF is defined 
for communication between two 
specific points on the Earth's surface, 
for the conditions existing atthe time, 
Including the minimum elevation 
angle that the station can launch at 
the frequency in use.Atthesametime 
and forthe same conditions the M UF 
from either of these two points to a 
third point may be different. 
Therefore, the MUF cannot be 
expressed broadly as a single 
frequency, even for any given location 
ata particular time. The ionosphere 


Fig 21.— The virtual height of the refracting layer is measured by sending a 
id measuring the time it takes to come back 
еге actually reflected rather than refracted. 
less because of the time required for 


progressively higher frequencies, or transmitters with the 
output frequency swept at many kilohertz per second, As 
the frequency rises, the returns show an area where the virtual 
height seems o increase rapidly, and then cease, The highest 
frequency returned is known as the vertical incidence critical 
frequency. The critical frequency can be used to determine 
the maximum usable frequency for long-distance 
communication by way of the layer, at that time. As shown 
in Fig 18, the amount of bending required decreases as the 
launch angle decreases. At the lowest practical angle the 
range for a single hop reaches the 4000-km limit. 


MAXIMUM USABLE FREQUENCY 

The vertical incidence critical frequency isthe maximum 
usable frequency for local sky-wave communication. It is 
also useful in the selection of optimum working frequencies 
and the determination ofthe maximum usable frequency for 
distant points at a given time. The abbreviation M UF will be 
used hereafter, 

The critical frequency ranges between about 1 and 
4M Hzfor theE layer, and between 2 and 13 M Hz for theF 
layer. The lowest figures are for nighttime conditions in the 
lowest years of the solar cycle. The highest are for the 
daytime hours in the years of high solar activity. These are 
average figures. Critical frequencies have reached as high 
5520 MHz briefly during exceptionally high solar activity. 

The MUF for a 4000-km distance is about 3.5 times the 
critical frequency existing atthe path midpoint. For one-hop. 
signals, if a uniform ionosphere is assumed, the MUF 
decreases with shorter distances along the path. This is true 
because the higher-frequency waves must be launched at 
higher elevation angles for shorter ranges, and tthese launch 
angles they are not bent sufficiently to reach the Earth, Thus, 
alower frequency (where more bending occurs) must be used, 


is never uniform, and in factata given 
time and for a fixed distance, the 
MUF changes significantly with 
changes in compass direction for 
almost any point on the Earth. Under 
usual conditions, the MUF will 
always be highest in the direction 
toward the Sun- to the east in the morning, to the south at 
noon (from northern latitudes), and to the west in the 
afternoon and evening. 

For the strongest signals at the greatest distance, 
especially where the limited power levels of the Amateur 
Radio Service are concerned, it is important to work fairly 
near the M UF. It is at these frequencies where signals suffer 
the least loss. The M UFs can be estimated with sufficient. 
accuracy by using the prediction charts that appear on the 
ARRL Web site (http:/imww.arrl.orgiqstipropeharts) or 
by using а computer prediction program, (See section on 
Propagation Prediction later in this chapter.) M UFs can also 
be observed, with the use of a continuous coverage 
communications receiver. Frequencies up to the MUFs are 
in round-the-clock use today. W hen you "run out of signals” 
while tuning upward in frequency from your favorite ham 
band, you havea pretty good clue as to which band is going 
to work well, right then, Of course it helps to know the 
direction to the transmitters whose signals you are hearing. 
Shortwave broadcasters know what frequencies to use, and 
you can hear them anywhere, if conditions are good. Time- 
and-freguency stations are also excellent indicators, since 
they operate around the clock. See Table 2. WWV is also a 
reliable source of propagation data, hourly, as discussed in 
тоге detail later in this chapter, 

‘The value of working near the М UF is two-fold. Under 
undisturbed conditions, the absorption loss decreases with 
higher frequency. Perhaps more important, the hop distance. 
is considerably greater as the MUF is approached. A 
transcontinental contact is much more likely to be made on 
a single hop on 28 MHz than on 14 MHz, so the higher 
frequency will give the stronger signal most of the time. 
The strong-signal reputation of the 28-M Hz band is founded 
on this fact. 
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Table 2 
Time and Freguency Stations Useful for 
Propagation Monitoring 


c Frequency (MHz) Location 


ww 25,5, 10, 15,20 Ft Colins, Colorado 
WWVH Same as WWV but no 20 
CHU 3.330, 7.335, 14.670 


RD 5004, 10.004, 15.004 


Irkutsk, USSR’ 


RWM 4.096, 9.996. 14.996 Novosibirsk, USSR 

VNG 25,5, 8634, 12984, 16 Lyndhurst, Australia. 

BPM 5.5439351, 10,15 Xiang, China 

4 25,5,8,10,15 Tokyo, Japan 

CS Buenos Aires, 
Argentina 


"The cal, taken from an international tabla, may not be that used 
during actual tranemiaion. Locations ап frquences appear lo be 
as gwen. 


LOWEST USABLE FREQUENCY 

There is also a lower limit to the range of frequencies 
that provide useful communication between two given points 
by way of the ionosphere. Lowest usable frequency is 
abbreviated LUF. If it were possible to start near the MUF 
and work gradually lower in frequency, the signal would 
decreasein strength and eventually would disappear into the 
ever-present "background noise.” This happens because the. 
absorption increases at lower frequencies. The frequency 
nearest the point where reception became unusable would 
be the LUF. It is not likely that you would want to work at 
theLUF, although reception could be improved if the station 
Could increase power by a considerable amount, or if larger 
antennas could be used at both ends of the path. 

When solar activity is very high at the peak of a solar 
cycle, the LUF often rises higher than 14 MHZ on the 
moming US-to-Europe path on 20 meters. ust before sunrise 
in the US, the 20-meter band will be first to open to Europe, 
followed shortly by 15 meters, and then 10 meters as the 
Sun rises further. By mid-morning, however, when 10 and 
15 meters are both wide open, 20 meters will become very 
marginal to Europe, even when both sides are running 
maximum legal power levels. By contrast, stations on 
10 meters can be worked readily with transmitter power of 
only 1 or 2 watts, indicating the wide range between the 
ШЕ and the MUF. 

Frequently, the "window" between the LUF and the 
MUF for two fixed points is very narrow, and there may be 
no amateur frequencies available inside the window. On 
occasion the LUF may be higher than the MUF between 
two points. This means that, for the highest possible 
frequency thatwill propagate through the ionosphere for that 
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path, the absorption is so greats to make even that frequency 
unusable, Under these conditions itis impossible to establish 
amateur sky-wave communication between those two points, 
no matter what frequency is used. (It would normally be 
possible, however, to communicate between either point and 
other points on some frequency under the existing conditions.) 
Conditions when amateur sky-wave communication is 
impossible between two fixed points occur commonly for 
long distances where the total path is in darkness, and for 
very great distances in the daytime during periods of low 
solar activity. 

Fig 22 shows a typical propagation prediction from the 
"How's DX” column in QST. In this instance, the M UF and 
the LUF lines blurred together at about 10 UTC, meaning 
thatthe statistical likelihood of any amateur frequency being 
‘open for that particular path at that articular time was not 
very good. Later on, after about 11 UTC, the gap between 
the MUF and LUF increased, indicating that the higher bands 
would be open on that path. 

DISTUBED IONOSPHERIC CONDITIONS 

So far, ue have discussed the Earth's ionosphere when 
conditions at the Sun are undisturbed. There are three general 
types of major disturbances on the Sun that can affect radio 
propagation. On the air, you may hear people arousing about. 
Solar Flares, Coronal Holes or Sudden Disappearing 
Filaments, especially when propagation conditions are not 
good. Each of these disturbances causes both electromagnetic 
radiation and ejection of material from the Sun, 


Solar Flares 


Solar flares are cataclysmic eruptions that suddenly 
release huge amounts of energy, Including sustained, high 
energy bursts of radiation from VLF to X-ray frequencies 


East Coast to Eastern Europe 


US to Europe. This appeared in December 1996 057, 
Where an average 2800-MHz (10.7-cm) solar flux of 

83 was assumed for the mid-December to mid] anuary 
period. On 10% of these days, the highest frequency 
propagated was predicted at least as high as the 
uppermost curve (the Highest Possible Frequenc 
HPF, approximately 21 MHz), and for 50% of the d 
high as the middle curve, the MUF. The broken lines 
show the Lowest Usable Frequency (LUF) for a 1500-W 
CW transmitter 


and vast amounts of solar material. M ost solar flares occur 
around the peak of the 11-year solar cycle. 

‘The first Earthly indication of a huge flare is often a 
Visible brightness near a sunspot group, along with increases 
in UV, X-ray radiation and VHF radio noise. If the geometry 
between the Sun and Earth is right, Intense X-ray radiation 
takes eight minutes, traveling the 93 million miles to Earth 
at the speed of light. The sudden increase in X-ray energy 
can immediately increase RF absorption in the Earth's lowest 
ionospheric layers, causing a phenomenon known as а 
Sudden lonospheric Disturbance (SID). 

Ап SID affects ай HF communications on the sunlit 
side of the Earth. Signals in the 2 to 30-MHz range may 
disappear entirely, and even most background naise may 
cease in extreme cases. When you experience a big SID, 
your first inclination may be to look outside to see if your 
antenna fell down! SIDs may last up to an hour before 
ionospheric conditions temporarily return to normal 

Between 45 minutes and 2 hours after an SID begins, 
particles from the flare begin to arrive. These high-energy 
particles are mainly protons and they can penetrate the 
ionosphere at the Earth's magnetic poles, where intense 
ionization can occur, with attendant absorption of HF signals 
propagating through the polar regions, Thisis called a Polar 
Cap Absorption (PCA) event and itmay last for several days. 
А PCA resultsin spectacular auroral displays thigh latitudes 


Coronal Holes 

A second major solar disturbance sa so-called "coronal 
hole" in the Sun's outer layer (the corona). Temperatures in 
the corona can be more than four million °C over an active 
sunspot region but more typically are about two million °С. 
А coronal hale is an area of somewhat lower temperature. 
Solar-terrestrial scientists have a number of competing 
theories about how coronal holes are formed. 

Matter ejected through this “hole” takes the form of a 
plasma, a highly ionized gas made up of electrons, protons 
and neutral particles, traveling at speeds up to 300 miles per 
second, The plasma becomes part of the solar wind and can 
affect the Earth's magnetic field, but only if the Sun-Earth 
geometry is right. A plasma has a very interesting and 
Somewhat bizarre ability. It can lock-in the orientation of 
the magnetic field where originates and carry it outwards 
into space. However, unless the locked-in magnetic field 
orientation is aligned properly with the Earth's magnetic 
field, even a large plasma mass may not severely disrupt 
our ionosphere Presently, we don thavethe ability to predict 
very well when a particular event on the Sun will result in 
propagation problems, although new satellites now being 
built should help us in the future, 

Statistically, coronal holes tend to occur most often 
during the declining phase of the 11-year solar cycle and 
they can last for a number of solar rotations. This means 
that a coronal hole can be a "recurring coronal hole, 
disrupting communications for several days about the same. 
time each month for as long as a year, or even more. 


Sudden Disappearing Filaments 

A sudden disappearing filament (SDF) isthe third major 
category of solar disturbance that can affect propagation, 
SDFs take their names from the manner in which they 
suddenly arch upward from the Sun's surface, spewing huge 
‘amounts of mater as plasma out into space in the solar wind, 
They tend to occur mostly during the rising phase of the 11- 
year solar cycle. 

When the conditions are right, a flare, coronal hole or 
an SDF can launch a plasma cloud into the solar wind, 
resulting in an ionospheric storm here on Earth. Unlike а 
hurricane or a winter Nor'easter storm in New England, an 
ionospheric storm isnot something we can see with our eyes 
or feel on our skins. Wecan'teasly measure things occurring 
in the ionosphere some 200 miles overhead. However, we 
can see the Indirect effects of an ionospheric storm оп 
magnetic instruments located on the Earth's surface, because. 
disturbances in the ionosphere are closely related to the 
Earth's magnetic field. Theterm Geomagnetic Storm ("Geo" 
means “Earth” in Greek) is used almost synonymously with 
ionospheric storm. 

During a geomagneti storm, we may experience 
extraordinary radio noise and interference, especially at НЕ. 
You may hear solar radio emissions as increases of noise at 
VHF. A geomagnetic storm generally adds noise and 
weakens or disrupts ionospheric propagation for several 
days. Transpolar signals at 14 MHz or higher may be 
particularly weak, with a peculiar hollow sound or flutter 
егеп more than normal for transpolar signals. 

Whatcan we do about he solar disturbances and related 
disturbed ionospheric propagation an Earth? The truth is that 
We are powerless faced with the truly awesome forces of 
Solar disturbances like flares, coronal holes or sudden 
disappearing filaments. Perhaps there is some comfort, 
however, in understanding what has happened to cause our 
HF bands to be so poor. And as a definite consolation, 
conditions on the VHF bands are often exceptionally good 
Just when HF propagation is remarkably poor due to solar 
disturbances 


ELEVATION ANGLES FOR HF 
COMMUNICATION 

Itwasshown in connection with Fig 18 thatthe distance 
at which a ray returns to Earth depends on the elevation 
angle at which lien the Earth (also known by other names: 
takeoff, launch or wave angle Chanter 3 in this book deals 
with theeffects of local terrain, describing how theelevation 
angle of a horizontally polarized antenna is determined 
mainly by its height above the ground. 

Although itis not shown specifically in Fig 18, propa 
gation distance also depends on the layer height at the ime, 
as well as the elevation angle. As you can probably 
imagine, the layer height is a very complex function of the 
state of the ionosphere and the Earth's geomagnetic field. 
Thereis alargedifferencein the distance covered in asingle 
hop, depending on the height of the E or the F; layer. The 
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maximum single-hop distance by the E layer Is about 
2000 km (1250 miles) ог about half the maximum distance 
Ма the Р; layer. Practical communicating distances for 
singlehop E or F layer work at various wave angles are 
shown in graphic form in Fig 23 

Actual communication experience usually does not fit 
the simple patterns shown in Fig 18, Propagation by means 
of the ionosphere is an enormously complicated business 
(which makes it all the more intriguing and challenging to 
radio amateurs, of course), even when the Sun is notin а 
disturbed state, Until the appearance of sophisticated 
computer models of the ionosphere, there was little definitive 
information available o guide theradio amateur in the design 
of his antenna systems for optimal performance over all 
portions of the 11-year solar cycle. Elevation angle 
information that had appeared for many years in The ARRL 
Antenna Book was measured for only one transmitting path, 
during the lowest portion of Solar Cycle 17 in 1934. 


The IONCAP Computer Propagation Model 

Since the 1960s several agencies of the US government. 
have been working on a detailed computer program that 
models the complex workings of the ionosphere, The 
program has been dubbed IONCAP, short for lonospheric 
Communications nalysis and Prediction Program. 10 NCAP 
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Fig 23—Distance plotted against wave angle (one-hop 
transmission) for the nominal range of heights for the 
E and Р, layers, and for the F; layer. 
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was originally written for a mainframe computer, but 
later versions have been rewritten to allow them to be 
run by high-performance personal computers. IONCAP 
incorporates a detailed database covering almost three 
complete solar cycles. The program allows the operator to 
specify a wide range of parameters, including detailed 
antenna models for multiple frequency ranges, noise models 
tailored to specific local environments (from low-nolserural 
to noisy residential OTHs), minimum elevation angles 
suitable for a particular location and antenna system, 
different months and UTC times, maximum levels of 
multipath distortion, and finally solar activity levels, to name 
the most significant of a bewildering array of options. 

WhilelONCAP hasa well-justified reputation for being 
very unfriendly to use, dueto its mainframe, non-interactive 
background, Itis also theone ionospheric model most highly 
regarded for its accuracy and flexibility, both by amateurs 
and professionals alike. Itis the program used for many years 
to produce the long-term MUF charts formerly included in 
the*How'sDX" monthly column of OST and now available 
on the M embers Only ARRLWeb page. 

IONCAP is not well suited for short-term forecasts of 
propagation conditions based on the latest solar indices 
received from WWY. It is an excellent tool, however, for 
long-range, detailed planning of antenna systems and 
shortwave transmitter installations, such as that for the Voice 
of America, or for radio amateurs, See the section later in 
this chapter describing other computer programs that can 
be used for short-term, interactive propagation predictions. 


IONCAP/VOACAP Parameters 

Theelevation-angle statistical information contained in 
this section was compiled from thousands of VOACAP runs 
(an improved version of IONCAP). These were done for а 
number of different transmitting locations throughout the 
World to important DX locations throughout the world, 

Some assumptions were needed for important VOACAP. 
parameters. The transmitting and receiving sites were all 
assumed to be located on flat ground, with "average" ground 
conductivity and dielectric constant. Each site was assumed 
to havea clear shotto the horizon, with a minimum elevation. 
angle less than or equal to 1°. Electrical noise at each 
recelving location was also assumed to be very low. 

Transmitting and receiving antennas for the 3.5 to 
30-M Hz frequency range were specified о be isotropic-type 
antennas, but with +6 dBi gain, representing a good amateur 
antenna on each frequency band, These theoretical antennas. 
radiate uniformly from the horizon, up to 90° directly 
overhead, With response patterns like this, these are 
obviously not real-world antennas. They do, however, allow 
the computer program to explore all possible modes and 
elevation angles. 


Looking at the Elevation-Angle Statistical Data 


Table3 shows detailed statistical elevation information 
for the path from Boston, M assachusets, near A RRL HQ in 


Table 3 
Boston, Massachusetts, to АП of Europe 

40m 20m 20m 17m 15m 12m 

Tal 88 46 17 21 44 58 72 

08 23 72 14 28 28 37 53 


15 53 79 20 18 24 17 15 20 
16 28 64 38 29 15 13 26 26 
17 50 34 45 31 10 15 00 00 


ю 66 14 12 18 11 13 07 00 
п 44 14 os 08 07 07 04 00 
22 23 24 10 11 08 13 07 00 
2 13 18 01 03 ол 09 oo 00 


Newington, CT, to all of Europe. The data incorporated into 
Table 3 covers all HF bands from 80 meters to 10 meters, 
over all portions of the 11-year solar cycle. The CD-ROM 
accompanying this book contains more tables such as this 
for more than 150 transmitting sites around the world, These. 
tables are used by the YT program and can also be imported 
into many programs, such as word processors or spreadsheets. 
Six important areas throughout the world are covered, one 
per table: all of Europe (from London, England, to Kiev, 
Ukraine), the Far East (centered on Japan), South America 
(Paraguay), Oceania (M elbourne, Australia), Southern A frica 
(Zambia) and South Asia (New Delhi, India) 

You may be surprised to seein Table 3 thatangles ower 
than 6° dominate the possible range of incoming angles for 
this moderate-distance path from New England to Europe 
In fact, roughly 2% of all the times when the 20-meter band 
is open to Europe, the takeoff angle is as low as 1°. You 
should recognize that very few real-world 20-meter antennas. 
achieve much gain at such an extremely low angle unless 


they just happen to be mounted about 400 feet high over flat 
ground or else are located on the top of a tall, steep mountain. 

You should always remember that it is the ionosphere 
that controls the elevation angles, not the transmitting 
antenna. The elevation response of a particular antenna only 
determines how strong or weak a signal is, at whatever angle 
(ог angles) the ionosphere is supporting at that particular 
instant, for that propagation path and for that frequency. 

If only one propagation modeis possible ata particular 
time, and if the elevation angle for that one mode happens 
to be 5°, then your antenna will have to work satisfactorily 
at that very low angle or else you won't be able to 
Communicate. For example, if your low dipole has a gain of 
-10 dBi at5°, compared to your frlend's ¥ agi ona mountain 
top with +10 dBi gain at 5°, then you will be down 20 dB 
compared to his signal. It's not that the elevation angle is 
somehow too low- the real problem here is that you don't 
have enough gain at that particular angle where the 
ionosphere is supporting propagation. M any "flatlanders" 
can vividly recall the times when their mountain-top friends 
could easily work DX stations, while they couldn't even 
hear a whisper. 


Looking at the Data—Further Cautions 
A single propagation mode is quite common at the 
opening and the clasing of daytime bands like 15 or 
10 meters, when the angle is typically lower than when the 
band is wide open. The lower-frequency bands tend to 
support multiple propagation modes simultaneously. 

‘The presence of two distinct peaksin the plotin Fig 24 
illustrates the bi-modality of the 20-meter path from New 
England. In fact, this path supports two different multi-hop 
modes most of the lime a two-hop Fa and a three-hop F2 


i 


Fig 24— Overlay of signals and elevation angles, 
together with hop-mode information. This is for one 
month, October, at one level of solar activity, SSN=70. 
The mode of propagation does not closely follow the 
elevation angle, From 15 to 19 UTC the mode is JF; 
hops, and the elevation angle is approximately 12°. 
The same elevation angle is required from 23 to 

03 UTC, but here the mode is 2F» hops. 
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mode It is tempting to think that two-hop signals always 
occur at lower elevation launch angles, while thres-hop 
signals require higher elevation angles. 

The detailed workings of the ionosphere are enor 
mously complicated, Fig 24 is an example of a combined 
plot of predicted signal strengths and elevation angles 
versus UTC time, This is for the month of October, from 
Newington, CT to London, England, for a period of moder- 
ate solar activity, represented by an SSN (12-month 
Smoothed Sunspot Number) of 70. The dominant F,-layer 
hop mode is placed over the elevation angle for each hour 
the signal is readable. 

From 22 UTC to 03 UTC, theelevation anglesarehigher 
than 11° for two F,-hops, During much of the morning and 
early afternoon in Newington (from 11 to 13 UTC, and from 
15 to 19 UTC), the angles are also higher than 11°. How: 
ever three F;-hopsare involved during these periods of time. 
The number of hops is not directly related to the elevation 
angles needed— changing layer heights account for this. 

Note that starting around 15 UTC, the mid-morning 
20-meter "slump" (down some 10 dB from peak signal level) 
is caused by high levels of mainly E-layer absorption when 
the Sun is high overhead. This condition favors higher 
elevation angles, since signals launched a lower angles must 
travel for a longer time through the lossy lower layer 
Fig 25 overlays predicted signals and elevation angles for 
three levels of solar activity in October, again for the 
Nenington-London path, Fig 25 shows the mid-morning 
slump dramatically when the solar activity is ata high level 
represented by SSN = 160.At15 UTC, thesignal level drops 
35 dB from peak level, and the elevation angle rises all the 
way to 24°, By the way, as a percentage of all possible 
‘openings, the 24° angle occurs only rarely, It barely shows 
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upasablip in Table 3, Elevation angles arenotclosely related 
to the level of solar activity. 

IONCAP/VOACAP demonstrates that elevation angles 
do not follow neat, easily identified pattems, even over a 
24-hour period— much less over all portions of the solar 
cycle. Merely looking at the percentage оГ all openings 
Versus elevation angle, as shown in Table 3, does not tell 
the whole story, although itis probably the most statistically 
valid approach to station design, and possibly the most 
emotionally satisfying approach too! Neither is the whole 
story revealed by looking only at a snapshot of elevation 
angles versus time for one particular month, or for one solar 
activity level. 

Whatis importantto recognize stat the most effective 
antenna system will be one that can cover the full range of 
elevation angles, over the whole spectrum of solar activity, 
егеп if the actual angle in use at any one moment in time 
тау not be easy to determine. For this particular path, from 
New England to ll of Europe, an ideal antenna would have 
equal response over the full range of angles from 1° to 28°, 
Unfortunately, real antennas have tough time covering such 
a wide range of elevation angles equally wel 


Antenna Elevation Patterns 

Figs 26, 27, 28, 29 and 30 show overlays of the same 
sortof elevation angle information listed in Table 3, together 
with the elevation response patterns for typical antennas for 
the HF amateur bands 80, 40, 20, 15 and 10 meters. For 
example, Fig 28 shows an overlay for 20 meters, with three 
different types of 20-meter antennas. These are a 4-element. 
Yagi at 90 feet, а 4-element Yagi at 120 feet and a large stack 
of four Yagis located at 120, 90,60 and 30 feet. Each antenna 
is assumed to be mounted over flat ground. Placement on а 
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Fig 25—October 20-meter signals and elevation angles 
for the full range of solar activity, from WI to England. 
The elevation angle does not closely follow the level of 
solar activity. What ls Important in designing a station 
capable of covering all levels of solar activity is to have 
flexibility in antenna elevation pattern response — to 
cover a wide range of possible angles. 
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Fig 26—10-meter graph of the percentage of all 
‘openings versus elevation angles, together with 
overlay of elevation patterns over flat ground for 
three 10-meter antenna systems. Stacked antenn 
have wider "footprints" in elevation angle coverage 
{for this example from New England to Europe. 
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Fig 27—15-meter graph of the percentage of all 
‘openings versus elevation angles, together with 
overlay of elevation patterns over flat ground for two 
15-meter antenna systems. Again, stacked antennas 
have wider “footprints "In elevation angle coverage 
for this example from New England to Europe, 


40 m, WI to Europe 
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Fig 28—20-meter graph of the percentage of all 
openings from New England to Europe versus elevation 
angles, together with overlay of elevation patterns over 
flat ground for three 20-meter antenna systems. 
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Fig 29—40-meter graph of the percentage of all 
openings from New England to Europe versus elevation 
angles, together with overlays of elevation patterns 
over flat ground for a 100-foot high dipole and a large 

ment Yagi at 160 feet. Achieving gain at very low 
elevation angles requires very high heights above 
ground. 


hill with along slopein the direction of interest will lower the 
required elevation angle by the amount of the hill's slope. For 
example, if a 10° launch angle is desired, and the antenna is 
placed on a hill with a slope of 5°, the antenna itself should be 
designed for a height that would optimize the response at 15° 
over flat ground— one wavelength high, 

Back at Fig 28, the large stack of four Yagis over flat 
ground comes closest to being “ideal” but even this large 


Fig 30—80-meter graph of the percentage of all 
openings from New England to Europe versus elevation 
angles, together with overlay of elevation patterns 

over flat ground for dipoles at two different heights. 
‘The 200-foot-high dipole clearly covers the necessary 
elevation angles better than does the 100-foot-high. 
dipole, although a Four Square vertical array located 
Over saltwater is even better for all angles needed. 


array will not work well for that very small percentage of 
time when the angle needed is higher than about 20°. Some 
hams might conclude that the tiny percentage of time when 
the angles are very high doesn't justify an antenna tailored 
for that response. However, when that new DX country 
pops up on a band, or when a rare multiplier shows up in a 
contest, doesn’t it always seem that the desired signal only 
comes in at some angle your antenna doesn’t cover well? 
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What do you do then, if your only antenna happens to be a 
large stack? 

‘Theanswer to this, perhaps unique, high-angle problem 
Ties in switching to using only the top antenna in the stack. 
In this example, the second elevation lobe of the 120-foot 
high antenna would cover the angles from 20° to 30° well, 
much better than the stack does, Note that the top antenna 
by itself would not be ideal for all conditions. It is simply 
too high much of the time when the elevation angles are 
higher than about 12°, The experience of many amateurs on 
the US East Coast with high 20-meter antennas bears this 
out- they find that 60 to 90-foot high antennas are far more 
consistent performers into Europe. 

ONE-WAY PROPAGATION 

On occasion a signal may be started on the way back 
toward the Earth by reflection from theF layer, only to соте 
down into the top of the E region and be reflected back up 
again. This setof conditions is oneexplanation forthe often 
reported phenomenon called one-way skip. Thereverse path 
тау not necessarily have the same multilayer characteristic, 
and the effect is more often a difference in the signal 
strengths, rather than a complete lack of signal in one 
direction. Itis important to remember this possibility, when 
а long-distance test with a new antenna system yields 
apparently conflicting evidence. Even many tests, on paths 
of different lengths and headings, may provide data that are 
difficult to understand. Communication by way of the 
ionosphere is not always a source of consistent answers to 
antenna questions! 


SHORT OR LONG PATH? 

Propagation between any two points on the Earth's 
surface is usually by the shortest direct route- the great- 
Circle path found by stretching a string tightly between the 
two points on a globe. If an elastic band going completely 
around the globe na straightline is substituted for the string, 
it will show another grestcircle path, going "the long way 
around.” The long path may serve for communication over 
the desired circuit when conditions are favorable along the 
longer route. There may be times when communication is 
possible over the long path but not possible at all over the 
short path. Especially if there is knowledge of this potential 
at both ends of the circuit, long-path communication тау 
work very well. Cooperation is almost essential, because 
both the aiming of directional antennas and the timing of 
the attempts must be right for any worthwhile result, The 
IONCAP computations in the preceding tables were made 
for short-path azimuths only. 

Sunlight is a required element in long-haul 
communication via the F layer above about 10 MHz, This 
fact tends to define long-path timing and antenna aiming. 
Both are essentially the reverse ofthe "normal" for a given 
circuit. We know also that salt-water paths work better than 
overland ones, This can be significant in long-path work. 

We can better understand several aspects of long-path 
propagation if we become accustomed to thinking of the 
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Earth asa ball. This is easy if we use а globe frequently. A 
flat map of the worl, of the azimuthal-equdistant projection 
type, is a useful substitute. The A RRL World Map Is one, 
centered on Wichita, Kansas. А similar world map prepared 
by KSZI and centered on Newington, Connecticut, is shown 
in Fig 31. These help to clarify paths involving those areas 
of the world, 


Long-Path Examples 

There are numerous long-path routes well known to 
DX-minded amateurs. Two long paths that work frequently 
and well when 28 M Hz is open from the northeastern US. 
are New England to Perth, Australia, and New England to 
Tokyo. Although they represent different beam headings and 
distances, they share some favorable conditions. By long 
path, Perth is close to halfway around the world; Tokyo is 
aboutthree-quarters of the way. On 28 M Hz, both areas come 
through in the early daylight hours, Eastern Time, but not 
necessarily on the same days, Both paths are at their best 
around the equinoxes. (The sunlight is more uniformly 
distributed over transequatorial paths at these times.) 
Probably the factor that most favors both is the nature of the 


Fig 31—KSZI's computer-generated azimuthal-equidistant 
projection centered on Newington, Connecticut. (See 
Bibliography for ordering information.) The land masses 
information showing long paths to Perth and Tokyo 
have been added. Notice that the paths in both cases lie 
almost entirely over water, rather than over land masses. 


first part of the trip atthe US end. To work Perth by way of 
long path, northeastern US antennas are aimed southeast, 
out over salt water for thousands of miles- the best low. 
loss start а signal could have. It is salt water essentially all 
the way, and the distance, about 13,000 miles, is not too 
much greater than the "short" path. 

‘The long path to Japan is more toward the south, but 
still with no major land mass at the early reflection points. 
It is much longer, however, than that to Western Australia, 
Japanese signals are more limited in number on the long 
path than on the short, and signals on the average somewhat 
weaker, probably because of the greater distance. 

Оп the short path, an amateur in the Perth area is 
looking at the worst conditions- away from the ocean, and 
outacross huge land mass unlikely to provide strong ground 
reflections, The short paths to both Japan and Western 
Australia, from most of the eastern half of North A merica, 
are hardly favorable. The first hop comes down in various 
western areas likely to be desert or mountains, or both, and 
not favored as reflection points. 

А word of caution: Don tcounton the long: path signals 
always coming in on the same beam heading. There can be 
notable differences in the line of propagation via the 
ionosphere on even relatively short distances. There can be 
more variations on long path, especially on circuits close to 
halfway around the world. Remember, for a point exactly 
halfway around, all directions of the compass represent great- 
circle paths 


FADING 

When all the variable factors in long-distance 
‘communication are taken in account, itis not surprising that 
signals vary in strength during almost every contact beyond 
the local range. In VHF communication we can encounter 
some fading, at distances greater than just to the visible 
horizon. These are mainly the result of changes in the 
temperature and moisture content of the air in the first few 
thousand feet above the ground. 

On paths covered by ionospheric modes, the causes of 
fading are very complex constantly changing layer height 
and density, random polarization shift, portions ofthe signal 
arriving out of phase, and so on. The energy arriving at the 
receiving antenna has components that have been acted upon 
differently by the ionosphere, Often the fading is very 
different for small changes in frequency. With a signal of a 
wideband nature, such as high-quality FM , or even double- 
sideband AM, the sidebands may have different fading rates 
from each other, or from the carrier. This causes severe 
distortion, resulting in what is termed selective fading. The 
effects are greatly reduced (but still present to some extent) 
when single-sideband (SSB) is used. Some immunity from. 
fading during reception (but not to the distortion induced by 
selective fading) can be had by using two or more receivers 
оп separate antennas, preferably with different polarizations, 
and combining the receiver outputs in what is known as а 
diversity receiving system. 


OTHER PROPAGATION MODES 

In propagation literature there is a tendency to treat 
the various propagation modes as if they were separate and 
distinct phenomena. This they may be at times, but often 
there is а shifting from one to another, or a mixture of two 
ог more kinds of propagation affecting communication at 
onetime. In the upper part of the usual frequency range for 
F layer work, for example, there may be enough tropospheric 
bending at one end (ar both ends) to have an appreciable 
effect on the usable path length. There is the frequent 
combination of E and F-layer propagation in long-distance 
work. And in the case of the layer, there are various causes 
of ionization that have very different effects on 
communication. Finally, there are weak-signal variations of 
both tropospheric and ionospheric modes, lumped under the 
term “scatter.” We look at these phenomena separately here, 
but in practice we have to deal with them in combination, 
more often than not. 


Sporadic E (Е,) 

First, note that this is E-subscript-s, a usefully 
descriptive term, wrongly written "Es" so often that it is 
sometimes called “ease,” which is certainly not descriptive 
Sporadic E is ionization at E-layer height, but of different 
origin and communication potential from the E layer that 
affects mainly our lower amateur frequencies, 

The formative mechanism for sporadic E is believed 
to be wind shear. This explains ambient ionization being 
distributed and compressed into a ledge of high density, 
without the need for production of extra ionization. Neutral 
winds of high velocity, flowing in opposite directions at 
slightly different altitudes, produce shears. In the presence 
of the Earth's magnetic field, the ions are collected at a 
particular altitude, forming a thin, overdense layer. Data from 
rockets entering E, regions confirm the electron density, 
wind velocities and height parameters. 

Theionizationis formed in clouds of high density, last- 
ing only a few hours at a time and distributed randomly. 
They vary in density and, in the middle latitudes in the orth 
ет Hemisphere, move rapidly from southeast to northwest. 
Although E, can develop at any time, itis most prevalent in 
the Northern Hemisphere between M ay and August, with а 
minor season about half as long beginning in December 
(the summer and winter solstices). The seasons and distri 
bution in the Southern Hemisphere are not so well known, 
Australia and New Zealand seem to have conditions much 
like those in the US, but with the length of the seasons re- 
versed, of course. Much of what is known about E, came 
as the result of amateur pioneering in the VHF range. 

Correlation of E, openings with observed natural 
phenomena, including sunspot activity, is not readily appar- 
ent, although there is a meteorological tie-in with high-ati 
tudewinds. There isalso a form of E, mainly in the northern 
part of the north temperate zone, that is associated with 
‘auroral phenomena, 

Atthe peak of the long E, season, most commonly in 
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late une and early July ionization becomes extremely dense 
and widespread. This extends the usable range from the more 
common "single-hop* maximum of about 1400 miles to 
"double-hop" distances, mostly 1400 to 2500 miles. With 
50-M Hz techniques and interest improving in recent years, 
it has been shown that distances considerably beyond 2500 
miles can be covered. There is also an E, “link-up” possi 
bility with other modes, believed to be involved in some 
50-M Hz work between antipodal points, or even long-path 
Communication beyond 12,500 miles. 

The MUF for E, is not known precisely. It was long 
thought to be around 100 M Hz, butin the last 25 years or so 
there have been thousands of 144-M Hz contacts during the 
Summer E, season. Presumably, the possibility also exists 
at 222 MHz. The skip distance at 144 M Hz does average 
much longer than at 50 M Hz, and the openings are usually 
brief and extremely чанар! 

Theterms "single" and "double" hop may not beaccu- 
rate technically, since it is likely that cloud-to-cloud paths 
are involved, There may also be "no-hop" E. At times the 
Very high ionization density produces critical frequencies. 
up to the 50-M Hz region, with no skip distance at all. Itis 
often said that the E, mode is a great equalizer. With the 
reflecting region practically overhead, even a simple dipole 
close othe ground may do as well over afew hundred miles 
as a large stacked antenna array designed for low-angle 
radiation. It's a great mode for low power and simple 
antennas on 28 and 50 M Hz. 


Scatter Modes 

The term "skip zone" (where no signals are heard) 
should not betaken to literally. Two stations communicating 
over a single ionospheric hop can be heard to some degree 
at almost any point along the way, unless they are running 
low power and using simple antennas. Some of the wave 
energy is scattered in all directions, including back to the 
starting point and father. The wave energy of VHF stations 
isnotgoneafteritreachestheradio horizon, described early 
in this chapter. It is scattered, but it can be heard to some 
degree for hundreds of miles. Everything on Earth, and in 
the regions of space up to at east 100 miles, is a potential 
scattering agent. 

Tropospheric scatter is always with us. Its effects are 
often hidden, masked by more effective propagation modes 
on the lower frequencies But beginning in the VHF range 
scatter from the ower atmosphere extends the reliable range 
markedly if we make use of it. Called "tropo scatter,” this is 
what produces that nearly flat portion of the curves given in 
an earlier section on reliable VHF coverage. We are not out 
of business at somewhere between 50 and 100 miles, on the 
VHF and even UHF bands, especially if we don't mind weak 
signals and something less than 99% reliability. As long ago 
asthe early 10505, V HF enthusiasts found that V HF contests 
could be won with high power, big antennas and a good ear 
for signals deep in the noise. They still can. 

lonospheric scatter works much the same as the tropo 
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version, except that the scattering medium isthe region of 
the ionosphere, with some help from the D and F layers too. 
lonospheric scater is useful mainly above the M UF, so its 
useful frequency range depends on geography, time of day, 
season, and the state of the Sun. With near maximum legal 
power, good antennas and quiet locations, ionospheric scatter 
сап fil in the skip zone with marginally readable signals 
scattered from ionized trails of meteors, small areas of 
random ionization, cosmic dust, satellites and whatever may 
come fte the antenna pattems at 50 to 150 miles or so above 
the Earth. It's mostly an E-layer business, so it works all E- 
layer distances, Good antennas and keen ears help. 

Backscatter is a sort of ionospheric radar. Because it 
involves mainly scatering from the Earth atthe point where 
the strong ionospherically propagated signal comes down, 
it is a part of long-distance radar techniques. It is also а 
great “fllerinner” of the skip zone, particularly in work 
near the M UF, where propagation is best. It was proved by 
amateurs using sounding techniques that you can tell to what 
part of the world a band is usable (single-hop F) by probing 
the backscatter with a directive antenna, even when the Earth 
contact point is open ocean. In fact, that's where the mode 
is at its best. 

Backscatter is very useful on 28 MHz, particularly 
When that band seems dead simply because nobody isactive 
intheright places. The mode keeps the 10-meter band lively 
in the low years of the solar cycle, thanks to the never-say- 
die attitude of some users. The mode is also an invaluable 
tool of 50-M Hz DX aspirants, in the high years of the sunspot 
cycle, for the same reasons. On a high-M UF morning, 
hundreds of 6-meter beams may zero in on a hot spot 
somewhere in the Caribbean or South Atlantic, where there 
is no land, let alone other 6-meter stations- keeping in 
contact while they wait for the band to open to a place where 
there is somebody. 

Sidescatter is similar to backscatter, except the ground 
scatter zone is merely somewhat off the direct line between 
participants, A typical example, often observed during the 
lowest years of the solar cycle, is communication on 28 M HZ 
between the eastern US (and adjacent areas of Canada) and 
much of the European continent. Often, this may start as 

‘backscatter chatter" between Europeans whose antennas 
are turned toward the Azores. Then suddenly the North 
Americans join the fun, perhaps for only afew minutes, but 
sometimes much longer, with beams also pointed toward 
the zores. Duration of the game can be extended, at times, 
by careful reorientation of antennas at both ends, as with 
backscatter. The secret, of course, is to keep hitting the 
highest-M UF area of the ionosphere and the most favorable 
ground: reflection points. 

The favorable route is usually, but not always, south 
of the great-circle heading (for stations in the Northern 
Hemisphere). There can also be sidescatter from the auroral 
regions. Sidescatter signals are stronger than backscatter 
signals using the same general area of ground scattering 

Sidescalter signals have been observed frequently on 


the 1-M Hz band, and can tke place on any band where 
there sa large window between the M UF and the LUF. For 
sidescater communications to occur, the thing to look for is 
а common area to which the band is open from both ends of 
the path (the Azores, in ће above example), when there is 
no direct-path opening. Ithelpsif the common area is in the 
open ocean, where theres less scattering loss than over land 

Transeguatrial scatter (TE) was an amateur 50-M HZ 
discovery in the years 1946-1947. It was turned up almost 
simultaneously on three separate north-south paths, by 
amateurs of all continents. These amateurs tried to 
Communicate at 50 M Hz, even though the predicted M UF 
was around 40 M Hz for the favorable daylight hours. The 
first success came at night, when the M UF wasthought to be 
even lower. A remarkable research program inaugurated by 
amateurs in Europe, Cyprus, Zimbabwe and South Africa 
eventually provided technically sound theories to explain the 
then-unknown mode, 

It has been known for years that the MUF is higher 
and less seasonally variable on transequatoral circuits, but 
thefull extentof the difference was not learned until amateur 
work brought it to light. Briefly, the ionosphere over 
equatorial regions is higher, thicker and more dense than 
elsewhere. Because of its more constant exposure to solar 
radiation, the equatorial belt has high nighttime-M UF 
possibilities. It is now known that the TE mode can often 
work marginally at 144 MHz, and even at 432 MHz on 
occasion. The potential M UF varies wth solar activity, but 
motto the extentthat conventional F-layer propagation does 
Itisa late-in-the-day mode, taking over about when normal 
F layer propagation goes ош. 

The TE range is usually within about 4000 km 
(2500 miles) either side of the geomagnetic equator. The 
Earth's magnetic axis is tilted with respect to the 
geographical axis, o the TE belt appears as а curving band 
оп conventional flat maps of the world. See Fig 32. As а 
result, TE has a different latitude coverage in the Americas 
from that shown in the drawing, The TE belt just reaches 
into the southem US. Stations in Puerto Rico, Mexico and 
even the northern parts of South A merica encounter the mode 
more often than those in favorable US areas. Iis no accident 
that TE was discovered as a result of 50-MHz work in 
Mexico City and Buenos Aires 

Within its optimum regions of the world, ете mode 
extends the usefulness of the 50-4 Hz band far beyond that 
of conventional F-laye propagation, since the practical TE 
MUF runs around 1.5 times that of normal f. Both its sea 
sonal and diurnal characteristics are extensions of what is 
considered normal for 50-М Hz propagation. In that part of 
the Americas south of about 20° North latitude, the exist- 
ence of TE affects the whole character of band usage, 
especially in years of high solar activity. 


Auroral Propagation 


Sudden bursts of solar activity are accompanied by the 
ejection of charged particles from the Sun, These particles 
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Fig 32—Main and occasional zones of transequatorial 
50-MHz propagation show Limassol, Cyprus, and 
Salisbury, Zimbabwe, to be almost ideally positioned 
with respect to the curving geomagnetic equator. 
Windhoek, Namibia, is also in a favorable spot; 
Johannesburg somewhat less so. 


travel in various directions, and some may enter the Earth's 
atmosphere, usually 24 to 36 hours after the event. Here 
they may react with the Earth's magnetic field to produce а 
visible or radio aurora, visible if their time of entry is after 
dark. Some information on major solar outbursts is 
obtainable from W WV propagation bulletins, discussed later 
in this chapter (From WWV information, the possibility of 
auroral activity can be known in advance 
Thevisibleaurorais, in effect, fluorescence at E-layer 
height a curtain of ions capable of refracting radio waves 
in the frequency range above about 20 MHz. D-region 
absorption increases on lower frequencies during auroras. 
‘The exact frequency ranges depend on many factors: time, 
season, position with relation to the Earth's auroral regions, 
and the level of solar activity at the time, to name afew. 
The auroral effect on VHF waves is anather amateur 
discovery, this one dating back to the 1930s. The discovery 
came coincidentally with improved transmitting and receiving 
techniques. The returning signal is diffused in frequency by 
the diversity of the auroral curtain as a refracting (scattering) 
medium. The result is a modulation of a CW signal, from 
just a slight burbling sound to what is best described as a 
keyed roar” Before SSB took over in VHF work, voice was 
all but useless for auroral paths. A sideband signal suffers, 
too, but its narrower bandwidth helps to retain some degree 
of understandabiliy. Distortion induced by a given set of 
auroral conditions increases with the frequency in use. 
50-MHz signals are much more intelligible than those on 
144 M Hz on the same path at the same time. On 144 M Hz, 
CW isalmost mandatory for effective auroral communication, 
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The number of auroras that can be expected per year 
varies with the geomagnetic latitude. Drawn with respect to 
the Earth's magnetic poles instead of the geographical ones, 
these latitude lines in the US tilt upward to the northwest. 
For example, Portland, Oregon, is 2° farther north 
(geographic latitude) than Portland, M aine. TheM aine city's 
geomagnetic latitude line crosses the Canadian border before 
itgets as far west as its Oregon namesake. In terms of auroras 
intense enough to produce VHF propagation results, 
Portland, M ine, is likely to see about 10 times as many per 
year. Oregon's auroral prospects are more like those of 
southern New Jersey or central Pennsylvania, 

‘The antenna requirements for auroral work are mixed. 
High gain helps, but the area of the aurora yielding the best 
returns sometimes varies rapidly; sharp directivity can bea 
disadvantage. So could a very low radiation angle, or a beam 
pattern very sharp in the vertical plane. Experience indicates 
that few amateur antennas are sharp enough in either plane 
to present a real handicap. The beam heading for maximum 
signal can change, however, so a bit of scanning in azimuth 
тау шт up some interesting results. A very large array 
Such as is commonly used for moonbounce (with azimuth 
elevation control), should be worthwhile. 

The incidence of auroras, their average intensity, and 
their geographical distribution asto visual sightings and V HF 
propagation effects all vary to some extent with solar activity. 
There is some indication that the peak period for auroras 
lags the sunspot cycle peak by a year or two. Like sporadic 
E, an unusual auroral opening can come at any season. There 
isamarked diurnal swing in the number of auroras. Favored 
times are late afternoon and early evening, late evening 
through early morning, and early afternoon, in about that 
order. Major auroras often start in early afternoon and carry 
through to early morning the nextday 

GRAY-LINE PROPAGATION 

‘The gray line, sometimes called the twilight zone, is a 
band around the Earth between the Sunlit portion and 
darkness. Astronomers call this the terminator. The 
terminator is a somewhat diffused region because the Earth's 
atmosphere tends to scatter the light into the darkness, 
Fig 33 illustrates the gray line, Notice that on one side of 
the Earth, the gray line is coming into daylight (sunrise), 
and on the other side it is coming into darkness (sunset) 

Propagation along the gray line is very efficient, so 
greater distances can be covered than might be expected for 
the frequency in use. One major reason for this is that the D 
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Fig 33—The gray line or terminator is a transition 
region between daylight and darkness. One side of the 
Earth is coming into Sunrise, and the other is just past 
sunset. 


layer, which absorbs HF signals, disappears rapidly on the 
Sunset side of the gray line, and has not yet built up on the 
Sunrise side. 

‘The gray line runs generally north and south, but varies 
as much as 23° either side of the north-south line. This 
Variation is caused by the tilt of the Earth's axis relative to 
its orbital plane around the Sun. The gray line will beexactly 
north and south at the equinoxes (M arch 21 and September 
21). On the first day of Northern Hemisphere summer, 
June 21, it is tilted to the maximum of 23° one way, and 
оп December 21, the first day of winter, it is tilted 23° the 
other way. 

To an observer on the Earth, the direction of the 
terminator is always at right angles to the direction of the 
Sun at sunrise or sunset. It is important to note that, except 
atthe equinoxes, the gray-line direction will be different at 
sunrise from that at sunset, This means you can work 
different areas of the world in the evening than you worked 
in the morning, 

Itisn't necessary to be located inside the twilight zone 
їп order to take advantage of gray-line propagation. The 
effects can be used to advantage before sunrise and after 
sunset. This is because the Sun "rises" earlier and "sets" 
later on the ionospheric layers than it does on the Earth below. 


What НЕ Bands Are Open—Where and When? 


TheCD-ROM included atthe back of this book includes 
summary propagation predictions for more than 150 
transmitting locations around the world, This propagation data 
Was calculated using CapMAN, a variety of the mainframe 
propagation program IONCAP. The predictions were done 
for default antennas and powers that are representative of a 
"big gun” station. Of course, not everyone has a big-gun 
station in his/her backyard, but this represents what the 
ultimate possibilities are, statistically speaking. After all, if 
thebands aren't open for the big guns, they are unlikely to be 
open for the "litte pistols” too. 

Let's see how propagation is affected if the smoothed 
sunspot number is 0 (corresponding to a smoothed solar flux 
of about 65), which is classified as a "Very Low” level of 
solar activity. And we'll examine the situation for a sunspot 
number of 100 (a smoothed solar flux of 150), which is 
typical of a “Very High" portion of the solar cycle. 

Tables 4 and 5 are summary tables showing the 
predicted signal levels (in S units) from Boston, 
Massachusetts, to the rest of the world for the month of 
January. The Boston transmitting site is representative of the 
entire New England area of the USA, The target geographic 
receiving regions for the major HF bands from 80 through 
10 meters are tabulated versus UTC (Universal Coordinated 
Time) in hours. Table 4 represents a Very Low level of solar 
activity, while Table 5 is for a Very High level of solar activity. 

The receiving geographic regions for each frequency 
band are abbreviated: EU (for all of Europe), FE (for Far 
East, centered on Japan), SA (South America, centered on 
Paraguay), AF (all of Africa), AS (south Asia, centered on 
India), OC (Oceania, centered on Sydney, Australia) and NA 
(North A merica, all across the USA). For example, Table 4 
shows that in January during a period of Very Low solar 
activity, 15 meters is open to somewhere in Europe from 
Boston for only 4 hours, from 13 to 16 UTC, with a peak 
signal level between S4 and S7. Now look at Table 5, where 
15 meters is predicted to be open to Europe during a period 
of Very High solar activity for 7 hours, from 12 to 
18 UTC, with peak signals ranging from 59 to 59+. 

Both Tables 4 and 5 represent “snapshots” of predicted 
signal levels to generalized receiving locations that is, they 
are computed for a particular month, from a particular 
transmitting location, and for a particular level of solar 
activity. These tables provide summary information that is 
particularly valuable for someone planning for an operating 
event such as a DX petition or a contest 

A newcomer to the HF bands could easily be 
overwhelmed with the sheer amount of data available in the 
Summary tables located on the CD-ROM included with this 
book. (TheCD-ROM -version of The ARRL Antenna Book itself 
contains even more detailed data for thetruly dedicated DX er!) 

So here's a long-term, "big-picture" view of HF 
propagation that might help answer some common questions. 
For example, what month really is the best for working DX 


around theclock? Or what level of solar activity is necessary 
to provide an opening between your QTH and somewhere 
in the South Pacific? 

Table 6 is a table showing the number of hours in a 
day during each month when each major HF band isopen to 
thesamerecelvinghown in Tables 4 and 5. The listing is for 
New England, for three levels of solar activity: Very Low, 
Medium and Very High. The number of hours are separated 
in Table 6 by slashes. 

Let's continue the example cited previously for New 
England to Europe on 15 meters. The entry for October 
shows "7/11/17," meaning tatfora Very Low level of solar 
activity, 15 meters is open or 7 hours; for a Мейит level, 
itis open for 11 hours and fora Very High level of solar 
activity itis open for 17 hours a day 

Even fora Very Low level of solar activity, the month 
with the most hours available per day from Boston to 
Somewherein Europe s October, with 7 hours, followed by 
the next largest month of March, with 6 hours. For a Very 
High level of solar activity, however, the 15-meter band is 
open o Europe for 18 hours in A pril, followed by 17 hours 
availability in September and October. Arguably, the СО 
World Wide Contest Committee picked the very best month 
for higher-freguency propagation when they chose October 
for the Phone portion of that contest. 

You can easily se that even ata Very High level o solar 
activity, the summer months are not very good to work DX, 
particularly on eastwest paths, For example, the 10.meter 
band is very rarely open from New England to Europe after 
the month of A pril, even when solar activity i at the highest 
levels possible. Things pick up after September, even for a 
Мейит level of solar activity- A gain, October looks like the 
mostfruitful month in terms of the number of hours 10 meters 
is open to Europe under all levels of solar conditions. 

Ten meters is open moreregularly on north-south paths, 
such as from New England to South America or to southern 
Africa. Itis open as much as 10 hours a day during M arch 
and October to deep South America, and 7 hours a day in 
October to A frica— even during the lowest parts of the solar 
cycle, (Together with the sporadic-E propagation that 
10 meters enjoys during the summer, this band can often be 
alotof fun even during the sunspot doldrums. You just have 
to be operating onthe band, rather than avoiding it because 
you know the sunspots are "spotty"] 

Now, look at the 20-meter band in Table 6, From New 
England, twenty is open to somewhere in South America 
for 24 hours a day, no matter the level of solar activity. Note 
that Table 6 does t predict the level of signals available; It 
Justshows thatthe band is open with a signal strength greater 
than O on the S meter, Look back at Table 4 for the predicted 
signal strengths in January at a Very Low level of solar 
activity. There, you can see that the signal strength from 
New England into deep South America is always SB or 
greater for a big gun station. A lot of the time during the 
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Table 4 
Printout of summary propagation table for Boston to the rest of the world, for a Very Low level of solar. 
activity in the month of J anuary. The abbreviations for the target geographic areas а Europe, FE 
= Far East, SA = South America, AF = Africa, AS = south Asi сеапїа, and NA = North America. 


Table 5 


Printout of summary propagation table for Boston to the rest of the world, for a Very High level of solar 
activity in the month of anuary. 
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Table 6 
‘The number of hours per day when a particular band is open to the target geographic areas in Table 
as related to the level of solar activity (Very Low, Medium and Very High). This table is customized for 
Boston to the rest of the world. Some paths are open 24 hours a day, plus or minus QRM and local QRN, 
по matter what the level of solar activity is. See CD-ROM for other transmitting locations. 
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night the band sounds dead, simply because everyone is 
either asleep or operating on a lower frequency. 

For the 40-meter band in Table 6, during the month of 
January the band Is open to Europe for 24 hours a day, 
whatever the level of solar activity is. Look now at Table 4, 
and you'll see that the predicted level for Very Low solar 
activity varies from 54 to $9. Local ORM or QRN would 
probably disrupt communications on 40 meters in Europe 
for stateside signals weaker than perhaps 53 or 54. Even 
though you might well be able to hear Europeans from N ew 
England during the day, they probably won't hear you 
because of local conditions, including local $9+ European 
stations and atmospheric noise from nearby thunderstorms, 
New England stations with big antennas can often hear 
Europeans on 40 meters as early as noontime, but must wait 
until the late afternoon before the Europeans can hear them 
above their local noise and ORM 

Let's say that you want to boost your country total on 


80 meters by concentrating on stations in the South Pacific. 
The best months would be from November to February in 
terms of the number of hours per day when the 80-meter 
band is open to Oceania. You can see by reading across the 
line for each month that the level of solar activity is nat 
hugely important on 80 meters to any location. Common 
experience (backed by the statistical information in Table 6) 
is that the 80-meter band is open only marginally longer 
when sunspots are low 

This is true to a greater extent on 40 metes, Thus you 
may hear the generalization that the low bands tend to be 
better during periods of low solar activity, while the upper 
HF bands (above 10 M Hz) tend to be better when the sun is 
more active. 

Table 6 can give you a good handle on what months 
axe the most productive for DX ng and contesting. It should 
be no surprise to most veteran operators that the fall and 
winter months are the best times to work DX 


Do-It-Yourself Propagation Prediction 


Very reliable methods of determining the М UF for any 
given radio path have been developed over the last 50 years. 
As discussed previously, these methods are all based on the 
smoothed sunspot number as the measure of solar activity. 
Itis for this reason that smoothed sunspot numbers hold so 
much meaning fr radio amateurs and others concerned with 
Tadio-wave propagation- they are the link to past (and 
future) propagation conditions. 

Early on, the prediction of propagation conditions 
required tedious work with numerous graphs, along with 
charts of frequency contours overlaid, or overprinted, on 
world maps. The basic materials were available from an 
agency of the US government. Monthly publications 
provided the frequency-contour data а few months in 
advance. Only rarely did amateurs try thelr hand at predicting 
propagation conditions using these hard-to-use methods, 

Today's powerful PCs have given the amateur 
Wonderful tools to make quick-and-easy HF propagation 
predictions, whether for a contest or a DX pedition. There 
are two categories of programs available for the ham serious 
about propagation prediction. Programs falling into the first 
category are designed for long-range station planning. As 
previously described, IONCAP is probably the best-known 
program in this first category. Organizations such as the 
Voice of America use VOACAP, a version of IONCAP, to 
plan their massive installations. Unfortunately, these 
programs can best be characterized as being “ponderous” 10 
use. Results must be analyzed thoroughly to gain useful 
information from the huge mass of data produced. 

‘The second category of prediction programs is most 
Interesting to amateurs, These programs are designed for 
uick-and-easy predictions of M UF and band openings. See 
Table 7 for a listing of a number of popular programs, The 
basic information required is the smoothed sunspot number 
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ISSN) or smoothed solar flux, the date (month and day), 
and the latitudes and longitudes at the two ends of the radio 
path. The latitude and longitude, of course, are used to 
determine the great-circle radio path. The date is used to 
determine the latitude of the Sun, and this, with the sunspot 
number, is used to determine the properties of the ionosphere 
at critical points on the path. 

Just because a computer program predicts that a band. 
will be open on a particular path, it doesn’t follow that the 
Sun and the ionosphere will always cooperate! A sudden solar 
flare can resultin a major geomagnetic storm, taking out HF 
communication anywhere from hours to days. There is still 
art, as well as a lot of science, in predicting propagation. In. 
times of quiet geomagnetic activity, however, the prediction 
programs are good at forecasting band openings and closings. 


Obtaining Sunspot Number/Solar Flux Data 

‘After one has chosen and then set up a computer 
program, there is still one more necessary ingredient a 
knowledge (or an estimation)—of the sunspot number or 
Solar flux level for the period in question. caution must be 
stated һеге— Гог best accuracy and consistency, use the 
average of solar flux values taken from actual observations, 
perhaps from WWV JW WV H, over the previous three or four 
days. Solar Пих numbers can vary dramatically from day to 
day, but the Earth's ionosphere is relatively slow to respond 
to instantaneous changes in solar radiation, This caveat also 
holds for sunspot numbers derived, using Fig 17, from 
WWVAWWVH solar flux numbers 

Fig 34 shows a graph produced in the early 1980s of 
smoothed sunspot numbers for Solar Cycles 17 through 21, 
with predictions for Cycles 22 through 26, The graph covers 
а period of 100 years, from 1940 to 2040, and may be used 
for making long-term or historical calculations, Just remember 


that the graph shows smoothed numbers, The solar activity at 
any given time сап be significantly lower or significantly 
higher than the graph indicates. In fat, Cycle 22 peaked at 
the end of 1989, as predicted, but with a monthly smoothed 
‘sunspot level of 158, quite а bit higher than predicted 
WWV PROPAGATION DATA 

For the most current data on what the Sun is doing, 
National Institute of Standards and Technology stations WW V 
and WWVH broadcast information on solar activity at 18 and 
45 minutes past each hour, respectively. These propagation 
bulletins give the solar flux, geomagnetic A Index, Boulder 
K-Index, and a brief statement of solar and geomagnetic 
activity in the past and coming 24-hour periods, in that order. 
The solar flux and A-Index are changed daily with the 
2118 UT bulletin, the rest every three hours— 0018, 0318, 
0618 UT and so on. On the Web, up-to-dateW WY information 
can be found at: fp:ftp.sel.noaa.gov/pubylatest/wwv.txt. 

The NOAA Web page has the latest forecasts: 
http: /www.sel.noaa.gov/forecast.html, and some other 
useful Web sites are: http://dx.gsl.net/propagation/, 


Fig 34 Smoothed sunspot number, with predictions, 
from 1940 to 2040. This was extrapolated based on data 
from 1840 to 1983. Cycle 22 actualy peaked in Nov 
1989, at a monthly smoothed sunspot number of 158. 
Propagation on the higher frequencies throughout the 
peak of Cycle 22 was good to excellent, since the 
monthly smoothed sunspot number stayed at 100 or 
above from J uly 1988 through May 1992. (Courtesy of 
Naval Ocean Systems Center, San Diego. 


Table 7 


Features and Attributes of Propagation Prediction Programs. 


ASAPS  VOACA НЕХ MINIPROP САРМап | WInCAP. 

m Windows 1.06 PLUS 2.5 Wizard 2 
User Friendliness Good Good Excellent боой Good Good 
Review data Yes Yes Yes Yes Yes Yes 
User library of QTHs Yos Yos Yos Yos Yes Yos 
Bearings, distances. Yos Yos Yos Yos Yes Yes 
MUF calculation. Yos Yes Yes Yos Yes Yos 
LUF calculation Yes Yes Yes No Yes Yes 
Wave anglo calculation. Yos Yes Yes Yos Yes Yos 
Vary minimum wave angle es Yos Yos Yos Yes Yes 
Path regions and hops Yos Yos Yos Yos Yes Yos 
Multipath effects Yes Yes Yes No Yes Yes 
Path probability Yos Yos Yos Yos Yes Yos 
Signal strengths Yes Yes Yes Yos Yes Yes 
SIN ratios. Yes Yes Yes No Yes Yos 
Long path calculation. Yos Yes Yes Yes Yes Yos 
Antenna selection Yos Yes Yes Indirectly Yos Isotropic 
Vary antenna height Yes Yos Yes Indirectly Yes No 
Vary ground characteristics ves Yes No No Yes No 
Vary transmit power Yes Yes Yes Indirectly Yes Yos 
Graphic displays Yos Yes Yes Yos Yes Yos 
UT-day graphs Yes Yes Yes Yos Yos Yes 
Color monitor support Yos Yos Yos Yos Yes Yos 
Hard disk required. Yos Yes Yes No Yes Yes 
Save dala to disk Yes Yes Yes No Yes Yos 
Area Mapping No Yos Yos Yos Yes No 
Documentation Yes Online Online Yos Yes Yos 
Price class. 5275. beef $129 $60 589. 82995. 
‘Review data" indicates айу to review previous program display screens. 
Price classes are for eariy 1999 and subject to change. 
‘Availabe on the World Wido Web at: bur: iber a iat acc ot html 
+ Shipping and handing extra. 
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http://www.dxlc.com/solar, http://hfradio.org/ 
propagation.html. Finally, the Solar Terrestrial Dispatch 
page contains a wealth of propagation-related information: 
http://solar.uleth.ca. You may also access propagation 
information on your local Packet luster. U se the command 
SH/WWV/n, where n is the number of spots you wish to 
see (five is the default) 
The A-Index 

The WWV/WWVH A-Index is a dally figure for the 
state of activity of the Earth's magnetic field. It is updated 
with the 2118/2145 UT bulletin. The A-Index tells you 
mainly how yesterday was, but it is very revealing when 
charted regularly, because geomagnetic disturbances nearly 
always recur at four-week intervals 

The K-Index 

The K-Index (new every three hours) reflects Boulder 
readings of the Earth's geomagnetic field in the hours just 
preceding the bulletin data changes. Itis the nearest thing to 
current data on radio propagation available. With new data 
every three hours, K -Index trend is important. Rising is bad 
news; falling is good, especially related to propagation on 
paths involving latitudes above 30° north. Because this isa 
Boulder, Colorado, reading of geomagnetic activity, it may 
not correlate closely with conditions їп other areas. 

TheK -Index isalso a timely clue to aurora possibilities, 
Values of 3, and rising, warn that conditions associated with 
auroras and degraded HF propagation are present in the 
Boulder area at the time of the bulletin's preparation. 
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Basic Theory ofTransmission Lines 


‘The desirability of installing an antenna in a clear space, 
not too near buildings or power and telephone lines, cannot 
be stressed too strongly. On the other hand, the transmitter 
that generates the RF power for driving the antenna is usually, 
as a matter of necessity, located some distance from the 
antenna terminals. The connecting link between the two is 
the RF transmission line, feeder or feed line. Its sole purpose 
is to carry RF power from one place to another, and to do it 
as efficiently as possible. That is, the ratio of the power 
transferred by the line to the power lost in it should be as 
large as the circumstances permit, 

At radio frequencies, every conductor that has. 
appreciable length compared with the wavelength in use 
radiates power— every conductor is an antenna, Special care 
must be used, therefore, to minimize radiation from the 
conductors used in RF transmission lines. Without such care, 
the power radiated by the line may be much larger than that 
which is lost in the resistance of conductors and dielectrics 
(insulating materials). Power loss in resistance s inescapable, 
atleastto a degree, but loss by radiation is largely avoidable. 

Radiation loss from transmission lines can be prevented 
by using two conductors arranged and operated so the 
electromagnetic field from one is balanced everywhere by 
an equal and opposite field from the other. In such a case, 
the resultant field is zero everywhere in space there is no 
radiation from the line. 

For example, Fig 1A shows two parallel conductors 
having currents 11 and I2 flowing in opposite directions. If 
the current 11 at point Y on the upper conductor has the 
same amplitude as the current 12 at the corresponding point 
X on the lower conductor, the fields set up by ћемо currents 
‘are equal in magnitude. Because the го currents are lowing 
in opposite directions, the field from I1 at Y is 180° out of 
phase with the field from 12 at X. However, it takes a 
‘measurable interval of time for the field from X to travel to 
Y.If 11 and 2 are alternating currents, the phase of the field 
from I1 atY changes in such atime interval, so at the instant 
thefield from X reaches, the two fields atY are not exactly 


180° out of phase. The two fields are exactly 180° out of 
phase a every point in space only when the two conductors 
occupy the same space—an obviously impossible condition. 
if they are to remain separate conductors. 

The best that can be done is to make the two fields 
cancel each other as completely as possible. This can be 
achieved by keeping the distance d between the two 
Conductors small enough so the time interval during which 
the field from X is moving to Y is a very small part of a 
cycle. When this is the case, the phase difference between 
the two fields at any given point is so close to 180° that 
cancellation is nearly complete. 

Practical values of d (the separation between the two 
conductors) are determined by the physical limitations of line 
construction. A separation that meets the condition of being 

very small" at one frequency may be quite large at another. 
For example, if d is 6 inches, the phase difference between 
the two fields at Y is only a fraction of a degree if the 
frequency is 3.5 M Hz. This is becausea distance of 6 inches 
is such a small fraction of a wavelength (1 A = 281 feet) at 


Fig 1—Two basic types of transmission lines. 
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3.5 MHz. But at 144 MHz, the phase difference is 26°, and 
31420 M Hz, itis 77°, In neither of these cases could the two 
fields be considered to "cancel" each other. Conductor 
separation must be very small in comparison with the 
wavelength used; it should never exceed 1% of the wave- 
length, and smaller separations are desirable. Transmission 
lines consisting of two paralel conductors as in Fig 1A are 
called open-wire lines, parallel-conductor lines or two-wire 
lines, 

A second general typeof line construction is shown in 
Fig 18. In this case, one of the conductor is tube-shaped 
and encloses the other conductor. This is called a coaxial 
line (coax, pronounced "со-ах") or concentric line. The 
current flowing on the inner conductor is balanced by an 
equal current flowing in the opposite direction on the inside 
Surface of the outer conductor. Because of skin effect, the 
current on the inner surface of the outer conductor does nat. 
penetrate far enough to appear on the outside surface. In 
fact, the total electromagnetic field outside the coaxial line 
(as a result of currents flowing on the conductors inside) is 
always zero, because the outer conductor acts as a shield at 
radio frequencies. The separation between the inner 
conductor and the outer conductor is therefore unimportant 
from the standpoint of reducing radiation. 

A third general type of transmission line is the 
waveguide. Waveguides are discussed in detail in 
Chapter 18. 


CURRENT FLOW IN LONG LINES 

In Fig 2, imagine that the connection between the 
battery and the two wires is made instantaneously and then 
broken. During the time the wires are in contact with the 
battery terminals, electrons in wire 1 will be attracted to the 
positive battery terminal and an equal number of electrons 
in wire2 will be repelled from the negative terminal. This 
happens only near the battery terminals at first, because 
electromagnetic waves do nat travel at infinite speed, Some 
time does elapse before the currents flaw at the more extreme 
parts of the wires. By ordinary standards, the elapsed time 


Fig 2—A representation of current flow on a long 
transmission line. 
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is very short Because the speed of wave travel along the 
wires may approach the speed of light at 300,000,000 meters 
per second, it becomes necessary to measure time in 
millionth of a second (microseconds) 

For example, suppose that the contact with the battery 
isso short that it can be measured in a very small fraction of 
a microsecond, Then the “pulse” of current that flows at the 
battery terminals during this time can be represented by the 
vertical linein Fig 3. A the speed of light this pulse travels 
30 meters along the line in 0.1 microsecond, 60 meters in 
02 microsecond, 90 meters in 0.3 microsecond, and so on, 
as far as the line reaches 

The current does notexistall along the wires; itis only 
present at the point that the pulse has reached in Ив travel. 
At this point it is present in both wires, with the electrons 
moving in one direction in one wire and in the other direction 
in the other wire. If the line is infinitely long and has no 
resistance (or other cause of energy los) he pulse wil travel 
undiminished forever. 

By extending the example of Fig 3, itis not hard to see 
that if, instead of one pulse, a whole series of them were 
started on the line at equal ime intervals, the pulses would 
travel along the line with the same time and distance spacing 
between them, each pulse independent of the others. In fact, 
each pulse could even have a different amplitude If the 
battery voltage were varied between pulses. Furthermore, 
the pulses could beso closely spaced that they touched each 
other, in which case current would be present everywhere 
along the line simultaneously. 


= 


Fig 3—A current pulse traveling along a transmission 
line at the speed of light would reach the successive 
positions shown at intervals of 0.1 microsecond, 


1. follows from this that an alternating voltage applied 
to the line would give rise to the sort of current flow shown 
in Fig 4. If the frequency of the ac voltage is 10,000,000 
hertz or 10 M Hz, each cycle occupies 0.1 usecond, so а 
complete cycle of current will be present along each 
30 meters of line. This isa distance of one wavelength. Any 
currents at points B and D on the two conductors occur one 
cycle later in time than the currents atA and C. Put another 
way, the currents initiated atA and C do not appear at B and 
D, one wavelength away, until the applied voltage has gone 
through a complete cycle, 


pie 


Fig 4- instantaneous current along a transmission line 
at successive time intervals. The frequency is 10 MH: 
wwe time for each complete cycle is 0.1 microsecond. 


Because the applied voltage is always changing, the 
currents at A and C change in proportion. The current a 
short distance away from A and C— for instance, at X 
and Y — is not the same as the current at A and C. This is 
because the current at X and Y was caused by a value of. 
voltage that occurred slightly earlier in the cycle. This 
situation holds tue il along the line, at any instant the current 
anywhere along the line from A to В and C to D is different 
from the current at any other point on that section of the line. 
The remaining series of drawings in Fig 4 shows how 
the instantaneous currents might be distributed if we could 
take snapshots of them at intervals of e cycle. The current 
travels out from the input end of the line in waves. At any 
given pointon the line, the current goes through its complete 
range of ac values in one cycle, just as it does at the input 
end. Therefore (if there аге no losses) an ammeter inserted 
neither conductor reads exactly the same current at any point 
along the line, because the ammeter averages the current over 
awholecycle. (The phases ofthe currents at any two separate 
points are different, but the ammeter cannot show phase.) 


VELOCITY OF PROPAGATION 
Intheexemple above twas assumed that energy travels 
along the line at the velocity of light. The actual velocity is 
very close to that of light ony in lines in which the insulation 
between conductors is air. The presence of dielectrics other 
than air reduces the velocity. 
Currentflows at the speed of light in any medium only 
in a vacuum, although the speed in air is close to that in а 
vacuum. Therefore the time required for a signal of a given 
frequency to travel down a length of practical transmission 
line is longer than the time required for the same signal to 
travel the same distance in free space. Because of this 
propagation delay, 360°of a given waveexists in a physically 
shorter distance on a given transmission line than in free 
space, The exact delay for a given transmission line is a 
function of the properties of the line, mainly the dielectric 
constant of the insulating material between the conductors 
This delay is expressed in terms of the speed of light (either 
asa percentage or a decimal fraction), and is referred to as 
velocity factor (VF). The velocity factor is related to the 
dielectric constant (e) by 
1 
* (eqn) 
The wavelength in a practical line is always shorter 
than the wavelength in free space, which has а dielectric 
constant © = 10. Whenever reference is made to a line as 
being a half wavelength or quarter wavelength long (22 or 
244), it is understood that what is meant by this is the 
electrical length of the line. The physical length 
corresponding to an electrical wavelength on a given line is 
given by 


VF 
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where 
f = frequency in MHz 
VF =velacity factor 


Values of VF for several common types of lines are 
given later in this chapter. The actual VF of a given cable 
varies slightly from one production run or manufacturer to 
another, even though the cables may have exactly the same 
specifications 

As we shall see later, a quarter-wavelength line is 
frequently used as an impedance transformer, and so it is 
convenient to calculate the length of a quarter-wave line 
directly by 
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CHARACTERISTIC IMPEDANCE 

If the line could be perfect having no resistive 
losses—a question might arise: What is the amplitude of 
the current in a pulse applied to this line? Will a larger voltage 
resultin a larger current, or isthe current theoretically infinite 
for an applied voltage, as we would expect from applying 
Ohm's Law to a circuit without resistance? The answer is 
that the current does depend directly on the voltage, just as 
though resistance were present 

The reason for this is that the current flowing in the 
line is something like the charging current that flows when 
a battery is connected to a capacitor. That is, the line has 
capacitance. However, it also has inductance. Both of these 
are “distributed” properties. We may think of the line as being 
composed of a whole series of small inductors and capacitors, 
connected as in Fig 5, where each coil is the inductance of 
an extremely small section of wire, and the capacitance is 
that existing between the same two sections. Each series 
inductor acts to limit the rate at which current can charge 
the following shunt capacitor, and in so doing establishes а 
very important property of а transmission line: its surge 
impedance, more commonly known as its characteristic 
impedance. This is abbreviated by convention as 25 


TERMINATED LINES 


The value of the characteristic impedance is equal to 
{LIC inaperfectlinethatis, one in which the conductors 


E 


VF {Eq 24) 


have no resistance and there is no leakage between them — 
where L and C are the inductance and capacitance, 
respectively, per unit length of line. The inductance decreases 
with increasing conductor diameter, and the capacitance 
decreases with increasing spacing between the conductors 
Hence a line with closely spaced large conductors has а 
relatively low characteristic impedance, while one with widely 
spaced thin conductors hasa high impedance. Practical values 
of Zp for parallel-conductor lines range from about 200 to 
800 ©. Typical coaxial lines have characteristic impedances 
from 30 to 100 Q. Physical constraints on practical wire 
diameters and spacings limit Zp values to these ranges. 

In the earlier discussion of current traveling along a 
transmission line, we assumed that the line was infinitely 
long. Practical lines have a definite length, and they are 
terminated in a load atthe "output" end (the end to which 
the power is delivered). In Fig 6, if the load is a pure 
resistance of a value equal to the characteristic impedance 
of a perfect, lossless line, the current traveling along the 
line to the load finds that the load simply "looks like" more 
transmission line of the same characteristic impedance. 

The reason for this can be more easily understood by 
considering it from another view point A long a transmission 
line, power is transferred successively from one elementary 
section in Fig 5 to the next. When the ine is infinitely long, 
this power transfer goes on in one direction —away from 
the source of power. 

From the standpoint of Section В, Fig 5, for instance, 
the power transferred to section C has simply disappeared 
in C.Asfar as section B is concerned, it makes no difference 
whether C has absorbed the power itself or has transferred 
it along to more transmission line. Consequently, if we 
substitute a load for section C that has the same electrical 
characteristics as the transmission line, section В will transfer 
power into it just as if it were more transmission line. A 
pure resistance equal to the characteristic impedance of С 
which is also the characteristic impedance of the line, meets 
this condition. It absorbs all the power just as the infinitely 
long line absorbs all the power transferred by section B 


Matched Lines 


A line terminated in a load equal to the complex 
characteristic line impedance is said to be matched. In a 
matched transmission line, power is transferred outward 


Fig 5—Equivalent of an ideal lossless) transmission 
line in terms of ordinary circuit elements (lumped 
constants). The values of inductance and capacitance 
depend on the line construction. 
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Fig 6_A transmission line terminated in a resistive 
load equal to the characteristic impedance of the line. 


along the ine from the source until it reaches the load, where 
itis completely absorbed, Thus with either the infinitely long 
line or its matched counterpart, the impedance presented to 
the source of power (the line-input impedance) is the same 
regardless of the line length. It is simply equal to the 
characteristic impedance of the line. The current in such а 
lineisequal to the applied voltage divided by the characteristic 
impedance, and the power put into it is EZ, or Zo, by 
Ohm's Law. 


Mismatched Lines 

Now take the case where the terminating load is not 
equal to Zp, as in Fig 7. The load no longer looks like more 
line to the section of line immediately adjacent. Such a line 
is said to be mismatched. The more that the load impedance 
differs from Zo, the greater the mismatch, The power 
reaching the load is not totally absorbed, as it was when the 
load was equal to Zo, because the load requires a voltage to 
current ratio that is different from the one traveling along 
the line, The result i that the load absorbs only part of the 
power reaching it (tne Incident power); the remainder acts 
asthough it had bounced off a wall and starts back along the 
line toward the source. This is known as reflected power, 
and the greater the mismatch, the larger is the percentage of 
the incident power thatis reflected. In the extreme case where 
the load is zero (a short circuit) or infinity (an open circuit), 
all of the power reaching the end of the line is reflected 
back toward the source. 

Whenever there s a mismatch, power is transferred in 
both directions along theline. The voltage to current ratio is 
the same for the reflected power as for the incident power, 
because this ratio is determined by the 20 of the line. The 
Voltage and current travel along the line in both directions 
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Fig 7 Mismatched lines; extreme cases. At A, 
termination not equal to Zg; at B, short-circuited line; 
ALC, open-circuited line. 


in the same wave motion shown in Fig 4. If the source of 
poner is an ac generator, the incident (outgoing) voltage 
and the reflected (returning) voltage аге simultaneously 
present all along the line. The actual voltage at any point 
along theline is the vector sum of the two components, taking 
into account the phases of each component. The same is 
true of the current. 

The effectof the incident and reflected components on. 
the behavior of the line can be understood more readily by 
considering first the two limiting cases-—the short-circuited 
line and the open-circuited line. If the line is short-circuited 
asin Fig 7B, the voltage at the end must be zero. Thus the 
Incident voltage must disappear suddenly at the short. It can 
do this only if the reflected voltage is opposite in phase and 
of the sameamplitude. This is shown by the vectorsin Fig 8. 
The current, however, does not disappear in the short circuit; 
in fact, theincident current flows through the short and there 
is in addition the reflected component in phase with it and 
of the same amplitude. 

‘The reflected voltage and current must have the same 
amplitudes as the incident voltage and current, because no 
power is dissipated in the short circuit; all the power starts 
back toward the source. Reversing the phase of either the 
current or voltage (but not both) reverses the direction of 
power flow. In the short-circuited case the phase of the 
voltageis reversed on reflection, tthe phase ofthe current 
is not. 

If the line is open-circuited (Fig 7C) the current must 
bezero atthe end of he fine. In this case the reflected current 
is 180° out of phase with the incident current and has the 
same amplitude. By reasoning similar to that used in the 
short-circuited case, the reflected voltage must be in phase 
with theincidentvoltage, and must have the same amplitude. 
Vectors for the open-circuited case are shown in Fig 9. 
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Fig B- Voltage and current at the short circuit on a 
short-circuited line, These vectors show how the 
current (A) combine with the 
ind current (B) to result in high 
Current and very low voltage in the short circuit (C). 
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Fig 9 Voltage and current at the end of an open- 
circuited line. AtA, outgoing voltage and current; 
At B, reflected voltage and current; At C, resultant. 


Where there is a finite value of resistance (or a 
combination of resistance and reactance) at the end of the 
line, asin Fig 7A, only partof the power reaching the end of 
thelineis reflected, That s, the reflected voltage and current. 
are smaller than the incident voltage and current If R is less 
than Zo, the reflected and incident voltage are 180° out of 
phase, just as in the case of the short-circuited line, but the 
‘amplitudes are not equal because all of the voltage does not 
disappear at R. Similarly, if R is greater than Zo, the reflected 
and incident currents are 180° out of phase (as they were in 
the open-circuited line), but all of the current does not appear 
їп R. The amplitudes of the two components are therefore 
not equal, These two cases are shown in Fig 10. Note that 
the resultant current and voltage are in phase in R, because 
R is a pure resistance. 


Nonresistive Terminations 

In most of the preceding discussions, we considered 
loads containing only resistance. Furthermore, our 
transmission line was considered to be lossless. Such а 
resistive load will consume some, if notall of the power that 
has been transferred along the line. However, a nonresistive 
load such as а pure reactance can also terminate a length of 
line, Such terminations, of course, will consume no power, 


Fig 10 Incident and reflected components of voltage 
and current when the line is terminated in a pure 
resistance not equal to Z 

reflected components ha 
incident components. At A, R 
greater than 2, 


but will reflect ай of the energy arriving at the end of the 
line. In this case the theoretical SWR (covered later in the 
line will be infinite, but in practice, losses in the line will 
limit the SWR to some finite value at line positions back 
toward the source, 

At first you might think there is little or no point in 
terminating a line with а nonresitive load, In a later section 
же shall examine this in more detail, but the value of input 
impedance depends on the value of the load impedance, on 
the length of the line, the losses in a practical line, and on the. 
characteristic impedance of the line. There are times when a 
lineterminated ina nonresistive oad can be used to advantage, 
such asin phasing or matching applications. Remote switching 
of reactive terminations on sections of line can be used to 
reverse the beam heading of an antenna array, for example. 
‘The point of this brief discussion is that line need not always 
be terminated in a load that will consume power. 


Losses in Practical Transmission Lines 


ATTENUATION 

Every practical line will have some inherentloss, partly 
because of the resistance of the conductors, partly because 
power is consumed in the dielectric used for insulating the 
conductors, and partly because in many cases a small amount 
of power escapes from the line by radiation. We shall 
consider here in detail the losses associated with conductor 
and dielectric loses 
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Matched-Line Losses 

Power lost in a transmission line is not directly 
proportional to the line length, but varies logarithmically 
with the length, That is, 10% of the input power is lost in 
a section of line of certain length, 10% of the remaining 
power will be lost in the next section of the same length, 
and so on. For this reason it is customary to express line 
losses in terms of decibels per unit length, since the decibel 


is a logarithmic unit. Calculations are very simple because 
the wis loss in a line is found by multiplying the decibel 
loss per unit length by the total length of the line. 

The power lost in a matched line (that is, where the. 
load is equal to the characteristic impedance of the line) is 
called matched-line loss. M atchet-line loss is usually 
expressed in decibels per 100 feet Itis necessary to specify 
the frequency for which the loss applies, because the loss. 
does vary with frequency. 

Conductor and dielectric loss both increase as the 
operating frequency is increased, but not in the same way. 
This, together with the fact that the relative amount of each 
type of loss depends on the actual construction of the line, 
makes it impossible to give a specific relationship between 
loss and frequency that will apply to all types of lines, Each 
line must be considered individually. Actual loss values for 
practical lines are given in a later section of this chapter, 

One effect of matched-line loss in a real transmission 
line is that the characteristic impedance, Zg, becomes 
complex, with a non-zero reactive component X, Thus, 


(893) 
Xo Rag (Eq 4) 
where 
Attenuation (d8 /100feet) x 0.1151(nepers/dB) 


terminated end of the line. In most cases, the actual loa is 
not entirely тезіне ала s, the load 1s a complex 
impedance, consisting of a resistance n series witha 
reactance, as is the complex characteristic impedance of the 
transmission line 

The reflection coefficient is thus a complex quantity, 
having both amplitudeand phase, ands generaly designate 
by the Grek leter p fo) or sometimes in the professional 
literature as Г (Gamma). The relationship between R (the 
load resistance, X, [the load reactance). 2 (he complex 
ine characteristic Impedance, whose real part s R and 
whose reactive part s Xo) and the complex reflection 
toafcent pis 
2. 26. (RIA) (Ry Fo) 

22% (Rat Xa) + (Ry Ne 

Note that the sign for the Xg term in the numerator of 
Eq 6isinverted from thatfor he denominator, meaning that 
The complercojogatec 2, sectlly usein enumerator 

For gh quy, ow oss transmission ines at low 
frequencies, the characteristic impedance Za is almost 
Completely ressive meaning that 2y Ry and X20. The 
‘magnitude of the complex reflection coefficientin Eq 6 then 
simplest: 


(646) 


(кав +x? 


Тее 
the matched-line attenuation, in nepers per unit length 


2x 
5 


the phase constant in radianstunit length. 

‘The reactive portion of the complex characteristic 
impedance isalways capacitive (that is, its sign is negative) 
andthe value of X gis usually small compared to the resistive 
portion Ry. 


REFLECTION COEFFICIENT 

‘The ratio of the reflected voltage at a given point on a 
transmission line to the incident voltage is called the voltage 
reflection coefficient, The voltage reflection coefficient is 
also equal to the ratio of the incident and reflected currents. 
Thus 


Eroh 
Err (E95) 
Where 

p reflection coefficient 

E, = reflected voltage 


Ej = forward (incident) voltage 
1, = reflected current 
ly =forward (incident) current 
The reflection coefficient is determined by the 
relationship between the line Zy and the actual load at the 


Pl CEET E47 
For example, if the characteristic impedance of а 
coaxial line at a low operating frequency is 50 © and the 
load impedanceis 140.2 in series with a capacitive reactance 
of -190 2, the magnitude of the reflection coefficient is 
[iso - 140)? + (190) 
(80 + 140) + (-190)7 
Note that the vertical bars оп each side of p mean the 
magnitude of rho. If in Eq 7 is equal to Ry andif X, is0, 
the reflection coefficient, р, also is 0. This represents а 
matched condition, where all the energy in the incident wave 
istransered to the oad, On the other hand, fis, mean- 
ing that the load has no real resistive part, the reflection 
coefficient is 1.0, regardless of the value of Ry. This means 
thatal the forward power is reflected, since the load iscom- 
pletely reactive. As we shall see later on, the concept of 
reflection coefficient is a very useful one to evaluate the 
impedance seen looking into the input of a mismatched rans- 
mission line. 


l= = 0.782 


STANDING WAVES 

As might be expected, reflection cannot occur at the 
load without some effect on the voltages and currents all 
along the line. To keep things simple for a while longer, let 
us continue to consider only resistive loads, without any 
reactance. The conclusions we shall reach are valid for 
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transmission lines terminated in complex impedances as well 

‘The effects are most simply shown by vector diagrams. 
Fig 11 is an example where the terminating resistance R is 
less than Zo- The voltage and current vectors at R areshown 
in the reference position; they correspond with the vectors 
in Fig 10A, turned 90°. Back along the line from А toward 
the power source, the incident vectors, El and 11, lead the 
vectors at the load according to their position along the line 
measured in electrical degrees, (The corresponding distances. 
in fractions of a wavelength are also shown.) The vectors 
representing reflected voltage and current, E2 and 12, 
successively lag the same vectors atthe load. 

This lag is the natural consequence of the direction in 
which the incident and reflected components are traveling, 
together with the fact that it takes time for power to be 
transferred along the line. Theresultant voltageE and current 
| at each of these positions are shown as dotted arrows, 
Although the incident and reflected components maintain 
their respective amplitudes (the reflected component sshown 
at half the incident-component amplitude in this drawing), 
their phase relationships vary with position along the Jine. 
The phase shifts cause both the amplitude and phase of the 
resultants to vary with position on the line. 

If the amplitude variations (disregarding phase) of the 
resultant voltage and current re plotted against position along 
theline, graphs like those of Fig 12A will result. If we could 
90 along the line with a voltmeter and ammeler measuring 
the current and voltage at each point, plotting the collected 
data would give curves like these. In contrast, if the load 
matched the Zo of the line, similar measurements along the 
Tine would show that the Voltage is the same everywhere 


(and similarly for the current), The mismatch between load 
andlineis responsible forthe variations in amplitude which, 
because oftheir stationary, wave-like appearance, are called 
standing waves. 

Some general conclusions can be drawn from 
inspection of the standing-wave curves: Ata position 180° 
(442) from the load, the voltage and current have the same 
Values they do at the load. At a position 90° from the load, 
the voltage and current are "inverted." Thatis, if the voltage 
is lowest and current highest atthe load (when R [s less than 
Zo), then 90° from the load the voltage reaches its highest 
value. The current reaches its lowest value atthe same point. 
In the case where R is greater than Zp, so the voltage is 


— 
e 


Fig 11. Incident and reflected components at various 
positions along the transmission line, together with 
Fesultant voltages and currents at the same positions. 
The case shown is for R less than Zo. 
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Fig 12. Standing waves of current and voltage along 
the line for R less than Zo AA, resultant voltages and 
currents along a mismatched line are shown at B and 
C. Ar, R less than Zo; at C, А greater than Zo. 


highest and the current lowest at the load, the voltage is 
lowest and ће current is highest 90° from the load, 

Note thatthe conditions at the 90° point also exist at 
the 270° point (32/4). If the graph were continued on toward 
the source of power it would be found that this duplication 
occurs at every point that is an odd multiple of 90° (odd 
multiple of 44) from the load. Similarly, the voltage and 
current are the same at every point that is a multiple of 180° 
(any multiple of 2/2) away from the load. 


Standing-Wave Ratio 
The ratia of the maximum voltage (resulting from the 
interaction of incident and reflected voltages along the line) 
to the minimum voltage—thatis theratio of Epa, 0 E in in 
Fig 12А, is defined as the voltage standing-wave ratio 
(VSWR) or simply standing-wave ratio (SWR). 


Era 
SWR = E 


(Eq8) 


The ratio of the maximum current to the minimum. 
currentisthesameas the V SWR, so either current or voltage. 
сап be measured to determine the standing-wave ratio. The. 
standing-wave ratio isan index of many of the properties of 
a mismatched line. It can be measured with fairly simple 
equipment, so it is a convenient quantity to use in making 
calculations on line performance. 

The SWR is related to the magnitude of the complex 
reflection coefficient by 


1 bl 
bl 
and conversely the reflection coefficient magnitude may be 
defined from а measurement of SWR as 

SWR -1 
Pl succ 

We may also express the reflection coefficientin terms 

of forward and reflected power, quantities which can be 
easily measured using a directional RF wattmeter. The 
reflection coefficient may be computed as 


SWR = 


(Eq 9) 


(Eq 10) 


(Eq) 


P, = power in the reflected wave 
P, = power in the forward wave. 


From Eq 10, SWR is related to the forward and 
reflected power by 


„Dp ү 
Th 1-0, 


Fig 13 converts Eg 12 into a convenient nomagraph, 
Inthe simple case where the load contains no reactance, he 


SWR (Eq 12) 


SWR is numerically equal to the ratio between the load 
resistance R and the characteristic impedance of the line. 
When R is greater than Zi 

sur= Ê 


20 (Eq13) 


When R is less than Zo, 


SWR (Eq 14] 


(The smaller quantity is always used in the denominator 
of the fraction so the ratio willbe а number greater than 1) 
Flat Lines 

As discussed earlier, all the power that is transferred 
along a transmission line s absorbed in the load if that load 
is a resistance value equal to the 2 of the line. In this case, 
the line is said to be perfectly matched. None of the power 
is reflected back toward the source. As a result, no standing 
waves of current or voltage will be developed along the line. 
For aline operating in this condition, the waveforms drawn 
in Fig 12A become straight lines, representing the voltage 
and current delivered by the source. The voltage along the 
line is constant, o the minimum value is the same as the 
maximum value. The voltage standing-wave rato is therefore 
1:1. Because aplotofthe voltage standing waue isa straight 
line, the matched line is also said to be lat. 


ADDITIONAL POWER LOSS DUE TO SWR 

The power lostin a given lineis least when the ine is 
terminated in a resistance equal to its characteristic 
impedance, and as stated previously, that is called the 
matched-line loss. There is however an additional loss that 
increases with an increase in the SWR. This is because the. 
effective values of both current and voltage become greater 
оп a lines with standing waves, The increase in effective 
current raises the ohmic losses (FR) in the conductors, and 
the increase in effective voltage increases the losses in the 
dielectric (ER). 

‘The increased loss caused by an SWR greater than 1:1 
тау ог may not be serious. If the SWR at the load is not 
greater than 2:1, the additional loss caused by the standing 
Waves, as compared with the loss when the line is perfectly 
matched, does not amount to more than about ‘2 dB, even 
on very long lines. One-half dB is an undetectable change 
in signal strength, Therefore, it can be sald that, from a 
practical standpoint in the HF bands, an SWR of 2:1 or less 
is every bit as good as a perfect match, o far as additional 
losses due to SWR are concerned, 

However, above 30 MHz, in the VHF and especially 
theUHF range, where low receiver noise figures are essential 
for effective weak-signal work, matched-line losses for 
commonly available types of coax can be relatively high. 
This means that even a slight mismatch may become а 
concern regarding overall transmission line losses. At U HF 
one-half В of additional loss may be considered intolerable! 
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Fig 13 SWR as a function of. 


forward and reflected power. 


Thetotallossin a line, including matched-line and the 
additional loss dueto standing waves may be calculated from 
Eq 15 below for moderate levels of SWR [less than 20:1), 


TotalLoss(d8) = 10109) 2 РЇ. 


z (6015) 
at- pr) 
where 
a = 100010 = mache loss ratio 
where 
ML -theratheé-inelosfor particular length of line, 


ind 
SWR =SWR atload end of line 


Thus, the additional loss caused by the standing waves 
is calculated from: 


Additional loss (d8) =Total Loss- ML (Eq 16) 
For example, RG-213 coax at 14.2 MHz is rated at 
0.795 dB of matched-line loss per 100 fet A 150 foot length 
of RG-213 would have an overall matched-line loss of 
{0.795 / 100) х 150 = 1.193 dB 
Thus, if the SWR atthe load end of the RG-213 is 4:1, 
= 10119300 21316 


«El 
pl= $4 = 0600 


and the total line loss 
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1316? - 0.600? 
1316(1 - 0.600") 
The additional loss due to the SWR of 4:1is 2.12 - 1.19 
0.93 dB. Fig 14 isa graph of additional loss versus SWR. 
LINE VOLTAGES AND CURRENTS 
Itis often desirable to know the voltages and currents 
that are developed in а line operating with standing waves. 
Thevoltagemaximum may be calculated from Eq 17 below, 
and the other values determined from the result. 


E (PXZ SWR 


= 10log = 21208, 


(Eq 17) 


where 
Emar = Voltage maximum along the line in the presence 
of standing waves 
ower delivered by the source to the line input, 
watts 
Zo = characteristic impedance of the line, ohms 
SWR =SWR at the load 
IF 100 W of power is applied to a 600 © line with an 
SWR attheload of 10:1, Emax 100 60010 = 774.6 V. 
Based on Eg 8, En, the minimum voltage along the line 
equals E [SWR = 774.6/10 = 77.5 V. The maximum cur- 
rent may be found by using Ohm's Law. Imar =Е 2 
774.6/600 = 1.29 A. The minimum current equals 
Ia SWR = 1.29/10 = 0.1298 


Р 


Fig 14—Additional line loss due to standing waves 
(SWR, measured at the load). See Fig 23 for matched- 
line loss. To determine the total loss in dB, add the 
matched-line loss to the value from this graph. 


The voltage determined from Eq 17 is the RMS 
vvalue—that is, the voltage that would be measured with an 
ordinary RF voltmeter, If voltage breakdown is a consider- 
ation, the value from Eq 17 should be converted to ап 
instantaneous peak voltage. Do this by multiplying times 
42 (assuming the RF waveform is sine wave). Thus, the 
maximum instantaneous peak voltage in the above example 
is 7746502 1005 

Strictly speaking, the values obtained as above apply 
only near theload in the case of lines with appreciable losses, 
However, the resultant values are the maximum possible that 
can exist along the line, whether there аге line losses or not 
For this reason they are useful in determining whether or 


Fig 15—Increase in maximum value of current or 
voltage on a line with standing waves, as referred to 
the current or voltage on a perfectly matched line, for 
the same power delivered to the load, Voltage and 
‘Current at minimum points are given by the reciprocals 
fof the values along the vertical axis. The curve is 
Plotted from the relationship, current (or voltage) ratio 
the square root of SWR. 


nota particular ine can operate safely with a given SWR. 
Voltage ratings for various cable types are given in a later 
section 

Fig 15 shows the ratio of current or voltage at a loop, 
in the presence of standing waves, to the current or voltage 
that would exist with the same power in a perfect matched 
line. As with Eq 17 and related calculations, the curve liter- 
ally applies only near the load. 


Inputimpedance 


Theeffectsof incident and reflected voltage and current 
along a mismatched transmission line can be difficult to 
envision, particularly when the load at the end of the. 
transmission lineis not purely resistive, and when theline is 
not perfectly lossless. 

If we can put aside for a moment all the complexities. 
of reflections, SWR and line losses, a transmission line can 
simply be considered to be an impedance transformer. A 
certain value of load impedance, consisting of а resistance. 
and reactance, at the end of a particular transmission lineis 
transformed into another value of impedance at the input of 
theine. The amount of transformation is determined by the 
electrical length of the ine its characteristic impedance, and 
by the losses inherent in the line. The input impedance of a 
real, lossy transmission lineis computed using the following 
equation, called the Transmission Line Equation 


"Z, snh(yr] + Z, сог), {Eq 18) 


where 
2 „= complex impedance at input of line 
24 = complex load impedance at end of line =A, + X 
2 = characteristic impedance of line = Ro- | Xo 

physical length of line 

omple loss coefficient =a +) В 

а = matched-line loss attenuation constant, in nepers! 
unit length (1 neper = 8.688 dB; cables are rated in 

8/100 fü 

phase constanta linein radianslunit length (related 

to physical length of line by the fact that 2x radians 

= one wavelength, and by Eq 2) 
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2n 
f= TF TTR] for / in feet 
VF = velocity factor 


For example, assume thata half-wave dipole terminates 
a50-footlong plece of RG-213 coax. This dipole is assumed 
to have an impedance of 43 +] 30.0 at 7.15 MHz, and its 
Velocity factor is 0.66. The matched-line loss at 7.15 M Hz 
150,54 48/100 feet, and the characteristic impedance Zp for 
this type of cableis 50- j 0.45 0. Using Eq 18, we compute 
the impedance at the input of the line as 65.8 +) 32.0.0. 

Solving this equation manually is quite tedious, but it 
тау be solved using a traditional paper Smith Chart or a 
Computer program. Chapter 28 details the use of the Smith 
Chart. WinSmith, a sophisticated graphical Smith Chart 
program written for thelBM PC, is available through A RRL. 
TLW (Transmission Line for Windows) is another ARRL 
program that performs this transformation, but without Smith 
Chart graphics, TLW ison the CD-ROM accompanying this 
edition of The ARRL Antenna Book. 

One caution should be noted when using any of these 
computational tools to calculate the impedance at the input. 
of а mismatched transmission line—the velocity factor of 
practical transmission lines can vary significantly between 
manufacturing runs of the same type of cable. For highest. 
accuracy, you should measure the velocity factor of a 
particular length of cable before using it to compute the 
impedance atthe end of the cable. See C hapte 27 for details 
оп measurements of line characteristics, 


Series and Parallel Equivalent Circuits. 

Once the series form impedance R + Х at the input 
of a particular line has been determined, either by measurement 
orby computation, you may wish to determine the equivalent 
parallel circuit А ll) X y, which is equivalent to the series 
form only ata single frequency. The equivalent parallel circuit 
is often useful when designing a matching circuit (such as an 
antenna tune, for example) to transform the impedance atthe 
input of the cable to anothes impedance. The following 
equations are used to make the transformation from series to 
parallel and from parallel to series. See Fig 16, 


„ 
БЕ г (Eq 194) 
кёз 

x (E198) 

and 

(64204) 
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ToT (Eq 208) 


RK, 

The individual values in the parallel circuit are not the 
зате as those in the series circuit (although the overal result 
is the same, but only at one frequency), but are related to 
the series-circuit values by these equations. For example, 
let us continue the example in the section above, where 
the impedance at the input of the 50 feet of RG-213 at 
7.15 МН2 is 65.8 +] 32.0 0. The equivalent parallel circuit 
at7.15MHzis 


320% + ?65.8 
۾ 136¿ 
3207 + 6587 
0 510130 


If we were to put 100 W of power into this parallel 
‘equivalent circuit, the voltage across the parallel components 
would be 


SinceP 


Fig 16—Input impedance of a line terminated in a 
resistance. This Impedance can be represented by 
either a resistance and reactance in series, or a 
resistance and reactance in parallel, ata single 
frequency. The relationships between the R and X 
values in the series and parallel equivalents are given 
by the equations shown. X may be either inductive or 
capacitive, depending on the line length, Zo and the 
load impedance, which need not be purely resistive. 


‘Thus, the current through the inductive part of the 
parallel circuit would be 


E _%2 
‚СЗ 


=054A 


Highly Reactive Loads 

When highly reactive loads are used with practical 
transmission lines, especially coax lines, the overal loss can 
reach staggering levels, For example, a popular multiband 
antenna is а 100-foot long center-fed dipole located some 
50 feet over average ground. At1.83 M Hz, such an antenna 
will exhibit a feed-point impedance of 4.5 - j 16730, 
according to the mainframe analysis program NEC2, The 
high value of capacitive reactance indicates thatthe antenna 
is extremely short electrically after all, a half-wave dipole 
at 1.83 MHz is almost 270 feet long, compared to this 
100 foot long antenna. If an amateur attempts to feed such a 
multiband antenna directly with 100 feet of RG-213 50-02 
coaxial cable, the SWR at the antenna terminals would be 
(using the TLW program) 17403. An SWR of more than 
1700 to oneis a very high level of SWR indeed! A 1.83 MHz 
the matched-line loss of 100 feet of the RG-213 coax by 
itself is only 0.26 dB. However, the total line loss due to 
this extreme level of SWR is 26 dB. 

This means that if 100 W is fed into the input of this 
Tine, the amount of power at the antenna is reduced to only 
025 W! Admittedly, this is an extreme case. Itis more likely 
that an amateur would feed such a multiband antenna with 
open-wire ladder or window line than coaxial cable. The. 
‘matched: line loss characteristics for 450-0 window open- 
wireline are far beter than coax, but the SWR at the end of 
this line is still 793:1, resulting in an overall loss of 8.9 В 
Even for low-loss open-wire line, the total loss is significant 
because of the extreme SWR 

This means that only about 13% of the power from the 
transmitter is getting to the antenna, and although this is not 
very desirable, it is a lot better than the losses in coax cable 
feeding the same antenna. However, at а transmitter power 
level of 1500 W, the maximum voltage in a typical antenna 
tuner used to match this line impedance is almost 9200V 
with the open-wire line, г level which will certainly cause. 
arcing or burning inside. (As a small compensation for all 
the ossin coax under this extreme condition, so much power 
is lost that the voltages present in the antenna tuner are not 
excessive.) Keep in mind also that an antenna tuner can lose. 
significant power in internal losses for very high impedance 
levels, even if it has sufficient range to match such 
impedances in the first place. 

Cleary, it would be far better to use a longer antenna 
at this 160-meter frequency. A nother altemative would be 
to resonate a short antenna with loading coils (at the antenna), 
Either strategy would help avoid excessive feed line loss, 
егеп with low-loss ine. 


SPECIAL CASES 

Besidethe primary purpose of transporting power from 
one point to another, transmission lines have properties that 
are useful in a variety of ways. One such special case is а 
fine ап exact multiple of 4/4 (90°) ong. As shown earlier, 
such line wll havea purely resistiveinputimpedance when 
the termination is a pure resistance. A so, short-circuited or 
open-circuited lines can be used in place of conventional 
inductors and capacitors since such lines have an input 
impedance that is substantially а pure reactance when the 
line losses are low. 


‘The Half-Wavelength Line 

When the line length is an even multiple of 180° (that 
is, a multiple of 2/2), the input resistance is equal to the 
load resistance, regardless of heline Z.A s a matter of fact, 
a line an exact multiple of 342 in length (disregarding line 
losses) simply repeats, atits input or sending end, whatever 
impedance exists at its output or receiving end. It does nat 
matter whether the impedance at the receiving end is 
resistive, reactive, or a combination of both. Sections of line 
having such length can be added or removed without 
changing any of the operating conditions, at least when the 
losses in the line itself are negligible. 


Impedance Transformation with 
Quarter-Wave Lines 
‘The input impedance of a line an odd multiple of 244 
longis 


1-2 


(Eq 20 


where Z, is the input impedance and Z, is the load imped: 
ance. If Z, is a pure resistance, Z; will also be a pure 
resistance. Rearranging this equation gives 

Ж (Eq 22) 

This means that if we have two values of impedance 
what we wish to "match," we can do so if we connect them 
together by a 1/4 transmission line having a characteristic 
impedance equal to the square root of their product. 

А 144 line is, in effect, a transformer, and in fact is 
often referred to as a quarter-wave transformer. It is 
frequently used as such in antenna work when it is desired, 
for example, to transform the impedance of an antenna to a 
пен value that will match а given transmission line. This 
subject is considered in greater detail in а later chapter. 


Lines as Circuit Elements 

Two types of nonresistive line terminations are quite. 
useful hort and open circuits, The impedance of theshort 
circuittermination is 0 +j 0, and the impedance of the open- 
circuit termination is infinite, Such terminations are used in 
stub matching. (See Chapters 26 and 28.) An open- or short 
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circuited line does not deliver any power to а load, and for 
that reason is not, strictly speaking a “transmission” line 
However, the fact ata lineof the proper length has inductive 
reactance makes it possible to substitute the line for а coil in 
an ordinary circuit Likewise, another line of appropriate 
length having capacitive reactance can be substituted for a 
capacitor. 

Sections of lines used as circuit elements are usually 
24 or less long. The desired type of reactance (inductive or 
capacitive) or the desired type of resonance (series ог paralel) 
is obtained by shorting or opening the far end of the lin, 
Thecircuit equivalents of various types of ine sections are 
shown in Fig17. 

When a line section is used as a reactance, the amount 
of reactance is determined by the characteristic impedance 
and the electrical length of the line. The type of reactance 
exhibited at the input terminals of a line of given length 
depends on whether it is open- or short-circuited at the far 
end. 

‘The equivalent lumped value for any inductor or 
capacitor may be determined with the id of the Smith Chart 
or Eq 18, Line losses may be taken into account if desired, 
as explained for Eq 18, In the case of a line having no losses, 
and to a close approximation when the losses are small, the 
inductive reactance of a short-circuited line less than 3/4 in 
length is 
X, ina =2, tan € (Eq 23) 
where £ is the length of the line in electrical degrees and Zo 
is the characteristic impedance of the line. 

‘The capacitive reactance af an open-circuited line less 
than 244 in length is. 

Xe In@=Z, cots (E924) 

Lengths of line that аге exact multiples of 2/4 have the 
properties of resonant circuits. With an open-circuit 
termination, the input impedance of the line acts like a series- 
resonant circuit With ashort-circuit termination, thelineinput 
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Fig 17 Lumped-constant circuit equivalents of open- 
shortcircuited transmission lines. 


simulates а paralel-resonant circuit. The effective Q of such 
linear resonant circuits s very high if the line losses, both in 
resistance and by radiation, are kept down. T his can be done 
without much difficulty, particularly in coaxial lines, if air 
insulation is used between the conductors. A ir insulated open- 
wire lines are likewise very good at frequencies for which 
the conductor spacing is very small in terms of wavelength 

Applications of line sections as circuit elements in 
connection with antenna and transmission-line systems are. 
discussed in later chapter, 


Line Construction and Operating 
Characteristics 


The two basic types of transmission lines, paralel 
conductor and coaxial, can be constructed in a variety of 
forms. Both types can be divided into two classes, (1) those 
in which the majority of the insulation between the 
conductors isair, where only the minimum of solid dielectric 
necessary for mechanical support is used, and (2) those in 
which the conductors are embedded in and separated by a 
solid dielectric The first variety (air Insulated) has the lowest 
loss per unit length, because thereis no power loss in dry air 
ifthe voltage between conductorsis below the value at which 
Corona forms. At the maximum power permitted in amateur 
transmitter, itis seldom necessary to consider corona unless 
the SWR on the lîne is very high. 
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AIR-INSULATED LINES 

A typical construction technique used for parallel 
conductor or "two wire" air-insulated transmission lines is 
shown in Fig 18, The two wires are supported a fixed 
distance apart by means of insulating rods called spacers, 
Spacers may be made from material such as Teflon, 
Plexiglas, phenolic, polystyrene, plastic clothespinsor plastic 
hair curlers, Materials commonly used in high quality spacers 
are isolantite, Lucite and polystyrene. (Teflon is generally 
nat used because ofits higher cost) The spacer length varies 
from 2 to 6 inches. The smaller spacings are desirable at 
the higher frequencies (28 M Hz) so radiation from the 
transmission line is minimized. 


Spacers must be used at small enough intervals along 
thelineto keep the two wires from moving appreciably with 
respect to each other. For amateur purposes, lines using this 
construction ordinarily have #12 or #14 conductors, and the 
characteristic impedance s between 500 to 600 О. Although 
опсе used nearly exclusively, such homemade lines are 
enjoying a renaissance of sorts because of their high 
efficiency and low cost. 

Where an air insulated line with still lower 
characteristic impedance is needed, metal tubing from lı to 
Inch diameter is frequently used. With the larger 
Conductor diameter and relatively close spacing, itis possible 
to build a line having a characteristic impedance as low as 
about 200 0. This construction technique is principally used 
for 44 matching transformers at the higher frequencies. 

‘The characteristic impedance of an аг insulated parallel 
conductor line, neglecting the effect of the spacers, is given 
by 


Z, = 216l0g (Eq 25) 


characteristic impedance in ohms 
S = center-to-center distance between conductors. 
d z outer diameter of conductor (in the same units as 5) 
Impedances for common sizes of conductors over а 
range of spacings are given in Fig 19. 


Four-Wire Lines 

Another parallel conductor line that is useful in some 
applications isthe four-wireline (Fig 20C In cross section, 
the conductors of the four-wire line are at the corners of а 
square. Spacings аге оп the same order as those used In two- 
wire lines. The conductors at opposite corners of the square 
are connected to operate in parallel. This type of line has a 


lower characteristic impedance than the simple two-wire 
type. Also, because of the more symmetrical construction, 
it has better electrical balance to ground and other objects 
that are close to the line, The spacers for а four-wire line 
тау be discs of insulating material, X-shaped members, et. 


Air-Insulated Coaxial Lines 

In air-insulated coaxial lines (Fig 20D), a considerable 
proportion of the insulation between conductors may actually 
bea solid dielectric, because the separation between the inner 
and outer conductors must be constant. This is particularly 
likely to be true in small diameter lines. Theinner conductor, 
usually a solid copper wire, is supported at the center of the 
copper tubing outer conductor by insulating beads or a 
helically wound strip of insulating material. The beads 
usually are isolantite, and the wire is generally crimped on 
gach side of each bead to prevent the beads from sliding, 
The material of which the beads are made, and the number 
of beads per unit length of line, will affect the characteristic 
impedance of the line. The greater the number of beads in а 
given length, the lower the characteristic impedance 
Compared with the value obtained with air insulation only. 
Teflon is ordinarily used as a helically wound support for 
the center conductor. A tighter helical winding lowers the 
characteristic impedance, 

‘The presence ofthe solid dielectric also increases the 
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Fig 18 Typical open-wire line construction. The 
spacers may be held in place by beads of solder or 
epoxy cement Wire wraps can also be used, as shown. 


Fig 18 Characteristic impedance as a function of 
conductor spacing and size for parallel conductor 
fines. 


Transmission Lines 24-15 


losses in the line. On the whole, however, a coaxial line of 
this type tends to have lower actual loss, at frequencies up 
to about 100 M Hz, than any other line construction, provided 
the аг inside the ine can be kept dry. This usually means 
thatair-tight seals must be used atthe ends of the line and at 
every joint. The characteristic impedance of an air-insulated 
coaxial line is given by 

2= 138109 D. (Eq 26) 
where, 

25 = characteristic impedance in ohms 

D “inside diameter of outer conductor 

d =outsidediameter of inner conductor in same units 

asD) 

Values for typical conductor sizes are graphed in Fig 21. 
The equation and the graph for coaxial lines are 
approximately correct for lines in which bead spacers are 
ей, provided the beads are not too closely spaced. 


FLEXIBLE LINES 

Transmission lines in which the conductors are 
separated by a flexible dielectric havea number of advantages 
over theair insulated type. They are less bulky, weigh less in 
comparable types and maintain more uniform spacing 
between conductors. They аге also generally easier to install, 
and are neater in appearance. Both parallel conductor and 
coaxial lines are available with flexible insulation. 

The chief disadvantage of such lines is that the power 


loss per unit length is greater than in air insulated lines: Power 
is lostin heating of the dielectric, and if the heating is great 
enough (asit may be with high power and а high SWR), the 
line may break down mechanically and electrically. 


Parallel-Conductor Lines 

‘The construction of a number of types of flexible line 
is shown in Fig 22. In the most common 300-0 type (twin 
lead), the conductors are stranded wire equivalent to 420 in 
cross sectional area, and are molded in the edges of a 
polyethylene ribbon about inch wide that keeps the wires 
spaced away a constant amount from each other. The effective 
dielectric is partly solid and partly air, and the presence of 
the solid dielectric lowers the characteristic impedance of 
the line as compared with the same conductors in air. The 
resulting impedance is approximately 300 0. 

Because part of the field between the conductors exists 
outside the solid dielectric, dirt and moisture on the surface 
of theribbon tend to change the characteristic impedance of 
the line. The operation of the line is therefore affected by 
weather conditions, The effect will not be very serious in a 
line terminated in its characteristic impedance, but if there 
is a considerable mismatch, а small change in Zo may cause 
wide fluctuations of the input impedance, Weather effects 
can be minimized by cleaning the line occasionally and 
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Fig 20— Construction of air insulated transmission 
lines. 
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Fig 21. Characteristic impedance of typical air 
insulated coaxial lines. 
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giving ita thin coating of a water repellent material such as 
silicone grease or car wax. 

"Toovercome the effects of weather on the characteristic 
impedance and attenuation of ribbon type line, another type 
of twin-lead is made using an oval polyethylene tube with 
an air core or a foamed dielectric core. The conductors are 
molded diametrically opposite each other in the walls. This 
increases the leakage path across the dielectric surface. Aso, 
much of the electric field between the conductors is in the 
hollow (or foam-filled) center of the tube. This type of line 
is fairly impervious to weather effects. Care should be used 
When installing it, however, so any moisture that condenses 
on the inside with changes in temperature and humidity can 
drain out at the bottom end of the tube and not be trapped in 
one section. This type of lineis made in two conductor sizes 
(with different tube diameters), one for receiving applications 
and the other for transmitting. 

Transmitting type 75-62 twin lead uses stranded 
conductors nearly equivalent to solid #12 wire, with quite 
close spacing between conductors, Because of the close 
spacing, most of the field is confined to the solid dielectric, 
with very little existing in the surrounding air. This makes 
the 75-0 line much less susceptible to weather effects than 
the 300-0 ribbon type. 

A third type of commercial paralle-line Is so-called 
window line, illustrated in Fig 22C. This is a variation of 
twinlead construction, except that windows are cut in the 
polyethylene insulation at regular intervals. This holds down 
on the weight of the line, and also breaks up the amount of 
surface area where dirt, dust and moisture can accumulate. 
Such window line is commonly available with a nominal 
characteristic impedance of 450 £2, although 300-2 line can 
be found also. A conductor spacing of about 1 inch is used in 
the 450-0 line and / inch in the 300-0 line. The conductor 
size is usually about 418. The impedances of such lines are 
somewhat lower than given by Fig 19 for the same conductor 
size and spacing, because of the effect of the dielectric 
constant of the spacer material used. The attenuation is quite 
low and lines of this type are entirely satisfactory for 
transmitting applications at amateur power levels. 


COAXIAL CABLES 

Coaxial cable isavallable in flexible and semi-flexlble 
varieties The fundamental design is the same in all types, 
as shown in Fig 22, The outer diameter varies from 0.06 inch 
to over 5 inches, Power handling capability and cable size 
are directly proportional, as larger dielectric thickness and 
larger conductor sizes can handle higher voltages and 
currents. Generally, losses decrease as cable diameter 
increases, The extent to which this is true is dependent on 


Fig 22 Construction of flexible parallel conductor and 
coaxial lines with solid dielectric. A common variation. 
of the double shielded design at E has the braids in 
Continuous electrical contact. 
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the properties of the insulating materia 

Some coaxial cables have stranded wire center 
conductors while others use a solid copper conductor. 
Similarly, the outer conductor (shield) may bea single layer 
of copper braid, a double layer of braid (more effective 
shielding), solid aluminum (Hardline) aluminum foil, ora 
combination ofthese. 

Losses and Deterioration 

The power handling capability and loss characteristics 
of coaxial cable depend largely on the dielectric material 
between the conductors and the size of the conductors. The 
commonly used cables and many of their properties are listed 
in Table 1, Fig 23 isa graph of the matched: line attenuation 
characteristics versus frequency for the most popular lines, 
The outer insulating jacket of the cable (usually PV C) is used 
solely as protection from dirt, moisture and chemicals. Ithas 
no electrical function. Exposure of the inner insulating 
material to moisture and chemicals over time contaminates 
the dielectric and increases cable losses. Foam dielectric 
cables are less prone to contamination than are solid 


polyethylene insulated cables. 

Impregnated cables, such as Decibel Products VB-8 and 
Times Wire & Cable Co. Imperveon, are immune to water 
and chemical damage, and may be buried if desired. They 
also have a self-healing property that is valuable when 
rodents chew into the line. Cable loss should be checked at 
least every two years if the cable has been outdoors or buried, 
See the section on testing transmission lines. 

Thepertinent characteristics of unmarked coaxial cables 
сап be determined from the equations in Table 2. The most 
Common impedance values are 52, 75 and 95.0. However, 
impedances from 25 to 125 Q are available in special types 
of manufactured line. The 25-0 cable (miniature) is used 
extensively in magnetic-core broadband transformers 


Cable Capacitance 
The capacitance between the conductors of coaxial cable 
varies with the impedance and dielectric constant of the line. 
Therefore, the lower the impedance, the higher the capacitance 
per foot, because the conductor spacing is decreased 
Capacitance also increases with dielectric constant 


Cable Attenuation, dB Per Hundred Feet 


Fig 23 Nominal matched-line attenuation in decibels per 100 feet of various common transmission lines, Total 


have approximately the same attenuation. Types having foam polyethylene dielectric have slightly lower loss than 


equivalent solid types, when not specifically shown above. 
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Voltage and Power Ratings 

Selection of the correct coaxial cable for a particular 
application is nota саза matter. Not only is the attenuation 
loss of significance, but breakdown and heating (voltage and 
power) aiso need to be considered. If a cable were lossless, 
the power handling capability would be limited only by the 
breakdown voltage. RG-58, for example, can withstand 
an operating potential of 1400 Y RMS. In a 52-0 system 
this equates to more than 37 kW, but the current 
corresponding to this power ler is 27 amperes, which would 
obviously melt the conductors in RG-58. In practical coaxial 
cables, the copper and dielectric losses, rather than break: 
down voltage, limit the maximum power than can be 
accommodated If 1000W is applied to a cable having a loss 
of 3 dB, only 500 W is delivered to the load. The remaining 
500 W must be dissipated in the cable. The dielectric and 
outer jacket are good thermal insulators, which prevent the 
conductors from efficiently transferring the heat to free air. 

As the operating frequency increases, the power. 
handling capability of a cable decreases because of 
increasing conductor loss (skin effect) and dielectric loss. 
RG-58 with foam dielectric has a breakdown rating of only 
300 V, yet it can handle substantially more power than its 
ordinary solid dielectric counterpart because of the lower 
losses. Normally, the loss is inconsequential (except as it 
affects power handling capability) below 10 M Hz in amateur 
applications. This is true unless extremely long runs of cable 
are used. In general, full legal amateur power can be safely 
applied to inexpensive RG-58 coax in the bands below 
10 M Hz, Cables of the RG-8 family can withstand full 
amateur power through the VHF spectrum, but connectors 
must be carefully chosen in these applications. Connector 
choice is discussed in a later section. 

Excessive RF operating voltage in a coaxial cable can 
cause noise generation, dielectric damage and eventual 
breakdown between the conductors. 


Shielded Parallel Lines 

Shielded balanced lines have several advantages over 
open-wirelines.Sincethereis na noise pickup on long runs, 
they can be buried and they can be routed through metal 
buildings or inside metal piping. Shielded balanced lines 
having impedances of 140 or 100 сап be constructed from 
two equal lengths of 70-0 or 50-0 cable (RG-59 or RG-58 
would be satisfactory for amateur power levels). Paralleled 
RG-63 (125-0) cable would make a balanced transmission 
line more in accord with traditional 300-0 twin-ead feed 
line (Zp = 250.2), 

The shields are connected together (see Fig 24A), and 
thetwo inner conductors constitute the balanced line. At the 
input, the coaxial shields should be connected to chassis 
ground; at the output (the antenna side), they are joined but 
left floating 

A high power, low-loss, low-impedance 70-2 (or 
50.0) balanced line can be constructed from four coaxial 
cables. See Fig 248. Again, the shields are all connected 
together. The center conductors of the two sets of coaxial 


24-20 chapter 24 


cables that are connected in parallel provide the balanced 
feed 


Coaxial Fittings 

There is a wide variety of fittings and connectors 
designed to go with various sizes and types of solid-dielectric 
coaxial line. The U HF series of fittings is by far the most 
widely used type in the amateur field, largely because they 
are widely available and are inexpensive. These fittings, 
typified by the PL-259 plug and 50-239 chassis fitting 


Table 2 
Coaxial Cable Equations 
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ttenuation in 08/100 foot 

Ор of inner conductor 

D =ID of outer conductor. 

S = max voltage gradient af insulation in vols/mil 
electric constant 

safety factor 


Note: Obtain K1 and K2 data from manufacturer, 


(military designations) are quite adequate for V HF and lower 
frequency applications, but are not weatherproof. Neither 
do they exhibit a 52-62 impedance. 

TypeN series fittings are designed to maintain constant 
impedance at cable joints. They area bit harder to assemble 
than the UHF type, but are better for frequencies above 
300 MHz or so. These fittings are weatherproof. 

The BNC fittings are for small cable such as RG-58, 
RG-59 and RG-62, They feature a bayonet-locking 
arrangement for quick connect and disconnect, and are 
‘weatherproof. They exhibit а constant impedance. 

Methods of assembling connectors on the cable are 


© 
Fig 24 Shlelded balanced transmission lines utilizing 
Standard small-size coaxial cable, such as RG-58 ог 
RG-53, These balanced lines may be routed inside 
metal conduit or near large metal objects without 
adverse effects. 


shown in Figs 25, 26, 27, 28 and 29. The most common or 
longest established connector in each series is illustrated. 
Several variations of each type exist Assembly instructions 
for coaxial fittings not shown here are available from the 
manufacturers 


PL-259 Assembly 
Fig 25 shows how to install the solder type of PL-259 

connector оп RG-8 type cable. Proper preparation of the 

cable end is the key to success, Follow these simple steps, 


1) Measure back */ inch from the cable end and slightly 
score the outer jacket around its circumference. 

2) With a sharp knife, cut along the scoreline through the 
outer jacket through the braid, and through the dielectric 
material, right down to the center conductor. Be careful 
not to score the center conductor. Cutting through all 
outer layers at once keeps the braid from separating 

3) Pull the severed outer jacket, braid and dielectric off 
theend of the cable ав one piece. Inspectthe area around 
the cut looking for any strands of braid hanging loose. 
If there are any, snip them off, There won't be any if 
your knife was sharp enough, 

4) Next, score the outer jacket js inch back from the first 
cut. Cutthrough the jacket lightly; do not score the braid. 
This step takes practice If you score the braid, start 
ED 

5) Remove the outer jacket Tin the exposed brald and 
center conductor, but apply the solder sparingly. Avoid 
melting the dielectric. 

6) Slide the coupling ring onto the cable. (Dont forget 
this important step!) 

7) Screw theconnector body onto thecable If you prepared 
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Fig 25—The PL-259 or UHF connector is almost universal for amateur HF work and is popular for equipment 
‘operating up through the VHF range. Steps for assembly are given in detail in the text. 
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the cable to the right dimensions, the center conductor 
will protrude through the center pin, the raid will show 
through the solder holes, and the body will actually 
thread Itself onto the outer cable jacket. 

8) With a large soldering iron, solder the braid through 
each of the four solder holes. Use enough heat to flow 
the solder onto the connector body, but no so much as 
to melt the dielectric. Poor connection to the braid is a 
the most common form of PL-259 failure. This 
connection is justas important as that between the center 
conductor and the connector. With some practice you'll 
learn how much heat to use. 

9) Allow the connector body to cool somewhat, and then 
‘older the center connector to the center pin. fe solder 
should flow on the inside, not the outside of the pin. 
Trim the center conductor to be even with the end of 
the center pin. Use a small file to round the end, 
removing any solder that may have built up on the outer 
surface of the center pin. Use а sharp knife, very fine 
sandpaper, or steel wool to remove any solder flux from 
the outer surface of the center pin. 

10) Screw the coupling onto the body, and the obi finished, 


Fig 26 shows two options for using RG-58 or RG-59 
cable with PL-259 connectors. The crimp-on connectors 
manufactured for the smaller cable work well if installed 
correctly. The alternative method involves using adapters 
for thesmaller cable with standard PL-259 connectors made 
for RG-8. Prepare the cable as shown in Fig 26. Once the 
braid is prepared, screw the adapter into the PL-259 shell 
and finish the job as you would with RG-8 cable, 

Fig 27 shows how to assemble female $0-239 
connectors onto coaxial cable, Figs 28 and 29 respectively 
show the assembly of BNC and type N connectors. 


SINGLE-WIRE LINE 

There is one type of line, in addition to those already 
described, that deserves mention because itis still used to 8 
limited extent Thisis thesingle-wire line, consisting simply 
of a single conductor running from the transmitter to the 
antenna. The return circuit for such а line is the earth; 
infact, the second conductor ofthe line can be considered 
to be the Image of the actual conductor in the same way 
that an antenna strung above the earth has an image (see 
Chapter 3). The characteristic impedance of the single wire 
line depends on the conductor size and the height of the wire 
aboveground, ranging from 500 to 600 ohms for #12 or #14 
conductors at heights of 10 to 30 feet, The characteristic 
impedance may be calculated from 


4h 
Z, = 13809 . (E927) 
where 

Za = characteristic impedance of the single wire line 


hz antenna height 
d = wire diameter, in same units ash 
By connecting the line to the antenna at a point that 
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represents a resistive impedance of 500 to 600 0, the line 
сап be matched and operated without standing waves. 

Although the single wire line is very simple to install, 
it has at least two outstanding disadvantages. First, because 
the return circuit is through the earth, the behavior of the 
system depends on the kind of ground over which the antenna 
and transmission inesare erected, In prit may not be possible 
to get the necessary good connection to actual ground that 
isreguired atthe transmitter Second, the line always radiates, 
because there is no nearby second conductor to cancel the 
fields. Radiation is minimum when the line is properly 
terminated, because the line current is lowest under these. 
conditions. The line is, however, always a part of the 
radiating antenna system, to some extent 


LINE INSTALLATION 


Installing Coax Line 

One great advantage of coaxial line, particularly the 
flexible dielectric type, is thatit can be installed with almost 
по regard for its surroundings. It requires no insulation, can 
be run on or in the ground or in piping, can be bent around 
Corners with a reasonable radius, and can be snaked through 
places such as the space between walls where it would be 
impractical to use other types of lines. However, coaxial 
lines should always be operated in systems that permit а 
low SWR, and precautions must be taken to prevent RF 
currents from flowing on the outside of the line, This is 
discussed in Chapter 26. Additional information on line 
installation is given in Chapter 4. 


Installing Parallel-Wire Lines 

In installing a parallel wire line, care must be used to 
preventit from being affected by moisture, snow and ice. In 
home construction, only spacers that are impervious to 
moisture and are unaffected by sunlight and weather should 
be used on air insulated lines, Steatite spacers meet this 
requirement adequately, although they are somewhat heavy. 
Thewider the line spacing, the longer the leakage path across 
the spacers, but this cannot be carried too far without 
running into line radiation, particularly at the higher 
frequencies. W here an open wire line must be anchored to а 
building or other structure, standoff insulators of a height. 
comparable with the line spacing should be used if mounted 
in a spot that is open to the weather. Lead-in bushings for 
bringing the line into a building also should have a long 
leakage path 

‘The line should be kept away from other conductors, 
including downspouts, metal window frames, flashing, etc, 
by a distance of two or three times the line spacing. 
Conductors that are very close to the line will be coupled to 
it to some degree, and the effect is that of placing an 
additional load across the line at the point where the coupling 
occurs. Reflections take place from this coupled load, raising 
the SWR. The effect is at its worst when one wire is closer 
than the other to the external conductor In such a case опе 
wire carries а heavier load than the other, with the result 
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Fig 26 Crimp-on connectors and adapters for use with standard PL-259 connectors are popular for connecting to 
RG.58 and RG-59 coax. (This material courtesy of Amphenol Electronic Components, RF Division, Bunker Ramo 
Corp) 
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Fig 27 Assembly of the 83 series (50-239) with hoods. Complete electrical shield integrity in the UHF female 
connector requires that the shield be attached to the connector flange by means of a hood. 
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Fig 28—BNC connectors are common on VHF and UHF equipment at low power lev 
Electronic Components, RF Division, Bunker Ramo Corp.) 


that the line currents are no longer equal. The line then 
becomes unbalanced. 

Solid dielectric, wo-wirelines have a relatively small 
external field because of the small spacing, and can be 
mounted within a few inches of other conductors without 
much danger of coupling between the line and such 
conductors. Standoff insulators are available for supporting 
lines of this type when run along walls or similar structures. 

Sharp bends should be avoided in any type of 
transmission line, because such bends cause a change in the 
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(Courtesy of Amphenol 


characteristic impedance. The result is that reflections take 
place from each bend. This is of less importance when the 
SWR is high than when an attempt is being made to match 
the load to the line Zo. It may be impossible to get the SWR. 
to the desired figure until bends in the line are made very 
gradual 


TESTING TRANSMISSION LINES 


Coaxial cable loss should be checked atleast every two 
years if the cableis installed outdoors or buried. (See earlier 
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Fig 29- Туре N connectors are required for high-power operation at VHF and UHF. (Courtesy of Amphenol 
Electronic Components, RF Division, Bunker Ramo Corp.) 


section on losses and deterioration.) Testing of any type of 
line can be done using the technique illustrated in Fig 30. If 
the measured loss in watts equates to more than 1 dà over 
the rated match ine loss per 100 feet, the line should be 
replaced. The matched-line los in dB can be determined 
from 


P, 
dB = 100g 5+ 


(Eq28) 


where. 

P, is the power at the transmitter output 

Рз is the power measured at R of Fig 30. 

Yet other methods of determining line losses may be 
used. If the line inputimpedances can be measured accurately 
with a short- and then an open-circuit termination, the 
electrical line length (determined by velocity factor) and the 
matched-line loss may be calculated for the frequency of 


Transmission Lines 24-25 


Fig 30 Method for determining losses in transmission 
lines. The impedance of the dummy load must equal the 
Zo of the line for accurate results. 


measurement. The procedure is described in Chapter 28. 

Determining line characteristics as just mentioned 
requires the use of a laboratory style of impedance bridge, 
ог at least an impedance or noise bridge calibrated to a high 
degree of accuracy. But useful information about а 
transmission line can also be learned with just an SWR 
indicator, if it offers reliable readings at high SWR values, 

А lossless line theoretically exhibits an infinite SWR. 
when terminated in an open or a short circuit. A practical 
line will have losses, and therefore will limit the SWR at 
thelineinputto some finite value. Provided the signal source 
can operate safely into a severe mismatch, an SWR indicator 
сап be used to determine the line loss. The instruments 
available to most amateurs lose accuracy at SWR values 
greater than about 5:1, so this method is useful principally 
asa go/no-go check on lines that аге fairly long. For short, 
low-loss cables, only significant deterioration can be detected 
by the open-circuit SWR test. 

First, either open or short circuit one end of the line. It 
makes no difference which termination is used, as the 
terminating SWR is theoretically infinitein ether case. Then 
measure the SWR at the other end of the line. The matched- 
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line loss for the frequency of measurement may then be 
determined from 


SWR +1 


ENTE (E929) 


where SWR =the SWR value measured at the line Input 
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Coupling the 
Transmitter to 
the Line 


How many times have you heard someone on the air 
saying how he ust spent hours and hours pruning his antenna 
to achieve a 1:1 SWR? Indeed, have you ever wondered 
whether ай that effort was worthwhile? Now don't get the 
wrong impression: a 1:1 SWR isnot a bad thing! Feed-line 
loss is minimized when the SWR is kept within reasonable 
bounds. The power for which a particular transmission line 
is rated Is for a matched load, 

M odern amateur transceivers use broadband, untuned 
solid-state final amplifiers, designed to operate into $0.0. 
Such a transmitter is able to deliver its rated output power— 
at the rated level of distortion only when it is operated 
into the load for which it was designed. An SSB transmitter 
that is splattering is often being driven hard into the wrong 
load impedance. 

Further, modern radios often employ protection 
circuitry to reduce output power automatically if the SWR 
rises to more than about 2:1. Protective circuits are needed 
because solid-state devices can almost instantly destroy 
themselves trying to deliver power into the wrong load 
impedance, Modern solid-state transceivers often include 
built-in antenna tuners (often at extra cost) to match 
impedances when the SWR isn’t 1:1. 

Older vacuum-tube amplifiers were alot more forgiving 
than solid-state devices- they could survive momentary 
overloads without being instantly destroyed. The pi-networks 
used to tune and load old-fashioned vacuum -tube amplifiers 
were able to match a fairly wide range of impedances. 


MATCHING THE LINE TO THE TRANSMITTER 

Asshown in Chapter 24, the impedance atthe input of 
a transmission line is uniquely determined by a number of 
factors: the frequency, the characteristic impedance Zo of 
belle the physical length, velocity factor and thematched- 
line loss of the line, plus the impedance of the load (the 
antenna) at the output end of the line, If the impedance at 
the inputof the transmission line connected to thetransmitter 
differs appreciably from the load resistance into which the 
transmitter output circuit is designed to operate, an 
impedance matching network must be inserted between the 
transmitter and the line input terminals. 

In older ARRL publications, such an impedance- 


‘matching network was often called a Transmatch. This is a 
coined word, refering to а "Transmitter Matching" network 
Nowadays, radio amateurs commonly call such a device an 
antenna tuner. 

The function of an antenna tuner is to transform the 
impedance at the input end of the transmission line— 
whatever it may be to the 50.0 needed to keep the 
transmitter loaded properly. А п antenna tuner does not alter 
the SWR on the transmission line going to the antenna. It. 
only ensures that the transmitter sees the 50-02 load for which 
it was designed. 

Column one of Tables 1 and 2 list the computed 
impedanceat the center of two dipoles mounted over average 
ground (with a conductivity of 5 mS/m and a dielectric 
constant of 13). The dipole in Table 1 is 100 feet long, and 
is mounted as a абор, 50 feet high. The dipole in Table 2 
is 66 feet long overall, mounted as an inverted-V, whose 
apex is 50 feet high and whose legs have an included angle 
of 120°. The second column in Tables 1 and 2 show the 
computed impedance at the transmitter end of а 100-foot 
long transmission lineusing 450-0 window open-wire line. 
Please recognize that there is nothing special or "magic" 
about these antennas— they are merely representative of 
typical antennas used by real-world amateurs. 

The impedance at the input of the transmission line 


Table 1 
Impedance of Center-Fed 100' Flattop Dipol 
50' High Over Average Ground 


Frequency Antenna Feed-Point 


Impedance at Input of 


Mhz Impedance. 700 450-2 Lino, 2 
183 45-]1873 20-/20 

38 39 - [362 888 - 2265 

71 481 + J964 64 - j24 

10.1 2584 - 3292 62-/447 

141 85-123 84 -j65 

18.1 2097 + J 1552 2666 - j884 

214 345 - j1073 188 + /614 

248 202.367 149 -/231 

284 2493-1375 68-1174 
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Table 2 
Impedance of Center-Fed 68. Inv-V Dipole, 50 at 
‘Apex, 120° Included Angle Over Average Ground 


Frequency Antenna Feed-Point Impedance at Input of 
MHz Impedance d 700 450-0 Lino, © 
183 16-2257 16-j44 

38 10-/879 2275 + |8980 

7 65-/41 1223 j 1183 
10.1 22 +]648 157-1579 

141 5287 - J 1310. 148-j794 

181 төв - 820 138 - j595 

211 103 —/ 181 896 — j857 

249 269 + 1570 99-/140 

284 3089 +74 74 -j228 


varies over an extremely wide range when antennas like these 
are used over the entire range of amateur bands from 160 to 
10 meters, The impedance at the input of the line (that is, at 
the antenna tuner's output terminals) will Бе different if the 
length of the line is changed. It should be obvious that an 
antenna tuner used with such a system must be very flexible 
to match the wide range of impedances it will encounter 
and it must do so without arcing or blowing up. 


The Matching System 

Over the years, radio amateurs have derived a number 
of circuits for use as antenna tuners. A tone time, when open 
wire transmission line was more widely used, link-coupled 
tuned circuits werein vogue. With the increasing popularity 
of coaxial cable used as feed lines, other circuits have become. 
mare prevalent. The most common form of antenna tuner in 
recent years is some variation of a T-network configuration. 

The basic system of a transmitter, matching circuit, 
transmission line and antenna is shown in Fig 1. s usual, 
Weassume that the transmitter is designed to deliver its rated 
power into a load of 50.2. The problem is one of designing 
a matching circuit that will transform the actual line. 
impedance at the input of the transmission line into a 
resistance of 50.2. This resistance will be unbalanced; that 
is, one side will be grounded, since modern transmitters 
universally ground one side of the output connector to the 
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Fig 1— Essentials of a coupling system between 
transmitter and transmission lin 
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chassis. Theline to theantenna, however, may be unbalanced 
(coaxial cable) or balanced (parallel-conductor line), 
depending on whether the antenna itself is unbalanced or 
balanced 


Harmonic Attenuation in an Antenna Tuner 

This is a good place to bring up the topic of harmonic 
attenuation, as itis related to antenna tuners. One potentially 
desirable characteristic of an antenna tuner is the degree of 
extra harmonic attenuation it can provide. While this is 
desirable in theory, itis not always achieved in practice. For 
example, if an antenna tuner is used with a single, fixed 
length antenna on multiple bands, the impedances presented 
to thetuner atthe fundamental frequency and atthe harmonics 
will often be radically different. The amount of harmonic 
attenuation for a particular network will thus be dramatically 
variable also. See Table 2. For example, at 7.1 MHz, the 
impedance seen by the antenna tuner for the 66-foot inverted 
V dipoleis 1223 - j 1183 0.At14.1 MHz, roughly the second 
harmonic, the impedance is 148 - j 734 0. 


Trapped Antennas 
There are some situations in amateur radio where the. 
impedance at the second harmonic is essentially the same 
as that for the fundamental. This often involves trapped 
antenna systems or wideband log-periodic designs. For 
example, a system used by many amateurs is a triband Y agi 
that works on 20, 15 and 10 meters. The second harmonic 
of a 20-meter transmitter feeding such a tribander can be 
objectionably strong for nearby amateurs operating on 
10 meters, This is despite the approximately 60 dB of 
attenuation of the second harmonic provided by the low: 
pass filters built nto modern solid-state transceivers. A linear 
amplifier can exacerbate the problem, since its second 
harmonic may be suppressed only about 46 dB by the typical 
pi-network output circuit used in most amplifiers. 

Even in a trapped antenna system, most amateur 
antenna tuners will not attenuate the 10-meter harmonic 
much at all, especially if the tuner uses a high-pass 
T-network. This is the most common network used 
commercially because of the wide range of impedances it 
will match. Some T-network designs have attempted to 
improve the harmonic attenuation using parallel inductors 
and capacitors instead of a single inductor for the center 
part of the tee. Unfortunately, this often leads to more loss 
‘and more critical tuning at the fundamental, while providing 
litle, if any, additional harmonic suppression in actual 
installations. 


Harmonies and Pi-Metwork Tuners 

In a trapped antenna system, if a different network is 
used for an antenna tuner (such as a low-pass Pi network), 
there will be additional attenuation of harmonics, perhaps 
as much as 30 dB for a loaded Q of 3, The exact degree of 
harmonic attenuation, however, is often limited due to the 
stray inductance and capacity present in most tuners at 
harmonic frequencies. Further, the matching range for a Pi 


network tuner is fairly limited because of the range of input. 
and output capacitance needed for widely varying loads. 


Harmonies and Stubs 

Far тоге reliable suppression of harmonics can be 
achieved using shorted quarter-wave transmissior-line stubs 
atthe transmitter output. Atypical 20-meter 1/4 shorted stub 
(whichis an open circuit at 20 meters, buta short circuit at 
10 meters) will provide about 25 dB of attenuation to the 
Second harmonic, It will handle full legal amateur power 
too, See Chapter 26 for more details on stubs, In short, an 
antenna tuner that is capable of matching a wide range of 
impedances should not be relied on to give additional 
harmonic suppression 

MATCHING WITH INDUCTIVE COUPLING 

Inductively coupled matching circuits are shown in 
basic form in Fig 2. R1 is the actual load resistance to which 
the power is to be delivered, and R2 is the resistance seen 
by the power source. Theobjectiveis to make it R2 «50 ©. 
LL and C1 form a resonant circuit capable of being tuned to 
the operating frequency, The coupling between L1 and L2 
is adjustable 

The circuit formed by C1, L1 and L2 is equivalent a 
transformer having a primary-to-secondary impedance ratio 
adjustable over wide limits. The resistance coupled into L2 
from L1 depends on the effective Q of the circuit ci 
RI, the reactance of L2 at the operating frequency, and the 
coefficient of coupling, k, between the two сой. The 
approximate relationship is (assuming C is properly tuned) 
R2 E20 (E91) 
whereX z isthereactanceof L 2 atthe operating frequency. 
The value of L2 is optimum when X1 =R2, in Which case 


w 


Fig 2— Circuit arrangements for inductively coupled 
Impedance-matching circuit. A and B use a parallel- 
tuned coupling tank; 8 is equivalent to A when the taps 
are at the ends of L1. The series-tuned circuit at C is 
Useful for very low values of load resistance, R1. 


the desired value of R2 is obtained when 
1 


k 


79 (E92) 
This meansthatthedesired valueof R2 may be obtained 
by adjusting either the coupling, k, between the buo coils, 
orby changing the Q of the circuit L1-C1-R1, or by doing 
both. If the coupling is fixed, as is aften the case, Q must be 
adjusted to attain a match. Note that increasing the value of 
Q is equivalent to tightening the coupling, and vice versa. 
1£ L2 does not have the optimum value, the match may 
still be obtained by adjusting К and Q, but one or the other— 
or both— must have a larger value than is needed when X2 
isequal to R2. In general, itis desirableto useas low a valê 
of loaded Q asis practical. Low Q values mean thatthe circuit 
requires little or no readjustment when shifting frequency 
within a band (provided the antenna R1 does not vary 
appreciably with frequency). A low value of loaded Q also 
means that less loss occurs in the matching network itself, 


Circuit o 
In Fig 2A, where а paralle-tuned network is used, Qp 
is equal to 


(ваз) 


This assumes L1-C1 is tuned to the operating frequency. 
This circuits suitable for comparatively high values of R1— 
from several hundred to several thousand ohms. 

In Fig 2C, which isa series tuned network, Q is equal 
0 


Xa 

0. - (E94) 
Again, we assume that L1-C1 is tuned to the operating 
frequency. This circuit is suitable for low values of R1— 
from a few ohms up to a hundred or so ohms. In Fig 28 the 
0 depends on the placement of the taps on L1 as well as on 
the reactance of C1. This circuit is suitable for matching all 
values of R1 likely to be encountered in practice. 

Note that to change Q in either Fig 2A or Fig 2C, itis 
necessary to change the reactance of СІ. Since the circuit is 
tuned essentially to resonance at the operating frequency, 
this means thatthe L/C ratio must be varied in order to change 
Q. In Fig 28 a fixed L/C ratio may be used, since Q can be 
varied by changing the tap positions, The Q will increase as 
the taps are moved closer together, and will decrease as they 
are moved farther apart on L1. 


Reactive loads Series and Parallel Coupling 

More often than not, the load represented by the input 
impedance of the transmission line is reactive as well 
as resistive. In such a case the load cannot be represented 
by a simple resistance, such as R1 in Fig 2. As stated in 
Chapler 24, for any one frequency we have the option of 
considering the load to be a resistance in parallel with а 
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reactance, or as a resistance in series with a reactance. In 
Fig 2, atA and B, itis convenient to use the parallel equivalent 
of the line Input impedance. The series equivalent is more 
suitable for Fig 2C. 

‘Thus, in Fig ЗА and 38 the load might be represented. 
by RL in parallel with the capacitive reactance C, and in 
Fig 3C by R1 in series with a capacitive reactance C. In 
Fig ЗА, the capacitance C is in parallel with C1 and so the 
total capacitance is the sum of the two. This is the effective 
capacitance that, with L1, tunes to the operating frequency. 
Obviously the setting of СІ will be at a lower value of 
capacitance with such a load than it would with a purely 
resiste load such as in Fig 24. 

In Fig 38 the capacitance of C also increases the total 
capacitance effective in tuning the circuit. However, in this 
case the Increase п effective tuning capacitance depends on 
the positions of the taps. Ifthe taps are clase together the 
effect of C on the tuning is relatively small, but it increases 
as the taps are moved farther apart 

InFig ЗС, the capacitance С isin series with C1 and so 
the total capacitance is less than either. Hencethe capacitance 
of C1 must be increased in order to resonate the circuit, as 
compared with the purely resistive load shown in Fig 2C. 

If the reactive component of the load impedance is 
inductive, similar considerations apply. In such case an 
inductance would be substituted for the capacitance shown 
in Fig 3, The effect in Fig ЗА and 38 would be to decrease 
the effectiveinductancein the circuit, so C1 would require а 


Fig 3— Line input impedances containing both 
resistance and reactance can be represented as 
Shown enclosed in dashed lines, for c 
reactance. If the reactance is inducti 
Substituted for the capacitance C. 


25-4 Chapter25 


larger value of capacitance in order to resonate the circuit at 
the operating frequency. In Fig 3C the effective inductance 
would be increased, thus making it necessary to set C1 at a 
lower value of capacitance for resonating the circuit. 


Effect of Line Reactance on Circuit Q 

The presence of reactance in the line Input impedance 
presented to the matching network can affect the Q of the 
matching circuit. If the reactance is capacitive, the Q will 
motchangeif resonance can be maintained by adjustment of 
C1 without changing either the value of L1 or the position 
of thetapsin Fig 38 (as compared with the Q when the load 
is purely resistiveand has the same value of resistance, R1) 
If the load reactance is inductive, the LIC ratio changes 
because the effective inductance in the circuit is changed 
and, in heordinary case, L 1 is not adjustable. This increases 
theQ in all three circuits of Fig 3 

When the load has appreciable reactance, it is not 
always possible to adjust the circuit to resonance by 
Teadjusting C1, as compared with the setting it would have 
witha purely este oed Such a situation may occur when 
the load reactance is low compared with the resistance in 
the paralle- equivalent circuit or when the reactanceis high 
compared withthe resitancein heseries equivalent circuit. 
The very considerable detuning of the circuit tat results is 
often accompanied by an icreasein Q, sometimes to values 
that lead to excessively high circulating currents in the 
rait This causes the efficiency to suffer. (Ordinarily the 
power loss in matching circuits of this type is 
inconsequential, if the loaded Q is below 10 and a good coil 
is used.) An unfavorable ratio of reactance to resistance in 
the input impedance of the line can exist if the SWR is high 
and the line length is near an odd multiple of 2/8 (45°) 


© of Line Input Impedance 

The ratio between reactance and resistance in the 
equivalent input circuit- that is, the Q of the impedance at 
theline'sinput— isa function of line length and SWR. There 
is no specific value of this Q of which it can be said that 
lower values are satisfactory while higher values are not In 
part, the maximum tolerable value depends on the tuning 
range available in the matching circuit. If the tuning range 
is restricted (as it will be if the variable capacitor has 
relatively low maximum capacitance), compensating for the 
line nputreactanceby absorbing itin the matching ircut— 
thats, by retuning C in Fig 3— may not be possible. Also, 
if the Q of the matching circuit is low, the effect of the line 
input reactance will be greater than it will when the matching: 
circuit Q is high. 

As stated earlier, the optimum matching-circuit design 
is one in which the Q is low, that is, a low reactance 
resistance ratio. 


Compensating for Input Reactance 


When the reactancejresistance ratio in the line input 
impedanceis unfavorable, itis advisable to take special steps 
to compensate for it This can be done as shown in Fig 4. 


Compensation consists of supplying external reactance of 
the same numerical value as the line reactance, but of the 
opposite kind. Thus in Fig 4A, where the line input 
impedance is represented by resistance and capacitance in 
parallel, an inductance L having the same numerical value 
of reactance as С can be connected across the ne terminals 
to cancel out the line reactance, (This is actually the same 
thing as tuning the line to resonance at the operating 
frequency) Since the parallel combination of L and C is 
equivalent to an extremely high resistance at resonance, the 
inputimpedanceof the line becomes pure resistance having 
essentially the same resistance as A alone 

The case of an inductive line impedance is shown in 
Fig 4B. In this case the external reactance required is 
capacitive, of the same numerical value as the reactance of 
L. Where the series equivalent of the line input impedance 
is used, the extemal reactance is connected In series, as 
shown atC and D in Fig 4 

їп general, these methods are not needed unless the 
matching circuit has insufficient range of adjustment to 
provide compensation for the line reactance as described 
eater, or when such a large readjustment is required that 
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thematching-circuit Q becomes undesirably high. T he latter 
condition usually is accompanied by heating of the coil used 
in the matching network. 


Methods for Variable Coupling 

The coupling between L1 and L2, Figs 2 and 3, 
preferably should be adjustable If the coupling is fixed, such 
as with a fixed-position link, the placement of the taps on 
L1 for proper matching becomes rather critical. The 
additional matching adjustment afforded by adjustable 
coupling between the coils facilitates the matching procedure 
considerably. L2 should be coupled to the center of L1 for 
the sake of maintaining balance, since the circuit 15 used 
with balanced lines. 

If adjustable inductive coupling such asa swinging link 
is not feasible for mechanical reasons, an alternative Is to 
use a variable capacitor in series with L2. This is shown in 
Fig 5. Varying C2 changes the total reactance of the circuit 
formed by L2-C2, with much the same effect as varying 
the actual mutual inductance between L1 and L2. 
The capacitance of C2 should resonate with L2 at the 
lowest frequency in the band of operation. This calls for a 
fairly large value of capacitance at low frequencies (about 
1000 pF at 3.5 M Hz for 50-0 line) if the reactance of L2 is 
equal to the line 2, To utilize a capacitor of more convenient 
size— maximum capacitance of perhaps 250 to 300 pF— 
a value of inductance may be used for L2 that will resonate 
at the lowest frequency with the maximum capacitance 
available. 

On the higher frequency bands the problem of variable 
capacitors does not arise since a reactance of 50 to 75 015 
within the range of conventional components. 

Circuit Balance 

Fig 5 shows C1 as a balanced or split-stator capacitor 
This type of capacitor is desirable їп а practical matching 
circuitto beused with a balanced line, since the two sections 
are symmetrical. The rotor assembly of the balanced 
capacitor may be grounded, if desired, or it may be left 
floating and the center of L 1 may be grounded; or both may 
float. Which method to use depends on considerations 
discussed later in connection with antenna currents оп 
transmission lines. As an alternative to using a split-stator 
type of capacitor, a single-section capacitor may be used. 


Fig 4— Compensating for reactance present in the line 
input impedance 


Fig 5— Using a variable cap 
to Variable mutual inductance between L1 and L2. 
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Measurement of Line Input Current 

The RF ammeters shown in Fig 6 are not essential to 
the adjustment procedure but they, or some other form of 
output indicator, are useful accessories. in most cases the 
circuit adjustments that lead to a match as shown by the 
SWR indicator will also result in the most efficient power 
transfer to the transmission line. However, itis possible that 
a good match will be accompanied by excessive loss in the 
matching circuit. This is unlikely to happen if the steps 
described for obtaining alow Q are taken. If the settings are 
highly critical or it is impossible to obtain a match, the use 
of additional reactance compensation as described earlier is 
Indicated, 

RF ammeters are useful for showing the comparative 
‘output obtained with variousmatching-network settings, and 
also for showing the improvement in output resulting from 
the use of reactance compensation when it seems to be 
required. Providing no basic circuit changes (such as 
grounding or ungrounding some partof the matching circuit) 
are made during such comparisons, the current shown by 
the ammeters will increase whenever the power put into the 
line is increased. Thus, the highest reading indicates the 
greatest transfer efficiency, assuming that the power input. 
to the transmitter is kept constant 

Two ammeters, one in each line conductor, are shown. 
in Fig 6. The use of two instruments gives a check on the 
Tine balance, since the currents should be the same. However, 
a single meter can be switched from one conductor to the 
other. If only one instrument is used, itis preferably left out 
of the circuit except when adjustments are being made, since 
itwill add capacitance to the side in which itis inserted and 
thus cause some unbalance, This is particularly important 
When the instrument is mounted on а metal panel. 

Since the resistive component of the input impedance. 
of aline operating with an appreciable SWR is seldom known. 
accurately (and since the impedance varies with frequency), 
the RF currentisof litte value asa check on the exact power 
Inputto such a line. However, it shows in a relative way the 
efficiency of the system as a whole. The set of coupling 
adjustments that results in the largest line current with the 
least final-amplifler input power is the most desirable and 
most efficient. Just remember that the amount of current 
into a multiband wire may vary dramatically from one 
frequency band to the next, since the impedance at the input. 
of the line varies greatly. See Chapter 2 

For adjustment purposes, itis possible to substitute 


small flashlight lamps, shunted across a few inches of the 
line wires, for the RF ammeters, Their relative brightness 
shows when the current increases or decreases. They have 
the advantage of being inexpensive and of such small 
physical size that they do not unbalance the circuit. Another 
method to measure RF current is to use a toroidal core 
with a single-turn primary. See the section at the end of 
Chapter 6 on "lowfer“ antenna techniques. 


THE L-NETWORK 

A comparatively simple but very useful matching 
circuit for unbalanced loads is the L-network, as shown in 
Fig 7A. L-network antenna tuners are normally used for only 
asingle band of operation, although multiband versions with 
switched or variable col taps exist To determine the range 
of circuit values for a matched condition, the input and load 
impedance values must be known or assumed, Otherwise а 
match may be found by trial. 

InFig 7A, L1 is shown as the series reactance, X, and 
C1 as the shunt or parallel reactance, Xp. However, а 
capacitor may be used for the series reactance and an inductor 
for the shunt reactance, to satisfy mechanical or other 
considerations 

‘Theratio of the series reactance to the series resistance, 
XslRs, is defined as the network Q. The four variables, Rs, 
Rp, Xs and X p, for lossless components are related as given 
їп the equations below. When any two values are known, 
the other two may be calculated, 


(645) 


(Eq 6) 


(£27) 


(Eq 8) 


(Eq 9) 


Fig 6— Adjustment setup 
using SWR indicator. A— 
RF ammeters (see text). 
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Fig 7—AtA, the L-matching network, consisting of L1 and 
C2, to match Z1 and Z2.The lower of the two impedances 
to be matched, 21, must always be connected to the 
Serles-arm side of the network and the higher impedance, 
22, to the shuntarm side. The positions of the inductor 
and capacitor may be interchanged in the network. At B, 
the Pi-network tuner, matching R1 to R2.The Pi provides 
more flexibility than the ав an antenna-tuner circuit. See 
equations in the text for calculating component values. At 
€; the T-network tuner. This has more flexibility in that 
components with practical values can match a wide 
Variety of loads. The drawback is that this network can be 
inefficient, particularly when the output capacitor is 
small. 


be taken into account and absorbed or compensated for in 
the reactances of the matching network. Inductive and 
capacitive reactance values may be converted to inductor 
and capacitor values for the operating frequency with 
standard reactance equations. 

Itis important to recognize that Eq 5, 6, 7, and 9 are 
for lossless components, When real components with rel 
unloaded Qs are used, the transformation changes and you 
must compensate for the losses. Real coils are represented 
by a perfect inductor in series with a loss resistance, and 
real capacitors by а perfect capacitor in parallel with a loss 
resistance At HF, a physical coil will ave an unloaded Qu 
between 100 and 400, with an average value of about 200 
fora high-quality airwound coil mounted in a spacious metal 
enclosure.A variable capacitor used in an antenna tuner will 
havean unloaded Qu of about 1000 for atypical air-varlable 
capacitor with wiper contacts. An expensive vacuum 
variable capacitor can have an unloaded Q as high as 5000, 

The power loss in coils is generally larger than in 
variable capacitors used in practical antenna tuners. The 
circulating RF current in both coils and capacitors сап also 
cause severe heating. The A RRL Laboratory has seen coils 


forms made of plastic melt when pushing antenna tuners to 
their extreme limits during product testing. T heRF voltages 
developed across the capacitors can be pretty spectacular at 
times, leading to severe arcing. 

The ARRL program TLW (Transmission Line for 
Windows) on the CD-ROM included with this book does 
calculations for transmission lines and antenna tuners, TLW 
evaluates four different networks: a low-pass L-network, а 
high-pass L-network, a low-pass Pi-network, and a high- 
pass T-netw ork. Not only does TLW computetheexact values 
Tor network components, but also the full effects of voltage, 
current and power dissipation for each component. 
Depending on the load impedance presented to the antenna 
tuner, the internal losses in an antenna tuner can be 
disastrous. See the documentation file TLW.D OC for further 
details on the use of TLW, which some call the “Swiss rmy 
Knife" of transmission-line software. 


THE PI-NETWORK 

The impedances at the feed point of an antenna used. 
оп multiple HF bands varies over a very wide range, 
particularly if thin wire is used. This was described in detail 
їп Chapter 2. The transmission line feeding the antenna 
transforms the wide range of impedances at the antenna's 
feed point to another wide range of impedances at the 
transmission line's input, This often mandates the use of а 
more flexible antenna tuner than an L-networ. 

The Pi-network, shown in Fig 78, offers more 
flexibility than the L -network, since there are three variables 
to instead of two. The only limitation on the circuit values 
that may be used is that the reactance of the series arm, the 
inductor L in the figure, must not be greater than the square. 
root of the product of the two values of resistive impedance 
ta be matched, The following equations аге for lossless 
Components in a Pi-network. 
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ThePi-network may be used to match alow impedance. 
to a rather high one, such as 50 to several thousand ohms. 
Conversely, it may be used to match 50 £2 to a quite low 
value, such as 1.2 or less. For antenna-tuner applications, 
ClandC2 may beindependenty variable. L may bea roller 
Inductor or a coil with switchable taps 

Alternatively, а lead fitted with a suitable clip may be 
used to short out turns of a fixed inductor. In this way, a 
match may be obtained through trial, It will be possible to 
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m pen 
Fig B Computed values for real components (Qy = 200 
for сой, Qu = 1000 for capacitor) to match 5-0 load. 


resistance to 50-0 line. At A, low-pass L-network, with 
shunt input capacitor, series inductor. At B, high-pass 
L-network, with shunt input inductor, series capacitor. 


Note how large the capacity is for these L-networks. 
ALC, low-pass Pl-network and at D, high-pass 


though the loss is highest for this 
rk, at 22.4% of the input power 


match two values of impedances with several different 
settings of L, C1 and C2. This results because the Q of the 
network is being changed. If a match is maintained with 
other adjustments, the Q of the circuit rises with increased 
capacitance at C1. 

Of course, the load usually has a reactive component. 
along with resistance. You can compensate for the effect of 
these reactive components by changing one ofthe reactive 
elements in the matching network. For example, if some 
reactance was shunted across R2, the setting of C2 could be 
changed to compensate, whether that shunt reactance be 
Inductive or capacitive. 

As with the L-network, the effects of real-world 
unloaded Q for each component must be taken into account 
in the Pi-network to evaluate real-world losses, 
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THE T-NETWORK 

Both the Pi-network and the L -network often require 
unwieldy values of capacitance thats, large capacitances 
are often required at the lower frequencies—to make the 
desired transformation to 50.2. Often, the range of 
capacitancefrom minimum to maximum must be quite wide 
when the impedance at the output of the network varies 
radically with frequency, as is common for multiband, single- 
wire antennas 

The high-pass T-network shown in Fig 7C is capable 
of matching a wide range of load impedances and uses 
practical values for the components. However, as п almost 
everything in radio, there is a price to be paid for this 
flexibility. The T-network can be very lossy compared to 
other network types. This is particularly true at the lower 
frequencies, whenever the load resistance is low. Loss can 
besevereif the maximum capacitance of the output capacitor 
C3in Fig IC is low, 

For example, Fig 8 shows the computed values for the 
components at 1.8 MHz for four types of networks into a 
loadof5 +) 00. in each case, theunloaded Q of theinductor 
used is assumed to be 200, and the unloaded Q of the 
capacitor(s) used is 1000. The component values were 
computed using the program TLW. 

Fig BÀ is a low-pass L-network; Fig 8B is a high 
pass L-network and Fig BC is a Pi-network. At more than 
5200 pF, the capacitance values are pretty unwieldy for the 
first three networks. The loaded 0, for all three is only 3.0, 
indicating that the network loss is small. In fact, the loss is 
only 1.8% forall threebecausethe loaded Q is much smaller 
than the unloaded Qu of the components used. 

TheT-network in Fig 8D uses mare practical, realizable 
Component values. Note that the output capacitor C3 has 
been set to 500 pF and that dictates the values for the other 
two components. The drawback is that the loaded Q in this 
configuration has risen to 34.2, with an attendant loss of 
224% of the power delivered to the input of the network. 
Far the legal limit of 1500 W, the lass in the network is 
335 W. Of this, 280 W ends up in the inductor, which will 
probably melt! Even if the inductor doesn't burn up, the 
output capacitor СЗ might wel arc over, since it has more 
than 3800 V peak across it at 1500 W into the network 

Due to the losses in the components in a T-network, it 
is quite possible to “load it up into itself,” causing real 
damage inside. For example, see Fig 9, where а T-network 
is loaded up into a short circuit at 1.8 M H2, The component 
values look quite reasonable, but unfortunately all the power 
is dissipated in the network itself. The current through the 
output capacitor СЗ at 1500 W input to the antenna tuner 
would be 35 A, creating a peak voltage of more than 8700 V 
across СЗ. Either C1 (also at more than 8700 V peak) or C3 
will probably arc over before the power loss is sufficient to 
destroy the coil, However, the loud arcing might frighten 
the operator prety badly. 

The point you should remember s that the T-network 
isindeed very flexible in terms of matching to a wide variety 


Fig 9— Screen print of TLA program (a DOS 
predecessor of TLW) fora T-network antenna. 
tuner with short at output terminals. The tuner has 
been “loaded up into itself? dissipating all Input 
power internally! 


of loads, However, it must be used judiciously, lest it burn 
itself up. Even if itdoesn't fry itself, it can waste that precious 
RF power you'd rather put into your antenna 


THE AAT (ANALYZE ANTENNA TUNER) 
PROGRAM 

Аз you might expect, the limitations imposed by 
practical components used in actual antenna tuners depends 
ontheindividual component ratings, as well as on the range 
of impedances presented to the tuner for matching. ARRL 
has developed a program called AAT, standing for "Analyze 
Antenna Tuner,” to map the range over which a particular 
design can achieve a match without exceeding certain 
operator elected limits. AT is included with the software 
on the CD-ROM in the back of this book. 

Let's assume that you want to evaluate a T-network on 
the ham bands between 1.8 to 29.7 MHz. First, you select 
suitable variable capacitors for C1 and C3. You decide to try 
the popular Johnson 154-16-1, which is rated for minimum 
to maximum range from 32 to 241 pF, at 4500 V peak. Stray 
capacity inthe circuits estimated at 10 pF, making the actual 
range from 42 to 251 pF, with an unloaded Q of 1000. This 
value of Q is typical for an air-variable capacitor with wiping 
contacts, Next, you choose a variable inductor with a 
maximum inductance of, let's say, 28 pH and an unloaded 0 
of 200, again typical values for а practical Inductor. Set a 
pouerdosstimitof 20%, equivalent to a power loss of about 
1 dB. Then you let AAT do its computations. 

ANT tests matching capability over a very wide range 
of load impedances, in octave steps of both resistance and 
reactance. For example, it starts out with 3.125 —] 3200 O, 
and checks whether a match is possible. It then proceeds to 
3.125-j 16000, 3.125 j 8000, ek, downto 3.125 +] 0. 
Then AAT checks matching with positive reactances: 
3125 +) 3125, 3.125 +) 625, 3.125 +) 125, etc. on up to 
3.125 +] 3200 0 Then it repeats the same process, over the 


same range of negative and positive reactances, or a series 
resistance of 6.25 h It continues this process in octave steps 
of resistance, all he way up to 3200 Q resistive. A total of 
253 impedances are thus checked for each frequency, giving 
a total of 2,277 combinations for all nine amateur bands 
from 1.8 to 29.7 MHz. 

If the program determines thatthe chosen network can 
match a particular impedance value, while staying within 
the limits of voltage, component values and power loss 
imposed by the operator, it stores the ost power percentage 
in memory and proceeds to the next impedance. If AAT 
determines that a match is possible, but some parameter is 
violated (for example, he voltagelimitis exceeded), Itstores 
the out-of-specification problem to memory and tries the 
next impedance. 

ForthePi-network and theT-network, which havethree 
variable components, the program varies the output capacitor 
їп discrete steps of capacitance. It is possible for AAT to 
miss very critical matching combinations because of thesize 
of the steps necessary to hold execution time down. You can 
sometimesfind such critical matching points manually using 
the TLW program, which uses the same algorithms to 
determine matching conditions. On a 100-M Hz Pentium, 
AAT takes almost four minutes to evaluate all 2,277 
combinations for the default component values. On а 
33-M Hz 486DX machine it really seems to crawl. Because 
of such execution-time considerations, AAT does an extensive 
search, ut notan exhaustive one. 

Onceall impedance points have een tried, AAT writes 
the results to two disk files— one is a summary file 
(TEENET.SUM, in this example) and the other isa detailed 
log (TEENET.LOG) of successful matches, and matches that 
came close except for exceeding a voltage rating. Fig 10 is 
asample printout of part of the summary AAT output for the 
3.5 M Hz band and one forthe 29.7 M Hz band. (The printouts 
for 1.8 MHz, and the bands from 7.1 to 24.9 M Hz are nat 
shown here) This is for a T-network whose variable 
capacitors C1 and C3 (including 10 pF stray) range from 42 
to 251 pF, each with a voltage rating of 4500 V. The cil is 
assumed to go up to 28 uH and has an unloaded Q of 200. 

The numbers in the matching map grid represent the 
power loss percentage for each impedance where match is 
indeed possible. Where а "C-" appears, AT s sayin that 
a match can't be made because the minimum capacity of 
one or the other variable capacitors is too large. This often 
happens on the higher frequency bands, but can occur on 
the lower bands when the power loss is greater than the 
specified limit and AAT continues to try t find a condition 
where the power loss is lower. It does this until it runs into 
the minimum-capacitance limit of the input capacitor C1. 

Similarly, wherea"C +" appears, a match can tbe made 
because the maximum capacity of one or the other variable 
capacitors is too small. Where an “L +” is placed in the grid, 
the match falls because more inductance s needed. Where а 
“ү” is shown, the voltage limit for some component has 
been exceeded. It may be possible in such a circumstance to 
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Loss percentage for Tee-network, series cap., shunt inductor, series cap 
Froa: 3.5 MHz, 29: 50, 1500W, Vmax: 4500 V, Qu: 200 , Ос: 1000 
War. Capi 42 to 251 pF with switched 160/80 m output cap.: O pF 

Xa 3.128 6,25 12.8 23 — 50 100 200 400 800 1800 1200 ка 


3200 Сы Le be pe lé de Le de Vo 72 
lié ke de de br Le Vo у 67 5.4 5:6 
low k. ш C. с у у ва в.в аз 4:2 5.0 
Тао © C. € (V aa 7.6 5.0 X6 3122 3.7 4:8 
— 250 8. б< f 13.3 B2 $2 L5 27 28 35 477 
- obo с 16.7 10.2 6.3 3.9 31 219 2:6 3.4 4.7 
= so e iais ale 8.2 3.8 313 219 216 34 403 
" бу їзїї Эв 417 306 3.2 2.8 2.5 3.4 4.7 
lans е 1214 7.4 4.5 3.9 3.5 2.8 25 34 477 
6.25 ce Wik 72 44 38 3.5 2.7 2.5 3.4 4.7 
3.12 8. 9:8 01009 771 417 E88 15 222 205 Ма aly 
D S. 1516 1108 710 407 3.7 L4 2.7 2.5 4 4.7 
3.125 © 19.3 11.6 6.9 46 3.7 3.4 272 2.5 34 а 
6.25 C- 19.1 11.4 ба 4.5 3.7 3.4 2.9 2.5 3.4 4.7 
1i СС 1816 IL 66 аа аз 3.3 29 2.5 3.4 4.7 
28 . 1316 10.4 6.2 4.7 40 3.2 28 25 3.4 4.7 
50 C. 1515 9.1 6.1 49 37 за 27 24 3.3 4.7 
100 Б 11:0 7.6 615 4.9 3.9 3.4 2,9 24 3.3 477 
200 у м аз то $3 35 X6 28 203 3.3 43 
0 p у у у ov sa 36 15 23 Mi 46 
0 Р Р Р у wv V 23 23 2.6 За 43 
1600 Le 205 316 318 410 9 
3200 Le de ыш be 55 5,9 


Loss percentage for Tee-network, series cap., shunt inductor, Series cap. 
Freq: 29.7 MHz, 20: 50, 1500W, Vmax: 4500 V, Qu: 200 , Qc: 1000 
War. Сар: 42 to 251 př with switched 150/80 m output cap.: 0 pF 

Xa 3.128 6.25 12.5 55 50 100 200 400 806 1600 3200 Ra 
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Fig 10— Sample printout from the AAT program, showing 3.5 and 29.7-MHz simulations for a -network antenna 
tuner using 42-251 pF variable tuning capacitors (including 10 pF of stray), with voltage rating of 4500 Y and 28 uM 
roller inductor. The load varies from 3.125 - 3200 £ to 3200 + / 3200 £ in geometric steps. Symbol “L+” indicates, 
that a match is impossible because more inductance is needed. "C." indicates that the minimum capacity is too 
large. "V" indicates that the voltage rating of a capacitor has been exceeded. "P" indicates that the power rating 
limit set by the operator to 20% has been exceeded. A blank indicates that matching is not possible at all, probably 
fora variety of simultaneous reasons. 
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loss percentage for Tee-netkork, series cap., shunt inductor, series cap. 
Freq: 3.5 MHz, 20; 50, 1500, Vmax: 3000 V, Qu: 200, Qe: 1000 
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xa 3.125 6.25 12.5 25 50 100 200 400 BOO 1600 3200 Ra 
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25 — $8 518 4.7 36 3:0 2.4 1,9 1.6 2.3 3.3 V 
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Loss percentage for Tee-network, series cap., shunt inductor, series cap 
Freq: 29.7 MHz, 20: 80, 15000, Vmax: 3000 V, Qu: 200 , Qc: 1000 
25 to 402 pF with switched 160/80 m output cap.: 400 pF 
3.125 6,25 12.5 25 50 100 200 400 800 1600 3200 "ва 
a 2 
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5b 612 3.9 20 16 $5 110 r5 2,3 c- 
200 v^ 516 10 1б 015 0.8 115 203 ler 
200 у 0:8 11 105 2 c 
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1600 < e c c 
3200 1+ e e- t- 


Fig 11— Another sample AAT program printout, using a dual-section variable capacitor whose overall tuning range 
when in parallel varies from 25 to 402 pF, but with a 3000-У rating. The same 28 Н roller is used, but an auxiliary 
400 pF fixed capacitor can now be manually switched across the output variable capacitor. Note that the overall 
matching range has in effect been shifted over to the left from that in Fig 10 for the lower frequency because the 
maximum output capacitance is higher. The range has been extended on the highest frequency because the 
minimum capacitance is smal 
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reduce the power to eliminate arcing. Where P" is shown, 
the power limit has been exceeded, meaning that the loss 
would be excessive. Where blank occurs, no combination 
of matching components resulted in a match 

It should be clear that with this particular set of 
capacitors, the T-network suffers large losses when the load 
resistances less than about 12.5 QaL3 S MHz. For example, 
for aload impedance of 12.5 - 100 © thelossis 16.7%.At 
1500 W into the tuner, 250 W would be burned up inside, 
mainly inthecoi It should also be clear that as the reactance 
increases the power loss increases, particularly for capacitive 
reactance. This occurs because the series capacitive reactance 
of theload adds to the series reactance of СЗ, and losses rise 
accordingly 

For most loads, a larger value for the output capacitor 
C3 decreases losses. Typically, there is а tradeoff between 
the rangeof minimum-to-maximum capacity and the voltage 
rating forthe variable capacitors that determines the effective 
impedance matching range. See Fig 11, which assumes that 
capacitors C1 and СЗ havea larger range between minimum 
to maximum capacity, but with a lower peak voltage rating. 
Each tuning capacitor is representative of a Johnson 
154-507-1 dual-section capacitor, which has a range from 
15 to 196 pF in each section, ata peak voltage rating of 
3000 V. Thetwo sections are placed in parallel for the lower 
frequencies. А gain, astray capacitance of 10 pF is assumed 
for each variable capacitor. 

Theresiltat3 5 MHzin Fig 11 isashiftofthematching 
map toward the left This means that lower values of series 
load resistance can be matched with lower power loss. 
However, it also means that the highest value of load 
resistance, 3200 0, now runsinto the limitation of the voltage 
rating of the output capacitor, something that did not happen 
when the 4500-V capacitors were used in Fig 10. 

Now, compare Fig 10 and Fig 11 at 29.7 MHz, The 
smaller minimum capacity (25 pF) ofthe capacitors in Fig 11 
allows for a wider range of matching impedance, compared 
with the circuit of Fig 10, where the minimum capacity is 
42 pF. Thiscircuitcan't match loads with resistances greater 
than 200.0. 

Note that AAT also allows the operator to specify а 
switchable fixed-value capacitor across the output capacitor 
СЗ to ald in matching low-resistance loads on the lower 


Fig 12— Schematic for the T-network antenna tun 
whose tuning range is shown in Fig 11. 


frequency bands. In Fig 11, 2400 pF fixed capacitor C4 was 
assumed to be switched across C3 for the 1.8 and 35 M Hz 
bands, Fig 12 shows the schematic for such a T-netwark 
antenna tuner, 

The power loss in Fig 11 on 35 MHz at a load of 
625 j 3.125 Qis 7.2%, whllein Fig 10 the loss is 19.7%. 
On the other hand, the voltage rating of one (or both) 
capacitors is exceeded for a load with а 3200 Q resistance. 
By the way, it isn't exceeded by very much: the computed 
Voltage is 3003 V at 1500 W input just barely exceeding 
the 3000-V rating forthe capacitor. This, after all, a strictly 
literal computer program. Turning down the power just à 
small amount would stop any arcing. 

AAT produces similar tables for Pi-network and 
L network configurations, mapping the matching capabilities 
for the component combinations chosen, Al computations 
are, of course, only as accurate as the assumed values for 
unloaded Qy in the components. The unloaded Q of variable 
inductors can vary quite а bit over the full amateur MF and 
HF frequency range. Computations produced by AAT have 
been compared to measured results оп real antenna tuners 
and they correlate well when measured values for unloaded 
inductor Qu are plugged into AAT. Individual antenna tuners 
may well vary, depending on what sort of stray inductance 
or capacitance is introduced during construction. 


A Low-Power Link-Coupled Antenna Tuner 


Link coupling offers many advantages over other types 
of systems wherea direct connection between the transmitter 
and antennais required, using a balanced type of transmission 
line. This is particularly true at 3.5 M Hz, where commercial 
broadcast stations often induce sufficient voltage to 
cause either rectification or front-end overload. Trans 
ceivers and receivers that show this tendency can usually be 
cured by using only magnetic coupling between the 
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transceiver and antenna system. There is no direct 
connection, and better isolation results, along with the 
inherent band-pass characteristics of magnetically coupled 
tuned circuits 

Although link coupling can be used with either single- 
ended or balanced antenna systems, its most common 
application is with balanced feed. The model shown hereis 
designed for 35. through 28-M Hz operation. 


The Circuit 

‘The antenna tuner network shown in Figs 13, 14 and 
15 is а band-switched link coupler, L2 is the link and C1 is 
used to adjust the coupling. 518 selects the proper amount. 
of link inductance for each band. L1 and L3 are located on 
each side of the link and are the coils to which the antenna 
is connected. Aligator clips are used to connect the antenna 
to the coll because antennas of different Impedances must. 
be connected at different points (taps) along the coil. Also, 
with most antennas it will be necessary to change taps for 
different bands of operation. C2 tunes L 1 andL 3to resonance. 
atthe operating frequency. 

Switch sections SIA and S1C select the amount of 
Inductance necessary for each of the HF bands. The 
Inductance оГ each of the colls has been optimized for 
antennas In the impedance range of roughly 20 to 600 O. 
Antennas that exhibit impedances well outside this range 
may require that some of the fixed connections to L1 and 
L3 bechanged. Should this be necessary, remember that the 
L1 and L3 sections must be kept symmetrical—the same 
number of turns on each coil 


Construction 

Theunitis housed ina homemade aluminum enclosure. 
that measures 9 x В x 375 inches. As can be seen from the 
schematic, C2 must be isolated from ground. This can be 
‘accomplished by mounting the capacitor on steatite cones 
or other suitable insulating material. M ake sure that the hole 
through the front panel for the shaft af C2 is large enough 
so the shaft does not make contact with the chassis. 


Le 


Fig 14— Schematic diagram of the link coupler: The 
connections marked as "to balanced feed line" are 
Steatite feedthrough insulators. The arrows on the other 
ends of these connections are alligator clips. 

С1—350 pF maximum, 0.04354n. plate spacing or greater 
2-100 pF maximum, 

J 1 Coaxial connector. 
LL, L2, L3- B&W 3026 Miniductor stock, 248, diameter, 
turns per inch, #14 wire. Coils assembly consists of 

48 tums, L1 and L3 are each 17 turns tapped at 8 and 
11 turns from outside ends. L2 is 14 turns tapped at 8 
and 12 turns from C1 end. See text for additional details, 

517 3-роіе, 5-position ceramic rotary switch 


SU 


Fig 13— Exterior view of the band- 
switched link coupler. Aligator 
Clips are used to select the proper 
тар positions of the coil 


Coupling the Transmitter to the Line 25-13 


И АШИ 


Fig 15~ Interior view of the link- 
coupled tuner, showing the basic 
positions of the major components. 
Component placement is not critical, 
but the unit should be laid out for. 
minimum lead lengths. 


Tune-Up 

‘The transmitter should be connected to the input of the. 
antenna tuner through some sort of instrument that will 
indicate SWR. Set 51 to the band of operation, and connect. 
the balanced line tothe insulators on the rear panel of the 
coupler. Attach alligator clips to the mid points of coils L1 
and L3, and apply power. Adjust C1 and C2 for minimum 
reflected power. If а good match is not obtained, move the 


antenna tap points either closer to the ends or center of the 
coils. Again apply power and tune C1 and C2 until the best 
possible match is obtained, Continue moving the antenna 
taps until a 1:1 match is obtained. 

‘The circuit described here is intended for power levels 
up to roughly 200 W. Balance was checked by means of two 
RF атте, onein each leg ofthe feed line, Results showed 
the balance to be well within 1 dB. 


High-Power ARRL Antenna Tuner for Balanced 
orUnbalanced Lines 


Only rarely does a transmission line connect at one end 
toareal world antennathathas an impedance of exact 50 0. 
An antenna tuner is often used to transform whatever 
impedance results at the input to the transmission line to the 
50 0 needed by a modern transceiver. Generally, only when 
‘transceiver is working into the load for which it vas designed 
can it deliver its rated power, at its rated level of distortion. 
Many transceivers have built-in antenna tuners capable of 
handling a modest range of impedance mismatches. M ost are. 
rated for SWRs up to 3:1 on an unbalanced coax line, Such a 
builtin tuner will probably work fine when you use the 
transceiver by itself. Thus, if your transceiver has a builtin 
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antenna tuner and if you use coax-fed antennas, you probably 
don't need an external antenna tuner. 


REASONS FOR USING AN ANTENNA TUNER 

If you use a linear amplifier, however, you may find 
hat it can't load some coax-fed antennas with even moder- 
ate SWRs, particularly on 160 or 80 meters, This is usually 
dueto loading capacitor that is marginal in capability. Some 
amplifiers even have protective circuits that prevent you from 
using the amplifier when the SWR is higher than about 2:1, 
For this situation you may well need a high-power antenna 
tuner. Bear in mind that although an antenna tuner will bring 


the SWR down to 1:1 atthe amplifier that is, it presents а 
50-W load to the amplifier— it will not change the actual 
SWR condition on the transmission line going to the an 

tenna itself. Fortunately, most amateur HF coax-fed anten 

nas are operated close to resonance and any additional loss 
оп the line due to SWR is not a big problem. If you wish to 
operate a single-wire antenna on multiple frequency bands, 
ап antenna tuner also will be needed. As an example, if you 
choose a 130-foat long dipole for this task, fed in the center 
with 450-W ladder line, the feed-point impedance of this 
antenna over the 1.8 to 29.7-M Hz range will vary drast 

cally. Further, the antenna and the feed line are both bal- 
anced, requiring a balanced type of antenna tuner, What 
you need is a balanced antenna tuner that can handle a very 
wide range of impedances, all without arcing or overheat- 
ing internally, 


DESIGN PHILOSOPHY BEHIND THE ARRL 
HIGH-POWER TUNER 

Dean Straw, N6BV, designed this antenna tuner with 
three objectivesin mind: First it would operate over a wide. 
range of loads, at full legal power, Second, it would be а 
high efficiency desig, with minimal losses, including losses 
in the balun. This led to the third objective: Include а balun 
operating Within its design impedances, Often, а balun is 
added to the output of a tuner. itis designed as a 4:1 unit, 
it expects to see 200 £2 on its output. Connect it to ladder 
line and letit see a 1000, load, and spectacular arcing can 
occur even at moderate (100 W) power levels. 

For that reason this unit was designed with the balun 
at the input af the tuner. This antenna tuner is designed to 
handle full legal power from 160 to 10 meters, matching а 
wide range of either balanced or unbalanced impedances, 
The network configuration is a high-pass T-network, with 
two series variable capacitors and a variable shunt inductor. 
See Fig 16 for the schematic of the tuner. Note that the 
schematic is drawn in a somewhat unusual fashion. This is 
doneto emphasize that the common connection of the series 
inputand output capacitors and the shunt inductor is actually 
the subchassis used to mount these components away from 
thetuner’s cabinet Thesubchassisis insulated from the maln 
cabinet using four heavy-duty 2-inch steatite cones. 

While a T-network type of tuner can be very lossy if 
careisn'ttake, itis very flexiblen the range of impedances 
it can match. Special attention has been pald to minimize 
power loss in this tuner particularly for low-impedance 
Toads on the lower-frequency amateur bands. Preventing 
arcing or excessive power dissipation for low-impedance 
loads on 160 meters represents the most challenging 
conditionsforanantennatuner designer. То see the computed 
range of impedances it can handle, look over the tables in 
"heASCII file called TUNER.SUM on the CD-ROM in the 
back of this book. The tables were created using the program 
AAT, described previously in this chapter. 

For example, assume that the load at 1.8 MHz is 
125 4j0 0. Forthisexample the output capacitor C3 is set 


by the program to 750 pF. This dictates the values for the 
other two components. At 1.8 MHz, for typical values 
of component unloaded Q (200 for the coil), 7.9% of the 
power delivered to the input of the network is lost as heat. 
For 1500 W at the input, the loss in the network is thus 
119 W. Of this, 98 W ends up in theinductor, which must be 
able to handle this without melting or detuning. The 
‘T-network must be used judiciously, lest it burn itself up or 
arc over Internally. 

One of the techniques used to minimize power lost in 
this tuner is the use of a relatively large output capacitor. 
(The output variable capacitor has a maximum capacitance 
of approximately 400 pF, including an estimated 20 pF of 
stray capacitance.) An additional 400 pF of fixed capacitor 
can be switched across the output variable capacitor on 80 
or 160 meters. At 750 pF output capacitance at 1.8 MHz 
anda 12.5-O load, enough heat is generated at 1500 W input. 
to make te inductor uncomfortably warm to the touch after 
30 seconds of full-power key-down operation, but not 
enough to destroy the roller inductor. 

Foravarlablecapacitor used in aT-network tuner, there 
is a trade-off between the range of minimum to maximum 
capacitance and the voltage rating. This tuner uses two 
identical Cardwell- ohnson dual-section 154-507-1 air- 
variable capacitors, rated at 3000 V. Each section of the 
capacitor ranges from 15 to 196 pF, with an estimated 10 pF 
of stray capacitance associated with each section. Both 
sections are wired in parallel for the output capacitor, while 
they are switched in or out using switch S18 for the input. 
capacitor. This strategy allows the minimum capacitance of 
the input capacitor to be smaller to match high-impedance 
loads at the higher frequencies. 

The roller inductor is a high-quality Cardwell 
229-203-1 unit, with a stetlte body to enable it to dissipate 
heat without damage. The roller inductor is augmented with 
а series 0.3 uH coll made of four turns of inch copper 
tubing formed ona lunch OD form (whichis then removed) 
This fixed coil can dissipate more heat when low values of 
inductance are needed for low-impedance loads at high 
frequencies. Both variable capacitors and the roller inductor 
use ceramic-insulated shaft couplers, since all components 
are hot electrically. Each shaft goes through a grounded 
bushing at the front panel to make sure none of the knobs is 
hot forthe operator. 

The balun allowing operation with balanced loads is 
placed at the input of this antenna coupler, rather than at the 
‘output where itis commonly placed in other designs, Putting 
the balun at the input stresses the balun less, since it is 
Operating into its design resistance of 50.0, oncethenetwork 
is tuned. For unbalanced (coax) operation, the common point. 
at the bottom of the roller inductor is grounded using а 
jumper at the feedthrough insulator at the rear of 
the cabinet. In the prototype antenna tuner, the balun was 
wound using 12 turns of #10 formvar insulated wire, wound 
side-by-side in bifilar fashion on a 2.4-inch OD core of 
type43 material. A fter 60 seconds of key-down operation at 
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Fig 16 Schematic diagram of the ARRL Antenna Tuner. 

C1, C2 15.196 pF transmitting variable with voltage 
тайпа of 3000 V peak, such as the E. F.J ohnson 
154-507-1. 

C3— Home-made 400 pF capacitor; more than 10 kV 
Voltage breakdown. Made from plate glass from a 

> T-inch" picture frame, sandwiched in betw 
4: вчпеһ, 0.030-Inch thick aluminum plate and the 
ctrically floating subchassis that also forms the 


1500W on 29.7 M Hz, the wire becomes warm to the touch, 
although the core itself remains cool. We estimated that 
25 W was being dissipated in the balun. A llematively, if 
you don't intend to use the tuner for balanced lines, you can 
delete the balun altogether. 

In our unit, a piece of RG-213 coax is used to connect 
the output coaxial socket (in parallel withthe “hot” insulated 
feedthrough insulator) to $1D common. This adds 
approximately 15 pF fixed capacity to ground. An equal 
length of RG-213 is used at the“ cold” feedthrough insulator 
so that the circuit remains balanced to ground when used 
with balanced transmission lines. W hen the cold terminal is 
Jumpered to ground for unbalanced loads (that is, using the 
coax connector), the extra length of RG-213 is shorted out 
and is thus out of the circuit. 


CONSTRUCTION 

The prototype antenna tuner was mounted in a 
Hammond model 14151 heavy-duty, painted steel cabinet. 
This is an exceptionally well-constructed cabinet that does 
not flex or jump around on the operating table when the 
roller inductor shaft is rotated vigorously. The electrical 
components inside were spaced well away from the steel 
cabinet to keep losses down, especially in the variable 
inductor. Thereis also lots of clearance between components 
and the chassis itself to prevent arcing and stray capacity to 
ground. See Figs17 and 18 showing the layout inside the 
Cabinet of the prototype tunes. Fig 19 shows a view of the 
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common connection between C1, C2 and L1. 
LIT Fixed inductor, approximately 0.3 Н, 4 turns of 
cinch copper tubing formed on Linch OD tubing. 
L2- Rotary inductor, 28 uH inductance, Cardwell E. F- 
‘Johnson 229-203, with steatite coll form. 

s1 Balun, 12 turns bifilar wound #10 Formvar wire 
le side on 24-inch OD Type 43 core, Amidon 


front panel. The turns-counter dial for the roller inductor 
was bought from Surplus Sales of Nebraska, 

The 400-pF fixed capacitor Is constructed using low- 
cost plate glass from a 5 х 7-inch picture frame, together 


Fig 17—Interior view of the ARRL Antenna Tuner. The 
balun is mounted near the input coaxial connector. The 
tuo feedthrough insulators for balanced-line operation 
are located near the output coaxial unbalanced 
connector, The Radioswitch Corporation high-voltage 
switch is mounted to the front ( 
Shaft couplers through ground "/-inch panel bushings 
couple the variable components to the knobs. 


Fig 18— Bottom view of the subchassis, showing the 
four white insulators used to isolate the subchassis 
from the cabinet. The homemade 400-pF fixed capacitor 
C3 is epoxied to the bottom of the subchassis, 
‘sandwiching a piece of plate glass as the dielectric 
between the subchassis and а flat piece of aluminum. 


Fig 19— Front panel view of the ARRL Antenna Tuner. 
The high-quality turns counter dial is from Surplus 
Sales of Nebraska. 


with an approximately 4 x 6-Inch flat piece of sheet 
aluminum thats 0.030-inch thick. Thetuner's10:/x inch 
subchassis forms the other plate of this homebrew capacitor. 
For mechanical rigidity, the subchassis uses two "inch 
thick aluminum plates, The inch thick glass is epoxied 
to the bottom of the subchassis, The 4 x -inch aluminum 
sheet forming the second plate of the 400-pF fixed capacitar 
isin tum epoxied to the glass to makea stable, high-voltage, 
high-current fixed capacitor. Two sripsof wood are screwed 
down over the assembly underneath the subchassis to make 
sure the capacitor stays in place. The estimated breakdown 
voltage is 12,000 V. See Fig 20 for a bottom view of the 
subchassis. 

Note: The dielectric constant of the glass in а cheap 
($2 at Wal-M art) picture frame varies. The final dimensions 
of the aluminum sheet secured with one hour epoxy to the 
glass was varied by sliding it in and out until 400 pF was 


Fig 20— Bottom view of subchassis, showing the two 
Strips of wood ensuring mechanical stability of the C3 
capacitor assembly. 


reached, while the epoxy was still wet, using an Autek 
RE-1 as a capacitance meter, Don’t let epoxy slop over the 
edges this can arc and burn permanently! 

51 is bolted directly to the front of the cabinet. S1 is 
a special high-voltage RF switch from Radio Switch 
Corporation, with four poles and three positions. It is not 
inexpensive, but we wanted to have no weak points in the 
prototype unit. A more frugal ham might want to substitute 
two more common surplus ОРОТ switches for $1. One 
would bypass the tuner when the operator desires to do that. 
Theother would switch the additional 400-pF fixed capacitor 
across variable C3 and also parallel both sections of C1 
together for the lower frequencies. Both switches would have 
to be capable of handling high RF voltages, of course. 


OPERATION 

The ARRL Antenna Tuner is designed to handle the 
output from transmitters that operate up to 1.5 kW. An 
external SWR indicator is used between the transmitter and 
the antenna tuner to show when a matched condition is 
attained. M ost often the SWR meter builtinto the transceiver 
is used to tune the tuner and then the amplifier is switched 
on. The builder may want to integrate an SWR meter in the 
tuner circuit between } 1 and the arm of 51A 

Never hot switch an antenna tuner, as this can damage 
both transmitter and tuner. For initial setting below 10M Hz, 
set S1 to position 2 and C1 at midrange, C2 at full mesh 
With a few watts of RF, adjust the roller inductor for а 
decrease in reflected power. Then adjust C1 and L2 
alternately for the lowest possible SWR, also adjusting C2 
if necessary. Ifa satisfactory SWR cannot be achieved, try 
S1 at postion 3 and repeatthe steps above. Finally, increase 
the transmitter power to maximum and touch up the tuner's 
controls if necessary. When tuning, keep your transmissions 
brief and identify your station. 

For operation above 10 M Hz, again initially use $1 set 
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to position 2, and if SWR cannot be lowered properly, try 
S1 set to position 3. This will probably be necessary for 24 
or 28-M Hz operation. In general, you want to set C2 for as 
much capacitance as possible, especially on the lower 
frequencies. This will result in the least amount of loss 
through the antenna tuner. The first position of S1 permits 
switched-through operation direct to the antenna when the. 
antenna tuner is not needed, 


FURTHER COMMENTS ABOUT THE ARRL 
ANTENNA TUNER 

Surplus coils and capacitors are suitable for use in this 
circuit. L2 should have at least 25 рН of inductance and be 
constructed with a steatite body. There are roller inductors 
on the market made with Delrin plastic bodies but these are 
Very prone to melting under stress and should be avoided, 
The tuning capacitors need to have 200 pF or more of 
capacitance per section at a breakdown Voltage of at least 
3000 V. You could save some money by using а single- 
section variable capacitor for the output capacitor, rather 
than the dual-section unit we used. Itshould havea maximum 
capacitance of 400 pF and a voltage rating of 3000 V. 

Measured insertion loss for this antenna tuner is low. 
The worst-case load tested was four 50-0 dummy loads in 
parallel to makea 12.5-0 load at 1.8 M Hz. Running 1500 W 
keydown for 30 seconds heated the variable inductor enough 
so that you wouldn't want to keep your hand on it or long. 
Nene of the other components became hot in this test. 

At higher frequencies (and into а 50-0 load at 
18M Hz), he roller inductor was only warm to the touch at 
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1500 W keydown for 30 seconds. The +10 balun wire, as 
mentioned previously, was the warmest component in the 
antenna tuner for frequencies above 14 M Hz, although it 
was far from catastrophic. 
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Chapter 25 looked at system design from the point of 
view of the transmitter, examining what could be done to 
ensure that the transmitter works into 50 0, Ив design load. 
In many systems it was desirable—or necessary —to place 
an antenna tuner between the transmitter and the transmission 
Tine going to the antenna, This is particularly truefor asingle- 


wire antenna used on multiple amateur bands 

In this chapter, we will look at system design from the 
point of view ої ће transmission ine. We will examine what 
‘should be done to ensure thatthe transmission line operates 
at best efficiency, once a particular antenna is chosen to do 
a particular Job. 


Choosing a Transmission Line 


Until you get into the microwave region, where 
waveguides become practical, there are only wo practical 
choices for transmission lines: coaxial cable (usually called 
coax) and paralle-conductor lines (often called open. ute 
lines). 

The shielding of coaxial cable offers advantages in 
incidental radiation and routing flexibility. Coax can betied 
or taped to the legs of а metal tower without problem, for 
example. Some varieties of coax can even be buried 
underground. Coaxial cable can perform acceptably even 
with significant SWR. (Refer to information in Chapter 24.) 
А 100-foot length of RG-8 coax has 1.1 dB matched-line 
loss at 30 MHz. If this line were used with a load of 
250 +] 0. (an SWR of 5:1), the total line loss would be 
22 dB. This represents about half S unit on most receivers. 

Оп the other hand, open-wire line has the advantage 
of both lower loss and lower cost compared to coax. 600-0 
open-wirelineat 30 MHz has a matched loss of only 0.1 dB. 
1f you use such open-wire line with the same 5:1 SWR, the 
total loss would about 0.3 dB. In fact, even if the SWR rose 
to 20:1, the total loss would be less than 1 dB. Typical open- 
wire line sells for about з the cost of good quality coax 
cable, 

Open-wire line is enjoying a renaissance of sorts with 
amateurs wishing to cover multiple HF bands with asingle- 
wire antenna. This is particularly true since the bands at 30, 
17 and 12 meters became available in the early 1980s. The 
102-foot long G5RV dipole, fed with open-wire ladder line 
into an antenna tuner, has become popular as а simple all 
band antenna. The simple 135-foot long flat-top dipole, fed 
with open-wire 450-2 window ladder-line, is also very 
popular among all-band enthusiasts, 


Despite their inherently low-loss characteristics, open 
wire lines are not often employed above about 100 M Hz. 
This is because the physical spacing between the buo wires 
begins to become an appreciable fraction of a wavelength, 
leading to undesirable radiation by theline itself. Some form 
of coaxial cable is almost universally used in the VHF and 
UHF amateur bands. 

So, apart from concerns about convenience and the 
matter of cost, how do you go about choosing a transmission 
line for a particular antenna? Let's start with some simple 
cases, 


FEEDING A SINGLE-BAND ANTENNA 

If the system is for a single frequency band, and if the 
impedance of the antenna doesn't vary too radically over 
the frequency band, then the choice of transmission line is 
егу. Most amateurs would opt or convenience—they would 
use coaxial cable to feed the antenna, usually without an 
antenna tuner. 

An example of such an installation is a half-wave 80- 
meter dipole fed with 50.0 coax. The matched-line loss for. 
100 Feet of 50-£2RG-8 coax at 3.5 MHz is only 0.33 dB. At 
each end of the 80-meter band, this dipole will exhibit an 
SWR of about 6:1. The additional loss caused by this level 
of SWR atthis frequency is less than 0.6 B, for a total line 
loss of 0.9 dB. Since 1 dB represents an almost undetectable 
change in signal strength at the receiving end, it does not 
‘matter whether theline sflator not for this 80-meter system. 

This is true provided that the transmitter can operate 
properly into the load presented to it by the impedance at 
the input of the transmission line, Ап antenna tuner is 
sometimes used as a line flattener to ensure that the 
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transmitter operates into Ив design load impedance. On the 
other amateur bands, where the percentage bandwidth is 
smaller than that on 75/80 meters, a simple dipole fed with 
coax will provide an acceptable SW R for mosttransmitters— 
without an antenna tuner. 

If you want a better match at the antenna feed point of 
asingle band antenna to coax, you can provide some sort of 
matching network at the antenna. We'll look further into 
schemes for achieving matched antenna systems later in this 
chapter, when we'll examine single band beta, gamma and 
omega matches 


FEEDING A MULTIBAND RESONANT ANTENNA 

A multiband resonant antenna is one where special 
measures are used to make a single antenna act as though it 
were resonant on each of several amateur bands. Often, trap 
circuits are employed. (Information on traps is given 
in Chapter 7.) For example, a trap dipole Is equivalent to 
а resonant 142 dipole on each of the bands for which it is 
designed. 

‘Another common multiband resonant antenna is one 
where several dipoles cut for different frequencies are 
paralleled together at а common feed point and fed with а 
single coax cable, This arrangement acts as though it had an 
independent, resonant 42 dipole on each frequency band. 
(There is some interaction between the individual wires, 
Which should be separated physically as far as practical to 
reduce mutual coupling.) 

Another type of multiband resonant antenna is log 
periodic dipole array (LPDA), although this can hardly be 
called a simple amateur antenna, The log periodic features 
moderate gain and patter, with alow SWR across a fairly 
wide band of frequencies, See Chapter 10 for more details. 

Yet another popular multiband resonant antenna is the 
trapped triband Yagi, or a multiband interlaced quad. On 
theamateur HF bands, the triband Yagi is almost as popular 
asthesimple 2 dipole See Chapter 11 for more information 
on Yagis. 

A multiband resonant antenna doesn't present much of 
a design challenge —you simply feed it with coax that has 
characteristic impedance close to the antenna's feed-point 
impedance. Usually, 50-а cable, such as RG-8, is used. 


FEEDING A MULTIBAND NON-RESONANT 
ANTENNA 

Let's say that you wish to usea single antenna, such as 
2 100.foatlong dipole, on multiple amateur bands. You know 
from Chapter 2 that since the physical length of the antenna 
is fixed, the feed-point impedance of the antenna will vary 
on each band. In other words, except by chance, the antenna 
will not beresanant—or even close to resonant—on multiple 
bands. 

For multiband non-resonant antenna systems, the most 
appropriate transmission lineis often an open-wire, parallel 
conductor line, because of the inherently low matched-line 
loss characteristic of these types of lines, Such a system is 
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called an unmatched system, because no attemptis made to 
match the impedance at the antenna’s feed point to the Z g of 
the transmission line. Commercial 450-02 window ladder 
Tine has become popular for this kind of application. It is 
almost as good as traditional homemade open-wire line for 
most amateur systems. 

The transmission line will be mismatched most of 
the time, and on some frequencies it will be severely mis 
matched, Because of the mismatch, the SWR on the line 
will vary widely with frequency. As shown in Chapter 24, 
such a variation in load impedance has an impact on the 
loss sufferedin the feed line. Lets look atthe losses suffered 
їп typical multiband non-resonant system. 

Table 1 summarizes the feed-point information over 
the HF amateur bands for a 100-foot long dipole, mounted 
as a flattop, 50 feet high over typical earth. In addition, 
Table 1 shows the total line loss and the SWR at he antenna 
feed point. As usual, there is nothing particularly significant 
about the choice of a 100-foot long antenna. Neither is there 
anything significant about a 100-foot long transmission line 
from that antenna othe operating position. Both are practical 
lengths that could very well be encountered in a real-world 
situation, At 1,8 M Hz, the loss in the transmission line is 
large—8.9 В. This is due to the fact that the SWR at the 
feed point isa very high 793:1, a direct result of the fact that 
the antenna is extremely short in terms of wavelength, 

"Table 2 summarizes the same information asin Table 1, 
but this time for а 66-foot long inverted-V dipole, whose 
apex is 50 feet over typical earth and whose included angle 
between its two legs is 120°. The situation at 1.83 MHz is 
even worse, ав might be expected because this antenna is 
even shorter electrically than its 100-foot flat top cousin, 
The line loss has risen to 15.1 dB! 

Under such severe mismatches, another problem can 
arise, Transmission lines with solid dielectric have voltage 
and current imitations, A lower frequencies with electrically 
short antennas, this can bea more compelling limitation than 
the amount of power loss. The ability of a line to handle RF 
power is inversely proportional to the SWR. For example, а 


Table 1 


Impedance of Center-Fed 100’ Flattop Dipole, 
50 High Over Average Ground 


Frequency Antenna Feed-Point Loss for 100’ SWR 
Mie impedance. 450-2 Line, dB 

183 45-673 аз E 
38 39- j362 05 183 
71 481 + 7984 02 67 
104 2504 - j 3292 ов 168 
мл 85-128, 03 52 
181 2097 + |1552 04 вл 
211 EI 05 104 
EH 202 + 1367 оз 39 
284 24931375 ов вл 


Table 2 
Impedance of Center-Fed 66’ Inv-V Dipol 
50' Apex Over Average Ground 


Frequency Antenna Feed-Point Loss tor 00. SWR 
MHz Impedance. 450.0 Une, dB 

183 16-257 151 16277 
зв 10-j879 зз 1959 
73 58 02 63 
тол 22 +/648 19 ваз 
мл 5287-1310 os 139 
181 198-220 06 108 
EN 103-7181 03 48 
249 2894570 03 49 
284 3089 + j 774 ов вл 


line rated for 1.5 kW when matched, should be operated at 
only 150 W when the SWR is 10:1. 

At the mismatch on 1.83 M Hz illustrated for the 66- 
foot inverted V dipolein Table 2, the line may well arc over 
ог burn up due to the extremely high level of SWR (at 
1627721). 

450-02 window-type ladder line using two #16 
conductors should be safe up to the 1500 W level for 
frequencies where the antenna Is nearly a half-wavelength 
long. For the 100-foot dipole, this would be above 3.8 M Hz, 
and for the 66-foot long dipole, this would be above 7 M Hz. 
Forthe very short antennas illustrated above, however, even 
450-0 window line may not be able to take full amateur 
legal power. 


Matched Lines 


The rest of this chapter will deal with systems where 
the feed-point impedance of the antenna is manipulated to 
match the 2, of the transmission line feeding the system. 
Since operating a transmission line at a low SWR requires 
that the line be terminated in a load matching the line's 
characteristic impedance, the problem can be approached 
from two standpoints: 


(1) selecting a transmission Jine having a characteristic 
impedance that matches the antenna Impedance at the 
point of connection, or 

(2) transforming the antenna resistance to a value that 
matches the Zg of the line selected. 

The first approach is simple and direct, but its 
application is obviously limited—theantennaimpedanceand 
the line impedance are alike only in a few special cases 
Commercial transmission lines comein a limited variety of 
characteristic impedances. Antenna feed-polnt impedances 
vary all over the place. 

‘The second approach provides а good deal of freedom 
in that the antenna and line can be selected independently 
The disadvantage of the second approach is that tis more 
complicated in terms of actually constructing the matching 
system attheantenna. Further, this approach sometimes calls 
for a tedious routine of measurement and adjustment before 
the desired match is achieved 


Operating Considerations 

Most antenna systems show a marked change in 
Impedance when the frequency is changed greatly. For this 
reason it is usually possible to match the line impedance 
only on one frequency. A matched antenna system is 
consequently a one-band affair, in most cases. It can, 
however, usually be operated over a fair frequency range 
within a given band. 

The frequency range over which the SWR is low is 
determined by how rapidly the impedance changes as the 
Frequency is changed. If the change in impedance is small 


fora given change in frequency, the SWR will below over 
afairly wideband of frequencies. However, if theimpedance 
change is rapid (implying a sharply resonant or higl-Q 
antenna), the SWR will also rise rapidly as the operating 
frequency is shifted away from antenna resonance, where 
the line is matched. See the discussion of Q in Chapter 2. 


Antenna Resonance 

їп general, achieving a good match to a transmission 
ine means that theantennais resonant (Sometypes of long- 
wireantennas, such as rhombics, are exceptions. Their input 
impedances are resistive over a wide band of frequencies, 
making such systems essentially non-resonant) 

The higher the Q of an antenna system, the more 
essential tis that resonance be established before an attempt 
is made to match the line. This is particularly true of close- 
spaced parasitic arrays. With simple dipole antennas, he 
tuning is notso critical, and itis usually sufficlent to cut the 
antenna to the length given by the appropriate equation. The 
frequency should be selected to be atthe center of the range 
of frequencies (which may be the entire width of an amateur 
band) over which the antenna is to be used. 


DIRECT MATCHING TO THE ANTENNA 


Open-Wire Line 

As discussed previously, the impedance at the center 
of a resonant 1/2 antenna at heights of the order of 1/4 and 
more is resistive and is in the neighborhood of 50 to 70.2. 
Thisis well matched by open-wire line with a characteristic 
impedance of 75 O. However, transmitting 75-0 twin-lead 
is becoming increasingly difficult to find in the US, although 
itis apparently more commonly available in the UK. 

A typical direct-matching system is shown in Fig 1. 
No precautions are necessary beyond keeping the line 
dressed away from the feed point symmetrically with respect. 
to the antenna, This system is designed for single-band 
Operation, although it can be operated at odd multiples of 
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Fig 1—A 1/2 dipole fed directly with 75-0 twin-lead, 
giving a close match between antenna and feed-lin 
impedance. The leads in the "ү" from the end of the line. 
to the ends of the center insulator should be as short 
as possible. 


the fundamental. For example, an antenna that is resonant 
near the low-frequency end ofthe 7-M Hz band will operate 
with a relatively low SWR across the 21-M Hz band. 

At the fundamental frequency, the SWR should not 
exceed about 2:1 within a frequency range +2% from the 
frequency of exact resonance. Such a variation corresponds 
approximately to the entire width of the 7-M Hz band, if the 
antenna is resonant at the center of the band. A wire antenna 
is assumed. Antennas having a greater ratio of diameter to 
length will have a lower change in SWR with frequency. 


Coaxial Cable 

Instead of using twin end as just described, the center 
ofa dipole may be fed through 752 coaxial cable such 
as RG-11, as shown in Fig 2. Cable having a characteristic 
impedance of 50, such as RG-8, may also be used. RG-8 
may actually be preferable, because at the heights many 
amateurs install their antennas, he feed-pointimpedanceis 
closer to 50 2 than itis to 75 £2. The principle of operation 
is exactiy the same as with bwin- led, and the same remarks 
about SWR apply. However, thereisa considerable practical 
difference between the two types of line. With the parallel 
conductor line the system is symmetrical, but with coaxial 
lin tis inherently unbalanced 

Stated broadly, the unbalance ith coaxial lineis caused 
by the fact that the outside surface of the outer braid is nat 
coupled to the antenna inthe same way astheinner conductor 
and the inner surface of the outer braid. The overall results 
that current will Пон on the outside of the outer conductor 
in the simple arrangement shown in Fig 2. Theunbalanceis 
small f the line diameter is very small compared with he 
length of the antenna, a condition that is met fairly well at 
the lower amateur frequencies. It is not negligible in he 
VHF and UHF range, however, nor should it be ignored at 
28 MHz. The system must be detuned for currents on he 
outside of the line. See the section on Balun later in this 
chapter for more details about balanced loads used with 
Unbalanced transmission lines, 
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Fig 2—A 32-2 antenna fed with 75-0 coaxial cable. The 
outside of the outer conductor of the line may be 
‘rounded for lightning protection. 


MATCHING DEVICES AT THE ANTENNA 


Quarter-Wave Transformers 

The impedance-transforming properties of a 4/4 

transmission line can be used о good advantage for matching 

the feed-point impedance of an antenna to the characteristic. 

impedance of the line. As described in Chapter 24, the input. 

impedance of a 44 line terminated in a resistive impedance 
Za is 


т? 
zm 
25 (Eq) 
where 
2, =the impedance at the Input end of the line 
the characteristic impedance of the line 
the impedance at the load end of the line. 
(E92) 


This means that any value of load impedance Z, can be 
transformed into any desired value of impedance Z atthe input 
terminals ofa /4 line, provided the line can be constructed to 
havea characteristic impedance Zo equal to the square root of 
the product ofthe other two impedances. The factor that limits 
the range of impedances that can be matched by this method 
is the range of values for Zp that is physically realizable. The 
latter range is approximately 50 to 600 0. Practically any type 
of line can be used for the matching section, including both 
air-insulated and solid-dielectric lines. 

The 144 transformer may be adjusted to resonance 
before being connected to the antenna by short-circuiting 
опе end and coupling that end inductively to a dip meter. 
The length of the short-circuiting conductor lowers the 
frequency slightly, butthis can be compensated for by adding 
half the length of the shorting bar to each conductor after 
resonating, measuring the shorting-bar length between the 
centers of the conductors. 


Yagi Driven Elements 
Another application for the 34 linear transformer is 
їп matching the low antenna impedance encountered in 
close-spaced, monoband Yagi arrays to a 50- transmission 
line, The impedances atthe antenna feed point for typical 
Yagis range from about 8 to 3000. Let's assume that the 
feed-polnt impedance is 25 0. A matching section having 
= 50x25 -35. © Is needed. Since there is no com- 
mercially available cable with а Zo of 35.4 0, a pair of 
244-1009 75-12 RG-11 coax cables connected in parallel will 
have a net Z of 75/2 = 375.0, close enough for practical 
purposes 


Series-Section Transformers 
The series-section transformer has advantages over 
either stub tuning or hel transformer. Illustrated in Fig 3, 
the series-section transformer bears considerable 
resemblance to the 1/4 transformer. (Actually, the 3/4 
transformer is a special case of the series-section 
transformer) The important differences are (1) that the 
‘matching section need not be located exactly at the load, (2) 
the matching section may be less than a quarter wavelength 
Jong, and (3) there is great freedom in the choice of the 
characteristic impedance of the matching section. 

Infact, the matching section can have any characteristic 
impedance that is nat too close to that of the main line 
Because of this freedom, itis almost always possible to find 
a length of commercially available line that will be suitable 
asa matching section. As an example, consider a 75-02 ine, 
3300-0 matching section, and a pure resistance load. It can 
be shown thataseries section transformer of 300-2 line may 
beused to match any resistance between 5 £2 and 1200 £2 to 
the main line 

Frank Regier, ODSCG, described series-section 
transformers in Jul 1978 QST. This information is based on 
that article, The design of a series section transformer consists 
of determining the length r2 of the series or matching section 
and the distance 1 from the load to the point where the section 
should be inserted into the main line. Three quantities must 
bbeknown, These arethe characteristic impedances of the main 
line and of the matching section, both assumed purely 
resistive, and the complex-load impedance. Either of two 
design methods may be used, One is a graphic method using 
the Smith Chart, and the other is algebraic. You can take your 
choice. (Of course the algebraic method may be adapted to 
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o * 


—— 


Fig 3— Series section transformer Z, for matching 
transmission-line Zo to load, 2. 


obtaining a computer solution.) The Smith Chart graphic 
method is described in Chapler 28. 


Algebraic Design Method 

The two lengths r1 and /2 are to be determined from. 
the characteristic impedances of the main line and the 
matching section, Zo and Zy, respectively, and the load 
impedanceZ, =R, +) X,_ Thefirststep isto determine the 
normalized impedances. 


24 
Ж, (E93) 
Ln 
F Ж (Eg4) 
Ln 
27 (E45) 
Next /2 and 1 are determined from 
(2 satin B where 
x ey E 
а E S8 
TOORE 
пасол where 
(es 
x (Eg7) 
TUWÉ-T 


Lengths /2 and (1 as thus determined are electrical 
lengths in degrees (or radians). The electrical lengths in 
wavelengths are obtained by dividing by 360° (or by 2л 
radians). The physical lengths (mainline or matching section, 
as the case may be), are then determined from multiplying 
by the free-space wavelength and by the velocity factor of 
tne ine. 

Thesign of B may be chosen ether postiveor negative, 
butthepositvesign is preferred becauseitresullsinashorer 
matching section. The sign of A may not be chosen but can 
turn out to be either positive or negative. I a negative sign 
occurs and a computer or electronic calculator is then used 
to determine (1, a negative electric length will result for 1. 
If this happens, add 180°, The resultant electrical length will 
be correct both physically and mathematically. 

їп calculating В, if the quantity under the radical is 
negative, an imaginary value for B results. This would mean 
that 2, the impedance of the matching section, is too close 
to Z and should be changed. 

Limits on the characteristic impedance of Z, may 
be calculated in terms of the SWR produced by the load 
оп the main line without matching. For matching to 


occur, Z, should either be greater wen Z, SWR or less 
than 2, ЗИК 
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An Example 

Аз an example, suppose we want to feed a 29-MHz 
ground-plane vertical antenna with RG-58 type foam 
dielectric coax. We'll assume the antenna impedance to be 
36.0, pure resistance, and use a length of RG-59 foam 
dielectric coax as the seres section, See Fig 4. 

248500, Z, is 75.0, and both cables have a velocity 
factor of 0.79. Because the load Is a pure resistance 
we may determine the SWR to be 50/36 = 1.389. From 
the above, Z, must have an impedance greater than 
5041388 = 59. From the arie equations, n = 75/50 
1S6 r= 36/50 =0.720, and x =0. 

Further, В = 0.431 (positive sign chosen), and (2 = 
23.3 or 0.065 1. The value of A is -1.570. Calculating £1 
Yields 5 5. Adding 180" to obtain a positive result gives 
(1212255, or 03405. 

To find the physical lengths /1 and 2 weist find the 
free-space wavelength 


9836 
HUEDÍ 


Multiply this value by 0.79 the velocity factor for both 
types of line), and we obtain the electrical wavelength in 
coax as 26.81 feet. From this, /1 = 0.340 x 26.81 = 
9.12 feet, and (2 = 0.065 x 2681 =1.74 feet. 

‘This completes the calculations. Construction consists 
of cutting the main coax ata point 9.12 feet from the antenna 
and inserting a 1.74-foot length of the 75-0 cable. 


REDI 


TheQuarter-Wave Transformer 
‘The antenna in the preceding example could also have 
been matched by a 4 transformer at the load. Such a 
transformer would usea line with a characteristic impedance 
of 42.43 Q. [tis interesting to see what happens in the design 
of а series-section transformer if this value is chosen as the 
characteristic impedance of ће series section. 
Following the same steps as before, we find n =0.849, 
720, and x =0. From these values we find В =8 and 


Fig 4— Example of series-section matching. A 36-2 
тепа is matched to 50-2 coax by means of a length 
975-2 cable. 
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0°. Further, A = 0 and /1 = 0°. These results represent 
AJA section at the load, and indicate that, as stated earlier, 
the 744 transformer is indeed a special case of the series 
section transformer. 


Tapered Lines 
A tapered line is а specially constructed transmission 
line in which the impedance changes gradually from опе 
end of the line to the other, Such a line operates as a 
broadband impedance transformer. Because tapered lines аге 
used almost exclusively for matching applications, they are 
discussed in this chapter rather than in Chapter 24. 

‘The characteristic impedance of an open-wire line can 
be tapered by varying the spacing between the conductors, 
as shown in Fig 5. Coaxial lines can be tapered by varying 
the diameter of elther the inner conductor or the outer 
conductor, or both. The construction of coaxial tapered lines 
is beyond the means of mostamateurs, but open-w ire tapered 
lines can be made rather easily by using spacers of varied 
lengths. In theory, optimum broadband impedance 
transformation is obtained with lines having an exponential 
taper, but in practice, lines with a linear taper as shown in 
Fig 5 work very well 

A tapered line provides a match from high frequencies. 
down to the frequency at which the line is approximately 
14 long. At lower frequencies, especially when the tapered 
line length is 2 or less, the line acts тоге ав an impedance 
lump than a transformer, Tapered lines are most useful at 
VHF and UHF, because the length requirement becomes 
unwieldy at HF 

Airinsulated open-wirelines can be designed from the. 
equation 


m 


T (648) 


where 


enter-to-center spacing between conductors 
= diameter of conductors (same units ав S) 

Z = characteristic impedance, © 

For example, for a tapered line to match 2300-0 source 


Fig 5—A tapered line provides a broadband frequency 
transformation if it is one wavelength long or more. 
From a practical construction standpoint, the taper 
may be lin 


to ап 800-0 load, the spacing for the selected conductor 
diameter would be adjusted for a 300-0 characteristic 
impedance at one end of the line, and for an 800-0 
characteristic impedance at the other end of the line, The 
disadvantage of using open-wire tapered lines is that 
characteristic impedances of 100 O and less are impractical 


Multiple Quarter-Wave Sections 

‘An approach to the smooth-impedance transformation. 
of the tapered line is provided by using two or more 1/4 
transformer sections in series, as shown in Fig 6. Each 
section has a different characteristic impedance, selected to 
transform the Impedance at its input to that at lts output. 
Thus, the overall impedance transformation from source to 
load takes place as а series of gradual transformations. The 
frequency bandwidth with multiple sections is greater than 
for a single section. This technique is useful at the upper 
end of the HF range and at VHF and UHF. Here, too, the 
total line length that is required may become unwieldy at 
the lower frequencies. 

A multiple-section line may contain two or тоге 144 
transformer sections; the more sections in the line, the 
broader is the matching bandwidth. Coaxial transmission 
lines may be used to make a multiple-section line, but 
standard coax lines areavallablein only afew characteristic 
impedances, Open-wire lines can be constructed rather easily 
for a specific impedance, designed from Eq 8 above. 

The following equations may be used to calculate the. 
intermediate characteristic impedances or atwo-section line. 


(Eq 9) 


2. 22 (Eq 10) 
where terms areasillustrated in Fig 6. For example, assume 
we wish to match 75-02 source (Za) to an 800-1 lod. From 
Едо, calculate to be 135.5 0. Then from Eq 10, calculate 
Z t0 be 442.7 A. Asa matter of interest, for this example 
the viral impedance atthe junction of Z, and, is 244.92. 
(This is the same impedance that would be required for a 


single-section 3/4 matching section.) 


Delta Matching 

Among the properties of а coll and capacitor resonant. 
circuitis that of transforming impedances, If a resistive im- 
pedance, 2, in Fig 7, is connected across the outer termi 
nalsAB of aresonantL С circuit, theimpedancez as viewed 
looking into another pair of terminals such as BC will also 
be resistive, but will have a different value depending on 
the mutual coupling between the parts of the coil associated 
with each pair of terminals, Z will be less than Z, in the 
circultshown. Of course this relationship will be reversed if 
7, is connected across terminals BC and 7; is viewed from 
terminals AB. 

Asstatedin Chapter 2, a resonant antenna has properties 
Similar to those of a tuned circuit. The impedance presented 
between any two points symmetrically placed with respect 
to the center of a A/2 antenna will depend on the distance 
between the points. The greater the separation, the higher 
the value of impedance, up to the limiting value that exists 
between the open ends of the antenna. This is also suggested 
in Fig 7, in the lower drawing. The impedance Z, between 
terminals 1 and 2 is lower than the impedance Zg between 
terminals 3 and 4. Both impedances, however, are purely 
resistive if the antenna is resonant, 

This principle is used in the delta matching system 
shown in Fig 8. The center impedance of 3/2 dipoles too 
low to be matched directly by any practical type of air- 
insulated parallel-conductor line. However, it is possible to 
find, between two points, а value of impedance that can be 
matched to such а line when a “fanned” section or delta is 
used to couple the line and antenna, The antenna length Iis 
that required for resonance. The ends of the delta or “Y” 
should be attached at points equidistant from the center of 
the antenna, When so connected, the terminating impedance 
for the line will be resistive, Obviously, this technique is 
useful only when the Z, of the chosen transmission line is 


Fig 6 


approximate the broadband matching transformation 
provided by a tapered line. Two sections are shown. 
here, but more may be used. The more sections in the 


characteristic Impedance of the main feed line, while 2, 
and Zz are the intermediate impedances of the. 
matching sections. See text for design equations. 


Fig 7— Impedance transformation with a resonant. 
circuit, together with antenna analogy. 
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Fig 8— The delta matching system. 


higher than the Feed-point impedance of the antenna, 

Based on experimental data for the case of a typical 
22 antenna coupled to a 600-0 line, the total distance, А, 
between the ends of the delta should be 0.120 J for 
frequencies below 30 MHz, and 0.115 A. for frequencies 
above 30 MHz. The length of the delta, distance B, should 
ре 0.150 2. These values are based on а wavelength in ar, 
and on the assumption that the center impedance of the 
antenna is approximately 70 £2. The dimensions will require 
modifications if the actual impedanceis very much diferent. 

‘The delta match can be used for matching the driven 
element of a directive array to a transmission line, but if 
the impedance of the element is low —as is frequently the 
case—the proper dimensions for A and В must be found by 
experimentation. 

‘The delta match Is somewhat awkward to adjust when. 
the proper dimensions are unknown, because both the length 
and width of the delta must be varied. An additional 
disadvantage is that there is always some radiation from the 
delta. This Is because the conductor spacing does not meet. 
the requirement for negligible radiation: The spacing should 
be very small in comparison with the wavelength 


Folded Dipoles 

Basic information on the folded dipole antenna appears 
in Chapter 6. The input impedance of a two-wire folded 
dipole is so close to 300 £2 that it can be fed directly with 
300-0 twin-lead or with open-wire line without any other 
matching arrangement, and the line will operate with a low 
SWR. The antenna itself can be built like an open-wire Jine; 
that, the two conductors can beheld apart by regular feeder 
spreaders, TV ladder lineis quite suitable. It is also possible 
to use 300-0 line for the antenna, in addition to using it for 
the transmission line. 

Since the antenna section does not operate as a 
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transmission line, but simply as two wires in parallel, the 
velocity factor of twin-lead can be ignored in computing 
the antenna length. The reactance of the folded-dipole 
antenna varies less rapidly with frequency changes away 
from resonance than a single-wire antenna, Therefore itis 
possible to operate over a wider range of frequencies, while 
maintaining a low SWR on the line, than with a simple 
dipole. This is partly explained by the fact that the two 
conductors in parallel form a single conductor of greater 
effective diameter, 

A folded dipole will not accept power at twice the 
fundamental frequency. However, the current distribution 
is correct for harmonic operation on odd multiples of the 
fundamental. Because the feed-point resistance is not greatly 
different for a 33/2 antenna and one that is 4/2, а folded 
dipole can be operated on its third harmonic with a low SWR 
їп а 300-0 line. A 7-M Hz folded dipole, consequently, can 
be used for the 21-М Hz band as well. 


TheT and Gamma Matches 


TheT Match 

The current flowing at the input terminals of the T 
match consists of the normal antenna current divided 
between the radiator and the T conductors in a way that 
depends on their relative diameters and the spacing between 
them, with a superimposed transmission-line current flowing 
ineach half of theT and its associated section ofthe antenna, 
See Fig 9, Each such T conductor and theassociated antenna 
conductor can be looked upon as a section of transmission 
line shorted at the end. Because it is shorter than МА it has 
Inductive reactance. As a consequence, if the antenna itself 
is exactly resonant at the operating frequency, the input 
impedance of theT will show inductive reactance as well as 
resistance. The reactance must be tuned out if a good match 
to the transmission line is to be obtained, This can be done 


Fig 9—TheT matching system, applied to a t=} 
antenna and 600-4 line. 


either by shortening the antenna to obtain a value of 
capacitive reactance that will reflect through the matching 
system to cancel the Inductive reactance at the input 
terminals, or by inserting a capacitance of the proper value 
in series at the input terminals as shown in Fig 10A. 
‘Theoretical analyses have shown that the part of the 
impedance step-up arising from the spacing and ratio of 
conductor diameters is approximately the same as given for 
a folded dipole. The actual impedance ratio is, however, 
considerably modified by the length A of the matching 
section (Fig 9), The trends can be stated as follows: 


1) The input impedance increases as the distance A is 
made larger, but not indefinitely. In general there is а 
distance А that will give а maximum value of input 
impedance, after which further increase in A will cause 
the impedance to decrease. 

2) ThedistanceA at which the input impedance reaches а 
maximum is smaller as da/dı is made larger, and 
becomes smaller as the spacing between the conductors 
is increased. 

3) The maximum impedance values occur in the region 
Where A is 40% to 60% of the antenna length in the 
average case 

4) Higher values of input impedance can bereslized when 
the antenna is shortened to cancel the inductive 
reactance ofthe matching section, 


TheT match has become popular for transforming the 
balanced feed-point impedance of a VHF or UHF Yagi up to 


Fig 10- Series capacitors for tuning out residual 

reactance with theT and gamma matching systems. 

A maximum capacitance of 150 pF in each capacitor 
should provide sufficient adjustment range, in th 

je case, for 14-MHz operation. Proportionately 
tance values can be used on higher 

. Receiving-type plate spacing will be 


frequency ba 
Satisfactory for power levels up to a few hundred watts. 


200 0. From that impedance 84:1 balun is used о transform 
down to the unbalanced 50 Q level for the coax cable feeding 
the Yagi. See the various K IFO Y agis in Chapter 18 and the 
section later in this chapter concerning baluns, 


The Gamma Match 

The gamma-match arrangement shown in Fig 108 is 
an unbalanced version of ет, suitable for use directly with 
coaxial lines. Except for the matching section being 
connected between the center and one side ofthe antenna, 
the remarks above about the behavior of theT apply equally 
Well, The inherent reactance of the matching section can be 
canceled either by shortening the antenna appropriately or 
by using the resonant length and installing a capacitor С, as 
shown in Fig 108. 

Foranumberof years the gamma match has been widely 
used for matching coaxial cable to all-metal parasitic beams. 
Because it is well suited to plumbers delight construction, 
where all the metal parts are electrically and mechanically 
connected, it has become quite popular for amateur arrays. 

Because of the many variable factors-—driven-element. 
length, gamma rod length, rod diameter, spacing between. 
rod and driven element, and value of series capacitors—a 
number of combinations will provide the desired match. The 
task of finding a proper combination can be a tedious one, as 
the settings are interrelated. A few rules of thumb have 
evolved that provide a starting point for the various factors. 
For matching amultielement array made of aluminum tubing 
to 50-0 line, the length of the rod should be 0.04 to 
0.05 А, its diameter to Y that of the driven element, and 
Its spacing (center-to-center from the driven element), 
approximately 0.007 2, The capacitance value should be 
approximately 7 pF per meter of wavelength. This translates 
to about 140 pF for 20-meter operation. The exact gamma 
dimensions and value for the capacitor will depend on the 
radiation resistance of the driven element, and whether or 
ot itis resonant. These starting-point dimensions are for an 
array having a feed-point impedance of about 25 0, with the 
driven element shortened approximately 3% from resonance. 


Calculating Gamma Dimensions 
A starting point for the gamma dimensions and 
capacitance value may be determined by calculation 


r — RH 
— 


Fig 11— The gamma match, as used with tubing 
elements. The transmission line may be either 50-2 
or 75-0 coax. 
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H.F. Tolles, W ITB, has developed a method for determining 
a set of parameters that will be quite close to providing the 
desired impedance transformation. (See Bibliography at the 
end of this chapter.) The impedance of the antenna must be 
measured ar computed for Tolles’ procedure. If the antenna 
Impedance is not accurately known, modeling calculations 
provide a very good starting point for initial settings of the 
‘gamma match 

The math involved in Tolles procedure is tedious, 
especially if several iterations are needed to find a practical 
set of dimensions, The procedure has been adapted for 
computer calculations by R. A. Nelson, W BOIKN, who wrote 
his program inA pplesoft BASIC (see Bibliography).A similar 
program for the IBM PC and compatible computers called 
GAMMA isincluded on the CD-ROM bundled with this book, 
in BASIC source code, with modifications suggested by Dave 
Leeson, W6NL. The program can be used for calculating а 
gamma match for a dipole (or driven element of an array) or 
fora vertical monopole, such as a shuntfed tower, 

Аз an example of computer calculations, assume a 
14.3-M Hz Yagi beam is to be matched to 50-0 line. The. 
driven element is 1'/ inches in diameter, and the gamma 
rod is а length of inch tubing, spaced 6 inches from the 
element (center to center), The driven element has been 
shortened by 3% from its resonant length. Assume the 
antenna has a radiation resistance of 25 0 and a capacitive 
reactance component of 25 © (aboutthe reactance that would 
result from the 3% shortening). The overall impedance of 
the driven element is therefore 25 - | 25.0. At the program 
prompts, enter the choice for a dipole, the frequency, the 
feed-point resistance and reactance (don't forget the minus 
sign), the line characteristic impedance (50.0), and the 
element and rod diameters and center-to-center spacing, 
GAMMA computes that the gamma rod is 38.9 inches long 
and the gamma capacitor is 96.1 pF at 14.3 MHz, 

‘As another example, say we wish to shunt feed a tower 
at 3.5 MHz with 50-0 line. The driven element (tower) is 
12 inches in diameter, and +12 wire (diameter = 0.0808 inch] 
with a spacing of 12 inches from the tower is to be used for 
the “gamma rod.” The tower is 50 feet tall with a 5-foot 
mast and beam antenna at the top. The total height, 55 feet, 
is approximately 0.19 A. We assume its electrical length is 
02). or 72°, Modeling shows that the approximate base 
feed-point impedance is 20 - j 100.2. GAMMA says that 
the gamma rod should be 57.1 feet long, with a gamma 
capacitor of 32.1 pF. 

Immediately we see this set of gamma dimensions is 
I mpractical—the rod length is greater than the tower height. 
So we make another set of calculations, this time using а 
‘pacing of 18 inches between the rod and tower. The results 
this time are that the gamma rod is 49.3 feet long, with a 
capacitor of 43.8 pF. This gives us a practical set of starting 
dimensions for the shunt-feed arrangement. 


Adjustment 
After installation of the antenna, the proper constants 
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for the T and gamma generally must be determined 
experimentally. The use of the variable series capacitors, as 
shown in Fig 10, is recommended for ease of adjustment. 
With atrial position of the tap or taps on the antenna, measure 
the SWR on the transmission line and adjust C (both 
capacitors simultaneously in the case of the) for minimum 
SWR. If itis not close to 1:1, try another tap position and 
repeat. It may be necessary to try another size of conductor 
for the matching section if satisfactory results cannot be 
brought about. Changing the spacing will show which 
direction to go in this respect. 


The Omega Match 

‘The omega match is a slightly modified form of the 
gamma match. In addition to the series capacitor, a shunt 
capacitoris used to aid in canceling a portion of the inductive 
reactance introduced by the gamma section, This is shown in 
Fig 12. C1 is the usual series capacitor. The addition of C2 
makes it possible to use a shorter gamma rod, or makes it 
easier to obtain the desired match when the driven elementis 
resonant. During adjustment, C2 will serve primarily to 
determine the resistive component of the load as seen by the 
coax line, and C1 serves to cancel any reactance. 


The Hairpin and Beta Matches 

‘The sual form of thehairpin match isshown in Fig 13, 
Basically, the hairpin is а form of an L-matching network. 
Because it is somewhat easier to adjust for the desired 
terminating impedance than the gamma match, itis preferred 
by many amateurs, Its disadvantages, compared with the 
gamma, are thatit must be fed with a balanced line (a balun 
тау be used with a coax feeder, as shown In Fig 13—see 
the section later in this chapter about baluns), and the driven 
element must be split at the center, This latter requirement 
complicates the mechanical mounting arrangement for the 
element, by ruling out plumber's delight construction 

As indicated in Fig 13, the center point of the hairpin 
is electrically neutral. As such, It may be grounded or 


Fig 12—The omega match. 


Fig 13—The hairpin match. 


connected to the remainder of the antenna structure. The 
hairpin itself is usually secured by attaching this neutral point 
to the boom of the antenna array. The Hy-Gain beta match 
is electrically identical to the hairpin match, the difference 
being in the mechanical construction of the matching section. 
With the beta match, the conductors of the matching section 
straddle the Yagis boom, one conductor being located on 
either side, and the electrically neutral point consists of а 
sliding or adjustable shorting clamp placed around the boom 


and the two matching-section conductors. 

The capacitive portion of the L-network circuit is. 
produced by slightly shortening the antenna driven element, 
shown in Fig 14A. For a given frequency the impedance of 
a shortened 22 element appears as the antenna resistance 
and a capacitance in series, as indicated schematically їп 
Fig 148. The inductive portion of the resonant circuit at C 
isa halrgln of heavy wire or small tubing which is connected 
across the driven-element center terminals, The diagram of 
C is redrawn in D to show the circuit in conventional 
L-network form. Ry, the radiation resistance, is a smaller 
Value than Ry, the Impedance of the feed line. 

If the approximate radiation resistance of the antenna 
systemisknown, Figs 15 and 16 may be used to gain an idea 
of the hairpin dimensions necessary for the desired match. 
The curves of Fig 15 were obtained from design equations 
for L-network matching. Fig 15 is based on the equation, 
X, = j tan 0, which gives the inductive reactance as 
normalized to the Z of the hairpin, looking at it as a length 
of transmission line terminated in a short circuit. For example, 
if an antenna-system impedance of 20 © isto be matched to 
50-0 line, Fig 16 indicates that the inductive reactance 
required forthe hairpin is 41.0. I the hairpin is constructed 
of finch tubing spaced 1: inches, Its characteristic 


Fig 14— For the Yagi antenna shown at A, the driven 
element is shorter than its resonant length. The input. 
Impedance at resonance is represented at B. By adding 
an inductor, as shown at С, a low value of Ra ls made 
to appear as a higher impedance at terminals XY. ALD, 
the diagram of Is redrawn In the usual L-network 
configuration. 


Fig 15— Reactance required for a hairpin to match 
various antenna resistances to common line or balun 
impedance. 
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Fig 16—Inductive reactance (normalized to Z, of 

matching section), scale at bottom, versus required 

hairpin matching section length, scale at left To 

determine the length in wavelengths divide the number 

о! electrical degrees by 360. For open-wire line, a 

Velocity factor of 97.5% should be taken Into account 
determining the electrical length. 


impedance is 3002 (from Chapter 24) Normalizing the 
required 41-01 reactance to this impedance, 41/300 = 0.137. 
Ву entering the graph of Fig 16 with this value, 0.137, 
onthescaleat the bottom, you can see that the hairpin length 
should be 7.8 electrical degrees, or 7.8/360 2. For purposes 
of these calculations, taking a 97.5% velocity factor into 
account, the wavelength in inches is 11,508 Hz). f the. 
antenna isto beused on 14 M Hz, he required hairpin length 
is 7.8/360 x 11,508/14 = 17.8 inches. The length of the 
hairpin affects primarily the resistive component of the 
terminating impedance, as seen by the feed line. Greater 
resistances are obtained with longer hairpin sections— 
meaning a larger value of shunt inductor—and smaller 
resistances with shorter sections. Reactanceat thefeed point 
terminals is tuned out by adjusting the length of the driven 
element, as necessary. If a fixed-length hairpin section isin 
use a small range of adjustment may bemade in effective 
value of the Inductance by spreading or squeezing together 
the conductors of thehairpin. Spreading the conductors apart 
will have the same effect as lengthening the hairpin, while 
placing them closer together will effectively shorten it. 
Instead of using а hairpin of stiff wire or tubing, this 
same matching technique may be used with a lumped- 
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constant inductor connected across the antenna terminal, 
Such a method of matching has been dubbed, tongue firmly 
in cheek, as the “helical hairpin.” The inductor, of course, 
must exhibit the same reactance at the operating frequency 
asthe hairpin which it replaces. cursory examination with 
Computer calculations Indicates that a helical hairpin may 
offer a slightly improved SWR bandwidth over a true hairpin, 
buttheeffectsof differentlength/diamete ratios of the driven 
element were not investigated. 


Matching Stubs 

As explained in Chapter 24, a mismatch-terminated 
transmission ine les than 2/4 long has an input impedance 
that is both resistive and reactive. The equivalent circuit of 
thelineinputimpedance at any one frequency can be formed 
either of resistance and reactance in series, or resistance and 
rexcancein parallel. Depending on theline length, the series 
resistance component, As, can have any value between the 
terminating resistance Z (when the line has zero length) 
and ZZ, (when the line is exactly 4 long) The same 
thing is true of Rp, the paralle-resitance component 

Rs and R do not havethe same values at the same line 
length, however, other than zero and 244, With either 
equivalent there is some line length that will give a value of 
Rs or Rp equal to the characteristic impedance of the line. 
However, there will be reactance along with the resistance. 
But if provision is made for canceling or tuning out this 
reactive partof theinputimpedance, only the resistance will 
remain. Since this resistance is equal to the Zo of the 
transmission line, the section from the reactance-cancellation 
point back to the generator will be properly matched. 

Tuning outthe reactance nthe equivalent series circuit 
requires that a reactance of the same value as X (but of 
opposite Kind) be inserted in series with the line. Tuning out 
the reactance in the equivalent parallel circuit requires that 
a reactance of the same value as X» (but of opposite kind) 
be connected across the line. In racticeitis more convenient 
to use the parallel-equivalent circuit The transmission line 
is simply connected to the load (which of courses usually а 
resonant antenna) and then a reactance of the proper value 
is connected across the line at the proper distance from the 
load, From this point back to the transmitter there are no 
standing waves on the line. 

A convenient type of reactance to use is а section of 
transmission line less than 1/4 long, terminated with either an 
open circuit or a short circuit, depending on whether capacitive 
reactance or inductive reactance is called for. Reactances 
formed from sections of transmission line are called matching 
stubs, and are designated as open or closed depending оп 
whether the free end is open o short circuited, The tvo types 
of matching stubs are shown in the sketches in Fig 17. 

The distance from the load to the stub (dimension A in 
Fig 17) and the length of the stub, B, depend on the 
characteristic impedances of the line and stub and on the 
ratio of Z to Zo. Since the ratio of Za to Zy is also the 
standing-wave ratio in the absence of matching (and with a 


Ipae Than Zo 


Fig 11— Use of open or closed stubs for canceling the 
Parallel reactive component of input impedance. 


resonant antenna), he dimensions area function of the SWR. 
If the line and stub have the same Zp, dimensions A and B 
are dependent on the SWR only. Consequently, if the SWR 
can be measured before the stub is installed, the stub can be 
properly located and its length determined even though the 
actual value of load impedance is not known. 

Typical applications of matching stubs are shown in 
Fig 18, where open-wire lineis being used. From inspection 
of these drawings it will be recognized that when an antenna. 
is fed at a current loop, as in Fig 18А, Za is less than Zo (in 
the average case) and therefore an open stub is called for, 
installed within the first 2/4 of line measured from the 
antenna. Voltage feed, as at B, corresponds to Za greater 
than Za and therefore requires a closed stub 

The Smith Chart may be used to determine the length 
of the stub and its distance from the load (see Chapter 28) ог 
theARRL program TLW on the CD-ROM in the back of this 
book may be used. If the load is a pure resistance and the 
characteristic impedances of the line and stub are identical, 
the lengths may be determined by equations. For the closed 
stub when Zy Is greater than Za, they are 


A = arctan SWR (£212) 
arctan or (£013) 
For the open stub when Zy is less than Za 

(Eq 14) 
(Eq 15) 


In these equations the lengths A and B are the distance 
fram the stub to the load and the length of the stub, 
respectively, ав shownin Fig 18. These lengths аге expressed 


in electrical degrees, equal to 360 times the lengths in 
wavelengths. 

In using the above equations it must be remembered 
thatthe wavelength along the line is not the same as in free 
space. If an open-wire line is used the velocity factor of 
0.975 will apply. When slid-dielectric lineis used, the free- 
‘space wavelength as determined above must be multiplied 
by the appropriate velocity factor to obtain the actual lengths. 
of A and B (see Chapter 24.) 

Although the equations above do not apply when the. 
characteristic impedances of the line and stub are not the 
‘same, this does not mean thatthe line cannot be matched 
under such conditions, The stub can have any desired 
characteristic impedance if its length is chosen so that it has 
the proper value of reactance. By using the Smith Chat, the 
correct lengths can be determined without difficulty for 
dissimilar types of line. 

In using matching stubs it should be noted that the 
length and location ofthe stub should be based on the SWR 
at the load. If the line is long and has fairly high losses, 
measuring the SWR at the input end will not give the true 
value at the load, This point is discussed in Chapter 24 in 
the section on attenuation. 


Reactive Loads 
In this discussion of matching stubs thas been assumed 
that the load is а pure resistance. This is the most desirable 
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Condition, since the antenna that represents the load 
preferably should be tuned to resonance before any attempt. 
is made to match the line, Nevertheless, matching stubs can 
be used even when the load is considerably reactive. A 
reactive load simply means thatthe loops and nodes of the 
standing waves of voltage and current along the line do not 
occur at integral multiples of 3/4 from the load. If the 
reactance at the load is known, the Smith Chart or TLW may 
beused to determinethe correct dimensions for a stub match, 


Stubs on Coaxial Lines 
‘The principles outlined in the preceding section apply 
also to coaxial lines. The coaxial cases corresponding to the 
‘open-wire cases shawn in Fig 18 are given in Fig 19. The 
equations given earlier may be used to determine dimensions 
А and B. In a practical installation the junction of the 
transmission line and stub would be aT connector. 

A special caseis the use of a coaxial matching stub, in 
Which the stub is associated with the transmission line in 
such a way as to form a balun. This is described in detail 
later on in this chapter. The antenna is shortened to introduce 
justenaugh reactance at its feed point to permit the matching 
stub to be connected there, rather than at some other point 
along the transmission line as in the general cases discussed 
here. To use this method the antenna resistance must be lower 
than the of the main transmission line, since the resistance 
is transformed to a higher value. In beam antennas such as 
Yagis, this will nearly always be the case. 


Matching Sections 


If the two antenna systems in Fig 18 are redrawn in 
somewhat different fashion, as shown in Fig 20, a system 


Fig 19— Open and closed stubs on coaxial lines. 
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results that differsin no consequential way from the matching 
stubs described previously, but in which the stub formed by 
A and B together is called а quarter-wave matching section. 
Thejustification for this is thata 2/4 section of line is similar 
to a resonant circuit, as described earlier in this chapter. tis 
therefore possible to use the 2/4 section to transform 
impedances by tapping at the appropriate point along the line. 

Earlier equations give design data for matching 
sections, А being the distance from the antenna to the point. 
at which the line is connected, and A +В being the total 
length of the matching section. The equations apply only in 
the case where the characteristic impedance of the match 
ing section and transmission line are the same. Equations 
are available for the case where the matching section has а 
different Zp than the line, but are somewhat complicated. A 
graphic solution for different line impedances may be 
obtained with the Smith Chart (Chanter 28). 


Adjustment 


Intheexperimental adjustment of any type of matched 
line itis necessary to measure the SWR with fair accuracy 


Fig 20— Application of matching sections to common 


antenna types. 


in order to tell when the adjustments are being made in the 
proper direction. In the case of matching stubs, experience 
has shown that experimental adjustment is unnecessary, from. 
a practical standpoint, if the SWR is first measured with the 
stub not connected to the transmission line, and the stub is 
then installed according to the design data. 


Broadband Matching Transformers 

Broadband transformers have been used widely because 
of their inherent bandwidth ratios (as high as 20,000:1) from 
afew tens of kilohertz to over a thousand megahertz. This is 
possible because of the transmission-line nature of the 
windings. The interwinding capacitance is a component of 
the characteristic impedance and therefore, unlike а 
conventional transformer, forms no resonances that seriously 
limit the bandwidth. 

At low frequencies, where interwinding capacitances 
can be neglected, these transformers are similar in operation 
to a conventional transformer, The main difference (and a 
very important one from a power standpoint) is that the 
windings tend to cancel out the induced flux in the core. 


Fig 21— Broadband bifilar transformer with 

impedance ratio. The upper winding can be 

appropriate points to obtain other ratios such as 1.5: 
1 and 3:1. 


[on 
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Fig 22— Four-winding, broadband, variable Impe. 
transformer. Connections a, b and c can be placer 
appropriate points to yield various ratios from 1.5:1 to 
den. 


Thus, high permeability ferite cores, which are not only 
highly nonlinear but also suffer serious damage even at flux 
levels as low as 200 to 500 gauss, can be used. This greatly 
extends the low frequency range of performance. Since 
higher permeability also permits fewer turns at the lower 
frequencies, HF performance is also improved since the 
upper cutoff is determined mainly from transmission line 
considerations. At the high frequency cutoff, the effect of 
the core is negligible. 

Bifilar matching transformers lend themselves to 
unbalanced operation. That is, both input and output 
terminals can have а common ground connection. This 
eliminates the third magnetizing winding required їп 
balanced to unbalanced (voltage balun) operation. By adding 
third and fourth windings, as well as by tapping windings at 
appropriate points, various combinations of broadband 
matching can be obtained. Fig 21 shows a 4:1 unbalanced 
to unbalanced configuration using #14 wire. It will easily 
handle 1000 W of power. By tapping at points > and J. 
of the way along the top winding, ratios of approximately 
15:1, 2:1 and 3:1 can also be obtained, One of the wires 
should be covered with vinyl electrical tape in order to 
prevent voltage breakdown between the windings. This is 
necessary when a step-up ratio is used at high power to match 
antennas with impedances greater than 50 fl 

Fig 22 shows a transformer with four windings, 
permitting wide-band matching ratios as high as 16:1. Fig 23 
Shows a four-winding transformer with taps at 4:1, 6:1, 9:1, 
and 16:1. In tracing the current flow in the windings when 
using the 16:1 tap, one sees that the top three windings carry 
the same current. The bottom winding, in order to maintain 
the proper potentials, sustains а current three times greater 
The bottom current cancels out the core flux caused by the 
other three windings, If this transformer is used to match 


Fig 23—A 4-winding, wide-band transformer (with front 
cover removed) with connections made for matching 
ratlos of 4:1, 6:1, 9:1 and 16:1. The 6:1 ratio is the top 
Coaxial connector and, from left to right, 16:1, 9:1 and 
4:1 are the others. There are 10 quadriflar turns of #14 
enameled wire on a Q1, 2.5-n. OD ferrite core. 
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into low impedances, such as 3 to 442, the current in the 
bottom winding can be as high as 15 amperes. This value is 
based on the high side of the transformer being fed with 50-02 
cable handling akilowattof power. If one needs a 16:1 match 
like this at high power, then cascading two 4:1 transformers. 
is recommended. In this case, the transformer at the lowest 
impedance side requires each winding to handle only 7.5 A 
Thus, even #14 wire would suffice in this application. 

"The popular cores used in these applications are 
25 inches OD ferrites of Q1 and Q2 material, and pow dered 
iron cores of 2 inches OD. The permeabilities ofthese cores, 
ıı, are nominally 125, 40 and 10 respectively. Powdered 
iron cores of permeabilities 8 and 25 are also available 


In all cases these cores can be made to operate over the 
18 to 28-M Hz bands with full power capability and very low 
loss. The main difference in their design is that lower 
permeability cores require more turns at the lower frequencies, 
For example, Q1 material requires 10 turns to cover the 1.8- 
MHz band. 02 requires 12 turns, and powderet-iron (u =10) 
requires 14 turns. Since the more common powdered iron core 
is generally smaller in diameter and requires more turns 
because of lower permeability, higher ratios are sometimes 
difficult to obtain because of physical limitations. When you 
are working with low impedance levels, unwanted parasitic 
inductances come into play, particularly on 14 M Hz and above. 
In this case lead lengths should be kept to a minimum. 


Common-ModeTransmission-Line Currents 


In discussions so far about transmission-line operation, 
it was always assumed that the two conductors carry equal 
‘and opposite currents throughout their length, This ап ideal 
condition that may or may not be realized in practice. In the 
average case, the chances are rather good that the currents 
will not be balanced unless special precautions are taken 
The degree of imbalance—and whether that imbalance is 
actually important—is what we will examine in the rest of 
this chapter, along with measures that can be taken to restore 
balance in the system, 

"There are two common conditions that will cause an 
imbalance of transmission-line currents, Both are related to 
the symmetry of the system. The first condition involves 
the lack of symmetry when an inherently unbalanced coaxial 
line feeds a balanced antenna (such as a dipole or a Yagi 
driven element) directly. The second condition involves 
asymmetrical routing of a transmission line near the antenna 
itis Feeding 


UNBALANCED COAX FEEDING 
A BALANCED DIPOLE 

Fig 24 shows a coaxial cable feeding а hypothetical 
balanced dipole fed in the center. The coax has been drawn 
highly enlarged to show all currents involved. In this drawing 
the feed line drops at right angles down from the feed point 
and the antenna is assumed to be perfectly symmetrical. 
Because of this symmetry, one side of the antenna induces 
current on the feed line that is completely cancelled by the 
current induced from the other side of the antenna. 

Currents 11 and 12 from the transmitter flow on the 
Inside ofthe coax. 11 flows on theouter surface of the coax's 
inner conductor and 12 flows on the inner surface of the 
shield. Skin effect keeps 11 and 12 inside the transmission, 
line confined to where they are within the line. The field 
outside the coax is zero, since! 1 and 12 have equal amplitudes 
but are 180° out of phase with respect to each other. 

‘The currents flowing on the antenna itself are labeled 
Hand 14, and both flow in the same direction at any instant 
їп time for a resonant half-wave dipole. On Arm 1 of the 
dipole, 11 is shown going directly into the center conductor 
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of the feed coax. However, the situation is different for the 
other side of this dipole. Once current 2 reaches the end of 
the coax, it splits into two components. One is 14, going 
directly into Arm 2 of the dipole. The other is 13 and this. 
flows down the outer surface of the coax shield. Again, 
because of skin effect, 13 is separate and distinct from the 
current [2 on the inner surface. The antenna current in Arm 
2 is thus equal to the difference between 12 and 13. 

The magnitude of 13 is proportional to the relative 
impedances in each current path beyond the split. The feed- 
point impedance of the dipole by itself is somewhere 
between 50 to 75.0, depending on the height above ground. 
The impedance seen looking into one half of the dipole is 
half, or 25 to 37.5 О, Theimpedance seen looking down the 
outside surface of the coax's outer shield to ground is called 
the common-mode impedance, and 13 is aptly called the 
common-mode current. (The term common mode is more 
readily appreciated if parallel-conductor line is substituted 


point of a 
‘Cable. The diameter of the coax is exaggerated to show 
Currents clearly. 


forthe coaxial cable used in this illustration. Current induced 
by radiation onto both conductors of a two-wire line is a 
common-mode current, since it flows in the same direction 
оп both conductors, rather than in opposite directions as it 
does for transmission-line current, The outer braid for a 
coaxial cable shields the Inner conductor from such an 
induced current, but the unwanted current on the outside 
braid is still called common-mode current.) 

The common-mode impedance will vary with the 
length of the coaxial feed line, its diameter and the path 
length from the transmitter chassis to whatever is actually 
"RF ground.” Note thatthe path from the transmitter chassis 
to ground may go through the station's grounding bus, the 
transmitter power cord, the house wiring and even the power 
line service ground. In other words, the overall length of the 
coaxial outer surface and the other components making Up 
ground can actually be quite а bit different from what you 
might expect by casual inspection. 

Theworst-casecommon-mode impedance occurs when. 
the overall effective path length to ground isan odd multiple 
of 1/2, making this path half-wave resonant. In effect, the 
line and ground-wire system acts like a sort of transmission 
line, transforming the short circuit to ground at its end to a 
low impedance at the dipole's feed point. This causes 13 to 
bea significant part of 12. 

13 notonly causes an imbalancein he amountof current 
flowing in each arm of the otherwise symmetrical dipole, 
but it also radiates by itself. The radiation in Fig 24 due to 
13 would be mainly vertically polarized, since the coax is 
drawn as being mainly vertical. However the polarization is 
a mixture of horizontal and vertical, depending on the 
orientation of the ground wiring from the transmitter chassis 
to the rest of the station's grounding system. 


Pattern Distortion for a Simple Dipole with 
Symmetrical Coax Feed 

Fig 25 compares the azimuthal radiation pattern for two 
ang 14-M Hz dipoles mounted horizontally 2/2 above 
average ground. Both pattems were computed for a 28° 
elevation angle, the peak response for a A/2-high dipole. The 
model for the first antenna, the reference dipole shown as a 
solid line, has no feed line associated with it—itis as though 
the transmitter were somehow remotely located right at the 
center of the dipole. This antenna displays а classical figure- 
8 pattern. Both side null dip symmetrically about 10 dB below 
the peak response, typical for a 20-meter dipole 33 feet above 
ground (or an 80-meter dipole placed 137 feet above ground). 

‘The second dipole, shown as a dashed line, is modeled 
using a 2/2-Iong coaxial feed line dropped vertically to the 
ground below the feed point. Now, the azimuthal response 
of thesecond dipole sno longer perfectly symmetrical. Itis 
shifted to the left afew dB in the area of the side nulls and 
the peak response is down about 0.1 dB compared to the 
reference dipole. М any would argue that this sort of response 
isn'tall that bad! However, do keep in mind that this is ога 
feed line placed in a symmetrical manner, at a right angle 


Fig 25- Comparison of azimuthal patterns of two 1.2- 
long 14-MHz dipoles mounted 2/2 over average ground. 
The reference dipole without effect of feed-line 
distortion (modeled as though the transmitter were. 
located right at the feed point) is the solid line. The 
dashed line shows the pattern for the dipole affected by 
common-mode current on its feed line due to the use of 
unbalanced coax to feed a balanced antenna, The feed 
line is dropped directly from the feed pointto ground in 
а symmetrical manner. The feed-point impedance in this 
Symmetrical configuration changes only a small amount 
compared to the reference antenna. 


below the dipole. Asymmetry in dressing the coax feed line 
will result in more pattern distortion, 


SWR Change with Common-Mode Current 

If an SWR meter is placed at the bottom end of the 
coax feeding the second dipole, it would show an SWR of 
13811 fora 50-2 coax such as RG-213, since the antenna's 
feed-point impedance is 69.20 +] 0.69 O. The SWR for the 
reference dipole would be 1.39:1, since its feed-point 
impedance is 69.47 — 0.35.0. As could be expected, the. 
common-mode impedance in parallel with the dipole's 
natural feed-pointimpedance has lowered the net impedance. 
seen at the feed point, although the degree of impedance 
‘change is miniscule in this particular case with a symmetrical 
feed line dressed away from the antenna. 

In theory at least, we have a situation where a change 
in the length of the unbalanced coaxial cable feeding а 
balanced dipole will cause the SWR on the line to change 
also. Thisis due to the changing common-mode impedance 
to ground at the feed point. The SWR may even change if 
the operator touches the SWR meter, since the path to RF 
‘ground is subtly altered when this happens. Even changing 
the length of an antenna to prune it for resonance may also 
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yield unexpected, and confusing, results on the SWR meter 
because of the common-mode impedance. 

When the overall effective length of the coaxial feed 
[ine to ground is not an odd multiple of a 2/2 resonant length 
but isan odd multiple of 3/4, the common-mode impedance. 
transformed to the feed point is high in comparison to the 
dipole's natural feed-point impedance, This will causel3 to 
be small in comparison to 12, meaning that radiation by 13 
itself and the imbalance between 11 and 14 will be minimal 
Modeling this case produces no difference in response 
between the dipole with unbalanced feed line and the 
reference dipole with no feed line, Thus, an odd multiple of 
a half-wave length for coax and ground wiring represents 
the worst case for this kind of imbalance, when the system 
is otherwise symmetrical 

If the coax in Fig 25 were replaced with balanced 
transmission line, the SWR would remain constant along 
the line, no matter what the length. (To puta fine point ot, 
the SWR would actually decrease slightly toward the 
transmitter end. This is because of line loss with SWR, 
However, the decrease would be slight, because the loss in 
open-wire balanced transmission line is small, even with 
relatively high SWR оп the line. See Chapter 24 for a 
thorough discussion on additional line loss due to SWR.) 


Size of Coax 

ALHF, the diameter of the coax feeding a 2/2 dipole 
is only a tiny fraction of the length of the dipole itself. In 
thecaseof Fig 25 above, the model of the coax used assumed 
an exaggerated 9-inch diameter, just to simulate a worst 
case effect of coax spacing at HF. 

However, on the higher UHF and microwave 
frequencies, the assumption that the coax spacing is not а 
significant portion of a wavelength is no longer true. The 
plane bisecting the feed point of the dipole in Fig 25 down 
through the space below the feed point and in-between the 
center conductor and shield of the coax is the "center" of 
the system. If the coax diameter is acant percentage of the 
wavelength, the center is no longer symmetrical with 
reference to the dipole itself and significant imbalance will 
result. Measurements done at microwave frequencies 
showing extreme pattern distortion for balunless dipoles may 
Well have suffered from this problem, 


ASYMMETRICAL ROUTING OF THE 
FEED LINE FOR A DIPOLE 

Fig 25 shows a symmetrically located coax feed line, 
опе that drops vertically at a 90° angle directly below the 
feed point of the symmetrical dipole. What happens if the 
feed line is not dressed away from the antenna in a 
completely symmetrical fashion—thatis, not ata right angle 
to the dipole? 

Fig 26 illustrates a situation where the feed line goes to 
the transmitter and ground at a 45° angle from the dipole. 
Now, one side of the dipole can radiate more strongly onto 
the feed line than the other half can. Thus, the currents radiated 
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onto the feed line from each half of the symmetrical dipole 
won't cancel each other, In other words, the antenna itself 
radiates a common-mode current onto the transmission line. 
This is а different form of common-mode current from what 
was discussed above in connection with an unbalanced coax 
feeding a balanced dipole, but it has similar effects. 

Fig 27 shows the azimuthal response of a 0.7L2-high 
reference dipole with no feed line (as though the transmitter 
were located right at the feed point) compared to а 0.71- 
high dipole that uses a 1-A-long coax fed line, slanted 45° 
from the feed point down to ground through the transmitter. 
The 0.71- height was used so that the slanted coax could 
be exactly 1 à long, directly grounded tits end through the 
transmitter and so that the low -elevation angle response could 
be emphasized to show pattern distortion. The feed line was 
made 1 à lang inthis case, because when ne feed lîne length 
is only 05 A and is slanted 45° to ground, the height of the 
dipoles only 0352. This low height masks changes in the 
nulls in the azimuthal response due to feed line common- 
mode currents. Worst-case pattern distortion occurs for 
lengths that are multiplies of /2, as before. 

The degree of pattern distortion is now slightly worse 
than that far the symmetrically placed coax, but once again, 
the overal effect is not really severe. Interestingly enough, 
the sante eed line dipole actually has about 0.2 dB more 
gain than the reference dipole. This is because the let hand 
Side null is deeper for the slanted-feed line antenna, adding 
power o the frontal lobes at 0° and 180°. 

The feed-point impedance for this dipole with 
slanted fed line is 62.48 — 128 A for an SWR of 1251, 
compared to the reference dipole's feed-point impedance of 


Syrmevieol 2 poi 


Fig 26- Drawing of 1/2 dipole, placed 0.71 ) above 
average ground, with a 1. long coax feed line 
connected at far end to ground through a transmitter 
Worst-case feed line radiation due to common-mode 
current induced on the outer shield braid occurs for 
lengths that are multiples of 1/2. 
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Fig 21— Azimuthal response for two dipoles placed as 
shown in Fig 26. The solid line represents a reference 
dipole with no feed line (modeled as though the 
transmitter were located directly at the feed point). The 
dashed line shows the response of the antenna with 
feed line slanted 45- down to ground. Current induced 
оп the outer braid of the 1-)-long coax by its 
asymmetry with respect to the antenna causes the 
pattern distortion. The feed-point impedance also 
Changes, causing a different SWR from that for the 
unaffected reference dipole. 


7200 +) 16.76 2 for an SWR of 1.59:1. Here, the reactive 
part of the net feed-point impedance is smaller than that for 
the reference dipole, indicating that detuning has occurred 
due to mutual coupling to its own feed line. This change of 
SWR is slightly larger than for the previous case and could 
be seen on a typical SWR mete 

You should recognize that common-mode current 
arising from radiation from a balanced antenna back onto 
its transmission line due to a lack of symmetry occurs for 
both coaxial ог balanced transmission lines. For a coax, the 
inner surface of the shield and the inner conductor are 
shielded from such radiation by the outer braid. However, 
the outer surface of the braid caries common-mode current 
radiated from the antenna and then subsequently reradiated 
by the line. For a balanced line, common-mode current are 
induced onto bath conductors of the balanced line, again 
resulting in reradlaion from the balanced line. 

If the antenna or its environment are not perfectly 
symmetrical in all respects, there will also be some degree 
of common-mode current generated on the transmission line, 
either coax or balanced. Perfect symmetry means that the. 
ground would have to be perfectly flat everywhere under 
the antenna, and that the physical length of each leg of the 
antenna would have to be exactly the same. It also means. 


that the height of the dipole must be exactly symmetrical all 
along its length, and it even means that nearby conductors, 
Such as power lines, must be completely symmetrical with 
respect o the antenna 

In the real world, where the ground isn't always 
perfectly flat under the whole length of a dipole and where 
Wire legs aren't cut with micrometer precision, a balanced 
line feeding a supposedly balanced antenna is no guarantee. 
that common-mode transmission line currents will not occur 
However, dressing the feed line so that it is symmetrical to 
the antenna will lead to fewer problems in all cases, 


COMMON-MODE EFFECTS WITH DIRECTIONAL 
ANTENNAS 

For a simple dipole, many amateurs would look at 
Fig 25 or Fig 27 and say that the worst-case pattern 
asymmetry doesn't look very important, and they would be 
Tight. Any minor, unexpected change in SWR due to 
common-mode current would be shrugged off as 
inconsequential—if indeed itis even noticed. A Il around the 
world, there are many thousands of coax-fed dipoles in use, 
where no special effort has been made to smooth the. 
transition from unbalanced coax to balanced dipole, 

For antennas that ae specifically designed to be highly 
directional, however, pattern deterioration resulting from 
common-mode currents isa very different matter. М uch care 
Is usually taken during design of a directional antenna like a 
Yagi or a quad to tune each element in the system for the 
best compromise between directional pattern, gain and SWR 
bandwidth. W hat happens if we feed such a carefully tailored 
antenna in a fashion that creates common-mode feed line 
currents? 

Fig 28 compares the azimuthal response of two five- 
element 20-meter Y agis, each located horizontally 2/2 above 
average ground, The solid line represents the reference 
antenna, where it is assumed that the transmitter is located 
right at the balanced driven element's feed point without 
the need for an intervening feed line. The dashed line 
represents the second Yagi, which is modeled with a 2/2: 
Jong unbalanced coaxial feed line going to ground directly 
under the balanced driven element's feed point. 

Minor pattern skewing evident in the case of the dipole 
пон becomes definite deterioration i the rearward pattern 
of the otherwise superb pattern of the reference Yagi. The 
side nulls deteriorate from more than 40 dB to about 25 dB. 
‘The rearward lobe at 180° goes from 26 dB to about 22 dB 
In short, the pattern gets a bit ugly and the gain decreases 
as well 

Fig 29 shows a comparison at 0.71 à height between а 
reference Yagi with no feed line and a Yagi with a 1 long 
feed line slanted 45° to ground. Side nulls that were deep (at 
more than 30 dB down) for the reference Yagi have been 
reduced to less than 18 dB in the common-mode afflicted 
antenna. The rear lobe at 180* has deteriorated mildly, from. 
28 dB to about 26 dB. The forward gain of the antenna has 
fallen 04 dB from that of the reference antenna. A s expected, 
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Fig 28— Azimuthal response for two five-element 
20-meter Yagis placed 1/2 over average ground. The 
Solid line represents an antenna fed with no feed line, 
as though the transmitter were located right at the feed 
point. The dashed line represents a dipole fed with a 
A2 length of unbalanced coax line directly going to 
ground (through a transmitter at ground level). The 
distortion in the rearward pattern is evident, and the 
Yagi loses a small amount of forward gain (0.3 dB) 
compared to the reference antenna. In this case, 
placing a common-mode choke of +/1000 à at the 
feed point eliminated the pattern distortion. 


the feed-pointimpedance also changes, from 22.3 ~ 25.20. 
forthereferenceY agi to 18.5 - 29.8 Q for the antenna with 
the unbalanced feed. The SWR will also change with line 
length on the balanced Yagi fed with unbalanced line, just 
as it did for the simple dipole. 

Clearly, the pattern of what is supposed to be a highly 
directional antenna can be seriously degraded by the presence 
of common-mode currents on the coax feed line. As in the 
case of the simple dipole, an odd multiple of /2-long 
resonant feed line to ground represents the worst-case feed 
system, even when the feed line is dressed symmetrically at 
Tight angles below the antenna. A nd as found with the dipole, 
the pattern deterioration becomes even worse f the feed line 
is dressed at a slant under the antenna to ground, although 
this sort of installation with a Yagi is not very common. For 
least interaction, the feed line still should be dressed so that 
itis symmetrical with respect to the antenna, 


ELIMINATING COMMON-MODE 
CURRENTS—THE ВАЦОН 
In the preceding sections, the problems of directional 
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ora m coo 
Fig 29— At A, azimuthal response for two five-element 
20"meter Yagis placed 0.71 over average ground. The 
Solid line represents an antenna fed with no feed line. 
The dashed line represents a dipole fed with a 1-2 
length of unbalanced coax line slanted at 45° to ground 
(through a transmitter at ground level). The distortion. 
in the rearward pattern is even more evident than in 
Fig 28. This Yagi loses a bit more forward gain (0.4 dB) 
compared to the reference antenna. At B, elevation 
response comparison. The slant of the feed line causes 
more common-mode current due to asymmetry. In this 
case, placing a common-mode choke of + j 1000 Q at 
the feed point was not sufficient to eliminate the 
pattern distortion substantially. Another choke was 
Fequired 1/4 farther down the transmission line to 
eliminate common-mode currents of al varieties 


pattern distortion and unpredictable SWR readings were 
traced to common-mode currents on transmission lines. Such 
common-mode currents arise from several types of 
asymmetry in the antenna-feed line system—either а 
mismatch between unbalanced feed line and a balanced 
antenna, or lack of symmetry in placement of the feed line. 


A device called a balun can be used to eliminate these 
common-mode currents. 

"The word balun is a contraction of the words balanced 
to unbalanced. Its primary function is to prevent common: 
mode currents, while making the transition from an 
unbalanced transmission line to a balanced load such as an 
antenna. Baluns come in a variety of forms, which we will 
explore in this section. 


The Common-Mode Choke Balun 
In the computer models used to create Figs 25, 27 and 
28, placing a common-mode choke whose reactance is 
+ 1000.0 at the antenna's feed point removed virtually all 
traces of the problem. This was always true for the simple 
casewhere the feed line was dressed symmetrically, directly 
down under the feed point. Certain slanted-feed line lengths 
required additional common-mode chokes, placed at 2/4 
intervals down the transmission line from the feed point 
The simplest method to create a common-mode choke 
balun with coaxial cableis to wind up someof itinto а сой at 
the feed point of the antenna. The normal transmission-line 
currents inside the coax are unaffected by the coiled 
configuration, but common-mode currents trying to flow on 
the outside of the coax braid are choked off by the reactance 
of the col, This coax-coll choke could also be referred to as 
an "air-wound" choke, since по ferrte-core material is used 
to help boost the common-mode reactance at low frequencies 
А coax choke can be made like a flat coll—that is, like 
a coll of rope whose adjacent turns are carefully placed side- 
by-side to reduce inter-t distributed capacity, rather than 
in a scramble wound fashion. Sometimes a coil form made 
of PVC is used to keep things orderly. This type of choke 
shows broad resonance due to its inductanceand distributed 
capacity that can easily cover three amateur bands. See Fig 30. 
Some geometries re reasonably effective over the entire 
HF range. If particular problems are encountered on a single 
band, а сой that is resonant at that band may be added. The 
collsshown in Table 3were designed to havea high impedance 
atthe indicated frequencies, as measured with an impedance 
meter. Many other geometries can also be effective. This 
construction technique is not effective with twin lead because 
of excessive coupling between adjacent turns, 


w 
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Fig 30—AtA, an RF choke formed by coiling the feed 

line at the paint of connection to the antenna. The 

inductance of the choke isolates the antenna from the 
for winding 


See text for details. 


‘This choke-type of balun is sometimes referred to as а 
current balun since it has the hybrid properties of a tightly 
coupled transmission-line transformer (with а 1:1 
transformation ratio) and a coil. The transmission-line 
transformer forces the current at the output terminals to be 
equal, and the coil portion chokes off common-mode 
currents, 

See Fig 31 for a schematic representation of such а 
balun. This characterization is attributed to F rank Witt IH 
Zy isthe winding impedance that chokes off common-mode 
currents. The winding impedance is mainly inductive if а 
high-frequency ferrite core is involved, while itis mainly 
resistive if a low-frequency ferrite core is used. The ideal 
transformer in this characterization models what happens 
either inside a coax or for a pair of perfectly coupled parallel 
wiresinatwo-wiretransmission line. Although Z is shown. 


Table 3 
Effective Choke (Current) Baluns 
ind (very effective) ‘Multiple Band 

на-58 Frog, MHz RG-8, 58, 59, 8X, 213 
35 22, Btuns — 20W,6Bums 3530 100, 7те 
7 22M 101ums 18 f. 8 ne 48.0 10 f. 9. 10 tums 
10 1211 10tums 10 l uns 1430 BM 6-7 tums 
14 лон 4turms ап, B tums 
21 Btt 6-8 шты — 61 Btums 
2 61.6.8 шта 4 l. 8 8 tums 


Wind the indicated length of coaxial feed line into а сой (ike а сой of rope) and secura with electrical tape. The balun is most 
effective when the сой is near the antenna, Lengths are not highly спіса! 
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here as a single impedance, it could be split into two equal 
parts, with one placed on each side of the ideal transformer, 


Ferrite-Core Baluns 
Ferrite-core baluns can provide a high common-mode 
impedance over the entire HF range. They may be wound 
either with two conductors in bifilar fashion, or witha single 
coaxial cable. Rod or toroidal cores may be used, although 
the latter is generally preferred because greater common: 
mode inductance can be achieved with fewer turns. More 
inductance is needed for good low-frequency response, while 
fewer turns tends to aid high-frequency performance because 
less stray distributed capacity is present if the windings are 
spread out evenly around the circumference of the toroid 
See Fig 32. Common-madeimpedance values of afew 
hundred to over a thousand ohms re readily achieved. These 
baluns work best when used with antennas having feed-point 


impedances less than 100 ог so. This is because the 
winding impedance must be high relative to the antenna 
impedance for effective operation, and higher impedances 
aredifficultto achieve. Baluns used for high-power operation 
should be tested by checking for temperature rise before 
being put into full service. If the core overheats, especially 
atlow frequencies, turns must be added or a larger or lower 
loss core must be used. It also would be wise to investigate 
the cause of such high common-mode currents, Type 72, 73 
ог 77 ferite will give the greatest impedance aver the HF 
range, Type 43 ferrite has lower loss, but somewhat less 
permeability. Core saturation is not a problem with these 
ferrites at HF; they will overheat because of losses at flux 
levels well below saturation, 

Twelve turns of #10 wire on a 2.0 or 2.5-inch OD 
toroidal core with н 850, such as an 2.4-Inch OD Type 43 
core, Amidon FT240-43, are typical values for 1:1 baluns 
that can cover the full HF range. 


TheW2DU Balun 

Another type of choke balun that is very effective was 
originated by M. Walter M axwell, W2DU. A number of small 
ferrite cores may be placed directly over the coax whereitis 
connected to the antenna. The bead balun shown in Fig 308 
consists of 50 Amidon no. FB-73-2401 ferrite beads slipped 
over a -foot length of RG-SBA coax. The beads fit nicely 
over the insulating jacket of the coax and occupy a total 
length of 9% inches, Twelve Amidon FB-77-1024 or 
equivalent beads will comecloseto doing thesamejob using 
RG-B or RG-213 coax. 

Type 73 material is recommended for 1.8 to 30 MHz 
Use, but type 77 material may be substituted; use type 43 
material for 30 to 250 MHz. The cores present a high 


Fig 32—Ferrite-core 
baluns. Each uses 
transmission line 


w в 


techniques to achieve 
wide frequency coverage. 
The transmission line can. 
consist of coaxial cable or 
tightly coupled bifilar 
enameled wires. Typically, 
twelve turns of #10 wires 
wound on 2:4-inch toroidal 
cores with u = 850 will 
Cover the whole range 
from 1.8 to 30 MHz. The 
current balun at the right 
is wound on two cores, 
Which are physically 
Separated from each other. 
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impedance to any RF current that would otherwise flow on 
the outside of the shield. The total impedance is in 
approximate proportion to the stacked length of the cores 
Like the ferrte-core baluns described above, the impedance. 
stays fairly constant over a wide rangeof frequencies, Again, 
70-series ferrites are a good choice for the HF range, with 
type 43 being useful if heating due to large common-mode 
currents is a problem. Type 43 or 61 is the best choice for 
the VHF range. Cores of various materials can be used in 
combination, permitting construction of baluns effective over 
avery wide frequency range, such as from 2 to 250 MHz. 


Detuning Sleeves 

The detuning sleeve shown in Fig 338 is essentially 
an air-insulated 744 line, but of the coaxial type, with the 
sleeve constituting the outer conductor and the outside of 
the coax line being the inner conductor. Because the 
impedance at the open end is very high, the unbalanced 
voltage on the coax line cannot cause much current to flow 
on the outside of the sleeve, Thus the sleeve acts just like a 
choke coil to isolate the remainder of the line from the 
antenna. (The same viewpoint can be used in explaining the. 
action of the 4/4 arrangement shown at Fig 33A, but is less 
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Fig 33- Fixed-balun methods for balancing the 
termination when a coaxial cable is connected to a 
balanced antenna, These baluns work 
frequency. The balun at B is known as a "sleeve balun” 
and is often found at VHF. 


easy to understand in the case of baluns less than 2/4 lang.) 

A sleeve of this type may be resonated by cutting а 
small longitudinal slot near the bottom, just large enough to 
take a single-tum loop which is, in ur, link-coupled to a 
dip meter. f the sleeve sa litle long to Start with, abit at a 
time can be cut off the top until the stub is resonant 

The diameter of the coaxial detuning sleevein Fig 338 
should be fairly large compared with the diameter of the 
cable It surrounds. A diameter of two inches or so is 
satisfactory with half-inch cable, The sleeve should be 
symmetrically placed with respect to the center of he antenna 
so that it will be equally coupled to both sides, Otherwise а 
current will be induced from the antenna to the outside of 
the sleeve. This is particularly important at VHF and UHF. 

In both the balancing methods shown in Fig 33 the A/A 
section should be cut to be resonant at exactly the same 
frequency as the antenna ite. These sections tend to have a 
beneficial effect on the impedance frequency characteristic 
of the system, because their reactance varies in the opposite 
direction to that of the antenna. For instance, if the operating 
frequency is slightly below resonance the antenna has 
capacitive reactance, but the shorted 1/4 sections or stubs have 
inductive reactance. Thus the reactances tend to cancel, which 
prevents the impedance from changing rapidly and helps 
maintain alow SWR on the line over a band of frequencies. 


Combined Balun and Matching Stub 

In certain antenna systems the balun length can be 
considerably shorter than 2/4; the balun is, in fact, used as 
part of the matching system. This require that the radiation 
resistance be fairly low as compared with the line Z, so that 
sa match can be brought about by first shortening the antenna 
to makeit havea capacitive reactance, and then using a shunt. 
inductor across the antenna terminals to resonate the antenna 
and simultaneously raise the impedance to a value equal to 
the line Zo. This is the same principle used for hairpin 
matches. The balun is then made the proper length to exhibit. 
the desired value of inductive reactance. 

The basic matching method is shown in Fig 34A, and 
the balun adaptation to coaxial feed is shown in Fig 348. 
The matching stub in Fig 348 is a paralle-Jine section, опе 
conductor of which isthe outside of the coax between point. 
X and theantenna; the other stub conductor is an equal length 
of wire (А piece of coax may be used instead, as in the balun 
in Fig 334.) The spacing between the stub conductors can 
be2to3 inches, Thestub of Fig 34 is ordinarily much shorter 
than 2/4, andtheimpedance match can be adjusted by altering 
the stub length along with the antenna length. With simple 
coax feed, even with a 2/4 balun as in Fig 33, the match 
depends entirely on the actual antenna impedance and the Zg 
of the cable; no adjustment is possible. 


Adjustment 

When a 3/4 balun is used itis advisable to resonate it 
before connecting the antenna. This can be done without 
much difficulty if a dip meter or impedance analyzer is 
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Fig 34— Combined matching stub and balun. The 
basic arrangement is shown at A. At B, the balun 
arrangement is achieved by using a section of the 
Outside of the coax feed line as one conductor of a 
matching stub. 


available, In thesystem shown in Fig 33A, the section formed 
by the two parallel pieces of line should first be made slightly 
longer than the length given by the equation, The shorting 
Connection atthe bottom may beinstalled permanently. With 
thedip meter coupled to the shorted end, check the frequency 
and cut off small lengths of the shield braid (cutting both 
lines equally) at the open ends until the stub is resonant at 
the desired frequency. In each case leave just enough inner 
conductor remaining to make a short connection to the 
antenna, After resonance has been established, solder the 
Inner and outer conductors of the second piece of coax 
together and complete the connections indicated in Fig 33A. 

Another method is to first adjust the antenna length to 
the desired frequency, with the line and stub disconnected, 
then connectthe balun and recheck the frequency. Its length 
may then be adjusted so that the overall system is again 
resonant at the desired frequency. 


Construction 

In constructing a balun of the type shown in Fig ЗЗА, 
the additional conductor andthe line should be maintained 
parallel by suitable spacers. It is convenient to use a piece 
of coax Гог the second conductor; the inner conductor can 
simply be soldered to the outer conductor at both ends since 
it does not enter into the operation of the device. The two 
cables should be separated sufficiently so that the vinyl 
covering represents only a small proportion of the dielectric 
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between them. Since the principal dielectric is air, the length 
of the 1/4 section Is based on a velocity factor of 0.95, 
approximately. 


Impedance Step-Up/Step-Down Balun 

A coax-line balun may also be constructed to give an 
Impedance step-up ratio of 4:1. This form of balun is shown 
in Fig 35.17 75-0 line is used, as indicated, the balun will 
providea match fora300-0 terminating impedance. If 50-02 
Tine is used, the balun will provide a match for a 200-0 
terminating impedance. The U-shaped section of line must 
bean electrical length of 1/2 long, taking the velocity factor 
of theline into account. In most installations using this type 
of balun, it is customary to roll up the length of line 
represented by the U-shaped section into a coil of several 
inches in dlameter. The сой turns may be bound together 
with electrical tape. 

Because of the bulk and weight of the balun, this type is 
seldom used with wireline antennas suspended by insulators 
at the antenna ends. More commonly it is used with 
mulielement' agi antennas, where ts weight may be supported 
by the boom of the antenna system, See the K FO designs in 
Chapter 18, where200-0.T-matches are used with such a balun, 


Fig 35—A balun that provides. 
an impedance step-up ratio of 

"The electrical length of the 
haped section of line is 1/2. 
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ONE FINAL WORD 

This is a good point to debunk а 

persistent myth among amateurs that а 

mismatched transmission line somehow. 

radiates. This is absolutely not ue! The 

A loss by radiation from a properly balanced 

line—whether coax or open-wire line 

is miniscule. Whenever a line radiates it 

is because of an unbalanced condition 

Somewhere in the system (onthe antenna 

or its environment or on the line itself) or 

because of common-mode currents 

radiated by the antenna back onto the line 

because of asymmetry in the system. The 

SWR on the line has nothing to do with 

unwanted radiation from a transmission 
line. 
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Voltage Baluns 
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Antenna and 
P711 Transmission-Line 
Measurements 


‘The principal quantities measured on transmission lines 
are ine current or voltage, and standing-wave ratio (SWR 
You make measurements of current or voltage to determine 
the power input to the line. SWR measurements are useful 
in connection with the design of coupling circuits and the 
adjustment of the match between the antenna and 
transmission line, ав well as in the adjustment of these 
matching circuits 

For most practical purposes а relative measurement is 
sufficient, An uncalibrated indicator that shows when the 
largest possible amount of power is being put into the neis. 
justas useful, in most cases, as an instrument that measures 
the power accurately. It is seldom necessary to know the 
‘actual number of watts going into the line unless the overall 
efficiency of the system is being investigated. A n instrument 
that shows when the SWR is close to 1:1 is all you need for 
most impedance-matching adjustments. Accurate 
measurement of SWR is necessary only in studies of antenna. 
characteristics such as bandwidth, or for the design of some 
types of matching systems, such as a stub match. 

(Quantitative measurements of reasonable accuracy 
demand good design and careful construction in the 
measuring instruments. They also require intelligent use of 
the equipment, including а knowledge not only of its 
limitations but also of stray effects that often lead to false 
results. Until you know the complete conditions of the 
measurements, a certain amount of skepticism regarding 
numerical data resulting from amateur measurements with 
simple equipment is justified. Оп the other hand, purely 
qualitative or relative measurements are easy to make and 
are reliable for the purposes mentioned above. 

LINE CURRENT AND VOLTAGE 

A current or voltage indicator that can be used with 
coaxial line is а useful piece of equipment. It need not be 
elaborate or expensive, Its principal function isto show when 
the maximum power is being taken from the transmitter; for 
any given set of line conditions (length, SWR, etc). This 
will occur when you adjust the transmitter coupling for 
maximum current or voltage into the transmission line. 
Although the final-amplifier plate ог collector current meter 
is frequently used for this purpose, itis not always a reliable 
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indicator. in many cases, particularly with ascreen-grid tube 
in the final stage, minimum loaded plate current does not 
‘occur simultaneously with maximum power output. 


RF VOLTMETER 

You can puttogethera germanium diode in conjunction. 
with a low-range milliammeter and a few resistors to form 
‘an RF voltmeter suitable for connecting across the two 
conductors of a coaxial line, as shown in Fig 1 It consists of 
voltage divider, R1-R2, having atotal resistance about 100. 
times the Zp of the line (so the power consumed will be 
negligible) with a diode rectifier and milliammeter connected 
across part of the divider to read relative RF voltage. The 
purpose of R3 is to make the meter readings directly 
proportional to the applied voltage, as nearly as possible, by 
‘swamping the resistance of 01, since the diode resistance 
will vary withthe amplitude of the current through the diode 


Fig 1—RF voltmeter for coaxial line. 

C1, C2—0.005- or 0.01-uF ceramic. 

bl. Germanium diode, 1N34A, 

J1, 2 Coaxial fittings, chassis-mounting type. 

Mi 0-1 milllammeter (more sensitive meter may be 
used if desired; see text). 

816.8 ko, composition, 1 W for each 100W of RF 
power. 

82-680 0, 4: or 1W composition. 

8310 ко, W (see text) 
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You may construct the voltmeter in а small metal box, 
indicated by the dashed line in the drawing, and fitted with 
coax receptacles. R1 and R2 should be carbon-composition 
resistors. The power rating for R1 should be 1 W for each 
100 W of carrier power in the matched line; separate 1- or 
2A resistors should be used to make up the total power rating 
required, to the total resistance as given. A ny type of resistor 
сап be used for R3; the total resistance should be such that 
about 10 V de will be developed across it at full scale. For 
example, а 0-1 milliammeter would require 10 KK, a 0-500 
microammeter would take 20 KQ, and so on. For comparative. 
measurements only, R3 may be a variable resistor so the 
sensitivity can be adjusted for various power levels. 

In constructing such a voltmeter, you should exercise 
careto prevent inductive coupling between R1 and the loop 
formed by R2, D1 and C1, and between the same loop and 
the line conductors in the assembly. With the lower end of 
R1 disconnected from R2 and grounded to the enclosure, 
but without changing its position with respect to the loop, 
there should beno meter indication when full power is going 
through the line. 

If morethan one resistor is used for R1, the units should 
be arranged end-to-end with very short leads, R1 and R2 
should be kept inch or more from metal surfaces parallel 
ta the body of the resistor. If you observe these precautions 
the voltmeter will give consistent readings at frequencies 
Up to 30 MHz. Stray capacitance and stray coupling limit 
the accuracy at higher frequencies but do not affect the utility 
ofthe instrument for comparative measurements. 


Calibration 

You may calibrate the meter for RF voltage by 
comparison with a standard such as an RF ammeter. This 
requires that the line be well matched so the impedance at 
the point of measurement is equal to the actual Zo of the 
line Sincein that case P «122, the power can be calculated 
fromthecurrent Then E = PZ, . By making curentand 
voltage measurements ata nibe of different power levels, 
уви can obtain enough points to draw a calibration curve 
for your particular setup. 


RF AMMETERS 

Although they are notas widely available as they used 
to be, if you can find one on the surplus market or at a 
hamfest, an RF ammeter is a good way to gauge output. 
power. You can mount an RF ammeter in any convenient 
location atthe input end of the transmission line, the principal 


instrument mounted on a thin 
Cutout in the metal clears the 
about 1/8 inch. 


precaution being that the capacitance to ground, chassis, and 
nearby conductors should below. A bakelite-case instrument 
can be mounted on a metal panel without introducing enough 
shunt capacitance to ground to cause serious error up to 
30 MHz. When installing a metal-case instrumenton а metal 
panel, you should mount оп a separate sheet of insulating 
material so that there is inch or more separation between 
the edge of the case and the metal 

А 2-inch instrument can be mounted in a 2 4x4- 
inch metal box, as shown in Fig 2 This is a convenient 
arrangement for use with coaxial line. Installed this way, а 
good quality RF ammeter will measure current with ап 
accuracy that is entirely adequate for calculating power in 
the line. As discussed above in connection with calibrating 
RF voltmeters, the line must be closely matched by its load 
so the actual impedance is resistive and equal to Zp. The. 
scales of such instruments are cramped at the low end, 
however, which limits the range of power that can be 
measured by a single meter. Theuseful current rangeis about 
3to 1, corresponding to a power range of about to 1 


SWR Measurements 


Оп parallel-conductor lines itis possible to measure. 
the standing-wave ratio by moving a current (or voltage) 
indicator along the line, noting the maximum and 
minimum values of current (аг voltage) and then 
Computing the SWR from these measured values. This 


27-2 Chapter27 


cannot be done with coaxial line since it is not possible 
to make measurements of this type inside the cable. The 
techniqueis, in fact, seldom used with open lines because 
it is not only inconvenient but sometimes impossible to 
reach all parts of the line conductors. Also, the method is 


subject to considerable error from antenna currents flowing 
on the line, 

Present day SWR measurements made by amateurs 
practically always use some form of directional caupler or 
RF-bridge circult. The indicator circuits themselves are 
fundamentally simple, but they require considerable care in 
Construction to ensure accurate measurements, The 
requirements for indicators used only for the adjustment of 
impedance-matching circuits, rather than actual SWR 
measurement, are nat so stringent, and you can easily make 
an instrument for this purpose, 


BRIDGE CIRCUITS 

Tuo commonly used bridge circuits ae shown in Fig 3, 
The bridges consist essentially of two voltage dividers in 
parallel, with a voltmeter connected between the junctions 
of each pair of arms, as the individual elements are called. 
When the equations shown to the right of each circuit are 
satisfied there is no potential difference between the two 
junctions, and the voltmeter indicates zero voltage. The 
bridge is then said to bein balance. 

"Taking Fig ЗА as an illustration, if R1 = R2, half the 
applied voltage, E, will appear across each resistor. Then if 
Rs =Ry, АЕ will appear across each of these resistors and 
the voltmeter reading will be zero. Remember that a matched 
transmission line has essentially а purely resistive input 
impedance. Suppose that the input terminals of such a line 
are substituted for Ry. Then if Rs Is а resistor equal to the 
Zo of the line, the bridge will be balanced. 

If the lineis not perfectly matched, its input impedance 
will not equal Z and hence will not equal Rs, since you 
chose the latter to be equal to Zi. There will then be a 
difference in potential between points X and Y, and the 
voltmeter will show a reading. Such a bridge therefore can 
be used to show the presence of standing waves on the line, 
because the line input impedance will be equal to Z only 
when there are no standing waves. 

Considering the nature of the incident and reflected 
components of voltage that make up the actual voltage at 
the input terminals of the line, as discussed їп Chapter 
24, it should be clear that when Rs = Zo, the bridge is 
always in balance for the incident Component. Thus the 
voltmeter does not respond to the incident component at 
any time but reads only the reflected component 
(assuming that R2 is very small compared with the 
Voltmeter impedance). The incident component can be 
measured across either R1 or R2, if they are equal 
resistances, The standing-wave ratio Is then 


81 82 
СЕ? 
Where E1 is the incident voltage and E2 is the reflected 
Voltage. It is often simpler to normalize the voltages by 


expressing E2 as afraction of E1, in which case the formula 
becomes 


SWR (Eq) 
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Fig 3. Bridge circuits suitable for SWR 
ACA, Wheatstone type using resistance arms. 
capacitance-resistance bridge ("Micromateh"). 


Conditions for balance are independent of frequency. 
in both types. 


(642) 


where k =E2/E1, 

The operation of the circuitin Fig 38 is essentially the 
same, although this circuit has arms containing reactance as 
well as resistance. 

itis not necessary that R1 = R2 in Fig ЗА; the bridge 
can be balanced, in theory, with any ratio of these two 
resistances provided Rs is changed accordingly. In practice, 
however, the accuracy is highest when the two are equal 
this circuit is most commonly used. 

A number of types of bridge circuits appear in Fig 
many of which have been used in amateur products or 
amateur construction projects. АП except that at G can have 
the generator and load at a common potential. At G, the 
generator and detector аге at а common potential. You may 
interchange the positions of the detector and transmitter (or 
generator) in the bridge, and this may be advantageous in 
Some applications. 

The bridges shown at D, E, F and Н may have one 
terminal of the generator, detector and load common. Bridges 
ta, B, E, F, and H have constant sensitivity over a wide 
frequency range. Bridges at B, C, D and H may be designed 
to show no discontinuity (impedance lump) with a matched 
line, as shown nthe drawing. Discontinuities withA E and 
F may be smal 

Bridges are usually most sensitive when the detector 
bridges the midpoint of the generator voltage, asin G or H, or 
inB when each resistor equals the load impedance. Sensitivity 
also increases when the currents in each eg are equal. 
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Fig 4- Various types of SWR indicator circuits and commonly known names of bridge circuits or devices in that 
they have been used. Detectors (D) are usually semiconductor diodes with meters, isolated with RF chokes and 
Itors. However, the detector may be a radio receiver. In each circuit, Z represents the load being measured. 
(This information provided by David Geiser, WAZANU) 
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Resistance Bridge 


‘The basic bridge configuration shown in Fig 38 may 
be home constructed and is reasonably accurate for SWR 
measurement. A practical circuit for such a bridge is given 
in Fig and a representative layout is shown in Fig 6. 
Properly built, a bridge of this design can be used for 
‘measurement of SW Rs upto about 15:1 with good accuracy. 
You should observe these important construction 
points: 
1) Keep leads in the RF circuit short, to reduce stray 
Inductance. 
2) Mount resistors two or three times their body diameter 
away from metal parts, to reduce stray capacitance. 
З) Placethe RF components so there sas little inductive and 
capacitive coupling as possible between the bridge arms, 


In the Instrument shown in Fig 6, the input and line 
connectors, J1 and 2, are mounted fairly close together so 
the standard resistor, Rs, can be supported with short leads 
directly between the center terminals of the connectors. R2 
is mounted at right angles to Rs, and a shield partition is 
used between these two components and the others. 

The two 47-K resistors, RS and R6 in Fig 5, are 
voltmeter multipliers for the 0-100 microammeter used as 
ап indicator, This is sufficient resistance to make the 
Voltmeter linear (that is, the meter reading is directly 


Fig 5 Resistance bridge for SWR measurement. 
Capacitors are disc ceramic. Resistors are 
composition except as noted below. 
D1, D2_Germanlum diode, high back resistance type 

(1нзад, 1N270, ete). 
J1,J2—Coaxial connectors, chassis-mounting type. 
Mi-0-100 de microammeter. 

text). 


R4 50442 volume control. 

R, Resistance equal to line Zy (/s or 1W 
Composition). 

s SPDT toggle. 
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proportional to the RF voltage) and no voltage calibration 
curveis needed. D1 is the rectifier for the reflected voltage 
and D2 is for the incident voltage. Because of manufacturing 
variations in resistors and diodes, the readings may differ 
slightly with two mult pliers of the same nominal resistance 
value, so a correction resistor, R3, is included in the circuit. 
You should select its value so that the meter reading is the 
same with SL in ether position, when RF is applied to the 
bridge with the line connection open, In the instrument 
shown, a value of 1000 © was required in series with the 
‘multiplier for reflected voltage; in other cases different values. 
probably would be needed and R3 might have to be put in 
series with the multiplier for the incident voltage. You can 
determine this by experiment. 

The value used for R1 and R2 is not critical, but you 
should match the two resistors within 1% or 2% if possible. 
Keep the resistance of R as close as possible to the actual 
20 of the line you use (generally 50 or 75 0). Select the 
resistor by actual measurement with an accurate resistance 
bridge, if you have one available. 

RA is for adjusting the incident- voltage reading to full 
scalein the measurement procedure described below, Its use 
isnot essential, butitoffersa convenient alternative to exact 
adjustment of the RF input voltage. 


Testing 

MeasureR1, R2and R witha reliable digital ohmmeter 
or resistance bridge after completing the wiring. This will 
ensure that their values have not changed from the heat of 
soldering, Disconnect oneside ofthe microammeter and leave 
the input and output terminals of the unit open during such 
measurements to avoid stray shunt paths through the rectifiers 

Check the two voltmeter circuits as described above, 
applying enough RF (about 10 V) to the input terminals to 
give a full-scale reading with the line terminals open. If 
necessary, try different values for R3 until the reading isthe 
same with 51 in either position. 

With J2 open, adjust the RF Input voltage and R4 for 
full-scale reading with 51 in the incident- voltage position. 
‘Then switch S1 to the relected-Voltage position. The reading 
should remain atfull scale. Next, short-circuit] 2 by touching 
a screwdriver between the center terminal and the frame of 
the connector to make low-inductance short. Switch S1 to 
the incident-voltage position and readjust R4 for full scale, 
if necessary. Then throw $1 tothereflected-voltage position, 
keeping J2 shorted, and the reading should be full scale as 
before. If the readings differ, R1 and R2 are not the same 
value, or there is stray coupling between the arms of the 
bridge. You must read the reflected voltage at full scale with 
J2 either open or shorted, when the incident voltage is set to 
full scalein each case, to makeaccurateSWR measurements 

‘The circuit should pass these tests at all frequencies at 
which itisto be used, Itis sufficient to test at the lowest and 
highest frequencies, usually 1.8 or 3.5 and 28 or 50 MHz. 
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Fig 6—A 2x 44-inch aluminum box is used to house 
this SWR bridge, which uses the circuit of Fig 5.The 
variable resistor, R4, is mounted on the side. The. 
bridge components are mounted on one side plate of 
the box and a subchassis formed from a piece of 
aluminum. The Input connector is at the top in this 
view. R, is connected directly between the two center 
posts of the connectors. R2 is visible behind It and 
Perpendicular to it. One terminal of D1 projects through 
A hole in the chassis во the lead can be connected to 
12. R1 is mounted vertically to the left of the chassis in 
this view, with D2 connected between the junction of 
RIR2 and a Че point. 


IE RL and R2 are poorly matched but the bridge construction 
is otherwise good, discrepancies in the readings will be 
substantially the same at all frequencies. A diference in 
behavior at the low and high ends of the frequency range 
can be attributed to stray coupling between bridge arms, or 
stray inductance or capacitance in the arms. 

To check the bridge for balance, apply RF and adjust 
R4 for full scale with J2 open. Then connect a resistor 
identical with Rs (the resistance should match within 1% or 
2%) to the line terminal, using the shortest posible leads. 
it is convenient to mount the test resistor inside a cable 
connector (PL-259), а method of mounting that also 
minimizes lead Inductance. When you connect the test 
resistor the relected-voltage reading should drop to zero. 
The incident voltage should be reset to full scale by means 
of R4, if necessary, The reflected reading should be zero at 
any frequency in the range to be used. If a good null is 
Obtained at low frequencies but some residual currentshows 
at he high end, the rouble may be the inductance of the test 
resistor leads, although it may also be caused by stray 
coupling between the arms of the bridge itself. 

If there is a constant low (but not zero) reading at all 


27-6 Chapter27 


frequencies the problem is poor matching of the resistance 
values. Both effects can be present simultaneously. You 
should make sure you obtain a good null at all frequencies 
before using your bridge 


Bridge Operation 

You must limit the RF power input to a bridge of this 
typeto afew watts at most, because of the power-dissipation 
ratings of the resistors, If the transmitter has no provision 
for reducing power output to a very low valueless than 
5 Wa simple pawer-absorber circuit can be made up, as 
‘shown in Fig 7. Lamp DS] tends to maintain constant current 
through the resistor over a fairly wide power range, so the 
voltage drop across the resistor also tends to be constant. 
This voltage s applied to the bridge, and with the constants 
given isin the right range for resistance-type bridges. 

To make a measurement, connect the unknown load to 
| 2 and apply sufficient RF voltage to to give a full-scale 
incident-voltage reading. Use R4 to set the indicator to 
exactly full scale, Then throw S1 to the reflected voltage 
position and nate the meter reading, The SWR is then found 
by using these readings in Eq 1. 

For example, if the full-scale calibration of the de 
instrumentis 100 pA and the reading with S2 in the reflected 
voltage position is 40 pA, the SWR is 


10040 140 

100-40 50 
Instead of calculating the SWR value, you could use 
the voltage curve in Fig 8. In this example the ratio of 


reflected to forward voltage is 40/100 = 0.4, and from Fig 8 
the SWR value is about 2.3:1. 


SWR 


2331 


Fig 7_Power-absorber circuit for use with resistance- 
type SWR bridges when the transmitter has no special 
provisions for power reduction. For RF powers up to. 

50 W, DS is a 117-V 40-W incandescent lamp and 052 
is not used. For higher powers, use sufficient additional 
lamp capacity at DS2 to load the transmitter to about 
‘normal output; for example, for 250W output DS2 may 
consist of two 100-W lamps in parallel. R1 is made from 
three 1-W 68-1 resistors connected in parallel P1 and 
P2 are cable-mounting coaxial connectors. Leads in the 
circuit formed by the lamps and R1 should be kept 
‘short, but convenient lengths of cable may be used 
between this assembly and the connectors. 
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Fig 8— Сап for finding voltage standing-wave ratio 
when the ratio of reflected-to-forward voltage or 
Teflected-to-forward power is known. 


You тау calibrate the meter scale in any arbitrary units, 
so long as the scale has equal divisions. Itis the ratios of the 
voltages, and not the actual values, that determine the SW R. 


AVOIDING ERRORS IN SWR MEASUREMENTS 
‘The principal causes of inaccuracies within the bridge 
are differences in the resistances of R1 and R2, stray 
inductance and capacitance in the bridge arms, and stray 
coupling between arms. If the checkout procedure described 
above is followed carefully, the bridge in Fig 5 should be 
amply accurate for practical use, The accuracy is highest 
for low standing-wave ratios because of the nature of the 
SWR calculation; at high ratios the divisor in the equation 
above represents the difference between two nearly equal 
quantities, so a small error in voltage measurement may mean 
a considerable difference in the calculated SWR. 
Thestandard resistor Rs must equal the actual Zo of the 
line. The actual Zg of a sample of line may differ by a few 
percent from the nominal figure because of manufacturing 
Variations, but this has to be tolerated. In the 50. to 75-0 
range, the RF resistance of a composition resistor of 
1-W rating is essentially identical with its de resistance. 


Common-Mode Currents 


Asexplainedin Chapter 26, therearetwo waysin which. 
unwanted common-mode (sometimes called antenna) 
currents can flow on the outside of a coaxial line—currents 
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radiated onto the line because of its spatial relationship to 
theantenna and currents that result from the direct connection 
between the coax outer conductor and (usually) one side of 
the antenna, The radiated current usually will not be 
troublesome f thebridgeand the transmitter (or other source 
of RF power for operating the bridge) are shielded so that 
any RF currents flowing on the outside of the line cannot 
find their way into the bridge. This point can be checked by 
inserting an additional section of line (^ to J electrical 
wavelength preferably) of the same Zg. The SWR indicated 
by the bridge should not change except for a slight decrease 
because of the additional line loss, If there is a marked 
change, you may need better shielding. 

Parallel-type currents caused by the connection to the 
antenna without using a common-mode choke balun will 
changethe SWR with variations in line length, even though 
the bridgeand transmitter are well-shielded and the shielding 
is maintained throughout the system by the use of coaxial 
fittings. Often, merely moving the transmission line around 
will cause the indicated SWR to change. This is because the 
outside of the coax becomes part of the antenna system— 
being connected to the antenna at the feed point The outside 
shield of the line thus constitutes a load, along with the 
desired load represented by the antenna itself, The SWR on 
the line then is determined by the composite load of the 
antenna and the outside of the coax. Since changing the ine 
length (or position) changes one componentof this composite 
load, the SWR changes to. 

"The remedy for such a situation is to use a good balun 
orto detune the outside of the line by proper choice of length. 
Note that this is not a measurement error, since what the 
instrument reads is the actual SWR on the line. However, it 
isan undesirable condition sincetheline is usually operating 
ata higher SWR than itshould—and would —if the parallel 
type current on the outside of the coax were eliminated. 


Spurious Frequencies 
Off-frequency components in the RF voltage applied to 
the bridge may cause considerable error. The principal 
components of this type are harmonics and low-frequency 
subharmonics that may be fed through the final stage of the 
transmitter driving the bridge, The antenna is almost always 
a fairly selective circuit, and even though the system may be 
operating with a very low SWR at the desired frequency, itis 
almost always mismatched at harmonic and subharmonic 
frequencies. If such spurious frequencies are applied to the 
bridge in appreciable amplitude, the SWR indication will be 
very much in error. In particular, it may not be possible to 
obtain a null on the bridge with any set of adjustments of the 
matching circuit Theonly remedy isto filter out the unwanted 
Components by increasing the selectivity of the circuits 
between the transmitter final amplifier and the bridge. 


MEASURING LINE LENGTH 


The following material is taken from information in 
September 1985 OST by Charlie Michaels, W7XC (see 
Bibliography). 
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There is a popular myth that one may prepare an open. 
quarter-wave line by connecting a loop of wire to one end 
and trimming the line to resonance (as indicated by a dip 
meter). This actually yields a line with capacitive reactance 
equal to the inductive reactance of the loop: a 4-inch wire 
loop yields a line 82.8line at 18 M Hz; a 2-inch loop yields 
ап 869 line. As the loop size is reduced, line length 
approaches- but never equals—908 

To make a quarter-wave open line, parallel connect а 
coil and capacitor that resonate at the required frequency 
(see Fig 9A). After adjusting the network to resonance, do 
not make further network adjustments, Open the connection 
between the coil and capacitor and series connect the line to 
the pair. Start with a line somewhat longer than required, 
and trim it until the circuit again resonates at the desired 
frequency. For a shorted quarter-wave line or an open half- 
wave line, connect the line in parallel with the coil and 
capacitor (see Fig 98). 

Another method to accurately measure a coaxial 
transmission line length uses one of the popular "SWR 
analyzers,” portable hand-held instruments with a tunable 
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low-power signal generator and an SWR bridge. While an 
SWR analyzer cannot compute the very high values of SWR. 
attheinput of a shorted quarter-waveline at the fundamental 
frequency, most include another readout showing the 
magnitude of the impedance. This is very handy for finding 
a low-impedance dip, rather than a high-impedance peak. 

‘tthe operating frequency, a shorted quarter-naveline 
results in a high-impedance open-circuit at the input to that 
line. А ttwice the frequency, where the line is now one-half 
wave long electrically, the instrument shows a low. 
impedance short-circuit. However, when you are pruning а 
line to length by cutting off short pieces at the end, itis 
inconvenient to have to install a short before measuring the 
response. It is far easier to look for the dip in impedance 
when a quarter-wave line is terminated in an open circuit. 

‘Again, the strategy is to start with a line physically а 
lite longer than aquarter-wavelength.A good rule of thumb. 
isto cuttheline 5% longer to take into accountthe variability 
in the velocity factor of a typical coax cable, Compute this 
using: 


Length (feet) = 0.25 x 1.05 x VF x 984/Freq =V F/Freq 
where 
Fregisin MHz 


VF is the velocity factor in %. 
Plug the coax connector installed at one end of the line 
into the SWR analyzer and find the frequency for the 
impedance dip. Prune the line by snipping off short pieces 
at the end, Once you've pruned the line to the desired 
frequency, connect the short atthe end of theline and recheck 
for a short circuit at twice the fundamental frequency. Seal 
the shorted end of the coax and you're done. 
REFLECTOMETERS 

Low-cost reflectometers that do not have a guaranteed 
wattmeter calibration are not ordinarily reliable for accurate 
numerical measurement of standing-wave ratio. They are, 
however, very useful as aids in the adjustment of matching 
networks, since the objective in such adjustment is to reduce 
thereflected voltage or power to zero. Relatively inexpensive 
devices can be used for this, since only good bridge balance 
is required, not actual calibration of SWR. Bridges of this 
type are usually frequency-sensitive—that is, the meter 
response increase with increasing frequency for the same 
applied voltage. When matching and line monitoring, rather 
than SWR measurement, is the principal use of the device, 
this is not a serious handicap. 

Various simple reflectometers, useful for matching and. 
monitoring, have been described from time to mein QST 
and in The ARRL Handbook. Because most of these are 
frequency sensitive, itis difficult to calibrate them accurately 
for power measurement, but their low cost and suitability 
for use at moderate power levels, combined with the ability 
to show accurately when a matching circuit has been properly 
adjusted, make them a worthwhile addition to the amateur 
station 
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Most SWR meters are not very accurate at low power 
levels because the detector diodes do not respond to low 
voltage in alinear fashion. This design uses a compensating 
circuit to cancel diode nonlinearity. It also provides peak 
detection for SSB operation and direct SWR readout that 
does not vary with power level. The following information. 
is condensed from an article by John Grebenkemper, 
KI6WX, in January 1987 OST. 


DESIGN PRINCIPLES 

Directional watlmeters for A mateur Radio use consist 
of three basic elements: a directional coupler, a detector and 
a signal. processing and display circuit. A directional coupler 
samples forward and reflected-power components on a 
transmission line An ideal directional coupler would provide 
signals proportional to the forward and reflected voltages 
(independent of frequency), which could then be used to 
‘measure forward and reflected power over awide frequency 
range. Thebest contemporary designs work over twa decades 
of frequency. 

The detector circuit provides a de output voltage 
proportional to the ac input voltage. M ost directional 
Watimeters use a single germanium diode as the detector 
element А germanium, rather than silicon, diode is used to 
minimize diode nonlinearity at low power levels. Diodenon- 
linearity stil causes SWR measurement errors unless it is 
compensated ahead of the display circuit. М ost directional 
wattmeters do not work well at low power levels because of 
diode nonlinearity 

‘The ignal-processing and display circuits compute and 
display the SWR. There are a number of ways to perform 
this function. M eters that display only the forward and 
reflected power require the operator to compute the SWR 
‘manually. M any instruments require that the operator adjust 
the meter to a reference level while measuring forward 


Fig 10—The Tandem Match uses a pair of meters to 
display net forward power and true SWR. 
simultaneously. 
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power, then switch to measure reflected power on a special 
scale that indicates SWR. M eters that directly compute the 
SWR using analog signal-processing circuits have been 
described by Fayman, Perras, Leenerts and Bailey (see the 
Bibliography at the end of this chapter) 

The next section takes a brief look at several popular 
circuits that accomplish the functions above and compares 
them to the circuits used in the Tandem M atch, The design 
specifications of the Tandem M atch are shown in Table 
and a block diagram Is shown in Fig 1L 


CIRCUIT DESCRIPTION 
A directional coupler consists of an input port, an output 
port and a coupled port. The device takes a portion of the 
power flowing from the input port to theoutputportand directs 
itto the coupled port, but none of the power flowing from the 
output port to the input port is directed to the coupled port. 

There are several terms that define the performance of 
a directional coupler: 

1) Insertion loss is the amount of power that is ost as 
the signal flows from the input port to the output port. 
Insertion loss should be minimized so the coupler doesn't 
dissipate a significant amount of the transmitted power, 

2) Coupling factor isthe amount of power (or voltage) 
that appears at the coupled port relative to the amount of 
power (or voltage) transferred from the input port to the 
output port. The “flatness” (with frequency) of the coupling 
factor determines how accurately the directional wattmeter 
can determine forward and reflected power over a range of 
frequencies 

3) Isolation is the amount of power (or voltage) that 
appears at the coupled port relative to the amount of power 
(or voltage) transferred from the output portto the input port. 

4) Directivit is the isolation less the coupling factor 
Directivity dictates the minimum measurable SWR. A 
directional coupler with 20 dB of directivity measures а 1:1 
SWR as |.22:l, but one with 30 dB measures а 1:1 SWR as 
1071. 


Table 1 
Performance Specifications for the Tandem Match 
Power range: 1.5 to 1500 W 

Frequency range: 1.8 to 54 MHz 

Power accuracy: Better than + 10% ( + 0.4 dB) 

SWR accuracy: Better than + 5% 

Minimum SWR: Less than 1.05:1 

Power display: Linear, suitable for use with either analog 
or digital meters 

Calibration: Requires only an accurate voltmeter 
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Fig 11—Block diagram of the Tandem Match. 


The directional coupler most commonly used in 
amateur radio was first described in 1959 by Bruenein QST 
(see Bibliography). The coupling factor was fairly fiat 
(218), and the directivity was about 20 dB fora Bruene 
coupler measured from 3 to 30 M Hz. Both factors limit the 
accuracy ofthe Bruene coupler for measuring low values of 
power and SWR. Iisa simple directional coupler, however, 
and it works well over a wide frequency range if great 
precision is not required. 

The coupler used in the Tandem Match (see Fig 12) 
consists of a pair of toroidal transformers connected in 
tandem. The configuration was patented by Carl 6. 
Sontheimer and Raymond E. Fredrick (US Patent по. 
3426298, issued February 4, 1969), It has been described 
by Perras, Spaulding (see Bibliography) and others, With 
coupling factors of 20 dB or greater, this coupler is suitable 
for sampling both forward and reflected power. 

The configuration used in the Tandem M atch works 
well ober the frequency range of 18 to 54 MHz, with a 
nominal coupling factor of 30 dB. Over this range, insertion 
lossis less than 0.1 dB. The coupling factor is fatto within 
+0.1 dB from 181030 M Hz, and increases to only +0.3 dB 
at 50 MHz. Directivity exceeds 35 dB from 1.8 to 30 MHz 
and exceeds 26 dB at 50 MHz. 

The low-frequency limit of this directional coupler is 
determined by the inductance of the transformer secondary 
windings. The inductive reactance should be greater than 
150 0 (three times the line characteristic impedance) to 
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reduce insertion loss. The high-frequency limit of this 
directional coupler is determined by the length of the 
transformer windings. W hen the winding length approaches 
a significant fraction of a wavelength, coupler performance 
deteriorates, 

‘The coupler described here may overheat at 1500 W 
оп 160 meters (because of the high circulating currentin the 
secondary of T2). The problem could be corrected by using 
a larger core or one with greater permeability. A larger core 
would require longer windings; that option would decrease 
the high-frequency limit. 

Detector Circuits 

Most amateur directional waltmeters use a germanium 
diode detector to minimize the forward voltage drop. 
Detector voltage drop is still significant, however, and 
ап uncompensated diode detector does not respond to 
small signals in a linear fashion, Many directional watt 
meters compensate for diode nonlinearity by adjusting the 
meter scale. 

The effect of underestimating detected power worsens 
atlow power levels. Under these conditions, the ratio of the 
forward power to the reflected power is overestimated 
because the reflected power is always less than the forward 
power. Thisresults in an instrument that underestimates SWR, 
particularly as power is reduced. A directional wattmeter can 
be checked for this effect by measuring SWR at several power 
levels; the SWR should be independent of power level. 
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Fig 12—Simplified diagram of the Tandem Match directional 
ап equivalent circuit. 


The Tandem Match uses a feedback circuit to 
compensate for diode nonlinearity. A simplified diagram of 
the compensated detector is shown in Fig 13. When used 
withthe 30-48 directional couple, the output voltage of this 
circuit tracks the square rot of power over a range from 10 
тї! to 15 KW. The compensated diode detector tracks the 
peak input voltage down to 30 mV, while an uncompensated 
germanium-diode detector shows significant errors at peak 
inputs of 1V and less. М oreinformation about compensated 
detectors appears in Grebenkemper's QEX article, 
“Calibrating Diode Detectors" (see Bibliography). 

The compensation circuit uses the voltage across a 
feedback diode, D2, to compensate for the voltage drop across 
the detector diode, D1. (The diodes must be a matched раг) 
The average current through D1 is determined by the detector 
diode load resistor, R1. The peak current through this diode 
is several times larger than the average current therefore, the 
current through D2 must be several times larger than the 
average current through D1 to compensate adequately for the 
peal voltage drop across D1. Thisis accomplished by making 


coupler, ALA, a schematic of the two transformers. At 


the feedback-diode load resistor, R2, several times smaller 
than R1. The voltageat the output of the compensated detector 
approximates the peak RF voltage at the input. For Schottky 
barrier diodes and a 1 M О detector-diode load resistor, a 5:1 
ratio of R to R2 is nearly optimal, 


Signal-Processing and Display Circuits 

Thesignal-processing circuitry calculates and displays 
transmission-ine power and SW R. W hen measuring forward 
power, most directional wattmeters display the actual 
forward power present in the transmission line, which is the 
Sum of forward and reflected power if a match exists at the 
input end of the line, Transmission-line forward power is 
very close to the net forward power (the actual power 
delivered to the line) so long as the SWR is low. As the 
SWR increases, however, forward power becomes an 
increasingly poor measure of the power delivered to the load. 
Aten SWR of 3:1, aforward power reading of 100 W implies 
that only 75 W is delivered to the load (the reflected power 
is 25 W), assuming the transmisslon-line los is zero. 


Fig 13— Simplified diagram of the detector circuit 
used in the Tandem Match. The output voltage, Va 
is approximately equal to the input voltage. Di 

ıd D2 must be a matched pair (see text) The op 
amp should have a low offset voltage (less than 
1 mV), a low leakage current (less than 1 nA), 
and be stable over time and temperature. The 
resistor and capacitor in the feedback path 
assure that the op amp will be stable 
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The Tandem Match differs from most waltmeters in 
thatit displays the net forward power, rather than the sum 
of forward and reflected power. This is the quantity that must 
be optimized to result in maximum radiated power (and 
which concerns the FCC), 

"The Tandem M atch directly computes and displays the 
transmission-line SWR on a linear scale. As the displayed 
SWR is not affected by changes in transmitter power, а 
matching network can be simply adjusted to minimize SW, 
Transmatch adjustment requires only a few watts. 

Theheartof the Tandem M atch signal-pracessing circuit 
is the analog logarithm and antilogarithm circuitry shown in 
Fig 14. The circuit is based on the fact that collector current 
in a silicon transistor is proportional to the exponential 
(antilog) of its base-emitter voltage over a range of collector 
currents from afew nanoamperes to a few milliamperes when 
the collector-base voltage is zero (see Gibbons and Horn 
reference in the Bibliography). Variations of this circuit are 
used in the squaring circuits to convert voltage to power and 
in the divider circuit used to compute the SWR. With good 
ор amps, this circuit will work well for input voltages from 
less than 100 mV to greater than 10 V. 

(For the Tandem М atch, “good” op amps are quad: 
packaged, low-power-consumption, unity-gain-stable parts 
with input bias less than 1 nA and offset voltage less than 
5 mV. Op amps that consume more power than those shown. 
тау require changes to the power supply.) 


CONSTRUCTION 


‘Theschematic diagram for the Tandem Match is shown 
in Fig 15 (see pages 14 and 15), The circuit is designed to 
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‘operate from batteries and draw very little power. Much of 
the circuitry is of high impedance, so take care to isolate it 
from RF fields. House it in a metal case, Most problems 
in the prototype were caused by stray RF in the op-amp 
circuitry. 


Directional Coupler 

The directional coupler is constructed in its own small 
(x 21x Zleinch) aluminum box (see Fig 16). Two pairs 
‘of 50-239 connectors are mounted on opposite sides of the 
box. A piece of PC board is run diagonally across the box to 
improve coupler directivity, The pieces of RG-8X coaxial 
‘able pass through holes in the PC board 

(Note: Some brands of "mini 8” cable have extremely 
low breakdown voltage ratings and are unsuitable to carry 
‘even 100W when the SWR exceeds 1:1. See the subsequent 
section, “High-Power Operation," for details of a coupler 
made with RG-8 cable.) 

Begin by constructing T1 and T2, which are identical 
‘except or ther end connections. Refer to Fig 16. The primary 
for each transformer is the center conductor of a length of 
RG-8X coaxial cable. Cut wo cable lengths sufficient for 
mounting as shown in the figure. Strip the cable jacket, braid 
and dielectric as shown. The cable braid is used as a Faraday 
shield between the transformer windings, so itis only 
‘grounded at one end. Important connect the braid only at 
one end or the directional-coupler circuit will not work 
properly! Wind two transformer secondaries, each 31 turns 
оГ 424 enameled wire on an Amidon T50-3 or equivalent 
powdered-iron core. 

Slip each core over one of the prepared cable pieces 
(including both the shield and the outer insulation). M ount 
and connect the transformers as shown in Fig 16, with the 
wire running through separate holes in the copper-clad PC 
board, The directional coupler can be mounted separately from. 
the restof the circuitry if desired. If so, use tuo coaxial cables 
to сату the forward and reflected-power signals from the 


e aye 


к. 


—.— 


Fig 16—Construction details for the directional coupler. 


directional coupler to the detector inputs. Beaware, however 
that any losses in the cables will affect power readings. 

This directional coupler has not been used at power 
levelsin excess of 100 W. For more Information about using 
the Tandem Match at high power levels, see the section, 
“High-Power Operation.” 


Detector and Signal-Processing Circuits 

The detector and signal-processing circuits were 
constructed on a perforated, copper-clad circuit board. These 
circuits use two separate grounds—it is extremely important. 
that the grounds be isolated as shown in the circuit diagram. 
Failure to do so may result in faulty circuit operation. 
Separate grounds prevent RF currents on thecable braid from 
affecting the op-amp circuitry. 

Thedirectional coupler requires good 50-0 loads They 
are constructed on the back of female UHF chassis 
connectors where the cables from the directional coupler 
enter the wattmeter housing. Each load consists of four 
200-0 resistors connected from the center conductor of the 
UHF connector to the four holes on the mounting flange, 
as shown in Fig 17. The detector diode is then run from 
the center conductor of the connector to the 100-pF and 
1000-pF bypass capacitors, which are mounted next to the 
connector. The response of this load and detector 
combination measures flat to beyond 500 M Hz. 

Schottky-barrier diodes (type 1NS711) were used in 
this design because they were readily available, Any RF 
detector diode with a low forward voltage drop (less than 
300 mi) and reverse break-down voltage greater than 30 V 
could be used, (Germanium diodes could be used in his 
circuit, but performance will suffer, If germanium diodes 
are used, reduce the resistance values for the detector- diode 
and feedback-diode load resistors by a factor of 10.) 


Fig 17—The parallel load resistors mounted on an 
50-239 connector. Four 200-0, 2%, 1 
mounted in parallel to provide а 50.0 detector load. 


Thedetector diodes must be matched. This can be done 
with de, using the circuit shown in Fig 18. Use a high- 
impedance voltmeter (10 М 0 or greater). For this project, 
diodes are matched when their forward voltage drops are 
equal (within afew millivolts). Diodes from the same batch 
will probably be sufficiently matched. 

The rest of the circuit layout is not critical, but keep 
the lead lengths of the 0,001 and 0.01-pF bypass capacitors 
short. The capacitors provide additional bypassing for the 
op-amp circuitry. D6 and D7 forma voltage doubler to detect 
the presence of a carrier. When the forward power exceeds 
1.5 W, Q3 switches on and stays on until about 10 seconds 
after the carrie drops. (А connection from TP7 to TP forces 
the unit on, even with no carter present) The regulated 
references of 42.5 V and -2.5 V generated by the LM 334 
and two LM 336s are critical. Zener- diode substitutes would 
Significantly degrade performance. 

Thefour op ampsin U 1 compensate for thenonlinearity 
of the detector diodes, 01-02 and D3-D4 are the matched 
diode pairs discussed above A RANGE switch selects the 
meter range. (А six position switch was used here because 
itwas handy. The resistor values for the RANGE switch are 
shown in Table 2. Full-sale input power gives an output at 
UIC or U1D of 7.07 V. The forward and reflected power 
detectors are zeroed with R1 and R2. 

The forward and reflected-detector voltages are squared 
by U2, US and U6 so thatthe output voltages are proportional 
to forward and reflected power. The gain constants are 
adjusted using АЗ and R4 so that an input of 7.07 V to the 
squaring circuit gives an output of 5 V, The difference 
between these two voltage is used by UB to yield an output 
thatis proportional to the power delivered to the transmission 
line. This voltage is peak detected (by an RC circuit 
connected to the OPERATE position of the M ODE switch) to 
hold and indicate the maximum power during CW or SSB 
transmissions. SWR is computed from the forward and 
reflected voltages by U3, U4 and U7. When no carrier is 
present, Q4 forces the SWR reading to bezero (that, when 
the forward power sess than 2% of the full-scale setting of 
the RANGE switch), The SWR computation circuit gain is 
adjusted by RS. The output is peak detected inthe OPERATE 
mode to steady the SWR reading during CW or SSB 
transmissions 


М resistors are 
Fig 18—Diode matching test setup. 
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Fig 15— Schematic diagram for the Tandem Match directional wattmeter. Parts identified as RS are from Radio 
Shack. For other parts sources, see Table 3. See Fig 17 for construction of 50.0 loads at] Land 2. 
D1, D2— Matched pair 185711, or equivalent. 11, 250-219 connector. 
D3, D4—Matched pair 1N5711, or equivalent. 13,1 4—Open-circuit jack. 
MI, M2——50 0А panel meter, RS 270-1751. 
91, Q3, Q4—2N2222 or equiv. 
Q2L-2N2907 or equiv. 
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Figure 15 


U5-U7—CA3146 quad transistor array. 
UB—LM334 adjustable current source. 
092010-1М336 2.5-V reference diode. See text 


rexas Instruments] 
VA TLC27L2 or TLC27M2 dual op amp. 
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Table 2 
Range-Switch Resistor Values 


Full-Scale Range Resistor 
Power Level (19 Precision) 
w) 
1 232 
2 324 
3 302 
5 52 
10 768 
15 953 
20 шо 
25 127 
30 140 
50 187 
100 287 
150 374 
200 464 
250 549 
300 EN 
500 100.0 
1000 237.0 
1500 649.0 
2000 Open 


Transistor arrays (US, U6 and U7) are used for the log 
and antilog circuits to guarantee that the transistors will be 
well matched. Discrete transistors may be used, but accuracy 
may suffer. A three position toggle switch selects the three 
operating modes. In the OPERATE mode, the power and SWR 
outputs are peak detected and held for a few seconds to allow 
meter reading during actual transmissions. In the TUNE mode, 
the meters display instantaneous output power and SWR. 

A digital voltmeter is used to obtain more precise 
readings than are possible with analog meters. The output 
power ranges 0 to 5 V [OV =0 W and 5 V = full scale) 
SUR output varies from 1V (SWR = 1:1) to 5 V (SWR = 
5:1). Voltages above 5 V are unreliable because of voltage 
limiting in some of the op amp circuits. 

Calibration 

The directional wattmeter can be calibrated with an 
accurate voltmeter. AII calibration is done with de voltages. 
The directional-coupler and detector circuits are inherently 
accurate И correctly built. To calibrate the wattmeter, use 
the following procedure: 

1) Set the M ODE switch to TUNE and the RANGE switch to 
100 W or ess. 

2) Jumper TPT to TPB. This turns the unit on. 

3) Jumper TP1 to TP2. Adjust R1 for OV at TP3. 

4) Jumper TPA to TPS. Adjust R2 for OV at TP6. 

5) Adjust R for 7.07 V at TP3. 

6) Adjust АЗ for 5.00 V at TP, or a full-scale reading on 
м1. 

1) AdjustR2 for 7.07 V atTP6 
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8) Adjust RA for 0 V at TP, or a zero reading on М1. 

9) Adjust R2 for 4.71 V at TPS. 

10) Adjust А5 for 5.00 V at TP10, or a full-scale reading on 
M2, 


11) Set the RANGE switch to its most sensitive scale. 
12) Remove the jumpers from TP1 to TP2 and ТРА to TPS. 
13) Adjust RI for OV at TP3, 

14) Adjust R2 for OV at TP6, 

15) Remove the jumper from TP7 to TPA, 

This completes the calibration procedure, This 
procedure has been found to equal calibration with expensive 
laboratory equipment. The directional wattmeter should now 
be ready for use. 

ACCURACY 

Performance ofthe Tandem M atch has been compared 
to other well-known directional couplers and laboratory test 
equipment, and it equals any amateur directional wattmeter 
tested. Power measurement accuracy compares well to a 
Hewlett-Packard HP-436A power meter, The HP meter has 
a specified measurement error of less than + 0.05 dB. The 
Tandem М atch tacked the HP436A within +0.5 dB from 10 
mW to 100 W, and within + 0.1 dB from 1 W to 100 W. The 
unit was not tested above 100 W because a transmitter with 
a higher power rating was not available. 

SWR performance was equally good when compared 
to the SWR calculated from rneasurements made with the. 
HP436A and a calibrated directional coupler. The Tandem 
Match tracked the calculated SWR within + 5% for SWR 
values from 1:1 to 5:1. SWR measurements were made et 
BW and 100W. 


OPERATION 

Connect the Tandem M atch in the 50- line between 
the transmitter ала theantenna matching network (or antenna 
if no matching network is used). Set the RANGE switch to а 
range greater than the transmitter output rating and the MODE 
switch to TUNE. When the transmitter is keyed, the Tandem 
Match automatically switches on and indicates both power 
delivered to the antenna and SWR on the transmission line. 
When no carrier is present, the OUTPUT POWER and SWR 
meters indicate zero. 

The OPERATE mode includes RC circuitry to 
momentarily hold the pesk-power and SWR readings during 
CW or SSB transmissions, The peak detectors are not ideal, 
so there could be about 10% variation from the actual power 
peaks and the SWR reading. The SWR x10 mode increases 
the maximum readable SWR to 50:1. This range should be 
sufficient to cover any SWR valuethatoccursin amateur use 
(A S0-foot open stub of RG-8 yields a measured SWR of only 
43:1, or less, at 2.4 MHz because of cable loss. Higher 
frequencies and longer cables exhibita lesser maximum SWR.) 

Itis easy to use the Tandem M ach to adjust an antenna 
matching network: A dust the transmitter for minimum output 
power (at least 1.5 W). With the carier on and the MODE 
Switch setto TUNE or SWR x10, adjust the matching network 
for minimum SWR. Once the minimum SWR is obtained, set 


the transmitter to the proper operating mode and output power. 
Place the Tandem Match in the OPERATE mode. 


DESIGN VARIATIONS 

There are several ways in which this design could be 
enhanced, Themostimportantisto add UHF capability. This 
would require anew direcional-coupler design for the band 
of interest, (The existing detector circuit should work to at 
least 500 MHz) 

Those who desire a low-power directional wattmeter 
can build a directional coupler with 20-48 coupling factor 
by decreasing the transformer turns ratio to 10:1. That 
version should be capable of measuring output power from 
mW. to about 150 W (and it should switch on at about 
150 mW), 

This change should also increase the maximum 
operating frequency to about 150 MHz (by virtue of the 
shorter transformer windings). If you desire 1.8-MH2 
operation, it may be necessary to change the toroidal core 
material for sufficient reactance (low insertion los) 

The Tandem М atch circuit can accommodate coaxial 
cable with a characteristic impedance other than 50 ©. The 
detector terminating resistors, transformer secondarles 
and range resistors must change to match the new design 
impedance. 

The detector circuitry can be used (without the 
directional coupler) to measure low-level RF power in 50-2 
circuits RF is fed directly to the forward detector (J 1, Fig 
15), and power is read from the output power meter. The 
detector is quite linear from 10 pW to 15 W. 


HIGH-POWER OPERATION 

This material was condensed from information by 
Frank Van Zant, KLTIBA, in July 1989 QST. In April 1988, 
Zack Lau, WIVT, described a directional-coupler circuit 
(based on the same principle as Grebenkemper's circuit) for 
а ORP transceiver (see the Bibliography at the end of this 
chapter) The main advantage of Lau's circuits very low 
pars count. 

Grebenkemper used complex log-antilog amplifiers to 
provide good measurement accuracy. This application gets 
away from complex circuitry, but retains reasonable 
measurement accuracy over the 1 to 1500-W range. It also 
forfeits the SW R-computation feature, Lau's coupler uses 
ferrite toros, It works well at low power levels, but the 
ferrite toroids heat excessively with high power, causing 
erratic meter readings and the potential for burned part, 


The Revised Design 

Powdered iron toroids are used for the transformers in 
this version of Lau's basic circuit, The number of turns on 
the secondaries was increased to compensate far the lower 
permeability of powdered iron. 

Two meters display reflected and forward power (see 
Fig19). The germanium detector diodes (D1 and D2—1N34] 
provide fairly accurate meter readings, particularly if the 
„meter is calibrated (using R3, R4 and R5) to place the normal 
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transmitter output at mid scale. If the winding sense of the. 
transformers is reversed, the meters are transposed (the 
forward-power meter becomes the reflected-power meter, 
and vice versa), 


Construction 

Fig 20 shows the physical layout of the coupler, The 
pickup unit is mounted in a 37 32x 4-inch box. The 
meters, PC-mount potentiometers and HIGH/LOW power 
Switch are mounted in a separate box or a compartment in 
an antenna tuner. Parts for this project are available from 
the suppliers listed in Table 3. 

The primary windings of T! and T2 are constructed 
much as Grebenkemper described, but use RG-8 with its 
jacket removed so that the core and secondary winding may 
fit over the cable. The braid is wrapped with fiberglass tape 
to insulate it from the secondary winding. An excellent. 
alternative o fiberglass tape—with even higher RF voltage: 
breakdown characteristics—is ordinary plumber's Teflon 
pipe tape, available at most hardware stores 

The transformer secondaries are wound on T-68-2 
powdered-iron toroid cores. They are 40 turns of #26 to 430. 
enameled wire spread evenly around each соге. By using 
#26 to 480 wire on the cores, the cores slip over the tape- 
‘wrapped RG- lines. With 426 wire on the toroids, a single 


Table 3 
Parts Sources 
(Also see Chapter 21) 
Components 
TLC-series 

and CA3146 ICs 


Source 
Newark Electronics 

4801 N Ravenswood St 
Chicago, IL 60640 
773-784-5100 

Digi-Key Corporation 

701 Brooks Ave S 

PO Box 677 

Thief River Falls, MN 56701 
800-344-4539 

Amidon Associates 

240 & 250 Briggs Ave 
Costa Mesa, CA 92626 
714-850-4660 


LM334, LM336, 
1% resistors, 
trimmer potentiometers 


Toroid cores, 
Fiberglass tape 


Meters Fair Radio Sales 
РО Box 1105 
Lima, OH 45804 
419-227-6573 

Toroid cores Palomar Engineers 


PO Box 462222 
Escondido, CA 92046 
760-747-3343 

Surplus Sales of Nebraska 
1502 Jones St 

Omaha, NE 68102 
402-346-4750 


0-150/1500-W-scale 
meters, A&M model no. 
255-138, INSTI diodes 
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Fig 19—Schematic diagram of the high-power directional coupler, D1 and D2 are germanium diodes (1N34 or 
equiv). R1 and R2 are 47 or 51-0, 13-4 resistors. C and C2 have 500-V ratings. The secondary windings ofT1 and 
T2 each consist of 40 turns of #26 to #30 enameled wire on T-68-2 powdered-iron toroid cores. И the coupler is built 
into an existing antenna tuner, the primary of T1 can be part of the tuner coaxial output line. The remotely located 
meters (M1 and M2) are connected to the coupler box at] 1 and J 2 via P1 and P2. 
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Fig 20—Directional-coupler construction details. 
Grommets or feedthrough insulators can be used to route 
the secondary winding of T and T2 through the PC board 
Shield. A 37." 3% inch box serves as the enclosure. 
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layer of tape (slightly more with Teflon tape) over the braid 
provides an extremely snug fit for the core. Use care when 
fitting the cores onto the RG-8 assemblies 

After the toroids are mounted on the RG-8 sections, 
coat the assembly with General Cement Corp Polystyrene 
Q Dope, or use a spot or two of ATV sealant to hold the 
windings in place and fix the transformers on the RG-8 
primary windings. 

Mount a PC-board shield in the center of the box, 
between T1 and T2, to minimize coupling between the 
transformers. Suspend T1 between the 50-239 connectors. 
andT2 between two standoff insulators. The detector circuits 
(C1, C2, D1, D2, R1 and R2) are mounted inside the coupler. 
box as shown, 


Calibration, Tune Up and Operation 

The coupler has excellent directivity. Calibrate the 
meters for various power levels with an RF ammeter and а 
50-0 dummy load. Calculate IR for each power level, and 
mark the meter faces accordingly. Use R3, R4 and R5 to 


adjust the meter readings within the ranges, Diode 
nonlinearities are thus taken into account, and 
Grebenkemper's signal-processing circuits are not needed 
for relatively accurate power readings. Start the tune-up 
process using about 10 W, adjust the antenna tuner for 
‘minimum reflected power, and increase power while 
adjusting the tuner to minimize reflected power 

This circuit has been built into several antenna tuners 
with good success. The instrument works well at 1.5-kW 
‘output on 1.8 MHz. It also works well from 3.5 to 30 MHz 
with 2 and 1.5-kW output. 

The antenna is easily tuned for a 1:1 SWR using the 


null indication provided. Amplifier settings for a matched 
antenna, as indicated with the wattmeter, closely agreed with 
those fora 50-0 dummy load. Checks with a Palomar noise 
bridge and а Heath Antenna Scope also verified these 
findings, This circuit should handle mare than 1.5 kW, as 
long as the SWR on the feed line through the wattmeter is 
kept ator near 1:1. (On one occasion high power was applied 
while the antenna tuner was not coupled to a load. Naturally 
the SWR was extremely high, and the output transformer. 
secondary winding opened like a fuse. This resulted from 
the excessively high voltage across the secondary. The 
damage was easily and quickly repaired.) 


An Inexpensive VHF Directional Coupler 


Precision in-line metering devices capable of reading 
forward and reflected power over awide range of frequencies 
are very useful In amateur VHF and UHF work, but their 
rather high cost puts them out of the reach of many VHF 
enthusiasts, The device shown in Figs 14, 15 and 16 is an 
inexpensive adaptation of their basic principles. It can be 
made for the cost of а meter, a few small parts, and bits of 
copper pipe and fittings that can be found in the plumbing 
stacks at many hardware stores, 


Construction 

‘The sampler consists of a short section of handmade 
coaxial line, in this instance, of 50 <2 impedance, with а 
reversible probe coupled to it A small pickup loop built into 
the probe's terminated with a resistor atone end and a diode 
atthe other. The resistor matches the impedance оГ the loop, 
not the impedance of the line section. Energy picked up by 
the loop is rectified by the diode, and the resultant currentis. 
fed to a meter equipped with a calibration control 

The principal metal parts of the device are a brass 
plumbing T, a pipe cap, short pieces of „inch ID and 
winch OD copper pipe, and two coaxial fittings. Other 
available tubing combinations for 50-22 line may be usable. 


‘Theratio of outer conductor D to Inner conductor OD should 
be2.4/1. For a sampler to be used with other impedances of 
transmission line, see Chapter 24 for sultable ratios of 
conductor sizes. The photographs and Fig 21 show 
construction details. 

Soldering of the large parts can be done with a 
300-wattiron or a small torch. A neat job can be done if the 
inside of theT and the outside of the pipe are tinned before 
assembling. When the pieces are reheated and pushed 
together, a good mechanical and electrical bond will result. 
If a torch is used, go easy with the heat, as an overheated 
and discolored fitting will not accept solder well 

Coaxial connectors with Teflon or other heat-resistant 
Insulation are recommended. Type N, withspli ring retainers 
for the center conductors, are preferred. Pry the splitring 
washers out with a knife point or small screwdriver. Don't 
lose them, as they'll be needed in the final assembly. 

Theinner conductor is prepared by making eight radial 
cutsin oneend, using a coping saw with a fine-toothed blade, 
to a depth of ‘J: inch. The fingers so made are then bent 
together, forming a tapered end, as shown in Figs 22 and 23, 
Solder the center pin of a coaxial fitting into this, again being 
careful not to overheat the work. 


Fig 21 Circuit diagram for the line. 
sampler. 
C1_500.pF feedthrough capacitor, 


C2. 1000-pF feedthrough capacitor, 
threaded type. 

D1- Germanium diode 1N34, 1N60, 
38270, 1N295, or similar. 

J 1,2 Coaxial connector, type N 
(06-58д). 

11 Pickup loop, сор; 
longx3/16-inch wide. 
shape with flat portion Je neh long. 

M1—0-100 iA meter. 

Ri- Composition resistor, 82 to 100 0. 
See text, 

R3 50-kn composition control, linear 
taper. 
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In preparation for soldering the body of the coax 
connector to the copper pipe, itis convenient to useasimilar 
fitting clamped into a vise as a holding fixture. Rest the T 
assembly on top, held in place by its own weight. Use the 
partially prepared center conductor to assure thatthe coax 
connector is concentric withthe outer conductor. А fter being 
sure thatthe ends of the pipe are cut exactly perpendicular 
to the axis, apply heat to the coax fitting, using just enough 


Fig 22 Major components of the line sampler, The 
brass T and two end sections are at the upper left in 
this picture. A completed probe assembly is at the 
right. The N connectors have thelr center pins removed. 
The pins are shown with one inserted in the left end of 
the inner conductor and the other lying in the right 
foreground. 


153/2" Length caper 


m 


ж a smooth fillet of solder can be formed where he flange 
and pipe meet 

Before completing the center conductor, check its 
length. It should clear the inner surface of the connector by 
the thickness of thesplit ring on the center pin. fle length; 
if necessary, slot as with the ther end, and solder the center 
pin in place. The fitting can now be soldered onto the pipe, 
to complete the 50-12 line section. 

The probe assembly is made from a Pj inch length of 
the copper pipe, with a pipe cap on the top to support the 
upper feedthrough capacitor, C2. The coupling loop is 
mounted by means of small Teflon standoffs on а copper 
disc, cut to fit inside the pipe. The disc has four smal tabs 
around the edge for soldering inside the pipe. The diode, 
D1, is connected between one end of the loop and a 500-0 
feedthrough capacitor, C1, soldered into the disc. The 
terminating resistor, RI, is connected between the other end 
of the loop and ground, as directly as possible. 

When the disc assembly is completed, insert itinto the 
pipe, apply heat to the outside, and solder the tabs in place 
by melting solder into the assembly atthe tabs. The position 
of theloop with respectto the end of the pipe will determine 
the sensitivity of a given probe. For power levels up to 
200 watts the loop should extend beyond the face of the 
pipe about inch, For use at higher power levels the loop 
should protrude only inch. For operation with very low 
power levels the best probe position can be determined Бу 
experiment. 

The decoupling resistor, R2, and feedthrough capacitor, 
C2, can be connected, and the pipe cap put in place. The 
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Fig 23 Cross-section view of the line sampler. The pickup k 
probe body is secured in place with one or more locking sc 
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loop is supported by two Teflon standoff insulators. The 
теме through holes in the brass T. 


Fig 24 Two versions of the line sampler. The single 
unit described in detail here is in the foreground. Two 
sections in a single assembly provide for monitoring 
forward and reflected power without probe reversal 


threaded portion of the capacitor extends through the cap. 
Put a solder lug over it before tightening its nut in place, 
Fasten the cap with two small screws that go into threaded 
holes in the pipe. 


Calibration 

The sampler is very useful for many jobs even if it is 
notaccurately calibrated, although itis desirable to calibrate 
itagainsta wattmeter of known accuracy. A good 50-2V HF 
dummy load is required. 

The first step is to adjust the inductance of the loop, ог 
the value of the terminating resistor, for lowest reflected 
power reading. The loop is the easier to change. Filing it to 
reduce its width wil increase ts impedance. Increasing the 
cross-section of he loop will lower the impedance, and this 
can be done by coating it with solder. When the reflected 


power reading is reduced as far as possible, reverse the probe 
and calibrate for forward power by increasing the transmitter 
power output in steps and making a graph of the meter 
readings obtained, Use the calibration control, R3, to set 
the maximum reading. 


Variations 

Rather than to use one sampler for monitoring both 
forward and reflected power by repeatedly reversing the 
probe, itis better to make two assemblies by mounting two 
T fittings end-to-end, using one for forward and one for 
reflected power, The meter can be switched between the 
probes, or two meters can be used, 

The sampler described was calibrated at 146 M Hz, as 
it was intended for repeater use, On higher bands the meter 
reading will be higher for a given power level, and it will be 
lower for lower frequency bands, Calibration for two or three 
adjacent bands can be achieved by making the probe depth 
adjustable, with stops or marks to aidin resetting for a given 
band, Of course more probes can be made, with each probe 
calibrated for a given band, as is done in some of the 
commercially available units 

Other sizes of pipe and fittings can be used by making 
use of information given in Chapter 24 to select conductor 
sizes required for the desired impedances. (Since it is 
occasionally possible to pick up good bargains in 75-0 line, 
a Sampler for this impedance might be desirable.) 

Type fittings were used because of their constant 
impedance and their ease of assembly. M ost have the split- 
ring retainer, which is simple to usein this application. Some 
havea crimping method, as do apparently all BNC connectors 
If a fitting must be used and cannot be taken арап, drill а 
hole large enough to clear a soldering-iron tip in the copper 
pipe outer conductor. А hole of up to e Inch diameter will 
have very little effect on the operation of the sampler. 


A Calorimeter For VHF And UHF Power 
Measurements 


А quart of water in a Styrofoam ice bucket, a roll of 
small coaxial cable and a thermometer are all the necessary 
ingredients for an accurate RF wattmeter, Its calibration is 
independent of frequency. The wattmeter works on the 
calorimeter principle: A given amount of RF energy is 
equivalent to an amount of heat, which can be determined 
by measuring the temperature rise of a known quantity of 
thermally insulated material. This principle is used in many 
of the more accurate high-power wattmeters, This procedure 
was developed by James Bowen, WA4ZRP, and was first 
described in December 1975 QST. 

The roll of coaxial cable serves as a dummy load to 
convert the RF power into heat, RG-174 cable was chosen 
for use as the dummy load in this calorimeter because of its 
high loss factor, small size, and low cost. It is a standard 
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50-0 cable of approximately 0.11 inch diameter. A 
prepackaged roll marked as 60 feet long, but measured to 
de 68 feet, was purchased ata local electronics store. A plot 
of measured RG-174 loss factor as a function of frequency 
is shown in Fig 25. 

In use, the end of the cable not connected to the 
transmitter is left open-circuited. Thus, at 50 MHz, the 
reflected wave returning to the transmitter (after making a 
round trip of 136 feet through the cable) is 6.7 dBx1.36 
9.11 dB below the forward wave. A reflected wave 9.11 dB 
down represents an SW to the transmitter of 2.08:1. While. 
this value seems larger than would be desired, keep in mind 
that most 50-М Hz transmitters can be tuned to match into 
an SWR of this magnitude efficiently. To assure accurate 
results, merely tune the transmitter for maximum power into 
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Fig 25 Loss factor of RG-174 coax used in the 
calorimeter, 


Table 4 


Calculated Input SWR for 68 Feet of Unterminated 
RG-174 Cable 


Freq. (MHz) SWR 
50 208 
144 135 
220 120 
432 106 
1298 1003 
2304 1.0003 


the load before making the measurement. At higher 
frequencies the cable loss increases so the SWR goes down. 
Table 4 presents the calculated input SWR values at several 
frequencies for 68 feet of RG-174. At 1000 M Hz and above, 
the SWR caused by the cable connector will undoubtedly 
exceed the very low cable SW listed for these frequencies, 

In operation, the cable is submerged in а quart of water 
and dissipated heat energy flows from the cable into the water, 
raising the water temperature, See Fig 26. The calibration of 
the wattmeter is based on the physical fact that one calorie 
of heat energy will raise one gram of liquid water 1° Celsius. 
Sinceone quart of water conta ns 946.3 grams, the transmitter 
must deliver 946.3 calories of heat energy to the water w 
raise ts temperature 1° C. One calorieof energy is equivalent 
to 4.186 joules and а joule is equal to 1 W for 1 second, 
Thus, the heat capacitance of 1 quart of water expressed in 
joules is 946.3 x 4.186 = 3961 joules)? C 

‘The heat capacitance of the cable is small with respect 
to that of the water, but nevertheless its effect should be 
included for best accuracy. The heat capacitance of the cable 
was determined in the manner described below. The 68-foot 
roll of RG-174 cable was raised to a uniform temperature of 
100° С by immersing itin a pan of boiling water for several 
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Fig 26 The calorimeter ready for use. The roll of coaxial 
cable is immersed in one quart of water in the left-hand 

compartment of the Styrofoam container. Also shown is 
the thermometer, which doubles as a string rod. 


minutes. A guartof tap water was poured into the Styrofoam 
ice bucket and its temperature was measured at 28.7" C. the 
cable was then transferred quickly from the boiling water to 
the water in the ice bucket. A fter the water temperature in 
theice bucket had ceased to ise, it measured 33.0°C, Since 
the total heat gained by the quart of water was equal to the 
total heat lost from the cable, we can write the following 
equation 

(aT waren V waren] 
where 


(aT caacelCeasie) 


AT wae = the change in water temperature 
waren = the water heat capacitance 
cate =the change in cable temperature 
Cenace = the cable heat capacitance 


Substituting and solving 
(33.0 - 28.7)(3961) =- (33.0 - 100)(Ceaste) 
Thus, the total heat capacitance of the water and cable 
in the calorimeter is 3961 + 254 = 4215 joules/9C. Since 
19F =5/99C, the total heat capacitance can also be expressed 
354215 x 5/9 = 2342 joules. 


Materials and Construction 

The quart of water and cable must be thermally 
insulated to assure that no heat is gained from or lost to the 
surroundings.A Styrofoam container is ideal for this purpose 
since Styrofoam has a very low thermal conductivity and а 
very low thermal capacitance. А local variety store was the 


source of a small Styrofoam cold chest with compartments 
for carrying sandwiches and drink cans. The rectangular 
compartment for sandwiches was found to be just the right 
size for holding the quart of water and coax. 

The thermometer can be either a Celsius or Fahrenheit 
type, buttry to choose one that has divisions for each degree 
spaced wide enough so that he temperature canbe estimated 
readily to one-tenth degree. Photographic supply stores carry 
darkroom thermometers, which are ideal for this purpose 
In general, glass bulb thermometers are more accurate than 
mechanical dial-pointer types. 

The RF connector on the end of the cable should be a 
constant-impedance type. A BNC type connector especially 
designed for use on 0.11-inch diameter cable was located 
through surplus channels. If you cannot locate one of these, 
wrap plastic electrical tape around the cable near its end 
until the diameter ofthe tape wrap is the same as that of 
RG-58, Then connecta standard BNC connector for RG-5B 
in the normal fashion, Carefully seal the opposite open end 
of the cable with plastic tape or silicone caulking compound 
o no water can leak into the cable at this point. 


Procedure for Use 

Pour 1 quart of water (4 measuring cups) into the 
Styrofoam container. As long as the water temperature is 
not very hot or very cold, itis unnecessary to cover the top 
of the Styrofoam container during measurements. Since the 
transmitter will eventually heat the water several degrees, 
water initially а few degrees cooler than air temperature is 
ideal because the average water temperature will very nearly 
equal the air temperature and heat transfer to the air will be 
minimized. 

Connect the RG-174 dummy load to the transmitter 
through the shortest possible length of lower loss cable such 
as RG-B. Tape the connectors and adapter at the RG-8 to 
RG-174 joint carefully with plastic tape to prevent water from 
leaking into the connectors and cable at this point. Roll the 
RG-174 into a loose coil and submerge it in the water. Do 
not bind the turns of the сой together in any way, as the 
water must beableto freely circulate among the coaxial cable 
turns. All the RG-174 cable must be submerged in the water 
to ensure sufficient cooling. Also submerge part of the taped 
connector attached to the RG-174 as an added precaution, 

Upon completing the above steps, quickly tune up the 
transmitter for maximum power output into the load. Cease 
transmitting and stir the water slowly for a minute or so 
until its temperature has stabilized. Then measure the water 
temperature as precisely as possible. After the initial 
temperature has been determined, begin the test transmission, 
measuring the total number of seconds of key-down time 
accurately. Stir the water slowly with the thermometer and 
continue transmitting until there is a significant rise in the 
water temperature, say 5° to 10°. The test may be broken up 
into a series of short periods, as long as you keep track of 
thetotal key-down time. When the test is completed, continue 
to stir the water slowly and monitor its temperature. When 
the temperature ceases to rise, note the final indication as 
precisely as possible. 
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Fig 27 Nomogram for finding tra 
for the calorimeter. 


miter power output 


To compute the transmitter power output, multiply the 
calorimeter heat capacitance (4215 for C or 2342 for F) by 
the difference in Initial and final water temperature. Then 
divide by the total number of seconds of key-down ume 
The resultants the transmitter power in watts. A nomogram 
thatcan also be used to find transmitter power output is given 
in Fig 27 With a straight line, connect the total number of 
key-down seconds in the time column to the number of 
degrees change (F or C) in the temperature rise column, and 
read off the transmitter power output at the point where the 
straight line crosses the power-output column. 


Power Limitation 

The maximum power handling capability of the 
calorimeter is limited by the following. A Lvery high powers 
the dielectric material in the coaxial line will melt because 
of excessiveheating or the cable will arc over from excessive 
voltage. As the transmitter frequency gets higher, the 
excessive-heating problem is accentuated, as more of the 
power is dissipated in the first several feet of cable. For 
instance, at 1296 MHz, approximately 10% of the 
transmitting power is dissipated in the first foot of cable. 
Overheating can be prevented when working with high 
power by using a low duty cycle to reduce the average 
dissipated power. Use a series of short transmissions, such 
as two seconds on, ten seconds off. K еер count of the total 
key-down time for power calculation purposes. If the cable 
ares over, use a larger-dlameter cable, such as RG-58, їп 
place of the RG-174, The cable should be long enough to 
assure thatthe reflected wave will be down 10 dB or more 
atthe input. It may be necessary to use more than one quart 
of water in order to submerge ай the cable conveniently. If 
so, be sure to calculate the new value of heat capacitance 
for the larger quantity of water. Also you should measure 
the new coaxial cable heat capacitance using the method 
previously described. 
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A Noise Bridge For 1.8 Through 30 MHz 


The noise bridge, sometimes referred to as an antenna 
(RX) noise bridge, is an instrument for measuring the 
impedance of an antenna or other electrical circuits. The 
unit shown herein Fig 28, designed for usein the 1.8 through 
30-M Hz range, provides adequate accuracy for most 
measurements, Battery operation and small physical size 
make this uit ideal for remote location use. Tone modulation 
is applied to the wide-band noise generator as an aid for 
obtaining а null indication. A detector, such as the station 
receive, is required for operation. 

The noise bridge consists of two parts—the noise 
generator and the bridge circuitry. See Fig 29.A 6.8-V Zener 
diode serves as the noise source. U1 generates an 
approximate 50% duty cycle, 1000-82 square wave signal 
which is applied to the cathode of the Zener diode. The 
1000-2 modulation appears on the noise signal and provides 
a useful nul detection enhancement effect. The broadband 
noise signal is amplified by Q1, Q2 and assoclated 
components to level that produces an approximate S9 signal 
in the receiver, Slightly more noise is available at the lower 
end of the frequency range, as no frequency compensation 
is applied to the amplifier. Roughly 20 mA of current is 
drann from weg. V battery, thus ensuring long battery lfe— 
providing the power is switched off after use! 

The bridge portion of the circuit consists of T1, C1, 
C2 and R1. TI isa trifilar wound transformer with one of 
the windings used to couple noise energy into the bridge 
circuit. The remaining two windings are arranged so that 
each oneisin an arm of the bridge. C1 and R complete one 
arm and the UNKNOWN circuit, along with C2, comprise 
the remainder of the bridge. The terminal labeled RCVR is 
for connection t the detector. 

The reactance range of a noise bridge is dependent on 
several factors, including operating frequency, value of the 
series capacitor (C3 or C3 plus C4 in Fig 29) and the range 
of the variable capacitor (C in Fig 29). TheRANGE switch 
selects reactance measurements weighted toward either 
capacitance or inductance by placing C4 in parallel with СЗ. 


The zero-reactance point occurs when C1 is either nearly 
fully meshed or fully unmeshed. The RANGE switch nearly 
doubles the resolution of the reactance readings. 


CONSTRUCTION 

The noisebridgeis contained in a homemade aluminum 
enclosure that measures 5 x 2x 37 inches. Many of the 
circuit components are mounted on a circuit board that is 
fastened to the rear wall of the cabinet. The circult board 
layout is such that the lead lengths to the board from the 
bridge and coaxial connectors areata minimum. An etching 
pattern and a parts placement guide for the circuit board are 
shown in Figs 30 and 31. 

Care must be taken when mounting the potentiometer, 
R1. For accurate readings the potentiometer must be well 
insulated from ground. In the unit shown this was 
accomplished by mounting the control on a piece of 
plexiglass, which in tum was fastened to the chasis with а 
piece of aluminum angle stock 

Additionally, a inch control-shaft coupling and а 
length of phenolic rod wereused to further isolate the control 
from ground where the shaft passes through the front panel 
A high-quality potentiometer is required if good 
measurement results are to be obtained 

There is no such problem when mounting the variable 
capacitor because the rator is grounded. Use a high-quality 
capacitor; do not ry to save money on that component. Two 
RF connectors on the rear pane are connected to a detector 
(receiver) and to the UNKNOWN circuit. Do not use plastic: 
insulated phono connectors (they might influence bridge 
accuracy at higher frequencies). Use miniature coaxial cable 
(RG-174) between the RCVR connector and circuit board. 
Attach one end of C3 to the circuit board and the other 
directly to the UNKNOWN circuit connector. 


Bridge Compensation 


Stray capacitance and inductance in the bridge circuit 
сап affect impedance readings. If a very accurate bridge is 


Fig 28 Exterior and interior 
views of the noise bridge. The 
unit is finished in red enamel. 
Press-on lettering is used for the 
calibration marks. Note that the 
potentiometer must be isolated 
from ground. 
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Fig 29—Schematic diagram of the noise bridge. Use '/-W composition resistors. Capacitors are miniature ceramic 
units unless indicated otherwise. Component designations indicated in the schematic but not called out in the 
parts list are for text and parts-placement reference only. 


BTI—9-V battery, NEDA 1604A or equiv. 
€1—15- to 150-pF variable 

€2—20-pF mic 

C1—47-pF mica. 

C4 82-pF mica. 

J1.) 2—Coaxial connector. 

RI Linear, 250 0, AB type. Use a good grade of 
resistor, 

51, S2—Toggle, SPST. 
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Ti—Tansformer, 3 windings on an Amidon BLN-43- 
2402 ferrite binocular core. Each winding is three 
turns of 430 enameled wire. One turn is equal to the 
Wire passing once through both holes in the core. The 
primary winding starts on one side of the transformer, 
And the secondary and tertiary windings start on the 
opposite side. 

U1—Timer, NESSS or equiv. 


Fig 30—Etching pattern for the noise bridge PC 
board, at actual size. Black represents copper. 
This is the pattern for the bottom side of the. 
board. The top side of the board is a complete 
ground plane with a small amount of copper 
femoved from around the component holes. 
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Mounting holes are located їп two corners of the board, 
as shown. 


required, use the following steps to counter the effects of 
stray reactance. Because the physical location ofthe board, 
Connectors and controls in the cabinet determine where 
compensation is needed, there is no provision for the 
compensation components on the printed circuit board. 

(Good calibration loads are necessary to check the 
accuracy of the noise bridge. Four are needed here: a 0-02 
(short-circuit) load, a 50-0 load, a 180-0 load, and a 
variable-resistance load. The short-circuit and fixed- 
resistance loads are used to check the accuracy of the noise. 
bridge; the variable-resistance load is used when measuring 
coaxial-cable loss. 

Construction details of the loads are shown in Fig 32. 
Each load is constructed inside a connector. When building 
the loads, keep leads as shorts possible to minimize parasitic 
effects. The resistors must be noninductive (not wirew ound), 

Quarter-watt, carbon-composition resistors should 
work fine. The potentiometer in the variable resistance load 
is a miniature PC-mount unit with a maximum resistance of 
100 Q or less. The potentiometer wiper and one of the end 
leads are connected to the center pin of the connector; the 
other lead is connected to ground. 


Stray Capacitance 

Stray capacitance on the variable-resistor side of the 
bridge tends to be higher than that on the unknown side. 
This is so because the parasitic capacitance in the variable 
resistor, R1, is comparatively high. 

The effect of parasitic capacitance is most easily 
detected using the 180-0 load. Measure and record the 
actual resistance of the load, R, Connect the load to the 
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Fig 32—Construction details of the resistive loads used 
to check and calibrate 


Coaxial connector that. 
(Views shown are cross- 


matches those on the bridge 
Sections of PL-259 bodies; 
Leads should be kept as short. 


load; C is a 180-0 lo 
load used to determine the loss in a coaxial cable, 


UNKNOWN connector, place $2 in the X, position, tune 
the receiver to 1.8 M Hz, and null the bridge. (See the section, 
"Finding the Null" for tips.) Use an ohmmeter across R1 to 
measure its dc resistance. The magnitude of the stray 
capacitance can be calculated by 


(E04) 


load resistance (as measured) 
sistance of the variable resistor 

C3 = series capacitance. 

You can compensate for Cp by placing a variable 
capacitor, Се, in the side of the bridge with lesser stray 
capacitance If R1 is greater than Ву, stray capacitance is 
greater on the variable resistor side of the bridge: Place Ce 
between point U (on the circuit board) and ground. If R 1 is 
less than R, stray capacitance is greater on the unknown 


side: Place Cc between point B and ground. If the required 
compensating capacitances only a few picofarads, you can 
usea gimmick capacitor (made by twisting two short pieces 
of insulated solid wiretogether for Cc. A gimmick capacitor 
is adjusted by trimming its length 


Stray Inductance 

Parasitic inductance, if present, should be only a few 
tens of nanohenries, This represents afew ohms of inductive 
reactance at 30 M Hz. The effectis best observed by reading 
the reactance of the 0-0 test load at 18 and 30M Hz; the 
indicated reactance should be the same at both frequencies, 

If the reactance reading decreases as frequency is 
Increased, parasitic inductance is greater in the known arm, 
and compensating inductance is needed beteen point U and 
(C3. the reactance increases with frequency, the unknown, 
arm inductance is greater, and compensating inductance 
should be placed between point B and R1. 

Compensate for stray inductance by placing a single- 
turn coil, made from a 1 to 2-inch length of solid wire, in 
the aparopriate arm of the bridge. Adjust the size of this coil 
until the reactance reading remains constant from 1.8 to 
30M Hz 


Calibration 

Good calibration accuracy is necessary for accurate 
noise-bridge measurements, Calibration of the resistance 
scale s straightforward. To do this, tune the receiver to а 
frequency near 10 M Hz. Attach the 0-0 load to the 
UNKNOWN connector and null the ridge. This is the zero 
resistance point; mark ion the front: panel resistance scale. 
The rest of the resistance range is calibrated by adjusting. 
R1, measuring R1 with an accurate ohmmeler, calculating 
the increase from the zero point and marking the Increase. 
on the front panel 

Most bridges have the reactance scale marked in 
capacitance because capatitance does not vary with 
frequency. Unfortunately, that requires calibration curves or 
non-trivial calculations to arrive at the load reactance. Ап 
alternative method isto mark the reactance scale in ohms at 
a reference frequency of 10 MHz. This method calibrates 
the bridge near the center of ts range and displays reactance 
directly, but it requires a simple calculation to scale the 
reactance reading for frequencies other than 10 MHz. The 
scaling equation is: 


10 


m. 
un? 7 


x (Eqs) 
where 

f= frequency in MHz 

Ха = reactance of the unknown load at 10 MHz 

мп = reactance of the unknown load at. 

A shorted piece of coaxial cable serves as a reactance 
source, (The reactance of а shorted, low-loss coaxial cable 
is dependent only on the cable length, the measurement 
frequency and the cable characteristic impedance.) Radio 
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Shack RG-8M is used here because it s readily available, 
has relatively low loss and has an almost purely resistive 
characteristic impedance, 

Prepare the calibration cable as follows: 

1) Cuta length of coaxial cable that is slightly longer than 
1. at 10 M Hz (about 20 feet for RG-BM ) Attach a 
suitable connector to one end of the cable; leave the. 
other end open-circuited. 

2) Connect the 0-0 load to the noise bridge UNKNOWN 
connector and set the receiver frequency to 10 MHz. 
Adjust the noise bridge for a null. Do not adjust the 
reactance control after the null is found. 

З) Connectthe calibration cableto the bridge UNKNOWN 
terminal. Null the bridge by adjusting only the variable 
resistor and the receiver frequency. The receiver 
frequency should be less than 10 MHz; if it is above 
10 MHz, the cable is too short, and you need to prepare. 
a longer one. 

4) Gradually cut short lengths from the end of the coaxial 
cable until you obtain a null at 10 M Hz by adjusting 
only the resistance control. Then connect the cable. 
center and shield conductors at theopen end with a short 
length of brald. Verify that the bridge nulls with zero 
reactance at 20 M Hz. 

5) The reactance of the coaxial cable (normalized to 
10 MHz) can be calculated from: 


pp 
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= cable reactance at 10 MHz 
^haracteristic resistance of the coaxial cable 
(52.5.0 for Radio Shack RG-8M ) 

f = frequency in MHz 

The results of Eq 6 have less than 5% error for 
reactances less than 500 42, so long as the test-cable loss 
is less than 0.2 dB. This error becomes significantly less 
at lower reactances (2% error at 300 © for a 0.2-dB-loss 
cable). The loss in 18 feet of RG-8M is 0.13 dB at 
10 MHz. Reactance data for Radio Shack RG-8M is given 
in Table 5, 

With the prepared cable and calibration values on hand, 
proceed to calibrate the reactance scale. Tune the receiver 
to the appropriate frequency for the desired reactance (given 
in Table 5, or found using Eq 6). Adjust the resistance and 
reactance controls to nul the bridge. Mark the reactance 
reading on the front panel. Repeat this process until all 
desired reactance values have been marked. The resistance 
values needed to null the bridge during this calibration 
procedure may be significant (more than 100 0) atthe higher 
reactances, 

This calibration method is much more accurate than 
Using fixed capacitors across the UNKNOWN connector. 
Also, you can calibrate а noise bridge in less than an hour 
using this method. 


(Eq 6) 
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Table 5 
Noise 
Metho 
This data is for Radio Shack RG-8M cable (Rp -52.5 0) 
cut to exactly , 2 at 10 MHz; the reactances and capaci- 
tances shown correspond to this frequency. 


idge Calibration Data: Coaxial-Cable 


Reactance Capacitance 
AMAD X, AMHZ) Ср) MHZ) 
3318 -10 19.376 10 9.798 
20 4484 -20 18722 20 9612 
30 5262 -30 18.048 30 9440 
40 5838 -40 17368 40 9.280 
50 6286 -50 16701 50 9130 
60 6647 -60 16062 6 — 8990 
70 6943 -70 15471 70 8859 
80 719] -80 14936 — 80 8735 
90 7404 -90 14462 90 8618 
100 7586 -100 14044 100 8508 
шо 7747 -mo 13682 10 — 840 
120 7884 -120 13369 120 8304 
130 8009 -130 13.097 130 8209 
цо 8.19. -140 12861 140 8109 
150 8217 450 12654 
160 8306 -160 12473 
170 8387 -170 12313 
180 8460 -180 12172 
190 8527 -190 12045 
200 8588 200 11932 CPF)  fMHZ) 
210 8645 -210 11831 -10 10219 
220 8697 220 11739 -20 10.459 
230 8746 -230 11655 -30 10721 
240 8791 -240 11579 -40 1.010 
250 8832 -250 11510 50 11308 
260 8872 -260 11446 -60 11679 
270 8908 -270 11387 -0 12064 
280 8942 -280 11333 -80 12484 
290 8975 -290 11283 30 12935 
300 9005 -300 11236 -100 — 13407 
350 9133 -350 11045 -10 — 13887 
400 9232 400 10905 -120 14357 
450 — 9311-450 10798 -130 — 14801 
500 9375 -500 10713 -140 1521 


Finding the Null 

In use, a receiver is attached to the RCVR connector 
and some load of unknown value is connected to the 
UNKNOWN terminal. The receiver allows us to hear the 
noise present across the bridge arms at the frequency of the 
receiver passband. The strength of the noise signal depends 
оп the strength of the noise-bridge battery, the receiver 
bandwidth/sensitivity and the impedance difference between 
the known and unknown bridge arms. The noise is stronger 
and the null more obvious with wide receiver passbands, 
Settherecelver to the widest bandwidthAM modeavailable 

The noise-bridge output is heard as a 1000-H2 tone. 
When the impedances of the known and unknown bridge 
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armsareequal, the voltage across the receiver is minimized; 
this isa null. In use, the null may be difficult to find because 
itappears only when both bridge controls approach the values 
needed to balance the bridge, 

Tofind the null, set C1 to mid-scale, sweep R1 slowly 
through its range and listen or a reduction in noise (it's also 
helpful to watch the S meter), If no reduction is heard, set 
Ri to mid-range and sweep C1. If there is still no reduction, 
begin at one end of the C1 range and sweep А1. Increment 
C1 about 10% and sweep R 1 with each increment until some 
nolsereduction appears. Once noise reduction begins, adjust 
C1 and R1 alternately for minimum signal 


MEASURING COAXIAL-CABLE PARAMETERS 
WITH A NOISE BRIDGE 

Coaxial cables have a number of properties that affect 
the transmission of signals through them. Generally, radio 
amateurs are concerned with cable attenuation and 
characteristic impedance. If you plan to use a noise bridge 
or SWR analyzer to make antenna-impedance 
measurements, however, you need to accurately determine 
mot ust cable impedance and attenuation, but also electrical 
length. Fortunately, all of these parameters are easy to 
measure with an accurate noise bridge or SWR analyzer. 


Cable Electrical Length 
With a noise bridge and a general-coverage receiver, 
you can easily locate frequencies at which the nein question 
is a multiple of % A, because a shorted "k % line has a 
0-0 impedance (neglecting line loss). By locating two 
adjacent null frequencies, you can solve for the length of 
line in terms of 3 at one of the frequencies and calculate 
theline length (overall accuracy is limited by bridge accuracy 
and line loss, which broadens the nulls). As an interim 
Variable, you can express cable length as the frequency et 
which a cable is long, This length will be represented by 

f. Follow these steps to determine f for a coaxial cable 

1) Tune the receiver to the frequency range of interest 
Attach the short-circuit load to the noise bridge 
UNKNOWN connector and null the bridge. 

2) Disconnectthe far end of the coaxial cable from its load 
(theantenna) and connect tto the 0-0 test load. Connect. 
the near end of the cable to the bridge UNKNOWN 
connector. 

3) Adjust the receiver frequency and the noise-bridge 
resistance control for a null. Do nat change the noise 
bridge reactance-contral setting during this procedure, 
Note the frequency at which the null is found; call this 
frequency f, The noise-bridge resistance at the null 
should be relatively small (les than 20 0), 

4) Tune the receiver upward in frequency until the next. 
null is found. djustthe resistance control, if necessary, 
to improve the null, but do not adjust the reactance 
control. Note the frequency at which this second null is 
found; this is f n2 

5) Solve Eq 7 for n and the electrical length of the cable 


EA 


f. Ean 

и, T 
iw (Eq8) 
where 


n = cable electrical length in quarter waves, at fn 
f, = frequency at which the cable is 14 
f = cable electrical length, in A. 


For example, consider a 74-foot length of Columbia 
1188 foam-dielectric cable (velocity factor = 0.78) to be used 
on the 10-meter band. Based on the manufacturer's specifi- 
cation, the cable is 2.7961 at 29 MHz. Nulls were found at 
24412 (f) and 29.353 (fsz) MHz, Eq yields n = 9.88, 
which produces 9.883 M Hz from Eq 8 and 2.9341 for Eq 9. 
If the manufacturer's specification is correct, the measured 
length is off by less than 5%, which is very reasonable. Ide- 
ally, n would yield an integer. The difference between n and 
the closest integer indicate that there is some error. 
Thisprocedurealso works for lines with an open circuit 
as the termination (n will be close to an odd number). End 
effects from the PL-259 increase the effective length of the 
coaxial cable; however, this decreases the calculated f 


Cable Characteristic Impedance 

The characteristic impedance of the coaxial cable is 
found by measuring its input impedance at two frequencies 
separated by 1, fa, This must be done when the cable is 
terminated in a resistive load; 

Characteristic impedance changes slowly asa function 
of frequency, so this measurement must be done near the 
frequency of interest. The measurement procedure is as 
follows. 

1) Place the 50-02 load on the far end of the coaxial cable 
and connect the near end to the UNKNOWN connector 
of the noise bridge. (Measurement error is minimized 
when the load resistance is close to the characteristic 
impedance of the cable, This is the reason for using the 
50-0 load.) 

2) Tune thereceiver approximately 1/8 f below the frequency 
of interest. A just the bridge resistance and reactance 
controls to obtain a null, and note their readings as Ry 
and Xj). Remember, the reactance reading must be scaled 
to the measurement frequency. 

3) Increase the receiver frequency by exactly */ fà. Null the 
bridge again, and note the readings as Rz and X; 

4) Calculate ће characteristic impedance ofthe coaxial cable 
using Eqs 10 through 15.A scientific calculator is helpful 
for this. 


RR AXE Хаха (410) 
X=R XX кү, Ea. 
Z= (RPK? (eq 12) 
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(€q13) 


(Eq 14) 


2 AN (Eq15) 
Let's continue with the example used earlier for cable 

length. The measurements are 

11 229.000 - (9.883 / 8) 227.765 MHz 


220x (10 /27.165) =-7.9 0 
27.765 + (9.883/4 ) = 30.236 MHZ 
0o 

240 (10 / 30.236) =-7.9 0 


Cable Attenuation 


Cable loss can be measured once the cable electrical 
length and characteristic resistance are known. The 
measurement must be made at a frequency where the cable 
presents no reactance. Reactance is zero when the cable 
electrical length is an integer multiple of 4/4. You can easily 
meet that condition by making the measurement frequency 
ап integer multiple of a. . Loss at other frequencies cen 
be interpolated with reasonable accuracy. This procedure 
‘employs a resistor-substitution method that provides much 
‘greater accuracy than is achieved by directly reading the 
resistance from the noise-bridge scale. 


1) Determine the approximate frequency at which you 
want to make the loss measurement by using 
at 
t (Eq 164) 


Round n to the nearest integer, then 


==, (Eq 168) 

2) If n is odd, leave the far end of the cable open if n is 
even, connect the 0-2 load to the far end of the cable. 
Attach the near end of the cable to the UNKNOWN 
connector on the noise bridge 

3) Sethe noise bridge to zero reactance and the receiver 
to f1. Fine tune the receiver frequency and the noise- 
bridge resistance to find the null 

4) Disconnect the cable from the UNKNOWN terminal 
and connect the variable resistance calibration load in 
its place. Without changing the resistance setting on 
the bridge, adjust the load resistor and the bridge 
reactance to obtain a null. 
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5) Remove the variable resistance load from the bridge 
UNKNOWN terminal and measure the load resistance. 
using an ohmmeter that's accurate at low resistance 
levels. Refer to this resistance as Ri, 

6) Calculate the cable loss in decibels using 


af =8.69. 


(Eq 17) 


To continue this example, Eq 16A gives n = 11,74, so 
measure the attenuation at n = 12, From Eq 168, f1 = 
29.649 MHz. The input resistance of the cable measures 
12.1 Q with 0-0 load on the far end of the cable; this 
corresponds to a loss of 1.86 dB. 


USING A BRIDGE TO MEASURE THE 
IMPEDANCE OF AN ANTENNA 

‘The impedance at the end of a transmission line can be 
easily measured using а noise bridge or SWR analyzer. In 
many cases, however, you really want to measure the 
impedance of an antenna—that is, the impedance of the 
load at the far end of the line. There are several ways to 
handle this. 


1) Measurements can be made with the bridge at he 
antenna Thisis usually not practical because the antenna 
must be in its final postion for the measurement to be 
accurate. Even if it can be done, making such a 
measurement is certainly not very convenient 

2) Measurements can be made at he sourceend of a coaxial 
cable—if the cable length is an exact integer multiple 
off This effectively restricts measurements to a 
single frequency. 

3) Measurements can be made at he source end of a coaxial 
cable and corrected using a Smith Chart as shown in 
Chapter 28.This graphic method can resultin reasonable 
estimates of antenna impedance—as long as the SWR 
is not too high and the cable is not too lossy. However, 
it doesn't compensate for the complex impedance 
characteristics of real-world coaxial cables. Also, 
compensation for cable loss can betricky to apply. These 
problems, too, can lead to significant errors. 

4) Last, measurements can be corrected using the 
transmission line equation. The TLW program included 
on the CD-ROM in the back of this book, can do these 
complicated computations for you. This is the best 
‘method for calculating antenna impedances from 
measured parameters, but it requires that you measure 
the fed ine characteristics beforehand measurements. 
for which you need access to both ends of the feed line 


‘The procedure for determining antenna impedance is 
to first measure the electrical length, characteristic 
impedance, and attenuation of the coaxial cable connected 
to the antenna. A fter making these measurements, connect. 
the antenna to the coaxial cable and measure the input 
Impedance of the cable at a number of frequencies. Then 
use these measurements in the transmission-line equation 
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Fig 33-Impedance plot of an Inverted-V antenna cut for. 
29 MHz. ALA, a plot of resistances and reactances, 
measured using the noise bridge, at the end of a 
Té-foot length of Columbia 1188 coaxial cable. At B, the 
actual antenna-impedance plot (found using the 
transmission-line equation to remove the effects of the. 
transmission line) 


to determine the actual antenna impedance at each frequency. 

Table 6 and Fig 33 give an example of such а 
calculation, The antenna used for this example s a 10-meter 
inverted V about 30 feet above the ground. The arms of the. 
antenna are separated by a 120" angle. Each arm is exactly 
8 feet long, and the antenna is made of #14 wire. The feed 
line is the 74-f00t length of Columbia 1188 characterized 
earlier. 

See Fig 33A. From this plot of impedance measure- 
ments, it is very difficult to determine anything about the 
antenna. Resistance and reactance vary substantially 
over this frequency range, and the antenna appears to be 
resonant at 27.7, 29.0 and 29.8 M Hz. 


Table 6 
Impedance Data for Inverted-V Antenna 

Freg Ry X,G10MH2 X RL X 
(MHz) (0 (o) % (а) (ш 
270 44 315 24 -65 
272 60 349 26 86 
274 om по 30 57 
276 90 м5 32 47 
278 90 -72 35 34 
280 75 -207 зв -24 
282 6 -230 40 -19 
284 56 паз м р 
286 50 -MO 4 6 
288 48 4 1 
290 50 EXE 
292 55 5 15 
294 64 з a 
295 78 79 25 
298 85 ШИЕ] 
300 90 89 B 


‘The plotin Fig 338 shows the true antenna impedance, 
‘This plot has been corrected for the effects of the cable using 
the transmission-line equation. The true antenna resistance 
and reactance both increase smoothly with frequency. The 
antenna s resonant at 28.8 M Hz, with a radiation resistance 
at resonance of 47 2. This is normal for an inverted V. 

When doing the conversions, be careful not to make 
measurement errors, Such errors Introduce more errors into 
the corrected data. This problem is most significant when 
the transmission line is near an odd multiple of a/a. and 
theline SWR and/or attenuation is high. M easurement errors. 
are probably presenti small changes in theinput impedance 
or transmission-line characteristics appear as large changes 
in antenna impedance. If this effect is present, it can be 
minimized by making the measurements with a transmission 
line that is approximately an Integer multiple of A. 


A Practical Time-Domain Reflectometer 


A time-domain reflectometer (TDR) is a simple but 
powerful tool used to evaluate transmission lines, When used 
with an oscilloscope, a TDR displays impedance "bumps" 
(open and short circuits, kinks and so on) in transmission 
lines. Commercially produced TD Rs cost from hundreds to 
thousands of dollars each, but you can add the TOR 
described here to your shack for much less. This material 
is based on a OST article by Tom King, KDSHM (see 
Bibliography), and supplemented with information from the 
references 


How aTDR Works 


A simpleTDR consists of asquare-wave generator and 
an oscilloscope. See Fig 34. The generator sends a train of 


Fig 34—The time-domain reflectometer shown here is 
attached to a small portable oscilloscope. 


Antenna 


dc pulses down a transmission line, and the oscilloscope 
lets you observe the incident and reflected waves from the 
pulses (when the scope is synchronized to the pulses). 

A little analysis of the scope display tells the nature 
and location of any impedance changes long the line. The 
nature of an impedance disturbance is identified by 
comparing its patter to those in Fig 35. The patterns are 
based on the fact that the reflected wave from a disturbance 
is determined by the incident-wave magnitude and the 
reflection coefficient of the disturbance. (The pattems shown 
neglect losses; actual patterns may vary somewhat from those 
shown) 

Thelocation of a disturbances calculated with a simple 
proportional method: The round-trip time (to the disturbance) 
сап be read from the oscilloscope screen (graicule) Thus, 
you need only read the time, multiply it by the velocity of 
the radio wave (the speed of light adjusted by the velocity 
factor of the transmission line) and divide by two, The 
distance to a disturbance is given by: 

9836 xVF xt 

(Eq 18) 
7 
where 
£ = line length in feet 
VF = velocity factor of the transmission line (from 0 
1010) 
ime delay in microseconds (ps) 


The Circuit 


The time-domain reflectometer circuit in Fig 36 
consists of a CMOS 555 timer configured as an astable 
multivibrator, followed by an М PS3646 transistor acting as 
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Fig 35—Characteristic TDR patterns for various lo 


s. The location of the load can be calculated from the transit 


time, t, which is read from the oscilloscope (see text). R values can be calculated as shown (for purely resistive 
loads only—p < 0 when R < Za; p < 0 when R > Zo). Values for reactive loads cannot be calculated simply. 


2 15-ns-risetime buffer. Thetimer provides a 71-kHz square 
wave. This is applied to the 50-02 transmission Jine under 
test (connected at 2). The oscilloscope is connected to the 
circuit at). 


Construction 

Ап etching pattern for the TDR is shown in Fig 37. 
Fig 38 is the part-placement diagram. The TDR is designed 
for a 4x3x1-inch enclosure (including the batteries]. SI, JI 
and J2 are right-angle-mounted components, Two aspects 
of construction are critical, First use only an M PS3646 for 
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Q1. This type was chosen for its good performance in this 
circuit If you substitute another transistor, the circuit may 
not perform propery 

Second, fortheT DR to provide accurate measurements, 
the cable connected to J1 (between the TDR and the 
oscilloscope) must not introduce impedance mismatches in 
the circuit. Do nat make this cable from ordinary coaxial 
cable. Oscilloscope probe cable is the best thing to use for 
this connection 

(оок the author abouta week and several phone calls 
to determine that scope probe cable isn't “plain old coax.” 


values of capacitance ore ^ 
eode [ur oes 2 S 


re in pisotorade (| 
тосо, Ma 1,000,000) 


Fig 36—Schematic diagram of the time-domain reflectometer. All resistors are '/-W, 5% tolerance, U1 is a CMOS 
555 timer. Circuit current drain is 10 to 25 mA. When building the TDR, observe the construction cautions 
discussed in the text. C2 is available from Mouser Electronics, part no. ME242-8050. Right-angle BNC connectors 
for use at) 1 and J 2 can be obtained from Newark Electronics, part no. 89N1578. $1 can be obtained from All 


Electronics, part no. NISW-1. An SPST toggle switch can also be used at 51. 


— 
bo Al 


ig 37—Full-size PC-board etching pattern for the TDR. 
Black areas represent unetched copper fol. 


Probecable has special characteristics that prevent undesired 
ringing and other problems.) 

Mount a binding post tJ and connect a scope probe 
to the binding post when testing cables with the TDR. RS 
and C2 form a compensation network—much like the 
networks in oscilloscope probes—to adjust for effects of 
the probe wire. 

The TDR is designed to operate from de between 3 
and 9 V. Two C сей (in series—3 V) supply operating 
voltage in this version. The circuit draws only 10 to 25 mA, 
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Fig 38—Part placement diagram for the TOR. Parts are 
mounted on the nonfoll side of the board; the shaded 

area represents an X-ray view of the copper pattern. Be 
Sure to observe the polarity markings of C3, C4 and C5. 


so the cells should last a long time (about 200 hours of 
operation]. U1 can function with supply voltages as low as 
225025, 

If you want to use the TDR in transmission-line sys- 
tems with characteristic impedances other than 50.0, change 
the value of R, to match the system impedance as closely as 
possible 


Calibrating and Using the TDR 
Just about any scope with a bandwidth of at least 


27-33 


10 MHz should work fine with the TDR, but for tests in 
short-length cables, a 50-M Hz scope provides for much more 
accurate measurements, To calibrate the TDR, terminate 
CABLE UNDER TEST connector, 2, with a51-0 resistor. 
Connect the scope vertical input to J1. Turn on the TOR 

and adjust the scope mebase so that one square-wave cycle 
from the TDR fills as much of the scope display as possible 
(without uncalibrating the timebase), The waveform should 
resemble Fig 39. Adjust C2 to obtain maximum amplitude 
and sharpest corners on the observed waveform. That's all 
there is to the calibration process! 

To usetheTDR, connect the cable under test to 2, and. 
connect the scope vertical input to 1. If the waveform you 
observe is different from the one you observed during 
calibration, here are impedance variations in the load you're. 
testing. See Fig 40, showing an unterminated test cable 
Connected to the TOR. The beginning of the cable s shown. 
at pointA. (AB represents the TDR output-pulse rise me.) 

‘Segment AC shows the portion ofthe transmission line. 
that has a 50-0 Impedance. Between paints C and D, there 
is a mismatch in the Jine. Because the scope trace is higher 
than the 50.0 trace, the impedance of this part of the lineis 
higher than 50 Q—in this case, an open circuit. 

To determine the length of this cable, read the length 
of time aver which the 50-02 trace is displayed. Thescope is 
set for 0.01 us per division, so the time delay for the 50.0. 
section is (0.01 us x 4.6 divisions) = 0.046 us. The 
manufacturer's specified velocity factor (VF) of the cableis 
08. Eq 1 tells us that the 50-0 section of the cable is 


983.6 x 0.8 x 0.046 ps 


LY tet 


TheTDR provides reasonable agreement with the actual 
‘able length—in this case, the cable is really 16.5 feet long. 


(Variations in TDR-derived calculations and actual cable 
lengths can occur as а result of cable VFs that can vary 
considerably from published values. M any cables vary as 
much as 10% from the specified values.) 

A second example is shown in Fig 41, where a length 
of |-inch Hardline is being tested. The line feeds a 
432-M Hz vertical antenna atthe top of a tower. Fig 41 shows 
that the 50-0 line section has a delay of (6.6 divisions x 
0.05 us) 2033 из. Because the trace s straight and level at 
the 50-0 level, the line is in good shape. The trailing edge 
atthe right-hand end shows where the antenna is connected 
to the feed line, 

To determine the actual length of the line, use the same 
procedure as before: Using the published VF for the Hardline 


Fig 40—Open-circulted test cable. The scope is set for 
0.01 us per division. See text for interpretation of the 
waveform. 


Fig 39—TDR calibration trace as shown on an 
oscilloscope. Adjust C2 (See Figs 36 and 38) for 
maximum deflection and sharpest waveform corners 
during calibration. See text. 
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Fig 41—TDR display of the impedance characteristics 
of the 142-foot Hardline run to the 432-MHz antenna at 
KDSHM. The scope is set for 0.05 ys per division. See 
text for discussion, 


(0.88) in Eq 1, the line length is 
983.6 x 0.88x 0335 
7 


Again, the TOR-derived measurement is in close 
agreement with the actual cable length (142 fee) 


-1428 feet 


Final Notes 
‘The time-domain reflectometer described here Is not 
frequency specific; its measurements are not made at the 
frequency at which asystem is designed to be used. Because 
of this, the TOR cannot be used to verify the impedance of 
ап antenna, nor can it be used to measure cable loss at а 
specific frequency. Just the same, in two years of use, it has 
never failed to help locate  transmission-line problem. The 
vast majority of transmission-line problems result from 
improper cable installation or connector weathering, 


Limitations 

Certain limitations are characteristic of TDRs because 
the signal used to test the line differs from the system 
operating frequency and because an oscilloscope is а 
broadband device. In the instrument described here, 
measurements are made with a 71-92 square wave. That 
wave contains components at 71 kH2 and odd harmonics 
"hereof, with the majority of the energy coming from the 
lower frequencies. The leading edge of the trace indicates 
that the response drops quickly above 6 M Hz. (The leading 


edge in Fig 40 is 0.042 ys, corresponding to a period of 
0168 ys and a frequency of 5.95 MHz.) The result is de 
pulses of approximately 7 us duration, The scope display 
combines the circuit responses to all of those frequencies, 
Hence, it may be difficultto interpretan disturbance which 
is narrowband in nature (affecting only a small range of 
frequencies, and thus a small portion of the total power), or 
for which thetravel bme plus pattern duration exceeds u. 
The432-MHz vertical antenna in Fig 41 illustrates a display 
error resulting from narrow-band response. 

The antenna shows as a major impedance disturbance 
becauseitismismatched atthe low frequencies that dominate 
the TDR display, yetitis matched at 432 M Hz. For an event 
that exceeds the observation window, consider a uF 
capacitor across 50-0 line. You would see only part of he 
pattern shown in Fig 35C because the time constant (D10 
x 50 =50 ps) is much larger than the -us window. 

In addition, TDRS are unsuitable for measurements 
where there are major impedance changes inside the line 
section to be tested. Such majar changes mask reflections 
from additional changes farther down the ine 

Because of these limitations, TDRS ae best suited for 
spotting faults in de continuous systems that maintain а 
constant mpedancefrom the generator to the load. Happy 
most amateur stations would be ideal subjects for TOR 
analysis, which can conveniently check antenna cables and 
connectors for short and open-circuit conditions and locate 
the position of such faults with fair accuracy. 


Ground Parameters for Antenna Analysis 


This section is taken from an article in The ARRL 
Antenna Compendium, Vol 5 by R. P. Haviland, WAM B. In 
the past, amateurs pald very little attention to the 
characteristics of the earth (ground) associated with their 
antennas. There are two reasons for this. First, these 
characteristics аге not easy to measure—even with the best 
equipment, extreme care İs needed. Second, almost all hams 
have to put up with what they have—there are very few who 
can afford to move because their location has poor ground 
conditions! Further, the ground is not a dominant factor in 
the most popular antennas—a tri-band Yagi at 40 feet or 
higher, ora 2-meter vertical at roof height, for example. 

Even so, there has been a desire and even a need for 
ground data and for ways to use it. It is very important for 
vertically polarized antennas. Ground data is useful for 
antennas mounted at low heights generally, and for such 
specialized ones as Beverages, The performance of such 
antennas change a lot as the ground changes. 


Importance of Ground Conditions 
To see why ground conditions can be important, let us 


look at some values. For a frequency of 10 MHz, CCIR 
Recommendation 368, gives the distance at which the signal 
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is calculated to drop 10 dB below its free-space level as: 


Conductivity Distance for 10 dB Drop 
[mS/meter) — (km) 

5000 100 

30 15 

3 03 


Thehigh-conductivity conditionis for sea-water. Inter 
island work in the Caribbean on 40 and 80 meters [s easy, 
whereas 40-meter ground-wave contacts difficult for much 
оГ the USA, because of much lower ground conductivity 
On the other hand, the Beverage works because of poor 
ground conductivity 

Fig 42 shows a typical set of expected propagation 
‘curves for a range of frequencies, This data is also from 
CCIR Recommendation 368 for relatively poor ground, with 
a dielectric constant of 4 and a conductivity of 3 mS/m (опе 
milliSiemensimeter is 0.001 mho/meter]. T he same data is 
available in the Radio Propagation Handbook. There are. 
equivalent FCC curves, found in the book Reference Data 
for Radio Engineers, but only the ones near 160 meters are 
useful, In Florida the author has difficulty hearing stations 
across town on ground wave, an indication of the poor soil 
conditions—reflected sky-wave signals are often stronger. 
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Fig 42— Variation of feld strength with distar 
‘Typical field strengths for several frequencies are 
shown. This is from CCIR data for fairy poor soil with 
dielectric constant of 4 and conductivity of 3 mS/ 
The curves for good soil are closer to the free-space 
line, and those for sea water are much closer to the 
free-space line. 


Securing Ground Data 

There are only two basic ways to approach this matter 
‘of ground data. One is to use generic ground data typical to 
thearea, Thesecond isto make measurements, which haven't. 
really gotten easier. For most amateurs, the best approach 
seems to be a combination of these—use some simple 
measurements, and then use the generic data to make better 
estimate. Because of equipment costs and measurement 
difficulties, none of these will be highly accurate for most 
hams. But they will be much better than simply taking some 
condition preset into an analysis program. Having a good 
set of values to plug into an analysis can help you evaluate. 
the true worth of a new antenna project. 


Generic Data 

In connection with its licensing procedure for broadcast. 
stations, the FCC has published generic data for the entire. 
country. This is reproduced in Fig 43, а chart showing the 
"estimated effective ground conductivity in the United 
States." А range of 30:1 is shown, from 1 to 30 mS/m. An. 
‘equivalent chart for Canada has been prepared, originally 


yas ov wae REPRESENT estan ehe ves 


GROUND CONDUCTIVITY 


Fig 43— Estimated effective ground conductivity in the United State 


‘CC map prepared for the. 


showing typical conductivity for continental USA. Values are for the band 500 to 1500 KHz. Values are for flat, open 
Spaces and often will not hold for other types of commonly found terrain, such as seashores, river beds, ete 
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by DOT, now DOC. 

OF course, some judgment is needed when trying to 
use this data for your location, Broadcast stations are likely 
to be in open areas, so the data should not be assumed to 
apply to the center city, And a low site near the sea is likely 
to have better conductivity than the generic chart for, ау, 
the coast of Oregon. Other than such factors, this chart gives 
а good first value, and a useful cross-check if some other 
method is used, 

Still another FCC-induced data source is the license 
application of your local broadcast station. This includes 
calculated and measured coverage data. This may include 
specific ground data, or comparison of the coverage curves 
with the CCIR or FCC data to give the estimated ground 
conductivity. Another set of curves for ground conditions 
are those prepared by SRI. These give the conductivity and 
dielectric constant versus frequency for typical terrain, 
conditions, These are reproduced as Fig 44 and Fig 45. By 
Inspecting your own site, you may select the curve most 
appropriate to your terrain. The curves are based on 
measurements at a number of stes across the USA, and are 
averages of the measured values. 

Figs 46, 47 and 48 are data derived from these 
measurements. Fig 46 gives the ground-dissipatian factor. 
‘Sea water has low loss (a high dissipation factor), while soil 


Fig 44—Typical terrain conductivities versus frequency 
for 5 types of soils. This was measured by SRI. Units 
are m3/m. Conductivity of seawater is usually taken as 
5000 m5/m. Conductivity of fresh water depends on the 
impurities present, and may be very low.To extrapolate 
conductivity values (for 500 to 1500 KHz) shown in 

Fig 43 for a particular geographic area to a different 
frequency, move from the conductivity at the left edge 
of Fig 44 to the desired frequency. For example, in 
rocky New Hampshire, with a conductivity of 1 mS/m at 
BC frequencies, the effective conductivity at 14 MHz 
would be approximately 4 mS/m. 
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Inthe desertor in thecity is very lossy, with a low dissipation 
factor. Fig 47 gives the skin depth, the distance for the signal 
to decease to 63% of its value at the surface. Penetration is 
low in high-conductivity areas and deep in low-conductivity 
soil. Finally, Fig 48 shows the wavelength in the earth. For 
example, at 10 meters (30 M Hz), the wavelength in sea water 
is less than 0.3 meters, Even in the desert, the wavelength 
has been reduced to about 6 meters at this frequency. This is 
one reason why buried antennas have peculiar properties, 
Lacking other data, itis suggested that the values of Figs 44 
and 45 be used in computer antenna modeling programs, 


Measuring Ground Conditions 

WENQ developed a simple technique to measurelow 
frequency earth conductivity, which has been used by 
W2FM 1. The test setup is drawn in Fig 49, and uses very 
old technique of 4-tesminal resistivity measurements. For 
probes of lernen diameter, spaced 18 inches and pene 
trating 12 inches into the earth, the conductivity is: 
ci пет (E019) 

The voltages are conveniently measured by a digital 
voltmeter, to an accuracy of about 2%. In soil suitable for 
farming, the probes can be copper or aluminum, The strength 
of iron or copperweld may be needed in hard soils, piece 
of 2x4 or 4x4 with uide holes drilled through it will 
help maintain proper spacing and vertical alignment of the 
probes, Use care when measuring—there is a shock hazard 
An isolating transformer with a 24-V secondary instead of 
115 V will reduce the danger. 

Ground conditions vary quite widely over even small 
areas, It is best to make a number of measurements around 
the area of the antenna, and average the measured values. 

W hile his measurement gives only the low-frequency 
conductivity, it can be used to select curves in Fig 44to give 


Water. The dashed 


the 5 soil types of Fig 
curve shows the highest measured values reported, 
and usually indicates mineralization. 
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ig 46—Typical values of 
behaves as a leaky dielectric. These curves showing 
the dimensionless dissipation factor versus frequency 
for various types of soils and for sea water. The 
dissipation factor is inversely related to soil 
‘conductivity. Among other things, a high dissipation 
factor indicates that a signal penetrating the soll ог 
water will decrease in strength rapidly with depth. 


Fig 47— Typical values of skin depth. The skin depth is 
the depth at which a signal will have decreased to Ше 
ofits value at the surface (to about 30%). The effective 
height above ground is essentially the same as the 
physical height for sea water, but may be much greater 
for the desert. For practical antennas, this тау 
increase low-angle radiation, but at the same time will 
Increase ground losses. 
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Fig 48—Typical values of wavelength in soll. Because 
of its dielectric constant, the wavelength in soils and 
Water willbe shorter than that for a wave traveling in 
air. This can be important, since in a Method of Moment. 
the accuracy is affected by the number of analysis 
segments per wavelength. Depending on the program 
being used, adjust the number of segments for 
antennas wholly or partly in the earth, for ground rods, 


and for antennas very close to earth. 


Fig 49—Low-trequency conductivity measurement 
system. A 60-Hz measuring system devised by W2FNC 
and used by W2FMI.The basic system is widely used in 
‘Geophysics. Use care to be certain that the plug 
Connection is correct. А better system would use а 
lower voltage and an isolation transformer. Measure the 
value of V; with no power applied—there may be stray 
ground currents present, especially if there is a power 
Station or an electric railway close. 


an estimate of the conductivity for the common ham bands. 
Assume that the 60 Hz value s valid at 2 M Hz, and find the 
correct value on the left axis. M ove paralel to the curves 
оп the figure to develop the estimated curve for other soil 
conditions, 

A small additional refinement is possible, If the 
dielectric constant from Fig 45 is plotted against the 
conductivity from Fig 44 for a given frequency, a scatter 
plot develops, showing a trend to higher dielectric constant 
as conductivity increases. At 14 M Hz, the relation is: 


k= йс. (Eq 20) 


where k isthe dielectric constant and C is the measured 
conductivity. Using these values in MININEC or NEC 
calculations should give better estimates than countrywide 
average values. 


Direct Measurement of Ground Properties 

For really good values, both the conductivity and 
dielectric constant should be measured at the operating 
frequency. One way of doing this is thetwo-probe technique 
described in George Hagn's article (see Bibliography). This 
was the technique used to secure the data for Figs 44, 45, 


Lt t 
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Fig 50—High-trequency conductivity/dielectric 
constant measurement system. System for measuring 
round conditions at frequencies up to about 100 MHz, 
devised by SRI and used to obtain the data in Figs 44, 

5,46, 47 and 48. Basically this is a section of 
transmission line with soil as th 
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46,47 and 48. Theprincipeissketched in Fig 50. In essence, 
the two probes form a short, open-circulted, two-wire 
transmission line. A s shown by the equations for such lines, 
the input impedance is a function of the conductivity and 
dielectric constant of the medium. A single measurement is 
difficult to calculate, since the end effect of the two probes 
must be determined, a complex task if they аге pointed for 
easy driving. The calculation is greatly simplified if ast of 
measurements is made with several sets of probes that vary 
in length by a fixed ratio, since the measured difference is 
largely due to the increased two-wire length, with some 
change due to the change in soil moisture with depth. 

The impedance to be measured is high because of the 
short line length, so impedance bridges are not really 
suitable. An RF vector impedance meter, such as the HP- 
41934, is probably the best instrument to use, with a RF 
susceptance bridge, such as the GR-821A, next best With 
care, a -meter сап Бе substituted. Because of the rarity of 
these instruments among amateurs, this method of 
measurement is not explored further here. 


Indirect Measurement 

Since the terminal impedance and resonant frequency 
of an antenna change as the antenna approaches earth, 
measurement of an antenna at one or more heights permits 
an analysis of the ground characteristics. The technique is. 
to calculate the antenna drive impedance for an assumed 
ground condition, and compare this with measured values. 
If notthe same, another set of ground conditions is assumed, 
and the process is repeated. Itis best to havea plan to guide 
the assumptions. 

In connection with his studies of transmission lines, 
Walt Maxwell, W2DU, made such measurements on 20, 40 
and 80 meters, Some of the data was included in his book 
Reflections. The following example is based on his 80-meter 
data, Data came from his Table 20-1, for a 66-foot, 2-inch 
dipole of #14 wire at 40 feet above ground. His table gives 
an antenna impedance of 72,59 +] 1.38 O at 7.15 MHz, 

Table 7 shows calculated antenna impedances for 
ground conductivities of three different ground conductivities: 
10, Land 0.1 mS/m, and for dielectric constants of 3, 15 and 
80. The nearest value to the measured driveimpedance is for 
а conductivity of 0.1 mS/m and a dielectric constant of 3. 
Figs 44 and 45 indicate that these are typical of flat desert 
and city land. The effect on antenna performance is shown 
in Fig 51. The maximum lobe gain for soil typical of a city is 
over 2 dB lower than that for the high-conductivity, high- 
dielectric constant value. Note that the maximum lobe occurs. 
fora radiation angle that is directly overhead. 

‘The ground at the W2DU OTH isa suburban Florida 
lot, covered with low, native vegetation. The ground is very 
sandy (a fossil sand dune), and is some 60-70 feet above 
sea-level. Measurements were made near the end of the 
Florida dry season. The water table is estimated to be 20 to 
30 feet below the surface. Thus thecalculated and measured 
Values are reasonably consistent. 
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resistance, in ohms, for an 
conductivity and dielectric constant. 


40 meter dipole at 40 feet elevation versus 


Conductivity Dielectric Constant 
(msm) з 15 50 

10 3978-/1212 0853-1069 | 8838-159 
1 8005-1754  8372-j1023 8733-/698 
01 — 76441-/1569 8318-j985 — 9130-/646 


The value measured by W2DU was 72.59 - j 1.28 0, and compares closest to the poor soil condition of dielectric 


constant of 3 and conductivity af 0.1 mS/m, 


Fig 51—Plot showing computed elevation patterns for 
40-foot high, 40-meter dipole for two different ground 
conditions: poor ground, with dielectric constant of 

3 and conductivity of 0.1 m/m, and good ground, with 
dielectric constant of 50 and conductivity of 10 m5/m. 
Note that for a low horizontal antenna, high-angle 
radiation is most affected by poor ground, with low 
angle radiation least affected by ground 
Characteristics. 


In principle, a further analysis, using values around 
0.1 mS/m conductivity and 3 for dielectric constant, will 
givea better ground parameter estimate. However, he results 
should betaken with a grain of salt, because the opportunities 
for error in the computer modeling must be considered. The 
antenna should have no sag, and its length and height should 
be accurate, The measurement must be with accurate 


equipment, free from strays, such as current on the outer 
conductor of the coax. The feed-point gap effect must be 
estimated. Further, the ground itself under the antenna must 
be flat and have constant characteristics for modeling to be 
completely accurate 

Finally, the feed-line length and velocity constant of 
the transmission line must be accurately measured for 
transfer of the measured values atthe feeding end of the 
transmission line to the antenna itself. Because of all the 
possibilities for error, most attempts at precision should be 
based on measured values at two or three frequencies, and 
preferably at two or three heights. Orlenting the antenna to 
Fight angles for another set of measurements may be useful. 
Obviously, this can involve a lot of detailed work 

The author was not been able to find any guidelines 
for the best height or frequency. The data in the book Exact 
Image Method for Impedance Computation of Antennas 
Above the Ground suggests that а height of 0.3 A will give 
good sensitivity to ground conditions. Very low heights may 
give confusing results, since several combinations of ground. 
parameters can give nearly the same drive impedance. Both 
this data and experience suggest that sensitivity to ground 
for heights above 0.75 À is small or negligible. 

If an overall conclusion about ground characteristics is 
needed, we can just restate from the first paragraph—it is 
not greatly important for the most common horizontally 
polarized antenna installations. But It's worth taking a look 
when you need to depart from typical situations, or when 
the performance of a vertically polarized antenna is 
contemplated. Then the techniques outlined here can be 
helpful 


A Switchable RF Attenuator 


A switchable RF attenuator is helpful for making 
antenna-gain comparisons or for plotting antenna radiation 
patterns. You may switch attenuation in or out of the line 
leading to the receiver to obtain an initial reference reading 
оп a signal strength meter, Some form of attenuator is also 
helpful for locating hidden transmitters, where the real trick 
is pinpointing the signal source from within a few hundred 
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feet At such a close distance, strong signals may overload 
the frontend of the receiver, making it impossible to obtain 
any indication of a bearing. 

‘The attenuator of Figs 52 and 53 is designed for low 
power levels, not exceeding “Ja watt. If for some reason the 
attenuator will be connected to a transceiver, a means of 
bypassing the unit during transmit periods must be devised, 


Fig 52—A construction method for a step attenuator. Double-sided circult:board material, unetched (except for 
panel identification), is cut to the desired size and soldered in place. Flashing copper may also be used, although it 
Te not as sturdy. Shielding partitions between sections are necessary to reduce signal leakage, Brass nuts soldered 
at each of the four corners allow machine screws to secure the bottom cover. The practical limit for total 
attenuation is 80 or 90 dB, as signal leakage around the outside of the attenuator will defeat attempts to obtain 


much greater amounts. 


LAS 


Fig 53 schematic diagram of the step attenuator, designed for a nominal impedance of 50 2. Resistance values 
are in ohms. Resistors are */-watt, carbon-composition types, 5% tolerance. Broken lines indicate walls of circuit- 
Board material. A small hole is drilled through each partition wall to route bus wire. Keep all leads as short as 
possible. The attenuator is bilateral; that is, the input and output ends may be reversed. 


J1, 2—Female BNC connectors, Radio Shack 278-105 
of equiv. 


An attenuator of this type is commonly called a step 
attenuator, because any amount of attenuation from 0 dB to 
themaximum available (81 dB for this particular instrument) 
may be obtained in steps of 1 dB. As each switch is 
successively thrown from the OUT to the IN position, the 
attenuation sections add in cascade to yield the total of the 
attenuator steps switched in. The maximum attenuation of 
any single section is limited to 20 dB because leak-through 
would probably degrade the accuracy of higher values. The 
tolerance of resistor values also becomes more significant 
regarding accuracy at higher attenuation values, 

А good quality commercially made attenuator will cost 
upwards from $150, but for less than $25 in parts and a few 
hours of work, you can build an attenuator at home. It will 
be suitable or frequencies up to 450 M Hz. Double-sided рс 
board is used for the enclosure. The version ofthe attenuator 
shown in Fig 52 has identification lettering etched into the 
top surface (or front panel) ofthe unit. This adds anicetouch 
and is a permanent means of labeling. Of course rub-on 
transfers or Dymo tape labels could be used as well 
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51.58, incl, —DPDT slide switches, standard size. 
(Avoid subminiature or toggle switches.) Stackpole 
$-5022CD03-0 switches are used here. 


Female BNC single-hole, chassis-mount connectors 
are used at each end of the enclosure, These connectors 
provide a means of easily connecting and disconnecting the 
attenuator 


Construction 

After all the box parts are cut to size and the necessary 
holes made, scribe light lines to locate the inner partitions. 
Carefully tack-solder all partitions in position. A 25-W pencil 
type of iron should provide sufficient heat. Dress any рс 
board parts that do not fit squarely. Once everything is in 
proper position, run a solder bead all the way around the 
Joints. Caution! Do not use excessive amounts of solder, as 
the switches must later be fit flat inside the sections. 
Complete the top, sides, ends and partitions. Dress the 
outsideof the box to suit your taste. For instance, you might 
wish to bevel the box edges. Buff the copper with steel wool, 
add lettering, and finish off the work with a coat of clear 
lacquer or polyurethane varnish. 

Using a little lacquer thinner, soak the switches to 
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remove the grease that was added during their manufacture. 
When they dry, spray the inside of the switches lightly with 
a TV tuner clesner/lubricant. Use a sharp drill bit (about 
nch will do), and countersink the mounting holes on the. 
actuator sideof the switch mounting plate This ensures that 
the switches will fit flush against the top plate. At one end 
of each switch, bend the two lugs over and solder them 
together, Cut off the upper halves of the remaining switch 
lugs. (A close look at Fig 52 will help clarify these steps.) 

Solder the series-arm resistors between the appropriate 
switch lugs. Keep the lead lengths as short as possible and 
do not overheat the resistors, Now solder the switches in 
place to the top section of the enclosure by flowing solder 
through the mounting holes and onto the circuit-board 
material. Be certain that you place the switches in their proper 
positions; correlate the resistor values with the degree of 
attenuation. Otherwise, you may wind up with the 1-dB step 
atthe wrong end of the box—how embarrassing! 

Once the switches are installed, thread a piece of #18 


A Portable Field 


Few amateur stations, fixed or mobile, are without need 
of a fleld-strength meter, An instrument of this type serves 
many useful purposes during antenna experiments and 
adjustments. When work is to be done from many 
wavelengths away, a simple wavemeter lacks the necessary 
sensitivity. Further, such a device has a serious fault because 
its linearity leaves much to be desired. The information in. 
this section is based on а January 1973 QST article by Lew 
McCoy, WIICP. 

The field-strength meter described here takes care of 
these problems, Additionally, it is small, measuring only 
4x 5x8 inches, The power supply consists of two 9-volt. 


Fig за—тһе lin 
the upper left is for C. 
Atthe lower left is the band switch, and to its right the 
Sensitivity switch. The zero-set control for M1 is 
located directly below the meter. 
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bare copper wire through the center lugs of all the switches, 
passing it through the holes in the partitions. Solder the wire 
at each switch terminal. Cut the wire between the poles of 
each individual switch, leaving the wire connecting one 
switch pole to that of the neighboring one on the other side 
of the partition, as shown in Fig 52. At each of the two end 
Switch terminals, leave a wire length of approximately Ye 
inch. Install the BNC connectors and solder the wire pieces 
to the connector center conductors 

Now install the shunt-arm resistors of each section. Use 
short lead lengths. Do not use excessive amounts of heat 
when soldering, Solder a по, 4-40 brass nut at each inside 
corner of the enclosure. Recess the nuts approximately 
inch from the bottom edge of the box to allow sufficient 
room for the bottom panel to fit flush. Secure the bottom 
panel with four no. 4-40, inch machine screws and the 
project is completed. Remember to use caution, always, 
‘when your test setup provides the possibility of transmitting 
power into the attenuator. 


Strength Meter 


batteries. Sensitivity can be set for practically any amount 
desired, However, from a usefulness standpoint, the circuit 
should not be too sensitive or it wll respond to unwanted 
signals. This unit also has excellent linearity with regard to 
field strength. (The field strength of a received signal varies 
inversely withthe distance from the source, all other things 
being equal.) The frequency rangeincludes а! amateur bands 
from 3.5 through 148 МН, with band-switched circuits, hus 
avoiding the use of plug-in inductors, АП in all, itis a quite 
useful instrument 

Theunitis pictured in Figs and 55, and the schematic 
diagram is shown in Fig 56. A type 741 op-amp IC is the 


Fig 55—Inside view of the field-strength meter. At the 
upper right is C1 and to the left, C2. The dark leads 
from the circuit board to the front panel are the 
shielded leads described in the text. 


Heyl 


Fig 56 Circuit diagram of the lin 
C1— 140 pF variable. 

C2— 15-pF variable 

D1,D2 —INS14 or equiv. 

L1 34 turns #24 enam. wire wound on an Amidon 
T-68-2 core, tapped 4 turns from ground end. 
12—12 turns #24 enam. wire wound on T-68-2 core. 
L3 — 2 turns 424 enam. wire wound at ground end of L2. 
L4 — 1 tum #26 enam. wire wound at ground end of L5. 
15 — 12 turns 426 enam. wire wound on T-25-12 core. 


heart of the unit. The antenna s connected to J1, and a tuned 
circuits used ahead of a diode detector. T he rectified signal 
is coupled as de and amplified in the op amp. Sensitivity of 
the op amp is controlled by inserting resistors R3 through 
R6 in the circuit by means of 52 

With the circuit shown, and in its most sensitive setting, 
M1 will detect a signal from the antenna on the order of 
100 pV. Linearity is poor for approximately the first * of 
the meter range, but then is almost straight-line from there 
to full-scale deflection. The reason for the poor linearity at 
the start of the readings is because of nonlinearity of the 
diodes at the point of first conduction. However, if gain 
measurements are being made this is of no real importance, 
as accurate gain measurements can be made in the linear 
portion of the readings. 

‘The 741 op amp requires both a positive and a negative 
voltage source. This is obtained by connecting two 
9-volt batteries in series and grounding the center. One other 
feature of the instrument is that it can be used remotely by 
connecting an external meter at] 2. This is handy if you want 
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ir field strength meter. All resistors are */.- or -W composition type 


L6— 1 turn #26 enam. wire wound at ground end of L7. 

17 — 1 turn #18 enam. wire wound on T-25-12 core. 

МІ 50 or 100 yA de. 

a 10.ko control, linear taper. 

$1 — Rotary switch, 3 poles, 5 positions, 3 sections. 

52 — Rotary switch, 1 pole, 4 positions. 

53 — DPST toggle. 

Ul Type 741 op amp. Pin numbers shown are fora 
1é-pin package. 


to adjust an antenna and observe the results without having 
to leave the antenna site 

L1is the 3.5/7 MHz coil and is tuned by C1. The coil 
is wound on a toroid form. For 14, 21 or 28 MHz, L2 is 
Switched in parallel with L1 to cover the three bands, LS 
and C2 cover approximately 40 to 60 MHz, and L7 and C2 
from 130 M Hz to approximately 180 MHz. The two VHF 
coils are also wound on toroid forms. 


Construction Notes 

The majority of the components may be mounted on an 
etched circuit board. shielded lead should be used between 
pin 4 of the IC and $2. The same is true for the leads from 
3 through R6 to theswitch. Otherwise, parasitic oscillations 
тау occur in the IC because of its very high gain. 

In order for the unit to cover the 144-M Hz band, L6 
and L7 should be mounted directly across the appropriate 
terminals of S1, rather than on a circuit board. The extra 
lead length adds too much stray capacitance to the circuit It 
isn’t necessary to use toroid forms for the 50- and 144-M Hz 
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cols They were used in the version described here simply 
because they were available. You may substitute alr-wound 
coils of the appropriate Inductance. 


Calibration 
‘The eld strength meter can be used as is for a relative- 
reading device. A linear indicator scale will serve admirably. 
However, it will be a much more useful instrument for 
antenna work if itis calibrated in decibels, enabling the user 
to check relative gain and front-to-back ratios. If you have 
access to a calibrated signal generator, connect itto the field 
strength meter and use different signal levels fed to the device 
to makea calibration chart Convertsignal-generator voltage 
ratios to decibels by using the equation 
8 = 20 log (V1W2) 
Where 


% is the ratio of the two voltages. 
log is the common logarithm (base 10) 


Let's assume that М1 Is calibrated evenly from 0 to 
10. Next assume we set the signal generator to provide а 
reading of 1 on M1, and that the generator is feeding а 
100-4V signal into the instrument. Now we increase the 
generator output to 200 pV, giving usa voltage ratio of 2:1. 
Also let's assume М 1 reads 5 with the 200+1V input From 
the equation above, we find that the voltage ratio of 2 equals 
602 dB between 1 and 5 on the meter scale. M1 can be 
calibrated more accurately between 1 and 5 on its scale by 
adjusting the generator and figuring the ratio. For example, 
a rato of 126 nV to 100 pV is 1.26, corresponding to 2.0 dB 


(вал) 


By using this method, all of the settings of 52 can be 
calibrated. In the instrument shown here, tne most sensitive 
setting of 52 with R3, 1 MQ, provides a range of 
approximately 6 dB for М1. Keep in mind that the meter 
scale for each setting of $1 must be calibrated similarly for 
each band. The degree of coupling of the tuned circuits for 
the different bands will vary, so each band must be calibrated 
separately 

Another method for calibrating the instrumentis using. 
a transmitter and measuring its output power with an RF 
wattmeter. In this case we are dealing with power rather 
than voltage ratios, so this equation applies: 
dB = 10 log (P1/P2) 
Where P1/P2 is the power ratio. 

With most transmitters the power output can be varied, 
so calibration of the test instrument is rather easy. Attach а 
pickup antenna to the field-strength meter (a short wire а 
foot or so long will do) and position the device in the 
transmitter antenna field. Let's assume we set the transmitter 
outputfor 10 W and get a reading on M 1. We note the reading 
and then increase the output to 20 W, a power ratio of 2. 
Note the reading on M 1 and then use Eq 2. A power ratio of 
2 is 3,01 dB. By using this method the instrument can be 
calibrated on all bands and ranges. 

With the tuned circuits and coupling links specified in 
Fig 56, this instrument has an average range on the various 
bands of 6 dB for the two most sensitive positions of 52, 
and 15 dB and 30 dB for the next two successive ranges, 
The 30-88 scale is handy for making front-to-back antenna 
‘measurements without having to switch 52. 


(Eq 22) 


An RF Current Probe 


The RF current probe of Figs 57, 58 and 59 operates 
оп the magnetic component of the electromagnetic field, 
rather than the electric field, Sincethe two fields are precisely 
related, as discussed in Chapter 23, the relative field strength 
measurements are completely equivalent, The use of the 
magnetic field offers certain advantages, however. The 
instrument may be made more compact for the same 
sensitivity, but its principal advantageis that It may be used 
near a conductor to measure the current flow without cutting 
the conductor. 

Intheaverage amateur location there may be substantial 
currents flowing In guy wires, masts and towers, coaxial 


Fig 57_The RF current probe. The sensitivity control is 
mounted at the top of the instrument, with the tuning 
and band switches on the lower portion of the front. 

panel. Frequency calibration of the tuning control was 
not considered necessary for the intended use of this 
particular instrument, but marks Identifying the various 
Amateur bands would be helpful. If the units provided 
With a calibrated dial, it can also be used as an 
absorption wavemeter. 
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citances are in picofarads; fixed capacitors are silver 

Be sure to ground the rotor of C1, rather than the stator, to avoid 

hand capacitance. L1, L2 and L3 are each close-wound with #22 enameled 

wire on a single ferrite rod, 4 inch Ü—Uwm diameter, with i = 125 

(Amidon R61-50-400). Windings are spaced approximately Y inch apart. 

C1—Air variable, 6-140 pF; Hammarlund НЕ140 or equiv. 

D1- Germanium diode; 1N34A, 1N270 or equiv. 

11 16:5 MHz; 30 turns, tapped at 3 turns from grounded end. 

125-20 MHz; 8 turns, tapped at 2 turns from grounded end. 

1317.39 MHz; 2 turns, tapped at 1 turn. 

МІ Апу microammeter may be used. The one pictured is a Micronta. 
meter, RadioShack no, 270-1751. 

ar Linear taper. 

RFC1—1 mH; Miller no. 4642 or equiv. Value is not critical 

SI Ceramic rotary switch, 1 section, 2 poles, 2 to 6 positions; Centralab 


cable braids, gutters and leaders, 
Water and gas pipes, and perhaps even 
drainage pipes. Current may be 
flowing in telephone and powerlines 
aswell АП of these RF currents may 
havean influence on antenna patterns 
ог can be of significance in the case 
of RFF. 

The circuit diagram of the 
current probe appears in Fig 58, and 
construction is shown in the photo, 
Fig 59. The winding data given here 
apply only to a ferrite rod of the 
particular dimensions and material 
specified. Almost any microammeter 
can be used, but it is usually 
Convenient to use a rather sensitive 
meter and provide a series resistor to 
swamp out nonlinearity arising from 
diode conduction characteristics. A 
control is also used to adjust 
instrument sensitivity as required 
during operation, The tuning 
capacitor may bealmost anything that 
will cover the desired range. 

As shown in the photos, the 
circuit is constructed in а metal box. 
This enclosure shields the detector 
circuit from the electric field of the 
radio wave. A slot must be cut with a 
hacksaw across the back of the box, 


'PA2002 or PA2003 or equiv. 


Fig 59—The current probe just before final assembly. 
arts except the ferrite rod are mounted 

lf of the 3x4 x 54псһ Minibox (Bud CU- 
21058 or equiv. Rubber grommets are fitted in holes 
at the ends of 

f the enclosure, Leads in the RF section 
‘should be kept as short as possible, although those 
from the rod windings must necessarily be left 
somewhat long to facilitate final assembly. 


Antenna 


and a thin file may be used to smooth 
thecut This slotis necessary to prevent 
the box from acting as a shorted tum. 


Using the Probe 

In measuring the current in a conductor, the ferite rod 
should be kept at right angles to the conductor, and at a 
constant distance from it. In its upright or vertical position, 
this instrument is orlented for taking measurements in 
vertical conductors, It must be laid horizontal to measure 
current in horizontal conductors. 

‘Numerous uses for the instrument are suggested in an 
earlier paragraph. In addition, the probe is an ideal 
instrument for checking the current distribution in antenna 
elements. Itis also useful for measuring RF ground currents. 
in radial systems. A buried radial may be located easily by 
sweeping the ground, Current division at junctions may be 
Investigated, Hot spots usually indicate areas where 
additional radials would be effective. 

Stray currents in conductors not intended to be part of 
the antenna system may often be eliminated by bonding ог 
by changing the physical lengths involved. Guy wires and 
other unwanted parasitic elements will often give a tilt to 
the plane of polarization and can make a marked difference 
in front-to-back ratios. When the ferrite rod is oriented 
parallel to the electric field lines, there will be a sharp null 
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reading that may be used to locate the plane of polarization 
quite accurately. When using the meter, remember thatthe 
magnetic fied is at right angles to the electric field, 

You may also use the current probe as a relative signal 
strength meter. When making measurements on a vertical 


antenna, locate the meter at least two wavelengths away, 
with the rod in a horizontal position. For horizontal antennas, 
hold the instrument at approximately the same height as the 
antenna, with the rod vertical 


Antenna Measurements 


Of all the measurements made in Amateur Radio 
systems, perhaps the most difficult and least understood are 
various measurements of antennas. For example, it is 
relatively easy to measure the frequency and CW power 
output of a transmitter, the response of a filter, or the gain of 
an amplifier. These are all what might be called bench 
measurements because, when performed properly, all the 
factors that influence the accuracy and success of the 
measurement are under control. In making antenna 
measurements, however, the "bench" is probably your 
backyard. In other words, the environment surrounding the 
antenna can affect the results of the measurement. 

Contro of the environment is not at all as simple as it 
was for the bench measurement, because now the work area 
may be rather spacious. This section describes antenna 
measurement techniques that are closely allied to those used 
in an antenna measuring event or contest. With these 
procedures you can make measurements successfully and 
with meaningful results. These techniques should provide a 
better understanding of the measurement problems, resulting 
in a more accurate and less difficult task. The information 
in this section was provided by Dick Turrin, W2IM U, and 
was originally published in November 1974 QST. 


SOME BASIC IDEAS 

An antenna is simply a transducer or coupler between 
а suitable feed line and the environment surrounding it. In 
addition to the efficient transfer of power from feed line to 
environment, an antenna at VHF or UHF is most frequently 
required to concentrate the radiated power into a particular 
region of the environment 

To be consistent while comparing different antennas, 
you must standardize the environment surrounding the 
antenna, Ideally, you want to make measurements with the 
measured antenna so far removed from any objects causing 
environmental effects that it is literally in outer space—a 
very impractical situation. The purpose of the measurement. 
techniques is therefore to simulate, under practical 
conditions, controlled environment. AtV HF and UHF, and 
with practical-size antennas, the environment can be 
controlled so that successful and accurate measurements can 
be made in a reasonable amount of space. 

"The electrical characteristics of an antenna that are most 
desirable to obtain by direct measurement are: (1) gain 
(relative to an isotropic source, which by definition has a 
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goin of unity); (2) space-radiation pattern; (3) feed-point 
impedance (mismatch) and (4) polarization 
Polarization 

In general the polarization can be assumed from the 
geometry of the radiating elements. That is to say, if the 
antenna consists of a number of linear elements (straight 
lengths of rod or wire that are resonant and connected to the 
feed point) the polarization of the electric field will be 
linear and polarized parallel to the elements. f the elements 
are not consistently parallel with each other, then the 
polarization cannot easily be assumed, The following 
techniques are directed to antennas having polarization that 
is essentially linear (in one plane), although the method can 
be extended to include all forms of elliptic (or mixed) 
polarization. 

Feed-Point Mismatch 

The feed-point mismatch, although affected to some 
degree by the immediate environment ofthe antenna, does 
not affect the gain or radiation characteristics of an antenna 
If the immediate environment of the antenna does not affect 
thefeed-pointimpedance, then any mismatch intrinsic to the 
antenna tuning reflects a portion of the incident power back 
to the source. In a receiving antenna this reflected power is 
reradiated back into the environment, and can be lost entirely 

In a transmitting antenna, the reflected power travels 
hack down the feed line to the transmitter, where it changes 
the load impedance presented to that transmitter, The 
amplifier output controls are customarily altered during the 
normal tuning procedure to obtain maximum power transfer 
to theantenna. You can still use a mismatched antenna to its 
full gain potential, provided the mismatch is not so severe 
as to cause heating osse in the system, especially the feed 
line and matching devices. (See also the discussion of 
additional loss caused by SWR in Chapter 24.) 

Similarly, a mismatched receiving antenna may be 
matched into the receiver front end for maximum power 
transfer. In any case you should clearly keep in mind that 
the feed-point mismatch does not affect the radiation 
characteristics of an antenna. It can only affect the system 
efficiency when heating losses are considered 

Why then do we include feed-point mismatch as part 
of theantenna characteristics? Thereason is that for efficient 
system performance, most antennas are resonant transducers 


and present а reasonable match over а relatively narrow 
frequency range. It is therefore desirable to design ап 
antenna, whether it be a simple dipole or an array of Yagis, 
such that the final single feed-point impedance is essentially 
resistiveand matched to the feed line. Furthermore, in order 
to make accurate, absolute gain measurements, it is vital 
that the antenna under test accept all the power from a 
matched-source generator, or that the reflected power caused 
by the mismatch be measured and a suitable error correction 
for heating losses be included in the gain calculations, 
Heating losses may be determined from information 
contained in Chapter 24, 

While onthe subject of feed-point impedance, mention 
should be made of the use of baluns in antennas, A balun is 
simply a device that permits a lossless transition between а 
balanced system—feed line or antenna —and an unbalanced 
feed line or system. If the feed point of an antenna is 
symmetric, such as with a dipole, and it is desired to feed 
this antenna with an unbalanced feed line such as coax, you 
should provide a balun between the line and the feed point. 
Without the balun, current will be allowed to flow on the 
outside of the coax. The current an the outside of the feed 
Tine will cause radiation, and thus the feed line will become 
part of the antenna radiation system. In the case of beam 
antennas, where it is desired to concentrate the radiated 
energy is a specific direction, this extra radiation from the 
feed line will be detrimental, causing distortion of the 
expected antenna pattern. See Chapter 26 for additional 
details on this problem. 


ANTENNA TEST SITE SET-UP AND 
EVALUATION 

Since an antenna is a reciprocal device, measurements 
of gain and radiation patterns can be made with the test 
antenna used either as a transmitting or as a receiving 
antenna. In general and for practical reasons, the test antenna 
isused in the receiving mode, and the source or transmitting 
antenna is located at a specified fixed remote site and 
Unattended. In other words the source antenna, energized 
by a suitable transmitter, is simply required to illuminate or 
flood the receiving sitein a controlled and constant manner 

As mentioned earlier, antenna measurements ideally 
should be made under free-space conditions. A further 
restriction is that the illumination from the source antenna 
bea plane wave over the effective aperture (capture ares) of 
the test antenna. A plane wave by definition is one in which 
the magnitude and phase of the fields are uniform, and in 
the testantenna situation, uniform over the effective area 
plane of the test antenna. Sinceitis the nature ofall radiation. 
to expand in a spherical manner at great distance from the 
source, it would seem to be most desirable to locate the 
source antenna as far from thetestiteas possible. However, 
since for practical reasons the test site and source location 
will have to be near the earth and not in outer space, the 
environment must include the effects of the ground 
Surface and other obstacles in the vicinity of both antennas, 
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These effects almost always dictate that the test range 
(spacing between source and test antennas) be as short as 
possible consistent with maintaining nearly error-free plane 
‘wave illuminating the test aperture, 

A nearly error-free plane wave can be specified as one 
in which the phase and amplitude, from center to edge of 
the illuminating field over the test aperture, do not deviate 
фу more than about 30° and 1 decibel, respectively. These 
conditions will resultin again-measurementerror of no more. 
than a few percent less that the true gain. Based on the 30° 
phase error alone, it can be shown that the minimum range 
distance is approximately 


m 


Soin (Eg23) 

where D is the largest aperture dimension and be free- 

space wavelength in the same units as 0. The phase error 

over the aperture D for this condition is Ys wavelength. 
Since aperture size and gain are related by 

UN = 

X (E924) 


Gain= 


WhereA cis the effective aperture area, the dimension D may 
beobtained for simple aperture configurations. For a square 
aperture 

p 
m 
that results in a minimum range distance for a square aperture 
of 


2, (E925) 


5ы=бу- (6928) 
and for a circular aperture of 

2 
Sm =G 47 (6427) 


For apertures with a physical area that is not well 
defined or is much larger in one dimension that in other 
directions, such asa long thin array for maximum directivity 
in one plane, itis advisable to use the maximum estimate of 
D from either the expected gain or physical aperture 
dimensions, 

U to this point in the range development, only the 
conditions for minimum range length, Spin, have been 
established, as though the ground surface were not present. 
This minimum S is therefore a necessary condition even 
under free-space environment. The presence of the ground 
further complicates the range selection, not in the 
determination of S but In the exact location of the source 
and test antennas above the earth, 

It is always advisable to select a range whose 
intervening terrain is essentially flat, clear of obstructions, 
and of uniform surface conditions, such as all grass or all 
pavement. The extent of the range is determined by the 
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relationship at the receiving point. 


illumination of the source antenna, usually a Yagi, whose 
gain is no greater than the highest gain antenna to be 
measured. For gain measurements the range consists 
essentially of the region in the beam of the test antenna, For 
radiation pattern measurements, the range is considerably 
larger and consists of all that area illuminated by the source 
antenna, especially around and behind the test site, Ideally 
you should choose a site where the test-antenna location is 
near the center of a large open area and the source antennas 
located near the edge where most of the obstacles (trees, 
poles, fences, etc.) lie. 

The primary effect of the range surface is that some of 
the energy from the source antenna will be reflected into the 
test antenna, while other energy will arrive on a direct line 
of-sight path. This is illustrated in Fig 60. The use of a flat, 
uniform ground surface assures that here will be essentially 
а mirror reflection, even though the reflected energy may 
be slighty weakened (absorbed) by the surface material 
(round). In order to perform an analysis you should realize 
that horizontally polarized waves undergo а 180° phase 
reversal upon reflection from the earth. The resulting 
illumination amplitude at any point in the test aperture is 
the vector sum of the electric fields arriving from the two 
directions, the direct path and the reflected path. 

Ifa perfectmirror reflection is assumed from the ground 
lit is nearly that for practical ground conditions at VHF/ 
UHF) and the source antenna is isotropic, radiating equally 
in all directions, then a simple geometric analysis of the two 
path lengths will show that at various point in the vertical 
plane at the test-antenna site the waves will combine in 
different phase relationships. At some points the arriving 
waves will bein phase, and at other points they will be 1809 
out of phase. Since the field amplitudes are nearly equal, 
the resulting phase change caused by path length difference 
will produce an amplitude variation in the vertical test site 
direction similar to a standing wave, as shown in Fig 6L 

The simplified formula relating the location of h2 for 
maximum and minimum values of the two-path summation 
in terms of h1 and S is 
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— 
Fig er Те vertical profile, or plot of signal strength 


Versus test-antenna height, for height of the 
signal source above ground and at a fixed distance. 
See text for definitions of symbols. 


E 
man (628) 
with n =0, 2, 4, ... for minimums and n =1, 3, 5, .. (ог 
maximums, and S is much larger than either 1 or h2. 

The significance of this simple ground reflection 
formula is that it permits you to determine the approximate 
location of the source antenna to achieve а nearly plane“ 
wave amplitude distribution in the vertical direction over а 
particular test aperture size. It should be clear from 
examination of the helght formula that as h1 is decreased, 
the vertical distribution pattern of signal at the test site, h2, 
expands. Also note that the signal level for h2 equal to Zero 
is always zero on the ground regardless of the height of h1. 

The objectivein using the height formula then is, given. 
an effective antenna aperture to be illuminated from which a 
minimum S (range length) is determined and a suitable range 
Site chosen, to find a value for h (source antenna height) 
The required valueis such that thefirst maximum of vertical 
distribution atthe test site, h2, is ata practical distance above 
the ground, and at the same time the signal amplitude over 
the aperture in the vertical direction does not vary more than 
about 1 dB. This last condition is not sacred but is closely 
related to the particular antenna under test 

In practice these formulas are useful only to initialize 
the range setup. A final check of the vertical distribution at 
the test site must be made by direct measurement. This 
measurement should be conducted with a small low-gain 
but unidirectional probe antenna such as а corner reflector 
or -element Yagi that you move along a vertical line over 
the intended aperture site. Care should be exercised to 
minimize the effects of local environment around the probe 
antenna and that the beam of the probe be directed at the 
source antenna at all times for maximum signal. A simple 
dipole is undesirable as a probe antenna because it is 
susceptible to local environmental effects. 


The most practical way to instrument the vertical 
distribution measurement isto construct some kind of vertical 
track, preferably of wood, with asliding cariageor platform 
that may be used to support and move the probe antenna, It 
is assumed of course that a stable source transmitter and 
calibrated receiver or detector are available so variations of 
the order of * В can be clearly distinguished. 

Once you conduct these initial range measurements 
successfully, the range is now ready to accommodate апу 
aperture size less in vertical extent than the largest for which 
Sun and the vertical field distribution were selected. Place 
the test antenna with the center of its aperture at the height 
h2 where maximum signal was found. Tilt the test antenna 
tilted so that its main beam is pointed in the direction of the 
source antenna, The final til is found by observing the 
receiver output for maximum signal, This last process must 
bedone empirically since the apparent location of the source 
is somewhere between the actual source and its image, below 
the ground. 

‘An example will illustrate the procedure. Assume that 
we wish to measure а 7-foot diameter parabolic reflector 
antenna at 1296 M Hz (2. = 0.75 foot). The minimum range 


distance, Spin can be readily computed from the formula 
for a circular aperture. 


Now a suitable site is selected based on the qualitative 
discussion given before. 

Next determine the source height, h1. The procedure 
is to choose a height h1 such that the first minimum above 
ground (n = 2 in formula) is at least two or three times the 
aperture size, or about 20 feet. 
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Fig 62—Sample plot of a measured vertical profile. 
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Placethesourceantennaat this height and probe the vertical 
distribution over the 7-foot aperture location, which will be 
about 10 feet off the ground. 

АБ 1 08 n 4 sect 

a" 
Plot the measured profile of vertical signal level versus 
height. From this plot, empirically determine whether the 
-foot aperture сап be fitted in this profile such that the 1- 
В variation is not exceeded. If the variation exceeds 1 dB 
over the 7-foot aperture, the source antenna should be 
lowered and h2 raised. Small changes in h can quickly 
alter the distribution at the test site. Fig 62 illustrates the 
points of the previous discussion. 

The same set-up procedure applies for either horizontal 
or vertical linear polarization, However, it is advisable to 
check by direc measurement at the site for each polarization 
to be sure that the vertical distribution is satisfactory. 
Distribution probing in the horizontal plane is unnecessary 
as litle or no variation in amplitude should be found, since 
therefiection geometry is constant Because of this, antennas 
with apertures that are long and thin, such as a stacked 
collinear vertical, should be measured with the long 
dimension parallel to the ground 

A particularly difficult range problem occurs in 
measurements of antennas that have depth as well as cross 
sectional aperture area, Long end-fire antennas such as long 
Yagis, rhombics, V-beams, or arrays of these antennas, 
radiate as volumetric arrays and it is therefore even more 
essential that the illuminating field from the source antenna 
be reasonably uniform in depth as well as plane wave in 
cross section. For measuring these types of antennas it is 
advisable to make several vertical profile measurements that 
cover the depth of the array. A qualitative check on the 
integrity of the illumination for long end-fire antennas can 
be made by moving the array or antenna axially (forward 
and backward) and noting the changein received signal level 
IF the signal level varies les than 1 or 2 dB for an axial 
movement of several wavelengths then the field can be 
considered satisfactory for most demands on accuracy. Large 
variations indicate that the illuminating field is badly 
distorted over the атау depth and subsequent measurements 
are questionable. Itis interesting to note in connection with 
gain measurements that any illuminating field distortion will 
always resultin measurements that arelower than true values, 


ABSOLUTE GAIN MEASUREMENT 

Having established а suitable range, the measurement 
of gain relative to an isotropic (point source) radiator is 
almost always accomplished by direct comparison with a 
calibrated standard-gain antenna. That is, the signal level 
with the test antenna in its optimum location is noted. Then 
You remove the test antenna and place the standard-gain 
antenna with its aperture at the center of location where the 
test antenna was located. M easure the difference in signal 
level between the standard and the test antennas and add to 


h2= 
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Fig 63—Standard-gain 
antenna, When 


forthe desired 
frequency, this antenna 


r, plus or minus. 
În this model, 
constructed for 432 MHz, 
the elements are inch 

diameter tubing. The. 
phasing and support 
lines are of inch 
diameter tubing or rod. 


ог subtract from the gain of the standard-gain antenna to 
obtain the absolute gain of the test antenna, Here, absolute 
‘means with respect to a point source with a gain of unity, by 
definition. The reason for using this reference rather than а 
dipole, for instance, is that itis more useful and convenient 
for system engineering. We assume that both standard and 
testantennashave been carefully matched to the appropriate 
impedance and an accurately calibrated and matched 
detecting device is being used, 

A standard-gain antenna may be any type of 
unidirectional, preferably planar-aperture, antenna, which 
has been calibrated ether by direct measurement or in special 
cases by accurate construction according to computed 
dimensions. A standard-gain antenna has been suggested by 
Richard F. Н. Yang (see Bibliography). Shown in Fig 63, it 
consists of two in-phase dipoles J: A apart and backed up 
with a ground plane 12 square. 

In Yang's original design, the stub at the center is a 
balun formed by cutting two longitudinal slots of Yeinch 
width, diametrically opposite, on a >. section of "winch 
rigid 50-0 coax, An alternative method of feeding isto feed 
RG-8 or RG-213 coax through slotted ch copper tubing, 
Be sure to leave the outer jacket on the coax to insulate it 
from the copper-tubing balun section. When constructed 
accurately to scale for the frequency of interest, this type of 
standard will have an absolute gain of 9.85 dBi (7.7 dBd 
gain over a dipole in free space) with an accuracy of 
202588 
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RADIATION-PATTERN MEASUREMENTS 

ОГ all antenna measurements, the radiation pattern is 
the most demanding in measurement and the most difficult 
to Interpret, Any antenna radiates to some degree in all 
directions into the space surrounding it. Therefore, the 
radiation pattern of an antenna is a three-dimensianal 
representation of the magnitude, phase and polarization, 
In general, and in practical cases for Amateur Radio 
communications, the polarization is well defined and only 
the magnitude of radiation is important. 

Furthermore, in many of these cases the radiation in 
one particular plane is of primary interest, usually the plane 
corresponding to that of the Earth's surface, regardless of 
polarization. Because of the nature of the range setup, 
measurement of radiation pattern can be successfully made 
only in a plane nearly parallel to the earth's surface. With 
beam antennas it is advisable and usually sufficient to take 
two radiation pattern measurements, one in the polarization 
plane and one at right angles to the plane of polarization, 
These radiation patterns are referred to in antenna literature 
as the principal E-plane and H-plane patterns, respectively. 
E-plane means parallel to the electric field that is the 
polarization plane and H-plane means parallel to the 
magnetic field in free space, The electric field and magnetic 
field arealways perpendicular to each other in a plane wave 
as it propagates through space. 

When the antenna is located over real earth, the terms 
Azimuth and elevation planes are commonly used, since the 


frame of reference is the Earth itself, rather than the electric 
and magnetic fields in free space. Fora horizontally polarized 
antenna such as Y agi mounted with its elements parallel to 
theground, the azimuth laneis theE-plane and the elevation 
plane is welt plane 

The technique to obtain these patterns is simple in 
procedure but requires more equipment and patience than 
does making a gain measurement. First, a suitable mount is 
required that can be rotated in the azimuth plane (horizontal) 
with some degree of accuracy in terms of azimuth-angle 
positioning. Second, a signal-level indicator calibrated over 
atleast a 20-8 dynamic range with a readout resolution of 
at least 2 db is required. A dynamic range of up to about 
40 8 would be desirable but does not add greatly to the 
measurement significance. 

With this much equipment, the procedure is to locate 
first the area of maximum radiation from the beam antenna 
by carefully adjusting the azimuth and elevation positioning. 
These settings are then arbitrarily assigned an azimuth angle 
of zero degrees and a signal level of zero decibels. Next, 
without changing the elevation setting (tilt of the rotating 
axis) he antenna ls carefully rotated in azimuth in small steps 


that permit signal-tevel readout of 2 or 3 dB per step. These 
points of signal level corresponding with an azimuth angle 
are recorded and plotted on polar coordinate paper. A sample 
of the results is shown on ARRL coordinate paper in Fig 64, 

Оп the sample radiation pattern the measured points 
are marked with an X and a continuous line is drawn in, 
Since the pattern is a continuous curve. Radiation pattems 
Should preferably be plotted on a logarithmic radial scale, 
rather than a voltage or power scale. The reason is that the 
log scale approximates the response of the ear to signals in 
the audio range. Also many receivers have AGC systems 
that are somewhat logarithmic in response; therefore the log 
scale is more representative of actual system operation. 

Having completed a set of radiation-pattern 
measurements, one is prompted to ask, "ОР what use are 
they?" The primary answer is as a diagnostic tool to 
determine if the antenna is functioning as it was intended 
to. A second answer is to know how the antenna will 
discriminate against interfering signals from various 
directions, 

Consider now the diagnostic use of the radiation 
pattems. If the radiation beam is well defined, then here is 
an approximate formula relating the antenna gain to the 
measured half-power beamwidth of the E- and H-plane 
radiation patterns. The half-power beamwidth is indicated 
on the polar plot where the radiation level falls to 3 dB below 
the main beam 0-8 reference on either side. The formula is 
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Fig 64_Sample plot of a measured radiation pattern, 
using techniques described in the text. The plot is on 
coordinate paper available from ARRL HO. The form 
provides space for recording significant data and 
remarks. 
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Gain(dBi) = >= (E929) 


here û and à, are the half-power beamwidths in degrees 
of the E- and H-plane patterns, respectively. This equation. 
assumes a lossless antenna system, where any sidelobes are 
well suppressed. 

To illustrate the use ofthis equation, assume that we 
havea Yagi antenna with a boom length of two wavelengths. 
From known relations (described in Chapter 11) the expected 
free-space gain of a Yagi with a boom length of 2 is about 
13 dBi; its gain, G, equals 20. Using the above relationship, 
the product of 0, x û = 2062 square degrees, Since a Y agi 
produces a nearly symmetric beam shape in cross section, 
Be = 4 = 45% Now if the measured values of O and oy are 
much larger than 459 then the gain will be much lower than. 
the expected 13 dBi 

‘As another example, suppose thatthe same antenna (a 
2-wavelength-boom Y agi) gives a measured gain of 9 dBi 
but the radiation pattern half power beamwidths are 
approximately 450 Thissituation indicates that although the 
radiation patterns seem to be correct, the law gain shows 
Inefficiency somewhere in the antenna, such as lossy 
‘materials or poor connections. 

Large broadside collinear antennas can be checked for 
excessive phasing-line losses by comparing the gain 
computed from the radiation patterns with the direct- 
‘measured gain. It seems paradoxical, but itis indeed possible 
to bulld a large array with a very narrow beamwidth 
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indicating high gain, but actually having very low gain 
because of losses in the feed distribution system. 

In general, and for most VHF/UHF Amateur Radio 
communications, gain is the primary attribute of an antenna, 
However, radiation in other directions than the main beam, 
called sidelobe radiation, should be examined by 
measurement of radiation patterns for effects such as 
nonsymmetry on either side of the main beam or excessive 
‘magnitude of sidelobes, (A ny sidelobe thatis less than 10 dB. 
below the main beam reference level of 0 dB should be 
considered excessive, These effects are usually attributable 
to incorrect phasing of the radiating elements or radiation 
from other parts of the antenna that was nat intended, such 
as the support structure or feed line. 

The interpretation of radiation patterns is intimately 
related to the particular type of antenna under measurement 
Reference data should be consulted for the antenna type of 
interest to verify that the measured results arein agreement 
with expected results. 

То summarizethe use of pattem measurements, if a beam 
antenna i first checked for gain (the easier measurement to 
make) and it is as expected, then pattern measurements may 
be academic. However, if the gain is lower than expected it 
is advisable to make pattern measurements о help determine 
the possible causes for low gain. 

Regarding radiation pattern measurements, remember 
thatthe results measured under proper range facilities will 
not necessarily be the sameas observed for the same antenna 
ata home ster on installation. The reasons may be obvious 
пон in view of the preceding information on the range setup, 
ground reflections, and thevertical-field distribution profiles. 
For long paths over rough terrain where many large obstacles 
may exist, the effects of ground reflection tend to become 
diffused, although they sil can cause unexpected results. 
For these reasons it is usually unjust to compare V HFJUHF 
antennas over long paths. 
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‘The Smith Chart is a sophisticated graphic tool for 
Solving transmission line problems, One of the simpler 
applications is to determine the feed-point impedance of an 
antenna, based оп an impedance measurement atthe input. 
of arandom length of transmission line. By using the Smith 
Chart, the impedance measurement can be made with the 
antenna in place atop a tower or mast, and there is no need 
to cut the ine to an exact multiple of half wavelengths. The 
Smith Chart may be used for other purposes, too, such as 
the design of impedance-matching networks. These 
matching networks can take on any of several forms, such 
as L and pi networks, a stub matching system, a series-section 
match, and more. With a knowledge of the Smith Chart, the 
amateur can eliminate much “cut and try” work. 

Named after its inventor, Phillip H, Smith, the Smith 
Chart was originally described in Electronics for January 
1939. Smith Charts may be obtained at most university book 
stores. Smith Charts arealso available fromA RRL HQ. (See 
the caption for Fig 3.) 

It is stated in Chapter 24 that the input impedance, ог 
the impedance seen when "looking into" a length of line, is 
dependent upon the SWR, the length of the line, and the Zo 
of the line. The SWR, in turn, is dependent upon the load 
which terminates the line, There are complex mathematical 
relationships which may be used to calculate the various 
Values of impedances, voltages, currents, and SWR values 
that exist in the operation of a particular transmission line 
‘These equations can be solved with а personal computer 
and suitable software, or the parameters may be determined 
with the Smith Chart. Even if a computer is used, a 
fundamental knowledge of the Smith Chart will promote a 
better understanding of the problem being solved. And such 
an understanding might lead to a quicker or simpler solution 
than otherwise. If the terminating impedance is known, itis 
a simple matter to determine the input impedance of the line 
for any length by means of the chart. Conversely, as indicated 
above, with a given line length and a known (or measured) 
input impedance, the load impedance may be determined 
by means of the chart— a convenient method of remotely 
determining an antenna impedance, for example. 

Although its appearance may at first seem somewhat 
formidable, the Smith Chart is really nothing more than a 
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specialized type of graph. Consider it as having curved, 
rather than rectangular, coordinate lines. The coordinate 
system consists simply of two families of circles— the 
resistance family, and the reactance family, The resistance 
circles, Fig 1, are centered an the resistance axis (the only 
straight line on the chart) and are tangent to the outer circle 
atthe right of the chart. Each circle is assigned a value of 
resistance, which is indicated atthe point where the circle 
crosses the resistance axis. All points along any one circle 
have the same resistance value. 

"The values assigned to these circles vary from zero at 
the left of the chart to infinity at the right, and actually 
represent a ratio with respect to the impedance value 
assigned to the center point of the chart, indicated 1.0. This 
center paints called prime center, If prime center is assigned 
а value of 100 £2, then 200 £ resistance is represented by 
the 2.0 circle, 50 O by the 0.5 circle, 20 © by the 0.2 circle, 
and so on. If, instead, a value of 50 is assigned to prime 
Center, the 2.0 circle now represents 100 £2, the 0.5 circle 
25.0, and the 02 circle 10 dl In each case, it may be seen 
that the value on the chart is determined by dividing the 
actual resistance by the number assigned to prime center. 


Fig I- Resistance circles of the Smith Chart coordinate 
system. 
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This process is called normalizing 

Conversely, values from the chart are converted back 
to actual resistance values by multiplying the chart value 
times the value assigned to prime center. This feature permits 
the use of the Smith Chart for any impedance values, 
and therefore with any type of uniform transmission 
line, whatever its impedance may be. As mentioned above, 
specialized versions of the Smith Chart may be obtained 
with a value of 50.0 at prime center. These are intended for 
use with 50:0 lines 

Now consider the reactance circles, Fig 2, which appear 
as curved lines on the chart because only segments of 
the complete circles are drawn. These circles are tangent 
to the resistance axis, which itself is a member of the 
reactance family (with a radius of infinity]. The centers are 
displaced to the top or bottom on a line tangent to the right 
of the chart. The large outer circle bounding the coordinate 
portion of the chart is the reactance axis. 

Each reactance circle segment is assigned a value of 
reactance, indicated near the point where the circle touches 
the reactance axis. All points along any one segment have 
the same reactance value. As with the resistance circles, the 
values assigned to each reactance circle are normalized with 
respect to the value assigned to prime center. Values to the 
top of the resistance axis аге positive (inductive), and those 
to the bottom of the resistance axis are negative (capacitive). 

When the resistance family and the reactance family 
of circles are combined, the coordinate system of the 
‘Smith Chart results, as shown in Fig3, Complex impedances 
(R +)X) can be plotted on this coordinate system. 


IMPEDANCE PLOTTING 


Suppose we have an impedance consisting of 50 © 
resistance and 100 © inductive reactance (Z = 50 +100) 


Fig 2—Reactance circles (segments) of the Smith Chart 
coordinate system. 
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If we assign a value of 100 © to prime center, we normalize 
the above impedance by dividing each component of the 
impedance by 100. The normalized impedance is then 
50/100 + (00/100) =0.5 +)1.0. This impedance is plotted 
оп the Smith Chart at the intersection of the 0.5 resistance 
circle and the +1.0 reactance circle, as indicated in Fig 3. 
Calculations may now be made from this plotted value 

Now say that instead of assigning 100 © to prime 
center, we assign a value of 50 © With this assignment, the 
50 +j100 Q impedance is plotted at the intersection of the 
50/50 = 10 resistance circle, and the 100/50 = 2.0 positive 
reactance circle. This value, 1 + 2, is also indicated in 
Fig 3. Butnow wehavetwo points plotted in Fig 3 to represent 
the same impedance value, 50 + j100 2. How can this be? 

These examples show thatthe same impedance may be 
plotted at different points on the char, depending upon the 
value assigned to prime center. But two plotted points cannot 
represent the same impedance at the same time! It is 
customary when solving transmission-line problems to 
assign to prime center a value equal to the characteristic 
impedance, or Z, of the line being used. This value should 
always be recorded at the start of calculations, to avoid 
possible confusion later. (In using the specialized charts 
with the value of 50 at prime center, it is, of course, nat 
necessary to normalize impedances when working with 
50-о line, The resistance and reactance values may be read 
directly from the chart coordinate system.) 

Prime center is a point of special significance. As just 
mentioned, isis customary when solving problems to assign 
the Zo value of the line to this point on the chart— 50 02 for 
a50-£line for example. W hat this means is that the center 
point of the chart now represents 50 + j0 ohms-a pure 
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Fig 3— The complete coordinate system of the Smith 
Chart. For simplicity, only a few divisions are shown for 
the resistance and reactance values. Various types of 
Smith Chart forms are available from ARRL HQ. At the 
time of this writing, five 87; x 11 inch Smith Chart forms 
are available for 52. 


resistance equal to the characteristic impedance of the line. 
If this were a load on the line, we recognize from 
transmission-line theory that it represents a perfect match, 
with no reflected power and with a 10 to 1 SWR. Thus, 
prime center also represents the 10 SWR circle (with a radius 
of zero). SWR circles are also discussed in a later section. 


Short and Open Circuits 

Onthesubjectof plotting impedances, two special cases 
deserve consideration. These are short circuits and open 
circuits. A true short circuit has zero resistance and zero 
reactance, or 0 +J0). This impedance is plotted at the left of 
the chart, at the intersection of the resistance and the 
reactance axes. By contrast, an open circuit has infinite 
resistance, and therefore is plotted at the right of the chart, 
atiheintersection of the resistance and reactance axes. These 
two special cases are sometimes used їп matching stubs, 
described later 


Standing-Wave-Ratio Circles 
Members of a third family of circles, which are not 
printed on the chart but which are added during the process 
of solving problems, arestanding-wave-raio or SWR circles. 
See Fig 4. This family is centered on prime center, and 
appears as concentric circles inside the reactance 
axis. During calculations, one ог more of these 
circles may be added with a drawing compass 


counterclockwise, starts at the generator or input end of the 
line and progresses toward the load. The other scale starts at 
the load and proceeds toward the generator in a clockwise 
direction, The complete circle around the edge of the chart 
represents .. Progressing once around the perimeter of 


Each circle represents a value of SWR, with every 
point on agivencirclerepresenting the same SWR. 
The SWR value for a given circle may be 
determined directly from the chart coordinate 
system, by reading the resistance value where the 
SWR circle crosses the resistance axis to the right 
of prime center. (The reading where the circle 
crosses the resistance axis to the left of prime 
center indicates the inverse ratio.) 

Consider the situation where load mismatch. 
in a length of line causes а 3-to-1 SWR ratio to 
exist. If we temporarily disregard line losses, we 
may state that the SWR remains constant 
throughout the entire length of this line. This is 
represented on the Smith Chart by drawing а 3:1 
constant SWR circle (a circle with a radius of 3 
on the resistance axis), as in Fig 5. The design of 
the charts such that any impedance encountered 
anywhere along the length of this mismatched line 
will fall on the SWR circle. The impedances may 
beread from the coordinate system merely by the 
progressing around the SWR circle by an amount 
Corresponding to the length of the line involved. 

This brings into use the wavelength scales, 


which appear in Fig 5 near the perimeter of the 
Smith Chart. These scales are calibrated in terms 
of portions of an electrical wavelength along a 
transmission line. Both scales start from 0 at 


the left of the chart. One scale, running 


Fig 5—Example discussed in text. 
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these scales corresponds to progressing along a transmission 
line for 2. Because impedances repeat themselves every 
эһ). along a piece of line, the chart may be used for any 
length of line by disregarding or subtracting from the line's 
total length an integral, or whole number, of half 
wavelengths. 

Also shown in Fig 5 isa means of transfering theradius 
of the SWR circle to the external scales of the chart, by 
drawing lines tangent to the circle. Another simple way to 
obtain information from these external scales is to transfer 
the radius of the SWR circle to the external scale with a 
drawing compass. Place the point of a drawing compass at 
the center or 0 line, and inscribe a short arc across the 
appropriate scale. It will be noted that when this is done in 
Fig 5, the external STANDING-WAVE VOLTAGE-RATIO. scale 
indicates the SWR to БеЗ 0 (atA — our condition for initially 
drawing the circle on the chart (and the same as the SWR. 
reading on the resistance axis). 


SOLVING PROBLEMS WITHTHE SMITH CHART 
Suppose we have a transmission line with a 

characteristic impedance of 50 Q and an electrical length 

of 0.3 À. Also, suppose we terminate this line with an 

impedance having a resistive component of 25 £2 and an 

inductive reactance of 25 © (Z 225 +25). What 

is the input impedance to the ine? 


from theload, weusethe TOWARD GENERATOR or outermost 
calibration, and read 0.088 A. 

To obtain theline input impedance, we merely find the 
point on the SWR circle that is 0.3 à toward the generator 
from the plotted load impedance. This is accomplished by 
adding 0.3 (the length of the line in wavelengths) to the 
reference or starting point, 0.088; 0.3 + 0.088 = 0.388. 
Locate 0,388 on theTOWARD GENERATOR scale (at D). Draw 
a second radial line from this point to prime center. The 
Intersection of the new radial line with the SWR circle 
represents the normalized line input impedance, in this case 
06-10%. 

To find the unnormalized line impedance, multiply by 
50, the value assigned to prime center. The resulting value 
1630- J33, ог 30 A resistance and 33.0 capacitive reactance. 
This is the impedance that a transmitter must match if such 
a system were a combination of antenna and transmission 
Tine, This is also the impedance that would be measured on 
an impedance bridge if the measurement were taken at the 
line input. 

In addition to the line input impedance and the SWR, 
the chart reveals several other operating characteristics of 
the above system of line and load, if a closer look is desired, 
For example, the voltage reflection coefficient, both 


The characteristic impedance of the line is 
500, so webegin by assigning this value to prime 
Center. Because the line is not terminated in its 
characteristic impedance, we know that standing 
waves will exist on the line, and that, therefore, 
theinput impedance to the Jine will not be exactly 
50 о. We proceed as follows. First, normalize the 
load impedance by dividing both the resistive and 
reactive components by 50 (Zg of the line being 
used). The normalized impedance in this case is 
0.5 + |05. This is plotted on the chart at the 
intersection of the 0.5 resistance and the 40.5 
reactance circles, asin Fig 6. Then draw a constant 
SWR circle passing through this point. Transfer 
the radius of this circle to the external scales with 
thedrawing compass. From the external STANDING. 
WAVE VOLTAGE-RATIO scale, it may be seen (atA) 
that the voltage ratio of 2.62 exists for this radius, 
indicating that our line is operating with an SWR 
of 2.62 to 1. This figureis converted to decibels in 
the adjacent scale, where 8.4 dB may be read (at 
8), indicating that the ratio of the voltage 
maximum to the voltage minimum along the line 
is 84 dB. (This is mathematically equivalent to 
20 times the log of the SWR value.) 

Next, with a straightedge, draw a radial line 
from prime center through the plotted point to 
intersect the wavelengths scale. At this 
intersection, point C in Fig 6, read a value from 


the wavelengths scale. Because we are starting 
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Fig 6— Example discussed in text. 


magnitude and phase angle, for this particular load is given. 
The phase angle is read under the radial line drawn through 
the plat af the load impedance, where the line intersects the. 
ANGLE OF REFLECTION COEFFICIENT scale. This scale is not 
included in Fig 6, but will be found on the Smith Chart just. 
Inside the wavelengths scales. In this example, the reading 
is 116.6 degrees, This indicates the angle by which the. 
reflected voltage wave leads the incident wave at the load, 
Itwill benoted that angles on the bottom half, or capacitive- 
reactance half, of the chart are negative angles, a "negative" 
lead indicating that the reflected voltage wave actually lags 
the incident wave, 

‘Themagnitudeof the voltage-reflection-coefficient may 
be read from the external REFLECTION COEFFICIENT VOLTAGE 
scale, and ls seen to be approximately 0.45 (at E) for this 
example. This means that 45 percent of the incident voltage 
is reflected. Adjacent to this scale on the POWER calibration, 
itis noted (at F) that the power reflection coefficient is 0.20, 
indicating that 20 percent o the incident power is reflected. 
(The amountof reflected power is proportional to the square 
of the reflected voltage.) 


ADMITTANCE COORDINATES 

Quite often it Is desirable to convert impedance 
information to admittance data— conductance and 
susceptance. Working with admittances 
greatly simplifies determining the resultant 


оп the chart, The admittance in siemens is determined by 
dividing the normalized values by the Zg of the line. For 
this example the admittance is 0.76/50 + 0.84/50 =0.0152 
+100168 siemen. Of course admittance coordinates may 
be converted to impedance coordinates just as easily by 
locating the point on the Smith Chart that is diametrically 
‘opposite that representing the admittance coordinates, on 
the same SWR circle. 


DETERMINING ANTENNA IMPEDANCES 

То determine an antenna Impedance from the Smith. 
Chart, the procedure is similar to the previous example. The 
electrical length of the feed line must be known and the 
impedance value at the input end of the line must be 
determined through measurement, such as with an 
impedance-measuring or a good quality noise bridge. In 
this case, the antenna is connected to the far end of the line 
and becomes the load for the line, Whether the antenna is 
intended purely for transmission of energy, or purely for 
reception makes no difference; the antenna is stil the 
terminating or load impedance on the line as far as these. 
measurements are concerned, The inputor generator end of 
thelineis that end connected to the device for measurement. 
of the impedance. In this type of problem, the measured 
impedance is plotted on the chart, and the TOWARD LOAD 


When two complex impedances are connected 
in parallel, as in stub matching. The 
conductance values may be added directly 
as may be the susceptance values, to arrive 
at the overall admittance for the parallel. 
combination. This admittance may then be 
converted back to impedance data, if desired. 
On the Smith Chart, the necessary 
conversion may be made very simply. The 
equivalent admittance of a plotted impedance 
value lies diametrically opposite the impedance 
polntonthechart. In other words, an impedance 
plot and its corresponding admittance plot will 
Tie on a straight line that passes through prime 
center, and each point will be the same distance 
from prime center (on the same SWR circle) 
Inthe above example, wherethe normalized line 
input impedance is 0.6 - 0.66, the equivalent 
admittance lies at the intersection of the SWR. 
circle and the extension of the straight line 
passing from point D though prime center 
Although not shown in Fig 6, the normalized 
admittance value may be read as 0.76 +|0.84 if 
the line starting at D Is extended 
In making impedance-admittance 
conversions, remember that capacitance is 
considered to be a positive susceptance and 
Inductance a negative susceptance, This 


corresponds to the scale identification printed 


Fig 7—Example discussed in text. 
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wavelengths scale is used in conjunction with the electrical 
line length to determine the actual antenna impedance. 

For example, assume we have a measured input 
impedance to a 50- line of 70 - 25 о. The line is 2.35 & 
long, and is terminated in an antenna. W hat is the antenna 
feed impedance? Normalize the input Impedance with 
respect 50 Q, which comes out 14 - |05, and plot this 
value on the chart See Fig 7. Draw a constant SWR circle 
through the point, and transfer the radius to the external 
scales. The SWR of 1.7 may be read fromthe VOLTAGE RATIO 
Scale (at A). Now draw a radial line from prime center 
through this plotted pontto the wavelengths scale and read 
a reference value [at B). For this case the value is 0.195, on 
the TOWARD LOAD scale. Remember, we are starting at the 
generator end of the transmission line. 

To locate the load impedance on the SWR circle, add 
the line length, 2.35 2, to the reference value from the 
wavelengths scale; 235 + 0.195 = 2.545. Locate the new 
value on the TOWARD LOAD scale. But because the 
calibrations extend only from O to 05, we must first subtract 
a number of half wavelengths from this value and use only 
the remaining value. In this situation, the largest integral 
number of half wavelengths that can be subtracted with a 
positive result is 5, or 2.5 A. Thus, 2.545 - 25 =0.045, 
Locate the 0.045 value on the TOWARD LOAD scale (at С) 
Draw a radial line from this value to prime center. Now, the 
coordinates at the intersection of the second radial line and 
the SWR circle represent the load impedance. To read this 
value closely, some interpolation between the printed 
coordinate lines must be made, and the value of 0.62 - 019 
is read. Multiplying by 50, we getthe actual load or antenna 
impedance as 31 - j9%.5 0, or 31 £2 resistance with 95 (2 
capacitive reactance. 

Problems may be entered on the chart in yet another 
manner. Suppose we have a length of 50-0 line feeding а 
base loaded resonant vertical ground-plane antenna which 
is shorter than A. Further, suppose we have an SWR 
monitor inthe line, and that it indicates an SW of 1.7 to 1. 
Theline is known to be 0.95 long. Wewantto know both 
"he input nd the antenna impedances. 

From theinformation available, wehaveno impedances 
to enter into the chart. We may, however, draw a circle 
representing the 1.7 SWR. We also know, from the definition 
of resonance, that the antenna presents a purely resistive 
load to the line, that is, no reactive component. Thus, he 


antenna impedance must lie on the resistance axis. If we 
were to draw such an SWR circle and observethe chart with 
only the circle drawn, we would see о points which satisfy 
the resonance requirement for the load. These points аге 
0.59 +]0 and 1.7 +j0. Multiplying by 50, we see that these 
values represent 29.5 and 85 Q resistance. This may sound 
familiar, because, as was discussed in Chapter 24, when а 
line is terminated in a pure resistance, the SWR in the line 
equals 7/76 or Zo/Zq, where Zp=load resistance and 
Tes e impedance. 

If we consider antenna fundamentals described їп 
Chapter 2, we know that the theoretical impedance of a 
YA ground-plane antenna is approximately 36 0. We 
therefore can quitelogically discard the 85-G impedancefigure. 
in favor of the 295-2 value. This is then taken as the load 
impedance value for the Smith Chart calculations. To find the 
line input impedance, we subtract 0.5 2. from the line length, 
0.95, and find 0.45 4 on the TOWARD GENERATOR scale. (The 
wavelength-scale starting pointin this case's 0.) Thelineinput 
impedance is found to be 0.63 - j020, or 31.5 - 100. 


DETERMINATION OF LINE LENGTH 

In the example problems given so far in this chapter, 
theline length has conveniently been stated in wavelengths. 
The electrical length of а piece of line depends upon its 
physical length, the radio frequency under consideration, 
and the velocity of propagation in the line. If an impedance- 
measurement bridge is capable of quite reliable readings at 
high SWR values, the line length may be determined through 
line input-impedance measurements with short- or open: 
circuit line terminations. Information on the procedure is 
given later in this chapter, A more direct method is to 
measure the physical length of the line and calculate its 
electrical length from 

Lf 

IVF 
Where 

N =number of electrical wavelengths in the line 

ine length in feet 

requency, MHZ 
VF = velocity or propagation factor of the line 


‘The velocity factor may beobtained from transmission. 
une data tables in Chapter 24, 


(Eqn 


Line-Loss Considerations with the Smith Chart 


‘The example Smith Chart problems presented in the 
previous section Ignored attenuation, or line losses, Quite 
frequently it is not even necessary to consider losses when 
making calculations; any differencein readings obtained are 
often imperceptible on the chart. However, when the line 
losses become appreciable, such as for high-los lines, long 
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lines, or at VHF and UHF, loss considerations may become 
significantin making Smith Chart calculations. Thisinvolves 
only onesimple step, in addition to the procedures previously 
presented, 

Because of line losses, as discussed in Chapter 24 the 
SWR does not remain constant throughout the length of the 


tu 


Fig 9— Example of Smith Chart calculations taking line losses. 
into account. 


Fig 8— This spiral is the actual "SWR circle" 
when line losses are taken into account. ie 
lations for a 16-t length of 
RG-174 coax feeding a resonant 28-MHz 
300-0 antenna (50-2 coax, velocity factor = 
66%, attenuation = 6.2 dB per 100 R). The 
SWR atthe load is 6:1, while itis 3.6:1 at the 


line input. When solving problems involving 
attenuation, two constant SWR circles are 
drawn instead of a spiral, one for the line. 
input SWR and one for the load SWR. 


line. Asa result, there is decrease in SWR as 
one progresses away from the load. To truly 
present this situation on the Smith Chart, instead 
of drawing a constant SWR circle, it would be 
necessary to draw a spiral inward and clockwise 
from the load impedance toward the generator, 
as shown in Fig 8. The rate at which the curve 
spirals toward prime center is related to the 
attenuation in the line. Rather than drawing 
spiral curves, a simpler method is used in solving 
lineloss problems, by means of theexteral scale 
TRANSMISSION LOSS1-08 STEPS. Thisscalemay 
be seen in Fig 9, Because this is only a relative 
scale, the decibel steps are not numbered 

If we start at the left end of this extemal 
scale and proceed in the direction indicated 
TOWARD GENERATOR, the first dB step is seen 
to occur at a radius from center corresponding 
to an SWR of about (atA ; the second dà step 
falls at an SWR of about 4.5 (at B), the third at 
3.0 (а C), and so forth, until the 15th dB step 
falls at an SWR of about 1.05 to 1. This means 
that a line terminated in a short or open circuit 
(infinite SWR), and having an attenuation of 
1548, would exhibitan SWR of only 1.05 tits 
input It will be noted that the dB steps near the 
right end of the scale are very close together, 
and a line attenuation of 1 or 2 dB in this area 
will have only slight effect on the SWR. But 
near the left end of the scale, corresponding to 
high SWR values, a 1 or 2 dB loss has consider- 
able effect on the SWR. 


Using a Second SWR Circle 

In solving a problem using line-loss 
information, itis necessary only to modify the. 
radius of the SWR circle y an amount indicated. 
оп the TRANSHISSION-LOSS LDB STEPS scale 
This is accomplished by drawing a second SWR 
circle, either smaller or larger than the first, 
depending on whether you are working toward 
the load or toward the generator. 

For example, assume that we have а 50-02 
line that is 0.282 à long, with 1-@В inherent 
attenuation. The line input impedance is 
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measured as 60 +135 2. We desire to know the SWR at the 
inputand atthe load, and the load impedance. A s before, we 
normalize the 60 + 135-0 impedance, plot it on the chart, 
and draw a constant SWR circle and a radial line through 
the point In this case, the normalized impedance is 12 + 
10.7. From Fig 9, the SWR atthe line inputs seen to be 1.9 
(at D), and the radial lineis seen to cross the TOWARO LOAD 
scale first subtract 0.500, and locate 0.110 (at); then draw 
a radial line from this point to prime center, 

To account for line losses, transfer the radius of the 
SWR circle to the external 1.08 тере scale, This radius 
crosses the external scale at G, the fifth decibel mark from 
the left. Since the line loss was given as 1 dB, we strike a 
пен radius (at H), one “tick mark" to the left (toward load) 
onthesamescale. (This will bethefourth decibel tick mark 
from the left of the scale) Now transfer this пен radius 
back to the main chart, and scribe a new SWR circle of this 
radius, This new radius represents the SWR at he load, and 
is read as 2.3 on the external VOLTAGE RATIO scale. At the 
Intersection of the new circle and the load radial line, we 
read 0.65 - 06. This is the normalized load impedance 
Multiplying by 50, we obtain the actual load impedance as 
32.5- [300 TheSWR inthis problem was seen to Increase. 
from 1.9 at the line input to 2.3 (at) at the load, with the 
1:48 line loss taken into consideration, 

In the example above, values were chosen to fall 
conveniently on or very near the "tick marks" on the 1-48 
scale. Actually, it is a simple matter to interpolate between 
these marks when making a radius correction, When this is 
necessary, the relative distance between marks for each 
decibel step should be maintained while counting off the 
proper number of steps 

Adjacent tothe os STEPS scalelies a LOSS COEFFICIENT 
scale, This scale provides a factor by which the matched-line 
loss in decibels should be multiplied to account for the 
increased losses in the line when standing waves are present. 
These added losses do not affect the SWR or Impedance 
calculations; they are merely the additional dielectric copper 
losses of the line caused by the fact that the line conducts 
more average voltage in the presence of standing waves. For 
the above example, from Fig 9, the loss coefficient at the 
Input end is seen to be 121 (at), and 1.39 (at K ) at the load. 
Asagoodapproximation, the loss coefficient may be averaged 
over the length of line under consideration; in this case, the 
average s 1.3. This means that the total losses in the line are 
13 times the matched loss of the line (1 dB), or 1.3 dB. This 
is thesame result that may be obtained from procedures given 
in Chapter 24 for this data, 


Smith Chart Procedure Summary 
To summarize briefly, any calculations made on the 
Smith Chart are performed in four basic steps, although not 
necessarily in the order listed. 
1) Normalize and plat a line input (or load) impedance, and 
construct constant SWR circle 
2) Apply the line length to the wavelengths scales 
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3) Determine attenuation or oss, if required, by means of a 
second SWR circle. 

4) Read normalized load (or input) impedance, and convert 
to impedance in ohms. 

The Smith Chart may be used for many types of 
problems other than those presented as examples here. The 
transformer action of a length of line to transform a high 
impedance (with perhaps high reactance) to a purely resistive 
Impedance of low value was not mentioned. Thisisknown 
as "tuning the line,” for which the chart is very helpful, 
eliminating the need for “cut and ty” procedures. The chart 
тау also be used to calculate lengths for shorted or open 
matching stubs in a system, described later in this chapter. 
In fact, in any application where a transmission line is not 
perfectly matched, the Smith Chart can be of value. 


ATTENUATION AND Zo FROM IMPEDANCE 
MEASUREMENTS 

If an impedance bridge is available to make accurate 
measurements in the presence of very high SWR values, the 
attenuation, characteristic impedance and velocity factor of 
any random length of coaxial transmission line can be 
determined. This section was written by Jerry Hall, KITD. 

Homemade impedance bridges and noise bridges wil 
seldom offer the degree of accuracy required to use this 
technique, but sometimes laboratory bridges сап Бе found 
as industrial surplus at a reasonable price. It may also be 
possibleforan amateur to borrow a laboratory type of bridge 
for the purpose of making some weekend measurements 
Making these determinations is not difficult, but the 
procedure is not commonly known among amateurs, One 
‘equation treating complex numbers is used, but the math 
can be handled with a calculator supporting trig functions 
Fill details are given in the paragraphs that follow. 

For each frequency of interest, two measurements are 
required to determine the line impedance. Just one 
measurement is used to determine the line attenuation and 
Velocity factor. As an example, assume we have a 100-foot 
length of unidentified line with foamed dielectric, and wish 
to know its characteristics. We make our measurements at 
7.15 MHz. The procedure s as follows. 

1) Terminate the line in an open circuit. The best “open 
circuit" is one that minimizes the capacitance between 
the center conductor and the shield, Ifthe cable has aL. 
259 connector, unscrew the shell and slide it back down 
the coax for a few inches, If the jacket and insulation 
have been removed from the end, fold the braid back long 
the outside of the line, away from the center conductor. 

2) Measure and record the impedance atthe input end of the 
line. If the bridge measures admittance, convert the 
measured values to resistance and reactance. Label the 
values as Rac + be, For our example, assume we 
measure 85 +)179 Q. (If thereactanceterm is capacitive, 
record itas negative) 

З) Now terminate the line in а short circuit. If a connector 
exists at the far end of the line, a simple shortisa mating 


connector with a very short piece of heavy wire soldered 
between the center pin and the body. If the coax has no 
connector, removing the jacket and center insulation from 
a half inch or so at the end will allow you to tightly twist 
the braid around the center conductor. А small clamp or 
alligator clip around the outer braid at the twist will keep 
ittight. 

4) Again measure and record the impedance at the input end 
of theline. This ume label the values as Ry s] X. Assume 
the measured value now is 4.8 - 11.2 0 

‘This completes the measurements. Now we reach for 

the calculator. 

As amateurs we normally assume that the characteristic 
impedance of a line is purely resistive, butt can (and does] 
have a small capacitive reactance component. Thus, the Zo 
of a line actually consists of Rg +jXo. The basic equation 
for calculating the characteristic impedance is 


(642) 


RX х (Кх e) 


(£23) 


The expression under the radical sign in Eq 3 is 
Inthe orm of R 4 X. By substituting the values from 
our exampleinto Eq 3, be f term becomes 85 x 4.8 - 
179 x (-11.2) 22412.8, and the X term becomes 85 x 
(-11.2) + 4.8 x 179 = -928. So far, we have 
determined that 


Zo = 2028-j918 


The quantity under the radical sign is in 
rectangular form. Extracting the square root of a 
complex term is handled easily if itis in polar form, а 
vector valueand its angle. The vector value is simply 
the square root of the sum of the squares, which in 
this case is 


ZE +287 = 31458 

The tangent of the vector angle we are seeking 
isthe valueof the reactance term divided by the value 
of theresistanceerm. For our example this is arctan 
-92.8/2412.8 = arctan -0.03846. The angle is thus 
found to be -2.20°. From all of this we have 
determined that 


Zo 


Extracting the square roots now simply a matter of 


Our resultfor this examples Zo =49.1/-1.1°.Thesmall 
negative angle may be ignored, and we now know that we 
have coax with a nominal 50-0 impedance. (Departures of 
as much as 6 to 8% from the nominal value are not 
uncommon.) If the negative angle is large, or if the angle is 
positive, you should recheck your calculations and perhaps 
егеп recheck the original measurements. Y ou can get an idea 
of the validity of the measurements by normalizing the 
measured values to the calculated impedance and plotting 
them on a Smith Chart as shown in Fig 10 for this example. 
Ideally, the two points should be diametrically opposite, but 
in practice they will be not quite 180° apart and not quite 
the same distance from prime center. Careful measurements 
will yield plotted points that are close to ideal. Significant 
departures from the ideal indicates sloppy measurements, 
ог perhaps an impedance bridge that is not up to the task. 


Determining Line Attenuation 

The short circult measurement may be used to 
determine the line attenuation, This reading is morereliable 
than the open circuit measurement because a good short 
circuit isa short, while a good open circuit is hard to 
find. (tis impossible to escape some amount of capacitance 
between conductors with an “open” circuit, and that 


а 
f 


finding the square root of the vector value, and taking 
half the angle. (The angle is treated mathematically 
as an exponent) 


Fig 10— Determining the line loss and velocity factor with 
the Smith Chart from input measurements taken with oper 
circuit and short-circuit terminations. 
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capacitance presents a path for curent to Пом at the RF 
measurement frequency, 

Use the Smith Chart and the 1.08 STEPS external scale 
to find line attenuation. First normalize the short circuit 
impedance reading to the calculated Zo, and plot this point 
on the chart. See Fig 10. For our example, the normalized 
impedanceis 4.849.1 -j11.2/ 49.1 or 0.098 - 10228. After 
plotting the point, transfer theradius to the 1.08 STEPS scale 
Thisis shown atA of Fig 10. 

Remember from discussions earlier in this chapter 
that the impedance for plotting a short circuit is 0 + j0, at 
theleftedge ofthe chart on the resistance axis On the -DB 
STEPS scalethisis also atthe left edge. Thetotal attenuation 
inthelineisrepresented by the number of dB steps from the 
left ейде to the radius mark we have just transferred. For 
this example itis 0.8 dB. Some estimation may be required 
in interpolating between the 1-dB step marks 


Determining Velocity Factor 

The velocity factor is determined by using the owARD 
GENERATOR wavelength scale of the Smith Chart. With a 
straightedge, draw aline rom prime center through the point 
representing the short-circuit reading, until it intersects the 
wavelengths scale. In Fig 10 this pontislabeled B. Consider 
that during our measurement, the short circuit was the load 
at the end of the line. Imagine a spiral curve progressing 
from 0 +j0 clockwise and inward to our plotted measurement 
point. The wavelength scale, at B, indicates this line length 
is 0.464 à. By rearranging the terms of Eq 1 given early in 
this chapter, we arrive at an equation for 
calculating the velocity factor. 


nominal 50-02 impedance, an attenuation of 0.8 dB рег 
hundred feet at 7.15 M Hz, and a velocity factor of 75.3%. 

Itis difficult to use this procedure with short lengths 
of coax, just a few feet. The reason is that the SWR at the 
Tine input is wo high to permit accurate measurements with 
most impedance bridges. In the example above, the SWR at 
the line Input is approximately 12:1. 

‘The procedure described above may also be used for 
determining the characteristics of balanced lines. However, 
impedance bridges are generally unbalanced devices, and 
the procedure for measuring a balanced impedance 
accurately with an unbalanced bridge is complicated. 


LINES AS CIRCUIT ELEMENTS 

Information is presented in Chapter 24 оп the use of 
transmissiondine sections as circuit elements. For example, 
itis possible to substitute transmission lines of the proper 
length and termination for coils ог capacitors in ordinary 
circuits, While there is seldom a practical need for that 
application, lines are frequently used in antenna systems in 
place of lumped components to tune or resonate elements 
Probably the most common useof such a lineis nthe hairpin 
match, where a short section of stiff open-wireline actsasa 
lumped inductor. 

The equivalent "lumped" value for any “inductor” or 
“capacitor” may be determined with the aid of the Smith 
Chart. Line losses may be taken into account if desired, as 
explained earlier. See Fig 11. Remember that the top half 


u 
SEN 
where 
VF = velocity factor 
ine length, feet. 
f - frequency, MHz 
М =number of electrical wavelengths in theline 


(E04) 


Inserting the example values into Eq 4 
yields VF = 100 x 7.15/(984 x 0.464) = 1.566, 
or 156.6%. Of course, this value is an im- 
possible number— the velocity factor in coax 
cannot be greater than 100%. But remember, 
the Smith Chart can be used for lengths greater 
than ji. Therefore, that 0.464 value could 
rightly be 0.964, 1.464, 1.964, and so on. When 
using 0.964 A, Eq 4 yields a velocity factor of 
0.753, or 75.3%. Trying successively greater 
values for the wavelength results in velocity 
factors of 49.6 and 37.0%. Because the cable 
we measured had foamed dielectric, 75.3% is 
the probable velocity factor. This corresponds 


to an electrical length of 0.964 A. Therefore, we 
have determined from the measurements and 
calculations that our unmarked coax has a 
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Fig 11— Smith Chart determination of input impedances for short- 
and open-circulted line sections, disregarding line losses. 


ofthe Smith Chart coordinate system is used for impedances, 
Containing inductive reactances, and the bottom half for 
capacitivereactances, For example, a section of 600-2 line 
“hu long (0.1875 А) and short-circuited at the far end is 
represented by £1, drawn around a portion of the perimeter 
of the chart. The load“ is a short-circuit, 0 +j0 Q, and the 
TOWARD GENERATOR wavelengths scaleis used for marking 
offthelinelength. АТА in Fig 11 may be read the normalized 
impedance as seen looking into the length of line, 0 +j2.4. 
The reactance is therefore inductive, equal to 600 x 24 = 
1440 9, The same line when open-circuited (termination 


Neer 


Fig 12—The method of stub matching a mismatched 
load on coaxial lines. 


impedance = «о, the point at the right of the chart) is 
represented by r2 in Fig 11. Ats the normalized line-input. 
impedance may be read as 0 - j0.41; the reactance in this 
case is capacitive, 600 x 041 = 246 Q. (Line losses are 
disregarded in these examples.) From Fig 11 it is easy to 
visualize that if /1 were to be extended by . A, the total 
length represented by (3, the line-input impedance would 
be identical to that obtained in the case represented by /2 
alone. In the case of /2, the line is open-circuited at the far 
end, but in the case of 13 the line is terminated in a short. 
The added section of line for 73 provides the "transformer 
action“ for which the >. line is noted 
The equivalent inductance and capacitance as 
determined above can be found by substituting these values 
in the equations relating inductance and capacitance to 
reactance, or by using the various charts and calculators 
available. The frequency corresponding to the line length 
in degrees must be used, of course, In this example, if 
the frequency is 14 MHz the equivalent inductance 
and capacitance in the two cases аге 16.4 pH and 46.2 pF, 
respectively. Note that when the line length is 45° 
(0.125 2), the reactance in ether case is numerically equal 
to the characteristic impedance of the line. In using the Smith 
Chartitshould be keptin mind that the electrical length of а 
line section depends on the frequency and velocity of 
propagation, as well as on the actual physical length. 
At lengths of line that are exact multiples of Ye, such 
lines have the properties of resonant circuits, At 
lengths where the input reactance passes trough 


m 
DC 
2 


zero at the left of the Smith Chart, the line acts as 
aseriesresonantcircuit Atlengthsfor which the 
reactances theoretically pass from “positive” to 
“negative” infinity athe rightof the Smith Chart, 
the line simulates a parallel-resonant circuit. 


Designing Stub Matches with the 
Smith Chart 

The design of stub matches is covered in 
detail in Chapter 26. Equations are presented 
there to calculate the electrical lengths of the 
main line and the stub, based on a purely 
resistive load and on the stub being the same 
type of line as the main line. The Smith Chart 
may also be used to determine these lengths, 
without the requirements that the [oad be purely 
resistive and that the line types be identical. 

Fig 12 shows the stub matching 
arrangement in coaxial line. As an example, 
suppose that the load is an antenna, a close“ 
spaced array fed with a 52-0 line. Further 
suppose that the SWR has been measured as 
31:1. From this information, a constant SWR 
circle may be drawn on the Smith Chart. Its 
radiusis such thatitintersects the right portion. 


Fig 13. Smith Chart method of determining the dimensions for stub 
matching. 


of the resistance axis atthe SWR value, 3.1, as 
shown at paint B in Fig 13. 
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Since the stub of Fig 12 is connected in parallel with 
thetransmission line, determining the design of the matching 
arrangement is simplified if Smith Chart values are dealt 
with as admitances, rather than impedances. (An admittance 
issimply thereciprocal ofthe associated impedance. Plotted 
оп the Smith Chart, the two associated points are on the 
same SWR circle, but diametrically opposite each other) 
Using admittances leaves less chance for errors in making 
calculations, by eliminating the need for making series 
equivalent to parallel-equivalent circuit conversions and 
back, orelsefor using complicated equations for determining 
the resultant value of two complex impedances connected 
in parallel. 

A complex impedance, Z, is equal to R + jX, as 
described in Chapter 24, The equivalent admittance, Y, is 
equal to б - |8, where G is the conductive component and 
B the susceptance. (Inductance is taken as negative 
susceptance, and capacitance as positive} Conductance and 
susceptance values аге plotted and handled on the Smith 
Chart in the same manner as resistance and reactance. 

Assuming that the close spaced array of our example 
has been resonated atthe operating frequency, t will present 
a purely resistive termination for the load end of the 52-02 
line, From information in Chapter 24, it is known that 
the impedance of the antenna equals 2,/SWR = 52/3.1 = 
16.8 2. (We can logically discard the possibility that the 
antenna impedance is SWR x Za, or 006 Q.) If this 168-0 
valuewereto be plotted asan impedance on he Smith Chart, 
itwould firstbe normalized (16.8/52 =0.32) and then plotted 
850.32 +j0. Although not necessary for the solution of this 
example, this value is plotted at point A in Fig 13. Whatis 
necessary is a plot of the admittance for the antenna as a 
load. Thisisthereciproca of theimpedance; 116,8 equals 
0.060 siemen. To plot this point it is first normalized by 
multiplying the conductance and susceptance values by the 
Zo of the line. Thus, (0.060 + j0) x 52 = 3.1 + j0, This 
admittance value is shown plotted at point B in Fig 13. It 
may be seen that points and B are diametrically opposite 
each other on the chart. Actually, for the solution of this 
example, it wasn’t necessary to compute the values for either 
point A or point 8 as їп the above paragraph, for they were 
both determined from the known SWR value of 3.1.As may 
be seen in Fig 13, the points are located on the constant 
SWR circle which was already drawn, at the two places 
where itintersects the resistance акі, The plotted value for 
point A, 0.32, is simply the reciprocal of the value for point 
В, 3.1. However, an understanding of the relationship 
between impedance and admittance is easier to gain with 
Simple examples such as this. 

In stub matching, the stub is to be connected ata point 
in theline where the conductive component equals the Z of 
theline. Point B represents the admittance of the load, which 
istheantenna, Various admitances will beencountered along 
we ne when moving ina direction indicated by the TOWARD 
GENERATOR Wavelengths scale, butall admittance plots must 
fall on the constant SWR circle. Moving clockwise around 
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the SWR circle from point B, it is seen that the line input. 
conductance will be 10 (normalized Z of the line) at point 
C, 0.082 2 toward the transmitter from the antenna. Thus, 
the stub should be connected at this location on the line. 

The normalized admittance at point С, the point 
representing the location of the stub, Is 1 - j1.2 siemens, 
having an inductive susceptance component. A capacitive 
susceptance having a normalized value of +/1.2 siemens 
is required across the line at the point of stub connection, 
to cancel the inductance. This capacitance is to be 
obtained from the stub section Itself; the problem now is 
to determine its type of termination (open or shorted), 
and how long the stub should be, This is done by first 
plotting the susceptance required for cancellation, 0 +j 12, 
on the chart (point D in Fig 13). This point represents the 
Input admittance as seen looking into the tub. The “load! 
or termination for the stub section is found by moving in 
the TOWARD LOAD direction around the chart, and will 
appear at the closest point on the resistancejconductance 
axis, either at the left or the right of the chart. Moving 
counterclockwise from point D, this is located at E, at 
the left of the chart, 0.139 A, away. From this we know 
the required stub length. The “load” at the far end of the 
stub, as represented on the Smith Chart, has a normalized 
‘admittance of 0 + jO siemen, which is equivalent to an 
open circuit 

When the stub, having an input admittance of 0 + ]1.2 
siemens, is connected in parallel with the line at a point 
0.082 A from the load, where the line input admittance 10 
= 112, the resultant admittance is the sum of the individual 
admittances. The conductance components are added directly, 
as are the susceptance components. In this case, L0 - [1.2 + 
112 210 +0 siemen. Thus, the line from the point of stub 
connection to the transmitter will be terminated in a load 
Which offers perfect match. When determining the physical 
line lengths for stub matching, it is important to remember 
that the velocity factor Гог the type of line In use must be 
considered, 


MATCHING WITH LUMPED CONSTANTS 

Itwas pointed out earlier that the purpose of a matching 
stub is to cancel the reactive component of line impedance 
atthe point of connection. In other words the stub is simply 
a reactance of the proper kind and value shunted across the. 
line. It does not matter what physical shape this reactan 
takes, Itcan bea section of transmission line ога “lumps 
Inductance or capacitance, as desired, In the above example. 
with the Smith Chart solution, a capacitive reactance was 
required. A capacitor having the same value of reactance 
can be used just as well. There are cases where, from an 
installation standpoint, it may be considerably more 
convenient to connect a capacitor in place of a stub. This is 
particularly true when open-wire feeders are used. If a 
variable capacitor is used, it becomes possible to adjust the 
capacitance to the exact value required. 

‘The proper value of reactance may be determined from. 


Smith Chart information. In the previous example, the 
required susceptance, normalized, was 4j1.2 siemens, This 
is converted into actual siemens by dividing by the line Zo; 
12/52 =0.023 siemen, capacitance. The required capacitive 
reactance is the reciprocal of this latter value, 10.023 = 
4352. If the frequency is 14.2 M Hz, for instance, 43.5 02 
corresponds to a capacitance of 258 pF. A 325-pF variable 


capacitor connected across the line 0.082 2. from the antenna 
terminals would provideample adjustment range. The RMS 
voltage across the capacitor is 
E = Paz, 

For S00 W, for example, E =the square root of 500 x 
52 - 161 V. The peak voltage is 1.41 times the RM S value, 
or 227۷. 


The Series-Section Transformer 


The series-section transformer is described in 
Chapter 26, and equations are given there for its design. The. 
transformer can be designed graphically with the aid of a 
Smith Chart. This information is based on a QST article by 
Frank A. Regier, ODSCG. Using the Smith Chart to design 
aserles-section match requires the use of the chart in its less 
familiar off-center mode. This mode is described in thenext 
two paragraphs. 

Fig 14 shows the Smith Chart used in its familiar 
centered mode, with all impedances normalized to that of 
the transmission line, inthis case 75 ©, and all constant SWR 
circles concentric with the normalized value r = 1 at the 
chart center. An actual impedance is recovered by 
multiplying a chart reading by the normalizing impedance 
of 75.0. If the actual (unnormalized) impedances represented 


by a constant SWR circlein Fig 14 are Instead divided by a 
normalizing impedance of 300.0, a different picture results. 
A Smith Chart shows all possible impedances, and so a 
closed path such as a constant SWR circle in Fig 14 must 
again be represented by a closed path. In fact, it can be 
shown that the path remains a circle, but that the constant 
SWR circles are no longer concentric. Fig 15 shows the 
Circles that result when the impedances along a mismatched 
75-0 line are normalized by dividing by 300 © instead of 
75, The constant SWR circles still surround the point 
corresponding to the characteristic impedance of the line (r 
25) but are no longer concentric with it. Note that the 
‘normalized impedances read from corresponding points on 
Figs 14 and 15 are different but that the actual, unnormalized, 
impedances are exactly the same. 


Ап Example 


Now turn to the example shown in Fig 16, 
A complex load of Z, = 600 +000 isto be fed 
with 300-0 line, and а 75-0 series section is to 
be used, These characteristic impedances agree 
with those used in Fig 15, and thus Fig 15 can be 
used to find the impedance variation along the 
15.0 series section. in particular, the constant 
SWR circle which passes through the ig 15 chart 
center, SWR = 4 in this case, passes through all 
the impedances (normalized to 300 0) which the 
75-0 series section Is able to match to the 300-02 
main line, The length /1 of 300-0 line has the 
Job of transforming the load impedance to some 
impedance on this matching circle. 

Fig 17 shows the whole process more 
clearly, with all impedances normalized to 300 
0. Herethenormalized load impedance 2, =2 + 
JBisshown at, and the matching circle appears 
centered on the resistance axis and passing 
through the points r = 1 and r =n? = (75/300) 
0.0625. A constant SWR circle s drawn from R 
to anintersection with the matching circle at Q or 
O. and the corresponding length 1 (or 1’) can 


Fig 14— Constant SWR circles for SWR =2, 3, 4 and 5, showing 
Impedance variation along 75-02 line, normalized to 75 0. The. 

actual impedance is obtained by multiplying the chart reading 
by 752, 


be read directly from the Smith Chart. The 


clockwise distance around the matching circle 
represents the length of the matching line, from 
either Q’ to P or from Q to P. Because in this 
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لمل ما 


Fig 16— Example for solution by Smith Chart. All 
impedances are normalized to 300 0. 
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Fig 15— Paths of constant SWR for SWR = 2,3, 


„ normalized to 300 0. Normalized 
impedances differ from those in Fig 14, but 
actual impedances are obtained by 
‘multiplying chart readings by 300 and are 
the same as those corresponding in Fig 14. 
Paths remain circles but are no longer. 
concentric. One, the matching circle, SWR = 4 
in this case, passes through the chart center 
and is thus the locus of all impedances which 
Сап be matched to a 300-1 line. 


example the distance QP is the shorter of the two 
for the matching section, we choose the length /1 
as shown. By using values from the TOWARD 
GENERATOR scale, this length is found as 0,045 - 
0.213, and adding 0.5 to obtain a positive result 
yields a value of 0.332 2 

Although the impedance locus from Q to P is 
shown in Fig 17, the length 2 cannot be determined 
directly from this chart. This is because the match- 
ing circle is not concentric with the chart center, so 
the wavelength scales do not apply to this circle. This 
problem is overcome by forming Fig 18, which is 
the same as Fig 17 except that ll normalized imped- 
ances have been divided by n = 0.25, resulting in а 
Smith Chart normalized to 75.0 instead of 300. The 
matching circle and the chart center are now concen- 
tric, and the seriessection length (2, the distance 
between Q and P, can be taken directly from the chart. 
By again using the TOWARD GENERATOR stale, this 
length is found as 0.250 - 0.148 = 0.102 2. 

In fact it is not necessary to construct the 
entire impedance locus shown in Fig 18. Itis suffi 
cientto plot2 in (Zg is read from Fig 17) and Zn 
= Vn, connect them by a circular arc centered on 
the chart center, and to determine the arc length £2 
from the Smith Chart. 


Procedure Summary 


The steps necessary to design а series. section 
transformer by means of the Smith Chart can now 
be listed 


Fig 17— Smith Chart representation of the 
example shown in Fig 16. The impedance locus 
always takes a clockwise direction from the load 
to the generator. This path is first along the 
Constant SWR circle from the load at R to an 
Intersection with the matching circle at Q or q, 
and then along the matching circle to the chart 
Center at P. Length (1 can be determined 
directly from the chart, and In this example is 
0332». 


1) Normalize all impedances by dividing by the 
characteristic impedance of the main line. 

2) On a Smith Chart, plot the normalized load 
Impedance Z, at R and construct the matching 
circle so that its center is on the resistance axis 
and it passes through thepointsr=1 andr «n? 

З) Construct a constant SWR circle centered on 
the chart center through point R. This circle 
should intersect the matching circle at two 
points. One of these points, normally the one 
resulting in the shorter clockwise distance 
along the matching circle to the chart center, is 
chosen as point O and the clockwise distance 
from R to Q is read from the chart and taken to 
be 

4) Read the impedance 20 from the chart, 
calculate Zln and plotitas point on a second 
Smith Chart. Also plotr = 1/n as point P. 

5) On this second chart construct a circular arc, 
centered on the chart center, clockwise from Q 
to P, The length of this arc, read from thechart, 
represents (2. The design of the transformer is 
now complete, and the necessary physical line 


lengths may be determined. 

‘The Smith Chart construction shows that 
two design solutions are usually possible, 
corresponding to the two intersections of the 
constant SWR circle (for the load) and the 
matching circle. These two values correspond to positive 
and negative values of the square-root radical in the equation. 
for a mathematical solution of the problem. It may happen, 
however, that the load circle misses the matching circle 
completely, in which case no solution is possible. The cure 
isto enlarge the matching circle by choosing a series section 
Whose impedance departs more fram that of the main line. 

A final possibility is that, rather than intersecting the 
matching circle, the oad circle is tangent to it. There is then 
but one solution- that of the “fa transformer. 


normalize 
concentric with the chart center, 
directly from the chart, 0.102 à in this case. 


ince locus as shown in Fig 17 except 
‘of 300. The matching circle is now 
ind /2 сап be determined 


BIBLIOGRAPHY 
Source material and more extended discussion of topics 
Covered in this chapter can be found in the references given 
below and in the textbooks listed at the end of Chapter 2. 
W. N. Caron, Antenna Impedance Matching (Newington 
ARRL, 1989), 
C.Mackeand,* 
pp 28-31. 
M. W. Maxwell, Reflections—Transmission Lines and 
Antennas (Newington: ARRL, 1990) 
F.A. Regier, Serles-Section Transmission-Line Impedance 
Matching" OST, Jul 1978, pp 14-16. 
P. H. Smith, Electronic Applications of the Smith Chart, 
reprinted. (Malabar, FL: Krieger Pub Co, Inc, 1983), 


heSmith Chart in BASIC," QST, Nov 1984, 


Smith ChartCalculations 28-15 


TELESCOPING ALUMINUM TUBING 


auam 6063-7882. 250" 


376 Ой 1375 
500. Cal 1509 
. Cal 

750"... Call 

BIS... Cal 
1125 


Ing or 2 


nthe, 6 lengths ship 


UPS. Call for злее Ие rod, bar 


stock, and extruded tubing. 


BENNER / BUTTE 
Skyhawk, Тала Beam. 
ІНР2У 2 Band Verieat 
HEEB, 5 Band Minboam 
|KFovx, 6 Band erica 
HEOVx 9 Band Vertical 
A1712, 127m Ka 

CPK, Counterpoise Kit 
ямки, Root Mount КА. 
STAN. Root Radial Kit 
[твятвов. 160m Kit 
моге 


COMET ANTENNAS 
ens onen ben Venen 
бв, 2nvTücm denen 
apa. 2nv700m Vertical 
BIONVO, 2m/700m Mob 
Schug zal den Monte. 
SBB2NMO, anden Mois 
SBBSNMO, en, den de 
ŠBB7NMO, 2m/700m Noble 
2750, 2mv700m Mobo 
Z780, 270cm Mobile 


са 
си 
са 
са 
en 
Gat 
E 
E 
Call 
E 


neher/Butternut-cali 


са 
са 
E 
E 
E 
E 
E 
са 
сы 


(Much more Comet in stock-call 


DIAMOND ANTENNAS 
ртзоуорОнег. 

[^ 
NRT2BNMONRTSSNVO. 
NRTTOHENMONRTTORA 


GAP ANTENNAS 
Challenger DX 
Challenger Couniorpisa 
Challenger Guy Kit 
Eagle DX. 

Eagle Guy Ki 

Tan Ox 

Than Guy Kit 

Voyager OX 

Voyager Counlerpola 
Voyager Guy Kit 


WEEKDAY HOURS, 
SAN-SPM CST 


омат canos: 
NIC, VSA, DISCOVER 


ca 
E 
E 
E 
E 
E 
E 
Cat 
E 
ča 


CUSHCRAFT ANTENNAS 


xa. 
мга. 

rT) 
Lees E 
Wees Cal 
ARZIOAROTÜB vcs Ca 
‘ARX2TOUIARXZTON E] 
1382117827682. Cat 
7198/7298 --.-.. са 
uses El 
Please cal or more Guserat items 

M2 VRF/UHF ANTENNAS 
144-148 MHz 

se E 


MZ Cali 


хр, TOG ...... Cal 
420-450 MHZ 
4004705WW420-450-11 ..... Call 
4329WLAS2-13WL E 
‘440-10/440-20ATV са 
са 
438CP30M3ECPAZUG cal 
m2 ANTENNAS, 
50-54 мн: 
E 98 
КИЗ E] 


чоләлвлтот HF 
30NADX, 4 Element 10m .... Call 
T2MADX 4 Element len Call 
TSNADX 4 Бетеп 15m 1.. Call 
1TMADX, з Element 17m ~~ Cal 
2OMADX, 4 Element 20m Call 
More M2 models n stock please call 


ME ANTENNAS 
ı250 Arterna Analyzer 
1798 en an Vec. 

1706, 2020/18/108/m Ver... Cal 
1782200 Vertical 
1788 40-15 Loop 

1780, 14-00 MHz Loop. 
1768, room Beam, 
Big MFJ inventory -please call 


LAKEVIEW NANSTICAS. 
9106 en QS. tóm 9130 a 
ONO om 97 en 910 ат 
. 
All handle 600W. 7 approximate 
length 2:1 typical VSWR... Call 


IUSTLER ANTENNAS 
ABTVISETVIGSTV. en 
(66.2708, 2m700m Vera... Cal 
овлывіаттив. са 
— in stock-call 


SAVE BIG ON ANTENNAS, TOWERS & CABLE 


FORCE 12-MULTIBAND 
1012151720071 
Weesen el 

Se ee en 6 

a0 eee вм 


. wee 8 ai 
Сав. 1012151720400, 7 a 
CASAL 1012151720400, 8 ol 


520m 1 ө 


Please call for more Force 12 hems 
RON TOWER 
5656/55. сш 
AS25G/AS1556 E 
 GA?SQDASISS. E 
GARSOGASEOS Cal 
EE E] 
TBVTBA..... са 
нвхзанвхао .. гоа 
нвавнвхве са 
новхаоновхав. са 
вхвзеле, ca 


Please call for more Rohn prices. 
GLEN MARTIN ENGINEERING 


Hazer Bevators tor 250 
H2 Aluminum Hazar, 1220... Cal 
ES Aluminum Haze, sqft. Cal 


HA. HD Steel Hazer, 1659 -Cal 


Aluminum Roof Towers 


тада, 4 Foot 6 sq R. Cal 
таз, 8 Foot 8 sq... Call 
T938, 9 Foot, 18 sq... Call 
RTI&S?, 17 ош, 12 sq. Call 


Please call for Glen Martin into 


COAX CABLE 
PG213 (8297 Equ)... Cal 
PGK Mn ere Са 
FG213U Jumpers. са 


1 са 
ANTENNA ROTATORS 
M2 OR-2800P са 
Yaesu G-450A са 
Yaesu G-800SADXA са 
Yaesu G-10000XA E 
Yaesu G-280080X E 
Yaesu G-550.G- 500 са 


ROTATOR CABLE 
benen (18) 

Re агдунв? (10) 
— 


Many moro Tylon towers In stock! 
MAMAS Cal 
MATTOVABSO E 
TMME33SSHD E 
тммва158 E 
Bes se E 
тхатәтхавә са 
HOXSABHDXS5S E 
HOXST2MDPL Cal 


Please call tor heip selecting a US 
Tower for your needs. Shipped 
factory direct to save you money! 


UNIVERSAL ALUMINUM TOWERS 
4405050. 


TOWER HARDWARE 
SEE / Tub 

2З ЕЕ E Тито 

rere EJ Тотон 

36 14" Prefomad Gips 

Please can tor more hardwaro me. 


MGH CARBON STEEL MASTS 


PLP2558 Big Grip (11200)... 
Peel or more io or hao 
1 ecting the Philystran size ou nech 


Local CALLS. 
вз 422-1306 
Ema ADDRESS. 


_ (800) 272-3467 - 


sales@terastomers.com 


INTERNET ADDRESS, 
www texastowers com 


R&L Electronics 


1315 Maple Ave HAMilton, Oh 45011 


http:/lrandl.com етай 


|, write, 
or email for a 
FREE catalog 


RG-213/U 
35 e per foot 


Р 
+ 13 gauge conter conductor 
+ пао loss /100 RSO Mhz 


RG-8/U 
29 e per foot 


= мода #2008 
gauge center conductor 
+ 120b of icss/t00 1950 Mhz 


RG-58/U 
12¢ per foot 


me 
+ 20 gauge center conductor 
+ 2:00 of kossis0 R50 Mhz 


Amphenol PL-259s 
PL259 Suma 

PL2S9SP s 
9TFE Teo 
L2SOSPTFE ser Toon $2.95 


MASB Cusherafts noves malian HF 
nena provides $ band dicti m a 
Be The MASB sa design tat does not 
"acre peines, 


Local/Tech 513-868-6399 
Fax 513-868-6574 


* Model # 2013 
+ Solid 9.5 gauge center conductor 
= Foil and Braid Shield 
+ 84% Velocity Factor 
. Poly semi solid center insulator 
+ 4.4db of loss per 100% @ 100 Mhz 


49 < per foot w/stranded Center Conductor 


gy 


Titan DX $ Band Маны! DX An: 
‘sons Bands: 10m 12m 15m 17m 20m 30m 
"40m and 100 KHz on un Bandwidth — 
Under 2:1, Entire band on 40m 30m 20. 
Height —25 0, Weight — ls, Mount 
AN hardane supped execpt the 1 Y4 std 

| mee ‘Ground Ares Required: None 


Butternut 


HF9VX 90,4030.2017,15,12105 meten. The 
Snes home station i the world то mor 
antennas ru circles around more opište 
pica sitions hobbled by poor seas. No 
таш wat power level os ап or whut environ- 
"mens avaliable to you te abays in your best 
"nage Unless уоп are а single bond speci 
wecken performanse И mandatory r mast. > 

ium use of your equipment and e hobby. E 


Prices as of 8/1/2000 subject to change without notice. 


35 * per foot 


33 © per foot in 500 ft spools 
Coax Equivalent to 9913 


(800)221-7735 


FREE 


Coax Equivalent to 
9913 w/stranded 
center conductor 
49 ¢ per Foot 

+ Mode #2015 
+ Poly semi sod center in- 


гаша of foam insulator 
(2015F) 


+1.4db of loss © 100 Mhz 
Mini 8/U 
17* per foot 


+ 16 gauge conter conductor 
+ 14d ofloss/0 по Mhz 


Rotor Cable 


+ Bconducior 2: por, Sx22 
gauge tro 16 gauge 

+ 8 conductor 34: por, Six 18 
gauge tno 16 gauge 


Spi-Ro 
Dipole Antenna 
MDE n S77 ton S1935 


MDI 10m 577 tong 522.95 
MDIS 15m 23 long S2295 
MDIT 170254 long S23. 


МЮ20 20» 334 one S2395 
MD30 #00456 fons $1595 
559 tong $26.98 

17 lone $31.95 
fi long $42.95 


LSI6UK 160m 100 ony $49.95 
Balun 
PBI 1:1 Batun $18.95 
PBIC 1:1 варе Current $21.95 
PBA 4-1 Balm $23.95 
CEL Cener toe $9.95 


ONN 
CAL-AV LABS, INC. 


Innovative Design... Solid Engineering... Modern Techniques. 
Experience the difference! 


FULLSIZE 2-Driven Element Rotatablo Arrays for 30 and 40 Motors 
Gain comparable to a -element parasitic; front to rear comparable to a 3-olemont parasitic. Pattern advantage over 
typical, shortened linear loaded parasitic is even greater. Rated ЗКУ CCS; Wind, 100MPH; UPS shippable 


FULLSIZE Rotatable Dipoles for 30 and 40 Motors 
Noticeably quieter than verticals or inverted-vees. Greater bandwidth than loaded, shortened dipoles. Rated 3KW, 
CCS; Wind, 100 MPH; UPS shippable 


High-performance Compact Transmitting Loops for 30 through 180 Meters 
When properly installed over ground plane, will actually outperform a full-size FCC vertical, (i. X wave radiator, 120 


radials of 04 wavelength) for DX. These are low-profile antennas. The highest part of an 80-meter loop, for example, 
is only 17 fL above ground. Power ratings to KW, CCS. Consult factory. 


Balanced, Lino-loadod Vertical Radiators for 30 through 160 Meters, 
High efficiency balanced vertical radiators for limited space. Operate with or without a ground plane, with or without 
ung, depending on installation requirements. To 3KW. 


Custom & Special designs for amatour and commercial applications 
Aircraft vehicular, and ground; VHF UHF; consult factory. 


Baluns, lightning diverters, antenna components, and accessories 
‘Wide band, high power baluns, custom and standard antenna components available. 


For pricing, pictures, specifications, and pattorns of our latest offerings, please soe us at: www.cal-av.com 


QUALITY & VALUE SINCE 1959 


www.cal-av.com 
info@cal-av.com 
1-520-624-1300, 1-520-624-1311 fax 
1-888-815-0400 orders only 
1802 W. Grant Road, Suite 116 Tucson, AZ 85745 


XX Towers, Ine, is a leading provider for all your communication needs. 
We provide complete installation and maintenance of tower/communication systems 
for ham and commercial applications. 


We're fully insured. 

"Our experience comes from service on 
thousands of fect of tower! 

“Recommended by M2 antennas and 
Ham Radio Outlet. 

We'd like to eam your trust too! 


Company authorized ROHN dealer/installer 


we travel everywhere.* 


XX Towers, Inc. 
814 Hurricane Hill Road, Mason, NH. 03048 
Phone: (603) 878-1102, Fax: (603) 878-4200, Web site: www.xxtowers.com 


Move ur Antenna System To The Microprocessor Age 


AT-11MP Autotuner 


+ Tunes 1.8 to 30 MHz 
+ Microprocessor controlled 

+5 to 150 watts 

+ Dual cross needle meters 

+ Features switched "L" network 
+ Requires 11 to 14 VDC 


* + Tunes any coax fed antenna 
Kiwi enclsure: ME Auto and Semiauto operation 
H * Tunes in .1 to 5 seconds. 
Notit cn “True SWR sensing 
Remote Head kit: $29 + Remote head option for 
remote mountinc 
Remote Head assembled: $93 (тов interface 


+ Purchase as kit or assembled 


AT-11 Autotuner 
+ Tunes 1.8 to 30 MHz 
+ Microprocessor controlled 
+5to 150 watts 
+ LED tuning status indi 
+ Features switched " 


Kit with enclosu 


Assembled: $179 “Tunes any coat fed antenna 
mdi шеек иеше 
Remote Head Kit: $29" «True SWR sensing 

Remote Head assembled: f remote mounting о 
Trust I Purchase as Kit or assembled 


DWM- Digital 
Wattmeter 


Monitors up to 4 radios. 

+ Sensors available for HF, ORP, 
VHF, and UHF 

+ Microprocessor controlled 

+ Requires 11 to 14 VDC 

+ Programmable alarms 

+ Numeric or bar readout 

+ Program your callsign for display 

+ Mounting bracket included 


Assembled with 2 Sensors: $129 

Additional Sensor: $25 

Special: $99 with purchase of any 
assembled tuner 


BA- Я. BALUN 


T200 watts 


+1.8 to 30 MHz 


Allows our tuners to tune your long, 
random, or ladder line antennas 
Assembled: $30 


Kit with Enclosure: $25 


LDG Electronics, Inc. 
1445 Parran Road 

PO Box 48 

St. Leonard, MD 20685 


ELECTRONICS 
Secure On-line Ordering: http://www.ldgelectronics.com 


E-mail: 


10 - 586 - 2177 
77 - 890 - 3003 


ales @ldgelectronics.com 


Comtek announces 


New! SYS-3 STACK YAGI SWITCH for 2 OR 3 YAGUS 
Designed by K3LR, as described in his two part CO Contest article 


NEW! RCAS-8 REMOTE ANTENNA SWITCH 

MOV's & RF BYPASSING ON EACH OF THE SIX (6) CONTROL L 
NEW! УЕА-4 Set of 4 vertical feedpoint assemblies 

NEW‘ SRR-1 Stainless 60 hole Radial Rings 


COMTEK 
THE 4-SQUARE 
EXPERTS 
ACB-160 $349.95 
ACB-80 $339.95 
ACB-40 $334.95 
ACB-20 $329.95 
ACB-15 $319.95 
ACB-10 $319.95 


ComTek Systems 


P. O. Box 470565, Charlotte, 
NC 28247 


[ЄТ] Tel: 704) 542-4808 
ComTek ЕП ЕАХ: (704) 542-9652 


Systems e-mail - comtek4 & juno. com 
www.comteksystems.com 


МЕЈ 1.8-170 MHz SWR Analyzer- 


Reads comp. lex impedance .. . Super prr imer 
New MFJ-259B ғеш йат + Complex RF Impedance: Resistance(R) and 
Reactance(X) or Magnitude(Z) and Phase(degrees) . . . Coax cable loss(dB) . . . Coax cable 
length and Distance to fault . . . Return Loss . .. Reflection Coefficient... Inductance 
Capacitance . . . Battery Voltage. LCD digital readout covers 1.8-170 MHz... built-in 
frequency counter side-by-side meters Ni-Cad charger circuit . . . battery saver . . . 
low battery warning . . . smooth reduction drive tuning... and much more! 
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More hams use МЕЛ SWR Analyzers™ than any others in the world! 


MFJ TUNERS 


MFJ-989C Legal Limit Antenna Tuner 


МЕЈ uses super heavy duty cStponents to make the world's finest legal limit tuner 
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More hams use МЕЈ tuners than all other tuners in the world! 
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J CABLE X-PERTS, INC. 


JAKE, barks 

SAVE. SAVE. SAVE 
with our Monthly Specials. 

For this month’s special, 
see the current issue of OST 

ог visit us on line at 

http://www.cablexperts.com | 88] 
nipping ana handing slet a эйи produci ала sits istea neern: 
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COAX (50 OHM"LOW LOSS" GROUP) 
COAX (50 OHM "HF" GROUP) 


COAX (75 OHM GROUP) 


(ОТОН а CONTROL CABLES 


ANTENNA & TOWER SUPPORT ROPE 


2/COND RED/BLK DC POWER “ZIP” CORD 


[COAX CABLE ASSEMBLIES 


CONNECTORS 


TINNED COPPER “FLAT” GROUNDING BRAID 
eee AFT ec Тыа eee 
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1.С.Е. PRODUCTS 
teer тит 


HELIAX® LOF sistem AMORE" Copo 


http://www.cablexperts.com 
FAX: 847-520-344 
TECH INFO: 847-520-3003. 
416 Diens Drive, 
Wheeling, IL 60090 
HOURS: M-F 9AM-SPM CST. 
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This Could Be One of the Most Useful Station Accessories You Will 
Ever Buy————— Whether You're on HF, VHF or UHF! Free to Download 
The Alpha Delta Model DELTA-4C Surge Protected Desktop Coaxial iv 
Switch Console. There Has Never Been Another Station Accessory that Ache Deacon Wendt. 
Offers the Antenna and Equipment Switching Convenience of This One Er T e na 
С Get current solar report forecasts 
ep glossary solar terms 


Skywave Analysis 
Difference, 

> Best Band Graphs a Smart Reports 

7 Smart Map editable database 

= Requires win 31/95/58 & 436| better 

WinCAP Wizard 2 

= $5495, outside USA please +57 
Kangaroo Tabor Software 

Rt. 280x106, Farwell TX 79325-9430 


Free to drive! ABW t s, 


Shortwave Receivers 
Past & Present 


Communications Receivers 1942-1997 


— . ——— 3149.35 ea 


COMMUNICATIONS, INC. (AB) 


hester, KY 40962 > 
* Fax (606) 598-4413 Y 


oll Free Order Lin 
Alpha Del 
Website: www.alphadeltacom.com 


5 BAND QUAD 


$289 2 Element Complete rado calcio ar informed 

Complete antenna from 20 meters to 70cm. . — 

Many models to choose from. мед, festes. rows, spectators 

UPS Shippable EE Ninety eight мони 
талаи wo rosení МОРО 


Lightning Bolt Antennas aono an on e 
RD+2, RT 19, Volant, PA 16156 Universal Radio 


724-530-7396 FAX 724-530-6796 — 0n OHS 
http://Ibq.isrv.com universal Б а ыды 
radio ine. 


RECEIVERS 


SHORTWAVE 


You Wouldn't Operate Your Equipment 
Without the Protection of an ALPHA DELTA, 
Coax Surge Protector - Would You? 


цатто and static induced Votoges From Nearby Discharges Con 
Couple no Your Antenna ond Cause Damage o Your odit. 


* Excellent broadband porformance from DC thru 3 GHz, compared to the 
narrowband DC blocked or stub designs. Typical dB loss: 0.1 © 1 GHz 


020 2 GHz; 0.50 3 GHz 
* innovative impedance compensated thrusine cavity design allows control 
voltages o pass thru the device, instead of the “wire around" requirement 
f DC blocked designs. Our design allows "in-circui cable sweeps. 
* Innovative fast acting gas tube replaceable ARC-PLUG module сап 
be removed and replaced in the field п about one minute with по tools 
required, and without having о remove the protector from the circuit. 
The "O" ing sealed knurled knob does the tick! 
* The ARC-PLUG module and connectors are "O' ring sealed for complete 
weatherproofing. 
Toll free order line (888) 302-8777 
Website: www.alphadeltacom.com 
$59.95 


‘model number 
ales or factory direct. 
Please add $500 Shipping Handing if ordering direct 
‘Cal for Commercial Versions & OEM Pricing 


Р.О. Box 620, Manchester, KY 40962 » (606) 598-2029 · fax (606) 598-4413 
Alpha Delta - Compelling You Into the 21st Century 


GB HF ANTENNAS & TOWERS 
HF/VHF/UHF/SHF Dual Band Yagis 
WEB: www.gbanttow.nl (photo's!) 


E-mail: gbanttow © wxs.nl 
Tel.: 0031-181-410523 


ALUMA 


TOWER COMPANY, INC. 


C. G. A ENTERPRISES 
РО. Box 5026 
Hudson, FL 34674 
Phone: 813-862-3325 


Fax: 813-862-4767 

E-mail: cga@mail.citicom.com 

Call David K4FRQ Toll Frec At 
888-510-7373 


ALL ALUMINUM 


TOWERS 
Crank-up & Tilt-over 


„ Trailer towers 
ж Van mounted towers. 
+ Motor home towers 


Maintenance Free 
Lightweight 


Also Available: Antennas, Rotors, Coax, 
Connector, Radios, Power Supplies, 
Amplifiers, Batteries, 


test prices оп coax, roto 
ns, insulators, connectors, adapters, TVI filters, 
MP HF and VHF-UHF antennas and much more, 


Featuring Davis Bury-Flex 9914, low loss, direct burial 
coax, Tuffas-nails outer jacket, exible and designed for HF 
to UHF applications. Reasonably priced. Great 


„a new approach 


‘to beam design We also stock Davis Flx-weave antenna wire. 
Easy to work with and quite st 


иаша bare and coated #12 and #14 wire in stock. 


Traffie Technology 


Radioware & Radio Bookstore 
РО Box 209 


Moi. NH 024610219 (800) 457-7373 


“STEALTH HAM ANTENNA” 
Your Zoning Solution! 
Non-Directional 
Mobile Radio Antenna 
36" x 2” Flexible Hoop - “CTHA” * Design 
+ Replaces Zone Ugly 66’ Dipole Antennas + 
+ Transmits & Receives WorldWide with 
No “Parasitic Noise”. Hides in your Apt., 
Closet, Attic, RV, Mobile Home, PU, 
Bicycle, Yard, Fence, Tree, anywhere! 
From 3-30 MHz with Tuner, & VSWR Analyzer 
30 Day Money Back Guarantee! 
*$289.95 + $9.95 S&H + COD 
(‘With This Ad - Retail Price $389.95) 
Check/MO to JWM, Box 533, Red River, NM 87558 


1-800-435-SHOW 
cms. Contrawound Toroidal Helical Antenna - Pat. 1997 
See Our Web Site at: www.nomosno.com/satellite 


ADVANCED ANTENNA ANALYSTs 
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| NEW 151h Edition | 
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Жорт losded with weekend 
512295 + SH — owl ion projects, and ways you can 
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E Mis | Got checkin a operating, and more. 


chapters cover: 
= + Equipment Modifications 

ies and Generators 
+ Mobile and Portable Stations 


+ Equipment Construction and 
Maintenance 


“Test Gear Resourct 

+ Antenna Systems Creative 
* operating 

+ Suppliers ba 


Plus, you'll find easy to follow 


Г СОВЕХ 


Ouad Antennas 
“A 40 + YEAR TRADITION” 


Quad antennas - 2m, 6m, & HF 10m thru 40m 
Check our website - www.cubex.com 


ints & Kinks 


for the Radio Amateur 
Write Or Call For Free Catalog ARRL Order No. 7903 
228 HIBISCUS ST. #9, JUPITER, FL 33458 M E n 
(561) 748-2830 FAX (561) 748-2831 8550 nternaonal 


ARRL 
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Appendix 


This appendix contains а glossary of terms, a list of common abbreviations, length conversion information (feet and inches), 


metric equivalents and antenna-gain-reference data 


Glossary ofTerms 


This glossary provides a handy list of terms that are used frequently in Amateur Radio conversation and literature 
about antennas. With each item isa brief definition of the term. M ost terms given here are discussed more thoroughly in the 


text of this book, and may be located by using the index. 


Actual ground— The point within the earth's surface where 
effective ground conductivity exists. The depth for this 
point varies with frequency and the condition af the sol 

Antema—An electrical conductor or array of conductor that 
radiates signal energy (transmitting) or collects signal 
energy (receiving). 

Antenna tuner See Transmatch, 

Aperture, effective An area enclosing an antenna, on which 
itis convenient to make calculations of field strength and 
antenna gain. Sometimes refered to as the "capture area." 

Aper The feed point region of a V type of antenna 

Apex angle— The included angle between the wires of a V, an 
inverted V dipole, and similar antennas, or the included 
angie between the two imaginary lines touching the 
element tips of a log periodic array. 

Balanced line— A symmetrical two-conductor feed line that 
has uniform voltage and current distribution along its 
length 

Balun A device for feeding a balanced load with an 
unbalanced line, or vice versa. М ay be form of choke, or 
a transformer that provides a specific impedance transfor- 
mation (including 1:1]. Often used in antenna systems to 
interface а coaxial transmission line to the feed point of a 
balanced antenna, such as a dipole. 

Base loading—A lumped reactance hat is inserted at the 
base (ground end) of a vertical antenna to resonate the 
antenna. 

Bazooka A transmission-ine balancer. It is a quarter-wave 
conductive sleeve (tubing or flexible shielding) placed at 
the feed point of a center-fed element and grounded ta the 
shield braid of the coaxial feed line at the end of the 
sleeve farthest from the feed point It permits the use of 
Unbalanced feed line with balanced feed antennas, 

Beamnidth Related to directive antennas. The width, in 
degrees, of the major lobe between the two directions at 
which the relative radiated power is equal to one hal its 
Value at the peak of the lobe (half power = -3 dB). 

Beta match A form of hairpin match. The twa conductors 


straddle the boom of the antenna being matched, and the 
closed end of the matching section conductors are. 
strapped to the boom, 

Bridge A circuit with two or more ports that is used in 
measurements of impedance, resistance or standing waves 
in an antenna system. W hen the bridge is adjusted for a 
balanced condition, the unknown factor can be deter- 
mined by reading its value on a calibrated scale or meter. 

Capacitance hat- А conductor of large surface area that is 
connected at the high-impedance end of an antenna to 
effectively increase the electrical length. It is sometimes 
mounted directly above a loading coil to reduce the 
required inductance for establishing resonance. It usually 
takes the form of а series of wheel spokes or a solid 
circular disc. Sometimes referred to as а "top hat. 

Capture area— See aperture. 

Center fed Transmission-line connection at the electrical 
center of an antenna radiator. 

Center loading—A scheme for inserting inductive reactance 
(coll) ator near the center of an antenna element for the 
purpose of lowering its resonant frequency. Used with 
elements that are less than I. wavelength at the operating 
frequency. 

Coax See coaxial cable. 

Coaxial cable Any of the coaxial transmission lines that 
have the outer shield (solid or braided) on the same axis as 
the nner or center conductor. The insulating material can 
be air, helium or soid-dieectic compounds 

Collinear array- A linear array of radiating elements 
(usually dipoles) with their axes arranged in a straight 
line. Popular at VHF and above. 

Conductor А metal body such as tubing, rod or wire that 
permits current to travel continuously along its length. 

Counterpolse—A wire or group of wires mounted close to 
‘ground, but insulated from ground, to form a low- 
impedance, high-capacitance path to ground. Used at MF 
and HF to provide an AF ground for an antenna. Also see 
‘ground plane 
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Current loop A point of current maxima (antipode) on an 
antena. 

Current node- A point of current minima on an antenna, 

Decibel A logarithmic power ratio, abbreviated dB. May 
also represent a voltage or current ratio if the voltages ог 
Currents are measured across (or through) identical 
impedances. Suffixes to the abbreviation indicate 
references: dBi, isotropic radiator; dBic, isotropic radiator 
circular; dBm, milliwatt; dBW, watt 

Delta loop- A full-waveloop shaped like a triangle or delta. 

Delta match- Center teen technique used with radiators that 
are not split at the center. The feed line is fanned near the 
radiator center and connected to the radiator symmetri- 
cally. The fanned area is delta shaped. 

Dielectrics- Various insulating materials used in antenna 
systems, such as found in insulators and transmission 
lines. 

Dipole— An antenna that is split at the exact center for 
connection to a feed line, usually a half wavelength long. 
Also called a "doublet. 

Direct ray Transmitted signal energy that arrives at the 
receiving antenna directly rather than being reflected by 
any object or medium. 

Directivity— The property of an antenna that concentrates the 
radiated energy to form one or mare major lobes. 

Director A conductor placed in front of a driven element to 
cause directivity. F requently used singly or in multiples 
with Yagi or cubical- quad beam antennas. 

Doublet- See dipole. 

Driven array Ап array of antenna elements which are all 
driven or excited by means of a transmission line, usually 
to achieve directivity. 

Driven element- A radiator element of an antenna system to 
which the transmission line is connected 

Dummy load- Synonymous with dummy antenna. A 
nonradiating substitute for an antenna. 

E layer The ionospheric layer nearest earth from which 
radio signals can be reflected to а distant point, generally 
a maximum of 2000 km (1250 ml). 

E plane- Related to a linearly polarized antenna, the plane 
containing the electric field vector of the antenna and its 
direction of maximum radiation. For terrestrial antenna 
systems, the direction of the E plane is also taken as the 
polarization of the antenna. The E plane is at right angles 
to the H plane. 

Efficiency The ratio of useful output power to input power, 
determined in antenna systems by losses in the system, 
including in nearby objects 

EIRP — Effective isotropic radiated power The power 
radiated by an antenna in its favored direction, taking the 
ain of the antenna into account as referenced to isotropic. 

Elements- The conductive parts of an antenna system that 
determine the antenna characteristics, For example the 
reflector, driven element and directors of aY agi antenna 
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End effect- A condition caused by capacitance atthe ends of 
an antenna element Insulators and related support wires 
Contribute to this capacitance and lower the resonant. 
frequency of the antenna. The effect increases with 
conductor diameter and must be considered when cutting 
an antenna element o length. 

End fed— An end-fed antenna is one to which power is 
applied at one end, rather than at some point between the 
ends. 

F layer The ionospheric layer that lies above the E layer. 
Radio waves can be refracted from it to provide 
communications distances of several thousand miles 
фу means of single- or double-hop skip. 

Feed line— See feeders. 

F eeders— Transmission lines of assorted types that аге used 
to route RF power from a transmitter to an antenna, or 
from an antenna to a receiver. 

Field strength— The intensity of a radio wave as measured at 
a point some distance from the antenna. This measure- 
ment is usually made in microvolts per meter. 

Front to back— The ratio of the radiated power off the 
front and back of a directive antenna. For example, 

a dipole would have a ratio of 1, which is equivalent to 
0d8. 

Frontto side The ratio of radiated power between the 
major lobe and that 90° off the front of a directive 
antenna. 

Gain- The increase in effective radiated power in the 
desired direction of the major lobe. 

Gamma match- A matching system used with driven 
antenna elements to effect a match between the transmis- 
sion line and the feed point of the antenna. It consists of a 
series capacitor and an arm that is mounted close to the 
driven element and in parallel with it near the feed point. 

Ground plane A system of conductors placed beneath an 
elevated antenna to serve as an earth ground. Also see 
counterpoise. 

Ground screen A wire mesh counterpoise 

Ground wave— Radio waves that travel along the earth's 
surface. 

Н plane Related to a linearly polarized antenna. The plane 
Containing the magnetic field vector of ап antenna and its 
direction of maximum radiation. The 
Н plane is at right angles to the E plane, 

HAAT Height above average terrain. A term used mainly in 
connection with repeater antennas in determining 
coverage area. 

Hairpin match A U-shaped conductor that is connected to 
the two inner ends of а split dipole for the purpose 
of creating an impedance match to a balanced feeder. 

Harmonic antenna— An antenna that will operate on ls 
fundamental frequency and the harmonics of the funda- 
mental frequency for which itis designed. An end fed 
half-wave antenna is one example. 


Helical helically wound antenna, one that consists of а 
spiral conductor. If it has а very large winding length to 
diameter ratio it provides broadside radiation. If the 
length-to-diameter ratio is small, it will operate in the. 
axial mode and radiate off the 
епі opposite the feed point. The polarization will 
be circular for the axial mode, with left or right 
circularity, depending on whether the helix is 
wound clockwise or counterclockwise. 

Helical hairpin “Hairpin” match with a lumped 
inductor, rather than parale-conductor line. 

Image antenna — The imaginary counterpart of an actual 
antenna. It is assumed for mathematical purposes to be 
located below the earth's surface beneath the antenna, and 
is considered symmetrical with the antenna above ground. 

Impedance The ohmic value of an antenna feed point, 
‘matching section or transmission line. Ап impedance may 
contain a reactance as well as a resistance 
‘component, 

Inverted V— A misnomer, as the antenna being referenced 
does nat have the characteristics of a V antenna, See 
inverted.V dipole 

Inverted-V dipole A half-wavelength dipole erected in the 
form of an upside-down V, with the feed point at the 
‘apex. Its radiation pattern is similar to that of а horizontal 
dipole. 

Isotropic An imaginary or hypothetical point-source 
antenna that radiates equal power in all directions. Itis 
used as a reference for the directive characteristics of 
actual antennas. 

Lambda- Greek symbol (2) used to represent а 
wavelength with reference to electrical dimensions 
in antenna work. 

Line loss The power lost in a transmission line, usually 
expressed in decibels. 

Line of sight- Transmission path of a wave that travels 
directly from the transmitting antenna to the receiving 
antenna. 

Lite wire- Stranded wire with individual strands 
insulated; small wire provides a large surface area 
for current flow, so losses are reduced for the wire size. 

Load- The electrical entity to which power is delivered. The 
‘antenna system is a load for the transmitter. 

Loading The process of a transferring power from its 
Source to a load. The effect a load has on a power source. 

Lobe- А defined field of energy that radiates from a 
directive antenna. 

Log periodic antenna- A broadband directive antenna that 
has a structural format causing its impedance and 
radiation characteristics to repeat periodically as the 
logarithm of frequency. 

Long wire- А wire antenna that is one wavelength 
or greater in electrical length. When two or more wave- 
lengths long it provides gain and a multilobe radiation 


beten When terminated at one end it becomes essen- 
tially unidirectional off that end. 

Marconi antenna A shunt ed monopole operated against 
¿round or a radial system. In modem jargon, the tem. 
refers loosely to any type of vertical antenna. 

Matching— The process of effecting an impedance match 
between two electrical circuits of unlike impedance. One 
example is matching a transmission line to the feed point 
ofan antenna, Maximum power transfer to the load 
(antenna system) will occur when a matched condition 
exis. 

Monopole- Literally, one poe, such as a vertical radiator 
operated against the earth or a counterpoise. 

Nichrome wire An alloy of nickel and chromium; nota 
ood conductor; resistance wire. Used in the heating 
elements of electrical appliances; also as conductors in 
transmission lines or circuits where attenuation is desired. 

Null—A condition during which an electrical unitis at a 
‘minimum, The nul in an antenna radiation pattern is that 
point in the 360-degree pattern where a minima in field 
intensity is observed. An impedance bridge is said to be 
“pulled” when it has been brought into balance, with a null 
in the current flowing through the bridge arm. 

Octave A musical term. As related to RF, frequencies 
having a 2:1 harmonic relationship. 

Open-wireline— А type of transmission line that resembles a 
ladder, sometimes called “ladder line" Consists of 
parallel, symmetrical wires with insulating spacers at 
regular intervals to maintain the line spacing. The 
dielectric is principally i, making it a low-loss type of 
line 

Parabolic reflector An antenna reflector that is a portion of 
a parabolic revolution or curve, Used mainly at UHF and 
higher to obtain high gain and a relatively narrow 
beamwidth when excited by one of a variety of driven 
elements placed in the plane of and perpendicular to the 
axis of the parabola. 

Parasitic array- A directive antenna that has a driven 
element and at least one independent director or reflector, 
ora combination of both. The directors and reflectors are 
not connected to the feed line. Except for VHF and UHF 
arrays with long booms (electrically), more than one 
reflector is seldom used. A Yagi antenna is one example of 
a parasitic array. 

Phasing lines— Sections of transmission line that are used 
to ensure the correct phase relationship between the 
elements f a driven array, or between bays of an array 
of antennas. Also used to effect impedance transforma- 
tions while maintaining the desired phase. 

Polarization The sense of the wave radiated by an 
antenna. This can be horizontal, vertical, elliptical or 
circular (left or right hand circularity), depending on 
the design and application. (See H plane) 

Q section Term used in reference to transmission line 
matching transformers and phasing lines. 


Appendix 3 


Quad—A parasitic array using rectangular or diamond 
shaped full-wave wire loop elements. Often called the 
“cubical quad Another version uses delta shaped 
elements, and is called a delta loop beam. 

Radiation pattern The radiation characteristics of an 
antenna as a function of space coordinates. Normally, the. 
pattern is measured in the far-field region and is 
represented graphically. 

Radiation resistance The ratio of the power radiated by an 
antenna to the square of the RM S antenna current 
referred to a specific point and assuming no losses The 
effective resistance at the antenna feed point. 

Radiator—A discrete conductor that radiates RF energy in an. 
antenna system. 

Random wire- A random length of wire used as an antenna 
and fed а one end by means of a Transmatch. Seldom 
‘operates as а resonant antenna unless the length happens 
to be correct. 

Reflected ray A radio wave that is reflected from the earth, 
ionosphere or a man-made medium, such as a passive 
reflector. 

Reflector A parasitic antenna element or a metal assembly 
that is located behind the driven element to enhance 
forward directivity. Hillsdes and large man-made 
structures such as buildings and towers may act as 
reflectors, 

Refraction Process by which a radio wave is bent and 
returned to earth from an ionospheric layer or other 
medium after striking the medium. 

Resonator— In antenna terminology, a loading assembly 
consisting of a coil and а short radiator section, Used to 
lower the resonant frequency of an antenna, usually а 
Vertical or a mobile whip. 

Rhombic—A rhomboid or diamond-shaped antenna consist- 
ing of sides (legs) that are each one or more wavelengths 
long. The antenna is usually erected parallel to the 
ground. А rhombic antenna is bidirectional unless 
terminated by a resistance, which makes it unidirectional. 
The greater the electrical leg length, the greater the gain, 
assuming the tilt angle is optimized. 

Shunt feed- A method of feeding an antenna driven element 
with a parallel conductor mounted adjacent to a low- 
impedance point on the radiator. Frequently used with 
grounded quarter-wave vertical antennas to provide an 
impedance match to the feeder. Series feed is used when 
the base of the vertical is insulated from ground. 

Stacking The process of placing similar directive antennas 
top or beside one another, forming a "stacked array. 
Stacking provides more gain or directivity than а single 
antenna. 
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Stub A section of transmission line used to tune an antenna 
element to resonance or to aid in obtaining an impedance 
match 

SWR Standing-wave ratio on a transmission line in an 
antenna system. M ore correctly, VSWR, or voltage 
standing-wave ratio. The ratio of the forward to reflected 
voltage on the line, and not a power ratio, A VSWR of 1:1 
occurs when all parts of the antenna system are matched 
correctly to one another 

T match— ethod for matching a transmission-ine to an 
unbroken driven element Attached at the electrical center 
af the driven element in a T-shaped manner. In effect itis 
a double gamma match, 

Tilt angle Half the angle included between the wires at the 
sides of a rhombic antenna 

Top hat- See capacitance hat 

Top loading Addition of a reactance (usually а 
Capacitance hat) at the end of an antenna element opposite 
the feed point to increase the electrical 
length of the radiator. 

Transmatch— An antenna tuner. A device contalning variable 
resctances (and perhaps a balun). Itis 
connected between the transmitter and the feed point 
of an antenna system, and adjusted to "tune" or resonate 
the system to the operating frequency. 

Trap Parallel L-C network inserted in an antenna element. 
to provide multiband operation with a single conductor 

Unipole— See monopole. 

Velocity factor The ratio of the velocity of radio wave 
propagation in a dielectric medium to that in free space. 
When cutting а transmission line to а specific electrical 
length, the velocity factor of the particular line must be 
taken into account. 

VSWR— Voltage standing-wave ratio. See SWR 

Wave А disturbance or variation that is a function af time 
or space, or both, transfering energy progressively from. 
pointto point A radio wave, for example. 

Wave angle The angle above the horizon of a radio wave as 
itis launched from or received by an antenna. 

Wave front А surface that is a locus of all the points 
having the same phase ata given instant in time. 

Yaci— A directive, gain type of antenna that utilizes a 
number of parasitic directors and а reflector. Named after 
one of the twa Japanese inventors (Yagi and Uda). 

Zepp antenna- A half-wave wire antenna that operates on its 
fundamental and harmonics. It is fed at one end by means 
of open-wire feeders. The name evolved from its popular. 
ity as an antenna on Zeppelins. In modern jargon the term 
refers loosely to any horizontal antenna, 
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Abbreviations and acronyms that are commonly used throughout this book are defined in the list below. Periods are not part 
of an abbreviation unless the abbreviation otherwise forms a common English word. When appropriate, abbreviations as 


shown are used in either singular or plural construction, 


A— ampere 
ac alternating current 

AF audio frequency 

AFSK — audio frequency-shift keying 
A GC- automatic gain control 

AM — amplitude modulation 

ANT antenna, 

ARRL— American Radio Relay League 
АТУ — amateur television 

AWG- American wire gauge 

az-el— azimuth-elevation 


Be 
balun— balanced to unbalanced 
BC— broadcast 

BCI- broadcast interference 
BW.— bandwidth 

©- 

cew counterclockwise 

cm centimeter 

coax coaxial cable 

CT- center tap 

cw— clockwise 

CW.— continuous wave. 

b. 

D~ diode. 

@В- decibel 


dB d decibels referenced to a dipole 
dBi— decibels referenced to isotropic 

dBic— decibels referenced to isotropic, circular 
dm- decibels referenced to one milliwatt 
dBW — decibels referenced to one watt 

de— direct current 

deg degree 

DF- direction finding 

dia diameter 

DPDT.— double pole, double throw 

DPST— double pole, single throw 

DVM — digital voltmeter 

DX — long distance communication 


ES 
E— ionospheric layer, electric field 

ed. edition 

Ed.— editor 

EIRP effective isotropic radiated power 
ELF- extremely low frequency 

EMC- electromagnetic compatibility 

EM E—earth-moon-earth 


EM F— electromotive force 
ERP- effective radiated power 
Es ionospheric layer (sporadic E) 


+ 
1— frequency 

F— ionospheric layer, farad 

FJB — front to back (ratio) 

FM-— frequency modulation 

FOT— frequency of optimum transmission 
ft— foot or feet (unit of length) 

Fı ionospheric layer 

Fa ionospheric layer 


6- 
obo - grid- or gte-dip oscillator 
GHz- gigahertz 

GND- ground 


H magnetic field, henry 
HAAT- height above average terrain 
HF— high frequency (3-30 MHz) 
Hz— hertz (unit of frequency) 


I— current. 
1D— inside diameter 

IEEE- Institute of Electrical and Electronic Engineers 
in.— inch 

IRE— Institute of Radio Engineers (now IEEE) 


j— vector notation 


* 
kHz- kilohertz 
km- kilometer 
KW kilowatt 
KW kilohm 


Ib pound (unit of mass) 

LF— low frequency (30-300 kHz) 
LHCP left-hand circular polarization 
In- natural logarithm 

log- common logarithm 

LP log periodic 

LPDA— log periodic dipole array 
LPVA— log periodic V array 

LUF- lowest usable frequency 
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м. 
m meter (unit of length) 

mis metes per second 

mA — milliampere 

max— maximum 

MF— medium frequency (0.3-3 M Hz) 
mH— milihenry 

MHz— megahertz 


mm millimeter 
ms millisecond 

m$— millisiemen 

M S— meteor scatter 

MUF— maximum usable frequency 
mW — milliwatt 

MW. megohm 


м 
NC no connection, normally closed 

NiCd- nickel cadmium. 

NIST National Institute of Standards and Technology 
NO normally open 


по.— number. 
0. 

ob- outside diameter 

E 

p page (bibliography reference) 
P-P— peak to peak 


PC- printed circuit 
PEP peak envelope power 

pF- picofarad 

pot- potentiometer 

Pp- pages (bibliography reference] 
Proc— Proceedings 


ES 
Q- figure of merit 

Re 

R— resistance, resistor 

RF- radio frequency 

RFC— radio frequency choke 

RFI- ratio frequency interference 
RHCP- right-hand circular polarization 
RLC resistance-inductance-capacitance 
тіп revolutions per minute 

RM S— root mean square. 

ge revolutions per second 

RSGB— Radio Society of Great Britain 
RX receiver 


5— second 
S— siemen 
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SINR— signal-to-noise ratio 
SASE — self-addressed stamped envelope 
SINAD— signal-to-noise and distortion 
SPDT single pole, double throw 
SPST single pole, single throw. 
SWR—standing wave ratio 

упс— synchronous 


л. 
tpi turns per inch 

TR- transmit-receive 

TVI- television interference 
TX transmitter 


ES 
UHF- ultra-high frequency (300-3000 M Hz) 
US— United States 

UTC- Universal Time, Coordinated 


ve 
VS volt 

VF velocity factor 

VHF- very-high frequency (30-300 M Hz) 
VLF- very-low frequency (3-30 kHz) 
Vol volume (bibliography reference) 
VOM — vol-ohm meter 

VSWA— voltage standing-wave ratio 
VTVM—vacuum-tube voltmeter 


W- 
мма 

WPM — words per minute 

WRC— World Radio Conference 
WVDC— working voltage, direct current 


X 
X reactance 

XCVR— transceiver 
XFMR— transformer 
XMTR transmitter 


2— impedance. 


-Other symbols and Greek letters- 
c= degrees 

A— wavelength 

Aldia— wavelength to diameter (ratio) 
u- permeability 

HF microfarad 

pH microhenry 

HV — microvolt 

пот 

¢ angles 

л—3.14159 

angles 


Length Conversions 


Throughout this book, equations may be found for de- 
termining the design length and spacing of antenna elements 
For convenience, the equations are written to yield a result 
in feet, (The answer may be converted to meters simply by 
multiplying the result by 0.3048.) f the result in feet is not 
an integral number, however, itis necessary to make a con- 
version from a decimal fraction of a foot to inches and frac- 
tions before the physical distance can be determined with a 
conventional tape measure. Table 1 may be used for this 
conversion, showing inches and fracions Гог increments of 
0.01 foot. The table deals with only the fractional portion of 
a foot, The integral number of feet remains the same. 

For example, say a calculation yields a result of 
11.63 feet, and we wish to convert this to a length we can 
find on а tape measure, For the moment, consider only the 
fractional part of We number, 0.63 foot. In Table 1 locate 
theline with “0.6” appearing in the left column. (This is the 
Tth line down in the body of the table) Then while staying 
on that line, move over to the column headed "0.03." Note 
here that the sum of the column and line heads, 0.6 + 0.03, 
equals the value of 0.63 that we want to convert. In the body 
of the table for this column and line we read the equivalent 
fraction for 0.63 foot, 7» inches. To that value, add the 
number of whole feet from the value being converted, 11 in 
this case. The total length equivalent of 11.63 feet is thus 
11 feet Pe inches 

Similarly, Table 2 may be used to make the conversion 
from inches and fractions to decimal fractions of a foot 
This table is convenient for using measured distances in 


equations. For example, say we wish to convert a length of 
19 feet T^ inches to a decimal fraction. Considering only 
the fractional part of this value, 7 inches, locate the deci 

mal value on the line identified as "7-" and in the column 
headed ., where we read 0.646. This decimal value is 
‘equivalent to 7 +34 «^h inches, To this value add the whole 
number of feet from the value being converted for the final 
result, 19 in this case. In this way, 19 feet 7¥e inches 
converts to 19 + 0.646 = 19.646 feet. 


Table 2 
Conversion, Inches and Fractions to Decimal Feet 
Fractional increments 

oo. 4 % 4 h 4 m 
0- 0.000 0.010 0.021 0.031 0.042 0.052 0.063 0.073 
7. 0.083 0094 0.104 0.115 0.125 0.135 0.146 0.156 
2. 0167 0.177 0.188 0.198 0208 0219 0.229 0240 
3. 0.250 0.260 0.271 0.281 0.292 0.302 0.313 0.323 
4. 0.333 0344 0.354 0365 0.375 0.385 0396 0.406 
5. 0.417 0.427 0.438 0448 0.458 0469 0.479 0.490 
6. 0500 0.510 0.521 0.531 0.542 0.552 0.563 0.573 
7. 0583 0594 0.604 0.615 0.625 0.635 0.646 0.656 
в. 0667 0.677 0.688 0.698 0.708 0.719 0.729 0.740 
9. 0.750 0.760 0.771 0.781 0.792 0.802 0.813 0.823 
10. 0.833 0.844 0.854 0.865 0.875 0.885 0.896 0.906 
11-0917 0.927 0.928 0.948 0958 0.969 0.979 0.990 


Table 1 
Conversion, Decimal Feet to Inches (Nearest 16th) 


Decimal increments 


000 0.01 0.02 ооз 0.04 005 
оо 00 Oh Oh Oh Oh O% 
01 Ahs їзє Ph he Ahe e 
02 Bh 2h Ph 2M Ph 30 
% Ph 3% Phe Phe 4 Phe 
04 Ashe 4 % She ShO 5% 


05 во % % Gh Gh 64 
The Ph Phe Whe Tu 
O7 ® Be Bh Pho Bh 90 
ов Ф Ph Phe 9". 10w 10% 
09 10 % 10% We Mhe Wa . 


008 007 008 0.09 
Oh Oe бз Тм 
1% 2% Bh 2½ 
зм % Pa Ph 
%, , he Ahe 
54 Sh б Sh 
Eh gel, 6% The 
The 8% Bh Bh 
% өл Pa Oh 
10% 10%. 10% 10e 
нъ Nh e Wh 
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Metric Eguivalents 


Throughout this book, distances and dimensions are usually expressed 
in English units the mile, the foot, and the inch. Conversions to metric 
units may be made by using the following equations: 


km =mi x 1.609 
meft() x 03048 
mm sin. C02 


An inch is зог afoot. Tables in the previous section provide informa 
tion for accurately converting inches and fractions to decimal feet, and vice 
versa, without the need for a calculator 


Gain Reference 


Throughout this book, gain is referenced to an isotropic radiator (dBi) 
or to an isotropic radiator with circular polarization (dB ic) 
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Foreword 


Designing, building and adjusting antennas are favorite pastimes 
of Amateur Radio operators. Arguably, an antenna analyzer of some 
type is the most important piece in the antenna oriented amateur's 
toolbox. With the appropriate analyzer at hand, the amateur can 
determine the details of an antenna system's characteristics and 
‘much, much more. 

This book is intended to introduce readers with a basic 
understanding of radio equipment and antennas to the ins and outs 
of antenna analyzers. Subjects covered include an introduction to 
the various types of analyzers available, their component parts, how 
they operate and how to operate them to get the best data available, 
In addition to using analyzers for their primary function, the book 
discusses the ways some analyzers can be used as general purpose 
test instruments in the amatcur's lab. The final chapter provides 
summary product reviews, with ARRL Lab data on 11 analyzers 
that typify the equipment currently available. 

As with all ARRL books, you can check for updates and errata, 
if any, at www.arrl.org/notes. 


David Sumner, KIZZ 
Executive Vice President 
Newington, Connecticut 
March 2013 
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Why Measure 
Antennas? 


While some amateurs build their own transmitters and receivers, most 
leave that task to manufacturers. Most of us purchase radio equipment based 
‘on published specifications, use the equipment and, if we need or want 
something different, we trade in and start over 

Some amateurs view antennas in the same way. Even if this is the case, 
‘antenna performance and operation can be very dependent on surroundings 
аз well as environmental degradation, so it is good 10 check operation from 
time to time. Most amateurs, on the other hand, build at least some of their 
antennas. Having measurement capability is almost essential in order to 
achieve the desired design goals. 

‘Arguably antennas are the most important part of ап amateur station 
in terms of operating success. The variation in primary performance 
characteristics between entry level and top of the line radio equipment is 
‘generally far less than the variation in performance among different antennas. 
In addition, the majority of amateur antennas can be built easily by the user 
at relatively low cost from readily available hardware — not something that 
сап be said of most radio equipment (see Figure 1.1), 
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Figure 1 — A simple half wave dipole may be he most popular homebu antena, but even thls simple antenna can 
Denen rom an antenna analyzer 


"There are many parameters related to antennas that we could measure, 
Not all can be measured by what we call SWR analyzers or antenna 
analyzers, but some can. As we will discuss, not all antenna analyzers 
provide the same information 


“Many amateurs us the Vra SWR analyzers or antenna analyzers interchangeably 
Ta deseti те same туре of device. Manufacturers may choose otr label, and 
"Ml such devices are rely capable 0 
‘We wil use the term antenna analyzer in tis book consistent to describo this 
аурп catagory, regardless of what parameters we are talking about analyzing 
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Mechanical Parameters 
Mechanical parameters of antennas are particularly important. These 
include the physical dimensions, critical to determining the space into 
which an antenna can fit, but there are others as well, The antenna weight 
is important in order to determine the design requirements of appropriate 
support structures. Equally important for some antennas is the exposed 
cross sectional area. This translates to horizontal wind load, often a limiting. 
factor, particularly for rotary antenna support systems. No antenna analyzers 
сап provide help here, 


Radiation Performance Parameters 

Key performance parameters of antennas include such characteristics 
as forward gain, front to back ratio (if applicable), pattern beamwidth and 
elevation pattern, Each of these is tightly coupled to the antenna surroundings 
and mounting arrangements, particularly the height above ground. Some 
antenna analyzers include a field strength measurement capability that could 
be helpful in evaluating some of these parameters, but that is not their main 
purpose 


Antenna Impedance Metrics. 

Antenna impedance measurement is where an antenna analyzer shines. 
The antenna analyzer is, at its roots, a device to measure antenna impedance 
or related quantities such as standing wave ratio (SWR). SWR is a measure 
of how well an antenna system is matched to provide a desired load, usually 
50.0 resistive. While basic analyzers may measure only SWR — often the 
‘most useful parameter — more advanced models may also indicate actual 
impedance, some the magnitude of the impedance, others the rectangular. 
coordinates of the resistive and reactive components. We'll get into these 
concepts in the following chapters, 
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Making Antenna 
Measurements 
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feed ine during normal operation, but tis уре of meter as 
functional limitations compared to an antenna analyzer. 


STANDING WAVE 
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Chapter 2 


‘There are many different types of devices that can provide informa- 
tion about an antenna system, Some devices are included as part of other 
equipment, some are laboratory-type instruments intended for indoor use, 
and some are portable units that can be taken outside and even carried up 
to the top of a tower. 

Note that we refer to measurements about an antenna system rather 
than an antenna for significant reason. In many cases, antennas are no! 
convenient locations to make measurements. If we could move an antenna 
close by, we would often change its characteristics due to a change in the 
proximity of the ground. The presence of the measurement equipment and 
person making the measurements can have an effect as well. Unless we are 
taking the measurement right atthe antenna, we will measure the antenna 
characteristics as modified by the transmission line and any other media. 
between the antenna and the measurement device, 
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Опе of the most frequent measurements is of the standing wave ratio 
(SWR), fundamentally a transmission line measurement and not, strictly 
speaking, an antenna measurement, SWR is generally determined by mea- 
suring the ratio of reflected power to forward power. A transmission line 
terminated in its characteristic impedance (Z,) will deliver all of the power 
to that matched lod. Other than some reduction from line attenuation, with 
a matched load the magnitude of the voltage waveform will be the same 
anywhere along the line. 

If the load is something other than equal to Z, there will be a signal re- 
fected back from the load at a phase determined by the load impedance. The 
reflected wave will add and subtract from the incident wave over distance, 
resulting in the voltage being different as a function of the distance from 
the load. This voltage variation over distance is known as a standing wave, 

"The standing wave ratio is defined as the ratio of the maximum voltage 
‘onthe line to the minimum voltage on the line. If the line is terminated in its 
Z, the maximum and minimum will be the same and the SWR will be 1:1. 
For some more background in SWR, see the sidebar “A Quick Discussion 
‘of Standing Wave Ratio” in this chapter. 

In some equipment (many radio transceivers, for example) a meter selec- 
tion to indicate SWR is provided. This reading is a measure of the match of 
the load to the transmitter's design impedance, often 50 9, If the transmitter 
is connected to its antenna system through a transmission line with a Z, of 
50 0. the indicated reading will be the actual SWR on the transmission line 
as seen at the radio. IF it îs connected to anything else, the reading is really 
what the SWR would be if the load appeared at the transceiver end of a 


50 £2 transmission line. This is a fine point, but one 
that’s worth mentioning because some amateurs use 
75 Q coax to connect to their antennas, 

For an antenna with а 50 © impedance at the de- 
sired frequency, а transmission line with a Z, of 50 0, 
and a transmitter that wants to see a 50 © load, in many. 
cases it is sufficient to know that the SWR is 1:1, so all 
will work as designed. Of course most Amateur Radio 
operators want to operate over а band of frequencies, so 


a related set of data is the SWR over the desired portion 


To | ofthe band, That data can be compared to the transmitter 


SWR limit, often an SWR of 2:1 before the transmitter 


Figure 21 —The measured SWR ot a 


representative wideband 80 meter antena 


‘System tuned tor 37 Mi 


Figure 22 — The Coaxial Dynami 
S041 direcional pover meler has wo 
ıine samplers, опе tor each direction. 
A switch select between FORWARD 
na REFLECTED directions, Plug-in 
moris (“aluga”) alow measurements 
across a wide range of Iequencis and 


Fi 


protection circuitry begins to reduce output power. Fig- 
ure 2.1 shows the measured SWR of a wideband 
КО meter antenna system tuned for 3.7 MHZ. As shown, 
the antenna will meet the 2:1 requirement over the range 
‘of 3.55 to 3.9 MHz, but not over the whole band. 
Standing wave measurements used in transmis- 


sion lines carrying RF power are often taken using line sampler: 
that separately sample and measure the forward and reflected 
power. These are generally called direcrional wattmeters and are 
often found as standalone units, although some are built into trans- 
miner Some units provide just the two power readings, asking 
the user to use charts or formulae to determine the SWR (see 
ure 2.2). Other units do the computation and read SWR 


ATT 
=== 


Figure 23 —The tront panel readout of the Telepost LP-100 Digital 
o tma can dopl power in Bm nd return lots т db in 
addition to power in watts and SWR. In the vector mode the display 

тоз impe dance. The to neis magnitude and phase, and te bottom 
ine shows resiste an reactive components. 
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Impedance 


directly, More advanced units with additional processing provide detailed 
impedance data (see Figure 2.3). Lower power units sometimes use a 
Wheatstone bridge to balance the Z by calibrated variable resistive and reac- 
tive elements. 


‘The actual load impedance can be measured by some instruments, As 
noted previously, some advanced power meters can do this, as can other 
types of laboratory impedance bridges, if they cover the frequency range of 
interest. Some antenna analyzers can as well, with different units offering, 
different forms of the data 


Unlike the previous measurements of SWR and impedance, the field 
strength is a measurement of the actual external effect of an antenna — mea- 
surement of the signal that is leaving the antenna for perhaps distant destina- 
tions, There are a wide range of devices for measuring field strength. The 
simplest type is basically an untuned crystal set receiver with a meter at 
output (see Figure 2.4). A communications receiver with a signal strength. 

‘meter (S meter) can serve as a kind of field strength 


Pup Алета 


meter, with the reference level at its antenna terminals, 
rather than in the arca of the field. Professional quality 


poss 


field strength meters are essentially such receivers in 
‘combination with antennas of known aperture for dif- 
ferent frequencies. Some antenna analyzers include a 


| O- 


field strength measuring capability, generally close to 
the capabilities of the simplest type. 


ui 
1 
1 
{ 
I EQUIVALENT CIRCUIT 
I OF AN ANTENNA 

E dome ET 

| what it is connected to. It could be an antenna system, 
1 ‘but it could just as well be any load such as a resistor 
1 or a more complex network with capacitors or induc- 
1 tors, No matter what the load is, the information the 

Y analyzer gives us will be of the same form: the SWR 


as if it were a terminated transmission line, or the im- 


pedance as seen at its terminals 

ura. затне daga ot ingle To an analyzer, an antenna looks the same as some 
ang mea This ype responda 1 o 

ail signals and has no direct. prd impedance value, generally a different impedance at 
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C 
c ‘connected oi} ny antenna system impedance (Z) wll 


rmt look lecticaly equivalent to a resistor and ira a 


ERK WOE KK R 


capacitor or inductor The values of resistance, inductance 
эла capacitance wil be dierent at dierent requencies. 
General, at some frequencies ho sign of th reactance 
Wil change. meaning trat tho impedance wil change rom 
inductive то capacitive or vice vers 


each frequency. Thus we can represent the load that the analyzer is con- 
nected to as a simple circuit consisting of a resistor and either a capacitor 
or inductor — an RLC network such as is shown in Figure 2.5. 

IF you're not used to the formula with the imaginary operator “in it, 
it just indicates that the impedance includes not only resistance but also the 
reactance in the form of inductive (4j) or capacitive (j) reactance. At some 
frequency, the inductive reactance will equal the capacitive reactance and the 
result will be zero reactance (because they have opposite signs), leaving just 
resistance, This is called the network (or antenna system) resonant frequency. 
‘This is true for both antenna systems and our litle RLC circuit. Note that. 
al any frequency other than the resonant frequency, either the inductive or 
capacitive reactance will be greater and the net effect will be that of a two- 
element circuit with either a capacitor or inductor in series with the resistor. 


Since this book is about antenna analyzers, it is probably time to intro- 
duce the concept. What makes an antenna analyzer different from the SWR 
measuring devices discussed so far s the way that it is packaged. It is a self- 
contained device that makes the SWR measurements (and possibly imped- 
ance measurements) that you might make with a power meter, but it makes 
them without the need fora radio transmitter, This is because an analyzer has 
a built in low-power signal source, along with the measurement and display 
subsystems, ina compact enclosure. As we'll discuss, different models offer 
quite different features, but they share this basic architecture, An analyzer 
offers some significant advantages over other measurement systems: 

* While a transmitter-based measurement system can only be used on 
authorized operating frequencies, the antenna analyzer can be used to take 
data on any frequency within its operating range. 

+ The low signal intensity allows taking of data without causing inter- 
ference to other users of the frequency — almost always, 

® The self-contained, and often self-powered, device can he used easily 
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in the field, perhaps on the top of the tower, making antenna adjustments 
easier to accomplish. 

As with all design choices, there are disadvantages as well 

+ The most significant potential disadvantage is a downside of the 
low power measurement approach, If you have the analyzer connected to 
‘an antenna that happens to be picking up the signal from a strong nearby 
transmitter, such as an AM broadcast band transmitter, the coupled energy 
сап interfere with the measurements. This is not a problem for most users, 
bat it easily can be, particularly if you're in a metro area. 

* Compared to most laboratory bench measurement systems, the in- 
formation displays of compact handheld units are limited in size. This is 
usually not a major problem, but may be an issue in bright sunlight or other 
conditions, You just can't fit 10 pounds of display in a 5 pound bag! 


What's in an Antenna Analyzer? 


There is a wide range of features that may or may not be included in 
a given antenna analyzer design, explaining the perhaps 5:1 difference in 
prices among different models. Figure 2.6 is a generic block diagram ap- 
Plicable to all antenna analyzers 1 сап think of. The solid boxes and lines 
are absolutely required while the dashed lines represent components that 
тау be included, depending on model (and price). 

A very basic analyzer might consist of an analog tuning dial that is used 
to set the operating frequency and also provide a mechanical indication of 


B Impedance Que 
emer — Tes 


nio 


Figure 26 — Block diagram showing 
же elements of typical antenna 
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frequency. For a “data display” it will likely have an analog meter that will 
indicate just SWR. An ON-OFF switch disconnects the internal battery power 
supply. in spite of its simplicity, such a device can be surprisingly useful 

Below we will discuss each of the blocks and highlight some of the 
different features that may be associated with each block. 

Frequency Generator. A major differentiator among units is the speci 
fied frequency range. Some units cover just MF through HF, perhaps 1 to 30 
MH, while others extend the range on each end — downward by perhaps 
a factor of 10 and upward by as much as a factor of 20 — perhaps resulting 
in a range from 0.1 to 600 MHz. 

Obviously the complexity and cost of covering such a wide range will 
add considerably to the antenna analyzer's price, so it is good to have an 
idea of your requirements before you select a unit. In making your selec- 
tion, keep in mind that the more flexible analyzers can be useful for tasks far 
beyond just measuring antennas. Virwally all can be used as bench signal 
generators, within limits that we will discuss. 

Frequency Counter/Display. The accuracy and readout resolution of 
the generator may be equally important. The units with analog dials are 
most useful ifa separate receiver is available to check their actual frequency. 
‘This may reduce a units utility for field operation. The more capable units 
indicate frequency by measuring it directly with a frequency counter, а 
‘worthwhile improvement for most applications. Be sure to look into the 
ассшасу of the counter and its resolution (number of digits). Almost as 
important is the ability to set the frequency to any desired value and have it 
stay there. Being able to read to | Hz is not very useful if the tuning knob 
changes frequency so quickly that setting to within 50 kHz of the desired 
frequency is all you can do. Similarly, if it drifts that much between setting 
and reading the results, the resolution is of little benefit. 

A major side benefit offered by some units with built in frequency 
‘counters is that they can be used to measure the frequency of other sources 
as well. If the unit сап also serve as a standalone laboratory frequency coun- 
ter, its value will be much higher, unless you already have one. 

Impedance Measurement. As noted, the basic antenna analyzer mea- 
sures standing wave ratio, an important parameter of an antenna system. In 
many cases, that's all that is needed or desired, Any more information is a 
distraction. On the other hand, if a new system is not well matched to the 
impedance its radio wants to se, the details of the actual impedance of the 
termination can aid in designing a matching network. Ifthe measurement is 
taken at the antenna itself, knowing the impedance can indicate the direction 
in which adjustments to antenna dimensions need to be made, This distinc- 
tion about measurement location will be discussed later. 
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Some analyzers display the information with an analog meter, and 
some use a digital display. In general, the analog display can often pro- 
Vide all the information needed, especially ifthe system is close to being 
‘matched. However, the digital display can provide much more useful data, 
especially in the case that the system is far from being matched. 

In addition to SWR, some analyzers provide a measure of return loss 
(RL), an equivalent parameter that indicates the relative level or the reflected 
signal to the forward signal, Return loss is usually expressed in decibels. 
While not frequently encountered in the amateur world, return loss is com. 
‘monly used in other realms. 

Impedance data can consist of the magnitude of impedance, or the 
value of the resistive and reactive components — generally more useful. If 
both the magnitude and phase angle of the impedance are offered, that is 
equivalent to the information from rectangular resistive and reactive com- 
ponents. In some analyzers, in addition to the magnitude of the R and X 
values, the sign of the X is provided, indicating if the reactance is capacitive 
or inductive. That information is necessary to design a matching network, 
but sign can be determined indirectly, as we will discuss. 

‘SWR/Data Display. The nature of the display system will make a con- 
siderable difference in the precision and resolution of the data, with digital 
systems generally having the edge. On the other hand, most people find it 
easier to make adjustments while watching the movement of the pointer of 
an analog meter. Some digital displays include а bar graph option for that 
purpose, and the bar graph can work well if it responds quickly enough. 

A whole different dimension is provided by analyzers that show not. 
Just data at а particular frequency, but also graphical data as the frequency 
is swept across a range. This can be very useful for adjusting antennas or 
other networks, such as filters, Some units provide this capability on the 
small screen on the analyzer, while others allow connection to а PC with 
companion software for analysis and display on the computer screen. In 
some cases the data can be saved in the analyzer and examined in detail on 
the PC after coming down from the top of the tower. 

Power Supply, Rechargeable Battery. For the casual user, there is not 
much wrong with running the analyzer from a bunch of alkaline AA batteries 
from the local drug store. Many units provide the capability to use recharge- 
able batteries and a separate power supply. This option looks more attractive 
after multiple trips down the tower and off to the drug store, although the 
alkaline batteries usually last longer than a charge on a rechargeable battery. 
Another consideration is the number of batteries the analyzer requires. There 
is a big difference between having to replace two batteries versus eight or 
50 — it's prety easy to have two in your pocket while up the tower! 


It would seem that an ac supply would be beneficial, and it can be for 
Some applications. Кеерїп the antenna analyzer isolated from the ground- 
ing arrangements of the power grid can be a benefit, especially if measuring 
loads on balanced transmission lines. Still, for many applications, having 
that wall transformer available, especially for extended lab testing, can be 
helpful. 
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A Quick Discussion of Standing Wave Ratio 


Earlier in this chapter we noted that ап 
antenna system with an impedance (Z) 
matched to the characteristic impedance (2) 
ofits transmission ine has a standing wave 
ratio (SWR) of 1:1. That is the case in which 
there are no standing waves and all energy 
from the transmitter s delivered to the load 
with no reflections on the transmission ne. 
This is a very straightforward situation that 

is easy to understand. Diving into the details 
‘ofthis subject can get lengthy, and there are 
entire books devoted to the topic. Fortunate- 
ly, we wont need to get that deeply involved 
16 understand measuring antenna systems. 
Sil, we need to have some idea about 

SWR. What does it mean? What are the 
Consequences when and if itis a problem? 
How do we solve it? 


Characteristic Impedance 

If we were to connect a battery to a long 
transmission Ine with no load and monitor 
the current that would flow with a high speed 
oscilloscope, we would notice an interesting 
effect. The combination of the line's series 
Inductance and shunt capacitance, and to a 
lesser effect the wire resistance, would result 
їп an initial current that would flow even 
though there is an open circuit at the far end, 

The current will continue to flow until the 
signal propagates to the end of the line and 
returns, When it reaches the end of the line 
(traveling at а somewhat reduced speed of 
light) a reflected wave of the opposite polar- 
ity wil propagate back because there can 
be no current low at the open circuit. When 
the reflected wave returns to the source end 
of the line, the combination of the forward 
and reflected wave will result in zero current 
— just what we would expect for an open 
transmission line. 

‘The ratio of the applied voltage to initial 
current is an impedance and we call this the 
‘characteristic impedance or Z, of the trans- 
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mission line, This is the current that would 
flow into an infinite length of line no matter 
What is at tho far end, Note that we didn't 
зау anything about signal frequency here. 
This is strictly a matter of the way the line is 
constructed, especially the capacitance and 
inductance distributed along its length. For 
the usual low loss line, ignoring resistance, 
we can determine Z, as follows: 


2. 


where L and C are the inductance and ca- 
pacitance per unit length, typically per foot or 
per meter, These values can often be found 
in manufacturers’ specification sheets, 


‘The Matched Transmission Line 

If, instead of having an infinite line, we. 
put a resistor with a resistance equal to the 
line Z, on the far end of the line, it will absorb 
the power as it arrives and there will be no 
reflection. The voltage and current relation- 
ship at the source end of the ine will appear 
as if it were the same resistor, just located at 
the source. 

This is exactly what we wanted! Ifthe 
source is a radio designed to drive a 
50 0 load, and Z, is 500, and our load is an 
antenna with an impedance of 500, we get 
just what we want. To our transmitter it ap- 
pears as if the antenna is connected directly 
to the antenna terminal of the radio. There is 
по reflected power, the SWR is 1:1 and all is 
well with the world 


‘The Mismatched Transmission Line 
"There are an infinite number of cases in 
which a transmission line is terminated, not 
with its 2, nor with an open or short, but 
with some other impedance. This results in 
a reflection of a signal that is smaller than 
the signal that was sent down the line. It is 
important to note that this signal does not 
represent lost power because it is re-reflect- 


ө from the transmitter back up to the line. 
Its true that the power delivered to the an- 
temna will equal the forward power minus the 
rellected power, but the power is re-reflected 
al the transmitter so the numbers go up. 
together. This is illustrated in Table 2.А for 
the case of perfect (lossless) transmission 
line, assuming the transmitter can put power 
into the SWR shown. These assumptions are 
discussed in the next section. 


So What's the Big Deal? 

The key is the two reasonable assump- 
tions noted above. Let's discuss each: 

+ Transmission lines are not lossless, and 
their losses increase with increasing SWR 
as we will discuss. Whether or not that's а 
problem depends on the line type, length, 
frequency and SWA. 

* Often a more serious problem is 
that somewhere in the range of SWR in 
Table 2.A, transmitters will reduce power 
(fold back’) to avoid damage due to the 
higher current or voltage at the final stage 
that results from the higher than specified 


SWR. Typical transmitters start to reduce 
Power by the time SWR reaches 2:1. 

Note that the second problem is not a 
fundamental issue of SWR itself, but rather 
а design choice made by transmitter design- 
ers. Stil, for most transmitters itis a real 
consideration that we have to deal with. 


What Kind of Load Results in 
High SWR? 

Any load that is different from Z, of the 
transmission Ine will result ап SWR great- 
er than 1:1. For the case of the frequently 
encountered 50.6 coaxial cable, that means 
апу load that is not 50 0 resistive. This can 
mean a load that is resistive with a value of 
‘ther than 50 0, ога load that s resistive, 
but that also has capacitive (-iX) or inductive 
(+X) reactance, or any of an infinite number 
of combinations of the two. Some examples 
О! loads with diferent SWAS are shown in 
Table 2.8. 

Note that it is very easy to determine the 
SWR for the resistive case — its just Z/R 
or RIZ, depending on whether the load is 


Table 2.8 Table 2A 
Impedance of Loads that Example of Net Transmitted Power with 100 W Transmitter 
Result in Different SWRs versus SWR with Lossless Transmission Line 
For deal 50 © Coaxial SWR Reflection Forward Reflected — Antenna 
Cable * Power Power Power 
AM) Xm) SWA moo 100 o 100 

50 о 11 2 10 m n 100 

2 0 3¹ 25 133 a 100 
100 о 21 


50 x95 21 
æ 48 21 
167 0 эл 
150 0 зл 


5 0 т 
so o 101 
50 2142 101 
250 2250 101 
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greater or less than 

Thus it is important to know not just the 
resistive part, but also the equivalent series 
inductive or capacitive reactance to deter- 
mine the SWR. 


Determining SWR from Impedance Data 

While the case for resistive loads is 
simple, the case for loads with reactance or 
complex loads is, well, more complex. Stil, 
there are at least three ways that | know of 
1o determine the SWR of a complex load, 
not counting measuring with an SWR meter: 

* Use the software TLW (Transmission. 
Line for Windows) that comes packaged 
with recent editions of The ARAL Antenna 
‘Book: If you plug in the A and X values. 
and the appropriate transmission line Z, it 
provides the SWR al each end of the ine, 
‘You can select which end of the line has 
the measured Z (input or load). This is very 
handy since it wil also calculate the line 
loss, 

* This may be the most simple calcula- 
tion to make graphically with a Smith Chart? 
Recall that if Ihe Z is just resistive (X = 0), 
the SWR is either Z/Z or Z/Z,, depending 
‘on whether the Z is lower or higher than the 
Z, Recall also that a circle on a Smith Chart 
represents constant SWR. Thus if you enter 
the Z on the Smith Chart and draw a circle 
centered on the chart center, it will show the 
transformed Z for any length of line. Either. 


Point at which the circle crosses the resistive 
axis can be used to calculate the SWR as 
described above. 

+ If you have neither computer nor Smith 
Chart, you can compute the SWA directly. 
‘This can be found, for example, in a book | 
had as a text many years ago, a classic by 
the lato John Kraus, WBJK, Antennas, In the 
first edition it is in the appendix on page 507. 
‘The calculation is done in two steps: 

1. Find the voltage reflection coefficient 


2-1, 
212, 


Note that the Z ls a complex number, во 
the calculation is a bit tedious. 


2 Find the SWR 
tlo] 

s 

= 


where [a indicates the magnitude of the 
complex reflection coefficient, o, found in 
step 1 


"W. Maxwell, 4204, Refiectons, available ram CO 
Communications at www. amateur.radio.com, 
"The ARAL Antenna Bock, 22nd Eaton, минат 


‘orgshop. 
Paper copies of 50.0 Smih Charts are available rom 
ARAL www ark orgshop. 
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Standing wave ratio (SWR) is the most common, and probably most 
useful, data available from an antenna analyzer. In fact, there are some ana- 
lyzers that provide only SWR data, It is important in some circumstances 
to know that most, and perhaps all “antenna analyzers” do not measure 
standing wave ratio directly. After all, SWR is a transmission line effect 
and the analyzer is actually indicating data based on the measured imped- 
апсе as seen atthe measurement port as compared to the design impedance, 
usually 50 ©. 

"This is not a particularly important distinction if the system you are 
measuring is designed to be a 50 (2 system, For example, with a resistive 
load of 50.0, we will measure а 1:1 SWR, as we would expect. That's true 
whether the load is а 50 £2 transmission line terminated in 50 О, or if it is 
а 50 Q carbon (noninductive) resistor directly connected to the analyzer 
terminals, Similarly, if we have a resistive load of 100., we will measure a 
2:1 SWR, and this will happen whether or not we have a 50 © transmission 
line between the analyzer and the resistor. On the other hand, if we have 
a perfectly matched 75 © transmission line, with a 1:1 SWR the antenna 
analyzer will indicate a 15:1 SWR. That indication corresponds to the ratio 
of 75 to 50, not the actual standing waves that may or may not exist on a 
transmission fine that may or may not be there 

SWR is an important measure, especially if we are interested in measur- 
1g, or adjusting to, а 50 О load on the end of a 50 © transmission line. While 
this seems as if it would be a restrictive requirement, it is frequently the case 
we are dealing with. A typical application is the adjustment of the resonant 
frequency of perhaps a dipole antenna at a height at which it will have a 
resistive impedance of 50 Q at some frequency. If we measure the SWR 
over a frequency range and find it has a 1:1 SWR at a different frequency, 
we can change its length to move its resonance to our desired frequency. If 
the impedance of the antenna is not SO 0 resistive at any frequency, then 
it will be transformed by the mismatched transmission Tine to some other 
impedance atthe analyzer. This can make analysis of the SWR complicated. 


As noted in a previous chapter, impedance is generally a complex value 
with both a resistive (real) and reactive (imaginary) component. There are 
two ways that antenna analyzers may display measured impedance values: in 
rectangular or polar coordinates, The alternatives are shown graphically in 
Figure 3.1. The measured impedance is equivalent to 40 Q of resistance in 
series with 30 О of inductive reactance. The rectangular coordinates would 


be expressed as Z = (40 + j30) ©. To 
convert to polar coordinates, we find 
the magnitude (shown between paral- 
lel vertical bars) using the Pythagorean 
theorem, |Z] = OC + Ү? and then. 
the angle is just equal to tan- QY/X).. 
‘The Electrical Fundamentals chapter 
of The ARRL Handbook has more 
information on rectangular and polar 
X | coordinates (see the Radio Mathemat- 
ies section), 
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Ratum 
Loss (dB) 


Table 3.1 
SWR, Reflection Coefficient and 
Return Loss 
SWR Refection 
% Coefficient (7) 
105 00244 
11 0.0476 
12 00909 
15 02000 
17 02580 
20 03333 
25 04288 
зо 05000 
35 05555 
40 06000 
45 05364 
50 06867 
70 07500 
100 08182 
150 08750 
200 08048 
250 09231 
500 09608 


1000 09802 
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2, Determine the reflection loss in dB. 
RL =-20 > log, (D) 


То determine the SWR from the reflection loss 
in dB: 

КО 
1-19 873 


un = 


Table 3.1 shows the values of return loss for a 
range of SWR readings. I found it easy to program 
the formulas into an Excel spreadsheet and then сору 
them to obtain the results shown, Tables and con- 
Venters in either direction are also available on the 
Internet. 


Hooking it Up and 
Making it Play 


Nancy, WINGY, measures the SWR of her 2 meter and 70 ст 
‘dul band mobile antenna. Select an analyzer hal measures the 
requencies you need. or might need in the future. 


Different analyzers have output data in different forms. Here we will 
discuss some of the data available while using an analyzer for antenna mea- 
surement. We'll look at what the data mean, how to interpret them and how 
to make use of them, Not all analyzers will provide all the types of data 


listed 
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Figure АЛ — Mustration of an antenna 
analyzer wih an unbalanced coax ouput 
‘Connected to an unbalanced antenna. 
load through a length of unbalanced coax 
cable Note ihat virtually ай of the current 
ls mihin the coaxial cable, as ! shouk Бе 
"oram accurate measurement 
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‘The typical antenna analyzer has a coaxial connector 
on its top or side to connect to the load to be measured. 
Most analyzers designed for HF and VHF use a ИНЕ 
(50-239) socket, although BNC and Type N sockets are 
sometimes provided, If you are faced with connector in- 
compatibility. a between-scries adapter can be used. Keep 
їп mind that the additional inch or so between the meter 
and the load acts like a short transmission line section and 
may be important to take into account in some applica- 
tions, such as trimming feed lines for matching purposes. 


Coax Shield Current Problems 


Note that the typical analyzer is designed to inter- 
act with unbalanced coaxial cable in differential mode. If 
the load is not properly terminated to result in a differen- 
tial mode with all currents inside the coax, the measure- 
ments may be inaccurate and dependent on the operator's 
body or power connection as much as the antenna system 
Figure 4.1 and Figure 4.2 illustrate the concept, 

In Figure 4.1, the analyzer is connected to a coaxial 
cable that is feeding a typical unbalanced load, in this case 
а ground plane antenna. The antenna currents will all re- 
tum to the upper side of the ground plane, resulting in all of 
the current being within the coaxial cable. It is possible to 
induce current into the outside of the shield by improperly 
installing the antenna so that the antenna field is coupled 
tothe coax, In most cases the cable can run directly down- 
ward for some distance to avoid such coupling. 

In contrast, the arrangement of Figure 4,2 is similar, 
except in this case the coax is directly feeding an inher- 
cently balanced dipole. The coax shield is thick enough 
that skin effect keeps currents near the inner and outer sur- 
faces. Thus the shield acts like two concentric conductors, 
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Ifthe shield is connected directly to part of the antenna as shown, the shield 
current will split between the dipole half and the outside of the coax shield. 
‘The division of current between the two conductors will depend on the 
relative impedances of the two paths, a function of the coax cable length 
and shield termination. 

‘The resulting common mode current (as opposed to normal differential 
mode — hetween-the-conductors current) will make for inaccuracy in mea- 
surements of the antenna characteristics, It is also true that if connected to 
audio, the same currents — much larger while transmitting — may result 
in problems with the radio equipment by making the equipment chassis hot 
with ВЕ. This can result in curled moustaches while transmitting voice, as 
well as potential lockup of the transmit-receive switching process. 

RF currents on the outside ofthe coax can also result in RF interference 
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(RFI) to telephones, alarm systems and other devices near the cable's path 
During reception, undesired signals from household systems coupled o the 
shield will also be induced into the receiver, resulting in unnecessary noise 

and interference. 
‘A way to eliminate the current оп the outside of the coax isto insert а 
balanced-to-unbalanced transformer (balun) or common-mode choke at the 
termination, as shown in Figure 43, Avoiding coupling 


from the antenna to the transmission line is important in 


Balanced dol antenna this case as well. This can generally be achieved by keep- 


= ing the transmission line perpendicular to the antenna for 


as long a distance as possible. At least % wavelength will 
usually provide satisfactory results, 
An easy-to-make common mode choke can be formed 


na l| mom | by wrapping tums ofthe coaxial transmission line through 
| 1 a ferrite toroid. Using slip-on ferrite beads is another way 

to reduce current on the line. If you are trying to charac- 

terize the antenna itself, or trying for optimum operation, 

» the choke should be at the antenna end of the line. On the 

ES bee, | Other hand, if you are trying to characterize an antenna 
spare eee | system that does not include a balun or choke, for the best 
ae, Фын | characterization of the system connect the analyzer o the 
transmission line after the shield has been grounded at the 

bottom of the line, as it normally would be, Then place 

S | the balun or choke between the bottom of the line and the 
tt Panat SWR analyzer. In that way the entire system, as normally 


Ste’ | used, will be analyzed. 
Measuring Balanced Lines 

o Balanced transmission lines, such as twinax, twisted 

тое рай, open wire line, window line and twinlead, can be 

connected to the analyzer in a number of different ways 

de;] Some analyzers have a ground terminal on the top of the 


case that сап be used for one side ofthe line, with the other 


Figure 44 — Te measurement of 
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the analyzer positioned on an ungrounded surface. Any 


connections or contact to the analyzer will make the unbalance worse and 
will tend to invalidate the data. 

A balun or common mode choke at the analyzer can eliminate the ef- 
fects of this problem, but they become part of the measured system and the 
results must be analyzed and adjusted to move the effective measurement 
point to the balanced side of the balun. The use of coaxial cable wound on 
A toroid, as described above, is a good choice because the choke will not 
affect the measurement other than by adding the length of the coax wound 
in the choke. The signal under consideration is the differential one on the 
inside of the coax — not affected by the choke inductance. 

An alternative is to wind turns of the dc power lead coming from the 
power supply through a similar toroid as close to the analyzer as possible, 
A QST author recommended using 15 turns on the toroid.’ This isolates the 
power supply and ac wiring from the analyzer, although the problem with 
‘unbalance due to the analyzer itself is still present. This effect tends to be 
‘more significant as the frequency is raised, since the capacitive reactance 
оп one side of the ine is reduced with frequency. 


MEASUREME 


IT FREQU 

While not generally an output parameter, the frequency that the data 
relates to is of critical importance to the relevance of all recorded data, so 
же list it first. Analyzers usually have a mechanical dial, a digital frequency 
readout or sometimes both. 

‘An analyzer using a frequency control on an analog shaft with a me- 
chanical pointer indicating the frequency does not directly provide enough 
resolution or accuracy by itself to yield meaningful data for many purposes, 
‘The solution is to couple the analyzer to a frequency counter to determine 
the actual frequency. This can be done to check on band edge locations 
before measurements are taken, or it can be used to check the frequency of 
minimum SWR after the data is taken, I a frequency counter is not avail- 
able, a communications receiver with an accurate, high resolution frequency 
readout can be used to measure the frequency. 

Digital frequency readouts generally provide more than sufficient pre- 
cision to be able to perform most analyzer tasks, but don’t let precision lull 
you into thinking that it equates to accuracy. Ifan internal frequency counter 
ог direct digital synthesis (DDS) generator is employed, the accuracy will 
Only be as good as the internal time base or frequency reference employed. 
In either case, it not likely to be of the same standard that we would expect 
from more serious test instruments, The remedy for the digital display is 
thus the same as that for the analog dial. Check the frequency against a 
known reference, using a frequency counter or communications receiver 
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of accuracy appropriate to the accuracy needed for the task at hand. Unlike 
the analog dial units, once you have determined the accuracy or offset, itis 
unlikely to change a lot over time and an infrequent calibration check may 
be sufficient. 

For either type of unit, it is important to determine the expected fre- 
quency drift and resetability, These are more likely to become important in 
the VHF range and above. Apply power to the analyzer and tune in its signal 
оп a stable “warmed up” communications receiver. Check the frequency 
after 5, 10 and 30 minutes and record the drift, Repeat for other ranges, 


SWR is generally displayed either on an analog meter or a digital dis- 
play. The analog meter has a few advantages, such as being more visible in 
some kinds of bright lighting than some digital displays. In addition many 
amateurs find it easier to watch an analog meter while making adjustments, 
although some digital displays also include a fast moving bar graph that 
may be as good, 

‘The digital display offers number of advantages over an analog meter. 
Perhaps most obvious is increased precision of the measurement. Note that 
this is not the same as accuracy, and it is likely that the precision offered by 
a digital display exceeds the actual accuracy of SWR measurement. Still 
precision can be important — especially if you are trying to notice small 
changes as frequency or antenna length is changed. While the analog meter 
may read to a few tenths, as in the difference between 2.2:1 and 2.4:1, the 
digital scale may indicate the difference between 2.20:1 and 2.2121 

Perhaps more importantly in favor of the digital display isthe displ 
SWR range. The typical analog meter reads in a single scale that is com- 
pressed in the upper region. So while values around 2:1 or 3:1 are easily 
discemed, those at the higher range are not, For example, an analyzer with 
an analog display may be specified to measure from 1:1 to a, but in practice 
the range from 6:1 to æ may just be а line 4 inch long that makes reading 
эп actual value impossible. T would call the useful range 1:1 to 6:1. 

‘A unit with a digital display may show actual values up to 100:1 and 
then jump to =, Again, the accuracy probably doesn't match the precision, 
but the indication of direction of change with adjustments may be useful 

In addition to the analog meter and numerical digital display, some 
advanced units include a display screen. The RigExpert AA-54, for example 
offers а number of SWR display options, Figure 4.5 is the AA-54 “basic” 
SWR display. Note that in addition to а digital SWR value, shown to hun- 
dredihs, it indicates measurement frequency and provides a calibrated bar 
graph to facilitate making adjustments, 
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In addition to the single 
frequency display mode, several 
antenna analyzers offer swept 
frequency analysis capability. 
Figure 4.6 shows the АА-54 in 
this mode, Note that in one view 
the operator can see the center 
tuned frequency and the band- 
width of the antenna system —a 
very useful arrangement, Fig- 
ure 4.7 shows the RigExpert 
АА-54 in a different kind of 
‘multi-frequency SWR analysis 
‘mode. In this case the SWR оп 
up to five distinct frequencies is 
shown. This is particularly use- 
ful for making adjustments ог 

‘multiband antennas in which a 
tuning adjustment оп one band 
may affect tuning on other 
bands. 


The impedance can be rep- 
resented in several forms, as dis- 
cussed in the previous chapter, 
Figure 4.8, again from a RigEx- 
pert АА-54 display, shows the 
whole story. Note that in addì- 
боп to the SWR, it shows the 
‘magnitude of the impedance and 
the resistive and reactive part 
of the impedances. It even cal- 
culates the value of equivalent 


capacitance. Note that the series equivalent model is used, but an equally 
useful parallel component model can be specified, if desired. 

In addition to single point numerical data, some analyzers offer graphi- 
cal outputs over а frequency range. Figure 4.9 shows a plot of impedance 
versus frequency as seen on the АА-54 handheld analyzer screen, Some 
analyzers can interoperate with a PC to provide data storage and display 
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Figure 45 — Pit ol impedance 
versus frequency as sen оп tha 
АЗЫ handheld analyzer screen. 


options not feasible on a compact handheld analyzer. The 
RigExpert analyzer family can work with supplied AntScope 
software to provide swept frequency impedance information 
(see Figure 4.10) with much more resolution than is avail 
able on the smaller handheld screen. 

Note that the previous displays all depended on knowl- 
edge of the sign of reactance, or equivalently the sign of the 
phase angle of the impedance. While the AA-54 provides 
this directly, as do а few other units, most do not, Some 


have а sign, typically a plus sign, but a look at the manual 
indicates that this is a “place holder” not an indicator of the 
actual nature of the reactance, 
Fortunately, in most cases it is pretty easy to tell whether the reactance 
is inductive or capacitive, This is because the reactance of an inductor goes 
up with frequency while that of a capacitor goes down. Thus the frequency 
is increased slightly and the reactance goes up, we have an inductive (+) 
reactance; if it goes down it is capacitive ( I say slightly because this 
only works if there is not a resonant point in between! On the other side of 
resonance, the sign reverses. Thus, if performing this test, make sure there 
is no change in direction of the change as you move between frequencies, 
With the determination of the sign of the reactance, either explicitly 
or implicitly, as described, either of the preceding representations presents 


the whole impedance story, at least at the point of measurement, Some 
analyzers present the magnitude of the impedance without indicating the 
phase angle. This information, while useful in some applications, does not 
provide the complete story — for example a matching network cannot be 
easily designed based on the magnitude of the impedance, although itis pos- 

ble to determine the impedance from this data with graphical or algebraic. 
techniques, it is much more convenient to read it on the analyzer directly. 


"u Stanley, AERO, "Determining Complex Impedance; OST, Зер 1996, p 40. 
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Adjusting Your 
Antenna 


Most antennas are designed to operate over а range of frequencies and 
are specified to exhibit a particular impedance at each frequency. Often, 
rather than specifying the actual impedance, the designer or manufacturer 
will specify a nominal impedance and SWR over a range of frequencies. 

‘This sounds quite straightforward, and would be were it not for the fine 
print. To be complete, the designer should also specify the design height 
above ground, the electrical characteristics of the ground, and how far the 
antenna needs to be from other objects that it could interact with. As a 
practical matter, even if you knew all those parameters, you would likely be 
Stuck with putting your antenna in the available space over your real ground 
at whatever height you have supports for 


А Typical Example 


The magnitude of the effect of the differences in conditions from those 
of the ideal design environment will depend on a number of factors, but 
‘we can get a feel for the amount of change that might be encountered by 
looking ata simple example, We will select a wire 40 meter dipole as shown. 
in Figure 5.1. The example we will use is made of bare #14 AWG wire, 
tuned to be resonant at 7.15 MHz in free space, resulting in a total length 
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Figure 54 — The configuration of 40 meter dipole, our representative sample. 
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Figure $2 SWA response o 40 metor dipole in 
{ree space cul for racnance at 7.15 Wi 


or 66.9 feet, This will be our point of compari- 
son. The SWR of such a dipole is shown in 
Figure 52, 


Height Above Ground and Ground 
Characteristics 


The height above ground of a horizontal 
dipole antenna has a major impact on а number. 
of antenna operational characteristics. The 
vertical (and even the horizontal to a lesser 
extent) radiation patterns are a function of. 
height. Usually more noticeable, however, is he 
resonant frequency and impedance at resonance 
as shown in Table 5.1. This table shows the 
EZNEC antenna modeling software prediction of. 
the resonant impedance of a dipole at different 


heights above both perfect and typical ground.’ Your ground is probably 
closer to “typical” (see the note in Table 5.1) than to free space, although 
the higher the antenna is placed, the closer its characteristics are to a free 


space antenna 


Because the characteristics of an antenna are dependent on factors 
beyond the control of the designer, most antennis provide an adjustment 
‘mechanism to allow compensation after installation in the environment 
where the antenna will be used, 


Table 5.1 


Variation in Dipole Resonant Frequency and Impedance with Height Above Ground" 


Height Frequency Impedance 
a (utz) (0) 

bios Space 715 735 

1 7175 7 

075 тл 75 

05 72 68 

04 72 ва 

оз 713 89 

02 705 73 

01 708 53 


= Perfect Ground- 
Frequency Impedance 
(MHz) @ 
712 m 
718 E] 
723 E] 
zn га 
708 95 
700 вз 
тот 2 


"ical ground" parameters; relative delecti constant 13, conductviy 0.005 Sim. Bare #14 AWG copper vie. 
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Making the Adjustments 


If we were to install our nominal half-wave dipole 0.2 wavelength 
above real ground, we would find that the measured resonant frequency is at 
7.05 MHz, rather than the design value of 7.15 MHz. See Figure 5.3, While 
the difference may not sound great, the more significant effect is that the 
original design had a 2:1 SWR covering the whole 40 meter amateur band, 
while at this height SWR now is above 2:1 at frequencies above 7.2 MHz. 


With an antenna that is resonant at a frequer 


yelow the desired 


frequency, the rule is to shorten the antenna until the resonance moves where 
we want il. Some amateurs do it a bit at a time, watching the frequency rise 
until they have gone too far and then backing up a bit. While this can work, 
team be tedious because each step requires the antenna be lowered, adjusted 
and then raised again. A more efficient approach is to recognize that the 
required length change is inversely proportional to the required frequency 
change. Since we want to shorten the antenna in this ease, the new length 
should be 7.05/7.15 x 66.9 or 65.96 feet total — remove 5.6 inches from 
cach end, Rather than cutting the wire, the excess can be folded back along. 
the antenna until you are satisfied with the result. 

With an antenna that is not resonant at the desired frequency, it is 


a bit more compli 
antenna, An EDZ 


ted. An example is the extended double Zepp (EDZ) 
‘configured in the same manner as a half wave dipole, 


except itis longer — its nominal length is 1.25 wavelengths. This antenna 
has a broadside gain of about 3 dB with a corresponding narrow azimuth 
pattern and is usually fed with a matching network or matching section of 
‘mismatched transmission line, 


Frequngy He) 


Figure 53 — SWA response of th 40 meter dipole 
from Figures 51 and 2 Installed at 0.2 wavelength 
above real round. 
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Z made of the same wire as our dipole would be about 167 feet 


long in free space and would have an impedance 
atthe 7.15 MHz center frequency of 224 1138 
О, This is a bit of a problem to measure directly, 
since that represents a 50 © SWR of 117:1, 
putting it ош of the measurement range of most. 
antenna analyzers, All is not lost, We can use a 
few different approaches to make sure itis the 
correct length when installed over real ground. 
1) Don't worry about it. Since it doesn't 
‘need to be resonant, we can just build the antenna. 
as designed and install it and hope for the best. 
Small changes in the length won't make a big 
difference in the pattern or in the impedance, 
and can likely be accommodated if the matching. 
network is adjustable. While this is reasonable. 


with the EDZ, it may not be viable for all nonresonant antennas, 

2) Test the antenna and matching network together, If the matching 
network is designed to match the antenna to 500, by connecting the antenna 
to the matching network we can adjust the antenna length until we have a 
1:1 SWR at the network input. This is a fine approach, but only if we know 
the matching network or section is trimmed properly — not usually the case 
with a new setup. 

3) Make use of the antenna's resonant frequency. While we aren't 
using the EDZ at its resonant frequency, it is а resonant half wave dipole 
at some other frequency. We can measure and adjust to that frequency. 
Using modeling software, we find the half wave resonant frequency of a 
7.15 MHz EDZ is 2.87 MHz. Thus if we trim the antenna to be resonant 
in its surroundings at that frequency, it will be just the right length to be a 
40 meter EDZ. In this way we can optimize the antenna first and then use the 
analyzer to tune the matching network section to have an input Z of 50 О. 


TUNING AT THE STATION END OF THE 
TRANSMISSION LINE 


1а some stations, the final antenna adjustments are accomplished at 
the station end of the transmission line using an antenna tuner, which is an 
adjustable impedance matching device. Tuning at the transmitter end does 
not change the SWR on the transmission line, but can make the transmitter 
“see” a matched load. This can be a useful technique, especially for use with 
antennas that are operated outside their normal SWR bandwidth, 

Ifthe antenna tuner is a manually adjusted one, it will require a signal 
оп the desired frequency in order to view the results of the adjustments 
Many operators use the station transmitter for this purpose, but there are 
two issues with this approach, 

Interference. While the tuner is being adjusted, the transmitter is on 
the air, often for lengthy periods as the optimum settings are found. During 
this time, your signal will interfere with others using the frequency. Even 
listening on the channel is no guarantee of avoiding this because the station 
you are interfering with may not be one you can hear, even though the 
receiving station can hear you as well as the other station in the QSO. 

Stress on components. Until the tuner is adjusted, the transmitter is 
driving into a mismatched load. While most modern transmitters include 
circuitry to reduce power automatically to avoid damage, not all do, and 
those that do may not be working properly. Of course it is always a good 
idea to reduce power manually while tuning, but not all transmitters are 
equipped to do that easily. 
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Figure 54 — By switching the transmite end of эп antenna tuner to an antenna analyzer, adjustments сап 
e made without causing Partu Intrerence o other users. This also avoids unneeded stres оп the tuner 
components while looking fora match: 


‘The solution is to use the antenna analyzer to adjust the antenna 
tuner. Just switch the tuner input from the radio to the analyzer, set the 
to the desired frequency and adjust the tuner for minimum SWR 


‘The previous section, describing the initial adjustment of antennas, 
is important and may be the primary reason amateurs are willing to invest 
їп an antenna analyzer, If the Work stops there, many opportunities will be 
lost, An antenna analyzer can provide an opportunity to track changes to 
the system after it is installed. 


Record Your Data 


56 


Chapter 5 


It is very important that the antenna measurement data be recorded 
upon completion of tuning. In this way any changes caused by component 
failure or degradation can be noted. Be particularly wary of improved SWR 
over time, Since antennas rarely improve over time, itis very likely that 
improved SWR or SWR bandwidth is an indication of additional loss, often 
in a transmission line ог related component or perhaps caused by corroded 
connections. 


Antenna Changes During Normal Operation 


Once an antenna is installed with appropriate compensation for its 
surroundings, it is important to keep track of what is going on around it. A 
rotating directional array, For example, may be properly tuned while looking 
toward the open sky, but may have a significant impedance difference if 
Pointed into a neighboring building. It may be possible to find a set of 
adjustments that provides reasonable performance at all azimuths, or in the 
‘worst case, operation may need to be avoided or power reduced with the 
antenna pointed in certain directions 

A change in measured data may also indicate а change in surroundings. 
Construction work of various forms can result in new, perhaps hidden, metal 
structures that could change antenna characteristics. As the forest marches 
оп, it also gains in height. Antennas, particularly at VHF and UHF, suffer if 
the former shot to a clear sky becomes crowded by trees that are suddenly 
higher than the antenna, 


Notes 

"Several versions of EZNEC antenna modeling software are available from 
developer Roy Lewallen, WTEL, at www.eznee.com, 

^ Hallas, WIZR, The ARAL Guide fo Antenna Tuners. Available from your 
 ABRL dealer or the ARRL Bookstore, ARRL order no. 0984, Telephone. 
860-594-0355, or toll-free in the US 688-277-5289; www.arrorg/shop; 
pubsales@arr.org. 
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Taking the Feed 
Line into Account 
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Mismatched transmission lines transform impedances based on the de- 
gree of mismatch and electrical length. Thus the impedance and resonant 
Frequency measured at the transmitter end of the feed line may be very dif- 
ferent from that at the antenna load. Unless this is taken into account, the 
‘measurement results will be misleading, 


In most eal world cases, it is both impractical and undesirable to mea- 
sure the impedance or SWR of an antenna at the actual antenna terminals. 
For one thing, the antenna terminals may be suspended in mid air, as in the 
dipole shown in the previous chapter. If we lower the antenna to be within 
reach, the impedance and resonance of the antenna will change as discussed 
there. Another problem is that if the SWR meter and operator are located at 
the antenna terminals, in almost all cases they will be within the antenna's 
near field and will affect the readings. 

While the impedance will be transformed over distance by a length of 
mismatched transmission line, the SWR data will still be usable. In fact, if 
the antenna is resonant and matched to the transmission line Z, at a particular 
frequency, by definition its impedance will be equal to that of the line Zy, and 
it will be the same value at the radio end of the ine. While this sounds like 
a special case, it is actually one that we frequently will be trying to obtain. 

Note that the above relationship holds whether the resonant frequency 
is the one we are looking for or not. If we want to adjust an antenna to û 
resonant frequency, and the antenna is connected to the analyzer through а 
transmission line, it is best to find the antenna's resonant frequency rather 
than the impedance at the desired frequency. Knowing the resonant fre- 
quency of the antenna will tell us what we need to know in order to adjust 
the antenna for the desired frequency. This approach is illustrated in Fig- 
ures 6.1 through 64. 

In Figure 6,1, we see the SWR plot of a 66.4 foot long, low, wire, 
40 meter dipole resonant at 7.15 MHz, as measured (modeled) at the an- 
tenna terminals, The height was adjusted to obtain the nice match to 50 0. 
Impedance is 52.2 0,05 Q. Since we probably won't be using a tall ladder 
to measure at the feed point, we have Figure 6.2. This is the SWR plot of a 
the same 40 meter dipole as in Figure 6.1, but as measured at the end of a 
45 foot, ideal, lossless 50 Q transmission line. Impedance is 48.8 + 1.7 О. 
Note that while the SWR is virtually the same, the reactive part of impe- 
dance has changed sign due to the transformation in the line. By looking at 
this plot, we really know everything we need to in terms of how our tran 
miner will operate with this antenna system, except we can't tell (and don't 


onen care) what the actual impedance is at the antenna. 

upon installation our antenna js not resonant at the desired frequency, 
but needs adjustment, we might see an SWR plot such as in Figure 6.3. 
This is the SWR plot at the antenna terminals of a low 67.2 foot long, 40 
meter dipole before being adjusted to resonance at 7.15 MHz, our desired 
frequency. Impedance is 54,1 + 22.3 О. Note that if measured at the antenna 


terminals, the impedance at 7.15 MHz shows a positive reactance, 


Frauen 2) 


Figure 6.1 — SWR plot of alow 40 meter dipole 
vl length 66. feet and resonant a 7.15 МН: as 
measured (modeled) at ihe antenna terminal The 
modeled impedance at 715 МН: was 52 16 40420, 
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that the antenna is inductive or too long. This is confirmed by the fact that 
the resonant frequency is lower than desired. 

Figure 6.4 is the SWR plot of the same 40 meter dipole as in Figure 6.3, 
but measured at the bottom end of 45 feet of ideal, lossless 50 © transmis- 
sion line. Impedance is 32.6 - 0 O. Note that while the 7.15 MHz SWR is 
virtually the same, the reactive part of the impedance has changed sign due 
10 the transformation by the mismatched transmission line. If we just looked 
at the impedance at 7.15 MHz, we would note that at the bottom end of the 
line it is capacitive. From this single data point, we might wrongly conclude 
that the antenna was too short to be resonant at our desired frequency, 

This illustrates the benefit of watching the SWR if adjusting antennas 
that have an SWR of close to 1:1 at some frequency. If we look at the fre- 
{quency at which the SWR is best (in this case 7.05 MHz), instead of looking 
atthe impedance at our desired frequency, we ean conclude that the antenna 
resonant frequency is too low and the antenna needs to be shortened. 

"To make the adjustments, you could trim an inch at a time from cach. 
end until the frequency of lowest SWR coincides with the desired frequency, 
While this approach works, it can be a bit tedious. In addition, using this 
approach the resonant frequency often ends up at least slightly above the 
target frequency. I recommend moving in more quickly by noting that the 
ratio of the desired frequeney to measured frequency is very close to the 
inverse of the ratio of the lengths. Thus, if the measured frequency, Fy. is 
7.05 MHz, and the desired frequency, F,, is 7.15 MHz, the new length will 
be very close to the current length (67.2 feet) times 7.05/7.15 = 66.3 feet, 
quite close to the 66,4 foot length of the antenna tuned at 7.15 MHz. 

‘Antenna builders take note — while trimming antennas, I suggest you 
fold the wire back on itself at the end insulators rather than cutting it off. 
‘This allows adjustments to be undone if required and also provides some 
extra in case the wire breaks at the connection end in the future and the 
antenna needs to be reinstalled. 


‘The preceding discussion of using SWR as a technique for adjusting 
antennas was predicated on the antenna system being matched at some fre- 
quency. While often the caso, it is not always true. Sometimes it is important 
to know what the actual impedance is at the antenna following measurement 
at the end of a connected transmission line. Fortunately, there are a number 
‘of ways to accomplish this, as we will describe below Each method requires 
that we know the characteristics of the transmission line, including its physi 
cal length, or in some cases, electrical length. 


Transformation Using Transmission Line Eguations 
The complex impedance at the bottom of a transmission line (Z,) of 
length x and characteristic impedance 2, terminated with a complex load of 

impedance Z, can be found from the following equation: 


z, 2 Zo tanto 


2, 
20 FEL tamb 


(Eq 6.1) 


where tanh is the hyperbolic tangent fonction, and = a + jf (a is the attenu- 
ation constant in nepers/meter and D = 2 7/7, the phase constant in radians! 
meter, where A. is the wavelength in meters). 

Ifthe cable is lossless, a reasonable assumption for short transmission 
lines at HF, Eq 6.1 simplifies to: 


„Zu u tan Bx 


20 20 
a + j£, tan Bx 


(Eq 62) 


While one or both of these can be set up on a spreadsheet or program- 
mable calculator, note that for this purpose we would really like to obtain 
Z, based on a measurement of Z, in order to know the impedance at the 
‘antenna based on the measured impedance at the bottom of the ine. T will 
leave that exercise to the zealous reader more adept than Tam with manipu- 
lation of complex algebraic functions — especially since I will describe 
some easier methods, 


‘Transformation Using Graphical Technique: 


Long before the advent of programmable calculators and personal com- 
puters, graphical techniques were a popular solution method for otherwise 
tedious calculations. The Smith Chart is such a device, invented before the 
Second World War by Phillip Н. Smith? Smith Charts (see Figure 6.5) are 
available in both normalized version (center is 1.0 as in Figure 6.5) or preset 
fora specific impedance (usually 50 2). To use the normalized chart, divide 
the real and imaginary parts of the impedance by the transmission line Z, 
and enter the value as a point on the chart. In this example an impedance 
of 35 + j12.5 © is normalized to the line Z, of 50 Q as 0.7 + 025 © by 
dividing each term by the Z, and entered as shown. If a 50 Q chart is used, 
the real and imaginary results can be entered directly, 

A circle with its center at the 1.0 + jO point drawn through the entered 
point is a circle of constant SWR with the SWR value indicated by the in- 
tersection of the circle with horizontal axis on the right side of the center, 
1.6:1 in this example, 
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Figure 65 — A normalized Smith Char To use, divide the real and imaginary parts of the ir bythe 
. pls e chart I exampl ап трна 03 12528 
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2,0 50 0 as 07+ 025 and entered as shown. 


То find the answer we were looking for, we first draw a line from the 
center through the entered point on the chart and extend it to the outer edge of 
the chart as shown in Figure 6.6. If the impedance were that measured at the 
‘bottom of our transmission line, we would find a point on the circumference 
going counterclockwise (toward load as indicated) moving a distance equal 
to the electrical length of the line. Where the line to the new point intersects 


Figure 65 — A normalized Smith Chart used to calculate antenna impedance om impedance measured at the ond 
ойле ine. The ine shown tom the center to tne constant SWR cr is rotated Toward the iac te number of 
degrees corresponding to th electrical length of tne ne. The paint at which R intersects the constant SWR circle 
represents the impedance at the antena. 


the constant SWR circle, we read our antenna impedance. Note that for lines 
longer than wavelength (180°), we just go around and around as needed, 
Fora normalized chart, we multiply the resulting impedance values by the Z 

‘This method is as viable today as it was 70 years ago, however it does 
have the limitation that it assumes a lossless line. As noted previously, this 
is nota serious source of error in many instances 
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Transformation Using Transmission Line Software 
Packaged with the last few editions of The ARRL Antenna Book is a 
CD with some very useful software. The program that I use almost daily is 
опе written by retired ARRL Antenna Book Editor R. Dean Straw, NOBY, 
called TLW for Transmission Line for Windows. 
TLW provides a very easy to operate mechanism to determine every- 
thing [usually need to know about what's happening on a transmission line. 
When you open the program, you are presented with a screen as shown in 
Figure 6,7, This has the values plugged in from the last time you used it, 
often saving a step. Let's take a quick tour of the inputs: 
+ Cable type — allows you to select the cable you would like to ana- 
Туле, A drop-down box provides for the selection of one of 32 of the most 
‘common types of coax and balanced lines. An additional entry is provided 
for User Defined Transmission Lines that can be specified by propagation 
velocity and attenuation, 
* Length — in feet or meters, your choice, 
* Frequency — an important parameter when dealing with transmis- 
sion line effects. 
* Source — defines the form of the input impedance. Generally, you 
сап use NORMAL. 
® Impedance — can be specified as what you measure, resistive (real) 
and reactive (imaginary, minus 
means capacitive). This could 
f come from your antenna ana- 
AW, Transmission Line Program for Windows ве] euer ar either end of the trans- 
„FFFͥ ͤ A mission line. Note: If you know 


ee 3 only the SWR, nor the actual 


pe Г tase rameny [== мш | impedance, all is not lost — see 
pe Ferias 
p The 
Wette as desen, DV Tec oa 22548 


available outputs 
include: 


EN kar rem * SWR — is provided at 
— , AAA ms 
F 2 Boj es an important difference that 

many people miss, important 
о A even wih « moder SWR at 
Шайы er jas ce iones Tbe | tbc transmitter end. As we'll 

Sec, the SWR at the antenna can 
be much higher because of the 


cable loss. With TLW, you know 
om om eh the SWR at both ends, 
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as well as the loss in the cable itself 

* Rho at input — the reflection coefficient, the fraction of the power 
reflected back from the load. 

© Additional loss due to SWR — one of the answers we were after 

+ Total line loss — is the other, the total loss inthe line, including that 
caused by the mismatch, 

Ofen the only measurement data available is the SWR at the transmit- 
ter end of the cable, rather than the complex impedance — depending on 
the analyzer capability. Because the losses are a function of the SWR, not 
the particular impedance, you сап just enter an arbitrary impedance with 
that same SWR and click the INPUT button, An easy arbitrary impedance to 
use is just a resistance value of the SWR times the Z, of the cable, usually 
500. Forexample, you could use а resistance of 125 £} to represent an SWR 
of 2.5:1. This is what we've done in Figure 64% using 135 feet of popular 
Belden RG-8X. 

‘The results are interesting. Note that the 2.5:1 SWR as seen at the radio 
оп 28.5 MHz results from а 7.45:1 SWR at the antenna — perhaps this is 
an eye-opener! Note that of the 5.6 dB loss, more than half, ог 3.1 dB, is 
‘due to the mismatch, If we used something other than the actual measured 
impedance, we can't make use of the impedance data that TLW provides. 
We can use the SWR and the resulting loss data, but that’s probably what 
we wanted to find ош. 

We can now do some “what ifs." We can see how much loss we have 
оп other bands by just changing 
the frequency. For example, on 
80 meters, with the same 2.5:1 
53 at the transmitter end, the SWR. 


OREGON as 


the loss is slightly more than 1 


ES dB, We could also plug in an 
ae impedance calculated at the 
ře antenna end and see what dif- 


ference oer cable yes оша 
male. For example with the 
|| same 285 MHz SWR of 145 
= at the antenna and 135 feet of 
if e| | sinch Andrew Heian, we will 

have a total os of 15 dB at 
285 MHz. Not that he SWR 
заза a boton vůl ow be 


Figure Ба — The antenna tuner screen of TL Additional antenna tuner 5,5:1 and our radio's auto-tuner. 
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might not be able to match the new load — an unintended consequence of 
making the system “better: 

‘You can also click the GRAPH button and get a plot of either voltage 
and current ог resistance and reactance along the cable. These will only be 
useful if we have started with actual impedance, rather than SWR. 

Pushing the TUNER button results in a page asking you to select some 
specifications for your tuner parts and then provides the results shown in the 
lower section of Figure 6.8. As shown, TLW effectively designs a tuner of 
the type you asked for at the shack end of the cable. It indicates the compo- 
nent voltages and currents — important to specify the parts needed. It also 
calculates the power lost in the tuner and gives а summary of the transmitted 
and lost power in watts, so you don’t need to calculate it! 

When you've finished, be sure to hit the EXIT button, don't just close 
the window. Otherwise TLW may not start properly the next time you want 
to use it 


Measuring with a / Wavelength Transmission Line 


A lossless electrical А wavelength transmission line has a sometimes 
useful property: It will repeat the impedance that is present at the far end at 
the near end. This means that if have an antenna connected to our analyzer 
by a lossless line of an electrical % wavelength, the impedance we measure 
atthe transmitter end will be exactly the same as the impedance we would 
‘measure at the antenna, independent of the transmission line 2, In fact this 
holds true for any integral multiple of half waves, The next chapter includes 
section on adjusting the electrical length of a transmission line using your 
antenna analyzer, so this is a feasible approach. 


Table 6. 


Complex Impedance Measured at Antenna Compared to Measurement at End of У and % Wave 
450 О Transmission Lines Resonant at 7.15 MHz. 


At Antenna 14 Wave 450.2 Line ^4 Wave 450.2 Line 
Frequency f K „ Ж я R 
(MHz) a © @ @ @ (0) 
700 мл -333 877 -590 1095 -167.4 
705 859 -222 ваз -392 1020 -1083 
730 676 -11 396 196 987 892 
735 $94 00 эз 00 EB 00 
720 012 по 933 094 1024 529 
725 930 221 956 220 10% 1074 
730 49 331 983 585 1226 1650 
640 Chaptor 


= There are a number of cave- 
00 — — HE ais however First, this only gives 
accurate results if the line is in- 
deed lossless (the higher the loss, 
the lower the accuracy), Simi- 
larly, it provides only an ac: 
measurement at the frequency at 
Which the line is a multiple of Y 
wavelength. Thus, sweeping over 
а band looking for the frequency 
of minimum SWR will give you 
the minimum SWR, but the im- 
ml pedance will only be that of the 
antenna at the Y wavelength 


Figure 69 — Reactance of a 45 foot high 40 metor dipole resonant 
SLT MHz measured at he antena (A) at the end of a real 48002 frequency 
"ransmissiom ne wih ап local length of: wavelength (B) and 5+ "Table6.1 and Figure6.9ilus- 


snm Kou ce trate the point. Note that while 
the impedance at the resonant fre- 
quency is quite close for all cases, 
the reactance is quite different as 
the frequency moves from resonance. Still, the data would assist in trim- 
тїп an antenna to resonance, Note also that multiple half wavelengths (the 
% wavelength column) multiply the apparent error. The difference in the 
resonant impedance can be attributed to the losses in the transmission line 
acting as additional resistance, 


Notes 

"J. Kraus, Wals (SK), Electromagnetics, Sec. 11-6. McGraw Hil, New York, 
1953, 

Р Smith, "Transmission Line Calculator? Electronics, Vol, 12, No, 1, Jan 1939, 
pp 29:31. 


Regular (ARRL order no. 1340) and expanded scale (ARAL order no. 1350) 
‘Smith Charts are available from your ARRL dealer or the ARAL Bookstore. 
Telephone 860-594-0355, or toll-free in the US 888-277-5289; www.arrl. 
orgishop/. pubsales@arr.org 

“H. Ward Silver, NOAX, Ed., The ARAL Antenna Book, 22nd Edition, available 
from your ARAL dealer or the ARRL Bookstore, ARL order no 9043. Tele- 
phone 860-594-0355, or toll-free in the US 888-277-5289; www.arr org! 
shop/; pubsales@arrl.org, 
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As noted in Chapter 2, antenna analyzers include multiple subsystems 
to generate and measure RF signals. In many cases, these subsystems can 
be used for other functions in addition to antenna analysis. The additional 
‘capabilities depend on the details of the design and the features built in. Not 
every analyzer can perform each function described below, but all analyzers 
сап do some of them. 


Antenna analyzers can serve as laboratory or bench test equipment, 
Although they share the functionality of some test equipment, it is impor- 
tant that their limitations are understood and taken into account, There are 
reasons that а quality signal generator can cost thousands of dollars, while 
an antenna analyzer that includes a signal source costs hundreds, It's not 
reasonable to assume that each type of instrument can perform the same 
tasks tothe same precision, 


Antenna Analyzer as an Impedance Meter 
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It may be obvious, but it's still worth mentioning that any data that 
ап antenna analyzer can provide about antenna characteristics can also be 
provided while measuring electrical components or circuits. For example, 
an analyzer that сап measure antenna impedance can also measure the input 
impedance of a network, or even the impedance of a single component, Usu- 
ally all that is required is an adapter that provides clip lead connections that 
mate with the coax jack on the analyzer. 

‘The lack of sign of the measured reactance should not be a problem for 
measuring the impedance of a capacitor or inductor, since you can likely 
tell from looking at the component if you are dealing with a capacitor or 
inductor. Just find a frequency at which the value is not near the maximum or 
minimum measurement values — measuring values ata few frequencies isa 
good idea — and make sure that the value changes in the right direction as 
you shift frequency, Inductive reactance should go up with frequency, while 
‘capacitive reactance should go down with frequency. If it goes the other way, 
you are measuring at a frequency above the self resonant frequency —often 
ıa problem with large value capacitors. 

If the value of an unknown component is desired, it is just necessary 
чо solve the reactance formulas for the capacitance or inductance value and 
plug in the analyzer's frequency and measured reactance. For example: 


X dL 


апд 


Use caution with units since the basic formulas аге in hertz, farads and 
henrys, 


Antenna Analyzer as a Signal Source 


All antenna analyzers include an RF signal source that covers their op- 
erational frequency range. This signal is available at the analyzer's coaxial 
connector and can be used directly to inject signals into equipment — just 
ignore the analyzer's readings, except for the frequency. 

Note that I used the term signal source rather than signal generator. 
‘This is not merely a matter of semantics, but rather recognition that the typi- 
cal signal generator provides not only a stable signal but also an adjustable 
‘output level that can be used as part of the measurement process, The signal 
‘output from most analyzers is a fixed level. This deficiency can be made up 
through the use of an attenuator of some sort, external to the analyzer, and 
эп RF voltmeter or power meter that can read the analyzer's output level — 
depending on the accuracy of calibration required. Other potential concerns 
and limitations are described below. 

Frequency readout resolution — There are a number of methods of 
frequency selection employed by antenna analyzers, 

‘The least expensive analyzers tend to have a mechanically tuned vari- 
able oscillator with an analog pointer and scale readout, The resolution 
available is based on the dial increments on the scale and on the thickness 
of the pointer. With the typical variable capacitor tuning in multiple ranges, 
the resolution is usually reduced as the frequency increases. The available 
resolution of such systems often is limited to knowing which amateur band 
is selected, without knowing the specific frequency within a band, To get 
а better idea of actual frequency, a receiver of known frequency accuracy 
сап be loosely coupled to the analyzer or circuit being tested, If a frequency 
lable, it сап be connected to the output in parallel with the 
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load being tested. In either case, the resolution and accuracy are limited by 
those of the secondary equipment 

For analyzers using a digital frequency display, either from a frequency 
counter or a synthesizer, the resolution is simply the number of digits dis 
played, at least if they stay constant. On some analyzers, particularly on the 
higher frequency ranges, some of the least significant digits change rapidly 
because of instability. Arguably, digits that are constantly changing cannot. 
be counted as “resolved.” 

Frequency accuracy — Some people confuse accuracy and resolution, 
Resolution is how closely you can read or resolve the quantity measured, 
(For digital displays, resolution is determined by the number of digits that 
сап be displayed.) Accuracy, on the other hand, is a measure of how close. 
чо the absolute standard the value shown on the display is. In the case of 
frequency, the standard is maintained by the National Institute of Standards 
and Technology (NIST). 

For the case of an analog dial instrument, the accuracy likely will be 
limited by the resolution of the display in some ranges. Particularly in the 
higher frequency ranges, the instrument may be limited by the location 
of the silk screened graduations combined with the care of the alignment. 
technician, 

For digital readout instruments, it usually comes down to a question of 
the frequency tolerance of a crystal controlled oscillator. For those analyz- 
ers in which a frequency counter is measuring an oscillator frequency, the 
accuracy of the crystal controlled time base used by the counter determines. 
the accuracy of the frequency readout. For a synthesized oscillator system, 
the accuracy of the frequency reference crystal will determine the accuracy 
ofthe generated frequency. In either case, the accuracy is significantly better 
than that of the analog system. For any instrument, a check of the frequency 
accuracy compared to a frequency counter of known accuracy should let 
you know what you are dealing with. 

Frequency stability — It is important that a signal source used for mak- 
ing measurements stay within the bandwidth of interest in the device being 
measured or adjusted for the duration of the measurement, Note that the 
frequency stability needed for making antenna measurements is usually not. 
that stringent — a shift of a few kHz while measuring an HF antenna will 
not be significant most of the time. If the same source is used for receiver. 
alignment, it could easily drift completely out of the passband. 

Waveform purity — Waveform distortion in this context generally 
means harmonics — spurious signals on multiples of the indicated fre 
‘quency, A quality signal generator generally has a fairly pure output wave- 
form with most of the energy on its design frequency. Interestingly, in many 


applications, harmonics will be outside of the range of signals being tested, 
‘but they can result in errors in measuring the signal power. On a wideband 
RF voltmeter or power meter, the power associated with the harmonies can 
be included in the measurement and make it appear that the signal on the 
desired frequency is stronger than it actually is. 


Antenna Analyzer for Frequency Measurement 


A small number of antenna analyzers that use a frequency counter 
as a frequency display also provide a separate input connector that allows 
access to the frequency counter function, A switch disables the rest of the 
unit's functions, turning the analyzer into a standalone frequency counter. 
This can be a big plus for someone who doesn’t have a separate laboratory 
counter at hand. 

Because the analyzer does not usually need to have the frequency accu- 
тасу or stability of a laboratory instrument to make useful antenna measure- 
ments, it may be that the absolute accuracy of the instrument will not be up 
to laboratory standards. Still, it can be a useful device and it can easily be 
checked to find out. Similarly, the frequency stability of the time base may 
not be up to snuff, but that can be measured to determine the accuracy limits 

Analyzers that don't have a separate input for the counter can still be 
used to check frequencies using heterodyne techniques. If you have a re- 
ceiver that has less accuracy or precision than your analyzer, you can tune in 
the unknown frequency on the receiver, turn off the receiver's beat oscillator 
and couple the analyzer to the receiver. Adjust the analyzer frequency until 
You hear а beat note between it and the frequency you want to measure, 
Carefully tne the analyzer for zero beat, the condition in which the sound 
disappears between the beats on each side. Then the frequency indicated on 
the analyzer isthe same as the unknown frequency. 


Antenna Analyzer Simulating a Grid Dip Oscillator 


In the vacuum tube era, a popular test instrument was the grid dip osci 
lator (GDO) or grid dip meter. This was basically a vacuum tube oscillator 
with the inductor exposed on the top of the handheld unit. Most units һай 
„multiple plug-in inductors to cover different frequencies, An analog meter 
was connected to measure the grid current of the vacuum tube, In use, the 
GDO inductor was lightly coupled to a resonant (L-C) circuit under test. As 
the frequency of the GDO was varied, at some point the circuit under test 
absorbed some of the energy from the GDO tuning circuit, resulting in a 
reduction in grid current — or dip. This occurred at the resonant frequency 
of the circuit under test. 
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Figure 7.3 — The gri dip oscilator" probe 
of Figure 7.2 im use, measuring the resonant 


Frequency o a VHF tuned cea 
ao "The GDO was a very handy and very popular gad- 
Figure 72 — Construction deta or We. get in its day. As the use of vacuum tubes diminished, 
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isnot some manufacturers offered variations based first on tun- 
1 diodes. Later they made field effect transistor (FET) 
oscillators, The solid state versions are usually just called 
“dip meters” but some hams still call them GDOS (per- 
haps now gate dip oscillators). To my knowledge, the 

only one still in production is offered by МЕЈ Enterprises, the MFJ-201 
Fortunately, David Barton, AF6S, wrote a OST article describing a clever 
method of using an antenna analyzer as a СО. While his article was based 
оп a particular analyzer, it should work just as well with any analyzer that 
measures SWR. His approach was to combine a coupling сой with resistors 
and a capacitor so that the resulting network would appear to have a moderate 
SWR over a wide frequency range (see Figures 7-1 and 7.2). The operation 
of the unit takes advantage of the fact that the greater the energy coupled 
out of the analyzer, the better the SWR looks. Thus if the added link is 
coupled to a parallel tuned circuit and tuned (see Figure 7.3), the SWR 


indicator will dip at the resonant frequency of the circuit under test, 

‘This arrangement has some decided advantages over a traditional GDO. 
First, the tuning accuracy of all but the least expensive antenna analyzers is 
far beter than any GDO. Second, the entire frequency range can be covered 
without having to find and change coils. 


Signals propagating along a transmissions Tine travel at a velocity 
somewhat less than the speed of light or radio waves in free space, This іза. 
similar phenomenon to that of light traveling through water — one that we 
сап observe with the naked eye in nature, The reduction in velocity is largely 
а function of the dielectric constant of the insulating material between the 
line conductors. Thus air insulated line has a propagation velocity that is 
just slightly slower than free space, while other insulating materials reduce 
the velocity more. 

‘This has an effect on the electrical length of the line (that is, the length 
of transmission line in wavelengths). While we don't care about electrical 
length for many transmission line applications, it is critical їп some cases 
such as transmission line transformers or phasing and delay lines, 

"The actual velocity in the transmission line is given by the expression 
v 
‘where C is the speed of light in free space (approximately 3 x 10* m/s) and 
V, isthe relative velocity in the line. 

V, is generally provided for each transmission line in vendor data 
sheets or in handbooks. Alternately it can be determined if the dielectric 
material between the conductors is known. In that case, 

1 


Y 


where s, is the relative dielectric constant of the insulating material. 

As an example, many types of coaxial cable have a dielectric made of 
solid polyethylene between the conductors. Polyethylene has an в, of 2.26, 
so V, = 1/1.5 or 0.66. The velocity of signals in the coax will thus be 0.66 
X 3x 10" or 1.98 x 10° m/s, a significant reduction, While vendor data often 
provides а sufficiently accurate indication of V,, some cables — especially 
those with a foam or air-poly mixture — can vary somewhat from lot to lot, 
or even along a single cable depending on the uniformity of the mix. Thus 
for critical applications, it is prudent to verify the value. 


Ve 
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"To determine the electrical length of the line, we could just divide its 
physical length (measured with a ruler or tape measure) by V, but that as- 
Sumes our cable is made exactly to manufacturer's specification. A better 
way is to make а measurement of the actual electrical length of the line. We 
сап do this with an antenna analyzer that measures impedance by noting the 
fact that a line that is half a wavelength (2/2) long will repeat the terminating 
impedance at its end, while one % f. long will transform a termination of а 
short to an open or vice versa. 

We make the observation that a reading near 0 0 on the analyzer is 
much easier to resolve accurately than one near . Thus, we should plan 
to measure either a 002. long line that is open at the far end, or a % long 
line that is shorted at the far end. The lowest frequency that we measure 
0 is the frequency of whichever condition we measure. This is important 
because the same effect occurs at all multiples of % X and odd multiples 
of J J A physical measurement, or even an eyeball estimate, can usually 
confirm that you are in the right region. 

Опе source of possible inaccuracy of this measurement is the length of 
cable or connections between the analyzer's coax connector and the instru- 
ments measurement plane. While this should be minimal, it сап easily make 
a difference for VHF measurements, A correction can be applied, either by 
checking the apparent electrical length of a known transmission line, or by 
measuring the length of internal connections, if they are accessible, 


While measuring loss directly with a source at one end of the line and 
a power meter at the other is the most accurate method of determining loss, 
sometimes it is not feasible to get equipment to the far end. In that case we 
сап get good measure of line loss from one end by measuring the SWR at 
the frequency of interest with the coax either open or shored 

If we had ideal lossless coax, our measured SWR would be infinite 
since all the power would be reflected and would return to the source. With 
losses in the coax, something else happens. Whatever signal power we put 
into one end will arrive at the other end with the same power, less the amount 
of line loss, Because the short or open at the far end of the coax provides a 
total reflection, the signal then reverses its direction and returns to the source 
end. On the return trip, the power level at the far end of the coax will be 
‘again reduced by the losses in the coax. 

"The reduced reflected power will show up in real coax as an SWR that 
is less than infinite, The higher the loss in the coax, the lower the measured 
SWR as read at the test end, Carried to extremes, a very high loss ina length 
of coax (such as the losses at UHF for a 500 foot long piece of RG-58) will 


result in an SWR of nearly 1:1 with the 


far end of the coax open or shorted 


Figure 7.4 shows a graph from the 


15 edition of The ARRL Antenna Book 


of the SWR versus matched loss in a 
coax line measured with a short or open 
at the far end, The Antenna Book also 
provides an equation to determine the 


one-way matched loss from the mea- 
sured SWR: L, is the one-way matched 


line loss in decibels at the measurement 


frequency. 


SWRI 
SWI 


Ly =10logo 


In other words, if you measure an 


Graph of the apparent SWA versus losses ina 


SWR of 5:1 with a length of open or 


Sonal case terminated ar opan or mor Pind the SA vue shorted coax, either Figure 7.4 or the 
0 go sig up and equation indicates that the cable loss will 


Е 


What if the Antenna is Up in the 


'one way matched los in dB on to via! ai 


‘dB at the measured frequency. 

To make the measurement, first 
make sure the antenna end of the coax 
is not connected to anything, and that 
any shorts you placed there during ohmmeter continuity tests have been 
removed. Follow the instructions in the manual for the antenna analyzer to 
make an SWR measurement at your desired frequency. 

Аз an example, consider the measurement of SWR of a 50 foot length 
‘of RG-213 used with a dual-band VHF/UHF antenna. At 147 MHz, the open. 
circuit SWR is 6.6:1. This indicates a loss of about 1.3 dB, compared to 
1.4 dB predicted by TLW for 50 feet of RG-213 (Belden 8267). At 445 MHz, 
the measured SWR is 1.4, indicating a loss of 7.78 dB, much worse than the 
2.6 dB predicted by TLW, Thus this coax, while useful on 2 meters, will not 
bbe very good on 70 cm and is probably in the process of degrading. 


‘The tests described previously are great if you have access to both ends 
of the coax, but sometimes you would like to find out about the condition 
of your coax without going up the tower. While you don't have access to 
the far end, you likely know what type of antenna is there. For example, I 
have a 2 meter Yagi with a T matching section. While that provides а nice 
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50 Q termination at 2 meters, И should look like a short at de. An ohmmeter 
‘continuity test should show a very low resistance, almost as low as if it were 
a short, A split feed Yagi or dipole should look like an open circuit at de. 

The SWR at 2 meters won't tell us much about los, If fact, the higher 
the los, the better the SWR will look. On the other hand, the 2 meter (144 
MHz) antenna will look a lot like a short at Yo the frequency (14 MHz, or 
20 meters). A measurement there should give us a good, but not precise, 
dea of the 14 MHz loss. If the cable is good there, chances are it is also 
good at 2 meters. Other types of antenna connections may be trickier to 
make use of, but if you measure the SWR оп other frequencies when the 
cable is new and store the data in your archives, any change in later years 
‘may mean that the antenna or transmission line has undergone a change that 
merits investigation 

Another trick is to sweep your analyzer frequency looking for the worst 
SWR. That probably indicates either a very high or very low impedance 
termination, and the loss at that frequency will be no better than that indi- 
cated by the SWR. 

A cautionary note — All of the loss results are based on the data pro- 
vided by the antenna analyzer. Chapter 24 of The ARRL Antenna Book notes 
that the instruments available to most amateurs lose accuracy at SWR values 
greater than about 5:1, so this method is useful principally as a go/no go 
check on lines that are fairly long, That really is the only question you need. 
to answer — do we want to keep this coax, or is И time for a replacement? 
‘These tests should give you enough information to make those decisions. 


One of the key transmission line parameters is characteristic impedance 
(Z,). In most cases, the Z, will be identifiable by looking up information 
on the manufacturer's part number, Occasionally the specified impedance 
in ohms is written on the cable jacket. Cable sometimes turns up that is 
unmarked, can't be read ог has numbers that don't relate to available infor- 
mation, For most situations, it is necessary to determine the Z, so the line's 
characteristics can be taken into account 

One way to get а good estimate of the Z, is to measure the diameter 
of the inner conductor and the outside of the inner dielectric (the same as 
the inside of the shield) with calipers. Then, by knowing or estimating the 
5, of the dielectric, the Z, can be calculated. Of couse, this isn't feasible if 
the cable has connectors on each end. For coax cable: 


138 D 


а= e 6 


where D and d are the diameters of the inner and outer conductors, respec- 
tively, For balanced air (or mostly air) dielectric lines 


276 logy) 2 
2 = 276 logio- 


Ла the balanced line case, D is the spacing between the wire centers. 

It is also possible to use an antenna analyzer to make the determina- 
tion. First recognize that the antenna analyzer doesn't really measure SWR, 
but rather indicates the relationship of the connected load to its design Z, 
usually 50 ©. As an example, if we had a 75 © coaxial transmission line 
terminated with a 75 © resistance there would be no reflection from the 
termination and the actual 75 © SWR would be 1:1. The impedance at any 
distance along the line would be 75 ©. Our 50 £ antenna analyzer, however, 
can't tell the difference between a matched 75 Q line and а 50 О line with 
а 15:1 SWR, so it will indicate that the Z is 75 Q und the SWR is 1.5:1 

Note that if we had the opposite case — a 50 О line terminated in 
75 £2 — the indicated SWR would also be 15:1. Arguably, if we had an 
analyzer that just measured SWR. the two cases would appear identical. The 
key to determining the difference is watching the impedance measurement 
as the frequency changes, For the matched 75 © line, the impedance will be 
a constant 75 (2 as the frequency (and thus electrical length) is changed. If 
we performed the same test with the 75 © load terminating the 50 © coax, 
While the SWR would stay constant at 1.5:1, the impedance would change. 

At frequencies at which the Line is an electrical % wavelength or a 
multiple of % waves long, the impedance will repeat the 75.9. At frequen- 
cies at which the line is an odd multiple (including 1) of % waves long, the 
impedance will be Z/SWR or 50/1.5 = 33.3 Q resistive. 

Thus we can easily find the Z, of an unknown coax cable with a single. 
moninductive resistor with a value higher than any expected coax Z,, Just be 
эше that the unknown cable isn't so short that you can't tune the measure- 

ment frequency to its % wavelength electrical length. That 
would be about 7 inches if the analyzer goes to 300 MHz. 


Table 7.1 : а 
SW and Minimum Resistve TM Moco is to terminate the coax with a resistor 
Impedance of Transmission? Of Sty 125 Q, higher than the Z, of any typical coax. Change 
Lines Terminated In 125 2 the analyzer frequency and look for impedances with zero 
эю) SWA AM) reactance. There should be some indicating 125 О; these are 
se ae at multiples of ¥ wavelength. Others should be lower, at the 
80 m 1⁄4 wave frequencies, and these will at Z,/SWR. For our se- 
75 n lected resistor, Table 7.1 shows the expected value for stan- 
эз тг dard coax that we are likely to encounter. Note that the Z, and 
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SWR in the table are the values associated with the transmission line being 
measured, nor the Z, of the analyzer 

Another approach is to have loads for each common transmission line 
Z, and try them until you find the one for which the SWR reading stays 
constant as the analyzer frequency is varied, There is nothing wrong with 
that approach, other than it requires a box of load resistors rather than just a 
single load for my method. The matched load method may be most appro- 
priate if you will just need to verify that the Z, is а standard 50 Q and you 
already have а 50 © load available (perhaps intended for other purposes) 


In a OST article, Wayne Cooper, AGAR, described a way to test the 
passband and cutoff frequencies of an RF or IF filter designed for use in 
50 Q systems? This technique can be used to check high power transmitter 
Tow pass filters, low level receiver band pass filters, or even TF crystal or 
mechanical filters. Figure 7.5 shows the general approach, 

Measuring the frequencies over which the SWR is close to 1:1 should 
give a quick verification of the passband frequencies sufficient to know if 
the filter is working. Unfortunately, other information, such as passband 
attenuation, skirt steepness or stop band attenuation can't be determined 

with this setup. 

Drawing finer resolution 
of filter performance requires 
that the loud (in Figure 7.5) be 
replaced with a loud and RF 
voltmeter or microwattmeter 
with sufficient resolution to 
read attenuated levels below 
the analyzer's output 


тен sa 


d а 


Figura 75 — The arrangement shown can indicate the trequencios 
‘ver whieh Ihe device under tst supports throughput at 500.1 actual 
passband characteristics need to be dearmined. Ihe 50 (lad can bo 
‘placed by 0 U RF voltmter or nicrovatimelr 


742 Chapter? 


The Q of an inductor is a primary factor in the efficiency of inductively 
loaded antennas. While Q is defined simply as the reactance divided by the 
(RF) resistance (Q = X,/R), in real inductors it сап be hard to determine 
because the RF resistance will be quite different from the easy to measure 
de resistance. Phil Salas, ADSX, wrote а OST article that described a novel 
Adapter he used to measure the RF resistance of components, particularly 
inductors. 

Phil's adapter, shown schematically in Figure 7.6, places the inductor 
under test în series with a variable capacitor. The capacitor is adjusted until 
the L-C circuit is at resonance at the frequency of interest, as indicated by a 
resistive impedance reading (0 Q reactive component) on he analyzer. The 
increase in the measured resistance value above the 51 A reference resistor 
represents the R value in the O equation. Or you can use the loss resistance 
directly to determine antenna efficiency with antenna modeling software 

To complete the determination of Q. just measure the impedance of the 
inductor by itself at the same frequency, The measured value of reactance 
equals X, in the © equation. Note that at HF, particularly with air dielectric 
capacitors, the resistive loss in inductors is the major contributor to lowered 
Q of resonant circuits. 


Alama 
D 


Rt 
sta 


np ue 


Figure 78 — Schematic diagram and parte ist ol the ADSX adapter or measuring O with an 
‘antenna analyzer MFJ parts are avaible rom wera menterpriaes com Mouser paris Кот 


C1 — 6-180 pF variable capacitor RI 510, 4 fim resistor 

(wes 282-5160). оше 660-CF 720-510), 

cl 180 pF mics capacitor 31,52 — ОРОТ sige switch (FJ 501-100). 
(Mouser 595215 500V180. Aluminum bor, 325 2.13 x 163 inches. 
ASO Z UHF ek ШИА] (Mouser 565: CU-0UA). 

12, Ja Freeway binding post Double male UHF coax plug (MF -7702) 
еа MF 5060005 black Knob, 1.8 inch diameter (UF 760-012 
Раде о0о) 
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A Caveat 


The Details 


TM 
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should be noted that at higher frequencies, or if using capacitors with 
a Jossy dielectric (coax line sections, for example), the capacitor losses can 
also become significant contributors to the total loss. In these cases, the 

icuit Q is better determined by noting that ît equals the resonant frequency 
divided by the half-power bandwidth and measuring those parameters, per- 
haps in the test arrangement for filters as described previously, Stll, this 
adapter provides the needed information on losses for most HF loading 
inductors 


‘The adapter is easy to fit into the box called out in the parts list if the 
specified variable capacitor is used (see Figure 7.7). If a different capacitor 
is selected, check the dimensions before ordering the box for this project. 
"The double male coax connector specified can be used to attach the adapter 
to the analyzer, or a short coax jumper with UHF plugs can be used. 
Wiring is not particularly critical at HF, but it îs still important that all 
connections, particularly chassis ground connections, be solid. The МЕЈ 
capacitor specified has front mounting holes that can be tapped for 46-32 
machine screws, or #4-40 hardware with lock washers can be used, although 
they will be tricky to assemble, Other grounds can be connected to solder 


Figure 77 — Interior view of completed meter adap 


lugs under the 80-239 46-32 mounting screws. 
Slide switches S1 and 82 require rectangular holes that. 
сап be filed from round ones, or a nibbling tool can be used, 
It would also be possible to use round hole mounted toggle 
switches, if desired. The labeling shown (see Figure 7.8) was 
made from Casio black-on-clear labeling tape. Alternately, a 
laser printer and clear film could be used, secured with clear 


An antenna analyzer can even be used as an aid in 
computer network troubleshooting. Austin McCaskill, Jr, 
AAQX, reported in а OST article that he was able to use his 
antenna analyzer to find bad connections in his 10base2 thin 
Ethernet network wiring without taking down the network." 
‘Thin (coax based) Ethernet uses a line with a 50 © termina- 
tion, so a span viewed with an antenna analyzer should indi- 
cate a 1:1 SWR. If you are connecting in mid span with a T 
Connector, the parallel connections result in 25 Q impedance 
ог ап indication of a 2:1 SWR. By measuring at a frequency 
of 10 MHz, Austin found that his test signal didn’t interfere 
with the Ethernet signaling. 

їп order to find a problem area, he would try wiggling 
connectors along the LAN structure, If the analyzer reading 
jumped as he wiggled, he had a suspicious connection. 


Figuro 7.8 — Measuring tne equivalent 
[RF sarias resistance of an inductor. 


It is always a good idea to make a de continuity test of 
а coax cable before putting it into service, since it’s much. 
easier to deal with problems before the cable is installed on a 
tower. The usual approach is to measure the end-to-end resistance of both 
the center conductor and shield of a cable with fittings. If each shows resis- 
tance near Q, it is making connection. The other test is to measure between 
the center conductor and the shield — that should show no connectivity ог 
infinite ohms resistance. Ifa short circuit ог low-resistance path is present, 
the cable is not usable — what to do next? 
Joe Wonoski, NIKHB, found himself in exactly that spot with а cor 
ercially manufactured cable assembly." He figured that the most likely 
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problem would be a short where the connectors were installed. He could 
have taken a 5066 guess and cut off one connector — if the short went away, 
he had found it. If not, he had probably cut off a good connector. 

Joc correctly reasoned that if he hooked one end of the cable to his 
analyzer und swept the frequency past the cable's % wave frequency, and 
if the impedance went very high, that meant the connector at the analyzer 
end was good and the far end bad. If he did that and it had a low Z at all 
frequencies, he had the shorted connector end on the analyzer, This is what 
Joe found and he had to replace the connector а just one end. 

Of course, there are other possibilities, I the cable showed a low Z at all 
frequencies from either end, that meant that both connectors were shorted. 
Tf both ends showed a frequency dependent impedance, that would indicate 
thatthe short was in mid span. By careful analysis of the lowest frequency 
that showed a short or a high impedance, one could calculate the likely 
position of the short along the cable, 

Still, the most likely point of failure, in my experience, is at a connec- 
tor — usually due to melted insulation resulting from the high heat needed 
to properly solder the shield, Perhaps this is an argument for crimped type 
connectors. 


Notes 


1D. Barton, АЕБ, "An Accurate Dip Meter Using the MFJ-249 SWR Analyzer? 
QST, Nov 1996, pp 45-46. 

aL Jennings, WBSIZL, "Quick Coax Test” QST, Aug 2012, pp 44-45, 

W Cooper, AGAR, "Antenna Analyzer Tips, Tricks and Techniques: Checking а 
Fiters Cutoff Frequency; QST, Sep 1993, p 38. 

+p Salas, ADSX, "Measure Q with your Antenna Analyzer” OST, Jun 2007, 
рр 57-58. 

"А McCaskil, Jr, AA0OX, "SWR Analyzer Tips, Tricks and Techniques — 
An Ethernet Analyzer" QST, Sep 1996, p 40. 

ч. Wonoski, NTKHB, "SWR Analyzer Tips, Tricks and Techniques — Locating 
‘Shorted Coax Connectors QST, Sep 1996, p 40. 


Enhancing Your 
Antenna Analyzer 


Tus 200 tes aay as an apra 
Lo provide an audible indication of SWR, in addon 


шеп, b aiao for those who wish 
ments without watching a meter or digital 


As we have discussed, antenna analyzers offer a lot în a small package. 
They include a combination of test subsystems in a box often small enough 
to use while hanging off a tower. Still, as with most things in life, there are 
‘enhancements that can make them even more useful. Here we will describe 
a few that others have found helpful 


There's (almost) nothing worse than climbing to the top of your tower 
ready to take antenna data and finding your analyzer’s batteries are dead or 
dying. This has historically been a problem with the popular MEJ-259 and 
similar analyzers because the ON/OFF switch protrudes from the front panel 
If ihe unit is put in a carrying case, or even just sitting about, the switch can 
be engaged accidentally. The next time you expcct to use the analyzer, the 
batteries are flat. 
Fortunately, a simple fix for this common problem was offered by Ed 
Denton, WIVAK, in QST a few years аро. As shown in the upper right of 
igure 8.1, a rubber grommet is glued to the front panel of the analyzer 
surrounding the ON/OFF switch, Any size grommet can be used, as long as 
it meets two criteria; 
‘The inside diameter must be small enough to be close to the switch, 
but large enough so that it doesn’t interfere with the operation of the 
switch, when intended. 
"The height must be higher than he height of the switch when 
in the OFF position 


In Chapter 4, we discussed some of the issues involved in mea- 
suring systems using balanced transmission lines to feed balanced 
Toads. For the analyzer to make accurate measurements of such sys- 
tems, the measurement must be confined to the balanced system 
itself. Any current flowing from the ground terminal of the analyzer 
to the cabinet and then via the operator or power supply to ground 
will be a source of error. 

Опе way to work around the problem is with a commen mode 


Figure вл — A rubber grommet, 
her than tne ОҢ/ОРЕ sul 
fn Ne MEJ antenna analyzer, 
Кора keep t trom being 
accidenly turned on. 
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choke serving as а balun or balanced to unbalanced transition. An 
effective balun, usable over the HF range, can be made by winding a 
length of thin 50:2 coax, such as RG-193, through a ferrite toroidal 
соге such as the FT-240-61 type shown in Figure 8.2. The double. 


banana socket shown uses the 
standard % inch spacing, a good 
connector type for balanced trans- 
mission lines. If you need a UHF 
connector, you can use un adapter 
with the BNC connector shown or 
obtain a UHF plug designed for 
RG-193 size coax, 

Before winding the balun, 
measure the total length of coax 
used. If measuring SWR in a 500 
system, the length will not impact 


Figure 82 — A simple choke balun made by winding multiple turns of 
р оша rte a ahve hah TEN 


the measurement, Note that any 
other measurement, such as try- 


‘Rode currents. This choke made ol 12 unset Gl miniature soar ing to determine the impedance 
through an FACET toroid, le effective fom 1.8 10 30 MHE. of a mismatched system or of a 


system at a different impedance 
(generally the case with balanced 
transmission line systems), will 
be changed by a transformation through the differential mode of the short 
‘coaxial cable that makes up the choke. 
If you are interested in determining something other than the SWR in 
50 О system, any of the techniques described in Chapter 6 to transform 
the impedance from one end of the line to the other can be employed. In this 
сазе we are measuring at one end of our short piece of RG-193 and wish to 
know what the impedance is at the other. This is the reason for wanting to 
record the physical length of the cable before winding it. 


While the usual visual readout of an antenna analyzer works well for 
many users, some potential users have difficulty reading visual indicators 
‘This design, adapted from a OST article by Tom Fowle, WAGIVG, and Bill 
Gerrey, WAGNPC, provides a solution using a low cost analyzer? While 
designed with the vision impaired user in mind, it is also a good tool for 
those who need to be looking at what they are adjusting, rather than at а 
meter or digital display 

‘The only actual modifications to the MFI-209 are holes in the case 
ends to accept the machine screws and a grid of holes under the speaker in 
the back of the case. 
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Background and General Description 


"There are two quantities that need to be read from the analyzer — SWR. 
and frequency. Particularly in this example, the SWR is a dynamic value 
— always changing while adjustments are being made. Making the SWR 
talk is feasible, but inappropriate, since speech is entirely too slow for the 
dynamic readout needed while making adjustments. A dynamic audible 
readout was chosen for SWR readings; this translates the meter reading to 
a varying audible tone, 

In operation, the analyzer's frequency knob is adjusted for the lowest. 
pitch emitted by the VCO (voltage-controlled oscillator) connected to the 
‘analog SWR meter. This audible tone is "chopped" (interrupted so as to 
pulsate) if the SWR exceeds a predetermined threshold. The designers set 
their threshold at an SWR of 2:1. As the frequency is swept over a band of 
interest, the tone dips and rises with the SWR. If the SWR is below 2:1, the 
tone is continuous, When the measurement is above 2:1, the tone is broken 
or chopped at a rate of about 2 or 3 Hz. With this system, it is very easy to 
determine the 2:1 band edges and the center resonant frequency of an an- 
tenna, Or, a desired frequency can be selected, whereupon the antenna can 
be adjusted for lowest SWR by listening to the pitch of the VCO. 


Determining Frequency 


Frequency determination is a bit trickier. The original design performed 
frequency measurement by connecting the MFJ-209's low-level RF output 
to the MCount, a Morse output frequency counter that was available from 
Jackson Harbor Press.’ See Figure 83. Unfortunately, the manu- 
facturer no longer has this device available, although they 
indicated that if there is sufficient demand, they would 
‘consider making it available again. 
Without audible frequency output, the unit is 
still worth considering in my opinion. In many 
applications, the need is to adjust a device for 
minimum SWR at a particular frequency. For that 
application, it is only necessary to listen to a receiver 
tuned to the desired frequency, set the analyzer to that 

Frequency by listening to the receiver and then make the 
required adjustments for minimum SWR without changing 


Figure 83 — Front view of F200 analyzer with MCount 
frequency counter attached st left Range Dia, photo] 
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the frequency. Conversely, the frequency of minimum SWR can be deter 
mined by tuning the analyzer and then a receiver can be used to find the 
frequency that the analyzer is tuned to. 

If it is necessary to make changes in measurement frequency while 
tuning (to determine if an antenna is matched over a certain frequency. for 
example), a receiver can be used to find the analyzer tuning edges. The dial 
сап then be marked at the edges of the desired range with some temporary 
tactile indicator, such as a strip of light adhesion masking tape. 


The Plan of Attack 


Some may wonder why the authors of the QST article choose to modify 
the older MEI-209 analyzer when so many newer digital readout models 
are available. The answer is that the introduction of digital systems often 
makes it more difficult to gain access to desired signals to produce non- 
Visual readouts, Although it is sometimes possible to connect directly to 
digital displays and interpret the information, usually this requires difficult 
wiring to existing densely packed boards and/or modification of production 
‘microcontroller code, The voltage controlled oscillator (VCO) circuit used 
is popular as a general purpose meter reader, 

In the case of the MI-208, it is most often only necessary to know 
the 2:1 SWR points and the center frequency. Therefore the calibration 
adjustment was left on an internal potentiometer which is trimmed during 
final installation. in the case of this analyzer, only a few simple connections 
to the existing unit are required, Using a more expensive digital readout 
device would have no advantages to the blind technician and the lower 
Purchase cost of the base МЕЈ-209 may help offset the costs of making 
these adaptations. 


Making it Happen 

‘The original prototype of this adaptation was actually made on an MEJ- 
249 with а digital counter, This was done simply because that unit was in 
hand. The two analyzers are nearly identical physically, so this modification 
сап probably be made to many of MEJ's line of analyzers. Our two units 
were hand wired point-to-point on vector board, since the authors know of 
по practical techniques by which blind engineers can design PC boards, 
As with retrofitting any commercial device, the most difficult part of this 
modification is physically installing the VCO board into the MFJ-209, 

‘The VCO circuit Figure 8.4, including its speaker, is built on a rather 
Z-shaped piece of vector board that mounts behind the analyzer's main 
board. The shape of this board, shown in Figure 8.5, is such that the batteries 
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in the МЕТ unit slide past cut- 
ош» їп our board as shown in 
Figure 8.6, the bottom view 
of our modified instrument, To 
support the ends of our added 
board, there are two custom 
brackets fabricated from inch 
aluminum angle stock, tapped 
for 44-40 machine screws. 
These were secured to the end 
panels of the analyzer. If you 
havea 4-40 tap and the appro- 
priate size drill bit, it is strongly 
recommended that you tap the 
mounting holes in the brackets 
to avoid the difficult task of try- 
ing to fit nuts under and inside 
these bracket 

The vector board is 6) 
inches long, just long enough 
to fit inside the length of the 
MFJ-209's case. With the 
case's hack and sides removed, 
and viewing with the connec- 
tors up, the upper section of the. 
board is 2% inches square and 
its right edge is nearly against 
the right side of the case, The 
center section of the board is 
slightly less than an inch wide. 
The lower section of the board 
is also 2% inches square and 
extends to the left of center op- 
posite the upper square section, 

‘The upper section carries 
the CA3240 op-amp and asso- 
ciated parts while the NESS6 
IC and its components are 
strung out down the skinny 
center, The lower square of 
the board carries the speaker. 


Figure 84 — Schematic diagram ol the VCO. АП parts are readily available standard teme. 


Figure — View ol the component side o the VCO board before 
Installation in e analyzer [Renee Vi, photo] 


Figure 18 — Rear view of 3-209 analyzer showing the VCO board 
Instale with s "solder sida visibie. (Renee Diva holo) 


Because itis a close fit, posi- 
tion the board between the bat- 
tery holders (see Figure 8.6). It 
is also suggested thatthe board 
and brackets be first fitted into 
the case, making sure that the 
board passes between the in- 
stalled batteries before you do 
the wiring. Sec Figure 8.7, 
‘The upper L bracket is held 
by one screw that also secures 
the $0-239 antenna connector 
This bracket must be filed a 
to fit around the insulator of the 
connector. The lower bracket is 
the width of the board's lower 
square and carries two #4 ma- 
cchine serews in each side — 
two holding the bracket to the 
case and two holding the board. 
то the bracket. Holes to allow 
the sound from the speaker to. 
escape were drilled in the back 
panel of the removable piece 
of the cabinet, positioned ad- 
jacent to the loudspeaker. It 
seems wise to put a business 
d or other handy insulator 
between the speaker's magnet 
and the analyzer's hoard to 
avoid shorts. The optional fre- 
quency counter, if used, is kept 
external to the analyzer, con- 
necting through a short phono 


cable. This leaves the counter available for other uses and reduces the dif- 


ficulties in modifying the MFJ-209. 
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Figure 87 — Detail of the 
angle brackets mounted lo 

the bottom of ho case and 

the board interconnections. 
[Renee Divita, phat] 


Putting it to Work 


ва Chapters 


"The optional counter, built in an Altoids box, can be attached to a side 
of the analyzer case with sticky backed hook and loop material, allowing 
fora single package but leaving the counter free to go whereever else it is 
needed. The MEI-209 offers two other advantages for blind hams: 

‘© The RF oscillator that produces the analyzer's output is modulated 
at a few hundred Hz. If you don't have the frequency counter available, 
it is quite casy to find the analyzer's signal in an external receiver, even a 
portable AM only шай. 

‘© The small pointer on the frequency knob allows quick approximate 
adjustment as the user gets Familiar with band locations on the pointer dial 

The MFJ-209 shown is equipped with a Braille chart showing the 
ranges of each band, Power for the VCO is taken from the analyzer's 
12 V battery and a single wire is soldered to the "hot" meter contact where it 
protrudes through the main board. This provides input to the VCO, In opera- 
tion, the VCO comes alive as soon as the analyzer' power button is pressed. 

With no load connected to the antenna jack, a high-pitched tone from 
the VCO will be heard, pulsating as the SWR value goes to maximum. As 
soon as a load is hooked up, the tone pitch will change to correspond to the 
SWR. The presence of the chopped tone will immediately indicate a reading 
of over 2:1, The user simply selects the correct frequency band and sweeps 


the tuning knob for lowest pitch to find the resonant frequency of the load, 
A receiver or the MCount is then used to read the actual frequency. 

Note that the counter needs to have its prescaler switched out to gain 
‘maximum sensitivity below 50 MHz. With a little experience, the blind op- 
erator can determine upper and lower 2:1 SWR points and a center resonant 
frequency within a very few seconds. It is also completely practical to make 
antenna tuner adjustments and perform all other functions mentioned in the 
analyzer's manual. 


Voltage Controlled Oscillator 


Adjustment 


‘The VCO circuit is built around the ancient NES56 timer chip. One 
half of this timer is the VCO whose charging current is supplied through 
the first half of a CA3240 op-amp. This op-amp and а 22222 transistor 
make up a voltage-controlled current source that drives a current mirror 
This provides the necessary current source referenced to the plus supply 
line. This configuration results in a VCO with a wide frequency range and 
very smooth operation. The CA3240 was chosen because its inputs operate 
properly down to the negative supply гай, which is necessary because the 
analyzer's meter is referenced to ground, The second half of the CA3240 
Op- amp is a comparator that compares the incoming meter signal to а cali- 
brated voltage, which is set to reflect a 2:1 SWR reading. The output of this 
‘comparator enables the second half of the NESS6. 

‘This second oscillator, running at about 3 Hz, turns the VCO on and off, 
providing the chopping effect when the SWR is high. A temperature-stable 
LM336 reference diode keeps the calibrated voltage accurate, regardless of 
battery state. The output of the VCO, the first half of the NESS6, drives the 
speaker through a 47 © current limiting resistor. The magnetic speaker can 
be replaced with a nonresonant type of piezo sounder, eliminating the need 
lor the 47 О resistor 


Following VCO board completion and installation in the analyzer, at- 
tach a 100.0 noninductive resistor to the antenna connector. At power up, 
you should get a tonc from the speaker, Turn the calibration pot ший you 
find the point below which the tone is smooth and uninterrupted, and above 
Which the tone begins to pulsate, With the 100 0 resistor at the antenna 
connector, the SWR will be 2:1 (100/50 O). In other words, a 2:1 SWR 
indication will now be just on the edge of the starustop of the chopping. 
If you want the chopping of the tone to occur at a different SWR, 
you can calibrate the instrument by selecting a different test resistor. If а 
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noninductive resistor is connected to the antenna 50-239 connector, the 
“test SWR" will be the value of that resistor divided by the ideal 50 Q. 

Опе note of warning about this, and probably most similar antenna 
analyzers: If you live in a very high RF environment, such as very near a 
broadcast band transmitter, you may find that on some bands you will never 
gta good low SWR reading even with an antenna you know to be matched. 
‘This is due tothe ambient RF being wrongly interpreted by the instrament 
as “reflected power.” 


Acknowledgments from the Original Article Authors 
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"The list of folks the authors of the original OST article need to thank 
for help leading to this work is endless but must include: Howard Моз- 
covitz, KB3ZX, for thinking up the modulated VCO years ago, Their dear 
colleague Albert Alden, real analog engineer for the schematic and end- 
less patience and more. Smith-Kettlewell Institute and their boss and friend 
Dr John Brabyn, for putting up with the authors! Tom's wife Susan Fowle, 
NYGD, for the original schematic drawing, meter reader board design and 
everything that matters! 


Notes 

"E. Denton, WIVAK, “Hints and Kinks — MFJ Analyzer ОМОН Switch’ OST, 
Jan 2007, p 62. 

7T. Foule, WABIVG, and W. Gerrey, WABNPC, "Audio Readout ог the MFJ-209 
Antenna Analyzer; OST. Feb 2007, pp 35-39, The original article includes a 
text description of the circuit diagram. 

*The MCount Morse readout frequency counter kit was sold by Chuck Olson, 
WBSKZY, of Jackson Harbor Press, Chuck indicates that the chipset is stil 
available, but the kit is not, although he could reissue it there is enough 
interest You can contact Chuck at wb9kzy © gmail.com. 


A Survey of 
Available Antenna 
Analyzers 


Talking about antenna analyzers in generic terms is fine, but when it 
comes down to selecting one, it's important to know what the choices are 
In this chapter, we will bring together actual OST Product Review informa- 
tion indicating not only the features of different analyzers, but also test data 
indicating how well the analyzes performed the tasks that they profess to do. 


TYPES OF AVAILABLE AN 
As we have discussed, antenna analyzers come in many forms. While 
ай are capable of measuring SWR, analyzers offer different features both in 
terms of what they measure and how they display or deliver the results, Some 
ol the key differences to watch for are briefly described here, 


What Frequencies Does the Analyzer Cover? 

‘The frequency range of the analyzer should be selected based on the fre- 
quency range of antennas or other systems you will want to measure or adjust. 
All analyzers we have reviewed cover at least the 3 to 30 MHz HF range, the 
primary operating frequencies of many amateurs. Others extend downward 
то MF (the 1.8 MHz band or lower frequencies) and some extend upward to 
VHF and ОНЕ Frequently, manufacturers offer different models with similar 
features, but covering different frequency ranges. Not surprisingly, the cost 
tends to go up as the frequency coverage expands. 


Does the Analyzer offer Digital or Analog Displays? 

Some analyzers indicate frequency and provide results with analog read- 
outs. There is nothing wrong with this approach, but the resolution is gener- 
ally much lower than that offered by analyzers with digital displays. Some 
‘operators find that it is actually easier to watch the effects of adjustments on 
analog meters than on digital displays. A few analyzers offer both analog and 
digital displays — the best of both world, 

‘Analyzers that provide for computer output offer a completely different 
dimension. This can be quite useful forin-shop laboratory type work — bring- 
ing a PC to the top of the tower is often a bit of a stretch, Some analyzers 
finesse the connected PC problem by being able to store data in the analyzer 
for later analysis. This can be beneficial in many ways. 


PRODUCT REVIE 


‘The ARRL publishes a Product Review column in its monthly magazine, 
(OST. Product Reviews generally include laboratory evaluation of equipment 
parameters using professional grade, independently cafibrated test instru- 
ments. Over the years, we have reviewed many antenna analyzers, and 1 
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have adapted the results from some of those reviews here. All QST Product 
Reviews are available for download to ARRL members at wwwarrlorg/ 
product-review. Not all readers of this book will be members, and even 
ARRL members with Internet access may find it more convenient to compare 
the analyzers we've looked at recently in one place, 

While the reviews in this chapter include equipment that was available at 
the time of original publication, some models covered are no longer available 
as new equipment. Even so, it may be of benefit in two ways: 

* There is an active used equipment market in Amateur Radio equip- 
ment, This may provide a way to knowledgeably purchase an antenna ana- 
her at a lower сом. 

In some cases, manufacturers have made relatively small changes to 
equipment, so data on previous models may be directly applicable, 

‘Also, note that prices may have changed, 


ARRL Lab Antenna Analyzer Testing Methodology 
"The ARRL Lab has a standard procedure for the evaluation of antenna 
analyzers. In addition to taking general data regarding power requirements, 
‘output level, frequency coverage and other parameters, the Lab uses each. 
analyzer to measure the impedance of known precision loads. These include 
values with real (nonreactive) impedances and a sample of complex (resistive 
plus reactive) impedances. The data tables indicate the sample value as well 
as the value shown on each of the analyzers. 


JOK AT SOME HIGH-END ANTENNA ANALYZERS 

‘This review originally appeared in May 2005 QST.1 

Some years back, ARRL Lab Engineer Mike Gruber, WIMG, reviewed 
the MEI-207 and MEJ 249 antenna analyzers in OST Versions of those 
models are still available in МЕЈ s Hine, but they have added some new mod- 
els as well. In addition, three other manufacturers have joined in to offer 
products in the same general category. In this section, we will review the 
Autek Research VAL, the Kuranishi Instuments BR-210, the MFJ-269B and 
the Palstar ZM-30, 

The earlier article is available on the ARRL members" website at www. 
arrlorg/product-review and is worth reading if you are not familiar with 
these handy devices 

A quick summary of the reasons why these instruments are an improve- 
ment over just measuring SWR with the SWR meter in your transmitter or 
antenna tuner might be in order. First, an antenna analyzer allows operation 
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across the spectrum, not just оп amateur bands. Second, the power used is 
‘miniscule, avoiding unnecessary interference. Third, much more information 
is available from these units than just SWR, See below to find out the nature 
of the information; it's different for each model. In addition, they all сап also 
serve as signal generators, and one can even be used as a frequency counter 


Our Test Approach 
We tested cach unitin the ARRL Lab using some of the same calibrated 
loads that we use to test antenna tuners. In addition, we added in some sam- 
ples of complex (reactive) loads. For each load we note the actual value and 
measured value at a representative set of frequencies. The results are shown 
їп Table 9.1. Here are the analyzers in alphabetical order. 


Autek Research VA1 Vector RX Antenna Analyst 

‘This is the smallest and lightest of the group (sce Figure 9.1). It is also 
‘one of two units (see the ZM-30 below) that includes the capability to de- 
termine if the reactive component of the measured impedance is capacitive 
or inductive. This unit can make à whole bunch of different measurements 
selected by button switches in a 4 x 4 array adjacent to the single function 
display. To use, connect the load to be measured to the UHF connector on 
top of the unit, push the FREQ bution and tune to the desired frequency, 
then push two buttons to select the desired measurement from the matrix. 
Once you select a column of the matrix, а single button is all that is needed. 


= — rawesi—me 
‘ilk VA! antenna 


isos 
up, offers multiple 
ups, including 
the sign ot ihe 
rescance рап of the 
impedance. The unt 
allows selection of 

N measured 2, not just 
m k 
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Table 9.1 
ARAL Laboratory Test Results of Four Antenna Analyzers 
Autek VAT Vector Antenna Analyst 


Manufacturer's Specifications ‘Measured in the ARAL Lab 
Frequency range: 0.5-32 MHz, 044.24 MHz. 

Impedance range: 0-1000 0. Wider than 5-1000 0. 
impedance accuracy: 20-200 9, typically 34%. See Tablo 9.2. 

Warm-up drift: Not specified. 0.42 % in 15 min. 

Output pomer: Not specified, 0.75 mW (50 0). 

Power requirements: 80 mA (max), 9-12 V de 70 mA max; measured at 9 V de. 


Size (height, width, depth): 4.1 x 2.6 x 1.5 inches; weight, not specified. 


Kuranishi BR-210 Standing Wave Analyzer, serial number 001478 


Manufacturers Specifications ‘Measured in the ARAL Lab 
Frequency range: 1.8-170 MHz. 15172 MHz, 

Impedance range: 12.5-300 0. As spocifd. 

Warm-up drit: Not specified. 0.1 % in 15 min. 

Output power: Not specified. 0.5 mW (500) 

Power requirements: 160 mA, 8-12 V de. 320 mA max’, measured al 12 V d. 


Size (height, width, depth: 7.0 = 3.1 x 1.8 inches; weight: 2.0 pounds (with batteries), 


MFJ 269 HFIVHFIUHF SWR Analyzer 


(Manufacturers Specifications Measured in the ARAL Lab 
Frequency range: 1.8-170, 415-470 MHz. 18-175, 415-470 MHz. 
impedance range: Not specified, 264000. 

Warm-up drift: Not specified, 0.03% in 15 min. 

Output power: 20 mW (50 0). 35mW (500) 

Power requirements: 150 тА (HFIVHF), HFIVHF: 160 mA; UHF: 290 mA: 
250 mA (UHF), 11-18 de. measured at 13.8 V de. 


Size (height, width, depth): 6.8 4.1 » 2.4 inches; weight, not specified. 


Palstar ZM-30 Digital Antenna Z Bridge 


Manufacturer's Specifications Measured in the ARRL Lab 

Frequency range: 1-30 MHz As specified i" 

impedance range: 5-600 Q. As specified. 

SWR range: 1.0.9.. As specified, 
iarm-up drift: Not specified, (0% п 15 min; Frog. accuracy: 6 ppm. 
гару: 50 ppm. 

Output power (50 nj: 10 mW. 1.0 mW (50.0) 

Power requirements: 200 mA, 9-16 V с. 210 mA, measured at 13.8 V de. 


Size (height, with, depth): 5.8 « 3.6 x 2.1 inches; weight, not specified. 


AJ butan lamps on. 
Tunes 0-30 MHz Usable down to about 0:1 MHz 
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10 select other measurement parameters in the same row. This is convenient 
since the parameters are grouped in a logical way — for example the fist 
column contains buttons for SWR, As and Xs (the series equivalent resistance 
‘and reactance), the data most likely to be taken. i is also possible to have the 
measurements cycle between two (or more) parameters. This can be useful 
if you want to make a series of SWR measurements at multiple frequencies, 
for example, 

In addition to taking basic measurements, the VAI also performs a num- 
ber of calculations on the data. Available results are inductance or capacitance 
values (and you can tell which it is), for complex impedances — magnitude 
and phase angle of impedance — cable loss determination, based on SWR. 
measurement of open or shorted cable — parallel equivalent resistance and 
reactance (in addition to the commonly available series values), frequency at 
‘which the cable is % 2 long — antenna impedance, calculated based on mea- 
surement at end of cable. While all these could be calculated off-line with a 
spreadsheet or calculator, itis handy to be able to determine the derived values 
right on the display. 

Another handy feature is to be able to change the Z, of the ine being 
‘measured from the usual 50 to 25, 50, 52, 54, 73, 75, 93, 95, 112, 150, 300 
07450 0. Again, results could be adjusted off line, but having this capability. 
is real plus, in my opinion. 

In use, I found two limitations compared to the other units we looked 
at. First, the frequency adjustment is rather coarse. The frequency is selected 
in bands of about a 2:1 range, for example 2.4 to 4.8 MHz or 15 to 32 MHz. 
"The TUNE knob covers the range in just half a turn, A FINE knob is also 
provided. The FINE knob covers about 10% of the range at the high end and 
2% at the low end of a range, Depending on the frequency range, tuning can 
be quite touchy if you need to take data at a particular frequency. The second 
limitation is that you can only read one value at a time. It would be nice to 
be able to watch the frequency change as you look for variation in SWR, for 
example. The unit will allow you to set it to alternate between the readings, 
but found that a bit cumbersome, 

‘The 12 page VAL manual is quite completo. In addition to clearly de 
scribing the operation of the controls and display, it does a good job describ- 
ing the functions provided and also indicates potential applications in working 
with antennas and transmission lines. 

‘The VAI is powered by а single 9 V alkaline battery (not supplied) with 
a projected life of 6 to 12 hours. There is no direct provision for the use of 
ап external power source, but the manufacturer identifies some aftermarket 
sources of 9 V battery climinators that can be used. The unit comes with 
four precision resistors for calibration use as well clips and wire to make clip. 


MFJ-269 


leads for connecting to non-coax loads, such as the resistors or balanced line. 
Manufacturer: Autek Research, PO Box 7556, Wesley Chapel, FL 
33544; tel 813-994-2199, www.antekresearch.com, 


MEI has added to the features of their earlier top-of-the line unit, the 
MFJ-259, by including a UHF range — from 415 to 470 MHz, covering 
the 70 ст amateur band with some overlap making it the MFJ -269 (see 
Figure 9.2). The 7259 is still available as an MEJ-259B and has all the fea- 
tures except the 70 em coverage, In addition, МЕЈ offers a number of lower 
priced units with reduced, but possibly sufficient, features depending on your 
requirements. 

The "269 does have features! The "269 includes а built in frequency coun- 
ter, signal generator and impedance measurement system, The "269 has a 
VHF/UHF oriented Type N connector for load attachment. MFJ also provides 
а Type N to SO-239 connector adapter for the more common coax connec- 
tions on HF and УНЕ. While the generator and counter are clearly designed 

with the antenna measurement func- 
tion in mind, they can be used inde- 
pendently for receiver calibration ог 
general measurement purposes. A big. 
plus for this MEI unit is that ай major 
results are visible at the same time. 

‘The two-line LCD display (in 
impedance measurement mode) 
simultaneously shows the frequency, 
R and X values as well as SWR. 
Analog meters also show the SWR 
and magnitude of impedance at the 
same time, While the digital readout 
provides more precision, the analog 
meter can be handy when tuning to 
find frequency of minimum SWR, or 
то adjust an antenna element length, 
for example. 

The "269 covers the widest fre- 
quency range and the tuning is rea- 
sonably easy to set. Each band covers 
-- abouta 2.5:1 frequency range and the 


Figure 92—The МЕ2-289 antenna analyzer extends the MFJ nein knob covers this in three turns, There 
TR UH range and provides conser Tein by having шет KO covers this in three turns, The 
— — is no fine tuning, but Т was able to 
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adjust to any frequency I wanted without difficulty. 

"The 7269 covers about the same set of derived functions discussed for 
the Autek unit, some with slight twists. For example, instead of determining 
the 42 frequency, it can compute the "distance to a short” based on the same 
information, It also adds a few useful pieces of data, especially reflection coef- 
ficient and return loss, These "advanced modes" provide the requested output 
‘while still displaying frequency and SWR on the top line of the display. The 
analog meters still provide their output in advanced mode as well, Showing 
six pieces of information at the same time js а real plus. 

"The "269 will also calculate capacitance or inductance from its reactance 
measurement. Be careful though. It can't tell which itis, soa given reactance 
сап be converted to either a capacitance or inductance value, but obviously 
only onc is right! If you are measuring a capacitor or inductor, you will know 
which calculation to make. If you are measuring an unknown load consisting. 
of multiple parts — an antenna and a transmission line, for example — it 
won't always be easy to tel, The use of a small value capacitive or inductive 
reactance, compared to the measured reactance, in series with the load should 
be able to tell you which side you are on. 

A well written 38 page manual thoroughly describes the operation of the 

nd provides examples of applications. 

The "269 operates on 10 internal AA size batteries or an external 12 V 
de supply. A wall transformer power supply is offered as an option. By set- 
ting an internal switch, the "269 can run from NiCd batteries and recharge 
them from the external supply. For this function ether the optional МЕЈ sup- 
ply must be used, or an external supply providing 14 to 19 V is necessary. А 
12 V supply will not charge the batteries, An additional function provided is 
power saver mode. If selected, this turns off the display and reduces power. 
consumption by about 90% if you haven't changed anything for three min- 
ше. A poke at the MODE ог GATE button will revive it, right where you last 
left it. A LOW BATTERY indication is also provided. 

Manufacturer: МЕ) Enterprises, Inc, 300 Industrial Park Rd, Starkville, 
MS 39759; tel 800-647-1800; wwwanfjenterprises.com. 


un 


Kuranishi Instruments BR-210 Standing Wave Analyzer. 

“This analyzer appears to be a nicely made unit that has a more limited 
range of measurements available than the other units we looked at. The BR- 
210 (see Figure 9.3) covers а wide frequency range in 2.5:1 bands and has a 
smooth thumb wheel providing Гог precisely adjustable tuning with about five 
tums to cover each range. The frequency is read out on a digital display with 
a choice of two time bases, one reading to five digits and the other to six. The 
five digit position is easy to tune to. The six digit display requires very slow 
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Figure вз — The Kuranishi Instruments BR-210 
standing wave analyzer hs an easy to use dial 
arrangersent ands qood a the ask ИЗ designed or. 


and careful movement to take advantage of the 
available precision because of the delay between 
counts ofthe Frequency counter, 

‘The frequency is the only value shown on 
the LCD display. The other measurements are 
provided on 2.5 inch analog meter that can 
read either SWR or impedance. Unlike the other 
units, this device only provides the impedance 
magnitude, not the vector components. The 
‘meter shows SWR values o 6:1 with some space 
above that point, but no additional numbers. The 
impedance scale is calibrated to 200 © in an 
easy to read geometric scale 

The instructions consist of four sheets 
of very rough translation into almost English, 
Fortunately. the operation of this unit is quite 
straightforward and little coaching should be 
needed by most users, There are some illustra- 


tions of applications included and they are fairly 
straightforward. 
It seems clear that this unit is designed 


particularly for antenna and matching system 
adjustment and the taking of SWR data and for 
those purposes the measurement data is likely to 
be sufficient for most users. One could also de- 
termine capacitor and inductor values by adjust- 


ing the frequency to obtain an on-scale impedance reading and calculating 


off line. 


Manufacturer: Kuranishi Instruments (no longer available). 


Palstar ZM-30 Digital Antenna Z Bridge 
‘The ZM-30 from Palstar (see Figure 9.4) has some unique features 
‘This is an MF/HF only analyzer. It is the only unit that is completely digital, 
including the VFO, a DDS processor based signal generator. Unlike the other 
units that have tuning rates that vary with frequency range, this unit can be set 
to change frequency down to less than 100 Hz per revolution at the smallest 
мер size, or up to 15 MHz per revolution atthe highest — a very convenient 


arrangement, 


While measuring impedance, one of its four modes, it shows four data 
elements on its LCD screen: frequency (to 10 Hz resolution), SWR, real and 
imaginary parts of the impedance — with the sign of the reactance. There is 
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Table 9.2 


Impedance and SWR Measurements of Test Sample 


load Frequency 
soo — 35MHz 
ЖЕ 
14 MHz 
28 Mhz 
50 MHz 
p 
432 MHz“ 
воп asMHz 
(10:1 SWA) 
14 MHz 
28 MHz 
50 MHz 
PNE 
БЕ 
14 MHz 
28 MHz 
50 MHz 
1000 35MMz 
Ж ЕД 
тамна 
28 MHz 


50 MHz 


Autek RET 


52-10 
(62) 
5710 
[n 
58/90 
(ыл) 


EH 
КОЛ 
6400 
аз) 
520 
(991) 


2510 
201) 
25-00 
201) 
23-00 
(221) 


300400 
(201) 
97-90 
65 0 
Bion 
(223) 


Kuranishi 
BR210" 


Compared to Laboratory Reference 

MEJ269 Рава НР875ЗС 
230 (roterence“ 

sajon зоп 

(16 (01) 

sjon 5200 

(10m % 

44/00 — 5340n 

(бл) (61) 

жоп - 

(пол) 

ала - 

(161) 

алан = 

ага зга son 

(23) (10:1) 

ыа — 3420 быта 

(031) (10:1) 

ыза djan sjin 

@2л) b0) 

4n — 59e 

(124) 

234150 ejon 25400 

270 200 

ee gejon eso 

20) (20:1) 

23450 — 25g00 2510 

алл) (193) 

P гыла 

em) 

izo — 109400 ib 

01) (03) 

97-100 105400 — 10250 

(201) (203) 

952/230 — 102400 101490 

(201) (193) 

Seo - ajisa 

(201) 
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Load Frequency allet fel Kuranishi — MFJ-269 (зыш  HP-8759C 


elo 250 (releronce)“ 
200 3SMHZ 195-160 2000 1854680 21000 — 20070 
(4:1 SWR) (891) (ао) ar (401) 
земна 17010 3000 183/00 | 205400 — 195200 
G4) — (400) (381) (893) 
28MHz тузо 1900 des e 1734560 189/370 
est — (40) (40) (зел) 
som = 190.0 11% . 175-600 
Gon (e) 
10000 35MMz — 90460 400 6814/7430 »900 978/1390 
(20:1 SWA) (85) вл) ez) 
J4MH2 590-3800 >4000 5583/3680 26000 781-4050 
(тл) вл) (193) 101) 
280MHz A20110 400 19054090 1044490 502-487 a 
(41) Ce) (251) (10) 
юм -= 24000 Sees a - ais 
(C 
50-500 A5MHz 50јата воа 464470 49-47 50-46 
(2.621 SWR) 25) (30) Rs) (251) 
MMH sj 850 essan 44-500 48-7530 
@5л) (вл) (6) (28) 
ese 55270 бп 43450 43430 sijan 
(952) — (79 23 ess) 
soson 35MHz 5/50 son 504510 — 554500 82050 
(2621 SWR) Q5) (241) REN (2л) 
HMH 534/40 во 602/420 eosin 554490 
Q7) es Фал) (sm 
28MHz — sn BO 542/500 674/530 504/490 
(9) — Q3) Фел) [n 


“The SWR loads constructed in ho ARRL Lab were measured on an НР-8753С Network Analyzer by ARAL Tach- 
поа Advisor John Grebenemper. KIBAX An HP-1 1599A preciso termination was usod or he 50 test, 
This termination has a low SWF rom de trough the UHF range. Tho impedance f est loads other than 50 
эге not accurate above 50 MMs, 

“Magnitude o Z indication опу, nether Н nor X is reporte, Readings are approximate a this model only has an 
analog scale, 

‘No reactance sign ls provided, only magnitude. 

"Only SWR в raportet оп 432 MHz range, 
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Figure 9.4 —The Pasta 
O offers alo of 
advanced тегез, 
including reading the 
sign ofthe reactance, 
vere HE range 
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a price to this, however, It determines the sign by shifting the frequency and 
noting the direction of change in reactance. This takes ita short but noticeable 
time, so changing frequency needs to be accomplished slowly for the display 
to keep up. As noted in Table 9.2, at one of our sample frequencies, with one 
of the complex loads, it computed the sign in error. The manufacturer was 
‘unable to resolve this, so some caution should be used in taking these results 
at face value, 

The other three modes are inductance, capacitance and VFO, In the first 
two, you can make the measurements at any frequency you select, and I found 
quite a variation over frequency with some components in my junk box — 
good to know. The VFO mode is designed to put out an accurate frequency 
reference for calibration use, or actual transmitter or receiver frequency con- 
trol. The fixed output level is specified at +2 V, p, or -20 dBm, 

Other unique features of this unit include the ability to download soft- 
ware updates from the Palstar website through the serial connector on the 
unit and the ability to automatically scan across a selected frequency range, 
looking for a match. A successful search will be indicated on the display, or 
ап audible alarm can be invoked 

1 found the ZM-30 quite easy to work with and believe it will be a real 
contender for those who want a unit for HF only use. The ability to upgrade 
the software in the field naturally makes me think of features l'd like lo see 
in future releases — one would be to have a choice in impedance mode as 
to whether the ZM-30 would calculate the sign of the reactance. It would be 
handy to be able to change frequency more quickly and then go back and spot 
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Antenna Analyzer Feature Comparison 


Mode! Freq Range 


AKVAN dae 15 Y 
МРЈ-269 18370415470 31 


BRIO 18-170 MHz 
2990 OME 


"Abi o determine sign 


SWA Z R X e Heqdgis Counter“ Calulalons Pree 

yyy а N Y $190.95, 

Y Y YN Ж Y М ET 

„ YNNN бв N N БЕТА 

10 YY vy e ч Y $388.00, 
of reactance. 


“Frequency counter avalabl or use independent of other analyzer funcions, 


In Summary 


check for sign as needed. 

The ZM-30 is quit well equipped. It is provided with ап ac adapter, а 
double-male BNC adapter and three BNC reference loads as well as а BNC 
terminated balun for measuring balanced feed line systems. If your antenna 
systems terminate in a PL-259 rather than a BNC connector, you will need 
to get an adapter. The descriptive and well written manual runs to 16 pages 
including calibration and download instructions as well as operation and 
applications 

Manufacturer: Pasar Inc, 9676 N Looney Rd, PO Box 1136. Piqua, OH 
4556; tel 937-773-6255; fax 937-773-8003: wwwpalstar.com 


Any of these analyzers could be a worthwhile addition to an Amateur 
Radio station, or RF laboratory for that matter. They all provide useful func- 
tionality but all have different features and specifications, so you'll want to 
carefully compare your requirements to the specifications and features, Some 
of the key parameters are described in Table 9.3. 


Notes 

"J. Hallas, W1ZR, “A Look at Some High-End Antenna Analyzers’ Product. 
Review, OST, May 2005, pp 65-69. 

м. Gruber, "MFJ-249 and MFJ-207 SWR Analyzers." Product Review, OST, 
Nov 1983, pp 75.77. 
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ANTENNA ANALYZERS " 


“This review originally appeared in November 2006 QST.! 

“The antenna analyzer models discussed in the last section all had ad- 
‘vanced features for antenna and transmission line measurements. Some could 
also serve as signal generators or frequency counters, АП were oriented to- 
ward displaying а single measurement point at a time, 

‘This section examines two analyzers that provide data output in the form 
ofa graphical display covering a range of frequencies. They can be used alone 
‘or with computer software for storing data and for more advanced plotting and 
analysis. The additional functionality comes with a higher price tag, though, 


Why Might You Want One? 
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"These analyzers can — with limitations — provide results at a single fre- 
quency, so in that respect they are similar to the devices we've reviewed previ- 
‘ously. If you're like me, however, you rarely want data at a single frequency 
point. Rather, you end up tabulating the data across a range of frequencies or 
across an entire band, Typically you adjust an antenna or tuner at some mid- 
range frequency and then confirm it meets requirements over а wider range. 
Either of these units сап show performance over the whole frequency range 
of interest at one time. 

One antenna analyzer application is adjusting an antenna tuner to а 
frequency before transmitting, Your friends and neighbors will appreciate 
it if you do, It is also less stressful for both transmitter and tuner i you can 
perform the tuning adjustments at a very low level from an antenna analyzer 
before applying full transmitter power. It is very handy to be able to adjust 
the tuner while looking at the whole band or band segment of interest, rather 
than just one frequency. 

Either of these analyzers can deliver that data, but their sweep speeds 
ше a bit too slow to adjust the tuner controls while observing the results on 
the analyzer screen sweeping across а range. You need to make an adjust- 
ment, then wait for the sweep, then make another adjustment, For most 
other measurements, such as antenna or stub trimming, you won't notice 
the sweep time at all 

Compared to an analyzer with а single frequency display, а graphical 
output saves a number of manual steps and avoids the need to try to read 
those notes taken while hanging from the tower. Both units have companion 
software tht allows data review and printing using your computer after the 
fact. An SWR plot of an antenna stored on your computer (with date takes 
noted) can be an excellent way to confirm proper antenna operation over time. 


Our Test Approach 

We tested each unit in the ARRL Lab using some of the same calibrated 
loads that we use to test antenna tuners. In addition, we tested samples of 

complex (reactive) loads. For each load we note the actual value and mea- 

sured value at a representative set of frequencies, The results are shown in 

Tables 9.4 through 9.6. Note tha, as with other analyzers we've tested, and 

as discussed below, the sign of the reactance is not always easy to determine. 

If you need the sign of the reactance, it is our recommendation to verify the 

ign through alternate means, such as inserting a small (not large enough to 

change the sign) reactance in series and see which direction the indication 


Table 9.4 

AEA VIA Analyzer, serial number 0603 

Manufacturer's Specifications ‘Measured in the ARAL Lab 
Frequency range: 0.1-54 MHz, As specified. 

Frequency accuracy: Not specified. 3500 ppm. 

Impedance range: 0-1000 0 (up to 20:1 SWR). Better han 5-1000 0. 

Impedance accuracy: Not specified. Seo Table 9.6. 

Warm-up drift: Not specified. 7.8 ppm in 15 min. 

(Output poner: 4 mW into 50 0. 3.8 mW into 50 0. 

Power requirements: 150 mA (max) 12-16 V de 150 mA max measured at 13.8 V dc: 


Size (height, with, depth) 2.3 x 4.3 x 85 inches; weight, 1.8 pounds. 


Table 9.5 
Timewave TZ-900 AntennaSmith, serial number 10079 

Manufacturer's Specifications Measured in the ARAL Lab 
Frequency range: 0.2-55 MHz. As specified, 

Frequency accuracy: 1 ppm. As specified (after calibration). 
Impedance range: Not specified, Batter than 5-1000 0. 
Impedance accuracy: 8%. See Table 9.6. 

Warm-up drift Not specified 42 ppm in 15 minutes. 

Output power: 20 mW, load not specified. 43 mW into 50 0. 

Power requirements: 500 mA, 9-16 V dc. 480 mA while charging battery, 


40 mA otherwise. 
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Impedance and SWR Measurements 
Load Frequency AEA VIA 
son 35MHz 50.00 0, (10:1) 
(вин) 14MH2 80.0 c (1.0:1) 
28MHz — 50400, (10:1) 
SOMHz 50500, (701) 
soa 35MMz — 92-400, (10:1) 
(101 SWE) 13MHz 4.1400, (86:1) 
28MH2 — 554210, (801) 
S0MHz 564790 (91:1) 
250 35MHz 25400, (20:1) 
(ISWAR) 14MHz 25400, (20:1) 
28MHz — 25400. (201) 
SOMHz 287 0, (24:1) 
DI 35MHz — 102400, (20:1) 
(SWR) 18MHZ — 101400, (20:1) 
28MHz — 99400, (201) 
SOMHz 94-411 0, (191) 
20a замн: 199400 (40:1) 
(41 SWA) | 14MHz 180 0 (38:1) 
28MHZ 176440 (38:1) 
SOMHz — 141690, (36:1) 
100 % 35MMz — 940400, (18:1) 
(201 SWR) 14MH2 421975100, (21:1) 
ZBMHz 250/429 0, (141) 
SOMHz 131-/2380,(12:1) 
504500 — 35MHe 51-740, (23:1) 
(282:1 SWR) 14MHz — 47-470, (26:1) 
28MHz 50-7630, (217) 


504500 35 MHz 
(262: SWR) 14 MHz 
28 MHz 


554/500, (25:1) 
614500, (24:1) 
584550, (27:1) 


Timewave 12-900 


4840.0, (10:1) 
85/00, (101) 
48400, (10:1) 
48400, (101) 


24400. (20:1) 
2540 Q, (20:1) 

2.31/28 0, (22:1) 
264/800, (19:1) 


28400, (19) 
249/00, (18:1) 
244/00, (17:1) 
азо о, (21:1) 


1004/0 О, (20:1) 
1019/09 (19:1) 
994/0 0, (20:1) 
это о, (19:1) 


200400. (89:1) 
193426 0, (36:1) 
175-7680, (36:1) 
5301140, (39:1) 


979400. (17:1) 
813-7506 0, (23:1) 
607-4534 0, (22:1) 
171688 0, (48:1) 


60-46 0, (23:1) 
715480, (241) 
55-444 0, (23:1) 


65451 0, (25:1) 
594/54.0, (26:1) 
704510, (25:1) 


Agilent 42018 
(taterence)* 
50400 
50400 
5000 
50400 


514010 
514050 
алута 

524170 


2540n 
254020 
254050 
EX 


102310 
102450 
101890 
9950 


1994770 
186200 
188-7360 
174-580. 


snaa 
809-j383 0 
526-488 û 
267-4430. 


50-470 
48/520 
51480 


524/500 
534480 
654/510 


"Tre SWR Loads constructed inthe ARAL Lab were measured on an Адет 42918 
Impedance analyzer by ARAL Technical Advisor John Grebenkampar, KISWX. 


J was used for the 50 © tests Т 


accurate over a wide frequency range 


termination e 
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AEA VIA Analyzer 


The AEA VIA Analyzer (Figure 9,5) is more than just an antenna ana- 
beer It can serve as a signal or sweep generator or a field strength meter 
as well. The manual provides application ideas for measuring the values of 
inductors and capacitors, trimming transmission lines, determining transmis- 

jon line characteristic impedance and even acting as a substitute fora “pid 
dip" oscillator, 

AEA has been at this game for a while, In 1994, QST reviewed the 
AEA SWR-121 HF Antenna Analyst, the first antenna analyzer we had 
scen with a graphical display The VIA is a more modern and sophisti- 
‘sated device that covers the frequency range of 100 KHz to 54 MHz It 
is part of a family of hand-held test instruments extending to the top- 
of-the-line AEA Echo vector impedance meter and spectrum analyzer 
"That model looks similar to the VIA but operates upto 2500 MHz and 
costs more than six times as much. 

Packaged in a large hand sized case, the VIA has a monochrome 
LCD measuring 2.75 x 1.5 inches (sce Figure 9.6), The controls are 
all on the front panel beneath the display and include function keys 

Fi through F5, up down keys for FREQ (frequency) and WIDTH, tog- 

les for ON/OFF and EXAMPLOT (now used to record to memory), a 

numerical keypad with digits 0 to 9 and an ENTER Key. The controls 

ben D AEA MA antenna are all of a good size, even for my fat fingers, and are evenly spaced 

Saya m een and labeled so they are easy to read and use. An N connector is used 
for the antenna or load. 


‘The VIA аз а Standalone 
Device 

The VIA can display 
SWR, return loss, resistance, 
reactance or a combination 
of the last two in the form of 
а Smith chart. Depressing the 
FS key cycles through the func- 
tions with a small indicator în a 
box in the screen corner letting 
you know what you're seeing, 
‘The display center frequency 
can be changed by entering 
the frequency directly on the. 


аладан нр keypad or by pushing the FREQ 
EDEL lO switch up or down. Similarly, 


VIA Analyzer 
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the WIDTH control changes the display frequency range. 

"The VIA is designed to be a handheld field operated device. Data can be 
read on the screen directly, for field adjustment, or stored for later analysis 
or archival purposes, My bifocaled eyes found the print on the screen a bit 
of a challenge to read because of the character size, but it was workable in 
most light conditions. It operates ether from the optional ac supply or from 
eight AA size batteries 

Its also equipped with a serial port designed to allow it to be used with 
third-party software, It is in the computer connected mode that the power of 
the device shines through 


SWR and Impedance Meter 

‘The VIA provides a reasonable display of SWR over frequency as well 
as the other screens mentioned above, The multiple keys make it easy to shift 
the center frequency, width or scale of the display among the multiple resolu- 
tions allowed. The only functional problem I had was that there was no way 
to measure single frequency SWR with a rapid enough response update to 
allow easy antenna matching adjustment. It seemed to take as long to update 
the display at one frequency as it did looking at the whole band. I was able to 
make adjustments and obtain good results, but it was not easy. 


Sign of the Reactance 

As noted previously, these units have limits on their ability to determine 
the sign (inductive or capacitive) of the reactance. Per communication with 
folksat AEA, “If the sweep includes а reactive zero crossing, the VIA will not 
be able to determine the sign. There is zero-crossing distortion, which results 
in a reactance reading of at phase angles within about 8° of 0°. In addition, 
for too narrow a plot width, the VIA Analyzer will be unable to resolve the 
sign but with a plot of greater frequency range (but not near or crossing 0°) 
it will resolve the sign.” They note that their wider range VIA Bravo unit (at 
three times the price) is much more accurate near 0, 

For many applications, such as trimming antennas or feed lines, this is 
not an issue. If the data is going to be used to design matching networks, for 
example, it may be important and these guidelines must be carefully observed 
and taken into account, 


Data Memory 

‘The VIA provides four data memory locations. The key labeled EXAM! 
PLOT has been redesignated (in our revision 1.2 sample) to serve аз а memory 
storage and retrieval key. Each location contains not just the plot memorized, 
but all the data taken, so any ofthe plots from that data sweep can be examined 
from memory after you get down off the tower. 


Sweep Generator 

‘The sweep generator function makes a handy addition to most amateur 
workshops. It allows a rapid evaluation of filter or amplifier response. It is 
particularly handy for filter adjustment, since you can observe changes across 
the whole passband and stop bands while making adjustments, With the VIA 
in sweep generator mode, the serial jack becomes a synch pulse connection. 
A Lus pulse is sent out the serial port 1.4 ms before each sweep cycle stars. 
Each frequency is held for 9 ms, At the end of each sweep there isa 16.4 ms 
interval to allow sweep retrace. The total sweep interval will depend on the 
Sweep width and frequency step size selected, A very nice arrangement 

‘The output level is fixed at 5 dBm, во а variable attenuator will be needed. 
to set the level for amplifier measurements. A variable attenuator is needed 
to calibrate the scope's display, to determine where the 3, 6 and 60 dB down 
points are, so it shouldn't be an issue for someone who needs swept frequency 
data. The typical setup is shown in Figure 9.7. 


— © 


[ p p- 59 Н Beer [Чу 
СЯ H Mercier 
Ter E 


Figure 97 — Siockdagram o typical sweep generator setup. 


Using the VIA as a Computer Sensor. 
The VIA has а serial port available via а 3-pin jack. Cable wiring in- 
structions are provided, or the supplied 9-pin D-type connector cable can be 
used. AEA does not offer software directly, but VIA Director by Michael Paw- 
Jowski, N2MP, i available and is intended to be used with this device. Upon 
delivery the software will be in demo mode until you enter the registration 
code found on the CD case, The computer basically takes over he operation 
of the unit, You can use the computer to turn the VIA's power on and off and 
to set any mode or operation 
Figure 9.8 is a representative VIA Director screen display, in this case 
showing SWR over a band. Any of the buttons can be selected to plot ad 
ditional measured data, ог the COMPARISON tab can be used to display any 
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of the different data sets 
on a common screen. The 
‘comparison data is plotted 
against a single vertical co- 
ordinate, so its usefulness 
can be diminished if there 
are widely different ranges 
of values on the different 
chants. 

One choice is the 
Smith chart representation 
of complex impedance as 
shown in Figure 9.9. This 
is a useful way of display- 
ing resistance and reactance 
on a single graph. The re- 
sistance axis is horizontal 
at the center of he display, 
with the transmission line 
characteristic impedance, 
Z at the center. Lines of 
constant resistance are 
circles with one side on 
the right side of the chart 
Reactances radiate from 
the right center to the edge 
with inductive reactance оп 
the top and capacitive reac- 
tance on the bottom. Thus 
each complex impedance 
appears ав а single point on 
the chart, All impedances 
‘with the same SWR lie on 
a circle around the Žo point 
їп the center and the im- 
pedance found by moving 
along the transmission line 
can be determined by progressing around the circle, A change of 1/2 is а full 
circle around the chart." 


Figure 99 — VA Director Smith chart piot. 
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Documentation 
A very thorough 59 page manual is provided with the unit, In addition to 


basic operation it provides details of many applications, including trimi 


ing 


the length of matching sections, measuring capacitor and inductor values and 
even use as a dip meter to determine the resonant frequency of tuned circuits 
The VIA Director documentation is in a separate 16 page file included on the 
software delivery CD. 


Figuro 9:10 —TheTimewave TZ-00 is э combination analyzer, dta 
and ret digital synthesis signal generator i ha 
andheld sized unt 


TT 
fn one side ofthe unt. 
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‘The unit includes а cable to 
connect toa computer serial роп, an 
N-o-UHF adapter and a 50 О cali- 
bration load 

Manufacturer: AEA Technol- 
огу Inc, 1489 Poinsettia Ave, Suite 
134, Vista, CA 92081; tel 800-258- 
7805; fax 760-798-9689; www. 
acatechnology.com. Available from 
some dealers including the KICRA 
Radio Store, wwwklera.com, 
Price: VIA Analyzer, $625. 


Timewave TZ-900 
AntennaSmith 

The TZ-900 (Figure 9.10) is 
а combination analyzer, data stor- 
age unit and direct digital synthe- 
sis signal generator in a handheld 
sized unit that is slightly smaller 
than the AEA VIA. It operates over 
the frequency range 0.2 to 55 MHz 
Controls include a power switch, 
frequency control knob and four 
function buttons that are activated 
by the unit’s control software (see 
Figure 9.11). The output is pro- 
vided on the front panel color ТЕТ 
liquid crystal display, including 
an indication of the functions of 
the soft buttons. Serial and USB 
ports are provided for connection 
to a computer for enhanced display 
functionality or off-line processing 
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The standard antenna connector is an $O-239, but N or BNC connectors are 
available, 


‘The TZ-900 as a Standalone Device 

‘The TZ-900 can operate as a portable device for field or tower use. 
While its 225 x 1,5 inch display is small by computer standards, it seems 
more than adequate for its tasks and is readable under most light conditions 
The AntennaSmith includes an internal NiMH battery supply that is said to 
be good for 5 ог 6 hours of operation from a full charge, A battery charge 
indicator appears as a bar graph on the top of the display. The battery can 
be charged from the supplied ac operated charger or from an external 12 V 
supply. 

‘The unit provides three major function categories — sweep (SWP), 
manual (MAN) and synthesizer (SYNTH) modes. 


Synthesizer Mode 

Starting at be back of the list, the synthesizer function provides а signal 
from the internal direct digital synthesis (DDS) oscillator right out to Ihe coax 
connector. The frequency, from 0.2 to 55 MHz, is controlled via the knob on 
the side of the unit, The display shows the frequency in Hz. On start-up, the 
knob adjusts the MHz position of the DDS, Push the knob in and it changes 
to 100 kHz increments and keeps shifting to the right with cach push until it 
reaches the Hz position and then each click shifts 1 Hz. The synthesizer can be 
calibrated to 10 MHz WW V signals with a single push of a button. The fixed 
‘output is specified as 2.8 Vy, ог about 13 dBm. It pegged my transceivers 
S-meter with а solid, clean sounding signal. This would be useful for receiver 
frequency calibration, although you may wish to have an attenuator in the 
line. It also can be used for other signal generator tasks. 


Manual Mode 

The manual mode acts like many other analyzers — you pick frequency 
and it provides the SWR. You can choose rectangular coordinates (real and 
imaginary parts of impedance) or polar coordinates (phase angle and mag- 
nitude), Tt provides the sign of the reactance or phase angle via an internal 
algorithm, as best it can determine (see below). The display is provided as 
a bar graph, a nice idea that may provide for improved visibility and easier 
tuning while operating in the field. The display can be read in real time, or it 
сап be frozen by the push of a button for later inspection. 

T found the response time of the TZ-900, in single frequency mode, to be 
rapid enough to allow easy adjustment of an antenna tuner. That, combined 
‘with its bar graph display, made for an effective tuning aid. 


Sweep Mode 

The sweep mode allows the display of selected parameters between any 
two frequencies in the analyzer’ range. There are single variable displays 
(SWR, Z, R or jX vs frequency) or two variable (polar) displays (a Smith 
chart or a reflection coefficient chart). Figures 9,12 and 9.13 show two of the 
presentations possible on the TZ-9's screen. 

The sweep ranges can be selected manually or recalled from a selection 
of 10 memorized ranges. The default values of sean range memories cor- 

respond othe 160 through 6 meter 
amateur bands, just what most of 
us would want. As with the ABA 
VIA, in sweep mode the response 
time is too slow to allow for easy 
interactive adjustment of an an 
tenna tuner. 

In addition to the scan ranges, 
there are 10 reference memory lo- 
cations that can be used to store 
data plots. The stored data can 
be analyzed off line or compared 
directly with current daa, to note 
changes made, for example. A 
name tag can be associated with 


12 — SWR versus frequency for ап 80 mele antenna as sach reference memory. 
play on ihe Antennas mins color LCD, 


Sign of the Reactance 

As with the AEA VIA, the 
"12-900 has limits on its ability to 
determine the sign (inductive ог 
capacitive) of the reactance. The 
Т7-900 manual devotes a section 
to this topic and notes, in sum- 
mary: "The ...graph(s) depend on 
the algorithmic determination of 
the sign of the phase angle, This 
determination is accurately made 
in the case of open ог shorted 
transmission lines, antenna reso- 
nance measured at the antenna, 
amd most other cases, However, 
there are instances where multiple 


Figure 943 — The same load as Figure 9:12 wih the Antennasmih 
chod to s Sih char display mode. resonances occur at closely spaced 
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frequencies or if antennas are measured at the end of random length transmis- 
sion lines, where the algorithm incorrectly determines the sign of the complex 
impedance..." The section continues with recommendations for avoiding 
such problems, 

For many applications, such as trimming antennas or feed lines, this is 
notan issue, If the data is going to be used to design matching networks, For 
example, it is important and these guidelines must be carefully observed. 


Using the TZ-900 as a Computer Sensor 

900 comes with Windows software. Everything it ean do as a 
standalone unit it can do under software contro, using the computer as an en- 
hanced storage and display subsystem. Figures 9.14 and 9.15 show two exam- 
ples. Plots сап be recorded to memory for historical purposes or Later analysis. 


Documentation 

‘Two well writen and illustrated manual are included, One, the 37 page 
2-900 AnternaSmith Haniware Manual, thoroughly describes the operation 
of the unit as а standalone device and provides examples of applications. The 


Figure 9.14 — AnteanaSmith software bar graph tuning chart. 
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other, a 54 page 77-900 AntennaSmith Software Manual — Windows Ver- 
sion, provides a comprehensive set of software installation instructions and 
‘examples of using the software to store and display data, Both manuals feature 
color graphics of display and screen presentations that are helpful in visual- 
izing what the system will do. The manual references лих and Macintosh 
versions, but only the software for Windows 98$Е/ХР appears to be available 
as we write this 

‘The unit includes the software, a cable to interface with a computer USB 
роп, ип N-to-UHF adapter and a 50 © calibration load. A connector for the 
serial interface is provided, but you need to supply your own cable, 

‘Manufacturer: Timewave Technology, Inc, 1025 Selby Ave, Suite 101, St 
Paul, MN 55104; tel 651-489-5080: fax 651-489-5066: wwwtimewave.com. 
Price: 9900, 


Notes 

J. Hallas, WIZA, "Antenna Analyzers with a Different View" Product Review, 
QST, Nov 2006, pp 70-74, 

^8. Ford, “AEA SWR-121 HF Antenna Analyst” Product Review, QST, Nov 
1894, pp 77-79. 

5G, Holl "Smin-Chart Calculations for the Radio Amateur? Part I, OST Jan 
1968, pp 22-26 and Part I, QST Feb 1966, рр 30-33. Both parts are avail- 

айе on the ARAL Web site at wwwarrlorgtis/info/chart.htmi 

wil not run under plain vanilia Windows 98. Fortunately, | was able to borrow 

a new Windows XP laptop from my wile Nancy, WINGY, for this test. 

My radio station computer is an elderly Windows 98 based machine. 
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This review originally appeared in August 2007 OST. 

The Array Solutions AIM4170 antenna analyzer (see Figure 9.16) is an 
enhanced version of the antenna impedance meter designed by Bob Clunn, 
WSBIG, and presented in a QST construction article? You may want to scan 
that article before you read further. This model extends the frequency range to 
0,1 to 170 MHz from the HE-only version described in QST. The unit attaches 


Table 9.7 
Array Solutions AIM 4170 Antenna Impedance Meter, serial number 202 
‘Manufacturer's Specifications ‘Measured in the ARAL Lab 
Frequency range: 0.1-170 MHz. As specified. 

Frequency accuracy: Not specified. 2.3 ppm (after warm up). 
Impedance range: 1-2000 0. Better than 5-1000 0. 


Impedance accuracy: 1 5% 0.1-60 MHz; See data below. 
10% 60-170 MHz. 


Dritt: 30 ppm. 42 ppm in 30 min. 
Output power: 20 LW max, load not specified. 19 uW into 50 0, 
Power requirements: 250 ma, 6-15 V de 250 mA at 138 V dc 


Size (height, width, depth): 2 » 5 « 4 inches, 
Price: AIMA170, $545; USB adapter and cable, $14. 


Impedance and SWR measurements 


Load Frequency — Array Solutions Agilent 42918 
Л (releronco)* 
5n 35 MHz 50.1401 0, (10:) 50007" 
(11 Бия) 14 MHz 5014/01 0. (101) 5000 
28 MHZ 5004010, (tatn 5000 
50 MHz 50.14010. (10:1) 504/00 
мам; 4994/010. (101) 50700 
son 35 MHZ 50400, (89:1) soon 
(101 SWR) 14 MHz 505030001 ^  5tj020 
28 MHZ 5.1040, (88:1) 514/040 
50 MHZ 514070. (97:1) 520% 
ie, 52:170,(85) 520 
250 E 253-010, 20:) — 25100 
(SWR) Mz 2534/02 0, (20:1) — 2514020 
28 MHz 2534/030, (201) — 251040 
50 MHZ 2524040. (20:1) 2514070 
мамн; 2554/090. %% _ 2524200 


926 Chapters 


to your PC with a serial cable, or to a USB port with an optional adapter and 
cable. Calibration loads are provided to allow easy setup using menu items 
‘on the PC. A BNC coax connector on the front of the unit is used to connect. 
to the sample to be tested, and that's all that happens at the AIM4170, the 
тем is done from the PC, 


What's it Do? 
А 61 page manual is included on the CD-ROM provided with the unit, 
as well asa 10 page Quick Starr guide. Operation is very straightforward. You 

Load Frequency Атау Solutions Agilent 42918 
АМ4170 (relerence)* 
100 земна 1014/020, (20:) 100020 
(2л SWRA) — MHz 101-7050, (201) 1004080 
28 MHZ 101-7040; (20:1) 101/180 
50 MHz 101-100, 20:) 908810 
144MH2 1004350. (20:1) | 99-890 
2000 земна 2021070. (41:1) 2014120 
[Ed 202-j230,(401) — 201480 
28 MHz 201210,040) — 200/940 
50 MHz 202-}420(40л) — 199180 
таємна 201120, (40) 188-7450 
10000 35 MHz 1030-/16.0, (20:1) 998/330 
(20:1 SWR) 14 MHz 999-/19.0, (20:1) 981-/127 0 
28 MHz 986-/14.0, (20:1) 93542390 
50 MHz 1000-39 0, (20:1) 82543730 
144 МНа 838-191 O (201) 37344760 
50 6% 35 MHz 485-4540, (241) 50/40 
(2.621 SWA) 14 MHz 47051.20, (281) — 48520 
28 MHZ 50.14700, (251) 51-7480 
50 %% 3 50.544900, (261) 524/500 
(2.621 SWR) 14 MHz 5124/4750, (251) 53480 
28 MHz 623450.1 0, (241) — 654510 


“The SWR loads constructed п he ARAL Lab wore measured оп ап Aglent 42918 Impedance Analyzer by ARAL 
Technical Advisor John Greberuemper,KIBWK 
“An HP TISSGA precision termination vas used for he 50 C teet This termination has а wide frequency range. 
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just tell the software what you want to measure, the desired frequency range 
and resolution and the type of display — rectangular coordinates or Smith 
chart — and out it comes 
As noted in Table 9.7, ihe accuracy is exceptional and caused us to go 
back and check the calibration of our reference loads to make sure we were 
getting the whole story. Not that while some antenna analyzers are designed 
to give you aquick answer ata single data point while atthe top of your tower, 
the AIME4170 is really more of a laboratory instrument designed o give you a 
whole suite of data from the bottom end of your feed line. The manual offers 
two methods of modifying the ouput to transform the dat to what would be 
seen al the antenna. There 
iv room for both types of 
analyzers, in my opinion. 
in the serious amateurs 
sation inventory. 
ARRAY SOLUTIONS Жш 9:17 shout 
the default output, and it 
тм Looks a bit overwhelming 
ший you decide to select 
the parameters of interest 
Once you deselect the pa- 
| rameters you don't want 


Far эЛЕ The Aray Son A Ta compl connected ара ыйы. 
— ar ri 


manageable as shown in 
Figure 9.18, ln addition 
10 the plotted data, а click 
оп any frequency will pro- 
vide you with the tabular 
data for that frequency on 
the right band side of the 


Setting Your Tuner 
A great application 

for some analyzers is pre- 
setting your antenna tuner, 
1 avoiding interference on 
2 же. frequency and reducing the 
p sr your amer 


Figure 0.17 — AMATTO default ouput wilh piots of almost possible outputs In 2900161. found that with 
КА some practice, and by not 
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having excessive resolution 
to slow the processing, I 
could use the sweep fun. 

tion to set my tuner to cover 
а range of frequencies. Fig- 
ure 9.19 shows the family 
of curves as T adjusted the 
tuner to have an SWR less 
than 2:1 over the CW por- 
tion of the 40 meter band 
with my center-fed Zepp. 


What Next? 

The manual describes 
many possible applications, 
including measuring erys- 
tal parameters — so don't 
just think antennas, This is 
— — . 

— be used fora number of other 
applications as well For ex- 
ample with a BNC-to-lip 
lead adapter, it becomes an 
easy matter to measure the 
reactance of components 
to determine their value 
Perhaps even more impor- 
tantly, it is now casy to de- 
termine the parallel resonant 
frequency of an RF choke 


i SE — or the series resonance of 
SEF ˙²˙ dd bypass capacitor, for 
еы | that bypass capacitor, K 
example. 
Figure 9.19 — Fam of curves as adjusted my tuner lor эп SWR of less than Did 1 say crystal? IF 


1 over ine 40 meta CW segment 
Е — men you're trying to make a 


Crystal lattice filter, select a 
crystal for your ORP net frequency, or just find out what the story is with 
that box of strangely marked surplus erystals you couldn’t leave behind at a 
hamfest, just clip one on, select CRYSTAL mode and see the story as shown in 
Figure 9.20. One caution, the analyzer asks for the crystal frequency before 
it starts. If you put in a frequency very different from the actual frequency, 
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[E] Fiure $20 — Атто output while measuring crystal parameters. 


Toe it will give you data that looks real but isn't, The easy 
oe solution is to do an impedance scan at narrow resolu- 

tion (I found 0.010 kHz steps worked well) and the real 
resonant frequency will be obvious. 

"The AIM4170 software and documentation has 
undergone several updates and revisions since intro- 
duction, and new versions are available by download. 
Irs worth checking the Array Solutions website peri- 
‘ically to see what's new, All in al. this appears to be 
a very useful and accurate station accessory. 

Manufacturer: Array Solutions, 350 Gloria Rd, 
mm Sunnyvale, TX 75182; tel 972-203-2008; wwwatrray- 

solutions.com 


Notes 

"From J, Hallas, WIZA, "Three Antenna System Measurement Devices 
Product Review, OST, Aug 2007, pp 65-69, 

эв, Clunn, WSBIG, "An Antenna Impedance Meter for the High Frequency 
"Bands? OST, Nov 2006, pp 28-32, 


‘This review originally appeared in March 2012 QST.! 

‘Two of the units we are reviewing, the MFJ and RigExpert are updates to 
analyzers in existing product lines, while two, the Comet and TEN-TEC are 
new entries into the field. While similar at first glance, there are significant 
differences among the units that provide clear choices depending оп your 
interests 


Comet CAA-500 Standing Wave Analyzer 

Comet, a longtime antenna and accessory manufacturer, has joined the 
antenna analyzer marketplace with the Comet САА-500 (sec Figure 9.21). 
‘This unit measures SWR and magnitude of impedance across the widest 
frequency range of the units in this test. Our unit covered 1,53 to 508 MHz 
in 7 overlapping ranges except for a somewhat surprising gap from 259,4 
to 2734 MHz. While the manufacturer indicates that the unit can measure 
SWR from 1:1 to 5, there are по numbers above 6:1, so readings above 6:1 
are indications, bat not quite measurements, in our view. 
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Figure 921 — Te Comet 


The frequency is adjusted using a thumbwheel knob that сап be 
tuned by the same hand that holds the unit — very convenient 
if you are also hanging onto a tower or ladder, for example. 
‘The frequency is indicated on a seven digit frequency counter, 
‘while the SWR and impedance magnitude are shown on a large 
two-scale cross-needle analog meter, There are two coaxial con- 
nectors provided, a UHF (SO-239) type for the lower 6 bands 
and an appropriate Type N socket for the highest range, 225 to 
500 MHz. 

‘The unit can be powered by six internal AA size alkaline 
batteries or an external 8-16 V power supply via а coaxial power 
connector, A power cable with matching plug and pigtail leads 
is provided as is a handy wrist strap. 


On the Bench 

We found that the unit had excellent frequency accuracy, 
within a few Hz, and easy setablity, especially on the lower 
bands. On the highest band, it was difficult to set it within 
50 kHz, although for antenna work in that range that shouldn't 
frequently be a problem, The frequency stability had similar re- 
sults, quite steady in the lower ranges, but we observed drift of 
V0 kHz during 5 minutes at 440 MHz, The frequency counter 


CAA S00 antonna апыүлы measures on the unit follows the drift so you know the actual frequency 
SVR and magnitude of impedance — asit moves 
across te equency range rom 


Er rp "The frequency counter has two positions, SLOW and FAST, 
j4 MH gap around 266 z 


set by a front panel button. In the FAST position, which easily 
follows tuning, atleast on the lower bands, the counter resolution 
is 1 kHz. In the SLOW position, it reads to 100 Hz, dropping the 
hundreds of megahertz digit on the higher bands 

The steady output level makes it a natural for use as an accurate signal 
generator for receiver alignment, The addition of a calibrated step attenuator 
would result in a test instrument that could be used for sensitivity measure- 
ment. If testing the receiver portion of a transceiver, be sure to disable the 
transmitter to heed their warning about applying RF power to the unit, While 
we didn’t test this analyzer as a dummy load, I сап almost guarantee it won't 
make it 

‘The impedance meter can also be used to measure the reactance of a 
capacitor or inductor, as long as you know which it is. Change the frequency 
until you have the meter in an easy to read region and you will know the 
reactance at that frequency. By use of the appropriate reactance formula, you 
will know the value of the capacitor or inductor. Measured performance is 
shown in Table 9.8. 
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Table 9.8 


Comet CAA-500 SWR/Impedance Analyzer 


Manufacturers Specifications ‘Measured in the ARAL Lab 
Frequency rango: 1.5-500 MHz 1532-2594 and 273.4.508 MHz. 

SWR measurable range: 1.0-х. As specified, numerical indication to 6:1 
Impedance range: 12.5-300 0. As specified, 

Impedance accuracy: Not specified See Table 9.19. 

Output power: 0 mW (0 dBm) max. 05 mW (-3 dBm) into 50 © at 14 MHz 


load not specified 


0.44 mW (-35 dBm) into 50 Cat 144 MHz. 
0,59 mW (-2.3 dBm) into 50.0 at 440 MHZ. 


Pomar requirements: 8-16 V, «180 mA. 165 mA at 13.8 V de (external power) 


167 mA at 9 V de (internal batteries). 


Size (HWD): 7.5 x 3.6 x 25 inches, weight 1.75 Ib 


Documentation 

"The САА-500 comes with a clearly written four page Instruction Man- 
mal that includes specification, identification of each connector and control 
anda short discussion of how to use it. There are also some frequently asked 
questions (FAQ) that may be helpful. While not a lot of information is pro- 
vided, the operation of the analyzer will be intuitive to most amateurs who 
knew they wanted to buy one. 


Bottom Line 

"This is an easy unit to like. Within the limits noted, it is easy to set and 
easy to read while making antenna or tuner adjustments. It doesn’t offer all 
the measurement capabilities and other functionality of some of the other 
units, but it does what it does quite nicely. 


MFJ-266 HF/VHF/UHF Antenna Analyzer 
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MEJ arguably offers the widest selection of antenna analyzers known to 
тап, They have models covering a wide price and capability range starting 
‘with their entry level HF analog tuning, analog SWR only metering unit at 
under $100, ranging up to the MEI-269PRO HF/VHF/UHF multifunction 
digital display meter in the $400 range. A look at our Product Review archive 
(wwwarrlorg/product-review) will find reviews of a number of representa 
tive models. 

"The MFI-266 (see Figure 9.22) falls near the higher end of their product 
line and includes many features of the MFJ -269 at a lower price and in an 
entirely new, more compact envelope with a different control layout. Features 
include the capability to measure not only SWR, but also the magnitude of 


impedance and the rectangular resistive and reactive values. The 
two-line LCD simultaneously shows the frequency, tuning band, 
complex impedance, magnitude of impedance and SWR — no 
need to change settings, it's all there. Note that while a plus 
sign is shown with the reactive component, they describe it as 
а “place holder" You will need to determine the actual sign by 
other means such as changing the frequency slightly and noting 
the direction of reactance change, 

Very useful features beyond the comprehensive SWR func- 
tionality mentioned above include the use of the 266 as a fre- 
quency counter. You enter frequency counter mode by selecting 
the appropriate buttons of the BAND button set and the DOWN 
button after power up. In addition to the observed frequency, the 
display shows the relative strength of the signal. This can be use- 
ful to identify a strong received signal that could interfere with 
antenna measurements, 

By pressing the UP button at power on, the 266 will measure. 
capacitance directly in picofarads. Similarly. pressing the DOWN 


Figure 922—The MFJ-288 antenna ballen at power on switches fo inductance measurement mode — 


‘more compact envelope, 


Setting Up the MFJ-266 

When the 266 is powered up, the display prompts you, once 

you know the code, to tell it what you want, stating with the 

BAND-MODE SELECT buttons, If you press both the UP and DOWN 

buttons immediately on power up, it will turn on the backlight — the default 

is BACKLIGHT OFF to conserve battery power. The available de voltage is 

shown, along with an indication that you should push UP to select frequency 
‘counter mode or DOWN to select antenna analyzer mode. 

Frequency is selected from the eight bands by first using the A and B 
buttons to select HF, УНЕ, UHF or COUNTER as indicated in the table next to 
the buttons. While the VHF (85-185 MHz in their definition) and UHF (300- 
490 MHZ) ranges ae tuned in one band each, their HF range (1.5-65 MHZ) 
is covered in six bands selected by the UP and DOWN buttons identified as 
BAND-MODE SELECT in the unit's center. Once you select the range, you tune 
the frequency using the TUNE knob. The TUNE knob is part of a 10-turn as- 
sembly hat permits fine adjustment, but itis tricky to et the exact frequency 
you want, especially on the higher bands, Interestingly. on the “HF” bands, 
tuming the knob clockwise decreases the frequency, while on the VHF and 
UHF bands it works the other way, Note that all US amateur bands from 
160 meters to 70 em are covered, except the 222 MHz band — possibly an 
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Table 


(MFJ-266 Antenna Analyzer 

Manufacturer's Specifications. Measured in the ARAL Lab 

Frequency range: 1.5-71, 85-185, 1,52-71.7, 85-185, 248-530 MHz. 
300-490 MHz. 

SWR measurable range: 1.0-29:1 As specified. 

Impedance range: Not specified 5200. 

Impedance accuracy. Not specified. See Table 9.13. 

Одри power: 1.6 mW (42 dBm), 2.3 mW (+3.6 dem) into 50 0 at 14 MHz; 
load not specie. 1.5 mW (12.0 dBm) into 50 © at 144 MHz 

ов mW (40.7 dBm) into 50 A at 440 MHz, 

Power requirements: 108-13 V de Analyzer mode, backlight on, 152 mA; 

(maximum), current, not specified, backlight o, 126 тА: field strength mode, 


backlight off 41 ma. 


hat 12 V dc. 


Size (HWD): 6.8 x 4 x 3.2 inches, (incl protrusions); weight, 1.3 lb. 
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important omission for those working that band. Even though the specifi 
cations (and band switch) allowed for a gap from 65 to 85 MHz, our unit 
covered up to 72 MHz, nicely extending through the UK 4 meter band (70- 
70.5 MHz). Lab measured performance is summarized in Table 9.9. 


Power Requirements 

A somewhat surprising extemal power requirement is worth noting, The 
manual states that the external de supply (plugged into a front panel coaxial 
jack) needs to be between 10.8 to 12.5 V and offers a warning that it can't be 
higher than 13 V without load, Since most amateur station de power supplies 
put ош 13,8 V or more, this may be a problem for some applications, unless 
special care is taken, The manual also notes that the usual rechargeable 1.2 V 
[NiCd cells will not provide enough voltage for operation. Earlier units could 
‘operate from 11 to 18 V. 


Documentation 

‘The MF1-266 comes with а 20 page instruction manual that includes not 
‘only instructions but also application notes on how to perform the many tasks 
that this analyzer can accomplish. The instructions are well writen, clear and 
will be needed to be able to make best use of the unit and all its capabilities. 


Bottom Line 
The MFJ-266 can serve as the “Swiss Army Knife" in your Amateur 
Radio tool ki, Either by itself, or with available options it can perform many 
functions to keep your antennas and station equipment at peak performance. 


RigExpert АА-54 Antenna Analyzer 
‘The AA-S4 (see Figure 9.23) is а very different type of unit than the 
other three analyzers in this report, although there is a large functional over- 
ap. The AA-54 is part of a family of analyzers that cover different frequency 
ranges, the upper limit of each identified in the numerical portion of the model 
designator. Now included in the series are the AA-30, 54, 230, 230PRO, 
500, 520 and AA-1000. As you might expect, the price increases, as do the 
features, as you move up the list, They are described and compared on the 
RigExpert website (www.rigexpert.com), 
The first difference you would encounter between using the AA-S4 and 
the other units in this review is that instead of a tuning knob to select fre- 
quency, there is a keypad. This is a mixed blessing in a way — it takes a bit 
longer to fine tune frequencies, but the frequency you get is the one 
you actually want and it stays put until you change it. In addition, 
if not sure exactly what frequency you want to look at, you сап 
perform a sweep function to look at the SWR or impedance aver 
à wide range of frequencies and then zero in on the frequency that 
needs the most attention, 


On the Bench. 
Our AA-54 showed remarkable frequency accuracy and 
setabilty, At 10 MHz, we found the frequency accuracy io 
he within 800 Hz of the displayed frequency, quite appropri- 
ate for its 1 KHz resolution, expanding to be within 65 kHz at 
54 MHz. It also stayed on frequency, exhibiting virtually no drift 
throughout our testing, The total output level was 4123 dBm, 
= 0.1 dBm, over he entre operation range, although there was high 
harmonic and spurious content in the output. This did not seem to cause 
any problems with impedance measurements, perhaps due 1o internal 
processing, but could make for confusion if being used as a signal 
ne generi 
The measured output level of the desired signal component ranged 
Fars ern e BRA, from +123 dBm at 100 kHz to +115 dBm at 10 MHz. From 15 to 
oer re ipm ide 30 MHz i ranges from +1.5 to 42.5 dBm, while from 35 to 54 MHZ 
moore but lh considerable © js in the 2010 2.5 dBm range. A summary of ARRL Lab testing 
results is provided in Table 9.10. 
Operator interaction is provided through а custom key pad and mono- 
chrome LCD screen. A single UHF connector on the top goes to the test 
Sample, and socket for a USB peinter type cable is provided for connection 
toa PC i desired. For most functions, the PC is not necessary, however, while 
connected, the AA-54 is powered via the USB port 
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Table 9.10 
Rig Expert АА-54 HF Antenna Analyzer 


Manufacturers Specifications Measured in the ARRL Lab 
Frequency range: 0.1-54 MHz 1.5-54 MHz (usable range). 
SWRA measurable range: 1:1-10:1 As specified. 

Impedance range: 0-1000 0. As specified. 

Impedance accuracy: Not specified. See Table 9.13. 


Output power: 20 mW (+13 Вт), 50 load. 17 mW (+12.3 dBm) see text, 
500 (1554 MHz). 


Power requirements: Two 1,5 V alkaline ‘Measurement mode: 244 mA backlight, 
АА batteries, two 1.2 V NIMH АА batteries, оп, 169 ma backlight otf; standby, 
or external power via USB роп. 60 mA (backlight off) ай at 3 V dc. 


Size (HWID): 8.5» 3.8 x 1.5 inches (inc protrusions); weight, 14 oz (with batteries), 


The AA Sti menu diven бес Figure 9124) and can 
. | provide bar ope pin cr numeral SWR or da toe 
Sia e | each Ike deb pee C e 
ey BEST, | ша Ioram. iun oar apts bert fr aig 
RO ee. ERA | | "danem dns the pay ups тару. vile ne 
APC mode BShowall swept data is most useful for a summary of results across a 


E 

In the Field 
SWR measurement K parallel equivalent model of R and X, including sign and 
еы A T even the calculated equivalent capacitance or inductance 
A ee neee. 
L— jx genie Fen ien. 
Faaa canna n rie sero pal онен model Uke 


bore respond most as ule э an many devices the sign of the reactance is shown, as well 
analog meter making hom appropriate or [niu 
Antenna tuner or adjusting the controls of ASS value. 
їп antenna tuner fof minimum SWR, ‘MulriSWR Mode: A nice feature of all these units 
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Show all 


[vm — 50200: 200 kHz 


14112kH2 | SWR:141 
Series model [Zi 55.7 f 
R5289 847 


С:&З?РЕ 


Figure 926 — Screen shot ot SHOW ALL 
"display in series equivalent mode. A paralel 
equivalen circuit model may aiso be 
Selecta. Note that he sign of ne reactance 
s provided, long with the equivalent 
capacitance at the selected reguency. 


91 — 
El 
3 
af- 


Figure 827 — Piot of SWA versus 
Frequency. 


Ri 3550 + 500 kHz 
b: 


*14150kKH BC 
21200kH2 ШП 
28300kHz ШШ 
50200kHz MA 
10000 kHz | NN) 


МОМЕ (ema) 


K14150kHz SWR:15 
21200kHz | SWR:146 
28300kHz SWR: 1.48 
50200kHz 8,816 
10000kH2 SWR: 11.8 


Figur 930 — мин-тедиепсу SWR piot 
‘th numerical SWR indications on sach ot 
five trequencies. 


Figure 828 — Mutsrequency SWA plot 
wi relative bar graph display The ене. 
uences сап be anywhere within the meters 
range. Ver handy or ej using multaan 

antennas, especialy toy rac 


except the AA-30 is that data on multiple distinct fre- 
quencies can be observed simultaneously, This can be 
very useful while making adjustments on multiband an 
tennas In this case the display shows the frequency and 
a relative bar graph for each frequency (Figure 9.29) or 
the actual numerical SWR value (Figure 9.30), Without 
this feature, ane often has to cycle through the interact 
ing bands multiple times to get them all right, With the 
АА-54, you can observe the effects on five bands while 


you make adjustments 
The AA-S4 includes a memory capability so that you can store up to 100. 


display screens. As you store each 


re prompted to tag them with an ID 


to make sorting them out later easier, They can also be shifted to a PC, great 


for" 


built” or “as adjusted” records for later comparison to see de 


ado 


occurring, or confirm it hasn't 
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Computer Connection 

"The AA-54 comes with a CD that includes two auxiliary programs, 
described below. The software manual indicates that it can be installed in a 
PC running Windows 2000, 2003, ХР, Vista or 7 as well as Mac OS (version 
10.6 recommended), I tried it on Windows XP and Windows 7 machines at 
my location, and each ran successfully 

"The dise sets up two programs, LCD2Clip, which brings screen shots 
from the АА-5475 display directly into the PC (push F and 6 simultaneously 
оп the АА-54 keypad) at which point you can make screen shots to save 
the screen with your favorite photo program or Windows Paint. That is how 
Figures 9.24 through 9.30 were obtained. 

The other program is a more interesting for many applications. AntScope 
shows results on а full size PC screen, rather than on а copy of the AA-S4's 
small native display. This allows viewing results in more detail, but each does 
take а few moments to display and transfer data, This program operates with 
the AA-54 in PC mode, so all definition and operation take place from the PC. 

"The major functions are similar to the AA-54's — ай manner of imped- 
ance related data can be displayed—SWR, Z and R + jX (with sign of X, sce 
Figure 9.31). The frequency limits can be set from the PC to display any por- 
tion ofthe range up to 54 MHz wide. By moving the curser with the mouse, 
all the details can be shown at any selected frequency, 

A rather dramatic departure from the typical antenna analyzer is a time 

domain reflectometer (TDR) 
function. This sends a virtual 
pulse down the line and graph- 
ically displays the reflected 
pulse from any discontinuity 
along the line, The disconti- 
muity could be an antenna at 
the end of the lin, but of even 
more interest are any and all 
discontinuities between the 
source and the antenna, likely 
indicating a cable fault. While 
the default display goes out 
to a distance of 900 meters 
(probably more useful for a 
telephone company than the 
typical amateur operator) 


Figure 9.21 — Antemascope view ot the SWR ot an antenna over he entire 
Falo Note al European amateur bands are oig Aver vien. il can be reduced to show 
.. нш or ais closer indications as shown in 
ample. Smith chart ews are аво provided. 
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Figure 932 — Antonnascope in time 


lio Here you se ihe 280 tot run 


0.82 relative velocity oar to 
ne WIZR 0 meter ground plane 
antenna: The early bipe are the 


pulse porta reflecting rom the 
impedance bumps going tough 


bypassed near amer ana 


linterna tuner At almost veo 
"lone about 80 fe out. he 


pulse encounters my de grounded 
fighting arrestor at ne entrance 


anal and ton 200 eet coax 
Tone antenna The detalis are 


Shown by mousing tne cursor lo. 


"ho discontinuity, Hag there been a 
rek, short ог ther cable problem, 


this would show you exact where 


was 


Figure 9.32. In this view it has been changed to use US metrics. This feature 
is something usually found in much more expensive instruments and has the 
potential Бе a great diagnostic tool. The manufacturer notes that iis really 
intended for the AA-230 and higher frequency units that provide additional 
resolution, but can be used with the lower resolution AA-54 to discover major 
discontinuities as shown. 


Documentation 

The AA-54 is provided with a 22 page User's Manual, also available 
on their website if you want to look it over before you buy. The manual does 
а good job of describing the basic functions of the device. In addition, the 
last eight pages are devoted to using the AA-54 in various applications, This 
section starts with antennas, but moves through measuring characteristics of 
cables, lumped inductors and capacitors and transformers. The use as an RF 
signal generator is also covered, with some cautions as to waveform. 

‘The AA-54 also comes with ап 11 page Software Manual. This describes 
how to load and run the programs discussed previously. While LCD2Clip 
is very simple to use, Алё$соре offers many features and adjustments. The 
choices on each tab are shown in pages 8 and 9 of the manual, but you will 
likely need to try each to see what they are about. I had no trouble installing, 
running or using the supplied software 

Manufacturer: Rig Expert Ukraine Lid, Oranzhereyna 3, 04112 Kiev, 
Ukraine; e-mail: info O rigexpert.com; www.rigexpert.com. 
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Bottom Line 
‘The AA-54 îs а very competent, accurate and easy to use analyzer pro- 
viding single or multi-frequency pointed or plotted SWR and impedance 
data on а useful LCD display. In the shack or lab, it ean also provide more 
advanced features while connected to а PC using the supplied software. 


YouKits FG-01 Antenna Analyzer 


‘The YouKits FG-01 analyzer (sold in the US by TEN-TEC, see Fig- 
ture 9.33) is the most compact of the bunch — not a lot bigger than a pack of 
cigarettes, if I remember them correctly. I is also the least expensive of this 
group, although it does require an optional battery pack to be self contained. It 
measures SWR and magnitude of impedance from I to 60 MHz, showing the 
numerical result of each at the chosen center frequency along with a display of 
the swept frequency results, all on a small but readable color display screen. 
‘The FG-01 is a very easy to operate unit. There is a single knob which, 
by default sets the center frequency of the analysis, also the frequency that 
the numerical data applies to. The tuning is over a single continuous band 
‘with the toning step size set from 1 MHz to 1 KHz in four steps, The steps are 
selected by pushing in the knob for 1 second. The digit that wil be changed 
flashes and the digit can be changed by turning the knob while holding 
it in. Once the step size is selected, the tuning will be at that step size 
until you change it. After itis set up the way you want it, pushing 
down the knob for 1 second will save your settings for the next 
time you power it up. 
| found the color display easy to see with one exception, I 
was sometimes difficult for me to decide which of the two plots 
was which, since the colors don't seem that far apart. Fortunately, 
the manufacturer seems to have anticipated this. If you hold the 
TUNING knob in while you switch the unit on, it will just plot the 
SWR. the most useful information for most applications. The im- 
 pedance is still shown in the numerical data portion ofthe display. 
‘The other aspects of the display are easy to use, It simultane- 
‘ously displays the center frequency, sweep width, SWR, imped: 
ance magnitude (no information on the complex impedance, as 
with the Comet) and battery voltage. The battery display turns 
ted if the voltage drops below 9.5 V and the SWR changes to red 
for an SWR of greater than 3:1 


Еб-01 toons 


Antenas gelbe, 
Sod 


On the Bench 
ETÀ The summary of lab measurements shown in Table 9.11 re- 
eng pat al cigarettes, 807 flect a very competent instrument. In addition it was noted that the 
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frequency stayed unchanged once set, Of course, many of the others were 
quite stable over the frequency range of the FG-0 still, it does a very good 
job at what it does. The spectral purity was the best we saw (see Figure 9.34), 


Documentation 
The unit is supplied with a five page instruction pamphlet that covers the 
basic operational detail, along with many caution notice, It covers how to 


‘work it, apparently with the idea that if you buy one, you already know why 


Table 9.11 
YouKits FG-01 SWR/Impedance Analyzer 

Manufacturers Specifications Measured in the ARRL Lab 

Frequency rango: 1-60 MHz. As specified. 

SWR measurable range: Not specified. 10901 

Impedance range: Not specified, 5.350 n. 

Impedance accuracy: Not specified. See Table 9.13. 

‘Output power: 32 mW max (+15 dBm), 36 mW (4155 dBm) into 50 0 at 14 MHz, 


23 mW (413.6 dBm) into 50 © at 50 MHz 
Power requirements: 400 mA at 10-128 de. 398 mA at 12.8 V de (external power 

379 mA at 12.4 V de (internal batteries), 
Size (HWD): 4.4» 2.3» 22 inches, (incl protrusions}; weight: 13.5 oz with internal battery. 


Figure 9.34 — Output spectrum ot the YouKits FG01 while uned to 14M. The cleanliness of the spectrum is 
mola, sufficient tat he uni could be used as a very low power (ARPp) transmiter, thee were a way to key it 
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you wanted it and what you can do with it. The instructions are available on 
the TEN-TEC website for a preview, 

‘One caution relates to power sources. You are cautioned that the AA size 
battery holder provided is only for 3.6 V lithium cells, rather than the usual 
1,5 V alkaline cell, It also notes that if an external supply is used, it must 
provide 10 to 12.8 V de, letting out most station de systems. 

Manufacturer: YouKits, sold in the US by TEN-TEC, 1185 Dolly Parton 
Parkway, Sevierville, TN 37862; tel 800-833-7373; e-mail sales@tentec. 
com; wwwitentec.com. 


Bottom Line 

‘This unit shares the measurement capabilities of the Comet, but bas а 

digital rather than analog display, and adds the handy sweep function. The 

frequency stability and accuracy are notable. It is easy to operate, easy to 
сату, compact and does what it does quite nicely. 


A Comparison of the Units in the Group 
тиме 9.12 illustrates the features of the four units side by side for com- 
parison. In addition, a detailed tabulation of the impedance measurements of 
each unit is shown in Table 9.13. 


Notes 
1J. Hallas, W1ZR, "A Look at Four Antenna Analyzers’ Product Review, OST, 
Mar 2013, pp 46-52. 


Table 9.12 


Antenna Analyzer Feature Comparison 


‘Analyzer 
Comet GAA-500 


DE 


gde ben AA 54 
uo. 


Рие Range SWR Z X Sign AA Et Socket РС Storage 
1 o Ban Pur VO Locations 

$420 153250 16 Yes No NA 6 Ves UHFINY No No 
273508 

990 1571 199 Yes Ye No в Ye N No No 
85-185 
00490 


UHF os 100 


Li 
Li 
ғ 
# 


so orse 110 


[E yes BNC No No 


É 


“ype N tor top frequency range oniy. 
pe N to UHF adaptor provided. 
"Roques 16 V um batteries, type 14500. 
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Table 9.13 


soa 
(1:1 SWA) 


во 
(10:1 SWR) 


250 
ШЕ 


1000 
(2:1 SWA) 


50MHz 


144 MHz 
223 MHz 
440 MHz 


35MM 
DI 
28 MHz 
Er 
DI 
440 MHz 
замн 
тамна 
Er 
soni 
144 MHz 
223 MHz 


440 MHz 


35 MHz 
14 MHz 


250 
(ёл) 
250 
(18:1) 
260 
иал) 
260 
(ал) 
240 
алал) 
ET 
(51) 
400 
ШЕЙ 


поа 
(18:1) 
поа 
021) 


MFJ-266 


50.00 
(161) 
50/00 
(1.01) 
5004/00 
(тол) 
i900 
(тол) 
4900 
(0) 


Tan 


sjan 
бэл) 
240 

[027 
Syan 
бэл) 
E 
зл) 

Sgen 
(897) 
bos: 


2500 
(201) 
80 
221) 
244100 
(21:1) 
29400 
айл) 
264/190 
(201) 


Us» 


5180 
(201) 
90-330 
(3) 
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RigExpert  Youkits 
AASA 7807 
498-jo20 480 
(on (їл) 
4984110 480 
(ёл) (л) 
49.82/22 480 
(103) (10:1) 
497-/400 480 
cri бл) 
504040 40 
(681) 

514170 40 
@эл) 

519340 вп 
(981) 

5лузва na 
(671) 

2514010 230 
(201) 

2514070 240 
(201) 

2524130 240 
(201) 

2524240 250 
(201) 

964170 en 
(on (201) 
304880 во 
(20:1) 203) 


Agilent 42918 
(referonco)" 
50. o 0F 


кноп 
50. on 
soon 
soon 
soon 
soon 


534000 
(651) 
514020 
851) 
519040 
ГАЛ 
a 
ee) 
524/190 


251400 

(097) 

2514020 

П) 

2514040 
3 


252+200 


10020 
100-090 


[continued] 
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Load Frequency Сот MFJ-268  RigExper Youkits Agilent 42018 


44-500 e FGO (relerence)" 
ese 1050 %% % 70/1680. во 10180 
(8) Qin (20) (20) 
юм 1000 904270 2042860 WA 009510 
(191) (207) er пэл) 
мамен эп aaa = — ojaan 


(вал) aa) 
эюзмш юп — 


440 MHZ = - - = 
er) 
2000 asmi 2250 tojan 1978J170 2050 — 201-120 
КЕ аял) (ал) (401) [rm 
tamiz 2250 mejora 1950-2610 2050 201-480 
(авл) (461) (401) (40) 
28MHz 2201 144/1040 1875/5030 2050 200/840 
(авл) (45:1) (4.01) (403) 
som — 2100 1321000. 1642/8940 1950 189-160. 
QI) (431) (423) (403) 
мам: 1750 jn — = LLLI 
4I) (аз) 
ээм den — - = = 
aa) 
som 1700 — - - - 
алл) (авлу 
10000 as — - 8891840 990-23 
(20:1 SWA) (870 
ume — — 505471 0 setan 
(1861) 
2M — = 202-j471 o ө25-/200. 
[t] 
som — — ES 8253730 
© 
s0-jsün замн: топ — 344390 — 4904510 830 soja 
(2521 SWR) es) REN 251) (251) 
„e 75n — 394510 455-5150 890 48/520 
(авл) (55m) (an) (270 
вм on 361450 | 4584090. 780 ВЕСТ 
(251) 28) sy (243) 
504/50 ase юп 654/540 — 520js0Q зга 82.0600 
(262:1 SWA) es) (261) gen) (251) 
e T5 зип S5410 92.0 534/480 
% (201) (241) (25) 
28MM: soo 544/590 722-4000 1000 65510 
es” 29) 241) es) 


“The SWR lods constructed inthe ARRL Lab were measured on an Agilent 42018 Impedance 
‘Analyzer by ARAL Tecnica Advisor John Grebentemper.KISVIX. An HP 11593A praciion 
termination was used lor he 50.) oss Tris termination has wie requency range 
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We're interested in hearing your comments on this 
book and what you'd like to see in future editions. 
Please email comments to us at pubsfdbk@arrl.org, 
including your name, call sign, email address and the 
tile, edition and printing of this book. Or please mail 
comments to ARRL, 225 Main St, Newington, CT 
06111-1494. 


Fine Tune Antenna Performance! 
Antenna analyzers are arguably one of the most important pieces of equipment 
in an Amateur Radio station. Designed to measure impedance or standing wave 
ratio (SWR), the properly used antenna analyzer determines the details of an 
antenna's tuning characteristics and helps maximize its performance. Even the 
simplest antennas can benefit from using one, and your success on the air may 
depend on it, but only i you understand and avoid the common pitfalls. 
Understanding Your Antenna Analyzer is an introduction to the various types 
of analyzers available, their component parts, how they operate and how to utilize 
them to get the best possible data. It discusses how to adjust your antenna, 
enhance your antenna analyzer and the ways certain analyzers can be used as 
general purpose test instruments in an Amateur Radio lab. Includes product 
review testing and an in depth look at representative antenna analyzers 
available today. 
Includes: 

Why Measure Antennas? 

Making Antenna Measurements 

Information Available from an Antenna Analyzer 

Hooking it Up and Making it Play 

Adjusting Your Antenna 

Taking the Feed Line Into Account 

Other Antenna Analyzer Applications 

Enhancing Your Antenna Analyzer 
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Wire Antennas for Ham Radio 


http:lhrwue ast. netvasiul 


Julian Rosu YO3DAC / VASIUL, 


Note: Dimensions of the antennas presented below are either in: feet (), inch (. meters (m), or centimeters (cm) 


D Tee Antenna 
[2 - Най4 ата Tee Antenna 


[03 - Twin-Led Marconi Antenna. 
04 - Swallow-Tal Antenna 

05- Random Length Radiator Wire Antenna 
06- Windom Antenna 

07 - Windom Antenna - Feed with coax cable 


VAT KEAPT OCEF Al Band Dipole 
[148 -Wire Quad Antenna for 40m 

149- Inclined Dipole Antenna for 80m, 40m 

1150 - Pyramidal Wire Antenna for 80m 

151 - Random Wire Antenna All Bands 

152 - Multband Dipole Antenna for 80m, 40m 18m, 10m 
153 Sim Jim Wire Antenna for 4m 


08 Quarter Wavelength Vertical Antenna 
09- Folded Marconi Teo Antenna 

10: Zeppelin Antenna 

[11 EWE Antenna 

12 - Dipole Antenna - Balun 

13 - Muliband Dipole Antenna 

m Antenna 

15 Sloping Dipole Antenna 

16 - Vertical Dipole 

17 - Delta Fed Dipole Antenna 

18 - Воњ пе Dipole Antenna. 

[18- Bow-Tie Folded Dipole Antenna for RX 


154 - Delta Loop for 6m 
155- Re-Confiqurable Antenna for 160m and 80m 
156 - Very Low Frequency Inverted. Antenna 

157 - Reduced Size Half Sloper Antenna for 160m 
E lounted HF Antenna 

159- Multband vertical Antenna for 80m, 40m, 20m 
[180 = Marconi Antenna for 136 kHz 
161- Simple Kiler Antenna for 40m 

162 Stub-Directed V Antenna for 80m 

[163 - KTONY Over-and-Under DX Antenna for 20m 
[164 - Horizontal Loop Antennas 

165 - Ribbon J-Pole for 2m 


20- Muliband Tuned Doublet Antenna 
21- GSRV Antenna 

22 Wideband Dipole Antenna 

23 - Wideband Dipole for Receiving 
24 - Tiled Folded Dipole Antenna 
25 Right Angle Marconi Antenna. 
26 - Linearly Loaded Tee Antenna. 

27 - Reduced Size Dipole Antenna 
28- Doubiet Dipole Antenna 

29- Delta Loop Antenna 

30- Half Dota Loop Antenna 

31 Colinear Franklin Antenna 

32 - Four Element Broadside Antenna 
33- The Lazy-H Array Antenna 

за - sierva Curtain Array Antenna 

35 - TA DX Antenna 

[36-19 MHz Ful-wave Loop Antenna 
37 - Mull-Band Portable Antenna 

38 - Of-center-fed Ful-wave Doublet Antenna 
39- Terminated Sloper Antenna 

[40 - Double Extended Zepp Antenna 
[41 - TCETED Dipole Antenna 

[42 -Veo-Sloper Antenna 

[43- Rhombic Inverted.Veo Antenna 
[44 - Counterpoise Longwire 

45 - Bisquare Looo Antenna 

[46 - Pigavback Antenna for 10m 

[47 -Vertical Sleeve Antenna for 10m 


166 - Dual Band Ribbon J-Pole for 2m, 70em 
[167 - Square Vertical Loop Antenna for 40m 

168 - Tr-Band Quad Antenna for 20m, 15m, 10m 

188 30 Quad Antenna for 80m, 40m. 20m. 15m, 10m 

170 Sloping Wire Antenna for 30m, 20m, 17m, tm, 12m, 10m 

171 - Broadband Dipole Antenna with Coaxial Resonator for 80m 
172 Resonant Feedine Dipole Antenna for 80m 

173 - Dual-Band Loading Wire Antenna for Вот, 30m 

174- Stub Matching Antennas 

175- J.Stve vertical Wire Antenna for 10m 

176 - Dual Band Vertical with Zepp Feeders for 40m. 20m 

177 - RCA Double Doublet for 40m to 12m 

178- RCA Spidenvab Antenna for 40m to 6m 

179- Folded Dipole with Shorted Straps 

180 - Twin-Lead Marconi Antenna for 160m, 80m 


Quarier-Wava Folded Doublet for Dual-Band 
Quarter Wave Folded Doublet No-Swich for Dual- 


186 - Pre-Cut Linear Array Antenna 348-Galn for 40m 

187 - Х-Алау Antenna 6d8-Gain for 20m, 15m, 10m 

186 - Double-Bruce Атау Antenna 548-Gain for 20m, 10m 
[189 - Bi-Square Broadside Array 4dB-Gain for 20m, 15m, 10m 
190 - Six Shooter Broadside Array 7 5dB-Gain for 20m. 18m, 
¡Om 

191 - Triolex Flat-Top Beam 4 SdB.Gain for 20m, 15m, 10m 


[48 -Double Windom Antenna 
[49 - Double Windom for 9 Bands 

50 - Colinear Trap Antenna 

51 Short Dipole Antenna for 40m - 80m - 160m 


[182 - Dual-Band Tit Antenna for 20m. 10m 
183- Super Space Multiband Dipole Antenna for 80m to 10m 
194 - BL Square Beam Antenna Gain=5.64B for 10m 

195 Cousin of GSRV Multiband Antenna for 40m to 10m 


[52 - Center Fed-Zepp Antenna for B0m = 40m 
53- Ali Bands Antenna 
54 - I Bands Dipole Antenna 


196 - Cayman Quad Antenna for 20m 
187 - Hontenna Galn=348 with Bazooka Match for 6m 
196 - X-Boam Antenna Gain=36B for 20m 
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55 - Mulitand Z Antenna 
58 - Mulitand Dipole Antenna 

57 - Five-Bands No-Tuner Antenna 

58- Dualband Ful-wave Loop Antenna for 80m-40m 
52- Loop Antenna for 10m 

60 Lazy Quad Antenna for 10m 

61 - Tri-band Delta Loop Antenna for 80m - 40m - 30m 
[62 - Dua-band Loop Antenna for 30m - 40m 

[63 - Wire-Beam Antenna for 80m 

[64 -Dual:Band Sloper Antenna 

|65 Inverlad-V Beam Antenna for 30m 

[66 -ZL-Special Beam Antenna for 15m 

[57 На берег Antenna for 160m 

бё - Two-Bands Half Sloper for 80m - 40m 

180 Linear Loaded Sloper Antenna for 160m 

Z0- Super-Sloper Antenna 

71 = Tower Pole as a Vertical Antenna for 80m 

72 - Clothesline Antenna 

73 Curtain Zepp Antenna for 160m, 80m, 40m 

та - Colinear Array Antenna for 40m, 30m, 20m 
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199 - Twin Delta Loop Antenna Gain=64B for 160m, 80m, 40m 
[200 = Inverted-V Beam Antenna for 30m 

[201 Ера Windom Antenna for 80m, 40m, 20m, 10m 

[202 - Two Elements Phased Delta Loop for 40m 

[203 - Three Elements Wire Yagi for 10m 

204 = Low Radiation Angle Ful-Wave Loop Antenna for 80m 

[205 - Colinear Antenna Gain=34B for 2m 

|208 - X-Ray Monoband Antenna Gain=6.5Bd 

[207 - Broadside Colinear Curtain Array for 20m 

[208 - Shrunk Loop Antenna for 80m, 40m 

[208 - МЗ Multiband Dipole for 40m. 20m, 17m. 15m, 13m, 10m 
[210 - KSLR Sloper Antenna Gain=348 for 160m 

[211 - Mini Folded Vertical Monopole Antenna for 160m, 80m, 40m} 
[212 - Three Band Dipole for 80m. 40m, 20m 

[213 - Stub Matched Dipole Antenna 

[214 - Inveded-Vee Antenna with Bazooka Match 

[215 - Multiband Long Wire Antenna for 40m, 20m. 15m, 10m 

[216 - Converted Vee Antenna for 80m. 40m 

[217 - Swiss Quad Antenna for 20m, 15m, 10m 

[218 - Japanese Quad Antenna for 20m. 15m, 10m 


75 160m Inverted Delta Loop 
76 - Half Rhombie Unidirectional Vertical for 20m to 6m 


[218 - Saven-Elements Triangle Beam Antenna for 20m 
[220 - Log Periodic Wire Antenna for 40m 


77 -Сарасйапсе Loaded Vertical Antenna for 160m 
[T8 Fan Dipole Antenna for 80m to бт 
[T8 - Wire Ground Plane Antenna 


[221 - Three-Elements 90-deqrees Wire Beam for 20m 
[222 - Two-Elements Wire Beam for 20m 
[223 - Sulcase-Fit Dipole Antenna for 80m, 40m, 20m 


80- Inverted Delta Loop Antenna for 160m 
[81 = Inverted-L for 160m 

82 - 300ohm-Ribbon Dual Band Dipole 

83 - Tr-Band Beam for 20m. 15m, 10m 

ва - Mini-Horse Yagi Antenna 

85- Backpack J-Pole Antenna for 10m, 6m, 2m 

86 - Fan-Dipole Antenna for 80m, 40m. 20m 

87 - Capacity Tuned Folded Loop Antenna for 20m 
Ba - Indoor Loop Antenna for 80m to 30m 

89 - Indoor Loop Antenna for 80m 

20- Double-Delta Antenna 80m and 40m 

91 = nductance-Loaded Shortened Dipole for 160m 

92 - . Beam Antenna for 15m 

[3 - Plcni Vertical Wire Antenna 

24- Laid-Back Quad Antenna for 80m 

25- Phased Loop Antenna 

26- Loop Antenna for TX for 160m 

97 - Morgain-Dipole Antenna for 160m and 80m 

в - ZL-Special for 20m, 15m, 10m 

99- Biconical Antenna 

[100 - Directive Delta-Birdcage Antenna for 20m to 10m 
101 - Dual Polarization Antenna for 80m and 40m 

[102 - Directive 300-chm- Ribbon Folded Dipole for 16m 
[103 Miniature Directive Antenna for 10m 

104 - Biquad Antenna 1248i-Gain for 2.4GHz 

105 - Dual:Rhomboid Antenna for 435MHz to B70MHz 
[106 = Double-Bazooka Antenna for 80m 

107 - Ste Antenna 

[108 - Vertical / Horizontal / Circular Polarization Antenna 
108 - Coax Inverted-L Antenna for 80m 

[110 -Indoor Compact Loop Antenna for 80m 

11 - Heli Antenna 

112 Novice Vertical Antenna for 80m. 40m, 15m, 10m 
[113- Stub-Leaded Shortened Dipole for 80m 

114- Six-Band Wire-Stub Trap Antenna for 40m-tOm. 
116- Muluband Hal Wave Della-Loop Antenna 


[224 - Multiband Coaxial Dipole for 80m, 40m 
[225 - vertical Log Periodic Antenna for 80m, 40m 
[226 - Inverted Vertical Log Periodic Antenna for 40m 
1227 - Double Extended Zepp Antenna Gain=74B for 15m 
228- Double Lazv-H Antenna G=1048 for 70cm 
[229 - Wire Loa Periodic Antenna G=124B for 15m. 20m 
[230 - Five-Elements Vertical Log Periodic for 80m, 40m, 20m 
[231 - Sloping Delta Loop Antenna for 40m 
joublat Antenna for 160m 

Periodic Wire Beam for 40m 
[234 - G3LDO Wire Beam Antenna for 20m, 15m, 10m 
[235 - Phased Delta Loop Array for 20m 
[236 - Dual Band V-dipole for 80m, 40m 
237 - Colinear Атау 548-Gain for 15m 
[238 - Two-Band Quad Loop Antenna 80m, 40m 
[239 - KTCW Quad Antenna 
[240 - Broadband Short Dipole for 80m 
[241 - Of Cantor Fed Dipole for 40m, 20m, 10m 
[242 - Broadband Sloper Antenna for 80m 
[243 - Two-Frequency Dipole Antenna for 80m 
[244 - Top Loaded vertical Antenna for 160m 
[245 - Two Loop Beam Antenna for 20m, 15m 
[246 - Corner-Fed Delta Loop Antenna for BOm, 40m, 20m 
[247 - Loaded Delta Loop Antenna for 40m, 20m 
[248 Compact Size Dipole for 80m 

JAWS 348 Gain Antenna for 40m 

[250 - Inverieg-V Antenna for 160m 
[251 = Lazy-U Antenna for 160m 
[252 - AFSV Compact Antenna for 160m 
[253 - Hot Beam Wire Antenna for 40m 
[254 - Sloping Delta Loop for 40m 
|255 K6FD Multiband Antenna with T-unee 
[258 - Dual Band Dipole Antenna for 17m. 10m 
1257 - Compact Travel Dipole Antenna for 10m, 15m, 20m 
[258 - End-Fire Antenna for 160m, 80m, 40m, 20m 
[259 - Four Band Loop for 40m, 20m, 16m, 10m 
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[262 - Shortened Loaded Dipole for 80m 
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[269 - Hanging Unipole Antenna for 160m, 80m 
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37 - Multi-Band Portable Antenna 
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132 - Double Bobtail Antenna for 20m 
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1136 -Bi-Loop Antenna for 20m. 
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439 -Twisted Loop Antenna for 160m. 
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140- DX RX Loop Antenna for 160m. 
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A= 98.26/1= (m); 322/1 = (0 length of diagonal in metres 
E = 5396/1 = (m); 77/7 = (t) diagonal length in ft. 


© = 560mm (2210) for 24MHz, 380mm (1510) for 21MHz and 
250mm (100% for 28MHz 
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146 : Doublo-D Beam 4dB-Galn. 
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147 - КЕЗРТ OCEF All-Band Dipole 


KEPT OGEF Allband Han rena nwa connector, to 


ante 
Egg insulator 11.5 tt (3.5m) coax cable 


20 Am) pole kg pou 
PEA 
«йоду rom cos се cemer condor 


КЕЗРТ Off center end fed (OCEF) All band Dipole 


Lengths are not critical, ав long as they are not near a half wavelength on any frequency used. 
Dipole radiating length is 30+11.5241.5 п, or 125 m. 

Coax cable may be 50 or 75 ohm on left side of connector. short 50 ohm coax to antenna tuner. 
Use antenna tuner for operation on any ham band 40m ~ Gm. 

May be hung by Egg insulator at one end, ог draped and drooped over а fiberglass pole 


148 - Wire Quad Antenna for 40m 
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154 - Delta Loop for êm 


Boon 2 metres of plastic conduit 


21.5 mm (3/4") pipe clip pop riveted to the boon 


Total length of Wire 6.10 metres, 


Block connectors. — 99 cm of 75 ohm coax 
Sl 7—— matching section 
100 mm of 40 mm white 
50 ohm coax to TKIRX ^ PVC drain pipe 


155 - Re-Configurable Antenna for 160m and zom 


156 - Very Low Froquency Inverted- Antenna. 
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157 - Reduced Size Half Sloper Antenna for 160m 
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158 -Tree-Mounted HF Antenna 
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160- Marconi Antenna for 136 kHz. 
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163 - KTONY Ovor-and-Under DX Antenna for 20m. 
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164 Horizontal Loop Antennas, 
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165 - Ribbon J-Pole for 2m 
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PVC pipe E 


Cut Out tá Notch + 


RG=178A Cony 


Эрке and Short Together 


166 - Dual Band Ribbon J-Pole for 2m, 70cm 
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167 - Square Vertical Loop Antenna for 40m 


168 -Tri-Band Quad Antenna for 20m, 15m, 10m 
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169 - 30 Quad Antenna for 80m, 40m, 20m, 15m, 10m 
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471 - Broadband Dipole Antenna with Coaxial Resonator for 80m 


472 Resonant Foedlino Dipole Antenna for dom 
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175 -J-Style Vertical Wire Antenna for dom 
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176 - Dual Band Vertical with Zepp Feeders for 40m, 20m 


177 -RCA Double Doublet for 40m to 12m 
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479- Folded Dipole with Shorted Straps 
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480 - Twin-Load Marconi Antenna for 160m, 80m. 
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181 Broadband Antenna Quarter-Wave Balun for 80m 
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182 - Three-Quarter-Wave Folded Doublet for Dual-Band 


nwo. qal netvadiu/AntennalWre%20Antennastí20far'420Ham%20RadioMire antennas. for ham. radio him aviar 


sonore Wire Ananas for Ham Rado 
ہے‎ 


D 


183 - Three-Quarter-Wavo Folded Doublet No-Switch for Dual-Band, 


SHORTED Eno $00 OHM LINE 
TO RANT TER 

L= етет. WHEN ANTENNA IS 195 FT. 

eO вк 

„erf 


184 -Wideband Omni-Directional Discone Antenna 
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105 - Wideband Rhombic Antenna for 40m to 10m 
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186 -Pre-Cut Linear Array Antenna 3dB-Gain for 40m 
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487 - X-Array Antenna 648-Gain for 20m, 15m, 10m 
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Double-Bruce Array Antenna SdB-Gain for 20m, 10m 
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189 - Bi-Square Broadside Array 4d8-Gain for 20m, 15m, 10m 
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491 -Triplox Flat-Top Beam 4 SdB-Galn for 20m, 15m, 10m 
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196 - Cayman Quad Antenna for 20m 
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‘Length of one side of driven radiator: 29071 = 17.86 ft 
Meath af one side of есй reflestar: 248/1 = 18.43 ft 
Spacing between oops: ЗГ = 8.43 


таппа Gain-3dB with Bazooka Match for 6m 


107- 


— 


196 - X-Beam Antenna Galn=3dB for 20m 
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200 - inverted. Beam Antenna for 30m 
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201 - FD4 Windom Antenna for 80m, 40m, 20m, 10m. 
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202-740 Elements Phased Delta Loop for 40m 
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204 - Low Radiation Angle FullWavé Loop Antenna for 80m 
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205 < Collinear Antenna Gain=3dB for 2m 
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207 - Broadside Collinear Curtain Array for 20m 
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208 -Shrunk Loop Antenna for 80m, 40m 
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209 - A/S Multiband Dipole for 40m, 20m,17m, 15m, 13m, 10m 


210 - K3LR Slopor Antenna Gain=34B for 160m 


Kg Aaa netvadiu/AntennalWre%20Antennastí20far'420Ham%20RadioMire antennas for ham. rado him p 


Ол Mire Antannas for Ham Radio 
Joder Ban at 


| 
aur 


Ec 


ПЕ Я 
neges 


213- Stub Matchod Dipolo Antenna 
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214 -inverted-Voo Antenna with Bazooka Match 
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215 - Multiband Long Wire Antenna for 40m, 20m, 15m, 10m. 
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216 - Converted Vee Antenna for 80m, 40m 


Japanese Quad Antenna for 20m, 15m, 10m 
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223 - Suitcase-Fit Dipole Antenna for 80т, 40m, 20m 
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Inverted Vertical Log Periodic Antenna for 40m 
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лаа 
Ur E + 


m 


0 


228 - Double Lazy-H Antenna G=10dB for 70cm. 
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Material 3-5 mm dia aluminium 


229 -Wire Log Periodic Antenna G-t2dB for 15m, 20m 
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231- Sloping Delta Loop Antenna for 40m. 
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Antenna for 20m, tm, 10m 
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235- Phased Delta Loop Array for 20m. 
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237 - Collinear Array SdB-Galn for 15m. 
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241,- Он-Сегїег Fed Dipole for 40m, 20m, 10m. 
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242 - Broadband Sloper Antenna for 80m 
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243 - Two-Froquency Dipole Antenna for 80m 
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244 - Top Loaded Vertical Antenna for 160m 
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245 - Two Loop Beam Antenna for 20m, 15m 
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246 - CorneriFad Delta Loop Antenna for 80m, 40m, 20m 
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247 - Loaded Delta Loop Antenna for 40m, 20m 


ep eeuc yn eeu os 


| 
اا 

The final loaded loop for 14 MHz. AN dimensions. 
doubted for operation on 7 MHz, Base loading wires 
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248 - Compact Size Dipolo for 80m 
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250 · Inverted-V Antenna for 160m 
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252- AFSV Compact Antenna for 160m. 
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254 - Sloping Delta Loop for 40m 
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256 - Dual Band Dipole Antenna for 17m, 10m 
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257 - Compact Travel Dipole Antenna for 10m, 15m, 20m 
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258 - End-Fire Antenna for 160m, 80m, 40m, 20m. 


259 - Four Band Loop for 40m, 20m, 15m, 10m 
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260 - Carolina Windom Antenna for 80 to 10m 
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262 - Shortened Loaded Dipole for 80m 
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285 + Vertical Delta Loop for 40m to 10m 
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-Square Beam Gain=3dBd for 17m. 
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268 -Trap Dipole Antenna for-17m,13m 
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269 Hanging Unipole Antenna for 160m, 80m 
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273 - Bobtail Antenna for 30m 
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274 - Bobtali Antenna for 40m 
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275 - Two Elements Vertical Loop Antenna for 40m. 


276 - Double Extended Zepp Antenna for 40m 
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271 - Reversible Moxon Flip Beam for 40m 
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278 Spitwire Antenna for adm 
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279 - Fork Antenna for 40m. 
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280 - Voobeam Antenna 3dB-Gain for All Bands 
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283 - Rotatable Vertical Delta Loop for 20m 
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284 - Mini-Horse Antenna 10d8-Gain for 40m-to-2m 
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An 80-M 
for Field 


10s thal timê of year again when por- 
table operation is а delight, Here і а full- 
sized low-frequency antenna that you сап 
put up in the field or at home without any 
help. 

A Field Day antenna for 80 meters 
should be light, portable, inexpensive, 
разе of easy erection without any special 
Equipment, and it should not contain any 
fragile paris 

‘OF course, the antenna must perform 
adequately 

"The popular inverted V suggests itself 
м эп answer to these requirements, It can 
he constructed so that it guys itself, mini- 
mizing the inevitable exasperating tangle 
‘of rope and wire, and it requires only one 
mast Likeall dipoles the inverted У can be 
fed atthe center with low impedance line, 
and elements for several hinds can be сөп. 
тегей in parallel at the Feed point of the 

The inverted V shown in the photo- 
raphe and sketches is simple, easily man 
‘aged (20 minutes to erect, 10 minates to 
dismantle, and costs under $15 forall com- 
ponents. Not only isita convenient antenna 
for portable operation, but it can serve ss a 
fine permanent antenna for the home sta- 
tion as well In fact, that's what has hap- 
pened to the inverted V pictured; it's been 
in use in the back yard of VESDPC ever 
since Field Day, 1967. 


Assembly 

Asshownin Figure 1, heantennasuppor 
consists of three 10-foot sections of 1 -inch 
ТУ mast, One end ofeach of the two lower 
sections is swaged, permitting all throe sec- 
tions to be force fired together, Hoaks of 
music wire were installed in the top section, 
so that the element wie and řed line could 
he easily coiled for storage. 

"The center insulator (Figure 2) is made 
f maple; however, if this wood cannot be 
found, birch or fir can be used Instead. 

Figure 2 shows how the center insulator 
was drilled and Figure shows how the feed 
line and antenna element were attached 
Dimensions re obviously not critical, and 


The verted V as It looked this past wtor. 
Inthe author's backyard. 


Ipper portion af ho 80-molor inverted V 
8 appeared at the Fels Day eiu 


eter Inverted V 
Day 


the sketches are intended to show in gen 
eral way how the insulator was made, not 
to give precise detail. Just be careful where 
you drive the screws! 

Softwood (piae) was picked for the end 
insulators (Figure 4) because it is adequate. 
for ihe application and easier to work with 
than maple Fragile ceramics should not be 
sed ia place of the wood insulators, 

The B0-meter element (Figures 3 and 5) is 
made from small-zauge, Teflon insulated, 
stranded Copperweld that was bought at а 
‘urplusouthit This wire is worth looking for: 
¡vs tough. durable, gk, and easy to handle 
T operation on both B0 and 40 is desired, the 
builder can connect а 40 meter element to 
points A and B in Figure 3. 

"The feed line сап be 50-ohm coax, 72- 
ohm coax or 72-ohm Twin-Lesd, I chose 
the Tatler because it is low cost, ight- 
weight, very flexible, easy to store, and 
because it lends itself to such outrageous 
techniques us being tied in knots; however, 
since most transmitters have coax output 
either а balun or an antenna coupler must 
besed between lhe feed line and the trans 
milter to maintain balance. 1f elements for 
"nore than one band are o be шей, the an 
tenna coupler is preferred because it will 
reject harmonics of the transmitting fre- 
quency that might fall in the range of one 
or more of the paralleled antennas. 


Ralsing and Lowering 

Transporting the antenna to and from 
the Field Day site is easy. Tape the three 
mast sectiont together, wrap them with 
lath ro protect the car's finish, and tie the 
works between one of the door handles and 
deen bumper Ifthe antenna extends past 
the back of the car, dont forget to tie a reč 
flag on the end ofthe bundle to alert other 
drivers. 

Upon arrival at the Field Day site, un- 
‘pack the antenna and join the TV masts to- 
ether. The Uhrec-section support is light 
Enough to be "walked up“ by one man, if 
the wind is under 10 miles per hour; how- 
ever, prior to the antenna raising, you must 
put stakes into the ground, determine the 
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Figure 3—Detals of how the feed ine and 

font wires shoul bo attached lo he 
телет insulator, and а top view Othe 
installed insulator. 
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Ground Level Layout 
der Antenne Legs of 
[3 


qu fosa o Sot Field Layout ond Walking-Up Operation 


Figure 5—Ву using he dimensions and layout shown in the upper righ comer ol he 
dend e that ground saves could be Installed and proper length guys attached 
between them and tha тав. пе author nas abla го ase his -mater inverted V 
wWitncur any help. For other веет етра than shown, one man can easily pul up the 
antenna by using simple geometry to determine the amount of rope required and tha 


locations ol he sakes. 


exact length the guys will be when the an- 
tennaisin its operating position, and attach 
the guys to the stakes (Figure 5) 

help is available, it won't be necessary 
to install stakes or measure guys prior 10 
putting up the antenna, Have Ше helpers pay 
ош each half of the antenna element and 
Keep slack out ofthe wire asthe mast goes 
up. Station the men about 45 degrees off the 
line of he mast a И lies оп the ground, and 
then, once the mast is up, have the helpers 
walk around to the final postions shown in 
Figure 5. The last few degrees of “walking 
up is where your control is poorest. 

With the rear guy (feed fine) in your 
hand, move quickly and smoothly past top 
dead center and promptly and firmly apply 
Pack tension on the antenna element. Once 
the fees line is snubhed, you can easily 
correct the mast for lean by lifting the base 
“and puting it where it suits you. Ifyou are 
fortunate enough to have three helpers, 
there is no problem at all. Give the third 


‘man the feed line, station bim as faraway as 
possible from the mast and antenna cle 
шеш, and have im take up the slack asthe 
там goes up. 

Base support can be littleor nothing, The 
mast, which is now permanently erected in 
my back yard, rests directly on the grass. Tt 
was moved a couple of inches during each 
mowing operation, and no apparent harm 
came ta the lawn. 

‘Lowering theamenna is brutal but quick. 
Release the back guy (feed line) and et the 
whole system fall Ifthe ground s reason: 
эму flat. this will be OK. But if the ground 
is very rough, the pipe may take a set as it 

trikes the ground. Under such conditions, 
\ would be better to use helpers to reverse 
the erecting procedure. 

‘The antenna has een left up for a period 
of several months, during which there have 
Been many satumo storms and a severe ice 
storm. thas shown no signs of distress, and 
il has performed normally when wel or 
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А sidaviow of one ol tha wooden 
nd insulators. 


loaded with ice. The small size of the in- 
verted V's parts has led o itle wind and 
icc loading und is probably the main reason 
for the antenna’s durability. 


mega 
senec V shoud а 
SVR č minimun athe operating enun 
ah at mangemani ыраны for ui 
Mand operan canbe achieve by атра 
Тали and tor 368m Tw 


Bancs between ds and 30 Ve 


Chapter? 13 


By John С. Allred, W5 


From 


-7-UP Antenna for 
75 and 40 


Full-size dipoles for the 75- and 40- 
meter bands occupy more space han is 
conveniently available on the 75 by 113- 
foot lot at WSLST. The increasing popu 
larity of the “drooping” or inverted-vee, 
dipole antenna among amateurs led us to 
investigate it for our somewhat crowded 
‘conditions. Based on the electrical design 
of Glanzer, this system has performed 
meritriously at WSLST. Requiring only 
one support, it was surprisingly easy to 
erect, gives а satisfactory s.w. over the 
phone bands and, importantly the cost was 
Tess than thirty dollars complete, A plan- 
view sketch is shown in Figure Т. 


The Mast 
‘The mast is a telescoping Channel- 


1 Glanzer, "Tha Inverted V-Shapad Dipole, 
QST. Augus, 196, a 
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Figure 1—WSLST s layout fr effective 40- 
‘and 80-moter antennas on a small iot The 
Wo "тоор dipoles are ed n parallel 
Wh a single coax ina. Nyion-ine 
"хапаю aro used 1o reach conveniant 
anchorages 
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master, capable of 50-foot height, but ex- 
tended only o 35 fet. Extending the upper 
sections to less than their full lengths gives 
rigidity to the mast, and bas apparently 
eliminated the need for guys on each sec- 
tion, as recommended by the manufacturer 
To date thi mast has withstood gusts of 50 
miles per hour without a shudder; itis yet to 
be tested in a real gale, however, 

As shown in Figure 2, а 9-fo0t length of 
3 inch pipe is cast in concrete with 6 feet of 
its length extending above ground. Three 
pairs of clamps, such as those used on 
Shain-lnk fence, secure the mast to the 
Upright standard, During erection, these 


Pe 


Figure 2—The mounting tor the antenna 
mast. The 01007 pipe is guyed lomporatly 
Walie tha concrete в poured 


clamps are loosened and all three Не at the 
base of the standard, so that the mast need 
only be lifted about 6 inches to be put in 
place. When the mast sin place, the clamps 
re raised and tightened. 


Rigging 

Except for the antenna conductors, all 
rigging is of nylon line of 500-pound test 
‘Ahalyardisreeved through a pulley of suit- 
able size which is wired securely tothe top 
ofthe mast. The two ends of thehalyard are 
‘made fast to a harness snap which, in um, 
supports the center of the antennas. Provi 
Sion ofthis halyard has proved 1o be a great 
convenience in permitting inspection of the 
Antenna connections and the adjustment of 
Tension in the wires without the necessity 
for lowering the mast. 

Nylon line has a tendency to ravel at ite 
ends but this problem is easily solved. Most 
fastenings were made with two halfhitches, 
followed by sewing the end of the line to 
itself with thread, as shown in Figure 34, 
and doping with one of the quick-drying 
model-airpiane cements. 

‘Some weeks after the initial installa- 
tion, it became apparent that some addi- 
tional stabilization of the mast against 
occasional strong northerly winds would 
be desirable. Accordingly a nylon line was 
run fram the harness snap at the top of the 
mast to a convenient anchor in the back 
Yard, which happened to be the tap of the 
children's swing set. Experience seems to 
Show that the antenna wires, together with 
те additional nylon line, stabilize the mast 
against serodynamicallyexcited vibra 
Чоп, without any appreciable strain on the 


Tho Antennas 

As shown in Figure 3, the two antennas 
are connected in paralel at the top of the 
mast. The lower ends are connected to con- 
venient tie points so that the two legs of a 
given antenna are more or less in a straight 
Tine. To our great surprise, very йе effect 
is produced by moving the ends of the an- 


o 


gue Iva uar and feeder arangenen The сона саве в sealed всу 
win polyethylene tape aer the connections are made, The harness snap of А at ihe end 
Of the hoisting halyard engages the bridle between the two insulators in B. 


tennas either horizontally or vertically. 
There is apparently negligible electrical 
Interaction between them as indicated by 
werf 

Pruning of the antennas is, as always, 
desirable, In our case, the optimum lengths 
ofeach leg turned out 1o be 33 fet ine 
for 40 meters and 59 feet 6 inches for 75 
meters. Figure 4 shows the performance of 
the antennas on 40 and 75 as measured by 
а Heath s.w.. bridge, Although the anten- 
nas tune sharply, they are usable over the 
emire phone band in each case, andit would 
be difficult to imagine a better performer 
on the lower-frequency bands than this 
Simple antenna system, 
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A Zip-Cord Special 


Antenna 


Recently I found myself in need of an 
SO-meter antenna to help me keep in touch 
with some of my friends back home while 
‘operating portableîn Arizona. The antenna 
and feed line were not readily available, 
But 1 remembered that ове of my friends 
had recommended zipcord as a substitute 
feed line for a dipole, provided low power 
was used. Going one Мер further, [elt the 
entire antenna could be made of this low- 
priced material. I purchased 80 feet of zip 
‘ord ata local hardware store (at cents a 
fooi) and peeled it apart for 60 feet, This 
gave me the required 120 feet for a dipole, 
plus a 20-foot feed line which was taped to 
prevent further splitting. The feeder was 
fastened to а 2x4 which was used as a cen. 
tes support. The ends were extended as far 
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as possible, then tied with heavy cord o а 
fence that was in the trailer park where 1 
was saying, This madea slight inverted- V 

To reach the desired frequency of 3935 
Hair was necessary to shorten the antenna. 
somewhat T did this by folding three feet 
Dn each end of the dipole back upon itself 
‘This enabled me to keep skeds with many 

6" at home. 

Having met with success on 80-meters 
immediately began to eye the 40-meter 
band for possible use. 1 then measured out 

feet from the center and cut the wire 
there, then пей а knot in the two pieces, 
leaving з couple of inches of bare wire 
dangling. Now for forty meters, I merely 
disconnect the Vires and reconnect them 


for 80 meters 

As the ARRL Antenna Book states, a 
-40-meter dipole will often present a good 
match at LS-meters, and this ove is bo ex- 
option; 1 have worked many stations 
across the country on 15 meters with low 
power while using this simple amenan. 

"The Handbook or Antenna Book has not 
recommended this type of feed ine in many 
years, though using a twisted pair at one 
time was usual practice in feeding a do 
blet: But, when the need is there fora quic. 
and easy antenna, [don't think you can find 
an easier one as long as you remember to 
use low-power transmitters (100 watts or 
less) and tim the wire for a ow value of 
SWR. — Frank S. Wise, WIOYC 


By Jerry Hall, К1ТО 
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Zip-Cord Antennas- 
Do They Work? 


Zipcordisreadily available at hardware. 
and department stores, and it's not expen- 
sive, The nickname, zip cord, refers to that 
paralel -mire electrica cord with brown or 
white insulation used for lamps and many 
small appliances. The current price is sbout 
© cents a foot in buacired-fool rolls in most 
parts of the U.S, The conductors are usu- 
ally no. 18 stranded copper wire, although 
larger sizes may also be found. Zip cord is 
light in weight and easy to work with. 

For these reasons, zip cord is frequently 
nsed as both the transmission Jine and the 
radiator section for an emergency dipole 
antenna system. The radiator section is 
obtained simply by “unzipping” or pulling 
the two conductors apart for the length 
needed to establish resonance for the oper- 
aung frequency band. The initial dipole 
length can be determined from the equation 
E= 468/f, where Fis the length in feet and 
fis he frequency in megahertz. ПИ would 
be necessary to unzip only half the length 
found from the formula, since each of the 
Iwo wires becomes hal of the dipole.) The 
insulation left on the wire will have some 
loading effect. so a bit of length trimming 
may be needed for exact resonance at the 
desired frequency. 

For installation, many amateurs like to 
use the electrician s knot shown in Figure 
atthe dipole feed point to keep the rans- 
mission-Line part о the system Irom unzip- 
ping ¡self under the tension of dipole 
Suspension. This way, И zip cord of suffi- 
cient length for both the radiator and the 
feed line is obtained, a solder-free installa- 
tion can be made right down to the input 
end of the line. Granny knots (or any other 
variety) can be used at the ends with cotton 
cord lo suspend the system. You end up 
With a lightweight low-cost antenna sys 
tem that can serve for portable or emer- 
bene) use. 

But Just how efficient is a zip-cord an- 
tenna system? Since it is easy to locate the 
materials and simple to install, how about 
using such for a more permanent installa- 
tion? Upon casual examination, zip cord 
looks about like high-quality 72-ohe bal 


Basic Amateur Radio: Parallel power cord is readily 
available and is easy to work with. How efficient is it 
when used at radio frequencies? Well, that depends. 


anced feed line, Does it work as well? Ask 
Several amateurs these questions and 
you re likely to get answers ranging all the 
Way from, “Yos, it's а very good antenna 
system!” to "Don't waste your timo and 
money it's not worth it” Myths and bear- 
зау seem to prevail, with Hle factual data. 
"The intent of this article is to rectify that 
situation. 


Zip Cord ав a Transmission Line 

In order o determine the electrical char- 
acteristics of zip cord as a radiofrequency 
transmission line, we purchased a 100-foot 
roll and subjected it fo tests in the ARRL 
laboratory with an rf impedance bridge. Zip 
cord is properly called parallel power сог}. 
The variety purchased was manufactured 
for GC Electronics, Rockford, IL, being 18 


Figure 1—This 
inside lamp buses and appliances m lieu ot 
а plasic grip, can also serve to prevent the 
татал ончо 

ben a a zip cord 


gauge, brown, plastic-insulated type SPT- 
1, GC cat no. 14-118-2042. Undoubtedly, 
minor variations in he electrical character. 
isties will occur among similar cords from 
different manufacturers, but the results pre- 
sented here are probably typical 

As the first step, we checked the physi- 
cal leagth of he wire. GC generously 
provided nearly 4 feet over the specified 
100-ft length, and the extra length was 
promptly lopped off. 

‘We wanted to avoid measurement errors 
that might arise from coiling the wire on the 
supply spool (inductance between turns) or 
laying it out on the vinyl tled cement-slab 
Moor (eapacitance toa large surface), 0 the 
second step was lo suspend the wire in a 
long hallway, about а foot or so below the 
false ceiling. Cotton twine was used for the 
supporting material. Undaunted by snide 
commente from fellow staff members about 
cheating the telephone company out of in- 
stallation work and facetious suggestions 


Antenna from tre 
pong hae under the 
denon of cioe 
Euspenston. To a tho 
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separated zip cord 
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Tha latt, In rant of the 


unsoparatad pair, and — 


"rend through he 
loop already formed. 
‘Adjust the knot far 
Symmetry while puling 
ол wo pala 
‘ns. 
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that we ше two paper cups and a string for 
ош intercom, we continued with prepara 
tion for tbe tests, 

"With à General Radio 1606A z imped- 
ance- measuring bridge, we made measure- 
ments at the input end of the line оп 10, 15 
and 29 MH, while the far end of the line 
was terminated first а short and then iz 
An open cinenit. We did notice during mes- 
‘surements that our readings changed some- 
‘what as people walked in the hallway, es- 
pecially during the 29-MH tests. After a 
seemingly endless period of shooing away 
‘would-be helpers who disrupted measure- 
ments by grabbing the line, hanging ob- 
jects on it, and so forth, we finally arrived 
ata set of readings considered to be satis- 
factory for our purposes, From there, a bit 
of work with an electronic calculator and a 
Smith Chart told us what we wanted to 
know — the electrical characteristics at ra 
dio frequencies. 

‘The results? Well, as the saying goes, 1 
have some good news and some bad news. 


First, the Good News 

ever you need a balanced 105-ohm 
transmission line, then zip cord is the staff 
for youl Tts characteisic impedance was 
determined to be 107 ohms at 10 MHz, 
dropping in value to 105 ohms at 15 MHz 
‘and toa slightly lower value at 29 MHZ. 
‘The nominal valne is 105 ohms at hf, The 
velocity factor of the line was determined 
10 be 69.5 percent. 

Thisreported change in impedance with 
frequency may raise а few eyebrows, butt 
is a fact that most liner do not exhibit a 
constant characteristic Impedance acrost a 
range of frequencies. However, this writer 
has not previously encountered any line 
‘which was not nat between 3 and about 
SOMHz Zip cord may be exceptional from 
is standpoint, especially considering that 
the insulating material was not chosen for 
its qualities at rf, 


And Now the Bad News 
Who needs а 105-ohm line, especially to 
ceda dipole? Most of us know thata dipole 
infreospaceextibitsa focd-point resistance 
оГ 73 oms, and at heights above ground of 
Jess than 1/4 wavelength the resistance 
even lower. An 80-meter dipole at 35 feet, 
for example, will exhibit a feed-point resis- 
tance about 40 ohms. Thus, for a resonant 
antenna, the SWR in the zip cord transmis: 
Sion line can be 105/40 or 2-6-1, and maybe 
even higher in some installations. Depend 
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Figure 2—Attenuation 
‘of ip cord in decibels 
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ing on the type of transmitter in use, the rig 
may not like Working into the load presented 
by the zip-cord antenna system. 

Ви the really bad news is still to come- 
Tine loss! Figure 2 isa plot of line tentation 
in decibels per hundred feet of line versus 
frequency. Chart values ae based on the as- 
sumption that the line is perfectly matched 
(sees a 105-ohon load as its terminating 
pedance), For lengths other than 100 fet, 
multiply the figure by the actual length in 
fear and then divide by 100. 

їп a feed-line, losses up to about one 
decibel or so can be tolerated, because at 
the receiver a 1-88 difference in signal 
strength is just barely detectable, But for 
losses above about I-dB, beware. Remem- 
ber that if the total losses are 3 dB, half of 
your power will be used up just to beat the 
transmission line. 

‘Based on this information, we can see 
hat a hundred feet or зо of zip-cord trans- 
mission line on 80 meters might be accept- 
able, as might 50 feet on 40 meters. But for 
longer lengths and higher frequencies, look 
ош! The losses become appreciable. 


1E BWR Ap cord ine accucalaly. 


What About Zip Cord Wire as the 
Radiator? 


For years, amateurs have been using o 
dinary copper house wire as the radiator 
section of an antenna, erecting it without 
bothering to strip the plastic insulation. 
(Other than the loading effects of the insul 

Чоп mentioned earlier. no noticeable 
change in performance has been noted with 
the insulation present. And the insulation 
does offer a measure of protection against 
the weather, These rame statements can be 
applied to single conductors of ip cord. 

"The situation in radiating wire covered 
with insulation is not quite the same as in 
‘wo parallel conductors, where there may 
be a leaky dielectric path between the two 
conductors. In the parallel line, it is this 
current leakage which contributes to line 
losses. The current flowing through the in- 
sulation on a single radiating wire is quite 
small by comparison, and so as a radiator 
the efficiency is high. 

Now back to the original question: How 
efficient ir а zip-cord antenna system? 
Well that does depend, on the length of the 
wire used for the feed line section and on 
the frequency. In a pinch on 160, 80, 40 and 
perhaps 20 meters, communications cen 
Certainly be established with this kind of 
amenna Foc higher frequencies, especially 
with long line lengths for the feeder. you're 
on your own. 


From OST, April 1973 (Hints & Kink 


Piggyback Antenna For 
The Ten-Meter Band 


Most amateurs from Novices on up use 
dipole antennas for the eighty- and forty- 
meter bands. In many cases, ese two an- 
tennas were all he Novice needed since the 
fifieen-meter band could also be covered ome 
‘with the forty-meter dipole. e 


However, with the advent of the new - * 


additional supports or feed lines. Also, it 
will have no sect on either an eighty ог 


pr 


forty-meter dipole. Pod 
Of course, performance will not be as UI 

— bum bait | Rg e н 

Aloud robos bor cher A KS war in be 


worked during a recent contest with a 
power output of 1.8 watts, — Robert M. 
May, п, WA£DEO 
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RFD-1 апа RFD-2: Resonant 
Feed-Line Dipoles 


During several decades of operation on 
the BO-meter band, T have encountered à 
number of hams who need an antenna sys- 
ben that is efficient, simple to construct 
and yet can be deployed easily in difficult 
locations, The resonant feed-line dipoles 
described here provide an excellent match 
to the transceiver without a separate an- 
tenna tuner, They are easily transported on. 
plastic cord reels. The basic design is ex- 
Tersible to oiher bands— all of this without 
а dangling feed Jine to contend with! 

Consider some realistic situations en- 
countered by fellow hams in their efforts to 
get on #0 meters 

Scenario 1: You live on a small subur- 
ban lot with trees, but there is по way to 
stretch a straight 120 foot kong dipole with 
A feed line. 

Scenario 2: Your small backyard ends 
мие edge of a steep decline, A radiator 
‘wire could be snaked through the trees, but 
running a separate feed line is out of the 
question. 

Seenaria 3: You live in a 


ward, butihereisno way to 
install feed line. 

‘Scenario 4: You're going on vacationto 
"he mountains and you know that your eo 
tage is nestled among hundred-foot-high 
pines You cun take along а bow and а 
and cord, but then what would you do? 

Tn response to these problems, began. 
to search for а universal solution under the 
following ground rules. (1) No separate 
antenna tuner would be required, (2) the 
antenna could be deployed with по more 
"difficulty than stringing upa length of coux 
and (3) the antenna could be easily stored 
and unwound from a cord reel without a 
angle of cable and wire. 

Several years ago used a 10-meter ver 
tical linear coaxial sleeve antenna, as 
shown in Figure 1. A vertical dipole is con 
structed from a quarter wave whip aod a 
(quarter wavelength of shielding braid. Its 
feed line passes through the brat, yielding 
4 Simplified geometry. Although this con 
cept could he adapted to 80 meters, who 
Wants lo deal with 60 feet of shielding 
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This unique design offers simplicity and general 
utility. In short, these are “reel” great antennas for 


the HF bands. 


braid? The important lesson 1 learned was 
that the RF current has no trouble traveling 
up the inside ofthe coax and making a 180° 
turn io travel back on the outside of the 
braid! 

Because this is tre, perhaps we dont 
need the separate outer braid. Why not just 
ise the outside of the coax itself? IF we do 
his, however, haw do we etthe RF “know” 
‘when it should stop flowing and reflect 
Back toward the center of the radiator as it 
did when it came to the end of the added 
braid in the Demeter vertical? The current 
on the outside of the coax shield is called 
“common-mode” currentthere is mo 
counteracting equal and opposite current 
as беге is inside the coax. One design 
proach utilizes the primary function of a 
balun transformer: lo place in unbalanced 
reactance in the path of this common-mode 
current without affecting the desired 
balanced transmission line currents. The 
development of this concept is discussed in 
the Appendix. 

"The common-mode current on the coax 
skiela is transformed by а quarter-wave- 
length stub to maximum near the trans- 
ceiver. It was not surprising to note 
experimentally that a coil of a few turns 
placed tthe fed end ofthe dipole decreases 
the resonant frequency of the system sub- 
stantially (because of the added inductive 
reactance). However, an unexpected divi 
dend of this is that, at the resonant fre- 
quency,amalmost perfect impedance match 
10 the Sl-ohm source i realized! Now we 
have the design for our simplified antenna 
system! We ean increase the resonant fre- 
‘quency by moving the coil along the cable 
away from the current maximum while re- 
taining the perfect match, And at the same 
time we сап decrease the common-mode 
current on this part of the line, because of 
the coil 's inductive reactance. For the val- 
ves chosen, the сой is near self-resonance 


from the distributed capacitance of the coil 
windings. The equivalent parallel-resonant 
icai serves to increase the reactance atthis 
point in the antenna, which assures a reflec- 
bon when the RF reaches this virtual end of 
the dipole. Tomy knowledge, this configura- 
Чоп and method of resonating is unique and 
novel, and 1 refer lo it аза T choke. 


Constructon, Installation and 
Adjustment 

‘The simple arrangement of the resonant 
‘coaxial linear dipole isshown in Figure 2. The 
‘dimensions and test results are for a nominal 


p 


Figure 1—A vertical linear coaxial sleeve 
antenna [or 10 meters, 
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dimensions of the SU-meter coaxial feed 
line dipole are retained but operation is 
adapted о 40 meters. Tht is done simply 
by winding coaxial cable on reel. This is 
readily achieved by altering the winding of 
the coax on the original reel and then add- 
ing a second coil near the far end of the 
dipole. Once the values have been estab- 
shed, this band change is accomplished 
simply. 

The RED, as it has evolved at 
W2OZH, is shown ia Figure 3. Total di- 
‘mensions are given in Figure 3A. The 
length of de feed line has been increased 
from that of the RFD. 1 to 143 feet to make 
allowance for the cable used in the 13-turn 
‘coll This assures an isolating stub which is 
approcimately 1/4 A on 80 meters, and at 
the same me permits а stub length that is 
close to 1/4 ов 40 meters, thereby achiev- 
img the desired high impedance for 
isolation оп both bands, Also, the no. 12 
terminating antenna wire has been replaced 
by а length of coaxial cable ће outer 
jacket provides insulation so the coax can 
now he çoiled to provide the desired dipole 
length on 40 meter 

‘As pointed out earlier, a elf resonar 
coil is used to assure а high coefficient of 
reflection at the fed end of the ND-meter 
dipole. For other bande it is necessary to 
calculate the approximate number of turns 
required to approach self-resonance, A 
suitable winding for 80 meters was doter- 
mined to be 13 turns on а б-пе diameter 
ecl so the numbers for other bands can be 
obtained by a simple scaling calculation. 
Details are given inthe Appendix. For guid. 
ance adapting the design for the other HF 
panda, he approximate number of turns for 
"be terminating сойз s shown in Table 2 

For wavelengths shorter than 40 meters 
it may be desirable to use а radiating sec- 
tion longer then 1/2 ^. The length either 
side of center can be any odd number of 
quarter wavelengths. Far example, on 20 
‘meters the radiator could be 3/2 А (three 


ea 
еле) 


\ 


[n 


N 


ES 


Digs Aint 
RES 


kn T m mo = 


ht) 


Figure 2—The RFD-1 (resonant fesc-ine dipola) antenna lor 80 meters 
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figure 2-The RED-2 antenne can be contgurd er hor of two bands, Shown at А по eetup for 80 matere, and at B or 


quarter waves either side of centr), De- 
Pending upon the antenna orientation, the 
[ditional radiation lobes may be advanta- 
seous. Also, the unused conductor lengths 
st the ends are less apt to cause trouble 
because of parasitic excitation from the 
main radiator, 


Arrangement and Construction 

FromTable 2, or the 40-meter band we 
sed to reduce the resonant coil at the input 
‘end of the dipole 1o nine tums, and we need 
1o move the сой along the coax to a point 
slightly more than 32 feet, 2% inches 
from the center. This is half the dipole 
length calculated for 7.26 MHz with an 
allowance for toning adjustment, using the 
"ipole-length appeoximation equetion L = 
ABIT Ав With the RFD-1, this сөй es- 
taliches ве desired, high impedance at the 
Ted end ofthe dipole. 

In addition, we need to establish high 
impedance at ihe far end of the dipole bo- 
саше, in this case, the desired end of the 
40-meter dipole does not coincide with the 
end of the conductor. This is because we 
‘want to retain the full length of the conduc- 
tor measured for the BO-meter band, rather 
{aa cutting it, The desired high Lmpedanie 
reflecting termination is achieved by use of 


142. Chapter 1 


Table 2 
Sealing of RFD-1 to Other Bands 
Band — Frequency Tums 
160m 190 19 
Sm 395 13 
40m 726 9 
зот 1012 в 
20m 1429 7 
Tm 1814 6 
15m 21.38 в 
12m 2496 5 
10m 2888 5 


ıa second, 9-1ur,selt-resonant coil of vous, 

‘Figure 38 shows the RFD-2 configura. 
tion for 40 meter, A cord reel can be used 
for the second coil, although any suitable 
insulating Grinch diameter form can be 
sed. wound the col in two layers using a 
[-gallon windshield-washer-fluid bottle 
After the windings had been properly ad 
usted. taped them in place with duet tape, 
and slipped the сой off the form so it be- 
cune self-supporting- 

‘As with the RFD-1, itis desirable to 


place the antenna as high above ground as 
possible o reduce ground losses and to belp 
Achieve low angle radiation, if thal is de- 
sired. The dipole does not have to be in- 
stalled ina straight line, and îf you can gain 
appreciably greater height by bending it, 
thls may be a desirable compromise 

‘After the anten with its two coils i 
erected, measure the resonant frequency 
тийп a noise bridge or an SWR meter. If 
the construction details have been fol- 
lowed, the resonant frequency should not 
be er hem the nominal value of 7.26 MHZ. 
The resonance point aad the input resis- 
tance can be shifted moderately by both 
hanging the 14-inch offset distance and 
changing the inter-urnspacing of the coils- 
‘The greatest effect is produced by chang- 
ing the spacing between the input and the 
output turns (at is, Between coil turns 1 
“nd 9), This is because the voltage differ- 
ence, und therefore the change in capaci- 
tive lafluense, is greatest there. 


Results 
“My experience in developing antennasis 
thatthe good concepts really “want 10 work 
and thie antenna was по exception. Noise- 
bridge measurements with the RFD- indi- 
cated. an input resistance at resonance of 


49 ohms, and from a practical standpoint 
the SWR is 1:1. An H-feld antenna probe 
was used o evaluate the power radiated at 
{he center ofthe dipole compared with that 
atthe curren loop near the feod-point The 
current ratio was 5.5 to 1, which corre- 
sponds to a power ratio of 30 to 1, or 15 
‘decibels. This indicates that he coll very 
effective in attenuating the common-mode 
current flowing back toward the fed point. 
Forihe RFD-2 with the 40-meter dimer 

sions shown in Figure 3B, the initial reso- 
nance point was within the 40-meter phone 
band and the SWR was essentially 1:1 
Slight adjustment brought the resonant fre- 
(quency up to the desired value, and thei 
putresistance was vory close to 50 ohms, A 
Salient characteristic of the RFD antennas. 
isthe ease with which sn impedance match 
is attained. I appears always to be easy lo 
get a reflected pomer indication of zero 
"This is probably because the common- 
mode current on the shield of tbe coax is 
indisingulshable from the desired radiar- 
ing current—in other words, the common 
mode is used rather than avoided. 


Appendix 

When the separate outer braid of the 
antenna shown in Figure 1 is removed, 
there must be some way to let the RF 
"know" when it should stop flowing on the 
shield of the coax and reflec back toward 
the center of the radiator. A balun box that 
1 made up for another purpose is one ap- 
proach: 30 rums of bifilar winding on an 
Amidon T-2002 iron-powder toroidal 


‘core, The tens formula for such а balun 


where 
‘Teno, of uras 

‘Ac = inductance index (microhenries 
(Ber 100 cas) 


From this, the inductive reactance for 
‘unbalanced currentis 


Ata frequency of 4 MHz, this 30-tum 
coil has an unbalanced reactance of only 
270 ohms. We would need about ten of 
‘these in series to support the RF field atthe 
end of dipole amenna! 

An alternative method involves plac- 
ing а toroidal isolation transformer in the 
coaxial Jine at the fed end of the linear di- 
pole. T actually wound such a transformer 
On two stacked T-200-2 cores, to provide а 
LAW power capability. This configuration 
Worked, after a fashion, bur the impedance 
‘atch was less than desired, probably be- 
cause of excessive capacitance between 
Secondary and primary windings. How- 
ever, before [took steps to contro this, a 
Simpler sppcosch came to mind, 

"We need o isolate the transceiver from 
the fed end ofthe dipole, so why not cut the 


coaxial feed line to bea quarter wavelength 
long? (This length is measured in free- 
space, not in the line.) This serves io 
tanform the high impedance of the fed end 
of the dipole w the low impedance ut the 
sounded transceiver. Any unused portion 
‘ofthis approximate 60-foot length of coax. 
‘can be wound in а сой and used for further 
isolation and, as И turns out, for tuning the 
system to resonance, 


Scaling for a Second Band 
For coverage of a second band, we 
would like to have the same inductive reac- 
ance that we had for the S-meter coil. 
From handbooks, the inductance of а 
сой of assumed dimensions is 


анам 


where 
A = constant determined by the coil 
geometry 
NE number of turas 
Thus, we have for the reactance 


Xi =200L = RAN? 


For equal reactances we can calculate Na, 
"he new number of turn, a frequency f. 
from N, the known number of mensat fre 
quency in by the equation 


r 


n 
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By Jerry Hall, K1PLP 


Off-Center-Loaded Dipole 
Antennas 
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has been installed. This hus certainly been concept extended to a dipole element, with What Inductance Values? 
mq ing de ra сои ai 
pe tn cps к (( 
E A E 

or receiver should be grounded adequately * 
88 

e 
resul will be obtained through the use of Figura 1A dipole antenna lengthened electrically with of-cente loading cols. For a 
we мып 
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and, indeed, it became the basis for 
‘he calculation procedure which finally 
resulted, 

This procedure has been found to 
produce results much closer than mere 
. 
tance — for wire antennas “in the clear” at 
moderate heights the final inductance val- 
ues found by eut'and-ry pruning for low- 
est SWR atthe desired frequency have been 
50 close to the value from calculations that 
a laboratory bridge was necessary to men- 
Sure the difference. The results are equally 
‘good for elements using tubing. Once the 
needed inductance value is determined by 
calculations, it is generally found suffi- 
cient to obtain coil dimensions from ап 
ARRL LICIF Calculator (see LaPlaca*) or 
by equation. Any significant pruning which 
has been found necessary could always be 
attributed to objects in proximity to the 
ends of the antenna. 

‘The complete set of ealeutations is ex- 
pressed in the mathematical relationship 
below as Eg. 1, presented here primarily 
for mathematics buffs or those having ac- 
cess to electronic computers 

"This equation yields the inductance re- 
quired, in microhenrys, for single-hend 
resonance of a shortened antenna of a par- 
ticular physical size at a given frequency, 
for a specific position of the loading coils 
from the center of the antenna, To spate the 
reader the task of performing some rather 
tedious calculations, Figure 2 has been pre- 
pared from Eg. 1. The curves of the chart 
have been normalized, and may be used for 
any frequency of resonance. The chart is 
based on a hallwavelenga diameter ratio of 
the radiator of approximately 24,000, (This 
corresponds to No, 14 wire on 80 meters or 
Мо. 8 wire on 160 meters) For “thinner” 
‘conductors, the required inductance will be 
Somewhat greater tban that determined from 
Figure 2, and less inductance will be re 
quired for “thicker” conductors 

"The use of the chart isas follows: Atthe 
intersection of the appropriate curve from 
the body for dimension A and the proper 
value for the coil position from the hori- 
zontal scale atthe bonom of the chart, read 
the required inductive reactance for reso- 
nance from the scale at the left, Dimensions 
Хам B are shown їп Figure 1, and for use 
withthe саг ае expressedas percentages. 
Dimension A is taken as percent length of 
the shortened antenna with respect 10 the 
lengthofa resenant half-wave dipole ofthe 
same conductor material. Dimension B is 


taken as the percent of сой distance from 
the feed point to the end of the shortened 
antenna. For example, resonating an an- 
tenna which is 50% or half the size of a 
half wave dipole (one-quarter wavelength 
overall), with loading coils positioned mid- 
Nay between the feed point and each end 
(50% out), would require loading coils 
having an inductive reactance of approxi 
‘mately 950 ohms at the operating fre- 
quency. If the antenna is hung “in the 
Clear.” and if the length/diameter ratio of 
the conductor is near 24,000, inductance 
values s determined from the chart will be 
very close o actual values required. (Eg. | 
above takes the diameter of the radiator into 
account, and thus may be used for any 
Tengthidiameter ratio.) For practical pur- 


poses, dimension В may be taken as that 
distance from the center of the feed-point 
insulator to the inside eye of the loading: 
сой insulator, and dimension A ах the eye- 
lo-eye distance inside the end insulators 
(which are not drawn in Figure 1). 
Proximity of surrounding objects in indi- 
vidual installations may require some prun- 
ing of the coils, andthe exact amount of final 
inductance required shouldbe determinedex- 
perimentally. If the antenna is bung in in- 
Vered- V style, withthe ends brought near the 
earth, the required inductance will almost 
always be somewhat Jess than that deter- 
mined from the chart or equation, A grid-dip 
meter, Macromacher, (see Hall and 
Kaufmann) or SWR indicator may be used. 
during the final adjustment procedure 


Figure 2— Chart for determining approximate Inductance valuas or ol-contor loaded 
(polos, At ne intersection of the appropriate curve trom the body ofthe chart for 


dimension A and ine proper value 10 ne coll postion rom the horizontal scal 


tthe 


bottom of the chart, read the required inductive reactance fr resonance from the scale 
чей. See Figure regarding dimensions A and 8, 
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Practical Antennas. 

Although omemight erect an inductively 
loaded antenna that is cut fora single ama- 
teur hand, it is possible to use the antenna 
itself for two, three, or more bands of op- 
eration, if provision u mado to lower the 
daten for band changes. A simple rope 
halyard and pulley arrangement at one of 
the supports will do the trick. Figure 3A 
shows a 3-band antenna ofthis nature, for 
160, 80, and 20 meters. If the insulators 
shown ace left open, with nothing brid 
them, the antenna is a simple half-wave 
dipole cut for 14.18 MHz. (The 48.5-foot 
Леда act merely as support wires, and 
have negligible effect on operation of the 
antena.) I the insulators are bridged with 
short lengths of antenna vire, the antenna 
becomes а centered BO-meter dipole, 
resonant at about 3,6 MHz. For 160-1 op: 
eration the 20-meter insulators may be 
bridged with loading coils to resonate the 
amennaat L.BMHz,asshows in Figure 3A. 
Burady or other manafactucees’ “Servit” 
typeof electrical connectors may be veed, 
or ease in making band changes quickly, 
ax shown in Figure 4 

'Theealenlation procedure far determin- 
ing loading-coil values for the antenna of 
Figure 3A, using the charcof Figure 2, poes 
likenis. Ifoperation is desired on 1.8 Mz, 
the length of a full-sized half-wave dipole 
is found from the relationship 4687 o be 
260 feet. The 130-foot length of Figure 3A 
represents 30% of this size, meaning that 
the dimeasion-A curve marked “SOY” in 
Figure 2 is to be used. The position of the 
soil is 16 516.5 + 48,5) x 100 ar 25% of 
the distance out from cemer, dimension В. 
From the intersection of 25 (horizontal 
seal at bottom), and the 50% curve, the 
required inductive reactance is read from 
the seale at the lefi of Figure 2 to be 
650 ohms, The inductance, L, is 50/21 or 
57.5 microhenrys, if No, 8 wire is to be 
used For smaller diameter wire, the induc- 
tance should be somewhat larger, (Celou 
lations from Bq. 1 for No. 12 wire indicate 
the required inductance is 60.99 Н.) 


‘ened antenna is"sharper;" meaning thatthe 
change in reactance versus frequency 18 
тенет. Tn other words, the shortened an- 
теппа аан asa tuned cirenit having abigher 
Q than а full-sized antenna, To check 
‘these characteristics, he line input imped- 
ances for the antenna of Figure 3A were 
‘measured with a laboratory bridge, and the 
‘electrical line length at the measurement 
Frequeney was then taken into account to 
determine the impedance at the antenna 
feed polar. The antenna was constructed of 
No, 12 wise and hung at a Leight of 50 fect 
"atop" radial 
"The soli curve of Figure 3B is a plot of 
the feed point impedance versus frequency 
for this antenna. The plot on Smith Chart 
‘coordinates is mare meaningful than a 
simple SWR o. frequency curve because 
the magnitudes ofthe resistive and reactive 
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components are shown, as well as the si 
of the reactance. (Capacitive reactance i 
negative, plotted to Ше left of the vertical 
center line, und inductive reactance is posi- 
tve, plotted to the right) In this presenta: 
tion. $0-ohm nonreactive impedance will 
appear at the exact center of the char. The 
SWR in $O-ohm line fora given frequency 
тау be determined by first noting the dis- 
lance from the center of the chart o the 
particular impedance plot on the curve, and 
‘next measuring this same distance down the 
vertical center line from chart center (а 
drawing compass is helpful for his task), 
and finally dividing 50 imo the value read 
Stha point onthe centerline, For example, 
The SWR at 1.8 МН» equals 120/50 or 2.4, 
as indicated by the segment of the 24 SWR 
Circle in Figure 3R. may beseen that reso- 
nance (zero reactance) occurs at approxi- 
mately 1810 kHz, where the resistance is 
about 22 ohms. The SWR at resonance i= 
223.1, and climbs to 3:1 at 1825 KHz. At 


1850 kHz, the SWR is 10:1, Without ar 
‘matching provisions the antenna is rel 
lively sharp, as mentioned earlier, If one 
sets the usable bandwidth as the frequency 
range where the SWR is 3:1 or less, it lı 
approximately 35 kHz, or 1.9% of the 
resonant frequency. As fu s efficiency is 
concerned, ohmic losses are low, and the 
antenna isa good performer on 160 meters. 
Because of is horizontal polarization, it 
has proved to be most effective at aight, 
and stations several hundred miles away 
have been worked with S-9 reports re 
ceived for the 50 wat signal. 

Foca comparison of impedances, the bro- 
ken curve of Figure 3B is a plot of measured 
impedances of a full-size half wave dipole, 
260 feet long overall, hung їп place of the 
shortened senna. Prom this curve t may be 
seen that resonance occurs at 1810 kiz, 
where the resistance is 59 ohms. The 3:1- 
SWR bandwidth forthe halt wave antennas 
in the order of 60 KHz, or 3.3% of the reso- 


— 
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Figure 3—A1 A, an 80-msler dipole loaded for 160-meter operation. The inductors are 37 


{urns ol col stock hevin 
ee plot ol ths antenna stale 


(T Tom Рай wave dipole (broken curvo). 


‘Sinch diameter and 10 tums per inch (B&W 3035). A B, the 


right l 50 feet (5008 curve), and he plo 


nant frequency іза to note on this 
curve that the SWR at resonance is 1.131, 
and thot itis a somewhat lower value, 1.8 
at a frequency a few kilohertz above reso. 
nance. (Measurements were made every 5 
на across this band, but plot points ме 
shown only for 25-kHz increments o avoid 
crowding of the data.) This evidence refutes 
he ofi-heard statement that the УВ ча. fre. 
quency curve is always lowest at antenna 
resonance, Points to remember are that the 
SWR in transmission line is completely de- 
pendent upon the characteristic-impedance 
Salus of the line in use. singa line af differ- 
ent impedance may shift the position of the 
SWR curve along the frequency axis in a 
Simple SWR-vs. frequency plot Thisis defi- 
ely ume in this case — if the len waer 
half-wave dipole were o be fed with 75-chm 
Jine, the lowest SWR would occur at à 
Frequency about 5 kHz below antenna reso- 
nance, whereas with bahn line the lowest 
SWR i at а frequency slightly above reso- 
mance. The reason this happens is that the 
resistive componentofthoirpedance, which 
consists of he radiation resistance plus any 


Figure 4—Copper 
clica serves 
Sonneciore, sold under 
onê trade name 
Servi, provide simple 
meses of mataling he 
[сайта coll. The. 
aav wire andthe 
Фаз of ће сой ута 
Should be tinned to 
prevent corrosion. In 
dolor. a protective 
Coating of aerylc spray 
тау usod at oaen 


Joss resistance, is not constant with fre- 
quency, even over a rather narrow frequency 
Tange. И must be acknowledged that the dil- 
ferences here are very slight, however, and 
for practical purposes Ше frequency of low- 
ен SWR ls (within а few kilohertz) the reso- 
nant frequency of the antenna. 

Another point concerning the SWR val- 
es bears noting. The values as determined 
from the plots in the manner described 
above are quie accurate, having been de 
termined by measurements with laboratory 
equipment, In contrast, measurements with 
simple SWR indicators usually cannot be 
relied upon for anywhere near the equiva- 
Tent accuracy, 

For example, the author owns a com- 
mercially manufactured SWR indicator of 
"he Monimateh type (see MeCoy*) which, 
under a particular set of conditions, in 
ates a 2.51 SWR in line where labors 
tory measuring equipment shows the true 
SWR to be 4:1, А significant differen 
Herein ies another reuson why impedance 
plats on Smith Chart coordinates are mare 
meaningful than а simple SWRevs-fre- 
quency curve — greater accuracy may gen- 
erally be expected. 


A Halt-Size 80-Meter Antenna 
Figure SA shows the 3-band concept de- 
scribed earlieras it can beapplie to 80.40, 
and 20 meters Its overall length is 66 fet, 
Tot a difficult length to use on a smal 
This antenna was constructed for 
operation with a design-center frequency 
of 3.55 MHz, using No, 12 amena wire and 
40- loading coils—27 turns of stock 
having a diameter of 3 incheçand pitch of 
10 tums per inch (tpi). Feed-point imped- 
ances versus 80-п. frequency for the an- 
tenna, hung ata height of SO feet, are shown 
by фе solid curve at B of Figure 5, Actual 
resonance occurred st 3.54 MHz, where the 
resistance was about 26 ohms. The band- 
‘width within which the SWR is 3:1 is 


M 


w 


Figure 5—At A, а 40-mater dipola loaded tor 80-malar operation. Far resonance at 
‘385 MHz ће calls shouid be approximately 40 uH (27 turns ol stock): 3 75 MHZ. 
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ИН 21 turns) These 


ary catt inductance valus fer Чо, 12 antenna wre, Coll lack ratreneed above 


ia Boch damel 


10 turns per inch (BAW 3035), AL, the impedanoe plot of the 


S SS Mz version (sold curve) ала of an BO- hallawave dipole (Brokar curve) 
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60 kHz, oF 1.69% ofthe resonant frequency. 
Also shown in Figure ЭВ, by ihe 

curve, ae the feed-point impedance 
half-wave dipole, 132 feet overall length, 
hung in place of the shortened antenna. 
Resonance occurs at 3.54 MHz, where the 
resistance is 43.5 ohms and the SWR is 
115:1. Thebroader nature of the half-wave 
antenna is exhibited by the “tighter” curve 
which swings closer (othe S0 ahn center 
point of the chart than the shorter, loaded. 
Antenna. The SWR at 3.5 MHz is 1.6:1 and 
remains below 3:1 to 3.67 MHz, 


Capacitive and Inductive Loading 

One would assume that a combination 
of capacitive aad inductive loading might 
provide a different feed. point impedance 
{han would inductive loading alone, be 
cause of different current distributions in 
"he aalen To checkout his assumption, 
the antenna of Figure SA was used asa test 
bed" for comparative measurements. Ca- 
pacitance hate were attached at different 
points along the 17-foot lengths of wire 
Outside the coils, and the coils were pruned 
to reresonatebe antenna at about the same 
frequency as before. The impedance mea- 
surements were then repeated 


Dangling End Sections: 
First, "hats" consisting of 18 inches of. 
No, 12 wire were affixed lo the antenna 
ends and penmitcd o dangle. This lowered 
the resonant frequency to 3435 kHz. By 
calculations, this was approximately the 
Same sectas that of extending the lu 
Portions of the antenna by the same amount 
the dangling lengths, so it would seem 1o 
make litle difference whether short sec- 
tions of extra length are added inside the 
supporting insulators or are at the ends, 
suspended at right angles to the main an 
"The inductors were reduced from 40 to 
365 uH CS turn coils replaced the original 
27 tara coils, and resonance occurred at 
about 3575 KHz. Atthis frequency the resi 
tance was 26 ohms and the SWR 1 90:1. The 
ЭЛ SWR bandwidth, 64 КН, is 1.79% of 
the frequency of resonance, The impedance 
plot for this arrangement is shown as Curve 
‘Ain Figure 6 The resistance at resonance 
for thie antenna is identical to that with the 
coils alone, and the bandwidth is only 4 kHz 
greater 64 kll vs. 60, Prom these results, 
one would conclude thatthe main advan 
таре offered by the "danglere is a small 
saving of space aver a fla-iop antenna, 


Capacitance Hats Near Loading Calls: 

‘Next the dangling end sections were re- 
joved and a pair of capacitance bats was 
formed. euch from two 36-inch lengths of 
No, 12 solid wie. The two wires fora single 
hat were attached at their centers 10 the 
antenna wire at a point just outside one of 
‘the loading coils. The hat wires were shen 
bent radially to form an X at ight angles to 
the antenna wire, like four spokes of & 
"wheel with the main antenna wire at the 
hub, The diameter of the X-shaped hat was 


Tablet 


Characteristics о! various loading techniques, 66-foot 80-m dipole. 


Approx. feed 
рот raste. 
face, resonance 
26 ohms 

3654 соз. 18° E 

dangling ende 

367 hats outside n 

3253H cole. 

эзан coils, 2 

‘3 hats я anda 
None (2 dipole) E 


gn band- 
E жал, sor 
resonance resonant ro. 
1921 168 

19054 178 

E 158 

лава 205 

18 Greater than 36 


Сой postions for each loaded antenna ware 16 fet from antenna center. All antennas 
were constructed of No. 12 wire and installed at a height of 50 ost 


thus 36 inches. The second hat was placed 
in a ike manner just outside the second 
сой, Burndy connectors were used to affix 
the bat vires. The resonant Frequency of 
this configuration with the original 40 t 
loading coils was found to be 3290 kHz. 
The effect of adding the hats was about the 
same as that of extendiag the 17-foot 
lengths o 19 feet. 

When the inductors were replaced with 

turn coils (32.5 pH), the antenna reso- 
эмей at about 3.375 MHz, the resistance 


being 23 ohms. The SWR at resonance is 
2.15: 1 andthe 3:1-SWR bandwidth for 
‘configuration is 60 kHz, 1.68% ofthe eso- 
mant frequency. The impedance ofthis ar 
rangement versus frequency is shown by 
Curve В of Figure 6, 

Tis surprising to note chat, bythe stan- 
dards of most amateurs, the characteristics 
of this antenna are not as good us those of 
‘the same length antenna with loading coils 
Alone, The SWR ai resonance forthe an 


Figure 6— Curvo A la the impedance plot ol the antenna cf Figure SA with 1.54007. 

баи; end sectors added and the col immed lo resioe resonance near he original 
‘roqueney. Curve B a a polo! (пе camo antenna wiin X-chapod capacitanco hats added 
ala paní just outside he loading col (danging sections removed and cele timos to 


‘ecefabeh resonance) 


Faure 7 inoedurea ииги 68 oldie using a combination ot cerier inductive 


loading and capace nd loading: Oat shortened count n 


arrangement oered те greatest bandwidth. 


ductive loading is higher (2.15 vs. 1.92), 
andthe 3:1-SWR bandwidths are the same, 
50 kHz. Perhaps a significant factor here, 
Though, i that the diameter af the capaci 
tance hats used for these measurements 
was small, only ОП wavelength Support. 
ing mach larger hats presents mechanical 
problems with wire antennas, however, as 
even these were a bit flimsy and would re- 
quire reshaping after gusty weather. 


Capacitance Hats а! Antenna Ends: 

Finally, the X-shaped capacitance hats 
were moved to the outside ends of the an- 
‘enna, just inside the end insulators, With 
the original 40-yH coils, resonance ap- 
peared at 3215 KH. Fron calculation 
‘was as fte 17-foot end sections were ac- 
‘mally 21 feet long. With 30-4H coils (22 
tums) in place the resonant frequency was 
3560 kHz. A this frequency the resistance 
was 250hms andthe SWR I. 98:1. The 3-1. 
SWR bandwidth is 73 kHz, or 2.05% of the 
Tesonan frequency The impedance plot or 
this antenna is given їп Figure 7. 

Tis interesting to note that the position 
and shape ofthe plotforthisamennaon Smith 
Chart coordinates is nearly identical to that 
forthe same length antenna wih loading coi 
only, the solid curve of Figure SB. For this 
antenna, however, he plot points for25-kHz 
frequency incrementi appear closer together, 
which accounts for he increased bandwidth. 


Conclusions: 


The measured characteristics of these 
Various configurations of loading for the 80- 


meter antennas are bat in Table 1. Re- 
member Ша бе overall "atop lagi of 
Eech antenna saman penent, 16 ean hal 
the Loading col a always positioned 16 
feet ench side of the conter oF the antenn 
‘being pruned for resonance approximately 
ЭЗЕН. For comparison. information ora 
— inched 

OF the various arrangements, capacitive 
end омір decidedly provides he presten 
andi excepting die Rize al wave 
amenna. of course. Аоф there are sight 
andere in бе resistance value at veso- 
Pance, allac ofthe sameorder of magnitude. 
"These vales, a welî s hos forth lebe 
arenas died exer, tend 10 confiam s 
road al of tum ar he writes kas Tor 
тийе far ti type of antenna: The ře 
pomt impedance value ш rezonance js 
oughly proponional o te length ofthe an 
тела. Thal loaded antenna which is half 
the size of a half-wave dipole il have p- 
erer half the radiation resistance of 
бе Тагы antenna. 

Eg. 1 given earlier athe chart of Figure 
2 allows one to calculate loading ci va 
тез for antennas with loading cl only. 
Additional capacitive loading i not taken 
¿nto account Calculating te effects of 
Varios capacitive Той arrangements 
appears tobe difficult nd work remains o 
Be done in this area. 


‘Multiband Antennes with Loading Coils 


АП of the foregoing material has been 
devoted to the loading of an antenna for 
resonance ata single frequency. Resonated 


as described, the antenna is electrically a 
half wave in length, Ie will however, oper- 
ate well on higher frequencies — frequen- 
cies at which it is an odd multiple of half 
‘waves, in electrica length . three half 
waves, five half waves, ete Because ofthe 
Jumped loading of the shortened antenna, 
these higher frequencies will likely not be 
closely related to odd-order harmonies of 
the fundamental frequency. as the case 
‘would be fora noaloaded radista, (Forex 
ample, itis a well-known fact that a -MHz 
half-wave dipole operates well on Их bird 
harmonie, 21 MHz) 

A loaded dipole will become an electri- 
cal 3/2-A antenna at some frequency below 
that which is three times the fundamental 
resonant frequency. Depending upon the 
‘overall antenna length, col value, and сой 
position, it is possible for an BO-merer 
loaded dipole to become a 3/2 performer. 
а 40 meters, With such an arrangement, 
fone would have a dual band antenna with- 
ош requiring the use of traps. The idea can 
e expanded upon to arrive at a loaded an- 
tenna without traps which will operate on 
more than two bando. This scheme offers 
considerable constructional simplification 
эз compared with trap arrangements, 

‘The multiband loading-cll concept hes 
been recognized for bete than half a cen- 
tury, but ie use of the technique has been 
made by amateurs Some years ago a very 
good article an the subject à was published 
by William Lattin, WAJR М + That article is 
recommended reading for anyone interested 
in more details on the concept. Supplemen- 
‘al information has been published by 
Buchanan. Atcmpts by this writer to cal- 
сше antenna ries amdcoil values for dual. 
‘and antennas have met with some success, 
„From calculations and experiment to date, 
it appears that with only vo loading coils 
(опе each side of cente), the antenna must 
always be greater thn shall wave in physi- 
cal length for the higher of the two fte. 
‘quency bands, In other words: any 80/30 
"eter arrangement, for example, apparently 
‘would need to be longer than 66 feet From 
tiptotip However. much work also remains. 
16 be done in this area. 
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By Frank Witt, АПН от QST, September 1993 


A Simple Broadband Dipole 
for 80 Meters 


каен Festes s joe SWE eres TUN your existing 80-meter dipole into a broadband 
e m convenience antenna by simply modifying the feed line. Multiband 
thu CW on tur band Seve sppreates Operation is an option. 

io overcoming this limitation, shot of an 

Senn tuner n the station, have been de 

запеа 13 The antenna system described 

еге simpler than any of ts predecessors 

and has the following features: 


requirements, and а method for using the factors, ané some stretching of the coax, con 
antenna for several bands, ГЇЇ also com- tribuediothedierences between actual and 
+A 2:1 SWR or better is achieved overall Pare transmission-line-resonstor broad- measured values. (The actual lengths were 


‘or most ofthe OO surte bend Banding to other rosdbanding methods, measured onuntenaionedeabie:) The antenna 
«Antenna length and appearance are the Je installed а an verd V with а 140° im 
шше as Whose of a convento] The 8O-Meter Broadband Antenna cluded angle and an apex height 0760 feet 
Palkowave dipole. Consequently, i's System ‘The ге size e #14, bu i oleic 
амма ава his smal wind and ee Figure | shows the simple brodband an- 
loading Vena syste з шей l my sais. The авс 


‘The antenna configuration permits muhi- enna proper is a centered half-wavelength 
band operation with a single feed line. dipole The transmission Jine is segmented Table 1 
The losses due lo broadband matching are | into one eletneal wavelength of 5042 ene Calculated and Actual Lengths of 


acceptable, and an clectrical quarter wavelength of 75-0 the Broadband Dipole Antenna at 
‘The cost is about the same as a conven- coax The calculated and actual lengths are АПН. 
Чопа! half-wave dipole. showa in Table 1. Lengths were calculated 


slated Actual 
‘sing the formulas given later in hia article, ч 

J PP 
were measured at the transminer end ofthe ond VF (velocity / 
feed line. The reference impedance 1:50, lengths resulted after T performed the tuning Dole 1245 teet 
since most equipment is designed for this procedure described later, Manufacturing 4 oe 
impedance. The term antenna system as variations from the published cable velocity 119088 11 inches tor balun. 
nsed throughout this article includes por 
only the radiating wire, but also the feed 
line, balun (if used), any lightning protec- 
tion measures, antenna fumer and v fore 

"The dipole antenna itself is not broad- 
band: the system uses à broadband march 
The key broadhanding element of this 
antenna system is the ranimistion-line. 
resonator. Part of the transmission line 
compensates for the reactance presen 
the dipole away from its resonant fre- 
‘quency, This part ofthe lineis a multiple of 

ectrcal kalf wavelength. Another part 
ofthe line presents an appropriate source 
Impedance to the transmission line resona: 
tor (TLR). 

First "дексе a version ofthe broad- 
band antenna system, along with some 
practical results Then FI cover the impor- 
fant matter ofamtenna-system los. Follow. 
ing that are some variations o snit specifie 


120 Chapter 1 


‘This system's SWR (at she transmitter) 
as a function of frequency is shown in Fig- 
‘ure 2. For comparison, the SWR for the 
‘ame dipole fed with about 5/4 wavelengths 
(214 feet) of RG-213 coax is also shown. 
CThisisthe seme total length as the RG-213 
and RG-11 segments used in the broadband 
system.) The broadband system's 2:1 SWR 
‘bandwidth 2.2 times that of the conven- 
tional system—and the only difference is 
the feedline configuration! 

"The radiating properties of the brond- 
band antenna over the 80-meler band аге 
essentially identical to hose ага dipole cut 
for any specifie frequency in the band, 

ice the antenna system is designed 
fire Dumont fot tac et 
may be extended by adding the required 
length of 50- coax between the transmit- 
ter and the quarter-wave segment (point A 
in Figure 1) 

‘A 1:1 current balun should he installed 
at ihe antenna's feed point 1 use the balen 
оп general principles. Often, it provides no 
visible difference in operation, bet the 
balun does minimize feed-line radiation. 
You can determine whether your antenna 
needs a balun by measuring the SWR ver- 
sos frequency with and without a balun 
installed. I the balun is not needed, the 
two sets of data will be identical 


Antenna-System Losses 

It's important o know the Josses in any 
amenna system, This is especially true for 
broadband antennas, because loss alone 
сап broadband an antenna system. Аз the 
next section shows, the configurations 
presented in this article do not yield a sig- 
nificant loss penalty. Although other loss 
contributors exist in antenna systems, we 
will focus on the primary ones: feed lat 
ол and mismatch toss. Other losses, such 
as ohmic los in the antenna wire, are the 
Same for both the conventional and broad 
bund systems described here. 

Feed-line los is the easiest ro under- 
stand. It isunavoidable, and is lowest when 
the feed line is flar (when the line SWR is 
close to 1:1). At HF, feed-line los results 
primarily from ohmic losses in the copper 
Conductors. 

‘Mismatch loss occurs when the imped- 
ance seen by the transmitter is not the 
complex conjugate of the transmitters 1m- 
pedance (when the line SWR ut the trans- 
miler is not 1:1). For a 50-02 transmitir, 
the mismatch loss is 0 dB when the load 
impedance is 50 Q. When the load imped- 
ance is not 500, the mismatch loss can be 
‘made to be 0 dB ia transmitter with a tun. 
able output stage (such as а conventional 
abe re linear amplifier) is tuned for a 
conjugate match, An antenna tuner can also 
provide this match. In this cese, however, 
"he antenns-tner loss (perhaps as much as 
1 dB) replaces the mismatch loss in the 
total-loss equation. That subject isn't dis- 
cussed here 

1E you don’t use an antenna tuner and 
the transmitter has a fixed-tuned 50-02 
output, loads that present the transmitter 


‘with an SWR under 2:1 are highly desir- 
able. The impaccof high SWR on mismatch 
loss will become clear in the next section. 

Loss must be kept in perspective. АП of 
the broadband antenna systems described 
ere have a worst-case total loss of leze than 
3 dB—not enough to notice in many 80- 


[ Framer мч) 
“Sater 


Figure 2 Measured SWR varaus 
frequency for ihe broadband and 
Gon ventiónal antenna systems 


, ZTE 


meter QSOs. (If the loss is3 dB, halfof the 
‘wansmitter"s output power js ràdtated and 
half is lost elsewhere.) The main effect of 
Joss is stress оп system components: that 
‘on the transmitter doe to the mismatched 
Joad, and that on the transmission line dne. 


Variations 

The broadband antenna system 
described above is well-suited for the in- 
stallation at my station, where the distance 
between the shack and the antenna ix rela 
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Figure 3—Artenna-tystom contiguratione 
for long feed-ine runs. The sali ir 
Si; 


m ‘The total s de engin in each 
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Figure 4—Antenna systems for high power 
and shorter feed- ine типа. The sol ines 
‘Show SWA: the tie lines represent 
ieediino сев: and tha dashed ines show 
{eect fos lus mismatch loss. АГА, 
he food ine lê RO-ZIS: at B, rà a 1/4, 
action of AG-11 followed by two par 
Hales 1/2. lengths of RG-212: at ©, а 
7749) segment af RG-11 i followed by 
paralleled 1/2 lengths of RG- 11, апе 
D, маз о RG-1 a followed by 12-A of 
FIZ. The total feed ne length in ach 
ase ls 120 fee! 
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tively Tong (more than 200 feet) and be- 
cause I use a LAW amplifier, Other feed 
line combinations urs better suited to other 
installations, Some of these are shown in 
Figures 3 through 5, along with calculated 
SWR and loss data. From this information, 
you can select an appropriate feed-line 
Combination for your needs. 

The Figures also show the characteristics 
of conventional dipole antenna systems. If 
yov compare them, you'll see that the trans- 
on ine resonator provides broad- 
‘banding without a significant Joss penalty. I 
haven't fied all these combinations, but 
based o my experience, hey should perform 
as prdicted in most situations if the radiator. 
doesn't deviate significantly from the model 
1 used in my calculations: а dipole 125 feet 
long, 40 feethigh, and made of #14 wire This 
model is based on data provided by Walt 
Maxwell W2DU, in his ook, Reflections. 1 
chose his data since itis typical of many 80- 
meter installations. 

‘All of the broadband antenna systems 
use à de section and either a 1/2- ог 
‘wavelength section. Figure 3 illostntesa. 
system for long feed-line runs, Tt uses 
RG- 11 and RG-213 cable and should be 
considered forall power levels. Figure 3B 
cavers бе case shown in Figure 1 and used 
“al my sation. The feed line of Figure SC is 
a continuous length of RG-11 cable 5/4 
‘wavelengthe long, The transmission-line 
resonator isthe | wavelength ection ofthe 
Cable nearest the antenna 

Thitapproach would also work with sur- 
plus 7542 САТУ Hardline. A 3/4, 514 or. 
7/49, section of 12-inch Hardline yields 
тех than 2 AR feed lie loc plus mismatch 
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Figure 5—Antenca systems tor ow power 
and short Teod iine ung, The sond ires 
Show SWA; the dalled lines represent 
sodina ose; and the dashed nea show 
feed ine зә plus emelen за АА, 
the feed Ines RO BS el B, h 
stor ol Ha ad folgwed by Ta ot 
bee The Ка edie епу in each 
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Joss over the entire band, and less than 1 dB 
total loss over шу 300 KH of the band, This 
configuration is particularly attractive to 
contesters and DXers, because even a fairly 
Jong ine 1/4 Ais 372 feet of 1/2-ine CATV 
Hardline -gives low loss and a very good 
match over say, the 3.5- 103 8-MBz range 

Three brosdband antenna systems are 
shown in Figure 4. АП of these are candi- 
dates for applications requiring shorter 
feedline lengths. Figures 4B and 4C show 
the performance realized when coax cables 
are paralleled to achieve à Tow equivalent 
‘horaceristicimpedance. Figure SB, whieh 
resalte froma I-wavelengta RG-213 ranse 
‘mission-line resonator, and Figure 4B, are 
Very similar. The latter system usos the 
same amount of cable, but it's cut in half 
“and parallel-connected. This will become 
‘lear in the sidebar, "How It Works." The 
‘configuration їп Figure 4D is atractive be- 
‘cause of its simplicity.. 

Lower-power upplications without 
Jong ccc ine runs ean use RG-S8 ard RG- 
59 coax. Figure SB shows how excellent 
broodbunding is achieved with u remark- 
bly simple fesd line, Again, no loss pen 
alty results from the broadbanding. 


Adjusting the Broadband Antenna 
System 

The antenna system is asy to build and 
adjust. First calculate the lengths (in feet) 
of the tansmission-line segments: 


Ed 

qui E ар 
зи вун 

lua (E02) 


Lag length of half-wave segment 
Lys length of füll-wave segment 
locity factor 


= center frequency in MHz 


A good starting paint forthe dipole wire 
length (in feet) is: 


at 
Laie Fy [I 


For che 80-mecer application, | suggest 
‘using an of 175 МНР Isa good ideato 
en be wires so that the overall length ls 
^ feet longer than necessary, in case You 
need to lengthen the wire during tuning. 
Pass 2 fet of the extra wire through each 
‘end insulator and wrap it back around the 
amenna wire. 

To tune ihe antenna system, you'll 
change only the dipole and transmission 


Tine-resonator lengths, The best approach 
is to build the antenna system as 1 have 
outlined here and to measure the SWR at 
the transmitter end of the system. Any tilt 
ог frequency offset in the SWR character- 
istic can be removed by increasing or de 
‘creasing the dipole or transmission-ine 
resonator length. Start by changing the 
length of the dipole, To improve the SWR. 
atthe high end of the band, the dipole must 
he shortened: 10 improve the SWR at the 
Tow end of the band, the dipole must be 
lengthened. Progressively addor subtract 6 
inches from bot legs ofthe dipole until ho 
SWR curve is symmetrical about the center 
frequency 

Frequency offset may he required to 
center the SWR characteristic in the 80- 
‘meter band, You can move the entire curve 
along the frequency axis without causing 
ушубу Чий эи polena 
ransmission-line resonator lengths using 
the following equation: 


3150-AF 
м FO аз) 


AF is the required frequency offset in 
kilohertz. Shortening the dipole and reso- 
nator moves the curve center up in fe 
quency, and lengthening them moves the 
center down. The length of the quarter 
wave segment need nol be changed, since 
the SWR characteristic is not very sensi 
live to its length, 


Lightning Protection 

Every antenna system should be de- 
‘signed o minimize the likelihood of ight 
ning strike. One part of this is keeping all 
parts of the antenna proper at ground po- 
‘ental, The grounding should be done our- 
side the shack, by means of a good ground 
E 

recommend that you install а coaxial 
Jighining protector, which bleeds any statie 
charge from the center conductor, a point 
Bof Figure 1 The protector (and therefore 
The feed-line shield) should be connected 
тоа high-quality ground od (the ind eles- 
тїз uso) driven В feet into the ground 


Conversion of Existing 80-Meter 
Dipoles: 

‘A study ofthe cases shown in Figures 3B, 
ADandSB suggests tnut i's possible wemsily 
convert many existing 30-meter half-wave 
dipole antennas. Because the most popular 
way lo feed an EO-meter dipole is wil a50- 
‘coaxial feedline.theconversiontoabread- 
‘band antenna system s straightforward. First 
‘wim the dipole for resonance at about 3.75 
MHz, Then cut the 50-0 fed lineata mul- 
tiple afanclectrca half wavelength (03.18 
‘Mla from the antenna: Calculate this length 
using Eq 2 or Eq 3. Add the 75.0 quarter- 
‘wave section, then complete tbe run to the 
Shack (f necessary) with 30.2 солк, Then 
use the tuning procedure described earlier to 
‘pumice the system. 


Multiband Operation 
Most brosdband 80-meter antenna sys- 
{ems are usable only оп the 80-mater band, 
because the broadbaading elements do not 
allow efficient power transfer оп other 
bands, This is not true with the approach 
described here, since the structure consiste 
only of a center fed dipole and a transmis- 
sion line. Moreover, the transmission-line 
segments are close o multiples ofan elec- 
trical half-wavelength near 40 meters and 
other bands. This opens the possibility for 
paralleling other half-wave dipoles with the 
Š0.meter dipole and sharing the fed line, 

"To minimize their interaction, the vari 
ous dipoles should be spiced from each 
‘other away from the feed point. OF course, 
some interaction will occur and you most 
tune the multiband system to meet your 
requirements I recommend first runing the 
80-meter broadband system and then the 
neat-highest-frequency dipole, and хо 
Толі. Only the 80.meter antenna will be 
broadband, but such brosdbanding is not 
required on he other bands. Figure 6 shows 
the result of adding a 40-meter dipoleto the 
Figure 1 antenna. Each dipole leg i5 34,4 
feet long, Note that the SWR on 80 meters 
changes very little compared tà 
No change was made to the zu neter di- 
pole or the transmission line. 

“The multiple dipole approach described 
above achieves resonance on several bands 
nd eliminates the need for an antenna tuner 
‘on those bands, Of course, if you use an 
antenna tuner, operation on all HF bands 
should be possible, but this arrangement is 
usually not as effective as (he multiple- 
resonance antenna system described here 
Because the feed-ine loss is much higher, 


Comparison with the Coaxial- 

Resonator Match 
How does the simple broadband dipole 
described here stack up against other ap- 
a good matchoverthe 


"natch broadband dipole represents one of 
the more efficient designs published to date. 
It achieves broadband matching at the an- 
tenna by the integration of 1/4 wavelength of 
соза] cable as a part of the antenna. 

Since the coaxial-resonator match 
achieves а good match atthe antenna. the 
SWR on the feed line ia low and the feedline 
loss is about the same as its matched loss 
However, the couxial cable in the match 
itself increases the system loss. The net 
results that the total loss is about the same 
‘withthe coaxial resonator match, but the 
SWR at the transmitter is lower, never ex- 
ceeding about 1,6:1 between 3.5 and 4 
MHz. Once the SWR is less than 221, how 
ever, a lower SWR has Tittle value unless 
you reusing atransmitter that significantly 
reduce power at such SWRs. 

Note that the approach described in this 
articleuses uthin wire forthe antenna, Most 
other broadbanding approaches mse addi- 
tional wires or radiators made partly from. 
coaxial cable and are vulnerable to damage 
from wind and ice loading. Their additional 


How It Works 
A fundamental way of achi Figure B makes another significant 
broadband match to a recor point For this application, the network 
antenna involves a paralis-un Parameters ol a one-wavolongih 
network and an appropriate source  — transmissior.lne resonator (0р) a 
resistance. In an AF Design aricle I smitar to those of a hat-wavelength 


described the method for designing resonator (bottom) wih hali ha char- 
such networks, evan with lossy reso. aged impedance ‘of the Upper 
Nators. The top af Figure A shows the resonator. Pac&laconnecing Iwo 


equivalent circuits of tne antenna and  igontical ables lea convenient way ot 

matching network. The bottom of Fig- achieving lower characteristic impad- 
A trates the corresponding el ances, This explains Ine similarity of 

ements in the antenna system: Figuras зв and 4B and the simkarty of 
"The role ol the rasonator в played Figures 3C and4C. AIT 


bythe transmission-lino sogmeni n 


F, Wit "Optimum Losay Broadband Mateh- 
na Nannaa for Resonant Аллак AF 
шул. Ar 1980, рр 48:51 and Jul 1980, 

rom 75-2 coax, ranstorme me soa PY 

lransmibier reactance to 1125 a —— . 

eke 1 won't go Into tna d ما‎ 

sign details here; hey rete subject of —, 

another artic "Broadband Matching 

Using the Transmission-Line Reson w 

tor," in preparation for The ARAL An- 

terina Compencium, Volume 4 

For the structure ol Figure A o yield 

a broadband match, ho characteristic 

impedance of the transmission. line 

resonator and the transmitter resi 
tance must be within a range of values, 

Fortunately, commonly uses transmis: 

sion lines, Which are avaiable in 50- 


ana 754) charactariste impedances a 
Work well in this application. The — 
broadband, systems of Figures 3 тео equivalar ere бор). and 
through 5 show Ihe usefulness af inis oecd suple dee be 
approach. алетте system elements (бойт) 


A] | Я 
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Figure B-These twa iransmission-ine resonalors behave cesentll the seme 

%%% impedance of each cable segment lathe 

dire making re characterise Impedance c e lower rsanair ha at of 
Vs Upper ona. 


‘weightand complexity are also limitations. 

From the above comparison, the simple 
broadband antenna system has, by is very 
simplicity, an еше over the coaxial resonator 
match, at Teast in applications where the sim- 
pler approach is feasible, Because ot the limi- 
tations of available coaxial cables, the oppor- 
"unity foa satisfactory design ie constrained. 


nthe otherbandtheeousial resonator match ERA 

has more adjustment patuncters, i useful — 
overamuch broaderrangeofapplictionsand Figure s Measured SWF lor he 80- and 
las the lowest SWR over the band. meier molan arterna system, 
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Summary 

‘The simple broadhunding technique I've 
described here capitalizes on the common 
leg of coaxial cables that it the ap- 
plication. it overcomes he macro bandwidth 
imitations of a conventional 80.meter, half 
‘wave dipole without significant disadvan- 
tages. Even parallel dipoles for other bande 
máy be fed with the came feed line. 

"The limitation of available coaxial cable 
parametere can be тесопе by ung Ве 
Transmission: line resonator ai a resonant 
transformer. Applying this technique is de- 
seribed in an upcoming ARRL Antenna 
Compendium article, "Broadband Matchin 
Using the Transmission-Line Resonator.” 

“This work has benefited from the sup- 
роп and encouragement of my wife, Bar. 
Bara, NIDIS. Also, L mus credit Andrew 
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Griffith, WAULD, for helping to tum my 
attention to the approach described here. 
After reading my OST article on match 
bandwidth of resonant antena systems“ 
‘Andy noted that antenna systems should be 
viewed from their match to a 50-02 trans- 
miter, even if the feed line docs not have a 
50.0 characteristic impedance. He showed 
examples ofthe narrowing of match band- 
width to make his point. In my response, 
published with Andy's letter in OST. 1 
pointed out that match bandwidth of an 
antenna system may actually be increased 
by seleting the right cable length and char- 
acteristic impedance, As an example, 1 
showed in Figure 3 of that correspondence 
the large match bandwidth of a dipole fed 
with a 5/4-wavelength, 75-0 RG-11 cable. 
‘Nowe that this isthe same case shown in 
Figure 3C of this article. Thank you, Andy! 
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Once More With the 80-Meter 
Broadband Dipole 


With reference to earlier items by KITD. 
VI WIZOTin OST, itis possible o design 
A simple, adjustment-free matching net- 
‘work that will make an BO-meter dipole 
have a reasonable SWR across the band. 
When using Hayward’s RLC model ot ihe 
dipole, a simple parslleLmned cireait 
across be antenna feed point gives lesethan. 
2:1 SWR across ай but the bottom 10- to 
20-kHtz of the band, as shown in Figure 1. 

This method does require а source im. 
pedance of 140 ohms, so a broadband 
‘matching transformer will be needed at the 
input. see no reason why you couldn't just 
тар the input down on LI and use L1 asan 
autotransformer to accomplish the imped- 
ance matching function, Та fact, although L 
have not tried it, it may be possible to m. 
lade the balanced-to-unbalauced trans 


"J, Hal, The Beate ors Single Broadband. 
derte QST. iri 1883, p. 22 

rd. “Linton to Bredband im- 

emma! Caspar. 


formation in the кате сой, as shown in Fig: 
te 2. To tune this network, ute dip meter 
with no antenna connected Then install he. 
network on the antenna and adjust the input 
tap for the best compromise SWR across 
the band. 

ву choosing a lower characteristic im- 
pedance, you can get much better SWR 
over a narrower bandwidth (Figure 1). Re- 
tune both the antenna and the network to 
center the response on either the phone ar 
CW portion of the band. 

You can get better SWR in hoth the 
fallband and narrow-band case hy adding a 
serîes-tuned circuit to the Input (Figure 3), 
The improvement la marginal, however, 
and complicates the impedance step-up ar. 
rangement, so it is probably not worth the 
effort It would be better to take Hay ward's 
Suggestion and make the antenna itself in 

rently more broadband. One method isto 
fatten” the elements by using a wire cage 
arrangement or similar. Of course this 
would change ће valves of Zo, L1 and Cl 


‘The original graphs for Figures | and 3 
were drawn with an HP-87. 1 would be 
happy o send a copy of the rogram to апу. 
опе who sendsmeans.2..2—Alan Bloom. 
NIAL 


Figure 2— Proposed method of aading A 
balanced antenna wih unbalanced ne 
“The shielded conductor of e cos Ina. 
must be connected at the exact center ol 
the col, which is an slecicaly nedal 
point inthe antenna systom, 
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Figure 1 Calcuamed ellesion coeficien and standing wave 
va, frequency for a singla-wira dipole and dipoles with 

imped constants (C1 and L1] st the feed pont 

Zois 140 


For the curvo whe For the curvo where Zo i 100 


ohms ‘ohms 
Ст =2000 pF CI = 3500 pr 
E 209008 1H rm 


Figure 3— Calculated reflection coeficient and slanding-wave. 
rato v. Irequency for an antenna with shunt and seres lumped 
Constants al ihe feed point [GT L1 and G2L2 respectively) 


For tho curvo whore Zo equals For the curve where Zo equals 


120 отте 90 ohms: 
8 800 pF 0177000 pF 
C280 pr 2-60 oF 
rpm 0.2573 uH 
122900211 ин 13-90 021 ун 
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From The ARAL Antenna С 


Fat Dipoles 


Antennas without problems make radio 
communications enjoyable. I design over- 
Seas rudi stations foc a living, so Td rather 
not ave to fight my own ham station when. 
just relaxing and rag chewing. Fat dipoles 
Чо the things 1 want. They match the coax 
line well over a wide band, and they lunch 
the signal remarkably well 


Theory 

Making a dipole conductor thicker than 
normal with respect to wavelength will in- 
crease the bandwidth and modify the work 
ing impedance of the antenna. The trick is 
to makea dipole “fat” in such a way that it 


may be easily constructed from cheap ma- 
terials, be highly efficient and at the same 
ime arrange things so thatit wili match the 
transmission line from the lower band edge 
10 the upper band edge. 

T started with the astumption that my 
band of interest would be the 40/75-mec 
band. From end to end, this requires 13% 
bandwidth to the 2:1 SWR points for my 
brosdband-soid-state final. Falso assumed. 
thatthe antenna was going to be at а nomi 
nal height of 30 fest or 0.11 wavelength 
above ground. The calculalons indicated 
that a dipole built of four quarer-wave- 
length no. 14 wires (0.064 inch) with a 


spacing of 00114 wavelength would pro- 
duce the necessary results, The correct 
Tength would have w be 0.43 wavelengthto 
match a SD-ohm line 


Length = 442.51 feet 
Width = 11.254 feet 
Height = 112.51 feet 
where (= center frequency in MHz 


Construction 

Very few problems will be encountered 
in building this simple fat dipole if you fol- 
Tow the drawing (Figure 1). First you will 
need five good insulators. 1 prefer epe type 
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Figure 1—The lat dipole with construction details ol ho spreaders. Soo Table 1 for tho length and spreader dimensions (A) 
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insulators but there is no critical problem 
hero, One insulator is for the center of the 
dipole and the others are for the four ende, 
You will need four 3-foor-long broom 
sticks or Linch wood or plastic rods with 
{ood weatherproofing. I painted mine with 
auto undercoating but oatápor paint or var- 
"ish should also work. Copperweld wire is 
very desirable because it won't stretch and 
change the tuning of your antenna This 
type of wise is available through advertise- 
ments in QST. The same source may also be 
able to supply the essential wide-band 
balun transformer and cous. Either the RG- 
580r RG-8 types of coax cable arc satisfac- 
tory but the latter requires more support 
because of its greater weight. 

Measure your wire carefully and leave 
enough extra so thatthe insulators cun be 
attached. The final length will need lo be 
the calculated value, from insulator wire 
end fo insulator wire end After building 
the four-wire section, attach dowel rods as 
shown to act as spreaders, Fasten cach rod 
in place with pieces of wire threaded 


‘Tablet 
Dimensions and Bandwidths on 
Various Bands 


Frequency Length, Spacing (A). Bandwidth, 
ME т мн: 


P dee 
ws 3 05 

LE Д 
az 08 1555 
юз oss 2823 
1634 oae 3837 


through the olesand then wrapped around 
the antenna wire, Wrap these spreader 
wires tight enough so that the rods will not 
slip out of place. Snip off projecting wire 
ends wherever they occur to prevent RF 
corona power loss. Then, using either wire 
or rope, make а bridle to hold the ends of 
the antenna 

Тая, solder the balanced end of the 
balun transformer to the dipole. Each wire 
fromthe balun should go tothe puirof vires. 


‘onthe same side of the dipole. The solder 
Job should he of the best quality and perma- 
‘ent because it is hard to repair later. The 
Coax needs lo be connected lo the 
‘unbalanced side of the balun, If you ме 
large-diameter coax (3/8 inch) then think 
about ways to support the weight, Perhaps 
apiece of nylon rope from thedipole center 
‘insulator tothe coax wilhelptake the load, 
but Til leave the detalls ofthe problem up 
to you. After this final construction step, 
ail the antenna up in the tees, using care 
that по twists are allowed. 


Operation. 
For once I had а 75-meter antenna that 
worked better than predicted. The SWI 
was LiT or better from 3.5 to 4.0 MHz, 
Better yet, reports received were excellent 
иһ my old 100-walt solid-state trans- 
ceiver, Moving ap and down the band gave 
"no loading problems from the broadband 
final. The fat dipole is just what 1 needed 
for a good, relaxing rag chew after a hard 
day with the 500-4W ng at the office, 
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The Off-Center-Fed Dipole Revisited: A Broadband, Multiband Antenna 
From August 1990 OST 


Improved Feed for the Off-Center-Fed Dipole 
From May 1996 QST (Technical Correspondence) 


Off-Center-Fed Dipole Comments, Part 2 
From October 1996 QST (Technical Correspondence) 
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Off-Center-Fed Dipole Comments, Part 3 
From October 1996 QST (Technical Correspondence) 


Choke the OCFD 
From September 1997 QST (Technical Correspondence) 


By John Belrose, VE2CV. 


VE3K 


n QST, August 1990 


The Off-Center-Fed Dipole 
Revisited: A Broadband, 
Multiband Antenna 


The search for ж simple broadband, 
multiband antenna with acceptable SWR. 
over the entire 80/75meler band continued. 

the publication of the article by Witt, 
AIIM, in April 1980 QST. This inspired 
author Belrose, VE2CV, to reopen his iles 
оп the “Windom antenna," or, more prop- 
erly, the of center fed dipole Particularly 
since the opening of the 10, and 24-MHZ 
bands, this time-honored, somewhat con- 
troversial antenna is attracting a revival in 
interest and usage because of ts multiband 
characteristics. Tau, the off-center-fed di- 
pole deserves an update. Certainly, most 
North American radio amateurs have not 
heard about the German version of this 


Even though it is опе af the simplest 
antennas, the drooping dipole (a dipole with 
drooping ends, popularly referred to as an 
inverted V) s effective on 80 meters. For 
good DX performance, the apex of an 80- 
meter drooping dipole antenna should beas 
high as possible above ground (ar least 15 
meters [50 feet), because the antenna’ 
vertical radiation angle decreases with 
height above ground. The arms of an 80- 
meter drooping dipole should nor he 109 
‘lose to the ground (say, greater than 3 m. 
[10 ah The input impedance (R, +X of 
a drooping dipole depends on th operating 
frequency, the length ofthe dipole, the angle 
between its arms, the dipole's height above 
ground, and-particularly the resistive 
‘omponent-on the conductivity of the earth 
Beneath the amenna. The included angle be 
tween the arms of an S0-meter drooping 
dipole should be about 127°, since, in this 
‘configuration, the antenna’s pattern is di 
pole-like, and its input impedance is aboot 
SO for antenna heights typically employed 
by radio amateurs. The principal disadvan- 
lage ofsuch an antenna is thatit SWR band- 
widths than 200 kHz- too narrow to 
cover the 80/75-meter band. 

"The broadband performance of an 
teana can be improved through the use cfa 


matching network at the feed point. This 
network can comprise discrete components 
(Gee Hall! Hayward, Bloom. Hately. and 
Li, el al): or transmission-line stubs 
(Sayder, Hansen, aad Wi), Authors Li, 
es al give a microcomputer program forthe 
design of LCR networks for broadband 
matching. 

‘Another way to improve broadband per- 
formance is to use two dipoles fed in paral- 
Jel: one dimensioned for the middle of the 
Tower half ofthe band, and the other for the 
middle of the upper half ofthe baad. The 
rooping-dipcle configuration is ideal for 
this arrangement, since the ends of the two 
dipoles can be fanned (for angular separa- 
tion) in either the vertical or horizontal 
plane. An alternative is o nse an off cen 
ter-fed dipole, which, im addition to 
broadbardednese, has multiband perfor- 
mance characteristics. This article is con- 
cemed with such an antenna, 


The “Windom Antenna” and Single- 
Wire Feed 

"The original Windom antenna (devised 
in 1928-29), named after Loren Windom, 
WSGZ, the amateur who wrote а compre- 
hensive article about iL. employed single 
Wire feed ata pointof 1/6 to somewhat over 
1Л of the antenna length from the center 
(Gee Figure ТА) Windom reported on a de- 
tailed experimental study by colleagues. 
John Byrne, WEDKZ, Edward Brooke, 
W2QZ, Jack Ryder, WÈDKJ, and Prof W. 
L Everitt of the Ohio State University Dept 
cof Electrical Engineering, They found that 
i£ ammetere were placed on the antenna, 
With the single-wire feeder at the position 
Jus described, the current distribution ов 
the dipole was sinusoidal and symmetrical 
‘with no discontinuity in the vicinity of the 
feed point, and no standing wave on the 
feeder. Clearly, the feeder was terminated 
in ts characteristic impedance 

This article did not discuss patter, and 
itwas many years before the computational 
tools for predicting pattern were available. 


Parfitrand Griffin "have recently analyzed 
the single-wire-fed dipole (the Windom 
antenna), and thelr results show, as antici- 
pated. that radiation from the feed wire does 
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Figure 1—Two versions ofthe oft center 
fed dipole. At A, the original Windom 
antenna" actual а Herz (1/2 3) lament 
F 
"pole off-corterfed ма balanced I 

Те пй нге гө vermon datas rom the 
{Sans balun) dates from the 18408, and 
‘ho balanced and balun version 
‘appeared in ARAL publications beginning 
Inthe lano 19508 
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modify the antenna pattern, primarily ar 
low elevation angles with the horizon. The. 
feed line for their modeled antenna was 
‘vertical The patera was basically dipole- 
Tike, with a squint away бош the broad- 
side, Current on a wire, whether uniform (a 
traveling wave) or sinusoidal (а standing 
wave) leads to radiation, unless the radia- 
tion that results from this feed wire current 
is canceled by an equal amplitude, out-of- 
phase current оп an adjacent parallel wire 
asina balanced transmission ine). For the 
Windom antenna, feeder radiation could be 
significant, depending on the arrangement 
and the length of the transmission line. 

"The Windom antenna was widely used 
during the 1930s and into the 1940s For 
example, in author Belrose's experience, 
the British Columbia Forest Service were 
"ing the ingle wire, off-center fed dipole 
inthe mid-1940s. It was а simple antenna 
That was easy to tune and match with the T 
network employed in the output circuit of 
thele transmitter. 


The Он-Сетег-Рев Dipole and 
inced Transmission Line 
A later version (1940s) of an off-center 
fed dipole (micalled Windom) employed 
300-01 ribbon feed a a point 1/3 of the an= 
‘cana length from one end (sce Figure 1B). 
Such an arrangement was the first antenna 
‘used by author Belrose for operation on the 
80, 40 and 20-meter bands in tho 1940s, 
Scholle, DITSH, and Steins, DLIBBC, have 
‘more recently modified this anteana, devis- 
ing а double-dipole version that provides a 
‘good match to $0-0 line on all Amateur Ra- 
Фо bands from 3.5 through 28 MR [Sse 
the Appendix for translations of this article 
and that cited in Note 13-4] Note that heir 
‘double dipole versionprovidesa good imped- 
ance match to coax on the 21-MHz band, 
which the single dipole 80-meter antenna did 
not A double-size version provides 1.8 MH 
coverage as well 
‘Scholle and Steins added a shorter off 
center fed dipole in parallel with tae longer 
T 
ie with a 300- io 50.0 (6:1) balun Jo- 
cated at ihe feed point Table 1 summarizes 
information available on the element 
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135m (44.291) er safe M 


138m (45281) 27.7 m (90:88 1) 
405m (15.99 1) 9.38 m (90-77 % 


2588 m (64.91 f) 51.77 m (169.551) 
Seam (15991 2.38 00.771) 


243m (76.48%) 48.2 m (158.18 0) 
8% (2224 M) 13.58 m (4455) 


lengths for single and double off-center- 
Ted dipoles, Since the dipole must be reso 
nant on harmonie frequencies, it length 
mustbe somewhatlongerthan optimum for 
the 75-meter band, as noted by Scholle and 
Steins [tisapparen from their SWR curves 
nat iheresonant frequency of their antenna 
ie less than 3.5 Mz 

nihe arrangement employed by Scholle 
and Steins, the longer elements were hori- 
zontal nd the shorter elements sloped (the 
included angle between the arms of which 
was A=100°). The authors" version was a 
drsoping-dipole configuration (А +1279) 
‘with the angle between the arms of the two- 
dipoles approximately 45”. This antenna 
was fed with two IS-meter (50Моо) 
lengths of RG-62A (foam dielectric) co- 
axial cable configured as a balanced trans- 
mission Jino. 

We fabricated a single off-center-fed 
dipole (dimensionally identical with the 
longer element of the Scholle and Steins 
"double dipole") and used it аз a Feld Day 
antenna (in 1985) for 75/80 in. The stimu- 
lus for this, and for carrying out a detailed 
study, was à search fora simple al band 
antenna conducted for the Canadian 
tional Institute for the Blind.” We exper 


mented with 4:1 and 6:1 baluns, primarily 
because 4:1 baluns are easier to come by 
(more on baluns later). The antenna wa 
operated in a drooping dipole configura- 
tion (А 127°). with the apex (which, in our 
case, was the feed point) at about 12 meters 
(40 feet. (n retrospect, we should have 
positioned the center ofthe antenna at apex 
height, since in this configuration the eur- 
Tent maximum on the antenna [for S0-meter 
operation] would be ar maximum height.) 
Extensive impedance and SWR measure- 
‘ments were made. To facilitate this, we 
employed a low-loss (foum-dieletric) co- 
1 feeder consisting of a 32.3.meler 
foot) length of Belden 8214 (velocity 


a 
Factor, 08, This feeder was 1/2 А long at 
35 MHz, 1 2. at 7 МН, and so оп, High- 
quality commercial baluns (made by An- 


{enna Engineering, Australia!) were used 
between the feed line and the antenna. 
Figure 2 shows our SWR measurement 
for the 80/7S-meter band. Withthe 6:1 balun 
in line, the 2:1 SWR bandwidth was 3.47 
o 393 MHz —broadbanded, indeed. The 
SWR wes even lower on 40 and 20 meter, 
and less than 2:1 for the lower half ofthe 10. 
meter bund; see Figure 3. Clearly, these 
bandwidths sce not in accord with simple 
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theory." Fifteen-meter data are not shown | 20-meter band. The measured impedance 
because this single off-center-fed dipole at resonance in the RO/75-meter band with 
‘was not resonant on the 1S-meter band. this balun was exactly 50 0; hence the 

he 4:1 balun provided somewhat | antenna's effective feed-point impedance 
sharper resonances and lower SWR atreso- was 200 02 This explains why the minl 
nance in the 80/75- and 40-meter bands, mum SWR with the 6:1 balun was 1.51 
but a low SWR was not obtainable in the the 6:1 balun, however, seemsto bea better 


compromise if operation on other bands is 
wanted. 

Аз noted, we employed high-quality 
commercial baluns (from the AEA Model 
250 series). Radio amateurs have several 
alternatives in this connection; these in 
lude using а 4:1 balun and 73-П conx: or 
purchasing or winding your own 6:1 balun 
(see Orr, Wes dil bad using 30-0 cox. 

Aside from impedance matching, how- 
ever, here arc other factors to consider in 
fesdinganoff-center-fed dipole and select 
ing a balun for this service, Next, we ad- 
dress some ofthese aspects, 


Balun and Feader Considerations 

Intheautumnof 1989, wedecidedtohave 
another look at off-center-fed dipoles. Be- 
‘cause ofthe multiple-resonant-frequencyre- 
sponse of the double off centered dipole, 
we decided to explore the potential of this 
amenna system for broadband frequency 
coverage. If used with a suitable antenna- 
system tuning unit (ASTU), а double off- 
center-fed-dipole system could perhaps be 
‘used on any frequency fom 1. o 30 MH, 
Since conventional balons do not perfor, 
‘satisfactorily into reactive loads, we decided 
to eliminate the bakan, at least insofar as the 
antenna and its feeder were concerned. We 
{edourantenns witha balanced 190. trans 
‘mission line consisting of rwo 15-mate (30. 
foot) lengths of RG-62A (foam-dielectric) 
coaxial cable as shown in Figure 4 and 
described in the work cited im Note 15, 
Teflon-dicleciric cable would have been 
preferable because of Teflon’ superior in- 
Sulating characteristics but 95-2, Teflon- 
dielectric com is unavailable. 

‘We started out with a single dipole ele- 
ment dimensioned o 1/2 iat 2 MHz, This 
antenna exhibited an antiresonan response 
(very high input impedance, measured at 
the transmitter end af the transmission linc) 
at 7.6 MHz. Next, we installed the shorter 
dipole and dimensioned it to minimize the 
system's impedance a 7.6 MHz. Figure 5 
showsthe system's impedance v frequency 
Except for a narrow band of frequencies 
near 6 MHz, the input resistance fell in the 
range of 20 to 400 £2; and the input reac- 
tance fell in the range 4/100 to -200 D. 
This double off-center-fed dipole system is 
rather easily tuned and matched, since its 
reactance is low 

Figure 6 graphs antenna currents for. 
transmitter output power of 100 W. The 
antenna system was tuned using an un. 
balanced T network, with a ferrite-bead 
current balun of the type described by Mar- 
Ж? between the ASTU and the antenna. 
A balanced T network patterned ает that 
described by Belrose was initially used 
since this is the type of ASTU that, in prir 
iple, should be used to tune and match a 
balanced antenne system. Unfortunately, 
however, this tuner employed a standard 
Yoridal-corebalun—a wliage balun, which 
applies almost-equal voltages to the wires 
‘ofa balanced feeder. Even though the balun 
‘vas on the “tuned side” of the ASTU— 
practice we recommend —and the ASTU i- 
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Figure @—At A. a 4:1, tørrta-bead curent balun; at B, connections to the balun end cf. 
ке dual coax balanced leed ine 


sell was balanced, we found that the tran 
mission-line currents (1, and 1, in Figure 4) 
differed greatly in amplitude at some fre- 
‘quencies. The difference may surprise you; 
Ж did us (ses Figure 7). 

Foran antenna tatis asymmetrical with 
espect its feeder-such as an off-center- 
Ted dipole-a current balun must be used, 
since this type of balun forces almost equal 

into each conductor of the bal 


sion-line radiation is to be minimized. If 
these currents are exactly equal, there will 
be ho difference in curent flowing in the 
ground lead (Lu. which connects the 
Braids of the сой lo the tuner ground. Any 
current on this lead is then due to radiation 
coupled current (1) induced on the outside 
surface of the coaxial shield, Clearly, we 
want this current to be small (o minimize 
radiation from the transmission line), and 
indeed it is small except at frequencies 
below 3 MHz (ee Figure 6), (Our amenna. 
was suspended from a bracket at the 12 
meter [40-foot] level on a 21-meter [70- 
foot) sluminum-tatice mast. In the final 
analysis, reradiation by this mast should be 
‘considered because current may have been 
induced on the mast surface.) 


Off-Center-Fed Dipoles for the 
Amateur Radio Experimenter 

‘The off-center:fed dipole used by a 
thor Belrose in the 1940s was fed with 
300-0 twin lead via a balanced ASTU that 
was link coupled wo a balanced (push-pull) 
power amplifier. There was no concern 
About balun losses and what type of bulun 
то use because the system contained no 
balun. = 

"The authors’ double-dipoe, off-center- 
ded antenna employed a balanced coaxial 
feed line. This antenna was attractive for 
the authors because И could be used 
throughout the HF range if fed via a suit 
able matching network. If you decide to 
Fabricate and try an offcenter-fed dipole 
system, we suggested that you dimension it 
im accord with the Scholle and Steine 
sons, which are optimized for the amateur. 
Bands, Furthermore, we suggest that you 
feed such an antenna with a balanced trans- 
mission line. We have used dual RG-62A 
cables to make a balanced 190-0 line, but 
one could use paralleled RG-63 (125-0) 
coaxial cable, Which would make а bal- 
‘anced transmission line more in accord (Z, 
250 0) with the traditional 300-00 
lead feeder, In such a system, the balun, 
and the ASTU Gf required), ean be in the 
shack to allow experimentation in achiev- 
ing balanced current feed and reducing 
losses in the balun. Whatever method you 
‘use, feed your off-center-fed antenna via а 
erte balun, 

A shield-choke current balun can be 
‘constructed by slipping ferrite beads (43 
‘or ~73 material) over a length of coaxial 
(able, (Depending on the beads obtainable 
and the diameter ofthe cable you use, you 
may need to remove the cable's outer jacket 
and install the beads directly around the 
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Figure B—SWA curves tor the eightband double Windom, [Those curves do not cover 


Al US amateur frequencies decades 
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shield) As described in the work cited at 
Note 19, Walt Maxwell. WADU, used 50 
beads of no 73 ferrite (Amidon no. FB 73 

2401, Palomar FB-24-73 ar equiv) on a 
piece of Teflon dielectric cable to make 2 
practical, low-loss, 194030. МН balun 
boot 12 inches Jong." Such a balon, how- 
Ever, is a 1:1 transformer not very useful 
for the present application, where imped- 
элге transformation is also required. A 4:1 
balun of similar type (see Note 20) can be 
constructed by using two equal lengths of 
RG-62 (95-1) coaxial cable, each fitted 
with ferte beads, The inputs to these Wo 
‘oaxil-cable baluns are connected in par- 
allel and the outputs in series (see Figure 
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locations n the PRO aer from those I the US— 


8). This makes а center-apped 4:1 balun. 
Our amenna feeder as à center tap: the 
braid of the balanced coaxial transmission 
"The braids oF the transmission-line 
cables can be grounded to the center tap of 
the balun, orto tbe ASTU (or transceiver) 
ground. Connecting them o the transceiver 
ground isthe Letter arrangement because 
the transmission Jine currents are better 
(For 
ASTU -ground connection, the 
braid current is measured in the wire 
connection to the balun center tap; in the 
braid-to-transcsiver-groand case, the braid 
current is measured inthe connection to the 
equipment ground.) 


erformance 

(Our single-clement Field Day antenna 
worked Well for us; as previously noted, 
however, we employed it only on 80/75 
meters, On this band, u ls essentially u 
172-4 dipole with unconventional feed. At 
higher frequencies, the pattern develops 
lobes because the dipole acta as along. ale 
amenna. Provided that this directivity со 
ncides with directions of interest, the 
off-center-fed dipole is a good, simple 
brocdband/maltisanó antenna. 

"The authors" 1989 (double dipole) ver- 
sion, while aot designed specifically for 
"Amateur Radio communication, has been 
‘used оа various amateur bands (during the 
‘Winter of 1989-90) Ic works, but how well? 
We checked into varons nete оп 75 and 40 
meters, On 75, for instance, we checked 
intotheONTARS (Ontario Amateur Radio 
Service) net, and the Newfoundland Phone 
Net (1730 EST), two regions at quite di 
ferent distances from the Ortawa area. The 
reports received were comparable with 
those given to other stations by net control. 
On the 160-meter hand, we found that we 
sould work stations we could hear, pro 
vided that hey were running comparable 
power (100 W) and their local noise levels 
Were reasonable. We have not yet deler- 
mined the antennas gain and patem, 
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APPENDIX 


A Double Windom Antenna for Eight 
or Nine Bands 

‘This work, which originally appeared as 
two articles in eg. B. was translated from 
the German by Dr, George Elliott Tucker, 
WASNVL 


Part 1: A Double Windom Antenna for. 
Eight Bands 

By Hubert Scholle, DITSH, and Rolf 
Steins, DLIBUC 

‘The asymmetrical dipole antenna devel- 
oped and described by Windom (W802) in 
1929 has been used by many amateurs for 
many years as the FDA, This has also been 
the ease in Germany. 

We discovered in an older periodical 
(ORV) the explanation by F Spiller 
(DI2KY) that this antenna, with the addi- 
Чоп of small ове band Windom for 15 т, 
сап be used ax a five-band Windom. After 
the installation of he additional elements, 
this antenna worked very well fortwo years 
ot DLIBBC. 

"With the opening of new bands (10, 18 
and 24 MH), the thought occurred to try 
Ош а new extension of the FD4 to eight 
bands (3.5 1029.7 МНА). 

What worked for 21 MHz must also be 
possible for 10 MHz 

Sowe ook off the 21-MFz extension to 
my antenna and hung two elements of 4,69 
and 9.38 m (15.39 and 30.77 A). respec- 
lively, on the PD4 and stretched these 
downwards From insulators э an inverted 
V (Figure A), 


тшту -iz 
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reduce coupling betwen the antenna 8 мо offcenta-lad dipolog E] 


To calcule the length we used the for. (22.63 ft) above the ground, rising to about 
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‘Thanks ю ош neighbors, we were le 
to even dne basic antenna PDS) al Sibi the 30-m section, so the засе 
кр elus e re — 
AtDLIBBC it was installed about 6.9 m ‘With ай adjesiment, the raone 
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Figure E—SWA curves lor the nine-band Double Windom. 


point on 30 m shifted slightly towards the 
Фай of the band, but this can be tolerated 

‘With all measurements of the Windom, 
it was very clear that how the fed Jine ran 
played a decisive role. 

‘According 10 our results, it must be 
stressed thatthe feed line must run first ver- 
tically downwards from the feed point to 
the ground and only then to the shack, as 
otherwise the entire antenna may be 
detuned, This is especially the case when 
the height ofthe antenna sonder 10m (32.8 
Ti) The 50-ohm-coax feed at DLIBBC was 
pulled through an old garden hose and then 
buried under the awn, 

"The lower antenna height at DJ7SH had 
the result that, with the frst construction 
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attempt, the precalculated length of the 30- 
melemente was exactly right The antenna 
delivered on all eight bands at the first go. 

As can Ве seen from the SWR charis 
(Figure В), at DLIBBC the match on 40 m 
turned out somewhat Jess favorable. How- 
ever, this was immediately fixed by chang- 
ing the antenna height slightly. At DITSH. 
mo resonance curve ran above 15:1, which 
was the goal since neither station uses an 
Antenna taner. 


Performance 

First contacts were made with both an- 
tennas. These showed that the antennas had 
а good degree of performance for a long 
Wie. Especially the downwards sloping 


extension elements have а clear advantage 
‘over the horizontal basic antenna for DX. 

"With the first try on 30 ш, many con- 
cts were made with the US (East and West 
outs), with signal reports between $6 and 
S7 while running 100 W. 

At present, we cannot make а conerete 
statement about contact within Europe 

"This article makes no scientific claims, 
but intends to stimulate the long-wire en. 
thusiast, and especially the friends of CW. 


Part 2: Adding Another Band 

Because the response was unexpectedly 
great to the publication of the above in cg- 
DL, we wentto work agin on an extension, 
as i was worthwhile to add 160 m. 

With a half wavelength at 1.835 MHz, 
we calculated the basic length of he an- 
{enna o be 71,55 m (254.75 fi). We tapped 
the antenna at 25.88 m (84.9 0) from one 
end and fed it with 50-ohm coax through a 
6:1 balun. The basic antenna of this length 
‘was installed horizontally us а reclining L 
CDLTBBC. The additional elements, with 
— 38m (15.39 and30 77 
10, were attached at the balun. This addi- 
tional Windom for 10 and 21 MHz was 
again stretched downwards as an inverted 
У with an angle of about 100". Here the 
sdditional Windom wat mounted so that 
its elements were not extended in the 
same direction as those of the reclining L. 
‘which gave sufficient decoupling (Figures 
Cand D). 

For the feed, the Fritel company made 
available for testing anew 6:1 balun, senes 
XS, which can also handle high power. The 
SWR charts (Figure E) were obtained with 
the wire lengths given in the preceding 
paragraph. In case builders experience 
Sight resonance shifts, these can be bal- 
anced out by lengthening or shortening the 
additional Windom. 


Performance 

Рим contacts were made with the an- 
tenna installed at DLIBBC. Here it was 
once again shown that the antenna has a 
good degree of performance for a long 
‘wire, especially for 1.8 and 3.6 MHz within. 
Europe. The additional Windom again had 
the degree of performance described in the. 
firs part of this article 

"Ihe authors welcome questions and ex- 
change of information. (When writing, 
Please include return postage) 
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Improved Feed for the 
Off-Center-Fed Dipole 


By Richard А, Formato, KIPOO 

Theoretical data suggest that the com- 
moniy used feedpoint for he off-center- fed 
dipole (OCFD) may not be the best. The 
OCFD is an attractive multiband antenna. 
because i's simple, inexpeasive and re. 
quires no antenna tuner. Improving it per- 
formance simply by moving the feedpoint 
makes the antenna even more attractive, 
This note illustrates how the feedpoint in 
‘uencesanteana performance by analyzing 
Somputer-modeled SWR data fr three dif- 
ferent feedpoint locations. 

"The OCFD (shown schematically in Fig- 
ше 1), consists of a single wire radiator of 
length L, fed off center а distance D from 
one end. The usual implementation шек a 
e feed” that is, the RF source is located 
‘one-third of the way from the end, so that 
D = 03 Why the feedpoint should be Io- 
cated there ls not exactly clear. The ninth 
edition of The ARRE, Antenna Book! for 
example, observes that there is not much 
theoretical justification fors choice. Ne 
ertheless the -feed is accepted practice for 
building an OCFD. 

Design detail for a feed les bud 
ОСЕР (30, 40 and 20 meters) appear in the 
eden of TheARRL Antenna Book? A 


"The ARAL Amanna Book. ih Edition 
Teen: ARAL. 1900, p 19 fo 18 


Table 1 


SWR Versus Foedpoint Placement 
(seo Figure 1) 


ооф 

Distance 0 (m) SWR 
40 Meters 

555 25 

зв 21 

E 20 
20 Motera 

m 20 

658 17 

Ses 17 
15 Motors 

nos 12 

596 213 

365 19 
10 Matera 

m 22 

E 22 

365 24 


4:1 current balun at the feedpoint matches 
{his aatenna to any length of 50-0 coax, 
More recently, Bill Wright, ОЙРАН, de- 
‘scribed а four Bund, feed ОСЕР (40, 

15 and 10 meters) fed with 300-0 ladder 
Jine: Matching 50-Й coax requires a 4:1 
balun on 40, 20 and 10 meters, and a L-1 
balun on 15 metere. Four-band operation, 
therefore, requires switching baluas. An- 
lier minor liiation is that the ladder. fine 
Tength cun be only аз odd multiple of the 
‘wavelength a 21 MHZ because the line is 
жей as an impedance transformer, A sim- 
Pler approach to achieving four band opera- 
‘ion is to feed the OCFD at a different point 
along is length. 

T computer-modeled a 21.03-mecer (69- 
Footlong, 0.2053-cm»-ciameter (#12 AWG) 
OCFD in tee space. The dimensions are the 
same as those fo the GÜFAH desiga. Free 
space result ae а good approximation for 
antennas high enough above the ground 
(typically a significant fraction of 2 wave- 
length). The band-canter SWR was com- 
puted on 40, 20, 15 and 10 meters at the 
Antenna input terminals or à feed system 
impedance of 200 dl The theoretical values 
of input resistance and reactance were used 
lo calculate SWR (the antenna was not s 
sumed to be tuned). Because the feedpoint 
impedance is 200 0, a 4:1 balun s required 
10 feed the antenna with 50-@ coaxial cable. 
"The results for three different feedpoints 
appear in Tahle 1. 

For the conventional -feed (D = 
6.98 m), the 40 and 10-meter SWR values 
ме slightly over 2, while the 20-meter 
SWR i about 175. In marked contrast, the 
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Figura 1—The basic ofr center fed dipole 
6780 


1S-meter SWR is off the scale (the actual 
value > 20), It is this behavior that makes 
special feed system necessary оп 15 meters, 
а complication that can be avoided by mov 

ing the feedpoint 

When the OCFD feed is located 8.65 
meters from one end, the 40, 20, and 10- 
meter SWKs ure somewhat higher than they 
жге wlth Ys feed, but the 1S meter SWR. 
ds very low (= 1.2). Moving te feedpoint 
1.67 meters closer to Ве antenna's center of 
the antenna results ina much better average 
SWR. And, more importantly, special 
matching is not required to achieve SWR $ 
25 al the antenna terminals on all bands 
Balun and coaxial cable losses, which are 
inevitable, reduce the SWR at the coax n- 
put to even lower levels. For most installa- 
tions, it is probably reasonable to expect 
SWR at the transmitter to be less than 2 on 
all bands, 

With the feedpoint located 3,65 meters 
from one end, the SWR on 40, 20 and 15 
meters is excellent, The 40.meler SWR is 
only slightly above 2, and the 20 and 
IScmeter SWRs are below 2. The highest 
SWR occurs am 10 meters, where it's ap 
proximately 24. Because the SWR is te- 
duced by feed-system loses, it will be les 
than 2.4 at the coax input. And, because 
balun and cable losses increase with fre- 
quency, the SWR reduction will be greatest 
‘on 10 meters where itis needed most Feed. 
ing the antenna 3.65 meters from one end 
may well provide the best overall four-band 
performance. 

Ina specific implementation, the OCFD, 
like any antenna, must be tweaked for opti- 
mum SWR. This is accomplished by adjust- 
ing the feedpoint location. Other antennas, 
nearby metallic objects, and the earth are 
typical factors that influence antenna per- 
formance. Since these factors are bot in- 
cluded in the computer model, hey must be 
dealt with empiciclly by adjusting the an- 
tenna on-site, The data presented bere pro- 
vides starting point for experimenting with 
different feadpoints. Depending on the 0- 
tal antenna length L, height above ground 
earth electrical parameters, and feed sys 
lem Zp it should he possible to operate a 
Single OCFD on four or more bands without 
эл antenna tuner or special feed arrange- 
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ment. W's apparent that the OCFD's SWR. tions. However, 1 would add a couple of not be symmetrical, as is the case foc any 
varies dramatically as the feedpoint it caveats: sach offcemersfed antenna. This ie noti 
moved, andthat the commonly used А босі * The SWR across an individual band will ing new, but should still be mentioned, par- 
isnocnecossarily the best, Other чагу Forexample the d0-meter SWR will ularly for those hopeful folks who want 


тшу therefore produce better antenna. ——— Hseabovelheleveihedescrberatibeends а “one-thing-o-all-poople” аеш. 
Dean Straw, NOBY, Senior Assistant of the band, because itis rather lampe = The ham who tries this approach on 30.17 
Technical Editor, comments band, percentage-Wise. This antenna ог 24 meters may bum out the 200:50-0 
T've modeled what Richard deseribes nd different from an ordinary cente-fed 40- balun transformer. The SWR is very high 
find that he's basically correct in his asser- meter dipole in that sense. Indeed on those bands. 


+ Thc azimuth patterns for this ОСЕР will 
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Off-Center-Fed Dipole 
Comments, Part 2 


By Richard A. Formato, KIPOO 


8 . ЭЕ! 
In an earlier correspondence,! suggest 
thatthe conventional "V>-feed” used fortho SWR Minima 


Off-center.feddipole(OCED)isnothebest 385m 698 m(/-t000) 885m 
choice. This letter provides additional 1. , Fra Freq Band 
formation, and responds tocomments made (MHZ) SWA (MHz) БИЯ (MHz) SWR (Meters) Fe 
by Dean Straw, NOBV, athe ead of that 895 127 — 705 208 706 240 40 

Заре 14% 130 1405 182 mo 1 
correspondence. Before addressing the 10195 170 1405 же Таг . 


commen, It is important to examine in 
more detail the SWR data which are the 
basis of my eater letter. Figure | plos 
computer modeled free-space SWR for the 
prototype 21 03-meter long, 0.0253-em. 
diameter OCFD. SWR for a 200.0 feed Table 1 liets minimum SWRs and the fro- three bands without some sort of matching, 
system impedance was calculated at the quencies ofthe minima for the three feed which is why the ОРАН design? requires 
J every 50 kz for points, For reference, ће right-hand col. two Бад» and a specific transmission line 
source frequencies from$ to 30MHz. Three dne list the corresponding amateur band length for 15 meters. 
{eed-point locations were modeled, 365, | and its approximate center frequency. How feasible four-band operation is de- 
&9в (/ feed), and 865 meters from the The miim point of my previous corre- pends only on where the minimum SWRS 
fend of the antenna the curves are labeled spondence was hat ͤ anis ameter occur relative to the ham bande, and how 
accordingly feeds might permit four-band operation | low the SWR is across the bands, Table 1 
%%% because these shows that tbe prototype ОСЕР has SWR 
curves are the locations of minima and . our SWR minima mialma very close to the 40, 20, 15 and 10- 
maxima, and the corresponding SWR. between 5 and 30 МН» (see Figure D) By meter bands. With some on-site tweaking, 
‘Renard А Farmao K1P00, improved Feed contrast, the 98-meter SWR curve has only 
%% 


2825 1e 2837 1з 2825 т 10 


1996, page 76 tenna cannot possibly operate on more than OST Fab 1938, page 85. 
Г 
dere 
s Band | J 
Ferre (w) Гаити ЖЕ: Ж 
eser баш) 
Figure 1—A pt ol compuler-modeled re paca SWR forthe 


EE ee m : 
Куре Samet og. Loic dan OOD, SWR qure 2-A pot ofthe prototype ООРУ» EWA em 100 wie 
Bom fosd ori rear maa akusa e miera roid DRE Petite Pre Car and mE Sep 
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itis reasonable to expect that this antenna, 
Ted either 3.65 or 8.63 meters from the end, 
could provide good SWR across all four 
amateur bands without matching network 

The prototype OCFD dimensions were. 
‘chosen because they correspond tothe ОРАН. 
design, hus permitting drecteomparisonwith 
‘hat antenna: not because they are optimized 
ir any way, În fact, the prototype dimensions 
are not optimum for a four-bané OCED. In 
free space, the frequencies at which SWR- 

ima occur, ad the берн of the minima, 
are determined bythree parameters: radiating- 
element length and diameter, and feed point 
location Changing any one of these changes 
"both the frequencies of the SWR minima and 
the minimum SWR values, 

Optimizing a four-band, free-space 
 OCFD comes down to determining a set of 
antenna parameters that produces accept. 
ably low SWR (typically less than 2) across 
"he 40, 20, 13, and 10-meter hands, А! 
though T have not determined optimam pa- 
rameter values, the very good predicied 
performance of the prototype antenna sug- 
(este thar sul beter performance e almost 
certainly achievable. The purpose of my 
first letter was to encourage experimenta- 
tion with OCED designs, which would bope- 
fully advance the state of the art by 
producing near-optimum design 

‘Turing next tothe comments at the end 
of my first correspondence, they are ad- 
dressed as follows” 
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SWR Variation Across a Band 

Te terms of SWR behavior, the OCFD is 
much different from an ordinary centered 
dipole (CFD), The CFD is intentionally cut 
(rated) to place minimum SWR within the 
band, which is why SWR increases toward 
the ends of the band (moving away from the 
minimum). An OCFD may or may not ex- 
hibit this behavior, depending on where its 
SWR minima аср. To illustrate, Figure 2 
plots the prototype OCFD's SWR from 
100 kHz below io 100 kHz above the 
40-metor band in 5-KHz steps. The SWR 
does not increase toward each end of the 
band. Ifthe SWR minimum is either outside 
or at one end of the band, as ir is in Figure 
2, the SWR will increase in one direction 
(apardown band, but decrease in the other, 
quite unlike an ordinary CFD, The OCFD's 
SWR will increase at both band edges ony 
‘when ts SWR minimum is inside the band, 
Which generally is not the case 


Azimuth Pattern 

“The ОСЕР does indeed have an asym- 
metrical azimuth pattern, becuse the radi- 
‘ating element is not symmetrical about the 
feed point. Bat feeding the ОСЕР 8.85 
meters from the end provides a higher de- 
gree of symmetry than the conventional - 
feed. Locating the feed 8.65 meters fiom 
опе end should result in а more symmetri- 


al azimuth pattern than the conventional 
‘eed, not less. Of courte, feeding the OCFD 
3.65 meters from the end inereasesitsasym- 
metry compared tothe сей, so that the 
pattern for this implementation would be 
expected to be less symmetrical, Even e. 
Pattern asymmetry is noc necessarily unde- 
sirable. Many operators may want to take. 
Advantage ofthe OCFD's pattern by orient- 
ing the antenna to radiate in a preferred 
direction. This consideration applies to any 
antenna, even 10 the single-bund CFD, 
Which is an extremely poor radiator in the 
direction of be antenna axis at low to mod- 
erate take-off angles. 


Operating the OCFD Our-of Band 

Regardless of where the feed is placed, 
or how itis implemented. certainly no at- 
tempt should be made to operate а 40, 20, 
15, 10-meter ОСЕР on any other band. 
High SWR conditions may very well result 
in balun damage, 

The data presented here provide additional 
sight into the advantages of feeding the 
OCFDatpoinisocherthan /softslengtntiom 
the end. With computer models for wire an- 
tennas widely available, it should be possible 
то optimize Ње OCFD in free space and over 
typical ground eo that multiband operation is 
achievable without a matching network. 


Т, October 1996 (Technical Correspondence) 


Off-Center-Fed Dipole 
Comments, Part 3 


ву Roy O. Hill Jr, W4PID 

ST» May 1996 Technical Correspon- 
dence column article “Improved Feed for 
‘The Off.Center-Fed Dipole” contained а 
statement that surprised me: "Why the feed 
Point should be located (ofthe way from. 
{he end] is not exactly cleat. The ninth edi- 
tion of The ARRL Antenna Book, for ex- 
ample, observed that there is not much 
‘theoretical justification for this choice." It 
Seems to mě that there is plenty of theoreti- 
cal justification, Kam not an electrical engi- 
acer, and Lum going to keep this simple. L 


won (say anything about computer sima 
tions, round effects. reactance, unbalanced 
feed ine currents, о adding 15-meter cov- 
rage; and [will ese the lowest frequencies. 
m the 80, 40, and 20-meter bands with ull 
awareness thatthe frequencies actually used 
Will be higher than that. 

Thirty or 40 years ago, it was more or 
less generally accepted that the impedance 
ofa half-wave antenna was about 4 EO at the 
end, about 72 0 at tho center, and that the 
impedance along the antenna could be aceu- 
rately represented by а straghtlineon semi- 
Tog graph paper. Using these premises, 1 
platted the impedance along a half-wave 
ne antenna оп the graph of Figure 3, 
Then added 7.0 MHz end 14.0 MHz plots 
forthe same antenna. 

All thee lines crose at two points atebout 
the 280-D impedance mark. These пио 
points are \ of the way (within 01 percent“ 
Age point us 1 measare i) from the ends of. 
the antenna, The antenna can be fed with 
300-0 line at either of the triple-crossing 
points and ie will work on all three frequen 
cies. You could miss the exact rossing point 
(or change the frequency) somewhat and 
ЗШ have an impedance between 150 and 
600 Q1 which would present an SWR less 
Than 2. an allowable vale for most rane 
mittens. АП his was pret widely known in 
‘the 1950s, What happened toit? Was all the 
‘ld low-tech knowledge thrown out when 
the modern high-tech stuff came along? 
“Tossa Wi тюсте оаа fi 


aly евна haya an SWA Миг han 
Back Lau RNG 


Frenne бе) 


Figure 9—Impedanes plot of an OCFD for 3.5, 7 and 14 MHz 


Tesi) from sihar sre 


Also, the article mentioned that the 
‘feed antenna requires no antenna tuner, 
‘That is tue, of course, for loading the an- 
tenna, but back inthe days I've beea talking 
about, the ARRL was stressing that you 
should nor use а multiband antenna without 
эп antenna tuner because of the danger of 
harmonie radiation. Do we not worry about 
harmonic radiation any more? 

A litle over 30 years ago, using as a 
guide a graph like the one shown in Figure 
3, but using frequencies more like those оа 
‘whieh I would be operating, I put up an an- 


nation о! distance (in 


тепла fed with 300-0 ribbon 80 feet from 
‘one end and 44 feet from the other I have 
used this antenna ever since. I do use an 
Antenna tuner with it. The system works fine 
and causes no REI or TYL. 1 used similar 
antennas for about 12 years before that, at 
other locations, 

T just couldn't pass up that "nor much 
theoretical justification” quoted from an 
ARRL publication without comment. The 
"i feed has, not only plenty of theoretical 
Jesica but plenty of practical jest 
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From QST, September 1 


Choke the OCFD 


By Dale Gaudier MOAOPIK4DG 
Alter reading with interest Richard Table 1 Tablo 2 


(К1РОО) Formato's technical correspon- IF Choi je RF Choke 
(KIFOO) Forni s w hn correspon- Result without the RF Choke. Results with the RF Choke 


vations made in the course of modeling, is Minimum 2:7 Зия Range Валд Minimum СИБ 2 SA Range 
then constructing, an olf-cemier-fed dipol (ers! (MH) 12 e „M co ДИН. 
(OCED) using K1POO's design suggestions. 40 de урн) Ж ы» fina BS 
. MAP 19250-16800 20 ыр 12 13520-14420 
all length of 68 feet 5.5 inches or 2103 15 ZM& WOR) IE жш 11 0 555 
meters with feed points at 3.65 meters (11 10 эз IN ик вм +14 тюлмю 


Feet 105 inches, or 17.4%) and 8.65 meters 
(28 feet 2 inches, or 41%) from one end 
using Roy (WIEL) Lewallen's EZNEC 
VIO. Using KIPOO's design criteria (a 
nominal feed pointimpedance of 20042) the an SWR analyzer attached to the feed line flowing at the feed point (possibly due to 
free-space SWR curves were a good match to measure the antenna's resonance and фе asymmetrical design of the OCFD). I 
for those set forth in his correspondence, SWR. The results are shown in Table 1, made a simple RE choke by coiling several 
‘Based onthe model data, Ht appeared hat The SWR mininium nd 2:1 SWRrange turns of the RG-RX feed line close to the 
the design with a (еей point м 365 meters for the 10 meter band were higher than feed point and balun. After some inital ad- 
(174%) йош one end gave the best results desirable for an antenna whose purpose is justments of the choke diameter and num- 
overall for all four bands (40, 20, 15 and to minimize he need for a timer. However, ber of tarts, bad my 40-meter resonance! 
10 meter) the real puzzle was the lack of resonance (See Table 2.) The coil is 57s wms of 
Then built an antenna based on the anywhere near the 40 meter band! The RG-BX with an inside diameter of 9% 
. SWR minimum around 8.5 MHz was nei- inches (24 em); Note thatthe 40-meterband 
the dipole conventionally of #14 AWG  therpronouncednordeep,andcertainly not minimum and2:1 SWR range can be raised 
Stranded copper wire and mounted it ар. What was predicted hy computer modeling. by removing рап of a tum from the RF 
proximately 33 feet (10 meters) above — ted pruning the two dipole legs, This choke 
round A commercial balun atthe feed only caused the 8.5-МН2 SWR minimumto As is apparent, the ОСЕР design of 
Doin allows matching the 200 (antenna ski somewhat. Pruning did not produce an К1РОО is surprisingly broadband, and with 


. / will cover virtually all of 

inthe 40 meter band; it also decreased the the 40, 20, 15 and 10-meter bands with an 
тет % minima. ЗМК of 2:1 or less. However, an RF choke 
ipae Formate, ро: Ot Cenerret IL occurred lo me thu the effects 1 was appears to be necessary for his design 10 


fondence GST Oct Ms pp 72-73." observing might be dueto unequal currents work on is fundamental Frequency. 


A Trap Collinear Antenna 
From August 1963 OST 


Antenna Traps of Spiral Delay Line 
From November 1972 OST 


Build a Space-Efficient Dipole Antenna for 40, 80 and 160 Meters 
From July 1992 OST 


Trap Construction Information for Al (W8NX) Buxton's July 1992 Dipole 
From September 1992 OST (Technical Correspondence) 


Two New Multiband Trap Dipoles 
From August 1994 OST 


A Center-Fed “Zepp” for 80 and 40 
From May 1966 OST 


al. Band Antenna 
From March 1967 OST (Technical Correspondence) 


Multiband Antennas Using Decoupling Stubs 
From December 1960 OST 


"All-Band" Antenna 
From December 1954 QST (Hints & Kinks) 


Three-Band Matching System for a Forty-Meter Doublet 
From January 1975 QST (Hints & Kinks) 


A"Z" Antenna for the 10-160 Meter Bands 
From December 1979 QST (Technical Correspondence) 


Compact Multiband Antenna Without Traps 
From November 1981 OST 


Five Bands, No Tuner 
From June 1995 QST 


The NRY: A Simple, Effective Wire Antenna for 80 through 10 Meters 
From March 1993 QST 


Bell, W70 


From OST, Au 


A Trap Collinear Antenna 


Simple 3-Band Radiator with In-Phase Elements 


‘This antenna covers the 15,20, and 80- 
meter bunds. On the two higher frequency 
bands the antenna operates with two ex- 
ended half waves in phase thereby realiz- 
ing some gain over the dipole operation of 
a conventional trap antenna, 


As your ARRL Handbook tells you, 
broadside gain over a dipole approximately 
‘equivalent to doubling transmitting power 
may be obtained by using a center ed an- 
tenna about 1 wavelengths long (extended 
double Zepp). Advantage of this is taken in 
the three-band trap amenna shown in Fig 
ure 1. The basic antenna s a dipole for 80 
meters. The trapt isolate sections of ap- 
proximately Ve wavelengths for 20 and 15 
meters. Since the center ofa | wavelength 
wire innotstacurtene Ino, wire ie added in 
е Топто ashorropen wire fender to make 
the total length about 1% wavelengths, 
thereby bringing а current loop at the point 
‘where the system is fed by com line. A 
‘balun is used о couple the unbalanced line 


to the balanced antenna system. 


Trap Construction 

‘The coil and capacitar specifications 
given under Figure 1 should be adequate 
for transmitters running at 100 watts input 
or less, For higher power, the inductance 
sad capacitance values should be the samo, 
butcoils should be wound with heavier com 
ductor, and capacitors should be of the 
transmitting type, such as the Centralab 
850SL type. [made my owa coils by wrap- 
ping a2einch form with waxed paper and 
‘winding the turns with double strands of 
Nor If wire, unwinding one strand and ce 
menting the remaining turns with strips of 
model-sirplane glue. When the glue was 
dry, the completed сөй was slipped off the 
Form. Atleast one full extra turn should be 
‘wound to allow for Peg. 

As shown in Figure 2, the capacitor is 
placed inside he col, and the terminals of 
Both capacitor and coil soldered to the 
ends of brass machine screws. These 


screws serve o hold the assembly central 
in a plastic waterproof container as shown 
in Figure 3. The container is the pint size 
commonly found filled with chip dip, ice 
‘ream, potato salad, oysters and whatnot in 
grocery stores. The screws are fastened in 
the top cover and bottom ofthe container 
with nuts. The container is suspended from 
an insulator at the appropriate point in the 
antenna by short lengths of wire dropped 
from the insulator to the mounting screws 
where they are secured by a second set of 

‘After mounting the traps inthe contain- 
ers, they should be resonated to the desig 
mated frequencies by carefully pruning the 
coils while checking with a grid-dip meter. 
"The strain insulator with Из wire wraps 
must be included, зя shon in Figure 3 
Since the insulator capacitance isin parallel 
‘withthe trap capacitor, (See ARRL Hand- 
book) Аз resonance is approached, final 
‘adjustment can ве made hy forming what i 
Jeď of the las tum nto a hairpin, and bend- 


. 


Figure Y— Sketch showing he approximate dimensions ol the rap collinear Wire lengths shown on le side are J tarma of fel, while 
%%% ̃ are shown on ihe right side. Frequencies and approximate wie longihs are 
"or ine centers o the tres bande as a compromise forful-band coverage. R may be desirable то increase frequency far chong опу 
"perator or lawar frequency Tor only operan. 


C1, C225 pt. 8000.vot disk ceramic. Seo tet 
Со Арргох 2 HLA ums No. 18, 2/inchos Glam, Ye Inch 
long or S turns No. 18,2-nch dam, 16 p. Se 


Le Approx, 5 uH. tums No. 18, 2e inch dia., Y inch long, or 
turns No 18. 2ine dam. 16 д. See text 
zi 21101 balun 
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Figure 2—Trap components ready o be 
mantas In weather roo! container. 


ingoctwising the hairpin to alter its induc- 
tive relationshipto the main part ofthe co 


Antenna Adjustment 

Antenna resonance can be checked by 
shorting the ends ofthe 7-Fopen-wite line 
and coupling to a grid-dip meter. Initially, 
the wire lengths shouldbe made a foot or so 
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Figure 3—The completed 21-MHz trap and 
Ча supporing insulator ready or checking 
атоо oscilator, 


longer than the lengths shown in Figure 1 
Start out with the 21-MHz sections only 
anchoring the outer end of euch wire sec- 
tion o one side of a 21-MHa trap insulator 
and connecting itto one sideof the irap. An 
additional insulator should be attached 
temporarily between the other side of the 
trap insulator and the antenna supporting 


‘ope. Then gradually shorten the wire until 
the grid-dip meter shows the desired reso- 
nant frequency. 

‘Then add the second sections and traps 
and adjust similarly for the desired f 
quency in the 14-MHz band. The end sec- 
tions of wire aro then added and dusted to 
show resonance at he desired frequency in 
the 3 5-МН band. 

In making the antenna adjustments, do 
not adjust the taps after they hase once 
‘been set with the 880: change only the 
lengths of the wire sections. Devote plenty 
ottime and patience tothe adjustments. The 
Job just can't be done correctly in a few 
minutes. 

1 ше a center supporting pole, and the 
balun is enclosed in a weather-proof box 
mounted at the top of the pole. 

Results with this antenna have been 
good. Using it in * inverted-vee” fashion, 
‘with one pole at the center and the ends 
attached to bushes, fences, clothesline, or 
‘whatever else might he handy, 1 changed 
directions by simply walking the ends 
around to different positions. Without half 
frying, I worked 44 countries with а DX- 
60. I'm moving to the country soon where 
Tran to put up several of these antennas. 1 
hope to dd reflectors to. (Well guy can 
dream, can't he?) 


By William J. Lattin, WaJRW 


From QS: 


November 1972 


Antenna Traps of Spiral 
Delay Line 


Most “traps” used in amateur radio 
multiband antennas are made of lumped 
inductance and capacitance in parallel. 
These consist of inductors made of coil 
stock of No, 12 or No. 14 wire and ceramic 
Capacitors having voltage ratings up 1o 
15,000 volts de, which are relatively ex- 
pensive. Vacuum capacitors would be the 
best, of course, but are also rather expen 

Another type of tap hos а capacitor 
made of two pieces of aluminum tubing 
arranged with a small diameter tube inside 
A larger tube. Some have polystyrene di 
electric, others air dielectric, The ARRL 
Handbook has very complete description 
ofthese types, 

Quaner-wave tubs of transmission line 
сап be used Tor isolating of an an- 
tenna." Loading coils can bensed tn modify 
The harmonic responses of а doubler to the 
second, third. fifth, seventh, and so on. to 
obtain a multiband antenna. However, tte 
use of loading oils is quite complicated ir 
more than two bands of frequencies are 
desired. Traps tuned to the desired reso- 
nant frequencies make it much easier to 
adjust the lengths of he antenna sections, 
and also to obtain closer spacing between 
bands than can be obtained with loading 
coils 

Since quarter-wave sections of trans- 
mission line cam be used as decoupling 
Stubs for isolation of sections of an antenna, 
the idea occurred that perhaps quarter: 
wave sections of spiral delay line (SDL) 
might be used ro make a very simple trap, 
‘without lumped capacitance. Spiral delay 
ine is coaxial line with a helical inner con 
ductor. 


Construction of SDL Traps 
Figure 1 shows the coil which is the he- 
lical inner conductor of the spiral delay 


Vie a cee TA 3 
Coils,” OST, April, 1381, p. 43. Е в 


line along with the polystyrene tubing and 
end pieces for the coil, and the aluminum 
tube. The completed assembly is showa in 
the ttle photograph and Figure 2 

For a 28.S-Mliz trap, coil of No, 12 
magnet wire was wound on a cl rod, 
37 (ити, close wound. The coll wat 
removed from the "finch rod and it 
sprang out to about ‘inch OD. The coil 
‘was 3/ inches long, Enough wire was used 
to allow cad wire straightened out to be 2 
inches long on exch end of the сой. Two 
pieces of cinch OD polystyrene rod cut 
"ласі thick were drilled ia the center o 
fic over the No, 12 wire ends and one was 
slipped over each end af the coil. This coil 
as placed inside a piece of Linch OD x 
‘inch ID polystyrene tube 4'/-inches 
Jong, and a piece of H, meh OD x I-inch 
x 4'h-inch Tong aluminum tube slipped 

er this. The assembly was held toget 
‘with No. 6-32 x ‘Yor inch screws in holes 
Ше and tapped just far enough into the 
polystyrene end pieces to hold the screws 
in place, The short for this quarter wave 
section of spiral delay line was made wit 


Figure 1 — To parts used in 
the make-up of WAJRW 


SDL нар. 
H1, H2. End piegas of 
winch length of inch 


OD Polystyrene rod nth 
enter hola for No, 12 wire, 

HS" rine OO Veinen ID 

olystyraně tuba, length one 

Inch greater than thal of сої 
ums ol 

HÀ C rineh OD x 1ineh ID 
‘aluminum tube, length equal 
fo nat of He 

17 Close wound coll of No, 
12 enam. or magnet wire, 
Жоп OD to т тада Н 
Sae шше Sen екот 


A solder lug under one serew with a wire 
soldered between it and one end of the сой, 
as shown in the photographs, 
he curve inthe graph, Figure 3, shows 

the numberof turns of No, 12 wire required 
for quarter wave sections of lhe above con 
struction. A close-wound сой of No. 12 
magnet wirehas approximately 12 wens per 
inch. The length of the assembly fora par 
cular frequency can be determined sp. 
proximately by dividing the number of 
tame on the сой by 1210 get the length in 
inches 

The traps were adjusted to frequency 
"hroughtheuscofa grid-dip meter (checked 
оп а receiver for accuracy of each fre 
quency). The coll can be changed quite eas- 
ily to the desire frequency by trimming 
turns ifan extra tum or two 1 put on for thie 
purpose. The сой can also be wound with 
Spacing between turns and compressed 
er expanded to get the trap exactly on 
frequency, 

Aller the assembly is completed and 
tunel to frequeney, the eoi can he sealed 
the polystyrene tube with polystyrene ce- 


Assomby ofthe SDL 

pe, Boo Figure T and tox! for 

identification of parts not isted 
Below, 

AT Solder lug and short 
"angi of wire ascomblod and 
501082 o anon ore end ot 
НИ o ona end of Lt 

A2, AS- Son text The screw at 
Ai must not contact Ie wira of. 
[o 


ment or coil dope, An inert gas 
‘coil he scaled inside quite eas- 
Чу, bat there seemsto be no par- 
ticular advantage o this- 


Trap Ratings and 
Performance 
The thickness of the polysty 
тепе tube used was 1/8 or 0.125 
Inch, The average voltage rating for poly 
styrene is given in various handbooks as 
300 vols per mil (O01 inch). This would 
be 62,500 volts for the thickness of 1% 
inch. The maximum power rating of these 
traps has not been determined. They have 
een used witk n 2-KW PEP ssb transmitter 
without any failures from either voltage 
breakdown or heating: Larger wire, poly 
styrene tubing, and alamicum tubing can 
bbe used. of course, but the curve of Figure. 
3 will be different Formulas for character- 
stic of spiral delay lines can be found in 
radio handbooks and textbooks in which 
A Ente type af line is describe 
The resonant impedance of the traps 
L was measured and found to be approxi- 
Figure 3—Resonant frequency at spiral mately 100,000 ohms. For comparison, a 
clone tas vonua amba e, Duy made Ron wie ands сиг 
capacitor gave about the same resonant 
impedance, Several lumped-constant 15- 


meter traps borrowed [rom triband beams 
w 


Figure А-АА, dimensions for a Z band splal-delay-line antenna. resonant а! 3.3 and 
Tanz по! draum to scale), At B, ta measured SWA values wih In antenna. 
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were measured and values from 16,000 to 
28,000 obms were found! 

"The SDL traps can be used in beam an- 
tennas, of cours, with suitable mechanical 
modifications to fit the aluminum tube used 
in the beam. Spiral delay line can ho used 
For other purposes, such as matching trans- 
formers, phasing. and any place where cons 
line is used but short dimensions are 
needed. The Zo (churacteristie impedance) 
is a function of wire size, diameter, and 
spacing of the helical сой, dimensions of 
the insulator and external aluminum tube 
Measurement with sa z bridge indicated a 
Zo of about 250 ohms for the constuction 
used in these Laps, 

Figures 4 and 5 give the dimensions of 
two doublet antennas experimented with 
here, The antenna of Figure 4 has two 

MHz rape and resonates at 2.9 and 
2 мн». The antenna of Figure 5 has eight 
traps two each for 10 meters, 15 meters. 20 
meters, and 40 meters, Resonances are at 
39,72,14,3,213,snd 28 6 MHz. The flat- 
тор portions’ were made of No. 12 solid 
‘capper wire, The feeder used was RG-AU 
No balun was used in our experiments. It 
‘was found that if a trap was not tuned ex- 
‘sey to frequency, it could still be used by 
changing the wire lengths in the antenna 
adjacent o the trap to get the desired an- 
tenna resonance. An antenna shortened and 
using traps is sharper in resonance than a 
full-length doublet. This is generally very 
vell known, but perhaps bears repetition: 

SWR curves ure also shown in Figures 4 
and 5 for these two antennas. During ica 
‘surements the antennas were supported in 
the center about 30 feet bigh and were 20 
feet high at the ends. Measurements were 
made at the transmitter with 100 feet of 
RG-/U coax between the transmitter and 
the antenna 

Iti advisable to support doublet anten- 
nas at the center as well as at the ends, with 
Strain relief tthe ends а simple arrange- 
ment of a screw eye, plastic rope, and 
з sash weight or a brick will da. Since 
RG-M/U coax is fairly heavy, the center 
support is helpful to reduce the strain on. 
the antenna, The breaking load of No. 12 
copper wire is given in handbooks as 197. 
‘pounds for soft or annealed wire and 261.6 
pounds for medium hand-drswn wire. In a 
high wind any type of suppor: suchas trees, 
towers, push-up musts, and s0 on, may 
‘move 4 [ew inches, puting thousands of 
pounds of tension on а wire stretched be- 
cen thom. Ts there any ham who hasa't 
broken a wire antenna stretched between 
two trees when no strain reliefs were used? 

One spiral delay line trap was tested 
with a hoist and concrete blocks for weight 

o didn't break at 200 pounds. As the No, 
12 wire used n the antenna was softer than 


"(EDITOR S NOTE: Ta reduce waar and ave 
Tal breaking arie laete vapo RONYA 
pulley shou lso 08 used. Шуе dames 
bos sola hardware store as cites 
Pls aro economica, and quie calda 
К 


E КЖ ICE E EN — 
Pu akte, Шш etter ШШ e к\т» ee 
e e e 4 1 
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Figure BA! A, the measured SWR values fora S-band SDL antenna and at B the 
dimensions fr his antenna. 


the No. 12 magnet wires in the SDL traps, 
it appeared that the antennu wire would 
probably stretch before the wire in the 
Чара We have had the antenna up for al- 
most wo years, supported by three lange 
trees, with stran reliefs at the ends. The 
Antenna was not damaged ш all by an 85- 
"mph wind during a storm which bent the. 
top section of our guyed crank-up tower 
into an inverted U shape with the triband 
benm hanging down. We did have one ice 
storm, bur it wasn't severe enough to lift 
{he strain-celief weights at the ends of the 

If one desires, he can make the traps 
stronger by using two screws 180 degrees 
Apart at each end, or even three screws at 
T20-degree spacing. Also the ends could be 
made of copper-weld wire soldered to the 
inner соп. The materials are not difficult to 
obtain, Most eines now have plastic supply 
distributors, and also aluminum tubing up- 
pliers. The magnet wire can be obtained ш. 
а motor repair shop or from an electrical 
supply distributor. 
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By A. 


Buxton, W8NX 


From QS: 


шу 


Build a Space-Efficient 
Dipole Antenna for 40, 80 
and 160 Meters 


A new trap design, using only RG-58 and PVC pipe, 
yields better space efficiency than conventional 


These days more than ever before, many 
hams who want to work the low bands need. 
an effective antenna hat fits on a small Jot- 
ТЇ show you how to build а shortened di- 
pole for 160, 80 and 40 meters using 
proved couxial-cable wraps that call Super 
Traps. The antenna, which covers the three 
ham bands below 7.3 MHz, is about the 
sime length as a fullsize 80.meter dipole, 
Tf you install the antenna as an inverted V 
with a 90° included angle, the baseline 
length is 89 feet. The antenna uses traps 
that are easily constructed, rugged and 
weatherproof. They usenoexposedcapaci- 
{ors or inductor) 

Yon can feed the antenna directly with 
balanced 75-0 line or via а 1:1 balun with 
either 50- ог75- coaxial cable, Feed- Jine 
Tengthis nor rica. The antenna resonates 
01.865, 3 825 and 7.225 MHz. I installed 
such anantennaon my lot asan inverted V, 
With the apex 3H feer high amd the ends al 
about 15 feet 

As part o this project, I developed a 
BASIC language computer program! for 
trap design; а listing is available from the 
ARRL You can use this program to de 
sign these traps for frequencies of your 
choice, but you don't need а computer to 
make the antenas described bere 


coaxial traps. 


antenna ie made of #14 stranded wire and 
Mo pairs of coaxial traps. Construction is 
conventional in most respects, except 
the high inductance-to-capacitance (LIC) 
ratio that results from the unique trap cen 
struction. Two recent QST articles give ps. 
оп dipole construction and feeding > 
"The taps use two-layer windings of the 
core (dielectric and center conductor) of RG 
‘58 coaxial cable. Coaxial cable with flexible, 
‘ragged stranded-wire center condoctors is 
preferable to that with a more brie solid 
"rire center conductor. Figure 2 shows the 
traps, The 28 MHz trap is shown with the 
‘weatherproofing cover of electrical tape re 
"moved to show the constuction details 


Precautions and Trap Specifications 
With this tap-winding configuration 
here are two thicknesses of core dielectric 
material between adjacent turns, which 
Soules the breakdown voltage of the traps. 
The transformer action ofthe two windings 
givesa second doubling of te trap-valtage 
rating, Thas, the trap voltage raning is 3.6 


Conventional coaxial-cabie traps made of 
ROSE have a rating of 2.8 kV. 

"The Т-МН taps have 33 Н of indue 
tance and 15 pF of capacitance, and the 
3.8-MbHz traps have 74 ИН of inductance 
And 24 pF of capacitance. The tap Qs are 
over 170 st their design frequencies. as 
‘measured on а Boonton О meter. 

‘These traps are suitable for operation at 
the HEW power level. When making the 
traps, do nor use RG-XX or any other foam- 
dielectric cable. Winding such cables on 
small-diameter forms causes the center 
‘conductor о migrate through the dielectric 
Toward the inside, decreasing the break: 
down rating and compromising trap perfor- 
mance. The core diameter alo differs from 
thar of RG-SR 


Construction 

Although bese traps are similar in many 
‘waysto ther coaxial-cable traps, theshield 
‘winding ofthe common coax- able wap has 
been replaced by an outer winding that fits 
snugly into the grooves formed by the inner 


Figure I shows the шеша шуош. The КУ (four times RG-SK'* ГА ХУ rating). layer. Capacitance is reduced to 7.1 pF per 
183 rot Fe эзиш . шы — wine 


Figure 1—The shortened dipole resonates in the SSB portions ol the 40, 80 and 160-meler bends. The antenna is 124 eot lon. 
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Figure 2—he improved coaxial-cabla taps us 


wo layered windings to provide an 


unusually high induciance-to-capacitance rao, higher O, апа mic tha breakdown 
voltage ol single layer traps, The 3.8-МН rap is shown without в protective eleotrioal- 
таре wrap to show the detalla ol ap construction This construcion method makes for 


simpia, отмо, rugged and weatherproot 


foct, compared 10 28.5 pF per foot with 
conventional coax rape made from RG 58, 
‘Trap reactance can be up to four times 
greater than that provided by conventional 
coax cable traps. 

“The сой forms are cut from PVC pipe 
available at plumbing-supply stores. The 
TEMHz tap form is made from en 
pipe with an outer diameter 2.175 inches, 
‘The 3.8-MHz trap form is made from 3 
inch pipe with an outer diameter of 3.5 
inches, The 7-MHz trap uses а 12.3-um 
inner winding and an 1.4540, 
ing. The 3.8-MHz пар uses a 14, 
тег winding and a 13.4-tum outer winding, 
АШ turns are closewound. The inner-trap 
frequency is 7.17 MR and the outer-trap 
frequency is 3.85 MHz. 

If you are unable to get PVC forms of 
exactly the same diameters as those called 
for here, compensate for the effet of Torm- 
size differences by taking advantage of the 
fact that the number of turns varies ir- 
versely withthe form diameter. Thus, ifthe 
form diameter you use is, say, S% larger 
than mine, reduce the number of tums by 
5%. If necessary, add or remove fractions 
ofa turn a the end of the outer winding. If 


irapa. 


you bave a computer, you can use the 
BASIC programs to calculate the exact 
‘number of turns for other form diameters 
Stay as close аз you can to the prescribed 
diameters because too much deviation 
changes the loading effect of the taps. A 
smali change in trap loading may require а 
change in the lengths of the tip segments 
beyond the traps- 

Use a #30 (0.128-inch diameter) drill 
forthe feed-through holes in the PVC coil 
forms. Thestartancend holes ofthe -MHZ 
leaps are spaced 1.44 inches center to cen- 
der, measured parallel to the rapcenter line, 
"The holes in the ud ble traps are 1.66 
inches арап. Wind the trips with а single 
length of coax core. The unspliced lengths 
are 17.55 feet for the Т-МНУ tape and 
28.45 feet for the 3,8-MHr traps. These 
lengths include the trap pigtails and a few 
inches for ine tuning. 

Strip te jacket from he coax. Thisiseas- 
йу done using a wood vise with wide jaws to 
hold the cable while cutting the jacket ongi 
тийау witha sharp knife orrazo. The coax 
outer conductor (brad) is best removed by 
pushing (no pulling) i off. 

Use electrical tape fo keep the turns of 


the inner ayer winding closely spaced dur- 
ing the winding process. This counteracts 
the tendency of the tension in the ouier- 
layer winding to spread the inner layer 
tums. Stick the tape stripe directly to the 
сой form before winding and thee tightly 
Toop them over and around ће inner ayer. 
before winding the outer layer. Use six of 
"more tape strips for cach rap. 

TE possible, check the resonant frequen- 
cies of your traps with а dip meter. Try to 
‘maintain an accuracy of 50 KHz or bener, 

Рог low-noise reception, ereet the an. 
tenna as close lo horizontal as possible, I 
you Ie the ends of the antenna droop to- 
‘ward the ground, as 1 have done with my 
invented- V installation, you may have to 
accept a somewhat higher noise level nthe 
interest of structural simplicity and reduced 
baseline length. Some feel that the inverted 
V configuration is better for DXing than a 
horizontal dipole at the same height, Foran 
inverted V with a 90° included angle legs 
that slope downward at 45°), you'll need a 
minimum apex height of about 55 fet and 
a baseline length of 8 feet Get the apex as 
high as you can and Keep the ends at Teast 
10 feet above the ground for safety. 


Configuration and Performance 
Trade-Ofts 

You seldom get something for nothing. 
‘This antenna proves no exception to thet 
тше. Ax with all trap dipoles, this one has 
Jess Ahan-ideal bandit due t the load. 
{ng effect of the traps, This ls the price paid 
for multiband coverage and physical short- 
ning, This antenna covers 65 КНР of 160 
meters, 75 kHz of 80 meters and the entire 
40-meter band with SWRs under 2:1, The 
bandwidth limitations on 160 and XOmetere 
can be largely offset with an antenna tuner. 

Tt is also important (o recognize that 
the traps are used in low-current portions 
Of the antenna, minimizing PR trap losses. 
A relatively high radiation resistance is 
therefore also retained. 

Good luck with yourlow-bund antennas! 
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From 


T, September 1992 (Technical Correspondence) 


Trap Construction Information 
for Al (W8NX) Buxton's July 
1992 Dipole 


Several readers have writen asking for 
clearer instructions on how to build the 
“antenna taps described by A. C. Buxton, 
OST article, "Build 
nt Dipole Antenna for 40, 
SO and 160 Meters” For those of you who 
didn't write, but aren't sure how to build 
the traps, here's what you need to know. 
The tap. winding technique is decep- 
Lively simple. Each trap is simply com: 
prised of one winding atop another, wound 
in the same direction, First, dl four holes 
inthe form for wire entry and exi, as de- 
scribed in July QST. Starting from inside 
the form, pass the wire through the hole 
labeled" "in Figures I and2 Wind layer 
of the inner conductor on the form. Then, 
run the wire end down through a second Figure 1—An inside view of a WBNX two- 
hole ino Ве form (ол below the one ar aye ap shows haw the windings ener, 
beled “EXIT” in Figure 2) and, inside the ANd ax tho form Two holes at each an 
form. bring the wine back ш plní айа. fhe form pase the windings no and out 


Figure 2—An outside view of a partially 
‘assembled WANK rap. The Боот 

Winding state at hole ч" and reemlers the 
{orm just below the "EXIT hole The wire 


St the fom. nen comes back through the insido ot the 
cent to where the first winding started {orm te holo T and le od la make a 
Bring the wire up through the hole marked Second winding шор he irat. Ira 

2" and wind another layer on top of the ‘he form al me "EXIT. hole 


st in the same direction as the first wind 
ing, Pass the wire down through the hole 
labeled "EXIT" and you're done. The tape 
you see in the photos, described in the ar 
ticle, helps hold the bottom winding’ turns 
together and the top winding in place as 
you're assembling the tra, 

"The wires passing through holes in the. 
form are strain-relieved, but use the two 
‘mounting holes you drilled in the form to 
Support the trap, just to be on the safe side. 

Rus Healy, NJ 


за Chapter a 


By Al Buxto 


From QST, August 1994 


Two New Multiband Trap 
Dipoles 


WB8NX details a new 

coax trap design used in 4 

two multiband antennas; 8 

one covering 80, 40, 20, 

15 and 10 meters, and ” 
the other covering 80, 

40, 17 and 12 meters. А 


‘Over the last 60 or 70 усыз, amateurs with simple antennas continues for both modes, However, either the low 
have used many kinds of шил anten- At the endof the 1930s, adifferent tech- mpedance point can be used as the 
таз to cover the traditional НР bands. The nological approach appeared inthe form of — trap output terminal. For low-impedance 
availability of the 30, 17 and 12-meter resonant traps in antennas. The Mins Sig- tra» operation, only the center conductor 
%%% паї Squirter is the grandfather of modern (urns of the trap windings ше used. Foc 
... day tribanders + This article discusses in lance operation, all turns are 
space and resources for multiband anten- deli a Innovative trap design employed conventional manner fora eap. 
nas like rhombics or long Vs, but many ia two multiband dipoles. subs on each antenna are strate 
hams have employed inverted-L long wires ically sized and located to permit mor 
ог parallel dipoles, Old timers will One WENX Trap Design—Two flexibility ia adjusting the resonant fre 
the offeenter-fed Windom of the '30s-the Multiband Dipoles quencies of the 
frst Version using а single-wire Two different antennas are described Figure 1 shows the configuration 
sion line, and the later design ‘uring here. The first covers RO, 40, 20, 15 and 10 80,40, 20, 15 and lÜ-meter antenna. The 
two- wire feed line. Overthe years random metere, and the second covers #0, 40, 17 radiating elements are made of #14 
length dipoles with open-wire feeders and and 12 meters. Each uses the same typeof stranded copper wire. The element length 
associated tuners have been used success- WENX trap—comected for different are the wire span lengths in feet. These 
Tally ss multiband antennas, The GSRV modes ofoperation—andapairofshortea- lengths do nor include the lengths of the 
multiband antenna isa specializedexample pacitive stubs to enhance coverage, The pigtails at the balun, trp and insulators, 
f this approach." ff have two The 32.3-foot-long inner 4 

‘The log perindic array represents different modes: high- und a lowimped- ments are measured from the сус) 
of brute-force approach to the goal of ance mode. The inner-conductor windings inpet balun to the tension relief hole in the 
achieving coverage of multiple HF ham and shield windings of the aps are con- trap coil farm. The 9-foot segment lengt 
bands. It seems inefficient because of the necteéin series in the conventional manner is measured from the tension relief hole in 
large gaps between our relatively narrow 
amateur HF bunds. 

(Over the last few decades, two factors 
bave affected the development of multi- 
band antennas—the popularity of low-im- Tm m 


pedance (usually 50-0) coaxial feed lines, E ES ES s 
and the appearance of untuned, 50-1 solid- ө 

state amplifiers. The impedance of an s ке Lie 
Antenna is relatively low only aris funds wr n 


mental frequency and arodó:ordertrmon. 


ier. Although antenna tuners are offen рое 1 A WENX muliband dipole lor 0, 40, 20, 15 and 10 meters. The values shown 
necessary to resonate an antenna system, (193 pF and 4 ИН) for ino оён сао rape are for parallel roscnanze at 7.15 Mz 
the quest for expanded multiband coverage The low-impedance output ol each Lap is used for hi antenna 
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Figure 2—A WANK multiband dipole lo 80, 40, 17 and 12 meters. For thie antenna 
inv high impedance output is used on each rap. The resonant requency af he raps 


2710р 


the trap o ће (foot stub. The 16.1-Foot 
outer-segment span is measured from the 
‘Stub то the eyelet of the end insulator. The 
Soatil-cable traps are wound on PVC pipe 
сой forms and use the low-impedance out- 
pur connection. Thestubs are 6-foot lengths 
оғ 1/8-inch stiffened aluminum ur copper 
rod hanging perpendicular to the radiating 
elements. The frst inch of their length is 
bent 90° o permit attachment to the radia“ 
ting elements by large-diameter copper 
crimp connectors. Ordinary 214 wire may 
be used for the stubs, but it as а tendency 
то curl up and may tangle unless weighed 
down atthe end, [recommend that you feed 
the antenna with 75-Й coax cable using a 
коой 1:1 balun. 

This antenna may be thought of as a 
modified WSDZZ antenna" (shown for 


D 


7 8 
ps 


Figure 3—Sehe mali for the WBNX 
Sagal calle tap is wound on 
linen OD PVC pipe. 


‘many yearsin various ARRL publications) 
With the addition of capacitive stubs. The 
length and location of the stub give the 
antenna designer two extra degrees of free. 
dom to place the resonant frequencies 
within the amateur bands. This additional 
Dexibility is particularly helpful to bring 
the 15 and 10-meser resonant frequencies 
10 more desirable locations in these bands. 
‘The actual 10-meter resonant frequency of 
the W3DZZ antenna is somewhat above 
30 MHZ, prety remote from the more de 
sirable low frequency end of 10 meter 
Figure 2 shows the configuration of the 
80, 40, 17 and 12-meter antenna. Notice 
That the capacitive stubs are attached im- 
mediately outboard after fhe таре and are 
6.5 feet long, 05 foot longer than those 
used in the other antenna, The taps are the 
same as thase of the other antenna, but are 
Connected for the high-impedance output 
mode. Since only four bands are covered 
by this antenna it is casier to fine tune itto 
precisely the desired frequency on all 
bands, The 12.4-fo0 tips can be pruned to 
a particular 17-meter frequency with lue 
effect on the | 2-meter frequency. The stab 
lengths cam be pruned to a particular 
T2-meter frequency with little effect oa the 
17-meter frequency. Bolh such pruning ad- 
justments slightly alter the $0-meler reso- 
nant frequency. However, the bandwidths 
‘of the antennas аге so broad on 17 and 12 
meters that itle need for such pruning 
exists. The 40-meter frequency is nearly 


Figure 5 Construction detalis ofthe WANK coaxial cable va, 
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tive subs and outer radiating tip elements, 
Like the first antennas, this dipole is fed 
with a 75-0 halon and feed line, 

"Figure 3 shows the schematic diagram 
of the taps. It explains the difference be- 
tween the low and high-impedance modes 
ofthe traps. Notice thatthe high-impedance 
terminal the output configuration used in 
‘most conventional trap applications. The 
low-impedance connection is made across 
‘only the inner conductor turns, correspond 
‘ng to one-half of the total turns of the trap. 
This node steps the trap's impedance dawn 
to approximately one-fourth of dt of the 
high-impedance level, This is what allows a 
single trap design to be used Tor two differ- 
tent multiband antennat. 

Figure 4 is a drawing of a cross-section 
of the coax trap shown through the long 
axis of the trap. Notice that the traps are 
‘conventional coaxial-cable traps, except 
for the added low-impedance output termi- 
mal The traps are Avs close-spaced turns of 
RG-59 (Belden 8241) on a P/-inci-OD. 
РУС pipe (schedule 40 pipe with a 2-inch 
ID) coil form, The forms are 4V inches 
long. Trap resonant frequency is very sen- 
sitive to the outer diameter of the coil form, 
sa check it carefully. Unfortunately, not 
all PVC pipe is made with the same wall 
thickness, The wap frequencies should be 
checked with a dip meter and general cov- 
erage receiver and adjusted to within 50 
KH of the 7150 KHz resonant frequency 
before installation, One Inch is Jet over at 
sich end of the сөй forms to allow for the 
Cona feed-through holes and holes for ten- 
sor relief attachment of the antenna radi 
Sing elements to the traps. 
the ends of the tap coax cable with RTV 
sealant to prevent moisture from entering 
the coaxial cable. 

Also, be sure that you connect the 32.3- 
foot wire element st the star of the inner 
conductor winding af the trap, This avoids 
‘detuning the antenna by the stray capaci 
tance of the coaxial-cable shield. The trap 
output terminal (which has the shield stray 
capacitance) should he atthe outboard side 
of the trap. Reversing the input and output 
terminals of the wrap will lower the 40- 
meter frequency by approximately 50 KHz, 
but there will be negligible effect on the 
other bands, 

The title-page photos show a couxial- 
cable trap. Details of the wap installation 
эге shown in Figure 5. This drawing ap- 
plies specifically to the 80, 40, 20, 15 and 
F 
pedance пар connections, Notice the 
Jengths ofthe trap pigtails: 3 to inches at 
‘each terminat of the trap. И you use a dif- 
ferent arrangement, you must modify the 
span lengths accordingly. АП connections 
San be made using crimp connectors rather 
than by soldering, Accesso the trap'sinte- 
Foris attained more easly with a crimping 
tool than with a soldering iron. 


Antenna Patterns 
"The performance of both antennas has 


harmonic operating frequencies of the 
antennas, 

The SWR curves of both antennas were 
carefully measured. A 75 10 50-0 trans 
former from Palomar Engineers was in- 
жепей st the junction ofthe 75-£ coax feed 
Jine and my 50-2 SWR bridge. The trans 
former prevents an impedance discontinu- 
чу, with attendant additional undesired line 
reflections appearing at the 75 to 50.01 
junction, The transformer ss required for 
accurate SWR measurement ifa S-A SWR 
bridge is used with a 75-12 line. No hamis 
done 1o any equipment, however, if the 
transformer is omitted: Most 50-0 rigs 


Figure &—Addticral construction detal for the WBNX coaxiat-eable tap. 


operate satisfactorily with a 75-0 line, al- 
‘though this requires different tuning and 
load settings in the final output stage of the 
Яр or antenna tuner. T use the 75 to 50-0. 
transformer only when making SWR mes- 


been very satisfactory. Tam curently using 
‘the 80.4017 and 12-meter version because 
it covers 17 and 12 meters, (I have a 
tribander for 20, 15 and 10 meters.) The 
radiation pattern on 17 meters is that of 
3/2-wave dipole. On 12 meter, the patera 
is that of a 5/2-wave dipole, At my location 
in Akron, Ohio, de antenna runsessentially 
сай and west. Iris installed as an inverted 
У, 40 feet high at the center, with a 1207 
included angie between the legs, Since the 
subs are very short, they radiate little 
Power and make only minor contributions 
to the radiation patiens, The pattern has 
four major labes on 17 meters, with maxima 
to the northeast, southeast, southwest, and 
northwest. These provide low-angle ra 
tion into Europe, Africa, South Pacific 
Japan std Alaska, A narrow pale of minor 
roadside lobes provides north and south 
coverage into Central America, South 
‘America and the polar regions. 

‘There re four major lobes оп 12 meters. 
giving nearly end-fire radiation and good 


Tow-angle east and west coverage. There 
эге also three pairs of very narrow, nearly 
broadside, minor lobes a 12 meters, down 
about 6 dB from the major ead Пле lobes, 
On 80 and 40 meter, he antenna has the 
usual figare- patterns of a half-wave 
length dipole. 1 have some pattern distor 
tion and input impedance effects from 
aluminum siding on my house. Neverthe- 
Jess, DX is easly workable on either of 
these antennas using a 100-W transceiver, 
when the high-frequency bands are open. 
Both antennas function as electrical 
half-wave dipoles om SO and 40 meters 
with alow SWR. They both functions odd 
harmonic eurren-fed dipoles on their other 
‘operating frequencies, wit higher, but stil 
acceptable, SWR. The presence of the stubs 
сап either rase ог lower the input impod- 
ance of the antenna from those of the usual 
third and fifth harmonic dipoles. Again. 1 
recommend that 75-0, rather than 50-0, 
feed line be used because of the 
generally higher input impedances at the 


surements and at low power levels. The 
transformer is rated for 100 W, and when I 
run my -EW PEP linear amplifier the trans- 
former is taken out of the line, (I 
hope my absent mindedness doesn't catch 
up with me some day!) 

Figure 6 gives the SWR curves of the 
50, 40, 20, 15 and 10-meter antenna 
Minimum SWR is nearly 1: 1 an 80 meters, 
105:1 on 40 meters, lte: on 20 meters, and 
15:1 on 10 meters. The minimum SWR is 
slightly below 3:1 on 15 meters, On 15 
meters, the stub capacitive reactance com- 
bones with the inductivo reactance of the 
outer segment of the antenna to produce a 
resonant rise that raises (ho antenna input 
resistance lo about 220 (2, higher than 
that of the usual 3/2-wavelength dipole 
An antenna tuner may be required on this 
band to keep a solid-state final output stage 
happy under these load conditions. 

Figure 7 shows the SWR curves of the 
80, 40, 17 and 12-meter antenna. Notice 
the excellent 80-meter performance with а 
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Figure 8 Measured SWR curves for an 80, 40, 20, 15 and 10- 
‘eter antenna, Installed as an nvoroc with 40- apex and 
"180" included angle between legs 


Figure 7— Measured SWR curves tor an 80, 40, 17 and ^2-meler. 
antenna, installed as an invered-v win 40-4 apex and 120" 
included angle betwee le 
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Table 1 

тара 

Frequency MHZ) 38 716 1448 161 203 ме ane 
Mozon) ior — Ve їз 168 з ә 186 
Токаш jd) 88 з 105 з м мз ws 
Tablo 2A 

Trap Loss Analysis: 80, 40, 20,15, 10-Moter Antenna 

Frequency (MHz) 2% 716 1416 213 285 
Radiation Ecieney (x) ва 708 — 084 993 — 1000 

Trap losses (d8) Die us -ooe -am -0008 
Table 28 

Trap Loss Analysis: 80, 40, 17, 12-Meter Antenna 

Frequency (MHz) 38^ тз 101 249 

Radiation Efficiency (%) 805 805 983 898 

Trap lees (de) 05 os oos -0006 


nearly unity minimum SWR in he middle 
of the band. The performance approaches 
шогаш size 80-meter wire dipole. The 
short stubs and the very Tow inductance 
traps shorten the antenna somewhat on 80 
"meters. Also, observe the good 17-meter 
performance, with the SWR being only a 
це above 2:1 across the band. 

"Bot notice the 12-meter SWR curve af 
this antenna. which shows 4:1 SWR across 
the hand. The antenna input resistance ap. 
proaches 300 £1 оп this band because the 
. 
with the inductive reactance of the outer 
antenna segments га give resonant rises in 
impedance, These are reflected back to the 
input terminals, These stub-indueed reso- 
nant impedance rises are similar to those 
fom the other antenna on 15 meters, but are 
even more pronounced, 

"Too much concern must not be given to 
SWR on the feed line, Even if the SWR is 
as high as 9:1, no destructively kigh volt- 
‘ages will exist оп the transmission line 
Recall that transmision line voltages in- 
crease as the square root of the SWR in the 
Tine. Thus, 1 EW of RF power in 75-0 line 
corresponds (o 274 V line voltage for a 
1:1 SWR. Raising the SWR to 9:1 merely 
triples the maximum voltage that the line 
must withstand to 822 V. This voltage is 
well below the 3700-V rating of RG- 1, or 
the 1700-V rating of RG-59, the two most 
popular 75- coax lines, Voltage break: 
down їп the traps is also very unlikely. As 
Will be pointed ош later, the operating 
power levels of these antennas are limited 
by RP power dissipation in the traps, not 
trap voltage breakdown ог fed ine SWR. 
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Trap Losses and Power Rating 

Table 1 presents the results of trap Q 
‘measurements and extrapolation by a two- 
Frequency method to higher frequencies 
above resonance. | employed an old, but 
recently calibrated, Boonton Q meter for 
the measurements, Extrapolation to higher 
drequency bands assumes thut trap resis- 
tance losses rise with skin effect according 
то the square root of frequency, and that 
чар decent losses rise directly with fre- 
quency. Systematic measurement errors are 
aot increased by frequency extrapolation. 
However, random measurement errors in- 
crease in magnitude with upward frequency 
‘extrapolation, Results are believed to be 
accurate within 4% оп 80 and 40 meters, 
butonly within 10то 159 at 10 meters. Trap. 
Q is shown at both the high- and low- 
pedance trap terminals, The Q at the Tow- 
impedance output terminals is 15 10 20% 
lower than the Q at the high-impedance 
output terminale 

T computeranalyzed trap losses for 
both antennas in free space. Antennaciaput 
resistances al resonance were first caleu- 
lated, assuming lossless, infinite-Q traps, 
They were again calculated using the O 
valuesshown in Table |. The radiation effi- 
lencies were also converted into equiva- 
lent trap losses in decibels. Table 2А 
summarizes the trap lose analysis for the 
80, 40, 20, 15 and 10-meter antenna and 
Table 2B for the 80, 40, 17 end 12-meter 

"The loss analysis shows radiation offi- 
clencies of 90% or more for both antennas 
on all bands except for the 80, 40, 20, 15 


and 10-meter antenna when used on 40 
‘meters, Here, the radiation efficiency falls 
to 70.86, A LEW power level at 90% ra- 
diation efficiency corresponds to50-W dis- 
Sipation per trap, In my experience, this is 
{he traps survival limit for extended 
key-down operation, SSB power levels of L 
EW PEP would dissipate 25 W or less in 
ach trap. This is well within the dissipa- 
боп capability of the traps 

When the 80, 40, 20, 15 and 10-meter 
amenna isoperatedon 40 meters, the radia- 
tion efficiency of 70.8% corresponde to a 
dissipation of 146 W їп each trap when 
1 EW i delivered to the antenna. This iz 
sure to bum outthe traps even f sustained 
for only a short time. Thus, the power 
should be limited to less than 300 W when 
this amenna is operated on 40 meters under 
prolonged key-down conditions. A 50% 
CW duty cycle would correspond to a 
/600-W power limit for normal 40-meter 
CW operation. Likewise, a 50% duty cycle 
for 40-meler SSB corresponds to а 600-W 
PEP power limit for the antenna, 

know of no analysis where the burnout 
‘wattage rating of traps has been rigorously 
determined. Operating experioncescemsto 
be the best way to determine trap burn-out 
ratings. la my own experience with these 
amenna, I've had no aps burn out, even 
though T operated the 80, 40, 20, 15 and 
10-meter antenna on the critical 40-met 
‘band using my AL-80A linear amplifier at 
the 600-W PEP output level. 1 have, bow- 
‘ever, made no continuous, keydown, CW 
operating tests at full power purposely try- 

to destroy the traps! 


Summary 

Some hams may suggest using a differ- 
ent type of coaxial cable fr the traps. The 
de resistance of 40.7 ( per 1000 feet of 
10.50 coax seems rather high, However, 
I've found no coax other than RG-59 that 
has the necessary inductance-to-capaci- 
ance ratio to create the trap characteristic 
reactance required for (he 80, 40, 20, 15 
fang l0-meter antenna. Conventional taps 
with wide-spaced, open-air inductors and 
appropriate fixed-value capacitors could bo 
substituted for the coux traps, but the con- 
‘venience, weatherproof configuration and 
ease of fabrication of coaxial-cable traps is 
hard to beat. 


‘Upto Dale Tas АНН Antenna Comper 
‘tom Vali, 998. 

204. Mime, “The Mins Signal Sauer“ OST, 
Dec 1930. p 12. 

3 ‘Eve Band Antenna," The ARAL Antenna 
(Book, 1em Eaten, рр 71090711. 
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А Center-Fed "Zepp" for 
80 and 40 


The centered “Zepp” antenna is re- 
viewed by WANML, showing how com: 
plete coverage of asingle band is made casy 
by using old concepts. Although the author 
shows kow to use the Zepp on 80 and 40, 
only, the system can be used from 80 
through 10 meters by employing an all- 
band transmateh. 


Multiband antennas fed with resonant 
feeders were very popular in the pre-coix. 
cable days. This smile is presented to re- 
view а good, but seemingly forgonea sys- 
теп, This antenna should be of interest to 
traffic and contest operators. and to the 
‘casual operator who Hikes to use both the 
Sis and phone portions o the 80- and 40- 
meter bands, 

Our section sb, net meets on 1965 KHZ 
and the cv, net meets on 3575 kHz, Many 
Schemes were Шей to make one antenna 
usable on both ends of the band so that a 
Tow xwr, could be maintained while . 

ient operation at the different 
None of the antennas tried 
would permit an excursion of more than 
300 kHz without а serious swr. problem 
between the transmitter und the line. Get- 
ting from 80 o 40 meters with such an an- 
tenna was even more perplexing. The 
writer's dilemma was finally solved by the 
installation of the old reliable center-fed 
Zepp antenna. 


Choosing the Dimensions, 

In order to use the antenna on 40, 75, 
and 80 meters, tuned feeders are required! 
So thatthe feeders can be matched to the 
transmitter, а transmatch is used at the 

X" end of the ine, Parallel tuning is 
used to minimize (he complexity of the 
transmatch. This requires that the transmis- 
sion line presents а high impedance tothe 
‘wansmaich on both bands, 

‘The charts inthe handbooks did not give 
aset of Zepp antenna dimensions that were 
Suitable for the author's installation. Be- 
“Canard Antennas, A R R.L Antona Book, 

‘Chapter 


Fast QSY for the Phone-C.W. Operator 


cause ofthe existing tower, which would 
permit the antenna to be supported st the 
'50-foot level, and because the ham shack 
was adjacent t the Tower, the prescribed 
feeder lengths were not practical. A graph 
was lotto show the frequency extremes 
10 which the antenna would be ned, show- 
ing the minimum and maximum impedance. 
points across he bands. It was determined 
that the combined length of one leg of the 
feed line and one section of the dipole 
would be 114 foet? A length of 53 feet was 
used for the feed Jine and each leg of the 
driven element was cut to 61 feet. 

"To broaden the antenna’ response, the 
driven element's effective area was made 
larger by paralleling two lengths of No, 12 
copper wire as shown in Figures 1 and 2, 
‘Withthis arrangement, the Qof the antenna. 


n 
КОО ы 
ecl lower, und itta gentes druen a 


is lower, permitting the operator 10 OSY 
approximately 200 kH without readjust- 
ing the transmatch. 


Construction Notes 

"The driven element und the feed line are 
made from No. 12 copper wire, The -inch 
wide ceramic spreaders used to hold the 
feeder wires apart are made by the E. F. 
Jobason Со. 


are sold as TV “clothespins” by the Telco 
Со. (Figure 2). АП of the spreaders are 
tached to the No. 12 wire by short pieces of 
No, 18 copper wire. The distance between 
the spreaders is 4 feet for both the driven 
clement and the feed line, 

‘Sections of 1x4 inch umberare used to 
hold the feeders away from the stee tower 
(Figure 3), Each piece is 24 inches long, 
notched at опе end, and is fastened to the 
tower with U-holts, Porcelain telephone 
type insulators are attached to the feed line 
endof each hoard, offering low loss anchor 


Figure 1—Layout ofthe -band Zepp antenna, Dimensions for wac 


part of he a 


ara shown. Feed point is anchored o one of the wooden support arma (Ses Figure 3). 
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Figure 2—Detalls showing how the driven. 
зто spreader are sttachad o ine NO 
12 wiro, No. 18 copper wire is wrapped 
above and below each spreader 10 hod lt 
трасе 


points for the transmission line. The up- 
permost support arm, at the SO-foot leve, 
ds used as a mount for the center of the 

"The far ende of the antenna are sup 
ported by 30-foot TV masts. A pulley and 
halyard arrangement is used for raising und 
lowering the ends of the antenna, Because 
the end supports аге not as high as the feed 
point of the antenna, the dipole has a slight 
dep, bul this does not seem to impair the 
pertormance 

‘The transmission neis brought into the 
operating position by means of feed 

rough insulators, mounted өп a plywood 
sirip which fts andera partially raised win- 
dow. Insulated No. 12 house wire is used 
between the feed-through insulators and 
"he алкак: 


Transmatch 


Tdens for the author's tuner (Figure 4) 
were taken from the excellent transmalch 


Figure 3—Wooden support ams hol the. 
tranemiseion ino away rom the tower. 
Telephone yps insulators are mounted at 
the end of cach board to ako ie feed 
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Figure A- Schema diagram of ns WANNI талат 


C, —100 pf por section transmitting 
arabo. (Spin stator type nth 0.175-nch 
spacing bawaan plates] 

c 300-91. variable capachor(.078 
‘Spacing or prosta) 

480-238 com connector 

58 tums, Seinen diam., 8 ште per non 
"ol. S, tape aro 8 tums rom ende o co 
Tor 80 meters, and are 22 tume fom onde 


article by McCoy? Band changing is mate 
possible by а large ceramic switch (origin 
unknown) which was obtained al a 
hamfest. Ап identical switch is used for 
selecting the tape for the feed line (Figure 
S). Сой. contains Sotums of No. 14 wire, 
is 3inches in diameter, and has turns per. 


? авт, uly 1086. 


of coil tar 40 matars. бу taps are 5 tums 
from ends ot со! fer 80 meters and 17 
turns тот ends of call for 40 maters. (Air 
Dux 24007 or Poyepde 1778 usable.) 

Lê urna o At Dux 24087 (center 
Болото L) 

8, Sy Сапе rotary, 2 poles, 2 
beben, 2 sectors 


inch (Air Dux 24087), А stationary lnk, 
Ly at the center of L, contains $ turns of 
No. 14 wire and isa part of the Air Dux coil 
from which L is made. The ink is tuned 
with a 300-pf. variable capacitor. The au- 
thor did not have а unit of the correct type, 
so two 130.00 capacitors were parallel. 
connected (mounted under the chassis), Ca. 
pacitor C, isa 100-pl-per-section variable 


Бөлө 5—Top. 
аза view oh 
the полотен 
Gris mounted 
dicere 
chassis, 


wide spacing. To give Ly some rigid- 
ity itis mounted ona plexiglas tube which 
de supported by the frame of Cy with stand- 


off insulators 
Results. 

"While using clip leads, the correct tap 
points for the feeders were found by operai 
{ng the transmitter through Collins watume- 
тег and tuning C, and C. for zero 
reflected power. The tansmotch permitted 
the transmitter to "tee" 50 ohms in any part of 
either and. After establishing the correct tap 


points for the feed line, permanent connec- 
tions were made between L., and the switches. 

Next, the tuner was used with the 
30L-1 amplifier at an output level of 700 
‘watts After a 30-minute QSO, no evidence 
of coil heating could he detected. 

When compared to other antenna sys- 
tems used by the author, the new skywire 
showed improved performance. It was bo- 
Tieved that some sacrifice in efficiency 
‘would result from changing to the new an- 
tenna. Happily. it was found that we could 
have our cake and eat it too! Extended use 


indicated that the performance was, indeed, 
better than with previous antennas used. 

1 wish to thank three friends for their 
help in making this article possible: 
KAWWN for his tower climbing and pho. 
tography work, K4ADK for building the 
transmatch cabinet, and Roy LeCrone for 
additional darkroom and photographic 
Assistance. 

Although this antenna system is an old 
standard, it may be the answer to your OSY 
problems. The cost is nominal and the re- 
ult are most rewarding 
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All-Band Antenna 


With reference to the article on а Cen- 
тесей Zepp for B0 and 40 in May 1986 
on 

T set oot to accomplish several things 
wich an antenna o be installed оп а Cal 
fornia lt which rene east-west: 

1) One pole 
2) No guys 
3) Good for short skip up and down the 

West Coast on 0, 75 and 40 meters. 
4) Throw lobes across populated DX areas 

lon 20 and 15 meters with a fairly low 

radiation angle 

5) Allow some unidiestional DX on 40 
oen. 

9) Keep away tom unything with енеш 
antenna legi or critical tuning, 

7) Minimum cost 

Figure 1 shows the arrangement ended 
up with, Results have been exceptional for 
Simple system of ov eight. 

T use No. 14 wite for the antenna. The 
feeders we also No. 14. The center is 
‘ountedonanunguyed wooden pole about 
Je feet high. Bach section of the antenna is 
ds feet long and the ends are only 14 feet 
high Тыпу Тоо feeders are used with se- 
ries tuning on 80 and 40 and parallel tuning 
on 20,15 and 10 meters. Loading from 3.5 
1050 MHz isexcellot anê not at al critical 
în tuning. The Tacr taat the feeders are ess 
than 1/8 wave оп Hallows reactance to be 
— arrangement 
on that band. The antenna s 4 Dit lang for 
the high end of 75 meters, bur tuning here 
is good (this length vas picked because of 
thenlighily longer physical length required 
on the upper bands for end effect) 

have the antenna itself running east- 
wesu giving some directivity north-south 
Tor QSOs wit sbort skip up and down the 
west coast on 80 and 40 meters (i was 
found in an earlier antena. vertical 
thara vertical was not satisfactory far igh. 
radiatloa-angle short skip operation On 
20 and 15 the lobes tend to cut cross majar 
population DX areas The lt of the wie, 
Which lowers the vertical radiation angle 
Plos apparently some lobe addition, seems 
fo give heer results inthe desired DX 
directions on 20 and 15 meters than 33- 
feet-high half-wave horizontal antennas 
rented in te core directione. Quit a 
biter omnidirectional DX has been worked 
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undoubtedly because of the 
antennatilt. DX operation on 15-metere.v. 
has been really exceptional. Quite often 
hook a DX station through the pileup when 
local beam stations misa (power output is 
about 150 warts). Since 10 has opened up I 
have used the antenna quite a bit on that 
‘band with very good results for both North 
American and DX contact 

As а result of playing around on 160 
meters with the bottom of the feeders con- 
nected together and working tbe antenna as 
AT" against ground, I decided to see what 
happened when it was operated as a top- 
loaded vesical on 80 and 40 meters. The 
feeders were tied together and the antenna 
Worked against a ground consisting of two 
Я (ош rods in water-soaked earth. On 80 
this places the maximum-current point di- 
rectly at the top of the vertical section (1/8 
‘wave long) and on 40 gives the effect of a 
Leeres vertical with maximum current 
atthe bortom. This arrangement gave much 


better results than the Zepp where low- 
angle radiation was required, and less 
Effective resulte than the Zepp where me. 
dium- and high-angle radiation was re. 
quired. An exception is directly athe ends 
a 80 meters, where the vertical and Zepp 
seem to give the same results. The Zepp 
arrangement is therefore now used for short 
‘and medium skip on A0 snd 40 and the ver- 
tical arrangement for long skip or DX. In 
receiving, the signal-to-noise ratio de- 
creases greatly with the vertical arrange 
ment (vs horizontal), thus somewhat 
ойе the overall advantage ofthe ver- 
tical for DX operation, If his condition is 
extreme, [use the Zepp for receiving and 
the vertical for transmitting, for DX opera- 
Чоп appears that the vertical transmitter 
and horizontal receiver is by far the best 
DX arrangement for metropolitan areas 
but most likely the vertical or both would 
be best for rural areas where the QRN is 
lower, — Dave Hardacker, WGPIZ 


tuned ink-coupled match 
Tex]. For 2 МН, and aito. 


cult at X-X for operation on 3'5 throu 
сопа typos of work on 3 5 and 7 МН, points X-X can 


be connected together and the antenna worked against ground 


By William J. Lattin, W4JRW 
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Multiband Antennas 
sing Decoupling Stubs 


Since WAIRW obtained a patent оп his 
multi-frequency antenna system nearly tea 
years ago we can't call it "new." but at 
Teast it should be welcome news to those 
seeking a simple way to get good radiation 
fn several bands, Shorted 1/4 wavelength 
obs provide г. insulation and also serve 
as part of the antenna, 


Since amateurs usually desire to oper- 
меоп morethanone band, several methods 
have been devised to use а single antenna 
on several hands, The earliest arrangements 
employed various combination of feeder 
lengths, antenna lengths, and series or par- 
alici tuning of the coupling circuit. Later 
ол, the use of parallel-tuned “traps” with 
lumped constants which actas insulators at 
a particular frequency was invented! A 
practical arrangement of this system far 
“amateur use was developed? andis in rather 
Wido use. 

Lis well known that the parler und 
circuit and quarier- wavelength shorted stuh 
of Figure | are very similar electrically 
Both configurations show a high imped- 
anoe across points А und В. However, if a 
‘Stub is connected 10 an antenna in this mun: 
nerit does not act as an insulator but rather 
as a phase changer. The collinear antenna 
sacs such stubs to operate u series of 
halfwave sections in phase. 

There is a different connection possible 
forthe stub that is from A to С, which will 
result in insulator action or decoupling in 
ав antenna. For instance, shorted stubs a 
quarter wavelength long at 28 MHz can be 
attached to the ends of в 28 MHz dipole ax 
in Figure 2. The 28 MHz dipole is effec- 
tively isolated or decoupled from the bal- 
эпсс ofthe antenna which can be made long 
‘enough ta resonate at 13, 7 or 3.5 MHz, IF 
another pair of stubs is added for 14 MHz, 


Morgan, "A Muti 
"rsen Elcom August, 1840 

Buchanan “The Mutat Antenna System 
"OST Maii 1088, 

a Cam, Patent No. 2,586,290, 


noy Tuned Antenna 


Substituting Transmission Line Sections for Lumped- 
Constant Traps 


— —ͤ—ͤ—ñ— 


CC 
so dose а Jewaveleng shorted transmission ina. 


999—4 


Figure 2—А тио-5апа antenna or 28 МЕ: and some lower frequency. Tha canter 
Betton a oramary 16 metr pol, Tho snoiog tear waving ong at 
8 MHZ алс look Ike an open си! al hat frequency whan connected o the dide 

Shown. Extensions onthe ends of the stubs can be used lo rasonate the antena 
агу frequency loss Gan nal of 28 Mz. 


== 


Figure 3 Construction and dimensions of an antenna for 10 and 20 meters using 300- 
ohm tubular Twin-Lead for both te dipole апа stubs, liner a 60- or 75-ohm 
transmission Ino сал ba connacted atthe contar ofthe dipole 


бсш: 
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(9) For 10. 20, 40 eee 


T3 + 


Figure 4— Dimensions of stub-decoupled antennas for 10, 20 and 40 meters 
Ether antenna сап also be used on 15 meters whare the 40-motor section i % wavelength long. 


а 10,20, 40 and 80 m. 


n 
— . — а у=. 


зан tte — 


Figure 5—From too to bottom, SW 
chiracienates ol the antennas shown in 
Figures 3, 4A and 48. A St-ohm coastal 
transmission ine was used, and ine 
measurements ware mado Wiin a 
Mictomatch. 


"here will be isolation at both 28 and 14 
MHz, and а 10-20-40-meter or 10-20-30- 
meter antenna can be made. 

‘The stubs can be made of open-wiceline, 
‘Twin-Leod, or coax. Their lengths cun be 
found from the formula 


246x Velocity Factor 
La pre н) 


The over-all length of an antenna cor 
taining decoupling stubs wil be somewhat 
Tess than the figure given by the usual for- 
mala for а half-wavelength dipole — 
Length (feet) =468/Frequency (MHz). For 
instance, an antenna for 10 and 20 meters 
"must be 29 feet, 10 inches long for reso- 
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Figure 6A slub-docouplod antenna for 40 and BO more. In this case wires must ba 
hung from the ends ol he 40-metercipo to resonate the antenna in hal banc 


пике at the lower frequency, whereas the 
formala gives в length of 33 fet. 

Т open line with a velocity factor of 
nearly unity is used for the stubs, the over 
all length ога two band antenna would be 
nearly а full free-space wavelength at the 
higher frequency and the whole antenna 
would resonate at something less than half 
that frequency. Very fortunately, the ve 
locity factor of 300-ohm tubular Twin- 
Lead (0.8) gives such lengths for the stubs 
that, in most cases, adding the stub makes 
the antenna resonate at just half the origi- 
nal frequency. 

Figure 3 shows how tubular Twin-Lead 
can be ured forthe antenna itself as well as 
the stubs and includes dimensions for 10- 
‘and 20-meter operation. The foam-filed 
туре of Twin-Lead is recommended to keep 
out moisture. Lengths for three- and four- 
and antennas using the seme construction 
ste given in Figured. Figure indicates the 
standing-wave ratios observed across vari- 
‘ous bands when these antennas were Ted 
‘with 50-ohan coax 

"The antenna of Figure 6 can be used 
when only 40- and 80-meter operation is 
desired. Since the 40-meter portion is not 
made up of stubs it must be longer than the 
antenna of Figure 4A. However, the isolat 
ing stubs must still be 1/4 wavelength long. 
(allowing for velocity factor), and the 
whole antenna would resonate at a fre- 
quency below 3.5 МИ» if the stubs were 
Simply added tothe ends of the 7-MHz di- 


pole. To get around this, the dipole short 
aed until the whole antenna tunes to 80 
meters. Then resonance st 40 meters is re- 
Storedbyadding exta lengths of wire atthe 
stub Junctions. These wires are short and 
сав just hang down from the antenna as 
shown. 

Any ofthe antennas which will operate 
оп 40 meters can bo used on 15 meters a 
the 40-merer stubs will be approximately 
3/4 wavelength jong and will provide 
decoupling Тае result is equivalent lo cp. 
‘rating a 7-MHz dipole at three times ls 
resonant frequency, and we have found the 
‘ov. is usually not lower than to 6 when 
‘sing 40-meter antennas of any type on 15 
meten, 

"The power rating of the antenna will 
depend on the insulation st the stub jun 
tions. These junctions can be painted with 
corona dope and covered with vinyl tape, It 
us been our experience over several years 
‘atthe Insulation will aot bresk down with 
а kilowattinpot transmitter, 100 percent 
‘modalated, except when wet or very damp. 
Tn this case, the input should be reduced to 


A Theoretically, а contorted antenna 
‘working cn i tied harmonic shouldn't bo 
more than about 50 percent higher in. 
Fesistanos than cn the fundamenta. Oro. 
Would espect an s.v t on the order ol 2 1o 
e han euch high figures. = Ec. 
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motors. Тө arrangement in A might ba 
mounted with алдо! insulators attached 
{othe ноп sections naar he center of 


acad to make a mulibane beam. 


perhaps 500 watts unless special precus- 
ions have been taken to seal up the june- 
jonsat the open ends of thestub, Ofcourse, 
‘on the lowest band for which the antenna ix 
designed the stubs do not have voltage 
across them and wil not be subject lo 
breakdown or lashover. The high voltage 
across the open end of a stub occurs only at 
the resonant frequency of that stu. 
Figure 7 shows the construction of sev- 
eral 10 and 20-merer antennas which have 
heen built and the dimensions required for 
resonance in these bands. The spacing 
tween the rods forming the shorted stubs s 
nat ener! ide same lengths were ob 
tained with Inch instead of 12-inch spac 


‘multiband beam could he made up the 
same way. 
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From OST, Decemb 


“All-Band” Antenna 


(Hints & Kinks) 


Figure | isa sketch of an “allband! 


tenna system that 1 have been using with 
‘success for some time. The idea is not a 
‘new one, having appeared in QST atleast 
10 years ago. However, feel hat here 
many newcomers since that time who 
‘Would be interested ina simple system that 
can be fed with a single 70-obrm transmis- 
Чоп line 

The arrangement consists of dipoles, cut 
foreach band und evonected in parallel at 
the center. Although 1 have not checked 
standing: wave ratios, the results seem to tend tein ne 
indicate that it gets out as well as a bunch of 
individually-fed doublets. If you haven't 


"edit you're in for some surprises. R. L — Figure -Skelch of WEMOK s "al band" antenna. Egg insulators are used at pol 
Cope, WEMOK КЕШ 
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Fra 


ST, January 1975 (Hints & 


inks) 


Three-Band Matching 
System for a Forty-Meter 


Doublet 


A common method for energizing а 
half-wave antenna is to feed it al the center 
with parallel conductor TV lead-in, or 
‘Twin-Lead asitisusually called, and to use 
an open stub for matching the 50- to 70-0 
antenna resistance to the 300-0 impedance 
of the line. However, this technique, as 
described in the latest edition of The ARR 
‘Antenna Book, generally gives proper 
matching оп only one band. 
After a number of trial-and-error calen- 
lations om a Smith Chart, along with lots of 
cul-and-ry experimenting, 1 devised a 
three-stub marching scheme so that 1 could 
operate my 40-meter doublet on 40, 20 and 
15 meters: Figure 1 illustrates this method 
and gives the lengths of the stubs and their 
positions along the feed line. The dimen- 
sions shown are for standard Twin-Lead, 
With a velocity factor of 0.82, АП of the 


stubs are open at the ends and are made 
from the same type of line as the feed line. 
Nore thatthe rwo lower stubs are connected 
atthe same point on the feed fine. 

The length of the longest stub is fairly 
critical. It should first becut to 17 feet andl 
thon trimmed no more than two inches ata 

ime, until the SWR is minimum in the cer. 
ter o the desired portion of the 20-meter 
band. The feed fine can then be matched 
with a 4:1 broad-band balon to a 75-1 с: 
axial cable from the transmitter. With my 
Antenna, the described matching system 
gives an SWR of less than 2.5 to | over all 
ofthe three bands, with minimum valuexof 
1310 1 оп 40 and 15 meters, and 1.7 to 1 
оп 20 meters. As with any multiband an- 
teana, one must guard against harmonie a 
боп. — Frank Swari, KTUUC 
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From 


hnical Correspondence) 


“Z” Antenna For the 10- 
160 Meter Bands 


One of my interese in ham radio is de- 
signing and constructing antennas for both 
general amateur use and for the Army 
MARS system. For the amateur who has 
limited space, 1 have designed a "Z" ar- 
tennathat coversthe hands from 10 rough 
160 meters. И is easily constructed from 
Wire. Spreaders for the transmission Jine 
are fabricated. from Lucite strips or 
Plexiglas rods, (Refer to the yellow pages 
of telephone directories for the names of 
dealers who handle Plexiglasortheequiva- 
lent) For two no. 14 wires, a inch (51 
mm) spacing із adequate 

‘Although a height of 100 feet (30 
meters) indeed desirable for this antenna, 
hams who sette for elevations between 
30 and 50 feet (9 and 15 meters) will stil 
obtain good results. The angles а between 
be wire segments will depend on Indi 
vidual sinaations such as the placement of 
wees or other supports. Generally, the 
Widerthe angle, the better the performance. 

WINH. the New Hampshire SCM, who 
is really into antennas, says my design is 
FB.” My evaluation of the antenna is that 
e ener is тем John N. Macinnes I 
WBIFPD 
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A 10- to 160-meter horizontal Z antenna. 


Information on ореп же transmission 
Ines, sto The ARAL Antenna Book, any 
rocont edition 


By Taft Nicholsoi 


NSANB/AARGAG 


From QST, November 1981 


Compact Multiband 
Antenna Without Traps 


Looking for an inexpensive, easy-to-build, portable 
antenna to use with your tube-type transmitter? This 
first cousin of the G5RV may be the aerial of your 


Do you need an antenna for portable 
operation? 1 do! My preference is for mak- 
ing things as simple as possible, Ion like 
traps and matching units, The antenna 
shown in Figure 1 has no traps, needs no 
marching unit for the 10-,20-and a0-meter 
bands (when used with vacaum-tube PAS), 
is lightweight and installs easily. What 
more could you ask for? 


Construction 

Construction is simple. Си two lengths 
of stranded copper wire (such as Radio 
Shack 278-1292) to 44 feet, inches each 
(m= ft x 0.3048). Attach 36 feet, 8 inches 
of 300-oh twin lead as shown in Figure 1 
Coaxial cable attaches to the other end of 
the twin lead at the points marked А and B 
in the diagram, I wound 7 feet, 2 inches of 
RG-58/0 coaxial cable шо a rf choke to 
minimize problems with zf flowing on the 
outside of the coaxial cable, This length of 
cable in the choke evolved from an attempt 
19 match the antenna то the transmitter for 
operation on 15 meters 

‘Alternatively, you could use open- wire 
feelers in place of the twin lead. If you 
choose that method, you will need to make 
the ection 42 fee, 6 inches long. Or you 
could iach the twin lead or openwire con- 
ductors to а matching unit. When using a 
matching unit, there по particular merit 
im the length given in the diagram. 


SWR of the antenna i less than 3:1 
10 and 40 meters, Ihave no difficulty 
loading transmitters with tube-type PAS 
(eg. Galaxy V, Swan 350 or Drake ТАХ), 
This antenna will work with some transi 
(eran 15 meters, but tuning is quite critical. 
However, 80-meter operation is a 
problem. 1 bave not been able to obtain full 
‘output power with these transmitters on 
frequencies below 3.750 MHz The SWR 
measures between 5;1 and 8:1 for the 
lower part of the band, I constructed a 


dreams. 


loading coil to go between the choke and 
the twin lead (Figure 2). The coil consists 
of 44 inches of twin lend wound on a 7/8- 
inch diameter form (my left thumb), Once 
the сой was wound, I removed it from my 
‘thumb and used electrical tape to secure i 
Tor 80-meter operation, attach 

Dio tbechokeand ends E and F 
lead. Remove the coil for operation on the 
other bands Banana plugs and sockets can 
ве used то facilitate the insertion and re 
moval of the сой. 


телиге | Bo о 
Len ere (one tt 


Figure 1— Diagram of the comps 
multiband antenna, For a0-met 
paran the loading col ie inserted at 
ров А апа В. Banana plugs and jacks 
тау be added here 1o incita Insertion 
"and removal ofthe loading сой. 


‘Installation 
The antenna should be as high as practi- 
cal. I've had satisfactory results with the 
center of the antenna only 25 feet above 
ground, with the ends ted to fences or other 
Convenient supports, Telescoping ТУ mast 
Sections makea good suppor if nothing else 
is available. The legs of the antenna serve as 
two of the guy wires. One or two additional 
uy supports should he added (noncoaduet 
ing material such as nylon rope is best. 
This compact multiband antenna works 
satisfactorily on ай bands from 20 trough 
80, and 10, meters. It has no traps and re- 
quires no matching unit when used with 
tube-type equipment. [have used jı for por 
table operation in and out of the country. It 
is easy to pack, сату and erect, Perhaps 
you might want to try one, I think you Il 
Tie it! A brief discusion of the theory of 
‘operation follows in the appendix 


[Editors Nota: А description of ha GSRV ap- 
sara in the RSGB Rado Communications. 
Handbook Gray desc tint June (= 

e Asmar Seg, 

Vae береле n th Cline Батага 

Dro 


Figure 2— Loading. 
‘operation. inta E and F on the col are 
Connected to the ооама! cable Paints C 
nd б are connected lo he lin le 
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‘Appendix 
"This multiband amenna evolves from 
twoconnected transmission lines with eriti 
cal length and ratios of surge impedances, 
The system is self-resonant at a fondamen- 
tal frequency and al most of the even har- 
momies and several of the add harmonics. 
"The first five are 2nd, 4th, Sth, th and Sth 
Consider the transmission lines in 
Figure, 
The two lines are of equal length, "£" 
and different sarge impedances, Z, and Z,- 
Looking into the lines: 


арал абл) 


where 
‘he wavelength 
X, = reactance looking into open line 
X reactance looking ino shorted line 
From the theory of resonant circuits, we 
know if we connect the lines the sy 
will be resonant at all frequencies 
whereX, =X, provided the two reac- 
tances are of equal value and apposite 
signs, The open and shorted Jine provide 
{his condition except at some harmonies. 
Joining the lines as depicted in Figure 4 
we find that 


"ueri 90040) 


z 


HE the angle 202 is made 60°, then the 
amplitude of the tangent at 120° ør second 
harmonic will e the same. This will be 
тте for dan harmonie) and 300” (Sth 
armani). Similarly. hese harmonie re- 
sponses wil cominne at бисте angles 
Above 360°, e.z. Tth, th Oth, Tb, Тн, 
MI and во on. The signs of tho tangents 
wash ош when squared. 

"The angle 2x47 becomes 60 by mak- 
ing 1 = No (1S of a wavelength) u the 
fundamental Frequency 
Fp ten? (360°%1/6) 


tan? (2n2/A stan? (360947) 


tan? gren ua 

Therefore Z, = 32, This equation 
„makes practical he multiband antenna be- 
©зше Z, can represent the antenna proper 
504 2, dan represent the resonant feeder. 

7, for the amenos may be computed 
from formulas in radio engineering hand- 
hooks or textbooks. For a piece of wire 
ove he earth end parallel ой as shown 
in Figure SC. 


z а 
Zp =138log 5 

For no, 12 wire, d= 008081 in. 
Let h = 20 feet or 240 in. 


E^ 


960 \ 
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Figure 3 —Two identical lengths of tans- 
mision ine. Looking inia the ines, tno 
‘Opposite ends are open and shorted at A 
‘and B, respectively, 


‘igure 4— Tho two transmission lines rom. 
Figure 3 are [ined 1o form one Ine. 


138 log (11879) = 562 ohms 
"This value is not critical. One can use 
300-ohm twin lead or 400-chm open line 
wis 
If be wire size had been no. 18, 


p" 
PM 
ыза et land erred 
E 

2.2 -In 


good results. The harmonics will be dis- 
placed somewhat, but with variable tuning 
ofthe trnsmiterthe system canbe brought 
on frequency. 

The above indicates that 2,2 varies 
with antenna height, wire size and configu- 
ration. The function is logarithmic and alor 
can be done to the antenna before 2. 
changes very much. The inverted V works 
well: just use the e % formula for a hari- 
zontal wice and let Бе the average height 
of the inverted V. A formula for surge im- 
pedance can be worked out for most any 
Configuration, including a vertical. If the 
reader is interested in feeding a Vertical 
antenna, һе is referred to LaPort,! which 
has the fundamental information fr find- 
ing surge impedance or characteristic 
impedance of antennas. 

"The system could be used for  single- 
ended antenna fed with а balanced 
transmission line with a balun at each end, 
Another possibility Гога vertical is the use 
ofa two-vire, grounded, open transmission 
Tine, as discussed in LaPort's book- The 
‘ground system would be critical. 

"When experimenting with these multi- 
band lines, it is convenient to have some 


© 


Figuro БА A and B, the open porton of 
be rareninm ine veg pio 1o fat- 
top porion ofthe antenna At C, diagram 
Tilting ino formula ler eg 2, 
tor he antenna: 


E 75 
" 2 

ssa eas 

Eu. P 


dar postion chart useful for 
eraning "Soak numbers espai lo 
[s 


stock? numbers to apply to the lines (see 
Figure 6). One-síx of a wavelength is one- 
third of a half wavelength, A convenient 
length for а half wave on KO meters is 135 
feet, One-third of thats 45 feet or M6 for HO 
meters One-sixth of a wavelength on 40 
meters s 22-172 feet, When you are design- 

e an antenna, these lengths need to be 
multiplied by the propagation constant the 
line, After construction and testing, the di- 
‘mensions can be pruned for end effect, e. 

"When operated as a transmission line, 
‘the system as described may have applic 
Gon inend-feeding half-wave antennas, es 
pecially two half waves in phase, The 
system transforms a high impedance to à 
low impedance asa quarter-wave line will: 
however, it wll do this at several even har- 
‘monies, in contrastto the quarter-wave line 
that is only responsive to odd quarter 
wavelengths. 

"The author wishes to thank Walt Max- 
well, W2DU, for his detailed analysis of 
the theory section of this article, 
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Five Bands, No Tuner 


Enjoy some of the advantages of a multiband, 
ladder-line-fed antenna without an antenna tuner. 


Reading “The Doctoris IN" (OST, Janu- 


ary 1995) reminded methatthesearcheon- Table Y 


limues for a simple backyard antenna. A Calculated SWAS for a 04-1001 
wire dipole antenna fed atthe center with Dipole Fed with 41 Feet of 45041 
450-ladder line isa good choice. Thelad- Ladder Line 
der line keeps your losses low—even at 
moderately high SWRs. АП you need isan 
antenna tuner and you're in business. No 
Coils or traps necessary, 

Bot can you do away with the tuner and 
still keep the ladder Jine? That would cer- 
tainly make life simpler. То achieve this, $3 


Your tramscciver needs to dee an imped” {ay pe 
“nc bs looks reasonably lose to SOQon 481 B 
as many binds as possible, Without an an- 24.9 181 
tenna tuner acting ва the middleman be- 29 D 


tween the 450-1 ladder line and your 50-9. 


T 
Ё 
^ 
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ABO- tan ne lo) 


E 


facio, use 50-0 соак 


radio, this could be a problem. 


Can It Be Done? 

A few years ago 1 attempted to designan 
antenna that would work on several НЕ 
‘bands from 80 to 10 meters Full details 
were published in the spring 1992 edit 
of SPRAT, the journal of the G-QRP club. 

My inspiration was the venerable 
RV. took 194-footlong dipole and [ed 
it with ladder line (see Figure 1). By cutting 
the ladder line to a specific length and us- 
ing а 1:1 balun to make the transition to 
coaxial cable, T found iba could get cose 
10 50-0) (and thus achieve reasonably low 
SWRs)on st least five bands: 40,20, 17, 12 
and 10 meters (see Table 1) 

“The on-air results were bete than Tex 
pected. My radio was happy and didn't need 
10 meddle constantly with an antenna tuner 

(Ofcourse, you'll need an antennia tuner to 
‘work the bands where the SWR exceeds 3:1. 

A simple tuner will do the job, though. 
Because you're using unbalanced coax 
ahead ofthe balun, you won't need one of 
the more expensive tuners designed for 
balanced feed lines 

For best results, put your antenna as high 
as possible. If the ends must bend down- 
ward to accommodate the size of your lot, 
don't worry. Run the ladder line to your 
balun and take your coax from there to your 
radio, Keep the coax portion as short ac 
possible 


Conclusion 

By eliminating the antenna tuner com- 
pletely, you lose the Mexibility of loading, 
your lndder-ine-ed antenna on virtually 
Any band. In return, however, you gain the 
convenience of operating on several bands 
"without making tuner adjustments each 
time youchange frequency. Your losses are 
held to а minimum, which means thal most 
of the power your radio generates is radi 
"ted by your antenna. Not bad compro- 
mise! Of course, the rens schioyad will 
Vary when used a other locations. Sall, i's 
imple, fun project in the experimental 
spirit of Amateur Radio. 
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Olsen, N6NR 


The NRY: A Simple, Effective 
Wire Antenna for 80 through 
10 Meters 


Known as a broadside collinear curtain array, this 
antenna is simple to build, rakes in DX signals and 
has gain over a dipole on all the bands it covers! 


Hans thoughts ultimately mrn to anten- 
mas. Sait was with mea whileago. œ 20 meters: It woulde't fit between the | mire performance on 20 meters and tke 
‘moved to the emerald beauty of the Pacific trees! What would fit, however, was а Whal I could zeton ihe other bands, chose 
Northwest and began pondering . Гас depending on he two 1-2, centered vires vertically spaced 
fooball Douglas fis in my backyard. hal vertical separation, this array might even | 5/64 apart, According o ELNEC, withthe 
%%% bat have some pain over the fourelement col. апау 100 feet high at the top and modeled 
decided that neighbors, architectural com- linear arrangement 

JJ Then 1 My choice was made. wanted to maxi- 
thought about topping a ras. Nopo- moved ai -= 
here boeause {love these trees, l eri 1 

stared sniffing around or alternatives = = 

томаша a copy of fellow ARRE Techni А А 

cal Advisor Roy (WIEL) Levallen’s an Epi] 
tenna modeling program, БЕЛЕС, along 
with а сору of The ARRL Antenna Book, 
and began lo incubate the seeds of what 
would become my most enjoyable antenna " 


project sce V t e for emen quad + 
л 
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1 would know how much space 1 had 1o 
work with and how [could optimally direct 
my signal to places ike Europe, Africa and 
the Caribbean. 

Next came the selection of a configura- 
lion. Because the tres are approximately 
120 feet apart, my first choice was a 
multielement collinear array, But a good 
friend, Terry Conboy, N6RY (in NRY, I'm 
the NK and he’s the RY), suggested act. 
ing а puir of extended double Zeyp filed 
lis suggestion away in my memory fr the 
time being. I stated my analysis. 

The ARRL Antenna Book, cn page 8-32, 
describes the basic function ofthe collinear 
апау. In sum, it concentrates energy per 


Figura 2—At A, te physical layout of and 
currant dictbulon өп an extended double 
Zapp (EDZ), а special case ol Ine wo- 


pendicular to the wire, hence the term © «тел! cotinear array shown in Figure 
Broadside array. This antenna’s physical TA This antenna алпа more gain than 
layout and patter аге shown in Figure 1 the Figure ТА antenna because 

Such am antenna't gain can be increased Figure 1—A two-olamantcolinear array lengthening the clemente lo 5/8 À has ho 
by varying the end-to-end spacing of the (A) alto known as fo haff-waves in зато affect ao spacing he element onde, 
WM hase, в merely two halt+rave wire ©! wo colincar hal-nave отете 0.28 A 


2 mis placed end іо ent, This antenna Spar. (See Noto 4 At B, he antenna’ 
Charter 8 goes on to explain three- s about 1.5 48 gain over a dipole In he panar їп irse space. This 
four-element arrays. Dicappotaumentsotin дате surroundings, ano 8 shows s ес: jout 3 GB gan ovar a dipola 
when I sized a fourelement in-line array Space patum. Inthe seme surroundings. 
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‘over lossy ground, this anteana's gaia is and patterns ace impressive. On the HO- and 
approximately 12 Bi Not bad! The only 40-meter bands, the antenna has remark- 
problem is that (his antenna's 20-meter ably dipole-like patterns and gains and 
feedpolnt impedance is very high. seems to work at least as well as a dipole in 

Reenter NORY and iheextended double the same beightrange, On he higher bands, 
Zepp. Take a look at Figure 2A. The ex- it works much beste than а dipole. Its pre> 
lended double Zepp is simply a 125, dicted gains in my installation are9, 11 and 
center ted wire (two end-to-end 3% f cle. 14dBiat7, 10.1 and 14 MHz, respectively, 
ments) There's a hidden message here! At 18.1 MHz (Figure 6) and above, the ar- 
Have you found i? ray begins to take on long-wite properties. 

‘Well, м first, I didn't either, Terry ex- It has several major lobes in directions 
plained to me that the extended double | closer to the wire axis, which the lower- 
Zepp (EDZ) is essentially two half-wave frequency patterns don't provide. 
collinear elements spaced just over 1/4 To help you evaluate the NRY's pat- 
apart. The extended double Zepp's added eras, Figures 4-6 superimpose the patterns 
gain over two half waves in phase comes of halfwave dipoles cut for 10.1, 14 and. 
лог from the extra 0.28 A of wire between 18,1 MHz respectively, onthe NY s pat- 
them, but from the increased end-to-end terns, These comparisons assume that the 
spacing ofthe ourermast pair of halfwave dipole is tne sume height as the NRY s feed 
element (Radiation fromthe inner 028-2 point (halfway between the elements, or 
actually works against that from the outer about 22 feet lower than the top wire), and 
Balfwaves, but the gain increase from the over the same ground. 
new clement spacing more than overcomes You may Wonder about this antenna" 
thie disadvantage.) Figures 1B and 28 are | effectiveness as a function of height. Ac- 
similar. The EDZ has broader lobes and cording to the Antenna Book, arrays like 
‘useful smaller lobes, both of which are at- this have the best gain when the lower ele- 
active for a fixed array. ment is at least 1/2 A above the ground 

‘Sure enough, it was right in front of me | (33 fetat 14 MHz). Ar 
all the шше in the Antenna Book (page 8- all horizontally polarized antennas, this 
34, fifin paragraph). In fact, the whole апау' radiation angle decreases as you 
darned array was right in front of me in reis the antenna, which makes for better 
Chapter B 1 just needed some help piecing DX performance. The bottom line is that 
it all together. I modeled this array every for DX work. you don't have to get the ar- 
way I could imagine, looking C 
possible performance. My wife didn't see need to ри it up as high as you can. For 
mein theevenings fortwo weeks! Figure 3. closer coverage, it will work well at 
shows the final configuration. Tower heights. 

Figures 4, Sand 6 show some ofthere- Another advantage of this array is that 
sults of my modeling. used a design fre= its feed-point impedances are manageable. 
есу of 14.2 MHz, a height of 100 fect Та maintain my goal of broadband uc, I 
above ground (for the top wire) elements decided to feed ihe antenna as shown in 
made of #14 copper wire, and ground coef. Figure 3, This ia the deen, lr configura- 
ficients typical of the Pacific Northwest, tion described starting on page 8-37 of The 
AIL бе elements in this array sre fed in ARRLAnéenaa Book. The aractiveness of 
phase, as described in a bit ‘his configuration is tat it doesn't rely on 

"As the Figures show, the antenna's gain specific phasing lino lengths to work prop- 


ae p 


erly. To the extent made possible by the 
different mutual impedances between each 
element and the ground, the phase relation- 
ship between elements remains constant 
fegardless of frequency. 


Final Dimensions 

‘The antennas physical dimensions (86 
fet, 10 inches long and 43 feet, 5 inches 
high, not counting insulators) are easy to 
remember because the height is hal the 
length. Because the antenna is basically 
125 (5/4) long, center-fed and vertically 
spaced 5/8 арап, you can casily seale itto 
Whatever band уса like. For instance, to 
Seale itto 10 meter, divide all the dimen- 
Sions by two (28 M14 МН) 


Construction 
Now forthe really fun stuff: putting this 
thing up in the air! Building the antenna is 
ıa breeze. It rook me all of about an hour lo 
Cut and solder the wires and attach the teth- 
ers The harder part was preparing the res, 
IE you have a [nend like Bernie 
Olshausen, NSRUX, you have it made. 
He's a crack shot with a slingshot, similar 
to that described by Wade Calvert, 
WASEZY, in QST a couple of years back 
‘Once Bernie landed the fishing lines 
over the right tree limbs, the nent job was to 
pull up some lightweight twine (we used 
Seiner twine—the stuff fish nels are mode 
of) with the Fishing line. This is important; 
rape sometimes snags a goes over limbs, 
‘aud you don"t want to try o pallit over with 
pan en fishing line! With the twine, 
we pulled up some 800-pound-test nylon 
торе with a palley оз one end, using ar 
other piece of nylon rope through the pul 
sy to act as a catenary for the array. 
I's importan to use a strong, weather 
resistant estenary rope 1o hang the array. 
because the antenna loses its desirable 
Properties quickly whee it takes on the 
shape of a V, You can expect a 2-48 gain 


Figure 3—Tno breadeide colinear cura array—the NRY—in ts final configuration. This 
Antenna в cut for 20 meters, but works well оп all the HF ham bands. The array hang 
бот а čatenáry ropa via tha shon engins of wine. The lower end insulators ara 
Supposed by ropes to those of he top wire, and the center insulators are joined by 
ing Une, wich is 43 faet, 5 Inches ol parallel те fed ine, The feeder to the radio 
‘made ol ha same ур ol line connected atthe hallway point on ne phasing Ine. 


Figure 4—The NRY s 14M azimuth: 
lom wih ng bottom wra at 36.5 


жоп, he chaded рап shows the pattem ol 
"a hat ce 14 MHz dipole at 76 fest 
(ino same height as tho NRY s fed роп. 
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Figure 5 The NRY's 10 1-МН: azimuth- 
plane pattem wi the боот wire at 38 3 
né op wire at 100 feel. For compar. 
icon, no shaded part shows the pater ol 
Ravak Yo Pr opat 4170 
fea oe como helt as ře NAY fou 


decrease at 20 meters with a 20° variance 
from the fet-top configuration, The rope, 
‘therefore, must be strong enough to mini. 
mize droop and maintain integrity in the 
sun and wind, We'll ет back to the rope in 
A minute 

For the phasing harness 1 used low-loss, 
300-0 tvinleaó, Any parallel- wire feeder 
should work fine. Don't use coaxial cable 
inthe feed system. 1's too heavy, unbsl- 
ances the array and hus very high Joss when 
operated at a high mismatch 

To assemble the feed system, 1 used 
porcelain insulators and equal lengths of 
300-0 line Then cut the #14 antenna wire o 
the proper length anû soldered it 1 the feed 
system in а standard dipole configuration 

Next came the tethers, For an antenna 
almost 87 feet wide and 43 fect tall, you 
need to provide some means of maintain 
ing the proper element spacings, 1 used 
equal lengths of seiner twine (nylon ог 
dacron rope would also work fine) to 
vertically space the element ends, also 
attached plenty of line to the lower end in- 
‘ulators so | could tie thema to the appropri- 
te fence posts once the antenna was in the 
air, See Figure 3. 

The catenary rope isthe trickiet рап. 
‘The antenna won't hang right if you don't 
attach the top three insulators in the right 
spot. know— did it wrong the firs umet 

T eut a piece of catenary rope 95 to 100 
fect Jong and carefully marked the center. 
Next, [ measured the distances from the 
center to each end of the array. (The array 
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Figure The e 

ne pater wt e опот wis a S8 5 
foot atop wee at 100 fee. or cama 
ISen, he Sad pnt srov the paar o 
e 
di sra hi nine RS ln 
роп 


itself is a handy measuring line.) Then Т 
added about 10 more inches and marked 
the line. I'l tell you why in a minute. 

Then L cut three pieces of twine, each 
bout 24 inches long. At the center of the 
catenary rope, I carefully opened the rope 
weave and passed about 6 inches of twine 
through it, then let the catenary rope retake 
its natural shape. Wrapping the twine 
around the rope several times on either side 
of the joint relieved the tension placed on 
the rope introduced by passing the twine 
through it." I thee tied the other end of the 
twine lo the top center insulator so that the 
spacing between the rope and the insulator 
i 12 inches. 

After doing that, L attached the twine at 
the end markë on Ше catenary rope in the 
same manner. The distance w the end insu- 
Intors is 18 to 20 inches. This causes the 
ends to hang off the rope at an angle and 
provides strain relief. 

1£ you use a braided rope (with û weave 
you can’t open to pass twine through i), 
‘one good alternative is to use insulators in 
the catenary rope (atthe points where I at- 
tached the vine) as tie points for the array. 

Now you're хому to haul the antenna 
‘upon the lanyards. Consult your US Navy 
‘Marfinspike Seamanship manual (just kid- 
‘ing, of course) and jota the ends of the 
‘ealenary to the lanyards that are hopefully 
by now through the pulleys, up in the trees, 
Use a strong knot that won't slip. 

Before hoisting tbe array inm the sky, 
make sure that the connections o the feed 


harness at the top and bottom are the same 
e, that the left elements both attach 10 the 
Same wie in the cwinlead). This thing does 
not work right if the top and bottom ae fed 
180" out of phase! 

Now you're ready o haul it up and con- 
nect the feed line to the antenna tuner. 
Check to make sure that the symmetry and 
top-to-bottom wire spacings are withiarea- 
sonable limits, then Ше Ше bottom tethers 
off зо that the bottom wire is as Tat as you 
can make it 


You're Done! 
‘This is uite an effective antenna. I've 
installed two of them: One is boresighted 
‘on the Middle East end works like 
_gangbusters into Europe as well the other 
favors the Caribbean and most ofthe US. n 
the first three months after puting them up, 
Т worked 105 countries on CW. including 
some rare ones, witha 100-watt transceiver 
I'm surprised at how easily I can bust pile- 
ups especially on 30 and 20 meters. 

1 hope you have an opportunity 10 try 
this array on for size Don limit yourself 
"o just the backyard either: Isa great Field 
Day antenna, to say the least Ir also comes 
in handy for emergency work where you 
need a gain antenna 

You don't have to he rocket scientist 
to design effective antennas! Your old 
friend The ARRL Antenna Book, ná other 
ARRL publications, ike Walt (W2DU) 
Maxwells Reflections the Handbook, the 
Antenna Compendium series und Wilfred 
Caron'sAnienna Impedance Matching, are 
serious reference guides and sources of 
numerous ideas lde hrt have your 
favorite anteana-modeling software loaded 
ов your PC, ether! 


potes 

e Brode, “The Cara and Feeding ot an 
Amauta Faroe Antenna Surgit he 
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By John Griggs, V 


Dual Full-Wave Loop 


Antenna 


Achieving gain from an antenna at 7 and 
3.5 MHz normally requires a ratherlarge piece 
of real estate, a high tower or both. То obtain 
sleniicanly improved performance over a 
dipole st these frequencies, ad to do it inside 
ån average city lot, is a goal worth pursuing! 
Wit tis in mind I decided то replace my In: 
verte V dipoeson 7 and 1.5 MHz willa dual 
{ullewaye loop antenna, one inside the other. 

T kad noted the song signals on 7 MHZ 
"ors Par Kearins, W7UT (now a silent key), and 
from Carl Winter, W60AW. on 2,9 MHz. and 
жал neret o that bo were using hull 
wave oope Both signala ош pin See 
xd my ОТН із well over 200 miles from either 
station. The antenna А W7UT was а loop su 
pended by a very high supporting wrusture. This 
Toop resembled a square. with one comer facing 
р, one facing Me ground, and the otber TWO 
гыл» pulled outward by gy wires, 

My stetion was attracted to a horizontal 
loop antenna used by another ham оп 3.9 Mir 
that produced extremely strong signa жара 
quare loop, 65 fet on а side, ith each lez 
parallel o the ground but oly 14 feet high. Fed 
By a tuned Ше, i fnetoned well but i was 
woa effective for relatively hor ranges, up ta 
200 miles or 0, 

OF more interest to me, however, was Ihe 
75-meter rectangular lop used at W6DAW, 1 
learned that this was a dual antem Le а 
full-wave rectangular loop for 3.9 Mile su 
pended about 40 feet above ground, with an- 
ine full wave loop far? MH inside thefirst, 
їп the same plane. The 3.9-MHa loop in 4 
‘lose cireni, whereas the Hate loop is an 
open circuit This perits operation an 10. 15 
эл4 20 meters as well as 40 meters when used 
‘wih open-wire feed line and a matching net- 
Work The euer loop in fed wth evari cable 


Design Planning 

In considering loop antennas for my 
lot, lich а 75 feet wide by 125 feet deep, 1 
found that 1 could use two 40.foot high pipe 
шз, 130 fet apart along a diagonal across my 
Tout duplicated the WGOAW arrangement, cx 
cept haf Ling the amenna vertically and made. 
ott loops cha eicit designs. T could ac 
them ony on tne hande for which they were cur, 
7/2 MHz and ЗА MHz Bach is ed with a quar 
nee matching section of RG-59/0, which 
provisesa50-ohmmatchforthe RG-MU cables 
ending in to my operating position. 


Construction thatthe botom orizontal section ofthe antenna 
Sce Fig. 1 for construction details and d- narrowly misses the topal my house ro seems 
mensions, Matching the lOKob antena im 10 have no deleterious effec on it operation: 
Pedance to the SO-ohm line impedance requires Measure tbe antenna sections carefully, 
a quarer-wave coaxial line having a characters and cut them to length. Pay particular anten- 
fate impedance of 72 ohms. The fomula foc a tion to locate the feed point at the exact center 


"ice seco e ofthe horizontal wire sections This provides 
horizontal polarization. Feeding the loop at 
з the center of either vertical seston will pro 


Tig Eq, 1 Vide vertical polerizuton. 
This result must be multiplied by the Tuning 

чаюу lao of te сшкш сам 066 ior Etmingenededtoresonste езеп 

КОЗ Tram table The querer to your von operating acqua, eut ar add 

Sesion was drained l he 42) dew or salen pears eth veria ai, Do 

TT.... — o me pate wien top 

.. . ie has wavelength 


1D the transceiver, aput Careful pruning ofthe horizontal sections 
"The np sectional the 3 -MHz loop is fed Would be required If such а problem develops 
atthe center because of ihe ), 


Úerewav line, but the shorter matching sec- antenna seems to confirm my results. A typi- 
tion for the 7.2 MHz lop allows me to feed cal comment's "Boy sre you ever loud! A. 
те honom porton of that antenna. pain of 8 B overa dipole is claimed for this 

“The inner loup supported бош the comers typeof antenna. The principal difference ар 
cof the outer oop by means of nylon rope and реш to be a lower angle of radiation. While 
. / to work stations off the ends of 
J 
mo. Lato reduce the weight ot the array. Pulleys side o the clement: What ike about he an 
{and rope) wil be required at tne tops [the 40. | tema s she ality to hear weak stations, re 
foot poles and als atthe А foot level. The fact outstanding in dus regard. 


тена ee 


E a one 


Fig 1—Dimensions for the dual tul-wave oop antenna, Input impedance is оп he order 
(1108 ohms. A quarter-wave matching section of R-S9/ s used o provide a match lo 
Sp ohms 
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у Brian Be: 


A Gain Antenna for 
28 MHz Give your 10-meter signal a boost with this simple 


Although in coming years the 10-meter. 
hend won't provide the excitementit did st 
the peak of sunspot cycle 22, DX openings 
will sill occur, especially during spring 
and fall. And who knows? With the large 
number of 10-meter operators and wide 
availability of inexpensive, single-band 

ios, the band may be the hangout for 
local agehews 
of -meter РМ. 

Td like to pres 
10 meters that provides gain over a dipole 
or inverted V. Similar designs have been 
Published before, but because never hear 
hem on the air, 1 think they must not be 
fully appreciated. The antenna is a reso- 
mant, rectangular Joop with a particular 
shape. H provides 2.1 dB gain over a dipole 
at low radiation angles when mounted well 
Above ground. This represents a power in- 
crease of 62%. The antenna is simple o 
Тес ао matching network is necessary 
When fed with 50-0 coax, SWR is close to 
1:1 at the design frequency. SWR is less 
than 2:1 from 28.010 28.8 MHz for an аш. 
temna resonant at 28.4 MHz 

The antenna is made from #12 wire (see 
igure 1). For horizontal polarization at 
28.4 MHz, the loop is 73 inches wide and 
146 inches high (just large than 612 fen), 
Feed the amenna at the center ofthe lower 
wire. Coil the coax into few turns near the 
feedpoint to provide a simple balun. A coil 
diameter of abouta foot will work fine. You 
сав support the antenna on a mast with 
spreaders made of bamboo, fiberglass, 
Wood, PVC, or ether nonconducting mate- 
Til You can use aluminum tubing both for 


42 Chapter a 


antenna. 


— — 


Figure 1— Construction details of the 
10 meter rectangular loop antenna, 


‘support and conductors, but you'll have ta 
тезу antenna dimensions for resonance. 

"This rectangular loop has two advan- 
tages over a resonant square loop. First 
‘square loop has just 1.1 dB gain over a di 
pole. This is a power increase of only 29%, 
Second, the input impedance of a square 
loopis бош 17541. You must use a match- 
ing network to feed a square loop with 
30-0 coax. The rectangular loop achieves 
iin by compressing its radiation paternin. 
the elevation plane, The azimuth patera is 
slightly wider than that of a dipole (it's 
‘bout the same as that of au inverted V). A 
broad pattern isan advantage fora general- 
Purpose, fixed antenna. The rectangular 
loop provides bidirectional gain over a 
broad azimuth region 

You should mount the loop as high as 
possible. To provide 1.7 dB gain a! low 
парез over an inverted V. the top wire 
тийи be at least 30 feet high The loop will 
‘work at Lower heights, bt its gain advan- 
tage disappears. For example, at 20 feet he 
Joop provides the same gain at low angles 
ax an inventa Y. 

A smal, belement Yagi сап provide 6 
dB gain over a dipole and ктем rejection of 
‘signals to the rear, If you сап installa beam, 
And rotor, you'll find it mach more effec- 
tive than э Toop, But for a simple, cheap, 
gain antenna that can be thrown together 
‘Quickly, he rectangular loops hand to beat. 

Note: 1 used the AO 6.0 Aatenna 
Optimizer program to automatically opti 
mite the dimensions of а rectangular loop 
Foc maximum forward gain and unity SWR. 
Tused NEC/Wiree 1.5 o verify the design 
withthe Numerical Electromagnetics Code. 


From 


July 1968 


nical Correspondence) 


10-Meter “Lazy Quad” 


Among your readers that like to tinker 
with antennas here may be some that would 
like to try the antenna shown in Figure 1 The 
basi idea came from a sation using a some- 
What similar configuration on 15 meters, and 
Imakenoclaimof originating the idea How. 
ever, have never heard of anyone using the 
Antenna оп 10 meters, Since И is currently 
nameless, and has features similar to both a 
Lazy Н and а quad, perhaps it should be 
known asa "Lazy Quad.” 

The major advantages of the antenna 
are: (1 extreme simplicity, (2) feasibility 
of installation оп a ight unguyed pole, (3) 
small horizontal space requirements (as 
‘compared to а horizontal dipole), (4) low 
ОВА in receiving (as compared to a verti- 
cal dipole), (5) ability to withstand high 
wind loads and (6) broadband operation. 

Whea looking at loop 1 we see a hori- 
zontally-polarizedfull-waveloop radiating 
roadside, with maximum currents long 
the top and bottom horizontal wires Н, and 
Hy. When looking at loop 2 we see a similar 
hosizoatally- polarized loop with maximum. 
current on wires Н, and Ну When looking 
at wires Н, and Н, we notice tuo in-phase 
horizontal wires spaced a half wave, both 


BE 


Figure Аерге Lazy Quad" fr 10 
metus. The loop ara o. 14 we, wi 
{he horizontal setana mounted an Bot 
Tengio of 1x2 wood. The айе subs 
A samo pe wi па шө 
supporting ince fhe length is oriy 5 
inden The anum at WOPU В mounted 
fn an unguyod wooden polo 32 lot high 


carrying maximum current. Minimum cur- 
теши appear on the vertical portions of the 
loops where the tuning sube аге inserted, 

T operate mostly on 10-meter cs. and 
have the antenna peaked at 28,050 MHz. In 
ту specific case the length of each stub is 
inches for this frequency, Loading is al- 
most constant from 24 to 30 MHz. 

The coax feed line is rum straight down 
the pole (wood) to the ground, and there is 
Inte antenna effet ов the feeder. 

Results have been consistently better 
than had been obtained with vertical or 
horizontal dipoles previously installed at 
the same effective height atthe same loca- 
ion. Indications are that it outperforms 
some beams of the same approximate 
eight, perhaps because of the broad verti- 
cal pattern (which allows longer QSOs 
‘under critical skip conditions), as com- 
pared to the beams, 

Perhaps some of your readers might be 
urged to try this basic idea with a reflector 
of the same basic configuration as the 
driven element. It would appear that the. 
Double Lazy Quad would be anything but 

m. — Dave Hardacker, 
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М1ЕВ and Lee Auric 


The Full-Wave Delta Loop 
at Low Height 


By Doug DeMaw, 


Property size and antenna-support 
height are ever-present concerns of the ur. 
han amateur. Many good antennas are un- 
tried because the radio amateur is unable to 
imagine how a large wire antenna could be 
squeezed onto x small lot. Certainly, this is 
typical in the case of full-wave loop anten- 
‘its Bul there ıs no гше that dictates using 
A symmetrical loop. It can be distorted 
rather severely without spoiling the perfor- 
mance. The same philosophy s appropri- 
sic with regard to height above ground and 
the plane in which the antenna is erected. In 
‘most iastances les-than-optimum full 
wave loop will outperform a dipole or in- 
verted V antenna that is close to the ground 
in terms of wavelength. It is possible that 
such a loop will give comparable or better 
performance than a vertical antenna that is 
less than 90 degrees (with respect to 
ground), or one witha substandard ground 

‘We wantto discuss he Practical eonsider- 
ations of loops that can be supported from 
low supports on small pieces of property, 
The resule we have obaines are noteworthy 
With respect о all-around “soli communi- 
cations within and outside ће USA. Perhaps 
‘you will be inspired to unroll some wire and 
try loop at your ОТН, 
Some Loop History 

Lope were used frst as receiving anten- 
nas. While single- and multitur small loops 
worked well for receiving, they were not 
satisfactory for transmiting: They were in- 
efficient in terms of gain, and the feed 
impedance was generally а fraction 
‘ofan obra, making them difficult to match, 
"The losses were significant, But, it was pos- 
sible to use а compact loop (less than 
0.5 wavelength) for receiving in place of a 
fullsize version hat could require thousands 
of feet of conductor, One of os owned а 
portable broadcasthand receiver in the 
19305. The loop antenna was stored it the 
lid of the cabinet, and needed to be mounted 

top the radio during reception period! The 
radio was heavy: it weighed 91 pounds, ln 
cluding the various dry batteries, 
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You'll be surprised at the results you'll get from a 
full-wave loop at low heights. 


Receiving loops continued to be useful 
for many years in the commercial services, 
especially for LF and VLF applications 
“Amateurs also used them (and continue o 
Фо so) for improved reception on 160 and 
30 meter, The signal-to-noise ratio of re- 
ceiving loops is markedly better than that 
of vertical antennas, and they are direc- 

tional! Many successful 160-meter DXers 
‘owe their success to the use of receiving 
loops with low-noise preamplifiers Pract 

cally, these loops are the next best thing 10 
Beverage antennas? 


Loop Characteristics 

"What are some of tbe advantages of a 
closed, fall-wave loop? Perhaps number | 
on thelist is the Jack of асса for ground 
Screen. The malter of effective height 
above ground is still а consideration, but 
We need not шу a ground-radial system as 
would be the ease witha vertical antenna. 
Consideration number 2 Is that a full wave 
Joop (depending on the shape) has some 
gain over a dipole, Number 3 relates to 
Boise factor. A closed loop is a much “qui 


eter” receiving antenna than are most ver- 
tical and some horizontal antennas. 

"To illustrate this point, the 160-meter 
antenna at WIEB is a wavelength in- 
vete with twenty Yewave radials. 
Since this is essentially a vertically polar 
ized antenna, it is noisy (man-made and 
atmospheric nose). There are times when 
an $9 signal is unreadable because of the 
Ambient noise being 89 or greater in 
Strength. Upon switching lo the 75-meter 
Delta loop, the same signal will rise above 
the noise by 1 or 2S units, while the noise 
‘and signal will drop well below 59. For ex- 
ample, the received signal may drop to S6 
onthe loop, bu the noise will decline o $4 

Heed point selection will permit the 
choice of vertical or horizontal polariza- 
tion. Various angles of radiation will result 
from assorted feed-point selections. ‘The 
system is rather flexible when we want to 
‘maximize lose-inor faraway communica- 
tions (high angle versus low angle). Figure 
illustrates various configurations that can 
Бе used. The arrangement at C is used at 
WISE, and the shape at D is being applied 


a 
o 
Am 
— 
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jue 1- Various coniguralions Io a full wave Dalia Joop. Radiation angles and 
‘polarization are affected by the leed-point placement and ocation of lhe apex. 


st WIFB, Both antennas ше cut or 80- 
‘eter operation. The bandwidth at reso- 
ance ie on par with that of a dipole. A 

jamach is uted for matching the ape 
tem to the transmitter in those pat ofthe 
па (75 and 80 meter where tae SWR is 
too Bigh to deal wit. 

"Our loops are not deployed in a vertical 
plane owing to he lack af tower height A 
"toot tower and 50-10 eee sapport the 
WISE antenna А single 30-foot tower z 
used м WIFE. Both loops are ted away 
from the supports at roughly 45 degrees 
(Figure 2) This shows the present Mien 
System. The loop is broadside northeast and 
southwest for maximum radiation ш those 
directions at 80 meters: More on this tr 

When these low-to-theground experi- 
ments began m the summer of 1983, we 
Sere joined by Bil Marinek, МАЛУ 
near Traverse City, Michigan. Bill experi. 
mented with various loop configurations 
fo tha he and WIFB could make signal 
Comparisons locally and afar, He finally 
adopted the WISE format with the apex 
down (Figure 1C, with the Пи top sirung 
between wo Solonis) inorder 1o keep 
the oop completely vence (aot doping. 
Bechose atrangl that was not equilateral. 
The upper side of his inne s substan 
aly шет tha the two downward sides. 
— consistently 10 
102048 stronger han with bis inverted V. 
"The point ofthis discusion that you need 
J 
fit on your property. Erect whatever you 
can then give тату! 


Feed Methods 

А Q section is used for feedi 
WISE loop, A Qsection sa quarter- 
length line with an impedance that is some- 
‘where between the antenna feed impedance 
and that of the feed line, Calculation is a 
simple matier: 


Z (Q section) = JZ Fons (iq 


where 1 is theantennaimpedanes, and Z2 

the feeder impedance in ohms. In this 
case, assuming approximately 100 obme 
forthe antenna: feed impedance, we would 
have IUD x 50 = 207 ohms for the Q- 
section impedance. This represents a close 
тшсһто 32-ohm coaxial cable. The Q seo 
tion length (made from RG-S9/U) can be 
determined from ен) = 246 УМН), 
where V the velocity factor of the co- 
dale line for the matching section, (The 
length should be verified using à dip 
meter) For opera athe WISE-choten 
frequency of 3825 Mila, the calculation 
calls for a Q section af 42 fet 5 inches 
gure 3) 

Dpen-wire feed is used at WIFE (Fig 
6B) co permi multiband operation trough 
10 meters. Unfortunately, а sbor run of 
RG-RIU was needed to bring the feed line 
totheham saion-underth driveway. The 
coaxial cable was buried in the ground for 
thisreason. A homemade 4:1 toroidal balan 
transformer (two stacked 7200-2 Amidon 


rem 


Figure 2—A ttd Deka loop or 80 motors ia usad at WIFE. The tower height ls оту 50 
"Homemade open-wire ne 1 used вз ne feeder fo репти! multiband ute with 
\erical polarization and a low radiation angl, 


ina Fen () «9.048 


č 


Sonte l te way to be Tranamate, and te balun lona! жо be located at 
ГА 
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Figure 4 — Two methods tar using а ̃ loop at hall requency. A swiching ara 
anger a lon al rav ap o n rl argon sl hat, The moda 
Sound scroon saques, 1s estacion ab wavelength э i 
{the olocineal point opposite the fed point. A relay coud be used or s purpose. 


ment could be applied at tha feed point to 
performs as a Je wavelength radials, But а 
> ашпсу usa. requires opening the loop. 


coresand Teflon-insulated no. 14 wire) was favored direction, owing to the gain and the design frequency, perhaps because of 
enclosed im а weatherproof bor and lower radiation angle of the oop. Radia- the proximity of the antennas lo ground. 
‘mounted on one of the support poles Tor tion at the harmonies is in the plane ofthe Resonance on 40 meters was checked as 
%%% This makes 7050 АНЫ. Both loops are performing bet 
s ran anderground from that location it ideal for contacts into Аса, И ter for local and DX contacts than any of 
%%% the шой elle 40.meter DX tae many amenna types tested at WISE. 
would have been brought into ће house, antenna that has been used at WIFB from We would be even more impressed if we 
Where И would be matched to the mation northwest lower Michigan. The Traas- could elevate our Delia loops so ihe lower 
%%% is required on all harmonic frequen- portions were a half wavelength or greater 
SWR atloop resonances 13:1 withootthe cies other taa 18.111 MHz where WLFB above groune. 
Transmatch ia we Ñas been conducting prope 
with Bil Оп, ese Prose Walter In Conclusion 

Pertormanco VAB, Bob Haviland. WAMB and S — Thercisrorle м соевое? 

Thisis put of our article many ̃ WLX, under special experimen а full- ияне loo. The angu format ix 
you have been wang fo red. Well, the larescarchlicnses(KMEXOV). Te loop | / 
%% has worked very well on 24.9 Mb as well аре i at the op, on one igh support 
Taeloopreplcedanimened Vwithanapex during these lets. AL 18.111 МЫ: the касие is needed. You may hve ome or 
height of 0 feet. This ledio a pronounced SWR is 14 Fore tall restau can be ac a support. 
improvement in around communications The operating results at WISE омо indi- Circular, square or rectangular shapes ave. 
on 35 ad 80 meters ош io 00,600 miles. // many amateurs and the resus 
%% Functions quite well With loop remanet were good. Certainly, a 100p 18 an impres 
for DX communication to Europe on 80 at 3825 kHz the 2-1 SWR points occar at sive receiving antenna, in terms of noise 
%% and 3934 Н. respectively. This reduction. In some urban locations, that 
TR Алопар the amena was oustanding ̃ TT 
forclosesn5-and-meterwork ofer wpordowalhe band by Ienptcningoribon "dew" signal! Ther js someting t9 
dismal DX perfomance Те configuration | ein the loop condutor and Q section эг. be said about the age-old expression, “It 
LD of Figure 1 seems to offer a good com. cordingly. From the WISE садов in you can't hear "em, You cat work Un 
%%% 
Mork. Ihe faecal ази angle to the sive performance forlocal and DX work. 160 meter by adopting one of twe simple 
TT! 
1 degrees, ms reporied by VEZCV ina eter for ue м WISE абе noning te fine per- however offer good results wher the over- 
io WIFB, This assumes that the loop is formance of the BO meter system. Ii was- sll ength is abalf wavelength. Either of the 
елей vertically and ata reasonable height cut for resonance at 7016 iir This model techniques in Figure 4 wil work bot the 
above ground Ns erected in a completely vertical for- method st A requires aground radial sys 

Harmonic operation of the loop, asde- mst, using 143 feet inches of vize. The Q tem for best results 
%%% section is 23 fect 2 inches long The apex Note 
Outperforms the trap tbander miop the (feed pim) is 4 feet above round. The 'D Della Be he Noise wh, а Scoop 
tower during DX operation to Europe and SWR onAOmetersislessthan Л тонап Bigot” oS ETUR 
Africa, The loop shows an average 68 ofthe band. The 30- and dDLmetr WISE 
Signal increase on 20 and 15 meters in the loops showed resonance slighty арат from 
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From The ARAL Ап! 


1a Compendium Volum 


A Triband 75/40/30-Meter 
Delta Loop 


I've beca using horizontally mounted, 
coax fed Delia Loop aatennas on 75 meters 
for many years, I've found them to be su- 
perior to dipoles—they are generally qui- 
‘ter on reception (perhaps because they are 
desgrounded), exhibit broader bandwidth 
(typically les than 2:1 SWR over more 
‘than 200 kHz using a coaxial matching 
section) and ae often more easily adapt 
able to available tree supports. They also 
‘don't fall down very often when installed 
p 

Outside of using an antenna tuner, з 
265-foot-ong 75-meter loop doen't lend 
itself to working other bands-and 1 don't 
have a tuner, So while listening to a virtu- 
ally dead 75-metor phone band one day and 
wishing I had a way to hit 30 meten for з 
Tong-overdue dose of CW, 1 had в brain- 
storm. Why notuse traps? Pd homebrewed 
coaxial traps based on Sommer's article! 
several times in the рай, and I knew they 
were easy to make and adjust 


The Traps 

A quick examination of the latest incar- 
nation of my 75-meterloop found to bea 
reasonably equilateral langle (a litle over 
BS feet perle). calculated thata 30-meter 
dipole shouldbe something over 46 feet in 
total length (465/frequency in MH). Irap- 
peared to be a simple enough matter to sta 
боп some homebrewed coaxial traps 23 
fect on cach side of the feedpoint A lile 
more calculating found that it might even 
be practical 10 put in a pair of 40-meter 
traps as wel 

Sommer gives useful set of nomographs 
{oc computing sp dimensions on PVC pipe 
oras, using either RG-58 or RG-174 conx 
(the former capable of handling a kW with 
few problems). T opted for the large cable. 
"The 30-mete traps each require $68 inches 
af coax on а 1.62 inch OD section of PVC 
(6.75 fume) The 40-meter version each use 
81 inches of coax on a 2.25 inch OD PVC 
section (6.0 tums). Both PVC sections can 
be any convenient length, used four-inch 
Tong pieces. 


WB4DFW wanted to use his Delta Loop on other 
bands besides 75 meters, so he installed some 
coaxial traps. He also reveals an effective technique 
to prevent breakage when support trees sway in the 
wind, 


eve Up of supports “ш 


Xd view ol he Triband 7540/30-meter Dalla Loop, which WBADFW 
queunt 40 ea cl a ground The таре ware const with РС 58 cos. Sesto: 
for winding delas 
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1 wound the 30-meter traps in less than 
эп hour and inserted them in the loop an- 
tenna 23 feet either side of the feedpoist. A 
quick SWR check found them resonant well 
‘below the bottom of the 30-meter band, but 
spacing the turns slightly apart and secur 
ing them with electrica! tape raised the 
resonance easily enough, with the SWR- 
bottoming out at 12:1 at 10.125 MHz. 
he meer traps went together with 
similar ease. Placement in the existing an- 
tenna was a itle more challenging than with 
"be rset of traps. The loading caused by the 
30-те traps made determining the physi- 
čsl locaton for he 40-mete тар» uncertain. 
rchcnkemper notes that traps in s half-wave 
amenna tendio "puli" anaatennatowardreso- 
Bance even if they are not placed s exactly 
‘the optimum location. So, I simply took the 
formula length for 40-meter resonance, gen- 
соці subtracted the physical length of the 
Come in each of the 3-meter traps and u. 
ale the 40-meter traps accordingly 
The approach was unscleatfic, but 
SWR was ГЗ at 7.1 MHz on the first ty, 
Dumb luck, I guess and T opted to make no 
further adjustments. The final antenna lay 
ош is shown in Figure I, and a close-up 
photo of a trap is shown in Figure 2 


The Matching Section 
The ARRL Handbook notesthat he pi 
«al impedance of afull-wave loop antenna 
is on the order of 100 Q, or about a 2:1 
SWR presented to a 50-0 feed line at reso- 
nance. The original WBADFW 75-meter 
Delta Loop used a quarter-waveleagth co- 
axial matching section (alsa described in 
the Handbook) between the feedpoint and 
the coax going to the shack. The matching. 
section is merely 40.1 feet of RG-59 75-2. 
сах [(4655/3.85)/2 x6, the velocity fac- 
Tor] and transforms the Toad ofthe antenna 
very close to the 500 characteristic i 
dance of the RG-8X feed ine | use. 
Тао use a five-tura loop of the match- 
ing section coax to form an RF choke near 
the amenna fecdpoint to minimize feed-line 
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Figure 2—Clote-up photo ot one of he 40- 
melar trans. The ends of Ine conx cable. 
used in vach тар have been sealed 
against moisture with silicone caulking. 
‘She text lor constuction delas. 


Figure 3—Photo of one of the support 

Som springs, wh оро used ота 
ich. The rope s fce the lanh 

БА 


radiation. The matching section has no per- 
ceptible effect on the new 40 and 30- 
meter antenna SWRs (checked empirically 
hy temporarily removing the section and 
feeding the antenna directly with the 50-12 
coax), o it has been left in service 
Whateffect did all this have on my origi 
nal 75-meter loop? As опе might expect, 
the resonant frequency dropped as a result 
of the traps’ loading effects (nearly 200 
KHa), But pruning about В feet off the far 
apex end of the loop brought my normal 


12:1 resonant SWR back to my regular 
3:842-MHz stomping grounds, 


Keeping It Up in the Air 

Here in South Carolina, pines area great 
source of antenaa support but their sway- 
ing during summertime thundershowers 
‘can wreak havoc on long, unprotected wire 
antennas, Over the years, I've found а 
simple shockabsorher system using а 
run-of-the-mill sereen-door spring placed 
between a support rope and each antenna 
insulator can save Jot ol grief. See Figure 
3 for а closer Took at tbe details, 

A special aspect of my system is cem- 
ployment ofa “strain limit торе” in parallel 
‘with each spring, This piece of rope, ap- 
proximately twice the length of the un 
Stretched spring, keeps swaying pines from 
‘overly taxing the spring and gives a nice 
visual reference for gauging how much ten 
sion the amenna і operating under, ао 
provides а fail-safe for the inevitable cor- 
Tosion-cauted failure of the spring after 
several years aloft. It makes а fine bird 
perch, too. 


So, How Does It Play? 

Performance on al thee bands has been 
most satisfactory. The 2-1 SWR bandwidth 
‘ofthe 30-meter section far exceeds the band 
‘edges, Similar 40 meter bandwidth is about 
100 Н (noticeably narrower than dipoles 
Туе used. and 1 suspect partially anciur 
able to my guesswork on the 40-mete trap 
placement). The 75-meter bandwidth is 
ow approximately 150 ke (slightly 
Tower than before the traps were installed 
Signal reports both way son all three bands 
are comparable to any other non-diree- 
tonal HF antennas I've used 


Hotes and References 

"Rober C. Sommer “Optimizing Cossa Cable 
rape QST. Dac 1984, pp EA 

злот Greberkampar, Muliband Trap and 
Paral HP Dipoles-A Companion? OST. 
May 1305, ро 2530 


A Two-Band Loop for 
30 and 40 Meters 


Aller uying to find a way o place a 
зот дей loop inside an exutig 40 
oop. T remembered an article in АЙ About 
Cubical Quad Antennas describing 
LEA, or “Mini X-Q." loop. The gain of 
this amenna was said tobe about | dB more 
than a 1-A lop. installed a large, corame 
SPST knife switch in the center af the den / Nr 
Joop's bottom leg (see Fig 11). With this Paul pl 
Sch open, te ul ате, 40-m loop be- M / 2 
comes а TI, 30m loop! The танаа a 
Taper of thie arangeent ms 105 874 
МН Ву adding inch wires to the loop / 
at both sides ое switch, Lebte res- 
nance at 10,125 MHz, a 
ce oborou ře Jop lealy 12 f AN 
{shove ground, ee a simple maner 1 
reach ie bane switch ram ground Teel 
(Caution: High RF voltage appears м ibe 
Switch when he antenna i usea for ran 
"ting on 30 т) Incidemal the lop 
Жо works well on 15 m (SWR under 21 
croas the band) when set for 40 m. and | 
heve used the 30-m configuration success 
{aly оа 30 m wrth the el ofan antenne 
toner James Bremer, pal 
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Fig 11— dm Brenner's 30- and 40-metor loop. Note the 16-inch tuning wires used to 
lower he enterna's 30.m rescnance from 19.5 to 10.125 Maz. The antenna is op-ed 
Via a eX 4O- matching section. Sea ta 
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Feeding an 80-Meter Delta 
Loop at 160 Meters 


After reading "The Full-Wave Delta 
Loop at Low Нейм! 1 found a satisfac 
тогу method of feeding an 80-meterloop at 
160 meter, See Figure 1. CI tunes the an- 
tenna tn act as a x) resonator and allows 
the SWR at the feed point to be no more 
than 1-1 to 1 across the 160-meter band 
Hoy C. Koeppe, KOXK 


dela оор by feeding the loop as shown 
Aere. Gn 80 уой 10 meters, Roy takes 
(ut ot th 


rout and leod tha loop va. 
dino anc à balance 


Opm tn Foe ne 
"0. ромам and L. Ашык, QST (Oct 1904, | i edges 
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The Extended Double-Zepp Antenna 
From June 1938 OST 


Try an Extended Double-Zepp Antenna 
From February 1992 OST (Hints & Kinks) 


Notes on Wire-Antenna Construction 
From March 1992 OST (Hints 4 Kinks) 


Collinear Arrays 
From The ARAL Antenna Book 18th edition 


By Hugo Roman 
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From QST, Jun 


The Extended Double- 
Zepp Antenna 


Simple Antenna Structures Having Improved Gain 


he questions of antenna directivity and 
antenna “gain” are becoming incress- 
ingly popular in discussions ов amenna 
systems among amateurs, and it would 
‘therefore seem proper o preface an article 
dealing with directive antenna arrays with a 
ог perhaps a reminder, that one 
high gain and radiate in all di- 
rections at the same time. To most amateurs 
this is an obvious faet, but it may nor be a4 
well known that this principle ix almost 
{equally important in (he vertical plane 
‘Those of vs fortunate enough to have avail- 
able large open spaces in which to hang 
"ires will find long-wire antennas, such at 
the "V" and the horizontal diamond, the 
easiest way to obtain high gain, but the ra- 
diation from such antennas is restricted in 
the vertical plane fully as much as inthe 
horizontal plane. The result may wel be that 
inthe very direction such an antenna is sup- 
posed to work best, а simple horizontal 
doublet will put in s fac eter signal at cer- 
тай distances 
It would seem, therefore, that the most 
practical antenna for a variety of distances 
is one with a fairly wide radiation pattern 


in the vertical plane.” The "stacking" of 
elements or the use of long wires is not 
recommended for distances under 1000 
miles, except for the very short distances 
normally reached by the ground wave, The 
most universal high-gain antenna must re- 
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and Horizontal Diversity 


strict its radiation in the horizontal plane 
only end its height above ground must also 
be considered to obtain the best compro. 
raise inthe vertical plane. Tt is the purpose. 
of this article lo discuss the merits of a 
imple antenna array Which combines these. 
desirable features. 


THE DOUBLET 

Let us discuss, first the simple doublet, 
since this antenna will serve admirably as 
our basis of reference or comparison. Tobe 
more specific, consider this doublet as sus- 
pended horizontally and fed at one end in 
the time-honored fashion of the Zepp 
feeder, as in Figure 1A. Ignoring, forthe 
moment, the fact thatthe open-ended feeder 

ire will be at somewhat higher potential 
than the other feeder wire and will there- 
Tore radiate, the horizontal radiation pat 
tem aboutthis doublet, if you"re lucky, vill 


be about as shown on Figure 2, OF course, 
‘tis assumed the antenna is sufficiently ze 
‘mote from powerline wires and house 
plumbing to be unaffected by such linear 
conductors, since our problem is compli- 
cated enough without having to consider 
The mutual impedance between our doublet 
and the neighbors el antennal 

"This pattern of the horizontal doubletis, 
no доб, familiar to most amateurs, Less 
familiar, perhaps, is the vertical radiation 
patter (in the direction of maximum hort 
Zonta radiation) s shown in Figured. Here 
it is assumed thatthe height of the doublet 
above ground is one-half wavelength and 
that the carth has perfect conductivity. Fo 
tunately, even the relatively low-condu 
tivity ой and sand on Long Island reflects 
thigh percentage of the horizontally polar- 
ized waves radiated at angles less than 50 
to the earth's surface. Such reflected 


Figure 1—Basie 
R 
apo TB) Dole za 
apo: (B) Double Zepp 
Sr e a ауга 
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jure 2— Horizontal 
pattern (relative fiel 
‘rangi ol a doublet 
alt wave antenna. 


Figure 3—Verical-plane 
pattem for a horizontal 
"anna, ene above 
репе varin in direction 
Sf maximum radit. 


Figuro 4 Horizontai 

am ora double“ 
or mmo halt 

Waves in phase. 


waves, combining with the direct radiation 
from the antenna within the range оГ verti- 
cal angles in which we are most interested, 
Are responsible fora maximum guin of 
nearly 6 db over the same doublet in “free 
space”; that is, without the presence of the 
earth. 


"This gifi of 6 db must not be taken too 
much for granted, however. Consider the 
fact that most amateur communications at 
high frequencies utilize vertical angles 
ranging from 10 degreesto 50 degrees, That 
5 db must, therefore, come from radiations 
reflected from the earth's surface quite 
some distance from the doublet, and in the 
desired direction of transmission, If the 
round slopes sharply upward, or houses or 
‘wires ме in this area it becomes question- 
able, indeed, whether any great portion of 
the available 6 db is realized. This is 
cially true for the lower angles of radiation, 
‘but usually nothing can be done about this 
situation, olet us see if we can make up for 
our ground reflection losses Ву increasing 
the horizontal directivity. 


THE DOUBLE-ZEPP. 

By the simple expedient of atchingar 
other doublet tothe open-ended terminal of 
the Zepp feeder, as in Figure TB, and han 
ing this doublet parallel and coaxial with 
‘the original doublet, an appreciable gain 
may Se obtained. The horizontal radiation 
pattern will be as shown in Figure 4. The 
ип should measure ubout 1.9 db, corre 
sponding toa 53 per cent increase in power. 
"This antenna is widely used among ama- 
curs and is popularly known as the 
“double-Zepp" antenna, cr “twohall-waves 
im phase.” A fair amount of gain and a re- 
duction in interfering signals fromend-wise 
directions ls easily realize 
rather disappointing, since 
‘he isentitied to 100 per cent gain in power 
when doubling the number of radiating 
members 

"The season why only 1.9 db is realized 
with the double. Zepp ix made clear only 
after a mathematical study of the situation. 
Briefly, theclose proximity of the two dou- 
blets causes a mutual coupling between 
them, and this coupling (mutual imped- 
ance) has an adverse effect on the radiation 
resistance insofar as gain in the broadside 
direction is concemed. Obviously, the thing 
to do isto move the doublets further apar, 
‘but this complicates the method of feed. A 
moch simpler way of obtaining increased 
gain was evolved by Mr. A. A. Alford, of 
‘Mackay Radio and Telegraph Company, 
from the principles discussed in Mr. G. Н. 
Brown's article on broadcast antennas in 
the Proceedings of the Ii F. for January, 
1936. Mr. Alford presented this idea in a 
paper delivered al an LR.E, meeting in 
‘Washington, 


EXTENDED DOUBLE ZEPP 

The gain of the double Zepp may be in- 
creased from L9 to 3.0 db by the simple 
‘expedient of increasing me length of each 
doublet until its electrical length is 0.64 


Figure S—Horiomtal who do not use correcting stubs or other 

alter of double 220. methods ta obtain a Mat" line (standing 

degree Zepp wave ratio of 1), but who cut their trans- 
mmission lines at the maximam current point 
after the manner of the “tuned feeder; will 
Find these figures useful in calculating the 
power output of their rameni era, 


FEED LINES 
However, the use of fat lines, in ama 
tea circles usually referred to у опитай 
— popular as 
ear more general known, und 
eee given are osten i lela: 
¿ng be length and position for example, of 
a correcting tb the ater being one ofthe 
Simplest devices or redoing he ln 
rave rai to ity А discussion of tease 
tf he correcting stub may be found on page 
S07 ofthe Handbook (13 edition) where 
A able indicates the lengths and postions 
Se ee Тим are o- 
Чы, The shorted sub o Кор! mil gene: 


wavelength instead of 0.5 wavelength. In 
electrical degrees the double- Zepp consists 
of two 180-degree elements; the extended 
ouble-Zepp for maximum gain should 
consist of two 230-degree elements, See 
Figure IC. In this way the power gain may 
be increased from 55 per cent to 100 per 
cent The gain decreases rapidly for exten 
sions beyond 230 degrees, and therefore, 
‘when operating over a band of frequencies, 
each ofthe rwo elements should not exceed 
240 degrees for the highest frequency. The 
horizontal patte for the double 230-бе- 
aree Zepp is shown in Pigure 5. The verti- 
‘al pattern in a plane perpendicular to the 
"antenna will be the same эз for the simple 
doublet. 


ANTENNA IMPEDANCE 
‘The impedance of his antenna at the 
termination of the transmission ine is of 
Interest since И has an important bearing 
on the Standing-wave ratio of current ar 
Voltage in the line, und it will be compared 
with thal of the ordinary double-Zepp. The 
double 180-degree antennu presents an im- 
edance of approximately 4400 ohms of 
almost pure resistance as a termination for 
the transmission Tine, This value will be 
Slightly affected by the size of wire used in 
the antenna and, t0 а moderate extent, by 
the height above ground or the influence of 
nearby conductors, and sa the “ree space" 
value is given for No. 14 wire. With this 
Antenna and a 600-ohm surge- impedance 
lie the rao of maximum to minimum cur. 
Tent along the line will be 4400 divided by 
600, or 7-3. Incidentally, the terminating 
resistance ofthe simple 2epp-fed doublet 
is about 12,000 ohms, resulting in a stand- 
ng wave ratio of 20 on our 600-ohm Jine. 
For calculation of he surge impedance of 
the line the reader is referred to The Radio 
Amateur's Handbook. 
‘The impedance at the center of the 
double 230-degree antenna is not а pure 


that when using the double 230-degree 
resistance, and hence its effect upon the Zepp on 14,200 kHz the sub should be 3,5 
transmission line be such that maxima or feet long; that is, it should be composed of 
minima of voltage and current along the the same kind of wire acis used in the trans- 
line will not be odd multiples of «quarter mission line, this wire being 7 feet ong and 
wave from the antenna, ax with the ordi- bent о form a U-shaped rectangle with a 
nary Zepp or double-Zepp antennas. As width equal othe transmission line. At the 
might be expected, the current or voltage frequency mentioned, where cach extended 
‘maxima will be shifted towards the an- doublet is 43 feet long, the correct location 
тепла, since the two doublets are longer for the stub will be about 8 feet from the 
i antenna 

0.13 times the wavelength, At any rale, he Ordinarily the best place to introduce 
antenna impedance is such that the equiva- power into an antenna is st a point 
len pere resistance at any voltage maxi- symmetrically located with respect t0 the 
mum will be about 6000 от; that is, he opposite ends ofthe system, This will not 
standing-wave ratio will be 10 on a 600- always be practical, because of space limi 
ohm line, tations, and hence it may become neces- 

Knowing the standing-wave ratio, it sary to feed the extended double-Zepp 
becomes an easy mattertocalculatethein- antenna at one end in true Zepp fasion. 
put resistance to the transmission line if k Some sacrifice in gain wil result, due, for 
was cut, let us say, at any current mazi- the most part io unequal distribution of 
‘mum. Thus, for the simple Zepp-fed dou. | current between the two doublets and tora- 
let this resistance would be 600 divided dation from the feeder because it has an 
... double- unbalanced loud. Physical dimensions of 
Zepp antenna this resistance would be 600 feeder extended doublets, and phasing stub 
divided by 7.3, ar 92 ohms. Fr the double аге shown in Figure 6. Note that the phas- 
230 degree antenna this resistance would ing-stub length is shorter than a quarter 
be 600 divided by 10, or 60 ohms. Those wavelength, but hy an amount not exactly 
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Figure 6-—End-led double 230-dogreo Zepp with 600-chm non-resonant transmission Ino. 
Chapters 5-3 


equal to the extension of each doublet be 
{yond a half wavelength. This discrepancy. 
dz due to interaction between the doublet 
wires and the wires of the phasing stub. 
Again a reference frequency is given ro 
Simplify calculstion of lengths st cher 
frequencies by inverse proportion, The fig 
uren given should he regarded 

mations, and tests made indi 
determine dimensions and posi 
portan elements. 


ANTENNA ADJUSTMENTS 

One of the most effective methods of 
adjusting an antenna system is to use de 
transmiter Lo excite, at Ihe desired fre- 
quency, another antenna stretched out, per- 
bape temporarily, at least $ or 10 feet from 
the ground, This "excite" antenna should 
preferably be at least one-half wavelength 
away from the antenna to be adjusted. Ifthe 
two ше parallel to each other, so much the 
beer. Using the end-fed extended double- 
Zepp antenna ss an example, the first con- 
sideration is the length of each doublet, and 
this brings up the problem of "end effect." 
We have approximately solved this by cui 
ting our doublets 5 per cent short of the 
theoretical length. Actually the end effect, 
whieh normally exists only at the ends of 
he antenna, depends oa the wire size and 
The size ofthe insulator fitting (if meta caps 
are used), as well as the frequency. More- 
over, the end-effect does not vary quite as 
rapidly as а direct function of the wave: 
length, so that if ап end-effect of 1 foot is 
те at 14,200 KHz, itis more nearly 1.5 
Feet than 2 feet э 7100 MH. 

The theoretical “uncorrected” length of 
each half of an extended double-Zepp an- 
{enna at 14,200 KHz ls 44.3 fect. The end- 
affect may be no more than 1 foot but since 
tis better chat the antenna be a Nule too 
short than too log, let's make the correc 
ion L3 feet, to that each half will be ex- 
actly 43 feet long, At the center insulator 
Which separates the two halves a "stub" 
"most be connected, if the system is to be 
end-fed Now. this stub will. take the form. 
of a transmission line shorted at the end 
Opposite from the antenna, and for Ше fre- 
uency under consideration its 
length will be about 12 feet Since it is our 
inteation to make this transmission line 
somewhat longer than the anticipated 
Proper position of the short in order to per- 
mit locating the correct position by sli 
the short upar down, and furthermore since 
12 feet will ordinarily not bring the prob- 
able correct shorting point at a convenient 
distance from ground, it will be more prac- 
tical to add any multiple of a half wave- 
lengih (34 feet to the transmission line and 
do the shorting experiment at a point along 
the line accessible from the ground, 

With all this done and with the Zepp 
feeder nor attached lo the main antenna 
(why notuse ito feed theexciterantenna?), 
power may be fed o the exciter ерта 
and with а sensitive г. instrument con- 
nected in the short on the “ашы, position 
of the short may easily be found where 
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maximum current flows. This sasumes that 
‘the main antenna has been huuled up into 
its normal operating position. Note this 
mazisium-cunat position of the short and 
measure in exact multiples of one-half 
‘wavelength from this pointtowards the an- 
‘enna, this arriving at the nearest poiat to 
the antenna at which a short may be placed 
"This will give the shortest posible center 
stub. OF course it is not necessary that the 
Center stub be made that short, since very 
Tite tose will he incurred árie lefta at 
wave or even a wavelength Tonger-that is, 

the wire isnot smaller than No, 14, The 
Zepp feeders may now be attached to either 
end of the antenna, as it is now ready for 
operation: 

“The method of adjusting the center stub 
just outlined is also useful where it is de> 
Sired o feed any of the antenna forms dis- 
‘cussed above with an uatuned transmission 
linethat is, а transmission line termi- 
nated by its surge impedance. Using the 
‘example cited in the previous paragraph. 
let us assume the paint of maximum cur- 
rent through the short has been found and, 
afier soldering а piece of wire across the 
Tine at this point, the extra length of trans- 
„mission liae is chopped о. The two-wire 
line from the transmitter may now be 
tappedin above this shorted end ofthe sub, 
and it is only a question of position of e 
feeder тар from the shorted end to rermi- 
nate the Tine properly. See Figure 7. This 
point will be approximately 3.3 fet from 
the shor for a 600-ohm transmission Jine 
Of course, when all this is done, we will 
have the same transmission Jine with cor- 
recting stub discussed earlier inthis article. 


LINE-CURRENT MEASURING 
DEVICES 

"The same principle holds true for the 
double Zepp and for center feeding the 
simple doublet, the only ambiguous point 
being that of knowing when the transmis- 
sion line from the transiritter ix connected 


at the right distance from the closed end of 
ihe stub. The transmission line willbe prop- 
terminated when there is no appre- 
ciabl variation in voltage or current along, 
the ling, and hence some method must be 
used which willdetect any variation in volt 
age or current. Simplest of all is the old- 
fashioned wood-covered lead pencil, for 
‘with this device bright arcs may be drawn. 
from either wire and the voltage at any one 
Point judged by comparison with the volt- 
Age at another point. This method has the 
disadvantage of being both crude and li- 
able to eror due to the presence of second 
or higher-order harmonies in the output 
from the transmitter. A little better is the 
small neon bulb, but this is also а voltage 
operated device and subject to harmonic 
distortion. Then there is the current- 
Squared galvanometer with a few small 
Turns of wire connected to its terminals, 
these turns being coupled to either Tine. 
Tuis device ix quite good if one is careful 
to use constant coupling to the wire, but its 
disadvantages ше (ш coupling between 
{he meter and line ia both inductive and co 
pacitive, causing the meter to reud differ- 
ently according lo how it is held up to the 
Tine, acd bat the meter will also be influ- 
‘enced by harmonics 
‘The most satisfactory device seems to 
be a sensitive galvanometer in a miniature. 
tuned circuit coupled 1o the line, Such a 
device combines sensitivity with freedom. 
from harmonic distartion, but the effects of 
capacity are still there to some extent. The 
tuned circuit should therefore be carried 
along the line with its position relative to 
"he plane of the two wires maintained con- 
stant, See Figure В. Checking along one of 
The two wires only is usually sufficient but 
Hone suspects an unbalance exists the 
‘other line should also be checked. If the 
antenna system is reasonably symmetrical, 
unbalanced currents will most likely be due 
‘oimproper coupling to the transmitter, but 
that is another story. At any rate, if a eure 
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Figure 7—Contocod double 230 degroo Zapp with 800-ohm transmicion ine. 


Figure g Portable dne ариети Indicar. 


rent maximum (voltage minimum) appears 
atthe junction of transmission Jine and 
stub, lhe connection Lo the sub is too near 
the shorted end, andif the current is amini- 
‘mum the opposite, of course, will be true, 
IF the current maximum or minimum (as 
suming standing waves actually exist) does 
not occur bear the stub, there has been a 
slip-up somewhere in the procedure, for 
{his will be evidence that the stub itself did 
mol tune the antenna to resonance. 


PARASITIC ELEMENTS 

"The vse of spreaders several feet in 
length o support each end of a "lat top" 
amenna composed of two wires is again 
becoming popular, and for a good reason, 
Gains of around 5 db for a bi-directional 
array and around 7 db fora unidireccional 
array are thos made possible, One of the 
mast promising arrangements is that of two 
double-230-degree antenas supported 
parallel to each other only 02 wavelength 
apart, as illustrated in Figure 9. Antenna A 
excited by the transmitter using the sarne 


techniques when exciting single double- 
Z30-degree antenna. Antenna B may bc 
tuned by proper positioning of в short oa 
its stub o become either a director or a ro- 
‘soto. In fact, this stub might be extended 
by multiples of a half wavelength to enter 
the operating room where, by means of a 
single switch the shorting position may be 
changed from that corresponding to а di- 
rector to the position corresponding to a 
efectos, thos reversing the directivity of 
the antenna system, Information as to the 
gain of such an antenna system when one 
Antenna is used as a director is not avail- 
able, bur when its used as a reflector and 
adjusted to give a minimum signal 10 the 
fear, the signal forward will be 7 db better 
‘than a simple doublet, and the signal back- 
wards will be 7 db ess than from a doublet. 
тенир in а frontto-back ratio of 14 d 
Adjustment of the reflector shorting har 
should be on the bari of minimum back- 
‘ward signal from the antenna, or minimum 
signal received from a station in that direc- 
tion when using the antenna system for re- 
ception, since this adjustment can be made 
more accurately than one resulting inmaxi- 
mam front signal This will minimize ORM 
ос both transmitting and receiving, The 
same principles hold true when adjusting 
the auxiliary antenna for use as a directo 

1f adjustments of the auxiliary antenna 
are to be made when transmitting and an 
ammeter is temporarily inserted in the 
shorting bar, minimum backwards signal 
‘wll occur for the reflector when the short 
is moved slightly further from the antenna 
than that position corresponding to maxi- 
mum current through the skort. For the 


tothe antenna than the maximum shorting 
current position. From this it can be seen. 
‘thatthe proper adjustment of the auxiliary 


Figure 9—Double 230-degree Zapp with parasite rellector-director, 


antenna is quite critical and certainly very 
importan. Since field strength instruments 
are not generally available, a receiver fit 

ed witha signal strength indicator of some 
sort located within a few miles of the an- 
tenna and in the desired direction should 
prove tobe the next best thing. Connecting 
Your own receiver to the antenna with the 
‘ther fellow transmitting, is perhaps even 
‘more practical in search for that minimum 

signal adjustment, 

The presence of the auxiliary antenna 
only 0.2 wavelength away from the driven 
antenna and adjusted properly for maxi- 
mum forward or backward radiation will 
obviously affect the radiation resistance 
“and impedance of the driven antenna, Ass 
resi, if the auxiliary antenna is left open- 
cirenited and the smh onthe driven antenna 
is adjusted in accordance with the method 
previously given, thie adjustment will not 
фе correct when the axillary antenna is. i 
turn. properly tuned. Moreover, the imped 
ance of the driven amenna will differ 
slightly according to whether the auxiliary 
antenna is tuned as a director or as a reflec- 
tor. If quick change from reflector to 
directoris contemplated, somesor of com- 
promise is indicated in ho adjustment of 
‘hestu onthe driven ntennu. From pra 
tical standpoint, however, the adjustment 
fof the auxiliary antenna should be made 
first, be it reflector or director, with the 
driven antenna excited by the two-wize 
transmission line without a correcting stub, 
This may require temporary adjustment of 
the transmission-lineTength, either physi- 
cally or by means of series coils or con- 
densers, to bring a low-impedance point at 
ıhe coupling col tothe transmitter ta order. 
1o oadthe latter satisfactorily: In fact, ifthe 
line length from antenna to transmitter is 
not more than a wavelength or so, he re- 
‘ction in line losses resulting from the use 
of a correcting stub is hardly worth the 
trouble of Installing it. The point is, if a 
“йм” line is desired, adjustments of the stab 
atthe driven antenna should not be made 
‘until after the auxiliary antenna has been 
tuned to give the desired radiation pattern 


LARGER COLINEAR ARRAYS 
Now let us suppose our buckyard is big 
‘enough lo hang up more than two doublets 
endo end. Aninteresting possibility would 
bea four-element array of 230-degree ele- 
ments. But bere the principles of the ex- 
ended double-Zepp must be carefully con- 
sidered in designing the length of each 
clement and the length of the phasing stub 
‘separating them. The actual arrangement 
‘will be as shown in Figure 10. Both degrees 
‘and dimensional designations are used to 
¡dicte the electrical and physical length 
of each element, The length of the stubs 
dicated is approximate only and must Бе 
adjusted foe best result. The lengths ofthe 
various antenna elements э shown, how. 
ever, may he assumed correct. The trans- 
mission line can he tapped on to any of the 
stubs, but connection to the center one will 
give the greatest gain. 
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Figure 10—Four-element aray with 290-degr 


‘The principle of the design shown for 
four elements із to provide the same sepa- 
zation in space between each doublet cen- 
‘er as is provided between the two doublet. 
‘enters in the double-230-degree antenna. 


length, and when adjusting their length to 
tune the whole antenna to resonance, all 
three stubs must be made the same length; 
that is, if one в shortened two inches, the 
other two must also be shortened by two 
inches, assuming they were all the same 
length to start with. 

"This may prove to be an awkward and 
tedious method af adjustment, but the pro- 
cedure may be simplified by adjusting the 
length of the center stub only at a first 
approximation. The use of an "excite 
lenna temporarily rigged nearby is 
sumed. fitis found the center stub must be 
shorter than the other two stubs by 3 feet, 
for instance, in order to obtain maximum 
current through its shorting bar, the other 
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Iwo stubs should be shortened by I foot 
and а new position found for maximum 
current through the center stub. This now 
position should correspond closely w equal 
Teng for all three stubs. This procedure of 
tuning the four-element array should be 
followed even though a stub atthe center 
will not be used, final, its place being 
taken by the transmission line itself. Such 
а conaection will result in standing waves 
‘along the line and it will have tobe “tuned” 
to permit easy coupling to the transmitter 
or receiver, 

"The horizontal pater of the fout-ele- 
ment array just described will have two ma- 
jor lobes at right angles tothe antenna and 
Several minor lobesof small amplitude. The 
Rain їп actual practice has proved to be 
greater than anticipated, and probably is 
more than 7 db. The major lobes wili be 
much narrower than for the doublo-230-de- 
rec antenna, thus requiring more careful 
aim" in erecting the array, or provisions 
Tor swinging icabout Tt is assumed this ar- 


ray, as well as the others described, is hung 
horizontally. И may be hung vertically, of 
Course, but the possible restictons due to 
Sharp directivity inthe vertical plane should 
then be considered. In general, he horion- 
daly polarized antenna will prove most 
practical, chiefly because the proud rel- 
tion usually encountered with vertically 
polarized radiations is inferior, and because 
zh mass are ши often available, 

The adjustment of the antennas de- 
scribed hn this article may seem a bil 
involved es compared with the simple dou- 
lt or the double Zepp antenna, but the 
xica gain thus made available should 
тийе their use worihwdile. For that mote, 
‘the double 230 degree antenna need not be 
tuned at ali, its construction being made in 
accordance with the dimensions given апа 
the transmission ie tuned to fite rans- 
тишет. їп this respect the simplest of all 

recive antennas, sine and gam also taken 
{nto consideration, sh extended double. 
Zepp. 


From OST, February 1992 (Hints and Kink: 


Try an Extended Double- 
Zepp Antenna 


Although the extended double Zepp 
(EDZ) antenna (Figure 1) bas been in just 
every antenna handbook since the year one, 
ams seldom use it, Ite overall length is 
128 wavelengths (128 A), and its bi- 
directional broadside, Fed with open wire 
Tine and a balanced antenna tuner, an EDZ 
also makes fine multiband antenna. Let's 
look at an extended double Zepp foc 17 
meters. We can calculate the overall length 
Of ик two wire elements with the formua 
эм 
T Alergie fa 1) 


Using this formula, an 18. 
works out to be 69, feet long. At this fe. 
‘quency, the EDZ exhibits, 3 dB gain AB 
рове 8-34] in a figure pattern with two 
major and four minor lobes, И ЫШ pr 


r 


M 
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Faure 1—Evolution o he extended doble Zepp antenna, AL A, Ie classic Zepp—a 
Td wie ended Va an open ré lese operated wir оба a two es ui 
miralo (Antenna ore es ua nats өө: method reveled ка name Tom le use in 
%%% use а leser legi of e or 
ЖО map neo) o Varstom ta lens ig les pont penes o н. 
impedance a the eder terminal, Assuming ecient fed, Ha system oxhbta 0 8d 
ай Mat is. тә pai eave toa hal wave dipole ОА for he same frequency and 

Brecon the eae postion 

shows a double Zepp, aco known as hwo half waves in phase or (ncorocty) а 
centered Zapp. Ths fa form of ellnear antenna because sach UA vire ac as an 
emori and Because bth elements ke along cn no. s ао a аре а lave 
Фе hat eibi about 1.2 В gain reis to a hall ave dpa n sama 
Patton As win ha Zapp, tecate сы 1o an odd тыра o 4 mata ar lan hasse 
оа wi ne double Zapp, but good balanced antenna tuner should Бе аме i 
Handle whalever impedance appears al ne seine input terminals 

A double Zapp becomes an Cerde double Zapp when You male te wires 0.4 X. 
Jong instead of 0.5 A. Na gan increases, оо 4o about 3 dB eate oa hall wave 
ple m the ате postion and cut forthe same reque 

%% a or wis element atr semen 
such a бое made of aluminum bing wi lower hear valves some wat) end 
CCT 
added double Zapp amarna. see The APPL Antonis Book and., Re, "An, 
Blended Double Zepp Antena lor 17 Meters QT. Dezember 1907 pP 25-7. 
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Notes on Wire-Antenna 
Construction 


Robert 1. Zavcel, W7SX, seconds last 
month's extended double- Zepp hint as he 
reports on how he keeps three ED Ze high in 
trees for world-encompassing coverage 
(Figure 1) at 80,40 and 20 meters—Ed 


Whatisa terminal DX hound to do when 
he suddenly moves to a rural area and has 
access tothe stuff dreame are made of: sev- 
eral 100-foot-plus ponderosa pine trees 
atop gentlerise ina reasonably clear area, 
only 500 feet from his house? The answer: 
Wire antenna arrays! A few months spent 
confronting the practical problems of 
installing three extended-double-Zepp an- 
tennas in these trees has yielded some 
solutions that Га like to share, 
CCouncerweights. Although my pines are 


wonderful supports for wire antennas, they 
have a few minor disadvantages. Among 
these is the fact that they saray in the wind. 
Because oo much tension can snap amenna 
wires and supporting cords п strong winds, 
8 vire-antenna engineer most compensate 
for variable tension in a horizontal wire 
antenna strung between two of these ma- 
jesti plants. The textbook solution to this 
problem involves installing pulleys where 
the wires meet the tree. Ropes attached t0 
the wire-end insulators pass over the 
pulleys and connect to counterweights 
hanging near he ground, Installed with an- 
tenna-io-counterweight line of sufficient 
length, such a system also allows the an- 
tenaa to be raised and lowered without fur- 
wer climbing. 


My system includes three extended 
doble Zepps, each fed with 450-02, low-loss 
"TV twinlead. Including its supporting lines, 
each EDZ spans 165 fect. Coumerweighting 
the ends of these antennas serves two pur. 
poses Itkeeps tree movement from snapping 
them, and it keeps their wires reasonably 
horizontal Bat how much weiphtisrequired, 
and what should the weights consist of? 
(Charts exist for computing tension necessary 
то Keep a singlewire span tut, but Ше pres- 
ence ofu twinlead feeder ut the span's center 
‘renders such charts useless. 

Enter experimentation! 1 strung the ex 
tended double Zepp, minus feed line and 
plus pulleys, between the two trees at about 
15 feet above ground. Next, 1 weighed the 
feed line, Then T located an object of simi- 


Figure i—Proving the multiband effectiveness of the extondd-doublo-Zopp antenna, "The W7SX Wire Fann” consists of three 
‘entered wires supported by ve ponderosa pinos that form a nearly equilateral angle atop a smal risa, (Total cost for the 
System, including a hardware, Wire. foedere, conl Ines and $150 Tee fr the vee climber, approximately $700.) Because the 


‘ground slopes to a south at about a 10" angie, his system, 
oris bes! for VK, ZL and long pats inta Europe and Asa, To 
"e mort, te horizon is essentially level. Table 1 shows how the 
Antennas función on he system's three bands 

acre rola sara cae ee Ju pesto your bast y 
antenna la dipole. You can easily et the pattern and gain ol 
entered horizontal wire antennas by acjusting thair length. Gat 
(Be vires as high as possible, Keeping nem анау trom nearby 

jects, use a lunes and open-wire Ine far mulibaná food, and 

Ravo a blat Surrounding torrain may greatly inluence your 
amenna'a DX performance. 


Table 1 
The W7SX Extended Double Zapp Trio 
Bana/Antonn Mode 


lengh һм 80 40 20 
Antennas % SBR SD iD EOZ 
Anema2 Bh т 5D LD EDZ 
Antenna? ит ёт їр EDZ LW 


SD = short dipole: LD = long dipole; EDZ = extended double 
Zopp. LW = ong wire (dipole lage 1 à ar more n length. 
Because a dipole longer inan 122, exhibit 
wave dipola In та same poston, these Ih 
Gain over A halt-wava dipola In all but he SD mode. 


Figure 2—ВоЬ Zavrol uses a triangular 
relay box o swich feeders bowed 
antennas mounted i à triangular pattern; 
"square box in this situation wiste 

ейел, en-couraging antenna sway te 
break feeder wires. (W7S proto) 


lar weight, put it in a plastic bug, tied the 
hog at the antenna feed point, and experi 
mented with various weights, Two 15-1b 
Weights kept the antenna wire horizontal 
Without overtencon 

Next, Y needed to construct multiple 


15-b weights at minimum cost—weights 
thathad tobe long and narrow lo avoid col- 
lisions with the supporting trees and other 
nearby object 1 decided that slumpblock 
bricks inside a 2 x 4 wood frame would be 
satisfactory. (Stump blocks are long, nar 
row and about 12 Ibs each; some are just as 
Wide asa standard 2x4 ) Including Bricks, 
wood and nails, each weight cos me aboot 
$1.50, о the price was right. and 2 de 
‘can be easily drilled for attaching ropes. 
The relay box. A square relay box con 
tered between three antennas twists the 


antennas" open-wire feeders at the feed 
points. T solved this problem for a triangu- 
Jar, relay-swritched vertical array! and my 
three EDZ system by building triangular 
relay boxes (Figure 2). (Use redwood, ce- 
dar or cypress and weatherproof the box 
‘with sealant 2) Plexiglass plates and screws 
insulate the feeder wires from the box, con- 
we the feeders to the relays and provide 
strain relief (ше 3). 
tentis wish the system. Using a 600:W 
amplifier, often get through pileups first 
оп long path. Short path to Europe is more. 
difficult because the ground slopes slightly 
‘upward in that direction. My blissful en 
counters with nature's gi to the RF enh: 
Sas continue! -W75 


es Volume 3 of The ARAL Antenna 
Campera 

fin ту work with wire antennas, discovered 
a ralermace on wood ive may be ol nero 

FF 
Engineering Material (Washington. DG: US 
Department of Agriculture, ev 1987). 400 
ages (lor зза by tha Superintendent ot 
илеп. US Government Printing Oca, 
Washinglon, DC 20402) Tis ex descr, 
among many mechanical ang stuciral 
Considerations. овна cuales o wood 
that come imo lay when wood support a 

Used n RF ой 
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Collinear Arrays 


Collinear arrays are always operated 
with the elements їп phase. (If alternate el 
ements in such an array are out of phase, 
the system simply becomes harmonie type 
of antenna) A collinear array is a broad- 
side radiator, the direction of maximum ra 
dition being at right angles o the line of 
the antenna 


Power Gain 

Because of the nature ofthe mutual im- 
pedance between collinear elements, the 
feed point resistance is increased as shown 
earlier їп this chapter (Figure 9) For this 
reason the power gain does nor increase in 
direct proportion to the oumber of ele 
ments, The gain with two elements, as the 
Spacing between them is varied, is showa 
by Figure 38. Although the gain is greatest 
when the end-to-end spacing is in the f= 
gion of 0.4 to 0, the use оГ spacings of 
this order is inconvenient construcionally 
and introduces problems in feeding the wo 
elements, As a result, collinear elements 
ore almost always operated with their ends 
quite close together-in wire antennas, usu- 
ally with just a stran insulator between, 

‘With very small spacing between the 
ends of adjacent elements the theoretical 
power gain of collinear arrays is approxi- 
mately as follows: 


2 collinearelements—1.6 dB 
3 collinear elements—3.1 dB 
4 collinear elements 22 dB 


More than four element re rarely used. 


Directivity 

Thedirecivity of collinear array, in s 
plane containing the axis of the array, in- 
creases with its length, Small secondary 
lobes appear in the pattern when more than 
‘wo elements are used, but the amplitudes 
‘of these lobes ate low enough so that they 
Are norimporant. In plane stright angles 
tothe array the directive diagram is circle, 
ло matter what the number of elements 
Collinear operation, therefore, affects only 
E-plane directivity, the plans containing 
ihe antenna, At right angles to the wire the 
pattem is the sume as that of che individual 
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112.2, elements of which it is composed 

‘When a collinear array is mounted with 
the elements vertical the antenna radiates 
equally well in all geographical directione. 
‘An array of such “sacked” collinear ele- 
ments tends to confine the radiation to low 
Vertical angles. 

Ifa collinear array is mounted horizon- 
tally, the directive pattern in the vertical 
planearrightanglestothe array is the same 
ве the vertical pattem of a simple А. 
tenna at the same height (Chapter 


TWO-ELEMENT ARRAY 
‘The simplestand most popular collinear 
апау is one using two elements, as shown 
in Figure 39. This system is commonly 
known as “two half-waves in phase." The 
manner in which the desired current distri- 
bution is obtained is described in Chapter 
26. The directive pattern in a plane contain- 
ng the wire axis is shown in Figure 40, 
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Depending om the conductor sire, 
height, and similar actors, the impedance 
atthe feed point ean be expected to be in the 
Tange from about tn 6 KOL, or wite anten 
mas. Ifthe elements are made of tubing 
having a low Adia (wavelength to diam: 
eter) ratio, values as low эл 1 KO are repro- 
sentative. The system can bo fed through 
Anopenowýre tuned Tine with negligible loss 
Tor ordinary line lengths, or a matching 
section may be used if desired. 


THREE- AND FOUR-ELEMENT 
ARRAYS 

When more than two collinear elements 
are used it is necessary to connect "phas- 
ing" stubs between adjacent elements in 
order to bring the currents а етет in 
phase. It will be recalled from Chapter 2 
that in a Jong wire the direction of current 
flow reverses in each /: section. Conse- 
quently, collinear elements cannot simply 


Figure 38—Gain of two 


alinear ek elementa. 
as a function of spacing 


Banaan ma acjacont 
ende 


эз os os ая 07 оз 08 10‏ ۾ 
Specs (5) bueno.‏ 


Figure 39—A wo-elomont 
сойпааг апау (wo he 
aves in phase). The 
cee ir shown 
wouid operate as a tuned 
line. A matching section 
тал bo subetluled and à 
monreeonant ine used i 
pui 


— — 


be connected end oend there must be some 
means for making the current now in the 
same direction in all elements In Figure 
ATA the direction of current flow is correct 
in the two left-hand elementa becaus the 
transmission ine is connected between 
Shem. The phasing stub between the second 
And third elements makes the instantaneous 
current direction correct in he third ele- 
jent Thin stub may be looked upon simpy 7 
abe alternate Ye section of on 
antenna folded back on itself to cancel its | ne, This is the horizontal 
fala. k basti lhe partis the right Sater oh be sray ia 
ofthe ransmssionlinehaeatotallengthof dae The array 
с іа арои 1.6 
folded back to form а 700, phase-e- 989 (38 G5). 
уеп stb. No data are азайаМе oo the 
impedance at the fed point in this arram 
теш, but various consideration indi 
that it sould be over 1. 

An alternative method of feeding three 
collinear elements is shown in Figure 41B, 
inthis ease power is applied at the center of 
the middle element and phase-eversing 


а pe ч 
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^ а | = 
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Figure 41—Thres and lourslement collinear arrays. Alternativa methods ol feeding a three-element array are shown at А and B. 
These drawings aso show the current dít butan on tne antenna elements and phasing subs, A matched Transmission ne can be 
substituted forthe tuned ine by using а sutable matching section. 
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stubs are used between this element and 
ah of the outer clemente The impedance 
2 the feed point i ti case somewhat 
TQ and provides a core mach ro 

ЗО line The SWR wil be lem han 210 
1 when 600 ino is used. Center feed of 
this type is somewhat preferable w thear- Figure 42E plane 
rangement in Figure 41A because the syi patam fore Dot оц 
te as а whole balanced, This oc 
vestem power dauibution among he 
Clements. In A, the sieht tand elements 20:270708. mo aray, 
КУТЕТИН 
the other тко because a poru of he fed 
power s radiated by the midde elemeat 
Before it can reach the element located t 
Ge extreme пм. 

A fourelament array is showen in Figure 
IC The synem is symmetrical when fed 
Between the two center elements ar shown. 
AI the three-element cue, no data re 
Available onthe impedance at Ше feed 
point. However, the SWR witha 600 Dime 
Should not be much over 2 to 1. Figure 42 
Shows the directive patera of a four el- 
ment array. The sharpens of tne 0195. 
Element pater is intermediare between 
Figure 40 and 42, with four smal minor 
Tobes ш. 30° off ihe array zi. 

Colibear rays con Be extended to more 
— the simple ro- 
елет colla: amy м the уре ment ac, 
тсе lends оГ wel to loba opere” 
tion, Моге than wo colina cements are 
seldom wed because more gain can be ob: 
‘tne om eher pes of aye 


Adjustment 
"EE 
laanyofthecollimearsysemsdescribed [igure 42 The extended 


J 
an be found for the Formula 46g, an Wo een 
The lengis of the phasing stubs cad Be lament 

found from the equations given in Chapter 

26 for the type o ine se IF he be 

pen wie ine (300 10 600 impedance it 

de satisfactory to se velocity factor of 

0975 in the loma fors Vše Tine. On- 

the-ground adjustment is, n general n un- 


necessary refinement. desired, however, 
the following procedure may be used when 
the system has more than two elements 
Disconnect all stubs and all elements 
except those directly connected tothe trans 
„mission line (în the case of feed such as is 
shown in Figure 41B leave only the center 
element connected to the lin). Adjust the 
elements to resonance, asing the stl-con 
nected element, When the proper length is 
determined, cut al other elements to the 
same length. Make the phasing stubs 
slightly long and use а shorting bar o ad- 
just their length. Connect the elements to 
aud adjust the stabs o resonance, 


Figure ae. 
patter lor be extended 
Soule Zapp ol Fig 43 
SWE on the напі. This ie algo the horizontal 
isis line, If more thin three or four el. de eee when 
ements are used it is best to add elements deen ae o 
моа йе (one aleachendof the array), rap те a of 
resonating the system exch time before a Ihe SU ere salon 
mew pair is added. атау gain is aparon 


imately 3 dBc. 
‘THE EXTENDED DOUBLE ZEPP 
‘An expedient that may be adopted to 
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obtain the higher gain that goes with wider 
spacing ina simple system of two collinear 


elements isto make the elements somewhat 
lens than Ye As shown in Figure 43, 

increases the spacing between the two 
dee l ebe te sob oe 
‘wires The section із the ceater caries à 
current of opposite phase but itis section 
is short che current will be small; i repre- 


seats only the outer ends of a А antenna 
section. Because ofthe small current and 
short length, the radiation from the center 
is small. The optimum length foreach ele- 


ystem is known as the “extended 
double Zepp.” The gain over а 1-2 dipole 


is approximately 3 dB, as compared with 
approximately 1.6 @В for two collinear 
"7. dipoles. The directional pattern in Ihe 
plane contsining the axis of the antenna is 
Shown in Figure 44. As in the case of all 


{enna elements is the same as thal ofa Je 
‘antenna circ 
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The K6NA 80-Meter Wire Beam 
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Construct a Wire Log-Periodic Dipole Array for 80 or 40 Meters 
From August 1986 OST 


Input Impedance of LPDA Antennas 
From October 1986 OST (Technical Correspondence) 


The WA1AKR 40- and 75-Meter Slopers 
From August 1980 QST (Technical Correspondence) 


Inexpensive 30-Meter Beam Antenna 
From June 1983 QST (Hints 4 Kinks) 


Try the “FD Special” Antenna 
From June 1984 QST 


Build a 4X Array for 160 Meters 
From February 1985 OST 


The 'BRD Zapper: A Quick, Cheap and Easy “ZL Special" Antenna 
From June 1990 QST 


Combination Driven Arrays 
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nn Rattmann, K6NA 
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The K6NA 80-Meter Wire 


Beam 


‘This article describes a practical design 
fora tWo-clement, horizontal wie Yagi for 
the 75180 meter band using just two sup. 
porttowers. Designed with DXing and con- 
testing in mind, this radiator-and-reflector 
combination features moderate gain and 
2004 front-to-back ratio, combined with 
instant beam reversal and band segment 
(mode) switching Irusestuned feeders and 
A balanced-output antenna tuner a the op- 
rating position for matching at the tans 
miner. Remote relays at ground level 
Mandle reversal and parasitic-mning re- 
quirements, taking advantage of he conve- 
"ient properties of half-wave transmission 
lines 


pred this antenna empirically, ba- 

дейд programs were readily 
available. Гуе confirmed that ıt really 
works, through years of successful 80- 
meter operation, Later, I verified this with 
computer modeling. Figure 1 shows the 
general layout of my system, 


Background 

Almy former location [had two towers, 
70 and 100-feet high, fairly close together 
on а half-acre of property. There was an 
assortment of quads and Yagis for 10-40 
meters, but as is often the case with all- 
band DXers, the 8O-meter antenna was an 
afterthought, Through the years 1 exper 
‘mented with many types. looking for the 
"silver bullet" antenna for 80 bat would 
finally make this challenging band a plea 
sire th operat. 

Each season numerous magazine ar- 
ticles and endless discussions by experts 
{extolled the vires of this or that magie 80- 
meter DX antenna. I even tried some of 
them: а diamond quad loop, а delta loop 
(Gottam-fed or corner-fed), à pair of para 
Site deltas, phased quarter-wave slopers 
(tilted ground planes), a 4/4 vertical with 
озна radials. always came baekto a basic 


faced with the reality of rough, rocky, lossy 
carth, my 95 foot high inverted-V dipole 
‘was usually as good as-or better than—any 


Ever get crunched in a DX pileup on 80/75 meters 
by K6NA? Lots of folks have! K6NA reveals the 
secrets behind his two-element “killer” Yagi. 


k"antennasThad spenthondreds 

ing, As a bonus, usually the 
dipole was quieter on receive 

Even Jim Lawson, W2PV, in an early 
(OST article about broadbanding an 80. 
meter antenna, mentioned almost im 
passing that his high (1 10-fool) inverted-V 
“vas superior to his fonr-element phased 
vertical array, at least on tranzit What 1 
observed about KO-meter DXing im the 
1970s vas that most attempts using verti- 
cally polarized systems to achieve low 
angle radiation were ot satisfactory. This 
was due o excessive ground losses (both 
near-field return-current loses and far- 
field reflective losses); in addition, verti 
cals were generally noisy on receive. 

Neither vertically polarized antennas 
nor relatively low horizontal antennas were 
really getting thejob done, T resolved 10 
constract my nextstation thinking about the 
bo wee band from the star."High and 
horizontal” would be the goal. 


Design Criteria 
My new station would haye (wo main 
towers, each 140 feet high, Because I had 
al band contesting in mind, there would be 
numerous other antennas on the towers. 1 
‘wanted 10 put a three-element 40-meter 
beam on top of one tower and a large 20- 
meter Yagi on the top of the other. Though 
it likely would be an excellent performer, 
р beam of some type for KO meters 
was ruled out because cid not want to dedi- 
Cate the top of one tower to й Also, there 
Was the near-certainty of difficult mainte- 
nance problems with such a gigantic a 
tenna. Instead, 1 settled on a design for a 
fixed- wire beam, These would be the main 
стйепа for reliable, day-to-day operation: 


+ Oriented properly for best results in both 
DX and domestic contests 

+ Moderate рай. with a wide lobe for good 
azimuth coverage 

+ stat beam reversal with a decent front 
to-back ratio 

«Near instant band-segment (phone or 
CW mode) switching, especially for ca 
sual, daily DXing 

+ Easy, low loss matching anywhere la the 
band 

+ Horizontally polarized to minimize both 
groond.reflection losses and noise оп 

+ High enough to produce reasonably low 
angle radiation 

+ Reliable and easy to maintain without 
disrupting other antennas on the towers 


Design Discussion 
Some discussion ofthese interrelated de- 
sign criteria will aid in understanding the 
trade-offs and choices I made while plan- 
ning this antenna. For example, fram San 
Diego ihe typical short path ta Europe on 30 
meters ir nor the expected true Great-Cirle 
path of about 25°. Rather, the short path 
ward Europe is almost always a "ben" or 
Skewed pall, where signals pass to Ше south 
or southeast of the highly absorptive auroral 
‘oval, propagating by means of a scatter 
mode thal uses jonized patches over the 
central Atlantic Ocean. Consequently, our 
pseudo short path heading toward Europe 
is commonly 50° to 90" in azimuth. Occa 
sionally, European signals on 80 met 
arrive in California 
direction. Rarely, around the time of the 
Equinox, they may even arrive by scatter 
path from straight south, as reported by 
some rotary beam uses in California. 
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Figura |The antenna farm at KENA, showing the B0-matar wira bear Installed on tha pair af 140-1001 lowers, using 35-001 long, 


гт mad 
the tower guy wires are nol shown 


1 decided o orient the two support tow- 
ers so that the reversible wire beam, slung 
between the rowers on a pair of horizontal 
rossarms, would point at 607/240". This 
‘would provide good coverage across the 
USA and into Europe (both short and long 
path), Africa, the Caribbean and South Pa 
ifc areas, Which together make up about 
85% of my annual QSOs on BO meters 
{could builda simple two -elementpara- 
síte design, using A/2 elements on a re 
Soaable boamlengih of about 35 feet, ar 
МЕЗ Figure 28 shows that such a design 
has a half power azimuth beamwidth of 
bout 74° in the azimuth plane. 1 was will- 
ing to accept the slightly lower gain and 
front-to- back ratio compared to a ret 
ement design (which would be more diffi- 
cult mechanically), or a two-wire phased 
array using double-extended Zepp ele- 
ments, The Zepp would require the towers 
to be placed about 350 feet apart, Either of 
these anteanas conceivably would provide 
more guia, but at the price of reduced azi- 
аш] coverage. A reversible, all-driven 
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array has the additional disadvantage that 
{ie phasing and matching networks become 
overly complicated to make it work prop- 
опу at both ends of the band. 

"To achieve the twin requirements of 
easy mode-switching and beam reversal, 
decided to construct a symmetrical, two- 
clement Yagi beam. The elements are 
identical dipoles, selPresonant car 
3,675 MHz. This frequency is about 3% to 
A% lower than the phone operating area 
round 3.800 MHz, meaning that each ele- 
‘went could be used as a reflector in the 
phone band with no additional loading. 
Each dipole is fed with АЛ of open wire 
line. These lines come together in a relay 
bon ar ground evel Power is applied to one 
Or the other driven element, and a short is 
applied across the base of the remaining 
feederto force the remaining element to act 
aca parasite reflector 

"To operate near 3.5 MHz, the reflector 
simply is retuned o shout 3.4 MHz, using 
an inductor in place of the direct short in 
the relay box. Supplying RF to the relay 


of aluminum tubing and fiberglass. The rearward russ and upper truss wires make each crossarm rgd, For сапу, 


box is accomplished using low-loss, open 
wire feeders. А balanced-output tuner im 
the shack is simply touched up to move 
between phone and CW subbands, and to 
accommodate the change in SWR, Theres 
зо requirement for an exact match at the 
Jn apt obe dnven lemon beans of 
"he low-loss transmission lines. 

"With the crossarm supports mounted at 
130 ft, the dipoles are about V2 high and 
‘hus produce іну low-angle radiation. A 
horizontally polarized antenna is less re- 
sponsive to man-made noise sources, 
which have a large vertical component. The. 
height allows2/2 lines to reach down to the 
switehbox near ground level, All switch- 
ing relays are inthis weatherproof box, so 
the system is reliable and easy to maintain, 
No inaccessible relays or matching ner 
‘works are up at the elements, where fail 
ures might occur. 


Construction 
Ма doubt, the 80-meter wire beam can 
be built and integrated into many existing 


Figure 2—Patiorn for the KBNA BO: 


{ow elevation 
Санота 10 DX locations 


е height of 125 feet over fat ground. At 
atem and ai B. azimuth работ at 15° 
jon angle. The RENA Yagi is well suited for tho 

ges that predominate from Souther 


їл bare het 
жыт 


Figure 3--Top view ol he €0-moter wira beam mounted on the lowers, wih detaile ofthe crosearm and rearward truss system thal 
. orosarms aro Tha towar guy Placement geometry prose ver 
.. management! Sco 164. 


rmaki-tower systems. 1 had the luxury of 
Planning the tower and guy arrangement 
Well in advance of building the antenna. 
"Tuis helped make erection and maintenance 
‘simple. Such planning contributes o con- 
Venient erection of other antennas too! 
Figure 3 shows the recommended two 
tower layout that has served very well for 
ibis and other project. Through symmetry 
of guy-anchor placement, any forces dueto 
loading by wire antennas or temporary 
teams ate balanced out, Note that each 
tower has an opposing, backward-facing 
guy exacly in line with ite counterpart and 
parallel with the centerline of the towers, 


When the 36-foot crossarm is mounted 
about 10 feet below the top ofthe tower and 
the topmost guy bracket, the ends extend 
out beyond and above the sloping, upper 
guys. This arrangement keeps the dipoles 
in the clear, allowing them to be raised and 
lowered using ropes and pulleys with mini- 
mmal guy-wite interference, without having 
to remove or move the crossarms, 

‘This tower/guy layout also presents two 
parallel tower faces on which to mount the 
booms and to correctly orient the wire an- 
tennu. Non-parallel tower faces can work, 
bat the mounting brackets would be more 
complex and some advantages of sy me 


чу would be lost. For safety, significant 
sideloads should be distributed across ar 
leasttwotower legs, In addition, guys pass- 
ing through the central arca between the 
towers would complicate the raising and 
lowering of the wire antennas, so this 
should be avoided if posible, 

Another advantage ofthe layout in Fig 
эге 3 concerns the overall use and mainte- 
mance of other antennas in he system. Note 
that be 140-foot towers are 136 feet apart, 
and the guy radius (distance from tower to 
‘euch of its guy anchors) is 105 feet, These 
facts, together with the generally uncut- 
tered work area between the towers, make 
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it convenient to run а temporary tram wire beam, the wire antenna may stay in place 
anchored at the base of one lower o the top above i, 1 can detach the B0-mete feeders 
(or anywhere along the length) of the other from the feedthrough insulators at the 
ower. The tram can be used to raise the 80.  swiichbox, and pal them sway from the vie 
Meterorossarma themselves, oro move ches | cinity of he ram wire, if necessary. 

HF Yagis. fan upper-mast-mounied beam is 

to be eeced, the £0-meter wires fest can be Crossarms and Trusses 

lowered easily to the ground. И he tram has Imadeeacherossarm (boom) using alu- 
10 reach only to the area of «side-noubted minum and fiberglass. In order to eliminate 
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the possibility of “boom resonance" thet 
might interfere with nearby HF Yagis and 
to keep the 80-meter wire ends away from 
‘metal conductors, only the middle 14 feet 
‘of crossarm ismadeof2-inch OD, 1/4-inch 
wall aluminum This section is stiff and 
Very strong, 

“The outer extensions are fiberglass tub- 
ing, each about 11 feet long, for a total 
‘rossarm length of 36 feet. Surplus vault 
ing poles were used but other types of 
fiberglas would also be suitable. Tho i= 
berglaes should be wrapped with high-qual- 
ity black tape (such as Scotch 33 or 88) to 
prevent decomposition due to ultraviolet 
radiation. Ar the end of cach fiberglass 
pole, I mounted a six-inch sleeve of alumi- 
um tubing, before drilling a clearance hole 
for the forged eyebolt used lo secure the 
Pulley used to hoist each dipole. 

Each crossarm is clamped to the tower 
face using an aluminum plate and muffler 
clamps. Sce Figures 4 and Fig 5. Once in 
place, dhe erossarm is made rigid by means 
‘ofa dual truss system. When the dipoles are 
erected and tension is applied, the 
črossarms cannot collapse. The top and 
back truss system and dipole pull-ropes 
Together transfer all the balanced forces to 
the tower. 

[Layout of the truss system can be seen 
in Figures 1, 4 and 5, The horizontal riser 
behind the towers the key to the truss sys- 
ers This rigid support is a six-foot length 
of Tinch OD, , inen wall aluminum 
pipe, extending horizontally aboot ive feet 
Beyond the back leg of the tower. This 
“sideways riser" is anchored lo the 
crostarm mounting plate with aright-angle 


of U clamps and a flat plato. The back- 
trass lines connect to eyebolts on the outer 
end of the riser using turnbuckles and 
shackles, 

The various trus lines and dipole pull- 
ropes are coiled and individually taped to 
the crossarm prior to erection. After he 
crossarm has been raised and installed, the 
Backotruss riser pipe is brought up and 
clamped into the tower from the back ide 
Then, the erossarm is first rimmed to hori 
zontal by attaching the top-truss lines to 
‘the tower legs ond adjusting the turmbuck- 
Jes until the crossarm looks good, much like 
э Yagi boom trus is adjusted. Theo the 
backtruss lines are untaped from the 
srossarm, one al a time, and connected to 
the far end of the horizontal back truss 
pipe. This is an interesting maneuver, 
Which should be accomplished only hy an 
‘experienced climber/rigger! The turnbuek- 
les are adjusted initially for moderate ten- 
sion. Properly adjusted, the result js a 
Srossarm that doesn't sag downward or fold 
inward when antenna tension is applied. 

“After the truss system has been rigged, 
the installer untapes one of the coiled 
dipole pull-ropes, which has been pro- 
‘rigged to extend along the arm to the outer 
Crossarm pulley and back again to the vie 
init of the tower. By attaching either a 
weight or tag line o the thimble, the di- 


pole-end oftheropeisreleased to hang ver- helps minimize tuner adjustments when 
Sally fromthepulley. The rigger ihen pays moving within a subband, but there is no 
out the coiled rope until a ground man can песа о go overboard trying to effect a per- 
reach the thimble end to attach the dipole fect match at the load. 
insulator. The pull-opes ultimately are Each folded dipole is built with #14 
brought to the tower legs through pulleys stranded, non-stretch copper wire. The two 
amd thence brought down to ground level. paralel wires are held apart by seven bori- 
‘The angle ofthe pull-ropes completes what zontal spreaders located about every 20 feet 
is essentially a four-point guy оп each ead along the wire length. These spreaders of 
of the crossarm (antenna tension, back- black Delrin are 1/2-inch diameter rod, 18 
truss, up-truss, and angled pull-down rope). inches long (See Figure 6), They are heldin 
‘This configuration presents а stable suc- — position by Че wires, as are the ribbed end 
ture when the dipoles are mised and ten: insulators. [used an unbroken Teogth (about 
sion applied. 1260 feet) of wire for each two-wiredipole, 
‘making the free ends come together at the 
should center feed insulator. The free ends of the 
Tower at ground level, Make sure that all wires and feeders are ted to rhe center in- 
plates, clamps and hardware mate to the | sulator for strain-telief, and then the loose 
lower, referenced to diagonal braces, ends are soldered. This technique prevents 
‘welds, or leg bolts. Premark the tower leg: breakage, because soldered connections 
‘up at he target location ahead of time to (which are weaker due to wire heating) are 
preclude surprises on the rower! Bot under strain, or flexing. After each dí- 
pole is assembled on flat ground, it should 
Construction of the Dipoles be stretched temporarily nt low level be- 
Two-wire folded dipoles were selected tween the towers in order to check the 
to help bring the feedpoint impedance up symmetry and mechanical behavior. When 
closer to the characteristic impedance of adjustments are complete, the feeder can 
thefeedersandteimprovebandwigth-This Бе soldered to the antenna. 
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Figure 6 Folded-dipcls canter feedpoint wilh stabilizing cradle, The cradie encourages 
эу їп to large, моне dipoles, preventing twist See text. 


There is litle point in making any sort 
of analyzer measurements at five feet off 
the ground because the results will be mis- 
leading. When the dipole is installed in the 
lear at a half wavelength in height, И will 
perform as predicted. However, just to be 
sure, I grid-dipped one dipole at its final 

ight though the half-wave lire. 1 had. 
first built the 1/2 transmission line and had 
checked for resonance near 3.650 MHZ 
‘witha grid-dip meter, When the first dipole 
and its feeder are on frequency, the second 
dipole and feeder was cloned and the array 
‘was erected. The dipoles at KONA are about 
130 feet lon. 


Feed Line Construction 

Each feed line was constructed using. 
old techniques but modem materials. Mini- 
mum weight is very importan, The lines 
(Were made about 130 feet ong, using 216, 
prestrelched solid copper wire. Spacers are 
Lach Delrin rods, three inches long and 
spaced every four feet along the feeder. 
Spacers were notched and drilled, and held 
in position using #18 copper tie wires 
through the holes The result isa very Hight- 
‘weight low-loss feeder with a characteris- 
tic impedance of about 575 (14 To mini- 
mize sag їп the dipole, avoid using heavy 
ceramic spacers 

A good technique for constructing the 
long, open-wire feeder is to stretch two 
wires tightly hetween the towers about four 
feetabove the ground. Space the wires three 
inches apart ina plane parallel to the earth. 
Precu sll ће tie wires and make a simple, 
four-foot long, intervsl-measuring. rod 
froma piece ol wood or tubing. With all the 
spacers, пе wires, rod und long nose pliers 
{na tool bag, the installer begins atoneend, 
moving easily along the line, installing 
spacers ul the correct intervals, The feeder. 
wires sit in the notched ends, while de tie 
wires pass through the holes and are twisted 
in place over the feeder wires. When com. 
plete, ihe suspended line isin a good posi 
Чоп for checking resonance with a grid-dip 
meter, assuming the line is insulated from 
the towers, The final length of each feeder 
described here is about 128 Teet and each 
weighs less than three pounds 

Some additional comments shout 
feedpoiní construction will be helpful to 
"hose planning assembly of such a large, 
wide-spaced folded dipole and associated 
feeder Initially, the dipole was built with 
upper and lower wire, as depleted in most 
antenna books. An 18-inch Delrin rod con- 
nected the lower feed insulator to the upper 
‘wire in order to distribute the weight of the 
feeder onto both vires and o maintain cor- 
rect spucing This worked, but with unfore. 
жееп side effects. When the dipole was 
‘used under tension, the result was a half- 
twist in the parallel wires about halfway 
back toward the end insulator. This twist 
was not due to “live” or “kinky” wire! The 
twist was due to a eatenary sort of effect. 

"The solution to the twist problem is to 
avoid the upper wice/lower wire configura- 
tion, and allow all the spreaders (including 
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the center spreader) to lay over into the 
horizontal plane, To encourage this, 4 
simple cradle was constructed to distribute 
{the weight of the feeder at the center af the 
tio antenna wires. This forces the wires 
(and all the other balanced spacers) to form 
а plane parallel o the carth. Fig 6 shows 
the centering cradle below the Delrin rod. 
"The feeder passos over the cradle insulator 
(ie wires take the loud) and continues up to 
the fecópoint. Small Dacron line te the 
стай insulator to the other end ofthe rod, 
keeping the load centered. These large 
folded dipoles have been well behaves, 
even in high winds 


Remote Switching 
A plywood “doghouse” was constructed 
ünder the antenna center, and mounted 
about four feet above ground for conve- 
rience. Fig 7 is a schematic of the switch- 
ing network housed in the box. Two DPDT 
relays control the direction of the beam 
patter. The main feeder connects through 
КІ and K2 to one dipole, while the other 
dipole becomes aphove band reflector due 
io the short across K3, Inthe shack, switch 
S1 activates KI/K2 for reversal. S2 is a 
phone/CW selector switch tat allows K3 
foretune the reflector elemento about 3.4 
MHz by means of an inductor. Relays are 
large, ceramic-base open-irame types, 
The center-loading inductor for a CW 
reflector is best chosen experimentally. A 
coil ix connected across K3, S2 is set for 
CCW, sad the tuner in the shack la adjusted 
Tori match low in the CW band. From the 
taner, a coax cable is routed temporarily 
back to the switehbos, At the box, the tem 
porary coax feeds a receiver, which is used 
{fo monitor signals arriving off the back of 
the antenna around 3 515 MH A variable 
‘ap is moved along the сой until the best 
frent-to-back ratio is obtained. After a pe- 
riod of testing, the tap сап be soldered. 
With the dipoles self-resonant around 
3.650 MHz, a CW reflector col of about 17 
РИ was required. This consisted of a 2- 
inch OD сой, 27inches long, on which 
‘were wound about 25 turns at #16 wire, 


Operation and Maintenance 

"The 8O-meter wire beam performs as 
expected, Typical F/B is 11 to 14 dB on 
both phone and CW modes. Forhigh-band 
‘operators accwstomed 10 quier bands with 
low atmospheric, this level of F/B may 
тог seem like much. However, on a consis- 
tently noisy band like 80 meters, this kind 
f rejection on receive is very Important, 
The high wire beam makes it possible to 
work long-path Europeans (southwest 
heading, before заміс in San Diego) ona 
regular basis in the winter months, due to 
effective rejection of storm noise over 
North America. The antenna performance 
is oughly comparable Lo that of nearby. 
{wo-element rotary beam (195 feet high) a 
NÓND—we hear and work many of the 
same weak stations during DX sessions. In 
domestic contests, reports from the East 
Coast are excellent on both modes. 


66 Chapters 


"The wire beam has been very reliable required for success on most DX paths rom 
for over 10 years. The first version of be Southern California. For example, the W6 
.... wire forthe short path o Europe supports signals be- 
lemen, and there was a broken wire or tween 8° and 18° elevation, essentially 
two afier perhaps six years. The antenna 100% ofthe ime The Yagi bas about Sab 
Was rebuilt in 1992 with #14 stranded wire of gain over the high dipole. 
VVV 
"al dipole pull-ropes of black, 1/4-inch cellent DX performer, and likely will beat 
polypropylene lasted about seven years any sortof beam antenna an 700 80-foot 
before they were replaced, Black Dacron, tower. In addition, a high dipole has better 
readily available from several OST adver. rejection of local high-angle) signals, soit 
isers, would be an excellent seplacemeat will be a superior DX receiving antenna. 
for the pull-ropes, п itis more expensive | Inspection of Figure BA indicates that the 
than polypropylene. Do not use any color high wire beam probably will outperform a 
‘except black, and do not use polyethylene 70-foot high dipole by nearly 10 dB at low 
lines for permanent antenna supports. elevation angles 
"Some people might say: "With 140-1001 

Antenna Comparisons and Modeling towers, you should be using quad loops” 

CCC 
meter wire eam using computer modeling. top of a diamond-like, fol wave loop at 135 
By comparing the predicted performance of feel, the VZ dipole at 125 feet is superior 
‘thi antenna With that of several other сот. by at least 1 dB ut all angles Tower than 407, 
mon types of 80-meter DX antennas, the in spite of the small stacking gain expected 
relative merits of each can be described from the loop. The expected gain from the 
briefly. Example antennas were modeled | bigger loop cannot be realized fully be- 
over average carth, wiih a dielectric constant cause the upper and lower wires are at 
af 13 and a ground conductivity of SmS/m. drastically different heights (in terms of 
Gain figures listed are referenced to an so- fractional wavelengths) relative to each 
tropic antenna in Tree space. other and the earth: This prevents proper 

Fig BA shows the elevation pattern of phase addition. Further, the average height 
ıhe wire beam 125 feethigh overfeal earth, of the loop is lower, which results 
compared to single horizontal dipoles ai higher peak angle of radiation. The dipole 
heights of 125 and at 70 feet Peak radia- has better high-angle rejection, tno, and 
Чоп for the Yagi occurs at 28°, The should be better on receive. If both anten- 
azimuth pattem show in Fig ВВ iat 15*el- nas were up a couple of wavelengths on 80 
evacion, because low elevation angles are meters, the quad loop would beat the 
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Figure 7—Schemsli of the feed system lor the rallactor typo, 80-телег wire Vag. With 
(Wo kdenica dipoles tuned a 3 880 MHz, only tee rofaye and ono inductor are needed 
o shit he antenna Instant from tho phone to the CW subband, and to switch the beam 
recon. Tho relays sve open-trame ОРОТ relays with ceramic e St is s DPST 
‘Sich used to roverse ho p KT and K2. S2 activates K3 to 
luna the parasilo element ав a CW reflector. 


Figure 8—Comparisan ot pattems for KENA two- 
emeni Yagi al 125 foot wiih wo dipoles. at 125 

land al 70 est heights: AL A, elevation pattern 

Gompariono and at B, azimiuin ранет comparisons. es cum 


Figure 8— Comparison of 
ive diamond-shaped loop, KONA fwc-element Vag 
"and a single horizontal dipola, The Yagi and dipole 

at» at a height of 125 leet and the loops apex is at 

138 ost 


dipole.. but who has a 550-foot tower? beam buries the phased slopers by 7 dl at tion was abandoned. However, a WBJK 
How about a par of half-wave slopers the peak angle of 28”, and by SdB at 15” antenna 100-feet high in Kansas City 


(that is, Чой vertical dipoles) Чей from elevation! ‘would be an outstanding Sweepstakes 
the tops of the 140-foot towers ane M2 The famous WAJK is a bi-directional, antenna. 
apart, and fed in phase for broadside gain? all-driven wire beam made from two di- Figure 12 compares the horizontal wire 


See Figure 10A. All the antenna books poles fed 180° out of phase, At 125 feet in beam to a similar amenna with inverted-V 
show the phased sloper array to be a 4 48 thea, this antenna bas excellentrojection elements with a 90° included ange, The V- 
Zain, low angle monster. The author had of high-angle signals, and is only slighily style gain is down a bit and the patera is 
this exact antenna up for a few months in down from the peak gain of the Yagi com- not as clean, Bot if you have a single tall 
1980. Itperformed fly well but wasvery figuration. Sce Figure ПА. I requires no tower and install this antenna (only one 
responsive to powerline noise. For com- relay box, For DXing. it is inferior to ће стоўвапп is required), you will be in the 
parison. à single horizontal dipole was Yagi because there is no way to reject sig- 95th percentile of effective 80-meter 
hung between the towers а few feat above nals (noise) off the back. Years ago, the DXing antennas. 
thetopends ofthe slopers With this single author fed the two new folded dipoles as a 1а Figure 13 the KENA Yagi is com. 
dipole, my ol noise level dropped by Вла WANK for a few months prior to building pared to а quarter-wave vertical mounted 
10 dB, and stations in New Zealand те. the switchbox. It performed much like the over average ground, Since there are less 
parted a consistent transmit advantage over pattems show, but once theswitchbox war losses due to ground reflection characteris- 
the sloper array. This was a real eye. available o configure the array as a Yagi ties. horizontal polarization allows the 
opener. As seen in Fig 10А, the high wire with good F/B ratio, the WEIK configura- Yagi to outperform substantially the verti- 
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of sloping dipoles ted in phase, 
ig and eerie патот! 


‘mounted over average 
"nd a concuctviy of $ Sm. The high horonia Yagi 1a a. 


Táda super ee Suri гому even 
"incl oaa аро э bar pertormer an a phu 
Жоро nem. ane mail de tari киев dee 
Ts many vericalypartond soper system. 


Figure 11 Comparison ol elevation r 
Both at height of 125 


design 


wee aray and t KONA, Two- siement Yagi, 
(cet Аз might be expected, the 
‘Unidirectional Yagi has gain ever лө barectional WAJ 


ses for 


10. In most locat 


noisy on receive. Anestenstve local ground 
screen (or elevated radials) will not make 
“any significant change inthe ранет rela- 
tionship depicted here. Only by installing 


ending perhaps 100 % would its low-angle 
performance be improved substantially 

"The "Four.Square" has become popu- 
arin recent years. Figure 13aiso shows the 
beautiful pattern ог this array, along with 
that ofthe two-element beam and a single 
vertical. In a quiet location this vertical 
system with a twitching matrix makes a 
68 Chapters 


terrific receiving antenna, allowing full 
azimuth coverage in four directions. How- 
‘ver, the horizontal wire Yagi still has su- 
perior gain aa elevation angles of inter- 
estate the 4 dB advantage at 13*—and 
the Yagi likely willbe quieter on receive in 
all but the most remote Tocations. The 
marks in the paragraph above about 
tempts to improve the lowangle perfor- 
mance of the 1/4 vertical also apply o the 
Four-Square array. 


Conclusions 
Someone once said: “АП antennas 
‘work... some more so." The sometimes- 


lage differences seen daring model com- 
parisons cen be misleading, as we know 
kom our day-to-day operating. Propa- 
‘gation, pileup dynamics, and operator skills 
{one skill is picking a quiet location) аге 
important factors that determine 80 meter. 
DXing success. Virtually every antenna 
discussed in the comparison section of thi 
тероп is а “good” antenna. The author 
first 180 countries on 80 meters were 
worked with aninvected-V dipoleat TO feet- 
Tf tall supports ace available, a horizon- 
tally polarized, gain antenna will certainly 
provide a statistical increase im perfor- 
mance over the others, In lien of really tall 


Figure 12- Comparison of the horizontal KENA wire beam 
1o a similar antenna using inverted V dipole elements with 
3:90" Incluced angle. The inveriec-V configuration loses 
бап ans клм compasod oo Шу Коста! 

pole Yagi, but te loss fs only about 1 dB. The inverted- 
у style тау Бө quie practical for those with а single, 
high tower 


w Eny 


Figura 13—Comparison of KBNA Vag to bath a singla 
шга mounted 1/4 verica! on average ground 

[with a dielectric constant ol 13 and a conductivity of 

тїт), and a “Four Square" phased vertical array. 

Each verical s assumed o have 120 rada, an “optimal” 

ground system. Again, laeld ground losses are 

тетш! o verteals over poor ground. 


towers, awellinsalled vertical system can satisfaction using homemade open-wire 
be an excellent antenna, especially in a lines, anda 40-year old Johnson Matchbox 
quiet receiving location. As the computer tuner makesa nice addition to your modern ß 17. 


models show. height above ground is the shack. 
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By John J. Uhl, КУЗЕ 


Construct a Wire Log- 


Periodic 


Dipole Array for 


80 or 40 Meters 


My desire to work DX and obtain DXCC 
certification caused me to build my fint 
antenna in the early 19605, 1 needed a di 
rectional antenna that had reasonable gain, 
‘was inexpensive. lightweightand rotatable, 
and could be assembled with stock items 
ound in large hardware stores. My choice 
непал then was the cubical quad. I 
had much success DXing with different 
quads, ard I quickly earned DXCC certifi- 
cation, Quads are excellent antennas, but 
the ones T boile lackad the mechanical 
ty seeded in southern Louisiana. I soon 
learned this when they were ruined by hur- 

After my fourth quad was destroyed 
some years later, 1 purchased a tribund 
Yagi and Forgot about building antennas 

inl the day T had a QSO with Ansjl 
Eckols, YVSDLT. What stated as a nor- 
mal QSO that day it the lale 1970s ed to a 
full-fledged experiment with the design, 
construction, erection and use of log-perk- 
odie dipole arrays made of wire. At that 
lime, YVSDLT was using а uibund log- 
Periodic dipole array (LPDA) for20, 15 and 
10 meters. What immediately piqued my 
interest was that his beam was made of 
‘wire, and that his signal had outstanding 
quality and streagth. 

During the QSO, 1 asked Ansyl for 
construction details of his antenna, Hi re- 
sponse was generous, He mailed me dia- 
grams, schematics and photographs of the 
LPDA that he had named Telerans. 
(He subsequently published his design in 
(OST. Aner reading and tudyingallofhis. 
Gata, I was convinced that his design had 
the mechanical stability to withstand hurri- 
canes, and began plansin my mindto build 
a copy of Telerana, 

T began а search of the literature, 
ing all of the LPDA articles 
find? By the time 1 gathered and 
several references, three years hud passed. 
Sunspot activity had diminished and band 
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These log-periodic dipole arrays are simple and 
easy to build. They are also lightweight, strong and 
inexpensive. The design parameters can be used to 
construct antennas for the other ham bands, 


conditions weren't as good. Openings on | LPDAS for 80 and 40 Meters 
10 and 15 meters were few and of short Т ріасод the same criteria on the LPDAs 
duration, and future conditions would be that [had placed on the quade-that they 
Worse. [did not duplicate the Telerana {ог have reasonable gain, be inexpensive and 
those reasons, but decided instead tospply lightweight, and that they could be as- 
the LPDA theory to the design of wire sembled with stock items found in large 
LPDAs foruse onthe 160, 80and 40-meter hardware stores. This article is writen to 
bands. By making some preliminary calcu. detail the design. construction, erection and 
lations found thatan LEDA for 160 meters | use of wire LPDAs forthe lower frequency 
‘would be too large te fit my lot size, but bands. Figure | shows one method of in- 
LPDAs for 80 and 40 would fit However, stallation. You can use the information 
út would aot be possible for me to rotate — presented here as a guide and point of ref- 
these LPDAS. erence for building similar LPDAS. 


1tspaceis available, the antennas canbe 
“тош” or repositioned in azimuth after 
they are completed, А 75-1 lower and a 
lear turning radius of 120 ft around the 
Duse of the lower are needed. The task is 
simplified if only throe anchor points are 
used, instead of the five shown in Figure 1. 
Omit the two anchor points on the forward 
clement, and extend the two nylon strings 
used for element stays all the way to the 
forward stay line. 

For the design procedure, refer to The 
ARRL Antenna Book By using зе formu 
Jas given there and other ata in the ext, all 
ofthe dimensions can be obtained and the 
LPDAs will take shape on paper. The de- 
sign results are summarized in the conclud- 
ing section of this article. The next step is 
to fabricate the fittings: ee Figure 2 for 
details Cut the wire elements and feed lines 
to the proper sizes and mark them for iden- 
tification, After the wires arecutand placed 
aside, it willbe diffienitto remember which 
it which unless they are marked. When you 
ave finished fabricating the connectors 
and cutting all of the wires, the antenna can 
be assembled. Use your ingenuity when 
building one of these antennas; И isn't nec- 
essary o duplicate my LPDAS exactly. 

The elements are made of standard no. 
14 stranded copper wire. The two parallel 
feed lines are made of no, 12 solid copper- 
conted scel wire, suchas Copperweld, This 
Will not stretch when placed under tension. 
‘The front and rear connectors are eat from 
et Lexan sheeting, and the feed- 
Tine spacers from 1/4-in Plexiglas sheeting. 

Study the plans carefully and be famil- 
ar with ше way the wire elements are con- 
nected lo the two feed lines, through the 


front, rear and spacer connectors. Details 
sre sketched in Figure, Connections made 
this way prevent the wire from breaking, 
AI ofthe rope, sing and connectors must 
be made of materials that can withstand the 
effects of tension and weathering Use ny 
on rope sud strings, the type that yachts 
men ase, Figure 1 shows the front stay rope 
coming down to ground level at a point 120 
{from the base ofa 75-f tower lmay not 
be possible to do this in all cases, In my 
installation 1 pot a polley 40 ft up in a tree 
and ran the front stay rope through the pul- 
Tey and down o ground level at the base of 
the wrae. The front stay rope will have to be 
tightened with block and tackle at pround 
level 

Putting ап LPDA together is not diffi- 
cultifitis assembled in an orderly manner, 
Trig easier to connect the elements o the 
feeder lines when the feed-linc assembly is 
stretched between two роз. Use the 
tower and а block and tackle. Attaching the 
tear connector the tower and assembling 
the LPDA al the base al the tower makes 
raising the antenna into place a much sim- 
pler task. Tie the rear connector securely to 
the base of the tower and attach the two 
feeder lines to it. Then thread the two feed- 
Tine spacers onto the feed line. The spacers 
will be loose at this time, but will be posi 
tioned properly when the elements are con 
nected. Now connect the front connector to 
the feed lines. А word of caution: Measure. 
accurately and carefully! Double-check all 
measurements before you make permanent 

‘Connect the elements to the feeder lines 
through their respective plastic connectors, 
beginning with element 1, then element 2. 


and so on. Keep Ш of the element wires 
securely coiled, If they unravel, you will 
have a tangled mess of kinked wire, Check 
that the elemencto-feeder connections 
have been made propery. (See Figure 4.) 
Once you have completed all of the ele- 
‘ment connections, artach the 4:1 balun to 
the underside of the front connector Con- 
nect the feeder lines and the coaxial cable. 
to the balun 

‘You will need a separate piece of rope 
and a pulley to rase the completed LPDA 
into position, First secure the eight element 
ends with nylon sing, referring to Figures 
and 3. The string must be long enough to 
reach the tie-down points. Connect the 
front stay rope to the front connector, aad 
the completed LPDA is now ready to be 
‘used into position. While raising the an- 
tenna, unceil the element wires to prevent 
their geting away and balling up into a 
mess. Use care! Raise the rear connector lo 
the proper height and attach it securely to 
the tower, then pull the front stay rope tight 
and secure it, Move the elements so tat 
they form a -degree angle with the feed 
lines, nthe direction ofthe front, and space 
"bem properly relative to оле another Ву 
adjusting rhe end positions of the elements 
as you walk back nd forth you willbe able 
to align all the elements properly. Now itis 
time to hook your rig to the system and 
make some QSOs 


Performance 

"The reports I received using the LPDAS 
‘were compared with an inverted-Y dipole 
АП of the antenna are fixed; the LPDAS 
radiate tothe northeast and the dipole tothe 
northeast and southwest. The apex of the 


| улен 


КОЗ | 


Figure 2 Fieces o Бе fabricated for the LPDA. At A, the forward connector, made тот 12-nch Lexan. A B the rear connector also 
made Кот 1/2-inch Lavan. At C ie he ранет for he feed-ine spacers, made Irom 1/-nch Plexigles. Two ofthese spacers are 


Tequied. 
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dipoleisat70 feet, andthe 40-and 80-meter 
LPDAs are at 60 and SO feet, respectively 
The gain of the РРА s in the range of 7 
109 dB over the dipole, This was apparent 
from some of the reports received: “The 
quality ofthe audio oa the log is superior to 
the inverted V." “The signal on the log is 
much stronger and steadier than the V, 
about 10 dB." “The LPDA does not fade, 
but fading conditions are present on the 
inverted V." During pileups, 1 was able to 
breakin with a few tries on the LPDAs, yet 
it was impossible to break in he same pile- 
ups using the dipole, 

During the CQ WW DX Contest 1 was 
able to break into some big pileups after a 
612 Chapter 


few calls with the LPDAs, Switching to the 
dipole, found itimpossibleto break in after 
many, many сай. Then, after I switched 
back to the LPDA, it was easy to break into 
the same pileup and make е 050. 
"Think of the possibilities that these wire 
LPDA systems offer hams worldwide. 
They are easy to design and to constract, 
real advantages in countries where com- 
mercially built antennas and parts are not 
available at reasonable cost. The wire 
needed can be obtained in all parts of the 
‘world, and cost of construction is low! If 
damaged, the LPDAS can be repaired eas- 
ily with pliers and solder. For those who 
travel on DXpeditions where space and 


weight are large considerations, LPDAs are 
weight but sturdy, and they perform 
well, They f even withstand a hurricane! 


Calculations for Log-Perlodic Dipole 
Arraya 

Design constants and the results of de- 
sign procedures follow. (Terms are defined 
sl the cod of this section.) 


H das 
H 006, 
о, 0152 
cola = 1548 
a = ae 
Gain 2 7.5 dBi (5.35 dBd). [By slop- 


ing the elements forward, 
the gain may be increased. 
310 5 dB over this figure. 
E 

„ 005 

By 2 39 see note 10, 

R то 


Fed with 50-obm coaxial cable and a 4:1 
balun 


For the 80-meter antenna, 
41 
33 
124 
172 
PTT 
rm 
423 (rounded to 4) 
149.09 k 
76 ohms 
624 
2.667 x 103 
23400 
„ . 937.26 ohms 
80.72 ohms 
4 1789 ft 
See Table 1 for calculated array dimen- 


pianpeecs 


эрш". 


For the 40-meter antenna, 
75 

69 

109 

151 

H261 ft 

1 

3.44 (rounded to 4) 

тїзїї 

70 ohms 

am 

2667x 105 

12273 

850.62 ohms 

81.76 ohms 

la sen 

‘See Table 1 for calculated array dimen- 

sions. 


Definitions of Terms 
‘operating bandwidth = f/f] 
highest frequency, MHz 
lowest frequency, MHZ 
= design constant 
relative spacing constant 


anapo 


sens 


тышы» = 


enr eee 
[ri m 


eee, A an 


Figure 4—Detalla ot electrical and mechanical connections ofthe laments to tho feed 
line. Knots In е nylon stay nas ara no! shown 


= value of for optimum gain 
mean spacing factor 
= apes half-angle 
bandwidth ofthe active group, 
See note 10. 
o structure array) bandwidth 
= boom length for N elements 
number of elements 
longest element = 492/11 
longest free-space wavelength 
NEL 
2, = characteristic impedance of 
feeder 
Ry = mean radiation resistance level 
‘of required прос impedance 
of ective region 
Zy = average characteristic imped- 
‘ance ога dipole 


MS 


as 


pe 


pee 


element half length 
radius or element 

length of elements 
spacing between elements 
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Input Impedance of 
LPDA Antennas 


The loz-periodic dipole array (LPDA) 
has ining possibilities, some of which 
have been explored by ШЫ. Unfortunately 
some misleading formation in The ARRE 
Antenna Book has kept the subject from 
eins more accesible to he amateur 2 The 
desi procedure calledontby The Antenna 
Book and by Rhodes refers to graphs of Rp. 
the mean antenna input resistance, versus 
the log periodie design parameter and 
а 1 would appear that Ry a dependent 
solely on these parameter; such fs not the 
čas. As shown by Eq 2 and 4, Rg is depen- 
dent ont, п, Z, ad Zo. This relation is 
demonstrated by Carrel,“ The graphs in 
question are from the seminal experimen 
fal study of the LPDA by Isbell, and are 
"red lo demonstrate the effect on Ro of 
changing + and о; 2, and Z were con- 
эши? Since © and o are usually chosen to 
provide the desired antenna geometry and 
ee (gnin), Ro should be controlled 
by either Zu or Ze Z, is usually соп 
эшидей by mechanical considerations, 
"ch leaves Zs be casio parameter to 
‘jst for desired Ro 

“The erroneous procedure determines Ro 
from a graph. The correct procedure it 0 
calculate the necessary 2. based on the 
desired Ry, For most practical LPDA an 
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tennas, thls results in а Z of less than 100 
оли. if аа Ry of 50 aam is chosen. Im- 
pedances in this range are difficult to 
achieve with open-wire line, the kind nor- 
mally used n an LPDA, because thick eon- 
‘ductors andlor close spacing are needed 
Far this reason, it ix usual to design for a 
higher Rand useanimpedance-transform- 
ing balun between SO-ohm coaxial cable 
ad the antenna feed point. This is the 
method chosen by Uhl. Assuming a 4:1 
balun, an antenma-input impedance of 200 
‘ohms required. 2, is then calculated (u 
ing Eq 9 and 11 Irom page 6-25 of The 
ARKL Antenna Book) as follows: 


CE) 


2007 
(0055) (95726] 


E 
200 istos] (95735), 
29526 ohms 


The actual impedance of the feed line 
used by UNI can be computed from the for- 
laon p3-160f The ARRL Antenna Book: 


(28) 
2,216 oe (2) баз) 
Where S is the spacing between conductos, 
0.75 inch, and d is the conductor diameter, 
(0.081 inch for no, 12 AWG wire Therefore: 


2405) 
276 e (ag) 


Although this appears to be consider- 
ably in error, recasting Eq | to solve for Re 
Баса om the тше value of Z, gives 


349.86 
F 

ee, 0003728) 
=224.17 ohms СҮ] 


which, when transformed by the 4:1 balun, 
results in load impedance of 56.14 ohms; 
this is close to the design impedance, From 
this, we ean infer that the seal 2, used it 
not critical, although it isn't negligible, 
either 

"The design Z values listed in the Uhl 
article are incorrect, since they were pro- 
aces using the erroneous procedure rom. 
The ARKL Antenna Hook. The values 
should be 298.26 and 308.56 ohms for the 
30- and 40-meter antennas, respectively. In 
addition, R could be made closer to the 
design value of 200 ohms by using a differ- 
ent feeder spacing to change the feeder 
impedance. From Bq 2: 


(gia) 


[T 
T) 


benen 


Rounding this value to 0.5 inch results 
ina ZF 301.26 ohms and an Ro of 201 46 
‘ohms Tor BO meters and 196.62 ohms far 
40 meters. These translate to load imped- 
ance of 50.37 and 49.15 ohms, respec- 
tively—Jon Bloom, KESZ 


n OST, August 19: 


(Techi 


'orrespondence) 


The WA1AKR 40- and 
75-Meter Slopers 


Several amateurs have suggested that 1 
submit a description of my sloper antenna. 
system for publication in “Hints and 
Kinks" Other amateurs may be interested 
in this adaptation of the BJK beam. Con- 
struction information is shown for both the 
75-and 40-meter bands 

As shown in the accompanying dine 
gram, the array has two half-wave sloping 
elements joined by a 1/8-wave, 300-ohm 
phasing ine. Transposing the phasing line 
should bring the element currents into 
phase. 1 find the antenna is broadband, 
There appears to be no need for a 
Transmateh 

Tf one desires to suspend an additional 
‘oper from the tower for а disectional 
change, installation of remote switching at 
the top of the tower will permit he ше ofa 
single transmission line. Otherwise, sepa- 
Tat transmission lines will be required. 

Ends of the antenna are suspended by 
ropes with the tops placed roughly 1 foot 
away [rom the tower, An angle of 45 de. 
agrees between the antenna and ground 
should be maintained, Do not use an angle 
greater than 50 degrees, Resonance with 
the dimensions shown should occur near 
3.8 МН; for the 75-meterslopor and 7.150 
Tor the 40-meter antenna. 

How well do my antennas work? have 
‘contacted stations "across the pond" while 
competing with the big boys who sport 
three and four element beams, I bave also 
experienced litle difficulty in working 
VKsand 2L4. Сан Bissonnette, WAIAKR 


When Сай Bissonnette, WATAKA, chases DX he usas a slope like the one illustratodi 
Саз arrangement is fashioned. 


tothe 


‘Special 


"System rasamblas 
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Inexpensive 30-Meter 
Beam Antenna 


їп about two months of operating on 
benc 30-meler band Ihave worked all SO 
‘ales and over SU counties, My antenna is 
simple but effective. It is a rotatable 
inverted V beam, Figure 1 shows the con- 
‘struction details The antenna boom is sus- 
pended from а tree branch about 50 feet in 
the ai, The antenna сап be rotaled 360° 
simply by moving the two ground stakes. 
АП of the materials to build this antenna. 
ost me less than $25, 


Eg, 1 gives the driven element length, 


Eq. 2 gives the director length, and Eq, 3 
gives the element spacing that used 


D.E. Length 476/60 Фар 
Dir. length = 50, (89.2) 
Spacing = 120, (89.5) 

The fes point impedance is around 30 


obs. T used a matching transformer made 
by connecting two 1/2. sections of RG. 
SÓ/U coaxial cable in parallel, One end of 
the transformer connects to the antenna, 


and the other end goes to 50-ohm cable to 
the shack, Figure 1B shows how this is 
wired. Perhaps the easiest method to join 
the two pieces of 75-ohn cable is to use 
coaxial T connectors. You should use a 
balun at the antenna feed point to prevent 
from flowing cn the outside of the shield 
braid. 

Talso built an antenna ofthis type for 40 
meters, and it works great guess the key 
word is rotatable! — Jon Ferrara, NSDWR, 
Chamanooga, Tennessee 
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Figure 1—Construclon detalls for a 30-meter inverted V beam 
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‘ven al А А coasial-cable impedanoe-malching transformar is 


By Roy W. L 


wallen, W7EL 


Try the“ 
Antenna 


While the Field Day “juices” were flow- 
ing last year, my Field Day partners and T 
decided to become more competitive with- 
out compromising our general philosophy: 
Useall homemade gear pack itinto he it, 
and don't le operating interfere with watch- 
ing the scenery. Since most of our gear sl- 
teady ran the accepted QRP power limit of 
10-W de input and had been designed to 
provide high output efficiency, the amenna 
seemed like the reasonable point of attack 
(ourhigh quality supezheterodyne receivers 
‘have not been the limiting tem), The con 
stains dictated that an antenna be light 
weight, portable and easy to putup. should 
also have substantial gain. 

Because of our West Coast location, the 
front1o-back ratio was not a concern. But 
having a reasonably wide lobe toward the 
East was. We desired a low SWR because 
of the relatively high los of our RG-S8/0 
andlor RG-174/U feed line. We were iter- 
ested only in the CW portion of the band, 
but this antenna works well over all of the 
band. Il seemed that 20 meters would be 
our main “money-maker,” so we designed 
be antenna or hat band, It can be sealed 
for other bands, too. 


The Research 

Although a number of antena types 
might have done the job, 1 settled quickly 
on a horizontal, clost-spaced, driven 
"array. Experience has shown that driven 
arrays are generally more tolerant of im- 
perfect construcion and erection than are 
parasitic arrays, Experience and much mes 
surement have convinced me that horizon- 
tal arrays outperform vertical ones їп the 
high-frequency bands, except perhaps from 
эп exceptional location. In addition, we 
didn't want the nuisance of establishing a 
decent ground system — which most епі 
tal arrays require. 

The theoretical gain and front10 back 
тшй of 2-element arrays with 1/t-wave- 
length spacing between the elements are 
shown in Figures | and 2. Note the lower 
curve of Figure 1. It shows the effect of 
losses on the gain (lores don't affect the 


FD Special" 


Looking for an antenna that's simple, inexpensive, 
lightweight and easy to install? Here's one that fits 


the description. 


froni-o-back ratio, and change only the 
scaling of the pattern) Figure 3 shows the 
pattern of arrays with 135, 160 and 180- 
degree relative spacing, All are drawn to 
the same scale, The |/F-wavelength spaced, 
135-degree-fed array is frequently called 
the 21 Special." The close-epaced, 180- 
degrec-led array is Known as an “ЫК? 
From 135 lo 160 degrees, phasing was 
chosen because of the combination of rel 

tively high insensitivity to loss, reasonable 
gain und wide forward lobes. Note that the 
{ain stays about the same in this range, 
‘ensuring good performance ifthe phasing 


isn't exactly as predicted, Actually, it's 
‘much easier to generate and maintain pre- 
cise 180-degree phasing than the angles 
T'vechosen— particularly over a wide ke. 
‘quency range. 

‘There's one major flaw (usually fatal) 
ina simple analysis like the one presented 
here: lt assumes that equal-magnitde enr- 
rents are flowing in the elements, This le 
not easy to realize, for even in arrays with 
elements spaced 1/2 wavelength or greater, 
mutual coupling hue а profound effect on 
element impedances. This changes them 
‘dramatically and unequally, ах a rule. This 
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Figure 1— Curves that show gain versus phas 
wavelength spacing. 
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Figure 2 Theoretical ЕВ ratio for a eee 


pedance change is a function of ot only 
"mutual impedance," but also the relative 
magnitudes and phases of the currents 
flowing in the elements. In an array as 
closely spaced as these, coupling i so inti 

‘mate that it could be argued that the term 
“driven array” is u misnomer, For example, 
the feed-point impedances of the elements 
in a LS-wavclengih-spaced array, assum- 
img equal currents can be made to flow, are 


Phase Angle Loading Logging 
Between Currents Element Element 
(Degrees) (Ohms) (Ohms) 
135 28 4 28 +06 
160 13222 13152 
180 hy $3 


"This shows quite a change fromthe 74 4 
j0 ohms value that each element exhibits 
“when it is not coupled to another clement. 
"The fact that the resistive parts of the two- 
element impedances are equal, and the 
reactances are equal in magnitude, is a pe- 
callarty of the particular element spacing 
chosen. For other spacings they will be 
unequal, and the reactances can be differ- 
emt т magnitude, as well as in sig, 

This mutual coupling isn't undesirable; 
їп fact, it's essential for obtaining gain їп 
the presence of rather severe potem cane 
collation that is common in these closely 
spaced arrays. The lower impedances cause 
more element current to flow for a given 
power input, thereby increasing the fields 
from the elements. fa these arrays, the in- 
creased field strength is sufficient to com- 
Pensato for the fact that he fields from the 
Clements don't add in phase in any direc- 
tion. They partially or completely cancel in- 
stead. But, the lower feed-point impedances 
‘make them more sensitive to Losses, and the 
ow resistance with relatively high reac. 
ance make them tricky to feed properly. 

Why do these different and reactive feed 
impedances make feeding the arrays eo di 
6-18 Chapter 6 


ray with 1/6-wavalengih spacing. 


ficult? The frst problem is that, with few 
‘exceptions, the magnitude of current out of 
A line aot terminated ia its characteristic 
impedance won't be equal to the current 
into the line, In classic 1f you can't ix 
feature it!” fashion, this inpedance trans- 
forming property is put to good use in the 
formof the /4-wavelength © section. The 
second (end almost always overlooked) 
difficulty is that, again with only a few 
exceptions, the phase delay of current in 
an imperfectly terminated transmission ne 
doesn't equal the electrical length of the 
line. This effect isn't minor: The phasing 
of a casually designed array can easily be 
‘off by tens of degrees, In one design T in- 
vestigated, an 80-degree line produced 139 
degrees of phase shift, 


me Solution 

‘There area number of approaches toward 
comet feeding of an array. My choice was 
to investigate some simple feed systems to 
See if any would yieldrevultsthatcame close 
to the desired characteristics. 1 wrote com 
puter program that would solve, iteratively, 
for clement-current magnitude and phase 


‘This was an array of wo folded dipoles that 
were selfcesonant, spaced 1/8 wavelength 
part and connected by a taut piece of 300. 
ohm TV ribbon with one half twist. The feed 
impedance was close to 50 ohms resistive. 
‘There was some inductive reactance that 
could be corrected by adding тко small- 
value capacitors м he feed point. The ele- 
ment current ratio was 1.13:1, with element 
phasing that was 154 degrees. This was not 
{he 124 degrees one might expect from the 
Sh electrics! degree of line — assuming s 
Velocity faclor of 0.8 — minus the 180 de- 
grecs caused by the half twist. 

It was this array that We used for Field 
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Figure 4Elemant curent ratio (A) 
and phase angie (5) as a function of 
frogdency. 


Day, with very good results (see section on 
performance), However, when the array 
Was reconstructed at tbe home ОТН, a dra- 
matic rise in SWR was noticed when oper 
ating the antenna at other than the low end. 
ol the band. Computer analysis showed 
that, above the design frequency, he phase 
‘angle increased. This caused a substantial 
Towering of the element feedpoint imped- 
ance, plus narrowing of the forward lobe. 
‘The analysis also showed the antenna to be 
‘well-behaved below the design frequency. 
Consequently similar array was designed 
(Gigurativaly speaking) for 14.5 MHz. le 

sve good results over the 20-meter band. 


{he high and low arde of te 20-mater 
bena. Adds dB ford 


Element phasing varies from 135 degrees 
at 140 MH to 148 degrees at 14.35 MEZ. 
th current ratios from 1,04 to 1.13:1 (see 
‘igure 4). The gain can be calculated as 
fairly constan from 4.510 4.6 dBd across 
the band. Again, the array fed-point im- 
pedance can he corrected easily ta provide 
Slow SWR. Thecslenlated patterns for the 
antenna эг ihe top and bottom ends of the 
20smeter band are shown in Figure 5 These 
fake into account the changes in element 
phasing, spacing, current magnitude and 
element self-ımpedance with frequency. 


Construction 

"The antenna is made from quality 300- 
‘ohm TV line to the dimensions given in 
Figure, Sketches of the insulators are pro- 

ided in Figure 7. They are made from serap 
pieces of epoxy-glass PC-board material 
This results in ruggedness and minimum 
Weight. The spreaders are readily available 
10-foot lengths of 71 inch” (Le ш OD) 
schedule 40 PVC pipe, The capacitors are 
used only to provide а good match to 50- 
ohm feed line: They don't otherwise affect 
the performance of the array. Small SO0-V 
mica or monolithic ceramic units may be 
‘sed for power levels up to a few hundred 
watts, since they are at a relatively low- 
voltage part of the system. Open-ended 
stubs could probably be substituted for the 
capacitors И desired, T recommend thot а 
balon transformer be used with this an- 
tenna. Attempts to measure the impedance 
of one element of this array resulted in a 
unique experience — the first substantial 
evidence of the need to use а balun trans- 
former. The antenna-bridze readings var- 
Jed greatly as the measuring equipment 
Was moved, or as placed my hand around 
the feed Hne. This ceased when 1 added a 
balun transformer. The phenomenon is ex- 
plained by Maxwell in a recent paper 
‘Nearly any style of balun transformer will 
prevent the unwanted flow of current on 
the coaxial cable outer conductor. T use 2 
choke type of balun transformer, [consists 
of 10 turns of small-diameter coaxial cable 
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Figura 6—Electical dimensions forthe WTEL array (A), usraton B shows how the 
antenna is assombled on spreaders of PVC pipe. 
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Figure 7—Datails forthe antenna insulators used Inthe two element 20-mater array. 
тө drawing at A snow how the TV ribbon is afixa to the feed polrphasing ne. 
insulating block, The example al B provides details or the end insulators. 
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Figure 8—SWR curve obtained at the end 
ога 45 oot length cf AIG-S8/U coaxial 
саве 
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wound on а ferrite toroid core. The OD is 

'oprocimately | einchos, and itis mounted 
aithe feedpointinstlator by means of small 
nylon cable ties. 

TE you use the адау for portable opera- 
tion, as we did, the 10-foot spreaders are 
‘outof the question, at east in their original 
form. We cut ours in half for "packing in,” 
then used PVC cement to glue them to- 
gether at the FD site, PVC pipe couplings 
Were used to join the sections. The glue 
Container was enclosed in polyethylene 
sandwich bags, just in case a leak devel- 
oped. At the end of our FD exercise, we 
seč the saw blade of KOED's Swiss army 
knife to cut the PVC pipes again for easy 
transport. The spreaders were glued to- 
gether again for use at the home station. 
‘The antenaa is held horizontal easily by 
attaching apiece of twine tothe nondirectly 
driven element insulator. This counteracts 
the weight of the feed ine that is connected 
tothe other element. 


Performance 

‘The "FD Special” has been in use at 
WTEL for some time, Array gain has been 
compared to that ofan inverted V atthe same 
height. The calculated performance values 
prese correct within the measurement c- 


pability. The front-to-beck ratio has nor 
‘been measured. The SWR at the end of 45 
feet of RG-S8/0 feed ine is shown in Figure 
8. The SWR is important only when a lossy 
line feeds the array, or when itis driven by 
an intolerant transmite (with bin SWR 
jut down), which is now the norm. 

Perhaps the most revealing performance 
indication was provided by a person who 
‘encountered us several times on 20 meters 
during Field Day. He was operating for 
another, very competitive local club, After 
the exercise he remarked "The only reason 
Tbelieve you guys were running an honest 
10Wisthat know Wes Hayward (97200) 
(Was there.” Indeed, we used 10 W or less 
input while operaiing—and 0 W while 
watching the mountain scenery! 
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Build a 4X Array for 160 


Meters 


Isyourlamenta common one —no room 
foran effective DX antenna оп 160 meters? 
‘This complaint is voiced frequently by 
msteurs who live in urban areas, or WhO 
are programmed toward horizontal wire 
antennas, But, а number of successful top- 
band operators have adopted the philoso- 
phy, "If you can't go ош, go up" It is no 
Secret that а physically short vertical an- 
tenna is generally more effective than a 
horizontal antenna that is close tu the 
‘round electrically. at lest for DX work 

My 4X array is electrically rotatable. It 
is compact and is effective as alow-angle 
radiator. Let's examine how my antenna 
evolved from some basic designs. I will 
also cover the practical details of construc- 
боп and system performance. 


‘The Tilted Ground-Plane Look 
"The tilted ground plane is almost iden- 
Leal to the usual vertical, The physical 
format of his antenna resembles a four- 
conductor ground plane. The major differ. 
елсе is thal the radiating elements tilt up 
toward the supporting structure, The 4X 
array contains four sloping ground planes, 
Each of the slope wires e 100 feet long Î 
‘They are supported x the high end by an 
B0-oot tower. A four-clement, 20-meter 
‘Yogi antenna is atop the tower 
Each of the sloping wires is fed sepa 
rately near ground by means of а tapped- 
coll matching device (Figure 1) that is 
returned to radial wires and ground rods In. 
effect, each radiator is a ground- plane ver 
tical antenna that is slightly Jess whan 0.25 
wavelength. The matching inductor pro- 
vides resonance and effects an impedance 
match to the coaxial feed line. 
believe that the metal tower and 20. 
meter antenna may possibly be functioning 
asa reflector because the Yagi antenna aad 
lower combined with ground wires are 
resonant slightly below 1.8 МН 


Two Tilted Ground-Plane Verticals in 
Phase 


had excellent results with one sloping 
vertical. Next, I installed a second system 


Low-angle radiation and electrical rotation of 
directivity are the features of this vertically polarized 

top-band antenna. If you are interested in 160-meter 
DX, this system could be your secret weapon. 

to antennas in phase, Thin gave dics 
onal patter, ce and west Although [dd 
C 


% reading of mance, T observed a 6-4 signal improve- 
15-20 dB). Subsequently, I connected the ment with stations about 700 miles to the 


= 


Figure 1—Basic ted ground-plans vertical L has 25 ture of heavy conductor 
ves len ie $a hes, and amare inches Radiator is tapped 15 Ye 1o 
above groune 
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Figure - Tua ited ground plane antennas that can Бе fod зората or in phase. Te 
{oad dere shows m Ге wi meod ro 7 шей ll he 
— n phase 
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Figure 9—The 4X апау as viewed Нот above the tower. 
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east. Some of you may want to explore the 
possibilities further. Figure? shows the de- 
fails of the two-element phased system. 


‘The 4X Configuration 

‘Two more tilted pround-plane verticals 
were added, thereby providing east-west 
sloping radiators (Figure 3). А switching 
and phasing arrangement was added to my 
4X array. И allows me to feed any of the 
slope wires separately, adjacent pairs in 
phase, or all four wires in phase. When 
‘sing adjacent pairs in phase, maximum 
radiation is along a line that bisects the 
angle between the two antennas (NE, SE, 
SW or NW directions) When feed all four 
wires in phase I note that the radiation is 
essentially omnidirectional. АП of the 
unfed radiators are resonated to serve as 
reflectors. This conceptis described in The 
ARRL Antenna Book My switching net- 
‘work is shown in Figure 4 


Phasing Networks 

Most phasing methods call for long 
lengths of non:S0-ohm couxial cable. 1 
found this economically prohibitive. This 
negative factor inspired the approsch Lam. 
‘sine 

Each of my radiators is fed by means of 
115 feet of RG-213 coaxial able (formerly 
RG-BA/U 50-ohm ine). The oil atthe base 
of each wire is adjusted for the sume reso- 
nance and SWR as the remaining three 
coils, The verticals to be fed in phase have 
their transmission lines conncetedin paral- 
Jel through a suitable network for changing 
the reflected impedance back to 30 ohms. 
My networks are shown in Figures 7 and 8. 


Tapped-Coll Matching 

By using inductance and no intentional 
parallel capacitance for sy matching coil 
C 
bandwidth because of reduced Q. Stray ca- 
pacitance and antenna capacitance to the 
{ower tnd ground are present, however. All 
electrical connections are soldered. A 
Simple rain cover is used over cach col to 
protect it from moisture and dirt. The ab- 
Sence of switches, variable capacitors and 
rotary inductors enables construction of u 
highly reliable matching system without 
the need for weatherproof boxes. 

‘This system is relatively easy to tune to 
obtain nearly identical performance from 
fach antenna branch, This becomes а 
necessity when using “brute-force” paral- 
Jel feed in the ракой раї and omnidirec- 
tional modos. Otherwise, the power 
distribution and phasing would be dis- 
turbed. This would distor the radiation 
Pittem. Large diameter, heavy conductor, 
ir-wound cola are best for this job. Two 
‘of my coils are made from silver-plated 
1/4-inch-diameter copper tubing. The two 
remaining coils are made from large, flat 
Conductor material of the kind found in 
some rotary inductor 

1 used a dip meter o adjust the coils for 
resonance (coaxial cables disconnected). 
My coaxial cables were tapped initially one 
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frequency in kilahartz. 
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Figure 4— Switching system forthe 4X array. L1 rough L4, inclusiva, are desorbed in 
Té text A1, A2 and C are connected o he matching crc shown in Figure 7. BY. BZ 
эга C'are connected la the matching circuit shown in Figure 8. S1 e а heavy duly 
Ceramic rotary switch, ve poles, nine positions, Ji J5, ilusiva, are comal connectors 


Bf ine Bunder choles. 


third of the way up from the ground ends of 
the oils, Final lap placement is made while 
feeding power tothe antenna and observ- 
ing an SWR meter. Alligator clips make 
this an easy mater to accomplish. When 


he SWRhottoms out atthe sume frequency 
for all four radiators, remove the alligator 
clipsand solder the eil taps in place. Som 

interaction between the four antennas will 
occur, so make certain that all of the taps 


СЕ 


Figure $—Direcivty pater of he array. 
‘The paar а composite average ol 
measurements made while receiving 10 
Gitarant stations, There s no apparent 
‘terence between ће two песе 
modes single raclato or phased pair 


are where they belong before soldering 
them. 


Reflector Tuning 

The radiators not being fed are used as 
‘efector, This is done by switching small 
inductors in paralel with the ends of the 
‘coaxial feed lines. My inductors contain 
three ог four turns of no. 16 vire wound 
around the center рап of a 3-inch-diam-. 
er ferrite rod froma built-in AM broadcast 
receiver antenna. The coils are adjusted 10 
give a resonance thal is four percent lower 
han the resonant frequency of the radiators. 


Ground Conditions 
The efficiency and performance of the 
antenna depends оп the quality of the 
ground system. Note 3 provides a good ref 
Erence for ground systems, and a bibliogra- 
phy. Each of my radiators is worked against 
A counterpoise that contains two or three 
1/4-wavelength wires, bent to fit in the 
boundaries of my property. In addition, 1 
зоа 10-footrodin he ground Water pipes 
Chapter 6 6-23 


Figure Phases par matching тоно. 
Са 1000 pF variaba, rated at 1000 V 
Sr Greater (0а 0 sacd tuna ol heavy 
Sander (še tx), 7 inches long and 
Sil inches in diameter. 


and ай otber available underground metal 
‘object are tied to my ground system. You 
should ty o extend your radials in the di- 
rection of the preferred radiation, 
Insulators 

‘The top ends of te radiators contain high 
RF voltage. I use 15-inch-long Plexiglas 


strips as insulators, after having problems 
With inch long commercial plastic insulas 
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Figure 6— Network for omnidirectional uso, 
C and L are tho same as or Figure 7 


‘ors, Moisture and ай pollutants caused these 
problems, The presen insulators need to be 


leaned periodically. High-quality glas 


sulators of the type used aboard ships should 
be excellent and, with luck, should not re- 
ше periodie cleaning. 


Receiving 


"The antenna directivity enhances recep- 


tion by rejecting sign 


from unwanted 


directions. 1 was encouraged when I 
compared my АХ array to an Bl. er un- 
terminated Beverage antenna that iy 
bidirectional NW and SE. In the past, the 
Beverage wire showed an -10 dB S/N nd- 
vantage over the tilted north vertical alone, 
During long-haul QSOs to North America, 
the 4X array, used in the phasod-pair mode, 
comes within 3 dB of the S/N ratio pre 
vided by the Beverage. 


In Conclusion 

Many European stations tell me my 
signals are as strong аз local ones. On oc- 
casion they remark thst T have the loudest 
‘signal on the hand. 

T's a pleasure to have a directional ar- 
Tay on top band. I simply turn а knob to 
rotate the pattern — much faster than amo- 
tor can rotate a typical beam antenna! The 
AX array is compact and can be supported 
by the existing HF -amenna tower, | hope 
that some of you will try this antenna, and 
T look forward to hearing from you about 
your results. 


Notes 


The 'BRD Zapper: 
Ouick, Cheap and Easy 
“ZL Special” Antenna 


Working Europe from Chicago with low 
power оп 21 MHz, using an indoor 
bent ends W8JK bidirectional wire beam 
(Figure 1), is fairly straightforward fun 
Voltage feed via à 1/4 smb, gamma- 
matched 1o coax, is hard to beat for spartan 
Simplicity. No worry about balancing els- 
ment current, no nit picking with element 
engihs. Just make the whole system sym- 
metrical and dip it to your favorite re. 
quency by adjusting he stub-shorting 
Point. The AIK has а similar ptem and 
good gain all the way from the fundamental 
lo the second harmonic, so it's really = 
‘multiband antenas. You can roll the whole 
thing up in three minutes when it's bot in. 

‘One problem: The bidirectional charac- 
teristics of the RIK cause my ears to be flat- 
tened regularly by undesired signals from 
the direction opposite Europe. Unless 
you're in the geographical center of a three- 
way QSO, the unused lobe of this antenna 
сав boa nuisance. Question: Isit feasible to 
convert casy 180° bidireetionality to tricky 
135" unřdirectioality without resorting to 
clumsy center feeding, multi-wire-dipole 
ements, Бае шыпа, et? 

Yes because there's a unidirectional 
ZL Special lurking in our linde UK. The 
principal difference between the МАЈК and 
{he ZL Special lie in the phasing: In the 
BIK, the elements are fed 180° out of phase: 
In the ZI. Special, they're driven 135° out 
‘of phase. Therefore, instead of Feeding the 
antenna nearthestub's shorting point, we ll 
need to feed it 16 from the sub з shorted 
end. That's where the feed path to one ele- 
mentis % (45°) longer or shorter than the 
other, which, after the stu's 180° phase 
reversal produces the 135° phase shift that 
were locking for between the elements 

You can find the proper feed point on 
the stab by “sniffing” signals of known 
origin along one side of the stub with the 
insulated center conductor of some coax 


Here's a multipurpose directional wire antenna that 
has its origins in Kraus, Windom and Newkirk 
(who?-Ed. 


hooked to receiver, (Start ooking fortis | the S meter! Directivity is reversed at the 
point by measuring 2/16 up from the bot- opposite stub point (Figure 2). 

tom of the stub.) it's refreshing to hear So he's in there all ight, that ZI 
Buropeans rolling ia while mortofthe ur, cial, but coaxing the wily rascal out for an 
derous rearward signals now barely budge homer day's work is a challenge, The ZL 


Figure вяр WBIK wir aam for 21 MHZ, made lo ө dimensions of he 
Townouse bedroom that t occupies. Is dimensions arent critical hough ne element 
Jengine shouid bs close to 12 tal, sach), the sub should be 2/4 or odd mulipes, and 
{he element spacing элеше be cios -M cl no stub connect bot stub 
"res and the coax braid together, ser resonating the system ao ouline n Note 
Tene tap datance and cg p varatie capacitor constitute à gamma match th 
brings ho stb Impedance o £0 11. 
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Figure 2—The antenna of zem 1 configured for unidirectional operation wth 125° 
aleman! phasing, Resonate o sor as describe in Not 2 ana connect n couple 
via a very shor wire o one leg. about 4/18 above ine stub-shoring point. The 
coaxial choke is needed to L5 oec: radiation, whieh can ruin бе regard nul 
that ths system provides. 


1 


CCD 
atan ol re. te wra, Tia Tere a cera, apago e. 
табса ура varabia capacitors are sabe. AOE гар pont for owes 
SWR The coaxial choke а mada o 30 ume of ASS wound on a fefe rod. 


Special has a very sharp null in one direc- cessive leakage would put us right hack at 
tion when the element phasing is right, but the mercy of those loud signals from the 
unbalancing hesmwb could eostus that nll. other direction. Therefore, the coupler must 
Fortunately. when the system is resonant, be built inthe most compact form possible, 
the 135° tap point has a moderately high mounted sight at the stub, and isolated to 
resistive impedance, making for easy keep the feed line frum distorting the pat 
‘matching of the antenna о $0-Q.coax viaa tem Such isolation is done at WOIBRD vi 
T network (Figure 3). а home-brew coaxial choke made of 30 
Patcr distortion through incidentalra- turns of (he antenta's RG-S8 [eed line 
dindon und pickup must be minimized, Ex- wound on a ferrite rod just before the 
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matching network, 

Because feeder radiation could upset the 
stub balance and thus spol the antennas 
rearward ill tbe single-wire run fromthe 
matching network to the antenna had better 
be по more than an inch or two. Here, m 
borrowing onthe single-wire-feed theme by 
Windom. Any circuitry above the choke 
willbe hot with RF, soa bulky meters-bells- 
‘and-whistles matching unit will not do. e's 
best to use a compact, barebones, dedicated 
network. Run the stab all the way down 
from the flat top if possible, Incidentally, 
the tap point on the tub corresponding to 
the best rearward nll is higher on the stub 
for element spacings wider than 2/8. Sys- 
Tem Q i also lower with wider spacings, 
but gain is maximum at М. 

‘As for the stu itself, TV twin lead is 
okay indoors, but close-spaced, end-fire 
elements mean high voltages and current. 
ir the stub is to be longer than a quarter 
‘wavelength (odd multiplesonly) oraatside 
in the weather, low-loss, opem- wire Jine is 
a must. You can run the stub of an outdoor 
Version directly Lao the shack for handy 
directivity reversal 

"Though we've been talking horizontal, 
this setup should be equally interesting as a 
vertical By the way, when the elements re 
placed horizontal, one above the other, 
135° phasing accentuates radiation and re- 
ceptionat high angles. Меш for local traffic 
nets, Sweepstakes and Field Day! 
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From The ARRL Antenna Book 18\һ Edition 


Combination Driven 


Arrays 


Broadside, end-fire and collinear ele- 
ınents can readily be combined o increase 
gain and directivity, and this is in fact uso- 
"y done when more than two elements are 
used in an array. Combinations of this type 
give more gain ina given amount of space 
{han pisin arrays of he types just described 
"The combinations that can be worked out 
эге almost endless, but in this section are 
described only a few of he simpler types. 

"The accurate calculation of the power 
gain of а multi-element array requires a 
Knowledge of the mutual impedances be- 
tween all elements, as discussed in earlier 
sections. For approximate purposes itis 
sufficient to assure that each set (collinear, 
‘broadside, end-fire) will have the gains as 


Figure 1—A four-slement array combining collinear brondsice. 
төп and parallel епа 1га elements, Popular known as the 


Жалау 


given earlier, and then simply add up the 
gains forthe combination. Tais neglects the 
“Пес of cross-coupling between sets of 
elements, However, the array configura- 
tions are such thal the mutual impedances 
from cross-coupling should be relatively 
small, particularly when the spacings are 
1/4 A or more, so the estimated gain should 
be reasonably close to the actual gain. 


FOUR-ELEMENT END-FIRE AND 
COLLINEAR ARRAY 
The array showa in Figure 1 combines 
collinear in-phase elements with parallel 
out-of phase elements to give both broad- 
side and end fise directivity tis popularly 
known as а "two-tection WRIK" or "two. 
section Mattop beam." Tbe approximate 
тип calculated as 
described above is 
“В with LNA 
spacing and 5.7 48 
th 14-A spacing, 
irective patterns 


ме given in Figures 2 and 3. 

"The impedance between elements at the 
рош where the phasing line is connected is 
ofthe order of several thousand ohms. The 
SWR with an unmatched line conzequently 
‘is quite high. and this system should be con- 
structed with open wire ine (500 or 600 0) 
IT the line is to be resonant, With 1/4-) el- 
ement spacing the SWR оп a 600-0 line is 
Estimated to be in the vicinity of 3 or to I 

То ше a matched line, а closed stab 
30163, long can be connected a the trans- 
mission-line junction shown in Figure 1, 
and the transmission line itself can then be 
tapped on this matching section at the poiat 
Fesultingin the lowest ime SWR. This point 
can be determined by trial. 

‘This typeof antenna сап be operated on 
two bands having a frequency ratio of 2 10 
1, if a resonant feed line is used. For ex- 
ample, if designed for 28 MHz with 1/4-1 
spacing between elements it can be oper- 
мей on 14 MHZ as a simple end-fire array 
having ИВА spacing 


Figure besten panem for the fourelement antenna ol Figure 
Тет mounted honzonialy. Sela curve, helght " 
curve, height above a perfect conductor. 


Horizontal panom: 


Figure 2-Е plane pater for the antenna shown In Figure 1 
broken © The element aro paralol vo tho 90: 


70* ine In this diagram. 


laure 2 ves ne Loss tan a 1° change In hall power beamwidth results when 
the spacing ls changed from Vado .. 
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FOUR-ELEMENT BROADSIDE ARRAY 

"The four-element array shown in Figure 
4 i commonly known as the “lazy HL" Te 
Consists of set of two collinear elements 
and a set of two parallel elements, all oper- 
sed in phase to give broadside directivity, 
"The gain ad directivity will depend on the 
spacing, as in the case of simple parallel- 
element broadside array. The spacing may 
be chosen between the limits shown on the 
drawing, but spacings below 37 A are not 
‘worthwhile because the gaia is amall, Esti- 
muted gains ше as follows 


3/8 spacing —44 dB 
10k spacing—5.9 dB 
SIE spacing 6.1 dB. 
, spacing 6608 


ҮЛ 


Half-wave spacing is generally used. Di- 
restive pattern for this spacing sre given 


Tigre Fourier roda array (Tay HY using Colea and paralel in Figures 5 and 6 
laments 


‘With 1/2 spacing between paralleel- 
cements, the impedance atthe junction of 
the phasing line and transmision line x 
resistive and is in the vicinity of 100 0. 
With larger or smaller spacing te ped 
ance an this junction willbe reactivess well 
эк resistive. Matching stubs ate recom 
mended in cases where a nonresonant line 
isto he used. They may be calculated and 
adjusted as described їп Chapter 26 
"The system shown in Figure 3 may be 
used on wo bands havinga 2-10- frequency 
relationship. Н should be designed Tor the 
higher ofthe two frequencies, using ЗА. 
spicing between parallel elements Н wi 
then operate on he loner frequency заа. 
simple broadside атау with ЗВ spacing. 
. 
sown inte small diagram in Figure 3, In 
Ais case the elements and he phasing line 
эко arrays ct ns sust be adjusted exact tan electrical half 
Tigh. The pain ie reduced eavcleagi The impedance De fed point 
ground will be resistive and of the order of 2A 


Figure 6—Verical patter of tha fours 
‘mounted with the elements horizonta 


Figure 5—Fres-space directive diagrams ofthe four element antenna shown in Figure 4. АГ A la the E-plane patiorn, te horizontal 
%%% mounted with é The axis ofthe elements le 
{he 0° 270" tre, AB te (espace P plane pater. viewed es one set of element ls above 
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More on “Half Slopers” and Half-Sloper Variation for 160 Meters 
From December 1979 QST (Technical Correspondence) 


A Two-Band Half-Sloper Antenna 
From June 1980 OST 


The KI60 160-Meter Linear-Loaded Sloper 
From April 1986 OST 


The Super Sloper 
From December 1995 OST 


The Inverted L Revisited 
From January 1983 OST 


160-Meter Antennas 
From July 1991 QST (Technical Correspondence) 


A Truly Broadband Antenna for 80/75 Meters 
From April 1986 OST 


Improved Broadband Antenna Efficiency 
From August 1987 QST (Technical Correspondence) 


Simple, Effective, Elevated Ground-Plane Antennas 
From June 1994 OST 


From QST, December 1979 (Technical Correspondence) 


More on “Half Slopers" 


The July 1979 QST article on quarter- 
wave slopers Ваз prompted me to write you 
on lhe subject. I have had considerable cx- 
perience using them on 160 and 80, and 1 
hve tried them on 40, 

"The first one I know who used this type 
antenna was W3AU, His success with the 
System on 160 caused him to recommend it 
to WIRM and me, The original configura. 
tion used more than one sloping element 
ed in parallel against the Tower. It re 
sembled a top-oaded vertical with a simu- 
Tated ground system. АП my results have 
supported the view that this is an omni- 
directional, vertically polarized radiating 
system, even when only one sloping ele- 
menti used. 

AI the antenas of this type I bave tried 
have been at my father's station, WSUA, 
snd have been on a single tower. The tower 
is 82 feet (25 m) high, approximately 1 

(0.45 m) in uniform triangular cross 
section, and has a single set of guys at the 
10-7000 (21.3-m) level. The guys are 
broken with insulators ш about 20-700: in- 
tervals, and the top section of cach guy ix 
electrically connected to the tower. The 
base has whatever insulation the concrete 
provides aad there ace 10. 15- and 20-meter 
Yagis on top of the tower. (This isan AB 105 
lower, the same as is used by WAU and 
WIRM) 

"The fint anenna of the type in question 
was ted оп 80 meters. It was attached at 
the 60-D level, so that top loading effects 
of the guys, as well as the rotaries, were 
probably effective, The att 
‘ff at 30° to vertical and was 
minimum VSWR. The resultant length was 
Within 2 feet of the formula length, and the 
amenna then had а VSWR less than 1.5 
from 3.5 10 4.0 MHz. Ir worked well on 
transmit but was extremely noisy on re- 
ceive. The original wire sloped east, s0 I 
pot up an identical system, attached to the 
Same tower level, sloping west. Electrical 
characteristics were nearly identical, and 
ло directivity difference between the 
{wo could be detected either on transmit or 

"Thi is logical considering how little of 
‘the antenna current in the sloping wire bas 
any horizontal component, otber antenna 
Systems used on BO at WGUA have been 


dipoles, inverted Vs, and a delta loop. The 
(quarter-wave sloper is better than any of the 
others for uam, but it is poor ou re 
ceiving. Lave taken down all but the two 
Slopers. They are sed for transmitting and 
receiving, with frequent use of a 40-meler 
collinear antena on receiving weak signals. 
T also tried this system on 40, with a wire 
Atached tothe tower at 30 feet, coming 
30°, Perhaps because there was so much 
Towerelectcally above the tachmenr point 
st least half a wavelength this one was 
moch harder to tune. The wire length, which 
was very critical, was some feet shorter than 
expected andthe VSWR behavior across the 
band lest benign. Not much time was spent 
‘on this particular antenna песама it seemed 
me bener than з МЭ vertical. Both worked 
‘well, but neither was the equal of the col- 
linear types available. 
"The most recent quarter-wave sloper 
system [have used bas been on 160 meters 
My firs attempt was a single sloping ele- 


ment from the Ps lest level. This places 
Whatever contribution there t from the top 
guy sections below the pointofataehment 
F couldn't ger this antenna to march by al- 
tering the length of the sloping wire, even 
while making rather severe adjustments, 
"There did seem o be some promise forthe 
system, so the nest fenton 1 used two slop- 
ing elements of about the correct" length 
and fed the arrangement with a matching 
network at the bottom of the tower, with 
300-ohm twin-lead going up the tower 
(Figure 1). This was the best antenna [have 
used on 160 at W6UA, Previously 1 had 
fused an inverted V, а centered 80-meter 
dipole 90 feet and a2 inverted L- Since 
"e wires must come off the tower at shout 
45.50" to vertical, the rationale of using 
two wires instead of one was to attempt to 
cancel the horizontal current component. 
Аз a manter of curiosity 1 tried adding a 
"lind wize and could find no change in set 
ting of the matching components or in the. 


Figure 1—llustraion of tho arrangement used at WSUN for a 160-motor hall sloper. 
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overall effectiveness, Using some rough 
estimaics of component values required for 
matching, length of feed lie, ete., Lealea- 
late the feed impedance of the antenna it 
self to be approximately 100-7300 ohms. 
My estimate of how well this antenna 
performs must be tempered by the realiza- 
Чоп that conditions during the past two 
years have been much worse than the pe- 
riod before. During he 160-meter connette, 
openings to WI, W2 and W3 have been 
marginal. | have worked nothing with this 
antennu i hadn't worked before, but the 
impression remains that the antenna is bet- 
ter than those used earlier. t has done а 
consistent job into the Caribbean, SA, Pa- 


cific and Japan, as well as across the USA, 
Receiving remains a problem because of 
the noise. [have taken down the 160-meter 
version of this antenna 1£ put it up again 
1 will definitely install some auxiliary re 
ceiving antennas. 

‘The net result ceras to be that this is ап. 
efectivo antenna. Getting а good match di- 
rectly into coax appears easier if the sloping 
wire is more nearly vertical andif there is not 
toomuch loading above the attachment point. 
The system should be more efficient, up wa 
point, asthereis mare vertical structureabove 
the feed point. There is no compelling reason 
to insist upon using a resonant configuration. 
The nextatemptl make on 160 might well be 


ember 197: 


With the existing #0-meter system, fed at 60 
feet and with 80-meter sloping elements, but 
using a transmission line and matching ne 
work at the boom of the tower as before. 

‘Given that the antenna does work, the 
areas I fool need further investigation are 
better characterization and description of it 
for different parameters., measurement 
‘of the feed impedance as a function of fre- 
‘quency for different sloper attachment 
points, lengths, angles and conditions of 
top loading. T would als like to see the cur- 
reat flow оп all of the structure mapped vi 
aprobe. If some of the results are forthcom- 
ing I hope to see them in an early issue af 
QST. — Charles Weir Je, W6UM 


(Techni 


Half-Sloper Variation For 


160 M 


1 read the July OST anicle by МІСЕ 
with great interest T enjoyed it very much 
and learned something 

A few days ago 1 was looking at my HO. 
meter sloper and it occured to те that by 
using а loading cil and some more wire it 
Would work on 160. So took a inch diam- 
ele coil of 10 tums of no 10 wire out of he 
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Junkbox, attached the coltotbefarendof he 
half sloper, added about 30 feet of wire and 
zan the wire to the comer of my garage. The 
olse bridge indicated it was too short, so I 
added another 10 feet. Presto! Resonance at 
1830 KH with an SWR of 11:1 

I think that by using a larger (higher 
inductance) leading сой, the added wire 
‘could be shortened considerably without 


seriously affecting the 240-1 SWR points 
on the curve. 

1 have not made too many contacts on 
160 yet, as there is very ite activity this 
early in the season around here. I baye had 
Several contacts though, always geting at 
least as good a report as I have given: 
Philip True, W7AQB. 


From 


June 


A Two-Band Half-Sloper 


Antenna 


The popularity of the ВАЕ slope ав 
teams sets о be nreasing a evidenced 
by recent articles in QST This type of 
"ера hs some worthwhile advantage, 
particularly forthe lower Frequency oper. 
for low angle radiation for atenas of 
Inodes height, compacrnexs and simply 
Seren nthe můr side, nao 
. 
The зунет have been reported? 

The antenna system to hc described hcre 
. 
design s half sloper for 30- and 
. of antenn 
vea selected as the des Pans because of 
previous esponencewihira antennas and 
Bene бе ductive loading ойе tap on 
the lowerfrequeney bend allows u 
somewhat shorter overall length The same 
Inductive юй, — ано ex 
Testa i merena (he aurons Q ind 
Arc fetes deceso the bad id For 
this enon 1 wat prepared to experiment, 

Mis wel hat T was o prepare becas 
the Шш fcm of the шеша Dears Jie 
vesemblance to the initial concept Bat most 

. tris 
sive bandwidth on 8 meters 


The Design 

A diagram of the wo-band half-sloper 
antenna system is shown in Figure 1. ltcan 
фезееп hat there is no obvious quarterwave 
dimension in the entire system. In fact, the 
radiator self i a nonresonant device, 

Initial attempts to prone the wires to 
resonance resulted only ina mound of wire 
clippings and one frustrated amateur After 
many hours of cul-and-try experimenta: 
tion, accompanied by a growing, gut-level 
appreciation for what apparently was hap- 
pening, the magic combination of wire 
lengths and trap component values was 
found. Impedances of 40 —/80 ohms at 
Mz ond 60 —40 ohms ai 3.6 MHz were 
measured witha nose bridge, П was then а 
Simple matter to cancel outthese capacitive 
eactanoes with sn inductor, 

For convenience, the inductor was 


When an off-the-wall empirical design like this works 
well, suspicion and skepticism are warranted. Maybe 
you'll agree that this sloper idea is an exception! 


placed in the transmission line, rather than 
її the feed point — final “tweaking” of the 
system is more easily performed on the 
ground than at 40 feet (12.2 m) in the air, A 
Smith Chart exercise shows thet the SWR. 
оп the transmission line between the feed 
point and inductor L is 5:1 at 7.2 MHz and 
21036 MHz. When RG-8/U is used, the 


SKÉ 


Figure 1—The two-band hal! spar. To 
элей the tranarvasen ine Iron the 
antenna Řek, he e is routed up the 
"nsice of he support mast, whichis 
rounded. Inductor L i naedos to 
‘esonate ine system. 


addtional loss incurred because of these 
SWR is less than 0.5 В at 72 MHz andis 
“almost nonexistent at 3.6 MHz. 


Performance 

This antenna performs very well. Op- 
eration at KOCZB is primarily 80-melercw, 
With some 40-meter ssh. Power output 15 
nominally 100 watts Signal reports va 80 
kave been uniformly good, with comments 
such as UR LOUDEST 9 ON BAND AND VY 
TBSIO, VY STRONG. Voice operation on 40 
has also resulted in good signal reports, 
although the praise has not been so lavish, 
‘This is my only 80/40-meter antenna, so 

ect comparisons were not possible 
However, it appears to greatly outperform 
two previous antennas, а 160-fooLend-fed 
Wire and а trap dipole, both strung 30 feet 
above ground. АШ in al, it is about what 1 
‘expected from a half sloper. 

This kind of performance is nice. but 
nothing to write an article about since that 
has already been done. The real perfor 
mance story about this antenna can be 
Summed up in one word: bandwidth. А 
lance atthe SWR curves in Figure 2 will 
‘pen the eyes of any 80-meter operator, AS 
faras iknow, this is unheard-of bandwidth 
forsuch simple and compact antenna. Itis 
‘real teat to OSY 400 KHz And see the 
SWR meter needle barely move. This isa't 
alow-Qantenna—it sano-Qanienna! The 
бап on 40 te far les impressive and 
is, infact, similar to what has been reported 
previously Гос half slopers. 


Construction 
During experiments with prototypes of 
this antenna, I noticed some sensitivity to 
feed-line placement and length, Therefore, 
Chapter 7 7-3 


— 


. —. о 


a" 7 
i. | JL a 
us 2 ate 
= а : 
i ds 
{ { 
i СЫ 4 
re wa 

ы ы 

т MÀ N 


Figure 2— Loading characteristics ofthe antenna. The SWR curves ware determined Irom a Smith Chart. Impedance values were 


measured wih а поі bre. 


in ter versions T ran the feed line up the 
ipse be sapport mast to ahi ion 
thoantenna field This precation метил 
te effective. Torno sch sell hat 
Teen observed since, (cat thelpbut won- 
der if hs might improve the behavior oF 
ا‎ al epi ne 
li open end cee theo pe 
‘ity of placing the feed nc тише e 
Support, double-shielied coaxial cable 
‘ould eres equally well, provided the 
utor braid erna to be Ser rid 
tthe top ts onere a prot tow 
Btn v e eter bral а be boom cf 
ths tower, 

esed standard 10.101 TV mast ses- 
tons for my support, supy because they 
sree om hand. Ts reat in a very moy 
and exile mast la а 40 len length, 
though The fst 20 feet must be doubled 
74. Chapter? 


up with Jong U-bolt if the mast isto he covered in The ARRL Antenna Book“ A 
Walked up. The price of six sections of TV novel and inexpensive method of trap con- 
mast is ahout the same as a 36-fool lele- struction bar been described by 
coping push-upmast,butthelatierismuch  WBSOQM I built my пар using the 
sturdier and far easier Lo erect, If support method shown in Figure 3. Traps made in 
‘materials are not already on band, the tele- this fashion aremuch stronger than they ap- 
scoping mast is the better choice. [should pear, I've never had one break, even in high 
mention that 1 took the rouble to bond all Winds that caused property damage. In thie 
sections of mast together electrically to antenna, however, the radiator also serves 
ensure good conductivity and to guard аз ane of the top guys, Par that reason the 
against TVI from rectification at joints af- trap was reinforced. Two 3/16:nch thick 
ter inevitable corrosion sets in. The hase of pieces of plastic Were used with tre lay- 
the mast should be grounded. Effects from ers of glass cloth and epoxy sandwiched 
the guy wires can largely be avoided by between them. A rotary wine brush serves 
breaking them into nonresonant lengths ell lo rough up the inner surfaces of the 
with strain insulators placed atthe mastand plastic to ensure good adhesion. However, 
‘every 19 feet thereafter. ‘one may use coarse sandpaper for that pur- 
"The inductance and capacitance values pose. Glass clodh and epoxy are sold as a 
shown in Figure 1 must beused forthe trap, repair kit in many hardware stores. 
Construction techniques for the trap are Before the antenna wires are connected, 
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Figure 3—A simple, sturdy rap. The coaxial capacitor should bo taped tothe antenna 
wife aar metalation. 18 not посоосагу to onloze the trap. 


the trap must be med 1 resonance. A dip 
meter or noise bridge сап be used to mea- 
‘sure the resonant frequency. Start with 
about 30 inches of RG-A/U for the coaxial 
‘capacitor. After connecting it to the coil, as 
shown, 26 or 27 inches of braid will re- 
main. Ar this point, the resonant frequency 
ould be below 7.0 MHz. Trim the braid 
atthe far end a itie at a time, saipping off 
he center conductor ав you go. Recheck 
the resonant frequency cach time. As 7.2 
MHz is approached, continue trimming the 
braid, but stop cutting the center conduc- 
tor, To increase the leakage path, the poly- 
ethylene dielectric should extend beyond 
the braid 178 to 3/16 inch (3.2 to 48 mm) 
when the ttap isresonsted Z MHz. Very 
lose 024 inches of braid should remain at 
completion. Tightly tape his end with sev- 
eral layers of plastic electrical tape. 

"Tbe component values for this trap ace 
exactly the same as those used in the 
WSDZZ trap dipole. so there are several 
commercially made traps that may be svit- 
"le for this antenna, Traps made fora five- 
band, rwo-trap dipole, 108 feet long should 
have the proper values of capacitance and 
inductance. 

n any antenna system, the radiator feed 
point impedance repeats itself every half 
{wavelength along the transmission line 
Inductor L must be inserted in the trans. 
mission line ta half-wave point in order to 
‘exactly cancel the capacitive reactance of 
‘his antenna system. tis, of course, advan 
{agcous to place Las close to the feed point 
эз possible in order to minimize losses. A 
half wavelength at the lower frequency is 
as close as you can get without going to the 
feed point itself. The 90.2-foot length of 
RG-8/0 shown in Figure 1 is aa electrical 
half wavelength at 3.6 MHz for solid poly: 
ethylene dielectric coaxial cable only IF 
cable having a velocity factor other than 
10.66 (c... foun-dielectric coaxial cable) is 


sed, this length will have to be recslcu- 
Jated from the equation 


£=492 VAG feet 
(Feet x 0.305 = ш) 


To this equation, V is the velocity factor of 
the cable to be used, Only RG-S/U or asimi- 
lac type such as RO-213/0 should be em- 
ployed for this section af the transmission 
Tine in order 1o keep the losses low. en 
don't mind a dB or so of loss on 40 meters, 
RG-SH/U ie acceptable, The loss on 80 
meters will be negligible in any case, 

"The value of inductor L should be 1.75 
HH. but 1 recommend that а coil having 
aboot 3-41 inductance be used to allow 
Some latitude for final tune-up of he sys- 
tem. I mounted 12 turns of à по. 3018 
Minidactor (10% inch in diameter, 8 urns 
per inch) їп а small Minibox with 50-239 
Coaxial connectors placed at euch end, Af- 
ter tapping the coll for the best SWR curve 
‘on 40 meters, the entire assembly was 
sealed and waterproofed with bathtub 
ae 


Tune-up 

Ax seems to be characteristic of half 
slopers, this antenna can be very louchy to 
tune up. If the length of transmission line 
between the radiator end L is not an exact 
integral multiple of a half wavelength at 
3.6 MHz, tune-up can be а real “ean of 
worms.” Since the of-quoted value of 0.65 
for the velocity factor of standard RG-8/U 
isonly a nominal value and сап vary appre- 
clably from brand to brand (in cheap cable 
been lot to lot), this length should be deter- 
mined with a noise bridge. 

Ш а poise bridge is not available, the 
following procedure may be ried. Cut this 
section of cable about 6 feet shorter than 
the calculated length. Prepare а section of 
RG-SUU, 12 feet long, with solderlesscon- 
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Figure 4 SWR curve or 40 meters, 
‘Showing the effect of tapping L and 
"closing feedline length between L and 
the transmitir to obtain tns best SWR. 
Curve, Such adjustments have itla afect 
Ол ö weis characteristics 


mectors on each end. Connect it to both the 
Shortened feed line, using a PL-258 double 
female connector, and to L Tap Lto obtain 
the best combination of SW at 3.6 and 
72 MHz. Record the SWR figures and tap 
position. 

Now shorten the RG-S8/U hy 6 inches 
and repeat — and repeat — until you are 
certain you have passed through the point 
‘where the SWR values simultaneously bot- 
Tom ош at both frequencies. Prepare a 
engin of RG-SKYU (from the sume lo) ex- 
actly ax long as the best experimental 
length, using permanent coaxial connec- 
tors, Seal and waterproof all connections, 
RG-S8/U ie recommenda for relative ease 
‘of pruning, If you don’t mind unsoldering a 
PL-259 cach time, RG-8 could be used, 
However, the additional loss from such а 
short section of RG-58/U will be infinitesi- 
mal at these frequencies 

‘This procedure is obviously tedious, but 
il is necessary lo obtain good performance 
on 40 if a noise bridge is not avaiable Ia 
fact, tome adjustment of this section of 
transmission line may be necessary even if 
а noise bridge is used to measure the elec- 
irical length to obtain optimum two-band 
performance. The exact half wavelength 
Should always be used as a starting point in 
any све 

‘Strangely enough, the above procedures 
ше necessary only to optimize 40-meter 
performance. My experience has heen that 
merely cutting the half- wavelength section 
of transmission line to the calculated 
length, then tapping L to obtain the best 
SWR nt 3.6 MH, is sufficient to obtain а 
Tatio of 2:1 or less over the entire 80/75 
meter band. So tune for 40, and 80 should 
take care of itself. 

Once the amenna system has been reso- 
nated, it may pay to experiment with ue 
value of L and the length of transmission 
"ine between L and the transmitter, Chan 
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ing these values will change the shape of 
the 40 meter SWR curve somewhat. By so 
experimenting, you may be able to tailor 
the shape of the 40 meter SWR curve (© 
Your operating preference, Don't expect 
miracles, though, for the range of adjust- 
‘ment seemsto be small. Figure 4 illustrates 
the results of such an effort These adjast- 
‘ments will have very litle effect on 
80-meter bandwidth within the range of 
acceptable SWR on 40 meters. 


Further Thoughts 

The first prototype was constructed. 
close to my house, and was therefore con- 
cemed that the performance might not be 
reproducible, The next prototype was 
erected in far comer of my yard, over 100 
Теа from the house and even further from. 
any other structures or conductors, The fi- 
nal version was similarly located. Except 
Tor final tune-up parameters, all three be- 
haved almost identically, even though a 
‘numberof physical changes was made each 
time, Asa final test of the soundoess of the 
design. built sealed versions for 40/20 and 
20/10 meters. They exhibited very similar 
‘characteristics, although all parameters of 
the systern seem to become very critical as 
the design Frequency is increased. 
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‘The first two 80/40-meter systems were 
built using a 30-foor mast, yet their behav. 
ior was not markedly different from the fi- 
nal version witk a 40 foot mast Since the 
mastis an electrical part of the system, and 
since proximity o ground must play some 
role in the performance of the antenna, 
other heights, and supports thar have beams 
artoched, may veld different results. 

The reactance of the tap at 3.6 MHz ie 
245 ohms. Therefore, there is a possibility 
of constructing an 80-meter-only version 
of this antenna by using а 10.8-HH induc- 
torin place of the trap. This has not been 
tried, however. 

‘Scaling upto 160/40 meters isan attrac- 
ive possibility. Conceivably, a mast height 
as low as 50 feet could be used, A starting 
point would be the doubling of all wire 
lengths, and using а 16.44 coil with a 
120-pF capacitor forthe trap to preserve 
the 245-ohms reactance at L8 MHz. 

"There algo seems o be а possibility that 
ıa slight increase in trap capacitor value, to 
resonate the tap at 7.1 ог 7.15 МН», might 
allow better coverage of 40 cw. but prob- 
ably at the expense of the phone portion of 
‘the band. Such à change might have lile. 
effect on 80.meter bandwidth, but anch 
roundofcutand-try could prove necessary, 


Conclusions 

At this point, this is still an experimen- 
tal design, Farther development may 
‘eventually allow a cut to formula type of 
construcion, but uni that happens, be pre- 
pared to experiment. The dimensions given 
3n Figure 1 will put you in the ball park and 
should yield immediate results on 80. 

"The convenience of Transmatchless 
‘operation overall of 80/75, plus a reason” 
able portion of 40 coupled with an excel 
est radiated signal, is ample repayment 
even for many hours of cung and trying. 
Once tune up, this antenna iş very well 
behaved and enjoyable to use, T would ike 
1o hear from others who construct antennas 
Based on this design. 
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By Dean 


Yungling, KIGO From QST, April 1981 


The KI6O 160-Meter 
Linear-Loaded Sloper 


No room for a top-band antenna? Try this one on for size! 


After having good success using my linear 
loaded, invered-L antenna over the winter 
1984-85 160-meter season, 1 decided w try 
linear loading on a different type of len wen 
ire antena. Ihave had considerable success 
ith a quarter-wave soper on 80 meter, bul 
ту eley sized lo len’? dep enough o accom 
mode lee sloper for the 10-те 
Band, About 120 eet would be required forthe 
Soper ta be 10 feet off the ground a the low 
end: T have about half bat distance 10 work 
With Linear loading solved the problem. 

This antenna provides an effective Band- 
vidil af about 70 KHz with an SWR uf 2-1 or 
Jen, At the design frequency of 1.840 МН: 
SWR s 11:1 with S0-ohi feed line and no 
matching network or tuner 

Aliscugh the individual dimensions are 
по etica, the sloping wire and the ladder 
Tinemustresonate aisé desired frequency. IF 
the sloping wire is less than 65 eet long he 
adóer must be longer, and vice versa, IF you 
use a different length for the sloping wire, 
you wll need o experiment a bit io see how 
much to add or remove from the ladder 
Teeth 


Construction 

My sloper s hooked onto the tower ut 
shout the 55- level sing a sirain insulator 
(Gee Figure 1. The couxal-cuble feed ine i 
securely taped to one tower leg, and the shield 
ds connesied to the tower leg with а radiator 
hose lamp, The tower is grounded ul tbe base 
‘with several ground rods The center свпдис- 
. soldered to thesloper 
athe strata insulator and ts taped for weather 
protection Where the center conductor and 
shield separate 

"The ladder portion of the antenna is made 
with the same {ype of wire us the sloping por. 
Sion. The ladder spacers are made of 3/8 inch 
hardwood dowels thar bave small holes Ш. 
1 inch from exch end to hold the wires, The 
dowels should be soaked or sprayed with a 
Wood preservative, prior to assembly, for 
менет protection Plastic spreaders could 
also be used, if desired. The wires are fray 
"icd to the dowels with waxed lacing wine or 
Similar material where he wires pass through 


0,4 Yunging, "The KIGO Тор: Linear: odad 
ido Maler штп Т antenna 26, Apr 
1985, pp e 


the holes. The dowel spacing can be adjusted, 
with some difficulty, Нег the dowels are tied. 
Ope end ol the iris ed obs tower wilh 
heavy monofilament fishing line, wih he other 
‘ed ed 10 a me or whatever chc i andy. The 
tiff lines are fanned vertically to keep the lad 
. hetenslona enough 
ıo eliminate any sagging inthe ladder, Mofile 
‘meat fishing fine provides some ceshiningifthe 
. or the wind Б tong, 


Adjustment 

Initially, the ladder should be a few feet 
Jonger than shown, to allow for adjustment. 
"The resonant frequency should he checked, 
чай a few taches removed at к ne froma the 


tower end of the ladder until the desired ro- 
quency is achieved. AL his point, he wires 
should be soldered together and then taped to 
сепа dowel. It appears that there must be aa 
[BF beam, or something similar, on the tower 
for any quarter-wave sloper to work properly. 
This sloper is no different in thia respect, Fi 
nally, the antenna, particularly the sloping 
section, should be ept ss far ay possible from 
Surrounding всу wires and other objects 

"This antenna requires no ground system, 
balun or matching network over its opera 
tional bandwidth. The linea loaded sloper is 
imple to constrict and easy lo adjust, ала ir 
performance is superior to my linea омей, 
inverted L. 
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Figure 1—Construcion detalls for the КБО 


eee linear-loaded slope. 
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By Roger Sparks, W7WKB 


The Super Sloper 


Dramatically improve the front-to-back of a sloper. 


You can imagine my surprise when 
ELNEC' revealed that а parasitic element Table 1 


‘one wavelength or longer, The radiation 
pattern can be described as the surfaces of 


an be combined with a ор wire to form Spacing and Phase Angle for боорон cotes бшм connai win tbe 
a whole family of directional amenna. Various Antenna Lengihe ES 
‘hereon my cien I was looking at ose e The mis zuje bona 
Combinations nat found in ma bible of At Iha spacings std, he current ho alar and loba er songer at an 
JJ 
J T 
pasii simona wish wie amaya How OR SLES nc MM Vasa over фин atom four princi) 
ой сангаа еа partie element, E: Babesa low edam ce Thee o 
1 wondered? “A lot,” was the answer com- we principal lobes, in one direction, when the 
ing from ELNEC land confirmed hy pen Spacing Angle аашаа told a matched, war 
See el ee elne pc e б бш) шеша 
(C015 1000467) paraicclemen'ty Im 08 0048 с TEENEC shows ш а parse clement 
10 5/8 hea vole family of temna a 12 0080 d sc sng log — 
еме Gas Figur N % ЖЕЗ rano rodu patem li a 
Teall the configuration а Super Sloper — 23 Ой 7 КОТИ 
менне the pane eseubles int of e 38 QU -144 eliminated fom бе ck oes into шейи 


well-known sloper, but it is greatly en- 


forward gain. The parasitic element can be 
hanced (see Figure 2). Super Slopers pro- 


tuned as either a director or a reflector? 


‘Vide gain in the direction from the tall to the Table 2 Experience with Yagis (and many other 
T Deania a 
ааа cios 8 
. ma — 
eee eee ACM SWR, eee eee ee oe 
тй oe tal ad met far At М 00 аа o 
See eee, . eee, — 4-3 
pet o o OMEN E Н 
E mee о E Е 

pep b e o gg ОЬ. ресмоне, 


per Slopers are very inexpensive to build 
Gf you already have suitable rapports) 
They require only wire and a few feet of 
PVC pipe. 

Unlike slopers, Super Slopers have high 
fecdpoint impedances. A matching net- 
work is required when feeding а Super 
Sloper with a 50-0 line. The result iss 
heosdband, low-Q antenna (Figure 3) 
‘Don't think of this as just one antenna, but 
rather a whole family of antennas, one for 
each half wavelength of added length. 


hol lo back ratio (F/B) and gain. The best 


Technical Concepts 
Ifyou just want o build ап antenna, skip. incon 
ahead to the Practical Antennas discussion, Tie 
"Those with a technical inclination can can- 
tinue here, and they may even want to take 
a look at the discussion of long vie anten- 
пак in The ARRL Antenna Book. Figure 1— Drawing of a Supsr-Siopar antenna showing nomenclature. Tie lo а 3772 
Ап antenna is called along wire it is madat, See Figur 7 forcónatucton catal 
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py 


EE PEA 
күт 2 Aman (A) and eran (8) pets for a 457 er 


2-42 es osel, spaced 0.04», 
дош) and S12 (6.254 01 

8088 » above ground) Sup 
22 high. 


end 04193, above 


HIB results from a 180° phase shift between 


the currents in the driven and parasitic 


Wires, as seen from a. 


iani location 


a pattern null is desired. A phase difference 
of 180° means that the signale completely 
cancel each other, if each element delivers 


0) Beton . doo, 


CCC 
Spaced 0,022, rented Hal at z. vs loping пот 2X 

A snows ino lovato? pattams at 0"; shows the azimut 
Pattama; С shows elevation plos at azimuth=40", 


equal signal strength. A phase shift of 90° ба some other direction, to produce gai, 


where possible with a /4-Aoifselandtheremain- By increasing the phase angle of hecur- 


ing 90° phase shiftean come from the tuning reat inthe parasitic clement, the angle of 
(еи) ofthe parasitic element. Ifthe fields maximum cancellation can be moved, This 
‘cancel in one direction, they wil reinforce is particulary useful in Super Slopers be- 


cause the principal lobes of long wires lie 


м some small angle to tbe direction ofthe 
wire. From Table 1, notice that the current 


т 
nae 


in a resonant parasitic element has about 


144° to -150° phasing, which is shout 
right for correct ravere-lobe canceling. 


а= 


t Tee wanteachelementtodeliverequal 
signal strengths ioa distant location, nearly 


одна! currents must flow in both the driven 


ná parasite elements: The coupling be- 
Е) tween elements must е very lose, Table 1 


ктеу без) suggests the. approximate spacings for 
currents to be equal within £105. (The an- 
Figure 3—А piot of Impedance and SWA versus frequency fr the 2-3/2 antenna tenna also has gain at closer spacings 


"iescrbed in Tabla 6 placed as described n Figure B. The dala source ie NECWIRES because pain is 


T8 (see Nota 3). 


ected less by unequal 
currents than s F/B.) 
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Designing в Super Sloper the low end in the direction of the mull, atdifferent heights, hod 


"When placed near (and parallel to) the Figure 4 shows the effects of tiling. 
‘ground, Super Slopers show twin-lobed _ Whentheantennaistilted theend ofthe | This reduces performance, but locating the 
, tothe parasitic element ко that jis end height 


жешет. oa the axis ofthe wire. This center ground than that of the driven clement. оў 


n and parasitic 
elements will nor have the same paterns. 


ls that 


ihe driven element can solve 


"Il can be filled by tilting the wire, with When considered as two separate antennas rhe problem, That is, increase the spacing 


— above that 
of the driven element, Models give this 


Tables 


design 1 to Lab gain advantage over more 


Element Spacing versus Phase Angle, Relative Current, Impedance, Gain Closely spaced antennas bul construction 


and Lobe Angle 


Derived пот ELNEC free-space model, 14.2 MHz, 2-42 elements, offset 0.25 2 


is a greater mechanical challenge. 
"The driven element is fed at а current 
antinode, LA. from an end. The antennas 
San be made to exhibit a wide range of feed 
resistances: 20 to 300 Q, or more (see 
Tables 2, 3 and 4). High resistances and 
wide offsets combine to produce low SWR. 
and useful gain over ай unusually great 
bandwidth (Table 2). I've used 1/4A 
matching lines (using RG-62, а 93.0 line). 


4:1 baluns and ladder lines to successfully 


Phase Impedance babe 
Spacing Angle Relative of Driven Ange 
@ (degrees) Current | Element (degrees) 
би Ae 182 — 205-200 se 

oo сш 128 28-а e 

oos оом їп 103284 в 

ooa — -M8 097 0-88 46 
Tablo 4 


Offset versus Phase Angle, Relative Current, Impedance, 


Gain and Lobe Angle 


Derived rom ELNEC, res-2pace mode), 14.2 MHz, 2-12 elements, spaced 0020. 


Notice how lle gain changes wit dierent озен. 


Phase Impedance Lobe 
Oft Angle Relato cfDrvon Gan Angl 
GJ (degrees) Currant Element (В) (degrees) 
6% de“ си 57 48 
ois ST 118 ee SET ав 

02 Св 128 Boss 58 ав 
0258  -Mi 12 N 557 ав 

оз “з 116 14001 55 . 
03s Diaa 098 123-0 558 45 

04 Мм оп 08-а 54 48 
Pattern Reversal Begins 

ов че 025 эзме 30 м 

95 ш 1 125-67 52 в 

от аа in CCC 


„match the antenna at high impedances, 
You can vary the antenna length (gain 

increases with length). height, offset, pas- 

ing and specing as needed. These many 

Variables would be difficult to work with f 

each were a critical adjustment, but foru- 

‘ately, they are nor critical Tables 1, 1, 4 

"e tolerant design features of 

From these tables, ve can 

‘observe several trende: 

+ Current balance greatly affects F/B, with 
les effect on gai. 

+ Phase angles change very slowly with 
antenna length 

+ Gain changes very litle with changes of 
current and phasing 

+ биш varies by a Ше over 1 dB with a 
spacing increase from 0.01 to 004 A. 

+ Gain is nearly constan with offsets mov- 
ing from 0.1 10 0.4 A. 
Good F/B is easy to achieve, even 


w 


Beratin angle 13.0 dog 


Figuro 5A radiation patem ovar a rango om 14.010 144 
NA pater is ato a 2322 алети wih 036 ойын. 
Sie ede ar Je ang is i Ge Тай lor bo SWA 
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PENAS the antenna le 
ne tva ek 


S 1.02) long; tne doctor is 098 


E 
Tang. Ste Figure 3 To an SWR curve 


berger designad eite Figure 3 pica SWR: 
шг easy construcion. Improved F/B ros 

and reverec-orienedpallems are pošle Practical Antennas 
fromdesiensoptimized tapesi requen. Table б describes Super Slopers son- 
‘iex. Computer modeling is ihe best way to structed ш шу station (efer o Fue 1 Tor 
‘optimize reverse pater. Figures Sand б nomenclature). The principal diference be- 
show some posse ptérm and how the tween the two 34/2, 20-meler анса ia 
Patterns vary wilh frequency. Table 2 and Table 6 is tie increased offset from 


Tables 
Parasitic Element Length versus Phase Anglo, Relative Current, Gain and 
Lobe Anglo 


Derived rom ELNEC, under free-space conditions with 14.2 MHz, 2-2 elements, spaced 
арал. 


Working Antenna Dimensions 
(Use а 4:1 step-down transtormatio to match 50-0 ine. 


Antenna Number 1 2 „ 4 85 в 
Band dom 20m 20m 20m ism tom 
beben. 2. 9$. 3 2 

Driven (10) i33 1085 msa 70 48 345 
Director 1343 1040 1022 8 45 зв 
Омен мз 175 „ 175 пз 88 
Spacing (н) 1% 15 15 15 10 


$ t 
each, Заз 175 1725 175 їз ва 


“Longth expressed as а multiple of 1/2. 
TOt is V4, except for antonna 3, whore he offset is 0:31 2. 
SFeedpoiet and offset are both measured from the high end of the driven element. 
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Figure 7A metod of constructing те long.wir parasitic antenna. Additional canter 
‘spacers reduce the tendency of the wires 10 twist In ha wind, 


1T beste ze fet. Thischanges the phasing. 
resulting inaslighly improved F/B ratio and 
slightly improved gain, The rade-offisa nar- 
mower paiem and à longer antenna. 

"A (0-font mast supported he 3/2 and 
2% zb meter versions. They were 
‘mounted hack-10-hack and tilted to fill the 
Genter null. Another 3-2/2, 20-meter unit 
‘as mounted from a 3F-font mast. The 40- 
meter version sloped from 60 fet down to 
feet. AÑ antermas performed as predicted. 
Additional height at either end definitely 
increases low-ungle radiation, but it ze 
duces high-angle radiation, 

Figure 7 shows how T assembled and 
spread the wires, The departure from 
straight lines (as depicted in Figure 1) has 
mo practical effect on the antenna. Ве sure 
to place the director over the driven ele- 
ment when erecting the antenna. A director 
placed at the side will shew the pattern. 
favoring the эе of the director, Keep the 
Super-Sloper support lines tight го mini- 
"niae sagging, Severe sagging leads to im- 
proper phasing and degraded results. 1 put 
A support under my 40 meter Super Sloper 
al midspan, but 1 just pull the 20-meter 
antenna support lines tight. The two ele 
ments have а tendency to twist and wrap 
together ia the wind. You can prevent this 
by using two support ropes at the low end 
or by using spacers as on transmission 
lines. Both methods work well. Super 
Sloper performance suffers from excessive 
ground losses when the low end is at ground 
Tevel. 1 strive for an antenna slope (tilt 
angle) of 10" to 20° and a minimum height 
‘of 6 feet Higher is beter 

A 200-41 feeapoint impedance ix easily 
transformed to 5Û 2 with a 4:1 balun. Lad- 
der line and a tuner are another option. 
Refer lo The ARRL Antenna Book foc other 
methods of transforming high feed imped- 
ances to values acceptable for modera 
transceivers. Do not feed the Super Sloper 
directly with coax unless the coax is part of 
en impedance matching section. 
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January 


The Inverted L Revisited 


ТЇЇ never know what inspired me to 
makea few contacts ia the ARRL 160Meter 
‘Contest, My antenna was made by tying 
together the open-wite feeders of my 80 
meter dipole. The performance was not 
fantasti, but it was the first step in getting 
me "hooked" on the "gentlemen s band.” 
Working three dozen European stations 
from a friend's house goc my Interes up. 
My friend has a good 160-meter antenna 
system — and lotr of property t fit it ont 

Returning to my 60 x 150-foot loc made 
me feel depressed. | suffered all winter 
‘while listening 10 the others working УК, 
ZLs andeven JAs at daybreak, What could 
1 do to improve my signal 

Many hours the following summer were 
spent trying to figure out how to exam a 
T60-mete antenna within the coafines of 
my small lol. Space restrictions dictated 
that my wire be no longer than a standard 
abb ler dipole. I began to consider alter- 
native antennas. 

Shunt feeding my 50-foot tower was 
investigated but dismissed for various rea 
sons, This arrangement would require dis. 
Connecting the shunt feed when cranking 
‘down the lower, and all guy wires would 
have to be broken up into nonresonant 
lengths with insulators. Additionally, my 
cables would have to be rerouted to ground 
Tevel. Then considered a full-length dipole 
originating in a neighbor's yard three 
houses to the east, crossing my property 
acd finally terminating in the yard two 
houses to the west! This idea was rejected. 
The legal negotiation fees would have run 
into six figures! After much head scratch- 
ing, I settled on the inverted L, an antenna 
‘made popular by the grand master of 160- 
meters, Stew Perry, Wing L credit Stew 
Tor coming 10 my rescue! 


The Inverted L 

The inverted L was selected because it 
requires no more space than an 80-meter 
pole snd could utlize my 50-foot crask-up. 
Tower foratachment. The vertical partis 50 
Feet long, and the horizontal part measures. 
130 lee for an overall length of 180 feet 
(Figure i), This makes the antenna approxi- 
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City dwellers, don't despair. Here is a good 
160-meter antenna that should fit on your lot! 


mately 3/8 A with the horizontal рап pro- teana to the top of a 60-foot fir tree. From 
viding lop loading, WIBB advises making there, 1 ran the wire back to the top of the 
the vertical section s long ss possible (de- tower, where I bracketed a 30-inch-long 
pending on tower eight), and that an over- two-by-fovr with an insulator screwed in 
ЭП length of 16010 180 feet works well. the end (Figure 2). No. 14 Copperweld 
wire i used for the horizontal section, and 

Construction то. 10 copper wire i used forthe vertical 
‘With a bow and arrow, I successfully section, which is spaced about 2 feet from 
attached the far horizontal end of the an the tower, These two wires are soldered Lo- 


Figure {The WIXX талаа Lis arranged in биз manner. 


Figure 2—Delal o! how the antenna is mounted to the top ofthe towar, TV-mast clamps 
ari used lo secure (he wooden insulator. 


Figure 3—А ground rod at ө towar basa 
serves as а physical suppor forthe 
insulator, and as an T ground. Radial 
Wires ara connected tthe rod by means 
fa ground bus, as described in he tant, 


gether at the insulator: 

A plum line was used to locate a point 
on the ground direcly below the 90" bond 
în he . At his point,  10-foot copper- 
lad ground rod was pounded into е сапї, 
leaving 18 inches sticking ош. А two-by. 
four is clamped to the ground red by means 
‘of TV-mast U bolts. The lower end of the 
vertical wire is attached o n insulator tat 
is screwed into the top of the wooden block 
Figure 3). Next Т stipped some coaxial 
"арі (RG-8/U) of its outer braid and used 
this to make a ground bus around the an- 
tenna base- One side ofthe open-wire trans 
mission line is soldered lo the base ofthe 
vertical antenna element, and the otherside 
tobe bus, which is attached tothe ground 
red with à clamp. This bus also serves as 
A connection point for the radials. So far. 
es than an afteracon of work had been 
invested. 


Radials — the More the Better 

The next day, my objective was to in- 
stall radial wires, which are necessary 
because the inverted L is essentially a 
fop-loaled vertical radio. Previous 
mediation convinced me that several radi- 
Aly would fit оп my lt I'd make hem ft 
Ай radials were cul to 1/4 A (125 feet), 
Using serap Wire, About 300 fee of surplus 
Telephone ground wire provided u good 
star. Stripping some old coaxial cable with 
A single-edged razor blade produced lwo 
radials fom one length of wire (outer und 
center conductora). My technique for ra- 
dial installation consisted of creasing the 
carth with a spade and shoving the wie in 
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Figure 4. SWR curvo for the Inverted L, withthe Transmatoh adjusted for an SWR o! 1 


at tezo kH. 


afterwards the turf was pressed back me 
lace with my heel. 

"With space a problem, it may be impos- 
sible to place all your radials in a straight. 
linet don't worry, because I is not neces- 
sary. My installation followed a zigzag 
path to avoid fixtures like the house and 
driveway. WIBB advises putting some ra- 
dials under the horizontal рип of the aa 
teana, Unfortunately, the location of my 
garage prevented tis, Initially, ошу four 
fails were planted, but more were added 
ate, As with all vertical antennas, the 
more radials you can pot in the ground, the 
Better the performance! 


Matching System 
Voltage-fed antennas approximately 
pi long, such asthe inverted wil have 
а fairly high feed-poine impedance. They 
will also exhibit inductive or capacitive 
reactance, depending on whether the an 
tenaa is slightly longer or shorter than 
Ys A. Since the inverted L does not have a 
50-chm impedance, а matching system is 
needed. To make tuning adjustments 
easier, Lopted for locating the Transmalch 
în the shack. using open-wite ine to the 
Antenna. Being able to adjust Ше antem 
‘match conveniently is recommended, since 
the SWR climbs rapidly as you shift fre- 
quency. For example, adjusting the 
Transmatch for a 1:1 SWR at 1820 kHz 
produces an SWR of 2.41 at 1800 Hz (see 
Figure 4). With the Transmath located in 
the shack, you can easily adjust fora 1:1 
SWR no matter where you operate in the 
band. My Transmatch consists of a log. 
in. link coupled coil and variable capaci- 
tors- all scromnged at flea markets. Any of 
the configurations found in the ARRL An 
tenna Book should work well 


Performance. 

Does the antenas work’ Having no com- 
parison antenna, my conclusions are rub 
dective Hat ve been on the air enough to 
Know when, as they say, "it plays.” With 
only four radials in place, my first night af 
“operation yielded plenty of U.S, conta 
plus à Caribbean DXpedition on the first 
‘call. Subsequently, many European sta- 
lions have been worked from my northeast 
location with good signal reports, Contes! 
activity has yielded some respectable 
scores, including many QSOs withthe Car- 
ibbean, and South and Central America — 
even Antartica! 

By adjusting my Transmatch, 1 made 
limited tests with the L on 25-meler b. 
Comparisons were male o а 5-meter di 
pole м 50 fet. For signals close in the L 
Nas down by some 3 to 5 dB, hut equal or. 
superior to the dipole for signals from east 
era Europe, Apparent, the 160-meter 
inverted L also provides Low angle of ra. 
"ъп om this band ton, On bands higher 
‘than 75 meters, the radiation angle will be 
tiles upwards, rendering the antenna ina 
ficient for DX work This phenomenon is 
explained in The ARRL Antenna Book 

‘Giving up the 160-meler band for lack 
of sufficient real estate is unwarranted. 
With the inverted L, you ean work Top 
Band from your urban lo. Installation is a 
breeze, and the performance is admirable 
Now what's your excuse for missing outon 
tne excitement of 160 meters? 


Notes 
Im b een 

Tha ARAL Amanna Dock, Ath ad gg ges 
ARAL, ne. 1988) op. 4-1 through 4 

эша pp. 223 tough 2-24 
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160-Meter Antennas 


A recent OST article! described two 
160-metr inverted-L antennas, The total 
Jenath of one of the antennas (the vertical 
clement and the horizontal arm) is approxi- 
‘mately 1/4 2; the other antenna is 1/2 2. 
Jong. The currentdriven 1/4-А antenna re- 
quires a fairly extensive ground sereen to 
realize good radiation efficiency. On the 
other hand, the voltage-driven 1/2- an. 
tenna requires only a ground stske-or no 
‘ground tall. Here's some additional infor- 
ation to aid you in selecting between 
These alternatives, 

Because the сигем distribution ofthese 
two antennas is quite different, the radia- 
tion characteristics ae also different That 
explains why some signals are", .. very 
Tout or very weak.” depending on station 
distance, propagation conditions and which 
antenna is being used. 

Tn the captions for the figures illustrat: 
ing the two antennas, it's stated thatthe 
Support poles could be metal or wood Be 


Figure 1—Skeichea lor simple wire 
antonnas fr 160 meters (1.9 MES); A, 
1e verted L; B. irk laverted L: and С. 
VAT antenna. 
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cause the vertical element ofthe inverted L 
runs parallel andrathercloseto— the sup: 
роп pole, one may wonder whether, if the 
pole is metal, this proximity will infiuence 
antenna performance. 

The three antenna types TI discuss are 
illustrated in Figure |; they are (A) the 
14-3. inverted L; (B) the ZA inverted Li 
‘and (C) the T antenna. Figures 2 and 3 show 
the calculated? radiation patterns for the 
‘woinverted-L antennas, assuming average 
ground (G = 3 mš/m, c = 13). The support 
poles ше trees (ог other wooden supports) 
SO feet all. Note that the horizontal arm of 
"be antenna is close to the ground. ia ters 
of wavelength (0,1), and that, in this case, 
ELNEC overestimates the gain of horizon- 


"ally polarized antennas a 
by about 34В.! 

‘The reason the patterns are so different 
is because the vertical antenna element car- 
ries a heavy current when the antenna 
length is 1/4), whereas the vertical antenna 
element carries only a small current when 
the antenna length is 1/23. Hence, there is 
а шем difference between the vertically 
‘nd horizontally polarized components of 
The radiation field for these two inverted 
Ls. The former antenna bas а monopole- 
like pattern. whereas the latter antenna has 
э dipcle-like pattern, 

"The lengths given ia Figure 1 are those 
for resonance at 19 MHE DeMaw's di 
mensions give wire lengths that are a bit 
Ino short for resonance (according Io 
ELNEC), (In practice, one would trim the 
antenna length for resonance.) 

И you want to work DX, it is advanta- 
‘geous to deploy an antenna ihat has a deep 
‘overhead mall in its radiation pattern. This 
minimizes high-angle sky-wave si 
noise and interference, und improv 
signal-to-noise ratio of distant weak sig- 
nals. The T antenna exhibits this feature, 
igure IC provides dimensions fora T an- 
лаша with а resonant frequency of 1,9 
MEZ: the radiation paterns are given in 
Figure 4. This anteona's radiation field is 
almost entirely vertically polarized. 

For these plot, the antenna was in e 
X-Z plone (Z is the vertical axis and 0” azi- 
‘uth is in the + X direction), The O° azi- 
muth for the inverted La is the direction 
"hat the horizontal acm points (away from. 
the feed) There is a slight azimuthal pat- 
tern asymmetry for these antennas because. 
the antenna structure is oot symmetrical 


height of 0.1, 


Figure 2— Radiation patton for Figure 
ds antenna over average ground. The 
radiated ed е dominanty voricaly 
Polarzed—s monopole Ike ранет The 
Absence of an ove mead nul In Mo vario- 
plane pattem (compare Figure 2A wir 
Figura aa) due to na horas 
[erasa componant о hola aos 

y curent оп he antennas horizontal arm. 


re 3 Radon patterns for Figure 
TB antenna over average ground. The 
таваа Ted а dominanty dene 
раев n te plane boa ads oe 
депте and урка polarize n the 
piane of he aniona a apoieake 
ратат Honea he amos! Giclar pattern 
tino high elevan angi 75° (3) and 
Tre brenda decay at he Wwe 
lava angi, 25 (A). 


With respect to the feed, 

"The efect of a well-grounded metal 
support tower was also studied. Surpris- 
ingly (0 me), the effect js rather ыш. 
porca for the 1/4 A inverted L and 
TAT antennas. The effect on the imped- 
ance af the 1/22 inverted L looked at fist 
tobe significan, but this is only because a 
чай change inthe resonant frequency of 
the antenna (the metal ower couples reac: 
lance ino the antenna system and so 
changes the system's resonant frequency) 
results in а significant impedance change 
at frequencies near Пе anti-resonan fe- 
quency. Only slight retuning ofthe maneh- 
ing circuit js necessary: the radiation 
patterns are affected relatively Мше. A 
Бою nonconductive rope connecting 
the top ends of the horizontal arm tothe 
support Towers is assumed. For 50-foot 
Support poles, it matters llo (for 160. 
meter antennas) whether the poles are metal 
or wood. 

Ви this fa aot the ease if the support 
towerisalso the mount for2 20-meter Yagi, 
because the lower and Yagi are much morc 
nearly resonant ha the tower alone. ntis 
case, the tower carries а heavy current 
(0:3 A compared with the 1-A bave current 
inthe 14- Kinvered L). Because the phase 


Figure 4—Radiaton patiems tor Figura 
Čs antenna over average ground. The 
radiated Hale almost опну vertically 
polarized. The horizontally polarized 


Dy that radiated by the er arm. 


of the tower current is +145" with respect 
to the phase of the current on the vertical 
element of the inverted L, the antenna's 
vertically polarized field is almost can: 
celed. Also, the inverted L is no longer 
resonant: In fact, it is far from resonant its 
impedance is 1547 -2635 Q, compared 
with the inverted L's impedance of 14 Q 
with tree support Join. Beirose, VEZCV 


potes 
AD. DoMaw, “The 180-Mster Antenna Di 
lemme, OS, Nov 1880, pp 30-32. 

*ELNEC wan used oral col ators. This 
in avaa rom oy La Wi, 
AÉLNEC в a version of МЇММЕС. MININEG 
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Brian L. Wermager, KOEOU 


From OST, Apri 


A Truly Broadband 
Antenna for 80/75 Meters 


th declining sunspots and poor con- 
ditions on the higher H bands, 0 meters 
has suddenly become very popular, But, 
unfortunately, many hams are not able to 
use this band o its full potential, I offers 
every Kind of ham activity from CW to 
‘phone, from net and rapchewing to great 
DXing, but many hams arc too limited by 
the frequency range of their antennas to 
enjoy chi hand completely 


answer but they spoil the advantage of the 
mode feature of modern truasceivers. 
Matching networks also ore often . 

fective than many tms think; they 
duce losses, The losses can be significant 
al some settings which provide а match 
With these things in mind, I decided to try 


some ideas that might give me a more 
Broadbanded antenna, The prime require- 
ment was that it be fed with common 50, 
‘ohm coaxial cable, with no traps, coils ог 
capacitors, 

First, I ried a quarter-wave sloper This 
antenna worked very well, with a band- 
widik of 300 kHz between the 2-1 SWR 
points. lt still. however, limited me from. 
Operating CW DX athe bortomo! che bund 
ná the phone nets at the top of the band 
‘There had to be'a better antenna, 

‘Antennas can be broadbanded by using 
large-diameter elements, With thisin mind, 
1 began experimenting with two-wire 
Череп, attached to a common feed point, 
Fut with the wire enda Tanned out from each 
ther. (See Figure 1) This seemed to help, 
but not as much as T had hoped. It did, how- 
svar, shorten the length required for the 

oper. For those with а short tower, this 
could make an 80 or 160-meter sloper 
sible when a single- wire sloper would 
be ioo long 


The Fickle Finger of Fate Strikes! 
While Iwas trying one of hesetwo-wire 
antennas at a low height on my tower, the 
SWR was lees than 2:1 from 3.5 
MH! After several attempts o g 
‘work the same way at the tap of the tower 
Y discovered that these results could be a 
tained only when my old quarter-wave 
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Have you been dreaming about an antenna that will 
do justice to your no-tune, solid-state transceiver by 
letting you operate across the entire band from 3.5 
to 4.0 MHz? Then this may be the antenna for you! 


sloper was at the top of the lower and 
grounded to the tower. (See Figure 2.) The 
mo antena elements were obviously in- 
feracting with each other, broadening the 
bandwidth tremendously. Farther pruning 
of the lengths af both the slaper and the 
— in the amazing 
SWR curves shown in Figure 3, 


What's Going On? 
1 will leave the question of why it works 
the experts, (See the sidebar to thie ar- 


mess with it.” My m 
it is something like one-half of a tw 
element log periodic seeking its mirror 


Figure 1—Arrangement ofthe original KOEOU experiment. The coaxial cable shiek is 


connecta о ths Tower, win Both miras ofthe ит гә lament connec 
iro spread approximately û fast at Ina end 


Sonducter. The wi 
Approximate 52 


^10 Ie contur 
ach 


те 


The Min-Numarial Electronics 
Code (MININEG) analyzes thinewire 
‘antennas, solving an integral equation 
representation of the electi feds 
Using a mothod-of_momonts. loch 
nique. MININEC solves for the cur- 
‘nis, impedance and patterns for an- 
tannas composed cl wires in arbitrary 
orientations in free space and over 
Porfecty conducting стоит 

"The impedance ai the feed point 
calculates to be 70.4 + 1850.8 ohms. 
This assumes a perfect ground be- 
Desin tho structure and simply a foot 
‘extension ofthe tower above the con- 
nection ol the upper wire. In practice, 
the impedance wil be affected by bath 
the ground conductiily and the top- 


The MININEC Analysis of the KOEOU Three-Element Half Sloper 


loading etctofa beam antenna atop 
8 lower. 

‘Afair amount f current lows in tha 
тор soction above the upper wire con- 
‘ection point. Tap loading wil aflect 
tha phase of this current, which wil bo 
{oflected as a change in impedance at 
ine leac point, In other words, the cal- 
culated data is not absolute, Use It as 
ап approximation only 

‘Arelatvely high currant lows atthe 
base о! tho tower to ground more 
than In any other pan of the system. 
‘This indicates that a good авг 
‘ection, and evan a radial systom, 
would offer highest efficiency. 

"Tha antenna patterns, Figures A, B 
and C, are also apororimations. Polar- 


beten is predominantly vertical-atlow 
angles may be considered to be 
Most completely vertical Broadside to 
the direction ot the wires. tne polarize 
Поп becomes horizontal at high radia 
tion angles, lo, above 75 degreos. Ai 
B0-degrees elevation, the vertical 
component is almost 16 dB greater 
than the horizontal. The vertical com- 
ponent increases significantly at lower 
Šlevalion angles, being in excess of 30 
AB above the horizontal component at 
a5-degroo olovation. Those fiures all 
apply n a direction broadside to the 
гв. In tna direction oftha wires, ben 
“ront” and "back" the radiation is en- 
"rely vertically Polasizea.—Gerald L. 
Hall KITO 


Tho values shown, 


"B tothe values shown. 
vdd 6.0 dB to the values shown. 


Figure A-Amenna azimuth radiation pattem for the KOEOU three-element half slopor antenna. Values are n dB, Add 6.0 dB to 
Figure 8 Antenna elevation radiation patter, n the direction ofthe wires, for the KOEOU antenna. Values aro in dBi. Ado 6.0 


Figure C—Anterna elevation radiation pattern, n а direction broadside to the wires, lor the KBEOU antenna. Values are in dBi 


Image in the grounded tower. The top ele- 
ment is tuned for the lower portion of the 
band and the two-wire element for the up- 
per portion. In fact, there is a litle SWR. 
“bomp” in the middle of the band that seems 
to give further evidence ofthis 


How Well Does It Work? 

Although 1 haveno way of scientifically 
plotting the antenna pantern, it does seem to 
be vertically polarized. Good DX perfor- 
mance from the antenna seeme to verify 
This. Because many contacts have been 


made in all directions, the antenna prob 
ably has a fairly omnidirectional pattern 
On-the-air comparisons with a quarter- 
wave sloper across town show that the 
antenna performs al least as well as the 
Sloper. И alo seems to have а itle less 
noise on receive han the slaper. 


Getting One Up for Yourself 

If you have а tower over 40 feet high, 
you should be in business. The element 
dimensions will vary according to the 
height of your tower, My friend Kelly 


Davis, KD7XY, constructed one of these 
antennas on his 50-foot tower so we cold 
sce how the dimensions would change, 

‘Measurements of his antenna are shown 
in Figure 4, 

Wis interesting to note that the height of 
ihe feed point on the tower does not appear 
to be critical nt all. The angle of the wires 
‘nthe two-wire element doesnot seemto be 
critical either, The sloper element, how- 
fever, should come down between the two 
wires of lhe lower element. The slope angle 
isubout 45 degrees, As you templo yet the 
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Figure з ЗА measurements lor the 
antenna at KDEOU. Tha highect SWR 
тентитет baton 318 afd 40 Mie 
AKE: 


lowest possible SWR from the antenna, re- 
member tha the angle of the slope to the 
{ower and its distance from the ground at the 
end will have an effect on the bandwidth. 
Because these antennas can be pruned from. 
the ground. the wiad and error metbodiseasy, 
When pruning the antenna, remember that the 
two elements ше cut for different frequen- 
čes, Changing the length of dhe top element 
changes the performance at the lower part of 
the band. Changing the lengths of the two- 
wizeelemeals changes be performance tthe 
{op part of the band. Don't give up until your 
amenna SWR is, atthe very most, 1.5:1 from 
constructed al KOEOU. Tha towar ls 70 feet high. The teed band edge 10 band edge. 


jura 1 and is 15 fast above ground leval оп he towar. The e st би ands of ach 
le connected to ће lower at Me top end апо slopes юн ofthe ie lon Fishing line 
Point 11 feet above ground level a ine en poor lec pre de 


At first, but one foggy, vet night the wire in 
‘the top element burned through in three 
places, It surprised me that there could be 
Such high currents j a part of the antenna. 
тос even connected to the feed line, but I 
‘should have known better Remember also 
hat other object around the antenna, such 
эз other antennas or guy lines, could ad- 
versely affect antenna performance. Keep 
ihe amenna аз mach in the clear as possible. 


Some Untried Ideas 
1 hope others will try some modifica- 
lions o this antenna, For example, there 
should be no season why а single vire Tor 
the bottom element won't work, My small 
iy Jot doesn't give me room to try asingle 
wire, as it would surely need tobe longer 
than the two. ийе element. 1 would also like 
to see someone uy cutting the top element 
forthe highend ofthe band, and the bottom 
element for he low end. This could shorten 
he sloper element for someone with a 
shorter tower and may even give the an- 
тепаа some gain in the direction of he two- 
wire element. Tt might also be possible to 
Construc an antenna for another band in- 
side of this опе (40 meters, for example) 
The same feed point could be used but with 
F> nother sloperelement forthe second band. 
U Another possibility i to construct the an- 
lemma with two dipoles, tis my guess (and 
‘aly a guess), that it is the merging of the 
ends of the elements that causes the 30-ohm 
TTC 
Slemon Ia atachod а 40 tot l 79 fo ong, angl oriy 1 fot above ground evel at Winter gives us the best conditions on 
the ard. The wocwire element i 3 eet ong and i attached fate ower at 13 leat the 80/75-meter band. You can be ready to 
above ground level. Eie KBEOU's antenna, Fie valy "ar across Ме band; Nonest ше the whole band with this simple-- 
measured SWR is 14:1 construct and very broadband antenna, 
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Improved Broadband 
Antenna Efficiency 


When Brian Wermager's article. “A 
Truly Broadband Antenna for 30/75 
Meters arrived at HQ, I wanted to sce if 
the antenna worked as well аз claimed be- 
fore publishing the information in OST. I 
stopped tuning the antenna wheo the SWR 
‘was less than 1.6 across the entire band, 

For working DX the antenna seemed to 
Work aswell as, or better than, a dipole at 
50 faet. Casual contacts were not difficult 
та make, bt in contests, И was а different 
matter, The results were satisfactory, but 
could “satisfactory” he changed to “out 
Standing”? 

The key toimprovingthe efficiency ofthis 
эмеппа э found inthe sidebar accompanying 
the article. The MiniNumerical Electronics 
Code (MININEC) compateranalysisdanehy 
Gerald Hall, K ITD, shows that "A relatively 
high current flows at the base of the tower to 
ground mare than in any other part of the 
system, This indicates that а good earth cnn- 


AA 


ETT 
E ыалы 


section, and even a radial system, would of- 
fer highest efficiency.” 

A system of radial vires improves an- 
tenna efficiency by cuting ground resis- 


ance losses. The decreased resistance in 
ground losses will also narrow the antenna 
‘bandwidth, The question now becomes: Ts 
the narrowing of the bandwidth too much? 
1 decided to investigate that question next. 

‘With help from my brother-in-law, Fin- 

led 42 radials around, and bonded 10, 
the tower base, As expected, SWR in 
creased across the entire band. After I 
ietuned the antenna, the SWR was below 
2:1 across the entire band (see Figure 1) 
As for results, DX stations are typically 2 
1065 units stronger on the KOEOU antenna 
than on the dipole at 50 feet. Contest QSOs 
‘ce now a realty. T am not the loudest East 
Coast пацов on the band. but Lam very 
pleased withthe performance of the road. 
Band antenna. (The dipole has been re- 
moved and stored!) Chuck Hutchinson, 
Кл 


Ату Broadband туолан 
ОЗ Apr 1988. pp 255 
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By Thomas Ru: 


Simple, Effective, Elevated 
Ground-Plane Antennas 


This article describes а simple and ef- 
fective means of using a grounded tower, 
with or without top-moumed antennas, as 
an elevated grovnd-plane antenna for 80 
nd 160 meters 

‘Grounded towers have been used as 
shunted verticals on the low-frequency 
amateur bands for many years. Generally. 
they required а pammae or omega-type 
‘matching network and an extensive radial 
system for efficient operation, Recent com- 
puter studies reveal that simple elevated 
тайа! systems consisting of only four wires 
сав produce results equivalent to 120 bur- 
ied radials. Typically, these antennas are 
modeled as isolated monopoles. Prosum: 
ably. grounded towers could be used with 
an appropriate shunt-fed matching network 

T ve found an even easier method! 


From Sloper to Vertical 

Recall the quarter-wave length sloper, 
also knows as the half-sloper. I consists of 
an isolated quarter wavelength of wire, slop- 
ing from an elevated feedpolnt оза grounded 
tower. Best results were usually obtained 
when the feedpoin was somewhere below а 
top-mounied Yagi antenna. You fecda sloper 
by attaching the center conductor of a coaxial 
able to the wire and the raid of the cable to 
the tower leg. Now, imagine four (or more) 
opera, bur instead of feeding each individo- 
ally. connect them together tø the center con 
ductor of a single feed line, Vola! Instant 
elevated ground plane. 

Now, sl you need to do is determino 
how to une the amenna to resonance. With 
no antennas on the top of the tower, the 
tower can be thought of as а fat conductor 
and should be approximately 4% shorter 
than a quarter wavelength in free space. 
Calculate this length and attach four insu 
lated quarter wavelength radials at this dis 
tance from the top of the tower, For 80 
meters, a Teedpoi 65 feet below the top 
‘of an unloaded tower i called for, The 
tower poys mast be broken up with insula: 
tors for all such installations. For 160 
meters, 130 feet of tower above the 
feedpoin is needed 

‘That's a lot of tower to dedicate to a 
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Here's an easier and better way to use your 
grounded tower as a vertical antenna on 160 or 80 
meters. 


ingl-baná antenna, especially for some 
one with limited real estate. What can be 
done with a typical grounded tower and 


Yagi installation? 


A top-mounted Yagi acts as a large ca- 
pacitancehat,top loading the tower. Fora- 
nately, top loading is the most efficent 
means of loading A vertical antenna, The 
эпкин of loading can be approximated by 
using an empirical formula developed by 
John Devoldere, ONUN. 

Devoldere feum that the electrical 
height of a top-loaded tower can be ap- 


proximated hy 


where 


LT 


Lis the approximate electrical length in 
degrees 
F in the frequeney in MHz 


'U, Devoldere, Antennas and Tachniguas for 
(L Sand GXing Newington ARAL 1008) 


Table 1 


Effective Loading of Common Yagi 
Antennas 


Antenna Boom 
Length 
(өе) (ara, т) 


azo 
Er 
а 
3118 
шло 
жо 
4 10 
Tw 
тна 


2 
26 
E] 
ле 
24 
18 
12 
ла 


тва 
524 
в 
зн 


Equivalent 
Loading 
(foo) 

E] 
3 
20 
2 
20 
40 (asta) 


27 (ostimatod] 


H is the height of the tower under the 
Yagi in fet 
5 is the area of the Yugi in square feet 


‘To check Eq 1, consider the case of no 
antenna on top, where 5 = 0. Then L 
038x 3.6» 65789", whichis very close 
to the desired 90" quarter wavelength 

"The effective loading of а Yaga i the 
portion of the equation under the radical. 
The examples in Table | should give us an 
{dea of how much top loading might beex- 
pected from typical amateur antennas. The 
{erm H/S00 sored as insignificant com- 
pared with 25, 

The values listed in the Equivalent 
Loading column of Table | tell us the ap- 
proximate vertical height replaced by the 
antennas listed in a top-loaded vertical an- 
tenna. To arrive s the remaining amount 
of tower needed for resonance, subtract 
these numbers from the nonlouded tower 
height needed for resonance. Note that for 

jt the 10-meter antennas, the equiva 
lent loading equals or exceeds а quarter 
Wavelength on 40 meters For typical HE 
Yagis, this method s best used only on 80 
nd 160 meters, 


Construction Examples 
insider this example: A TH7 Yagi 
mounted on а 40-foot tower. The THT has 
approximately the same overall dimensions 
ás a full-sized 3-clement 20-meter beam, 
bur has more interlaced elements Testimate 
ste equivalent loading to he 40 fect. At 3,6 
MHz. 65 feet of tower is needed without 
landing. Subtracting 40 feet of equivalent 
loading, the feedpoint should he 25 feet 
Below the TH? antenna 
1 ran 10 quarter-wavelength (65-0000) 
radials from a nylon rope tied between 
tower legs at the 15-foot level, to various 


E 


Aer 
ы CAT 
ma E] 
| 
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Figure 1A! A. an BO:metartop-oaded, 
ivers-lnd elevated ground plane, using © 
Wiser toner carrying а ТН? band Ya 
antenna. ALS, dimensions of ho 30 MIE 
Matching network, made тот e 


supports 10 feet high, 1 tied nylon cord to 
Ihe insulated, stranded, 18-gauge wire, 
‘without using Insulators, The radialsareali 
‘connected together and to the center of an 
exact half wavelength (al 3.6 MHz) of 
RG-213 coun, which will repeat he antes 
feed impedance at te other end. Figure 1 i$ 
з drawing of the installation. 1 used a 
Hewlett-Packard low-frequency imped 
ance analyze: to measure фе input imped- 
ance across the 80-meter band. 

‘An exact resonance (toro reactance) 
was seen at 3,6 МН: just us predicted, The 
radiation resistance was found to be 17 0. 
The next question is how to eed and match 
the antenna, 

My approach to 80-meter antennas s to 
‘une them to the low end of the band, use 
low-loss transmission line, and switch an 
‘antenna tuner in line for operation in the 
higher portions of the band. With û 50-0 
line, the 17-0 radiation resistance repr. 


sents a 3:1 SWR, meaning that an antenna 
tuner should be in-line For all frequencies. 
For short rues, it would be permisible to 
use RG-8 or RG-213 directly to the tune. 
Since [have a plentiful supply of low-loss 
75-0 CATV rigid coax, took another ap- 
preach. 

Y made а quarter-wave (70 feet x 0,66 
velocity factor = 46 foot) 37-2 matching 
line by paralleling wo pieces of RG-59 and 
connecting them between the feedpoint and 
а run of the rigid coax to the transminer. 
Themagicof quarter-wave matching trans- 
formers shut the input impedance (R) nd 
output impedance (R,) are related by. 


Zj-AXR, (582) 

For,- 17 DandZ, 37 . 800, 
an almost perfect match for the 7540 
САТУ coax. The resulting 16:1 SWR at 
the transmitter is good enough for CW op- 
eration without a tuner. 


‘The Proof is In the log 
How effective is this antenna? Well, 1 
used to instal а 60-foot aluminum tower 
und 100 radials, 100 fest long in а clear 
озе-асге field every winter, and remove it 
every spring for mowing, The top-loaded 
reverse fed elevated ground-plane antenna. 
has replaced that antenna with no regret, 
My only other B0-meter antenna is a dipole. 
at 110 feet broadside to Europe and the 
South Pacific, 
use the elevated ground plane for South 
Africa, South America. the Caribbean, 
parts ofthe Pacific and Asia, both long and 
Short path. With it 1 have worked every 
thing | сап hear, with 1200 W output, in- 
cluding HL (rare in Alabama); HS: ША: 
ЧАЯ; Ul; UJ; UL; most of the VK: XV: 
ZS; ZS8MI; 789; 3YSX; ВО; 9M2: and 
SVL Whileranning 5 W output Thave ven 
ith his antenna. which 
may say more for it effectiveness than 
anything else. 


Will it Work on 160 Meters? 

You bet it will, but it takes another 
tower. For the 160-meter band, a resonant 
quarter-wavelength requires 130 feet of 
tower above the radials, That's a pretty tall 
order, Subtracting 40 fect of top loading 
for a clement 20-meter or TH? antenna 
bringsusto amore reasonable 90 feet above 
the radials, Additional top Loading in the 
formof more antennas wil reduce that even 

Recently, friend moved to the country, 
and he needed a 160-meter antenna in û 
hurry for am upcoming contest, He hod 


ED 


16 2—А 160-malor antenna using a 
Too! towar carrying sacked bar 
Yagis. 


stacked TH6s on а 75-foot tower, 1 sua- 
Basted he try four elevated radiale a 10 feet 
above ground, with atuner if necessary, He 
connected four radials about 120 feet long. 
and a piece of RG-S8, The SWR measured 
under 2:1 and he worked everything he 
heard in the contest. Figure 2 is a drawing 
ofthis installation. 

Another friend had а 120-foot tower. 
with no antennas on it. He ran four elevated 
radials at 10 foet and obtained an SWR 
below 15:1 with а 30-0 feed line, During 
the contest, he even beat out some big guns. 

Elevated ground-plane antennas work! 
т\з simple, reverso feed system makes it 
possibleto feed grounded towers easly und 
efficiently 
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From September 1995 QST 


The K9AY Terminal Loop-A Compact, Directional Receiving Antenna 
From September 1997 OST 


Hum Problems When Switching the K9AY Loops 
From May 1998 QST (Technical Correspondence) 


By Brian Beezley, K6STI 


From The ARRL Antenna 


Volume 4 


Ungrounded Beverage 
Antennas 


Beveragesare amazing receiving anten- 
mas. A good Beverage can tura a signal 
Barely audible оп your transmit antenna. 
into solid, 05 copy. A Beverage antenna. 
(named after 19201 inventor Н.Н. Beyer- 
age) isa long, low wire used for receiving 
They're most popular on the 160, 80, and 
40-meter bands. Although occasionally 
pressed imo service, Beverages are much 
190 lossy for regalar nee at transmitting 

Conventional Beverages are fed against 
round, Although very long wires may de- 
velop а few dH of front-to-baek ratio 
‘terminated Beverages are essentially bi 
directional. “Terminating а Beverage 
through u resistance o ground at the far end 
vestes а highly unidirectional pattern. 
Beverages typically are | to 15 foot high 
and 1 104 wavelengths long. 

Beverages are broadband, traveling- 
wave antennas. Power traveling toward the 
feedpointis absorbed by the receiver, while 
that traveling in the opposite direction is 
absorbed by the termination resistance 
Standing waves can't develop. Because 
‘waves traveling toward the feedpoint ace 
mulate substantially in phase, walle those 
arriving from other direction tend to can 
el, the azimuth pattern of a Jong Beverage 
is highly directive, Beverages are non- 
resonant antennas and can be used over a 
wide frequency range. 

A very useful Beverage variation uses 
two parallel vires, with one grounded at 
the far end. Waves traveling toward the far 
end reflect and return to the feedpoine dif- 
ferentially as transmission-line currents, 
With suitable termination and switching 
cicuity at the feedpoint, you cim reci 
signals from either direction. A two-wire. 
Beverage thus can replace two single wire 

For simplicity. ll consider just ingl 
Wire Beverages here. 


Eliminating Ground Connections 


Beverages normally connect to ground 
atthe feedpointand farend. See Figure 1A. 


So you've heard how Beverages can help you hear 
better on the lower bands, but you're still not 
convinced they're worth the bother. K6STI analyzes 
the Beverage, especially an easy-to-construct 


“ungrounded” version. 


However, obtaining a good, reliable ground 
can be difficult. A short ground rod may cx 
hibit thousands of ohms resistence to ground 
When installed in dry soil or when corroded. 
Since Beverages require a termination resis- 
tance of just several hundred ohms, a poor 
frend ground can grossly misterminate an 
amenna and destroy its pattem, А poor 
feedpoint ground can reduce signal levels 
and encourage cas held pickup. You can 
use multiple ground rods, a ground screen, 
ога ground radial system to lower ground 
resistance, but this greatly increases the work 
required 0 install a Beverage. 

A ground connection ist essential for 
Beverage operation. You can place the ter- 
mination resistance about one-quarter wave- 
length from te far end of the wire. Since the 
impedance of a quarter-wave wire is low and 
resistive, the remainder of the wire just sees 
Determination resistor in series with alow 
resistance, Similarly, you ean feed a Bever. 
эре about one-quarter wavelength from the 
near end. Both ends of the wire are lefi un. 
connected, See Figure 18. 

Ungrounded Beverages are simple to 
install and have stable properties. Their 
radiation patterns often аге superior to 
those of their grounded counterparts be 
cause they don't suffer unwanted response 
from verical vires, (This response can be 
reduced by lowering wire height One way 
to do this is to slant the feed and termina 
tion wires over a long distance.) 

The only real disadvantage of um 
grounded Beverages is that they're fre- 
Suency-dependeat For example, tbe low- 


impedance, quarter-wave wire sections 
become high impedance, half-wave sec- 
ions at twice the design frequency. ГИ 
‘show you how to multiband an ungrounded 
Beverage later, 


Antenna Modeling 

While you can use a MININEC-hased 
antenna- analysis program to model Bever- 
age antennas, you'll have to settle for ap. 
proximate results at best. The MIVINEC 
algorithm © uses perfect-conductivity 
ground during current calculations. tak 
Toasy ground into account only later when 
calculating radiation patterns. Because 
Beverages are so close to ground, their 
current distribution is strongly affected by 
Bround characteristics, NEC's Sommer- 
feld-Norton ground model takes ground 
dicleculo constant and conductivity into 
эссош when caleulating wire currents. 
This lets you accurately analyze antennas 
inclose proximity o earth. Lused the NEC/ 
Wires 1.0 program to obtain all results pre- 
sented here. I modeled antennas over aver. 
ape-qualty earth (dielectric constante 13, 
conductivity = 5 mS/m). 


Wire Helght 

Figures 2А and 2B shows the azimuth 
andelevation patterns fora 1000-foot long. 
10-foothigh, ungrounded Beverage on 160 
meters, The antenna uses # 18 wire and a 
(650-0 termination resistance. It's fed and 
terminated 120 feet from each end. The 
remarkable pattern is better than that of 
‘many НЕ Yagis. 
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Figure 1—Single-wire Bovorage antenna fooding and termination configurations. At А, 
iu ye rage " guratone A 
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perpendicular "als" at both ende. The 
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Figure 3 shows the azimuth pattern ofa 
similar Beverage 1 foot above ground. The 
fermination resistance for this antenna is 
150 Q and i's fed and terminated 125 feet 
from the wire ends. The pattern is even 
sharper than that of Figure 2, Output is 
About 1 dB lower. 

TE you're tempted as 1 was to just lay a 
Beverage on the ground, take a close look 
at Figure 4. This is the Beverage of Figure 
3 butjust inch of ground (NEC provides. 
accurate results for wire heights down to 
‘within several wire radii of ground), While 
stil useful, the pattern has degraded con 
siderably. Signal omputis quite a bit lower. 
(Nevertheless, some users report excellent 
results from on-the-ground Beverages. 
Don't hesitate to ry one if t's your only 
option.) 

In the West you cam just lay an un- 
grounded Beverage in the chaparral a few 
ect off ground. In the East you can uneoll 
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‘slanted-wire terminations. ALB, un 
`5 shown wih matching Vanelormer and torminatin 
from etter end cl wire. A O, ungrounded Beverage us 


reslelor inserted Ls In 
an of wir by employing 
| čountarpolsa radials at 


con as. 


ine өп top of a foot or two of snow (stor 
has very low dielectric constant and con- 
ductivity and should be transparent to RF 
st low frequencies). Beverages libe these 
are very easy to install (no support poles or 
ground rods). You can roll опе out just be- 
{ore a contest. 

‘Occasionally а Beverage may have to 
clear a height-rensitive area. Figure $ 
shows what can happen when wire height 
varies The first 200 feet oF this antenna is 
3 feet high (chaparral height), Next, а 50- 
foot section slopes from 3 to 15 feet. This 
is followed by a 200-foct span 15 fet high, 

foot downslope, and finally the re- 
‘mainder ol the wire at 3 feet. This model is 
Similar to a Beverage used by KOTO which 
must clear an agricultural area with po. 
duce trucks. While the rear par of the pat- 
tern is relatively unaffected, the height 
variation causes а large sidelobe bulge. It 
doesn’t matter much if your Beverage is 


1009 ungrounded Bere 10 an 
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Figure 2—Azimutn and elavation patterns 
MELB Miz or 1000190. ong un- 
‘rounded Beverage mounted 10 fee olt 
ш ground with average conducviy and 
dielectric constant. The worst case ar 

a 78 Sa 
Tesponoo. Note thal the 
gai is only 9.52 dB at 10" elevation, 
Peaking al 6.22 dBi at about 30° 
Elevation Ifthe transmission ine to the 
receiver is vary long, a preamplifier may 
be made 


igure 3—Azimuth response for 10° 
vation angle at 1.83 МН or 1000-1001 
mg ungrounded Bavarago mounted олу 1 
‘eo ff lat ground, Compared to he higher 
antenna in Figure 2, this low Beverage has. 
"bout dB fess gain, but he worst case 
Backlobos aro suppresses aven batir 
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CCC 
, ere long, vale height S 
тото roe The Umgrounded Deva MES UE a] 
rearward parem suffers and the gain fala © SO and 270° are larger than the antenna [95 mod ne Басе 


Abou B compared о те Beverages Figure buthapatam aan ré dee КА al | 
Drops Sh ae copo. ‘edt Solar acl аласта ut 
Mut be o ania гу dead 


тесем bearing Because ol arrow 
frontal bbe. 
high or tow, but шу o keep the height аз low interwinding capacitance. This will 
constant as possible. isolate he outside of the conx shield from | Эбет Bean vn 
the antenna, Alternatively, you can use aa 
Wire Length sujotransformer followed by а current type 
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Figure 7—Azimuth response ai 1.83 MHz 


Comparisons. AI bur the most fanatical Beverage ime. vide near-oprimum performance оп 160 

"Bot grounded and ungrounded Bever- sint) The backiobe of the 80.meter pattern ix 
ages can be sensitive vo unwanted conl Suboptimal ми the sidelobes are il wel 
SE endpoint If you comect ons Multibanding Ungrounded Beverages Jovi I йит experiment much with ter- 
through an autotransformer to a Beverage, IË you provide a termination resistance mination-resistance valuesor positions. l'II 
the outside of the coax shield can become one-quarter wavelength from the far end bei boti can be improved. 


part of the antenna system if it exhit Тог each band of interest, you can use à Another alternative is 10 use a single 
impedance similar to or less than wh Beverageonseveral bands, А1 he earend termination resistance with multiple quar- 
connects toit M's the same thing hat con use п separate quarter-wave tail for cach ter-wave tails. The resistor value will be- 
happen with û coax-fed dipole. To prevent band and connect them im parallel st the optimal on just one band since antenna 
this, use a matching transformer with sepa- — feedpoint length isn't constant in wavelengths. But 
rate primary and secondary windings and Figure A and Figure 9 show 160-meter the value won't be far off on any bandi ihe 
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Figure 8—Duslband Beverage on 1,83 MHZ, 
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ing same terminations as n Figure 7. 
‘Tho tamination Is not optimal tor tis band, 
bur atl yields desirable directly 


nas MHZ, 


Figure 11—Azimuthal pate 
grounded Beverage, 80 
Mo MA perpendicular termi 


im for 


blen long with 


ination ils, 


wire is long. For best performance on all 
bands, use separate resistor for each til 


'pendicular Tele 
The ungrounded Beverages described 
so far really don't make optimal use of the 
entire antenna length. Although they con- 
tribute power, the near- and far-end quar- 
ter-wave tails don't support traveling 
pace permits you can feed and 
terminate against а pair of quarterwave 
wires perpendicular to each end. See Fig- 
ure IC. This effectively lengthens the Bev- 
erage by one-half wavelength, Essentially 
the perpendicular tails formtwo, two-vire, 
elevated radial systems 
Figures 10А end 10B shows theazimoth 
and elevation patterns fora 1000-foot-loag. 
10-foot-high Beverage with perpendicular 
tall, with the pattems from Figure 2 over- 
laid for comparison. This antenna uses a 
500-0 termination. The pattern is some- 
what narrower than that of Figure 2 and the 
backlobes are even smaller. The elevation 
plot shows that overhead response is about 


10 dB less with perpendicular tails and that 
the forward lobe cants at a lower angle 
‘Since the quarter-wave tails of а 500- 
foot Beverage comprise hal 
mghtexpect a more dramatic improvement 
for perpendicular tails on is antenne. g. 
tre 11 shows thepatiernof 500-footiong, 
10-foot-high Beverage with perpendicular 
tails. This antenna also uses a 500-£2 emi- 
mation. Side response is down quite a bit 
from Figure 7 and forward response is 2 dB 


жешет. 
‘While they provide better performance 
designs with perpendicular tails ше more 
complex and occupy additional space, You 
тап make better use of the 
by phasing two Beverages with in-line tails 
to obtain a much better azimuth patera... 
‘but that’s another star. 


By Brian Beezl 


A Receiving Antenna that 
Rejects Local Noise 


Noise can make s ham’s Ше miserable 
on any amateur band, Аз we approach the 
minimum of the sunspot cycle, many hams 
ше discovering that noise can be particu- 
larly frustrating оп the low hands. In sum: 
mer, stati crashes caused by thunderstorm 

ighiniag can totally mask weak signals on 
the 160, 80, and 40-meter bands, During 
otherseesons, power line noise, noise from 
household appliances, and incidental ra 
siaton from home electronic products of- 
ten limits reception. 

A recent OST article by Floyd Koontz, 
WAZWVL) describes a small receiving 
antenna for the low hands that provides à 
Cardioid directional pattern. This pattern 
сав reduce noise and ORM from the rear 
‘As marveled at the elegance and simplic- 
ity of Floyd's design, I realized that the 
antenna did have one shortcoming: Be- 
‘cause it is vertically polarize, he antenna 
responds strongly lo local noise propagated 
by ground waves. 1 wondered whether it 
was possible to devise a receiving antenna 
to hetter reject local noise. 


‘The Ground Wave 

Most hams who operate HF ше familiar 
with the sky wave (or space wave) that's 
responsible for long-distance ionospheric 
propagation. See Figure 1A, The space 
Wave has two components: The direct wave 

tes along a straight line from the 
antenna toward the ionosphere, 
"The ground. reflected wave bounces off 
the san surface and heads in the same 
direction. 

"The space wave also exists for local 
propagation, as shown in Figure 1B. The 
"rect wave travels in а straight line be- 
tween the transmit and receive antennas, 
‘while the ground-reflectea wave takes a 
midpoint bounce. But when the antennas 
эге close to ground, the direct and reflected 
waves nearly cancel, leaving a very small 
residual space wave. When the antennas 


Simplicity and performance combine to give birth to 
a compact antenna you'll want to have! 


are right at the earth's surface, the waves 
cancel completely. So what makes local 
communication possible? Answer: A third 
wave, called the surface wave, that exists 
for antennas closa to ground. This wave 
diminishes in intensity ax yon increase an- 
tenna height. The surface wave exists only 
near the surface ofthe earth. The combina- 
tion of the direct wave, the ground- 
flected wave, and the surface wave is called 
the ground wave? 

Surfece-wave intensity varies with 
frequency and ground conductivity. It's 
stronger at low frequencies and for highly 
conductive ground. But the most important 
property of the surface wave js ts polariza- 
tion sensitivity. The surface wave is much 


Figure 1—AL A, the dect and ground: 
rolaciod components cl the apace wave 
Tor ionosphere propagation. АВ, he 

s-wave components Tor local 
Propagation. 


weaker for horizontal fields For example, 
fon 80 meters the broadside ground-wave 
response of a short piece of wire it 
Sout 34 В lower when oriented horizon- 
ally. The difference iz about 42 dB at 
160 meters? 

"The surface wave makes local AM radio 
broadcasting possible. Because of the poor 
propagation of horizontally polarized 
Eround-wave signals, AM hrodcusto 
"universally use vertical polarization. The 
зате phenomenon causes vertical anten- 
Tas o pick up much more local noise than 
horizontal antennas do. Even if а noise 
source has a stronger horizontal compo- 
nent, by the time the field reaches the 
receive antenna, the vertical component 
almost always dominates 

These facts suggest that the first 
requirement of a receiving amenna with 
Jow response to local noise is insensitivity 
to vertically polarized radiation, the domi- 
‘aunt component of the ground wave 
‘Surprisingly, simply avoiding the use of 
vertical wires isn't enough. An antenna 

posed only of horizontal wires ean still 
respond lo vertical fields 


A Low Dipole 
Figure 2 shows the ground-wave re- 
sponse of an dd reer dipole 10 fet high 
An easy-to-install, inconspicuous dipole 
like this is sometimes used for receiving 
when the transmit antenna is vertically 
polarized, The parten shows the electric 
Field strength 10 meters above ground at a 
distance of 1000 meters for ua input power 
af LEW (the dipole exhibits the same pat- 
fem on receive). This geometry might be 
representative of that for 4 noisy power 
pole, Although the pattern may look simi- 
Jar to that of а free-space dipole, I think 
Chapter 8 8-5 
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Figure 3—Azimuthal plot ot the ground 
wave response of ws parallel polos 10 
feet арат. 10 teet Pigh and fog Out of 
phase. The Input power to te antenna ke 
TM The peak electr naid l shown. 


you'll be surprised to know that the wire is 
‘oriented broadside to the panem null. A 
low dipole actually responds to ground. 
wave fields best off its ends! 

Here's an explanation for this peculiar 
behavior: The dipole has no response tothe 
vertical component ofa broadside ground 
wave because the electric field is perpen- 
dicular to the wire. The antenna responds 
only to the weak horizontal component- 
The vertical component also s perpendie 
lar io the mirror image of the antenna 
formed by the round reflected wave. But 
away from brondside, the dipole, ts image, 
or both, have a nonvanishing projection ш 
the vertical plane, This enables the dipole 
to respond to the vertical component of a 
around wave. In addition, lossy earth 
Causes the surface wave to develop a radial 
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‘component in the direction of propagation. 
Away from broadside, the Tompo 
nentalso projects onto the wire and induces 
current The vertical and radial components 
induce maximum current when the surface 
"Wave arrives in line with the wir, 

When compared to a quarter-wave ver- 
tical with four radials elevated 10 feet 
above ground, the low dipole hasa 12.5 dB 
lower ground wave response in its most 
sensitive direction in line withthe wire, For 
sky-wave signals arriving at 20° elevation 
from their weakest direction (also off the 
ends), the dipole has 10 dB lower response 
‘than the vertical. Therefore, the low dipole 
has a signal-to-noise ratio advantage of 2.5 
AB for signals and noise arriving from their 
worsi-possible directions. In the most fa- 
Vorable directions broadside to the wire, 
Mhe S/N advantage peaks sharply at 26.1 dB. 

Raising the dipole broadens the broad- 
side SIN peak and improves SIN off the 
ends, For example, for signals arriving at 
20° elevation, а dipole at SO feet has an 
SIN advantage over the reference vertical 
E63 dB in line with the wire and 25.6 dB, 
broadside, If you have just a single noise 
source and you can rolate a high dipole, 
you should be able o come within a few 
decibels of the later figure most of the 
time, But when multiple noise sources in 
different directions arise (typical for 
power line noise intimes oL low humidity), 
Totaing the antenna won't help much. The 
SIN advantage of the high dipole then is 
likely to be near the worst case figure. 

"These numbers illustrate the advantage 
of horizontal receiving antennas and sub- 
stantiste the notion long held by amateurs 
thar “verticals are noisy.” But you can 
Teduce ground-wave noise much more ef- 
fectivelyit you don’t rely ona simple hori 
zamal wire 


Canceling Ground-Wave Components 

Although a horizontal wire responds 
only weakly to a broadside ground wave, 
its response is substantial off the ends. If 
you could somehow eliminate the end 
response, you'd be left with the Tow broad- 
side response and whatever residual 
response developed at intermediate angles, 

Figure 3 shows the ground-wave re- 
sponse of two parallel dipoles 10 feet apart 
and 10 feet high fed oul of phase. The phas- 
ing cancels everything arriving off the ends 
of the vires. The end nulls combine with 
the low broadside response to create а re- 
sidual cloverleaf ground- wave pattern. The 
peak of the cloverleaf is 9.3 dB down from 
the peak end-response of a single dipole. 
(Wire losses аге ignored here to illustrate 
the cancellation principle) 

"This antenna is justa very-close-spaced 
WAIK endfire array. Although it makes a 
ood receiving antenna forthe low bands t's 
pre large. And there's still considerable 
grouné-wave pickup in he cloverlef peaks, 
Ifthe wires somehow could remain parallel 
for all directions, it might be possible to 
schieve complete cancellation of the vertical 
snd radial components of the ground wave 


In some sense, the sides of a circular 
Joop are parallel everywhere, Current am- 
plitude and phase vary little in small loops 
af regular shape. Therefore, the currents in 
‘opposite sides of such loops are nearly 
‘equal and out of phase. Unlike a WAJK ar- 
тау, а small horizontal loop does not have 
а null anywhere slong the ground. But its 
‘ground-wave response is uniformly low in 
(directions because the antenna responds 
‘only tothe weak horizontal component. Ev- 
erything else cancels out (or nearly зо). 

A small loop usually is defined as one 
‘with a total conductor length of less than 
ОЛ А. But unless you use large-diameter 
conductors to minimize RF resistance, loops 
this small are inefficient. A preamplifier 
тау be needed to overcome receiver noise. 
You can increase the output of a loop by 
increasing its size, but ће larger you make 
it, tha lees constant the current becomes 
‘This reduces groundwave cancellation 

‘The antenna of Figure 4 overcomes this 
difficulty by using two feedpaints, each on 
‘opposite sides of the loop to force current 
balance. One ofthe phasing Jines is twisted 
to maintain proper phase This loop can be 
made quite large and still exhibit very low 
response to ground-wave noise, 
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Figure а—Вазс dag 
Sees сор antenna showing detail of 


phasing nes ratchos the antenna to 
О coaxial ood line and also functions 
эв a balun, The trimmer capacilor (а 
Capacitance of about 40 p is required) in 
sees with the antenna-ido winding 
resonates the loop at 3.5 MHz 


A Practical Design 

‘The 80-meter loop of Figure d has a pe- 
rimeter of 0 36 A. It's 25 feet on a side. 10 
feet high. and made of #14 wire 
opposite corners with phasing lines made 
of #14 wire spaced 1.5 inches. A small fer 
tite transformer tthe junction of the pas 
ing lines matches fhe antenna to 50 2 and 
also functions ав a balun, А immer 
pacitor (about 40 pF is needed) in series 
With the antenna-tide winding resonates 
the loop at 3.5 MHz. 

‘The ground-wave response of this par- 
ticular loop is shown in Figure 5 and its 
sky-wave response in Figure 6. For signals 
Amivingat 20 elevaion the worst-case sky- 
wave response is 205 dB below that of the 
reference vertical. This signal level is quite 
usable on 80 meters without а preamp. Be- 
‘cause the loop reduces ground wave noise at 
least as lch SIN improvement is 24.6 dB. 
forthe worst-case combination of signal and 
noise directions if you use а preamp and 
adjust or equal signal Jevels, ground-wave 
noise will be four S units lower on the loop. 
no matter what direction lt comes from! For 
signals avi 
hancement approaches 30 dB. 

Both the ground-waye noise pattern and 
sky-wave signal pattern are very uniform 

ele The antenna is essentially om- 

ectional with an overhead mull, just 
ıa vertical. An overhead null is useful 
for reducing near-vertieal- incidence 
skywave signals from nearby stations. (The 
loop rejects their ground-wave signals 
along with local noise.) 

Although the S/N performance of this 
{oop is nor particularly sensitive to height, 
you ean increase output level substantially 
by raising the antenna well above ground. 
For example, if you raise the loop to 
50 feet, the output increases 15.2 dB for 
signals arriving at 20° elevation. AL this 
height, the output level is only 53 dE be- 
low that of the reference vertical, You'll 
never need a preamp with a Joop this high. 
‘The S/N advantage drops 0.1 dB. At a 
‘eight of 20 feet, output increases 7.2 В. 
and SIN drops 0.6 dB, 

You can shrink the loop to 10 feet on a 
side. The S/N advantage increases 0.5 dB, 
but the signal level drops 6.5 dB. You can 

se the signal level 3.4 dB by doubling 
he loop side lengths 1930 feet, but the S/N 
advantage then drape 7.9 dB. You can thus 
trade-off loop size, S/N enhancement, and 
‘signal level, I you use smaller wire, output 
drops, For example, it's 1.7 dB lower for 
2 wire. 

“Although this loop is a narrowband de- 
vice and must be carefully resonated, the 
resonance is much broader than that of a 
typical small loop. You can get away with 
A single capacitor 
AA MHz i you're 
what lower signal levels, The capacitor 
setting does not affect the patterns or 
Skywave-tp-ground-ave ratio it simply 
ters output level. 

"The input resistance atthe junction of 
the phasing lines varies over a wide range 


wilh loop size, height, and phasing-line 
Characteristic impedance. The input resis- 
tance is about 40 0 for the loop of Figure 
ats height of 10 feet. A transformer using 
Atype-?7 ferrite core (such san FT-82-77, 
FF I14-77 or FB-77-1024) with 9 tame oF 
any size enameled wire on the coax side 
and B wire turns on the amenna side pro- 
Vides a good match го 50-0 coax. 4 The in- 
put resistance drops to about 20 0 when the 
Toop is raised to 20 feet and to about 15 02 
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Figure 5—Azimuthal plot ol the ground- 
‘wave component ol а 25-oor square, 
Bo-meter loop at a height of 10 laet. The 
Input power o he antenna is 1 KW. The 
ak beste fel is shown. 
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3050 feet Use 13 turns of vire on the coax 
side for 20 feet and 15 for 50 feet 

Although the optimum transformer 
tums ratio varies with antenna height itle. 
‘output is sacrificed if you ше a fixed ratio. 

For example, output is only 1 dB less 
than optimal when а loop designed for 
10 feet в used at 80 feet. If you're deter- 
mined то obtain the best possible match, 
. 
the winding for lowest SWR ( 


more taps), Use the lowest posible power 
‘whee measuring SWR. It's easy to pune- 
tur the diclecwie of а small trümmer ex 
actor with а momentary Ыш. 

"The antcnna’s resonant frequency shifts 
when the phasing lines zet wet. you use tue. 
pen- wine line with plastic spacers, the fre- 
quency shift will be less than 100 kHz, But if 
You use 430-2 Tine with segmented polyeth- 
‘lene dielectric, ће resonant frequency de- 
Greases more than 200 kHz when the line 
‘becomes thoroughly damp. Although this 
won't affect signal-to-noise ratio, output 
бор» in ihe desired frequency range. You 
may be tempted to try phasing lines of 3000. 
Irinlead routed inside PVC tubing to avoid 
maistureellects but line impedances this low 
‘work only for smaller loops. 

"This antenna should he constructed ae 
symmetrically as possible maximize can- 
alben of the vertical and radial compo- 
nents of the ground wave, Make the loop 
perfectly square and accurately align it in 
Tne horizontal plane. Cut the phasing lines 
то the same length. Although these loops 
perform well near houses, fences, and tow- 
rs, ry to install the antenna as far from. 
‘ther conductors as possible to maximize 
current balance. Use the shortest possible 
leads o interconnect the matching compo- 
ments. Although it's probably unnecessary, 
like o split the antenna-side transformer 
‘winding und pat Ше tuning capacitor in the 
center to promote equal currents in the 
phasing-line conductors. 

"To minimize the number of supports, a 
Joop about 17 Feet on a side can be con 
structed using a 20-meter quad spreader. 
You can mount the spreader well up on a 
tower toincrease ари Alternatively, you 
may be able to eliminate supports alto- 
zeher by stringing a loop in your attie or 
rage. However, the current balance of 
indoor loops may be degraded by electrical 
wiring, plumbing. heating ducis, or other 
nearby conductors. 


On-the-Air Performance 

Ed Andress, W6KUT, located in the 
San Diego suburb of Poway. constructed a 
loop 21 fet an a side and 10 fot high. Ed's 
location is subjected to strong, chronic 
powerline noise. On BO meters, Ed uses а 
Pair of phased. quarter-wave verticals for 
transmitting. We used the verticals as arefer- 
ence when evaluating the loop. A 20-0 
preamp was available, With he preamp, si 
‘als near lop resonunce were ubout equal to 
{hore from the verticals. 

"The loop performed as expected, It 
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dramatically enhanced the signal-to-noise 
Tatio of most ky-wave signals Sometimes 
the verticals did beter during a momentary 
change in propagation; occasionally 2 
particular noise arose that the loop didn't 
attenuate much, But overall the loop was 
far superior. И made little difference on 
strong signale. lt made listening to moder- 
ately strong signale much more pleasant. Te 
letus copy weak signals that were buried in 
the noise and unreadable on the verticals. 

Dunngtimes of no detectable powerline 
noise, we often noticed a curious effect 
‘The loop sill enhanced signal-to-noise ra- 
tio by one or two S units, making copy of 
moderately weak signals more pleasant. On 
these occasions, we were unable o hear the 
telltale, raspy buzz of power-line noise (or 
лу other noise signature) when we listened 
‘wih the transcciver's AM detector. Unless 
naise happens to arrive at low angles and. 
signals at high, there's no reason for the 
Joop w enhance skywave S/N. We believe 
that the unidentified noise iv local and 
propagates by the ground wave, We specu 
fate that it may be the sum of hundreds of 
weak man-made noise sources in the 
densely populated suburb. (The superposi- 
tion of a large number of noise sources 
tends to be characterless even when the 
individual sources aren't.) 


Total Ground-Wave Cancellation 

I you stack two of these loops vertically 
эла bring both feed lines into the shack, you 
ап form a deep null on the horizon for all 
azimuth angles by combining the signals 
with a fined amplitude and phase offset. 
Except for arimuth-response irregularities 
caused by nearby condactors and small el- 
tion angie differences due to range, this 
system will cancel а ground wave compo- 
‘ens. This noise canceler was ro have been 
the original subject of this article, However, 
ıa single component loop worked ro well in 
Practice that I decided total ground-wave 
cancellation was overkill 
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Comparison with Other Antennas 

‘A conventional, single-feedpoint, small 
Joop about two feet on a side—oriented 
horizontally yields oughly the same S/N 
enhancement as the loop of Figure 4, How- 
ever, output willbe down about 46 dB from 
the reference vertical. You'll need x low- 
noise preamp with a loop this small unless 
your receiver has a very low nois figure. 
Still, even with а preamp, a conventional 
small Joop makes an attractive, low-profile 
Alternative. You must construct a low out 
‘atantennalike thiscarefally to avoid stray 
pickup, A single capacitor setting won't 
Provide good output levels ов both phone 
and CW. 

The WA2WVL сай! antenna 
attenuates thunderstorm static and ground- 
‘wave noise to the rear. If you're seldom 
troubled by omnidirectional local noise, it 
should make a more effective receiving an. 
Tessa then the loop described in this article. 
The cardioid also requires fewer supports 
and les space, Av à bonus, it's inherently 
broadband. 

1f you have room fora two-wavelength 
Beverage, it will outperform the WAZWVL 
cardio on sky- wave noise and should re 
duce ground ave noise arriving more than. 
45" off bocesight by at least 15 B, If local 
noise near boresight isn'ta problem, long 
Beverage can tremendously improve your 
receiving capability 

The easiest way to improve reception. 
оа 80 oc 160 meters isto use the most sen- 
sitive horizontal amenna available st your 
antenna switch. Мапу hams with 80-meter 
verticals find that switching to а 40-meter 
dipole or beam improves copy of weak sig 
nals even though the antenna is nowhere 
near resonant on 80 meters. When just 2 
Single noise source is active, you should be 
able to null it hy broadsiding а 40-meter 
тошу. 

‘Scaling the Antenna to Other 
Frequencies 
While Гуе used the 8O-meter band for 


Austration in this article it's easy to seale 
the design to other frequencies. Simply 
multiply lengths, heights. transformer turns 
and capacitor values by the number you get 
when you divide 3.5 by thetargetfrequency 
in MH 

That said, 1 don't recommend this an- 
temna for une above 40 meters, If you're 
using a vertical antenna on the upper НЕ 
hands, do yourself a favor and replace it 
‘wih the highest horizontally polarized an= 
lenna you can manage. Not only will your 
receive noise decrease, your transmit sig- 
nal almost certainly will improve due to 
higher ground-refiection gain.” (Ехсер- 
Чол: If your vertical radiates over satwa- 
ter, keep it!) If you're already using a 
horizontal wire on upper HF, I think your 
next antenna project should be a rotary 
"Seam rather than а receiving loop. 
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The K9AY Terminated Loop— 
A Compact, Directional 


Receiving Antenna 


look vet hace Wish you had enough room for an effective low- 


Asalow-band fan, was impressed with the 


EWE antes * band receiving antenna? You do! This four-direction 
Een system fits in a 30-foot circle! 


design tar quickly became very popular. 

But when {sat down athe computer oz 

tre эш the beat way 10 imul my own i not omiy smaller, it's easier to Install, ing from the feed point end, rejecting by 

EWEs, a surprising new design emerged needing only one support send of five. several S units any signals arriving fum. 

from шу modeling experi Ты eine op бес ше 2) ia- Yie end coaneeted ote omita r: 

ically and мешеу quite single. tor, Rum 

Ladies and Gentlemen. ом a wire loop of any convenieet He She foal sewe: A very smal termi- 

Allow me to introduce you to the dermi- shape (diamond, deta, etc), bung from a mated loop maintains its directional pattern. 

... single suppor and witha groond rodar the Aste йер" asco gesomallr however be 

. . ͤ anaing апе Gated dal arca ide educa Ius 

tant without sacrifis performace! Fig ne endotiheisopto amenna described ere wel 
te тей «име requirements riser connects he inea creer e almost amy backyard, The 

ior KOP шон mend This am- loop coul be made smaller, Ми | waned 

eee EWE ane. бе now spera ring signaly. t0 collect enough signal energy no that 


Figure 2—Tha basic design of single ор In an easy-to 
Figure 1—A comparison ofthe real estate needed for four construct quas: dala cop configuration, Exchanging to food 
and tha REAY Loop system shows that V% A Yout-drocton system 
‘only ' ө area ofthe EWES, Yet hey provide the same ‘ses wo of ese loops Installed at rignt angio to one another 
‘rections! patterns (as shown in Figure 1) and а relay controled switching system. 
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Figure 3— 
Construction detal 
fa terminated оор. 
Show 

omer support of 
‘one of ine ора. The 
relay box also houses 
the 8:1 matching 
iranstomer 


he base 
ions and 


Figure 4—A photo of the central 


WR ва coor 


Connection point ar he beze of ооо 
system, as installed at EAA. r 


ven a modest preamp (such as those m. 
cluded in most HF rigs) can be used. More 
information on the antenna"s operation сап 
be found in the sidebars “Нов Does ihe 
Terminated Loop Work?” and “Summary 


the same support are cheated n right 
malos each other. Each nop provider 
reception from two directions when the 
feed point ава termination are reverted, 
fr ant эг бик ерине te RS 
are all the deals you need o bud the 
KAY Loup antenna system, eluring а 
relay -controllo patem кийп system 
that uses ше coetial feod lie to сапу 


Figuro 5— Schematic of the relay box located at he base ofthe 


the switching system control voltage 


tom. The relays 
"ch boiweon ho wo oops, reveraig te eed point and termination connections 


How Does the Terminated Loop Work? 

‘The terminated loop was developed aller examining the 
behavior of the EWE. In teary, the EWE ie a ferminated 
һай чоор High-Irequancy directional couplers such as those. 
used in the well-known Bird Thruline watimotora are con- 


Structed similarly, just much smaller My analysis de 
‘mined that a terminated ful loop, fed and terminated to а 
Single ground point а! bottom center, behaves ha same way 


ûs ê half cop: 

How does à single loop achlevs a cirecionalpattem? By 
the way itrosponcs to the electric (E) and magnetic (H) field 
components ofthe arriving electromagnetic wave. Lore say 
we have а signal arriving at he loop from опе and. As the 
Wave passes, the lop's wire Intercepts tho E ПОЮ lika a 
short vertical antenna, creating a voltage at the feed point 
As axpacted пот a vertical, the E-field response е omnt 
directional 

“The magnetic field work dilfareniy Tha Н tieid is at right 
angles lo ће E field and induces а current as It passes 
through tne loop. The voltage developed across the ler 


1 he wave arrives trom the fad point and, the 
voltages add in phase: Ifthe wave arrives rom the opposito 
direction, the Voltage is 180" out of phase wilh (and sub- 
tracted from) the E-field voltage. To maximize tha onto. 
back ratio. the terminating resistor must have a value that 


balances the voltages created by the two laid components 
$û ihat thair aum ia close ta zer. 

The resulting ранет is a cardicid with a single null. With 
‘an optimum terminating resistor, the nul can reach 40 dB or 
тога in depih—na's more than sie S units! The nul le not 
At ground level, but at 20 to 56° elevation, dopending on tha 
Shape of the oop and local ground conditions. Unless you. 
ball a short, wide loop ога al, skinny loop, the nul wil ba 
at 30 to 40” elevarlon, very convenient or reducing ORM 
from in-country stations 

(Ground is An essential part of the anlenna-—ts rasis- 
tance Is part ol the circuit ground conductivity is own at 
Your location, it сап be Included in he computer modeling 
parameters. However, ground conditions can change over 
A short distance and vary with seasonal changes and moie- 
{ure content f you find thatthe antenna does nol perform 
as modeled, adjustment of the ferminating resistor valus 
тау бө needed, ав noted nthe апі 

round does по! need to be lossy, as їз the сазе with a 
Beverage antera. The loop has directivity avan with per 
fect ground, This means thal you can Install Lover any ype 
of ground, including a buried radial systom (as long as es 
ol too cosa lo another structure) — Gary Breed, KSAY 


"use Book, Model 4 алпеш, Bird une Con, 
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Let's Bulld t 
First, gather the following materials to 
construct the loops: 

+ Two lengths of wire about 85 fet each 
Although almost any wire size will do, 

#14 copperis probably the best fora long- 

lasting installation, 

Ten simple insulators —anything from 

old toothbrush handles to fancy paree- 

lun insulators will до. 

* A three or four-foot length of copper 
pipe de ground rod doesn’t need to be 
riven deeply a depth of three to four 
{eet is sufficient. Because copper-plated 
Steel rods eventually так, 1 prefer to use 
"nor inch diamelercopper water pipe. 

+ One support 25 feet above eround—my 
antenna hangs from a limb of a Georgia 
Pine, butanytning that gets he top of the 
loops up about 25 feet will work. The 
wooden A frame support described in The 
ARRL Handbook and Antenna Book is an 
‘excellent choice, A metal mast can be 
sed, but make i only as long as neces- 
тагу and insulate i rom ground, Large 
‘metal objects affect the anicona's per 
formance, so install itin the clear 


You'll also need some rope—nothing 
fancy, just something strong enough to 
keep things in place. 

Now, grab your tools and head for the 
backyard. Attach the midpoint ofeach wire 
length to an insulator that will be posi- 
tioned at the op of the loop, The two loops 
most nor touch each other so leave some 
Toor between their insulators. T separated 
my insulators with about a foot of rope. 

‘Aligned directly under the tops of the 
loops, drive a ground rod, leaving a foot or 
so above ground as an attachment point- 
Using short ropes or wires, connect four 
insulators afew inches away from this post 
to receive the lower ends of the loops. 
Leave afoot of wire for a pigtail after twist 
ing the ends of the loop wires around the. 
insulators, Figure 3 sketches the important 
installation details, and the photo of Figure 
4 shows how my system is installed. 

"The lower comers of the loops are sup- 
parted by insulators and ropes tied of to 
nearby trees, fence posts or stakes driven into 
the ground, Pull cut фе corners with enough 
tension to maintain the Toop shapes, At this 
point, the major mechanical work is finished 


Figure 6- Scheme ot ho control box located in he shack. Tho control voltage to 
oparata the relays в delivered via the costal ine. 


Summary of Characteristics 


When choosing а specific configuration or location for your KAY Loop system, 
consider ihis list ol characteristics 

"Like al antennas, this one can be affectod by nearby metallic objects or struc- 
шев. Do your bont o keep е antenna in he ce, amay rom your ower, house 
anê power lines. 

* Noleo reduction i tnis antenna is achieved mainly by the directional pattern, 
although being grounded offers some reduction of wind, rain and snow static, Com- 
pared то the typical omnidirectional vertical or low inverted Y, the reduction in 
Overal noise and interference can be dramatic. 

“The maximum circumference of the loop is a йе over Y4 iat the highest 
frequency of operation. I ho loop ie larger, the E and Hrhala responses of he 
Antenna can no longer be balanced. Smaller loops (or same-size loops at lower 
frequencies) retain fe directional pattern, which makes his an excellent antenna. 
for AM broadcast reception. Unfortunately, the received signal voltage is propor- 
Tional lo the area enclosed by the op, so T 
anna becomes smaler Unless you have a very god preamp, Keep te сор 
Sizes near tho maximum. 

+ The T-Loop а not just a Iow-Iraquoncy antenna! It oan be used at high egg. 
— or to provide improved reception over an ompidiec 
fional antenna such as а vertical, ̃ the size to fne desired frequency using 
the guáslines presented in the accompanying article — Gary Braed, K9AY 


snd you should have something resembling 
An cagbener, as shown in Figure | 


‘The Relay Box and Controller 

Figure 5 shows the relay circuit used vo 
switch the feed and termination points of 
‘he Toop wires. House the components in a 
weatherproof box having external connec- 
ion points for the four ends of the loops, a 
coax connector for the feed line and a 
round wire attachment 

KI is a DPDT relay that switches be- 
tween the two loops. K2, another DPDT 
relay, swaps the connections of the termi- 
mating resistor and matching transformer, 
thereby reversing the pattern. Relay power 
ds supplied via the coaxial feed linc. СІ 
keepe Ihe contro volta from reaching the 
antenna, and C2 provides an RF ground for 
the transformer. 

Most builders will likely choose o ori 
ent the loops for northewst/southwest and. 
northwest/koutheast directions, The relay 
box has four switching modes, one foreach 
direction: 1) northeast. when neither relay 
is energized; 2) southeast, when Kl only i 
‘energized; 3) southwest, when K2 only is 
energized and 3) northwest, when both re- 
Jays are energized, Switching is accom: 
plished using a single power connection 
"hrough steering diodes DI and D2. 01 al- 
Jows KI to operate when +12 V is applied, 
While D2 blocks the voltage from reaching 
K2, When -12 У is applied, K2 operates 
bat not KI, Whea 12 V ac is applied, the 
diodes rectify it to operate boh relays. 

"The matching transformer is a 9:1 im- 
pedance, 3:1 turns ratio type that should be 
Familiar to many readers. Five trifilar tum 
of ordinary hookup wire are wound on a 
Эр nchediameter (0.825 inch) 43 material 
toroid. The terminating resistor (rea) 
value will bo between 390 to 360 £2 de- 
pending on your band preference, With 
Average ground conductivity, a value of390 
provides the optimum F/B u 160 meters, 
while 560 £2 optimizes the loops for 30 
meters. A value of 470 © splits the differ- 
ence for “pretty good” performance on both 
hande, T chose to optimize the antenna for 
160 meter operation, so used a 390 Q resis- 
tor, Usc an Rreme power rating of at least 1 
W in cose some transmitter power ends up. 
being coupled 10 the loops. I use а 2-W 
carbon resistor, but two parallel Y=W or 
four - units of appropriate obmic value 
ап also be substituted. 

igure 6 is a diagram of the control Бок 
ш located inthe hack One 12 V ac mans- 
Toner provides the ac relay power and feeds 
two half wave rectifiers and filier capacitors 
{a generate 312 V, One SPAT switch selects 
the proper voltage to apply to е coax, The 
RF choke and 0.1 ub cepacior keep the RF 
and contro voltage separated atthe shack end. 

‘Gace the control unit and relay box are 
built and operating propery, mount the relay 
box atthe ground rod and connect the four 
ends of the loops to their proper terminals. A 
Jength of 50 1 coax carries the signal and 
power between the antenna and the switch 
Box in the shack I highly recommend keep- 
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Figure 7—Verlical radiation pattern of the ¡oops along ho plane 


of me loop. 


ing thecoax on the ground (buried is better) 
to minimize pickup of noise or energy 
coupled from your transmit antenna. A re 
ceiving preamplifier is almost certainly 
needed, ether your rig's intemal preamp 
or an external preamp, 


Evaluation and Adjustment 

Чем, verify that the antenna is working 
correctly: Some listening is probably what 
you'll do first, but fading makes it almost 
impossible to determine the antennas ac- 
al performance, At best, you wil be able. 
to confirm that the antenna has reasonable 
бес 

More accurate listening tests can be per 
formed several ways. The est way isto enlist 
theaid of a nearby ham whose sation is very 
‘lose to being in line with one ofthe wo loop 
such help is not available, the nexthest op- 
on i to identify a local AM radio satin 
high in the band (1400-1600 КН») and use 
that as your test signal. Switch the loops to 
their various directions. IF the test station ix 
direct in line with onc loop. you should see 
а front o back (F/B) ratio of about 2 to 3 S 
"ait as the antenna is switched toward and 
away from the station, You won'tsee a huge 
F/B becausethe deepest oull isupat 301040. 

Local ground conductivity can affect 
performance. You might not getan optimum. 
patte at your particular location withthe 
crmal-valuc terminating resistor. you 
aren't getting the expected performance, 
substitute а 1 EC potentiometer for the ter- 
‘inating resistor und adjust it for best F/B 
while listening lo your test station. Then, 
‘measure the pot's resistance and install a 
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белйш Aage = 30.0 De 


Figure 6—Horlzontal radiation pattem of tho loops al 30% 


elevation, 


fiscó-value resistor of the same value, 


Antenna Performance 

‘The vertical pattem of the antenna, in 
line with the loop, is shown in Figure 7. 
Figure Bis the azimuth pattern st 30° eleva 
Чоп. Modeling was done using WTEL's 
EZNEC program,’ which uses NEC-2 10 
evaluate the antenna over “real” ground.“ 
Listening tests confirm that these modeled 
patterns are close to the as bul antenna 
performance. Much of the on-air pattern 
evaluation was done by listening to AM 
broadcast stations and to WWV on 25 
МН, because the рапе of the antenna 
changes little over this frequency range 
Stations al exactly the right distance and 
directions have verified the deep null off 
the back. Forexample, New York City arca 
тий stations are exactly im line with my 
northeastouthwestlonp, and show 40 dB 
F/B ratio when the arrival angle is just eight! 

‘The ово he pattern is quite broad, with 
maybe one S unit FS. The advantage of this 
тилеши i йв rearward null, which reduces 
cal noise and distant ORM. I installed my 
system just 2% weeks beforethe 1996 ARRI- 
160 Meter Contest, soitgot atharough evalu- 
ation in a short tne, During the contest, 
‘changing the pater direction often made the 
difference between QS сору and a busied 
contact. For example, pointing southeast to 
hear Caribbean stations reduced stateside 
(ORM by 20r3 5 unis, enough to easily hear 
the DX through unruly pee, 


Higher-Performance Ideas 
"The compact size of the KAY Loop 
makes it easy to pu more than one for a 


option, but a really ambitious approach 
would be to install a fonr-square! This 
ray Would have a substantial F/B over a 
wide angle, along with a much narrower 
front lobe than a single loop. The space re- 
quired for this high-performance array is 
far less than what is needed for Beverages. 
I you try this, remember to switch the i 
dividual loops to the desired direction as 
you switch tbe feed system. 


Summary 

If you waat improved reception on the 
low bands and don't have a lot of room, the 
terminated loop isan excellent choice, Itis 
small, easy o build and its directional pat- 
ern makes DX much easier to hear. 


Notes 
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Hum Problems When 


Switching the K9AY Loops 


By Gary Breed, KAY 


tures could reduce the antennas perfor- Теге is one problem that needs o be 


lam pleased to report that many hams mance, but the performance 1 oblained addressed. When the loops are switched to 


have successfully built the receiving an. seems to be readily duplicate. ben deen бт 
tena described in he September 1997 issue 

of OST. Thad some concern that variat nary Brod X AY тті 
{local ground conditions and nearby ding. Loh, Compa, Directional, Recs 
тири ‘antenna? GST Sep 1997, pp aad е0 


jon, an ac voltage is 
sent down the coax to tbe relay box. A few 
ms "Gary Breed, KSAY. The KOAY Teminated ams have reported hum or distortion 

when the antenna is switched in this direc- 


Чоп, Two explanations are possible: a 


nying figures, which 


эре, and the ability 


mounted preamplifier: 


Figura 1—A revision of the schematic shown in Figure 5 of lhe September 1697 GST 
arci. 


round loop due 10 widely separated an- 
tenna and station grounds, or modulation 
of the care of the matching transformer 
"The presence of hum was not evident in my 
protorype, but to avoid either cause of the 
problem, I recommend using a 
{hree-concuctor control wire too 
relays. The power is solely 12 V de, and no 
current flows through the transformer. The 
modifications are shown ia the accompa- 
replace Figures 5 
snd 6 in the original article 
Secondary benefits of this arrangement 
include te option of usiag an existing 12 V 
power supply w provide фе operating vol 
те an additional 
conductor to сату power lo an anteana- 


ж Беа be 
té te Goan 4 


Noh эюм ан X 


J 


Figure 2—Changes ta Figure 6 ofthe original arce 
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A Skyhook for the '90s 
From May 1997 QST 


Balloon Skyhooks 
From August 1897 QST (Technical Correspondence) 


The Clothesline Antenna 
From July 1998 OST 


A Variable-Frequency Antenna 
From July 1949 OST 


Honey, I Shrunk the Antenna! 
From July 1993 OST 
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From QST, Ma 


A Skyhook for the "90s 


Some History, as Introduction 

By 1936, the Zeppelin company was 
without rival in the design, construction 
and operation of rigid nirships. Flying suc- 
cessfully around the world, providing regu- 
lar passenger service between Germany 
and South America, the Graf Zeppelin ir- 
ship was nonetheless unsuited for the hard- 
ship of crossing the North Atlantic. The 
Hindenburg was designed and built for this 
route, This huge airship was one ofthe larg- 
fest flying machines the world has ever 
known, Her crash and destruction at 
Lakehurston May 6, 1937, endedthe cra of 
passenger transport by airship! 

Later, growing up on a farm near Ak- 
топ, [sometimes saw the Goodyear airships 
passing silently overhead. Twenry-odá 


"The terms concerning e e, (LTA) 
‘ft are ofan тхори Webelore N 
Coepato ictonan inuutos tha sr 


КУТЛУ? m dn 


тапмаса eles ага ы td озату 
Терон ta wo cimus iha usage Rare, 


Is your group looking to put ир a BIG vertical antenna 
for Field Day? The crew at N4ZC started their own air 
corps. Their full-size 160-meter quarter-wavelength 
vertical is not supported by hot air! 


Figure 2—Select a ying area tras from / 
‘Sbutructons зо your pimp can f with 

{he wind in any recon aten angle аз 
low as 45" rom the ground, Do no! ly 
in areas where tere e any chance of 

ne tether or antenna cont 

buildings, power Inos or Y 
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years afier the Hindenburg disaster, 1 be- 
an o experiment with balloons myself 
‘orginally using surplus weather balloons 
to support wires, and more recently, with 
small blimps holding contest antennas 
Many hams have considered using balloons 
ог kites for antenna supports. Indeed, they 
come closer than anything else to that 
"skyhock" we ай jokingly refer to ou occa- 
sion, Yet, each one has limitations, 


The Kytoon 

Ballooo-suppored antennas tend te lose 
lide inthe wind, however slight. Kites 
cannot Пу without Wind. Satisfactory ser- 
vice from either support requires a 
limited range of wind and weather condi 
won, something that's not по common, 
Combining features from each-—the bal- 
loon and kite—solver several of these 
limitations. Indeed, the Kytoon ix a small 
infistabe bliip-shaped balloon with kite- 
like surfaces that cause it to fly into the 
wind. An early Kytoon—with а rigid skel 
lon is registered with the US Patent Of- 
fice and enjoyed some success as a 
Skyhook. (Sce Bibliography for further in- 
formation.) 

‘Today. the early Куйоо s blsdder-and- 
frame construction has been replaced by 
completely inflatable balloons, made from 


Figure 3— Here's 
out miniatura 
orsi of tno eal 
thing-tresh out of 
the box and ready 
Tor nalen 


2 10 3-mil polyurethane film (see Figure 
1). Brillant skin colors are common be. 
cause these miniature blimps are intended 
for advertising. purposes. These small 
blimps are available rom various sources 
With prices varying according to size 
typically from 10 o 30 feet long and start- 
ing at $300. [Beware: Many suppliers spe 
cialis in advertising Kytoons and sell 
‘hem for twice the price of those sold for 
scientific uses Ri] 

"The plastics used in their construction 
have been specially formulated for high 
elasticity heliom retention and paint appl 
Cation. Helium (a safe, inert gas) is avail 
able from party suppliers or welding supply 
companies. One tank will easily support an 
antenna for the typical contest weekend. If 
You have some room, but maybe not the 
resources to put up а full-sized radiator, 
consider a tethered Kyloon. As а modem. 
antenna support, these miniature blimps are 
the skyhook of the 905. 


Tethered Flight 

Most hams considering these small 
blimps as antenna supports concentrate on 
their antennas. This natural inclination can 
create problems, Most hams have Title 
Knowledge or experience with the basic 
principles of LTA flight, knots and rigging 


Figure 4—Vertea! antennas ao rouk-ostao Intensiva, KAZA and KFAHK install radiais in 
tha horse pasture at NAZC's contas! staton. 
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rules, with FAA regulations, with weather 
and especially with how these all relate to 
tethered flight It's a complex process and 
serious busnesstohitanantenta aloft with 
small balloon or blimp. 

"These blimps consist of а closed enve- 
Jepcof gax—usuallyhelium—thatislighter 
than the atmosphere. Gas balloons can only 
descend by losing lift (that is, by venting 
pas) or when some force overcomes their 
A (retrieval by tether or powered igh). 
Аза gas balloon rises, it will reach an equi- 
librium altitude, where it will remain until 
the ift- 10- weight ratio changes. These prin- 
ciples—which are mostly associated with 
larger, cargo-cacrying blimps—are impor- 
tant, especially because our balloon will be 
tethered. Аз with any lower or antenna 
project, use common sense and make safety 
Your highest priority! 

Because space îs three-dimensional, any 
"skyhook" can tura in the air—rotating in 
tee ases: a longitudinal roll, lateral yaw 
amd а venal pitch. The shape of these 
blimps allows them to “Ty” in the wind, 
countering these motions, and the tether 
allows the blimp to move easily enough 
‘within those three axes. Generally, you will 
experience something like Figure 2 

A 10 to 12-foot blimp is sufficient for 
mest antennas suitable for law-band 
ase. Most Blimp applications will be for 
160 meter, because the sheer size of effec 
tive antennas forts band makes inem dif- 
Ficult (amd costly} to erect, A 10 to 
12-foot-long blimp of 3 to 4 feet in diam- 
(ег holds about 70 cubic feet of helium 

is capable or'lifting two pounds. Thisis 
sufficient for an effective 2/4 wire vertical 
Tor 160 meter, 


Setup, Antenna and Ground. 

You'll need a working area on the 
ground to inflate your blimp. A 2020-foot 
‘rea should suffice. It's important to pro 
tect the thin skin of the balloon. usually 
lay the balloon out on a tarp to prevent any 
stubs or twigs from poking the plastic skin 
(Gee Figure 3). While the plastic seems 
толу and elas, I'm always careful and 
treat the balloon gently. 1 hold he helium 
tank upright, and 1 usually lash it securely 
to a two-wheeled dolly, so Lean move itio 
the field easily. Follow the manufacturer's 
inflation directions carefully (cach wil be 
slightly differen). 

Thflation temperature ls important: If 
possible, inflate the balloon at the same 
lemperaduzs И will experience in fight 
Helium comes ош ofthe tank cold, With 
rising temperatures, it expands quickly in- 
side the balloon. Sunlight and warm air 
cause further expansion. ln very hot 
‘weather, a balloon loses some of its lifting 
power, but this is usually nor a problem.) 
Donotoverinflaethe balloos. Finger pres- 
sure will barely dent the surface of a 
properly inflated polyurethane blimp. Pa 
Special attention while closing the neck of 
the blimp. With many blimps, you can sim- 
ply fold the neck back on itself severalimes 
and then fasten it in place with heavy rub 


Figure 5—WAAUNZ and KAZA work inside 
the large copper ground бл installing ho 
teod system. 


ber bands (folding them, if necessary) to 
provide a tight, leak free fit. Refills are 
much easier when rubber bands, rather than 
(noted rope, seal the balloon. 

Use a quality ball-bearing swivel be- 
tween the end of ‘he tether and the balloons 
attachment line. This allows the blimp to 
easily um into the wind. Fishing line works 
Well a а tether: to do some kite lines and 
ther synthetic ropes. 1 ve used 100-pound 
fishing line and '/cánch nylon горе. 

Stranded wire is a lightweight antena 
conductor. Aluminum welding wire is light 
and strong enough to use, (se phosphor- 
bronze wire that was originally intended 
foruse withthe "Gibson Girl” rescue unit's 
kite or balloon-supported antenna. 1 
comes on a small reel. The irony. weight 
and low cost appeal to me.) To save time, 
measure and шш the antenna length be 
fore construction begins. have found no 
instances where the addition of a tether 
created a problem, in launch. retrieval or 
‘ducing flight, The antenna has never bro- 
ken; and our balloon has never broken free. 
Obviously, it's simple insurance, and you 
don’t want your antenna wire touching 
power lines or other hazards, which might 
appen with a runaway blimp. 

"The original installations at МАСС were 
ай within a working pasture (see Figure) 
‘On-ground radials were easier lo install 
than elevated radials, albeit more labor- 
intensivo (easier because they need no sup- 
ропа. labor-intensive because iL requires 


more radials—4 versus 60). А large diam- 
ster ring of copper water pipe served as the 
radial connection point and made solder- 
Ing easier. The ring also created x work 
space to stand in during set up and launch 
(sce Figure 5). (Future installations will 
use a high, central wooden post, with at- 
tachment points for the antenna, tether and 
Tour elevated radials.) Our installation is 
over 150 feet from the nearest tower (the 
20-meter array). RG-213 runs from the 
feed point to the base of that tower, where 
it conecte to Hardline running to the 
shack 


Hints 

Always wear gloves when launching 
and retrieving te blimp, Let the blimp rise 
slowly; recieve it slowly. The li сап be 
terrific, andthe antenna wire and tether ean 
easily cut your hands, Always have helpers 
сой up the antenna and tether on spools as 
You walk the balloon down. (1 recommend 
reeling in the blimp during daylight hours. 
W's a tempting target, and we hear gun- 
shots їп the woods all the time at N4ZC's 
Somewhat country location. Make certain 
winds cannot push the blimp into nearby 
objects, even when it's near the ground.) 

FAA regulations for flying tethered 
balloons—those under five pounds in 
eight are clear: No person may operate 
ıa kite or balloon in à manner that creates a 
hazard to persons, property or otber ai 
E 

‘Avoid all dangerous situations: opera: 
tion neacairpert, in wet orstormy weather, 
теш electric power lines, over public 
streets or areas congested with people or at 
(extreme heights (which is probably the first 
Thing а ham will think of). Use common 
sense and play it safe. Using less than the 
legal limit with a single Ye vertical sup- 
ported by a 10-footblimp.T'vebeen able to 
‘work any sation heard on 160 meters, 


Sources 
‘Here are names and contact information 
fortwo suppliers of these inflatable blimps: 
Toy-Tex Novelty Company, 7315 N 
‘Linder, Skokie IL 60077. 
‘The Blimp Works, 156 Barnes Airship 
"Dr, Statesville NC 28677. 


‘Annotated Bibliography 
There's a wide variety of applicable in- 

formation and material available, but not 

much has appeared in Amateur Radio pub 
fications. This is new territory, in many 

‘ways, that's worthy of further experimen 

lation, I recommend the following books 

and articles far further reference and 
study before buying, building and ying: 

R. Carleton Greene, WRPWU, “More On 
Balloon Supported Antennas,” QST, 
Nov 1940, pp 38, 39 and 82. One of the 
earliest articles on using meteorological 
balloons as untenna supports, complete 
with lifting charts. 

David T, Ferrier, WILLX and William G. 
Baird, W9RCO, “A New Kind of Sky- 
hook,” QST, Oct 1946, pp 24-25. The 
original use, as best 1 can determine, of 
the Kyioon as an antenna support. Al- 
though focused on emergency or Field 
Day use, the fina line of the article pre- 
sents this challenge "Perhaps long wire 
vertical antennas can now be exploited 
with outstanding results.” 

Sum Gibilisco, WIGV, "Balloons as An 
tenna Supports." The ARRL Antenna 
Compendium, Volume 2, (Newington: 
ARRL, 1989), A brief overview of the 
Topic, with good descriptions and sev- 
eral safety pr. 

Maxwell Eden, Kizeworks, (New York: Ster- 
ling Publishing Company, 1989). An ex- 
cellent book about kite of all kinde — 
including building end flying them, 
Ies filled with tips and techniques 

Will Hayes, The Complete Ballooning 
Book, (Mountain View, California: 
‘World Publications, 197 
focused on large № 
history, basics of light and safety chap- 
ter are well worth your time, I also in- 
cludes the FAA regulations 

John Belrose, УЕ2СУ, “A Kite Supported 
160- (or 80 Meter Antenna,” QST, Mar 
1981, pp 40-42. A unique application of 
Фе Parafoil—a special type of kite. In- 
teresting tips and techniques applicable 
то blimp-supported antennas 

*160-Contest Results” QST, Jun 1976, 
997174. Pictures and tex from WELT, 
he Омо Staic University Amateur 
Radio Club, using an original Kytoon to 
support a vertical antenna 
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rom OST, Аш 


(Techni 


al Corresponden: 


Balloon Skyhooks 


By Jack М. Hughes, WBSSOI 

1 appreciated and enjoyed “A 5) 
for he "9051 The company i work for, 
TCOM, L.P., has been doing this sort of 
thing commercially since 1981, but 
much larger scale. Since 1972, TCOM, L.P. 
hasbeen an authority on and builder of aero- 
Sats? We manufacture and market an aero- 
‘at system called the Tethered Aerostat 
Antenna Platform (ТААР). 

VLF and LF transmitters und receivers 
эге used by the military and governments 
‘worldwide for high-reliability communica 
tion of strategie information. Atypical an- 
tenna system for VLF/LF communication 
is a complex атау of wires suspended оп 
insulated towers that take months to erect 
and place into operation. A unique scheme 


"bon раво KAZA, "A Skyhook fr the ace. 

a, OST, May 1097. pps 

2Merostate are вазеліну nelum 
ied de ground. Thef re nar che 
Ze Вр Aerostat system cose about 
о. 
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for the rapid deployment of a complete 
VLF/LE (up to 100 kW) communications 
system uses the ТААР. 

An aerostat is employed to elevate an 
‘encapsulated vertical antenna/tether to A 
height approaching one quarter wave- 
length for the frequency in use. At VLF, 

s technique enables the system to oper- 
ate with a high antenna-radiation ef 
ciency unobtainable by other land or sea- 
based antennas. 

“The radiated-powerefficieney is further 
enhanced by the installation of a simple 
groundplane consisting of eight radial 
Wires emanating from beneath the moar- 
ing-system trailer. The radial ends are se- 
cured by ground rods and copper wire. The 
entire system—antensa/etber, aerostat, 
‘mooring system, transmitter and equipment 
ahelter is designed to be transportable by 
land, sir or sea and to be rapidly erected at 
a selected «ке. 

"The aerostat is a helium fille, aerody- 
папсайу stale tethered balloon typically 
32 meters long. Its antennaltetber is com- 


Posed of Kevlar with optional fiber optics 
nd two concentric outer sheaths of alumi 
‘nom braid. The Kevlar construction pro- 
vides up to five mes the strength ofa simi- 
Лиме steel cable, A fiber-optie core 
provides for secure communication be- 
tween the ground and the aerostat, and 
the double-alaminum sheaths act as the ra 
disting elements аз well as a path forthe 
400 Hz electrical power tothe aerostat. 

"The aerostat is launched and retrieved 
ara rate of 200 feet per minute and it does 
mot vent helium. In addition to the helium 
‘chamber, it uses an air-filled balloner sy 
tem that expands and contacts depending 
on the outside air pressure to keep the aero- 
stat rpidatallcimes,Itean operate in winds 
of up to SO knots and will survive in wind 
of greater than 70 knots. The system is de 
Signed io Пу continuously for upto 21 days 
before replenishing it with helium. 

Teommend author Don Daso for hisere- 
tivity and resourcefulness. He seems to 
have just as much of а thrill as we do in 
handling LTA vehicles 


By Rob 


Vic 


VAZERY 


шут: 


The Clothesline Antenna 


Dry your laundry or work ОХ. Could this be the first 
dual-purpose antenna? 


Every once in а while, you run across ап but first 


M tell you what it is not. The No, the Clothesline makes band changes a 


iden that seems so simple, so obvious, you Clothesline isn't some dubious trick far piece of cake. When you see how easy itis, 
can't believe it hast been done before. loading up an actual clothesline with 12 you're going to chuckle! 


Surely (you say to yourself), you're not the 


bits of KG-213 looped four rums to the 


first person in the universe in have thought foot around your washing machine This is The Concept 


ofthis ar sniene 


il works all the HF bands, and The easiest way to explain how the 


That's the case with the Clothesline it gets rest results. It doesn't need a tuner Clothesline works is to lead you through 
amenna and me. While mulling overa va- because it's desd-on resonant on the 160, the simple reasoning [used to come up with 
Яну of ideas for an antenna suited 10 my 30,40,20, 15 and 10 meter bunds. А tiny the thing, T started with a drawing like the 


apartment, I started drawing some graphs tweak will 


in 1Zand 1 
y waves at various Frequencies, One I's remarkably easy to build. There are for 80 meters. W's 132 fet long and fed in 


‘one in Figure 1. K shows а simple dipole 


thing led to another and I wound up with a no traps, no stubs, no loading coils,aovaci- the middle with coax. Next! drew the graph 
terrific solution for my antenna needs. able or fixed capacitors, no screws, no of the voltage distribution along the an= 
and it was one that [haven't found any clamps, and you don't have to drill any- tenna (at its fundamental resonant fre- 


references to anywhere, As far as 


con- thing This antenna 


is so simple to put up, quency). Note the voltage is 


Cemed, I ve invented the Clothesline. Still, it hurts, The Clothesline consists of litle (with reference to ground) at the antenna 


Tim not going to be surprised if someone more than a piece of wire, a center insula- ends, That 


shows me that it's been done before! 


important for any dipole ra- 


tor. omefeedline,and acoupleof$2hard- distor. The ends of the antenna have lo, 
“But even if his antenna design bas been warestore fittings 


correspond to the high vollage points of 


around since hydrogen. И шу stllbonew to Тоо good to be mue, you say? What's the curve. 


yo 


‘And even if you have seen something the catch, you ask? 


‘already knew that the curve the volt- 


Simiartothe Clothesline, this design maybe Well, you do have to-adjustthisantenna age wave describes is a quarter of a full 


‘worth second look. For hams in a variety of for most hand changes. But bef 
Situations, this could be just whit the doctor tto excited by the word "adju 


‘ordered to cure your DX dilemma. 


What tis. And Isn't 


you get cycle—a quarter wavelength—on each 
"m not half of the antenna. And tht the distance 


talking about unwrapping yards of black between the two places where the voltage 
tapoto getataloadingcoil,ortweakingthe — is highest, or in other words from one end 
bare shaft (whoops, hot side—sorry!) ofa ofthe antenna tothe овет, s plus 


1 will teli you what the Clothesline is, 50-year-old fleamarket variable capacitor, а half wavelength. That's why they call it 


TWAT LAST PAIR OF LONG JOHNS VOU 
REELED OUT MOVED MV FEEDPOINT 


ıa half-wave dipole. 

Talso understood why the feed point is 
in the middle, I% located precisely where 
the voltage curve is lowest with respect to 
E" а antenna is just like a 
transformer it transforms the low imped- 
ance coming out of the coax up to the jm- 
pedence needed to couple o the cosmos 
Come in low, go out high. So much for the 
plan dipole. 


pem 


Figure 1— Toa vokage distribution along an 80-meter dipole 
antenna. Note that ine voltage в at maximum (with respect o 
(rouno) at the ends ofthe antenna, 
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Figure 2—Take tno 80- 
meler dipole shown in 

Figure бала overlay the 
voltage clambuton ога 
МНЕ signal. Note how 


of he 35 MHz leed 


| then dropped a 7-MHz voltage curve 
over the original 3.5 MHz length (see Fi 
тте 2). Because the new frequency is a 
‘whole multiple of our original frequency 
@.5МН»х? 7 MHZ), there is illa whole 
number of half wavelengths from one end 
to the other, so the voltage peaks are still at 
the ends, This means this same length of 
wire will resonate at 7 MHz, which means 
it will radiate perfectly well at this fe. 
‘quency roo. 

But I noticed right away that something 
had changed from our earlier stution—the 
Point where the voltage minimum crossed 
{round was no longer in the middle, There 
were now two such points, neither of them 
anywhere near the middle. So the antenna 
‘wasresonant—the voltage peaks were atthe 
ends but my original feed point was now 
‘useless! Alright, 1 reasoned. If sift the 
feed line wo the new minimum ГЇЇ have the 
perfect selup—high voltage at the ends, low 
voltage at the Teed point, Look out DX, here. 
Teone! 

T thought about how fac I'd moved the 
feed point. Looking at the curve, you can 
Sce that from (A) o (B) is guarer wave- 
length at the new frequency, right? We 


pont (A). 


doubled he frequency, which means we eat 
the old wavelength in half. So what used to 
be а quarter wave at the old frequency— 
from the middle to one end —will be twice 
"hat, or one-half wavelength, at the new 
frequency. And I wanted to get the feed 
point over to the new location st point (В), 
do move half that half—a quarter wave- 
engü—over to the new minimum at (В). 

Talso realized that Fd added 2 quarter 
wave to the right half of the antenna, 
making lhe right-hand side plus wave- 
leogibs, or a total оГ, wavelengths long 
Since > on the right plus оп the left 
equals 1, T now had a full-wavelength an- 
tenna wilh some gain compared toa dipole, 
fed one-quarter wavelength from one end 

1 kept going. 1 doubled the frequency 
again, and the same thing happened. The 
voltage peaks would stay at the ends, bot 
Т see the feed point moving further to the 
left by one-quarter wavelength at the 
mew frequency for each time 1 doubled 
frequency, 

Tirieditfor other multiples—by 3, 5,6, 
7 and ко on, Just as 1 expected, I always 
wound up with some whole number of half 
‘waves, and voltage peaks at the ends. АШТ 


‘ever had to do was to move the feed point 
To the new quarter-wave point of the an- 
tenna. And for that matter, for any band 
other than 80, [had a choice of fed points. 
Each higher-band antenna had more than 
fone voltage minimum point in its length, 
and could feed at any one! 

Now I drew а bunch of these curves like 
the ones shown in Figure 2 for 80,40,20, 15 
and 10 meters I dropped reference lines 
down from each voltage minimum to show 
Where the feed points would lie along this 
single piece of wire, depending on the fre- 
‘quency, Because ibere are multiple feed 
points for each ofthe higher bands, 1 could 
seethatany time want to change frequency, 
Twouldjustshift tothe closest feed point for 
the next frequency, and away we во! 

‘But so what] How was I going to make u 
simple amenna with all these feed points? For 
that matter, what was simple about an an- 
tenna with all these feed points anyway? The 
answer was, “nothing.” What about a single 
feed point that somehow travels or slides 
along the antennato anywhere Twan into go? 
Could I make that happen? 1 was ooking out 
the window at my 40-meter folded dipole 
‘when I came up with the answer. 

Other than the fact that its fed with 
300-0 line rather than coax, the folded 
dipole is almost identical to the standard 
dipole. I resonates over the same lengths 
at the same frequencies, so my marvelous 
(But yet to be invented) muli band, sliding 
bees pole antenna would be just as com- 
fortable with a folded dipole 132 fet long 
asit would be with a plain dipole. But what 
About the sliding feed point? 


m 


ue rescue i УА EE w 


Сеп 


w- 


0. 


ao Fed Line an e 


Pasti Panay 7 


|nan t rameter (ry knot) 


Figure 2—The Clothestine antenna. Just el (A) or B) lo equal а quarter wavelength at your operating frequency, As long as itis а 
muliple af your basa frequency (most HF ham bands ae), your antenna i tuned. You can measure Out your favorit bands, peak 
tem by observing ne SWR, and put coor marks or tags on o bottom wira, Roli up ot тап and you 7 ready W coup 1o o 
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What would happen with my folded di- 
pole if just grabbed the feed line and tried 
to slide it along toward one end? hit me: 
If the endpoints were run over pulleys the 
feed point would effectively slide! It would. 
just run along the bottom of the antenna to 
anywhere you cared to put it. As far as the 
Electrical mature of the antenna is con: 
‘cerned, absolutely nothing has changed— 
‘except the position of the feed point! And 
there it we ihe birth of the mali band, 
Sliding feed-point antenna, otherwi 
known as the Clothesline! See Figure 3. 

‘Bul wait a minute, 1 thought. Its a 
clothesline, It can't possibly work. Its too 
simple! 

"Yet no amount of poking about on paper 
could ind fault with it. Stili very skeptical, 
strung ug a miniature version (for 10 and 
20 meters) running down my hallway. It 
‘worked! It loaded like a breeze, with the 
Teed about 8 fet from the end оп 10 meters 
‘andabout 16 feet from the end on 20 meters, 
Just where those graphs said it should. T 
bought some decent wire, a couple of plas- 
tie pulleys, 75 feet of 300-0 twin lead, and 
threw one upon the roof to cover 40 through 
10(66 feet sall the horizontal space Ihave 
тр there). Within a couple of days I had 
racked up dozens of DX contacts on every 
‘band, Most remarkable was the apparent 
gain on the higher bands. 1 consistently 
surprised other stations (and myself) with 
ту signal strength, usually trading equal 
Signal reports and gesting lush praise from 
тту running far greater power und fancier 
antennas. My 100 W and u Clothesline are 
reaching the world! 


How to Build and Use the Clothesline 

‘Measure out enough wire fr twice the 
lowest frequency. I this happens to be 80 
meters, you'll need 2 132 feet (plus a bit 
Tor trimming), String it up like а clothes- 
line, using nylon or rope leaders to attach 
the plastic pulleys to their supports. Just 
„make sure that all the wire is used, so that 
he antenna i full-length. You can ure long 
leaders if you want to hang one end off a 
distant support, Run each end of the wire 
through the pulleys top-to-bottom, attach 
the rwo ends toa center insulator and hook 
up your еей line Thar it! 

if you're building a version for 80 ог 
160 meters, you'll want to instal a third 


liule pulley to side along the top run, 
tached by a short piece of cord to the center 
insulator, to help keep the top and bottom 
типа of the antenna roughly parallel. Build 
it for 40 as the lowest frequency and you 
Won't even need this Tittle extra. 

There is a full set of feed points between. 
{he middle of the antenna and half-way out 
to eitherend, s0 if you wantto keep the feed 
line short, you саа cut it to provide just 
enough «lack to move within thie range. Al 
termaively, because different feed points 
for the same frequency can affect the gain 
pattern, you may want the flexibility of 
having a choice of feed points for each fre- 
‘quency, and decide to leave mere line slack. 
Losses in twin lead are so much lower than 
in regular coax, you can use all you want 
(within reason). Do be careful to stand it 
off from any metal it encounters on the way 
into the shack. 

Inside, the simplest way to match the 
‘win led to your пр is with a balun. I use 
ıa 6:1 balun to get the impedance dowa to 
the SO йтпу radio likes, A 4:1 balun works 
fine too, though the 6:1 usually presents a 
better match. Both bsluns arc sold by a 
number of QST advertisers. Ditto for the 
300-6 twin lead. 

Speaking of the shack, If yours is on an 
upper level ш your home, consider setting 
the Clothesline up with one end near à 
shack window. You'll be able to reach out, 
Tetune (tha ia, haul in the lin), then go 
‘back o your rig to check your SWR meter 

T you don’ have this luxury, don'tswent 
it, Tedlibraed my Clothesline by seting my 
rig оп tune-up power for each band, and 
going up to the roof of my apartment build- 

to peak the antenna with  feld-strength 
meter I confirmed each seting by checking 
the SWR back in the shack, On every band 
1 tuned for, it was well below 1.5-1, As 1 
found each feed-point setting, 1 marked 
‘them with various colored indelible mark- 
ers for each band. Now when I want 10 
change bands, T just go up to the apartment 
roof, run the Clothesline out to the right 
color, and I'm tuned! It takes seconds. 

Tean imagine other settings where you'd 
run the Clothesline right outside a window, 
‘oat to some convenient support. Or vertical, 
ip or down the side of a building, a wee, or 
pole (tie a flag to it, if you like). It 
you're camped ош in suburbia with dii 
Cal, anti-amenna neighbors, а detachable 


feed line using alligator clips makes it the 
perfect disguised antenna. Who's going lo 
Suspect a clothesline? You could even use t 
cing the day t... vit arit... ry latas? 
‘You could even make iz out of your standard, 
garden-varety hardware-score clothesline 
М plstc pulleys, vinyl coverzd wire, the 
‘works. This makes the Clothesline the only 
ham antenna kit I know of tat you can buy 
complete (minus the fed Ine) from your o- 
cal hardware sore. (In a perfect world, your 
local hardware store would stock twin lead.) 
Yes, know 1 said at the beginning that his 
wasn'ta wick for loading upa real clothesline 
and I've been rue lo my word. This is an aoe 
tenna that happens o look Tike a clothesline, 

I mentioned covering 17 and 12 mele. 
И you cut the original length to resonate 
Just a little up from the bottom of 80, st 
3.615 MHz, the fifth harmonic is smack dab 
‘on 17 meters. Cut it te 3.55 MHz sad har- 
monic number seven is on 12 meters. In 
fact, Везе are such minor variations that 
‘you can surely finda convenient center fre- 
‘quency on 80 that'll put you right where 
you want to be on all bands. Though you 
don'tneed it,a tuner (eitherin orout board) 
ean get you right down to zero reflected 
power. Remember, feeding with twin lead 
Dr other balanced lines keeps your losses 
way down, so a litle elevated SWR at the 
Band edges is no big deal. 

Im now thinking about some kind of 
motor drive that'll permit me to tune up 
from inside the shack. My first reaction to 
this idea was, if T'm going to get into motor 
drives and the like, is that any simpler than 
A beam? 1 now think the answer is “yes.” 
‘The drive would he simpler, in that L 
Wouldn't need any postion feedback—all 
need to do is watch my reflected power 
meter to know when I've hit resonance, I 
doesn't need a whole ot of travel because 
ıa full range of feed points is available over 
dust a quartr-length of the antenas. As 
‘well, few beams are all-band. And since he 
antenna you can put up is always simpler. 
than the antenna you can't, or those of us 
in apartment settings where à beam or 
other, more complex antenna systems are 
out of the question, а motorized Clothes- 
line might well be worth the effort I've got. 
а sneaking suspicion that, somewhere out 
there, there's а cheap, off-the-shelf drive 
‘unit with “Clothesline” writen all over it! 
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By Ralph О. William: 


т OST, July 194 


A Variable-Frequency 


Antenna 


Multiband transmitters and band- 
switching receivers make it easy for us to 
Jump from band to band, but the antenna 
has not kept pace. Many of us ae prevented 
from operating on several bands by the 
thoughts of the multiplicity of anteanas 
demanded by the conventional approach io 
maltiband work. Here, to go with the VEO, 
isthe VFA tunableto resonance from the 
‘operating postion. covers 11, 10, 6and 2, 
and all the television and fm. bands in be 
teen, with the optimum performance all 
Along the line. Ideas for the lower trequen- 
cies are included, со. 


її has been the writer's lifelong ambi- 
tion as a radio amateur to have а universal 
amenna; one that Would not only work on 
several bands, but also tune within a band, 
providing optimam operating conditions on 
any frequency. The memory of endless tips 
tothe rooftop oroutto the mast to lower the 
antennsand cat offor slice ona few inches 
el wire o hit а special spat in the band is 
Still fresh in mind. The old Zepp was pretty 
good butt required spaced feeders and tun- 
ing at the transmiter end. The half-wave 
aerial split ш the center Cora 72-obm rans- 
mission line required по tuning al the 
station end but necessitated a differen an- 
teana for every band, Often the resonant 
frequency of these antennas varied widely 
from the values indicated by the formulae 
because of conditions not always apparent, 
and under some circumstances И wes iff 
cult to get adequate loading over an entire 
band. AS the years passed matching вух 
ems were introduced, and they, too, are 
usually one-band devices. With all heir 
disadvantages Ве antenna systems were not 
too bad back in the days of crystal control, 
bul now we have УРО and often operate 
“anywhere within the band. It goes without 
saying that what we need to go with VEO is 
û good УРА! 

"The group, other than amateur, most in 
need of a VFA, is that vast population ty 
ing lo receive Бе various television and m. 
channels on a single antenna. A good half- 
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One to Ten Meters with a Single Antenna System 


Wave dipole will outperform most af the 
existing elaborate receiving antennas pro- 
viding, of course, itis possible to adjust the 
antenna accurately for each channel. 

For years I have been giving thought 10 
ways and means of feeding out and retrici-. 
ing wire to make an adjustable center-fed 
пиле antenna, The increased use of 
the VFO and the advent of television and 
n. broadcasting have made such an an 
tenna practically а necessity. The folded 
dipole makes it a possibility, with rigging 
lets complicated than the dial drives on 
some broadeast receivers Iti the purpose 
of this discussion to describe a remotely- 
‘controlled center-fed antenna capable of 
continuous adjustment from baad to baad 
and within the bands, using an untuned 
transmission line. 


The Folded Dipole as а VFA 
The folded dipole lends itself sûnıirably 
to igging with cords and pulleys so that the 
length of the Па top may be varied simply 
by pulling down on de feeders (see Figure 
TII the spacing between the center pul- 
туз is adjusted o that the characteristic 
impedance of the two parallel conductors 
is 300 ohms the feeders will match 
300 ohm ribbon термен of their length 
and the length of йе antenna. In this way 
we have a tined antenna with a flat line for 
у frequency, accomplished without re- 
torting to sliding contacts a any point im 
"hesyiten Figure shows apratial hand 
operated rigging that will enable he expe 
"menter to make а setup and observe is 
characteristics, Antennas of this type may 
Be made large or «лый but it is suggested 


Impedance of ins feeder Sacros le 300 ohms, Twin cead is connected at pointe A and B. 


that he beginner make up small models for 
2 und 6 meters, or simply for the fm. and 
television bands, to prove the merit of the 

"The photograph and Figure 3 show the 
details of an experimental working model, 
made long enough to tune to 10 meters, bul 
designed so i could be pulled down to a 
flat-top length of only a few inches. The 


Figure 2— Hand eparalsd version ol the 
үайайе-неашепсу amenna mounted cn 

A wooden тате. To minimize mounting 
paco, the feed aro folded back over 
Tatio pulleys, F. The 300 опт line 
Sonnects at A and В. Wiin nl arrange 
mari he vertical movement of pulsy F is 
"aqua to е and movement ofthe antenna. 
pullers. The supporing ishine or sash 
ord mist be tat 


Practical working 
(model c no 19000. 
Spole VFA ol Figure 
3 used ai Waal. 
The systom i 
operaled by the 
servo moto at ihe 
Base af tho mast, 
and le controllable 
rom fna operating 
position. 


tuning was fairy sharp andthe results over 
‘conventional antennas for the reception of 
Em. broadcasting were gratifying. A con 
siderable improvement was noticed even 
‘within the 88-108 MHz £m. band whea the 
receiver was tuned то differen stations and 
the antenna adjusted for maximum re- 
sponse. It was a real thrill to couple the 
feeders to the lümeter transmitter and 


‘watch the plate miliammeter go up as the 
Amtonnacameinto resonance, and then pass. 
through, and return for maximum; then 
Without changing antennas, to switch onthe 
an. broadcast receiver, run the antenna. 
down to about four and a all fest to pick up 
A Detroit station, t was interesting to ob- 
serve the effects on the received signal 
strength as the antenna was shortened from 
resonance at 10 meters to the prope length 
forthe fim. band, with the receiver tuned to 
tiation on 98.5 MHz, Reception was pos- 
sible with the long antenna and became 
good as the flat top hit fourteen feet (three 
half waves), falling off toa very sharp null 
at 121.5 inches (critical), after which it re- 
turned to full signal strength at 5625 
inches, approximately а half wave forthe 
received signal. This ability to tone to an 
extremely critical null might find applica- 
tion in the elimination of an undesired, 
strong nearby signal under certain receiv 
ing condition. 

"The usesto whocha continuousiy-variable 
antenna may be put are limited only by the 
operator's imagination: Once he mechanical 
‘tals have been worked out they may be. 
used singly or in mile as antennas ог re- 
ectors driven by commen or separate servo 
‘motors and fn various phase relations. Such 
antennas may be used for transmitting or re- 
ceiving. or Tor special applicaons such as 
Field operations covering a wide band of. 
frequencies, signal end measurement, 
targettransmitters for ning up rotary beams, 
and antenna studies, Their greatest Gute 
cial application il no doub be in the m. 
and television fields where simplified ver 
sions, adjustable from the receiver, should 
find wide acceptance. 


Figure 2— Diagram ol tho ramolaly.controled antenna shown in the photograph, This 
system is now n ша at WBAJO for 28 MHz and up. may bo reduced lo a ha op 


SY tow inches, 
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Other Types of Adjustable Antennas ments using springs or cords and pulleys 
Although the folded doublet lends itself Wil come to mind and it is up to the iadi- 
most easily to continuous adjustment it Vidual to select the method best suited to 
nso be desirable to have a variable his particular use, In the beginning I red a 


variety of springs, shock cords and weights 
Tor other ow impedance ‘Bold ou! the ends of the flexible antenna 
%% Wire, but each ofthese methods had its own 
icysinnulatoreandwive,butreqivesa id. drawbacks and they all had the disadvan- 
ing contact at the center where the wind-up "28 of having to pull against а spring to 
drums are located, and unless operated fe: shorten the antenna and depend upon the 
J | spring to pull it back ош again. Metal 
рїш. Тыз pe of емы swan арпа come into resonance a! certain fre- 
Figure and although at present, umriedat quences. lied metal spring sash supports 
Wale i may prove worthwhile onthe Which would extend about 40 inches 
... ей гей but they came into resonance in their ex 
for a tunable 80 "meter antenna thet will tended positions and were not very smooth 
жой on 40 and 20 alo! in operation. 
IU was finally decided ıo use cords and 

Folded-Dipole Design pulleys so arranged asta be in mechanical 

Useful information relative tothe de- баайы and use the servo molor or 
sign of folded dipoles may be found in the other means ony or the purpose of adjust- 
Ай. Handbook for 1948, War Depart mest This required ess power in the servo 
mem TMII-466, RCA' litle book A and while itealls for more pulleys the result 
Practical Analysisof U.HLF.andina paper was smoother udjustment. I have found it 
SYN VERB Robert appearing ша RCA convenient to support the antenna rom the 
%% page 289. Their. ds by means of insulated pulleys on a 
tile by Rober, in which he tells of he Wood or other nonconducting structure. If 
work done by his group at Princeton during Uhe dipole is w be operated in a horizontal 
the war under Government contrat forthe Position there is no objection io using a 
dy ofthe folded dipole, is very helpful vertical metal sapport pipe, but horizontal 
in providing the reader with a mechanism metal rods oc pipes should aot be used. For 
Tor analysis of the antenna The ferme ош antennas center suppor must be pro 
indicaes that spacing of the conductors Мей for the feeder pulleys and the wind. 
‘composing the flat top should be close, in up mechanism. The ends may be supported 
the order o 1/100 wavelength. Since our БУ Poles, trees or buildings. 
antena is to have flexible conductors tis 
desirable to werk with a type of wire that SONO Motors 
їз large diameter forlowx. resistance, Thé servo motor shown in the photo- 
and at the same time has a high degree af graph is from a surplus Azon bomb tail as- 
Flexibility. Such а conductor may becom- sembly. It has plenty of power and may be 
VJ 
рег shield, the shield acting as the antenna (0 the battery or others. source, The сиг 
hd йиз combining large src wi good Ten! consumed is small and since the time 
exi, The rof lhe design is baned operation is alo small few dry cell 
проп avaiable materials, with emphasis Will provide power for operation over a 
"pon methods and mechanical devices for long period of time. Contained within the 
айша ош de fonction of varying d unitare two selenium rectifiers placed bere 
eno inet op and handling ete, io short circuit reverse currents o prevent 
ers. Refinements а botheleetrieal anê me. parking. They may be removed and in- 
chanical aspecto will resul from continued serledina30.velta.c.lineto the unit where 


3 they will provide sufficient d.c. for is op- 
eration. Reversal may be obtained at the 

Construction station end by means of a double-pole 
When considering the construction ofa double-ihrow toggle switch. Many other 


tunable folded dipole many arrange- | similar slow-speed servo motors are avail- 


Figure 4-A suggested arrangement for an adjustable motor-driven dipole sutabe tor 
ss on the lower amateur banda. Reais D, and Da reel inthe antenna wie, име, 
plays out braided sash cord, The assembly is made от a Signal Corps reel, Type RL- 
EZE, tea win roo rois Typo M-235, A avaliable on the surplus markat. The 
(tana reels aro fattaned to the cord real by meane of stanc-of buehinge secured to 
{he cantar insulation. Brushes 1 and 2 connect а T2-hm Ins running the. 
nemi Success ftis ayatam apanas upon maintenance of ood contact at 
"urnas. 


940 Chapter 9 


able on the surplus market, most of them 
reversible, and varying in size and power 
requirements, In some cases where d.e, s 
not available advantage may be taken of he 
Bear tain by connecting a universal cou- 
pling to the motor end and driving with a 
reversible universal an or vacuumrcleaner. 
motor operated from 115 volts a. 


‘Sources of Material 
Antenna wire should be light, durable, 
flexible, of large diameter and а good con- 
ductor Foreaseof agjestmentit should pall 
around a one-inch pulley readily. Super- 
flexible stranded copper wire of large di- 
ameter would be quite heavy whereas an 
insulated randed wire, if size 20 or s0 and. 
covered hy a braided tinned-copper shield, 
‘would be light in weight, adequately nex 
Ме and of sufficient diameter. Belden No, 
‘8885 shielded grid wire having an od. of 
0.1 inch has been found satisfactory, Too 
stiff wire will make the system unwieldy- 

Pailleys musthe free-running for smooth 
‘operation and have as little friction as por- 
sible. A number of different kinds of pul- 
теу normally available at hardware stores 
were tied und all had mechanical impar- 
Tections. Usually, though they seemed free- 
running when tried at the store, they turned 
ошо have prohibitive friction when loaded 
andin the system. Since the number of pal- 
leys required is fairly large and ibe 
accumulated friction may be excessive, 
ball-bearing pulleys are recommended, The 
first ones used here were homemade sad 
turned out of fiber and used small ball 
bearings in the center, The ball bearings had 
"inch holes and a Yeiach o.d. and were 
obtained from disassembly of surplus gear 
trains, bomb sights, computer and other 
equipment so plentiful on the surplus 
market, Later | found а source of one-inch 
aircraft pulleys (AN-210-1A) with ball- 
bearing centers. Air Associates sells them 
for $1.25 each but the surplus market offers 
hem at а lower figure. Pulleys may be 
found inal sorts of surplus aircraft control 
equipment and sometimes it is cheaper 
to buy а unit containing several pulleys 
than 10 buy them separately. Homemade 
hardwood pulleys tumed ош of maple and 
boiled in paraffin and using 
Weineh brass axles should be satisfactory 
The important thing is to have good low- 
friction bearings. 

“Twisted rope will cause the pulleys to 
tum over and twist and shart out the arial; 
therefore itis recommended that braided 
sash cord or clothesline be used. This, when 
properly fed through the pulleys, will not 
Cause twisting, А nice size that fits avail- 
able pulleys is a light braided clothesline 
"inch in diameter, Of course any Flexible 
insulating line may be used such as dial 
cable, fishline or upholdterers twine. 
Spring loading to prevent slipping because 
of stretching is advisable in tome cases 

Limit Switches” If the antenna is not 
‘visible from the operating point Micro- 
Switches may be so placed that when the 
‘end of travel ofthe antenna is reached the 


circuit will be opened and the motor will 
‘op, it being possible then o reverse it and 
run it to the other limit where another 
switch will furnish protection from 
ovetravel The switches should not becom- 
nected in the common lead to the motor but 


inthe circuit controlling that direction only 
(Switches and associated wiring must be 
placed so as пог to interfere with the elec- 
trical operation of the antenna.) 


Conclusion 
"Tbe examples shown are but a few of 


many possible ways of setting up remotely- 
controlled variable-frequency antenna 
systems. It i hoped that this article will 
serve as a basis for further development of 
adjustable antennae for amateur and cara- 
mercial use. 


у Rod Newkirk, W9BRD 


From QST, July 1993 


Honey, I Shrunk the 
Antenna! 


Think small! Communicate with multiconductor 


Great energy and ingenuity go into ef- 
‘ons to boost the effectiveness of compact 
transmitting antennas—compact meshing 
configurations with circumferences of “+ 
wavelength or les, By this definition, a 
At-meter design could be a square with 4- 
Toot sides, In the following discussion, 1 
depart slightly from the square, 1 preter 
AW feet high hy 81 feet wide, suspended 
inthe verical plan, for convenience in my 
antennas location, 

"The traditional small-loop approach is 
ic insert capacitance in series with a one- 
tura loop. tune it to the desired frequency, 
and then attempt to feed power to it as ef- 
ficiently as possible-no simple matter: The 
antennas © is astronomical. ешеш and 
voltage are monstrous, bandwidth is razor 
sharp, and is radiation resistance is ridicu- 
lousy low. This lossy situation can be 
Improved by reducing the resistance af the 
loop material through the use of piping, 
foil et, bat the resting plumbers” ni 
‘mares ore hardly worth the рай 

A mote promising avenue toward prac 


== 


— 


Figura i—The thros-tum loop antenna for 
40 meters Each capacitor is about 40 pF 
1o resonate and maten ho antenna 10 à. 
So- food ine 
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miniature loop antennas. 


Чеш, simple compact antennas. would 
арремг to bein te direction of ушей con- 
figuration. The goal ista "cool" the system 
‘with better power distribution, and atthe 
Same time simplify the feed. For example, 
‘vast improvement i the key parameters is 
possible by application of the venerable 
folded dipole” technique, This can be 
done by adding one more tara, tuned iden 
tically. connecting the two turns ín serie, 
and re-resonatin the antenna. Now, look 
ing ito one of the twin current nodes, the 


Increasing Muliturn Loop 
Efficiency 


Lots of hams use small loop in 
situations where they can't erect a 
larger antenna. Making contacts with 
‘hase antennas largely depends on 
high racationefficioney. He 
some things you can do ta 
bificioney and etfactivenoss of such 
antennas: 

+ Use large-diameter copper wire. 
Kaap the copper surface clean. Т 
plalsd wire is noticeably worse than 
Topper in ths application because of 
kán affect-most of tho RF Iravas in 
no tn, which lê far oss o than 
copper at RF. 

"Use low-loss capacitors. Tho key 
here is minimizing dielectric loss, 
which ie most favorable in vacuum- 
And airlalectno capacitors You can 
also parallel several capacitors io 
decrease losses 

Tneraasing the wire size used in 
nose loops raises the antenna Q, 
narrowing the bandwidth and increas- 
ing те voltages and cuente present. 
For this reason, you may have to use 
higher-quality capacitors than those 
Used Inthe experimental versione I 
Yeu increase the wire size. 

'Remambor that hig voltages can 
аме! on а multtum loop antemna's 
Wires at power levels о а few tens of 
walls or more. Thus, i's best lo keep. 
the antenna well away from other 
objects Roy Lewallen, W7EL 


input impedance will have roughly qua- 
drupled, The one-turn loop's skimpy 5 or 
Б rises lo approximately 25 О Adding 
yet another such turn doubles is o about 
3004 convenient matohtocommon coax. 
See Figure ! Ai with the folded dipole, 
more than four turns are unprofitable: di- 
‘minishing returns rase the input imped- 
ance. litle faster chan ohmie resistance 
Note that the tuning capacitances, each 
stout 40 pF, must be kept nearly equal for. 
overall system balance 

Construction techniques, conductor 
material, insulation and components now 
become less critical because voltage peaks 
and current node are distributed through- 
‘out the system. use ordinary zip cord, wo 
lengths entwined, giving four available 
mum.) For proper continuity, the four wires 
on each side of the loop are clearly tagged 
atalligator-elip connectors, top and bottom 
centers For 7 Mlle, one turn is left opea (at 
top and bottom), but will become useful on 
the lower bands as discussed later, A more 
classy construction might feature braided 
hook-up wire of contrasting colors. Small 
sandhoard spreaders at the clips keep adja- 
се capacitors separated, 

Midget receiver-type capacitors are 
adequate for CW power output up 19 
100 watts. One of these should be conve 
wende variable, preferably double-pane 
‘or splitstator type, for tweaking the system 
tothe desired center frequency as indicated 
bya 1:1 SWR. ALT MING, cach capscitance. 
is about 40 pF in my anteana, so the old 
war surplus Hammarlund APC midgets 
do nicely. Bandwidth can approach that 
of а normal linear dipole if a slightly 
higher center frequency SWR is accepted 
by stagge-tuning 

Excellent 40-macter results indicated 
that the same loop, dimensions unchanged, 
. 
itbecomes truly aminiloop, only / wave 
length in circumference. Adding the fourth 
turn (Figure 2) raises the feed impedance at 
‘slightly higher rate than ohmic resistance, 
fo included i. Armed with а bargain bag, 


The Ingredient Called Bellet 


Even though my busy ту e 
keeps hamming eno тате. ina me | 
spend hamming has o be spent 
тот The ea tn just lo get on the 
э апа contact anyone anywhere. 
thats to easy. Tho idoa i o do 
Something a ar o-me-walrand soe 
anyone shares ins seme orbi So 
vane ol those guys who call СО 
‘GRP or en minutes at 10148 5 kHz 
van as gama clogs no banc s low 
"Ed someone who looks or (and 
der ragonews on 3560 al noon. 
Дако! natural was in guy local 
абман Зх2 х1 СО at 7138 KHz at 
round 10 EM one night st tal 
Van ne broadcasters had long 
inco muscled ишлп 
Noachs ol to saler terri. And so 

naturally vas о coursa mrdalay 
answered by WSBRD. 

e We've worked on 
schedule many irmas before. but he 
End na tho father fm on- 
Тата nova пай o preamango each 
‘ew "et contact aner changes o 
Salon setup or locale: Chance so 
{ache а word toris but then have 
locked ico hard or a batiar word, 
tier. Icon! need o; we as do our 
бам iy wings and eo 

"Tis me, wo bo has now soups 
Té at located ге armi o or 
consilling my “shack” to We Bedroom 
Sn war їл to a low cipele troc 
O0» feet al mongrel соак he was 
tying out an папы, largely below 
оша сор antennae of he 
orina sunken n me arios ме 
dist ew ers of wal, tuning pest 
{hose dene broadcast signals as 
лчу a ary edm calo тап 
Sona йот Chong. 

Enjoying ne magi of yot алов 


first contact, | hardly gave his setup. 
а second thought. Bul you may 
Wonder such antennas really work 
буле Paradox expla ne f thus 


ith “only 100 
watts” Newkires Tiresome Chant 
puts it, “Successful МЕНЕ radio 
Communication may proceed al 
astoundingly low received signal 
vengine Reduced to genorie 
ros ire his: The most 
Important single factor n success. 
with whatever you usa is overcoming 
Your own disbelief David Newkirk, 


Wiz 


ofsmalLI-kV ceramic capacitors, reached 
3.6-MH resonance with s value of 100 pF 
Tor each of the four capacitances. One ca- 
pacitor was then replaced with an old 
broadeast-siyle, two-gang 300300-pF 
variable for tweaking. I measured the feed 
impedance, at the center of one of the four 
turns, at about 18 £1-well within the range 
of simple gamma matching, So another 
Jonk- box broadcast variable, three 350-pF 
апр paralleled, was suspended ат the 


итен 


p 


ө 


Figuro 2. Extending the Fig 1 concept to 
A0 and 160 meters requires adding 
Anotar turn e Pe antenna and increasing 
tho capacitances. See ine tex lor 

capaci values 


Ioog's top center. Only about 650 pF was 
needed far a 1:1 match to coax after 30- 
inch gamma lead was dangled toa tap atthe 
center of one side of the feed tarn. Then the 
system was tweakable over the entire 
‘O-meter CW range. The remaining ce- 
ramie capacitors get slightly warm at 80 
‘watts, which indicates significant power 
Joss, These capacitors should be replaced 
‘with low-loss units for best performance, 
but left them alone for my experiments. | 
easily contacted the East Coast and as far 
west as Arizona in the following few 
nights on the air. 

My next inclination, as you may sur 
mise, was to шу the Title gem on 160 
meters. A four-faot-squace transmitting 
Joop for 1.8 MHa? T wasn’t overly optimis 
tic, Years of ltkecing at WOBRD had failed 
lo produce а decent indoor compact 
antenna, even of mach larger size, for top- 
band work Bur dog into my bog of ceram. 
ics and gave it a go. The four turn loop, 
‘sow arly Ja wavelength in circumference, 
resonated at about LA MHz with four 
350-pF capacitors, One of these was то. 
placed with an old broadeast-type 500-pF 
variable for rweaking the center frequency 
between 1% and 1.85 МИ». I double- and 
vriple-checked the measured feed imped- 
ance—16 0. Now I knew it would work 
‘The gamma-match SWR dipped to 1:1 at 
about $00 pF using the sume lead, tup and 
broadcast capacitor as on 80 meters, Inm. 
diste solid 40-wat CW QSOs with WNOW, 
KCAWWV, WKOB and W4VZB were most 
gratifying. 


Variations and the Higher Bands 

Ш such a Yau-wavelength loop can 
Function a 80 meters, the same should be 
true at 20 meters, So 1 wound а I-foot- 
square, three-turn model on а cardboard 
box, hung it on a wooden bulkhead, and 
resonated it to 14.050 MHz with theee 
S0-pF ceramic capacitors. This time, in- 
stend of the usual fudging capacitor, 1 


© 


Figure 3—A A, the 30/20-nater loop: at 
BB the 16/17.matar version, and at б. the 
Someter varant 


spaced the turns 1'/: inches apart. Center- 
frequency tweaking thus could be done by 
uniformly edging the turne away from or 
toward each other. This spacing approach 
works fine for box-wound loops, but for 
the lower bands, 1 prefer closewound zip. 
cord. Input impedance turned out io be 
about 11 Q should have used a fourth 
turn—and gamma coupling worked okay, 
ason 80 and 160, The 1:1 feed line dip oc 
‘curred with a 120-pF series capacitor, with 
A gamma lead of 13 inches In my installa 
боп, this antenna is po low-angle DX ra- 
dimor, to be sre, but I've received 50 re- 
ports during many stateside QSOs. Anyone 
fora 3 inch square 2-meter version? 

‘Antennae smaller than necessary are 
interesting stunts that help prove а 
design. However, for the lowes HF 
bands I recommend the largest practicable 
circumference 
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ig height is usually the 
- Thus, a cooler 7-foot 
by 9-foot job, requiring much smaller 
resonating capacitances, should be a natu- 
val for 80 and 160. 

Incidentally, the configurations de- 
scribed ae quite well balanced. Although 
in my test the antennas were placed within 
tweaking distance of the operator, no shack 
RFT showed up on any band at the 80-watt. 
level, Careful symmetry helps, notwith- 
standing the dangling gamma lead on RO 
‘and 160. The coax feeder should ran down 
and away from the top-center feed point, 
equidistant from the vertical sides. А balun 
or coaxial RF choke might seem applicable, 
ut] found such isolation unnecessary. The 
directivity pattern for such а loop is 
‘he usual figure, with most radiation in. 
ihe plane of the loop. However, there will 
be sharp nulls perpendicular w the loop's 
plane, which you should take into account. 
‘when placing your antenna. 

My prime purpose here is to treat loops 
of ‘hewavelengih circumference oc 
‘smaller, but you may desire to use the same 
ele by 43 foot dimension on the 
higher HF bands, as 1 do. The hook-ups 
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shown in Figure 3 perform well on 30 
through 10 meters. Each provides a direct 
match to 50-Й coax. True, almost any old 
picce of wire gets QSOs on 10.1 MHz and 
“above, but a balanced loop radistor is hard 
o beat for indoor hamming. A few hints 
and observations: 

"ALIO, 1 and 14 MHz (Figure 3А), just 
two turns are sufficient to reach a feed im- 
рейипсе of about 50 £1 The two approxi- 
mately 20-pF capacitance values are 
slightly higher for the 30-meter band, 

* For 17 and 15 meters (Figure 3B), the 
Joop must be made electrically smaller by 
splicing it symmetrically. Two split turas 
and four equal capacitances then bring a 
lose 50-2 match, Note that the feed point 
is moved to the center of опе of the four 
vertical sides, Capacitances ae in the 15- 
pF range. 

* On 12 and 10 metere (Figure 3C), one 
split tum will suffice for à near-30-0 
match, with two capacitors of about 12 pF. 
Here, splistator midgets can ease adjust 
ment by minimizing hand capacitance, but 
i's а fancy junk box that includes them, 
The old APC midgets, whose rotors ha 
Title more mass than their stators, will 
maintain enough system balance, 


Cautions and Conclusions 

Like any indoor antenna, the loops 1 
describe here generate substantial electro- 
‘magnetic fields in operation. Thus, they 
have considerable potential to generate 
RL For this reason and to prudently avoid 
placing yourself or others in large RF 
fields, you should keep all antennas as far 
from consumer electronic devices and 
people as possible, and use he least 
RF power necessary o conduct the desired 
communications. The current editions 
of The ARRL Handbook and The ARRI 
Antenna Book cover this subject jn more 
deuil? 

A final comment: For overall results 
with compact antennas, like almost any 
skyhook, the higher above ground the bet- 
ter, In my case, radiation and reception 
strongly favor higher sky wave propagation 
angles, АП antenna configurations 1 de- 
Scribe here were tested and operated in a 
cellar bam shack, where half of ihe system 
is below ground level! 


Notes 
"See the sidebar, "nermasing Munum Loo 


The ARRL Guide to 


Antenna 
Tuners 


A Radio Amateurs Guide to Antenna Matching 


SS E 


as — | 
imet 


On the Cover 


‘The group of special purpose antenna tuners made by 
the late George Badger, WGTC, is shown beneath his rotary 
antenna system, The inset shows a general purpose L-network 
antenna tuner built by Barry Shackleford, W6YE, who took 
both photos. Both are discussed in Chapter 15. 
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Foreword 


Antenna Tuners are mystical devices that are sometimes needed 
between antenna systems and transmission lines or radios to make 
everything play the way it's supposed to. They are the subject of 
considerable confusion and misunderstanding by many Amateur 
Radio operators. 

This book is intended to assist readers who have a basic 
knowledge of antennas, such as conveyed by Basic Antennas — 
Understanding Practical Antennas and Designs, in gaining an 
understanding of whether or not they need an antenna tuner in their 
station. If it turns out one is needed, this book will help the reader 
decide the type of tuner needed and where in the system it should be 
applied. Also provided are descriptions of appropriate applications 
of such devices and antennas that are well suited for such use. An 
additional chapter provides data collected from ARRL Laboratory 
product reviews of representative antenna tuners to assist in tuner 
selection. Design methodology and specific design details are also 
provided for those who wish to build their own tuners. 

As with all ARRL books, be sure to check to see if there are any 
last minute changes that didn't get into the book before it went ta 
the printer, Updates and errata, if any, can be found at www.arrl, 
org/product-notes/ 


David Sumner, K1ZZ 
Executive Vice President 
Newington, Connecticut 
October 2010 


4 Hallas, WIZR, Basic Antanas — Understanding Practical Antennas and Designs, Available 
‘vom your ARAL dealer orio AARL Bookstore, AMAL order, 9904 Telephone 660-804-0055. 
or tobe inthe US 886-277-5289; wwwartLorg'arr stor, pubsales@arr.og, 
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The national association for Amateur Radio 


The seed for Amateur Radio was planted inthe 1890s, when Guglielmo Marconi began his experiments in wireless 
telegraphy. Soon he was joined by dozens, then hundreds, of others who were enthusiastic about sending and receiving 
messages through the air—some with a commercial interest, but others solely ош of love for this new communications 
medium. The United States government began licensing Amateur Radio operators in 1912. 

By 1914, there were thousands of Amateur Radio operators—hams—in the United States. Hiram Percy Maxim, а 
leading Hartford, Connecticut inventor and industrialist, saw the need for an organization to band together this Red- 
Jing group of radio experimenters, In May 1914 he founded the American Radio Relay League (ARRL) to meet that 
need, 

Today ARRL, with approximately 150.000 members, is the largest organization ot radio amateurs in the United 
States, The ARRL is a not-for-profit organization that: 

+ promotes interest in Amateur Radio communications and experimentation 

+ represents US radio amateurs in legislative mater, and 

+ maintains fratemalism and а high standard of conduct among Amateur Radio operators. 

At ARRL headquarters in the Hartford suburb of Newington, the staff helps serve the needs of members, ARRL is 
also International Secretariat for the Intemational Amateur Radio Union, which is made up of similar societies in 150 
countries around the world 

ARRL publishes the monthly journal QST, as well as newsletters and many publications covering all aspects of Ama- 
teur Radio. Is headquarters station, W1AW, transmits bulletins of interest to radio amateurs and Morse code practice 
sessions. The ARRL also coordinates an extensive field organization, which includes volunteers who provide technical 
information and other support services for radio amateurs as well as communications for public service activities. In 
addition, ARRL represents US amateurs with the Federal Communications Commission and other government agen- 
cies in the US and abroad, 

“Membership in ARRI means much more than receiving QST each month. Inadditionto the services already described, 
ARRL offers membership services on a personal level, such as the ARRL Volunteer Examiner Coordinator Program 
and a QSL bureau. 

Full ARRL membership (available only to licensed radio amateurs) gives you a voice in how the affairs of the 
organization are governed. ARRL policy is set by a Board of Directors (one from each of 15 Divisions) elected by the 
membership. The day-to-day operation of ARRL HQ is managed by a Chief Executive Officer. 

No mater what aspect of Amateur Radio attracts you, ARRL membership is relevant and important. There would be 
‘no Amateur Radio as we know it today were it not for the ARRL. We would be happy to welcome you as a member! 
(An Amateur Radio license is not required for Associate Membership.) For more information about ARRL and answers 
to any questions you may have about Amateur Radio, write or call: 


ARRL— The national association for Amateur Radio 
225 Main Street 

Newington СТ 06111-1494 

Voice: 860-594-0200 

Fax: 860-594-0259 

Email: hq@arrLorg 

Intemet: wwwarrl.org/ 

Prospective new amateur call (toll-free): 

800-32-NEW HAM (800-326-3942) 

‘You can also contact us via e-mail at newham@areLorg 
or check out ARRLWeb at http:/wwwarrlorg/ 
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Chapter 1 


Why I Might Need ап 
Antenna Tuner 


Amateur Radio station W1ZR, home station of the author. The unit on 
the far left is an early Ten-Tec 238 manual antenna tuner. 


Contents 
Radio Incompatibility? 
Does My Antenna Have to be a Resistor?.. 
So What's the Problem? 
What Happens if the Radio and Antenna Aren't Matched' 
So What Can We Do?... 
What's in a Name? 
Review Questions... 


То transmit radio signals, you need кеу, microphone or PC. In this book ^ between the transmitter and antenna. 


‘transmitter, often the transmitter We will focus on the interconnec: This is because, strictly speaking, 
side of a transceiver —a combined tion between the transmitter and the an antenna tuner isn't necessary, at 
transmitter and receiver — and an antenna, leaving the other topics to best not in all eases. The antenna 
antenna. Of course you will need a eher books. tuner is only required if the transmit- 
few other things such as legal suthor- You might notice that, in spite of ter can't put its output power into the 
ity to transmit, from the FOC in the the book's title, we didn't mention antenna because of an incompatibility 
US, а power source and an infor antenna tuners — a device that goes between them. 


mation source, such as a telegraph 


Radio Incompatibility? 


A radio transmitter comes with intermediate device, called a power IMPEDANCE, 500 (Unbalanced) wm SW 
a set of specifications. For proper supply, to transform the 120 V ac in — or2torjess These specifications 
operation, the owner is responsible our outlet to the 13.8 V de our radio — indicate the load that the antenna 

to ensure that the requirements listed wants, system must present to the radio for 
inthe specifications are met. Some ‘The compatibility issue we will be proper operation. We will discuss the 
are straightforward, such as “power considering here is one relating to the — different parts of this specification 
required: 13.8 V de at 20 A max.” If ANTENNA IMPEDANCE specification, апі what they mean as we go 

же plugged such a radio into a While not all transmitir specifica — forward. As with the power supply, if 
120 V ae outlet, we wouldn't have dans include an explicit antenna the antenna doesn't meet the specifi- 


a right to expect itto operate prop- specification, most will say some- сабот" requirements, we might need 
erly — in fact we might expect to see thing like ANTENNA IMPEDANCE, son an intermediate device — possibly an 
smoke and flames. We would need an (Unbatinceg) or possibly ANTENNA antenna tuner 


Does My Antenna Have to be a Resistor? 


‘The indication “50 Gf does sound over the air, Unfortunately, a resistor із often the case that the antenna's 


a lot like a resistor. The radio will absorbs the transmitter power and radiating properties will be converted 
be very happy to put its power into turns it into heat — it does not make — into a load that acts like a 50 Q resis 
an actual 50.0 resistor, in fact that's good antenna. tor to the radio, but actually radiates 
how we often test a radio when we Ina properly designed antenna, it the power as radio waves. 


don't want the radio signal to go out 
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So What's the Problem? 


I would seem that we can solve our 
incompatibility problem by just buy- 
ing (or building) an antenna that has a 
compatible specification of a 50 (2 
resistive impedance and connect- 
ing it to our radio, This is quite true, 
and сап be very successful — 
certain constraints (see Figure 1-1 for 
the ideal case). This compatible ease 
is referred to as a matched system. 
Unfortunately, the real world rears its 
ugly head in a few ways 

* The biggest issue is that any 
antenna will have its particular design 
impedance on a single frequency 
‘This is not an issue with many radio 
services — broadcast stations, for ex- 
ample — that operate on а single as- 
signed frequency. Some services, such 
as the Amateur Radio service, operate 
Within assigned bands. Shifting 
frequency from one end of the band 
to the other can result in a significant 


— 


son Aroma 


100W Tanner 
504 Oupu impedance | 500 nies 
Толот Une 


Figure 1-1 — Radio and antenna system with matched impedances. 


change in antenna impedance, impedance, For example, perhaps 
‘© A real antenna is always installed | the simplest antenna, a half wave 

at some height above the local terrain, horizontal dipole has an impedance 

The electrical properties of the зой that varies from around 40 to 100 2 

and the height above ground will de it moves from 0.1 10 0.35 À (wave- 

have a significant impact on antenna lengths) above ground. 


What Happens if the Radio and Antenna 
Aren’t Matched? 


Most radios can tolerate a certain 
amount of mismatch from an antenna 
system without any problems. This 
is often specified in terms of stand- 
ing wave ratio (SWR), a measure of 
mismatch. Often the allowed value is 
2:1; which, for a 50 © system, would 
represent resistive values of 25 or 
100 Q (50/2, or 50 x 2) Note that 
While the radio will operate without 


"In addition to these мо resistive 
values, there is a whole set of com- 
rations of resistive and reactive 
Impedance components that will 
also result n an SWR of 2:1. 


damage at this level of mismatch, it that senses the mismatch and reduces 
‘may not operate quite as well as ifit transmitter power to avoid damage. 


were matched. Note that while the transmitter will 
A mismatched load impedance in not be damaged, and still can be used, 
early solid state transmitters could it will put out less power, sometimes 
result in damage to components in beginning to fold back at an SWR as 
the power amplifier stages due to low as 15:1. This is perhaps the most 
higher voltages or currents than it Common reason that we might notice 


was designed to handle, Modern ош 100 W transmitter actually put 
transceivers have fold-back circuitry dg out 25 W. 


Why Might Need an Antenna Tuner 1-3 


So What Can We Do? 


Perhaps not surprisingly, one 


solution to this issue is something ces 
that is generally called an antenna ا‎ 8 
tuner, The antenna tuner is a variable g 


impedance transforming device that 
can transform the impedance of an 
amenna system so that it appears to 
the transmitter as а 0 0 load, while 
causing almost all of the transmit- 
ter power to be radiated from the 
antena, just as if everything were 
matched, жаш 
As shown in Figure 1-2, the an- NS 
tema tuner can be placed directly at 
the transmiter and connect directly to Figure 1-2 — Antenna tuner collocated with the radio and the antenna. 
эп amenna. In many cases, a trans. Allthe ranamitier power reaches the antenna except for any loss In the 
mission line is used between the tuner, generally less than 5%. 
transmitter and the antenna. We will 
discuss transmission lines in more 
detail Imer, bot for now be aware that e mem 
a transmission line is frequently used 
if the transmite and antenna are not 
in the same place, As shown in Fig- 
ures 1-3 and 1-4, the antenna tuner < 
can be placed at either the antenna 
end or the radio end of transmission 
line interconnecting the radio and 
tena, It could even be put at an 
intermediate pot 
Much of this book will discuss the 
details of the different configurations 


[o Osou тресат 


prn 


hoo ware wan 
5o n Output medan j 


and requirements of antenna tuners pred 


and where they are located, so you 
can make the most informed decision figure 1-3 — Radio and antenna system with tuner located at the radio 
‘on what type of tuner to buy or build end of the transmission line. 

and where to install it. 


| а Out pecar ED 


Figure 1-4 — Radio and antenna system with tuner located at the antenna 
end of the transmission lin 
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What's in a Name 


Over the years there has been 
some discussion of what to сай this 
device I call an antenna tuner. There 
fare those who would say that an- 
tenna tuner is a misnomer because it 
doesn't actually tune the antenna, but 
really tunes the transmission line in 
most applications. 


Over the years many other terms 
have been used to describe this 


device, You will see references to an 


‘antenna coupler, antenna tuning unir 
(ATU) and a iransmaich — ай within 
various ARRL magazines and books 
They all mean the same thing and 
refer to the same type of device. 


"The best name Гуе beard for this 
function is antenna system matching 
device, Since that doesn't resolve it 
self to an easy to pronounce acror 
throughout this book I will use the 
with neither apology nor regret. 
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Review Questions 


1-1 Under what conditions is there no requirement for an antenna 
tuner in a transmitting system? 


1-2 Нов can you tell if an antenna tuner is needed? 


1-3 What are the likely consequences of not having an antenna tuner, 
or having a misadjusted antenna tuner? 


1-4 If an antenna tuner is properly adjusted on one frequency, what 
must be done if the operating frequency is changed? 


Chapter 2 


A Look at Typical 
Configurations 


The classic hall-wave dipole — an antenna mainstay at 
‘many amateur stations. 


Contents 
A Transmission Line — The Piece in the Middle... 
Dipole for the 40 Meter Amateur Band. 
The Dipole for the 80 Meter Amateur Band. 
Fractional Bandwidth .. 

Review Questions... 


А very popular antenna for a new shown in Figure 2-1, Generally the iy balanced antenna and unbalanced 


radio amateur is called a half-wave antenna length is trimmed equally on (with respect 1o ground) comi sale 
dipole. This antenna is easy to each side of center ший the closest о provide an appropriate transition 
шко pieces Of wie match to 50 Qis found. While it will beween tem. This device gene: 
With a total length of about 468/, function as shown, more predictable ally called bal fo rg 
Where fis the frequency in MHZ and performance is often obtained by in- to unbalanced transition We wil 

the result is in feet The antenna is seming a device between the inherent- — discuss this ш detail Tater the book, 


often fed with 50 £ coaxial cable as 


mr 7 
шол pn 
ae Ў 
m 5 = 


Figure 2-1 — The half wave dipole antenna. This is a very effective antenna, considering Its ease of 
construction and low cost. 


Transmission Line — 
The Piece in the Middle 


їп most cases the antenna and. with an impedance equal o the Z, by the transmitter comes out at the 
йо ше located in separate areas, be same impedance will be seen at antenna. The attenuation is higher 
Мом often, the optimum location for апу length of line. Fortunately there with increasing frequency, for a given 
the radio is somewhere that a person are many types of line that havea Z, type of line, The attenuation is an 


сап comfortably operate a radio, of 502, so such a line connected to directly proportional to line length, 
For many types of radio systems, an antenna with a SO impedance in addition, the attenuation increases 
this means indoors. The antenna, on will present a SO load to the radio wih standing wave ratio (SWR a 
the other hand, is typically located no matter the length of the line. Itis measure of mismatch) — alter 
ouside so it can radiate with minimal worth mentioning briefly at this point reason to have a matched system, if 
Pbstractions and with at optimum that if the line is terminated in an possible, We will discuss this phe. 
height above the terrain, impedance other than its Z, theim- nomenon later 

It's possible to meet both require- pedance at the far end in general will SWR is generally determined by 
тере ¡an antenna is connected tobe neither the terminating impedance measuring the ratio of reflected power 
the radio system through a transmis- пос the Z, of the line to forward power. An SWR of 1:1 re- 
sion line. An ideal transmission line Theseiopics will be covered іп зида in no reflected power Ifthe line 


conveys energy from one end to the much more detail later, but it's good bas significant attenuation, both the 
other in a totally transparent manner, to have an idea as we go through the power getting o the antenna, and any 


A real transmission line, on the other — basics reflected power will be attenuated. 
hand does so with some limitations; © Real transmission lines have Thus a measurement of SWR at the 

A Each type of transmission line some associated losses, Thus not radio end will appear to be lower than 
has a characteristic impedance, Zy allthe power put into the bottom the resl SWR at the antenna end 


If the transmission line is terminated 
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Dipole for the 40 Meter Amateur Band 


Il we were fo make а dipole of the standing wave ratio (SWR) across 


form of Figure 2-1 for the center af ie band, 7.0-7.3 MHz, we would 
the US 40 meter band, we would use — observe a set of SWR data very much 
the formula 468/1, with the F equal like that plotted in Figure 2-2 
107.15 MHz to result in a starting Note that, as desired, we observe 


length of 65.45 feet, or 65 fect, 5.4 analmost perfectly matched condi- 


inches. As noted previously, this will tion (SWR of 1:1) at o 


design fre- 


vary with height, but lets say we get quency of 7.15 MHz. Note also that 


it all correct and have a height that as we change frequency across the 
provides close to a 50 Q load at that 
frequency. If we then measure the "Notes appear on page 6. 


Figure 22. 


Figure 2-4 — Plot of SWR of 40 meter dipole of 


band, cur SWR rises to 2:1 at each 
band edge. Thus, even though our 
antenna is only closely matched at 
the band center, if the transmitter can 
operate at full power with a 2:1 SWR, 
this antenna will be usable across the 
band, if immed very carefully 


What About Height? 
We have previously mentioned that 
changing height will also change the 


height and length adjusted for 50 Q at 7.15 MHZ. 


Plot of SWR о! a 40 meter dipole with 


Figure 2-3 raised to a height of 2/2, about 66 feet. 132 feet. 
Note the change in frequency of minimum SWR. lt 
could be tuned back to mid-band by lengthening. 


Figure 2-5 — Plot of same antenna raised to 1, about 
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ESE Figure 2-6 — Plot 
of SWR of a1 à 
high 40 meter 
dipole trimmed 
for mid band. 


amenna impedance. In fact it will also 
change the resonant frequency of the 
amenna. To obtain the plot in Figure 

2-2, we lowered the antenna to a height 
of 12 feet. While such an antenna will 
‘operate, the combination of its direct 


signal and the signal reflected from. 
the ground will result in most of the 
radiation going skyward. This makes 
it suitable for short and medium range 
communication, In many cases anten- 
паз are raised higher to increase low 


angle radiation to support communica- 
tion over longer distances. 


Impedance and Resonant 
Frequency at Greater Height 
Figs 2-3 through 2-5 are а series 

of SWR plots of the same antenna 

as it is raised, first to 33 feet (2/4), 
"en 66 feet (42) and finally 132 feet 
(1A). Observe the two phenomena 
happening as the antenna is raised 

— first, the impedance is changing 
and second the resonant frequency 
(frequency at which the impedance is 
resistive) is changing. Note that the 
impedance shown is that close to the 
resonant frequency, 

To improve the SWR, we can adjust 
the length by making it long enough 
so that the resonant frequency is 
moved back to mid band. The result 
is shown in Figure 2-6. Note that the 
antenna now has an SWR range across 
the band of 2:1 or Jess so it might still 
work well across the band without a 
Tuner. Note harto achieve this result, 
it must he very carefully trimmed. 


A Dipole for the 80 Meter Amateur Band 


A dipole for 80 meters (don't 
worry, this is the last example) has а 
very different result. The US 80 meter 
(Sometimes called 75 and 80 meters) 
‘band is wider than 40 meters, cover- 
ing 3.5 to 4 MHz, The result, again 
with the height lowered and length 
adjusted to match 50.0 at mid band 

is shown in Figure 2-7. Ths isa very 
different result from our 40 meter di- 
pole's impedance over the band, The 
SWR at the band edges is now above 
7:1, and the bandwidth over which 

the SWR is 2:1 or les, the SWR. 
bandwidth, is about 150 kHz — about 
half what it was on 40 meters 
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Figure 2:7 — Plot 
of SWR of a 80/75 


Pe | meter dipole with 


ight and length 
adjusted for 50 1 
at 3.75 MHz. 


Fractional Bandwidth 


"The reduced bandwidth on 80 


meters illustrates a few interesting Table 2-4 


principles, First, for a band this Wide Percentage Bandwidth of Each HF and VHF US Amateur Band, 
шеле үн e — бшш шшш 
last three dipoles with slightly difer. (мава) Frequency АН) Frequency te 1 40 
ет lengths to cover the whole band if (gj 2000 ono 200 +08 
we didn't have a device to transform 80 4000 E: 500 133 
the impedance toa value we wanted 60 5407 5330 77 14 
— an antenna tuner. Second, we note 40 7300 7000 300 42 
жеегин к-с E 10,100 10150 E] 05 
. мою E за 2 
1 A т 18088 18168 100 95 
percentage) of the center frequency 18 bye] Ei P4 @ 
that we wish to be able to cover. 12 24,360 Er 100 04 
In the case of 40 meters, we were 10 28000 29700 1700 59 
able to cover a bandwidth (7300 — H 50,000 54.000 4000, 7 
7000) of 300 kH with an SWR af 2 E 148.000 4000 27 
2:1, This is the fraction 300/7150= „128 2500 22500 Ed is 
(0.042, or 4.2%, Note hat on 80 me- 709" = 000 мк = 
ters we had about 150/3750 = 4®. We 
can use this as a predictor of whether 
ıa single thin dipole can cover each 
amateur band with the results shown — end for CW and SSB operation and book: Several versions ol EZNEC 
in Table 2-1 a separate vertical antenna for FM enema ocio safara, chug 
Clearly, the problem is most pro- designed for the high end. Many dere Rey den WEL al 
nounced on 80 metes, perhaps why operators, however, like to aan wwměznecom 


we chose that example. In addition, portions of 160 and 80 meters, so that er an introduction to EZNEC modeling. 


ә сао Appendix A of J Hallas, WIZR, 
160, 10 and 6 meters are wider than сап be an issue. A etri 


ош threshold. as is the 70 cm band Pracica Antennas and Design 

Fortunately, the higher three of these Psal from your ARAL dealer or 
ands have operations divided by Notes ife ARAL Bookstore, ААР, order 

s 5 үр ooo "This plot was obtained using an то. 9994. Telephone 860-594-0355, 

mode, so that itis not unreasonable о "MS pil was opened ung a ToS RIDDLE oe 

have, for example, a horizontal EZNEC We wi Sa on tis emarttorgantatore pubsales@ 

6 meler antenna centered at he low progamrepentedy roughoul he amarg. See chapters 26 
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Review Questions 


2-1 Under what conditions might a # wave dipole not be compatible with 
a radio system? 


2-2 Why can a transmission line tend to mask a high SWR? 


2-3 Ifa dipole should be able to cover a complete amateur band, but 
doesn't because the minimum SWR is higher than the middle of the 
band, what can you do to improve the situation” 


24 If you have no antenna tuner, how many separate dipoles would be 
required to cover the entre 10 meter amateur band with an SWR of 
Jess than 2:17 


Chapter 3 


So Just What Is an 
Antenna Tuner? 


On the left, inside view 


HF tuner (Ten-Tec 
238); on the right, a. 
computer controlled 


0 W automati 
tuner (Elecraft KAT3) 
signed to fit inside 


Contents 


What's In an Antenna Tuner 
Antenna Tuner Controls 
Sidebar — A Quick Discussion of Standing Wave Ratio 
Where are the Knobs on an Automatic Antenna Tuner? 
Whats the Best Tuner for You 
Review Questions... 


As noted in Chapter 1, rhe antenna 
tuner is a variable impedance trans 


the antenna, just as if everything were be just what we need — they come 
‘matched. This sounds lie just what 


in many flavors, shapes and sizes — 


{forming device that can transform the we need to solve the problem of using not to mention specification ratings. 

Much of this book will deal with how 
to choose the best type of antenna. 
Tuner, as well as to determine the best 
place in the system to locate it 


impedance of an antenna system 10. 
appear to the transmitter as а 50 Q 
load, while causing almost ай of the 
transmitter power to be radiated from 


deal with 


an antenna system that has an SWR 
hat the transmitter doesn't like to 


While an antenna tuner may well 


What's In an Antenna Tuner? 


In order to perform its transforma- 
tion function, an antenna tuner must 
deal with any load that is within its 
specified limits everything has Из 
limits — no antenna tuner can match 
absolutely everything!). As noted in 
the sidebar, an SWR greater than 1:1 
happens if the load of the antenna. 
system is diferent from the specified 
‘output load impedance ofthe trans 
miter, 50 © for most current designs. SWR 
‘Table B in the sidebar shows some 
representative values of res 
and capacitive or inductive series 
reactance that result in various values 
of SWR. 

Note that we could categorize the 
load impedance into four general 
categories that could all have differ- — frequen 
ent solutions: 


work well. 


transformer. 


of 50 0. In this case the SWR is 1:1 
and we don't need an antenna tuner 
at all. We could bundle with this all 
loads that work well with the trans- 

miter without change — perhaps 


those with an SWR of less than 2:1 
There may be a bit of extra loss here 
or there, but generally everything will is often fed through a wideband 12:1 


2 The load is a resistive imped- 
ance other than 50 £ , and not close 
‘enough to allow proper operation. 
This could be loads with а 2:1 SWR 
such as 25 Q or 100.0, а 3:1 SWR 
such as 16.7 Qor 1500, ora 10:1 

as 5.2 or 5002. All of 
these loads share the fact that they 
ance Could be matched through the use. 
of an ideal transformer, just as you 
‘would match an 8 О speaker to a 
600 £2 audio ine with an audio 


For use in radio rather than audio 
s, such transformers must 
be constructed differently to avoid 
1. The load is a resistive impedance also introducing reactive components, 
but the approach is feasible and 
sometimes encountered, One classic 
example isthe matching arrangement 
employed in a wideband antenna of- 
ten used at HF called a 


fers an almost resistive load of around 
600 О over a 4:1 frequency range and 


impedance ratio transformer by a 
50 0 system. Figure 3-1 shows the 
idea, While most folks would call it 
a transformer rather than an antenna 
tuner, there's по question that it is 
performing one possible clas of the 
function we're talking about 

3, The load is composed of a 
combination of a 50 © resistive 
‘component and a series reactance. 
A load with a parallel reactance can 
be transformed into one with a series 
reactance, but we'll focus on the 
series version since it may be easier 
to visualize 

‘This makes for an easy to imagine 
antenna tuner, If the series reactance 
of the load is inductive (+X, ), all the 
antenna tuner need contain is а cor 
ponent with a capacitive reactance 
of the same magnitude, (-X,). The 
series combination of the two is just 
bic. Mok. © Q reactive, so the resultan is the 


p 
Wee Bena 
50 0 Load to que 600 Q Load 
enter anio gg, 
ME тве 
deen Antenna 


ут 121 mpedanoe 
banden Raso 


Figure 3-1 — A wide-band impedance transformer. 
‘can serve the function of an antenna tuner for а 
resistivo load. 
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Figure 3-2 — Antenna tuner for special case of 
reactance in series with resistive part equal to Zo- 


resistive component —50 1 as shown 
in Figure 3-2. 

Note that, unlike the wideband 
transformer, this will likely work 
only on a single frequency, If the 
antenna has an inductive reactance, it 
will tend to increase with frequency. 
(X, = 2x mx [X L) at least over a 
limited frequency range. In order to 
Keep the total impedance resistive, we 
will need a variable capacitor, so we 
сап adjust the capacitive reactance 
to match the changing inductive 
reactance of the load. Note that our 
"antenna tuner“ now has a knob on 
the front, and is starting to look more 
like an antenna tuner. 

4, The load is a combination of 
resistive and reactive components 
that have an SWR greater than we 

san deal with aad that falls in none 
of tho other three categories. This 

is the general ease — the one all 
general purpose antenna tuners must 
deal with, at least over some range of 
SWR. 


"There аге a number of circuit con- 
figurations that can be employed that 
will do a combination of cancelling 
the reactance and transforming the re- 
sitive impedance, We have cataloged 


EER 

L^ = 
нна. 
E 
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them in Figure 3-3 so you will recog- 
nize the configurations as we discuss 
them, In many cases, if constructed 
of the same quality components, they 
will provide equivalent performance. 
As with all general purpose devices, 
there are certain advantages and dis 
advantages of each, and some may be 
more appropriate for some applica- 
tions than for others. 


Antenna Tuner Controls 


Another categorization that can be 
made is whether the tuner is designed 
то feed an unbalanced load, typically 
fed with coaxial cable or a single wire 
against ground, or is intended to feed 
a balanced load such as a dipole fed 
With balanced open wire transmission 
Tine. Each ofthese configurations can 
be adapted o either task, however, we 
will defer that discussion until later. 


‘Not surprisingly, many of the dif- 
ferent manual antenna tuner configu- 
rations have diferent control arrange 


L-Network Tuner Controls 
"The L-network has two primary 
adjustments, an inductor and а capaci- 
tor. In the Ten-Tec 238 tuner shown 
in Figure 3-4, und in most L-network 
Tuners, each control is adjustable 
throughout its entire range on any 
band, providing maximum flexibility. 
In addition, there is a switch to move 


Figure 3-4 — Front panel view of an L-network tuner, an early version of 
the Ten-Tec 238. 
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A Quick Discussion of Standing Wave Ratio 


We discussed standing wave ratio in Chaplet 2 and 
noted that a matched antenna system has a standing 
wave ratio (SWR) of 1:1. That is the case in which 

there аго no standing waves and all energy from the 
transmiter is delivered to the load with по reflections 

(n the transmission ine. This ie a very straightforward 
situation that is easy to understand, Getting Into the 
details ol this topic can get lengthy and there are entire 
Books devoted to the topic Fortunately, we won't need 
10 get Mat deeply involved to understand antenna tuners 
‘and their applications. Stil, мо need о have same idea. 
‘about SWR, what i means and what it consequences 
are lo understand, when and I itis a problem and how 
to sole t. 


The Matched Transmission Line 

I we were to connect a battery to a long real 
transmission ine with no load and monitor the current 
‘that would flow with а high speed oscilloscope we would 
notice an interesting effect. The combination о! the 
Jine series inductance and shunt capacitance, and to a 
lesser effect the wire resistance, would result in an initial 
curent that would fiov, even though tere is an open 
circuit at the far end, 

“The current wil continue to flow ший the signal 
propagates to the end of ће line and retums. When it 
reaches the end of the line (traveling somewhat slower 
than the speed of light) а reflected wave of fne opposite 
polarity ili propagate back because there can be no 
current flow at the open circuit. When the reflected Wave 
returns to the source end of the line the combination of 
the forward and reflected wave will result in zero current 
— just what we would expect for an open transmission 
Ine. 

The rato of the applied voltage to inital currentis an 
Impedance and we cal this the characteristic impedance 
rZ, of the transmission line. This is the current that 
would How into an infinite length of line no matter what 
is at the far end. Note hat we dit say anything about 
‘signal frequency here, this is strictly а matier of the way 
the Ine ia constructed, especially 
the capacitance and inductance 


удеу per foot or per meter, These values can often be 
‘Gund п many manufacturers specication sheets 


‘The Matched Transmission Line 

JE instead of having an infinite line, we put а resistor 
win а resistance equal othe Ine Z, on the far and of 

the ine = wl absorb the power as arrives and there 

wil be то reflection, The voltage and current relationship 
at the sgral end of he ine wil appear as I! i were no 
Same resstor ust located at the source, 

“This exactly what wo wanted! I the sourco is a 

ado designed to driva a 50 £ load, Z, is 50 0 and our 
Jad s an antenna with an impedance of 50 f. we get 
just whet we want — to our transmitter t appears as If 
the antenna is connected direct to the antenna, Thora 
3s no reflected power, the SWR is 1:1 and ais wel with 
the word. 


‘The Mismatched Transmission Line 

There are an infinite number of eases in which a 
transmission line s terminated, not with ts Z, nor with 
ап open or short, but with some other impedance. This 
results in a reflection of а signal that is smaller than the 
Signal that was sent down the ine. It is important to note 
that this signal does not represent ost power, because t 
is re-reflecied from tho transmiter back up tothe Ine. It 
is true that the power delivered о the antenna will equal 
the forward power less the reflected power, however, 
because the power is re-rfloctod at the transmitter so 
the numbers go up together. This is Ilustrated in Table 
A for the case of репес! (lossless) transmission ino, 
assuming the transmitter can put power inta the SWR. 
shown. 


So What's the Big Deal 
“The key is the two reasonable assumptions noted 
above. Lets discuss each: 
Transmission ines aro not lossless, and their 
losses increase with increasing SWA as we wil discuss, 
Whether or not thats a problem depends on Ihe line 


thal is distributed along Ив length. 
For the usual low oss line, ignoring 
resistance, we can determine Z, as. 


Table A 


Example of Net Transmitted Power with 100 W Transmitter versus SWR. 


е with Lossless Transmission Line. 
SWR  Hefecion*& Forward Power Reflected Power Antenna Power 

2 їл o 100 o 100 
21 10 111 п 300 

where Land C are the inductance 20 25 193 ES 100 


and capacitance per unt length, 


the variable capacitor between the two 
ends of the inductor to allow tuning of 
both high and low impedance loads, 
This particular tuner uses a rotary 
inductor (see Figure 3-5) foc adjust- 
ment of inductance. The coil tums 
иһ rotation of the shaft on the left 
end. As it turn, its point of connec- 
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tion to the small whee! on the top in 
the picture is moved up and down the 
Coil. It requires about 30 turns of the 
knob to adjust from the minimum to 
the maximum amount of inductance, 
‘Some tuners use a switched indue 
tance instead, The switch allows а 
quicker change of settings, but does 


not provide for values of inductance 
between the switched taps. This is 
not generally a problem, although 
there are some loads that can't be 
tuned to a 1:1 SWR at some frequen- 
cies — still close enough works, Note 
that there is no bandswitch, on this 
model, since any available adjustment 


type, frequency and SWR as we wil discuss later. 

WOhen а more serious problem is that somewhere in 
е range of SWR in Tablo A, typically by an SWR of 2: 
transmitters wil reduce power o avoid damage due to 
{he higher current or voltage that results from the higher 
than specified SWR. 

Note that the second problem is not a fundamental 
issue of SWR itself, but rather a design choice mado by 
"ransmiter designers. Sill, or transmitters that we may 
ооо! use, ts a real problem that we have lo deal 


What Kind of Load 
Results in High SWR 

Any load that is dierent from Z, ofthe transmission 
ıine wil result in a SWR greater than 1:1. For the case 
of the frequently encountered 50 ( coaxial cable, that 
means any load that is not 50 Q resiste. This can mean 

load that is resistive with a value of other than 50 A or 
a load tha! is resistive, but also has capacitive (-X) ог 
inductive (+X) reactance, or any of an infinite number of 
‘combinations of the two Some examples of loads with 
diferent SWAS are shown in Table B. 

Note that itis very easy to determine the SWR for 
ho resistive case — ifs just Z/ or FIZ, depending on 
whether the load is greater or ess than the Z,- 

"Thus itis important to know not just the resistive part, 
but also the equivalent series inductive or capacitive 
reactance to determine the SWR. 


Determining SWR from Impedance Data. 

While the case for resistive loads is simple, tne case 
for loads with reactance or complex loads is well — 
more complex. Stil, there are at least three ways that | 
know of to determine ће SWR of a complex load, not 
counting measuring with an SWR meter, ав follows: 

= Use the sofware TLW (Transmission Line for 
Windows) tat comes packaged with recent ditions 
of The ARAL Antenna Book? If you plug in the R and 
X values and the appropriate transmission line Z, it 
provides the SW at each end of the line You can select. 
which end ol the ine has the measured 2 (input or load). 
Tiss very andy since t wil also calculate the Ine 
loss. 

I This may be the most simple calculation to make 
‘graphically with a Smith Chart Recall that 1 те Z 
1s just resistive (X0), the SWR is einer Z/Z or Z/Z,, 
depending on whether the Z is lower or higher than the 
Z, Recall also that a circle on a Smith Char represents 
‘constant SWR. Thus it you enter tha Z on the Smith 
Chart and draw a circle centered on the chart center, it 
will show the transformed Z for any length of line. Ether 
point at which the circle crosses the resistive axis can be 


is usable on any band — you just 
crank until you are within range. It 
may even be helpful for upper body 
development, 

The capacitor can be a single, or 
multiple section type or а combina- 
tion of a variable and fixed capacitors. 
in my tuner, the switch that moves the 


capacitor from one end of the inductor 
to the other has additional positions 
that switch in fixed capacitors in par- 
allel to extend the tuning range. The 
fixed and variable combination allows 
somewhat finer tuning, but in multiple 
steps. A larger variable with a multi- 
turn vernier dial m; 


Impedance of Loads that Result in 
Different SWRs. 


For deal 50 © Coaxial Cable 
RE) X) зия 
ю о 

8 о 21 
Wo о z 


167 o зт 
10 o зт 
50 оза 31 
æ ш зт 
„ 9 io 
„% o 101 
50 301 


used to calculate the SWA as described above. 

‘if you have nether computer nor Smith Chart, 
you сап compute the SWR directly This can be found, 
for example, in a book I had as а text many years ago, 
a classic by the late John Kraus, WBJK, Antennas. ir 
he fist edition k is in the appendix on page 507. The. 
calculation is dane in two steps: 


1 Fg voto relin enfants 

H ) 

Noa кайда le a complex numba, some 
calculation в а bit tedious. 

2. Find the SWR = (1 + lel) /(1 — lel) 

‘where [o] indicates tne magnitude of the complex 
reflection cooticient, а, found in step 1. 


Notes 

^i. Maxwell, W2DU, Reflections, check his Web site 
dor formatin on avalabt o ne latest don at 

*R.D Straw, Editor, The ARAL Antenna Book, 21st 
Edition. Available from your ARRL dealer or the 
ARAL Bookstore, ARAL order no. 9676. Telephone 
860-594-0355, ог tol-reo їп the US 888-277-5289, 
‘www.arrLorg/shop; pubsalos Oarri org. 

“Paper copies of 50 (1 Smith Charts are available rom 
your ARRL dealer or the ARRL Bookstore, ARAL 
order no. 1341. Telephone 860-584-0955, or toll- 
Irae in the US 868-277-5289, www.arrl.org/shop; 
Pubsales @ arrl.org 


and may be quicker to adjust 
An advantage of the L-network 
tuner is that there is only a single 
combination of L and C that wall 
match a given load, As noted below, 
some tuners can offer more than one, 
but only one is optimum. 
be equivalen 
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fied inductor and variable capacitor, 
The typically balanced transmission 
line was tapped symmetrically on 
the сой — close to the center for low 
impedance load, close to the ends 
for high impedance loads. Small clips 
were generally used to provide lond 
Mode e connection points. Very low imped- 
ance loads were connected in series 


Ж. ‘with the center of ће inductor, 

— Any reactance in the load would 

— detune the tuned circuit that would 

then be readjusted by retuning the 

variable capacitor, The usual trans- 
miter side connection was a link of a 
few turns that could be mechanically 
moved in and out of the center of the 

oil to provide adjustable coupling 

It was actually simpler to adjust 


Figure 3-5 — Close up ot a rotary inductor. 


ind T-Network Tuner boom tuner, with the high oc ow han describe. Once the ap poat 
Controls. impedance determination dependent were located fora panicula, band us. 
Рала network tuners have three 9% Which capacitors settoaround ag the usual single antenna, the clips 
tuning controls — usually one inductor "ff were fixed in place, and this became. 
еа Бауке юа Wi ciber the pi-or Foetwork ^ furone morcm іа а 
that started out in the age of vacuum 140619, sometimes multiple very dif. while changing frequencies, Both 
tbe transmits wih рамад cute | erent settings can be found at will fassten and receivers ofthe pre 


tune a particular load. In general, WW? era often had plug-in coils that 
setting with the minimum inductance — required changing each time a band 


put circuits often are built with similar. 
components and are thus bandswitched 


as in the Drake MN-2000 tuner shown 15 More efficient since the wire fe- change was desired 
in Figure 36. In this tuner the band. sistance of the inductor can dissipate — "The 1950s cra E. F. Johnson 
power. Matchbox antenna tuner (see Fig- 


switch sets the inductance to а preset 


eil tap for the middle of the expected 
range and be capacitors on both ends Ned Transformer 


ше 3-7) was a radical design change 
to the tuner transformer type of tuner. 


are used to provide the closest match, Tuner Controls ‘This was the era in which transmit- 
This configuration can be useful, but The tuned transformer is essential- ters and receivers were generally 
generally has less tuning range than‘ the same asan output circuit from © bandswitched and the Matchbox was 
those with adjustable or switched an earlier, before the pi-network, an effort to make antenna tuning just 
Бл kami Маме. Kind of transmitter. I typically has as easy. What made the matchbox 
Note that api-network tuner set я balanced tuned circuit designed to unique was a patented differential 
то minimum capacitance on either of resonate on a particular band (there capacitor design that allowed a vari 
the capacitors essentially becomes an Weren't as many back then) using a able capacitance to be made of two 


capacitors — one that increased and 
опе that decreased as it was rotated- 
A pair of these were placed across 
the tuner resonant circuit allowing the 
transmission lines in the middle of 
each to be tapped across the resonant 
circuit using capacitive “taps” instead 
ofthe previous inductive taps, This 
allowed a continuously adjustable 
impedance setting to be made from 
the front panel. The bandswitching 
allowed bands to be changed without 
changing coils. This was very popular 
at the time, and they are still popular 
today. They do have some limitations, 
principally that they only work on the д 
amateur bands of that day, not 30, 17 
Figure 3-6 — 1970' vintage bandswitched pi abia tuner, and 12 meters — although they may 
fué DRAKE MN lode |5 No A Pi-TfPE GRUT фт APEC CIRCUIT ти me | 
35 Chapters IMAT Caen AAD ТИС Соң, BEING FINED (бао SWAD) Me mE | 
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impedance at a high SWR can vary 
widely, the tuner needs to have a wide 
range of valves in order to be able 
to accommodate all possibilities at 
езегу frequency within its range Itis 
generally the case that the lower the 
frequency, the more inductance and 
capacitance will be required. Thus the 
maximum available inductance and 
capacitance, generally determines the 
low frequency limit of operation. 
Inthe case of high power tun- 
ers with large components, it is not 
unusual for tuners thar cover down to 
160 meters (1.8 MHz) to be in larger 
enclosures simply because the size of 
the components is larger. In a similar 
way, it is the minimum capacitance 
cand inductance that sets the high 
‘drive some loads on the higher bands sufficient sensitivity to allow proper frequency limit In this case, one 


by setting to an adjacent band. тий, her isnt much ent im my mus ofen look beyond the pai 
opinion. The early transceivers, and values of the components themselves 
Antenna Tuner Metering especially pre-transceiver transmit- and lok to the stray capacitance of 
Many antenna tuners include ters, did not generally include that wires and component frames to the 
metering, either directional power function, perhaps explaining why cabinet, as well as the inductance 


meters or an SWR bridge. These can most tuner manufacturers still provide of connecting wires between com- 
be used to monitor progress whil them, For most users with metering ponents. Some tuners have trouble 
adjusting the antenna tuner — either in the transmitter, transmission line matching loads on 10 meters (28 to 


for minimum refected power, or current meters on the output side of 297 MHz in the US) tha would be 

for minimum SWR. Arguably. his the tuner would actually he more use- easy to match а lower frequencies for 

is somewhat redundant if he Соп fil To my knowledge, alas, по tuner this reason, 

nected radio transmitter also has manufacturers now include these! Inerasing power with high SWR 

SWR or reflected power measurement сап result in very high currents and 

. voltages within e шин, rutiny 

tuners may be more sensitive or easy All tuners are composed of com- lere components for high power 

to read. binations of inductors and capacitors tuners. The large components, in 
While there is certainly no harm in in various combinations, Since the addition to making the box much 

having redundant metering, if your bigger, also make the control of stray 


radio meter is easily visible from luctance and capacitance more of a 
the antenna tuner location, and has "Notes appear on page 9. challenge for the designer, 


CONSTANT (з) омей TAE Tumvé RANGE AND THERE 15 ONLY OME MACH Fog 
А бшем Z ace (V. COMRANY do THE T-TUMER, 
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Automatic antenna tuners боті 
generally have tuning knobs. Instead, 
they have à microcontroller that 
monitors SWR or reflected power 
and uses an algorithm to step through 
allowable values of L and C until 
a match is found, Any of the tuner 
topologies ia Figure 3-3 could be 
used in un automatic tuner with an 
appropriate control mechanism, 
Some automatic toners use rotating 
variable capacitors and rotary induc- 
tors, just as in many manual tuners, In 
fact some are adaptations of manual 
tuners with servo motors and control 
Jers added on as an additional physi- 
cal and logical layer, 
Ido think it is safe to say, however 
thatthe majority of auto tuners use a 
cof discrete components instead of 
variable ones, A range of inductance 
is provided by using relays to switch 
differen sizes in series to reach the 
desired value, Similarly, a range of 
acitance can be provided by hav 
ing multiple capacitors switched in 
parallel. By having values available 
ina series such as 1, 2,4, 8, 16, 32, 
(64, 128, 256 for example, any value 
from 1 to 511 (citer pF or uH) can 
be obtained in steps of 1 unit. Thus 
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Where are the Knobs on an Automatic 
Antenna Tuner? 


soup for a microps 
part may be del 
gorithm that can 
Values without trying all combina 


tuner. Мом 
find a suitable match with 
threshold, often 18 
seconds with no addition 
tion about the antenna be: 
Many auto tuners have the cap 
bility to memorize the appr. 
settings for a particula 
found. There are tw 
this, both can be quite 
Memory stored by frequency. Ре 
haps mosi commonly 
is the storage of tuning data bas 
frequency. OF course, this requires 
that the tuner measure the frequency 
before it can tune. Most tuners have 
a number of frequency “bins” of 
ıa certain bandwidth, for example 
perhaps 25 kHz. If the frequency is 
Within that bin, the last successful 


ing from a frequency within 
bin will be used. If it doesn't meet the 
threshold, the tuner will start tuning 
Obviously, the smaller the bin, the 
тоге successful the tune is likely 
tobe, assuming the same antenna is 
used. On the other hand, this depends 
п previous operation within the bi 
so it takes longer to accumulate data 
forall bins, Most tuners seem to have 
it abot right, in terms of rade off, 
Memory stored by past success, 
A different approach is to just keep 
ack of the last number of success- 
ful tuner settings, independent of 
frequency. Let's say the tuner remem- 
bers the last 100 successful tuner 
settings. И just very quickly tries ай 
ose before it initiates its regular 
tuning algorithm. I is quite likely that 
cent conditions will be repeated. 
This approach is particularly advanta- 
a single port tuner that is 
witched between multiple antennas 
2 multiple successful tuner set- 
tings appropriate within a single fre 
quency bin. Of course an advantage 
manufacturer i that the tuner 


asure or otherwise. 
determine transmitting frequency. 


What's the Best Tuner for Үои? 


amplifier А high power toner will tenths of seconds. Arguably either 
The best ner for a particular ap- work fine at ow power, if the linear is is significandy quicker o get into 

plication will depende depend m your рі operation бап a manual taner, even 

fon your antenna syste and op Manual Tuners often offer antenna with recorded dial settings 

шош needs. Automatic antenna switching and conto! functions not The rest of the book will explore 

Tuners inside тиесі are come- presen in many ato tuners. Manual ess more deti 

nient and don't require extra space tuners alo often provide continuous 

/// 

many do aotcover aide mod: © foran exact ed dener e, ee 7 “Keeping Curent 

J 

hough some may dobetterthan bene Fab 2009, pp 34-36. 

spec. Interestingly, he internal tuners Automatie ter have a numberof * Danzar, IA Sirge 

ftom Flera, FlexRadioand Ten-Tee = advantages and not many disadvan. Taneformorio Measure Your 

de provide wide range (ıo 10:1 SWR) tages. Some can be operated remotely Antenna Current? QST, Sep 2009, 

%%% the antenna orel Pas o 

this direction: The other disadvantage system losses Either of the memory "WME or brand specie una 

of internal tuners That you wl need taner types can reduce the tuning AN 

a tuner with a higher power raring time for previously encountered mate тоату уйа rom he 

. antennas from a few seconds oa few OO heuty 
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Review Questions 


3-1 What are two reasons to provide a matched, or nearly matched, load to a 
transmiter? 


3-2 What is the SWR of a 50 © cable with a 500 £1 resistive load? How about a 
500 £2 transmission line with a 50 £ resistive load? 


33 Ifa 100 W output transmitter is connected 10 a lossless antenna system with 
23:1 SWR and it can deliver йв full power, how much power reaches the 
antenna? How much power is reflected from the load? 


Chapter 4 


Tuning an Antenna Tuner 


Tuning controls of three manual tuners. On top, a 100W 
Pi-network, in the middle a 1500 W L network tuner and. 
оп the bottom a bandswitched 1000 W Pi-network tuner. 


Contents 
Tuning an Automatic Tuner 
Tuning a Manual Tuner 
A Simple Transformer to Measure Antenna Currer 
Review Questions... . 


By now we, hopefully, know what 
an antenna tuner is, and why it may be 
а good idea, The next question should 
be “how do we work it?” The answer 
to this depends a bit on the type of tun- 
erand your configuration. In all cases, 
the most important rule is: Don't iter 
Jere with other users ofthe band! This 
‘is an issue because al spes of tuners 
require the transmission of RF for at 


least the final adjustment 

This is because tuning is con 
ered complete only if the SWR 
close to 1:1, and it takes a si 
be able to measure SWR. Even 
the signal is of a reduced ampi 
people have been known to make 
worldwide contacts with trans 
ters running less than 1 W, so don 
assume a low powered 


Tuning an Automatic Tuner 


won't go anywhere 

If you are worried about loosing 
rack of the current frequency that 
has a particularly desirable station: 
just put it in memory, tune off the 
frequency, adjust the tuner and, when 
tuning is complete, recall the desired 
frequency from the memory. You 
should be good to go, and you won't 
nit for someone else. 


As its name implies, tuning an 
automatic tuner should be, well 
automatic. Mis a tuner that is part of 
the radio, ог designed to operate with 
the radio, there is likely a TUNE bution 
that reduces power, sends a carrier on 
the desired frequency and then forces. 
the tuner 10 tune. Many afier-market 
‘automatic tuners first measure the 
frequency and try the settings that 


worked the last time you used that 


frequency, or one close to it 
Tf tbe tuner is one that is not 

designed to work with the radio, you 
generally will need to initiate the 
process in some way, In many cases, 
ifa transmitted RF signal is sent to 
the tuner will measure the SWR 
and automatically initiate the tuning 
process if it needs to, There are two 
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‘concerns here — first, many tun- 
ers want adjustments to be made at 
reduced power to avoid burning relay 
contacts — second, reduced power 
should also be used during tuning to 
avoid potential transmitter damage 
from trying to feed a mismatched 
load, as well as to reduce interference 
to others 

‘You will need to find a way to 
easily reduce power for tuning, Some 
radios do exactly that with a TUNE 
button. On my transceiver, I have such 
а button and a menu selection allows 
me to set the tune power to any level I 
‘want. Pushing the TUNE button sends. 
a reduced carrier ош nf the transmit- 
{er until T push it again. This button 
is also useful to start tuning а linear 
amplifier. If you don't have а TUNE 


button, you may need to manually 
reduce power and then hit key 10 
send а signal, Note that I said key, as 
in radiotelegraph mode, Hinting the 
push-to-talk button on a SSB voice 
transmitter will switch to transmit, 
but not put out а signal until you 
talking — so that doesn’t work well 
for this application. If your transmitter 
supports AM voice, it will usually put 
out a carrier of about 28% of full PEP 
seyed, so that is a possibility 
that is usually som 
what more power than desired." 


“Transmitters such as the early 
FR L. Drake vacuum tube series use 
controlled carrier in AM mode and 
may not put out a carrier without 
speech 


Tuning a Manual Tuner 


To tune а manual tuner, you can ac- there are no signals adjust for loudest elf there are multiple settings 
tually start with the transmitter turned band noise ос meter indication. Yielding a match, as there will likely 
ой. First look at the Instruction elf you have an amenna analyzer, be with T- and Pi-network tuners, 
manual and see ¡Ft provides suggest- use it instead of the radio to find set select the one with minimum induc- 
ed settings foreach band, While your tings that offer a matched load to the tance — it will be more efficient 
actual settings will be somewhat dif- radio port as shown in Figure 4-1, because inductors tend to have more 
ferent, since you will have a different eil you can't quite get to a loss than айг variable capacitors. The 
impedance on each band, they should 1:7 SWR, shift one of the controls off following example illustrates the 
make a good starting point. Hope- its minimum position and adjust the point 


fully the controls on your tuner have ober one (or two) for minimum. Г A fairly typical "random" length 
calibration marks on each control, if the result is better, move the first con- — of wire likely to be matched with an 


not, imagine an analog clock face on trol a bit more in the same direction, — antenna tuner would be 57.5 feet long. 

each control. Repeat until it starts to get worse, If fed against ground. This would have 
Next, practice tuning your tuner f still not satisfactory, repeat the an impedance of 25.6 (2 resistive in 

into a dummy load, Even though the procedure with а different control. series with 100.9 capacitive reac- 


tuner usually isn’t needed to match 2337 MHz — а 10:1 SWR, just 
the 50 damn lod to the trans within the design range of most wide 
te, if the tuner is în line, the tuner range ters. A low-pass L-network 
эй require just as careful adjust- Gus] toner will just have a single value of 
ments to tune into that load Ty the Land C that would mach this wren. 
tuner on cach band and record the ance. would be, according to TLW 
lig Software (discussed str in май), 

5.29 Н and 1000 př. The loss in the 
L'remvork tuner would be 0.11 dB or 
25% 

‘With a high-pass T-nerwork tuner, 
there are an infinite number of combi- 
able ductors or capacitors, usually nations of tuner components that can 
one of the former and rwo of the result in a satisfactory match. Serting 
Wes An ovat il Just bave Figure ш value requires te other no com- 
one of each but will usually have a ponents each be ser to a particular 
Switch to move the variable capacitor | (UN reduces both strosa to your ajue o obtain a match, As shown 
Between the input and output side of 1900 dr ban me о othar oy in Table 4-1, isted by selected value 
the inductor as shown in Figure 3-3in shown cen be uses lo seh e of output capacitor, not all combina- 
Chapter 3. Because the three controls © output of the antenna tuner to ie, on will have the sume efficiency. I 
interact to some degree, finding the te adio or the antenna analyzer. shows dramatically that by having & 
righu setings can be arduous, can 
wen the transmitter and сап also 
Cause interference to fers a you uy Table 4-1 


10 find the right settings, hence the 
recorded table I provide the follow- EXámination of High-Pass T-Network Tuner Efficiency as a Function of 
Tuning: Load 25.6.0 Resistive In Series with 100.) Capacitive at 3.7 MHz. 


Adjusting a Manual Tuner 
Most manual antenna tuners 
have three controls, If it's a Pi- or 
T-network, they will all be adjust 


ing suggestions. 
lany antenna tuner instruction ^ Capactor 

‘manuals have tables of typical values Ошро) Юрик) malen (иН) Laas (88) lose (5%) 
for each band, Use these as a starting 5 92 1906 85 859 
рой. 10 128 821 54 na 
Practice tuning your antenna. F1 = ы M q 
UE 50 375 225 18 299 
tuner into a dummy load, as discussed 109 e 125 as 12 
above. 200 1028 78 05 15 
nel tune as close as you can 500 1712 47 03 68 
using the receiver as an indicator, If 1000 2232 37 023 52 
A signals on the band, adjust 2000 264 32 оле 44 
there are signals on the band, adjust 8909 = 2s 29 2 


for maximum S-meter indication. If 
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Table 42 
WIZR Antenna Tuner Settings Table 
Antenna Tuner Settings — 100 fr Dipole (4) 
FREQ с — PED L 
18 во Û 4-99 
355 58 н 20-69 
38 to н 18-19 
53 аз HI 12-95 
E] 12 H2 6-50 
72 85 ошо ово 
115 вв н 4-63 
140 20 н 

142 13 mM 
3808-108 41 — Hi 

210 зо и 

212 2 и 

215 25 U 
24890-90 15 н 

E wo и 

EH 0 и 

290 10 и 

Antenna Tuner Settings — -Band (2) 
FREQ с MED L 
30135 — 40 f 9-19 
TRüéewe 43 DO 4:в2 


high inductance value, the loss will 
be higher than if an inductor with а 
lower value were used. All combina- 
tions will provide а 1:1 match tothe 
transmitter which will happily pump 
power into the system, While some 
values would likely not be realizable 
13.7 MHz, the reactances all would 
be easily employed at 30 MHz, A 
1500 W transmitter with the 86% loss 
‘of the first entry would dissipate 
1290 W in the tuner as heat. The 
tuner would likely melt before your 
eyes! 

Note that Table 1 indicates that the 
highest efficiency is with the lowest 
inductance value — often the case. 
її also can happen that the high Q of 
low inductance solution can result 
large circulating currents resulting 
in additional loss. The best way to be 
sure is to measure the relative current 
going from the tuner to the antenna. 
‘The solution with the highest current 
vin he the most efficient 
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АМР SET 
зиз Lead Tune 
25 00 80 
129 40 58 
98 вв 47 
58 
45 та 27 
56 
m 
40 7 15 
27 70 14 
29 то 20 
зу 62 15 
43 
as во аз 
18 
18 so 20 
25 45 20 
Er] 

АМР БЕТ 
swa domi ue 
5 
5 7 m 

АМР SET 
swa Load 
23 4 sa 


"The actual value ofthe current 
usually significant since the antenna 
impedance is unknown. For any given 
antenna on а given frequency, what is 
important is that you have the solu- 
tion that provides the most current 
towards the antenna with the trans- 
miter operating into its design load 
and within ratings. Unfortunately, 1 
am not avare of any tuners now avail- 
able that provide fr the measurement 
of antenna current. RF ammeters are 
available on the surplus market and 
one is available from MFJ, Alter- 
nately, a fairly simple antenna current 
transformer project article in OST 
described how to make your own, It is 
reproduced inthe following sidebar. 
‘Once you have a match, reduce 
the inductance, retune the capacitors, 
and see if you can still obtain а match 
with an even higher current. Once 
you have the settings fora particular 
antenna, you won't need to measure 
the current again unless something 


changes in the system. 
“Record your data! АП manual an- 
tenna tuners I've seen have calibrated 
scales on their front panel for each 
control, As soon as you have a match, 
‘write dawn the settings you found 
for future reference and use them for 
а starting point next time. | find that 
having a set of dial readings for at 
least the phone and CW portions of 
the band is useful Table 4-2 is the 
actual table that 1 use at my station. 
Note that there are separate table 
segments for three different antennas. 
The fourth position is connected to 2 
dummy load for testing and amplifier 
adjustment purposes 


The Controls in My Table 

Since there's а bit more here than 
you might need, let me explain the 
columns I have included in my chart. 
The tuner I use is an early Ten-Tec 
238 with front panel layout shown 
the chapter title (center) figure, Thi 
isa 1.5 KW rated L-network tuner 
that provides four antenna connection 
ports, one of which (4 4) can be set 
up for either а balanced or unbal- 
anced load using an internal balun on 
the output side. 

$ FREQ is the approximate frequen- 
cy that 1 made the adjustment for. 

Cis the approximate setting of 
the variable capacitor dial, It has 10 
divisions, but I "eyeballed” how far 
between the marks the setting was to 
get the tenths position 

‘siuPe is a switch that can set the 
configuration for igh (Н) or low 
(L) impedance and has five fixed 
capacitor settings for cach, hence the 
numbers 1 through S. in addition to 
the leter, 

L is the setting for the variable 
inductor. The inductor setting has two 
numbers because it is a multiple turn 
rotary inductor. The first number is 
the value of the TURNS scale, while 
the second is the knob setting from 
the skirt on the knob? 


Current models ofthis tuner have 
an improved drive for the rotary 
Inductor that provides a single 
reading forthe L value. 


SWR is the SWR measured with 
the tuner bypassed. This doesn’t play 
а рап in the tuning, but is useful as 
a check to make sure the antenna 
hasn't changed or fallen down since 
it was installed. The tuner will just as 
happily tune the antenna if it breaks 
and falls down, but the signal won't. 
g0 as far. 

The two АМР SET adjustments 
ме for my linear amplifier tuning 


controls. They share the spreadsheet 
because, as with the antenna tuner, if 
1 change bands or modes, they need 
adjustment. These columns save 
having an additional piece of paper 
‘on the operating desk. If you don't 
have a linear amplifier you don’t need 
these 

Your tuner may have different. 
control labels, and you may not want 
to include all my data, however, it 


should give you a starting point for 
your own record keeping. I maintain 
‘my records on a PC spreadsheet, 
although any convenient medium can 
be used. A small set of data might fit 
опа c 5 (or perhaps 5 x 7) inch file 
card, The spreadsheet has the advan- 
tage that it can be easily updated as 
antennas are changed or added. In my 
experience, amateur stations are never 
чийе done! 
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A Simple Transformer to Measure 
Your Antenna Current 


SWR doesn't give you the whole story 
— you need an RE current meter. 


Paul Danzer, NU 


KLA. presented а good idea — 

monitoring the RE current into 
your amenna учет o insure optimum tn 
"ng! Actually, it was the second tne it was 
mentioned to те — Gorge Peters, KIEHW, 
suggested the same thing to me several 
months before. A he end of Eric's mice, 
һе propose using a current transfer todo 
the monitoring 


Making a Current Transformer. 
This could he as simple ns à tum of wire 
through a ferrite core and several tm of 
wire алик! the cre Vo frm а anser? 
The cuit ofthe vransfarmer would he pro 
ronal o he current through e wire. 


Making it Happen 

This seemed imple enough. and the result 
of one hours work is shown in Figure 1. The 
Sore used was а 137.6, 137 detignates he 
size (0T inches OD), picked o бе insulated 
Center condacor a RC- (or RG-59 we 
Fi comfortably through the core сене: The 
=f designation relates o the frequency 
application of he eme mi, in is cate 2 10 
SOM 

Searching the ARR supplier’ dta hse, 
ie appears dat Altar Magnetic offers this 
‘oe за ateo would бе a Palamar F3? 
with mix 61, There is no criticality here — f. 
You wan u try it, чйр a sore from any old 
ers pera frm a junked PC power 
supply or compar cable П тау not Бе he 
"ost icit RF transformer ever ult ht 
ifi works it will do the job. 

Wrap 20 tums o 24 gauge enameled wire 
as бе transformer secondary. Th secondary 
is connected to half wave rectifier consisting 
fasion diode (INDIA) a 100) resistor as 
ihe юй and a 1 F capacitor as a filter (see 
Figure 2. A high-impedance volumcter (the 
510 varie i connect to he two pin jacks 
toser э an indicato 

"The unit shown wan tse wih а 100 W 
transmitter on all bands from 80 through 
10 meters. Performance across each band 


I a recen QST article, Erie Nichols, 
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Figure — View o 
{he transformer and 


was rebel uniform, eee the prob- 
ЭМЕ variano of SWR and power though he 
бей line as the frequency was varied. 

Hook up the rest of the cii as shown in 
Figu 2 and connect metro the Terminals. 


What we Have 

‘The object here was not to getan exact 
measure of the antenna current, What L 
‘wanted was а relative measure, 0 1 could 
see if anything was going wrong, or use it 
as а way o adjust my amenna teer for he 
„maximum signal o the antenna. Commercial 
sions ve з current mele, md s he 
connection of tne feed ie to tbe amenna, o 
"он ouput, Since they know the amenna 
impedance and their meters are calibrated, 
they can determine precise power into the 

1f you enjoy low power (QRP. typica 


Жа 


Figure 2 — Schematic diagram ofthe 
тїшє RF current meter Rating about 
the crc t rel. See text for parte 
Information 


From September 2009 OST © ARAL 


SW ar less) or very lou power (GREP. es dun 
1 Wy operan. more шт» may be needed and 
can easily be айе! Sima your meer 
ок not have enough sensitivity, more tune 
тау be called for afer assembly the core k 
‘ot ily place, held by he itom of he 
secondary onthe primary wire, a drop of due. 
‘an be wed есше al together, 


Puting it to Use 
pun E 
32300 
„„ 
E E A AEA 
E 
. 
. 
„„ 
„ 
EO MEE 
СТАЕ 
E cs кулл. verge Curent win 
5 


E pans Hough ha one oo 
— е 
RR sar a oman dade euch 
TOt io pato the эйсоп дода due 
— vonage зор 


ARRE Member Pout Dancer: NUM, was fri 
licensed in 1953, and он hold an Amater 
Earra сш license. Pua hs been operating 
VO meter CW almost солу since he rt 
"ord He mes his ware f трепети a 
Hec engineer o design and Pal val 
‘ect ham тийе pers Cares. 
Peto of Computer Science t Danone 
Commi College im Connect He on be 
‘ruched arent 


Review Ouestions 


4-1 Why is it important to listen to the operating frequency before you 
start the tuning process? 


4-2 Why is it a good idea to manually initiate tuning with your auto-tuner 
before transmitting on a new frequency at full power? 


4-3 If there are more than one set of tuner settings that provide a 1: 
SWR, which should you choose? 
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Chapter 5 


The Internal Tuner — 
How Does it Help? 


The Yaesu FT-2000 transceiver, one of many modern transceivers equipped 
with an automatic Internal antenna tuner. 


Contents 


The Flavors of Internal Tuners. 
Tuner Impedance Range... 
Impedance Limits of Internal Tuners. 
That Coax Connector .......... 
Coax Loss — If Things Seem Too Good to Be True. 
What Else is Going to be in Your Station? .... 
Review Questions. 


Зо far, our discussions about almost always automatic, antenna tiom of inductors and capacitors that 


antenna tuners have made it appear тше can be switched in or out of a mate! 
that they area separate device that is Тһе idea of an automatic tee, ing network until the lowest SWR 
inserted between a transceiver and an © tuner is thut it can sense the SWR amd is obtained, A few automatic tuners 
antenna system. While that’s often adjust the tuner to minimize it. This actually rotate the shaft of a variable 
true, we should also consider the case is most commonly accomplished by a capacitor using an electric motor as 
‘of a transceiver that has an intemal, configuration consisting ofa collec- ће driving element. 


The Flavors of Internal Tuner: 


Some transceivers offer an internal 


tuner as an extra cost option, in many Figure 51 — 
‘eases one that ean be added if needed. The Elecraft K3 
In other cases, the transceiver with isan entirely 
modular desi 
tuner is essentially а separate model [errata 
that has to be specified at the time of pero 
purchase. Other transceiver lines come eros 
only with or only without an internal internal antenna 
tuner. Thus, if you're in the process tuner, 


of deciding on your next (or first) 
transceiver it's good to think carefully 
about your requirements before you. 
make a decision, Figures 5-1 5-3 
illustrate adios with some of the 
choices. 


Figure 5.2— 
таксон 
Tuner Impedance Range ¡PSICO 
— Б 
moens have iso dera avaliable 
impedances that they can transform to With a built 
Mhe desired load almost always Шела 


50.0. In many cases the range of 
values is dependent on the frequency, 
often narrower on 6 meters than on 
the HF bands. Most tuner designs are 
Timited on the low frequency end by 
the maximum values of the inductors 
and capacitors, and on the high fre- 
quency end by their minimum values, 
often the minimum capacitance of the ^ Figure 5-3— The 
elements to the metal case. Kenwood 15-480 is 


‘Thus it is often the case that he avallabie as either a 100 
range of impedance values that the W version with internal 
tuner is able to match is greater in tuner (TS-480 SAT) ог 


200 W version without 
(73-480 HX). 


the middle ofthe range than on the 
ends — typically 80 or 160 meters on 
the low end and 10 or 6 meters on the 
high end. Most manufacturers provide 
a single specification such as “tunes. 
SWR at least 10:1" or “matches 

from 5 to 500 Q” Note that the latter 
specification is not as general as the 
first — does it mean it only matches 
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resistive loads? Probably not, since it 
would be hard to design a tuner that 
just did that, nor would it be very use- 
ful. I tend to think that both ratings 
actually mean the same 10:1 SWR. 

If they deliver on their promise, 
ibat would mean that they would 
actually tune the 10:1 range on the 
highest and lowest bands, and actu- 
ally tune a wider range in the middle 
— and many seem to do just that. 


Impedance Limits of 
Internal Tuners 

While most external tuners have 
rating similar to the 10:1 discussed. 
above, many transceivers have inter- 
nal tuners rated at а 3:1, or 16.5 to 
150.0 tuning range. This seems to be 
particularly true of the radios provid- 
ed by the large Japanese companies 
— ICOM, Kenwood and Yaesu, In 
contrast, the US made HF transceiv- 
ers, Elecraft, FlexRadio and Ten-Tee, 
offer internal tuners specified to tune 
a 10:1 range, 

‘The tuners with a 3:1 range are 
intended to deal with a matched 
antenna operated somewhat away 
from its design frequency. A look at 
the SWR plots in Chapter 2 provides 
the idea, While а 3:1 range will easily 
cover a 40 meter dipole across the 
whole band, it will only cover about 
300 kHz of the 500 kHz width of 
ВО meters with a standard 80 meter 
wire dipole (see Figure 2-7). 

The tuners with a tuning range of 
10:1 or greater are what I call wide 
range tuners, These tuners can not 
‘only deal with an 80 meter dipole 
across the whole band, but can be 
used to match a whole spectrum of 
antenna types ranging from random, 
non resonant, wires to dipoles fed 
‘on multiple bands and exotic high 
вайп antennas such as V beams or 
rhombics, 


That Coax Connector 


mate on the back of the radio in a coax 
connector just as do radios without 

a tuner. This is a signal that they are 
intended to drive into coax fed unbal- 
anced antenna systems, We will dis- 
cuss the various benefits of balanced 
and unbalanced transmission lines a 


bit later, however, it is worth point- 
ing out that many external tuners are 
set up to drive either, If your antenna. 
System is balanced, you will need to 
make the transition from coax to bal- 
anced line outside the radio, 
to reduce the “all in one box 
of the internal tuner. 


Coax Loss — If Things Seem 
Too Good to Be True. 
tis tempting to try to use the an- 
tenna tuner to “force fit” an antenna 
то work on a band other than the one 
it’s designed for. This can often ap- 
pear to work, but appearances can be 
deceiving. Let's take one example 

Say you have a 20 meter dipole 
fed with 100 feet of RG-S8 coaxial 
cable. The antenna works very well 
оп 20 meters, and requires just a bit 
of trimming with the tuner for proper 
operation. So far so good. 

АП of a sudden sunspots reappear 
after years of absence and 10 meters 
is wide open with great signals world 
wide (sooner or later it's bound 
to happen). You have no antenna 
for 10 meters, so try using your 
20 meter dipole. Wonder of wonders, 
it actually tunes with the internal 
tuner — a perfect match! You hear 
your neighbors working distant 
stations right and left, but no one 
hears you — what’s the story? 

This is an interesting case that 
provides a cautionary tale, as well 
аз outlines one of the challenges of 
designing multiband antennas. On 
20 meters, our dipole (depending on 
height) will have an SWR of around 
1:1. The 100 feet of RG-58 coax will 
have a oss of about 37% (less than 
2 dB), not noticeable in most cases, 
and all will be fine 

Move to 10 meters and the 
20 meter dipole will no longer pro- 
vide a good match. In fact, my model 
indicates that its impedance will be 
3836 0 resistive in series with 
790 0 capacitive reactance — an 
SWR of 81:1! The high SWR in- 


"We wil use decibels (dB) to express 
‘gain and loss ratios throughout the 
book. If you need a refresher on 
the topic, please see Appendix А. 


creases the loss of the transmission 
line to about 15 dB, That means that 
of our 100 W, only 3.1 W will reach 
the antena — that explains why 

we aren't being heard as well as our 
neighbors! 

"The perhaps more interesting as- 
pect of this is that the power reflected 
by the mismatched antenna also is 
reduced by 15 dB on its way back to 
the tuner. Because of this, the tuner 
only sees an SWR at the bottom 
of the cable of about 3:1 and will 
happily adjust for a match. Thus the 
radio is happily transmitting, but 97% 
of its power output is heating up the 
transmission line. 


What Else is Going to be in 
Your Station? 

Another consideration as to wheth- 
ег an internal tuner will be your best 
choice is whether you have, or expect 
to have, a linear amplifier follow- 
ing your transceiver. For some types 
of operation, being able to select 
‘whether you transmit 100 or 1500 W 
сап make a big diference. 

If you have а linear amplifier and 
need a tuner, you will need an an. 
tenna tuner оп the output side of your 
linear. A tuner in your transceiver 
сап adjust for a mismatch in the input 
side of the amplifier (rarely needed), 
but can’t help with tuning the an= 
tenna system. That has to be done at 
he output of the amplifier — and at 
the higher power level. If the ampli- 
fier is turned off, the radio's tuner 
сап be used to match the antenna, but 
you will want to disable it when you 
Switch to high power. 

Thus, if you have or expect to 
have, a linear amplifier as a part of 
your sation; you may want to con- 
sider a transceiver without a tuner and 
instead purchase a tuner with а power 
rating that can handle your linear. 
Note that this is mostly a monetary 
Statement, since there is no harm in 
having the additional tuner in your 
transceiver. It can be tumed off if you 
don't need it. I actually have one in 
my transceiver and another follow- 
ing the linea. find the transceiver's 

ernal tuner handy when I take my 
transceiver on vacation and am forced. 
to use “antennas of opportunity.” 


The Internal Tuner — How Does it Help? 5-3 


Review Ouestions 
5-1 What are some of the advantages of an internal antenna tuner in à 
transceiver? 


5-2 What kind of antennas can be tuned with a tuner that can tune an 
SWR of 3:12 


5-3 Why isn't an antenna that can be tuned with an intemal tuner always 
effective? 


Chapter 6 


An External 
Tuner at the 
Radio 


Five high. 


tuner to place near the 
transceiver 


Contents 


Automatic versus Manual Tuners... 
Review Questions. 


In place of an antenna tuner that with radio controls. There are oth 


lor if you have) a high powered linear 


is built into the transceiver, another from after market manufacturers chat amplifier, you can select a tuner com- 
option is to have one next to the offer additional features and, in some patible with the higher power, 
radio, Note that this is the Functional cases, are less expensive than internal Some external tuners offer both 
equivalent of an intemal tuner, and en. While you do have to have an balanced and unbalanced outputs. 
shares the potential problem of ap- extra box on or near your radio, exter: «Some external tuners offer mul- 
pearing to work well with an inap- nal tuners may offer some significant tiple switched connections so differ- 
propriate antenna, as described in the ^ advantages ent antennas can be quickly brought 
previous chapter. As discussed in Chapter 3, they — online, 

There are many available choices сап have a wider tuning range than + If you have multiple radios, they 
for such a device, including au- many internal tuners, сап be switched to the tuner input so 
tomatic tuners from some radio ‘If you think you may want to add only one tuner is needed. 


manufacturers that integrate directly 


Automatic versus Manual Tuners 


The first decision you 
vil be faced 

with if you want 
an external 
tuner is whether 
you prefer an 
automatic ora 


frequency. 
In my experien 
there's not a lot not 
to like about an auto- 
matic antenna tuner. 
Thave a number of 
"her for particu- 


manual one. As lar applications, 
the name implies although 1 still 
‘an automatic an- use a manual 


tenna tuner finds 
the optimum, ог 
near optimum, set 


tuner for ту 
main station 
tuner, The key is 


tings by itself. The manual Figure 6-1 — High to selecta tuner that 

tuner usually has three controls that power (1 kW or greater) will operate with your 

require adjustment to obtain the best automatic antenna tuners from radio — some are radio independent, 

match. Palstar, LOG and MFJ). while some work with the same radio 
In the past, automatic tuners were controls that would operate one from 

not available at high power levels, so the manufacturer ofthe radio. 

‘those with high powered stations had ‘One issue with some automatic 

no choice but to use manual tuners. and many amateurs are happy with the tuners is just what happens if they 

‘That is no longer the case, as automat- | results they receive. sense a mismatch as you operate 

їс tuners are available a all legal ama- Most automatic tuners аге rated to 

teur power levels (See Figure 6-1). Automatic Antenna Tuners пе at reduced power to avoid exces- 

Over the усаг, the ARRL has tested To operate an automatic, you just sive arcing at relay contacts. If you 

many manual and automatic tuners feed it some power, hit TUNE button change frequency or even if the wind 


as рап of OST product reviews, Twas and listen and watch while it finds blows your antenna around and the 
surprised to find that to our level of satisfactory settings. Many tuners tuner starts tuning, the results could 
measurement precision, there was not can do this in tens of seconds the first be dramatic, Some allow disabling 
a big difference in efficiency between time and often remember the settings de auto tune function once you have 
tuners in the two groups. Still, there sothe next time it takes just afew ~ it tuned, others automatically cut back 
are some benefits to manual tuners seconds or les for that amenna at that on power. In my opinion, is better to 
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be able to take control yourself, dedicated to а dummy load, if you reasonable match, perhaps 1.5: 

don't (yet) have enough antenna con- Hopefully itis a value that will allow 
Manual Antenna Tuners. nections to ВИ up the jacks. Manual your radio to operate at full power. 

Manual tuners do often provide an tuners often provide SWR and power The manual tuner let's you set it 

additional level of control capability. metering independent of that of the to whatever threshold you think is 
Some have switch selectable outputs radio. best — although if your transmitter 
for multiple balanced and unbalanced Мом automatic tuners tune until cam put out full power, it won't make 
antenna connections. One can be they reach what they consider a much difference. 
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Review Ouestions 


6-1 What are three potential benefits of using an extemal tuner at the 
radio rather than an internal tuner in the radio? 


6-2 What are the benefits of an internal tuner? 


6-3 What limitation is common to either internal or external tuners o- 
cated atthe radio? 


Chapter 7 


Transmission Lines 


‘Transmission lines come in many forms, serving many applications. 


Contents 
Characteristic Impedance.. 
Propagation Velocity... 
Attenuation 

What Can We Do to Reduce Transmission Line Loss? 


Sidebar: Determining the Input Impedance of an Unmatched 
Transmission Line . аза TO 


Review Ouestions. 77 


As we have mentioned previously, antenna. It may also be a mi a kind of transmission line, as are 


frequently the antenna and radio are combat survival, especially if y telephone wires and cable TV con- 
not in exactly the same place. There enemy is equipped with ati-radiation nections, In addition to just transport 
ше some notable exceptions, particu- weaponry designed to home in on a ing signals, transmission lines have. 
larly in portable hand-held systems signal. The component that makes the some important properties that we 

and various microwave communi- imerconnection is called a transmis- will need to understand to allow us 
cations and radar systems. In most sion Jine, to make proper use of them. This 

other cases, optimum performance. “Transmission lines are used i section will briefly discuss the key 

requires the transmitter and receiver places besides radio systems — for parameters, 


to be at some distance from the example, power distribution lines a 


Characteristic Impedance 


A transmission line generally is what's on the far end of the line, but associated a transmission line, Com: 
composed of two conductors, either based only on the L und C values. mon coaxial transmission lines have 
parallel wires such as we see on The initial current will be the result of characteristic impedances (referred to 
power transmission poles, or one wire the source charging the shunt capaci- аз 7) between 35 and 1000, while 
surrounding the other as in coaxial tors through the series inductors and balanced lines are found in the range 
cable TV wire. The two configura- will be the same as if the source were of 70 to 600 £2. What this means to 
tions are shown in Figure 7-1. Either connected to а resistor whose value is us as radio people, is that if we have 
type has a certain inductance and equal to the square root of LIC. an antenna that һа ап impedance of 
capacitance per unit length and can Ifthe far end of the line is termi- 50 and a radio transmitter designed 
be modeled as shown in Figure 7-2, nated in û resistive load of the same todrive a 50 Q load, we can con- 
with the values determined by the value, all the power sent down the nect the two with any length of the 
physical dimensions of the conduc- line will be delivered to the load. This appropriate 50 coaxial cable and 
tors and the properties of the insulat- is called а marched condition. The the transmitter will think it is sight 
ing material between the conductors, impedance determined in this way пем to the antenna. The antenna will 
Ira voltage or signal is applied to iscallod the characteristic imped- receive most (see next section) of the 
such à network, there will be an ‘ance of the transmission ine, and is — transmitted power and ай is well with 
initial current flow independent of perhaps the most important parameter the world! 


Figure 7-1 — Parallel wire and coaxial transmission Figure 7-2 — Lumped constant equivalent of an ideal 
lines. transmission line. 
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Propagation Velocity 


Signals in air dielectric transmis- 
Чоп lines propagate at almost the 
speed of light in air, Other dielectric 
naterals between the conductors 
‘cause the signals in transmission lines 
то slow down just as we observe with 
light rays traveling through water. In 
many cases, this is not a matter of 
conce, since we often only care that 
the signals get out the other end, how- 
ever, there are some exceptions. 

The velocity can be shown to be 


Attenuation 


reduced by a factor of one over the 1.5, so the propagation velocity in 
square root of the relative dielectric polyethylene insulated coaxial cable 
constant of the insulating material. ic about 3/1.5 10° or 2 x 10° msc. 
Some cable specifications provide the Some applications actually use 


relative velocity as a fraction ofthe coaxial cables to provide delayed 
speed of light, If not, and you know signals in pulse and other applica- 
the material, most engineering hand- tions. Having a way to accurately 
books include tables of properties of predict the delay just by knowing the 
materials. For example, polyethylene cable characteristics and measuri 
is a common cable insulating material the length af the cable can save a lot 
and has a relative dielectric constant of ab time 

02.26. The square root of 2. 


The ideal transmission line model 
shown in Figure 7-2 passes all input 
power toa matched load at the out- 
put, A real transmission line also has 
resistance associated with the wire 
conductors and some loss of signal 
due to the nature of the insulating 
material. As transmission lines are 
made larger, the resistance is reduced 
and as the dielectric material gets 
closer to low-loss ай, the losses are 
reduced. The skin effect causes cur- 
rents to travel nearer tothe surface of 
the conductors at higher frequencies, 
and the effective loss thus increases. 
frequency is increased, 

gare 7-3 provides some real 
world examples of the losses as a 
function of frequency for the most 
‘common types of transmission line. 
Note that the loss increases linearly 
‘with length and the values are for a 
length of 100 feet. Note also that the 
losses shown are for transmission 
lines feeding into loads matched to 
their 2, As will be discussed shortly, 
losses can increase significantly if the 
line is not matched. The “open wire 


Figure 7-3 — Loss of some typical transmission lines in dB per 100 
feet as a function of frequency. The RG-58 transmission lines are 50 £1 
polyethelene insulated coaxial cable slightly less than % inch in diameter. 
‘The RG-8 through RG-215 are 50 and 70 < poh 

transmission lines with a diamater somewhat 
'hardline" types have a foam dielectric very near to 
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line shown consists of two parallel 

nes with air dielectric and infre- 
Quent spacers, typically resulting in a 
Z, of around 600 ©. While the losses 
of such a line are low, they only work 
well if spaced from metal objects and 
Fossey material and not coiled up, 
while coaxial cables have higher loss, 
all the signal is within the outer con- 
‘ductor and they can be run in conduit, 
Coiled up, placed next to other wires 
and are therefore much more conve- 
nient to work with 

Sometimes a long straight run of 
open wire line will be transformed to 
50 0 at the ends with coaxial cable 
used at the antenna and radio ends to 
take advantage of the benefits of both. 


Lines with Unmatched 
Terminations 


In our discussions so far, we have 
been talking about transmission lines 
feeding terminations matched to their 
taracterstic impedance, In that case, 
the voltage-current relationship at 
the load will reflect the impedance 
‘of the load — not the characteristic 
impedance. Along the line the voltage 
and current will vary with distance 
providing a load to the transmitter 
end that is generally neither that of 
the far end Z, пог the Z, of the trans- 
mission line. The transmitter load can 
be calculated knowing the Z, the Z, 
‘and the electrical length of the line as 
discussed inthe sidebar, 
‘The ratio of maximum voltage on 
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the line to minimum voltage on the 
line is called the standing wave ratio 
or SWR. A matched line has an SWR. 
ûf 1:1, a 50 © tine terminated with a 
25 or 100 0 load will have an SWR 
Of 2:1. There are a whole family of 
complex impedances that will also 
have a 2:1 SWR, by the way. The 

ion is easier with resistive 


‘There are some interesting special 
cases with a mismatched line, The 
load impedance, resistive or 
plex, repeats every 2/2, for example. 
‘The impedance goes to the opposite 
extreme in odd multiples of a 2/4 

For example our 25 © load would get 
transformed to 100 02 in 2/4 or % A 
transmission line sections and vice 


versa. This effect can be used to our 
advantage if we wish to transform. 
impedances at a specific frequency. 
In this case, the line is actually acting 
like a kind of antenna tuner. 

A generally less desirable effect of 
mismatched Tines is that the losses in- 
crease. This is easy to see, if voltages 
and currents are higher, we might 
expect losses to increase as well. Fig- 
ure 7-4 provides the additional loss 
for a mismatched line that needs to be 
added to the matched loss in Figure 
7-3. As is evident, the combination of 
matched loss and high SWR results 
їп dramatic increases in loss, This is 
why antenna designs that don't use 
matched transmission lines often use 
air-dielectric lines. 


What Can We Do to Reduce Transmission 


Line Loss? 


By now you should have а clear 
understanding of what can happen 

1o a signal if applied to an antenna 
system through even a relatively short 
length of coaxial cable that has a high 
SWR, Depending on the matched 
loss, length and SWR, much of your 
signal can disappear before it gets to 
the antenna. 

"The insidious aspect of this is that 
while this is happening, the SWR at 
the radio with а collocated or internal 
tuner looks great — a perfect match 
and easy to get it. Losses are like that 
— they tend to result in a wide SWR 
bandwidth, as does a dummy load. 
Not a good thing if you want to com- 
municale over the air. Fortunately, 


there are three fairly straightforward 
approaches to solving this problem: 

* Change the antenna to one with 
either a wide enough bandwidth to 
cover all frequencies of interest, or 
опе that covers multiple amateur 
bands with low SWR. This is nota 
topic for a book on antenna tuners, 
but is covered in many books on 

* Move the antenna tuner to, or 
close to, the antenna location. This is 
the subject of Chapter 8, ог; 

+ Use a transmission line that has 
low enough matched loss so that 
even a high SWR doesn't result in 
high losses. This is the subject of 
Chapter 9. 
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Determining the Input Impedance of ап Unmatched 


Transmission Line 


The input impedance of a transmission line of 
any length with any terminating impedance can be 
determined in a number of different ways. 

“The most straightforward way is through direct 
calculation, Unfortunately, this is also pernaps the most 
time consuming and perhaps most error prone method, 
at least unl you have i set up on a spreadsheet or other 
program that can handle he hyperbolic function, 

My favorite way lo determine the input impedance, 
standing wave ratio (SWR) as wel as the line loss, is to 
(use TLW (Transmission Line for Windows) software that 
‘comes with The ARAL Antenna Book? The main screen 
is shown in Figure 7-A performing an analysis of an 
“antenna with а complex load impedance fed through 100 
feel of coaxial cable. 

‘The antenna input impedance (74.3 + 16.1) is 
inserted in the LOAD box. The + /16.1 indicates an 
Inductive reactance with a value of 16.1 Q at the 
frequency of interest (10.1 MHz). A- value ноша 
indicate а capacitive reactance, which would be entered 
wlth a minus sign. Tho output impedance rough 
300 feet of RG-58A 50.0 coax 


TEN. Transmission Line Program for Windows we 


Figure 7-A —The main screen of TLW (Transmission 
Line for software is shown performing an 
‘analysis of the condition ol the L/D of 10,000 case. 


is provided at the bottom in both 
rectangular (89.02 — 6.28) and 
polar coordinates (69.53 © -5.15"), 
‘ong with the SWR at ine input 
(140.1) and output (1.62:1) as well 
тав line loss (1.661 dB) — both for 
the matched case (1.555 08) and 
the additional loss due to mismatch 
(0.108 dB). Tats about everything I 
could think to ask, except which pile 
in the basement has the RG-58AY 

A third way to evaluate the input 
impedance is through a graphical 
‘method. A Smith chart, soe Figure 
7-B, can be used to determine the 
input impedance of a transmission 
line, This was very commonly used 
before the personal computer 
became ubiquitous їп addition to the 
accuracy imitations due to the input 
‘and output resolution inherent in а 
hart the Smith chart assumes that 
the ino is lossless. This may result in 
significant errors depending on the 
amount of ine loss. 


*TLWiS supplied with The ARAL 
Antenna Book, 20th Edition, 
Avalabl from the AAPL 
Bookstore at www.arrl.org/ 
catalog’ order number 9043 — 
$3995. 


Figure 7-8 — A Smith chart used for the graphical determination of the 
Input impedance of a lossless transmission line. 
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Review Ouestions 


7-1 Describe three reasons it might be desirable to have а transmitter and an 
antenna in different locations. 


7-2 IF you want to make a 14 section of RG-213 for o 
bon long would you make it? 


10 MHz system, 


7-3 A 1000 W transmitter at 15 MHz is feeding a matched load through. 
200 fect of RG-8 transmission line. How much power reaches the 
antenna? Repeat if the frequency is 150 MHz. Repeat both cases if the 
antenna has an SWR of 3:1. 
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Chapter 8 


Moving the Tuner to 
the Back 40 


Automatic antenna tuners designed or remote mounting. 
On top, one from SGC, beneath a model from 


Contents 


An Example of Using a Remote Tuner to Minimize Loss.... 8-2 
Intermediate Steps 

Remote Antenna Tuners — the Downside, 
Review Questions... 


Some automatic antenna tuners transmission line between the antenna 1:1 SWR. The line will then have 
are designed to be mounted remotely, — system and the transceiver. With the only the matched loss ben 

rather than being collocated with he tuner at the antenna end, the 1 radio and the tuner, not th 
radio, We can take advantage of this the antenna end of the transmission дона due to mismatch, 

in order to minimize losses in the ^ ne provides very close to a 


An Example of U 
to Minimize Loss 


Figure 8-1 shows the configuration ie is RG 
of a transceiver with a remote auto- between i 
matic antenna tuner at the antenna. de tuner isc 
Let's assume that the transmission feed point of 


sain use the example 


т 4 of a 20 meter dipole 


crate on 
s where its impedance will 


Figure 8:1 — 
Configuration of a 
transceiver with a 

remote automatic 

antenna located at 
the antenna. 
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Table 8-1 


Comparison of System Losses for Remote and 


Collocated Tuners — RG-58 


Loss Element Toner at Radio 
Loss in 100 Cable (48) 147 
Percent Power Lost (3e) ET 


Power to Antenna at 100 W (W) — 34 


Table 8-2 


‘Comparison of System Losses for Remote and 


Collocated Tuners — LMA-400 


Lose Element Tuner at Radio 
Loss in 100 Cable (dB) ace 
Percent Powor Lost (%) 863 


Power lo Antenna at 100 W (И) 187 


be 3836.0 resistive in series with 
790 Q capacitive reactance — an 
SWR of SI:1. Table 8-1 provides the 
comparison in loss for a 100 W out- 
put transceiver, in each case assuming, 
the antenna tuner contributes no loss. 
While this is slightly optimistic, that 


loss is usually very small. The result 
is rather dramatic and illustrates why 
just hitting the TUNE button on your 
internal tuner may not provide sat- 
isfactory results even if the result- 


Remote Tuner 

Beneath Antenna 
29 

вл 

519 


Remote Tuner 
Beneath Antenna 
m 

141 

858 


Perhaps you will also not be satis- 
fied with moving your tuner to the 
antenna and still losing almost half 
your power in the RG-58. The lesson 
here is that RG-S8, while available 
and relatively inexpensive, is not the 
best choice for even a 100 foot run at 
28 MHz. Of course, it's much worse 
as you move to VHF, and keep in 
mind that it effects both transmit and. 
receive signals, 

‘One of the lowest loss flexible 
‘coaxial transmission lines that fits the 
usual UHF coax connectors is Times 
Wire LMR-400, There are similar 
cables by other manufacturers 
Table 8-2 repeats the exercise shown 

‘Table 1 with the lower loss cable, 
Note that while there is measurable 
loss even for the matched case, itis 
Jess than Yo оГ an S-unit, so hardly 
noticeable, and much less than the loss 
for the tuner located at the radio that 
will result in about a 1.5 S unt reduc- 
tion on the receiving station's meter! 


ing radio SWR ends up at a perfect 


“Notes appear on page 5. 
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Intermediate 


Not all antenna syst 
tured in a way to allow a tuner to be 
ata feed point, An example might be 
a dipole suspended between two sup- 
ports with a transmission line hang- 
ing in the middle, In this case, it is 
tempting to consider a short coax run 
from the antenna itself to the tuner as 
shown in Figure 8-2. This arrange- 
‘meat may also be necessary ifthe 


tuner is not waterproof and requires 
shelter from the elemen! 

This is a feasible arran 
however, while а substantial port 
of the loss can be eliminated in this 
‘way, the loss in the section berw 
the tuner and the antenna can 
surprisingly high. For example 
the RG-58 case of Table 8-1, 230 
foot тип between the antenna and the 


be 


tuner would have a loss of 4.4 dB, or 
{64% of the power, leaving only 36 W 
from your 100 W transmitter to be 
radiated — if it got to and through the 
tuner without other losses, 

A better way to accomplish this in 
талу cases will be to use а section 
‘of the low loss transmission line 
discussed in Chapter 9 between the 
interna and the tun 


vet 


Pg 


Figure 8-2 — Configuration of a transceiv 
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‘with a remote automatic antenna located beneath the antenna. 


Remote Antenna Tuners — the Downside 


The use of remote antenna tuner 
has a few disadvantages. I currently 
use three in various station locations 
and am quite happy with them in 

spite ofthe downsides: 

* One remote tuner is located near 
my main basement station, I share 
antennas with my spouse (Nancy, 
WINCY), who has an upstairs sta- 
Чоп, With an automatic tuner that 
сап be patched to antennas from the 
WIZR main sation, she has access to 
any WIZR antenna with low loss in 
the 100 foot coax run to her desktop 
setup 

* On our sailboat, I use an insu- 
lated backstay as an HF antenna, This 
non-resonant system has a high SWR. 
on ай bands and requires a tuner 
atthe feed point to feed it against 
ground. 1 have a short lead from a 
comer under the lazerette beneath the 
antenna feed with another short lead 
10 the engine block where a ground 
connection is available, Not only does 
it work well on all HF bands, but by 
keeping the radiating portion of the 


system in the comer of the boat, 
minimize interference between the 
radio and marine navigation systems, 

* Lalso have a emote tuner in the 
trunk of my car for my mobile НЕ 
system. Typical HF mobile antennas 
have very narrow SWR bandwidths. 
By using a remote antenna tuner at 
the antenna base, I can cover entire 
bands, or even tune to lower frequen 
су bands than the antenna is designed 
for. While this sort of operation isn't 
as efficient as adjusting the antenna 
itself, it is much easier than making 
adjustments while driving at highway 
speeds! 

"There are a few aspects of remote 
tuner operation that might be disad 
Vantageous for some. One is the fact 
that in most such installations the 
tuner becomes integrated into a par 
ticular antenna structure. ЇЇ we have 
multiple antennas, each will need its 
‘own tuner — a potentially expensive 
‘proposition? И also is the case that 
in addition to providing coaxial cable 
то the tuner, one must also provide 


operating power and sometimes con- 
trol signals to the tuner. Some tuner 
manufacturers package the coax, 
power and control into extension 
cable assemblies that can be used for 
this purpose. Another possibility is to 
use a bias-T to insert the power onto 
the coax cable, sharing it between the 


Notes 

"The Colins Radio ostabished, 
now industry standard, S-meter 
calibration i that 8-9 equals 
50 uV at he antenna terminals and 
each S-unt represents a chango 
of 6 dB. To say that nol ай amateur 
$ meters follow this standard would 
ba an understatement 

2Remoty controled antenna switches 
тау bo used to salve this problem, 
although commercial units cost 
эв much as some remote 100 W 
antenna tuners. 

38, Ford, WBBIMY, "Short Takes — 
MFJ-4712 Two-Posltion Remote 
Antenna Switch, OST, Sep 2006, 
p48. 
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8-5 Chapters 


Review Questions 


8-1 Why is the quality (loss) of a transmission line more important in the 
mismatched than the matched case? 


8-2 If using an internal tuner in a transceiver, why might the SWR before 
tuning be an important indicator of antenna system efficiency? 


8.3 Why is the SWR before tuning insignificant if an antenna located 
tuner can match to the transmission line Zr? 


Chapter 9 


Transmission Line 
Choices for Low Loss 


Coaxial cables going up one of the towers 
WIAW, the ARAL Headquarters station 


Contents 
Hello Real World!.................. 
How Can We Determine Loss? 
How is Transmission Line Made’ 
I Know What's Happening at the Shack — 
Sidebar: What's Happening at the Other End 

of my Feed Line? tede 


Review Questions... 


The ideal transmission line accepts 
the output power (as well as received 
signal) from its source and delivers 

it to its destination load without loss. 

If the characteristic impedance (Z,) 


is the same as the source and load 
impedances, it delivers it with the 
same ratio of voltage to current. That 
means, for all practical purposes, the 
ideal transmission line is invisible 


Hello Real World! 


to the system. Devices cont 

both ends actas if they were 

cated, except for the delay in signal 

arrival time, unimportant except in 
ial circumstances. 


ed to 
olo- 


Unfortunately, ideal transmission. 
lines don't exist, although for many 
applications we can come remark 
ably close, The primary issue in most 
cases is los. We just don’t get as 
much power to the far end as we р 

їп. There аге three primary mecha- 
nisms that result in transmission line 
loss, They are conductor resistance 
dielectric loss and leakage or radia- 


Conductor Resistance 
Figure 7-1 shows the geometry of 
the two primary types of transmission 

line, At (A) is a balanced transmis- 
sion line, while at (B) we have 
coaxial cable of the type discussed in 
the earlier chapters of the book. Both 
propagate signals down the line as 
currents with their associated electric 
“and magnetic fields. In a properly ter- 
minated transmission line, the mag- 
nitude of l will equal that of L with 
the result that fields at some distance 
will cancel, In the case of coaxial 
cable they cancel at the shield, while 
for balanced line they exist for some 
distance around the ine, 

The action of the current in an 
ideal line can be modeled as shown 
in Figure 7-2 in Chapter 7. The 
model сап be analyzed with reason- 
эме accuracy in comparison to real 
cable if there are at least 10 sections 
per wavelength, and if the inductors 
sod capacitors are modeled as real 
elements, including the resistance of 
the vire and the dielectric loss of the 
capacitors. 

For the case of de, the wire loss just 
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equals the de resistance ofthe wire, a 
function of its diameter and material. 
As frequencies increase, skin effect 
results in the current moving to the 
outer edge of each conductor, This 
makes the wires electrically appear as 
tubes, with the tube walls getting thin- 
ner as the frequency rises. The thinner 
walls decrease the effective cross sec- 
tional area of the conductors resulting 
in an increase in resistance and thus 
increased los with frequency. 


Dielectric Loss 


An ideal transmission line would 
consist of conductors with the insula- 
tion between them a perfect lossless 
vacuum, While some transmission 
lines approach this, with air (or even 
special gasses) as the primary di- 
electric, real lines always have some 
losen material between the conduc- 
tors. 

A lossey dielectric has two signifi- 
cant effects on signals: First, it slows 
the signal to some fraction of the 
speed of light. This is often an im- 
portant consideration in muhiclement 
driven antennas that rely on accurate 
phasing of signals, but does not enter 
into this discussion. 

Second, dielectric los results in 
yet another contribution to line loss, 
“and this also increases with increas- 
ing frequency. 


Radiation or Leakage Loss 
While generally les significant 
«Toss factor than the previous two, 
some signal is lst in a real line due 
to it leaving the transmission line 


before it reaches the intended load, 
Ina sense this is more а misdirected 
signal than а ost signal, and, be- 
cause the signals end up in undesired 
places, the interference to ther sys- 
tems may be more important than the 
slight reduction in signal delivered 
to the desired load. Still, for either 
reason it can represents a significant 
issue for real lines. 

In the case of coaxial cable, а por 
tion of the shield resistance (depend: 
ing on the shield coverage) results in 
а current that appears on the outside 
of the shield. The outer shield current 
actually makes the outside of the 
shield act as an antenna with resulting 
radiation detectáble long the length 
of the shield, For balanced transmis- 
sion line, the fields cancel wher- 
ever the distance to both wires is the 
same. Fora perfectly installed line, 
that means all he places on a plane 
centered between the conductors and 
perpendicular to the line betwee 
them. 

If the line is not perfectly in- 
stalled, there will be some unbalance 
between the capacitance of each 
wire to ground resulting in a current 
unbalance that results in radiation. 

A similar effect occurs if the load is 
mot perfectly balanced. Even in the 
cease of perfect balance, there is some 
radiation in directions in which the 
distance to the wires is different. IF 
the spacing is a small fraction of a 
wavelength, this radiation is dimin- 
ished within a few times the wire 
spacing. 


How Can We Determine Los 


‘Transmission line loss is a design 
parameter that is specified by each 
manufacturer for their cables. The 
line loss is generally specified over 
the usual operating range at a number 
of frequencies, often 1, 10, 100, 1000 
and 10,000 MHz, 


Matched Loss 
gure 7-3 shows the matched 

loss per 100 feet of representative 
transmission line types. As you make 
choices of transmission line, it is 
important to note that this data is rep- 
resentative — the variation between 
attenuation of different manafactu 

ers, and even different part numbers 
from the sume manufacturer, can be 
striking. Check the manufacturer's 
Web page for the data sheet of the 
transmission line you are consider 
ing to be sure you know what you are 
zetting. 

For lengths other than 100 fect, the 
loss scales linearly. For example if a 
Tine has a matched loss of 2 dB at 
100 feet, the same line, at the same 
frequency, will bave a loss of 1 dB. 
if 50 feet long, and 5 dB if 250 feet 
long, 


Additional Loss 
Due to Mismatch 

By now it should come as no sur- 
prise to find that a mismatched line 
has more loss than a matched one. 
The additional loss due to mismatch 
is a function of both the mismatch 
and the loss if matched, Figure 7-4 


shows the additional loss in dB that 
occurs as result of a line not being 
matched. 

Note that the SWR shown is the 
SWR as measured, or calculated, at 
the load not the SWR measured at the 
transmitter end of the cable. This is 
particularly important in the case of a 
lossey line since the loss will reduce 
both the power reaching the antenna 
and the power of the reflected wave 
that is used to determine the SWR. 
‘This can give very optimistic, and 
erroneous results. 

To give an example ofthis effect, 
considera 100 W transmitter driv- 
ing a 100 feet of coax with a loss of 
3 dB (50% loss). The antenna will 
жее 50 W of power. Lets say 20% 
of the power is reflected due to the 
antenna mismatch, That will result in 
10 W being reflected back toward the 
Source, The 3 dB loss results in 5 W 
showing up as reflected power atthe 
bottom of the cable. This is quite dif- 
ferent than if the 100 W were applied 
to the antenna on lossless line — in 
that case, a reflected power of 20 W, 


Table 


1 


not 5 W, would, show up at ће SWR. 
measurement device 

Table 9-1 summarizes what we 
have at the two locations. Note the 
rather distressing result, A very ac- 
ceptable measurement of an SWR of 
16:1 at the bottom of the coax is the 
result of an unpleasant SWR of 4:1 
at the antenna. In this example, our 
100 W of power results in only 40 W 
radiated from the antenna — yet all 
of our measurements make us think 
we're doing well. Unfortunately, this 
example is not unusual, especially 
atthe upper end of HF into the VHF 
range, If it happens at higher frequen- 
cies, it is usually more evident since 
nothing much ends up going in or out 
ofthe system! The sidebar discusses 
ways that this сап be calculated, and 
perhaps avoided, through the use of 
software 


^J. Hallas, W1ZA, * Know What's 
Happening atthe Shack — hare 
Happening atthe Other End of my 
Feed Line?” QST, Feb 2007, p 63. 


Forward and Reflected Power and SWR as Seen at Each End 


ota Transmission Line with 3 dB Loss 


‘Measurement BotomofCabe fp of cane 
Forward Power (W) 100 50 
Rettcted Poner (W) 5 10 
Indicated Reflection Coefficient — 0.224 0447 
Indicated SWR. 18 40 
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How is Transmission line Made? 


You may wonder what is it about 
transmission lines that makes their 
Loss performance so different. Tt all 
comes down to how and of what they 
are made. Figure 9-1 shows typical 
construction techniques of parallel 
and coaxial transmission line types. 
Not shown are lines with mostly air 
as dielectric the lines with the least 
loss, Parallel line, so-called open- 
wire line, consists of two parallel 
bare wires with oceasional spacers 
designed to keep them apart an 

bout the same distance. The tradi- 
tional insulators were ceramic, how 


ever, recent lines have used plastic or 
PVC spacers. Mostly airdielectric 


coax is sometimes encountered. Such 
cable that I've seen is formed from 
two concentric copper tubes with 
ceramic donut shaped spacers every 
foot orso. 

"The characteristic impedance of 
саме is a function of conductor di- 
ameter and spacing. Thus as line gets 
larger, each conductor gets larger for 
the same Z, and thus the resistan 
reduced, resulting in lower loss with 


larger cable. 
The balanced in (more next 
chapter) has progressively less atem 
ation as the Z, gets higher (the ratio 
of series resistance to load resistance 
goes down) and as the polyethylene 


dielectric is replaced by air, partially 
inthe case of window line (C) and 
more completely in open wire line 
described above, 

Coaxial cable loss is similar in that 
foam dielectric is par polyethylene 
and part air, The lines with double 
E) and solid metal (F, G) shields 


have lower resistance and much less 
leakage. 
Perhaps not surprisingly, all the 


factors that make line have lower 


attenuation, make it more expensive. 
Still, in most systems, for reasonable 
distances, transmission line costis a 

small part of total system cost, and of- 
ten provides a worthwhile investment 


— шн 


а 


т کک‎ 


— 


Figure 8-1 — Construction techniques used in making flexible transmission line 
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Know What's Happening at the Shack — What's 
Happening at the Other End of my Feed Line? 


Joel R. Hallas, WIZR 
Technical Editor, OST 


кеди! sion rcs 
ST's "Doctor has to do: an 
{Si wanting determine he 
set о anemias ie lotes 
©те otočné mar 
лета sytém eso questions 
an dong neas 
тезше an WR c2 at 
ше ararat eni d 135 eat 
ABX conn cae Му vane 
‘vers avio anor can ue io 
$ pu row can tiet wat my 
каша б нон muen lr 
фсе w T have aa rra 


If you want to find out — 


here's the easy way using TLW. 


ae Figure A — The opening screen of TLW, 
Marie e e jlustraing the process described in the 
"These aro Important ouostons article. 


thal almost every amateur oper 
{oes fed win rom tma to arna An 
úpprosimale ananer can be blained 

mg Be graph louna n am 
‘ent Sdn of Mhe ANAL Arona 
Book showing na loss cnüractnsics 
cot many transmission ine ypes pls 
"aig nine tet ot an SWR greater 
тап The SWR alo antenna end 
‘can be determined rom the bonom 
‘end SWR and the cable loss. Using 
‘hose graphs requires а il ol interpo- 
Jaton or Kentucky windage. bu ean 
Tesi n sol daa 


‘But There's an Even Better Way! 

Packaged with each of the last few 
editions of The ARAL Antenna Book 
isa CD containing the pages ofthe 
Whole Antenna Book as wel as some 
Very use software. The program that 
Tus almost daly is one writen by 
Antenna Book Editor R, Dean Straw, 
NB called TLW or Transmission 
Line for Windows. 

TLW provides a very easy to opor- 
ate mechanism ta determine every 
Ting usualy need to know about 
whats happening on a transmission 
lino When you ороп tna program, 

You are presented with a screen as 
Shown in Figure A. Tris has the values 
‘lugged n hom the last ima you used 
^t clin saving a stop Lots tako a 
аск tour ol he n 

‘Cable Typo — This allows you to 
select the Cable you would ke 1o 
analyze. A drop -down box provides for 
the selection of опе of 32 8 the most 
соттоп types о! coax and balanced 
lings: An айй®опа! entry is provided 
тог User Dotnod Transmission Lines 
{hat сап be specified by propagation 
velocity and atenuatin, 


leon — in foot oc meters, your 
choice 


F — This is an important 
parameter when дайта win rane 
Sion ns sects. 

“Source — This defines the form of the 
input impedance data. Generally, you 
can ue NORMAL o 

Impedance — The impedance can be 
эрвсйеа ав wnat you measure, resistive 
(ea and rocio (magra minus 
(mons capacitive). This could come 
from your antenna analyzer at either ond 
Df the transmission ine Note if you only 
know tha SWR; not ina actual трос. 
ance, llis nol oet — aes below 


Nom for the Outputs 

SWA — The SWR ls provided at 
Sac ana o be The an Moor 
fant diference that many 
important even wir madero SWE at 
the transmitter end, as well soa — the 
SWA atthe antenna wil be mach higher 
ue to ne cabe loss, With TL, you 
instant know tne SWR at both ends, 
and e loss Inthe caia sel 

"Rho at Load — This is the reflection 
coefficient, the action ol he power 
Telloctod back from me load. 

Additonal Loss Due to SWR — This 
is one of he answers me were atr. 

Тыш Loss — And th is ha other 
"ne total loss in t^e Ina. including that 
caused by the mismatch 


But Doctor, What if can Only 


Otton the only measuramant daa. 
avaiable is tha SWR at те transmitter 
end of tha cable. Because tne losses aro 


ws a function ofthe SWR, not the par- 
Fm tok тыг опе ofthe more A cular impedance, you can 


out 
тап array impedance ип that 
Same SWR and dick the INPUT but- 
топ. An asy arbiary mpacanos la 
o ut no SWA tes be Z of 
ihe cabe usually 500 For айр, 
you could ше resistance of 125 0 
representan SWR ol 25:1. This ie 
„hat we've done in Pure A using 
135 et of popular Seldon RG 8X 

"The results are intresting, Note 
‘atthe 25:1 SWA as soen altho 
тайо on 285 WH results rom a 
ТАБ SW at me antenna — par 
Пара ins ia an eye-opener Nole that 
ofthe 56 d ов, more an hal 
3131 В, due lo the mismatch. 
Note inatit wo used отла obor 
tho айша measured impedance we 
vant maro uso ol tho Impedance data, 
That TLW pores. We can use the SWR 
апа toas байа, however But тате pron- 
у what we wanted t fnd cu. 

We can now do some "what fs" 
Wle can see how much loss we have 
оп ator bands by lust changing the 
frequency For example, оп 80 meters. 
кїп ho same 257 at ihe transmita 
end, the SWR al he antenna about 
SEV апа me loss is ony mor tan 1 
28 We could also pug in an impedance 
саюуга at tho antenna ond and soo 
‘what ference other cate yes would 
Thao. For example, wi tho amo 28.5 
МӨ: SWR of 7.45 vo айтпа and 
135 oot ol 12 inen Androw Helax, we. 
Wii have а talos of 548 at 
28,5 MHz. Note that те SWR seen at 
{he bottom wil now be 3 5-1 and our 
facio auto tuner ght not bo ae to 
maten те new load. 


But Walt There's More! 

You can eo cick tho GRAPH button. 
and gota pot fener wage and cur 
font or ede and tactance along 
"he саре Note hat these wl опу be 
"ilu we have started wi аса! 
Impedance, rather han SWR 

Posting the TUNER buon rest 
în a page asking you to select some 
V» 
еске designs a tuner ote уре 
{ou ased tor atthe shack end ha 
Sabi aso calculos the power lost 
Inthe tuner ane ques а summary of ine 
arsit and ©з power i wats, зо 
YOU dont need to eae i 

When you vo fried, be sure to hit 
"Ino EXIT buon, dont ust cose to 
window Ofhermiae TLA may nl start 
Prapor te nex tme you want 1 use а 
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Review Ouestions 


9-1 What parameters make a difference in the matched loss of transmission 
line, mismatched loss? 


9-2 Why is it important to know the SWR at the load, rather than at the 
transmitter to determine transmission line loss? 


9-3 Does coaxial cable or parallel ine transmission line tend to have the 
lowest matched loss? 


Chapter 10 


Balanced vs 
Unbalanced Lines 


View of three popular types of balanced 
left. TV type 300 0 twinlead, nominal 450 0" 
line and 600 © open-wire ine. 


Contents 
What's the Story About Balanced Line? ............ 
The Benefits of Balanced Line.. 
The Downside of Balanced Lin: 
What About Unbalanced Currents on Coax? 


What Happens If | Feed my Dipole Directly with Coax? 


Review Questions. 


The careful observer might have he much less expensive balanced its popularity. The other side of the 
noted that in Figure 7-3, in Chapter, © open-wire and window line, This is a coin i that most current radio equip- 
the lowest loss line was not the fancy, hard combination to heat — low cost ment is designed to operate with 
‘expensive “hardline” coax, but rather and low attenuation, which explains unbalanced coaxial ine. 


What's the 


Story About Balanced Line? 


Before we can go too far, we need connection were there, No current 
to discuss what we mean by balanced — flows in the ground lead of the per- 
and unbalanced. By a balanced sys- — fectly balanced system, so it could be 
tem, we mean one in which the two removed without changing the opera- 
Sides are at the same impedance above tional properties. Figure 10-2 shows 
ground. For example feeding the non two examples of inherently balanced 
round end of two 100 2 resistors 

(sce Figure 10-1) that have the other 


tad onde e таваа [р о р 
2008 mem Insuchacwctie |0 
же жеке мї ыытын | 
magnitude Би 180° out of phase The nun 
page cf a rents ech g mwm g 
SÉ vidua te e lomo ht de a 
we ene ee арте ee eee bee e, Oe 
, 
balanced beer ce nol е d teach aido wil ba in balnea Sieden i nd 
pomum —.— 
затоа 
LJ Gora Match 
Balanced Line nome 
ао 


© 
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Figure 10-2 — Two examples of inherently balanced 
antennas, one (delta matched dipole) with a central mcam 
ground (A) and one (split dipole) without (B). 


Figure 10-4 — Two examples of inherently 
unbalanced antennas, a gamma matched dipole at 
(A) and a vertical monopole at (B). 
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antennas, one with а cen 


val ground is required to shift to an unbalanced That is, one side of the load is at 


(А) and one without (В). The ground system for connection to the radio. ground potential, Figure 10-3 is an 
in the first is not actually necessary, The types of transition will be the example of an unbalanced resistive 
but can be beneficial for lightning subject of the next chapter. Toad, and Figure 10-4 is shows two. 


protection purposes. For both cases, An unbalanced system, on the other antennas with inherently unbalanced 
‘we note that some kind of transition hand, is fed with respect to ground. feed points 


The Benefits of Balanced Line 


As noted earlier, balanced line has frequently found in very long runs 
two primary benefits in comparison for une wire amus | from unbalanced antennas in which 
to coaxial cable. Most balanced the losses (or cost) of coax would be 
lines, especially those with large or prohibitive, In that case, it may be 
portions of air dielectric, such as worth the effort to transition (Chap- 
window line oc ladder line, have а ter 11) from unbalanced to balanced 
significantly lower matched loss near the antenna and then back at the 
than most coaxial cables. Even radio end, 


though their characteristic imped | yy Most balanced line is relatively 
ance is often higher than desired inexpensive when compared o coax 
for many antenna systems, the total Te res ited often an important consideration. 
of matched and mismatched loss is prr. | | Excellent homemade open wire line 
generally much less than the loss of aan be fabricated at low cost from 
coax — particularly if the coax is not {vo rolls of wire (stranded works 
well marched o e impedance of Figura 195 = One methodol best in my experience, particularly 
the load. making homemade low loss Open if subject to flexing) and insulators 
Balanced line is often very Gnd securing with бе wires sing made from inexpensive household 
conveniently connected to balanced the insulators the length of ineine PVC tubing, Figure 10.5 shows one 


antennas and is most often encour 
tered in that application. It is also 


сап be avoided. technique, 
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The Downsides of Balanced Line 


As with most aspects of life, there 
эге downsides of balanced line as 
well as benefits, While coax cable, 
with its fields contained within the 
shield, ean be rolled, buried (if it has. 
ıa direct burial rating) or installed 
within or near pipes without impact- 
ing performance, this is not true of 
balanced line, With balanced line, the 
fields conveying the 
line are significant not only between 
the wires but outside as well fora dis- 
tance of a few times the wire spacing. 
This means that balanced line ean 
be placed on the ground, run in metal 
‘ducts, run through lossey material or 
rolled up, without causing additional 
loss. 

While fields at distance from bal- 


anced line are small, nearby fields can 


‘cause interference to other systems, 


particularly those interconnected 
by wiring. In addition, on receive, 
balanced line сап pick up interfering 
signals from computers and other 
systems if run too close to them. 

‘Another potential issue, particu 
larly with the twinlead or window 
line variants of balanced line is a 
‘change in characteristics when wet 
Rainwater can accumulate оп the 
web material between the conductors 
resulting in a change to the dielectric 
properties ofthe line. 

There are a few things that can be 
done if this is a problem: 

Some have been known to care 


B. Alison, WB1GCM, J. Hallas, 
WIZ; A Closer Look at Window 
Transmission Line” QST, Nov 
2009, pp 66-67. 


Fully cut away some of the web to 
reduce the water collection surface. 
To avoid weakening the line, don't 
cut into the wire if you try this. 

"In the “old days; some ama 
teurs waxed their twinlead, This was 
reputed to cause the water to bead up. 
and run off. Remaining water would 
be concentrated in droplets leaving 
most of the dielectric clear. I haven't 
жееп any data on how effective this 


actually is, nor have I heard of any 
modern amateurs having the patience 
to actually do it! 

In many cases, these potential 
problems can be largely avoided. 
through careful planning and instal 
lation design, If not, it is sometimes 
efficient to make a transition to coax 


cable for some portion of the trans- 
mission line run, 


What About Unbalanced Currents on Coax 


In the above section, it probably 
sounded as if the fields in coax are 
completely within the coax, thus 
avoiding the downsides of parallel 
or balanced line. That is true for the 
ideal case of properly terminated 
‘coax. however, there are at least three 
ways in which coax сап suffer the 
same limitations as balanced line in 
this regard. In all cases, this results in 
currents on the outside of the shield. 1 
have listed them in order of likelihood 
and severity, based on my experience. 
‘The coax is not terminated in à 
properly unbalanced load. This hap 
pens if the coax shield is not con- 
nected to a ground reference at the 
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antenna, The result is that the current 
to the shield splits between the inside 
and outside of the shield 

*Тһе coax run is coupled to the 
antenna such that the net coupling is 
mot balanced atthe cable. For a center 
fed antenna, coax should be run per- 
pendicular to the antenna element so 
the coupling from each side cancels 
If not, even with proper termination 
there will be currents induced on 
the outside of the shield For some 
‘antennas, monopoles or off center 
Ted antennas for example, its almost 
impossible to avoid such coupling, 

(The coax shield itself can be 
leaky. The shield of most coax is not 


perfect and some is far from it. The 
specification sheets often list “percent 
coverage" indicating how well the 
shield covers the center conductor. 
Cables with lower numbers will be 
leakier than those with higher cover 
age. The current tends to increase as 
its coupled over longer distances 

In many cases, the effects of such 
currents are small but be aware that 
they exist and check them out if 
strange problems appear. A quick 
test is to note the antenna tuning or 
SWR as you run your hand along the 
саме With properly installed and 
isolated coax, the tuning shouldn't 
change. 


What Happens If I Feed my Dipole 


Directly with Coax? 


Many amateurs connect their coax 
directly lo a balanced center fed dipole 

‘center conductor to one side, shield 
то the other as shown in Figure 10-6. 
This is a topic of some controversy 
with as many folk swearing that it 
works fine, as there are those who say 
it causes problems, 

The reason forthe disagreement 
may be that there are actually people 
who end up in both camps because of 
the dimensions of their system, Recall 
that due to skin effect, the currents on 
the inside of the shield of a coax cable 
эге within а small thickness from the 
inside wall. Thus the ouside of the 
coax acts like a completely different 
conductor — it’s as if the insulated 
coax were installed in a pipe that is 
connected to the shield at the antenna 
end. 

Ifthe half wave dipole in Fig- 
ure 10-6 had a center impedance of 
50 ©, typical for relatively low di- 
poles, the balanced antenna would act 
like a 25. load to each connection 
of the coax, Zin Figure 10-6. The 
impedance of the outside of 
the shield at the antenna is a bit less 
obvious. This impedance depends 
оп the impedance to ground at the bot 
Tom of the cable, usually at а ground. 
level and grounded entrance panel, 
and the length of the cable between 
the antenna and the ground termina. 

Just as with an antenna wire or 
transmission line, this impedance 
varies depending on electrical length, 
If the ground impedance is low and 
the length is a multiple of a half wave, 
the impedance at the top will repeat 
and also be low. On the other hand, if 
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Figure 10-6 — 
Dipole fed directly 
with coax. The 
current on the 

left side divides 
between the left 
side antenna 
‘segment and the 
Outside of the. 
coax inversely 
Proportional to the 
impedances as 


the length is an odd number of quarter 
wavelengths, the impedance will re- 
verse and be high. Lengths in between 
will result in intermediate values of 
mpedance, both resistive and reactive. 

If the impedance at the top of the 
shield is of the same order as the half 
dipole impedance, the current will 
divide between the two paths. This can 
have three effects: 

If the ground at the bottom is not 
‘of avery low impedance, RF currents 
‘ean enter the radio room and cause а 
number of strange equipment problems 
such as feedback or transmitter lockup. 

The radiation from the transmis- 
sion line will distort the antenna 
pattern, usually adding an omnidirec 
tional vertical component. For a single 
element antenna, this may not be all 
bad, since it may tend to fill in the 
nulls that otherwise would be in some 


directions, For a directional array, 
however, such radiation will reduce 
both forward gain and front-to-back 
ratio — not good things. 

+ If the transmission line runs past 
sensitive electronic systems, fire or 
intrusion alarm wiring, computers or 
telephone systems, for example, the 
radiation may cause harmful interfer- 
ence in either direction. 

Note that for a low impedance 
antenna, such as our dipole and most 
coax fed antennas there are a small 
number of lengths that will result 
in such problems. With a multiband 
antenna the possibilities of problems 
increase directly with the number of 
bands covered. Thus it is not surpris- 

that many don't think any precau- 
tions are necessary. Still, it can't hurt 
to avoid them, much of the subject of 
the next chapter. 
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Review Questions — - 


10-1 Under what conditions is unbalanced transmission line most 
appropriate or antenna to radio connections? 


10-2 Repeat question 10-1 for balanced transmission line. 


10-3 Why do some people report problems with balanced antennas 
‘connected directly to coax while others observe no difficulties? 


Chapter 11 


So What's а Balun, 
an Unun, a Choke? 


Two homemade baluns 
‘surround a commercial balun, 
On the left a 1:1 choke balun 
‘made of miniature coax, in the 
center a commercial 8:1 balun 
designed for 450 0 systems. 
and on the right a homemade 
4л (200:50 D) balun. 


Contents 
When are Baluns Necessary?.... 
What Do We Mean by Balanced to Unbalanced? 
Balun Location 
The Different Balun Configurations 
Selecting Baluns for Use in Your System ...... 
Review Questions.. 


Baluns are devices that provide а 
transition between unbalanced and 
balanced systems, impedance trans- 
formation or a combination of both. 
The name balun comes from BAL- 
anced to UNbalanced and each part 
is pronounced the same way as in the 
separate words 

Sometimes 


‘an unun. The unun (UNbalanced to 
LiNbalanced) provides an intercon- 
nection between two unbalanced 
systems, either to change the system 
impedance, to force all currents into 
the inside of a coaxial transmission 
Fine or usually both. 

A choke refers to an inductance 
that offers a high impedance over a 


When are Baluns 


particular frequency range. A choke 
wound with coaxial cable has is 

high impedance only to currents on 
the outside of the coax shield, the 
inductances of the inner conductors 
effectively cancel. As we will discuss, 
Such a choke can be used either as a 
balun or an unun. 


We have discussed unbalanced 
line such as coax cable, balanced line 
such as twinlead, window or ladder 
Tine as well as balanced and unbal- 
anced loads. We should point out that 
virtually al transmitters or transceiv- 
ers built since the 1950s are designed 
то work into an unbalanced load — 
made evident by the coaxial connec- 
tor used for the antenna connection. 
“There are many antennas designed 
to operate with a coaxial cable 
connection. These antennas can be 
connected directly to the adio with 
coaxial cable if they present the 
desired load to the transmitter. In 
this case, no transition is required, 
"he entire system is unbalanced. This 
system can work well and neither an 


"The shift to the use ol coaxial cable 
happened because coaxial cable 
became availabe after WW2 
coincidentally withthe popularity of 
broadcast television. Transmitters 
with shielding, егп and coaxial 
ЯР connections were less likely. 
it properly designed, to cause 
Interference problems with TV sets. 
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antenna tuner, nor a balun, is required 
for proper operation, The one excep- 
tion occur И there is coupling from 
the antenna to the transmission line, 
resulting in undesired coax shield 
current in which case a common 
mode choke is recommended. 


What's Wrong with 
this Picture? 

"The unbalanced antenna, unbal 
‘anced transmission line and unbal- 
anced radio make a simple and 
straightforward arrangement that 
is easy to operate, Unfortunately, 
in many cases, the antenna only 
provides an appropriate match over 
a narrow frequency range — often 
narrower than an amateur band, for 
‘example. This has two effects; 

lf the SWR at the transmitter 
reaches a higher value than the trans- 
miter can operate into, it will usually 
reduce the power output to avoid 
damage to internal components. 

While the losses for matched co- 
axial cable can be made acceptable by 
selecting the proper cable for the fre- 
quency and length, the losses generally 
20 up quickly with increasing SWR. 
As noted previously, this actually 


makes the SWR at the transmitter look 
better; however, significant power may 
Be lost (turned into heat) in the cable 

Many amateurs choose instead to 
use a balanced antenna fed with lower 
loss balanced lin in this case. As will 
be discussed later, this often makes 
what would be a single band antenna, 
if fed with coax, into a multiband 
antenna, We then are faced with a 
balanced load and an unbalanced 
transmitter output connector. 


What Happens if We Plug the 
Balanced Line into our Coax 
Connector? 


While not recommended. you ean 
actually make the connection, if 
pressed. Arguably ts not much 
‘worse than the previously discussed 
case of hooking unbalanced coax line 
to a dipole antenna. Та this case, how- 
ever, the shield side of the transmitter 
output is connected to ground and а 
fraction of your output power will flow 
in that direction radiating within the 
тоот instead of towards the desired 
direction, I the ground is not solid, 
you can end up with RF on all your 
equipment, causing various strange 
and sometimes uncomfortable effects. 


What do We Mean by Balanced 


Jnbalanced? 


thing as а free lunch. In order to use 


"The balun makes the transition 
from an unbalanced system, such as 
"he transceiver, toa balanced system, 
such as а balanced transmission line. 
A balun can be used between a bal- 
апсей dipole and a coaxial cable to 
avoid the problem of current being 
driven down the shield of the coax, 
or it can be used between the unbal- 
anced transmitter and a balanced line 
to result inthe current going towards 
the antenna as shown in Figure 11-1. 
‘As noted previously, sometimes 
а balun also used to trans 
impedances. For example, in the case 
of 50.0 antenna, а 50 Q transmitter 
and the use of low loss 450 fl trans 
mission line, a balun with a 9:1 im- 


the low loss hal 
of the two balun: 


Tve taken of con 
baluns have indi 


configuration, the added loss in each 


as part of the equation, Measurements 


about 0.5 dB each should be ant 
pated. It doesn’t usually take too long 
а run of line before the balun los is 
compensated for by the higher loss of 
the coax. This depends on both length 
and frequency. 


s must be considered 


mercial HF 9:1 
емей that losses of 


pedance transformation ratio allows 


ightforward intercon 
shown in Figures 11-2 and П. 
‘Of course there is still по such 


baluns. The twist in the window line is intentional. An 


reduces wind effects and tends to maintain balance in 


the system И near objects, 


— 
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Figure 11-1 — A balun inserted between tho. 
unbalanced output of a transmitter or transceiver and 
а balanced antenna system. 


Figure 11-2 — The use of baluns with a 9:1 Impedance 
transformation ratio makes it easy to use low loas 
450 П balanced transmission line for long runs 
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Balun Location 


A balun can be inserted anywhere 
ina system between a coaxial con- 
nection and the balanced load. As 
shown in Figures 11-4 and 11- 

the connection between an unbal 
need radio and a balanced dipole 
сап include a balun at either end of 
the transmission line run, Here we 


tages. The principal one is that coax 
is less fussy about how it is placed 
than is balanced line. While coax сап benefits of such line, it needs to be 
Be nun in metal conduit, coiled up and space that far from metal structures 
some types can be buried — this is 
not the case with balance 
properly installed coax, the fields are Һам 
entirely within the coax, making i in- 

have used a dipole with a delta match © sensitive to its surroundings, Parallel 


a few times the wire separation in 
all directions. In order to obtain the 


and lossey media 
Note also th 


Tine. With 


itis not necessary to 
he run entirely with one type of 
line, For example, a long aerial run of 
balanced line can be transitioned to 


adjusted to provide а 450 Q balanced © conductor balanced line, on the other coax near the radio with a short run of. 


load at the antenna, 
‘While the configurations of 
Figures 11-1 and 11-5 appear to be 
equivalent, and both can work wellas Table 11-1 
shown, there are advantages to each: 
*The configuration of Figure 11-4, 
ıa long run of 450 £ balanced 


hand, has significant fields between 
the conductors and extending out 10 ba 


coax going through conduit or other 
anced line hostile environments, 


‘Comparison of Transmission Line Losses of Different Lines at 
Different Frequencies 


* Lina Тура. itched Loss at Frequency (MHz, jer 100 feet 
йай ыу hve best, A aed as ran 8 100 eet) 
the system in Fi 11-5 due to the Bu } x „ - 

"vit iem wine rána 300 © Transmit Twinlead. 0.08 03 11 39 
лы ы. аны E IU d o 
te seno ne kg end ypeot coe cus 1 „ ja 
er dernen os n, Pert w & E E 
are shown in Table 11-1 | PORIS 018 от 25 es 
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"Using coaxial cable for the run, 
as in Figure 11-5, has its own advan- 


“Spacing may be too wide for eficient operation al tris requenoy. 
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Figure 11-4 — Delta matched 450 0 dipole fed by 
low loss 450 © balanced line to a 9:1 balun at the 
transmitter. 
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Figure 11-5 — Dipole fed by a 8:1 balun and 50.0 
coaxial cable to the transmite 


The Different Balun Configurations 


There are a number of different 
‘balun configurations. They range 
from simple chokes that force (most 
of) the current that otherwise would 
be on the shield of coax to the in- 
tended loud to more complex devices 
that combine balanced to unbalanced 
transitions and impedance trans- 
formations in a single device, The 
following isa summary of ihe more 
common types. 


Choke Baluns 
Choke baluns are found on the 
соах side of a balanced to unbal- 
anced transition, As noted previously, 
if a balanced load, such as a dipole 
antenna, is fed directly by coax, 
the current on the shield side of the 
connection will split between the con- 
nected half dipole and the outside of 
the shield in a ratio inversely propor- 
tional tothe two impedances, The 
idea of the choke balun is to increase 
the impedance of the outside of the 
shield by adding inductance and thus 
reducing the current that flows down 
the outside of the shield. If no current 
Were to flow down the shield the cur- 
rent to the each side of the antenna 
‘would be the same as if the coax were 
а balanced line on the antenna side 
Air wound coax loops — The 
simplest form of choke is just а coil 


of coaxial cable as shown in Fig- 
lure 11-6, Note that for the so called 
differential mode signal, the desired 
signal inside the coax, this сой just 
acis like а few feet of transmission 
line, The common mode signal, any 


*R. D. Straw, Editor, The ARAL 
Antenna Book, 21st Edition, 
Available from your ARRL dealer or 
the ARRL Bookstore, ARAL order 
по 9876. Telephone 860-594-0355, 
orlolHree in the US 888-277- 


undesired signal on the outside of 
the coax, sees Ше effect of the coil 
inductance 

"This configuration has been evalu- 
ated at length with results reported 
їп The ARRL Antenna Book? An 
example is а sîx tums in single layer 
сой of coax with a diameter of 4.25 
inches, This сой will have an imped. 
ance ranging from 514 © at 14 MHz 
to 1079 fat 20 MHz, very suitable 
for feeding a dipole or triband Yagi 
for example, Such coils are some- 
times scramble wound rather than 
being wound in а single layer. While 


Figure 11-7 — Choke balun mac 


by passing multiple 


turns of coax through a ferrite toroidal core, 


© 


Figure 11-6 — Choke balun made from a coil of 
coax. Such a balun can be effective over about a 2:1 


Trequency range. 


Figure 11-8— Using multiple single turn "coils" 
In series — a good solution for large diameter or 
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Figure 11-9 —The bazooka 
quarter wave choke balun made 
by providing a shorted line section 
around the shield of a coax cable. 


they can be moderately effective, they 
usually suffer at higher frequencies 
due to excessive capacitance between 
tums. The only other effect of the 
coax coil is any attenuation due to the 
additional length of coax, in this ease 
about 7 feet 

Ferrite toroid coils — The ef- 
fectiveness of a choke col can be 
improved by winding it on a ferrite 
toroidal core, as shown in Figure 
11-7. The сой can be ether a pair of 
wires wound together around the core 
or coax cable, either extra thin coax, 
ог the type used for the transmission 
line. A сой of 12 tums of thin coax 
on a type FT240-61 core makes an 
effective choke over the range from 
1810 30 Mi. 

A popular alterate method is to 
vse a number of single turn ferrite 
"coils" in series as shown in Figure 
11-8. While this can be effective, it is 
worth pointing out that the inductance 
of N such inductors in series equals 
N times the inductance of a single 
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Figure 11-10 — The Ve wave 4:1 
impedance transforming balun. 


inductor. On the other hand, the 
ductance of multiple tums through a 
single toroid goes up by the square of 
the number of turns. Still if the coax 
is thick, or hard to bend tightly, this 
is very Workable solution. It has the 
additional advantage that the capaci- 
tance between “turns” is less than 
with a coil, so it will tend to be more 
effective at higher frequencies. 

Ferrite rod coils — Some baluns 
are wound on sections of ferrite rod 
rather than the toroid, donut shaped, 
cores, These can work as well as the 
toroids, however, the toroids have the 
advantage that the fields are con- 
tained within the core, while the rods 
have fields between the ends outside 
the core, making them more fussy 
‘about their surroundings. Sometimes. 
the available space will point towards 
‘one versus the other. АП other things 
Being equal, prefer the self shielding 


voroids, if feasible. 
Transmission line sections — А 
quarter wave long section of trans 
mission line, shorted at the far end, 
has a high impedance at the near 
end. This property can be used as a 
choke at the particular frequency that 
the line section is that length (or odd 
multiples). This is called a bazooka, 
due to the use of large concentric 
structures as shown in Figure 11. 
This is a particularly popular arrange- 
ment at VHF and higher, since the 
dimensions are reasonable and wide- 
band properties ofthe ferrite baluns 
and chokes are often not required, 


Transformer Baluns 

The half-wave coax loop — One of 
the early forms of transforming balun 
was also made of coax cable, this 
time an electrical 14 wave long. This 
cable was formed into a loop with 
‘one end on each side ofthe balanced 
Toad as shown in Figure 11-10, The 
unbalanced line was connected to one 
side of the balanced load. 

The half wave loop provides а сору 
of the signal from the coax feedline 
delayed by 180°, and thus out of 
phase. Each ofthe two signals see 
ап impedance of half of total 300 0 
Toad, or 150 О. Because the imped- 
ance on а halfwave (or multiple) of 
a transmission line repeats itself, the 
Joop will bring the 150 © impedance 
back to the feedline junction. The 
parallel combination of the two 
150 Q signals at the feedline junc- 
tion is thus % of the total load or 
750, Note that since a half wave 
length of transmission line repeals 
whatever impedance is there, this 
will transform any impedance 
о Y the value on the single fre- 
‘quency. 

‘The half-wave loop transforming 
balun is very efficient, with the only 
loss or imbalance а result of the loss 
in the loop of coax, A disadvantage 
is that they only operate on (or close 
to) the frequency at which the loop. 
is % wave (or multiples) long. These 
are frequently used to feed УНЕ and 
UHF Yagis that operate on а narrow 
band of frequencies making the nar- 
row bandwidth irrelevant. 

Ferrite transformers — Broadband 


Figure 11-11 — Schematic and pictorial view of a broadband ferrite core 


4:1 impedance transforming balun. 


baluns can be made using the same 
Kind of ferrite structures described 
previously as transformers, They fre- 
quently are made with multiple wind- 
ings that can be connected in series or 
parallel to provide multiple transfor 
‘mation ratios. The 4:1 balun shown in 
Figure 11-11 is an example of such a 
balun that functions similarly tothe 

% wave coax loop balun. 

Current and Voltage Baluns — 
Depending on the detail oftheir 
design, а balun can be made to force 
either the current or the voltage on 
the balanced side to equal each other. 
Note that in a perfectly balanced 
Toad, in which each side has the same 
impedance to ground, if the voltages 
are equal so will be the currents and 
vice versa. 

‘Unfortunately, in our real world, 
often an intended balanced load, 
isn't quite. For example, an other- 
‘wise balanced antenna may become 
unbalanced if one side is closer to the 
‘ground, or to a metal structure, than 
the other. If the balun is intended, as 
most are, to keep currents off the out- 
side of coax shields then by forcing. 
the currents to be equal your objec- 
tive is most likely to be met. 


2lecting Baluns for Use in Your System 


Within the constraints listed above, 
any of the general type of baluns 
described can be selected for use 
Most baluns have a specified input 
‘and output impedance and power rat- 
ing. These should be matched to your 
application. The transformation ratio 
does not apply for any impedance, 
rather for the design center of the 
balun. For example а 4:1 balun de- 
signed to transform a 200 01 balanced 
load to 50 О coax, can not counted on. 


to provide a 4:1 transformation toa 
2000.0 balanced load. 
in practice, the transformation is 

likely to be close to the specified ratio 
for perhaps а 4:1 mismatch — in the 
previous case that would be from 50 
o 800 2. Outside of that range, they 
may continue to function as balun, 
however, the transformation ratio will 
be diferent and the losses will tend to 


Бо What's 


A mismatch will also increase the 
stress on the balun. The current or the 
voltage will be higher by the square 
тоос of the SWR or mismatch ratio 
‘and thus the ratings should be in 
creased appropriately. After use (with 
power off) a good check at a 100 W 
or higher power station is to put a 
finger on the balun to check the tem- 
perature, Any increase above ambient 
is cause for reconsideration. 
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Review Questions 


11-1 Provide three reasons for using a balun. 


11-2 What are the relative advantages of having a balun at a balanced 
antenna feed point versus having a long run of balanced line to a 
balun near the transmitter? 


11-3 What are the consequences of operating a balun at an impedance fur 
from its design point? 
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Balanced Antenna Tuners 


A classic 275 W E. F. Johnson "Matchbox" balanced antenna 
tuner from the 19505. Still a viable tuner useful to 750 W РЕР and 
available at hamfests and auction sites. A 1 KW model, useful 
above the US legal limit, was also offered. 


Contents 


What's a Balanced Типег?................. лотро 


A Balanced Tuner versus ап Unbalanced Tuner 
with a Balun s 


Another Possibility — The "Но? Tuner 
Review Questions... 


We've been talking about antenna tuners and balanced line in 
the same sentence, even though we haven't addressed the issue 
of the kind of tuners to use with a balanced load. Now it's time, 


What's a Balanced Tuner: 


While we haven't specifically ad- 
dressed the question, the tuners we've 
been talking about so far have been 
really what could be called unbal- 
‘anced tuners. You can usually spot 
ап unbalanced tuner by its input and 
‘output connector arrangement, in 
some cases, they have а coax connec- 
tor for unbalanced cable on both the 
radio and antenna system sides. Other 
unbalanced tuners have a coax con- 
nector for the radio side and a single 
terminal intended for a wire antenna 
and another for a ground connection, 
Some unbalanced tuners have 
another pair of connectors that are 
designated for “balanced loads” but 
the transition occurs after the tuner 
function using an internal balun. 
While these сап be useful Гос driving 
balanced loads, as we will discuss, 
they are really two distinct pieces, 
‘an unbalanced tuner followed by a 
balan. 


Enter a Truly Balanced Tuner 
"The tuner configurations shown 
in Figure 3-3, in Chapter 3, are all 
inherently unbalanced since ground is 
оп опе side of each, Any of them can 
be converted to а balanced configura- 
tion by essentially providing a mirror 
image on the other side of ground. 
‘The configurations of Figure 3-3 are 
shown in balanced form in Figure 
12-1. A quick look at the figure will 
indicate that we now have something 
bly didn't want — a bal 
то balanced tuner! 
The one configuration that can 
be easily transformed to a balanced 
to unbalanced tuner is the tuned 
transformer in Figure 12-1 (A). This 
is because the transformer coupling to 
he radio (left) side of the transformer 
does not maintain the same ground 
reference, Thus one side of the pri 
mary (left) winding can be grounded 
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resulting in an unbalanced connec: 
tion. This is exactly what the 1950s 
ега Johnson Matchbox did, perhaps 
explaining why it is still in demand 
today, 


Unbalancing One Side 
The other configurations in Fig- 
ure 12-1 require a balun on the 50 O 

side to fit into coaxial fed systems, 
While this may seem about the same 
4s putting the balun on the antenna 
side of the tuner (moze in next s 
tion), the difference here is that we 
transform the widely variable bal- 
anced antenna system impedance on 
the right side to а 50 О balanced load 
оа the left in Figure 12-1. We then 
can use а 1:1 50 О balun to transform 
to unbalanced for coax connectivity. 
Alternately, some tuners are designed 
to transform to а 200 © balanced 


load, to be followed by a 4:1 balun 
for connectivity to 50 Q coax, 

In either the 1:1 or 4:1 case, we 
have the advantage that the haluns 
are operating at their design imped- 
ance, They will offer minimum loss 
and will operate with their expected 
transformation ratios. 


There's Always a Price 

A possible downside ofthe bal- 
anced antenna tuner designs is that 
the nature of the beast requires 
significantly more — but not quite 
twice — as many components as the 
same unbalanced configuration. The 
usual antenna tuner components, for 
medium to high power tuners, are 
both large and pricy, This results in 
ramifications in terms of both cost 
and size. There is, after all, still no 
such thing as a free lunch. 
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Figure 12-1 — Configurations of balanced antenna tuner versions of the 
unbalanced tuners in Figure 3-3, in Chapter 3. 


Аз you look over the features of 
commercial antenna tuners, you will 
sce many with “balanced outputs” 

In most cases, these are inherently 
‘unbalanced tuners, with a balun on 
the antenna side to transform to à bal- 
anced load. Many people, including 
Your humble servant, have been hap- 
Pily using such tuners for years — so. 
What’s the problem? 

Well, the simple answer is — there 
may not be a problem! If the imped- 
ance atthe bottom of your balanced 
feed line (generally quite different 
from either the antenna impedance 
ог the transmission line characteristic 
impedance, if the line is not matched 
to the antenna) can transform to an 
unbalanced impedance through the 
balun without difficulty — there is no 
problem — you're done! 

Оп the other hand, if the imped- 
ance at the balun is very different 
from its design point, you may have 
а number of problems, most signifi- 
cantly loss in the balun, While balun 
loss isnot great in its own right — to 
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rid cores are not very good beat ra- 
dliators. Any balun loss will transform 
itself into heat and may destroy the 
balun's ferrite core in the process. 


The Good News Is 
While there are exceptions, many 
unbalanced tuners, including those 
with а balun for balanced loads, of- 
fer additional features compared to 
many "balanced" tuners, My fairly 
typical unbalanced L-network tuner, 
for example, hs three outputs for 
unbalanced coax terminations and 
а fourth that can either be coax or 
balanced, using an internal 4:1 balun 
on the output side. In addition to my 
main balanced multiband antenna, 1 
have a few other antennas thal are fed 
by coax. Thus the tuner provides a 
convenient point for them all to come 
together with easy switching between 
them. With a single switch on the 
Tuner, T сап instantly select any of the 
four antennas — either through the 
tuner, or bypassing the tuner, if they 
are matched systems. Most balanced 


tuners just provide a connection to a 
single balanced antenna system. 

In terms of keeping common mode 
RF currents out of your station, it 
really doesn't matter which side of 
the tuner has the balun — its choking 
impedance has the same effe 


If it Doesn't Play 

Ian unbalanced tuner with a balun 
doesn’t work well with your antenna 
system оп a particular band, you may 
be able to recover. The fact that it 
doesn’t tune usually means that the 
balanced line has a high SWR (if it 
were matched, to say 450 0, the tuner. 
and balun combination could prob- 
ably handle it without difficulty). Be- 
cause of the nature of the mismatched 
line, changing the length will have a 
profound effect on the impedance as 
seen by the tuner. Try inserting about 
‘wavelength of line and see what 
happens. Be sure to observe the usual 
cautions about balanced line — such 
as not coiling it up. 
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Another Possibility — The “Hot” Tuner 


Impedance transformation through 
an unbalanced tuner will not “know 
itis unbalanced unless one side of 
the tuner is grounded. Thus it is quite 
possible to use an inberently unbal- 


— 


anced tuner into a Ver 
itis isolated from ground, This can 8 
be accomplished as shown in Figure 
12-2 fora remote automatic tuner те ou) 
The configuration in Figure 12-3 — 
makes this quite convenient, how- - 
ever, it сап also be accomplished. T. — 
Wing à manual tuner in the station: pen 
"The difficulty with the tuner in the инн ше 


station is that it generally is designed 

fo that the cabinet is at what it thinks Figure 12.3 — Manually tuned version of an unbalanced tuner isolated 
ound” potential, IF itis isolated from ground driving a balanced load. Note the insulated additional. 

from ground, the whole cabinet is at © cabinetry 

the potential of half the RF voltage 

feeding the antenna This сап be 

uncomfortable for the operator, unless The hot chassis problem has been extensions on the controls as shown 


she uses oven mitts to make adjust- — solved by atleast one published de- — in Figure 12-3, I'm not aware that 
ments. An unsuspecting cat can get sign in which what would be the cabi- | this has been offered as a commercia 
quite а curl as it passes by during ù ner is insulated from and inside an product, however, it is feasible — if 


transmission! additional cabinet with insulated shaft not simple to implement. 


ute tne 


Figure 12-2 — Unbalanced tuner isolated from ground driving a balanced load. The common mode choke on the 
radio side maintains the balance on the antenna side. Note that it is necessary to provide a choke on all baiwa- 


‘connections, as shown, In order to elevate the whole tuner above RF ground. Rare Tuer, 
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Review Ouestions 


12-1 Why might an inherently balanced tuner be a good idea? 


12-2 What difference does it make whether a balun is on the input or 
‘output of an antenna tuner? 


12-3 What kind of problems might you have using an unbalanced tuner 
with a balanced load? 
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Chapter 13 


Antennas That Work Well 
with Antenna Tuners 


‘The center-fed Zepp is a very popular antenna with those having a wide-range 
antenna tuner. 


Contents 
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There's no magic antenna that goes well with а tuner — in fact, virtu- 
ally any antenna can benefit from a tuner under some circumstances, 
Here we will discuss how a tuner can increase the flexibility and 


fulness of some popular antennas, 


The Coax Fed Dipole 


In Chapter 2, we discussed the 
nominally matched dipole and the 
limitations on its bandwidth within a 
given SWR. For example, to have a 
single low 80 meter dipole be useful 
across the entire band, we may need 
to deal with an SWR as high as a 10:1 
as shown in Figure 2-7, in Chapter 2, 
although at many heights, the SWR. 
‘will not rise beyond 5 or 6:1 at band 
cies. Most other examples shown in 
Chapter 2 have more reasonable SWR 
characteristics. Sl, in many cases an 
SWR higher than 2:1 may be encoun- 
tered, requiring an antenna tuner to 
permit proper transmitter operation at 
band edges. 


А Dipole Operated on an 
Оаа Harmonic 

A special case of the dipole is one 
used on its third harmonic, A very 
popular amateur antenna is 40 meter 
(710 7.3 MHz in the US) dipole 
also operated on 15 meters (21 to 


21.450 MHz). This is often stated as 
it it were a straightforward arrange 
ment, however, itis just a bit n 
difficult to achieve than would be 
implied by some. A tuner makes it 
much easier. The difficulties arise 
particularly due to two factors 

The nominal impedance of a 
% dipole in free space is about 
1100) rather than 72 0 fora 2 
dipole. While the actual imped- 
ance will vary above and below this 
number, depending on height above 
ground, this often gives us a higher 
SWR than 2:1 to start with. 

"The third harmonic of 7.15 MHz, 
the center of the 40 meter band, is 
2145 MHz, the very top of the 15 
meter band. 

Figure 13-1 shows the modeled 
SWR of a wire 40 meter dipole cut 
for mid band at a height of 40 feet. 

igure 13-2 shows the SWR of the 
same antenna operated оп 15 meters. 
Obviously, this isn't going to work out 


as well as some folks hypothesize. 
Many wide range tuners could 

compensate for the SWR аси 

transmitter. As discussed in 


Chapter 7, however, the losses in a 
coax cable with a 10:1 SWR at. 
21 MHz may result in more loss than 
‘generally be tolerated, although 
it certainly could be used in a pinch. 
Because the losses in mismatched 
coax are less а lower frequen 
the concept can be salvaged by 
‘optimizing the dipole as а 15 meter 
2%. dipole with the results shown in 
Figures 13-3 and 13-4. 

Note tha the lengthened antenna 
has an SWR of les than 3:1 across all 
of 15 meters, significantly reducing 
the transmission line loss associated 
with Figure 13-2, While the SWR on 
40 meters is no longer delightful, itis 
reasonable from a transmission line 
loss standpoint. The resulting ant 
сап work well with some nominal 
"3:1" SWR tuners that work beyond 


Figure 13-1 — 50 f SWR of a 40 meter dipole at ao feet 
‘out for mid band, 
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Figure 13-2 — SWR of the 40 meter dipole of Figure 


13-1 across 15 meters. 


Figure 13-3 — SWR al the 40 meter dipole of Figure Figure 13-4 — SWR of the lengthened (15 meter 
13-1 lengthened to be optimized for 18 meters across optimized) 40 meter dipole of Figure 13-3 across 


18 the 15 motor band. 40 meters, 
their specs, and is an easy job for benefit from an antenna tuner. For. 
wider range tuners any dipole, the tuner can compen- 


sate for imperfect length adjustment, 


Dipoles Can Benefit often a convenience. The one caution 
‘The preceding examples illustrate is that even if the tuner can match 
‘ways in which a simple dipole can the resulting impedance, the los in 


Tuned Yagi Arrays 


the mismatched transmission ine 
between the tuner and the antenna 
‘can de an issue, oven if all seems well 
at the transmitter. Take another look 
а Chapter 7. 


We often think of the popular HF operating on multiple bands, have 
Yagi beam antenna as one that is fed trouble providing а close match from. 


directly with 50 © coax with low band edge to band edge, particularly if 
SWR and without any need for a ner. optimized for the CW or SSB segment 
This is certainly the sense one gets In most cases, even though the SWR. 


from the specification sheet, yet some may be marginal at the far edge, there 
highly tuned Yagis, particularly those © is still beneficial gain and front to back 


ratio. This is exactly the place for a 
limited range internal tuner to be ap- 
plied, since the SWR is often less than 
3:1, My sense is this is what they had 
n mind when these 3:1 tuners were 
designed — compensating for the just 
ош of tune coax fed dipole or Yagi 
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Single Wire Fed Antennas 


There are a numberof antennas get much shorter than 7/4 — t e ені. 
ihararedesigned tobe fed asa single Thesucoss of sch single wierean- of RE Second, your indoor receiving 
wire, without any transmission line. tennas depends on all the usual factors antenna will pick up electrical noise 
Some are field expedients, however, including high length, and ground from other equipment in the build- 
others are well thought out designs conditions all played aginst desired ing Third, i the building contains 
that can offer excellent performance. frequency and geographical coverage. апу sensitive electronic systems, your 
With ground mounted radio anda signal has a good chance of caus- 
Single Wire Antennas higher wire antenna, there will always ing trouble such as setting ol ire 


Single wire antennas go back to the be some vertically and often horizon- alarms, or geting in to a television 
very beginning of amateur radio— tally polarized radiation as well. The receiver while a spouse is watching 
the days before anyone thought of a combination can provide a useful mix an important show. In any case, any 
transmission line. The most common- of coverage, although the coverage in radiation that occurs within the build- 
Iy used transmitting antenna in the any direction will not be as good as ing structure is not likely to help you 
сану days was а short vertical (we're that ofan antenna designed for the job. get your signal where you want it. 
talking below 200 meters, so every ‘The key clement in making such an None of this is to suggest that 
thing was short!) with top capaci- antenna play isa wide range antenna indoor antennas can’t be used, 
tance loading of multiple horizontal tuner that сап match the widely however all of the above issues need 
wires, They were used on shipboard, variable load ofthe single wire on ic be considered. Here we are talk- 
shore and ham stations alike, and multiple bands to the 50 © ing about an antenna that is partly 
"worked well enough to get the signals modem radios require. So we havea inside а building, and partly outside. 
through. place here for the antenna tuner, the The point is that having as much as 

"These days, a “random length” question is “which plac possible outside is generally a better 
single wire is often used as an easy Antenna Tuner at the Shack — This solution, 
to deploy temporary antenna or, сап work and bas been done, but in Antenna Tuner at the Antenna — 
for some, using very thin wire, as the most successful implementations, ‘The antenna tuner can also be located 
an unnoticeable stealthy antenna if the antenna tuner is near the bound- at the antenna, if it’s remotely tuned 
neighbors or deed restrictions object ary between indoors and out. In some ог sometimes remotely switched, 

To “antennas.” They can be effec- stations, that boundary is within orat Some remote tuners are waterproof, 
tive, especially if fed against good Ше edge of the shack eliminating the while others will need a waterproof 
ground system, and if they arc at distinction. enclosure to make them last, With 
Teast 1/4 long at the lowest frequency. — A portion of a radiating antenna dhe taner at or near the antenna feed 
Such a A wire fed against ground inside building is generally asking point, matched coax can run from the 
even has a name! This is called a forsome kind of rouble. First thee tuner back to the station, as discussed 
Marconi antenna, and yes. it dates is the RF safety issue as applied to previously, By running the coax from 
back more than a century. any people inside the structure, Even the station out to the antenna feed 

Random wire antennas will still if your transmit power level does not ройи, the issues of radiation within 


work if shorter, but ground losses require a formal assessment, you are the building can be largely avoided. 
rapidly reduce efficiency as lengths not released from the requirementto This is the configuration used for 


Table 13-1 
Random Wire Antenna Lengths that Should be Avoided Due to Resonance and High Impedance. 

Band (Meters) ads, т 15 2 25), 3. 

180 28410280 48810520 70210780 936191040 1170010 13000 1404.0 to 1560.0 
80 1170101397 2540102674 2510104011 4680105349 58500056 702008023 
40 64110889 1282401397 1923102006 2564102074 320903343 3847104011 
E] 46110463 02210027 1383101300 1844101853 230802317 2767102780 
20 32610334 — 85210589 978101003 130501337 163101671 — 1957102006 
17 25810259 5150518 — 77310777 1030101036 128801205 1515101554 
15 21810223 — 43810448 — 05310009 8730807 100101114 1309101327 
12 1870188 3750375 5820504 74810752 8860940 112401128 
10 1580167 3151038 4730501 — 83010089 — 7880896 945191005 

s % 94 1730187 2600281 3470374 43310468 8207882 
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many marine HF antennas. On a 
sailboat, the typical HF antenna is an 
insulated backstay fed by a remote 
single wire tuner located near the 
antenna base and fed against the ship 
ground system, including salt water, 
it possible 

‘But Watch Ош for Tricky Lengths! 
— The so called random length wire 
antenna is not really random since any 
antenna does have a specific length. 
Such an antenna will work better at 
Some lengths than others, making 

best if not entirely random in its 
installation, The problems most often 
show up if the length happens to be 
a multiple of 2, At his length, the 


impedance hits a maximum, often in 
the 1000 to 2000 © range, depending 
оп the usual factors. This results in an 
SWR of 20 0 40:1, higher than even 
а wide range tuner promises to deal 


"The impedance gets somewhat 
lower with each multiple of a M2, but 
тау still be a problem. A second con- 
cern is that the voltage on the end at 
the tuner is high. The voltage can be 
nearly 500 Van, with a 100 W trans- 
miter, This can stress tuner capaci- 
tors as well as pose a safety hazard 
to unsuspecting people, Instead of 
the shock experienced by coming in 
contact with de or 60 Hz ac, contact 


The Vertical Monopole 


with RE results їп a painful burn that 
is usually slow to heal 

‘While it sounds like it should be an 
easy task to select а length, the mul- 
tiplicity of bands without harmonic 
relationship makes i difficult to find a 
length that won't be likely a problen 
оп some band. A look at Table 13-1, 
indicating approximate 22 resonant 
lengths for each band, along with 
multiples provides а list of lengths 
to avoid for the amateur bands, There 
are so few lengths available, that 
Sometimes it makes sense to just try 
the length hat fits the available spot 
and, if it has problems tuning on a 
band, add а few feet and try again. 


А popular antenna with those 
who like to operate long distances 

on the lower HF and MF bonds is a 
vertical monopole, This can perhaps 
be considered a special case of the 
random wire antenna, except that it is 
generally of specific electrical length 
— typically 244 or % à, depending 
оп frequency and available supports. 
While a 2/4 vertical monopole can 
usually be fed directly with 50 2 
coax against ground, the other lengths 
‘do require matching networks or an 
antenna tuner for operation with a 
transmission line, A low impedance 
ground is a requirement for efficient 
operation of such antennas. 

A 43 foot tall vertical made from 
wire or tubing is a very popular 
antenna in some quarters. Iis a 
7. long monopole on 20 meters and 
thus provides the optimum low angle 
radiation from a single vertical radia- 
tor (see Figure 13-5), yet can provide 
excellent low angle performance on 
40 meters where it is somewhat lon- 
ber than J. as well as on 80 meters 
where it is somewhat less than 1/4, 
but generally а manageable height. 
All the lengths share a complex 
feed point impedance that responds 
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Figure 13-5 — Vertical radiation. 
patterns of a 43 foot, *& à, vertical 
оп 20 meters (solid) compared to а 
%1 monopole. Note the increased 
radiation at low elevation angl 

AE отко PACA 15 FO 
AME yp A MONOPOLE. 


nicely 10 a remote tuner at the base, 
although at these frequencies, a short 
run of high quality coax may have 
sufficiently low in oss to be suitable 
Tor use with a tuner at the station. 


Inverted L 


A popular variant of the vertical 
monopole, particularly on the lower 
frequency bands, is the inverted L. 
АУА monopole for 160 meters, for 
example, needs to be around 130 feet 
long — а bit of a stretch for most as û 
vertical arrangement. The inverted L 
is obtained by taking the same length 


of wire and going as high as feasible, 
then bending ће remainder horizon- 
tally. The antenna has the appearance 
of an upside down letter L — hence 

"The lower (vertical) portion has the. 
highest current and will thus provide 
ow angle radiation very similar to 
that of a full sized monopole. At the 
VA frequency, the inverted L can of- 
ten be fed directly by 50.0 coax with 
a reasonable SWR. An additional 
advantage of this arrangement, if fed 
with a wide range tuner at its base, is 
that i will provide low angle vert 
cally polarized radiation at higher fre- 
{quencies up to the frequency at which 
the vertical portion is just longer than 
5&3. Note the earlier concerns about 
feeding an antenna that is а multiple 
of M2, and if multiband operation is 
in the plan, make the inverted L lon- 
ger than 3/4 on the lowest band, 


The Bobtail Curtain 

‘An interesting, inexpensive and 
surprisingly effective directional ar- 
тау called the Bobtail Curtain is com- 
posed of three 2/4 vertical elements 
fed in phase and driven from the 
single Wire center element as shown 
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Figure 13.6 — The Bobtail Curtain three element vertical phased 


Figure 13-7 — Azimuth pattern of a 
Bobtail Curtain array at 10° eleva- 
tion. Note the high gain over 60° on 
‘each side, broadside to the array. 


of a Bobtall Curtain array (solid) 
compared to a full wave center 
fed antenna on the same supports 
(dashed), Note the superior iow 
angle coverage. 


in Figure 13-6.' This antenna is com- 
posed of just four pieces of wire, yet 
provides significant gain in two fixed 
directions as shown in Figure 13-7. 
The low angle gain of this antenna 
favors long distance communication 
(see Figure 13-8) and is higher than 
that of horizontal antennas of the 
same height 

"The Bobtail Curtain can be fed. 
by a single wire tuner located at 
the source shown in Figure 13-6, 


"For more about the Bobtail Curtain 
array, see J. Hallas, WIZA, Basic 
Antennas — Understanding 
Practical Antennas and Designs, 
Chapter 15. Avalabla from your 
ARIAL dealer or the ARRL Book- 
store, ARRL order по. 8954, Tele- 
Phone 860-594-0355, or toll-free in 
the US 888-277-5289; илмат. 
orgishop/. pubsales@arrl.org. 
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Figure 13-9 — Single wire fed Windom antenna configuration for 


80, 40, 20 and 10 meters. 


although the impedance is quite high, 
as discussed in the previous section. 
Making the middle wire a few feet 
longer may make it usable with most 
wide range tuners. The antenna can 
be used on other bands as a kind of 
top loaded monopole, although the 
results will not be in the same league 
аз those at its design frequency. 


Single Wire Fed Windom 
‘An unbroken half wave antenna 
off-center fed by a single wire was 
‘quite a popular multiband radiator 
in the 1930s, following publication 
оға note by Windom in OST? The 
Windom antenna, as shown in Fig- 
ure 13-9, with a fundamental fre- 


quency in the lower portion of 
80 meters, was said to operate equally 
‘well on 40, 20 and 10 meters, thus 
covering ай the amateur HF bands of 
the day. 

There is some controversy over just 
how well this antenna works as а hor 
‘zontal antenna; however, there is no 
question that it can work. Figure 13-9 
shows a choke or current balun in the 
соах from the tuner to the radio, since 
there will likely be significant com- 
won mode current that should be kept 
ош of the radio room, 


2L Windom, WBGZ, “Notes on. 
Ethereal Adommenis” QST, Sep 
1928, pp 19-22, 84, 


Balanced Antenna $ 


ystems 


For many amateurs, the antenna 
tuner really cars its keep by match- 
ing balanced systems for multiple 
bands, The classic system is one that 
is often called a center-fed Zepp, 
although there are some who suggest 
it really should have different names 
‘on different bands, 


The Center-Fed Zepp 

‘This antenna is actually a half-wave 
dipole if fed on its lowest band. The 
difference between И and the usual di 
pole is that it is fed with low-loss bal 
anced transmission line, such as open 
wite line or window type line, Since 
it doesn't really need to be resonant to 
work well, and thus can be almost any 
length, a more accurate name might 
be the nor alwayr resonant tuned feed- 
er dipole, Sůl more folk will know 
what you mean if you call it а center- 
fed Zepp (CFZ). The configuration is 
shown in Figure 13-10. 

For the case in which it is reso- 
nant at te half wave frequency, the 
radiation pattern is the same as any 
half-wave dipole at the same height, 
"The difference is that the SWR on 
the transmission line will be in the 
range of 4:1 10 10:1 depending on 
the height ofthe antenna and the 
transmission line type, While the loss 
‘with this kind of mismatch would 
bea problem with coax, it isn’t with 
Tow loss line. Including the loss due 
to mismatch, the total loss is comps- 
rable or even less than most matched 


‘coax situations at the same frequency. 

"The antenna can easily be fed with 
ıa wide range antenna tuner, prefer 
ably a balanced antenna tuner, but 
usually also with an unbalanced tuner 
equipped with a balun, The antenna 
will work very well on higher bands 
— into the VHF range, There may be 
some lengths of transmission line that 
will result in an impedance that the 
tuner can deal with on all bands 

‘The antenna patterns become fairly 
complex at higher frequencies. For 
resonant antennas, there are gener- 
ally 2 x N main lobes where N is the 


— | =- 


the antenna will work well from 80 through 6 meters, and may even tune 
‘on 160 motors. The antenna length is not critical, however, it works best if 
‘lose 107/2 on the lowest operating frequency as described in the text. 


number of full wavelengths ‘bands from 80 through 6 meters, for 
‘As mentioned, the antenna has no example 
particular need to be resonant any Another popular length is 86 feel, 


where to work well. The impedance This provides the optimum gain on 
is easier to match if the antenna is at 20 meters in single lobes in each 


least half wave long at its lowest direction perpendicular o the wire. 
frequency, but there is nothing magic Ме the lobes are sharp compared to 
about that length. [use а 100 foot adipole, 35.6° on either side com- 
Jong dipole, center fed with 4500 pared 483°, the gain at the peak is 
window Tine quite successfully on all more than З dB higher than a dipole. 


— аа — pm 


— 


Figure 13-11 — End-fed Zepp antenna for 40,20, 15 and 10 meters. This 
works as a horizontal antenna it the length is a multiple of 2/2 on each 
frequency used. On other frequencies the feed line will also radiate, usually 
with vertical polarization, and precautions must be taken to keep common 
‘mode currents from the radio equipment. Lightning arrestor not shown. 
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This length will usually be useable 
from 80 meters trough tbe higher 
frequency bands, although some 
transmission line lengths may have 
problems with some wide range tuners 
on 80 meters. 

If there are problems matching par- 
ticular impedances, usually an extra 
10 feet or so of the transmission line 
will change the impedance enough to 
make the match possible Be sure 1o 
check the other bands to make sure 
you haven't just moved the problem 
around, Usually a length can be found 
that will work on all bands, Be sure 10 
avoid coiling up the excess balanced 
line. Always keep it off the ground. 
and away from metal — at least three 
ог four times the distance between the 
conductors 


The End-Fed Zepp 


A half wave antenna fed on the end 
with a УА matching section of low 


loss balanced line is called an end. line It can be made to work on bands 
fed Zepp. This is often а convenient at which it is not resonant, however, 
antenna if the station is close tox there will be a pronounced lack of 
property boundary, making a center- balance on the transmission line. 

fed antenna a difficult proposition While the 2/4 matching section is a 


‘The matching section transforms the ben part of the original Zepp design, 
high impedance on the end, typically © itis not necessary if a wide ran 


close to 2000.9, to a relatively low tenna tuner is provided to perform the 
impedance that can be fed by û trans- matching as shown in Figure 13-11. 
тег, ога narrow range tuner. This Тһе unbalanced line currents result 
is the original Zeppelin antenna that in two effect. 
was deployed beneath the aircraft s ‘First, the line will radiate. This 
gondola. It is also popular as a VHF may not be a terrible thing, if the line 
Vertical called a “antenna.” is in the clear, but can cause problems 
Some have had better results Ву if it is running near other equipment. 
providing a 2/10 or so of wire as a Second, the line will bring 
сошцетрове on the other side of common mode current into the sta- 


the transmission line, particularly if tion, This can usually be addressed 
using it on multiple bands. On bands © through a common mode choke at 


at which the antenna is a multiple the point at which a transition to coax 
of 2/2, it provides mostly horizontal — is made. Make sure the coax run is 
polarization with minimal common short, since the mismatch will result 
mode current on the transmission in much higher losses in coax. 


Mobile Antenna Systems 


Antennas used in vehicles operate 
under the same principles as antennas 
im other applications, however, they 
often provide unique challenges. An- 
tennas for MF and the lower portion 
of the HF region must be shortened. 
considerably in order to be practical 
оп most motor vehicles, large ships 
ше a notable exception. Їп addition, 
unlike the usual antenna environment, 
these antennas are usually quite close 
do both the radio equipment as well 
as the vehicle body. With the excep- 
tion of aircraft antennas, most mobile 
antennas are also quite close to the 
ground. 

While none of the above differenc- 
es by itself results in major problems, 
they all lead to certain limitations in 
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Figure 13-12 — Typical vehicle mounted monopole for the lower HF range. 
Because o! practical imitations to do with garages, tunnels and trees, 
lengths tend to be 8 feet or loss, from about % to %: wavelength. The 
contor loading shown improves efficiency. 


antenna design and performance, 


HF Mobile Antennas on 
Land Vehicles 

The lower HF bands, especially 80, 
40 and 20 meters, are popular with 
„mobile operators, Depending on the 
‘sunspots and time of day, one or more 
can usually be counted on for reliable 
medium to long range communica- 
tion. The usual antenna is a relatively 
short monopole antenna mounted on, 
and fed against, the vehicle body as 
shown in Figure 13-12, 

Asin the antenna in Figure 13-12, 
center loading is often used because it 
results in higher current in the lower 
section and thus les loss, although 
base loading, or even just using а 
solid whip with a tuner at the base 
are often encountered. A limitation of 
such an antenna is its SWR band. 
‘width, a typical case shown in Fig- 
ure 13-13 — much narrower than а 
full size antenna, 
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Figure 13-13 — Typical SWR plot 
‘of a mobile antenna of the type 
‘shown in Figure 13-12. The 2:1 
SWR bandwidth is likely to range 
from 20 to 50 kHz, with antonnas 
having less efficiency tending to 
have wider bandwidth. 


‘This makes the shortened mobile 
antenna а good candidate for a wide 

range antenna tuner, The tuner can be 
used to allow fall band coverage to be 


obtained. T have even used a tuner to 
allow a 40 meter mobile whip to be 
used on 80 meters, although it is 
not as efficient as the center loaded 
80 meter arrangement. 


HF Mobile Antennas on 
Other Vehicles 


‘Those using НЕ on boats or aircraft 
do not generally share the same size 
restrictions as on land vehicles, Often 
either will use a convenient length 

of wire, for example the insulated 
backstay on a sailboat, or a wire from 
а short mast o a handy surface on an 
aircraft, to form an antenna similar 

to the random wire described earlier. 
"This is almost always accompanied 
by a remote, usually automatic, 
antenna tuner very near one end or 
the other of the wire, This system 
сап work very well if fed against the 
aircraft body or a metal hull. On ту 
fiberglass sailboat, feed it against 
the ship ground system. 
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Review Questions 


13-1 Under what circumstances can an antenna tuner be of benefi in feeding 
ıa simple coax fed 3/2 dipole? 


Why is it important to use low-loss transmission 
ladder line if using a dipole on multiple bands? 


ve such as window or 


13-3 What are the possible consequences of common mode currents on а 
transmission line? 


Chapter 14 


A Survey of Available Tuners 


A selection of modern 
balanced antenna tuners. 
‘on the left with a 19508 
John Matchbox tuner. 
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Key Tuner Paramaters 


irtually every configuration of 
antenna tuner, capable of operation at 
every legal power level, is available 
commercially from one or more 
vendors, This can make selecting a 
commercial tuner a bit of a challenge, 
just asit is much tougher to selecta 
meal from a restaurant with many 
good choices, compared to just а few, 

Fortunately, the choices can be 
quickly reduced if one can make a 
few decisions on key tuner param- 
eters. I will ry to organize them in a 
way that will help make the selection 
easier. The following are the major 
decisions to be made, in this person's 
opinion: 


What Frequencies Do You 
Want the Tuner to Cover? 


‘When talking about antenna tuners, 
we almost always are talking about 
the HF range, although there аге also 
some tuners for VHF bands. This 
means that we want to cover the. 
amateur bands from 80 through 
10 meters — that’s a given. Most 
current amateur transceivers also 
cover 160 meters. Is that of interest? 
If so, because it often doubles the size 
of many tuner components, it will 
likely add significantly to the cost and 
size of a tuner, al other things being 
equal. The 160 meter band is gaining 
in popularity since it provides 
interesting operational conditions at 
the bottom of the sunspot cycle, as T 
write this. f you have room for 
effective 160 meter antennas, having. 
ıa tuner that supports operation here 
may be a good choice. 

On the other end of the spectrum is 
6 meters, More and more current 
amateur “НЕ” transceiver cross into 
‘operation on our lowest УНЕ band. 
This band is also quite popular now 
since there are long distance modes 
that don't depend on sunspot activity. 
If you have, or expect to have, a 
dedicated 6 meter antenna, the 
chances are that it will be suitable to 
be fed directly with 50 (2 coax and a 
tuner will not be needed. On the other 
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hand, if you will need to use your all 
band tuner fed antenna, such as the 
center-fed Zepp, on this band, you 
will want to include that capability in 
your tuner, 

"The other frequency decisions 
may be more subtle, Operation on 
10 meters is sometimes a problem 
with larger tuners that have trouble 
ending up with sufficiently low 
minimum inductance and capacitance 
to provide the same impedance 
coverage on 10 meters as on the other 
bands — check the specifications to 
get an idea. In a similar vein, some 
Tuners don’t have quite enough 
maximum inductance or eapacitance 
to provide the tuning capability to 
cover 80 (or 160) meters with the 
same range as on the other bands, 


How Much Power Do You 
Expect to Run? 

For any given tuner design, there is 
no factor that influences tuner cost 
and size more than power level. This 
should not be a surprise since higher 
power means higher voltage and 
current stress on the components 
Within, The obvious answer might be 
to pick а tuner with a power rating 
‘equa to the most power that your 
transmitter can put out — but be 
careful, there are four issues hidden 
here 

The power rating is based on the 
manufacturers SWR specification (if 
they did a proper design job) If it 
says a tuner is good for an SWR of 
10:1, typical fora wide range tuner, 
and you tune an antenna with а 20:1 
SWR, you may be able to get a 
match, but either the voltage or the 
current in the tuner ean be higher by a 
factor of (20/10) or 1.41 times. That 
тау explain the arcing, or the burning 
smell, you observe on some frequen- 
cies! The answer may be to go 
somewhat higher in power rating than 
you expect to actually run. 

So you now have that shiny new 
100 W transceiver — you love it to 
death and can't imagine that you will 


ever need more power. You buy а 
100 W antenna tuner (or better a 
200 W tuner, as discussed above) and 
happily make many contacts with 
your stealthy antenna. Now you 
decide to ry for DXCC and notice 
that the DXpedition in Outer Slovenia 
сап almost hear you, but can't quite 
сару your call letters. A bigger 
antenna is ош of the question. 

only solution is a high power 
бег. Oops, now you have an almost. 
new 100 W tuner that you can no 
longer use, 

"In addition to taking up more 
space, and more lawnmowing money, 
high power tuners оеп, because of 
the physical size ofthe components, 
have trouble providing the tuning 
range some antennas need on the 
higher bands. Some switch out 
portions ofthe circuit on higher 
bands to avoid the problem, but some 
don't Keep your eye on that ball, if 
looking at higher power tuners, 

«Оп the plus side, higher power 
tuners usually have inductors that are 
wound with heavier wire. This 
reduces losses, although it may not be 
noticeable in the test results. 


Do You Want a Balanced or 
Unbalanced Tuner? 

If you expect to be feeding single 
wire or coux-fed antennas, an 
unbalanced antenna tuner will be fine. 
If you want to feed an antenna such 
asa center fed Zepp with balanced 
line, you will need to have some 
provision to feed a balanced load. 
This can be handled in one of three 
ways: 

A fully balanced tuner is ideally 
suited to matching to balanced loads 
within its matching range. These are 
available in multiple power ranges 
and can work quite well A disadvan- 
tage of these is that many do not 
include all the switching options of 
many unbalanced tuners — not a 
problem if you expect to use a 
Single antenna. 

Many inherently unbalanced 


tuners include an output connection. 
"rough an internal balun, These work 
best with balanced loads within about 
4:1 SWR of the balun design imped- 
ance, Most use 4:1 haluns designed 
for 200.2 load, That means they 
will work reasonably well with 
resistive loads from 50 to 800 £2, and 
with complex loads of a similar 
SWR. They will also work outside 
that range, although their response 
‘can be a bit unpredictable. If they 
don't get hot, they are probably 
putting the power where you want it, 
*The same kind of balun can be 
added outside of an unbalanced tuner 
if you decide to move from coax to a 
balanced feeder system. The same 
‘concerns as noted above apply 
However there are some advantages 
such as that you can custom design 
the balun for the impedance that each 
antenna has, and you can have the 
balun some distance from the station 
equipment — but watch ош for 
mismatched coax losses if the 
distance is more than а few feet 


Do Your Want а Remote or 
Local Tuner? 

‘An antenna tuner that is located 
‘next to the radio in the station area 
offers а lot of plosses in terms of 
control and monitoring. Some 
antennas, however, really want the 
impedance matching performed at the 
antenna. A big consideration here is 
that if the tuner is located with the 
antenna, it usually can only operate 
with that single antenna, although 
remote switching is possible. If the 
antenna tuner is near the radio, 


switching between antennas systems 
is usually much easier — sometimes 
provided within the tuner, sometimes 
outside — but always within reach. 


Do you Want a Manual or an 
Automatic Tuner? 

A manual tuner requires adjusting 
two or three controls (and often 
Switches) every time either frequency 
is changed, typically by around 
50 kHz, depending on what band is 
selected or what type antenna is used. 
The adjustments can be tedious, 
although recording them makes 
returning toa proper tune under 
previously encountered conditions. 
fairly casy, 

‘An automatic tuner, on the other 
hand, just requires a push of the 
button to obtain a tune. Many have 
Some sort of memory arrangement so 
they can quickly return to previous 
settings. The tuning usually takes a 
few seconds the first time, a fraction 
thereafter. While it is possible to 
imagine а remote manual tuner, to my 
knowledge, all remote tuners are of 
the automatic flavor. So if you want 
remote, you get automatic. 

‘The idea of an automatic tuner 
sounds pretty good, and itis. There 
are just а few items to be aware of, as 
noted below: 

‘In general, an auto tuner will 
make a match within its specified 
SWR threshold, often 1.5:1, but 
check and compare with your radio's 
requirement. With your manual 
Tuner, you can usually find 121 
setting. If the radio will put out its 
full power into the load, this is not 


worth worrying about. 

"Watch out for tuners that initiate a 
tune on their own. Some can be just 
лоо automatic to sult me. You tune 
your radio 25 kHz off your previous 
frequency to capture a neat DX 
station, start to call, and hear your 
amenna tuner relays clacking. 
Chances are the up and down tuning 
‘ill result in the station missing some 
part of your call sign. 

Of more concer, if there is no 
circuitry to prevent it, many auto- 
matic tuners that can handle 100 W, 
for example, want tuning to occur at a 
lower power level to avoid burning 
relay contacts If it starts up while 
you are operating, you can easily hit 
it at full power before you know 
what's happening. In the mobile 
environment, this can also happen as 
you pass that 18 wheeler with a giant 
piece of aluminum detuning your 
antenna (it сап also serve as a 
reflector, if you get it in the right 
placct). 

e1 once thought that ihe small 
‘components in the usual compact 
‘automatic antenna tuner would result 
їп more losses compared to the larger 
‘components, especially inductors, in 
"he usual manual tuners, To my 
surprise, following the test results 
presented below, this does not seem 
to be the case, although it might be 
buried in the 5% minimum loss, 
below which we don't report due to 
measurement uncertainty. If it is a 
loss of that level (02 dB), in my 
opinion, it should not be part of the 
decision process 
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Product Review Testing 


The American Radio Relay League 
САКЕ), the US Amateur Radio 
organization publishes а monthly 
magazine, QST. for its members. In 
addition to its many technical and 
general interest features, each 
month's issue includes detailed 
reviews of products of interest to its 
readers, These Product Reviews 
generally include laboratory evalua- 
tion of equipment operational 
Parameters using professional grade, 
independently calibrated test instru- 
ments, Over the years, we have had 
many such reviews of antenna tuners 
and Ihave reproduced the results 
from some here. 

While many of the reviews include 
currently available equipment, some 
models covered are no longer 
available as new equipment. Even so, 
it may be of benefit in two ways: 

(There is an active used equipment 
market in Amateur Radio equipment. 
This may provide a way to knowl- 
cdgeably purchase an antenna tuner at 
a lower cost, 

In some cases, manufacturers 
have made relatively small changes to 
equipment, so data оп previous 
models may be directly applicable, 


ARRL Lab Antenna Tuner 
Testing Methodology 

"The following method was used in 
the ARRL Lab to measure the loss of 
the toners presented below. Two test 
fixtures were built which would hold 
combinations of high power 50 (2 
“non-inductive” carbon resistors 
(опе fixture for parallel combinations 
and one for series), one shown in 
Figure 14-1. Even with the non- 
inductive resistors, some net fixture 
inductance was apparent at some 
frequencies, so а variable capacitor 
жаз used to compensate. The fixture 
accuracy was measured using the 
Lab's vector impedance meter. 

Each fixture used an input connec- 
tion (for the tuner) and an output 
connection, The output connection 
went to a 50 £2 input power attenua- 
tor, which took the place of one of the. 
resistors in the load (for the series 
loads, it was always the one on the 
ground side of the network). The 
‘output of the power attenuator was 
connected to a high accuracy labora- 
tory wattmeter, and the actual 
attenuation was measured for each 
frequency. The tuners were matched 


at low power, then 100 W of RF was 
applied at the input, with the output 
being measured by the Lab's wattme- 

Exch tuner was connected to the. 
Joad fixture at each resistive imped- 
ance level for testing in the ARRL. 
Lab, A 100 W RF source fed the 
input of he tuner. The resistive load 
was connected to the antenna output 
The load was connected to а 50 Q. 
power attenuator, which took the 
place of he final resistors. This is a 
close-up of the parallel load test 
fixture. The variable capacitor was. 
used to compensate for fixture 
inductance encountered at some 
frequencies. While complex imped 
ance loads could have been tested as 
well, the additional data points would 
have made testing impractical, We 
believe that the results at а articular 
SWR should be representative of 
‘other loads with the same SWR. 

Note thatthe reviews were. 
conducted over a period of a few 
years and the data taken, as well as 
the presentation, varied slightly from 
review to review. Please make sure 
that you are comparing equivalent 
dua 


Figure 14-1 — Close up of test figure used to test 


using 
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rallelod 50 © noninductive loads. 


antenna tuner efficiency into loads from 50.0 down. 


OST Reviews Five High Power Antenna Tuner 


Reviewed by Jim Parise, WIUK what they were designed for, or use — es. Ifa ham were running 1500 W 
ARRL Technical Advisor non-resonant multiband antennas that into a tuner that was 50% efficient, 
QST February, 2003 require a tuner, The five HF tuners we 750 W would be dissipated in the 

One piece of gear that finds its way © tested are all in the kilowatt class, tuner Most of the loss in a tuner 
into most everyone's shack stone meaning the manufacturer rates their — occurs in the coil, and no coil can 
time or another isan HF antenna power handling capability at 1 kW withstand 750 W of power. A 
tuner, First of all, the папе antenna output or more high-power tuner could probably be 
tuner is something of a misnomer. It With the wide range of frequencies | safely used at 50% efficiency and 
does not tune the antenna at ай, but he HF spectrum and the huge 100 W, but hams should be careful 
acts as an impedance transformer that diversity of antenna types in use, with high SWR and high power, or a 
provides your transmitting equipment tuners are expected о perform under tuner failure is a real possibility. Each 
With the proper load, usually 50 £2. en incredible number of possible tuner was tested into resistive 

Who needs an antenna tuner? Well, combinations. Some are more impedances that ranged from 6.25 to 
anyone who has the need to match an efficient at it than others, A measure 4000, and their respective percent 
antenna with an impedance outside of a tuner's ability o transform age of loss and 1.5 SWR bandwidth 
the range of their transmitter or impedances efficiently is energy loss. — measured. The tuners were also used 

plifer's output circuits, Modem Under extreme conditions a tuner can in everyday communications on all 
transceivers often have built-in tuners get quite hot or are over at power bands at power levels up to 1 KW, 
that ure capable of matching SWR levels well under the manufacturers matching a GSRV fed with balanced 
‘mismatches up to 3:1. Beyond that rating Heat ina tuner is a product of — ladder line and a 160 meter inverted L 
they need help, and if you usean iss RF energy being dissipated as fed with coax. 
amplifier you most surely will need ће і lost power that will not find іы The characteristicvs of the five 


опе. Many hams find themselves with Way to your antenna and onto the air. unery tested are described in 
limited antenna choices and the desire Tuner losses generally get higher — Table 14-1. Each tuner is described 
to operate on frequencies other than as the impedance of the load decreas- separately below 


Table 14-1 
‘Comparison of Five Antenna Tuners 

Amentron ME Palstar те Vectronics 

ATRGO КА АТООСУ 238A HFF1500 
Circuit Type network Темок Темок dae, Төмөн 
SWR/wattmetor Crossmeede  Crose-esdie | Croseneede — Singeneede Cree ede 
Balun type dicuren eee —— 4lvolage — 4dvolage 41 votage 
Manulacturers claimed PEP rating 2000 000 W 1500W 2000 w 2000 W 
Manutacturors claimed Matching range 36-500 35.500 20-1500 5.3000 Not spected 
Physical dimensions (HWD) A 4512512 551841 5512512 

inches 
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AMERITRON ATR-30 feed lines connect to large ceramic Willow Rd, Starkville, MS 39759; tel 

‘The ATR-30 (Figures 14-2, 3, 4) binding posts with wing nuts. Test 662-323-211; fax 662-323-6551; 
iy Ameren’ АААЙ ‘ell are summarize in Table 142. www. ameritron.com. 2003 price 
amenna tuner offering It is housed in Manufacturer: Ameriron, 116 $589.98, 


a plain all black aluminum enclosure 
With а scratch resistant coated front таце 14-2 


panel. A look under the cover reveals. Ameritron ATR-30 Loss and Bandwidth Test Results 
two large variable capacitors and an 


ele ete oe юсти sum Losa) wom ют om ют ют 
al cor ce wound siverplaed 8, 8 poris ОЮ ФО “Ie c cid 
inductor Like mos of the other Менын Юю + чо у чю 
tuners reviewed here, dhe capacitors ал vas Киш 4 «ш «0 ad 40 
are adjusted with vernier reduction MW 4 4 38 38 ш 
O] 
smoothly, they require a lot of force тергее 4 — ^A AME. 
qno hey equi ao . 44 50 perpe м) 0 «0 O cd 
a scd pe quacum 1.5 SWA BW. >5 >5 »5 5 >5 
adjusted with a plastic lever type 21 100 Power Loss % <10 <0 <0 <0 ао 
Knob and is quie sûfî to rank The Sie Ss 38 38 s 
roller itself is а pinch roller, andthe 41 20 Powerloss% — «10 — «10 <10 <0 <10 
s ew Ge Gs s чо “S 
physioal rosistanoe in tuming he gı аю бышык dd A0 «0 dê td 
Crank may be offset by lesoned e 
ae e Notes 
The balun is constructed ,,, 
lancet tod ошын ath wie T Tres ийлан Sv ӨЙ prosa Gad or ach an SWA of 


1.5 orlees was maintained as a percentage ofthe measurement trequencios 
covered with Teflon tubing. The (18,35, 72, 142 and 20,7 MH). 


cross-needle meter displays both 
average and peak power in switchable 
300 W or 3 KW ranges. The wattmeter 
requires de to function, Is illumi- 
nated by either a 12 У barrel connec- 
tor on the back panel or a 9 V battery 
accesible through a rap door on the 
бойоп of the unit, With 12 V, both 
the meter and inductor turns counter 
are illuminated. When a V batery is 
used, the meter will function, but the 
panel lamps will not light. 

папра match on 80 meters on 
the ОКУ required quite a bit of time 
finding the right combination of 
capacitor tuning and inductance, and 
te sûfî controls didn't make it much 
fun. Finding the sweet spot on the 
higher bands was much easier, There 
эе three coax outputs on he ATR-30, 
including two that may be switched 


direct or through the network and a = 
third direct only. Single or balanced ен 


Figure 14-4 — Rear panel connections on the 
awer won ATR-30. 


Figure 14-2 — Front panel of the Ameritron ATR-30. 
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MFJ-986 


‘The "986 is one of more than 20 
antenna tun 


1500 W PEP within the 35-500 Q 
impedance range, positioning it along- 
side the "989C as one of their high 


circuit board on the inside back panel 
seemed to correct the problem, 

Two coax outputs are provided that 
сап be switched to bypass the tun- 
ing circuit, as well as a third output 
fora dummy load, Balanced and 
single-wire feed lines connect to large 


nuts, A 4:1 two-core current balun is 
provided at the output, Test results are. 
‘summarized in Table 14-3. 
Manufacturer: МЕ) Enterprises, 
Inc, PO Box 494, Mississippi State, 
MS 39762; tel 800-647-1800; fax 662- 
323.6551; wwwamfjenterprises.com, 


чене EC a ne ft igh e fed gh pon wih ving 203 pes 657005 
Каш wih — 
capacitors, he 9 (Figures 14.5, 
eke ota ne variatie Table 143 
... ̃ ».. and Bandwldth Test Results 
role inductor wiha tree digit amn, ay reete) ma юн ws Ba бт 
counter The tuner uses what MEI 81 gos Power toss% т at a 48 "R 
hes ana "cota capaho Www ч 5 5 5 3 
ааа татава 44 us шешт „ ш 4 4 э 
‘and one variable set, with a single 15 SWR BW 1 1 4 5 > 
capacitor control, forming a T-netwo * eee 25 20 10 Mm 10 
. 7 S лу п 2 ч 5 4 
+ Pas 4 . 
"Ihe cabinet is narrow and extends їн 2 7$ мз м ы 
rely 18 inches dep cue. e а Pls , 9 do 28 T 
pent meter has gh COO W) and omen 4 70 € ow 3 
MEE Ly ap minu її шош cd di 
front panel button, and it can display 1.5 SWR BW a 5 5د‎ „ эв 
паев peak pers Wels ST 49 Peto 10 0 20 NO Tg 
SWR. Providing 12 V tothe connector Notes i к A o JB 


on the back panel brightly illuminates 
the meter, Both the capacitor and roller 
inductor are directly driven. The in- 


Power losses are expressed as a percentage. A 21% loss of power is 1 dB. 
The 1.5-SWA Bandwidth (SWA BW) represents ta bandwith ovar which an SWR of 
1.5: or lose was maintained as a percentage о ho measuroment frequencies 


ductance knob has a finger depression, 
Which are often found on a trans- 
ceiver’ tuning knob, It is somewhat 
awkward to tum dae to binding. The 
tuner had a tendency to creep around 
"he operating desk when the inductor is 
rapidly turned. A check inside revealed 
several loose screws holding the induc- 
tor to the chassis. Tightening these did 
improve the smoothness somewhat 
‘The 7986 provided a match to both 
‘antennas quickly, but arced over on 
80 meters with the inverted L at 
‘900 W. While this tuner does provide 
cease of use, one should give careful 
consideration to the loss figures in the 
tables, During operation the meter 
developed an intermittent problem 
both needles going off scale even 
with very low power applied and a low 
SWR. Movement of the SWR bridge 


Figure 14-5 — Front panel of the MFJ-986. 


(78,35, 72, 142 and 29.7 MH) 
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Figure 14-7 — Rear panel connections on the MFJ-986. 
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PALSTAR Kris ——varblecoactorsare 240 pF maxi Antenna connections on the back 
— tba 160 тинг pami nade tee one apie Two 
The Par ATISOOCV (Figures 
Mrs e o e des la ырш Шу te 


кукык) onoma [cher weten tuning network and one is bypassed 
aluminum enclosure. Inside, the 
metering and SWR bridge circuit 

in Se г Table 14-4 


are encased in their own aluminum 
boxes, The moderately sized variable Palstar AT1500CV Loss and Bandwidth Test Results 


capacitors ше mounted side by side SWA Load р) zn, ют sm 20m ют 
andere mge calibrated d 02S E т р 
k К 

gern series an inp aa 125 PowerLoss% NoMatch 16 13 <0 Ш 
allows for precise adjustment. Palta IEE r e RA 
indicates that newer units incorporate 2 25 Power Loss % 21 з 40 <0 <10 
s roller bearing assembly which SCI М: de ый 
makes inductor adjustment smoother. 11 50 Power Loss % 13 <0 40 40 <ю 
The roller inductor is quite large. It is UO 8 SE me = 
21 100 ponerlos% Noah AO % «0 13 

am air core silver plated edge wound КОЛГА „ 
Coll with heavy-duty ceramic forms. 41 eam (wall deen 40 AD AD Н 
Contoloftheindweorisviastever „, ТЫ e, м ом з 5 
le and mechanical turns counter. pa е E: 3 
e M 1.5 WR BW >5 »5 <5 5 


I is notas smooth as some of the 
ober tuners and tends to lurch as itis "No Mater means that а 1:1 SWR could not be obtained 

rotated during fine adjustments. The Power losses ar expressed as a percentage. A 21% oes of power is 1 d3. 
cross-ncedle meter displays SWR and | The 15 SWA Bandwidth (SWR BW) represents Ie bandwith over which an SWR ot 
average forward and reflected power 151 or less was maintained аза 

їп 300 and 3000 W ranges, with no 

‘option for peak power metering. Tis 
illuminated with 12 V from an 
included wall adapter. 

‘Achieving а 1:1 SWR on the 
(GSRV was possible on all bands from 
80 through 10 meters at its rated 
power maximum of 1000 W single 
tone. Similar results were noted on 
the inverted L. Although the tuning 
chart provided in the manual does not 
include settings for 30 meters, the 
tuner easily matched both antennas. 
оп that band. This tuner has а solid 
feel to it and doesn't creep around 
While making adjustments, 

In laboratory tests, the ATISOOCV 
had more difficulties on 160 meters 
than on other bands. A 1:1 SWR was 
only obtainable with the 25 and 50 £2 
Toads, the power losses at 160 meters 
‘were measurably greater than those 
‘om other bands at the same loads. The Figure 14-10 — Interior circuitry of the Palstar AT1500CV. 


Figure 14-9 — Rear panel connections on the Palstar 
ATISQQCV. 


Figure 14-8 — Front panel of tho Palstar AT1500CV. 
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straight through. The bypass output. 
can also be used with an optional 4:1 
balun available for $39.95 [2003] 
Balanced or single wire feed lines are 
attached to Delrin terminal posts with 
wing nus. 

Longer threaded material on the 
terminal posts would be a welcome 
improvement and make attachment of 


TEN-TEC 238A 


‘The Ten-Tec 238A (Figures 14-11 
12 and 13) is the only tuner in our 
roundup to utilize an L-network. Us. 
ing an innovative switching arrange- 
ment, the "238A actually provides 
five different circuit configurations 

to maximize efficiency. А Took at the 
low loss figures in the table confirms 
this. The well-constructed tuner makes 
use of a single variable capacitor and 
а smooth turning wire-wound roller 
inductor o match impedances up to 
3000 c. Additional capacitance can be 
Switched into the circuit by means of a 
front panel switch, Five settings each 
are available for high and low imped- 
ances, as well as а bypass choice, 

A ceramic feed through post on the 
Pack panel provides a connection to 
"dd an additional 1000 pF capacitor 
included with the tuner) to the circuit 
for matching 160 meter antennas. The 
small dual use meter can be switched 
to display SWR or RF power in either 
a 2000 or 200 W range. The meter 
lamp is powered by 12 V on the buck 


ВА handily matched all 
bands оп both test antennas at full 
legal limit power, On 10 meters using 
the GSRV, the capacitor and inductor 
controls were а bit sensitive to small 


Figure 14-11 — Front panel of the Ton-Tec 238A. 


larger gauge wire much easier. In 
isolated circumstance during lab 
testing, our engineer felt an RF bite 
оа 10 meters through the metal 
portion of the inductor crank. This 
did not seem to be а pervasive 
problem, and Palstar indicates that the 
grounding on the crank has also 


‘adjustments. One minor complaint: 
Measuring forward power in the high 
power range on the meter caused the 
indicator to slap ihe right extreme 
position during CW keyi 

In laboratory tests, the "238A 
did not match on 160 meters nto а 
625 0 ший 2700 pF of external 
capacitance was added. Ten-Tee 


recently been improved. Test results 
are summarized in Table 14-4. 

Manufacturer: Palstar, Inc, 9676 N 
Looney Rd, PO Box 1136, Piqua, OH 
45356; el 937-773-6255; fax 
937-773-8003; wwwpalstarine.com. 
2003 price: $429.95, optional 4:1 
balun $39.95, 


indicates they will provide additional 
capacitors to purchasers at no extra 
charge, Also. the power losses on 

10 meters were considerably greater 
than those on other bands, However, 
the '238A performed very admirably 
оп most other bands, quite often 
exhibiting the least losses on given 
band and load combi 


Figure 14-12 — Rear panel connections on the Ten- 


Tec 238A. 
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‘The four-position antenna switch 


Rak EAE kte E E 
атеши aos — re ce 
248 E 
E e ao cc Eo ee 
1.58WR BW. >5 >5 >5 2 oe 
MEO ELE ИЩ vem 
i ME NEG E T Mere 
2 25 Poesias O 10 0 O 17 ‘output. The 238A is the only one of 
ee eee ame ten a at ый COT 
FUE ык. e Ner ec E o а 
1.5 SWR BW 25 25 >5 >5 >5 mw vadis cbe 
21 100 Power Loss % ‹о <0 <0 <0 2 here has a linen phenolic core. 
o ы EOE з арыт з Ge ose 
Pee ccu ЫЕ "а roe 
NDS. O e айни астана, е 
ана 40 49 dB ЮМ tenes mamta 
к dow gy de eod 
Же ытаа айыы Dual eed SRS EAA on em rose pana и 
ee иа hoto ыы n МАШЫ SEE 
o A Tate I 
КЕЛЕ rice 
en e, Del aren Pr ine IN 
pipe brin Nul poeta a Dar Калт 


less was maintained, 


percentage of the measurement frequencies (18, 45 728-4483; w > 
72,142 and 29.7 MH) 565-428-4483; wwwtentec.com. 


2003 price: $475.00 (238B) 


VECTRONICS HFT-1500 

"The first thing you notice about 
the HFT-1500 (Figures 14-14, 15 
and 16) is the LED bar graph on the 
front panel that is used to display 
relative peak forward power. The 
bright green bar graph is adjusted 
то its maximum scale with а level 
control on the front panel to a 
known forward power reading on 
the cross-needle wattmeter. While 
it doesn’t show actual power read- 
ings, it does give a quick visual 
indication of peak power, The 
cross-needle meter displays only 
average power and SWR in two 
power ranges selected by a pushbut- 
ton switch. 

"The traditional T-network design 
uses two 4.5 KV variable capacitors 
adjusted with large comfortable 


Figure 14-14 — Front panel of the VECTRONICS Figure 14-15 — Rear panel connections on the 
HFT-1500, VĚCTRONICS HFT-1500. 
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this is possibly due to the additional 


Table 14-6 [эжэ 
Vectronics HFT-1500 Loss and Bandwidth Test Results. ME m Mic rie 
SWR Load (2) 160m om som 20m 10m Lab adjusted the inductor with a 
Dr мим» б ш E 8 Cante pe 

1.5 SWA BW. T EI 2 5 s jon 
41 125 Power Loss % 32 n <O <0 iix a sot. 

ISSWRBW ов ов з эы 5 ‘The НЕТ:1500 provides two coax 
21 25 Powelom s 19 2 <û dO dO inputs anda third that completely 

dee, 2 — 55 . 55 m 1 
1150 Powerless% 2 e 20 do 0 e uning network, The 

1.5 SWR BW. 3 E 25 5 055 орао Vo 
21 100 Power Loss % 12 <0 <0 <0 <0 Delrin terminal posts connected to a 

rosas „ м Os 58 TUS large single core 41 voltage balun. 
*ї 200 Pomerloss% <0 c0 ci0 AO 0 In some circumstances during lab 

SEWAD `s 56 OS >S >S testing ou engineer felt RE bites 
er юш» ê co 4 8 18 munt ow engineer elt RF biws 

1.5 SWA BW 4 5 55 Б 4 eee ин, 
нове inductor crank. Later units feature a 
FFT metal shaft bushing that provides а 


тте SWR Bandwidth (SWR BW) represents the bandwidth over which an SWA ot better ground. This was not experi- 
7154 or lose was maintained as percentage o he measurement eee, сед i feld esting, Ми pagos, 
35,72, 142 and 29.7 MH») a 
adjustments were not made at high 
power. Test results are summarized in 
knobs and very smooth vernier Tuning the 160-meter inverted L Table 14-6. 
tuning. This tuner stays put on the and the GSRV on all bands except 10 Manufacturer: Vectronies, 
desk while you utilize a lever handle © meters was easily accomplished, with 300 Industrial Park Rd, Starkville 


and gear driven five digit mechanical no problems handling MS 39759; tel 662-323-5800: fax 
turns counter to adjust the air wound 1 KW. In the field, the best SWR that — 662-323-6551; www.vectronics. 
roller inductor could be obtained on 10 was 2.33:1; com 2003 price: $459.95. 
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Automatic Antenna Tuners — 


A Sample of the Field 


Reviewed by Joel R. Hallas, WIZR provide the basic data you would dogs If the antenna(s) to be matched 
QST Technical Editor need to decide if one of these isa terminate right at the station equip 
QST May; 2004 good fit for your needs, If you like the ment, without a transmission line (or 

Automatic antenna tuners can looks of a particular manufacturer, with a very short one), there is no 
provide a quick and easy method of but the tuner reviewed doesn't exactly — particular advantage to having a 
matching multiband or nonresonant meet your requirements, check their remote tuner. 
antennas quickly and effortlessly. Web page or your dealer for other On the other hand, that setup often 
Performance is on par with manual — models at different power levels or results in problems with "RF in the 
tuners and there is now a selection With different features. shack," or EMT within the house, Г 
available providing a fit to most For this review we stuck to those at ауе one antenna setup of that form 
requirements, A few years back, we the 100 to 200 W level and tried fora and whenever I use it, the RF resets 
surveyed the antenna tuner market in representative self-contained and thekitchen FM radio, causing it to 
these pages. АШ those tuners were remote tuner from each manufacturer, lose track of time and memory. Most 
manual ones, For these tests, we looked at units ind it а better solution to have the 

A few automatic toners were designed to work with any radio, In antenna system stop somewhere 
available at that time, but they were addition to these, most HF radio outside the house and have a trans- 
the exception rather than the rule. manufacturers offer external auto mission line interconnect the radio 
Since then, a number of manufactur- tuners designed to operate exclusively and antenna. 


en have focused their attention on With their radios. One manufacturer, With a remote tuner, the matching 


automatic antenna tuners and it seems LDG, also offers tuners with the сап be at or near the antenna, 

as if there's now one for every capabilities to operate with specific resulting in a well matched transmis- 

pplication. radios’ commands. Many HF radio dien line coming back to the radio, 
For this review we selected manufacturers also of With the tuner atthe radio, the 


representative tuners from a number auto-uners as a part of thei matching takes place near the radio, 
of manufacturers (see Figure 14-17). ceivers. We generally review these as and the SWR on the line out to the 


... n purt Fe Wockskdm апа wil faa be hgh, No dal 
. wid. Sicko per! puso mol с cacas de reo vl be 
a were besarte this teow provided a good match and will 
enan, and hos intended tobe Those selected for this test include happily pu fal power into the 
colloid with йе station . andZ-100 ftom LDG, the. system, With he remote tuner fen 
... МЕЗО and from SGC the SG:237 © more o the power wil be radiated by 
models ineach camp, we seed ome and MAC 200, the antenna and ess willbe dis 
“оа, pated as heat by the transmission line. 
‘Ns noted in the specications cach Remote vs Collocated Some radio uw cone wit 
tuner is different and they don't Autotuners automatic tuners as part of the radio, 
‘exactly line up head-to-head, so a It's probably worth a paragraph or These can be functionally equivalent 
direct comparison is not always bro ae biene e lca ncm The open ir 
Appropriate. Sil for cach we will appropriateness fhe two configura. | does ofer wo advantages over the 


Figure 14-17 — Automatic tuners from LDG, MFJ and SGC — 
ready for test. 
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internal tuner — it can support 
multiple radios, and most can match à 
higher SWR than many of the interna] 
tuners, The key factor in deciding 
between a local and a remote tuner 
then becomes how much of the trans- 
miter power actually reaches the 
‘antenna system and how much will 
heat up the transmission line, This is 
a function of operating frequency, 
SWR and line length 

The place to start the analysis is 
with The ARRL Antenna Book! 
Figure 23 in Chapter 24 provides the 

fenuation in 100 feet of matched 
transmission line for each of the 
соттоп types. Table 14 inthe same 
chapter provides the additional loss 
for the non-matched case as a 
function of SWR and matched loss. 
[The same data is in Chapter 7 of this 
book] Using the two tables, you can. 
determine the total loss of your 
transmission Jine 

Ifthe loss is acceptable, you can 
tune at the transmitter end. If not, by 
Tuning at the antenna end you can 
eliminate most of the additional loss 
due to mismatch, 

‘An example might be helpful. A 
multiband antenna such as ту GSRV 
might have a 5:1 SWR on parts of 


"Notes appear on page 14-35. 


LDG RT-11 and Z-100 


A look at LDG's Web page, www. 
Idgelectronics.com, will show you 
their selection of tuners and accesso- 
ries. In addition to the Kl. i remote 
‘control tuner and the 2-100 local 
tuner, tested (see Figure 14-18), they 
‘offer an autotuner rated at 1000 W. 
As this review was being prepared in 
2004, they also announced a much 
more feature rich desktop unit to 
‘complement the very basic, but lower 
cos Z-100. 


10 meters. If we feed it with 150 feet 
of RG-S8 cable we have a matched 
loss of about 3.5 dB and the 5:1 SWR 
adds about another 2 dB for a total of 
5.5 dB loss or about 71% of our 
power heating up the line! By moving 
the tuner to the antenna end of the 
coax, we reduce that to 55%, Another 
‘option is to change the transmission 
line (my solution immediately after 
making that calculation?) 

If we go with lower loss RG-8 
instead, we have a matched loss of. 
about 2 dB (1.3 dB per 100 П) and. 
the SWR adds about another 0.3 dB 
Tora total of 2.3 dB, or a loss of about 
41% of our power. With the tuner at 
the antenna, the total loss would be 
the 2 dB or 37%—not much of a 
difference. Note that I didn't consider 
the tuner losses here, under the 
assumption that they would be the 
same at either location. The numbers 
(get much more grim as the SWR goes 
up, by the way. 

‘Two notes of caution is, if you 
measure the SWR at the shack end of 
the cable, it will appear better than it 
is, due to the cable loss; second, the 
matched loss from Figure 23 is the 
best matched los for new and dry. 
cable, The actual loss can only go up. 
from there, especially if the cable 
came from some dark comer of your 
basement, or worse, from an un 


known source ata flea market 

Note that all of these tuners are 
designed for unbalanced (coax) cable 
between the tuner and the radio and, 
with the exceptions noted, unbal 
anced operation on Ihe antenna side 
(coax or single wire antennas) as 
well In order to use these tuners with 
a balanced loud, it is best to decouple 
the ground side of the tuner from the. 
transmission line. A coax choke can 
be used, or a balun (balanced to 
unbalanced transformer) can be 
employed. Ifyou are using a balun, it 
is best to keep the line impedance 
within а SWR of about 4:1 (vith 
respect to the usual 200 © impedance 
of 44:1 balun) to avoid heating, loss 
and possible balun damage, A. 
subsequent planned review will lok 
at the special class of unbalanced to 
balanced tuners that sidestep this 
issue in an elegant way and are once 
again appearing on the market. 

A word or two about the data 
shown may be in order. Please note 
that we used the same precision 
resistive load set for each tuner, In 
most cases, this includes data outside 
the manufacturers” specification 
range. We measured at a single 
frequency in each band, and for 6 
meters we just measured the ease 
with a 1:1 Toad for all the tuners that 
claimed operation there. 


Figure 14-18 — LDG RT-11 (lett) with control box and 2-100. 
A 12 ounce beverage container provides scale. 
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LDGRT11 ICOM, Kenwood and Yaesu radios especially as the match is ap- 
for this purpose proached: | would instead manually 
The RT-11 is a rugged, weather- 
pro mer designed o be шей inside I my trials at home, found that reduce power while tuning. 
or outdoors. И has coax connectors onthe RE effortlessly tuned every 
рш шы output and raed ш 123W antenna had on all bands with a very LOG 2.700 
from 1.810 30 and $0 W to 54 MHz, 10% SWR, always well below 15:1.” TheZ-100isa self contained desk 


Its rated to match antennas with an Tbe tuning seemed to take about S cb unit with a 125 W rating (50 W 
S0. al ld 15. 20 MIH seconds and hit the result the first оп 6 meters), This unit is the first of a 
ioe S010 MH. Thi eit ban 86 new series of tuners being released by 
‘optional remote control designedto While automatic operation is LDG, with others providing addi 

be used up to 100 feet rom the tuner  POSSle without radio interface or tional features and controls, This is a 


T ea cT 
eee Dd 
e rs rai S 
won't epu tion tuning includes memory of the settings for 
эое ши a garen der ate ene 
[тип пей шешш оош ыу" (zoe pomoh erke e ier m. 


(15 foot cable supplied). 
"The remote control provides the 
ilit to force а new tune, set for 

semi or full auto operation, keep the 

unit from tuning and allows bypass 


indicators let you know the status nd can clever idea that avoids the need to 

hether is ‘The manual mentions that tuning measure frequency It is particularly 
e heben, de n should take place atthe 25 W level, useful for the case in which more 
with full power applied only after ^ ап one antenna is used, since it 


fag ach crews are ot cavo s о 
ing or are nox cave ges achieved, зо that relay Heil ey doesn't care ri made he 


ape to secure it to a surface, not be reduced, They also indicate match before it will do it again, in a 
“The RT-11 also has a jack to allow that if a radio has the common power fraction of a second. 


. 110% output fold back with high SWR it A feature of this unit is that it only 
%% power бан power when actually tuning. 
earn ese Speed Coles” appropriately. I wouldn't count on Upon completion, the relays remain 
aedi eno лош Alinco, | at providing sufficient reduction, latched without power required until 
Table 14-7 

LDG RE11 Remote Automatic Antenna Tuner 

Manufacturers Specifications Measured in ARAL Lab 

input SW range: 10 101 (41 оп 6 meters). See below. 

Output SWR range: not speced See bein 

Frequency coverage: 1.8 1o S4 MHz. Аз soeces, 

Input power 0.1 10125, 90W on B meters. Testad at 50W on HE 20 W on 6 meters. 


Power requirements: 11 10 14V de, 7 to 250 mA, Idle O mA, тах 140 mA at 13.8 de 


Measured power los ito resstve loads (к) put SWR at match: 
ЅИЯ Loa (a) 160Metors  SOMetora 40 Meters  20Meters 10Меәз 6 Meters 


1&3 3125  NoMath No Match z 2 ES 
EE 261 450 
en 625 NoMatch т 17 19 20 
EE авл asi 451 
us n Bi 12 18 28 
E ED asi авл P: 
21 25 E E EJ <10 23 
EET EX 151 151 E 
mos E E E E E a 
EET ES ES asi аз cn 
21 аш E EI EJ EJ 17 
21 азл 451 аз as 
4 20 <10 EJ <0 RE 15 
21 EET 151 asi аз 
вп 00 E E E ас 28 
BE EE! ES аз 451 
161 800 E 12 E E 19 
ast asi EE asi as 
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Table 14-8 
LDG 2-100 Desktop Automatic Antenna Tuner 


Manufacturer Specifcatens Measured in ARAL Lab. 
Input SWR range: 1o 10:1 (3:1 on 6 motors). Soe below. 
Output SWR range: not specified. See below. 
Frequency coverage: 1.8 o 54 MHZ. See text 


Input power: 0.1 to 125 W, 50 W on 6 meters 
Power requirements: 7 lo 18 V de, 250 mA. 


CCC 


SWR Load (1) 
161 

en 625 
“ 125 
E 25 
10 so 
21 10 
* 20 
en 00 
з 00 


the next tune is requested. This is 
particularly appealing for portable 


3125 


160 Meters 


No Match. 
No Matoh 
No Match. 


E 

аз 
<10 

аза 
<0 


(BO Meters 40 Motors en Meters 
No Match 15 10 
ET EET 

эз 15 15 

281 ал 51 
<10 <10 E 
151 151 E 
E E E 
ал ES EET 
E E E 
ES E EET 
E <0 E 
E E 451 
ES ES 
221 951 EE 
0 E T 
E ERI asi 

14 15 зз 

233 ER ER 


and 3 seconds the tuner will attempt 
to find a match from memory 


low power operations in which every (typically less than half a second). 
miliamp-hour is carried in. 
"The operation of this tuner is 


fundamentally different from the 
others in that it will only tune when 
the TUNE button is pushed. This has 
an advantage in that it will not start 
tuning inadvertently on high SWR, 


and only initiate а full tune if needed. 
Ifthe burton is pushed for more than 
3 seconds a full tune cycle is initiated, 
ignoring any memorized settings. 
This is easier to deal with than it 
sounds since the LEDs provide а 
confirmation of tuning mode. A. 


potentially applying full power during green LED also indicates if the match 


tune, Upon changing frequency, the 


is less than 1.5:1 or between 1.5 and 


operator can decide whether or notto 2:1. An early production unit 
initiate the tune cycle, By pushing the exhibited some inconsistent tuning 


button for ess than 0.5 seconds, the 
tuner goes to bypass. Between 0.5 


results on 6 meters. The manufac- 
turer has developed a method of 


Tested at 50 W on HF, 20 W on 6 motors. 
Ide O mA, тах 160 mA at 19.8 de. 


10 Meters 6 Meters 


improved intemal decoupling that 
solved this problem and the results 
reflect that change. LDG states that 
this will be included in future 
production units and that anyone hav- 
ing problems with 6 meter tuning on 
сапу units should contact hem 
directly. 

Manufacturer: LDG Electronics 
Inc, 1445 Parran Rd, PO Box 48, 
St Leonard, MD 20685; tel 877-890- 
3003; fax 410-586-8475; www. 
Idgelectronics.com. 2004 prices: 
RT-11 Tuner, $209; Remote head, 
$39; 2-100, $149; 12 V power cube 
for either tuner, $10. 
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MFJ-991 

MEI has recently announced a 
series of autotuners. All are in the 
typical indoor! colocated configura- 
tion, but with the available remote kit 
(ordered, but not received in time for 
the review) can be used as a remote 
tuner if kept out of the weather. They 
offer the MFI-991 (tested, as shown 
Figure 14-19) 150 W rated tuner, 
ıa tuner with similar features rated at 
600 W and а 300 W autotuner with 
digital display, balun and two port 
‘antenna switch, As with the LDG. 
the ME] tuners require their tuning 
be accomplished at reduced power, 

The MFI-991 front panel provides 
full control capability and forward 
‘and reflected power metering with 
“crossed-needle” SWR measurement 
display. Two features of the 7991 are 
not found on other tested units and 
are worth mentioning. First, the "991 
has the capability to allow manually 
adjusting the C and L values of the 
tuner while in receive, This is helpful 
if you are using your radio for 
receive only and wish to attempt to 
match in order to increase signal 
strength. The second feature is the 
ability to select the SWR threshold 


Table 14-9 


Figure 14-19 — MFJ-991 Autotuner 


at either 1.5 or 2:1. 

In our testing the tuner went to 
the best match it could find in 
either case. The difference was in 
how far you could change frequency 
before it would automatically retune 
when you transmitted. If your radio 
сап tolerate a 2:1 SWR, this could 
provide a benefit, The '991 could 
tune my GSRV on ай bands and 
remembered the last setting for each 
frequency (1000 memories), with a 
‘one-click reset. Tuning the first 
time on a frequency was typical of 
the cycle time of he other unis 
"This unit sounded somewhat louder 
t bas 18 heavy duty relays) than the 
other test samples, although not an 
issue for the single click associated. 
with a memorized tune 

"The MFJ-991 can interoperate 
with ICOM and Alinco tuner control 


MFJ-991 Desktop/Remote Automatic Antenna Tuner 


Marutacurars Spectícaions Measured in ARAL Lab 
Input impedance range: 6 to 3200.0, See balon. 

Омри SWR range: 15:1 or 21 selectable, See беюп. 
Frequency coverage: 1.8 to 30 MHz As specified 

Input power: 5 to 150 W. Tested at 50 W, 


Power requirements: 12 to 15V de, 1.0 A. 


Measured power oss into rosisvo lod (%) / Inout SWR at match: 
SWR Losa (a) > 160 Maters  BOMoters do Motors  20Maters o Meters 


161 3125 No laren 
es 625 12 
asi 
es E 
ES 
2 25 E 
авт 
* 0 E 
ES 
21 100 ло 
аза 
ал 200 E 
E 
аз 40 E 
E 
1e1 аю <0 
E 
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27 20 15 
КЕ авл EP 
14 15 24 
«эл 451 ET 
E E <0 
EE EX ES 
ло E E 
EC 151 151 
<10 E <0 
Кү E 451 
<0 <0 E 
EET 151 E 
220 20 E 
азл E E 
E <10 " 
ET ES авт 
16 <0 <0 
E E E 


commands. Appropriate interface 
cales are available from MEI 

In addition to the obvious con- 
trols and indicators, there are some 
subtle ones as well. There arc a 
number of meter "signals" sent to the 
‘operator that will not be clear without 
а cruise through the manual. For 
‘example, if you forget to reduce 
power before tuning, the power meter 
swings to full scale and the tuner is 
bypassed. If you toggle between 1.5 
and 2:1 SWR threshold, the meter 
briefly jumps up to indicate that SWR. 

Manufacturer: To order, or for your 
nearest МЕ] dealer, call MFJ Enter- 
prises at 800-647-1800 or order at 
Www.mfjenterprises. com, fax 
662-323-6551; or write МЕ) Enter- 
prises, Inc, 300 Industrial Park Rd, 
Starkville, MS 30750, [2004] Price: 
$220. 


lala 90.300 mA, max 500 mA at 13.8 V de 


E 


SGC 86-237 and МАС-200 


SGC has been making automatic 
antenna tuners for many years, and 
offers а wide selection. Until recently, 
they concentrated on remote tuners, 
usually the weatherproof type, at 
power ratings of 100 to 500 W. More 
recently, they have introduced a 
number of variations of their S-237, 
a board version to build into your own 
radio or antenna cabinet an open 
enclosure model for remote but indoor 
use and one with controls and 
indicators intended for portable use, 
They have recently released a Multiple 
Antenna Controller, MAC-200. The 
units we tested were an 80 237 (one. 
that has ed the backstay of my 
sailboat for some years) and a 
relatively new combination unit, the 
MAC-200 (as shown in Figure 14-20), 


SGC SG-237 Autotuner 
‘The SG-237 was the first а series 

of SGC tuners that were much more 

compact than their previous (and 

continuing) line, the SG-230 (200 W, 

1.6.30 MHz), $G-231 (100 W, 

1-60 MHz) and 80-235 (500 W, 
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Figure 14-20 — SGC 56-237 (left) and MAC-200. 


1.8-30 MHz). The SG-237 is rated at 
100 W PEP, both for operation and for 
tuning (40 W continuous carrier 
power). The transmitter connection is 
via a 9 foot combined RF, control and 
power cable (25 and 50 foot exten- 
sions are available), while the antenna 
connection is via a single ceramic 
insulated terminal. While the taner is 
designed to feed a single wire against 
‘ground, I have successfully employed 
mine into coax fed antennas as well as 
oops and single vires 

‘This is a rugged unit а compact 
waterproof aluminum enclosure that 
сап slide in almost anywhere. It needs 
no remote control box to work, and 
T've used mine that way for years. An 


SGC 50-237 Remote Automatic Antenna Tuner 


Manutacturers Speccations 

input SW range: corresponding o a 
imum 7 foot antenna above 35 MHz, 
23 eet above 1,8 MHz. 

Output SWR range: 14:1 typical 

Frequency coverage: 1.810 60 MHz 

Input power: o 100 W 


Measured п ARAL Lab 
Seo below 


See below. 
As specified. 
Tested at SOW. 


optional remote control is offered (and 
we tested with it) to provide a positive 
indication of match and о allow а 
lockout ога forced reset, The lockout 
can be handy in a portable or mobile 
environment to avoid the tuner 
attempting to retune due to the 
temporary proximity of outside 
‘objects while in motion, for example 
‘The "237 provides a memory 
function that uses the measured 
transmitter frequency to result in the 
tuner settings last used to successfully 
tune to that frequency, This means that 
instead of taking 5 to 10 seconds to 
‘une, the previously stored settings for 
а frequency are applied in milli 
seconds and used if the resulting SWR 


Poner requirements: 10.510 18 V de, 300 mA, idle and tuning 270 to 480 mA at 13.8 de. 
Measured power loss no resstve юга (1%) / Input SIA at match: 


SWR dean, 160Metors ene doe db Meters 

16 3125 21 2 19 de lach 
E EE ELS 

вл 625 16 18 20 2 

BE: гал «51 «5 

^a 125 Ш 12 15 17 

ED NES asi 151 

21 Li <0 n 2 18 

BD asi E E 

ла 50 E <0 E E 

Er EX ES E 

з 1 E E E 13 

ES 21 151 154 

аа 200 No Match E E 16 

zu ES ER 

вз аю No Match <10 10 18 

zu авл EP 

ёл ва E EI 14 E] 

EX EE ER EE 


10Melars 6 Meters 
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is less than 2:1. In some cases they 
won't be right (and a new tune will be 
initiated) if diferent antenna is 
uscd, for example, but their concept is 
that this tuner is out where the antenna 
is and thus should soe the same imped- 
ance for a given frequency each time 
that frequency is employed. 


SGC MAC-200 Multiple 
Antenna Controller 

This device combines a 200 W 
autotuner, a five port automatic or 
manual antenna switch, power and 
SWR meters and a balun in one 
compact package. This is a nioe unit 
and quickly grew on me in operation. 
It has enough controls and indicators 
to keep me enteriined even when the 
bands aren't open. 

For some time, most manual tuners 
have had provisions for switching 
antennas as well as tuning them. This 
is very handy, since even those with 
just one antenna should have a dummy 
Toad to switch to for tune up. I have no 
numbers, but I would guess more 
hams have more than one HF antenna 
than have only one. I don't have fancy 
HF antennas, bat have a GSRV I use 


оа 80 through 10, a Lazy-H, perpen- 
dicular to the GSRV for 30 through 10 
meters and а 70 foot wire vertical for 
use when it makes sense (not often in 
ту part of New England), 

‘With the MAC-200, I can memorize 
which antenna о use on which band. It 
switches antennas on the first dot of a 
CW sting (full power—ao problem) 
and I'm there. As noted, at my station, 
оа some bands the antenna is а 
function of the direction to the distant 
station, 1 can just touch the MANUAL 
button and 1 can select a different 
antenna by touching a button num- 
bered 1 to. 

As configured, antenna one is 
intended for balanced feed, antenna 
two has a terminal for a single wire 
feed. and three through five are 
terminated in UHF (80-239) coax 
connector jacks. 

‘The separate meters for power and 
SWR are handy. The SWR meter is 
especially convenient in that it 
computes and indicates SWR indepen- 
dent of power level without an 
adjustment. The manual warns that the 
meters are not of the precision type 
and I can attest to that. Their meter 


Table 14-11 
SGC MAC-200 Desktop Automatic Antenna Tuner and Controller. 
Manufacturers Specifications Measured in ARAL Lab 
Input impedance range: 5-1000 (eed Ine) See below. 

02-5000 (ong wire) 
(Output SWA range: 2:1 typical Ses below 

Frequency coverage: 1.8 1o 60 MHz. As specie. 

Input power: 1.5 10200 W. ‘Tested at 50 W. 


Power requirements: 10 to 185 de, 230 mA 


190 240 mA, max 490 mA at 13. V de (motor light ot) 


Measured pomer loss into resistive loads (%) Input SWR at mate: 
SWR Load (0) © 160Metors  80Metes  40Metes 20Meles io Meters 6 Meters 


6 Meters 
161 ales No Match 
вл 65 NoMatch 
„ gas EJ 
51 

en es EJ 
E 

LE E 
E 

2% аю E 
ES 

ал 20 E 
<51 

вл аю E 
53 

єл вю e Match 
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E] 2 E 
ел ал ав 
16 18 15 
EE 181 ES 
E E 18 
EET EE ES 
<10 E <0 
EE EE ES 
E <0 <0 
«за E ES 
ES <10 E 
E 21 21 
E E E 
EE авт E 
E 13 15 
Бу авт ES 
2 14 25 
asi EE 181 


indicated 80 W while my Bird 43 
showed 100. This is still very useful to 
let you know if all is well. 

“This is a handy unit, in a cabinet 
matching the cross section of the 
SGC-2020 transceiver (but somewhat 
longer) it can be made to fit in most 
shacks. In mine it can slide beneath the 
shelf that holds my equipment three 
inches above the desk, for example. 

"The one limitation some may have 
is it provides a “typical” match of 2:1 
Well 2:1 is fine for some transmitters, 
while others may start to “fold back” 
above 1.5:1 and this may be a problem 
if yours is in that group. On the other 
hand, looking at the data ti clear that 
most of the time it was below 1.5:1 
with our loads. 

‘Our original unit remembered 
which antenna to use on each band, 
but didn’t memorize tuner settings. A 
Warranty replacement unit had a 
flawless memory function, 

Manufacturer: SGC Inc, 13737 SE 
26b St, Bellevue, WA 98005; el 
425-746-6310; fax 425-746-6384; 

wsgeworld.com. 2004 price: 

137, $360; Smartlock remote 
control, $59; MAC-200, $360. 


Idle 280 mA, max 520 mA at 13 8 V dc (meter ight on) 


Reviewed by Joel R. Hallas, WIZR 
QST Technical Editor, 
QST August 2006 

We last looked at a selection of 
automatic antenna tuners in May 
2004 (sce previous section), At that 
time, we picked four examples, two 
designed for remote operation and 
two desktop units. While different in 
many ways, they all were limited to 
100 to 200 W. Higher powered 
automatic antenna tuners have been 
available, but they were either built 
into high powered amplifiers (ICOM 
ог Yaesu, for example), were de- 
signed for remote operation as in the 
SGC SG-235, or have been discontin- 
ved, as in the case of the Ten-Tec 
2532 

High powered automatic antenna 
tuners initially appeared in the 1980s 
— the Heath 2500, J.W. Miller 
AT2500, and Daiwa CNA-1001 
but they were not as sophisticated as 
the units reviewed here, requiring 
Some manual adjustment or presetting 
of the inductor for best operation. , 

Modern solid state trans 
linear amplifiers with their 
output stages have been well re- 
ceived, especially by those of us who 
grew up in the vacuum tube ега. 

‘The typical transmitter of that time 
required careful adjustment of the 
transmitter TUNE, LOAD and DRIVE 
controls, at a minimum, every time 
we changed frequeney, Failure to do 
it right could result in destruction of 
the final amplifier tubes — sometimes 


Palst 


Figure 14-21 — Medium power tuners from 
LDG and MFJ. 


Medium to High Power Auto Antenna Tuners 
— The Evolution Continues 


а pricey proposition. The other side 
of the coin is that those transmitters 
could be adjusted to match amenna 
loads with a much higher SWR than 
the current crop of radio gear. 

"The modern no-tune feature 
generally means “no tune if the SWR 
is 1.5:1 or less; something that often 
doesn't fit with real world antennas 
and wide amateur bands. The answer 
has been an antenna system matching 
unit, often called an amenna tuner, 
even though many would argue that it 
doesn't really tune the antenna — 
rather it transforms the impedance at 
the bottom of an antenna system to 
the 50 0 the radio equipment wants 
to operate into, Setting semanties 
aside, it seems that the controls we 
used to have to adjust haven't 
disappeared but have moved from the 
radio to another box — the antenna 
tuner 


Enter the Automatic 
Antenna Tuner 


То extend the no-tune concept ай 
the way to the antenna requires a 
no-tune, or automatic, antenna tuner, 
As noted, these have been generally 
available for some time at the power. 
levels of modern transceivers, Each of 
these tuners can effectively add an 
automatic antenna matching system 
to your medium to high power HF 
jon, at least up to their power. 

limits. Honor the caveats and you will 
appreciate the freedom they provide. 

For this review we have selected 


three desktop models that span the 
medium to high power range an 
highlight some other differences as 


‘well. While they all fill the same spot 
in a station block diagram, they are 
Quit diferent in several respects and 
thus should not be directly compared 
опа 1:1 basis, Rather, determine if 
‘one or more will meet your needs, 
desires and budget. 

АП of the tuners reviewed in the 
2004 report shared the same adjust- 
ment mechanism — fixed inductors 
арй capacitors switched by relays, 
The LDG and МЕЈ tuners reviewed 
here share that architecture as well, 
but with beefier components designed. 
to meet the higher power require 
ments of their ratings. The Palstar 
АТ-Ашо is of a completely different 
design, а T network with a differen 
tial variable capacitor, half on each 
side ofa shunting rotary inductor. 
"The Palstar makes its adjustments via 
stepper motors rather than relays, 
Interestingly, while standalone tuners 
have tended to be of he relay type, 
many internal tuners have used motor 
driven capacitors. Motor driven 
‘components were also used in the 
high powered automatic tuners from 
the 19805 mentioned previously. so 
this is a time-tested approach, We'll 
look at each tuner in alphabetical 
order. These tuners from LDG, МЕЈ 
and Palsta offer the convenience of 
‘automatic tuning at medium to hi 
power levels. 
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LDG AT-1000 Automatic 
Memory Antenna Tuner 

The LDG AT-1000 sits squarely 
їп the middie of the pack, both in 
terms of price and power rating. The 
1000 W level fits nicely with a good 
selection of popular not quite legal 
lini, linear amplifiers, including a 
‘couple announced at Dayton in 2006, 
AIL of the tuners reviewed here cover. 
160 through 10 meters, but the 

-1000 offers operation on 6 meters 
‘atthe 100 W level as well 

The LDG, in common with the 
‘other units, has memories to allow a 
rapid return to the last previously 
matched settings. In the case of the 
AT-1000, there are 200 memory 
locations and the tuner will reset to 
‘them in less than half a second. If the 
‘antenna you are tuning does not have 
a memorized setting that works, the 
tuner can spend up to 8 seconds 
finding a match, but will remember 
for the next time. 

"The LDG approach to memory mat 
agement is different from some. Some 
others tuners store settings based on 
frequency. This is a great approach if 
you will be tuning a single antenna for 
‘each band. In the LDG AT-1000, the 
last 200 successful matches are stored 
independent of frequency. A new 
match request quickly cycles through 
the 20010 see if a match is found be- 
fore it begins its tune algorithm. This 
is a particularly beneficial approach if 
you switch the tuner output to differ- 
‘ent antennas on the same band, since 
it doesn't have to relearn parameters 
fora particular frequency every time 
you change antennas, Tt also avoids the 
need for frequency measuring circuitry 

hin the tuner, 

"The AT-1000 has a fairly Spartan 
front panel that doesn’t immediately 
show its capabilities. LDG has made 


Tablo 14-12. 
LDG AT-1000 
Manufacturers Specifications 
Maximum power, 1000 W SSB, 750W CW, Tuning time: 1 to 8 seconds 
0.5 second i memorized 
500W digtal 100 W 6 meters 
20W while tuning (100W wth foldback), Input impedance: 6 to 800 


75 W (3:1 SWR), 125 W (1-1 SWR). Powar required: 11 o 15V. 1 A, 
Minimum power for tuning: 5 W- Dimensions height, width, depth): 
Frequency range: 1.8 to 54 MHz. 3x 13% 9 inches. 


Weight 6 pounds 
Measured power loss into resistive loads (1%) / Input ЗН at match, Tested at 50 W 
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Power los less than ог equal o 10% 
Malchod SWE oss han or equal to 15:1 


Figure 14:23 — Rear panel 
‘connections on the 
LOG AT-1000. 


Figure 14-22 — Front panel of the LDG AT-1000. Figure 14-24 — Interior circuitry of the LDG AT-1000, 
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maximum use of the cross needle 
wattmeter on the front panel, going 
further with information delivery 
than 1 would have imagined with 
such а straightforward display. The 
cross needle watimeter has two 
scales, reading forward (1000 W) and 
reflected (180 W) power simultane- 
‘ously. The point at which the meter 
pointers cross is a third scale directly 
reading in SWR. So far it's just like 
every other cross needle meter we've 
What sets the AT-1000 apart is that 
LDG has additional indicator 
functionality that appears а a set of 
semaphore signals between tuner and 
‘operator. Bach needle is driven 
independently in this mode and each 
сап vary in speed and position as it 
fills you in on the tuner's condition 
and satus, For example, if during а 


MFJ-994 Intellituner 
Automatic Antenna Tuner 

AL first glance, the MFJ-994 
appears to be a very similar tuner to 
the AT-1000. It has almost the same 
controls and indicators as the LDG 
tuner, although they are on opposite 
sides of the front panel. It makes use 
ofa similar set of semaphore indica 
tions. The major differences are: 

"The МЕЈ tuner has a lower 
‘maximum power rating (600 vs 
1000 W PEP and 300 vs 750 W CW) 
and a correspondingly lower price, 

* The "994 provides an interface to 
allow operation using the TUNE bution 
оп Alinco, ICOM, Kenwood or Yaesu 
radios equipped to control an antenna 
tuner. An accessory cable is required 
to activate this functi 

The "004 has more memory 
locations, ай indexed by frequency. 

The "094 offers a choice of two 


Figure 14-25 — Front panel of the MFJ-294, 


tuning cycle, both arms quickly raise 
fully (in surrender?) it means too 
much power has been supplied to 
allow it to safely tune. It then 
switches to bypass mode and goes on 
break until you reduce power and 
restart the tuning cycle 

Another feature is the ability to 
change the inductance and capaci- 
tance parameters manually. This can 
be a benefit in at least two ways. First 
it allows manual fine trimming of the 
tuning in case you want а better 
SWR than the tuner finds automati- 
cally. Manual tuning can also be used 
to peak up the receive signal strength 
if you're listening to a station on a 
frequency that you can't transmit on. 
This could include shortwave 
broadcast frequencies or bands or 
segments for which you don't yet 
have license privileges. 


power meter scales, 3000 or 300 W 
forward power with corresponding. 
600 or 60 W reflected power at full 
scale, 

During the review process, we 
determined that the MFJ-994 has now 


How'd it Work? At my station the 
АТ-1000 did everything | asked of it 
Without problems, My antennas 
tuned satisfactorily on all bands. 
Memorized settings were recalled 
without difficulty in a fraction of a 
second. The 15 page multicolor 
manual does a good job of describing. 
how to ser up and use the tuner. A 
table of "meter bounce codes" is 
included, and you will likely want to 
keep a copy at hand, unless your 
memory is much better than mine, 
ARRL Lab test results are shown in 
"Table 14-12. 

Manufacturer: LDG Electronics, 
1445 Parran Rd, St Leonard, MD 
20685; el 410-586-847: 
ldg@lagelectronies.com:; 

‘www: Idgelectronies.com, 2006. 
price: $599. 


been superseded by the MFJ-994B, 
The functionality and operation are 
similar, with the same tuning and 
switching elements. The main 
difference seems to be the memory 
management function, with the В 


Figure 14-26 — Rear panel 
‘connections on the MFJ-994. 


Figure 14-27 — Interior circuitry of the MFJ-994, 
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Table 14-13 
[M 


Manufacturers Specifications 


Maximum power, 600 W PEP SSB, 300 W CW, Input impedance: 12 to 800, 


20 wile tuning (100 W with totback) 
Minimum power tor tuning: 10 W. 
Frequency range: 1.8 to 30 MHz. 


Power required: 12 o 15V, 1 A. 
Dimensions (height, with, depth) 
28x 10,1 x 92 Inches, 

Weight: 3.7 pounds. 


‘Measured power lass into resistive loads (%) / Input SWA at match. Tested at 50 W. 
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л 600 т 16 " . 
M * Taro . 


‘Power loss lese than or equal to 10%, 
"Matched SW les than or equal to 151. 


model including a virtual memory 
function said to store up to 10,000 
frequency data points versus 1000 in. 
the earlier "994, The other difference 
noted in the specs is that the new one 
сап tune with a minimum of 2 W, ver- 
sus 10 W in the original. 

"The MFI has some control 
flexibility hidden behind its few 
‘buttons. The “tuned” threshold ean be 


14:22 Chapter 14 


setto either 15:1 or 2:1. With the 
15:1 setting, the match is closer, but 
it will take a bit longer to find. While 
2:1 should happen more quickly, 
Some radios won't put out full power 
into а 2:1 load, It's nice to have the 
choice, Ап “auto tune” function is 
also provided that causes the tuner to 
activate if the SWR goes above your 
threshold by a user selectable 0.5, 1.0 


or 1.5. This is handy as you change 
frequency, but be careful it doesn't 
drop into tuning mode while you are 
at full power. Pushing in the AUTO 
button unambiguously disables the 
auto tune function, entirely avoiding 
this concern. 

Tn Summary The MEI-994 did 
‘everything just as promised. It 
showed no problem handling the 
600 W we could deliver, the only 
tuner ofthe group that we could test 
10 the limit! Tt was too quick for me 
to stopwatch the tuning speed, but my 
sense was, as expected, that the 
frequency based memories were a bit 
quicker ай operations were using 
the same antenna, It also appeared 
that the МЕЈ relays were a bit quieter 
than the other relay operated tuner, 
but that could have been because 
there were generally fewer cycles 
needed before it was matched, 

ARRL Lab test results are shown in 
Table 14-13. 

МЕ] provided a comprehensive 23 
page, well illustrated, instruction 
‘manual that was clear in йв descrip- 
tion of how the unit operated and 
‘what to expect of it. 

‘Manufacturer: MFJ Enterprises, 
300 Industrial Park Rd, Starkville, 
MS 39759; tel 662-323-5869, fax 
(662-323-6551; www. mfjenterprises. 
‘com. 2006 price: $359.95. Auto tuner 
radio interface cables: MFI-5124A 
for Alinco, $19.95 MFJ-S1241 for 
ICOM, $1995 MFI-S124K for 
Kenwood, $59.95; MFI-5124Y for 
Yaesu, $59.95. 


PALSTAR AT-AUTO another dose of RF to refine the tune, can frequencies. The cable for ICOM 
As noted previously, the AT-Auto Everytime it does this, like a good radios is provided. You do have to 


is of a diferent architecture than the SMAN machine, it memorize its think a bit while you use it (yes we 
dither tuners this review, Palsar jy settings and uses them the next time have to be even smarter than our 
noted for its line of high quality you use that frequency. This approach smart devices?) The CAT frequency 
manual antenna tuners, set should minimizes interference to others, data reflects the frequency of which- 
т be а surprise that Plstardevided A Well thought out and, ro my ever VFO is active. If you are. 
to build us fst auto tuner using be Knowledge, unique feature of this operating split frequency, it will tune. 
Same type of inhouse constructed te is its use of a radio interface. — back and forth between the two VFO 
Parts that have been successfulia This, and many other auto tuners, frequencies as you switch between 
their other offerings, make use of a radio's tuner interface them, This is not likely much of an 
“This isa large and complex device 1 initiate the tuning sequence and issue if you are operating in the 
with features that T haven't seen cause a reduced-power tune signal to typical "up five" (VFOs just 5 kHz 


be sent from the radio. The AT-Auto apart) environment, but could be a 
Jou might notice č the cross needle has an additional connection from the disaster if you are operating cross- 
meter that takes up the left ade Tadio's CAT (computer interface) band split for some reason. The 
ofthe front panel. This is the same Роп. The CAT port provides frequen- solution — while you have the VFO. 
display and circuitry built into thelr CY dat from the radio to the tuner. AS оп your transmit frequency and the 


before in any tuner. The first feature 


РМА sandalo wattmeter YOU tune the receiver, the tuner tuner properly tuned, tap the MANUAL 
inh a ira pecan ere indicates the frequency and follows AUTO button o that it wil be in 
ada тебели pow ndings Along with either its default or ‘manual mode and the automation will 
at ful scale power levels of 3000/600 memorized values. This means that if take а break, 

bee ала 30/60 W. You've been on that frequency before, The CAT function, as we wrote 


‘Tis ш an nende to he Pala the tuner will be tuned before you hit this, is available only for radios that 
WMISO wattncter reviewed in July the key or PTT! If you haven't been support ICOM s СІ-У protocol. 


2002 with the addition ofa PEAK ете before, it will use its default Palstar expects to have cables and 

HOLD sening with 2 second hold Values and still be pretty close software upgrades to allow interop- 

time, This is particularly handy if you eration with Kenwood and Yaesu 
"The right side of the panel includes Ae listening to a frequency at which radios soon, Speaking of softwar 

a two-line liquid crystal display you aren't licensed to transmit, or Palstar kindly provides a 9-pin serial 

LCD), a knob for manual tuning Sample WWV or shortwave broad- cable designed to allow you to install 


(more later), MANUAUAUTO and. 
SELECT buttons Itis on this side of 
the pane! that interesting things 
happen. As with most auto tuners, 
you apply power and it stats 10 
match your antenna to 50 (2. What's 
different with the AT-Auto’s tuning 
sequence is that it first measures 
frequency, tells you the ор 

frequency and then politely asks you 
to turn off your transmitter while it 
finds a close match. It has a default 
set of Land C values for each 
frequency and runs its quiet motors 
until they are in range. I then asks for 


Figure 14-29 — Rear panel 
connections on the Palstar 
АтАшо. 


Figure 14-28 — Front panel of the Figure 14-30 — Interior eu 
Palstar AT-Auto. of the Palstar AT-Auto. 
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‘upgraded software when it is avail- 
able, As we write this, there is no 
information on how to do this in 
cither the manual or on the Palstar 
Web site. On the other hand, there is 
по new software either, so presum- 
ably when there's something new to 
download, they will tel us how to do 
it, We did successfully download 
upgraded software for their ZM-30 
Antenna Analyzer during that review, 
so they seem to be able to deal with 
tňe process. We understand from 
Palstar that revised firmware to 
improve 10 meter operation has been 
developed and will be available 
shorty. 

Another nice feature of the 
AT-Auto is that it has provisions for 
switch selection (via the front panel 
SELECT button) of either а balanced. 
(through a 4:1 balun at the output) or 
ап unbalanced (coax connected) 
antenna. The switch doesa’t just 
insert the balun but provides two 
‘completely independent antenna 
connections, so both can be always 
available, The memory associates the 
Settings with each antenna port 
separately, so if you switch between 
antennas While on the same band, it 
thoughtfully remembers the settings 
for each. 

New production tuners will also 
include BYPASS selection. A factory 
‘upgrade is said to be available for 
early production units. Want to do it 
Yourself? Poke the MANUAL/AUTO 
button and you are into manual tuning 
mode, The single knob below the 
LCD display is used to change the 
inductance or capacitance. It comes 
vp ready to tune the C; push the knob 
in briefly and it changes the L. The 
value of L and C are displayed on the 
LCD panel as you change them, so 
you can record the values for later 
reference. It moves the adjustments 
via the stepper motors, so minimum 
effort is required — no heavy 
cranking needed. 

‘So how d it work? We really liked 
the concept of this tuner, By its nature 
it сап provide finer adjustment than 
the relay types we have seen, al- 
though their resolution could be made 
arbitrarily fine with additional relays 
and smaller increments of C and L, 
and higher cost. We also liked the 
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quietness of the motors compared to 
the clacking relays. The downside can 
be tuning time. As noted above, with 
aCATeonnected radio and memo- 
rized settings it rapidly follows you as 
you tune. A change in bands can take. 
longer. We measured the following 
times to retune between bands: 
From To Tune Time 
(Meters) (Seconds) 

ю 40 n 

4 %0 4 

з m з 


ю s 2 
18 10 2 
1% 10 45 


"The times shown are between 
memorized settings. To tune from a 
default setting to a finely tuned 
condition takes about 2 additional 
seconds if there isn't already a memo- 
rized setting for the frequency. It 
seems especially quick with the CAT 
function, since it feels like it's all 
tuned and waiting for you to catch 
up! 

The АТ-Ашо comes with a well 
illustrated 20 page manual. The 
manual assumes you know why you 
Wanted an antenna tuner and where 
You are going to connect it This 
wasn't much of a problem since it has 
such an informative display, although. 
if you're expecting “open left Пар, 
remove tuner from box..." type 
instructions, this manual isn't quite 
up to that standard. 

‘On the down side, we had just a 
few disappointments. Initially, the 
tuner wouldn't match my antenna on 
12 and 10 meters. On 12 meters, my 
measured SWR was 6:1 at the tuner. 
While it couldn't find a perfect 
match, and announced MATCH NOT 
FOUND! on the LCD panel, it actually 
got to within a 24:1 SWR, which my 
radio found acceptable. On 10 meters 
my antenna showed an SWR of 3:1 
and the best the tuner could do was 
2.78:1. In both of these cases, the 
LCD panel noted thatthe inductance 
was at L=000, 

"This suggested to me that it was 
the particular value of complex 
impedance rather than the SWR that 
was causing the problem. I put in an 
additional 6 feet of 50 © coax t 
move “around the Smith Chart" 
the tuner was then able o find a 


perfect match in both cases. This is a 
good trick to keep in mind if faced 
‘with this kind of problem with any 
tuner. The indicator was very helpful 
in pointing me in the right direction. 

A less significant problem was that 
the frequency metering system 
required more power to determine the 
frequency on the higher bands. On 
160 through 15 meters, the 10 W that 
the ICOM transceiver put out in 
TUNE mode was plenty to allow the 
frequency to be read and the tune 
function to be initiated, On 12 and 10 
meters, at 10 W, I received а FRE- 
QUENCY ERROR CHECK CARRIER LEVEL 
message on the LCD. It took more 
power to allow the frequency to be 
read. This was no problem with 
another transceiver that allows me to 
(rank it up as far as T want when the 
TUNE button is pressed, but the ICOM 
had a fixed level. A quick fix is to 
switch to AM or FM mode to put out 
more power. Just hit the bar on your 
РТТ microphone or use a straight key 
in CW mode. 

Upon further investigation, I found 
that it worked fine on all bands with 
10 W toa matched load. At some 
impedances, apparently there was not 
enough signal for the measuring 
circuits. Another Workaround would 
be to manually set it within range and 
thea let the AT-Auto fine tune to 
perfection, A handy feature of this 
tuner is that it ean be tuned at 1500 W 
with no relay contacts to bum. This is 
good since it sometimes notices a bit 
of reflected power and trims the 
adjustment after you tum on the 
amplifier. ARRL Lab test results are 
shown in Table 14-14. 

Manufacturer: Paltar Inc. 

9676 N Looney Rd, Piqua, OH. 
45356; tel 800-773-7931, Fax 
937-713-8003; info Opalstar.com; 
wwrpalstar.com. 2006 price: 
51195. 


In Summary 

Each of these tuners did what they 
said they would over most oftheir 
frequency range and each could be of 
benefit to operators using higher 
power than that handled by other 
‘automatic antenna tuners. Some care 
needs to be taken with their opera 
Чоп, beyond that found in the lower 


Table 14-14 and nonlinearity of the detectors, not 


surprising for analog circuitry. 
Palatar AT-Auto Different tuners will react differently 


RR under tis circumstance. The Palstar 
Maximum power: 1600 W single tone. Tuning te: 1-90 seconds, попаду doesn't mind tuning at 1500 
Frequency range: 1.8 to 30 MHz, Dimensions (height wat аера): and d 
Input mpedance: 160 to 20 meters. 1200 55x 125 x 16 inches. and will calmly trim up without a 
241200; 1510 10 meters 1000 2/1000. weight 25 pounds whimper. The МЕТ tuner will note 
Measured power loss ino resisive ads () / Input SWA ai match. Tasted at 50 W. that it is tuning above the specified 
SWA 100000) jem som som 20m 10m tuning power spec and switch to 
iet 3125 ES „ комак bypass — whoops, you had the linear 
— ma 
ia pre-tuned with a dummy load so that 

= ш е it would be ready to go, and now it 
„es m No Match sees а 9:1 SWR, or whatever your 

> па ‘antenna has, going directly to ће 
2 c: E amplifier, This could cause a cata- 
U in Strophic reaction in your amplifier! 


‘The LDG tuner is different in this 
regard. It only initiates a tune cycle if 
the TUNE button is pressed. 

‘So what to do? There are two 
potential solutions. One, manually 
trim up the tuning for an even lower 

* SWR using the L and C up and down 

"nr lom lo AA ‘butions. If the reflected power is fully 
Matched SWA les han or equal 101.51 mulled, it should avoid this problem. 
"The other approach is to switch the 

tuner to manual mode after it finds 
initial match, That will prevent it 


э аю зз 


„ 20 от 
ап moo 


л mo ge 


powered units, because of the power to switch on the lincar amplifier от automatically retuning while 
involved and particularly because of — but is it? With the МЕЈ and Рычаг high power is applied. Or do both. 

the difference between tuning tuners, there were conditions under Arguably this changes tuner operation 
power” and “operating power” Each which it would initiate the tuning from "ato" to “semi-auto,” but T 

unit is specified to be tuned using cycle again а full power, even after recommend it for any high power 
reduced power from the exciter at being within specification at the lower relay switched tunes, The conse. 
somewhere in the 1010 100 W range, tuning power. The reason is likely a quences of not doing so could be 

ach mner finds a math at that ` combination of a larger sample of RF extreme to either the amplifier or the 


power level and then it should be safe te make reflected power measurement relay contacts or both. 
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А New Generation of Balanced 


Antenna Tuners 


Reviewed by Joel R. Hallas, WIZR dum has been the use of an inherently — the power ratings and price of the 
QST Technical Editor Balanced tuner, The commercially Palstar tuners put them in a different 
QST September 2004 manufactured E.F. Johnson Matchbox © category from the MFJ units and thus, 
A new breed of antenna tuner tuners of the "50s worked reasonably © direct comparisons may not be 
available in different flavors from well in their day, and over the bunds appropriate. Both the МЕЈ and the 
multiple manufacturers addresses that they covered (we didn't have the — Palstar ATISOOBAL are fully 
‘concerns about using baluns with 60,30, 17 and 12 meter bands back balanced tuners — the MFJ a dual T 
high SWR 10 feed balanced antenna then). Now at least three manufactur- section design with shunt L, and the 


systems, Paul Danzer's article in the m offering balanced Palstara dual L section with shunt С. 
April 2004 issue of OST brought 1o antenna tuners of different configu- The Palstar АТАК tuner takes a 
paper a concem many of us have had ration, For this review we selected the completely diferent approach. It uses 


for some time — the use of baluns at MEI-974H and the Palstar the insulated unbalanced scheme 

the output of antenna tuners As ATISOOBAL and АТАК, Interest- suggested in Paul's article and 

noted in his article, if the balanced each of the three uses a described in detail in The ARRL 

load is near the balun's design different architecture, and each is Antenna Book? 

impedance (typically 200 $ forthe different from the design of the old The relationship of the designs to 

usual 4:1 balun) all is well. Matchbox! their more commonly encountered 
Unfortunately, the typical random iin addition to those units, SGC has unbalanced configurations are shown 

sized center fed antenna with random announced а low power sell-con in simplified schematics in Figures 

length ladder line feed has an tained auto-tuner, the SG-211, which 14-32 through 14-33, The other differ- 

impedance at the feed point that shares the design concept of the ences between the units are in their 

varies dramatically with frequency. ATAK and will be the subject of an ratings. The MFI tuner covers 160 


"The result can be heating and loss upcoming Short Takes column, We through 6 meters, while the Ричаг 
(and occasional damage) at the balun. thought it would be good to evaluate tuners top out at 10 meters, Both 
‘These effects were well documented ће performance of the medium and Palstartancrs are rated at 1500 W or 


in seres ol dete rank kigepoverimisand provides. pre (ic ATAK laredo 

. ng cow 2 (had) whi the 

Lauck nieco ters vi MEI ters тей at 300 W PEP 

both balanced and unbalanced What's in the New Tuners? 150 WCW. 

pr іні you ask! Аз noted each оГ The ratings ofthe Johnson Math- 
o bessert een day en 

So How Do We Fix the configuration Ea canbe diody атат power Jevels were specie 


Problem? compared to some of the common based on average de power input, 
As Danzer noted, the classic soli- unbalanced configurations. Note that rather than the current PEP RF output 


Figure 14-31 — From the 
top the MFJ.974H, the 
Palstar ATISOOBAL and 
АТАК. On the right, they 
are being scrutinized by 
their logical ancestor, the 
Johnson Matchbox. 


1426 Chapter 14 


terne “ 


H 
H 
H 
i 
UW 


= 


Figure 14-32 — ALA, 
the traditional balanced 
antenna tuner. At B, 
the Johnson Matchbox 
antenna tuner. 
Simplified view without 
bandswitching 
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power, A “275 W" Johnson matchbox 
was thus rated to work with transmit- 
ters running 275 W de input, or about. 
200 W average output, This was in 
the day of plate modulated AM 
service, so that rating further trans- 
lates to 800 W PEP under today's 
rules, Similarly, a "kW Matchbox 
would likely be rated today as a 3 KW 
PEP tuner, 


а 
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5179092 г! 
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Figure 14-34 — At A, an 
unbalanced L-network 
tuner with switched 
capacitor. ALB, a 
balanced L-network tuner 
‘with switched capacitor. 
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MFJ-974(H) Balanced ‘The inductor is varied by selecting — helpful. When you switch to adjust- 


Antenna Tuner among sep. Te H modei hran Ing ner whe running be 

| Sam luca здан sure 1o na coon abou а 

„МЕ ries то versions ӨЕП Changes the ning mangeas necid. changing the inductor ch wth 
ont win COEN and vos: " 

лмин СӨН) чадон стукае tongo Osmi power apie You my bue 

CH De aa co O alsa) ces ткн ren ew ako ake a 

Я ar andrea pecto way une doc 


and 150 W CW. At only 7% inches 
wide, it takes up a small amount of 
desk space. Interestingly, it has about 


power. Both the power level and null power to avoid hitting my finals with 
matched the meter on my transceiver а heavy mismatch at full power. 


a kat айе closely The capacitors are When you have ìt sel, tum up the 
/ power and confirm that all is wel 
Johnson wee wer dne, herween Ве ganged units Tfound One caution that applies to all T 
2inches smaller in each dimension. Wen easy o turn and to gets nll, section tumens sto note that multiple 
As noted above huni ucs aT, used he vld trick of tuning for Settings can result in low SWR. 
%% with Unfortunatly, some will have higher 
1 /// The ae of hum 
capacitors trom one ide t the other MEJ provides a page oF nmin i8 to use the sening with the smallest 
oie settings by band that you may find inductance (the L switch position on 
таме 14-15 

wen nad Balanced Antenna Tuner 

Marshctra Spcteatens Measured n ARAL Lab 

out ай ange 12 19 2000 O. ET 

lap SWR lange Not spell. Ses im. 

Frequency coverage: 18 o 4 ut. Sae bein 


Input power: 150 W average, 300 W PEP. Not tested. 
Size: s 7.5 x 9 полос (HWD). 


SWA Load (a) 160 Meters eo les ao les 20Меез id ls € Meters" 
Power Loss % 55 a E m 16 
81625. SWREW% оз os 10 20 20 baer bad 
Imbalance o o o o o 
Power Loss % E] E] 2 E 10 
ал es SWRBW% os вз 14 28 за Not Tasted 
Imbalance o 0 o o o 
Power Loss % 25 2 E E E 
эз s SWREW% oa 32 49 24 матова 
Imbalance 0 o Й 0 o 

Power Loss e 2 15 2 2 E E 

эл s0 SWREW% м 14 2л 2л 12 10 
Imbalance ° o o o o o 
Power Loss e 18 E E <10 <10 

2л 10 SWRBW% м 17 43 70 25 Not Tested 
Imbalance o o o o o 
Power Loss % 17 E EI E E 

44 200 SWREWs м 28 25 эл 10 NotTostod 
Imbalance o o o o o 
Power Loss % 12 E E E E 
EAS 15 34 75 70 37  NotTested 
imbalance. o o 0 o o 
Power Loss % 10 <10 E E 40 

161 % маву 19 эз эз 77 37 NotTested 
Imbalance o o o о o 
Power Loss% E E E E n 

з21 1600 SWRBW% 24 26 56 4a 30 Not Tested 
Imbalance o o 0 о o 


Notes 
Power osse are expressed as а porcenago. A 10% power ces represente lese than hall (0 48) a d. 
‘The SWR bandwidth is пе percentage of na measurement frequency that can be changed wih tne SWR staying under 15:1 


"The ARAL tost rure sony usable at 50 ens motors, 
"As defined in F Wit “Evaluation о! Antenna Tuners and Beluns—An Update" QEX, Sep-Oct 2003, pp 3-14. 
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this tuner) and highest capacitance 
that will provide а match. One 
limitation of the switched rather than 
roller inductor is that you can't get 
values in between. I didn't find that 
much of a problem, as was always 
able to get to 1.5-1 or beter SWR 
‘with my antennas. 

As you make adjustments, 1 
suggest you log the settings for each 
frequency in a table such as the one 
supplied in the back of the manual. 
You may want to make photocopies 
or set up a spreadsheet so you will be 
able to repeat the process for your 
next antenna, If you find that you 
can't get a match at some frequency, 
try adding 6 feet of ladder line at a 
time. The different length will move 
the impedance around and may solve 
the problem, but you will have to 
retune on the other bands and hope to 
find а length that will tune properly 
‘om all bands. 

Balanced loads are connected via 
standard (inch) spaced multipur- 
pose binding posts. These accept wire 
‘ends, or dual banana plugs, a handy 
connector for balanced food lines at 
this power level. The "974H also 
provides a capability to match 
unbalanced loads and provides a coax 


Figure 14-35 — MFJ-S74H, 
Inside view. 


connector for that purpose, It is 
necessary to provide a jumper 
between the lower balanced load 
binding post and the ground terminal 
то complete the unbalanced hookup. 
Note that the output is not switched, 
о an antenna should be connected to 
either the coax connector or the 
balanced jacks, but not both. 

Note that while the "974 is speci- 
fied to match a wide range of 
impedances on 6 meters, neither the 
Lab nor WIZR could test at any 
impedance other than 50.0. tried 


the unbalanced connection arrange- 
ment with my coax-fed GSRV, It 
‘worked fine until tried it on 

160 meters, not one of the bands the 
antenna is supposed to operate on. 1 
‘was able to quickly find a match at 
low power. When I turned up the 
power past 70 W, arcing was evident 
inside the unit. I opened it up and was 
surprised t find that rather than the 
expected arcing tuner element, I 
found the arcing source was at the 
metering circuit board. Measured Lab 
ма is shown in Table 14-15. 

The unit went back to МЕЈ for 
repair under their warranty. Upon 
return, it worked fine at 100 W (my 
‘maximum power with the transceiver) 
and Iwas told by MFI that a signal 
Wire had been dressed 100 close tothe 
meter board and arced, It was reposi- 
tioned and МЕЈ installed the intended 
Tie-wrap to hold it away from the 
meter board. The tuner was retested 
and һай exhibited no problems. 

Manufacturer: MF] Enterprises 
Joc, 300 Industrial Park Rd, 
Starkville, MS 29759; tel 800-647- 
1800. fax 662-323-6551; www. 
mfjenterprises.com. 2004 price: 
MEI974, $179.95; MEJ-974H, 
$199.95, 
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Palstar АТАК 


from ground within the box, performs coax outputs. Two can be tuned, or 


Antenna Tuner ... swihedio лар hough, while tře 
Unlike thc other tuners in this tonto match the impedance atthe Ui provides straight though 

deen de ATAR might bestbe bottom ofthe blaze maine,  operition only This isa great spoko 
desc as m unbalanced taner Las 30 to operate properly connect a dummy load, ora wel 
designed feed balanced от. through he nema alo, This tuner matched Yagi 

balanced leads This soumdscontra- Alo provides a heavy doy relay to meat view gives sens ofthe 
бу, ray ил, ы dera comect the tomate pots ofthe hey Guy contri of ts 

te оюны Land 6 E you just ink рос ора md induce tothe mate tane The may doctors 
ofthis tuner as a“fourteminal Back chassis 0 convert ttc a typical T Rübicued from silver plated svip 
tox” бее Figure 10330) connect. seerion tuner for unbalanced loads, stock, rather thn he usa Wire, and 
fog a balances load fo abalancod Lee une not found inthe rolling contia designed pip. 


source, followed by a 1:1 balun going any of the other tuners in this review, a significant portion or the coil, not 


чо the transceiver, you may get the is antenna switching capability. Тһе just the edge. The inductor is driven 
picture АТАК has a single pair of balanced Бу a smooth tarn-count dial reading 
‘An unbalanced T section, isolated output terminal, but also has three ошо Yo of a turn and resetable in 
Table 14-16 
Palstar АТАК Balanced/Unbalanced Antenna Tuner 
Manufacturer's Specifications Measured in ARAL Lab 
Input load range: 8 to 2000 2. Ses below. 
Output SWR range: Not specified. Ses below. 
Frequency coverage: 1.81090 MHz, Ses below. 
Input power: 2500 W single tone. Not tested. 
Size: 5 15 «16 inches (HWD). 
SW Load п) 160 Meters edge 4OMeters e lee io Meters 6 Meters" 
Power Lose% 24 14 10 10 El 
вл в  SWRBW* 11 28 ва 49 os 
Imbalance 06 07 o 06 52 
Power Loss . 12 E E <10 18 
4 125 SWREW% 19 40 17 as o7 
Imbalance o 04 o ол 17 
Power Loss . E E <0 E E 
ол es SWRBW% 30 74 E] 21 15 
Imbalance 0 02 o 05 0 
Power Loss % E E <0 <10 <0 
11 80 SWREW% 58 16 00 42 30 
Imbalance 03 0 о 04 °з 
Power Lose% E <0 E E <10 
21 100 Se E 26 49 p 10 
imbalance 04 0 o o 0 
Power Loss % <0 <0 <0 E EA 
4 0 SWRBW% E] 22 2 E 08 
Imbalance 05 o o 0 34 
Poner Lose% <0 <10 <0 %% мет 
вт 400  SWABW% 78 15 м 16 
Imbalance 15 оз o o 
Poner Loss % E E E o Nolet 
161 900 SWABW% 72 10 10 85 
Imbalance 26 05 0 o 
Power Loss % E <10 E 
303 лю SWABW% 44 58 әв NoMatch No Match 
Imbalance 49 0 0 
Notes 


"According to the owners manual or he АТАК, the matching range is limited on 10 meters. In testing, was found that matches (SWR 
15:1) could bo ooanos on 10 mater wih some higher impedance lads by using a large amour of inductance. Howovar, is 
very likely tal he tuner was close to sel-resonance under these conditions, and i type of operation should be avoided due o he. 
Alon losses in ne tuner 

Power losses are expressed as a percentage. A 10% power oss represents less than half (0.48) a dB. 

‘The SWA banónist i ho poroontago othe measurement roquancy rat сап be changed win the SWR staying under 1.51 
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between marks, As with its sister 
units, the capacitors are driven by 
5:1 reduction drives with 0 to 100 
logging scales, 

‘One design challenge with a 
tuner built of these large parts is to 
keep the minimum capacitance low 
enough so the unit will meet 
specifications at 10 meters. As 
shown in the data, Palstar has done 
a reasonably good job with this, 
but the limitations should be noted. 
1 found that this unit could match 
all my antennas, balanced or 


Palstar АТАК, 
Inside view. 


unbalanced, except on 17 and 10 
meters where not all impedances 
are within range. Again, a change 
in transmission line length may 
move your impedance to а value 
within the tunable range. 

‘The metering was consistent 
with my other wattmeters, both 
in position of reflected null and 
forward power. was able 10 
easily return to a previous setting 
using the resolution of the dial 
scales. Measured Lab data is 
shown in Table 14-16. 


A Survey of Available Tuners 14-31 


Palstar AT1500BAL 


Balanced Antenna Tuner 
"The Palstar ATISOOBAL is of 
the configuration shown in Fig- 
lure 14-34B. It is a legal limit device 
and a look inside makes me believe 
‘hat it can handle serious power. The 
rotary inductors, two edge-wound 
silver plated ball-bearing monsters, 
driven by a toothed fiberglass belt and 
turns counting dial take up a lot of the 
interior space. The rest is largely 


‘occupied by a 450 pF 4.5 kV variable | ATISO0BAL, inside view. 
driven by a smooth 5:1 vernier dial, 
‘The inductors and capacitor are алі can be easily reset to % a tenth 


made in-house and work very well, 1 out of the 32 turns en 


do end The 


was particularly impressed with the vernier drive has a dial with 100 


resetability of the controls. The tums divisions und no perceivable bach 


counter reads out to tenths ofa tum, lash. Once you make up a table of 


Table 14-17 
P 


Manufacturers Specifcations 


Input load range: 160 to 20 meters, 2500 + j2500 0. 
20 meters 1000 + 1000 0; 10 meters, 500 + ¡500 û. 
Output SWR range: Not spect. 

Frequency coverage: 1.8 to 30 MHz 


Input power: 1500 W РЕР. 


Size: 6.5» 125 15 inches (HWD). 


SWA Load (2) 
Power Loss % 
Bt 625 
es 
21 2 
so 
z аш 
а ж 
81400 
т аю 
ал 100 
Notes 


SW BW% 
Imbalance 
Power Loss % 
ЕГИ 
Imbalance 
Power Loss % 
SWR BW 3% 
Imbalance 
Power Loss % 
ЕГИ 
Imbalance 
Power Loss % 
SWR BW % 
Imbalance 
Power Loss % 
SWR BW% 
Imbalance 
Power Loss . 
SWR BW = 
Imbalance 
Poner Loss % 
SWR BW % 
Imbalance 
Power Loss . 
SWR BW% 
Imbalance 


tar ATISOOBAL Balanced Antenna Tuner 


Measured n ARAL Lab 


160 Meters 
E <10 10 
NoMaich de Match 99 
03 0 o 

EJ E E 
NoMatch doe Match 13 
0 

E E E 

15 46 2 

o n П 

E E E 
E »100 
оз o o 

<10 <10 E 
EA 54 se 

0 o o 

E E E 
>10 29 26 

02 o o 

E E E 

т 2 18 

o 0 0 

EJ E E 

т п эз 

o 0 o 

E E E 

56 80 78 

0 0 0 


tuning values by frequency, retuning 
should be a snap. found the tuner 
easy to use at WIZR, matching all 
reasonable antenna configurations 

T tried. Lam only able to test at the 
500 W level and, as expected, 
encountered no difficulties. 

"The cross-needie meter (300 and 
3000 W full scale ranges for forward 
average power) agreed closely with 
those on my equipment. One note, on 
many tuners, power is only required 
for meter lighting. On this unit, relays 
are used — both to switch capacitors. 
from one end to the other and to 
‘switch in additional capacitanee. The 
tuner will work only in the “high 
impedance/ no extra capacitance” 
mode if you neglect to plug in the 


20Metes — 10Meters 6 Meters" 


С 54 
13 10 
o o 
7 <10 
19 13 
o o 
E <10 
»100 20 
o o 
<10 E 
65 е 
o o 
E <0 
30 a7 
o o 
E 13 
20 7 
0 o 
E 18 
13 40 
0 ° 
E 
5 — No Match 
o 


Power losses ar expressed as а percentage. A 10% power loss represents less than Һа! (0.46) а В. 
Tha SWR Dandnic e he percentage ofthe measurement requency that can be changed with ho SWF staying under 15:1 
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supplied vall-wart or connect an 
external 12 V de supply. 1 found T 
needed to exercise Бо relays o tune 
ту antenna on all bands. 

Just after we purchased the 
ATISOOBAL tuner for evaluation, 
Pulsar added the ATIKBAL tuner to 
their line. In spite of their product 
numbers, they both are specified to 
handle the US legal limit, There isa 
key difference, however. The 
ATIKBAL tuner has the capacitors 
‘on the output side only. This results 
in a tuner that is designed to match 
from around 100. up and is similar 


to an early balanced tuner described 
by Measures. 

Palsiar has informed us that later 
this year they will replace the AT- 
ISOOBAL and the newer (and not 
tested) ATIKBAL with anew 
balanced tuner, the model BT1SOOA. 
‘This tuner will share the basic archi- 
tecture and design of the ATISOOBAL. 
It will make use of a new switched 
two-section variable capacitor 
designed to reduce minimum capaci- 
tance, This is intended to improve the 
tuning range, particularly on 10 
meters. It will also have the inductors 


driven in tandem, removing the 
requirement for the drive belt and said 
to make for smoother tuning, Palstar 
expects to offer the BT1500 as their 
only balanced tuner once material for 
the others is exhausted. Measured Lab 
data is shown in Table 14-17. 

Manufacturer: Palstar Inc, 9676 N 
Looney Rd, PO Box 1136, Piqua, ОН 
45356; tel 937-773-6255; fax 
937-773-8003; wwwpalstar.com. 
2004 prices: ATAK, $895; 
ATISOOBAL, $695.95; ATIKBAL, 
$595. 
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E. F. Johnson Matchbox 


Antenna Tuners 


Before WW Il, the E. F. Johnson 
(Company of Waseca, Minnesota, 
‘manufactured high quality variable 
capacitor, inductors and ceramic 


change 


impedances, the Matchbox. 


was bandswitching and had a unique 


differential capacitor arrangement to 


adjust the transformation ratio from 


parts for electronics. By 1950 they 


were advertising their innovative 
Viking I transmitter in The ARRL 
Radio Amateur's Handbook and the 
next year their Matchbox antenna. 
tuner for $48.95. A KW version was 
advertised in 1957. These tuners were 
based on the classic prewar balanced 
tuned circuit tuner (Figure 14-324), 
but with an added twist. While the 
classic tuner of the day used plug-in 
coils to change bands, and manually 
attached tap points on the coil to 


Table 14-18 


E.F. Johnson 275 W Matchbox, 


Morufecturers Soeciicatione 
Input ad range: 25 o 1250 © 
Output SWA range: not specified 


Frequency coverage: BO, 40, 20, 15 and 10 meters 


Input power: 275 W de input. 
Size: 7> 10 x 10.5 inches (HWD). 
SWR Load (0) 
Poner Loss% 
41 125 SAB 
Imbalance 
Ponor Loss % 
en 25 инв 
Imbalance 
Ponor Loss % 
E во бинвич 
Imbalance 
Ponor Lose % 
ол 00  SWRBW* 
Imbalance 
Power Loss % 
„ о бини 
imbalance. 
Power Loss % 
en аю SWREW% 
Poner Loss % 
161 аю SWREW 
Imbalance 
Poner Loss % 
эз 1600.  SWRBWS% 
balance 
Pomer Loss% 
ват eee  SWRBWS% 
Umbalance 
Notes 


Poner losses ate expres 


the front panel, as shown in Figure 
14.328, 
Models were available with and 


without SWR metering and the units 
included a TR relay useful forthe 


typical separate transmitter and. 
receiver setups of the day. By the 
"60s, the typical amateur antenna 
system had become one designed for. 
resonant matched operation using 
Radios moved from AM to SSB, and 
Johnson changed their focus from 
amateur equipment to the commercial 


il cable without antenna tuners. 


two-way FM radio market. 


alanced Antenna Tuner 


80 Meters 


No Match 


No Matth 


EI 
o 
E 
2 
H 
" 
2 
o 
12 
2 
o 
10 
2 
o 
10 
2 
o 
10 
2 
° 


Moasurod п ARAL Lab 
See below. 
See below. 
Seo below. 
Not ested. 


40Meters 20Metors 


момакһ No Maton 
No Match No Match 
E] 
No maten > 
0 0 
E 2 
4 > 
o o 
E E 
4 E 
° o 
E E 
4 5 
° 0 
E] E 
4 > 
o o 
E] 
4 комат 
° 
No Match 


"Their tuners are still a popular item 
at flea markets and on electronic 
auction sites, While not exactly a part 
of this review, Matchbox data 
reported by Wit in his earlier article 
is presented for comparison. As noted 
in the tables, the Matchbox tuners 
work well, but over atypically 
smaller impedance range than their 
modern counterparts. They also do 
not have band switch positions for 
any of the newer bands, although 
there is enough tuning range so they 
can typically cover 17 and 12, but not 
30 or 60 meters. Within these limits, 
however, they can still be put to good 
wee. Until the units discussed in this 
review became available, the Match- 
boxes were the only commercial tuner 


as а percentage. А 10% power loss represent lees than half (0.46) а ав. 


"The SWR bandwidth i те percentage о ће measurement equancy that can be changed with the SWR staying under 1.5: 
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in wide use specifically designed to . Pagal, "Product Review: Heath *R.D.Straw, Editor, The ARAL 


re ceci e or ee a Sit Eonar 
Mesure as fom Pani Wit, Wa TOO розра (ata fn your ARRE dt or 
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Review Questions 


14-1 What are some of the key issues to keep in mind if selecting а 
commercial tuner? 


14-2 What is the major advantage of an automatic antenna tuner? 


14-3 Why might it be important to use a remotely tuned antenna tuner 
near the antenna feed point? 


(regt 
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Contents 
Why Build a Tuner...... 
Special Purpose Tuners........ 

Home Built General Purpose Tuners 
Review Questions 


Build a 


Tuner 


A quick look at the schematic 
diagram of a basie manual antenna 
tuner (see Chapter 3), not counting 
metering and switching functions, 
reveals perhaps the simplest of 


amateur equipment schematics. A 
tuner has very few parts, and ve 
connections, That should make it easy 
to duplicate — апа it does, Unfortu- 
nately each of the parts сап be quite 


Special Purpose Tuner: 


expensive and perhaps hard to find. 
Оп the other hand, if you have — or 
can easily obtain — the needed parts, 
there is no reason not to try building 


Most of the tuners we have 
discussed heretofore have been of 
the general purpose variety. That is, 
they were designed to match varying 
loads on multiple frequencies from a 
single box. In any given amateur stu- 

on, that may not be what is needed, 
You may have a need to match your 
particular antenna system to your 
particular radio on particular fre 
quency. That describes a “tuner” that 
needs no knobs or controls — just a 
fixed matching network 

"The fixed network is more com- 
mon than we may think. Every Yagi 
antenna with a gamma, T or hairpin 
match atthe driven element has es 
sentially done exactly that, Each is 
a matching network located at the 
antenna to provide a match from the 
antenna to the transmission line for û 
low loss run to the radio. 

In a similar way, we can provide 
а network for each of our antennas. 
that provides needed matching. The 

igure, a shot of a colle 

tion of specialized antenna matching 
systems at, WOTC, the advanced Am- 
шеш Radio station of the late George 
Badger, illustrates the point. None of 
those networks looks quite like any of 


the usual commercial antenna tuners 
of the last chapter! Another shot of 
this collection of networks, annotated 
with descriptions ofeach tuning ele 
ment is shown in Figure 15-1 


Designing Your Special 
Purpose Tuner 


While the usual circuit design 
and analysis tools of an electronic 
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engineer can be used to design an 
impedance matching network, it can 
be a much simpler proposition for 
the amateur with a few software and 
hardware tools, The steps are straight- 
forward: 

* Determine the (complex) imped: 
ance that the antenna system will 


present to the radio or transmission 
line 

Determining the impedance can be 
donc in а number of ways. The best 
approach is probably to measure the 
impedance at the location that will 
have the tuner by using an antenna 
analyzer, Such analyzers include tun- 


1 — RG-213 coax cable from shack 
to Input of vacuum relay box 
behind board (37) to connect to 
StepplR Yagi antenna or 30, 40, 60, 
80 and 160 meter loop tuners. 

2— RG-213 coax cable to SteppIR 
antenna, 

3 Coax connector to 30 and 
40 meter balun (38). 

4—30 meter tuning inductor. 

`5 — 30 meter vacuum variable 
capacitor. 

в — 30/40 meter vacuum relay 
connected to loop. 

30/40 meter vacuum relay 

(connected to loop. 

40 meter phone/CW vacuum 
relay. 

э — 40 meter phone/CW inductor, 

10 — 40 meter tuning capacitor. 

11 — Motor drive for 40 meter 
tuning capacitor. 

12 — 40 meter tuning inductor, 

13 — 40 meter matching inductor. 

14 — Coax connector to 60 meter 
balun. 

15— 60 meter balun. 

16 — 60 meter tuning inductor, 

17 — 60 meter tuning vacuum 
variable capacitor, 

18 — 60 meter vacuum relays. 

19 — 80 meter coax connector to 60 
meter balun. 

20—80 motor balun. 


7 


эл — Motor drive for 80 meter 
vacuum variable capacitor 
28 Limit switche for 80 meter 
‘vacuum variable capacitor 
23.80 meter vacuum variable 
capacitor, 

26,25 — 80 meter tuning and 
matching inductors 

28 60/160 meter vacuum relay. 
27 — 160 meter open end vacuum 
28,23 Connection to loop on 
‘tower, 

3027160 meter receive vacuum 
lag 

3133 160 meter receive RC. 
network: 

34 Spark gap protector tor 


эт — Vacuum relay switch box to 
‘connect to SteppIR Yagi or loop. 

38 — 30 and 40 meter balun. 

39, 40 — Feed-through to 80 and 
160 meter radial system. 

41 — Remote motor control. 

42— Control shaft for 30 motor 
vacuum variable capacitor (5). 

43 Motor control relay. 

44 — 160 meter balun, 

45 — Manual control for 60 meter 
‘vacuum variable capacitor. 

46 Connector to 180 meter balun. 


PHOTO AND ANNOTATION BARRY SHACKLEFORD MVE 


Figure 15-1 — Example of perhaps the extreme in homemade antenna tuning arrangements. Thi collection 
motely controlled special purpose antena tuners, ай on an outside panel (cover removed or 
was made to switch between and tune the multiple antenna systems of the late George Badger, WSTC, the 
designer and builder, The annotations refer to the elements in the list below. 
“The tuner panel includes separate remote controlled matching networks and connections for each of the 


НЕ bands from 30 to 160 meters. It is mounted at the base of the tower. At the top of the tuner panel are two 
connectors that connect to the two lower ends of the 30, 40, 60, 80 and 160 meter loop that extends from the 
left connector up to the 5 foot fiberglass boom extension on the left, up and over the 8 foot fiberglass mast 
extension at the top to the boom extension on the right, then down fo the right connector. 
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able RF generators and displays that 
indicate actual complex (resistive and 
reactive) impedance, not just SWR. 
These are available from a number 

of manufacturers for a few hundred. 
dollars, and area valuable too for the 
antenna inclined amateur, Figure 15-2 
shows a sampling that were tested for 
а QST product review. 

Some analyzers provide the resis- 
tive value of the impedance and the 
‘magnitude, but not the sign of the 
reactive рап, In order to design a 
matching network, itis important to 
know whether the reactance is рокі- 
tive (inductive) or negative (capaci 
tive). Fortunately, it is usually easy 
to determine this. Just make a slight 
change in frequency and note the 
change in the value of reactance. If 
the reactance goes up as the fre- 
quency goes up it is inductive (+). If 
it goes down with increasing fre- 
quency, it is capacitive (-). This only 
‘works if the reactance does not g 
to zero between the two data points 
Note that many programs use a lower 
case italicized letter j as part of the 
reactive value. This indicates that it 
should be mathematically considered 
perpendicular to the resistive value, or 
calculated as if an imaginary number. 
Don't let this bother you if it is nota 
familiar concept. 

Another approach is to use antenna 
modeling software to determine 
the antenna, or the antenna system, 
impedance, The procedure I will 
outline will work with either. While 
modeling will result in a reasonable 
estimate of the impedance, itis rare 
that it provides an exact result, since 
generally not all conditions (ground 
parameters, for example) are fully 
known. This is what I did in the ex- 
sample tha follows. 

A third approach is to rely on man- 
ufacturers' or other published data. 
‘This also has its limitations in terms 
of the effect of the actual conditions 
at your location. 

Figure 15-3 provides the basis for 
a short example of how this process 
сап easily be conducted. The antenna 
under consideration is а dipole cut for 
the low end of the 40 meter amateur 
band. Instead of feeding it directly 


‘Notes appear on page 11. 
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Figure 15-2 — A sampling of hand held antenna analyzers from Autek, 


Kuranishi, MFJ and Palstar, 


== 


2. 


— .' 


T 


z 


Figure 15-3 — 40 meter dipole used 


аз the example for the determination 


of a special purpose matching network. 


with coax, which would likely not 
require a matching network, we have 
selected to use 70 fest of nominal 
450 © window line, so it can be fed 
efficiently on multiple bands. In order 
10 use it on 40 meters, we determine 
(using EZNEC antenna modeling 
software) that the impedance at the 
center and each end of the band at 
the antenna feed point is as shown in 
Table 15-17 

"We then use the transmission line 
analysis program TL, furnished with 
recent editions of The ARRL Antenna 
Book, to determine the impedance at 
the bottom of the mismatched trans- 
mission line as shown in Table 15-22 
Note that we could have gone directly 
to Table 15-2 using many antenna 


analysis programs that are equipped 
with transmission line models, My 
version of EZNEC included an early 
transmission ine capability that did 
not take losses into account, so 1 used 
TLW instead, Since we need TLW 
for the next step, it wasn't any extra 
effort One hint about using TLW — 
when finished don’t just close the 
program window — click on the EXT 
button to avoid problems with й start- 
ing properly next tima, 

"Design a network that will trans- 
farm the impedance to the desired 
impedance of the radio or transmis- 
sion line. 

There are many techniques that 
‘could be employed to design a match- 
ing network to match any of the im. 


Table 15-1 


Impedance Predicted at the Antenna (2,,,) as Shown in Figure 15-1. 


FquenyMHz) — Rasistie Part (0) 
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Impedance Predicted at Bottom of the 70 Foot Transmission Line (Z,) 


ав Shown in Figure 15-1. 
Frequency(Mlz) Resistive Part (0) 


та 277 
716 1033 
та 2385 


pedances in Table 15-2 to our desired 
50 О transmitter. Perhaps ће easiest 
is to just click the TUNER button on the 
TLW screen shown in Figure 15-4, 
‘The screen shown in Figure 15-5 will 
then appear, providing a place о input 
some common parameters including 
transmitter power and physical com- 
ponent properties. 

While the design power is a 
straightforward parameter, some 
of the other terms may not be. The 
inductor and capacitor Q are related 
to the losses in the components. Typi- 
cally, the biggest loss in an HF tuner, 
especially one with an air dielectric 


Reame Part a) sson su. 


"m аз 
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capacitors), is due to coil wire resis- 
ance. If you are buying а сой, it will 
likely specify the O. If not, you can 
‘measure the impedance of the coil on 
Your antenna analyzer atthe operat- 
ng frequency. The Q is just X/R, 
both available on an antenna analyzer 
Soreen.* Values in the hundreds аге 
typical, and the good news is the pro 
gram results are not very sensitive ta 
the value of O. А 100% change in O. 
in this example, results in less than а 
0.3% change in the value ofthe speci 
fied inductor and capacitor — smaller 
"han the usual component tolerance, 
thus we specify a Q of 200 and the 


resulting design should be fine for 
most real inductors, 

"The OUTPUT STRAY CAPACITANCE 
value represents the capacitance of 
the wiring and components on the 
‘output side to the chassis. АП wiring 
and components in the usual metal 
chassis or cabinet have capacitance to 
‘the metal walls. This is most impor- 
tant as the frequency goes up. Values 
in the tens of picofarads are common 
depending largely on component size 
and placement, 

The other choice on this screen. 
ds the TUNER NETWORK ТҮРЕ. There 
really isn’t too much to say about this 
— pick the one you like best, or bet 
ter yet — ty them all. I am somewhat 
partial to the low-pass L-network 
because it only has two components 
and provides some attenuation of 
harmonic signals. I also has only one 
solution for any toad — more later 
Pick any one to start, you will likely 
want to look at them all to find which 
‘one has components that are available 
‘or easiest to obtain. 

И you pick any configuration 
besides the L-network, it will ask you 
for a value o use for the capacitor 
оп the output side (towards antenna). 
Tt will try to design a tuner for any 
value you pick. If it can't make a 
tuner work with your value it will 


Suggest making it larger or smaller. 
Make note of the power loss and try 
different values of output capacitor. 


Figure 15-4 


transmission line of Figure 15-1. 


Input screen of TLW transmission 
line analysis software used to determine the 
impedance at the bottom of the mismatched 


Figure 15-5 — Antenna tuner Input screen of TLW 
software. Note the tuner configuration selected, 
LOW-PASS L-NETWORK, the power level, 100 W, that 


determines component ratings as well as the other 
Parameters as described In the text. 
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until you achieve a design that has an 
acceptable amount of loss and reason- 
aly sized components. This illus- 
trates the fact that the three element 
tuners — Pi- and Tenetwork — have 
more than one set of adjustments that 
will provide a satisfactory match to 
the radio. Unfortunately, while they 
will all look good to the radio, some 
will have more loss than others. 

Push the ORAW TUNER button. The 
screen shown in Figure 15-6 should 
appear providing the design details 
for the low-pass L-network tuner 1 
selected. In addition to the compo- 
nent values needed to provide the 
match, the table above the schematic 
Provides information on component 
Stress levels and other key daa. The 
primary selection criterion can be 
found by looking at the resulting 
tuner designs (next paragraph) in 
cach configuration and seeing which 
ones have component values that are 
reasonable, and even better, that you 
have om hand. A look at the result- 
ing efficiency, expressed as POWER 
?NTO LOAD. may also help you select a 
preferred topology. 

Table 15-3 shows the resulting 
design for the middle and both edges 
ofthe 40 meter band. This design can 
Þe used as a starting point for a single 
frequency, single load, matching 
network. I say starting point because 
‘even with careful analysis there 
‘few variables that are not known 
exactly, including actual component 
values — typical tolerances are 
21099 — for example, This is often 
taken into account by making one or 
both components variable, or trying 
slightly different component values 
ut the desired result is obtained. 

Alternately, if coverage of the 
entire band is desired, the compo- 
nents could be made variable over the 
ranges shown. Itis also possible that 


Table 15-3 


the values for the middle of the band 
will provide a satisfactory match over 
at least a portion of a band without 
requiring change. This can be deter- 
mined by trial and error, or simulated 
in an antenna analysis program by 
using modeled lumped "loads" at the 
bottom of the transmission line. 

‘Build and test the network 

As noted, the hardest part is often 
finding the needed components, es- 
pecially those needed for high power 
networks, Hamfest flea markets are 
often а good source for such items, 
although they often come with a level 
‘of uncertainty regarding ancestry and 
‘component value. Again, the trusty 
antenna analyzer can be used to mea- 
Sure the reactance, Fixed or tapped 
inductors can be easily wound using. 
plastic rod or tubing as а form. The 
ARRL Handbook provides а source. 
of formulae for winding the desired 
Inductance, 

As with all RF projects, keep leads 
short and direct. To minimize stray 
capacitance, keep the components 
some distance from the cabinet edges. 
Use high quality connectors and 
make sure you have provided direct 


Figure 15-6 
Antenna tuner 
output (design) 
Screen of 

TLW software. 
Note the tuner 
schematic with 


Important. 
information. 


connectivity for all needed intercon- 

"The best way to test the network 
is to start with the antenna analyzer. 
Wilh the network connected to the 
proper place on the transmission Tine, 
the impedance should read close to 
50 0 at the design frequency. Now 
take swept frequency type data by 

neasuring the impedance and SWR 
‘every 25 or SO KHz. By plotting these 
‘on a graph, you should have a good 
îdea of what the network will do and 
whether or not it will work across the 
range, If it isn't quite right, make a 
small change in one value and repeat 
the sweep, You should see an indica- 
tion of the extent and direction of the 
change. Since there are only two or 
three components, you should quickly 
converge on your result, 

Next hook it to your adio tuned 
ло ап unused frequency and note the 
transceiver's SWR reading. It should 
be close to that of the analyzer, 
Slowly increase the power to just 
below the level you designed ro. Turn 
off the transmitter and check to see if 
апу components have become hot — 
they shoulda’t! 


Matching Network Components for 100 W Low-Pass L-Network to Match Z of Table 15-2 to 60.0. 


Froquenoy(WHe) Inductance (н) 
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inductor Curent (A,) Capacitance (pF) 


m EM 
n m 
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CapaciorVotage (Y) — Elfciency (4) 
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160 and 80 Meter Matching Network 
for Your 43 Foot Vertical — Part 1 


The popular 43 foot vertical works best with matching at 
the antenna base — here's a way to do it for our two MF bands. 


Phil Salas, ADSX 


venicl for much of my lower Frequency 

operations. This length antenna fers 
higher radiation resistance than shorter 
loaded monopoles. Increased radiation 
resistance improves efficiency by reducing 
tte effects of ground losses, especially when 
you have ш electrically short amenna — a 
‘characteristic of even а 43 foot antenna on 
160 and 80 meters. I fed with a 14 unbal- 
anced o unbalanced transformer (anun), a 
43 foot antenna has а reasonable compro- 
mise SWR on 60 through 10 meter, which 
means that cable ud unun losses are prety 
much negligible on these hands. 

“Thisantennaisreally nota good performer 
оп 160 meters, and to a lesser extent on 
380 meters, unless you provide matching 
fight at he antenna base. This is due to the 
high capacitive reactance und still relatively 
low radiation resistance fa 43 foot antenna 
оа 160 and 30 meters. This makes the mis- 
"hatch so bod tha is almost impossible to 
efficiently match from your shack. If you 
‘ean math the antenna system from your 
Shack. you will throw away a lot of power 
їп your coax and umun dac to the very bad 
mismatch at the antenna. 

| thus started experimenting with match- 
ing networks and wound up with two exter- 
nal impedance matching devices designed 
то significantly reduce SWR related cous 
losses and unun mismatch losses, and to 
help the inside tuner match оп 160 and 
80 meters. This month we'l ok atthe sim- 
pler version ofthe two matching networks 
This version requires manual insertan of he 
matching network whenever you want to 
operate on 80 or 160 meters. 


The Matching Requirement 

According to my АІМА170С antenna 
analyzer, my 43 foot vertical antenna has 
а capacitive reactance оГ about 580 П on 
160 metes, This will vary based on е pr 
ticular construction of your 43 foot vertical, 
its proximity o ойк object, and other fac 


prees 


tors. The reactance will almost certainly be 
in the 550 o 650 £ range, This amount of 
capacitive reactance needs approximately 
З0 ЫН of inductance in order to resonate the 
antenna. On 80 meters, approximately иН. 
is needed o resonate the antenna. A 50 pH 
high Q inductor is going to be large. For this 
бы solution, 1 elected to go with a toroidal 
inductor in order to keep the matching unit 


as compact as posible 
Figure 1 — Schematic diagram. Toroid Inductor Matching Solution 
‘band matening unt 80 meter connections This compact design will handie the Fall 


sko sh legal limit on 80 and 160 metes for low 


шу суде SSB and CW modes, The ind 
or consists of 35 tums of #14 AWG solid 
copper insulated house wiring wound on à 
p THODA-2 toroid core. The antenna feed point 

is tapped two tum from the ground end for. 
80 meters, and three tums from the ground 
end for 160 meters. You should start with 
38 tums total on your toroid, but then remove 
Turns as necessary to get the network to reso- 
mat where you want itin the 160 meter band 
(more on this ше) 

T mounted the toroid assembly in a 
6 x 6 x 4 inch NEMA enclosure using а 
24 inch long 410 machine screw and asso- 
ciated hardware along with a 2 x 4 inch 
piece of unplated fiberglass PC boani mare- 
Fil, Before you mount the toroid, prepare 


Table 
160 Meter Torold Impedance Matching Assembly Parts List 
Description SoucaPar Number" 
Banana plug (4 reculrec) Mouser 174-RBOZEX 
Binding pos, lso (4 roquirod) Mouser 151-R1258 ЕХ 
Bindna post, red Mouser 184-R126R-EX 
NEMA Enclosure, €x x4 inh LonesiHome Depot 
(Glas cloth tape, ЗМ 927 ACE Hardware 
80230 отпао Mouser 601:25:7350 
"Toro T400A 2 powdered коп Amidon cg 


“Amidon parts are cat fom wwwamidoncor com and Mouse parts rom 
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Figura 3— 100 and 80 meter input tap points, 


it by scraping the insulation off the outside 
Second, third and 11th through 13th wire 
turns, Because of the high voltages possible 
a legal limit power levels, especially on 
160 meten, wrap the toroid with two lay- 
ers of 3M F27 glass cloth electrical tape 
for added insulation between the #14 AWG 
wires and the toroid core. 

Figure 1 is he schematic of the match- 
ing assembly, Figure 2 shows the internal 
най of the assembly, and Tabie | lists the 
parts necessary. To select between 160 and 
18) meter operation, I used extemal jumpers 
across binding posts as shown in Figures 3 
and 4, Stainless steel #8 hardware (screws, 
washers, lockwashers and nuts) are used 
for the matching unit ground and RF output 
terminals Taternal to the matching unit, | 
used û 2 inch wide surip of aluminum duct 
терїї tape as а good low impedance ground 
‘between the UHF connector and the ground 
этен on the bottom of the case. Finally, 1 
кей #14 AWG stranded insulated wire for 
all ста! connections, 


Tuning the Matching Network 
to Resonance 

‘Your particular installation will almost 
certainly require you to change the resonant 
Frequency of the matching network. This is 
весе there will be some variations of the 
amenna impedance based on your particular 
antenna physical construction, proximity 
to other objects and final length, as well as 
your desired operating frequency range. The 
design s such that the overal tunes 
is 100 large for 160 meters, so the network 
Should resonate st or below the lower band 
‘edge, Therefore, you will need to remove 
one or more of the upper inductor tums in 
order to resonate the network far the desired 
Frequency on 160 metens. 

"o до this, first solder wires rom the sec- 
cod and thi! шт tap points on the coil t0 
the two outer binding poss by the 80.20 
‘connector, The input tap points tend to be 
fairly попаййса! and will probably be the 
same for all installations. Now solder a short 
wire from the 50-239 center pin to the mid- 
‘de binding post. Next, externally jumper he 


Figure 5— Measured SWA across 160 
eters indicating а 2-1 SWA bandwidth ot 
Spproxmatey 50 KHE 
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middle binding post to the 160 meter bind- 
ing post (hid um) 

Connect ће matching assembly to the 
ase of your 43 foot erica and see where 
the minimum SWR point is on 160 meters 
using your antenna analyzer. IF tbe resonant 
Frequency is too os, remove a tum of wire 
amd sce where the minimum SWR point is 
again. You"ll see about а 50 KHz upward 
"move in frequency per um of wine removed. 
When you buve your desired resonant point 
оп 160 meters, tis time to move to 0 meters. 
alem jumper the input tap ide bind. 
ing post othe D merer binding post (second 
tum), and use a clip ee to short rom the top 
of the cil o tum number 12 and se where 
your minimum SWR frequency occurs Mere 
{he tap poin up or down ший your resonance 
peint (lowest SWR) is where you want it 
Solder а wire from this tap paint to one of 
the binding ost. Solder another wire from 
the top of the сой to another binding post 
Now you will be able o extemally jumper 
these binding posts to select either 160 or 
80 metes 

My final test results for 160 and 
50 meters are shown in Figures 5 and 6 as 
measured with my RigExperts AA-200 
antenna analyzer connected directly to the 
matching network input at the base of the 
amenna. I'm а CW operator, so 1 favor 
esonance in the lower рап of these bands, 
but you can adjust for your favorite portion 
of each hand, The 2:1 SWR bandwidth on 
160 meters is about 50 KHz, and about 
150 KHz оп 80 meters, Even a 3:1 SWR on 
these bands resus in negligible SWR related 
cable losses for any reasonable length cable 
and is easily matched with ту MES in- 
shack tuner or most transceivers intemal 


antenna at the same time, and just lave o 
the ground wire from the unit that ie not 
used. The matching wit connected to the base 
of my 43 fot vertical is shown in Figure 7. 


Conclusion 

‘The matching network discussed in this 
acl wil permit very effective operation of 
узи 43 foc vertical on the 160 and 0 meter 
bands. In Part 2, we'll look at a remotely 
switchable 160, 80 and 60 through 10 meter 
“base matching unit Iris more complet, but it 
is also more convenient. Until then, see you 
ontop band! 


Amateur Eara class operator and ARRL Life 
‘Member Phi Salas ADS. was frs beran as 
VC 
AE F о von habe pursued a crine 
Figure Malchng unit at o base of he authors 49 foot antenna. n thia кенв dec puede салт et 
pre ‘degrees from Vina Tech and SMU, терас. 
VVV 
for the е1) years Pala noe reed end 
(Operation connect this matching unit to the base of Pende i days pí Dewees han radio related 

- Voß,1l ld; 

Using the matching unitis simple. Just he amena. Select either 160 or BO meters Peg ed in tie wi a, y 
disconnect your normal umun when you with the extemal straps. You can connect Chelsie Dr fee TA 7308 ovat 
‘vant to operate оп 160 or 80 meters and bod the umun and this matching unit to de Are rad 
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160 and 80 Meter Matching Network 
for Your 43 Foot Vertical — Part 2 


This dual band matching section design provides for remote band changing. 


Phil Salas, ADSX 


B0 meter base mashing assembly for 

л 43 foot antenna, While that unit 
ls чау effective and inexpensive o Бий, it 
aso a lite inconvenient m thal you mist 
connect it when its needed. and you must 
Also manually enable 160 or 80 meter opera 
fion using straps, This monti, we'll lock at 
а more versatile matching assembly that is 
completely remote-contrllabe for opera- 
fion оп all bands, Again, this buse matehing 
network will significantly eliminate SWR- 
Felted ca oes and unun mismatch sss 
ard assist inside tuners in providing a match 
оп 160 and $0 таеп. 


The All Band Matching Solution 

Ar discussed in Part 1,1 û 43 foot vert- 
ea antenna requires approvimatoly SO pH 
of inductance to resonate the amenna. On 
МО meters, approximately 9 pH ix needed 
for resonance. For the matching solution 
shown in Figure 1, sedan MEJ 404-0669 
sir wound сой and two Array Solutions 
RE30 relays for up to full lega limit math 
ing on all bands from 160 10 10 meters. A 
2 S mm de power jack sod below he 
50-239 connector provides for relay cons 
voltage inputs of 0 V, #12 or 12У de The 
‘contol input MOVs and bypass capacitors 
fre mounted оп а б terminal чер ins de 
matching assembly. 

The matching unit operates as follows: 
"With no control voltage applied, the induc- 
tor is disconnected and the unun is con- 
nected across the antenna feed point 
thereby preserving the original compro- 
mise SWR on 60-10 meters 

When 412 V is applied, the inductor is 
connected across the antenna feed point 
and inductor turns are shorted to resonate 
the antenna on 80 meters. 

‘When the voltage is reversed, the short 
жопе the coil is removed and the matching 
aion resonates the antenna on 160 mele, 
їп both е 160 and BO meter cases, the nan 
secondary taps imo the inductor at the 2002 
point. providing a proper manch to the umun 
en thase bunds. This keeps he unun second. 


I Part 1 1 described а simple 160 and 


Niles appear on page 5 
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ary voltage reasonable, and the feed line and 
эшип Joss very ov as wel, 

1 built be matching unit inan 8 x 834 
inch NEMA weatherproof box available from 
home supply stores (see Figure 2). This Бок 
is too small to fi the entire inducir length 
needed. so Esplit the inductor no two pieces 
as can bo seen in Figure 1. The long induc- 
Tor section conss of 1 tums, and the short 
inductor section consists of 12 tums While T 
prefered the more compact size of this box, 
you may wish t use the larger 12 x 12 x 
% inch NEMA box that cn contain ihe fll 
neu inducir length needed 

"Ашта! wiring uses insulted #14 AWG 
stranded wire. T artached the wires to the coil 
"ap points using the MF сой elips called ouin 
the par ч. You сип solder the wires directly 
to фе coil. but this is Ий! due to the #12 
AWG size of the coil wine and the spacing of 
the tums, The coil is mounted with #8 asin- 
Jess sel sere, washers, Jock washers and 
mus also used for the ground and amenna feed 
terminals. Figure | shows he final match- 
ing unit wi all components moun, Note 
‘he terminal йр with the MOVs and bypass 
capcion 


Since the antena is unbalanced, a cur- 
ren balun or voltage unun s typically used. 
А voltage unun shouldbe wired as shown in 
Figure, 


Relay Connections 

Some comments are necessary regard- 
ing he relay connection, See the sidebar on 
the QST binaries Web site for a discusion 
of ow high the peak voltage across the fll 
Soi can be оп 160 meters, As you can see, I 
connected relay contacts m series to теве 
the overall breakdown voltage, Also, the tap. 
points on the inductor provide additional 
Voltage above ground, which helps with the 
overall breakdown vokage 

"The main concer i with the contacto 
coll 53 KV peak breakdown rating When L 
‘examined the relays, observed that the outer 
SPDT contacts are connected via insulated 
internal wires that are wel separated from the 
сэй by 0.4002 inches. The problem is with 
the center SPDT mlay common wire, which 
isin contact with the сой. While the coil and 
соттоп wire are both insulated, there is no 
ir op separation between Mem. This com- 
mon wirsto coil contact i obviously hat 


мел 
A parte 
Mounted in 
Те НЕМА, 

КА 


determines te breakdown voltage rating. Te. 
‘way 1 got around this problem was to use the 
center SPDT relay contacts for the lowest 
potential interfaces as indicated in the sche- 
mai (Figure 2). 

For the switched control voltage input, 
A used a 12 V, | A wall wart to keep the 
+12 V contol voltages separate and isolated 
from the regular station voltage. This s to 
minas any possibilty of shoning the main 
power supply when de contol voltage polar- 
ity is flipped. 

T mounted the switch in а small plastic 
box that T attached to my transceiver support 
shelf. The unlabeled center off positon s fr. 
60 though 10 meter operation, The separate 
switch you se in the photo is for controling 
‘ther outdoor accessories, as 1 hive two volt- 
age feeds poing out to my antenna location- 


Matching Network Resonance 

As with the previous matching network, 
you will almost certainly need o adjust the 
Tesonam frequency of the matching network 
doc to variations їп particular antenna physi- 
‘cal construction, proximity to ойе objects 
"rd final length, s well as your desired oper 
ating frequency range. The overall starting 
Inductance is too large for 160 meters, so the 
network will resonate at or blow the lower 
ond edge. Therefore, you can simply short 
оп or more of the upper (short coil) inductor 
turns in order to tune the network higher 1o 
your desired 160 meter frequency. 

То do this, firat lave ОЙ the wire leads 
(и anach between the relay contacts and he 
tap points an he coll. Build up short jumpers 


using the test ele and microlips (perfect 
for the сой tarn taps) called out in the pars 
Tist, and attach these between the relay con- 
тила and coil, using the suggested tap points 
shown on te schematic 

Connect the matching assembly o the 
hase of your 43 foot vera (ce Figure 3) 
‘Then enable 160 meter operation by apply- 
ing -12 V de, and jumper turas on the 12 tum. 
inducir wit sor clip ead until you find 
your desired 160 meter resonance point, Nex, 
"ove the 160 meter relay ap point ший you 
‘get minimum SWR. Now permanently short 
‘the turns onthe hort coil by soldering a piece 
EVI AWG buss wire across these tums, 

As you can see from my photos, | needed 
to short six tums on this сой. Next enable 
80 mete operation (apply +12 V to the relays 


Figure 2— Schematic of the remotely controlled matching network The parts list ls on 


‘he QST binaries version? 


Assembly) and select the coil shoning point 
for your desired resonant frequency and the 
"ap point for best SWR. Finally remove the 
тей clips leads, atach the coil clips, and sol- 
der wires between the сой elips and relay. 

‘The 21 SWR bandwidth on 160 meters 
is about SO kHz, and about 150 kHz оп 
30 meters. Even а 4:1 SWR on these bands 
results in negligible SWR related cable and 
unun loss, and is easily matched with my 
МЕРУ, an in-shack tner 


Operation 

Operation of this matching шй couldn't 
be simpler. When по control voltage Ix 
applied, the antenna functions as it always 
has on 60 through 10 meters. For 80 meter 
‘operation, apply +12 V de, und for 160 meter 
operation apply -12 V de. The matching orit 
«connected to the base of my 43 fact vertical 
is shown in Figure 10. 


Conclusion 

The matching network discussed in this 
sele wili рети very Песне operation of 
our 43 foot vertical on all bands from 160 
rough 10 meters Although on 10, 12 and 
15 meter the elevation angle of the peak is 
higher than optimum for DX, it wil il allow 
contacts, Foc! free їз experiment a litle, You 
‘might prefer to use the toroid from Part | in 
"eis design instead ofthe score inductor. IF 
уоп are mot running more than about 500 W, 
the less expensive RF-10 relays are all you 
will eed, Have fun, and ГЇ зге you on the 
Tow bands, 


Notes 
+P Salas. ADSX “100 Meter Mang Network 
(čr our Foot Vernea — Par 19081 


ema ad Mensa binden. 


See Por or Phils ia Yi can ach Pul or 
1517 Creekside De chodim, TA 75081 orat 
p 
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Home Built General Purpose Tuners 


There are a number of approaches 
to the design and construction of gen- 
eral purpose antenna tuners. Perhaps 
the easiest o replicate existing 
successful designs, although finding 
the exact parts called for is sometimes 
a problem. Fortunately, the exact 
values are not very critical. It is also 
possible, if somewhat tedious, lo go. 
through the TLW based procedure 
described above at the extremes of 
frequency and mismatch to determine 
the range of values needed and then 
construct tuner with variable and/or. 
switched elements, often in combina- 
tion, that will cover the needed range. 

T have done this for the most popu- 
lar configurations, sec Figure 15-7, 
the high-pass T-network, Pi-network 
ad low pass L-network with the 
results shown in Tables 15-4 through 
1546, I huve provided the values for 
matching loads with a 10:1 SWR, the 
usual spec for a wide range tuner. In 
addition o the resistive loads at 5 and 
500., I have made runs for moderate 
reactive lands of 25 + 25 О and ex 
treme reactive loads of 250 + j250 0, 
all with approximately a 10:1 SWR. 

As noted in Chapter 4, the Pi- and 
“network tuners have multiple solu- 
tions for any load, while the L-net- 
work has а single solution. It is worth 
stressing this in case you use one 
whether a commercial unit or a home- 
built one. Look again at Table 4-1, in 
Chapter 4, to get the idea 

Such “HF” tuners sometimes 
include the MF 160 meter amateur 
band as well as the 80 through 10 
meter HF bands. I have provided data 
for 160, 80 and above the top of 10 
meters so you can decide which wa 
you want io go. Note that the addition 
of 160 meters makes a big difference 
im the component values required, 
опе reason it offen is not included. 
In addition, in some cases the larger 
inductor and capacitor(s) may have 
190 high a minimum value to allow 
Proper operation оп 10 meters 
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Figure 15-7 — 
Schematic di 
ota high- 
network (A), 
PENatwork (B) and a 
low-pass L-notwork 
(C) used as design 
examples in the 

text and Tables 
15-410 15-6 on the 
following pages. 


AT-Network Tuner from 
‘Surplus Parts 

A network tuner that 1 made some 
years back and used effectively for 
Some time is shown in Figure 15-8, 
This is an example of a “ase what you 
have and see what it does" approach to 
tuner design, The unit is built around 
а chassis and panel from a WW2 
surplus plug in tuning unit from a 
BC-375 transmitter used in bomber 
aircraft The capacitor controls nice 
4:1 planetary drives with calibrated 
scales, along with he rotary indicator 
and its turns count dial also came from 
а eantibalized BC-375. Today they 
would ай be preserved as antiques, but 
in 1965, they were sources of cheap or 
fee paris for new transmitting equip- 

Figure 15-9 shows the inside ofthe 
tuner, including а home built "Moni 


match Mark I type SWR indicator, 
along with a battery holder for the 
meter amplifier? Modern transceivers 
include SWR indication, so these may 
no longer be needed. The variable 
capacitors, one above the other on the 
right side, were ofa few hundred pF 
each, and the rotary inductor (on left) 
was probably around 15 ИН. In those 
days, no one knew for sure — but 

it successfully matched any of my 
antennas for years. 


Simple Breadboard 
Antenna Tuners 

Home-bui antenna tuners don't 
need to be as mechanically complex 
аз my old T-match. Barry Shack! 
ford, W6YE, has constructed a few 
using available variable capacitors and 
inductors fabricated in his workshop. 
While these won't handle full power, 


Table 15-4 


Component Requirements for High-Pass (Shunt L) Network Antenna Tuners at 10:1 SWR 


FrequancyZ 10) 
тамне 

5 

500 

25 + 100 
257/100 

250 + 250 
280-250 
FiequencyZ ©) 
SME 

5 

500 

25 +100 
ENS 

250 + 250 
250-250 
Frequency ©) 
EA 


5 
500 

25+ 100 
25-100 
250 + 250 
250 - 250 


Table 15.5 


Capactor 
ра (PF) Output pF) 
1136 3000 
EN 500 
эз 300 
170 200 
эв 200 
эт 300 
Input (oF) Output (pF) 
ES E 
265 200 
275 200 
104 200 
эз 100 
136 100 
Capacitor 
Inout pF) "Одри (pF) 
78 200 
29 50 
o 30 
2 100 
36 100 
E] 100 


Inductor шн) 


24 
139 
103 
2 

105 
109 


Inductor (an) 


11 
73 
35 
as 
56 

108 


Inductor (ut) 


012 
077 
024 
046 
09 
06 


Capacitor Votago (VJ 
100 W 1500W 
180 710 
зз 1250 
790 3070 
1040 4030 
2% 1470 
525 2030 
Capacitor vonage (V.) 
wow 150W 
100 720 
зз 1530 
EH 2373 
880 E 
En 1475 
670 2800 
CapactorVotage (V) 
wow 1500W 
160 640 
370 1470 
40 1560 
440 1710 
300 1150 
260 1410 


Etteioney (%) 


Component Requirements for Low-Pass (Series L) L-Network Antenna Tuners at 10:1 SWR. 


Frequency 10) 
18s 

5 

500 

25+ 100 
25-700 
250+ 250 
250-250 
Frequency 0) 
35MH 

5 

EJ 

254/100 

25 -n00 
250+ pso 
250-250 
Frequency in) 
some 

5 

ES 

25+ 100 
25-00 
250 + 250 
250-250 


Capacitor 
Input (pF) 
5254 

ma 

па 

1760 


оли (pF) 
па 

536 
1408 
na 

713 

EI 


опот (uH) 


124 
135 


Capachor votage (V) 
КА 
100 390 
310 1210 
20 1120 
100 зю 
зю 1210 
310 1210 
Capactor Votage (V) 
юн 1500 
100 400 
210 1200 
200 1120 
10 390 
a10 1210 
E 1210 
(Capacitor Voltage (V) 
ош 1500 W 
100 360 
310 1210 
290 1120 
100 380 
310 1210 
310 1210 
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Eficlency (3%) 


эв 
E] 
E] 
9 
E] 
E 
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Table 15-6 
‘Component Requirements for Low-Pass Pi-Network Antenna Tuners at 10:1 SWR 


ener Capacitor Inductor (ut) Capacitor Voltage (V) Eficiency (8) 
тамна eut (pF) Outou (pF) wow 7500 

5 Ez 500 14 100 зо E] 

500 2602 1000 СУ 310 1200 96 
254/100 966 1500 125 280 mo a 
25-00 2410 500 75 280 1100 95 
250+250 1981 1000 "a 310 1210 or 
250-50 1284 50 129 310 1210 9 
gere Cees, Inductor (ut) Capacitor Vetge (V) тоелу (ч) 
25 MHz Inout (pF) Out (pF) TOW 150W 

5 zro 80 or 100 зю E] 

500 1287 500 51 310 1200 % 
255100 [2E в? 280 1110 9 

25 00 1888 00 37 280 1430 E] 

250 + 250 эм 500 80 310 1200 7 
250-250 % 30 [3 310 1200 9 
genere Capacior палог ШН) Capacitor Voltage (V) тоелу (ч) 
0 Mn Input (oF) Ouput (pF) JW —— 500W 

5 E: 200 оов 10 эю E] 

ES na 50 07 Et] 1200 9 

25+ ¡100 103 100 07 290 1100 97 
25-00 205 E] 05 285 1100 % 

250 + 250 п 50 08 310 1200 v 

250 - 250 т E] ов 310 1200 » 


Figure 15-8 — Front view of an. 
‘early homemade antenna tuner. The 
unit is completely built of surplus 
parts. Note the handy tuning. 

‘chart that was part of the 80-975 
transmitter tuning drawer. 


Figure 15-9 — Inside view of 
the home brew T-network tuner. 
The SWR meter (in 2 x 2 x 5 

Inch box in left partition) and 
associated circuitry would likely 
ot be needed to use with current 
transceivers. 
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Figure 15-11 — Another view of Shackleford! 


they should be fine at the 100 W 
evel. Figures 15-10 and 18-11 show 
a Enewwork tuner that Barry made, 
Note the simplicity of construction, 
The only complication may be the 
homemade inductors. Barry used 
acrylic stock, em and notched with 
his table saw, using a jig to set the 


spacing. You could use any technique 
that allowed the tums to be spaced so 
that his alligator clip tuning method 
can be employed. Barry stretched the 
wire before winding to work harden 
it and then secured it in his form with 


Barry also made the L-network 


Figure 15-10 — Homebrew breadboard T-network 
tuner made by Barry Shackleford, W6YE. This tuner 
uses smaller variable capacitors with a voltage 
rating appropriate for 100 W use. The Inductor 

Was homemade, as described in the text. Note 

the inductance can bo changed by moving (with 
transmitter off the alligator clip to a different turn. 


tuner shown in Figure 15-12. This 
uses two capacitors in parallel, one an 
old broadcast three-gang unit, making 
up the single capacitor for the L- 

network. The smaller capacitor makes 
it easy to make fine adjustments, once 
‘you're close with the larger unit 


Making Tuners for 
Balanced Loads 

Many tuners; home made as well 
‘as commercial units, provide for 
balanced loads by including a balun 
between an unbalanced tuner and the 
balanced load, This is an appropriate 
approach if the load is within perhaps 
4:1 of the typical 200 to 50 © balun 
often used for the purpose. If beyond 
that range, the balun does not perform 
very well and losses and even damage 
may result. 

A different approach was pro- 
sented by Richard Measures, AG6K, 
їп а QST article some years back" 
Measures presented a design that first 
transformed the balanced antenna 
system load to 50 © balanced and 
then made the transition from bal- 
anced to unbalanced using a 1:1 
choke balun operating at its design 
impedance, 

Measures used a balanced L-net- 
work to perform the transition to 50.0 
and followed it with a coax choke, The 
schematic is shown in Figure 15-13, 
with a photo of his breadboard ver- 
sion, less balun, in Figure 15-14, He 
went on to show an elegant design 
suitable for remote control using 
stepper motors with remote position 
indicators available on the ARRL 
members Web site. However, for 
many, а duplication of his breadboard 
design may be more feasible. 

Measures found that inductors in 
the range of 15 to 20 pH maximum 
inductance were suitable, with a 5 A 
current rating for 1.5 kW use, Induc 
tors may be found at hamfests, or are 
available from MEJ (wwwanfjenter- 
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Figure 15-12 — An L-network tuner made by Barry Shackleford, 
were The two capacitors are in parallel maki 
capacitance with the smaller one used for fine adjustment. 


' single equivalent 


Choke Balun 


50 
Unbalanced 
Input 


m 


so 
Balances 


113 


Measures, AGSK. 


15-16 Chapter 15 


Figure 15-13 — The balanced L-network tuner designed by Richard 


Figure 15-14— 
Photo of 


prises.com). Suitable sprockets and 
drive belts to couple the inductors 
together are available from. 
‘MeMaster-Casr (www.memaster, 
com), or they may be coupled endo- 
end with some loss of symmetry. 

Capacitors should be in the 200 to 
300 pF range, witha 1,5 kV rating if 
used at the 1.5 kW level. Note that 
both sides of the capacitor аге hot with 
RE, so to avoid burns use an insulated 
shaft coupling on the way to the knob. 
‘Trust me, the set screw in an insulated 
knob will get you if you don't! 

For the choke balun, Measures sug- 
gests using solid (not foam) dielectric 
RG-213, or equivalent, coax wound 
їп а single layer on a I foot long. 

5 inch diameter, PVC pipe. Other 
choke configurations may be used, 
including winding the coax on a 
ferrite toroid core. An adaptation of. 
the design is o use the L-network to 
transform to 200 ©, rather than 500, 
and then use а 4:1 balun to finish the 
impedance transformation and make 
the transition to unbalanced coax. 

As shown, the L-network is de- 
signed to transform loads higher then 
500, This is often, but not always 
the case with ladder and window line 
systems. If a lower impedance load is 
encountered, it will be necessary to 
move the capacitor to the other side 
of the inductors, 


Notes 

"J. Hallas, WIZ, "Product Review — 
A Look at Some High-End Antenna 
Analyzers" QST, May 2005, 
pp 65-60. 

Several versions of ЕМЕС antenna 
modeling sofware are available 
from developer Roy Lewallen, 
VITEL, st www.eznec.com. 

*R.D.Straw, Editor, The ARAL 
Antenna Book, 21st Eaton. 
Available from your ARAL dealer or 
the ARAL Bookstore, ARRL order 
по. 9876. Telephone 860-584-0366, 
oe hee in the US 888-277- 
5289; www.arrlorg/arrhstoro; 
Pubsales Garri.org. 

“Note that the value of R wil be higher 

an the de resistance because ol 
skin effect. 

L, McCoy, WIICP (SK), “Tho 
Monimatch? OST, Feb 1957, 
рр 38-40. 

"Richard Measures, AG6K, "A 
‘Balanced Balanced Antenna 
Tuner: OST, Feb 1990, pp 28-32. 


Hairpin Tuners for 
Matching Balanced Antenna Systems 


Balanced Transmatch designs for 28 to 450 MHz. 


John Stanley, KAERO 


nce more, the advantages of Jad- 
der line for НЕ antennas were 
vell presented in July 2008 
OST! Before WWII surplus brought 
ts cheap coax, balanced feeders 
were almost always wed for VHF 
эв well In the January 1942 QST. 
reproduction that was included 
With The 2007 ARRL Handbook, 
both homebrew and 
УНЕ gear ай used bal- 
anced lios For a given cos, open 
wire ladder line, window line or even 
TV twin lead can give you a lower koss 
installation than trying Lo buy large 
diameter coax in an effort to keep the 
losses to an acceptable level. This is 


rather quickly. By the time you getto 
28 МН, there тау be only four 
тип» on the сөй. This means that 
the adjustment steps available 
are мау limited. You can tap lo 
‘either two or four turns, or if you 
are wiling to unbalance the tap 
positions, or can access the appo- 
sie side of the coil, you could use 
(be or three tums. In cher case the 
operation is compromised. Another 
approach is to connect one tap to the 
bortom of the coil, instead of to the 
тор. effectively using isetions of a tum. 
rather than whole tums, but this often 
is not feasible from а mechanical stand- 
point. In ation the symmetry and thus the 
dramatically demonstrated by compar balance are affected If his type of tuner is 
ing losses in various line types. So, We io be used on 10 meters and higher, we need 
‘wonder, why do so few present-day opera: шел — KAERO balanced tuner for 6O qo rethink: the design, 
tors use ladder line or twin Jed on he VHF We Figure XA) is a schematic of the con 
frequencies? Might one reason be the lick of ventional tapped link coupled tuner. Figure 
suitable antenna tuners (ransmatches for connect to а variable number of tums, keep- 2(B) isa representation of what I call a 
"hose bands? I balanced tuners were avail- ing the taps equidistant from the сой ends, шур tuner The elcuical properties are 
able, would ladder line be as popular at УНЕ Other versions use he taps or coarse une essentially identical, bu the physical layout 


T5 molers, 


as it has become ar HF? and a variable capacitor in series with the of the hairpin type is optimum for the higher 
ink for finer tuning. frequencies. By making the main inductor in 

Balanced Tuners for HF Use the shape of а hairpin, or shorted transmis- 
TheARRL Handbook, TheARRL Antena Balanced Tuners for the Higher Sion ime, inca of a singe layer solenoid 
Book and other ham publications have Frequencies oil as is used in he conventional design, 
always included designs for balanced un. Обе of the problems with this type of te tuner becomes much casier to build and 


eid Adam Nathanson, MIEKY, e oe tueri that as ile ернеу goes ди. adjust. Ihe ше of den Gene 
шу pod Weder ong dia ype бе тийш few еси рш den, | basin Ine wein m m fcr g 
Pied eee — riu boon шй 
o re mes кт УНЕР steer nany 
Ie a for years cen god E | х= 


results, Figure I shows the one 


Tinea ope It Wen be HF Bullding Hairpin Tuners 
tow For ste time have ben 
As aed in Volume 6 of P wing lpn dor la a 


The ARRL Antenna Comper balanced tuner for 6 sad 10 
dium, 1 lean toward tuners meters, and recently I built one 
with a fixed link and tapped for cach af the 144,220 and 432 


‘coil The match is found by = MHz bands. The approach is 
tuning the capacitor and a e A | te same oo each frequency. A 
adjusting the output side to section of transmission lire was 

need tuner configurations. At (A) conventional wee instead of the сой typi- 
"Nora appear оп page 36. Based tuner, a (8) 1e hairpin oqu vaient. sally used on over frequencies 
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Figure 3— Hairpin tuner or 6 and 10 meters. 


те capacitor ак а split stator or buterfly 
design The input ink sa single tum induc- 
tor that overlaps a portion of he main trans- 
mission line inductor and the output taps 
were taken at whatever point of the haipin 
that gives he best match. 

"The advantage of this layout is that mov- 
ng the taps to any point on the hairpin is 
the same as tapping on different numbers of 
turns on à col except that with the hairpin, 
itis very convenient to maketh adjustment 
im as fine a чер as may be desired. In all 
‘fy designs, the coupling loop is held 1o 
"he main hairpin by cable ties, This allows 
some adjustment of the coupling lop, ut. 
holds the oop sufficiently snug so that it is 
ти likely to move around accidentally. Use 
Jess loop coupling for higher Q with more 
selectivity and more оор coupling for low- 
est loss, 


Making them Play 
The frequency tuning range percent“ 
че will depend on the capacitor used. For 


Table 1 


Hairpin Tuner Component Values, Dimensions and 


Frequency Range 


Band CapactorVale Inductor Length Tuning Range 
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widest range, select ове with a high mini- 
mum to maximum capacitance ratio. АП 

ofthe capacitors have ed have provided 

adeguate range o cover the desired amateur 
band. The range can be extended o cover a 

second band by puting fined capacitors in 

parallel with the variable tuning capacitor: 
For example, the 6 meter version, shown in 

Figure 3, works for 10 meter with be addi- 
ion ofa parallel 40 pF fixed ceramice capaci- 
tor, while the 220 MHz version, shown in 

Figure 5, works fine on 2 meters with the 

addition of a 12 pF ceramic. As it is, the 

2 meter version just makes it o 222 MHz, 
So twa bands are possible without switching 

aps. A single tuper could also work on 10 

amd 6 meters without switching by careful 

Component selection. 


Capacitor Options 
"The most difficult component to find wil 
likely be the split sator capacitor. There 
are ways of designing your awn capacitor 
and it is made casier because of the rela- 


tively small capacitance required ш these 
frequencies, For all of the designs shown 
here, Hook capacitors from my well stocked 
junk box, You less well equipped folks will 
have to search a а hamfest o check out 
the basement of one of the local old timers. 
Commercial capacitors are available, but he 
prize may shock you. You cou also choose 
to use а single section capacitor instead of 
the split stator in that case, the capacitor 
kat ард frame will Ве “hot” and must be 
fated above ground. You wil have to tune 
it via a long insulated shaft. Ала, of course, 
the balance will be somewhat compromised. 
The method does wok and а suitable single 
section capacitor may be easier t find, 
however  Atematvely you could use a 
pait of identical capacitors w ground if you 
adjusted them each lo the same seting or. 
Worked out a common shalt arrangement. 
Fassy, but it could work Target dimensions 
and component valves for the bands in this 
ange are shown in Table 1. 


Inductor Choices 

The length of he hairpin will depend on 
the value of your capacitor: The values below 
‘represent tuners I have built and should give 
you n good starting point. Match the hairpin 
Width to the spacing of the capacitor termi- 
та, or bend the ends of the hairpin in or 
‘ut a the capacitor end in order to make the 
Connections. Spacing does affect the induc- 
ance value so keep it lose o what you see 
in the photos. 

My inductors are 4 inch diameter brass 
той, but they could be вой copper tu. 
ing or wire in sizes from 12 gauge up to 
inch. Brass welding ods from the hard- 
ware store could also be used. A smaller 
diameter means the hairpin should be short 
елей a it as to inductance per inch wil be 
higher. The links should be insulated wire, 
вет enameled or РУС солей or, best of 
all Teflon insulated. The 6 meter tuner in 
Figure 3 uses the shield of Teflon coax as the 
link. My links do not make electrical contact 
anywhere with the main hairpin. The coax 
Skok and center of the hairpin could both 


re 5 — Hairpin 
КААЛ : 
"enclosed in is box. = 


Figure 6 — 492 Миг version of a halrpin tuner. 


e grounded to a chassis, if desired, 
Tuning Up. 


Tuning consists of seting the taps to 
эп intermediate position and adjusting the 
capacitor for minimum SWR. If SWR is not 
э low as desired, move the taps a bit either 
towards or away from the capacitor and 
readjust the capacitor: You should be able 
то find tap settings that allow the SWR tobe 
reduced w 11 


Safety Considerations 

Мае that neither of the tunes described 
above are shewn installed within a chassis 
‘of any kind. This isto show the construction 
‘more clearly. Alo, I mast айти hat during 
tests, ot away with this because sed low 
power and am very careful not to touch the 
hot parts of the circuit. I also have a moa- 
metallic operating desk. The open construc- 
бов is useful during experiments 

1 definitely do not recommend this 
approach for general ue. You will want to 
put your tuner in a shielded box of some 
ind, probably with a hinged lid to allow 
you to move he taps as shown in Figure 5. 


You should never adjust the tap clips with 
poser applied. The tuning shaft should be 
brought out through the enclosure where an 
insulated knob should be installed fot un. 
ing even though with a split stator capacitor 
‘the shaft should be at ground potential. For 
high power, the use of a suitable enclosure 
is essential, especially if the tuner sto be 
installed cose to the operating position. 
"This isto prevent RF burns from contact as 
Well as exposure to excess RF levels 
Remember that your body s more sus- 
ceptible to pick up irom VHF fields than s 
Фе сше HF Ifyou put the tuner well away 
from the operating position in a place thas 
protected from access by family members 
or pets, you may be able to use a somewhat 
more open construction as is sometimes 
done with conventional home bres tuns 
Radiation from an vnenclosed tuner of any 
type can be enough to cause interference 
with nearby elctmaics device and could 
‘cause fires if anything flammable comes in 
‘contact with the hot parts of the circuit. 
"These tuners have been tested with 100 W 
оп 10 and 6 meters, 50 W оп 2 meter and 
20 W on 70 cm, the maximum output of 


ту rig. For higher power, the designs can 
be scaled, remembering that е bigger it 
gels, the lower the frequency for the same 
geomery Thus, a design similar to that used 
here for 432 MH, but three times larger, 
would probably work fine with a full KW, 
ми on 144 MHz, Since my 20 W, 432 MHZ 
design uses an inductor that is about as short 
эв is practical (see Figure 6), geting up to 
1 KW at 432 MHz, might prove diflieult with 
is design. At the les, a different уре of 
capacitor would be required. 

T hope that these simple to build and 
adjust tuners will start a trend towards 
greater use of balanced feeder o the higher 
frequencies just as ladder line has become 
the favorite for many on the lower bands. 
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Review Questions 


15-1 What are some major challenges involved with building an 
‘antenna tuner? 


15-2 Under what conditions is 


special purpose tuner a viable option? 


15-3 Why might you decide not to include 160 meters in your tuner 
design? 
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Making Sense of Decibels 


Joel R. Hallas, var 
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So Whats this Decibels Business 
All About? 

Decibels ше just a way of expressing ratios, 
often power ratios If we are Jing at the gain. 
‘of an amplifier stage, the pomem of ап antenna 
or the os of a ралы line we are pener- 
liy interes in the rano of De poner our lo 
the power їп. or tbe rato of the power in fromt 
of a beam antenna o that coming from the 
buck These are some of the places that we will 
find the reals expressed in di 

Decibels аге a logarithmic function: 
Logarithms are a handy mathematical col 
tased оа exponents. An important feature of 
logarithms is that multiplication сав be per- 
formed by adding the logarithmic Guanes 
instead of multiplying them. Similarly, divi- 
sions can be accomplished by subractng in he 
‘Same manner This become benefit f you re 
dealing with multiple stages of amplification 
эд neden — as we fen are în radios 
T шз a minuscule signal from Be ether 
amplifying and prosessing itso we can bear 
itout he lospeaker Instead of having o ml- 
ply and divide at cach stage o keep track of 
the progres of our inal processing ole 
vith signal levels vih many zeros to he right 
‘fhe decimal point — we can jus ally all the 
Ив anat hay total gain of the system 


So How do We Compute the 
Decibels? 
The deci in decibels een to a factor of 
Vn, as in dete for Vv of a Titer, while the 
‘bel relates to the ка of a logarithmic rto, 
originally used io define sound power 
To convert a power ratio into decibels, just 
1. Find the base 10 logaritm of the power 
2 Multiply by 10. 
For example, if we have an amplifier with 
a power gain of 275, we find the logarithm of 
275 бее belor, i you don't do logs in your 
head) o be 244, We multiply by 10 andthe 
results char a power gain of 275 can be rep- 
€ 
To conven decibels to a power ratio, we do 
the opposite: 


1 Divide by 10. 
2 Find the base 10 апо; of the result. 
Note that the base 10 alg ol a number 

is just 10 raised o he power of the namber 

This is also something you probably don't do- 

in your head, so let's see how to easily per 

form the computations, 

Understanding а few characteristics of 
logs will help avoid problems interpreting 
wean Note that а gain of O dB means that 
“heme is no change to the signal — not that the 
signal has vanished! The other important ac 
is tha а power ratio of ls than опе (a los 
ather than a gaia) is represented as a negative 
numer in decibels. 


Enter the Windows Scientific 
Calculator 


In the very old days, engineers and iech- 
icis used tables to make accurate logn- 
rithmic calculations, and mechanical slide 
ез f three significam diit was sufficient 
precision! Staring around 1970, sien 
calculators became available. Initially they 
were expensive typewrter sid devices that 
were typically shared within an engineering 
department. Within a few years pocket-sized 
units were avaiable for less than 5200, and 
now everyone could make calculations o a 
precision of nine significant digits, whether 
‘ware by the data accuracy or not Tables 
and slide rules were relegated to the pages of 
history with spark transmitters. 

‘Te dawn of the reasonably priced personal 
computer seemed to push the faney scene 
calculator out af sigh only abou 10 years ter. 
Unfortunstely, for many functions a calculator 
тау be а beter choice, and decibel calcula 


"em for example, Standard Mahemafeal 
‘bie, CAC Prost, any oko. addon © 
— fn 
tons nidos many handy forms orm 
олору genome — 


tions may be one. The calculations may be 
casi performed on à PC by putting the equi 
"ios in cells of an Excel spreadsheet, but not 
everyone can do that without a ot of thought, 

TE you ave suitable леше саса, 
б should easily make the сц Not 
all have an ANTILOG bution, but if not, they 
WiN likely have a burton that sas XY, sich 
canbe used as above. If you dort have hand: 
od сідаю Jou may not know that there is 
A very capable one included as an "accessory" 
within the Microsoft Windows operating sys 
tem! Just click START then ALL PROGRAMS 
then ACCESSORIES, You shouid find an icon 
Tor the Windows Caleuntor, You could open 
it but why not drag it onto your desktop first, 

(a first opening, you may find а four. 
function grocery stre type calculator Have 
"0 fear, just cick on VIEW then SCIENTIFIC 
to get е one you want, I should look about 
"s Figure | 


Give ita Test Drive 

Lets say you have а mismatched coax 
саве with a loss of 2 dB You may want 10 
know how mary of the 100 W from your. 
brenner actually reach your antenna 
Remember a 2 dB los isa “gain” of -2 dB! 
eT go through the inverse dB calculation of 
column 2 Using your Windows Calculator, 
ber hit 20m your keyboard, or: 

Click on the 2 on the calculator “keypad.” 

then 

Click on the s key; the display should 

show =2, as in Figure 1 

Click on the key to select the “divide by" 

operation, Enter the digits Y and 0 for the 

number 10 and hit ENTER or =. Make note 
of бе result (-02) ar stome it in memory 
мә), 

Ente the digits 1 and O for the number 10. 
Click on vf to raise 10 to a power. 

Enter your earlier result, 

und hit ENTER 

The display should show 0163095734448 

OISS2494 46D 3862234 or about 0.63. 

‘That isthe fraction of your power ear 

1248 los. That means your antena sees 

63 W and 37 W is henting cor transmis 

sion ine, 

While you are using the Windows Sion 
Calculator kok over is other features, ro- 
ides painless conversion betwee decimal and 
binary, octal or bex numbers for example 
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— a 
Buy or Build the Best 
Tuner for Your Station. 


ШАШЫП 


Antenna tuners are devices often misunderstood in the Amateur Radio world. While not 
every station requires an antenna tuner to transmit radio signals, often an incompatibility 
between the transmitter and the antenna system results in poor performance. An antenna 
tuner between them is the way to obtain efficient operation. 

The АНІ. Guide to Antenna Tuners discusses the details of the different configurations 
and requirements of antenna tuners, It explores the design, construction and applications 
of the different types available. You'll learn if one is necessary in your station, what type of 
tuner is needed and where to install it for maximum improvement. This book will give you 
а better Understanding of your antenna system and the way it can be enhanced through 
the selection and use of the appropriate antenna tuner, 


Contents: 
+ Why Might Need an Antenna Tuner = Transmission Line Choices for Low Loss 
+ A Look at a Typical Configuration = Balanced versus Unbalanced Lines. 

+ So Just What is an Antenna Tuner? = So What's a Balun, an Unun, a Choke? 
+ Tuning an Antenna Tuner Balanced Antenna Tuners. 

+ The Internal Tuner—How Does it Heip? + Antennas that Work Well with Tuners 

+ An External Tuner at the Radio A Survey of Available Tuners 

+ Transmission Lines and Loss Making Your Own Tuner 

+ Moving the Tuner to the Back 40. 


Joel Hallas has been a radar and telecommunications systems engineer, engineering 
manager, telecommunications executive and college teacher, and is now Technical 
Editor of QST. the monthly journal of ARRL, the national association for Amateur Radio, 
He has earned BS and MS degrees in electrical engineering. Joel is a radio amateur, 
and holds the license сай sion WIZA. 


 ARRL — devoted entirely to Amateur Radio 


ARRL has books, software, online courses and other resources for сепвіту, operating 
‘and education, Look for these other popular ARRL tiles 


+ The ARAL Antenna Book 
+ Basic Antennas: Understanding Practical 


‘Antennas and Design ISBN 978-0-87259-098-4 
+ The ARAL Antenna Designer's Notebook 52295 
Published by: 
ARRL Az RADIO" 
225 Main Street 9780872590984 
Newington, CT 05111-1494 USA USA $22.95 ARAL Order No, 0984 


www.arrl.org 
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Introduction to Antennas 

The Half-Wave Dipole Antenna in Free Space 

The Field From a Dipole Near the Earth 

The Impedance of an Antenna 

Transmission Lines 

Making Real Dipole Antennas 

The Field From Two Horizontal Dipoles 

The Field From Two Vertical Dipoles 

Transmission Lines as Transformers 

Practical Two Element Antenna Arrays 

Wideband Dipole Antennas 

Multiband Dipole Antennas 

Vertical Monopole Antennas 

Arrays of Vertical Monopole Antennas 

Practical Multielement Driven Arrays 

Surface Reflector Antennas 

Surface Reflector Antennas You Can Build 

Antenna Arrays With Parasitically Coupled Elements 
‘The Yagi-Uda or Yagi, Parasitically Coupled Antenna 
Practical Yagis for HF and VHF 

Log Periodic Dipole Arrays 

Loop Antennas 

Loop Antennas You Can Build 

Antennas for Microwave Appli 
Vehicle Antennas 


Antenna Measurements 

Getting Started in Antenna Modeling with EZNEC 
Using Decibels in Antenna Calculations 
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The national association for Amateur Radio 


The seed for Amateur Radio was planted n the 1890s, when Guglielmo Marconi began his experiments in wireless 
telegraphy. Soon he was joined by dozens, then hundreds, of others who were enthusiastic about sending and receiving 
messages through the sir—some with a commercial interest, but others solely ош of a love fortis new communications 
medium. The United States government began licensing Amateur Radio operators in 1912, 

By 1914, there were thousands of Amateur Radio operators Lame in the United States. Hiram Percy Maxim. a 
leading Hartford, Connecticut inventor and industrialist, saw the need for an organization to band together this Riedg- 
ling group of radio experimenters. In May 1914 he founded the American Radio Relay League (ARRL) to meet that 
need 


Today ARRL, with approximately 150.000 members, is the largest organization of radio amateurs in the United 
‘States. The ARRL is a not-for-profit organization that: 

* promotes interest in Amateur Radio communications and experimentation 

"represents US radio amateur in legislative matters, and 

+ maintains fraternal and а high standard of conduct among Amateur Radio operators. 

At ARRL headquarters їп the Hartford suburb of Newington, tbe staff helps serve the needs of members. ARRL is 
also Intenationl Secretariat for the International Amateur Radio Union, which is made up of similar societies in 150 
countries around the word 

ARRL publishes the monthly journal Q57. as well as newsletters and many publications covering all aspects of Ama- 
teur Radio Its headquarters station, WIAW, transmits bulletins of interest to radio amateurs and Morse code practice 
sessions. The ARRL also coordinates an extensive field organization, which includes volunteers who provide technical 
information and other support services for radio amateur as well as communications for public-service activities, In 
addition, ARRL represents US amateurs with the Federal Communications Commission and other goverament agen- 
cies in the US and abroad. 

Membership in ARRL means much more than receiving QS each month. ln addition to the services already described, 
ARRL offers membership services оп а personal level, such as the ARRL Volunteer Examiner Coordinator Program. 
and a QSL bureau. 

Full ARRL membership (available only to licensed radio amateurs) gives you а voice in how the affair of the 
‘organization are governed. ARRL policy is set by a Board of Directors (one from each of 15 Divisions) elected by the 
membership. The day-to-day operation of ARRL HQ is managed by а Chief Executive Officer. 

No mater whut aspect of Amateur Radio atracts you, ARRI membership is relevant and importan. There would be 
no Amateur Radio as we know it today were it not for the ARRI. We would be happy to welcome you as a member! 
(An Amateur Radio license is not required for Associate Membership) For more information about ARRL and answers 
(o any questions you may have about Amateur Radio, write or call: 


 ARRL— The national association for Amateur Radio 
225 Main Steet 

Newington CT 06111-1494 

Voice: 860-594-0200 

Pax: 860-594-0259 

Email: hq@arrLorg 

Imemet: wwwarrLorg! 


Prospective new amateurs call (toll-free): 
1800.32. NEW HAM (300-326-3942) 

‘You can also contact us via e-mail at newham@arrLorg, 
or check out ARRLWeb a htp:/Avwwarrorg/ 
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This impressive collection of antennas Is part 
of the ARRL station, WIAW 


Contents 
So What is an Атеппа?................................................1-2 
Concepts You'll Need to be Familiar With "is 15 


So What is an Antenna? 


For something so simple to cheek 
ош, and often so simple to make, an 
antenna is remarkably difficult for 
„many people to understand. That's 
unfortunate, because for many radio 
systems the antenna is one of the 
most important elements, one that can 
make the difference between a suc- 
cessful and an unsuccessful system. 


How Can You Picture 
Antennas? 


Perhaps an analogy from The 
ARRL Antenna Book will help. You 
эге familiar with sound systems. 
‘Whether represented by your home 
stereo or by an airport public ad 
dress, sound systems have one thing 
їп common. The system's last stop on. 
its way to your ears is a transducer, 

a device that transforms energy from 
‘one form to another, i this case 

— a loudspeaker. The loudspeaker 
transforms an electrical signal that 
the amplifier delivers into energy in 
an acoustic wave that can propagate 
through the air to your cars. 

A radio transmitter acts the same 
way, except that its amplifier pro- 
duces energy at a higher frequency. 
than the sound you can hear, and the 
transducer is an antenna that trans- 
forms the high-frequency electrical 
energy into an electromagnetic wave. 
‘This wave can propagate through air 
(or space) for long distances. 

For some reason, perhaps because 
‘of our familiarity with audio systems 
or because you can actually hear the 
results in your ears it seems easier t0 
grasp the concept of the generation 
and propagation of acoustic waves 
than it is о understand the generation 
and transmission of radio waves. 

"The audio transmitter 
be continued in the rec 
tion. A microphone is just another 
transducer thal transforms acoustic 
waves containing speech or music. 
into weak cleri signals that can 
be amplified and processed. Similarly, 
a receiving antenna captures weak 
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Fig 1-1 — llustration of transducers changing one form of energy 


into another. 


ds 


Fig 1-2 — AL (A), simplified system diagram of a sonar system. at (В), 


simplified system diagram of a radar. 


electromagnetic waves and trans- 
forms ther into electrical signals 
"hat can be processed in a receiver. 
Fig 1-1 shows a system or block dia- 
gram of а sound system with trans- 
ducers (loudspeaker and microphone) 
at each end. 

Many of the phenomena that act 
upon acoustic waves also occur with 
electromagnetic waves. Ti ie not an 
accident that a parabolic reflector 
radar antenna looks very much like a 


parabolic eavesdropping microphone, 
‘or that sonar and radar operate in the 
same fashion. Sonar relies on acous- 
tic waves propagating through water 
to find and reflect hack from under- 
water objects, such as submarines or 
schools of fish Similarly, radar sends 
ош electromagnetic waves through 
space, listening foc signals reflected 
buck from objects such as айтай, 
space vehicles or weather fronts 

Fig 1-2 shows simplified system 


Fig 1-3 — A wire immersed In the magnetic field of a permanent magnet. 
АГА, If everything ls static there ls no current flow in the wire. At В, if 
You move the wire up and down within the feld, the wire experiences а 
changing magnetic tieid and current ls Induced to flow. 


diagrams of radar and sonar systems, 

While we're mentally picturing 
antennas, perhaps an even better 
analogy than acoustic waves ito 
Compare electromagnetic waves of 
light to those of radio signals, Light 
waves propagate through space us- 
ing the same mechanisms and at the 
same speed as radio waves. Similar 
parabolic shapes can reflect and focus 
Both ight and radio waves. Light 
needs а polished mirror as a refec- 
tor, such as the mirrored reflector in 
your flashlight or car headlight. 1 will 
Sometimes draw оп your appreciation 
of light reflection as discuss some 
туре of antennas. 


What's an Electromagnetic 
Wave? 

An electromagnetic wave, as the 
name implies, consists of a combina- 
tion of the properties of both electric 
and magnetic fields. 


Static Electric and Magnetic 
Fields 

‘You are no doubt familiar with 
magnetism and electricity from 
everyday experience. One kind of 
magnetism and electricity is the static 
form. Static electricity is a collection 
‘of positive or negative charges that 
ме at rest on a body until discharged 
by a current flow. This happens to 
your body when you walk across а 
Tag on a dry day. In climates where 
the humidity is very low, particularly 
during the winter, your body can ac- 
cumulate a charge, perhaps making 


your hair stand op. That lasts until 
you discharge the accumulation by 
touching a grounded abject, such as a 
screw on a light switch plate, or even 
the long-suffering dog's nose. Then 
the charge is dissipated sometimes 
quite dramatically — with a big spark. 

Similarly, a static magnetic field 
exists around a permanent magnet. 
You can observe the effect of magne- 
tisin on a compass needle or even on 
a screwdriver. 

Static electric and magnetic fields 
do not result ın electromagnetic. 
waves. It is only when a magnetic or 
electric field is changing that you can 
have electromagnetic radiation. You 
‘can visualize the effect by consid- 
ering some other things that make 
use of electric and magnetic fields. 
Fig 1-3 shows a wire immersed in the 
magnetic field of a permanent mag- 
net. W everything is static (Fig 1-3A) 
there is no current flow in the wire, If 
you change the magnetic field at the 
"wire by moving the wire up and down 
within the field (Fig 1-38), the chang- 
ing magnetic field causes а current 10 
ow. This is how an electric power 
‘generator transforms mechanical 
‘energy into electrical energy. 

You could cause the same effect by 
keeping the wire in one position and 
‘changing the magnetic feld around 
it. You could do this by moving the 
magnet, but more interestingly you 
‘could replace the permanent magnet 
with an electromagnet and change the 
current in it. This is just a rrans- 
former, something with which you 
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Fig 1-4— Direction of magnetic 
field around a wire. 


are familiar. When you change the 
current in the transformer winding, 
You can move between electric and 
magnetic fields. 


irection of Fields 


Both magnetic and electric fields 
act in particular directions. A magnet- 
field acts around the conductor car- 
rying the current. The convention for 
its direction is that if positive current 
is lowing in a particular direction, 
the magnetic field will go around 
the wire, as shown in Fig 1-44. This 
сап be remembered by calling on the 
right-hand rule. This rule says that 
if you hold a current carrying wire 
in your right hand, with the current 
going in the direction of your thumb, 
the magnetic feld will be ia the direc- 
tion of your curled fingers, as shown 
in Fig 1-4B, 
Electric fields act between areas 
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‘with charges of different sense. That 
is, an area with excess electrons 

is said to have a negative charge, 
while an area having a deficiency of 
electrons has а net positive charge. 
"The electric field goes from the posi- 
tively charged area to the negatively 
charged area, as shown in Fig 1-5. 


Changing Fields in Space 

The key to electromagnetic waves 
is to understand that a changing cur- 
rent in space will cause а changing 
electric field. The changing electric 
Seld will in tam induce а changing 
magnetic field in space and the two 
will propagate outward from the 
source, continuing to the end of the 
universe. 

"This surprising fact was predicted 
by a number of forward-looking 
scientists, notably James Clerke 
Maxwell in his Treatise on Electricity 
and Magnetism, published in 1873, 
‘written without the benefit of Max- 
well actualy being able to experience 
the phenomenon. Maxwell's famous 
equations defined the relationships. 
between currents and fields in а con- 
cise way that remains the basis for all 
work in the field. 

In ihe following decade, Hein- 
rich Hertz, a profesor of physics at 
Germany's Karlsruhe Polytechnic 
University, used an electric spark to 
generate electromagnetic waves. He 
was able to measure their wavelength 
and velocity, reinforcing Maxwell's 
theoretical work. 


How Do You Make an 
Electromagnetic Wave? 

‘As the previous discussion de- 
scribes, it is conceptually easy to 
generate an electromagnetic wave 
АП you need to do is to cause a 
‘changing current ina conductor and 
а wave will propagate outward to the 
end of the universe. Thus if you were 
to listen carefully to a radio when 
you discharge your finger against the 
‘wall switch plate, you would have a 
sudden increase in current and a fela- 
tively short-duration electromagnetic 
‘wave propagating from your finger. 

"The resulting wave would not be 
very strong, nor would ic be very 
useful. It carries little information, 
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although arguably it could be used to 
measure the dryness of the carpet, ог 
perhaps the location of your finger. 
hur both ar a bit of stretch. The US 
Federal Communications Commis- 
sion (FCC) classifies this kind of ra- 
distin as an unintended emitter. The 
generator of an unintended emitter is 
required not to interfere with licensed 
users of the radio spectrum. 
Electromagnetic waves of this sort 
are generated every time you tum on 
a light switch or when the spark plugs 
їп your car fire as the engine tums. Ta 
these cases, rather than trying to make 
antennas, te responsible user attempts 
wo avoid the propagation of electromag- 
netic waves — by shielding the engine 
compsrtmentorby keeping his hunds in 
his pocket as he walks on dry rugs. 


So What if You Do Want to 
Send Out a Wave? 

Ifyou really want to transmit a 
radio signal, you likely would like 
то send it on a particular frequency. 
Note that this is different than the 
wave resulting from a spark, as used 
in very early transmitters. Sparks, or 
‘other fast changing pulses, contain 
frequency components across a wide 
radio spectrum. 

“A modem transmitter stats with an 
electrical current that is changing at 
а particular Frequency. Causing that 
current to flow through a conductor 
will result in an electromagnetic wave 
that varies at that Frequency. The 
frequency will be maintained as the 
wave propagates from the conductor 
If the signal is strong enough as it 
reaches a receiving antenna, a re- 
ceiver tuned to that frequency will be 
able to receive the signal and decode 
эпу information that was embedded 
in the signal — You have radio! 


This Sounds Simple — 
What's the Big Deal? 

‘As with many things, а concep- 
‘ually simple concept only gets 
‘complicated when you гу to make it 
happen in a really useful way. There 
are really only two basic practical 
issues that arise when dealing with 
antennas’ 

+ How do you get the antenna to ac- 

‘cept the power from the transmitter, 


— p 
—— 


p 


— — 
Fig 1-5 — Direction of electric 
field between two charged 
areas. 


or give it up toa receiver? 

+ How do you cause the radiation 
from a transmit antenna to go in the 
direction you want, or equivalently, 
how do you get a receive antenna 

10 accept radiation (only) from a 

particular direction? 

There are many peripheral but per- 
haps equally important issues, such 
as, "How do you keep the antenna 
structure from falling down?” In this 
‘book, I will focus on the electrical 
issues and leave the structural issues 
о mechanical and civil engineers, 
‘who have the tools to deal with such 
matters. 


So Why Don't All Wires With 
Changing Current Radiate? 

Well, in fact, they all do. In most 
cases, however, circuits have a rerum 
‘wire to complete the circuit close ta 
the first wire, Since both these wires 
сату equal curent, they will both 
radiate equally, but in opposite phase. 
The net radiation is thus the sum of. 
the radiation from the two vires. But 
since they are equal and opposite, the 
net field are almost zero — except in 
the region between them. Thus a key 
requirement for a conductor to be an 
efficient radiator is that it should not 
have а return path in close proximity. 
Tn this context, clase means a small 
fraction of a wavelength at the fre- 
‘quency of the current. A wavelength 
is the distance a wave travels during 
the time of one cycle. 


Some Concepts You'll 


With 


‘This book is intended to provide 
a basic understanding of antennas. It 
would be nice if you could just start 
here, but you do need to have just a 
bit of background in some concepts 
from electronic and radio to make it 
ай come together. These will 


hope thar if they are not familiar, you 
will go back to some of your earlier 
reference books to review the topic. 
To start with, you should clearly 
understand the following tems. 


Frequency 

This is the rale at which an alter- 
nating current waveform or signal 
goes through a full cycle, from zero 
voltage to maximum, back to zero, lo 
voltage minimum and then back to 
zero. The basic unitis herz (H2). A 
signal with a frequency of 1 Hz com- 
pites one cycle every second. You 
will generally be dealing with signals 
at higher frequencies and the number 
of He will generally be preceded with 
a modifier indicating bat the value i 
some multiple of Hz. The usual ones 
you will see are: 

hertz (KH), thousands of Hz 

= Megaheriz (MHz), millions of Hz, 

or thousands of KHZ 
* Gigahertz (GHz), billions of Hz, ос 

thousands of MHZ. 


Thus a signal with a frequency of 
3,600,000 Hz is the same as one of 
3600 KHZ or 36 MH. 


Period 

Period is defined as the time it 
takes fora waveform to make a 
complete cycle. The basic units are 
seconds, If a waveform makes F 
cycles in one second, the time it takes 
for a single cycle is just 1/F. Thus, in 
the example above, а 3.6 MHz signal 
‘would have a period of 1/3.600,000, 
which is 0.000000278 seconds. T 
will use the multiplier of microsee- 
‘onds to describe events in millions 
of seconds, so the period would be 
described as 0.278 microseconds, 
ofen written as 0.278 pisec, where the 
Greek leter is short foc “micro” 


Wavelength 

Radio signals ravel at a finite 
speed. In free space, or in the Earth's 
atmosphere, they travel at the same 
speed as light. Light travels at 
about 186,000 miles per second, or 
300,000,000 meter per second in 
Space. will generally work in units 
of meters per second to conform lo 
the practice of most people working 
in the radio field, 

Wavelength is defined as the 
distance a wave travels during one 


leed to be Familiar 


eyele, In the above example, dur- 
ing the 0.278 psec that the signal 
takes to complete a cycle, it will 
travel 0000000278 seconds x 
300,000,000 meters per second or 
83.3 meters That is the wavelength of 
a signal at 3.6 MHz. 1 will generally 
follow industry practico and use the 
Greek letter lambda (A) to indicate a 
‘wavelength. Thus, if something were 
two wavelengths long, you would say 
2). For half a wavelength, you would 
say 2. 

A signal can be described equally 
‘well by either its frequency or its 
wavelength. It may be of interest to 
note that before the then-new FCC 
started assigning the spectrum by 
frequency around 1930, the use of 
‘wavelength was more common. 

Many radios ofthe period had their 
dials labeled in both frequency and 
‘wavelength, since it wasn't clear 
‘which term would become the more 
common system of signal defini- 

tion. Common usage now is to define 
particular signals by frequency, while 
using the approximate wavelength 

to indicate a band of frequencies as 
signed to a particular service. Thus an 
83 s meer signal is one of a number 
‘of frequencies in the "80 meter” 
amateur band. 
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The Half-Wave Dipole Antenna in 
Free Space 


Radiation pattern of a dipole in free space. 
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The Half-Wave Dipole 


M's tempting o start out looking at 
a tiny radiating element consisting c£ 
а short conductor with an alternating 
current flowing in it. Then you could 
consider all other antenna structures 
as collections of such mini antennas, 
each piece with a slightly different lo- 
cation, cument magnitude and current 
phase. The radiating electromagnetic 
‘eld results from the summation of 
all the fields radiated by all the mi 
antennas. In fact, that's che way many 
antenna-analysis software programs 
analyze the performance of compli- 
cuted antennas, 

However, 1 won't start there 
because it's hard to imagine just how 
you can make those mini-antenaas 
work without considering all the 
interconnecting wires, and these 
interconnecting wires may well be 
more significant than the antennas 
themselves. Iwill tbus start with 
ап examination of an antenna that 
will actually work and is frequently 
encountered — the half wave Gu 
dipole. 

A 342 dipole antenna is formed 
ву having a conductor that is electri- 
cally halî a wavelength long at the 
frequency that will be mans 
or received. Here, represents the 
distance the electrical signal would. 
travel down the wire during the 
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Fig 2-1- Halfwave (2) dipole. 


time of one cycle of the sine wave 
alternating current (ac) signal from a 
(generator at the operating frequency 
fy 1 will discuss the antenna first as a 
transmitting antenna and later discuss 
receiving applications. This antenna 
is a good place to start because: 


+ The 12 dipole is frequently used 
эз an antenna in many real applica- 

Many other antennas are made up 

of combinations of M dipoles in 

various configurations. 

+ The 002 dipole is a reference stan- 
dard for comparison. of the perfor- 
mance of other antennas. 


"The layout of 22/2 dipole is shown 
in Fig 2-1. The circle in the center 
represents a generator that generates 
а па! at che operating frequency 
f, The total length of the conductor 
ftom end-to-end is approximately 
* 

The distance of one wavelength in 
free space is just he speed of light 


multiplied by the time it takes to 
make a complete cycle. The time for 
опе cycle is the waveform's period or 
uit, Thus a wavelength in free space 
is given by the following formula: 
л, 

Here с\з the speed of light and 
f, is the frequency of the signal that 
generated the wave, There are many 
units that can be used; however, it is 
important that they be consistent. For 
example, if c is in meters per second, 
1, is in Hertz (cycles per second), then 
2 will be in meters. For example, for 
a frequency of 10 MHz, you have 

300.000.000 meters per second 

+ 10,000,000 Hertz = 30 meters. 

Note, or radio work, its conve- 
nient to use a value for of 300 mil- 
Ton meters per second, and f, in 
MHz, which neatly cancels out the 
six zeros in numerator and denomina- 
wx. 

A. = 300 million meters per second 

+ 10 MHz = 30 meters, 


So How Does a Dipole Work? 


The key to understanding how a 
dipole works is to look at the bound. 
aries or endpoints, where some condi- 
tions exert themselves. Physicists 
would call these boundary conditions 
because they occur at the boundary 
between regions. In his case you. 
have a boundary between a conduct- 
ing wire and free space at each end 
ofthe dipole. The condition is that 
there can be no current flow at the 
open end of a conductor — there's no 
place for current to go! If the genera» 
tor is delivering any power to this 
antenna, and itis, then 2/4 back from 
the place where the current is zero, 
the current must be at its maximum, 
as shown in Fig 222. 

Similarly, with no current Rowing 
atthe end ofthe antenna, the voltage 
„must be at is maximum. Again, the 
minimum voltage is found 144 back 
from the place where it is maximum, 
эв shown in Fig 2-3. That would be 
atthe center of the dipole, 244 from 
ech end, just where I've hooked up 
the generator. 

The power the generator puts into 
the antenna will (you hope) be trans- 
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Fig 2:2 - Current along a 1/2 dipole. 
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Fig 23 - Voltage along a 2/2 dipole. 


formed from an electrical signal into 
a radiated electromagnetic wave. The 
antenna power will just be the current 
atthe center multiplied by the voltage 
atthe center, which is, of course, the 
current and voltage supplied by the 
generator. Ohm's Law, just as in any 
‘ther circuit, defines the relationship. 
between the voltage and current. Note 
thatthe feed point of the dipole is just 


an electrica circuit, with connections 
{going to the antenna from the genera- 
tor. In free space, away from ground 
(more about free space later) vou find 
that the voltage at that point is just 73 
times the current. Thus the generator 
sees a load that looks like а resistor of 
73 @ = ЕЛ. This value can be rather 
strenuously derived, but it is much 
easier to imagine measuring it^ 
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Where Does the Power Со: 


"The amount of power that the 
generator delivers is the same that 
it would deliver into a resistor with 
a resistance of 73 This forms a 
convenient boundary between the 
circuit portion of a system and the 
radialing-field portion of the system. 
‘The generator can be designed to 


deliver power to 75 N resistor and neo LU 

that power (Jess any losses) will be 

transformed into a radiated field by Fig 2-4 Electric and magnetic fields surrounding 
the changing currents flowing on the 2/2 dipole. 
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Fig 25 - Direction of radiation from a 2/2 dipole. 


боп as you move from one end half 


way around the antenna is shown in D 

Fig 2-6. Here I have plotted both the 

relative strength either of ће electric 4 er, 

‘or of the magnetic field (since they oo 

are proportional), as well as the o m ao ED ар ию тш мо WO 180 
power, which is proportional to the. ант оде Fro Win 


square of the field strength. 
Fig 2-6 Calculated relative field strength and power. 
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Antenna Analysis Tools 


tis quite possible to manually calculate the field strength from antennas, particularly simple ones such as a dipole, 
Such calculations require math skills beyond the scope of this book. Fortunately, through the use of computer model 
ing, you can avoid such efforts. Computer modeling is also of great benefit for the analysis of more complex structures 
providing convenient, easy-to-use output formats. 

There are a number of such programs available. will use EZNEC, a program written by Roy Lewallen, WEL, that 
is easy to use, and which, at this writing, is available in a limited size free demonstration version on his Web site, 
wwwemec.com. A description of the basics of how to use EZNEC is provided in Appendix A. 


Polar Plots 
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Which Way is Up? 


An antenna in free space, such as 
же have been discussing, is inter. 
esting because you don't need 19 
consider the interactions between the 
antenna and anything else around it. 
In the extreme case, your antenna 

is considered to be the only object 
inthe universe, While this might be 
simple to discuss, it is very hard to 
actually measure — Where would 
you stand to make a measurement? 


Polarization 

In real life many antennas are 
near, and occasionally even under, 
Фе Earth. 1 will discuss how this 
affects amenna operation in later 
chapters. However, it is important ar 
this point to define antenna orienta 
tion. A dipole antenna constructed 
near the Earth could be oriented in a 
number of ways. The extreme cases, 
and those most often encountered, 
эге with the dipole conductors in а 
straight line, either parallel to, or per 
pendicular to, the Earth's surface. 
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Ifthe dipole is oriented parallel to you can make good use of their dis- 
the Earth, the electric field would also tinct properties. Note also that there 
be parallel to the Earth. As seen by is nothing that says an antenna can't 
an observer on the ground, both the be oriented in-between horizontal 
antenna and the electric field would and vertical. Such an antenna is said 
appear to be horizontal. Such an. to have skew polarization. It can be 
antenna is suid to be horizonrally po- — considered а combination of horizon 
larized. Not too surprisingly, a dipole — tal and vertical polarization, with part 
perpendicular to the Earth's surface is of its power associated with each, 


said to be vertically polarized. depending on how far i is tilted. 
‘The polarization direction of an Tt is also possible to have an 

‘antenna is important for a number of antenna that generates а wavefront 

reasons: that shifts in polarization as it leaves 


the antenna, continually changing in 
space. This is called circular polar- 
ation, and Iwill discuss it, as well 


* Antennas that are horizontally 
polarized will not receive any 
signal from a vertically polarized 


as skew polarization, in applications 
wavefront, and vice-versa 
© Antennas that are horizontally be 
polarized have performance char- 
acteristics very different from = 
those vertically polarized when Ser Chater 1 
both are near the ground. A. Kraus, WAJK, Antennas, McGraw Hill 
Either polarization can be ele. pag O TS 1950. 
tively used: however, И is important 
to understand the differences s that 
Review Questions 
2.1. Describe circumstances foc which a “fre space” dipole model can 
represent a real antenna. 
22. Calculate the approximate length of /2 dipoles for 0.1, 1, 10, 100 and 


1000 MHz. 

23. Discuss applications for which a horizontally polarized dipole might be 
том appropriate. Repeat for a dipole with vertical polarization. 

24. Consider an amplifier with 20 dB of gain, matching networks at input 
and output each with a loss of 1 dB and an antenna with a gain of 5 dB. What 
is the total system gain? (See Appendix B, if needed.) 

25. If an input signal of 0 dBm is applied to that system, what is the output 
radiated power in dBm, mW? 
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The Field From a Dipole Near 
the Earth 


Wire length in feet = cage) 
Cut ong. Trim for best 


'SWR at transceiver 


мелей V dipole over ground connected to radio station. 
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1 have discussed the way a dipole works if far removed from the Earth. While 


s is a useful place to begin. and may 


be directly applicable for space communications, 1 now want to discuss the very real case of antennas near the Earth. 
"The Earth has two major effects on antenna performance and behavior: 


+ Reflections from the Earth's 


surface interact with radiation leaving directly from the antenna, resulting in a change to 


the direction at which that radiation seems to leave the antenna. 


„ Proxi 
get into later. 


ity to the Earth may change the electrical parameters of the antenna, such as its feed-point impedance, as ГЇЇ 


‘You must first grasp the fundamental concept of the phase of a wavefront, 


Phase of an Electromagnetic Wave 


In the last chapter, when I spoke of the 
strength of an electromagnetic wave, or its parts 
— the electric and magnetic fields — T was 
talking about the magnitude of an ac sine wave 
al the frequency of the generator driving the 
antenna. Just ax when you talk about a 120 V ac 
household circuit, you recognize that 120 V 

is the root-means-square (RMS) or effective 
value of the sine wave. The actual voltage varies 
with time at a frequency of 60 Hz, as shown in 
Fig $1 

1f you sample the voltage at various times, 
‘you will measure an instantaneous voltage 
anywhere from -170 to +170 V. If you were to 
combine two such signals in a circuit that added 
the voltages, the result could range anywbere 
between -340 to +340 V, depending on the rel 
tive phase of the two signals. IF you were to add. 
two signals of the same phase, you would end up 
with twice the voltage, as shown in Fig 3-2. 

‘On the other extreme, if one signal were at its 
maximum positive level at exactly the same time 
as the other is at its maximum negative level, the 
resulting net voltage would add up to 0 V. In oth- 
er words, the signals would cancel each other. 
Fig 3.3 shows a signal whose phase is exactly 
out-of-phase with the signal in Fig 3-1. 

‘Electromagnetic waves travel from an origin 
to a destination via multiple paths, especially 
through the ionosphere, and as a consequence 
they exhibit all sorts of variations. Depending on 
the relative phase of the signals at the reception 
point, they could add, or they could subtract 
from each other. Consider the case of only two 
signals arriving at a receiver with exactly the 
same strength, They can combine to produce а 
signal that is somewhere between twice the level 
of each signal by itself, down to level of zero, 
where they completely cancel each other, Fading 
and signal enhancement can occur for many dif- 
ferent reasons. 
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Fig 3-1 - Voltage of a 120 V ac sine-wave signal as a 
function of time. 


Fig 3-2 - Resultant voltage of two signals of Fig 3-1 
adding together versus time. 


Fig 3-3 Voltage of a second 120 V 60-Hz ac signal 
‘opposite in phase to Fig 3-1. 


What is the Effect of Ground Reflections? 


A signal transmitted in any direc- 
Чоп from an antenna near the Earth 
will ave a direct path, and it will 
also have a path that results from a re- 
fection from the surface of the Earth. 
Consider а simple case o start. As- 
sume that you are an observer located 
some distance from the antenna such 
thatthe Earth between you and the 
antenna looks like it is Nat. Assume 
that the antenna is mounted over 
perfectly conducting ground. This is 
depicted in Fig 34. 

For any elevation or takeoff angle 
there is a direct path from the antenna 
to the observer, and there is also a 
reflected path. These two paths have 
different lengths, with the reflected 
path always longer than the direct 
path. The difference in length will 
depend on how high the antenna is 
above the ground and the elevation 
angle. Note that this flat Earth model 
falls apart for the case of zero eleva- 

because there can be no reflec- 
tion, but ignore that extreme case for 
the time being. 

As the downward wave strikes the 
Earth, the combination of the incident 
wave and reflected wave cannot 
create an electric Seld at the surface 
of the ground since the fields can't 
exist in a perfectly conducting ground 
medium — they are, in essence 
shorted out by the ground. For a hori- 
zontally polarized antenna in Fig 3-4 
the reflected wave therefore must be 
‘out-of-phase with the incident wave. 

T have indicated the polarization of a 
horizontally polarized antenna with 
37€" sign. This represents the ail of 
an arrow (or vector) heading into the 
paper 

Interestingly, and importantly, a 
vertically polarized wave must have 
the reflected and incident waves in 
phase with each other because oppo 
site ends of the field are at the Earth 
surface when they are in-phase. 

Note that for any takeoff angle 
and height, you could calculate the 
difference in path length using plane 
geometry and trigonometry. By 


knowing the difference in path length, 
the signal frequency and the speed 

of propagation (which is the same as 
the speed of light in air), you could 
easily compute the phase difference 
due to the differen path and thus the 
resultant amplitude. Fortunately, you. 
can also use antenna: modeling tools 
to determine the same thing, 

You also can imagine thatthe 
elected wave comes from another 
amenna that is located under the earth 
the same distance that the real anten- 
ma is above the canh. This is called an 
image antenna and isn't real, but the 


path length difference is a bit easier 
to visualize and calculate. Again. the 
two antennas are in-phase for the case 
of vertically polarized antennas and 
‘out-of-phase for horizontal ones. The 
configuration is shown in Fig 3-8 for 
horizontal antennas. 

Note the point of the arrowhead 
‘on the image antenna, indicing op 
posite polarity from the real antenna. 
“The vertical antenna configuration is 
shown in Fig 3-6. The height is at he 
‘center of the antenna. Note that the 
antenna and its image have the same 
polarity forthe vertical case. 


— Pa Lang 


Fig 344 - ilustration of additional path length (and thus phase delay) ог 
reflected wave compared to direct space wave 


Fig 3-5 — Image 


‘opposite polarity (180° phase shift) of image for horizontal polarization. 
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How Do The Numbers Add 
Up? 

Knowing the phase of the reflected 
wave and the height of the antenna, 
you can thus determine the resultant 
phase of the direct and reflected 
signals as a function of height. This 
just means that you need to know 
the difference in path length in terms 
of wavelengths. For example, ifthe 
polarization is vertical, and the differ- 
ence in path length is an odd multiple 
of a half wavelength, he signals will 
be out-of-phase and cancel at that 
angle. At other elevation angles, the 
difference may be an even number 
of half wavelengths and the signals 
will be the same phase and will add 
teeter For horizontally polarized 

is just the reverso, Inter- 
Iolite anges vi have voce. 
‘between these extremes, 

‘You can determine the intensity of 
the combination ofthe two antennas 
‘by merely adding up the signals for 
cach elevation and azimuth angle. Al- 
ıemately, you could take advantage of 
the capabilities of an antenna-analysis 
program to do so, such as EZNEC, 
which Гуе mentioned previously in 
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Dipole Over Typical Ground 
As you would expect based on 
"e earlier discussion, the elevation 
patter of an antenna near the Earth 
willbe quite different from one far 
removed from the Earth, This is all 
due to reflections from the Earth. 
1 you move the antenna with the 
modeled uniform elevation shown. 
earlier in Fig 2-8 from outer space 
down to У wavelength above ground 
(about 50 fect at this frequency), you 
will get the patter shown in Fig 37, 
which compares the elevation pat- 
tem fora dipole % wave above both 
perfect ground und typical зой. First, 
consider the reflected wave. Remem- 
ber for a horizontal antenna at this 
bright the reflection is out-of-phase 
to start with. Зо 4 wavelength (180°) 
off ground gives a phase reversal at 
the reflection (another 180°) and one 
more Y wavelength (180°) up towards 
the antenna result in an out-of-phase 
signal that cancels the upward going 
wave. Note also that the wave along 
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Fig 36 — Image antenna concept for visualizing ground retlection. Note 
‘same polarity (0° phase shift) of image for vertical polarization. 


the horizon cancels with the out-of- 
phase reflected wave, resulting in no 
radiation at 0° elevation. 


Where Does the Power Go? 

Nothing in the process I just 
described heats up or otherwise. 
absorbs power, so the total power is 
redistributed to the areas that aren't 
reduced by the reflected signal. The 
areas with the most signal bave а 
significantly stronger signal than they 
had in the free-space case, because 
"e other areas have a significantly 
weaker signal. This effect is referred 
to as ground reflection gain. It isn't a 
real gain, such as you might get from. 
эп amplifier, but is more of a redis- 
tribution. On the other band, if you 
want the signal to go where the signal 
combined with its ground reflection 
goes, it seems just like an amplifier to 
A distant receiver. 

This redistribution happened to 
A certain extent with the dipole in 
free space described in. 
Chapter 2. Note that be- 
cause the radiation does 
bol occur from the ends 
оС the dipole, the main 
beam is about 2 decibels 
(dB) stronger than if it 
were a completely uni 
form isormopic radiator 
(a theoretical antenna 
"hat radiates equally in 
ай directions). By tend 
ing to cancel the upward 
and horizontal signals, 


the free-space case. This can be a real 
advantage if that's where you want 
the energy to go! 


What About a Better 
Ground? 

The model used for Fig 3-7 was 
ап attempt to model typical dirt. For 
those who like the details, it as- 
sumed ground with a conductivity of 
0.005 siemens/meter and а dielectric 
constant of 13. EZNEC allows you 
to enter the exact ground parameters 
for your location, or you can choose 
a perfect ground model. For perfect 
around, imagine a few acres of gold 
foil under the antenna, heading off 
im all directions. The results are 
also shown in Fig 3-7. Note that the 
‘general shapes are similar However, 
the upward cancellation is complete 
‘over perfect ground since the wave is 
completely reflected from a perfect 
conductor. The resulting ground. 
reflection gain is a bit higher as a 


Fig 3-7 — EZNEC overlay of the broadside 
elevation pattern of a horizontal dipole 

‘the maximum signal in antenna mounted a half wavelength over real 
‘the main beam is about — ground (dashed line) compared to that same 
5.5 dB stronger than for antenna over perfect ground (solid). 


Tablet 


Lowest Elevation Peak and Ground Reflection Gain at Various Elevation Angles for Dipole Over Real 


Height Above Ground Center of Peak Gain at TOYABI) Gain at 20"(48) Gain at30%48)) Gain aten eU 


Ground 
Ja Wavelength o 
ebe eon E 
1 Weveiengin e 
ol r 

consequence. 


While perfect ground may be hard 
to come by, salater provides a close 
approximation It is also possible to 
Simulate almost-perfec ground over à 
region with а lange expanse of bonded 
wire mesh, or similar structures, 


What Happens at Different 
Heights? 

IE you examine again the geometry 
in Fig 3-4 or Fig 35, it's clear that 
the elevation pattern of a horizontal 
antenna is very dependent upon the 
"height above ground. Ifthe antenna. 
is much lower than the %4 wavelength 
you have been looking at, а horizon: 
"al antenna will not bave the upward 
direction energy cancelled, with the 
result that most of the energy heads 
upward. This is shown for the case of 
а Ма high dipole in Fig 3-8, which. 
overlays the responses for three hori- 
zontal dipoles — 4. 1 and 2 wave- 
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lengths high. Later inthis book when Tot much happens as the antenna 
Tdiscuss how signals get from place Heights changed. Above the very 
to place, you'll discover thata low lowest heights, it stays about the 


antenna can work well for medium — Same. Compare Fig 3-9, a plot of the 
distance communications, azimuth pattem of horizontal dipole 
As the height over ground in- mounted 2 wavelengtbs above ground 


creases, the patterns for a horizontally With that of the horizontal dipole 
polarized antenna tend to get more in free space (Fig 2-7) and note the 
complex, and you get an increased similarity 
Thins shorn cle le cane «(a How About Vertically 
horizontal antenna a full wave above Polarized Antennas? 
ground and for one hat is two wave- Ѕо far have been discussing 
lengths above ground in Fig 3-8. Note horizontally polarized dipoles, [could 
that as the antena height increases, Вахе just as well started with anten- 
the first radiation peak moves down nas with vertical polarization near 
to lower angles and cech peak covers the ground. As noted in Fig 3-6, the 
а naow range of elevation before geomenry i the same, but the big 
the next mull. This results in gaps ia difference is that the signal from the 
clevationsangle coverage. A summary image is in ће same phase as that 
of the signal intensity foreach case is from the antenna. This means that 
shown in Table 1. the signals ad towards the horizon 
TThaven't mentioned the azimuth for perfect ground rather than having 
pattern in a while, largely because a mull at elevation. The clevation 


Mex Geh «78 d8 
Fig 3-8 — EZNEC overlay of broadside elevation Fig 3-9 — EZNEC azimuth plot fora 
patterns of a horizontal dipole mounted at throe horizontal dipole mounted 2 above 


heights over real ground: 2 
line, У/4 = dotted line. 


'olid line, 1 2. = dashed typical ground at the peak of tho first 


elevation lobe (7). 
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pattern of a wave dipole whose typical son has a big effecton the сал see that elevating a vertical dipole 
bottom is 1 foot over perfect ground level of signal launched by a verti- well above lossy soil has a strong 
is shown in Fig 3-10, along with a cal antenna. This is due to the losses effect on the strength of signals 


plot of the same antenna mounted incurred when the signal is reflected launched from that antenna. 
1 foot over typical soil. Note that from lossy soil Fig 3-12 compares the elevation 
unlike the horizontal dipole, either ‘The effects of ground reflections response for a vertical dipole whose 


vertical dipole radiates equally well зге also apparent for vertical antennas bottom is 2 wavelengths high and 
at all azimuth angles, often an advan- аз they are elevated, Fig 3-11 shows a а horizontal dipole that is 2 wave- 
tage for some types of systems such ^ comparison when the bottom of a ver- lengths high. This is again over 
аз broadcast or mobile radio. You can tical dipole is elevated one and two typical soil. 

see very clearly in Fig 3-10 thar even wavelengths above typical soil. You 
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Fig 3-10 — EZNEC overlay of elevation plots for a 
vertical dipole antenna whose bottom Is mounted 
1 foot above typical ground, compared to the sar 
dipole mounted over perfect ground. You can see that 
reflection losses in typical зой can be high. 


Max ain = 795.68 sowie 
Fig 3-11 — EZNEC overlay of elevation plots for a Fig 3-12 — ЕЛМЕС overlays of elevation plot for a 
vertical dipole antenna whose bottom la mountad | vertical dipole antena whose boto end is mounted 


1 foot above typical ground (dotted I 2 above real ground (dashed line), compared with а 
tothe samo pole mounted т: above рев ground © Boreal Spe mounted ign ood ine. 
(dashed ine) and the same dipole mounted 2 4 over 

typical ground (solid line). The loss in the ground 

directly under the antenna (sometimes called “heating 

up the worms”) can be substantial when the bottom 

of the antenna is close to the вой. 
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Chapter Summary 


In this chapter T have examined the 
effects of moving a simple antenna 
from ower space o a practical loca 
Чоп near the ground. You saw that 
reflections from the ground result in 
signals that сал add ог subtract from 
the antenoa's main wave, depend- 
ing on the relative phase of the tuo 
signals, This effect can prove to be 
beneficial or detrimental, depend- 

ig on how the system will be used, 
In any event, it is easily predictable 


through modeling and you can decide, 


as a system designer, how you want 
‘everything to come together, 

‘The Barth is but one reflection 
‘mechanism with which you will have 
to deal. Almost any object that a sig- 
mal encounters will change that signal 
to a certain extent, Sometimes, as in 
radar, а reflected signal is the reason 
for the system. In other circumstanc- 
es, сап be either helpful or cause 
problems. I will explore circumstanc- 
es of each type in later chapters. 


Review Questions mmm 

3.1, Calculate the actual height of an antenna V above the ground for fre- 
quencies of 1, 10 and 100 МНА. 

3. Compare Figs 37 and 3-8 and consider why less-than-perfect ground 
тау sl be fine for horizontally polarized antennas, Under what conditions 
‘would perfect ground help you? 

3.3. Repeat question 3.2. for vertically polarized antennas, Compare 
Figs 3-10 and 3-12 to get the idea. Why might you want to take extra care to 
simulate a perfect ground for a low vertical dipole? 

ЗА. Based on their azimuth und elevation patterns, сап you think of applica- 
tions that would be best suited for vertical antennas? How about horizontal 
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The Impedance of an Antenna 


A collection of antenna impedance measurement instruments. 


Contents 


Antenna Impedance ....... — ت‎ 
Review Questions. : 45 


So far I have discussed the half- 

wave dipole in some of its differ- 

ent forms. 1 have always assumed 

that there was a transmitter (or 

receiver) at the center of it. 1 haven't 
yet discussed how you connect the 
transmitter to the antenna, or whether 
it’s convenient to physically locate 
the transmitter at the center of the 
antenna. There are really two issues 
here: 

* How does the feed-point input 
impedance of the antenna compare 
10 the load impedance needed by 
the transmitter? This chapter will 
discuss the nature of amenna feed- 
point impedances. 

+ The second issue is whether or not 
you can (or would want to) physi- 
cally locate the transmitter at the 


center of the antenna. This is some 
times the case, and I could describe 
some examples, but itis generally 
reserved for situations in which the 
antennas are relatively large and 
the transmitters are relatively small, 

Such as phased-array radars. In 

other cases, you generally intercon- 

nect the transmitter and antenna 
with a transmission line. 

A transmission line is a type of 
cable designed for the purpose. They 
are available in a number of configu- 
rations, all with the property that if 
they are connected to an amenna (or 
any load for that matter) that has an 
impedance equal to the characteristic 
impedance ofthe transmission line, 

а value determined by the physical 
properties of the line, the other end of 


the line will see the same impedance 
Thus if we match the impedance of 
the antenna to the transmission line, 
we can locate the transmitter any 
distance from the antenna and have it 
act almost as if the transmitter were at 
the centr of the antenna. 

We will discuss transmission lines, 
as well as matching, in the next 
chapter, The place to start is with the 
impedance of the antenna and the 
knowledge that you don't really have 
to locate the transmitter at the middle. 
fit. Anyone who has seen a photo of 
the transmitter room at a TV or radio 
station or especially the Voice of 
America will immediately appreciate 
the desirability of being able to sepa- 
rate the transmitter from the antennal 


Antenna Impedance 


As with any circuit element, the 
impedance an antenna presents to its 
source can be defined by the current 
that flows when a voltage is applied 
той. There are, after all, no footnotes 


case of an antenna. Thus for any pos- 
Sible connection point to an antenna, 
if we know the levels of current nd 
voltage, Obm's law will reveal the 
impedance at that point. 

Note that could talk about a re- 
ceiver connected to he antenna rather 
than a transmitter. Here, I will discuss 
transmitting antennas, with the under- 
standing that receiving antennas have 
the same impedance characteristics, 


The Impedance of a Center- 
Fed Dipole 

In Chapter 2. 1 discussed the cur- 
reat and voltage distribution along 
the length of 17/2 dipole. I elected to 
еей it in the center since that's where 
the voltage was at minimum and the 
current at а maximum. The drawings 
‘of current and voltage are reproduced 
as Fig 4-1. The ratio of voltage to 
current, the impedance, will very as 
you change any of the key dipole 
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= тутт 
— — С — — 
Fig 4-1 — Voltage and current distribution slong the 


length of a resonant half-wave dipole. 


parameters. I you change the length 
through values around 2/2, the ratio 
will go through a point at which the 
Tatio is resistive. This is also de- 
scribed as the resonant point — that 

is, there is no reactive component and 
thus the impedance is entirely resis- 
tive. This special length is refered 

то as the resonant half-wave dipole 
length, Even though it is special, iis 
very useful and frequently encoun 
tered, 


Impedance of a Dipole in 
Free Space 


1 will discuss some of the factors 
that cause the impedance of a 52 


dipole to differ: however, as a starting 
point, Til consider the case of a thin 
dipole in free space. At resonance 
it will have an impedance of around 
72 О. If you make the antenna just 
a bit shorter (or change to a slightly 
lower frequency), it will look like 
a resistance in series with a small 
amount of capacitance. If you make 
it just a bit longer. it will lock like 
a resistance in series with a small 
inductance. 

A key parameter in determining 
both the impedance of a resonant 
dipole and how the impedance 
changes with frequency is the ratio of 
Jength-to-diameter. Using a 10-MHz 


Table 4-1 — 


impedence of Nominal 1/2 Dipole in Free Space (G, indicates capacitive reactance) 
UD = 10,000 (47.81 өй юл”) UD 1000 (4731 foot long) © LD = 100 (4598 kot long] 


Frequency Impedance 
Mie A X 
99 700 во 
935 то 1 
1000 тл 0 
1005 m2 o 
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dipole as an example, Table 4-1 
provides the results from an EZNEC 
simulation of an ideal Joss-free dipole 
at ree different length-to-diameter. 
ratios. The first, 10,000:1, is fairly 
typical of a dipole made from wire. 
‘The second would correspond to an 
‘antenna constructed from fairly thick 
wire, while the third would represent 
‘an antenna made from 5-inch tubing 
г more likely at this frequency, а 
саре of wires), As frequencies go up 
and down, the typical length-to- 
diameter ratios change due to 

material availability, but all can be 

‘encountered inthe real world, 

There are a few points that should 
be observed as you look at Table 4-1: 
1. As the conductor diameter increas- 

ез. the length of the resonant dipole 

decreases. Note that in free space, 

X at 10 MHz is 49.2 feet, com 

pared to 47,81 feet for the wire case 

{about 97%) down to 45.98 feet 

{or the very thick dipole (about 

93.5%). 

2. As the conductor diameter 
‘creases, the change in impedance 
with frequency decreases. This will 
be an important consideration when 
we talk about wideband antennas 
later in the book 

3. If the source is designed to feed a 
resistive load, it is relatively simple 
to provide a match to it even if the 
amenna has а reactive component. 
The circuit is shown in Fig 4-2. For 
example, if we want to operate a 
10-MHz, L/D = 1.000:1 antenna on 
10.1 MHz, the inductive reactance 
component is 411.8 0. By insert- 
ing a capacitor with a capacitive 
reactance of —11.8 st the amenna 


Impedance 

R R x 
E es 3 
тов тюл 7 
724 720 0 
730 m2 s 
тал ма 472 


p 


Fig 4-2 — Simplified diagram of an antenna as a load, with a resonating 
network to provide а resistive load to the source. 


Fig 4-3 — Impedance of 10 MHz, /2 dipole with length-to-diameter 
ratio (LD) of 10,000:1 from 1 to 50 MHz. The X axis is real (resistive) 
component, while the Y axis is reactive. Positive values indicate inductive 
reactance; negative values indicate capacitive reactance, Key frequencies 
эге shown. 
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Fig 44 —Same as Fig 4-3 except L/D lg 1,000:1. 


Fig 4-6 — Impedance of a resonant thin dipole as a 
function of height above ground, or other reflecting 
surface. The solid line represents a perfectly 
Conducting surface, while the dashed line represents 
“real” ground. 
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(see Fig 4-2), you will present the source with а resis- 

live load of 74.4.0, almost the same as if we shortened 

the antenna to make it resonant. 

Figs 4-3 rough 4-5 show the change in impedance 
over a wide frequency range for the length-to-diameter 
ranges of Table 4-1. The differences are striking. 


Impedance of a Dipole near Earth 

Reflections from the ground couple toa dipole, much 
in the way a load on one winding of a transformer. 
‘couples to another. Thus the impedance of a dipole will 
be different at different heights above ground, depending 
оп the magnitude and phase of the reflection — functions 
of ground characteristics and the height above ground. 
Fig 4-6 shows the impedance of resonant horizontal and 
vertical dipoles at different heights above ground, Note 
that other conductive surfaces will ave a similar effect 
оп impedance. Coupled antenna elements will also, but 
Vil reserve that discussion for later. 


Review Questions 

41 Why might we care what the impedance of an 
amena s? 

42 What principle accounts for the difference in the 
effet of ground between һовгоп and vial 
antennas? 

43 What might be the effect of connecting an antena 
and a ransmite with different impedances? 

44, Describe advantages and disadvantages of thin and 
thick antenas as shown in Figs 4-3 through 4-3. 
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Transmission Lines 


Transmission lines come in many forms serving many applications. 


Contents 
Characteristic Impedance... 
Attenuation a 
Propagation Velocity. — 
Lines With Unmatched Terminations ... 
Review Questions. 


As Ihave mentioned previously, 
Frequently he antenna and radio are 
not located in the same place. There 
are some notable exceptions, particu- 
larly in portable bandheld systems 
and various microwave communica- 
tions and radar systems, But in most 
other cases, optimum performance 
requires the transmitter and receiver 
to be at some distance from the. 


Characteristic 


antenna. (There may also be а matter 
of combat survival especially if your 
enemy is equipped with anti-radiation 
‘weaponry designed to home in on a 
signal.) 

‘The component that makes the 
interconnection is called a transmis- 
sion line. Transmission lines are used 
in places besides radio systems — 
for example, power-distribution lines 


Impedance 


are a kind of transmission line, as are 
telephone wires and cable TV con- 
nections. 

In addition to just transporting 
signals, transmission lines have 
some important properties that you 
will need to understand to allow you 
то make proper use of them. This 
section briefly discusses these key 
parameters. 


A transmission line generally is 
composed of two conductors, either 
parallel wires, such as we sce on pow 
«г transmission poles, or one wire sur 
rounding the other, as in coaxial cable 
TV wire. The two configurations are 
shown in Fig 5-1. Either type bas a 
‘certain inductance and capacitance 
per unit length and can be modeled as 
shown in Fig 5-2, with the values de- 
termined by the physical dimensions 
of the conductors and the properties 
of the insulating material between the 
conductors. 

1га voltage or signal is applied 
to such a network, there will be an 
corren flow independent of. 


whatever is on the far end of the line, 
‘but based only on the L and C values. 
"The initial current will be the result of. 
the source charging the shunt capaci 
tors through the series inductors and 
will be the same as if tbe source were 
‘connected to a resistor whose value 

is equal to the square root of LIC. If 
the far end of the line is terminated in 
a resistive lod of the same value, all 
the power sent down the line will be 
delivered to the load. This is called a 
‘matched condition. The impedance 
determined in this way is called be 
characteristic impedance of the trans 
mission line and is perhaps the most 
important parameter associated with a 


transmission line. 
Common coaxial transmission 
lines have characteristic impedances 
(referred w as Z) between 35 and 
100.2, while balanced lines are found 
in the range of 7010 600 . What this 
means to us as radio people is that if 
же have an antenna that has an im- 
pedance of 50.0 and a radio transmit 
ter designed to drive a 50 © load, we 
can connect the two with any length 
of the appropriate 50.0 coaxial cable 
and the transmitter will think it is 
Tight next to the antenna. The antenna 
will receive most (see next section) of 
the transmitted power and all is well 
with tbe world! 


Fig 5-1 — Parallel wire (A) and coaxial (B) 
transmission lines. 
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Fig 5-2 - Lumped constant equivalent of an ideal 
transmission line. 


Attenuation 


The ideal transmission line model frequency is increased, resulting in а Z, of 6000. While the 
shown in Fig 5-2 passes all input Fig 5.3 provides some real-world losses of such a line are low, they 
power to a matched load atthe output. | examples of the losses as a function only work well if spaced from metal 
A real transmission line, however, t frequency forthe most common — objects and not coiled up. While co- 
has loss resistance associated with types of transmission line. Note that axial cables have higher loss, almost 
the wire conductors and loses some dhe loss increases linearly with length the entire signal is kept within the 


signal due to the lossy nature ofthe and the values are for a length of outerconducior. Coaxial cable can be 
insulating material. As transmission 100 feet, Note also that the losses ag inside conduit, coiled up, place 
lines are made of larger conductors, — shown are for transmission lines next to other wires and is therefore 
the resistance is reduced and as he ` feeding loads matched to their Zy As much more convenient to work with. 
electric material gets close to low- will be discussed shortly, losses Сап. Sometimes a long straight run of | 


loss air, the losses are reduced. The increase significantly if the line is not open-wire line will be transformed to 
skin effect causes currents to travel matched. SO © at the ends with coaxial cable 
nearer to the surface of the conduc- The “open-wire" line shown. ‘used at the antenna and radio ends to 
tors at higher frequencies, and the consists of two parallel wires with take advantage of the benefits of both. 
effective loss thus increases as the air dielectric and spacers, typically 

Cable Attenuation, dB Per Hundred Feet — 
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Fig 5-3 — Loss of some typical transmission lines in dB per 100 feet as a function of frequency. The 
RG-58 transmission lines are 50 11 polyethylene insulated coaxial cable slightly less than % Inch in 
diameter. The RG-8 through RG-216 are 50 and 70 Q polyethylene insulated transmission lines with a 
diameter somewhat less than У inch. The “hardline” types have a foam dielectric very near to alr. 
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Propagation Velocity 


Signals in air dielectric transmis- 
sion lines propagate at almost the 
speed of light. Other dielectric 
materials cause the signals in trans» 
mission lines to slow down, just as 
you can observe with Tight rays trav- 
eling through water. In many cases, 
this is nota matter of concern, since 
you usually only care that the signals 
get out the other end: however, there 
эге some exceptions. 

"The velocity is reduced by a factor 
‘of one over the square root of the 
relative dielectric constant. Some 
cable specifications provide the rela- 
tive velocity as a fraction of the speed 
of light. If not, and you know the 


material, most engineering hand- 
books include tables of properties of 
materials, For example, polyethylene 
is a common cable insulating material 
and has a relative dielectric constant 
of 2.26, The square root of 2.25 is 
1.5, so the propagation velocity in 
polyethylene insulated coaxial cable 
is 3/1.5 x 10 or 2 x 10" m/sec. The 
velocity of light in air is 
3x 10*m/sec 

Some applications actually use 
coaxial cables to provide delayed 
Signals in pulse applications. Having 
a way to accurately predict ће delay 
just by knowing the cable character- 
istics and measuring the length of he 


cable can save а lot of lab time, In the 
radio world, we will talk about driv- 
ing antenna elements in a particular 
phase relationship to obtain a desired 
antenna pattem. If a transmission line 
is used to provide the two signals of 
different phase, we need to know how 
fast the signal propagates in order to 
determine the required line length. As 
‘we will discuss in the next section, 
transmission lines of particular elec 
trical lengths can be used as imped- 
ance transformers. Unless we know 
the propagation velocity we can't 
determine the proper length, 


Lines With Unmatched Terminations 


In ош discussions so far, we have 
been talking about transmission lines 
feeding terminations matched to 
their characteristic impedance. Other 
than that case, the voltage-current 
relationship at the load will reflect 
the impedance of the load — not the 
characteristic impedance, Along the 
line the voltage and current will vary 
with distance, providing a load to 
the transmitter end that is generally 
neither that of the far end Z. nor the 
Z, ofthe transmission line. The trans- 
miner load can be calculated knowing 
the Z,. the Z, and the electrical length 
ofthe line as discussed in the follow- 
ing sidebar 

"The ratio of maximum voltage on 
the line to minimum voltage on the 
line is called che standing wave ratio 
or SWR. A matched line has an SWR 
of 1:1. A 50 0 line terminated with a 
25 or 100 0 Joad will have an SWR 
of 2:1. There is a whole family of 
‘complex impedances that will also 
have a 2:1 SWR. By the way, the 
‘computation of SWR is easier with 
resistive loads 
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There ae some interesting special 
cases with a mismatched line. The 
load impedance, resistive or com- 
plex repeats every 1/2, for example. 
‘The impedance goes to the opposite 
extreme in odd multiples of a 244, For 
‘example, our 25 0 load would get 
transformed 19 100 @ in A/4 or 3/42 
transmission line sections and vice 
versa, This effect can be used to our 
“advantage if we wish to transformo 
impedances at a specific frequency, 

А generally less desirable effect of 
‘mismatched lines is that the losses in- 
crease. This is easy to see, if voltages. 
and currents are higher, we might 
expect losses to increase as well. 

Fig 5-4 provides the additional loss 
fora mismatched line that needs то be 


3. As is evident, the combina 
tion of matched loss and bigh SWR 
results in dramatic increases in 

loss. This is why antenna designs 
that don't use maiched transmission 
lines often use air-dielectric lines, 
which have inherently less loss under 
‘matched conditions to start off with 
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Fig 5-4 - Additional loss of 
A trensmission line when. 
‘mismatched. This loss needs to 
be added to the loss in Fig 5-3 for 
mismatched lines. 


Notes 

TLWis supplied with The ARAL 
Antenna Book, 21s Eon, 
‘Avaliable чот your AARL dealer or 
‘he ARAL Bookstore. ARAL order 
os 8876. Telephone 860-594 0355, 
Fires the US 868-277-5289, 
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Determining the Input Impedance of ап Unmatched 
Transmission Line 


‘The input impedance of a trans unit length. Note that 2x radians = Һе condition of he LD of 10,000:1 
mission ine of any length with any one wavelength. сазе from Table 4-1 at 10.1 MHz. Note 
terminating impedance can be Alternately, the antenna input impedance (74. + 
determined in a number of dierent = 2 cf 983.6% (MH) for /  j16.1)is inserted in the LOAD box The 
ways. The most siraightoward way in feet Output impedance through 100 teet ot 
is rough direct calculation. Unfortu» те ine is lossless (oris short  RG-58A 50 0 coax is provided al the 


nately, this is also perhaps Me most enough that osses are not significant), | bottom in both rectangular (69.02 — 
time consuming and perhaps most the expression reduces fo the some- — /629)and polar coordinates (69.53 


ото prone method atleast unt you  whatsmpler жал ange of 5.167, slong win те 
evo R set up on a spreadsheet or OD) SWR at ine Input (1.40) and ouput 
oer program. The put impedance — Zn = Zo 2. бу (1.62) us wel as Ino os (1.5614) 
San bê found as Юша: ath orto maten caso 

2 dener seen dee that most scene calcula- (75558) and ne addoral oe due 
25 RCRD tors cluding he Windows acen o mama (0.0848) Tats about 

] calculator and Microsoft Excel can everthing cau lineo sek except 
were bo used to evaluate те hyperbolic ig whic ple ln the basemen actualy 


‘= complex impedance at input io functions, even i youre not comfort- bete my RG-58A! 
na able with ther. If you set up (and savo) A third way to evaluate the input im- 
ап Exes worksheet with the Ютта pedance is through a graphical meth- 
‘above, you willbe ready to quietly de- od. A Smith chart, sce Fig 5-8, can 
termine the input impedance any time Бе used to determino the input imped- 
You have ай е input parameters. Аз ance of a transmission ine. This was 


noted, bo careful wit tho units. very commonly used before the per- 
My lavoro way to determine the тры sonal computer became ubiquitous. 
Impedance, as well as the ine loss, in addition to the accuracy imitations 


standing wave ratio (SWA) is using TL. = duo to the input and output resolution 
(Transmission Line for Windows) sot- inhorertina chart, the Smith chart 
ware that comes wth The ARAL An- assumes that th ine ls lossless. This 
{enna Book! The main screen is shown may resul in significant error depend 
ln Fig S-A performing an analysis of ing on the amount of ine loss. 


Danaon ERI 


Fig 5-A — The main screen of TLW 
(Transmission Line for Windows) software ls 
shown an analysis of the L/D of 
10,000:1 case from Chapter 4' Table 4-1 at 
10.1 мн. 


Fig 5-В— A Smith chart used for the graphical 
determination of the Input impedance of a 
lossless transmission lino. 
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Review Ouestions 


5-1. Describe three reasons it might be desirable to have a transmitter and an 
antenna in different locations. 

5-2. If you want to make а 2/4 section of RG213 for a 10 MHz system, how 
Jong would you make it? 

5-3, 1000 W transmitter at 15 MHz is feeding a matched load through 200 feet 
‘of RG-8 transmission line. How much power reaches the antenna? Repeat if he 
frequency is 150 MHz. Repeat both cases if the antenna has an SWR of 3:1 


Chapter 6 


Making Real Dipole Antennas 


A dipole is easy to make and works well for many applications. 


Contents 


Making Real Dipole Antennas... 
Review Oueshons. 


Table 
Maximum Tension for Stressed, Unloaded, Antenna Wire. 


American Recommended Tension! СА 
(pounds) doconds per 1000 hen 

Wie Gage Copper ied See. ar Oran Copper Copper-Ciad Steer nanu ou Copper 
4 495 m 1158 
6 E] 130 тә 
в 195 м 455 E 
10 120 E 28 314 
12 7 E ter 198 
н so 2 147 124 
" E тз тл 78 
зе » в 45 49 
20 (А s 28 эл 


"Approximately one-ten th breaking load. Hint ро increased by 50% if ihe end supports are frm and here В ло danger of icing: 
‘Copperwekt:"™ 40% copper. 


ing sag in the center of the half span ditional sag. n 
(see Fig 6-5) for a given amount of An additional failure 

tension can be estimated using the mode is halyard chafing. pd 
nomograph shown in Fig 6-6. As the tee moves back t 


Many other mechanical configura- and forth, the bark cuts 
tions have been used, with the most ie the halyard rope, 


common perhaps being the dipole eventually causing it to 
slong between two пег. This is often break. Chafing can be 

constructed by using some kind of minimized if the halyard nes 
line launcher, such as a sling hu. ismundieetdydownand |, 

Ay=casting rod, bow and arrow or secured to the trunk of the 


even атайо-ооогойей helicopter ı0 same tree that it's over in Fig 6-5 —The half span and associated sag 
get the line over a desired tre limb. that way the halyard tends of an unloaded wire suspended from both 


While this method has been used suc- de move with the tree fends. Sone have used stretching ele- 
cessfully many times, almost all such rather than having the tee ments at the antenna insulators, Some 
installations eventually fail due to a move along the halyard, insulators are made with intemal 
‘combination of factors. The major Some rope is better than others springs: however, their travel range 
problem is that the trees move in the at resisting chafing, Twisted nylon is usually insufficient to solve a seri- 
wind. Ifthe trees at both ends moved rope has excellent stretch charac- оц trec-sway problem. Some have 
the same distance, in the same direc- teristics; however, it seems to chafe employed screen door closing springs 
Чоп and tthe same time, the tension мету quickly. I have found “yacht for the purpose. Another approach is 


would remain constant. Unfortunate- braid,” a generic name for rope used to have а sacrificial halyard section 
ly, reos can't be counted on to do any for sailboat halyards, a rope that lasts of lighter line holding the ends of û 


Жей: became o bojích hapa Xon 
не тоно Ве енген мечен 
Keeping It Up in that Tree ich k malos up or ordene) died anden log on cash ex 
To maximize the success of a by resisting chafing. Waben eee Lion. 
— ШЫ не-не ЖЕНИШ е ымы 
tree sway into account. One way is material is stranded aireraft-grade ale be used. 
PN E ЫШ О 
.. ̃ ha ag pario ME PEET The 


to each halyard once set for the ap- in place of chafing. ne erte bote all the problems al once. There 
propriate ро give the maximum reduce chafe breakage is lo start with is no chafing because the rope hold- 

tension specified in Table 6-1. an extra long halyard. Every year or ing up the pulley is fixed (a long as it 
that if there is no centr support and so, lower the antenna end and inspect- is secured о the same trunk, s noted 


the weight of the transmission line is for chafing. If it has stated, cutoff previously). A constant tension is 
thus also supported by the antenna, a few feet of rope at the antenna applied by the weight, independent of 
additional tension will be applied to end and re-hoist. You will move the tree sway. You can adjust the tension 
the wire and you must allow for ad. chafed area oway from the limb. easily by adjusting the weight used. 
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Fig 6-6 — Nomograph for determining wire 


‘sag. (John Elengo, dr, K1AFR) 


Foc all halyard arrangements, you 


should provide an extra dena 


line from the halyard side of the end 
insulator. This line s used to get the 
end of the halyard down in the event 
Зе antenna breaks. There's nothing 
‘more frustrating than completing a 

five-minute antenna repair and then 

spending the whole day getting the 

halyard back up in the tee! 


A Special Cas 
Inverted V Dipole 
Finding two or, even better yet, 
tree solid supports for a dipole is 
often difficult. Fortunately. an 
amenna with similar, but not quite 
equal performance, can be con- 
structed with a single support by 
pulling the apex of the antenna on 


— the 


"ep of the support and extending the 
dipole arms at an angle downward to 
*esecured rear ihe ground. Fig 6-8 
shows he configuration. In addition 


‘oneeding only a single support, 


Mis arrangement has the advantage 
that the support can also support the 


weight of the center structure and 


mission line. 


‘The downside to the in- 
verted V dipole is that the 
maximum radiation oc- 
curs at a somewhat higher 
angle than for a horizontal 
dipole at the same height. 
See Fig 6-9. It shows the 
elevation pattem of a 10 
MHz 4/2 йәпор dipole 
at S0 feet over typical 
round, compared to the 
pattern for an inverted V 
"with an included angle 
between the two legs 
of 90°, with its apex at 
50 feet, the same height. 
as the Яайор dipole. The 
V has its maximum radia. 
tion at 31° rather than 27° 
for the dipole. The 50 foot 
dipole could be lowered 
about 12% (o 44 feet and 
have the same elevation 
response. The inverted V 
also has about | dB less 
gain at its maximum el- 
vation, In many applica- 
tions, these are reasonable 
trade-offs. 

For the same wize 


length, a 90° inverted V will have a 
resonant frequency about 6% higher 
than determined by the 468/E for- 
mula, depending on the droop angle 
from the horizontal. Shallower angles. 
say 120°, will be closer to the per- 
formance of a horizontal dipole, and 
steeper drooping angles could also be 
used, with correspond 


HF 


We have been concen- 
rating on horizontal HF 
dipoles so far because 
they are the most 


Jy reduced perfor- 
mance. One advantage of 
the Inverted V configura- 
tion is thar the real part 
of the fecd-pois 

ance drops somewhat 
as the dipole arms are 
lowercd and as a result 
the match to commonly 
used 50 © coaxial cable 
is improved. 


Vertical Dipoles for 


antennas are more often ofthe mono- 
pole variety (think half a dipole). 
because they can be easily fed at the 
base. We will discuss monopoles in 
another chapter later in the book. 

Vertical half-wave HF dipoles are. 
however. sometimes encountered. 
The primary advantages of a vertical 
dipole over a horizontal one are that 
they provide omnidirectional azimuth 
coverage and, like an inverted V, they 
require a single support — almost. 

In order to work most effectively, 

the feed line should be perpendicular 
to the antenna for atleast 4, This 
generally requires a second support at 
least half as high as the primary опе 
as shown in Fig 6-10. An additional 
advantage is that they provide low 
angle coverage, even at low heights. 
The major support must be at least 
X2 high for a full-sized 202 verti- 

cal dipole, and the actual low angle 
response of an inverted V on the same 
support may have a similar pantern. 

A potential disadvantage of a 
typical vertically polarized antenna 
compared to a horizontal one is that 
the reflected signal from a horizontal 
antenna above real ground tends to 
‘add significantly to the signal at me- 
Фит elevation angles. Over perfect 
ground, the reflected in-phase signal 
from a vertical theoretically should 
add significant power at very low 
takeoff angles: however, this reflected 
power is los for waves traveling over 
typical lossy soil. Now, if you have 


imped- 


Fig 6-7 — Pulley arrangement for securing an 


frequently encountered — antenna halyard to a tree while avoiding chatting 
HF dipoles. Vertical НЕ and high tension during төө movement. 
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Fig 6-9 — Elevation pattern of inverted V 
‘wire dipole (dashed) compared to that of 
horizontal dipole (solid) 


seawater in the desired directions, a vertical would have much 
more reflected signal at low elevations than even а higher 
horizontal dipole. But for most types of lossy soil, the situation 
is as shown in Fig 6-11 


What About Other Lengths? 
A dipole with a length of approximately 2/2 is often used. 
because it provides a convenient impedance match to popular 
transmission line types. As noted in Table 4-1 and Figs 
4-5, dipoles of other lengths can also be used, but the feed 
point impedance will be quite different. These lengths can 
also be used effectively, as Jong as an appropriate matching 
‘network is provided to match the impedance to that required 
by the radio equipment or the transmission line. I will discuss 
some particular applications of different length dipoles in 
(Chapter 12 


VHF and UHF Dipoles 

[have been focusing on HF dipoles so far. However, a 
dipole also works well at higher frequencies. As a matter of 
‘construction convenience, dipoles above the HF range tend to 
be made from solid tubing rather than flexible wire, Rigid tub- 
ing has the advantage that it can be supported from the center 
insulator and thus doesn’t require suppor or insulators at the 
nds. In many cases, since their size makes it so easy, at VHF 
sand ИНЕ dipoles are parts of directional arrays, a оріс for 
later discussion. 
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Fig 6-10 — Vertical HF wire dipole showing need 
for second support to maintain perpendicular. 
transmission line. 


Fig 6-11 — Elevation pattern of vertical 
10 MHz dipole suspended from 50 foot 


Review Questions 

6-1 What are two reasons why itis desirable to have a support thc center 
of a wire dipole? 

6-2 What are the results of changing from a thin coaxial cable o a thicker 
оп with lower loss? Case 1 with по suppor at he center of the dipole; case 2 
With a support? 

6-3 Why is И better to secure an antena halyard at the base of he same tree 
that he halyard is over? 
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Chapter 7 


The Field From Two Horizontal 
Dipoles 


Contents 
THe Field From Two Horizontal Dipoles .... 
Horizontal Dipoles in a "Stack" .. 
Chapter Summary . 

Review Questions 


The Field From Two Horizontal Dipoles 


In Chapter 31 described the action of а dipole in the presence of its below-ground "image antenna.” It is also com 
mon to find antenna arrays of multiple real dipoles. As you might expect from the discussion of the dipole above its 
image antenna in Chapter 3, horizontally polarized antennas combined above one another will result in а change of the 
elevation pater, while side-by-side antennas will change the azimuth pattern. This chapter will begin to examine how 
two dipoles can be combined to achieve some desired outcomes 


Horizontal Dipoles in a “Stack 


Perhaps the easiest configuration to start with 
sto add an additional dipole above the one you 
used in the last few chapters and find how it 
performs. A broadside view of the configuration 
is shown in Fig 7-1, with an end view shown. 
in Fig 7-2. И looks very much as you would 
expect, but mote that unlike the image configu- 
ration in Chapter 3,1 chose here to feed both 
antennas in the same phase, Unlike the image 
situation, this is a choice depending on how you 
wild have connected 
es that are out-of-phase. 
Another difference of note is that the height 
of this two-element array (and other large amen- 
na structures) is taken as the height of the center Fig 7-1 — Front view of configuration of two in-phase 
of the array. That was true of the single dipole stacked horizontal dipoles. 
as well, but for the single dipole the height also 
jh as the antenna got. This may have 
ramifications on the size of support structures 
and clearances, so koep it in mind. 
ou divide the available transmitter power 
in half and apply each half to the two dipoles in 
free space, each will separately attempt to radi- 
ме the same kind of signal 1 described in Chap- 
ter 2.! However, since the signals are on the. 
juency, when you look at the response 


Fig 7-2 — End view of the two horizontal dipoles with 
polarity as indicated. 
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So What Happens? 

"The first antenna configuration that 
will examine is one in which de 
dipoles arc spaced 1/2 apart. Because 
the dipoles are driven in the same 
phase, every point in space that is the 
Same distance from each antenna will 
receive the benefit of each anteana’s 
pattern adding together. This clearly 
happens going horizontally away 
from the plane ofthe antennas (for 
any spacing), as shown in Fig 7-3. 
This is the direction broadside to the 
plane of the array (imagine the anten- 
паз stapled to a billboard) and thus 
this configuration of dipoles is often 
called а broadside array, Note that if 
you feed them inthe opposite phase 
the signals in the broadside direction 
would cancel, just as in the case of a 
horizontal antenna and its image — 
тоге about this later. 

A single dipole in free space will 
radiate the same level signal at all 
elevation angles. As scen in Fig 7-3, 
this is cor happening with two. 
dipoles. Let's consider the radiation 
{rom one, say the lower, dipole that 
‘would head upwards if left to itself. 
‘The radiation going upwards, towards 
the second dipole, starts out in the 
‘same phase as is fed to the second 
dipole, but by the time the signal has 
traveled the 2/2 towards the upper di- 
pole, the signal in the upper dipole is 
‘exactly 180° out-of-phase. Since the 
signals in that direction are the same 
strength, they combine by cancelling 
‘ut going upwards! You have made 
sn antenna with a ll in the pattern 
st a 90 elevation angle. Note that for 
the free-space case, the exact same 
thing happens going downward, 


What Happens to All the 
Energy? 

Note that nowhere did I talk about 
anything getting warm or otherwise 
dissipating energy. АП he energy 
fed to the antenna system will be 
radiated. If it doesn’t go one place, 
it will go another. Just as the light 
"rom a flashlight bulb with а reflector 
is brighter going out the front, and 
weaker elsewhere, the energy from 
this broadside antenna is greatest 
perpendicular to the “billboard” (une 
ike the Masih, on both sides of 


— 


Fig 7-3 — EZNEC elevation plot for two element 
horizontal array in free space. 


— 


cue 


Fig 7-4— EZNEC plot of azimuth pattern of two 
element array in free space. 


the billboard) and less elsewhere. If 
you compare the field strengths atthe 
‘maximum of the elevation pattems 
ofthe two-dipole array (Fig 7-3) 
with that of the single dipole in free 
space (Fig 2-8) you will ind that the 
difference in maximum signal is 5.88 
-2.06 = 3.82 6B? This represents an 
increase in power by a factor of 241, 
abit more than double that from the 
single dipole in the maximum direc- 
боо. 

Someone listening from the direc- 
tion of maximum radiation (the main 
lobe), if they didn’t know about the. 
exact configuration of the antenna, 
could think you more than doubled 
the transmitter power. This effect 


illustrates the concept of antenna 
gain, although there really isn't any 
more power, you have just moved it 
around, concentrating the power more 
ж certain directions. 

Note that someone from right 
above the antenna might think you 
turned off your transmitter! Note also 
that the azimuth patter (see Fig 7-4) 
remains largely unchanged. 


What If We Get Back Down to 
Earth? 

While the free-space pattem is a 
good way to isolate the effect of add- 
ing the second antenna, the real-world 
situation is near the ground. As you 
might expect, you still have the effect 
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Fig 7-5 — EZNEC plot of elevation pattern of two 
element horizontal array over perfect ground. 


of the reflections from the ground to 
deal with, even though you don't have 
any signal heading straight down- 
ward from the wo stacked dipoles in 
Fig 1-2 

No matter how complex the array, 
the effect of the ground is still that of 
ап image antenna, 180° out-of-phase 
With the real horizontally polar. 
ized antenna, and the same distance 
Below the ground, The result for a 
horizontally polarized antenna is still 
а cancellation of energy at 0° eleva 
Чоп and a reduction of radiation at 
‘very low angles, as shown in Fig 7-5 
for perfect ground and over typical 
ground in Fig 74. 


Let's Feed the Two Antennas 
Out-of-Phase 


So far you've been looking at the 
case where the generators attached to 
the antennas are of the same phase, 
This is a useful and frequently en- 
countered case, but clearly only one 
of many ways you could deve the 
antennas. The other extreme case is 1o 
tum one of the generators around s0 
tha the two antennas are fed out-of- 
phase. If you think about it, this is. 
similar to the horizontal antenna and 
its image, but in this case both ele- 
ments are above ground. 

Foc the case of 2/2 spacing, h. 
wave from the lover antenna stats 
‘out at the opposite phase from the sig- 
nal in the upper antenna, By the time 
ie propagates to the upper antenna, 
the phase of the signal in that antenna 
has shifted exactly 1807 and now the 
tuo signals propagate upward in the 
same phase and thus they add, s seen 
by any receiver directly above. The 
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Fig 7-6 — EZNEC plot of elevation pattern of two 
‘element horizontal array over typical ground. 


signal heading downward has the 
some result and another lobe, at 
Teas in free space, heads down- 
ward. The signals perpendicular to 
‘the array, the broadside direction 
that hod the maximum response 
previously, now has а null The 
name often given to this configu- 
ration is somewhat confusing, 
since itis called an end fire array. 
A more descriptive name might. 
be edge fre, or something else 
that doeso't make И sound like the 
signal is leaving the ends of the 
elements. After all, the azimuth 
pattern still has а null off the 

‘ends of the dipoles. Fig 7-7 is the 
elevation pattern in free space for 
the 180° out-of-phase case, 


Fig 7-7 — EZNEC elevation plot of two 
element end-fire array of vertically 
stacked elements in free space. 


been 
Pot log 2 
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иврит 


Fig 7-5 — End view of the two horizontal end-tire dipoles, with phases аз 
indicated. 


The End-Fire Array оп Its Side 

An interesting case to consider is the end-fire 
array with both antennas at the same height, and 
still fed 180° out-of-phase as shown in Fig 7-8. An 
EZNEC elevation plot over typical real ground is 
shown in Fig 7-9, and its interesting to compare 
"his with the similar looking plot of the broadside 
array response in Fig 7-5, This is an indication of 
эп important general principle — there are of- 
ten muiple configurations that will provide the 
response you want, You can pick the one that best 
suits the physical limitations of a particular instal- 
ation 


What if We Use a Different Dipole 
Spacing? 

The 42 spacing cases just examined represent a 
very special distance in which the radiation in the 
planc containing the elements cancels or adds be- 
Cause the time it takes a wave to move between the 
two elements results in exactly a 180° phase differ- 
ence, There is nothing to prevent you from picking 
эу other spacing, and there may he reasons why 
other spacings are beneficial. One extreme would 
be a spacing of zero, or one dipole resting on the 
оет. If he two are fed in the same phase, they just 
act like a single, but slightly thicker antenna. И you 
"temp to feed the two dipoles out-of-phase, it will 
act as if you short-circuited the transmiter and you 
will not be able to put any energy into the system. 

At other spacings you will find that the shape of 
the response gradually changes. At smaller spac- 
ings the cancellation m the previous null directions 
is less than 100%; while at larger spacings there 
an be additional peaks and alls because there are 
path differences greater than 12. 1 will examine 
‘he effect of spacing in more detail in the chapter 
оп Arrays of Multiple Elements 


A Unidirectional End-Fire Array 

A very interesting special case of the end-fire 
configuration exists if you change the spacing 
10143 and the phase between the elements from 
180* to 90°. With this arrangement, as shown in 
Fig 7-10, with a 90° delay (we'll show how to до 
‘that soon) to the signal connected to Dipole 1, its 
signal has advanced to 0 by the time the signal 
from Dipole 2 gets there and they add in-phase in 
the direction from Dipole 1 towards Dipole 2. On 
the other hand, the signal from Dipole 2 at -90° 
reaches Dipole | when it is at +90°, cancelling in 
tat direction. See Fig 7-11 for the elevation plané 
р of this array and Fig 7-12 for the azimuthal 
patter, 

It should be clear that there are many applica- 
tions in which a unidirectional antenna would be 
useful — for example a radar operator could tell 
sf an aircraft is in front of or behind the radar. As I 


Fig 7-9 — EZNEC elevation plot of end- 
fire array 0.76%. above real ground. 


1g 7-10 — Physical configuration of two 
element unidirectional array. 


Fig 7-11 — EZNEC plot of elevation 
pattern of two element unidirectional 
array over typical ground. 


Fig 7-12 — EZNEC plot of azimuth 
pattern of two element unidirectional 
array at peak of elevation pattern. 
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will discuss later, this is just one of many ways it which you can generate a unidirectional pattem. 


‘Two Dipoles in Line — Collinear arrays 

Another configuracion of two dipoles is o have them along the same line, end-to-end. The configuration is shown in 
Fig 7-13, with the path difference in the signals shown in Fig 7-14, Note that the spacing can be any length larger than 
242, since they would overlap if less, und then they would not act as two separate dipoles, For the case of the minimal 
242 spacing at a height of 3/2 over real ground, the azimuth pattem is shown in Fig 7-15. In the direction broadside to 
the two dipoles, the paters add, as you would expect, but at any other azimuth the propagation distance is diferent, as 
shown in Fig 7-14. 

"The further you move away from broadside, the greater the difference in the path length, with the resul that the pat- 
terns from the two antennas no longer reinforce each other as you shift off axis. Unlike the stacked case, you have thus 
modified the azimuth pattern, but not the elevation pattern (compare Fig 7-16, the elevation patter, with Fig 3- 


2». 


Fig 7-15 — EZNEC plot of azimuth 
response о! two element collinear array. 


„ 


Fig 7-18 — EZNEC plot of elevation pattern of the 
collinear array over real ground. 
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Chapter Summary 


la this chapter I have introduced 
and discussed the topic of how ivo 
horizontally polarized dipoles can 

be used to deliver more RF energy 

то smaller volumes of space than a 
single dipole would. Ifyou stack the 
dipoles one above the other, you limit 
the elevation coverage, In а special 
case you can limit the coverage to a 
single direction. 

T you put the dipoles side-by-side 
You do not change the elevation cov. 
‘erage, but limit the azimuth coverage. 
Either arrangement can be used to 
advantage, since it makes sense to 
send the energy to places where it can 
шай 


Notes 


"o implement “halt-power in the 
ЕМЕС model descrplion, each 
source voltage or current shouid 
be set at 0.707 timas the Tull value 
(usually 1.0) because the power is 
proportional to he square ofthe 
Voltage or current 


"you are not comfortable working 
‘with decibels, spend some time 
with Appendix A 


Review Questions 


7.1 Under what circumstances might a 2-element broadside array be benefi- 
vial? 

72 Given that broadside and end-fre arrays can have similar responses, why 
might one be preferable to the other? 

73 What are some of the benefits of a collinear array. and some of the dis- 
advantages in comparison to the other two antennas? 

ТА Describe two potentially beneficial uses for а unidirectional array. 
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Chapter 8 


The Field From Two Vertical 


Dipoles 


The combined field from multiple antennas can be oriented in many helpful ways. 
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The Field From Two Vertical Dipoles 


In Chapter 7 I described the way the fields from two horizontal dipoles combine at а disant point. I pointed out 
that if the two dipoles were fed equal amounts of energy in the same phase that the energy would add everywhere the 
distance to each of the dipoles was the same. 1 also noted that the presence of the ground reflection could modify the 
result, depending on how high above the ground the antenna elements were located. If the elements were fed in opposite 
phase (180°) the energy would cancel in directions that were equal distances from the elements and thus the directional 
characteristics would be changed. 

As you might expect, similar things happen to dipoles that are oriented vertically. In fact, you may wonder why vert 
cal dipoles rate а whole chapter, since they are essentially the same as horizontal antennas placed on their side. The big 
difference is in tbe way that ground reflections act on vertically polarized signals. 1 will stat with essentially the same 
configurations as in the horizontal ease in Chapter 7. 


Side-by-Side Vertical Dipoles 


The side-by-side case is in many respects simi = 
lar to the “stack” of horizontal dipoles 1 started 
with in the last chapter. A broadside view of the bend 
configuration is shown in Fig 8-1 with a bird's- 
eye view in Fig 8-2. Here both dipoles are fed in x е 
the same phase. This means that their fields will 
add in ће direction perpendicular to the plane of =“ 
the antennas 

By convention, the height of this array is taken. 
as the height of the center of the array. With a | 
vertical 2/2 dipole, this distance cannot be less 
than 1/4 because otherwise the bottom would be 
‘on the ground. I have chosen a height of 36 feet 
fora 30 meter dipole, This places the bottom 
12 feet above the ground, This is a special height 
as E will discuss later, but L could have selected 


Fig 8-1 — Front view of configuration of two in-phase 


any height greater than about 24 (eet 10 keep the = 

bottom of the dipole off the ground, 

In-Phase Performance = 
With equal power o the two elements, the Ld Re 

free-space azimuth pattem shown in Fig 8-3 will 2 N e 


result. As expected, the maximum field strength 
occurs in the direction broadside to the plane of 
the elements (0° per the indicated azimuth angle 
in Fig 8-2). You won't be too surprised at the 
free-space elevation pattern, taken at the maxi- 


mum of the azimuth pattern — in the broadside „ ae 
direction and shown in Fig 8-4. EE Po 
IF you modify the EZNEC model by put- ' P Аш 
ting the antenna above perfect ground, you will e T 
see in Fig 8-5 the first major change from the 3 \ 
horizontal case. Unlike the horizontal array, the < Y 
vertical атау provides the strongest signal at Fig 8:2 — End view of the two vertical dipoles, with 
the horizon (0° elevation). Again, his is a result polarity as indicated. 
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of the antenna image (the apparent е ground heat up the lossy ground боп, with the hope that the low-angle 
starting point of the ground reflec- resulting in less energy traveling coverage would be excellent for 
tion) being in-phase with the antenna along the surface. A number of other observing distant surface vessels. 
itself for vertical polarization. Arrays effects combine to eliminate the very — What they found instead was that 


‘ofthis sort can approximate the low-angle propagation, as shown in reflections from seawater wave 
perfect-ground case if there is highly Fig 8-6, where the patterns for perfect fronts (called sea cutter inthe radar 
‘conductive ground inthe desired end typical groonds are compared. business) overloaded the receivers 
broadside direction. Ifthe antenna Compare these results t those of and masked real targets, A change 


атау is located adjacent toa body be horizontal array in Chapter 4 ata го horizontal polarization with its 

of saltwater, or if many wavelengths comparable height and note thatthe null at the horizon largely eliminated 

of wire mesh are used to simulate a peak of the vertical beam is still ata the problem, The height of the usual 

highly conductive ground, very low slightly lower angle naval shipboard radar was sufficient 

takeoff angles can be achieved. Different applications often find that distant targets could still be seen 
Over typical ground, the picture опе orientation superior to another. above the horizon. 

is not quite so rosy. The electromag- For example, early naval shipboard 

netic waves traveling adjacent o radar systems tried vertical polariza- 


Fig 8-3 — EZNEC plot of azimuth pattern of two Fig 8-4 — EZNEC elevation plot two element 
‘element array In free space. vertical array in free space. 


Fig 8-5 — EZNEC plot of elevation pattern of two Fig 8-6 — EZNEC plat of elevation pattern of two 
‘element vertical array over perfect ground. ‘element vertical array over typical ground. 
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Vertical Dipoles in a Line 


челе dipoles in coli configuration make a paricularly use- „= 
ful antenna syster. By placing one dipole sbor he өй, ae shown in 
Ti 7 an feeding den а phase we otros te alton es the 
dao. The resulting elevation patern она in Fig tor ео col 
incar dipoles Ciel linc) compared to just he love dipole (soid Kac) 
Nis йе second dipole > added, lo - 
‘ut stooge ani беле Чой 0 fe horizon, This configuration, x 
нр pí о Unde peace о 
БУ УНЕ ad UAE base sations мо need 1o communicare with vehicle- 
und radios in sli direction At ЧУР a number oF dle can 
puce in such veria ͤ configuration and ий be of 
reasonable size The additional gain improves dhe signal-to-noise по at — 
the оез ofthe coverage area 
PPP 
Pa er с e dy E SA 
Tng ot LA (2 ee element end). eee . 
FFT 
e үк ы: ak sad pee 
Thiele есше Meme cer бе рай igo Боп do епк» 
Cam be eps a айе ser han йе trate cion 
CCC 
FTT — 
phase that they add о a large measure. At 43° elevation, the difference BILDER 
[раш eng 100.68 A GU compacto hor 360° ors) At 200 
a Spacing i. tne es lean which dio oo waves vl bem 
6 
ee e ee, наа 
pon 


мк Gah 1700 


Fig 8-3 — EZNEC elevation pattern of two closely ЕЛМЕС plot of elevation pattern of two 
‘spaced collinear vertical dipoles (dashed line) ‘element vertical collinear array with conter to-center 
‘compared to the pattern of just the lower dipole. spacing of 1. 

(Soli line) above typical ground. 
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For any spacings greater than 90" (4) 
here will be elevation angles at which the 
path difference is 360° within the pattern 
of each antenna, so the combined pattern 
gets more complex and often less useful. 
For example, Fig 8-10 shows dhe pattern at 
a spacing of 2 A At this spacing, the waves 
from the two dipoles are still in-phase at 
the horizon, but are in-phase again at an 
elevation angle of 30°. (Sce the sidebar for 
a description of the calculation.) Since the 
individual dipole patterns are only down a [IE Ll 
small amount there, a significant additional 

lobe results. 


Fig 8-10 — EZNEC plot of elevation pattern of two 
element vertical collinear array with center-to-center 
‘spacing of 2 


Phase Steered Arrays 


The two element vertical array can pattems can be had along the plane do provide nearly 270° total coverage) 
be used as an antenna system that ol the wires. This is similar tothe are composed of 896 distinct antenna 
can be steered to point in different horizontal unidirectional arrangement elements, cach with its own transmi 


directions by changing phase. While of Chapter 4, In addition, the two ele- ier and receiver front-end. The array 
the 4 spaced horizontal array can ments can be fed in-phase о provide is about 72 feet wide with an operat- 
have its direction switched by chang- broadside bidirectional coverage, at ing frequency in the 435 MHz range 
ing the sequence of feed 


somewhat less gain than the more By combining the signals from cach 


dipoles, a vertical array offers more spaced case of the elements with carefully con- 
be easy to Perhaps the most extreme example wolled phase, a phase-steered beam 

imagine a pair of 2/2 spaced vertical of an application of phase-steering with an azimuth and elevation width 

dipoles providing either east-west technology is that of the USAF of 22° is achieved, capable of detec 


... ANIFPS-115 Pave Paws phased array | ing targets up o 3000 nautical miles 
on whether they are fel in-phase ̃ M..... away. Thee are many advantages of 


of phate A possibly even more provides a "no moving parts” radar such a system compared o the usual 
useful ease is the 1/4 spaced case, system in which each of the two face- rotating radar antenna — faster track 
where either of two unidirectional plates (one shown, the other oriented ing, possibility of multiple simultane- 

‘ous beams and less wear and tear — 


Tay to name a fes. 
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-Calculating Path-Length Difference - 
E Table A - 


: 
fruc ee 


9000 есеп Phe 


30* the signals are 360° out-of-phase, he sume es 

being in-phase, so they add again. At 30° off axis, act 

3 
occur s ehh lower angle. 


Review Ouestions 

3.1 Why are arrays of vertical dipoles usually used as hasc stations for mobile 
networks? 

372 Discuss some of the benefits of vertically polarized antenna systems com 
pared to horizontal ones. Consider physical characte istics as well as electrical 

3.3 Why might you not want to use vertically polarized antenna systems to 
communicate with nearby aircraft? 

3.4 What do you think would happen as you added more and more vertical col 
wen elements above the frst two? 

'$ Under what circumstances might a conventional mechanically rotating array 
have advantages over a phase steered system, such as Pave Paws? 
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Chapter 9 


Transmission Lines as 


Transformers 


MM 


hr | nl: 


‘serve In many roles. Here ono ls used as a resonant 


Contents 
Lines With Unmatched Terminations. 
Review Questions... 


їп discussions so far, I have mostly been talking about transmission lines feeding terminations matched to their 
characteristic impedance (Z. t is often the case, ether by design or accident, that the load impedance does not match 
the line Z, As I mentioned in Chapter $, the impedance seen at the input of a transmission line is а function of the load 
impedance, the line characteristic impedance, the los in the line and the number (or fraction) of wavelengths of line. 


Lines With Unmatched Terminations 


— __ ES — 
pedes oiling ss on FS Quarter ave Vanonisio-ine transformer: 
Pose 


a specific frequency. For example, if zi 
able impedance transformation. you have an antenna with an imped 27 
The Quarter-Wave (1/4) „„ To solve fur the needed transmis- 


to a 1/4 section of 75 9 coax, the 


sion 1i 
SWR will be 100/75 or 1.33:1. At 


‘Transmission-Line Z, we rearrange as: 


Transformer, the other end of the 244 section, the 

Along a transmission line that is impedance will be 75/1.33 or S6 N, a 
not matched to ts load, the voltage сіозе match (SWR of 1.12: 050 A few observations are in order. 
and current will vary with distance, transmission line. You could then use While the quantities are shown as 
providing a load to the transmitter standard 50 Q coax cable fora long complex numbers transmission lines 
‘end that is generally nether that of runto your 50 © transmitter with : 


эге available (for practical purposes) 


the far end Z,, nor the Z, of the trans- lower losses than if you had used the оу with real, mon reactivo, 


mission line The ratio of maximum orignal 100 Clad disc, with in Тыз plic tot ihs eon 
Хойаде on the ine to minimum col. 2:1 SWR. a bet ыл ier Ж 
age on be line is calle stand. "The general expression forthe in de be engt. ira. 
JJ 
line hasan SWR of 1:Л,а50 line of transmission line with characteris- nan sms: 908 by del 
terminated wilh a 250r 100 0 load impedance 2, terminated in a bad Spm enn, led Мас vl 
will have an SWR of 2:1. There are a of Z, is 
whole family of complex impedances 
thet will also have a 2:1 SWR, by the 
way, However, the computation 1s 
much easier with resistive loads Total Langin 2 = 0.85 A Each Side = 13A 
For a lossless line (and approx 
mately fora shore section of real 
transmision line) he SWR wil re- 
n the same along thc length of the 
lze. The load impedance resistive or 
complex, repeats every 4/2. The m 
podance goes to the opposite extreme 
odd mukiples or 44 For example, 
325. load would get transformed to 
1006 wit А or 314 transmission 
line sections and vice versa. This ef. 
fect can be uscd lo your advantage if 
you wish 1o тимот impedances at 


|= Transmission Line Length 
‘and Zo to be Determined to 
Match Antenna Z to 50.0 


олот 


Fig 9-2 — Extended double Zepp with matching section of line. 
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we 


Fig 9-3 — Extended double Zepp azimuth pattern. 


discuss, complex impedances can be 
transformed to match rel transmis- 
sion lines by using transmission lite. 
lengths other than А. 

Toe uty of the Vê nnn. 
sion ne transformer method can 
he limited by the range of avail- 
able transmission line impedances 
Coaxial cable is generally available 
with Z, rom about 30 10 90 2, while 
‘anced line is available from about 
30o 600 2 un practical to connect 
transmission lines in parallel (particu- 
larly coax) to obtain lower values of 
2, For VHF and UHF work, itis also 
feasible to fabricate trnsmission-ne 
sections with a wider range of values, 
or non-standard values, through the 
{se of available copper or aluminum 
uting. 

Since the transformation will 
repeat with any odd number of 344 
sections its tempting to consider us- 
ing 344 or higher odd multiples of a 
AA. This bas two potentially signifi- 
cam pitfalls that should be evaluated 
fist. The use of longer mismatched 
section will result in higher losses. 
Often more serious, for sections 
Nu, the change in Z, with frequency 
vill happen N times more rapidly 
vi the longer section, effectively 
тоет the operating bandwidth of 
Be учет. 

Tris sho possible to use successive 


244 sections of line with different 
Z, to work from one impedance to 
another in steps. This method shares 
the pitfall described above. 


‘Transformation With Other 
Lengths of Transmission 
Line 


While 22/4 transmission line 
transformer is very useful, especi 
for resistive loads, sometimes other 
situations require transformation, A 
good example is to consider a popular 
antenna with a reactive input imped- 
ance, the extended double Zepp. This 
amenna is just a center-fed dipole 
with each side of length 0.625 2. It 

is the longest type of simple antenna 
that con still focus its energy into a 
single lobe on each side, The extra 
length and spacing, similar to the 

bew element collinear but with a 
simpler feed system, result in a 
directional pencil-sharp pattern with 
higher gain than a dipole. This can be 
useful to work stations in а particular 
direction. 

While you could perform a lot of 
math and determine the impedance 
‘atthe center of this antenna, you can 
more simply model it using EZNEC. 
The resulting azimuth pattern is 
shown in Fig 9-3, while the imped- 
unce plot is shown in Fig 9-4, Note 


that the impedance al the center at 
100 MHz is 237.7 -j 1187 0, not 
suggestive ofa standard transmission 

ine! Again, avoiding tedious math, 
you could tum tothe TLW program 
and insert the antenna impedance in 
the LOAD window, using the minus 

ign to indicate J Next, adjust the 
two available parameters, the line 
length and Z, until you find some- 
thing thar locks like the desired input 
impedance in the MPEDANCEAT INPUT. 
indication at the bottom. It takes a 
few trials to see a direction, but you. 
сал find a reasonable length of easily 
available open-wire 600.9 line that 
transforms the impedance to 50 0 for 
а coax ron to the transmitter. 

T was lucky to find an easy solution 

to this matching problem, perhaps a 
reason that this s а popular antenna, 
This will not always be the case. If 
this technique doesn’t result in а result 
that is easy to deal with, sometimes 
эп intermediate value can be found so 
it can be transformed to your desired 
impedance through a 3/4 transmission- 
line transformer. Even better for this 
antenna might be to use a 


as shown in the next section. It is also 
possible о try various nonstandard, 
but buildable line sections using the 
USER DEFINED TRANSMISSION LINE op- 
tion in TLW. 


‘The Half-Wave Loop 4:1 
Balanced-to-Unbalanced 
Transformer 

As discussed in Chapter 6, many 
‘antennas are naturally balanced with 
respect to ground, while coaxial 
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Fig %5 — Impedance o extended double Zepp transformed through 

‘empirically determined iine section. 

transmission lines ate naturally input whatever the load impedance can drive the antenna properly. The 

balanced. Sometimes the resulting is at ihe output. Itis often possible to two combine to form a 50 load 


discontinuity obtained by hooking an — arrange an antenna impedance tobe with one side at ground potential — 
unbalanced line to a balanced antenna a 200 £2 balanced load. As shown in perfect spot for connection to 500 
can cause problems of various types. Fig 9-5, half of the load, one side at coaxial cable. 

In Chapter 6, I mentioned the ‘ground or common potential, appears Note that the transformation ratio 
choke balun as a way to avoid the ef- on one end of the loop. At the other of 4:1 will happen for any load and 
fects of the unbalance. Another way endoř the loop it is 100 again and ^ any cable 2, The closer the cable Z, 
is through the use of a coaxial cabie in parallel with the 100 {Zof the other is to the hall load, the less rapidly Z 
loop balun, as shown in Fig 9-5. The side. Because of the phase difference МП change with changes in frequen- 
secret to how this works is hat a 3/2 of 180°, due to the 2/2 length of line. — cy, or equivalently, the less fussy the 
of transmission line repeats at iis the two sides are out-of-phase and balun will be about cutting accuracy. 


Review Questions 


9-1 You wish to feed two 50-0 impedance antennas in phase by joining their transmission lines 
together. How might you transform the resulting 25-0 to provide a close match to 502 trans- 

9-2. Repeat question 9-1 in a different way so that the impedance of the connections af the two 
“antenna feeds is 50 ©. (Hint — this will require two transformers.) 

9-3 Consider a 3/2 transmission-line loop balun constructed from RG-S8 coax cable and designed 
to feed a 10-MHz antenna with an impedance of 200 €. What will be the loss in the length of 
cable considering the resulting SWR? 

9.4 Repeat 9-3 for RG-213 cable? 
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Chapter 10 


Practical Two Element 
Antenna Arrays 


This two element array uses loop elements. 


Contents 
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The Double Zepp... 
Review Questions... 
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їз not much more difficult to construct two element (or even more) antenna arrays than to construct the dipoles 
described in Chapter б. In this chapter L will discuss a few classic two element antennas, and even toss in а simple 
four-clement array to set the stage for more complex antennas. 


The Two element Broadside Array 


H you suspend two dipoles, as in 
Fig 6-1, one above the other, you will 
make a simple broadside array. As I 
discussed in Chapter 7, by feeding the 
two in-phase, you focus the radiation 
towards the horizon (for free space) 
‘or for real ground move it more in 
that direction. 

Fig 10-1 shows the configuration. 
Note that have defined the height 
(b) as that to the array center, and the 


spacing (s) as the separation between 
the two elements, You can see the 
benefits of the configuration with 3/2 
spacing by looking at the solid trace 
in Fig 10-2 that shows the eleva: 


ical 
ground. A dipole also at a height of 
feet is shown in the dashed trace, 
Since you need a support of about 
15 fect to have the center at 50 feet, 
it seemed fair o also show a single 
dipole at that height. Из elevation pat- 
tem is shown in the dotted trace, Note p 30 
Ihat even though the peak of the dot- 
ted trace is at a lower elevation angle. 
han the peak of the broadside array, 
the actual radiation at every low 
elevation angle is stronger with the 
broadside array. The array has mulled 
‘out the vertical radiation, a benefit in 
some cases, especially if noise tends 
to appear from high elevation angles. 


Fig 10-1 — Details о! a simple two element HF 
broadside array. 


asit often does Mac Gan = 00205 ae m 
it were free space, without FRE = 10 ure збен 
It it were free sp EES 


around reflections that cancel at the 
horizon, the main lobe of the array 
would be more than 3 dB stronger 


Fig 10-2 — Elevation pattern of the 10 MHz broadside 
array (solid) compared with dipoles at 50 feet 


than citer dipole. In this real-world (беа) and 746 feet (dotted 

case the improvement is а bit 

than 2 dB, still worth doing. that you are actually feeding the pair * The connections are made in the. 
in-phase, This can be accomplished same direction. That is, both right- 


Putting the Broadside Array — |; hand dipole arms mast be con 


Together The transmission lines from the nected through the lines to the same 
Punting together a broadside array junction in Fig 10-1 to each dipole рой at the junction. If they are 

is something like puting up two di are the same type and the same reversed the dipoles willbe 180° 

poles. The main triek is to make sure length out-of-phase — a possible configu- 
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ton, but not what you want 
here. 


Hooking Them Up 


An interesting property of 
two parallel antennas is that 
their coupling due to proximity 
results in a mutual impedance 
that combines with each anten- 
туз sef-impedance to result in 
“new impedance at each feed 
Point. This effect will be found 
to seme extent for all mukiele- 
ment атау», For a broadside 
aray, the effect is that each 
рос impedance (that by 


To Trans 


E 


wel would be about 68 Rat | 77777777 


this height above ground) will 


,, ?ĩié5 a 


ee around 80.2 by the Fig 10-3 — Detalls of a simple HF end-fre array. Note 180° phase reversal is 
«эй of mutual coupling. If required at the junction point. 


You weet fed each antenna 
МАЛА of SO Q conx, the 
impoiance transformation due o the 
JV e discussed in Chapter 9 would 
"esiti n impedance atthe boom 
lesk line of 3125 2. This results 
în 15,6 Q when they are connected 

in parallel. The result is a fairly high 
{32:1 standing wave ratio for he 
unto he ranger if 50 Q coax is 
ше. 


InSearch of a Better Match 
There are a number of ways to 

comet the antennas and achieve a 

reasonable match to $0 (2 coaxial 

table. Two that ae almost painless 
areis follows: 

"Use readily available 75 (2 coax for 
the JA sections poing to each an- 
tenna The 2/4 transformation with 
30.2 at the input will result in 70 © 
foreach feed. This will combine to. 
make 35 ©, resulting in an SWR 
of 14:1. This is usually a work- 
able match, Note that with standard 
coax, the antennas could be only 
0339. apart (perhaps 0А 2. with 
foam dielectric coax). This spacing 
vall work almost as well as 42, bat 
will not quite cancel the upward 
Jobe and will have a bit less gain. 

+ Use 500 coax for the lines going 
о each antenna, bot make them. 
an electrical 22 long. The 2/2 
sections will both repeat he 80. 
atthe input for each feed. These 
will combine in parallel for 40 ©, 
resulting in an SWR of 1251 


With standard coax this means that. 
the antennas could be up 100.66 A. 
apart a spacing that provides even 
higher gain. 

Another way is sometimes en- 
countered. This one requires some 
саге to result in equal signals going 
to the two antennas, but does offer a 
simplicity that is hard to beat. If the 
two antennas are connected together 
via an exact 4/2 length of transmis- 
sion line that is reversed (upper shield 
to the right element arm, lower shield 
o the lef) the resulting signals to 
the two antennas will be in-phase. In 
addition, because the 2/2 transmis- 
sion line repeats the impedance of 
‘the upper antenna the impedance of 
‘the upper antenna will be repeated at 
the junction and the parallel connec- 
tion should result in an impedance of 
about 40.0. 

Ina similar way, а 13 section of 
transmission ine will also repeat the 
impedance of the upper antenna at the 
lower. This time the two antennas will 
be in-phase if connected to the same 
side of each antenna. This allows a 
spacing of up to 0.66 A, which should. 
result in higher gain and an imped- 
ance thal is even higher due to mutual 
impedance and thus a closer match to 
50 П coax at the junction point. 


The &JK, an Effective and 
Easy End-Fire Array 
The classic HF ема бее array was 


described by the late John Kraus, 
WAJK. Professor Emeritus at Ohio 
State University and the force behind 
one of the earliest radio telescope 
development efforts. The antenna still 
bears his сай sign and is called the 
“ЈК Flarıop Атау” 

‘The НЕ epd-fire array is just two 
dipoles at the same height fed 180° 
out-of-phase. Skyward energy is 
‘cancelled and ай available power is 
radiated towards the horizon. The 
original 8JK was designed using lon- 
ger elements, and ГЇЇ alk about that 
‘configuration again in the multiband 
antenna chapter. But for now. It’s 
look at the single-hand 2/2 resonant 

The baste configuration is shown in 
Fig 10-3. There is nothing surprising 
here, but as often the case, the devil is 
in the details. 


Hooking Them up 

A key issue is the mutual coupling. 
of the two closely spaced dipoles. 
Because the two elements are closely 
spaced, the mural inductance be- 
‘tween them has a significan: effect 
and reduces the feed-point impedance 
‘ofeach dipole to a very low value 
For example, at 0.12, in theory а 
spacing with high gain, the predicted 
impedance of each dipole is only 
around 6 Q. At 0.15 2. it rises to about 
12.5 Q, perhaps a value that can be 
matched more efficieatiy. 

If you feed each dipole with a 
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length of 50 f coax, the impedance 
at the end of each should be 200 A. If 
же combine them in parallel (remem- 
bering to revers the connections 
at one dipole to make them out-of 
phase) the result should be 100 2, 
Now you either can use 50 О coax 
жив an SWR of 2:1, or you can insert 
a Má section of 75 © coax und have. 
ап almost perfect match 500. 


An Easy Collinear Array 

"The arrays I have described so fac 
in this chapter have been designed 
to focus their energy at low radia- 
tion angles while still maintaining 
the wide azimuth pattern of a dipole. 
ui casy to make a horizontal array 
that doesnt restrict the езшп 
pattern, but instead has a sharper 
azimuth pattern to generate gain in 
the main lobe, This is accomplished 
by puting two (or more elements 
along the same axis, ог in-line as 
Shown in Fig 10-5, This configura- 
tion is called a collinear array. 


Fig 10-4— Elevation response of 
the 10-MHz half-wave end-ire array 
of Fig 10-3 with 0.15 1 spacing, 

50 feet above ground. 


S 
ЖУУ e e, , zemí 
Fig 10-5 — Configuration of two element collinear arra 


The minimum center-to-center 
spacing of 4/2 dipoles is 0.5 A and 
the resulting azimuth pattem of a pair 
of common З0-МН dipoles, 50 feet 
high is shown in Fig 1046. The sharp- 
ness and gain of the two-lobed pattern 
increases as the elements are sep’ 
rated, up to a spacing of 0.625 À, at 
which point the beamwidth is reduced 
10 40° and the gain in the main lobes 
increases to bit more than ah 
compared to а dipole (dB). Above 
that spacing, the sharpness of the 
mai lobe inercases; however, power 
also appears їп additional lobes, 

reducing the increase in main-lobe 
gain. This is illustrated in the azimuth 
plor shown in Fig 10-8 for a spacing 
of 12, The muti-lobed pattern can 
sometimes prove useful if you are 
trying to communicate with regions at 
different azimuths at the same me. 
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Fig 10-6 — Azimuth рапет of two 
‘element collinear array with center- 
ww center spacing of 0.5. 


Fig 10-7 — Azimuth pattern of 
wo element collinear array with 
center-to-center spacing of 0.8257. 


Feeding Collinear Dipoles 


As with other muli-clement 
systems, you must be concemed with 
the effects of mutual impedance as 
you try to feed collinear elements. 

As you might expect, the coupling 
between wires on the same axis is not 
very strong ard the effects are small 
except at close spacings. The real 
part of the impedance of each dipole 
goes up smartly at 22 spacing, 

is negligible foc spacings at 0.625). 
and greater. The reactive рап of the 
mutual impedance results in a need 
"o shorten each dipole by about 1% 

at close spacings in order to achieve 
resonance. The results are summa- 
rized in Table 10-1, Each dipole can 
be fed with equal length sections of 
506 line with reasonable (less than 
Эл) SWR at 50 © expected atthe 
junction. If 93 C cable is available, a 
MA transformer can be used to trans- 
form the impedance above 100.2, 
followed by 2/2 sections of $02 
cable so a pair of parallele feed lines 
will be just above 500. А 75 Q cable 
can do almost as well 


Table 10:1 


Summary of Collinear Parameters Compared to Single Dipole 


oc Spacing Gain (ав) 


Single Dipole 76 
osa 95 
05251 108 
10% 105 
“Broadside lobes олу. 


Gan (авд  Beamwóh 20) Long 
crete, 

o вв erf 100% 

19 se es EM 

32 we D 

29 zas б 100% 


Fig 10-8 — Azimuth pattern of 
two element collinear array with 
cantersto-center spacing of 13. 


Practical 2-Element Antenna Arrays 


105 


The Double Zepp 


те extended double Zepp (ED), 
discussed in Chapter 9 to illustrate 
transmissior-line transformation of 
monresisive loads, and its compan- 
on, the (non-<xtended) double Zepp. 
are two easy -to-implement collinear 
arrays. The double Zepp looks like 
а centered full-wave dipole, but is 
really two 22 dipoles, each end-fed 
‘in-phase with a single transmission 
line. The impedance at that point 

at resonance is quite high, around 
5800 © for a 10 MHz system of #12 
мге 50 fet high. 

Using our expression from Chap- 
ter for finding the impedance of 
23/4 matching section to match 
500, reveals that а 538 © line is 
needed. While you could consir 
that line, а common 600 Q line will 
transform the impedance to 62 0, 
yielding а usually acceptable SWR of 
12:1 for 50 © line, The configuration 
was shown in Fig 10-9. 

"The azimuth pattern of the double 
Zepp is the same as a dual-fed 
collinear with 0.52 spacing. The 
‘extended/-louble Zepp with its match- 
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ing section is described in Chapter 9. — to work well in most applications and 
‘The extended double Zepp azimuth is often casier to construct. 

pater is shown in Fig 9-3. Note that Notes 

the out-of-phase radiation from the 

center section of the extended double‘ Kraus, W8JK (SK), Directional 
Zapp results in a slightly ragged pt- Antennas with Closely-Spaced 
tern compared to the 0.625. dual-fed— Elemonis; OST, Jan 1938, pp 
collinear; however, itis close enough Lg 


Total Length 2 x 0.5 A Each Side = 1.0 A tota! 


Quarer-Wave Transformer 
wih Za of 800 0 

o Match Antenna Z to 
approximately 50 Q 


Fig 10-8 — Configuration of center fed Zepp version of two 
element collinear array. 


Review Questions 

10-1. Discuss the benefits and limitations of 2-etement broadside arrays as a 
means of focusing dition а low elevacion angle 

10-2, Discuss the benefits and imitations of element end-fire arrays, 

10-3, Consider the collinear атау of Fig 10-5, Why cam it be ed via a pair 
of à matching sections? 

0-6, What factors might you consider to decide between using an extended 
double Zepp and a dual 06252. spaced dual ed collinear pair? 
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Wideband Dipole Antennas 


The X-shaped spreaders on either side of the conter of. 
the wideband cage dipole at WiAW 
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What's the Story About Bandwidth? 


To date I have been discuss- Table 11-1 


r songs meen ai Bancwidths of Common Transmission Modes 
10 МН; Un important to recognize Mode Use Typical Bandit 


that any signal, except for a steady pm < 
carrier, includes sidebands around > bese аук 


the operating frequency. To avoid — ee ey 
distortion of the transmitted signal, (SSB Voice Communication Skee 
that are part of the transmitted signal EEE Rase ed 
oce c on 5 
Restriction n ре е 
ee 

or narrowband signals, usually Operation Across а Band ot аа operator can select any channel 
a noticeable difference is the SWR. Tnstead ofa single frequency of A change in the antenna system or 
a change in the power delivered: 15 ‘of operation include the Amateur frequency. 
the load, Depending on the loss o Radio service that allows operation 
. ыыы Do We Hae a Problem? 
increase in SWR can also result in an the radio spectrum. Another example А good example of such a band 
increase in line loss, also reducing the is the maritime radio service. is the US 80 meter amateur band. It 
power delivered to the antenna. Maritime HF operation occurs in extends from 3.5 to 4.0 MHz, a width 
Need? ‘and propagation conditions. Within a narrower percentage bandwidth, so. 


require different bandwidths to carry munication on a calling channel and If you can make 80 meters happen. 
the associated sidehands. Table 11-1 еп switches to one of a number of you can succeed on any other HE 


isa summary of common signal working channels to pass trafic. The © amateur band. 
types encountered in radio systems, selected working channel will depend n start examining the issue by 
along with their requisite bandwidths. on he type of service, category of booking at a good baseline configura- 
These bandwidths apply to a trans- distant station (shipboard, shore sta- оп — a 2/2 long thin wire dipole. 
mission system operating on a single tion, drawbridge or USCG, as exam- Iwill assume that you have a radio 
carrier frequency. While here are ples — each with different assigned system that can work into a 2:1 SWR 


many such single-frequency broad- groups of channels) and whether or 21 SO fr will use a standard dipole 
casters and communications systems, nat a particular channel is in use, so height of 50 fet, and find а length 
there are also many that require most stations must be prepared to hat makes ће SWR approximately 
‘operation on multiple Frequencies. operate on virtually any channel equal at the band edges. The result 
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is shown in Fig 11-1, The 2:1 SWR 
bandwidth is around 150 kHz, with 
2n SWR that rises above 5:1 atthe 
hand edges. It looks like something 
will have to happen to obtain an 
‘antenna that meets the require- 
ments — it Would take more than 
three separate dipoles of this simple 
design to cover the entire band! At 
around 130 fect in length, this is not 
a solution for everyone — besides, 1 
don't want to require the operator io 
have to remember to switch anten- 
nas in mid-operation as channels are 


changed. 


So What Should You Do? 

‘The first step is to observe that 1 
have posed a bit of a hurdle by not 
having an antenna that has an imped- 
ance of 50 Q at any frequency in the 
bund. Assume that I can design a 
wideband 69:50 © transformer that 
‘will transform the antenna mid. band 
load of 69 Q to the 50 © that the 
transmission line and radio want to 
see. There are a number of ways to 
do that, so please assume I have one 
at hand, The result is shown in the 
plot of Fig 11-2. Note that now can 
cover 200 kHz with an SWR of 2:1 
— I'm headed in the right direction 
but I'm not there yet. 

In Chapter 4, I discussed the 
relationship of antenna length-to- 
thickness ratio as it affects impedance 
‘change with frequency. Another tem 
for that is bandwidth. so let's explore 
that as a possibility. Using EZNEC, 
itis easy to adjust the wire diameter 
то get the SWR bandwidth I want. I 
find that by increasing che wire from 
#12 to 24 inches in diameter can 
achieve the desired SWR bandwidth, 
as shown in Fig 11-3. 

Using tubing for elements is quite 
common at higher frequencies. and 
thick-diameter tubing is found as 
material in a number of broadband 
VHF amenna designs. Unfortunately, 
‘even with the shortened length of 
the thicker antenna (from 127 to 
118 feet), hoisting that much thick 
tubing up 50 feet may not bea fea- 
sible solution, in spite of how easy it 
isto model. 


5s E 20 
577 

Fig 11-1 — SWR plot of 80 moter 

dipole of $12 wire at 50 foot. 


En 38 40 
БЕ 


Fig 11-2 — SWR plot of 80 meter 
dipole of #12 wire at 50 feet 
referenced to 69 0. 


n 


Fig 11-3 — SWR plot of 24 inch. 
diameter 80 meter dipole at 50 feet 
referenced to 69 0. 
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na 


Enter the Cage Antenna 


Instead of using tubing, you can simu- 


lac the current Во» on a be by providing Treue GG 


multiple wires along its length at some radius 
from the center. The more wires you have, the 
closer it will act like a piece of tubing. Con Shape еөз. 
sider an antenna made of four wires, equally 
spaced on the corners of а square with an 
8 foot diagonal shown in Fig 11-4, you 
achieve virtually the same SWR performance 
the 2 foot diameter tube, with much less 
weight, Additional wires will resul in a 
smaller cross section required, but a heavier 
Structure, A cage antenna of six wires about 
1 foot across was used at the US end of the 
fist amateur transatlantic communication 
back in 1923, 


Fig 11-4 — Details of a four wire cage antenna, 


A Two-Dimensional Cage — the “Fat" 
Dipole Antenna 


Instead of making a three dimensional skeleton of tubing, you can simplify things even further, by adding а paral- 
lel wire some distance from the first, The configuration is shown in Fig LL-S, The outside ends are both at the same 
potential, so they can be connected, or not as you wish, Wider spacing will determine the bandwidth for this band, but a 
spacing larger than about 1 foot doesn't change things much. I have made ап EZVEC SWR plot of such a dipole with a 
1 foot spacing, as shown in Fig 11.6 Compare this with the SWR plot of a single wire “thin” dipole in Fig 11-1 

While this configuration almost meets а 3:1 SWR goal, rather than my 2:1 SWR goal for 80 meters, when sealed it 
will cover any higher HF amateur band. Some radios, more tolerant of SWR, will work across all of 80 meters as well. 


aesan Sesong Resurs 
inter barawa 


=> 


à 
Fig 11-6 — SWR plot of an 80 meter 


Fig 11-5— Detalls of an HF two dimensional “fat pole with 1 foot spacing between 
dipole" configuration. wires. 
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The Conical Dipole and Fan Dipole 


Аа alternative to a large-diameter — and 11-8. The SWR plot in Fig 11-8 simplicity, since a single halyard can 


cinder antenna or its wire equivae — assumes the use of a transform easily hoist cach end, perhaps guided 
Jer, is a dipole made from conical mach from 4010500. Again, this by a spacer or two. | have selected a 
sections with their apexes at the doesn't quite meet my 2:1 criterion spacing of 4 feet at the ends for the 
center ofthe antenna. Again, metal across the band, but it is prety close SWR curve shown in Fig 11-10. As 


‘cones are feasible at VHF and above, and will work for bands with а band- you would expect, itis not quite as 
bul mechanically difficult at HE An be center frequency ratio of about 9%. | effective as the three-dimensional 
approximation to a cone can be con- By using a two dimensional version, but it may be sufficient for 
structed using multiple wires on each equivalent of a cone, you have he Many applications 

side of the antenna center. A five wire fae dipole shown in Fig 11-9. This 

configuration is shown in Figs 11-7 provides considerable mechanical 


ge aga Rests 


= 


езу на 
Fig 11-7 — Detalls of an HF "skeleton сопе" dipole 
configuration. 


Fig 11-8 — SWR plot of an 80 meter 


"тшшш" 


„ 
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Fig 11-10— SWR of an 80 meter fan 
Fig 11-0 — Detalls of an HF two dimensional cono dipole configuration with end spacing 
“fen dipole” configuration. of feet. 
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The Folded Dipole Antenna 


‘An interesting dipole varian is one 
called a folded dipole This is actually 
two dipoles — one fed in the center — 
and one fed at the ends, їп close proxim- 
ity to cach other, as shown in Fig 11-11. 
‘The combination of the two antennas 
results in two differences from the usual 
dipole: 

"The impedance is four times the im- 
pedance of а singe dipole — nominally 
280 О rather than 70  — s close match 
то common 300 £ transmission line. The 
bandwidth is similar to a dipole with 
wires of the same spacing; however, the 
folded dipole offers an opportunity to 
have such a dipole with a higher imped 
ance — especially beneficial in some 
kinds of arrays. 


Each Wire Leng, Approximately NZ 


3000 Transmission Line or 
= 6: 1 Transtormerto 200 


Fig 11-11 — Details of an HF folded dipole 
configuration. 


The Terminated Wideband Folded Dipole 


Antenna 


At wil likely not come as a surprise o 
‘anyone who has read this far that one way to 
have a wideband load on a trans 

connect it to a resistor. Unfortunately 
providing а good match, resistors don't gen- 
(rally radiate energy, except perhaps as heat, 
very effectively! 

An interesting combination of a resistive 
load and long connecting wires that does 
divide power between resistive heating and 
radiation from the antenna is called the 
terminated wideband folded dipole (PWED). 
"The configuration is shown in Fig 11-12. 
They can be made in different lengths: 
however, I have selected a 95-foot version 
for modeling. This antenna is available as 
а commercial product, advertised co cover 
the range of 3 10 30 MHz with a reasonable 
SWR. One look at the plot in Fig 11-13 
indicates that it appears to deliver on the 
bandwidth promise 
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Fig 11-12 — Details of a terminated wideband folded 
dipole (TWFD) configuration. 


En E 10 
Frequency e) 


— 


Fig 11-13 — SWR of 95 foot terminated 


wideband folded dipole (TWFD). 


Not surprisingly, there is a penalty 
associated with this type of antenna 
and that is in radiating efficiency. Any 
power that is dissipated in the resistor 
is not radiated and thus there is less. 
available than would be the case of an 
antenna made of conducting material, 
Fig 1-14 shows the broadside gain 
asa function of frequency. Compare 
these values to а 1/2 dipole over typi- 
cal ground with a broadside gain of 
least 7 dBi (increasing somewhat 
with frequency), and you will see 
tha there is a penalty of at least 4 dB. 
suring above its 22 frequency of 
around 5 MHz. Below that its penalty 
significantly higher, reaching about 
168 at 3 MHz 

The dip in broadside output at 
20MHz is due to pattern splitting 


"The antenna actually has a gain of 
around 4 dBi at 50° off broadside. 
‘This may or may not be an issue 
depending on how it is used. If the 

far end destination is the same at 

all frequencies, then this broadside 
null would make the antenna a poor 
choice if it always has to radiate to- 
wards the broadside direction — such 
as in a point-to-point automatic link 
enablement (ALE) system, which will 
be searching for frequencies that have 
good propagation and automatically 
‘witch equipment to an optimum 
frequency. 

In spite of the fact that many dedi- 
cated antenna fans don't like to see 
resistors in antennas, the TWFD may 
be a good choice in some applica- 
tions. At the lower portion of the HF 


Review Questions 


Fig 11-14 — Broadside gain of 95 foot terminated 
wideband folded dipole (TWFD), 


spectrum, received signal-to-noise ra- 
tio (SNR) is often limited by extemal 
noise, so a loss in the antenna system 
won't reduce received SNR. On the 
‘transmit sido, а government funded 
station may be able to just throw a 
switch to add 10 dB of power and 
more than make up for the antenna 
loss at many frequencies! Being able 
to change frequencies without worry 
ing about antenna operation is a great 
convenience, especially for untrained 
or stressed operators. 


*TLW is supplied with The ARAL 
“Antenna Book 21st Editon, 
availabe from the ARAL. 
Bookstore at www.arrlorg/ 
catalog! order number 9876 — 
$44.95, 


11-1. Describe some applications for which a thin-vire dipole would have 


sufficient bandwidth. 


11-2. What would be the likely effects of operating а 3.5 MHz transmitter 
no an antenna with an SWR as shown in Fig 11-1? 

11-3. Under what conditions might the TWFD antenna be a good choice? 
What are the penalties of using onc compared to separate dipoles for a number 


of channels? 
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Multiband Dipole Antennas 


Resonant circuits allow both these antennas to operate on multiple bands. 
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What Do We Mean by Bands: 


Inchis context, abandis a range of Table 124 
e Selected US HF Frequency Allocations by Service" (MHz) 
МЕ AM broadcast band, covering Amateur Aeronautical Maritime Broadcast 

550 to 1700 KHz, a range that is a 30-3166 

challenge or wideband antennas 32-34 
In addition, here is broadcasting эда 

throughout the НЕ region in multiple EN 

bands as shown in Table 12-1. Other 

services with multiple HF bands 1 

inde te Amateur Rai, meine Pev 

and aeronautical services. 

In he cue of services using HF 475-400 
allocations, it is common о have B 5005-51 
етан 646-673 
the same information, so that as the 59-62 
ionospheric conditions change a s- 626505 
tener can shift from а chanel in one 6525-6765 
band to a channel in another and stil 70-73 
maintain communication, In some 12-195" 
cases, s with a diversity receiving 8105-8015 
System using frequency diversity. 2815-9040 
this happens automatically In other 95-00 
cases a manual frequency change is юож-юл 
required Itis convenient e P 
tiple bands, While having a separate а dicii. 
antenna foreach band is a possibility. 1225-132 
it often в not practical from a real- A 
estate resource standpoint Z 

160-1635 
151-150 
1696-1741 
179-1808 
18008 1.100 
"968-195 
210-2145 
2145 -21.05 
2124-220 
2469-2499 
2507-2521 
2567-281 
20129178 
280-297 


“This shouldbe considered representative and по oficial. 
There ar som variations between alocatins in dierent regions ofthe word 
Аосазога go ot necessary mal usage. 

“Outside US олу. 

iva specie channels alocated in mis range, 
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What Does Multiband 


Tn our last chapter, we discussed wideband dipole antennas. It should be clear that if multiple bands are within the 
bandwidth of a wideband anteana, it could also serve as a multiband antenna. What I will be talking about in this chap- 
teris a group of dipole antennas types that can operate on multiple distinct bands — but not necessarily ll the frequen: 
cies in between, us would be the case with a wideband antenna. 


Taking Advantage of Multiple Resonances 


As noted in Chapter 4, particularly 
in Figs 4-3 through 4-5, at frequen- 
cies that are approximately odd 
multiples of a dipole's 3/2 frequency 
ıa dipole will show an impedance very 
similar to that at its 2/2 frequency. 

T you have allocations that include 
bands that are odd multiples of the 
frequency of other bands, you can 
take advantage of ibis to get an ad- 
ditional band for “free” As noted in 


"Table 12-1, most services have band p 

with, or close to, such a frequency 

relationship, Fig 12-4 — SWR plot of /2 dipole Fig 12-2 — SWR plot of antenna in 
‘As an example, consider the US for7.1S MHz, at a height of 50 eet Fig 12-1 with 15:1 transformer at 

amateur bands at 7 and 21 MHz (40 абое ground. feed point 


and 15 meter). IF you construct a 
12 dipole for 7.15 MHz, at the usual 
height of 50 feet above ground, you 
wil find that it has a 50 Q Suk 
curve such as that shown in Fig 12- 
While the SWR is very close to the 
usual design goal of 2:1 across the 
band, by inserting a 15.1 transformer 
at the feed itis even better, as shown 
in Fig 12-2. 


Matching a Dipole on Two 


Bands 
Now try fecding the antenna across Fig 123 — SWR plot of antenna in 
the 15-meter band. You would think Fig 12-2 over the 15 meter band. 


this should work just fine. Oops — as 
shown in Fig 12-3, things don't quite von end up with the result shown in design criterion. I is generally true 


work tht way. On 15 meters the Fig 12-4. Note that this assumes that that the tuning will be much more 

same physical height above ground the 1.5:1 transformer is designed to critical on the higher band, so tuning 
is three times as high in terms of work over he 7 10 21.45-MHz range Бете — perhaps with a bit of "Ken- 
wavelength than оп 40 meters. And — not usually a problem tweky windage” hack and fort — it 
otber factors have similar effects. The Now what is happening on our is often possible to come ap with an 
result ås that the antenna is mistuned original band — 40 meters? As ‘antenna with a satisfactory match on 


onthe higher band. By retuning the ^ shown in Fig 12-8, not surprisingly, it both bands. 
antenna for 15 meters in the EZNEC is not quite as good as it was before, 
model, shortening it by 1.4 feet, ut it comes very close to meeting the 
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Is That All There is to it? 

Ws fine to be able to properly feed 
‘energy into — and receive energy 
from — ап antenna on two bands, but 
you also need to consider where the 
energy goes to or comes from. Your 
antenna at a height of 50 fect will be 
bout 0.362 high on 40 meters and 
1.08 2 high on 15 meters. This differ- 
ence in electrical height means that 
the peak of the elevation lobe will 
move from 40° on 40 meters to 13° 
оо 15 meters. This will have implica- 
ions for your transmission range, 
because the 40" elevation is opt 
mum for medium ranges (say, ош to 
2000 miles) while а 13° takeoff angle 
will be best at Jonger ranges — it all 
depends oa tbe effective height of the 
ionosphere. 

Tn addition, the azimuth pat- 
tern will change from the familiar 
bidirectional “tigure-cight” patem 
‘of a dipole to a much more complex 
pattem, as shown in Fig 12.6 This is 
a characteristic of center-fed antennas 
‘that are used on frequencies above 
1. long. Note that, just as in the case 
of elevation angles, this may be either 
a benefit or liability depending on 


— — 
кш ш 
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“accuracy is required on the higher 
band. 
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Multiple Resonator Antenna: 


The use of antennas оп odd harmonic resonances 
is convenient, but will likely never cover all your 
‘multiband antenna requirements. There are a num- 
ber of approaches that can provide similar perfor- 
‘mance, usually at some cost in terms of additional 
complexity 


Parallel Dipoles for Multiple Bands 

‘One approach is to join multiple antennas 
together in the same space and using the same trans- 
mission line. This is generally referred to as parallel 
dipoles, and is shown in Fig 12-7. 

"The concept on which this is based is that with 
antennas at widely different frequencies, cach wil 
be resonant within its band and will have а suffi- 
ciety high impedance on other bands so it боем 
readily accept power from the transmission line. 
While this makes a fine story, and the arrangement 
is often successfully employed, there are two pitfalls 
that can limit the usefulness of this approach 
* In addition to the connected parallel impedance 

of he additional dipole, there is a significant 

mutually coupled impedance that may be hard to 
predict, It will range from negligible to significant 
эх the direction of the second dipole is changed 
from being perpendicular to, towards being paral- 
lel to the first 

+ While the impedance may be high, except for 
harmonic frequencies, i will generally be reactive 
resulting in а need to rene the antenna lengths 
compared to а single-band dipole. 

You must do some trimming to make everything 
work. The good news is that апу energy that goes 
into the off-bund dipole will be radiated, although 
mot necessarily in the desired direction. 


Parasitically Coupled Multiband 
Antennas 


A solution that is somewhat similar to the previ 
‘us parallel dipoles is actually another form of 
parallel dipole — in a different sense of the word. 
While parallel in the previous section referred to а 
parallel electrical connection, it is also possible to 
Couple from one parallel dipole to another tuned to 
a different frequency without direct connections. 
This is based on mutual impedances and is called 
parasitic coupling. See Fig 12-8. 

Several commercial manufacturers of Amateur 
Radio directive antennas for the higher HF regions 
have used this concept successfully. While the 
concept is simple, successful implementation may 
bea bit tricky. Modeling efforts indicate that spac- 
ing between driven and parasitic clement is critical 


Fig 12:7 — Configuration of parallel dipoles for two 
ands. 


А 


Fig 12-8 — Configuration of porasitically coupled dipoles 
for two bands. 


for successful operation. The spacing between driven (lower 
frequency) dipole and parasitically coupled element needs to 
be about 0.003 to 0,004 À to achieve appropriate coupling. 
‘The good news is that the coupled element doesn’t have 
much impact on the tuning or patter performance of the driv 
еп (lower frequency) dipole. The bad news is that the SWR. 
bandwidth of the higher frequency clement(s) is narrower than 
would be the case for a connected dipole on the same band. 
Adding additional bands in this way makes for additional 
interaction and complexity, although the promise of a compact 
and inexpensive multiband structure certainly seems attractive. 
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Antennas with Resonant Traps 


A paralll-resomant circuit has the with the additional capacitance of without traps, the trap acts ike a 
property that it has a high imped- che leads. This results in resonance — capacitor and thus tends to make the 
ance at ils resonant frequency, A high around 7 MHz. On the lower frequen- antenna look electrically shorter than 
impedance acts very much like an e the trap looks like an inductance, — its physical length. Since there are an 
insulator. By placing such a circuit on and it serves to act as if part of the an- infinite number of combinations of L 
each side of a dipole antenna atthe tenna became rolled up, resulting in a and C that can be resonant at any бе 
202 end points corresponding tothe sbortened overal electrical length. quency, itis possible to select a pair 
resonant frequency, the antenna ef- There's nothing to prevent the bar are resonant at 7.15 MHz and 
fectively ends there for that frequen- addition of other карз on each side take advantage of this property. Ches- 


су. Ata lower frequency, the parallel- io provide operation on additional ter Buchanan, W3DZZ, developed 
resonant circuit is no longer resonant bande, and you will frequently en- such a trap dipole in the 1950s with 
and looks like an inductance. The counter this, An advantage of this аш. resonances in the 80, 40, 20, 15 and 
configuration is shown in rangement over others to be discussed 10 meter bands — all the HF amateur 
Fig 12-10 shows the SWR plot of 1 that this method maintains the bands at that time.” Fig 12-11 shows 
such an antenna made forthe 80 and broadside response pattern of a dipole the EZNEC SWR plot of such an 


40 meter amateur bands, The traps оп each band — not the case with antenna. 
are made from 10 pH inductors in оте other multiband designs 
parallel with 50 pF capacitors, along On any higher-Frequency bands 
| | 
* ی‎ 
— 
сотта 
m — 


Fig 129 — Configuration of two-band trap dipole for 80 and 40 meters. 


we 


Franc ta 


Fig 12-11 — SWR of two-band trap 


Fig 12-10 — SWR of two-band trap dipole in Fig 12-9 from 10 to 32 MHZ 
dipole їп Fig 12-9 showing resonances ‘showing additional resonances on 20, 
оп 80 and 40 meters. 15 and 10 meters. 
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The Center Fed Zepy 


As noted in Table 4-1 and Figs 4-3 10 4-5 
and earlier sections of this chapter, you can 
use dipoles of electrical lengths other than 

эЛ effectively. The consequence of using an 
“antenna that isn’t resonant (or which is reso- 
nant but doesn't match the transmission feed 
line) is that you will need a matching net- 
work to couple power from the transmitter to 
the antenna system, I the matching system, 
generally called an antenna tuner, is located 
at the antenna itself, 50 © coaxial cable can 
be used for the run to the radio room. If the 
matching network is located near the radio 
equipment, particular attention must be paid 
to losses in the transmission line, since the 
SWR will be quite high on many bands. 

A popular antenna system for wide 
frequency coverage is one called a center. 
fed Zepp. This antenna is a variation of the 
antenna that used о trail behind Zeppeli 
airships in the 1930s. The antenna is not 
“wideband” in the same sense as previous 
examples. Instead, it has а feed impedance 
that varies widely with frequency, but which 
is compensated for at the radio end of the 
transmission line by a tunable matching 
network. The center fed Zepp can operate on 
all frequencies above (and even somewhat 
below) its 2/2 resonant frequency. 

"The concept of this antenna is to start with 
1/2 dipole at the lowest Frequency of opera- 
tion, as shown in Fig 12-12, Feed the dipole 
with low-loss transmission line and use а 
patching device at the radio end to adjust for 
‘whatever impedance is found on the frequen- 
ху you wish to operate. 

‘The design parameters for such an antenna. 
are based on 2/2 at 3.6 MHz and fed with 
100 feet of nominal 450 0 (actual Z, around 
400.0) “window” transmission line. The 
resulting SWR curve is shown in Fig 12-13. 
The resulting line losses are shown in Ta- 
ме 12-2. The dipole length in fct is found 
by dividing 468 by 3.6, resulting in 130 feet. 
1 will assume a height of 50 feet, reasonable 
for many locations with mature tes. 

Note that in spite of an SWR as high as 
12:1, the worst-case los in this low-loss 
transmission line is only around 0.5 dg 
hardly noticeable. By contrast, consider 
feeding the antenna with typical 50 О coax, 
which would be fine at the antenna’s 2/2 


Fig 12-12 — Configuration of center fed Zepp. 


Tabie 12-2 
Design Parameters for Center-Fed Zepp 

Frequency Antenna Zo Sn at h Line Loss (dB) 
38 вз-узә s4 0128 
ss ШЕ? 725 0176 
72 4259/1232 "s 0.389 
"a 105-395 124 оз 
142 167241816 94 p 
2 И oes 
283 эша + ¡006 m p 


w 


— мы) 


Fig 12+: 


3 — SWA plot (400.2 


reference) of center-fed Zepp. 
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resonance I you used lightweight RO-SBA cable for example, the SWR at 28.3 MHz would be 282 l. And the total 
Joss in the cable would be a staggering 10.5 dB — burning up more than 90% of the power in the transmission line, 
‘with less than 10% of the power actualy delivered o the antenna. 

Note the azimuth radiation patterns for selected bands shown in Fig 12-14 through Fig 12-17. At 7.2 MHz, where 
‘he antenna is about 1 Tong, the panem looks very much like what you would expect o se from а 12 dipole. The 
sharp-eyed observer will note that compared to that of 42 dipole, the lobes are sharper and the gain i a bit higher. As 
the electrical length moves above 1 A, he pattem gets significantly more complex. This can be a mixed blessing. On the 
plus side you get more gain and coverage into diferent regions оп the higher bands. On the other side, i you wish to 
communicate (or listen) to specific locations, you may wish you had the dipoles simple patter on every band. 

‘Another band-to-band difference is that a the sinl height of 50 fet, the elevation angle response i lower as the 
‘operating frequency is increased, This allows for longer rnge communication at higher frequencies, again a possible 
benefit, depending on requirements 


Max Gan = 102481" Frag = 102ME 


Fig 12-14 — Azimuth radiation ESTA 
pattern of 3.6 MHz center fed Zepp at pattern of 3.6 MHZ center fed Zepp at 
LO лол мн. 


— “ ты-ызмш — Fug сезм 
Fig 12-16 — Azimuth radiation Fig 12-17 — Azimuth radiation 
pattern ol 3.6 MHz center fed Zepp at pattorn of 3.6 MHz center fed Zepp at 
та2мна. 28.3 Mhz. 
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The G5RV Dipole 


"The GSRV. named for its late 
developer Louis Vamey, GSRV, is 

+ fed Zepp. 
ned the dipole 
wo be 1.52 long on the 20 met 
band, where it could achieve a mod: 
estamount of gain over a half wave 
dipole, and yet could also operate on 
other amateur bands with 

тилет. This approach is in contrast to 


most multiband single-wire dipoles 
described earlier, which start off with 
а half-wave-long wire at the lowest 
frequency of operation. The GSRV 

mploys a simple feed system using 
a transition between open-wire and 
coaxial transmission lines and has 
moderate SWR on bands other than 
20 meters 

The GSRV antenna has a "flat top“ 
length of 102 feet and Varney fed 
his with what he called а 20 meter 
matching section" of 34 feet of low 
Joss 300.2 TV-cibbon line, followed 
by enough 75.0. 
the transmitter. Most de 


oax to get down to 


Wrap-Up 


days use more comuonly avail- 


able 450. window line for the me 
34 foot matching section. 
Aplotofihe SWRofan EZNEC | 1® 


model is shown in Fig 12-18 for | so 
S0 coax. On 15 meters the SWR 
israther high, inencossof25:1,f0r | $ 
example. in the 20-meter band, the 
SWR rises as high us about 4:1 

1 have used a few GSRVs 
‘over the years and believe that 


their simplicity, more than their 
performance, accounts for their 
popularity. In my experience it 
is very difficult to adjust the two 
available parameters — fdp 
length and matching line length 
ıd end up with good SWR. 
performance on many amateur band 
"That being said, [have achieved a 
5:1 SWR on most bands and find that 
is low enough to use lov loss $0. 
соах if the runs are short enough. As 
Varney recommended, a tuner makes 


Fig 12-18 — SWR plot (50 £ reference) 
of GSRV dipole. 


lie easier atthe radio end of the feed 
line 


Itis clearly possible to use a dipole 
amenna ог its variants o achieve 
satisfactory operation on multiple 
hands. This can be very helpful to 
those trying to install ап HF station 
on a property of limited size. In addi 
tion, the ability to pot have to switch 
antennas when changing frequencies 
is a major benefit 

The downside is that while a 
single-band dipole is very easy to 
tune and place into operation, most 
multiband antennas (the center-fed 
Zepp is a notable exception) require 
considerable interrelated tuning steps 


to get everything working as antici 
pated 

There are other types of multiband 
antennas besides those based on the 
M2 horizontal dipole. 1 will discuss 
them in subsequent chapter. 


Notes 


тиу supplied with The ARAL Antenna 
„ 
бе ARAL Bookstore а www arr! 
zee order number 9876 — 
ta 

(© Buchanan, W30ZZ, “The Мыта 
‘inna System. OST, Mar 1055, Po 
22 
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Review Questions 


12-1, Why is a multiband antenna a benefit? 


Of the antennas described, which provides maximum signal strength in 
the broadside direction on all bands? 


123. What are the benefits of a multiband antenna with different azimuth pat- 
tems on different bands? 
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Vertical Monopole Antennas 


/ / | | 
та fa rom a monopole extends uniformly na rections 
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How Can Half a Dipole Work: 


If, by just looking at the name, 
you conclude that a monopole ought 
to be half а dipole — you'd be right! 
The hard part comes in understand- 
ing what happens to the other half 
of the antenna. The key is that a 
monopole is located adjacent to 
some kind of ground. How well it 
works is closely related to the nature 
of the nearby — as well as more 
distant — ground. 

The key to the operation of a 
24 vertical is that the electric field 
generated by a source driving the 
antenna terminates on the ground in- 
stead of on the other half of a dipole. 

13-1 compares the electric field 

of a vertically oriented 272 dipole 
in free space with tbe field of a 244 
monopole above a perfectly con- 
ducting ground. Note that the fields 
are identical in the region above 
‘ground, Not surprisingly, they don't 
exist below ground. 


Radiation from a Monopole 


The radiation elevation pattern 
ofa УА monopole over perfect 
ground is shown in Fig 13-2, With 

A "perfoct ground” both under the 
antenna and at some distance, the 
reflected and direct signals combine 
to result in maximum radiation at the 
horizon, justas you would have from 
a vertical dipole in free space, This 
‘condition У similar to what oc 
with a vertical monopole erected in 
эп ocean communicating to another 
vertical antenna in the same ocean 
тї distances at which the Earth is ap- 


proximately flat. For longer distances, 


the broadside signal will maintain 
its direction tangent to the Earth's 
surface, resulting їп long distance 
propagation if the ionosphere sup- 
pors that frequency. 


The Effects of Imperfect 
Ground 


Tn many cases, an ocean is not 
at hand and the reality of imperfect 


132 Chapter 13 


® 


Fig 13-1 — ALA, electric field lines of 
a vertical dipole. At B, monopole over 
perfect ground. 


13-2 — Elevation pattern of 
antenna In Fig 13-1 


ground must be taken into account 
‘The properties of real ground that 
change the way an antenna performs 
сап be characterized by its conductiv- 
ity and dielectric constant. These Yar 
widely by region, as well as by local 
ized conditions within a region. The 
ground has two distinct effects on the 
performance of a monopole. Many 
people confuse these, so it is impor- 
tant that they be clearly understood. 


The Ground as a Part of the 
Antenna Load 


To connect a transmission line 
(usually a coaxial cable) o а mono- 
pole, you have two connections 
to make. The center conductor is 
usually connected to the insulated 
monopole. The shield must be con- 
nected to something else — ground. 
This ground connection must сапу 
every bit of current that the mono 
pole does, in order for the antenna. 
to accept the transmitter power. A 
major hitch is that imperfect ground 
doesn't have а good GROUND termi- 
mal to connect to. 

To properly connect tothe 
ground, we need to connect to the 
region on which the electric lines 
of force terminate, This gener- 
ally requires bare radial wires ш or 
beneath the surface of the ground. 
Note that the “ground rods” often 
used for lightning protection and 
power neutral grounding connect 
largely below the surface, Because 
‘of the skin effect, higher frequency 
currents tend to flow near the surface 
of real soil. The resulting connection 

will have some effective resistan 
ots in the typical ground rod, less as 
more and longer ground radials are 
used near the surface. For the purpose 
of determining the power that actually 
reaches the antenna, the situation can 
be analyzed as ап equivalent circuit 

See Fig 13-3. 

At resonance. L, = C, and thus the 
resistance shown a R, represents 

the lad of the antenna itself, a if 

it were over perfect ground. This is 

called the radiation resistance of 

the antenna. Power dissipated in the 

radiation resistance becomes the 

actual power radiated by the antenna, 

The resonant radiation resistance of 

this ideal monopole is just half of that 

оГ a resonant dipole in free space, or 
жа 

R, represents the equivalent RF. 
resistance of the ground connection 


Fig 12-1 — Equivalent electrical circuit of monopole 


antenna over real ground. 


Power dissipated in this resistance 
ends up warming up the ground — 
not usually a goal of the antenna 
designer, The total power delivered 
by the source is thus split up into a 
portion that s radiated and a por- 
tion that is dissipated in the ground. 
The efficiency of a monopole can be 
dened as the fraction of the power 
delivered by the source that ends up 
being radiated by the antenna, For a 
current har lows in the circuit 
Power delivered is: 


(Re + Ro) a 
элле he radiated powers just 
Eq 132 


DELE 
Thus the resulting efficiency is: 
Nn = Ry Tn + Re) 24133 


around, the antennas effectiveness 
is a direct fonction of radial quantity 
The resistance of R, as measured by 
Jeny Sevick, WEM, ia typical New 
Jersey soil is shown in Fig 13-5. 

Note that the ground resistance ap- 
proaches Û O and thus the oral load 
Tesstance approaches the vale of R, 
5 he quantity reaches 100 radial 
This requires a large quinti of wire 
motio mentos a significam amount 
at effort with a digging tool; however, 
that is exactly what is done by most 
commercial AM broadcast sations, 
whieh are typical monopole users In 
addition. broadcasters tend to search 
out areas with hig conductiviy, o 
When you же such an amenna in а 
swamp. it srt just because the real 
estare cost was lout 

While it might be convenient to 


Fig 13-4 — Configuration of ground- 
mounted monopole with radial ground 
system. 


ase a small numberof radials, er's 
say thre, a look at Fig 13-5 indicates 
tbat the antenna impedance in his 
зой would be about 72.0. IF it were, 
in fact, 720, Ry would be: R=R, 
472-36) or 3692, The resulting ef- 
ficiency, per Eq 13.3, is thus 

3672 = 50%, corresponding toa sig- 
al Joss of 3 dB, or half your power. 
Note that a nice match to 

50 A cable occurs with 10 radials in 
this вой. While that is convenient, 
italso implies that R, = 1400 The 
resulting efficiency is thus 36/50 = 
724. ог a signal loss of 1.4 dB. 

For any desired efficiency, it is 
‘conceptually а simple mater to add 
around radials until R, is reduced to a 
value that results in an acceptable cf- 
ficiency, There is often an easy trade- 
of between the cost of increasing 

transmitter power and 
the cost of additional ra- 


Achieving High 


E 
Efficiency with а 
Ground Mounted E 
Monopole 

The usual ground s 
system for feeding power 


$ 


oa vertical monopole 
consists of buried radial 
wires extending out in ай 
dne from a point just 
beneath the base of he 
amenna. Sec Fig 13-4, The 
"udis wires ideally would D 
be uninsulated to make 

maximum contact with the 


p- 
б 


ava | dials. While the efficien- 


im 


су impacts both bannt 


in the lower HF region, 
the receiver performance 


| ҮШҮ =ч 


is generally Limited by 
received noise, which is 


reduced along with the 
desired signal, making 


the improvement moot 
"There are some 


services, for example. 
Amateur Radio, in which 


3 3459706 20 HHT 10 


Notare Rasa 


government regulations 
limit transmitter output 
power. In that case, once 


Earth's surface. Each radial 


SyplalyM40%2in Gig 134. 


Fig 13-5 — Measured resistance of resonant. 
function of the number of buried radials 


let Over typically lossy over typical soll 


the limit is reached, 
improving antenna ef- 
ficiency may be the only 
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тусн Height 
Maa art 


Fig 136 — Configuration of a 
monopole with an elevated ground 
system. 


choice in order lo achieve optimized 
transmit effectiveness from a mono- 
pole, There may be other issues to 
deal with. T once worked on an off- 
Shore system with vertical monopoles 
in which some local nationals would 
steal the radials at night to sell for 
scrap. There, we had а distinct incen- 
five to find a way to optimize using 
fewer radials! 


Achieving High Efficiency 
with an Elevated Monopole 

A typical ground system for feed 
ing power to a vertical monopole 
suffers from the losses due to the con- 
ductivity of imperfect soil. One way 
to improve on this isto elevate the 
monopole above ground and create an 
geh ground structure with mini» 
‘mal losses, This can be accomplished 
by having multiple resonant insulated 
radials, each tuned to be À/4 long, at 
some height above real ground, 

Usual practice is to have the radials 
at east foet above ground to avoid 
human strangulation or deer antler 
interference (some arcas may require 
‘greater heights or perhaps fenc- 
ing). The configuration is shown in 
Fig 13-6. If raised well above the 
Earth, this antenna is called ground 
plane and is quite popular as а VHF 
Omnidirectional lied sulle antenna, 

A monopole with an elevated 
ground system approaches the effi- 
ciency of a ground-mounted mano- 
pole with a large number of bored. 
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radials. Unfortunately, some of 
the beneits of the monopole are 
Jost in the process, including its 
Jow visibility and lack of required 
dedicated real estate, Consi 

стей from another point of view, 
a monopole with four elevated 
radials requires exactly the same 
hardware and number of supports 
as two dipoles, no counting the 
monopole itself. If the supports 
сап be made somewhat higher, in 
том! cases (except perhaps on the 
‘oceanfront the resulting dipole 
system will be more effective. 


The Ground as a Reflector 

and Attenuator for the Far 

Field 

A somewhat more subtle, but 

‘often much more significant, 
round effect occurs particularly with 
respect to the low angle reflection 
leaving the monopole. We often 
select a monopole because we would 
Like long-distance propagation by 
low angle radiation; however, ground 
conductivity impacts us in two ways 

Lossy ground actually slows down. 
the radiation in contact with the 
arth’ surface, resulting in a tilt to 
the wavefront that makes it stay in 
closer contact with the ground for 
greater distances before it is launched 
nto space. This effect can be of 
benefit to medium-wave AM broad- 
casters, who obtain extended ground. 
wave coverage as a result 

For those interested in the wave- 
front leaving the surface and launch- 
ing skyward, the extended proximity 
то the lossy ground results in signals 
being attenuated by heating of the 
round. This is compounded by the 
fact that Jossy ground is a less effec 
tive reflector than a perfect ground 
‘or an ocean, so that the reinforce- 
ment at the horizon that we would. 
like from the reflected wave is less 
effective than it might be. 

Unfortunately, once we pick an 
antenna location, the ground at 
some distance from our antenna 
is even less under our contral 
iban that underneath the antenna 
The result of lossy ground in the 
vicinity of the antenna can be seen 
in Fig 13-7, an EZNEC predic- 
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Fig 13-7 — Elevation pattern of 44 
monopole over typical ground. 


tion of a monopole with eight radial 
over typical ground, Note that, unlike 
Же perfect-ground case, shown in 
Fig 13-3, there is no resultant radi 
tion at the horizon nd al the low. 
angle radiation is reduced. 

You can construct an extended 
ground system extending many 
wavelengths from the antenna base to 
Support the very low angle radiation: 
however, the amount of real estate 
зоди js quite large. 1 have ееп tis 
done on one occasion and it worked 
well; however, it made use afan 
abandoned Air Force base, and had 
(surprise) a large budget. 

T is interesting to compare this 
typical monopole with a dipole at 
Че same height as the top of the 
monopole (2/4, The two patterns are 
shown together in Fig 13-8, consid- 
ering the broadside response of the 
dipole — srt quite omnidirec- 
tional, even at this height. The dipole 
has about the same signal at the low 
angles, in is best direction, as well as 
considerably more at the high angles 
“The reason for this comparison is 
that you clearly can get at least one 
support shat high! OF course, a higher 
dipole would have sigafieandy more 
Jow angle response. 


Fig 13-8 — Elevation pattern о! 
VÁ monopole over typical ground 
‘compared to horizontal dipole 3/4 
‘above typical ground. 


"The monopole has а mull directly overhead — which is the dipole's mari- 
‘mum elevation angle — sometimes an advantage for either antenna, depend. 
ing on your Objective, In some cases, received noise comes from medium 
range sources that propagate at high angles. This aften provides a significant 
advantage in received signal-to-noise rato if he desired signal arrives at a low 
angle. Tn this application. the monopole shines, although there are even mace 
capable antennas that will be covered later in the book, 
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A ground-mounted vertical monopole may be a logical choice for an HF antenna. especially if omnidirectional cover- 
эке Ь desired. It often can be less obvious aesthetically than a horizontal antenna, and perhaps even be disguised as a 
flagpole or a rain gutter. A vertical also takes up very little eal estate — once the ground system is installed, of course. 
Takko can really shine in performance — especially if its hase s right a the water's edge, 

Monopoles are quita useful as elements in multielement НЕ arrays, as will be discussed in the next chapter. They offer 
the possibility of effective electronic beam steering in azimuth — often dificult to do with other types of elements 


Review Questions 
12-1, Under what conditions сап а ground mounted monopole be more effes- 
tive than horizontal antenna? 

132. What are the major disadvantages of a monopole? 

13.3. What problem does a monopole with an elevated ground solve? Why 
might it not be a good trade-off? 
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The fields from multiple monopoles can be combined to add in desired 
directions. This array uses four vertical elements on corners of а square. 


Contents 
Arrays of Vertical Monopole Antennas. 142 
Lining Up Elements о! a Vertical Array 142 


Feeding Driven Arrays... 
Chapter Summary .. 
Review Questions... 


of Vertical Monopole Antenna 


One ofthe benefits ofa vertical monopole discussed in the previous chapter i its omnidirectional azimuth radiation pat- 
tem, This is ideal in some applications, such as broadcasting or for a base sation that needs to communicate with mobile 
stations in many directions. The other side of thar coin is thal the radiation intensity in any particular direction is less than 
would result from most horizontal antennas with their limited azimuth coverage. However, by using multiple monopoles 
arranged in arrays virtually any desired azimuth coverage can be obtained with resulting gain in desired directions, In some 
‘cases the same physical antenna array can be sired in different directions in response to changes in requirements 


Lining Up Elements of a Vertical Array 


Fig 102 
‘Azimuth pattern 
ofa broadside 


12 spacing 
(dashed пле) 
‘compared to. 

that of a single 
monopole (solid 

Teo Even Da Phase fine). 


Fig 14-1 — Configuration of a broadside array of two 
monopole antennas. 


‘The directivity of an array of monopoles will be determined by the quantity, 
spacings and phase differences of the applied signals. T will discuss a number. 
of different cases, starting with perhaps Ше most straightforward. 


Two Element Broadside Array 


This ewo-loment Gould атау consi of eva monopol 
by equi ee gte Fig 141 dum ts comieron Ths 
sigas combine at maximum srengt along а line equidistant from 
coop vá piel ey азанап 
ied GE ene 

. of uch t ашау wa cing ГАУ 
.... dos ola it pla, Tu 
patera lee e оаа taii ARES 
Effects of ground conditons chin to cfňiency and arc ground 
e la pros rb e 
Ala acota ment эше, йш age шора iaa. 
loc omen taped So is le mena 

Noe are нра аро na seca uela athe málo 
bee deseris vier pian wid dk m igi 
ISI)" cu phase by e time entes he other elemen. This 
meus wa die al ong he ne buses le coment, Ium 

At spacings below 242, the null fills in and the reduction in side- Fig 0 — Azimuth pattern of a brosdsi 
TTT 
spacings greater than 2/2, the side radiation actually increases — toa line) and A (dashed line). 
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maximum at a full à, since the energy 
arriving at the other elements is now 
360° out-of-phase, which is the same 
as being in-phase. Above 142 spacing, 
arrays have significant lobes at other 
azimuths, and thus most systems use 
spacings less than 4/2. One exception 
isa spacing of 528, which offers the 
‘maximum broadside gain at a cost of 
some spurious lobes. ks azimuth pat- 
tem is shown in Fig 14-4. 


‘Two Element End-Fire Array 

Just as in the case of horizontal 
dipoles, two monopoles fed equal 
currents 180° ош of phase as shown 
in Fig 14-5, will have no radiation in 
the broadside direction. For spac- 
“ng less than A, maximum gain is in 
the plane of the elements, The gain 
increases for close spacings. The 
coupled mutual impedance subtracts 
and thus reduces tbe impedance at 
each element. Fig 14-6 shows the 
pattern for spacings of 42 and 3/8. 
Any additional gain is small 

1а most cases, spacings of less than 
about 348 start to show losses due to 
Фе low impedances tht may offset 
the additional gain dne to directiv- 
Яу. Fig 14-7 shows the impedance of 
both broadside and end-fire arrays as 
Action of element spacing. 


Two Element Cardioid Array 
An interesting and useful array is 


one in which the elements are spaced 
ЭА apart and fed 90° out-of-phase. 


Fig 14-4 — Azimuth 
ранет of a broadside 
array of two monopole 
‘antennas with 5/8 
‘spacing. 


By the time the signal from the 
delayed element reaches the element 
with he leading phase, its phase is 
now 90° later and the two signals are 
in-phase and add, The signal from the 
leading element, on the other hand, 
reaches the lagging element with a 
delay such that the lagging element is 
now 180° behind its phase and thus 
they cancel in that direction, The 
result is a very useful unidirectional 
pater with a deep null to the rear, 
as shown in Fig 14-8. A transmission 
line section with an electrical length 
ГУА can be used to yield tbe desired 
90° delay. In some configurations the 
feed line can be remotely switched 
between the elements to provide 
reversible directionality. 


Fig 14-6 — Azimuth pattern of an 
'end-ire array of two monopole. 
antennas with 1/2 spacing (solid) 
‘compared to 1/8 (dotted). 


Spacing 
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“Two Elements Driven 180° Outot Phase 
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Fig 14-5 — Configuration of an end-fre array of two monopole 


antennas. 
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90" phase shit. 


Feeding Driven Arrays 


“There is an issue that shouldbe and phase. They often have remote Steering the Beam From an 
raised at his point boot feeding measurement systems to determine Array of Monopoles 
complex driven arrays, Any that aro the field strength in different мы yini 
not fed either in-phase or 180° out-of- directions to ensure that the Р eda 


extreme cases of feeding two driven 


phase require special attention. The adjustments are correctly made. Senne sements, In addition, 
pattems shown assume equal currents . A property of odd multiples of 4 termediate phasing of elemenis can 
in each element at ће desired phase, lengths of transmission lines is that, be used to steer a beam in virtwally 
We have mentioned that elements it fed in parallel, they will deliver ° any direction, By delaying the phase 
have mutual coupling between the identical currents to their loads ofthe signal to one element, i is 
them that change the driving-point — even if the load impedances (e eh equivalent to physically 
impedance to that of the antenna foreach line are different. This moving that element hack (or the 
element itself plus or minus the property can be used in some other one forward} by a distance cor- 
‘coupled impedance. This means. arrays to force identical corrents responding to the signal delay, 
that unless the resulting impedance to multiple element. (Sec Chapter Consider a signal delayed some 
ofeach of be elements is the same, 8 in Jate editions of The ARRL ааа wavelength, hb ot 
there wil) not be the same match Antenna Book for details.) 


10 the transmission line and thus 
‘unequal currents as well as the 


possibility of unanticipated phase 
shifts, if the clement impedances have ка йыйын 
Teactive components bs 
"There aro number of ways to y Y y 
del wit is sve. many ышы ihe РА 
scope of is boo, bata ew staid М2 
provide examples of some current we 
m — 


+ Many AM MF broadcast ations 
‘use multielement phased antenna 


arrays to reach selected regions of M 
customers or to avoid interference u 
to other users of the same channel Ý 


‘They generally have adjustable 
matching networks at the base 

of each element to allow precise 
adjustment of current amplitude 
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Fig -9 — Configuretion of a broadside array with delayed phase in one 
element to steer beam by about 10°. 
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Fig 14-10 — Azimuth pattern of the 
steered array of Fig 14-9. 


amplo 1/12 or 30°. Ata wavelength 
0030 meters, that corresponds to a 
distance of 30/12 or 2.5 meters. Our 
elements are spaced 3/2 ое 15 meters 
apart. This is equivalent to shifting 
the axis of the antenna by an angle of 
an (25/15) or 9.6" Sce Fig 149. 
‘Te resulting pattern is shown in 

Fig 14-10. 

Tr mary applications, itis desired 
to have a steered unidirectional pat- 
tern. The steered array of Fig 14-9 
can have addidonal elements be. 
hind them, phased by 90° from each 
ofthe originals, to result in a pair of 
агй arrays with a beam steered 
as shown in Fig 14-11. 


Arrays With Unequal 
Currents 

So far, all of the arrays examined 
have been fed with equal currents. 
Teis is generally the case with 
pairs of elements, or pairs of pairs, 
asin the стей Сатай array in 
Fig 14-11. In the case of larger ar- 
rays the width of the array often 
exceeds 2, resulting in undesired 
directions at which signals from the 
futher apart elements add in-phase. 
Consideran array consisting of eight 
vertical monopoles each separated by 
V with the iment of feeding them 
in-phase to obtain а narrow high-gain 
beam broadside to the array. The 
azimuth pattem of such a system is 
shown in Fig 14-12, 

Note that the design objectives 
ave been met. The main beam is less 
than 26" wide on each side and the 


gain is 12.5 dBi, a very respect- 

able signal. Notice something 

else, the spurious sidelobes, These 
have cropped up because of the 
in-phase combinations of the outer 
elements at 45° off axis оп each 
side. For many applications these 
extra lobes are a small price to 
pay for the additional gain of the 
larger array. There are some ap- 
plications, however, in which such 
types of sidelobes are completely 

"unacceptable. For example, in a 

radar system with a rotating an- 

tenna, a single айстай would seem 

10 appear a different azimuths 

(ith different strengths), resulting 

in false alarms and mistargeting of 
weapons. A modem digital system 
with processing can be used to 
eliminate the false targets however, 
itis also possible to eliminate them 
through a change to the antenna de- 
sign based on adjusting the currents 
in each element, 

‘The resulting system is called a 
tapered current distribution. The 
idea is that the currents delivered 
то the outside elements are reduced 
ina systematic manner to deem- 
Phasize their contributions to the 
sidelobes, while still providing 
some contribution to the desired 


Linear taper — ihe corrents in 
each element are reduced linearly 
starting in the center and tapering 
down towards each end. The slope 
of the taper can be adjosted with a 
steep slope having the most benefit, 
but also reducing the gain of the 
main beam the most. Fig 14-13 
shows the effect of applying a taper 
of 1, 2,3, 4,4, 3,2, 1 across he 
array. Note that the sidelobes are 
almost, but not quite, gone. The 
beamwidth has increased by about 
7^ and the pain s down about | В. 
Binomial taper — The use of. 
binomial coefficients as a tapering 
fonction can be shown to viru- 
ally eliminate sidelobes, albeit at a 
greater cost in desired characteris- 
ics, The binomial coefficients for 
an B-element атау are 1,7,21, 35, 
35, 21, 7, 1. The azimuth pantern of 
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Fig 14-11 — Azimuth pattern of 
the steered array of Fig 14-9 with 
‘added cardioid shaping elements. 
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Fig 14-12— Azimuth pattern of 
eight element broadside array with, 
ип йот current distribution. 
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Fig 14-13 — Azimuth pattern of 
eight element broadside array with 
linear tapered current distribution. 
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‘such an array with that current distribution is shown in Fig 14-14, Note that 
there are very low sidelobes; however, he deep side nulls are gone and the 
‘beamwidth is significantly wider, reducing the gain. 


Binomial Coefficients. 


Binomial coefficients are frequently encountered in antenna (as well as 
filtering) systems. They are the constants preceding each variable term found 
by performing the algebraic raising of a binomial to а power as in (a + by. 
For example, Га =2, (a + ЫЎ = 1 x a +2 каа x + 1 x bê, and the coefficients 
are 1,2, Î. I= 3, (а + 1 x a" +3 xa xb +3 хах D^ 1x0), and the 
coefficients are 1, 3, 3, 1 

While the coefficients сал be determined by algebraic multiplication, a 
shortcut is to observe thar if they are put above each other starting with n=! 
апу coefficient can be found by adding the term above to the one to the left of [Mar eee Fog. = 10NE 
the term above as in the following: 

„1 Fig 14-14 — Azimuth pattern of 


121 sighi element broadside array 
1331 uth binomial tapered current 
1,4,6,4,1 == 

1,5, 10, 10,5, 1 

126, 15.20, 15.6.1 

1,7,21, 35,35, 21,7, 1 

and so on. 


Chapter Summary 


"This chapter has introduced some interesting and significant concepts in the capabilities of antennas, We have seen 
that multiple vertical monopoles can have their patterns shifted in various ways — broadside, end-fire, cardioid and even 
towards almost any azimuth by shifting the relative phase of the currents in each element, This allows the possibility of 
electronically steered antenna arrays, а very powerful tool in the toolbox of the antenna designer. 


Review Questions 

14-1. H you feed two monopoles with equal lengths of coax cable, which 
жау will the pattern point” 

14-2. 1f you add 442 section of transmission line to one of the monopoles 
in question 14-1, what change will occur to the pattern? 

14-3. f you feed two monopoles space 2/4 With equal currents 90 out-of- 
phase, what happens to the resulting pattern? 

14-4, Why might you want to feed a large алау with noo uniform element 
coment? What are the trade-offs involved? 
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Practical Multielement Driven 
Arrays 


These multiple elements are combined to achieve an omnidirectional pattern. 
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Practical Multielement Driven Arrays 


1n earlier chapters have discussed a number of arrangements of horizontal and vertidal elements used as single and 
„mulielement antenna arrays. Almost any combination of them, in almost any quantity, can be (and probably has been) 
used о consiuctancennas that meet specific requirements. In this chapter T will discuss how principles described in 
preceding chapters have been effectively used to construct some classic antenna arrays. 


The Bobtail Curtain Array 


One of the simplest, 
and perhaps oldest, three 
element vertical monopole 
arrays is called a Bobtail 
Curtain, It consists of 
three vertical monopoles 
fod in-phase to form a 
broadside атау with a ta- 
pered current distribution. 
“The construction shown. 
in Fig 18-1 is deceptively 
simple, but it has some 
unusual features in spite of 
its simplici 

"The three monopoles 
are fed via a single con- 
nection to the bottom 
‘of the center element. Note that the 
uter two verticals are not connected 
чо ground, This makes the bottoms 
the high voltage end of each outer 
‘monopole. The center vertical also 
«exhibits а high impedance at the bot- 
tom, by virtue of its being connected 
to the other two through the lengths 
specified. It thus requires а transfor- 
mation to match to low-impedance 
transmission line, In its earliest days, 
this transformation was generally 
accomplished with a link-coupled 
tuned circuit. The link would form. 
the low-impedance driving point, 
‘while the resonant circuit would be 
resonated at the desired frequency. 
The antenna was connected to one 
‘end of the paralcl-taned resonant 
circuit, and there was а connection 
to a ground system on the other end. 
‘These days, a weatherproof remote 


automatic antenna-tuning шй is com- 


топу used for matching, 
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Fig 15-1 — Configuration of a Bobtail Curtain three 
element monopole broadside antenna system. 


“The high impedance feed results 
їп the maximum current being at the 
тор of each monopole. This raises 
the area of maximum radiation away 
from ground and makes the efficiency 
somewhat less dependent on the 
conditions of the ground beneath the 
атау. The effect of groond condicions 
beyond the near field is still the limit- 
ing factor for far-field radiation in the 
fac field, as with any vertical HF ar- 
ray. Note that having the high-voltage 
end near the ground suggests that 
proper protection should be employed 
o avoid accidental contact by humans 
(r animals during operation. 

The low impedance point at the top 
of each outer vertical is connected 
їп parallel to the center one through 
272 section of wire, so the imped- 
ance is low again at the connection 
Point. Because all the current slows 
up the center element and then splits 
10 bead towards the outer elements, 


each outer element has half 
the current of e center. 
‘Thus we have the kind of 
taper described in the last 
chapter. Note that with 
three elements, the taper 
will be 1 —2— 1, which 
сап be considered either a 
linear or a binomial taper, 
if you worry about naming 
such things! 

"The horizontal wires 
would also radiate, but 
because they are cam; 
ing identical currents in 
‘opposite directions, their 
radiation broadside to the 
elements cancels, while the nulls 
from the ends largely takes care of 
the rest. 

Because there is a low impedance 
at the top, itis also possible o feed 
the junction at the top of the cemer 
clement directly with а low-imped- 
ance transmission line, This is not 
usually done, however, because itis 
often difficult to install a transmis- 
Sion tine without coupling it to the 
other portions of the antenna. The 
‘modeled impedance at that points a 
close match to the usual 50 $? couxiel 
cable, although there really isn't quite 
a ground at that point, so an isolating 
choke or balun would have to be em- 
ployed to keep common-mode сштеп 
off the coax shield. 


How Does it Work? 
The Bobtail Curtain is quite 


rective, as shown in Fig 15-2, with 
significant gain compared to a single 


monopole. The sharpness of its 
azimuth pattern makes it well suited 
for point-to-point links, Or you could 
use a number of Bobtail Curtains 
for wider coverage — especially if 
multiple supports are available. 

The large horizontal section might 
make a reader wonder about the rela- 
tive benefits of this antenna compared 
toa full-wave center-fed horizontal 
antenna hanging from the same sup. 
ports. The horizontal antenna has. 
‘almost the same azimuth patter, 
as shown in Fig 15-3. However the 
choice between the two is clearly 
highlighted in Fig 15-4, which com. 
pares their elevation patterns over 
typical ground, Note that the horizon- 
fal antenna actually has a higher peak 
кайп; however, itis generally directed 
at higher elevation angles. Note that 
the gain of the vertical curtain is 
significantly higher at lower elevation 
angles. The choices are thus 
"If you are designing an HF system 

for medium-range communication 

(typically 1000 miles or less) by 

means of Near Vertical Incidence 

‘Skywave (NVIS) propagation, the 

horizontal system would be more 

effective. 

*On the other hand, if you want 
longer-haul communication at low 
takeoff angles, the vertical array 
will both provide stronger signals 

near the horizon and reduced n- 

tesference and noise from closer-in 

stations and noise sources, ohen a 

limiting factor in reception. 

For many installations seeking 
long-haul propagation, the issue often 
becomes height of available, or fea- 
sible, supports. At the lower frequen- 
cies in the HF or MF region, even 
144 heights can be challenging, and 
a horizontal antenna capable of pro- 
ducing low-angle radiation requires 
heights well above 2/2. For example, 
11.8 MHz a 72 high antenna would 
be 273 feet high! 
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Fig 15-2— Azimuth pattern of a 
Bobtail Curtain array at 10° elevation. 
angle over typical flat ground. 
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Fig 15-3 — Azimuth pattern of a 
Bobtail Curtain (solid lino), compared 
10 a full-wave center-fed horizontal 
antenna (dashed line) over typical flat 
‘ground at 30° elevation. 


ТЕШТЕ 


Fig 15-4 — Elevation pattern of 

ıa Bobtail Curtain (soli line), 
‘compared to a ful wave centered 
horizontal antenna (dashed Jine). 
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The X-Array Antenna 


Another simple array to construct 
is the combination collinea-broad 
side system known as the X-Array 
‘This antenna, shown in Fig 15-5 is 
made from four folded dipoies fed 
in-phase. The dimensions between 
the elements ae not terribly critical; 
however, those shown result in a good 
balance between gain and a clean pat- 
tem. They also result in a combined 
drive- point impedance of close to 
500, a good match to coax, if each 
element feed line is an electrical full 
wave and the parallel combination is 
fed through a balun to transition from. 
balanced-io-unbalanced feed lines. 


Building an X-Array Antenna 

The only critical рап of construc- 
tion of this antenna is to make sure 
that all elements are tied together in- 
phase, This means the all right-hand. 
Side element connections need to be 
оп one side of the combined feed, 
‘while all left-side connections be on 
the other. Note that because the (wo 
wires in each folded dipole ме at the. 
same phase, it doesn't matter if tbe 
connections are to the top or bottom 
wire of the folded dipole elements, 

By having the individual element 
feed lines typically 300 Q line is 
used) be exactly one electrical wave- 
length long, the folded-dipole feed 
impedance is repeated at the junction 
point. The effects of mutual coupling. 
reduce the folded-dipole impedances 
so that the combination is very near 
500. 

You can make construction and 
materials provisioning easier if both 
antenna elements and dipole feed 
lines are all made from 300 Q ТУ 
type twinlead or amateur type win- 
deo tine. You should limit the use of 
TV twinlead to low-power transmit 
ters. 


X-Array Performance 
Azimuth and elevation patterns 
for an X-Array with elements at 5/2 
and a full wavelength above ground 
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Fig 15-5 — Configuration of an X-Array of four 
folded-dipole 


‘elements. 


are shown in Figs 15-6 and 15-7 
respectively. Note that the benefit of 
the ground reflection adds signifi 
cantly to overall gain, as compared 
o vertical arrays, such as the Bob- 
tail Curtain. 

While the Bobtail Curtain is 
often employed at the lower end 
of the HF spectrum, the X-Array 
isan antenna best suited for the 
upper portion of the HF region into 
VHF because it requires significant 
vertical spacing. The antenna mod- 
led for the following plots had the 
lower element at a height of ^2 and 
the upper element another 1/2 high. 
Ata 10 MHz modeling frequency. 
this represents a height of about 
100 feet. While that height can be 
accommodated, the expense of two 
towers of that height argues for 
antennas hat can be supported by а 
single support, such as will cover 
in later chapters. 

AL 30 МИ», the top of the НЕ 

a height of 30 feet will do 

the trick and is not nearly as daunt- 
ing. Existing trees or buildings can 
often be used to good advantage. 
As with the Bobtail Curtain, the 
X-Array has a narrow azimuthal 
pattem. best used for point-o point 
‘or in combination with other anten- 
nas, Many amateur stations using 
ong, single-wire antennas have 
Фер nulls in their coverage at some 


azimuth angles, particularly atthe 
higher frequencies. If the nulls are in 
эп unfortunate direction, an antenna 
such as the X-Array can be an effec- 
tive and simple way to fill in the gap. 


Fig 15-6 — Azimuth pattem of an 
X-Array at 17° elevation angle. 


— 


perm 


Fig 15-7 — Elevation pattern of an 
re. 


The Four-Square Array 


An antenna that is very popular 
with amateur operators looking for 
long-haul performance on the 160 
through 40 meter amateur bands is 
called the Fouz-Square array. This is 
а unidirectional array consisting of 
four, usually 44 Jong, monopoles at 
the corners of a square with sides 2/4 
Jong. With the phasing ofthe sources 
shown in Fig 15-8, the antenna will 
fire on the diagonal between the ele- 
ments with 0° and -180* phase delay. 

“The resulting azimuth and eleva- 
tion pattems over typical earth are 
shown in Figs 15-9 and 15-10. Note 
that the half power beamwidth of 
the azimuth pattern is 100°, so that 
four directions can cover all azi- 
maths with some overlap. The real 
benefit of the Four-Square comes 
from its symmetry. Because the 
element spacings are the same, the 
feed system can be moved instead of 
"be antenna elements and thus, via а 
relay network, all four directions can 
be achieved with а single antenna. 
‘The gain over an isotropic radiator 
is about 5.2 dBi over typical ground, 
although the gain would increase to 
10.8 dBi if the ground were perfec. 
As with all vertical systems, ground 
conductivity some wavelengths from 
Фе system plays a large part in deter- 
mining effectiveness at low takeoff 
angles 

Iris interesting to compare the 
Four Square to the two element 
ald discussed in the last chapter. 
malte sort of half a Four-Square, 
with a hali-power beamwidth of 170° 
and a peak gain 2.6 dB less than the 
Fout-Square. It can cover almost 
al azimuths from one direction ог 
the other, and adds the prospect of a 
less-than-optimum broadside array 
to fill in the gap. The switching is 
much easier to implement, however, 
without implementing the broadside 
direction. 


Feeding the Four-Square 
‘As noted in the last chapter, the ef- 


fects of mutual coupling on elements 
fed at different phase angles generally 
results in different feed impedances at 
ech element. In order to force equal 
currents into cach element at the de- 
sired phase, a combination of selected 
transmission-line lengths and un LC 
jmpedance-matching network can be 
employed. Fig 15-11 shows the ar- 
rangement used to obtain the desired 
results from a Four. Squere, 

"The exact values for the inductive 
and capacitive reactances shown in 
Fig 15-11 will depend oa the ground 


conditions, the number of radials 
"used at the base of each monopole 
and the 7, of the cable used for the 
phasing lines. Note that the electrical, 
not physical length of the cables is 
specified. These should be trimmed 
for the center of the desired hand us- 
ing an antenna analyzer or impedance 
bridge for optimum performance. The 
Values for various arrangements are 
given in Table 15-1. These should be 
considered starting points, since the 
exact ground conditions will have a 
major impact on the impedance. 


Fig 15-8 — Configuration of a Four-Square a 


four 2/4 monopole elements, spaced 7/4 on each. 


side. 
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Fig 15-9 — Azimuth pattern of a 
Four-Square array at 25 elevation. 
angle. 


Fig 15-10 — Elevation pattern of a 
Four-Square array. 
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Table 15.1 
L Network Values for the four Square Array Feed Arrangement 


of Fig 15-11, 
Racial per Element cee, Хб) Xa) 
4 E] wr 97 
4 T 385 509 
в so 202 56 
в 75, asa -asa 
16 в 236 76 
16 т E 


Fig 15-11 — Optimum feed arrangement for 
Four-Square array. 
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А Real-World Steerable 


Unidirectionc 


il Array 


The eight element broadside 
алау discussed briefly in the last 
chapter was part of a larger system 
{worked on carly in my engi- 
reering career, By pairing each 
element with a rearward element 
phased to generate а cardioid 
espanse the system becomes а 

J6 element unidirectional broad- 
sige array with he azimuth potter 
shown in Fig 15-12. 

While not likely а system for 
the home consiructer, this antenna. 
as something that was success- 
fly deployed in the field and can 
serve as an interesting example of 
what can be accomplished. This 
antenna was part of a world-wide 
эуеш with separate receiving and 
transmitting systems located conti- 


rents apart. There were four trans- 
miting stations and five receiving 
locations. Each receiving station 
had to monitor ай four transmit- 
tes, each at different azimuths. 
"The fout transmitters were in 
бе same quadrant, so rather than 
erect our separate antennas at 
tach receiver location, a single 
Amy was used to synthesize 
fear peaeil-shaped beams — one 


Fig 15-13 — Configuration of an eight element broadside array that provid 


four simultaneous beams. 


towards euch transmitter. This was 
accomplished by making the ar- 
ray unidirectional (using a reflect- 
ing screen to be discussed in a later 
chapter) to eliminate ihe unneeded 
response from the rear. The cardioid 
arrangement used here will provide 
the same result for а single frequency. 
Each receiving element was fed 


Ns. See "Frey 10M 


through an equal-length transmis- 
sion line to a preamplifier. Each 
preamplifier had a splitter with four 
‘outputs. Fach output had a delay 
Tine corresponding to the shift fora 
single beam, as discussed fora two 
element array in the last chapter. The 
eight signals for each of the beams 
were combined in an eight port sum- 
тїп network, Thus each beam was 
available for the appropriate receiv- 
es. The configuration is shown in 
Fig 15-13. Fig 15-14 shows the azi- 
muth response for three such beams, 


Fig 15-12— Azimuth pattern 
ofa 16 element unidirectional 
broadside array showing three 
separate beams at 10° increments. 


each 10° apart. 
Twas not only involved in the 

evelopment of procedures to make 

sure that all phases were correct, but 


had an opportunity to participate in 
an evaluation of he results at one 
location to validate the concept. A 
helicopter was fed with а suspended 
vertici dipole with а battery-powered 
transmitter at its enter, An observer 
with а transit was stationed at the 
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Fig 15-14 — Azimuth pattern of the 
‘steered array In Fig 15-12, showing 
{three separate beams at 10° 
Increments. 
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array center o сай off azimuth positions while the helicopter navigator used 
a hyperbolic navigation system to verify the radial distance. The signal from 
‘each receiver was measured and the antenna worked as specified (much to my 


relief). 


Long- Wir 


One of the simplest antennas to 
build is called a Long wire. As йз 
name implies, ts just a long, in 
teens of wavelengths, piece af wire. 
Ti can be resonant or not, although is 
often easier to feed and predict the 
performance if it is resonant. While 
some call any piece of wire a long 
wire, most would xay й would have 
to be at feast 2 2. long to qualify for 
the term. 


The Basic Long Wire 

A piece of wire 2 à long is a kind 
of collinear array consisting of four 
222 elements one afte the other. 
Unlike the previously discussed 
:ultielement collinear antennas in 
which elements were fed in-phase, 
the end-to-end connection results in 
altemate sections being of opposite 
phase, Thus unlike the in-phase col- 
linear with its main lobe broadside to 
the wire, an end-fed long wire with 
an even number of elements will tave 
a broadside null and a pattern that 
has offset major lobes, as shown in 
Fig 15-15. 

This wire can be fed at one end us- 
ing high-impedance transmision Jine, 
or the fist 2/2 element can be fed in 
the centr with lover impedance line. 
Tis resonant impedance at that point 
is about 1200, so 4 good match to 


Fig 15-16 — Pair of 2, end-fed 
long wires combined Into a beam. 
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Fig 15-15 — Azimuth pattern of the 
22 ended long wire. 


50-0 coax can be obtained through a 
Ма section of 75-0 coax. 

Ifthe long wire is end fed (often 
‘connected directly to a tuning vnit 
at the transmitter), it can provide 
good performance from a frequency 
as low as 2/4 (if fed against a good 
ground) and as high as desired, Аз 
the frequency is raised, the pattern 
becomes more complex and tends to 
focus closer to the line along the wire 
axis. For any given direction, there is 
likely а frequency that will provide 
good coverage. 

I's hard to imagine an antenna 
with this amount of flexibility that is 
эз easy to construct! 


The V-Beam Array 

1f more directivity is desired dun. 
that afforded by а single long wire, 
you can configure two of them in the 
configuration shown in Fig 15-16. 
This і known as а Уот. You tke 
advantage of he fact that fora 2. 
wire, the center of the main Tobe is 
63° away from the broadside direc- 
tion, or 27° from she wire axis. If you 


combine the effects of two such wires 
fed in-phase with a separation of 54°, 
the min lobes will reinforce along 
the direction of the bisector of the 
angles, as shown in Fig 15-17. 

The V-beam does provide usable 
bidirectional gain and directivity, 
‘combined witha nice balanced feed 


be operated on other frequencies, 
although the angle between the wires 
will only be optimum at its design 
point. For longer-length wires, the 
main lobes move closer to the wire 
axis and thus a smaller angle is ben. 
«бош. 


The Rhombic 

I you place two V-beams end- 
to-end, you would end up with the 
rhombic shown in Fig 15-18. This 
‘configuration further reinforces the 
‘on-axis directivity and further reduces 
the broad sidelobes of the V-bear, 
as shown in the azimuth pattern in 
Fig 15-19. The rhombic, however, 
really moves into prime time and 
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Fig 15-17 — Azimuth pattern of the 
2 per teg V-besm. 


changes character with the simple ad- 
dition af a terminating resistor across. 
the gap at the far end, as showa in 


minated rhombic, however, you have — no radiation back towards the source 
‘essentially terminated transmission end. You thus have a unidirectional 
Jine that has its wires spaced very antenna with significant gain and 


Fig 15-20. far apart. The currents moving down directivity, as shown in Fig 15-21 

, the line to result in edicion, and Terminated chombis have long been 
different jm operation than other dhe angles and spacings addin the used for fixed (for HF they are hard 
antennas you've locked at. You desired direction along the bisector ef 10 rotate!) point-to-point transoceanic 
might consider it as a special sort the angle between the fed ends, links and have provided good stable 
of ransmission ine. As previously Note tht, unlike other antennas resls. The terminating resistor 


mentioned, an open-wire transmis- 
son line doesn’t radiate ifthe two 
wires are very close together. A ter- 


you have studied, there is no reflec- absorbs about half the incident power 

tion from the far end of the terminat- and thus must be a substantial resistor 

ed rhombic, The result is that there is Гог high-power transmitting applica- 
tions, 


Fig 16-18 — A pair of wo 2), V.boams. 
combined into а rhor 
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Fig 15-19 — Azimuth pattem of the 
24 per leg rhombic. 


Fig 15:20 — A pair of 2. V-beams combined into 
aterminated rhombi. 


Fig 15-21 — Azimuth pattern of the 
24 per log terminated rhombic. 
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But Wait There's More! 


Because of the lack of reflections from the termination point, the rhombic acts like a reasonably frequeacy independent 
Joad to the source and thus has a wide impedence bandwidth. The 600 0 SWR over a 2:1 frequency range is shown in 
Fig 15-22. While the wire angles will not be optimum for multiple frequencies, the antenna con still be used over this 
frequency range with excellent results. At the high end, the pattem tends to break up; however, compromise angles can 
be found that can control this over а wide range, Just using the 10 MHZ design angle used for the V beam, 1 achieved the 
results in Fig 15-23 for 8 and 14 MHz operation, 


— 


Fig 15-22 — 600-0 SWR of 2 por leg 
rhombic over 2:1 frequency range. 


Fig 15-23 — 10 MHz 22 por leg 
rhomble's azimuth pattern at 8 MHZ 
(dashed Vino) and 14 MHz (solid line). 
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The Beverage Long-Wire Receiving 


Antenna 


An antenna that looks like a long 600, adjusted for best font-to-bak of the Beverage. 
wice and is made from along piece of rato, The configuration is shown in The absolute gain of a Beverage 
жие, butis quite different in operation Fig 15-24. system is quite low; however, this 
ben those we've discussed, is called The consequence of this is hal receiving antenna is typically used 

a Beverage antenna, This is named for desired signal is received without tbe for low frequencies (ME and jast into 
Harold Beverage, who developed and noise from nearby lightning or other НЕ) where atmospheric noise is the 
patented this antenna just afier WWI noise sources that tend to arrive fom — key limitation to signal-to-noise aio 
‘The Beverage amenna is designed io high elevation angles. Other interfer- — and thus the weak desired signal is 
bes highly directive receiving antenna ing noise or signals hat arrive from а much higher SNR than with other 
thut responds to vertically polarized unwanted directions are also attenu- antennas because the noise is reduced 
low-angle waves approaching along ated by the directional characteristics пото than the signal. 

the ground. It accomplishes this by 

wel being installed quite close to the 


tend to slow along the bottom near 
the ground, resulting in a til to the 
wavefront. This tit couples a signal 
along the length of the wire that adds 
in-phase with the signal as it continues. 
topropogate along the wire towards the 
matching transformer. 

Waves coming from the other di- 
rection accumulate as well, bat are 
dissipated in a terminating resistor, Fig 18-24 — Configuration of a Beverage low-noise receiving antenna. 
jus like they do in the rhombic. The 
termination is usually between 400 and 


— 


"emite! 
reser 


ground, cancelling most its response 
to sky waves as well as horizontally 

polarized signals. Vertically polarized 2 

Waves coming along the losy ground aa 
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Chapter Summary 


This chapter has provided some easy — and some not-so-easy — examples of practical arrays that can be constructed 
to meet particular operating objectives. An interesting aspect of this is that most can be constructed from available 


materials at relatively low cost, compared to commercially available antennas, yet they al] offer significant performance 
‘advantages over simpler systems. 


Review Ouestions 


15-1, Why might i be desirable to have the bottom of the Bobtail Curtain elements 
8 feel above ground? 


152. How many X-Array antennas would be needed to have coverage of all 360° at the 
3 dB level? 


153. How might you make a unidirectional version of an X-Array? 


15-4, Why aro extra components required to properly drive the elements of a Four 
Square array atthe proper phase and amplitude? 


15-12 Chapter 15 


‘This reflector antenna is used for point-to-point communication at 10 GHz. 
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urface Reflector Antennas 


As noted in previous chapters, itis frequently desirable to restrict the coverage of antennas to a single direction. 1 
have previously introduced the 1/4 spaced, 90° phased array that produces a cardioid unidirectional pattern. There are 
aber arrangements that have a similar effect, 

Jost as radio waves reflect from a large conductive surface, such as seawater, they will also reflect from a surface 
such as a metal plane. If the plane is large enough to reflect most of he radiation from the antenna, it will redirect the 
radiation away from the plane. If the spacing is such that the radiation ends up largely in-phase with the radiation from 
the antenna itself, this will reinforce the radiation from the antenna, resulting in a stronger signal in the desired direction 
and no signal to the rear 


he Plane Reflector Antenna 


"The simplest case to imagine is an will impart a 180° delay to the signal, and don't add fully in-phase. None 
infinite, Па and perfectly conducting аз explained above, and there will be theless, the combined effect is benefi- 
plane, Fortunately it neither has to be another 90° delay for the signal lo сіз This is shown in Fig 16-2 
infinite nor perfect to function quite retumto the dipole, so hat the total 

nicely, thank you, but let's мап here. delay is 360". This means that signals How Do You Make a Giant 


Fig 16-1 shows the configuration going directly rearward will add in- — Plane at HF? 
ofa dipole placed in front of such a Phase with signals leaving the dipole rie a large solid metal plane is 
plane. You can imagine tha this is a traveling towards the fromt. sometimes used at the higher VF 
horizontal dipole above a perfectly Note that waves Leaving the dipole frequencies and above, at HE and for 
conducting ground and itacts just stany other angles take a longer path = many applications above HE a plate 
the same way. Because the dipole is that extends outward on 


parallel to the surface, 
the phase of the reflected 
wave is out-of-phase with 
the incident wave, result- 
ing in a phase shift of 
180° at the boundary. 


each side of the dipole by 
around 2/8 and above and 
below by La will have a 
similar effect, In addition, 
by replacing the plane with 
а skeleton of wires spaced 
much closer than а wave- 
length, the weight, cost 
and wind resistance can be 
reduced considerably, 

In developing the models 
for these patterns, I wanted 
10 get a feel for the effect 
of Skeleton-wire spacing. 
Using my usual 10 MHZ 
(30 meter) frequency, T 
started with a wire spacing 
of 1 foot, about 001.1 
then reduced every other 
wire and continued until 1 
reached a spacing of 4 feet 
responding to a 90° phase or about 0.04 2, before T 
shift as it travels to the noted any degradation in 
reflector. The reflector Р 16-1 — Dipole in front of a plane reflector forward gain or front-to- 


What Spacing Gives 
Us the Correct 
Phase? 

‘You would generally 
like the signal coming 
direc from the antenna. 
о reflect in-phase with 
the reflection so they add 
up going away from the 
reflector. If you space 
the dipole 2/4 in front of 
the reflector the wave 
going rearward will have 
ıa propagation delay cor- 
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Fig 18-3 — Elevation pattern of the dipole in front 
‘of a skeleton plane reflector. 


Fig 16-2 — Side view of dipole in front of a plane 
reflector. The direct radiation from the dipole 18. 
‘shown as a solid line, while reflected waves are 


shown dashed. 


hack ratio, This is probably a reason- 
ale guideline for construction of 
reflector arrays, and is what I used for 
these models. Extending the width 
orheight of the reflecting screen for 
the fat plane beyond these guidelines 
has very litde impact on the predicted 
тыйы. 


How Does the Skeleton Play? 


Fig 16-3 shows the elevation 
pattern of the skeleton-plane reflec- 
"cover typical, eal ground, with 

the conter of the antenna at a height 
of 12. Fig 16-4 shows the azimuth 
pattern compared to a dipole at the. 
Same height. Note that the radiation 


intensity offe front of the antenna 
is more йал twice about 3.6 dB) tut 
ofa dipole at the same height, Thus 
{he rearward energy has been uc» 
cessfully redirected to refocus in he 
desired direction. 
Had алой an inn elect 
ing plane in free space (instead of a 
skeleton above earth), the forward 
‘ain compared o a dipole would 
have been an impressive 5.5 dB. The 
infinie plane would also have O 
alte rom-o-back nti, compared 10 
‘respectable 20 dB forthe skeleton, Fig 16-4 — Combined effect of all 
Estancia lies forests ven ота pane 
ae INS" etlector and the resulting pattem 
ene pl SPAY Qi) compared oa dipole in free 
Space (dashed. 
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The Corner Reflector Antenna 


А common alternative structure is 
the comer reflector. This can be ore- 
ated by folding the plane along the 
center behind the dipole so that the 
toro sides are at an angle, as shown 
in Fig 16-5. The reflected waves tend 
tobe focused somewhat more along 
the front axis, and with the reflected 
waves having a shorter distance to 
travel, they are closer to being in- 
phase with the front facing waves. 
"The elevation pattem for a corner 
reflector with а 90° angle is shown in 
Fig 16-6, while the azimuth pattern, 
‘again compared to a dipole, is shown 
in Fig 16-7. For about the same size 
‘of plane (bent at the center, the cor- 
ner reflector has a slight advantage 
‘over the plane reflector. However, бе 
difference is small enough that me- 
chanical considerations may be more 
of a consideration than performance. 
when deciding between them. 

Since the reflected waves travel 
different lengths, there is nothing 
magic about the M4 spacing, so you 
сап use other spacings too. With 
narrower angles und longer plane 
sheets, you can achieve additional 
again, A 45° comer with side lengths 
TL in Fig 16-3) of around 2 X should 
provide about 3 dB more forward 
quin, for example. 
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Fig 16-5— Side view of dipole In front of a comer 
reflector. The direct radiation from the dipole is 
‘shown In solid, while tho reflected waves are 
‘shown dashed. 


Fig 16-6 — Elevation pattern of the. 
dipole in front of a skeleton corner 
reflector. 


— O Fes eio 


Fig 16-7 — Combined effect ol all 
reflected waves from the corner 
reflector and the resulting pattern 
(solid), compared to a dipole in free 
space (dashed). 


The Parabolic Reflector Antenna 


Aver metr you will some 
иша comerte phai — 
‘vor Ixia special аре шш 
Fast proper that al waves 
Shing бе fico emanating fom 
бе focus, where you mount a dipole, 
dedos -pase und head 
a an wih e wate ln 
ke pote in the ese formara 
dětem Tis н show Fig 1638. 
The per ofthe race 
‘be more evident later in this chapter 
thea cos the tee enen 
bid however, nwo dime 
ferns alert corner 
ico Te elevation par for 
Шило efector about Ше me. — 
6 
Fig 16-9, while the azimuth pattern, E Ba i Моа ено l not or E 
r o pan фе dipole 1a shown in solid, wia the eects 
waves ие shown dashed 
$оте Comments about 
Surface Reflectors 
A rasonable question a ask about 
say te above amas is why 
bee Alora. ao array can 
provide чиг ete wita fewer 
ies That is a good question and 
бе are ашуг of answers ois 
7 
om your design goals and consi 
—:: — Elevation pattern ol 
sui predio and easy to make | the plein onto skeleton 
Me Using Kind лоше paranee тоног 


avoids the problem of mutual 

impedance between multiple ele- 

ments and possible complications Fig 16-10 — Azimuth patter of 

obtaining equal currents in multiple the parabolic reflector and the. 

elements resulting pattern (solid) compared 
“The same structure can be used at to a dipole in free space (dashed). 

higher frequencies by just moving 


‘he dipole closer to the screen, 

* is easily adaptable to being driven 
in more complex structures, such as 
brondside arrays. 

«The reflector, using the same screen 
(plane array), can operate in 
(wo directions simultsneously by 
having dipoles or driven arrays an 
cach side, 
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The Parabolic Dish Reflector — 


In Three Dimensions 


So ar I have been talking abot diationcanbeviathe | EZ 


amenan structures in which the parabola, Note that | Mem 
driving element is comparable in since you no longer 

size to the reflector. As frequen- have п direct ray to be 

cies move into the upper ОНЕ and in-phase with, there is 

especially microwave regions (above no longer a need for 

1000 MHz), the wavelengths get a particular distance 

small and antennas that would be out — from the driver to 

‘of the question at HF become fea- de dish. You can use 


sible. Nowhere is this more evident — any dish size, with 
"han in the cose of the parabolic dish any focal distance, 


reflector. any frequency 
This is the same structure used swith the appropiae | T 
an optical reflector in most fash- driving antenna and 


Tights and vehicle headlights. Take a — sub-reflector located 
moment and observe а flashlight and at the optical focus. 
note the difference in imensity inthe You decide how much 


main obe of the Вад compared gain you need, or NARA 

to looking atthe bol from the side. en how much 

"island ts Чире сш estas dcr PIS See caga es dimensional 

effective for radio signals, needed for the desired Parabelle e HA 
Because my sal ОМН pole signal repel, and 

is relatively large, and because is then you select the 

‘inherently omnidirectional around itt © sppeopritc sized dish. Complex Feeds are Common 

axis, Гуе restricted the discussion so The down side of the sub-1cfiector а Microwave Frequencies 

far the two dimensional structure is that it effectively provides a While these discussions on reflec- 


explored in he last section. While as shadow to the signal o and fromthe tor arrays have focused (no pun 
fective as ober two dimensional main reflector, With higher frequen- intended) on dipole feeds, at higher 
reflectors the parabola really pays cies, smaller drivers and larger dishes, frequencies where we find most 


off when its driving antenna becomes the loss is generally a small frac- ` parabolic dish antennas, other types 
small enough compared to the reflec- rion of the dish area. Typical gains of drivers are more common. In the 
tor size that it can be considered a for parabolic dishes are shown in microwave region. perhaps the most 


point rather than a line. IF that's the Table 16-1 for various frequencies common type isthe horn antenna. 


‘ase, ihe parabola can be shaped like end commonly available dish sizes This antenna, which will be covered 
a dish and all radiation from the focus 

towards the dish will be sent from 

Фе reflector in-phase. This is perhaps Table 16-1 
more apparent in the case of a receiv- кар 
т аита. in иһ шошду шн. Expected Gain of Parabolic Dish Antennas Compared to Isotropi 


Radiator (dBi). 
radiation received in the aperture of Р 


Er ET eu элесин) 
CC᷑i IS буды б Ж 
tenna, it becomes feasible to have a — 1215. 150 210 245 290 325 350 380 
hacia d e a 205 ж æo из æa ws ма 
ра аана Er guns Pang wie pa cana RR 
ILICE ME uM RUE лус 


the front of the driver, ай the ra к 
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laer, is unidirectional by nature and 
n be designed to just radiate ino 
he aren of he dish without the need 
fora subreflector, 


Dishes Get Quite Large 

Ihave encountered rotating dist 
antennas with diameters larger than 
180 feet, 1 have also seen sections 
«Г parabolic dish antennas as wide 
150 feet Those were used for a 
ve-long range space radar system, 
i Mach the drivers rotated to use 
different segments to cover different 
azimuths. There were two drivers at 
diferent elevation angles o simal- 
taneously track targets crossing Iwo. 
ekvation angles, This allowed com- 
utaion of ballistic trajectories, 

“Ths syste was reputed to be 
powerful enough (a combination of 
a massive traxsmilter and very high 
sain antenna) to detect a basketball 
sired object thousands of miles away 
orto shoot down birds that got 100 
desc, The radar was located north of 
be artie circle where there weren't 


many birds, but there 
were lots of warning signs 
posted for the ocasional 
ian that got new. 

Perhaps tbe largest 
parabolic disk around is 
the one in use at the radio 
telescope of the Arecibo 
National Observatory in 
a remote comer of Puerto 
Rico. It has a fixed dish 
305 meters (1000 feet) B 
acs tas ene рю тела танро 

mugged radio telescope Arecibo Netlonal Laboratory 

terrain. This is shown in in Puerto Rico. The dish diameter is 
Fig 16-12, This antenna is. 305 meters or 1000 feet. 
aimed by knowing what 
part of space this location is poin- Tis eads to one of the lilting 
ing toward as Ihe card turns andthe ^ parameters of pr bebe dish arrays, 
cosmos moves around it The large Surface irregularities, ether from 
surfaco of this dish covers an area of manufacturing tolerances, or in this 
‘more than 20 acres, И offers some case, possible “frost heaves,” result. 
18 acres, about 26 football fields, of in ess than perfect phase len. 
available receiving аренвле! The dish ships among the reflected waves. 
reflects and concentrates weak celes- Perhaps this is why Arecibo was built 
til signals onthe receiving sntemnas iin Puerto Rico rather than frigid New 
suspended 450 feet above its surface. — England! 


Feeding Antennas for 
Space Communication 


Feeding Antennas for Space 
Communication 

Space communication is generally 
Inte by the receive signal-to-aoise 
sio, since transmitter power in 
delle or distant terrestrial bodies, 
олау in short supply, With an. 
menna pointed toward space, unless 
the sun crosses the path, the antenna 
хіта its signal sources against а 
‘ald disant sky. Unfortunately, wit 
te feed systems we bave discussed, 
ту sidelobes or spillover from the 
feed that misses the reflector heads 
towards earth, This is not a signifi- 
čem problem forthe transmitted, or 
aplink, system — just um up the 
їзїї power a notch. 

On the receive side, itis Whole 
different story. Random noise signals 
aceived from the warm earth are 


Fig 16-19 — tlustration of the Cassegrain feed system — 
adapted from optical telescope technology. 
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much more powerful than those from 
space and can be the limiting factor 
in signal-to-noise ratio. If the pattern 
from the feed is tightened to stay 
entirely within the reflector, it vl 
undoubtedly not fil it completely, 
thus giving up some ofthe possible 
forward gain. 

One alternative is to feed the 


antenna from the rear using a system ^ lady good choice for large reflectors, 
adapted from optica! telescopes called | since а long transmission line to the 
а Cassegrain feed. This is illustrated feed hom is eliminated. A low-noise 
in Fig 16-13, Note that with this feed receiver amplifier at the feed hora 
system that апу radiation misses the сап be any size without blocking the 
subreflector at the main dish focus patern and is also in a location where 
point, it heads for space rather than itis easy to service, rather than being 
Towards the warm earth. perhaps 100 feet over the top of the 
The Cassograin feed is a particu- dish. 


Chapter Summary 


This chapter has discussed the use of surface-type reflectors used to provide pain and directivity to antenna systems. 
This is one alternative to the multielemenc arrays of driven elements I discussed in previous chapters. I will discuss 
other possibilities later in this book. OF the types discussed, the parabolic dish is almost universally encountered at 
microwave frequencies, whether used for TV satellite receive dishes, search radar antennas or point o point communi- 


cations links. 
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Review Questions 

16-1 Discuss he relative benefits of unidirectional phased arrays compared 
to surface selecto antennas. Under what conditions might each have the 
«аре? 

16-2, Can you think of two “structures of opportunity” that could be pressed 
into service as plane reflectors? 

16-3. Examine the two-elemen horizontal broadside array of Fig 7-1 and is 
quin shown in Fig 7-5, If you were W put a properly sized plane reflector 2/4 
behind it, what would you expect the forward gain to be? 

16-4 Calculate the receive aperture in wavelengths of a 15 fot parabolic 
dish at 2300 MHz and compare it to that of a 6 foot dish at 5600 MHz. Come 
pare the gains ofeach Table 16-1. What do you conclude? 
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Surface Antennas You Can Build 


"There are з number of easy lo build surface reflector arrays that can be constructed їп the home shop and provide 


excellent performance at low cost. This chapter will provide some representative exampl 


materials can make some other configurations equally attractive. 


however, availability of 


A Simple UHF Plane Reflector Array 


"This antenna may become a classic! It provides exactly the 
performance needed for successful low earth orbit (LEO) satel- 
lite operation, costs relatively little and is easy to duplicate. 
The antenna was frst presented in O Magazine, but is worth 
repeating bere. 

"The amenna in Fig 17-1, consists of two broadside dipole 
pairs, one horizontal and one vertical, in front of a 2 foot square 
reflector (a 29% foot square would work a bit better, but would 
bea bit more cumbersome). For terrestrial use, cither polariza- 
Чоп may be used. By feeding both polarizations with а 90° 
phase delay, circular polarization can be provided, which pro- 
vides better communication o either а tumbling satellite using 
linear polarization or to a satellite that uses circular polarization. 
їп the same sense, 

Fig 17-2 shows the configuration layout, while Fig 17-3 
shows the hardware store perforated aluminum sheet reflec: 
lor with the dipoles in place. The reflector is made rigid by 
pieces of 1x1x% inch aluminum angle around the edges and. 
Toc inch bar stock across the dipole mounting locations. Each 
dipole is made from two 5% inch long pieces of % inch OD 
aluminum tubing insulated at the center with У inch black PVC 
lawn sprinkler couplings. The dipoles are insulated from, and 
mounted on, aluminum angle brackets that provide a separi- 
tion of 5% inches from the reflector and 19% inches from its 
‘opposite number 


Fig 17-2— Layout of 
[panel reflector. 


ee m— 
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Fig 17-1 — View of a ТО cm panel reflector. 
antenna. Ite compact size Is evident. 


The feed arrangement for right-hand circular polarization 
shown in Fig 17-4. The cables to each pair of dipoles are 
«кї 3/2 (electrical length) longer on one side of a pair than 
another, so the connections to the dipoles are reversed to 
make the signals of each pair be he same phase. In addition, 
‘he cables to the horizontal pair are 90° longer, resulting in 
‘generation of right-hand circular polarization 

"The “four-way power splitter” in the center consists of a 
рї of T adapters 1o join the two 50 Qa loads from each of the 

ir of dipoles. The resultant impedance of the two in paral- 
"eis 25 О. Fach of the 25 © loads is transformed through a 
14 length of 50 О coax to 100 £2 and then each is combined 
in parallel in another coaxial T to form a 50 © load for the 
transmission line to the radio equipment. The author used 
500 Type N connectors and Ts for all connections. While 
‘hese are somewhat more expensive than the UHF type, they 
are recommended for use at VHF and above because they 
‘offer a constant impedance. In addition they are waterproof if 
properly assembled. 

Additional details for construction can be found in the OST 
samice or on the ARRL Web page? 


Fig 17-3 —View of panel reflector with 
ipoles in place. 


Fig 17-4 — Detail of feed cables and 
four-way power divider. 


the design frequency. This 
makes duplication straight- 
forward, The EZNEC 

predicted gain of more than 


Many serious VHF and UHF 
operators interested in long-haul 
communications have selected arrays 
of Yagi arrays (Yagis are described 


inasibsoquent chapter) for heir sta- 18 dBi (see Fig 17-6) is 
Чха. S, for those without a ai- quite impressive and hard 
able method of confirming the dear. (о Beat vith homemade 
comes tuning and spacing, the plane Үш 

"eie can provide a predictable 

alternative that s easy to duplicate in. Element 

te home workshop. Construction 


The antenna is com- 
posed of three pairs of 
center-fed full waves (or 
perhaps better yet, col 
Jinear ena fed half waves) 
stacked vertically to 

give good gain along the 
horizon. Each fll wave 


The antenna shown in Fig 17 
rings together material from a nun 
der of chapters resulting in а combi 
tation broadside-collinear array in 
font of a reflecting backsereen. The 
dimensions given are for a design 
Frequency of 144.5 MHz, but nothing 
Š critical about the dimensions, nor 
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Fig 17-5 — Configuration of combination six 
element collinear-brosdside array In tront of 
Screen reflector. 
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element should be about 71 inches tip W coas cable is desired instead of chicken wire or other tro dimension- 
to tip, with а pap between the inside 3000 line, a simple 2/2, 4:1 loop al grid wire is used, you could have 

ends for transmission-line conmec- balun can be used to make the transi- a venically polarized antenna on one 
tion. The upperand lower collinear tion to readily available 75 Q cable side and a horizontal polarized one on 
elements are connected to the center TV (САТУ) type coax for the run tothe other of the reflector. 


pir through readily available 450 ће station, This coux is available in 
$1 ladder line from the center pair to different thicknesses, with the larger 
those above and below. sizes offering very low loss com- 
Elements are made from И inch bare to most types of coax used by 
OD aluminum tubing with each V2 amateurs Cable is often available 
přece about 35 inches long (a bit from САТУ installers at no cost, as 


.... of they fen hve end poco on or 
те increased diameter) and spaced res thar they can't use. The resulting 
2 inches rom the baden The — 1.5 SWR a the rao nt zone. 
mcns should be орос cir la problem forte equipment Га 
ener a zero volage pola bat nie perfect mah is осна а БТА. 
arataa a gea Mata seco can be vested 
such as PVC tubing, to be safe, Con- from copper and tubing. 

жне ote rods a th common 

ends can be made by flattening the Backscreen 

End of each ube and dling each for The backsren is composed of 
tots, lockwashers and ots o secure — 1,5 A long wavs that are paralel to kia urs — Azimuth pattern of 
ring terminals soldered the end of the elements, These wires extend 1/4 gie in Fig 17.5 over typical 


the transmission line sections. above and below the driven elements. "ound. Note nigh э 
‘The diameter and spacing ofthe The wire lengths are not critical 

driven elements results in an ap- ed any convenient construction 

‘propriate impedance that divides techniques can be used. Aluminum ге == 


the power almost equally in thirds ground wire or bare (or insulated) 
between the elements when the array house wire are suitable material. Bach | 100 


is driven from the center pair. ine, hackscteca wire is spaced 0.05 A, sal 
results in maximum forward gain. I about 4 inches for 2 meters, from the 
is important tht he lines between ̃ Altemately, agricultural moh | 820 
the elements be close to an electrical (chicken wire) can be used ìfits wire | 20 
ЭЛ and wisted one tum, as show spacing is similar or smaller and its = 
in Fig 17-5, or alenately 1A. long ^ crossing are welded or soldered. 
and not twisted, to obtain the correct — Chicken wire should be suspended E 
phase in all three elements, om an appropriate wood or aluminum | ™ pean се 
suppont frame that can have atach- 
Feed Arrangement ‘ments for the element supports. 
‘The resultan: impedance results in отта roků рыга нта 
equal power in each рай and a good Other Bands eae eat 
шаһ for low-loss 300 2 feed line Tho antenna can easily be scaled я 


going back to the station. As shown to operate on other bands, A sec- 

in Fig 17-7, the relatively Mat curve ова band’s driven elements can be 

of SWR vs frequency confirms that mounted on the rear of the back- 
this antenna is not fussy about pre- sereen, if the backsereen wire spacing 
cise dimensions, is close enough for the higher band. ir 
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Parabolic Dish Reflector 


ystems 


While icis difficult, though by по means impossible, for 
the home constructor to build а parabolic dish — particu- 
Jay from wite mesh material — it may be far easier to 
obtain a surplus dish from military, commercial or personal 
receive-only TV use that you can adapt to your needs. 
Such a dish, a surplus C band (2 to 4 GHz) receive-only 
TV antenna, is shown in Fig 17-8. Most dishes can operate 
efficiently at any frequency where they are at least a few 
wavelengths across, with larger sizes providing more gain, 
generally proportional to the area intercepied, The upper 
frequency limit of dishes is the frequency where surface ir- 
regularities or dimensional tolerances become a measurable 
fraction of a wavelength. 


Finding the Focus 


‘The first question upon obtaining a dish is 10 determine 
the key dimensional parameters, particularly the focus 
distance, Refer o Fig 17-9. The parameters shown can be 
easily measured and the following formula can determine 
the spacing from the center of a symmetrical dish (not 
thse that have a distorted shape, designed for off-center 
fed), to the focus point, 


renes. 


Once the focus point is located, you must design a feed. 
system to illuminate the reflector from that focus point. 


Designing a Feed System 

The feed system is a critical element of any such reflec- 
toraray. To obtain the full benefit of the dish, the bear. 
width of the feed antenna must be such that most of its 
ration is kept within the dish, and it must fll the dish 
‘atte edges, И the feed only illuminates part of he 
efecto, the remainder might just as well not be there. On 
e otber hand, if the feed beamwidth extends beyond the 
id of he refector, the power tha misses the reflector 
îs equivalent to attenuating that amount of power Once. 
you've found the focus location, as described above, 
finding the target beamwidth of the feed is easy. Look at 
Fig 17-9 again and mote that the required horizontal and 
эбен beamwidth (BW) caa be found as follows: 


BWe2ün ibn. 


In addition, the feed itself must be sufficiently small that 
does not block significan portion of the reflector sur- 
ace The fraction of the surface in the shadow of the feed, 
aswell as its support structure, reduces the effective area of 
The dish and thus acts as an additional attenuator. 
With all of those constraints in mind, virtually any rela- 
‘hely small unidirectional array can be used as а dish feed. 


‘Surface Reflector Antennas You Can Build 


communication with motor-driven azimuth and 
elevation controle. 


Fig 17-9 — Technique for 
determining focal point of 
symmetrical parabolic dish. 
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‘The only ones I've discussed to this point are cardiid arrays, which have a very 
wide beamwidth compared to most parabolas, and also plane or comer reflectors, 
which leave a relatively large shadow because of their size, Subsequent chapters 
will discuss various other options better suited for this service. These include. 
hom, patch and Yagi antennas. 


Summary 


бабага a ; j 
.. Review Questions 
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ofan optical mirror and, as aconse- 17-2. What are some of the limitations of parabolic-dis arrays? How can 
quence, avoid many of the problems such limitations be overcome? 
associated with the driving of phased 17-3. What would be the effect of using а backsereen of vertical wires be- 


arrays. Plane reflectors have been suc- hind a horizontally polarized antenna? 
cessfully employed from HF through 
UHF, while parabolic dishes are often 
ıe best choice in the microwave 
region and above. 
Notes 
"A Monteiro, AAZTX, "A Panel-Re#eoclor 


Artorna fr 70 cm. QST. Fe» 2008, 
3538. 
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Antenna Arrays With Parasitically 
Coupled Elements 


Ап extreme example of parasitically coupled antennas. This is an array of 64 is element Yagis. 


Contents 
Antenna Arrays With Parasitically Coupled Elements ...18-2 
An Array With One Driven and One Parasitic Element ..18-2. 
An Array With One Driven and Two Parasitic Elements.18-5 
Chapter Summary. oS 
Review Questions... 


Antenna Arrays With Parasitically 
Coupled Elements 


All the multi-element antenna arrays I have discussed so far have had some portion of the transmitter power feed- 
ing each of the elements directly through transmission lines. T have also discussed the fact that nearby elements couple 
to other elements via electromagnetic fields. In addition to having an impact on the element impedances, such mutual 

coupling results in changes in the directional patterns in the reception and transmission of signals. Now, L tarn to arrays 


that purposely use mutual coupling. 


An Array With One Driven and One 


Parasitic Element 


A parasitic antenna system is one 
in which one or more elements are 
coupled to the driven element by mu- 
tual coupling only. The first example 
of this is shown in Fig 18-1. Here T 
ake my typical resonant 2/2 dipole. 
at 10 MHz, 2/2 above typical ground, 
and place another dipole of the same 
length — but with no transmission 
Fine attached o it — 244 behind it at 
the same height. This second dipole 
is just a A2 length of wire, with no 
connection to anything else. 
This type of parasitic array using 
а driven element and other parasitic 
elements is named the Yagi-Uda 
honor of the two Japanese 
who developed it (although 
the array's name is often abbreviated. 
to just Yaga). More complex Yagi ar 
rays than the simple two element onc. 
in Fig 18-1 will be discussed in more 
detail in the next chapter, 


Parasitic Element Impact on 
Pattern 

A dipole by à 
tional pattern, as shown in Fig 18. 
Note that the peak gain after ground 
reflection is 7.4 dBi. By adding а 
single parasitic element, the pattern 
shifts to а unidirectional one. See 
the elevation plot in Fig 18-3 and the 
azimuth plot in Fig 8-4. The gain in 
the direction opposite the side with 
the parasitic element is more than 
3 dB higher than the dipole, while the 
front-to-back ratio is almost 10 dB. 

Tt is interesting to compare this two 
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Fig 18-1 Configuration of dipole with driven element and ono parasitic 
element behind it. 


element parasitic array tothe car- 
dioid unidirectional array presented 
earlier. Both arrays could be made 
from dipoles or vetical monopole. 
While the pattern of a candioid array 
is more dramatic than the pattern 
forthe two element parasitic . 

Tay ia Fig 8-4, the deep null at the 
back exhibited by the cardioid only 
comes about from careful design 
and construction of а feed system 
that ensures proper phase shift and 
equal currents in each element. By 
‘contrat, the simplicity of the simple 


Parasitic Element Impact on 
Dipole Impedance 

In addition to the impact on the 
radiation pater, а parasitically 


Fig 18-2— Azimuth pattern of 
reference dipole. 
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Fig 18-3 — Elevation pattern of 
antenna in Fig 18-1. 


coupled element will also have an 
impact on the feed-point impedance 
ofthe driven element. Fig 18-8 shows 
the modeled SWR curve of a refer- 
ence dipole at a height of 2/2. Ву 
adding а ۸/2 long parasitic element. 
2А away, the resonant frequency 
shifts downward more than 2%, as 
shown in Fig 18-6. Fortunately, you 
‘car compensate for this frequency 
shift by shortening the driven dipole 
ıo make it resonant again in the pres- 
ence of mutual coupling to the second 
lement. It becomes easier to feed 

the driven element using atypical 
сах ine, while the unidirectional 
radiation pattern remains essentially 
unchanged, In other words, tuning the 
driven element alone has no effect on 
the radiation pattern. 


What About Other Spacings? 
[started with a spacing of 2/4, 
mainly becouse of the physical 
similarity to the driven cardioid 
configuration I deseribed earlier in 
Chapter 7. There is nothing magic 
about tis spacing distance, and you 
can obtain interesting results using 


other spacings. As you move the 2/2 
Jong parasitic element closer than 
244 to the driven element, the general 
trend is a lowering of the feed-point 


impedance of the driven clement, plus 
2 reduction in gain and front-to back 
ratio. 

‘An interesting phenomenon occurs 
аз you reach very close spacings with 
2/2 long parasitic element. At a 
spacing of 0.085 A, for example, the 
kant uo back ratio approaches unity 
and you'l see the azimuth pattern 
shown in Fig 18-7. While this shares 
the generally bidirectional pattem 
ofa single dipole, the beamwidth 
is significantly narrower and the. 
maximum is almost 3 dB higher than 
the dipole by itself. A look at the pre- 
dicted SWR curve indicates that the 
driven element impedance drops to 
‘about 9. This is undesirable, since 
losses in the system begin to become 
‘an appreciable fraction of this small 
resistance. 

Since you've passed the bidirec- 
tional point at 0.083. spacing, 
as you move even closer you prob- 
ably won't be surprised to find that 
the pattem now reverses itself, Ata 
spacing of 0.05 2, for example, you 
get the pater shown in Fig 18-8 
‘with a 2 long parasitic element. At 
this close spacing the driven-element 
impedance has dropped to around 
4.0, which makes for an even more 
difficult and lossy, match. 

Here's some terminology you will 
often encounter in discussions about 
parasitic arrays. If a parasitic element 
result in radiation away from it to- 
wards the driven element, it is called 
а reflector. On the other hand, if the 
radiation becomes focused in the di- 
rection moving towards the parasitic 
element from the driven element, the 
parasitic element is called a director, 

Going to wider spacings affects 
things less dramatically than nar- 
rower spacings. The mutual coupling 
is reduced and the parasitic element 
has les effect on pattern and feed- 
point impedance. Both the gain 
and froat-to-back ratio are gener- 
ally reduced, but the driven element 
impedance rises. At a spacing of 
ЭЛ, the pattern actually has started 
to broaden, so there may be some 
applications for which a wide pattern. 


uN | 
go 
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Fig 18-6 — SWR of driven 3/2 long 
dipole element with same-length. 
parasitic element spaced 1/6 to the 
rear of driven element, both 1/2 
‘above typical ground. 


— Freq rior 


Fig 18-7 — Azimuth pattern of array 
with same-length parasitic element 
‘spaced 0.085 7. to the rear of driven. 
‘lament, both 2/2 above typical 
ground. 
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like that in Fig 18-9 would be useful 
‘The resonant impedance is back to 
about 80.0; however, the resonant 
frequency has shifted upwards some. 
At even wider spacings, there is litle 
of interest to discuss. 


What About Other Lengths 
for the Parasitic Element? 
The other key parameter you can 
adjust is the length of the parasitic 
element — in other words, you can 
tune it. In an attempt to optimize СЕРЫЕ | (mecnm nee 
eS cs and ent oe Fg 18-8 Azimuth pattern of Fig 18-9 — Azimuth pattern of array 
/ with same-length parasitic element 
element spaced 0.08 1. 10 the rear spaced 0.5 x to the driven element, 
shown in Fig 18-10. This isat aspac- of driven element, both 1/2 above both 1/2 above typical ground. 
ing of 0.2% with the reflector about typical ground. 
4 longer than the driven clement. 
AS aside note, it is an awful lot easier 
Wo go through these studies with an 
antenna modeling program such as 
ЕМЕС than to go out in the back 
Yard, lower the antenna, change a 


parameter, hoist up the antenna and 
take readings — again and again and 
again! 


Ic is also possible to head in the 
other direction, with closer spacing 
anda shorter parasitic element, By 
moving to a spacing of 0085 2 and 
reducing the length of the parasitic 
element by 2.5% compared to the — | [шшбысштыв кы. 


driven clement ac adi- Fig 18-10 Azimuth pattern of g 18-11 — Azimuth pattern of 
recto) the pater of Fig 18-1 vas ay whh tuned parasitic reflector array with tuned parasitic director 
obuinol Atti spacing nd length, — apaced02 10 the rear of ven spaced 0086 7 from the driven 
the driven element has an impedance element bath 242 above typica! element, both 42 above typical 
of about 23.2. ground. ground. 
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An Array with One Driven and Two 


'arasitic Elements 


ince а single parasitic element in a two element Yagi para- 
sitie array can provide such benefit with relatively little effort, 
you may wonder whether adding more parasitic elements might 
fo even more, The answer is yes. 

The next chapter will go into more detail about such ar 
ys, but the addition of a reflector and a director to the driven 
element (making a three element Yagi) can provide а good 
introduction to that discussion, The resultan pattern of a reflec 
tor at 0.2 A spacing behind the driven element and a director at 
085 X ahead of the driven element s shown in Fig 18-12. The 
wan 40 back ratio is now almost 25 dB, impressive indeed, 


Max Gan = авав ele 


Fig 18-12 — Azimuth pattern of 
3-elementYagi array with parasitic 
reflector and director. 


иттағу 


Ihave introduced the concept of rect phase relationships in previously 
‘house of parasitic (not-connected) described driven arrays. Neither does. 
‘ements in antenna arrays. These е parasitic array have the penalty 
elements allow bear shaping without of the large wind loads common to 
the problems involved obtaining cor- surface-reflector arrays. 


Review Questions 

18-1, Under what conditions might an array with one or more parasitic ele- 
mens have advantages over directly driven phased uray or surface reflector 
arrays previously described? 

18-2. What is a negative consequence of closely coupled parasitic elements? 

18.3, What can be the effect of cutting parasitic elements with few percent 
‘error? How does this compare with driven arrays? 
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The Yagi-Uda or Yagi, 


Parasitically Coupled Antenna 
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The Yagi-Uda, or Yagi, Parasitically 


Coupled Antenna 


The last chapter discussed the con- 
cept of parasically coupled anten- 
nas. This antena configuration was 
extensively evalusted and developed 
by two Japanese academics in the 
early part ofthe last century 

‘The concepts of the antenna later 
known as the Yagi-Uda were pub- 
lished in 1926 by Shintaro Uda, wi 
the collaboration of Hidelsugu Vagi. 
both of Tohoku Imperial University, 
Sendai, Japan. Yagi published the 
frst English-language reference on 
the antenna in а 1928 article ax 
came (o be associated with his name. 
However, Yagi always acknowledged 


апау). 


Uds principal contribucion to the 
design, and the proper name for the 
antenna is the Yagi-Uda antenna (or 


"Tho Yagi was first widely used by 
Allied Forces as the antenna for VHF 
and UHF airborne radar sets during. 
WW П, because of its simplicity and 
directionality. The Japanese military 
authorities first became aware of this 
technology after the Battle of Singa- 
pore, when they captured 
of a British radar technician that 
it mentioned “Yagi antenna” Japanese 
inteligence officers did not even rec- 
‘ognize that Yagi was a Japanese name 


in this context. When questioned the 
technician said it was an antenna 
named after a Japanese professor. 
(This story is analogous to the story 
of American intelligence officers in- 
‘errogating German rocket scientists 
and finding out that Robert Goddard 
‘was the reul pioneer of rocket tech- 
nology even though he was not well 
known in the US at that time. 
Current usage in the US is to refer 
to this amennas configuration as a 
Yagi, and we will ше thet term in this 
book, with the understanding that 
Yagi is really short for “Yagi-Uda” 


е notes 


What's a Yagi All About? 


‘The antenna developed by Uda and Yagi took the basic 
(ee element parasitic array described in the last chapter 
and extended it, through the addition af multiple direc- 
tors, to provide a highly focused beamwidth signal for 
УНЕ and UHF (the “ultra short waves” in Yagi 's article 
title). They empirically developed the early designs of 
such атау», including the optimum lengths and spacings. 
The results have been relied on for many years, ший the 
availability of modern computer modeling and simulation 


Why More Directors and not More 
Reflectors? 

An effective reflector results in minimal signals behind 
the array. Thus additional reflector elements placed he- 
hind the fist reflector receive only a very small residual 
signal going past the reflector element and therefore 
‘contribute litte tothe signal leaving at the front of the 
апау. Occasionally, а multielement reflector structure can 
be found, but this is really just a different geometry at the 
approximate distance of the primary reflector. Sometimes 


a plane reflector is used behind the driven element for bet- 


ter frontto-bock performance 
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Additional directors, on the other hand, are in the 
path of the main beam formed from the driven element, 
reflector and any previous directors. Thus they continue to 
focus the beam further as it progresses forward along the 
antenna axis, 


What Frequencies are Appropriate for Yagi 
Antennas? 


While the original paper about Yagi-Uda antennas was 
focused (no pun intended) on УНЕ and UHF applications, 
there is nothing about that range that is specific to the 
Yagi design. On the low frequency side, the limits are the 
physical sizeof the structure. On the high frequency side, 
manufacturing tolerances, plus the effectiveness of odber 
available alternatives, form the limits for the deployment 
of Yagis. 

At upper HF and into the UHP range, Yagis tend to be 
made from rigid, self-supporting materials, such as alumi- 
mum tubing. At the low end, they are more often found as 
fixed antennas constructed of wire elements. At the upper 
end of the frequency range, they are sometimes even een 
etched onto printed сеш material. 


A discussion of Yagi antennas 
‘would probably start with the three 
element parasitic array T introduced 
ut he end of the ast chapter. How- 
ever, Yagi development really gets 
into full swing with antennas having 
multiple director, In keeping with 
the spirit of the original Yagi paper, 
1 will shift the design frequency into 
the УНЕ range, but keep in mind 
that the results сап be scaled to any 
frequency. 

At VHE, ground reflections at 
any reasonable height rapidly shift 
‘trough peaks and nulls. Thus I will 
change the usual environment to that 
lfree space when generating pat- 
tems at these frequencies, Fig 19-1 
illustrates he point, Here you have 
‘he elevation patterns of identical 
145 MHz reference dipoles. con- 
structed of the same 0.25 inch 
aluminum tubing that 1 will use for 
ihe Yagis to come, One antenna is 
mounted 40 feet above real ground; 
the other is mounted in free space. 
The rapid fluctuations of feld. 
strength over ground tend to distract 
from the comparison between an- 
tenna designs. You will need to keep. 
in mind if comparing antenna results 
that the main lobe gain of a free- 
space dipole is 2.13 dBi, while the 
pin of a dipole at the peak of the first 
slevation lobe over typical ground is 
167 dBi. The difference of 5.54 dB 
is due to ground reflection gain and is 
close to the theoretical limit of 6 dBi, 
The ground reflection gain should be 
carried over when evaluating other 


Fig 19-1 — Comparison between 
elevation patterns of 145 MHZ 


‘mounted 40 feet above typical 
‘ground (solid line). 


‘The Medium Sized Three 
Element VHF Yagi 

As noted, the three element Yogi is 
just an optimized and further devel- 
‘oped version of the array with reflec- 
tor and director described in Chap- 
er 18, The configuration is shows 
Fig 19-2. The spacing between the 
elements of a Yagi is a key design 
parameter. In general, wider spacings 


provide higher performance: while 
loser spacings result in a more com- 
pect physical configuration, but with 
Jess gain. You usually select a boom 
(the structural element supporting 
the elements) and then optimize the 
number of elements and their spac- 
ing on the available boom length 10 
maximize performance, For my first 
‘example, will start with a boom 
length of 0.3 A and use 0.152. spac- 
ing between the driven element and 
both the reflector and director. 


Azimuth Pattern 
Careful adjustment of element 
lengths to obtain à resonant driven el- 
ement, maximum front-to-hack ratio 
and clean forward pattern with ac 
ceptable forward gain resulted in the 
element lengths shown in Table 19. 
‘The resulting free-space azimuth 
pattern is shown in Fig 19-3. The for- 
ward free-space gain of 7.84 dBi cor- 
responds to a gain (compared to the 
gin of 2.13 dBi of a dipole in free 


fre space designs Fig 19-2— Configuration of three element Yagi. 
ble 19-1 

Dimensions of the 2-Element Yagi with 0.15, Reflector and Director Spacing, All Elements 0.25 inches in Diameter. 
tenen Length Û) Spacing rom DEC) Length inches) Spacing rom DE (Inches) Difference (%) 
m Dp 015 4083 122 38 

Dien Element 0472 m 

bean oso 015 aser 122 E 


‘The Yagi-Uda, or Yagi, Parasitically Coupled Antenna 
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Max S- -in. 


Fig 19-3 — Free-epace azimuth 
pattern of three element Yagi tuned 


{or ront-to-back апо (FB). 
WF = 
E 


Freeney (мн) 


Fig 19-4 — SWR (50 п) of three 
‘element Yagi in Fig 19-2. 


space) of 5.7 dB. This is almost four. 
times the power in the peak of the 
main lobe of a dipole in fee space. 

A key issue in the design of Yagi 
arrays is that the clement spac- 
ings and lengths can be adjusted to 
obtain maximum front-1o-back ratio, 
‘maxim forward gain or match to 
A particular impedance — but not all, 
or even two, parameters can be opti- 
‘mized using the same dimensions. I 
is thus important to decide what your 
design goals and acceptable param- 
eter limits are before you start. 


Matching to a Transmission. 
Line 

Tie 50 © SWR for the example 
tree element Yagi is shown in 
Fig 19-4, Note that while the frequen- 
cy of lowest SWR is somewhat below 
the design frequency of 145 MHZ, 
the actual resonant frequency, the 


194 Chapter 19 


frequency with 0) reactance, is at 
145 MHz. The impedance at reso- 
nance is about 26 О, which is nota 
very convenient impedance for use 
with common transmission lines, This 
is fairly typical of Yagi antennas and 

1 will discuss some of the techniques 
‘used to match transmission line to 

the generally low impedance of Yagi 
driven elements a bit later. 

In general, this is a solved prob- 
Jem and I will not dwell on itas L 
alk about the Yagi properties in this 
section. For example, in this case, a 
244 section of 36 © transmission line 
(which is available, but two com- 
mon 75 Q fines in parallel could also 
be used) will transform the 26 fr to 
50.0. The SWR plot transformed 
10269, under the assumption that 
some or of matching arrangement is 
provided is shown in Fig 19.5. 


Yagi Operating Bandwidth 

For many antenna types, the key 
‘parameter determining operating 
bandwidth is the frequency range 
‘over which a usable SWR is provid- 
ed. Depending on requirements, that 
definition may or may not be appro- 
priate fora Yagi. For example, the 
26.022: bandwidth of the three cle- 
ment Yagi in Fig 19-2 is from around 
14] to 147.5 MHz, as shown in 
Fig 19-5, This is about a 4,5% range 
around the center frequency, com- 
pared with around 8% fora similar 
diameter dipole. 

As the frequency is changed within 
the operating bandwidth of a dipole, 
however, the pattern remains virtually 
constant This is no the case with 
a Yagi. Fig 19.6 shows the azimuth 
pattern of the Yagi in Fig 19-2 at both 
ends of the SWR bandwidth, Note 
thar the forward gain is actually a bit 
higher, bue the froni-to-back ratio is 
significantly reduced at each end of 
this frequency range. Had I optimized 
for forward gain, rather than font. 
to-back ratio, you would have seen 
a different form of change. Whether 
the difference from design center 
performance is significant depends on 
your application. 

lts often possible to adjust the ele- 
ment lengths to result in slightly Jess 
than optimum performance at а spot 


‘Frequency, but for more satisfactory 
performance over a wider bandwidth, 
"This is often done by making the 
reflector a bit longer and the director 
abit shorter than optimum. 


Changing the Element 
Spacing 

Within the constraint of a boom 
length of 0.34, you can distribute 
the element spacings differently and 
come up with a different antenna. 
One choice would be to have the 
selector 0.21 behind the driven ele- 
ment and the director 0.12 in Пот. 
This is the kind of change Uda and 
Yagi made empirically in the labora- 
tory, but it is even easier to do with а 
modeling program like EZVECT 

‘The result, perhaps witha bit of 
optimization left for the student, is 
shown in Fig 19-7. And Fig 19-8 
shows the azimuth with the spac- 
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Fig 19-5 — SWR (26 п) of three 
element Yagi in Fig 192. 


Mex Gain = azê dBi kes. 


Fig 19-8 — Azimuth pattern of three 
element Yagi In Fig 19-2 at 2:1 SWR 
mis. 


ings reversed — the reflector at 0.1 2 
behind the driven element and the 
rector 0.2 A in front. The forward 
ginis about 1 dB higher in this ar- 
‘angement and the front-to-back ratio 
tas improved slightly. The feed-point 
impedance is, however, reduced 10 
about 10 2 following the tweaking of 
lengths to regain a reasonable front- 
tebek ratio. There is no free lunch! 


The Short and Long of Three 
Element VHF Yagis 

space constraints are рал 
iunt you сап employ shorter boom 
lengths, at some cost of performance. 
Fig 19-9 shows an example of a three 
clement Yagi ona 0.1 2 boom, with 
equal y spaced director and reflector 
Asis evident this design gives up 
ben 192 dB of forward gain com- 
pred to previous antennas with three 
times the boom length. The front+o- 
hk ratio is also reduced compared 
10 the larger antennas. Tis amenna 
Tus resonant feed point impedance 
dato 11.0. 

You сап also go in the other direc- 
‘oo, sing а longer boom and wider 
element spacing. If you make the 
aay roughly square at 0. per side 
wiih a boom of that length you can 
une a bit more of everything. I will 
Inter discus that such a boom may be 
Better served by adding a director or 
о, but the three element design can 
be close in performance and is lighter 
to raise and turn. И also has less wind 
Facing. With careful optimization, 
ús antenna can have additional gain, 
ut probably not as good a front- 
to back rato as the (13 2 design 
presented earlier. It also can provide a 
direct 1:1 match 50 2 coax cable. 


Fig 19-7 — Azimuth pattern of 
0.33 boom three element Yagi with 
02 reflector and 0.1 à director 
spacing. 


—— Fogo 


Fig 19-8 — Azimuth pattern of 0.32. 
boom three element Yagi with 0.13. 
reflector and 0.2 i. director spacing. 


Fig 199 — Azimuth pater 010.17 
Boom ree бетеп Yogi wiih 005 
elector and director spacings. 
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Yagis with More Elements 


What Тус discussed so far has set 
the stage for more interesting designs 
of long-boom Yagis with more ele- 
ments — the focus of the original 
Yagi-Uda work. The design variables 
ard adjustable parameter are the 
same — boom length, the number 

of elements, element spacings and 
element lengths. The outcomes are 
the same as well — forward gain, 
driving imped- 
ance and operating bandwidth. As for 
the earlier designs, the optimum for 
all parameters never occurs with any 
опе design. 

"With each element you add tothe 
mix, you get two independent vari- 
ables — the elements length and its 
spacing from neighboring elements 
‘Since the number of combinations of 
"adjustments goes up with the square 
‘of the variables, it can become quite 
a challenge to be sure you have found 
the optimum. Let's see — if T make 
this element а bit longer — and then 
adjust all the other spacings and 
lengths to compensate — am I getting 
better or worse performance? You get 
the idea! 

Fortunately, there has been 2 lot 
of work done on this subject since 
Yagi's 1928 paper and you don't 
have to reinvent every wheel. The 
ARRL Antenna Book, for example, 
lists lengths and spacings for many 
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Fig 19-11 — Azimuth pattern of 
seven element Yagi on 1 2 boom. 
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proven, optimized 
Yagi designs forthe 
HF and VHE/UHE 
amateur hands. These 
designs can be sealed 
to provide a starting 
Point for other appli 
‘cations or frequency 
bands to. 


The Boom 
Length — 
Element Count 
Issue 

When you start 
looking at antennas 
with boom lengths 
longer than about 43, 
you sometimes run 


cone em baros taa 
i 


» 1 AR = 


Fig 19-10 — Gain of optimized Үз! as а function 
‘of boom length (Courtesy of The ARAL Antenna 


imo an intresting marketing gambit 

— ent in element eng s ustaly 

derber lang Yagis use on clemente foc them, 

cow, with te boom length bricd in k y 

the specifications shee afa boom ^ Longer “Long Yag! 

len в agubly йе шой дош Txtening the Yagi to aboom 

parameter in long boom Yagi design, length of a bit less than 2 A results 

For any given boom length there», in the azimuth pattem of Fig 19-12, 

‘an optimum design (including an op- Again the forward gain is close to 

fimum number of elements) that will that predicted in Fig 19-10. This 

bee eee, gutter volů [x credere 
нт е e шыг aa chem 

eben menen given boon sein ode. 

. T you were to place u six clement 

A eee сылан in мшш 

tore value than one with es le 

ae tol doce a арыш 


installations are designed to with- 
sand a certain level of wind force, 
having more directors (and hence 
more wind-surfoce area) may well be 
a disadvantage. Watch this if you are 
‘considering buying 4m antenna атау. 


A Short "Long Yagi” 

The azimuth plot of an example of 
‘an алау with а boom length of 1. 
is shown in Fig 19-11. Note that the 
forward gain is close to that predicted 
in Big 19-10. Its dimensions are pro- 
vided in Table 19-2 for the case with 


Mas Gain 1229487 ese 


а nonmetallic boom, Metal booms ig 19-12 — Azimuth pattern of 10 
may also be used: however, an adjust- | element Yagi array on 2. boom. 
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Table 192 € 

Dimensions of he seven element Yagi on 1 Insulted Boom, AN Elements 025 inches in Diameter 

Element Length() Spacing fon RG) Length chos) Spacing от (inehes) Ditoronco(%) 
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бе Батат refector, however, sám Another aenaive sto ace of high gain sors athe cost of 
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reflector array from Chapter 17 has boom length results in an increase of 


Review Questions — 

19-1, What are some of the major advantages of Yagi antennas. 
compared to other types ol systems previously covered? 

19.2, Whar are some of the major disadvantages of Yagi antenas 
compared to other types о system previously covered? 

19.3, Under what conditions might a sacked arrangement of Yagis 
be more useful than a single Yagi with the same total boom length. 
What ae the disadvantages of such a system? 


The Yagi-Uda, or Yagi, Parasitically Coupled Antenna 19-7 


Practical Yagis for НЕ and VHF 


Yagis for two frequency ranges share a tower. 


Contents 

Practical Yagis for HF & VHF - 20-2 
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Review Questions. 


Practical Yagis for HF and УНЕ 


The last chapter discussed the structure and results obtained with Ya 
signed for MF through the middle of the UHF region. As has been menti 


ntennas, Yagis are found in antenas de. 
ed, one downside of Yagi antennas i that 


satisfactory operation requires close attention 1o right dimensional tolerances. Twill describe bere some representative, 
reproducible Yagi designs. You сап scale them to other frequencies, but at your own risk! 


Matching A Yagi to a Transmission Line 


As discussed earlier, one poten- 
Wally uapleasant characteristic of 
Yagi antennas, particularly those 
With close-spaced elements is that 
the driven element impedance is 
oben quite low. This а function of 
parasitic element length and spac- 
ing. While itis generally possible 
to find parasitic element spacings 
and Jengtn Шш will result in a 50.92 
driven element impedance. those di- 
mensions are not generally compact. 
They are also often not the ones that 
give best front-to-back ratio, nor the 
highest forward gain, 

Yagi designs are compromises. 
Even ignoring driven element imped- 
ance, the dimensions that give best 
front-to-back ratio generally do not 
provide best forward gain. Still, once 
your objectives and priorities ate 
defined, there is likely to be some 
Yagi configuration that meets them. 
By having a feed connection arrange- 
тет that works with a wide range 
of impedance values, you are tree 
10 optimize your trade off between 
front-to-back ratio and forward gain 
without being constrained unduly by 
impedance concerns. 

Before I describe particular Yagi 
designs, T will discuss some of the 
methods used to match Yagi driven 
elements to transmission Fines. 


Q Bar Matching 
‘One of the earliest methods used 


to match low impedance Yagi driven 
elements to 50 0 coaxial cable was 
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called a “Q Bar" This arrangement, 
shown in Fig 20-1, is nothing more 
than à 1/4 transmission Jine match 
ing section. In order to match a given 
resistive antenna impedance (Z) to 
any transmission line characteristic 
impedance (Z,), a 1/4 transmission- 
line matching Section of character 
istic impedance Z, can be inserted 
between them, The characteristic 
impedance of Z, is equal to: 


Zi . 


* U) 

For example, if you had an antenna 
with a feed point impedance of 20.0 
and wanted to match it to 43010 lad- 
der line, you would need a transmis 
sion line that had a characteristic 
impedance of 95 N. 

‘The characteristic impedance of 
parallel-wie transmission line in free 
space is found as follows: 


(Ва 2) 
where D is the center to-cemer spac- 
ing and d isthe conductor diameter. 
TF you had a line made from 025 
inch diameter rods, spaced 0.275 
es center-to-cener, you could 
achieve а Z, of 95.2, but it would 
make for a fight fit. You also wouldn't 
‘want ro do this for a very long 
distance. Note that this only works 


if D> d, otherwise the two conduc- 
tors would be touching. This set the 
lower spacing limit at 83 О, not far 
from where you are now. 

‘A more modern adaptation of this 
technique would be to match to a 
50 line. This could not work with 
the Q bars, hut could he done witha 
transmission line with a characteristic 
impedance of 31.6 0. This could be 
approximated by paralleling two 
75.0 lines, with а resultant imped- 
ance of 3250. 


The Folded-Dipole Match 
"The two wire folded dipole was 

shown in Fig 11-11 in Chapter 11, 

This antenna takes up essentially 

the some space as a conventional 

single-wirc dipole, but the feed-point 

impedance is four times the imped- 


Fig 20-1 — Ober matching system. 
Note that only а limited range of 
values can be accommodated, 


ance of a regular dipole. If Yagi 
driven element exhibits an impedance 
of 12.5 0, a folded-dipole driven 
clement would have an impedance 
50.2. Note that only the driven 
element, not the parasitic elements, 
needs to be changed toa folded- 
dipole configuration to oblain this 
transformation 


The Delta Match 


An autotransformer is a transform- 
er with a single winding in which taps 
om parts of the winding provide the 
desired voltage-to-current ratio, or 
impedance ratio, The same concept 
applies to antennas, A half wave an- 
tenna element has a high impedance 
‘its ends and a low impedance at the 
center, If you connect а transmission 
inc between intermediate points, you 
con match virtually any impedance, 
from that of the center to that of the 
end-to-end impedance. 

"The delta match is perhaps the sim- 
ples implementation of this principle 
is shown in Fig 20-2, There is 
nothing magic about the dimensions, 
although the two connections should 
Þe equally spaced from the center to 
maintain balance. In use, the connec- 
bon points are adjusted until a rea- 
sonable match is obtained. This will 
change the element tuning somewhat, 
so the driven element length must 
ten be adjusted for minimam SWR 
and the connection points moved. 
again, back and forth until you obtain 
the desired match 

This match can be used directly 
vith a balanced transmission line, or 
“rough a balun to coax. You could. 
use a 4:1 Joop balun to match 200.2 
‘nection points to 50 Q coax. See 
Fig 946 in Chapter 9. For this match, 
and for the next several connection. 
methods, the center of the unbroken 
driven element is at zero potential, so 
you can connect it directly to a metal- 
Jie boom if you like, Ifthe boom and 
mast are well-grounded, this may 
have benefits in terms of lightning 
tection, 

‘Typical starting points for an HF 
dipole connected to 600 $ line are at 
spacing betweea connection points 
110.12 A. for HF (0.115 for VHF) 
and a match length of 0.15 2, The 
spacing should be moved inward for. 


Fig 20-2— 


Delta matchi ENSE png 
system. 


lower impedances 
antil the best match 

is found. The driven 
element will generally 
need to be shortened a 
few percent to obtain 
an exact match, 


The T Match 
Another adaptation of the auto- 
transformer principle is called the 
T match. Tt differs from the delta 
match mainly in the connection 
method. The T match uses bars 
parallel to the antenna element to 
make connections to the dipole. 
Matching adjustment is generally 
provided through the adjustable TTT 
E Demo — 
as shown in Fig 20-3. As with ^ — used with a 4:1 balun and coax feed, 
he dela match, the adjustments 
shouldbe carried ош by moving the Fora typical Yagi made of ob- 
bar с same amount on each side 1o ing the T rods are usually Yo Y 
maintain balance. the diameter of the driven element 
“The T match was introduced la "The distance between shorting bar is 
a QST article in 1040. The authors “usually a bit less than half the driven. 
(including the soonto-be-egendary element length. 
Dr John Kraus, МЈ), described a As withthe delta match, the 
method to connect 600 П mais. — T match is often adjusted 102000 
sion line to a wire dipole anddeter- and used with 3.2, 4:1 loop balun 
mined tat the spacing of the shorting 10 match to 50.2 coaxial cable. The 
bars should be 24% of the dipole T match wil act to lengthen the 
length for that case, with a spacing in effective dipole length. This ean be 
inches of the Т bars of ПАЛ, in Mě, accommodated by either shortening 
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Fig 20-5 — Gemma matching system, 
Essentially half aT match. No balun 


required. 


the dipole, or by inserting capaci 


ance in the T bar connections. The 
capacitance is often made by using 
ıa "trombone" coaxial mning section 


оп each side of the Т, as shown in 


Fig 20-4, 
‘The Gamma Match 


"The gamma match i just half of 


a T match. П extends out from the 


boom towards one side ofthe driven 
element, as shown in Fig 20-5. Be- 
cause it only extends о one side, just 
‘one side of the driven element needs 
shortening, or a trombone or other ca- 
pacitance can be used to compensate. 
for the added inductance. The gamma 
match, inherently unbalanced, pro- 
vides for direct connection to coaxial 


cable without needing a balun, 


Fora typical Yagi made of tubing, 
the parma rod is usually 4 to # the 


. ge 
> — 

Fig 20-6 — Hairpin matching system. Can be visualized as a "folded. 

or 


diameter of the driven element spaced Some early work, reported in QST 


about 0.007 2 center-to-center from 
the driven element and about 0.04 to 
0052. long to match 50 ©. A capaci 
ance value of about 7 pF per meter 
of wavelength will avoid the need to 
shorten the driven element beyond 
about 3%. 


The Hairpin Match 
Ап alternative to tapping out 
along the driven element is o load 
the center of the dipole with a shunt 
inductance connected to each side. 
This brings the electrical center ef. 
fectively farther ou along each 


in 1962, defined the hairpin param- 
eters for a Yagi antenna operating 

at 1428 MEZ? These are shown in 
Fig 207 and Fig 20-8. The requin 
inductance and line length (the sume 
Lime width should be used) both go 
down directly with frequency, so 
results can be sealed to provide а 
starting poiat for other frequency 
antennas. 

"This kind of match is simple to 
construct and works well. Note that 
unlike most of the other techniques 
mentioned. it requires а spit driven 
element, While it will work as shown 


or te dipole. A low-loss inductor can in Fig 20-6, a balun should be in- 
be formed by a short (<< 4/4 section serted between the driving point and 


of balanced transmission line. This 
arrangement, shown in Fig 20-6, has. 


the coax to avoid feed-line radiation 
which can distort the antenna patera 


she appearance of а hairpin and thus t The balun can be as simple as a coil 


is called a hairpin mach. 


ol the coax feed line. 


Fig 20-7 — Inductance required for hairpin 
‘matching to various driving point resistances. 


at 14.28 MHz, 


204 Chapter 20 


ans 

230 

a TE 

H 

$ 

Ё E 

E 016 

B10 

E 

E 1 

300 

PU AY. Aa 
Antenna Diving Point Resistance, Ohms 


a = 
27 
а Heb 
as Las: A 
že T 
Su 1 
р | [pese 
P 
à 
o ne 
оо 02 04 ав 08 10 12 
usas Inductance in miroherries 


Fig 20.8 — Length of 2 inch wide hairpin 
Inductor as a function of required 


inductance at 14.28 MHZ. 


Let's Build Some Yagis 


enc 


EXC = 29 mRenector 1085 em (3454) 
na ey 
ne 
Е словы анаан 8 
v 7 aa 
== Ёл 
Ert | 
ШЕ | 
ES 
A 
— 
203 — Dimension of he VETGA land 2 clement Yagi 
A Portable Two Element A High-Performance 144 that can be used from 10 through 19 
Triband Yagi MHz 10 Element Yagi elements described in recent editions 


Perhaps the simplest of Yagis is 
‘ne wire triband HF Yagi designed by 
Marcus Hansen, VE7CA. Hansen 
is also the designer of a wonderful 
homemade HF transceiver that out- 
performs al but the highest perfor- 
mance commercial HF transceivers“ 
"This antenna is made of wi 
ments supported between 2 x 
wooden spreaders, The three bands 
are covered by parallel driven 
elements, fed with a single hairpin 
wach The antenna uses separate 
reflectors, optimally spaced for each 
band. While shown as а tiband, 
two element array, it could be cas- 
ду simpliied into a two element 
monobander, or even a three element 
monobander for one of the higher 
tands by putting the driven element 
тоге center and adding a director 
element. In my experience, a three 
clement Yagi for 20 meters would 
teat the outer edge of what could. 
te asked of 2 x 2-inch spreaders, 
sltboagh it might work for a weekend 
‘operation, when there's no wind. 


‘This antenna illustrates the use 
of aT match and aluminum tubing 
to construct an easy to duplicate, 
bat no-compromise, УНЕ Yagi, rst 


of The ARRL Antenna Book 
"This antenna is shown in 

Fig 20-13, If you build it closely 

following the design specifications 


described by KIFO. This antenna is (Even in mm to increase preci- 


sion), it will yield a gain of 11.4 dBd 


‘one of many cases of asic genen: (3.5 dBi) iow back rado 
‘of better than 17 dB across the whole 
m 144 to 148 MHz band. It has a 39° 


tuve 


ЖЫЛА, azimuth beamwidth when mounted as 


a horizontally polarized antennu. 


Fig 20-11 — Predicted elevation 
pattern of the VE7CA nander 
оп 20 meters. Other bands will be 
similar, but for the same height 


tribanders feed point. 


(26 feet in this example) will have a 
Fig 20-10 — Close-up of the VEZCA penk lobe ata lower 


elevation angle. 
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‘The antenna is constructed on a 14 inch outside 
diameter boom with the elements spaced from the re- 
‘lector as shown in Table 20-1. Details of he driven el 


Table 20-1 


Dimensions of the 10 Element 144 MHz K1FO Yagi. 
А elements are 4 Inch diameter rod or tubing. 


ement construction are shown in Fig 2013. The design 


is intended for the Jow end of the band. generally ней Element ostia гелт 
for long-haul SSB and CW weak signal work. It car be aiir ем jm 
easily adapted to the FM portion centered at 147 MHz tector o тоза 
by shortening all elements by 17 mm. Driven Element 11 965 
‘Tho antenna is matched by а 200 Q fh and 2/2 беюш! аат ose 
Jong 4:1 Joop balun designed to eed coaxial cable to ты 
the radio, When complete adjust the T-match shorting 880 x: ns 
bars for the best match. This should be done in its final Dress жеў эш 
position, if possible If not, temporary mount ìr as Director 4 dam. 908 
high as practical and point it upward to minimize near- Directors 1900 er 
groond reflection effects while adjosting the match. ries ds ui 
Directo 7 E ват 
Director ê E ваз 


Diameter Matters 

{havo proviousiy discussed the impact of antenna a PAE 
element diameter on both the resonant frequency and 
апан! of antanras, The оре is worth repealing in his — 14.15 MHz Dipole Lengths for Ditrent 
discussion about Yagi antennas, since they use differant Element Dlamotore 
inda of constuction techniques. 

Wira Vogl are ofan used at he kwer frequency ranges, . Dümet(r) Length (0) Lert) UD Mr 
hora sl liable antennas may rot be praca io 0081 rur 
Upper HF and higher regions up to ОНЕ Yagis are almost 
always constructed of tubing supported by а singe сеп — ' ж жу же e 
Boom. The examples Ihave proved in INe chapter иеше 12 Stepped 406 338 na 4783 
antennas in bath camps, wire and ing, 2 soe озь 16а айз 
Yagis at Upper HF 275 3864 23292 1080 4558 


Atte low end of the frequency range for rotatable 
antennae, structures tend to be large and mechanical issues 
эге often paramount. While lower frequency rotatable Yagis down to 7 МН are sometimes encountered, the 14-MHz 
amateur band marks the low end for most Yagi Бийде. Elomónts con be 36 fea long and booms even longer on. 

20 meters Even wih "igen aluminum mates а 3 or 4 element 20 meter Yagi can be qui a mechanical 
challenge. 

‘The problem is to have elements thet can support themseives, bath with static and vind leads, while being 
secured at a singie point in te cantar Larger sies of hickowa tubing are strong, but they aro heavy. Smaller sizos 
эге light, but they bend undar the strain of their own weight Ё they are long, The answer is to use telescoping sections 
of progressively smaller and lighter tubing as you progress from the center to aach end of an element (and boom too). 
The center section can be haavy to provide strong without much bending moment, while the sections further from 
"he center can be smaller, win inner walls sine they don support as much waighi. This technique is often ratorrad 
to as stepped diameter approach. An additional advantage of ths technique is that he element lengths can be easly 
adjusted by loosening the joints and sliding the ouier ends in ard out. 


Modeling Stepped-Diameter Antennas — the Results 

‘One possible dificuly is how lo effective model tapered elements by computor. To abrupt change in diameter 
ав sections are transitioned is dficut for the NEC engine to handle. Fortunately EZNEC, and other modeling 
implementations, implement a correction process for these tapering effects 

"To give an idea of tne differences with and without tapering, Table A shows the modeled resonant lengths of dipolo 
‘elements resonant at 14.15 MHz for different diameter elements, all mounted 50 feet above typical ground. The 04 
inch onty represents #12 wire used in my HF example, The 1 102 inch tapered entry changes from 2 inchas Gown to 
а 1 inch батабы, in steps of 0.25 inches. Of particular note is that EZNEC predicts such a tapered element must bo 
Jonger than either а continuous 1 or 2 inch diameter element. 

The entry #/F corresponds to the of-quoled resonant length ога wire dipole ot 468/F, where F is in MHz. That is 
a gasonatio pproimalon for a wire antenna at one cuencia ut сап Бе твой when opera elemento ot 

ing are uso 
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Fig 20-12 — Predicted main-lobe = m EN 
azimuth pattern of the VETCA җый a Т 
"ribander on 20 meters. Other bands 
will bo similar. 


Fig 20-19 — Layout of 10-element 144 MHz high-performance KIFO Yagi. 


[1 


— | 


Fig 20-14 — Construction details of 10 element 144 MHz high-performance КТРО 
Yagi. 


Practical Yagis for HF and VHF 20-7 


Chapter Summary 


‘This chapter discusses building 
and using Yagi antennas. I pre- 
sented some of the most commonly 
encountered methods of matching 
‘Yagi driven elements, which tend to 
exhibit lower impedance than dipoles 
because of mutual coupling to the 
other elements. Examples of designs 
‘with very different construction 
methods were presented, including 
examples of hairpin and mach ar- 
rangements 
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Review Questions 

20-1. Consider a centered dipole with added reflector and director le 
ments to become a unidirectional 3 element Yagi. Why will here likely he a 
еей ta change the method that the coax is connected othe dipole? 

202. Why can't O bars be used to match a 25 (impedance Yagi driven 
element 10 50 coax? 

203. Compare a T match lo a gamma match, What ме some of the benefi 
and disadvantages of each? 
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Log Periodic Dipole Arrays 


The log periodic dipole array ls an effective wideband unidirectional antenna. 


Contents 

Log Periodic Dipole Arrays... 
‘Whats an LPDA All About? 
Chapter Summary ..... 
Review Questions. 


Log Periodic Dipole Arravs 


A wideband unidirectional antenna аз much as a 10:1 frequency range, The antenna was developed as an 

design that is frequently encountered although usually designed to cover outgrowth of studies of other periodic 
from HF through UHF is called the A narrower range, typically 2:1 or structures by Raymond DuHamel and 
log periodic dipole array,orLPDA 3:1 (forexample, 10 to 30 MHz, or — Dwight Isbell of the University of 

for short. This antenna is unique in a 15010450 MIZ). Minois in 1957 and has been in wide 
few respects + An LPDA has a relatively constant use since," 

* An LPDA can provide wideband Fan. pattem and match across the 


coverage without adjustment over entire range. 


What's an LPDA All About? 


As its name implies, an LPDA is inductive at the operating 
an array of dipoles. These dipoles frequency. 


are arranged ina special way, with As the frequency 
An element1o-element spacing del inereases,the active 
is logarithmic, The configuration region moves to the left 


is shown in Fig 21-1. Note thatthe and operates in a similar 
dipoles are fed from the front bya manner and with similar 
transmission line that is reversed performance until the 

between each successive pair of frequency is higher than 


clement. The combination of out- just below the resonant 
‘of pase feed and Yagi like element frequency ofthe far-left ьн 
length tapering resul in radiation dipole. As the frequency | sae — ваенна 


focused towards the feed point from is reduced the active 

those dipoles in the active region, û4 region moves tothe right Fig 21-1 — The basic layout of a log periodic 

shown in Fig 21-1. The active region until it reaches a frequen- dipole array (LPDA) wideband unidirectional 

contains the dipoles resonant or pear су somewhat below the ntanna. 

resonant at the applied frequency. resonant frequency of the 

‘The LPDA can be fed directly with far-right hand element. The far-right bandwidth beyond the usual narrow- 

a 300 balanced transmission line, and far-left dipole resonant freque bend coverage of a Yagi with a single 

or fed with coax through a wideband cies define the range of operating driven clement. 

4:1 or 6:1 balun transformer. frequencies for the array. In general, the longer the array for 
a given frequency range, the lon- 


Performance Across a How Big or Small Is an рег, active region sand 

Frequency Range LPDA? the more elements it mist contain. 
"The dipoles in the active region From the discussion above, it LPDA arrays with relatively large 

are responsible for the radiation on a should be evident that if the array active regions provide more gain and 


given frequency The dipoles onthe is lopped off at one or both ends, it lower SWR ripple across the region 
left in Fig 21-1 are resonant at higher should still work, but over a narrower Рог those who would like to see the 
frequencies and exhibit» progres- frequency range, That is definitely design equations, they are stag 
sively higher capacitive reaclanee еса Small segment of a larger © forward, if somewhat tedious and 
as you move from the асе region LPDA designare sometime used as. Presente in the sidebar: Computer 
towards he lef side of the array. driven elements for relatively ватон. software is available for those wto 
‘They thus accept litle current and do band Yagi arrays. In this hybrid Yap; need to perform the calculations 
. athe” LPDA array, the Yagi directors help often. 

Chosen frequency. Similarly, ele. the LPDA driver cell provide a bet 

ments lo the ight of the active region ter frontto-back pattern, while the 

are longer than resonant and appear LPDA driver cell expands the SWR 
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and size effective, 
"The LPDA is es- 
pecially well suited 
For cases where 
‘operation can occur 
‘on any part of the 
spectrum it covers 
Some services, 
such as the ame. 
teur Radio service 
and the maritime 
НЕ service, to 
name a few, require 
‘operation across 
the HF range, but 
operate within a 


Fig 21-2 — Example of an HF LPDA designed for fte number of 
‘operation over the 18.1 to 28-МН: amateur bands. relatively narrow 


So What's Not to Like in an 
LPDA? 


An LPDA can be an excel- 
Jent choice for some applications, 
especially those employing wide 
band signals, such as very wide 
spread spectrum znd especially those 
employing HF automatic frequency 
selection (automatic tink establish 
ment or ALE) based on changes in 
propagation, In the later, the radio 
Frequency can shift by a large amount 
in the midst of communication in 
response to changes in propagation 
conditions. This is determined by 
sutomtie testing and handshaking 
between the смо ends of the radio 
Tink. An LPDA, unlike many HE 
systems, has no problem following. 
the changes with essentially the same 
in and directivity as the frequency 
shifts — perhaps across the entice HF 
region. 

Perhaps the only downside of an 
LPDA is that for any given subset of 
its frequency range, other structures, 
‘even narow-range LPDAS, can be 
‘Significantly smaller, This is not a 
bad irade for operations in which the 
over frequency end of the range is 
generally used, with only occasional 
excursions to the high end, since the 
majority of the size and mass is being 
wed much of the time, On the other 
"nod, iF most of the operations ше at 
Зе higher end of the range, only a 
dente small portion of the mass of 
ite LPDA is used much of she time 
and other options may be more cost 


bands within the 
range. These services caa often be 
supported by multiband Yagi designs 
that operate on just the multiple nar- 
row bands, but not the whole range. 
Such systems tend to be smaller and 
give higher gain than LPDAs cover- 
ing the entire range. 


Other LPDA Configurations 
LPDAs are seen in à number of 
‘other configurations besides the basic 

one shown in Fig 21-1. The next 
most common is one in which the 
transmission line is not crossed bo- 
tween elements, but the elements are 
switched from side to side instead. 
‘The two sides of the transmission line 
are generally placed one above the 
other and the transmission line itself 
serve as booms for the two sets of 
elements. Two thiek booms provide 
fora lower-impedance feed than the 
thin wires of Fig 21-1 and this can 
provide a good match for 50 or 75 0 
соах — often fed down the inside of 
‘one of the booms. 

LPDAs are often used as receive 
antennas forthe US television bands 
A single LPDA can provide good 
reception for the VHF channels 
(including the 88 — 108 MHz EM. 
broadcast band) from 54 to 216 MHZ. 
A single LPDA can coser both the 
УНЕ and UHF TV channels (from 


— o recien 


Fig 21-3 — Typical free space 
azimuth plot of short LPDA. 


ally combined on the same boom 
to provide a single feed. The UF 
antenna portion could be another 
LPDA, but often consists of comer 
reflector array in front of the VHF 
LPDA. 


Examples of Real LPDA 
Systems 

A version of an LPDA, adapted 
from an early edition of The ARRE. 
Antenna Book is shown in Fig 21-2. 
‘This was used as the basis for an 
EZNEC model to determine the typi 
Sal performance of such a system. I 
designed it lo be shorter than opti 
num (sae sidebar), but physically 
manageable. 

A representative free-space. 
azimuth plot is shown in Fig 21-3 
nd a 200.0 SWR plot js shown in 
Fig 21-4. This LPDA is intended to 
be used with a wideband 4:1 trans- 
former type balun and then fed by 


47010 806 MHz), Because of the 
resulting unneeded coverage over the 
gap between 216 and 470 ME, it is 
more efficent (as discussed in the last 
section) to have a separate array for 
the UHF channels. These are gener- 


Fig 21-4 — 200 © SWR of HF UD 
inFig 21-2. 
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coaxial cable going to the station. The performance 
is less than what can be obtained from a single- 
band Yagi array on any of its bands, but this LPDA 
covers all of the 17, 15, 12 and 10-meter amateur 
‘bands, as well as everything in-between. 

Photos of commercially available LPDA systems 
for HF and VHF to UHF are shown in Figs 21-3 
and 21-6, 


Fig 21-5 — Example of an HF LPDA. This antenna covers 
191030 MHz. 


‘covers 50 to 1300 MHz, with an 
advertised forward gain of 10 to 
12 dBi. lt occupies а 6.7 foot boom. 
(Courtesy Creative Design Corp) 


Designing an D 
ГА fu chapter of he ARRL Antenna 
‘Book is devoted to the design of an 
| LPDA However, | will here cover. 

The узу ase drawing om hu 

Ки е : 
VU cer eei get 
hi I-A. Each of the elements | 
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dimensions nd spacings are hase 
Оп iha parameters in Fig 21-8. The 
gener design considetations are as 
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do Ba o of ee soonest kt Mê еш 
› D. performance atthe LPOA le 
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where R, and А, ate he distances; -any value of . you may determine the 
mn Sake 
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Chapter Summary 


‘This chapter discussed Jog-peri- 
olie dipole arrays (LPDAS). These 
sectional antennas are unique 
nei ability to cover an almost 
айшу range of frequencies with 
‘ehtively constant gain, directivity 
ий feed-point impedance. They 
ие straightforward to design and 
епк, although they do tend to 
‘large compared to antennas with 
nitar performance for any single 
рл of their frequency coverage. 
They ao used throughout the HF to 
ik UHF range, often as rotatable 
arrays from the middle of the HF 
range through the ОНЕ range. 


Notes 


‘R. Duhamel and D. Isbell, 
“Broadband Logariinmicaly 
Periodic Antenna Structures? IRE 
National Convention Record, part 
1,90 119-128, 1957. 


35.0 Siraw, Editor, The ARAL 
Antenna Book, 2181 Edition. 
Avalable from your ARAL dealer 
спре ARAL Booksiore, ARRL 
order го. bers Telephone 860- 
504-035, or тее in the US 
(886-277-5289; www.arrl.org/ 
‘op; pubsales G ar org 


Review Questions «a 

21-1. Consideran LPDA array io comparison to a Yagi, What are the advan- 
tages and disadvantages of each? 

21.2. Why canta 4:1 4 coaxial cable оор balun bs effectively used with a 
wide-range LPDA? 

21-3. Describe any other antennas that could fil the place of an LPDA. How 
do they compare? 
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Тыз loop antenna, made rom plumbing supplies, makes 
ап effective MF rocolving anten 


Contents 


‘The Large Loop in a Vertical Plane 
‘The Large Loop in a Horizontal Plane. 
‘The Small Loop Antenna. 226 
Chapter Summary... 
Review Questions. 


"This chapter really describes two completely different antennas. The two major divisions are based on the size of the 
amenna in terms of wavelength, A small оор is one whose diameter (or diagonal for a rectangular shaped loop) is much 
Jess than a wavelength, while а large loop has a diameter approaching or larger than a wavelength 


The Large Loop in a Vertical Plane 


ll star the discussion with the ing points along ther lengths. = 
special case of square loop in a "Thus, as shown in Fig 22-3, Jus = 
Sal pe, wa each siie aning withthe йрт on cack [T 
КҮР) side of the gap the same, you | 1 
тап connect the ends together. : 

The Square Quad Loop without changing aer. 

Look at Fig 22.1. a repeat of Having done tat, you can H 
Fig 7-1, but wilh атома added io remove the upper (or lower, 4 i 
indicate the сите direction when your choice) source and e. 
each оше is fed in-phase, This is 4 sides will be fed across the í +O 
broadside array, which hos bidiree- former gap. 
sional gain perpendicular to the page. Ту interesting to compare 
Ata spacing, neither the gain nor the performance of such a 
the саб fre cancelation are opti- quad loop witha dipole, i Fig222- Array ot Fig 22-1, with ends 
mum, but it would still be a useful you use my usual HF frequen- bent at 90" to form a square. Note that he 
performer. cy of 10 MHz and model both Currents on the vertical portions are out- 


at I Aabove typical ground Ol-bhase, while the horizontal portions 


n cd ү ли чим remain in-phase. The two sides of each 


the other to maintain 42/4 horizon- (о the center of the loop) 
tal section on each dipole, you end Lon get the results shown e 
up with the configuration shown in in Fig 22-4, Fig 22-5 and azimuth pattems are very similar to 


Fig 22-2. Note that the horizontal Fig 22-6. Note that the SWR shown those of a dipole at the same average 
sections ae sull in-phase, while dhe 10 Fig 22-4 has about the same shape height, except the loop has about a 


vertical sections each include hê and Bandwidth asa dipole, but has 1 dit advantage in gain at this height. 
same amplitude of current in op- ef impedance at resonance of 123 2, Note the clear tradeoffs between a 
posite phase and thus their vertically rather than the dipole’s 7062. This is dipole and a quad loop. A quad loop. 
polarized radiation is canceled. Note noc much ofan issue since you can needs half the spacing between sup- 
Also thatthe voltages on each side of match it quite nicely lo 500 witha роп, But for comparable low-angle 
both gaps are the same, since the two АА section of 75-9 line. performance, the quad loop needs 
antennas are in phase at correspond- ke shapes of the elevation and Supports that must be A/B higher. 


= | 


ee кї ! 


7 777 7 


Fig 22-1 -Two horizontal dipoles fed. 


in-phase to form a broadside array. The Fig 22-3 - Array of Fig 22-2 with gap closed 
arrows indicate the direction of current 10 close the square. The single source now 
fom. feeds both “bent dipoles” across the дар. 
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SO mom 192 
Fig 22-4 — SWR of quad loop 
relerenced to 1230. 


. 
Fig 22-5 — Broadside elevation 


pattem of quad loop (solid line) 
‘compared to dipole (dashed line). 


Fig 22.6 — Azimuth pattern of quad 
loop (solid line) compared to dipole 
(dashed line) at same average 
eight. 


(When both are mounted st the samê 
height, the quad Ioop's aim at 147 
elevation matches the dipole's ga 

But wait there's more! The loop 
needs an additional 2/2 of antenna 
wire, but it needs 1/4 les transmis- 
sion line. Since transmission line 
generally costs more than twice as 
much as wire, that is generally to the 
plus side for a loop, In addition, there 
is Jess sag and tension м the top of 
the loop if the wize is supported from 
the sides. 

Зо the full-wave quad loop pro- 
vides justa bit of additional gain, and 
fits into a smaller horizontal space 
than a dipole. But it needs s minimum 
of at least 243 to 242 vertical space to 
„make sense. Otherwise, it acts a Jot 
like a dipole. As 1 will discuss in the 
next chapter, a quad loop is frequent- 
ly used as the basis of multielement 
arrays. 


Quad Loops in Other Shapes 


Not surprisingly, most other 12. 
Joop configurations have been used, 
‘generally with similar results. The 
twa most popular besides the square: 
are shown in Fig 22.7. The first, the 
so-called diamond shape, is con- 
sidered by some to be less resistant 
то ice build op — more important 

in some geographical areas than in 
others. Note taz the diamond can 

be suspended from a single support, 
but requires L4 times the horizontal 
clearance of its square brethren. The 
single support must be about 005 A. 
higher to have the same effective 
‘height, but that doesn't generally 
matter in practice, IF the corners are 
secured by ropes to the ground, this 
antenna configuration allows manual 
azimuth pointing adjustment from the. 
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ground. 

‘The triangular, or deha, configura- 
ton is particularly attractive as a di 
Pole substitute for eases in which the 
dipole's required 2/2 spacing between 
supports is not available. although it 
doesn't have quite the same effective 
height. 


Operating on Other 
Frequencies 

A dipole provides useful radia- 
tion on frequencies higher than is 
resonant frequency, if you can get 
power to it without loss — such as 
by feeding it with low-loss open-wire 
lino, The radiation pater changes 
dramatically above а full wave in 
length. moving from being primarily 
broadside pattern to а тийсе 
one: Such а panem сап sometimes 
be beneficial, sometimes not. A 
quad loop is not quite as frequency 
friendly, as shown in Fig 22-8 Note 
that the result is an elevation pattem 
pointing mainly upwards Fig 22 8 
shows the endire vies, rather than 
the broadside direction. Loops are 
Best used on ar near thcir fundamen- 
tal design frequency ut least until 
you шу them on their sides, s will bo 
discussed in he next section, 

Multiband operation is oñen ac- 
complished by switching between 
different loops, one for each desired 
band. Higher frequency loops ше 
alen nested within lower frequency 
loops. The non-resonant loops usually 
have suficiertly high impedance tat 
they con be driven together, wilh the 
energy going where it is supposed to 
20. Bul you must make sure no odd 
harmonics аге imolved since those 
will take power and radiate in strange 
directions 


(OT 


Fig 22-8 — Elevation plot ot 10 MHZ 
quad loop operated on 20 MHz. 
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The Large Loop їп a Horizontal Plane 


A full wave, or larger loop aid on its side, parallel to 
the ground, is а useful antenna, This is frequently en. 
‘countered in amateur circles, and is often referred to ава 
Loop Skywire, a name popularized by a Nov 1985 article 
in OST. The usual configuration is а square or diamond 
shaped loop about 277 feet in circumference, fed at one 
comer. This provides а full wave circumference in the 

80 meter band and at multiples of 1 û. on many of 

the higher amateur HF bands. The layout is shown in 

Fig 229, 

At typical heights of around 50 feet, which is less 
ban 7/4 on BO meters, the radiation is largely upwards, 
as shown in Fig 22-10. This is well suited for reliable 
near vertical incidence skywave (VIS) operation out to 
around 1000 miles or so. The Loop Skyvire has useful 
radiation at lower angles as well. Fig 22-11 shows the 
azimuth pattem at an elevation angle of 25°, an angle use- 
ful for long-haul operation, with a gain of around thet of 
anisotropic radiator along the diagonal from the comer to 
the feed point. There js also a notable lack of deep nuls, 
‘compared to say а dipole, providing reasonable coverage 
around the compass. 

‘The feed impedance is similar to the loop in the vertical 
plane, and for a single band it can be fed through a match- 
ing section with coax, ax described earlier. The usefulness 
of this orientation becomes more evident as you move. 

10 higher bands, as T shall discuss further below. So itis 
‘often fed with low-loss Fine such as 400 0 window line. 
The SWR plot across 80 meters at 400 Qt is shown in 
Fig 2212. 


Operating on Other Frequencies 

‘The Skywite Loop works well at harmonies. The 
radiation that would otherwise go skyward when a loop. 
is mounted vertically will now leave towards the horizon, 
providing long haul coverage on the traditional long dis- 
tance bands. The elevation pattern on 14 MH is shown in 
Fig 22-13, The azimuth pattern at this frequency is inter- 
‘esting. The pattern at 20 elevation is shown in Fig 22-14, 
which shows four pronounced lobes, each rivaling a small 
Yagi in forward gain. 

The SWR at its second harmonic, 7 MHz, to the top 
of the HF region is shown in Fig 22-15. Note that itis 
reasonable throughout the range for use with low-loss 
window line. There are dips of SWR at the harmonics, be- 
coming progressively lower on 20, 15 and 10 meters. This 
illustrates the de bite of this antenna in that, much like 
the dipole operated on higher frequencies with low-loss 
line, this loop is also useful, with more gain anc interest- 
ing patterns that are different on each band. 
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Fig 229 — Loop Skywire antenna configuration. 


Max Gan = 7.06 dBi Freq. = 3.75 MHz 


Fig 22-10 — Elevation pattern of Loop 
'Skywire on 80 meters. 


ax 66022401 


Ferien 


Fig 22-11 — Azimuth pattern of. 
Loop Skywire at 25 elevation on 
50 motore. 


A Loop Variation — the 
‘Terminated Rhombic 


"The square loop has lobes from 


each of the wires, and these combine 


în different directions w form com- 


plex lobe structures, These lobes vary 


asa function of azimuth angle on 
the higher frequencies I is possible 
1o adjust the angles of the loop to 


concentrate the lobes along the major 


axis of the loop. Tables are available 


in handbooks to provide the optimum 
angles as а function of leg length and 


desired elevation angle, The results 
arc shown in Fig 22-16 for the loop 


operated on 28.3 MHz, at which each 


of the four sides (or legs, in rhombic 
talk) is now 2 A long, Here, I closed 
down the angle at the feed from 43° 
om each side of axis (90° total for a 
square), to 35° fora 2 A leg length. 
"The desired lobe to the night in 

Fig 22-16 is the result of current run- 
ning from the source towards the far 


end. The Jobe to the rear results from 


curent reflected from the far end 


returning towards the source. You ean 


reduce the rearward lobe by termi- 
nating the end of the antenna with а 
resistance that equals the characteris- 
tic impedance of the antenna system, 


In effect, this amenna looks like a 
long transmission line. Around 600 O. 
is usually optimal. and with such a 
termination you get the pattern shown 
in Fig 22-17. 

"The terminated rhombic makes an 
excellent HF, or even VHF, direc- 
tional antenna that can be built at low 
(ost, It does take up a lot of space 
compared 10 a Yagi, however, and 
does have a narrow beamwidth. so is 
best for fixed point-to-point links. 17. 
you adjust the dimensions to compro- 
mise lengths and angles, it can be ef- 
fectively used for up to a four-to-one 
Frequency range. 


SA 
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Fig 2212 SWR or 
Skywire on 80 meters for 400 
transmission line. 


Fig 22-13 — Elevation pattern ot 
Loop Skywire on 20 meters. 
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Fig 2214 — Azimuth pattern of 
Loop Skywire on 20 meters, 
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Fig 22-15 — SWR of Loop Skywire 
fom 7 to 30 MHz for 400 £2 line. 


Fig 22-16 — Azimuth pattern 
‘of horizontal loop adjusted for 
‘optimum 10 meter on-axis pattern. 


Fig 22-17 — Azimuth pattern of 
loop modified to be 10 meter 
terminated rhombic. 
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The Small Loop Antenna 


Loops that are quite small compared to a wavelength 
(typically less than 0-1 A in cireumference) operate in a 
very different manner from large loops. Small transmitting 
loops are sometimes encountered; however, they suffer 
from having a very low radiation resistance, requiring ex- 
traordinary measures to avoid excessive losses. They also 
have very narrow operating bundwiddas — typically in the 
teas of KHz in the upper HF range, Still, some are coni- 
‘mercially available and some have been home constructed 
With satisfactory results, considering their size. 

The most frequent application of small loops is for 
reception, particularly in the LF to low HF region. А small 
receiving loop also suffers from the possibility of low- 
efficiency due to losses, but this is not generally much of 
а problem for receive loops in this frequency range. The 
reason is simple: t LF through MF and into the lower HF 
region (80 meters, for example). received signal-to-noise 
ratio is limited by extemal noise picked up on the antenna 
along with the signal so any loss reduces both noise and 
signal 

If you're lucky enough to have а 1940s ос somewhat 
earlier AM broadcast radio in your basement, attic or 
perhaps sil іп operation in your living room, a look at its 
back will likely reveal an MF receiving loop. The typical 
radio of the period had enough sensitivity that it could. 
receive local stations with a multitura loop, serving as the 
radio's input tuned circuit as well as a receiving antenna. 

A view of this type of antenna is shown in Fig 22-18, 
Note that the multiple turns, as with an electromagnet, 
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‘couple to a propagating magnetic field coming from the 
‘edge of the loop, the opposite of the orientation of a large, 
full-wave loop. Note also that the horizontal orientation 
‘oF the magnetic feld implies that a vertically polarized 
‘waveform will provide maximum response. 

Well, this is just what you want from a receiving loop at 
the lower frequencies, The vertical polarization is compat- 
ible withthe ground wave signals arriving from broud- 
сач stations, with their vertical transmitting arrays, The 
directivity does have deep nulls at right angles to the plane 
‘of the loop. Some early broadcast sets had the capability to 
move the antenna angle so that the whole radio wouldn't. 
need o be reoriented о pick up stations, 

After WW I, ferrites became popular as a magnetic 
‘core usable well into the radio spectrum. The earlier ait- 
соге loops were replaced by compact ferrite core antennas 
called foopsticks, These could use less wire for the same 
‘inductance and fit Белет in the more compact radios of 
the period. Such antennas were also nsed in marine radio 
direction finders, used to determine the bearings to MF 
‘beacons that were located throughout bays and harbors, 
These were used until the advent of more recent LORAN 
Cand then GPS navigation systems. 

‘As Lill discuss in tbe next chapter, receiving loops can 
be used to advantage as directional antennas for reception 
in the МЕ and low HF bands, discriminating against noise 
and interference by taking advantage of ther directional 
properties. 


Chapter Summary 


Loop antennas can take a number 
cf forms and each has a special place 

n radio. Large loops are efficient HF 
radiators that can be used by them. 
selves or as part of arrays. Vertically 
oriented loops give dipoles a run for 
their money, and horizontal ones can 
provide considerable flexibility from 
a single antenna, 


While a small loop can be force 
fit into transmitting applications, it 
shines the most if used for MF receiv- 
ing. In this application, its advantages 
сап be taken advantage of without 
‘excessive concems about its loss. 
limitations. 


Review Questions 
22-1. Consider а vertically oriented lop compared to a horizontal dipole. 
What are the relative advantages and disadvantages of each in the same space? 
22:2. What are the benefits of large horizontal-plane loops compared to 
vertical plane loops on harmonics of their primary resonant frequencies? 
22.3. Compare the benefits of small loops for receiving with the use of such 
коре as transmiting antennas. 
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This loop antenna transmits and receives оп 40 meters or 
сап iin down for transport. 
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Loop Antennas You Can Build 


The loop antennas described in the last chapter are not only good performers, especially considering their low cost, 
bot they are generally easy to build and get operating. They tend to be dimensionally forgiving and generally non- 
critical as to construction method compared to some other antenna types, The designs presented here can be scaled in 
frequency to work other bands without undue difficulty. 


4 Quad Loop for HF 


"The quad loop is an effective antenna, 
especially for HF operation. The antenna is 
inexpensive to make, has less wingspan than 
31 dipole and avoids the center droop and 
mechanical loading of an end supported dipole 
with heavy cous feed at ts center. Depending on 
the spacing between supports and their height 
above ground, it can be square, rectangular or 
delia shaped. 

‘The key dimension is he total length of the 
loop wire, although, as noted previously, the 
length depends to a certain extent on whether 
‘he loop is square or triangular in shape. For 
ıa square loop with top 88 feet above typical 
ground, the length in feet s around 1030/F 
(ME) а 3.8 MB. 

A triangular loop will require about 1016/F 
(MHz) и 3.8 MHz, These guidelines were ск. Fig 23-1 ~ Loops in the quad" and “delta” configurations. Each 
tablished at 3.8 MHz using EZNEC models. The generally 1 In circumference. 
modeled lengths at some other frequencies are 


shown in Table 23-1. Height above ground, nearby ‘equal to that of its center, half way between the two hori- 
objects and ground conditions will also make a dif- тоша! sections, as you might expect. The delta configura 
ference in resonant frequency, so always stata bit ion, with the apex at the bottom will have an effective 
ong and trim a itle at a ime to move the resonant height somewhat higher, By comparison, a horizontal 
frequency to the part of the band you want. Construc- dipole will have is effective height at or slightly above the 
tion suggestions are provided in Fig 23-1 height of ie conter, depending on the amount of sag. 
There is а sight performance difference between While he full-wave loop has а gain of almost 1 dB over 
the square quad loop and the delta loop configu- a dipole in free space, closer to the earth and constrained 
rations, mainly due to the effective height above by the same suppor height, the dipole actually has a bit 
ground. The square loop will have an effective height of an edge ac low angles This is shown in Fig 23-2 and in 


Table 23-1 


‘Comparison of Dipole and Loop Dimensions (feet) on Some Amateur Bands. Top Height for 
alls 88 Feet. 


Band (etar) ears ans, дум 10233 

Алема Wein Нарт Wim Нарт Мат Нари Width Height 
Dipole з м б моз м 168 м 
Delta Loop 914 792 487 шз дв аз 124 107 
Square Loop 676 676 ®г 2 їз 185 92 92 
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таме 232 — 
‘Comparison of Dipole and Loop Parameters and Performance. 


38 Mz Antenna Weh (lee) Elevation Angle Peak Gain (9) Goinat 42 Elevation (48) Impedance M) 
Dipole 1264 am 629 628 э 
Della Loop юл am s72 564 190 
‘Square Loop E ES sa 536 120 


‘Table 23-2. The difference shows up 
mainly ia the elevation angle of the 
main beam, with lower angles needed 
for longer distances, As shown, the 
differences are about | dB at most, 
and thus the physical and mechanical 
considerations are often the decision 
makers 

Besides height, the other aspect 


between horizontal supports. 
"Table 23-2 provides the dimen- 
sions and performance figures for a 


quad loop and a horizontal dipole 
at 38 MHz, all at top height of 


of any trade-off is the space required 


square quad loop, an equilateral delta 


88 feet, corresponding to the height 
of the delta apex being 10 fect above 


the ground. 
Dimensions for some amateur 

bands are provided in Table 23-1 for 
the bare #12 wire used in the model- 
ing. In all cases, the antennas are sus- 
pended from 88 foot high supports. If 
insulated “house wire" is used, reduce 
the dimensions by about 2%, 


Max. Gain = 6.29 dBi 


Freq. = 3.8 MHz 


Fig 23-2 — Elevation plot of 3.8 MHz dipole (solid 
line}, delta (dashed line) and quad loop (dotted 


ine) at same top height. 
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Two Element Cubical Ouad for 20 Meters 


One of the most popular HF loop. 

antenna systems is the two element 

‘cubical quad. This is essentially a 

two element Yagi using loop ele- 

ments. While more than two elements 

are sometimes found, the two element 

version is the most popular. It js often | њене ере 

said that a two element quad is sipi | 7777 m 

lar in performance to a three clement 

conventional Yagi. due to the free 

space gain of afull-wave loop over a 

dipole. This difference is maintained 

with more elements but а point of 

diminishing returns can be reached in | Feger 

terms of array size. к 
Still, at the two element point, the 

quad is quite atractive. It has а width 

bout half that of a conventional Yagi, 

and its boom length is about half of a 

three element Yagi with comparable Fig 23-3 — Cubical quad construction. 

gain. Из elements can be constructed 

‘of wire supported by an inexpensive 

Structure aad йв higher feed imped. dimensions are shown in Table 23-3 free from carpet dealers. Alternately. 

ance is much casier to directly feed Tora quad made of #12 wire withthe there are fiberglass poles made for 


than that ofa Yagi There's a lotio Antenna's center 50 feet above the fishing that may be suitable. I bamboo 
like in tis picture! ground. is used, it should be given a few coats 
Note that I have selected a of exterior varnish to increase its 
Building a Quad 10 foot boom for this example. A 13 weather resistance. 
The only ticky aspect of a quad 99 boom would provide a bit more Тһе boom should be made from 1.5 
array is thatthe structural elements E8in on 20 metes; however, 10 feet 0т2 inch thick walled aluminum tub 


holding the corners of the loops can't 1921 easier length to obtain and ing, depending on expected wind load 
ре зой meta. A typical square cobi. Works beter for higher bands if you and weight of the completed element 
Mead n i Fig 2-S along Wish to add them lster The LENGTH assembly. Modeling showed no cix 


A e 
„ is there in case you aluminum boom and a 10 foot alumi- 
nies VA aces 
- Ta e emo mno e 
ECC 
P ee e e 
ME Р 
Tota! Driven Element 70 feet, 2 inches. and you will have e So How's it Play? 
ШЙ жыны; Е кеселге “hake бз ЕВЕР 
wcnn ee Sn Fe sue 
. Vestes Re, 
mal aa Ii ono An CAP 
seat 12 e e ee 
Rotator Spreader Meis dada atthis height Liner than 12 Bis more than 


and clement spacing. 4 dB higher than a simple quad loop 
Boom ош The spreaders can without a reflector at the same height 
Matching Secon (75 0 Poly 066) 11 feet, Ginches Бе made from bam- The three element Yagi discussed in 
Matching Secon (75 Pam 08) 13 ња, 11 inches boo poles, which are Chapter 20, adjusted at 14.15 MHzat 
uk sometimes available height of 50 fect has a forward gain 
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Fig 23-4 — Elevation pattern of two 
element 20-meter cubics! quad. 


pattern of two element 20 meter 
cubical quad. 


of 123 dBi, so the quad is definitely 
a contender in а smaller, perhaps less 
expensive and more compact pack- 


age. 
The 100. SWR curve is shown 
in Fig 23-6. Note how flat 
the band. Tt could be fed di 
75 A coaxial cable, or beer, with 
93 соах, И available. The usual ar- 
rangement, however, is to transform 
the impedance through a 1/4 section 
of 75 Q cable. The result is an almost 
perfect match to 50 £2 coax at mid 
band. Table 23-3 shows the required 
lengths of solid and foamed polyeth- 
lene dielectric соох using the typical 
values shown. If you have manu- 
beurer data available, adjust for 
pablished relative dielectric constant. 


Adding Additional Bands to 
the Two Element Quad 

is possible to use the same 
spreaders and quad infrastructure to 
sapport another quad for additional 
tands, For the case of 220 meter 
‘pad, you could choose any of the 
four higher frequency HF amateur 
tands and install the quad wires 
symmetrically inside the two 20 


meter loops. Note that a 10 foot boom 
length is 0.22 x at 21.2 MHz, а good 
spacing for a two element beam. 

‘The resulting dimensions are 
shown in Table 23-4, Note that while 
the unmodified 20 meter quad still 
‘operates on 20 meters following the 
addition of the second quad, although 
its optimum gain and front-to-back 
zato has moved down about 150 KHZ 
For this reason, T have shown a new 
total length for the 20 meter reflector. 
"The resonant frequency was not sig- 
nificantly changed so I did not change 
the driven element's dimensions, 

‘The 15 meter quad's performance 
is shown in Fig 23-7, Fig 23-8 and 
Fig 23-9. The gain is a bit higher due 
to the wider spacing. The 20 meter 
performance is unchanged, following. 
the adjustment of reflector length. 


Feeding the Two Band Quad 


The best way to feed the two-band 
quad is by having a 2/4 transformer 
of 75 © coax from each feed point 
and then either separate 50 © trans- 
mission lines back to the station, or 
а single 50 © line with a remotely 
controlled relay. Some have simply 
connected he feed points together 
and used a single line; however, 

my modeling indicates that while 
the performance does not seriously 
suffer, there will be high SWR on 
at least one band. This will result in 


Table 234 —————— 


increased feed-line loss, with a net 
decrease in system pain, as well asa 
more complicated tuning network at 
the transmitter end. 


Fig 22-6 Loon SWR of two 
element 20 meter cubical quad. 


f 


Max Sen- 2.648) Freq 212ME 


Fig 23-7 — Elevation pattern of 
wo element 15 meter cubical quad 
Using the same boom length as the 
20 meter quad. 


Key Dimensione of Interiacod 20 and 15 meter, two 
‘element Cubical Quad for 21.2 and 14.15 MHz. 


Paramotor Length 
New 20 Motor Refloctor 72 oot 10 inches 
Total 15 Meter Driven Element 46 teet, 7 inches 
Length x Frequency ов? 

Driven Element Spreader 12 өө, 5 inches 
Total 15 Meta Reflector 50 fot, 5 inches 
Length x Frequency 1088 

Reflector Spreader 44 fot, 7 inches 
Boom това 


Matching Section (75.0 Poly. 086) 11 teet, 6 inches 
Matching Section (75 @ Foam, 0.8) i eet, 11 inches 
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Adding Even More Bands 


Quad builders have been known to 
build quads with wires for as many as 
five bands on a single set of spread- 
еп. There is no reason that this could 
пог be done; however, [have a few 


caveats: 

"Expect to have to deal with a fair 
amount of interaction and sub- 
sequent retuning. You may want 
ло provide a mechanism for casy 
adjustment of element length. 

^ The element spacing at one or the 


— 


e Fig 23.9 100-0 SWR of two. 


ther ends of the range is likely 0 FIg29-8— Mein obe ezimum element 15 meter cubical quad, 
suffer, resulting in performance far pattern of two element 15 matar. 
from optimum on at least one band, cubical ued. 


A way to avoid this issue is to 
mount the spreaders ia such a way 
that the spacing between elements 
increases as you get closer to be 
outer end of he spreader. 


introduced in the last chapter 
is another popular antenna among Amateur Radio 
‘operators. The basic configuration is shown again 
in Fig 23-10. You ose a 1 A loop on the lowest 
frequency of operation. Many people use it on other 
bands as well. The impedance varies by band as 
shown in Table 23-5 for a 272 foot overall length, 
square loop at a height of 50 feet. Note that unless 
the 80 meter resonance is at the very bottom of the 
band, the harmonic resonances are notin quite the 
right place. While some people feed the Loop Sky- 
wire directly with 75 Q coax, the SWR is quite high 
оп the higher bands, partly masked at the bottom 
end of the coax dueto the Joss caused by the high. 
SWR. A better solution is to use low loss open wire 


Table 2s 


Impedance of Z77-Foot Long Loop 
‘Skywire on Different Bands. 


Frequency lud Resonant inpedence 1 
365 167 


736 100 
103 p 
1.45 235 
zs 20 

2s 


226 
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Fig 23-10 — Loop Skywire antenna configuration, 272 feet 
‘overall length. 


ecd line and then to use an adjustable matching device (antenna 
tuner) at the bottom to transition to 50 C coax. 

Performance charts for the antenna are shown in Chapter 22. 
1 have heard from readers who had limited space but who were 
successful with all sarts of Toop shapes, some at much lower 
heights. Perhaps this is based on comparisons with other, even 
тоге unsatisfactory antennas, bat the Loop Skywire seems obe 
flexible even in such problematic applications! 


Low Noise Receiving Loop 


From the middle HF frequencies (from 14 MHz upwards), the usual 
challenge for а receiver is to capture the maximum signal it can, since 
the received signal-to-noise ratio (SNR) is generally limited by noise 
‘within the receiver at those frequencies. Every additional 0.1 iV helps! 

Below about 14 MHz, depending largely on the time of year, the 
location and receiver specifications, much more noise is received by the. 
amenna than is generated within the receiver itself. Much of this noise 
comes from thunderstorm static crashes, plus electrical noise from arc- 
ing powerlines and other such manmade sources. Under such circum- 
stances, increasing the amount of signal captured generally increases 
the received noise, also, with no improvement in the signal-to-noise 
ratio (SNR), 

“This situation allows us to design antennas specifically for improved 
SNR, rather than for maximum signal. A small receiving loop is one 
“antenna that can be used to improve SNR. The improvement is а result 
‘ofa numberof factors. First, a small loop is quite directional along the Fig 23-12 — Pull L2 (2 mm OD stranded 
plane of the wires in the loop, so it can be rotated to find the azimuth PVC insulated wire) through the 
‘with maximum SNR, often by placing specific noise source arrival di tubing first and secure its end with 


rections in its deep nulls, is responsive to vertically polar- pe while L1 (0.6 mm solid wire with 
i Hs ses or les сане EAR TM РУС insulation) is being wound. If you 


їй рли шинди om ow шс robin horonal peii PUC nein is paing wound n 
reb ní n oe neat (oe ae) sas ee, hava ble puting e enh of an 
типтүү сы ab id 
lors man alby Riha Mart, GO OST O2 1988, M 


Fig 23-11 — Schematic of the 


Y Y HAT6ORL Both L1 and L2 

„ | are within the tubing. C2 is 
salia, | 3 receiving-ype variable 

ЕЯ ‘capacitor. If a capacitor of at 
leet 290 pF, or a common 


sage o2 365-pF receiving type Is 

used, C1 is not needed. 
L1 isa shotum loop; L a 
‘ingle turn. 


tap SE пан i 
dede чирке T 
pig ы o I 
ns de лы рн 
н T ČO 
ND Ao ныл ы н 
кекс TVT 
pare once ey bol nina vl e A 
e o 
a I ыш 
Bieler are рт, 
p JÍ 
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C — 
ee dee Ten 

en 


Loop Antennas You Can Build 23-7 


VE Thee Top aro 
a“ 


A 


Ч — 
a Tecate y 
Bi © 


—— 
Fig 23-14 — Detailed views of the chassis construction. 


Fig 23-15 — Reception (azimuth) ранет of the receiving loop. It is 
turned to make best use of its sharp null to minimize noise. 


Chapter Summary 


Large loop antennas can be effectively used for both transmitting and receiving and offer some physical advantages 
(over other types of structures, There are a number of configurations and each has a special place in antenna technology. 

‘Small loops can be made into very narrow-band transmitting antennas, but really shine as directional MF receiving 
antennas, They can improve received SNR while takiag litle space and costing little. 


Review Questions 


23-1. Which antenna, strung from the same halyards, has the most of its 
radiation at lower angles — a dipole, square loop or della loop with apex at the 
bottom? Which is next? What accounts for the difference? 

2222, Why is low-loss line recommended for a Loop Skywire on the har- 


monics of its | resonant frequency? 


Why would un indoor low-noise receiving loop not likely to be of 
significant benefit at VHF? 
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Antennas for Microwave 
Applications 


Daryl, KGAPRR, installs a microwave reflector array. 
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Antennas for Microwave Applications 


The antennas I've discussed so far have been what I would call traditional, in that they are connected to transmitters 
via transmission lines, At the higher UHF into microwave frequencies, the losses associated with transmission lines can 
be avoided by using other technology for RF power delivery. 


Waveguide 


‘One such system is called wawe- Since power at microwave frequen- ie. The shorted stub has an infinite 
guide, a replacement for coaxial cies is usually expensive to generate, — impedance at is open end and thus 

cable in the upper UHF to SHF range coaxial cable is generally found only сап be bridged across the line without 
for many applications. A waveguide іп very shor interassembly cables or changing the flow of energy down the 


is a completely different kind of for noncriticl functions. Tine, You could continue adding such 
transmission medium from tradi- A waveguide is a metallic duct stubs on both sides of the line until 
tional coaxial or other transmission structure that accepts a propagat- they become a continuous tube with a 
lines, Transmission lines have loss ing wave and supports transmission rectangular cross section. The result 
that goes up logarithmically with fre- through the length of the duct with is a waveguide that will transport 
‘quency. For example, a very satisfac- minimal attenuation. In order to do RF ata frequency corresponding to 
tory 500 coax cable for HF, such as і, waveguide must be of a size ig width of 2 x À. /4, or À 2 Signals 
RG-213, will have a matched loss for comparable to a wavelength. The with a frequency much below this 
100 feet at MHz of about 0.2 dB, inside surface ofthe duct is a good eff frequency will not be propagat- 
about 0.6 dB at 10 MHz, 2 dB at 100 conductor — often silver plated — 0, supporting the size-to-frequency 
MHz, 8 dB at I GHz and about 30 ба establishes boundary conditions ^ relationship of the waveguide. 
dB at 10 GHz. allowing fields that support propaga- Although T've seen waveguide 
The reason for the increase of loss tion down the guide. The без are used in high budget military radars at 
with frequency is simple: there are excited inside one end of the wave- frequencies around 450 MHz, most 
two primary lass mechanisms, The guide by small antennas that forma are used at frequencies above 2 GHz, 
fists the resistance of the conduc- transition between circuit elements, — allowing reasonably sized structures 
ors primarily the inner conductor including transmission ines, on the Ву 10 GHz, the size of waveguide 
because of its smaller size. The resis- outside and propagating fields on the approaches that of a large coaxial 
tance goes up with frequency duc to inside of the waveguide, ‘cable, Waveguide is most often found 
skin efec One way to think about waveguide іп rigid sections, straight or angled, 


Losses within the dielectric be- is аз an extension of open-wire trans- and interconnected by flanges. Some 
tween the conductors ina coax cable — mission line, Fig 24-1 shows un open- semi flexible waveguide is available, 
generally also increase with frequen- wire transmission line with а single making it almost as casy-to-handle as 
ey, for any kind of solid material. 2./4 shorted stub in parallel with he semirigid coax. 
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A Shorted Stub 


ein ine 


pen wo Tans 


Fig 24-1 — Open-wire transmission line with 2/4 shorted stub, 


Horn Antennas 


A number of popular microwave 
antennas follow directly from the use 
of waveguide, although they are not 
restricted to Waveguide use, The first 
1 shall discos is the kom antenna. 
‘The hom antenna, in its simplest 
form, is just a waveguide opened up 
on the end to let a wave propagating 
in the waveguide escape and become 
A wave propagating in space. 

"The hom antenna is essentially a 
fared out section of waveguide, in 
‘one or both dimensions. By gradually 
expanding the dimensions, the field 
can be smoothly wansitioned into a 
plane wave with а larger aperture, 
providing defined directivity in either 
or both axis, For usual waveguide 
modes, the electric-ield vector is 
across (he narrow direction, roughly 
correlating to the voltage across а 
transmission line model, аз seen 
ia Fig 24-1 and Fig 24-2, with ihe 
magnetic-field vector in the direction 
aligned o the larger dimension of 
“he waveguide, and tbe electric Held 
vector perpendicular and across the 
патом dimension, as shown in 
Fig 24-3. Thus, cither vertical or hore 
be polarization can be selected, 
merely by orienting the waveguide 
section before the transition tothe 
bom. 

Rectangula cross-section wave- 
‘guides transition naturally to rect 
anglar or pyramidal horas, while 
circular or elliptical waveguides more 
naturally feed into cylindrical or oval- 
shaped homs. While waveguide feed 
of horns s a natural fit, horns cen 
te ransitioned from coaxial cable 
cough а very short section of closed 
waveguide with a coax-co-waveguide 
coupling section 


Нога Dimensions 


The key dimensions оГ а rectan- 
gala hom are the length (L) and 
aperture size (A, and A, These are 
showin in Fig 243. For a circular 
оп, the corresponding aperture di- 
mension is the common diameter D). 
The dimensions aro related in that for 


жа Shorted Stubs 


Fig 242 — Open-wir transmission line with multiple Md shorted 


а given aperture (and hence beam- 
width and gain), there is an optimum. 
horn length that provides uniform 
iltumination to allow the effective use 
of that aperture, The relationships are 
defined in Table 24-1. 

"The resulting gain of the horn 
follows from the directivity and is 
approximately given Бу: 


Gin (dBi) = Oleg x Ag 


cu 


Horn Applications 

The hora can be, and often is, 
used directly as an antenna, Perhaps 
‘more commonly, however, it can be 
placed at the focus of a parabolic- dish 
reflector and used to drive a higher- 
gain system. Through the adjustment. 
of the above parameters, the hoon 


Table 24-1 


antenna terminating a waveguide, 


сап provide uniform illumination of 
the dish with minimal waste of dish 
aperture, or of power being wasted 
by illuminating area ouside the dish. 
In addition, the dish offers almost 
infinite froc-to-back ratio, reducing 
extraneous responses in undesired 
directions 


Besmuidth of Horn Antenna as a Function of Key Dimensions (1) 


Aperture 


Length for uniform iluminalion 
Rectangular hom E-plane 
Rectangular hom H-plane 


(Beam V (doors) 
Between Fist Mils Belen 3-48 Points 
Tis. SU. 
ns А 
wel. ern, 
p sD 


Circviar horn 


antenne 
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Slot Antennas 


"The slot antenna is an interesting configuration that 
truly requires “thinking outside the box”! Fig 24-4 shows 
a pair of 2/4 shorted stubs, used previously о describe a 
waveguide. In this example, however, they are fed at the 
center. This won't make a very good antenna because the 
currents on opposite sides are out-of-phase, equal and so 
close that radiation is essentially cancelled. И you take. 
this case and tum И inside out by cutting a 2/4 slot in 
ıa sheet of metal, the currents will low as shown in Fig 
24-5, migrating from the immediate area of the slot. The 
result is an efficient radiating structure that can be used 
as an antenna, The radiation will be bidirectional towards 
both sides of he sheet and will be vertically polarized if 
oriented as shown. The impedance at ће center is about 
500 @. By feeding it about 1/20 from one end of the slot 
ıa good match to 50 © coaxial cable can be obtained. 

‘A slot can also be fed directly by a waveguide. Ву 
merely attaching a fiat plate, typically a minimum of 34/4 


wide and 2/2 high with a slot matching the waveguide 
‘opening, you have a form of unidirectional slot. It will 
radiate fairly uniformly across the hemisphere on the орел 
side. Unfortunately, my antenna modeling tools only work 
‘with wire antennas, so I don't have the capability to pro- 
vide the usual modeled results for these antennas. 

‘A unidirectional slot antenna can also be made by 
putting an empty box behind the opening with a depth of 
about 2/4, This could also be considered a АА shorted 
waveguide stub and can serve as а very nice reflector. The 
applications for metal vehicle bodies should be apparent, 
especially since the slot need not be air, but could be sone 
Kind of dielectric structure to avoid turbulence. 

‘To obtain additional directivity, multiple slots can 
be spaced and oriented just as the linear phased arrays 
discussed for HF. A multiple-aperture slot array can also 
de constructed by putting multiple slots in the appropriate 
places on the surface of a waveguide. 


Fig 24-4— Two 1/4 shorted stubs in parallel, fed 
antenna. 
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Fig 24-5— Slot-antenna configuration. 


The Patch Antenna 


(An interesting structure is called 
the patch antenna. His constructed 
from a simple rectangle of metal, 4/2 
on a side, suspended over a metal 
ground plane. This is shown in 
Fig 24-6. The coaxial feed is connect- 
ed inward from the center of an edge 
point that matches the coaxial 

table impedance, with the shield just 
below on the ground plate, Current 
flows across the patch radiating in a 
rection perpendicular tothe plate. 
"The patera and gain are similar toa 
pair of in-phase dipoles, spaced УЛ, 
positioned in front of a reflector. The 
resulting gain is shout $ dBi with © 
3B beamwidth of about 60°. If the 
ground plane were infinite in extent, 
the front-to-back ratio would also be 
infinite. With a small ground plane, 
somewhat larger than the patch, the 
ЕВ will be about as with a Yagi. 

‘The patch is a versatile antenna 
‘hat can be found in a number of 
applications. ts ease of construction 


Fig 24-6 — Construction of a patch antenna over 
The radiation ts perpendicular to patch. 


nite ground plate. 


and predictable response make it some changes in performance and 
popular gs a feed antenna for home- resonance. I fed directly on the edge, 
made dish antenna systems. Itean  strip-line transmission-line sections 


also be easily fabricated oa double. can be easily etched at the same time 
sided printed circuit board, although to result ina match to whatever the 
"he dielectric material will result in system designer needs as a loud 


Chapter Summary 


At frequency ranges with small 
wavelengths, different antenna 
structures are possible than at the 
lower frequencies where l've spent 
(most time in this book. Keep in mind, 
though, there is nothing directly 
related to frequency associated with 
‘hese structures and they could be. 
built for lower frequencies us well if 
‘here were particular requirements 
fortem. 


Notes 


12. Kraus, Antanas, second 
‘tion, McGraw-Hill Book 
Company, New York, 1888, pp 
651.853. 


Review Questions 

24-1. What ist about microwave antennas that make them different 
than “antenas for lower frequencies? 

24-2. Why ae long coaxial cable uns not ofen encountered st 
microwave frequencies? 

243. What are the relative advantages of patch and hom antennas ж 
feed systems for dish antennas? 
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Vehicle Antennas 


There's almost no limit to the antennas you can support from some vehicles. 
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Antennas 


Most of the antennas I have covered so far have been 
developed assuming that they were mounted some dis- 
tance from the ground and thus were pretty much alone in 
their environment, This works well for antennas suspend- 
ей a distance above ground from halyards or on a structur- 


al support such asa tower. There is another category that — challenges. 
shares some of the previous characteristics, hut that brings 


Land-Operating | 


special challenges — antennas mounted on vehicles. 
In this context, by vehicles I mean land-operating 
motor vehicles, атай and water-borne vessels. Each 
тау need to be equipped with radio communication ог 
ridionavigation systems, and each brings its own set of 


Motor Vehicles 


We often take for granted the 
telecommunications capabilities of 
‘modem motor vehicles. Many have 
receive capability at MF (AM hroad- 
cast), VHF (FM broadcast) and UHF 
(satellite-based GPS navigation) as 
well as UBF two-way communica- 
tion for cellular telephone, or spe- 
cilized service programs (On-Sur). 
In addition, most public service and 
utility vehicles provide dedicated. 
two-way VHF or UHF radiotele- 
phone and ойеп data systems. There 
are also some two-way mobile НЕ 
systems in common use, principally 
ву Amateur Radio operators and 
military vehicles. I's amazing that 
‘among these, only the occasional 
Amateur Radio operator's vehicle 
Jooks a bit like a porcupine ога fish- 
ing trawler! 


Receive-Only Antennas 

MP receive antennas go back in 
time to just afier it became pos: 
sible to make compact AM broad- 
сам receivers that could fit into car 
dashboards, The typical antenna is 
a short vertical monopole, much 
shorter than 244. While a full-size 
244 monopole would he quite a good 
performer at 550 kHz, the bottom of 
ihe AM broadcast band, it would be 
about 425 fest all This would be a 
mechanical challenge, not to mention. 
the problems associated with going 
through the drive-through lane of 
your bank? 
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The typical antenna is a rod 3 
‘or4 feet high, I receives a much 
smaller amount of the usual broadcast 
ground-wave signal than a full-sized 
antenna, but because the SNR is 
limited by extemal noise, the signal 
is strong enough to provide usable re- 
ception. An MF automotive receiver 
generally has additional RF ampli 
cation compared to а home radio, to 
Dring the received signal above that 
generated within the receiver 

‘VHF-FM broadcast reception is 
much more straightforward. The FM 
broadcast band extends from 88 to 
108 MHz in the US. At 100 MHz, 244 
is just 1.5 meters or about 59 inches 
long, not much longer than the length 
of the shortened MF monopole. With 
the ground side connected to the ve- 
hicle body atthe bese ofthe antenna, 
it can be easily matched to the input 
of the receiver. The reception will be 
fine for line-of-sight (LOS) path: to 
transmitters, and broadcast transmit 
ters are generally well elevated to 
account for low receive antennas. 

Reception of GPS satellite signals 
adds a new dimension to the vehicle 
problem, In the previous cases, I have 
discussed reception from transmit 
ters sending signals а low angles of 
arrival — from LOS or ground- wave 
paths. Whatever we expect from 
satellites, it won't likely be restricted 
to low-angle reception. 

"The elevation pattern of a ju 
monopole over a near perfect ground, 


RM 


OTO 


Fig 25-1 — Elevation pattern of 
1-SHz 1/4 monopole on vehicle. 


— Freq = 100000 


Fig 25-2 — Elevation pattern 
‘of 1-GHz Ма bent monopole or 
inverted L on vehicle, 


such as a metal vehicle roof at UHF, 
is shown in Fig 25-1. It clearly will 
be much beter at reaching low-angle 
cellular towers than high-angle satel- 
Jites for GPS or satellite-radio use. 
By bending about of the vertical 
portion over to become horizontal 
You form an antenna that would be 
called an inverted L in the MF and 
HE region. 

"The resulting elevation plot is 
shown in Fig 25-2. Note that while 
the low-angle response is only down 


Mex Gana 39 eee 


Fig 25:3 Azimuth) 
of 1-GHZ 14 Inverted L at 15° 
‘elevation angle. 
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Fig 25-4 — Azimuth pattern 
of 1-бнг 1/4 inverted L at 60° 
elevation angle. 


about 1 dB, the high-angle response 
is significantly increased, Lest you 
wonder about the azimuth coverage, 
low- and high-angle plots are shown 
in Fig 25-5 and Fig 25-4, These show 
that the uniform response is main- 
tained, The SWR of the antenna at 
1000 MHz is shown in Fig 25.5. К 

is moderately sharp, bat could easily 
be adjusted for either GPS operation 
at 1575 MHz or cellular coverage at 
either 860 or 1900 MHZ. 

‘An improvement of this approach 
is the popular wideband blade an- 
tenna. This is an adaptation of the slot 
antenna described in Chapter 24, and 
will be discussed further in е air- 
тай section that follows. The blade 
antenna can cover the entire range 
‘and Looks a bit like a small dorsal £n 
on the back of many recent sedans. 


‘Two-Way Radio Antennas for 
Motor Vehicles 

Antennas for effective transmission 

reception from motor vehicles di- 

vide nicely by the portion of he radio 
spectrum imo which they fall. In the 
VHF and UHP ranges, the most com- 
mon antenna is a vertical monopole. 
T provides the omnidirectional cover 
age sought by most vehicle systems. 
Such an antenna is quite efficient, 
since бе size of the typical vehicle 
body makes for a good ground system 
under the antenna. Typical lengths 
range from 244 to SAR, with the 
longer sizes used mainly at higher 
frequencies where the physical length 
is still reasonable. 

"The major limitation of such 
systems is that they are essentially 
limited 0 line-of-sight paths, and 
those generally provide imited range 
between land vehicles. Most 
VHF/UHF systems operate between a 
base station with an elevated antenna 
and multiple mobile units, or via ce- 
mote repeater stations io high terrain 
that can “see” all mobile units over 
a wide geographical extent and relay 
transmissions between them. 

HF and even MF two-way mobile 
systems have been in use for along 
time, in spite of the fact that efficient. 
reasonably sized antennas for that 
frequency range are hard to come by. 
Before municipal police departments 
moved into the VHP range somewhat 
afier WW U. they used MF frequen- 
cies just above the broadcast band for 
communications between headquar- 
ters and mobile units. 


4 6 
— 9 
Fig 25-5 — SWR plot of 1-GHz 4 
inverted L. 


(CB) at 27 MHz is just at the edge of 
practicality with full-size antennas 

9 feet long, frequendy seen mounted 
on trucks. 

For Lower freguency HF opera- 
Чоп, electrically short antennas are 
usually used. Tis necessary to 
compensate for the shorter length 
їп some manner. The choices are to 
have a whip antenna with a match- 
ing network beneath the vehicle 
body, orto electrically lengthen we 
monopole by loading it. This term, 
‘borrowed from telephone company 
line-compensating parlance, means 
substituting an inductor for part of ihe 
antenna length to provide а resonant 
antenna that is physically shorter than 
244. The loading inductance can be 
‘mounted at the base or somewhere in 
the whip itself and is sometimes used 
jm combination with a capacitance at 
the top. A loaded mobile antenna is 
shown in Fig 25-6. with its EZNEC 


‘The challenge with 
HF mobile opera- 

tion is that the same 
244 monopoles that 
work well at VHF 

are much bigger at 
НЕ At the top of the 
HF range, 30 MHz, 
аА monopole is 
about 8 feet long, and 
it appears often as a 
stainless steel flexible 
whip antenna operated 
against the vehicle 


body as a ground, Fig 25-6 — HF whip antenna, with loading coil 
The US citizen's band mounted on auto fender. 
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Fig 25:7 — EZNEC model of motor vehicle with antenna on front tender. 


model, borrowed from a OST article, This model includes 
the car body itself acting as a grounding system, as shown 
in Fig 2577 

Иа matching network is used, the requirements on 
the matching network are rather extreme. For example, 
am 8 foot whip antenna has an impedance at its base at 
385 MHz of about 3.25 ] 2395 ©. If you use a matching 
network with an inductor whose © is 100, you would have 
losses in excess of 15 В within the matching network 
itself. The loaded antenna, including such a matching 
network, will have similar losses. 

Tes interesting to look at the modeled results of various 
‘configuration of HF mobile antennas, Fig 25-8 shows 
the elevation patter for three cases. The first case (solid 
line) is a full-size monopole adjusted to be resonant at 
3.85 MHz. While this is not too useful ina practical 
sense, it does indicate an upper efficiency limit. Next, 
insert an ideal, no-los, loading inductor at the center of 
the 8 foot whip (dashed ine), and finally use one with а 
realizable © of 100 (dotted line). The maximum signal 


Tablo 25.1 
‘Transmitted Signal intensity of Three 3.85-MHz 
Mobile Antenna Configura 

Configuration 

Fullsize monopslo 

Loaded foo, ideal inductor 
Loaded 8 ко, relinductor 


‘Signa! intensity (ав) 
Er 
-585 
EE 
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intensity is summarized in Table 25-1. 

Another result of the loses in the real inductor is 
shown in the SWR plots of the two loaded cases in 
Fig 25-9 and Fig 25-10. Note that the ideal inductor re- 
sols in a low resistive feed-point impedance at resonance 
and a very narrow bandwidth, narrower even than some. 
‘modulation schemes, The low resistance requires addi- 
tional matching elements, usually а shunt inductor at the 
base, in order to provide а matched feed to coax. By using 
a lossy real inductor, both problems disappear — along 
with about an additional 90% of the radiated power! 

The 3.85 MHz example here is about the worst case for 
HE mobile antennas, At the other end of the HF range, 
30 MHz, the В foot whip is a full-sized 244 monopole with 
performance comparable o a ground mounted antenna. 
‘Frequencies in-between perform in-between tbe two 
‘extreme cases, as you would expect, with antennas around. 
half of full size (around 15 MHz foc an 8 foot whip) not 
giving up much performance compared to full-sized ar- 
tennas, as shown in Table 25.2, 


Mar Gen: 


PTT 
Fig 25-8 — Response of a full-sized 

2/4 monopole (solid line) on vehicle, 
‘compared with an B-toot whip using 
lossless center daes inductor (dashed 
Mne) and өп 8-foot whip with a real 
inductor with a Q of 100 (dotted line). 


Fig 25-а 6.5 0 SWR plot of 
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Fig 25-10 — 58 Q SWR plot of 
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Water Borne Vehicles 


Water богде vehicles often use 
technology for their antenna sys- 


{than land vehicles in all dimen- 
sions. They also oñen include 


tems similar to that of land vehicles; masts and other structures that 
however, they have a few significant can support aller HF antennas as 
sdvantages: well as providing a higher view for 


* Salt-water vessels have an almost  VHFAJHF systems. 

ideal ground structure beneath + While on open water, they have 
them, and often a metal hull that is much longer LOS distances than 
haly coupled to it. land vehicles do in ай but the most 
+ Many watercraft ате much larger flat of terrains. 
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craft Antennas 


Aircraft clearly are on top of the 
heap when it comes to LOS distances. 
On the other hand, they offer some 
of the most severe constraints for the 
antenna designer due o requirements 
that they not have protrusions that 


‘Traditional Aircraft Antennas 
Early and slower aircraft used 
many systems in common with other 
vehicles — wire antennas for HF 
and whips for VHF/UHF. Many still 
employ such systems — a short mast 
forward on the fuselage secures one 
end of a wire that terminates on an in- 
Sulator at the top of the tail's vertical 
stabilizer. This provides reasonable 
MF and HF coverage, if combined 
with a matching network inside the 
fuselage. Some slow-moving strategic 
communications platforms have even 
used vertically trailing wire antennas. 
thousands of feet long to provide long. 
range LF or MF communications. 
Short VHF and UHF monopoles, 
constructed of thin wire have often 
been used on low to medium perfor- 
mance aircraft. mounted below the 
fuselage, they provide coverage to a 
wide area. 


Antennas for High- 
Performance Aircraft 
High-performance аста provide 
completely different perspective 
compared to their lumbering coun- 
texparts In an aircraft world in which 
a rive head is a no-no, any kind 
‘of protrusion is generally rejected, 
Fortunately, there are configura- 
tions that make use of slots, patches 
‘or other technology to allow a fully 
streamlined configuration. Such. 
antennas are not generally added to 
the airframe, but are designed into the 
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skin of the fuselage as a part of the 
system-design process. I will discuss 
a few of the many solutions in current 

Slot antennas are an ideal example 
of such a configuration. A slot in the 
skin of the fuselage can be driven 
by a waveguide from inside, or be 
backed by a box and coax fed, with 
the slot covered in insulating material 
with absolutely no indication from 
the outside that it is there — other 
than perhaps a “no step” admonition. 

A variation of the slot is the 
blade antenna. In this case, rather 
than attempting to approximate an 
infinite ground sheet, specific tapered 
dimensions and offsets are used to 
provide coverage over a wide band 
of frequencies. This configuration is 
shown in Fig 25-11. 

A vertical monopole with no. 
height, at least from the perspective 
of drag, can be constructed using 
a flush disk as a capacitive load- 
ing element as shown in Fig 25-12, 
Again, with nonconductive material 
between the outside of the disk and 
the circular hole in the fuselage, the 
aircraft surface streamlining can be 
‘maintained. This antenna provides 
omnidirectional coverage with verti- 
са polarization. 

Some antennas, such as rotat 
ng radar dish antennas, are more 

ificuleto streamline. While many 
aircraft that have extra space, place 
traditional dishes behind radomes 
that correspond to the shape of the 
aircraft, the more modern approach is 
to synthesize the beam shapes by us- 
ing multiple slot or other streamlined 
antennas in phased arrays with the 
phase controlled by computer sys- 
tems to determine the desired beam 
positioning 


Co nce Bate 
Secure Rad 


Fig 25-11 — Slot driven aircraft 
blade antenna. 
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Fig 25-12 — Side view of flush disk 
antenna. 
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Antennas for use on vehicles are 
just adaptations of the same prin- 
ciples as antennas I have discussed 
previously, What makes vehicle an- 
tennas special is that they add addi 
tional constraints in terms of size — 
particularly height for land vehicles 
or air resistance for айстай. The 
resultis often a compromise between 
practicality and performance. Often 
the performance can be compen. 
зака for at the other end of the link, 
through higher antennas, additional 
power ог sensitivity or special signal 
processing. Fortunately, there is usu- 
ally а configuration that can be made 
to fit almost any application. 


Notes 


18. Cerwin, The Arch; OST, Jan 
12008, pp 39-41 


Review Questions 

25-1, What performance limitation makes МЕ vehicle receiving antennas 
easier to design ап many others? 

25-2. If heights as high as 12 feet can be accommodated by highway under- 
passes, what Is the approximate lowest frequency that can use а fal sized 1 
monopole on a vehicle if te base of the monopole is mounted 2 feet above the 
roadway? 

25:3. Why are slot, blade and dise antennas particularly suited for high- 
performance aircraft? 
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Antenna Measurements 


‘Measuring antenna characteristics and performance are important considerations in any antenna application or devel- 


opment project. Modeling 


often much easier, quicker and better defined: however, there аге always assumptions and 


limitations within the modeling process that can be best validated through actual physical measurcments 


Measurement System Limitation: 


Unfortunately, it is not just modeling hat has assumptions and limitations; measurements do as well. It is importan 
to understand what some of these limitations are to be able to make valid judgments and draw appropriate conclusions 
rom measured data. T will try to discuss these as I describe some of the various measurements that can be taken. 


RF Voltage and Current 


Jus relatively straightforward to measure RF voltage, at least at 
relatively low frequencies. A series resistor, at Teast 100 times the 
vale ofthe line Z, is connected to the line under lod 1o minimize 
change to the conditions we are trying to measure. The resultant 
signal s rectified by а semiconductor diode, îlered and presented 
do ameter, A circuit of such a meter that can be built in a small 
теш box and placed in the line is shown in Fig 26-1. Iris also 
possible to build the components ito а cigar tube with the resistor 
lead protruding and ше it as an RF probe using a usual est meter 
as an indicator Note hat RI and R2 must be composition tesis- 
lors, nor the more commonly used lm type, which aet more like 
inductors han resistors ut radio frequencies. 

The values of the components are shown in Fig 26-1 and are de- 
signed to make the meter read fairly linearly with RE volage. Yoo 
should establish reference points using a power or voltage meter 
of know accuracy for initial calibration of the voltmeter 

RF current can also be measured, hy simply measuring the volt 
age cross а small resistor in series with the line, To avoid chang- 
ing the system SWR, the resistor should be both noninductive 
and it should have a value much less than hat of the Z, of the line 
being measured. Моге that in this case, both sides of the measure- 
ment system are at high RF potential with respect to the chassis of 
the metering circuit 

A type of RF ammeter called а dhermacouple meter was in 
common use daring WW П and semples se still frequently found. 
This mele, useful only through the HF region, uses a thermo 
couple, а device that converts temperature se (о voltage, © 
measure the RF curent going through a resistance that is part of 
te thermocouple assembly. These types of RFarameters are not 
commonly available us new products 
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Fig 26-1 — Schematic diagram and parts list 
for an RF voltmeter for coaxial line, (Courtesy 
The ARAL Antenna Book) 

C1, C2— 0.005 or 0.01 uF ceramic capacitor 
DY — Germanium diode, type 1N34A or 
equivalent. 

J1, J2 — Chassis mount coaxial sockets to 
maich connectors In use. 

Mi — Milkammeter 0-1 mA or more sensitive. 
R1 — 6.8 k composition resistor. 1 W for 
each 100W of RF through device. 

H2 — 680 9, 1 W composition resistor. 

Вз — 10 k d, 4W composition or flim resist. 


Sranding Wave Ratio 


‘Standing wave ratio (SWR) is one 
of the more straightforward measure- 
ments (o make on an antenna system. 
SWR is a measure of how well the 
antenna, as a system loud, matches 
‘the nominal system impedance, The 
usual way of measuring SWR is to 
separate the two waves that ap- 

pear on z mismatched transmission 
line — the incident wave and the 
reflected wave. The incident wave 
represents the wave travelling from 
the signal source, which is usually а 


Measuring 


transmitter, towards the load, which is 
‘often an antenna If е load imped- 
ance does not match the transmission- 
line characteristic impedance (Z, 
some faction ofthe incident wave 
will be reflected back towards the 
transmitter. The power actualy deliv- 
‘ered tothe load equals the difference 
so that F. .-. 

A common misconception is that 
the P term implies "lost power” in 
the system, Power can be lowered if 
the system cannot accommodate the 


"WR 


жаша! Joad impedance seen at the 
\галытїшт. I the vansmier can per. 
form properly, however, and i there 
are по other losses in the system, the. 
reflected power is re-reflected atthe 
source and heads buck up the runs- 
mission line toward the load again. ОГ 
course, a real system cannot be totally 
lossless, and the losses do increase 
with SWR. SIL if the transmitter can 
drive the resulting impedance seen 

at its ошро when there is an SWR, 
most of the power will reach the load. 


‘The Direct Method 


Incident and reflected waves will 
both exist along the length of the 
transmission ine if there is SWR 
on that ine At any given point а 
‘measurement of the voltage across 
the Jine will show the algebraic sum 
of the voltage from each wave. If 
there is no reflected wave (indicat- 
ing a perfect match), the voltage 
for a lossless Jine will be constant 
along its length. On the other hand, 
if there is a reflected wave, it will 
add and subtract from the voltage of 
the incident wave as they propagate 
along the line. A direct measurement 
‘of voltage can be taken using a meter 
‘af the type shown in Fig 26-1. The 
SWR is defined as being equal tothe 
ratio of the maximum voltage aver 
the minimum voltage. Again, if there 
is no reflected wave, the voltage will 
be the same everywhere and the SWR. 
willbe 1:1 

To be sure that you have captured 
Че extreme maximum and minimum 
values, you must take samples along. 
length equal to at least 2/2. This dl. 
rect measurement requires that a non 
loading voltage measurement, such аз 
hat just described, be made along the 
whole Jength. The object is to find the 


peak and minimum чокаре, since 
their location will be a function of the 
phase angle of the load impedance. 
‘This method can be employed oaly 
if voltage sample points are available 
all along the line. This is not pos- 
sible with regular coaxial cable, but is 
feasible with bare open wire line — 
you can measure i without disturbing 
the values you are tying to measure, 
At the high VHF to microwave 
range, itis possible to insert a section 
of sioned lîne ino the system. A slot- 
ted line is just a precision rigid see- 
tion of air dielectric coaxial cable that 
has a slot through the shield, through 
which a vole- measuring probe can 
be inserted. IF the probe has a high 
impedance compared to the line Z, 
ап accurate measure of the ine volt- 
эре can be made at each point along 
the length of slot, И the slot is at least 
ЭЛ long, the SWR can be determined 
directly from the ratio of maximum 
and minimum voltage readings, 
While a slotted line (or even neon 
bulbs along HF open-vire line) can 
be used to measure SWR (or ia the 
case of the neon bulbs to get a sense 
of the magnitude of SW E), the tech- 
nique is no Longer commonly used 
— except perhaps to demonstrate the 


concept in school laboratories, The 
most common method is to measure 
the forward and reflected power and 
‘compute SWR from those values, 


SWR by Measuring Forward 
and Reflected Power 

Ifa relatively shor, in terms of 
wavelength, section of sampling 
transmission line is coupled to the 
main transmission line, inside the 
shield in the case of coax, a sample 
of the power going in either direction 
can be obtained. In Fig 26-2, a small 
sample (typically down 20 dB) of the 
signal in the main transmission line is 
obtained on the sampling line, which 
is terminated in a resistance at the 
far end, Reflected signals, retum- 
ing from the output side of the main 
transmission line, are also coupled to 
the sampling line and go to the diode 
rectifier, which sends de to meter. 
With proper calibration, the reflected 
power can be read from the meter 
Some systems have two sensors, one 
in cach direction, so that forward and. 
reflected power Can be read simul- 
taneously — others have а single 
sensor with metering circa and the 
coupling loop is eversed o measure 
the power inthe other direction. The 
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Fig 26-2 — Example of directional coupler used for 
measuring relative forward or reflected power. 


ably result in a 
change in the 
impedance and 
thus the SWR. 
In addition, ia 
many antenna 
installations, 

the antennas 
feed point is at 
the top of a tall 
suppor structure 
— often not the 
best spot froma 
which to be 
taking measure- 


ments. 


coupling is a function of the fraction- The usual remedy for both prob- 
al wavelength of the coupling line, о Jems is to measure the SWR at the 
calibration в a function of frequency. — bottom of the feed line, That's usually 
‘The forward and reflected powers — where the transmitter is and that’s the 
do not show SWR directly, although pa of the system that usually cares 
Some metering systems have scales — most about the SWR, so it seems like 
calibrated to read directly in ҰЛ. In a best place to take the data, It can 
most cases, the two power readings be. but it caa also lead to errors in 
эге noted and a calculation is made conclusions. If the linc is lossless, the 
to determine SWR. This is easiest if SWR atthe bottom will equal that 


(dome in two steps. The first step is atthe top. Unfortunately, real-world 
to determine the magnitude of the transmission line has losses, and the 
reflection coefficient p. While the losses increase with SWR. Thus an 
reflection coefficient із a complex SWR measurement at the bottom 


quantity, we phase information is not compares the full forward power with 
‘needed here so you will just consider he attenuated reflection of the antenu- 
the magnitude of the quantity. This ated forward power that reaches the 


values found as follows antenna. 
4 Here's an example, Lets y you 
Нут ao ve 100 W tner driving 
The SWR is then found as follows: 100 feel of coax that has a loss of 3 
АВ (50% power los) at some pure. 
зук Le-. Jar frequency. The antenna will sce 
eri eee 50 W of power, Butler ay 20% of 


the power js reflected due to the an- 
(642) tenna being mismatched 10 the 2, of 


"This allows us to easily convert 
from forward and reflected power in 
watts or other units to SWR. 


the transmission line. That will result 
in 10 W being reflected back toward 
the source, The 3 dB loss in te line 
results in 5 W showing up as reflected 


SWR Measurement Pitfalls Power at dhe transmitter at the bottom 


and How to Avoid Them 
SWR seems like a very straightfor- 

ward item to measure; however, you 

are faved with a bit of a quandary. To 


Table 26-1 


Forward and Reflected Power as Seen at Each End of the 
Transmission Line 


perform the most accurate measure- Measurement 
ment, you need to measure at the lod Forward Power (W) 

itseli, which is usually an antenna, Reflected Power (W) 

Placing measuring equipment, and Indicated Retiecton Coeficient 


even worse measuring people, at 
the antenna’s feed point will prob- 
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Indeated SWR 


of the line, 

"Tabla 26-1 summarizes the power 
atthe two locations. Note the rather 
distressing result. A very acceptable 
measurement of an SWR of 16:1 at 
Фе bottom of the coux is the result 
of an unpleasant SWR of 4:1 at the 
antenna. Їп this example, our 100 
W of power results in only 40 W 
radicted from the antenna — yet all 
of our measurements make us think 
жете doing well. Unfortunately, this 
example is not unusual, especially 
atthe upper end of НЕ into the VHF 
range, If it happens at higher frequen- 
cies, it is usually more evident since 
nothing much ends up going in or out 
of the system! The sidebar discusses 
‘ways that this ean be calculated, and 
perhaps avoided, through the use of 
software.” 

Another problem that can confuse. 
SWR measurements is if here are 
апу stray common-mede currents. 
present, such as those on the outside 
er the coax shield. This makes the 
transmission system a complex one, 
while the SWR instrumentation is 
happily measuring what is happening 
inside the coax, it only has a view 
into part of the toral system. Thus, 
results are not accurate. 

You can sometimes determine 
whether you have common-mode 
problems by observing the SWR 
ав you move your hands along the 
outside of the coax. If everything is 
working as designed, there should 
be no change. However, if readings 
до change, stop taking the measure- 
ments — they will not be particularly 
meaningful, You will have to use 
appropriate measures, such as adding 
common-mode chokes or current 
шоле, to force currents to flow on) 
оп tho inside of the coax, not on thi 
outside of the coax’s shield. 
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I Know What's Happeni ng at the Shack — What's 
Happening at the Other End of my Feed Line? 


‘if you want to find out — here's the easy way 
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ield Strength 


Field strength is a quantity that 
is easy to measure, bul thal can be 
difficult interpret. А basie gel. 
strength meter (FSM) can be as 
simple as an unten crystal radio re- 
‘ever with a short antenna connected 
ios meter movement, s shown in 
Fig 263 

Tor most antennas, the long-range 
performance is what you'd ike to 
wenne For a muliclement array 
that exhibits a good deal of pin, 
such as along boom Yagi, бе feld- 
strength meter must be physically far 
away from the array, well wo the far 
fid The far field boundary iv бикс 
tion of he size and complexity of the 
arma, as well s the wavelength. The 
distance to the boundary, R, can be 
approximated by the following: 

x 

х азу 

here L is he largest antenna dimen- 
Sion. and ie he Operating wave- 
Jengih all in the same units, This 
expresion is valid for L> À. Note 
that for tha case of a ТА boom Yagi 
L=h, and Eq 2 reduces to: 

pen 


Making Field-Strength 
Measurements 


A meter such as the one in 
Fig 26-3 can be used to provide а 


ГЕСЕР 


Fig 26-4 — Elevation pattern ог 
three element Yagi in Chapter 19, n 
free space. 
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relative indication of field strength 
There are difficulties associated with 
attempting absolute measurements 
For example, a Reld-strength meter 
can bea good tuning aid to determine 
amenna, transmission line or trans- 
iter settings that provide maximum 

signal strength to a particular loca- 
tion, or o adjust phasing lines for a 
mull in à specific direction. Since the 
scale is not necessarily linear, com- 
parison between signals is best done 
With the meter at the same point and û 
variable attenuator or calibrated trans- 
„můr power soting used to achieve 
the same response. 

Ta spite of a number of limitations 
and caveats with such devices, as well 
as the general ficld-strength issues to 
be discussed, there are useful mea- 
surements that can be obtained with 
such a simple device. For example, to 
‘measure an antenas front-to-back 
ratio at the location of the FSM, st 
point the back af the antenna towards 
the FSM and adjust the power output 
for a solid reading. Тит off the vans- 
miter and make sure the meter reads 
zero, Other transmitters in the area 
can make the use of an untuned FSM 
unusable! 

"Tur the transmitter back оа and 
make note of the transmitter power. 
Тот che antenna so the front of the 
amean is facing the FSM, with 
everything else the same, Reduce 
the transmiter power until the same 
reading is obtained and measure the 
power. The ratio of the recorded pow- 
ers is the FB. 

Another approach to obtaining 
relative measurements is to use the 
amenna under test as a receiving 
antenna, In this case you use a nearby 
steady signal source, along with 
A stable receiver. Many receivers 
incorporate a signal-strength indica- 
tor, While some have calibrations 
indicating signal strength, few are 
accurate, as Гуе indicated before. Иа 
calibrated signal generator is at hand, 
the meter indieutions, or possibly the 
automatic gain control (AGC) voltage 


Pip Aer: 


пот 
C1 — 0.005 or 0.01 uF ceramic. 
capacitor, 

D1 — Germanium diode, type 
‘INS4A or equivalent. 

M1 — Milliammeter, û-1 mA ог more 
sensitive. 

RI — Rheostat for setting meter 
Sensitivity. Value should be about 
100 times the mater resistance. 
НЕС — RF choke with at least 

10 ka impedance at operating 
frequency. Alternately, a 10 КО or 
higher value composition resistor. 
can be used. 


саа be used to directly compare sig- 
als for F/B or to make direct Алов 
‘comparison measurements. 

Ifa calibrated step attenuator 
is available, an even better way is 
10 take a reference reading on the 
weaker signal with the attenuator at 
4B, and then click in attenuation 
until the stronger signal is reduced 
to the same reading. The value ofthe 
attenuator then is the same as the dif- 
ference berween readings. 


Field-Strength Measurement 
Pitfalls and How to Avoid 
Them 

The biggest challenge facing thase 


trying to evaluate antenna perfor- gain has increased by a bit less ban quickly performance changes with 


‘mance is generally separating the S dB dueto ground reflections; how- azimuth angle. This will demonstrate 
antenna from its environment. In this ever, the gain varies by as much as 20 the resolution required in adjust- 
case, what this means is anything dB as you make slight changes inel- — mens 

around the antenna that will modify evation. Compounding this height ef- Some parameters are more sensi- 


its performance. The ground is often fectis that the FSM antenna will also tive to ground reflections than others. 
the biggest hurdle, however, nearby exhibit the same performance, justes For example, Fig 26-6 js the azimuth 
antennas, aerial cables and even metal any antenna will if it is mounted more plot of the antenna over ground at 


fain gutters can all modify the way an than about 3/2 over ground. the elevation angle of its first peak at 
antenna performs. In an antenna range, the usual prace 2". Fig 26-7 is the azimuth plot with 
“As an example, look atthe 145_ qiceis to adjust both the antenna un. the elevation set near the first nuli at 
MHz Yagi examined in Chapter 19. der test and the sense antenna up and 5° Note that while the forward gain 
There [examined the antenna in ‘down to make sure each is al he peak © difference is more than 20 dB, both 
free space to avoid just the kind of of response. A reference antenna, різ have a F/B of 31 dB, within a 


problem being addressed here. The such as a dipole, with a known gain, few tenths of a dB, suggesting that 
fee space elevation patter is shown ^ then replaces the antenna under test. — front-to-back measurements can he 
in Fig 26-4, This is the pattem associ- Тһе process is repeated for the dipole © made with itle concern about where 
‘aed with the antenna devoid of any gad then the gain difference between the antenna is in the elevation patter, 


externa) influences. Compare that © the two can be stated. а fact I implicitly took advantage of 
the pattern at a typical height of 40 For this kind of measurement, tis earlier. 
feet above real ground shown in also very useful to model the antenna 


14826-5, Note tht е maximum Beforehundio gain insight into how 


Max, Gain = 1374981 Fred = 145 MHz 


Fig 26-5 — Elevation pattern of threo element 
Yagi 40 feet above typical ground. 


Мах Bebe, Fem = меме [EET MN #145 MHE 
Fig 26-6 — Azimuth pattern of three Fig 26-7 — Azimuth pattern of three 
element Yagi 40 feet above typical element Yagi 40 feet above typical 
ground at 2° elevation. ground at §* elevation. 
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Chapter Summary 


Many systems are available to 
measure antenna operation and 
performance; however, their effec- 
tive use requires an understanding 

of how to separate the antenna from 
its environment. This is particularly 
critical for gain measurements, but 
сап impact all types of measure- 
ments. Itis also critical to understand 
what Ls that is being measured and 
how measurement in one location 
san be properly or improperly used 
to determine what is happening. 
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Review Ouestions 

26-1. How can current and voltage measurements be usd to determine 
power on a transmission line? What precaution most be taken, particularly if 
the SWR i greater than ЕЛ to make е calculation valid? 

262. Under what conditions cat the SWR a the bortom of a transmision 
Jine be directly wed to determine antenna SWR? 

2653. What are The limitation tha affect the ability to use Neld-strength 
measurements for absolute pain determination? 
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Introduction 


You may well wonder how some- 
‘one can determine just how well 

and in which directions an antenna 
will radiate. Tis is ап old problem 
traditionally settled using an antenna 
range, which consisted of a large 
‘open space with big towers and ex- 
pensive measuring equipment so that 
the actual directivity and gain of an 
antenna could be determined, 

Of course, there have always been 
theoretical methods to determine 
‘antenna performance, but these often 
couldn't take into account some im- 
portant factors. Key elements ofen 
missing in theoretical analyses have 
been the effects of ground reflec- 
tions and antenna interactions with 
‘other nearby objects, such as support 
structures, or vehicle structure for 

nobile, airborne or shipboard anten- 
nas, Fortunately, in our twenty-first 
‘century computer-oriented society, 
we have software tools that help us 
avoid the need to climb towers. 

The radiation from an antenna 


and the currents i 


can be modeled by dividing up the 
antenna into a numberof segments, 
and then adding up the radiation from 
each of these individual segments as 
seen at a distnat point. The computer 
take into account both magni- 
tude and phase from each segment, 
and can determine the resultant as 
the energy combines at some distant 
location, at any desired angle with 
respect to the antenna 
Antenna simulation programs 
make the assumption that individual 
segments are small enough so that the 
current leaving a segment is the same 
эз the current entering и. Other struc- 
tures, such as other antennas, guy Wi 
wires or towers, not connected to the 
antenna itself can also be modeled, 
luced in them 
be part of the overall calculation 
The resulting model can be an ef- 
fective tool to predict bow a particu- 
Jar antenna will function, without 
having to actually construct and then 
measure the way it works, As with 


any simulation, your mileage may 
vary, but under most circumstances 
modeling provides a least а good 
starting point 


EZNEC 


‘One popular antenna-modeling 
program is named EZNEC (pro 
nounced easy-nec). The "NEC" part 
‘ofthe name comes from rhe core 
calculation engine, the Numerical 
Electromagnetics Code, a powerful 
antenna-analysis tool that forms the 
basis of a number of antenna analy- 
sis programs. The "EZ" par of the 
name comes from the fact that this 
idows implementation is indeed 
easy to use. EZNEC is available from 
its developer, Roy Lewallen, WEL 
ill at www.eznec.com. The program is 

available in a number of versions, 
including a free demo version with no 
time limit. The demo is restricted in 
size to 20 segments, enough to get a 
feel for simple 
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If you follow along in this Appendix, you will get an 
understanding of how to use EZNEC to model antennas 
and obtain results very quickly. It is important to note 

that as antennas get more complicated, or get close to the 
‘ground, a number of complications make accurate results 
‘more difficult to obtain. Look at the information on the 
EZNEC Web site, ог at other sources such as www.cebik, 
сот, to get a sense of the limits in modeling. 

To use ЕЛМЕС, you might start out with a sample an- 
tenna definition (Some are supplied with the program). Or 
you might decide to enter the physical dimensions of your 
antenna in X, Y and Z coordinates. You also must specify 
wire gauge or diameter and pick a segment quantity. Аз 
mentioned above, the free demo version has a limit of 20 
segments, while the basic version has а limit of 500 seg- 
ments, These values are all entered on the WIRES tab. 

On the SOURCES tab you specify which wires will 
be connected to source(s), and the location where a source 
connection will go in terms of percentage distance from 
‘one end of a wire. Pick the type of ground you want from 


А2 Appendix A 


the GROUND tab choices. That’s all it takes to model an 
antenna, 

‘To calculate some results, you might select the SWR. 
tab and give the program a range of frequencies over 
which to determine the antenna’s impedance and SWR 
(the default is 50 dl but you may specify other impedance- 
es), Most folks will want to see а plot of their antenna’s 
“patem, You may select azimuth or elevation plots on the 
PLOT TYPE tab, and then you would click on FF PLOT 
lo see the results, I takes less time to do it than talk about 

Of course, there are some refinements and details that 
‘make such modeling even more useful, but I expect you 
will find out about them as you need them. If you want to 
determine the effect of changing the length of a wire, you 
сш adjust the dimensions in the WIRES tab and run the 
calculations again. If you want to find how your antenna 
works at another frequency. just type in another frequency 
in the FREQUENCY tab and click FF PLOT again. 


Using EZNEC to Model Some Sample 


Antennas 


1 have put together some 
EZNEC models of a simple ppm күймө ae 
antenna to serve two purposes Күр 

— first, to show how easy it is т 


ло use, and second to illustrate 
some antenna principles that we ‘we, Source a 50% From En 


have discussed in an abstract way m 
earlier. 


A Dipole in Free Space 

"The first amenna I wili model 
is a horizontal half-wave dipole 
in free space, 1 have picked 2 
frequency of 10 MIZ (a 
30 meter wavelength). 1 will 
use the antenna configuration 
shown in Fig A-1. The WIRES 
entry table that T created is 
shown in Fig А-2. 

Note that T have picked a 
particular length so that the an- 
tenna will be resonant at almost 
exactly 10.0 MH, Exact reso- 
тале is not really necessary, 
but this does represent a half 
wave resonant dipole, T selected 
a height (the Z coordinate) to be 
half a wavelength above ground. 
Note that for “free space” the 
ground height doesn’t mauer, but 
уой must specify some height. 

selected AWG #14 wire cop- 
per wire for the material. 1 could 
have specified it as a wire size 
{with the В symbol) or putin а 


Fig А-3 — EZNEC SOURCES data entry screen. 


number indicating diameter in results. window to “trim” the antenna to be 
inches. И is possible to set the ta- Now you've gota model and the resonant, with a reactance close to 
ble up in metric or English units, ЕРЕС main window should look ere £2. i would make the dimensions 
by the way. I selected a number like Fig A-4. By clicking the SWR longer if the reactance were negative, 
of segments (19) to fit within the button, you would bring up the screen and shorter if the reactance is posi 
free demo. The program will give in Fig A-5 on which you can specify tive. Lean continue in this fashion un- 
a warning message if you select the range and resolution you would tl got quite close to zero. Note also 
A number of segments that result like for an SWR plat. Fig A-6 shows that my final length, 29.9 feet js close 
in oo small or large a segment the resulting plot of SWR around the to resonance and that I could have 
length. Keeping in mind the 500 resonant frequency: Note that by put- gotten even closer by using more 
segment limit (20 for the free ling the cursor on the 10 MHz axis, decimal places. Going beyond about 
demo). one way to gauge the size the data shown is for 10 MHz. 1 could 1/10 of foot for an HE wire antenna 
isto temporarily double the num- select any other frequency in the is a level of precision that works in 
ber and see if the results change range. The readout starts out with the the model, but is not realistic for my 
very much. If not, your original data at tbe low frequency йшй. real-world ruler and wire cutters. The 
selection is likely to provide valid Note also that could use this message is that the model is fine as 


Getting Started in Antenna Modeling with EZNEC A-3 


far as it goes, but don’t let it result in 
unattainable values! 

IFT were actually making an amten- 
па like this (and J have many times), 
would use the model as a guide and 
start with perhaps an extra 6 inches of 
antenna length on each side. I'd raise 
the antenna to its operating height 
temporarily, measure the SWR over 
ihe frequency range I wanted, lower 
the antenna and shorten the ends a 
lile at a time ший T achieved the 
results I wanted 

If you want to adjast your model 
to indicate the SWR at a different 
2, you merely change the Alternate 
2. on the main EZNEC window. For 
‘example, you might change 


advantage of this effect. 

‘The antenna pattems of your 
dipole are shown below for azimuth 
(Fig A-9) and elevation (Fig A-10). 
Note that the length o£ the line from. 
the center of the plot to the pattern 
ata particular angle shows the signal 
strength at that angle. In this case of a 
dipole in free space, the elevation pat- 
term is uniform all the way around the 
antenna, meaning that the elevation 
patter is “omnidirectional. 

"The azimuth райета shown is typi- 
cal of what we would expect of a di- 
pole — maximum radiation broadside 
19 the antenna and no radiation from 
the ends, As expected, the maximum 


Fig А-5 — EZNEC SWR parameter 
entry screen. 


broadside radiation is about 2 dBi, 
248 above an isotopic antenna. 


Down to Earth — the Dipole 
Model over Real Ground 
‘The last section dealt with an ideal 
dipole in free space. While space is 
still pretty free, it's hard to getto and 
most dipoles are fabricated closer 
to the earth! A feature of EZNEC is 
the ability to easily move between 
free space, perfect ground (as in at 
infinite gold sheet) and real ground. 
Ву just clicking on the GROUND 
ab of the main EZNEC window you 
are offered a choice. I have done that 
with this model, as shown Fig А-П. 


10730, the value that the 
antenna shows at resonance. 
"The results would be shown in 
Fig A-7. 

You could also use the 
model to predict the SWR 
over a wider frequency range. 
‘You just need to make another 
pass and change the SWR. 
entry frequency limits. An 
example is shown in Fig A-8. 

Note that this highlights the 
fact that most antenna types 
have multiple resonances, as 
seen а slightly above the third 
harmonic of the 10 MHz half- 
wave resonance at 30.5 MHz. 
‘Some antenna designs take 


Fig A 6 — EZNEC SWR plot for 
‘modeled antenna in free space 
‘with 50-0 reference. 
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You can secept the EZMEC default 
койа parameters or insert actual 
‘ones depending on your knowledge 
of local soil conditions, 

Fig A-12 shows the resulting SWR 
plot, While i has а similar shape 
to that of the free-space plo, you 
сап sce thatthe resonant frequency 
has shifted. This is à typical, in that 
changing almost anything about an 
antenna causes change in the perfor- 
mance. This is one reason why many 
antennas have adjustable element 
lengths to compensate for changes in 
local conditions. 

‘The elevation plot in Fig A-13 is 
very different from Fig A-10, the plot 
Tor the free-space antenna. Fig A-13 
is fora dipole placed a half wave 
above flat ground, Ie dramatically 
shows the result of a reflected signal 
from the fiat ground below. For a 
horizontally polarized antenna, the 
reflection is out of phase with the 
incident wave, Ata height of a half 
wavelength above ground, the die. 
tion cancels in the upward direction at 
very low takeofT angles, for example, 
atthe horizon. At very high elevation 
angles, radiation cancels, for exam- 
ple, straight up. 

As the plot data indicates, the max- 
‘mum signal appears at an elevation 
angle of 28° with the dipole mount a 


half wavelength high. i 


ШИГ” Ww . 


ONA 
Rime ronem emana, 
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In general, as the antenna is raised 
higher above the ground, the major 
radiation lobe is lowered, but it never 
quite reaches the horizon, no matter 
"how high it is placed. 

The plot in Fig A-14 provides 
the azimuth patera at а 28° eleva- 
tion angle. Note that EZVEC allows 
you to specify any elevation angle 
for the azimuth plot, E selected the 
elevation that yield the maximum 
signal, but you may be interested in 
the signal at other takeoff angles, In 
Fig A-14 EZNEC has selected the 
azimuth with the strongest signal for 
the detailed readouts at the bottom. 
‘of the plot. As with all ЕМЕС plots, 


by merely clicking on another point 
оп the plot, you ean select the readout 
for that point. In Fig A-15, I have. 
selected the data at 45° off axis, just 
by clicking on that point of the curve, 
‘This is a very powerful tool! 


Going Further with EZNEC 
‘The various forms of dipoles we've 
looked at here just scratch the surface 
of ЕМЕС s capabilities. Additional 
elements can be added just by defin- 
ing additional "wires" separate from 
the first. For parasitic elements, that's 
эй there is to it. For additional driven 
elements, multiple sources can be de- 
fined or the elements can be connect- 


‘ed using transmission lines, defined 
in their own parameter screen 

Most outputs are available in tabu- 
lar form so they could be input into 
other programs for further analysis. 
As with all such analysis tools, more 
complicated antenna models сап 
have pitfalls, and itis best to read the 
EZNEC documentation to understand 
how far limitations can be pushed 
before the results suffer. 

In any event, try different models 
‘of the antennas shown in the book or 
that you think might provide interest“ 
ing results, It is much easier, faster 
‘and cheaper than building them in the 
back yard! 


Fig Acti — EZNEC main screen after sslecting REAL/ 
HIGH ACCURACY ground In place of FREE SPACE, 


Tested 


Fig A-13 — EZNEC graphical output (FFPLOT) 
wi PLOT TYPE set to ELEVATION for model 
‘over real grout 


A Appendix A 


Fig A-14— EZNEC graphical output (FFPLOT) 
with PLOT TYPE eat to AZIMUTH, elevation 
angie set to 28° for model over real ground. 


Same plot as Fig А-а except cursor 
Inet to 8" azimuth angle to deleri value 
hat bearing. 
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Foreword 


While radio equipment and antennas get most of the 
tention, arguably neither can amount to much unless 
interconnected by a transmission line. Unless the appropriate line 
type is selected and properly ly to be 
dissatisfied with the results no matter how heavily invested he or 
she is in what happens at each end of the line. 

This book is intended to introduce readers with a basic 
understanding of radio equipment and antennas to the ins and outs 
of transmission lines. Subjects covered include an introduction 
to the various types of line available, detailed discussions of the 
key parameters of both coaxial cable and balanced line types as 
well as the types of connectors and how to install them. With that 
knowledge, we then go into how to select the best line for each 
application, then how to install the line in a real environment and 
make sure it will still work at peak efficiency after it has been in 
place for some time. 

As with all ARRL books, you can check for updates and 
errata, if any, at www.arrLorg/notes/. 


amateurs 


stalled, the amateur is likel 


What is a Transmission Line 
and Why Do We Need One? 


Chapter 1 


A transmission line is a kind of ca- 
ble designed to convey power between 
physical locations, This kind of system 
is used for transmission of water, gas, 
sewage, electrical power, telephony sig- 
nals and, in our case, radio frequency 
(RE) energy. 

As with each of these applications, 
the desired results are the same: To con- 
vey the material or signal from one location to the other with minimal loss 
and with an output that includes all the characteristics of the input, While 
the ideal line is easy to imagine, real systems do not ever quite measure up. 

In a pipe-based system, for example, material is lost through leaks in 
the pipe wall or at connectors. Friction of the fluid against the pipe wall 
results in a reduction of velocity and pressure over distance. Excessive pres 
Sore can result in a catastrophic rupture and loss of system functionality 

Ina radio frequency transmission line, we have the same type of poten- 
tial departures from an ideal transmission system, and some other issues that 
plumbers don't routinely worry about, The system functionality, however, 
is still very similar 


WHY DO WE NEED TRANSMISSION LINES? 


We generally need a transmission line to carry RF between different 
parts of a radio system. Figure 1.1 shows locations within a typical Amateur 
Radio station in whieh transmission lines would be appropriate. While not 
every amateur station includes all ofthese blocks, and some may have mul 
tiples of some blocks, the sketch is typical. Some larger pieces of equipment 
also have transmission lines within the unit for subassembly interconnections, 
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Flgure . 


— ende, Block dagram ot 
— apice Amateur 
FEKE] Rodi station, 

8 showing paces that 


‘would be appropriate 
"applications for an 
А RF transmission line. 


TR Sorter Artena Tunar 
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le we may associate transmission lines with antenna connec- 
tions, Figure 1.1 indicates that they have wider application. The short 
interequipment lines are sometimes referred toas jumper cables, Note that the 
de power interconnections not shown between cach piece of equipment and 
its power source could also be considered a kind of transmission line. Power 
transmission is а different topic beyond the scope of this book. 

The reason transmission lines are used for these applications is that if 
other types of connection arrangement are used, we are likely to have radia- 
tion from the connecting wires. While the radiation does reduce the signal 
available at the end of the interconnection, it is usually more significant 
that the radiation will couple to other circuitry. This can result in a number 
of problems, including oscillation, transmitter lockup, and interference to 
reception of other systems such as computers. 


BUT SOMETIMES WE DON’T NEED TRANSMISSION LINES 


1 Chopter 1 


Actually, we don’t always need a transmission line Гога radio system, 
"There are some cases in which all parts of a system are їп a single location 
їп that case, no transmission lines are required. One example of such а 
system that once worked with is shown in Figure 1.2. The problem was to 
accurately determine the reception pattern of a complex HF antenna array 
used as а part of a military over-the-horizon radar system. The solution was 
to monitor the receiver output as a helicopter rode in a circle around the array 
with а hanging centered dipole suspended below A battery-powered low 
power transmitter was located at the center of the antenna and connected 
directly io each side of the antenna, A technician at the array center took 
‘azimuth data so we could tell the azimuth of the helicopter, while ar 


onboard 


Figure 12- 
NO RF transmission line 
requltea. This small battery- 
powered transmitter is 
located at the canter ot 

A directly led dipole. The 
System was used o test 
"ho recolvo antenna pattem 
ога vertically polarized 
directive HF antenna array 
used in a military overhe- 
horizon radar. 


ere а Dto Antenna 
Wi anon at Conor 


navigation system was used to maintain a constant distance — worked like 
acham! 

Another more common application is found in some microwave 
systems. As we will discuss later, losses in transmission lines go up 
rapidly with frequency. Radio systems at microwave frequencies are 
usually designed to minimize transmission line length. Some have the actual 
microwave portion of the radio system located within the antenna structure, 
‘This is common in satellite TY receiver systems, as well as in microwave 
communication and radar systems. It is often more economical to have 
the interunit cabling carry the de and intermediate frequency signals (on 
transmission lines, but with less loss because the signals are at lower frequen: 
cies) than to suffer the transmission line losses at microwave frequencies. 
Figure 13 illustrates a typical configuration. 
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Figure 1. In this simplified satelite TV recelvor system, the microwave components are 
located directly at the antenna feod to avoid losses. A downconverter translates the desired 
channel information from the 12 GHz broadcast range down to a TV VHF channel, at which 
losses inthe transmission ne are more manageable, 


A similar arra 


sement is used in many military radar systems, The 


rotating antenna with transmitter power amplifier and receive preampli- 
fier can be located in one unstafled vehicle while the signal processing 
equipment and sometimes the display systems are located in another at 
some distance, In his way, the operators and signal processing equipment 
are not part of the target for an antiradiation missile, especially popular as 


а counter to air defense radars. 
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What Are the Types of 
Transmission Lines? 


Transmission lines come in multiple flavors, 
depending on the application. Here we will broad- 
ly categorize lines into their major types. We will 
also introduce some of the varictics within each 


ORES category that we will discuss in greater detail in 
Ма = = 4 later chapters. 

Z5. 
cana UNBALANCED 

m TRANSMISSION LINE 
* Transmission lines in which the conductors 

o = are at different potentials with respect to ground 

m m are refered to as unbalanced transmission lines 

pod 

— Coaxial Cable 


o Probably the most frequently encountered 
1 type of RF transmission line is coaxial cable. It 


m is found connecting almost every television set 


10 an antenna orto a cable service provider The 
eee pool eso аи cable that cable service providers use i also co- 
S axial cable, at least in the last part of the system, 
near the subscribe, Coaxial cable is one member of the class of unbalanced 
Coaxial cable consists of two conductors, one surrounding the other in 
a concentric configuration as shown in Figure 21. In operation. if prop 
erly terminated and used, the RF field is contained within (he space marked 
“dielectric” (an insulating material) between the two conductors. At lhe ends, 
the outer conductor, also called the shield can be at ground potential The 

inner conductor isat a potential above ground, thus the name “unbalanced: 
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Figure 2.1 ~The configuration of coaxial cable. 
ees | Te inner conductor is often wie, sometimes 

T 
тау have a center conductor of solid wire or. 
‘sometimes copper pipe. The outer conductor 
‘canbe braided copper, wrapped пой, or or 
‘igi cable copper or aluminum tubing. The 
owest-oss rigid coax i made of copper tubing 
meae | for both conductors with a dielectric most of 

‘ai, Occasional ceramic spacers are employed 
o maintain the spacing. Other cables have a 


polyethylene dielectric, or sometimes a foamed 
Poly that acts iko something In batween. 


Au RF frequencies, the phenomenon known as skin effect keeps the 
RF shield currents on the inside of the outer conductor. The outside of the 
‘outer conductor then acts almost as if it were a separate third conductor at 
‘ground potential along its length. This, along with the fact that the net field 
is within the cable, provides the effect of shielding the signals within the 
cable from the effect of any signals or other effects outside the cable. This 
isa major advantage of coaxial cable. 

Within the class of coaxial cable (“coax” to its friends), there are a 
variety of subdistinetions: 

¢ Characteristic impedance — The ratio of the conductor diameters 
and the properties of the dielectric determine the characteristic impedance, 
‘topic that will et a chapter of its own, 

„Cable diumeter — The diameters together may scale up and down 
from less than % inch to many inches. The larger sizes are needed for high- 
power applications, and also have less loss than smaller-sized cable. 

* Cable flexibility — There are both rigid and flexible coaxial cables, 
and some semi-rigid, or perhaps semi-flexible, a major factor in selection 
based on application. The rigid, and some semi-rigid, cables are usually 
made with a solid tube, rather than a woven outer conductor structure. Solid 
‘outer conductors result in coax with the potential for shielding properties 
closer to ideal than those with woven shields 

+ Cable dielectric material — The properties of the material between 
the conductors, the dielectric, isthe major factor inthe cable loss at higher 
frequencies and also a factor in determining the cable characteristic imped- 


Unbalanced Microstrip Transmission Line 
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Imagine slitting the outer conductor along a length of coaxial transmis- 
sion line and unfolding it so it Hes flat. This is the essential configuration of 
microstrip transmission line. lts major application is found in intraequip- 


T ment wiring of assemblies made with 
double-sided printed circuit board 
The line can be formed by etching. 
away some of the conductor on one 
side of the board (see Figure 2.2) as 
рап of the process of generating the 
rest of the wiring on the board 
Figure 22 Unbalanced microstrip ne. conductive While microstrip line is efficient 


Ierosrp ей оп one Side of a piece of two-sided printed : a) 
‘circuit board can be operated as an unbalanced transmission 701 а manufacturing standpoint, it 


fn wth reference tothe , docs not offer the shielding qualities 
‘ot ike coax in some ways does not share is shielding о coaxial cable. The fields between 
properties. In some implementations, а second board or рама сас теа 
layer of a mulayer board makes в sandwich with additonal е conductors will extend outward 
shielding. In all cases, the connections must be made cass io © from the space between the conduc- 
ino beginning and end ol the conductors. With Me sandwich or, requiring care in locating wiring 
Configuration, tne ground connection must be made to both к 
ош planos nes na locaton of tne tartandendotine Tor other parts of the circuit to avoid 
Conductive pat. coupling between circuits. OF course, 
it coupling is a problem, small coaxial 
cable is well suited to PC board use, 
not quite as easy to implement 
Single Wire Line 


Before the days of radio, a single wire was used as a transmission 
medium for wite-line telegraph systems. The wire was fed against an earth! 
ground connection and was useful but very lossy. Ibis not particularly suited 
for RF systems since it will act more like an antenna, unless it is very close 
to a highly conductive ground. Think virtual microstrip line. 


BALANCED LINE 


A transmission line with two parallel conductors can be used as a bal- 
anced transmission system — meaning that each conductor is at the s 
magnitude of potential compared to ground but of opposite sign. This means 
that at a particular instant, if one wire is at +5 V, for example, the other will 
be at -5 V, with respect to some common level or ground reference. 


Open-Wire Line 
“The earliest balanced transmission line was a pair of wires at a constant 

spacing insulated from ground (see chapter photo and Figure 2.3). Before 

the days of radio, and for some time thereafter, such a pair was used for 

each telephone circuit, making for very imposing utility poles with many 

cross Ts, almost blocking out the sun in large cities. Current telephone 
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Figuro 23 ~ Balanced transmission line. 
Just wo wires, spaced a fied distance 
апа soparatod by a dielectric — air or some 
other insulating material 


wiring uses insulated twisted pairs, bundled with others 
in large cables supporting multiple end-user customers, 
‘Once individual circuits reach a switching center, they are 
concentrated with switches and routed between centers 
оп high-density fiber optic links, 

Very early radio was conducted on Tow frequencies 
typically using large rop-loaded monopole antennas fed 
directly from the transmitter! As operating frequencies 
became higher, horizontal antennas could be high enough 
to be useful, and balanced antenna structures, such as 
а center-fed dipole, became popular, A natural way to 
interconnect the typical balanced output of the trans- 

miners tuned transformer to the 


center of a balanced antenna was 
10 use balanced open-vire line (see 
Figure 24) 

The wires of open-wire line 
require some method to hold them 
ata relatively constant distance, In. 
carly telephone systems, this was 


‘Ope it Tears un accomplished by tying cach wire 


to a glass insulator held to a cross. 
T by a peg. In recent rural travel, 
1 saw quite a few of these still in 
use on poles along railroad right- 
of-way, likely for signaling. Early 
radio transmission lines used par- 
affin-soaked wood dowels to posi 

tion the wires. These gave way to 
glazed molded ceramic insulators 
made for the purpose. Current am- 
ateur practice is to use PVC plumb- 
ing pipe or acrylic plastic with slits 
to hold the wires (see Figure 2.5). 


Figure 24 — An opere transmission пе 
interconnecting a balanced output ransmiter 


antenna, 


natural for Twinlead 
Батон! After World War IT, televi- 
sion started to become popular in 


the US. The signals were transmitted over the air using a portion of the VHF 


ти 
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All antenna designs of he time were of balanced feed and used easily 
alle transmission line developed for TV applications. 


‘The answer was called twinlead. 1t was a 
balanced transmission line made fromapairof 
stranded wires held about halfaninchapan and 
enclosed in a polyethylene web that insulat- 
ed each wire and filled the space in between 
with a lexible insulating material (as shown 
atthe top of he chapter photo). This was the 
line of choice for this applic 

Some amateur antenna systems until it was 
displaced in TV service by coaxial cable 


Window Line 
This derivative of twinlead is made for 
higher power and is often used in Amateur 
Radio transmitting applications, Window 
line is constructed similarly to wied, but 
has windows cut in the webbing along its 
length. The windows make the line act more 
like open-wire Tine in terms f attenuation, 
without having the complication of diserete 
insulators, 
Figure 25 The production ine isl ul swing as The wider spacing typically results 


Barry Shackleford, WEYE, fabricates his own oper- in а higher characteristic impedance than 
wire line. [BARRY SHACKLEFORD, wave] regular tile. 


Twisted Pai 


A pair of wires twisted together can be used as a makeshift balanced 
transmission line, The characteristic impedance will be close to 1000. This 
type of line is not often used for RF applications, although it can serve in 
a pinch. It is frequently encountered in telephone and local area network 
(LAN) wiring. 


Shielded Twisted Pai 


By enclosing a twisted pair in a shield, we can get some of the benefits 
of balanced line, along with the shielding effect of coax, Of course, we gt 
the disadvantages of each as well, primarily the high attenuation of coax as 
compared to most balanced lines. The trude name for this cable is Twinax, 
and it hus most recently been used in computer networking. but was once 
choice for RF applications as well. 
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¬ Figure28- Balanced microstrip ine. 
Come This works the same way as unbalanced 

microstrip line, but the two conductors on. 
‘onesie act as a balanced pal 


Balanced Microstrip Line 


A pair of etched conductors on PC board material can serve as а 
‘balanced line within equipment in the same way that microstrip can provide 
unbalanced connectivity (see Figure 2.6). 


Parallel Coax Lines 


‘Two similar coaxial cables of the same length can be operated as à 
balanced line if the balanced signals are connected to the inner conductors 
and the shields are tied together at both ends (sce Figure 2.7). This is not a 
good choice for many applications of balanced line, since the attenuation is 
the same as for coax and the cost is twice as high as a single coax. It does 
work well for balanced line installations in which a small section of the 
line must be on the ground or in some environment that is unsuitable for 
open. vine line, Because the fields are entirely within the coax, the two 
lengths can be run separately as long as they are the same length and the 
shields ш each end are connected together with short connections. 


GUIDED WAVE STRUCTURES 
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UHF and especially microwave (UHF above 1000 MHz) signals are 
sometimes transported using a kind of mechanism different from a trans- 
mission line, The signal loss associated with coaxial cable at UHF and 
higher frequencies makes them unattractive for all but very short connec- 
tion paths, A better alternative is to transmit the signals as electromagnetic 
waves propagating in space. An antenna could make such a transition, but 
suffers because the signal will spread spatially as it propagates, Instead, the 
‘waves are guided by propagating them within а different kind of medium. 

The structures described helow are a substitute for transmission lines 
They are not frequently encountered in Amateur Radio, except when used 
by some microwave specialists. Beyond the short description below, they 
Will not be covered in this book. 


Figure 27 Pal of coaxial cables used as а balanced 
transmission line. This s particulary useful as а short section of 
а ‘balanced run to тапап an area that ie not appropriate fr the 
fields surrounding open vie line. The attenuation is ss high as- 

— | coax, so short sections are koy. в important that the shields 

Are interconnected at both ands as shown. Since the shljcs are 
at reference potential їп a balanced system, either may aso be 
connected to structural ground, it appropriate. 


Waveguide 


The most common guided wave structure is a hollow metal tube called 
a waveguide. The waves are launched into the tube by an antenna-like probe, 
propagate within the tube, and are extracted by another probe at the far 
end. In order to carry the waves without significant attenuation, the guide 
needs to have a width of at least Ys wavelength and is often of rectangular 
cross-section. The size restriction limits the usefulness of the technology 
to the higher UHF frequencies, although I have seen waveguide in use in 
military radar installations at frequencies as low as 450 MHz — the wave: 
guide tubes looked like very large heating ducts. 


Single Wire Transmission Line 


Notes 


Mis also possible to guide microwave energy along а wire. This method 
was originally called Goubuu line (after its inventor), or G-line for short 
The wire was surrounded by a special dielectric with the appropriate proper- 
ties for slowing the wave in order io keep it traveling along the wire, rather 
than radiating as if it were an antenna, Special conical launchers are used 
at each end of the line, to and from coaxial transmission line, This type of 
Tine is easier to deploy in the field than waveguide since it can be rolled up. 
but it must be used in straight runs, G-line was part of a military microwave 
‘communications system that 1 encountered in the 1960s. 

Tt was later found that waves of a different orientation could be launched 
onto an uninsulated wire and transmitted with low attenuation using a 
different configuration of Launcher, This method is called E-line, 


^. Hallas, W1ZA, Basic Antennas. Available from your ARAL dealer or the ARRL Bookstore, ARRL 
order no, 8984. Telephone 860-564-0355, or olbiros In the US 888-277-5266; www.arr.orgíshop: 


pubs 


enter 


эв. Shackielord WOYE, "Custom Open-wire Line — Its a Snap? GST, Jul 2011, pp 33-36. 
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Headquarters station. An ach 
of coax is that the runs can 
in close proximity to each other 


"Without interference. 


Let's Examine Coaxial 
Transmission Line 


Coax cable is the most commonly encountered type 
of transmission line. Coax is composed of two concen- 
tric conductors separated by a dielectric material (see 
Figure 3.1). While some types have an exposed outer 
conductor, the commonly encountered flexible cables 
and some rigid types are covered by a protective inst 
lating jacket, Coax is found in many sizes for di 
applications, with the most common ranging fro 
0.075 inches to a bit less than half an inch in diameter. 
ile individual conductors are occasionally 
connected directly to circuitry, most often within equip- 
ment, in most applications the cables are fitted with one 
ofa number of special connectors on their ends, There are 
different series of connectors, some appropriate for 
higher frequencies, some waterproof, andsome selected just 
because of the equipment to which they must connect 


EQUIVALENT CIRCUIT OF A 
COAXIAL TRANSMISSION LINE 


Any two conductors separated by a dielectric will have electrical 
capacitance betw 
surface area of 


u the conductors, The capacitance is a function of the 
onductrs, the separation between them, and the dielectric 
constant of the insulation material between them. Coax cable has these prop- 
erties, with capacitance created by the insulation between the inner surface 
of the outside conductor and the outer surface of he inside conductor, Any 
dielectric between the conductors will increase the eapacitance compared 
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Figure 3.1 -Sketch of a typical coaxial transmission Ino. 


44 4 


Figure 32 - Electrical de equivalent circuit of a coaxial transmission line. 
Af higher Irequencies the series resistance increases because of skin effect 


sulated cable, The total arca of cach conductor is a function of the 
cable length, so the capacitance is usually specified in terms of capacitance 
per unit length, notated in this country in pí, For example, the usual 50 2 
coax cable (which will be discussed shortly) might have a capacitance of 
29 pin. 

Similarly, any piece of wire will have a certain inductance, and th 
includes the conductors making up a coaxial cable, Again, since the induc- 
tance is also a function of the cable length, it oo is usually expressed in 
terms of inductance per unit length, For typical lines as above, it will be 
about 72.5 A/A. 

The conductors will also have electrical resistance. Because of their 
relative sizes, this will predominantly be the resistance of the inner conduc- 
tor. At very low frequencies, the resistance will be around the de resistance 
‘of the inner conductor, perhaps 1.8 тї depending on conductor size. 
‘There will also he some Toss in the dielectric, increasing with frequency. 
‘This is represented as the conductance G. We thus could model a transmis 
sion line as an electrical circuit such as that shown in Figure 3.2, 


CHARACTERISTIC IMPEDANCE 


The characteristic impedance (Z,) of a transmission line is one of 
its most significant parameter, If we consider the line model shown in 

ade voltage connected to one end, a current will start 
ards of what is happening at the other end. If the line were just 
Capacitive, the initial current would be very high, as it tried to charge the 
capacitance, If it were entirely inductive, the initial current would be zero 
because of the back EMF. Because it is a combination, the initial current 
will be in between the two values, also limited by the resistance, and not 
usually a significant portion of the effect. That current will continue until 
the leading edge of the current pulse gets tothe far end and retums with an 
indication of the effect of he load. The current pulse will travel at somewhat 
less than the speed of light in free space. 

‘The amount of the current will be the same as И the source were con- 
nected to an impedance — generally close to being a resistor — during the 
initial period. The value of that resistor is called the characteristic imped- 
ance of the line, usually referred to as its Z, If the far end of the line were 
connected to an actual resistor equal to the Z, the same current would 
continue to flow until the source was disconnected, just as though it were 
an infinite length of line, 

TF we use the transmission Jine for the carrying of an RE signal rather 
than de, the same kind of thing happens. For example, using Ohm's law, if 
we puta 1 Vays RF signal on one end of a line with а Z, of 50 ©, the initial 
current would be 1/50 = 0.02 A or 20 mA. If the line were lossless (the R in 
the model = 0) and terminated at the far end with a 50 £2 resistor, the same 
20 mA would flow into the resistor. This is known as a matched condition, IF 
the termination were different than a 50 Q resistor, we could no longer still 
have 1 Vig, and 20 mA into the load, because it would violate Ohm's law 
fora different value resistor. Some fraction of the signal would be reflected 
from the end so that the combination of the Forward and reflected signals 
‘would result in a voltage and current at the load that satisfies Ohm's law. 

The sum of the forward and reflected wave is referred to as a standing 
wave, because the amplitude at any point along the line stays constant, just 
as it has to stay constant at the termination. This means that the voltage and 
current along the line will vary, repeating every half wavelength until it is 
back to the source (as shown in Figure 3.3). The impedance at the source 
will not be the value of the termination nor the line , but a function of the 
termination impedance and the distance from it (їп wavelengths). 

The ratio of maximum voltage (or current) to the minimum voltage 
(or current) on the line is called the standing wave ratio (SWR), a major 
consideration in most systems, By having a termination equal to the line 
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1 Know What's Happening at the Shack — 
What's Happening at the Other End of my Feed Line? 


If you want to find out — here's the easy way, using TLW. 


Joi R. Hallas WIZR 
Technical Editor, OST 


Imiodthetane lhe more frequen questione 
"ecovad by GSTS “Doctor Pasto do win oks 
жага to determine te трас of ransrisson 
e kocsesontheefectvenessciarten vage 
tem These queators ars өп ong te Inas al 
"measure an SWA of 25:1 at ne vanzmtsr 
опа! 15 oot et RG8X оса саше My rana. 
F 
Tall wat my losses ar or "How ruch diler- 
елсе wil | have f 1 have а tuner al he antenna 
‘stead of using he bt nor?" 

These are Important questions tnat almost 
окту amateur operator i acad an rom time 
тоте An approximate answer can be obtained 
By using the graphs found in any recent edion of 
The ARAL Antenna Book showing he los char. 
actes of mary vansmiasion ine types, pus 
acóng п те oc о an SWR greater man 11 
‘The SWR al ihe antenna end canbe determined 
(rom the boom ené SY aed 1e cable oss US- 
ing hese graphs requires a bl of merpoleton or 
Kem wandage, But can ret n use data. 

But There's an Even Better Way! 

Packaged with each of he last few ections 
ol The ARRL Antena Bock is а CD containing 
the pages ofthe whole Antenna Book as wol 
э some very изе software. The progam Hat 
use almost daly ls one write by Antenna 
‘Book Edir R: Dean Straw, NGBV, callo TL, 
for Transmision Lino r Windows. 

TL providos a very eaay орепме mecha- 
been о determine everthing | ustaly need to 
nov about whats happening on а transmission 
fine When you open te progam, you ae рв. 
Sonic мна sereen as shown r Figure A This 
as me values plugged in Fam the last time you 
sedi ofen saving aep Lers take a quick tour 
of me puts. 


Cable Type — This allows you to select the 
cable you тоша like to analyze. A drop-down 
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ГТ, Tesi Toe Program fr ndo з] 
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‘box provides forthe selection of опе of 32 of the 
most common types of coax and balanced lines. An 
additional entry is provided or User Defined Trans- 
mission Lines that can be specified by propagation 
екелу and attenuation. 

Length — In fot or meters, your choice. 

Frequency — This is an important parameter 
whan dealing With transmision Ino electe. 

‘Source — This defines tne form of he input im- 
dance data. General you can use NORMAL. 

Impedance — The impedance can De spected 
ав what you measure, resistive (real) and reactive 
(imaginary, mínus means capacitive). This could 
сото from your antenna analyzer at ether and the 
transmission ine. Note, if you only know the SWR. 
not the actual impedance, ali not lost —see below. 


Now for the Outputs 


SWA — The SWR is provided at each end of 
"he cable T ls an important difference that many. 


people miss, important even with a moderate 
ЭМЯ at the transmitter end, as well see — the 
ЗИ at the antonna wil be much higher due to 
the сийе loss. With TLW, you instanty know the 
SWR at both ends, and the loss in he cable ts 

Rho at Load — This is the reflection cosi 
‘len, в traction ofthe power reflected back hom 
the load, 

Additional Loss Due to SWR — This is one 
ofthe answers we were after. 

Total Loss — And this ts the ather, the total 
loss in the ine, including that caused by the mis- 
match. 

But Doctor, What If can Only Measure. 
the SWR — Not the Actual Impedance? 
Otten tne only measurement data available 

is the SWR at the transmitter end of the cable. 
Because the losses are a function o! the SWR, 
not the particular impedance, you can Just put In 
ап arbitrary impedance wih that samo SWA and 
Elk the INPUT bution, An easy arbitrary imped- 
ance lo use is just fhe SWR times the 20 of the 
cable, usualy 50 2. For example, you could use a 
resistance of 125 to represent an SWR O! 25: 
Tris is what weve done in Figure A, using 135 Jes 
of popular Belden RG-8X, 

The results are interesting. Note that the 251 
SWR as seen at tha radio on 28.5 MHz resulta 
from a 7.45:1 SWH at the antenna — perhane 
This ал eye-opener! Note that ol the 6,6 ОВ loss, 
‘more than һай, ог 3.1 dB, в due to the mismatch 
Note that if we used something other the actual 
measured impedance, не can't make use ofthe 


impedance data that TLW provides. We can uso 
hé SWR and loss data, however, but thats prob- 
ably what wo wanted to find out 

We can now de some what fs" We can see how 
„much bos we have оп abr bands by ust changing 
"he frequency. For example, on 80 meters, with the 
зате2 5: athe transmiter end, the SWA atina ar- 
ema в about 3:1 and the loss is sigh more than 
16B We coulasoplug man impedance caloulaledal 
the antonna ord and өе wnat diference othe cable 
pes would male. For examolo, with tno same 28.5 
MHz SWR 017.45 atthoamienna and T35leol of inch 
Andrew Helax, we wil have a total loss ol 1.5 dB at 
285 MHz Note that the SWR seen a he bottom wil 
пон be 55: and our radio's auo tuner might not be 
able to match the new load. 

‘But Walt, There's Moret 

‘You can also cick ha GRAPH bution and get a 
plot of either voltage and current or resistance and 
reactance along tne саве. Note tat ose wll only 
be useful we have started with actual impedance, 
rather hon SWR. 

Pushing the TUNER button results in a page 
asking you lo select some specications for your 
tuner parts. TLWeffectvly designs a tuner of ihe 
type you asked for at the shack ond of ho cable, 
1 also calculates the power lost In the tuner and 
gives a summary of he ransmitod and ost power 
in watts, во you dont need o calculate i 

When you ve finished, be sure to hit the EXIT 
button; don tjut close he Window. Otherwise TLW 
‘may not sar properly the neat tme you want to 
оеп. 
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Figure 33 -The voltage and current long a mismatched line wil 
чагу repeating every half wavelength. 


2, the standing wave doesn't exist and the SWR is 1:L For a number of 
reasons, this is a desirable condition and cable with different values of Z, 
are available, including most commonly 35 0, 50 0, 75 0, and 93 Q. 


FIELDS WITHIN COAX 


We need to briefly consider both the electric and magnetic fields in 
coax to understand how and why it works as it does. The electric field, just 
as with the plates of any capacitor with an applied voltage, exists between 
the outside of the center conductor and the inside of the outer conductor. 
(see Figure 3.4), Because the outer conductor surrounds the inner conduc- 
tor, all the electric field terminates on the inside of the shield and does not 
‘couple to, nor is it affected by, nearby conductors, Thus, the outside of the 
cable is effectively shielded from the effects ofthe electric field within the 
cable — one of the major benefits of coax, 

As in any conductor, a magnetic field surrounds the two current-car- 
rying conductors. For properly operating coaxial cable, the two currents 
will be equal and opposite; thus, the fields will cancel in the region outside 
the cable (see Figure 3,5), so the net magnetic field surrounding the cable 
vin be zero, This, combined with the shielding of the electric field, results 
їп a transmission line that is independent of the electrical conditions of its 
surroundings. This means it can be coiled, bundled with other cables, or run 
‘within metal conduit without any problems — as long as the currents arc 
balanced and the shield is solid. 
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Figure 34 -The electric field 
within a coaxial transmission 
line. Note that ho shold is 


solid, it exists опу within the 
cable, resulting in a рап of the 
shielding effect. 


„„ 
A O © 


Figure 35 As in any conductor, the magnetic field surrounds the two current-carrying 
conductors. On the left. the magnetic Пе surrounding а single isolated conductor is 
‘shown. The center Image shows the magnetic field surrounding the outer conductor, 
and at right is shown the magnetic field surrounding the inner conductor. Fer propery 
Operating coaxial cable, the two currents wil be equal and opposite, as showr, and thus 
The olds wil cancel outside the cable. 


SHIELDING LIMITATIONS OF REAL COAX 


Coax in the real world can be quite close to the ideal in most respects, 
but there are some limitations. The electric field shielding effectiveness is 
a function of the shield coverage. The best shielded cables are those with 
а solid tubular outer conductor. These can be considered а 100% shield, 
although loose or improperly installed connectors can be leakage points. 
Unfortunately, solid tubular coax is not applicable to the many appli- 
cations that require flexible cable, Probably the next best type, in terms of 
shielding effectiveness, is the type used by the cable television industry. It 
usually has multiple shields, generally one of wrapped aluminum foil and 
another of braided tinned copper. This is also quite effective — and has 
ло be, otherwise cable signals, which occupy most of the radio spectrum, 
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would interfere with other users, including such critical systems as aircraft 
communications and navigation. 

‘The rest of the coax world uses braided copper shielding. This can be 
adequate for most applications, although the quality varies considerably 
among brands and types. In many eases the manufacturer will specify the 
shielding coverage, usually in terms of a percentage, with 100% meaning 
fully covered. Some cable types have double shields — two independent 
braided shields, one around the other. in electrical contact over their length. 
‘These can be very close to 100% effective. Less expensive cables can have 
effectiveness as low as in the 80% range. The less completely shielded 
cables allow a partial leakage of the electric field, allowing some coupling 
to and from nearby circuits. 

Another coupling mechanism occurs if the shield current is different 
from the current on the inner conductor. This can occur in a number of ways, 
typically due to a termination in which the outside of the shield acts like a 
separate conductor from the inside of the shield. Currents on the outside сап 
also be induced by proximity io an antenna system, 


TYPES OF COAXIAL CABLE 
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Coaxial cable came into common use during World War II, mainly in 
military radar and radio applications. A set of standards was developed dur- 
ing the period for radio guide (RG) cable, with that designation followed by 
а series number. The most common in radio use over the years have been 
50.0 characteristic Z, RG-8 and RG-58. Each has a copper center conduc- 
tor, a polyethylene dielectric, a braided copper shield, and an outer jacket, 
originally made from black vinyl but more often of РУС or polyethylene 
today. The primary difference between the two js size, with the RG-8 having 
an outside diameter of 0.405 and RG-58 having one of 0.195 inches. The 
smaller cable has higher attenuation and lower voltage and power ratings, 
but offers lighter weight, additional flexibility, and handling convenience 
The next most frequently encountered early cables were those with 
75 О characteristic impedance, most commonly RG-11 at 0.405 inches and 
RG-59 a1 0.242 inches. A suffix "U" indicates cable that is universal (usable 
for multiple functions). while other suffixes indicate special characteristics 
or construction differences. Probably the most common coax in use today 
is RG-6 type (see below), an RG-59-size 75 © cable with a more effective 
foil shield, used for in-house connection of cable television equipment 
"These characteristics were documented in a US military procurement 
manual that was cancelled in 2001, so the early numbers аге no longer 
subject to official standardization. Thus cable that is called “RG-8U type" 
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Figure 3,5 - Construction of a number ot 
common types of coaxial cable 


is а manufacturer's designation that may mean 
the cable is somewhat like RG-8, but does nat 
guarantee that it meets either early or current 
military standards, It may have a less dense 
shield or lower quality jacket, for example, 
Later standards include MIL-DTL-17H from 
August 19, 2005, which superseded MIL-C: 
176 of March 9, 1990, These standards refer to 
newer standard cable series that have replaced 
the earlier types. For example, today one would 
obtain RG-223 instead of RG-58, and RG-213 
instead of RG-8. As in the earlier series, the 
word “type” is a manufacturer's escape clause 
that allows them to skirt military specifications, 

Table 3.1 is a listing of many of the types of 
coaxial transmission line, as well as other types 
that we will discuss later. Note that within a type 
of cable. there are multiple cables from different 
manufacturers, with quite different characteris- 
tics. Some have a foamed polyethylene dicle 
tric (FPE) instead of solid polyethylene. FPE is 
partly air and thus hasa lower relative dielectric 
constant and less loss than standard cable, The 
foam also makes for a less sturdy cable that is 
more susceptible to water migration and cannot 
be flexed as tightly as the solid dielectric coax. 
The construction of a number of coaxial cable 
types is shown in Figure 3.6, 


KEY CABLE PARAMETERS 


The headings in Table 3.1 give insight into 
the differences between cable types. Each is de 
scribed briefly below. 


Nominal 7, (ch — As was discussed earlier, Z, is а primary transmis 


sion line parameter. Most systems specify the design impedance for various 
ns, and typically that will align with a standard cable Z,- The usual 
practice is to use а cable with that Z, to connect to equipment to A load with 
the same impedance, although we will discuss exceptions, In most cases, 
particularly at lower frequencies, the difference between а Z, of 50, 
or 53 0, as shown in the RG-58 types, will not be significant. For coaxial 
cable, the Z, can be determined by the dimensions as follows: 
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ee 


Where D and d are the diameters of the shield and center conductor 
respectively in the same units. i the relative dielectric constant of the 
dielectric (for air, e, = 1, for polyethylene c, = 2.26). 

VF (55) — This is the velocity factor ds a percentage of the speed of 
light in free space (300,000,000 m/s). This is largely a function of the relative 
dielectric constant of the insulation material. For polyethylene dielectric, 
the VF is usually 66%, in the 80th percentile for foamed poly, depending 
оп density, and close to 100% for air-insulated lines. In many applications, 
the velocity is not particularly important, with two notable exceptions — it 
is critical if lines are used for delay or phasing lines, and it also directly af- 
fects the required length of lines used as impedance transformers (covered 
later). The velocity factor can be found as shown below. 


= 1000 


Cap (РЕДІ) — This is the capacitance between the inner and outer 
conductors of the cable. It is a function of the ratio of the diameters and the 
dielectric constant. Note that the ratio of diameters also determines the 7, 
So ts not surprising that cables of the same Z, with similar dielectrics have 
the same capacitance. Sometimes pieces of transmission line are used as 
capacitors in circuits: otherwise this is not offen important. 

Dimensions and Materials — These are often major considerations, 
It is critical to know the dimensions if determining connector or adapter 
types. The abbreviations are listed at the bottom of the table, Note that 
some center conductors are indicated as being flexible — a prime attribute 
jn many applications. 

‘Max V (RMS) — This is the maximum Root Mean Square, or effec- 
tive voltage that can be safely applied to the cable. Note that this doesn’t 
equate to power, which is listed separately at the bottom and applies for a 
matched (SWR = 1:1) condition. This voltage might occur briefly for any 
reason (the maximum peak voltage is 1.4 times the listed voltage), and 
above that, arcing is possible. The power is generally more of a thermal 
issue. For example, the listed voltage for RG-58, 300 V, would translate 
to a power of 1800 W in a 50 © system, while the maximum power (at 
1,8 MHz) is listed as 1350 W, 

Matched Loss (dB/100 feet) — This is the attenuation of 100 feet of 
the cable when matched to its 2, Note that the cable loss increases with 
frequency and is shown for four frequencies across the spectrum. The loss 
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is linearly related to length, so 200 feet has twice the loss, and 50 feet has 
half the loss. This is a key differentiator between cable types. Keep in mind 
that a 1 dB loss represents about a 20% reduction in power, a 3 dB loss is 
а 50% reduction in power, and 10 dB is a 90% reduction, All things being 
equal, larger cables have less loss (due to less conductor resistance) as do 
cables with higher velocity (less dielectric loss), The matched loss of major 
cable types is shown graphically in Figure 3.7. 


ADDITIONAL LOSS DUE TO MISMATCH 
You may have noticed that all the loss figures stated in Table 3.1 and. 
shown in Figure 3.7 were forthe case of a transmission line terminated in its 
7, The additional loss due to mismatch is a function of both amount of the 
mismatch (SWR) and the loss if matched, Figure 3.8 shows the additional 
loss in dB that occurs as a result of a line not being matched. 


Figure 37 = Matched nominal loss of various transmission In types in GB/100 feet ot represontatve 
transmission ine types, As you choose transmission ine, Is Important to note that this data s representative 
he variation between atenustion of different manufactures and even different part numbers from the same 
‘manufacturer can be striking; Check the manufacturer's website for the data sheet ofthe transmission line 

you are considering to be sure you know what you are getting. For lengths other than 100 feet, the loss scales 
linearly For example, f a lins has o matched loss of 2d at 100 feet the same line at the same frequency wil 
havea lose of 1 di N50 foot long, and 5 11250 fet long. 
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Note that the SWR shown is the SWR as measured or calculated at 
the Toad, and not the SWR measured at the transmitter end of the cable. 
‘This is particularly important in the case of a lossy line, since the loss will 
reduce both the power reaching the antenna and the power of the reflected 
wave that is used to determine the SWR. This can give very optimistic and 
erroneous results. 

‘Togiveanexample ofthis effect, considera 100 W transmitter driving 100. 
Feet of coax withalossof 3 dB (50% loss). The antenna will sec 50 W of power 
Let's say 20% of the power is reflected due to the antenna mismatch, That will 
resultin 10 W being reflected back toward the source. The 3 dB loss results in 
5 W showing up as reflected power at the bottom of the cable. This is quite 
different than if the 100 W were applied to the antenna on lossless line — in 


s 
if 
EE 
ge 
ч 
5 ЛЕЯ: 


Figure 8 Additional оз of transmission line when mismatched 
This loss needs to be added to the loss in Figure 37 for mismatched lines. 
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that case, a reflected power of 20W, 
‘not ö W, would show up atthe SWR. 
measurement device. 

"Table 3.2 summarizes what we 


Table 3.2 
Forward and Reflected Power and SWR as 
Seen at Each End of a Transmission Line 


Wali See Loss have at the two locations. Note the 
Бан Boom of Cable Topol Cable rather distressing result. А very ac- 
are ower ا‎ 10 к ceptable measurement of an SWR of 
[ene [iol ын ОК aay beo atthe bonom of the coax isthe 
Бене i bys result of an unpleasant SWR of 4:1 
at the amenna. In this example, our 
100 W of power results in only 40 
W radiated from the antenna — yet 
all of our measurements make us think we're doing well, Unfortunately, this 
example is not unusual, especially at the upper end of HF into the VHF range. 
IF it happens at higher frequencies, it is usually more evident since nothing 
much ends up going in or out of the system! The sidebar discusses ways that 
this can be calculated, and perhaps avoided. through the use of software." 
Notes 


u. Hallas, WIZR, Basic Antennas. Available trom your ARRL dealer or the ARRL Bookstore, ARRL 
order го. 9094. Telephone 860-594-0355, or ol-reo in the US 888-277-5289; им агп.огузһор: 
pubsales@arrl.org. 

2g паске WGYE, "Custom Open-wire Line — Its a Snap; QST, Ju 2011, pp 33-38. 

3). Hallas, WIZR, "I Know Whats Happening at the Shack — What's Happening at the Other End of 
Му Feed Line?" QST, Feb 2007, p 63. 
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Chapter 4 


Other Types 
of Unbalanced 
Transmission Line 


While coaxial cable is the most fre- 
quently encountered type of unbalanced 
transmission line, it is not the only type. 
This chapter will briefly introduce some 
other types of line in that category 


MICROSTRIP 
TRANSMISSION LINE 
Microstrip is а form of transmission 
line that takes advantage of the properties 
of printed circuit (PC) boards. PC assem- 
blies are а common and efficient method 


This microwave circulator is constructed of microstrip 
transmission line. Microstrip is easily Implemented 
as рап of PC board fabrication. The lines shown are 
— wih te foi! on tne other ido 
‘ofthe board serving as the “shield.” 


of circuit Fabrication that has largely dis- 
placed the hand wiring of most electronic 
Systems, The technique employs a thin 
piece of insulating material, the substrate, 
that serves as the mechanical strength 
member of the assembly and that supports 
all the components. Professional and mili- 


tary equipment generally makes use of a fiberglass-based material, while 
less critical consumer products are often made of phenolic resin. 

A thin layer of copper that will eventually be transformed into com- 
ponent interconnections is bonded to the substrate, More common double- 
sided PC hoard has copper on both sides of the substrate. The PC designer 
(a person or software), working from the schematic of the circuit, lays out 
the board by specifying where each component will be placed and which 
pins need to be interconnected. The interconnections are made by remot 
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Figure 44 Sketch of a typical microstrip transmission line as etched onto а PC Board. 


the copper that isn't needed. Often connections are established on both sides 


of doubles 


ided board, but sometimes one side is used as a ground reference. 


across the board, The unneeded copper is removed by using one of a number 


of methods of applying 


ist? material to the areas that need to be kept. 


"The board is then submerged in an acid bath to remove the excess copper. 
Following ciching, the resist material is removed and the components are 
‘mounted to complete the circuit. While this sounds like an arduous process, 
compared io hand-witing, it is easily automated and very efficient, espe- 


cially if multiple boards are required for a production run. 


RF circuits within a board, or leaving the board, can be interconnected 
using miniature coaxial cable with ends connected through holes in the 
board to the appropriate termination points just as other components with 
wire leads can be connected, Alternately, a microstrip transmission line can 
be formed on double-sided board during the printed circuit process. The line 
„must be fabricated above a region that has а ground area on the bottom foil 
of the board, and merely consists of a conductor etched above the ground 
foil interconnecting to two end points. This is shown in Figure 4.1, along 


with the electric field between the conductors. 


Note that unlike the case of the fields within a coax cable, the fields, 
while concentrated between the conductors, are not entirely contained there, 
This is a major limitation of microstrip line — itis not totally shielded, 
‘Therefore, care should be taken to make sure that coupling does not occur to 
sensitive circuits, This can usually be managed at the time of board layout. 
In operation itis important that the connections of both input and output 
ends of the line include direct connections to the end of the “center conduc- 


tor" and the ground plane directly beneath i. 
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Capper Fol Conducta 


Figure 4.2- Spine transmission ne, adding another ground layer to microstrip. Note the 
periodi connections between the tmo ground sips These can improve the isolation lo 


lose to that ol coax. 


Characteristic Impedance 


The characteristic impedance (Z,) of microstrip line and the effective 
dielectric constant of the insulation are determined by the sizes of the con- 
ductors and the material used as the dielectric in a manner similar to coaxial 
cable. 


STRIPLINE TRANSMISSION LINE 


A variation of microstrip that actually was developed first is called 
stripline. It is just a microstrip “sandwich,” formed by adding another piece 
of board with а ground foil above the single board in microstrip. Alternately, 
it can be formed as part of a multilayer board. It can have additional isola- 
tion from nearby conductors since the fields are more tightly constrained. 
1t сап approach coax in this regard if the two shield foils are tied together 
along the edge with frequent wires, as shown in Figure 4.2. In this case, the 
ground side of each end termination must connect directly to both ground 
foils in the area near the inner conductor. 
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Figure 4.3- Coplaner strip transmission in. This сап bo fabricated on single-sided PC 
board material The two ground strips must be bonded together at ho ends and can Бе 
much larger than the center conductor, 


COPLANER STRIP TRANSMISSION LINE 


Less frequently encountered is a line that сап be deployed on a piece 
of single-sided PC material. Coplaner strip transmission line, as shown in 
Figure 4.3, is not as effective in isolating circuits as the other types, but 
may be usable in some situations. Note that in this case, the di 

mix of the board substrate below and air above, Again, the ground side of 
the connection at each end must connect to both ground strips. This can be 
built into the PC board etching process. 


SINGLE WIRE OVER A GROUND PLANE 


An insulated wire located close to a metal chassis, or even a pieve of PC 
material а ground foil, can act like а microstrip line. (Sce Figure 44.) 
This is commonly employed in equipment that is hand-wired in the traditional 
manner between components оп а metal chassis — in many caes without the 

builder thinking in terms of transmission. 
lines. The effectiveness can be increased 
by locating the wire in a comer. 

As with microstrip, while the end- 
to-end transmission is predictable and 
efficient, there can easily be unplanned 
amd undesired coupling to other circuits 
within the chassis since the fields are not 
completely contained close to the wire. 
e, IE there are other sensitive circuits close 
by, a piece of miniature coax can often 
Figura 44 An neue wire postre ony guna. fi in the same place and, if properly ter- 
Tine similar toa тасар ne. ed, can reduce the coupling 
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Figure 45- Tho Windom antenna, c. 1929, used а single wire as a transmission ine. 
“Thor is controversy even today as to whether tral acts 8 a transmission Ir 
asa loploaded vertical monopole. 


SINGLE WIRE ISOLATED FROM GROUND 


A popular multiband amateur antenna before World War IL and con- 
tinuing in popularity in different versions today is the Windom, as shown 
in Figure 4.5, It was described in detail in a 1929 OST article by L. G. 
Windom, based on work by others, and still carries his name. The idea was 
that an antenna а half wavelength lang on 80 meters could also be used on 
the other three HF bands of the time — 40, 20, and 10 meters. 

However, there was a wide variation in the impedance at the center of 
such an antenna as the bands were changed. The solution was to feed it off 
center, at approximately one third of its length. The antenna would then 
provide a reasonable match to the line on al four bands, 

‘The current in the “transmission line" has no direct return path to can- 
cel its radiation, so it will radiate as well as (or perhaps better) than the 
antenna, depending on the band. In the typical configuration, this makes 
for a combination of vertically polarized radiation from the feed line and 
borizontally polarized radiation from the antenna. This may or may not be 
useful, depending on where the signal's desired destination is, but the RF at 
the bottom of the feed is almost never a good idea for the radio equipment 
or operators. 
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Recent Windom Implementations 


More recently, Windom-type antennas have substituted high-imped= 
ance transmission lines for the single wire line. Some use a transformer at 
the antenna connection point to transform the impedance to 50 (2 for con- 
nection to coax. In both cases the lack of a balanced connection point at the 
antenna results їп common mode current on the transmission line that will 
radiate, The coax-fed variety uses a choke atthe bottom of the feed line to 
keep the current from the station, In both cases, the vertical section will 
radiate — commercial versions proclaim this as a selling point and have 
many happy users. One thing to keep in mind is that in Windom's day, we 
had four harmonically related bands. We still have those, but we've added 
five more, making an "all-hand" antenna design even more of a challenge 
now than in 1920 

So while such a single wire may serve in some ways as a low-cost. 
transmission line, and may have met the needs of early amateurs, it is not 
in the same category as lines in current use. It should thus be used with 
caution, if at all 


"L Windom, WBGZIWBZG, “Notes on Ethereal Adornments — Practical Design Data for the Single- 
Wire-Fed Hertz Antenna; QST, Sep 1929, pp 19-23, 84 


46 


Chapter 4 


; j 
Let's Examine Balanced 
Transmission Line 


In an unbalanced Jine of the type we have been 
discussing, the signal is applied between a conductor 
| and а common conductor, often а shield or a ground 
\ plate. The voltage on the hor conductor is specified 
\ With respect to the common conductor, In a balanced 
line, there are two conductors, both at a potential with 
respect to ground, If properly balanced, both signals 
are of the same magnitude, but of opposite phase, so 
the total line voltage is twice the voltage of either with 

respect to ground. 
This may be easier to grasp for those familiar 
with standard US household wiring. The transformer 


Three examples of balanced transmission 
"ino. From lef, 300 TV type twinlead, 
nominal 450 i "window line and 600 Û 
ретине line. 


оп the pole, which serves perhaps five houses, takes 
the multi kV distribution voltage and transforms it to 
240 V ac. The secondary of the transformer has a cen- 


ter tap that is the comman connection. The balanced 

pair and common are connected to the house, usually via 

a twisted wire cable. At the house end, the cable goes 
through a usage meter for billing purposes, then to the household distribu- 
tion and circuit breaker or fuse box. The common connection is tied to the 
box frame, which is also tied to ground connection at that point. Consider 
Figure 5.1, in which we portray the usual connectivity from the line to the 
primary ac distribution panel, 

‘The two outer conductors are used to provide a balanced (with respect 
to common) 240 V feed for such heavy appliances as ovens, electric clothes 
dryers, or electric heating systems, Either outer conductor, fed with the com. 
mon circuit can be used to provide a 120 V unbalanced source for standard 
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Figure 52- Perfect balanced load, 
where both the current and voltage on 
‘each side wil be in balance. 


Figure Ty household ac power connec — — 
JJ nes ne TAD V route r nano with a 


‘hel transmission system are balanced wit 


‘wall outlets with the common serving as a return. This 
is exactly analogous to radio transmission lines. Note 
That while each 120 V circuit returns its current on the 
common wire, if the two sides are feeding equal loads 
there will be no net current on the common wire between 
the transformer and distribution box. If there is unbal- 
ance, the current returning on the common to the trans 
former is referred to as common mode current, a concept 
же will discuss later, This is in contrast to the balanced 
differential mode current that flows on the two outer 
wires — that's where we want it. 


A2 Dole 


— 
e 


p 


In terms of the more directly applicable 
radio uses, we can illustrate the differences 
as well. Foresample, feeding the non-ground 
end of two 100 Q resistors (see Figure 5.2) 
that have the other end grounded will result 
їп a balanced 200 © system, In such a case, 
the voltage on each side will be the same 
magnitude, but 180° out of phase, The mag- 
nitude of the currents on each side will also. 
be the same, since the voltages and resis- 
tances are equal. 

Note that the system would be balanced 
‘even without the ground connection. No eur- 
reat flows in the ground lead of the perfectly 
balanced system, so it could be removed 


without changing the operational properties. 


Figure 5.3- Two examples of inherent balanced 
antennas, one (delta matched dipole) with a central 
ground (A) and one (spit dipole without (B). 
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Figure 5.3 shows two examples of inherently 
balanced antennas, one with a central ground 
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Figure 54 — Unbalanced resistive load. The © 


signal is applied with reference to ground. 


ilo Real Ground 


Monopol at (B). 


(А) and one without (В). The ground in the first is not actually necessary, 
but can be beneficial for lightning protection purposes. For both cases, some 
Kind of transition is required to shift to an unbalanced system for connection 
to the radio. The types of transition will be the subject of a later chapter. 

An unbalanced system, on the other hand, is fed with respect to ground. 
‘That is, one side of the load is at ground potential. Figure 5.4 gives an ex- 
ample of an unbalanced resistive load, and Figure 5.5 shows two antennas 
with inherently unbalanced feed points. 


TYPES OF BALANCED LINE 


Balanced transmission line is generally of relatively simple construc- 
tion. Think two-wire lamp cord or speaker wire — both common examples 
of wire construction that could be used as balanced transmission line, Early 
receiving balanced line was typically a twisted pair of wires used to connect 
а dipole antenna to the commonly found balanced input of a receiving set 
ol the time. 
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Figure 57 - Modem homemade open-wire 

Меп usos PVC tubing as he insulating 
‘spacer. Easier fabrication is possible it the 
Wires are n slots rather than being pulla 
through holes. Tho small tie wires run through 
holes to secure the line to the spacer. 
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Figur 55- Construction method ol open- 
mm wire transmission n. Besicaly us vo 
E eral wires with a sukní quantity of 
= = Spacers oro tam apart 
EU OO 
EUR For transmitting use, open-wire line was usually 
denm ‘employed. It is still popular today for many appl 
tions and offers simplicity of construction, as shown 
in Figures 56 and 57. In the earliest days, the spac- 
ers were often made of wood that was boiled in paraf 
fin to reduce the penetration of water. During World 
War Il, and for some time after, porcelain spacers 
lee were made for the purpose. They are stil ideal 
. ‘many ways, but no longer in production. 
Tos stes Modem commercial balanced line is often made 
AMI aj using a molded polyethylene web as both spacer and 
ume | insulator. As shown in Figure 8.8, such Tine comes in 


several varieties. The twinlead types have continuous 
insulation, while the window line (also available in 
300 © versions) has “windows” punched out peri- 
‘ically to make it almost equivalent to open-wire 
Jine, Twinlead at 300 £2 was originally developed as 
a transmission line for television reception, and was 
popular for connections to TV antennas until inex- 
pensive low-loss coax overtook itin the marketplace 
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Figure 58 - Examples of balanced transmission ine made with e molded 
polyethylene insulating webbing. Window line ls made te same way, except 
hat windows” are punched out periodically to make the characteristics more 
similar to open-wire line. 


їп the 1970s. It is still available at electronic retailers, as are TV and FM 
antennas designed to use it. Open. ite line, constructed much like that 
shown in Figure 5.7, is available commercially as well. 

There are a few varieties of shielded twinlead around as well. These 
have been in use for some time, first in military systems with various RG 
‘numbers, including RG-22 and RG-97 with a Z, of 95 ©. Later, shielded 
300 N twinlead was offered for TV antenna use in arcas that would not be 
appropriate for usual balanced lines. Unfortunately, both have the advan- 
Tapes and disadvantages of unbalanced coax, They are easy to route through 
‘materials that would give problems to standard twinlead, but because of their 
construction, they also have loss characteristics similar to coax. IF needed, a 
similar balanced transmission line can be fabricated from two coax cables, 
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Figure 5 - Balanced transmissie 
‘of coax wih shioids tied together, 
Пелу of coax, italso has similar loss. 


lie made trom two equaHength pieces 
each end. Wnilo it offers ta instalation 
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Figure 5.10 - Balanced microstrip line fabricated as part ot a printed circuit. 


as shown in Figure 5,9. The Z, is just twice the Z, of the individual cables. 
Note that if the shields are tied together at both ends, there will be no fields 
between the two cables, so they сап even be run along different routes, as 
Jong as they are the same length. The loss will be the same as for coax. 

Printed circuit board fabrication of stripline, or microstrip line, is 
also adaptable to balanced systems. The balanced microstrip line shown in 
Figure 5.10 utilizes a balanced pair of conductors on the opposite side of the 
substrate from a ground foil to help contain the fields: however, a balanced 
pair on single-sided board is also possible. 


THE BENEFITS OF BALANCED LINE 
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Balanced line has two primary benefits in comparison to coaxial cable, 
Most balanced lines, especially those with large portions of air dielectric, 
such as window line or ladder line, have a significantly lower loss than most 
coaxial cables, 

Balanced line is often very conveniently connected to balanced anten- 
mas and is most often encountered in that application. I is also frequently 
found in very long runs from unbalanced antennas in which the losses (or 


сом) of coax would be prohibitive. In that case, it may be worth the effort 
10 transition from unbalanced to balanced near the antenna and then back 
to unbalanced at the radio end. 

Most balanced line is relatively inexpensive when compared to coax 
— often an important consideration. Excellent homemade open-wire line 
can be fabricated at low cost from two rolls of wire (stranded works very 
vell, particularly if subject to flexing) and insulators made from inexpensive 
household PVC tubing. 


THE DOWNSIDES OF BALANCED LINE 


As might be expected, there are downsides to balanced line, While coax 
cable, with its fields contained within the shield, can be rolled, buried (if it 
has a direct burial rating), or installed within or near pipes without impas 
ing performance, this is not true of balanced line, With balanced line, the 
fields conveying the signal down the line exist in a region around the two 
lines several times the distance between them, This means that balanced line 
can't be placed on the ground, run in metal duets, run through lossy material, 
or be rolled up without causing additional loss or change in characteristics. 


FIELDS BETWEEN CONDUCTORS OF BALANCED LINE 


The fields between the conductors of balanced lines 
are not constrained within a boundary, as is the case with 


‘coax. The strongest fields are in the space directly be- 
tween the conductors, but the total fields between are 
PES similar to that shown in Figure 5.11. Outside the region 


between the conductors, the fields will end to cancel in 
С) | the plane at the center between and perpendicular to the 
wire axis. Coupling to other circuits will be strongest 


either wire until the distance is large compared to 


Nl the spacing, The coupling will be minimal for most pur- 
poses at a distance of two to three times the conductor 


spacing. 
In the heyday of twinlead for TV use, tubular tvi 


lead was popular for critical applications. This provided 


Figure 5.11 - Representation of the an elliptical cross-section of air space in the region be- 


‘lect field between the conductors of 
balanced transmission ine. The magnetic 


tween the conductors in an attempt to minimize losses in 


fields that surround each conductor the region in which the fields are strongest. 
‘are equal and of opposite sense if the While fields at a distance from balanced line 
Currents are balanced. 


are small, nearby fields can cause interference to other 
systems, particularly those interconnected by wiring. 
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In addition, balanced line run too close to computers and other potential 
REL-generaling systems can pick up interfering signals during reception 


ELECTRICAL CHARACTERISTICS OF BALANCED LINE 


As with coax, a lumped circuit model of balanced transmission line can 
be generated based on the per unit electrical characteristics. A schematic 
diagram of the result is shown in Figure 5.12. According to Kraus, the per 
unit inductance of a balanced pair of similar wires removed from ground 
and with an air dielectric is 


L=092 x log! (Dit) Hilm, if D>>r 


Where D is the center-center 
m spacing, and r is the radius of each 
conductor in the same units." 

The characteristic impedance, 
under the same conditions, is: 


7 


276 x log!® (Dit) Q 


Since Z, also equals (L/C), 
we can easily find the capacitance аз 
Figure 512 - Lumped element model of a balanced C-Uz 

transmission ine, 


The series resistance is just the 
pe de resistance of the wire at low frequencies, 
increasing at higher frequencies due to skin ef- 


S— — | emn o ee te 
pa rl rua and in in cf- 

= Fene ios area о onto 
Lihat aie чын "The shunt conductance is the result of the 


losses in the dielectric. This is usually minimal 


in air dielectric line. 


MATCHED LINE LOSS OF BALANCED LINES 


"The loss of matched balanced transmission line is provided in Table 
3.1 in Chapter 3. It is worth making a note of the difference between the 
matched loss of coaxial cables shown in comparison to the losses of window 
line, Looking at the loss per 100 feet column of coax cable at 10 MHz, we 
mote that most are in the range of 0.5 10 1.5 dB/100 feet. There are very 
large and very small cables outside this range, but typical matched loss 
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‘would be around 1 dB/100 feet. The balanced lines shown are in the range 
1980.06 to 0.3 dB/100 feet, with window and open-wire line all in the 0.06 1o 
0.08 dB/100 foot range. At the 100 MHz point, the difference is perhaps 
even more striking, Flexible (non-hardline) coax, in the usual sizes, runs 
from around | dB to more than 5 dB/100 feet, while the window lines are 
all 0.3 dB/100 feet or less. 


MISMATCHED LINE LOSS IN BALANCED LINES 


‘The low matched loss results in dramatically lower total line loss for 
window line in comparison to the usual coax, Let's compare two lines with 
an SWR of 10:1. If we had 100 feet of coax with a 5 db loss (sce Figure 3.8 
in Chapter 3), we would add an additional 4 dB of loss due to the mismatch 
fora total of 9 dB. For window line with a matched loss of 0.3 dB, we would 
add only 0.95 dB, for a total of about 1.3 dB. 

If we put 100 W of transmit power into the coax, at the far end we will 
have 12,6 W available to radiate from our antenna — a loss of 87.4 W in 
the transmission line as heat. With the window Jine, the antenna will get 
74.1 W, a loss of 35.9 W in the transmission line. While 1 dB is usually just 
pesceivable, 9 db can make a big difference, 

‘This isthe big strength of balanced line, particularly window and open- 
‘wire lines at HF where the matched loss is dramatically small, With window 
line, antenna systems can be designed to operate with high SWR, making 
it easy to cover multiple bands, for example. Coax, on the other hand, is 
generally limited to uses with an SWR of no more than 2 or 3:1 to avoid 
excessive loss, T is particularly noteworthy that the best window line gener- 
ally costs less than even inexpensive coax. 


POWER HANDLING CAPABILITY OF BALANCED LINE 


‘Table 3.1 does not provide any information about the power гий 
of the various balanced lines. While the dielectric strength of polyethyl- 
ene will be well into the megavolt per inch range, the line breakdown will 
likely be limited by the dielectric strength of air at most interfaces, about 
76 KV/inch. The wire will also fuse at some current, around 82 A for 
#18 AWG copper wire. 

Keep in mind that both the maximum voltage and current on the line will 
go up with the square root of the SWR, compared to what they would be for 
a matched line. As an example, consider a 450.2 window line at 1500 W, the 
US amateur power limit. The voltage if matched would be: 


VZP = as D= & 


V. with а 100:1 SWR, a maximum 
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of 8222 V at some locations along the linc. 


‘The line current would be: 


MPT) = 15007380) 


some locations along the line. 


3 A, with a 100:1 SWR, a maximum of 33 A 


Neither of these quantities would be a problem for the physical charac- 
teristics of the line; however, the components to which they are connected in 
terminal equipment could be a very different story. Note that the maximum 
‘of one parameter in mismatched line will occur at the location along the line 
of the minimum of the other, with the maximums separated by “wavelength. 
Thus the maximums need not be encountered at all, and the line length can 
be designed to avoid maximums at sensitive locations, but only if the system 
will be used at a particular frequency. Multiband systems arc likely to hit 
some maximum on some band. 


J. Kraus, WBUK (SK), Electromagnetics, McGraw-Hill Book Company, New York, 1953. 
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Transmission 
Line Connectors 


The most usual application of 
transmission lines is interconnecting 
different subsystems such as radios 
to antennas, interconnecting video 
systems or any functions that need to 
be interconnected in a well-defined 
way. A transmission Jine only be- 
comes useful ifthe ends are properly 
prepared to interconnect with equip- 
ment at each end. 

Generally, purchased equip- 
‘ment will include one side of the 
‘connector that the designer feels is appropriate for the application as part 
ofthe equipment. Iris the responsibility ofthe systems integrator or installer 
10 research the connector type and make sure the transmission line is termi- 
ше with the one on the equipment at each 
end to allow the connections to be made. Note that with different equipment 
types, the connector at each end of the cable may be different. 

If you are designing the entire system, you have the flexibility to select 
the connector types as part of your design. It is important to select connec- 
tors that do not degrade system performance. This chapter will discuss the 
various connector types and their properties to help in that determination. 

There are many types of connectors especially designed for termination 
of coaxial cables. These cables first came into widespread use in radio and. 
video (radar screen data, for example) systems around the time of World 
War IT due to the use of higher frequencies for communications and navi- 
gation systems for the military. In subsequent years there have been many 
mew types developed for special purposes, some of which have come into 
general use. 


‘The popular "UHF" connector series is synonymous with 
“coax connector” for many, yot it is not always appropriate, 


mated in a connector that will 


“UHF” SERIES COAXIAL CONNECTORS 


‘The UHF connector series was defined at time when the “ultrahigh 
frequencies” meant anything above 30 MHz. Sines we now consider VHF 
the range between 30 and 300 MHz and UHF from 300 to 3000 MHz, the 
designation is no longer appropriate, hence my use of quotation marks in 
the headi 

The first use of the UHF connector series was for broadband video 
systems such as radar signals It allowed a termination of RG-8 sized coaxial 
cible into a continuously shielded interconnection across an interface, This 
‘was. significant improvement compared to the open screw terminals, bind- 
ing posts, or Fahnestock clips commonly used in the prewar era. 


The Basic UHF Connector Series 


The connector consists of a center pin for the center conductor that 
plugs into a spring tensioned socket the size of a “banana” jack, sur 
rounded by а screw-on backshell that provides the connection for the 
shield and holds the connection in place. Fig- 
ture 6.1 shows the basic elements of the system. 
"The basic cable-terminating plug is stil known 
by its World War Il ern nomenclature, PL-259. 
The matching flange-type socket, nomenclature 
50-239 (note difference in center digit), is nor- 
mally used on the equipment side and mounts to а 


ko -Je badia ph oa chassis or panel with four machine screws or other 
ам connector series APL259 UHF plugison fasteners at the corners of the Range, which also 
the right wth a mating 50-239 socket on th left. үрк ANA 


The original PL-259 design called for the cen- 
ter conductor to be soldered to the inside of the 
hollow pin while the outer conductor or shield is 
soldered inside the outer shell through the holes 
provided. The inside of the outer shell of a PL-259 
includes course threads that can help secure the 
cable jacket if tightly screwed in before soldering 
Figure 6.2 shows а typical application of a UHF 
connector рай, 


Additional UHF Connector Types 


= ‘Over the years there have been additional types 
igure 62 — A PL-259 plug attaches cable lo ор UHF connectors added 10 the series, some offi 
эп 50-238 jack on а poco of equipment in the 

Store salon Ы cially and some designed to meet particular needs. 
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Figure 63 ~ Additional UHF series 
connector уре. At the top ls 

a PL-258 coax splice with an 
extended version below. Next а 
UHF male-female eibow a 

that allows a change in cable 
‘rection — handy wit heavy 
cables. Al te bottom а double- 
male adaptor. 


Figure 84 - A PL-258 with UG-175 
reducer and an installed RG-58 
ое. 


Double Female Adapter: Probably the frst was a double 
female adapter that allowed the interconnection of two male 
connectors, effectively splicing two cables together. This ha 
military designation of PL-258 and is shown at the top of Fi 
ure 6.3. Because of their shape, they are often referred to as 
barrel connectors. An unofficial expansion of the PL-258 concept 
isa somewhat similar double female connector that is made lon 
ger with a continuously threaded outer surface. These are usually 
provided with matching nuts (see one below the standard PL-258 
in Figure 6.3) designed to secure them going through panels, 
partitions, or even walls. I have seen them up to 1 foot long, 

Elbow Connectors: A male-female elbow connector (he- 
low the PL-258s in Figure 6.3) is often useful for changing a 
cable's angle of entry into equipment, This will allow a cable 
10 hang straight down behind equipment without requiring a 
tight radius bend, 

Double Male Adapter: Not surprisingly. double male 
adapters (shown at the bottom of Figure 6.3) are occasionally 
encountered as well, although the need to interconnect two 
pieces of equipment at close range is less common, 

Reducing Adapters: The sizing of both the inside of the pin 
and the inside of the shell is just right for the 0.405 inch outside 
diameter of RG-8 or RG-11 and their inner conductors, or Гог 
their successor types of cables of similar size. 

In many applications, itis desirable to use the smaller, more. 
Nexible RG-S8 or RG-59 cables, especially for short patch 
cables, The shields of these cables are too small to be properly 
soldered to the inside of the PL-259 plug shell 

UHF connector adapters are available that screw into the back. 
oftheshell and provides proper itto the outer jacket ofthe smaller 
cable. Theshicldisthen foldedback over theadaptertoappearatthe 
plug solder holes. While the center conductor is also smaller, 
generally the pin can be filled with solder to complete ће con- 
nection. The adapters, sometimes called reducers, are available 


їп a number of sizes with the most common being the 170-175 


ing RG-SX. A UG-176 adapter with a PL-259 and an installed 
cable end are shown in Figure 6.4, 

T Connectors: There are also triple-connector T connec- 
tors, sometimes with all three ports female, sometimes with 
ter port a male plug, These are useful for bridging cable 
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connections, but consider the implications of parallel impedances to the 
system SWR. Another variation that is frequently encountered is a jack 
with a threaded body that mounts through a panel hole much like half of 
the extended double female. 

Jack Hood: Tn order to address the unshielded nature of the standard 
80-239 panel jack, a special hood is also available that provides a solder 
‘connection to the shield and a shielded surrounding of the center conductor. 
While this can improve isolation, it exacerbates the Z, issue because of the 
changing outer conductor diameter of the hood's conical shape. 

Jacks Without Flange: Jacks are available that mount into a single 
inch diameter hole, The threads for the backshell are extended to the 
rear of the connector, and a shoulder is located on the panel side. It looks 
superficially like a PL-258, but has a center solder terminal 


Limitations of UHF Series Connectors 
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‘That the UHF connector is as popular as it is may be a testament to the 
power of being early on the scene. While it can be useful, it does have many 
limitations and weaknesses, none of which make it unsuitable, but all of them 
need to be taken into account. The major limitations, in my view, are listed 
below, 

‘The characteristic impedance of the connector itself is not the same as 
that ofthe usual coaxial cables with which itis used. The connector pair Z, 
is typically 30-40 О for perhaps an inch of length, While there actually are 
36 О cables for which this would be a plus, they are rarely encountered. This 
results in an "impedance bump" that can cause a change in the impedance at 
the input to the system, depending on the electrical length, 

The significance of this limitation will depend on how critical the cable 
impedance match, or SWR, is to the system operation. I is also true that it 
vil be much more significant at frequencies with wavelengths above about 10 
times that length or 10 inches. This corresponds to just above 1 GHz, within 
the UHF range. Many elect to use other connector series above 6 or 2 meters, 

€ UHF connectors are not waterproof. This is not usually a problem with 
their use indoors, but can be a serious problem for outdoor use, such as on 
antennas. Water not only causes problems with ihe integrity of the connector 
itself, but can also result in water migration into the cable. While water in а 
cable is never a good thing, it gets worse over time, often resulting in corro- 
sion and contamination of the dielectric. This can result in additional cable 
loss over the years. 

Fortunately, the connectors can be waterproofed using various tape-like 
products intended for the purpose. This is an extra step and one that impedes 
the connection and disconnection of outdoor equipment. 


The shield connection primarily occurs at the perpendicular surface be- 
tween the two connectors, augmented by the backshell itself. The integrity of 
both aspects of this connection is dependent on the tightness of the backshell 
In mobile systems, or others subject to vibration, this can result in loose, high 
resistance, or even disconnected shields over time. Such conditions result in 
excessive loss, noise, undesired coupling, and functionally the loss of all ben- 
elit of coax in the first place, Many recommend the use of pliers for an extra 
bit of torque, rather than just hand-tightening the backshells, 

* Availability of low-quality products. While this is not a fault of the 
connector design, itis a fact that the ОНЕ series is relatively easy to duplicate, 
{thas also been around long enough so that there are many substandard UHF 
connectors in the marketplace, which may present the following issues: 

* Inner conductor plug pins that are too narrow to accommodate RG- 
center conductors. 

"Inner conductor plug pins or connector sockets that fll out of the 
body. 

* Plug insulation that melts while soldering. 

+ Pooreguality metal parts, including insufficient or improper material 
plating. 

Jack spring fingers that lose tension after a few insertions. 

The solution is simple — only buy products from manufacturers known 
to make high-quality products. The one that I know is always of high quality 
is Amphenol, although I'm sure there are others. All major Amateur Radio 
dealers offer Amphenol UHF connectors, and the prices are reasonable. I 
recommend avoiding electronic retail store house brands, as well as any con- 
nectors found at flea markets that don’t show a known high-quality brand, 


TYPE N COAXIAL CONNECTORS 


‘The Type N connectors are of a similar size to their UHF counterpart, 
but these connectors ure seriously designed for UHF operation, They were 
designed in the 1940s hy Paul Neill of Bell Laboratories 10 overcome the 
limitations associated with the UHF type, particularly with respect to higher 
frequency operation. While originally specified to work well up to 1 GHz, 
they are routinely used at frequencies more than 10 times that high, The 
nomenclature is in appreciation of Neill's name, 


The Basic Type М Connector Series 


Only a very close look at a connected pair will indicate that it's not a 
UHF pair, however, once they are apart, the difference is clear, The biggest 
difference is that the shield interconnection is primarily made via a spring 
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fingered sleeve surrounding the male pin that fits snugly into 
a matching cylinder in the female jack. This means the shield 
will be connected even if the backshell is loose 

A Type N connector pair is shown in Figure 65. The con- 
centric shield connection on each side is evident in the photo. 


Figure 6.5~ A Type N connector pair 
— a good choice 


n alternate in any 
application for which a UHF type would 


‘The size of the shield connection, the air space in between, 
‘and the mated pin/socket combination make for a constant- 
impedance, low-loss match, 


De used, bul especial вете 88 in the "There are two versions available; опе with center pin and 
current UHF range or in wet conditons. socket diameters that have a Z, of 50 ©, generally used for 


Figure 6.5 -Type N series 
connector variations. At the top, a 
"Type N cable socket, below double 
Termale, double male and right 
angie adapters, Not shown —T 
"adapters АП of tha varieties 

UHF connectors эге also avaiable 
турен, 
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RF work, and another at 75 О intended for video applications. 

The constant impedance avoids the impedance bump associated 
with the UHF series — the major frequency limiting factor of the 
UHF series, To put frosting on the cake, properly assembled Type 
N connectors are also waterproof. 

As discussed detail in the Coaxial Connector Assembly chapter, 
the traditional Type N connector is assembled in a different manner 
than the soldered UHF type. A clamping arrangement is used to as- 
semble the connector with the shield compressed between a washer 
and the shoulder of both sides ofthe connector. This avoids the melt- 
ing cable dielectric insulation problem encountered with the solder- 
ing of shields to some kinds of connectors, but at а cost of requiring 
more careful measurement of rimming dimensions to make all the 
pieces come together in the right place. The only soldering required 
is of the low mass center conductor to its pin. 


Virtually all the different connector types described in the sec- 
tion under UHF connectors are also available for Type N connec- 
tors, A selection of Type N connectors s shown in Figure 66. In 
addition, the Туре N series also offers a cable jack that locks like 
а cable plug, but is of opposite gender. This is significant because 
allows the fabrication of extension cables that can be spliced to 
gether without the need for a barrel, or double female adapter. This 
is beneficial because each connector interface contributes to system 
loss and reduction of system reliabilit 


Limitations of Type N Connectors 

Here wehave a much shorter section than for UHF connectors 
As with all connector туре, there is а power limitation associated 
with the connectors, basically related 1o its physical dimensions, 


Power Limits 

‘The peak power is limited by the voltage breakdown across the air 
gap between the center pin and the shield connection, with a safe recom- 
 mendation of at least 1000 V, corresponding to a power level of 50 KW. 
while the average power is based on the heating of the conductors, limited 
by the current in the center pin. Skin effect concentrates the current in thin- 
ner and thinner outer regions of the pin as frequency increases, resulting 
in a typical average power rating around 5 kW at 20 MHz, decreasing with 
Frequency to around 500 W at 2 GHz. Check the connector manufacturer's 
(as well as the cable manufacturer's) specifications if you expect to approach 
these limits 


Impedance Variation 

This is a more insidious issue. The two different versions of the 
Type N connector have exactly the same size backshell and shield connec- 
tion arrangement. The difference between them is strictly with the diameter 
of the center conductor, the 75 © version being thinner to result in a higher 
Z, as you would expect. 

This means that 75 О plug will mechanically fit into a 50 Q Type N 
socket without difficulty, Unfortunately, it will not make a good contact. I 
am aware of one case in which the assembly alignment of the two was so 
perfect that it didn't make contact at all, leading to a lot of head-scratching. 

‘The problem in the other direction is actually worse, ina way. Inserting 
50.0 Type N plug into a 75 Q socket will cause the center female socket 
to open further than it should. It will likely work in this situation, however, 
if a 75 Q plug is ever inserted, it will no longer make good contact. 

This problem is exacerbated by the fact that the connector types have 
no distinguishing marks to identify them, The only reason that this doesn’t 
often come up is that the two varieties are generally used in different do- 
mains — 50 Q in RF work — 75 Q in video systems. Should you find 
yourself in a mixed environment — over-the-air television transmission 
‘comes to mind — I suggest adopting a color-coded or tagging standard for 
all Type N connectors so that this is less likely to happen. Better yet, select 
a different connector type for one or the other application, 


Assembly Process 


Some would consider it an advantage for UHF connectors that most 
experienced technicians can strip the outer and inner insulation and ter 

mate a plug by eyeballing the dimensions, while the Type N requires care- 
ful measurement to assemble properly. Especially with full size cable, the 
‘Type N has an advantage in not needing soldering of the shield connection, 
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а time-consuming and failure-prone part of the operation. 1 would call it 
about even — but others will have their own opinion, especially if in the 


field without а rule or stripping guide. 


BNC COAXIAL CONNECTORS 


The BNC connector is perhaps the second most popular RF coaxial 
connector type in Amateur Radio circles. It was developed in 1951 and is 


related to the Type 


but has a smaller outer structure and a snap-on "bayo- 


net” mount rather than the screw-on backshell of the Type N and UHF (see 
Figure 6.7). Iis size is a perfect fit for the smaller (RG-58/59/8X) cables, 
although versions are available for smaller (e.g. RG-174) and larger (e.g 


RG-8) sized cables, 


Yu 


Figure 68- Additional BNC series connector types. А the us 
suspect are avaliable. 
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"The connector was invented by Paul Neill 
of Bell Laboratories (of Type N fame) and Carl 
Concelman (inverter of the Type C connector, be- 
low) of Amphenol. BNC stands for Bayonet — 


Neill — Concelman. The fexibility of the small 
cables and the casy to attach mechanism of the 
bayonet backshell, make BNC cables ideal for 

Figure 67 -The basie отет ofthe BNC. pateh panel use. 

соза connector series. On the lef s BNO When originally designed, the connector was 

fange mou On he НМ ша BNC jus madeto match SOL systems — in fact the in- 

эрш, ner pin and shield connecting portion is the same 


size us that of the Type N (in fact, a Type N plug 


— 


сап be inserted into a BNC 
socket). Latera 75 version 
was added, although the 50 
О is much more frequently 
encountered, So now there 
are both 50 and 75 £2 ver 
sions of the BNC connec 
tor. However, this time they 
were cleverly designed to 
be interchangeable without 
destruction or connectivity 
issues. 

The ratings of the BNC 
are quite similar to those of 
the Type N, since it has the 
same electrical dimensions, 
although its shielding is 


somewhat less effective so its upper frequency limit is around 2 GHz. In 
fact, the voltage rating may be higher because an insulating sleeve surrounds 
the center pin, making for a longer air path between conductors. All of the 
usual variations and special fittings for other connector types are available 
for the BNC (see Figure 6.8) 


RCA CONNECTORS 


The RCA connector, sometimes called a phono (for phonograph, an 
early music playback system) connector is probably more frequently en- 
countered than any other type in Amateur Radio equipment because it is 
used for many other purposes besides terminating coaxial cables. 

This connector was initially developed as an audio connector by the 
Radio Corporation of America to connect phonographs to amplifiers. Its 
Structure is inherently coaxial with some jack configurations designed to 
ground shield connections directly to panels, soit has appeared аз ап RF 
connector as well. It is most frequently encountered as a receive antenna 
connector, especially in lower-priced equipment. As a transmit RF connec- 
tor, it generally is found at power levels of 100 W or less, also in lower- 
priced gear. 

A notable exception is the series of high-end Collins Radio SSB trans- 
mitters, receivers. and transceivers introduced in the late 1950s, These used 
RCA connectors for audio and RF interconnections. This highlights one 
aspect of this connector series — they are made in many forms. The RCA 
jacks on the Collins gear were of very high quality. using ceramic dielectric. 
insulators. Some have been described as "RF rated” —a noble thought, but 
by no means a standard designation, Most usually encountered RCA con- 
rectors are not as well fabricated, but they can do the job if carefully selected 

tnd properly installed. A selection of different types 
is shown in Figure 6.9. 


Unlike any of the previously described coaxial 
connectors. the RCA pair has no mechanical lock- 
ing mechanism to retain the connections if subject 
to any pull on the cable. Since the BNC is similar in 

: size, it may be a good alternative if that is likely to 


be an issue, 


Since RCA connectors are so ubiquitous, it is 
worth mentioning that they are not, in my opinion, a 
very good choice for power interconnections, I have 


hat in otherwise high ually equipment bel hs 
паноа = Examples o! RCA connectors. 

фоны: eR oma MO, sad AE рии sueco secta 
RN maa a AF ‘companion inest vice peel Jr design 
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accept 12 V de from an RCA plug, Of course if the equipment is on while 
making this connection, as soon as the pin strays to the outer conductor on 
insertion, й blows a fuse deep in the source equipment. 


OTHER COAXIAL CONNECTORS 


While the connectors described in the earlier sections are those most 
frequently encountered as coaxial cable terminations, there are mas 
types that will be encountered from time to time. 1 think it's worth a bit of 
ink to let you know something about them. 


other 


SMA Coaxial Connectors 
SMA connectors — short for sub-miniature type A — are found on 
a significant number of handheld transceivers as antenna 
ms (sce Figure 6.10), These small threaded coax 
connectors are designed for operation well into the miero- 
wave region — typically to 13 GHz, but some varieties go 
much higher. Outside of amateur handheld antennas, they 
are mostly found used as interconnections between chassis 
of microwave equipment, often on the ends of miniature 
semi-rigid coax 


pre 810A ordre тиен Tir electrical properties are quite suitable for ama: 


n SHA connector teur handheld antennas, however, they are typically rated 
for 500 to 600 connect-disconnect cycles, so care should 
be taken with their mechanical properties. The alternate connector in this 
application is the BNC, which is my preference for a number of reasons, 
especially durability. An SMA handheld antenna is shown in Figure 6.10, 


Туре F Coaxial Connectors 

Anyone who hus ever hooked up а modern television set has encoun- 
tered the Type F connector. This is a great mass-market connector — as i 
expensive as possible for millions of users. I remember time (more than 30 
years ago when I was working on early cable-based digital networks using 
able TV components) when the plugs cost less than $0.05/unit — orders oF 
‘magnitude less than some we've discussed, The reason was that they made 
large quantities and the center conductor pin is just the inner conductor wire 
of the coax (sce Figure 6.11), 

With a center pin that is the center conductor of the coax, the assem- 
bly is trivial. The cable is stripped — fancy tools that do it in one step are 
available — the shield is crimped to the outer conductor shell of the con- 
rector (while soldering is possible with some varieties, anyone using these 
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Frequently uses a crimp tool), and 
you're done, The disadvantage is 


thatthe inner conductor must be 
solid wire and that it has no cor 
o, h 4 rosion resistance. Special water- 


proof versions are available for 


Figure 6.11 Examples of Type F connectors as used in санету 100г usc- 


Instalar 


Type F connectors are not 
often encountered in Amateur Ra- 
dio, with one notable and worth- 

while exception. TVaype coax cable, often described as RG-6 type but 

made with aluminum foil shields, is actually pretty good coax, Modern cable 

ТҮ systems operate well into the UHF range, so they are designed for low 

loss. They are often available at low cost, or even prewired within a house 

begging to be used for amateur antenna access, The problem is that most 

‘connectors ofthe type used in Amateur Radio can’t deal with connections 

to the aluminum foil shield. Often the best approach is to either use the F 

connectors on the cable, or crimp some on and then use between series 

adapters (see below) to transition to the connector that will mate with your 
termination, 


TNC Coaxial Connector 


The TNC (Threaded — Neill — Concelman) is essentially a BNC with 
а threaded rather than a bayonet backshell. It thus is essentially a smaller 
Туре N connector, but with the inner connecting surfaces the same size. 
extends the 2 GHz frequency limit of the BNC up to 10 GHz or higher, 
and takes less panel space, It is а natural for heavy duty requirements with 
smaller cables, 


Type C Coaxial Connector 


This connector, honoring just Concelman, is essentially a TNC for 
larger cables, It is about the size of a Type N, but with a bayonet backshell 
and larger diameter inner components. It would seem to be a natural for 
patch panels for those running high power, but it has never caught on in the 
amateur community, that I'm aware of. In fact I hardly see them anywhere, 
which is too bad. 


Motorola Connectors 


These are the coaxial connectors designed and almost exclusively 
used to connect automotive antennas to automotive broadcast radios (se 
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Figure 6.12). They became popular for amateur use in the 1950s, 
at which time most HF voice used full carrier amplitude modula- 
tion, А number of companies offered tunable converters, designed 
for steering-column mounting, that translated amateur HF signals 
to the upper broadcast band. 

The auto antenna, with its Motorola connector, plugged into 
the converter and a patch cable went from the converter to the an- 


Figure 6:2 A Motorola 
Төз соону enn jack of broadcast radio. Usually, each had a Motorola con- 


in automotive broadcast nector. Apparently because of the converter connection, have seen 


Pestle these connectors also used in home station VHF converters. 


Type HN Coaxial Connector 
"The Type HN connector is similar in design and layout to the 
‘Type N, but is a bit larger. It has higher voltage breakdown and 
power ratings than the type N. It а good match to the cables that are 
Somewhat larger than RC-8 size and finds some amateur use in high power 
Stations with ong cable runs. 


General Radio Connectors 

“The General Radio type 874 or GR connector is most frequently seen 
‘on test equipment made by that company, later GenRad through the 1970s. 
Tis still popular in university physics and engineering laboratories because 
it is unique (to my knowledge) as a genderless coaxial connector. Both the 


inner and outer connection arrangements 
2 are made of four spring leaves in two pairs, 

á with one pair of each separated further than 
0 the other (see Figure 6.13). In this way, by 
rotating 90 degrees, any two connectors can 

be mated resulting in а solid, matched con 


nection without the need for gender con- 


CC ů 
Connector popular or ae wih laboratory test verter (sce Figure 6.14). The downside is 
equipment for many years. that there is no locking arrangement, so it's 


not particularly suitable for long-term con- 
nections, but it’s perfect for lab use 


Behween Series Adapters 
Virtually every coax connector type of ether gen- 
der js available in a short adapter with а connector of 
every other type. These adapters allow equipment with 
ied to cables 


Figure 34 A pair edo 
ае ene one type of coax connector to he at 
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terminated with another type, A collec- 
tion of representative examples is shown. 
in Figure 6.15. 
‘These are hest used for temporary test 
or measurement applications, although 
= some find use in long-term applications. 
Every additional рап, especially connec 
tors, reduces the overall system reliability 
by adding another potential failure point. 


There are a few exceptions, in my 


‘opinion, to this rule. One is that some 
equipment supplied with UHF jacks 
makes use of lower-cost parts in which 
the fingers give out quickly. While the 
best solution is to replace them with 
higher-quality units, sometimes that 


is not feasible and will likely void any 
‘warranty. Ап adapter with a 


Figure 6.15 Representative example of coaxial between UHF plug and Ty 


N socket is perfect 
for this situation, especially 

can be equipped with a Type N plug. This 
works best if dane before the spring con- 
tacts get imp. 


BALANCED LINE INTERCONNECTIONS 


Considering how much longer balanced transmission line has been 
їп use than coaxial cable, you might think there would be atleast as many 
choices of connector. As it happens, that’s not the case, but a few standards 
have evolved over the years. 

Screw Terminals — Most Amateur Radio equipment designed for bal- 
anced transmission line offered screw terminals, as did most television re- 
ccivers ший the shift to coaxial cable interconnection made TV twinlead 
almost obsolete. 

Screw terminals have the advantage of being nearly universal, in that 
virtually any reasonably sized wire size can fit under the serew head and 
may stay in place and not short during tightening, Still, the connection is 
mota terribly reliable one 

Most amateur receivers actually had three serew terminals, Two were 
for a balanced antenna, the third was a chassis ground (see Figure 6.16). 
The chassis ground should be connected to the power system safety ground, 
since many receivers had two-wire ас plugs. If an unbalanced antenna were 


Transmission Line Connectors 6-13 


Figure 8.16- Terminal strip on а 18505 communication 


receiver: There are two ternal for a balanced transmis- 


lon Ine, ап unbalanced antenna iê use, the ground 
terminal is утрото to one of he antenna terminais 
as shown, 


Figure 6:17 - А plug designed to terminate 300 0 
TV type vinead. 


Figure 6.18 ~The double banana plug, designed 
for low frequency balanced test equipment, Itis a. 
‘reat ft wi 45010 window line. 
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used, the ground should also be jumpered to 
опе ofthe antenna connections, sometimes a 
link was provided for the purpose. 

While wires under screw heads can be 
particularly unreliable, in my experience, 
‘better solution is available in the use of 
crimped or soldered spade lugs under the 
screw terminals, 


TV Twinlead Connectors 


There actually was a type of connector. 
especially designed for usc with TV type 
300 twinlead (see Figure 6.17). For some 
reason, it never became popular for use with 
TV receivers, hut was encountered in some 
peripheral equipment, such as UHF convert- 
ers, before they were required to be includ- 
‘ed, The plug bad two 0.093 inch soldered pins 
spaced at 0.486 inches. This is the same spacing 
as the pins of an FT-243 crystal holder, so would 
fit into а crystal socket, or two pins (with one in 
between) of an octal tube socket. 


Double Banana Plug and Jack 


A connector type that is not especially de- 
signed for the purpose is the double banana plug. 
A banana plug is à robust spring loaded plug of a 
size that happens to fit nicely into the center con- 
ductor of a UHF socket, A popular test equipment 
connectivity arrangement is two banana plugs 
Within a common insulating housing spaced 0.75 
inches (sce Figure 6.18). This spacing is very 
convenient for use with most window-type trans- 
‘mission line 
Jacks are available in various forms, includ 

їп panel mounting types and even combination 
plug and jack sets that also have screw terminals 
to clamp wire leads, Another handy arrangement 
is a kind of terminal that is sometimes called a 
be in one? This mounts through a single hole 

чо a panel and has a banana socket surrounded 


by a nut arrangement that surrounds а 
threaded surface that includes a hole 
for wire or tip insertion, Thus it can ac- 
сер! a banana plug, a spade Tug, a wire 
bent around the threads ora wire pushed 
through the perpendicular hole, If two 
are installed on % inch centers, it will 
also accept the double banana plug, but 
сап deal with loose wire ends, or lugs as 
well (see Figure 6.19). 


Notes 
‘J Kraus, WBJK (SK), Electromagnetics, 
McGraw-Hill Book Company, New York, 
1953, 
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Installing Coaxial 
Chapter 7 
Connectors on Cable 


The installation of transmission line connec- 
tors is looked on by some with dread, since it is 
both important and requires special care and mod- 
crate precision in order to do the job properly. OF 
‘course. any connector installation will be no better 
than the quality of the connector being used, Con- 
nector failures are surely the leading cause of prob- 
lems with coax cables, although there are certainly 
other ways to ruin a coax run, 


No coax cable run элу benar than the 
insano he connectors on is ends В 
Connector sunate aks cara and stanton, but Standard or Crimp Connectors? 
теа rat resti a pt the emergency room: 


‘The "standard" coaxial cable designs are gen- 
erally assembled by soldering, In the case of the PL-259 UHF plug, both 
the center conductor and shield are soldered, while standard Type N, BNC, 
and TNC connectors have a center pin that must be soldered and an integral 
tightened clamp for shield connection. TheType F television coax connector 
is a bit different, The center conductor of the coax is used directly as the 
center pin, while the shield is almost always crimped. 

Alternative connector types are available in each series that use crimp- 
ing for connection, In many cases, both the center conductor and shield are 
crimped, while some have a crimped shield and soldered inner conductor. 
1 have seen no evidence that a crimped connector is inferior to a soldered 
one. With either type, poor assembly practices can yield poor results. 

The issue with crimped connectors is that they require a crimping tool 
that is matched to the sizes of the crimped surfaces, Most quality crimping 
tools are relatively expensive and fit a limited serios of cables and connec- 
"ors, Some have dies that include multiple sizes of crimping holes, making 
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"hem more useful, The Andy-Crimp Pro™ tool — avail- 
able from High Sierra Antennas (www.hamcq.com) ог 
Quicksilver Radio (www.gsradio.com) — has available 
interchangeable dies that will also fit in other similar tools, 
such as the Powerpole erimper sold by West Mountain. 
Radio (wwwwestmountainradio.com). In addition to 
the two die sets available for coax connections, there are 
sets available for the multiple sizes of popular Anderson. 
Powerpole de power connectors, and another set for Molex 
connectors and other crimp terminals (see Figure 7.1). 
- ‘The crimping process is very effective if the proper 
E E LLL 
[ее toD oa оте vendors have offered crimping arrangements for 
sampling o tn differen! coax and standard connectors, but these сап result in fractures of. 
overcomes cn е solid connector body. Crimping material needs to be 
pliable enough to be able to be formed in a press. 
Another possibility is to make use of preassembled 
coaxial cables with the connectors already installed. As with anything else 
the quality will vary depending on the capabilities of the supplier, often but 
пог always indicated by the price. Suppliers with good reputations include 
ABR Industries (wwwabrind.com), which provides cables with either 
UHF or N connectors, and DX Engineering (www.dxengincering.com), 
which provides cables with UHF connectors. These cable assemblies are 
available їп different lengths and made from different types of cable. for a 
cost that is not much higher than the cost of the cable plus the connectors if 
You were to make them yourself, Both offer custom lengths and free ship- 
ping Га sufficient quantity is ordered, 

‘The sections that follow will focus on installing standard coaxial con- 
rectors, with the exception of one representative sample of an Amphenol 
crimp-type UHF plug. If you decide to use erimp-type connectors and as- 
sociated tools, the manufacturer should provide the cable and connector 
specific trimming dimensions, While the crimp diameters have moved 
toward industry standards, the details, especially of ferrule length, may 
result indifferent stripping lengths, Look at the website of LNL Distributors 
(wwwlnl.com/howto.htm) o see some representative examples, 


INSTALLING UHF SERIES COAXIAL CONNECTORS 


UHF series connectors include cable-mounted plugs (the PL-259 type 
is the original patter, although there have been others through the years) 
and chassis-mounted sockets (the SO-239 — note the difference in the cen- 
ter digit — being the standard type, although there are others here as well). 
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Figure 7.2 — The PL-259 or UHF plug is the mest popular сох connector in Amateur Radio. Here the steps 
required for Installation on RG-a 1/213 size (2.408 inch outer diametor) are shown. Se the main tet or 
description of each step. 


Most of the problems people have assembling these are with the plugs, 
we'll start there. 


UHF Plugs with Standard Cable 


‘The standard PL.-259 plug is designed о fit the common larger sizes of 
coax, such as RG-8, 11, 213 and RG-214, with an outer diameter of 0.405 
inches. Note that this includes both 50 and 75 © types, Adapters are avail- 
able for smaller cable types, discussed below. The installation of such coax 
into a PL-259 is illustrated in Figure 7.2, 

In Step (A), the coax is stripped through the outer jacket, shield, and 
dielectric down to the center conductor starting f of an inch back from the 
end, as shown. The hard part is cutting through all those layers and not also 
cutting some of the center conductor strands. This looks easier than itis with 
normal hand tools, but it is dramatically easier using a special tool. One by 
Ripley Brothers, the Cablematic UT-8000, works like a handheld pencil 
sharpener and makes a remarkably clean and straight cut. 

By using a sharp knife, and going slow with a lot of patience, itis pos- 
sible to work your way through the layers. Special tools are available that 
make this quite casy, It is also possible to use a tubing cutter with a sharp 
blade, at least to get through the outer jacket, Often, by the time you get 
all of that off, you will find that you have lost a strand or two of the center 
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conductor. The purist would start over; you may decide to define your own 
quality control standard and decide to allow the loss of a strand, as it wil 
not make much difference in the scope of things. (The perfectionist will 
certainly star over; it's always a good idea — one of many reasons to start 
with a somewhat longer cable than you think you might need.) 

As shown in (B), remove the cut pieces together, if possible. Sometimes. 
a bit of a tug with electricians” pliers is helpful. Once all of the dielectric 
is removed, carefully check, with a magnifier if needed, to make sure that 
there are no strands of the shield hanging about and that the center conduc- 
tor strands aren't nicked, 

In step (C), score the outer jacket Ys ofan inch back from the earlier cut 
without nicking the shield, and remove that section of the jacket. Sometimes 
а longitudinal cut from the score to the end makes it a bit easier to remove. 
Now very lightly tin the exposed shield. This is a very tricky step since: 

+ The shield has to be hot enough for the solder to flow into the wires 
‘without melting the dielectric. This is a particular challenge with foam di- 
electric type cables. 

+ The tinned shield needs to be almost the width of an untinned tightly 
woven shield in order to fit inside the barrel of the connector. This is а 
difficult step, since once the solder flows, it tends to wick into the shield. 
Recheck for any loose strands of shield that could short out the cable later. 
Some installers prefer to lightly tin the center conductor; this is not a bad 
idea, but also needs to be done sparingly to make sure the center conductor 
still fits within the pin, This can be checked from the pin side of the con- 
песи. 

Now slide the coupling ring onto the cable, making sure that it is ori- 
ented in the proper direction. If doing both ends of the cable, this step c 
be delayed until the second end — just don’t forget to do it, There is almost 
nothing less useful than а PL-259 without a coupling ring (or perhaps even 
worse, one remembered but installed backwards). 

In step (D), the coax cable is inserted into the body of the connector. 
Again, check that the coupling ring hasn't fallen off. The connector should 
be installed with a clockwise turning motion in order that the threaded 
portion of the body screws onto the outer jacket. This can be a bit of an ef- 
fort. Sometimes inserting the connector into the jack of a T connector will 
provide additional purchase, if the sharp points are engaged. Alternately, 
there are tools available, such as the DX Engineering UT-80P, that provide: 
а good grip without chewing up the connector with pliers. The connector 
is on far enough if the center conductor is protruding from the pin and the 
shield is beyond the four solder holes. Recheck that the coupling ring is still 
there and oriented properly — this is your last chance for an easy correction. 


wh. 


Step (E)is the last part ol the assembly process — soldering everything 
їп place, First, support the cable and connector solidly, preferably in a way 
that doesn't draw off the heat from the connector body. Make sure that the 
cable weight is not pulling it downward, or else the heat from soldering 
will allow the dielectric to melt and the inner conductor to migrate through, 

Use heavy soldering iron of at least 150 W with a tip that will fit into 
the groove containing the solder holes. Since heat flows upward by convec- 
tion, apply the iron to the bottom of the area and start flowing the solder 
into the top hole when the braid reaches melting temperature, Continue with 
the other holes, tuming the cable carefully to reach the bottom hole. Let 
the cable and connector cool significantly before moving to the next step. 

Check that the cable is not shorted by checking the resistance between 
the connector body and the inner conductor protruding from the pin. It 
should indicate infinite resistance, unless there is Something providing con- 
nectivity at the far end, Now insert the connector in the vise with the open 
end of the pin pointing below the horizontal. Apply the soldering iron to 
the outside of the pin and gently apply solder to the junction of the center 
conductor and pin until it fills the void. When heated, the solder will fow- 
between the inside of the pin and the center conductor by capillary action, 
If the pin were pointed the other way, it would flow down the outside of the 
рїп and make it too thick it fit. 

Let it cool and recheck the resistance, Trim the center conductor flush 
with the center pin and use а fine-tooth file to remove any solder from the 
‘outside of the pin. You're finally done — congratulations! 


п 

Noted Amateur Radio contester Tim Duffy, K3LR, operator of one 
of the major multi-multi (multiple operator, multiple simultaneous trans- 
mitter) contest stations in the US, has another ар- 
proach to assembling PL-259 plugs with the larger size 
cable, which he credits to William Maxson, N4AR. 
Tim has assembled an extreme antenna farm, visible 
from US Route 80 in Western Pennsylvania, and has 
terminated more coax cables than most people. Space 
considerations don’t allow inclusion of all of his mate- 
rial, which can be seen on his website at www.k3lr. 
‘convengineering/pI259/. 

‘Tim first measures a connector against the RG-8 or 


dan knife, Tim carefully removes oer 0,405-inch cable and removes just the outer jacket 
(I but about inch of braid and fans out 
"he remainder Roser? Bastone, 30] 


‘with a sharp knife, He then pulls the braid back all the 
way by fanning it out (as shown in Figure 7.3) and 
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wraps three to four turns of Seotch brand 88 black electrical tape around the 
dielectric up against the fanned-out braid (Figure 7.4). Using wire strippers, 
he removes the remaining dielectric from the center conductor (Figure: 
"Then he installs the fol y assembled PL-259 onto the center conductor and 
over the BS tape. The buck of the PL-259 body should rest on the fanned-out 
shield, He then solders the center conductor 

This done, he fans out the shield and cuts it to 14-inch long and folds 
it over the back of the PL-259 (Figure 7.6). He solders the shicld all the 
‘way around to the back of the PL-259 hody, While the back is still hot, he 
‘wraps two turns of 88 electrical tape around the soldered shield to seal i 
all (Figure 7.7) 


Figure 74 — Tim wraps thee to four 
tums of electrical tapo around the 
dielectric up against the fannec-out 
brad [reser steve, vedo] 


— 


Figure 7.6 — Tim screws tho connector Figure 7.7 — The sia is soldered to the 
onto the cable unt itis Tul seated. outside ofthe rear ofthe connector body and 
"ims the shield, and solders the center "Wi be wrapped with tape wil still warm to 
conductor [owes maston, Зо] provide a sea [nos acto, vcio] 
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UHF Plugs with Smaller Cable 


83-15Р (PL-259) Plug with Adapters. 
(UG-176/U or UG-175/U) 


A‏ إا 


1. Cutend ol сазе even. Remove viny! jacket 
e dont nick braid. Side coupling ring and 
adapter on cat 


ap 


2, Fan braid slighty and told back ovar cable 


3. Postion adaptor 1o dimansion shown. Press 
braid down over body ot adapter and trin lo 
(A, Baro УВ” ol conductor. Tin exposed center 
conductor. 


а Sera ine plug assembly on adaptor, Solder 
bral to sheli through solder holes. Solder 
conductor to contact sleeve. 


— 


5. Screw coupling ring on plug assembly 


The PL-259 can easily be adaped to 
smaller cable types such as RG-58, 59 or RG- 
8X through the use of an adapter (some call 
it a reducer) that fits into the threaded portion. 
of the plug, In many ways, this is easier to 
accomplish than the connection of the larger 
cables, even though the steps are similar. The 
cable is somewhat easier to handle and casi- 
er to strip since the dielectric is thinner and 
doesn’t need to becut through in one step, The 
shield also has less thermal mass to deal with 
while soldering, The process is illustrated in 
Figure 7.8 

Just as with the coupling ring and the 
larger cables, it is very important to slide both 
the coupling ring and the adapter onto the c 
ble before progressing very far. I is also very 
important to support the connector and cable 
during soldering so it won't bend and allow 
the center conductor lo migrate through the 
dielectric. 

In Step 3 of Figure 7.8, it is important to 
trim the shield so that it doesn't extend ov 
the threaded portion of the adapter; otherwise. 
strands will jam the threads. Following Step 4. 
after the connector cools, make sure that the 
shield is soldered to both the adapter and the 
connector body. If it isn't properly soldered, 
you will be able to turn the adapter in the 
body. If that happens, just reheat the rear of 
the connector body and apply more solder into 
the holes when it's ready to flow. As with any 
connector installation, check for shorts with 
an ohmmeter. 


Figure 7.8 — Tho procedure for assembly of UHF 
plugs with smaller condal cable. The UG-1751U 
(Adapter в lor a size cablo with 0.19 neh outer 
‘ameter The UG-178U adapter is for RG-59 810. 
‘cable wit 0242 inch outar diameter, Including 
See and RG-52 [AMPNENOL ELECTRONES, Re 
aviso) 
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UHF Plugs with Crimped Connections 


UHF Sockets 
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PL-250 compatible connectors are available with crimped rather than 
soldered connections for both large and small cable sizes, Each requires dif- 
ferent size ferrules and different crimping tools, Some types have a center 
conductor that is soldered while the shield is crimped, while others have crimp 
arrangements for both conductors. If you use a type with а crimped center 
pin, make sure the center conductor extends all the way o the bottom of the 
pin, or the connection won't be solid. (See Figure 7.9 for assembly details.) 


The standard 80-239 panel socket mated with the PL-259 is a flange 
‘mount arrangement with a center pin and only four mounting holes for 
shield connection. The usual practice is to mount the connector using four 
machine screws, lock washers, and nuts. This provides a connection to a 
metal panel, I it is desired to continue with coax inside the panel, the usual 
practice is to connect the shield, via as short a connection as possible, to a 
solder lug under one (or more) of the mounting nuts. 


Bee mer caipira m ete Fst bey 
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Figure 7.9 —The procedure for assembly of one type of crimped UHF plug with 
/ /// 
% батога requiring diferent crimp des. 
‘Some have a soldered center conductor, some (as shown) have an inner conductor 

that can be crimped or soldeos. [AMPHENOL ELECTRONICS, RF DIVISION] 


— 
| чо 


— 


Figure 7.10 —The official procedure and dimensions for assembly of a shielding hood for 50-228 flange 
mount jacku. Tho different рап numbers are tor front cable types. 


“This arrangement is obviously not satisfactory if high frequency shield- 
ing ìs required. Using a shield hood can result їп u properly shielded con- 
nection. (Details are shown in Figure 7.10.) 

In addition to flange mounting, one-hole mount sockets are available. 
These are constructed much like the threaded PL-258 barrel connectors 
and are secured with nuts that fit the backshell threads. A center pin solder 
connection is provided inside the panel and if a shield connection is 
required, it is often made using a large solder lug that fits around the connec 
tor body. To extend a shielded connection with a one-hole mount, a PL-258 
type double female connector with matching nuts can be used. The coux 
inside the panel is then terminated with a PL-259 plug. 


INSTALLING TYPE N COAXIAL CONNECTORS 


‘The Туре N coaxial connector series is superficially similar in size 
and operation to the UHF series, but it corrects the major deficiencies of 
the earlier UHF type: 

e Unlike the ОНЕ the Туре N connectors maintain a constant charac- 
teristic impedance through the connector. 

e The construction is such that the shield connection is not dependent 
ona tight backshell. Of course, if the backshell is removed far enough, the 
‘connectors can be pulled apart and break contact, 

+ The gaskets of the Type N prevent water penetration, a major factor 
in the deterioration of coax cables. 

A Type N plug is actually easier to assemble than the UHF cout 


part 
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‘So why don't more amateurs switch over to Туре N? Simple: They are more. 
expensive (typically around $6, compared to $2 for a high-quality plug) and 
many installers don't know how to deal with them. The more expensive part is 
relative — what's it worth to save a trip up the tower in the winter? 


Select the Correct Connector 


‘Type N connectors come in 50 and 75 £2 versions, Be sure to select the 
right series, and get the right connector for your cable type if you are concerned 
about maintaining impedance. The insidious problem with having 50 and 75 © 
versions is that they look identical, and can be made to mate with each other, to 
a degree. As with the RG-8 (50 Q) and RG-11 (75 ©) type cables themselves, 
the connectors have the same outside and shield contact diameters. In order to 
maintain the constant impedance, the 75 2 N connectors havea smaller diameter 
center conductor pin. 

113 50 C plug is inserted into a 75 £? socket, the socket's inner conductor 
will he spread open too far, making it unreliable for use any later use with its 
proper 75 © a plug. While inserting a 75 O plug into a 50 O socket will not 
cause damage, it will result in an uncertain center conductor connection, If the 
pin is in perfect alignment, there will actually be no contact at all 


Installing a Type N Plug or Socket 
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Unlike the standard UHF connector arrangements that just have cable plugs 
and panel jacks, the Type N is available with similarly installed cable plugs and 
cable jacks. This makes coaxial "extension cords” feasible without the need for 
а double female adapte, 

"The installation instructions for a Type N plug or cable socket are shown. 
in Figure 7.11. To add clarification here, we expand upon these steps using 
an Amphenol connector, part number 82-202-RFX, designed for a number of 
0.405.inch diameter 50.0 coax cables, including RG-8 and RG-213, Note that 
the suffix RFX indicates it is a commercial version rather the 82-202, which 
is the full military type at about three times the price (Visit their website 
‘ww wcamphenolrficom to find the right Kind for your cable.) A step-by-step 
installation process follows, 

Lay it ош — Slide the nut, washer, and gasket over the cable jacket — in 
the correct order, 

Remove the outer jacket —Measure Y inch of the outer jacket and care- 
fully cut and remove it with a razor knife, without nicking the braid, 

$ Comb ош she braid — Using an awl or a metal comb, straighten out 
the shield wires and slide on the clamp until it stops on the jacket, as shown in 
Figure 7.12. 

e Strip ihe dielectric — Remove enough of the dielectric to leave 


TYPEN CONNECTORS 
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Figure 7.11 — Tha oficial procedure and dimensions for 
assembly ofa standard Type N plug or cabe jack. 


Figure 7.12 — The nut, washer, and 
gasket are in place on he cable jacket, 
Inthe correct оли. The right amount ct 
outer jacket is removed, and the shield 
wires эге combod ош straight 
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‘h between the end of the 
dielectric and the end of the inner con- 
ductor. 

* Trim the shield wires — Use 
sharp diagonal cutters to trim the 
shield wires to make them just the 
right length to cover the round por- 
ton of the clamp (Figure 7.13), 

Tin the center conductor and 
solder the pin — Lighuly tin the cen 
ter conductor, Check to make sure 
it fits in the pin, and lightly dress 
it with a fine file, removing enough 
solder so that it fits fully into the pi 
‘The bottom of the pin should rest 
against the dielectric and, with the 
pieces pushed together (as shown in 
Figure 7.14), the pin should be flush 
with the end of the housing. Now is 
the time to adjust аз needed, then 


solder the pin and remove any solder on the outside of the pin with the file 


or emery cloth. 


є Final assembly — Insert the pin into the connector body dielectric by 
pushing on the cable, Tum the nut until the threads start. Hold the connector 
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Figure 7.13 — The shield wires are trimmed to fit 
‘ver the round edge of the clamp and enoug 
lectic is removed o allow the pin to fit flus. 


Figure 7.14 — Lightly tin the center conductor, 
make a final check of dimensions, and then 
Solder on the pin. 


Figure 7.15 —The tll assembled connector. 
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body with a wrench and turn the nut with 
another wrench until tight. The pin should 
be abour flush with the end of the coupling, 
the connector should not easily tum on the 
cable, and you should not be able to pull it 
off the cable (Figure 7.15). 


Type N Jacks 


As previously noted, the Type N of- 
fers cable jacks that assemble in the same 
manner as cable plugs. They also offer 
panel jacks in a few configurations. There 
are types that are similar to the open frame 
50-239 panel jack, but there аге also panel jacks that 
maintain the characteristic impedance and shielding in- 
tegrity, more appropriate for critical RF applications. 
"These assemble in the same manner as the other plugs 
and jacks, and are best installed in the panel after as- 
sembly. 


Some Observations 


Note that with the Type N, we have avoided the 
мер of soldering to the connector body. This avoids 
the risk of melting the cable dielectric, a frequent 
problem with UHF connectors. Also, it is possible 
to modify the procedure slightly and solder on the 
pin, push the cible with pin attached through a small 
bulkhead hole, and then assemble the connector on 
the other side. With a UHF PL-259 connector, you 
need to do the soldering on the far side of the wall. 

Unless there is a lot of working room, И is not 
recommended to replace UHF connectors on equip- 
ment with Type N. Adding a UHF to Type N adapter 
to а UHF connector, however, especially when the 
UHF is still new, ean avoid some of the typical prob- 
Jems of loose coax connections later an. 

For cables of the RG-58, 59, and 8X variety. the 
BNC connector is a good choice. I offers many of the 
benefits of the Type N in a smaller, bayonet attached 
package. Type N connectors are also available for 
virtually all types of coax the amateur is likely to 


encounter, although they will be harder to find and may not be available in 
the less-expensive commercial series. A BNC connector with a BNC to N 
between series adapter may be a good solution, 


Type N Plugs for the Dedicated UHF Plug User 


tis no wonder that hams are wedded to the ubiquitous PL-259 UHF 
series plug, since most HF and a large portion of VHF equipment provides 
matching UHF sockets for connection to antennas. However, there is a line 
of Type N plugs that assemble in almost the same way as a PL-259 plug, In 
fact, as seen in Figure 7.16, the shield is connected in exactly the same way, 
Whether the cable is RG-8 or RG-8X, The same UG-176 adapter for RG-59 
or similar sized coax that fits а PL-259 also fits in this Type N connector, as 
does the UG-175 for RG-58. 

‘The same techniques that are used to prepare either size cable for a 
PL-259 are also used here. The same tools, such as the Ripley U'T-8000 
Jacket and dielectric stripper, can be used to prepare the larger cables, or the 
traditional knife and pliers approach will work as well for this connector, 

"The connector comes in two pieces: an inner body where ай the solder- 
ing takes place that includes a captive pin, and a housing that includes the 
backshell and the shield connection arrangement, As with a PL-259, this 
Type N can be disassembled, cleaned out, and reused. The usual Type N 
includes a gasket that is destroyed upon first assembly, and those can't be 
found either 

‘With the backshell removed, the soldered connector interior has a di- 
ameter of 0.6 inches, significantly less than assembled Type N at 0.83 inch, 


Figure 7.16— RG-213 and RG AX cable about o be assembled into ОНЕ Ве Туре N plugs. 
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Figure 7.17—Fully assembled Type u Connector and a PL. 


‘or even PL-259 at 0.74 inch. This can make it easier to 
route cables through smaller holes in partitions. The stan- 
dard Type N ean be soldered to its pin and routed through 
holes as small as the cable itself, but the final assembly has 
to be completed on the far side of the partition. Of course 
the current connector also needs final assembly, but it's just 
the threaded backshell piece. This can easily be tightened 
up using two %rinch open-end wrenches, or one wrench 
and a viso. 
The only difference between assembling this 
9 is that the center conduc- 


coax connectors on RO-213 and ЯВАХ tor wire has a maximum length before it bottoms out 


able A standard clamp-ype Type N 
Plug is shown for comparison. 


inside the center pin. It must be trimmed until it can 
be screwed in far enough that the shield appears be- 
yond the solder holes, as the connector is screwed onto 
the coax or the UG-175/6 adapter. Figure 7.17 shows the assembled 
connectors in comparison to the size of a standard solder and clamp 
Type N plug. 

These connectors cost between $5 and $7, about twice what а quality 
PL-259 costs, but about the same as the standard solder and clamp Type N 
plugs. They are somewhat longer than the usual Type N. which may be an 
issue in some installations. The standard N plug is about 1.5 inches long, 
while the item under discussion is 1.785 inches, 1.96 with a UG-176 adapter 


INSTALLING BNC AND OTHER COAXIAL CONNECTORS 


Each coaxial connector type has its own installation requirements, al- 
though the BNC is quite similar to the Type N connector described in the 
last section. 


Installing BNC Connectors 
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Installing a BNC connector is very much like installing a Type М, 
‘except it is mostly smaller. While the assembly is much more compact, the 
center pin and shield connections are the same size. In fact, a Type N plug 
will mate with a BNC socket although the coupling ring will not function. 

While there are BNC plugs made to terminate the larger cable sizes, 
they tend to be a force fit. The BNC is ideally suited to RG-58 and КО-59 
(or smaller) size cables and makes a very handy patch and interequipment 
arrangement because of its quick-change bayonet-secured backshell. If you 
stick to these sizes of cable, the bayonet is even easier to assemble than a 
Туре N because the cables are much easier to work with. 

As with others, the BNC is available in both crimp and clamp styles. 


BNC CONNECTORS 
Standard Clamp 
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Figure 7.18 — The oficial procedure and 


"The solder (pin) and clamp (shield) are so easy to do 
with smaller cable, and are recommended if you can 
read ruler and have power fora soldering iron. A nota 
ble exception would be cables with foil (or mostly foil) 
shields. The foil is somewhat less suitable for the shield 
clamp and а good match with a crimp arrangement 

Figure 7.18 provides the step-by-step instructions 
for BNC assembly. As with the Type М, both cable and 
panel jacks are available that assemble in the same way. 
"There are open-frame jacks available in both flange type 
and ohe hole mount styles. 

Beware of electronic retailer “BNC” plugs that 
have а BNC-size backshell but use the center conduc- 
tor of the cable as the pin. While they advertise them 
as “no solder" types, the wire is not the correct size to 
mate with a BNC jack 


Type F Connectors 


Probably the most common coaxial connector ever 
made is the Type F, described in Chapter 6. While rarely 
encountered in Amateur Radio equipment, it appears in 
virtually all television and consumer video equipment 
made since the 19705. It may be encountered in amateur 
video, or in making use of cables originally intended 
for other services, Because of its high volume, and the 
mature of the consumer marketplace, it was designed 
to be inexpensive and easy to install. In spite of this, 
cable systems using the connector must meet stringent 
leakage standards because cable systems use most of 
the spectrum allocated to over-the-air services and they 
must not interfere with them, 

The Type F plug is designed for use with RG-6 size 
cable, somewhat larger than RG-59 and generally used. 
from the pole to the subscriber, and smaller sizes used 
‘within a premise or between equipment. A serew-on 
backshell on the F plug maintains shield contact with 
"he barrel of the socket, but as with the PL-259, itis 
only effective if tight. There is also a "push-on" type 
plug available that uses spring fingers to grasp the jack 
barrel. The solid (only) inner conductor of the coax 
pushes into a spring contact on the jack, generally with 
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significant through clearance so the length is not critical, unless it doesn’t 
make the spring contact 

Cable TV-type flexible coax provides а large fractional shield coverage 
through the use of a wrapped aluminum foil shield, sometimes in combina- 
tion with a loose wire shield. This arrangement pretty much rules out sol- 
dering of the shield connection and provides either a clamp or, more often, 
a crimp-on connection. Again, a number of different proprietary types of 
plugs with proprietary tools are available for such applications as waterproof 
‘outdoor use, although the very basic types are not very fussy about the crimp 
tool used, Still, a good fit makes for a better and neater connection, 


RCA (Phono) Connectors 
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The RCA connector (see Chapter 6) was originally employed to con- 
nect a low-level phonograph cartridge signal, via a coux-like shielded wire, 
10 an amplifier. As such, it has an inherently coaxial structure with the plug 
having a hollow pin and the shield connected via four springy petals, making 
а non-threaded almost, but just barely, backshell 

"The connector type is most frequently encountered in Amateur Radio. 
applications as а berween-equipment connection arrangement for auxili 
functions, such as camping reference and oscillator signals as well as switch- 
ing. control and sometimes low voltage de lines. In the 19505 and 19605, it 
was sometimes also found used in place of a UHF connector ав an antenna 
connection on receivers and transmitters at or below 100 W PEP. 

While crimp-type connectors may be available, loose connectors tend. 
to be the solder type. The basic connector consists of a center conductor 
soldered within the hollow center pin and the shield soldered over the out- 
side ofthe shield fingers in K3LR fashion. Such connectors provided as part 
of preassembled audio cables with molded housings may be of a different 
‘arrangement 

in addition to the basic type. there are some with a metal screw-on back 
cover and interior terminal for the shield, These are neater and easier to 
grasp, but don't offer any electrical advantages over the basic configuration. 


Determining Which Line 
is Best Suited for a 
Particular Application 


repe The choice af the best transmission line 
— for an application may make a big difference 


/ CE in how well he уеп works Some ap 


po Чоп problems appear immediately, sometimes 
"— with dramatic results, while other, more i 
me Sidious ones manifest themselves gradually 


over time and can be easily overlooked. 
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Sale, Dere ca GETTING THE SIGNAL TO 
а THE FAR END OF THE LINE 
What we usually want most from our 
те P ate ош the far end looking as much as possible like 
ree eons stas io | the signal with which we started. In de realm 
= of radio siens, this statement is mostly about 
- transmission ne loss, ln other applications, such 
z as pulsed data systems, we may have other con 
" X — cerns, including preserving pulse shape without 
[m distortion, but here we will focus on transmis- 

ge annum 


sion of RF energy. As we have discussed, the 
selection of line type plays а crucial role in how 
successful we will be, 

We spend a lot of money to have û transmit- 
ter to generate а radio signal, and we want that 
signal to arrive at our antenna and leave as radiated RF energy — not be radiated 
ine. There are many factors that contribute 10 
line loss, most of which we have already covered in detail. Here we will discuss 
which is most important for a particular application. 


as heat from our transmissie 
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Characteristic Impedance 


“The characteristic impedance (Z,) of a transmission line is one of the 
most fundamental attributes of a transmission line, and often considered 
first in selecting a line. While the Z, does relate directly to loss (higher Z, 
lines generally have somewhat less loss, all other things being equal), the 
matched loss due to the Z, is usually less important than the extent to which 
the Z, matches the load. 

The Matched Case — In the most common configuration, the load is of 
approximately the same impedance that the equipment is designed to drive, 
"That impedance is most often 50 0 for radio equipment and 75 Q for video 
equipment. Not coincidentally, the most common coaxial transmission lines 
are available with those Z, and the obvious choice for Z, is the one that 
‘matches the actual Z impedance of the equipment at both ends. Any other 
Z, will result in an SWR greater than 1:1, which will increase cable loss and 
‘not properly load the equipment. 

Once we know the Z,, we have a number of other considerations — 
how much loss will our system design tolerate, and what power rating does 
the cable need to meet. Table 8.1 shows representative data on these ра- 
rameters for some of the most popular 50 N cables. Note the dependence 
оп operating frequency for both of these parameters, 

If losses are of a particular concern, itis possible to change cable types 
to meet particular requirements. For example, if the load is a rotary antenna, 
itis usually necessary to feed it with a loop of flexible cable to avoid fatigue 
as the rotator turns back and forth. Since the lowest loss cable types do not 
end to be very flexible, it is possible to change types (within the same Z,) 
if the run is long enough to make a difference. At most frequencies, there 


Table 8.1 

Attenuation and Power Handling Capability for Various 50 © 

Coax Cables vs Frequency 

Cabe Frequency (MHz) Attenuation (38/100) Power Rating (W) Minimum Bend Radus (°) 

Ros 10 12 1987 2 
100 43 ЕЯ 

A] 11 1490 
100 38 450 

RG" 10 ов 45 
100 19 800 

ню" 10 °з E 
100 2 1810 


“Belden data trom www belden com 
Times Wire and Cable data ror wwwtimesmicrowave.com, 
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Figure 81 -The transition from coax to low 
dielectric, balanced transmission Ii 


E is greater than the loss in tna balun Here 9:1 

eee | (480: 3013) baluns are used to transform tne 30 1 

==] эй] | ens impedances to the 450 impedance ofthe 
window ine. 


Figure 82 - Physical 
тойа of the 9 baluns 

from Figure &1 and а short 
window ine section set up 
for laboratory loss testing. 


negligible additional loss due to the connectors required: however, they do 
become additional points of potential failure as well as points of possible 
Water ingress, if precautions aren't taken, 

Tt iv also possible to change to a very low loss medium if the length is 
sufficient, For example, the loss of 450 C window line, ог 600 © open-wire 
line, is significantly less than that of coax, particularly as the frequency goes 
up. A balanced to unbalanced impedance transformer (balun) can be used 
to transform the impedance of the low loss medium to the desired 50 £ at 
each end of the run as shown in Figure 8.1 and Figure 8.2, The trade-off 
here is that the transformers will have some loss. 

ARRL Lab measurements during the experiment pictured conclude 
that the pair of HF baluns had a total loss of less than 1.0 dB, Thus the run 
needs to be long enough so that the difference in loss between the cable 
types is greater than 1.0 dB in order for this to make sense. It is also noces- 
Sty that the balanced line be installed so that it is away from the ground 
and not subject to other interfering objects. 

Mismatched Case — If the transmission line isn't matched to the 
load or the equipment, a number of additional considerations need to be 
addressed. The throe main areas are: 
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+ Additional Cable Loss. As noted in Chapter 3, a mismatched trans- 
mission line will have more loss than a matched one. This is not generally a 
problem with а reasonable mismatch, perhaps 2:1 or 3:1, but it all depends 
‘on how high the matched loss would have been for the cable type, length 
and frequency 

+ Equipment Limitations. Many radio transceivers will engage fold. 
back circuitry if the load is different than that specified. This circuitry is 
designed to protect the output stages of a transmitter from the higher volt- 
ages or currents that could be present in a mismatched environment, While 
some radios are happy to drive loads with 2:1 or higher SWR, some start 
reducing power at 1.5:L In terms of getting a signal to the end of the cable, 
this can be even more significant than cable loss. 

Some types of equipment that follow a linear source impedance mod. 
el will also deliver less power to the cable with a mismatch than if it is 
‘matched. The answer to these issues is to understand the requirements of 
your equipment and translate the equipment specifications into requirements 
For your transmission line system, 

* Siress on Components. А standing wave ratio greater than 1:1 implies 
a changing current and voltage along the line. This means that the voltage 
and the current will be higher and lower along the length of the fine than 
they would be if the line were matched. Fortunately, the locations of high 
current will be the locations of low voltage, and vice versa. 

Il be complex impedance of the load and the line propagation velocity and 
length are known, it is possible to determine the actual voltage and current at 
the end of the line, However, these values will hold for a single frequency, 
so in а multiband system, each may appear anywhere, The maximum volt- 
age and current will each be equal to the values in a matched system times 
the square root of the SWR. If the termination equipment is specified to 
handle the resulting value, there should be no problem. As an example, with 
a matched 50 ©, 1500 W system, the line voltage will be about 274 V, the 
current about 5.5 A, With a 4:1 SWR, the maximum voltage and maximum 
current will be twice those values at some points along the line. 


OUTDOOR ISSUES 
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Generally, all modern transmission lines can be successfully operated 
indoors or outdoors. There have been types of TV twinlead, available years 
‘ago, specifically intended for indoor use because they were less visible 
After a few seasons in sunlight, they would crack and eventually disin- 
tegrate. While modern cables last much longer outdoors, they do suffer 
degradation to different extents due to sunlight (primarily UV radiation) 
and moisture. The main degradation mechanism is the breakdown of the 


outer jacket, the rate of breakdown being dependent on the characteristics 
of the jacket material 


Jacket Contamination 


As part of the jacket manufacturing process, plasticizers and other com- 
pounds may be left within the jacket material. These materials can leach and 
migrate from and within the cable, changing the characteristics and causing. 
degradation of both the shield and the inner dielectric. This process is ac- 
celerated by the temperature rise resulting from sunlight exposure. Cables 
identified as non-comtaminating, such as those with non-contaminating 
vinyl (NCV) jackets, are resistant to these chemical effects. High-quality 
PVC and other materials can provide good protection to both UV and high 
temperature degradation mechanisms. 

Polyethylene is another jacket choice that does not have plasticizers 
and is inherently resistant to UV, as well as offering additional abrasion 
resistance. Good-quality PVC jacketed cable can be expected to last 9 to 
14 years before it suffers significant degradation, while polyethyl 
eted cable can last about twice as long. Low-quality cable 
to degrade significantly faster. 


ion 


Coaxial cable jackets are made of different materials suitable for dif- 
ferent environments. A major problem with many types of coax, as well as 
some connectors on the ends, is water penetration, Water within the coax 
сап cause the dielectric to become lossy and result in corrosion of the shield 
and even the inner conductor 

Water enters coaxial cable in at least two ways. Gaseous water vapor 
сап migrate through the outer jacket. Liquid water can also enter through 
jacket pinholes left from the manufacturing process, or from abrasion result- 
ing from rough handling. 

In most cases, the entry of water into the cable from the connector 
ends is a more significant issue. While BNC and Type N connectors are 
designed to be waterproof, PL-259s are not. In order to avoid problems, a 
PL-259 must be sealed by means external to the connector. In addition, it is 
particularly critical that a drip loop be included at each end of every cable 
Tun that goes downward. A drip loop (see Figure 8.3) is any local low point 
before the connector so that water running down the outside of the cable 
сап drip or run off before it gets to the connector, Without the loop, water 
will pour onto the connector, sometimes coming right into the equipment 
if connections aren't tight 


Determining Which Line is Best Suited for o Particular Appli 


be, ousie 


€ 


Figure 83- A drip loop s an intended local 
low point in the cabe before the connector so 
water running down tho outside of the ca 

on run otf before t gets o the connector 


There are a number of commercial products available for waterproofing 
connectors, although some make later connector removal very difficult, so 
make sure the connection is right before you seal i. High-quality cable will 
have fewer pinholes and be less subject to vapor migration, but improper 
connector installation can negate the benefits. 


Direct Burial Coax 
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Most types of соах are designed for above-ground use, but some are 
rated for direct burial, This is mostly a statement about abrasion resistance. 
‘The usual ground near the surface moves with seasonal changes as well as 
with differences of surface load. Any shifting of the ground will tend to 
result in jacket abrasion from rocks or other debris in the soil. 

Note that direct burial does not mean “submersible.” Only special sub- 
‘marine cables, out of financial reach for most amateurs, are designed to 
spend time in the water. Direct burial cable doesn’t promise lack of pinholes. 
This can result in problems for cables in any kind of ground without good 
drainage, such as clay. И the older houses in the area are made of brick, 
check your soil carefully before you bury any coax cable. 

Some installers use conduit to avoid abrasion problems with below- 
ground cable. While this can reduce abrasion, it can result in other problems, 
Such as water accumulation, Water can enter conduit through the ends or, 
more likely, through condensation. Without proper drainage, the coax ends 
up in the water. To avoid this problem, implement one of the following: 

+ Use conduit or drainage pipe with drainage holes on the bottom side. 
Prepare the trench with a layer of gravel above sand or earth with good 
drainage, Lay the conduit in the trench, hole-side down, and use elbows on 
the entrance and exit points to avoid direct water entry (see Figure 8.4). 
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Figure 84 A problem with burying coax in conduit is the accumulati 
drainage pipe wih holes оп fhe бойоп side over оов drainage materiai such 
shown, any water can be moved агу from the cable. 
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Figure 8 5~ Another solution to the problem of accumulation of water in the conduit s to use a pitched 
солаш! with оте or more low points able to drain into drainage piis. 


+ Lay the conduit with a pitch so that all water will run to one end, or 
to a midpoint, Have a drain at that point into a pit with gravel and sand in 
sufficient quantity to absorb the expected water, Follow up with а look at 
the drainage pit after some wet weather (scc Figure 8.5) 
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Window Line 


Because the fields associated with signals traveling on window line are 
largely outside the transmission line, the line is affected by anything within 
a few widths of the line, Such interaction can have two distinet results. Bal- 
anced line near metal takes on the characteristics of a double stripline with 
a resulting change in Z, Depending on application, this may be significant, 
particularly if a system intended to be matched. OF generally more serious 
consequences, window line will experience considerable loss if placed close 
10 а lossy medium, such as on the ground. Our experiments indicated that 
the loss in 100 feet of window line on dry ground was 10 to 20 dB over the 
HF region. This is something to watch out for, especially during temporary 
‘operations in which normal installation standards may be neglected. 


UNFRIENDLY RF AND MATERIAL ENVIRONMENTS 


Toa greater or lesser extent, all transmission lines are subject to effects 
of their external environment, Some of these are obvious. For example, à 
transmission line that melts in a high-temperature environment will not 
work at specification very long, but there are more subtle interactions with 
the world outside the line. 


RF Environment 
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The ideal transmission line is one that sends signals from one point to 
another without any interference from or to what's in between. No transmise 
sion line is quite perfect in this regard, but some are more susceptible than 
others. This effect is bilateral as well — the signals we send are supposed 
to stay inside the line, but they don't always do so. There are three primary 
‘mechanisms at play in this realm, 

Proper Line Termination, We have already discussed matching imped- 
ance as a termination issue, but that isnt a factor here. To consider signals 
getting outside the transmission line, we consider the balance of the termi- 
nating load. An unbalanced line, such as coax, needs to be terminated by 
an unbalanced load. If instead it is connected to a balanced load, perhaps а 
center led dipole, the current from the inside of the coax will split between 
the half-antenna connected there and the outside of the coax, acting like 
another wire in parallel 

‘The amount of current going on the outside of the coax, which — be- 
‘cause of skin effect — acts like a separate conductor from the inside surface. 
of the shield, depends on the relative impedances of the two connection 
paths. This will depend on the frequency, the length of the coax. and the 
impedance ol the ground termination of the shield at the far end. 


Any current on the outside of the coax will result in radiation, just as 
from an antenna. Depending on the system design, the environment, and the 
sensitivity of other equipment close by, this may or may not be a problem 
— and in some cases, it can be an advantage. Ifthe coax is connected 10 u 
transmitting antenna, and it runs past alarm system wiring in the building, 
it can be a serious problem, If you spent lots of time tuning a Yagi antenna. 
for best front-to-back ratio and the coax picks up signals from ай directions, 
you will also not find it a plus. This can be a problem in either direction, and. 
is often the source of radio frequency interference (RFI) from household 
appliances as the coax works its way to the station 

Balanced transmission line, such as the popular window line, suffers 
from the same issues. It is designed to feed a balanced load, such as that 
center-fed dipole. I the load is not balanced, perhaps due to sides of the 
dipole being at different heights or near different objects, the currents on 
the two conductors will not be equal and opposite. Any resulting difference 
current due to imbalance will act like a separate antenna current on the ine, 
and radiate just as will the coax described above, resulting in all the same 
issues. In addition, the unshielded balanced line, while its balanced currents 
cancel at distance, even if perfectly balanced can couple to conductors or 
objects near its path if the object is closer to one conductor than the other. 

Coax Shield Coverage. The ability of coax cable то keep signals within 
the medium depends in no small measure on the integrity of the medium 
— in this case the shield. For coax to operate perfectly in this regard, it 
requires a perfect shield. This would be an infinitely thick, zero resistivity 
conducting medium surrounding the dielectric, which unfortunately isn't 
available for purchase. Some coax, such as cable TV distribution cable, 
which runs between poles down a street, has a shield of solid aluminum 
Tubing that comes pretty close, but it takes a tubing bender to make a nice 
comer — not what the typical amateur wants for many applications, but 
great if you want a long, low-loss, 75.2 coax run out to your antenna field 
Cable companies make use of, and must avoid interference to, frequencies 
assigned for over-the-air use by other services. Government agencies get 
particularly upset if there are signals radiating on aircraft navigation and 
‘communication frequencies from poorly shielded coax, so cable TV com- 
panies have been sensitized to this issu 

Most coax used by amateurs has a braided copper shield with an effec- 
tiveness related to the percentage of coverage — often a parameter listed by 
manufacturers. Note that even 100% coverage by braid will not quite equal 
the shielding effectiveness of tubing. Still, all things being equal, more cov- 
erage means more effective shielding, The 75 0 RG-6 cable, often used as 
“drop cable" between the street and an end user, typically has а dual shield 
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— one layer aluminum foil, the other tinned copper braid. While the braid 
is usually quite sparse, the combination meets the strict cable TV emission 
requirements. Unfortunately it doesn’t work well with soldered connectors, 
but is appropriate for erimp-on types. 

Connector Continuity, Particularly with UHF and F-type connectors, 
in which the connection of the shield is dependent on connector backshell 
tightness, improper tightening of connectors can nullify part of the effective- 
ness of shield coverage, Any resistance in the shield connection acts like a 
coupling mechanism between the inside and outside of the shield. This can 
get worse with time, due to vibration or oxidation of the surfaces. 


Material Environment 


‘Coax cable pretty much has the advantage here. The fields between 
the conductors of coax, except as noted above, stay largely within the cable 
itself. Thus coax is pretty impervious to normal outside influences — other 
than water or abrasion as outlined previously. Still, each cable has a tem- 
perature rating that should be observed, as well as some sensitivity to some 
types of chemical vapor environments that can attack the outer jacket or 
permeate and degrade the shield or inner materials. 

Window lie, with most of its fields outside the physical location of 
the wires, is very susceptible to signal degradation of various types due to 
proximity effects. This should be carefully considered in selecting appropri- 
ate line for a particular application, As noted previously, the attenuation of 
window line closer than a few inches from dry ground is very high — per- 
haps 10-20 dB in about 100 feet, based on our measurements 

If window line is routed close to metal surfaces, it will have a major 
change in characteristic impedance, as well as the possibility of coupling 
signals to undesired objects. Similarly. window line can be a problem in get- 
ting through walls or other partitions in which the lossines of the materials 
in the partition may be unknown. One solution may be to use short sections 
of dual coax (see Figure 5.9 in Chapter S) however, they should be quite 
short if the coax Joss is to be negligible. 


WB1GCM, J. Hallas, Mien. “Getting on the Air — A Closer Look at Window Transmission 


Lino QST, Nov 2009, pp 66-68, 
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Application and 
h A 
Installation Notes 


Once you have decided on a transmission line with 

the features you want, itis important to install it 

properly. Poor installation practices can result in 

more rapid degradation of transmission lines due to 

additional stress or inappropriate environmental foc- 

tors. Implementing some of the following elements 
an help extend the life of your transmission line. 


SUPPORTING LINE RUNS 


Transmission lines are not generally intended 
to be structural members, yet they are often treated 
as such, А transmission line, particularly a coaxial 
(able, is not light and, in typical lengths, can be fairly 
heavy. Table 9.1 provides some of the physical char- 
acteristics of typical coaxial cables, A quick glance 
indicates that cach type should be able to withstand the tension of at least a 
1000-foot vertical run: however, that's not quite the whole story. 


Vertical Transmission Line Runs 
While the cable itself may be able to withstand the tension of its own 
weight, whatever is used to secure the upper end will need toexert some kind 
of force on something to help it defy the forces of gravity. While a conn. 
tor should also be able to support the weight, (assuming proper installation 
and no vibration that will cause it to break free in time), hanging a long 
Tine on a connector is not generally а great idea. The only thing worse is to 
have everything hanging directly on the soldered connections between the 
amenna and the cable, 
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Table 9.1 


Physical Properties of Selected Transmission Line Types“ 


(Gable Type (Beiden РМ) 


RG 2134 (8267) 
RG SU (8257) 

80 80 Foam (8919) 
RG-8U Foam (e214) 
RG-8X Foam (9258) 
RG- (7807) 

"www belden.com 


ecco feet len Tension Minimum Bend 
(pounds) (pounds) Ваиз (inches) 
104 т 40 
10. 190 45 

97 E Er 
106 E 40 

35 75 24 

2 254 19 


‘The usual clamping arrangement will exert perpendicular forces that 
will distor the shape of the cable and result in a combination of concentra- 
tion of tension forces and reduced ability to withstand the tension. 

‘One good way to provide support 10 a coaxial transmission line is 
shown in Figures 9.1 through 9.5. This was described by Lyle Nelson, 
ABODZ, in a OST "Hints and Kinks" column.’ This method distributes the 
tension along a length of the cable and doesn't require any tight clamping, 
to hold it securely in place. To further reduce tension on the line, this may 
be repeated as often as desired so each section of the cable is just holding, 
up itself. 


Horizontal Transmission Line Runs 
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А horizontal run adds the force required to avoid sag in the run. in fact, 
strictly speaking, it is only possible to have а horizontal run if there is infinite 
tension on each end to result in zero sag. All practical runs over horizontal 
spans are actually in the shape of a catenary, the shape that a cable takes on 
if its weight is supported at each end (see Figure 9.6) 

"To determine the amount of tension needed for a particular amount of 
sag, use the nomograph shown in Figure 9.7. The operation is performed 
in two steps: 

Step I. Lay a ruler between the two outside scales, with опе end on the 
desired span length, and the other on the cable weight (in the same units as 
in Table 9.1). Make a dot on the “Work Axis 

Step 2, Rotate the ruler, keeping an edge on the dot from Step 1. At 
each position there will be a value for the tension and the corresponding 
half-span sag. Use a tension that is comfortably below the maximum tension 
shown in Table 9.1 


Figure 94 - Wind turns until you have 
about 3: inches ofthe loop covered. 
е neLsom, Anaoz] 


Figure %1 An attachment mechanism for securing coaxial cable 
hat distributes the tension a a length of the noto avoid excessive 
Stretch. This can be used for ether horizontal or vertical cable runs 
The contributor recommends a 40-inch length of inch braided 
nylon rope for RG-AX size cable, 60 Inches or RG- size, with an 
overhand knot at each end and he enda melted to avoid frying. 
[rrr 


Figure 2- Start by making about a inch 
loop along the cabio. [LYLE NELSON, ABODZ] 


Figure à 5- Stick he ond trough the remaining loop and 
ull the rope from the ather end unt you have it Вену 
secured. The "al loft out [s then used to е the cable 
Screw eye or other support [LYLE NELSON, A800] 


Figure 3 -Wind the cable in tight wraps. 
starting at the open end of the cop. 
[лє NELSON, ABooz] 


Application ond Installation Noles 9-3 


The dashed lines on Figure 9.7 are for an 
example witha cable weight of 11 pounds per 
1000 feet and a span of 210 feet. The second 
line indicates that for a tension of 50 pounds, 
азар of 4.7 feet will result. 

Note that all of this assumes the end sup- 
ports are fixed. IF the end supports are trees, 
or other objects that will shift in the wind, 
the system needs to be laid out as if the trees 
‘were both at the position of furthest separa- 
tion, The result will be additional sag in the 
rest position 

If the resulting sag is not satisfac- 


i —— 
атаа 
3 
кесе 

= 

708. 


tory, or if you wish to reduce physical 
stress оп the cable, a messenger cable 
сап be used to support the cable run, 
"This is just a kind of line with a high 
tension capability that is installed in 
the same path with correspondingly re- 
duced sag. The transmission line(s) are 
then secured to the messenger cable ev- 
егу few feet so it assumes the shape of 
the messenger. 

Keep in mind that the tension ap- 
plied to the cable will also be applied io 
Whatever anchor is supporting the end. 
This doesn't work if the tension pulls 
‘out the fasteners, or the wall they are 
attached to 


BUILDING ENTRANCE 
ARRANGEMENTS 


‘One of the most common applica- 
tions of transmission lines in Amateur 
Radio isthe interconnection of antennas 
and radio equipment, By virtue of th 
‘operating characteristics, antennas tend 
to be outdoors and radio equipment in- 


Figure $7 -Nomograph for determining sag in a cable 
тип based on cable weight and span distance 
Гони ELENGO. JR: KIAFA] 
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doors, requiring some way to get the 
line from one to the other. This can be 


a bit tricky in the case of housing — it happens that most houses are espe 
cially designed to not have holes in their walls for running cables. 

Of course, there are already such penetrations provided for utility pow- 
er, telephone service drop lines and coaxial cable for CATV or satellite TV 
service, as well as non-electrical facilities such as water, gas, sewage and 
heating flues, Ifyou are the owner of the property, you have the option of ob- 
serving the techniques used by those services and doing something similar 
for radio antenna connecting transmission lines, although some techniques 
тау be much easier to accomplish before the dwelling is completed. 


Drilling Holes in Walls 
As the owner, or with the permission of an owner, you can usually drill 
holes in walls. T have done this many times and have learned a few things 
in the process, 


Be Sure You Know What's Between Outside and Inside 

"There are few things worse for the amateur constructor than drilling 
through a wall and running through a water supply or water heating pipe. 
OF course these сап be repaired, but usually the damage extends far and 
wide before you can get the water tumed off. If you will need professional 
help to recover, a good operating rule is to not attempt something like that 
опа Sunday! 

"The best way to avoid such problems, be they caused by pipes or wir- 
ing, is to make sure you know what's there before you drill. One way that 
works for me is to make all such penetrations into unfinished space, such 
as the wall above a basement foundation, Coming in near ground level also 
has potential benefit in terms of your lightning protection plan, which we 
will discuss in the next section. My station is usually in the basement, so 
this is a natural; however, if it's nol, it may be easier to make the basement 
entrance and then go between floors, since most floors either have no such 
obstacles, or they can be easily seen (more on this later). 

Ifyou don't have a basement, or if basement entry won't work for some 
‘other reason, you will need to come through in higher ground. Here it is very 
important to know what you are doing. If you are not familiar with construc- 
tion techniques, find a house under construction that has similar character- 
istics. Look it over before they close up the walls, You will see some places 
that make sense to drill through. Note that (in my experience) every window 
and door is surrounded by a pair of 2 х4 or other framing lumber. This means 
that a hole drilled next to a door or window, or beneath a window will be 
wood the whole way through — generally no pipes or wiring. In addition, 
yon can probably come through a piece of molding, which is а good idea. 
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I like to drill so that there is wood on both sides, so the inside hole 
‘comes out in a wooden molding. This way the hole is solid and pulling cable 
won't rip up plaster or sheetrock. [is also very easy to patch after you are 
done, especially for painted woodwork — a few applications of spackle will 
usually make even the biggest hole disappear. If you want to be even more 
solid, drive a dowel in to just below the surface, о be a base for the spackle. 
Adding a bit of trim paint is much easier than repainting or papering the 
whole room. If next to a window, you often have the added benefit of having 
the cable entrance hidden by draperies. 

Note that your usual twist drill will not be long enough for the tash 
Invest in a couple of 12-inch or longer drill bits in sizes that slowly come 
up to the cable size. An exterior wall will be the thickness of the framing 
studs, plus the sheetrock or paneling on the inside, plus the inside molding. 
On the outside you may have underlayment or sheathing and then multiple 
layers of shingles, for example. Another advantage of drilling through solid 
wood is that you can then just push the cable through the hole. If you are 
drilling through a hollow wall, you will have to snake your way through 
the insulation and then pull the wire through — not the end of the world, 
but certainly an extra hassle. Make sure you drill the hole at а slight angle 
downward going outward, so no water will run into the house through the 
hole or follow the cable in, 


If You're Doing More Than One, Combine Them 

‘Somehow it seems that most amateurs eventually have a need for more 
than one such penetration. Even if you start out with one, your interests 
‘and capabilities will likely grow as you get further into Amateur Radio. 
While one can just keep punching holes in different places, at some point 
some kind of entrance facility may make more sense, We'll discuss some 
in the context of lightning protection, but even independent of that, а single 
‘entrance facility may be a better idea. For example, interior and exterior 
electrical boxes on each side of the exterior sheathing and attached on the 
inside to a stud may make a professional-looking arrangement that is easy 
то add to just by popping off the covers on both sides. If you're not up to 
the task, having an hour of discussion time with а contractor or electrician 
тау pay for itself in the long run. 


Making a Window Entrance 


If walls won't work, another possibility is a window entrance. While 1 
have seen descriptions of ways to drill holes in glass, I've never attempted 
it. Instead, Гус unglazed and removed the pane of glass, and replaced it with 
а piece of H-ineh polycarbonate sheet. The light transmission is just а bit 
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less than through window glass, but not dramatically so. Still, 1 would avoid 
‘windows that highlight the appearance of a major room, 

‘The polycarbonate is easy to work with using the usual tools, such as 
a reciprocating saw to cut it to size. Holes can be easily drilled, either for 
transmission line directly, or for PL-258 type or other feed-through con- 
rectors, If the holes are near the window edge, the cables may be able to be 
hidden by curtains or draperies as they go toward the floor. When it's time 
to move, recovery couldn't be simpler. Just remember where you stashed 
the pane of glass and swap it out with some glazing points and compound, 
and no one is the wiser 

Another possibility isto dill through the window sash itself. Carefully 
drill through a wooden sash in a spot that will be in the clear if the window 
is closed and that will not try to run through the glass. This can be accom- 
plished with a short drill, is not likely to encounter plumbing or electrical 
runs and is easy to patch, if the surfaces are painted, While this is not quite 
in the same “no damage“ category as the temporary board described below, 
it can be repaired to be almost invisible very quickly. 


Temporary or “No Damage” Entrance Arrangements 
If your circumstances are such that you can make no changes to the strac- 
ture, or aren't even authorized to do any of this, there are still ways to bring 
antenna connections into the house. Some avoid the problem by using indoor 
or attic antennas. While that can keep you on the air, the chances are that you 
сап have better results with an outdoor antenna, Here are а few possibilities, 


Make the Connections Just When You Need Them 

‘Most amateurs don’t operate all the time, so they don't need an antenna 
Connection ай the time either. A transmission line connection can be just out- 
side a window ог door with its mate on the other side. When it's time to oper- 
ate, just open the door, hook things up and leave the door open a crack while 
operating. Unless you are faced with heavy mosquito activity, this can work 
well. In fact some amateurs have the antenna, such as a short loaded vertical, 
just inside a patio door and move it all outside when it's time to operate — and. 
‘when no one is looking, 


Pinch Your Cable Under a Window Sash 
‘Those using single-wire feed or window line can often put the line under 
а double-hung window and, if there's any gap or slop, just close the window 
on it, ifit сап still be latched. This is not ideal for a number of reasons, but is 
pretty easy to do. Perhaps a bit of “dressing” witha file can take the hard corner 
off the edge to make it less likely to damage the cable. 
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Add a Removable Panel Under a Window Sash 

‘An improvement on the above that is almost as easy, i to get a small 
piece of trim board the width of your window sash and fit it under the 
lower sash, or above the upper sash so the window closes on it. Now you 
сап notch (especially for cables with connectors) or drill as many holes as 
needed in your board for coax or other cables, or for feed through connec- 
ors Ifyou don't want to build your own, MEI offers a preassembled unit 
(sec Figure 9.8) that ean be cut to fit vertical or horizontal windows up 
to 48 inches wide and has feed-through arrangements for both coax and 
balanced lines. See www.mfjenterprises.com, and look for MTJ-4603. 

"There are two complications that need to be dealt with sing this method. 
"The first is that the security latch will no longer operate. This is pretty easy 
to fix. Either cut а piece of wood that can be jammed between the movable. 
sash and frame, or install a small hardware store angle bracket so the window 
can't move. The screw hole ean be easily spackled when i's time to move 
The other prob- 
Jem is that there 
will be an open 
passage between 
panes of the wo 
[obtained кїн a numberof eedihrougn comecior zr pee 


allow insects to 
configurations, or you can make your own from a piece ot 
142 umber. come through. Mosquitoes are particu- 


larly prone to do so, since they are at- 

tracted by the Focused emission of CO, 
from people breathing inside the house. This is the same problem that occurs 
with window air conditioners and yields to the same solution — just а piece 
of foam strip pushed into the space (get one from an air conditioner dealer, 
or in a pinch, it's а great use for rolled-up surplus T-shirt). 


Drip Loops 


With any cable entrance arrangement, its critical that a drip loop be 
provided. This is easy to do; just make sure that the cable has a lower point 
before it enters the entrance arrangement. Otherwise, rainwater will follow 
the cable down and run into the wall or the feed-through mechanism. The 
drip loop allows a lower path from which the water will drip harmlessly 
‘onto the ground. 


Extending the Route Between Floors or Rooms 


If the entrance arrangement can't be on the sume floor or in the same 
room as the station equipment, it is often fairly easy to continue on. If you 
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can't make permanent holes, look for existing ones that you can fallow. 
A building with central heating usually has ducts or pipes that run from 
room to room, or between floors. In my experience, there is often space 
to follow, especially with the thinner varieties of coax. И you can’t push it 
through without losing it in the space between wall surfaces, try pushing a 
straightened coat hanger through from the other side. Then tape the coux 
to the hanger with electrical tape, making a point of the tape — along with 
tapering the coax end in extreme cases — so the coax won't be pushed off, 
and then pull it back. 

If you can drill a path, you may be able to find a good path — again, 
be alert for the possiblity of wiring or plumbing. An unfinished basement 
ceiling is the easiest to get through since itis only one surface thick (usually 
subfloor plus finished flooring, perhaps 2 inches total). My favorite tech- 
nique isto go through under an interior wall with a molding, First checking 
to make sure you won't end up in a floor joist, start the hole through the 
molding at an angle to enter the basement slightly offset. This way results 
in an easy-to-pateh hole in the molding, rather than having to deal with 
patching a hole in a finished floor 
g between upper floors is a bit trickier to do without making a 
mess. In many cases, following existing penetrations may be the best way. 
If not, my next choice is to find closets one above another. A discreet hole 
between floors in a comer adjacent to the door, or even next to the door 
molding, is usually not too obvious, especially if the cable is then painted 
the same color as the wall surface. If you're not comfortable with any of 
this, a competent residential electrician can likely do it all for you, once he 
understands exactly what you want. If possible, do it in such a way that you 
сап pull the cables out and replace them or add to them. Ask the electrician 
to leave a loose piece of cord along the path so you can add additional cables 
as your needs expand — and they vill 


Bringing Balanced Transmission Lines In from the Cold 

All he techniques that we discussed for coax can also be applied to bal- 
anced lines, with just a few caveats, Balanced lines need to avoid a number 
of situations that wouldn't bother coax. Conditions to watch for are runs 
that are within a few inches of metal ducting, pipes, or wiring. Also, lossy 
material that will absorb energy from de fields around the line must be 
avoided. Perhaps most critical is inadvertent coupling to and from signal 
lines, including telephone, network, or alarm systems 

itis not possible to avoid such environments, itis possible to employ 
a section of dual coax balanced line, as discussed in Chapter 5 and illus- 
trated in Figure 59. While this willbe an unmatched section resulting in an 
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impedance bump, that is not at all critical in the usual unmatched balanced 
ne configuration, but should be considered if dealing with a matched condi 
tion, such as a 600 © feed to a rhombic antenna, or а 300 0 feed to а folded 
dipole. The other consideration is that the loss will be that of unmatched 
coax, likely significant, so the length of this section should be as short as 
possible, For example, I used about 4 feet on one side of a rhombic feed as 
it went through a potentially lossy wall sill, just above the foundation line, 
without any problems. 


GROUNDING AND LIGHTNING PROTECTION 


While not a “transmission line" issue, per se, transmission lines that 
bring signals in from antennas can also bring in lightning energy if not prop- 
erly protected. We will not go completely into lightning protection here, since 
that is arguably a subject for a book of its own; rather, we will briefly discuss 
ways to minimize what may be coming down the line as it comes inside 

A key to understanding lightning effects is to appreciate that with peak 
lightining strike current intensities from perhaps 20,000 A (50th percentile) 
to 200,000 A (90th percentile), it's not a question of where the current will 
go, but rather how much is left after you've gotten rid of as much as you can 
outside, before it heads toward the shack, This requires consideration of tower 
and antenna grounding with a low enough impedance to drain as much of the 
current as possible. 

Stil, it won't all go there — it will divide between paths to ground 
based inversely on impedance. Some will always go on the coax or other 
transmission line towards the station. It will show up in two forms; common 
‘mode current, essentially on the outside of the coax shield, and differential 
mode, between the inner conductor of the coax and the shield. In most 
environments, the common mode is а much larger fraction of the lightning 
current than the differential mode and can be reduced by low impedance 
grounding of the shields of coax as it comes into the building. 


The Grounded Entrance Panel 
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The way to achieve this is to have the cable entrance at ground level 
and have as close to zero length conductivity as possible to a good ground 
Structure at that point. This is not the usual solitary ground rod required by 
the National Electric Code (NEC), but a network of ground rods intercon- 
nected by buried, heavy, bare conductors that help distribute the current to 
the Earth's surface. The amount and extent needed for a desired grounding 
effectiveness will depend on the electrical characteristics of the soil at each 
location, The NEC, written into most local building codes, requires that all 


grounds be bonded together. Thus your radio ground 
system should be bonded to the ground used at the 
electric utility panel — preferably connected via a 
short heavy conductor (sized per the local building 
code) running outside the building. 
The best way to provide maximum protection, 
in my opinion, is to have all cables enter through a 
common ground level entrance panel. as shown in 
Figure 9.9, By having the panel at ground level, itis 
possible to have the lowest impedance ground con- 
nection arrangement by having the ground system 
Figure 99 -Te grounded entrance panel at Lan right at the panel, Instead of using feed-through 
amateur station KACH. connectors, my ground level entrance panel (shown 
in Figure 8.3) has commercial lightning arresters that 
serve double duty and are bonded to an aluminum 
plate that is grounded to an extensive ground system tied to а rod at the 
window and extending outward to multiple rods through buried bare ground 
The window line entrance (not shown in Figure 8.3, but similar to the 
two fecd-ihrough insulators visible in Figure 9.9) goes to a balanced feed 
arrestor just inside the panel, It is also possible to use two coaxial lightning 
arrestor to protect the equipment tied to the balanced feed line, with one 
conductor on each arrestor Just make sure you calculate how high the op- 
erating voltage will be, and select appropriate arestors so that they won't 
fire during normal transmission, 
At my station, I have push-on type UHF coax connectors on my coax 
sable going to the inside connection of the arrestor (available from www, 
Americanradiosupply.com and others) and double banana type going to the 
balanced arrestor. I routinely keep them disconnected when not actually on 
the air, In addition, 1 keep my ARRL АП Risk equipment insurance policy 
up to date (see arrlinsurance.com) 


Above-Ground Entrance Arrangements 

A station located oo am upper story without ground-level access has a dif- 
ferent set of challenges. While it may he tempting to reduce transmission line 
length by making runs directly to the station, arguably itis the worst case from 
a lightning protection perspective, sinc all lightning currents on transmission 
lines are forced to go through the station, A better arrangement is to гип the ca- 
bies to ground leve] with an appropriate grounding and surge protection interface 
at that point, as shown in Figure 9.10 It's not bad to have additional arrestors 
at the station end, but the ground-level ones are the most important, in my view. 
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Figure 9.10 - Suggested arrangement for lightning protection grounding of an upper-story 
cable entrance. бу running the cables first to grounding and lightning protection at ground 
1еуе ine lowest impedance ground connection s provided. 


TRANSMISSION LINE CARE AND MAINTENANCE 


Fortunately, transmission ines tend to be rather low maintenance, how= 
ever, that’s not quite the same as “no maintenance.” Transmission lines can 
ast for many years, but none last forever, with typical expected useful lives 
‘of 101020 years. That, of course, assumes proper installation and care. 


Premature Line Degradation 
Environmental factors are the major cause of early line degradation. 
Probably the most significant are the result of water penetration that occurs 
duc o insufficient sealing of ends, or through jacket penetration resulting 
from abrasion. The insidious aspect of this is that such gradual degradation 
isnot easily noticed through normal operation until it goes quite far: While 
we will pay ots of money for an additional 2 or 3 dB of antenna gain, we 
are not too likely to notice 2 or 3 dB of additional transmission line loss, In 
fact, the additional fine loss results in lower SWR at the s 
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with easier tune up and wider bandwidth — each of which could be, bot 
probably aren't, noticed due to the gradual change. 


Line Inspection 

A regular program of physical inspection of transmission lines is most 
appropriate, Areas that are becoming abraded, show sigas of insulation 
cracking. or from which waterproofing material is becoming unsealed can 
be readily addressed before they cause serious problems. A good applica- 
tion of electrical tape can provide additional coverage, as well ав additional 
layers in areas subject to abrasion, 

Be aware of areas that are bent more tightly than the allowed bending 
radius shown in Table 9.1. Foam dielectric cable, while lower in loss than 
cables with solid polyethylene dielectric, is subject to migration of the cen- 
ter conductor and possible shorting, if bent too much. 

Another potential problem area is any solder connections that are ex- 
posed to the elements. Solder oxidizes in nature and can erode over time, 
eventually making for intermittent or failed connections. 


Routine Measurement 


Iisa good idea to take and record a complete SWR run across frequen- 
cies of each antenna and transmission line system at installation. If nothing 
degrades, the values should stay unchanged over time. As a general rule, if 
the SWR goes up, look to the antenna for changes. Ifthe SWR goes down, 
check for additional transmission line loss, since antennas rarely retune 
themselves, eft to their own devices. 


‘Checking Line Operation 
Perhaps the best way to evaluate a line's operational characteristics is to 
measure the loss and SWR before installation, and then again during regular 
inspection periods, Just put a signal into а dummy load and wattmeter at the 
radio end, without the line and repeat the measurement at the far end. Any 
reduction in power delivered should be noted, and the loss calculated and 
recorded. Additional loss over time is an indication of degradation, 


Checking Line Loss from One End 
While measuring loss as described above is the most accurate method, 
sometimes it is not feasible to get equipment to the far end. In that case 
we can get a good measure of line loss from one end by measuring the 
SWR at the frequency of interest with the coax either open or shorted, IF 
we had ideal lossless coax, our measured SWR would be infinite, since all 
the power would be reflected and would return to the source. With losses 
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Figure 9.11- Graph of the apparent SWR versus losses ina coax 
measured terminated in an open or short. Find the SWA value you 
measured on the horizontal axis. hen go straight up and ead 
{he опе way matched loss in dB on the vertical axis where the 
SWR reading crosses the diagonal ine. Note that (ле line is not 
matched, the loss can Increase significantly. 


їп the coax, something else hap- 
pens. Whatever signal power we 
put into one end will arrive at the 
other end with the same power, 
less the amount of line Toss. Be- 
cause the short or open at the far 
end of the coax provides а total 
reflection, the signal then revers- 
es its direction and returns to the 
source end. On the return trip, the 
power level at the far end of the 
coax will be again reduced by the 
losses in the coax, 

"The reduced reflected power 
will show up in teal coax as an 
SWR that is less than infinite 
‘The higher the loss in the coax, 
the Tower the measured SWR as 
read at the test end, Carried to 
extremes, a very high loss in a 
length of coax (such as the losses 
at UHF for a $00 foot long piece 
of RG-58) will result in an SWR 
‘of nearly 1:1 with the far end of 
the coax open or shorted. 

Figure 9.11 shows a graph. 
from the 16th edition of The 


ARRL Antenna Book of the SWR versus matched loss in a coax measured 
with a short or open at the far end. The section also provides an equation 
to determine the one-way matched loss from the measured SWR: Li is the 
one-way matched line loss in decibels at the measurement frequency. 


1, 


10x log, SWR + IMSWR =D) 


In other words, if you measured ап SWR of 3:1 with a length of open 
or shorted coax, either Figure 9.11 or the above equation indicates that the 
cable loss will be 3 dB at the frequency of interest. 

‘To make the measurement, first make sure the antenna end of the coax 
is not connected to anything, and that any shorts you placed there during the 
‘ohmmeter tests have heen removed. Follow the instructions in the manual 
for the antenna analyzer to make the SWR measurement. 

As an example, let's say we measured the SWR of a 50 foot length of 
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RG-213 used ata dual-band VHF/UHF repeater site. At 147 MHz the open 
circuit SWR was 6.6:1. This indicates а loss of about 1.3 dB, compared to 
1.4 dB predicted by TLW for 50 feet of RG-213 (Belden $267)* At 445 
MHz, the measured SWR was 1.4, indicating а loss of 7.78 dB, much worse 
than the 2.6 dB predicted by ТІЛУ, Thus this coax, while useful on 2 meters, 
will not be very good on 70 em and is probably in the process of degrading, 


What if the Antenna is Up in the Air? 


The tests described previously are great if you have access to both 
ends of the coax, but sometimes you would like to find out about that coax 
‘without going up the tower, While you don't have control over the far end, 
you likely know what's there, if it's your antenna. For example, 1 have а 
2 meter Yagi with a T matching section. While that provides a nice 50 Q 
termination at 2 meters, it should look like a short at de, and an ohmmeter 
continuity test should show a very low resistance, almost as low as if it were 
a short. A split feed Yagi or dipole should look like an open at de. 

"The SWR at 2 meters won't tell us much about loss, in fact the lossicr 
itis, the better the SWR will look. On the other hand, it will look a lot like 
a short at И» the frequency or at 20 meters. A measurement there should 
give us а good, but not precise, idea of the 14 MHz loss. If the cable is good 
there, chances are itis also good at 2 meters. Other types of antenna connec- 
tions may be trickier to make use of, but if you measure the SWR on other 
frequencies when the cable is new, and store the data in your archives, any 
change in later years may mean either the antenna or transmission line has 
undergone a change that merits investigation, 

Another trick is to sweep your analyzer frequency looking for the worst 
SWR. That probably indicates either а very high or very Jon impedance 
termination and the loss at that Frequency will be no better than that indi- 
cated by the SWR, 

A Cautionary Note — Note that all of the loss results based on mea- 
sured SWR are no better than the data provided by the SWR analyzer. The 
ARRL Antenna Book notes: "The instruments available to most amateurs 
lose accuracy at SWR values greater than about 5:1, so this method is useful 
principally as a go/no go check on lines that are fairly long.” That really is 
the only question you need answer — do we want to keep this coax, or is 
it time for a replacement? These tests should give you enough information 
to make those decisions 


Notes 

'L Nelson, ABODZ, “Hints A Kinks — Anchoring Coaxial Feed Line; 
рео, 

"The ARAL Antenna Book, 16th Editor. 

STLW, Transmission Line Program for Windows software is provided on a CD with 
The ARAL Antenna Book. 


QST, Aug 2009, 
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inate Line Loss! 


Transmission lines are an integral part of the art of radio. Designed to 
carry RF power over short to medium distances with minimal loss, properly 
selected and installed transmission lines can be as important as radio. 
‘equipment and antennas are for a station's success, 
The Care and Feeding of Transmission Lines is a radio amateurs guide 
to understanding transmission lines. It includes an introduction to the various 
types of transmission lines, key parameters of coaxial cable and balanced 
line types, as well as the different types of connectors. With this book, you'll 
learn how to select the most appropriate transmission line for an application 
апа how to instal it, as well as maintenance techniques to help extend the 
Useful Ме of the line, 
Includes: 
= What is a Transmission Line and Why Do We Need One? 

Let's Examine Coaxial Transmission Line 

Other Types of Unbalanced Line 

Let's Examine Balanced Transmission Line 

Transmission Line Interconnections 

Determining Which Line is Best Suited for a Particular Application 

Application and Installation Notes 

Transmission Line Care тази 978-0-87259-478-6 
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Foreword 


You are about to enter the wonderful world of 
Amateur Radio! This hobby is truly all about the 

very best things in life: great friends, devotion to 

public service, intellectual and scientific curiosity. 

exploration and just plain fun. 

1 was a member of the crew of STS-78 aboard 

Space Shuttle Columbia, which flew in June 1996, 

‘The other crew members and I enjoyed the tremen- 

dous honor and pleasure of talking from space with 

so many friends in Amateur Radio around the 

world. During that time I couldn't help but reflect 

оп ай the deeply personal and emotional moments 

Amateur Radio had brought to me, I have many 

fond memories of my own great mentor in the tra- 

ditions and ethics of Amateur Radio, my “Elmer,” 

Mr Bill Brown, WANIW (now a Silent Key — but. 

he will live forever in my heart). I remember the 

sheer exhilaration of listening to signals from 

around the world as а young boy in a darkened 

room with the glow of a tube radio my dad helped me build. As a teenager I talked with 
Senator Barry Goldwater and King Hussein of Jordan on the radio and didn't realize who they 
were until I looked up their call signs later. Sitting on St. Peter and St. Paul Rocks on a 
DXpedition in the middle of the Atlantic Ocean with my friends Al, KSCW: Stu, WA2MOE: 
Phillip, PY2CPU and Jacinto, PY2BZD, I was in awe of a place where Charles Darwin had 
visited on the voyage of the Beagle. | experienced these same wonderful feelings while 
talking from space to the great fraternity of ham operators around the world. 

‘There is no greater feeling for a person in space than the warm personal contact with 
another human being on Earth. It will be so important for us to be able to communicate with 
‘one another in this way as we fulfill our planet's destiny in space. I am absolutely sure that 
wherever we travel in our universe, whether it is on the International Space Station, back to 
the lunar surface to live or even to Mars, there will be Amateur Radio and fellow hams 
reaching out like they always do, 

"There is truly something for everyone in this fantastically diverse world of Amateur 
Radio. 1 am always amazed with the many activities Amateur operators get involved in: 
building, testing, contests, clubs, computers, public service, satellites and so many more. 

What a great thing it is that anywhere we go, be it on Earth or in space, we can always 
сай CQ and reach out with our first names and call signs to all our fellow human beings of 
the Earth! 

T hope I have my chance to talk with you! 


Chuck, N4BQW 


Mission Specialist Charles E. Brady, Jr 


Ргеїасе 


Welcome to the exciting world of Amateur Radio! You are about to join nearly 700,000 licensed Amateur Radio 
‘operators in the United States and nearly three million people around the world who call themselves “hams.” Hams 
эге found in virtually every country in the world. They have earned the special privilege of being able to communicate 
directly with one another, by radio, without regard to the geographic and political harriers that so often limi 
understanding of the world. 

There are many important reasons why governments allow Amateur Radio operators to use valuable radio 
frequencies for personal communications. As a licensed Amateur Radio operator, you will become part af a large 
group of trained communicators and electronics technicians. You will be an important emergency communications 
resource for your neighbors and fellow citizens. Who knows when you may find yourself in the situation of having 
the only communications link outside your neighborhood? Whether you are caught in a flood, earthquake or other 
natural disaster or answering a call from someone else, you can provide the knowledge and resources to help. 

Whether across town or across the sea, hams are always looking for new friends. So wherever you may happen to be, 
you are probably near someone — perhaps a whole club — who would be glad to help you get started. If you need help 
contacting hams, instructors, Volunteer Examiners or contact us here at ARRL Headquarters. We'll help. 
you get їп touch with someone near you. (See the contact information at the bottom of this page.) 

When you pass that exam and enter the exciting world of Amateur Radio, you'll find plenty of activity to keep 
you busy. You'll also find plenty of friendly folks who are anxious to help you get started. Amateur Radio has many 
interesting areas to explore, You may be interested in one particular aspect of the hobby now, but be willing to try 
something new occasionally. You'll discover a world of unlimited potential 

Most of the active radio amateurs in the United States are members of ARRL. The hams’ own organization since 
1914, ARRL is truly the national association for Amateur Radio. We provide training materials and other services, 
and represent our members nationally and internationally. Now You're Talking? is just one of the many ARRL 
publications for all levels and interests in Amateur Radio. You don't need а ham license to join. If you're interested 
їп ham radio, we're interested in you, It's as simple as that! We have included an invitation for you to join ARRL ar. 
the back of this hook, 


David Sumner, KIZZ. 
Executive Vice President 
Newington, Conneeticut 
March 2003 


Now You're Talking! ON THE WEB 


WWW.ARRL.ORG/NYT 


Visit Now You're Talking!'s home on the web for additional 
resources as you prepare for your first Amateur Radio license: 


+ Find a local radio club + Aska question 
* Locate a testing site + BONUS CHAPTER "Selecting Your Equipment" 
+ Take а practice test + ARRL Membership & FREE Book Coupon 


New Ham Desk 
ARRL Headquarters 

5 Main Street 
Newington, CT. 06111-1494 
(860) 594-0200 


Prospective new amateurs call: 
800-32-NEW-HAM (800-326-3942) 

You can also contact us via e-mail: newham@arrlorg 
or check ош ARRLWeb: www.arrl.org/ 
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Your First Ham Radio License 


‘The Technician license is the entry-level license for 
most newcomers to Amateur Radio. In fact, there are more 
Technician licensees now than any other license class, 
‘There is no Morse code exam required to earn a Technician 
class license. Earn the Technician license by passing a 
single 35-question written exam covering basic Rules, 
‘operating practices and electronics theory 

Technician licensees have full VHF and UHF privileges 
granted to higher-class licensees, but no HF privileges. Any 
Technician licensee who passes а S-wpm Morse code test can. 
take one small step up the ladder, though. A Technician lic- 
ensce with credit for passing the Morse code exam will cam 
privileges on four of the HF bands — the same privileges held 
by those witha valid Novice license. No new Novice licenses 
have been issued since April 15, 2000, 

Upgrading to a General class license requires passing 
a 5 word-per-minute Morse code exam and a more ad- 
vanced 35-question written exam, The General class 
cense includes privileges on the nine medium and high 
frequency bands. The third and final step on the Amateur. 
Radio license ladder is ће Amateur Extra clas license. To 
earn this license, with full amateur privileges on all ama- 
teur bands, additional 50-question. 
written exam. This exam covers the finer points of the FCC 
Rules as well as more advanced operating practices and 
electronics principles. No additional Morse code exam is 
required, however. 


ou will have to pass. 


You're about to begin an exciting adventure: a fun- 
filled journey into the world of Amateur Radio. Now You're 
Talking! is the study guide to help you reach your goal. 
This book introduces you to basic radio theory in an easily 
understood style, You'll also learn Federal Communica- 
tions Commission (FCC) rules and regulations—just as the 
FCC requires. You will learn enough to pass your Techni 
cian written exam with ease, ARRL cares much more about 
you and your future in Amateur Radio than to stop there! 
We won't abandon you once your new “ticket” is in hand. 

Now You're Talking! is also а pathway to a successful 
beginning after you've passed your license exam. In this 
book you'll find the practical knowledge needed to become 
ап effective communicator. We all hope you will take 
enough pride in the achievement of earning your license to 
be a considerate communicator as well 

But that's all а few weeks and a few pages down the 
line. To ensure your success and head you in the right d. 
rection toward your first on-the-air contact, here's how to 
use this book to your best advantage. 


Any holder of a Technician license who passes the 
5 wpm code test is issued a Certificate of Successful 
Completion of Examination (CSCE) and is immediate 
granted "Novice" operating privileges on the HF bands 


— — 
WANT MORE INFORMATION? 

Looking for more information about ham radio їп your 
local area? Interested in taking a ham radio class? Ready 
for your license exam? Call 1-800-32 NEW HAM (1-800- 
326-3042). Do you need a list of ham radio clubs, instruc- 
tors or examiners in your local area? Just lel us know what 
you need! You can also contact us via e-mail 
newham ©arrlorg 
ог check out our World Wide Web site 
www.arrl.orgl 
Find some spacial content just for Now You're Talking! 
readers at 
www.arrl.orgINYT 


You can even write to us at: 
New Ham Desk 

ARAL Headquarters 

225 Main Street 

Newington, СТ 06111-1494. 


This Book 


Now You're Talking! has been designed and written by 
a staff with a great deal of experience, backed by decades of 
Amateur Radio tradition. This book provides everything 
You'll need to learn — and understand — what you should 
know to operate an Amateur Radio station, We explain all 
the rules and regulations required of Technician candidates, 
not only to pass the test, but to operate properly (legally) 
once your license is hanging proudly in your shack. 


Self Study or Classroom Use? 

We designed Now You're Talking! both for self study 
and for classroom use, An interested student will find this 
book complete, readable and easy to understand, Read 
carefully, and test yourself often as you study. Before you 
know it, you'll be ready to pass that exam! 

Why deprive yourself of the company of fellow be- 
inners and the expertise of those “old-timers” in your 
hometown, though? Now You're Talking! goes hand-in 
hand with a very effective ARRL-sponsored training pro- 
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DISCOVERING 
AMATEUR RADIO 


Join us for a fascinating journey 
through the wonderful world of 
Amateur Radio. 


How did you first hear about Amateur Radio? That 
evening news report about the Amateur Radio operators 
who relayed messages after a devastating hurricane or 
terrible earthquake? The funny-looking antenna in your 
neighbor's yard? A birthday greeting via Amateur Radio 
from your uncle who lives clear across the country? Or 
‘maybe you heard about hams who helped school students 
tall to astronauts aboard the International Space Station? 

Obviously, you know something about amateur 
(ham) radio; you have this book. But you want to know 
more. Now You're Talking! will introduce you to the 
wonderful hobby of Amateur Radio. It will answer your 
‘many questions on the subject, and lead you to your first 
license 


What Can I Do As a Ham? 

Ham radio offers so much variety, it would be hard to 
describe all its activities in a book twice this size! Most of 
all, ham radio gives you a chance to meet other people 
who like to communicate. That's the one thing all hams 
have in common, You can communicate with other hams 
оп a simple hand-held radio that fits in your pocket. 
Thanks to “repeater stations” (repeaters) operated by 
local ham clubs, your range with a tiny hand-held radio or 
"HT" may be 50 miles or more. 

Repeaters also make it possible for mobile ham sta 
tions to keep in touch. Mobile operating is very popular 
during commuting hours, There's usually someone to tall. 
10 ona repeater. Most people would like todo something to 
help their communities, Someday, you may spot another. 
motorist who needs help, and use the repeater telephone 
link to call the police. Or, your repeater club may provide 
communications for a parade, foot race, or even during an 
emergency like a flood, Best of all, you'll be meeting other 
People nearby who are as excited about Amateur Radio 
personal communications as you are. 

Imagine talking to a missionary operating a batter 
powered station deep in the Amazon jungle, or a sailor 


attempting an around-the-world solo journey! You can 
talk to hams all over the world in many ways. The most 
popular way is hy bouncing your signal off the ionosphere, 
a layer in the upper atmosphere. Other hams like to use the 
OSCAR satellites. OSCAR means Orbiting Satellite Саг 
rying Amateur Radio, Hams have designed and built more 
than 50 OSCARS since 1961. If you like a challenge, you 
can even bounce your signals off the moon. It’s possible 
to contact other hams in more than 100 countries by this 
method, as strange as it sounds! 

How do you talk to these other hams? Well, you can 
use voice, of course, but there are other ways as well 
Maybe you've tried computer-to-computer conversations 
over the telephone lines. As a ham, you can have similar 
conversations with other hams around the world. The best 
part is, you don't have to pay for the call! Not ev 
Internet Service Provider needed. 

‘The earliest radio communication was done with 
Morse code. You don't have to know the code to become 
a ham anymore, but many hams still enjoy using this funny 
language. To them, the beeping of Morse code is like lis 
tening to a favorite song 

Maybe you're interested in photography or video. 
Many hams have television equipment, including color 
systems. Hams led the way in slow-scan television, which 
lets you send color photographs, slides and artwork to 
other hams thousands of miles away 


How about radio-controlled models? Yes, many 
hams enjoy using exclusive ham frequencies to fly gliders 
and powered planes, or pilot graceful sailboats. The Te 


nician class amateur license (with no Morse code exam) 


Discovering Amateur Radio 1 


project described in the November 1996 issue of OST. 


Be On the Frontier of Technological Advances 


For neatly 100 years, hams have carried on a tradition of le 
the earliest days of radio, hams have built their ransmittore from scratch, wrapping 
strands of copper wire salvaged from Model T automobiles around oatmeal boxes, 
Through experimenting with building their own equipment, hams have pioneered 
advances in technology such as the techniques for single sideband voice. Hams were 
{he first to bounce signals off the moon to extend signal range. Amateurs’ practical 
'exporience has lad to many technical refinements and cost reductions beneficial to 
the commercial radio industry. The photo at the right shows a complete amateur 
tlovislon (ATV) transmitter constructed in a small package, This photo i from a 
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is all you need to join them. 

Tf you like to work on electronic circuits, ham radio 
ives you the chance to build your own transmitters and 
receivers, and actually use them to talk to other people 
Even if you'd just like to plug in a radio and go on the air, 

u might enjoy building some part of your station, from 
Scratch or from a kit 
Unlike shortwave or scanner listening, 
Radio doesn't make you sit on the sidelines. When Bast 
came one country, hams didn 'thave 
to learn about it from the TV news: they talked directly to 
hams in both halves of the country! Instead of listening 
to police calls on Halloween, you can join your club's 
"Goblin Watch,” and help make the streets safer for Trick- 
or-Treaters, 

Ham radio operators are proud of their hobby, That's 
why you see so many license plates with ham call signs 
‘Communicating on the air isn't а we do, though. We get 
together at club meetings, hamfests and conventions, To 
Welcome neweomers we sponsor thousands of classes 
each year to help anyone who's interested join our great 
hobby. 


Amateur. 


and West Germany 


Getting Started With a License 

You can earn one of three classes of Amateur Radio 
license in the United States, All US amateur licenses have. 
10-year terms and are renewable. The Federal Communi- 
cations Commission (FCC) issues licenses. There is no 
license fee. Although you can take the exams and start 
right out at the highest class, most beginners enter Ama- 
teur Radio with a Technician license, 

When Amateur Radio operators want to communi- 
cate with someone, they select from the many frequencies 
set aside for Amateur Radio use. You can think of a fre- 
‘quency as the spot on a dial where your radio receiver (or 
transmitter) is set to operate. For example, suppose you 
Want to listen to your favorite FM broadcast radio station 
‘You set your FM receiver dial to the frequency for that 
station, perhaps 92.5, The Federal Communications Com- 
mission (FCC) designates certain ranges of frequencies 
for Amateurs. These are called bands. Each band has char- 
acteristics that make it suitable for communications over 
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certain distances. For example, some bands are most 
suited for local communications, perhaps a hundred miles. 
or less. Other hands provide communications out to a few 
hundred miles while still others might be used to com 

municate over thousands of miles and around the world. 

With each higher class of Amateur Radio license, 

you will be allowed to use more of the Amateur frequency 
bands ora wider range of frequencies within those bands. 

When we talk about these bands, we often use a series of 
numbers to identify individual bands, For example, as a 
new Technician licensee, you will probably make your 
first contacts on the 2-meter band, or perhaps the 70-cen- 
timeter band. We also use more general terms to describe 
groups of these frequency bands. Some of these general 
terms are medium frequency (MF), high frequency (HF) 

very high frequency (VHF) and ultra high frequency 
(UHF), There are other general groupings, but these are 
the most common names you will see. As you study this 
book you will learn more about the characteristics of the 
Various bands and the types of communications that 
Amateur Radio operators use. 


The Technician License 


If you are ready to get started in Amateur Radio 
right now, the Technician license is for you, To receive a 
Technician license you have to pass a 35-question written 
exam (Element 2). The exam covers FCC regulations, 
basic electronics theory and operating practices, A pass- 
ing grade is 74%, or at least 26 correct answers out of the 
35 questions, 

Technician licensees are granted full amateur 
privileges on the extensive VHF, UHF and microwave 
amateur bands, including the Amateur Radio satelite 
bands. Yes, with a Technician license you сап talk to 
other amateurs around the world via satellite! Technician 
licensees can use the popular 2-meter band, where thou. 
sands of amateur-owned repeater stations provide solid 
‘communications aver large areas. 

Teams of Volunteer Examiners (VEs), who are 
accredited by a Volunteer Examiner Coordinator (VEC), 
give the Technician license exam (as are all amateur 
license exams). Thousands of exam sessions are held 
each year, so you shouldn't have to travel far or wait long 


to take one, Contact the ARRL/VEC Office for informa 
tion on exam sessions near you. Call 860-594-0300, send 
e-mail to vee@urrLorg, search for exam listings on 
ARRLWeb at wwwaarrl.org/arrlvec/examsearch.phtml 
or write to ARRL/VEC, 225 Main St, Newington, CT 
06111-1494. 

Ifyou start out as a Technician and then decide you'd 
also like to use the high-frequency bands, you can up- 
grade your license, Why would you want to do that? Well, 
the high-frequency (HF) bands offer the ability to talk to 
other radio amateurs around the world, without the use of 
satellites. On these frequencies, radio signals that go up 
into the upper regions of our Earth's atmosphere are bent 
back towards the Earth, and they can return hundreds or 
thousands of miles away. 

Опе step in the upgrade process is to pass a S-wpm 
Morse code exam. When you pass the Morse code exam 
уой will be allowed to operate on portions of four HF 
bands using Morse code. You will also be allowed to 
‘operate on one band using digital (computer-based) com- 
munications as well as voice. These portions of the HF 
bands are known as the Novice bands because that was the 
name of a previous class of license issued by the FCC. No 
new Novice licenses are being issued, but the old licenses 
сап still be renewed. An international treaty requires 
knowledge of Morse code for any Amateur Radio opera: 
tors who are using the HF bands. You can think of passing 


the Morse code exam as a way to obtain a Morse code 
endorsement for your Technician class license, granting 
you the authority to operate on the Novice bands. 

The Morse code and many abbreviations such as "Q 
signals" are understood internationally. This makes Morse 
code the ideal language for communicating with hams in 
foreign countries. Plenty of stations in other countries 
‘operate in the Novice hands. Quite a few US hams have 

їп more than 100 different countries 
using only these Novice license privileges, Your new 
privileges will begin the day you pass the exam. You will 
learn more about the Technician-license privileges as you 
study this book, 

For help learning Morse code we recommend Your 
Introduction to Morse Code, a package of two audio CDs 
or two audio cassettes that teach you the code, letter by 
letter. When you know the code, this package gives you 
practice at the 5 wpm speed required for the Morse code 
exam. The ARRL also offers Ham University, a computer 
program that will help you learn Morse code, 

You can take two more steps to upgrade your license. 
By passing another 35-question exam (Element 3) 
about FCC Rules, more advanced electronics theory and 
‘operating practices you can earn a General class license. 
You must also pass the S-wpm Morse code exam if you 
¡want to go directly from your Technician license to a 
General class license, With the General class license, you 
gain operating privileges on nine medium and high- 
frequency bands. The General class license gives you 
voice privileges on eight of those bands as well as allow 
ing you to operate with up to 1500 watts of power on 
them. 

The last upgrade step you can take is to earn the Ama: 


even contacted hı 


teur Extra class license. This one requires that you pass 
а SO-question written exam about FCC Ru 
electronics principles and operating practices. With the 
Extra class license comes fall amateur privileges on all 
bands. 


advanced 
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We Come From All Walks Of Life 


Having fun communicating with other hams and 
experimenting with antennas and radio circuits — that's 
what Amateur Radio is all about. That's why people from 
all walks of fife become hams. Young or old, we all enjoy 
the thrill of meeting and exchanging ideas with people 
from the other side of the Earth. The 
excitement of building a new project or getting a circuit 
to work properly and then using that project to talk with 
Someone "over the air" is almost beyond description. 

Hams all over the world affectionately call the place 
‘where they operate their radio the “shack.” This can be a 
corner of a basement or bedroom. It may be an entire 
тоот or equipment set on the kitchen table to operate and 
stored in а cabinet when пог їп use, The equipment might 
include a transmitter for sending and a receiver for lis- 

ning ога single piece of equipment called a transceiver 
designed to do both jobs. Many hams have an antenna 
outside, hung from a tree ог some other support, Hams 
сап (alk with a friend in the next town one minute and 
with a ham halfway around the world the next. 

Each Amateur Radio station has its own distinctive. 
call sign. The Federal Communications Commission 
(FCC) issues these call signs. Ham radio operators are so 
proud of their call signs that the two often become in- 
separable in the minds of friends, 

Patty, KD4WUJ, of Georgia enjoys getting on the 
air. Many of the hams who talk to Putty don’t know 
that she also goes by the name Patty Loveless, nor that 
she is a country music superstar. Thousands of hams 
have made contacts with Joe, МКТИ, who is a very 
active contest operator, Some of them remember that 
Joc Rudi used to roam the outfield in an Oakland A's 
uniform. There are many other celebrity hams who are 
active on the air. After you've talked with Joe, 
WB6ACU, you may want to listen to some music by 
‘The Eagles, with Joe Walsh on vocals and guitar. Over 
80 astronauts have their ham licenses, and they love 
lo take ham radio equipment along with them into 
space. In fact, Amateur Radio is a permanent part of 
the International Space Station. 
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Age Is No Barrier 

Age is no barrier to getting a ham license and joining 
in the fun, There are hams of all ages, from five years to 
more than 80 years. Samantha Fisher received her Tech: 
nician license at age 9. Known to her ham friends as 
KAIVBQ, she enjoys talking on 10 meters. 

Then there's Luke Ward, KO4IQ, of Alexandria 
Virginia, who was licensed at age 7. Luke upgraded to 
General at age 8, and became an Amateur Extra class lic- 
ensee when he turned 11. Luke hopes to experiment with 
"moonbounce“ — reflecting VHF/UHF signals off the 
‘moon to communicate over long distances. 

Like many hams, Dan Broniatowski, NSQWI, enjoys 
chasing DX from his Cleveland Heights, Ohio, station 
Dan was licensed at the age of 10, and received his Gen- 
eral license less than a year later. 

Ofcourse, young people aren't the only ones who are. 
active radio amateurs. Involved in many hobbies, Evelyn 
Fox of Merrimac, Wisconsin, played contract bride 
her AARP (American Association of Retired Persons) 
group on the 40-meter band. 

Evelyn was over 75 years old when she became inter 
ested in Amateur Radio, That didn't stop her from taking 
on the job of learning radio theory and the international 
Morse code, She found the theory a pleasant challenge: 
She joined a club, attended its classes, and became 
ЗУВ9О2А. Not bad for someone who knew nothing about. 
electronics when she first got stated. 

Bill Bliss, KD6AHF received his first ham license 
about 3 weeks before his birthday. So what, you say" He 
was 82 years old on 
that birthday! Bill 
says, "Some think 
that a bit old to start 
ham radio, but have 
the rest of my life to 
enjoy it 

Herb Kline is 


further proof that it's never too late to become а ham. 
Herb, KB2QGD, of Adams, New York passed his first 
license exam just before his 83rd birthday. Herb likes to 
operate CW (Morse code). He also stated learning about 
‘computers after earning his Amateur Radio license 


'ewing It" At Home 


Ham radio operators pop up in some of the least ex- 
pected places, Dr. Peter Pehem, 5247), was one of Africa's 


Some Early Amateur Ingenuity 


One young lad of seventeen, known to possess 
an especially efficient spark, CW and radio telephone 
station, was discovered to be the son of a laboring 
man in extremely reduced circumstances, The son 
had attended grammar school unti ho was able to 
Work, and then he assisted in the support of his family 
They were poor indeed. Yet despite this the young. 
chap had a marvelously completo and effective 
station, Installed in a miserable small closet in his 
mother's kitchen. How had he done it? The answer 
was that he had constructed every last detail of the 
Station himself. Even such complicated and intricate 
structures as head telephones and vacuum tubes 
were homemade! Asked how he managed to make 
these products of specialists, he showed the most 
ingenious construction of headphones from bits of 


flying doctors. He worked out of a small village on the 
north slope of Mount Kilimanjaro in Kenya. Pete was bit 
ten by an OSCAR bug, but couldn't do anything about it 
while on medical duty. He attacked it with great pleasure, 
however, when he was off duty 

Somebody gave Pete an old radiotelephone, a 
vacuum tube and some coaxial cable, The doctor added 
empty aspirin tins and а quartz crystal from his airplane 
radio, Right out there in the African bush, he fired up а 
homemade transmitter, built on the aspirin tins. Then he 
talked to the world through OSCAR, an Orbiting Satellite 
Carrying Amateur Radio. 

Pete proved something with his homemade gear: You 
don't need a shack full of the latest commercial equip. 
ment to have fun on the air. New hams find this out every 
day. Tom Giugliano, WA2GOQ, of Brooklyn, New York, 
contacted 26 states using a pre-World War II transmitter 
and receiver. He used a simple homemade wire antenna. 
Other hams have bridged the oceans to contact hams in 
Europe and Japan using simple equipment running less 
than 1 watt of power. Asa Technician licensee with credit 
for ihe 5 wpm Morse code exam, you'll be permitted to 
run 200-watts output on the HF bands, That's more than 
enough to contact other hams around the world. On the 
VHF, UHF and microwave bands, Technicians are 
allowed to use 1500-watts output, although that much 
power is rarely needed or used, 

There was a time, many years ago, when no commer 
cial equipment was available, The earliest hams, begin 
ning nearly 100 years ago, tried to find more efficient 
ways of communicating with cach other. АП early radio 
sets were "home brew” (home built) and were capable 
‘only of communication over several miles, Some trans: 
mitters were nothing more than a length of copper wire 
wrapped around an oatmeal box, attached to a few other 
basic parts and a wire antenna. Often the transmissions 
were one-way, with one transmitting station broadcasting. 


wood and wire, To build vacuum tubes ho had found 
Where a wholesale drug company dumped ils broken 
test tubes, and where the electric ight company 
dumped its burned-out bulbs, and had picked up 
enough glass to bulld his own tubes and enough bits of 
tungsten wire to make his own filaments. To exhaust 
the tubes he built his own mercury vacuum pump from 
scraps of glass. His greatest difficulty was in securing 
the mercury for his pump. He finally begged enough of 
this from another amateur. And the tubes were good 
‘ones — better than many commercially manufactured 
and sold. The greatest financial investment that this 
lad had made in building his amateur station was. 

25 cents for a pair of combination cutting pliers. 

His was the spirt that has mado Amateur Radio 

— Clinton B. Desoto, in 200 Meters and Down 
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sponded to the call, staffing positions 
at the Broken Arrow EOC and three 
hosnital emersency rooms 

Every day, amateurs relay thou- 
sands of routine messages across the 
country, aney send many oi these 
messages through “traffic nets” de- 
voted to developing the skill of send- 


ing and receiving messages efficiently. (A net is a gather- 
ing of hams on a single frequency for some specific pur 
pose. In this case the net's purpose is to "pass traffic” — 
relay messages.) This daily operation helps prepare hams 
for real emergencies. Also, each June thousands of hams 
across the country participate in the ARRL Field Day. 
They set up portable stations, including antennas, and use 
emergency power, Relaying messages and operating on 
Field Day helps hams to test their emergency communi- 
cations capabilities and to help them identify problems 
that could arise in the event of a disaster. 


MAYDAY — We're Going Down 

In September 1991, Pacific storm caught wo boats, 
the Molly Sue and the Dauntless, eastbound from Hawaii 
то California, The Molly Sue and the Dauntless bad in- 
tended to travel together, but the Dauntless, a 65-foot 
schooner, outran the other boat by 500 miles in the storm, 
ош of maritime radio range 

The storm's winds ripped the Molly Sue's sails and 
broke her halyard, injuring a crewmember in the process 
— injuries that appeared serious. Alerted by hams oper- 
ating on the California-Hawaii net, with whom the Molly 
‘Sue's skipper was in contact, the Coast Guard diverted a 
freighter to help, Unfortunately, the Molly Sue needed 
new sails. A local ham picked up a set of sails from the 
skipper's home in San Diego, and delivered them to the 
‘Coast Guard. The Coast Guard parachuted the sails to the 
Molly Sue 

Meanwhile, the Dauntless, back in radio ran; 
ported she was taking on water and running out of fuel 
The net relayed this word to the Coast Guard, and the 
Dauntless was towed to San Francisco. The Molly Sue, 
fitted with new sails, arrived safely in San Diego, 

‘An FCC official commended the hams on the net for. 
their “shining example ofthe communications skills, dedi- 
cation and public spirit of the amateur service." 


Fires 
And Floods: Hams Are There 
In February 2000, a major tornado leveled a housing. 
development in Camilla, Georgia. Other storms in the area 
also tore roofs from houses and flattened mobile homes, 
‘The storms caught many residents by surprise since warn- 
ings were not issued until after they'd already gone to bed 
Tor the night, At least 22 people were killed and over 100 
‘were injured. More than 500 families lost their homes. 
Thousands were left without power in Georgia and else- 
where. The storm that wreaked havoc on Georgia was part 
‘ofa system that also struck Arkansas, Tennessee, Missis- 
sippi and Alabama before moving into Georgia, north- 
eastern Florida and the Carolinas 
With telephone lines gone and no communications 
into the area, hams responded to set up communications 
links in shelters and provide other vital communications. 


Thousands of inquiries came in to ARRL Headquarters 
and to individual hams across the country. Friends, rela- 
tives and business associates worried about people in the 
affected area. 

Why did they choose to ask Amateur Radio opera- 
tors to help them? Over the decades, hams have volun- 
teered their services in times of emergency to relay vital 
information to and from stricken areas. With local power. 
and telephone communications knocked out, hams get to 
work. Using amateur stations that fit in briefcases, they 
relay messages between residents and their worried rela- 
lives and friends outside the stricken area. These tiny 
stations often include a hand-held Amateur Radio trans- 
ceiver, u lap-top computer and a radio modem called 
a terminal-node controller, or TNC. Local hams go back 
to their regular routine of working and spending time 
with their families only after workers restore regular 
communications channels. 

The summer of 1993 ix one that won't soon be forgot- 
ten across the middle of the US. In early April heavy rain 
caused rivers and streams to rise. Crews were laying sand 
bags along some stretches of the mighty Mississippi to 
fend off the rising water. In June, many Field Day plans 
turned to real emergency communications events as flood- 
ing occurred along the Minnesota River in the St. Peter. 
Minnesota area. The rain continued through July, and 
people in Kansas, Kentucky, Jowa, Illinois, Missouri, 
Minnesota and Wisconsin were affected. It was Septem- 
ber before all the floodwaters had retreated. Through it 
all, Amateur Radio operators were there, providing vital 
emergency communications and helping coordinate sand 
bagging and rescue efforts, In Saint Charles county Mis- 
sour, hams operated from the emergency operations cen- 


This used to be a pickup truck—before a tornado 
wrapped it around a tree. 
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Public service has been a ham tradition since the 
very beginning. Whether it's a 

Olympic Torch Run or the afte 

tornado or other disaster, hams are always there to 
help with communications, which they provide 

cost to the group involved, Here, Mark 

N2PGD checks the volunteer communicator shift 
‘schedule, Simone Lambert, KATYVF handles 
‘schedule management from the World Trade Center 
Disaster Relief Communications site. 


ter (EOC) 24 hours per day from July 2 through August 
20. Volunteers came from across the country to relieve 
‘weary radio operators and help wherever needed, 

Terrorists struck our country on September 11, 2001 
їп a way that most of us would never have imagined. 
Within 5 minutes of the first plane attack on the World 
Trade Center, the New York City Amateur Radio Emer- 
gency Service (ARES) group was activated! Hundreds of 
‘Amateur Radio operators answered the call for assistance. 
The net was on the air continuously, with operators takin, 
turns in shifts For two weeks, 

Radio amateurs help when the emergency is outside 
the US, too. In September 1989, Hurricane Hugo did ter 
rible damage to island nations in the Caribbean, and 
Puerto Rico. Most of the islands were completely cut off 
from the outside world; all normal means of communica- 
tion were destroyed. Through volunteer Amateur Radio 
networks, shipments of relief and medical supplies were 
coordinated. Island residents were able to contact loved 
‘ones on the mainland and other islands. Amateur Radio 
“jump teams" even sped to the affected areas to help re 


No Barriers To Enjoying Ham Radio 


Amateur Radio holds no roadblocks for people with 
disabilities, Many people who are unable to walk, see oF 
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talk are able to enjoy their Amateur Radio hobby, con- 
versing with friends in their hometown or across the 
world. Some local ham clubs even 
10 help a person with a disability discover ham radio 

Although unable to leave his bed, Otho Jarman was 
able to earn his ham license, Bill Haney, KE3CO, (then 
WA6CMZ) helped Otho learn the Morse code and pass 
his license exam through such a club program. Bill spent 
опе hour each week teaching Otho the code, and in seve 
weeks he passed his license exam. Other members of the. 
Barstow (California) Amateur Radio Club helped Otho 
put his station together. They obtained equipment for him 
and constructed antennas, 

Soon, Otho, WB6KYM, was on the air talking with 
Ват» in Mozambique, Nicaragua and Puerto Rico, He 
could communicate with the world from his bed, Sixteen 
years earlier, at age 22, Otho had broken his spine when 
һе dove into a reservoir to rescue a drowning child. Al- 
though interested in Amateur Radio for years, he had not 
had an opportunity to learn about it until the club came 
along. Now he monitors local frequencies from 7 AM 10 
10 PM, often just chatting or giving directions to motor 


take classes to a home 


‘Amateur Radio can take a disabled person out of his 
living room, ош of his bed ог out of his wheelchair, and 
put him in the real world,” Otho says. 

The Courage Center, of Golden Valley, Minnesota 
sponsors the HANDI-HAM system to help people with 
physical disabilities obtain amateur licenses, The system 
provides materials and instruction to persons with disabili 
ties interested in obtaining ham licenses. The Center also 


provides information to other hams, “verticals,” who wish 
to help people with disabilities earn a license, Write to: 


Courage HANDI-HAM System 
Courage Center 

3915 Golden Valley Road 
Golden Valley, MN 55422 


Dr Tom Linde, К20Т, and Tracy Schramm, KCOHXU, 
program a hand-held radio at a Handi-Hams Radio 


Now You're Talking! 


Once you've earned your Technician license, you 
can join the millions of other hams on the air. Then you'll 
gin to experience the thrill of Amateur Radio firsthand. 
As a ham, you can contact other hams in your town and 
around the world. You can talk into a microphone to use 
either single sideband (SSB) or frequency modulation 
(FM) to communicate, If you want, you can experience 
the thrill of using the international Morse code (called 
'CW" by hams), You can even communicate by packet 
radio or radioteletype using a computer. You can do all 
this on parts of special frequency bands set aside by the 

FCC for Amateur R: 
For your first со 


о operators. 
act, You may choose to listen to the 
local repeaters, hoping to hear another ham, Perhaps you 
will decide to transmit: "KBIDCO listening,” Suddenly 
you'll hear your own call coming back! It's hard to de- 

xcitement, Someone else is sendi 
in back to let you know that they hear you and want to 
ke contact. 


scribe the our call 


There аге many hobbies within the hobby 
of Amatour Radio. Some hams collect 
OSL cards and awards. Others love the 
thrill of talking to rare DX stations in. 
foreign lands, while stil others enjoy 

«changing pictures by slow-scan 
television. You'll find one or more of 
these pastimes enjoyable, and in time 
you'll probably try most of them. 


Operating with SSB ог CW, perhaps you will tune. 
round looking for a station calling "CQ" (calling for any 
station to make contact). Maybe you'll even try calling а 
CQ on your own, Each time you send a CQ, you'll wonder 
who will answer. It could be a ham in the next town, the 
next state or clear across the country, The whole world is 
full of hams to talk te. 

You can do many wonderful things as a ham. After 
you have been on the air for à while, you'll be known as 
‘one of the regulars on the band. I's surprising how many 
people from all over you'll recognize and who will recog- 
nize you. Many a fast friendship has developed through 
repeated on-the-air contacts. 

Soon you'll be collecting contacts with different 
states and exchanging OSL cards (postcards) with other 
hams you've talked to, These special cards commemorate 
each contact. They also serve as proof of the contact as 
you begin working toward some of the awards issued by 
the ARRL. [The Worked All States (WAS) award is one 
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Popular example.) You'll learn more about the special 
language and abbreviations that hams use as you study. 
Chapter 6 has a ist of common “О signals" used by most 
hams, for example. 

There is a certain intrigue about DX (long-distance 
communication) that catches many hams. Talking to hams 
from other lands can be quite ап experience. After ай, 
foreign hams are people just like you who enjoy finding 
ош about other people and places! Also, hams in other 
countries often speak enough English to carry on a limited 
conversation, so you'll have little problem there. Whether 
you stay a Technician, add Morse code credit to your li 
cense or upgrade to General or Amateur Extra, Amateur. 
Radio offers many opportunities to contact DX stations 

If you enjoy a little competition, perhaps you'll ike 
on-the-iir contesting, The object of a contest is to work as 
many people in as many different areas as possible in a 
certain time. Each year, the ARRL sponsors a number of 
contests and operating events, Several of these events 
have provisions to encourage beginning operators. For 
‘example, the Field Day rules (always the fourth full week- 
end in June) include a provision for a station that encour- 
ages clubs a involve beginners. The club can add a "ree" 
VHF/UHF station without affecting their entry category. 
There are even contests specifically for VHF/UHF opera- 
tors, where Technician class operators have all operating, 
privileges. All these events give you the chance to contact 
old friends and make new ones, You might work some 
new states or countries, and if you use Morse code you 


will increase your code speed. You are certain to improve 
your general operating skills and ability. Most of all, 
though, you will have fun. 


Other Modes 


Technician-class licensees may use just about every 
type of communication available to Amateur Radio op- 
erators, You should become familiar with these modes. In 
addition to voice and Morse code, you may want to inves- 
tigate some of the less traditional modes, 

With slow-scan television (SSTV), hams send still 
photos to each other, one frame at a time. It takes between 
20 seconds to two minutes for the bright band of light to 
creep down the screen and paint a complete color picture. 
(Your home TV makes 30 complete pictures per second.) 
SSTV pictures may be transmitted with a hand-held radio 
and even over repeaters (with the repeater owner's per- 
mission, of course). They can also be sent around the 
World using shortwave (HF) ham transmitters. Many hams 
use computer software and adapters to enjoy the fun of 
SSTV even without a video camera. Facsimile (fax) is а 
means of sending drawings, charts, maps, graphs and pic- 
tures. You can even play games over the air by transmit- 
ting fax pictures of each move, 

Amateurs even exchange amateur television (ATV) 


40 Introduction 


Clarence, AB2BP, had litte interest in Amate 
Radio — until he realized the 

(ATV) could add a new viewpoint to his other hobby 
of radio-controlled flying. 


or "fast scan ТҮ" pictures on some UHF bands, That's TV 
using the same standards as your "regular" home TV. Full 
moving-picture video by Amateur Radio is great for pub- 
lic service communications as well as general fun! 
Using the “digital” modes, а ham can type out a 
message and send it over the air to a friend’ station. Even 
if the friend is away, her radioteletype system can receive 
and hold the message until she returns. Early digital sys- 
tems used mechanical machines cast off by news services. 
Today, many hams use personal computer systems. These 
display the message silently on a TV screen rather than 
using roll after roll of paper with noisy, clacking type- 
writer keys. There are a growing number of modern com- 
puter-controlled systems capable of relaying messages 
and storing them for later reception by the intended ham. 


Ham Satellit. 


Hams use satellites to communicate in voice, code, 
radioteletype and packet radio around the world. Long- 
distance telephone, radio and TV broadcasters also use 
communications satellites to relay signals around the 
‘world. Hams are special, though, because their satellites 
are known as OSCARS (Orbiting Satellites Carrying 
Amateur Radio), which were designed and built by ama- 
‘Some schools use the OSCARS to instruct students in 
science and math. No license is needed to listen, so many 
students across the country have eavesdrapped on Ar 
teur Radio transmissions. A receiver and an antenna are 
all you need to introduce students to the exciting world of 
space technology. Many Amateur Radio clubs have 
worked with school systems to schedule а contact with 
astronauts onboard the International Space Station. How 
exciting would it be to talk to an astronaut live by Ama- 
teur Radio? Many students have found out first hand! 


What Are You Waiting For? 

You can operate in any of these exciting modes when 
you become an Amateur Radio operator. Take the time to 
explore the adventure of ham radio! As a new or prospec- 

¡cur operator, you will begin to discover the wide 

of your new pastime, You will learn more about 
the rich heritage we all share, Take this sense of pride with 
you, and follow the Amateur's Code. 


When It's Time To Upgrade 

ARRL has all the study materials you will ever need. 
for any Amateur Radio license exam. Always complete 
Always accurate. Always up to date. Whether you are 
preparing to study for your General license exam or for 
the Amateur Extra exam, there isan ARRL License Manual 
ready to help. The ARRL General Class License Manual 
and The ARRL Extra Class License Manual are completely 
revised when those new question pools are released by the 
VEC Question Pool Committee. ARRL's Tech O & A, 
ARRL's General Q & A and ARRL's Extra © ФА provide 
convenient question and answer format study guides. 

Ве sure you have the latest study materials, covering 
the current question pool, no matter which license exam 
you are preparing to take. Call the ARRL Publications 
Sales Staff for assistance with placing your order (888- 
277-5289 toll-free) or check out ARRLWeb Гога complete 
catalog and on-line ordering: www.arrLorg/ 

When you are ready to learn Morse code, check out 
the ARRL's line of Morse code training products, too 
Available as а set of two audio CDs or two cassette tapes, 
Your Introduction to Morse Code teaches you all the char- 
acters needed for your 5 wpm Morse code exam, If you 
prefer to use your TBM-PC compatible computer to learn 
Morse code, then you will want a copy of the Ham Univer- 
sity program, available from ARRL. 


The Amateur's Code 


The Radio Amateur is: 

CONSIDERATE... 
never knowingly operates in such a way as 
to lessen the pleasure of others. 

LOYAL... 
offers loyalty, encouragement and support 
to other amateurs, local clubs, and the 
ARRL, through which Amateur Radio in the 
United States is represented nationally and 
internationally. 

PROGRESSIVE... 
with knowledge abreast of science, a well- 
built and efficient station and operation 
above reproach. 

FRIENDLY 
slow and patient operating when requested; 
friendly advice and counsel to the beginner, 
kindly assistance, cooperation and 
consideration for the interests of others. 
‘These are the hallmarks of the amateur 
spirit. 

BALANCED... 
radio is an avocation, never interfering with 
duties owed to family, job, school, or 
‘community. 

PATRIOTIC... 
station and skill always ready for service to 
‘country and community. 

The original Amateur's Code was written by 
Paul М. Segal, W9EEA, in 1928. 
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Table 1—Technician Class (Element 2) Syllabus 
(Required for all operator licenses.) 


SUBELEMENT T1 - FCC Rules 
[5 Exam Questions — 5 Groups] 


TA 


Definition and purpose of Amateur Radio 
Service, Amateur-Satellte Service in places 
Where the FCC regulates these services and 
elsewhere; Part 97 and FCC regulation of the 
amateur services; Penalties for unlicensed 
operation and for violating FCC rules; 
Prohibited transmissions. 

International aspect of Amateur Radio: 
International and domestic spectrum allocation; 
Spectrum sharing; International 
Communications; reciprocal operation; 
International and domestic spectrum allocation; 
Spectrum sharing; International 
Communications; reciprocal operation. 

AI about license grants; Station and operator 
license grant structure including 
responsibilities, basic differences; Privileges of 
the various operator license classes; License 
grant term; Moditying and renewing license 
‘rant; Grace period 

Qualifying for a license; General eligibility; 
Purpose of examination; Examination elements: 
Upgrading operator license class; Element 
credit; Provision for physical disabilities. 
‘Amateur station call sign systems including 
‘Sequential, Vanity and Special Event; ITU 
Regions; Call sign formats. 


SUBELEMENT Т2 — Methods of Communication 
[2 Exam Questions — 2 Groups] 


TA 


How Radio Works; Electromagnetic spectrum; 
Magnatic/Electric Fields; Nature of Radio 
Waves; Wavelength; Frequency; Veloci 

Sine wave/Hertz; Audio and Radio frequency. 
Frequency privileges granted to Technician 
class operators; Amateur service band 
Emission types and designators; Modulation 
principles; AM/FM/Single sidebandlupper-lower, 
Intemational Morse code (CW), RTTY, packet 
radio and data emission types; Full quieting. 


SUBELEMENT T3 - Radio Phenomena 
[2 Exam Questions - 2 Groups] 


T3A 


How a radio signal travels; Atmosphere! 
iroposphere/ionosphere and ionized layers; 
Skip distance; Ground (surface)/sky (space) 
Waves; Single/mulihop; Path; lonospheric 
absorption; Refraction. 

НЕ va, VHF vs. UHF characteristics; Types ot 
YHF-UHF propagation; Daylight and seasonal 
variations; Tropospheric ducting: Line of sight; 
Maximum usable frequency (МШЕ); Sunspots 
and sunspot Cycle, Characteristics of different 
bands. 


Introduction 


SUBELEMENT T4 — Station Licensee Duties 

[3 Exam Questions — 3 Groups] 

TAA Correct name and mailing address on station 
license grant; Places from where station is 
authorized to transmit; Selecting station 
location; Antenna structure location; Stations 
Installed aboard ship or aircraft. 

Designation of control operator; FOC 
presumption о! control operator; Physical 
control of station apparatus; Control point; 
Immediate station control; Protecting against 
unauthorized transmissions; Station records; 
FCC Inspection; Restricted operation 

Providing public service; emergency and 
disaster communications; Distress calling; 
Emergency drils and communications; Purpose 
of RACES. 


 SUBELEMENT Т5 - Control Operator Duties 

[3 Exam Questions — 3 Groups] 

TSA Determining operating privileges, Where control 
operator must be situated while station is 
locally or remotoy controlla; Operating other 
amatour stations 
Transmitter power standards; ntererenos to 
stations providing emergency communications; 
Station identicaton requirements 
Authorized transmissions, Prohibited practices; 
Third pary communications; Retransmiting 
radio signals, One way communications. 


SUBELEMENT T6 - Good Operating Practices 

[3 Exam Questions — 3 Groups] 

ТА Calling another station; Calling СО; Typical 
amateur service radio contacts; Courtesy and 
respect for others; Popular O-signals 
reception reports; Phonetic alphabet 
‘operations, 

‘Occupied bandwidth for emission type 
‘Mandated and voluntary band plans: CW 
poration, 

TVI and AFI reduction and elimination, Band! 
Low/High pass fitr, Out of band harmonic 
Signals, Spurious Emissions, Telephone 
interference, Shielding, Receiver Overload. 


 SUBELEMENT T7 Basic Communications 

Electronics 

13 Exam Questions — 3 Groups] 

TTA Fundamentals of electricity; AC/DC power; 
units and definitions of current, voltage, 
resistance, inductance, capacitance and 
impedance; Rectification: Ohm's Law principle 
(simple math: Decibel; Metric system and 
Prefixes ee pico, nano, miro, mili, дес, 
Conti lo, mega, giga). 


Basic electric circuits: Analog vs. digital 
communications; Audio/RF signal; 
Amplification. 

Concepts of Rosistance/resistor; Capacitor/ 
capacitance; Inductor/inductance; Conductor/ 
Insulator, Diode; Transistor, Semiconductor 
devices; Electrical functions of and schematic 
symbols о! resistors, switches, fusos, batteries, 
inductors, capacitors, antennas, grounds and 
polarity, Construction of variable and fixed 
Inductors and capacitors. 


SUBELEMENT T8 - Good Engineering Practice 
16 Exam Questions - 6 Groups] 


TBA 


Basic amateur station apparatus; Choice of 
‘apparatus for desired communications; Setting 
up station; Constructing and moditying amateur 
station apparatus; Station layout for CW, SSB, 
ЕМ, Packet and other popular modes. 

How transmitters work; Operation and tuning; 
VFO; Transceiver; Dummy load; Ant 

switch; Power supply: Amplifier; Stabil 
Microphone gain; FM deviation; Block 

‘of typical stations. 

How receivers work, operation and tuning, 
including block diagrams; Super-heterodyne 
including Intermediate frequency; Reception 
Demodulation or Detection; Sensitivity; 
Selectivity; Frequency standards; Squelch and 
audio gain (volume) control. 

How antennas work; Radiation principles; Basic 
construction; Half wave dipole length vs. 
frequency: Polarization; Directivity; ERP; 
Directional/non-directional antennas; Multiband 
antennas; Antenna gain; Resonant frequency; 
Loading coil; Electrical vs. physical length 
Radiation pattern; Transmatch. 

How transmission lines work; Standing waves/ 
Swe Sten mal 

of transmission lines; Feed point; Coax 

cable; Balun; Waterproofing Connections. 
Vollmeter/ammeter/ohmmeter/mult/S-meter, 
peak reading and RF watt meter; Building! 
‘modifying equipment; Soldering; Making 
‘measurements; Test instruments. 


 SUBELEMENT ТЭ - Special Operations 
[2 Exam Questions — 2 Groups] 


TOA 


How an FM Repeater Works; Repeat 
Operating procedures; Available frequencias: 
input/output frequency separation; Repeater ID 
requirements; Simplex operation; Coordination; 
Time out; Open/closed repeater; Responsibility 
{or interference. 

Beacon, satelite, space, EME communications; 
Radio control of models; Autopatch; Siow scan 
television; Telecommand; CTCSS tone access; 
Duplexicrassband operation, 


SUBELEMENT TO - Electrical, Antenna 
Structure and RF Safety Practices 
16 Exam Questions - 6 Groups] 


TOA 


Sources of electrical danger in amateur 
stations: lethal voltages, high current sources, 
fire; avoiding electrical shock; Station wiring 
Wiring a threo wire electrical plug; Need for 
main power switch; Safety Interlock switch; 
Open anon circuit; Fuses; Station grounding. 
Lightning protection; Antenna structure. 
installation safety; Tower climbing Salety; 
Safety belvhard haUsalely glasses; Antenna 
structure limitations. 

Definition of RF radiation; Procedures for RF 
‘environmental safety; Definitions and 
‘guidelines. 

Radiofrequency exposure standards; Near/tar 
field, Field strength; Compliance distance: 
Controled/Uncontrolled environment. 

RF Biological effects and potential hazards; 
Radiation exposure limits; ОЕТ Bulletin 65; 
MPE (Maximum permissible exposure), 
Routine station evaluation. 
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FEDERAL 


COMMUNICATIONS 


COMMISSION'S 
RULES 


After your license exam, you 


will anxiously watch the 
Volunteer Examiners grade 
your test. You will be all 
smiles when they announce 
that you have passed 

your exam! 


jart 97 of the Federal Communication Commission's 
govern the Amateur Radio Service in the 

United States. Each Amateur Radio license exam 
includes questions coves 


ions of these rules. There 
ons from the FCC Rules section of the Tech. 
pter of Now You're Talking! 

d by those questions. 
elude a complete listing of the 
10 FCC modifies Part 97 on an irregular 


are five ques 


a new Technician Question Pool every four years, We do. 
recommend, however, that every Amateur Radio operator 
have an up-to-date copy of the rules in their station for 
reference. The ARRL's FCC Rule Book contains the com- 
plete text of Part 97, along with detailed explanations of all 
the regulations. The ARRL's FCC Rule Book is updated as 
necessary to keep it current with the latest rules changes. 
The five rules questions on your Technician license 
exam will come from five exam-question groups. Each 
group forms a subelement section on the syllabus or study 
guide, and the question pool. The five groups are: 


TIA Definition and purpose of Amateur Radio Service, 
Amateur. Satelite Service in places where the FCC 
regulates these services and elsewhere; Part 97 and 
FCC regulation of the amateur services; Penalties 


for unlicensed operation and for violating FCC 
rules; Prohibited transmissions. 
International aspect of Amateur Radio; International 
and domestic spectrum allocation; Spectrum shar- 
ing; International communications; reciprocal op- 
eration; tional and domestic spectrum 
allocation; Spectrum sharing: International commu- 
iprocal operation 


gra 
it license grant; Grace p 

Qualifying for a license; 

pose of examination: Examination el " 

Wing operto lcu: Glam. Киин crodk 

Provision for physical disabilities 

Amateur station call sign systems including Sequen- 

tial, Vanity and Special Event; ITU Regions: Call 

sign formats. 


When you tune an AM or FM broadcast radio to your 
favorite station, you select a specific spot on the tuning 
dial. There are many stations spread across that dial. Each 
radio station occupies a small part of the entire range of 
‘electromagnetic waves.” Other parts of this range, or 
spectrum, include microwaves, X-rays and even infrared 


Federal Communications Commission's Rules 1.1 


А | 
E 


ultraviolet and visible light waves. When Amateur Radio 
‘operators talk about picking an operating frequency, they 
are selecting a spot on their tuning dial. That is one way 
you can think about a simple definition of frequency 
(Throughout this book you will find words printed in 
boldface type. These are important terms, which we call 

words, They are usually printed in boldface type the 

time they are used in the text. There is a simple defi- 
nition of the term in the text, These key words have also 
been collected in a Glossary of Key Words in the Appen- 
dix to the book. You may find it helpful to review the 
definitions in the Glossary of Key Words as final prepa- 
ration for your exam.) 

Figure 1.1 shows the electromagnetic spectrum from 
below the radio range all the way through the X-rays. 
Amateur Radio occupies only a small part of the total 
available space. Countless users must share the electro- 


magnetic spectrum. 
You may be thinking: “Who decides where Amateur 
Radio frequencies will be, and where my favorite FM 
broadcast station will be?" That's a good question, and 
the answer has several parts 
Radio signals travel to distant comers of the globe, 
so there must be a way to prevent total chaos on the bands, 
‘The International Telecommunication Union (ITU) has 
the important role of dividing the entire range of commu- 
ications frequencies between those who use them, Many 
radio services have a need for communications frequen- 
cies, These services include commercial broadcast, land 
mobile and private radio (including Amateur Radio). ITU 
member nations decide which radio services will be given 
certain bands of frequencies, based on the needs of the 
different services. This process takes place at ITU-spon- 
sored World Radio Conferences (WRCs). 


Why is there Amateur Radio? 


In the case of Amateur Radio, the ITU has long rec- 
‘ognized that hams are invaluable in times of emergency or 
disaster. The ITU makes frequency allocations on an in 
ternational basis, The Federal Communications Commis 
sion (FCC) decides the best way to allocate frequency 
bands to those services using them in the US, The FCC is 
the governing body in the United States when it comes to 
Amateur Radio, Title 47 of the Code of Federal Regula- 
tions governs all telecommunications in the US. It in- 
cludes Parts 0 through 300. An entire part of the FCC 
Rules is devoted to the amateur service — Part 97. The 


amateur service rules in Part 97 describe station operation 
standards, technical standards and emergency communi 
cations. As you learn more about Amateur Radio, you'll 
become more familiar with Part 97, 

To gain the privilege of sending a radio signal over 
the airwaves in the US, you must pass a license exam, 
To earn a Technician license, you will need to pass a 
35-question exam covering basic radio theory and FCC 
regulations. There is no Morse code requirement for the 


Technician exam. You can earn a higher-class license, 
‘with more privileges, by passing an exam in the Interna 


In the days before the giant eruption that demolished 
vast areas around the Mount St. Helens volcano 

in Washington, volunteer amateurs monitored 

its behavior. Hams are ready lo do whatever. 

they can when someone needs thelr communi- 
cations services. Because of the suddenness 

and extent of that eruption, two hams lost 

their lives while helping to monitor the voleano. 


tional Morse code, By passing the 5 word-per-minute 


Bree ČO Суши уйй watt UE amu so Grete UN pur 
tions of four of the amateur high frequency (HF) bands 
By passing more difficult written exams you can earn the 
General class and then the Amateur Extra class license 
Right now, though, you are interested in getting started 
with Amateur Radio, and this book will prepare you to 
earn your first Amateur Radio license. 


The Five Principles 
Setia S a lis Rules FOC erer ber the 
basis and purpose of the amateur service, It consists of 
five principles: 


97.1(a) Recognition and enhancement of the value 
of the amateur service to the public as a voluntary non- 
commercial communication service, particularly with 
respect to providing emergency communications. 

The best-known aspect of Amateur Radio may be our 
Norima Communications channels often break down dur: 
ing hurricanes, earthquakes, tornadoes, forest fires, air- 
plane crashes and other disasters. Amateur Radio is 
frequently the first available means of contact with the 
outside world from the affected area. Red Cross and other 
civil-defense agencies rely heavily on the services of 
volunteer radio amateurs. 

One of the more noteworthy aspects of Amateur 
Radio js its noncommercial nature. In fact, amateurs may 


Stations, (There plion o ihis rule, which 
we will explain later) This means that hams make their 
services available free of charge. This is true whether they 
are assisting a search-and-rescue operation in the Sierra. 
Nevada, relaying Healih-and- Welfare messages from a 
disaster-stricken Caribbean island or providing commu- 
nications assistance at the New York City Marathon. Talk 
about valu 

Why do hams work so hard if they can't he paid? It 
IVES ШЕН 0 IMMENSE (SELIM dl U Sie 
It's like the good feeling you get when you lend a hand to 
an elderly neighbor, only on a much grander scale. Hams 
‘operate their stations only for personal satisfaction and 
enjoyment, They don't talk about business matters on the 
air. (FCC rules don't allow business communications over 
‘Amateur Radio.) 


97,1(b) Continuation and extension ofthe amateur's 
proven ability 10 contribute 10 the advancement of the 
i A 


Tn the early days of radio there were no rules, but in 
1912 Congress passed a law to regulate the airwaves. 
Amateurs had to keep to a small range of frequencies 
(known as “short waves”). There they would remain “out 
of the way” — everyone knew that radio waves couldn't 
travel very far at those frequencies. Ha! Amateurs soon 
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overcame the restrictions, They werg an 
Kerič Wii fauo Dropaganiit we uy Ur now Ta- 
dio waves travel through the atmosphere. When vacuum 
tubes became available, amateurs began to develop much- 
improved radio communication circuit. 

Today, the traditions and spirit in Amateur Radio 
remain. Amateurs continue to experiment with state-of- 
the-art technologies. Advancement of the radio an takes 
a major portion of an amateur's energies. The FCC pro- 
motes this amateur experimentation and technical devel- 


pas 
aa e dan eiie 

97.1(c) Encouragement and improvement of the 
‘amateur service through rules which provide for advanc 
ing skills in both the communications and technical phases 
of the art 


sof the ser 


Along with some of the technical as 
vice, amateurs also hold special traini 
preparation for communications emergencies Simiued 


{ice Communicating under emergency conditions, are Just 
two ways amateurs sharpen their operating skills. 


97.1(d) Expansion of the existing reservoir within. 
the amateur radio service of trained operators, techni- 
cians and electronics experts. 


Self-training, station operating standards, intercom- 
‘munication and technical investigation are all-important 
parts of the amateur service, We need more amateurs who 
pepe Р . —— 
they are a nat 


mal resource to the public 


97.1(e) Continuation and extension ofthe amateur's 
unique ability to enhance international goodwill. 


ages enjoy the thrill of communicating 

ir Radio. This photo shows Iris, ZS2AA, 
‘age 93, and Elaine, ZR2ELF, age 12, two hams in. 
‘South Africa, 


Hams аге unique, even in his time of worldwide jet 
travel, They journey to the far reaches of the earth and talk 
‘with amateurs in other countries every day. They do this 
simply by walking into their ham shacks. International 
peace and coexistence are very important today, Ama- 
teurs represent their countries as ambassadors of good- 
will. Amateur-to-amateur communications often cross the 
cultural boundaries between societies. Amateur Radio is 
A teacher in Lincoln, Nebraska, trading stories with the 
headmaster of a boarding school in a London suburb. lt is 
a tropical-fish hobbyist learning about fish in the Amazon 
from a missionary stationed in Brazil. Amateur Radio is 
а way to make friends with other people everywhere. 
To summarize, the five principles on which the ama- 
eur service is based are to recognize the value of emer- 
gency communication skills, advance the radio art, 


improve communication and technical skills, to increase 
the number of trained radio operators and electronics 
experts, and to improve international goodwill. These five 
principles provide the basis and purpose for the amateur 
service, as set down by the FCC, These principles place a 
large responsibility on the amateur community — a re- 
sponsibility you will share. It is the Commission's duty to 
‘ensure that amateurs are able to operate their stations prop- 
erly, without interfering with other radio services, All 
Amateurs must pass an examination before the FCC will 
issue a license authorizing amateur station operation. It's 
а very serious matter. 

While the FCC expects you to operate your station 
properly, the construction of your station is up to you, 
There are no FCC requirements for amateur station con 
struction, 


The Amateur Service 


‘The FCC defines some important terms in Section 
97.3 of the amateur rules. The amateur service is "A 
radiocommunication service for the purpose of self-train 
ing, intercommunication and technical investigations car- 
ried out by amateurs, that is, duly authorized persons 
interested in radio technique solely with а personal aim 
and without pecuniary interest“ Ресшишгу means related 
to money or other payment. In other words, you can't be 
paid for operating your station or providing a communi 
cations service for some individual or group. (There is 
опе exception. А club station operator — such as at 
ARRL's WIAW — may be paid while the station trans- 
mits information bulletins of interest to Amateur Radio 
operators.) Pecuniary means more than money. You can't 
trade à communications service from your Amateur Ra- 
dio station in return for other types of service or materials, 
either, Amateurs learn various communication skills on 
their own, and carry out technical experiments in elec- 
tronies and radio principles, 

‘An amateur operator is a person who has been 
granted a license in the amateur service. In the United 
States, the Federal Communications Commission issues 
these licenses. A US amateur license allows you to oper 
ate wherever the FCC regulates the amateur service. That 
includes the 50 states as well as any territories under US 
government control, An amateur operator performs 
communications in the amateur service, 

How does the FCC define an amateur station? “A 
station licensed in the amateur service, including the ap- 
paratus necessary for carrying on radiocommunications." 
"The person operating an amateur station has an interest in 
selftraining, intercommunication and technical investi 
gations or experiments. 

An Amateur Radio license is really two licenses in one 
— an operator license and a station license. The operator 
license is one that lets you operate a station within your 


authorized privileges on amateur service frequencies. You 
must have an amateur license to operate a transmitter on 
amateur service frequencies. This license is your permission 
to control the transmissions of an amateur station. 

‘The station license authorizes you to have an amateur 
station and its associated equipment It also lists the call sign 
"at identifies that sation. The FCC calls this license an ama- 
teur operator/primary station license. One piece of paper 

ncludes both the operator and the sation license, Figure 1.2 
shows an actual Amateur Radio license document. 

‘The operator license portion lists your license class 
and gives you the authority to operate an amateur station, 
‘The station license portion includes the address of your 


‘This gentleman brought his 10-GHz microwave 
station to the summit of Mount Monadnock In New 
Hampshire to take part in an ARRL-sponsored 
contest. Many hams enjoy operating away from the 
comforts of home. 
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Figure 1.2 — An FCC Amateur Radio license Is 
actually two licenses in one — the station license 
and the operator's license. The printed license 
‘document also comes in two parts. One part is 
Suitable for framing and display in your station. The 
other сап be folded in half and carried in your wallet 


primary, or main, Amateur Radio station, The station li 
cense also lists the call sign of your station. It is your 
written authorization for an amateur station, 

‘Your Amateur Radio license is valid as soon as the 
FCC posts the information about your license in their elec- 


tronic database. You don't have to wait for the actual 
license document to arrive in the mail before you begin to 
transmit, You can check the FCC database on one of the 
Internet license "servers" (or someone else can check it 
for you), There is a call sign lookup service on ARRLWeb: 
www.arrLorg/fec/feclook.php3. The processing time 
depends on how quickly the examiners return the paper- 
work to the Volunteer Examiner Coordinator, and the 
number of applications that VEC as well as the FCC have 
to process. Normally you should expect it to take one to 
two weeks to process the paperwork for your license ap- 
plication, although it can take longer, 

tis а good idea to make a copy of your license and 
carry itin your wallet or purse after it arrives in the mail 
‘You are using the operator license portion when you serve 
as the control operator of a station, 
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You should also post your original license, or a pho- 
tocopy of it, in your station after it arrives in the mail, You 
will be proud of earning the license, so display it in your 
station, A copy of the license on the wall also makes your 
station look more “official.” 

Amateur licenses are printed on a laser printer, and 
issued in two parts (Figure 1.2). One part is small enough 
to carry with you; the other can be framed and displayed 
їп your shack. This means you can carry your license and 
display it! Laser ink can smear oc lift off the paper, so it's 
а good idea to laminate your wallet copy. If you put the 
large part behind glass in a frame the ink can lift ff. Clear 
plastic Con-Tac® or similar material is inexpensive and 
available in most department stores. 

If the small part is too large for your wallet, you can 
make a reduced-size copy on a photocopier. If you carry a 
сору, you can leave your original safely at home. Although 
you can legally carry а copy, your original license must be 
available for inspection by any US government official or 
FCC representative. Don't lose the original license! 

The FCC issues all licenses for а 10-year term, You 
should always renew your license for another 10 years 
before it expires, About 60 to 90 days before the present 
опе expires, you should apply for your license renewal. If 
Your license is issued in September 2003, it expires in 
September 2013. It's a good idea to form the habit of 
looking at the expiration date on your license every now 
and then. You'll be less likely to forget to renew the li- 
cense in time, Use an FCC Form 605 to apply for a license. 
renewal. Always attach a photocopy of your current li- 
cense. You can also ask one of the Volunteer Examiner 
Coordinators" offices to file your renewal application 
electronically if you don't want to mail the form to the 
FCC. You must still mail the form to the VEC, however. 
The ARRL/VEC Office will electronically file applica- 
tion forms for any ARRL member free of charge. You can 
also file for your license renewal using the FCC Universal 
Licensing System on the World Wide Web, 

If you do forget to renew your license, you have up 
to two years to apply for a new license. After the two-year 
grace period, you will have to take the exam again. Your 
license is not valid during this two-year grace period, 
however. You may not operate an amateur station with an 
expired license, All the grace period means is that the 
FCC will renew the license if you apply during that time. 

If your license is lost, mutilated or destroyed, request 
а new one from the FCC. A Form 605 isn't required; a 
letter will do. Be sure to explain why you are requesting 
а now license. (You don't have to explain that your dog 
ate your license — just that it was destroyed.) 

"The FCC has a set of detailed instructions for the 
Form 605, which are included with the form. To obtain а 
new Form 605, call the FCC Forms Distribution Center at 
800-418-3676. You can also write to: Federal Communi- 
cations Commission, Forms Distribution Center, 9300 
E. Hampton Drive Capital Heights, MD 20743 (specify 
"Form 605" on the envelope). The Form 605 also is avail- 
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Figure 1.3 — Portions of an FCC Form 605, showing the sections you would complete for a modification of your license, such as a change of 


address. Note that FCC Form 605 Is not used as th 


additional information needed to process the exam results. 


pplication for a new license submitted to the Volunteer Examiners at an exam session. 
The National Conference of Volunteer Examiner Coordinators developed the NCVEC Quick Form 605 for use at exam sessions. That form collects 


able from the FCC's fax on demand service. Call 202- 
418-0177 and ask for form number 000605. Form 605 
also is available via the Internet. The World Wide 
Web location is: www.fce.gov/formpage.html or you can 
receive the form via fip to: ftpfecigov/pub/Forms/. 
Form60s. 

‘The ARRL/VEC has created a package that includes 
the portions of Form 605 that are needed for amateur 
applications, as well as a condensed set of instructions for 
completing the form. Write to; ARRL/VEC, Form 605, 
225 Main Street, Newington, CT 06111-1494, (Please 
include a large business sized stamped, self-addressed 
envelope with your request.) Figure 1.3 is a sample of. 
those portions of an FCC Form 605 that you would com. 
plete to submit а change of address to the FCC, 

Most of the form is simple to fill out. You will need. 
to know that the Radio Service Code for box 1 is HA for 
Amateur Radio, (Just remember HAM radio.) You will 
have to include а “Taxpayer Identification Number" on 
the Form. This is normally your Social Security Number. 
Ifyou don't want to write your Social Security Number on 
this form, then you can register with the ULS as described. 
above, Then you will receive a ULS Registration Number 
from the FCC, and you can use that number instead of 
your Social Security Number on the Form. Of course, you 
‘will have to supply your Social Security Number to reg- 
ister with the ULS, 

‘The telephone number, fax number and e-mail ad. 
dress information is optional, The FCC will use that infor- 
‘mation to contact you in case there is a problem with your 
application. 

Page two includes six General Certification Statements, 


Statement five may seem confusing. Basically, this statement 
means that you do not plan to install an antenna over 200 feet 
high, and that your permanent station location will not be in a 
designated wikdemess area, wildlife preserve or nationally rec- 
ognized scenic and recreational area. 

The sixth statement indicates that you are familiar 
with the FCC RF Safety Rules, and that you will obey 
them, Chapter 10 includes detailed information about 
those rules 


for these questions. The numbers match he study guide 
ог sylabus printed at the end of the Introduction. The 
„„ 

follows this outline format. There are ten 


Now you should study questions TIAO1, T1A02 and 
TIA, Alo study question TICO! and questions 
through TACOS, Т1СОВ and Т1С11. Review this section 
W you have difficulty with any of these questions.) 


Amateur License Classes 


Anyone earning a new Amateur Radio license can earn 
‘one of three license classes — Technician, General and 
Amateur Extra, These vary in degree of knowledge required 
and frequency privileges granted. (Frequency privileges 
refers to permission from the FCC to use a specific range of 
frequencies, based on your Amateur Radio license.) Higher- 
class licenses have more comprehensive examinations. In 
retur for passing a more difficult exam you earn more fre- 
quency privileges. 

The FCC refers to the various exams for Amateur 
Radio licenses as exam Elements, For example, exam 
Element 1 is the 5 word-per-minute (wpm) Morse code 
exam. Element 2 is the Technician written exam. 
Table 1.1 lists the Amateur license classes you can earn, 
along with a brief description of the exam requirements 
and the operator privileges. 

"The table shows that you must pass exam Element 2 
for the Technician license. The Element 2 written exam 
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covers basic FCC Rules and operating procedures, along 
with basic electronics theory. The purpose of Element is 
to prove your ability to send and receive messages using. 
the international Morse code at а speed of 5 words per 

Technician licensees also can pass an exam to dem- 
onstrate their knowledge in International Morse code at 
S wpm. With proof of passing the Morse code exam, а 
"Technician licensee gains some frequency privileges on 
four of the amateur high frequency (HF) bands. This li 
sense was previously called the Technician Plus license, 
and many amateurs will refer to it by that name. 

There are also several other amateur license classes, 
but the FCC is no longer issuing new licenses for these 
lasses. The Novice license was long considered the 
beginner's license. Exams for this license were discontin- 
ued as of April 15, 2000. The FCC also stopped issuing 
new Advanced class licenses on that date, They will con- 


Table 1-1 
Amateur Operator Licensest 
Class Code Test 
Technician 


Technician With 
Morse Code Credit 


5 wpm (Element 1) 


General 5 wpm (Element 1) 


Amateur Extra 5 wpm (Element 1) 


Written Examination 
Basic theory and regulations. (Element 2)" 


Basic theory and regulations. (Element 2)" 
Basic theory and regulations; 

General theory and regulations. 

(Elements 2 and 3) 


Al lower exam elements, 


Privileges 
All amateur privileges 
above 50.0 MHz. 

All “Novice” HF privileges 
in addition to all 
Technician privileges. 

All amateur privileges 
‘except those reserved for 
Advanced and Amateur 
Extra class; see Table 1-2. 
Al amateur privileges. 


plus Extra-class theory 
(Elements 2, 3 and 4) 


1A consed radio amateur wil be required to pass only thos 
license currently heid. 


you have a Technician-clase conse issued bolore March 21, 1987, you also ha 
‘able 10 prove your Technician license was issued before March 21 


tinue to renew previously issued licenses, however, so 
you will probably meet some Novice and Advanced class 
licensees on the air. 

The first step on the Amateur Radio license ladder is 
a Technician license, The FCC issues these “beginner's” 
licenses to those who demonstrate the ability to operate an 
Amateur Radio transmitter safely and properly. 

The written Technician exam covers some very basic 
radio fundamentals and knowledge of some of the rules 
and regulations in Part 97. With this book and a little study 
you'll soon be ready to pass the Technician exam. 

Each step up the Amateur Radio license ladder re- 
quires the applicant to pass the lower exams, So if you 
want to start out as a General class or even an Amateur 
Extra class licensee, you must also pass the Technician 
written exam, 

Anyone (except an agent or representative of a for 
eign government) is eligible to qualify for an Amateur 
Radio operator license. There is no age requirement, To 
hold an Amateur Radio station license, you must have a 
valid operator license. (Remember, both licenses are 
printed on the same pece of paper.) 

A Technician license gives you the freedom to de- 
velop operating and technical skills through on-the-air 
experience. These skills will help you upgrade to a higher 
class of license, with additional privileges. 

As a Technician, you can use a wide range of fre- 
quency bands — all amateur bands above 50 MHz, in fact. 
‘You'll use repeaters, packet radio and orbiting satellites 
то relay your signals over a wider area. You сап provide 
public service through emergency communications and 
message handling 

By passing the S-wpm Morse code test you will have 
a Technician license with Morse code credit, With this 
license you will gain "Novice" privileges below 30 MHz. 
When you pass the Morse code exam you will gain fre- 


ments that are not included in the examination for tho amateur 


rot for Elements 1 and 3 You must be 
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quency privileges on four of the high frequency (HF) 
bands. On those bands you can communicate directly with 
other amateur stations in the exotic reaches of the world. 
You can enhance international goodwill by making 
friends with amateurs around the world. When you pass 
the Morse code exam you will receive a Certificate of 
Successful Completion of Examination (CSCE) from the 
Volunteer Examiners (VE) who conduct the exam ses- 
sion. The CSCE proves that you passed the Morse code 
exam, and allows you to operate on the four HF Novice 
subbands that normally provide direct worldwide com- 
‘munication, 

There are no FCC Rules that limit the distance over 
which you can communicate by Amateur Radio, The 
world is literally at your fingertips! The VHF and UHF 
bands available to a Technician licensee are often consid- 
ered to be local communications bands, but there are ways 
to communicate over great distances on these bands, The 
HF bands are normally considered to be long-distance 
bands. Each band has its own characteristics, and you сап 
have a lot of fun learning about the practical communica 
tions distances of each band. 

As you gain operating experience, you will probably 
want to earn greater operating privileges, You will pre- 
pare for a higher-class license exam — the gateway to 
‘more frequencies and modes. Don't get the idea that a 
Technician license is so limited that you can't enjoy the 
full range of amateur activities, though. You will be al- 
Towed to use all of the major operating modes on the VHF 
amd UHF bands, You can even send messages for your 
unlicensed friends (called third-party communications) 
‘or allow them to talk over your radio (more on this later). 
As you upgrade, however, you will gain access to more 
‘operating frequencies, and you will even be able to help 
prepare and administer Amateur Radio license exams! 

‘There is areal thrill to having more frequencies avail- 
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6 millimeters 
4 millimotors 
2.5 millimeters 


Table 1.2 
Technician Amateur Bands By Range and Wavelength 
UHF SHF 
70 centimeters 9 centimeters 
33 centimeters 5 centimeters 
23 centimeters 3 centimeters 
13 centimeters 1.2 centimeters 


2 millimeters 
1 millimeter 


able to talk with other amateurs on the far side of the 
globe. That is a powerful incentive to upgrade to the 
General class license. You will have to pass a S-wpm 
Morse code exam and another 35-question theory and 
rules exam to earn the General class license, The General 
class license gives voice privileges on eight high-fre- 
quency (HF) bands. These bands typically carry signals 
over great distances. In addition there is one HF band 
exclusively for Morse code, radioteletype and other 
tal" (computer) modes. For this reason, the General class 
license is very popular 

‘As you progress and mature in Amateur Radio, you 
will develop specialized interests in such exciting modes 
аз amateur television and satellite communication. You'll, 
also want even more privileges, and that is where the 
Amateur Extra license comes in, To obtain one of these, 
you must pass а S0-question exam on the more technical 
aspects of the hobby. 

То qualify for a higher-class license, you must pass the 


theory exam for each level up to that point, For example sup- 
pose you want to go from Technician directly to Amateur Extra. 
‘You will have to pass the General theory exam as well as the 
Amateur Extra test. You will also have to pass the S-wpm code 
test. In fact, you could take the Technician through Extra exams 
all at the same exam session. 

With Technician license in hand, you'll be able to 
operate on all the very high frequency (VHF), ultra high 
frequency (UHF), super high frequency (SHF) and extra 
high frequency (EHF) bands allocated to the amateur ser 
vice — and there are a lot of them! (The SHF and EHF 
bands are often called microwave bands.) Table 1.2 lists 
the approximate wavelength for the Technician bands 
Wavelength refers to the distance the radio wave will 
travel during one complete cycle of the wave, You will 
learn more about this definition in Chapter 2. You will 
learn the specific frequency limits of the Technician bands 
later in this chapter, For a complete list of all the amateur 
bands, see The ARRL's FCC Rule Book. 


The Technician Exam 


The Technician class exam consists of a 35-question 
written test, Element 2. Chapter 11 of this book contains 
every question in the question pool from which your exam 
will be composed. If you study this book carefully, you 
will easily pass the Technician class exam. If you wish to 
qualify for the Technician license with Morse code credit, 
you'll also have to pass Element 1; the S-wpm Morse code 
exam. In that case you'll need a computer program, cas- 
sette tapes or audio CDs that teach international Morse 
code. The ARRL offers a set of two cassettes or audio CDs 
called Your Introduction to Morse Code. The ARRL also 
offers the Ham University program for IBM-PC and com. 
patible computers, 

‘A Question Pool Committee selected by the Volun- 
teer Examiner Coordinators (VECs) maintains the ques 
tion pools for all amateur exams, А VEC is an organization 
that has made an agreement with the FCC to coordinate 
Amateur Radio license examinations by using Volunteer 
Examiners (VEs). A VE is a licensed Amateur Radio 
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operator who volunteers to help give amateur license ex- 
ams. The VECs must certify that their Volunteer Examin- 
ers meet FCC requirements, and that all test sessions are 
conducted to FCC standards. The FCC allows VEs to select 
"he questions for an amateur exam, but they must use the 
questions exactly as the VEC Question Pool Committee 
releases them. If you attend a test session coordinated by 
the ARRL/VEC, your test most likely will be designed 
by the ARRL/VEC, or by a computer program designed by 
the ARRL/VEC. The questions and answers will be exactly 
as they are printed in Chapter 11 


Finding an Exam Opportunity 

То determine where and when an exam will be given, 
contact the ARRL/VEC Office, or watch for announce- 
ments in the Hamfest Calendar and Coming Conventions 
columns in QST. Many local clubs sponsor exams, so they 
are another good source of information on exam opportu 
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605, as used by Volunteer Examiner Coordinators for candidates at exam 
ited to the FCC for license renewals or modifications. It can be submitted 
shows the instructions on the back of the form. 


nities. ARRL officials such as Directors, Vice Directors 
and Section Managers receive notices about test sessions 
in their area, See pages 15 and 16 in the latest issue of OST 
for names and addresses, 

All Amateur Radio exams are given by VEs who 
‘operate under the guidance of one of the VEC organiza- 
tions. If you have any trouble locating examiners, go to 
the Exam Search section of ARRLWeb: www.arrLorg/ 
arrlvec/examsearch.phtml. If you do not have Internet 
access, write to: ARRL/VEC Office, ARRL Headquar- 
ters, 225 Main Street, Newington, CT 06111-1494. We 
will refer you to someone near you who can arrange your 
test, We will also supply a list of ARRL/VEC Volunteer 
Exam sessions in your area. The ARRL/VEC oversees the 
thousands of ARRL Volunteer Examiners, arranges and 
publishes exam schedules and inspects application forms 
before they are submitted to the FCC, 

‘To register for an exam, send a completed NCVEC 
‘Quick Form 605 to the VE Team responsible for the exam. 
session if preregistration is required. Otherwise, bring the 
form to the session. The Volunteer Examiner Team will 


have copies of this form available at the test session, and 
some Teams prefer to have you complete the form at the 
session. Registration deadlines, andthe time and location 
of the exams, are mentioned prominently in publicity re- 
leases about upcoming sessions. 


Filling Out Your NCVEC 
Quick Form 605 

What's next? A bit of paperwork! All applications 
for new amateur licenses are made on an NCVEC Quick 
Form 605, See the information earlier in this chapter for 
detailed information about getting a сору of this Form. 
Figure 14A shows an NCVEC Quick Form 605 com- 
pleted fora successful Technician applicant. 

You should complete the top half of the form, Sec- 
tion 1, аз shown, You must supply a “Taxpayer Identifi- 
cation Number” or TIN, which is usually your Social 
Security Number. Some people may be uncomfortable 
listing their Social Security Number on а form that others 
may read. There is a way around this problem, You can 
register with the FCC's Universal License System and 
obtain а registration number from the FCC, In that case, 
You can list your registration number rather than your 
Social Security number on the Form 605. 

Telephone and fax numbers, as well as an e-mail 
address ate optional items. This information is helpful in 
ase there are any questions about your application. 

‘Check the box next to “EXAMINATION for new 
license grant” if you don't already have a license, If you 
already have a license and are taking an exam to upgrade 
Your license, then check that box. Do пог use the NCVEC 
Quick Form 605 10 submit change of address information 
or a license renewal application to the FCC. If you have 
another Form 605 waiting for the FCC to process it, ther 
list the information on this form. 
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Just before your signature there is a list of six general 
certification statements, When you sign and date your 
Form 605, you are stating that those statements are true, 

"The fifth statement may seem a litle confusing. Basi- 
cally, this statement means that you do not plan to install an 
antenna over 200 fect high, and that your permanent station 
location will not be in a designated wilderness area, wildlife 
preserve or nationally recognized scenic and recreational area. 

"The sixth statement indicates that you are familiar 
with the FCC RF Safety Rules, and that you will obey 
them, Chapter 10 includes detailed information about 
those rules, 

Be sure to sign and date your application. 

Your Volunteer Examiners will 61 out Section 2, the 
Administering VE's report, on the bottom half of the Form 
605. That is where the examiners certify that you have 
passed the exam, They will check the appropriate box and 
Fil out the information about the exam session. The three 
‘Volunteer Examiners will print their names, call signs and 
the date of the exam, and sign the form on the lines at the 
bottom. 

The back of the NCVEC Quick Form 605 includes 
instructions and information about exam procedures. 
"There is also information about how to modify or renew 
your license. See Figure 1 4B. 


What Will My Exam Be Like? 

Three amateurs with General class licenses or higher, 
who are accredited by a Volunteer Examiner Coordina- 
tor (VEC) can give the test for a Technician license, A 
VEC is an organization that has an agreement with the 
FCC to coordinate the work of volunteers who give li- 
cense exams. The examiners must be at least 18 years old 
and must not be relatives of anyone taking the exam. The 
exams can be given at the convenience of the candidates 
and the examiners, at any location they agree to. (All rules 
of the VEC program must be followed.) The ARRL's FCC 
Rule Book contains details оп the VE program, 

A Volunteer Examiner (VE) is someone who vol- 
unteers to test others for amateur licenses. There is prob- 
ably an active Volunteer Examining Team somewhere in 
your area, These teams conduct tests for all classes of 
‘Amateur Radio licenses. The Volunteer Examiners give 
Technician exams at all of their regular exam sessions. 

By the time examination day rolls around, you should 
have already prepared yourself. This means getting your 
schedule, sup ide ready. Plan your 
schedule so you'll getto the examination site with plenty 
of time to spare. There's no harm in being early. In fact, 
you might have time to discuss hamming with another 
applicant, which is a great way to calm pretest nerves. Try 
not to discuss the material that will be on the examination. 
as this may make you even more nervous. By this time, 
it's too ше to study anyway! 

‘What supplies will you need? First, be sure you bring 
your current original Amateur Radio license, if you have 


one. Also bring the original Cer 
Completion of Examination (CSCE) if you have one of 
those for some of the exam elements, Also be sure to bring 
a photocopy of your license and CSCE, Bring along sev 
eral sharpened number 2 pencils and two pens (blue or 
black ink), Be sure to have a good eraser. A pocket calcu- 
lator may also come in handy. You may use a program- 
‘able calculator if that is the kind you have, but take it 
into your exam "empty" (cleared of all programs and 
constants in memory). Don't program equations ahead of 
time because you may be asked to demonstrate that there 
is nothing in the calculator's memory. 

The VE Team is required to check two forms of iden- 
tification before you enter the test room, This includes 
your original Amateur Radio license (if you have one). A 
photo ID of some type is best for the second form, but is 
not required by FCC. Other acceptable forms of ID in- 
clude a driver's license, a piece of mail addressed to you, 
a birth certificate or some other such document 

‘The following description of the testing procedure 
applies toexams coordinated by the ARRL/VEC, although 
many other VECS use a similar procedure. 


Code Tests 


If you are planning to take the Morse code exam and 
gaining the additional privileges granted to Technicians 
who have passed a S-wpm code test, this information will 
be of special interest to you. Even if you don’t plan to take 

ıi away, this section will help 
‘you understand the testing procedures. 

"The code testis normally given fist, The examiners 
will send a bit more than five minutes of S-word-per-minute 
code, and then test your copy. (The FCC requires that the 
text of the message be at least 5 minutes long.) The test 
usually takes one of two forms, The examiners may ask you 
10 questions based on the contents of the transmission, and 
уви must answer 7 of the 10 questions correctly, These 
questions will have а fill-in-the-blank format. The examin- 
ers may check your answer sheet for one minute of perfect 
solid") copy. For purposes of timing Morse code mes- 
sages, a "word" means 5 letters. At 5 wpm, the require 
ment is for 25 characters in а row with no errors. If you 
don't plan to take the code exam, you will be asked to sit 
quietly while the other candidates take the test, 

Before you take the code test, you'll be handed а 
piece of paper to copy the code us it's sent. The text will 
begin with about a minute of practice copy. Then comes 
the actual test. You are responsible for knowing the 26 
letters of the alphabet, the numerals 0 through 9, the pe- 
riod, comma, question mark, as well as some procedural 
signals: AR, SK, BT (or double dash =) and DN (fraction 
bar /. You may copy the entire text word for word, or just 
take notes on the content. At the end of the transmission, 
the examiner will hand you 10 questions about the text. 
Simply fill in the blanks with your answers, (You mast 
spell each answer exactly as it was sent.) If you get atleast 
7 correct, you pass! Alternatively, the exam team has the 


option to look at your copy sheet, If you have one minute 
of solid copy, they can certify that you passed the test on 
hat basis, The format of the test transmission 
опе side of a normal on-the-air amateur conversation. 

A sending test may not be required. The Commission. 
has decided that if applicants can demonstrate receiving 
ability, they most likely can also send at that speed, But be 
prepared for a sending test, just in case! Subpart 97.503(а) 
of the FCC Rules says, "A telegraphy examination must 
be sufficient to prove that the examinee has the ability to 
send correctly by hand and to receive correctly by ear 
texts in the international Morse code at not less than the 
prescribed speed ...". So the Element 1 exam is a test of 
your Morse code comprehension at 5 words-per-minute. 

The volunteer examiners can use a variety of meth- 
ods to accommodate an applicant with a physical disabi 
ity. For example, they could use a vibrating surface or a 
flashing light to give the Morse code exam. 

When you pass the Morse code exam, you will Бе 
issued a Certificate of Successful Completion of Exami. 
nation (CSCE) for Element 1. Make sure you keep this 
paper in a safe place, Along with your actual Technician. 
license, it serves as authorization to operate on the НЕ 
“Novice” bands. That proof is good for as long as you 
bold your Technician class license. 

You can also use your CSCE as proof that you passed. 
the Morse code exam for credit to complete an upgrade to 
а General class license. That credit is only valid for 365 
days from the date on the form. After that you will have 
to pass the code exam again to upgrade to General. That 
should be some incentive to study for your General class 
written exam right away! 

"There are several documents that you can present to 
the examiners to receive credit for the Element 1 Morse 
code exam. If you ever held a Novice license, show the 
original license and give a photocopy to the examiners. 
You can also show a page from an old edition of The 
Radio Amateurs Callbook or another call sign listing to 
prove that you held that license. A Technician license 
issued before February 14, 1991 will also give you credit 
for having passed the Element | exam. This is a good 
reason to save your old license documents after they ex- 
pire. You may want it to prove that you passed an exam 
some time in the future. Finally, if you have a current 
commercial radiotelegraph license or permit (or if it is 
expired less than 5 years) you can also present that docu- 
ment to receive credit for the Morse code exam. In any of 
these cases, bring the original to show, and a photocopy 
to give to the examiners to submit with your application, 


Written Tests 


The written test consists of 35 questions on basic 


‘operating practices, rules and regulations, and basic radio 
theory. To pass, you must correctly answer 26 of the 
35 questions on your exam. There are ten subelemeats, 
or divisions, for the Technician exam. The Technician 
Syllabus printed in Table 1 at the end of the Introduction 
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chapter lists the ten subelements and the topics covered 
by each one. 

Your exam must include 35 questions taken from the 
pool of questions as released by the Volunteer Examiner 
‘Coordinators’ Question Pool Committee, and printed in 
Chapter 11 of this book. Your examiners should choose 
‘one question from each of the 35 question-pool subsec- 
tions. The questions and answers must be used exactly as 
they are printed in Chapter 11, although the order of the 
answer positions A, В, C and D may be scrambled. 

The examiner will give each applicant a test booklet, 
an answer sheet and scratch paper. After that, you're оп 
your own. The first thing to do is read the instructions, Be 
Sure to sign your name every place it's called for, Do all 
of this at the beginning to get it out of the way, 

Next, check the examination to see that all pages and 
questions are there. If not, report this to the examiner 
immediately, When filling in your answer sheet, make 
sure your answers are marked next to the numbers that 
‘correspond to each question, 

Go through the entire exam, and answer the easy 
questions first, Next, go back to the beginning and try the 
harder questions, The really tough questions should be 
left for last, Guessing can only help, as there is no addi 
tional penalty for answering incorrectly. 

If you have to guess, do it intelligently: At first 
glance, you may find that you can eliminate one or more 
“distracters.” OF the remaining responses, more than one 
may seem correct; only one is the best answer, however 
To the applicant who is fully prepared, incorrect 
distracters to each question are obvious. Nothing beats 
preparation! 

After you've finished, check the examination thor- 
oughly. You may have read a question wrong or goofed in 


your arithmetic. Don't be overconfident. There's no rush, 
зо take your time. Think, and check your answer sheet. 
When you feel you've done your best and can do no more, 
return the test booklet, answer sheet and scratch pad to the 

The Volunteer Examiner Team will grade the exam 
while you wait. The passing mark is 74%. (That means no 
more than 9 incorrect answers on the Element 2 exam.) 
You will receive a Certificate of Successful Completion 
of Examination (CSCE) showing all exam elements that 
You pass. If you are already licensed, and you pass the 
‘exam elements required to earn a higher class of license, 
the CSCE authorizes you to operate with your new privi- 
leges. When you use these new privileges, you must sign 
Your call sign, followed by the slant mark (*7”; on voice, 
Say “stroke” or "slant") and а special designator. For 
Technicians upgrading to General, this designator is 
"AG." There is one exception to this rule: If you have 
a Technician license and then pass the 5-wpm code 
test, you do not have to use an indicator when you use 
your new privileges. 

1f you pass only some of the exam elements required 
for a license, you will still receive a CSCE. That certifi- 
сме shows what exam elements you passed, and is valid 
for 365 days. Use it as proof that you passed those exam 
elements so you won't have to take them over again next. 
time you try Гог the license. 


Frequency Privileges 


You learned earlier in this chapter that the Federal 
Communications Commission sets the specific radio regu- 
lations for the United States, The International Telecom- 
m Union (ITU) coordinates the regul: 

around the world, The ITU is an agency of the United 
Nations. The ITU divides the world into three regions, as 
shown in Figure 1.5, ITU Region | comprises Africa, 
Europe, Russia and parts of the Middle East, ITU Region 
2 comprises North and South America as well as the Car. 
ibbean Islands and Hawaii. Alaska is in ITU Region 2 
ITU Region 3 comprises Australia, China, India and parts 
of the Middle East, Region 3 also includes many islands 
in the Pacific Ocean, such as American Samoa, the North- 
ern Mariana Islands, Guam and Wake Island, 

Amateur Radio operators have different frequency. 
privileges for many of the bands, depending on the ITU 
Region in which they are operating. US amatcurs will 
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Table 1.3 
VHF and UHF Technician Amateur Bands 
ITU Region 2 


Band (Wavelength) 
VHF Range 
S meters 


Frequency Limits 


50 - 54 MHz 
144 - 149 MHz 
219 - 220 MHz 
222 - 225 MHZ 


70 centimeters 
33 centimeters 
23 centimeters 
13 centimeters 
13 centimeters 


420 - 450 MHz 
902 - 928 MHz 

1240 - 1300 MHz 
2300 - 2310 MHz 
2300 - 2450 MHz 


normally be using the privileges for ITU Region 2, There 
эге certain times when they will have to follow the priv 
leges for one of the other regions, though. For example, if 
you are operating from your sailboat and cross into Re- 
gion 1 or Region 3, then you will have to follow the privi 
leges for the appropriate region. 


1.5 — This map shows the world divided into three International Telecommunication (ITU) Regions. 


d region 1 


TAS 


Table L3 shows the VHF and UHF Technician 
bands, with their frequency limits. For a complete list of 

frequencies of all the amateur bands, sce The ARRL's 
FCC Rule Book. You should study the list of bands and 
frequencies in Table 1.3 во you will know your Frequency 
privileges on those bands 


Frequency Sharing 


If we are to make the best use of the limited amount of 
available spectrum, there must be ways to ensure that harm- 
ful imerference is kept to a minimum, If two amateur stations 
want to use the same frequency, both stations have an equal 
right to do so. The FCC encourages efficient, interference- 
free sharing of the ham bands by limiting transmitter output 
power, by assigning services either primary or secondary 
status on a frequency band and by encouraging repeaters to 
be coordinated (operating frequencies are recommended by 
а regional group organized for this purpose). 

“The FCC has the authority to modify the terms of 
your amateur license any time they determine that such а 
modification will promote the public interest, conve- 
nience and necessity. This might occur, for example, if 
Your station causes interference to another station with a 
primary allocation and you are unable to resolve the inter- 
ference. In that case they might place time, power or fre- 


quency restrictions on your station. (Don't panic, though! 
Such action is very rare.) 


Primary and Secondary Allocations 
‘The basic frequency-sharing principle is straightfor~ 
ward: Where a band of frequencies is allocated to differ- 
ent services of the same category, the basic principle is the 
equality of right to operate, “Category” refers to whether 
the station operators are part of a primary service or a 
secondary service. A radio service that is designated as 
the primary service on a band is protected from interfer. 
ence caused by other radio services, A radio service that 
is designated as the secondary service must not cause 
harmful interference to, and must accept interference 
from, stations in a primary service, The amateur service 
has many different frequency bands, Some of them are 
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allocated on a primary basis and some are secondary 

By sharing our frequencies with several other ser- 
vices, including the US military, hams can have the use of 
a greater amount of spectrum than would otherwise be the 
сазе. Ifyou are operating on a band on which the amateur 
service has a secondary allocation, and a station in the 
primary service causes interference, you should change 
frequency immediately. You may also be interfering with 
the other station, and that is prohibited by Part 97 of the 
FCC Rules. The ARRL's FCC Rule Book shows which 
amateur bands are primary allocations and which are sec 
ondary 

All of the UHF bands and those with higher frequen- 
cies (shorter wavelengths) have some type of sharing ar- 
rangements. Some of these sharing arrangements apply to 
Stations in certain geographic areas but not others, Before 
you operate on the UHF bands, you should be familiar 
with the specific sharing arrangements for the band you 
want to operate. The ARRL's FCC Rule Book is а good 
place to check. You can also ask other operators in your 
area for information. 

For example, if you want to operate in the 420 to 
430 MHz segment of the 70-centimeter band you should 
be aware of several limitations. If you live within about 
50 miles of the Canadian border you may be north of “Line 
A.” The sharing requirements of Section 97.303({)(1) say 

о amateur station shall transmit from north of Line A in 
the 420 - 430 MHz segment." That means if you are oper- 
ating froma location north of Line A, you are limited to the. 
430 to 450 MHz section of the 70-centimeter band, There 
эге further restrictions aroun 
Well. Depending on the base, the restrictions apply to sta- 


certain military bases as 


tions ina radius of from 50 miles to as much as 200 miles 

One special sharing arrangement is worth additional 
comment, Amateurs have a secondary allocation at 219 to 
220 MHz. Amateur use of this band segment is limited to 
stations acting as packet radio network relay stations in 
point-to-point fixed digital message systems. Stations are 
limited to 50 watts peak envelope power (PEP) output 
when operating on this band, (Peak envelope power is a 
measure of the average power output of a radio transmi 
ter at the largest amplitude peak. You will learn more 
about power and PEP in Chapter 2.) Before you can oper- 
ate such a station in this band you must meet several re- 
quirements, The Rules in Section 97,303(e) give the 
details of these requirements, You must give written no- 
tice tothe ARRL about any such operation at least 30 days 
prior to making any transmissions on the band. You must 
make sure you are not within certain distances of Auto- 
‘mated Maritime Telecommunications Systems (AMTS) 
stations unless you obtain their permission, 

Amateur stations using the 219 to 220 MHz band 
must not cause harmful interference to stations of any 
radio service that has a primary allocation on this band or 
adjacent frequencies. Such services include the AMTS 
stations, television stations broadcasting on channels 11 
ог 13 and Interactive Video and Data Service systems, 


[Betore moving along to the next section, tum to Chap- 
ler 11 and review questions T1801 through T1809, 
TIBI T1813 and TIB15. Also stud TIED, 
"Т1Ё05 and T2814. Study this section again if you have 
difficulty with any of these questions.] 


You Have A License! 


Well, the big day has finally arrived — the FCC has 


granted your license and you found your new call sign 
listed on one of the internet call sign servers (or your 
license arrived in the mail)! You have permission to op- 
erate an amateur station. Now you are ready to put your 
very own amateur station on the ай! 

As the proud owner of a new Amateur Radio ticket, 
you'll soon be an "on-the-air" person instead of an "off- 
be ar person. You probably can't wait to make your 
first contact! You'll be putting all the information you had 
1o learn for the exam to good use, 


Call Signs 
‘The FCC issuescall signs ona systematic basis, When 
they process your application, you get the next call sign to 
me out of the computer, Your call sign identifies your 
station. You have the only Amateur Radio station in the 
‘world with this call sign, You must transmit your call sign 
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to identify your Amateur Radio station when you are on 
the air operating. 

The fist letter of a US call will always he A, K, N or 
W. These letters are assigned to the United States as ama- 
teur call-sign prefixes. After the first one or two letters 
there will be number and then one to three letters. The 
letters before the number make up the call sign prefer, and 
the letters after the number are the suffix. Other countries 
use different prefixes — LA2UA is a Norwegian call sign, 
'VE3BKI is а cal sign from Canada and VU2HO is from 
India. 

‘The number in a US сай sign shows the district where 
the call was first issued. Figure 1-6 shows the 10 US call 
districts. Every US amateur call sign includes a single- 
digit number, 0 through 9 corresponding to these call dis- 
tricts. Amateurs may keep their calls when they move 
from one district to another, This means the number is not 
always an indication of where an amateur is, It tells only 
where he or she was living when the license was first 


Figure 1.6 — The 10 US call districts. An amateur holding the call sign K1STO lived in the first district 
when the FCC assigned her that call. Alaska is part of the seventh call district, but has its own set of 


prefixes: AL7, KL7, NL7 and WL7. Hawaii, part of 


issued. For example, WB3IOS received her license in 
Pennsylvania, in the third call district, but she now lives 
in Connecticut, the first district. 

US Amateur call signs can have several different 
formats, Technician and General class call signs might 
have a "one-by-three" format — a letter followed by a 
mumber and then three more letters. These are called 
"Group C" call signs, They may also have a “two-by- 
three” format. These are called "Group D call signs, 
which are intended for Novice licenses and club station 
call signs. (The FCC is not issuing any new Novice li- 
senses.) As all of the Group C сай signs in a call area are 

sued, then Technician and General class licensees will 
receive Group D call signs. Examples of Technician call 
signs are NINAG, KBIDCO and KB3TMI. 

Call signs with a “one-by-two" or "two-by-one" for 
mat are reserved for Amateur Extra class licensees, These 
are called "Group А” call signs, N6BV and WRIB are 
examples of Extra class call signs. Group B call signs 
have a "two-by-two" format, These call signs arc intended 


е sixth district, h 


the AHS, KHS, NHS and WHS 


for Advanced class licensees. The FCC is no longer issu- 
ing new Advanced class licenses. AAIGW is an example 
of a Group B call sign. As all the Group A call signs are 
all issued then the FCC issues Group В call signs to 
Amateur Extra class licensees, 

In addition to the automatic sequential call sign sys- 
tem, the FCC has a way for Amateurs to select their own 
call sign. This is called the Vanity Call Sign system. Van- 
ity call sign choices must take the same format as a se 
quential сай sign for your license class. As а Technician 
licensee, you would be eligible to select a “one-by-three 
ог a "two-by-three" format call sign of your choice. You 
can select а call sign that is not currently assigned to an- 
other station, Call signs with the operator's initials for the 
suffix are popular. 

‘The FCC does not charge a fee to issue ап Amateur 
Radio license. They do charge a fee to help recover the 
costs of administering the vanity call sign system, how- 
ever, As this text was written, the fee for filing a vanity 
call sign application is $14.50 for the ten-year term of the 
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license. This fee is adjusted each year, so you may Бе 
paying a different amount when it comes time to renew 
Your license, You can find more information about the 
Vanity call sign program on ARRLWeb at www.arrLorg 
and also on the FCC Web site at www.fee.gav. 

If you would like to change your call sign, but don't 
want to pay the vanity fee, you can apply for a different 
callsign from the sequential cal sign system. One simple 
‘way to do this is to complete an NCVEC Quick Form 605 
and check the box to “Change my station call sign system- 
tically." Initial the line next to this box and submit the 
application to a Volunteer Examiner Coordinator to file 
for you, See Figure 1.4. The VEC may charge a fee for this 
service, The ARRL/VEC will file your application elec- 
tronically for ARRL members for free. There is a small 
fee for nonmembers, 

Once you have a call sign, you may keep it as long as 
you want to (unless your license expires or is revoked), In 
other words, there's no requirement to change your call 
sign when you upgrade to a higher license class. The FCC 
gives amateurs their choice in this matter 

‘Amateur Radio clubs can also obtain a station call 
sign. The club must name ове member asthe license trustee, 
to have primary responsibility for the license, The club 


must apply for the license through an FCC-approved Club 
Station Call Sign Administrator, The Call Sign Adminis- 
trator collects the required information and sends it to the. 
FCC in an electronic file, The ARRL/VEC, WAVEC and 
WSYI-VEC are Club Station Call Sign Administrators. 

The FCC has one more system for assigning Amateur. 
Radio call signs. Individuals or club groups who plan to 
operate an amateur station to commemorate a special event 
can apply fora Special-Event Call Sign. These special one- 
by-one" format call signs can help call attention to the 
‘on-the-air operation at the special event. These call signs 
are issued for a short-term operation, normally 15 days or 
less. Any licensed amateurisallowed toapply fora Special- 
Event Call Sign. The FCC-approved Special-Event Call. 
Sign Administrators coordinate these call signs. The 
ARRL/VEC, Laurel (Maryland) Amateur Radio Club, 
WAVEC and WSYI-VEC are Special-Event Call Sign 
‘Administrators, 


[You should turn to Chapter 11 now, and study ques- 
"ions TYEOT through TIEOS and TIEOG through T1E12. 
Review this section i you have any dificulty wilh any of 
these questions] 


Operating Guidelines 


Part 97 of the РСС Rules provide quite a bit of guid- 
ance about what you can and cannot do as an Amateur 
Radio operator. Of course every possible situation can't 
be covered, so уой will have to use good judgement in 
your operating practices. You should be familiar with the. 
specific requirements of the Rules, and always try to op- 
erate within the intent of those Rules. As an Amateur 
Radio operator, you are always responsible for the proper 
operation of your Amateur Radio station 


'oints of Communications. 

Who can you talk to with your new license? The FCC 
defines “points of communication” to specify the kinds of 
radio stations with which you may talk. It's pretty simple, 
actually: You may converse with all amateur stations at 
any time, This includes amateurs in foreign countries, 
unless either amateur's government prohibits the commu- 
nications. (There are a few countries in the world that do 
not allow Amateur Radio. There are also times when a 
government will not allow its amateurs to talk with people 
in other countries.) 

1t is interesting to note that many countries make 
arrangements for Amateurs from other countries to oper- 
ме Amateur Radio while they are visiting. This is called 
reciprocal operating authority. Some of the agreements 
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require a separate document from the government you are 
visiting. Other times you сап simply show up and operate. 
For example, the US and Canada have an agreement that. 
Amateur Radio operators from those two countries can 
simply cross the border and operate. Of course we must. 
follow the rules of the country we are visiting 

The FCC must authorize any communication with 
stations not licensed in the amateur service. An example. 
of such authorization is when amateur stations communi- 
cate with military communications stations on Armed 
Forces Day each year. 

Another example of amateurs communicating with 
monamateur stations is during Radio Amateur Civil 
Emergency Service (RACES) operation. During an emer- 
gency, a registered RACES station may conduct civil 
defense communications with US Government stations 
authorized to conduct eivil-defense communications. 

Speaking of emergencies, РОС rules also permit you to 
‘communicate with other radio services if it is the only way 
You have to get help in an emergency situation, Section 
97.403 of the Rules defines à communications emergency 
as "communication needs in connection with the immediate 
safety of human life and immediate protection of property 
when normal communications systems are not available. 
So you are allowed to communicate with stations in other 
radio services during a communications emergency, 


There are many examples of times when personal 
property or lives are in immediate danger. You may use 
Amateur Radio to call for help in such a situation, even 
though you seem to be violating other rules. Just be sure 
you really have an emergency situation first, For example, 
the Part 97 Rules allow you to call for help on frequencies 
outside of your license privileges, and even on frequen- 
cies outside of the amateur bands if that is what it takes to 
establish the communications you need. 


Broadcasting 

Amateur Radio is a two-way communications ser- 
vice, Amateur Radio stations may nor engage in broad- 
casting, Broadcasting normally means the transmission 
of information intended for reception by the general pub. 
lic. There are also restrictions regulating one-way com- 
munications or transmissions of information of general 
interest to other amateurs. Amateur stations may transmit 
‘one-way signals while in beacon operation or radio-con- 
trol operation. 

‘Since normal restrictions are suspended when life or 
property is in immediate danger, one-way transmissions 
are not considered broadcasting (which is not allowed) 
under emergency conditions. (You will learn more about. 
emergency communications later in this book.) 


Business Communications 

Amateur communication is noncommercial radio. 
communication between amateur stations, solely with a 
personal aim and without pecuniary interest or business 
reasons. Pecuniary refers to payment of any type. 

This definition tells us that amateur operators should. 
not conduct any type of business communications. You 
may not conduct communications for your own business, 
ог for your employer. You can, however, use your Ama- 
teur Radio station to condnct your own personal commu: 
nications. This includes using the autopatch on your local 
repeater for such personal calls as making an appointment 
or ordering food. (In 1993, the FCC amended the business 
‘communications rules in Section 97.113 to allow such 
communication. Prior to this rule change, such calls would 
have been considered “illegal business communications.” 
Some repeater owners may not like you making such calls 
‘on their repeater. Please respect the owner's wishes.) 

Of course you can also use the autopatch 10 call a 
garage for help when your car breaks down in the middle 
of a busy expressway. This is an emergency, because your 
property (car), and possibly your life, are in immediate 
danger. In an emergency, you can use Amateur Radio in 
any way possible to call for help. 

No one can use an amateur station for monetary gain. 
You must not accept payment in any form for the use of 
your station at any time, This also means you may not 
accept payment for transmitting a message for anyone 
such as in third-party communication. Payment means 


more than just money here. I refers to a 
pensation, which would include materials 
any type. That is why the FCC uses the words pecuniary 
interest when stating that you can't be paid for operating 
our station. 

‘There are two exceptions to this rule. A club station 
intended primarily for transmitting Morse code practice 
and information bulletins of interest to all amateurs may 
employ a paid control operator as long as certain condi 
tions are met. That person can be paid to serve as the 
control operator only when the station is actually trans- 
mitting code practice or bulletins. The code practice and 
bulletins must last at least 40 hours per week. The station 
must transmit on at least six medium and high-frequency 
bands, and the schedule of transmissions must be pub- 
lished 30 days in advance. This exception allows the 
ARRL to pay a control operator for WI AW, the station at 
ARRL Headquarters in Newington, Connecticut, for ex 
ample. The station is dedicated to Hiram Percy Maxim, 
the ARRL's first president. The WLAW operator can't 
make general contacts with other hams after the code 
practice sessions, Вомем, 

The second exception is that teachers may use Ama- 
teur Radio stations as part of their classroom instruction 
at an educational institution. This permits a science 
teacher to use an amateur station to demonstrate satellite 
‘communications or a geography teacher to establish con- 
tact with an amateur in another part of the country to de- 
seribe local terrain or weather conditions 

‘Another common question about the “no business” 
rule is whether itis okay to buy and sell Amateur Radio 
equipment over the air. The best way to answer this ques- 
Чоп is by taking a look at what the Rules say. Section 
97.113(a) says, “No amateur station shall transmit 
(3) Communications in which the station licensee or con 
trol operator has a pecuniary interest, including commu 
nications on behalf of an employer. Amateur operators 
may, however, notify other amateur operators ofthe avail- 
ability for sale or trade of apparatus normally used in an 
Amateur station, provided such activity is not conducted 
on a regular basis. 

So if you decide to upgrade your station equipment 
and want to sell your old rig to another ham, go right 
ahead and mention it on the air. (Many hams prefer to 

lose" the deal off the air, in person or over the tele- 
phone.) Just when does such activity become "regular? 
Well, if you find that you are buying or selling gear every 
week or so, and it is almost always passed on at a profit. 
you have probably crossed that line. If the local ham dealer 
Starts referring to you as “the competition" you have defi 
nůtely gone too far! 

Many clubs hold “swap nets" on local repeaters and 
you will find lots of "For Sale" notices posted on your 
local packet radio bulletin board. Keep in mind, however. 
that this is for Amateur Radio equipment and not the rest 
‘of your household belongings, including the "kitchen 
sink! 


type of com 
services of 


Federal Communications Commission's Rules 1.19 


Other Assorted Rules 


Under FCC Rules, amateurs may not transmit music 
of any form, This means you can't transmit your band's 
practice session or play the piano for transmission over 
the air. I also means you can’t play a song from your 
favorite tape or CD for your friend to hear. You should 
take care not to transmit unintentional music, either. For 
example, this could happen if you have a broadcast radio 
playing in the background when you pick up the micro, 
phone to talk with someone, There is one exception to the 
“No Music” rule, If you obtain special permission from 
NASA to retransmit the audio from a space shuttle mis 
sion or the Intemational Space Station for other amateurs 
to listen, and during that retransmission NASA or the 
astronauts play some music over the air, you won't get in 
trouble. 

Amateurs may not use obscene or indecent language. 
Remember that anyone, of any age, can hear your trans- 
mission if they happen to be tuned to your transmitting 
frequency. Depending on your operating frequency and 
other conditions, your signals can be heard around the 
world. While there is no list of "banned words" or other 
specifie list, you should avoid any questionable language. 
The FCC Rules simply state (97.113(a) No amateur sta- 
tion shall transmit: (4) ...obscene or indecent words or 
language... Avoid using any words that some people 
might find offensive or that young children should not 
hear 

You can't use codes or ciphers to obscure the mes 
ing of transmissions. This means you can't make up а 
"secret" code to send messages over the air to a friend. 
Control signals transmitted for remote control of model 
craft are not considered codes or ciphers. Neither are te- 
lemetry signals, such as a satellite might transmit to tll 
about its condition. A space station — satellite — control 
operator can use specially coded signals to control the. 
satelite 

Amateurs may not cause malicious (harmful) inter- 
ference io other communications of any type, amateur or 
non-amateur, You may not like the other operator's prac- 
tices, or you may believe he or she is violating the rules, 
You have no right to interfere with their communications, 
however, You may never deliberately interfere with an- 
‘other station's communications. Repeatedly transmitting 
‘on a frequency already occupied by other amateurs, such 
as in a net operation, is a form of harmful or malicious. 
interference. 

Some Amateur Radio transceivers can transmit on fre- 
quencies outside of the amateur bands, You should not use 
such a radio to transmit signals on other frequencies. Such 
transmissions, even if sent as a "joke" can cause serious 
harmful interference. For example, if someone were to trans- 
mit on police frequencies, that transmission might block real 
police calls that could involve an emergency. 

‘Amateurs may not transmit false or deceptive sig- 
nals, such as a distress call when no emergency exists. 
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You must not, for example, start calling MAYDAY (an 
international distress signal) unless you are ina life-threat- 
ening situation. 

‘Amateurs are required to transmit their station call 
signs for station identification. If you do not transmit your 
call sign as required, you have transmitted an unidentified 
communication. You will learn more about the station 
identification rules in Chapter 5 of this book. 


Remote Control of Model Craft 

Amateurs are permitted to use radio links to control 
model craft. This is called "telecommand" (control) of 
model craft. Most model control activity takes place on 
the 6-meter band, so you would need a Technician license 
1o participate in this activity. Remote control operation is. 
permitted with these restrictions: 


+ station identification is not required for transmissions 
directed only to the model craft, The control transmit- 
ter must have a label indicating the station's call sign 
and the licensee's name and address, 

+ control signals are not considered codes and ciphers. 
(Amateurs may not generally make up “secret codes" 
that will hide the meaning of their communications.) 

+ transmitter power cannot exceed 1 watt 


Space Stations and Earth Stations 


‘The FCC defines а space station as “An amat 
station located more than 50 kilometers (km) — about 
30 miles — above the Earth's surface.” This obviously 
includes amateur satellites, and also includes any opera- 
tion from the Space Shuttle, the International Space Sta- 
tion and any future operations by astronauts in space. Any 
licensed ham can be the licensee or control operator of a 
space station. Likewise, any licensed amateur may oper- 
ate through or communicate with a space station, as long. 
as their transmissions take place on frequencies available 
for that license class, 

Orbiting Satellites Carrying Amateur Radio 
(OSCARS) relay signals between amateur operators on 
the Earth (Earth stations). In that case, the satellite itself 
does not have to transmit a station call sign. Operators. 
transmitting to the satellite do have to transmit their call 
signs, however! 

Earth stations are stations located on the Earth's sur- 
face, or within 50 km of it They are intended for communi- 
cations with space stations or with other Earth stations by 
means of one or more objects (satellites) in space. Any ama- 
teur can be the control operator of an Earth station, subject 
tothe limitations of his license class, Some specific transmit 
ting frequencies are authorized for Earth stations, These are 
located in the 40, 20, 17, 15, 12, 10 and 2-meter bands, in the 
23- and 70-em bands, and in ай other amateur bands that are 
higher in frequency. There are no frequencies available for 


Earth stations in the 6-meter band, however, A complete list 
appears in The ARRL's FCC Rule Book. 


Official Notices of Violation 

The FCC is the agency in charge of maintaining law 
and order in radio operation in the US. The International 
Telecommunication Union (ITU) sets up international 
rules that the government telecommunication agencies of 
cach country follow, Both sets of rules provide the basic 
structure for Amateur Radio in the United States. 

Suppose you receive an official notice from the FCC 
informing you that you have violated a regulation. Now 
what should you do? Simple: Whatever the notice tells 
you to do, Usually this will involve some station modifi- 
ation and making a response to the FCC about what cor- 
rective steps you have taken. 

There exists a philosophy in Amateur Radio that is 
deeply rooted in our history, This philosophy is as strong 
now as it was in the days of the radio pioneers. We are 
talking about the self-policing of our bands. Over the 
уем», amateurs have become known for their ability 10 
maintain high operating standards and technical skills. 


We do this without excessive regulation by the ЕСС. The 
Commission itself has praised the amateur service for its 
tradition of self-policing. Perhaps the underlying reason 
for this isthe amateur's sense of pride, accomplishment, 
fellowship, loyalty and concern. Amateur Radio is far 
‘more than just a hobby to most amateurs. 

Asa new or prospective amateur operator, you will 
begin to discover the wide horizons of your new pastime. 
You will lean more about the rich heritage we all share, 
Take this sense of pride with you, and follow the 
Amateur's Code. (The Amateur's Code is printed at the 
end of the Introduction chapter.) 


Tow ка time to um to Chale 1 адап, and study а 

more questions. You should be able to answer 
leona ТАА tough TAJO. Ao sudy ee 
TIBI2, TIBIA, T1C07 and T1008, You should also be 
able to answor question Т5С02, Review this section i 
you have суйу with any ofthese questions. 
— шу ы ds 

tho FCC Rules subelement of the Techni- 
Фал question pool. 
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METHODS ОЕ 


COMMUNICATION 


As an Amateur Radio 
operator, you will find 
many ways to 
communicate with other 
operators. You can 
choose an operating 
frequency from the many 
bands available. You also 
can select an operating 
mode, from voice to 
Morse code, radioteletype 
or even television. 


‘our Element 2, Technician license exam will 
clude two questions from the Methods of Commu- 
jon material in this chapter. Those questions 
will come from the two groups of questions covered by 
syllabus topics T2A and T2B: 
T2A Magnetic/Electric Fields; Wavelength; Frequency 
Velocity: ac Sine wave/Hertz; Audio and Radio fre 
quency. 
Frequency privileges granted to Technician class 
operators; Amateur service bands; Emission types 
and designators; Modulation principles; AM/FM/ 
Singl ind/upper-lower, international Morse 
code (CW), RTTY, packet radio and data emission 
types. 


ma 


Be sure o turn to Chapter 11 and study 


appropri- 
ме questions when the text directs you there. T 


help you check you 
пе on certain topics, This book 


fou need to know to 


learn about every topic in the book. To learn more about 
а particular topic you may want to read more-advanced 

ARRL's Understanding Basic Electronics, The 
ARRL Antenna Book, The ARRL 
cialized books сап 
you have your li- 
as well as by 


ARRL Handbook, The 


learn by doing 
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Direct and Alternating Current 


n this section, you will learn what we mean by direct 
current and alternating current. You will also learn the 
meaning of some important terms that go along with alter- 
mating current, such as frequency and wavelength. 


Two Types of Current 

In direct current, known as de for short, the elec- 
trons flow in one direction only tive to posi- 
tive. Batteries are the most common source of direct cur- 
rent, Lead-acid car batteries, nickel-cadmium (NiCd) re- 
chargeable batteries and alkaline batteries are all ex 
amples, We can also get de from a solar panel 

Using a water-flow analogy, we normally think of 
water flowing in one direction through pipes. But water 
could actually flow in either direction through a pipe, We 
know that water can flow in more than one direction, The 
tides in the ocean are a good example of water flowing in 
‘one direction, then reversing and flowing in the opposite 
direction 

‘There is a second kind of electricity called alternat- 
ing current, or ac. In ac, the terminals of the power supply. 
change from positive to negative to positive voltage and s0 
оп. Because the poles change and clectrons always flow 
from negative to positive, ac flows first in one direction, 
then the other. The current alternates in direction. The basic 
unit of electric current is the ampere, abbreviated A. 

We call one complete round trip a cycle. The fre. 
quency of the ac is the number of complete cycles, oF 
alternations, that occur in one second. We measure fre- 
quency in hertz (abbreviated Hz). Frequency is a measure 
of the number of times in one second the alternating cur- 
rent flows back and forth. One cycle per second is 1 Hz 
150 cycles per second is 150 Hz. One thousand cycles per 
second is one kilohertz (1 KHz). One million cycles per 

is one megahertz (1 MHz). If a radio wave makes 

000 cycles in one second, this means it has а fre 
quency of 3,725,000 hertz (Hz), 3725 kilohertz (kHz) or 
3/725 megahertz (MHz), 


from nej 


More AC Terminology 

Batteries provide direct current. To make an alterna 
ing current from this direct-eurrent source, you would 
have to switch the polarity of the voltage source rapidly. 


The basic unit of frequency is the 
hertz. This unit is named in honor of 
Heinrich Rudolf Hertz (1857-1894). 
This German physicist was the first 
person to demonstrate the genera- 
tion and reception of radio waves. 
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Figure 2.1 — The sine wave is one way to show 
alternating current. Let's follow one cycle on Part A, 
starting on line "0" at point A, indicated near the 
Center of the graph. The wave goes їп a negative 
direction to its most negative point, then heads back 
Up to zero. After the wave goes through zero, it 
becomes more and more positive, reaches the 
positive peak, then goes back to zero again. This is 
опе full cycle of alternating current. Part B shows 
that one wavelength is a measure of the distance the 
wave will travel during one complete сус 


Imagine trying to turn the battery around so the plus and 
minus terminals changed position very rapidly. This 
‘would not be a very practical way to produce ac! You 
must have a power supply in which the polarity is con- 

ly changing. The terminals must be positive nd nega- 
tive опе moment, and then negative and positive, con- 

y switching back and forth. 

The power company has a more practical way to create 
эс: They use a large machine called an alternator to produce 
power at their generating stations. The ac supplied to your 
home goes through 60 complete cycles each second. Thus, 
the electricity from the power company has а frequency of 
60 He. 

‘This 60-hertz ac electricity builds to a peak current 
or voltage in one direction, then decreases to zero and 
reverses to build to a peak in the opposite direction. If 
you plot these changes on a graph, you get a gentle 


Why do power companies use alternating current 
in the power lines that run to your home? One impor- 
ant reason is so they can use transformers to change 
the voltage. This allows the company to use an 
appropriate voltage for each part oftheir distribution 
system. In this way the power company can minimize 
the power losses in the transmission lines. The 
generator at the power station produces ac by moving 
а wire (actually many turns of wire) through a mag- 
netic field in an alternator. The resulting output has а 
relatively low voltage. Why don't the power compa- 
nies send this directly through the power lines to your 
house? Al first, this seems ike a good idea. It would 
eliminate the many transformers and power stations 
that often clutter our landsca; 

The answer сап be found in Ohm's Law. Even a 
very good conductor, such as the copper used In the 
power company's high-voltage lines, has a certain 
‘amount of resistance. This factor becomes very 
important when we consider the very long distances 
the generated electricity must travel. 

Remember that tho voltage drop across a 


Why Use Alternating Current in Our Homes? 


resistance is given by the formula E = IR, where | is 
the value of current and A is the value of resistance. I 
we can reduce either the resistance of the wire or the 
value of the current through the wire, we can reduce 
the voltage drop. The resistance of the wire is rela- 
tively constant, although we can reduce it somewhat 
by using a very large diameter wire. I we Increase the. 
voltage, a smaller current will be required for the same 
Bower rastr rom the generating station to your 
Using a very high voltage also provides more 
“overhead.” Ifthe power company starts with 750,000 
volts, and the voltage has dropped to 740,000 volts by 
the ime it reaches the first substation, they just use a 
transformer rated lor 740,000-V input lo give the desired 
‘output If they send 50,000 volts on to the next sub- 
station, there is stil plenty of overhead. By the time it 
gels to the power lines outside your house, the voltage. 
has been stepped down to around 3000 volts, A pole 
transformer then steps it down further to 240 volts to 
supply power to your house. This voltage is normally. 
spit in halî to provide two 120-V circults to your house, 


up-and-down curve. We call this curve a sine wave 
Figure 21А shows two cycles of a sine wave ac signal. 
‘Alternating current can do things direct current can't 
For instance, a 120-V ac source can be increased to a 


1000-V source with a transformer. Transformers can 
change the value of an ac voltage, but not a de voltage, 
"The power company supplies 120-V ac and 240-V ac to 
your house. 


Frequency and Wavelength 


From the discussion of the frequency of an ac 
signal, you must realize that alternating currents and 
voltages can change direction at almost any rate imagin- 
able. Some signals have low frequencies, like the 
60-Hz-ac electricity the power company supplies to 
Your house, Other signals have higher frequencies: for 
example radio signals can alternate at more than several 
million hertz 

If we know the frequency of an ac signal, we can use 
that frequency to describe the signal. We can talk about 
(60-Hz power or а 3725-kHz radio signal. Wavelength is 
another quality that can be associated with cvery ac sig- 
nal. As its name implies, wavelength refers to the distance 
that the wave will travel through space in a single cycle 
See Figure 2.1. 

We hear sounds because of vibrations or changes in 
the air pressure that reaches our eardrums. We can't ctu- 
ally hear electromagnetic waves or signals at any tte. 
quency. Ifthe signal has cycles that repeat at 20 times per 
second to 20,000 times per second, however, we call that 
signal an audio frequency (AF) signal. An AF signal is 


an ac signal that has a frequency in the range of 20 Hz to 
20,000 Hz. Signals in this frequency range will produce 
Sounds when they are connected to a speaker. 

Radio frequency (RF) waves are electromagnetic 
waves or cycles that repeat more than 20,000 times per 
second. All electromagnetic waves travel though space at 
the speed of light, 300,000,000 meters per second (3.00 x 
10° m/s). We use the lower-case Greek letter lambda (A) 
to represent wavelength. 

"The faster a signal alternates, the less distance the 
signal will be able to travel during one cycle. There is an 
equation that relates the frequency and the wavelength of 
a signal to the speed of the wave: 
сега (Equation 2.1) 


Where: 
c is the speed of light, 3.00 x 10" meters per second 
fis the frequency of the wave in hertz 
Ais the wavelength of the wave in meters 


We сап solve this equation for either frequency or 
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Figure 22 — This 
simple diagram will 
help you remember 
the frequency and 
wavelength equations. 
To find any quantity if 
you know the other 
two, simply cover the 
unknown quantity 
with your hand ога 
piece of paper. The 
Positions of the 
Femaining two 
symbols show И you 
have to multiply 
(when they are side by 
Side) or divide (when 


wavelength, depending on which quantity we want to find. 


(Equation 2.2) 


H (Equation 2.3) 


From these equations you may realize that as the fre- 
quency increases the wavelength gets shorter. Figure 2.2 
is a simple diagram that will help you remember the fre- 
quency and wavelength relationships. As the frequency. 
decreases the wavelength gets longer. Suppose you are 
transmitting a radio signal on 225 MHz. What is the wave- 
length of this signal? We can use Equation 2.3 to find the. 
answer. First we must change the frequency to hertz: 


225 MHz = 225,000,000 Hz. 
Then we use this value in Equation 2.3. 


с _ 300x10 


Pasto Hz 


эт 


200000000 
Кел 
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‘This frequency is in the band we often call the 
125-meter band. When we refer to an amateur band by u 
‘wavelength, we normally use round numbers that are 
easier to remember, so this answer doesn't exactly match 
the common name for this band. 


As another example, what is the wavelength of a 
signal that has a frequency of 144.25 MHz? (144.25 MHz 
= 144, 250,000 Hz.) 


Т падаз «10° Hz 


300000099? 
TAO 


This frequeney is in the popular 2-meter band. 

Notice that higher-frequency signals have shorter 
wavelengths. Lower-frequency signals have longer wave- 
lengths. As you increase a signal frequency the wave- 
length gets shorter. As a signal's wavelength increases, 
the frequency goes down, 

Radio signals covera very wide range of frequencies 
We divide the RF spectrum into several groups for easier 
reference. For example, the bands between 300 kHz and. 
3 MHz are called medium freguency (MF) bands, The 
high frequency (HF) bands fall between 3 MHz and 
30 MHz, The bands between 30 MHz and 300 MHz are 
alled the very high frequency (VHF) bands and those 
between 300 MHz and 3000 MHz (3 gigahertz or GHz) 
are the ultra high frequency (UHF) bands. The bands from 
3 GHz to 30 GHz are called the super high frequency 
(SKF) bands and those between 30 GHz and 300 GHz 
are called extremely high frequency (EHF) bands. Above 
that, we have infrared and visible light. Notice that the 
popular 2-meter band, with frequencies between 144 and 
148 MHz, is in the VHF range. So in addition to the 
frequency and wavelength of a radio wave, we can also 
use these band ranges to identify the RF signal 


Congratulations! You have learned some vary important 
electronics concepts. Before going on to the next section, 
dum to Chapter 11 and study questions T2A01, T2A03, 
T2A04, T2A06 through T2A12 and ТРА 4 through reale 
Also study questions T7AO1 through T7A03, T7AQS and 
"Т?ВО5 through T7809. Come back to this section for a 
ун oi Cabo тт lo 
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When operating, you must stay within your assigned 
frequency bands. Amateurs usually refer to these fre- 
quency bands by their wavelength. Each band is further. 
divided into subbands for the diferent classes of license. 
"The bands are also divided into segments for various 
emission modes, or types of signals from the transmitter, 
We use the metric system of measurement in elec- 
+ Chapter 7 includes a full explanation of the metric 
n and terms like kilo, mega and centi that we have 
used here. For now it is important that you know that 
kilohertz and megahertz are measures of the frequency of 
а radio signal. The hertz (Hz) is the basic unit of fre- 
quency. Kilo means thousand and mega means million 
We can list any of the amateur frequency bands in either 
kilohertz or megahertz, For example, the 15-meter Nov- 
ice band can be written either as 21.100 to 21.200 MHz, 
or 21,100 to 21,200 kHz and the 10-meter band can be 
‘written either as 28.100 to 28,500 MHz or 28,100 to 
28,500 kHz. 


Amateur operators transmit а wide variety of signals 
These include Morse code, radioteletype, several types of 
voice communications and even television pictures. An 
emission is any radio-frequency (RF) signal from a trans- 
miter. 

There is a system for describing the various types of 
signals (or emissions) found on the amateur bands. Dif- 
ferent modes are given identifiers, called emission types. 

You should be familiar with the various emission 
types. The FCC lists the emission privileges for cach li- 
cense class by giving the emission types cach may use. An 
emission privilege is FCC permission to use a particular 
emission type, such as Morse code or single-sideband 
phone. As a Technician, you will be permitted to use all 
of the emission types on at least one frequency band. The 
emission types defined by the FCC are: 


* CW — Morse code telegraphy. 
+ Data — Computer communications modes, often called 
digital communications because digital computers are 
used. 
Image — Television and facsimile communications. 
MCW — (Tone-modulated CW) Morse code telegra- 
phy using a keyed audio tone. 
Phone — Speech (voice) communications. 
Pulse — Communications using a sequence of con- 
trolled signal variations. 
RTTY — Narrow-band direct-printing telegraphy com- 
munications (received by automatic techniques). Since 
digital computers are often used on radioteletype 
(RTTY). these signals are also often called digital com- 
‘munications 
SS — Spread-spectrum communications in which the 


signal energy is spread across a wide bandwidth 
+ Test — Transmissions containing no information 


Оп 80, 40 and 15 meters, Technician licensees with 
Morse code credit may transmit only Morse code (CW). The 
transmitter produces this Morse code signal by keying 
(switching on and off) the signal from a continuous-wave 
(CW) transmitter. On 10 meters, Technician licensees with 
Morse code credit may use CW from 28.1 to 28.5 MHz. 
Technicians with Morse code credit may also transmit 
radioteletype (RTTY) and data from 28.1 to 28,3 MHz, and 
single-sideband phone from 28.3 to 28.5 MHz. Table 2.1 
summarizes the amateur band limits and operating modes 
foreach license class. Morse code (CW) is the only emission 
туре that can be used on any amateur frequency. Technician 
class licensees may use FM phone emissions оп all the VHF 
and UHF bands. There are no FM phone emission privileges 
on any of the HF bands for Technicians with Morse code 
credit, however. 

Hams often describe radioteletype (RTTY) and 
packet radio or other data emissions as digital communi- 
cations, These are signals intended to be received and 
printed or displayed on a computer sereen automatically. 
Information transferred directly from опе computer to 
another is an example of digital communications. Data 
emissions also include telemetry and telecommand com- 
‘munications. Telemetry refers to signals sent from a re- 
mote location, such as a satellite, to provide information 
about the station and operating conditions, Telecommand 
communications are signals sent to a remote station, such 
as a satellite, to control the station 


Frequency Privileges 

As you can see from Table 2.1, Technician class 
‘operators enjoy all frequency privileges allocated to the 
amateur service above 50 MHz, Technician class ama- 
teurs can operate on all authorized frequencies, using all 
authorized modes, on the VHF, UHF and microwave 
amateur bands, as can General and Amateur Extra class 
licensees, They may use up to 1500-watts peak envelope 
power (PEP) output on these bands. In addition, Techni- 
cians who pass a 5-wpm code test gain the same emission 
privileges that Novice licensees have on the four HF 
Novice bands, Novice and Technician with Morse code 
‘operators are limited to 200 watts PEP output on the HE 
bands, These bands are: 


+ On the 80-meter band, 3675 to 3725 kHz, CW only. 

+ On the 40-meter band, 7100 to 7150 kHz, CW only.* 

+ On the 15-meter band, 21,100 to 21,200 kHz, CW only 

+ On the 10-meter band, 28.1 to 28.3 MHz, CW, RTTY 
and data; and 28.3 to 28.5 MHz, CW and SSB phone. 


“In ITU Region 2 only. ITU Region 2 comprises all of North 
пайса, the Caribbean and the Easter Pacific, including 
Hawaii. Chapter I has more information about the TU Regions, 
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Table 2.1 


US Amateur Bands ARRL AMATEUR RADIO 
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‘Technician class licensees may operate on the VHF and UHF 
‘bands listed below, plus several others that are higher in fre- 
quency. For a complete list of amateur frequency privileges, 
including the microwave bands where frequency is measured 
in gigahertz, see The ARRL' FCC Rule Book. All Technician. 
class and higher licensees have these privileges. Note that the 
frequencies listed here are for ITU Region 2 only. I you will 
be operating from an area in ITU Regions 1 or 3 you must 
‘check he frequency limits for those Regionsinthe FCC Rules 
Оп the 50-MHz (6-meter) band: On 50.0 to 50.1 MHz, 
ly CW is allowed. On 50.1 MHz to 54,0 MHz all 
emission types except pulse CW, RTTY. data, MCW, 
test, phone and image — are authorized 
On the popular 144-MHz (2-meter) band: 144.0 to 
144.1 MHz, CW only. 144,1 to 148 MHz, all emission 
types (except pulse, but including image transmis- 
sions). Although the 2-meter band is best known for 
repeater and packet operation, hams also use it for such 
weak-signal activities as meteor scatter, moonbounce 
and aurora. 


+ On the 222-MHz (1.25-meter) band: all emission types 


Common Em 


All radio transmissions begin with u steady radio 
frequency signal, This unmodulated radio wave (a steady 
signal with no information included) is called a test emis- 
sion. This type of radio signal doesn't communicate any 
information, except perhaps that someone is testing their 
transmitter. See Figure 2.3. We want to use radio signal 
to communicate information, and to do this we have to 
add the information to the signal somehow. This process 
of combining an information signal with a radio signal is 
called modulation, The simplest form of modulation ix to. 
turn the radio signal on and off. CW, also called interna- 
tional Morse code, is transmitted by on/off keying of a 
radio-frequency signal. This is demonstrated whenever 
you use a key to send CW. To send CW, you press a lever. 
‘To stop sending, you let up on the lever. Code is either on 
or off. By controlling the on/off patterns of the radio sig- 
mal, you are sending information by Morse code. What 
could be simpler? Figure 2.4 shows a radio signal that 
has been keyed on and off to produce the Morse code 
character С. 

‘Any voice mode used for communication is known 
as а phone emission under FCC Rules. AM, SSB and FM 
voice are all phone emission types. 

What does single-sideband (SSB) mean? Begin with 
a steady radio frequency (RF) signal such as you would 
get by pressing the key of a Morse code transmitter and 
just holding it down. This is called the RF carrier. Then 


(except pulse) from 222.0 to 225.0 MHz. 

Оп the 420-МН» (70-cm) band: all emission types (ex- 
cept pulse) from 420 to 450 MHz. This band is popular 
for image communications because it is the lowest fre- 
quency band where fast-scan TV (FSTV) — also known 
as Amateur TV (ATV) — can be transmitted. This mode 
uses the same standards as broadcast TV, with fall mo- 
tion video, 

On the 902-MHz (33-cm) band: all emission types from 
902 to 928 MHz. 

On the 1240-MHz (23-em) band: all emission types (ex- 
cept pulse) from 1240 to 1300 MHz. 

On the 2300-MHz (13-cm) band: all emission types 
from 2300 to 2310 and 2390 to 2450 MHz. 


‘You have learned about some common Amateur Radio 
communication methods. The signals you transmit from 
Your station to communicate using the various operating 
modes are called emission types. la the next section you will 
learn about Some of the ways the emissions are produced, 
You will also learn the FCC names for these emissions, 


ission Types 


combine this signal with a voice signal from a micro- 
phone. The process of combining such an RF carrier with 
any information signal is called modulation. If we use 
amplitude modulation, the resulting signal has two side- 


Figure 2.3 — A constant amplitude, steady RF signal 
is a test emission. There is no information included 
with a test emission signal. 


жэза aye on on oo ae 


Figure 2.4 — Keying an RF signal on and off to 


This example shows the RF output for the letter 
C — dah di dah ait. 
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bands, one higher in frequency than the carrier frequency. 
and one lower in frequency than the carrier frequency. 
These are called the upper sideband and the lower side- 
band. For a single-sideband voice signal, the carrier and 
one of the sidebands is removed, and only one sideband is 
transmitted. See Figure 2.5. The RF carrier is the signal 
that we modulate to produce a radiotelephone signal. 
SSB is the most common voice mode on HF. You can 
use either the lower sideband or the upper sideband to 
transmit an SSB signal. Amateurs normally use the upper 
band for 10-meter phone operation. When SSB is used 
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Figure 2.5 — A single-sideband (SSB) signal ls 
formed by combining an RF carrier signal (A) with a 
voice or other information signal (8). The resulting 

лапа! Includes the original AF carrier as well as two 
sidebands, one on either side of the carrier. The 
Upper and lower sidebands are shown 
transmit an SSB signal, one of the sidebands and 
the RF carrier are removed in the transmitter, and 
the remaining sideband is transmitted. 
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оп the VHF and UHF bands, hams normally use the upper 
sideband (USB). 

Most Technician class amateurs use frequency modu 
lated (FM) phone more than any other mode. Nearly all 
VHF and ИНЕ voice repeaters use FM phone. A practical 
FM transmitter varies the carrier frequency or phase to 
produce the modulated signal, Figure 2.6 shows an RF 
carrier signal that varies in frequency with the voice 
modulating signal 

FM is well suited to mobile operation, which is a 
common use for VHF/UHF repeaters. A good signal will 
quiet any background noise, That is why we say such 
signals are “full quieting.” Amateurs also use a variety of 
digital communications modes. Generally, digital com- 
munications refers to а type of communication that uses 
computers to send and receive signals through а radio 
transceiver. 


e 


Figure 2. 
representation of 
Unmodulated carrier 
‘same amount of 
‘modulating signal at B is applied, the carrier 
frequency is increased or decreased according to 

implitude and polarity of the modulating signal, 
hown by Part C. 


Packet radio, which sends the information in short 
bursts, or packets, is called a data emission, The receiving. 
station acknowledges each packet. Your radio will transmit 
for a short time, then listen fora brief instant before trans- 
mîtîng again while you type on the keyboard. The name 
packet radio comes from the way the information, such as 
‘computer data files or digital information, is organized into 
small pieces or packets 

Packet radio communications is designed primarily as 
a link between two stations, When your packet radio sta- 
tion is connected to another packet station, it means that 
опе station is transmitting to the other, and the receiving 
station is acknowledging that the data is being received 
correctly 

Packet radio signals are generally produced by feed- 
ing an audio signal that switches between two audio tones 
into the microphone input of an FM transmitter. This re- 
sults in a signal called audio frequency shift keying, or 
AFSK. 

Another type of digital communications is called 
radioteletype, or RTTY. RTTY signals consist of a con- 
stant transmitted signal while you type on the keyboard. 
When you stop typing and give the command for your 
station to stop transmitting then you can listen for the 
other station's reply. RTTY can only be used to transmit 
and receive text 

Shifting the transmitter RF carrier frequency between 
two frequencies produces RTTY signals. Some HF trans- 
ceivers allow a signal to automatically shift the carrier 
frequency for RTTY transmissions. Others use audio 


tones fed into the microphone input of an SSB transceiver. 
The end result is the same, however. The transmitted RF 
simply shifts hetween two carrier frequencies. In either 
case, this system is called frequency shift keying, or FSK. 

Packet is more commonly used on VHF and UHF 
while RTTY is more often used on HF. Technically there 
is no reason any of these modes could not be used on any 
band. In fact, there are forms of packet used on HF and 
some operators use RTTY on the VHF and ИНЕ bands 

‘There are many new digital communications systems 
being developed. One very popular system is called 
PSK31. This has proven to be a reliable communications 
method for keyboard to keyboard (computer) communi- 
cations. It works very well with low power transmitters, 
and it has a very narrow bandwidth. A typical PSK31 
digital communications signal has a bandwidth of ap- 
proximately 31 He. 

Modern data-transmission techniques provide high- 
speed communications. These systems also provide very 
reliable communications, A computer system can be set 
up to automatically send and receive the data. Data com- 
munications systems use some form of error checking to 
ensure that the information was received correctly. 


[Now tum to Chapter 11 and study question T1B10. 
Also study questions T2A13 and T2801 through T2B13. 
‘Also study questions T2B15 through T2B17. Review 
this section if you have any difficulty with those 
questions.) 
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RADIO 
PHENOMENA 


The sun has a large effect 
on long-distance radio 
communication on Earth. 
Solar flares, like the ones 
shown here, as well as 
sunspots, can make long- 
distance communication 
possible—or impossible. 


TS 

atmosphere that surrounds our planet, The 

atmosphere not only supplies us oxygen to breathe, 
but also shields us from the harmful effects of radiation 
from the Sun, 

The word atmosphere is made up of а Greek word, 
atmos, meaning "vapor" and a Latin word, sphae 


* surrounding the planet, The atmosphere 
reaches a height of almost 400 miles above the Earth, and 
is made up of three main regions, See Figure 3.1 
+ The troposphere, is the region near the Earth where all 
our weather occurs. The troposphere reaches a height 
of about 7 miles. In ion clouds form a 
a With altitude. Th 


nd weather: “If you don’t like the weather 
now. just wait a minute. 
+ The stratosphere, ranging from about 6 to 30 miles 
high, is where atmospheric gases “spread our 
izontally, as the Latin root word stratus implies. The 
high-speed jet stream travels im the stratosphere, 


calher in the troposphere below. 
m about 30 10 400 miles high, is 
Only about 1% of the 


great interest 10 
distances. We'll study various aspects of HI 
propagation through the ionosphere in this chapter. 


There will be two questions on your Technician 


T3 of he Technician class question poo 


ТЗА Ном a radio signal travels; Atmosphere/ 

troposphere/ionosphore and ionized layers; Skip 
distance; Ground (surface)/sky (space) waves 
Single/mutiop; Path; fonopherie absorption: 

“TB HEVA VHE vs, UHF characterises: Types of VHF 
UHF propagation; Daylight and seasonal variations 
Tropospheric ducting; Li sight; Maximum 
usable frequency (MUF): and sunspot 
Cycle, Characteristics of differe 
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ale 


Figure 3.1 — Regions 
of the atmosphere, 


Propagation: How Signals Travel 


‘Amateurs enjoy the privilege of using many different 
frequency bands. Some ofthese are scattered throughout the 
high frequency (HF) spectrum, and others extend across the 
very high frequency (VHF) and ultra high frequency 
(UHF) bands 

Some of the bands work better during the day, and some 
work better at night. Some frequencies are good for long- 
distance communications, and others provide reliable short 
range communications, Amateurs who want to work a cer- 
tain part of the country or world need to know which fre- 
‘quency to use and when to he there. Experience, combined 
with lots of careful listening, isa good way to gnin this knowl- 
edge. In this chapter we will cover the basic ways that radio 
waves travel from one place to another, and help you begin. 
10 learn about propagation 

Radio waves generally travel to their destination 
in four ways 
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+ They can travel directly from one point to another. 
© They can travel along the ground, bending slightly to 
Tollow the curvature of the Earth for some distance. 

* They can be trapped ina layer of the Earth's atmosphere, 
traveling a longer distance than normal before coming. 

back to the Earth's surface, 

+ They can be refracted — or bent — back to Earth by the 
ionosphere. (The ionosphere is a layer of charged par. 
ticles — called ions — in the Earth's outer atmosphere. 
‘These ionized gases make long-distance radio contacts 
possible on the HF bands.) 


"The study of how radio waves travel from one point. 
to another is the science of propagation. Radio-wave 
propagation is a fascinating part of ham radio. Let's take 
a look at the different ways radio waves trav 


Propagation оп the High Freguency (НЕ) Bands 


Technician licensees who have passed a 5 wpm 
(Morse code exam have privileges on four high frequency 
(HF) bands. These bands are often called the “Novice 
bands." Although the FCC no longer issues Novice li- 
censes, those licenses can still be renewed, so there are 
still amateurs who hold that license class. 

Table 3.1 summarizes the HF privileges granted to 
radio amateurs. When you upgrade to a General class li- 
cense you will be able to operate on all of these bands. We 
often refer to amateur bands by approximate wavelength 
rather than frequency. When you hear someone refer to 
the “15-meter band,” 15 meters is the approximate wave- 
length of a 21-МНе signal. During a typical day, you can 
reach any part of the world using one of the Novice bands, 


Ground-Wave Propagation 

In ground-waye propagation, radio waves travel 
Along the Earth's surface, even over hills. They follow the 
curvature of the Earth for some distance. AM broadcasting. 
signals travel by way of ground-wave propagation during. 
the day. Ground wave works best at lower frequencies, 
During the day you might have an 80-meter contact with 
a station а few miles away, on the other side of а hill. For 
that contact, you are using ground-wave propagation. 

Ground-wave propagation on the HF ham bands means 
relatively short-range communications. Stations at the high: 
frequency end of the Medium Frequency (MF) AM broadcast 
and (the 1600-kHz end) generally carry less than а hundred. 
miles during the day. Stations near ре low-frequency end of the 
dial (S40KH2) can be heard upto 100 milesorsoaway. Amateur 
Radio frequencies are higher than the AM broadcast band, so 
the ground -wave range is even shorter 


Sky-Wave Propagation by Means of 


the Ionosphere 

"The Earth's upper atmosphere (from 25 to 200 miles 
high) consists mainly of oxygen and nitrogen. There are 
traces of hydrogen, helium and several other gases. The 
мот» making up these gases are electrically neutral: They 
have no charge and exhibit no electrical force outside 
their own structure. The gas atoms absorb ultraviolet 
(UV) radiation and other radiation from the sun, which 
knocks electrons out of the atoms. These electrons are 
negatively charged particles, and the remaining portions 
of the gas atoms form positively charged particles. The 
positive and negative particles are called ions. The pro- 
cess by which fons are formed is called ionization. Fig- 
ure 3.2 illustrates this process. 

"When ionized by solar radiation, this region, called 

ionosphere, can refract (bend) radio waves. If the 
wave is bent enough, it returns to Earth, I the wave is not 
bent enough, it is lost as it travels off into space, The 


Table 3.1 


Medium/High-Frequency Ham Bands, with 
Privileges for Technicians with Morse Code 
Credit 

МЕНЕ Bands 
For Full Amateur 


Prvtoges tor 
Privileges (MHz) "T 


Technicians with 
Morse Codo Credit 
None 160 

3675 to 3725 во 
7110745 40 

None 30 

None 20 

None 17 

21110212 15 

None 12 

28.110285 10 


Band 
(Meters) 


181020 
351040 
701073 
10.10 10 10.15 
1400 10 14.35 
18068 to 18.168 
21.00 to 21.45, 
24,890 to 24.990 
28.00 to 29.70 


tere паба 
Tom he an 


Figure 3.2 — Ultraviolet and othor radiation from the 
вип strikes the atoms of the various gases in the 
Earth's upper atmosphere. When an electron is 
knocked free from an electrically neutral atom, 
Positive and negative lons are formed. This upper 
region of the atmosphere is called the ionosphere. 


highest frequency where a radio wave transmitted straight 
upwards into the ionosphere will be reflected back down 
to the Earth is called the critical frequency. 

Ham radio contacts of up to 2500 miles are possible 
with one skip off the ionosphere. Worldwide communica- 
tions using several skips (or multi-hops) can take place if 
conditions are right, especially when radio waves are 
launched at low takeoff angles into the ionosphere. This 
is the way long-distance radio signals travel 

‘Two factors determine sky-wave propagation pos 
sibilities between two points: the frequency in use and the 
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level of ionization, The higher the frequency of the radi 
wave, the less itis bent by the ionosphere. The highest 
frequency at which the ionosphere bends radio waves back 
to a desired location on Earth is called the maximum 
usable frequency (MUF). The MUF for communication 
between two points depends on solar radiation strength 
and the time of day. Radio waves that travel beyond the 
horizon by refraction in the ionosphere are called sky 
waves, Sky-wave propagation takes place when a signal is 
returned to Earth by the ionosphere 


Figure 3.3 — Соо! sunspots allow hot propagation 
оп Earth! 


Ionization of the ionosphere results from the sun's 
UV radiation striking the upper atmosphere. It is greatest 
during the day and during the summer. The amount of 
radiation coming from the sun varies through the day 
season and year. This radiation is closely related to visible 
sunspots (grayish-black blotches on the sun's surface) 
See Figure 3.3. Hams interested in long-distance commu- 
nication always know what part of the sunspot cycle we 
are in. Sunspots vary in number and size over an 1 1-year 
cycle. More sunspots usually mean more ionization of the 
ionosphere, As a result, the MUF tends also to be higher 
when there are more sunspots. 

By contrast, when sunspots are low, solar radiation 

and thus the MUF — is lower. That is why HF commu- 

nication is degraded during times of low sunspot activity 
and enhanced during times of greater sunspot activity 

Skip propagation has both а maximum range limit 
anda minimum range limit. That 
than the ground-wave range. There is an area between the 
maximum ground-wave distance and the minimum skip 
distance where radio signals on a particular frequency 
will not reach, This "dead" area is called the skip zone. 
Figure 3.4 illustrates the difference between ground-wave 

skip propagation. The draw’ 
cept of skip zone and skip distance, Some radio signals. 
may not be bent enough ro bring them back to Earth. 


inimum is often greater 


g also shows the con 


Regions in The lonosphere 
Several ionized regions appear at different heights in 
the atmosphere, Each region has a central region where 
the ionization is greatest. The intensity of the ionization 
decreases ibove and below this central arca in each region. 
See Figure 3.5 
‘The ionosphere consists of several regions of charged 


Figure 3.4 — This drawing illustrates how radio waves travel into the Ionosphere and are bent back to Earth. 
Ground waves, skip distance and skip zone are all shown on the drawing. 
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Figure 3.5 — This drawing shows a cross section о! 
опе region of the ionosphere. The intensity of the 
ionization is greatest in the central region and 
decreases above and below the central region. 


particles. These regions have been given leter designations, as 
shown in Figure 36. Scientists stare with the letter D just in 

ase there were any undiscovered lower regions. None have 
been found, so there is no A, B or C region. 


The D region: The lowest region of the ionosphere 
affecting propagation is the D region. This region is in 
а relatively dense part of the atmosphere about 35 10 
60 miles above the Earth. When the atoms in this region 
absorb sunlight and form ions, the ions don't last very 
long. They quickly recombine with free electrons to form 
neutral atoms again. The amount of ionization in this 
region varies widely. It depends on how much sunlight 
hits the region. At noon, D-region ionization is maximum 
‘or very close to it, By sunset, this ionization disappears. 

‘The D region is ineffective in refracting or bending 
high-frequency signals back to Earth. The D region's 


Figure 3.6 — The ionosphere 
consists of several regions of 
ionized particles at different 


form gas atoms again. 
The F1 and F2 regions combine to 
form a single F region at night. 
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major effect is to absorb energy from radio waves. Аз 
radio waves pass through the ionosphere, they give up 
‘energy. This sets some of the ionized particles into motion. 
Effects of absorption on lower frequencies (longer 
wavelengths) are greater than on higher frequencies. 

Absorption also increases when there is more 
ionization. The more ionization. the more energy the radio 
waves lose passing through the ionosphere. Absorption is 
‘most pronounced at midday. It is responsible for the short. 
daytime communications ranges on the lower-frequency. 
amateur bands (160, 80 and 40 meters) 


E Region 

The next region of the ionosphere is the E region, at 
an altitude of about 60 to 70 miles, At this height, ioniza- 
tion produced by sunlight does not last very long, again due 
to rapid recombination of ions with free electrons, The 
E region is thus useful for bending radio waves only when 
itis in sunlight. Like the D region, the E region reaches, 
‘maximum ionization around midday. By early evening the 
ionization level is very low. The ionization level reaches 
а minimum just before sunrise, local time. Using the 
E region, a radio signal can travel a maximum distance of 
about 1250 miles in one hop. 


F Region 
The F region: This is the region of the ionosphere 
most responsible for long-distance amateur communica 
tion, The F region is very large. It ranges from about 100 
10310 miles above the Earth. The height depends on sea- 
son, geographic latitude, time of day and solar activity. 
Tonization reaches a maximum shortly after noon local 
standard time. It tapers off very gradually toward sunset. 
At this altitude, the ions and electrons recombine very 
slowly because there aren't many of them around, The F 
region thus remains ionized during the night, reaching a 


minimum just before sunrise. After sunrise, ionization 
increases rapidly for the first few hours, Then it increases 
slowly to its noontime maximum, 

During the day, the F region often splits into two 
parts, FI and F2. The central part of the FI region forms 
at an altitude of about 140 miles. For the F2 region, the 
central region forms at about 200 miles above the Earth. 
These altitudes vary with the season of the year and other 
factors, At noon in the summer the F2 region can reach an 
altitude of 300 miles. At night, these two regions recom- 
bine to form a single F region slightly below the higher 
altitude. The Fl region does not have much to do with 
long-distance communications. Its effects are similar to 
those caused by the E region. The F2 region is responsible 
for almost all long-distance communication on the ama- 
teur HF bands. A one-hop radio transmission travels a 
‘maximum of about 2500 miles using the F2 region. 


HF Scatter Modes 


Al electromagnetic-wave propagation is subject to 
scattering influences. These alter idealized patterns to a 
great degree. The Earth's atmosphere, ionospheric regions. 
and any objects in the path of radio signals scatter the 
energy, Understanding how scattering takes place helps. 
us use these propagation modes to our advantage. 

"There is an area between the outer limit of ground- 
wave propagation and the point where the first signals 
return from the ionosphere. We studied this area, called 
the skip zone, earlier in this chapter. Look back at Fig- 
ure 3.4. The skip zone is often described as if communi- 
cations between stations in each other's skip zone were 
impossible. Actually, some of the transmitted signal is 
scattered in the atmosphere, so the signal can be heard 
over much of the skip zone. 

You can observe a complex form of scatter when you 


Figure 3.7 — When radio waves strike the ground after 
may reflect back into the ionosphere. If some of the signal is reflected back toward the transmitting station, 
some of the energy may be scattered Into the skip zone. 
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ing through the ionosphere, some of the signal 


are working very near the МИЕ. The transmitted wave is 
refracted back to Earth at some distant point. This may be 
ап ocean area or land mass. A portion of the transmitted 
signal reflects back into the ionosphere. Some of this sig- 
nal comes toward the transmitting station. The reflected 
wave helps fill in the skip zone, as shown in Figure 3.7. 

‘Scatter signals are generally weak and subject to 
echoes and distortion, because the signal may arrive t the. 
receiver from many different directions. This type of scat- 
ter propagation is usable from just beyond the local range 
out to several hundred miles. Under ideal conditions, scat- 


ter propagation is possible over 3000 miles or more, This 
form of propagation is sometimes called “backscatter,” 
but the term “sidescatter” is more descriptive of what 
probably happens on such long paths 


VHF/UHF Propagation Characteristics 


Because HF radio waves can so easily travel long 
distances, even with low transmitter power, short-range 
communication is best carried out on the VHF and UHF 
bands. This prevents unnecessary interference to other 
hams using the HF bands. In particular, UHF radio waves 
до not travel by means of sky wave propagation through 
the ionosphere, 


Line-of-Sight Propagation 

Line-of-sight propagation occurs when signals 
travel in a straight line from the transmitting antenna to 
the receiving antenna. These direct waves are useful 
mostly in the very high frequency (VHF) and ultra high 
frequency (UHF) ranges. (As а Technician licensee, you 
will have full access to the amateur bands in the VHF and 
UHF range.) TV and FM radio broadcasts (those that are 
broadcast to your TV or radio antenna instead of through 
a cable) are examples of signals that are received as direct 
waves, When you transmit on a local repeater frequency, 
direct waves generally travel in a straight line t0 the 
repeater. The repeater sends the signals, in а straight line, 
to other fixed, portable and mobile stations. When you 
use a hand-held transceiver to communicate with another 
nearby ham, your signals also travel in а straight Jine. See 
Figure 3.8. 

"When you operate on the VHF and UHF bands you 
usually willbe contacting nearby stations — within 100 miles 
or so. The signal travels directly between stations, so if 
You're using a directional antenna, you normally point it 
toward the station you are trying to contact, VHF and UHF 
signals, however, are easily reflected by buildings (espe- 
cially metal-framed ones), hills and even airplanes. Some 
of your signal reaches the other station by a direct path and 
some may be reflected, When such reflections occur, it is 
possible to contact other stations by pointing your antenna 
Toward the reflecting object, rather than directly at the sta- 
tion you're trying to contact. 


Reflections can cause problems for mobile opera- 
tion, as the propagation path is constantly changing. The 
direct and reflected waves may first cancel and then 
reinforce each other. This causes a rapid fluttering sound 
called picket fencing. 


Tropospheric Bending and Ducting 
We've been focusing on the VHF and UHF bands for 
short-range local communications, However, for many 


Years amateurs have been using VHF/UHF for DX con- 
tacts well beyond local, line-of-sight coverage. 

As radio waves travel through the troposphere, there 
will always be some signal loss. For any particular path 
through the troposphere, the signal loss increases as the 
frequency increases. Amateurs commonly use SSB or CW 
as weak-signal modes for VHF/UHF DX work — as 
‘opposed to “strong-signal modes," such as local FM or 
packet radio. 

‘The visible horizon is the most distant point you ean 
see when the sky is clear. tis limited by the height of the 
observer above ground. You can see farther if you climb 
а ladder or go up an observation tower. From the top of a 
mountain you can see much farther than the 8 or 9 miles 
you can see over flat ground or water, 

As described earlier, the troposphere consists of 
atmospheric regions close to the Earth's surface. Slight 
bending of VHF/UHF radio waves occurs in the tropo- 
sphere. This will cause signals to return to Earth some- 
what beyond the geometric horizon, and allows you to 
contact stations that are somewhat farther away than 
would otherwise be possible. This radio-path horizon is 
generally about 15 percent farther away than the true 
horizon. Sec Figure 3.9. Tropospheric bending is evi- 
dent over a wide range of frequencies, It is most useful in 
the VHF/UHF region, especially at 144 MHz and above. 

Radio signals can also be trapped in the troposphere, 
traveling a longer distance than normal before coming 


Radio Phenomena 3.7 


УНЕ and UHF radio signals usually travel in a straight line, from one antenna to another. This 
Is the type of radio signal propagation you normally use to communicate with someone over a repeater or 


by direct contact between two radios. 


bending causes radio waves to return to Earth 
beyond the visible horizon. 


back to the Earth's surface, Usually the warmest air in the 
troposphere is close to the Earth, and the temperature 
decreases as you go higher. The air pressure also usually 
decreases as you go higher. Instead of gradual changes in 
air temperature, pressure and humidity, sometimes dis- 
tinct regions may form in the troposphere. Adjacent ге 

sions having significantly different densities will bend 
radio waves passing between regions. (In the same way, 
light is bent when it passes from air into water. That's why 
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a spoon in a glass of water seems to bend where it enters 
the water.) 

Sometimes, especially during the spring, summer and 
fall months, itis possible to make VHF and UHF contacts 
over long distances — up to 1000 miles or more. This 
occurs during certain weather conditions that cause 
tropospheric enhancement and tropospheric ducting. It 
is most useful in the VHF/UHF region, especially at 
144 MHz and above, When such “tropo” openings occur, 
the VHF and UHF bands are filled with excited operators 
eager to work DX. Under normal conditions, the tempera: 
ture of the air gradually decreases with increasing height. 
above ground. When there's a stable high-pressure sys- 
tem, a mass of warm air may overrun cold air. When warm 
air covers cold air, we have a temperature inversion. 
Radio waves can be trapped below the warm air mass. 
They сап travel great distances with lile loss. The area 
between the Earth and the warm air mass is known as a 
duet, See Figure 3.10. 

"Tropospheric ducting is the most common type of 
enhanced propagation at ИНЕ. Ducts usually form over 
water, though they can form over land as well. A wide- 
spread temperature inversion formed over an ocean may 
help your VHF or UHF signals travel several hundred mile, 
Tropospheric ducting supports contacts of 950 miles 
ог more over land and up to 2500 miles over oveans. 


Figure 3.10 — When а cool air mass is overrun by a mass of warmer air, a "duct" may be formed, allowing 
VHF and UHF radio signals to travel great distances with little attenuation, or signal loss. 


VHF/UHF Signals Through the 
Ionosphere 

Sporadic E, or "E skip.” is a type of sky-wave propa- 
gation that allows long-distance communications on the 
VHF bands (6 meters, 2 meters and 222 MHz) through the 
Eregion of the ionosphere. Although, as its name implies, 
sporadic E occurs only sporadically, during certain times 
of the year, it is the most common type of VHF iono- 
spheric propagation. 

During the summer, even when we are at а low point. 
оп the 11-year sunspot cycle, the 6-meter band (50 MHz) 


often experiences sporadic-E propagation. As a Tech 
cian licensee, your best chance of experiencing sky wave 
propagation will occur on the 6-meter band, 


STATION 


LICENSEE DUTIES 


When you pass your 
Technician exam, you will be 
anxious to start using your 
new privileges. You are 
responsible for operating 
your station within the Rules. 
You will also want to 
continue the Amateur Radio 
tradition of service in the 
public interest. 


every station licensee should know and follow 
US enjoy many operating and frequency 
privileges that cannot be taken for granted. Those privi- 
leges are not available in many places around the globe. 
You should be familiar with the overall licensing process, 
basic station setup and access, and operating rules, The 
public service aspect of Amateur Radio — especially emer- 
gency communications — is very important. I is the pri- 
mary reason that we enjoy the amount of operating freedom. 
that we do, The three questions on your Technician license. 
will come from three 

groups are 


| m this chapter you will learn the responsibilities that 


Hams in u 


exam about station licensee dut 
exam question groups. The th 


‘TAA Correct name and mailing address on station license 

grant; Places from where station is authorized to tr 

mit; Selecting station location; Antenna structure 10- 
cation; Stations installed aboard ship or aircraft. 

TAB Designation of control operator; FCC presumption 
of control operator; Physical control of station ap- 
paratus; Control point; Immediate station control; 
Protecting against unauthorized transmissions; Sta- 
tion records; FCC Inspection; Restricted operation, 

ТАС Providing public service; emergency and disaster 
‘communications; Distress calling; Emergency drills 
and communications; Purpose of RACES. 


The Application 


Form 605 provides important information about 


your license application. This form provides the Federal 
Communications Commission (FCC) with a mailing 
address where they сап contact you with any questions 


about your station or operation. If you move, or your 


address changes for any reason 
notify them of your new addres 


ise an FCC Form. 
(Chapter 1 has de 
m about FCC Form 605 and how to 

See Figure 1.3.) It is important that you receive any mail 
sent to you hy the FCC, If you don't respond to an FCC 


info 


Station Licensee Duties 4. 


letter concerning а rules violation, you may be fined ог 
Your license may be suspended or revoked! Send the com- 
pleted Form 605 to the FCC in Gettysburg, PA, and attach 
a photocopy of your license. Then FCC will be able to 
write to you if necessary. 

You can also change your address records with the 
FCC by filing the information using the Universal 
Licensing System (ULS) on the World Wide Web. Go to 
wireless.fee.gov/uls/ and click the " Online Filing button. 


In Chapter 1 you learned that your Amateur Radio 
license is really two licenses in one, The operator license 
portion lists your license class and gives you the authority 
o operate an amateur station. The station license portion. 
includes the address of your primary, or main, Amateur 
Radio station, Figure 4.1 shows the two pieces of a printed 


Figure 4.1 — An FCC Amateur Radio license consists 
of two parts — the station license and the operator 
license. The two pieces of paper shown here each. 
represent a station license and an operator license, 
You can carry the smaller section in your wallet for 
portable or mobile operation. You can post the larger 
Section at your main operating position, or “shack.” 
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If you do not already have a unique FCC Registration 
Number (FRN) you will first have to register with the 
Commission Registration System (CORES) and obtain an 
FRN. The instructions on the Web will lead you through 
the necessary steps. If you are not sure if you have an 
РЕМ, use the Search Licenses option on this Web page to 
look up your call sign. The system will show your FRN, 
if you have one, Follow the directions on the FCC Web 
site to fill out an on-line version of the 605 Form. 


FCC license, Both of these pieces of paper include the 
station license and the operator license. The station li- 
cense lists the call sign of your station and your primary 
station location. This is your written authorization for an 
amateur station. You can operate an amateur station at 
locations other than the one listed for your primary loca- 


‘An avid outdoorsman, Luigi, ICBGVV, always carri 
his hand-held radio when he climbs the cliffs near 
his home on the Isle of Capri. He used his radio to 
call for help when his climbing partner fell and 
broke a wrist. 


tion, however. For example, you might operate а portable 
station somewhere away from home, or a mobile station 
while you are riding in a vehicle. In fact, your amateur 
license authorizes you to operate a station anywhere that 
the FCC regulates the amateur service. In addition to the 
50 states, this also means US possessions such as certain 
Pacific islands and onboard ships registered in the US 
even while sailing in international waters. 

Owners of private property may restrict you from 
‘operating while you are on their property, of course. For 
example, you may find that when you go to enter an 
amusement park or other public attraction, the security 
people won't allow you to carry your VHF or UHF hand- 
held radio along. They may not understand Amateur Ra- 
Фо, and may have other security concerns. 

You might also wonder if you would be allowed to 
‘operate your radio while on board a commercial airplane. 


огеуеп on board a ship. The answer is a qualified yes. The 
FCC Rules specify that the pilot or master of the ship must 
approve your station, Section 97.11 lists some other quali 
fications for such an operation. For example, you may not 
‘operate your station while the airplane is operating under 

“Instrument Flight Rules.” You may not operate using the 
normal communications equipment of the ship or aircraft. 
You will have to use separate Amateur Radio equipment 
to operate on the ham bands, The practical answer to this 
question is that you will probably not be allowed to use 
Your radio on a commercial airplane, With prior arrange- 
ments you will have a better chance of getting permission 
10 operate Amateur Radio onboard a ship. 


Antenna Structure Location 


An important restriction designed to protect others is 
an antenna-height limitation. You may not build an an- 
tenna structure (this includes the radiating elements 
tower supports or any other attachments) that is over 200 
feet high, unless you first register with and obtain FCC 
approval. Also, if the antenna structure height exceeds 
200 feet, you are required to notify the Federal Aviation 
Administration (FAA). Generally, the height of an an- 
tenna structure may also be further limited under Section 
97.15 and Part 17 of the FCC Rules if you live within four 
miles of an airport. You can check The ARRL's FCC Rule 
Book if you think you may be affected by the airport limi- 
tation, 

You must choose the location of your transmitting 
amenna carefully. Objects in the vicinity may negatively 
affect the performance of the antenna or raise other safety 
ог operating concerns. Nearby structures — especially 
metal ones — can seriously detune and degrade antenna 
performance. Antenna height above average terrain 
(ground) and the distance of the antenna from the trans- 
mitter are also important considerations. Antenna height 


is important to obtain the best performance from the an- 
tenna and also to keep the radiating element(s) away from 
‘humans and animals whenever possible. The distance of 
the antenna from the transmitter is important for several 
reasons. First, you want the antenna to be far enough away 
from people so it is not a safety hazard. (You will learn 
more about this in Chapter 10.) 1 your antenna is too far 
from your transmitter, though, you will need a long feed 
Tine to reach the antenna. This adds to the cost of the 
installation, t can also result in significant signal loss in 
the feed line. Feed lines do not have any polarization. 
characteristics, Therefore, the feed-line polarization is not 
an important consideration when selecting an antenna 
location. 


The Control Operator 


А control operator is ап "amateur operator desig 
nated by the licensee of a station to be responsible for the 
transmissions from that station to assure compliance with 
the FCC Rules.” In effect, the control operator operates 
the Amateur Radio station. Only a licensed ham may be 
the control operator of an amateur station. If another li 
censed radio amateur operates your station with your 
permission, he or she assumes the role of control operator 


If you let an amateur with a higher-class license than. 
Yours control your station, he or she may use any operat 
ing privileges allowed by the higher-class license, They 
must follow the proper station identification procedures, 
If you are the control operator at the station of an amateur. 
who has a higher class of license than yours, you can use 
only the privileges allowed by your license: 

Any amateur operator may designate another licensed 
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‘operator as the control operator, to share the responsibil- 
ity of station operation. The FCC holds both the control 
‘operator and the station licensee responsible for proper 
‘operation of the station, If you are operating your own 
Amateur Radio station, then you are the control operator 
at that time, | 

А conirol operator musi be present ai ihe Son 
control point whenever a transmitter is operating. (The 
FCC defines control point as “the location at which the 
control operator function is performed.”) This means that 
you may not allow an unlicensed person to operate your 
radio transmitter while you are not present. There is one 
time when a transmitter may be operated without a control 
operator being present, however. Some types of stations, 
Such as repeater stations, may be operated by automatic 
aaron {ш ifs cian! ferm ie эл rel none a ko 


Station 


Your station records include any written documen- 
lation about your amateur station and your on-the-air 
‘operating. Most hams keep a station logbook, which in- 
‘ludes the details about their station operation. A logbook 


Коры p SU er dr TY et 
problems or complaints, What kind of station records 
should you keep? The FCC does no require you to keep. 
any particular information about the operation of your 
station, Many amateurs find it helpful to keep а logbook 
with certain information about the operation of their Ча 
tion, А logbook is useful for recording dates, calls, names 
and locations of those stations you contact. When you 
confirm contacts by sending "OSL cards” (see Chapter 6) 
liget our TOE ill provide ГОЛ 
history, if you choose to keep one, Figure 4.2 shows a 
example of the information many amateur keep in a og- 
book 

There are commercially prepared logbooks, such as 
the ARRL Log Book, or you can use а notebook or other 
form that you prepare for your own use. Many amateurs 
find it helpful to use one side of a page to log amateur 
contacts and the back of the page to record information 
стри з 
ушеш also use compiler programs lo keep their 
station log information. There are several excellent pro- 
grams that will help rack your progress toward various 
‘operating awards, Some of the programs will even print 
the application forms for those awards 

Tt isn't necessary to use a station logbook. 17 
you don’t, though, it will not be possible to show 
when someone else has been the control operator of 
Your station, Whenever you give someone else per- 
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Records 


time, date and frequencies used, in your logbook: 


FCC Inspections 
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any station records available for inspection upon request 
by an FCC representative. Ifthe FCC decides that it would 
“promote the public interest, convenience and necessity." 
they may modify the terms of your station license. For 
example, suppose a spurious emission from your station 
is causing interference to nearby radio or television re- 
ceivers of good engineering design. The FCC can impose 
operating restrictions on your station. These restrictions 
рыл ынты, йш HONE, epson п 
hours and on Sunday mornings (local time). Section 
97.121 of the FCC Rules says that these restrictions apply 
between В PM and 10:30 PM local time daily and from 
1030 AM to 1 PM on Sunday. 


Station Access 


Jis important to keep any unauthorized persons from 
using your Amateur Radio station. This is both a safety 
install а key -operated on/off switch in the main ac-power 
line to your station equipment, With the switch turned off 
and the key in your pocket, you will be sure no one can use. 
your station. In a mobile installation, disconnect the m 
rophone and remove it when you leave the vehicle, This 
is an easy way to prevent unauthorized operation. 
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Figure 4.2 — Most amateurs keep a station logbook to record information about each contact. 


Emergency Communications 


The FCC encourages licensed hams to assist in emer- 
gency situations, There are even Rules to get around the 
Rules that apply atall other times! Section 97.401 (a) says 


“When normal communication systems are over- 
loaded, damaged or disrupted because a disaster has 
‘occurred, or is likely to occur .. an amateur station may 
‘make transmissions necessary to meet essential commu- 
nication needs and facilitate relief actions." 


‘This is a definition of emergency communications. 
The FCC recognizes hat “amateurs may provide essential 
‘communications in connection withthe immediate safety 
of human life and immediate protection of property when. 
normal communication systems are not available." The 
Rules go on to say: 


97.405 Station in distress 


(a) No provision of hese rules prevents the use by an 
amateur station in distress of any means ат its disposal to 
attract attention, make known its condition and location, 
and obtain assistance. 


(b) No provision of these rules prevents the use by a 
station, in the exceptional circumstances described in 
paragraph (a), of any means of radiocommunication at its 
disposal to assist a station in distress 


If you're in the middle of a hurricane, forest fire or 
blizzard, and you offer your communications services to 
the local authorities. you can do whatever you need to do 
tw help deal with the emergency. This includes allowing 
a physician to operate your radio or helping the Red Cross 
to assess damages. 

Other cases may not be as clear cut, Suppose you 
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Бай ушр ae Sea апаар ТГ ua 
outside of your license privileges or even outside of a ham 
band, Can you call the ship and offer assistance? If it 
appears that no other station is able to provide the re- 
quired communications, yes. you can. If you came across 
a serious auto accident (or were involved in one) and you 
were unable to obtain help on a ham band, could you 
transmit outside of the ham band where you hear another 
station operating? Again, the answer is a qualified yes. Be 
Nay to obtain the necessary 

In the wake of a major disaster, the FCC may suspend 
or change its Rules to help deal with the immediate problem. 
Part 97 says that when a disaster disrupts normal communi- 
cations systems in а particular area, the FCC may declare а 
temporary state of communication emergency. This dec- 
laration will set forth any special conditions or rules to be 
observed during the emergency. Amateurs who want to re- 
quest ш sucha declaration be made should contact the FCC 


sree te a ae 


Distress Calls 


If you should require immediate emergency help, and 
you reusing voice (telephony) mode, call MAYDAY. Use 
‘whatever frequency offers the best chance of getting а useful 
answer. "MAYDAY is from the French m'aídez (help me). 
On CW (telegraphy), use SOS to call for help. Repeat the 
appropriate call а few times, and pause for any station to 


tions that hear the call sign will realize that the MAYDAY or 
SOS is legitimate, Repeat this procedure for as long as pos- 
sible, or until you receive an answer. In а life or property- 
threatening emergency, you may send a distress call on any 
frequency, even outside the amateur bands, if you think doing 
so will bring help faster. 

Be ready to supply the following information to the 
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"Emergency Dial 911” sign on 
the downed telephone pole! 
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* The location of the emergency, with enough detail to 
permit rescuers to locate it without difficulty 
+ The nature of the distress. 
* The type of assistance required (medical, evacuation, 
food, clothing or other aid). 
+ Any other information to help locate the emergency 
{балай on any frequency W provide asistance? What 
if you happen to be in contact with another station when 
ап emergency call for help is heard on your frequency? 
You should immediately stop your QSO and take the call! 
To make a distress call during an ongoing repeater con: 
versation, the proper procedure is to say "BREAK" once, 
followed by your callsign. (On some repeaters, operators 
may say "BREAK" when they want to join а conversa- 
tion. In general, you should try to avoid using that prac- 
immediately answer them and stand by for their emer- 
gency communications.) 


mel er же alen айне 


Emergency Operations 
When cities, towns, counties, states or the federal 
government call for emergency communications, amateurs. 
answer. They put their mobile and portable radio equip- 


ment into service, using alternatives o commercial power 


provide power for equipment during an emergency, when 
отта! ac power is often out of service, Many amateurs 
have some way to operate their station without using com- 
mercial ac power. Power lines are often knocked down and 
areas lose power during a natural disaster such as a hurri 

cane, tornado, earthquake or ice storm. 
A dipole antenna is the best choice for a portable HF 


station that can be set up in emergencies. It can be in 

stalled easily, and wire is light and portable. Carry an 

ample supply of wire and you'll he ready to go on the air 
any time and any place. 

If you're planning to use a battery-powered hand. 
held transceiver, bring along at least one spare, charged! 
battery pack. One of the most important accessories you 
сап have for your hand-held radio is several extra batery 
packs. Just be sure you keep them charged. Many hams 
have found that a battery pack that holds regular alkaline 
batteries is also an excellent accessory. Alkaline batteries 
are available anywhere, They have a long shelf life and 
will last longer than a single charge in a rechargeable 
battery pack 

А hand-held transceiver is a very useful piece of 
equipment. It ean be used in a variety of emergency sítu- 
tations. You can use such a radio at home, in your car and 
you can take it just about anywhere, You can carry it along 
оп an emergency search and rescue mission, use it for 
communications from an emergency shelter or take it into 
the field for making damage reports to government offi- 


Tactic: 

Tactical communications is first-response commu- 
nications in an emergency involving a few people in a 
small area, This type of communications is unformatted 
and seldom written, It may be urgent instructions or re 
quests such as “Send an ambulance,” ог “Who has the 
medical supplies” 

Tactical communications often use 2-meter repeater 
met frequencies or the 146.52-MHz simplex calling fre- 
quency. Compatible mobile, portable and fixed-station 
equipment is plentiful and popular for these frequencies. 


Communications 


Tactical communications is particularly important when 
working with local government and law-enforcement 
agencies, Use the 12-hour local-time system for times and 
dates when working with relief agencies, Most may not 
understand the 24-hour system or Coordinated Universal 
Time (UTC), 

Make tactical communications efficient by using 
tactical call signs. They describe a function, location or 
agency. Their use promotes coordination with individuals 
ог agencies that аге monitoring. When operators change 
shifts or locations, the set of tactical сай signs remains the 
Same. Amateurs may use such tactical call signs as parade 
headquarters, finish line, Command Post, Weather Cen 
ter or Net Control. This procedure promotes efficiency 
and coordination in public-service communication activi- 
ties. Tactical call signs do not fulfill the identification 
requirements of Section 97,119 of the FCC Rules, how- 
ever. Amateurs must also identify their station operation 
with their FCC-assigned сай sign. Identify at the end of 
the operation and at least every 10 minutes during the 
‘operation, 


Health-and-Welfare Traffic 

"There can be а large number of messages to handle 
during a disaster. Phone lines still in working order are 
often overloaded. They should be reserved for emergency 
use by those people in peril. Shortly after a major disaster, 
Emergency traffic messages leave the disaster area 
‘These have life-and-death urgency or are for medical help 
and critical supplies. Handle them first! Next is Priority 
traffie. These are emergency-related messa 


but not as 
important as Emergency messages. Health-and-Welfare 
traffic pertains to the well being of people in the disaster 
area. Friends and relatives of those who may have been 
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injured or evacuated want to know if their loved ones are 
okay. Health-and-Welfare trafic provides information to 
those waiting outside the disaster area. 

мөт insida isa rss inedito fied 
out about someone's relative when their own lives may be 
shawrgendy O 
sages. After the immediate emergency subsides, con- 
cerned friends and relatives of possible victims can send 
Health-and-Welfare inquiries into the disaster area, 


RACES 


‘The FCC Rules establish the Radio Amateur Civil 
Emongmen eden (BA CSS) Aceon 
vice within the Amateur Radio Service, RACES provides 


in times of need. RACES is a part of the amateur service 
that provides radio communications only for civil defense 
purposes. Itis active only during periods of local, regional 
or national civil emergencies. 

You must be registered with the responsible civil 
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defense organization to operate as а RACES station or 
participate in RACES drills. RACES stations may not 
Communicate with amateurs not operating in a RACES 
sei vc lese enen але genie 
transmitted during RACES operation. These are defined 
GverationsC dft e? += Б w~: 
tests and drills for a maximum of one hour per week. All 
test and drill messages must be clearly identified as such. 
‘The Amateur Radio Emergency Service (ARES) is 
sometimes confused with RACES. ARES is sponsored by 
ARRL, and presents a way for local amateurs to provide 
emergency communications while working with groups 
such as the American Red Cross and local Emergency 
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CONTROL 
OPERATOR 
DUTIES 


Your Amateur Radio 
experience will be fun and 
exciting as you make new 
friends on the air. You will 
want to operate your 
station properly. You must 
understand the FCC Rules 
about control operators. 


duties for proper station operation, This includes 
control operator privileges and the presence of a con- 
trol operator. You will also learn about the procedures for 
operating other amateur stations. We will review 
transmitter power standards, identification requireme 
and interference issues to both emergency and gen 
communications. We will also cover third-party 
munications, retransmission of signals and pro 
practices. The three control operator duties questions on 
your Technician license exam will come from three exam 


| n this chapter, we will review the control operator 


groups, The three groups are 

TSA Determining operating privileges, Where control 
operator must be situated while station is locally or 
remotely controlled; Operating other amateur sta- 
tions, 
Transmitter power standards; Interferen 
tions providing 


nergeney communications; Sta 
on requirements. 
insmissions, Prohibited. practices; 
Third party с s: Retransmitting radio 
signals; One way communications 


The Control Operator 


As we learned in Chapter 4, the control operator is 
an amateur operator designated by the licensee of a 
tion to be responsible for station transmissions. Suppose. 
that you are the control operutor and hold а Technician 
class license at the station of another amateur with a 
higher-class license than yours (a General, Advanced or 
‘Amateur Extra class.) You can use only the privileges 
allowed by your license! On the other hand, if you let 
another amateur with a higher-class license than yours 
control your station, any privileges allowed by his or her 
license are permitted. They're permitted—as long as 
proper identification procedures are followed 


Any amateur operator may designate another Ji- 
censcd operator as the control operator. They share the 
responsibility of station operation, The FCC holds both 
the control operator and the station licensee responsible 
for proper operation of the station, If you are operating 
your own Amateur Radio station, then you are the control 
‘operator at that time, 

A control operator must be present at the station 
control point whenever a transmitter is operating. The 
control point is simply the location where the control 
‘operator function is performed. A control operator can 
control any number of transmitters, This means that you 
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may not allow an unlicensed person—even a family mem- 
ber—to operate your radio transmitter while you are not 
present, They must first be licensed before they're al- 
lowed to be control operators. There is one exception 
where a control operator is not required to be present, 
however. А repeater station may be operated by auto- 
matic control. A repeater station is an amateur station that 
automatically retransmits the signals of other stations. In 
this case there is typically no control operator at the trans- 
тїцег control point. What if you wanted to set up your 
dual-band mobile transceiver as a crossband repeater? In 
this instance, a control operator is required at the system's 
control point. 

Your Technician license authorizes you tobe the con- 
trol operator of an amateur station in the Technician fre- 
quency bands. This means you can be the control operator 
of your own station or someone else's station, In either 
case, you are responsible to the FCC for the proper opera- 
tion of the station. You may operate any amateur equip- 
ment provided that you do so within your amateur license 
privileges. 

If you allow another licensed ham to operate your 
station, you are still responsible for its proper operation 
You are always responsible for the proper operation of 
Your station, Your primary responsibility as the station 
licensee is to ensure proper station operation. What if your 
station records do not show that another amateur was the 
control operator of your station at a certain time? In this 
case, the FOC will assume that you were the only control 
operator! 

Keep your operation “above board“ — set an operating 
example that will make you proud. You should be familiar 
wah the basic operating and technical rules covered in the 
FCC's Regulations. These FCC Regulations are known as 
Par 97 and they govern the Amateur Radio Service, You 
will also find a detailed list of your operating privileges in 
Part 97. You should also know the standard operating prac- 
tices used for the various modes you operate. Other chapters 
inthis book have detailed information about operating and 
the various modes you'll want to sample, In this section we 
will review the control operator's duties and guidelines for 
коой operation. 


Preventing Interference to 
Emergency Communications 

When an emergency communication is in progress itis 
important to use good judement. You don't want to be an 
obstacle to the emergency, relief or recovery effort. Unless 
you can he of needed assistance it is essential to resist being 
A microphone or key hog! Sometimes even a minor delay in 
exchanging needed information could mean the difference 
between Ше or death, or serious injury to others. Let's sup- 
ose you are helping in a communications emergency that is 
being handled by а net control operator. How can you best 
minimize interference to the net once you have checked in? 
An effective solution is to not transmit until you are asked to 
by the net operator, This act of self-restraint helps to avoid 
station doubling, Doubling occurs when two ог more opera- 
tors transmit at the same time on the same frequency, You 
can help prevent needless confusion to a scenario where 
Tterally seconds can mater! While FCC rules permit abroad 
standard of operating flexibility for emergency communica- 
tions, they must not be taken lightly. Transmitting on a 
police frequency as а joke, for example, is harmful interfer 
fence. А large penalty is the likely result of such an act! Such 
interference can block police calls that might be an emer- 
gency, and interrupt police communications. 


Preventing Interference in General 

Let's consider another example of possible interfer- 
ence. Say you are using a frequency within a band 
assigned to the amateur service on a secondary basis, Soon, 
station assigned to the primary service on that same band 
Actually causes interference. What action should be taken? 
‘The answer may surprise you. As a secondary service op- 
eration, YOU should change frequencies! You may becaus- 
ing harmful interference to the other sation with primary 
service status, in violation of FCC rules, 


[Before you go on to the next section, you should tum 
lo Chapter 11 and ß 
TATO and questions T5809, Т5В11 and Т5В12. Also 
study question TSC12. Review this section if you have 
dificuly with any of those questions ] 


Time Out for Station Identification 


FCC regulations are very specific about station iden: 
tification. You must identify your station every ten min- 
ules or less during a contact and at the end of the contact, 
You do not have to identify with every transmission dur- 
ing а conversation with another ham or group of hams, 
though. Identify your station by transmitting the station 
call sign listed on your license at the required intervals. 
Tt doesn’t matter if you are operating from your home 
from a portable location or ina vehicle as a mobile 
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station. It doesn't matter what mode you are operating. 
You must always identify your station every ten minutes. 
when you are operating. 

You don't have to transmit your call sign at the. 
beginning of a contact. In most cases it will help you estab- 
lish the communications, though. Unless you give your 
call sign, the other stations may not know who you are! 
When you take part in a net, or talk with a group of hams 
regularly, they may learn to recognize your voice. Then 


you may not have to give your сай sign for them to know 
who you are 

‘You do not have to transmit both call signs when you 
are talking with another ham — only your own. The ex- 
ception is in cases of third-party communications with 
a station in a foreign country. (You'll learn more about 
third-party communications later in this chapter.) Then 
you do have to transmit both call signs at the end of the 

Let's look at an example of how to identify an Ama- 
teur Radio station properly, WBSIMY and WRIB have 
been in communication for 45 minutes and are now sign- 
ing off. Each operator has already transmitted his call four 
times (once after each 10-minute interval). Each should 
по transmit his call one more time as they sign off, for 
a total of five times during the QSO. (QSO means a two- 
‘way contact or communication with another ham.) 

‘What i the QSO had lasted only eight minutes? Each 
station would be required to transmit their call sign only 
‘once (atthe end of the communication), You may identify 
more often than this to make it easier to communicate on 
a crowded band. But the rules specify only that you iden- 
tify every 10 minutes, und at the end of a contact. On 
voice, identification is simply “this is WB8IMY.” In 
Morse code, use DE WR1B ("DE" means from in French). 

Suppose you have а Technician license and also have 
а Certificate of Successful Completion of Examination 
(CSCE). The CSCE shows that you have credit for pas 
ing the Morse code exam, What special identification pr 
cedures must you follow when you operate on the HF 
bands? No special procedure is needed. Just give your call 
sign as described here, 

By the way, Morse code isthe one emission mode that 
may always be used to transmit your sation identification. 
Tt doesn't matter what frequency you are operating on, or 
‘what mode you are using for the communication. You may 
use Morse code to send your station identification. 


Prohibited 


Under FCC Rules, you must clearly make known the 
source of your transmissions to anyone receiving them. 
‘The rules prohibit unidentified communications or sig- 
nals. These are signals where the transmitting station's 
call sign snot included. Be sure you understand the proper 
station identification procedures, so you don't violate this 
rule, You should not press the push-to-talk button on yo 
radio or microphone without giving your call sign. Dot 
just press the mike button to send a signal to test repeater 
access. Give your call sign, too. 

What if you answer someone on the air and complete 
‘your communication without giving your cal sign? These 
эге both examples of unidentified communications (or 
unidentified signals or transmissions), and they're illegal 


You can use any language you want to communicate. 
with other amateurs. Amateur Radio gives you a great 
‘opportunity to practice your "foreign" language skills. 
You can find other hams that speak the language you are 
learning. They will usually be very helpful with questions 
уой may have, You will find they are quite pleased that 
you would try to speak with them in their native language! 
‘When you give your station identification, however, you 
must use English. 

The FCC recommends that you use a phonetic alpha- 
bet as an aid to station identification, The International 
Telecommunication Union (ITU) phonetic alphabet uses 
Words that are internationally recognized substitutes for 
letters. This makes it easier to understand the letters. You 
will learn the ITU phonetic alphabet and how to use it in 
‘Chapter 6 of this book, 

"There are two exceptions tothe station identification 
rules. The first exception is when you are transmitting 
signals to control a model craft—a plane or boat. This 
control or telecommand operation is a permissible one- 
‘way transmission. This type of transmission is to start, 
change or end functions of a device, The device is usually 
some distance from the transmitter. The model craft's 
control transmitter must be labeled, however. The label 
‘must contain the station licensee's name, address and call 
sign. Also, the model craft's control transmitter power 
cannot exceed one watt, The second exception to station 
identification is for a space station, A space station is an 
Amateur Radio station located more than 50 km above the 
Earth's surface. An OSCAR (Orbiting Satellite Carrying 
Amateur Radio) satellite itself, for example, does not have 
1o transmit a station call sign. Operators transmitting to 
the satellite must transmit their call signs, however. 


Practices 


No station may transmit as the station call any сай not 
authorized to that station. You can't make up а 
ог use someone else's call sign without their permission! 
FCC rules also prohibit the transmission of false or 
deceptive signals. These are transmissions intended to 
mislead or confuse those who receive them. As an ex- 
ample, it is illegal for you to pretend there is an emer- 
gency and transmit MAYDAY! Further, you must always 
avoid deliberately interfering with another station's com- 
‘munications. For example, you must not repeatedly trans- 
mit on a frequency already occupied. It could be over a 
group of amateurs in a net, or just two hams already in a 
QSO. Each of these is an example of harmful or malicious 
interference 
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Permitted One-Way Transmissions 


Emergency communications, remote control of a 
model craft and beacon operation are all examples of 
permitted one-way communications. These are transmis- 
sions that are not intended to be answered. The FCC 
strictly limits the types of one-way communications al- 
lowed on the amateur bands, Part 97 also allows the fol- 
lowing kinds of one-way amateur communications: 

+ brief transmissions necessary to make adjustments to a 


* brief transmissions necessary to establishing two-way 
communications with other stations; 

‘transmissions necessary to assisting persons learning, 
or improving proficiency in, the international Morse 
code; and 

+ transmissions necessary to disseminate information bul- 
letins (these are to be directed only to amateurs and must 
consist solely of subject matter of direct interes to the 
amateur service). 


Transmitter Power 


When you consider how much transmitter power lo use, 
the main FCC Rule is Section 97.313 (a), “An amateur station 
must use the minimum power necessary to сату out the desired 
communications." What this means is simple — if you don't 
need 200 W to contact someone, don't use it! For ex- 
ample, suppose you contact another amateur station. You 
learn that your signals are extremely strong and loud, and 
perfectly readable. You should turn down your transmit- 
ter output power in that case. 

Transmitter power is measured in watts of peak envelope 
power (PEP) output at the antenna terminals of the transmitter 
or amplifier. The FCC defines peak envelope power as "the. 
average power supplied to the antenna transmission line by 
a transmitter during one RF cycle at the crest of the module 
tion envelope.” This sounds pretty technical, but it isn't too 
difficult to understand the basic principle. The modulation. 
envelope refers to the way the information signal varies the 
transmiter output. Think of it as increasing and decreasi 
the transmitted signal. АП we have to do is find the highest 
point, or maximum output-signal level, Then we look at one. 
cycle of the radio-frequency (RF) signal, We next measure 
the average power during that time. Figure 5.1 illustrates 
this measurement on a radio-signal waveform. You might 
use a wattmeterto make that measurement for you, and the 
meter will do all the work. So you just have to read a meter 
scale or read the numbers off a digital display. 

Technician and bigher-class operators may operate with a 
‘maximum peak envelope power (PEP) output of 1500 W. 
Notice that the word maximum is emphasized There are some 
exceptions to the maximum power rules: 

+ АП who are authorized to operate in the 80, 40 and 15- 
meter Novice subbands may use a maximum of 200 
watts PEP, 

+ Technicians who are authorized to operate on the Nov. 
ice bands (those who have passed a S-wpm code test) are 
also limited to 200 W PEP on the 10-meter Novice sub 
band, 28.1 to 28.5 MHz, 

+ All amateurs are limited to 200 W PEP on the 30-meter 
band (10.1-10.15 MHz), You will be able to use this 
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band when you upgrade to General clas. 

+ Stations in beacon operation are limited to 100 W PEP 
output 

+ Stations operating near certain military installations may 
use a maximum of 50 W PEP on the 450-MHz band. 

‘The rules limit the maximum transmitter ourpur 

power in the amateur service to 1500 W PEP. Amateurs 

rarely use more than a couple of hundred watts on the 

VHF and UHF bai 

ing attempt like ^ 

the moon, Such activities may require increased power 

levels for success, 
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Figure 5.1 — This drawing represents a modulated 
ВР waveform. The peak envelope power (PEP) of 

this signal is calculated or measured by finding the 
average power of one RF cycle that occurs at the 
Modulation peak. 


Third-Party Communications 


A message sent between two amateur stations for 
someone else is third-party communications, (Many 
hams call it third-party trafic) For example, sending a 
‘message from your mother-in-law to her relatives else- 
where is third-party communications. The control opera- 
tor of one station (the first party) sends communications 
to the control operator of another station (the second 
party) for someone else (the third party). ‘Third-party 
messages include those that are in any way originated hy 
or for a third party, and transmitted by an amateur station 
either live or delayed. They can include spoken, written, 
keystroked, keyed, and/or photographed material 
‘Third-party communications of a personal nature is 
okay. Passing along messages involving business matters 
is not! The Amateur Service is not the place to conduct 
business. Therefore, you may not receive any type of 
payment in return for transmitting or receiving third-party 
communication. 
‘You can pass third-party messages to other stations 
їп the United States. Outside the US, FCC Rules strictly 
limit this type of communication. You may only commu- 
пісае with those countries that have third-party com- 
‘munications agreements with the US. The agreement is 
ап understanding between the United States and another 
country. It allows amateurs in both countries to partici- 
pate in third-party communications. In general, you 
should consider that international third-party communi- 
cation is prohibited, except when 
+ communicating with a person in a country with which 
the US shares a third-party agreement, or 

+ in cases of emergency where there is an imm 
to lives or property, or 

+ the third party is eligible to be a control operator of he 
station, 

In many countries, the government operates the tele 
phone system and other communications lines. You сап 
imagine why these governments are reluctant to allow 
their amateur operators to pass messages. They would be 
їп direct competition with the government-operated com 
munications system. 

‘The ARRL monthly journal, OST, periodically pub- 
lishes a list of countries with which the US has a third 
party communications agreement. The list does change, 
and sometimes there are temporary agreements to handle 
special events. Check such a list, or ask someone who 
knows, before you try to pass a message to another coun- 
uy. Table S.L isa list of countries with which the US had 
third-party communications agreements as this book was 
being printed. 

You may allow an unlicensed person to participate in 
Amateur Radio communications from your station, This 
is third-party participation. It is another form of third- 
party communications. 


late threat 


WELL, TELL 
HIM AGAIN, JEEVES- 

-NO THIRD-PARTY 
TRAFFIC WORK 


From October 1955 QST 


You (as control operator) must always be present to 
make sure the unlicensed person follows all the rules, 
This is how you can allow your family members and 
friends to enjoy some of the excitement of Amateur Ra 
dio. They can speak into the microphone or even send 


Morse code messages on a keyboard, as long as you are 
present to control the radio, They can also type messages 
оп your computer keyboard to talk with someone using 
packet radio or radioteletype, 

What should you do if you are allowing your non: 
amateur sister to use your station, and a foreign station 
breaks in to talk to her? You should have your sister wait 
while you find out if the US has a third-party agreement 
with the foreign station's government 

There is another important rule to keep in mind about 
third-party participation. What if the unlicensed person 
жаз an amateur operator whose license was suspended or 
revoked by the FCC? That person may not participate in 
any amateur communication! You can't allow that person 
to talk into the microphone of your transmitter or operate 
Your Morse code key or computer keyboard 
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through T5COS. Review this section f any of these ques- 
tions give you difficulty. Then move on to Chapter 6 
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Table 5.1 
International Third-Party Traffic — Proceed With Caution 


Occasionally, DX stations may ask you to pass a third-party message to a friend or relative in the States. This is all 
right as long as the US has signed an official third-party traffic agreement with that particular county, or the third 
party із a licensed amateur, The traffic must be noncommercial and of a personal, unimportant nature, 


US Amateurs May Handle Third-Party Traffic With: 


C5 The Gambia в StLucia ук. Australia 
СЕ Chie 37 Dominica VR" Pitcaim Island 
CO Cuba JB St Vincent and the Grenadines. ХЕ Mexico 
CP Bolivia JY Jordan YN Nicaragua 
CX Uruguay lU Argentina YS Е Salvador 
06 Federal Islamic Republic OA Peru YV Venezuela 
al the Comoros PY Brazil ZP Paraguay 
DU Philippines ТА Turkey ZS Daß Alca 
EL Liberia TG Guatemala 3DAD Swaziland 
GB” United Kingdom Tl Costa Rica 40 % ITU Geneva 
HC Ecuador тә Bosnia-Herzegovina 
HH Halt V2 Antigua and Barbuda 
HI Dominican Republic V3 Belize 
HK Colombia Уа St Christopher and Nevis 
HP Panama VB | Federated States of Micronesia 
HR Honduras У7 Marshall Islands 9L Siena Leone 
J3 Grenada VE Canada BY Trinidad and Tobago 
Notes 


"Third party trac permitted between US amateurs and special-events station in the United Kingdom having the pel GB only, 
Win the exception that СВЗ stations are not Includes ints agreement 

"Since 197, here has been an йота agreement between the United Kingdom and the US, permiting PRcaim and US amateurs to 
exchange messages concerning medical emergencies, urgeri need lor equipment or supplies, and private or personal altos © sland 
тездете 

Please noie thatthe Region 2 Division о! the International Amateur Radio Union (АЯШ) has recommended that international vatfic 
fon he 20 and 1S-metey bands be conducted on the flowing frequencies 
14100-14150 MHz — 21.150.21.200 MHz 
14.250-14.80 MHZ 21300-21450 MHz 

The JARU is the aliance of Amateur Radio societies from around the word; Region 2 comprises member-societies in North, South 
and Cental America, and the Caribbean. 

ме, At the end ol ап exchange of third-party traffic with a station located in a foreign country, FCO-icensed amateurs must also 
anem the call ign o te foreign sation as wall as ther own call sin. 
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Соор 
OPERATING 
PRACTICES 


The operating world is rich 
and varied. As you operate 
and try new modes, you'll 
become more proficient on 
the air. 


With your ham license, you can relax and enjoy а 
conversation (a ragchew) with another ham. You can send 
and receive messages anywhere in North America via the 
National Traffic System (handle third-party messages, or 
traffic). You can contact large numbers of stations in a 
very short time in competition with other hams (enter 
contests). You can try to contact hams in as many differ 
ent countries or distant places as possible (chase DX), 
These are just а few of the activities that Amateur Radio 
‘operators enjoy. 

In this chapter, we'll give you some tips for operat- 
ing with your new Technician license — on phone using. 
single sideband; on some digital modes; and using Morse 
code (CW). Then we'll take a look at some other operar 

jg modes you may want to try. We will even consider 
some of the problems you may experience with your new 


Opera! 


Poor operating procedure is ham radio's version of 
original sin. tis a curse that will not go away. Hams refer 
to these poor operators as ids. No one wants to be a lid or 
to have а conversation with a lid, Calling someone a lid is 
the ultimate insult. (Don't do it on the air. Just be sure 
your operating practices are such that no one wants to call 
you a lid.) 

Tt is actually easier to be a good operator than to fall 
prey to sloppy habits. You can transmit a message without 


ham station, and find ways to solve those problems, 

‘There will be three questions on your Technician 
class exam taken from the material in this chapter. Those 
questions will come from the following three question 
topics from the Element 2 syllabus: 


ТВА Calling another station; Calling CQ: Typi 
teur service radio c 


1 ama- 
acts; Courtesy and respect for 
others; Popular O-signals; Signal reception reports; 
Phonetic alphabet for voice operations 

Occupied bandwidth for emission types; Mandated 
and voluntary band plans: CW operation. 

TVI and RFI reduction and elimination, Band/Low/ 
High pass filter, Out of band harmonic Signals, 
Spurious Emissions, Telephone 
Shielding, Receiver Overload. 


needless repetition and without unnecessary identification 
Good operating makes hamming more fun for everyone. 
For example, on CW (Morse code), you don't have to 
spell out each and every word to have a conversation, 
Clearly, the initial glamour of Amateur Radio is the 
‘opportunity to talk to people who share а common bond, 
the hobby of ham radio. It doesn’t matter if they re across 
town or in another country. Technician licensees who 
have credit for passing the Morse cade exam, to gain 
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“Novice privileges,” have plenty of chances to work DX 
(contact distant stations — usually in other countries) on 
the 10- and 15-meter HF ham bands (28.1 to 28.5 MHz 
and 21.1 to 21.2 MHz), The 40- and 80-meter Novice HF 
bands (7.1 to 7.15 MHz and 3.675 to 3.725 MHz) also 
provide good DX opportunities at times, as well as long- 
distance communications across the US. The VHF and 
UHF bands are useful primarily for shorter-range con. 
tacts, Satellites provide a good opportunity for Techni- 
cian class licensees to talk with stations in other countries 
and over longer distances than normal FM repeater con- 
tacts. In addition, there are some conditions in the Earth's. 
atmosphere that will help you contact stations hundreds 
ol miles away. You learned about propagation — how 
radio signals travel — in Chapter 3. 

Certain segments of each band are set aside for vari 
ous kinds of operation. For instance, the six-meter band 
“DX Window" is 50.100 — 50.125 MHz. By agreement, 
USA stations only work DX (non-USA stations) in this 
band segment, Most of these frequency segments are part 
of the ARRL and International Amateur Radio Union 
ТАКО) Band plans. Band plans are voluntary agreements 
between operators about how to use a particular band, 
rather than FCC regulations. Good operators are familiar 
‘with the band plans and try to follow them. 

Chapter 8 presents information on antennas for all 
types of locations. Once you choose the frequency bands 
оп which you want to operate, you'll need to install an 
antenna that will get you on the air. The success of your 
antenna installation Will be evident once you actually 
begin making contacts: Either they'll hear you or they 
won't. You won't need a beam antenna to work DX. At 
times of high sunspot activity, many hams report out- 
standing results using dipoles or converted CB antennas. 
Your goal is to put the best possible signal on the air. 
Of course, this will vary depending on your location and 


your budget. Don't worry about competing with the ham 
‘down the street who has a huge antenna atop а 70-foot 
tower, 

In Amateur Radio, it's important to enjoy and take 
pride in your own accomplishment. You've heard it said 
‘I's what you do with what you've got that really counts.” 
‘That is especially true in Amateur Radio, To make up for 
any real or imagined lack of equipment, concentrate on 
improving your own operating ability 

Good operating skills ean be like making your signal 
ten times stronger! Hams say it is like adding 10 dB to 
Your signal. (More detailed operating information can be 
found in The ARRL Operating Manual, This book is avail- 
able from your local radio dealer or directly from ARRL.) 

The first rule of good operating practice is to always 
listen before you transmit! This may seem so obvious that 
we wouldn't even have to mention it. A few seconds of 
listening will help ensure that you don't interfere with a 
conversation (QSO) in progress. Ifthe frequency sounds 
clear, make a brief call or ask if the frequency is clear. 
‘You may have just heard the pause between two parts of 
the contact 

Another good rule for Amateur Radio contacts is to 
talk as you would during a face-to-face conversation. 
When you meet someone for the first time, you introduce 
yourself once; you don't repeat your name over and over 
again. An exception would be ifthe other person is hard 
of hearing or you're meeting in a noisy place. Even then 
you would only repeat if the person couldn't hear you. To 
call another station when the frequency is not in use, ju 
give both calls, For, example, “WRIB, this is WB3IOS." 
When you are on the air, the other operator will tell you 
if she can't hear you clearly 

Now, let's take a look at some guidelines that will 
help you get accustomed to operating your new radio with 
Your new privileges. 


SSB Voice Operating 


Operating single sideband (SSB) voice is a bit dif- 
ferent than using FM phone on a repeater. The procedures 
described here apply to voice operation on the "weak- 
signal” SSB frequencies on the VHF/UHF bands and on 
10-meter single sideband (SSB). 

What does single-sideband (SSB) mean? Begin with 
а steady radio frequency (RF) signal such as you would 
get by pressing the key of a Morse code transmitter and 
just holding it down. This signal is called the RF carrier. 
Then combine this signal with a voice signal from a mi- 
srophone, The process of combining such an RF carrier 
with any information signal is called madulation. (Actu- 
ally, keying the RE carrier to form Morse code is a form 
of modulation.) If we use amplitude modulation, the re- 
sulting signal has two sidebands, one higher in frequency 
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than the carrier frequency and one lower in frequency 
than the carrier frequency. These are called the upper 
sideband and the lower sideband. For a single-sideband, 
voice signal, the carrier and опе of the sidehands is 
removed, and only one sideband is transmitted. See Fig- 
ure 6.1. The RF carrier is the signal that we modulate to 
produce а radiotelephone signal 

SSB is the most common voice mode on HF. You can 
use either the lower sideband or the upper sideband to 
transmitan SSB signal. Amateurs normally use the upper 
sideband for phone operation on frequencies higher than 
14 MHz. This includes the VHF and UHF bands. 

Operating techniques and procedures vary for dif- 
ferent modes, and even alittle from band to band. A great 
way to become familiar with new techniques is to spend 


e 


Figure 6.1 — A single-sideband (SSE 
formed by combining an RF carrier signal (A) with a 
voice or other information signal (8). The resulting 
signal includes the original RF carrier as well as two 
úsidebands, one on either side of the carrier. The. 
upper and lower sidebands are shown at C. To 
transmit an SSB signal one of the sidebands and the 
RF carrier are removed in the transmitter, and the 
maining sideband is transmitted. 


time listening. Be discriminating, though. Take а few 
moments to understand the techniques used by the pro 
cient operators — the ones who are the most understand- 
able and who sound the best. Don't simply mimic 
whatever you hear. This is especially true if you're going. 
оп the air for the first time. 

Whatever band or mode you аге using, there are three 
fundamental things to remember. These apply for any type 
of voice operating you might try. The first is that courtesy 
costs very little. It is often rewarded by bringing out the. 
bestin others. Second, the aim of each radio contact should 


be 100% effective communication, А good operator is 
never satisfied with anything less. Third, your "private" 
conversation with another station is actually open to the 
public. Many amateurs are uncomfortable discussing con- 
troversial subjects over the air. Also, never give any con- 
fidential information on the ir. You never know who may 
be listening. 


Keep it Plain and Simple 

Although it does not require the use of any codes ог 
special abbreviations, proper voice procedure is very impor- 
tant. Voice operators say what they want to have understood. 
CW operators abbreviate so they don't have to spell it ош. 
One advantage of voice operation is speed: a typical voice 
ОЗО takes place at between 150 and 200 words per minute. 
Whether you're working a DX operator who may not fully 
understand our language, or talking to your friend down the 

i speak slowly and clearly. That way, yow Il have fewer 

st to repeat information. 

Avoid using CW abbreviations and prosigns such as. 

and “К” for voice communications. Also, Q signals 
(ОВХ, ОКУ and so forth) are for CW, not voice, operu- 
tion. (You will learn about proper CW operating tech- 
niques later in this chapter.) You may hear operators using 
© signals such as OSL, QSO and QRZ on voice, but you 
should generally avoid using them on voice modes, Ab- 
brevistions are used on CW to say more in less time, to 
improve the efficiency of your communications, On voice, 
you have plenty of time to say what you mean. On CW, for 
‘example, it's convenient to send “К” at the end of a trans- 
mission. On voice, it takes less than a second to say “ро 
ahead." 

Use plain language and keep jargon to a minimum, In. 
particular, avoid the use of "we" when you mean "T" and 
“handle” or "personal" when you mean “name.” Also, 
don't say “that's a roger" when you mean "that's correct.” 
Taken individually, any of these sayings is almost harm- 
less. Combined in a conversation, however, they give a 
Talse-sounding “radioese” that is actually less effective 
than plain language. 

Ifthe other operator is having difficulty copying your 
signals you should use the standard International Telecom- 
munication Union (ITU) phonetic alphabet, detailed in 
‘Table 6.1. Use the words in the phonetic alphabet to spell 
out the letters in your call sign, your name or any other 
piece of information that might be confused if the letters 
re not received correctly. This phonetic alphabet is gener- 
ally understood by hams in all countries. 


Initiating a Contact 


‘There is no point in wasting words, and that includes 
when you are trying to make a radio contact, Hams estab- 


lish a contact when one station calls CQ and another ге- 
plies. СО literally means “Seek you: Calling any station. 
You can usually tel good ham by the length of the CQ 
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Table 6.1 
Standard ITU Phonetics 

Letter Word Pronunciation 
A Alla AL FAH 

B Bravo BRAH VOH 

C Charlie CHAR LEE 

D рез DELL TAH 

E Echo ECK ОН 

F Foxtrot FOKS TROT 
G бо! GOLF 

H Hotel НОН TELL 
ba, IN DEE AH 

J Juliet JEW LEE ETT 
„ Ко KEY LOH 

L Uma LEE MAH 

M Mike MIKE 

N November NOVEMBER 
O Oscar OSS САН 

P Papa РАН РАН 

Q Ош ес КЕН BECK 

R Romeo ROW ME OH 
S бета SEE AIR RAH 
T талдо TANG GO 

U Uniform YOU NEE FORM 
V Victor VIK TAH 

W Whiskey WISS KEY 

х X-Ray ECKS RAY 

Y Yankee YANGKEY 

Z Zu 200 LOO 


Note: The boldfaced syllables are emphasized. The 
pronunciations shown in this table were designed for 
those who speak any of the international languages. 
The pronunciations given for "Oscar" and "Victor may 
seem awkward to English-speaking people In the US. 


call. A good operator sends short calls separated by con- 
centrated listening periods. Long СО» drive away more 
contacts than they attract! 

Before calling CQ. itis important to finda frequency 
that appears unoccupied by any other station. This may 
not be easy, particularly during crowded band conditions. 
Listen carefully — perhaps à weak DX station is on fre- 
quency. If you're using a beam antenna, rotate it to make 
sure the frequency is clear. If, after a reasonable time, the 
frequency seems clear, ask if the frequency is in use, then 
sign your call, "Is the frequency in use? This is KAIIFB." 
If, as far as you can determine, no one responds, you are 
ready to make your са. 

Keep your CQ calls short. Long calls are considered 
poor operating technique. You may interfere with stations 
already on frequency who didn't hear your initial fre- 
quency check. Also, stations intending to reply to the call 
may become impatient and move to another frequency. If 
two or three calls produce no answer, it may be that there 
is too much noise or interference, or that atmospheric 
conditions are not favorable, At that point, change fre- 
quency and try again. If you still pet no answer, try look- 
ing around and answer someone else's CQ. Here's an 
example of a CQ call: 

"CQ CQ Calling CQ. This is KBIAFE, Kilo Bravo One 
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Alfa Foxtrot Echo, KBI AFE calling CO and standing by." 

Notice that the operator used the International Tele- 
‘communication Union standard phonetic alphabet to spell 
ош her call sign. This ensures that her call sign will be 
understood and letters won't be confused for other letters. 
‘There is no need to say what band is being used or to add 
other information 

‘The format of this CQ call isa “3 х3” сай. This refers. 
to calling CQ three times, then giving your сай sign three 
times, There are two ways to initiate an SSB voice con- 
tact: call CQ or answer a CQ. At first, you may want to 
tune around and find another station to answer, If activity 
on a band seems low, a CQ call may be worthwhile, 

When replying to а CQ, say both call signs clearly. 
Is not necessary to sign the other station's call phoneti- 
cally. You should always sign yours with standard pho- 
netics, however. Remember to keep calls short. Say the 
call sign of the station you are calling only once, Follow 
with your cal sign, repeated phonetically, several times. 
For example, WIA M. this is KA3HAM, Kilo Alfa Three 
Hotel Alfa Mike, KA3HAM, over.” Depending on condi- 
tions, you may need to give your call phonetically several 
times, Repeat this calling procedure as required until you 
receive a reply or until the station you are calling has 
соте back to someone else. 

Listening is very important, If you're using PTT. 
(push-to-talk), be sure to let up on the transmit button 
between calls so you can bear what is going on. With VOX 
(voice operated switch), you key the transmitter simply 
by talking into the microphone, VOX operation is helpful 
because, when properly adjusted, it enables you to listen 
between words. Remember: It is extremely poor practice. 
to make a long call without listening. Also, don't continue 
to call after the station you are trying to contact replies to 
someone else, Wait for the contact to end before trying 
again, or try another spot on the band. 


Conducting the os 

Once you've established contact, it is по longer neces- 
sary to use the phonetic alphabet for your call sign or to give 
the other station's call, FCC regulations say that you need to 
sive your call only every 10 minutes and at the conclusion of 
the contact. (The exception is when handling international 
third-party trafic, Then, you must sign both calls) This al- 
lows you to enjoy a normal two-way conversation without 
the need for continual identification. Use “over” or “go 
ahead“ at the end of a transmission to indicate that it's the 
other station's turn to transmit, (During FM repeater opera- 
tion, it is obvious when you or the other station stops trans- 
mitting because you will hear the repeater carrier drop. In 
this case it may not be necessary to say ber-) 

‘Aside from signal strength, most hams exchange 
пате, location and equipment information (especially 
antennas?). Once these routine details are out of the way, 
you can talk about your families, the weather, your occu- 
pation or any appropriate subject 


Working DX 

The 6 and 2 meter hands can provide some excellent 
band openings for SSB and CW DX contacts. DX can mean 
acontact with any distant station. Most operators understand 
DX to mean a contact with a station in another country, по 
matter how near or far that may be. Really, it's a relative 
term, though. On the VHF/UHF bands, where we normally 
expect the contacts to be limited to your local area, talking 
with a station 100 miles away might become DX 

During the years of maximum sunspot activity, 
10-meter worldwide communication on a daily basis is 
commonplace. (Chapter 3 discusses the effects of sun- 
spots on radio-wave propagation.) Ten meters is an out- 
standing DX band when conditions аге right. A particular 
advantage of 10 meters for DX work is that effective 
bean pe antennas tend to be small and light, making for 
relatively easy installation 

With a Technician clas license you won't be able to 
take advantage of these excellent conditions on the HF 
bands, unfortunately, This is one reason to pass the 5 wpm 
Morse code exam. With a Technician license and credit 
for Morse code you will gain access to the “Novice” HF 
bands. You can still have plenty of fun on the VHF and 
UHF bands with your Technician license, of course. 

There are а few things to keep in mind when you 
contact amateurs from outside the United States. While 
many overseas amateurs have an exceptional command of 
English (which is especially remarkable since few US 
amateurs understand foreign languages), they may not be 
familiar with many of our local sayings. Because of the 
language differences, some DX stations are more com- 
fortable with the “bare-bones” type contact, and you 
should be sensitive to their preferences. 

During unsettled band conditions it may be neces- 
sary to keep the contact short in case fading or interfer- 
ence occurs. Take these factors into account when 
expanding on a basic contact, Also, during a band open- 
ing on 10 meters or on VHF, it is crucial to keep contacts 
brief. This allows many stations to work whatever DX is 
coming through. 

‘When the time comes to end the contact, end it. Thank 
the other operator (once) for the pleasure of the contact 
and say good-bye: “This is WB3IOS, clear.” This is all 
that is required. Unless the other amateur is a good friend, 
there is no need to start sending best wishes to everyone 
in the household including the family dog! Nor is this the 
ime to start digging up extra comments on the contact 
Which will require a “final final” from the other station 
(there may be other stations waiting to call in). 


Tips for Better SSB Operating 


+ Listen with care, V is natural to answer the loudest 
station that calls, but sometimes a weaker signal may 


provide a more interesting contact. Not all amateurs 
сап run high power, and sometimes the weaker signal 


‘may be from a more-distant station. Don't reward an 
‘operator who has eranked up the transmitter gain to the 
point of being difficult to understand, especially if a 
station with a nice sounding signal is also calling. 

+ Use VOX or PTT. If you use VOX, don't defeat its 
purpose by saying “aah” to keep the transmitter on the 
air. If you use PTT, let go of the mike button every so 
often to make sure you are not "doubling" with the 
other station. A QSO should be an interactive conver- 
sation. Don't do all the talking. 

Take your time. The speed of Voice transmission (with 
perfect accuracy) depends almost entirely on the skill 
of the two operators concerned. Use a rate of speech 
that allows perfect understanding. The operator on the 
other end should have time to record important details 
of the contact If you go too fast, you'll end up repeat- 
ing a lot of information 

Use standard phonetics to make your call sign easier to 
understand. 


Sampling Various Other Modes 

With a Technician license you can sample virtually 
every type of Amateur Radio operating activity. Even with- 
‘out passing a Morse code exam you can use CW on the 
VHF and UHF bands, You can also use single sideband 
(SSB) voice on those bands. There are segments of each 
band dedicated to CW operation as well as other “weak 
signal” operation such as SSB, You can sample amateur 
television (ATV), Earih-Moon-Earth (EME or moon 
bounce) communication, amateur satellites and packet 
radio. The only type of operating that you can't experience 
is on the high-frequency (HE) bands, There is certainly no 
reason to feel confined to FM voice on 2 meters! 

Your selection of station equipment should he guided 
by the type of operating you want to try. If you want to 
create an effective weak-signal station, for example, you 
will want to look for a multi-mode VHF transceiver rather 
than just an FM rig. You'll also want to put up some type 
of directional antenna that you can rotate to point at other 
stations rather than one that sends signals equally well in 
all directions, 

Tf amateur television (ATV) sounds interesting, you 
сап sample the activity in your area with a cable-ready TV 
receiver connected o а good outside beam antenna for the 
70-cm (420 10 450-MHz) amateur band. Tune the TV to 
cable channels 57 through 61. These cable channels are 
mot the same as the UHF broadcast channels 57 to 61 
Cable channel 57 is 421.25 MHz, and each channel is 
6 MHz higher in frequency 
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Operating CW 


Even if you don’t think you will ever touch a Morse 
code key, don't pass up the information in this section. 
‘There is a special feeling of accomplishment that comes 
from a Morse code conversation, This is especially true if 
that conversation takes place using an inexpensive radio 
that you built yourself! There are many similarities be- 
tween CW and voice operation. Remember, you can op- 
erate CW on the VHF and ОНЕ bands with your 
Technician license, You don't have to pass a CW exam 
before you can operate this mode! Passing the CW exam 
gives you access to the Novice HF bands. 

‘An unmodulated carrier wave (a steady signal with 
по information included) is called а test emission. CW, 
also called international Morse code, is transmitted by 
onfoff keying of a radio-frequency signal, This is demon- 
strated whenever you use a key to send CW. To send code, 
you pressa lever. To stop sending, you let up on the lever. 
Code is either on or off. What could be simpler? 


Calling са 
Morse code CQ calls should follow the same general 

procedure as an SSB CQ. Generally, а "3 x 3" call is more 

than sufficient, Here's an example 

со со со DE KA7XYZ KA7XYZ KATXYZ К 

‘As you remember, "3 x 3" refers to calling CQ three 
times, followed by your call sign three times, DE is a 
Morse code abbreviation that means"from” or "his is." 
Perhaps the best way to get started isto listen for someone 
else's CQ. Listen between 50.0 and 50.1 MHz on meters 
ог between 1440 and 144,1 MHz on 2 meters for CW 
activity. You are most likely to hear some activity on 
these bands during a УНЕ contest or during Field Day. 
Weekends and evenings are other good times to listen 
The HF Novice bands are usually alive with signals, how- 
ever, When you decide to call CQ yourself, follow the 
first rule of operating: Always listen before you transmit, 
even if the frequency appears clear. To start, send ORL? 
(“Is this frequency in use?”). If you hear a С (“yes”) in 
reply, then try another frequency. It is not uncommon to 
hear only one of the stations in а QSO. A frequency may 
seem clear even though there is a contact in progress It's 
the worst of bad manners to jump on a frequency that’s 
already busy. Admittedly, the Novice bands, especially 
40 and 80 meters, are often crowded. Even so, if you 
listen first you'll avoid interfering with an in-progress 
озо. 

Whatever you do, be sure to send at а speed you can 
reliably copy. Sending too fast will surely invite disaster! 
‘This is especially true when you сай CQ. If you answer a 
CQ, answer at a speed no faster than that of the sending 

tion, Don't be ashamed to send rst ks (please send 
more slowly). 

‘You will earn the meaning of many other © signals 
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as you gain operating experience. OTH means “location.” 
Followed by a question mark, it asks, “What is your loca- 
tion?" QSL means "acknowledge receipt” (of a message 
or information). A OSL card is a written confirmation of 
ап amateur contact, OSY means "change frequency” and 
QRS means “send more slowly.” Table 6.2 lists many 
common © signals. Although hams use some Q signals in 
face-to-face conversations, when you're on the air, use 
them on CW only. On voice, say what you mean. 

As you gain experience, you will develop the kill of 
sorting out the signal you want from those of other sta- 
tions. Space in the ham bands is limited. Make sure your 
QSO takes up as little of it as possible to avoid interfering 
with other QSOs. When you tune in the other station, 
adjust your receiver for the strongest signal and the 
"proper" tone for your radio. This will usually be between 
500 and 1000 Hz. If you tune your radio for a tone that is 
different from the design frequency, your transmitted fre- 
quency may not be the same as the station you are trying 
tocontact. The other station may not hear your signal, and 
You may cause interference to stations on a nearby fre- 
quency. 


Working "Split" 

There is an exception to the zero-beat rule. Some- 
times a DX station has a “pileup” of stations trying to 
make contact. If they are all calling on the DX station's 
frequency, no one (including the DX station!) can сору 
anything. Under these conditions, the DX station may 
choose to work split, When you hear a DX station, but you. 
never hear unyone else calling or working him, chances 
are he's working split. Listen to the directions given by 
the DX operator. Chances are he or she will say some- 
thing like “U 5" or “U 10." This is telling you to call the 
DX station 5 or 10 kHz higher (Up) in frequency, Tune 
higher in the band, and look for the pileup. It should be 
easy to find. DX stations work split when operating SSB, 
00. (For more helpful hints on working DX, see The ARRL 
Operating Manual.) 

For amateurs to understand each other, we must stan- 
dardize our communications. You'll find, for instance, 
that most hams use abbreviations on CW. Why? It's faster 
to send a couple of letters than itis to spell outa word. But 
there's по point in using an abbreviation if по one else 
understands you. Over the years, amateurs have devel- 
oped а set of standard abbreviations (Table 6.3). If you 
use these abbreviations, you'll find that everyone will 
understand you, and you'll understand them. In addition 
to these standards, we use a set of procedural signals, or 
prosigns, to help control a contact. See Table 6.3. 


Answering a CQ 
What about our friend KA7XYZ? In our last example 


Table 6.2 

о Signals 

‘These O signals are the ones used most often on the 
air. (O abbreviations take the form of questions only 
‘when they are sent followed by a question mark) 
ORG Your exact frequency (or that of _) is 
kHz, Will you tell me my exact frequency 
[x ot V? 

lam busy {or Tam busy om. Aro you 
busy? 

Your transmission is being interfered with _ 

(1. Nil: 2. Slightly; 3. Moderately; 4. Severely: 
Extremely.) ls my transmission being interfered 
with? 

Lam troubled by static — (1 to 5 as under 
ORM.) Are you troubled by static? 

Increase power, Shall I increase power? 
Decrease power. Shall | decrease power? 
Send faster (__wpm). Shall | send faster? 
Send more slowly (—_wpm). Shall | send 
more slowly? 

Stop sending. Shall | stop sending? 

T have nothing for you. Have you anything for me? 
| am ready. Are you ready? 

1 will сай you again at — hours (on — kHz) 
When will you сай me again? 

You are being called by (on kHz) 
Who is calling me? 

Your signals are fading. Are my signals fading? 


‘OAL 


оям 


he was calling CO. What happened? Another ham, N2SN, 
heard him and answered the CQ: 
KATXYZ KA7XYZ DE N2SN N2SN AR 

the “2 x 2" format, N2SN sent the call sign of 
the station he was calling twice, then sent ne, then sent his 
call sign twice, If KA7XYZ thought he heard someone 
calling him, but wasn’t quite sure, he would send: 
QRZ? DE KA7XYZ AR 

The © signal “QRZ?” means “who is calling me?” In 
that case, N2SN will send his call sign again, usually two. 
or three times, 

Use the prosign AR (the letters A and R run together 
‘with no separating space) in an initial сай to a speci 
station before officially establishing contact. When call 
ing CQ, use the prosign K, because you are inviting any 
station to reply. (“К” means "Any station до ahead and 
transmit.“) KA7XYZ comes back to N2SN in а to-the- 
point manner (one you should copy). du 
N2SN DE KA7XYZ R GE UR RST 599 DENVER CO BT 
NAME BOB HW BK 

In this transmission, RST refers to the standard read 
ability, strength and tone system of reporting signal re- 
ception. 


1 can hear you between signals; break in on my 
transmission. Can you hear me between your 
signals and if so can | break in on your 
transmission? 

1 ат acknowledging receipt. Can you 
acknowledge receipt (ol a message or 
transmission)? 

1 did hear you (or __) on kHz, Did you hear 
me (or - on kHz? 

1 can communicate with ____ direct (or relay 
through __) Сап you communicate with ——_ 
direct or by relay? 

1 will relay e Wil you relay to 2 
General call preceding a message addressed 
to all amateurs and ARRL members. This is in 
effect "СО ARAL.” 
Гат listening to _ 
to — on ЖН? 
Change to transmission on another frequency 
(or on — kHz). Shall I change to transmission 
оп another frequency (or on - kHz)? 

1 do not agree with your counting of words. | will 
repeat the first letter or digit of each word or 
Group. Do you agree with my counting of words? 
1 have __messages for you (or for). How 
many messages have you to send? 

My location is... What is your location? 
The time is _ What is the correct time? 


_ on kHz Will you listen 


Exchanging Signal Reports — The 
RST System 

You'll exchange a signal report in ne 

Amateur Radio QSO. Don't spend a lot of time worrying 

about what signal report to give to a station you're in 

contact with. The scales are simply a general indication of 

how you are receiving the other station, As you gain ex- 


ly every 


perience with the descriptions given in Table 6.4, you'll 
be more comfortable estimating the proper signal report. 

A report of RST 368 would be interpreted as "Your. 
signal is readable with considerable difficulty, good 
strength, with a slight trace of modulation." The tone re- 
port is a useful indication of transmitter performance, 
When the RST system was developed, the tone of amateur 
transmitters varied widely. Today, a tone report of less 
than 9 is cause to ask a few other amateurs for their opin 
ion of the transmitted signal, Consistently poor tone re- 
роп» means your transmitter has problems 

‘Signal reports on SSB are two-digit numbers using the 
RS portion of the RST system. No tone report is required. 
The maximum signal report would be “five nine" — that is, 
readability 5, strength 9. (See Table 6.4) A signal report of 

ve seven” means your signal is perfectly readable and 

moderately strong, On the other hand, a signal report of 
“three three" would mean that the other operator is only 
able to understand your signal with considerable diffi 
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Table 6.3 
‘Some Common Abbreviations Used on CW 


Although abbreviations help to cut down unnecessary transmission, i's best not to abbreviate unnecessarily when 


Working an operator of unknown experience. 
AA Al attr өн 
AB Al below GND 
ABT About бир 
AOR Address 

AGN Аат 

ANT Antenna 

BCI Broadcast inteterance 
BCL Broadcast iste 

вк Break: break me; break in 
BN Al Between; been 

BUS tomatic key 

Bt re 

с Yes 

GEM Confirm; 1 confirm 

cK Cheek 


Ground 
Good 


No more 
с Гат closing ту station: call Number 
io cle Called; сайту, 
са Callgany station 
cuo Сое 
CUL Ses you later 
CW Coniuous wave 
(tat is, aciotologapry) 
De From this is 
Deivered 
DA Dear 
Distance, foreign countries 
And, & 
Fine business, excelent 
Frequency modulaton 
Go ahead (or resume sending) | REF 


Old boy 
‘Old тап 


Please 
Power 
Prose 


ATTY 


End ot transmission or end of message 
Pease stand by 

Ali received correctly 

‘Go ahead. Any station transmit 

Only called station transmit 


and your signals are weak in strength. 

If you get a report of, say, "59 plus 20 dB,” it means 
your received signal reads 20 decibels higher than signal 
Strength 9 on the transceiver $ meter. Decibels provide a 
convenient way to compare the power of signals. If one 
signal is twice as strong as another, there will be a 3-48 
difference between them. When one signal is 10-48 stron- 
ger than another it means it is ten times stronger. A differ- 
ence of 20 dB means one signal is 100 times stronger and 
30 dB means one signal is 1000 times stronger. If you 
receive a signal report of 59 plus 20 dB, and your trans- 
mitter is operating at 100 watts, you could reduce power 
to 1 watt and still have a "strength 9" signal! 

On FM repeaters, RS reports are not used. FM signal 
reports are generally given in terms of signal quieting. 
Full quieting means the received signal is strong enough 
to block all receiver noise. 
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Good night 


The telegraphic laugh; high 


Miliamperes 
Message; prof to radiogram 
No 


Net contro station 
Nothing doing 
Nothing: | have nothing for you 


Now | resume transmission т 
Ой chap 


Operator 
Old-timer; ok top 
Preamble 


Received as transmined: are 
Received 
REVA (AX) Receiver 
Refer to; refering to; referenc 
RFI Rado frequency ntersrence 
AIG Station equipment 
RPT Repeat; repe 
Radoleleype 7 
AX Recover 


SASE Soltsdoressed, stamped envelope 
SED баб 
SiG Signature; signal 
SINE Operator's personal initials 
‘or nickname 
SKED Schedule 
SRI Sony 
S58 Single sideband 
Senice; profi lo вопісе message 


Televison intrerance 
mier 
Tex 
Your youre; yours 
Variabe-requency oscilator 
Yay 
Word ater 
Word betore 
Word: words 
Worked: working 
Wall wit 
Would 
Weather 
Transcaiver 
XTR (TX) Transmit 
XTAL Crystal 
XYL VF) Wie 
Y Young lady 


End ol contact 
Closing. Going of ne air 

Break or Back to you 

Slant mark, used fo indicate portabla, mobile or other 
. Information with your сай sin 


A further word about signal reports, one that applies to 
all types of operating: If your signal report is roo good, 
reduce your power. FCC rules say that amateurs must use 
the minimum power necessary to maintain communica- 
tions. Whether you're operating through an FM repeater, 
оп VHF or UHF simplex or on HF, if you don’t have to use 
эп amplifier ог the highest power your transceiver is ca- 
able of, decrease your transmitting power. You'll be less 
likely o interfere with other stations (and if you're using a 
hand-held transceiver or other portable radio you'll con- 
serve your battery). 


Tips for Better CW Operating 

‘The basic information is only transmitted once. The 
‘other station will request repeats if necessary. Notice 100 
that BT (B and T run together) is used to separate portions 


Table 6.4 
The RST System 


READABILITY 
1—Unreadable, 

2 Barely readable, occasional words distinguishable, 
3—Readable with considerable difficulty. 

4— Readable with practically no difficulty. 

. Perfectly readable. 


SIGNAL STRENGTH 
1—Faint signals barely perceptible 
2—Very weak signals. 

3—Weak signals 

4 Fair signals 

5—Fairly good signals, 

68002 signals, 

7—Moderately s 
B—Strong signal 
9—Extramely strong signals. 


TONE 
1—Sby-cycle ac or less, very rough and broad. 

2—Very rough ac, very harsh and broad. 

3—Rough ac tone, rectified but not fired. 

4— Rough note, some trace of fitering. 

‘5—Filtered rectified ac but strongly ripple-modulated. 
—Fitered tone, definit trace of ripple modulation. 
7—Near pure tone, trace ot ripple modulation. 

E— Near perfect tone, sight trace of modi 

9 Perfect tone, no trace of ripple or modulation of any kind. 


ng signals. 


The “tone” report refers only to the purity of the signal. It 
has no connection with its stablity or freedom trom clicks 
or chirps. Most of the signals you hear wil be a T-9. Other 
tone reports occur mainly If the power supply fiter cap: 
tors are not doing a thorough job. If во, some trace of ас 
nds its way onto the transmitted signal. Н the signal 
characteristic steadiness of crystal control, add X 


С 
4690). I 
ава K (for example, 469K). О! cou 
both chips and clicks, in which cas 
be used (lor example, RST 469CK). 


both C and K could 


of the text. This character is really the double dash 

and is usually written as a long dash or hyphen on your 

‘copy paper, HW? means “how do you copy?" вк signifies 

that KAZXYZ is turning it over (back) to N2SN for his 

basic info. KA7XYZ does not sign both calls all over 
again. FCC rules require identification only at the end of 

a ОЗО, and once every 10 minutes 

At the end of the contact send 73 and sign off. 73 is 
а common abbreviation that means "Best regards.” Most 
hams say "73" at the end of a phone contact, oo, This is 
опе of those CW abbreviations that has made its way into 
the mainstream of Amateur Radio lingo, You will also 
hear many hams say "seventy threes” or send 73s, This is 
а practice that can quickly identify you as а lid. 73 gives 
the other operator your best regards, You wouldn't say 

best regardses,” would you? 

Conversation is a two-way phenomenon. There is no 
reason that an Amateur Radio ОЗО can't be a back-and- 
forth process. No one wants to listen to а long, unneces- 
sary monologue. Propagation conditions might change, 
hampering the QSO. KA7XYZ and N2SN vill relate bet 
ter if each contributes equally. Sometimes there is inter- 
ference or marginal copy because of weak signals. It may 
help to transmit your call sign when you are turning the 
conversation back to the other station. 

In summary, here are the points to keep in mind: 

* Listen before transmitting. Send Qu? (“Is this fre- 
‘quency in use?") before transmitting. Listen again! It's 
worth repeating: Listen! 

Send short COs and listen between cach. 

Send no faster than you can reliably copy. 

Use standard abbreviations whenever possible — be- 
соте familiar with them, 

Use prosigns and 0 signals properly. 

Identify at the end of а 050 (the entire contact, not 
each turnover) and every 10 minutes. 

Use R only if you've received 100 percent of what the 
other station sent 

+ Be courteous. 


Tuning Up 


What is the most exciting, most memorable and per- 
haps most terrifying moment in your entire ham experi- 
ence? Your first on-the-air contact with another station! 
Before you have that experience, you'll want to 
how to operate your station equipmen 

The best place to start is the instruction manual. 
Before you even turn on your radio, ead the instructions 
carefully so you'll be familiar with each control. Without 
turning on the equipment, try adjusting the controls. Noth- 
ing will happen, but you'll learn the location and feel of 
each important control. 

After studying the manual and finding the important 
controls, you'll be ready to tune up. Your FCC license 


„must have been granted before you can transmit or even 
tune up on the air! 

If your transmitter requires tuning when you change 
hands, connect your transmitter output to а dummy load 
while you tune. This avoids on-the-air interference. Never 
tune up on the air because you could interfere with other 
hams. 

Once you have tuned up the transceiver according to 
the instruction manual, disconnect the dummy load and 
connect the antenna (an antenna switch makes this easy), 
Now, you're ready to operate! If you use an antenna tuner, 
you may have to transmit a brief low-power signal to 
adjust the circuit 
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Amateur Radio Internet Gateways 


Amateur Radio applications using Voice Over 
Internet Protocol, better known as VoIP, are becoming a 
popular new way for Technician Class amateurs to par- 
ticipate in a new kind of "Internet-aided" DXing. This 
technology allows users to have voice conversations with 
other amateurs far beyond the range of their VHF or UHF 
ЕМ transceivers. Higher class licensees who do not have 
ready access to HF ham stations at home сап also benefit 
from this new technology. Amateurs wishing 10 access 
these Internet channels for ham communications would 
access a special type of amateur station known us а gate- 
way. In other words, a gateway is used to connect other 
amateur stations with the Internet. 

There are several different kinds of amateur VolP in 
use today. Depending on how they are configured, these 
systems may involve repeater linking where two distant 
repeater systems share signals with each other as shown 


Figure 6.2 — Two FM repeaters linked via VOIP, 


E ax 
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Figure 6.3 — A diagram of a VOIP simplex node. If a 
control operator is not physically present at the 
station location and the node Is functioning with 
Wireless remote control, the control link must 
operate above 222.15 MHz. 


in Figure 6.2, Another application is called simplex link- 
ing where one or more users with handheld or mobile 
transceivers communicate directly with a "base" station 
(or node) that is linked to the Internet as shown in 
Figure 6.3. The one element common to all amateur 
VoIP systems is that the Internet acts as the relay between 
stations. 


Bandwidth 


"The amount of space in the radio-frequency spec- 
trum that а signal occupies is called its bandwidth. The 
bandwidth of a transmission is determined by the infor- 
‘mation rate. Thus, a pure, continuous, unmodulated car- 
rier has a very small bandwidth with no sidebands. A 
television transmission, which contains a great deal of 
information, is about 6-megahertz wide. 


Receiver Bandwidth 

Receiver bandwidth determines how well you can 
receive one signal in the presence of another signal that is 
very close in frequency, The enjoyment you'll experience 
will depend greatly on how well you can isolate the signal 
you are receiving from all the others nearby 

Bandwidth is a measure of selectivity: how wide a 
range of frequencies is received with the receiver tuned to 
‘one frequency. For example, if you can hear signals as 
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much as 3 kHz above and 3 kHz below the frequency to 
Which you are tuned, your receiver has a bandwidth of at 
least 6 kHz, If you cannot hear signals more than 200 Hz 
above or below the frequency to which you are tuned, the 
‘bandwidth is only 400 Hz. The narrower the bandwidth, 
the greater the selectivity and the easier it is to copy one 
signal when there is another one close by in frequency. 

Selectivity is determined by special intermediate-fre- 
quency (IF) filters built into the receiver. Some receivers 
have several filters so you can choose different bandwidths. 
They are necessary because different emission types oc- 
cupy a wider frequency range than others. A 250-Hz-band- 
width filter is excellent for separating CW signals on a 
crowded band, but it's useless for listening to SSB, AM or 
FM transmissions, A wider filter is needed to allow all the 
transmitted information to reach the detector. 

Most receivers designed for single-sideband voice 
‘operation come standard with a filter selectivity of around 


2.8 KHz. This is ideal for SSB, which usually has a band- 
‘width between 2 and З kHz. Your voice contains frequen- 
cies higher than 3 kHz, but all of the sounds necessary 
1o understand speech are between about 300 Hz and 
3000 Hz. Most amateur voice transmitters limit the band- 
width of a transmitted audio signal to between 300 and 
3000 Hz. The difference between these limits is the band. 
width, 2700 Hz. By using a filter selectivity of 2.8 kHz 
(2800 Hz), you can see that your receiver will reproduce 
the full range of transmitted audio 

Although а bandwidth of 2.8 kHz is also usable оп 
CW, a narrower bandwidth is needed to prevent adjacent 
CW signals from getting through at the same time. Many 
amateurs prefer a filter bandwidth of 500 Hz or even 250 Hz 
for CW operation. A radioteletype signal has a bandwidth 
that is a litle wider than a CW signal, but a 500 Hz or 
250-Hz filter serves nicely for that mode, too. 

CW signals have the narrowest bandwidth of any 
amateur emissions. Radioteletype emissions are wider 
than CW, and SSB signals are even wider than that. Fig- 
ture 6.4 illustrates the relative bandwidths of CW, RTTY 
and SSB signals and the bandwidth of IF filters that 
be used to receive these signals. FM, which we will con 
sider next, can occupy even more bandwidth, 


Bandwidth in FM 


When you transmit Frequency Modulated (FM) 
phone (voice) emissions, the frequency of the transmitted 
RF signal varies an amount that depends on the strength of 
Your voice. When you speak louder, the frequency 
‘changes a greater amount than when you speak softly. The 
frequency ог pitch of your voice (or other signal used to 
modulate the transmitter) controls how fast the frequency 
changes, Higher-frequency tones make the frequency vary 
at a faster rate than low-frequency tones. Frequency de- 
viarion is the instantaneous change in Frequency for a 
given signal. The frequency swings just as far in both 
directions, so the total frequency swing is equal to twice 
the deviation. In addition, there are sidebands that increase 
the bandwidth still further. A good estimate of the band: 
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Figure 6.4 — This drawing illustrates the relative 
bandwidths of CW, RTTY and SSB signals. The 
bandwidths of filters that might be used in a 
receiver's intermediate frequency (IF) section to 
recelve these signals are also shown. 


width is twice the maximum frequency deviation plus the 
maximum modulating audio frequency’ 


Bw =2x(D+M) 


where: 
Bw = bandwidth 
D = maximum frequency deviation 
M = maximum modulating audio frequency. 

An FM transmitter using S-kHz deviation and a 
maximum audio frequency of 3 kHz uses a total band- 
width of about 16 kHz. The actual bandwidth of a typical 
FM signal may be somewhat greater than this, A good 
approximation is that the bandwidth of an FM voice si 
nal is between 10 and 20 kHz. 


(Equation 6.1) 


An ideal transmitter emits a signal only on the oper- 
ating frequency and nowhere else, Real-world transmit- 
ters radiate undesired signals, or spurious emissions, as 
well. Any transmitter can produce spurious emissions: it 
doesn't matter if you are using a 100-watt HF transceiver. 
or а 2-watt hand-held VHF or UHF radio. Any signal 
produced by the radio that alls outside the band on which 
you are operating is a spurious emission, Using good 
design and construction practices, manufacturers and 
home builders can reduce spurious emissions so they 
cause no problems. 


Harmonics 

Harmonics are whole-number multiples of a given 
frequency. For example, the second harmonic of 100 Hz 
is 200 Hz. The fifth harmonic of 100 Hz is 500 Hz. Every 
‘oscillator generates harmonics in addition to a signal at its 
fundamental frequency. For example, consider an oscilla- 
tor tuned to 7125 KHz in the 40-meter band. It also gener- 
ates signals at 14,250 kHz (second harmonic), 21,375 kHz 
(third harmonic), 28,500 kHz (fourth harmonic), and so 
on. Figure 6.5 shows a spectrum-analyzer display of the 
output of an oscillator that has many harmonics, 
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Figure 6.5 — Harmonics are signals that appear at 
whole number multiples of the resonant, or fundamen- 
{al, frequency. This drawing represents а spectrum 
lass display screen, and shows a 2-MHz signal 
some of Its harmonics. A spectrum analyzer is 
rument that allows you to look at energy 
led over a wide range of fre-quencles. Here, the 
lyzer is adjusted to display all RF energy between 
1 MHz and 11 MHz. Each vertical line in the back- 
ground grid denotes an increment of 1 MHz. The first 
Thick black vertical "pip" represents energy from the 
fundamental signal of a 2-MHz oscillator. The next 
pip, two vertical divisions later, is the second 
harmonic at 4 MHz (twice the fundamental frequency). 


The pip at the center of the photo is the third 


harmonle at 6 MHz (throe times the fundamental 
frequency). This figure shows the second, third, 
fourth and fifth harmonics. 


Calculating the frequency of the various harmonics 
of a fundamental, or desired, frequency is easy. Simply 
‘multiply by the whole number of the particular harmonic. 
For example, suppose you want to know the fourth har- 
monic of a 7160-KHz signal. 


7160 kHz x 4 = 28,640 KHz 


Harmonics can interfere with other amateurs or other 
users of the radio spectrum. The second through fourth 
harmonics of a 40-meter transmitter fall in the 20, 15 and 
10-meter amateur bands. Imagine the imerference (ORM) 
that would result if everyone transmitted two, four, six or. 
‘more harmonics in addition to the desired signal! Suppose. 
you receive a report fram another amateur that your sig- 
nals were heard on 28,640 kHz when you were operating 
your station on 7160 kHz. You should suspect that your 
transmitter is radiating excessive harmonic radiation. On 
Some bands the harmonic signals will fall outside of any 
Amateur band, so you can cause interference to other radio 
services. The fourth harmonic of a 50.25 MHz signal is 
201.00 MHz, for example. 
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To prevent the chaos that would occur if everyone 
transmitted harmonies, FCC regulations specify limits for 
harmonic and other spurious radiation. For example, if 
уо are operating a 100-W-output transmitter, your har- 
monic signals can total no more than 10 milliwatts. As 
you can see, a transmitter that complies with the rules still 
generates some harmonic energy. Fortunately, that en- 
ergy is so small that it is not likely to cause problems. 

Good engineering calls for tuned circuits between 
stages in transmitters. These circuits reduce or eliminate 
spurious signals such as harmonies. The tuned circuits 
allow signals at the desired frequency to pass, but they 
attenuate (reduce) harmonies, 

How can you be sure that your transmitter does not 
generale excessive harmonies? The FCC requires al trans- 
miter manufacturers to prove that their equipment complies 
with its regulations. This means that commercially manufac- 
tured equipment usually produces clean signals. If you build 
a transmitter from a magazine or book article, check for 
information on harmonic radiation. ARRI requires that all 
transmitter projects published in OST and our technical books 
‘meet the FCC specifications for commercially manufactured 
‘equipment. 


We have been discussing spurious emissions caused 
by circuit problems in your transmitter. Your equipment 
сап also cause spurious emissions if you operate it with 
some controls adjusted improperly. For example, if you 
operate an SSB transmitter with the microphone gain set 
100 high you can cause splatter, or interference to fre- 
quencies near the one on which you are operating, Talk- 
ing too loud into the microphone or having the 
microphone gain set too high causes the transmitter to 
‘overmodulate the signal. This means your transmitter may 
be putting out spurious emissions or splatter that could 
interfere with other stations when you operate it this way. 

Many SSB transmitters include a speech processor to 
add extra “punch” to your voice, which will help another 
‘operator hear you under poor band conditions or interfer- 
ence. Too much speech processing can distort your audio 
and cause splatter interference on frequencies close to the 
‘one on which you are operating. 

Even a hand-held FM transceiver can cause interfer- 
ence on nearby frequencies from spurious emissions if the 
microphone gain or deviation control is set too high. On 
an FM transmitter, the microphone gain or deviation con- 
tro is usually inside the radio. You don't normally have 
to adjust this control, but if you consistently get reports 
that your audio is distorted or that you are causing splatter 
interference to nearby frequencies you may have to make 
ап adjustment, You may also bear other operators say that 
You are over-deviating. This all means one thing: you 
need to correct the problem. 

It may be that your voice characteristics and the 
microphone you are using require a small adjustment to 


the deviation control, This would be especially true if you 
change microphones from a mobile microphone to а base- 
station type microphone. Any time you change micro- 
phones you should make an on. he- at check with another 
station to ensure the quality of your signal 

Generally you should hold а microphone close to 
your mouth and speak in a normal voice, Ifyou get reports 
hat your FM transceiver is over deviating, you should try 
holding the microphone a bit farther from your mouth 
when you are talking. You may not need to adjust the 
deviation control if you try this. 

Many operators tend to talk louder or even shout into 


As a licensed Amateur Radio operator, you are re- 
sponsible forthe quality ofthe signal transmitted from your 
sation. The rules require your transmitted signal to be 
stable in Frequency and pure in tone or modulation. If your 
signal is not "clean," itis unpleasant to listen to. It may also 
cause interference to others using the band or other ser- 

Chirp can be a problem with some transmitters used 
for CW operation, Chirp occurs when the oscillator in your 
transmitter shifts frequency slightly whenever you close 
your telegraph key. The result is that other stations receive 
your transmitted signal as а chirping sound rather than as 
а pure tone. Your “dahdidahdit” will sound like 
“whoopwhiwhoopwhip.” It isn’t very much fun to copy a 
chirpy CW signal! 

Chirp usually happens when the oscillator power sup- 
ply voltage changes as you transmit. Your transmitter may 
also chirp if the load on the oscillator changes when you 

insmit. If the supply voltage changes, you must improve 
the voltage regulation, With better regulation, the voltage 
won't shift when you key your transmitter. Also, a bad 
filter capacitor in the transmitter power supply can cause а 
buzzing or hum in the signal of an amateur transmitter. 

If it's not a voltage problem, then what? Amplifier 
stages after the oscillator may be loading it down and pull- 
ing its frequency. You may need a better buffer (isolation) 
or driver stage between the oscillator and the next stage in 
your transmitter. Some oscillators are sensitive to tempera- 
ture changes, If there is too much current through the fre- 
quency-determining components, their temperature may 
Increase and the resonant frequency will change. 

‘Of course it is also possible for other signals to cause 
interference to your station. This can be frustrating because 
you may have to track down the source ofthe interference. 
Опе common source of interference that you probably 
won't have to go far to find is from your computer system. 


icrophone, especially if the other station is having 
difficulty hearing you. This won't normally help, how- 
ever, and may even make it more difficult, Shouting into 
the microphone may cause the radio to over deviate, dis 
torting the transmitted audio, 

Ifyou have to remove the covers from your radio For 
any reason, be sure to reinstall them and tighten all the 
screws before operating the radio again. In addition to 
protecting the electronic components from physical dam- 
age, the covers also provide shielding to the circuit. Such 
shielding stops any spurious emissions or unwanted RF 
signals from being radiated, 


Purity 


‘Computers include a variety of oscillators and other noise 
sources, Add to this the many cables and connecting wires 
‘coming out of the back of your computer and you can see 
that there are many ways for unwanted signals to get to 
your radio. When you connect your computer equipment to 
Your radio for HF data operation, be sure to include shielded 
‘cables. Also be sure to properly ground all your station 
‘equipment. This will help clear up any unwanted computer 
noise that might get into your receiver. 


How to Get Help 

‘Transmitting a signal with chirp, spurious emissions 
or that otherwise causes a problem is a violation of both 
the letter and spirit of the regulations governing Amateur 
Radio. The best way to find out if you have a bud-sound- 
ing signal is from the stations you work. If another opera- 
tor tells you about a problem with your signal, don't be 
offended, He cares about the image of the Amateur Ser- 
vice and only wants to help you. You might never be 
aware of a problem otherwise 

Don't let this chapter scare you. Spurious signals, 
unwanted harmonics or other equipment difficulties can 
all be solved. So can interference to your station from 
other devices like computers. Two ARRL publications 
will be helpful: The ARRL Handbook for Radio Amateurs 
and ARRL's RFI Book. Check with your Amateur Radio 
instructor or any experienced ham for help. There's no 
substitute for experience. Another ham may know just 
how to solve your problem and return you to the air as 
soon as possible. If you'd like to set up а station in an area 
where RFI may be a real problem, you'll want to read. 
ARRL's Low Power Communication and Stealth Amateur 
Radio. These books tell you how to enjoy Amateur Radio 
with few problems from an apartment, condo, dorm room, 
car or in the field. 
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Interference with Other Services 


Radio frequency interference (RFI) has given ra 
dio amateurs headaches for years. t can occur whenever 
ап electronic device is surrounded by RF energy. Your 
rig emits RF energy each time you transmit, This RF 
energy may interfere with your own or your neighbor's 
television set (causing television interference — TVI). 
You may also have problems with a stereo system, elec- 
tronic organ, video cassette recorder, telephone ог any 
other piece of consumer electronic equipment 

Ifyou have a very visible antenna in your yard, your 
neighbors may blame you for any interference they expe- 
rience, even when you're not on the air! If you have any 
problems with interference to your own equipment, it's a 
good bet that your neighbors do too. On the other hand, 
if you can show your neighbors that you don't interfere 
with your television, they may be more open to your sug- 
gestions for curing problems, 

So what should you do if someone complains of in- 
terference? First, make sure that your equipment is oper- 
ating properly, If the complaint is TVI, check for 
interference to your own TV. If you see it, stop operating. 
and cure the problem before you go back on the air. 

Even if you don't interfere with your own TV, don't 
stop there. Simply telling your neighbors you're not at 
fault can cause even more problems. Try to work with 
your neighbors to determine if your rig is actually caus- 


ing the interference. If зо, try to help solve the problem. 
A more-experienced ham can be a great help. If you don't 
know any other hams in your area, write to ARRL HQ. 
We'll try to help you find a knowledgeable local ham. 


Receiver Overload 

Receiver overload is common type of TV and FM- 
broadcast interference. It happens most often to consu; 
electronic equipment near an amateur station or other 
transmitter. When the RF signal (at the fundamental fre- 
quency) enters the receiver, it overloads one or more ci 
cuits. The receiver front end (first RF amplifier stage after. 
the antenna) is most commonly affected. For this reason, 
we sometimes call this interference front-end overload 
ог RF overload, 

A strong enough RF field may produce spurious sig- 
nals in the receiver, which cause the interference. Re- 
ceiver overload interference may occur in your 
neighbor's house or just your own. Receiver overload can. 
result from transmitters operating on any frequency. It is 
the most-common interference problem caused by VHF 
and UHF transmitters, If you receive an RFI complaint, 
and determine that the problem exists no matter what fre- 
quency you operate on, you should suspect receiver over- 
load, 

Receiver overload usually has a dramatic effect оп 
the television picture. Whenever you key your transmi 
ter, the picture may be completely wiped out. The screen 
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тау go black, orit might just become light with traces of 
color. The sound (audio) will probably be affected also, 
In an FM receiver, the audio may be blocked cach time 
you transmit. More often than not, overload affects only 
ТУ channels 2 through 13. In cases of severe interfer: 
ence, however. it may also affect the UHF channels 

"The objective in curing receiver overload is to pre- 
vent the amateur signal from entering the front end of the 
entertainment receiver. It is important to realize that there 
is nothing you can do to your transmitter to cure receiver 
overload. it is a fundamental problem with the receiving 
system, and the primary responsibility for curing the 
problem is with the equipment manufacturer and the 
owner. 

The first step in trying to cure such a problem with 
a cable-TV receiver is to have the owner or a service 
technician tighten all connectors and inspect the cable 
system transmission line. Any loose c 
in the transmission line of a cable TV syst 
amateur signals to leak into the Jine, causing interference 
to TV receivers. Such а leak in the system can also allow 
Cable TV signals to leak out of the system and cause 
interference to amateur receivers using that frequency. 
Cable TV systems use some amateur VHF/UHF frequen- 
cies to carry the signals along the cable. This causes no. 
problems as long as there are no leaks in the system. 

Ifthe TV is not connected to a cable system, or if it 
isa stereo or other consumer electronic device receiving 
the interference, there are other steps you should take. 
Have the equipment owner or a qualified service techni- 
cian install a high-pass filter. See Figure 6.6. The filter 
will block the amateur signal from coming in through the 
antenna feed line and reaching the receiver front-end 
components. This would also be the next step if tighten- 
ing the cable TV connectors didn't help. 

Install the filter at the TV or FM receiver input, The 
best location is where the antenna feed line connects to 
the TV or FM tuner. It is not usually a good idea for an 
Amateur Radio operator to install a filter on a neighbor's 
entertainment equipment. Only the owner or a qualified 
technician should install the filter. If you install the filter, 
you might later be blamed for other problems with the TV 
Set. A high-pass filler is а tuned circuit that passes high 
frequencies (TV channels start at 54 MHz). The filter 
blocks low frequencies (the HF amateur bunds are in the 
range of 1.8-30 MHz) 

In addition to interference caused by amateur radio 
transmitters to home entertainment devices, there is an- 
other kind of interference caused by commercial and other 
kinds off high powered transmitters to amateur receivers. 
This interference can occur to amateur receivers in the 
222 MHz band when they are in close proximity to a 
television transmitter on Channel 12 or 13. These two 
television channels are located just below the 222 MHz 
amateur band. If these high power transmitters are lo- 


Figure 6.6 — A high-pass filter can prevent 
fundamental energy from an amateur signal from 
entering a television set. This type of high-pass filter 
‘goes in the 300-ohm feed line that connects the 
Television to the antenna. 


cated physically close to your ham station, you can expe- 

ıd a loss of receiver sensitivity. One 
way to solve this problem is to use a band-pass filter 
which blocks RF energy above and below the 222 MHz 


rience interfe 


amateur band. The filter is connected to the output of your 


MHz transceiver and must be designed to pass the 
transmitter power with negligible attenuation, but it must 
block any receiver interference above or below the ama- 
teur band, Although a simple low-pass 

in this situation, band-pass filters are commercially avail- 
able which offer protection from strong signals both be 
low and above the amateur band. 


ter would work 


Harmonic Interference 

Another problem for hams is harmonic interference 
to entertainment equipment. Harmonics are multiples of 
а given frequency. Your transmitter radiates undesired 
harmonics slong with your signal, Ап HF transmitting 
frequency is much lower than the TV or FM channels, 
Some harmonies will fall within the home entertainment 
bands, however 

The entertainment receiver cannot distinguish be. 
tween the TV or FM signals (desired signals) and your 
harmonies (undesirable intruders) on the same frequency 
If your harmonics are strong enough, they can seriously 
interfere with the received signal, Harmonic interference 
shows up as a crosshatch or a herringbone pattern on the 


Figure 6.7 — Harmonics radiated from an amateur 
transmitter may cause “crosshatching. 


— A low-pass filter. When connected in 
the coaxial cable feed lino between an amateur 
transmitter and the antenna, a low-pass filter can 
reduce the strength of transmitted harmonics, 


TV screen, See Figure 6.7. 

Unlike receiver overload, harmonic interference sel 
dom affects all channels. Rather, it may bother the опе 
channel that has a harmonic relationship to the band 
you're on. Generally, harmonics from amateur transmit- 
ters operating below 30 MHz affect the lower TV chan 
nels (2 through 6). Ten-meter transmitters usually bother 
channels 2 and 6, and channels 3 and 6 experience trouble 
from 15-meter transmitters 

Harmonic interference must be cured at your transmit 
ter, Asa licensed amateur, you must take steps to see that 
harmonics from your transmitter do not interfere with other 
services, All harmonics generated by your transmitter must 
be attenuated well below the strength of the fundamental 
frequency. If harmonics from your transmitting equipment 
exceed these limits, you are at fault, 

In this section we will discuss some of the several 
possible cures for harmonic interference, Try each step in 
order and the chances are good that your proble 
solved quickly. 
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Figure 6.9 — A shows a spectrum-analyzer display of the signals emitted from an amateur transmitter. The 
pip at the left of the display (the one that extends to the top horizontal line) is the fundamental. All other pips 
represent harmonics. This particular transmitter generates several harmonics. On an analyzer display, 
stronger signals create taller pips. Here, the harmonic signals are quite strong. In fact, the third harmonic is 
about one-tenth as strong as the fundamental. The fundamental signal is 100 W, so the transmitter is 
'adiating a potent 10-W signal at the third harmonic. Most of these harmonics will cause interference to other 
(Services. B shows the output of the same transmitter, operating at the same power level at the вате 
frequency, after installation of a low-pass filter between the transmitter and the analyzer. The harmonics 
have all but disappeared from the display. The stronger of the two remaining harmonics is only about 100. 
microwatts - weak enough that it is unlikely to cause interference. 


n 


REAR OF TRANSMITTER 
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Figure 6.10 — Suggested techniques for filtering harmonic energy from the leads of an amateur trar 
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‘The first step you should take is to install a low-pass 
filter like the one shown in Figure 6.8, The filer goes in 
the transmission line between your transmitter and an- 
tenna or antenna tuner, As the name implies, а low-pass 
filter is the opposite of a high-pass filter. А low-pass filter 
allows RF energy in the amateur bands to pass freely. It 
blocks very high frequency harmonics that can fall in the 
TV and FM bands, Low-pass filters usually have a spe 
fied cutoff frequency, often 40 MHz, above which they 
severely attenuate the passage of RF energy. 

Even if your transmitter is working well within FCC 
specifications, you may need additional attenuation to ге 
duce harmonics. Remember, your goal is to eliminate in 
terference. Good-quality low-pass filters often attenuate 
signals falling in the entertainment bands by 70 or 80 dB. 
‘This is significantly better than the 40 to 50 dB typical of 
amateur transmitters. A decibel (dB) is a number (the loga- 
rithm of a ratio) used to describe how effective the filter is. 


Larger numbers indicate better filtering. Figure 6.9 shows 
the output of a transmitter before and after filtering. 

‘Another source of interference is RF energy from 
your transmitter that enters the ac power lines. The ac 
‘power-line filter is another kind of low-pass filter. It pre- 
vents RF energy from entering the ac line and radiating 
from power lines inside and near your house. 


Telephone Interference 
Interference to telephones and other audio devices 
from amateur radio transmitters is not the fault of the 
transmitter. As explained in the FCC's interference Hand- 
book, "Telephone interference generally happens because 
telephones are not designed to operate near radio trans- 
mitters, and the telephone improperly functions asa radio 
receiver.” The major cause of interference to telephones 
from nearby radio transmitters is the fact that the tele- 
phone was not equipped with interference protection 
When it was manufactured. Cordless telephones, in par- 
ticular, are highly susceptible to radio interference. For- 
tunately, commercially manufactured radio frequency 
interference filters are available that can be inserted in the 
telephone line where it connects to the telephone, 


Multiband Antennas 

‘You can also run into trouble if you use a multiband 
antenna, If your antenna works on two or three different 
bands, it will radiate any harmonics present on those fre- 
quencies. After all, we want the antenna to radiate energy 
ata given frequency. It cannot tell the difference between 
desired signal energy and unwanted harmonic energy. 


‘This problem does not usually affect home entertainment 
equipment. It may cause interference to other amateurs or 
to other radio services operating near the amateur bands, 
however. 

For example, a multiband dipole antenna that covers 
80 and 40 meters may radiate 40-meter energy while you 
operate on 80 meters. The second harmonic of a 3.7-MHz 
signal falls above the 40-meter amateur band, at 7.4 MHz. 
If your transmitter is free of excessive harmonic output, 
you will probably not have a problem. (Note: Older, tube- 
type equipment can sometimes radiate excessive harmon- 
ies if it isn’t “tuned up" properly. If you use a rig with a 
“plate tuning" control, be sure to adjust it according to the 
manufacturer's instructions.) 

Proper shielding and grounding are essential to re- 
duce harmonic and other spurious radiation. The only 
place you want RF to leave your transmitter is through the 
antenna connection. Your transmitter must be fully en 
closed in a metal cabinet, The various shields that make 
up the metal cabinet should be securely screwed or welded 
together at the seams. You must also connect the transmit- 
ter to a good earth ground connection. 

Remember: A low-pass filter will only block har- 
monics from reaching your antenna. It will do nothing for 
а poorly shielded transmitter that leaks stray RF from 
places other than the antenna connector. Figure 6.10 sum- 
marizes the steps you can take to reduce harmonic radia- 
tion from your station 

More and more amateurs are using computers in their 
ham shacks, Most of the same steps you would take with 
your transceiver will also help reduce or eliminate inter- 
ference from your computer. Yes, that's right! Your com- 
puter can cause interference to your receiver. A computer 
has a clock oscillator circuit ihat operates at a "radio" 
frequency. Do you have a 386/33, a 486/66 or a Pentium 
2007 The 33, 66 or 200 represents the clock frequency in 
megahertz! 

Your computer should be in a metal cabinet with all 
screws securely attached, and you should use shielded cables 
with the shield connected to the equipment chassis. Be sure 
all your equipment is properly grounded. These steps will 
reduce to possibility of interference from your computer, 
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Basic 


COMMUNICATIONS 


ELECTRONICS 


We can't see electricity as 
it flows through a circuit. 
We need some 
understanding of how it 
works, however, to design 
even a simple circuit. 


his chapter introduces you to basic electronics and 


scription of the metric system of measure, Many of the mea 
surements we make in electronics are based on metric units, 
so an understanding of this measuring system is important. 
‘Then we will cover some basic electrical principles. You'll 
learn the basics like voltage, current, conductors and insular 
tors, Next, we will moveon toclectronics fundamentals. You 
will learn about resistance, Ohm's Law and power. You'll 
also lear about direct and alternating currents. And, you will 
learnabout how alternating current applies to inductance and 
capacitance, 

"Three of the questions on your Technician class exam 
will be about the material in this chapter, These questions 
will come from syllabus topics ТТА, TTB and T7C. 


ТТА Fundamentals of electricity: AC/DC power; units 
and definitions of current, voltage, resistance 
ductance, capacitance and impedance; Rectifica 
Ohm's Law principle (simple math); Decibel: Met- 
rie system and prefixes (e... pico, nano, micro, milli, 
deci, centi, kilo, mega, giga). 

‘TTB Basic electric circuits; Analog vs, digital communi- 
cations: Audio/RF signal; Amplification. 


‘TIC Concepts of Resistance/resistor; Capacitor/capaci 
tance; Inductor/Inductance; Conductor/Insulator: 
Diode; Transistor; Semiconductor devices; Electri- 
cal functions of and schematic symbols of resistors 
switches, fuses, batteries, inductors, capacitors, an- 
tennas, grounds and polarity; Construction of vari- 
able and fixed inductors and capacitors 


‘To get the most from this chapter, you should take it 
опе section at a time. Study the material in each section 
and really know it before you go on to the next section. 
The sections build on cach other, so you may find your- 
self referring to sections you've already studied from time 
to time, Don't be afraid to turn back to any section you 
have already studied. This review is helpful if you соте 
across a term you are not sure about, You will probably 
not remember every bit of this theory just by reading the 
chapter once, 

We use many technical terms in electronics. We have 
provided definitions that are as simple and to-the-point as 
possible. The first time these terms are used we have 
printed them in boldface type. The Glossary of Key 
Words at the end of this book includes these terms and 
their simple definitions, arranged alphabetically with the 
Key Words from all the other chapters in this book. 

‘This chapter includes many drawings and illustra- 
tions to help you learn the material. Pay close attention to 
these graphics, and you'll find it easier to understand the 
text, We'll direct you to the Question Pool (Chapter 11) 
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at appropriate points in the text. Use these directions to 
help you study the Technician Question Pool. When you 
can answer all of the questions, you are ready to move on. 

If you have trouble understanding parts of this chap- 
ter, ask your instructor or another experienced ham for 
help. Many other books can help, too. ARRL's Under- 
standing Basic Electronics is written for students with no 


previous electronics background. To study more ad- 
vanced theory, you may want to purchase a copy of The 
ARRL Handbook. These publications are available from 
‘your local ham dealer or from ARRL Headquarters, 

Take it slowly, section by section. Before you know 
it, you'll have learned what you need to know to pass your 
test and get on the air. Good luck! 


The Metric System 


We'll be talking about the units used to describe sev- 
eral electrical quantities later in this chapter. Before we do 
that, let's take a few minutes to become familiar with the 
metric system. This simple system is a standard system of 
measurement used all over the world, All the units used to 
describe electrical quantities are part of the metric system. 

In the US, we use a measuring system known as the 
US Customary System for many physical quantities, such 
as distance, weight and volume. In this system there is no 
logical progression between the various units. For ex- 
ample, we have 12 inches in 1 foot, 3 feet in 1 yard and 
1760 yards in I mile, For measuring the volume of liquids. 
we have 2 cups in 1 pint, 2 pints in 1 quart and 4 quarts in 
1 gallon, To make things even more difficult, we use some 
of these same names for different volumes when we mea- 
sure dry materials! As you can see, this system of me 
surements can be very confusing. Even those who are 
very familiar with the system do not know all the units 
used for different types of measurements. Not many 
people know what а slug is, for example. 

It is exactly this confusion that led scientists to de- 
velop the orderly system we know today as the metric 
system. This system uses a basic unit for each different 
typeof measurement. For example, the basic unito length 
is the meter. (This unitis spelled metre nearly everywhere 
in the world except the US!) The basic unit of volume is 
the liter (or litre). The unit for mass (or quantity of matter) 


Table 7-1 


International System of Units (SI) — Metric 
Units 
Symbol © Multiplication Factor 
T 1012 = 1,000,000,000,000 
в 10 1,000,000,000 
м 108 1,000,000 
k 100 1,000 
h 102 100 
da 101 10 
10 1 
а 104 ол 
е 102 001 
m тоз 0001 
А 108 0.000001 
п 109 /0.000000001 
D 


1012 = 0000000000001 


is the gram. The newton is the metric unit of force, or 
‘weight, but we often use the gram to indicate how "heavy" 
something is. We can express larger or smaller quantities 
by multiplying or dividing the basic unit by factors of 10 
(10, 100, 1000, 10,000 and so on). These multiples result 
їп a standard set of prefixes, which can be used with all 
the basic units, Table 7.1 summarizes the most-used 
metric prefixes. These same prefixes can be applied to 
апу basic unit in the metric system. Even if you come 
across some terms you are not unfamiliar with, you will 
be able to recognize the prefixes. 

We can write these prefixes as powers of 10, ак shown 
in Table 7.1. The power of 10 (called the exponent) shows 
how many times you must multiply (or divide) the basic 
unit by 10. For example, we can see from the table that Kilo 
‘means 10". Let's use the meter as an example. If you mul- 
tiply ameter by 10 three times, you will have a kilometer. 
(1 meter x 10 = 1 mx 10 x 10x 10 = 1000 meters, or 1 
kilometer.) If you multiply 1 meter by 10 six times, you 
have а megameter. (1 meter x 10"= 1 m x 10x 10x 10x 
10 x 10 x 10 = 1,000,000 meters or 1 megameter.) 

Notice that the exponent for some of the prefixes is a 
‘negative number. This indicates that you must divide the basic 
unit by 10 that number of times. If you divide a meter by 
10, you will havea decimeter, (1 meter x 101 =1 m+ 100.1 
‘meter, or 1 decimeter.) When we write 10%, itmeans you must 
divide by 10 six times. (1 meter x 10° = 1 m + 10 + 10+ 1O 
+ 10+ 10+ 102 0.000001 meter, or 1 micrometer.) 

We can easily write very large or very small numbers 
with this system, We can use the metric prefixes with the 
basic units, or we can use powers of 10. Many of the 
quantities used in basic electronics are either very large 
or very small numbers, so we use these prefixes quite a 
bit, You should be sure you are familiar at least with the 
following prefixes and their associated powers of 10: ва. 
(109), mega (10), kilo (107), centi (107), milli (10°), 
micro (10) and pico (1077) 

Let's tty an example, Forthis example, we'll usea term 
that you will run into quite often in your study of electronics 
hertz (abbreviated Hz). Hertz is a urit that refers to the 
frequency of a radio or television wave, We have a receiver 
dial calibrated in kilohertz (KHZ), and it shows a signal at a 
frequency of 28450 kHz. Where would a dial calibrated in 
hertz show thesignal? From Table 7.1 we see that kilo means 
times 1000, The basic unit of frequency is the hertz. That 


‘This chart shows the symbols for all metric prefixes, with the power of ten that each represents. 


ibbreviations in decreasing orde 


there are two decimal places between those prefix 


these dots when converting from one prefix to another. When you change from a 


from left to right. The dots between certain prefixes indicate 


You must be sure to count a decimal place for each of 
ger to a smaller prefix, 


You are moving to the right on the chart. The decimal point in the number you are changing also moves to 
the right. Likewise, when you change from a smaller to a larger prefix, you are moving to the left, and the 


decimal point also moves to the left. 


10" 10° 10" 10" 10" 
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means that our signal is at 28450 KHz x 1,000 = 28,450,000 
hertz. There are 1000 hertz in a kilohertz, so 28,450,000 
divided by 1000 gives us 28,450 kHz. 

How about another one? If we have a current of 3000 
milliamperes, how many amperes is this? From Table 7.1 
we see that milli means multiply by 0.001 or divide by 
1000, Dividing 3000 milliamperes by 1000 gives us 3 
amperes. The metric prefixes make iteasy to use numbers 
that area convenient size simply by changing the units. It 
is certainly easier to work with a measurement given as 3 
‘amperes than as 3000 milliamperes! 

Notice that it doesn’t matter what the units are or 
what they represent. Meters, hertz, amperes, volts, farads 
ог watts make no difference in how we use the prefixes. 
Each prefix represents a certain multiplication factor, and 
that value never changes, 

With a little practice you should begin to understand 
how to change prefixes in the metric system. First write 
the number and find the proper power of ten (from 
memory or Table 7.1), and then move the decimal point to 
change to the basic unit. Then divide by the multiplication 
factor for the new prefix you want to use. With a little 
тоге practice you'll be changing prefixes with ease. 

‘There is another method you can use to convert be- 
tween metric prefixes, but it involves a little trick. Learn. 
to write the chart shown in Figure 7.1 on a piece of paper 
when you are going to make a conversion. Always start 
with the large prefixes on the left and go toward the right 
with the smaller ones. Sometimes you can make an abbre- 
viated list, using only the units from kilo to milli. IF you 
need the units larger than kilo or smaller than milli, be 
sure to include the dots as shown in Figure 7.1. (They 
mark the extra decimal places between the larger and 
smaller prefixes, which go in steps of 1000 instead of 
every 10.) Once you learn to write the chart correctly, it 
will be very easy to change prefixes. 

Let's work through an example to show how to use 
this chart, Change 3725 kilohertz to hertz. Since we are 
starting with kilobertz (kilo), begin at the k on the char 
Now count each symbol to the right, until you come to the 
basic unit (U). Did you count three places? Well that's 
how many places you must move the decimal point to 
change from kilohertz (kHz) to hertz (Hz). Which way do 
уоп move the decimal point? Notice that you counted 10 
the right on the chart, Move the decimal point in the same 


direction. Now you can write the answer: 3725 kHe = 
3,725,000 На! 

Suppose a meter indicates a voltage of 3500 milli- 
volts (abbreviated mV) across a circuit. How many volts 
(abbreviated V) is that? First, write the list of metric pre- 
fixes. Since you won't need those smaller than milli or 
larger than kilo, you can write an abbreviated list. You 
don't have to write the powers of ten, if you remember 
what the prefixes represent. To change from milli to the 
unit, we count 3 decimal places toward the left, This tells 
us to move the decimal point in our number three places 
to the left. 

3500 mV = 3.5 V 


Let's try one more example for some extra practice 
changing metric prefixes by moving the decimal point in 
а number. What if someone told you to tune your radio 
receiver to 145,450,000 Hz? You probably won't find 
any radio receiver with a dial marking like this! To make 
the number more practical, we'll write the frequency with 
a prefix that's more likely to appear on a receiver dial 

Our first step is to select a new prefix to express the 
number, We can write the number with one, two or three 
digits to the left of the decimal point. It looks like we'll 
need the entire prefix chart for this one, so write it down 
as described earlier. (You can look at the chart in Figure 
7.1, but you should practice writing it for those times 
when you don't have the book — like your exam!) 

‘The next job is to count how many places you can 
move the decimal point. The number you end up with 
should have one, two or three digits to the left of the deci- 
mal point. Remember that metric prefixes larger than kilo 
represent multiples of 1000, or 10), Did you count six places 
то move the decimal point in our example, 145,430,000 
Hz? That would leave us with 145.45 x 10° Hz. 

Now go back to the chart and count six places to the 
left, (This is the same number of places and the same 
direction as we moved the decimal point.) The new spot 
‘on the chart indicates our new metric prefix, mega, abbre- 
viated M. Replacing the power of ten with this prefix, we 
сап write our frequency as 145.45 MHz. 


[Before you go on to the next section, tur to Chapter 
11. Be sure you can answer questions T7A17 through 
T7A21. Review this section И you have any difficulty.) 
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Basic Electri 


In this section, you will learn what electricity is and 
how it works. We'll introduce you to the atom and the 
electron, the basic elements of electricity. There are no 
questions about atoms and electrons on the Technician 
exam, but understanding them will help you better under- 
stand the rest of this chapter. 


Electricity 

‘The word is a spine-tingling mystery. It's the force 
behind our space-age civilization, It’s one of nature's 
greatest powers, We love it; we fear it, We use it in our 
‘work and play. But what is it? 

Most of its mystery is because we can't see it. We 
(only experience its effects on us and things around us. 
Actually, electricity is the marvelous stuff which, when 
untamed, we call lightning. One lightning bolt produces. 
enough electricity to supply your needs for a lifetime. In 
another form, electricity is the power in a battery that 
cranks the engine to start your car. Electricity also ignites 
the gasoline inthe engine. Yet, withall its power, electric- 
ity is the careful messenger carrying information from 
Your brain to your muscles, enabling you to move your 
armsand legs. You can buy a small container of electricity 
по bigger than a dime (a battery). Electric utilities gener- 
ate and transmit huge amounts of electricity every day 
From lightning bolts to brain waves, it's all the same stuff: 
electrons, 


Inside Atoms 


Everything you can see and touch is made up of 
‘atoms, Atoms are the building blocks of nature, Atoms are 
too small to see, but the subatomic particles inside atoms. 
ме even smaller 

Each atom has a nucleus in its center. Other particles 
orbit around this central core. Think of the Familiar maps 
of our solar system: planets orbit the sun. In an atom, 
charged particles orbit the central core (the nucleus). 
Other charged particles make up the nucleus. Figure 7.2 
is a simplified illustration of an atom’s structure, 

Some particles have negative charges while others 
have positive charges, The core of an atom contains posi- 
tively charged particles. Negative particles, called elec- 
trons, orbit around the nucleus. Scientists have identified 
тоге than 100 different kinds of atoms. The number of 
positively and negatively charged particles in an atom 
determines what type of element that atom is, Different 
kinds of atoms combine to form various materials, For 
‘example, а hydrogen atom has one positively charged 
panicle in its nucleus and one electron around the outside 
An oxygen atom has eight positive particles in the nucleus 
and eight electrons around the outside. When two hydro- 
‘gen atoms combine with one oxygen atom, we have water, 

Have you ever tried to push the north poles of two 
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particles in the nucleus and negative electrons. 
outside the nucleus. 


magnets together? Remember that soft, but firm, pressure 
holding them apart? Similar poles in magnets repel each 
other; opposite poles attract each other. You can feel this 
if you experiment with a pair of small magnets. 

Charged particles behave in а way similar to the two 
magnets, A positively charged particle and a negatively 
charged particle attract each other. Two positive or two 
negative particles repel each other, Like repels like; oppo- 
sites attract. 

Electrons stay near the central core, or nucleus, of the 
atom. The positive charge on the nucleus attracts the nega- 
tive electrons. Meanwhile, since the electrons areall nega- 
tively charged, they repel each other. This makes the 
electrons move арап and fill the space around the nucleus. 
(Scientists sometimes refer to this area as an electron 
loud.") An atom has an equal balance of negative and 
positive charges and shows no electrical effect to the out- 
side world, We say the atom is neutral. 


Electron Flow 
In many materials, especially metals, it's easy to di 
lodge an electron from an atom. When the atom loses an 
electron, it upsets the stability and electrical balance of 
the atom. With one particle of negative charge gone, the 
atom has an excess of positive charges. The free electron. 
has a negative charge. We call the atom that Jost the elec- 
tron a positive ion because of its net positive charge, (An 
ion is a charged particle.) If there are billions of similar 
ions in one place, the quantity of charge becomes large 
enough to cause a noticeable effect 
Positively charged ions can pull negative particles. 
(electrons) from neutral atoms. These electrons can move 


Figure 7.3 — An lon is an electrically charged particle. When an electron (a negative ion) moves from one 
atom to another, the atom losing the electron becomes a positive ion. Thi 
н 


electric current. Th 


across the space between the atom and the ion and orbit 
the positively charged ion. Now the positively charged 
jon has become a neutral atom again, and another ato 
has become a positively charged ion! Ifthis process seems 
confusing, take a look at Figure 7.3. Here we show a series 
‘of atoms and positive ions, with electrons moving from one 
atom to the next. The electrons are moving from right to left 
in this diagram. We call this flow of electrons electricity. 
Electricity is nothing more than the flow of electrons, 


lectrons are moving from right to 


this drawing. 


How difficult is it for a positive ion to rip an electron. 
азау from an atom? That depends on the individual atoms 
‘making up a particular material. Some atoms hold firmly to 
their electrons and won't let them flow away easily. Other 
atoms keep only a loose grip on electrons and let them slip 
away easly. This means that some materials carry electricity 
better than others. Conductors are materials that keep only 
a loose grip on their electrons. We сай those materials that 
hold tightly to their electrons insulators. 


Demonstrating Electron Flow 


Here's an easy way to see the power of electrical 
charges, On a dry day hang some metal foil from dry 
thread. Rub one end of a plastic comb on wool (or run it 
through your hair). Then bring the end of the comb near 
the metal foil. 

Rubbing the comb on wool detaches electrons 
from the wool fibers, depositing them on the surface ot 
the comb, When you bring the charged end of the comb 
near the foil, fre electrons in the ol will be repelled by 
the negative charge on the comb. The free electrons 
wil move as far from the comb as they can — on the 


edge farthest trom the comb. This leaves the near 
‘edge of the foil with a shortage of electrons (in other 
‘words, with a positive charge). The near edge of the 
{ollis then attracted to the negatively charged comb. 

Аз soon as the foil touches the comb, some of the 
excess electrons on the comb flow onto the c 
(Electricity!) The fol wil then have a net negative 
charge, as the comb does, and the foil wil bo repelled 
by the comb. This simple experiment shows the 
attraction, repulsion and flow of electrons — tho heart 
of electric. 
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Why Do Electrons Flow? 
There are many similarities between electricity flow- 
ing in a wire and water flowing through a pipe. Most 
people are familiar with what happens when you open а 
faucet and water comes out, We can use this to make a 
useful comparison between water flow and electron flow 
(electricity). Throughout this chapter we use examples of 
water flowing in a pipe to help explain electronics. 

Do you know how your town’s water system works? 
Chances are, there is a large supply of water stored some- 
where. Some towns use a lake or river. Other towns get 
their water from wells and store it in a tank or reservoir. 
The system then uses gravity to pull the water down from 
the tank or reservoir. The water travels through a system 
of pipes to your house, Because the force of gravity is 
pulling down on the water in ће tank, it exerts a pressure 
on the water in the pipes. This makes the water flow out 
of the faucets in your house with some force. If you have 
a well, you probably have a storage tank. The storage tank 
uses air pressure to push the water up to the top floor of 
your house 

In these water systems, a pump takes water from the 
large supply and puts it into a storage tank. Then the sys- 
tem uses air pressure or the force of gravity to push the 
water through pipes to the faucets in your home. 

We can compare electrons flowing through wire to 
‘waterflowing through a pipe, We need some force to make 
‘water flow through a pipe, What force exerts pressure to 
make electrons flow through a wire? 


Vol 


"The amount of pressure that it takes to push water to 
your house depends on the path the water has to take. If 
the water hus to travel over hills along the way, more 
pressure will be required than if the water simply has to 
flow down off a mountain. The pressure required to make 
electrons flow in an electrical circuit also depends on the 
‘opposition that the electrons must overcome, The pres- 
sure that forces the electrons through the circuit is known 
as electromotive force or, simply, EME. 

EMF is similar to water pressure. More pressure 
moves more water. Similarly, more EMF moves more 
electrons, We measure EMF in a unit called the volt 
(abbreviated V), so we sometimes refer to the EMF as a 


The basic unit of electromotive force 
(EMF) is the volt. The volt was named 
in honor of Alessandro Giuseppe 
Antonio Anastasio Volta (1745-1827). 
This Italian physicist invented the 
electric battery. 
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voltage, If more voltage is applied to a circuit, more elec- 
trons will flow. We measure voltage with a device called 
a volimerer. 

An electric wall outlet in your home usually supplies 
about 120 volts. IF you have an outlet for an electric stove 
oran electric clothes dryer in your home, that outlet prob- 
ably provides 240 V, A car battery is normally rated at 
12 volts. A single D-cell battery supplies 1.5 V, Voltage 
sources come in a wide variety of ratings, depending on 
their intended use. With our system of metric prefixes, we 
сап express a thousand volts as 1 kilovolt or “1 kV." 

‘Another way to think about this electrical voltage 
pushing electrons through a circuit is to remember that 
like-charged objects repel. If we have a large group ol 
electrons, the negative charge of these electrons will act 
to repel, or push, other electrons through the circuit. In a 
similar way, a large group of positively charged ions at- 
tract, or pull, electrons through the circuit. 

Because there are two types of electric charge (posi 
tive and negative), there are also two polarities associated 
with a voltage, А voltage source always has two termi 
nals, or poles: the positive terminal and the negative ter- 

ninal. The negative terminal repels electrons (negatively 
charged particles) and the positive terminal attracts elec- 
trons. If we connect a piece of wire between the two ter- 
minals of a voltage source, electrons will low through the 
wire, We call this flow an electrical current. 


Batteries 


In our water system, a pump supplies pressure to pull 
water from the source and force it into the pipes. Simi- 
larly, electrical circuits require an electron source and a 
"pump" to move the electrons along. 

A battery is one example of a power supply. We use 
a battery as both the source of electrons and the pump that 
moves them along, The battery is like the storage tank in 
‘our water system. A battery provides pressure to keep the 
electrons moving, 

There is an excess of electrons at the negative termi- 
nal of a power supply. At the positive terminal there is an 
excess of positive ions. With a conducting wire connected 
between the two terminals, the electrical pressure (volt- 
age) generated by the power supply will cause electrons 
to move through the conductor, 

Batteries come in all shapes and sizes. Some batter- 
ies are tiny, like those used in hearing aids and cameras, 
Other batteries are larger than the one in your car. A bat- 
tery is one kind of voltage source. 

A battery changes chemical energy into electrical energy. 
When we connect a wire between the terminals of а battery, 
а chemical reaction takes place inside the battery, This reac- 
tion produces free electrons, and these electrons flow through 
the wire from the negative terminal to the positive terminal. 
Batteries may be small or large, round or square. Hearing 
aid und calculator batteries are tiny. The battery that starts your 
‘car is large by comparison, but batteries can be even larger 
than that. Figure 74 shows several different batteries, 


A battery changes chemical energy Into electrical 
energy. 


Batteries are made up of cells, Each 
tive electrode 


Al has a posi 
ind a negative electrode. The cells produce 
a small voltage. The voltage а cell produces depends on 
the chemical process taking place inside the cell. Re- 
chargeable nickel-cadmium cells produce about 1.2 volts 
per cell. Common zinc-acid and alkaline flashlight cells 
produce about 1.5 volts per cell, The lead-acid cells in a 
car battery each produce about 2 volts. 

The numberof cells in a battery depends on the voltage 
we want to get out of the battery. If we only need a low 
voltage the battery may contain only on 
aid batteries, for example, usually contain only one cell. Part 
A of Figure 7.5 shows the schematic symbol for a single 
cell battery. Every circuit component has a schematic sym. 
bol. A schematic symbol is nothing more than a drawing 
used to represent a component. We use these symbols 
when we are making a circuit diagram, or wiring diagram, 
to show how the components connect for a specific pur- 


II. Small hearing 


Figure 7.5 — Some small batter 


contain only one 
coll. We use the 


Symbol at A for a 
single-cell b 
Manufacturers 
several cells in 
Series to produce 
more voltage. Part 
B is the schematic 
symbol for a 


e 
smc CELL 


MF m 


MULTPLE-CELL BATTERY 


pose. You will learn the schematic symbols for the circuit 
components discussed in this chapter. As you discover 
more about electronics, you will learn how these symbols 
can be used to illustrate practical circuit connections. The 
long line on the battery schematic symbol represents the 
positive terminal and the short line represents the negative 
terminal 

"To produce a battery with а higher voltage, ! 
сей must be connected in series so their outputs add, The 
battery manufacturer connects several cells in series to 
produce the desired battery voltage. 

Part B of Figure 7.5 shows the schematic symbol for 
a multiple<cell battery. We use several lines to show the 
many cells in the battery. Again, the long line at one end 
represents the positive terminal, and the short line at the 
other end represents the negative terminal, The schematic 
symbol does not indicate the number of cells in the bat 
tery. Two sets of long and short lines represent any mul- 
tiple-cell battery. 


Current 

You have probably heard the term “current” used to 
describe the flow of water in а stream or river. Similarly, 
же call the flow of electrons an electric current. Each 
electron is extremely small, It takes quintillions and quin- 
tillions of electrons to make your toaster heat bread or 
your TV to draw pictures. (A quintillion is a one with 
18 zeros after it — 1,000,000,000,000,000,000. Using 
powers of 10, as described earlier, we could also write this 

1x 10%) 

When water flows from your home faucet, you don't 
try to count every drop. The numbers would be very large 
and unmanageable, and the drops are coming out much 
Too fast to count! To measure water flow, you count larger 
quantities such as gallons and describe the flow in terms 
of gallons per minute, Similarly, we can't deal easily with 
large numbers of individual electrons, nor can we count 
them conveniently. We need a shorthand way to measure 
the number of electrons. So, as with gallons per minute of 
water, we have amperes of electric current, We abbrevi 
ate ampere A, We measure current with a device called an 

Suppose you are looking through a "window" into а 
wire, and can count electrons as they move past you. (See 


The action of electric current on a 
magnet was first applied to 
telegraphy by André Marie Ampére 
(1775-1836) in 1820. An ampere is 
the basic unit of electrical current. 
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Figure 7.6 — A window like this Into a wire might 
allow you to count electrons as they flow past, to 
measure the current. Even so, you would have 10 
‘count 6.24 x 10" electrons per second for а current 
of only 1 ampere! 


Figure 7.6.) If you count 6,240,000,000,000,000,000 
(6.24 x 10") electrons moving past your "window" each 
second, the circuit has a current of one ampere. (Don't 
worry! You won't have to remember this number.) So 
when you express a circuit's current in amperes, remem- 
ber that it isa measure of the number of electrons flowing 
through the circuit. A circuit with a current of 2 amperes 
has twice as many electrons flowing out of the supply as 
‘circuit with a current of 1 ampere. 

Write “2 A" for two amperes or “100 mA” (mili- 
amps) for 0,1 ampere (sometimes also abbreviated amp or 
amps), You can use all the metric prefixes with the am- 
pere. Most of he time you will see currents expressed in 
amps, milliamps and microamps, See Table 7.1 to review 
the list of metric prefixes, 


Conductors 
As we pointed out earlier, some atoms have a firm 
grasp on their electrons and other atoms don't. More cur- 
Tent can flow in materials made of atoms that have only a 
weak hold on their electrons. Some materials, the 
duct electricity better than others 
Silver is an excellent conductor. The loosely at- 
tached electrons in silver atoms require very little voltage 
(pressure) to produce an electric current. Copper is much 
less expensive than silver and conducts almost as well 
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We can use copper to make wire needed in houses, and in. 
radios and other electronic devices. Steel also conducts, 
but not as well as copper. In fact, most metals are fairly 


good conductors, so aluminum, mercury. zinc, tin and 
gold are all conductors 
Insulators 


Other materials keep a very firm grip on their 
electrons, These materials do not conduct electricity very 
well, and are called insulators. Materials such as glass, 
rubber, plastic, ceramic, mica, wood and even air are poor 
conductors, Pure distilled water is a fairly good insulator. 
Most tap water is a good conductor, however, because 
it has minerals and other impurities dissolved in it. 
Figure 7.7 may help you remember the difference be- 
tween insulators and conductors, 

‘The electric power company supplies 120 V on the 
wires into your home. That voltage is available for you 
use at electrical outlets or sockets. Why don't the elec 
trons spill out of the sockets? The insulation between the 
two sides of the outlet prevents the electrons from flowing 
from one side to the other. The air around the socket acts 
as an insulator to stop them from flowing into the room. 

Because insulators are poor conductors rather than 
nonconductors, every insulator has а breakdown voltage. 
A voltage higher than the breakdown voltage will force 
electrons to move through the insulator. The insulator will 
start to conduct electricity. Depending on the material, it 
may be damaged if you exceed the breakdown voltage 
Better insulators have higher breakdown voltages. Break- 
down voltage also depends on the thickness of the insulat- 


Figure 7.7 — Here's one way to show how an 


Insulator differs from a conductor. Wood, on the left, 


from flowing between lts atoms. Me 
hand, are more generous with their 
Electrons are тоге easily pulled 
metal atoms, and the metal atoms are then left with 
a positive charge. If the metal atoms attract extra. 

léctrons from neighboring atoms, they become 
negatively charged. 


ing material. A thin layer of one insulating material (like 
Teflon or mica) may be just as good as a much thicker 
layer of another material (like paper or air). 

‘A good example of an insulator that will conduct at 
very high voltage is air. Airis a fine insulator at the volt- 
‘ages normally found in homes and industry. When a force 
of millions of volts builds up, however, there's enough 
pressure to send a bolt of electrons through the air — 
lightning. You can produce a voltage large enough to 
make a spark jump through a thin air layer by shuffling 
your feet across the carpet on a dry day. When you reach 


fora metal object like a doorknob, you can often feel the 
spark jump from your finger. If the room is darkened, you 
can also see the spark 

When you are 
be sure to use the right insulating material. Make sure you 


sulating wires or components, always 


use enough insulation for the voltages you're likely to en- 
counter. Heat-shrinkable tubing or other insulating tubing 
is often convenient for covering a bare wire or a solder 
connection. You can also wrap the wire with electrical tape. 
Several layers of tape, wrapped so it overlaps itself, will 
provide enough insulation for up to a few hundred volts. 


Resistance 


Resistance is the property of preventing, or opposing 
the flow of electrons in a material, Even the best conductors 
have some resistance. Materials that are poorer conductors 
have more resistance, and materials that are better conduc- 
tors have less resistance. 

What if you partially blocked a water pipe with a 
sponge? Eventually, the water would get through the 
sponge, but it would have less pressure than before, The 
sponge opposes, or resists the water trying to flow through 
the pipe, and it takes pressure to overcome that resistance. 

‘Similarly, materials that conduct electrical current 
also present some opposition, or resistance, to ће move- 
ment of electrons. Resistors are devices that are espe- 
cially designed to make use of this opposition. Resistors 
limit, or control the amount of current that flows through 
а circuit because they oppose the flow of electrons. 
Figure 7.8 shows some common resistors. 

In a water pipe, increasing the pressure forces more 
water through the sponge (the resistance). In an electrical 
circuit, increasing the voltage forces more current through 
the resistor. The relationship between voltage, current and 
resistance is predictable. We call this relationship Ohm's 
Law, and itis a basic electronics principle. You will learn 
more about Ohm's Law later in this chapter. 

The ohm is the basic unit used to measure resistance. 
The abbreviation for ohms is ©, the Greek capital letter 
omega. This unit is named for Georg Simon Ohm, а Ger- 
man physics teacher and mathematician, Of course we also 
use the metric prefixes with ohms, when appropriate. So 
you will often sce resistors specified as having 47 kilohms 
or 1.2 megohms of resistance, Written with abbreviations, 
these resistors would be 47 КО and 1.2 MQ. As you could. 
probably guess, when you want to measure an amount of 
resistance, you will use an ohmmeter. 


Resistors 

Resistors are important components in electronic cir- 
cuits. A resistor opposes the flow of electrons. We can 
control the electron flow (the current) by varying the re- 
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Figure 7.8 — This photograph shows some of the 
many types of resistors. Large power resistors are 
at the top of the photo. The small resistors are used 
in low-power transistor circuits. 


When electrons flow from one point in a circuit to 
another point, there is current in that circuit. A perfect 
insulator would allow no electrons to flow through it (zero 
current), while a perfect conductor would allow infinite 
current (unlimited electrons flow). In practice, however, 
there is no such thing as a perfect conductor nor a perfect 
Insulator. Some opposition to electron flow occurs when 
the electrons collide with other electrons or atoms in the 
conductor. The result is reduced current. The conductor is 
heated in this process. 


The basic unit of resistance is the 
ohm, named in honor of Georg 
Simon Ohm (1787-1854). 
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Resistors allow us to control the current in a circuit 
by controlling the opposition to electron flow. As they 
‘oppose the flow of electrons they dissipate electrical en- 
ergy in the form of heat. The more energy a resistor dis 
sipates, the hotter it will become. 

Most resistors have standard fixed values, so they are 
called fixed resistors. Variable resistors, also called 
potentiometers, allow us to change the value of the resis- 
tance without removing and changing the component 
They can be used to adjust the voltage, or potential, in a 
circuit. For example, potentiometers are used as the vol- 
ume and tone controls in most stereo amplifiers 

Figure 7.9 shows two types of fixed resistors and a 
potentiometer, It also shows the schematic symbols for 
these resistors. When you look at these resistor symbols 
and see the zigzag lines you сап just imagine how difficult 
it will be for the electrons to fight their way through these 
peaks and valleys! 


Figure 7.9 — Fixed resistors come in many standard 
values. Most of them look something like the ones 
Shown at A. Variable resistors (also called. 


‘complete. Part B shows a potentiometer. 


Series and Parallel Circuits 


‘There are two basic ways that you can connect the. 
parts in an electric circuit, If we hook several resistors 
together in a string, we call it a series circuit. If we con- 
nect several resistors side-by-side to the same voltage 
source, we call it a parallel circuit, 

Inour water-pipe example, what would happen to the 
current through the pipe if we placed another sponge init? 
You're right; The second sponge would further reduce the 
flow. We could do the same thing with a single, larger 
sponge. The total resistance in a series circuit is the sum 
of all the resistances in the circuit, 

In a series circuit, the same current flows through 
each resistor. The electrons have no other path to follow. 
Figure 7.10A shows the schematic diagram of three resis- 
tors connected in series with а battery. Resistors in series 
are connected end to end like a string of sausages. 

Now let's look at the case of a parallel circuit. This 
is similar to having two water pipes running side by side 
More water can flow through two parallel pipes of the 
same size than through a single one. With two pipes, the. 
current is greater for a given pressure, 

If these pipes had sponges in them, the flow would be 
reduced in each pipe. There are still two paths for the water 
to take. More water will flow than if there was a single pipe 

ith a similar sponge in it. Now let's go back to electrical 
resistors and voltage. Adding a resistor in parallel with an- 
other one provides two paths for the electrical current to 
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Figure 7.10 — Part A shows three resistors 
connected in series with a battery. Part B shows 
three resistors connected їп parallel with a battery. 


follow. This reduces the total resistance. You can connect 
more than two resistors in parallel, providing even more 
paths for the electrons, This will reduce the resistance still 
more, Figure 7.10B shows resistors connected in paralel 
with a battery. Resistors in parallel provide alternate paths 
forthe current to take. Parallel resistors are side by side like 
A picket fence, The result is less total resistance in the cir- 
cuit, and more current. 

Why would you want to connect resistors in series or 
їп parallel în a circuit? There will be times when you need 
а certain amount of resistance somewhere in à circuit. 
There may be no standard resistor value that will give the 
necessary resistance, Sometimes you may not have a cer- 


чайп value оп hand. By combining resistors їп parallel or 
series you can obtain the desired value. 

When you connect resistors in series, as in Figure 
7.10A, the total resistance is simply the sum of all the 
resistances, Resistors in series add. 


Ri +R +R, +. +R, (Equation 7.1) 


— 


where n is the total number of resistors. 

The total resistance of a string of resistors in series 
will always be greater than any individual resistor in the 
string. АП the circuit current flows through each resistor. 
ina series circuit. A series circuit with resistor values of 2 
ohms, 3 ohms and 5 ohms would have a total resistance of. 
10 ohms. If a circuit has two equal-value resistors con- 
nected in series, the total resistance will be twice the value 
of either resistor alone. 

In а parallel circuit things are a bit different. When 
we connect two or more resistors in parallel, more than 
оле path for current exists in the circuit. With more than 
оле path, more electrons can flow. There is less resistance 
and a greater current 

The formula for calculating the total resistance of re- 
sistors connected in parallel is 


тош in Parallel "TT, T T 
к, 


(Equation 7. 
where nis the total number of resistors. For example, if we 
connect three 300-ohm resistors in parallel, their total re- 
sistance is 


П 
i E: 
3000" 30001" 3000 


Frou in Parallel 5 Т, 1 


Ohm's 


In this section you will learn how to do some basic 
circuit calculations, We have kept the arithmetic simple. 
The text explains all of the steps in the solution. Associ- 
ating numbers with a concept often makes the concept 
easier to understand. Read these examples and then try the 
calculations yourself. Be sure you ean work the problems 
in the question pool when you study those questions. 
"The amount of water lowing through a pipe increases 
as we increase the pressure and decreases as we increase the 
resistance, If we replace “pressure” with “voltage,” this same 
statement describes current through an electric circuit. We 
can write a mathematical relationship for an electric circuit 


Voltage 


Resistance 


Current = (Equation 7.4) 


100. 


1 


To calculate the total resistance of two resistors in 
parallel, Equation 7.2 reduces to the “product over sum” 
formula, Multiply the two resistor values and then divide 
by their sum 


ухва 


Rron in pana = REE 


(Equation 7.3) 


If we connect two 100-ohm resistors in parallel, the 
total resistance would be: 


Ri xR, 10001000 10,0000" 


From these two examples you can see that the total 
resistance of any resistors connected in parallel is always 
less than the value of any one of the resistors. You can use 
this fact to make a quick check of your calculations. The 
result you calculate should be smaller than the smallest 
value in the parallel combination. If it isn’t, you've made 
a mistake somewhere! 


{Tum to Chapter 11 now and study questions T7A06 
through Lade Also study questions T7CO1 through 
17C03 and questions T7C11 through 17013, Review 
{his section if you can't answer any of those questions. ] 


Law 


‘This equation tells us the current through а circuit 
equals the voltage applied to the circuit divided by the 

Ifthe voltage stays constant but more current flows 
in the circuit, we know there must be less resistance. The 
relationship between current and voltage is a measure of 
the resistance: 


Voltage 
Current 


stance: (Equation 7.5) 


We can state this equation їп words as: The circuit 
resistance is equal to the voltage applied to the circuit 
divided by the current through the circuit. This equation 
shows that if we apply a voltage of 1 volt to a circuit, and 
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measure a current of 1 ampere through that circuit, then. 
the circuit has a resistance of 1 ohm. This is one way to 
define a circuit with a resistance of 1 ohm. 

Finally, we can determine the voltage if we know 
how much current is flowing and the resistance in the 
circuit 


Voltage 


went x Resistance (Equation 7.6) 


The voltage applied to a circuit is equal to the current. 
through the circuit times the circuit resistance. 

Scientists are always looking for shorthand ways of 
writing mathematical relationships. They use symbols to 
replace the words: E represents voltage (remember 
EMF?), current is 1 (from the French word intensité) and 
resistance is R. We can now express Ohm's Law in a 
couple of letters 


R (volts = amperes x ohms) (Equation 7.7) 


‘Thisis the most common way to express Ohm's Law. 
but we can also write it as 


(amperes = volts divided by ohms) 


(Equation 7.8) 


R-E (ohms 
1 


он» divided by amperes) 


(Equation 7.9) 


E is ЕМЕ in volts, I is the current in amperes and R 
is the resistance in ohms, If you know two of the num- 
bers, you can calculate the third, Ifa circuit has an EMF 
of 1 volt applied to it, and the current through the circuit. 
is 1 ampere, then the resistance of that circuit will be 
1 ohm. 

Figure 7.11 shows a diagram to help you solve 
Ohm's Law problems. Simply cover the symbol of the 
quantity that you do not know. If the remaining two are 
side-by-side, you must multiply them. If one symbol is 
above the other, then you must divide the quantity on top. 
by the onc on the bottom. 

Ifyou know current and resistance in a circuit, Ohm's 
Law will give you the voltage (Equation 7.7). For example, 
what is the voltage applied to the circuit if 2 amperes of 
current flows through SO ohms of resistance? From Equa- 
tion 7.7 or Figure 7.11, we see that we must multiply 
2 amperes times 50 ohms to pet the answer, 100 volts. The 
ЕМЕ in this circuit is 100 volts 


(Equation 7,7) 


2 amperes x 50 ohms. 
100 volts 


‘Suppose you know voltage and resistance — 200 volts 
їп the circuit to push electrons against 100 ohms of . 
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There Really Was an Ohm 
(1787-1854) 

Although we take Ohm's Law for granted, i 
wasn't always so widely accepted. In 1827, Georg 
Simon Ohm finished his renowned work, The 
Galvanic Circuit Mathematically Treated. Scien- 
lists at first resisted Ohm's techniques. The 
majority of his colleagues were stil holding to a 
non-mathematical approach. Finally, the younger 
physicists in Germany accepted Ohm's information 
in the early 18308, The turning point for this basic 

lectrical law came in 1841 when the Royal 
Society of London awarded Ohm the Copley 
Medal. 

As the oldest son of a master locksmith, Georg 
received a solid education in philosophy and the 
sciences from his father. At the age of 16 he 
entered the University of Erlangen (Bavaria) and 
studied or three semesters. His father then forced 

im lo withdraw because of alloged ovorindu- 
ences in dancing, biliards and ice skating. After 
4" years, his brillance undaunted, Ohm returned 
to Erlangen to ват his PhD in mathematics. 

Enthusiasm ran high at that time for scientific 
solutions to all problems. The first book Ohm wrote 
reflected his highly intllectualized views about the 
role of mathematics in education. These opinions 
changed, however, during a series of teaching 
positions. Oersteď s discovery of electromagne- 
tism in 1820 spurred Ohm to avid experiments, 
since he taught Physics and had a well-equipped 
lab. Ohm based his work on direct scientific 
‘observation and analyses, rather than on abstract 
theories. 

‘One of Ohm's goals was to be appointed to a 
major university. In 1825 he started doing research 
withthe thought of publishing his results. The 
following year ho took a leave of absence trom 
teaching and went to Berlin. 

In Berlin, Ohm made his now-famous experi 
ments. He ran wires between a zine-copper battery 
and mercury-filed cups. While a Coulomb torsion 
balance (voltmeter) was across one leg of the 
sones circuit a variable conductor completed the 
loop. By measuring the loss in electromagnetic 
force for various lengths and sizes of wire, he had 
the basis for his formulas. 

Because The Galvanic Circuit produced near- 
hostility, Ohm withdrew from the academic world 
for nearly six years before accepting a postin 
Nuremberg. English and French physicists do not 
‘seem to have been aware of the profound implica- 
tions of Onm's work until the late 1830s and early 
1840s, 

Following his belated recognition, Ohm 
became a corresponding member of the Berlin 
Academy. Late in 1849 he went o the University of 
Munich and in 1852, only two years before his 
death, he achieved his lifelong dream of a ul 
professorship at a major university. 


Figure 7.11 — This simple diagram will help you 
remember the Ohm's Law relationships. To find 
any quantity if you know the other two, simply 
‘cover the unknown quantity with your hand or a 
piece of paper. The positions of the remaining two 
‘symbols show if you have to multiply (when they 
are side by side) or divide (when they appe 

over the other as a fraction). 


tance, Equation 7.8 gives the correct equation, or you can. 
use the diagram in Figure 7.11. You must divide 200 volts by 
100 ohms to find that 2 amperes of current is flowing. 


(Equation 7.8) 


1=2 amperes 


Ifyou know voltage and current in a circuit, you can 
calculate resistance. For example, suppose a current of 3 
amperes flows through a resistor connected to 90 volts, 
This time Equation 7.9 is the one to use, and you can also 
find this from Figure 7.11. 90 divided by 3 equals 30, so 
the resistance is 30 ohms, 


(Equation 7.9) 
1 


90 volts 
3amperes 


R=30 ohms 


Ifyou know E and I, you can find R. If you know I and 
R, you can calculate E. If E and R are known, you can find 1. 

Putanother way, if you know volts and amperes, you 
саа calculate ohms. If amperes and ohms are known, volts 
can be found. Or if volts and ohms are known, amperes can 
be calculated. Figure 7.12 illustrates some simple circuits 
and how Ohm's Law can be used to find an unknown quan- 
tity in the circuit. Make up a few problems of your own and 
test how well you understand this basic law of electricity. 
You'll soon find that this predictable relationship, symbol- 
ized by the repeatable equation of Ohm's Law, makes calcu- 
lating values of components in electrical circuits easy. Ohm's 
Law is one electrical principle that you will use when work- 
ing with almost any electronic circuit? 


(Before you read further, tum to Chapter 11 and study 
‘questions Tate through T7A15. Review this section it 
you don't understand any of these questions.] 
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Figure 7.12 — This drawing shows some Ohm's Law problems and solutions. 
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Energy and Power 


We define energy asthe ability todo work. An object 
сап have energy because of its position (like a rock ready 
10 fall off the edge of cif. An object in motion also has 
energy (like the same rock as it falls to the bottom of the 
cliff. In electronics, a power supply or battery is the 
source of electrical energy, We can make use of that en- 
ray by connecting the supply toa light bulb, a radio or 
other circuit 

A voltage source pushes electrons through the resis- 
tance ín an electric circuit. Suppose we have a circuit with 
two resistors connected so the current goes from the bat- 
tery, through one resistor, then through the other and fi- 
mally back to the battery. If we know how much current 
flows through the circuit, we can use Ohm's Law to cal- 
culate the voltage across each resistor. The example 
shown in Figure 7.13 has two equal-value resistors, and 
cach resistor has half the battery voltage because the total 
batery voltage is applied across both resistors. The volt- 
age that appears across each individual resistor is called 
a voltage drop, In our example, after the current has gone 
through the first resistor, the voltage has dropped from 10 
V105 V, and after the second resistor И has dropped to 0 
V because it is back to the battery terminal at that time. 

These voltage drops occur because electrical energy 
is “used up" or “consumed.” Actually, we can't lose the 
electrical energy: it is just changed to some other form. 
The resistor heats up because of the current through it: the 
resistance converts electrical energy to heat energy. More 
current produces still more heat, and the resistor becomes 
warmer. If the current is too large the resistor might even 
catch fire! 

As electrons Пом through a light bulb, the resistance 
of the bulb converts some electrical energy to heat. The 
filament the bulb gets so hot that it converts some of the 
electrical energy to light energy. Again, more current pro 
duces more light and heat. 

You should get the idea that we can "use up” acertain 
amount of energy by having a small current go through a 
resistor for a long time or by having а larger current go 
through it for a shorter time, When you buy electricity 
from a power company, you pay for the electrical energy 
that you use each month. You might use all of the energy 
їп one day, but you probably use a small amount every 
day. Your bil would be the same in either ease, because 
the electric meter on your house just measures how much 
energy you use. The power company sends someone 
around to read the meter each month to determine how 
much electrical energy you used, 

Sometimes it is important to know how fast a circuit 
can use energy. You might want to compare how bright 
two different light bulbs will be. If you're buying а new 
freezer, you might want to know how much electricity it 
Will use in a month, You will have to know how fast the 
freezer or the light bulbs use electrical energy. We use the 
term power to define the rate of energy consumption. The 
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Figure 7.13 — When two resistors are connected in 
series with a battery, part of the battery voltage 
‘appears across each of the resistors. Here, each 
resistor has half the voltage because the tw. 
resistors have equal values. 


basic unit for measuring power in the metric system is the 
watt, You have probably seen this term used to rate elec- 
trical appliances, You know that a light bulb rated at 
75 watts will be brighter than one rated at 40 watts, (Some- 
times we abbreviate watts with a capital W.) These same 
numbers tell us which light bulb uses more electrical en- 
ergy each minute (or hour) that they are turned on, For 
example, if you turn on light bulbs af 60 watts, 75 watts 
and 100 watts, the 100-watt light bulb will use the most 
electrical energy in an hour. 


Power and Decibels 
‘The decibel is one unit that you will hear used (and 
misused) quite often in electronics. Just what does this 
term mean’ First we'll define the term, and then we'll take 
a look at some of the ways we use decibels in electronics, 
You have probably recognized deci as the metric 
prefix that means one tenth, So the unit we are really talk- 
ing about here is the bel, and a decibel is just 1/10 of bel. 
We often use a capital B to abbreviate bel. Since the lower 
cased isthe abbreviation for deci, the proper abbreviation 
for a decibel is dB. The bel is named for Alexander Gra- 
ham Bell. Most people remember Bell for his invention of 
the telephone, Bell was also very interested in working 
with deaf people and studying the way we hear sounds, 
In electronics, we use the decibel as a comparison of 
power levels, A decibel is ten times the logarithm of a 
ratio of wo power levels, We aren't going to get too tech- 
nical or go into a lot of math here, so don't panic. A couple 
‘of examples will make this easier to understand. Suppose 
you are operating a transmitter with a power output of 
5 watts. Now increase that output power to 10 watts, Find 


the ratio of these power levels by dividing the new (higher) 
power by the original value 


If you have a scientific calculator, you can find the 
Togarithm (log) of 2, and the answer is 03. Now if we 
‘multiply that result by ten, we have our answer of 3dB. So 
by going from 5 W to 10 W, we have increased our trans- 
mitter power by 3 dB. 

Suppose you increased the power from 10 W to 20 W, 
Well, the ratio of those power levels is 2, so that is another 
3 dB-increase in power. 

Now you may be wondering how we would describe 
the change from 5 W to 20 W. Well in that case the ratio 
of output powers is: 


Power Ratio = 20 ® 
БЛ 


Using your scientific calculator again, you can find 
that the log of 4 is 0.6. Multiply that answer by ten to find 
that this represents a 6-dB increase in power, 

There is one more example that will give an answer 


The basic unit of power is the watt. 
This unit is named after James Watt 
(1736-1819), the inventor of the 
steam engine. 


Other Circui 


There are many electronic components, or parts used. 
in the electronics devices we use every day. Batteries, 
resistors, capacitors, fuses, inductors, switches and tran- 
sistors all are important, How do these components work 
and what do they do? So far in this chapter we have 
‘covered the basic operation of resistors and Ohm's Law. 
We have seen how hatteries are used as a voltage source 
to push а current through circuits made with resistors. 
Now we will turn our attention to some of these other 
important parts that make up electronics circuits. You 
will find descriptions of several types of fuses, switches, 
capacitors and semiconductor devices. We combine these 


Table 7.2 


‘Some Common Decibel Values and 
Power Level Ratios 


bab E] 
01 E 
025 6 
05 3 
1 o 
2 3 
4 6 

10 10 


worth remembering, Suppose we increase that transmitter 
power from 5 W to 50 W, That new power is 10 times 
larger than the first power. The log of 10 is 1. So we have 
а 10-48 increase in power for this last example. 

Every time you increase the power by а factor of 2 
times, you have a 3-dB increase of power. Every 4 times 
increase of power is a 6-dB increase of power. When you 
increase the power by 10 times, you have a power increase 
of 10 dB. You can also use these same values for a de 
crease in power. Cut the power in half for a 3-dB loss of 
power. Reduce the power to % the original value for a 
6-48 loss in power. If you reduce the power to 1/10 of the 
original value you will have а 10-dB loss. The power- 
loss values are often written as negative values: -3, -6 ог 
-10 dB. Table 7.2 shows these common decibel values 
and power ratios. 


[Before you go on to the next section in this chapter, 
dum to Chapter 11 and study questions T7A04 and 
Was Review this section il you have any problems.) 


Components 


components with other devices to build practical elec 
tronic circuits 


Switches 

How do you control the lights in your house? What 
turns on your car radio? A switch, of course. 

The simplest kind of switch just connects or discon 
meets a single electrical contact, Two wires connect to the 
switch; when you turn the switch on, the two wires are 
connected, When you turn the switch off, the wires are 
disconnected. This is called a single-pole, single-throw 
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switch. It connects a single pair of wires (single pole) and 
has only two positions, on or off (single throw), Some- 
times we abbreviate single pole, single throw as SPST. 
Figure 7.14 shows a simple SPST switch and the sym- 
bol we use to represent it on schematic diagrams. 

A switch gives us a way to control the circuit, With 
the switch in the O position, we have a closed or com- 
plete circuit. A closed circuit provides a complete path 
forthe electrons to flow from the negative battery or sup- 
ply terminal, through the circuit and return to the positive 
battery or supply terminal, A closed circuit has current 
through it. 

With the switch in the orr position, we have an open. 
circuit, An open circuit does not provide a complete path 
forthe electrons, so there is no current through the circuit. 

"The switches shown in Figure 7.14 are called knife 
switches because a metal blade pivots at one end to make 
ог break the contact. These switches show the basic op: 
eration, and physically look like the schematic symbols, 
‘They can be dangerous if used with high-voltage circuits 
however. Do not use a knife switch in a circuit that carries 
120-volt house current unless it is enclosed and operated 
with an insulated handle designed for this purpose. Knife 
switches are available, however, and can be used in low- 
voltage circuits 

Most of the time you'll want to use switches with 
contacts sealed inside a protective case. When mounted in 
the wall or on a control panel, the switch lever is safely 
insulated from the circuit. 

If we want to control more devices with a single 
switch, we need more contacts. If we add a second contact 
то a single-pole, single-throw switch we can select be- 
tween two devices, This kind of switch is called а single- 
pole, double-throw switch. Sometimes we abbreviate 
single pole, double throw as SPDT, An SPDT switch con- 
necte a single wire (single pole) to one of two other con. 
tacts (double throw). The switch connects а center wire to 
опе contact when the switch isin one position. When you 
flip the switch to the other position, the switch connects 
the center wire tothe other contact. An SPDT switch con- 
nests one input to either of two outputs. Electric circuits 
that allow you to turn lights on or off from either of two 
locations use SPDT switches. Figure 7.14B shows an 
SPDT knife switch and the schematic symbol for any 
SPDT switch, 

Suppose you want io switch two circuits on and off at 
the same time, Then you use a double-pole, single-throw 
(DPST) switch. This type of switch connects two input lines 
to their respective output lines at tbe same time. See Figure 
7.14C for an example of this switch and its schematic- 
ram symbol. When you look at the knife-switch drawing or 
theschematicsymbol youcan easily see thatthe DPST switch 
connectstwo inputsat the same time, one input to onc output, 
and the other input to the other output. 

We can add even more contacts to the switch. A 
double-pole, double-throw switch has two sets of three 
contacts, We use the abbreviation DPDT for double pole, 
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double throw. You can think of а DPDT switch as two 
SPDT switches in the same box with their handles con- 
nected. A DPDT switch has two center contacts. The 
‘switch connects each of these two center contacts (double. 
pole) to one of two other contacts (double throw). Figure 
7.14D shows a DPDT switch and its schematic symbol. 
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Figure 7.14 — A single-pole, single-throw (SPST) 
switch can connect or disconnect one circuit. А 
ingle-pole, double-throw (SPDT) switch can connect 
опе center contact to one of two other contacts. A 
double-pole, single-throw switch connects or 
disconnects two circuits at the same time. A double- 
pole, double-throw (ОРОТ) switch is like two SPDT 
‘switches in one package. Each half of the ОРОТ 
‘switch can connect one contact to two other contacts, 


Antennas 

Your receiver wow thear signals and no one will hear 
your transmitter without an antenna. The antenna is а 
very important part of any radio installation, Your an- 
tenna will pick radio signals out of the айг for your re- 
ceiver. It will also send your transmitter signals off into 
the atmosphere, We use the symbol shown in Figure 7.18 
to represent the antenna on a schematic diagram. 

There are many types of antennas, You will learn 
‘more about the various kinds of antennas in Chapter 8. 
You will also learn how to choose antennas for various 
kinds of radio equipment, 


Diodes and Transistors 

Many of the great technological advances of recent 
limes — men and women in space, computers in homes, 
ham radio stations tiny enough to be carried in a shirt 
pocket — all have been made possible by semiconductor 
electronics, Not simply a partial conductor as the name 
implies, a semiconductor has some of the properties of a 
conductor and some properties of an insulator, 

Diodes and transistors are examples of two types of 
components made with semiconductor materials, These 
components are often called solid-state devices because 


Figure 7.15 — Most receivers 
and transmitters are useless 
Without an antenna, This. 
‘schematic symbol represents 
the antenna In a circuit. 
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the materials have replaced vacuum tubes jn most uses 
and created many new applications. Most semiconductor 
devices are much smaller than comparable tubes, and they 
produce less heat. Semiconductors are also usually less 
expensive than tubes, 

Portable broadcast-band radios, which weighed sev- 
eral pounds and were an armful shortly after World War 
Il, weigh ounces and can be carried in your pocket today, 
A complete ham radio station, which would have filled a 
тоот 50 years ago, now can be built into а container the 
size of a shoebox, or smaller. Solid-state technology has 
‘made all this possible 

"There are two kinds of semiconductor material, They 
are known as N-type material and P-type material. The N 
referstothe way electrons, or negativeelectric charges, move 
through the material. The  refersto the way positive charges 
move through this material. (Don't worry aboutthe details of 
how this works now. You can learn about haw transistors 
actually work after you pass your license exam.) 

Ifa manufacturer places а block of P-type material in 
contact witha block of N-type material, it creates a PN junc- 
tion diode. Diodes have some very interesting and useful 
properties. If you connect the positive side of the battery to 
the P-type material and the negative side of the battery to the 
N-type material there will be current through the diode. See 
Figure 7.16A. In this case the diode is forward biased. I you 
reverse those connections, so the positive side of the battery 
connects to the N-type material and the negative side of the 
battery connects to the P-type material then there will be no 
current, Figure 7.168 shows the diode connected with this 
reverse bias, Diodes allow current to flow in only one direc 
lion. This is one way a diode can be used to control the 
‘current in a circu 

Now suppose an alternating current source is connected. 


w 
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Figure 7.16 — Part A shows a layer of P-type semiconductor materi 
‘material connected to a battery. In this case the PN junction Is forward 
circuit. Part B shows the semiconductor materials connected to the battery so t 


yer of N-type semiconductor 
lased, so current flows through the 
junction is reverse 


biased. No current flows through the circuit. Part C shows the semiconductor materials connected to an 


alternating current signal source and a resistor. This time the 


Junction is drawn using the schematic 


diagram symbol for a diode. The diode rectifies the ac signal. Pulses of direct current flow through the 
circuit because the diode only conducts during the positive half of the ac cycle. 
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to the diode. For half of the ac cycle, the diode will be for- 
ward biased, allowing current through the circuit. For the 
other half of the cycle the diode will be reverse biased, and 
there will be no current, The diode changes the alternating, 
current signal into a varying direct current signal, as shown 
in Figure 7.16C. We say the diode will rectify the ac signal, 
so diodes are sometimes called rectifiers 

Transistorscome in many shapes and sizes, Figure 7.17 
shows some of the more common case styles for transistors. 
‘One common type of transistor is the bipolar transistor. 
Bipolar transistors are made from the two different kinds of 
‘material (bi means two, as in bicycle) 

"There also are two kinds of bipolar transistors. Each 
kind of bipolar transistor has a separate schematic sym- 
hol. Figure 7.18 shows the schematic symbol for an NPN 
transistor. You can remember this symbol by remember- 
ing that the arrow is “not pointing in.” An NPN transistor. 
has a layer of P-type semiconductor material sandwiched. 
between two layers of N-type material. 

Figure 7.19 shows the symbol for the other kind of 
bipolar transistor, the PNP transistor, Remember this 
symbol by saying that the arrow "points in proudly." A 
PNP transistor has a layer of N-type semiconductor mate- 
rial sandwiched between two layers of P-type material 

‘The schematic symbols show that transistors have 
three leads, or electrodes, Each of the electrodes connects 
то a different part of the transistor. Transistors can am. 
plify small signals; this is what makes them so useful. 
Usually, we use a low-voltage signal applied to the base 


‘of the transistor to control the current through the collec 
tor and emitter, 

Figure 7.20A shows a simple NPN transistor ampli- 
fier circuit. Battery B, applies a positive voltage to the 
base of the transistor and battery В, applies a positive 
voltage to the collector. The emitter has a negative volt 


Figure 7.17 — Transistors are packaged in many 
different types of cases. 
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age applied, A small current flows through the emitter and 
base portion of the circuit, This small current controls a 
(usually larger) current from the negative emitter to the 
positive collector. If the base current decreases, the col 
lector current also decreases. Ifthe base current increases, 
so will the collector current. If you remove B, or other- 


Figure 7.18 — This is the 
schematic symbol for an 
NPN transistor. 
Remember that the arrow 
ls “not pointing in. 


Figure 7.19 — This is the 


Figure 7.20 — These diagrams show simple 
transistor circuits for NPN and PNP transistors. 
Batteries B1 and B2 provide the proper operating 
voltages and polarities to produce а current through 
the collector/emitter part of each circuit. 


wise open the base circuit, there will be no collector cur- 
rent. 

Figure 7.208 isa similar circuit fora PNP transistor, 
Notice this time B, applies a negative voltage to the tran- 
sistor base lead and B, applies a negative voltage to the 
collector, Once again a small current through the base and. 
emitter portion of the circuit controls the current through 
the collector and emitter part of the circuit. 

‘These transistor circuits will amplify — or make a 
larger version of —a small signal. The voltages required 
tooperate the circuit are relatively small, often 12 volts or. 
less. Vacuum tube circuits can also be used to amplify 
small signals. Tubes usually require much higher operat- 
ing voltages, however. 


Integrated Circuits 

No discussion of modern electronics would be com- 

plete without at least a brief mention of integrated circuits. 

(ICs). An IC usually performs several circuit functions in 

аге, and sometimes an entire application requires 

tion of a few external components. Like tran- 

sistors, ICs are made with semiconductor materials. They. 

use low operating voltages and are generally low-power 

devices. Figure 7.21 shows some examples of IC typical 
packages. 


— 


Figure 7.21 — Integrated circuits (ICs) come in a 
variety of package styles. 


[This is a good time to take a break from reading the 
text. You should turn to Chapter 11 now and study 
questions T7A11, T7810, 17811, 17C09, T7C10, 
T7C14, T7C16, T7C18 and T7C19. Review this section 
it you have any problems with these questions.) 


Inductors and Inductance 


‘The motion of electrons produces magnetism. Every 
electric current creates a magnetic field around the wire in 
which і flows. A magnetic field is the area through which an 
invisible magnetic force acts, We can observe that force as 
the attraction and repulsion between magnets. Like invisible 
tubes, the magnetic field is positioned in concentric circles 
around the conductor. See Figure 7.22A. The fields created 
when the current flows, and collapses back into the conduc- 
tor when the current stops, The field increases in strength 
when the current increases and decreases in strength as the 
current decreases. The force produced around a straight piece 
of wire by this magnetic field is usually very small. When the 
same wire is formed into а coil, the force is much greater. In 
coils, the magnetic field around each tur also affects the 
other turns. Together, the combined forces produce one large 
magnetic field, as shown in Figure 7.228. Much of the en- 
ergy in the magnetic field concentrates in the material in the 
center ofthe coil (the core). Most practical inductors consist 
‘of alengthof wire wound onan iron core ога core made from 
а mixture of iron and other materials. 


Figure 7.22 — A magnetic fiold surrounds a wire 
with а current through it. If the wire is formed Into a 
сой, the magnetic fleld becomes much stronger as 
the lines of force add to reinforce each other. 
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‘An inductor stores energy in a magnetic field. This 
property of a coil to store energy in a magnetic field is 
called inductance, Magnetic fields can also set electrons 
in motion, When а magnetic field increases in strength, 
the voltage оп a conductor within that field increases, 
When the field strength decreases, so does the voltage 

Let's apply a de voltage to an inductor. There is no. 
currenttostart with, so the current begins to increase when 
the voltage is applied. This will establish an electrical 
current in the inductor, and this current produces a mag- 
netic field. The magnetic field in turn induces, or creates, 
voltage in the wire. The voltage induced by the magnetic 
field of the inductor opposes the applied voltage. There- 
fore, the inductor will oppose the increase in current. This 
is a basic property of inductors. Any changes in current 
through the inductor, whether increasing or decreasing, 
are opposed. A voltage is induced in the сой that opposes 
the applied voltage, and tries to prevent the current from 
changing. This is called induced EMF (voltage) or back 
EMF. Gradually a current will be produced by the applied. 
Voltage. (The term "gradually" is relative. In radio cir- 
cuits, the time needed to produce the current in the circuit 
is often measured in microseconds or less.) The important 
point is that the current doesn’t increase to its final value 
instantly when the voltage is first applied. 

The "final" current that flows through the inductor is 
limited only by any resistance that might be in the circuit. 
‘There is very litle resistance in the wire of most coils, The 
current will be quite large if there is no other resistance. 

In the process of getting this current to flow, energy 
is stored. This energy is in the form of а magnetic field 
around the coil. When the applied current is shut off, the 
magnetic field collapses. The collapsing field returns en 
ergy o the circuit as a momentary current that continues 
то flow in the same direction as the original current. This 
current can be quite large for large values of inductance. 
‘The induced voltage can rise to many times the applied 
voltage. This can cause a spark to jump across switch or. 
relay contacts when the circuit is broken to turn off the 
current. This effect is called “inductive kickback.” 

‘When an ac voltage is applied to an inductor, the 
current through the inductor will reverse direction every 
half cycle, This means the current will be constantly 
changing. The inductor will oppose this change. Energy is 
stored in the magnetic field while the current is increasing 
during the first half cycle. This energy will be returned to 
the circuit as the current starts to decrease, A new mag- 
netic field will be produced during the second half cycle. 
"The north and south poles of the field will be the reverse 
of the first half cycle, The energy stored in that field will 
be returned to the circuit as the current again starts to 
decrease. Then a new magnetic field will be produced on 
the next half eycle. This process keeps repeating, as long 
as the ac voltage is applied to the inductor. 

We can summarize the actions of an inductor by con- 
sidering two factors. Inductors store energy in magnetic 
fields, and they oppose any change in current through the 
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inductor, Because an electric current produces а mag- 
netic field we say the action of an inductor storing electri- 
cal energy is an electromagnetic process 

Inductors play several very important roles in elec- 
ironic circuits, When an ac signal is applied to the induc- 
tor, the inductance will act to oppose or reduce the flow of 
ac. As we learned earlier, however, when a de signal is 
Applied to an inductor, the inductance will have little ef- 
fect on the current, at least after that initial opposition. 
Inductors reduce the flow of ac signals but allow de sig- 
nals to flow freely. We use a capital L to represent the 
amount of inductance that а coil exhibits, 

The basic unit of inductance is the henry (abbrevi- 
ated H), named for the American physicist Joseph Henry. 
"The henry is often too large for practical use in measure- 
ments. We use the millibenry (10°) abbreviated mH, or 
microhenry (10) abbreviated uH. 

An inductor's core refers to the area inside the induc- 
tor, where the magnetic field is concentrated. If we add an 
iron or ferrite core to the сой, the inductance increases 
‘compared to a coil with air in the core, Figure 7.23 shows 
some common schematic symbols for various inductors 
Notice that if the inductor has a core material other than 
sir, there are two parallel lines drawn next to coil in the 
schematic symbol. 

There are several ways that the inductance of a coil 
сап be varied. Figure 7.23 shows two methods. In one 
‘case, a metal "slug" or core can be threaded into or out of 
the center of the coil. Another way to adjust the induc- 
tance value isto simply attach a wire at some point in from 
one end. This is called an adjustable tap point. Variable 
inductors can be used to adjust the operating frequency of 


Figure 7.23 — Various types of colls, and their 
schematic symbols, The adjustable inductor uses 
movable powdered-iron core or slug. They are 
sometimes called siug-tuned or permeability ипе 
inductors. 


Inductors in Series and Parallel 

In circuits, inductors combine like resistors. The to- 
tal inductance of several inductors connected in series is 
the sum of all the inductances: 


Lym ml, + L4 thy + L. (Equation 7.10) 


where п is the total number of inductors. 
For two equal-value inductors connected in series, 

the total inductance will be twice the value of one of the 

inductors. 

For parallel-connected inductors 


(Equation 7.11) 


‘You might recognize this equation from our study of 
combining resistors in parallel, and realize that for two 
parallel-connected inductors, Equation 7.11 reduces to: 


Lyx 


[ran Paral = 
[E 


(Equation 7.12) 


For two equal-value inductors connected in parallel, 
the total inductance will be half the value of one of the 
components. 


[Tum to Chapter 11 now and study exam questions 
ТТА09, Т7СО8 and 17C17. Review any material you 
have dificully with before going on.) 


Capacitors and Capacitance 


A simple eapacitoris formed by separating two соп. 
ductor surfaces, or plates, with an insulating material 
Let's conduct а small experiment to see how a capacitor 
Works. First connect the capacitor toa battery anda switch, 


as shown in Figure 7.24A. One plate connects to the posi- 
tive terminal ofa voltage source. The other plate connects 
to the negative terminal, Close the switch, as shown in 


Part B. A surplus of electrons will start to build up on the 
side connected to the negative battery terminal, creating 
‘anegative charge on that capacitor plate. A positive charge 
will star to build up on the other capacitor plate, as Part 
B shows. At some point, the voltage across the capacitor. 
will equal the applied voltage, and the capacitor is said to 
be charged. Part C shows this condition, There is no cur- 
rent flowing їп the circuit when the capacitor is fully 
aged. 

Now comes the interesting part of our experiment 
(Open the switch, as shown in Part D. The capacitor plates 
will hold the electric charge because there is no circuit for 
the electrons to flow through, The capacitor is storing 
electric energy in the form of the charges on the capacitor. 
plates. 

їп an uncharged capacitor, the potential difference 
between the two plates is zero, As we charge the capaci 
tor, this potential difference increases until it reaches the 
full applied voltage, The difference in potential creates an 
electric field between the two plates. Figure 7.24 shows 
that electric field by using dashed arrows drawn between 
the capacitor plates, A field is an invisible force of nature. 
(їп the previous section we learned about the magnetic 
field around a wire with acurrent flowing through it.) We 
ри energy into the capacitor by charging it, Until we dis- 


charge it, or the charge leaks away somehow, the energy 
isstored in the electric field. When the field is not moving, 
‘we sometimes call tan electrostatic field. The basic prop- 
erty of a capacitor (called capacitance) is this ability to 
store a charge in an electric field 

The stored electric charge produces an electric field, 
which is an invisible electric force of attraction or repul- 
sion acting between charged objects. (In this case the elec 
tric field is between the capacitor plates.) The capacitor 
stores energy as an electric field between the capacitor 
plates. Once the capacitor has charged to the full voltage 
of the applied signal, no more charge will flow onto the 
capacitor plates, so the current stops. 

As we learned in our experiment, the charged capaci 
tor will remain charged unless there is some path for the 
electrons to follow to get off the negative plate and back 
to the positive plate, If we connect a resistor across the 
charged capacitor plates, the charge will flow through the 
resistor, releasing the stored energ 

‘When the voltage across a capacitor increases, the 
capacitor stores more charge in reaction to the increased 
voltage. When the voltage decreases, the capacitor re- 
turns some of its stored charge. These actions tend 10 
‘oppose any change in the voltage applied to a capacitor. 
This opposition to changes in voltage is called capacitive 

We can summarize the operation of a capacitor by 
considering two factors. A capacitor stores electric en 
ergy in the form of an electrostatic field andit opposes any 
change in the applied voltage. 

Ifweconnectan ac signal toa capacitor, the plates will 
charge during one part of the ae cycle, After the signal 


Basic Communications Electronics 7.24 


Figure 7.24 — Capacitors store 
energy in an electric field. The 
final amount of energy stored in 
a fully charged capacitor 
depends on the capacitor value 
and the applied voltage. If this 
circuit ls used to fully charge 
the capacitor from a 6-volt 
battery, then using a 12-volt 
battery would increase the 
amount of energy stored in the 


capacitor. After the capacitor 
has charged, it you open the 
switch the capacitor will hold 
the charge. 


reaches the peak voltage, however, the charge will start to 
flow back into the circuit in the opposite direction until the 
capacitor is charged with the opposite polarity during the 
second half ofthe ac cycle. This process of charging first 
‘one direction and then the other will continue as long as the 
ac signal is applied to the capacitor plates. 

Capacitors play a role that is opposite to that of in- 
ductors. A capacitor will block direct current because as. 
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soon as the capacitor charges tothe applied voltage level, 
по more current can flow. A capacitor will pass alternat- 
ing current with little or no opposition, however. 

The basic unit of capacitance is the farad (abbrevi- 
ated F), named for Michael Faraday. Like the henry, the 
farad is usually too large a unit for practical measure 
‘ments, For convenience, we use microfarads (10°), ah 
breviated HF, or picofarads (105), abbreviated pF. 


Practical Capacitors 

Practical capacitors are described by the material used 
for the insulating material used between the conducting 
plates. This insulating material is called a dielectric. Mica, 
ceramic, plastic-ilm, polystyrene, paper and electrolytic 
capacitors are in common use today. They each have prop- 
erties that make them more or less suitable for a particular 
application. Figure 7.25A shows the symbol used to repre 
sent capacitors on schematic diagrams. 

Electrolytic capacitors have a dielectric that is 
formed after the capacitor is manufactured, Two common 
types of electrolytic capacitors are aluminum-electrolytic 
capacitors and tantalum-dielectric capacitors. 

Electrolytic capacitors can be made with a very high 
‘capacitance value in a small package. Electrolytic capaci 
tors are polarized — de voltages must he connected to the 
positive and negative capacitor terminals with the correct 
polarity. The positive and negative electrodes in an elec- 
trolytie capacitor are clearly marked. Connecting an elec- 
trolytic capacitor incorrectly causes gas to form inside the. 
capacitor and the capacitor may actually explode. This 
can be very dangerous. At the very least the capacitor will 
be destroyed by connecting it incorrectly. 

When we draw electrolytic capacitors on schematic 
diagrams, we must indicate the proper polarity for the 
capacitor. We do this by adding a + sign to the capacitor 
symbol, as Figure 7.25B shows. 


Variable Capacitors 
їп some circuits we may want a way to vary the capaci- 
ice. An example is in the tuning circuit of a receiver or 
transmitter УРО. We would use a variable capacitor in 
that case. A basie air-dielectric variable capacitor is shown. 
in Figure 7.264. This figure also shows the schematic 
symbol for a variable capacitor. One set of plates is fixed 
їп one position to the capacitor frame. These plates form 
the stator. The other set of plates rotates by turning the 
control shaft. The movable plates form the rotor, The rota- 
tion controls the amount of plate area shared by the two sets 
of plates. When the capacitor is fully meshed, ll the rotor 
plates are down in between the stator plates, In this posi- 
tion, the capacitor will have its largest value of capa 


Figure 7.25 — Part A 
‘shows the schematic 
‘symbol representing 
fixed capacitors. This 
symbol has the 
ippearance of two pl 
rated by an 
Insulator. Part B shows 
the symbol representing 
electrolytic capacitors, 
which must be 
Connected to de voltages: 
with the proper polarity. 


tance, When the rotor is unmeshed, the value of сарасі- 
tance is at a minimum. The capacitance сап be varied 
smoothly between the maximum and minimum values. 
Another type of variable capacitor is the compres- 
sion variable capacitor shown in Figure 7.268. In this 
type of variable capacitor, the spacing between the two 
plates is varied. There is a thin wafer of mica between 
‘each pair of capacitor plates, (Mica is a mineral that has 
very good insulating properties.) When the spacing is at 
is minimum, the capacitance is at a maximum value. 
When the spacing is adjusted to its maximum, the value of 


capacitance is ata minimum, This type of variable capaci- 
tor is normally used as a trimmer capacitor. A trimmer 
capacitor is a control used to peak or fine tune a part of a 


ЕТ 
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Figure 7.26 — Variable capacitors can be made with 
air as the dielectric, or with mica or ceramic 
dielectrics. 
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circuit It is usually left alone once adjusted to the correct 
value. You should use a plastic screwdriver-like adjusting 
tool when tuning а trimmer capacitor. The metal of а 
normal screwdriver can affect the capacitance and cause 
false readings as you try to adjust it. 


Capacitors in Series and Paral 

If we connect capacitors in parallel with each other, 
the total area of the capacitor plates increases. This in 
creases the value of capacitance. Parallel-connected ca- 
pacitorsact like one larger capacitor, The total capacitance 
of several parallel-connected capacitors is the sum of all 
the values. 


j +C + C+ +C, (Equation 7.13) 


where n is the total number of capacitors, 

If you connect two equal-value capacitors in paral- 
Jel, the total capacitance of this combination will be twice 
the value of either capacitor alone, 

Connecting capacitors in series has the effect of in- 
creasing the distance between the plates, thereby reducing 
the total capacitance, For capacitors in series, we use the 
familiar reciprocal formula: 


Сим. 


Analog and Di 


Many electronics circuits are designed to perform 
some action on a signal that is fed into the circuit. The 
signal is changed in some way, and then passed on to 
the next circuit. For example, Figure 7.27 shows a 
simple transistor amplifier circuit, A small signal is 
fed into the left side of the amplifier and a larger copy 
of that signal comes out the right side. At least within 
the limits of the amplifier, for any signal fed to the 
input there will be a larger copy at the output. 

‘This amplifier processes analog signals, An analog 
signal is one with voltage or current values that vary con- 
tinuously over some range, A sine wave is one example of 
a simple analog signal, Voice waveforms are more com. 
plicated examples of analog signals. As a simple experi 
ment, suppose you speak into a microphone and display a 
picture of that voice signal. You will see that your voice 
changes frequency and amplitude, or strength over a wide 
range of values. Figure 7.28 shows a voice signal 

Single-sideband (SSB) voice, frequency modulated 
(FM) voice, slow-scan television (SSTV) and fast-scan 
amateur television (FSTV or ATV) are all examples of 
analog communications modes. To transmit these modes, 
we combine the analog signals with a radio frequency 
(RF) carrier to create the transmitted radio signal. 

Some electronics circuits are designed to perform 
Some operation on signals that are either on or off. Within 
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Creat in Series 


(Equation 7.14) 


When there are only two capacitors in series, Equ 
tion 7.14 reduces to the product over sum formula: 


хс, 


Equation 7.15) 
TA (Equat 


Creat in Series 

Using this formula for two equal-value resistors ог 
‘wo equal-value inductors in parallel, we discovered the 
total value is half the value of either one. Two equal-value 
capacitors connected in series equals one-half the value 
of either single capacitor. The total capacitance will al- 
ways be less than any of the individual capacitance values 
when you connect capacitors in series 


d study questions T7A10, 
j. Review any mate- 
going on] 


al Communications 


the limits ofthe circuits, the voltage or current value does 
пог affect how the signal is processed. When the signal is 
on, we often assign that a value of 1, and when the signal 
is off we assign ita value of 0. A digital signal is one in 
which we only care if the signal is on (1) or off (0). 


Figure 7.27 — This diagram shows an NPN common- 


Figure 7.28 — This signal is a voice pattern. The 
graph is taken from part of a voice signal captured 
Using a computer sound card and a sound-editing 
program. 


Amateur Radio operators use several communica- 
tions methods that make use of digital signals. Morse code 
isa digital signal because the radio signal is turned on to 
form dots and dashes, and is off to form the spaces be- 
tween the dots and dashes, spaces between letters and 
spaces between words. Many hams use the name CW to 
refer to Morse code communications. A radio frequency 
continuous wave signal is turned on to form the dots and 
dashes. It is turned off to form the spaces. Other commu- 
nications modes that use digital signals include 
radioteletype (RTTY) as well as packet radio, PSK31 and 
other computer-generated sigr 

Some electronics circuits represent the voltage or 
current value of an analog signal by assigning digital 
values. In this case the digital signal is an approximate 
representation of the analog signal values. Figure 7.29 
shows a sine wave analog signal along with a digital ap 
proximation of that signal. You can see that the digital 
signal has values of only specific steps over a range. An 
analog-to-digital converter would take the analog signal 

and create the digital approximation values. A digi- 
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Figure 7.29 — This graph shows a sine wave ас 
signal drawn as an analog signal and as an 
approximation of that signal taken from the step 
values of a digital signal. 


tal signal processing circuit can then perform operations 
оп the digital signal. Later, we might use a digital-to- 
analog converter to change the signal back to an analog 
format. This process is a simple explanation of the opera- 
tion of digital signal processing (DSP). Many of the latest 
Amateur Radio transceivers use some form of DSP to 
provide filtering options in the receiver. 


[Congratulations. You have completed your study of 
this Basic Communications Electronics chapter. Before 
you move on to Chapter B, you should turn to the ques- 
tion pool in Chapter 11 and study questions T7801 
through T7804. Review this section if any of those ques- 
tions give you difficulty.) 
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Соор 
ENGINEERING 
PRACTICES 


W1AW may be every ham's 
dream station, with all the 
latest eguipment and lots of it. 
Don't expect your first station 
to look like this, but you can 
have plenty of fun with a 
simple station layout. 


Tour Technician exam will include six questions 
out the good engineering practices covered in this 


estions come from the following 


chapter. Those. 
six syllabus groups: 
ТВА Basic amateur station apparatus; Choice of appara- 
tus for desired communications; Setting up station 
Constructing and modifying amateur station appa- 
ratus; Station layout for CW, SSB, FM, Packet and 
other popular modes, 
How transmitters work: Operation and tuning; VFO: 
‘Transceiver; Dummy load; Antenna switch; Power 
supply; Amplifier; Stability; Microphone gain; FM 
deviation; Block diagrams of typical st 
© How receivers work, operation and tuning, includ- 
ing block diagrams; Super-heterodyne including In- 
termediate frequency; Reception; Demodulation or 


Detection; Sensitivity; Selectivity; Frequency stan- 
dards; Squelch and audio gain (volume) control. 
How antennas work; Radiation principles; Basic 

uction; Half wave dipole length vs. frequency: 

Polarization; Directivity: ERP; Directional/non- 
directional antennas; Multiband antennas; Antenna 
gain; Resonant frequency; Loading coil; Electrical 
vs. physical length; Radiation pattern; Transmatch. 

TSE How transmission lines work; Standing waves! 
SWR/SWR-meter; Impedance matching; Types of 
transmission lines; Feed point; Coaxial cable; 
Balun; Waterproofing Connections. 

rer Voltmeter/ammeteriohmmeter/multi/S-meter, peak 
reading and RF watt meter; Building/modifying 
equipment; Soldering; Making measurements; Test 
instruments 


Home Stations 


Once you have received your Technician class li- 
ense, you have lots of options open to you in building. 
homebrew" equipment or modifying existing com- 
mercial gear so that you can get on the air and enjoy the 
wonderful hobby of Amateur Radio! Your Technician 
license is your FCC prmission to build or modify your 
‘own Amateur Radio transmitting equipment 


Location 
First, give some thought to the location of your sta- 
put their equipment in many places. Some use 
bor attic, while others choose the den, kitchen 
‘ora spare bedroom. Some hams with limited space build 
their station into а small closet, А foldout shelf and fold- 
ing chair form the operating position, 


Good Engineering Practice s. 


Figure 8.1 — How you a 


inge your station 
‘equipment is a matter of personal ta 

ilable space. The mos 
are safe operation and a pleasing and convenient 
layout. 


Where you put your station depends on the room you 
have available and on your personal tastes, There are. 
however, several things to keep in mind while searching. 
for the best place, The photos of Figure 8.1 show several 
ways amateur stations can be arranged. 

One often-overlooked requirement for a good station 
location is adequate electrical service. Eventually you will 
have several pieces of station equipment and accessories, 
many of which will require power to operate. Be sure that at 
least one, and preferably several, electrical outlets are lo- 
cated near your future operating position. Be sure the outlets 
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Figure 8.2 — A Plexiglas, metal, wood or composition 


‘can be installed so feed lines can be attached on either 
side as a way to connect your antennas. A simi 

panel can also be placed in the window opening, and 
the window then closed on the new panel. Be sure to 
secure stop blocks or use another method to prevent 
the window from simply being slid open, allowing 
Intruders to gain access to your equipment. 


provide the proper voltage and cu 
modem radios require only a few amperes. You may run into 
problems, however, И your shack is o 

the air conditioner or washing machine. The total current 


at for your rig. Most 
the same circuit as 


drawn at any one time must not exceed rated limits, Some 
day you'll probably upgrade and may want to purchase a 
power amplifier, If so, you should have a 240-volt fine in the 
shack, or the capability to add one. 

Another must for your station is a good ground con- 
nection, A good ground not only reduces the possibility 
of electrical shock but also improves the performance of 
Your station, By connecting all of your equipment to 
ground, you will help to avoid stray radio-frequency (RF) 
current in the shack. Stray RF can cause equipment to 
malfunction, A good ground can also help reduce the 
possibility of interference, The wire connecting your sta 
tion to an earth ground should be as short as possible. 

Basement and first-floor locations generally make it 
easier to provide а good grour 
tion. You can also find a way о put your ham shack on the 
second or third floor or even on the top floor of a high-rise 
apartment, for that matter. 

Your radio station will require а feed line of some sort 
to connect the antenna to the radio, So you will need a 
convenient means of getting the feed line into the shack. 
There are many ways of doing this, but one of the most 
effective requires only а window. Many hams simply те 
place the glass pane in a nearby window with a clear acrylic 
panel, You could also use а replacement panel made from 
wood or other composition material. The panel can be 
dlledtoacceptasmany feed lines as needed. Special threaded 
‘feed through” connectors make the joh easy. If you decide o 
relocate your station, the glass pane can be replaced. This will 


connection for your sta 


restore the window to its original condition. 

A simpler, more temporary approach is to pas the Feed 
fines through the open window and close it gently. Do this 
carefully, because crushed coaxial cable will give you noth 
ing but trouble, You can add some foam or other soft mate- 
rialto close the gaps and keep "riter" ош. Another method 
involves cutting a spacer from wood, acrylic or other suit- 
able material to fit the width of the opening and drilling holes 
to pass the feed lines through. Place your spacer in the win- 
dow opening and close the window on the spacer, Be sure to 
secure the window with a block of wood or some other lock. 
ing” device. Your new equipment, seen through an open 
window, may tempt an unwanted visitor! Figure 82 illus- 
"rates these techniques. 

For a more permanent installation you may want to 
consider а feedthrough pipe in the wall. А piece of PVC 
pipe can be fit toan opening cut inthe will and the (сей lines 
pass through the pipe. Stuff the pipe with fiberglass insula- 
Чоп or other suitable material to prevent drafts and seal out 
eden“ You can caulk around the tube to seal the pipe to 
your house siding. You can use almost any size pipe, but if 
you select 3 or 4-inch PVC there will be plenty of room to 
add more feed lines as your “antenna farm” grows! See Fig- 
ture 83 for an example of how to make this installation. 

Another important requirement for your station is 
comfort, The space should be large enough so you can 
spread out as needed. Operating from a telephone booth 
isn't much fun! Because you will probably be spending 
some time in your shack an understatement!), be sure it 
will be warm in the winter and cool in the summer, It 
should also be as dry as possible. High humidity сап cause 
such equipment problems as high-voltage arcing and 
switch-contact failure. 

You will eventually want to operate Iate at night to 
snag the “rare ones” on 80 and 40 meters, Although а 
Morse code or voice contact is music to your ears, it may 
not endear you o a sleeping family. Putting your station 
in a bedroom shared with others may not be the best idea 
You can keep the "music" to yourself, however, y using 
a good pair of headphones when operating your station 


Arranging Your Equipment 

Before you set everything up and hook up the cables, 
think about where you want each piece of equipment. 
While there is no one best layout for a ham station, some 
general rules do apply. ОГ course, the location you've 
chosen for your station may limit your choices a bit. For 
example, if you're going to put the station in the base- 
ment, you may have a lot of space. If you'll be using a 
comer of the bedroom or den, however, you may have to 
keep the equipment in a small area. 

Generally, the piece of gear that requires the most 
adjustment is the transceiver (or receiver if you have a 
Separate one). Make sure you can conveniently reach its 
Controls, keeping in mind which hand you're going to use 
to make the adjustments. It doesn't make much sense to 
put the transceiver on the left side of the desk or table if 


Figure 8.3 — Neither insects nor rain can get into your 
shack when you use this method to bring cables into 
Your shack. Install а plece о! PVC or other pipe 
through the wall into your shack. Use an elbow and 
short length of pipe on the outside to prevent rain 
from falling into the open end of the pipe. Run the 
feed lines through, then stuff the tube with fiberglass 
Insulation or similar material. M you use a 3 or 4-inch 
pipe there will be plenty of room to add more feed 
lines later. Just remove the stuffing, add the new feed 
lines, and then replace the stuffing. 


— The "business side" of a typical 


station. Some radios ha 
and keyers. 


bulll-in antenna tuners 
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you're going to adjustit with your right hand. Once you've 
found the best location for the transceiver, you can posi- 
tion the rest of your equipment around it 

you'll be using Morse code, placement of the sending 
device (key, keyer or keyboard) is also very important. It 
must be easy to reach with the hand you send with, and 
placed so your arm will be supported when you're using it 
"Try to position it away from anything dangerous, such as 
sharp comers and edges, rough surfaces and electrical wires. 

Ifyou have room for a desk or table long enough to hold 
all your gear, you might prefer to keep everything on one 
surface. If you're pressed for space, however, a shelf built 


above the desktop is a good solution. To ensure that there is 
adequate air circulation above your transceiver leave at least 
З inches of space between the top of the tallest unit on the 
desktop and the bottom of your shelf. Try to restrict the shelf 
space to lightweight accessory 

move very often, such as the station clock, SWR n 
antenna-rotator control box, 

‘After you have a good idea of where you want every- 
thing, you can start connecting the cables. Figure 8.4 
shows how an amateur station, including some common 
accessories, can be connected, Some of these accessories 
are discussed in more detail later inthis chapter. 


Basic Station Layout 


Figure 85 shows a block diagram of a very simple 
Amateur Radio station, Let's discuss the blocks one by one, 


Transmitters 

A transmitter is a device that produces a radio- 
quency (RF) signal. Television and radio broadcast sta- 
tions use powerful transmitters to put their signals into the 
air, Radio amateurs use lower-powered transmitters to 
send signals to each other. A transmitter produces an elec- 
trical signal that сап be sent to a distant receiver, 

‘We call the signal from a transmitter the radio-fre- 
quency carrier or RF carrier. To transmit Morse code, 
you could use a telegraph key as a switch to turn the car- 
rier on and off in the proper code pattern. If you want 10 
transmit voice signals, you need extra circuitry in the 
transmitter to add voice content to the carrier, We call this 
extra circuitry a modulator. 

Amateur transmitters range from the simple to the 
elaborate. They generally have two basic stages, an oscil- 
lator and a power amplifier (PA). This section introduces 
the basic operation of a CW transmitter and an FM trans- 
miter 

Separate receivers and transmitters have been replaced 
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Figure 8.5 — A TR switch connects between the 
transmitter, receiver and antenna. 
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by transceivers in most amateur stations. A transceiver com- 
bines circuits necessary for receiving and transmitting in one 
package. Some circuit sections may perform both transmit 

and receiving functions. Other sections are dedicated to 
transmit-only or receive-only functions. To simplify some 
of the following information, we will speak of transmitter or 
receiver circuits. The principles of operation are the same in 
transceivers, The transmitter topics apply to transceivers in 
the transmit mode. Receiver topics apply to transceivers in 
the receive mode, 


CW Transmitters 


Figure 8.6A shows a block diagram of a simple 
amateur transmitter. It produces CW (continuous-wave) 
radio signals when the key is closed, The simple crystal- 


Eq 


Figure 8.6 — Part A shows a block diagram of a 
basic crystal-controlled CW transmitter. Part В 
‘shows a simple VFO-controlled CW transmitter. 


controlled transmitter consists of a crystal oscillator fol- 
lowed by a driver stage and a power amplifier. A crystal 
‘oscillator uses a quartz crystal to keep the frequency ol 
the radio signal constant, 

To transmit information, we must modulate the radio 
signal, This means we are making some change to the 
radio signal, and adding information to it, Pressing the 
key of a CW transmitter and holding it down produces a 
radio-frequency (RF) carrier. This is also called an 
unmodulated carrier. An RF carrier is а constant-ampli 
tude, unmodulated, radio-frequency signal. When you use 
the Key to turn the signal on and off to produce Morse 
code dots and dashes, however, you modulate the signal 
Modulation i the process of varying an RF carrier in some 
way to send information. 

Crystal oscillators may not be practical in all cases. A 
different crystal is needed for each operating frequency 
After a while, this becomes quite expensive, as well as im- 
practical. If we use a variable-frequency oscillator (VFO) in 
place of the crystal oscillator, as shown in Figure 8.68, we 
сап change the transmitter frequency whenever we want. So 
we can use either a crystal oscillator ог а variable frequency 
‘oscillator to control the transmitter operating frequency. 

‘The telegraph key may connect to one or more trans- 
mitter sections. Figure 8.6 shows the key connected 10 
both the driver and power amplifier stages, You would 
not normally key the oscillator stage because this may 
cause the oscillator to change frequency slightly. 

All transmitters also require some source of operat- 
ing voltage. We have left the power supply block off the 
Figure 8.6 drawings for simplicity, but you should know 
that adequate filtering of the power supply is necessary to 
prevent ac hum on your CW signal. 


FM Transmitters 
When a radio signal or carrier is modulated, some 
characteristic of the radio signal is changed in order to 
convey information. We transmit information by modu- 
lating any property of a carrier. For example, we can 
modulate the frequency or phase of a carrier, Frequency 
modulation (FM) and phase modulation (PM) are 
closely related. The phase of a signal cannot be varied 
without also varying the frequency, and vice versa. 

Phase modulation (PM) and frequency modulation (FM) 
are especially suited for channelized local UHF and VHF 
‘communication, They feature good audio fidelity and high 
signal-to-noise ratio, FM voice systems are more resistant Lo 
received noise, such as static, than AM systems, provided that 
the FM signal is above a minimum threshold level. 

In practical FM systems, the carrier frequency is 
varied or modulated by changes in voltage that represent 
information to be transmitted. This information may origi- 
nate from a microphone, a computer modem or even a 
video camera. The carrier frequency changes in propor- 
tion to the rise and fall of the modulating voltage. 

In other words, a modulating voltage that is becoming 
more positive increases the carrier frequency. As the voltage 
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Figure 8.7 — This is a block diagram of a phase- 
modulated transmitter. 


becomes more negative, the carrier frequency decreases 
The amount of increase or decrease in frequency depends on 
how much the voltage of the modulating signal changes, 
Speaking loudly into the microphone causes larger varia- 
tions in carrier frequency than speaking in a normal voice, 
Speaking 100 loudly, though, may cause distortion. 

One way to directly shift the frequency of an oscil- 
lator to create FM is to use а reactance modulator. A 


reactance modulator changes the capacitance or induc- 
tance of the oscillator resonant circuit. The changes occur 
in response to an input signal. The problem with a direct- 
modulated FM oscillator is frequency stability. Designs 
that allow the oscillator frequency to be easily modulated 
may have an unfortunate side effect of becoming more 


difficult to minimize unwanted frequency shifts arising 
from changes in temperature, supply voltage, vibration 
and so on. Any frequency multiplying stages also multi- 
ply drift or other instability problems in the oscillator. 

Phase modulation produces what is called indirect FM. 
You won't be able to tell the difference between a phase- 
modulated signal and a frequency-modulated signal by lis- 
tening to both types on your receiver. So the only real 
difference is in the electronics of how the signal is produced. 

The most common method of generating a phase. 
modulated telephony signal is again a reactance modula- 
tor. An active device such as a transistor is connected so 
that it changes either the capacitance or inductance of а 
resonant circuit in response to an input signal. The RF 
carrier is passed through this resonant circuit, Changes in 
the resonant circuit caused by the reactance modulator 
‘causes phase shifts in ће RF carrier. Figure 8.7 shows a 
block diagram of a phase-modulated transmitter. 

"The weak signal from the microphone is first ampli- 
fed and then passed through a clipper/filter. The clipper/ 
filter sets the maximum amplitude of the audio signal 
going to the reactance modulator. Ifthe signal exceeds 
the limit, the excess signal is simply clipped, or cut off. 
Otherwise, over deviation can occur and the spectrum 
‘occupied by the FM transmitter increases beyond what is 
necessary for communication, Over deviation can cause 
interference to users on nearby channels, If someone tells 
You that your radio is over deviating, try holding the 
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microphone farther from your mouth when you talk. You 
can also talk а little softer. 

‘The crystal oscillator in Figure 8.7 provides a stable 
operating frequency, and the reactance modulator varies 
the phase of that frequency with the signal picked up by 
the microphone. After the modulator there are usually 
frequency multiplication stages to reach the final desired 
operating frequency. Finally the signal is amplified be. 
fore being sent to the antenna and radiated for others to 
receive. As with a direct-FM transmitter, if there is no 
modulation, the carrier frequency will be constant 


[Tum to! er 11 now: 
8 
T8B06,  TBCO9 and TBF14. Review this 


‘section if you have difficulty with any of those questions. 


Receivers 


‘The transmitter is a sending device. It sends a radio- 
frequency (RF) signal to a transmitting antenna, and the. 
antenna radiates the signal into the air. Some distance 
away, the signal produces a voltage in a receiving an- 
tenna. That ac voltage goes from the receiving antenna 
into receiver, The receiver converts the RF energy into 
ап audio-frequency (AF) signal. You hear this AF signal 
їп headphones or from a loudspeaker. 

Just about everyone is familiar with receivers, Re- 
ceivers take electronic signals out of the air and convert 
them into signals that we can see or hear. Your clock radio 
is a receiver and so is your television set. If you look 
around the room you're in right now, you'll probably see 
at least one receiver. The receiver is a very important part 
of an Amateur Radio station. 

"The main purpose of any radio receiver is to change 
radio-frequency signals (which we can't hear or see) to 
signals that we can hear or see. A good receiver can detect 
weak radio signals, It separates them from other signals 
and interference, Also, it stays tuned to one frequency 
without drifting. The ability of a receiver to detect weak 
signals is called sensitivity. Selectivity is the ability to 
separate (select) a desired signal from undesired signals. 
Stability is a measure of the ability of a receiver to stay 
tuned to a particular frequency, In general, then, a good 
receiver is very sensitive, selective and stable, 

Amateur eceivers can be simple or complex, You can 
build a simple receiver that will work surprisingly well. The 
ARRL Handbook for Radio Communication has receiver 
plans, including sources for parts and circuit boards. 


Detection 

The detector is the heart of a receiver. I is where we 
collect the information we want from the signal. “Crystal 
sets” using galena crystals and “cat's whiskers” were an 
early form of amplitude modulation (AM) detector. AM. 
is generated by varying the amplitude of an RF signal in 
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response toa microphone or other signal source. The cat's 
whisker is just a thin, stiff piece of wire, With the galena 
crystal it forms a point-contact diode. See Figure 8.8. 
Today, however, more sensitive and selective receiv- 
ers are required, In addition, crystal sets cannot receive 
single sideband (SSB) and CW signals properly, The rys: 
tal set shows how simple а receiver can he, though. tis an. 
excellent example of how detection works. Every receiver 
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Figure 8.8 — Here is an example of a galena crystal 
and a cat's whisker, the detector in early crystal sets. 
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апа earth ground. 
circuit that helps separate the broadcast-band 
‘signals, but otherwise operates the same as the 
circuit at A. If you have never listened to a 
crystal radio, this can be a fun project! 


has some type of detector. Figure 8.94 shows a vei 
simple receiver. Diode DI does the same job as ће cat's- 
whisker detector. If there isa strong AM broadcast station 
in your area you should hear the signals from that station 
їп your earphones with this receiver. 

A more practical receiver would have some way 
to tune different frequencies. The circuit shown in 
Figure 8,98 will be a better receiver because there is a 
tuned circuit at the input to select signals on different. 
frequencies. This is a tuned-radio-frequency (TRF) re- 
ceiver. An incoming signal causes current to flow from. 
the antenna, through the resonant tuned circuit, to ground, 
The current induces a voltage with the same waveform in 
12. The LI-CI circuit resonates at the frequency of the 
incoming signal and tends to reject signals at other fre- 
quencies. The diode rectifies the RF signal, allowing only 
half the waveform to pass through. Capacitor C2 fills in 
and smoothes out the рар» between the cycles of the RF. 
signal. Only the audio signal passes on to the headphones. 
Amplification can improve the sensitivity of this receiver, 
but other receiver types have much better selectivity 


Direct-Conversion Receivers 


The next step up in receiver complexity is shown in 
Figure 8.10, Direct-conversion means the RF signal is 
converted directly to audio, in one step, The incoming 
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Figure 8.10 — A direct-conversion receiver converts 
RF signals directly to audio, using only one mixer. 
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Figure 8.11 — This block diagram shows a super- 
heterodyne SSB/CW receiver. A mixer converts the. 
incoming signal to the Intermediate frequency (IF). A 
second mixer, called a product detector, recovers the 
audio or Morse code and converts it Into an audio 
signal. 


signal is combined with a signal from a variable-fre- 
quency oscillator (VFO) in the mixer stage. In this ex- 
ample, we mix an incoming signal at 7040 kHz with a 
signal from the VFO at 7081 kHz. The output of the mixer 
contains signals at 7040 kHz, 7041 kHz, 14,081 kHz and 
1 KHz (the original signals and their sum and difference 
frequencies). One of these signals (1 kHz) is within the 
range of human hearing. We use an audio amplifier and 
hear it in the headphones, 

By changing the VFO frequency, other signals in the 
range of the receiver can be converted to audio signals. 
Directconversion receivers ure capable of providing good 
usable reception with relatively simple, inexpensive circuits, 


‘Superheterodyne Receivers 

A block diagram of a simple superheterodyne re- 
ceiver for CW and SSB is shown in Figure 8.11. The 
mixer produces a signal at the intermediate frequency 
ЧЕ), often 455 kHz in a singlo-conversion receiver. The 
amplifier after the mixer is designed for peak efficiency 
at the IF. The superhet receiver solves the selectivity/ 
bandwidth problem by converting all signals to the same 
IF before filtering and amplification. Many receivers al- 
low the operator to select different IF filters with differ- 
ent bandwidths customized for particular modes, such as. 
SSB, CW, RTTY or FM, 

To receive SSB and CW signals, a second mixer, 
called a product detector, is used. The product detector 
mixes the IF signal with a signal from the Peat-frequency 
oscillator (BFO). The BFO converts the received-signal 
information from the intermediate frequency to the audio 
range. The product-detector output contains audio that 
сап be amplified and sent to a speaker or headphones, 

ly manufactured receivers 
(and the receiver stage in transceivers) have two or three 
intermediate frequency stages. Signals are often converted 
first to a high frequency, such as around 73 MHz, then — 
after some filtering and amplifications — converted to а 
second TF, often around 9 MHz, After further filtering and 
amplification the signal may be converted to a third IF — 
usually around 455 kHz — and then to audio. Some гесе 
ers may convert the signal to audio after the second IF. These 
extra conversions help solve some problems and limitations 
of single-conversion methods, 

Most communications receivers include а means to 

wold down the amplitude of signals so that they don’t over- 
load the detector (and hurt the operator's ears). This cir- 
cuitry is called the Automatic Gain Control (AGC), The IF 
signal is rectified and filtered to produce a de control volt- 
аре, which in turn controls the gain of the IF and RF am: 
plifiers. An S meter connected across the AGC line can be 
used to show relative signal strength, and is usually cal 

‘brated in"S units.” An ideal S meter would read S9 with an 
input signal of $0 microvolts, Each S unit below S9 would 
represent a signal 6 dB lower (/ as strong) as the next 
higher number. An 58 signal would be / ав strong as S9, 
87 leas strong as $8 and зо оп. Fora variety of reasons, по. 
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real S meter reaches this goal. Use your S meter to give а 
relative signal strength, compared to other signals. 

Ina superhet receiver that uses а number of oscillators, 
you might wonder whether ай of them are actually operating 
‘on their designed frequencies. For many years hams have 
tuned tothe WWV/WWVH frequency standard stations run 
by NIST, the US National Institute of Standards and Tech- 
nology, at 10, 15 and 20 MHz to make sure their radios are 
properly calibrated in frequency, 

FM Receivers 

An FM superheterodyne receiver is similar, but with a 
few different stages. It has a wider bandwidth filter and a 
different type of detector. One common FM detector is the 
frequency diseriminator. The discriminator output varies in 
amplitude as the frequency of the incoming signal changes. If 
"he frequency diserimator in an FM receiver stops working, 
there will be no audio output from the receiver. 

Most FM receivers also have a limiter stage between 
the IF amplifier and the detector. The limiter makes the re- 
ceiver less sensitive to amplitude variations and pulse noise 
than AM or SSB/CW receivers. As its name suggest, the 
limiter output remains almost constant when the signal level 
fluctuates, Noise pulses are also amplitude-modulated sig- 
nals. The limiter does not pass them on to the detector. This 
feature makes FM popular for mobile and portable commu- 
nications. Figure 8.12 is block diagram showing the main 
stages of an FM receiver. This receiver is а single-conver- 
sion superheterodyne receiver 

Suppose the oscillator of Figure 8.12 operates at 
157.7 MHz and the intermediate frequency amplifier 
‘operates at 10.7 MHz, What frequencies could the radio 
receive? Using your knowledge of mixers, you сап add 
the oscillator frequency and IF to get 168.4 MHz, You 
сап also subtract those two frequencies to get 147.0 MH. 

Most FM receivers also include squelch circuitry af 
ter the FM detector that "squelches" or mutes the noise 
coming through the speaker when a FM carrier signal is 
mor present. The operator usually sets a front-panel 
squelch control until the noise is just silenced. When the 
squelch is properly adjusted, weak signals can still be 
heard, while noise is muted by the squelch. 


Transceivers 

In many modern Amateur Radio stations, the trans 
miter and receiver are combined into one box. We call 
this combination a transceiver, It's really more than just 
a transmitter and receiver in one box, though. Some of the 
circuits ina transceiver are used for both transmitting and 
receiving, Transceivers generally take up less space than 
а separate transmitter and receiver. 

Many modern radios require 12 V de to operate. This 
makes them ideal for use in a саг as part of a mobile radio 
Station, You will need a separate power supply to operate 
such radios in your house. The power supply (usually) 
converts the 120 V ac from your wall sockets into 12 V de 
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Figure 8.12 — This block diagram shows the main 
stages of a simple FM receiver. АП receivers have 
‘some type of detector, and in the FM receiver the 
frequency discriminator serves as the detector, 
converting the received signal to audio. 


to power the radios. 

A 100-watt transceiver may draw 20 amps or more of 
current when itis transmitting. A heavy-duty power sup- 
ply is usually required to provide the current needed to 
‘operate the radio in transmit, Some radios have built-in 
power supplies while others are designed only for 12-V 
operation, and require an extra power supply if you want 
to use them on 120 V ac. 

Many hams operate their transceivers in the car and. 
in the house. Some operators use а 12-volt battery in their 
homes to supply power to their transceivers, recharging 
the battery with а small automotive-style charger. But 
most hams use a 120 V ac to 12 V de power supply at their 
home station, as mentioned above, 


Elementary DC Power Troubleshooting. 

If you find that your radio works fine in your car, but 
does not work when you move it into your home, you 
should probably suspect a problem with the ac power 
supply. Measure the voltage with a test meter at the de 
connector on the back panel of your radio to make sure it 
is 12 V de, especially when transmitting, when it is draw- 
ing the heaviest de current. You should first check any 
12-V fuses if there is no voltage at all at the radio, 

In your car you may hear annoying noises such as 
“alternator whine,” impulse noises when you operate 
switches, or even RF radiating where it shouldn't go — 
creating audio squeals or oscillation — because of inad- 
equate filtering on the power supply lines. In such cases, 
it may be important to filter the power lines for de as well 
as for RF. 


[Тит to Chapter 11 now and study questions T8A02, 
"TADO, т6в08 through T8810, TACO! through TACOS, 
T8C10 through TBC15, TBFO9, TBF16 and T8F17. Re- 
view this section if you have difficulty with any of those 
questions] 


Radioteletype and Data Communications 


Radioteletype (RTTY) and data communications are 
Amateur Radio transmissions that are designed to be re- 
ceived and printed automatically. Sometimes called digital 
‘communications, they alien involve direct transfer of infor- 
‘mation (data) between computers. When you type informa- 
tion into your computer, the computer (with the help of 
some accessory equipment) processes the information. The. 
‘computer then sends the information to your transmitter and 
the transmitter sends it out over the ait. The station on the 
‘other end receives the signal, processes it and prints it out on 
а computer screen or printer. RTTY and data communi 

tions have become a popular form of ham radio communica- 
tion. Here we will talk about setting up a station for 
radioteletype (RTTY) and packet radio communications. 


Radioteletype 
Radioteletype (RTTY) communications have been 
around for a long time. You may have seen big noisy tele- 
printer machines in old movies. A teleprinter is somethin 
like an electric typewriter. When you type on the teleprinter 
keys, however, the teleprinter sends out electrical codes 
that represent the letters you are typing. If we send these 
codes to another teleprinter machine, the second machine 
reproduces everything you type, Hams have been convert 
ing this equipment and using it on the air or years. You can 
also send and receive radioteletype with a computer, These 


Figure 8.13 — In a typical radioteletype station the 
modem connects between the transcelver and the 
computer or teleprinter. 


Figure 8.14 — In a packet radio statio 
node controller (TNC) connects between the 
transceiver and a computer. 


days computers are so cheap and readily available that they 
have just about replaced the old noisy teleprinters. 

We use а modem for Amateur Radio digital communi- 
cations. Modem is short for modulator-demodulator. The 
modem accepts information from your computer and uses 
the information to modulate a transmitter, The modulated 

tter produces a signal that we send out over the ай. 
Another station receives the signal, the other station 
uses a similar modem to demodulate the signal. The modem 
then passes the demodulated signal to a computer. The c 
puter processes and displays the signal, On the HF bands 
most hams transmit RTTY by feeding the modem signal 
tones into the microphone input of an SSB transmitter. On 
the VHF and UHF bands they usually do the same thing 
with а conventional FM transmitter. 

Sometimes hams use an older teleprinter instead of 
a computer. The teleprinter converts and displays infor- 
mation from the modem, A complete radioteletype sta 
tion must have a computer or teleprinter, a modem and u 
transceiver. The modem connects between the computer 

the transmitter, as shown in Figure 8.13, 


Packet Radio 

Packet radio uses a terminal node controller (TNC) 
as an interface between your computer and transceiver, 
We might call a TNC an “intelligent” modem. The TNC 
accepts information from your computer and breaks the 
data into small pieces called packets. Along with the in 
formation from your computer, each packet contains ad- 
dressing, error-checking and control information. 

‘The addressing information includes the call signs 
ofthe station sending the packet and the station the packet 
is being sent to, The address may also include call signs 
of stations that are being used to relay the packet. The 
receiving station uses the error-checking information to 
determine whether the received packets contain any ег 
rors, If the received packet contains errors, the receiving 
Station asks for a retransmission. The retransmission and 


error checking continue until the receiving station gets 
the packet with no errors, 


Breaking up the data into small parts allows several 
users to share a channel. Packets from one user are trans- 
mitted in the spaces between packets from other users 
‘The addressing information allows each user's TNC to 
Separate packets for that station from packets intended 
for other stations. The addresses also allow packets to be 
relayed through several stations before they reach their 
final destination, The error-checking information in each 
packet assures perfect copy 

A TNC connects to your st 
modem does, The TNC goes between the radio and the 
computer, as shown in Figure 8.14, Stations that don't 
‘use computers have a piece of equipment called a term 
nal that takes the place of a computer in a packet radio 


jon the same way a 
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Station, Terminals are much less expensive than comput- 
ers, but are not nearly as useful 

Although packet is used at HF, the most widely used 
packet radio systems are operated at VHF/UHF 
because higher-speed data can be handled in that part of 
the spectrum using FM, The transceiver in Figure 8.14 
would thus most often be a VHF or UHF FM transceiver. 
The signal squelch control is set at a low enough threshold 


so that incoming packets are not lost, while squelching 
ош noise that might falsely trigger the TNC as though the 
noise were a data carrier 


TATO, TBA12 and TBAT3. I you have any 


| FFP 
a 
| problems, review this last section | 


Station Accessories 


So far, we have been talking about very basic station 
layout. We showed you how to connect а transmitter, re- 
ceiver and antenna switch to make a simple station, To 
communicate effectively, you also will need a few acces» 
sories, Let's look at what you need, 


Connecting Many Antennas 

What if you have more than one antenna? You could 
disconnect the antenna from your transmitter or receiver and 
reconnect another feed line. This can be very inconvenient. 
A simpler technique is to use an antenna switch. An antenna 
switch connects one transmitter, receiver or transceiver to 
several antennas, You can switch from one antenna to an- 
‘other witha simple lick ofthe switch. 

The antenna switch connects at the point where the 
feed lines from all the antennas come into the station. An. 
antenna switch connects one receiver, transmitter or trans- 
ceiver to one of several antennas, Even if you only have 
‘one antenna you may find an antenna switch useful. Many 
amateurs use an antenna switch to select between the sta- 
tion antenna and a dummy antenna, used for transmitter 
tuning and testing. See Figure 8.15. 


Monitoring the System 
with an SWR Meter 
You may want to add an SWR meter to your station. 
‘This device isalso called an SWR bridge. The SWR meter 


HHI 


Figure 8.15 — You can use an antenna switch to. 
connect either your station antenna or a dummy 
antenna (sometimes called a dummy load) to your 
transmitter or transceiver. A dummy antenna ls 
Useful for transmitter testing or adjustment without 
putting a radio signal on the air. 
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measures something called the standing-wave ratio. You 
don't need to know too much about SWR right now. We 
will go over it in more detail later in this chapter. 

‘Standing-wave ratio is a good indicator of how well 
your antenna system is working. If you install an SWR meter 
їп your station, you can keep an eye out for problems with 
your antenna. If you spot the problems сапу you can head 
them off before they damage your equipment. 

The SWR meter can be connected at several points in 
your station. One good place to connect the meter is between 
he antenna switch and transceiver, as Figure 8.16 shows, If 
you use a separate receiver and transmitter, you can connect 
the SWR meter between the TR switch and the rest of the. 
antenna system. Most amateurs connect their SWR meter as 
close to the transmitter output as possible 


Antenna Tuners 


Another useful accessory that you will see in many 
ham shacks is an antenna tuner, also known as an imped- 
‘ance-matching network. (Impedance is similar to resis- 
tance.) This device may let you use one antenna on several 
bands, The matching network may also allow you to use 
your antenna on a band itis not designed for. Sometimes 
‘we call the antenna tuner a Transmateh, The antenna tuner 
‘matches (tunes) the impedance of the load (the antenna 
and feed line) to the impedance of your transmitter. We 
usually connect the antenna tuner right where the antenna 
comes into the station, 

If you are using an antenna tuner to tune your antenna 
system, you will need an SWR meter, Connectthe SWR meter 


ee 
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Figure 8.16 
transmit 


‘An antenna switch can connect a 
1o one of ‘antennas. Мапу 

lace an SWR meter between the 
transmitter or transceiver and the antenna switch. 


between the impedance-matching network and the transmitter 
ог transceiver. See Figure 8.17. The SWR meter then indi- 
cates when the matching network is adjusted properly. 

We'll be covering antenna tuners in more detail later 
in this chapter 


Morse Code Operation 

Morse cade is transmitted by switching the output of 
a transmitter on and off. Inventive radio operators have 
developed many devi 
switching easier, 

‘The simplest kind of code-sending device is one 


| 


Figure 8.17 — An antenna tuner (or impedance- 
matching network) connects directly to the antenna 
feed line, Placing an SWR meter between the tuner 
and the transmitter or transceiver lets you see when 
the tuner is adjusted properly. 
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Figure 8.18 — A telegraph key (also called a straight key) 
is the simplest type of Morse code sending device. 


Figure 8.19 — You can produce perfect Morse code 
characters with an electronic keyer and a litle practice. 


you're probably already familiar with: the straight key or 
telegraph key. Sce Figure 3.18. A telegraph key is а 
simple switch. When you press down on the key, the con 
tacts meet and the transmitter produces a signal 

The code you produce with a key is only as good as 
your “fist,” or your ability to send well-timed code, An 
electronic keyer, like the one in Figure 8.19, makes it 
easier to send well-timed code, You must connect a paddle 
to the keyer. The paddle has two switches, one on each side, 
When you press one side ofthe paddle, one of the switches 
closes and the keyer sends a continuous string of dots. 
When you press the other side of the paddle, the keyer 
sends dashes. With a litle practice and some rhythm, you 
сап send perfectly timed code with a keyer. You may want 
to мап out with a hand key, however. Using a hand key сап 
help you develop the rhythm you need to send good code. 
When you can send good code with a hand key, you're 
ready io try а keyer. Both the telegraph key and the elec- 
tronic keyer connect directly to the transmitter 


Microphones 

If you want to transmit voice, you'll need a miero- 
phone. A microphone converts sound waves into electri 
cal signals that can be used by a transmitter, All voice 
transmitters require a microphone of some kind, Like a 
code key, the microphone connects directly to the trans- 
mitter. The microphone in Figure 8.20 connects to the 
transmit section of the transceiver. 


The Duplexer 


Multiband VHF/UHF radios have become quite 
popular in recent years, especially multi-mode radios that 
work on FM and packet, as well as on the SSB and CW 
weak-signal modes, You can buy one radio and operate 
on the popular 2-meter (144 to 148 MHz) band as well as 
either the 1.25-meter (222 10 225 MHz) band or the 70-em 
(420 10 450 MHz) band. Multi-mode VHF/UHF radios 
are, however, more expensive than the more common FM- 
only transceivers. 

‘The “dual band" combination of 2 meters and 70 em 
is very popular on hand-held FM-only transceivers, The 
same combination of bands is popular on FM mopbile 
radios. Some of the mobile radios have separate antenna 


Figure 8.20 — A microphone connects directly to 
the transmitter or transceiver. You will need a 
microphone to transmit voice. 
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Figure 8.21 — You сап use a duplexer to connect a single 
antenna to a VHF/UHF radio that has two antenna connectors. 


connectors for each band and others have one connector. 
used for both. With this type of radio you also have the 
option of using separate antennas for each band ora single 
Antenna that is designed to operate on both bands. Your 
choices can lead to some interesting complications. How 
do you connect two antennas to a radio with only one 
antenna connector? Or how do you connect your dual- 
band antenna if your radio has two antenna connectors? 

"The solution to this problem may be a duplexer, You 
can think of a duplexer as a frequency-sensitive signal- 
steering device. Suppose you have a VHF/UHF radio with 
two antenna connectors, for example, and you want to 
connect them both to а single dual-band antenna, A du- 
plexer will ensure that the signal coming out the 2-meter 
antenna connector goes to the antenna, but not back into 
the radio through the 70-cm antenna connector, When 
you are transmitting on 70 cm. it also protects the 2-meter 
section of the radio in the same way. Received signals 
coming in on the antenna are directed to the proper an- 
tenna connector on your radio. See Figure 8.21 


Most hams have а 2-meter hand-held transceiver and 
many have dual-band 2-meter and 70 cm hand-held trans- 
ceivers. These radios are usually low power units, pro- 
ducing between 1 to perhaps 5 watts of output power, 
There may be times when you'd like to get into a 
distant repeater, perhaps from inside your house, and the 
hand-held unit's low power is inadequate for that task. Here 
is where an external power amplifier may be very useful, 
especially when it uses the home station's outside antenna. 
‘There are a number of commercial and homemade power 
amplifiers available, Hams often сай them "bricks" because 
they are rectangular in shape, like a brick. You can use an 
amplifier to boost the power output up to 100 watts or more 


Wavelengths 


We sometimes talk about our amateur bands in wave- 
lengths. A wavelength relates to the operating frequency. 
You find the wavelength of a certain RF signal by divid- 
ing the speed of light by the operating frequency. Often 
you'll see the Greek letter lambda (2) used as an abbrevia- 
tion for wavelength 


(in meters) 


MHZ) (Equation 8.1) 


Many people prefer to use the US Customary system 
of measurements, especially if they are going to measure 
a length with a ruler or tape measure, You can use the 
following equation to find the wavelength in feet, or in 
inches, for a specific frequency, in megahertz (MHz), 


эм 
THz) 


Ain feet 


(Equation 8.2) 
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(in inches) (Equation 8.2) 

Let's say we wanted to know the wavelength for 
52.15 MHz. We divide 984 by 52.15, and the answer is 
about 18.9 feet, which is 226.3 inches, 

Equations 8.1 and 8.2 show a simple relationship. 
between operating frequency and wavelength. The wave: 
length is shorter at the higher frequencies. Wavelength is 
longer at the lower frequencies. It is important to realize 
that these equations do nor give the length of a wire to use 
for an antenna, These equations calculate the wavelength 
of the RF signal in space. The signal will actually travel 
тоге slowly through the antenna wire. In addition, other 
factors will combine to require an antenna wire that is 
shorter than the wavelength in space. Later in this chapter 
you will learn how to calculate the approximate length of 
Wire needed to make various types of antennas 


‘Whenever we talk about an antenna, we specify its design 
frequency, or the amateur band it covers. Most popular ham an. 
tennas аге less than 1 long, (A very popular antenna is а A, 
dipole antenna. You'll eam how to build one later in this chap- 
ter) We could talk about а “6-meter dipole,” for example, as an 
anlennaintended for operationinthe§-meter (50-54-MHZ) band. 
‘Antennas are tuned circuits. A simple antenna such as 


а. dipole or a Yi-h vertical has a resonant frequency 
Such antennas do best at their resonant frequency, as do most 
other tuned circuits. To change the resonant frequency of 
s tuned circuit, you vary the capacitor value or the induc- 
tor value, You can change the resonant frequency of an 
antenna by changing its length, which affects its capa 
tance and inductance, 


Feed Lines 


To get RF energy from your transmitter to an antenna 
you use transmission line. A transmission line is a spe- 
cial cable or arrangement of wires. Such lines are some- 
times called feed lines. They feed power to the antenna, 
ог feed a received signal from the antenna to the receiver. 


Characteristic Impedance 

‘One electrical property of a fed ine is its characteristic 
impedance. Resistance is an opposition to electric current. 
Impedance is another form of opposition to electric curren, but 
impedance includes resistance and factors related to the induc- 
ance and capacitance in an ac circuit. 

‘The spacing between line conductors and the type of 
insulating material determines the characteristic imped- 
ance of a transmission line. Characteristic impedance is 
important because we want the feed line to take all the 
transmitter power and feed it to the antenna. For this to 


‘occur, the transmitter (source) must have the same imped- 
ance as its load (the feed line). In turn, the feed line must 
have the same impedance as its load (the antenna). 

We can use special circuits called matching devices or 
‘marching networks if any of these impedances are different, 


Network just refers to a combination of inductors and capaci 
tors that forms a special circuit. Still, careful selection of a 
feed line can minimize such matching problems 


Coaxial Cable 

Several types of feed line are available for amateur 
use, The most common is coaxial cable. Called "coax" 
(pronounced kó-aks) for short, this feed Jine has one con- 
ductor inside the other. It's like a wire inside a flexible 
tube. The center conductor is surrounded by insulation, 
and the insulation is surrounded by a wire braid called the 
shield. The whole cable is then encased in a tough vinyl 
outer coating, which makes the cable weatherproof. See 
Figure 8.22. Coax comes indifferent sizes, with different 
electrical properties. Figure 8.22 shows several types of 
coaxial cables used by amateur 

‘The most common types of coax have either a 
50-ohm (Greek letter omega, £2) or a 72-0 characteristic 
impedance. Coax designated RG-S8, RG-8 and RG-213 
are 5042 cables. Some coax designations may also in- 
clude a suffix such as /U, AJU or B/U, or bear the label 
"polyfoam.“ Feed line of this type may be used with most 


antennas. Cables labeled RG-59 or RG-11 are 75-0 lines, 
Many hams use these types to feed dipole antennas. 

‘The impedance of Y dipole far from other objects 
is about 73 Q. Practical dipoles placed close to the Earth, 
trees, buildings or other objects, have an input impedance 
closer to 50. In any case, the small impedance mismatch 
caused by using 50 or 75-0 cable as antenna feed line is 
unimportant 

In choosing the feed line for your installation, you'll 
hhave а trade-off between electrical characteristics and 
physical properties. The RG-58 and RG-59 types of cable 
эге about Y inch in diameter, comparatively lightweight 
and reasonably flexible. RG-8, RG- 
about Ya inch in diameter, nearly three times heavier, and 
considerably less flexible. As far as operation goes, RG- 
8, RG-213 and RG-11 will handle much more power than 
RG-58 and RG-59. 

Any line that feeds an antenna absorbs a small amount 
‘of transmitter power. That power is lost, because it serves 
по useful purpose. (The lost power warms the feed line 
slightly.) The loss occurs because the wires are not perfect 
‘conductors, and the insulating material is not a perfect 
insulator. Signal loss also inereases slightly with higher 
SWR values, so we try to keep the SWR below 2:1 if 
possible 

Better-quality coaxial cables have lower loss than 
poor-quality cables, More of the transmitter power is lost 
as heat in a poor-quality coaxial cable. You usually get 
better-quality coax if you stick with name brands, You 
‘can also look at the shield braid on the coax. Better-qual- 
ity cables have more complete coverage of the center in- 
sulator. Ifyou сап easily see through the holes in the braid, 
уоп should probably select another cable 

The larger coax types, RG-8, RG-213 and Rt 
have less signal loss than the smaller types. If your feed 
line is less than 100 feet long, you probably won't notice 
the small additional signal loss, at least on the HF bands. 
‘This, combined with lightweight and flexibility. is why 
many HF operators find the smaller coax better suited to 
their needs, Also, the smaller feed line costs about half as 
much per foot as the larger types 

On the VHF/UHF bands, however, you will find the 
losses in RG-58 and RG-59 more noticeable, especially if 
your feed line is longer than about 50 feet. On these bands, 
most amateurs use higher-quality RG-213 coax or even 
lower-loss special coaxial cables, t is also important to 
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amateurs. Open-wire line has two parallel conductors 


conductor surrounded by Insulation, The 
Insulation covers the entire cable. 


use good-quality connectors at VHF and UHF. 

‘Coaxial cable has several advantages as a feed line. 
It is readily available, and is resistant to weather. Most 
common amateur antennas have characteristic imped- 
ances of about 50 Q. Coax can be buried in the ground if 
necessary. It can be bent, coiled and run next to metal with 
litle effect. И major drawback is its cost 

Amateurs commonly use RG-8, RG-58, RG-174 and 
RG-213 coaxial cable, RG-8 and RG-213 are similar 
‘cables, and they have the least loss of the types listed here. 
RG-174 is only about 1/8-inch in diameter, and it has the 
highest loss of the cables listed here, RG-174 is normally 
used for cables that connect sections of a transmitter or 
receiver, or for short interconnecting cables in a low- 
power system. Some amateurs use RG-174 cable as the 
feed line for а low-power portable HF station because of 
its low weight 

Extra cable length increases attenuation, When us 
ing coaxial cable, you should try to use a feed line and 
antenna that have matched impedances. You should then 
be able to change feed line lengths without significantly 
affecting the antenna system, Your feed line has only to 
be long enough to reach your antenna, A low SWR on the 
Tine means that the impedance seen by the transmitter will 
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'parated by insulation. “Coax” hi 
соп conductor, called the shield, goes around that. Plastic 


be about the same regardless of line length. You can cut 
oll or shorten excess cable length to reduce attenuation of 
the signal caused by antenna-system loss, (This does not 
apply to multiple antennas in phased arrays or line sec- 
tions used for impedance-matching purposes.) 

Coaxial-cable connectors are an important part of a 
coaxial feed line. Your choice of connectors normally 
depends on the matching connectors on your radios. Most. 
HF radios and many VHF radios use SO-239 connectors 
The mating connector is called a PL-259. (These are mili- 
tary-type designations.) The PL-259 is sometimes called 
а ОНЕ connector, although they are not the best choi 
for ihe ОНЕ bands. Figure 8.23 shows the 50-239 con- 
mector and its mating PL-259. Pl. 250 connectors are 
designed for use with RG- or RG-213 cables. Figure 8.23 
also shows an adapter for use with the smaller diameter 
RG-S8 coax. 

Many УНЕ and UHF hand-held radios use BNC con- 
песи, These connectors are designed for use with RG-58 
coax. They produce а low-loss connection that is also weath- 
erproof. Figure 8.24 shows a pair of BNC connectors. BNC 
connectors аге well suited for use with hand-held-radio an- 
tennas because they require only a quarter turn lo 
remove, yet they lock securely in place 


Figure 8.23 — This photo shows an 80-239 chassis 
connector and its mating PL-259. The PL-259 connector 
consists of a body and a connecting sleeve. The 
‘connector is designed for use with /-inch diameter coax 
such as RG- or RG-212. The adapter shown next to the 
‘connector body is used with Yeinch diameter cable such 
эз RG-58. There ls another adaptor with a larger center 
opening designed to be used by the slightly larger 
diameter RG-59 coax, Most HF equipment uses the 
0-239/PL-259 connectors. Although they are sometimes 
called UHF connectors, the S0-239/PL-259 pair are not the 
lowest loss connectors you could use on the ИНЕ bands. 


It ìs a good idea to check your coaxial connectors on 
a regular basis. Be sure they are clean and tight to mini- 
mize their resistance. If you suspect a bad solder connec- 
Чоп, you should resolder the joints 


Open-Wire Transmission Lines 
Another type of transmission line used by many hams 
is open-wire line. Two paralel wires are spaced a constant 
stance from each other by insulation of some kind to cre- 
ate open-wire line, also known as parallel-conductor feed 
line. The top three types of transmission line in Figure 8.22 
are types of open-wire line, The “window” line is also 

known as "ladder" lin, since it resembles a ladder. 
One of the main advantages of open-wire transmis- 


Figure 8.24 — This photo shows a BNC connector 
pair. Many hand-held radios use BNC connectors. 
They are also popular when a weatherproof 
connector is пе 


sion lineis that the loss is less than that for coaxial cable. 
It will operate well even with a high SWR. (You will learn 
about SWR in the next section.) Open-wire line is also 
considerably cheaper than coax. But it has the disadvan- 
tage that it must be kept away from metallic objects, be- 
cause, unlike coax, open-wire line doesn't have an outer 
shield that keeps stray currents from flowing on the line, 
Open-wire line is a balanced transmission line because of 
its symmetry, while coax cable is inherently an unbal- 
anced transmission line, with the outer shield connected 
чо ground, 


[Now turn to Chapter 11 and study question TBEDS 
through T8EO9, T8E12 and TBE13. Review this section 
if you have difficulty with any of these questions] 


Impedance-Matching and Balancing 


Standing-Wave Ratio (SWR) 
If an antenna system does not match the characteris- 
tic impedance of the transmitter, some of the transmitter 
energy is reflected from the antenna, The power traveling 
from the transmitter to the antenna is called forward 
power, When that power reaches the antenna in an un- 
matched system, some of the power is reflected back down 
the feed line toward the transmitter. Some of the power is 
also radiated from the antenna, which is what you want to 
happen. The power that returns to the transmitter from the. 
sana is called reflected power. 
"The forward power and the reflected power passing. 


each other on the feed line cause voltage standing waves 
on the line. When this happens, the RE voltage and current 
are not uniform along the line. The standing-wave ratio 
(SWR) is the ratio of the maximum voltage on the line to 
the minimum voltage. (These two points will always be 
34 A apart.) An SWR meter measures the relative imped- 
ance match between an antenna and its feed line. It does 
this by measuring the voltage of the RF signal on the line. 
Lower SWR values mean a better impedance match exists 
between the transmitter and the antenna system. If a per- 
fect match exists, the SWR is 1:1. Your SWR meter thus 
gives a relative measure of how well the antenna system 
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impedance matches that of the transmitter. 

Modern transmitters are designed to match 50-0 co- 
axial lines and antennas. Most commercial antennas are de- 
signed to have nearly the same characteristic impedance. 
When properly adjusted, So, if your SWR is higher than 2:1, 
it means your antenna is not adjusted properly for the fre- 
‘quency you are using. We adjust the antenna for minimum 
SWR (not always 1:1) somewhere in the middle of the band 
of interest. On other frequencies, the SWR may be higher. IF 
the antenna is assembled properly, an SWR of 2:1 or less is 
probably all right. An SWR measurement of 1.5: indicates 
a fairly good impedance match. 

Iyouareusinga matching device, suchas an antenna tuner, 
you can probably adjust it so the SWR meter reads 1:1, The SWR. 
оп the transmission line between the tuner and the antenna wil, 
however, be different, A matching device adjusts the impedance 
ich between the transceiver and the transmission line. 


SWR Met 

The most common SWR meter application is tuning 
an antenna to resonate on the frequency you want to use, 
(This discussion applies if you connect the feed line dí- 


rectly to the transmitter output, with no antenna tuner.) 

‘An SWR reading of 2:1 or less is quite acceptable. A 
reading of 4:1 or more is unacceptable, This means there 
is a serious impedance mismatch between your antenna 
and your feed line. 

To use the SWR meter, you transmit through it (You 
„must have a license to operate a transmitter! What if your 
license has not arrived by the time you are ready to test 
your antenna? Just invite а licensed ham over to operate 
the transmitter.) 

How you measure the SWR depends on your type of 
meter. Some SWR meters have a SENSITIVITY control and 
A FORWARD-REFLECTED switch, If so, the meter scale usu- 
ally gives you a direct SWR reading. To use the meter, 
first put the switch in the FORWARD position. Then adjust 
the SENSITIVITY control and the transmitter power output 
until the meter reads full scale. Some meters have a mark 
оп the meter face labeled SET or CAL, The meter pointer 
should rest on this mark, Next, set the selector switch to 
the REFLECTED position. Do this without readjusting the 
transmitter power or the meter SENSITIVITY control, Now 
the meter pointer shows you the SWR value 

Most SWR meters are designed for operation on the 


SWR: What Does It Mea, 
You already know that SWR is defined as the 
ratio of the maximum voltage to the minimum voltage 
in the standing wave: 


Impedance by the load resistance, or vice versa. Use 
whichever gives a value greater than one: 


A e aie 
swn=20 or онт Я. 


where 
Zy = characteristic impedance of the transmission 


jad resistance (not reactance) 

For oxamplo, И you food a 100-0 antenna with 
50-01 transmission line, the SWR Is 100/50 or 2:1 
Similarly, if the impedance of the antenna is 25 û the 
SWR is 50/25 or 2:1. 

When a high SWR exists, losses in tho food line 
are increased. This is because of the multiple 
reflections from the antenna and transmitter. Each 

yel up and down 
nergy is lost as haat. 
This effect is not so great as some people ballave, 
however, Some Ine losses are less than 2 dB (such as 


for 100 feet of RG-213 or RG-58 cables up to about 
330 MHz). The SWR would have to be greater than 3:1 
то add an extra decibel of loss because of the SWR. (A 
high SWR wil cause the output power to drop drast 
cally with many solid-state transceivers. The drop in 
power is caused by internal circuits that sense the 
high SWR and automatically reduce output power to 
protect the transceiver) 

A transmission line should be terminated in a 
resistance equal to йв characteristic impedance. 
Then maximum power is delivered to the antenna, 
and transmission ino losses are minimized. This 
would be an ideal condition. Such a perfect match is 
seldom realized in a practical antenna system, 


Figure A—The standing-wave ratio (SWR) is tho 
ratio of the voltage amplitude at point A to the 
Voltage amplitude at polnt B, or the ratio of the 
current amplitude at point B to the current 
amplitude of point A. 


46 Chapter 8 


high-frequency (HF) bands, You may be able to use your 
SWR meter on the VHF bands if you are able to adjust the 
meter for a full-scale reading in the SET or CAL position. 
"The readings may not be as accurate as the readings you 
obtain on the HE bands, but it may give an indication of 
the impedance match to your VHF antenna, 


Wattmeters 

A wattmeter is a device connected in the transmission 
line to measure the power (in wats) coming out of a transmit 
ter, Wattmeters are designed to operate at a certain line imped- 
ance, normally 5062, Make sure ће fesd-line impedance is the 
same as the design impedance of the wattmeter. impedances, 
are diferent, any measurements willbe inaccurate. 

Likewise, a power meter designed for use at 3-30 MHz 
(HF) will be inaccurate at VHF. For most accurate measure- 
ment, the wattmeter should be connected directly at the trans- 
ceiver output (antenna) jack. 

One type of wattmeter is а directional wattmeter. 
‘There are two kinds of directional wattmeters, One has а 
meter that reads forward power and another meter that 
reads reflected power. The other has a single meter that 
сап be switched to read either forward or reflected power. 

You can use a directional wattmeter to measure the 
‘output power from your transmitter. It is easy to become 
‘confused by the readings on your wattmeter, however, First 
measure and record the forward power, or power going from 
the transmitter to the antenna. Then measure the reflected 
power, which is any power coming back toward the transmit- 


ter from the antenna. To find the true power from your trans- 
minter, you must subtract the reflected power from the 
forward reading, The power reflected from the antenna will 


again be reflected by the transmitter. This power adds to the 
forward power reading on the meter. 

Suppose your transmitter power output is 100 watts 
and 10 watts of power is reflected from the antenna. Those 
10 watts will be added into the forward reading on your 
wattmeter when they are reflected from the transmitter. 
‘Your forward wattmeter reading would indicate 110 watts, 
which is incorrect. To find true forward power you must 
subtract the reflected measurement from the forward 
power measurement: 


True forward power: 
power reading 


orward power reading - Reflected 
(Equation 8.3) 


For example, suppose you have a wattmeter con- 
nected in the line from your transmitter. It gives a for- 
ward-power reading of 90 watts and a reflected-power 
reading of 10 watts. What is the true power out of your 
transmitter? 


‘True forward power = 90 W — 10 W = 80 W. 


‘The main reason for using a wattmeter in your ama- 
teur station is to ensure that you are not exceeding the 
maximum power allowed by your license. The FCC speci- 
fies this maximum power in terms of peak envelope power 
or PEP. For this reason, the most accurate way to measure 


BS 


Figure 8.25 — To determine if your antenna is cut to 
the right length, measure the SWR at different points 
in the band. Plot these values and draw 

shown in Part A. 

too long or too short. Adjusting the length will bring 
the lowest SWR to the desired frequency. This graph 
‘shows how the SWR might vary across an amateur 
frequency band. The point of lowest SWR here is n 
the center of the band, во no further antenna-length 
adjustments аге necessary. Part B shows а common 
SWR meter, with the measurement switch set to the 
FWD position (forward) and the SET control adjusted 
to produce a full-scale meter reading with a low-power 
signal from the transmitter. To measure SWR, stop 
transmitting and move the switch to the REF position 
(reflected) without changing the SET control. Brietly 
transmit a signal again and read the SWR on the meter. 


© 


Your power is with a peak-reading RF wattmeter. Some 
\wattmeters are calibrated to measure average power rather 
than peak power. You can use an average-reading meter, 
but you must be aware that if your average power is at or 
close tothe maximum limit then your peak envelope power 
may be higher than the limit! 


Using an SWR Meter 

Find the resonant frequency of an antenna by con- 
necting the meter between the feed line and your antenna 
and looking for the frequency where the SWR is lowest. 
‘This technique measures the relative impedance match 
between your antenna and its feed line. Ideally, you will 
measure the lowest SWR at the center of the band, with 
higher readings at each end. See Figure 8.25. 

Sometimes it isn't practical to put your SWR meter at 
the antenna feed point, between the feed line and the antenna. 
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(The antenna feed point is where the feed line connects to the 
antenna.) Most hams just put the meter in their shack, at the 
transmitter, and make measurements there, You should real- 
ize that this is a compromise, however. You are measuring 
the relative impedance match between your transmitter and 
‘the antenna system, which includes the feed line. 

‘This method works for dipoles or vertical antennas, 
I does not show antenna resonance if you have a match- 
ing device between the SWR meter and the antenna. Nor 
does it show resonance for antenna systems that include 
a matching device at the antenna. An SWR meter will 
show when you have adjusted the matching device prop- 
erly, however. Use the settings that give you the lowest 
SWR at your preferred operating frequency. 

If you are using an antenna tuner with your antenna 
system, you should place the SWR meter between the 
transmitter and the tuner, The meter then indicates when 
u have adjusted the antenna tuner to provide the best 
impedance match to your transmitter, 


Finding Antenna Problems with an SWR Meter 
‘Sometimes problems occur when you first install an 
antenna, Sometimes, problems show up only after the 
weather batters your antenna for weeks, months or years 
Is handy to have an SWR meter or wattmeter to help 
diagnose antenna problems. This section tells how to in- 
terpret SWR meter readings to solve specific problems 
This information applies to any type of antenna. We as- 
sume the antenna you're using normally provides a good 
‘match to your feed line at the measurement frequency. 
‘One common problem is a loose connection where 
the feed line from your station attaches to the antenna 
‘wire, Splices or joints are another possible failure point, 
Your SWR meter will tell if the problem you're experi- 
encing is a poor connection somewhere in the antenna 
Observe the SWR reading. It should remain constant. If it 
is erratic, jumping markedly, chances are you have a loose 
connection. This problem is very easy to sce on windy 
days. 
If your SWR reading is unusually high, greater than 
10:1 orso, you probably have a worse problem. Caution: 
Do not operate your transmitter with а very high SWR any 


longer than it takes to read the SWR! The problem could 
be an open connection or a short circuit. The most likely 
failure point is at the antenna feed point. The problem 
might also be at the connector attaching your feed line to 
your transmitter. Carefully check your connections and 
‘your feed line for damage. You can also get unusually 
high SWR readings if the antenna is far from the correct 
length, This would happen if you try to operate your an- 
tenna on the wrong amateur band! 

Most hams leave an SWR meter in the line all the 
time. Any sudden changes in the SWR mean you have a 
problem, such as a broken wire or bad connection. 


Antenna Tuners 


Your transmitter won't operate very well it is con- 
nected to а feed line that presents an impedance that is 
different from the transmitter output impedance, Your 
transmitter probably has an output circuit designed for a 
50-0 load, Your antenna system (the combination of your 
antenna and feed line) may not have an impedance of 
50 ©, though. An impedance-matching device or net- 
‘work will provide the proper impedance correction. For 
‘some mismatches, a suitable network might contain only 
an inductor and a capacitor. 

‘An antenna tuner is a special type of matching de- 
vice. Antenna tuners contain variable matching compo- 
nents (inductors and capacitors) and often a band switch, 
"They offer the flexibility of matching a wide range of 
impedances over a wide frequency range. With an an- 
tenna tuner, it is possible to use one antenna on several 
bands. For example, you might use a center-fed wire (di 
pole) antenna, Each band will use its own tuner settings: 
‘one combination for 80, one for 40, one for 15, and one 
for 10 meters, for example. 

‘Connect the antenna tuner between the antenna and the 
SWR meter, as Figure 8.26 shows, (Remember that an SWR 
meter measures the impedance mismatch on the feed line 
between the two pieces of equipment i is connected to.) 
Adjust the controls om your antenna tuner for minimum 
SWR. Don't worry if you can't achieve a perfect match 
(1:1). Anything lower than 2:1 will work just fine, 


designing your antenna system. You can use 
оп several bands, and the length isn't critical. 


to 


Figure 8.26 — With an antenna tuner you have flexibility in 
‘antenna 
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Baluns 

A center-fed wire with open ends, such as а dipole, is a 
balanced antenna, In a balanced center-fed antenna, the 
current flowing into one half of the antenna is equal to the 
current in the other half. The two currents are also opposite 
in phase. (Phase refers to the relative positions of two points 
оп a wave, or on two different waves at a particular instant 
of time. Ifthe two currents are opposite in phase, one is in the 
positive half of the cycle when the other is in the negative 
half cycle.) You can think of a balanced antenna as one 
where neither side connects to ground, A balanced antenna 
is balanced with respect to ground. 

If we feed a dipole at the center with coax, we upset 
the system balance, One side of the antenna connects to. 
the coax inner, or center, conductor. The other side con- 
nects to the coax shield. The outside shield of coaxial 
cable is normally connected to ground at the transceiver. 
Coax, then, is an unbalanced line, This unbalanced con- 
dition may allow some antenna current to flow down the 
‘outside of the coax braid from the antenna. This сап lead 
10 several antenna problems, and should be avoided. 

When connecting coaxial (unbalanced) feed lines to 


balanced antennas, many hums use a balun. Balun is a 
contraction for balanced to unbalanced. You install the 
balun at the antenna feed point, between the coaxial cable 
and the antenn 

Different types of baluns are available commercially, or 
you can make your own, A common type is a balun trans- 
former, which uses wires wound on a toroidal core. Besides 
providing a balance, these baluns can transform an imped- 
ance, such as from 5010 7542. Another type isa bead or chake 
balun. Several ferrite beads go over the outside of the coax, 
опе after the other. The beads tend to choke off any RF 
current that might otherwise flow on the outside of the shield 

‘You can easily make another type of choke balun from the 
‘coax transmission line itself. At the antenna feed point, coil up 
10 ums of coax into а roll about 6 inches in diameter. Tape the 
coax tums together, The inductance of the coiled tums tends to 
choke off RF currents on the shield 


Choosing an Antenna 


As a new ham, you should quickly learn two antenna. 
truths: 1) Any antenna is better than no antenna! 2) Time, 
effort and money invested in your antenna system gener- 
ally will provide more improvement to your station than 
an equal investment to any other part of the station 

We know that a transmitter generates radio-fre- 
quency energy. We convert this electrical energy into 
radio waves with an antenna. An antenna may be just a 
piece of wire or other conductor designed to radiate the 
energy. An antenna converts current into an electromag- 
netic field (radio waves). The radio waves spread out or 
propagate from the antenna, You might relate their travel 
to the ever-expanding waves you get when you drop a 
pebble in water. Waves from an antenna radiate in all 
directions, though, not just in a flat plane. 

Italso works the other way, When a radio wave crosses 
an antenna, it generates a voltage in the antenna. That vol 
‘age isn’t very strong, but i's enough to create a small cur- 
rent, That current travels through the transmission line to 
the receiver. The receiver detects the radio signal, In short, 
the antenna converts electrical energy to radio waves and 
radio waves to electrical energy. This process makes two- 


жау radio communication possible with just one antenna, 

Your success in making contacts depends heavily on 
your antenna, A good antenna сап make a fair receiver 
seem like a champ. It can also make a few watts sound like 
a whole lot more, Remember, you'll normally use the same 
antenna to transmit and receive. Any improvements to 
your antenna make your transmitted signal stronger, and 
Increase the strength of the signals you receive. 

‘Assembling an antenna system gives you a chance to be 
creative, You may discover, for example, that property size 
(r landlord restrictions rule out а traditional antenna. If so, 
you can innovate. Simple and Fun Antennas for Hams is an 
ARRL publication full of ideas for just these conditions. The 
ARRL Antenna Book, The ARRL Antenna Compendium se 
ries and similar publications also offer lots of antenna sug- 
gestions. This chapter contains a few suggestions, too. 

Some antennas work better than others, Antenna de- 
sign and construction have kept radio amateurs busy since 
the days of Marconi. You'll probably experiment with 
different antenna types over the years, Putting up a better 
antenna can be an inexpensive but rewarding way to im- 
prove your station. 
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Practical Antennas 


Нат» use many different kinds of antennas, There is 
по one best kind. Beginners usually prefer simpler, less 
expensive types. Some hams with more experience have 
antenna systems that cost thousands of dollars. Others 
have antennas that use several acres of property! 


The Half-Wave Dipole Antenna 

Probably the most common amateur antenna is a wire 
cutto V4 Aat the operating frequency. The feed line attaches 
across am insulator at the center of the wire. This is the half- 
wave dipole. We often refer to an antenna like this as a 
dipole antenna. (Di means two, so a dipole has two equal 
parts. A dipole could be a length other than % A.) The total 
length of a half-wavelength dipole is % 2. The feed line 
connects to the center. This means that cach side of this 
dipole is 4-2 long 

Use Equation 8.4 to find the total length of a 1-2. 
dipole for a specific frequency. Notice that the frequency 


is given in megahertz and the antenna length is in feet for 
this equation. 


468 
тмн) 


Length (in feet) = (Equation 8.4) 


Ifyou look back at Equation 8.2, you will notice hat it 
is similar to Equation ВА. There îs a different value in the 
top ofthe fraction, though. The smaller number (468) is not 
simply one-half of 984, since it takes into account that the 
radio signal travels slower in the wire than it does through 
space. It also takes into account other factors, often called 
antenna effects. Equation 8.4 gives the approximate length 
of wire to use when building a practical HF dipole antenna. 
The equation will not be as accurate for VHF/UHF antenna 
lengths. The element diameter isa larger percentage of the 
wavelength at VHF and higher frequencies. Other effect, 
such as end effects also make the equation less accurate at 


Antenna Radiation Patterns 


Often one desirable antenna feature is irectiv- 
ity. Directivity means the ability to pick up signals 
om one direction, while suppressing signals from 
other unwanted directions. Going hand in hand with 
directivity is gain. Gain telis how much signal a given 
“antenna will pick up as compared with that from 
another antenna, usually a dipole. 

An antenna that has directivity should also have 
gain. These two antenna properties are useful not 
(only for picking up or receiving radio signals, but also 
tor transmitting them. An antenna that has gain wil 
boost your transmitted energy in the favored direc- 
tion while suppressing iin other directions. 

"When you mention gain and directivity, most 
amateurs envision large antenna arrays, made from 
aluminum tubing, with many elements. Simple wire 
antennas can also be very elfective, however, as 
Ilustrated in this antenna radiation pattern. Such 


"distance from the antenna, 
Various compass diraclions. If you connect the 
antenna to receiver, the pattern shows how the 
antenna responds 1o signals from various directions. 
In the direction where the antenna has gain, the 
incoming signals will be enhanced. The incoming 
signals wil be suppressed in other directions. 

Here is an important point to remember. You сап 
navar have antonna gain in one direction without а 
loss (signal suppression) in one or more other 
directions. Never! Another way to think of this is that 
an antenna cannot create power. It can only focus or 
beam the power supplied by the transmitter 

"We сай the long, thin lobes in a ранет the mejor 
lobes. The smaller lobes in a pattern are minor lobes. 
‘One or more major lobes mean directivity. An 
antenna with less directivity than this one would 
have fatter lobes. An antenna with no directivity at ай 


pattern of an extended double Zepp antenna Is 
Shown here. In its favored directions, this antenna 
exhibits roughly 2 decibels of gain over a hal 
wavelength dipole. This would make а 200-watt 
signal as strong as 317 watts into a dipole. An 
extended double Zepp antenna may be made with 
а horizontal wire hanging between two supports. 
(The wire is 1.28-) long at the operating fre- 
quency.) The wire axis is along the 90*/270* line 


would have a pattern that is a perfect circle. A 
theoretical antenna called an isotropic radiator has 
Such a pattem, Radiation patterns are a very useful 
tool in measuring antenna capability. 
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‘igure 8.27 — Simple half-wave dipole antenna construction. Part A shows the 


dipole configuration. 


ris B and C show how to connect the wire ends to various insulator types. Part D shows the feed. 


connection at the center. 


VHF and ОНЕ, The values given by Equation 8.4 for 2 and 
1.25 meters are only to serve as a starting point for building 
antennas for those bands, but they will probably be too long 
so that you can prune the length. A A dipole for 147 MHz 
will be about 37 inches long. 

Equation 8.4 gives the following approximate 
lengths for V. . dipoles. 


Wavelength 
80 meters 
40 meters 
15 meters 
10 meters 
10 meters 
125 meters 


Frequency 
3.725 MHz 
7.125 MHz 


Length 
125.6 feet 

66 feet 

22 feet 

16.6 feet 

164 feet 

3.18 feet = 37 inches 
2.1 feet = 25 inches 


Figure 8.27A shows the construction of a basic 44-2 
dipole antenna. Parts B through D show enlarged views of 
how to attach the insulators. You can use just about any kind 
of copper or copper-clad steel wire for your dipole. Most 
hardware or electrical supply stores carry suitable wire. 
House wire and stranded wire will stretch with time, 
so a heavy-gauge copper-clad steel vire is best. This wire 
consists of a copper jacket over a steel core. Such con 
struction provides the strength of steel combined with the 
excellent conducting properties of copper. You can some 
times find copper-clad steel wire at a radio store, This wire 


28.475 MHz 
147.0 MHz 
223 MHz 


Figure 8.28 — Preparing coaxial cable for connection 
1o antenna wire. A — Remove the outer Insulation 
with a sharp knife or wire stripper. f you nick the 
braid, start over. В — Push the brald In accordion 
fashion against ihe outer jacket. C — Spread the 
shield strands at the point where the outer insulation 
fends. D — Fish the center conductor through the 
‘opening in the braid. Now strip the center conductor 
Insulation back far enough to make the connection 
and tin (low solder onto) both center conductor and 
‘shield. Be careful not to use too much solder, which 
will make the conductors inflexible. Also be careful 
not to apply too much heat, or you will melt the 
Insulation. A pair of pliers used as a heat sink will 
help. The outer jacket removed in step A can be 
slipped over the braid as an insulator, if necessary. 
Be sure to slide it onto the braid before soldering the 
leads to the antenna wires. 
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is used for electric fences to keep farm animals in their 
place, so another place to try is a farm supply моге. 

Remember, you want a good conductor for the an- 
tenna, but the wire must also be strong. The wire must sup- 
роп itself and the weight of the feed line connected at the 
center 

We use wire gauge 1o rate wire size. Larger gauge 
numbers represent smaller wire diameters. Conversely, 
smaller gauge numbers represent larger wire diameters. 
Although you can make a dipole antenna from almost any 
size wire, #12 or #14 gauge is usually best. Smaller-diam- 
eter vires may stretch or break easily 

Сш your dipole according to the dimension found by 
Equation 9.4, but leave а litte extra length to wrap the ends 
around the insulators. You'll need a feed line to connect it 
то your transmitter. For the reasons mentioned earlier, the 
most popular feed line for use with dipole antennas is co- 
axial cable, When you shop for coax, look for some with а 
heavy braided shield, If possible, get good quality cable 
that has at least 95 percent shielding. I you stick with name 
brand cable, you'll get a good quality feed line. Figure 8.28 
shows the steps required to prepare the cable end for attach 
ment to the antenna wires at the center insulator. 

The final items you'll need for your dipole are three 
insulators, You can purchase them from your local radio or 
hardware store (Figure 8.29). You can also make your own 
insulators from plastic or Teflon blocks. See Figure 8.30 
‘One insulator goes on each end and another holds the two 
wires together in the center. Figure 8.31 shows some ex- 
amples of how the feed line can attach to the antenna wires 
ма center insulator. 

Dipole antennas send radio energy best in a direction 
that is 90° to the antenna wire. For example, suppose you 
install а dipole antenna so the ends of the wire run in an 
east/west direction, Assuming it was well off the ground 
(preferably % A. high), this antenna would send stronger 
signals in north and south directions. A dipole also sends. 
radio energy straight up and straight down. Of course the 
dipole also sends some energy in directions off the ends of 
the wire, but these signals won't be as strong. So you will 
be able to contact stations to the cast and west with this 


[ 29 — Varlous commercially made antenna 
insulators. 
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Figure 8.30 — Some ide 
insulators. 


for homemade antenna 


Figure 8.31 — Some dipole center insulators have 
connectors for easy feed-line removal. Others have 
а direct solder connection to the feed line. 
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Figure 8.32 — After cutting the wire to the length 
given by the equation, you will have to adjust the 
tuning of your antenna for the best operation. Put 
the antenna in its final location and check the SWR 
across the band. Plot the 
‘graph with frequency and draw a 
‘smooth curve between the points. Your graph will 
indicate il the antenna is too long or too short. I the 
SWR is much higher at the low-frequency end of the 
‘too short. If the SWR is much 
s band, the 
Tuned, the lowest SWR values should be around the 
frequency you plan to operate most. 


antenna, but you will find that the signals are stronger with 
stations to the north and south 


‘Tuning a Dipole Antenna 

When you build an antenna, you cut it to the length 
given by an equation. This length is just a first approxima- 
tion, Nearby trees, buildings or large metal objects and 
height above ground all affect the antenna resonant fre- 
quency. An SWR meter can help you determine if you 
should shorten or lengthen the antenna, The correct length 
provides the best impedance match for your transmitter. 

"The first step is to measure the SWR at the bottom, 
middle and top of the band. On 6 meters, for example, you 
could check the SWR at 50.05, 52. 00 and 53.95 MHz. 
Check other frequencies in between, too. Graph the read- 
ings, as shown in Figure 8.32. You could be lucky — no 
further antenna adjustments may be necessary, depending 
оп your transmitter, 

Many tube-type transmitters include an output-tuning. 
network, They will usually operate fine with an SWR of 3:1 
or less, Most solid-state transmitters (using all transistors and 
integrated circuits) do not include such an output-tuning 
network. These no-tune radios begin to shut down — the 
power output drops off — with any SWR higher than 1.5: 
In any event, most hams like to prune their antennas for the 
lowest SWR they can get at the center of the bund. With a full- 
size dipole 30 or 40 feet high, your SWR should be less than 
2:1, If you can get the SWR down to 1.5:1, great! It's not 
‘worth the time and effort to do any better than that. 

Sometimes your antenna may resonate far off fre- 
quency. In this situation you will not get a "dip" in SWR. 
readings with frequency. Instead, your readings will in- 
crease as you change frequency from one end of the band 
tothe other. For example, you might read 2.5:1 at the low- 
frequency band edge, and the reading might increase 
across the band to 5:1 at the high-frequency end. This 


means antenna resonance is closer to the low-frequency 
end of the band than the high, It also means that resonance 
is below the low-frequency band edge. For a dipole or 
Vertical antenna, this condition exists when the antenna is 
too long. Trimming the length will correct the problem, 

Suppose the readings were 5:1 at the low-frequency 
end of the band and decreased across the band to 2.5:1 at 
the high end. See Figure 8.33, Here, the antenna is too 
short. Adding to the antenna length will correct this prob- 
em. Adjusting the antenna length for resonance in this 
way is what we call tuning the antenna. 

If the SWR is lower at the low-frequency end of the 
band, your antenna is probably too long. Making the an- 
tenna shorter will increase the resonant frequency. Dis- 
connect the transmitter and try shortening your dipole 
antenna at each end. The amount to trim off depends on 
two things. First is which band the antenna is operating on, 
and, second, how much you want to change the resonant 
frequency. Let's say the antenna is cut for the 80-meter 
band, You'll probably need to cut 8 ог 10 inches off each 
end to move the resonant frequency 50 kHz. You may 
have to trim only an inch or less for small frequency 
changes on the 6 or 10-meter bands, Measure the SWR 
‘again (remember to recheck the calibration). If the SWR 
‘went down, keep shortening the antenna until the SWR at 
the center of the band is less than 2:1 

If the SWR is lower at the high-frequency end of the 
band, your antenna was probably too short to begin with. If 
зо, you must add more wire until the SWR is acceptable. 
Making the antenna longer will decrease the resonant fre- 
‘quency. Before you solder more wire on the antenna ends, try 
attaching a 12-inch wire on each end. Use alligator clips, as 
Figure 8.34 shows. You don't need to move the insulators 
yet. Clip а wire on each end and again measure the SWR. 
Chances are the antenna will now be too long. You will need 
to shorten it a litle at a time until the SWR is below 2:1 

‘Once you know how much wire you need to add, cut two 
pieces and solder them tothe ends ofthe antenna. When you add 
wire, be sure to make a sound mechanical connection before 
soldering. Figure 8.35 shows how. Remember that these joints 
‘must bear the weight of the antenna and the feed line. After you 
solder the wire, reinstall the insulators at the antenna ends, past 
the solder connections 

Ifthe SWR is very high, you may have a problem that 


Figure 8.33 — This SWR and frequency graph 
Indicates that the antenna is too short. Lengthen the 
antenna by a small amount (probably Y to ¥ Inch at 
A time for this 2-meter antenna) and check the SWR. 

Again until the antenna is tuned for the lowest SWR 

at your desired operating frequency. 


Figure 6.34 — Н your antenna is too short, attach an 
‘extra length of wire to each end with an alligator 
lip. Then shorten the extra length a little at a time 
until you get the correct length for the antenna. 
Finally, extend the length inside the insulators with 
a soldered connection. (See Figure 8.35.) 
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Figure 8.35 — When splicing antenna wire, 
remember that the connection must be strong 
mechanically and good electrically. 


‘mean that your feed line is open or shorted. Perhaps a 
connection isn't making good electrical contact. It could 
also be that your antenna is touching metal. A metal mast, 
the rain gutter on your house or some other conductor 
‘would add considerable length to the antenna. Ifthe SWR 
is very high, check all connections and feed lines, and be 
sure the antenna clears surrounding objects 
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Stal and adjust your dipole antenna. You II normally need 


The single-band dipole is fine if you operate on only 
‘one band. If you want to operate on more than one band, 
however, you could build and install a dipole for each 
Prod What Came Лал ууккан? бот, Ыг vs 
poles? Or what if you don't want to spend the money for. 
ebe is” + . = mee 

1o operate on more than one band with a single feed line. 
A single-band dipole can be converted into a multi- 
band antenna without 100 much difficulty. АП you need 
то do is connect two additional 14-A wires for each addi- 
tional band you want to use. Each added wire connects to 
the same feed line as the original dipole. The result is a 
single antenna system, fed with a single coaxial cable that 


Figure 8.36 — The quarter-wave vertical antenna has 
а center radiator and four or more radials spread out 
from the base. These radials form a ground plane, 


WES UN severn onveren Bunt ungut аитат: 
‘There is one potential problem with his antenna, though. 
‘The antenna will radiate signals on two or more bands 
simultaneously, so make sure your transmitter is adjusted 
properly. A poorly adjusted transmitter may produce 
harmonics of the desired output. If so, energy from your 
transmitter may show up on more than one band. The FCC 
takes a dim view of such operation! 
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The Quarter-Wavelength Vertical Antenna 
‘The quarter-wayelength vertical antenna is easy to 
build. This helps make this type of antenna very popular. I 


requires only one element and one support, and can be very 
efat ME bond FRI ^n 


DX work. Vertical antennas send radio energy equally well 


them nondirectional antennas or omnidirectional antennas. 
They also end to concentrate the signals toward the horizon, 
Vertical antennas do not generally radiate strong signals 
straight up, like horizontal dipoles close to the ground do. 

Because they concentrate signals toward the horizon, 
they have a Low-angle radiation pattern. This gives vertical 
antennas gain as compared to a dipole. Gain always refers to 


а comparison with some another antenna. A dipole is one 
‘common comparison antenna for stating antenna gain. 

Figure 8.36 shows a simple vertical antenna you can 
make. This vertical antenna has a radiator that is 14-A 
long. Use Equation 8.5 to find the approximate length for 
the radiator. The frequency is given in megahertz and the 
length is in feet or inches inthis equation 


24 
Tn MHz) 


Length(in feet) (Equation 8.5) 


2808 


Length (in inches) = турү 


(Equation 8.5A) 


If you compare Equation 8.5 with Equation 8.4 you 
will notice that the 234 is half of the 468 value used in 
Equation 8.4. This should make sense when you realize 
that 14-A is Y4 the length of a 4-2 dipole, Equation 8.5 
gives us the approximate length for the radiator and each 
ground radial of a 4-2, vertical, This equation is most 
accurate for frequencies up to around 30 MHz. One reason 
for this frequency limitation is because the ratio of wave 
length to element diameter is larger at VHF and higher 
frequencies. Another reason is because of effects com. 
monly known as end effects, So the values given below for 
the VHF and UHF bands are only for comparison pur- 
poses, These lengths might serve as a starting point for 
building antennas for 2 meters, 1,25 meters, 70 cm or 
23 cm, but they will probably be too long. 


Wavelength 
80 meters 
40 meters 
15 meters 
10 meters 
10 meters 

6 meters 

2 meters 

1.25 meters 
70cm 
23em 


Frequency 
3,700 MHz 
7.125 MHz 

21.125 MHz 
28.150 MHz 
284 MHz 
525 MHz 
1460 MHz 
123.0 MHz 
440.0 MHz 
1282.5 MHz 


Length 
6324 feet 
32.8 feet 
111 feet 
83 feet 
82 feet 
4.5 feet 
1.6 feet (19.25 inches) 
1.05 feet (12.6 inches) 
0.53 feet (6.4 inches) 
0.18 feet (2.2 inches) 


As with 4-A dipoles, the resonant frequency of a 
МЭ). vertical decreases as the length increases, Shorter an- 
tennas have higher resonant frequencies, but you can lower 
the resonant frequency by loading the antenna with a load- 
Ing coll. Loading coils are typically placed either at the 
base of a vertical for easy access and pruning, or about 
halfway up the antenna, where the efficiency of the antenna. 
is improved but access for fine-tuning is more difficult. A 
loading coil can be used to reduce the physical length of an 
antenna without changing its resonant frequency. 

‘The 142, vertical also has radials. For operation on 
80 through 10 meters, the vertical may be at ground level and 
the radials placed on the ground, The key to successful 
operation with a ground-mounted vertical antenna is а good 
radial system. The best radial system uses many ground 
radials. Lay them out like the spokes of a wheel, with the 


‘vertical at the center. Some hams have buried ground radial 
systems containing over 100 individual wires. 

Ideally, these wires would he 4-A long or more at the 
lowest operating frequency. With such a system, earth or 
ground losses will be negligible, When the antenna is 
‘mounted at ground level, radial length is not very critical, 
however, Studies show that with fewer radials you can use 
shorter lengths, but with a corresponding loss in antenna 
efficiency.’ Some of your transmitter power does no 
‘more than warm the earth beneath your antenna. With 24 
radials, there is по point in making them longer than about 
"od With 16 radials, length greater than 0.1 N is unwar 
ranted, Four radials should be considered an absolute 

vinimum, Don't put the radials more than about an inch 
below the ground surface. 

Compared with 120 radials of 0.4 A, antenna effi- 
ciency with 24 radials is roughly 63%, For 16 radials, the 
efficiency is roughly 50%, So it pays to put in as many 
radials as you сап. 

If you place the vertical above ground, you reduce 
earth losses drastically. Here, the wires should be cut to 
241 for the band you plan to use. Above ground, you need 
only a few radials — two to five. If you instal a multiband 
vertical antenna above ground, perhaps on a roof, use 
separate ground radials for each band you plan to use. 
‘These lengths are more critical than fora ground-mounted 
vertical. You can also mount a vertical on а pipe driven 
into the ground, on a chimney or on a tower. 

The radials at the bottom of a vertical antenna 
mounted above ground form a surface that acts ike the 
ground under the antenna. These antennas are sometimes 
called ground-plane antennas. 

Ground-plane antennas are popular mobile antennas 
because the car body can serve as the ground plane. You 
сап place а magnetic=base whip antenna on the roof of 
Your car, for example. This type of antenna is often used 
‘on the VHF and ИНЕ bands for FM voice communication. 
Because it is a vertical antenna, it sends radio energy out 
equally well in all compass directions. 

For HF operation you need low radiation angles 
— for DX work up to about 30° above the horizon. A 
horizontally polarized antenna can deliver low-angle 
radiation, provided that itis mounted high (in terms of 
wavelength) above ground. For example, a 1S-meter 
dipole mounted 50 feet in the air will perform well for 
long-distance (DX) contacts, This antenna is 1 A high on 
21.1 MHz 

Things become а lot more challenging on the lower- 
frequency HF bands. On 80 meters, 1 A is 280 feet high! 
Many DXers use vertically polarized antennas on the 
80- and 40-meter bands because these сап generate sig- 


"V. O, Stanley, “Optimum Ground Systems for Vertical 
Antennas." OST, December 1976, pp 14-15, 

эв. Edward, “Radial Systems for Ground-Mounted Vertical 
Antennas." OST, June 1985, pp 28.30, 
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nals at low elevation angles without having to raise the 
base of the antenna high off ground. 

At VHF and UHF, however, it pays to get your 
antenna up high. This is true whether you use a vertically 
polarized omnidirectional antenna or a horizontally 
Polarized dipole. At these frequencies you want the 


Figure 8.38 — The Ye. 
telescoping antenna ls a 
‘good substitute for the 
Tübber flex antenna that 
‘comes with most hand-held 
transceivers. (Photo 
‘courtesy Larsen Electronics) 


Figure 8.37 — Commercial “trap 
Vertical" antennas generally look 
something like this. These. 
antennas operate on several bands. 
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antenna higher than even distant obstructions, such as 
‘mountains ог tall buildings. 

Most vertical antennas used at lower frequencies are 
% à long. For VHF and UHF, antennas are physically 
short enough that longer verticals may be used, A popular 
mobile antenna is a Уе. vertical, often called a He. 
cighths whip.” This antenna is popular because it may 
concentrate more of the radio energy toward the horizon 
than a del vertical, Mounted on the roof of a car, а 95-2, 
vertical may provide more gain than a 4- vertical. Sin. 
ply stated, gain means a concentration of transmitter 
power in some direction. A УА. vertical concentrates the 
power toward the horizon, Naturally, this is the most use- 
ful direction, unless you want to talk to airplanes or sat- 
elites. At 222 MHz, a - whip is only 28: inches long. 

Don't use any of the equations in this chapter to cal 
culate the length of a -K whip. The equations won't give 
the correct answer because of a variety of antenna factors. 
In addition, there is an impedance-matching device 
needed at the antenna feed point, where the feed line 
taches to the antenna itself. See The ARRL Antenna Book 
foe complete construction details. 

A heh vertical is great for mobile operation because 
it is omnidirectional. That means it radiates a signal 
equally well in all compass directions. This is especially 
useful for mobile operation because you change direction 
often. One minute you may be driving toward the repeater, 
and the next minute you may be driving away from it. 

Vertical antennas that are -A long can be used without. 
around radials. This may sometimes be a definite advantage 
because it takes less wire and occupies less horizontal space 
To find the size ofa A vertical antenna, double the lengths 
given above in the table of 4-A. vertical, 

‘Commercially made vertical antennas need a coax feed. 
line, usually with a PL-259 connector. Just as with the dipole 
antenna, you can use RG-8, RG-11 or RG-58 coax. The in- 
structions that accompany the antenna should provide de- 
tails for attaching both the feed line and the ground radials. 

Some manufacturers offer trap verticuls, Traps are 
tuned circuits that change the antenna electrical length. 
They allow the antenna to work on several hands, making 
it a multiband antenna. Some manufacturers even offer 
20- to 30-foot-high vertical antennas that cover all HF hands. 
Figure 837 shows one such antenna. 


Antennas for Hand-Held Transceivers 
When you buy a new УНЕ hand-held transceiver, it 
will have a flexible rubber antenna commonly calle 
a “rubber duck.” This antenna is inexpensive, small, 
lightweight and difficult to break. On the other hand, 
it has some disadvantages: It is a compromise design 
that is inefficient and thus does not perform as well as 
larger antennas. A full-size antenna will always work 
better than a rubber duck antenna, and an outdoor 
antenna in the clear will always work better than an in 
door antenna (particularly an antenna inside a car). Two 


better-pertorming antennas are the à and?/-Atelescop- — available and the desired style of antenna mounting. 

ing types (see Figure 8.38) The 146-MHz model shown in Figure 8.39 uses a flat 

piece of sheet aluminum, to which radials are connected 

with machine screws. A 45° bend is made in each of the 

Vertical Antennas for radials. This bend can be made with an ordinary bench 

146, 222 and 440 MHz че. An 80-239 chassis consecor is mounted ot the 

For FM and packet radio operation with nearby sta- center of the aluminum plate with the threaded part of the 

tions, the ease of construction and low cost of a 4-A ver- — connector facing down. The vertical portion of the antenna 

tical make it an ideal choice, Three different types of — is made of #12 copper wire soldered directly to the center 
construction are shown in Figures 8.39 through 8.41. The 
choice of construction method depends on the materials 
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Figure 8.39 — These drawings show the dimensions for a 146-MHz ground-plane antenna. The radi 
bent down at a 45° angle. 
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Figure 8.40 — Dimensional information for а 222-MHz ground-plane antenna. Lengths for A, B, C and D are the 
total distances measured from the center of the 80-239 connector. The corners of the aluminum plate are bent 
down at а 45° angle rather than bending the aluminum rod as in the 146-MHz model, Either method is suitable for 
these antenni 
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ent technique for mounting and sloping the radials. In this case 
the comers of the aluminum plate are bent down at а 45° angle 
With respect to the remainder of the plate, The four radials are 
held to the plate with machine screws, Jock washers and nuts. A 
mounting tab is included in the design of this antenna as part of 
the aluminum base, A compression type of hose clamp could be 
used to secure the antenna to a mast, As with the 146-MHz 


T] 
5 m o£ 


Eye 


!| — Here is a simple ground-plane antenna 
Tor the 146, 222 and A0-M bande. The vertical 
‘element and radials are “fs or "hein. brass welding 
rod. Although "in. rod is preferred for the 146-MHz 
antenna, 10 or #12 copper wire can also bo used. 


version, he vertical portion of the antenna is soldered directly 
10 the SO-239 connector. 

A very simple method of construction, shown in 
Figure 8.41 and Figure 842, requires nothing more than 
an 50-239 connector and some 4-40 hardware. A small 
loop formed at the inside end of each radial is used to 
attach the radial directly to the mounting holes of the 
coaxial connector, After the radial is fastened to the 
0-239 with no. 4-40 hardware, a large soldering iron ог 
propane torch is used to solder the radial and the mount 
ing hardware to the coaxial connector. The radials are 
‘bent to а 45° angle and the vertical portion is soldered to 
the center pin to complete the antenna. You can mount 
the antenna by passing the feed line through а mast of 
34-inch ID plastic or aluminum tubing. Use a compression 
hose clamp to secure the PL-259 connector, attached to 
the feed line, in the end of the mast. Dimensions for the 


Figure 8.42 — Here is 
а 440-MHz ground- 
plane antenna 
constructed using 
only an 50-239 
‘connector, no. 4-40 
hardware and -inch 
brass welding rod. 
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Figure 8.43 — This is a simple vertical antenna 
design. The text gives the dimensions to bulld an 
antenna for use on 10 and 15 meters. 


and solder them. 


146, 222, amd 440-MHz bands are given in Figure 8.41. 
If these antennas are to be mounted outside it is wise to 
apply a small amount of RTV sealant or similar material 
around the areas ofthe center pin of the connector to water- 
proof the assembly, preventing the entry of water into the 
connector and coax line. 


A Simple 10 and 15 Meter Vertical 
Figure 8.43 shows a simple, inexpensive vertical 
for 10 and 15 meters. The antenna requires very 
litte space and it's great for working DX. A few materials 
make up the entire antenna. 


antem 


12-foot piece of clean 2X2 pine from the local lumberyard 
20 feet of flat four-wire rotator control cable 
20 feet of regular TV twin lead 
Several TV standoff insulators 
Cut the twin lead into lengths of 11 feet 3 inches, and 
feet inches. Remove 1 inch of insulation from both wires at 
both ends on each twin-lead length. Wrap the two wires to- 
gether securely at each end, as Figure 8.44 shows, and solder. 
Cover one end of each length of twin lead with electrical tape. 
Mount the TV standoff insulators at regular intervals on 
‘opposite sides ofthe 2x 2. These will support the two pieces of 
twin lead. Separate the control cable ino two pieces of two- 
conductor cable. Do this by slitting the cable a small amount at 
onc end, then pulling the two pieces арап like а zipper. 
‘Carefully cut the rotator cable as Figure 8.45 shows. 
Separate the pieces between the center cuts to make four 


identical sets of two-conductor cable. These make up the 
radials for the antenna system, Strip about I inch of insu- 
lation from each wire on the evenly cut end. The un 
evenly cut ends will be away from the antenna, 

Attach a suitable length of RG-58 coaxial cable to the 
‘antenna. Connect the coax center conductor to the two wires 
‘on the 2 2, Then attach the cable braid to all the radial ends 
soldered together. Figure 8.46 shows the antenna construc- 
tion. Make all the connections waterproof. 


From oan ire at T End 


Figure 8.45 — Cut some flat TV rotator-control cable 
to make the radials. 
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Figure 8.46 — Attach the twin lead to the sides of the 2 x 2 
‘Then connect the feed lino to both twin-lead lengths at the 


‘with TV standoff insulators. A illustrates how to do this. 
base, as shown in Part В. 
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Now instal the 2 x 2. You can do this in different 
ways. You could clamp it with U bolts to a TV mast, or 
hang it with a hook over a high branch. Or you might 
mount it on your house, at the side, near the roof peak. 
Mount the antenna as high as possible, Hang the radials at 
about a 45° angle away from the antenna base. For ex- 
ample, you could clamp the wood to your chimney with 
TV chimney-mount hardware. Let the radials follow the 


roof slope. Tie them off at the four corners, Unless you are 
surrounded by buildings or high hills, this antenna should. 
perform well on 10 and 15 meters. 


Antenna Polarization 


For VHF and UHF base-station operation, most ama. 
teurs use a vertical antenna or a beam antenna. For VHF 
and UHF FM and repeater operation, almost everyone 
uses vertical polarization, 

Polarization refers to the electrical-field characteris- 
tic ofa radio wave, You can think of it аз how the antenna 
is positioned. An antenna that is parallel to the Earth's 
surface (like a dipole antenna) produces horizontally po- 
larized radio waves. One that is perpendicular (at 50 
angle) to the earth's surface, such as a 14-A vertical, pro- 
duces vertically polarized waves. 

Polarization is most important when installing anten- 
nas for VHF or UHF. Propagation at these frequencies is 
mostly line of sight. The polarization of a terrestrial (on the 
ground, as opposed to out in space) VHF or UHF signal does 
not change from transmitting antenna to receiving antenna 


Best signal reception occurs when both transmitting and 
receiving stations use the same polarization. The polariza- 
tion of an HEF signal may change randomly many times as 
it passes through the ionosphere. Antenna polarization at 
HF is not important for skywave communications. 

А beam antenna is impractical for VHF and UHF FM. 
mobile operation. Mosthams use vertical af some kind. Mobile 
antennas are available in several varieties, Most mount оп the 
automobile roof or trunk li, but some even mount on a glass 
window. 

Most VHF/UHF FM and data communications is 
done with vertically polarized antennas, Vertically polar- 
ized antennas are more popular for repeaters and other 
VHE/UHF FM communications, because the antennas 
used on cars are almost always verticals. Vertical anten- 
mas are also more useful for repeaters and home duden 


Antenna Pol 


ization 
‘Tho signal sent rom an amateur station depends 


оп the antenna type and how it is oriented. A horizon 
tal antenna, parallel to the earth's surfaco (Ike a 
dipole), will produce a horizontally polarized signal. A 
‘Yagi antenna with horizontal elements will also 
produce a horizontally polarized signal, See Part A in 
the drawing. 

A vertical antenna (perpendicular to the earth's 
surface) will produce a vertically polarized signal. A 
Yagi with vertical elements also produces vertical 
polarization. See Part В in the drawing. 

Most communications on the HF bands (80. 
through 10 meters) use horizontal polarization 
Polarization on the HF bands is not critical, however. 
Аз a signal travels through ће ionosphere, its 
polarization can change. 

‘On the VHF/UHF bands, most FM communica- 
tions usa vertical polarization. Here, the polarization 
is important. The signals retain their polarization. 
from transmitter to receiver. It you use a horizontal 
antenna, you will have difiulty working through a 
repeater with a vertical antenna. 

Since the antennas on orbiting satellites are 
normally circularly polarized, earth-based antennas 
that are used for satelite communications should 
also be circularly polarized, One type of сисшалу 
polarized antenna is the crossed-Yagi, shown in Part 
Cin the drawing. 


o 


Figure C—The plane of the elements in a Yagi 
antenna determines tho transmitted-signal 
polarization. If the elements are horizontal, 
Shown at A, the signal will have horizontal 
polarization. Vertical mounting, shown at В, 
produces a vertically polarized wave. An antenna 
With elements that are both horizontal and 
vertical, shown at C, produce signals that are 
circularly polarized. 
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use оп these bands because they are not directional 

For long-distance FM operating, a vertically polar- 
ized beam is the best antenna. Data communication on the. 
VHF/UHF bands is also mostly done with vertically po- 
larized antennas. Most people operating VHF/UHF CW 
or SSB (the so-called “weak-signal” modes), however, 
use horizontally polarized antennas, 

If you plan to do both VHF weak-signal and FM re- 
peater work, you'll probably need separate antennas for 
each, This is because at УНЕ and UHF, signal strength 
suffers greatly if your antenna has different polarization 
than the station you're trying to work. 

Yagi beam antennas can have either horizontal or 
vertical polarization. If the antenna elements are parallel 
to the earth, or horizontal, the antenna will produce hori- 
zonally polarized waves. 

Ifthe Yagi elements are turned perpendicular to the 
earth, the antenna will produce vertically polarized waves 
‘See the Antenna Polarization Sidebar. The antenna at A 
produces horizontally polarized waves and the one at В 
produces vertically polarized waves. Notice that the boom 
is horizontal in both cases. 

"The quarter-wavelength vertical antenna isa popular 


Antenna 


Once you have assembled your dipole or vertical 
antenna, find a good place to put it. Never put your an- 
tenna or feed line under—or over the top of —electrical 
powerlines, Never place a vertical antenna where it could 
fall against the electrical power lines. If power lines ever 
‘come into contact with your antenna, you could be elec- 
trocuted, Avoid running your antenna parallel to power 
lines that come close to your station. Otherwise you may 
receive unwanted electrical noise. Sometimes power-line. 
noise can cover up all but the strongest signals your re- 
ceiver hears, You'll also want to avoid running your an- 
tenna too close to metal objects. These could be rain 
gutters, metal beams, metal siding, or even electrical wir 
ing in the attic of your house. Metal objects tend to shield 
Your antenna, reducing its capability 

‘The key to good dipole operation is height. How high? 
One wavelength (1 A) above ground is good, and this 
ranges from about 35 feet on 10 meters to about 240 feet on 
%0 meters. On the 2-meter bund, one wavelength is only 
bout 7 feet. You should try to install the antenna higher, 
to get it clear of buildings and trees. Of course very few 
people can get their antennas 240 feet in the air, во 40 to 
60 feet is a good average height for an 80-meter dipole. 
Don't despair if you can get your antenna up only 20 feet 
or so, though. Low antennas can work well, Generally, the 
higher above ground and surrounding objects you can get 
your antenna, the greater the success you'll have, You'll 
find this to be true even if you can get only part of your 
amenna up high. 


НЕ antenna because it provides low-angle radiation when 
а beam or dipole cannot be placed far enough above 
ground. Low-angle radiation refers to signals that travel 
closer to the horizon, rather than signals that are high 
above the horizon. Low-angle radiation is usually better 
when you are trying to contact distant stations. Vertical 
antennas of any length radiate vertically polarized waves, 

Most man-made noise tends to be vertically polar- 
ized, however. Thus, ahorizontally polarized antenna will 
receive less noise of this type than will а vertical antenna, 


Circular Polarization 


‘There is one more type of polarization: circular, Sig- 
nals from orbiting satellites ate circularly polarized, so 
the ground-based antennas that receive these signals 
should also be circularly polarized. Part C of the diagram 
in the Antenna Polarization Sidebar shows an example of 
a circularly polarized antenna. 


tum to Chapter 11 and study questions 8013, 
Nm TBD16 through T8018. Review this section if 
You have any difficulty answering tese questions] 


Location 


Normally you will support the dipole at both ends. The 
‘supports can be trees, buildings, poles or anything else high 
enough. Sometimes, however, here is just no way you can 
ри your dipole high in the air at both ends. If you're faced 
with this problem, you have two reasonably good alterna- 
lives. You can support your dipole in the middle or at one 
end. 

Ifyou choose to support the antenna in the middle, both 
ends will droop toward the ground. This antenna, known asan 
inverted-V dipole, works best when the angle between the 
wires is greater than 90°. See Figure 8.478, If you use an 
inverted-V dipole, make sure the ends are high enough that 
noone can touch them. When you transmit, the high voltages 
present at the ends of a dipole can cause an RF burn. Yes, 
radio energy can burn your skin, 

If you support your antenna at only one end, you'll 
have what is known as a sloper. This antenna also works 
well. As with the inverted-V dipole, be sure the low end 
is high enough to prevent anyone from touching it. 

If you don't have the room to install a dipole in the 
standard form, don’t be afraid to experiment a little. You 
can get away with bending the ends to fit your property, 
ог even making horizontal V-shaped antenna. Many 
hams have enjoyed countless hours of successful operat- 
ing with antennas bent in a variety of shapes and angles. 

‘On the 6 and 2-meter bands, dipoles for FM or packet 
operation work much better if they are installed verti- 
cally. Now you need only one support. The coax should 
come away from the antenna at a right angle for as far as 
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line should come away from the sloper at a 90” angle for best results. 


‘sloping dipole (sloper). The feed 
the supporting mast is metal, the 


antenna will have some directivity їп the direction of the slope. 


possible, so it doesn’t interfere with the radiation from the. 
antenna. Dipoles are not often used on frequencies above 
the 2-meter band, Beam antennas are physically small and 
easy to build for the UHF bands, 


Antenna Installation 

After you've built your antenna and chosen its loca- 
tion, how do you get it up into the air? There are many 
schools of thought on putting up antennas. Can you sup- 
port at least one end of your antenna on а mast, tower, 
building or in ап easily climbed tree? If зо, you have 
solved some of your problems. Unfortunately, this is not 
always the сазе Hams use several methods to get antenna. 
support ropes into trees, Most methods involve a weight 
attached to a rope or line. You might be able to tie а rope 
around a rock and throw it over the intended support. This 
method works for low antennas, Even a major league 
pitcher, however, would have trouble getting an antenna 
much higher than 40 feet with this method. 

А better method is to use a bow and arrow, a fishing 
rod or even a slingshot to launch the weight and rope. See 
Figures 8.48 and 8.49. You'll find that strong, lightweight 
fishing line is the best line to attach to the weight. (Lead 

ishing Weights are a good choice.) Regular rope is too 
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Figure 8.48 — There are many ways to get an antenna 
‘support rope into a tree. These hams use a bow and 
arrow to shoot a lightweight fishing line over the 
desired branch. Then they attach the support rope to 
the fishing line and poll it up into the tree. 


heavy to shoot any great distance. When you have suc 
cessfully cleared the supporting tree, remove the weight. 
Then tie the support rope to the fishing line and reel it in. 

If your first attempt doesn't go over the limb you 
were hoping for, try again. Don't just reel in the line, 


however, Let the weight down to the ground first and take 
it off the line, Then you can reel the Jine in without getting 
the weight tangled in the branches. 

You can put antenna supports in trees 120 feet and 
higher with this method. As with any type of marksman- 
ship, make sure all is clear downrange before shooting. 
Your neighbors will not appreciate stray arrows, sinkers 
or rocks falling in their yards! Be sure the line is strong 
enough to withstand the shock of shooting the weight. 
Always check the bow and arrow ог slingshot to ensure 
they are in good working order. 

When your support ropes are in place, attach them to 
the ends of the dipole and haul it up. Pull the dipole rea- 
sonably tight, but not so tight that it is under a lot of strain. 
Tie the ends off so they are out of reach of passersby. Be 
sure to leave enough rope so you can let the dipole down 
temporarily if necessary. Dacron rope is resistant to the 
sun's ultraviolet radiation and other weather effects, and 
is a good choice for an antenna-support rope, Nylon is 
strong, but slowly deteriorates in sunlight, Inexpensive 
polypropylene rope is a poor choice because it disinte- 
grates rapidly when exposed to sunlight and weather. 

Just one more step and your antenna installation is com- 
plete. After routing the coaxial cable to your station, cut it lo 
length and install the proper connector for your rig. Usually 
this connector will be a PL-259, sometimes called a UHF con- 
nector. Figure 8.50 shows how to attach one of these fittings 
to RO-B or RG-11 cable. Follow the step-by-step instructions 
‘exactly as illustrated and you should have no trouble. Be sure 
to place the coupling ring on the cable before you instal the 
connector body! If you are using RG-58 or RO-59 cable, use 
an adapter to fit the cable o the connector. Figure 8,51 illus- 
trates the steps for installing the connector with adapter, The 
PL-259 is standard on most rigs. If you require another kind of 
connector, consult your radio instruction manual or The ARRL 


Figure 8.49 — Here is another method for getting an. 
antenna support Into а tree. Small hose clamps attach a 
casting reel to tho wrist bracket of a slingshot. Monofila- 
‘ment fishing line attached to a 1-ounce sinker is easily 
shot over almost any tree. Remove the sinker and rewind 
the line for repeated shots. When you find a suitable path 
through th re, use the fishing line to pull a heavier ine 
over the tree. 


‘equipment operating in the VHF range. Steps A through E illustrate how to Install the connector properly. Despite. 


lts name, the UHF connector 


rarely used on frequencies above 225 MHz. 
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2) Fan braid slightly ond fold back over cable. 


3) Position adopter to dimension shown, 
Press braid down over body of adopter ond 
trim to 3/8". Bore 5/87 of center 
conductor. Tn exposed center conductor, 


4) Screw the plug assembly on adopter. S 
braid to shell through solder holes. Sol 
Conductor to contact чөе, 


= | 


5) Screw coupling ring on assembly. 


Figure 8.51 — If you use RG-58 or RG-59 coaxial 
cable with a PL-259 connector, you should use 
pter, as shown here. There are different 
ized adapters for these two types of coa 
Thanks to Amphenol Electronic Component. 
Division, Bunker Ramo Corp, for this 
Information. 


Handbook for installation information, 

Antenna work sometimes requires that someone. 
climb up on a tower, into a tree or onto the roof. Never 
work alone! Work slowly, thinking out each move before. 
you make it. The person on the ladder, tower, tree or roof- 
top should always wear a safety belt, and keep it securely 
anchored, Before each use, inspect the belt carefully for 
damage such as cuts or worn areas. If your safety belt is 
made of leather, be sure itis not dried and cracked or 
brittle. Such an old belt could break unexpectedly. The 
belt will make it much easier to work on the antenna and 
will also prevent an accidental fall. A hard hat and safety 
glasses are also important safety equipment. 

Before climbing a tower, inspect the guy lines and all 
hardware, Be sure there is no broken or worn hardware, 
loose bolts or frayed cable. Be sure to have a helper on the 
ground. Inspect the tower from the ground and think about. 
how you will step around any antennas or other obstacles 
attached to the tower. 


Never tty to climb a tower carrying tools or antenna 
components їп your hands. Carry what you can with a tool 
belt, including a long rope leading back to the ground. 
Then use the rope to pull other needed objects up to your 
workplace after securing your safety belt. It is helpful 
(and safe) to tie strings or lightweight ropes to all tools. 
‘You can save much time in retrieving dropped tools if you 
tie them to the tower. This also reduces the chances of 
injuring a helper on the ground. 

Helpers on the ground should never stand directly un- 
der the work being done. АП ground helpers should wear 
hard hats and safety glasses for protection. Even а small tool 
сап make quite а dent if it falls from S0 ог 60 feet. A ground 
helper should always observe the tower work carefully. Have 
you ever wondered why electric utility crews seem to have 
Someone on the ground "doing nothing”? Now you know 
that or safey's sake, a ground observer with no other duties 
is free to notice potential hazards. That person could save a 
life by shouting a warning. 


Beam Antennas 


Although generally impractical on 80 meters, and 
very large and expensive on 40 meters, directional anten- 
nas often see use on the higher frequency bands, such as 
15 and 10 meters. Most operators use some type of direc- 
tional antenna on the VHF and UHF bands. The most 
common directional antenna that amateurs use is the Yagi 
antenna, but there are other types, too. 

Generally called beams, these directional antennas 
have two important advantages over dipole and vertical 
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systems. First, a beam antenna concentrates most of its 
transmitted signal in one compass direction. The antenna 
provides gain or directivity in the direction it is pointed. 
Gain makes your signal sound stronger to other operators, 
and their signals sound stronger to you, when compared 
with non-directional antennas, Suppose one antenna has 
а gain of 3 dB compared to another antenna, such as a 
dipole. This antenna will double the effective radiated 
power going in the desired direction, 

"The second important advantage is that the antenna 


E 


Figure 8.52 — Yagi beams at WIAW. A single beam 
s atop the tower at left. Three stacked beams 
adorn the taller tower at the right. 


reduces the strength of signals coming from directions 
other than where you point it. This increases your operat- 
ing enjoyment by reducing the interference from stations 
in other directions. 

A graph of an antenna’s gain and directivity shows 
its radiation pattern. Figure 8.52 shows some of the Yagi 
beams at WIAW, the station located at ARRL Headquar- 
ters in Newington, Connecticut. Figure 8.53 shows the 
radiation pattern of a typical Yagi beam. 

A Yagi beam antenna has several elements attached. 
to a central boom, as Figure 8.54 shows. The elements 
are parallel to each other and are placed in a straight line 
along the boom. Although several factors affect the 
amount of gain of a Yagi antenna, боот length has the 
largest effect: The longer the boom, the higher the gain. 

"The feed line connects to only one element, We call 
this element the driven element. On a 3-element Yagi like 
the one shown in Figure 8.54, the driven element is in the 
middle. The element at the front of the antenna (toward the 
favored direction) isa director. Behind the driven element 
is the reflector element. The driven element is about АА. 
Jong at the antenna design frequency. The director is a bit 
shorter than M42, and the reflector a bit longer. 

Yagi beams can have more than three elements, Sel- 
dom is there more than one reflector. Instead, the added 
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Figure 8.53 — Part A shows a typical radiation 
pattern for a Yagi beam antenna. Part B shows the 
direction the beam is pointing. The transmitted signal 
ls stronger in the forward direction than in oth 


Figure 8.54 — A three-element Yagi antenna has а 


director, a driven element and a reflector. A boom 
Supports the elements. 


Good Engineering Practice 8.35 


elements are directors. A 4-element Yagi has a reflector, a 
driven element and two directors. Directors and reflectors 
are called parasitic elements, since they are not fed directly. 
Beams are sometimes called parasitic beam antennas. 
The direction of maximum radiation from a parasitic 
beam antenna is from the reflector through the driven 
element to the director, The term major lobe refers to the 
region of maximum radiation from a directional antenna. 
"The major lobe is also sometimes referred to as the main 
lobe. Communication in different directions may be 
achieved by rotating the array in the azimuthal, or hori- 
zontal, plane, to point it in different compass directions. 


Because beams are directional, you'll need some. 
thing to turn them. A singlo-band beam for 6 or 2 meters 
‘can he mounted in the same manner as а TV antenna. You 
can use a TV mast, hardware and rotator. You could plan 
to buy a large triband beam for use on 10 and 15 meters. 
as a Technician with credit for passing a Morse code 
exam. It will also cover 20 meters when you upgrade to a 
General or Amateur Extra class license. For such a big 
antenna you'll need a heavy-duty mount and rotator. Most 
amateurs who use HF beam antennas mount them on a 
lower. You can get good advice about the equipment 
you'll need from your instructor or from local hams, 


Other Types of Beam Antennas 


Cubical Quad Antenna: 
‘The cubieal quad antenna is another type of bean 
antenna that uses parasitic elements. This antenna is some- 
times simply called а quad. The elements of a quad antenna 
are usually wire loops. The total length of the wire in the 
driven clement is approximately one electrical wavelength. 
A typical quad, shown in Figure 8.85, has two elements — 
a driven element and a reflector. A two-clement quad could 
also usc a driven element with a director, You can add more 
elements, such as a reflector and one or more directors. The 
radiation pattern of a typical quad is similar to that of the 
Yagi shown in Figure 8.53. 
‘The elements of the quad are usually square. Each 
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Figure 8.55 — The cubical quad antenna, The total 
length of the driven element is about one wavelength. 
‘This antenna can be fed directly with coaxial cable. 
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Figure 8.56 — The feed point of a quad antenna 
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Figure А delta loop antenna. The total length 
of each element is approximately one wavelength, 
the same as a quad antenna. The antenna ls fed with 
а gamma match. 


loop is about an electrical wavelength long. Each side of 
the square is about l. N long. 

‘The polarization of the signal from a quad antenna 
сап be changed. Polarization is determined by where the 
feed point is located on the driven element. See Figure 
3,56. If the feed point is located in the center of a horizon- 
tal side, parallel to the earth's surface, the transmitted 
wave will be horizontally polarized. When the antenna is 
fed in the center of a vertical side, the transmitted wave is 
vertically polarized. We can turn the antenna 45°, so it 
Jooks like a diamond, When the antenna is fed at the bot- 
tom corner, the transmitted wave is horizontally polar- 

rcd. If the antenna is fed at side corner, the transmitted 
wave is vertically polarized, 


Delta Loop Antennas 
‘The delta loop antenna, shown in Figure 8.57, is 


similar to the quad. A delta loop antenna has triangular 
elements, rather than square. The total loop length is still 
‘one wavelength. Divide the total length by 3 to find the 
length of each side of the elements. The radiation pattern 
of a delta loop is similar to that of the quad and Yagi, 
shown in Figure 8.53, 


Test Equipment 


Safety 

This is a good point то pause and consider some more 
safety issues. First, when you are using test equipment, 
you should follow the old rule of “one hand behind the 
back." You can't easily make yourself into a path for 
current to flow from fingertip to fingertip (and thus 
through your heart) if one hand is safely tucked behind 
your back, can you? 

А second safety consideration not directly related to 
using test equipment, but very often associated with test 
‘and measurement issues is to observe proper safety mea- 
sures when you are soldering. The soldering iron is hor, 
зо make very sure you don't touch it — let a soldering 
iron cool down for at least 10 minutes before touching the 
hot part. You should always wear safety glasses when 
‘soldering. Splashes of molten solder can do real damage! 
Make sure also that the area where you're doing your 
soldering is well ventilated because fumes from the flux 
used in soldering can be hazardous. 


The Voltmeter 

The voltmeter is an instrument used to measure volt- 
age, It is a basic meter movement with a resistor in series, 
as shown in Figure 8.58. The series resistor limits the 
current that can low through the meter movement. Com- 
‘mercial voltmeters usually have several resistors inside 
the meter case. A switch selects the appropriate resistor to 
set the measurement range of the meter. 

‘A high value resistor provides a high impedance in- 
put for the meter. (Impedance refers to the opposition to 
current flowing in a circuit. It includes resistance and the 
effects of capacitors and inductors to alternating current.) 
‘An ideal voltmeter would have an infinite input imped- 


ance, It would not draw any current from the circuit, and 
would not affect the circuit under test in any way. Real- 
‘world voltmeters, however, have a finite value of input 
impedance, There is a possibility that the voltage you are 
measuring will change when the meter is connected to the 
circuit, This is because the meter adds some load to the 
circuit when you connect the voltmeter. 


Figure 8.58—When you use a voltmeter to measure 
Voltage, the meter must be connected in parallel 
with the voltage you want to measure. 
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Figure 6.59—To measure current you must break the 
circuit at some point and connect the meter in series 
at the break, A shunt resistor expands the scale of 
the meter to measure higher currents than It could 
normally handle. 


‘Use a voltmeter with a very high input impedance com- 
pared with the impedance of the circuit you are measuring. 
"This prevents the voltmeter from drawing too much current 
from the circuit. Excessive current drawn from the circuit 
would significantly affect circuit operation. The input im- 
pedance of an inexpensive voltmeter is about 20 kf? per volt. 
Voltage measurements are made by placing the meter їп 
parallel with the circuit voltage to be measured. 

You should always be sure to select a voltage range on 
your meter that is higher than the voltage you expect to 
measure, If you select а range that is much lower than the 
circuit voltage, the meter could draw too much current. 
‘This would burn out the meter movement, destroying the 
meter circuitry. 


The Ammeter 


‘The ammeter depends on a current flowing through 
it to deflect the needle. The ammeter is placed in series 
with the circuit, That way, all the current flowing in the 
circuit must pass through the meter. Many times the meter 
cannot handle all the current. The range of the meter can. 
be extended by placing resistors in parallel with the meter 
to provide a path for part of the current. A shunt resistor 
is shown in Figure 8,59. Selecting different shunt resis- 
tors changes the current-measuring range. 

Commercial ammeters usually have several shunt 
resistors inside the meter case. A switch selects the appro- 
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Figure 8.50 Resistance is 
measured across the 
‘component. For best 
accuracy the reading 
should be taken in the 
lower-resistance half of 
the scale. 


priate resistor to set the measurement range of the meter. 
"The shunt-resistor values are calculated so the total circuit 
current сап be read on the meter. You must be sure to 
select a current measuring range that is greater than the 
current you expect to find in the circuit. For example, if 
you were to set your ammeter to measure microamps and 
then connect it to a circuit that draws 5 amps, you will 
probably burn out the meter, destroying the circuitry, The 
safest approach is always to start with the highest meter 
setting, and then switch to lower ranges as needed. 

Most ammeters have very low resistance, but low- 
impedance circuits require caution. There is a chance that 
the slight additional resistance of the series ammeter will 
disturb circuit operation. 


Multimeters 


A multimeter is а piece of test equipment that most 
amateurs should know how to use. The simplest kind of 
multimeter is the vell-ohm-milliammeter (VOM). As its 
name implies, a VOM measures voltage, resistance and 
current. VOMs use one basic meter movement for all func- 
tions. The movement requires a fixed amount of current 
(often 1 mA) fora full-scale reading. As shown in the two 
previous sections, resistors are connected in series or par- 
allel to provide the proper voltage or current meter read- 
ing. Ina VOM, a switch selects various ranges for voltage, 
resistance and current measurements, This switch places 
high-value multiplier resistors in series with the meter 
movement for voltage measurement, It connects low- 
value shunt resistors in parallel with the movement for 
current measurement. These parallel and series resistors 
extend the range of the basic meter movement 

Ifyou are going to purchase a VOM, buy one with the 


Figure 8.61—This schematic diagram shows how a 
voltmeter (meter A) and an ammeter (meter В) can 
be used to monitor circuit conditions. 


highest ohms-per-volt rating that you can find. Stay away 
from meters rated under 20,000 ohms per volt if you can. 

Measuring resistance with a meter — that is, using an 
‘ohmmeter — involves placing the meter leads across the 
component or circuit you wish to measure, Make sure 10 
select the proper resistance scale, The full-scale-reading 
multipliers vary from 1 to 1000 and higher. The scale is 
usually compressed on the higher end of the range. See 
Figure 8.60. For best accuracy, keep the reading in the. 
Tower-resistance half of the scale. On most meters this is 
the right-hand side. Thus, if you want to measure a resis 
tance of about 5000 0, select the R x 1000 scale. Then the 
meter will indicate 5. 

A multimeter includes a battery for resistance 
measurements. The battery supplies a small current 
through the resistor or other component you are testing. 
You should never try to measure resistance їп a circuit that 
has power applied to it, Ideally you will only measure re- 
sistance for components that are removed from the circuit. 
"Trying to measure resistance of a part in а circuit will give 
an inexact measurement at best. If you have your meter 
connected in а circuit to make voltage measurement, with 
power applied to the circuit, and then switch your meter to 
а resistance scale, you could burn out the moving-needle 
meter movement, This would destroy the meter circuitry. 

Another type of meter is a field-effect transistor volt 
ohm-milliammeter (FET VOM). This instrument uses a 
field-effect transistor (FET) o isolate the indicating meter 
from the circuit to be measured. FET VOMs have an input 
impedance of several megohms. 

Figure 8.61 shows a schematic diagram of a simple. 
circuit, Meter A is connected to measure the battery volt- 
age. Meter B is connected to measure the current through. 
the resister. In Chapter 7 you learned to calculate the 
power in circuit, One way to find the power used by the 
resistor in the cireuit is to multiply the resistor value in 
ohms by the square of the current, as read on meter B. 


Dummy Antenna 


A dummy antenna, sometimes called a dummy load, 
is an important piece of test equipment. It really is noth- 


liquid coolant, often transformer oll, to dissipate 
heat. Dry dummy antennas dissipate heat into 
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Figure 8.63—A dummy antenna Is just a resistance 
that provides your transmitter with a proper load 
when you are tuning up and don't want to radiat 
signal. Connect it to your antenna switch, 


ing more than a large resistor. It replaces your antenna 
when you want to operate your transmitter without radi- 
ating а signal. The dummy antenna safely converts the RF 
energy coming out of your transmitter into heat, The heat 
goes into the air or into the coolant, depending on the type 
‘of dummy antenna. It does all this while presenting your 
transmitter with a constant 50-02 load. Dummy antennas 


are used to make test transmissions, or to make tuning 
adjustments to your radio, Be sure the one you choose is 
rated for the type of operating (HF or VHF/UHF) and 
power level you'll be using 

Relatively inexpensive, а dummy antenna is one of 
the most useful accessories you can own. Every conscien- 
tious amateur should own one. You can build your own ог 
buy one that's ready to use (see Figure 8.62), The container 
often a one-gallon paint can, acts as a shield to keep RF 
energy from being radiated. When (Шей with transformer 
oil, it allows the dummy antenna to dissipate large amounts 
of RF power, You can use an antenna switch to connect ће 
dummy antenna to the transmitter. See Figure 8.63. 

With a dummy antenna connected to the transmitter, 
you can make off dhe ar tests — no signal goes out over the 
air, For transmitter tests, remember that а dummy antenna is 
ıa resistor. It must be capable of safely dissipating the entire 
(continuous) power output of the transmitter, A dummy an- 
tenna will often get warm during use, since the RF energy 
from the transmitter is tured into heat 
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A dummy antenna should provide the transmitter 
with a perfect load. This usually means that it has a pure 
resistance (with no reactance) of approximately 50 Q. 
(Reactance is the effect of capacitors and inductors on 
alternating current.) The resistors used to construct 
dummy antennas must be noninductive. Composition re- 
sistors are usable, but wire-wound resistors are not. A 
single high-power resistor is best, Several lower-power 
resistors can be connected in parallel to obtain а 50-0. 
load capable of dissipating high power. You must be sure 
the dummy antenna is able to handle the full transmitter 
power. For example, for a 100-watt SSB transmitter, you 
will need a dummy antenna that is rated to handle at least 
100 watts of power. 

Some older amateur literature suggested using a stan- 
dard light bulb as a dummy antenna. A 100-watt light bulb 
would he used for a 100-watt transmitter, for example. The 
transmitter would be adjusted for maximum brightness of 
the bulb. While this was probably an acceptable dummy 
antenna for a tube-type radio, it should not be used with a 
modem transistorized radio. The impedance of the light bulb 
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changes significantly as bulb heats up. 


Signal Generator 
As we pointed out in the section on superheterodyne 
receivers, there are a number of RF signals at different 
frequencies in a modern radio. A signal generator is an 
instrument that can generate RF at various frequencies 
and at various amplitude levels, This is a very handy in- 
strument for troubleshooting a radio as well as for mea- 
suring its performance capabilities — such as the 
sensitivity of a receiver, the bandwidth of a filer or the. 
ability of a receiver to discriminate against strong adja- 
channel unwanted signals. 


ICongratulations. You have completed your study of 
this Good Engineering Practice chapter. Before you go. 
on to Chapter 9, turn to Chapter 11 and study questions 
18807, TBB15, T8FO1 through 78F08, TAFIS and 
T8F18 through T8F21. Review the material in this sec- 
toni you have any ciety vim these questions] yy 


SPECIAL 
OPERATIONS 


When you receive your 
new Technician-class 
license, you'll be anxious 
to make your first contact 
on the air! You'll probably 
operate through a 
VHF/UHF FM repeater. 


four Technician exam will include two questions 
about the special operations covered in this chapter 


Those questions come from the following two syl- 

abus groups: 

‘TOA How an FM Repeater Works; Repeater operating 
procedures; Available frequencies; Input/output. 
frequency separation; Repeater ID requirements; 


on: Coordination; Time out; Open! 
Responsibility for interference. 
ТВ Beacon, satellite, space, EME communications 
io control of models; Autopatch; Slow scan tele 
vision; Telecommand; CTCSS tone access; Duplex/ 
crossband operation. 


VHF and UHF FM Voice Operation 


Any voice communication mode is known as pho 
under FCC Rules. AM, single sideband (SSB) and fr 
quency-modulated (FM) voice are all phone emission. 
types. 

More hams use FM voice than any other communi- 
cations mode, Most hams have an FM rig of some type 
‘They use it to keep in touch with their local friends. Hams 
often pass the time during their morning and evening 
commutes talking on the air. In most communities, ama- 

interested in a specialized topic (such as c 
DX) have at FM fsqueney where they meet regularly 
exchange information, At flea markets and conventions, 
hand-held FM units are in abundance as hams compare 
notes with their buddies on the latest bargain they've 
found. 

FM voice operation is well-suited to local VHF/UHF 


radio communication because the audio signal from an 


s not affected by static-tvpe ele 


al noise, and many hams like to operate their 
hile they ure driving or riding in a саг. (This 
is called mobile operation.) An AM or SSB rec 
affected much more by statie-type electrical nois 
(Generally. it's а good idea to use УНЕ or UHF for all 
local communications, The НЕ bands should be reserved 
for longer-distance contacts. This will help reduce inter 
ference on the HF bands, УНЕ and UHF FM voice opera 
tion takes two forms: repeater and simplex. 


Repeaters 

The communications range for УНЕ 
simplex is usually limited to your local area 
high on a поштай 


4 UHF FM 
If you live 
ind use а high-gain directional an- 
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tenna, you may be able to extend your range considerably. 
Unfortunately, most of us do not enjoy the luxury of ideal 
VHF/UHF operating conditions. Often, we want to make 
contacts even though we live in a valley, are driving in a 
car or are using a low-power, hand-held transceiver. 

Enter the repeater. A repeater receives a signal and 
retransmits it, usually with higher power, better antennas 
and from a superior location, to provide a larger commu- 
nications range. Often located atop a tall building or high 
mountain, VHF and UHF repeaters greatly extend the 
‘operating range of amateurs using mobile and hand-held 
transceivers, See Figure 9.1. If a repeater serves an area, 
it's not necessary for everyone to live on a hilltop. You 
only have to be able to hear the repeaters transmitter and 
reach the repeater's receiver with your transmitted signal. 

A repeater receives a signal on one frequency and. 
simultaneously retransmits (repeats) it on another fre- 
‘quency. The frequency it receives on is called the input 
frequency, and the frequency it transmits on is called the 
‘output frequency. Repeaters identify themselves peri- 
odically using Morse code. 

‘To use repeater, you must have a transceiver that can 
transmit on the repeater's input frequency and receive on 
the repeater's output frequency. The input and output fre- 
‘quencies are separated by a predetermined amount that is 
different for each band. This separation is called the offset 
(sometimes called the split). For example, the standard 
offseton 1.25 meters is 1.6 MHz. A repeater on 1.25 meters 
might have its input on 222.32 MHz and its output on 
223,92 MHz. Repeater frequencies are often specified in 


terms ofthe output frequency (the frequency you set your 
receiver o listen on) and the offset. Your transmitter oper- 
мез on a frequency that is different from the receive fre- 
quency by the offset amount. 

You will find repeater stations on each ofthe VHF and 
UHF bands. Table 9.1 summarizes the standard frequency 
offset between the repeater input and output frequencies on 
cach band. Since the offset is different for each band, i is 
helpful for you to know the standard offsets. For example, on 
the 2-meter (144 to 148 MHz) band, most repeaters use 
an input/output frequency separation of 600 kHz. On the 
125-meter (222 to 225 MHz) band, the standard offset is 
16 MHz and on the 70-em (420 10 450 MHz) band it is 
5.0 MHz. You can see that when there is more space avail- 
able on the band, a wider offset is chosen. By providing more 
space between the input and output frequencies there is less 
chance for interference or interaction between the two, 

‘Some specialized repeaters receive on one amateur 


Table 9.1 


Repeater Input/Output Offsets 
Offset. 

1 MHz 

600 KHE 

1.6 MHz 

5MHz 

12 MHz 

20 MHz 


Figure 9. 


— Stations їп city A can easily communicate with each other, but the hill blocks their 


communications with city B. The hilltop repeater enables the groups to communicate with each other. 
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band and retransmit on another amateur band, These are 
called crossbund repeaters. Because they use widely 
separated frequencies, crossband repeaters can even be 
used for duplex operation, much like a regular telephone 
allows the user 10 talk and listen simultaneously. A 
erossband repeater might receive on the 70-cm band and 
retransmit on the 2-meter band, for example. 

A typical use of a crossband repeater might be when 
эп operator оп foot needs to communicate with a wide- 
area 2-meter simplex emergency net using a low-power 
70-em hand-held radio. A car-mounted dual-band radio. 
сап function as a crossband repeater, receiving the hand. 
held's 70-em signal and retransmitting it (at higher power 
through am efficient mobile antenna) on 2 meters. Search 
and Rescue groups covering a wide geographic area often 
benefit from such crossband capabilities to boost the com- 
munications range. 

You should always consider other repeater users 
when selecting an operating frequency. You can easily 
select another frequency or move a conversation to а sim- 
plex frequency so you don't cause interference to the re- 
peater, Try to stay off repeater frequencies when testing 
your radios. For example, if you want to test a pair of. 
hand-held transceivers on your workbench you should 
select an unoccupied simplex frequency rather than tying 
up the local repeater. 

Most transceivers designed for FM repeater opera 
tion are set up for the correct offset, They usually have a 
switch to change between simplex operation (transmit and 
receive on the same frequency — we'll cover operating, 
simplex in more detail шег) and duplex operation (trans- 
mit and receive on different frequencies). 

When you have the correct frequency and offset di- 
aled im, just key your microphone button to transmit 
through (access) the repeater. Most repeaters are open 
repeaters — that is, they are available for use by anyone in 
range. Some repeaters, however, have limited access, Re- 
member that a repeater site may well be rented, and the 
repeater hardware and antenna are usually funded and 
maintained by either an individual or а club on a voluntary 
basis, The owner or owners may decide to restrict access to 
a small group, perhaps just the members of a club. If you 
wish to join a group that sponsors such a closed repeater, 
contact the repeater control operator or club. 

Many repeaters require the trans 
subaudible tone-controlled squelch or a short 
tones for access. These are called CTCSS (continuous 
tone-coded squelch system) or PL (Private Line — PL is 
a Motorola trademark) tones. The reason for requiring 
access tones for “open” repeaters is to prevent interfer- 
ence by extraneous transmissions that might accidentally 
key the repeater. Sometimes a repeater receives interfer- 
ence from other nearby strong signals. For example, the. 
repeater may be located at a commercial communications 
site. The repeater antenna may share tower space with 
many other antennas. If the repeater requires a certain 
CTCSS signal to activate the transmitter, then only the 


desired signals will be repeated 

Suppose your local repeater operates оп the 146.67/ 
146.07 MHz repeater frequency pair. There may be another 
repeater using this same frequency pair that i located, 
75 miles away. Normally, he operators using the two re- 
pesters don't hear each other, Occasionally, however, some 
of the stations using the other repeater may key up your 
club's repeater. Operating through this interference can 
become more than a minor annoyance, especially if it oe. 
curs during a public service activity or some type of emer- 
‘gency. This is a good example of why many repeaters use 
а CTCSS system. As long as the hams using the other re- 
ремет don't transmit the tone to access your club repeater, 
they won't key it up when they transmit, 


Finding a Repeater 

Most communities in the United States are served by 
repeaters. While the majority of repeaters (over 9000) 
ме on 2 meters, there are more than 1800 repeaters on 
222 MHz, more than 7000 on 440 MHz, over 125 on 
902 MHz and more than 350 on 1270 MHz. More repeat- 
ers are being put into service all the time, Repeater fre- 
quencies are selected through consultation with 
frequency coordinators — individuals or groups that 
recommend repeater frequencies based on potential inter- 
ference and other factors, (We'll get more into the subject 
er frequency coordination later in this chapter.) 

There are several ways to find local repeater(s). Ask 
local amateurs ог contact the nearest radio club, Each year, 
the ARRL publishes The ARRL Repeater Directory, & 
‘comprehensive listing of repeaters throughout the United 
States, Canada, Central and South America and the Car- 
ibbean. Besides finding ош about local repeater activity, 
the Directory is handy for finding repeaters to use during 
vacations and business tris. See Figure 9.2. ARRL also 
publishes the North American Repeater Айаз, a book with 
‘maps for each state, Canadian province, Mexico, Central 
America and the Caribbean. TravelPlus For Repeaters is 
A CD-ROM version of the Repeater Directory database, t 
also includes a printable map feature that can show the 
locations of repeaters along your travel route. 

Certain segments of each band are set aside for FM 
‘operation. For example, on the 2 meter band, repeater inputs 
are found between 144.60 and 144.90 MHz, 146.01 and 
146.37 MHz, and between 147.60 and 147.99 MHz. The 
corresponding repeater outputs are found between 145,20 
and 145.50 MHz, and between 14661 and 147.39 MHz. 
There are frequencies for packet radio operation, FM sim- 
plex and other frequencies for single sideband (SSB) and 
Morse code (CW) operation 

Оп 1.25 meters, repeater inputs are found between. 
22232 and 22328 MHz. The corresponding outputs 
are between 223.92 and 224.98 MHz. Frequencies between 
223А2 and 223.9 MHz are set aside for simplex operation, 

On 70 em, voice repeater inputs and outputs can 
be found from 442.00 to 445.00 MHz, and 447.00 to 
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Figure 9.2 — Anyone who operates оп VHF ЕМ 
should have a copy о! The ARRL Repeater Directory. 

Information Includes the repeater call sign, 
location, frequency and sponsor. 


450,00 MHz. There are many local options for voice- 
repeater frequencies, as well as simplex voice communi- 
cation and control-link frequencies, The national simplex 
frequency is 446,00 MHz. The 70-cm band is the lowest- 
frequency amateur band that allows wideband Amateur 
‘Television (ATV) operation, either simplex or through 
ATV repeaters. 

On 23 em, repeater inputs run between 1270 and 
1276 MHz, with corresponding outputs between 1282 and 
1288 MHz. Simplex operation is between 1294 and 
1295 MHz. 

Most ofthese frequency segments are part of the ARRL 
and ITU band plans. Band plans are agreements between 
‘operators about how to use the band, rather than FCC regu- 
lations. Good operators are familiar with the band plans and 
try to follow them. 
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Repeater Operating Procedures 


Before you make your first FM repeater contact, you 
should learn some repeater operating techniques. It's 
worth a few minutes to listen and familiarize yourself 
with the procedures used by other hams in your area. 
Accepted procedures can vary slightly from repeater to 
repeater. 


Your First Transmission 


Making your first transmission on a repeater is as 
simple as signing yourcall. If the repeater is quiet, just say 
"NIGZO" or "NIGZO listening" — to attract someone's 
attention. Afer you stop transmitting, you will usually 
hear the unmodulated repeater carrier fora second or two, 
followed by a short burst of noise. This squelch tail lets 
you know that the repeater is working. Someone inter- 
ested in talking to you will call you after your initial trans- 
mission. Some repeaters have specific rules for making 
yourself heard. In general, however, your сай sign is all 
you need. 

Don't call CQ to initiate a conversation on a repeater. 
I takes Jonger to complete а CQ than to transmit your call 
sign. (In some areas, a solitary "CQ" is permissible.) E 
ficient communication is the goal. You are not on HF, 
trying to attract the attention of someone who is casually 
tuning across he band. In the FM mode, stations are either 
monitoring their favorite frequency or not, Except for 
scanner operation, there is not much tuning across the 
repeater bands 

То join a conversation in progress, transmit your call 
sign during a break between transmissions. The station 
that transmits next will usually acknowledge you. Don't 
use the word “break” to join a conversation — unless you 
want to use the repeater to help in an emergency. To make 
a distress call over a repeater, say “break break" and then 
your сай sign to alert all stations to stand by while you 
deal with the emergency 

A further word about emergencies: Regardless of the 
band, mode ог your class of license, FCC rules specify 
that, in case of emergency, the normal rules can be sus- 
pended. If you hear an emergency сай for help, you should 
Чо whatever you can to establish contact with the station 
needing assistance, and immediately pass the information 
on to the proper authorities, If you are talking with an- 
other station and you hear an emergency call for help, stop 
your QSO immediately and take the emergency сай. 

"To call another station when the repeater is not in 
use, just give both calls. For example, “NII, this is 
NIBKE" or shorter still, “NITI NIBKE (with a short 
space between the two call signs). If the repeater is in use, 
but the conversation sounds like it is about то end, w 
before calling another station. If the conversation sounds 
like и is going to continue for a while, however, transmit 
only your call sign between ther transmissions. After you 
are acknowledged, ask to make a quick call. Usually, the 
other stations will stand by. Make your call short. If your 
friend responds, try to meet on another repeater ог on a 


simplex frequency. Otherwise, ask your friend to stand by 
until the present conversation ends. 

Use plain language ona repeater, If you want to know 
someone's location, say "Where are you?" If you want to 
know whether someone you're talking with is using a 
mobile rig or a hand-held radio, just ask: “What kind of 
radio are you using?” You get the idea, 


Courtesy Counts 

If you are in the midst of a conversation and another 
station transmits his or her call sign between transmis- 
sions, the next station in fine to transmit should acknowl- 
edge the new station and permit the new arrival to make 
а call or join the conversation. It is impolite not to ac- 
knowledge new stations, or to acknowledge them but not 
let them speak. The calling station may need to use the 
repeater immediately. He or she may have an emergency 
to handle, so let him or her make a transmission promptly. 

When you wish to break into a conversation on a re- 
pealer, the proper procedure is to give your call sign as soon 
эз one of the stations stops transmitting, while the other 
station pauses to listen for any breakers. If you are one of 
the people involved in an ongoing conversation, make sure 
you briefly pause before you begin each transmission. This 


allows other stations to break in — there could be an emer- 
gency. Don't key your microphone as soon as someone else 
releases theirs. If your exchanges are too quick, you сап 
prevent other stations from getting in. 

‘The courtesy tone found on some repeaters prompts 


users to leave a space between transmissions. The beeper 
sounds a second or two after each transmission to permit 
new stations to transmit their call signs in the intervening. 
time. The conversation may continue only after the beeper 
sounds. If a station is too quick and begins transmitting 
before the beeper sounds, the repeater may indicate the 
violation, sometimes by shutting down! 

Keep transmissions as shart as possible, so more 
people can use the repeater. Again, long transmissions 
could prevent someone with an emergency from getting 
the chance to call for help through the repeater. АШ re- 
peaters encourage short transmissions by "timing out 
(shutting down for a few minutes) when someone gets 
longwinded. The time-out timer also prevents the re- 
ремет from transmitting continuously, due to distant sig- 
nals or interference, Because it has such a wide coverage 
area, а continuously transmitting repeater could cause 
unnecessary interference. Continuous operation can also 
damage the repeater 

You must transmit your сай sign at the end of con- 
tact and at least every 10 minutes during the course of any 
communication, You do not have to transmit the call sign 
of the station to whom you are transmitting. 

Never transmit without identifying. For example, 
keying your microphone to turn on the repeater without 
saying your station call sign is illegal. If you do not want 
toengage in conversation, but simply want to check if you 
are able to access a particular repeater, simply say some- 


thing like “NIKB testing." 


Fixed Stations and Prime Time 

Repeaters were originally intended to enhance mobile 
communications. During commuter rush hours, mobile 
stations still have preference over fixed stations on some 
repeaters. During mobile prime time, fixed stations should 
generally yield to mobile stations. When you're operating 
as а fixed station, don't abandon the repeater completely, 
though. Monitor the mobiles: your assistance may be 
needed in an emergency. Use good judgment: Rush hours 
are not the time to test your radio extensively orto join a net 
that doesn't deal with the weather, highway conditions or 
other subjects related to commuting. Third-party commu- 
nications nets also should not be conducted on a repeater 
during prime commuting hours 


Autopatoh: Use it Wisely 

An autopatch allows repeater users to make tele- 
phone calls through the repeater. To use most repeater 
autopatches, you generate the standard telephone com- 
pany tones to access and dial through the system. The 
tones are usually generated with a telephone-type tone 
рай connected t the transceiver, Tone pads are available 
from equipment manufacturers as standard or optional 
equipment. They are often mounted on the front of a por- 
table transceiver or on the back of a fixed or mobile 
transceiver's microphone. Whatever equipment you use, 
the same autopatch operating procedures apply. 

‘There are strict guidelines for autopatch use. The first 
‘question you should ask is “Is the call necessary?" If it is 
ап emergency. there is no problem — just do it! Calling 
for an ambulance or a tow truck is okay. Other reasons 
‘may fall into a gray area. Asa result, some repeater groups 
expressly forbid autopateh use, except for emergencies. 

Don’t use an autopatch where regular telephone ser- 
vice is available. One example of poor operating practice 
can be heard most evenings in any metropolitan area. 
Someone will call home to announce departure from the 
office. Why not make that call from work before leaving? 

Never use the autopatch for anything that could be 
considered business communications. The FCC strictly 
forbids you to conduct communications in Amateur Ra- 
dio for your business or for your employer. You may, 
however, use Amateur Radio to conduct your own per- 
sonal communications. The rules don't forbid you to use 
the autopatch to call your doctor or dentist to make an 
appointment, orto order food, for example. Some repeater 
‘groups may prefer that you not use their autopatch for 
Such calls, however. It is always best to ask someone in 
the club about their autopatch guidelines, 

Don't use an autopatch just to avoid a toll call 
Autopatch operation is a privilege granted by the FCC. 
Abuses of autopatch privileges may lead to their loss for 
everyone. 

You have a legitimate reason to use the autopatch? 
Here's how most systems operate. First, you must access 
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(Quen on) the autopatch, usually by pressing a designated 
key on the tone pad, Ask the other hams on a repeater how 
to learn the access code. Many clubs provide this informa- 
tion only to club members. When you hear а dial tone, you 
know that you have successfully accessed the autopatch. 
Now, simply punch in the telephone number you wish to 
call 

Once а call is established, remember that you are still 
on the air. Unlike a normal telephone call, only one party 
ata time may speak. Both you and the other person should 
use the word "over" to indicate that you are finished talk- 
ing and expect a reply. Keep the call short. Many repeat- 
cers shut off the autopatch after a certain time. 

Turning off the autopatch is similar to accessing it. A 
key or combination of keys must be punched to return the. 
repeater to normal operation. Ask the repeater group spon- 
soring the autopatch for specific information about access. 
and turn-off codes, as well as timer specifics. Don't forget 
чө identify your station, Most groups expect you to give 
your call sign, the date and time just before accessing the 
‘autopatch and just after turning it off 


Repeater Frequency Coordination 

Repeaters in the same area that use the same or simi- 
lar frequencies can interfere with each other. As more and 
more repeater stations have been set up, there have been 
‘more and more cases of repeater interference, One effec- 
tive way of dealing with the problem is frequency coor- 
dination. Volunteer frequency coordinators have been 
appointed to ensure that new repeaters use frequencies 
that will tend not to interfere with existing repeaters in the 
‘same area. The FCC encourages frequency coordination, 
but the process is organized and run by hams and groups 
of hams who use repeaters, 

"The FCC has ruled in favor of coordinated repeaters if 
there is harmful interference between two repeaters, In such a 
case, Га frequency coordinator has coordinated one but not the 
other, the licensee of the uncoordinated repeater is responsible 
for solving the interference problem. If both repeaters are coor- 
dinale, or if neither is, then both licensees are equally respon- 
sible for resolving the interference. 


[Before you go on t the next section, turn to Chapter 11 
and study the questions with numbers T6A04, T9A02 
through T9A04, TSAO6 through T9ADB, TA16, TSAT7, 
‘T9A20, T9B13 and T9B14, Review this section If you 
have difficulty with any of these questions ] 


‘Simplex Operation 


Simplex operation means the stations are talking to 
cach other directly, on the same frequency. This is similar 
to making а contact on the HF bands. After you have made 
а contact on a repeater, move the conversation to a sim- 
plex frequency if possible, The repeater is not a soapbox. 
You may like to listen to yourself, but others who may 


9.6 Chapter 9 


need to use the repeater will not appreciate your tying up. 
the repeater unnecessarily. The easiest way to determine 
if you are able to communicate with the other station on 
simplex is to listen to the repeater input frequency. Since 
this is the frequency the other station uses to transmit to 
the repeater, if you can hear his signals there, you should 
be able to use simplex. Many radios include a reverse 
feature, With the push of a button or other control you can 
listen on the normal transmit frequency. This is a very 
useful feature for checking to see if you can operate sim- 
plex with the other station. 

As mentioned previously, if you want to perform an 
on e ar test of a pair of hand-held radios, you should 
select an unoccupied simplex frequency. That way you 
сап perform your tests without interfering with repeater 

‘The function of a repeater is to provide communica- 
tions between stations that can't otherwise communicate 
because of terrain, equipment limitations or both. l fol- 
lows that stations able to communicate without a repeater 
should not use опе, That way, the repeater is available for 
stations that need it. (Besides, communication on simplex 
offers a degree of privacy impossible to achieve on a re 
ремет. On simplex you can usually have extensive conver- 
sations without interruption.) 

Selecta frequency designated for FM simplex opera- 
tion, Otherwise, you may interfere with stations operat- 
ing in other modes without realizing it, (The reason 
for this is simple: Changing to a simplex frequency is far 
easier than changing the frequencies а repeater uses.) 
‘Table 9.2 lists the common simplex frequencies for popu. 
lar VHF/UHF amateur bands. Each band bas a designated 
national FM simplex calling frequency, which is the 
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‘Common VHF/UHF FM Simplex Frequencies 
2-Meler Band 1.25-Meler Band 70-em Band 


14652 22942 446.0" 
146535 22344 
146.55 22346 
146.565 22348 
146.58, 223.50" 
146,595 22352 
147.42 

147.485 

14745, 

147465 

14748 

147495 

14751 

147525 

147.54 

147.555 

14757 

147.585 

National Simplex Frequency 


33em Band 
[^ 


23-em Band 
1294.5" 

1294.000 

1294.025 

Every 25 kHz to 1295 


center for most simplex operation. The 
simplex calling frequency is 146.52 


meter national 
MHz. On the 


Wá-meter band this is at 223.50 MHz, On the 23-cm 
frequency is 


band the national 
1294.50 MHz. 


simplex. calling 


Amateur Satel 


Amateur Radio operators have built many satelites 
since the first one was launched in 1961. Amateurs use 
these Orbiting Satellites Carrying Amateur Radio 
(OSCARS) to communicate with other amateurs around 
the world. Any licensed Amateur can operate through a 
satellite using the VHF and UHF hands. 

Radio signals on the VHF/UHF bands normally go. 
right through the ionosphere. The satellites retransmit 
signals to provide greater communications range than 
would normally be possible on those bands. While it is 
possible to use HF signals for satellite operation (and 
some satellites do), more of the HF signal energy may be 
bent back to the Earth rather than going through to the 
satellite. (And these HF signals already provide long-dis- 
tance communication.) 

Since satellite communication uses line-of-sight 
propagation, two amateurs сап communicate through а 
Satelite as long as the satellite is in view of both stations. 
Figure 9.3 shows how a satellite can relay an amateur's 
signals. Notice that stations 1 and 2 can communicate 
through the satellite at this time, but neither station could. 
‘communicate with station 3 at this time. Later, as the sat- 
elite orbits the Earth, stations 2 and 3 will be able to use 
the satellite, but not station 1. 

‘A satellite's orbit around the Earth is usually shaped 
like an ellipse, In fact, a perfectly circular orbit is one 
kind of ellipse. Most orbits however are not perfectly 
circular. The distance from the center of the Earth to a 
satellite's closest approach to the Earth is called the peri- 
gee, and the farthest distance from the center of the Earth 
in a satellite's orbit is called the apogee. The location of 
з particular satellite from any point on the Earth can be 
‘computed using a set of mathematical parameters called 
Keplerian elements, 

‘Most hams use computer programs to calculate 
where exactly to point their directional antennas in the. 
direction of the "bird." This requires that you be able to 
aim your antenna in different compass directions (azi- 
muth) as well as change the elevation angle to keep the 
antenna pointed at the satellite as it moves through space, 
When the satellite is almost directly overhead, and you 
can point your antenna at the satellite, relatively low 
power is required. I is even possible to operate through 


[Before you go on to the next section, tum to Chapter 11 
“and study the quostions with numbers T9A13 through 
Laas Review this section If you have dificulty with 
‘any of these questions.) 


2 — Amateurs use Orbiting Satellites 

‘Amateur Radio (OSCARS) to relay signals. 
Both stations must be able to "see" the satellite for 
direct communications to take place. With the 
satellite Іп the position shown, stations 1 and 2 can 
communicate, but station 3 cannot. As the satellite 
orbits the Earth, stations 2 and 3 may be able to 
communicate, but not station 1. 


some satellites using simple vertical antennas and low 
power hand-held radios. When the satellite is near the 
horizon, however, you may need more power even if you 
сап point your gain antenna directly at the bird, This is 
primarily because your signal must travel a longer dis 
lance through the relatively dense air close to the Earth 

‘The Doppler effect shifts the apparent frequency of 
ıa satellite transmission due to the relative motion between 
the satellite and the earth station. As the satellite moves 
towards you, the frequency of the signal transmitted from 
the satellite appears to shift higher. As the satellite passes 
directly overhead and then moves away from you, the 
frequency will shift downwards — this is similar to how 
the pitch of a car's horn changes as the car moves towards 
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You, passes you and then moves away from you. The 
Doppler effect requires you to tune your receiver to match 
the frequency changes as the satellite moves in its orbit. 

Contacts from a well-equipped ground station with 


the International Space Station (ISS) — which is really 
just a big satellite typically last from 4 to 6 minutes Гог 
‘each pass, since it has a fairly low, nearly circular orbit 
with a period of about 90 minutes, 


Earth-Moon-Earth (Moonbounce) 
Communications 


‘The concept behind Earth-Moon-Farth — EME or 
Moonbounce — communication is really quite simple: 
Stations that can simultaneously see the Moon communi- 
cate by reflecting VHF or UHF signals off the Moon's 
surface! Those stations can be separated by more than 
11,000 miles on the Earth's surface 

‘There is one drawback to this communications 
method, however. The Moon's average distance from the 
Earth is 239,000 miles, and EME signals must travel twice 
the distance to the Moon. Path losses are huge when com- 
pared to "local" УНЕ paths, Path loss refers to the total 
signal loss between the transmitting and receiving sta- 
tions as compared to the total radiated signal energy. In 
addition to the long distance to the Moon and back, de 
Moon's surface is irregular and not a particularly effi- 


cient reflector of radio waves. Because signals received 
from the Moon are very weak, most operators use CW, 
with narrow receiving filters. 

A typical EME station also uses high-gain antennas 
and а high-power amplifier. For example, a high-gain, 
array of stacked Yagi or collinear antennas would be good 
choice for a moonbounce station, Or you might elect to 
use large parabolic dish. You would not even want to try 
moonbounce with a low-gain antenna like а simple 
ground-plane antenna, no matter how much transmitter 
power you had! 


oc е ee ene ieri 
TOBÍ1. Review this section И you have difficulty 
any of those questions.) 


Image Communications 


Amateur TV (ATV) 

Amateur TV (ATV) is ham television that uses the 
same standards as broadcast TV. It is often called "fast 
scan television” to distinguish it from 
sion” described in the next section. Several cable-TV 
channels operate at frequencies in the Amateur 420 to 450 
MHz band. Cable channels 57 through 61 are in that band. 
(Note: These are cable channels, not broadcast channels.) 
So a cable-ready TV set to receive one of those channels 
should be able to pick up any local ATV activity when 
used with a good outdoor antenna — not your Cable TV 
feed line, of course! 

Transmitting ATV involves using an AM (double 
sideband) transmitter and a video source, usually an inex- 
pensive camera or a VCR. Figure 9.4 shows a block dia- 
gram from The ARRL Handbook of a complete ATV 
station using a homemade 20-W ATV transceiver. 


'slow-scan televi- 


Slow-Scan Television (SSTV) 


Slow-Scan Television (SSTV) is the transmission of 
still pictures over radio. The picture is transmitted using a 
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process that turns an image into audio tones, These tones 
go into the microphone input of the radio. The object is to 
use the minimum bandwidth allowed by the FCC Rules for 
the phone mode in use. SSTV is popular on 20-meter HF 
using SSB, and it is also used on VHF/UHF with FM ra- 
dios. Some 2-meter voice repeaters also allow SSTV op- 
eration on their machines. (Because SSTV transmissions 
can take almost two minutes for color pictures, you should 
get permission to use a repeater before you attempt to use 
it for SSTV operation, as a matter of courtesy.) 

Figure 9.5 from The ARRL Handbook shows a block 
diagram of a simple PC-based SSTV station. The SSTV 
interface is a very simple circuit using several transform- 
ers and a single op-amp working through the COM port of 
computer. The ARRL Image Communications Handbook 
also has more information on how you can send/receive 
SSTV pictures 


[Turn to Chapter 11 and study questions T9B15 and. 
TOB16. Review this section if you have difficulty with 
either of those questions.] 


Figure 9.4 — Block diagram of a 


(Cher эм) * cep 


complete ATV station using a 
20-W transceiver. For more 


detailed information, soo the 
2003 Edition of The ARAL 
Handbook, Chapter 12. 

Wa 


tion 
Camcorder Frame Computer SSIV 
Grabber Interfoce 


Transceiver 


Figure 9.5 — A modern, PC- 
based SSTV station. For more 
detailed information, see the 
2003 Edition of The ARAL 
Handbook, Chapter 12. 


One-Way Communications 


Amateur Radiois atwo-way communications service, 
Атшеш Radio stations may по! engage in broadcasting, 
Broadcasting normally means the transmission of informa- 
tion intended for reception by the general public, There are 
also restrictions regulating one-way communications or 
transmissions of information of general interest to other 
amateurs. Amateur stations may transmit one-way signals 
for beacon operation or radio-control telecommand op- 
eration. 

or property is in immediate danger, one-way transmissions 


‘Since normal restrictions are suspended when life 


are not considered broadcasting (which is not allowed) 
‘under emergency conditions 


Beacon Stations 

A beacon station is simply a transmitter that alerts 
listeners to its presence. In the amateur service, beacons 
are used primarily for the study of radio-wave propaga- 
tion — to allow amateurs to tell when a band îs open to 
different parts of the country or world. The FCC defines 
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a beacon station as un amateur station transmitting com- 
munications for the purposes of observation of propag 
tion and reception or other related experimental activities. 
‘The FCC Rules address beacon operation this way: 
‘Automatically controlled beacon stations are limited to 
parts of the 
ads, and all 
The transmitter power of a beacon must not exceed 
100 w. 
Technician and higher class licensees can operate a 
beacon station, 


Telecommand 

Telecommand means literally “command from a 
distance.” Telecommand operation is a one-way trans- 
mission to initiate, modify or terminate functions of a 
device ata distance. A familiar example is remote control 
of a model aircraft or boat, but telecommand operation 
сап also include control of an amateur satellite or a re- 
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motely located amateur station. Control of the remote 
device or station can be by means of a wire line (even fiber 
optic) or a radio control link. The system must be pro- 
tected so that only authorized transmissions under the 
control of the control operator can be made. 


identification is impractical in that application. However, 
there must be an identification label with the station call 
sign and the licensee's name and address affixed to the 

The maximum transmitter power for this kind. 


[Congratulations! You have completed all of the mate- 
rial about special operations for your Technician class 
license exam. Before you go on to Chapter 10, tum to 
Chapter 11 and study questions T9B01, T9802, T9812, 


Tes r and TOB18. Review this section if you have dit- 
ficulty with any of those questions.) 


ELECTRICAL, 
ANTENNA 
STRUCTURE AND 
RF SAFETY 
PRACTICES 


Safety is always your first 
concern. As a Technician 
licensee, you must know 
how to install and operate 
your Amateur Radio station 
without harming yourself or 
others. You probably won't 
install a station with towers 
and antennas like we have at 
W1AW, ARRL Headquarters. 


А Radio is similar to many everyday pastimes. — groups of topics in the TO exam subelement: 


‘There are potential dangers all around us, Toacare- ТОА Sources of electrical danger in amateur stations 
less or uneducated person, these dangers can be lethal voltages, high current sources, fire; avoiding 

significant — even deadly! Careful and knowledgeable electrical shock: Station wiring: Wiring a three wire 

hams control the risks and operate without hurting them- electrical plug; Need for main power switch; Safety 

selves or those around them. You must be aware of the interlock switch; Open/short circuit; Fuses; Station 

dangers of electrically operated equipment and the haz- grounding. 

ards of antenna installation and tower safety. Someone is TOB Lightning protection; Antenna structure installation 


sure to ask you about 
antenna when th 


е dangers of lightning striking that safety; Tower climbing Safety; Safety beluhard hat/ 

e it in the air. Others safety glasses; Antenna structure limitations. 

sible heating of body ТОС Definition of RF radiation; Procedures for RF envi- 
when you transmit ronmental safety; Definitions and guidelines, 

lp you answer the — TOD Radiofrequency exposure standards; Near/far field, 

your station is safe. You Field strength; Compliance distance; Controlled 


тау share conce 
tissue from radio frequency 
The information in this chapi 
questions and demonstrate u 
are responsible for all aspects of safety around your Ama. Uncontrolled environment 
‘TOE RF Biological effects and potential hazards; Radia 
Your JET Bulletin 65; MPE (Maxi- 
six questions about various safety aspects around your тшт permíssible exposure). 
station, Those six questions will be taken from the six TOF Routine station evaluation. 


ment 3 Technician license exam will include tion exposure li 
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Open and Short Circuits 


A closed, or complete circuit has an uninterrupted 
path for the current to follow. This allows the circuit to 
work as it was intended. Turning a switch on, for example, 
closes or completes the circuit, allowing current o flow. 
Figure 10.1A shows a properly operating complete circuit 

You've probably heard the term short circuit be- 
fore. A short circuit happens when the current flowing, 
through the components doesn’t follow the path we 
expect it to, Instead, the current finds another path — a 
shorter one — between the terminals ofthe power source. 
‘This is why we call this path a short circuit. There is less. 
opposition to the flow of electrons, so there is a larger 
current, Often the current through the new (short) path is 
solarge that the wires or components can't handle it. When 
this happens, the wires and components can be damaged 
Figure 10.1В shows a bare wire causing a short circuit, 

Some people think that a short circuit occurs when 
there is no resistance in the connection between the po 
tive and negative terminals of the power supply. Actually 
there will always be some resistance but it may be such a 
small amount that it can be ignored, 

Inthe extreme case, if a short circuit develops in our 
house wiring. the wire may overheat and can even start a 
fire, This is why itis important to have a properly rated 
fuse connected in line with a circuit. We will describe 
fuses in more detail later in this chapter, 

Current flows through the circuit, but the same current that 
flows out of a battery or other power supply will flow back into 
the supply at the other terminal. You can imagine electrons 
leaving the negative buttery terminal and flowing through the 
circuit All the electrons that leave ће battery eventually retum 
to the positive terminal, A short circuit usually allows more 
current than the circuit was designed to handle. 

‘Too much current is a relative term. A short circuit 
draws more current than is intended, If you connect two 
or three electric space heaters 
15-amp household circuit, they may draw too much cur- 
rent. This will blow a fuse or trip a circuit breaker, but it 
does not mean you have a short circuit. Each heater is 
drawing the current it is designed to draw. 

"The opposite of a short circuit is an open circuit. In 
aan open ci surent is interrupted, just as itis when 
‘you turn a light switch off. There is no current through an 
‘open circuit. The switch breaks (opens) the circuit, put- 
ting a layer of insulating air їп the way so no current can 
Flow. This break in the current path prese 
high resistance, An open circuit can be good, as when you 

im the ON/OFF switch to OFF, An open circuit can be bad 
if t's an unwanted condition caused by a broken wire or 
a bad component, Figure 10.1C illustrates an open circuit 

When a fuse blows or a circuit breaker trips it creates 


а few lights to one 


an open circuit, We use fuses or circuit breakers in our 


house wiring and in electrical equipment to protect against 
the large current drawn by a short circuit or an overloaded 
circuit. Itis much better to blow the fuse or trip the circuit 
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Figure 10.1 — Part A shows a light bulb in a working 
circuit. This is a closed or complete circuit. In Part 
В, the insulation covering the wires has broken, and 
the two wires are touching. This is a short circuit. In 
Part C, one wire has broken, preventing the currant 
from flowing through the bulb. This is an example of 
ап open circuit. 


breaker and create an open circuit than to cause a fire. 
because the wires overheated! 

Sometimes the resistance in the circuit path is so large 
that it is impractical to measure it. When this is true, we 
say that there is an infinite resistance in the path, creating 
эп open circuit 


Fuse: 

What would happen if part of your receiver suddenly 
developed a short circuit? The current, flowing without 
opposition through portions of the circuit, could easily dam- 
age components not built to withstand such high current 

Toprotect against unexpected short circuits and other 
problems, most electronic equipment includes one or 
more fuses. A fuse is simply a device made of metal that 
will heat up and melt when there is a certain amount of 
current through it. The manufacturer determines the 
amount of current that causes each fuse to melt, or "blow. 
When the fuse (usually placed in the main power line to 
the equipment) blows, it creates an open circuit, stopping. 
the current 

Fuses come in many shapes and sizes. Figure 10.2 
shows some of the more common fuse types. This figure 
also shows the three common symbols used to represent 
a fuse on schematic diagrams, Notice that two of these 
symbols seem to have а small wire through the center and 


Figure 10.2 — This photo shows some соттоп 
fuses. Fuses protect circuits from excessive 
current. The inset drawing shows common fuse 
Schematic symbols. 


опе is open through the center. That should help remind 
you that if there is too much current through the fuse, the 
wire will melt and produce an open circuit. Remember 
that fuses arc designed to protect against too much cur- 
rent, not voltage. 

Most people use circuit breakers instead of fuses to 
protect their house circuits from overload. Circuit break- 
ers use a spring-loaded mechanism that unlatches and 
pops open if there is too much current through the breaker. 
то reset the breaker you simply move the lever to the OFF 
position and then back to the ОМ position. Circuit breakers 
are also available for use on circuit boards and other ap. 
plications where you need to protect against having 100 
much current in the circuit. 

If you are building a piece of equipment that will be 
powered from the ac line voltage, always include а fuse in 
the hot lead. That fuse should be located right at the point 
where the power line enters the equipment cabinet. The 


Figure 10.3 — To protect your mobile equipment 

st being “zapped” Install fuses on both the 
positive and negative leads, close to the battery 
terminal 


hot line should go to the fuse first, and then to the power 
switch. Never use a fuse in the neutral or ground side of 
the ac line. If that fuse were to blow, you would still have 
the full line voltage present inside the equipment, creating 
а dangerous shock hazard. 

‘The best way to install the power wiring for your 
mobile radio is to connect heavy-gauge positive and nega- 
tive power wires directly to the car battery. This тї 
mizes any voltage drop and electrical noise. Although the 
negative side of the battery connects to the car frame, you 
should still run both positive and negative wires directly 
to the battery. Add fuses in both the positive and negative 
power leads, as close to the batery as possible. There is an 
important reason for including а fuse in the negative lead 
of a mobile installation. Under some circumstances your 
radio and this negative lead could become part of the 
current path for the starter motor of your car. The huge 
current required to turn this motor to start your car engine 
would quickly destroy the radio. See Figure 10.3 for an 
example of the battery connections and fuses. 


Electrical Safety 


It is important to arrange your home, portable ог 
mobile station so it is safe for you and for any visitors. АШ 
wiring should be neat and out of the way. This includes all 
antenna feed lines and any cables connecting pieces of 
‘equipment. Make sure there is no way you can tangle your 
feet ín loose wires. Don't leave any voltage (regardless of 
how low) exposed, 

А main power switch allows you to turn all station 
equipment on ог off at once, This saves needless wear on the 
equipment power switches and, more importantly, is a highly 
recommended safety item, Make sure every member of your 
family knows how to turn off the power to your workbench 
and operating postion. If you ever receive an electrical shock 
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and cannot free yourself, the main disconnect switch will 
help your rescuer come to your aid quickly. 

You must take special safety precautions if young 
children сап come into your shack. Locking your station 
into its own room is an ideal solution. Few of us have this 
luxury, however, There are other ways to secure your 
equipment so unauthorized persons won't be able to use 
it, For example, you can build your station into a closet or 
cabinet that can be locked, If the equipment is in a 
monsecure area, even a simple toggle switch — if well- 
hidden — can help keep your station secure 

‘The same principles apply if you set up your station 
for public display. FCC rules require that only a licensed 
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control operator may put the station on the air, To ensure 
{hat unauthorized persons will not be able to transmit, you 
may have to remove a microphone or control cable tem- 
poraily while the equipment is left unattended. 
Whether you use commercially built equipment ог 
homemade gear, you should never operate the equipment 
SEG ЫШЫ my bê expated on the chassis mounted 
components, Therefore, al equipment should have a protec- 
tive shield onthe top, the bottom and all sides. An enclosure 
о prevents unwanted signals from entering a receiver, or 
from being radiated by a transmiter 
There should be а device that turns power off auto- 
matically if you remove the shielding. Such a safety in- 
terlock reduces the danger of electrical shock from high 
voltages when you open the cabinet. The safety interlock 
nee te. E E 
supply circuit. Any equipment that connects to the 120 V 
or 240 V ac supply should include such a safety switch, 
Of course, just because the power has been turned off 
inside the equipment doesn't guarantee that it is safe to 
work on the circuit. Ifthe power cord is plugged in, the ac 
supply voltage will still be present on the wires where 
they connect to the fuse and power switch or safety inter. 
lock switch. There may also be high-voltage capacitors 
ela hacen, Beemer 
Allow your body to be part of that path! The charge re 
‘maining on a capacitor afier the voltage source has been 
removed is called a residual charge 
In arranging your station always think of safety as 
well as comfort and convenience. After you ve arranged 
ings where you think they should be, try to find fault 
with your layout, Don't feel satisfied with your station 
antil you can't find anything to improve. 
is A HAE ARE V 


crates additional potentially lethal voltages of its own. 
You should be familiar with some basic precautions. Your 
‘own safety and that of others depends on it 

‘You should make sure everyone in your family knows 
where the main electrical box is located in your home, This 
box contains the fuses ог circuit breakers for each electrical 
circuit in your home. Every one should know how to tum off 
the electricity to your house in an emergency 


State and national electrical-safety codes require 
three-wire power cords on many 120-V tools and appli 
ances, Power supplies and station equipment use similar 
connections. Two of the conductors (the “hot” and "neu 
tral” wires) power the device. The third conductor (the 
safety ground wire) connects to the metal frame of the 
device, See Figure 104. The "hor" wire is usually black 
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common. You may find other colors used on some equip- 
ment, however, especially if it is made for sale in Europe. 
"There are a variety of possible color combinations, so if 
you don't see the red or black, white, and green or bare 
wires you should proceed with extreme caution. 


There is another Factor to take into account when you 
are wiring an electrical circuit It îs the current-handiing 
capability (ampacity) of the wire. Table 10.1 shows the. 
current-handling capability of some common in-wall 
residential wire sizes. The table shows that number 
14 wire could be used for a circuit carrying 15 A. You 
must use number 12 (or larger) wire for a circuit carrying 
20 A. Wires smaller than number 14 may not be used 
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is the safety ground and the 
black or red wire (s the hot lead. Notice that the 
receptacles are shown viewed from the bi 
wiring side. 


Table 10.1 


Current-Carrying Capability of Some Common 
Vis S wa- 

PED eee or 

Size Ampacity Circuit Breaker 

(awa) (a) (a) 

в 55 50 

E 40 40 

10 30 30 

12 25 (20)! 20 

14 20 (15)! 18 

"The National Electrical Code limits the fuse or circuit breaker 
size (and as such, the maximum allowable сүс! load. 


12 AWG copper wire conductors 


for in-wall residential wiring 

То remain safe, don't overload the ac circuits in your 
home. The circuit breaker or fuse rating is the maximum. 
load for the line at any one time. Simple addition can be 
used to calculate the current drawn on the circuit serving 
your ham radio equipment. Most equipment has the power 
requirements printed on the back. If not, the owner's 
manual should contain such information. Calculations 
‘must include any other household equipment or appli 
ances on the same line (lighting, air-conditioning, fans, 
and so on), The sum of all the power requirements con- 
nected to the same circuit must not exceed the permissible 
loads shown in Table 10.1 

Do not put a larger fuse in an existing circuit — too 
‘much current could be drawn. (See Table 10.1 for the 
‘maximum fuse or circuit breaker rating for the existing 
wire size.) The wires would become hot and a fire could 
result. If your transceiver blows a fuse in the main ac 
power line, you should find out what caused the fuse to 
‘blow and repair the problem. Replace the fuse only with 
another one of the same rating. For example if you re- 
placed a S. amp fuse with one rated for 30 amps the trans- 
ceiver could draw too much current, causing the wires to 
overheat and even starting a fire. 

Even in an automotive circuit, you must be sure all 
equipment has the proper current rating and appropriate. 
fuses. If the main power switch in your radio became 
defective, you should check the current and voltage 
ratings of the original switch before replacing it. Buying 
an inexpensive switch rated for 1 amp is a bad idea if the. 
transceiver draws В amps on transmit. Again, the new 
switch could overheat and become a safety hazard. 

You should never underestimate the potential hazard 
when working with electricity. Table 10.2 shows some of 
the effects of electric current — as little as 100 milliampy 
(mA), ог 1/10 amps (A), сап be fatal! As the saying goes, 
“It's volts that jolts, but it’s mills that kills,” Low-voltage 
power supplies may seem safe, but even battery-powered 
‘equipment should be treated with respect. The minimum 


Table 10.2 


Effects of Electric Current Through the Body 
ot an Average Person 


Current Effect 

(T Second Contact) 

fm Just Perceptible. 

SMA Maximum harmless current. 

10-20 mA Lower limit for sustained 
muscular contractions. 

30- 50 mA 

50mA 
let go current. 

100-300 mA Normal heart rhythm disrupted. 
Electrocution й sustained 
current. 

вА ‘Sustained hear contractions. 


Burns I current density is high. 
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Figure 10.5 — The path from the electrical source to 
ground affects how severe an electrical shock will 
be. The most dangerous path (from hand to hand 
directly through the heart) is shown at the left, The 
path from one finger to another on the same hand 
shown at the right is not quite so dangerous. 


voltage considered dangerous to humans is 30 volts, These 
voltage and current ratings are only general guidelines, 
Automobile batteries are designed to provide very high 
current (as much as 200 A) for short periods when starting 
а car, This much current can kill you, even at 12 volts 
You will feel pain if the shock current is in the range of 30 
to 50 mA, Even a current as small as 2 mA (/9m A) will 
give you a tingling sensation that might feel like pain, 

A few factors affect just how little voltage und current 
be considered dangerous. One factor is skin resistance. 
The lower the resistance of the path, the more current that 
will pass through it. If you perspire heavily, you may get 
quite a bit more severe shock than if your skin were dry, 
‘Another factor isthe path through the body to ground. As 
Figure 10.5 shows, the most dangerous path is from one 
hand to the other or through one arm to the opposite leg, 
This path passes directly through a person's heart. Even a 
very minimal current can cause heart failure and death 
Current passing from one finger to another on the same 
band will not have quite such a serious effect. For this rea- 
son, if you must troubleshoot a live circuit, keep one hand 
behind your back or in your pocket. If you do slip, the shock 
тау not be as severe as if you were using both hands 

Ifyou should discover someone who is being burned 
by high voltage, immediately turn off the power, call for 
help and give cardio-pulmonary resuscitati 
sure all family members know how to turn off power at the 
main power switch, These measures could save the life of 
a friend or family member. 
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You should connect ай the equipment in your station 
бо a good Earth ground. There are really two kinds of 
around connections: chassis ground and Earth ground. 
‘The metal box that your radio is built on is called a chas- 
sis. Most manufacturers use the chassis as a common 
‘connection for all the places in the circuit that connect to 
the negative side of the power supply. This common con- 
mesa in vate uo etatis iUi, Tigre ZW 

the schematic sumbol for a chassis eround. When vou 
look at this symbol you can visualize the box shape that 
represents the chassis. 

‘To keep your station safe, you should also connect the 
chassis ground to a good Earth ground. This connection is 
called an Earth ground because it goes into the Earth. An 
Earth ground has a different schematic symbol than a chas- 
sis ground, Figure 10.68 shows the schematic symbol for 


ASSIS GROUND EARTH GROUND 
10.6 — The metal chassis of a radio is 
sometimes used to make a common ground 
Connection for all the circuit points that connect to 
pu Qf PAPINA URADI WA ле we 
symbol shown at A to show those connections on a 
2 4 
connected to a ground rod or a copper cold-water 
pipe that goes Into the ground, for safety. We use 
the symbol at B to show an Earth-ground 
connection. 


Ground 


an Earth ground. When you look at the lines at the bottom 
ofthis symbol it might remind you of the point on a garden. 
spade shovel. If you think about pushing that spade into the 
ground, you will remember the Earth ground, 


What is a Good Ground? 


ai 


eine jp detail АП statina. 


reasons. it's worth di 
ment should be tied to a good ground. Most amateurs 
connect their equipment to a ground rod driven into the 
ground as close to the shack as possible. For a few dollars 
You can purchase a % or %-inch-diameter, 8-foot-long 
around rod at any electrical supply store. (Eight feet is the 
shortest practical length for a station ground rod. In some 
locations you may need more than one ground rod to make 


gend proud, Drive this cooper glad tig taint bs 
roind ойы of your house, as close to your station 
cla sen uma us 
sold by some discount electronics stores, 
The copper cladding on the ouside of most of these steel 
rods is very thin. They begin to rust almost immediately 
when they are put in the ground.) 
Run a heavy copper wire (number 8 ог larger) fom 
your shack and attach it to the rod with а clamp. You can 
Purchase the clamp when you buy the ground rod. Heavy 


Supply stores) is even Better. The braid from a piece of 
"NUS узала care имә MAKES а вооа ground саре. iig? 
ure 107 showsone method of grounding cach piece ofequip- 
‘ment in your station. I's important to connect the chassis of 
each piece оГ station equipment to an effective ground con- 


Figure 10.7 — An effective station ground looks like this: all equipment is bonded together with a strong 
‘conductor such as copper flashing or coaxial cable braid. it then ties into a good Earth ground — an foot 
ground rod located as close to the station as possible is the minimum you should use. More than one 
‘ground rod may be needed in some locations. 


nection, Keep the cable between your station and the earth 
ground as short as possible. Such a ground connection is an 
important safety measure. It can protect you from electrical 
shock if something breaks down in your equipment. This is 
the most important reason to connect all of your station 
equipment to ground. It also helps reduce interference 
problems from RF signals going places they shouldn't be 

The National Electrical Code requires all ground 
rods to be connected to form a single grounding system. 
These connections must use number 8 or larger copper 
wire. Have a qualified electrician perform this work if you 
are not familiar with the National Electrical Code and 
common wiring practices. 

The National Electrical Code (NEC) describes safe 
grounding practices for electrical wiring, antennas and other 
electrical equipment. Published by The National Fire Pro- 
tection Association, the NEC forms the basis for most local 
building codes regarding electrical wiring practices. It is a 
good idea to check with local building officials and the 
requirements of the National Electrical Code to ensure that 
your antenna installation meets all safety requirements. 

Some hams ground their station equipment by con- 
necting the ground wire to a cold-water pipe. Caution isin 
order here. If you live in an apartment or have your shack 
înan айс, be careful. The cold-water pipe near your trans- 
mitter may follow such a long and winding path to the 
earth that it may not act as а ground at all! It may, in fact, 
act as an antenna, radiating RF energy — exactly what 
you don't want it to do. 

Beware, too, of nonmetallic cold-water pipes, PVC 
and other plastic pipes are effective insulators. There may 
be a piece of copper water pipe running close to your 
station, If were is a piece of PVC pipe connected between 
that spot and where the water Tine enters your house, 
however, you will not have a ground connection! 


Lightning Protection 


The lightning hazard from an antenna is often exag- 
gerated. Ordinary amateur antennas are no more likely to 
be hit by a direct strike than any other object of the same 
height in the neighborhood. Just the same, lightning does 
strike thousands of homes each year, so it doesn’t hurt to 
be careful, When your stationis not being used, you should. 
ground all antennas, feed lines and rotator cables for ef- 
fective lightning protection. An ungrounded antenna can. 
pick up large electrical charges (rom storms in the area. 
"These charges can damage your equipment (particularly 
receivers) if you don't take precautions, You should also 
unplug your equipment. 

Most commercial beam and vertical antennas are 
grounded for lightning protection through the tower it 
self. Of course, the tower must be grounded, too. If you 
use a roof mount, run а heavy ground wire from the mount. 
to a ground rod, Dipoles and end-fed wires are not 
grounded. Use an antenna switch that grounds all unused 
inputs, Keep one input position unused so you can set the. 
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switch to that position to ground all your antennas. You 
can also disconnect the antenna feed line from your equip- 
ment and use an alligator-clip lead to connect both sides 
of the feed line to your station ground, 

Storm clouds often carry dangerous electrical 
charges that are coupled into high objects (like amateur 
antennas) without visible lightning. You may be operat- 
ing and suddenly hear a “SNAP!” in your antenna tuner, 
ог your receiver may go dead, You can usually hear an 
increase in static crashes in your receiver well in advance 
of a thunderstorm. Be safe, When it sounds like a thunder- 
storm is headed your way, get off the air. If the weather 
forecast is for thunderstorms, don’t operate! Snow and 
rain also generate static charges on antennas, but usually 
not enough to damage equipment. 

‘The best protection against lightning is to disconnect 
all antennas and rotator control cables and connect them 
to ground. You should also form the habit of unplugging 
all power cords when you aren't on the air. It takes time to 
hook up everything when you want to operate again, but you 
will protect your station and your home if you follow this 
simple precaution. By the way, power companies recon 
‘mend that you unplug all electronic appliances, including 
TVs, VCRs and computers, when a storm threatens, 

Why unplug your equipment if the antennas are dis 
connected? Lightning can still find its way into your 
equipment through the power cord. Power lines can act as 
long antennas, picking up sizable charges during a storm. 
Simply turning off the main circuit breaker is not enough 
— lightning сап easily jump over the circuit breaker con- 
tacts and find its way into your equipment 

You may decide to leave your antennas connected and 
Your equipment plugged in except during peak thunder- 
Storm months. If so, you сап still protect the equipment 
fromunexpected storms, One simple step you can take isto 
install a grounding switch, as shown in Figure 10.8. A 


Figure 10.8 — A heavy-duty knife switch can be 
used to connect the wires in your antenna feed line 
to ground. А clip lead to 

Instead of the switch. This will prevent a 
electricity build-up on your antenna. It will also 
prevent equipment damage caused by voltage on 
your antenna produced by a nearby lightning strike. 
There is no sure way to prevent a direct hit by 
lightning, however. 
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small knife switch will allow you to ground your feed line 
when you are not on the air. I will not disturb the normal 
operation of your station (with the switch open, of course) 
if the lead from the feed line to the switch is no more than 
а couple of inches long. An alligator clip can be used in- 
stead of the switch. Whatever you use, don’t forget to dis- 
connect the ground when you transmit. This precaution is 
useful only on the HF bands. The switch will cause high 
SWR if used at VHF and ОНР, 

Another device that can help protect your equipment 
їп an electrical storm isa lightning arrestor. This device 
connects permanently between your feed line and the 
ground, When the charge on your antenna builds up to a 
large enough potential, the lightning arrestor vill "fire." 
This shorts the charge to ground — not through your sta- 


RF Environmental 


FCC Rules require all amateurs to meet certain maxi- 
‘mum permissible exposure limits for RF radiation from 
their stations. In the remainder of this chapter, you will 
learn how to evaluate your station to be sure you meet 
these important safety requirements, 

Amateur Radio is basically a safe activity. In recent 
years, however, there has been considerable discussion 
and concern about the possible hazards of electromag- 
netic radiation (EMR), including both RF energy and 
power-frequency (50-60 Hz) electromagnetic fields. FCC 
regulations set limits on the maximum permissible expo- 
sure (MPE) allowed from the operation of radio transmit- 
ters. These regulations do not take the place of RF-safety 
practices, however. This section deals with the topic of 
RF safety. Scc the sidebar, “FCC RF-Exposure Regula- 
tions,” for specific information about the rules. 

Extensive research on RF safety isunderway in many 
countries. This final section of Chapter 10 was prepared 
by members of the ARRL RF Safety Committee and co- 
ordinated by Dr Robert E, Gold, WBOKIZ, It summarizes 
whatis now known and offers safety precautions based on 
the research to date 

All life on Earth has adapted to survive in an environ- 
ment of weak, natural, low-frequency electromagnetic 
fields (in addition to the Earth's static geomagnetic field). 
Natural low-frequency EM fields come from two main 
Sources: the sun, and thunderstorm activity. But in the last 
100 years, man-made fields at much higher intensities and 
with very different spectral distribution have altered this 
natural EM background in ways that are not yet fully 
understood. Much more research is needed to assess the 
biological effects of EMR. 

Both RF and 60-Hz fields are classified as nonioniz- 
їп radiation because the frequency is too low for there 
to be enough photon energy to ionize atoms. (Ionizing 
radiation, such as X-rays, gamma rays and even some 
ultraviolet radiation has enough energy to knock elec- 
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tion. A lightning arrestor can help prevent serious damage 
to your equipment. Most, however, don't work fast 
enough to protect your station completely. Lightning 
arrestors are useful for commercial stations and public 
service (fire and police) stations that must remain on the 
air regardless of the weather. Unless you are actually 
handling emergency communications, you shouldn't rely 
fon them alone to protect your equipment, home or life, 
‘Tum off the equipment, pull the plug and disconnect and 
ground your antennas when a storm approaches. 


Now it is time to study the following questions in 
^1: TOADG, TOBO and TOBOZ. Review this 
you have any dificuty with these questions, | 


Safety Practices 


trons loose from their atoms. When this happens, positive 
and negative ions are formed.) Still, at sufficiently high 
power densities, EMR poses certain health hazards. It has 
been known since the early days of radio that RF energy 
сап cause injuries by heating body tissue. (Anyone who 
has ever touched an improperly grounded radio chassis or 
energized antenna and received an RF burn will agree 
that this type of injury can be quite painful. You do not 
have to actually touch the chassis to get an RF burn.) In 
extreme cases, RF-induced heating in the eye can resultin 
cataract formation and can even cause blindness. Bees. 
sive RF heating of the reproductive organs can cause ste- 
rility. Other serious health problems can also result from 
RF heating. These heat-related health hazards are called 
‘thermal effects. In addition, there is evidence that mag- 
netic fields may produce biologic effects at energy levels 
100 low to cause body heating. The proposition that these 
thermal effects may produce harmful health conse- 
quences has produced a great deal of research, 

In addition to the ongoing research, much else has 
been done lo address this issue. For example, FCC regu- 
lations set limits on exposure from radio transmitters. The 
Institute of Electrical and Electronics Engineers, the 
American National Standards Institute and the National 
Council for Radiation Protection and Measurement, 
among others, have recommended voluntary guidelines. 
to limit human exposure to RF energy. The ARRL has 
established the RF Safety Committee, a committee of 
concerned medical doctors and scientists, serving volun- 
tarily to monitor scientific research in the fields and to 
recommend safe practices for radio amateurs. 


Thermal Effects of RF Energy 

Body tissues that are subjected to very high levels of 
RF energy may suffer serious heat damage. These effects 
depend upon the frequency of the energy, the power den- 


sity of the RF field that strikes the body, and even on 
factors such as the polarization of the wave. 

At frequencies near the body's natural resonant fre 
quency, RF energy is absorbed more efficiently, and maxi- 
mum heating occurs. In adults, this frequency usually is 
about 35 MHz if the person is grounded, and about 70 MHZ 
if the person's body is insulated from the ground, Also, 
body parts may be resonant; the adult head, for example is 
resonant around 400 MHz, while a baby’s smaller head 
resonates near 700 MHz. Body size thus determines the 
frequency at which most RF energy is absorbed. As the 
frequency is increased above resonance, less RF heating 
generally occurs. However, additional longitudinal 
resonances occur at about 1 GHz near the body surface. 
Specific absorption rate (SAR) is a term that describes 
"he rate at which RF energy is absorbed into the human 
body. Maximum permissible exposure (MPE) limits are 
based on whole-body SAR values. This helps explain why 
these safe exposure limits vary with frequency. 

Nevertheless, thermal effects of RF energy should not 
be a major concern for most radio amateurs because of the 
relatively low RF power we normally use and the intermit- 
tent nature of most amateur transmissions. Amateurs spend 
more time listening than transmitting, and many amateur 
transmissions such as CW and SSB use low-duty-cyele 
modes. (With FM or RTTY, though, the RF is present con- 
tinuously at its maximum level during each transmission.) 
In any event, it is rare for radio amateurs to be subjected to 
RF fields strong enough to produce thermal effects unless 
they are fairly close to an energized antenna or unshielded 
power amplifier. Specific suggestions for avoiding exces- 
sive exposure are offered later. 


fum to 11 now and study questions TOC10, 
сл, ocio, Topoa, токот, Tokda, TOES and 
ТОЕ11. Review this section as needed.) 


Athermal Effects of EMR 
Nonthermal effects of EMR may be of greater con- 
cer to most amateurs because they involve lower level 
energy fields. Research about possible health effects re- 
sulting from exposure to the lower level energy fields — 
the athermal effects — has been of two basic types: epi 

demiological research and laboratory research. 
Scientists conduct laboratory research into biological 
mechanisms by which ЕМЕ may affect animals, including. 
humans. Epidemiologists look at the health patterns of 
large groups of people using statistical methods. These 
epidemiological studies have been inconclusive. By their 
basic design, these studies do not demonstrate cause and 
effect, nor do they postulate mechanisms of disease. In- 
stead, epidemiologists look for associations between an 
environmental factor and an observed pattern of illness. 
For example, in the earliest research on malaria, epidemi- 
elogists observed the association between populations with 
high prevalence of the disease and the proximity of mos- 
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quito infested swamplands, It was left to the biological and 
medical scientists to isolate the organism causing malaria 
inthe blood of those withthe disease and identify the same 
‘organisms in the mosquito population, 

In the case of athermal effects, some studies have iden- 
tified a weak association between exposure to EMF at home 
or at work and various malignant conditions including leuke- 
mia and brain cancer. A langer numberof equally well designed 
and performed studies, however, have found no association, 
A risk ratio of between 1.5 and 2.0 has been observed in posi 
tive studies (the number of observed cases of malignancy 
being L.5192.0times the “expected” number in the population) 
Epidemiologits generally regard a risk ratio of 4.0 or great 
to be indicative of a strong association between the cause 
and effect under study. For example, men who smoke one 
pack of cigaretes per day increase their risk for lune canc 
tenfold compared to nonsmokers, and two packs per day 
increase the risk to more than 25 times the nonsmokers’ risk. 

Epidemiological research by itself is rarely conclu: 
sive, however. Epidemiology only identifies health pat 
terns in groups—it does not ordinarily determine their 
cause, And there are often confounding factors: Most of 
us are exposed to many different environmental hazards 
that may affect our health in various ways. Moreover, not 
all studies of persons likely to be exposed to high levels. 
OF EMR have yielded the same results 

There has also been considerable laboratory research. 
about the biological effects of EMR in recent years. For 
example, it has been shown that even fairly low levels of 
EMR can alter the human body's circadian rhythms, af- 
fect the manner in which cancer-fighting T lymphocytes. 
function in the immune system, and alter the nature of the 
electrical and chemical signals communicated through the 
sell membrane and between cells, among other things. 

Much of this research has focused on low-frequency 
magnetic fields, or on RF fields that are keyed, pulsed or 
modulated ata low audio frequency (often below 100 H2). 
Several studies suggested that humans and animals can 
adapt to the presence of a steady RF carrier more readily 
than to an intermittent, keyed or modulated energy soure 
There is some evidence that while EMR may not directly 
cause cancer, it may sometimes combine with chemical 
agents to promote its growth or inhibit the work of the 
body's immune system, 

None of the research to date conclusively proves that 
low-level EMR causes adverse health effects, Given the 
fact that there is a great deal of ongoing research to exam- 
ine the health consequences of exposure to EMF, the 


American Physical Society (a national group of highly 
respected scientists) issued u statement in May 1995 based 
оп its review of available data pertaining to the possible 
connections of cancer to 60-Hz EMF exposure. This re- 
portis exhaustive and should be reviewed by anyone with 
A serious interest in the field. Among its general conclu 
sions were the following: 
1. "The scientific literature and the reports of reviews by 
other panels show no consistent, significant link be: 
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tween cancer and powerline fields 

2. "No plausible biophysical mechanisms for the system- 
atic initiation or promotion of cancer by these ex- 
tremely weak 60-Hz fields has been identified.” 

i. "While it is impossible to prove that no deleterious 
health effects occur from exposure to any environ- 
mental factor, itis necessary to demonstrate a consis- 
tent, significant, and causal relationship before one 
сап conclude that such effects do occur." 


‘The APS study is limited to exposure to 60-Hz EMF. 
Amateurs will also be interested in exposure to EMF in the 
RF range. A 1995 publication entitled Radio Frequency and 
ELF Electromagnetic Energies, A Handbook for Health 
Professionals includes a chapter called “Biologic Effects of 
RF Fields,” In it, the authors state: “In conclusion, the data 
do not support the finding that exposure to RF fields is a 
causal agent for any type of cancer” (page 176). Later in the 
same chapter they write: “Although the data base has grown 
substantially over the past decades, much of the information. 
concerning nonthermal effects is generally inconclusive, 
incomplete, and sometimes contradictory. Studies of human 
populations have not demonstrated any reliably effected end 
point.” (page 186). 

Readers may want to follow this topic as further stud- 
ies are reported, Amateurs should be aware that exposure 
10 RF and ELF (60 Hz) electromagnetic fields at all power. 
levels and frequencies may not be completely safe. Pru- 
dent avoidance of any avoidable EMR is always a good 
idea. An Amateur Radio operator should not be fearful of 
using his or her equipment, however. If any risk does 
exist, it will almost surely fall well down on the list of 


causes that may be harmful to your health (on the other 
end of the list from your automobile), 


Safe Exposure Levels 

How much EM energy is safe? Scientists and regula- 
tots have devoted a great deal of effort to deciding upon 
safe RF-exposure limits. This is a very complex problem, 
involving difficult public health and economic consider- 
ations. The recommended safe levels have been revised 
downward several times in recent years—and not all s 
entific bodies agree on this question even today. An Ins 
tute of Electrical and Electronics Engineers (IEEE) 
standard for recommended EM exposure limits went into 
effect in 1991. It replaced a 1982 IEEE and American 
Notional-Standards Institute (ANSI) standard that permi 
ted somewhat higher exposure levels, The newer IEEE 
standard was adopted by ANSI in 1992. 

‘The IEEE standard recommends frequency dependent. 
and time-dependent maximum permissible exposure lev- 
els, Unlike earlier versions of the standard, the 1991 stan- 
dard recommends differen RF exposure limits in 
controlled environments (that is, where energy levels can 
be accurately determined and everyone on the premises is 
aware of the presence of EM fields) and in uncontrolled 
environments (where energy levels are not known or where 
some persons present may not be avare of the EM fields). 

The graph in Figure 10.9 depicts the maximum per- 
missible exposure limits set by the 1991 IEEE standard. I 
is necessarily a complex graph because the standards dif- 
fer not only for controlled and uncontrolled environments 
but also for electric fields (E fields) and magnetic fields 


СА 


Figure 10,9 — The 
“IEEE Standard for Safety Lew 
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11 RF protection standard for body exposure of humar 


It is known officially as the 


with Respect to Human Exposure to Radio Frequency Electromagnetic 
Fields, 3 kHz to 300 GHz." (Note that the exposure levels set by this standard are not the same 


the РСС 


(н fields), Basically, the lowest E-field exposure limits 
‘occur at frequencies between 30 and 300 MHz, The low- 
est H-field exposure levels occur at 100 10 300 MHz. The 
standard sets the maximum E-field limits between 30 and 
300 MHz at a power density of 1 mW/em? (61.4 V/m) in 
controlled environments—but at one-fifth that level 
(02 mW/em or 27.5 V/m) in uncontrolled environments, 
‘The H-field limit drops to I mW/emě (0.163 A/m) at 100- 
300 MHz in controlled environments and 0.2 mWem* 
(0.0728 A/m) in uncontrolled environments, Higher 
power densities are permitted at frequencies below 
30 MHz (below 100 MHz for H fields) and above 300 MHz, 
based on the concept thatthe body will not be resonant at 
those frequencies and will therefore absorb less energy. 

In general, the 1991 IEEE standard requires averag- 
ing the power level over time periods ranging from 6 to 
30 minutes for power-density calculations, depending on. 
the frequency and other variables. The exposure limits 
for uncontrolled environments are lower than those for 
controlled environments, but to compensate for that 
the standard allows exposure levels in those environments 
to be averaged over much longer time periods (generally 
30 minutes), This long averaging time means that an in. 
termittently operating RF source (such as an Amateur 
Radio transmitter) will show a much lower power density 
than acontinuous-duty station fora given power level and 
antenna configuration, 

Time averaging is based on the concept that the hu- 
man body can withstand a greater rate of body heating 
(and thus, a higher level of RF energy) for a short time 
than for a longer period, 

‘The IEEE standard excludes any transmitter with an 
‘output below 7 W because such low-power transmitters 
would not be able to produce significant whole-body heat- 
ing. (Recent studies show that hand-held transceivers 
often produce power densities in excess of the IEEE stan- 
dard within the head.) 

"There is disagreement within the scientific commu- 
nity about these RF exposure guidelines, A small but sig- 
nificant number of researchers now believe athermal 
effects should also be taken into consideration. Several 
European countries have adopted stricter standards than 
the recently updated IEEE standard. 


Cardiac Pacemakers and RF Safety 
Itisa widely held belief that cardiac pacemakers may 
be adversely affected in their function by exposure to 
electromagnetic fields. Amateurs with pacemakers may 
ask whether their operating might endanger themselves or 
Visitors to their shacks who have a pacemaker. Because of 
this and similar concerns regarding other sources of elec- 
tromagnetic fields, pacemaker manufacturers apply de- 
sign methods that for the most part shield the pacemaker 
circuitry from even relatively high EM field strengths. 
Tris recommended that any amateur who has a pace- 
maker or is being considered for one discuss this matter 
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with his or her physician. The physician will probably put 
the amateur into contact with the technical representative 
of the pacemaker manufacturer, These representatives are 
generally excellent resources and may have data from 
laboratory or “in the field" studies with pacemaker units 
of the type the amateur needs to know about 

One study examined the function of a modern (dual 
chamber) pacemaker in and around an Amateur Radio su 
tion. The pacemaker generator has circuits that receive and 
process electrical signals produced by the heart and also 
generate electrical signals that stimulate (pace) the heart 
In one series of experiments the pacemaker was connected 
to a heart simulator. The system was placed on top of the 
cabinet of a I-kW HF linear amplifier during SSB and CW 
‘operation. In addition, the system was placed in close prox- 
imity to several 1 to 5-W 2-meter hand-held transceivers. 
"The test pacemaker connected tothe heart simulator was also 
placed on the ground 9 meters below and 5 meters in front of 
three-element Yagi HF antenna. No interference with pace- 
maker function was observed in this experimental system. 

Although the possibility of interference cannot be 
entirely ruled out by these few observations, these tests 
represent more severe exposure to EM fields than would 
ordinarily be encountered by an amateur with an average 
amount of common sense. Of course prudence dictates 
that amateurs with pacemakers using hand-held VHF 
transceivers keep the antenna as far from the site of the 
implanted pacemaker generator as possible and use the 
lowest transmitter output required for adequate commu: 
nication, For high power HF transmission, the antenna 
should be as far from the operating position as possible 
and all equipment should be properly grounded. 


Recently, much concern about EMR has focused on 
low-frequency energy rather than RF. Amateur Radio 


Table 10.3 


Typical 60-Hz Magnetic Fields Near Amateur 
Radio Equipment and AC-Powered Household 
Appliances 
пет Field 
Values are in millignues 
Electric blanket 3090 Surface 
Microwave oven 10-100 Surface 
110 12 
IBM personal 5-10 Atop monitor 
computer — 04 
Electric drill 500-2000 
Hairdryer 200.2000 At handle 
HF transceiver 10-100 Atop cabinet 
15 15 from front 
TAW RE 80-1000 Аор cabinet 
amplifier 125 is from front 
Source: measurements made by members ofthe ARRL RF 
Salety Commitee) 


Distance 
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equipment can be a significant source of low-frequency 
‘magnetic fields, although there are many other sources of 
this kind of energy in the typical home. Magnetic fields can 
be measured relatively accurately with inexpensive 60-Hz 
dosimeters that are made by several manufacture 

"Table 10.3 shows typical magnetic field intensities of 
Amateur Radio equipment und various household items. 
Because these fields dissipate rapidly with distance, “pru- 
dent avoidance” would mean staying perhaps 121018 inches 
away from most Amateur Radio equipment (and 24 inches 
from power supplies with I-kW RF amplifiers) whenever 
the ac power is turned on. The old custom of leaning over 
a linear amplifier on а cold winter night to keep warm may 
not be the best idea! There are currently no non-occupational 
US standards for exposure to low-frequency fields. 


Determining RF Power Density 

Unfortunately, determining the power density of the 
RF fields generated by an amateur station is not as simple 
as measuring low-frequency magnetic fields. Although 
sophisticated instruments can be used to measure RF 
power densities quite accurately, they are costly and re- 
quire frequent recalibration, Most amateurs don’t have 
access to such equipment, and the inexpensive field- 
strength meters that we do have are not suitable for mea- 
suring RF power density. The best we can usually do ¡sto 
estimate our own RF power density based on measure- 
ments made by others or, given sufficient computer pro- 
gramming skills, use computer modeling techniques. The 
FCC has prepared a bulletin, “Amateur Supplement to 
ОЕТ Bulletin 65: Evaluating Compliance With FCC- 
Specified Guidelines for Human Exposure to Radio Fre 
quency Radiation,” that contains charts and tables that 
amateurs can use to estimate compliance with the rules. A 


copy of this bulletin is included in the ARRL publication 
RF Exposure and You. 

Table 10.4 shows a sampling of measurements made 
‘at Amateur Radio stations by the Federal Communica- 
tions Commission and the Environmental Protection 
Agency in 1990. As this table indicates, a good antenna. 
well removed from inhabited areas poses no hazard under 
any of the various exposure guidelines. The FCC/EPA 
survey also indicates, however, that amateurs must be 
careful about using indoor or attic-mounted antennas, 
mobile antennas, low directional arrays or any other an- 
tenna that is close to inhabited areas, especially when 
moderate to high power is used. 

Ideally, before using any antenna that sin close prox- 
imity to an inhabited area, you should measure the RF 
power density, If that is not feasible, the next best option 
is to make the installation as safe as possible by observi 
the safety suggestions listed in Table 10.5. 

tis also possible, of course, to calculate the probable 
power density near an antenna using simple equations. 
Such calculations have many pitfalls. For one, most of the 
situations in which the power density would be high 
‘enough to be of concern are in the near field. The bound- 
ary between the near field and the far field of an antenna is 
approximately several wavelengths from the antenna. In the. 
near field, ground interactions and other variables produce 
power densities that cannot be determined by simple art 
‘metic. In the far field, conditions become easier to predict 
with simple calculations. Itis difficult to accurately evaluate 
the effects of RF radiation exposure in the near field. The 
boundary between the near field and the far field depends on 
the wavelength of the transmitted signal and the physical 
size and configuration ofthe antenna. 

Computer antenna-modeling programs such as 
MININEC or other codes derived from NEC (Numerical 


Table 10.4 


Typical RF Field Strengths Near Amateur Radio Antennas 
A sampling of values as measured by the Federal Communications Commission and 


Environmental Protection Agency, 1990 


Antenna Type. Frog Power 
(MHz) (w) 
Dipole in attic 1415 100 
1465 250 
Hall sloper base 215 1000 
Dipole at 7-13 f 714 120 
Vertical 38 800 
Solament Yagi at 60 ft 212 1000 
3-element Yagi at 25 ft 285 425 
Inverted У at 22-46 ft 723 1400 
Vertical on roof 141 140 
Whip on auto root 1465 100 
S-element Yagi at 20 ft 504 500 


E Field Location 
(Vim) 
7.100 In home 
10:27 in homo 
50 1 m from 
8-150 1-2 m from earth 
180 0.5 m from base 
10-20 їп shack 
12 m from base 
та т from base. 
Below antenna 
ın house 
At antenna tuner 
2 m from antenna 
in vehicle 
Rear se 


30 m from antenna 
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Table 10.5 
RF Awareness Guidelines 


These guidelines were developed by the ARAL 
RF Safety Committee, based on the FCC/EPA 
‘measurements of Table 10.4 and other data, 

+ Although antennas оп towers (well away trom 
people) pose no exposure problem, make certain 
that the RF radiation is confined to the antennas 
radiating elements themselves. Provide a single, 
good station ground (earth) and eliminate radiation. 
from transmission lines. Use good coaxial cable, 
not open-wire lines or end-fed antennas that come 
directly into the transmitter area. 

+ No person should ever be near any transmitting 
antenna while it is in use. This is especially true for 
mobile or ground-mounted vertical antennas. Avoid 
transmitting with more than 25 W in a VHF mobile 
installation unless it is possible to first measure the 
ВЕ fields inside the vehicle. At the 1-kW level, both 
HF and VHF directional antennas should be atleast 
35 ft above inhabited areas, Avoid using indoor and 
attic-mounted antennas I at all possible. 

+ Don't operate high-power amplifiers with the covers. 
removed, especially at VHF/UHF. 

+ In the UHF/SHF region, never look into the open end 
‘of an activated length of waveguide or microwave 
bed dom antenna or point it toward anyone. (It you. 
do, you тау be exposing your eyes to more бап 

maximum permissible exposure level of RF 
adaton. Never pot igh gain, narrow-band- 
width antenna (a paraboloid, for instance) toward 
people. Use caution in aiming an EME 
(moonbounce) array toward the horizon; EME 
arrays may deliver an effective radiated power of 
250,000 W or more, 

+ With hand-held transceivers, keep the antenna. 
‘away from your head and use the lowest power 
possible to maintain communications. Use a 
separate microphone and hold the rig as far away 
rom you as possible. This will reduce your expo- 
sure to tho AF energy. 

+ Don't work on antennas that have RF power applied. 

+ Don't stand or sit close to a power supply or linear 
amplifier when the ac power is turned on. Stay at 
least 24 Inches away from power transformers, 

ctrical fans and other sources of high-level 
60-Hz magnetic fields. 
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Electromagnetics Code) are suitable for estimating RF 
magnetic and electric fields around amateur antenna sys- 
tems. (See Chapter 2 of The ARRL Antenna Book for more 
information about NEC and MININEC.) These programs 
also have limitations. Ground interactions must be con- 
sidered in estimating near-field power densities. Also, 
computer modeling is not sophisticated enough to predict 
‘hot spots” in the near field — places where the field 
intensity may be far higher than would be expected. 

Intensely elevated but localized fields often can be 
detected by professional measuring instruments, These 
"hot spots” are often found near wiring in the shack and 
‘metal objects such as antenna masts or equipment cahi- 
nets. But even with the best instrumentation, these mea 
surements may also be misleading in the near field. 

One nced not make precise measurements or model 
the exact antenna system, however, to develop some idea 
of the relative fields around an antenna. Computer mod- 
cling using close approximations of the geometry and 
power input of the antenna will generally suffice, Those 
who are familiar with MININEC can estimate their power 
densities by computer modeling, and those who have ас- 
cess to professional power-density meters can make use- 
ful measurements. 

While our primary concern is ordinarily the intensity. 
of the signal radiated by an antenna, we should also re- 
member that there are other potential energy sources to be 
considered. You can also be exposed to RF radiation di 
rectly from a power amplifier if it is operated without 
proper shielding. Transmission lines may also radiate а 
significant amount of energy under some conditions. 


Further RF Exposure Suggestions 
Potential exposure situations should be taken seri- 
ously. Based on the FCC/EPA measurements and other 
data, the "RF awareness” guidelines of Table 10.5 were 
developed by the ARRL RF Safety Committee. A longer 
version of these guidelines, along with a complete list of 


references, appeared in а OST article by Ivan Shulm: 
MD, WC2S. "Is Amateur Radio Hazardous to Our Health" 
in the October 1989 issue of QST provides useful infor- 
mation, In addition, OST carries information regarding 
the latest developments for RF safety precautions and 
regulations at the local and federal levels 
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Limiting RF Exposure 


You must always take care to position your amateur 
antennas in a manner so they cannot harm you or anyone 
else. The simplest way to do this is to always install them 
high and in the clear, away from buildings or other loca- 
tions where people might be clase to them. To prevent RF 
‘burns you must be sure no one can reach the antenna 
While you are transmitting into it. It doesn’t matter what. 
type of antenna itis, or how much power you are running. 
If you or someone else can touch the antenna, it is too 
close, 

Of course the one exception to this is the antenna on 
ahand-hekd radio, You aren’ tlikely to receive an RF burn 
from touching the antenna on your hand-held radio be- 
cause the transmitter power is quite low. You should still 
keep the antenna as far from you or anyone else as pos- 
sible, however, to minimize your exposure to the RF elec- 
tromagnetic fields from the radiated signal 

‘As you learned in the previous section of this chap- 
ter, even if you can’t touch the antenna, the RF fields can 
still produce some heating of your body tissue. You will 
learn more about how to estimate a safe distance to mini- 
mize any RF heating later in this chapter. 

‘The combination of electric and magnetic waves of 
‘energy that are produced by your transmitter are called 
electromagnetic radiation, Electromagnetic radiation with 
frequencies between about 3 kHz and 300 GHz is called 
radio frequency (RF) radiation. (Higher-frequenc; 
electromagnetic waves, such as light, ultraviolet radia- 
tion and even gamma rays and X-rays are all above the RF 
range.) 

The FCC has established limits for the maximum. 
exposure that people can receive from transmitted elec- 
tric and magnetic fields, You must ensure that people in 
and around your amateur station do not receive more than 
the maximum permissible exposure from your station. 
FCC Rules may require you to perform a routine RF 
radiation exposure evaluation to show that your station 
meets these requirements, You should have a basic under- 
standing of some factors that can affect the strength of the 
RF fields that radiate from your antenna. This will help. 
you understand the procedures you can follow to perform 
Such an evaluation, and the steps you can taketo minimize 
exposure, 

Higher transmitter power will produce stronger radi 
ated RF fields. So using the minimum power necessary to 
carry out your communications will minimize the expo- 
Sure of anyone near your station. Reducing power is one 
effective way of meeting the FCC MPE limits. 

‘An antenna that is higher and farther away from 
people also reduces the strength of the radiated fields that 
anyone will be exposed to. If you can raise your antenna 
higher in the air or move it farther from your neighbor's 
property line you will reduce exposure. 

A half-wavelength dipole antenna that is only 
5 meters above the ground would generally create a 
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stronger RF field on the ground beneath the antenna than 
many other antennas. For example, a horizontal loop, а 
3-element Yagi antenna or a 3-element Quad antenna all 
have significantly more gain than a dipole. Yetata height 
of 30 meters each of these antennas would produce a 
smaller RF field strength on the ground beneath the an- 
tenna than would the low dipole. As a general rule, place 
Your antenna at least as high as necessary to ensure that 
you meet the FCC radiation exposure guidelines, 

‘You can also use the radiation pattern ofthe antenna 
to your advantage in controlling exposure. For example, 
if you position your dipole antenna (with maximum radia- 
tion off the sides of the antenna and minimum radiation 
off the ends) so the ends are pointed at your neighbor's 
house (or your house) you will reduce the exposure, A 
beam antenna can have an even more dramatic effect on 
reducing the exposure, Simply do not point the antenna in 
the direction where people will most likely be located. 

Even your choice of operating frequency can have an 
affect. Humans absorb less RF energy at some frequen- 
cies (and the MPE is higher at those frequencies). You can 
reduce exposure by selecting an operating frequency with 
a higher MPE. 

Everything else being equal, some emission modes 
will result in less RF radiation exposure than others. For 
example, modes like RTTY or EM voice transmit at full 
power during the entire transmission, On CW, you trans- 
‘mitat full power during dots and dashes and at zero power 
during the space between these elements. A single-side- 
band (SSB) phone signal generally produces the lowest 
radiation exposure because the transmitter is at full power. 
for only a small percentage of the time during a single 
transmission, The duty cycle of an emission takes into 
account the amount of time a transmitter is ope 
full power during a single transmission. An emis 
а lower duty cycle produces less RF radiation exposure 
for the same PEP output 

Lower duty cycles, then, result in lower RF radiation 
exposures, That also means the antenna can be closer to 
people without exceeding their MPE limits. Compared to 
а 100% duty-cycle mode, people can be closer to your 
antenna if you are using a 50% duty-cycle mode. 

Another step you can take to limit your RF radiation 
exposure is by reducing your actual transmitting time. 
‘The FCC regulations specify time averaged MPE limits 
For a controlled RF exposure environment, the exposure 
isaveraged over any 6-minute period. Foran uncontrolled 
RF exposure environment, the exposure is averaged over 
any 30-minute period. So if your routine RF radiation 
‘exposure evaluation indicates that you might exceed the 
MPE limits fora controlled RF environment, reduce your 
‘actual transmit time during any 6-minute period. If you 
might exceed the MPE limits for an uncontrolled environ- 
ment, reduce your actual transmit time during any 
30-minute period. 


[You have been studying some very importan informa- 
tion, Let's review what you have learned before going 
on to more new material, Tum to Chapter 11 and study 
questions ТОСОТ through TOCO4, TOCOS through 
Tocoe, TOC11 through TOCAS and ToC 

торов, TOEOS through TOEOS, TOFOS and 
TOF12, Review this section i any of those questions 
give you trouble.] 


General Safety Recommendations 

There are a few additional RF safety points that you 
should be aware of when operating your Amateur Radio 
‘This section includes some general guidelines to 
help keep you and anyone near your station safe while you 
are operating your station, 

Hand-held radios are very popular for VHF and UHF 
operation, especially with FM repeaters. They transmit 
with less than 7-watts of power, which is generally consid. 
ered safe, Because the radios are designed to be operated 
with an antenna that is within 20 centimeters of your body. 
they are classified as portable devices by the FCC. Some 
special considerations are in order to ensure safe operation 
"This is especially true because hand-held radios generally 
place the antenna close to your head, Try to position the 
radio so the antenna is as far from your head (and especially 
your eyes) while transmitting. An external speaker micro- 
phone can be helpful, See Figure 10.10 

A mobile device is a transceiver that is designed 10 
be mounted in a vehicle. 
мей with an antenna that is at least 


Mobile devices are normally 


intended to be ор 


Figure 10.10 — Keep the antenna of a hand-held 
radio as far from your head (especially your oyos) ав 
Possible while transmitting. A remote microphone 
Allows you to hold the radio farther away. 
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20 em from any person. Mobile operations also require 
Some special considerations. For example, you should try 
to mount the antenna in the center of the metal roof of 
Your vehicle, if possible. This will use the metal body of 
the vehicle as an RF shield to protect people inside the саг 
Glass-mounted antennas can result in higher exposure 
levels, as can antennas mounted on a trunk lid or front 
fender. Glass does not form a good RF shield. 

Although mobile transceivers usually transmit with 
higher power levels than hand-held radios, the mobile 
unit often produces less RF radiation exposure. This is 
because an antenna mounted on a metal vehicle roof is 
generally well shielded from vehicle occupants. 

Don't operate RF power amplifiers or transmitters 
with the covers or shielding removed, This practice helps 
you avoid both electric shock hazards and RF safety haz 
ards, A safety interlock prevents the gear from being 
turned on accidentally while the shielding is off. (If your 
equipment does not have such a safety interlock yo 
should take other steps to ensure that the amplifier cannot 
be turned on accidentally.) This is especially important 
Tor УНЕ and UHF equipment. When reassembling trans- 
тїшїп equipment, replace all the screws that bold the RF 
compartment shielding in place. Tighten all the screws 
securely before applying power to the equipment. 

Another area you should pay attention to is the feed 
line connecting your transmitter to your antenna. If you 
arc using poor-quality coax, with shielding that is inad- 
equate, or if there are other causes leading to signals 
radiating from your feed line, you should consider corre 
tive measures. (Use only good-quality coax and be sure 
your connectors are installed properly.) Improper ground 
ing can also lead to a condition known as RF in the shack, 
This is especially a problem with stations installed in the 
second or third floor (or higher) where the ground lead 
begins to act more like ап antenna. If you notice that your 
SWR reading changes as you touch your equipment, or if 
you feel a tingling sensation in your fingers when you 
touch the radio or microphone, these may be indicators of 
RF in the shack. You will have to take some steps to со 
rect these conditions to ensure a safe operating environ- 

If you are installing а repeater or other transmitter in 
а location that includes antennas and transmitters operat 
ing in other services, you must be aware that the total site 
installation must meet the FCC RF radiation MPE limits 
This means your signal is only one part of the total RF 
radiation from that location. You will probably have to 
‘cooperate with the licensees for the other transmitters to 
determine the total exposure. 


[You should turn to Chapter 11 now and study questions 
тосо, TODO1, TODOS and TOF13. Review this section 
W you don't understand the answers to any of these 
questions.) 
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FCC RF-Exposure Regulations 

FCC regulations control the amount of RF expo- 
sure that can result from your station's operation, 
(6597.13, 1.1307 (b(e)(d), 1.1310 and 2.1093). The 
regulations set limits on the maximum permissibl 
exposure (MPE) allowed from operation of transmit 
ters in all radio services, They also require that certain 
types of stations be evaluated to determine if they aro 
in compliance with the MPEs specified п те rules. 
The FCC has also required thal questions on RF 
environmental safety practices be included on the 
Technician and General class examinations. 

The material presented here is only an overview 
ofthis topic: 

The Rules 
Maximum Permissible Exposure (MPE) 

The regulations control exposure to RF fields, not 
the strength of RF fields. There is по limit to how 
strong a field can be as long as no one is being 
‘exposed to it, although FCC regulations require that 
‘amateurs use the minimum necessary power at all 
times ($97.313 (a). А! radio stations must comply 
with the requirements for MPEs, even ORP stations 
running only a few watts or less. The MPEs vary with 
frequency, as shown in Table 10.6. 

MPE limits are specified in maximum electric and 
‘magnetic fields for frequencies below 30 MHz, in 
power density for frequencies above 300 MHz and all 
three ways or frequencies from 30 to 300 MHz. For 
compliance purposes, all of these limits must be 
considered separately— any one is exceeded, the 
station is not in compliance. For example, your 2- 
meter (146 MHz) station radiated electric feld strength 
and power density may be less than the maximum 
allowed. If the radiated magnetic feld strength 
‘excoods that limit, however, your station does not 
meet the requirements. 


Environments. 
In tho latest rulos, tno FCC has defined two 
‘exposure environments—controlled and uncontrolled. 
A controlled environment is one in which the people 
who are being exposed are aware of that exposure 
and can take steps to minimize that exposure, if 
appropriate. In an uncontrolled environment, the 
people being exposed are not normally aware of the 
exposure, The uncontrolled environment limits are 
moro stringent than the controlled environment limits. 
Although the controlled environment is usually 
intended as an occupational environment, the FOC 
has determined that it generally applies to amateur 
operators and members of their immediate house- 
holds. In most cases, controled-environment limits 


‘can be applied to your home and property to which 
you can control physical access. The uncontrolled 
‘environment is intended far areas that are accessible 
by the general public, normally your neighbors’ 
properties and the public sidewalk areas around your 
home. In ether case, you can apply the more restric- 
tive limits, if you choose. 


Station Evaluations 
The FCC requires that certain amateur stations be. 
‘evaluated for compliance with the MPEs. This will help 
ensure a safe operating environment for amateurs, 
{heir families and neighbors. Although an amateur can 
have someone else do the evaluation, it is по! difficult 
{or hams to evaluate their own stations. FCC Otice of 
Engineering and Technology (OET) Bulletin 65 and 
he Amateur Supplement to that Bulletin contain basic 
information about the regulations and a number of 
tables that show compliance distances for specific 
antennas and power levels. Generally, hams will use 
these tables to evaluate thelr stations If they choose, 
however, they can do more extensive calculations 
use a computer to modal their antenna and exposure, 
ог make actual measurements, 

In most cases, hams will be able to use an FCC 
table that best describes their station's operation to 
determine the minimum compliance distance for their 
‘specific operation. Such tables are Included in the 
FCC ОЕТ Bulletin 65 and the Amateur Supplement. 
More axtonsive tablas are also included in ARRL'S AF 
Exposure and You. The tables show the compliance 
distances for controlled and uncontrolled environ- 
ments for a particular type of antenna at a particular 
height. The power levels shown in a table can be 
adjusted for the duty cycle of the operating modo. 
being used, and operating on and off time. The dala. 
сап be averaged over 6 minutes for controlled 
environments or 30 minutes for uncontrolled environ- 
ments 


Categorical Exemptions 

‘Some types of amateur stations do not need to be 
evaluated, but these stations must stil comply with the 
MPE limits. The station licensee remains responsible 
for ensuring that the station meets these require- 
ments. 

The FCC has exempted these stations from the 
evaluation requirement because their output power, 
‘operating mode and frequency are such that they a 
presumed to be in compliance with the rules. 

‘Amateur station licensees are not required to 
perform a routine RF environmental evaluation If tho 
transmitter output PEP is less than or equal to the 
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limits specified in Section 97.13(c) of the FCC Rules. 
(This section is printed on page 10.18.) 
‘Certain repeater stations are also exempt. I you 
эге (or become) a repeater licens 
Rules carefully to determine if you a 
perform an RF evaluation for your repeater station 
Hand-held radios and vehicle-mounted mobile 
radios that operate using a push-to-talk (PTT) button 
are also categorically exempt пот performing the 
routine evaluation 


Correcting Problems 
Most hams are already in compliance with the 
MPE requirements. Some amateurs, especialy those 
using indoor antennas or high-power, high-duty-cycle 
modes such as a RTTY bulletin station and special- 
ized stations for moonbounce operations and the like 

may need to make adjustments to their station or 


‘operation to be in compliance, 
‘The FCC permits amateurs considerable flexibility in 
‘complying with these regulations. Hams can adjust their 
operating frequency, mode or power to comply withthe 
MPE mis. They can also adjust thelr operating habits or 
control the direction their antenna is pointing, For 
‘example, it an amateur were to discover that the MPE 
limits had been exceeded for uncontrolled exposure after 
28 minutes of transmitting, Ihe FOC would consider it 
perfectly acceptable to take a 2-minute break after 
28 minutes. 


Ongoing Developments 
As with all FCC Rules, the RF Exposure Rules are 
Subject to change from time to time. Check OST, 
VITAW bulletins and the RF Exposure News page on. 
ARALWeb (http:Ilwww.arrLorg/nows/risafety). 


Table 10.6 


(From 81.1310) Limits for Maximum Permissible Exposure (MPE) 


(A) Limits for Occupational/Controlled Exposure 


Frequency | Electric Field | Magnetic Field 
Range ‘Strength Strength 
(MHZ) 


Power Density 
(тїйєт) 


(Vim) (Ат) 
0330 


door 


614 163 
30-30 


18421 ават 
30-300 


NETZE 
10 


GEI 0.163 
300-1500 


1300. 


1500-100,000 


5 


WHE 
equivalent power density (вве Note 1 


frequency In 
Plane-wavo. 


18) Limits for General Population/Uncontrolled Exposure 


Electric Field | Magnetic Field 
Strength 


(Am) 


Frequency 
Rango Strength 
(MHz) (V/m) 


Power Density | Averaging Time 


(тиет?) (minutos) 


02-334 Гем 163 


0077 


0 Вга" 2.197 


Овои 


30-300. 275 0.073. 


300-1500 — |— 


1500-100,000 | — - 


frequency in MHz 
= Plane-wav equivalent power density (See Note 1.) 


Note 1: This means the equivalent far-field strength that would have the E or H-leld component calculated or 
ar fold of an antenna. Tha equivale 
eld regions from the relationships: 


noo 


measured. It does not ap 
found in the near or fa 


ы] / 3770 mwin? or trom P, 


well in th 


far-field power 


Electrical, Antenna Structure and RF Safety Practices. 


1047 


FCC Maximum Permissible Exposure (MPE) Limits 


Inthe first рап of this chapter, we described the 1991 
IEEE standard, which ANSI adopted in 1992, as well as 
the National Council for Radiation Protection and Mea: 
surement (NCRP) recommended exposure guidelines 
When the FCC adapted RF radiation protection rules in 
1996, they chose a blend of these guidelines, Table 10.6 
(оп the two previous pages) in the RF Exposure Regula- 
tions sidebar lists the FCC Maximum Permissible Expo- 
sure limits for both the controlled and uncontrolled 
radiation environments at various frequencies, 

Amateurs normally look only to Part 97 for the exact 
Rules governing Amateur Radio. There are other Parts to 
the FCC Rules, though, and in the case of the RF radiation. 
exposure limits, you will have to Jook in Part 1 to find the 
exact limits, If we look in Part 97 for information about 
the exposure limits we find: 

397.13(c) Before causing or allowing an amateur 

station to transmit from any place where the 

operation of the station could cause human 
exposure to levels of radiofrequency (RF) 

radiation in excess of that allowed under $ 1.1310 

of this chapter, the licensee is required to take 

certain actions. 

(1) The licensee must perform the routine RF 

environmental evaluation prescribed Бу 

$ 1.1307) of this chapter if the power of the 

licensee's station exceeds the limits given in the 


following table 
Wavelength Band Evaluation Required 
if Power“ (watts) Exceeds: 

MF 160m 500 
HF 80m 500 

75m 50 

40m 50 

30m — 45 

2m 225 

7m 125 

15m 100 

Rm 75 

tom 50 
VHF (all bands) 80 
UHF 70cm 70 

Bem 150 

2em 200 

13em 250 


SHE (all bands) 250 
EHF (all bands) 250 


Repeater stations 
(all bands) 


Non-building-mounted. 
antennas; height above 


‘ground level to lowest point 
of antenna < 10 m and power 
> 500 W ERP. 
Building-mounted antennas 
power» 500 W ERP 


(2) If the routine environmental evaluation indi- 
cates that the RF electromagnetic fields could 
exceed the limits contained in $1.1310 of this 
chapter in accessible areas, the licensee must take 
action to prevent human exposure to such RF 
electromagnetic fields. Further information on 
evaluating compliance with these limits can be 
found in the ОЕТ Bulletin Number 65, "Evaluar 
ing Compliance with FCC-Specified Guidelines 
for Human Exposure to Radio Frequency Elec- 
tromagnetic Fields." 


As mentioned in the last line, FCC's Office of Engi- 
neering and Technology (ОЕТ) Bulletin 65 also lists the 
specific MPE limits and provides some information that 
Will help amateurs evaluate their stations, Table 10.6 will 
help you determine the MPE limits that apply to your 
amateur operations. If you will only be using one or two 
bands, you will only have to perform a station evaluation 
for those bands. If you will be using a variety of bands 
over the HF, VHF and UHF ranges, you will have to per- 
forman evaluation for each band you will be using. Don't 
worry about trying to memorize the table, You will have 
а copy of it included with your exam papers, so you only 
have to know how to read the table to find the information 
you need. 

Forsome frequency ranges, the MPE limits аге given. 
as constant values, For example, over the VHF (30 to 300 
MHz) range, the controlled environment MPE limits are 
61.4 Vim for the electric field and 0.163 A/m for the 
‘magnetic field. The plane-wave equivalent power density 
is LO mW/em-, Look at Section B of Table 10.6 to find the 
uncontrolled environment limits over the VHF range 
(30 to 300 MHz). Here you will notice that the electric 
field MPE is 27.5 V/m and the magnetic field MPE is 
0.073 Alm. The plane-wave equivalent (far field) power 
density is 0.2 mW/em*, These same values apply to the 
amateur 2-meter (146-MHz) band as well as the 1.25- 
meter (222-MHz) band. 

If you want to know the MPE limits for the HF bands, 
you vill have some simple calculations to perform. Sim: 
ply use the equations listed in Table 10,6 Section A and 
the three in Section B for the frequency range you want to 
evaluate, For example, the controlled environment power. 
density MPE limit on 3.7 MHz is 


HE Controlled Environment Plane Wave Equivalent 
Es uation 10.1) 


Power Density (MPE) = 90 
ce 


HF Controlled Environment Plane- Wave Equivalent 


Power Density (MPE) = 00 „ B ¿57 mW 
GF e "om 


‘This value is called the plane-wave equivalent power 
density or the equivalent far-field power density because 
power density values are only defined in an antenna’s far- 
field radiation zone. You will learn more about the near 
field and far-field zones of an antenna shortly. 

‘Suppose you wanted to know the MPE limits for an 
uncontrolled environment at 28.4 MHz. Again, just per- 
form the calculations indicated in Table 10,6 Section B. 
for the HF range. 


НЕ Uncontrolled Environment Plane- Wave 
1 

[rm 
(Equation 102) 


Equivalent Power Density (MPE) 


HF Uncontrolled Environment Plane- Wave 
Equivalent Power Density (MPE) = 
180 190 mW 


(esa x E 


In the UHF (300 to 1500 MHz) and SHF (1500 to 
100,000 MHz) ranges, the FCC only specifies MPE limits 
їп plane-wave equivalent power densities. This makes 
it easier for you to determine if your station meets the safe 
exposure limits because you only have to consider this 
one value, rather than electric field, magnetic field and 
power density values, Suppose you wanted to know 
the controlled environment MPE limit for the 70-cm. 
(440-MHz) band or the 1270-MHz band. Look at Section 
A of Table 10.6 and find the 300 to 1500-MHz value. 
"This is another one that varies with frequency, so you аге 
given an equation: divide the operating frequency in 
‘megahertz by 300. 


UHF Controlled Environment Plane- Wave 
(мна) 
300 


(Equation 10.3) 


Equivalent Power Density (MPE) 


UHF Controlled Environment Plane- Wave 


‘To find the MPE limits for uncontrolled environ- 
ments over this frequency range, you will have to look at 
Section B of Table 10.6. Here you can find the maximum 
power density by dividing the operating frequency by 
1500. 


UHF Uncontrolled Environment Plane- Wave 


MOTA 


1500 
(Equation 10.4) 


Equivalent Power Density (MPE) 
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Determining the Field Strengths Around 
Your Antenna 

You have just learned that the FCC maximum per. 
missible exposure limits are given in terms of electric and 
magnetic field strengths, So how do you determine if the 
transmitted signal from your station is within these RF 
exposure limits? You must analyze, measure or otherwise 
determine your transmitted field strengths and power 
density, This means there are a number of ways you can 
perform the required routine RF radiation evaluation. 

Опе way to do this is by making direct measurements, 
of the electric and magnetic field strengths around your 
antenna while transmitting a signal. If you happen to have 
а calibrated field-strength meter with a calibrated field- 
strength sensor, you can make accurate measurements, 
Unfortunately, such calibrated meters are expensive and 
not normally found in an amateur's toolbox. The relative 
field strength meters many amateurs use are not accurate 
‘enough to make this type of measurement. 

Even if you do have access to a laboratory-grade 
calibrated field-strength meter, you must be aware of fac- 
tors that can upset your readings. Reflections from ground 
and nearby conductors (power lines, other antennas, house 
wiring, etc) can easily confuse field strength reading: 
For example, the measuring probe and the person making 
the measurement can interact with the antenna radiation if 
they are in the near-field zone. In addition, you must know 
the frequency response of the test equipment and probes, 
and use them only within the appropriate range. Even the 
orientation of the test probe with respect to the test an- 
tenna polarization is important, 

‘A wide-bandwidth instrument used to measure RF 
fields is calibrated over а wide frequency range and re- 
sponds instantly to any signal within that range. The nice 
thing about a wide-bandwidth instrument is that it requires 
no tuning over its entire operating range. A narrow-band- 
width instrument, on the other hand, may be able to cover 
a wide frequency range, but would have a bandwidth of 
perhaps only a few kilohertz at any instant. You have to 
tune the instrument to the particular frequency of interest 
before making your measurements 

Why should we be concerned with the separation 
between the source antenna and the field-strength meter, 
which has its own receiving antenna? One important 
reason is that if you place a receiving antenna very close 
ко an antenna when you measure the field strength, mutual 
coupling between the two antennas may actually alter the 
radiation from the antenna you are trying to measure. 

‘This sort of mutual coupling can occur in the region. 
very close to the antenna under test. This region is called. 
the reactive near-field region. The term "reactive" refers. 
то the fact that the mutual impedance between the trans- 
mitting and receiving antennas can be either capacitive or 
inductive in nature. The reactive near field is sometimes 
called the "induction field," meaning that the magnetic 
field usually is predominant over the electric field in this 
region. The antenna acts as though it were a rather large, 
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lomped-constant inductor or capacitor, storing energy in 
the reactive near field rather than propagating itinto space. 

For simple wire antennas, the reactive near field is 
considered to be within about a half wavelength from an 
antenna's radiating center, For making field-strength 
measurements, we do not want to be too close to the an- 
tenna being measured. 

The strength of the reactive near field decreases in a 
‘complicated fashion as you increase the distance from the 
antenna. Beyond the reactive near field, the antenna's 
radiated field is divided into two other regions: the radi- 
‘ating near field and the radiating far field. Nearly any 
metal object or other conductor that is located within the 
radiating near field can alter the radiation pattern of the. 
antenna. Conductors such as telephone wiring or alumi- 
num siding on a building that is located in the radiating 
near field will interact with the theoretical electric and 
magnetic fields to add or subtract intensity. This results in 
areas of varying field strength. Although you have mea 
sured the fields in the general area around your antenna. 
and found that your station meets the MPE limits, there 
may still be "hot spots" or areas of higher field strengths 
within that region, In the near field of an antenna, the field 
strength varies in a way that depends on the type of an- 
tenna and other nearby objects as you move farther away 
from the antenna, 

‘There is no clear boundary between the reactive near 
field, the radiating near field and the radiating far field 
areas around an antenna. Iis a rather "fuzzy" description. 
that just tries to help identify the conditions around the 
antenna. Figure 10.11 shows the three fields around of a 
simple wire antenna. 

The radiating far-field forms the traveling ele 
magnetic waves. Far-field radiation is distinguished by 
the fact that the power density is proportional to the in- 
verse square of the distance. (That means if you double 


Figure 10.11 — This drawing illustrates the reactive 
near field; the radiating near field and the far field 
around a half-wavelength dipole antenna. 
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the distance from the antenna, the power density will be 
опе fourth as strong.) The electric and magnetic fields are 
perpendicular to each other in the wave front, and are in 
time phase. The total energy is equally divided between 
the electric and magnetic fields. Beyond several wave- 
lengths from the antenna, these are the only fields we need 
to consider. For accurate measurement of radiation pat- 
tems, we must place our measuring instruments at least 
several wavelengths away from the antenna under test 

If you don't have the necessary measuring equip- 
ment, you can perform some calculations to determine the 
electric and magnetic field strengths from your station, 
This is normally done using computer programs, which 
take into account the gain and directivity of an antenna. 
There are a variety of programs available, The most reli- 
able ones are based on the Numerical Electromagnetic 
Code (NEC) program that uses the Method of Moments 
analysis. (MININEC is a variation of the original pro- 
gram shortened to run on personal computers.) While 
these are powerful analysis tools, you must be careful to 
accurately model the antenna and all conductors that 
might be within a few wavelengths of the antenna for 
reliable results, Some simple analysis methods ignore the. 
effects of ground conductivity on the field strengths. For 
the best analysis, however, you must account for the 
ground conductivity and how that interacts with your 
antenna radiation pattern 

In this section you have learned that you can conduct 
the required routine station evaluation by measuring the 
field strength directly. You can also perform some calcu- 
lations, either directly or by using a computer program. 
Bulletin 65 from the FCC Office of Engineering and Tech- 
nology has more detailed information about how you can. 
perform the calculations if you prefer to use that method. 
‘You can also perform the required station evaluation with- 
out performing any calculations, either by hand or by 
computer. You can evaluate your station by finding the 
appropriate entries in published tables. You will learn 
bout using tables in the next section, The FCC does not 
specify any mandatory (required) procedures that you 
must follow to evaluate your station. The ЕСС only re- 
quires that your station does not exceed the maximum 
permissible exposure limits. 

‘The FCC does not require you to keep any records of 
your routine RF radiation exposure evaluation. Itis a good 
idea to keep them, however. They may prove useful if the 
FCC would ask for documentation to substantiate (prove) 
that an evaluation has been performed. The FCC will ask. 
you to demonstrate that you have read and understood the. 
FCC Rules about RF-radiation exposure by indicating that 
understanding on FCC Form 605 when you apply for your 
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There is one more method of performing a routine RF 
radiation exposure evaluation that you should be aware 
of. In fact, this is probably the method most amateurs will 
use. It involves the use of some tables created to help you 
determine safe exposure distances from your antennas. 
You simply look through the tables to find the station and 
antenna configuration that is most like your station and 
then read the minimum recommended distances for con- 
trolled and uncontrolled environments. The tables are 

erated by using a computer analysis and modeling of 
various station configurations. 

The FCC has published such tables in the Amateur 
Supplement to their Office of Engineering and Technol- 
‘ogy (ОЕТ) Bulletin 65. Amateurs can use the information 
in that bulletin and supplement to evaluate their stations, 
The ARRL book RF Exposure and You also includes tables 
from a large number of computer calculations for various 
station configurations, 

"Table 10.7 shows an antenna table for a 3-element 
10-meter Yagi taken from ARRL's RF Exposure and You. 
‘This particular table is for an antenna mounted 30 feet 
above ground. The data for the table was calculated using 
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the NEC- computer program to analyze this antenna over 
average ground. 

You can use this table by selecting the maximum 
transmitter power that you use, and then reading the mini 
‘mum horizontal distance from the antenna to the nearest 
possible human. As long as no one can come closer to the 
antenna than the listed uncontrolled environment dis- 
tance, you will be in compliance with the FCC maximum 
permissible exposure (MPE) limits, Notice that you and 
your family should come no closer to the antenna than the 
distance listed in the controlled environment column, 
Figure 10.12 shows how to calculate the horizontal dis 
tance at ground level and higher floors in a building 

As an example of reading this table, suppose you 
operate with no more than 100 watts on 10 meters. Any- 
опе can safely be directly beneath this antenna at any 
height from the ground up to 20 feet, The third floor of 
your house, at 30 feet above ground, must be at least 
10.5 feet from the antenna. Your neighbor's house would 
have to be 18.5 feet from the antenna in this case. 

‘Table 10.8 shows a similar table that was prepared 
fora 2-meter ground-plane antenna, also mounted 30 feet 
above ground. If you normally use 50 watts of power on 


10-meter band horizontal, 3-element Yagi, Frequency = 29.7 MHz, Antenna height = 30 feet 


Horizontal distance (ee) from any part ol the antenna for compliance with 
‘ccupationalcontrlled or general population uncontrolled exposure fits” 


6 foot 
con © une. con. 


о о 


1000 
1250 
1500 sas 
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Height above ground (teet) where exposure occurs 
12 foet 


20 feet 


o 


o 
o 


o 


as © 
antenna is in compliance 
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Figure 10.12 — This drawing shows how to calculate the horizontal distances between an antenna and the 
areas being evaluated, To use Tables 10.7 and 10.8 for worst-case horizontal compliance distances you must 
consider the antenna height, the height of the exposure point and the horizontal distance between the 
antenna and the exposure point. Use the a' and b triangle sides for the second-story exposure. From there, 
you can use the formula: c = V a? + bî 


Table 10.8 
2-meter band ground plane, 45-degree radials, Frequency = 146.0 MHz, Height above ground = 30 feet 


Horizontai distance (fot) тот any part of the antenna for compliance with 
 occupationalicontoled or general populationluncontroled exposure limits" 


Height above ground (feet) where exposure occurs 
12 feat 


6 feet. 20 feet 


тю 
1000 
1250 
1500 E 


2 feet indicates that tha exposure at tha height in the column above or below the antenna is in compliance. 
Power Average power input o he antenna. 


T 
F 
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Figure 10.13 — These table 
the question роо! graphics. There will be a 
сору of these tables included with your exam. 
Several questions ask you to select the 
correct minimum safe distance for a certain 
antenna and transmitter power. 


Figure T0-2 
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Frequency: 146 Me 
Estimated antenna gain: 1 dii 
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Uncontrolled Lee, 
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з) Jimi P 


— to meet RF power density 
guidelines in the main beam of a typical element 
“triband” Yagi for the 14, 21 and 28 MHz 
amateur radio bands Calculations include the EPA 
‘ground reflection factor of 2.56. 
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Estimated distances to meet RF power density 
guidelines in the main beam of UHF ЗА ground. 
Plane or mobile whip antenna (estimated gain, 
4 dBi). Calculations include the EPA ground 
reflection factor of 256 


Estimated antenna pain: 4d 
mi baun en 
— — 
Transmitter | Distance to 
power | controlled 
Lane Ёа 
E] 47 
iso is 


Distance to 
uncontrolled 


this band, you must be at least 3 feet from the antenna 
when you are 30 feet above ground, Your neighbor or any 
other person who does not know you are transmitting radio 
signals must be at least 6 feet from the antenna. 

You should notice that there are a lot of zeros in the 
columns of Tables 10.7 and 10.8. Basically. the tables are 
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telling you thatthe vertical distance between you (ог your 
neighbors) and your antenna is all the separation you need. 
Someone standing at the base of the tower or antenna 
‘support structure will receive less than the maximum per- 
missible exposure to RF radiation. Common sense should 
also apply. No one should stand close enough to touch an 
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antenna while it is transmitting. If someone did touch the. 
antenna they could receive an RF burn. 

‘On your Technician exam, you will be given a set of 
tables that use a condensed format and not quite as much 
information as Tables 10.7 and 10.8. Figure 10.13 shows 
that set of tables, The most important thing about using 
any tables to evaluate your station or answer questions on 
your exam is to be sure you select the correct table. For 
‘example, if you are evaluating a horizontal half-wave 
dipole on 40 meters (7 MHz) then you would use the in- 
formation in the first block. Select the proper transmitter 
power and look for the column representing either the 
controlled environment or the uncontrolled environment 
as appropriate. 

This section is only intended to introduce you to the 
concept of how to evaluate your station using tables. We 
‘could not include the tables for all possible station con- 
figurations in this book. ARRL's RF Exposure and You 
includes tables for many more antenna types at a variety 
of heights. 

When you are looking for a configuration that 
matches your station you must be careful to read all the 
notes and the complete antenna description, so you are 
эше to select the proper table. Be sure you read the appro- 
priate column for either the controlled or uncontrolled 
environment distances. Also be careful to select the ap- 
propriate power level. If there is no listing for the power 
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you normally use, then select the next higher value, This 
will recommend а farther distance for safety, and will 
provide a higher margin for error, 

Of course you have many ways to ensure that no one 
receives more than the maximum permissible exposure of 
RF radiation from your station. For example, you might 
‘simply take steps to ensure that you can’t transmit with 
Your antenna pointed directly at your neighbor's house 
You can also reduce operating power, select an operating 
‘mode with a lower duty cycle or even limit your transmit 
time during any 30-minute averaging period. 

‘You also have the option of restricting access to any 
areas of high RF radiation levels. This might mean putting up. 
а fence around your property to ensure that no one can wa 
der too close to your antennas while you are transmitting. 


TECHNICIAN 
ELEMENT 2) 


UESTION PooL 
nn ANSWERS 


The questions in this chapter will help you review your 
understanding of the material in the first 10 chapters. 
The questions will help you prepare for your exam. Your 
Technician class license exam will consist of 35 questions 
from the Element 2 Question Pool printed in this chapter. 


DON'T START HERE! 


This chapter contains the complete question pool for the 
Elément 2 exam. Element 2 is the Technician class Amateur 
Radio license exam. To earn a Technician clas license, you 
must passa 35-question written exam. The Technician license 
does not require a Morse code test. If you do pass the S-words- 
per-minute Morse code exam then your Technician license 
will allow you to operate on several high-frequency bands, 

Before you read the questions and answers printed in this 
chapter, be sure to read the text in the previous chapters. Use 
these questions as review exercises, when the text tells you 10 
study them. (Paper clips make excellent place markers to help 
you find your place in the text and the question pool as you 
study.) Don't try to memorize all the questions and answers. 

"This question pool, prepared by the Volunteer Exam, 
iner Coordinators" Question Pool Committee, is for use on 
‘exams beginning July 1, 2003. The pool is scheduled to be 
used through June 30, 2007. Changes to FCC Rules and other 
factors may result in earlier revisions. Such changes will be 
announced in QST and other Amateur Radio publications 
Normally, the Question Pool Committee will simply with 
draw outdated questions. 

"The material presented in this book has been carefully 
written and presented to guide you step-by-step through the 
learning process. By understanding the electronics principles 
and Amateur Radio concepts as they are presented, your in- 
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sight into our hobby and your appreciation forthe privileges 
‘granted byan Amateur Radio license wll be greatly enhanced. 


How Many Questions? 

‘The FCC specifies that an Element 2exam must include 
35 questions. This question pool is divided into en sections, 
called subelement, (A subelement is a portion of the exam 
element, in this case Element 2) The VEC Question Pool 
Committee specifies the number of questions from each 
subelement that should appear on your test. For example, 
there must be five questions from the FCC Rules section, 
Subelement Т1. Table 11.1 summarizes the number of ques- 
tions to be selected from each subelement to make up a 


‘subelement also appears at the 
ли in the question pool. 


Жеп the subelements into small 
Each subelement has the same number of groups a 
questions from that subelement on the exam. Т} 
there are five groups for the FCC Rules subelement 
groups for the Basic Communications Electronic 
ment. The Question Pool Committee intends one question 
from each smaller group be used on the exam. This is not an 
FCC requirement, however. 

Thereisalist of topics printed in bold type a the begin- 


ма 


Table 11.1 
Technician Exam Content 
Subelement Topic 


i 


D FCC Rules 

та Methods о! Communication 

тз Radio Phenomena 

та Station Licensee Duties 

15 Control Operator Duties 

T6 ‘Good Operating Practices 

T Basic Communications. 
Electronics. 

тв ‘Good Engineering Practice 

To Special Operations 

то Electrical, Antenna Structure 
and АР Safety Practices 


ning of each small group of questions. This list of topics for 
each subelement forms the syllabus, or study guide topics for 
that section. The entire Technician syllabus is printed at the 
end of the Introduction chapter. 

‘The small groups are labeled alphabetically within each 
subelement, The five groups in the FCC Rules subelement 
are labeled THA through TIE. Three exam questions come 
from the Control Operator Duties subelement, so that 
subelement has sections labeled TSA through TSC. 

‘The question numbers used in the question pool relate 
to the syllabus or study guide printed at the end of the Intro- 


duction, before Chapter 1 of this book, The syllabus is an 
outline of topics covered by the exam. Each question num- 
ber begins with а T to indicate the question is from the Tech- 


úhician class question pool. Next is a number to indicate from 
‘which of the ten subelements the question is taken. These 
numbers will range from 1 through 9 and 0. Following this 
number is а letter to indicate which group the question is 
from in that subelement. Each question number ends with a 
‘two-digit number to specify its position in the set. So ques- 
tion T2AOI is the first question in the A group of the second 
subelement. Question TOBOS is the eighth question in the B 
group of the ninth subelement. 


Who Picks the Questions? 

"The FCC allows Volunteer Examiner Teams to select 
the questions that vill be used on amateur exams. If your test 
is coordinated by the ARRL/VEC, your test will be prepared 
by the VEC, or by using a computer program supplied by the 
VEC, All VECs and Examiners must use the questions, an- 
swers and distractes (incorrect answers) printed here. The 
positions of the answers may be scrambled on the exam, 
though. This means that you can't be sure the correct answer 
toquestion TIAOI willalways be B. The correct answer may 
appear in location A, B, C or D. 

This question pool contains more than ten times the. 
number of questions necessary to make up an exam. This 
ensures that the examiners have sufficient questions to 
‘choose from when they make up an exam, 
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Who Gives the Test? 


AIL Amateur Radio license exams are given by teams of 
three or more Volunteer Examiners (VEs). Each of the exam- 

ers is accredited by а Volunteer Examiner Coordinator 
(VEC) to give exams under their program. A VEC isan 
nization that has entered into an agreement with the FCC to 
coordinate the efforts of VEs. The VEC reviews the paper- 
work for each exam session, and then forwards the informa- 
tion to the FCC. The FCC then issues new or upgraded Ama- 
teur Radio licenses to those who quality for them. 


Question Pool Format 

‘The rest ofthis chapter contains the entire Element 2 
question pool. We have printed the answer key to these ques 
tions along the edge of the page, There is a line to indicate 
where you can fold the page to hide the answer key while you 
study. (Fold the edge of the page under rather than over the 
page, so you don’t cover part of the questions on the page.) 
After making your best effort to answer the questions, you 
‘can look at the answers to check your understanding. 

We have also included page references along with the 
answers. These page numbers indicate where inthis book 
‘you will find the text discussion related to each question. If 
you have any problems with a question, refer to the page 
listed for that question. You may have to study beyond the 
listed page number to review all the related material. With 
‘questions that relate directly to Federal Communications 
‘Commission (FCC) Rules, we have also included references. 
to the sections of Part 97 of the FCC Rules. We have included 
the textof the rules from Part 97 where appropriate. All ofthe 
‘questions in subelement 1, FOC Rules, include such refer- 
ences. There are also questions in some of the other 
subelements that relate directly to the FCC Rules. This book 
does nor include a complete copy of Part 97, however. For 
the complete text of the FCC Rules governing Amateur 
Radio, we recommend a copy of The ARRL's FCC Rule 
Book. That book includes the complete text for Part 97, along 
with textto explain all the rules. The ARRL's FCC Rule Book 
is updated regularly to reflect changes to the Rules. 

‘The VEC Question Pool Committee included a set of 
drawings used in some of the questions. We placed copy of 
these drawings at the beginning of the question pool, for 
Your information. You may receive a one or two-page hand- 
‘ut similar to this with your exam papers, so you will have 
the figures availabe if your exam includes any of the ques- 
tions that reference them. Some Volunteer Examiner Coor- 
dinators (such as the ARRL/VEC) may place the appropriate 
figures with those exam questions that require them, rather 
than use the entire graphics sheet with each exam. Either 
жау, you will have the necessary drawings for reference if 
Your exam includes one of those questions. For your con- 
venience, we also placed the individual figures near the ques- 
tions that refer to them in the question pool. 

Good luck with your studies. With a bit of time devoted 
to reviewing this book, you'll soon be ready for your 
Technician class exam! 
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Figure TO- 1 


Estimated distances to meet RF power density 
guidelines in the main beam of a 17-clement Yagi 
оп а five-wavelength boom designed for weak 
signal communications on the 144 MHz amateur 
radio band (estimated gain, 16.8 dBi). Calculations. 
include the EPA ground reflection factor of 2.56 


Frequency: 144 MHz 
Estimated antenna gain: 168 dbi 


Controlled limit 1 mc 
Uncontrolled limit: 02 wem? 


Figure T0-2 


ö to meet RF power density 
guidelines жи а horizontal half wave dipole 
“antena (estimated garn, 2 d). Calculations 
Include the EPA ground reflection factor of 2.56 


Estimated antenna gain: 2 di 
Controlled lim: 18:37 mem 
scene Vit 3,67 тист? 


"mmi | Damen | Baer 
power controlled | uncontrolled 
(хив) Jimi limi 


Transmitter | Distance lo [ Distance ro 
power controlled | uncontrolled 


(watt) “init 
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эзе 
ne 
055 


wy 
guidelines with a VHF quarter-wave ground plane 
or mobile whip antenna (estimated gain, I dBi). 
Calculations include the EPA ground reflection 
factor of 2.56. 


Frequency: 146 MHz 
Estimated antenna gain: | dB 
Controlled limit 1 mute 
Uncontrolled limit: 02 mue 


100 7 E 
300 y 69 
nd y 97 
1509 ; п 


Estimated distances to meet RF power density 
guidelines in the main beam of a typical 3-element 
‘riband” Yagi for the 14, 21 and 28 MHz 

amateur radio bands. Calculations include the EPA 
“ground reflection factor of 2.56. 


Frequency: 28 МН: 
Antenna pain: 8 dBi 

Como limit 1.15 wem? 
Uncontrolled limit: 023 mwen? 


Tana | Dame | Dc | 


controlled | uncontrolled 
limi lit 


Transmiter | Dianer | Dame 
power controlled weed 
(wats) limit lint 


10 17 37 
so 37 а> 
150 64 из 


m 245 
as мә 
47 ne 
25 E 


Estimated distances to meet RF power density 
guidelines in the main beam of UHF 5/8 ground 
plane or mobile whip antenna (estimated gain, 
4 dBi). Calculations include the EPA ground 
reflection factor of 2.56. 


Frequency: 446 MHz 
Estimated antenna gain: 4 В! 

Controlled limit 1.49 men- 
Uncontrolled limit 03 mwem 


"Transmitter | Distanceio | Distance to 
power controlled | uncontrolled 
watts) limit limit. 


10 43 
p 
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Аррепаїх 


In this Appendix you'll find an array of data 
tables, charts and other information to aid 
your review before the exam—and assist you 
after you've passed. 


Helpful Data Tables 


Standard Resistance Values. ¡dara Values for 1000-V 
Numbers in bold type are + 10% values. Others are 5% values, ise-Ceramic Capacitors 
опта pF pF pF pF 


LES 72000 тею ia m 
19 47 Wo eo 2000 dico 82000 En m 
18 51 Wo 020 2200 rom 51000 4 „ © 
16 50 200 680 2409 0000, 100000 N 
JB 62 220 750 2700 33000. 110000, Sos эю 
3 68 20 ea 3000 6000 120000 0: : Mae 
FEE sio 3300 39000 130000 пов ж 
24 aa 300 1000 3000 Тю 150000 18 м m 
@ 51 330 1100 ‘7000 160000 # wo эю 
30 100 380 1200 1000. 180000 Бш ою 
33 10 300 1300 4700 бою 200000 4 

20 120 430 1900 5100 ommo 720000 24100 

з 100 ar Mor sem о БЕЗ 


20 220 
33 340 


Resistor Color Code 


Decimal — Tolerance Decimal 
Muller () Color Multiplier 

1 Violet 10,000,000 

10 Gray 199,000,000 
100 Wle 1.000.000.000 
10,000 Siver 9m 

100000 No color 

1000000 


Coler 
Black 
Brown 
Red 
Orange 
Yellow 
Groen 
Bie 


ensure ye 


(Common Values for Small 
Electrolytic Capacitors а 
Ки? ml m 

эз вз 

— 10 
100 
220 
E 
E 
10 
2 
Ed 
i 
100 
220 
E 


100 я: нен-оя 
220 Ss COUPUTER 
E 
1000 Nomograph of SWA versus forward Nomograph of SWR versus forward 
LN and reflected pomer for levels up to апа reflected power for levels up to. 
7 35 20 walls. Dashed line shows an SWR 2000 мана. Dashed ine shows an SWR 

"Wong voltage for 10 W forward and 0.4 Ww of2:1 tor 90 W forward and 10 W 
— — reflected. 


Fractions of an Inch with Metric Equivalents 


Fractions Of Decimals Of Fractions OF Decimals Of 
An Inch Aninch Milimeters Ат Inch auen Milimeters 

wea 00156 озат 3964 osise 15097 

1132 00313 0794 L 05313 T8494 

64 00469 1191 Л 05469 13891 

E 0.0625 1508 ane 05625 14288 

эм 00781 1384 E 05781 14884 

ua 0.0938 2381 19132 05998 15081 

Ti 01094 2778 ЁЛ 0600 19478 

LI 0.1250 2175 06250 15875 

01406 3572 avea 06406 18272 

01563 заво 06563 16669 

01719 4366 p 087108 17065 

01875 4763 05875 17463 

02031 5159 Л 07031 — 17889 

02188 5.556 0718 18256 

02344 E nes 07344 18653 

02500 6350 07500 19050 

02656 ШИ Л 07658 10447 

02813 7144 07813 19844 

0.2969 тз Е 07969 20241 

0.3125 7308 08125 20608 

0.3281 8334 зава 08281 21034 

03438 8731 08438 21431 

02594 9128 Л 08594 21828 

03750 9525 08750 22225 

0.3906 9022 08906 22622 

02063 10219 08063 23019 

04219 10716 09218 23416 

04375 — mia 09375 2383 

O25» 11909 09531 2420 

Dagaa 11906 09688 24606 

04844 12303 озм 25003 

05000 12700 10000 25400 


Schematic Symbols 


Schematic Symbols Used in Circuit Diagrams 


US Customary to Metric Conversions 


International System of Units (SI) — Metric Prefixes 


Prefix Symbol 
exa 1078 
pela тоз 
tera 102 
оса 10 
теда 10 
kilo 109 
hecto 102 
deca 101 
(uni 100 
deci 10-1 
centi 102 
mili 10-2 
micro 10-8 
nano 10-8 
pico 10- 
Тото 


Multiplication Factor 
1 000 000 000 ооо 000 000 
1 000 000 000 000 000 
1.000 000 000 000 

1 000 000 000 


1.000 900 
1000 
100 

10 

1 

ол 

0.01 
0.001 
0.000001 


0.000000001 
0.000000000001 
9900000000000 


10. .000000000000000001 


100 centímetres (em) = 1000 milimetres (mm) 


xX 10 em? = 1 x 108 mm? 
Volume 

m= 1 x 108 om? 

lire () = 1000 cm: 


Mass 
1 kilogram (kg) = 1 000 grams (9) 

(Approximately the mass of 1 litre of water) 
1 metric ton (or tonne) = 1 000 kg 


4.109 mm? 


1 
1 x 106 mm3 


US Customary Units. 


Linear units 
12 inches (in) = 1 foot (f) 
36 inches = 3 feet = 1 yard (yd) 
e feet 
760 yards = 5 280 teet 
8 076.11549 foot 


fluid ounce (1 oz) = 8 fuidrams = 1.804 in? 
pint (pt) = 16 Il oz 

quart (ql) = 2 pt = 32 Hoz = 87% ind 
gallon (ga) = 4 at = 231 in? 

Barrel = 31% gal 


Dry Volume Measure 
67.2 In? 


pecks = 2 150.42 in? 


Avoirdupois Weight 
dram (dr) = 27.343 grains (gr) or (gra) 
ounce (oz) = 437.5 gr 

pound (lo) = 16 oz = 7 000 gr 
Short ton = 2 000 Ib, 1 long ton 


Troy Weight 
grain troy (gr 1) = 1 grain avoirdupois 
Bonnywelght (dů or (рул) = 24 grt 

‘ounce troy (oz 1) = 480 grains 

1b t= 12 oz t = 5 760 grains 


240b 


Apothecaries' Weight 
grain apothecaries (gr ap) = 1 grt = 1 ста 
dram ap (dr ap] 


Metric Unit. 
(Length) 


Conversion. 


Factor 


254 
254 

30.48 
0.3048 
09144 
1.609 
1852 


645.16 
6.4516 
92903 
0.0929 
EXE 
0.83613 
4047 
259 


Multiply > 


Metric Unit = Conversion Factor x US Customary Unit 


O Divide 


Metric Unit + Conversion Factor = US Customary Unit 


US Unit 


inch 
inch 
foot 
foot 
yard 
mile 
nautical mile 


Inch? 
n 
яг 
ya? 
ya 
acre 
т? 


(Avoirdupois Weight) 


0.0648 
28.349 
453.59 
0.45359 
0907 
1.016 


grains 
Б 
b 
short ton 
long ton 


Metric Unit = 


(Volume) 


Conversion. 
Factor x< 


16387.064 


16.287 
0.028316 
0.764555, 

16.387 
2957 
473 
946.333, 
2832 
0.9463 
2 708 
1401 
2 500 
35238 


(Troy Weight) 
31.103 
373.248 


(Apothecaries’ 
3387 
31308 
373.248 


US Unit 


in? 

на 
уаз 
Hoz 
pint 
quart 
" 
quart 
gallon 
dry quart 
peck 
bushel 


E 
ot 


Weight) 
drap 
отар 
ар 
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Glossary of Key Words 


AC hum — Unwanted 60- or 120-Hz modulation of a 
НЕ signal due to inadequate fitering in a power 
supply. 

Alternating сштеп! (ас) — Electrical current that flows 
first in one direction in a wire and then in the other. 
The applied voltage is also changing polarity. This 
direction reversal continues at a rate that depends on 
the frequency of the ac. 

Amateur operator — A person holding a written 
authorization to be the control operator of an amateur 
station. 

Amateur Radio Emergency Service (ARES)— 
"Sponsored by the AHRL and provides emergency 
communications in working with groups such as the 
American Red Cross and local Emorgency Operations. 
Centers 

Amateur service — A radiocommunication service for 
the purpose of selt training, intercommunication and 
technical investigations carried out by amateurs, that 
is, duly authorized persons interested in radio. 
technique solely with a personal aim and without 
pecuniary interest. 

Amateur station — A station licensed in the amateur 
‘service, including necessary equipment, used for 
‘amateur communication, 

Amateur Television (ATV) — A wideband TV system 
that can use commercial transmission standards. ATV 
is only permitted on the 70-cm band (420 to 450 MHz) 
and higher frequencies. 

Ammeter — A test instrument that measures current. 

Ampere (A) — The basic unit of electrical current. 
‘Current is а measure of the electron flow through a 
circuit. И we could count electrons, we would find that 
if there are 6.24 x 10" electrons moving past a point 
їп one second, we have а current of опе ampere.’ We 
abbreviate amperes as amps. 

Amplitude modulation (AM) — А method of combining 
an information signal and an RF (radio-frequency) 
carrier. In double-sideband voice AM transmission, 
We use the voice information to vary (modulate) th 
amplitude of an RF carrier. Shortwave broadcast 
stations use this type of AM, as do stations in the 
Standard Broadcast Band (535-1710 kHz). Few 
‘amateurs use double-sideband voice AM, but a 
variation, known as single sideband, is very popula. 

Analog signals — A signal (usually electrical) that can 
have any amplitude (voltage or current) value, and 
that amplitude can vary smoothly over time, Also see 
digital signals. 

Antenna — A device that picks up or sends out radio 
frequency energy. 

Antenna structure — The assembly or structure that 
includes one or more antennas, any tower supports or 
other attachments. 

Antenna switch — A switch used to connect one 
Transmitter, receiver or transceiver to several different. 
antennas. 

Antenna tuner — A device that matches the antenna 
system input impedance to the transmitter, receiver or 
transceiver output impedance. Also called an an- 
fenna-matching network, impedance-matching 
network or Transmatch. 


Apogee — That point in a satellite's orbit (such as the 
Moon) when it is farthest from the Earth 

Atmosphere — The mass of air surrounding the Earth. 
Radio signals travel through the atmosphere, and 
difloront conditions in the atmosphere affect how 
nose signal travel or propagate. 

Audio frequency (AF) signal — Your ears respond to 
air pressure vibrations approximately in the 
20 herts to 20,000 hertz. An electrical sign 
same frequency range wil produce sounds you can. 
hear iftis connected to a speaker (and if Ìt is strong. 
enough), So electrical signals in the range of 20 hertz 
то 20 kllohortz (20,000 hertz) are called audio tro- 
quency signals. 

Autopatch — A device that allows repeater users to 
‘make telephone calls through a repeater. 

Automatic Gain Control (AGC) — Receiver circuitry 
used to maintain a constant level of audio output 

Balun — Contraction for balanced to unbalanced, A. 
device to couple a balanced load to an unbalanced 

Band-pass filter — A circuit that allows signals to go 
through it only И they are within a certain range of 
frequencies. It attenuates signals above and below 
this range, 

Bandwidth — The width of a frequency band outside of 
which the mean power is attenuated at least 26 dB. 
bolow the mean power of the total emission, Including 
allowances for transmitter dritt or Doppler shift. 
Bandwidth describes the range of frequencies that a 
radio transmission occupies. 

Battery — A dovice that converts chemical energy into 
electrical energy. 

Beacon station — An amateur station transmitting 
‘communications for the purposes of observation of 
propagation and reception or other related experimen: 
{al activities. 

Beam antenna — A directional antenna. A beam 
antenna must be rotated to provide coverage in 
different directions. 

Block diagram — A drawing using boxes to represent 
‘sections of a complicated device or process. The 
block diagram shows the connections between 
sections 

Broadcasting — Transmissions intended to bo re- 
‘ceived by the general public, either direct or relayed. 

Capacitance — A measure of tho abilty of a capacitor 
to store energy in an electric field. 

Capacitor — An electrical component usually formed by 
‘Separating two conductive plates with an insulating 
material, A capacitor stores energy in an electric Held. 

Centi — The metric prefix for 10, or divide by 100. 

Chassis ground — The common connection for all 
parts of a сиси that connect to the negativa side of 
the power supply. 

Chirp — slight shit in transmitter frequency each time 
you key the transmitter. 

Closed repeater — A repeater that restricts access to 
only include members of a certain group of amateurs, 
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Closed circuit — An electrical circuit with an uninter- 
rupted path for the current to follow. Turning a switch 
on, for example, closes or completes the circuit, 
allowing curent to Пон. Also called a complete 

Coaxial cable — Coax (pronounced kó-aks). A type of 
feed line with one conductor inside the other. 

Color code — A system in which numerical values ara 
assigned lo various colors. Colored stipes ara 
painted on the body of resistors and sometimes other 
components to show their value. 

Communications emergency — A situation In which. 
‘communications is required for immediate safely of 
human Ме or protection of property. 

Complete circuit — An electrical circuit with an 
uninterrupted path for the current to follow. Turning a 
‘switch on, for example, closes or completes the 
ies allowing curent o ow. Also called a closed 
circuit 

Conductor — A material that has a loose grip on iis 
electrons, so an electrical current can pass through it. 

Connected — The condition in which two packet-radio 
stations are sending information to each other. Each 
is acknowledging when the data has been received 
correctly. 

Continuous wave (CW) — Radio communications 
transmitted by on/off keying of a continuous radio- 
frequency signal. Another name for international 
Morse code. 

Control operator — An amateur operator designated 
by the licensee of a station to bo responsible for the 
transmissions of an amateur station 

Control point — The locations at which the control 
Operator function is performed. 

Controlled environment — Any area in which an RE 
Signal may cause radiation exposure lo people who 
are aware ol the radiated electric and magnetic fields 
and who can exercise some control over fon expo- 


controlled RF exposure environment to determine the 
maximum permissible exposure levels, 

Courtesy tone — A tone or beep transmitted by a 
repeater to indicato that it is okay for the next station 
to begin transmitting. The courtesy tone is designed to 
allow a pause between transmissions on a repeater, 
зо other stations can call. It also Indicates that the 
time-out timer has been reset. 

со — “Calling any station’: the general call when 
requesting a conversation with anyone. 

Critical frequency — The highest frequency at which a 
radio Wave sent Vertically through the atmosphere will 
return, Above the critical frequency radio signals wil 
pass through the ionosphere instead of returning to 
Earth 

Crossband — Able to receive and transmit on diferent 
‘amateur frequency bands. For example, a repeater 
might retransmit at 2 meters a signal received on 70. 


oscillator — А device that uses a quartz crystal 
to keep the frequency of a transmitter constant. 

Crystal-controlled transmitter — A simple type of 
transmitter that consists of a crystal oscillator followed 
by driver and power amplifier stages, 
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CTCSS — Continuous tone coded squelch system. А 
úsub-audible tone system used on some repeaters, 
When added to a carrier, a CTCSS tone allows a 
receiver to accept а signal. Also called PL. 

Cubical quad antenna — An antenna built with ts 
elements in the shape of four-sided loops. 

Current — A flow of electrons in an electrical circuit. 

(CW (Morse code) — Radio communications transmitted 
by on/off keying of a continuous radio-frequency 
signal. Another name for international Morse code. 

region — The lowest region of the ionosphere. The D 
region contributes very litle to short-wave radio 
Propagation. It acts mainly to absorb energy from 
radio waves as they pass through it. This absorption 
has a significant effect on signals below about 
7.5 MHz during daylight. 

Bata — Computer-based communications modes, such 
as packet radio, which can be used to transmit and 
receive computer files, or digital Information, 

ОЕ — The Morse code abbreviation for “rom” or "this 
3 

Deceptive signals — Transmissions that are intended 
to mislead or confuse those who may receive the 
transmissions. For example, distress cals transmitted 
when there is no actual emergency are false or 
deceptive signals. 

Decibel (dB) — The smallest change in sound level that 
‘can be detected by the human ear, In electronics we 
use decibels to compare power levels. A decibel is ten 
times the logarithm of a ratio of two power levels. 

Deci — The metric prefix for 10", or divide by 10. 

Delta loop antenna — A variation of the cubical quad 
with triangular elements. 

Detector — The stage in a receiver in which the 
‘modulation (voice or other information) is recovered 
from the RF signal 

Deviation — The change in frequency of an FM carrier 
due to a modulating signal 

Digipeater — A packet-radio station used to retransmit 
signals that are specifically addressed lo be retrans- 
mitted by that station. 

Digital communications — Computer-based communi- 
Cations modes. This can include data modes like 
packet radio and text-only modes like radioteletype 
(RTTY). 

Digital signal — A signal (usually electrical) that can 
only have certain specific amplitude values, or steps. 
I a digital signal is used to represent an analog 
signal, the amplitude values only change by the 
allowed steps, rather than the smooth variation of an 
analog signal 

Diode — An electronic component that allows electric 
current to flow In only one direction. A PN junction 
diode is made with one layer of P-type semiconductor 
material and one layer of N-type semiconductor 
material 

Dipole antenna — See Half-wave dipole. А dipole 
‘Reed not be . wavelength long. 

Direct current (dc) — Electrical current that flows in 
‘ona direction oniy. 

Directional wattmeter (seo Wattmeter) 

Director — An element in front of the driven element in 
a Yagi and some other directional antennas, 


Doppler shift — A change in observed frequency of а 
Signal caused by relative motion between the trans- 
milter and receiver. Your ears hear Doppler shift when 
A race car drives past you and you hear the pitch of 
the engine noise change. You wil have to adjust your 
receive frequency to hear a satelite as it passes. 
overhead because of Doppler shift. 

Double-pole, double-throw (ОРОТ) switch — A switch 
that has six contacts. The DPDT switch has two 
center contacts. The two center contacts can each be 
connected to one of two other contacts. 

Double-pole, single-throw (DPST) switch — A switch 
that connects two contacts to another set of contacts 
А DPST switch turns two circuits on or off at the same 
time. 

Doubling — The undesirable act of two or more 
‘operators transmitting at the same time on the same 
frequency. Both operators are usually unaware of the 
others presence, sometimes during the entre trans- 
mission! 

Driven element — The part of an antenna that con- 
necte directly to the feed line. 

Dual-band antenna — An antenna designed for uso on. 
two different Amateur Radio bands. 

Dummy antenna — A station accessory that allows you 
to test or adjust transmitting equipment without 
ending a signal out over the alr. Also called dummy 
load. 


Dummy load — A station accessory that allows you lo 
test or adjust transmitting equipment without sending a 
signal out over ће air. Also called dummy antenna. 

Duplex — A made о! communications (also known as 
Till duplex) in which a user transmits on one 
quency and receives on another frequency simul 


neously. This is in contrast to hall duplex, where the. 
User transmits at one time and receives at another 
time. 

Duplexer — A device that allows а dual-band radio to 
Use a single dual-band antenna 

Duty cycle — A measure of the amount of time а 
transmitter is operating at full output power during a 
single transmission. A lower duty cycle means less RF 
radiation exposure for the same PEP output, 

ох — Distance, foreign countries. 

E region — The second lowest ionospheric region, the 
E region exists only during the дау. Under certain 
‘conditions, it may refract radio waves enough to return 
them to Earth 

Earth ground — A circuit connection to a ground rod 
‘riven into the Earth or to a cold-water pipe made ot 
Copper that goes into the ground. 

Earth station — An amateur station located on, ог 
Within 50 km cf, the Earth's surlace intended for 
Communications with space stations or with other 
Earth stations by means of one or more other objects 
in space, 

Earth-Moon-Earth (EME) or Moonbounce — A method 
‘of communicating with other stations by reflecting 
radio signals off the Moon's surtace. 

Electric field — An invisible force of nature. An electric 
field exists In a region of space И an electrically 
‘charged object placed in the region Is subjected to an 
electrical force. 

Electromotive force (EMF) — The force or pressure 


that pushes a current through а circuit. 

Electron — A tiny, negatively charged particle, normally 
found In an area surrounding the nucleus of an atom, 
Moving electrons make up an electrical current. 

Electronic keyer — A device that makes it easier to 
‘send well-timed Morse code. It sends either a continu- 
ous string of dots or dashes, depending оп which sido 
of the paddle is pressed. 

Emergency — A situation where there is a danger to 
lives or property 

Emergency communications — Communications. 
Conducted under adverse conditions where normal 
channels of communications are not available, 

Emergency traffic - Messages with ife and death 
urgency or requests for medical help and supplies that 
leave an area shorty after an emergency. 

Emission — Tho transmitted signal from an amateur 
Station 

Emission privilege — Permission to use a particular 
emission type (such as Morse code or voice). 

Emission types — Term for the differant modes 
authorized for use on the Amateur Radio bands, 
Examples are CW, SSB, ATTY and FM. 

Energy — The ability to do work; the ability to exert а 
force to move some object. 

F region — A combination of the two highest iono- 
‘spheric regions, the F1 and F2 regions. The F region 
Tefracts radio waves and returns them to Earth. ts 
height varies greatly depending on the time of day, 
season of the year and amount of sunspot activity. 

False or deceptive signals — Transmissions that are 
intended to mislead or confuse those who may receive 
the transmissions. For example, distress calls trans- 
mitted when there is no actual emergency are false or 
deceptive signals. 

Federal Communications Commission (FCC) — 
Federal agency in the United States that regulates 
use and allocation of the frequency spectrum among 
many different services, including Amateur Radio. 

Feed line — The wires or cable used to connect a 
transmitter, receiver or transceiver іо an antenna. The 
feed line connects to an antenna at its feed point. Also 
sos Transmission line, 

Filter — A circuit that wil allow some signals to pass 
through it but wil greatly reduce the strength of 
others. 

Fixed resistor — An electronic component specifically 
designed to oppose or control current through а 
circuit. The resistance value of a fixed resistor cannot 
be changed or adjusted 

Form 605 — An FCC form that serves as the applica 
tion for your Amateur Radio license, or for modifica 
tions to ап existing license. 

Forward power — The power traveling from the 
Transmiter to the antenna along a transmission line. 

Frequency — The number о! complete cycles о! an 
‘alternating current that occur per second, 

Frequency bands — A group of frequencies where 
‘amateur communications are authorized, 

Frequency coordination — Allocating repeater Input 
‘and output frequencies to minimize interference 
between repeaters and to other users of the band. 


Frequency coordinator — An individual or group that 
recommends repeater frequencies to reduce ог 
eliminate interference between repeaters operating on 
or near the samo frequency in the same geographical 

Frequency discriminator — A type of detector used in 
'some FM receivers 

Frequency modulated (FM) phone — The type of 
signals used to communicate by voice (phone) over 
most repeaters. FM broadcast stations and most 
professional communications (police, fre, tax) uso. 
FM. VHF/UHF FM phone is the most popular amateur. 
mode. 

Frequency modulation (FM) — FM is a method ot 
'combining an AF carrier with an information signal, 
such as voice. Tho voice information (or data) 
‘changes the RF carrier frequency in the modulation. 
process. We use voice or data to vary the frequency. 
of the transmitted signal 

Frequency privilege — Permission to use a particular 
group of frequencies. 

Front-end overload — Interference to a receiver 
‘caused by a strong signal that overpowers tho 

ceiver AF ampliar (front ond"). Soo also receiver 
overload 

Fuse — A thin metal strip mounted in a holder. When 
1оо much current passes through the fuse, the metal 
strip melts and opens the circuit. 

Gain — Gain makes your signal sound stronger o other 
‘operators and their signals sound stronger o you, 
when compared with non-diractional antennas, Gain in 
опе direction means that gain in other directions ls 
diminished. 


Giga — The metric prefix for 10*, or times 
1,000,000,000. 
Grace period — The time FCC allows following the 


‘expiration of an amateur license lo renew that license 
Without having to retake an examination, Those who 
hold an expired license may not operate an amateur 
station unti the license is reinstated, 

Ground connection — А connection made to the earth 
for electrical safety. This connection can be made 
inside (lo а metal cold-water pipe) or outside (to a 
ground год). 

Ground rod — A copper or copper-clad stool rod that is 
driven into the earth. A heavy copper wire from the 
ham shack connects all sation equipment to the 
ground rod, 

Ground-wave propagation — The method by which. 
radio waves travel along the Earth's surface. 

Half-wave dipole — A basic antenna used by radio 
amateurs. It consists of а length of wire or tubing, 
‘opened and fed at the center. The entire antenna is. 

"Ye wavelength long at the desired operating frequency. 

Hand-held radio — А VHF or UHF transceiver that can 
‘De carried in the hand or pockot- 

Harmful interference — Interference that seriously 
degrades, obstructs or repeatedly interrupts а 
radiocommunication service operating In accordance 
with the Radio Regulations. ($97.3 (a) (22)] 

Harmonies — Signals from a transmitter or oscillator 
occurring on whole-number multiples (2+, 3x, 4x, etc) 
of the desired operating frequency. 

Health and Welfare traffic — Messages about the wall 


being of individuals in a disaster area, Such mes- 
sages must wait for Emergency and Priority traffic to 
clear, and results is advisories to those outside the 
disaster area awaiting news from family and friends. 

Hertz (Hz) — An alternating-current frequency of one. 
cycle per second. The basic unit of frequency, 

High frequency (HF) — The term used for he frequency 
range between 3 MHz and 30 MHz. The Amateur HF bands 
are where you are most key o make long-distance 
(Vodice) contacts 

High-pass filter — A fiter designed to pass high- 
egueney signal, whe blocking lower regiency 
signals 

Impedance — The opposition to electric current in a 
circuit. Impedance includes factors other than resis- 
ance, and apples lo alternating currents. Ideally, the 
characteristic impedance of a feed line is the same as 
the transmitter output impedance and the antenna 
Input impedance. 

Impedance-matching device — A device that matches 
‘one impedance level to another. For example, it may 
match the impedance of an antenna system to the 
impedance of a transmitter or receiver. Amatours also 
call such devices a Transmatch, impedance-matching 
‘network or antenna tuner. 

Inductance — A measure of the ability of a col to store 
energy in a magnetic Hel 

Inductor — An electrical component usually composed 
‘of a coll of wire wound on a central core. An inductor 
stores energy in a magnetic fel. 

Input frequency — A repeaters receiving frequency. 
То use a repeater, transmit on the input frequency 
апа receive on the output frequency. 

Insulator — A material that maintains a tight grip on its 
‘electrons, во that an electric current cannot pass 
‘through it (within voltage limits) 

Intermediate frequency (IF) — The output frequency of 
a mixing stage in a superheterodyne receiver. The 
"Subsequent stages in the receiver are tuned for 
‘maximum efficiency at the IF. 

Ionizing radiation — Electromagnetic radiation that has 
sufficient energy to knock electrons free from mer 
atoms, producing positive and negative ions. 

X-rays, gamma rays and ultraviolet radiation are 
examples of ionizing radiation, 

lonosphere — A region of electrically charged (onized) 
gases high in the atmosphere, The ionosphere bends 
fado waves as 
to Earth, Also s 

K — The Morse code abbreviation for "any station. 
respond.” 

Keplerian elements — Mathematical values for a 
‘satellite's orbit Ihat can be used to compute the 
position of a satelite at any point in time, for any 
position on Earth 

Kilo — The metric pref for 10°, or times 1000. 

Lightning protection — There are several ways to help 
prevent lightning damage lo your equipment (and your 
house), among them unplugging equipment, discon- 
necting antenna feed lines and using a lightning 
arrestor. 

Limiter — A stage of an FM recolver that makes the 
receiver less sensitive to amplitude variations and 
pulse noise. 


Line-ot-sight propagation — The term used to de- 
scribe VHF and UHF propagation in a straight line 
directly from one station to another. 

Loading сой — An inductor placed at the base or at ће 
center of an antenna to resonate it. Most often, ће 
“antenna is a vertical that is physically shorter than a 
Quarter-wavelength long. 

(Log — The documents or log of а station that detail 
operation of the station. They can be used as support- 
Ing evidence, and for troubleshooting interference 
related problams or complaints. 

Lower sideband (LSB)—Tho common single-sideband 
‘operating mode on the 40, 80 and 160-meter amateur 
bands. 

Low-pass filter — А fiter that allows signals below the 
олон frequency to pass through and attenuates 
signals above the сло! frequency. 

Malicious (harmful) interference — Intentional, 
deliberate obstruction of radio transmissions. 

Maximum useable frequency (МИЕ) — The highost- 
{frequency radio signal that will reach a particular 
‘destination using sky-wave propagation, or skip. The 
MUF may vary for radio signals sent to diferent 
destinations. 

MAYDAY — From the French m'aidez (help me), 
MAYDAY is used when calling for emergency assis 
tance in voice modes. 

Mega — The metric prefix for 10%, or times 1,000,000. 

Metric prefixes — A serios of terms used in the metric 


System of measurement. Wo use metric prefixes to 
describe a quantity as compared to a basic unit. The 
metric prefixes indicate multiples of 10. 

Metric system — A system of measurement developed 


by sclentists and used in most countries of the world. 
This system uses a set of prefixes that are multiples 
‘of 10 to indicate quantities larger or smaller than the 
basic unit. 

Micro — The metric prefix for 10, or divide by 1,000,000. 

Microphone — A device that converts sound waves. 
into electrical energy. 

Mili — The metric prefix for 10°, ог divide by 1000. 

Mixer — Circuitry used in a receiver to convert an 
incoming signal to an intermediate frequency. In a 
transmitter a mixer converts an IF signal to the 
desired output frequency, 

Mobile station —A radio transmitter designed to be 

A push-to-talk (PTT) switch 
generally act transmitter, Any station that 
can be operated on the move, typically in a car, but 
Also on a boat, a motorcycle, truck or RV. 

Modem — Short for modulator/demodulator. A modem 
‘modulates a radio signal to transmit data and do- 
modulates a received signal to recover transmitted 
da 

‘Modulate — To vary the amplitude, frequency, or phase 
of a radio-frequency signal. 

Modulation — The process of varying an RF cartier in 
‘some way (the amplitude or the frequency, for ex- 
ample) to add an information signal to be transmitted 

Monitor mode — Ono typo of packet radio receiving 


packet frequency is displayed by the monitoring ТМС. 
"This occurs whether or not the transmissions aro. 
addressed to the monitoring station 


Morse code (see CW). 
Multiband antenna — An antenna capable of operating 
оп more than one amateur frequency band, usually 

using a single feed line. 

Multihop propagation — Long-distance radio propaga- 
tion using several skips or hops between the Earth 
and the ionosphere. 

Multimeter — An electronic test instrument used to 
‘measure current, voltage and resistance in a circuit. 
Describes all meters capable of making these me 
surements, such as the voltohm-miliammeter (VOM), 
vacuum-tube voltmeter (VTVM) and field-effect 
transistor VOM (FET VOM), 

Multimode radio—Transceiver capable of SSB, CW 
‘and FM operation. 

National Electrical Code — A set of guidelines govern- 
ing electrical safety, including antennas, 

Network — A term used to describe several packet 
Stations Inked together to transmit data over long 

istances 

Nonionizing radiation — Electromagnetic radiation that 
does not have sufficient energy to knock electrons 

from their atoms, Radio frequency (RF) radiation 
is nonicnizing. 

NPN transistor — A transistor that has a layer of P- 
type semiconductor material sandwiched between 
layers of N-type semiconductor material 

Offset frequency — The difference between 
repeaters transmitter and receiver frequencies. Also 
known as the split 

Ohm — Tho basic unit of electrical resistance, used to 
describe the amount of opposition to current. 

Ohm's Law — A basic law of electronics. Ohm's Law 
gives a relationship between voltage (E), current (I) 
and resistance (Н). The voltage applied to a circuit is 
equal to the current through the circuit times the 
resistance of the circu (E = IR). 

Ohmmeter — A device used to measure resistance. 

‘One-way communications — Radio signals not 
directed to a specific amateur radio station, or for 
which no reply is expected. The FCC Rules provide 
for límited types of one-way communications on tho. 
amateur bands. [$97.111 (0) 

Open circuit — An electrical circuit that does not have 
а completa path, so current can't flow through the 
circuit 

Open repeater — A repeater that can be used by all 
hams who have a license that authorizes operation on 
the repeater frequencies, 

Operator/primary station license — An amateur 
license actually includes two licenses in one. The 
‘operator license is that portion of an Amateur Radio 
license that gives permission to operate an amateur 
station, The primary station license is that portion of 
fan Amateur Radio license that authorizes an amateur 
Station at a specific location. The station license also 
lists the cal sign of that station. 

Output frequency — A repeaters transmitting Ir 
quency. To use a repeater, transmit on the Input 
frequency and receive on the output frequency. 

Packet radio — A system of digital communication 
"whereby information is broken into short bursts. The 
bursts ('packets") also contain addressing and error- 
dotection information. 


Parallel circuit — An electrical circuit їп which the 
electrons fallow more than one path In going from t 
negative supply terminal to the positive terminal. 

Parallel-conductor line — A type of transmission line 
that uses two parallel wires spaced арап from each 
other by insulating material. Also known as open-wire 
line. 

Parasitic beam antenna — Another name for the beam 
antenna. 

Parasitic element — Part of a directive antenna that 
derives energy from mutual coupling with Ihe driven 
element. Parasitic elements are not connected directly 
to the feed line. 

Peak envelope power (РЕР) — The average power of 
а signal at ts largest amplitude peak. 

Pecuniary — Payment of any type, whether money or 
other goods. Amateurs may nol operate their stations 
їп retur for any type of payment, 

Perigee — That point in the orbit of a satelite (such as 
the Moon) when it is closest to the Earth. 

Phone — Another name for voice communications. 

Phone emission — The FCC name for voice or other 
sound transmission: 

Phonetic alphabet — Standard words used on voice 
modes to make it easier to understand letters of the 
alphabet, such as those in сай signs. The cal sign 
KAGLMN stated phonetically is Kilo Айа Six Lima Mike 
November, 

Pico — The metric prefix for 10* 
1,000,000,000,000. 

PL (see CTCSS) Priv 
trademark, 

PNP transistor — A transistor that has a layer at N- 
type semiconductor material sandwiched between 
layers of P-type semiconductor materia 

Polarization — The electricafield characteristic of a 
radio wave. An antenna that is parallel to the surface 
of the earth, such as a dipole, produces horizontally 
polarized waves. One that is perpendicular to the 
earth's surface, such as a quarter-wave vertical, 
produces vertically polarized waves. An antenna that 
has both horizontal and vertical polarization is said to 
be circularly polarized. 

Portable device — A radio transmiting device do- 
signed to have a transmitting antenna that is generally 
within 20 centimeters of a human body. 

Potentiometer — Another name for a variable resis- 
tor. The value of a potentiometer can be changed 
over a range of values without removing it from a 
circuit. 

Power — The rate of energy consumption. We calculate 
power in an electrical circuit by multiplying the voltage 
applied to the circuit times the current through the 
circuit (P = IE) 

Power supply — A circul! that provides a direct-current 
‘output at somo desired voltage from an ac input 
voltage. 

rimary service — When а frequency band is shared 
among two or more different radio services, the 
primary service is preferred. Stations in the second- 
ary service must not cause harmful interference to, 
and must accept interference from stations in the 
primary service. [697.303] 


or divide by 


Line — PL is a Motorola 


Primary station license — An amateur icense actualy 
includes two censes in one. The operator license i 
that portion of an Amateur Radio icense that ges 
permission to operate an amateur station. The primary 
Staion lense is tha portion of an Amateur Radio 
conca that authorizes an amateur station ага 
Specific location. The station license also ists the call 
Slon of that station 

Priority traffic — Emergency-related messages, but not 
“2 important as Emergency traffic. 

Procedural signal (prosign) — Ono or two letirs sont 
' a single character. Amateurs use prosigns in CW 
Contacta аз а short way 10 Indicate the operators 
intention, Some examples аге r or "Go Ahead; or xe 
{or End ol Message.” (The bar over no letters 
Indicates that we send the prosign as ono character.) 

Product detector — A device that allows a receiver to 
process CW and SSB signals. 

Propagation — The study of how radio waves travel 

а signals — Three-letter symbols beginning wih Q. 
sed on CW to save time and o improve communica- 
ton. Some examples are onc (send slower) om. 
(location), сво (nam conversation) and os (acknowt- 
edgment of receipt) 

‘RL? — Ham radio O signal meaning "s this frequency 
in usa?" 

OSL card — A postcard that serves as а confirmation of 
communication between two пате. 

aso — A conversation between two radio amateurs 

Quarter-wavelength vertical antenna — An antenna 
constructed of a quarter wavelength long radiating 
lernt placed perpendicular tothe earth 

Radio Amateur Civil Emergency Service (RACES) — 
A рап of the Amateur Serie that provides radio 
communications for civil preparedness organizations 
Suring local, regional or national смі emergencies 

Radio frequency (RF) radiation — Electromagnetic 
Snorgy fat traves through space without wres. FCC 
las establish maximum permissible exposure 
(MPE) values for humans to RF radiation. [81.1310 
and $97.13 (c)] 

Radio frequency (RF) waves — Electromagnetic 
nergy tha aves through space without wres. RF 
waves are generally considered to bo any electromag 
nele waves with а frequency higher than 20,000 Hz, 
U to 300 GHz. Above 300 GHz are the inrarec 
waves, visile igh, ultraviolet waves, X-rays and then 
gamma rays. 

Radio-requency interference (RFI) — Disturbance to 
are equipment caused by rado-roguoncy 
Signals 

Radioteetype (RTTY) — Rado signals sent кот one 
"еріте machine o another machine. Anything Mat 
опе operator fpes on та teleprinter wil Бе printed on 
‘ho other machine. Also known as narrow-band dieci 
printing daa 

ere dvi a conver radio waves то 
Signals wo can hear or see 

Receiver overload Interference ivor caused 
Dy a strong RF signal that forces t way into the 
equipment” A signal Ihat overloads ne receiver RF 
molto (ront end) causes frontend overload. 
Recoivor overload а sometimes called RF overond. 


Reciprocal operating authority — Permission for 
‘amateur radio operators from another country to 
‘operate in the US using their home license. This 
permission is based on various treaties between the 
US government and the governments of other coun- 
tres. 

Reflected power — The power that returns to the 
transmitter from the antenna along a transmission 
line 

Reflection — Signals that travel by line-of-sight 
propagation aro raflocted by large objects like 
Buildings. 

Reflector — An element behind the driven element in a 
Yagi and some other directional antennas. 

Refract — Bending of an electromagnetic wave as it 
travels through materials with diferent properties. 
Light refracts as it travels from air into water. Radio 
waves retract as they travel through the ionosphere. I 
the radio waves retract enough they will return to. 
Earth. This is the basis for long-distance communica- 
tion on the HF bands. 

Repeater station — An amateur station that receives. 
‘ho signals of other stations and retransmits them for 
greater range. 

Resistance — The ability to oppose an electric current 

Resistor — Any material that opposes a current in an 
‘electrical circuit. An electronic component specifically 
designed to oppose or control current through а 
circuit 

Resonant frequency — The dosired operating fre- 
quency of a tuned circuit. In an antenn 
frequency is one where the feed-point impedance 
contains only resistance. 

RF burn — A burn produced by coming in contact with 
exposed RF voltages. 

RF carrier — A steady radio frequency signal that is 
‘modulated to add an information signal to be transmit- 
ted. For example, a voice signal is added to the RF 
carrier to produce a phone emission signal. 

RF overload — Another term for receiver overload. 

RF radiation — Waves of electric and magnetic energy. 
‘Such electromagnetic radiation with frequencies as 
low as 3 kHz and as high as 300 GHz are considered 
to be part of the AF region. 

RF safety — Preventing injury or illness to humans from 
the effects of radio-trequency energy. 

Rig- The radio amateurs term for a transmitter, 
receiver or transceiver. 

A system of numbers used for signal reports: Н 
ability, S is strength and T is tone. (On single 
sideband phone, only R and S reports are used.) 

Rubber duck antenna — A flexible rubber-coated 
“antenna that is inexpensive, small, lightweight and 
dificult to break. Rubber ducks are used mainly with 
hand-held VHF or UHF transceivers, 

S meter — A meter hat provides an indication o ma 


Safety interlock — A switch that automat 
с power to a piece of equipment when the top cover 
is removed, 

Scattering — Several factors may cause some energy 
from a radio signal to fallow a path other than the 
idealized “straight line.” Scattering can take place 
from the Earth's ionospheric and other atmospheric 


regions as well as from objects in the wave path, 

Schematic symbol — A drawing used to represent а 
circuit component on a wiring diagram. 

Secondary service — When a frequency band is 
shared among two or more differant radio services, 
the primary service is preferred. Stations In the 
secondary service must not cause harmful interter- 
fence to, and must accept interference from stations in 
the primary service. [897.303] 

Series circuit — An electrical circuit in which ай the 
‘electrons must flow through every part of the circuit 
Thero is only one path for the electrons to follow. 

‘Shack — The room where an Amateur Radio operator 
keeps his or her station equipment. 

‘Short circuit — An electrical circuit in which the current 
does not take the desired path, but finds a shortcut 
instead. Often the current goes directly from the 
negative power-supply terminal to the positive one, 
bypassing the rest of the circuit. 

Sidebands — The sum or difference frequencies 
generated when an RF carter is mixed with an audio 
signal. Single-sideband phone (SSB) signals have an 
upper sideband (USB — that рап of the signal above 
the carrier) and a lower sideband (LSB — the part of 
the signal below the carrier. SSB transceivers allow 
operation on either USB or LSB. 

Signal generator — A device that produces a low-level 
‘signal that can be set lo a desired frequency. 

‘Simplex operation — Receiving and transmiting on 
the same frequency, 

‘Single sideband (SSB) phone — A common mode of 
volce oporation on the amateur bands. SSB is a form 
о! amplitude modulation. The amplitude of the trans 
mitted signal varies with the voice signal variations. 

Single-pole, double-throw (SPDT) switch — A switch 
"hat connects one center contact to one of two other 
contacts, 

Single-pole, single-throw (SPST) switch — A switch 
that only connects one center contact to another 
contact. 

Skip zone — An area of poor radio communication, too. 
distant for ground waves and too close for sky waves, 

Sky-wave propagation — The method by which radio 

Ind back to 


has a far greater range than line-of-sight and. 
ground-wave propagation. 

Slow-Scan Television (SSTV) — A television system 
used by amateurs to transmit pictures within a signal 
bandwidth allowed on the HF or VHF/UHF bands by 
the FCC. It takes approximately 8 seconds to send а 
single Back and white SSTV ame, and between 12 

lous color systems 


code call for emergency assistance. 
Space station — An amateur station located more than 
'50 km above the Earth's surface, 
Specific absorption rate (SAR) — A term that de- 
the rate at which RF energy is absorbed into 
he human body. Maximum permissible exposure 
(MPE) limits are based on whole-body SAR values. 
Splatter — A type о! interference to stations on nearby 
Frequencies, Splatter occurs when a ransmiter is 
overmodulatec 


‘Sporadic E — A form of enhanced radio-wave propaga- 
tion that occurs when radio signals are reflected from 
small, dense ionization patches in the E region of the 
ionosphere. Sporadic E is observed on the 15, 10, 6 
‘and 2-meter bands, and occasionally on the 1.25-meter 
band 

‘Spurious emissions — Signals from a transmitter on 
frequencies other than the operating frequency. 

‘Squelch — Circuitry that mutes an FM receiver when 
по signal is received. 

SSB — Abbreviation for the single sideband phone 
mode of communication. This is the most widely used 
mode for phone operation on the HF bands 

Standard frequency otfsot — Tho standard transmit- 


frequency. 

Standing-wave ratio (SWR) — Sometimes cali 
voltage standing-wave ratio (VSWR). A measure ol 
the Impedance match between the feed line and the 
antenna. Also, with a Transmatch in use, a measure 
©! the match between the feed line from the transmit- 
ler and the antenna system. The system includes tho 
Transmatch and the line o the antenna. VSWR is the 
ratio of maximum voltage to minimum voltage along 

Xd line, Also the ratio of antenna impedance to 
impedance when the antenna is a purely 
resistive load. 

Station grounding — Connecting all station equipment 
to a good earth ground improves both safety and 
station performance, 

Station license — An amateur license actually includes 
two licenses in one. The operator license is that 
portion of an Amateur Radio license that gives 

lermission to operate an amateur station. The primary 
station license is that portion of an Amateur Radio 
license that authorizes an amateur station at a 
specific location. The station license also lists the call 
sign of that station 

Station records/station log — The documents or log of 
а station that detail operation of the station. They can 

e used as supporting evidence, and for troubleshoot- 
ing interference-related problems or complaints. 

Stratosphere — The part of the Earth's atmosphere 
that extends from about 7 miles to 30 miles above the 
earth. Clouds rarely form in the stratosphere. 

Sunspot cycle — Tho number of sunspots increases 
‘and decreases in a predictable cycle that lasts about 
11 years, 

Sunspots — Dark spots on the surface of the sun. 
When there are few sunspots, long-distance radio 
propagation is poor on the higher-frequency bands. 
When there aro many sunspots, long-distance HF 
propagation improves. 

Superheterodyne receiver — A receiver that converts 
all signals to the same IF before filtering and атри! 
Cation. This provides good performance over a wide 
rango of radio frequencies. 

Switch — A device used to connect or disconnact 
electrical contacts, 

SWR meter — A measuring instrument that can indicate 
when an antenna system is working well. A device 
Used to measure SWR. 


Tactical call signs ~ Names used to identity a location 
ог function during local emergency communications. 
Tactical communications—A first-response communi- 
‘cations under emergency conditions that involves а 

few people in a small area. 

Telecommand operation — A one-way radio transmis- 
sion lo start, change or end functions of a device al a 
distance, 

Telegraph key — A telegraph key (also called a straight 
key is the simplest type of Morse code sending 
device. 

Teleprinter — A machine that can convert keystrokes 
(typing) into electrical impulses. The teleprinter can 
also convert the proper electrical impulses back into 
text. Computers have largely replaced teieprinters for 
amateur radioteletype work. 

Television interference (TVI) — interruption of televi- 
sion reception caused by another signal. 

Temperature inversion — A condition in the atmo- 
‘sphere in which a region of cool air is trapped beneath 
warmer air. 

Temporary state of communications emergency — 
‘When a disaster disrupts normal communications in a 
particular area, the FCC can declare this type of 
emergency. Certain rules may apply for the duration 
‘of tha emergency. 

Terminal — An inexpensive piece о! equipment that 
‘can be used In place of a computer in a packet radio 
station 

Third-party communications — Messages passed 
from one amateur to another on behalf of a third 
person, 

‘Third-party communications agreement — An official 
Understanding between the United States and another 
‘county that allows amateurs In both countries to 
participate in third-party communications. 

‘Third-party participation — The way an unlicensed 
person can participate in amateur communications. A 
Control operator must ensure compliance wih FCC 

Tlcket—A common name for an Amateur Radio license. 

Time-out timer — A device that limits the amount ot 
time any one person can talk through a repeater. 

Transceiver — A radio transmitter and receiver com- 
bined in one unit. 

Transistor — A solid-state device made of three layers 
ої semiconductor material. See NPN transistor and 
PNP transistor. 

‘Transmission line — The wires or cable used to 
‘connect a transmitter or receiver to an antenna. Also 
called feed line. 

Transmitter — A device that produces radio-frequency 
signal 

Troposphore — The region in Earth's atmosphere lust 
‘above the Earth's surface and below the Ionosphere. 

Tropospheric bending — When radio waves are bent 
in the troposphere, they return lo Earth farther away 
than the visible horizon. 

Tropospheric ducting — A type of VHF propagation 
that can occur when warm alr overruns cold air 
temperature inversion) 


Ultra high frequency (UHF) — The ter used tor he 
тошу rane бат 00 МН: and 3000 МНЕ (3 Gt, 
Technician солово vo fl pes оп ай Ата UHF 
bands 

ultraviolet (UV) — Electromagnetic waves with tre- 
quencies ог тап viste ight erally above 
Alto which the highsrequency end of he те 
Visible range 

Unbalanced line — Feed Ine with one conductor at 
round polenta, such as coaxial саре, 

Uncontrolled environment — Any area in which an RF 
Signal may cause radiation exposure o poopie who 
тау not be aware of the radiated насто and mag- 

folds, The FOC genera considers members of 
the genera public and an amateurs neighbors to be 
in an uncontrolled RF radiation exposure environ- 
топ to determino he maximum permissible exposure 
loves 

unidentified communications or signal — Signals or 
“adi соттыпсатопв т ich the ransmitn 
ations сай sign в not ransmited 

Universal Licensing System (ULS) — FCC database 
forall FOC radio sorces 

Upper sideband (USB) -The common single-sdeband 
porting mode onthe 20, 17,15, 12 and rene 
НЕ amateur bands, and al tne УНЕ and UHF bands 

able resistor — A resistor whose value can be 
usted over а certain range, without removing 1 
from a cic 

Variblefreguency oscillator (VFO) — An oscilator 
sed m recover an tansmiters The frequency s. 
fet by a tuned cre using capaciors and ductor 
‘To Vequency can o changed by adusng те 
Components i ie tuned seuit. 

Vertical antenna — A common amateur antenna, of 
"rade of mea tuning. The radiating elemen a 
Coral There are usualy four or more radia! le- 
mnis paralel t or on e ground. 

high frequency (VHF) Te lem used or he 
Viktor rano een 30 M ала 30 Mz Technician 


licensees have ful privileges on ай Amateur VHF bands. 


Visible horizon — The mast distant point one can see 
by line of sight. 

Voice — Any of the several methods used by amateurs 
to transmit speech. 

Voice communications — Hams can use several voice 
‘modes, including FM and SSB. 

Volt (V) — The basic unit of electrical pressure or EMF. 

Voltage — The EMF or pressure that causes electrons 
to move through an electrical circuit. 

Voltmeter — A test instrument used to measure 
voltage. 

Volunteer Examiner (VE) — А licensed amateur who is 
accredited by a Volunteer Examiner Coordinator 
(VEC) to administer amateur license examinations. 

Volunteer Examiner Coordinator (VEC) — An organi- 
zation that has entered into an agreement with the 
FCC to coordinate amateur license examinations. 

Watt (W) — The unit of power in the metric system, The 
watt describes how fast a circuit uses electrical 
energy. 

Wattmeter — Also called a power meter, a test instru- 
ure the power output (in watts) of a 
tional wattmeter measures both 

forward and reflected power. 

Wavelength — Olten abbreviated A. The distance a. 
radio wave travels in one RF cycle. The wavelength 
relates to frequency. Higher frequencies have shorter 
wavelengths. 

Weak-signal modes — Usually SSB or CW modes, 
used in relation to operating on the VHF and UHF 
bands, where many amatours only operate FM phone. 

WWVIWWVH — Radio stations run by the US NIST 
(National Instituto of Standards and Technology) to 
provide accurate time and frequencies 

Yagi antenna — The most popular type of amateur 
directional (beam) antenna. It has one driven elemer 
and one or more additional elements. 

73 — Ham lingo for “best regards.” Used on both phone 
‘and CW toward the end of a contact 


The best time to get your 
first ham radio license is NOW! 


Ham Radio is 


Helping others Provide public service communications for marathons, bike races 
and parades—and during emergencies like earthquakes, floods, blizzards and tornadoes! 


Awards— Enter ham radio operating events to challenge yourself and improve your operat- 
ing skills! Earn certificates and awards you can proudly display in your ham “shack: 


Making friends—Talk to your friends and neighbors—across town or around the 
world—fram your own Amateur Radio station. Set up your station in your house or take 
it with you—in your car—on a camping trip—almost anywhere! 


Repeaters— Keep in touch with old friends and make new ones on repeaters that let you. 
‘communicate 50 miles or more using low-power hand-held radios! 


Advancing technology—Learn about the latest communications technology! You can 
build and try out your own antennas and radio equipment 


Digital communications— Use your home computer and radio with keyboard-1o- 
keyboard modes like PSK-31 to chat with other hams, Use packet radio networks and 
Internet connections to exchange programs and e-mail type messages. 


International communications—8e an ambassador for your country right from 
Internati tions В Ibassador f hit 
your own home! Learn about other people and places, practice their language and learn 
about their culture. 


OSCAR Satellites —Use Orbiting Satellites Carrying Amateur Radio to talk with other 
hams around the world—on voice and through your computer! Talk to astronauts as they 
orbit the Earth! 


Here's what a few readers had to say about earlier editions of Now You're Talking! 


"Mound the book wal written, easy to read and well organized. thought | would read 1 or 2 sections а week, but finished tho book 
in les than 2 waaks, ound a testing sile and passed 100%" Супа Dikerman, KBTIAE, Norio, МА 


Excellent review f basic electronics fundamentals! This book wil iso be а valuable reference for operation of my Amateur station 
Eric Ката, KBSTAU, Downers Grove IL 


“This book js put together very well, and with a litle over a week I was able to take the Technician test and pass with no problem. 
Thank you" Jack Floyd, KD7FIM. Las Vegas, NV. 


Excellent organization and step by step explanation ol material Excellent study guide” Nicholas Bathlentalvay: KCOMCT. Englewood, CO. 


"The book was great I ound it really easy о grasp the nformatan needed о pass the exam | passed wih а perfect score because 
of his wel-unten улде” David Staples, KESHIU, Elis Park, РА (Age 14) 


1 enjoyed this publication. I is excellent or those just starting out. The explanations and diagrams resulted in good understanding. 
fine theories Involved” Mark Foto KB3GSG, Alquppa, PA 


W's cacior than evor to become a ham radio operator. Ear your Technician license by passing a single 35-question exam. 
There is no Morse code requirement for this license.) When you ae ready to upgrade 
The ARAL General Cines License Manual and The ARRL Extra Class License 


ite ra for in her las wien exams n addon, ARRLE 519955 
on te Morne Code o casete tape ог sto CD wil prepare You or 
WES wpm code exam 
A Published by 
2 M 


ARRL AMATEUR RADIO 
ARRLWeb: www.arel.org 
225 Main Street, Newington, CT 06111-1494 
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SIMPLE Time-Difference-Of-Arrival RDF 
Joe Leggio WB2HOL 


‘This T.D.O.A. RDF set is built into a die-cast Pomona box. I built it in October, 1989. As you can see 
from the photo, it has held up to lots of abuse as it gets knocked around in my RDF bag 


How it works 


Time Difference of Arrival RDF sets work by 
switching your receiver between two antennas 
at a rapid rate. When both antennas are the 
same distance from the transmitter, the RF 
phase received by both antennas will be 
identical, If the two antennas are different 
distances from the transmitter the RF will 
have a different phase at each antenna. If we 
switch between the antennas 500 times a 
second, this phase change will be detected by 
an FM receiver as a 500 Hz tone. 


By turning the antennas for a null in the tone, 
your two antennas will be perpendicular to the| 
transmitter. Unfortunately, you can be facing 
the transmitter or facing away from the 
transmitter and get a null in the tone. By using 
a synchronous detector and processing the 

phase of the tone, it is possible to drive a 
center scale meter to indicate which direction 
to turn to face the transmitter. 


If you have a null in the tone and turn slightly 
right, the meter should point to the left and 

direct you to turn left io face the transmitter. If 

instead, it points right as you turn right, you 

need to continue turning right to face the 

transmitter; you were facing away from it 

originally. (in other words, you need to turn 180 degrees around) 


When you build this unit you must test it with *your specific receiver.* The audio circuits in a receiver 
sometimes invert the audio phase and if that is the case, the unit will read opposite of the true direction. 
If this happens to you simply turn the antenna unit around or reverse the connections to the meter. 


If you look closely at the center of the antenna boom in the picture below, you will see my markings on 
the antenna for one of my НТУ. (1 used abbreviations, but it says "When using the Ten-Tec HT, this side 
ol the boom should be on the bottom and away from the transmitter") 
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Circuit Description 


This circuit is adapted from an idea which originally was described in OST in an article for a Double 
Ducky direction finder. It uses а CMOS 4066 as a synchronous detector. I used а CMOS 555 as a 
square wave oscillator to drive both the antenna switching diodes and the synchronous detector. I also 
added a stage of audio amplification to help drive a less sensitive meter. This unit was originally 
designed to be mounted directly on the antenna connector of my HT. This worked fine when 1 
originally built it. Today, I have a Yeasu FTSOR. It is smaller than the ТРОА unit and has an SMA 
connector for the antenna. Somehow, I don't think it could support the weight. 


Audio is input via a cable connected to the earphone jack of the HT. A small loudspeaker was mounted 
оп the front of the T.D.O.A. RDF unit to allow me to hear the FOX. The loudspeaker is not illustrated 
in the schematic shown here. The T.D.O.A. RDF unit supplies voltage to the antenna unit through the 
center conductor of the coax. The voltage alternately causes the diodes connected to the antenna 
elements to conduct. As the diodes conduct, RF is able to flow from one of the antenna elements to the 
receiver The switching rate is set by the Oluf capacitor and the 47k resistor connected to pin 2 of the 
555. IF you would like a different tone, try adjusting the value of the 47k resistor. 


This T.D.O.A. RDF unit uses a center scale meter to indicate which direction to turn in order to face the 
transmitter. I used a surplus meter movement in my ТРОА RDF unit. It was not a center zero meter 
until I took it apart and moved the mechanical zero adjust lever to make it so. I would guess it was а 
100 microamp meter movement originally. I think it was a signal strength meter from an old FM 
broadcast band receiver. A more sensitive meter would allow you to use less volume. I usually look for 
а 50 to 200 microamp zero center meter when building one of these units and can usually find a bargain 
at one of the ham radio flea markets I attend. I never spend more than five dollars for a surplus meter. 
‘The meter in this unit cost me about a dollar. I would guess that even a 500 microamp meter could be 
used. I would be less sensitive and require you to use a bit more volume. 


The Printed Circuit Board 


I used rub-on transfers (available from Radio Shack) to lay out the PC board in this unit. It does not 
have the audio amplifier stage which is present оп the PC layout included on this web page. The 
amplifier is needed when using less sensitive meter movements, 


‘The PC board layout is shown here looking at the bottom of the board as if you had X-ray eyes and 
could look through the board and see the parts on top. There is one wire jumper. It is at the lower right 
side of the PC board. The two transistors are 2N3904 or equivalent. The two diodes across the meter 
movement are 1N914 or equivalent. The three 2Suf capacitors each have two different pads available 
for their leads. If you can obtain parts small enough to fit the set of pads spaced closer together, use 
them. There is nothing critical about the value of most of the parts. Anything plus or minus 20 percent 
ol the value indicated will work. (don't add 20% to the 555 or the 4066. I doubt *that* would work!) 


All of the resistors are 1/4 watt. The two diodes on the PC board are connected "back-to-back" The PC 
layout illustrates how the diodes should be mounted. The electrolytic caps should be rated for at least 
10 volts. (assuming you are going to use a 9 volt battery). The 1.0 microhenry coil used to couple the 
‘output from the 555 to the antenna was fashioned by winding about 20 turns of number 22 AWG wire 
оп а 3/16 inch drill bit. It was then slid off of the drill and mounted on the PC board. 
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HB2HOL RDF 8,93 =" 


Details of the antenna are shown below. The four antenna elements should be fashioned out of stiff 
wire or metal rods. One club member recycled a broken TV antenna and used 19 inch segments of its 
elements. The schematic shows two antennas; you might be wondering why there are four antenna 
elements. The extra two are connected to the coax shield at the ends of the boom. These form a 
counterpoise for the two active elements, 


‘The boom of the antenna must be less than 1/2 wavelength long. The longer the boom, (up to 1/2 
wavelenngth ) the more RF phase difference will be detected. I found that spacing the antennas about 
1/4 wavelength apart gave the best results, Further apart resulted in more modulation but at the expense 
ol portability. It also seemed a bit less sensitive to multipath errors when I used the shorter boom. The 
antenna unit pictured here has a 15 inch long boom. 


‘The antenna must be constructed as symmetrical as possible. The lengths of coax from the center BNC 
connector must be identical. A difference of 1/2 inch will cause an error of several degrees. If you use 
1/2 wavelengths of coax you only need one set of diodes where the coax connects to the BNC 
connector at the center of the boom. If you find it easier to mount a flange style SO-239 connector on 
the boom instead of a BNC, use it instead. You will then need a cable with an PL-259 at one end and a 
BNC connector at the other to connect the antenna to the RDF unit. 


have found that by 
jounting the antenna 

п а mast so it is up and 
fin the clear will result 
in the most accurate 
bearings.(It is then 
baway from reflections 
from your body and the 
round) Whatever you 
lo, make the unit. 
collapsible so it can be 


stored when not in use, 
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144 wavelength 


Кай 
RDF ANTENNA MECHANICAL DETAIL 


— PERES EN 2 


114 wavelength 
, counterpoise Ferale BNC Comector 
element 


It is very important that the diodes on the antenna be connected as shown on the schematic. Most 
diodes have a band which shows which end is the cathode. The best diodes for use in the antenna are 
RF PIN diodes. I used 185103 PIN diodes I purchased at a flea market. An equivalent diode is the 

MPN 3404. In a pinch, you can substitute a 1N4007 power diodes. They have a similar internal diode 
structure to the PIN diodes and will work almost as well. The MPN 3404 is advertised at Dan's small 


parts 


RDF Antenna Mechanical Details 


My antenna unit is designed to fold for storage. Wing nuts are used to secure the elements in position. I 
used brass brazing rod for the antenna elements on my latest hand-held unit. Earlier units used 
straightened out coat hanger. On the unit pictured, I used 1/2 wavelength lengths of coax between the 
center PIN diode and the antenna elements. This allowed me to use only one pair of PIN diodes in the 
center. I coiled the coax and secured it to the boom mid way between the center BNC connector and the 
ende RG-174 coax was used on the unit illustrated here to reduce weight. The resistor in the picture is 
a 1.5k. The schematic below shows 820 ohms, Remember, in this circuit, few part values are critical. 


The antenna boom was made from a piece of scrap glass epoxy circuit board material about 15 inches 
long and about 1 1/4 inch wide. I peeled the copper from the board, mounted a BNC connector at the 
center, and used small ring terminals secured by screws as tie points. The PIN diodes are the small 
rectangular black parts with the red stripe at one end. The picture shows them soldered to the back of a 
chassis mount BNC connector. 


When you build your antenna make sure you mark one side as being the side towards the transmitter. 
Also mark the TOP. The first time I used this antenna, I started out walking away from the fox instead 
of towards it because the antenna was being held upside down. (My antenna was visually as well as 
physically symetrical) What amazed me was the number of other hunters who followed me thinking 1 
knew where I was going, For the second fox hunt, I had marked the antenna. I won that event using this 
unit 
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The Schematic 


2antonnas 10 inchos tona, 
‘spaced 14 inches арай. 


IMAD? diodes are the best substitute 
Чува are unable ta get PIN diodes 
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Eri set 
. Sue 


COAX to Antenna Unit 
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555 Time-Difference-Of-Arrival RDF 


by Joe Leggio WB2HOL 


This T.D.O.A. RDF set is built on a Radio-Shack experimenters board. It was featured on the cover of 
the May,June July 1993 issue of the South Eastern Repeater Association, Inc Repeater Journal 


It uses a single 555 timer wired to produce a square wave output at about 500 Hz. 1N4007 power 
rectifier diodes were used in place of PIN diodes to switch between two dipole antennas at a 500 Hz 
rate. If you substitute another lower voltage power rectifier, it will work, just not as well. Of course, if 
You have RF PIN diodes, use them. (the 1N4007 is the only diode in the IN400X series to contain a 
PIN diode structure) Power is supplied by a 9 volt battery. 


I mounted the 555 oscillator circuit at the center of a 15 inch long piece of wood which acts as a boom 
to support two dipoles. The dimensions are not too critical. I used small brass screws as tie points at the 
ends of the boom and used wing-nuts to allow the dipole elements to fold against the boom when the 
unit was not in use. 


1 did not bother to add a power switch. I simply used a rubber band to secure the 9 volt battery to the 
boom and disconnect the battery from the circuit when I'm not using it. 


How it works 


‘Time Difference of Arrival RDF sets work by switching your receiver between two antennas at a rapid 
rate. When both antennas are the same distance from the transmitter, the RF phase received by both 
antennas will be identical. If the two antennas are different distances from the transmitter the RF will 
have a different phase at each antenna. If we switch between the antennas 500 times a second, this 
phase change will be detected by an FM receiver as a 500 Hz tone. 


By turning the antennas for a null in the tone, your two antennas will be perpendicular to the 
transmitter. Unfortunately, you can be facing the transmitter or facing away from the transmitter and 
get a null in the tone. This circuit does not give you the ability to know if you are facing the transmitter 
or facing away from it. You must use triangulation to determine the correct direction. Although I have 
not tried it, you may also add a switched phasing line to your unit as shown here. This will result in a 
mon-symmetrical receive pattern and allow an indication of which direction to travel. 


The best method to tell the front from the back when using a TDOA RDF unit is by using a T.D.O.A. 


with a synchronous detector and processing the phase of the tone. It is then possible to drive a center 
scale meter to indicate which direction to turn to face the transmitter. 
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The Antenna Unit 


Details of the antenna are shown below. The 
four antenna elements should be fashioned out 
of stiff wire or metal rods. One club member 
recycled a broken TV antenna and used 19 inch 
segments of its elements. The schematic shows 
two antennas; you might be wondering why 
there are four antenna elements, The extra two 
are connected to the coax shield at the ends of 
the boom. These form a counterpoise for the two 
active elements. 1 found that 15 inch lengths of 
wire "coat-hanger" worked well as antenna 
elements for the unit pictured here, You can 
experiment to determine the optimal length and 
distance between the dipole elements, (until you 
run out of wire hangers, that is) 


‘The boom of the antenna must be less than 1/2 
wavelength long. The longer the boom, ( up to 
1/2 wavelength ) the more RF phase difference 
will be detected. I found that spacing the 
antennas about 1/4 wavelength apart gave the 
best results. Further apart resulted in more 
‘modulation but at the expense of portability. It 
also seemed a bit less sensitive to multipath 
errors when I used the shorter boom, The unit 
pictured here has a 15 inch long boom, 


‘The antenna must be constructed as symmetrical 
as possible. The lengths of coax from the center 
circuit board must be identical. A difference of 

1/2 inch will cause an error of several degrees, 

Note that the layout of the antenna switching, 

diodes on the experimenters PC board is symmetrical. 


Ihave found that by mounting the antenna on a mast so it is up and in the clear will result in the most 
accurate bearings.(It is then away from reflections from your body and the ground) Whatever you do, 
‘make the unit collapsible so it сап be stored when not in use. I used wing-nuts on the antenna elements 
to allow the unit to fold easily. 


It is very important that the diodes on the antenna be connected as shown on the schematic, Most 
diodes have a band which shows which end is the cathode. The best diodes for use in the antenna are 
RF PIN diodes. I used 188103 PIN diodes I purchased at a flea market. An equivalent diode is the 
MPN-3404. In a pinch, you can substitute a 14007 power diodes. They have a similar internal diode 
structure to the PIN diodes and will work almost as well. The MPN-3404 is advertised at Dan's small 


parts 
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555 Time Diference of Arrival 
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TAPE MEASURE BEAM 

OPTIMIZED FOR RADIO DIRECTION FINDING 
Joe Leggio WB2HOL 

Description 


‘This antenna evolved during my search for a beam with a really great front-to-back ratio to use in 
hidden transmitter hunts. This design exhibits a very clean pattern and is perfect for RDF use. It trades 
abit of forward gain in exchange for a very deep notch in the pattern toward the rear. (You could 
optimize the design for more forward gain, but at the expense of a really good notch in the pattern 
toward the rear.) It is a design that can be constructed using only simple hand tools (no machine shop 
needed) and still perform well, It has been duplicated several dozen times by other local hams and as 
been successfully used as a club construction project. 


When I designed this antenna I had one basic idea in mind. It had to be easy to get in and out of the саг 
when hunting for a hidden 
transmitter. This would be 
accomplished by the use of steel 
"tape measure" elements. These 
elements could fold easily when 
fitting the antenna into my car and 
yet still be self supporting. I 
decided to use three elements to 
keep the boom from getting too 
long. 


Another of my design goals was to 
use materials that were easy to 
‘obtain. I chose to use Schedule-40 
PVC pipe and fittings available at my local hardware store for the boom and element supports. These 
kept the cost for the antenna very low. The element supports consist of PVC crosses and tees 


Since I had never seen any plans for an antenna using elements made from 1 inch wide steel "tape 
measure," I had to do the design myself. To assist in the design I used a shareware computer aided yagi 
design program written by Paul McMahon VK3DIP. It allowed me to optimize the antenna for the. 
cleanest pattern combined with the best front-to-back ratio. 


Performance Predicted by YAGI-CAD 


¡AIN 7.3 aBa 


[Front-to-Back Ratio S0 db 


db Beamwidih 67,5 degrees 


db Beamwidth [H= по degrees 
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When I first built this beam I found it needed a matching network of some kind to have a low SWR. 
My first attempt was а Gamma match. This was unwieldy. The driven element could barely handle the 
weight and the Gamma match itself was not very flexible. The best matching network turned out to be 
a "hairpin match." This is simply a 5 inch length of wire that is connected across the feed points of the 
driven element. The antenna has some capacitive reactance without the matching network. The inch 
length of wire has just enough inductance to cancel the capacitive reactance. This resulted in a better 
match than anything else I had tried. 


‘The wire I used for the hairpin match was enamel insulated 18 gauge solid. Other hams who have 
duplicated this beam have used just about anything they had on hand. 14 gauge house wire works well, 
so does a length of 22 gauge hookup wire. It does not seem to matter if it is stranded or solid, use 
whatever you have available. This results in a very good match across the two meter band once you 
have adjusted the distance between the halves of the driven element for minimum SWR. (1 inch apart 
оп my prototype), 


Lused a pair of shears to cut the tape measure elements to length. An old pair of scissors will probably 
do as well. No matter how you cut the elements be very careful. Those edges are very sharp and will 
inflict a nasty cut if you аге careless. Use some sandpaper to remove the really sharp edges and burrs 
resulting from cutting the elements to size. I put some vinyl electrical tape on the ends of the elements 
to protect myself from getting cut. I encourage you to do the same. It will probably be best if you round 
the corners of the elements once you cut them. Wear safety glasses while cutting the elements. Those 
bits of tape measure can be hazardous. 


‘The RGSS coax feedline is connected directly to the driven element. No matter what method you use to 
attach the feedline, make sure you scrape or sand the paint off the tape measure element where the 
feedline is attached. Most tape measures have a very durable paint finish designed to stand up to heavy 
use. You do not want the paint to insulate your feedline connection. 


If you are careful, It is possible to solder the feedline to the element halves. Care must be taken since 
the steel tape measure does not solder easily and since the PVC supports are easily melted. You might 
want to tin the tape measure elements before mounting them to the PVC cross. 


If you decide not to solder to the tape measure elements, there are two other methods that have been 
used to attach the feedline. One method employs ring terminals on the end of the feedline. The ring 
terminals are then secured under self tapping screws which hold the driven element halves. This 
method does not allow you to tune the antenna by moving the halves of the driven element. 6-32 bolts 
and nuts could be used if holes are drilled in the elements near the ends. If the bolt heads are placed 
nearest the PVC fitting, you could secure ring-terminals with nuts and lock washers. Another 
possibility is to simply slide the ends of the feedline under the driven element hose clamps and tighten 
the clamps to hold the ends of the coax. I know this is low-tech, but it works just fine. 
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Stainless steel hose clamps are used to attach 
the driven element halves to the PVC cross 
Which acts as its support. This has the added 
benefit of allowing you to fine tune your 
antenna for lowest SWR simply by loosening 
the hose clamps and sliding the halves of the 


driven element either closer or further арап. 
By using the dimensions specified, I found that 
the SWR was 1:1 at 146.565 Mhz (our Fox- 
Hunt frequency) when the two elements were 

paced approximately 1 inch apart. Figure 1 
shows the method used to attach the driven 
element to the PVC cross, 


Lused 1 1/2 inch hose clamps to attach all the 
elements on my prototype beam. Others who have duplicated my design have used self tapping screws 
to attach the elements to the PVC crosses and tees. Performance is the same using either method. The 
телу are much less expensive but they do not hold the elements as securely. If you do not use 1/2 
inch PVC fittings but instead use 3/4 inch, make sure the hose clamps you buy are large enough to fit. 


If you wish a slightly neater looking beam, use the self tapping screws. If you do not mind spending a 
few more dollars for the hose clamps, use them instead. If were to build another beam 1 would use 
screws for the director and reflector, and hose clamps for the driven element. That would give me the 
best of both methods. 


Rubber faucet washers have been used by some builders between the tape measure element and the 
PVC fittings on the director and reflector. These allow for the tape to fit the contour of the PVC fitting 
and will make the antenna look better. Now you know what to do with those washers left over from the 
ortment you once purchased; You know the ones I mean, the washers that do not fit the faucets you 
have in your house. If you are an apartment dweller, ask around, these things are stashed in almost 
every homeowners basement or garage. 
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| 1/2 inch 
[Stainless Steel 
70 80 G Hose Clamps 


[Use tape on 
1 V. cut edges for 


[25 inches i 1/2 inches] — qe 


[Antenna elements are made of 1 inch wide steel 
[epe-measure 


Construction: 


Cut a length of tape measure to 41 3/8 inches. It will be the Reflector element. Cut two lengths of tape 
measure to 17 3/4 inches, These will be used for the Driven element. Cut one length of tape measure to 
5 1/8 inches. It will be used for the Director. Once you have cut the tape measure to length, put vinyl 
tape on the cut ends to protect yourself from the sharp edges. You will want to scrape or sand off the 
paint from one end of each of the driven element halves so you can make a good electrical connection 
to the feedline. 


If you are planning to solder the feedline to the driven elements it is best to tin the elements first before 
attaching them to the PVC cross. If you don't, the PVC will melt as you apply heat to the element. It 
would be a good idea to also take the time to form the wire used for the hairpin match into a “U” shape 
with the two legs of the “U” about 3/4 inch apart. Tin the ends of the hairpin if you plan on soldering it 
to the driven element. If you tin 1/4 inch of each end of the hairpin it will leave 4 1/2 inches to shape 
into the “U”. 
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You will need to cut two lengths of PVC pipe to use as the boom. One should be cut to 11 1/2 inches. It 
is used to form the boom between the Director and the driven element. The other piece of PVC should 
be cut to 7 inches. It will be used between the Reflector and the Driven element, Just about any saw 
will cut through the soft PVC pipe. I used a hacksaw. When we mass produced this antenna as a club 
project, we marked the pipe and used a portable jig saw to cut the lengths in assembly line fashion. It 
took longer to measure the pipe than to actually make the cuts. Since the pipe is available in ten foot 
lengths, you can make a few beams from a single 10 foot length. In any case, you might want to cut a 
few extras lengths for your friends. They will want to duplicate this once they see your completed 
antenna, 


At this time you can pre-assemble the PVC boom, crosses and tee which will support the tape measure 
elements. I did not use any cement or glue when I assembled mine. The PVC pipe is secured in the 
fittings with a friction fit. 


‘The hose clamps I used are stainless steel and have a worm-drive screw which is used to tighten them. 
‘They are about 1/2 inch wide and are adjustable from 11/16 inch to 1 1/2 inch diameter. Attach the tape 
measure elements to the PVC fittings as shown in the accompanying drawing. It is normal for the 
Reflector and Director elements to buckle a bit as itis tightened to the PVC Tee and Cross. You can 
eliminate this buckle if you use the washers and self tapping screws to attach these elements instead of 
the hose clamps. I do not think the beam will withstand as rough a treatment as when hose clamps are 
used. 


How docs it perform? 


‘Once you have completed your beam you probably will be interested to see if it performs as well as the 
computer predicted. The SWR should be less than 2:1 across the entire two meter band. The front-to- 
back ratio is predicted to be very good with the antenna exhibiting a very deep notch in its pattern 
towards the rear. The YagiCad 4.1 program produced these antenna pattern graphs showing the pattern. 
you should expect. If you would like to experiment a bit with this program, the yagi specification file 
Tor this tape measure beam is available for download here. Simply download the YAGI-CAD program 
and put the tape measure beam design file in the same directory. You will then be able to experiment 
with the design. 


Note: under Windows95, only the first .yag file will show in the OPEN-FILE menu. You can either 
move all the other уар files to a sub-directory or re-start the computer in MS-DOS mode. It works fine 
there. (1 really do not know why this occurs Бш will blame Microsoft) 
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How does the tape measure beam "measure up?" 


WBASUV and WAGEZV used a storage 
scope connected to a copy of this 
antenna constructed by KC8FQY and 
provided the following picture of the 
actual antenna pattern. I am very happy 
to see that the computer prediction of a 
clean pattern with a really great front- 
to-back ratio was accurate. What do you 
think? 


Summary 


This beam has been used on Fox-Hunts, 

on mountain tops, at local public service] 

events, outdoors, indoors in attics, just 

about everywhere. The SWR is typical 

Very close to 1:1 once adjusted. Front to 

back performance is exactly аз 

predicted, The null in the rear of the 

pattern is perfect for transmitter hunts. When tested using a sensitive field strength meter and a low 
powered fox transmitter, full scale readings were seen from a distance of ten feet. With the same field 
strength meter I was able to point the antenna away from the transmitter and move the reflector element 
to within a few inches of the transmitter antenna and still not see a reading. I don’t have the facilities to 
verily a $0 db notch as predicted by the Yagi-Cad software but It sure seems close. The flexible 
elements have taken a lot of abuse. My antenna has seen a lot of use and has held up quite well. Best of 
all, when on a fox-hunt, this beam is a breeze to get in or out of the ear. 
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RDF2 YAGI WITH TAPE MEASURE ELEMENTS 
Joe Leggio WB2HOL 


Description 
‘This antenna is an adaptation of the RDF2 two element, close spaced Yagi antenna described in the 
May, 1996 issue of 73 Amateur Radio Today Magazine. 

‘The original design, developed by N6WZI and featured in the Homing In column of 73, used 1/4 inch 
solid aluminum rods for antenna elements. If you don't subscribe to 73, find someone who does and ask 
to see the original article. 


My version of the RDF2 antenna uses 1 inch wide steel "tape measure" elements. This is one antenna 
you can take into the woods without having to worry about Yagi Eating Trees. The flexible elements 
also make it very easy to get this antenna in and out of the саг. 


You do not need a machine shop to build this antenna, You only need common hand tools. It is much 
easier to construct than the original design and can be assembled in about 30 minutes once you gather 
the needed parts, 
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'erformance Predicted by ELNEC 


Gan 4.7 dBi 


ront-to-Back Ratio — [PS db 


db Beamwidth [E = 36 degrees 


db Beamwidth |Н = 70 degrees 


Now ls original design used a "hairpin" matching network made from a length of TV antenna 
twinlead. I made a similar "hairpin match" but instead used a 5 inch length of wire connected across the 
feed points of the driven element. The antenna has some capacitive reactance without the matching 
network. The 5 inch length of wire has just enough inductance to cancel the capacitive reactance. 


The wire I used for the hairpin match was enamel insulated 18 gauge solid. This results in a very good. 
match across the two meter band once you have adjusted the distance between the halves of the driven 
element for minimum SWR at the desired frequency. (3/16 inch apart on my prototype). Experience has 
shown that the wire guage used for the hairpin match is not very critical. Use what you have on hand. 

14 guage house wire works well, probably any insulated wire which will hold its shape will work just 
fine. 


Lused a pair of shears to cut the tape measure elements to length. An old pair of scissors will probably 
do as well. No matter how you cut the elements be very careful. Those edges are very sharp and will 
inflict a nasty cut if you are careless. Use some sandpaper to remove the really sharp edges and burrs 
resulting from cutting the elements to size. I put some vinyl electrical tape on the ends of the elements 
to protect myself from getting cut. I encourage you to do the same. It will probably be best if you round 
the corners of the elements once you cut them. Wear safety glasses while cutting the elements. Those 
bits of tape measure can be hazardous. 


Replacement tape measure blades are available for reasonable prices at larger hardware stores. 1 found 
а 30 foot replacement blade at Sears for less than five dollars. If you use a replacement blade, be very 
careful when removing it from the package. The blade I purchased had a hard plastic cover which, 
when twisted, allowed access to the end of the replacement tape measure element. When you twist the 
cover, make sure you keep your fingers away from the "razor sharp" end of the blade. ( I probably 
could have assembled this antenna in even less time if I didn’t have to go upstairs to the medicine chest 
to get a band-aid. This is experience speaking. The spring steel popped out, inflicting a nasty cut on my 
thumb. I'll probably heal in a week or о...) 


‘The RGSS coax feedline is connected directly to the driven element. No matter what method you use to 
attach the feedline, make sure you scrape or sand the paint off the tape measure element where the 
feedline is attached. Most tape measures have a very durable paint finish designed to stand up to heavy 
use. You do not want the paint to insulate your feedline connection. 


If you are careful, It is possible to solder the feedline to the element halves. Care must be taken since 
the steel tape measure does not solder easily and since the PVC supports are easily melted. You might 
want to tin the tape measure elements before mounting them to the PVC cross. I used a bit of rosin flux 
to help with tinning the element connection points. 
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Two Meter Tape-Measure RDF“ Beam 
12/97 WB2HOL - adapted from N6WZI design 


[Driven Element 


[each half = 18 5/8 inches Director 
elements spaced 1/4 to 3/8 inch apart |37 3/16 inches 


lcut edges for 
|sefety. 


tenna elements are made of 1 inch wide steel 
'e-measure. 


Stainless steel hose clamps are used to attach the driven element halves to the PVC cross which acts as 
its support. This has the added benefit of allowing you to fine tune your antenna for lowest SWR. 
simply by loosening the hose clamps and sliding the halves of the driven element either closer or 
further apart. By using the dimensions specified, I found that the SWR was 1:1 at 146.565 Mhz (our 
Fox-Hunt frequency) when the two elements were spaced approximately 3/16 inch apart. Figure 1 
shows the method used to attach the driven element to the PVC cross 


Radio Direction Finder RDF Projects Joe WB2HOL Page 19 of 78 09/24/08 05:28:50 AM 


Lused 1 1/2 inch hose clamps to attach all the elements on my prototype beam. if you do not use 1/2 
inch PVC fittings but instead use 3/4 inch, make sure the hose clamps you buy are large enough to fit. 
Others who have duplicated my design have used self tapping screws to attach the elements to the PVC 
crosses and tees. Performance is the same using either method. The screws are much less expensive but 
they do not hold the elements as securely. In addition, the screws do not allow you to tune the antenna 
by sliding the halves of the driven element closer or further apart. 


If you wish a slightly neater looking beam, use the self tapping screws. I you do not mind spending a 
few more dollars for the hose clamps, use them instead. If were to build another beam I would use 
screws for the director, and hose clamps for the driven element. That would give me the best of both 
methods. 


Construction: 


Cut two lengths of tape measure to 18 5/8 inches. These will be used for the Driven element. Cut one 
length of tape measure to 37 3/16 inches. It will be used for the Director. Once you have cut the tape 
measure to length, put vinyl tape on the cut ends to protect yourself from the sharp edges. You will 
‘want to scrape or sand off the paint from one end of each of the driven element halves so you can make 
а good electrical connection to the feedline. 


It is best to tin the elements first before attaching them to the PVC cross. If you don’t, the PVC will. 
melt as you apply heat to the element. It would be a good idea to also take the time to form the wire 
used for the hairpin match into а “U” shape with the two legs of the “U” about 3/4 inch apart. Tin the 
ends of the hairpin to make it easier when soldering it to the driven element halves. If you tin 1/4 inch 
of each end of the hairpin it will leave 4 1/2 inches to shape into the “U. 


You will need to cut two lengths of PVC pipe. One should be cut to 3 inches. It is used to form the 
boom between the Director and the driven element. The other piece of PVC should be cut to 6 1/2 
inches. It will be used as a handle so you can hold the antenna from the rear. Just about any saw will cut 
through the soft PVC pipe. I used a hacksaw. Since the pipe is available in ten foot lengths, you сап 
male a few beams from a single 10 foot length. In any case, you might want to cut a few extras lengths 
for your friends. They will want to duplicate this once they see your completed antenna. 


At this time you can pre-assemble the PVC boom, cross and tee which will support the tape measure 
elements. I did not use any cement or glue when I assembled mine. The PVC pipe is secured in the 
fittings with a friction fit. When assembled, the cross and tee will be 4 inches from center to center. 


‘The hose clamps I used are stainless steel and have a worm-drive screw which is used to tighten them. 
‘They are about 1/2 inch wide and are adjustable from 11/16 inch to 1 1/2 inch diameter. Attach the tape 
measure elements to the PVC fittings as shown in the accompanying drawing. It is normal for the 
Director element to buckle a bit as it is tightened to the PVC Tee. You can eliminate this buckle if you 
use washers and self tapping screws to attach this element instead of the hose clamps but I do not think 
the beam will withstand as rough a treatment as when hose clamps are used. 
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How does it perform? 


‘Once you have completed your beam you probably will be interested to see if it performs as well as the 
computer predicted. My prototype antenna does seem to have a pretty good front-to-back ratio. It is real 
cas) to get a peak on the "S" meter. It does not hear cross polarized signals very well. This is an 
advantage as most reflections will not have the same polarization as the original transmitter. Gain 
seems to be between 3 to 5 dB less than the three element RDF beam I designed. This is probably an 
advantage when close to the transmitter. You will need a bit less attenuation. The short boom and light 
weight make this antenna attractive if you have to use it for any length of time. It is light enough for 
youngsters to carry without tiring. As long as you put vinyl tape on the ends of the elements, this 
antenna is pretty safe to carry. Descriptions of the N6WZI КРЕ? Yagi performance when used on a 
foxhunt may be found at Jim Elmore's site 


Drawbacks 

‘The curved, airfoil shaped, flexible elements will "flutter" and bend when in high wind situations, 
(Mobile flutter while stationary?) If you need additional support, you can add short lengths of PVC 
pipe to the TEE and CROSS and then tape the elements to the PVC pipe. I figure 6 to 12 inches of PVC 
would add lots of strength to the elements. The short boom does result in less gain than a more 
conventional Yagi. You may need more gain when starting on a foxhunt and still far from the fox 
transmitter. 
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THE FOX - 40 mi 
Joe Leggio WB2HOL 


This two transistor 144 MHz transmitter uses a 48 MHz scanner crystal as an oscillator / tripler. A 
second transistor boosts the power output to 40 milliwatts. A 7-element filter is used to minimize output 
on the third harmonic. (I did not want it to be easy to RDF this on the 450 MHz third harmonic) 


liwatt transmitter 


‘The scanner crystal I used was actually for a 
receive frequency 10.7 MHz higher than the 
two meter transmitter output. It was marked 
156.21 MHz. (When you subtract the 10.7 
MHz IF offset, it resulted in a transmit 
frequency of 145.51. Since this circuit is not 
the exact same circuit as the scanner, you 
may find that the crystal oscillates 
somewhere close to the marked frequency. 
The crystal marked as 156.21 MHz I used in 
this transmitter actually resulted in a signal 
оп 145.53 MHz. ) 


1 did get the salesperson at the local Radio 
Shack store a bit confused when I asked to 

look at his box of scanner crystals. The first | 

thing he asked was which service I was 

trying to listen to... Police, Fire, Ambulance, | 

etc.... When I said that I was looking for 

something for a homemade project and did not have a specific frequency in mind he understood. I did 
not try to tell him the erystal was to be used in a transmitter. He probably would have told me that 1 
can't use a "receiver" crystal for a "transmitter." 


As I looked at the available crystal selections, I simply took my calculator and subtracted 10.7 MHz 
from the marked receive frequency. I was lucky; several crystals ended up in places on the two meter 
band where a fox could transmit without interfering with other users. If you are not lucky, or live in an 
area where you must put your fox on a specific frequency, you can order a crystal through Radio Shack. 
Since there are still quite a few erystal controlled scanners out there, the odds are that someone in your 
town will have something you can use. Be aware, although most scanners use a 10.7 MHz IF, there are 
some with а 10.8 MHz IF. In that case, you may end up 100 kHz from where you expected 


You will need to wind several coils to build this transmitter, They are all self-supporting air-core coils 
made from enamel covered wire. If you follow the instructions illustrated here, you should not have 
any difficulty. The top of my workbench is littered with coils I have wound and tried in various circuits. 
I specifically avoided tapped coils or multi-winding coils to keep construction as easy as possible, 
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Luse a simple diode detector across a 50-ohm dummy load to measure the power output while tuning 
up this transmitter. It is reasonably stable. It does not have a tendency to break into spurious 
oscillations. I did try about 5 or 6 different prototype circuits as I designed this transmitter; many were 
not stable, Their RF output did not smoothly change as the trimmer capacitors were adjusted but 
instead jumped as spurious oscillations occurred. I used an oscilloscope to monitor the output 
waveform and confirm the lack of spurious oscillations. This is not really necessary as you can usually 
hear the instability if you monitor the output signal with your 2-meter rig. 


Style of PC board construction 


1 built all of the transmitters using copper clad PC board as a ground plane and 1/4 inch squares of PC 
board as tie points. The tie points were cemented to the ground plane using "erazy-glue." This 
technique made constructing the transmitter go very fast. It only took a drop of glue to secure the tie 
points, The glue set up in seconds. It made it easy to experiment with different circuits. In a pinch, a tie 
point could be removed or relocated by prying upward on its side with a screwdriver. I built three 
transmitters using this style of construction in the past month. All have worked exactly as expected. 1 
used a pair of shears to cut a number of 1/4 inch squares of PC board material. I then used a wide file to 
remove any burrs created by the shear. This allowed the square of PC board material to lay flat against 
the PC ground plane. (Crazy-glue is not designed to fill voids. It works best when the surfaces to be 
glued fit together well) Be careful as you work with "erazy-glue." It is very effective at gluing fingers 
together, 


I tried to use parts that could be obtained with little difficulty. You will need to wind several coils. I also 
kept these as simple as possible. The wire I used was recycled from old transformers, 


Tie-points are made from 1/4 inch squares of PC board materialglued with "crazy- 
glue" to а solid ground plane of PC board. 
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Winding the Coils 


Enamel wire is close-wound on a drill bit to form the coils for this transmitter: It is easier to cut the 
leads to the coil and strip the enamel from the ends prior to removing the coil from the drillbit used as 
the form, 


All the coils are wound in a single layer using a drill bit as a winding form. To help you visualize how 
to form the coils, I have included an illustration showing how the coils are wound. 


All of the coils are "close wound" with "air cores." I used a drill bit as a form and then slipped the coil 
off of the bit after I had cut the free ends to about 1/4 inch. I used a hobby knife to scrape the enamel 
paint from the ends of the wire before I removed the coil from the drill bit used as a form. This made 
the coils easy to solder. With any luck, you too will be able to wind your own coils for this project. 


‘Two different gauges of enamel covered wire are used for the coils in this project. If you have wire 
reclaimed from an old transformer, or from an old television deflection yoke, you can determine its 
gauge by winding a single layer on a drill bit. You will be able to fit about 46 turns per inch if the wire 
is 24 gauge. You will be able to fit about 37 turns per inch if the wire is 22 gauge. If you can't find an 
old transformer with the correct gauge wire to recycle, the best places I have found to buy enamel 
covered wire are shops which specialize in rewinding electric motors. In a pinch, if you live in the 
USA, Radio Shack sells "magnet wire" in both 24 and 22 gauge. You will only need a few feet of cach 
gauge wire for this project. 


used the same transistor for both the oscillator and the amplifier stage. It is important that the 
transistors you use in your transmitter have sufficient gain at 2 meters, The 2N5770 is one of many 1 
could have used. Please note: a 2N3904 would probably work fine as the oscillator (at 48 MHz), it 
would not work well as the amplifier as it does not work well at 144 MHz. 


‘The tune-up of this transmitter is easy. Simply adjust each of the trimmer capacitors for maximum RF 
‘output to the antenna, (The trimmer in series with the crystal is the only exception, it is used to trim the 
transmitter frequency, use a frequency counter to adjust it) 
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I packaged one version of this transmitter in a very well shielded cast aluminum box and powered it 
with a 9 volt battery. The output power was reduced at the lower voltage to about 25 milliwatts. Even at 
that power level, it can be heard for miles. As an experiment, I tried voltages as low as 5 volts. The 
power output was down to below 10 milliwatts but the transmitter stayed on the ait! This design wor 
well even as the battery gets weak 
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2 Meter - 44 mW FOX TRANSMITTER - 438 WE2HOL 
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THE FOX - 250mw transmitter with TIMER 
Joe Leggio WB2HOL 


This FOX transmitter is equipped with a timer. It can be set to start transmitting up to 24 hours later. 


‘The timer consists of a Radio Shack travel alarm. I disconnected the pizeo-ceramic beeper and used the 
signal to set a flip-flop built from a CMOS 4011. The output of the flip Пор is connected to a switching 
transistor which supplies voltage to the CW ID. I used an R/C combination on the llip/flop so it would 

be reset when first powered up. A push button is provided so the Пір/Пор can be set manually (turning, 

оп the transmitter) 


The transmitter consists of three stages: a 45 MHz oscillator, a tripler, and a "power" amplifier. I know 
the heat sink on the final is a bit of overkill at 250 milliwatts output. I used a 6 volt gell cell for power. 
This thing can go for days. 


The CW ID consists of a CMOS 4011 clock and a CMOS 4020 binary counter connected to a 2k 
EPROM. One bit on the EPROM is used for the CW ID, a second is used to control the switching 
transistor which supplies power to the transmitter oscillator, It is set up to transmit once every few 
minutes and stay on the air for about one minute. 


Normally, the travel alarm timer is attached to the outside of the 3х5 file card box with velero. This 
makes it easy to change the clock battery when needed. 


A word of advice. Do not try to take a device like this through the security gate at an airport. It looks 
too much like something you would see in a "Die Hard” movie. Please make sure it is plainly labeled as 
an Amateur Radio Transmitter Location Device (or some other official title) and put your name and 
address on it in case it is discovered by someone not familiar with fox hunting. They *might* think the. 
FOX looks suspicious and call officials to investigate. (You might want to notify officials in advance 
about your FOX-HUNT. We usually do just to eliminate problems when neighbors call in reporting 
"strange" people in the neighborhood) 
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THE FOX750 - 750 milliwatt transmitter 
Joe Leggio WB2HOL 


This three transistor 144 MHz transmitter uses a 48 MHz scanner crystal as an oscillator / tripler. A 
second transistor boosts the signal to 40 milliwatts, a third amplifies the power output to 750 milliwatts. 


3 S o ROO 
unos ndum 


The scanner crystal 1 used was actually for a receive frequency 10.7 MHz higher than the two meter 
transmitter output, It was marked 156.21 MHz. (When you subtract the 10.7 MHz IF offset, it resulted 
їп a transmit frequency of 145.51. Since this circuit is not the exact same circuit as the scanner, you 
may find that the crystal oscillates somewhere close to the marked frequency. The crystal marked as 
156.21 MHz I used in this transmitter actually resulted in a signal on 145.53 MHz. ) 
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1 did get the salesperson at the local Radio Shack store a bit confused when I asked to look at his box of 
scanner crystals. The first thing he asked was which service I was trying to listen to... Police, Fire, 
Ambulance, etc.... When I said that I was looking for something for a homemade project and did not 
have a specific frequency in mind he understood. I did not try to tell him the crystal was to be used in a 
transmitter. He probably would have told me that I can't use a "receiver" crystal for a "transmitter." 


As I looked at the available crystal selections, I simply took my calculator and subtracted 10.7 MHz 
from the marked receive frequency. I was lucky; several crystals ended up in places on the two meter 
band where a fox could transmit without interfering with other users. If you are not lucky, or live in an. 
area where you must put your fox on a specific frequency, you can order a crystal through Radio Shack. 
Since there are still quite a few crystal controlled scanners out there, the odds are that someone in your 
town will have something you can use. Be aware, although most scanners use a 10.7 MHz IF, there аге 
some with a 10.8 MHz IF. In that case, you may end up 100 kHz from where you expected. 


You will need to wind several coils to build this transmitter. They аге all self-supporting air-core coils 
made from enamel covered wire. If you follow the instructions illustrated here, you should not have 
any difficulty. The top of my workbench is littered with coils I have wound and tried in various circuits. 
I specifically avoided tapped coils or multi-winding coils to keep construction as easy as possible. 


Luse a simple diode detector across a 50-ohm dummy load to measure the power output while tuning, 
up this transmitter. 1 did try about 5 or 6 different prototype circuits as I designed this transmitter; many 
were not stable. Their RF output did not smoothly change as the trimmer capacitors were adjusted but 
instead jumped as spurious oscillations occurred. This design is reasonably stable. It does not have a 
tendency to break into spurious oscillations. I used an oscilloscope to monitor the output waveform and. 
confirm the lack of spurious oscillations. This is not really necessary as you can usually hear the 
instability if you monitor the output signal with your 2-meter rig. 
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Style of PC board 
construction 


1 built all of the transmitters using copper 
clad PC board as a ground plane and 1/4 
inch squares of PC board as tie points, The 
tie points were cemented to the ground 
plane using "crazy-glue." This technique 
‘made constructing the transmitter go very 
fast. It only took a drop of glue to secure 
the tie points. The glue set up in seconds. It 
made it easy to experiment with different 
circuits. In a pinch, a tie point could be 
removed or relocated by prying upward on. 
its side with a screwdriver. I built three A 
transmitters using this style of construction Tie-points are made from 1/4 inch squares of PC board 
in the past month. All have worked exactly materialglued with "crazy-glue" to a solid ground plane 
as expected. I used a pair of shears to cut a 0f PC board. 
number of 1/4 inch squares of PC board 
material. I then used a wide file to remove 
апу burrs created by the shear. This allowed 
the square of PC board material to lay flat 
against the PC ground plane, (Crazy-elue is 
mot designed to fill voids. It works best when 
the surfaces to be glued fit together well) Be 
careful as you work with "erazy-glue." It is 
very effective at gluing fingers together. 


As I had already constructed several low 
power versions of this transmitter, I first 
glued squares of PC board material for the 
first two stages to the PC board ground 
plane, I then proceeded to add the 
‘components. I saved the output stage for Last 
as had not yet decided upon the interstage 
and output coupling curcuit design. The design I 
finally used was a combination of several from (Y 
the ARRL handbook. I tried to use parts that 
could be obtained with little difficulty. 


Construction is under way. The oscillator stage 
Was constructed first and tested before 
proceeding, 
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Winding Coils 
You will need to wind 
several coils. I kept 
these as simple as 
possible. The wire 1 
used was recycled from 
old transformers. АШ 
the coils are wound in Enamel wire is close ii on a drill bit to form the coils for this transmitter 
a single layer using a J is easier to cut the leads to the coil and strip the enamel from the ends prior 
drill bit as a winding io removing the coil from the drillbit used as the form. Winding the Coils 

form. To help you 

visualize how to form the coils, I have included an illustration showing how the coils are wound. 


All of the coils are "close wound" with "air cores." I used a drill bit as a form and then slipped the coil 
off of the bit after I had cut the free ends to about 1/4 inch. I used a hobby knife to scrape the enamel 
paint from the ends of the wire before I removed the coil from the drill bit used as a form. This made 
the coils easy to solder. With any luck, you too will be able to wind your own coils for this project. 


Two different gauges of enamel covered wire are used for the coils in this project. If you have wire 
reclaimed from an old transformer, ог from an old television deflection yoke, you can determine its 
gauge by winding a single layer on a drill bit. You will be able to fit about 46 turns per inch if the wire 
is 24 gauge. You will be able to fit about 37 turns per inch if the wire is 22 gauge. If you can't find an 
old transformer with the correct gauge wire to recycle, the best places I have found to buy enamel 
covered wire are shops which specialize in rewinding electric motors. In a pinch, if you live in the 
USA, Radio Shack sells "magnet wire" in both 24 and 22 gauge. You will only need а few feet of each 
gauge wire for this project 


I used the same transistor for both the oscillator and the amplifier stage. It is important that the 
transistors you use in your transmitter have sufficient gain at 2 meters. The 2N5770 is one of many 1 
could have used. Please note: a 23904 would probably work fine as the oscillator (at 48 MHz), it 
would not work well as the amplifier as it does not work well at 144 MHz. 


You will need to use a heat-sink on the output transistor. I used a small press-on style. I gets warm to 
the touch after transmitting for a few minutes, If it gets very hot, you probably have something mis- 
tuned or the circuit is oscillating on it own If you follow the layout shown, you probably will not have 
any difficulty. If you try a different layout, be sure to keep the input and output coils of the various 
stages away from each other. It is too easy to create an accidental feedback path. If this occurs, the 
transmitter will be very unstable and almost impossible to tame. If you are experienced with VHF 
design, you may want to try winding the coils in toriod coil forms, Because toriods are s 
you may be able to try other layouts without as much concern towards stability. Obviously, 
this, you will have to determine the number of turns needed for the toriods. A grid dip meter would be 
helpful in that case. 


When building the output stage, I realized that I needed to bend the base lead of the output transistor 
between the emitter and collector in order to install it properly. Although it did not affect performance, 
it did make soldering the transistor to the PC board pads a bit more difficult. If build another version 
ol this transmitter, I will lay out the board a bit differently so the transistor will fit better to the pads. 
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‘The tune-up of this transmitter is easy. Simply adjust each of the trimmer capacitors for maximum RF 
‘output to the antenna. (The trimmer in series with the crystal is the only exception, itis used to trim the 
transmitter frequency, use a frequency counter to adjust it) 


Power output was between 750 milliwats and 900 milliwatts. I will probably add a three terminal 
voltage regulator so I can vary the output power for any specific hunt. As an experiment, I tried 
voltages as low as 5 volts. The power output was down to 100 milliwatts but the transmitter stayed on 
the air! This design works well even as the battery gets weak. 
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SIMPLE ADJUSTABLE PASSIVE ATTENUATOR 
Joe Leggio WB2HOL 


RF ATTENUATOR 


WEZHOL 8/93 


ПНЕ Bulchesc adaptar or UHF to BNC edapior 


Chassis PERS 
Mount ENC Shell 


a Gao 
4 де 


‘inch moulated wire 
soldered to BNC terminal 


‘This adjustable passive attenuator works as a "waveguide beyond cutoff.” It can be constructed in about 
ten minutes from parts available locally. 


This attenuator was the result of a search for an inexpensive attenuator which could be used on an HT 
to help beginners equip themselves for a hidden transmitter hunt. The 3/8 inch piece of wire will extend 
into the center conductor of the bulkhead adaptor forming a small capacitor. The coupling between the 
two conductors will vary as the PL-259 shell is turned further onto the bulkhead adaptor. 


Ifyou are able to find a BNC to UHF adaptor with a long threaded portion, you may use it instead of 
the bulkhead adaptor. 


The maximum attenuation available depends upon the length of the wire soldered to the chassis mount 
BNC connector. A service monitor measured a loss of up to 36 dB. With the cost so low and 
construction so simple, many hams have made several with different length wires, 


Although 36 dB may sound like a lot of attenuation it will not be suffucient when on most transmitter 
hunts. This passive attenuator project is aimed at the beginner who is armed with only an HT and is 
attempting to use the "body-fade" method of Radio Direction Finding. The passive attenuator can be 
put in-line with the existing rubber-duck antenna and adjusted so the signal no longer is full scale on 
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‘Tuning off frequency by 5 or 10 ke, listening for the third harmonic, using a foil wrapped tube as an RF 
shield around the НТ, or even wrapping aluminum foil directly around the НТ are all methods which 
will help to some degree. One or more of these techniques will reduce the signal to where a "S" meter 
reading peak (or null) gives you a clue to the direction where the transmitter might be found. (If you do 
\wrap aluminum foil around your HT, put some tape over any exposed battery charging contacts. 
Otherwise, the foil may get a bit warm as it rapidly discharges the battery) 


When closer to the fox, more signal will enter the HT through the case than through the antenna, At this 
point, other methods must be used to locate the fox transmitter. The most effective attenuator in most 
cases is an "active attenuator.” They can offer over 100 dB of attenuation. Plans for one are available 
here. 


Construction Details 


‘This BNC to UHF adapter has a raised knurled portion of the barrel which prevents the PL-259 shell 
from being tightened completely. (The BNC and insulated wire do not "bottom out" when tightened all 
the way) You can file that section of the adaptor down and enjoy more range in available attenuation, 


Looking in at insulated wire I soldered the wire to the BNC before mounting it in the PL-259 shell. I 
used a length of wire clipped from a 2 watt resistor. (Use any stiff wire) I then forced a small length of 
insulation stripped from another piece of wire onto it, By using this method, the insulation does not 
melt during assembly. 
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1 used a "star" washer. It was just the right size. The washer prevents the BNC connector from falling, 
through the PL-259 shell. The hardest part of the construction is tightening the nut on the BNC 
connector. | usually wedge a screwdriver in the shell to hold the nut and tighten the BNC from the 


outside, 
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ACTIVE ATTENUATOR 
Joe Leggio WB2HOL 


How it works 


‘This active attenuator works as a simple mixer. A signal 
from a 1 MHz oscillator is mixed with the received signal 
in a IN914 diode. The 1000 ohm potentiometer adjusts the 
level of the local oscillator fed to the mixer diode. 


It is possible to get over 100 db attenuation using this 
device. This circuit is a variation of one first described in 
the November, 1992 issue of OST. That circuit was 
designed by PAOZR. It used a L/C tuned 500 KHz 
oscillator. 


Lused a 1 MHz crystal oscillator and it made construction 
even simpler than the original unit. 


‘This attenuator is used by tuning the receiver 1 MHz 
above or below the frequency of the transmitter, By 
adjusting the oscillator level fed to the mixer diode, the 
signal output to the receiver will be attenuated. 


Note: You may also tune your reciever 2 MHz 
above or below the frequency of the transmitter 
and get even more attenuation. (thanks to 
VESEFY for this tip) 


Technical Hints 


If you find that this circuit does not oscillate with 
Your crystal you might need to add a small 
capacitor (anything from Spf to 25р!) from the 
gate of the FET to ground. It may also help to 
reduce the 150pf capicitor connected from the 
drain to ground to 100pf. 


‘These two capicitors, along with the erystal, 


provide a 360 degree phase shift from the drain to 
the gate of the FET. The circuit pictured in the 
ematie below is a Pierce oscillator and relies 


upon the gate-to-source capacitance of the 
form part of its phase shift network. If there is not sufficient stray capacitance to ground from the gate 
of the FET, you may need to add the additional capicitor, VE3EFY reported that his oscillator would 
not function below 4.5 volts. He used a 9 volt battery to power his unit, The battery should last a long 
time, he measured the current drain to be 1.8 mA. 
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E id-bug" style. Most of th d MOTOROLA 
uilt this unit "dead-bug" style. Most of the components were mounte 

and supported by their own leads on the back of the 1000 ohm MPF102 

potentiometer. The RF Choke connected between the output connector and ADRAN 
ground was made by winding about 20 turns of 22 guage wire on a 1/8 inch 

drill bit. The coil was then slid off of the form and wired in place. If you 

want to use a commercially available coil, a value of 3.3uh should work 3 

just fine. That was the value specified in the original article. GATE 


I mounted the 150pf capicitor, the IN914 diode, and the RF Choke on the 
inside panel of the attenuator box between the two BNC connectors. | also 


mounted a slide switch between the BNC connectors so I could conserve ud 
the batteries when the unit was not being used on a hunt. 
Note: The MPF-102 Field Effect Transistor has an unusual pin-out 
‘compared to general purpose transistors. The GATE is not the lead in the 
center. The pin-out for the MOTOROLA MPF- 102 is illustrated below. 
(The Radio-Shack MPF-102 I used had the same pin-out) 4 
a 
The Schematic "cT 
TO-92 TO-226AX) 
+ 3 Volts Ф 
: ти [- Antenna 
Active Attenuator i 
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The HANDI-Finder® 


The HANDI-Finder® is a HANdheld Direction 
Finder which can be used to localize both AM 
and FM carrier-based sources using a single 
connection to the antenna input of an FM 
receiver tuned to the frequency of interest in the 
range of 45 to 450 MHz. It has been designed 
for bare-bone functionality as well as low power 
consumption, simplicity, and economy! 


Because it is both an easy-to-build kit for the 
beginner and a convenient basis for further 
experimentation by those with more experience, 
it makes a great club project! Overall, it is a 
quick, inexpensive way to implement the 
concept of direction finding, and provides 
something relatively compact to keep readily 
available for locating sources of interference, 


Except for adding a handle, fabrication is 
‘minimal. Two open-loop antennas are made 
from coat hanger wire bent into halves of a 
"bow-tie" shape and mounted directly to the 
circuit board, as illustrated in the "layout" 
drawing. 


‘The coax downlead is connected to an FM receiver and detects the carrier regardless of whether the 
transmission mode is AM or FM. The unit is switched on (UP) and rotated for a null in the audio tone 
that it adds to the audio coming out the receiver. The signal direction is perpendicular to the plane of 
the antennas. There is 180-degree ambiguity, but this is not a problem in actual use because multiple 
"bearings" must be taken anyway in order to establish a "fix" on the location. Once close in, the 
operator works toward the general sense of the direction, and again the ambiguity is not a problem. 


The 3-position switch is moved DOWN to stop the tone but still keeps the antenna activated for 
‘monitoring and standby purposes, or it is moved to the CENTER position to shut off the unit. Refer to 
the extensive discussion in the manual which describes construction variations, and the concepts behind. 
the design. 


"Build the HANDI-Finder" appeared as an article in QST Magazine, May, 1993. All the information in 
that article and much more is included here! By clicking on the appropriate boxes in this web page, all 
the drawings and text that come with the kit can be printed out or downloaded from PDF files. 
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may be obtained by contacting: 
Northern Ohio Amateur Radio Development 
Р.О. Box 271 


Brunswick, OH 44212-0271 USA 
Tel: 330-225-7373 


09/24/08 05:29:03 AM 
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The HANDI-Finder® Experimenter’s Kit 
by Bob Leskovec, KSDTS 
6th Edition, 


The HANDI-Finder® is a HANdheld Direction Finder which can be used to localize both AM and FM 
sources using only a single connection to the antenna input of a УНЕ-ЕМ receiver tuned to the 
frequency of interest. 


‘The basic HANDI-Finder® when equipped with open-loop wire antennas and a short handle, stores flat 
and ready-for-use in a briefcase. It works well with just an HT (handy-talky), 


The HANDI-Finder® has been designed for low power consumption, simplicity, and economy. The 
‘goal was to provide an easy-to-build kit for the beginner and a basis for further experimentation by 
those with more experience. Overall, it is a quick, inexpensive way to introduce users of FM 
‘communications equipment to the principle of direction finding and give them something with which 
they can help locate sources of malicious interference. 


AHANDI-Finder® Experimenter’s Kit has been put together to conveniently supply the essential parts 
necessary to build the control circuit powered by an on-board 9V battery. The user provides the coax, 
cable connector, and appropriate antennas. By using two open loop antennas made out of coat-hanger 
wire, the unit can be put into immediate use! 

An equally valuable part of the kit is this instruction manual which describes variations in antennas, 
general construction and detailed discussions of the circuit and components, to encourage 
experimentation and ideas for improvements, 

The HANDI-Finder® first came together in October of 1986, and continued to evolve. A write-up 
later appeared in May, 1993 OST Magazine, entitled "Build the HANDI-Finder”. 


TECHNICAL OVERVIEW: 


‘The electronic circuit is based on a design credited to Tom Feierabend SO/CM 03N 18 circa 1979 which 
appeared in a manual published in May, 1980 by Van Field, DCP XVIII, entitled “VHF Radio Direction 
Finding Manual for Coast Guard Auxiliary Use”. 


A similar circuit, referred to as the “Double-Ducky” direction finder (DDDF) designed by David 
Geiser, WA2ANU, is described in July, 1981 QST and reprinted in the 1983 ARRL Antenna Handbook. 


The USCG AUX-03NI8 version uses an LMSSS driving two successive stages of 7404 TTL to provide 
complementary buffered outputs. Since TTL requires a 5-volt power supply, yet another IC, a 7805 ог 
7805 is needed, to regulate the stated 6-30 volt input range. 


‘One problem is that the LMS55 does not easily put out a symmetrical square waveform, which is useful 
in this application. The antenna assembly consists of two vertical s-wave dipoles (37” long) mounted 
8” apart on a boom. This assembly is rather bulky and quite a bit of mechanical fabrication is required. 
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‘The OST circuit uses only one IC, the 1.М567 Phase-Locked-Loop Tone Decoder. This is a complex 
chip that contains an oscillator and other circuitry, including an output circuit which does put out a 
symmetrical square wave. However it does not have simultaneous complementary outputs. In the 
DDDF the single output is connected to the diode switches through a non-polar capacitor, and some 
adjustment is required to achieve the proper switching level. Data sheet specifications show that the 
LM567C typically draws 12mA. The antenna assembly consists of two “rubber duckies” mounted 10” 
apart on a 4.25" X 18.5" ground plane. While the ground plane requires much less work to fabricate 
than the USCG-AUX circuit, two “rubber duckies” must be obtained. 


The HANDI-Finder® is a good example of integrated simplicity, wherein one simplification 
contributes to another. 


First, it uses a single CD4047B CMOS IC, which contains both an oscillator and a divider flip-flop to 
automatically provide complementary symmetrical square wave outputs without special adjustments. 
Only a single resistor and capacitor are needed to set the frequency. While many have not heard of this 
IC, it continues to be available from standard suppliers like Digi-Key, Mouser, and Jameco. 


Second, very little current is used to bias the switching diodes so the total current draw is only 1.7mA 
at 9V. Good service can therefore be provided by a common alkaline “transistor radio battery” and 
there is no need for wiring to an external source such as a 12V vehicular supply. This, in turn, 
eliminates the need for noise filtering. The operation of the circuit is not dependent on battery voltage, 
зо a regulator is not required. Supply voltage for the CD4047 can be anywhere from 3-18 volts 

Finally, since all the parts, including the battery are mounted on a single circuit board, the board is 
designed to also serve as the mounting base for the two open-loop antenna elements easily made out of 
bent wire. Thus, there are no ground-plane or vertical dipole elements to make, nor “rubber duckies” to 
buy, and no case to drill, until later if you really want to! 


HOW IT WORKS: 


All three circuits described above are based on the same principle. An electronic switch alternately 
connects two antennas to the coax cable downlead going to the antenna input of an FM radio receiver 
tuned to the frequency of interest. First one antenna is connected, then the other, ete., back and forth 
with equal intervals. This is done at an audio rate, well within the audio bandpass of the receiver, and 
usually in the range of 400 to 1500 Hz. A good frequency is 1000Hz. 


Of the two antennas, if one is slightly closer to the source, it receives the wave front slightly earlier in 
time (phase) than the other. There is a phase difference in the signal received by one antenna compared 
to the other. Since the receiver is being switched between the two antennas, the switching action 
imposes phase modulation on the incoming signal. This is detected in the FM receiver and is heard at 
the audio output as a tone equal to the switching frequency. The amplitude of the audio signal 
corresponds to the deviation, which depends on the physical separation of the two antenna elements, up 
to % wavelength. In other words, if the antennas are farther apart the circuit will impose a higher 
percentage of modulation or a larger deviation, producing a louder tone, but the modulating frequency 
will stay the same 


Ifthe antenna is rotated so that the plane of the two elements is perpendicular or broadside to the 
direction of the signal, both elements receive the signal at the same time (phase) and there is no longer 
a difference in phase. Hence, the audio tone disappears. This is perceived as a rather sharp null in the 
audio as the antenna array is rotated into position perpendicular to the direction of the signal. 
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This type of direction finder has the disadvantage that it exhibits 180-degree ambiguity. However, it 
has several advantages: 


1) Itworks on a nulling principle rather than a peaking principle. The null is sharp and much easier 
to detect than the peak from a directional or beam antenna, 


2) — When you null the superimposed audio, you are not nulling the carrier. This is unlike a 
conventional loop antenna or cardioid array, which nulls out the carrier. The problem with carrier-null, 
is that as you get closer to the null, the signal you are trying to hear in order to null out, is getting 
harder to hear! Also, when you null the superimposed audio, you can still hear the audio coming from 
the source. 


3) — Since audio is being nulled, the operator does not have to watch a field-strength meter. He only 
needs to listen, which is something he can do while driving, riding a bike or walking, 


4) — Since this method uses phase information, it works well with strong signals, so no attenuator is 
required. (By comparison, the signal from directional gain antennas must be progressively attenuated 
to keep the receiver RF within the range of the S meter) 


REFERENCE INFORMATION: 


‘The HANDI-Finder® is an evolving project which underwent several changes (hopefully for the better) 
during the early stages. However, the basic circuit remains essentially the same. This manual might be 
supplied to help you work on an earlier unit, as far back as 1986. If you have a model that does not 
correspond to the pictorial description in this document, you should be able to identify the components 
with only minimal tracing of the etched circuit pattern 


Your unit may also have component values that differ from the schematic. If you did not buy a kit, you 
may have obtained the circuit board and documentation from separate sources that copy and distribute 
such things and try to make them “public domain”. 


‘The circuit board versions are identified by a prefix letter “A”, a 6-digit date code (YYMMDD), and an 
optional suffix. (The suffix, if present, indicates very minor changes.) As of this writing, the numbers 
used are: A861003, A860102, A870122, A890422, A01110, and A031123. 


In general, if the board has a date code earlier than the documentation, the component values in the 
documentation take precedence, provided the integrated circuit type is pin-compatible. If the board has 
a date code later than the documentation, and/or a different IC pinout, you would do well to send a self- 
addressed-stamped-envelope (SASE) to the distributor for an update of the layout and parts list. Of 
course, be sure to furnish the number on your board, so you will be sent the correct information. Please 
indicate whether the RALTEC® or other trademark is present and we will help you figure it out. Try 
contacting the author at ral@ralserve.net. (If you have trouble, you can also find the author's current 
snail mail and e-mail addresses through the internet Ham-Call database.) For information, try the 
website handi-finder.com. 
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CHECKING THE COMPONENTS 


If you received this instruction manual as part of a packaged kit along with the circuit board and loose 
‘components, unpack all the parts and check the quantities and values against the Component Parts List 
before you do anything else because some parts have the same value but different mounting positions 
and lead lengths. Before proceeding with actual construction, it is suggested that you read this manual 
to see if there are any changes you would rather incorporate right away. Then proceed with 
‘ASSEMBLING THE KIT” which is located at then end of this discussion. 


NO PILOT LIGHT: 


Considering that a small transistor radio draws about 10mA, it can be seen that the battery will last 
quite a while if the user remembers to turn it off. Unfortunately a pilot light would be self-defeating, 
since it would draw 5-10 times the current of the circuit itself? 


How many times have you forgotten to turn of your HT? After a while you finally learn to double 
check. With the HANDI-Finder® it should even be a little easier, because you will probably be 
disconnecting it from your radio or otherwise storing it at the end of a “DF'ing” session. That action 
should help remind you to check that the switch is off. Better yet, remove the battery. That's why we 
have included a top grade battery holder in the bare board version. 


ON-OFF SWITCH STATUS INDICATOR: 


For models prior to A890422, here are a couple of things to help you tell OFF from ON in the absence 
of a pilot light. First, the “ON is UP” convention has been followed. This is fairly commonplace on 
most equipment, Second, you can make a “passive” indicator by using a dot of bright paint, for 
‘example, typewriter correction fluid such as “whiteout”. Push the slider to the ON position, then paint 
a small dot on the lower part of the slider that is now exposed. Let the paint dry thoroughly so it 
doesn’t rub off. When you slide the switch to OFF, the painted part should be hidden; when ON, it 
should be visible. On Model A890422 and later the switch has 3-positions: OFF is in the center, UP is 
for DF'ing, and DOWN is for straight receiving or Standby. (Notice the design date is embedded in 
ode as YYMMDD.) 


ON-OFF SWITCH MECHANICAL VARIATION: 


There are a couple of subminiature slide switches available from "experimenter" sources such as 
Mouser and Digi-Key, but they differ slightly in the spacing and style of the connector pins. Circuit. 
boards A861003 and A860102 used the CW Industries switch available from Digi-Key as SW103-ND. 


Starting with circuit board A870122, the switch pads were made larger and the spacing changed to use 
the Mouser 105М007 or 105Р001. The larger pads allow larger holes to be drilled to allow for the 
wider flat pins. If the switch you have does not go right in, do not force it. Study the problem and 
carefully enlarge the holes only where necessary. A small modeling file is handy for this purpose. 
Don't make the holes any larger than necessary, or you will have trouble bridging the gap and getting а 
good flow joint when soldering. When you do solder it into position, use ample solder and heat it 
‘enough so the solder surrounding each terminal flows evenly into a nice even form similar to an 
"Indian tepee.” A890422 and later use a DP3T switch with 6 pins, which will not fit the previous 
models, but that gave the ability to add the "standby" position which is very useful 
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BATTERY HOLDER: 


‘The 9-volt battery holder is fastened at one end by soldering the two terminal tabs that pass through the 
board. The other end of the frame can best be fastened by using 1/8" diameter “pop-rivets”, but you 
may alternatively try hot-melt glue, epoxy, small screws, etc. However, make sure that whatever you 
use won't protrude and prevent the battery from seating in the clip. 


QUICK HANDLE: 


‘The bottom area of the circuit board contains an area where the handle is attached. The unit can be 
mounted on either a short handle or directly to a mast, whatever you desire. To get going quickly, take 
any convenient piece of wood or metal, lay the end against the board, mark the holes, drill them 
through the handle, and attach with screws. If you use a round handle, you will either have to make a 
flat cutout along one side, or cut a slot in the end so that the board can slide in. A round handle is best 
‘The most utilitarian handle is described next. 


PAINT-ROLLER HANDLE: 


Find an inexpensive paint roller, but one with a handle which is threaded for an extension pole. (Home 
supply stores sell them typically for $1.39). Study how the handle is attached and determine the best 
way to remove it or otherwise adapt it so the HANDI-Finder® can be mounted on it. 


Most of the handles available these days are plastic, force-fit directly to the metal roller rod. Use a 
hacksaw and cut off the roller assembly rod so that about 3” of rod is left protruding from the handle, 
File the rod enough to have a flat area, center punch, then drill two #6 holes to match up with the 
circuit board, and attach. The flat side should of course go against the board, 


Next, shop around for your choice of a wood or metal paint roller extension pole, preferably the type 
which is made of 3 sections which screw together. You will thus have а very flexible system. You can 
use the unit with just the handle alone, or screw on up to three lengths of additional “mast”. You may 

even wish to obtain a second extension to have more lengths available. Be aware that some extension 
handles have different threads in the sections than they have at the roller end. In any event, the pieces 
are easily stored when disassembled, 


UTILITY-DUSTER HANDLE: 


‘There is a homemaker's utility duster on the market called a WEBSTER® which can be found for as 
little as $4 in discount stores. Unfortunately, only a small percentage of stores seem to stock it. 
However, this is an amazing value for our purposes because it contains not only a 6-inch detachable 
handle, but includes a removable, telescoping, extension pole! 


The dusting head consists of an 8-inch diameter half-spherical array of bristles embedded in the end of 
the short handle. This end is easily sawed off to allow for the HANDI-Finder®. The extension pole is 
about 36” in the collapsed position and 60” when extended, 


HANDLE, CAUTIONARY NOTE: 


Mount the handle against the component side and put the screws through with the heads on the solder 
side, to keep a low profile for the coax cable which will come down the solder side 
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The HANDI-Finder® works best when the first % wavelength of coaxial cable downlead to the 
receiver is kept vertical or parallel to the center line of the circuit board. (Measure the %-wave from 
the bottom antenna terminal.) If it waves around, it can throw off the bearing, Therefore, when using 
the unit with a short handle, make sure to hold it straight and high so that the cable hangs straight 
down. When using the unit with a long handle it is preferable to attach the coax to the mast for the first 
‘wavelength. Use tape, nylon cable ties, ete. 


RESISTORS vs. INDUCTORS: 


The HANDI-Finder®) was designed mainly out of the need to inexpensively provide Radio Amateurs 
with something they could use to help locate interference on the 2-meter repeaters. But the unit 
operates over a much wider range of frequencies because the chokes “traditionally” used in such RF 
circuits have been replaced by resistors. 


Inductors are usually used to feed direct current into some point in a circuit where itis desired to allow 
ап alternating current signal to pass without attenuation. At radio frequencies these are called “RF 
chokes”. Circuits which operate in the 150MHz range, for example, usually use small coils with a 
value of 1.0 to 1.2 microHenries. Using the expression Хе = 2(3.14)fL, where "f" is the frequency in 
MHz and L is the inductance in microHenries, the corresponding reactance works out to about 1000 
Ohms. At 1/3 the frequency, or 50 Mhz, this same inductor would have a reactance of only 333 Ohms. 
At ОНЕ this inductance would mathematically exhibit a proportionately higher reactance, but other 
difficulties arise. Certain assumptions about the construction of the coil are no longer valid and the 
math becomes more complicated. Factors like the "capacitance between turns" and the length of the 
connecting leads can no longer be ignored. At some frequencies the coil looks like a high impedance, 
but at others it may look like a short circuit! 


‘Thus, the frequency band over which the circuit can operate is limited by the chokes. Different sets 
have to be installed to operate over different ranges of frequencies. Normally it is necessary to use 
chokes because they have a comparatively low resistance at d.c. so there won't be any significant 
voltage drop. The key word here is “significant”. 


In this circuit, the switching diodes are biased by current. As long as enough current is supplied to do 
the job, it doesn't matter if a little voltage drop occurs across the connecting element. The chokes can 
simply be replaced by 1000 Ohm resistors. The currents are so small that the voltage drop is 
negligible. Further, for all the complications involved with determining how chokes will act at 
different frequencies, it is no less risky, and a great deal easier, to assume that a resistor will exhibit the 
same resistance over a much wider frequency range. 


In this circuit R4, RS, and R6 would have “traditionally” been specified as 1.0uH chokes for operation 
in the 150 MHz region. As you can see, by using IK resistors, operation at 150 MHz should not be 
affected, and operation over a wider range of frequencies should now be possible. The value of the 
resistors is not that critical. Values in the range of 1К-1.3К will do, but make them all the same value. 
Using carbon-film resistors, we also get some useful inductance, but since the resistance is high and 
distributed with resistance, these are inherently free of self resonance, and broadband becaue they are 


low 0. 
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However, if you wish to experiment with inductors, you can either make them or buy them. According 
to the USCG AUX article, you can make these with one layer of #28 close wound on a 1 Meg Y-watt 
carbon composition resistor. Actually there is nothing magical about the 1 Meg value, it is the physical 
size and shape that is more important. The intention is that the resistance be at least a factor of 100 
times greater than the inductive reactance. Therefore any value above 100k is acceptable. 


Mouser Electronics has a line of good quality subminiature RF chokes that are quite reasonably priced, 
roughly $.23 each. Consult their catalog for the “431.0” series. The ТОН value is part number 
43LO106. Keep in mind they probably will not fit on the HANDI-Finder circuit board supplied with 
the kit. 


WIDEBAND OPERATION 


The HANDI-Finder® should work over a wider range when resistors are used in place of inductors, but 
there will still be problems with resonances (series LC) and anti-resonances (parallel LC) for any given 
set of antennas. However, ignoring those effects, let us discuss the effect of antenna spacing. 
Remember, you want the vertical members of the two antennas as far apart as practical to get maximum 
modulation. 


This will make it easier to tune for a null 


Fora given set of antennas, the upper frequency limit should be that which corresponds to a 14 
wavelength equal to the widest spacing of the vertical members. 


Ifthe usual wavelength formula is multiplied by 12 inches/ft, a new "constant" factor is obtained: 
dividing 5616 by the frequency in MHz will give the Y wavelength in inches. For the open-loop 
antennas you will be instructed to make elsewhere in this manual, the spacing between opposing 
vertical sections is typically 17.5 inches. Turning our formula around, and dividing 5616 by 17.5 gives 
321 MHz, which is also the frequency at which maximum deviation would be available. Some have 
reported operation to include the 70cm Ham Band. 


Moving to 1/10 that frequency or 32 MHz, only 1/10 the modulation would be available, but the units 
should still function. So it would appear that operation over a 10:1 range might be possible. 


COUPLING CAPACITORS: 


At the lowest limit, it is important that the coupling capacitors have a reactance of 50 Ohms or less so 
as not to attenuate the signal by more than ЗАВ. If we choose that limit to be 27MHz the value of 
capacitance having 50-Ohm reactance is 117pF. Values of .001uF, or 1000pf will be one tenth that or 5 


‘Ohms, and work just fine. 


SCREW TERMINALS: 


Antenna connections to the board are made using screw terminals. On early units, these are formed by 
installing a clip-type “tinnerman nut” which is slipped onto the circuit board edge at each designated 
point, and then threading in a 6-32 x 3/8” or ¥” binder head machine screw. Only four are needed for 
any given configuration. Later units use regular hex nuts, serrated lock washers, and flat washers 
against the board to keep the lock washers from tearing up the copper foil. 
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When fastening small diameter or stranded wires to these, it is suggested that you first install crimp-on 
spade lugs or ring lugs on the end of the wire. If you must wrap the wire around the serew, do it under 
a washer and wrap it in the direction that the screw tightens (clockwise). 


BE CAREFUL NOT TO OVERTIGHTEN. If you experiment a lot, the tinnerman nuts will strip and 
wear out. If you need to have things very tight, you can use 6-32 screws with regular hex nuts. 
However, do not put serrated lock washers against the surface of the board since they really dig in and 
cause problems. It is better to use a slightly longer screw with flat washers to protect the surfaces. If 
you are tempted to just solder directly to the board, don’t do it! The heavy heat may cause the foil to 
delaminate. Further, if the antennas are bumped, the foil may be pulled off the board. If you want to 
have some sort of “rounded off” nut on the thread end, inquire about “acorn nuts” in the screw 
specialty section of most hardware stores. 


ANTENNAS: 


The HANDI-Finder® is quite versatile in the way it can be used with different kinds of antennas. First 
of all, you can get it running immediately without extensive fabrication because two simple wire 
antennas can be attached directly at the circuit board. For 150 MHz, take two EQUAL lengths of stiff 
wire about 19 to 20 inches long and bend each one into a neat square “U” shape. The bottom of the 
"U" should be about 6”. Form the ends into a hook and fasten them to the screw terminals on the 
circuit board. Looking at the component side of the board, you will see there are three terminals along 
the left side and three along the right side. Fasten one end of one antenna to the very top terminal on 
the right side. Fasten the other end of that same antenna to very bottom terminal on the same side. 
Then repeat this procedure for the left side. 


Note that the bottom terminals are merely mounting points. They are electrically isolated. On some 
board designs there are circuit pads to allow installation of a grounding jumper. DO NOT INSTALL 
THIS JUMPER! It is desired that the antennas be open loops. If you ground the bottom of the loop, 
уой will create a closed loop that will cause a carrier null in the direction of the signal. This is not 
desirable. On later circuit boards provisions for grounding was eliminated to avoid confusion. 


‘The wire you use should be thick enough to provide desired rigidity, but thin enough to allow fastening 
under the screw terminals. If it is too thick, you might be better to first solder on some spade lugs or 
similar terminations. Of course, it helps if the wire is a good conductor, but steel coat-hanger wire or 
welding rod will work satisfactorily. A better choice would be brass rod or brazing rod, between 1/16" 
to 3/32" thick. If you wish, you can make the loops even larger. 


Note the ACTIVE ELEMENT of each antenna in this application is the vertical part of the open loop 
supported in space by the horizontal part. А greater separation of the vertical elements will produce a 
larger deviation and more audio. However, the longer a vertical element is, the more signal it will 
receive, provided there isn’t some gross impedance mismatch. This shows up as more carrier, better 
quieting, or a stronger S-meter reading. Of course, when that vertical section is maintained in space by 
ап unshielded horizontal section, determining the resonance or tuning gets very complicated. Also 
consider that the horizontal part does receive some signal, and this degrades the intended signal. 
‘Therefor, larger loops may work worse. Feel free to experiment; that is the whole object of this 
project! 
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Alternatively, the circuit board is designed to accommodate connections by coax cable to other kinds of 
antenna arrays. Just below the top antenna mounting screw on each side, is a ground screw. This is not 
used with the open loop antennas, but is used for the coax shield. Thus, if you do wish to make a 
“Double-Ducky” direction finder as described in the ARRL Antenna Handbook, you can connect the 
two equal-length coax cables to the HANDI-Finder® circuit board. Similarly, you can fabricate the 
dual half-wave vertical dipole array described in the Coast Guard Auxiliary Manual and run it with the 
HANDI-Finder® board, 


‘One suggestion for a more extravagant system is to position two multi-element Yagi antennas with 
vertical orientation at opposite ends of a horizontal boom. Support the boom at its center on a vertical 
mast so that it can be rotated. Use equal lengths of coax from each beam and connect them to the 
HANDI-Finder® board which should be mounted in a protective enclosure at the center of the boom. 
The beams will give greater forward gain and reduce the 180-degree ambiguity. It is just a little hard to 
use with the mobile! 


Since the antennas have no path to ground, there is no need for DC blocking capacitors. On A890422, 
the positions of C6 and C7 are jumpered out with board foils. If an application is encountered which 
requires DC blocking, slit each foil at each end carefully with a sharp hobby knife, then heat the center 
section with a soldering iron and peel it off the board with the knife. Holes are provided to install the 
capacitors. Refer to parts list. Later boards don’t have this connection, and come with capacitors. 
Check the board. If you don’t have the capacitors, then be sure to insert some jumpers. 


NO ENCLOSURE 


Аз you can now appreciate from these discussions, there are many ways you may end up using the 
circuit board and enclose it accordingly. 


In its simplest “quick & dirty” constructed form, the unit can be put to immediate use. The long 
narrow profile was purposely selected to minimize wind resistance for the benefit of a vehicle operator 
who may be trying to hold on to the unit mounted on a narrow mast protruding through the drivers 
window. 


You will discover that an enclosure will only increase the drag and may not be worth the effort! With 
only minimal care, these units have rattled around in many trunks and back seats without anything 
getting shorted out. The battery in one of the demo lasted over three years, even though it had been left 
“ON” for several weekends during that time! 


However, you might want to consider that numerous sharp edges from component leads could snag 
cloth upholstery, or scratch leather and vinyl. 

Where you really need to, the circuit board can be mounted to surfaces on standoffs using 6-32 screws 
through existing holes 
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MOUNTING IN AN ENCLOSURE: 

Model A890422 and later are designed so that it can be more easily modified to fit into a case. This is 
somewhat irreversible since it requires that the bottom part of the board be cut off, unless you can find 
a really long, flat plastic case. Some have come and gone off the market, so it is there is no particular 
‘model case that can be recommended. It is strongly suggested that the circuit be completely built up 
on the existing board and thoroughly checked out. After you are familiar with the unit's operation, you 
may NOT wish to put it in a case. 


TRYING IT OUT: 


It is best to start off with a “test” situation where you know the location of the source, and experiment 
with “getting a feel” for the null. The null itself is fairly sharp, but it does not always manifest itself as 
a total null in the audio tone. Sometimes, you will observe instead, a jump in tone one octave up or 
down. (Refer to the ARRL Antenna Handbook article for more discussion.) 


At other times, you may hear a "buzz" or a fast “twiddle”, This is usually due to multipath, so moving 
just a few feet may help clear up the null. Also, if there is a strong transmitter in the area, such as a 
kw paging system, 3 or 4 MHz away, you may experience more "de-sense" than normal when the 
HANDI-Finder® is switched on in the DF-ing mode. The sharp edges of the diode switching 
waveform cause it io be rich in harmonics, all of which modulate that strong RF source and cause it to 
broaden its normal spectrum at the input of your receiver. (These are the same problems that bother the 
more complex “DOPSCANS” that switch 4 or 8 antennas.) 


Using the unit with a synthesized scanner or one of the new extended-coverage HT's will not only 
allow you to work in the Ham bands, but other frequencies as well. The prototypes were tried over the 
range of 49 MHz to 450 MHz and worked well even though the 450 MHz test was well above the 
suspected '4-wave limit frequency of 321 MHz calculated previously. As you get considerably above 
ог below the 150 MHz design frequency you may find that your unit has a “null” point which is no 
longer perpendicular to the plane of the circuit board. However this also sometimes occurs due to 
‘multi-path in high reflection areas, especially indoors. (Don’t try to do anything meaningful indoors!) 
In any event, don’t jump to conclusions. Take several measurements at different locations a few feet 
apart, and consider your findings carefully before deciding whether the problem is due to the location 
ог а characteristic of the way you have set up your particular unit, 


When driving through neighborhoods itis interesting to scan the bands and see what sort of frequencies 
are in use. For example, one of our experimenters found several homes with 49 MHz “baby monitor” 
intercoms. You may also hear cordless phones near that frequency. 


Another application is to drive around and look for Cable-TV leakage on 145.250 MHz. You will quite 
easily pinpoint hotspots on poles and at the lawn boxes used for underground installations. 


Perhaps you can promote some Ham Radio good will by helping local law enforcement officials find 


mobiles with “stuck mikes.” Such a “free” service can help educate personnel about Amateur Radio 
and keep you from getting “pulled over” when you are out hunting. 


If you are an avid radio-controlled model airplane enthusiast, and have had a plane get away from 
and get lost in the woods, this could save you time. Put a low-power transmitter and "crash switch” in 
your plane. Then if it gets away or crashes in the woods, you can track it down! 
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Some areas have rather extensive park reserves or other situations where naturalists “tag” wild animals 
with radio transmitters to track their migration. 

‘They are quite interested in reports on these animals, and will give out the frequencies to individuals 
with a genuine interest in helping. Invite your local naturalist to speak to your club and demonstrate 
how you can help. But keep in mind they DO NOT put radio collars on deer and turkey just to make it 
asy for game hunters to track and kill them! 


CHECKING DIRECTION CALIBRATION: 


Around handle is best, because it allows a calibration mark at any angle. You would do well to try 
Your unit outdoors in an open field by walking in a circle around a central source. A person keying an 
HT held up at arm’s reach is easiest, but caution him to hold still. The null should always occur 
perpendicular to the plane of the antennas, but your radio or other factors may be introducing phase 
shift. Ifthe error is totally consistent as you walk around the circle, then you will want to mark the true 
direction on the handle, 


If such is the case, expect this calibration to change at different RF frequencies, or if you change the 
CD4047 oscillator frequency. If the error is not consistent, and changes as you walk around the source, 
you are experiencing (multi-path) reflections from the surroundings. Try reducing the power of the 
Source. For example, if a 100 mW HT is too strong, remove the antenna and substitute a 51 Ohm, 2 
‘watt carbon resistor. If you still get erratic readings you will have to go to another location. 


‘Once you have established the calibration mark, fasten the cable along the side of the handle or mast so 
it runs over the mark. That way you can feel it in the dark. Now you are ready to do some serious DF- 
ing or Fox Hunting, 


Notes: 
1. The abbreviation “uF” is used throughout this text to denote "micro-Farads“, 
2. Bob Leskovec, K8DTS, has been licensed since 1957 and promises not to change his call letters 


so you can always locate his mailing address via the Ham database! 


3. A less detailed description of this project appeared as “Build the HANDI-Finder!” QST 
Magazine, May, 1993, 


4. — HANDI-Finder® and RALTEC® are Registered Trademarks. 
The HANDI-Finder® Experimenter's Kit 
ASSEMBLING THE KIT: (Please read the whole manual before assembling) 


1) Check the circuit board and make sure all the holes are drilled and it is otherwise finished and ready 
to accept the parts. 


2) Having read the discussions about the ON/OFF switch, locate that item and make sure that the type 
you have does indeed fit the hole pattern on the circuit board. Do not install it yet. 


3) Locate the integrated circuit socket, carefully straighten the pins, and insert it onto the component 
side of the board with the proper orientation. You may have to study the IC socket to determine how its 
design denotes the position of pin 1. Some sockets have a beveled corner at pin I. Others have an 
indentation at the end between pins 1 & 14, some are not clear! 
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Note, for packing purposes, the IC may have been installed in the socket. It is NOT necessary to 
remove it, unless you can sec it has been inserted in the socket incorrectly. The IC will incur much less 
handling and there will be less chance of damaging it if you just leave it in place when you solder the 
socket onto the board. Make sure the socket is properly oriented and seated flat against the board when 
you do the final soldering. 

4) In the following order, mount the diodes, resistors, and capacitors, starting with the smallest parts 


first. If you have only one capacitor with long leads, SAVE that, and use the precut ones first. There is 
‘one location that needs the capacitor to be formed with longer leads. 


5) Examine the ON/OFF switch and make sure that the terminals are clean and not tarnished, before 
soldering. If needed, carefully scrape them with а small hobby blade. Then mount the switch and 
solder it in position. The 6-pin switch also requires that the two diagonal frame tabs be soldered as 
well. NOTE: if you later use a solvent to remove flux from the board, be especially careful not to get 
any into the switch. Some literally melt. Some have four frame mounting pins. Carefully clip off only 
the two diagonal pins that prevent insertion. 


6) Refer back to the discussion about the battery holder and mount that item. 


7) Prepare the end of a length of RG-58/U or the miniature RG-174/U and attach it to the board. Note 
that the hole for the shield should be 1/8” so that the shield can fit through. The excess braid is cut off 
so that only about 3/16” lies flat against the circuit foil where it is soldered down. Install a nylon cable 
tie through the holes provided in the circuit board. Pull it tight so that it anchors the coax securely 
against the board to prevent flexing at the cable end. This is known as a “strain relief.” Clip off the 
excess. Depending on what type of handle you use, you will need to figure out how to route the coax 
so that it crosses to the center and comes down the handle equidistant from the two antennas for best 
symmetry. Later circuit board layouts have the coax routed down the centerline in the solder side of 
the board on the side opposite where the handles should be attached. 


8) Slide on “tinnerman” nuts (if such nuts have been supplied) at the four points used to attach the open 
loop antennas. These are the two top most and two bottom most locations. 


9) Fashion two open-loop antennas according to the instructions deseribed previously and attach them 
to the board using the 6-32 х М” screw hardware. That's it! Refer to the section “TRYING IT OUT”. 


‘The manual includes discussions of several other options and variations in the way the unit сап be 
wired. 
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Sense The Right Way To Go With The HANDI-Finder® 


by Joe Moell KOOV 
ARRL Technical Advisor 


‘The following was submitted to the Technical Correspondence column in OST Magazine for October 
1993 in response to the HANDI-Finder construction project in a previous QST issue. The original 
HANDI-Finder was created by Bob Leskovec K8DTS. It is documented at the HANDI-Finder Web 
site. A kit of parts is sold by the North Olmsted Amateur Radio Depot. "Clones" of the bow-tie 
bidirectional HANDI-Finder are being or have been offered for sale by some other companies and 
individuals, The KOOV unidirectional pattern modification and antenna improvements described 
below are applicable to all of these bow-tie sets. 


Hats off to QST for its recent promotion of foxhunting and radio direction finding (RDF) activities. 
Simple RDF gear in the hands of a large number of hams will provide important preparedness for 
‘emergency searches and malicious interference location. 

The HANDI-Finder® by KSDTS[1] holds promise for this purpose, but its bidirectional peaks and 
nulls limit it io short range "sniffing" in situations where time-to-locate is of little concern. Its 180- 
degree ambiguity makes it unsuitable for long-range or high-speed work. 


If you were shopping for a compass to use on a hike, what would you think of one with an indicator 
that points either north or south, with no way of determining which? You probably wouldn't buy it, 
even if it was priced much lower than other compasses in the store. Its the same way with foxhunt 
equipment. 

A bidirectional RDF set such as the basic HANDI-Finder presents a 50-50 chance of leading you away 
from the fox instead of toward it. So it's worthwhile only for occasions when boundaries are small, 
such as on-foot foxhunts in a small park. Fortunately, it's a simple matter to incorporate a second mode 
into your HANDI-Finder to resolve the ambiguity. 


2 1 
EET RIAD) 


(a) w 

In thio view looking down from the oky, the bidirectionel HANDI -Finder unit 

(a) has two nulls, each perpendicular to the plane ef the antennas. The added 
‘2ena0 mode (B) has a oinglo null en tho Antenna #1 oido. 
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Add a Sense Mode 


ae [By adding time delay to the signal from one of the two HANDI-Finder 

СЯ intennas, the peak/null tone pattern of the unit is modified. If you add 
ust the right amount of delay, the pattern changes from bidirectional 
figure-8) with nulls perpendicular to the antenna plane to cardioid 
(heart-shaped) with a single null off one end. 


ee, [This two-pattern technique forms the basis of the Handy Tracker, a RDF 
_Petind board unit that I designed in 1989.[2] The cardioid pattern concept came from 
m unpublished 1980 project by Russ Andrews K6BMG. The Handy 
Tracker sense mode scheme can be applied to the КЕРТЅ HANDI- 
[Finder with the simple addition of a switch and a length of coaxial cable 
ko provide delay. 


As KSDTS points out, the bidirectional HANDI-Finder indication is 
independent of frequency. This is not true of the added sense mode. A delay line of a given length 
produces a precise cardioid pattern at only one frequency. A useful pattern is obtained over a frequency 
range of several per cent, however, so one delay line will provide ambiguity resolution over one full. 
УНЕ amateur band. 


Modification Details 
The modification adds a DPDT micro-mini toggle switch without. 


center-off (Radio Shack 275-626) and a precisely trimmed coax | ав енти / N ppo suten 

delay line. Mount the switch in the etch-free area of the circuit irr sont 

board between the two antennas. 

Оп the rear side, cut the traces where Сб and C7 connect to the E 

antenna terminals per the drawing. On the Antenna #2 side, wire a 

the antenna connection through the switch per the schematic. On оо 

the Antenna #1 side, install an unshielded wire jumper 1-3/4 

inches long, to compensate for the added switch wiring on the 

Antenna 42 side. This jumper is important, since one inch of MM 

difference in feed length to one antenna will cause 6.5 degrees ine 

bearing error in the figure-8 mode Rear view of modified board shoving 
rece cuts and added switch wiring 

Cut the delay line according to the following formula: Note Toop af wire en left; this 
compensates fer svitehlead lengths 

1=(11808-40vif et wouid other ise unbalance the 


where 1 = length of coax in inches, у = velocity factor of coax as a 
fraction, f= frequency in MHz, and d = spacing between the vertical antennas in inches. For example, 
assume we are adding the sense mode to a HANDI-Finder with "bow tie" open loop antennas for two 
meters. The vertical sections of the two loops are 15 inches apart. We are using RG-174 coax, which 

has velocity factor of 65.9 per cent. Computed for the center of the band (146 MHz), delay line length 


(11808-(15)(146))(0.659)/146 = 43.4 inches. 
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E [Coil up the coax and lace it to the board. Miniature coax 
fran I Co uei o ata Such as RG-174 is best for the delay line beca 
1 


Teta 


ей 


[makes a compact coil. Whatever соах you use, make sure 
tic velocity factor. It is 
(different for foam and non-foam type cables. 


[Because of environmental multipath and stray coupling, a 
[perfect cardioid tone pattern may not be achieved. The 
lend null may not be complete or there may be a double 
pull on one end. This doesn't matter, because the purpose 
lof the sense mode is merely to determine which of the 
two figure-8 nulls to follow. There is plenty of peak null 


Getting RDF bearings with the modified HANDI-Finder 
Smper toggle switch 32 and detey Tine is a simple two-step process. In a clear location, with $2 
ИМ set for normal (bidirectional) mode, listen for the tone. 


nulls in the receiver to obtain a line of bearing as described by КЕРТ. Next, switch S2 to the cardioid 
pattern mode and turn the unit 90 degrees so that one end points along your line of bearing. Note the 
tone level. Rotate the unit 180 degrees and note the tone level again. It should be distinctly different. 
‘The lower amplitude tone will occur when Antenna #1 is closest to the signal source. To help you 


remember, mark the peak/null directions on the board, 


Other Observations 


In the K8DTS QST article photo, the receiver feedline passes over the open 
end of one antenna loop. This unbalances the antenna pair and can cause 
major bearing errors on two meters and above. The coax should be routed 
away from the loop. 


‘The horizontal sections of the bow tie antennas severely degrade RDF 
performance. Properly spaced coax-fed vertical dipoles are far better for 
serious use with this type of RDF set. Such an antenna set is easy to make 
with inexpensive whip antennas and PVC plumbing parts. 


‘The two antennas should be spaced as widely as possible for maximum 
audible df tone, but spacing must not exceed one half free-space wavelength 
at the receiving frequency. Approximately 24 inch spacing is practical for 
both two meters and 125 cm. Coax cables from the HANDI-Finder board to 
each of the two vertical dipoles must be exactly equal in length. 


Wide antenna spacing gives better performance, but it may increase the 
received tone deviation to the point that the receiver "squelches out." If this 


Tyo арив. 
spared amex. 


А 


ттт 
pr 
"oues th 
E 


BN 


Duel vortical antennas fed 
with equal length coax 
Tinos provide tho host 

performance with 

[suitened-antenna RDF sets 


occurs, reduce the tone oscillator frequency to 400 Hz or lower by increasing the value of R1 and/or 


cl 
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Footnotes: 

[1] Leskovec, "Build the HANDI-Finder!" QST, May 1993, pp 35-38. 

[2] Moell, "Homing In," 73 Amateur Radio, September 1989, pp 58-59 and November 1989, рр 52-53 
The spelling and form of HANDI-Finder constitutes a trademark registered to KSDTS. 


Close-up of top area of board, showing added DPST switch and wire jumper to provide equal signal 
paths in bidirectional mode. 
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Frequently Asked Questions and Answers About T-huni 
RDF 
by Joe Moell KOOV 


Over 98% of reader response to my articles is via e-mail. The 80-20 rule (or is it 90-102) definitely 
applies, because the vast majority of questions are the same. Here they are, along with the answers. 
Now maybe I can spend more time building and T-hunting! 


ig and 


ions about Dopplers (seroll down) 


+ Part 2 - Questions about Other RDF Equipment 
+ Part 3 - Ques 


+ Part 4 - Miscellaneous Questions. 


ions About Transmitters and and Covert Tracking 


Part 1 - Questions About Dopplers 
О: What is a Doppler? What 


A: Nineteenth Century physicist Christian Doppler is credited with creating equations that describe the 
apparent frequency shifts that result from the relative motion of the sender and receiver of a wave. The 
Doppler principle is now used for many applications, including dating the universe and catching 
highway speeders. In radio direction finding, a simulated rotating antenna can be used to determine the 
direction of an incoming signal using this principle, 


а Roanoke Doppler? 


When transmitter hunters speak of Dopplers, they usually mean a device with an electronically rotating 
array of 3 to 8 vertically oriented whips or dipoles and a circular display of 8 to 50 light-emitting 
diodes. These Doppler add-ons work with VHF and UHF narrowband FM receivers. There are other 
RDF devices with similar antenna sets and displays that are used with AM receivers (e.g Watson-Watt), 
but these are not Doppler sets 


‘The Roanoke Doppler was first published in my book "TRANSMITTER HUNTING---Radio Direction 
Finding Simplified" (THRDFS), along with an extensive writeup of the theory of operation. The 
Roanoke Doppler has become the most popular Doppler RDF home construction project. Originated by 
Chuck Tavaris NAFQ, then improved and documented by Joe Moell KOOV and Thomas Curlee 
WBGUZZ, the design was named by K OV to honor the transmitter hunters of Roanoke, Virginia, 
where МАРО tested his prototype. This Homing In site is the official support site of the Roanoke 
Doppler project: 


+ Three suppliers of circuit boards and parts for the Roanoke Doppler are listed on the Hardware 
Sources page 

+ Updates to the THRDFS documentation of the Roanoke Doppler are in the THRDFS Update 
page, 

+ An improved multiband antenna switcher is fully described in the wide Runge Antenna Array 
page. 
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There are other home-construction Doppler projects, but only the ones built from the design in 
THRDFS and this Web site are Roanoke Dopplers. 


0: can't locate any 75492 ICs for the Roanoke Doppler display. What shall I do? 


A: An improved 16-LED display circuit is in the THRDFS Update page at this site. The 75492 ICs 
have been eliminated. If you already have a circuit board for this project, you can still use it 


О: The WA2EBY Doppler circuit in a recent ham magazine looks very much like the Roanoke Doppler. 
Is it an improvement? 


А: That author has utilized many of the design attributes of the Roanoke Doppler, but his unit has no 
new functions or operating features, 


©: The WA2EBY article states that ECG-555 PIN diodes give poor UHF performance and that ordinary 
1N4148 diodes are just as good for a Doppler antenna. Is that true? 


A: First, The ECG-555 is an older PIN diode, with unspecified RF series resistance. Newer PIN diode 
types listed on the Hardware Sources page of this site should perform better. Second, the switcher 
circuit of the WA2EBY Doppler is not optimized for PIN diodes. For best isolation, RF diodes should 
be reverse-biased when OFF, not just at zero DC current. That's because the series capacitance of PIN 
diodes drops dramatically as OFF (reverse) bias goes from 0 to 4 volts. (Examples: HP 5082-3080 goes 
from 1.1 to 0.4 pF. MPN3404 goes from 2.5 to 1.4 pF.) The lower the capacitance, the less RF gets 
through (better isolation). The Wide-Range Roanoke Antenna at this Homing In site reverse-biases the 
OFF diodes, which is an important reason why it performs better than the original Roanoke antenna, 
‘The WA2EBY Doppler circuit does not reverse-bias the OFF diodes. I believe that the results of the 
WA2EBY's loss/isolation tests would have been quite different if it did. 


1 discuss PIN versus switching/rectifier diodes for Dopplers on page 128 of THRDFS. PIN diodes 
provide significantly less insertion loss when ON, if biased properly, meaning that a PIN switcher will 
generally have less loss. More importantly, stray RF rectification is much less likely with PINs. I 
encountered significant cross-modulation problems using a Doppler with non-PINs, especially when 
driving near strong RF sources. WA2EBY did not test for cross-modulation when he evaluated diodes. 1 
would welcome input from anyone who has done such tests 


©: Will the Roanoke Doppler find aircraft Emergency Locator Transmitters (ELTs)? 


A: The Roanoke and other ring-antenna Doppler RDF sets can readily track signals in the 120 and 240 
MHz aircraft bands, provided that a suitable receiver is used. The Doppler modulation produced by 
switched whips in a Doppler array is FM, not AM. Therefore, the receiver must have an FM detector to 
properly process it. I use a venerable Regency MX-7000 scanner for this purpose. Just tune it to the 
proper frequency (121.5 or 243.0 MHz for ELTs, 121.6 MHz for tests) and set the receiver to the 
Narrowband FM mode. 


‘The new Wide-Range Antenna Array should be used with the Roanoke Doppler processor for greatest 
sensitivity and best rejection of multipath distortion. Whips for 121.5 MHz should be 22 inches long, 
spaced in a square pattern 21 inches on each side. Whip lengths and spacings should be halved for 
243.0 MHz operation. The Doppler is intended for vehicle or fixed station use only, not for on-foot. 
operation. 
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Some high-end scanning receivers (including Icom Kl. R10, R100, R7100-2, AOR AR-3000A, 
AR-8000, Radio Shack Pro-60 and others) can be operated in the Narrowband FM mode on 121.5 
MHz. Specification changes may occur, so check to be sure before purchasing, Another idea for 
experimenters is to install crystals for 121.5 and 121.6 into an old crystal-controlled FM scanner. 
Everybody wants synthesized scanners nowadays, so "rockbound" sets are cheap and plentiful at swap 
meets and yard sales, Retune the RF stages as necessary for best sensitivity, because these sets were 
usually designed for receiving 146 MHz and up. 


While a Doppler may be useful in some ELT tracking situations (such as 
a false alarms from aircraft on an airport runway), itis not a universal 

tool. ELT signals from actual crashes are usually very weak and of mixed _ 
wave polarization. Experienced Civil Air Patrol (CAP) volunteers in my 
area prefer cubical quads and phased arrays (such as the L-Per) instead of 
а Doppler when in such weak-signal situations. The photo shows a dual 


frequency (121.5 and 243.0 MHz) stiff-wire quad built by Bob Miller 
N6ZHZ, Commander of Brackett Composite Squadron 64 in La Verne, 

California. He says, "With the quad, I am able to pick up a 243 MHz ELT 

two to five miles miles before the L-Per's antenna will hear it. When there are two or three ELT 
chirping simultaneously in hangers at an airport, I use a high-gain quad to track one at a time, listening 


to the differences in tone sweep rate of each on 


An RF attenuator should be used with an RDF quad to allow S-meter bearing readout and to help 
determine how close you are to the ELT. Plans for suitable quads are in THRDFS. For more on CAP 
and tales of searches for ELTs, see Homing In for April 1994. 


©: Can I use the Roanoke (or other) Doppler on the 10-meter ham band and/or the Il. meter Citizens 
Band? 
A: It could be done if: 

+ The receiver is in FM detection mode (not SSB or AM) 

+ Switcher inductors and capacitors are optimized for this frequency range 

+ Antennas are 8-foot whips in a square pattern $ feet by $ feet 


Of course this is not practical on a car, but could be considered for a fixed installation. Remember, 
Dopplers need carrier-type signals, so you can track amplitude-modulated signals (in FM mode) but not 
SSB signals. I have experimented with the Roanoke Doppler on 6 meter (50 MHz) FM signals, using 
resonant whips spaced in a four-foot square. They fit on the roof of the van, but there wasn't enough 
ground plane area around the whips, and the whips were so tall that they waved around too much while 
driving. Compared to baseline two-meter performance, this didn't work very well, especially in motion. 


О: I'm thinking of mounting a Doppler RDF antenna on top of my home ham station tower. Any 
suggestions? 


А: One problem with remote operation of the array will be rf losses in the coax. You will probably not 
have problems with long control lines, although some added protection from lightning-induced 
transients is in order. For tower mounting, I recommend using four vertical dipoles (which would look 
like the marine DF antenna photo in THRDFS) instead of whips on a ground plane. This will give 
better performance by minimizing mutual coupling between the whips. 
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О: OK, how about putting the Doppler at our mountaintop repeater site to find jammers on the input? 


A: There are many pitfalls in the way of remote mountaintop RDF systems. I get letters regularly from 
hams who tell me about the wonderful linked RDF systems at repeater sites that they'll be putting on 
line "real soon now." I encourage them to send me all the details of their results, with photos, so I can 
tell the world via Homing In. Then I never hear from them again. 


You'll probably discover, as they do, that you won't be able to successfully operate a Doppler DF at 
your repeater site. Here's why: 


1. The commutating antenna system, "moving" at an audio rate, will induce the annoying Doppler 
tone into your repeater receiver and probably into most other receivers at the site, even those on 
widely different frequencies. This will occur even if you use a separate receiver for the Doppler 
antenna, Note that this phenomenon is not caused by digital switching noise in the commutating 
antenna. It is a parasitic RF effect and can occur even if no digital switching noise exists. 


2. The cross-modulation products caused by stong signals from your repeater transmitter and other 
VHF/UHF transmitters at the site into the switched antenna system will make the Doppler 
insensitive and prone to unreliable indications. 


Fast-switched dual-antenna RDF sets such as TDOA' will probably have similar problems. You might 
consider a slowly rotating beam with some sort of direction indication through the repeater- 
done by the Happy Flyers organization many years ago. 


1 know of only one successful remote repeater-connected RDF system now in operation, and it is not a 
Doppler. (If you know of others, please enlighten me.) This system uses a phased array which is 
switched very slowly (every second or so) to avoid the problems mentioned above. That slow switching 
is OK in the user's application, because it is intended to track continuously-transmitting ELTs, not ham- 
band kerchunkers. 


So if you want to use Dopplers for remote RDF, put them at sites that are not associated with repeaters 
ог other VHF/UHF radio systems. 


О: Ihave read several articles on 2-meter Dopplers and they all specify different antenna element 
spacings. What is the best? 


А: No matter how many whips or vertical dipole elements in a Doppler array, the adjacent elements 
must not be more than 1/2 free-space wavelength apart, to avoid ambiguous bearings due to phase steps 
ol greater than 180 degrees. Furthermore, adjacent element spacings of greater than 1/4 wavelength 
will produce phase steps of more than 90 degrees, lowering the level of the recovered audio tone and 
worsening the signal-to-noise ratio. With that in mind, an optimum adjacent-whip spacing for a 4-whip 
mobile array for VHF or UHF is slightly less than 1/4 wavelength at the highest frequency to be used. 
Plans for the 4-whip Roanoke Doppler in THRDFS call for 18-inch whip-to-whip spacing, which i 

0.22 wavelength. 


‘The array doesn't have to be this big, but don't make it too small, either. Deviation of the recovered 
Doppler tone is a function of antenna size and speed of rotation, as given by the formula on page 121 of 
THRDFS. This works out to about 0.5 KHz deviation for the Roanoke Doppler 2-meter antenna, which 
is a good value. A super-small array such as the 0.07 wavelength-on-a-side mentioned in the Dick 
Smith literature won't work well, because the recovered Doppler tone out of the receiver would be only 
0.1 KHz. It could be readily overpowered by modulation audio and noise. 
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If you use a mag-mount implementation, remember to place the whips in a perfect square pattern. 
Measure spacing carefully or make a template. A slightly rectangular or trapezoidal pattern will 
introduce significant bearing errors at some angles. 


©: What about the spacing if I use more than four whips? 


A: Going to 6, 8, 12 or more whips, as provided for in some Doppler sets, provides little improvement 
if the array size (radius of rotation) is the same as for 4 whips. The Doppler tone deviation is 
unchanged, though there are fewer high-order harmonics in the recovered audio. (That's unimportant if 
а very narrow passband filter is used, as in the Roanoke Doppler). Furthermore, the closer element 
spacing of a same-size-more-whips array increases inter-whip RF coupling, which degrades 
performance in multipath. 


To fully realize the advantages of more whips, the array size must be increased. Consider a two-meter 
8-whip array in an octagon pattern of 18 inches per side (i.e. the same adjacent whip spacing as the 
Roanoke Doppler). Radius of rotation is more than double that of the 4-whip Roanoke, giving over 1 
KHz Doppler tone deviation at the same rotation rate. The array aperture is more than doubled, which 
improves performance in multipath. 


However, an array with a diameter of almost 4-1/2 feet won't fit on most vehicles, especially when you 
remember that you would need 7-1/2 feet total diameter to provide ground plane under the whips. A 
similar size (in wavelengths) array for the 70 ст band (450 MHz) would be only 2-1/2 feet diameter, 
which is practical 


О: Why doesn't the Roanoke Doppler use RF preamps and/or "soft switching” in the antenna system to 
give more sensitivity and less noise? 


A: Questions like this indicate three assumptions: 
+ Assumption #1: Soft switching eliminates noise 
+ Assumption #2: Monolithic amps provide increased system sensitivity 


+ Assumption #3: A Doppler with switched preamps provides the same directional performance as 
one using PIN diodes. 


1 disagree with all three assumptions. Here's why: 


1. Any Doppler antenna commutation, whether "hard" or "soft," produces additional spectral 
components in the RF signal to the receiver. It is true that rectangular-wave switching can create 
some broadband noise, but if the noise is really bad in your system, iťs probably because the 
diodes are biased or driven improperly. Wide-bandwidth receivers such as scanners and handi- 
talkies are much more susceptible to this problem than mobile radios with good input Rx 
filtering (such as helical resonators). You may find that changing your receiver or adding a 
helical filter between antenna and receiver improves the performance of your Doppler 
‘markedly. 
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2. Monolithic preamps have gain, which can overcome the small amount of loss in the coax from 
antenna to receiver. But they usually have a poor noise figure, much worse than most receivers, 
RF gain ahead of the receiver will worsen any receiver overload and cross-modulation 
problems. Strong signals can also overload the preamps, distorting the incoming signal phase 
and degrading the bearing accuracy. (Long-time T-hunter Mike Musick NOQBF has observed 
this even on signals from one or two miles away!) So unless you are using a very insensitive 
receiver, antenna preamps will probably do more harm than good. In addition, some Doppler 
sets hard-switch the preamp supply voltages. This causes the same broadband noise problems in 
a wideband receiver that improperly biasing the PIN diodes docs. 


3. As I explained in detail in my Homing In of April 1995 and August 2003, the impedance match 
(or mismatch) presented to switched-off whips in a Doppler array determines the multipath 
performance of the system. Preamps usually "look like" 50 ohms, which is undesirable in this 
application, 


In summary, I believe that a properly designed PIN-diode switcher (with correct ON and OFF biasing), 
when used with a sensitive narrow-range receiver, gives as good or better overall Doppler performance 
(in both sensitivity and multipath accuracy) than any preamp-based design does, whether hard or soft- 
switched. 


©: Our club wants to set up some RDF sites to automatically find jammers and display their locations 
‘on the Internet. How do we do it? 


A: First, understand that you won't be able to use such a system to positively identify RF coming from 
a specific house or apartment at a distance. Let's say you set up a RDF system with three sites to cover 
atypical urban area of 20 X 20 miles. For good coverage of the area, the sites will have to be on the 
perimeter. Assume that you can find enough quiet sites and link them. Now assume that the jammer is 
right in the middle of the triangle of sites (best case). The intersection of your bearings and their 
uncertainties will create a polygon with an area of about 4 square miles! That certainly won't be good 
‘enough evidence for the FCC. There are about 10 hams per square mile in my city, probably the same 
as where you live. So you'll still have to do plenty of close-in DFing to verify the actual perpetrator's 
site and get eyewitness evidence. 


Why the large polygon? Because the inherent uncertainty of a bearing from a typical VHF 4-whip 
Doppler in an urban environment is about +/- 5 degrees, even if you have 10-bit readout precision, 
Sometimes, the bearing error is even greater, especially at fixed sites. (See Chapter 18 of THRDFS.) 


This is not intended to discourage you, just to add a healthy dose of reality. If you want to link up RDF 
stations, consider using APRS, which allows packet interconnection of a limitless number, both fixed 
and mobile, close-in or far away, each one displaying their own and everyone else's bearings. Bearings 
and station locations can be input to APRS either manually or automatically, so even base stations with 
beams can help out. For more info, see my Homing In columns in 73 Magazine for October 1994, 
January 1995, and February 1995. 


©: How can I interface my Doppler to APRS? 
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A: Any of the popular homebrew or kit-built Doppler RDF sets with 8, 16, or 32 LED indicators can be 
connected to computers using a circuit developed by Robert Swain N7LUE. This includes the popular 
Roanoke Doppler and the DoppleScAnt from QST in the 70's. Roberts circuit takes the binary 
information from the LED drivers and outputs a serial RS232 data stream of ASCII characters 
representing directions. For details, see Doppler-to-APRS interface at this Web site and Homing In for 
August 1995, A microcontroller-based serial interface that outputs in "Agrelo" format is described on 
the Web pages of Bob Simmons WB6EY V. He also sells the PicoDopp, a Doppler add-on that includes 
serial interface, in Semi lit form. 


Some sets made by Doppler Systems Incorporated feature RS232 serial output consisting of 3-digit 
numerical readout of bearing in degrees. Doppler Systems sets in the 3000, 4000, and 5000 series can 
also be used with N7LUES interface. 


The MicroFinder Doppler set by АННА! Solutions has serial output of bearing information їп "Agrelo" 
format. 


О: Why are there only 16 LEDs on the Roanoke Doppler? 


A: The Roanoke Doppler was designed for the best combination of simplicity and performance. A 16 
LED display is usually quite adequate for tracking signals when mobile in urban areas. It gives a rapid 
indication of which way to drive when time is of essence. I still use my 16-LED unit on the local hunts 
with good results. When I need higher accuracy for triangulation, I switch to a beam. 


Finer resolution is possible with some circuit changes. Tom Curlee WB6UZZ has designed a version 
with digital readout to the nearest degree. But the basic bearing accuracy of VHF Dopplers on vehicles 
is typically +/- 5 degrees, so such a display gives a false sense of accuracy. And all these improvements 
require more complexity. That means more parts to find and greater cost. We have found that most 
hams want maximum simplicity in projects they have to build themselves. (On the other hand, when 
they buy a ready-to-use piece of gear, they want maximum bells and whistles.) 

— . ананан. 


Part 2 - Questions About Other RDF Equipment 


©: Can you help me get my (choose one) Agrelo, Ramsey, Dick Smith, or "bow-tie" RDF equipment 
(not in THRDFS) to work? 


A: Mail about these units is so frequent that I have posted details at this site. 
+ Agrelo DFjr Doppler 
+ Ramsey SlyFox and Foxhound 
+ Dick Smith Doppler 
+ "Bow-tie" sets by K8DTS and others 
©: I can't get my Shrunken Quad to work. What's wrong? 


A: Most likely you are using the wrong piston trimmers, but it could also be an improperly built balun, 
Go to More on the Shrunken Quad to find out. 


О: Are there any updates/corrections to (fill in your favorite project in TRANSMITTER 
HUNTING-—Radio Direction Finding Simplified)? 
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A: Click here to get the lat 


st updates to THRDFS, 
О: Where can I find boards/kits/parts for your projects? 


A: I try to locate inexpensive sources for uncommon parts and include them in all my project articles 
For updates and additional parts/boards info, jump to the Hardware Resources page at this site. 


Part 3 - Questions About Transmitters and Covert Tracking 


J: My club wants to start transmitter hunting but first we need a hidden 
transmitter. What is available? 


„^: No problem! The transmitting part of T-hunting is easy if you give ita itle 
р setup is perfect for all hiding situations, 
Hiders use a wide variety of equipment, with power output and antenna type 
depending on the distance to the start point and the level of intended difficulty. You 
feed to determine, for instance, whether you want to do short range on-foot 
unting, longer range hunting on bicycles, or still longer range mobile hunts. 


For your first mobile hunts, just have someone stay with the transmitter and and 
key it up at appropriate intervals. The hider can read into the mike from a book, or from the club 
newsletter, or just make comments and urge the hunters on, as NOQEC and KBOIEK of the Lincoln 
(Nebraska) Amateur Radio Club are doing in the photo at left 


After a few hunts, you may want to put together an 
unattended transmitting setup, so the hider doesn't have to 
stay with the rig. For starters, connect your two-meter 
hand-held or mobile transceiver to a tape recorder playing 
an endless loop answering machine cassette with an 
appropriate message and ID. Some hiders like to use a 
dual-band hand-held and activate it on the subband from 
another transmitter. Later on, after you gain some 
experience and have a better idea what suits your need: 
consider a dedicated home-built or commercial "foxbox" 
with tones and a cycling timer for hiding. See the 
Hardware Resources page at this site for transmitter 
controller ideas. 


For short-range on-foot hunts in parks, consider complete mini-transmitters like the SquawkBox by 
Bob Simmons WB6EYV (photo at right). It records and sends short voice messages at adjustable 
periodic intervals. 


More about transmitting gear for on-foot hunts can be found in the Equipment Ideas for Radio- 
Orienteering page of this site. And of course there is a complete chapter of clever transmitter hiding 
ideas in THRDFS. 


©: I need a miniature transmitter to put on my prized possession (sports car, ТУ set, motorcycle, 
Coonhound) to find it after it wanders away or is stolen/abducted. What is available? 
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A: Yes, I have actually had inquiries about tracking devices for each of the above examples, and many 
‘more! Unfortunately, it is still true that you get what you pay for, and no matter what you pay, there's 
по assurance of success. 


In the under-$40 category are "experimenter" micro-transmitters such as the TT7-K "Tracking 
‘Transmitter Homing Beacon" sold by Amazing Devices. Several miniature transmitter models are 
available from ElectroKits. These "bugs" typically use the 88-108 MHz FM broadcast band, where 
low-power unlicensed transmitters are permitted by FCC Part 15. Manufacturers sometimes claim 
range of three miles or more for these FM micro-transmitters. But that range assumes high-gain 
antennas on both transmitter and receiver. A practical antenna on a stealth radio tag will seldom be 
large and efficient enough for that. Furthermore, if one were to actually achieve three-mile range with 
such a transmitter, that fact would demonstrate that the field strength is in excess of that allowed by 
FCC Part 15 rules for unlicensed devices in the USA. In other words, it would be illegal operation of a 
radio transmitter in the eyes of the law. 


Some of these experimenter FM-band transmitters use simple L-C tuning, so the transmitter tends shift 
frequency due to temperature changes, battery voltage droop or proximity to other objects. Futhermore, 
the FM broadcast band is not suitable for covert operations, as the tag can be tuned in on every home 
and car radio within range. Usable tracking range is severely limited by interference from powerful 
broadcast stations. The high level of audio FM deviation (+/-75 KHz) used by transmitters and 
receivers in the FM broadcast band is not compatible with narrowband Doppler RDF techniques. Have 
I convinced you that this is not a good option for most applications? 


Also available for about $40 are micro VHF transmitters for the two-meter ham radio band, 
such as the MR6 Model Rocket Tracking Transmitter Kit by Ramsey Electronics. A similar 
postage-stamp sized transmitter project was detailed in Homing In for May and September 
1993 (photo at left). At about 10 milliwatts, such transmitters are perfect for short-range 

s ham radio transmitter hunts (see previous question). But to meter frequencies may be 
used only by licensed ham radio operators, with proper transmitter identification, in 
\ accordance with FCC regulations. Plenty of ham radio T-hunters are ready and eager to 
track down intruders on these frequencies, and they won't be amused if they discover that a non ham is 
using their spectrum space to keep track of his cat. There are restrictions and license requirements for 
the use of other VHF and UHF frequencies at these power levels as well 
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А much better choice would be the tiny trans: 
tracking receivers made specifically for tracking 
‘mammals, reptiles, birds, fish and even insects. See my 
RDF links page for commercial suppliers of transmitters, 
and receivers that are popular with two market groups: 
wildlife researchers and the owners of prize hounds. A 
good example is Communications Specialists of Orange, 
California, which sells waterproof tracking transmitters 
that are about the size of a stack of six quarters (photo at 
right). They may operate unlicensed under FCC Part 15 
rules and are powered by a lithium-ion "coin-cell" battery 
that lasts about a month. Com-Spec is expanding the 
market for these radio tags by selling them as the 
LoCATor Pet Tracking System, the Radio Controlled Airplane ELT System, and the Law Enforcement 
‘Tracking System. Range of Part 15 compliant transmitters is a few blocks in the city and up to a mile in 
open terrain with transmitter and receiver elevated. For official law enforcement use, more powerful 
transmitters certified to FCC Part 95 are available for greater range. 


‘To save battery life, these critter-tracking transmitters are pulsed for a few tens of milliseconds, every 
second or so. Their low-power signals are so weak at long range that dual-antenna sets and Dopplers 
are at a disadvantage. Sensitive narrowband receivers and beam or phased-array antennas work best. 
Professional grade tracking receivers are quite expensive, but the 30-channel Com-Spec Model PR-30 
215 MHz range set with Moxon type directional antenna (photo at right) is a bargain at about $200. 
Another option is a consumer-type scanner. It must be multi-mode model such as the Icom IC-R10, 
‘Trident TR2400 or Sony ICF-PRO8O, which include CW/SSB (BFO) modes. For a tracking antenna, 
you could build a small cubical quad from plans in THRDFS. 


If money is no object, consider the complete RDF tracking systems manufactured by law-enforcement 
suppliers such as Tracking Products, Inc. Also at the high end of the cost range are "hostage tracking" 
systems sold by "spy market" distributors such as Surveillance Equipment Group and Airtight 
Investigations. Note that even with their high prices, there are practical limits on range and battery life. 
All advertising claims must be taken with more than a grain of salt. None of these providers offer any 
guarantees that you will locate whatever you're tracking or even that you will hear a trackable signal. 


For vehicles, don't overlook LoJack and other commercial tracking systems. LoJack transmitters are 
installed in an undisclosed place in your vehicle or other important asset and activated automatically 
when it's reported stolen to the police. Then the signal is received and RDF-tracked by police and 
sheriff cruisers and aircraft (over 400 in the Los Angeles area alone). Ask the LoJack salesman if the 
guarantee of your cars return is still offered. 


‘There are also non-RDF vehicle tracking systems such as the new GPS-based CyntrX by Enhanced 
Vehicle Applications of Wisconsin. It is sold by TechWholesale in Ohio. (Reports from users wanted, 
please let me know your experiences by e-mail.) 


©: What about a pager-sized tracking device to put on toddlers? Parents would carry a pocket-sized 
receiver so that they could locate the child in ease he/she became lost. 


A: As you can imagine, the tracking of children is a much more serious and difficult matter than the 
tracking of cats and sports cars. Here are just some of the many factors that must be considered if 
direction-finding technology is to be used: 
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+ Size - For sufficient transmitter power and antenna size for tracking over a wide area, the child's 
device must be bigger and heavier than most people desire. 


+ Tracker- An effective tracker needs a "wide aperture" antenna for sensitivity and accuracy, so it 
cannot be pocket-sized. But parents won't want to haul around a big tracker on every trip to the 
amusement park. 


+ Battery Life - The longer the battery must last, the bigger and heavier the transmitter on the 
child must be. 


+ Antenna - How do you put an effective antenna next to a child's body without detuning it? 


+ RF Radiation - Is it safe to have a transmitting antenna next to a child's body? 
+ Liability - Will the maker be sued if parents cannot quickly find their child with the device? 


+ Security - How do you keep criminals from tracking lost children, too? What happens if a 
potential kidnapper finds the lost child before the parents do? 


‘Companies such as Xmark Systems make "perimeter protection" systems that sound an alarm ifa tag- 
wearing individual wanders or is taken out of a protected area. These systems are marketed to health 
care facilities as alarms to provide early notification of wandering Alzheimers or mental patients, or of 
infant abductions. They are based on RFID technologies (see next question), so they don't have any 
direction-finding capabilities. The protected perimeter is non-portable, and the tags can't be used to 
help find the person once he ог she is outside the protected area. Care Trak, Incorporated sells a system 
ol wrist/ankle transmitters that combines perimeter alarm and short-range (up to one mile) RDF 
tracking. In some localities, RDF-proficient volunteers assist authorities in tracking wandering patients 
under Project Lifesaver. 


Some startup "personal tracking" companies, such as Protect Me Toys (now defunct?), eWorldTrack, 
Wherify Wireless, and Digital Angel (also defunct?) have received considerable press (and resulting, 
investor attention) for their claims of long-range positioning and tracking. None of their systems use 
traditional direction finding (i.c. beacon transmitter and human-carried RDF gear). Instead, they are 
based on wearable Global Positioning Receivers with radio transmitters that beacon the GPS data to 
trackers directly or via cell/PCS phone systems. Currently available models are relatively large, have 
short battery life, and require а clear view of the sky for accurate positioning. А savvy child abductor 
would quickly remove such a device from the child or shield it to render it inoperative. 


Other RDF-based systems now on the market for tracking children and adults include the medium- and 
high-end solutions described in my answer to the previous question, with the usual power, range, and 
battery limitation. If you have personal experience with any of these products, good or bad, or if you 
discover any other suitable (or unsuitable) systems, please let me know the details by e-mail 


©: Our construction company is losing small tools, either by accident (falling into holes) or theft. Can a 
transmitter be inserted into items like wrenches, drills or grinders, with a RDF unit capable of detecting 
them inside a car trunk? 


A: Radio Direction Finding (RDF) technology is typically done at considerable distance (from yards to 
miles and beyond). To do that, transmitters require long-term power sources (such as batteries) and 
antennas. They're usually too large to be placed on ог in a hand tool. In addition, the transmitted signal 
сап be detected by anyone with a receiver tuned to the proper frequency, so these systems are not 
covert. 
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RFID technology at the jobsite exit is probably more appropriate for this tool-detection application. 
RFID systems track property and objects at relatively close range with unique codes, For instanci 

chips (also called tags or transponders) can be implanted in pets to provide positive proof of ownership 
if the pet strays into the pound or is stolen. A reader device, passed over the chip, detects it and reads 
‘out the chip's unique ID code. Similar RFID systems sound an alarm when non-paid-for merchandise 
passes through the doors of a store. RFID done at greater distance in automatic toll collection systems 
‘on and elsewhere. At one time, the FasTrack transponders for southern California toll roads could even 
be used to quickly pay for a McDonald's burger at the offramp. (This feature was discontinued because 
зо many transponders were being stolen out of cars and then used for this purpose!) 


In an ideal situation, the chips are "passive," meaning that they don't require battery power. They 
usually cannot be detected with conventional receivers, but only by a reader or polling device designed 
to be used with them. 


Part 4 - Miscellaneous Questions 
©: I'm ready to go оп a mobile T-hunt. How do 1 find one? 


A: Ifyou live in southern California, see the Southern California T-Hunts for Beginners page at this site 
for monthly mobile T-hunts in the Los Angeles and Orange County area where first-timers are 
especially welcomed and encouraged. Web sites about other Los Angeles area Saturday night hunts and 
the southern California All-Day hunts are on the Links page of this site. That page also has links to Web 
sites and Homing In Correspondents who can tell you about hunts all over the USA, and in some other 
countries, too. If there are no hunts in your area now, get together with your local ham club members 
and start them! 


©: My friends and I chat on the local two-meter repeater. Somebody on there transmits beeps and 
mocks us. We can all hear him on the input of the repeater. Please listen with your direction finding 
equipment. We need to stop him, 


(Believe it or not, requests for me to listen on VHF/UHF have come from hams that are hundreds of 
miles away from me!) You and your friends need to put some RDF gear on your vehicles and track 
down the offender yourselves. That's why I have this site and my book —- to help hams like you 
become proficient at RDF. It's not hard. Once you find him or her, a little friendly persuasion may be all 
that it takes to eliminate the problem. If not, the chapter on solving malicious interference problems in 
THRDFS may be helpful in developing a strategy. 


You should also find out if the Amateur Auxiliary and Official Observer programs of the American 
Radio Relay League are active in your area. If so, join them now, Your ARRL Section Manager has 
more information, 


Q: Is it true that transmitters can be "fingerprinted" for positive identification without the user being 
aware? 
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^ A: The concept of transmitter fingerprinting was invented and patented decades ago. 
by Phil Farrell КУРЕ of Seattle. He licensed his patenvtechnique to The Boeing 
MIN Company and to Motron Electronics, which sells equipment for it. The Motron 
implementation (called TxID) consists of a card that plugs into the expansion slot of 
a PC, plus software running under DOS. The asking price is higher than most. 
individuals are willing to pay, but it is affordable for repeater clubs. I tested and 
reviewed the system in Homing In for November 1994. The review explains the principles of 
fingerprinting and shows good and bad points, including comparison of some same-model transmitters. 
Since then, Motron has added features such as receiver frequency control and readout for remote. 
operation. TXID will control a tape recorder for evidentiary purposes. 


A few hams have developed similar fingerprinting systems. The first was "XMIT. ID" by Richard 
Rager KBSRLN. It used PC software and an 8-bit Soundblaster card. I have lost contact with Richard 
and don't know the current status of this project. 


"Sherlock" by Malcolm Mallette WA9BVS also runs on a PC and uses its sound card with commercial 
oscilloscope software. The newest version of Sherlock, which works with Windows XP and Vista, was 
detailed in a feature article by WA9BVS in the Winter 2006 issue of CQ VHF magazine. Click to 
download this article in PDF format (7 MB), courtesy of WA9BVS, 


XMIT ID and Sherlock are intended for home experimentation only. Commercial production of any 
fingerprinting system based on the turn-on frequency changes of a transmitter may infringe on US 
patent 5,005,210. 


Q: What is a Crenshaw Factor and why do I need one? 


А: The Crenshaw Factor has been used for many years in southern California T-hunts to normalize 
mileages and account for odometer differences between various vehicles. Your vehicle's Crenshaw 
Factor is the odometer mileage you get when you drive a standardized course that runs along Crenshaw 
Boulevard for about 9 miles. The course was chosen because it is relatively straight and goes up to the 
start point of the All-day hunts. This makes it easy for hunters to check their factors regularly on the 
way to a hunt. 


A big problem right now is that the landmarks at the start of the Crenshaw have changed. The official 
start point is in front of a now-gone telephone booth in front of a now-gone Winchell's Doughnut shop 
оп the southwest corner of Artesia Boulevard and Crenshaw. If you can find this point, then all you do 
is record your odo reading and drive in the left-hand lane along Crenshaw to the stop sign at Crest 
Road in Rancho Palos Verdes. Your elapsed mileage to that point is your Crenshaw Factor. 


Nobody knows exactly what this distance is, but it doesn't matter. To normalize mileages on a T-hunt, 
each vehicle's elapsed odometer mileage is divided by its Crenshaw factor. The result is in "Crenshaw 
Units." The team with minimum Crenshaw Units wins. 


Example: Say your odometer mileage on the hunt is 35.7 and your Crenshaw factor is 8.8. Your 
Crenshaw Units are 4.057. You think you won, but another hunter has odo mileage of 36.8 and 
Crenshaw factor of 9.3. That means his odo reads higher than yours for the same distance traveled. His 
Crenshaw Units are 3.957, so he beat you. 


It is commonplace for two or more hunters to have low mileages within a few tenths of one another. 
Crenshaw Factors are needed to determine winners on many of our milege hunts, so it is important for 
every hunter to have one. 
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О: Why has your book's price increased to $24.95? 


A: don't know. It was done by the new publisher in recent printing runs, without notice to the authors. 
‘There are no changes in these print runs, so look for previous-printing books at lower prices, if you can 
find them. 


О: I have a ham store and would like to carry your book. Do I have to get it from ARRL? 


A: Retailers and dealers should get books directly from the publisher. Call McGraw-Hill Trade Order 


Desk at (800) 722-4726 to place quantity (5 or more) orders. 


©: Is there any difference between ISBN number 007-1560068 and ISBN number 0-8306-2701-4 for 
Your book? 


A: The book has two ISBN numbers because one was assigned to it by TAB Books originally, and the 
second was assigned by McGraw-Hill when McGraw-Hill acquired ТАВ Books. Booksellers might 
show stock in cither ISBN number, depending on when they ordered the book and put it into their 
computer system. Sorry for the confusion, but I have had no control over this process. 


©: Why don't you sell copies of old Homing In columns or post them here on the Web? 


A: For logistic and contractual reasons, I don't mail out or sell copies of magazine articles I have 
written. Furthermore, they cannot be posted here or on any other Web site, with only a few exceptions. 
Your fastest source for back issues of ham magazines is probably a visit to your local library. A nearby 
ham radio store may also have recent issues in stock. Many ham clubs maintain ham magazine libraries 
for their members. 


©: Can I make and sell kits and boards for projects in your books and articles? 


A: Since Tom Curlee and I don't have the time to get into the board/kit business, we welcome other 
enterprising hams supplying these products. However, our publishers insist that we protect the 
copyrighted material appearing in the book and my magazine columns. Kivboard suppliers must not 
duplicate, sell, or give away any of the TAB/MeGraw-Hill or 73 documentation of the projects 
Kit/board buyers should be urged to purchase THRDFS for the tune-up, calibration, installation, and 
operating details. This works out well, because some of our kit suppliers are making extra money by 
retailing the book! To purchase books wholesale (5 or more copies), call the "trade order" desk at 
TAB/Mc-Graw-Hill. Please note that Tom and I support the circuits in our book, but we accept no 
responsibility for performance of third-party boards and products. 
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Hardware Resources for RDF Home Builders 


Sources for the Roanoke Doppler project 


Complete construction plans for the Roanoke Doppler are in Transmitter Hunting---Radio Direction 
Finding Simplified (THRDFS). The following are sources of printed circuit boards for the display unit 
Some may also offer critical parts, complete kits, and/or wired/tested units. 


+ Directional Systems: Jim Sorenson KA4IIA, PO Box 81881, Conyers, 
kadiia(?radio.org 


+ FAR Circuits: Fred Reimers KF9GX, 18N640 Field Court, Dundee, IL 60118, farcir@ais.net or 
http://www. farcircuits.net (847) 836-9148. Users have reported errors on older versions of the 
display boards. They have been corrected in display boards now being shipped. FAR Circuits 
also has a circuit board for the Wide-Range Antenna Array. There is a minor correction to the. 
‘marking on this board. Click here for more information. 


+ Stephen Douglas K6HZT of Sacramento, CA, k6hzt@arrl.net or 
http:/vww.marshwildman.com/dopplerhtm, Please note the board errata information on his 
site. 


JA 30094, 


Disclaimer: The information above, and elsewhere on this page, is provided for the convenience of 
readers only. These suppliers are independent entities. They have no business association with Joe 
Moell or Tab/McGraw-Hill. A listing on this page does not constitute endorsement of products. Contact 
these suppliers directly for offers and prices. 


Boards are no longer available from Ed Greany KB6DOL or Tom Lewis ABSCK. 


Sources for RF attenuator projects 


Resistive RF attenuators are best suited for mobile HF and VHF T-hunting with directional antennas 
such as loops, yagis and quads. Pete Ostapchuk NOSFX sells parts for resistive attenuators, including a 
6-section enclosure machined from 6061-T6 aluminum bar stock and engraved with attenuation values. 
Also available from him are switches, resistors and connectors. Plans for his project are in OST 
Magazine for May 1998. Send e-mail to n9sfx@aol.com for details and prices. The above disclaimer 
applies. 

Another source of resistive RF attenuators is National RF, Incorporated (formerly Radio Engineers) of 
San Diego, CA. 

For on-foot VHF/UHF "sniffing" and international-style foxhunting with a beam and handi-talkie or 


scanner, an "offset" or "active" attenuator is better because it eliminates the problem of signal leakage 
directly into the receiver's case. Plans for an active attenuator are at this Homing In site, click here. 
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Sources for fox-boxes 


Hidden transmitter controllers, sometimes called "fox-boxes" are units that provide audio and timed 
key-up/key-down (push-to-talk) outputs. A fox-box turns an ordinary handi-talkie or mobile transceiver 
into a cycling hidden Т. Here are four fox-box projects for home construction: 


1. The Un-Music Box by KOOV is an easy-to-build project using common easy-to-obtain CMOS 
ICs. No microprocessor programming is required. Provides on-off cycling or continuous 
transmissions. Callsign is hand-programmed using two switches; shift register memory has 
battery backup. Complete plans in the book TRANSMITTER HUNTING---Radio Direction 
Finding Simplified. You can remote control the Un-Music Box with a surplus pager receiver 
using plans in Homing In for December 1990. 


2. PicCon by Byon Garrabrant N6BG uses a Microchip PIC microcontroller and has a variety of 
programmed on/off modes and tone sequences for mobile T-hunts as well as [ARU-standard 
MOE/MOI/MOS audio, timing and synchronization for international-style radio-orienteering. 
DTMF remote control and programming with your HT or external receiver. Delayed turn-on 
and turn-off timers. Callsign and programming info are held in EEPROM when power 
removed. Reviewed in Homing In for March 1997. Complete kit is available from N6BG. 


3. TBOX by Ron Seese N6MBR uses an 80С51 microprocessor to provide three programmed tone 
sequences and/or a CW message. User-programmable on and off times in intervals from 
seconds to hours. Programmed via RS-232 serial port using commands similar to packet TNCs. 
Non-volatile memory (EEPROM) holds programming and message when powered down. 
Optional SmartWatch clock turns fox on automatically at programmed time. Plans for basic unit 
are in Homing In for October 1991. Assembly, object and binary files for the microcontroller 
program (10K total) are available at this Homing In site. Contact N6MBR regarding availability 
of kits and critical parts. 


4. Francois Tremblay VE2JX and Jacques Brodeur VE2EMM of Montreal have designed a new 
PIC-based foxbox for intemational-style hunts with MOE/MOUMOS audio, synchronization of 
2 to 7 foxes, delayed start of up to 3-1/2 hours in 1/2-hour increments, and automatic shutoff 
after four hours of operation. Callsign is held in non-volatile flash memory. Callsign changes 
and mode setup are easily done with dipswitches. This project is fully described in Homing In 
for April 1998, 
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Sources of PIN type RF diodes 


For maximum receiving sensitivity and minimum problems with cross-modulation, good RF PIN 
diodes must be used in hard-switched dopplers such as the Roanoke Doppler. Breakdown voltage and 
power rating of the PIN diodes are not important in low-level receiving circuits. (You aren't going to 
transmit through the switcher, are you?) For low loss and good sensitivity, the diodes should have low 
RF resistance (Rs) at the expected forward DC bias current (7.5 mA for the wideband switcher). They 
should have low capacitance (Ct) at the reverse bias off-state voltage. Effective carrier lifetime and 
reverse recovery time (Ттт) should be short. (PIN diodes with long carrier lifetime are ideal for current- 
controlled RF attenuators, but thats not what we want in this application.) Keep the diode leads very 
short to minimize inductance and make sure signal path lengths, including diodes, are equal for all 
elements in the array 


Suitable PIN diodes include: 


+ Narda KS3542 -- DO-34 package, click for data sheet. A ham with a supply of these diodes has 
offered to make them available in small quantities to home builders of RDF equipment. Send e- 
‘mail to me for more information. 


Philips NTESSS or ЕСО555 -- "Replacement" type semiconductor available at local electronics 
parts houses all over the country. Even some giant computer stores such as Fry's Electronics 
carry NTE parts. Priced $1.50 to $2.00 each. This is an older part with tab leads and unspecified 
series RF resistance. 


+ Agilent Technologies (formerly Hewlett-Packard) surface-mount PIN diodes -- Surface-mount 
parts are best if you're building a doppler for ИНЕ (400 MHz and up). Three types used to be 
easy to get from RadioShack.com but are apparently no longer available there. Try Arrow 
Electronics, a major parts distributor in in Melville, New York. The Agilent HSMP-3892 or 
HSMP-3893 are good choices for a series doppler switcher such as the wideband array on this 
Web site. On the other hand, the HSMP-3820 is optimized for a shunt switcher such as the one 
in THRDFS, 


+ Motorola MPN3404 - In TO92-style plastic package. 50 cents each or ten for $4.50 at Circuit 
220 S. Country Club Dr. #2, Mesa, AZ 85210 (800) 528-1417. $1.00 each from. 
4025 Edwards Road, Cincinnati, OH 45209 (513) 531-4499. Advertised 
price is 60 cents each at Dan's Small Parts and Kits, Box 3634, Missoula, MT 59806-3634 (406) 
258-2782. 


+ TRW ASS303 -- Axial lead device formerly available from Tanner Electronics in Carrollton, TX 
(214) 242-8702. Does anyone have a new source? 

+ Agilent Technologies 5082-3077 -- Axial-lead low-Rs device available from Newark 
Electronics. Newark also carries Agilent 5082-3081 and 5082-3080, which are long-carrier- 
lifetime parts intended for variable RF attenuators and thus not suitable for doppler switches. 


* Motorola MMBV3401LT1 -- Surface-mount replacement for the now-discontinued MPN3401 
Available from Motorola industrial distributors. Not suitable for perf-board construction. 
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After I bought some Motorola PIN diodes from Debco Electronics, I mentioned their availability in 
Homing In for April 1995. A reader wrote to me after publication to say that Debco was astonished at 
the response. The order-taker said that they hadn't sold a PIN diode for over a year and then after the 
article came out they began selling like hotcakes. Who says hams don't build nowadays? 


Other Sources of RF Parts 


Hard-to-find RF parts such as air variable capacitors for tuning HF loop antennas can sometimes be 
found at dealers of "overstocked" or "industrial surplus" components. Here are three to try: 

+ Bogdan Electronic Research & Development (Jim & Carolyn), PO Box 62, Lakewood, CA 
90712, (562) 634-0911. They sell RF parts by mail and are often at southern California swap 
meets, too. Note: Jim says that the margin on small quantities of RF parts is so low that it's not 
cost-effective for him to return calls. (I know the problem!) Therefore, please use e-mail or call 
back to catch him or Carolyn "live" on the phone if you get a recording when you call 


+ All Electronics, PO Box 567, Van Nuys, CA 91408. 
+ Alltronics, 2300 Zanker Road, San Jose, CA 95131, (408) 943-9773. 


For more information about sealed RF "piston" trimmer capacitors and sources, see the Shrunken Quad 
page at this site. 


Ferrite beads and cores for the dual-polarization quad (see Homing In for February 1997) and other RF 
projects are available by mail order from Amidon Associates. Locals can save shipping charges by 
picking up orders at 240 Briggs Avenue, Costa Mesa, California, during normal business hours. Call in 
advance to 800-898-1883 or 714-850-4660. 


ByteMark Corporation, 7714 Trent Street Orlando, FL 32807 (407) 679-3184 also carries Amidon 
ferrite components and has technical information about Amidon ferrite and iron powder products on йв 
Web site. In addition, ByteMark sells a Windows-based program for calculating the turns for coils on 
various Amidon cores. 


The Philmore line of packaged electronic parts includes unusual items such as Amidon T50-6 cores 
(used in the ATX80 80-meter fox transmitter), International Rectifier HEXFETs, MPF-102 JFET, etc. 
Unfortunately the Philmore Web site does not have a complete product list, but it does include a list of 
local distributors of these parts, 


Crystals for 80-meter foxboxes are available from Brian Carling AFAK in Sanford, FL. He also sells 
some crystal-can oscillators that may be suitable for building offset attenuators. 


Jerry Boyd WBSWFK provides this feedback on ON7YD's Fox Transmitter for 80 meters (ATX80), 
which was featured in 73 Magazine for November 2000: "Motorola MC14001B Quad-NOR ICs from 
Radio Shack (part number 276-2401) didn't work. The oscillator would not start properly. I tried 6 
different ones and they all acted the same. I put in an old Fairchild CD4001B Quad-NOR and now it 
works with no problem. I downloaded data sheets from the manufacturers’ Web sites and the internal 
schematics are indeed different.” Fairchild ICs are available from many suppliers, including Digi-Key. 
KOOV's six transmitters use Signetics (Philips) CD4001B's packaged by Jim-Pak and sold by local 
parts suppliers nationwide -- they all work fine. 
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Sources for building polar-plot bearing readouts 


I have many requests for sources of unusual electromechanical parts used in two-dimensional bearing 
indicators such as the KK6CU motorized quad, the WB8WFK and KD6IFZ computer displays, and the 
NOMKJ Foxcopter. (See the Homing In Index page at this site for articles describing these RDF 
systems.) 


For (relatively) inexpensive surplus sine-cosine potentiometers as used in the KK6CU motorized quad, 
try Servo Systems Company, 115 Main Road, PO Box 97, Montville, NJ 07045, (201) 335-1007, in 
USA (800) 922-1103. The last catalog I received from this company included sin-cos pots by Litton, 
Duncan, N .I. Samarius, and Gamewell. There were continuous turning and single-turn models with 
prices from USS18.50 to $69.50. 


For a "Cadillac" system, check out these contactless sin-cos resolvers using intemal magnets and Hall 
effect sensors, designed to be rotated at up to 10,000 RPM: Elweco Incorporated, PO Box 909, 
Painesville, OH 44077-0909, (440) 254-1716. 


Small industrial rotary joints (slip rings) in the $30 price class are suitable for low-voltage uses. 
NOMK used one of these for the two-meter coax feed in his Foxcopter. They are available from 
MeMaster-Carr Supply Company, PO Box 54960, Los Angeles, CA 90054-0960, (310) 692-5911 


Another promising source of rotary joints is Mercotac, Incorporated, 6195 Corte del Cedro #100, 
Carlsbad, CA 92009, (619) 431-7723. Unfortunately the Web site does not list prices. If you use one of 
these products in your RDF system, please let me know how it works and what it costs, 


Inexpensive electronic compasses with digital output (Vector 2X series) are manufactured by Precision 
Navigation Incorporated, 1235 Pear Avenue, Suite 111, Mountain View, CA 94043 (415) 962-8777. 
‘They are sold by Jameco Electronic Components, 1355 Shoreway Road, Belmont, CA 94002, (415) 
592-8097, in USA (800) 831-4242. They are also sold by JDR Microdevices, 1850 South 10th Street, 
San Jose, CA 95112, (408) 494-1400, in USA (800) 538-5000. 


From Peter PB2RDF comes this suggestion for a source of obsolete and out-of-stock electronic 
‘components for replacement or for older designs: 1-Source Electronic Components, 591-B Bicycle 
Path, Port Jefferson Station, NY 11776 (800) 966-8826 or (631) 642-2479. 
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RF Sniffer with Tone Output 
Here is a neat Sniffer 
designed by Don, KF6GQ. It H ү 

ашка o e RF Sniffer with Tone Output 
which in frequency as 
the signal gets stronger. It 
uses 5 transistors and a 555 
timer 1С. 


Fora 1 Watt transmitter, 
sniffing range is about 225 
feet using a 3 element Quad 
beam, or about 100 feet with 
a 1/4 wave spike antenna. 


‘The Zero Adjust pot is used 
to set the tone frequency 
when there is no КЕ. With 
knob, field adjustable. S 


‘The Sensitivity Adjustment pot is used to control how much signal is required to produce the maximum 
tone frequency. With knob, field adjustable, 


Parts Not Given on Schematic 


turns, 1/4 inch form tapped at 1.5 turns. (For 2 meters) 
Ct = Small RF trimmer capacitor, adjustable over about 5 to 45 pd. Not critical. Screwdriver 
adjustment is fine. 

QI & Q4 = 2N5457 (silicon J-FET) 

Q2 & Q3 = 2N3904 (silicon NPN) 

Q5 = 2N3906 (silicon PNP) 

NOTE: Just about any small-signal silicon transistor of the same general type as specified should work. 


Contact Information 


George (Russ) Andrews, K6BMG 
BMG Engineering, Inc. 

9935 Garibaldi Avenue 

‘Temple City, СА 91780 USA 

Phone: 1(626)285-6963 

FAX: 1(626)285-1684 (dedicated line, automatic) 
Web: up: members aol com/bmgengine 


09/24/08 05:29:12 АМ 
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The Montreal Audio FS-Meter 


PARTS LIST, 27 JULY 99 


M7 1/4 W (2.7 mohms) 
7R 1/4 W (47 ohms) 


00K 1/4 W 
R4 = 10K 1/4 W 
RS = 10K 1/4 W 


KO 1/4 W or IKO trimm pot DK D4AA12-ND for volume adjustment 
if needed (1 kohm) 


RVI 
RV2 


MO to SMO POTENTIOMETER (GAIN) (1 to 5 mohms) 
ОК 1T TRIMM POT, DK# D4AA14-ND_ 


СІ =2-20 pF RED TRIMMING САР DK? SG20015-ND 
C2=.001 uF CER. 

C3, C4 = .luF CER 

ЧЕ ELECTROLITIC 16V 

C6 = 100 uF ELECTROLITIC 16V, Mount laying down on the board 
01 uF CER 


N34, IN60 ETC GERMANIUM DIODE 
ІСІ = MAXIM MAX495CPA RAIL TO RAIL SINGLE SUPPLY OP-AMP, DKE MAX495CPA-ND 
1C2 = MICROCHIP PIC12C671/JW, UPGRADABLE, ОКА PIC12C671/JW-ND 

OR FOR LOWER COST, PIC12C671-04/P, NOT UPGRADABLE, DK# PICI2C671-04/P. 


L1 =2T, 1/4" ID ON COLD END OF L1 #20 
L2 = 5T, 1/4" ID AIR WOUND #20 


SWI = SPST MINIATURE SWITCH 
MISC: 


3 = AAA BATTERY HOLDER 
1 = 18 pins IC socket or 2 = 8 pins IC sockets 
1/8" EARPHONE JACK MONO 

SINGLE EARPHONE 

BNC CHASSIS JACK 

PUNCH BOARD OR PCB 

METAL BOX for shielding 
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INTRODUCTION 
by Bob Locher, W9KNI 


Steve Morris is a master of tower work. Nor only has he done 
it all “Up the Tower" but he truly brings a broad-based understand 
ing of towers to this work, Steve has had an accomplished carcer as 
a ham, both as a hobby and in the business of amateur radio, and 
years of experience in erecting, climbing and installing towers, rota- 
tors and antennas. This book presents the knowledge he has gained. 

Steve's yours of acting as moderator of the “Tower Talk” internet 
reflector have further helped him prepare this book, helping him to 
understand what subjects confuse newcomers. 

Steve would be the first to tell you that a successful tower project 
is well over half finished before the concrete is ever poured — plan- 
ning and design lead to successful execution. Steve's book tells you 
how to do the planning, the design — and the execution! АШ with 
safety and engineering as paramount objectives. 

Ik you are planning any tower installation, this book will certainly 
be your guide and companion and the best investment you can make. 
"There has never been a comprehensive book for amateur radio towers, 
but it was worth the wait — now we have Steve’ masterpiece. 


Че Bob Locher, W9KNI 


FOREWORD 


Although I was first licensed in 1960, being in the service, col 
lege and having a new family put me off the air for almost ten years, 
Not until 1978, with the assistance of childhood buddy Jim Hadlock, 
KIWA, did 1 get back on the air with some simple wire antennas, 
“Wire antennas work!” was the entry in my logbook after making 
ту first few contacts. My enthusiasm was increasing by leaps and 
bounds and before I knew it, 1 had purchased a used tower and a 
used cubical quad antenna, Since I had never before attempted any- 
thing like this, T tried to find out what to do. 1 had more questions 
than answers but armed with only the help of the Ronn catalog, Jim 
and a couple of others, we got it up. Boy, now I was eruising the HF 
bands and having fun! 

A year or two hien a big windstorm came through and bent 
over the installation. After repairing everything and adding a set of 
soys, I was back in business. Looking back, I see that my lessons 
were leamed the bard way and fortunately without any damage to 
life or property; I was lucky I did more and more tower and an- 
tenna work and I still had to learn everything the hard way. I even 
progressed to the point where I started up my own tower services 
contracting company. Starting out with hams, I soon got more and 
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more involved in cellular, communications and broadcast work and 
1 learned even more from each of those projects. 

In 1991 I started writing a column on tower construction for 
the National Contest onal because I wanted to share my experiences 
and lessons with other hams, and hopefully help them avoid learning 
the hard lessons themselves. That is why I wrote this book; I don't 
жалг you to learn everything the hard way by doing things you 
shouldn't be doing and having failures that could be endangering 
your life and property and could have been prevented. I want you to 
have all of the answers at your fingertips in this book; I want you to 
be able to install a tower and antenna system safely and reliably 

“This wasn’t an adventure that I took on by myself; I would like 
to thank these folks for their contributions over the years: Brett Gra 
ham, KB7G/VS6BG/VR2BG, who was my first tower partner on. 
several tower adventures; Rush Drake, W7RM (SK, Silent Key), whose 
vision and ingenuity (not to mention heavy duty ginpole and winch!) 
helped me more than once; Tom Taormina, KSRC, my first editor 
atthe National Conte Journal, who encouraged my column and helped 
me improve my writing; Pat Meeks, KS7L, who created much of 
the art and enhanced most of the remainder; to my original editor 
and publisher, John Pollock, K7MCX, for his encouragement and 
the long hours spent in whipping this book into initial shape; and of 
course Bob Locher, WOKNI, who has encouraged, cajoled and 
mentored me on this project. In addition, thanks to the people who 
read and provided input into the form and content of the book, 
including Rob Brownstein, KORB, Jim Duff, WEU, Bob Epstein, 
KSIA and Frank Donovan, W3LPL Thank youl. 

"This book has been written for those who wish to safely build 
their own tower and antenna system. It is not intended to be used for 
commercial purposes. To have both а safe and reliable project, the 
author recommends that you adhere to the various safety guidelines 
outlined in this book. Your safety is important and should nor be 
jeopardized. 

"The reader is ultimately responsible for his own safety, and for 
all decisions he makes concerning his safety. The reader must, him- 
self, verify the accuracy of information provided, and the text con- 
stituting general information intended to make the tower climber 
aware of the dangers. The book provides no particular advice, for 


any particular, localized, situation that I have not fully analyzed. 

In the United States, worker safety is regulated by the Occupa- 
tional Safety and Health Ageney (OSHA). As a private individual, 
you (as well аз your friends who assist you in your tower building 
project) are exempt from OSHA coverage. Although you are not 
required to follow the OSHA rules and regulations, for safety pure 
poses my advice is that you apply them in your project. Because 
safety в so very important, OSHA rules and regulations are discussed 
from time to time throughout this book. However, it must be clearly 
understood that this book is a “do it yourself” guide to the private 
construction of amateur radio or personal radio towers and/or an- 
tenna systems, and is not intended to be an OSHA compliant text- 
book. Some of the equipment and techniques described in this book 
are not OSHA compliant but are presented because the author has 
found chem to be safe and valuable for private radio tower con- 
struetion purposes. 

Although the author and publisher of this book have used their 
best efforts in preparing the book and the material contained in it, 
they make no warranty of any kind, expressed or implied, with re- 
gard to the material contained in this book or its application in the 
construction of any tower and antenna systems, The author and pub- 
lisher shall not be liable in the event of incidental or consequential 
damages in connection with, or arising out of, the application of any 
of the material or contents of this book, Users of this book should 
consult the provisions governing limitation of liability and disclaimer 
of warranties in connection with equipment, tools and supplies pur- 
chased and utilized in the construction of any tower and/or antenna 
system. Regardless of who does the work, your careful attention to 
the safety guidelines outlined in this book should provide you with a 
completed project that is safe, successful and reliable. 
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Do vou REALLY NEED A TOWER? 


Any type of radio communications requires an antenna. Whether 
a microwave dish, a shortwave dipole or beam, or a half-mile 
элге strung across a canyon for submarine traffic, nothing happens 
without it. In order to radiate effectively, these antennas need to be 
mounted up in the ай, on a tower or structure of some sort, Those 
of you who have tried, with varying levels of success, to operate out 
of an apartment or condo know how frustrating and limiting that 
situation сап be. On the other hand, those of you who have had the 
good fortune to own or operate from a good station with tall tow- 
ers and effective antennas know how thrilling that experience is. This 
book is written for anyone who has ever contemplated installing an 
‘outdoor antenna system, may be planning one or who already has 
some experience but wants to know more about proper tower sys- 
tem construction and techniques, 


The negatives 
‘One of the biggest challenges for many people is the cost. 
Even a used tower and antenna system can mean an investment of a 
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thousand dollars or more. Hire someone to install it for you and the 
cost goes up. Another problem is that it may be difficult to get the. 
necessary permits and permissions to build your dream antenna sys- 
tem, Hearings with building department boards and civil law suits 
are no longer uncommon. Neighbors can be a big negative if they 
are opposed to your installation. Just one complaining neighbor can 
bea real irritant, not only to you but also to the local building depart 
ment. This can be a case where the “squeaky wheel" gets greased, 
usually to your disadvantage 

While some proposed towers wind up being challenged due to 
perceived radiation emission problems, many of the confrontations 
are because of aesthetic reasons. Even if a tower doesn’t block their 
view, a neighbor may feel that itis an unnecessary eyesore. OF course 
for the owner it's a case of beauty being “in the eye of the be 
holder” Some people use the argument that a tower will lower the 
resale values in a neighborhood. In my opinion, this is a pretty weak 
argument and more of a smokescreen. Not only have I never seen 
any professional surveys that re- 
fect that negative view but also 
ту experience in selling my own 
home was that my first two of- 
fers included the tower! T 


The positives 

‘The biggest positive for 
installing any type of outdoor 
antenna system is that you'll be 
able to transmit and receive 
much more effectively. High an- 
tennas almost always work bet- 
ter than low antennas, and very 
rarely will you get an antenna 
“too high.” When it comes to 
antenna and tower projects, the 
“sky is the limit.” 

A properly installed tower 
and antenna system will also re- Photo: Alovelystation to aspire to. Your 
ward you with years of reliable | droamstaton? 
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performance, In case of a public emergency, your antenna system 
may well be the key to saving lives and property. The ultimate re- 
ward, though, is that a decent tower and antenna system will result in 
your having much more enjoyment from your radio station and your 
hobby, 
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ANTENNA SUPPORTS 


Once you've decided that you want to put up an antenna, you 
still have many choices to make. The first is probably which kind of 
ап antenna you want to install. The second choice is what kind of 
support to use 


Trees 

The first amateur radio antennas were simple wires and their 
‘owners typically strung them in whatever trees that were handy. Well 
look more closely at trees in Chapters 26 and 27. 


Wooden utility poles 

Wooden poles are not nearly as popular as they were in the 
past. There was a time when reasonably priced steel towers with 
amateur compatible hardware were not readily available, With utility 
poles springing up as electricity and telephones became almost uni- 
versal in America, amateurs devised innovative ways in which to use 
these antenna supports. You may still be tempted to put up one of 
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these wooden poles for any number of reasons. 

Usable poles can be obtained new in just about any part of the 
country and used ones can sometimes be found in the pole yard of 
your local utility or telephone company. As long asit is sound and the 
base is treated with a preservative, all you need to do is find some- 
one to put it up for you. A pole-setting rig can be hired that will drill 
the hole and set the pole in one visit. If you have a neighbor or 
buddy whos a lineman, then you might have someone who can 
install it and work on it for you. The big problem is that there is no. 
hardware available for amateur antenna use, so you'll have to fabri- 
cate your own rotator mounting and antenna hardware, You can lag 
screw a pipe to the side of the pole and use a mast-mounted rotator, 
or you can get more exotic with a rotator mounting cage of some 
sort, You'll have ro improvise much of this as you go along The lack 
of hardware is a disadvantage to pole use. They're also harder to 
climb and work on than a steel tower; you may need ine mant climb- 
ing spurs at some point. In addition, they're dirty and can give you 
nasty splinters 


Other wooden supports 

During the 19505 and 60%, ham magazines frequently contained 
articles with a construction project for a wooden tower or mast of 
some sort. These fell (no pun intended) into disfavor because they 
really coulda’t provide a long term, safe, reliable antenna support. 
"These days, with a variety of modestly priced steel and aluminum 
towers available, you shouldn't even consider building one of these. 


Push-up masts 

With lengths from 20 to 50-feet, push-up masts used to, be 
very popular for TV antennas and could also be used for small ham 
antennas With the advent of satellite TV, the push-up mast has fallen 
ош of favor. They used to be available from Radio Shack bur they 
don’t stock them anymore. Rohn makes them but nowadays they 
have to be shipped from somewhere and many times the shipping 
сом exceeds the cost of the mast so they're not really feasible any- 
more. The material used for these push-ups is relatively heavy but 
not very strong, Since each ten-foot section needs to be guyed, a 
forty-foot push-up will have four sets of guy vires Tea tricky propo- 
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sition to put one of these up since all of the guy wires must be pre- 
installed, and you have to push it up from the bottom while trying to 
keep it from tipping over, IF you only have a small VHF/UHF ja- 
stallaion to put up, if you've got someone who knows how to safely 
install one of these and if you don't mind not being able to service 
your installation, this can be an inexpensive way to go. 


Roof mounted supports 
A very simple way to ger started is to use a roofmounted 
tower for your antenna support. These come in different configura- 
tions, from light-duty tripods designed for TV antenna mounting to 
a real live 4-legged mini-tower that will take a rotator and mast. The 
key is securing the 
tower without damag- 
ing the roof and not 
falling off while doing. 
it 


For safety sake, 
always use a fall-arrest 
system of some sort 
while working on a 
roof. A simple method 
is to tie a large loop or 
rope around a chimney; proto 1: goodwayto mount an antenna. AAZOW'S 
then tie yourself into  mofamauntodtowor, AAZOW photo, 
that with along lanyard 
ог piece of rope attached to your fall- 
Securing the tower to the roof isn't difficult; for smaller towers 
just be certain the lag screws are attached directly into roof trusses, 
then use a roof patching tar to seal the holes against water damage. 
For larger towers, use all-thread or long lag bolts through the roof 
and into a backing plate such as a long 2x4 or 2x6 that runs between 
3 to 4 trusses; then attach the nuts and lockwashers from inside the 


est harness 


atic. 

Two important things to keep in mind. First, anytime you 
penetrate а roof membrane it can leak. Use roofing tar or patch. 
ing compound liberally, and cheek out the installation from in 
side the attic occasionally to insure that no water is leaking into 
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the house, Second, while roof-mounted towers are fairly benign 
to most roofs, а moderate sized tower using roof guy anchors 
can actualy loosen a roof over time. Back and forth wind forces 
on twenty or thirty feet of ROHN 25G can cause permanent roof 
dislocation problems. А thoughtful and carefully over-cngincered 
job will minimize this type of problem. 

IF you have a small city lot, you may consider using a chimney 
or other building feature, This is not encouraged since chimneys 
(along with other house appurtenances) are not good from a struc- 
tural standpoint and many are in poor condition to begin with. Chim. 
pêye ate henry but sre no traca strength do they ме not good 
places for mounting HF yagis. They can be used for VHF/UHF 
ordeals oe yagi thong 

You сап drape wire antennas around the house and yards 
they'll probably work just fine. This may be a challenge, and ex- 
ploiting your limitations may well make you a better and more 
resourceful operator 

If you can use any existing appurtenances such as a vent pipe, 
mast or roof structure to attach an end of a wire antenna, it may 
make things Bil simple The major problem wit any of oute 
installation is avoiding pen- 
eining the TÊ masa 
brane at al costs, Your big- 
gest obstacle may well be 
convincing your landlord 
or building manager or 
spouse that your installa- 
tion will have no impact 
on the integrity of their 
pes 

If you cant attach 
to anything lendy on the 
roof, you sill have one 
good option; sing some 
sort of gravity mount. А 
gravity mount is held : : 
down by gravity, usually  Photo2: Non-roof penetrating gravity mount. 
by placing concrete blocks — Easyadapabletohamartema applications. 
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оп the mount itself. Rooftop satellite dishes are commonly installed 
with this type of device. Commercial mounts are available that will 
hold a satellite dish, are fully galvanized and have a typical price of 
around $250. These might be overkill for amateur use because a ten- 
foot dish has over forty square feet of wind loading where an all- 
band HF vertical typically has less than four, but they would be very 
reliable, The parts consist of a tray to hold the cement blocks, the 
mast for antenna mounting and bracing between the tray and the 
mast. If you make one of these from aluminum angle, it should be 
‘quick and simple to fabricate. Be sure to use stainless steel hardware. 
Obviously you need some flat roof area to set this on, 


Tower basics 

“Tower sections consist of legs and diagonal and horizontal 
braces. They can either be round members such as Roun 25G or 
angled members that use 90 or 60 degree angles for legs, diagonals 
ог horizontals. Round membered rowers such as ROHN 25G, etc. are. 
the most common for amateur towers. The tower face is that out- 
ward facing area between the legs that has the braces. 


TV antenna towers 
"There are many towers that were specifically designed and in- 
stalled for TV antennas. These tend to be at the low end of suitability 
for amateur use. They were not designed for the larger loads of ham. 
antennas, but are used by thousands of amateurs nonetheless. 
"These TV antenna towers are generally fory-fcet or so in height 
andare installed without guy wires. The most common are the Roms 
‘SPAULDING (Now Ronn) AX or BX series-types and a tubular le Rd 
type, similar to Ron 25G. 
The BX-type is made from stamped steel, and has X bracing 
"The X's are not connected to each other and the common failure 
point is between the braces. Also, the rotator and top plates are made 
from sheet metal and can crack from wind-induced metal fatigue 
For small tbanders and VHF arrays they are just fine, but be careful. 
of overlonding the ones using the smaller sections. Rohn cautions 
that these towers should be limited to antennas with boom lengths 
of less than 10 feet since they have minimal torsion resistance. 
‘There are several TV-type tower varieties including the Rohn 
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6G and 20G. Other types typically have tubular legs but only have 
horizontal bracing and lack diagonal braces. These are okay for small 
antennas but engineering caution should be used in al installations. 
"The Rohn 6G is in this category. Rohn 206 on the other hand does 
have the Z-bracing and is the same size as 25G and in fact the acces- 
sories are compatible, but there are only 7 horizontals instead of the 
8 horizontals of 25G and thus does not have the torsion resistance 
of 25G. Rohn cautions that 20G is not suitable for commercial, 
ham, CB or guyed installations. 


TENN 


Self-supporting towers 

Rotts used to produce the popular BX series of towers con- 
sisting of models BX (standard), HBX (heavy-duty) and HDBX (ex- 
tra-heavy.duty). This tower series was originally designed for TV. 
antenna use and has its imitations for amateur applications There are 
eight tapered BX sections that are used in all configurations, The BX8 
is the largest section, and is used as the bottom section of the HDBX 
series The BX] section is the smallest section and is the top section 
of the BX series Although the HBX series is rated at ten-square feet 
of antenna load and the HDBX is rated at eighteen-square fect, the 
wind pressure is only 20 PSF, or 70 MPH, and the maximum boom 
length “should be limited to ten-fect” The maximum height of an 
HBX is 56 feet and the maximum height for an HDBX is 48 feet, IF 
you want to go higher than 60 feet with a self-supporting tower, a 
erank-up tower, Trylon, AN Wireless or Rony SSI may be your 
choices, A self-supporting commercial tower such as the Trylon or 
SSV will not only be price competitive against a similar sized crank- 
up but also will be rated and certified at higher wind speeds. 

Here arca couple of more points about the BX series. They are 
riveted together, not welded, and they are not hot-dipped galvanized 
after assembly as are ROHN 25G or 45G. The integrity of the galva- 
nizing does not last as long as the hot-dipped variety. Because the 
braces are installed at the X angle and are not flat, your feet take a real 
beating when you have to work on one of these towers. And when 
you get up around the rotator, sometimes you can't get your feet to 
fit in anywhere. 

Dont let me discourage you from putting one of these up. In 
their favor, they are relatively inexpensive, are common almost cv- 
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erywhere and can be picked up used for as litde as $100, Just be 
aware of their limitations, 

Row BX used to be called "fac Hand the same design is 
currently manufactured in Canada as “DELHI” towers. 

UNIVERSAL MANUFACTURING (www.UniversalTowers.com) 
produces a line of self supporting aluminum towers that are touted 
as being lightweight, rust free and easy to assemble. They are, 
indeed, all of those things. They weigh approximately half as 
much as their Roux BX counterparts, their aluminum parts won't 
rust and, being lighter, they go together easily. The price you pay 
is for the higher cost of the aluminum material; that price can be 
two to four times that of a comparable steel tower. There are 
only two slight drawbacks ro using an aluminum self-supporting 
tower. One is that the tower will move around quite a bit when 
you are up working on it. The other is a potential for leg hole 
elongation over time as the tower rocks in the wind. The alumi- 
mum leg will be working against the steel nut and bolt, and in 
severe cases can elongate the bolt hole, potentially to failure. An- 
other aluminum tower manufacturer is Heights Tower Systems 
(wwwheightstowers.com) who also makes crank-ups in addition 
to their ine of freestanding towers. The crank-up version is also 
available in a trailer-mounted configuration 

Their base size requirements are slightly larger than for Rous 
BX, using a five-foot square hole six-feet deep and six yards of 
concrete. Some additional accessory items are available. One big cau- 
tion is that aluminum tower sections should never be placed directly 
їп concrete. The corrosive effects of concrete (it contains he) will 
destroy the aluminum tower sections where galvanized steel sections 
do not suffer the same fate. 


Rohn SSV 

Rob SSV is a professional, relatively heavy-duty tower line that 
has been traditionally used by commercial communications and broad- 
cast users, Freestanding up to 320 feet, this is а more challenging 
erection job, since the sections can weigh hundreds of pounds and 
are twent-fet long instead of ham-standard ten-foot sections. The 
easiest way to erect this tower is to assemble all of the sections while 
they are laying on the ground, then to use a crane to pick up each 
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section and lower it into place. Figure about a half-day to assemble 
cach section, and four hours of crane time to stack one hundred feet 
of itin the ait, 


‘Trylon Titan towers 

Fairly new to ham 
applications, Trylon 
makes a nice self-sup- 
porter that'l go up to 96- 
fect. At that height its a 
relatively light-duty tower 
(rated for 15 square feet 
at 70 MPH) but the ca- 
pacity increases as you de- 
crease the height more or 
less. What happens is that 
there are 12 sections with 
the biggest being 46" 
across the bottom face 
and the smallest being 9" 
across the top. As you 
add or remove top or = 
bottom sections, the  Photo3:ATyionTitansettsupportingtoworin 
height and capacity varies. Bandon, OR. The proud owners are W7WVFand 
Its possible to geta mod. NIG. 
erate height tower with 
lots of capacity as the top section gets larger. For example the 
500-72 is the most popular ham configuration and will handle 
45 square feet at 70 MPH for a moderate amount of money. 
“There are top and rotator plates available as well, 

"Teylon also makes a Super Titan that is more similar to Rohn 
SSV in its specs and price. 


AN Wireless 

AN Wireless makes a line of very robust self-supporting tow- 
ers Since a tower cost is a function of how much steel is in it, they 
also have robust price tags. Check wwwanwirelesscom for more 
info. 
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House-bracketed towers 
Rohn 25G, 45G 
and 55G can all be in. 
stalled using а house- 
brackerartached tothe [7 
building as pare of the 
structure, Current 
Rohn specs allow the 
top of the tower to be 
above the house- Figured: Robnhousebracket 
bracket 14 feet ог 
more depending on windspeed conditions and antenna load. С 
sult a Rohn catalog or the Rohn website (wwwrohnnet.com) for 
more details. 

Freestanding 25G, 45G and 55G towers area sub-set of house- 
bracketed towers since you're again using a guyed tower in а non- 
guyed scenario. Again, check the Rohn specs to sce what the limita- 
sions are. 


Crank-up towers 

Cranleup towers have their advocates and they can be an el 
gant solution to many tower installation challenges Basically a crank- 
up tower is made up of two or more tower sections that nest inside 
each other and are pulled up progressively with a system of cables, 
Pulleys and a winch. These winch crank-up systems are either electri- 
cally powered or are manually operated. They are generally sel sup- 
porting and require a large base foundation similar to those discussed 
above. The purpose, by the way, for a lage foundation for a self 
supporting tower is so that the center of gravity of the tower is 
below the ground level. Otherwise a big wind and big wind pressure 
could cause it to tip over. 

Many amateurs feel a crankcup increases the safety of their 
installation by being able to crank it down in ease of a windstorm. 
Well, yes and no. If you keep it eranked down except when you're 
actually using it, you can minimize any windstorm effects. Unfortu- 
nately if your tower is cranked up and а wind storm comes along, 
you probably won't be able to crank it down because of the wind 
pressure on the sections; that is of course, if you're home in the first 
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place, Some crank-ups have positive pull-down which would allow 
you to lower the tower in spite of having wind force on it. Also, 
going outside at night in the middle of a storm to crank it down may 
bea deterrent in itself. A motorized system with the up-down switch 
in the shack is an elegant, although expensive, alternative. When rais- 
ing or lowering a crankoup tower, you ALWAYS need to be looking 
at the tower as its moving, It is not uncommon for something to 
snag if you're not looking at it and able to respond immediately, you. 
сап have a serious breakage = usually in the cables, If you're using a 
hamshack remote control and not paying attention, you're asking for 
trouble. 

Along with being able to lower the antenna system, many crank- 
ups have the ability for the whole rower and antenna system to be 
lowered horizontally or tited-over to facilitate antenna work. Again 
you're adding another layer of mechanical complexity and cost that 
‘may or may not be worth it The forces that are generated by tilting 
a tower over and lifting it 
back up again are tremen- 
dous and are not to be 
taken lightly. Unless you 
have good engineering 
and fabrication experi- 
ence, don't try to fabricate 
the tilt-over hardware 
yourself. The manufac- 
turer spenta lot of money 
to design and fabricate a 
safe tilt-over fixture and 
thats the one you should 
use, Don't try to reinvent 
the wheel! 

‘The smaller and 
less expensive crank-ups 
сап either be tubular in. 
design or usc тоге con- 
ventional latticed sec- 
tions. The medium and 
large configurations are 


US Tomer crank-up system owned by KGKR. 
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for the most part diagonally braced towers. 

Do not guy a crank-up tower И the manufacturer does not 
specify it. The added tension of the guy wires could increase the 
force оп the tower hoisting cable enough to cause it to fil 


The LXC Prime Directive 

“Throughout this book I'm going to refer to the LXC Prime 
Directive repeatedly. Simply put, it states that you should always 
“DO what the manufacturer says.” Don't reinvent the wheel or 
conjure up something yourself, Professional engineers and de- 
signers have come up with the designs and specs and there is very 
Tittle chance that an amateur could do the same credible job. In all 
cases, the automatic default for any tower system question is the 
manufacturer specifications, 

There is a corollary to the Prime Directive and itis "DON'T 
do what the manufacturer doesn't tell you.” In other words, if the 
manufacturer doesn’t say to do something specifically, don't do it. I 
жав personally involved with an antenna installation where when the 
antenna was finished, the owner sprayed the whole thing with acrylic 
spray paint. Did the manufacturer say to do that? No, they didn't. 
What happened was that the paint reacted with the lexan element 
brackets and in a couple of days they all cracked and had to be 
replaced. 


Guyed towers 

The accepted standard for amateur tower installations is guyed 
towers in general, and ROHN 25G, 45G and 55G in particular. ROHN 
products are strong, reliable, relatively easy to erect and have a wide 
array of amateur compatible accessories. 

With a face width of rwelve inches and a ten-foot section weight 
of forty pounds, a ROHN ginpole and a ground crew is the recom. 
mended way to install Roun 256. A practical height limit of 190 feet 
at 90 MPH wind speed gives you 7.8 square feet of antenna load 
capacity. А 100-foot installation yields 9.1 square feet of antenna 
capacity, enough for a small stack of monoband yagis or a high 
performance tribandet. An experienced crew can erect up to a hun- 
dred feet a day of this popular tower 

Rony 456 is 18 inches across the face and a ten-foot section 


‘weighs 70 pounds, This robust 
tower is rated up to 240 feet in 
90 MPH winds, with а 
windload rating of 16.3 square 
feet. Ata height of 100 feet the 
wind loading is 21.5 square feet, 
after you've added back in the 
8.0 square feet deducted for 
symmetrical antenna mounts 
per the catalog general notes. 

Rohn 55G weighs 90 
pounds per section and can be 
installed up to 300 feet in 90 
MPH winds It has а gross ca- 
pacity of 17.4 square fee in that 
maximum configuration, The 
Rohn ginpole erection fixtures Photo: A populated ged tower at the 
not rated for 55G because of formerXE2DVonthe eastem shore ofthe 
its weight soa more suitable one Sea of Cortez, W7ZRwas the owner. 
must be used. 


Rotating towers 

A rotating tower is probably the best tower platform for in 
stalling che ultimate high performance antenna system. As your expe- 
rience and goals increase over time, you'll come to realize that the 
most competitive stations аге utilizing stacks of antennas, that is, 
multiple monoband yagis mounted on the same tower that are phased 
together to provide maximum gain and performance. The increases 
in gain, performance and effectiveness are dramatic. 

Since these antennas need to be mounted a distance apart, typi: 
cally one wavelength, а rotating tower system allows you to turn the 
whole array to aim it at a particular target. As you can imagine, be- 
sides being the best as well as the strongest, the rotating tower sys- 
tems are the most expensive, You need a special beating setup at the 
bottom on which the system turns and then you need one or more 
rotating guy rings that allow the tower to turn inside of them. 

Rotating towers were first exploited in Finland, One of their 
local amateurs came up with the design and started to manufacture. 
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them, Not only did he make the rotating guy rings but he also pro- 
duced the tower sections, Since he was a school teacher, he built 
them over the winter, then went around and installed them in the 
summer. There are dozens of these systems in Finland and the price 
жаз very reasonable; a 120 foot rotating tower approximately fifteen 
years ago was around $1200— installed! 

Originally designed by Dick Weber, KSIU, his Rotating Tower 
Structures rotating tower hardware is now available from Paul Nyland, 
KTPN, thru Custom Metalworks (wwwcustommetalworks.com). 
"There is another version from Rich Bennett, KOXG that is also well 
designed and beefy (www.KOXGcom). Both are relatively expen- 
sive. And if you embark on this path, youll probably want to use 
Phillystran non-conductive guy wires that minimize potential destruc- 
tive interaction but also adds to the cost. This is not a project for the 
faint hearted. 


Big Berthas 
The Big Bertha is a selfsupporting tubular rotating monopole 
and it is typically regarded as the ultimate tower Their origins are 
from the 50%, and they are currently available up to 300 feet (yikes!) 
from Scott Johns, W3TX at wwwesuperberthaguy.com, It sits on a 
very large block of concrete with a large cylindrical socket tube set 
into it, The socket is partially filled with oil and then the sealed bot- 
tom end of the tower is dropped into the socket where the tower 
partially floats in the ой, resulting in very low effort needed to rotate 
it Seeing one of these works of art in the flesh is an impressive sight. 
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PLANNING 


When an amateur first gets a gleam in his or her eye about 
putting up antennas, it may seem that the “sky's the limit” Un. 
fortunately, its not too long before reality, in the form of land 
limitations, legal, aesthetic, financial and spousal considerations, 
along with neighbor and legal complications, sets in, Although 
each one of these obstacles can be dealt with effectively, a fair 
amount of planning is required for any successful installation, 


Goals 
Building an amateur antenna system is an exciting propo- 
sition; starting with a blank sheet of paper only adds to the 
possibilities. The first question you've got to ask yourself is 
what do you want your station to do? Is your main goal to 
chase DX, handle transcontinental radio traffic, work VHF/ 
UHF like never before or talk to your buddies in Arizona 
every morning on 20-meters? Each purpose has its own set of 
possibilities and solutions. You have to decide what you want 
your station to do, The information in this book will thea 
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help you assemble that station once you've decided. Regard- 
less of which way you want to go, you'll need antennas and 
antenna supports to reach your goal 


Lots, property and acreage 

No matter how litle property you have available, you can get 
on the air and have fun. Many articles have been written for apart- 
ment and condo dwellers about hidden and indoor apartment an- 
tennas If this is your situacion, do your homework and do the best 


Roof mounted antennas 

IF you have only a small city lot, you may want to consider 
using a chimney or other building features, or putting a roof-mount 
tower on the roof. Likewise, you can drape wire antennas around 
the yard and house and theyll probably work just fine, It will be 
challenging and exploiting your limitations might just make you a 
better operator. After years of operating from world-class multi- 
‘operator stations, Homer Spence, K7RA (SK), decided that the chal- 
Tenge for him was to operate his own station from his apartment in 
downtown Seattle, barefoot, with a vertical on top of his building, 
He was still able to work DX stations around the world while enjoy- 
ing the thrill and challenge of operating his modest station. 


A small tower 

IE you've got enough property available (zoning aside), you'll 
probably start thinking about a tower and similar possibilities, Forty 
to fifty feet of Ron 25G attached to the side of your house with 
house brackets will enable you to put up a beam and give you a place 
to hang wire antennas with a minimum of cost and fuss. Go up any 
higher and you'll need to guy the tower. 

"To put up a guyed 60-foor rower, you'll need % асте ora piece 
of land 130! square in order to accommodate the guy wires and 
anchors. For a 100 tower, you'll need 0.6 acre and а piece of land 
190 square. (Ап acre is approximately 44,000 square feet) 

In any case, my advice is to go with what you've gotand get on 
the ай. lis much better to have some sort of working antenna than. 
not and if you can't get it very high, i still radiate and you'll still be 
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оп the ай. If you've gora funky trap vertical, mount it on a fence 
post and start transmitting; Look for possibilities and nor limitations, 
You'll always be able to improve or upgrade later. 

Your tower height is up to you, but dont forget that more 
height means more gain and more efficiency, up to a point. Many 
articles and books have been written with antenna height as the sub- 
ject and I'm not going to reinvent the wheel here. Again, do your 
homework and your planning around your specific conditions and 
goals I will mention that you should try to shoot for 50-feet as a 
minimum for HE An effective antenna system on a 100-f00t tower 
‘will enable you to work anything you want and you may even win а 
contest or two. 


Taller installations 

For taller installations there are two things to keep in mind. 
First, once you exceed 200-feet above ground level (AGE) you'll 
have to comply with FAA regulations for lighting and painting EAA 
Advisory Cirenlar 70/7460-1H spells out these regulations, From a 
practical standpoint, most hams stay below this height for obvious 
reasons The second point is that if you are anywhere near an airport, 


Photo 1: th proper planing sedo our now hen metal station. 
‘Station built by W7RM (SK). 
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you have to comply with the FAA proximity height limitations. Con- 
taet your nearest FAA office for more information on this one. 


Plan ahead 
At some time in the future you may decide to expand your 
antenna farm, or to put up larger artillery. ИЗ usually too late, and/or 
too expensive, at that point to upgrade your installation. For a rela- 
tively small additional cost and effort of a larger hole and more 
concrete, you can install а рай larger than that called for by your 
initial tower. If and when you ever decide to upgrade, you'll have а 
base for a larger tower, Do it while it is easy; youll later likely be 
congratulating yourself for being clever and planning ahead! 
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LAND USE REGULATION OF 
AMATEUR RADIO TOWERS 


T have тает attended č хон, let alone passed a bur exam. 1 rey or nni 
gle attorneys fre advice. And ат pleased te hw persion one CQ to print 
partons fan articl by Wyland Dale CH NAIL, wbo ir a тапки esper both in 
“е and mate rd matters, bich bas ind ld aie an tbis important snijeti — 
SM, 


Local, state and Federal laws affecting amateur radio antennas 
and towers are a result of continuous legal developments as new 
cases are decided by the courts. The modern era of amateur radio 
antenna law was ushered in by a dramatic development in 1985, 
After years of sustained lobbying by the Arxicas Rami Reza 
[Lact and others, the Federal Communications Commission (FCC) 
ordered limited Federal preemption of state and local antenna ordi- 
ances in а ruling it called PRB-1.1 That order finally curbed the ran- 
away trend by local government officials to place ever greater re- 
strictions on antenna height and placement through zoning ordinances 
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Had this trend continued, it would have meant the virtual prohibition 
of functional, high frequency amateur radio antennas in most cities, 
‘owns and villages with zoning regulations, Fortunately, the FCC passed 
PRB-I, But since 1985, the strengths and weaknesses of PRB-/ have 
been tested and examined in several reported court cases. РАВ. got 
а boost when the recent rewriting of Amateur Radia Rude incorpo- 
rated the original 1985 PRB-T order into the text of Part 97.15 of the 
Amateur Rus, But other caes, such as the 1990 decision in the US. 
Court of Appeals for the Fourth Circuit, denied a ham operator 
relief from a zoning board of adjustments decision in spite of PRB- 
12 To the surprise and consternation of ham-attorneys, the court 
interpreted PRB- in such a way as to allow the ZBAS decision to 
stand, The ham operator ia that сазе was aot permitted to exceed a 
17-foor antenna height limit! While this decision is by no means a 
setback to pre-PRB-1 days, it requires some readjustments in prepar- 
ing an application for a tower permit, especially if it involves a hear 

ing for a special permit 

Knowing and understanding the legal foundation of your right 
to erect an antenna and tower are just as important as knowing the 
correct construction techniques. This chapter will each you about 
zoning and building permits. Te will also help you prepare for a hear- 
ing if one is required in onder to put up the antenna to the height you 
need, If you are well prepared you lessen your risk of denial Hear- 
ings are also an opportunity to enhance the public relations image of 
amateur radio, 

Every amateur operator seeking to put up a tower should frst 
check out the requirements for obtaining a building permit, Failure to 
obtain the necessary permits could subject you to fines, forfeitures and 
the threat of arrest. This is not meant to scare anyone, but zoning ordi- 
‘nance and building codes are lus. And anyone who thinks he is above 
the law could find himself on the losing end of a very expensive legal 
battle. Furthermore, if you do your homework, virtually апу ham radio 
operator who has enough real estate necessary for the safe installation of 
а ham radio rower should be able to legally erect a funcional antenna. 
system without interference from state or local governments 


Get copies of the regulations first 
Regulations pertaining to antennas and the way in which build- 
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ing and zoning departments process permit requests vary from town 
to town and county to county. Therefore, the first, and most impor- 
tant step is to get a copy of the regulations. Phone the building ог 
zoning department, ог go in person to obtain a copy of the zoning 
ordinances. Get the whole booklet! Do nor cur corners by getting a 
copy of only those pages you think might be applicable. Even if the 
clerk offers to photocopy for you only those pages that pertain 10 
antennas, make note of those sections that are mentioned, but do 
пог accept anything less than the entire booklet. Be wary of state- 
ments such as: “This section is all you have to worry about” Such 
statements аге not binding on the building ог zoning department, 
And the “helpful” clerk can always claim that you mislead him or her 
in how you explained what you want to do. It is well worth paying 
for the entire booklet it usually costs between $10 and $25, Besides, 
you need to know a lot more than just the sections under which the 
town regulates antenna heights, 

You will need to know what procedures are followed in ap- 
plying for a permit. You will also need to know how to appeal an 
adverse decision if you do пог get a favorable ruling from the build- 
ing inspector ог zoning enforcement officer on the first try. If you 
ever need to seek the advice of a lawyer, ће first thing he or she will 
need to see is the entire booklet anyway. Obtain the entire booklet of 
zoning regulations now, and study it. This is the building and zoning. 
department’s “bible,” and it must be followed to the letter 


“Use” and “dimensional” zoning 

Ве certain you understand what zoning regulations are, Zoning. 
regulations are laws that establish the uses permitted and the mini- 
mum and maximum dimensional requirements of structures in es- 
tablished areas or “zones” Ninety-nine percent of the time the ham 
(operator will want to put the antenna/tower at his home, which is 
located in a residential zone, Since the overwhelming majority of 
jurisdictions hold amateur radio to be a normal, accessory (as op- 
posed to primary) use of residential property, there is usually no 
argument that an amateur antenna and tower is a proper, accessory 
structure for use in a residential zone, Swimming pools, tennis courts, 
garages, tool sheds and similar structures are examples of other ac- 
cessory structures for normal accessory uses of residential property. 
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A commercial garage, however, is an example of an accessory struc- 
ture use that would not be proper in a residential zone. 

Very rarely do we see cases where the issues are whether ama- 
teur radio antennas and towers are proper accessory structures and 
whether amatcur radio is a proper use in a residential zone. But in 
addition to use rules, zoning regulations also establish rules as to how 
high structures are permitted to be. These are dimensional rules, You 
may find that zoning ordinances require that your proposed antenna / 
tower must be held to height, minimum setback rules and other 
dimensional limits. Similarly; other “buildings” or "structures" must 
comply with certain maximum height and setback rules in a residen- 
tial zone, Dimensional limits, particularly height, usually are at the 
heart of the legal issue in most court cases involving amateur radio 
antennas and towers. 

After you get your copy of the zoning ordinances and have 
leafed through it looking for “antenna height,” if it is not appar- 
ent how antennas are regulated, do not celebrate yet. Read the 
"definitions" section, which generally is near the beginning of the 
zoning ordinances booklet. Sometimes the zoning ordinances’ 
definition of "building" is broad enough to include an antenna/ 
tower so that the rules limiting building height also apply to tow- 
ers and antennas. Of course, antennas and towers may be de- 
fined specifically and thereby be limited. If the regulations do 
not define antennas and towers specifically, and if the definition 
of "building" does not seem to cover towers and antennas, see 
if there is a definition of “accessory structures.” It may be broad 
enough to include antennas and towers. 


Building codes 

Zoning regulations, you will recall, involve whether a use is 
permitted in a zone, and they establish the dimensional limits, such as 
height and placement from the borders of your property: There is 
yet another aspect o the regulation of your antenna and tower: building 
codes. Building codes are laws based on standards related to safety 
that have been agreed upon by engineer from the architectural, struc- 
tural, civil and other engineering disciplines. There has always been 
some confusion because in many municipalities, especially ia smaller 
towns, building and zoning functions are consolidated in one depart 
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ment, or even one person. The building official might also be the 
zoning official or zoning enforcement officer. Even if they are sepa- 
rite departments or if there are both a zoning enforcement officer 
and a building official, they usually work in tandem. For example, if 
you apply for a building permit without even checking what the 
zoning ordinances allow, the building official will usually run it by the 
zoning enforcement officer first to make sure that what you are pro- 
posing is allowed per the zoning ordinances. If zoning ordinances 
‘would be violated, the building official or the building department 
vil not give you a building permit, even if you meet ай the require- 
ments of the building codes. You must first meet zoning, and then 
building requirements. Once the building official checks with zoning. 
and finds that your antenna/tower is a proper use in the zone and 
vil not violate the zoning regulations pertaining to dimensions, your 
construction must be done in accordance with building codes. Fortu- 
nately, this is rarely a problem, Tower manufacturers provide de- 
tailed specifications and plans for proper installation ia accordance 
with all building codes, 


Zoning and building officials 

After you have had a chance to study the zoning regulations, 
make an outline of your understanding of how the regulations apply 
to your proposed installation. If the clerk or secretary pointed out 
certain sections to be concerned with when you fist picked up the 
zoning ordinances booklet, you may have discovered that he or she 
was right! But now you understand and ean see for yourself how the 
regulations apply to you; that is what is important, However, if the 
regulations are making no sense, get help now Consult a lawyer or 
talk with someone who has already gone through che process. You. 
should feel confident if you have familiarized yourself with the zon- 
ing ordinances well enough to be able to discuss how and which of 
the regulations apply to antenna towers. Your next step is to call and 
make an appointment to see the zoning official and/or the building 
official. Which one do you see first? If you live in a smaller town, the 
building official and the zoning offical may be one and the same 
person. In larger cities, they usually are at least located in the same 
department. The clerk will be able to direct you to the proper 
person(s). If your town has not had many amateur radio operators 
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apply for permits for towers you may even find yourself referred 
to the “town planner,” who helped write and adopt the zoning ordi 
antes and who is usually consulted to help figure out how the regu- 
lations apply to a request that is somewhat out of the ordinary. If 
jour municipality’ ordinances require a hearing, however, you will 
speak with someone who can address zoning issues. Remember, the 
emphasis for zoning will be dimensions and use, so be prepared to 
discuss the proposed location, height, and purpose of the antenna 
structure. Be prepared to discuss building-code concerns, too 
this area of the law you should take along basic engineering data that 
is provided by the tower manufacturer to satisfy any building-code 
concerns, and be prepared to discuss how it will be anchored and, if 
required, guyed. It will be helpful to take along a drawing of your 
property that shows the locations of your boundary lines, the house 
and other buildings, and the proposed location for the tower. If you 
gota survey of your property when you bought your house, make a 
photocopy of it that ean be marked up to show the proposed an- 
‘Incidentally in reading the zoning regulations you may find that 
‘you must submit a certified site plan, This can cost several hundred 
dollars. However, you may be able to save the cost of a certified site 
plan if you have read the zoning regulations carefully. Some zoning 
regulations contain a provision that allows you to substitute а hand- 
drawn sketch, provided you ask for a waiver of the more stringent 
rules calling for surveys and engineering data. The zoning official or 
board may need to agree first that a certified site plan is not necessary 
to accurately depict the proposed antenna structure before you put 
in your formal application. Look for this provision and, if your 
town’s zoning regulations have it, discuss it with the zoning official 
because it could save you an unnecessary expense. 


Meeting strategy 

"The zoning official is going to interpret how zoning laws are 
applied to the facts of your situation. What he or she says will be the 
first indication of the steps the municipality will want you to take to 
get a permit for your installation, Be sure to listen carefully to what 
the zoning official says, and take written notes. Zoning officials are 
supposed to help you understand the requirements for applying for 
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a zoning permit. Again, if you have previously obtained and read the 
zoning ordinance booklet and understand the regulations, you are 
going to get a lot more out of your meeting than if you go into it 
“cold.” The zoning official will be more willing to discuss the matter 
with you, too, because you have taken the time to study the regula- 
sions. IF the zoning official starts to say something you interpret to be 
negative, make sure that you understand his or her reasoning, Even 
though this reasoning may be wrong, listen to it and thoroughly un- 
derstand the basis for this opinion. Effective opposition to an ad- 
verse position taken by the zoning official will be possible only 
follow this vitally important step. This is not the time to discus 
7 with the zoning official. First of al. he or she is not likely to know 
‘what you're talking about. Second, he or she is not going to agree 
with you that their regulations are flawed. Remember, the zoning 
regulations are the “bible,” and the municipality has endorsed them 
with the force of law: Further, if you are going to talk about legal 
issues, he or she is going to want to talk to their lawyer; who is, of 
course, the town attorney. 


¿La 


Special permits or special uses 
In many situations, the zoning official will have the authority to 
grant a zoning permit without involving any other official or board. 
‘Then, if he or she is also the building offical, you can get your build- 
ing permit right there on the spot after filing out the application and. 
paying the fee. However, depending on how your local town’s ordi 
mances are written, it may be necessary for you to seek the permis- 
sion of a zoning commission, zoning board of appeals, or other 
land-use board, Most often this means that the zoning regulations are 
set up so that in order to exceed the “usual” height restrictions, you 
need to apply for a special permit (also called “special exceptions” 
‘or “conditional use permits"). Ie simply means that drafters of the 
‘ordinances decided that certain uses or structures can be permitted 
only after a public hearing and demonstration of special need. If you 
obtained the entire booklet of zoning regulations and familiarized 
yourself with it, a special-permit requirement will not come as a 
shock to you during your visit with the zoning official. Although a 
special permit undoubtedly means more red tape and delay for the 
ham operator, such a requirement in and of itself s nor illegal in the 
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eyes of the lav, including the FCC's РЕВ-7 Preemption Order (dis 
cussed later). It does provide a forum for potential opposition from 
neighbors, however, so preparation for the hearing is all-important. 
Also keep in mind that ће higher you want to go with the tower, the 
more evidence and preparation will be required to establish your 
need for the structure. 


In case of difficulty 

IF there is a problem, it will be one of two varieties, It may be 
a manter of interpretation of the ordinance by the zoning official. Or 
the ordinance may be written in such a way that no one could rea 
sonably come up with any other interpretation. If the ordinance is 
prohibitive under any reasonable interpretation, you should immedi- 
ately seek the advice of a lawyer If the problem is that you disagree 
with the zoning official’ interpretation of the zoning regulations, that 
is not as serious. Though you may need a layer co resolve an issue 
regarding interpretation, you first can carry the issue yourself a little 
Farther if you wish. Tell the zoning official that you have a different 
interpretation, and ask him or her for specifie comments. See if you 
can narrow it down as to where the problem lies. 

IFitis a problem with the vay in which the ordinance is writ- 
ten—that is, under no possible interpretation can you get your per- 
mitit is the more serious problem. This may mean that the ordi 
nance is illegal and, therefore, invalid. The town or city officials won't 
like that, and they are more apt to fight vigorously against having 
their ordinance invalidated. They would much rather have to change 
an interpretation for a particular situation than scrap their ordinance 
IF you run into an unresolvable problem with the zoning official 
inspector, or other supernumerary, you should then, as a last resort, 
tell him or her about PRI. As already mentioned, however, more 
often than not you will find that it does not help at this level. At 
most, all you ean get across is that the Federal government, through 
the FCC, has acted in this area under a Preemption Order called 
PRB-1 You can say that local governments cannot prohibit antenna 
towers, nor can they unreasonably restrict them in terms of size and 
height. However, it is best not ro get into a lengthy discussion of the 
nuances of the legal doctrine of Federal Preemption with the zoning 
official 
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A matter of interpretation 

If there is a reasonable interpretation of the regulations under 
which you should be allowed to put up the antennal tower, but 
the zoning official does nor agree, you сап usually apply, get de- 
nied by the zoning offical, and then appeal the zoning officials 
decision to a zoning board of appeals. The procedure for ap- 
pealing a ruling by a zoning official will be outlined in the regula- 
tions which, again, you have because you bought the entire 200- 
ing ordinances booklet, right? Basically if you appeal the zoning 
official's decision, it means you are given a second chance to ex- 
plain what amateur radio is, what kind of antenna structure you. 
want to erect, and what your alternative interpretation is that would 
permit you to erect your antenna installation 

PRB- should be used to persuade the zoning board of 
appeal that it should adopt your more reasonable interpretation. 
Now you should point out that Federal law requires towns to 
adopt as reasonable an interpretation as possible. If there is no 
possible interpretation of the zoning regulations that would al- 
low a functioning amateur radio antenna, then the zoning board 
of appeal should be told that PRB-/ is a binding Federal regula- 
Чоп that supersedes their own law if there is a conflict, This puts 
tremendous pressure on the zoning board of appeal to try to 
accommodate your needs. The zoning board of appeals inter- 
pretation of their own zoning ordinances will be affected by the 
binding order that was made by the FCC in PRB, 

The heart of PRB-1 is comprised of only a few sentences, and 
their importance justifies quoting here: "Upon weighing these inter- 
ests [state vs. Federal interests] we [the FCC] believe a limited pre- 
'emption policy is warranted. State and local regulations that operate 
to preclude amateur communications in their communities are 
direct conflict with Federal objectives and must be preempted.” 
Amateur Radio Preemption, 101 ECC2d 952, 960 (1985) .. “We [the 
ЕСС] will not, however, specify any particular height limitation be- 
low which a local government may not regulate, nor will we suggest 
the precise language that must be contained in local ordinances, such 
as mechanisms for special exceptions, variances, or condicional use 
permits. Nevertheless, local regulations which involve placement, 
screening, or height of antennas based on health, safety, or aesthetic 
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considerations must be crafted to accommodate reasonably amateur 
‘communications, and to represent the minimum practicable regula- 
tion to accomplish the local authority’ legitimate purpose.” Id, 107 
FGC24 952, 960 (1985). You can also give the zoning board of ap- 
peals a copy of Part 97.15 from your copy of the „matt Radio 
Rue since this, too, states the basis of PRB-1. 


PRB-1 and Federal preemption 

Credit is due the ARRL for a long-fought battle to get the FCC 
to take а stand against overly-restrictive regulacion of amateur radio 
antennas and towers by adopting PRB-1. However, as you can sce 
from the above-quoted passage from PRB-1 ¿which is the “heart” 
of the preemption order, PRB- has its limitations. It holds that no. 
municipality may prohibit amateur radio communications. Italso says 
that state or local regulations restricting amateur radio antennas must 
do зо in the least restrictive way while still accomplishing its legiti- 
mate goals. In other words, the local regulations cannot constitute 
“overkill” But make no mistake about it, state and local govern- 
ments can, under the specific language of PRB-, regulate antennas 
for reasons of health, safety and welfare. But, they must balance the 
local interests against the Federal interests. Earlier, the case of Will 
dams u Cit af Columbia, South Carolina was mentioned, In that case the. 
radio amateur proposed an antenna system that would be 28 feet 
high when retracted and 55 to 65 feet high when fully extended, The 
citys zoning ordinances required anyone wanting to erect an antenna 
higher than 17 feet to apply to the zoning board of adjustment for a 
“special exception.” 

(Remember, a “special exception” is just another name for a 
“special permit” or "conditional use permit”) The radio amateur, 
Wiliams, had trouble primarily because of a rule that a local boards 
finding of the facts is given great deference when reviewed on ap- 
peal. In other words, the court will not “retry” the case on the facts 
unless there is clear evidence of unfairness or bias. And proving un- 
fairness and/or bias is very difficult. 

What this ease means for radio amateurs is that when you apply 
fora special permit, special exception, or conditional use permit, itis 
extremely important to be prepared to explain the Federal interests 
in amateur radio. For example, if you look at the basis and purpose 
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of the Amateur Radio Service you will find that there is a Federal 
purpose in promoting emergency communications, technical advance- 
ment, development of communications techniques, and promoting 
international goodwill. You must show a relationship between the 
‘need for your particular antenna installation and the promotion of 
‘one or more, and preferably all, of these Federal interests. It may be 
‘obvious to us that there is a relationship between antenna height sit 
affects long-distance communications and your ability to enhance 
international goodwill, However, that will not be obvious to a zon- 
ing board or a reviewing court. You must establish this “on the record” 
at your hearing, Want to put an antenna on your tower to access the 
amateur satellites? There is a direct relationship between advancing. 
the technical and communications arts and your antenna. And, of 
course, your antenna can also be used for emergency communica- 
tions and drills. You must show this relationship to Federal goals to 
counteract the interests the local government has in regulating an an- 
tenna system, In many cases, local government interest has been cx- 
pressed as avoiding the adverse impact of the proposed use on the 
aesthetic character of the surrounding neighborhood, and promot- 
ing health and safer 


Safety, aesthetics, and property values 

Now lers get back to the local zoning official or zoning board. 
The first thing to do is to make sure that you can establish that the 
proposed antenna and tower vill be safe. On matters of safety, there 
can and should be no compromise by the municipality: If the instal- 
lation does not meet building-code requirements, no zoning board 
or building official or court will allow it because safety is at stake. 
"The manufacturers specifications must be followed. 

‘Aesthetics and welfare, particularly the effect on surrounding 
property values, are more likely to be areas where the municipality 
has to make compromises because of the strong, countervailing Fed- 
eral interests being promoted by amateur radio. Your task is basically 
threefold. You must demonstrate your need for the proposed an- 
tenna and the safety of the structure, and you have to show that you 
have taken reasonable steps to lessen the impact on surrounding prop- 
erty. The ARRL has several helpful papers and pamphlets. These 
materials include a summary and collection of legal eases from around. 
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the country АБо, you need help establishing the need for the height 
of your antenna, the LEAGUE has a paper written by Gerald Hall, 
KITD, on the relationship between antenna height and the effective- 
ness of communications, Finally, there is a list of "volunteer coun- 
sel? attorneys listed at wwwARRLorg and who are willing to pro- 
vide an initial consultation to the ham-radio operator free of charge, 
"There may be а volunteer counsel near you. At the very least, you 
should obtain these materials to help you prepare for a heating, 
[Contact the Regulatory Information Department, ARRL. Headquarters, 225 
‘Main Street, Newington, CT 06111. phone: 860-594-0200, fux: 860-594- 
0259] 

If you haven't already done so, try to gauge the opposition of 
the neighborhood prior to a hearing, Be prepared to answer all rea- 
sonable questions. While radio Frequency interference (RFI) matters 
Чо not fill under the jutisdiction of the local zoning board, your 
reaction to questions about REI might be used by the zoning board 
members to judge your character, which could form the unwritten 
and unstated basis for a denial. А zoning board member is more 
likely to give the benefit ofthe doubt to someone who sounds like a 
responsible, good neighbor. 

Ifa neighbor is concerned about RFI, one of the most effec- 
tive ways of dealing with this concern is to explain that while years 
ago, the homebrew nature of ham stations may have resulted in 
some hams being responsible for some radio frequency interference 
problems, that is hardly the case today. Today, the level of amateur 
radio sophistication is such that RFT is rarely a problem, and when it 
is, the fault almost always lies with the device that is experiencing the 
interference. This has been borne out so often that in 1982 the US. 
Congress passed a law, Public Law 97-259, that gave the FCC the 
exclusive jurisdiction over matters of REL to home electronic de- 
vices The FCC has the expertise to deal with such matters, and you 
then explain to the zoning board members that you would work 
with the neighbor and the FCC so that they (the zoning board mem- 
bers) would not be shouldered with that problem in the rare event 
RET occurs. 


When a tower is impossible 
There are some circumstances under which it is impossible erect 
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A tower, Condominiums are an example. A condominium owner 
“owns” only that which exists within the confines of the four walls 
that form his or her unit. The rest of the building and the land are 
either owned by someone else, or they are owned in common by all 
the unit holders. Unless you can persuade the condominium associa- 
tion to allow you to put up an antenna in a common area, you had 
better become familiar with so-called invisible antennas or limited 
space antennas in attics or crawl spaces above the ceiling, You cannot. 
expect to erect a tower on land or a building that you do not own. 
outright. You need the permission of the owner(s). 

Private restrictions, commonly called “CC&Rs,” which stands 
for covenants, conditions and restrictions, are another aspect of an. 
tenna/tower regulation that has nothing to do with the government 
officials. These are the “fine print” that may be referenced in the 
deed to your property, especially if you are in a planned subdivision 
that has underground utilities. Your best bet before proceeding with 
your plans is to take a copy of your deed to an attorney to have a 
limited tide search done for the specific purpose of determining 
whether private restrictions will affect you, This area of the aw is the 
next major battleground since it is difficult to find newly constructed 
homes without these prohibitive private cules. 


Local governments must be reasonable 

With respect to governmental, as opposed to private restric- 
tions, it comes down to one simple fact. Any ham radio operator, 
provided he or she has a Federal license and the private property 
rights to a sufficiently sized parcel of land, has the right under Federal 
law to erect a tower and antenna subject to the "reasonable" regula- 
tion of the local or state government. The big question, of course, is 
‘what is “reasonable.” The majority of the court cases interpreting 
PRB- have told local governments that they were not reasonable in 
their regulation of amateur radio antennas. A US District Court in 
New York struck down a 25-foot height limitation as being unfea- 
sonable and found that the local government there had failed to 
make a reasonable accommodation for amateur antennas? Another 
US District Court in Washington State sided with a radio amateur 
‘who asserted that the local government was being unreasonable when 
the ham was unable to get a special permit for a 75-foot retractable 
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radio antenna: And in California, a US. District Court invalidated a 
zoning ordinance governing radio antennas where the city failed to 
explore alternatives to a blanket denial of the ham operators appli- 
cation for a special permit? 

Since the Williams case, there has been more encouraging PRB- 
Ишей news. An Ohio ham operator was awarded his attorneys 
fees by a Federal judge” And in Colorado another Federal judge 
invalidated an ordinance.” The Boulder County, Colorado ordinance 
‘was invalidated because i put the amateur into а "catch-22" situa- 
tion. It required the filing of a special use permit in order to obtain a 
permit for an antenna taller than 35 feet, bot the standards under 
which special permits were decided virtually assured that you would 
be denied. The County has filed a petition for rehearing, however, so 
this decision was not final as of pres ime. Sometimes a clash cannot 
be avoided. Lawyers and judges have just begun to explore the legal 
limits of PRB, But if you are ike most ham operators, you want to 
know how best to go about putting up the highest tower you can 
without getting into a big legal hassle. 

“The key to winning approval is persuading the board or zoning 
official that you actully need the tower you are proposing and have 
taken all reasonable steps to lessen its impact on the neighborhood. 
In the event there isan appeal to а court, the legal arguments nearly 
always come down to whether you have presented enough evidence 
at the оса Болка level to show that without the tower you will not 
be able to communicate effectively. The burden of proving that need 
gets progressively more difficult as you plan to go higher with your 
tower. In difficult cases a qualified expert on radio propagation may 
be necessary. 

Other factors, such as the neighborhood being "exclusive ean 
result in your application being put to the test, In these cases the 
crucial factor is whether the ham operator has taken all reasonable 
steps to lessen the visual impact of the tower on the neighborhood 
1а difficult cases, a qualified real estate appraiser may be needed to 
testify that in his or her expert opinion the proposed tower would 
not adversely affect neighboring seal estate values. These cases are 
difficult and extraordinary, but I mention them to make the point 
that ham operators sometimes have to be realistic bout their plans. 
When your plans are "ambitious" because of the lot size or visual 


impact to neighbors, it requires more preparation to prove need and 
to illustrate that steps have been taken to lessen the structure's impact 
оп surrounding property 


Special problems 

If you live near an airport, check the requirements of Part 
97.150 of the Amateur Rules. Depending on your distance from the 
airport and the length of the longest runway, you may need to keep 
your tower below a certain height or follow special rules for lighting 
and marking it. If you fit certain criteria, you must file both Fiera! 
Aviation Administration (FAA) Form 7460-1 with the FAA, and FCC 
Form 854 with the FCC and await their approvals 

An easy way to avoid having to file these forms is to keep your 
antenna height below a formula given in Part 97.15(). If you live 
near an airport runway more than one kilometer long (3250 feet), 
you should keep your antenna height below a slope of 100 to 1. In 
other words, if your antenna elevation is more than one meter (3.25 
feet) higher than the airport runway elevation for cach 100 meters 
(825 feet) you are located from the nearest runway longer than one 
kilometer (3250 feet), you must get special permission. If the airport 
runway is less than one kilometer (3250 feet) in length, you should 
keep your antenna height below a slope of 50 to 1. In other words, 
if the elevation of your antenna is more than two meters (65 Feet) 
higher than the airport runway elevation for each 100 meters (325 
feci) you are located from the nearest runway that is shorter than one 
kilometer (250 fect), you must get special permission. Finally, if you. 
live hear a heliport, you must keep your antenna height below a slope 
of 25 to 1. In other words, if the elevation of your antenna is more 
than four meters (13 feet) higher than the helicopter landing pad's 
elevation for each 100 meters (325 feet) you are located from the 
landing pad, you must get special permission. 

If you keep these slopes in mind, 100 to 1 (long runways), 50 
to 1 (shorter runways), and 25 to 1 (heliports), you can avoid special 
notifications. Simply take the distance from the nearest runway or 
landing pad, and divide it by the appropriate slope. For example, if 
you are one mile away, or 5280 feet, and the runway is shorter than 
3250 feet, thereby requiring а 50 to 1 slope, simply divide 5280 by 
50, and you get 105.6 fet, But if the runway is 3250 feet or longer, 
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and the slope requirement is 100 to 1, you may go only to a height of 
52.8 feet (5280 divided by 100). 

"There are also some exemptions from the slope rule. You can. 
always erect an antenna up to twenty feet above the ground or above 
any other natural object or existing man-made structure (except, of 
course, a towed, Be sensible in taking advantage of this exemption. 
If in doubt, check with a lawyer. If you live in certain parts of Mary- 
land, West Virginia and Virginia near the National Radio Astronomy 
Observatory at Green Bank or the Naval Research Laboratory at 
Sugar Grove, you will not be permitted to increase the height of 
your antenna unless you give written notice of your plan to the Inter 
ference Office, National Radio Astronomy Observatory, Box 2, 
Green Bank, WV 24944. The reason for this restriction is а concern 
over possible interference to these sensitive government facilities. 

Remember that if you plan to erect an antenna that is higher 
than 61 meters (200 feet) above ground level, you will always need. 
prior FCC approval. See Pari97.15(a) of the Amateur Ruler. 


Summing it all up 

Emphasis from the start should be on the more practical as- 
pects of planning a successful campaign for getting the necessary 
approvals for a tower. Be realistic about the physical limitations of 
Your parcel of land. Go on an information gathering mission at the. 
local building department to sec which officials and which regula- 
tions are applicable to your proposed antenna installation. Discuss 
your plans with the local zoning or building official, Determine 
whether the zoning official's interpretation of how the rules will ap- 
ply to your plans is fair or should be challenged. Also, determine 
whether а hearing for a special permit will be necessary. If you are 
dissatisfied with the local zoning officials interpretation, obtain in- 
formation from the ARRL and seek legal advice from an attorney as 
to whether there is any reasonable interpretation of the regulations 
that would permit you to put up the antenna/tower. If there is no. 
reasonable interpretation of the ordinances as they stand, then you 
need to seek either a variance from the regulations themselves ог 
make a frontal assault on the ordinance as being in violation of PRB- 
1. Once you get into this area of the law, professional legal advice is 
necessary: 
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Glossary of terms 
Accessory Use, Building or Structure: A subordinate use, building or 
«нисе customer incidental 10 and located on the sme lot occupied by the ain 
тне, building or structure. Ina residential zone the house would be the main build- 
ng, and its use as a residence would he the main use. Ganges, swimming pool, 
tennis courts, and amateur radio antennas are examples of ace structures 

BOCA Code: A set of engineering standards for structures estabiished bythe 
Building Official & Code Administrators Internationa, Inc. a nonprofit standard 
sening group based in Tinos. Many state and towns base their own state or wen 
building code on the BOCA code, with some vations 

Building: The word “building,” as used in local zoning and building regula- 
tions, can mean more than what common-sense wells you. The “definitions” sections 
of some regulations will define building in such a way эв о include antennas and 
other structures. I you find that the height imitans apply only to “buildings,” 
“сок the definitions section before you conchide thar t doesn't apply to antennas 

Building Code: The regulations that deal with the engineering, айну and 
integrity of structures, Wind loading standards are part of tbe building code. 

Building Inspector: The porte or gal bur employee of the munici- 
рау who interprets whether your proposed construction conforms with the zon- 
ing regulation and building eode. НЕ or her interpretation ca be appealed (usually 
10 the Zoning Board of Appeals). If the decision challenged is ооу with respect to 
the building code, however, appeal may be o a different board, usually called the 
"Boing Board of Appeals. Larger towns may have a Zoning Enforcement Officer 
(ZEO, se belon), leaving the Building Inspector o del only with building code 
enforcement. Also, dot be surprised f there are multiple building inspectors for 
the сенен and cue aspects of your proposed antenna. 

Building Permit: Once your plans have been reviewed, jou are given the 
“go-ahead” in the form of a building permit The permi i usualy displayed oa the 
‘onstruction site. Inspections ean occur at any stage of construction. 

Covenants: Private restrictions thar were placed оп the land recorde by a 
previous owner (emaily the subdivision developer) that en control everything 
from how many cars you may park in the driveway to whether or not outdoor 
antennas are permitted, The covenants are held to be a private mater between the 
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Joc owner and the other owners in the neighborhood for whose benefit the restric: 
sions purportedly were adopted. Covenants are also known as “CC&Rs”, which 
stands for covenants, conditione and egen, A title search by an atorney 
before purchase of the loc is the best эту to avoid these problems. 

Exception: Se Soda Exa or Sail Use Риши. 

Height restrictions: Usually, height remicóions ae imposed by a chat of 
minimum dimensional requirements. Other sections of the regulations may provide 
for exceptions to the һап. Look for a distinction to be made between primary 
buildings and acceso terres because permitted heights for accessory structures 
may be different. Also, the regulations may provide that cupolas, flagpoles, anren- 
т, and similar пали are exempt fom the height requirement. 

Planning Commission (sometime: a combined Planning and Zoning Com 
mission): A land-use board и is charged with recommending changes in the 
dissctng of zones. Te may be charged with approving subdivision proposals. These 
functions may be combined ino one board with the Zoning Commieson fonctions. 
Consult your zoning regulations to determine the exact function of exch of the 
following boards: Planning Commission, Zoning Commission, (a combined Pan- 
ning and Zoning Gommission), and Zoning Board of Appeals (ZBA). 

Plot Plan: A deaving showing the property or ot, the structures presently 
ected on it, and the location of the proposed antenna structure. Dimensions from 
structures and boundaries are usually required to be indicated; Some regulations 
require that the swing be accurate and deawa by a cried surveyor, Before 
spending money on a surveyor, consult the relations ое bulding inspector to 
determine how precise the plo plan has to be. 

. Federal Communications Commission 
ıi imposes a duty on stat and local goverment о (1) nor probibit senateur rado 
... municipalities and 2) be reasonable in thi repa 
tions to the extent that the restrictions imposed on amateur radio antennas consi 
пле the minimum practicable regulation necessary to achieve the municipality 
Пайне ро of providing for the heh, sfery and welfare of the commonly 
F.. 952 (1985). Recendy РЕ. was codified in 
the Amateur Rules. Sæ Seton 97.15. 

Preemption: A legal term that indicates that one law takes priority over 
another lise By the Supremacy Clause of the US. Consttion, Federal lv takes 
rony over seate or local government when there is а conflict. 

‘Special Exception, Special Use Permit, or Conditional Use Per- 
тй: A permitted use in a zone, but one which is nor automatically permitted. In. 
other words, the zoning regulations require that the applicant demonstrate special 
‘eed or meet other requirements to the satisfaction of the Zoning Commission 
However, the land use board бит passes judgment on these may bea board other 
tino the Zoning Commission, eg, the Planning Commission or the Zoning Board 
of Appeal. Consult our zoning regulations to find out what the paricular scheme 
is in your town It is not unusual for zoning regulations to require à special 
exception, special use permit or conditional use permit for an antenna. Such a 
requirement is nor illegal per se. However, PRE- requises that any restrictions 
imposed be reasonable. 

Structure: The definition of “structure” may exclude sach things as cupolas, 
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belies, antennas or other things that normally extend above the roof ine Look for 
the height limitations imposed on structures or buildings then determine whether 
there are any exceptions o these height limitations, Aba c. "Вар alu 

Variance: A mechanism whereby one may bun special relief from the 
zoning regulations. Usually granted by the Zoning Board of Appeals ZBA), the 
applicant must show practical емс or unnecessary hardship. The difcuy or 
hardship usually may nor be slimposed, which avtomatclly renders the amateur 
radio operator ineligible for the variace. (Bue for the fce thatthe ham operator 
wants o construct the anna, there would be no hardship, or xo the reasoning 
goes) There are two Kids of variances: Use Variances and Dimensional Variances 
"The kind sought by amateur radio operators ae almost always dimensional, which 
means thay want variance fom the height or setback requirements imposed by 
the zoning regulations, Some states айар benveen the two Kinds by making i 
‘asier to qual for dimensional variances, Other states make no distinetion- 

Volunteer Counsel: A ist of ham radio perten who are attorneys and 
oho have registered with the ARRI- к wiling to provide an nial comsltaion free 
of charge to hams with antenna problems. Cantare ARRE Hg, Raptr Ieri 
Deparment, 225 Moin Se, Ne g, CT 06111. 

"Zones A district indicated on the zoning map that provides for a uniformi 
o regulation for that parca area. It is important to determine into which zone 
ebe pech Bos For example, one type of residenti zone may be more lenient by 
erring higher structures than another type of residenti zone. 

Zoning Board of Appeals (ZBA): The land-use board usally dae 
with hearing application for variances and appeals from the interpretation of the 
buiding inspector or zoning enforcement officer (EO). In other words, when a 
buiding inspector or ZEO is believed to have incorrectly applied the regulations to 
A proposed antenna structure, the appeal is made to the ZBA. 

Zoning Commission (sometimes a combined Planning and Zoning Com- 
mission): The land use board thar established the various zoning districts and zoning 
regulations and hears applications for changes in the toning maps and regulations. 
sometimes hears applications for special exceptions depending on the regulations 
particular organization. The Town Council от Board of Selectmen may not have 
delegated this Inv making power to the Zoning Commission, in which case the 
Toun Council or Zoning Commission makes the decisions asto whas the regulations 
accor ought o be. 

Zoning Enforcement Officer (ZEO): A fulltime or part-time employee 
ofthe municipality who is responsible for interpreting the zoning regulacion and 
deciding whether the particule structure or building proposed i allowed ia the 
paricular zone. Often the duties of the ZEO are rolled imo one person, the 
Building Inspector, who then handles the questions of both the appropriateness for 
the zone and compliance of the plans to the building code. The decisions regarding 
zoning are appealable to the ZBA. Decisions regarding the building code, however, 
re usualy appealable to à special board, usually called the Building Board of 
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OTHER REGULATORY CONCERNS 


Standards, compliances and regulations for tower соп- 
struction keep increasing, making it evermore difficult and 
expensive for amateurs to put up towers. The court and legal 
battles that you read about in OST, CO, and even your local 
newspapers are primarily about zoning and related issues such 
as covenants and other restrictions. Even if your property is 
zoned to permit tower construction, getting your building 
permit has become more difficult as more and more cities 
and counties are adopting more stringent building regulations, 
including the Uniform Building Code (UBC). You may have 
to comply with structural building codes related to wind 
speeds, structural wind loading and, in some cases, soil integ- 
rity if your building department invokes the UBC. Unfortu- 
nately, PRB-1 doesn't apply in this process. 

The vast majority of tower-building amateurs historically 
have not bothered to actually obtain building permits. But any 
project these days is likely to come under the close serutiny of 
sot only the local building department but also unfriendly, or at 
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least unsympathetic, neighbors. Generally if you put up an un- 
permitted tower, the only way you could run into a problem is if 
a neighbor complains to the building department. Even if you 
are not causing any kind of interference, they could call and file a 
complaint. The targeted department will generally follow-up with, 
at the least, a phone call, Or worse. 

During one of my many tree-installed yagi projects, my cus- 
tomer got a call from the FAA while I was still up in the tree. A 
neighbor had spotted the new antenna installation and felt that 
we had surely broken some law. My customer, an airline pilot, 
deflected the FAA call by explaining the situation to their satis- 
faction. Next came a call from the county building department 
inquiring into whether he had a permit for the installation. To 
make a long story short, the neighbor (the squeaky wheel) got the 
county to insist that the ham needed a permit for the tree instal- 
lation. Even though the building department never cited any 
building regulation for a tree installation, the squeaky wheel kept 
complaining and, after a nine-month running battle with the 
county, the ham finally threw in the towel and bought a building 
permit. Two months later he got a letter from someone higher 
up in the building department who determined that he indeed 
did not need a permit and refunded his money. In order to pla- 
cate the squeaky wheel neighbor, the building department under- 
lings had “made up” the requirement. This was the second in- 
stance of a big brouhaha surrounding a tree mounted yagi in the 
Seattle arca and they both resulted in the building departments 
backing down after realizing that trees weren't covered by either 
their building regulations or the UBC. But it just goes to show 
you that the squeaky wheel gets greased. If you've got antagonis- 
tic neighbors, you'll probably have problems relating to your tower 
installation. Obtaining а building permit for a tower may go a 
long way toward keeping the neighbors at bay. As far as trees are 
concerned, for the most part you can probably just go ahead and 
do what you want 


Legal help 
Besides the ARRL Volunteer Counsels previously mentioned, 


there is an internet reflector called Ham-Law Its where the legal 
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eagles hang out to discuss tower legal issue, its open to anyone to 
join so you can ask a question there and you'll probably get an an- 
swer. They do NOT give legal advice but may be helpful nonethe- 
less You can join by sending an email to listserver@mailaltlawcom. 
There aren't any archives — everything happens in real ime. 

Another resource that is invaluable is the zoning book by Fred 
Hopengarten, KIVR, called Antenna Zoning for the Radio Amateur. 
Its published by the ARRL and available at most ham radio stores. 
He has recently come out with a commercial version, the Antenna 
Zoning Book - Professional Edition: Celular, TV, Radio and Wire- 
less Internet, 

“These books arent cheap. The rationale is that itt worth about 
the same as 30 minutes spent with a real attorney but is much more 
comprehensive and available 


Building departments 

Regardless of whether your local building department invokes 
the UBC or another set of building codes, it really comes down to 
the engineer or permit specialist that you talk with who makes their 
interpretation of what is needed to comply with their regulations to 
issue a permit. It is likely that they probably haven't run into anyone 
building a tower before and you'll probably have to start out by 
helping them interpret their regulations vis-a-vis your tower project. 
And ГЇ guarantee you that if you talk to three different people in the 
department, you'll likely get three different interpretations or answers 
to your questions. Call the office a couple of times until you find 
someone that seems reasonable that you can work with, then stick 
with them, Otherwise you'll have to educate someone else and they 
probably have a different interpretation anyway. 


‘The Uniform Building Code 

What about the UBC itself? The UBC is one of many building 
codes used by building departments nationwide as а way of stan- 
dardizing building codes and compliances. Your building depart- 
ment may also have additional regulations and compliances above 
the UBC. The UBC sets the standards for structures, which are pri 
marily buildings. It doesn't specifically take towers into consideration. 
so you might want ro ty to convince your building department that 
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your tower isn'ta habitable structure and isn't governed by the UBC. 
Since thats not very likely, what you're stuck with is to make your 
tower comply with the UBC. This means your tower will need to 
„meet а wind pressure and ice loading condition for your county as 
well as concrete foundation, rebar and grounding codes. A typical 
specification for western Washington State is a wind pressure equal 
toa 90 MPH wind with 14-inch of radial ice. One complication that 
you may run into is that the manufacturer may use the latest 714422. 
standard for calculating wind pressure while the UBC uses a diffe 
ent calculation method. Since it’s not UBC, the building department 
may not want to accept the manufacturers calculations, A letter from 
the manufacturer is one way to get around this problem. 


EIA/TIA-222-G 

"The standard that is used by tower manufacturers and engi- 
neers designing towers and tower installations is the ANSI/ELA/ 
114-2225, Structural Standard Antenna Supporting Structures and An- 
temas, This is the official standard from the American National Stan 
dards Institute, the Electronic Industries Association and the Tele- 
communications Industry Association and is the industry bible. The 
current standard, Кай G, contains the TIA Minimum Basic Wind 
Speeds for each county in the United States as well as many addi- 
tonal tower specifications. The lowest windspeed is 70 MPH (the 
entire states of Kentucky and Arkansas) and the highest is 140 MPH 
for Dade County in Florida. 


Building permits and drawings 

Lets say you don't have any restrictions on tower erection, your 
tower will meet the UBC wind pressure spec and you want to do the 
sight and legal thing by getting a building permit. In most cases, to 
obtain a building permit you'll need stamped engineering drawings 
from a licensed local Professional Engineer (РЕ) for jour state. If 
you buy a erank-up manufactured in California that has their stamped 
tower drawings from their PE, in California, those drawings are 
generally only acceptable in California, The drawings that you might 
need could include the information from the manufacturer regard- 
ing wind speed calculations, anchor/base detailed construction data 
and a plat layout of the installation. Getting a РЕ, to run the calcula- 
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tions on your installation and prepare the necessary paperwork to 
obtain a permit can run anywhere from a ease of beer if you 
censed РЕ. buddy does them to several thousand dollars if you have 
it done by an engineering firm. Td probably budget $250 to $1000 
for these stamped drawings. Ask around in your local аге to see if 
there is any PE. that would be willing to do it for a minimal fee. We 
have a couple of engineers in my area who charge $60 per hour and 
who budget four hours for the job; this is a real bargain. 


mi 
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Soil tests 

Although not specifically called for by the UBC, many building 
departments are now requiring soil tests, This is to insure that the soil 
will support the installation and this requires another engineering stamp, 
this time by a geotechnical engineer. These are not cheap studies. A 
geotechnical firm will typically charge several thousand bucks for this 
study If the building department requires it, you'll need it anywhere 
you build in the city or county. Even if you're forty-miles from the 
nearest town on a mountain-top somewhere, you may be required 
to submit his in order to get your permit. You can sec that although 
providing this documentation is not difficult, it is measured in hun. 
dreds of dollars and is another disincentive for getting a building 
permit. I work with a local PE. who also does soil tests. His fee of 
$1500 for all of the necessary paperwork is a bargain; there aren't 
t00 many other similarly talented engineers around. Also, if these are 
the standards now, you can rest assured that the 114-222 and the 
UBC will both be continually revised upward incorporating ever 
higher requirements and compliances. 


Options: 

‘What are the options? Ignoring the law may work for you, but 
any complaint might result in your being ordered to take your tower 
down. If you've documented the base and anchors by taking photo- 
graphs before the concrete was poured and can provide the neces- 
sary engineering data after the fact, you may only be fined for not 
obtaining a permit and you can retro a permit. You may want to 
find a more tower-friendly place to live although these are getting 
more scarce ай the time. Or you might want to bite the bullet and get 
the permit 
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Environmental considerations 

‘Here's а wrinkle that’s beginning to appear in some places in the 
US. If you are planning on building your tower on a “wetlands” 
area, you may have to go through a State Environmental Protection 
Agency (SEPA) review: The agency has to determine whether the 
environmental impact is “significant” or “nonsignificant.” As part of 
the process, you may have to put an ad in the paper announcing your 
plans; interested parties then have thirty days to respond. А local 
contester who was building a new station in western Washington 
(bad to write letters to his neighbors informing them of his intention 
to put up a tower. Just before the deadline expired, he was “invited” 
to appear before a meeting of all of the concerned neighbors so that 
they could quiz him about his installation. Fortunately, after telling 
them about himself, his hobby and the specific installation, their con- 
cerns were addressed and they were satisfied that his installation was 
not going to pose any threat; their concerns had more to do with 
cellular and microwave perceived problems. Citizen groups every- 
where are increasingly fighting cellular and microwave towers on not 
only aesthetic but also on potential RF radiation grounds. In fact, a 
couple of companies that manufacture cellular monopoles have in- 
troduced monopoles that look just like trees with sides that look like 
bark and branches up above just like a real tree just to respond to this 
citizen sensitivity 

So what should you do if you're contemplating putting up a 
tower? Even if the project is justa gleam in your eye, 'd call the local 
building department for specific permit requirements. Then, Pd get 
the permit. A building permit is usually good for a year or more and 
may be renewed, so you might be ‘grandfathered’ in should codes 
and requirements change in the future, Since permits will probably 
only be harder to obtain in the future, this may be a good insurance 
policy for you. If nothing else, just be aware that the cost of putting. 
up a tower from now on won't just be the cost of the steel and 
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NEIGHBORS 


Your dream antenna system may just be your neighbors night- 
„mare To the average suburbanite, the sudden appearance of a 100-foot 
radio tower above the neighborhood skyline wll probably raise all kinds 
of fears and concerns. Do we have a spy living on the block? Will there 
be interference to my stereo, TV or telephone? What will happen to my 
property values? What iti falls down? What if my kids climb up there 
and get electrocuted? What about cancer-causing radio emissions? We've 
all heard about, known personally or read about someone who put up 
a tower (or tied to) and wound up in court with their neighbors, We 
even had a local ham castigated on TV as the “Neighbor From Hell” In 
the absence of a regulation requiring you to notify your neighbors, you 
have two choices 


‘The public relations approach 

Your first option is to be “Mister Nice бшу” I've heard about 
amateurs who managed to get their neighbors involved early on by 
telling them what they were planning to do. These must have been 
reasonable people who had their fears and concerns addressed and 
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resolved by the tower owner. You can help them by explaining that 
you want to talk to people around the world; bring them into your 
shack and show them some of your OSL cards or awards. You 
‘could tell them about the public service aspect and their possible 
need for reliable communications in times of emergency. Telling them 
about the phone patches that you handled during Desert Storm would 
be impressive 

‘The PR approach is a combination of tact, common sense and 
patience. Concurrently you could put up a small antenna and put up 
a bigger one in a few months, Or add another tower section a couple 
of times a year. Гуе been told that all tower work in the Faroe Is- 
lands was done during stormy weather so the neighbors never actu- 
ally saw anyone putting up towers or antennas. 
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No more Mister Nice Guy 

"The second path is to proceed with your project with no in- 
volvement of your neighbors. If you've done everything by the book, 
especially obtaining a building permit, there really isn't much that the 
neighbors can say about the installation, The problems arise when 
you've skipped the legal and permit process, then a neighbor com- 
plains to the local building department or other authority. At that 
point you are busted and don't really have any legal grounds on 
‘which to stand, 

1 personally have found the “Mister Nice Guy” approach to be 
of ume help. When my neighbors didnt like where my rower was going, 
to go on my property, I relocated it and Гуе regretted it ever since. Now 
Tm more inclined to refer them to the building department or FCC if 
they have a complaint. You decide which way you want to go. 


Spouses 

Spousal approval can sometimes be more difficult to obtain 
than neighbors’ or building department's. Perhaps you could con- 
vince her or bim that this is a dream you've had since you were a kid 
(ics probably true anyway) Iis almost certainly far cheaper than that 
boat you've been looking at; besides, now you won't have to spend 
al that time hunting, fishing, golfing, ete. Or maybe this new tower's 
а good place to put that new yard light, TV antenna, birdhouse, 
‘whatever. (Holding my breath until 1 turn blue usually works for mel) 
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HIRE SOMEONE OR DO IT YOURSELF? 


The first option is to do it yourself If you observe all of the 
safety practices and equipment in this book, use common sense in all 
instances, and back away from anything with which you don't feel 
completely comfortable, you will likely keep yourself out of trouble. 
In spite of minimal and sometimes inadequate equipment, poor tech- 
nique and poor planning, amateur related tower accidents are amaz- 
ingly infrequent, with accidental deaths quite rare. Most of these acci- 
dents and deaths could have been prevented by using the proper 
equipment and techniques. Building your own station can be as re- 
warding as using it. If you're like me, building a reliable tower and 
antenna system is fun as well as challenging, 


Tower service contractor 

Your second option is to hire a licensed tower rigging com- 
pany, and utilize their experience and equipment. They're insured, and. 
they have almost certainly done numerous far larger and more com. 
plicated projects than a typical amateur installation. They will get it 
done much more quickly and safely than you will, and it may well be 
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а most worthwhile investment for you. 
Although hiring professionals may run several hundred to sev- 
eral thousand dollars, your installation will be done correctly the first 
time, as well as more quickly than you can do it, A local ham had a 
weekend place where he wanted to build a nice station. As he had 
never done anything like this before, not only did he have a learning 
curve to go through but also he never did figure out some of the 
hardware. He also wasted time doing some things twice. He spent 
six straight weekends, travelling rwo-hundred miles each way to the 
site, and getting people to help him before he more or less finished 
the project. His wife was ready to leave him. A professional rigging 
crew could have accomplished the same project in approximately 
four days at a cost of around $2500. Only you can decide if its 
worth it or not. Don't forget, when you pay someone to do tower 
or antenna work, they immediately fall under OSHA regulations. 

If you hire someone, make sure that their safety equipment is 
okay before you let them near your tower. States now require that 
workers have a fall arrest system when climbing towers. This in- 
cludes an OSHA approved Class II full body harness and fall arrest 
lanyard. In addition, anyone you hire must have liability insurance. In 
many states, they must also be a licensed contractor. If theyre not 
licensed, you assume ай the risk if anything should happen. in fact, if 
someone you've hired has an accident or causes an accident, you 
could be held financially responsible for any damages and the person 
you hired could sue you for any number of things, including not 
providing a safe workplace. Don't take the chance, if they don't have 
the licensc() and insurance, don't hire them. 
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DocuMENTATION 


As soon as you start planning any type of outdoor antenna and 
tower project, get yourself a file folder, a three-ring binder or some- 
thing else in which to keep everything. You'l have to refer back to 
your notes and calculations as you go along, so irs easier to have 
everything in one place. Sketches, notes and manufacturers speci 
tions are invaluable additions to your file. Also, keep notes from all 
telephone conversations, including date and subjects covered, expe 
cially those with building department personnel and others who may 
be able to influence your installation. A hardware listing of guy wire 
sizes and type, lengths, mast ID and OD, ete. is also worthwhile. 


A picture may be worth a thousand words 

Once you get outside and start construction, take pictures of 
everything, particularly the civil work, If there is ever any question 
regarding hole size or materials, photographs can become extremely 
valuable. If a building inspector ever wants additional information 
about any aspect of your installation, good. pictures can likely pro- 
vide i 
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A few dollars invested now can save hundreds or even thou- 
sands if questions about your installation ever arise. And don't just 
throw those finished prints in a drawer with your other snapshots; 
file them in the same folder or binder with all your other installation 
documents, 

Good documentation can help you solve station problems, 
During a CQWW SSB contest some years ago, pioneering multi 
operator station N2AA developed a serious problem with one of 
their antennas. Since it was the end of October in New York and it 
was dark, effecting a quick repair was going to be challenging. Fortu- 
nately they had kept excellent records and in fact Found the potential 
source before they even went outside. Their analysis was correct and 
it only took a couple of minutes to fix the problem and they were 
back on the ait. Granted a large multi-tower station is pretty com- 
plex but keeping good records can help any station. 
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COLLECTING THE HARDWARE 


Once you've decided what kind of tower you're going to put 
ир, and where you're going to put it, you'll need to stat collecting the 
hardware. By the time you track down all the materials and ger them 
delivered to the site, you could (and probably will) spend a couple 
of months in this phase. 


The tower 

"This part is easy: Once you've decide what you wane to pur up, all 
you have to do is сай up the retailer or manufacturer and onder it. ROHN 
puts out packages of 25G and 45G that include additional hardware 
such as guy wires and torque arms that will save you some work 


More hardware 

If you're going to track down everything yourself, plan on spend- 
ing lots of time on the phone or on the internet. One place that can 
prove to be invaluable is a local source of scrap metal. There are 
likely one or more good salvage yards in your area; a few phone 
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calls and vists can give you an idea of what they can provide, Many 
times they'll have galvanized angle iron, tubing and pipe as well as 
stainless мее! and aluminum. It doesn’t hurt to stockpile some of this 
stuff because ill be real handy at some point in the future, and 
chances are pretty good that if you go back to get some, itll be gone. 
Another tremendous help is а good fastener or nutand-bolt store. 
"Their main market is industrial companies, so they'll likely be in the 
industrial part of town. Again, the Yellow Pages with a few phone calls 
and visits will give you an idea of what's available. 

‘Two excellent online resources are Grainger Industrial Supply 
(wwwgraingercom) who seems to have just about everything, and 
MeMaster-Carr (wwwmemaster.com) who also has an extensive line 
of products 


The hardware maxim 

Not only must you usc the correct hardware for the applica- 
tion, but also it must be made from the correct material. The only 
acceptable materials for tower constructions are: 

Galvanized: Steel parts are hot-dipped when galvanized and 
сап be recognized by their dull, rough grey Finish. A stock of galva 
nized nuts, bolts and U-bols is very desirable. Galvanized and non- 
galvanized nuts and bolts are not compatible, The galvanizing pro- 
cess leaves a thin coating of zinc on the threads that will not take a 
normal or stainless steel рап, You must use galvanized nuts with 
galvanized bolts, There is also galvanized hardware available that has 
been plated rather than hot-dipped. The finish is shinier and not as 
thick as the galvanized one. Antenna hardware U-bolts are com- 
тошу this variety. They're not as long lasting as the hoc-dipped ones 
but are acceptable in most cases, 

Stainless steel: Stainless steel (SS) nuts and bolts are more 
‘common than the galvanized variety but are generally more expen- 
sive, You can also sometimes find SS tubing, angle and plate at your 
local salvage yard. It is a relatively hard material, making it difficult to 
cat or drill but it can be real handy in many instances. Again, a stash 
of various SS materials can come in handy. SS nuts and bolts can gall 
easily, which results from one metal losing metal to another because 
of heat or molecular attraction resulting from friction. The nut and 
the bolt fase together and they're impossible to remove. You either 
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have to grind them apart or break them off to separate them, Ifyou 
use a little bit of grease or lubricant on the threads, you'll minimize 
this problem, 

Aluminum: Aluminum angle, plate, tubing and pipe can be 
handy as well for creating mounts and other appurtenances. It is easy 
to fabricate and can be used for lots of mounting and installation 
solutions. The biggest problem in my opinion is thar aluminum is 
soft and can be damaged by rubbing against a harder material, such 
as steel. This is what can happen to an aluminum mast that is drilled 
and pinned with a SS bolt to lock it to the rotator. The constant wind 
pressure can cause the hole to gall, or enlarge, and fail over time. 

In general, be wary of any unidentified material, particularly if 
is going to be used in a critieal application. IF in doubt, don't use 
Also, if you're not sure about the suitability of any hardware, leave it 
outside for a few weeks and see what happens. If it stars to rust, 
recycle it over the back fence or take it to ће dumps just don't use ii 


Additional hardware 
Here is some additional hardware that you'll probably need 
(schen T need to buy something, I always try to buy at least a few 
extras to add to my spare hardware collection; I encourage you to 
do the same): 
Clevises: A clevisis a device used to couple things together: it 
is generally U-shaped and has a pin to connect the holes at the c 
ends of the U It functions just like а carabiner but bas a removable 
pin that serews into the clevis body. Clevises are sometimes also re- 
ferred to as shackles, While you can get clevises in many different 
sizes and capacities, their main drawback compared to a carabiner is 
that it consists of two pieces and one of the pieces can be acciden- 
tally dropped. They should be used in places where you need a per- 
manent coupling, such as between the turnbuckle and guy anchor or 
between the tower guy attachment and the guy wire thimble. 
Clamps: Cable clamps are used го clamp two pieces of wire 
together: Their most common use is to secure a guy wire tieback. This is 
where the guy wire is bent 180° and clamped to itself, producing a loop 
for attachment to another part of the guy wire system. You should 
always use a minimum of three chmps on any guy wire баек, 
‘Thimble: A thimble is the device that goes into the loop of 
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the guy wire teback. Its purpose is to evenly distribute the strain on. 
the guy wire loop. 

All-thread: All-thread is threaded rod stock. It is available in 
stainless steel, galvanized and plated finishes. Most hardware stores. 
carry it in four or five-foot lengths. It can be very handy for tower 
anchor bolts or other applications. 
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Corrosion 


Corrosion is one of the biggest problems in tower and an- 
tenna installations. Knowing more about it will help you to use ap- 
propriate materials and stay away from problematic ones 

In its raw form, metal is usually found in ore, Energy is 
added to the metal in the extraction process, In the long term, metal 
returns to its natural, corroded state when it gives off the added 
energy. 

Any metal by itself will eventually oxidize due to exposure to 
the oxygen in the atmosphere. The aluminum in our antennas creates 
the powdery aluminum oxide you Bad when you take an antenna 
apart, while steel oxidation produces the rust that you want to avoid. 


Bi-metallic corrosion 

When two metals with the right properties are in contact in the. 
presence of an electrolyte, bimetallic corrosion takes place. its the 
same chemical process that takes place in batteries. Specifically, elec- 
trons from one metal (called the anodic metal) low across the joint 
or junction to the other metal (called the cathodic metal), In bimetal- 
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lic joints, the more anodic metal is always the one that corrodes, 

‘The electrolyte is typically some kind of salt or other com- 
pound (such as zinc) dissolved in water making the solution condue- 
tive, Rain (particularly acid rain), mist or condensation are sufficient 
for bimetallic corrosion to begin. 


Galvanic incompatibility 

Galvanically incompatible metals are ones that readily corrode 
when in contact with other metals because of their ranking on the 
galvanic chart. When you must use different materials, itis best to use 
metals that are close together on the chart. You can see that on a zine 
galvanized tower, aluminum and mild steel are the most compatible. 

If you use materials such as copper and brass when installing 
your tower ground system, you can see that you will have problems 
with corrosion almost immediately. 


Antioxidants 

Various compounds are available for combating corrosion, 
"These are antioxidants and most commonly used metals have several 
products designed specifically for each of them. 

For aluminum antennas, most manufacturers provide a packet 
of antioxidant with their products. Retarding oxidation is not only a 
good electrical idea but also it functions as an anti-seize when you go 
to take the antenna apart in the future. 

These antioxidants are sometimes incorrectly called “conduc 
tive pastes or greases” In general, these antioxidant compounds are 
comprised of a vehicle material with metallic chips in suspension. It 
is these conductive chips, not the vehicle material, that give it its con- 
ductive properties. What happens is that the particles will pierce the 
layer of oxidation while preventing corrosion by isolating the joint 
from the air. BurterNur's Br Ir Nor" uses copper dust in a 
molybdenum suspension while MF paste uses copper and graphite 
fakes in a petroleum base, 

‘There are other commercial products available for copper joints 
which should be used on ground systems, Just be certain to use the 
right one for the job. 

While you can see the obvious positive effects of these com. 
pounds on antennas and ground systems, you should also use some 


type of grease or antioxidant inside the legs of your tower sections. 
Not only will it make assembling the sections easier as the legs slide 
together, when you take it down, the antioxidants will have made 
your job easier since the legs won't be seized up due to oxidation. 


Mid Stoel 
Tron 
50-50 lead/tin solder 
Stainless Steel, 
Tin 
Nickel (active) 
Brass 
Aluminumebronze 
Copper 
Nickel (passive) 
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Rust 

Steel towers and hardware will rust unless steps are taken to pre- 
vent i. In the case of towers, they should be galvanized steel or alumi- 
mum. Hardware, including U-bolts, nuts, bolts and other fasteners should 
either be made out of stainless steel (SS) or be galvanized. Because the 
galvanizing process deposits a thin coating of zinc on the hardware, you 
‘can't interchange SS and galvanized nuts and bolts. 

Surface rastis rust that is either deposited when you have water 
from a rusted piece of hardware run down a surface such as a tower 
leg or active rust that hasn't yet penetrated the layer of galvanizing. 
Neither condition is serious but you should repair those spots during 
your annual inspection. Just take your wire brush to scrub off the 
rust and then spray the spot with a cold-galvanizing paint. Cold-galy, 
as it is called, is available at almost any spray paint rack. Look at the 
contents to make sure that it’s got zine init, The LPS Company makes 
a very good cold-galv spray that is relatively expensive (another case 
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of getting what you pay for) but adheres very well. Besides using 
antioxidants on towers and antennas, they should be used in ground 
system joints as well as in marine environments, 


Connectors 

Since just about every coax joint you use will be а PL-259, 
connector or F fiting, my recommendation for outdoor use is to 
use the silver connectors instead of the nickel plated variety: When 
nickel oxidizes it produces nickel oxide, which is a noncondactor: 
‘whereas silver oxide is a conductor. 


Antioxidant products 

Because most antioxidant produets are usually available only 
from various specialized distributors and suppliers, it is not possible 
to walk into your local hardware store and expect to sce much of a 
selection, The following list of manufacturers and suppliers should 
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Manufacturer Bsc, IN 
241 Depor St 

Antioch, IL 60002 

Ph: 847-838-3195 

Fax: 847-838-3479 

wwwbenchencom 

Produce Вити 

Source: Direc, iF nor stocked Бу local authorized dealer 
Note: Contains copper dust in а molybdenum suspension 


Manufacturer: GB Eure 
(Gardner Bender 

PO Box 3241 

Milwaukee, WI 53201-3241 


68 


Urme roven 


800-624-4320, pees 1 
vowgardncebendercom/ 

Produce: OX GARD 

‘Source: Available from many ceci supply houses and retail outlets such 
a5 Home Depot and other hardware stores 


Manufacturer IDEAL INDUSTRIES, INC. 
Becher Place 

deren IL 60178 USA 

8004354705 

wvwrwidealindustriescom 

Produce NOALOX 

Source: Available from some hardware sores and supply houses 
Note: Comans zinc paricles suspended in a carrier 


тта 
1600 S. Canal Steet 

Chicago, IL 616 

312.733.6111 
‘wowsanchem com 

Product NOOXID SPECIAL 
Source: Direct from manufacturer 


dennen Thess & Bis d emu 
8155 ТАВ Boulevard 

‘Memphis, TN 38125 

Phone: 901-252-8008) 

wresihomssendbenteam. 

Product: Ale d 

Source: Available from many electrical supply houses 

Notes Contains zinc particles suspended in a petroleum base 


Manufacturer FCI 
Versalles, France 

hhup://poralfeiconnect.com/ 

Product Bun Pam 

Source: [valle from many supply houses and some retailers 
Note Zinc particles suspended i à natural based compound 


Manufacturer ISCO CORPORATION 
4730 Madison Road 

Cincinnati, Ohio 45227 

512-555-6200. 

Produce DEOX 

Source: Available from electrical supply houses 

Note Green colored grease with по noticeable particles in suspension 
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FOUNDATIONS AND GUY ANCHORS 


Foundations and anchors that are installed in the earth provide 
the most basic and important structural parts of the tower so having 
the correct foundation and anchors is vitally important. The purpose 
of the base in a self-supporting tower is to move the center of 
gravity of the tower below the ground and be big enough to exceed 
the overturning moment of the wind pressure against the tower. The 
purpose of the base in a guyed tower is to basically keep the base 
from sinkingin the ground, There's virtually no overturning moment 
with a guyed tower since the guys take the horizontal wind forces. 

According to their "Encyclopedia of Anchors" (available free 
from the A.B. Chance Со, - 573-682-8414), there are nine soil classi- 
fications of soil makeup and structural capacity. While a discussion 
of the exact values and measuring techniques are out of the scope of 
this book, the soil classification data gives you some idea of the 
problems that can be encountered when designing appropriate earth 
anchors. The only way you can get an accurate profile of your soil is 
to pay fora geotechnical survey: It's relatively expensive and involves. 
digging several holes with a backhoe to expose the earth. 
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For very basic purposes of this book, soil and its loadbearing 
‘capacity is divided into three main categories: normal, rock and sand. 

Normal soil — Normal soil can be made up of loam, clay or 
just about anything that isn't rock or sand. 

Rock — Special design considerations need to be taken into 
account when dealing with either rock or sand. Rocky ground is 
usually either solid rock, like granite, or shattered, where you have 
soil around the rock but not enough to be able to excavate easily 
Either way the rock itself can provide a very secure anchor. 

Rock can be drilled, which gives you two options for your 
anchor. The firsts to use rock expansion bolts, These use mechanical 
pressure to hold them in place. They are very strong and will provide 
a bombproof rock anchor. The other option is to use suitable sized 
allthread or suitable anchor bolt (available at any hardware store), 
then epoxy it into the hole. There are special industrial epoxies that 
you should use, Contact a local rock anchor supplier for more infor- 
‘mation on these two methods. (These techniques work very well for 
concrete as well) 

You could use the rock itself for the tower base and anchors as 
well. Why would you jackhammer away a bunch of rock for the 
base and then pour concrete back in the hole when you've already 
got some nifty rock just sitting there ready to use? 

fier ensuring thar the rock is indeed big enough and intact enough 
to be useful, you can either drill right into the rock for base anchor rods. 
ог pour concrete over the rock to make a nice square form, The con- 
crete and the rock 
need to be joined so 
you'd need to drilla 
sufficient number 
of holes for an ad- 
equate number of 
pieces of rebar to 
bond the rock and 
concrete together, 
An engineer should 
calculate hole and 
той аста беба, Photo урен se supporting base wth robar, base 

‘There are a | sectionandgroundlevelform. 
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number of tools available for drilling in rock including a jackham- 
mer, an impact hammer with a coring bit or hand-held rock drill. 
Check with your local ental store and see what they recommend, 


Sand 

Sand presents another problem because it has very little hold 
ing power. Larger than normal concrete anchors cast with the con. 
crete block sitting partially out of the ground is one option. This type 
is usually poured into a form and then backfilled around it. If you 
use a large enough block of concrete, it won't go anywhere. A big 
deadman can also be installed. This is a butied anchor with a big 
plate or dish buried at the ground end. Again, consult with an engi- 
neer to insure the holding power of these anchors. 


Forms 

‘The only concrete form you really need is for the part that is 
above ground level. You can just use some 2x4% to make a nice 
rectangular form that is slightly tilted to allow water to run off. The 
point is that if you make the form perfectly level, the water will pool 
instead of running off, For larger bases, ће concrete may sag in the 
middle of the base so take extra care to provide a water pathway 
off the top of the base. Do nor use а form in the hole unless there is 
а structural problem with the soil; e; river bottom rip rap that is 
prone to sloughing. The tower specs call for the concrete to placed 
against undisturbed soil so no form is needed in the hole. 


Siting the tower and guy anchors 

TF youre going to put up a self-supporting tower, al you have 
to worry about is the best spot to locate the base. Practical siting 
considerations include excavator and concrete truck accessibility and 
proximity to overhead power lines. You'll also want to avoid buried 
power, telephone, gas, water and sewer lines along with septic tanks 
and drainage fields. If you don't know the location of any of these, 
its a always а good idea to phone your local utility companies, ог 
better yet, “Cau. atone: YOU DiG” OF “UNDERGROUND UTILITIES" ser- 
vices as listed in your local phone directory. These services using an 
800 number, cover most areas of the US, and provide centralized 
databases for al utiles in their region. You give them the exact 
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physical address of the location where you plan to dig; if it is in their 
database they will send computerized notices to every utility which 
could possibly be affected. This can range from two or three in a 
rural arca to as many as fifteen in a dense urban ncighborhood. The 
utilities then have 48 hours (this may vary in different regions) to send. 
‘out their locating crews to identify any buried lines. There is normally 
no charge for this service, unless you сай to tell them you plan to dig 
the next day, in which case there you could be charged for "emer- 


gency service.” 

‘To test this service, I phoned in an address in the small town in. 
which I live. Their computer came up with eight utilities that needed 
notification: the city, the water district, three telephone companies, 
the power company, the gas company and the state department of 
transportation. (le would never have occurred to me that so many 
folks could be interested!) If you have trouble finding a 1-800 num- 
ben phone any local utility; hey be able to give you the number for 
your area, 

Fora guyed tower, you must make the same evaluation for the. 
base and then determine where your guy wire anchors should go. 
‘The easiest way to select the optimum site itis го take one of the 
tower sections and stand it up in one of your chosen spots. Then. 
look through the tower face to the opposite leg and you can see the 
plane of the guy wires. By looking at all three legs, you can see if your 
anchors are going to be in the clear. If they're not, simply lift up your 
tower section and rotate it until you've got the guy anchors located. 
‘where you want them, Be sure to check for any trees in the guy wire 
lanes Next, take your tape measure and go out the desired distance 
(80% of the height of the tower is a minimum) and mark the spot 
Do that for each guy anchor and you're ай ser, 


Excavation 

Now you've got some soil to move. You could do it the old 
fashioned way with a shovel and wheelbarrow if the hole(s) aren't 
тоо big but ¡és much easier to make a phone call and either hire a 
contractor or have an excavator delivered by your local rental yard. 
Doing it yourself is fun and easy. You need an excavator with enough 
reach to dig down far enough. There are plenty of Kubotas, Bob 
сав, ete. available and within 10 minutes you'll be doing a decent job 
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Photo2: Building arebarcage. 


You need to decide what to do with the excavated soil It Mufís 
up when ies dug up; a 5-cubic yard hole is going to produce about 
10.cubie yards of soil. 

1 always have the excavator do several more jobs besides dig- 
ging the hole(s). You'll need it to move the heavy rebar cage (50-200 
pounds in some cases) to the hole and lower tin, You may need it to 
hold the bottom tower section or base fixture in the hole so you ean 
artach it co the rebar cage and level it. You might need the excavator 
to unload the tower and/or move it to the hole. [always prefer to 
use a piece of equipment rather A 
than manhandling something 
heavy and awkward and I rec- 
‘ommend you do the same. 


MEM 
sited, dig the holes specified by 
аре du 
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HA (2°). Get the size the 
manufacturer calls for and in- 
stall your rebar in the hole in 
the prescribed manner. 

For rebar cages, you'll 
probably need to do a little 
bit of bending and cutting. 
but its pretty straightfor- 
ward. You'll need to wire 
the rebar together and you 
сап get rolls of tie wire or 
baling wire for that at any 
hardware store. If you're 
going to have your base and — 
anchors inspected before Photo 4: Lowering the rebar cage with 
the conerete is poured, che backhoe: Note nylon slingus 
inspector will want co ensure that the rebar does not touch the 
soil on the bottom or sides. Otherwise the rebar will rust away 
and degrade the integrity of the anchor. If this is а large hole for 
a good sized self-supporter or erank-up, you may want to have 
your rebar cage fabricated and installed by professionals. Rebar 
is fairly hard and can be difficult to cut. Use your circular saw 
and aggregate cutting blade or hand grinder (don’t forget your 
safety glasses) to cut it efficiently. 

A rebar cage made up of horizontal and vertical pieces has 
little to no stability so you'll need to add additional pieces of rebar 
оп each face in an X configuration, This will stiffen the rebar cage up 
significantly. 


Guy anchors 
‘The Ronn specifications for anchors calls for only Ys yard of 
concrete with the hole refilled with dirt, or backfilled. Dirt, or nor- 
mal soil, offers almost as much integrity or strength as the conerete 
does so backfilling minimizes your concreto requirement. Some people 
dig the prescribed hole and then go ahead and fill it with concrete, 
‘This is okay too, justa little more expensive. The total concrete called 
for by kon d for a base and three anchors for a 25G tower is only 2.5 
cubic yards. As many concrete companies have three or four yard 
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minimums, you may want to have a use for the excess or mix it 
yourself, which is a lot of work! 


Tower base 

F you're installing a round-legged tower, such as Roi 25G or 
45G, put at least four inches of sand in the bottom of the hole for 
water drainage. Rain water and condensation will run down the in- 
side of the legs and it needs some place to drain, Fit can't drain out, 
the water will start to corrode the inside of the legs and can eventu. 
ally eat through the metal and you'll never see it because its on the 
inside. Also, if you have standing water in the legs, a good winter 
storm can freeze the trapped water and the ice can split the legs. 

Some tower manufacturers offer a cement base section or base. 
bolts that are designed specifically to be installed in the conerete base 
Lor crank-up towers, be sure to use the manufacturer’ specs or manu- 
fractured base section. If you are putting up a used tower, such as 
ВХ, 25G or 45G, and don't have a genuine base section, simply bury 
a section of the tower itself in the concrete. When you move, just 
hacksaw it off at the top of the base and use it for the next base 
section. Although your tower will shrink a few feet each time you 
reinstall the tower, this is stilla practical thing to do, If you are putting 
ара used crank-up and don't have a factory concrete base fixture to 
install, you must use exactly the same size and grade of hardware that 
they specify. Again, do what the manufacturer says. Call them for 
more information. If you have any questions about your installation, 
get licensed Professional Engineer involved 


Concrete considerations 

Now that you've got the hole dug and the rebar cage installed, 
it time to call the building inspector. IF an inspection isnt required, 
then you're ready to order the concrete, 

A typical tower concrete spec calls for 2500-3000 psi strength. 
You just call your local concrete supplier and order it. You won't 
need any accelerants or exotic mixes, the standard mix is fine. Engi- 
neering specs сай for 28 days fora full cure. Keep the concrete damp 
for maximum strength. 

Heres an easy way to get your tower installed faster by de- 
creasing the cure time. Instead of the typical 2500 psi concrete, order 


76 Ute ee 


5000 рч. Ie only slightly more expensive and itl cure to 50% of its 
specified strength (2500 psi) in 4 days at 70 degrees F, thus saving 
yourself weeks of cure time. 

“The easiest scenario is if the concrete truck can back right up to 
the hole and chute it in. In 15 minutes it'll be poured and all you have 
to do is finish the top of i. If the truck can't back up to the hole, you 
сап either get your buddies over to hump it with some whcelbar- 
tows or you сап сай а concrete pumping company. 

‘The most economical concrete pumper is a trailer or truck- 
‘mounted line pump. It can pump up to 400 feet and can be used in 
most situations. A snorkel pamper is useful iF you have to go over 
something but is generally more expensive. It takes a smaller gravel 
size in order to be pumped thru the hose so be sure to let your 
conerete supplier know if its being pumped. The pumping com- 
pany works with the concrete batching plant all the time so they 
might be able to coordinate it for you. 


Leveling the base section using base bolts 

Leveling the tower is a very important initial step. There are 
two types of base attachments methods: 1) а base using threaded 
anchor bolts or 2) a base using another method: eg with hollow 
round or angle legs 

Anchor bolts have the advantage of being able to adjust the 
tower plumb using the leveling nuts on the anchor bolts This way the 
anchor bolts dont have to be perfectly plumb — you have a good 
amount of adjustment even after the concrete has hardened, 

Many times an anchor bolt template can be made insuring proper 
fit when you install the tower. A plywood wooden template or a 
welded anchor bolt fixture can be buried in the conerete as ИЗ a one- 
time use device, One way to make an anchor bolt fixture is to attach 
and tighten the anchor bolts to the bottom section or base fixture (as 
in the ease of  erank-up) and then with the anchor bolts sticking out 
horizontally, they can now be welded together. Rebar or any scrap 
metal lying around will suffice for the anchor rod braces. Weld the 
metal brace pieces between each leg in two rows, Weld one row near 
the bottom of the bolts and the other row near the top, but not so 
far up that theyll stick out of the concrete. Once they're welded, the 
anchor bolt fixture can be removed and secured into the hole in 
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preparation for the concrete pour. Dealing with this anchor bolt fix- 
ture is much easier than wrestling around the anchor bolts attached 
to the base fixture 

Next, secure the anchor bolt fixture to the rebar cage with tic 
wire, Lie on the ground and look across the top of the wooden 
horizontal forms to insure the anchor boles will stick out of the 
finished concrete adequately You can lay a 2x4 across the top of the 
bolts and put your bubble level on it to check for level Leave six to 
eight inches of bolt sticking out, or more if you need it for the base 
and leveling nuts Take the nuts off of the anchor bolts and tape the 
threads with electrical tape. That way, you won't get concrete in the 
threads during the pour 

When you're ready to install the bottom section, put a leveling 
nut on безг followed by а large washer, if necessary and run it down 
the thread until it is an inch or so above the top of the concrete 
foundation. Now lower the section or base into place and put on the 
top washer and nut. By tightening or loosening the bottom leveling 
nuts, you can plumb the tower at anytime. You ean do the first sec- 
Чоп right away and then make any adjustments to plumb as you 
finish the installation. For large self-supporting towers a transit sighted 
оп two legs will give you an accurate result. Tighten up the top nurs 
and you're all done. 


Leveling the base section of other towers. 

"There are two ways to level the bottom section of a tower that 
doesn't have base bolts. Any tower base requires some sort of rebar 
cage. You can Че the tower section that is going to be encased in the. 
concrete to the rebar cage to stabilize it and the rebar. Next, run a 
temporary piece of rope from cach leg to a stake 6-8 fect away 
from the leg; You can adjust the temporary lines with a comealong to 
hold the section plumb while the concrete is being poured and ший 
the concrete sets. 

You can use either a bubble level on each leg in the case of а 
guyed tower or suspend a plumb line from the middle of the tower 
for a tapered self-supporting tower. 1 just use a piece of string with 
a big nut on the end of it for my plumb line, Since al ieis is a vertical 
reference point, it doesn't make any difference where it is installed in 
the tower. Once the plumb line is still and not moving, simply sight 
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through the opposite face along a leg edge and adjust your tempo- 
rary ropes until all of the legs are in-line with the plumb line, If the 
vind is blowing your plumb line around, put the bottom of it in a 
bucket of water and itll stay put. While a bubble, or spirit level can 
be fairly accurate, an electronic level will give you plumb within J 
of a degree for really accurate results The only thing that’s plumb on 
a tapered tower is the right and left edge of the leg as you're facing 
the leg so thats where you pur your level. Another method is to 
shoot it with a transit. In any case industry standards let you be out of 
plumb 3 inches per 100 feet for a guyed tower so you can be off 
slightly without causing a fatal problem. 


Guy anchor options 

You may want to 
put in an elevated guy 
anchor, This is useful if 
you don't have enough 
distance to your guy an 
chors (this basically re- 
duces the length a foot 
for every foot of ver- 
tical of your elevated 
anchor) or if you want 
to have your guy wires PhotoS:Thebusinessendof anelevated gu anchor 
up out of the way so Madefromahusty-beam. Notte back gu on the 
that you can walk an, "ightforadded strength. 
der or mow around them. A big (six-inch or more) steel -beam is 
one vay to go. I've seen railroad tes used as elevated ground an- 
chors and these are definitely industrial strength. A good rule-of- 
thumb is to have 60% of the anchor above ground and 40% below. 

Don't forget that with a six foot elevated anchor you've got a 
six foot moment arm also. The bending moment force is a result of 
force times length, so the force can quickly become very large. If you 
are contemplating doing this, have an engineer take а look at it or 
have them design it That should keep you out of trouble. 

Ive seen big pipes used as elevated guy anchors but they are 
much weaker than 1-сат types = they just don't have the rigidity in 
the planes necessary for maximum strength If you're going to use a 
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pipe, or tall beam, you may want to back-guy it 

Filling a pipe guy anchor with concrete increases the strength 
оё the pipe only slightly: IF you feel better by filling the pipe with 
concrete, go ahead but remember that in this case the added strength 
is primarily psychological. The best material for an clevated guy an- 
chor is an I-beam because it provides stiffness in a couple of planes 
where a round pipe does not. 

An anchoring technique commonly used by utility companies is 
the screw earth anchor. Roi offers а 3/1" x 4 serew anchor but itis 
only intended for temporary installations as it has only 2500 pounds 
of holding power. Larger ones ate available but you have to be able 
to auger them into the ground. Again, do what the manufacturer says 
and put in the specified anchors. 


Torque arms 

Attaching the guy wires to the tower can be done in several 
ways The simplest, but not recommended, is to simply put the Pre- 
formed grip around the leg. A better method, but stil not recom. 
mended, is to use a big shackle with the Preformed grip and thimble 
hooked shackled around the leg, The best parts to use are what the 
manufacturer provides. Комм, for instance, has a guy bracket assem- 
bly chat uses medium sized oval rings between the bracket and the 
end of the guy wire. These brackets also add torsional rigidity to the 

“The Row guy bracket historically had steel bars approximately 
twelve-inches long; these were referred to as “torque arms" because 
they supposedly provided additional torsional rigidity to the tower. 
When Row incorporated а later ELA/TIA-222 revision into their 
tower designs, they redesigned the guy brackets to what is available 
now and phased out the old torque arms. Hams had been using 
these torque arms for years and couldn't believe that ROHN was no. 
longer going to sell them. It seems that the old torque arms didnt 
meet the new ELA/TL4-222 spec and in fact didn't really provide 
much in the way of additional torsion resistance. What they did do. 
‘was to decrease the twisting of the tower while it was being climbed. 
After much protesting from the field, Roun started offering them 
again. If you've got some of the old torque arms, go ahead and use 
them; the new ones are just an improved design. 
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Star brackets 

For really big antenna arrays that generate large amounts of 
torque to a tower when the wind is blowing, you may want to use a 
guy fixture called a star bracket or torque arm stabilizer. These de- 
vices are somewhat larger than the torque arms mentioned previ- 
ously but they also have two guy wires attached to each point instead 
of one. Each of the two guy wires goes to a different guy anchor 
and this arrangement practically eliminates any applied torque to the 
tower. This approach is commonly used on guyed towers that have 
microwave dishes on them that can't move in the wind. Your 75- 
meter beam tower should have these as well 
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SAFETY AND SAFETY EQUIPMENT 


Climbing and working on towers is potentially dangerous. Safety 
and safety equipment are the keys to the safe and reliable installation, 
maintenance and enjoyment of your tower and antenna system. 


OSHA 

OSHA is the Occupation Safety and Health Agency of the 
Federal Government that sets minimum safety standards for work- 
ers. Each state has an agency that is responsible for enforcing the 
OSHA regulations in that state. In addition, your state agency may 
have stricter regulations than OSHA; OSHA regulations are just the 
minimum requirements. Washington State laws exceed OSHA regu- 
lations in many cases; as a result they have an excellent safety record, 

‘The key word here is occupation. If you are getting paid ог 
paying someone to do tower work, you or they must comply with 
the federal and stare regulations. If you are simply working on your 
own system, or someone else's without pay, then you don’t fal under 
the OSHA /state laws. But you should still observe them! You should 
use only OSHA/state approved safety equipment and follow the 
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regulations applicable to your activity. By doing this, you'll be giving, 
yourself a large and acceptable safety margin while working, 


Safety belts and fall arrest equipment 

The most important pieces of 
safety equipment are the Fall Arrest Har- 
ness (FAH) and the accompanying lan- 
yards, The FAH is the part that you wear 
and that the lanyards attach to. The FAH 
has leg loops and suspenders to help 
spread the fall forces over more of 
your body and has the ability to catch 
youin a natural position with your arms 
and legs hanging below you where 
you're able to breath normally 

“There are 2 or more lanyards. One 
is che positioning lanyard. That is, it 
holds you in working position and at- 


ee photo 1 The meteros 
climber. Note the positioning 
mings аг danyard onthe left waist D-ring 
your waist. andthe endofthe fallamestian- 
They сап patrie 
be ada. 
abi or sed and ме made from der 
cotter shat nylon rope sein 
or spec pte nik ade 
able posing lanyard vil adjust ol 
ost satin whereas een 
опе в typically cier 100 long or 100 
act Ts tope pel eat exe 
"By ihe weer sf eq 
vas tava some ya am by OSHA 
so please dort use ay of This ioeludes 
the oid fashioned sfery bethat as used 


Photo 2: Rearview of climber. 


The fall arrest lanyard is con- 
nected to the D-ringbetwoen for years but offers no fall arrest capa- 
"heshoulderbiades. bili. If you drop down off while wear 
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ing a safety belt, your 
body weight сап cause 
it to rise up your waist 
to your ribcage where it 
willimmobilze your dia- 
phragm and youll suf- 
focate, On the other 
hand you can use your 
safety bek for position- 
ing when ИЗ used over E J 
and in conjunction with Photo3:Aropepesitoninglanyardonteleftand 
your FAH. Just dent anatustableversion nthe ht They bothuse 
depend on it to each Saubelockingsnap-hooks onthe ends. 


you in case of a fall 
‘The other lanyard is the fall arrest lanyard and attaches to a P. 
ing between your shoulder blades, The other end attaches to the 
tower above your work position and catches you in case of a fall. 
‘The simplest is a 6° rope lanyard which is inexpensive but doesn’t 
offer any shock absorption. There are also shock absorbing varieties 
which typically have bar-tacked stitches that pull apart under force. 
and decelerate you. 
‘Don’t cut corners on buying or using safety equipment; you bet 


your life on it every time you use it 


Climbing the tower 

‘OSHA rules and good common sense say you should be at- 
tached to the tower 100% of the time. You can do this several ways. 
One is to attach the fall arrest lanyard above you and climb up to it 
Use your positioning lanyard to hold you while you detach it and 
move it up again. Repeat as necessary. Ап alternative is to use 2 fall 
arrest lanyards. This way you can leapfrog them up the tower. 

What you use and how you use it is up to you, Аз long as 
you've gor the right safety equipment and follow the basic rules you 
wont have any problems. 


Safety climb systems 
Most commercial towers have а safety climb system that i 
typically a 3/8" steel cable that runs from the top to the bottom of 
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the tower and the climber uses a special trolley that attaches to the 
cable from the FAH. The trolley will slide up freely but will damp. 
the safety cable if weight is put on it, thus preventing you from 
sliding down the cable and tower. They are rare on amateur towers 
but are worth considering, 


‘Mountain climbing harnesses 

Some amateurs feel that mountain climbing harnesses offer a 
less-expensive option for a safety belt. 

"The first problem with using a mountain climbing harness is 
that most of them require you to tie the harness directly to а торе or 
to a carabiner. I wouldn't trust most hams to бе а figure 8 to attach 
themselves to anything, You could use a locking carabiner as an at- 
tachment point but it is another piece of hardware that could fail or 
open up at an inconvenient time. 

Second, there are no D-rings to attach any sort of positioning 
lanyard to the only ching you have is that one carabiner that connects 
the loops in the front. The nylon loop that is on the front of the 
climbing harness is only designed to position the leg loops and is 
intended to be used only with a climbing горе or carabiner, not the 
metal snaps of your lanyard that you frequently snap on and off 

Climbing beles are designed to be used only with climbing ropes 
and hardware, not with tower tools or equipment. They also don’t 
have any provisions for convenient attachment of tool or bolt bags 

"The final problems are that a mountain climbing harness may 
be designed for a force of only 1,000 pounds while OSHA fall 
arrest gear must be designed for 5,000 pounds of strength, and the 
mountain climbing harness has no fl arrest capability. Although the 
main advantage of a mountain climbing harness is low cost, it does 
have its imitations for tower work and I cannot recommend it. Use 
only the tools designed specifically for the job and you can't go wrong, 


Safety equipment suppliers 

Chances are you've got а safety store in your area. They have 
some safety equipment and accessories that you can use but your 
best betis to search the intenet for what you need since tower climbing 
equipment is not very common. One vendor is Champion Radio 
Products (wvwehampionradio.com) that is owned by the author 
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and specializes in tower related products. 

Vendors such as Klein, Petzl, DBI-Sala and others all provide 
OSHA approved safety equipment. They tend to sell the more ex- 
pensive products bur they're preferred by professionals who wear 
and work in them all day. 

These companies will have many other goodies including can- 
vas buckets, tool pouches and other hardware. Plan on spending 
$150 and up for a new FAH and lanyard. Just look at it as inespen- 
sive life insurance. 


Boots 

Boots should be leather with 
a steel or fiberglass shank Dingo! 
bracing on Roun 256 is only b. 
rod —spending all day standing on 
that small мер wil take a toll on your 
feet. The stiff shank will support 
your weight and protect your feet 
tennis shoes will not. 

Leather boots are mandatory 
‘on towers like Rohn ВХ that have 
sharp X-cross braces. Your feet are 
always on a slant and the tower is a 
real meat grinder on your feet. 


Hard hats 

"The hard hat is highly recom- 
mended. Just make sure they аге Photo :Quralimboronthotomer.His 
OSHA approved and that you and  pesioninglanyardis attached tothe 


your crew wear them. As you'll be tower and the fall arrest lanyard 
i hooked tothe toner above him. 


looking up and down a lot while 
‘wearing your hard hat, a chin strap is essential to keep it from falling 
off. Look for the ANSI ог OSHA label on the bard hat; that should 
be the minimum safety compliance for your helmet. 


Safety goggles 
Approved safety goggles should be worn to prevent eye injury 
Look for ANSI or OSHA approval. 
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Gloves 

If you do a lot of tower work, your hands will ake a beating. 
Gloves are essential and 1 like to keep several spare pairs for ground 
crew members who show up without them. Cotton gloves are fine 
for gardening but not for tower work; they don't provide enough 
friction for climbing or working with а haul rope. Leather gloves are 
the only kind to use; either full leather or leather-palimed are fine. 

‘The softer the gloves the more useful they'll be. Stiff leather 
construction gloves are fine for the ground crew but I prefer the 
pigskin and other soft leathers because you can thread а nut or do 
just about any other delicate job with these gloves on, 


The mental game 

One of the most important aspects of safety is having the 
knowledge and awareness that will enable you to do a job safely and 
efficiently. You must have the mental ability to climb and work at 
altitude while constantly rethinking all connections, techniques and 
safety factors. Climbing and working on towers is 90% mental. Mental 
preparedness is something that must be leamed. This is an occasion 
‘where there is no substitute for experience. 

‘When it comes to tower climbing, my experience has been that 
only a small percentage of people will climb and work at altitude. 
‘The biggest obstacle for anyone is making the mental adjustment 
Properly installed towers are inherently safe and accidents are rel- 
tively are, The only thing stopping most people js their own mind 
and attitude 

Would you have any trouble standing on a 24" by 24" piece of 
one-inch plywood on the ground? Of course aot. Could you stand 
оп that same four square foot platform 100 feet in the ай? The only 
difference is in your mind. I know that ir easier said than done but 
you must make the mental adjustment if you are going to do any 
cover work. 

About thirty years ago I got involved in mountain climbing in 
Washington state. One of the most important lessons I learned, and 
that is directly applicable to tower climbing is that when you climb, 
you have four points of attachment and securitytwo hands and 
тко feet. When climbing, move only one point at a time. That leaves 
you with three points of contact and a wide margin of safety if you 
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ever need it. This is in addition to having your falLarrest lanyard 
connected at ай times. 

Another recommended technique is to always do ever 
thing the same way every time, That is, always wear your posi 
tioning lanyard on the same D-ring and always connect it in the 
same way. Always look at your belt D-ring while clipping in with 
your safety strap. This way you'll always confirm that you're belted 
in. There is a story of a fellow who went to work for a local 
cable company and went out on his first line job. After he got up 
the pole, he threw his belt around and clipped in. Hearing the 
reassuring click of his safety belt, he leaned back, only to find 
that he'd clipped into his screwdriver! He didn't fall but was so 
shaken that it turned out to be his first and last day on the job, 
Don't let that happen to you. Always look! 


Check your safety equipment before each use 

You should also check your safety equipment everytime before 
you use it. Inspect it for any nicks or cuts to your belt and safety strap. 
Professional tower workers are required to check their safety equip- 
ment every day. 


Inclement weather 

Tower work is the easiest when the weather is nice and the sun 
is shining, Unfortunately, that doesn't always coincide with your con- 
struction schedule or repair priority 

For raising tower sections or antennas, a relatively windless day 
is preferred. Professional climbers usually do their trickiest lifts first 
thing in the morning when the chance of wind is the least. This'l 
work for ham work too. Dont push on in marginal conditions; you 
may wind up doing more harm than good. Obviously you don't 
ever want to climb during a lightning storm, 

As far as rain goes, unless i's coming in horizontally jes more 
of a nuisance. For ham towers, you'll always be belted in and you 
‘won't be walking across any rain slicked surfaces, so working in the 
tain is possible. Just dress with good rain gear and you'll be able to 
still get some work done, 

Don't hesitate to call off your project, though. If you're not 
эше if the weather is good enough, it probably isn't. 
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More tips 


Don't climb with anything in your hands; attach it to your 
safety belt if you must climb with it or have your ground 
crew send it up to you in a bucket, 

Don't put any hardware in your mouth; not only does it taste 
funny but also you could swallow something 

Remove any rings and/or neck chains; they can get hooked 
on things. 

Be on the lookout for bees, wasps and their nests; there 
aren't too many bigger surprises when you're climbing a 
tower (imagine а nest big enough to engulf a portion of 
25G). If you do run into a hornet, wasp or other stinging 
insect, use Adolphs Meat Tenderizer on the sting There is an 
enzyme in it that'll cut the pain within а minute or two. I 
always have a bottle with me just in case. 

Don't climb when tired; thats when most accidents occur. 

Don't uy to lift anything by yourself one person on a tower 
has very litle leverage or strength, Let the ground crew use 
their strength; save yours for when you really ned itor you'll 
quickly run ош of arm strength. 

If something doesn't work one way, rerig, then try again. 


13 


TOWER CLIMBER AND GROUND CREW 


"There are three important factors for the success of any tower 
work; attitude, knowledge and communication. 

An attitude emphasizing safety will keep you from taking un- 
necessary risks, It means doing everything in a manner that is safe for 
all involved. И also means knowing when to back away from some- 
thing in which you're not fully confident. 

Knowledge is gained not only from experience but also from 
research such as reading this book and talking with folks who have 
done it before. Don't reinvent the wheel; use all available resources 
to plan and successfully execute your project 

"The best resource around for tower related topics is TowerTalk, 
the tower and НЕ antenna construction interact reflector. There are 
almost 2000 members and itis a source of answers to just about any 
related question. To subscribe, send an email to towertalk- 
request@contesting.com with «subscribe» in the subject and you'll 
be all set. There are also Tower Talk archives at wvwccontestingcom. 

Communication is more than just agreeing on a simplex frequency 
for your handhelds, Everyone on the tower and оп the ground must be 
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kept fully informed atall imes. А tower crew that has previously worked 
together likely has their communications protocols and signals worked 
ош, whereas an inexperienced group of buddies and/or volunteers 
must be directed in their assignments at each step along the way if they 
эге going to work together safely and efficent 

Remember that any tower project will take longer than ex- 
pected; usually by a factor of two or three. Don't try to rush any- 
thing to get the project finished; this will only decrease your margins 
of safety and greatly increase the chance that youll end up doing 
things more than once. Even experienced crews run into delays such 
as missing tools, incorrect size hardware, ete. 


Pre-work meeting 

On project day, the first thing you should do is have a session 
with the entire crew and go over what is going to be accomplished, 
and the order and manner in which it is going to be done. You 
should also cover al safety issues, commands and equipment related 
to the job. Point out any hazards in the work area such as power lines, 
ete. Explain any specialized equipment or tools, including carabiners 
and slings, come-alongs, hoisting grips, ctc. If you're going to be 
using a come-along, be sure that someone knows how to work it 
For some reason, successful come-along operation cludes the first- 
time user, so spend some time explaining and learning how to use it. 
Point out where a phone is and any phone numbers that may be 
needed in ап emergency. You should also discuss and understand 
what to do in an emergency situation. For minor emergencies, know- 
ing where the closest medical facility is will be valuable. Since just 
about everyone will have a cellphone, calling 911 won't present any 
problems for bigger emergencies. The problem is that many emer 
gency services professionals have not been trained for high angle 
rescue such as lowering someone off of a tower so you're probably 
going to be on your own at least initially. Search and rescue crews are 
used to working with ropes and other hardware for extrieations so 
hopefully your 911 operator will be able to рит you in touch with 
them, Physical trauma can set in quickly even with a Fall Arrest Har- 
ness so quick action is vital, 

Let your crew know that they must not be standing around the 
bottom of the tower unless they must specifically be there, This is the 
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danger zone for dropped tools and hardware, 


RULE #1. The guy up on the tower is in charge. 


Do what he tells you. Don't do what he doesn’t tell you. Being, 
оп the ground crew is usually pretty boring, bat don't take it upon. 
yourself to do anything that would have any impact up on the tower. 
With very few exceptions, don't do anything unless directed to. If 
you're not sure about something, ask the guy on the tower 


RULE #2, When talking to the tower crew, look 
тр at them and talk in a loud, concise voice. 


Although it may be still and quiet where you are on the ground, 
the ambient noise level on the tower is always significantly higher. 
“The three main sources of noise at altitude are dogs, traffic and 
wind. Combine those with being 50 to 150 feet up in the air and you 
have major communication obstacles. I've found VHF/UHF 
handhelds to be useful. Stan Griffiths, W7NI, suggests using the in- 
expensive VOX-operated headsets that run less than а watt on the 
47MHz band. Make sure you have good communications between. 
the ground and the tower. And make sure that all batteries are fully 
charged! 


Commands 

Here are ће commands that I use. I make certain that everyone 
understands each of the commands and that they all use the same 
‘ones, All of the commands refer to the ‘load’ (antenna, tower sec- 
tion, ete) and are applied to the ‘haul rope (the line to which the load 
is attached). 

“Tension” tells your crew to put tension on the line, to take up 
any slack. 

TE some EEE 

“Up” or “Down” commands. 

“Slack” means giving the load some slack. 

“All slack” means the ground crew may gradually and gently 
release their grip on the load. 

"Stop" is obvious and “Stand by” indicates that they should 
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maintain their assignment while awaiting the next command. Again, 
the guy on the cower is in charge; don't do anything without his 

If you drop something, alert the ground crew immediately. 
Yell. “Look out below! or “Headache!” so that they can get 
ош of the way of the wayward bolt, nut or tool. Their hardhats 
only provide minimal protection against chis occurrence. Con- 
centrate on not dropping anything Dropped items are not only 
dangerous but it also means that you're doing sloppy work. A 
good rigger might only drop something once or twice a year— 
or even less. 

‘There are alo several common hand signals that you may want to 
use. Simple ones for up, down and stop can be useful, particularly in 
high-noise situations. Just make certain everyone knows what they are, 


RULE #3. Really communicate. 


1 insist that my ground crew keeps me really informed, If 1 
lower something to the ground, I want the ground erew to tell me 
that its “On the ground”. IF Газ waiting for them 10 do some- 
thing, I want them to tell me when its “Ready” or “Just a minute”. 
More than once I've been waiting and waiting for something that 
‘was ready, but the ground crew didn't tell me so we both stood 
there for some time until I asked for a status report, Its much easier 
to communicate and also much more efficient. 


Take care of your crew 

If you've managed to talk a bunch of your buddies or radio 
club members into helping you, by all means roll out the red carpet 
for them. They're giving up their ime to help you and they deserve it 
Make an effort to provide lots of water or iced tea and by all means 
feed everybody a nice lunch. (A six-pack or keg may be welcome, 
but only after all tower work is finished.) They may even come back 
sometime in the future to help you again! 


Crew size 
For small antenna jobs, two people (one on the rower and one 
on the ground) are usually enough. Even erecting 25G (40 pounds 
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per section) can be accomplished with two people, but this is a case 
where a third person to handle the tag line is real handy. For 456, 
you'll want to have two people on the haul rope as these sections. 
‘weigh 70 pounds each, and a section with guy brackets is close to 
100 pounds. Commercial riggers commonly use some type of winch 
or windlass to haul up heavy loads, For working with large antennas, 
such as Id meter beams, two people on the tower along with one or 
two tag line folks plus two to four on the haul rope means that you'll 
need a large crew. 


The guy on the tower 

If you're the guy on the tower, I'm assuming that the reason 
that you're up there is because you know what you're doing. Before 
you climb the tower, do what airplane pilots traditionally do; walk 
around it and make а thorough visual inspection. Look at the base 
for cracked or rusted legs or missing hardware. Go out to the an- 
chor to check the turnbuckles, clamps and other hardware, Look 
for bee or wasp nests. Never assume that any tower is safe to climb, 
always inspect И thoroughly before you take that first step. 

Whenever I'm working with someone on a tower, before we 
Чо any maneuver, I always explain how we're going to do it and the 
sequence that we're going to use. This way, they will understand the 
process and will do the right thing at the right time, hopefully This is 
particularly important if you're up there with someone that you've 
never worked with before. Sometimes you both assume that che 
other guy is going to do something obvious that needs doing and 
then neither of you does it. This can be dangerous, Go over every- 
thing If the person has little experience, hell get an education while 
he's at it, Il also make it easier the next time you work together. 

Put your tools either in your bucket or tool bags on your belt 
‘Try to avoid putting anything on a flat surface such as the rotator 
plate or thrust bearing plate; they can roll off. 

Avoid using ac-powered tools on the tower. Battery powered 
tools are safer; you can buy, borrow or rent them. If you must use 
ac-powered tools, make certain they are insulated and that the exten- 
sion cords are suitable. Zip cord extensions are tacky and dangerous 
Make certain your ground crew knows where to disconnect the cx 
tension cords, and/or where the breaker box is located. 
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TOOLBOX 


Any job anywhere is easier and safer if you've got the right 
tools and tower work is no exception. If you are a weekend me- 
chanic or handyman, you've probably already got most of what you 
need; al you need to do is add a few specialized items and you're 
good to go. 

If on the other hand, all you have is a hammer, pair of pliers and 
а screwdriver, you'll need to make a trip or two to the tool store before 
you can really do anything, When my son reached the age where he was 
using (and losing) my tools, I went to Seats and bought him a basie set 
of Cube tools and toolbox for less than $100 "Thats probably 
about right for a minimum set of wrenches, sockets, ete. 

Once you have them, youl be all set whenever any of your 
buddies want help on their tower. There's nothing worse than rolling 
up to spend a day working and your buddy can’t supply any really 
useful tools, Be prepared; you'll never go wrong: 


Basic toolbox 
Most amateur tower and antenna work сап be done with a 
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you'll usually need, 
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Essential tools 
n wrenches: 7/4, 4" and fe" 


Aset of combi 

Tet of sockets 9/0 

‘Leach deep sockets: 

deach screwdrivers (blade and Philips) 

2 adjustable pliers or Channellocks 

diagonal cutters (dikes) 

1 cazor blade utility knife 

2pulleys 

1 drifipin or centering punch (for lining up tower 
sections) 

1 hammer (1 have a couple af feet of line on mine so itl 
hook onto my belt ora tower member) 

3each adjustable (Crescent) wrenches—small, medium, 
andlarge 

1bubble level 

Gcarabiners 

Gone-inch nylon webbing slings —2'long. 

250 rope (or more = this is enough for working on a 100" 
tower) 

1 canvas bucket (for parts hauling and storage) 

‘Loos PT guy wire tensioner 

1setnutdrivers 


1 (or more) come-along or hand cable winch 
cable grips 

h aggregate blade or hand grinder 
(for cutting metal, including guywires) 
‘tag line (47 is fine—you chose the size and length) 
1 cordless drill, with assorted bits and socket driver 
‘set dll ына including step-drill e.g Uni-Bit 
antenna analyzer, e.g. МЕ]-269 
1ginpole 
soldering gun and solder 
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Come along = 
A come-along or hand cable winch, 
is very useful for pulling tower sections 
and 
find 


together, tightening tramlines 


tensioning guy wires You'll probab 
more uses for it. Cheap ones are fifteen 
to twenty dollars and are fine for occa 
sional use, The best ones for tower work 
are the ones that have spring loaded safety 
latches over the end of the hooks. Learn 
how to work it because you'll have to 
explain it to other people since come- 
along use eludes the first time user 


Cable grips 
“Two tools that go togetherare the | Photo 1:Canvas tower bucket 
come-along and the cable 


grip. A cable grip isa spring: 
loaded device that slides up 
the guy wire but clamps down 
when you put tension on it 
Klein is the primary supplier 
ofthem and they come in lots 
of sizes and designs for use 


with various materials. For рок Chlcagocable ende 
amateur use, the Klein 1613- KlelnHaven'sgiponright. 

40 is for 3/16” and V EHS 

guy material which happens to be 
what 90% of amateur towers use, 


When erecting a tower I carry 3 of 
them along with 3 come-alongs so 
al tension on all 3 


that I can put ini 


guy wires at u 


Steel cutter 
Eventually you'll need to cut 

some steel, Guy wires, rebar, pipe, Phato3: rift pinortaperpunchand 

tubing, tower sections, ete. are al tatehetbox-endratchot wrench. 
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materials that can be cut easily with the right tool. T started out using. 
а circular saw with a steel cutting aggregate blade. It was cumber- 
some and heavy bur it worked. And since the steel cutting blades are 
cheap, it was an easy way to go. But the best cutting tool isa 4-1/2" 
hand, or angle grinder. Get one-eighth inch steel cutting blades for all 
your cutting jobs, You can also get grinding wheels, wire brushes and 


other accessories for it 


Cordless drill 

You'll use this all the 
time, and its just not for drill- 
ing Other tasks you can use it 
for are tightening nuts, hose 
clamps and other hardware 
and wire brushing, While a 
typical household drill is okay 
for occasional small jobs, ics 
worth the investment to get 
one with higher voltage. The 
‘minimum voltage for the drill 
should be 12 volts, Higher 


voltages like 18 and even 36 voles are 
currently available. And be sure to 
have а spare battery. My Milwaukee 
cordless drill even has a half-inch 
chuck — a very desirable feature! 


Drill bits 


You'll obviously need a set of 
dill ыз. Other very handy items are 
step den bits (also known as Unibits), 
socket drivers and singlesized nut 


drivers 


Ever tried to expand an exist- 


Photo4:Drllsocketdrverfor3/8" sock- 
вап 5/16" nitsetterforhose clamps. 


ing hole? You take a bigger size dell Photo 5: Steparilbts. The one on 
bit and start drilling. Unfortunately theleft goes from 1/8" to%4".Tne 
many times the hole will ovalize as  oneontherightgoesfrom3/16" 
you try to make the hole bigger. The to7/8"- 
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solution is a step-drill, or Unibit. Most have a chisel tip to get you 
started and then you just keep drilling until you get the desired sized 
hole. Easy. And its perfectly round every time-You'll wonder how 
you ever lived without them! 


Antenna analyzer 

"These fabulous devices have made working on antennas easier 
than ever before. I have used an МЕ]-259 for years and prefer it 
since you can sweep the frequency spectrum while you look for a 


dip. 


Ginpole 

The purpose of a ginpole is to pro- 
vide а pick-point up high enough so that 
you can lift an object above the top of the 
tower, then drop it into place. Typical 
ginpole loads would be tower sections (10 
feet long) and masts (6 to 22 feet long) 
You want to pick up these loads just above 
their mid or balance point, so that they 
will come up in the correct upright posi- 
tion for installation. The ROHN ginpole is 
twelve feet long, just right for lifting a 
ten-foot tower section. For twenty foot 
masts, a twelve-foot ginpole is very mar- 
ginal because there is barely ten feet of 
‘working length available from the ginpole 
and а big mast will probably exceed the 
rating for the Rohn ginpole which is rated 
for a 450 section that weighs 70 pounds, 
Large, heavy-duty masts require special — Drawing: Ginpole, draw 
handling; there are several options for their infbassdon Rohn EF2545, 
installation. (See chapter 78, Tover Erection’) 

For Rony 25G and 456, а Roux ginpole will be quite suffi- 
cient, Often these can be borrowed or rented from a local radio 
store or club so you don't necessarily have to own one. For ROHN 
BX, Teglon Titan or towers from other manufacturers that have angle 
leg, a different ginpole is needed. A universal ginpole can be fabri- 
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cated utilizing a 12-foot to 15-foot piece of 6061-6 aluminum pipe, 
or equivalent 2.0" OD, 1/8" vallis probably sufficient). Т the ginpole 
doesn't have the correct leg mounting fixture, you can simply lash the 
Eginpole to a leg with some short-lines- this will suffice for most ham 
towers. Take care to insure that the ginpole won't slip down the leg 
1 use a sling with two carabiners on it - one carabiner hooks the 
bottom of the ginpole and the sling attaches to a convenient tower 
‘member with the other сахн. 


Pulleys 
Pulleys are used con- 
stantly in tower and antenna 
projects, There's always one 
at the top of the tower for 
the haul rope that will be used 
to bring up parts, equipment 
ог hardware, Steel pulleys 
are relatively inexpensive and 
plentiful. Their biggest 
drawback for amateur 3 
projects is weight; а small 
опе weighs two or more 
pounds. Climbing with a. 
few of them on 
your belt turas into 
work. They cost 
25 to $35, and can 
be found in many 
hardware stores or 
rigging shops. 

"The best pul 
leys ve found are 
made from nylon 
and are used by uril- Photo 7:Open snatch block pulleys. 
ity company line crews. Their nonconducting advantage for high volt- 
age work is obvious, but they are just wonderful for amateur projects 
and available from Champion Radio Products. Two important things 
to consider when shopping for pulleys are sheave size and sheave 


Photo 6 Closed snatch block pulleys. 
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clearance. A sheave is a wheel with a groove in it, the wheel in the 
pully. A two-inch diameter sheave is the minimum size you should 
consider. Anything smaller adds more friction to the effort of your 
haul rope, ete. A three-inch or four-inch pulley is even better 

‘The kind of pulley you want is called a snatch-block. With a 
snatch-block, the top of the pulley opens up so that you can put the 
pulley anywhere on the rope. 

You want a jam-proof pulley that has zero clearance between 
the sheave and the pulley body. IF there is any way for your haul rope 
ог cable to jump the pulley and get jammed, it almost certainly vill 
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CARABINERS AND SLINGS 


Опе of the more valuable lessons I learned from my mountain 
climbing days was the value and incredible usefulness of two pieces 
of climbing hardware; carabiners and nylon webbing slings. 


Carabiners and snap-links 

Carabiners are steel or aluminum snap-links with spring loaded 
gates; they are invaluable for dozens of tower work tasks. For ex 
ample, put onc at the end of your haul rope, then attach it to rota- 


tors, parts 
bucket or vir 
tually anything 
else which 
needs to be 
raised or low- 
ered. A cara- 
biner can be a 
third hand on 
the tower; you 
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Photo 1: Typicalcarabiners and snaplink. Carabineronleftis. 
open forlustratlon purposes only. Second carabiner isin 
‘normal closed position. Third carabiner has automatic spring 
ate lock. Snaplinkon rightis steel variety. 
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can clip а carabiner to almost anything with a rung or diagonal brace. 
You can instantly hang a pulley from a tower rung. Any place where. 
you would use a shackle, you can use а carabiner, A shackle has two 
pieces, either of whieh will be dropped at an inopportune time 
‘whereas а carabiner is one piece and attaches in a flash. I carry twelve 
to fifteen carabiners on my belt at all times and I'm amazed at the 
number of times I've used all of them. 


Carabiner ratings 

Mountain climbing caribiners used to be rated for breaking 
strength; typical rating was 2000 kilograms (4400 pounds) or more. 
“The problem was that this was a static load condition and didn't 
really reflect their use in dynamic climbing or falling situations. Cara- 
biners are now rated in kiloNewtons (KN); this reflects a more real- 
istic dynamic load stress. (One KN equals 225 pounds of force) 
Current ratings for mountain climbing carabiners are typically in the 
6 ло 10 kN (1350-2250 pounds of force) range with the gate open 
and 18-25 KN (4050-5625 pounds of force) with the gate closed. 

A word of caution: mountain climbing carabiners are not 
OSHA approved. As they аге for private use, they don't have to be 
‘compliant. And in the ease of tower construction they're just going 
to be used for loads anyway. OSHA approved carabiners are also 
available, these are called safety hooks and can be purchased from 
your safety equipment supplier. OSHA approved devices are usually 
‘made out of steel, instead of the aluminum used in mountain climb. 
ing carabiners, and generally ate the locking type. A typical rating for 
a commercial carabiner is 40kN (9,000 pounds of force), a much 
higher rating than mountain climbing types. On the other hand, moun- 
tain climbers have been trusting their lives to carabiners for almost 
fifty years and the current versions are made out of sophisticated 
materials and thoroughly tested. You may feel that they are safe for 
you to use also. They typically cost $6 to $10 and will last for years 
with little or no maintenance. But if and when the gate no longer 
opens and closes smoothly, they should be discarded. 


Slings 
"The other indispensable tool is the loop sling made from onc- 
inch nylon tubular webbing, The sewn webbing loops can be wrapped 
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around large or irregularly shaped objects. They have around the 
same breaking strength as carabiners (approximately 4000 pounds, 
or 18.1 kN force) and are very handy for amateur applications and 
loads. Wrapping one around a tower rung or leg provides a conve- 
nient place to hang tools, parts or a pulley. 

Like carabiners they are not OSHA approved but they're used 
for mountain climbing protection everyday so if you don't feel that 
‘one-inch webbing slings are appropriate for you, you сап purchase 
OSHA approved slings from your safety equipment supplier. Like 
carabiners, these are not typically used in tower work for fall protec- 

tion - they're 
used for load 
hauling. The 
OSHA ap- 
proved ones are 
typically made 
from yellow п 
lon and are cer- 
tified fora given 
strength factor 
They are avail- 
Photo2:Nylonslingontophasaneyeineachend.Botlom — ¿ble in different 
OP sizes, and con- 
figurations from having loops at each end to being a continuous 
loop like one inch mountain climbing slings. Although they are more 
‘expensive than the one-inch webbing slings, they will last for years 
and are an excellent rigging and safety investment. I personally use 
the lighter mountain climbing types for everything except big loads 
like a tower, 


Lifting loads with slings 

Slings are typically used in one of three rigging configurations: 

4, Seraight pull — A simple direct vertical attachment. 

2. Choker — Wrap the sling around the load one or more 
‘times insuring that you pull the loop through itself on each wrap, 
cinch it tight, clip it into а carabiner and pull it up! This is called a 
choker; the sceret to this operation is that the more tension you put. 
on the sling, the tighter it gets. Remember the Chinese finger puzzle 
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when you were а kid? 
The more you pulled it, 
the tighter it got. You 
could only get it off 
when you relaxed the 
tension and pushed 
your fingers together. 
"The same principle is at 
work here and it will 
simplify your mast rais- 
ing projects immensely. 

What system do 
you use if you have a 
heavy mast to install? 
How do you attach it 
to the haul line? Do 
you jury rig some- 
thing? Nylon slings are 
invaluable for pulling 
ар masts, from small 
ones to the 3" x %4" 
wall monsters. Just rig your sling as a choker, then haul away. I've 
never had one slip but you can add a U-clamp above the sling 
for redundant protection, 

А choker will work in many other cases where you have an 
irregular load to haul, not just masts, Using a sling as a choker will 
seduce the lifting capacity of the sling by as much as 30% though, 

3. Basket — Basket hitches distribute a load equally between 
the two legs of a sling. The greater the angle between the two legs, 
the smaller the capacity of the sling. 


Big carabiners and gorilla hooks 

Larger carabiners are available chat have locking gates; these 
will give you an added degree of safety, particularly if you ate using 
them for your own protection or if you just want to be doubly safe 
They're only a couple of dollars more than the standard, non-locking, 
types. Also, there are big carabiners available; these are used for res- 
cue work and other applications where you need a wider gate open- 
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ing, These are 
called gorilla 
hooks or rebar 
hooks and are 
perfect for 
larger tower 
rungs (Roux 
BX, ete.) and 
larger loads. 
OSHA compli- 
ant devices are offered by your safety equipment supplier, and in 
some cases are the same ones that are available from climbing hard- 


Photo 3:Arebaror gorilla hook The mouth will oon 2.5" 


Using carabiners and slings 

‘These devices аге revolutionary for tower and antenna work 
апд they are safer than most of the alternatives. If you are doing 
tower and antenna work, you should be using carabiners and loop. 
slings. And the beauty is that you can use them for just about any 
thing, Need a spare hand? Ir right there. Need to hook your rope 
onto something? No problem. Try the carabiners and slings— they'll 
make your job faster, easier and safer. 

One carabiner/sling tick I frequently use is to take a two-foot 
sling and loop it through the fixture of the Rory gin pole assembly, 
then clip both ends with the carabiner. You now have the ability to 
clip it onto a haul rope, clip it onto your safety belt to bring it up to 


the next section or you simply have something to grab onto when 
you're moving it around or attaching it to a tower leg, This is invalu- 


able as there is nothing on the gin pole fixture itself to hook anything 


Here are some other ways that you can use carabiners and slings 
for your tower project: 
1. Attach a sling to an anchor rod as an attachment 
point for one end of thecome-along for pulling 
guyvires. 
2, Clip a carabiner onto a rung at the bottom of 
the tower, then attach your haul rope snatch block 
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pulley to it. 


| Use a sling to hoist each tower section and to keep 


it vertical 
Pur a loop through your level, then clip it to your 
belt with a carabiner. 

Always have a carabiner clipped into the bowline at 
the end of your haul rope and tag line for quick 
load attachment. 

Clip а carabiner into the U-bolt on your rotator to 
haul ir up, 
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ROPES, KNOTS AND ROPE MANAGEMENT 


If уоп are going to do tower and antenna work, you'll be using 
ropes. The most common uses are for haul rope, tag lines and tem- 
porary guys. 


Manila 

Manila is stil the best known natural fiber rope. At one time it 
was the best rope available but it is steadily losing ground to the 
synthetic fiber ropes. Manila must be handled and stored with care as. 
апу dampness will cause it to ror and, of course, materially damage 
its effectiveness and safety 


Polypropylene 

Polypropylene is used to make lightweight, strong ropes 
that have extensive uses. They float on water, are rot-proof 
and are unaffected by water, oil, gasoline and most chemi- 
cals. Polypropylene rope is relatively stiff and doesn't take a 
knot well 
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Nylon 

Nylon is the strongest fiber горе commercially available. Due 

to its elasticity, nylon ropes can absorb sudden shock loads that would 
у good resistance to 

ger than natural fiber ropes 


break ropes of other fibers, They have v 


sion and will ast four to five times lo 


Nylon ropes are rot-proof and ate not damaged by oils, gasoline, 
grease, marine growth or most chemicals 


Dacron 


A dacron rope is advertised in the ham radio magazines. It 
comes in three sizes (/b, Jes and */w") and its claim to fame is 
shat it is UV resistant. This would be an excellent candidate for any 


торе left outside such as permanent haul ropes or wire antenna hal- 


yards. 


Table 1- Rope Sizes and Safe Working Load Ratings 
(in pounds) - 3 strand twisted line 


Table 2 - Rope: 
(in pounds) - Double braided line 


Rope lay 
All rope is twisted, or laid; and just about all 


action. This laid rope is what you'll find at your local 


hardware store. Another type of rope is known as braid-on-brad, 
ог kernmantle. This has a laid core that is covered with a braided 
jacket to produce a strong, handsome, easy handling rope. In most 
instances, braid-on-braid rope is stronger than twisted rope of the 


same material and diameter. It is available in various synthetic fibers. 
Marine supply stores and mountain climbing stores carry a large va- 


riety of braid-on-braid types as well as a variety of types 
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Which rope to use 

"There are several factors to help you make an informed 
choice about which rope to buy. First, decide which size will suit 
your needs, based on working load sizes. Most amateur loads are 
less than 100 pounds, very rarely do they get above 250 pounds. 
So a haul rope having a working load range between 100 and 
250 pounds will handle just about anything. Second, choose the 
type and material of your rope. Polypropylene rope is stiffer and 
more difficult to knot than nylon. Nylon and braid-on-braid ropes 
are softer and will take a knot very easily. The softer ropes also 
coil more easily and are more resistant to kinking. Finally choose 
the length that will be 
the most useful for you, 
If you double the size 
of your typical tower 
and add 25%, you'll 
have plenty. A 100- 
foot tower times two 
gives you 200 feet plus 
50 feet (25% of 200) 
for a total desired haul 
rope length of 250 feet, 

I haven't men- 
tioned price because you 
generally get what you 
pay for and you know 
what your budget will allow: Prices vary from $18 for 600 feet of 
747 polypropylene to $125 or more for 165 feet of high quality 
keramantle climbing rope. 

1 carry two lengths of "/10" besid-on-braid for haul ropes, One 
is approximately 175-feet long and can be used on towers up to 80 
feet. The other haul rope is around 350-feet long and can be used for 
tower work up to 165-fcet. The shorter rope is coiled when not in 
use and the longer onc is simply fed into a plastic crate for storage. If 
you feed the rope into the erate properly, the rope vil Feed out of 
the crate without kinking or knotting. 

Make certain that the rope ends will not unravel. Most sup- 
ply stores will cut the length with a hor knife; that will do the best 


Photo 4: One conventent ayto store your rope. 
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job of sealing the ends. You can do it at home by simply melting 
the ends with a lighter. Ап alternative is to tightly wrap а few 
layers of electrical tape around the ends, Be sure to tape the ends 
of all your ropes. 


Knots 

‘Once you've got your rope, you'll be tying and untying it doz- 
ens, even hundreds, of times. You can do about 98% of your tower 
and antenna work with only three knots—and you already know one 
of them. Ies il but impossible to use а rope without tying any knots 
in it, remember that any knot will decrease the breaking strength of 
the rope—usually 40% or more. Choose and use the correct rope 
and knots for the job, and you should have no problems. 


Overhand knot 

When you tie your shoes, you're using overhand knots. These 
are tied by making an overhand loop, then passing the end under and. 
up through the loop and then tightening. A very handy use for the 
overhand knot is when 


you need a loop in 
the middle of 
your rope. Just 
double the rope nie 

over for about in Tre Mido of 5 Rope 


two feet, tie an overhand 
knot and you have an instant loop. 


The bowline 
‘This is perhaps the most use- 

ful knot you сап know; if you're 

going to be stuck on a desert is- 

land and you can only take one e. ne 

Knot with you, this is it. The bow- 

line forms a loop that will no sip 

or jam, yet unties easily: I is used 

for hoisting, joining two ropes and 

fastening а rope to a ring or carre 

biner, This isthe "rabbit comes up fine 
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through the hole, around the tree and back down the hole” knot that 
you likely learned as a Boy Scout. To tie it, form a small loop in the 
rope. Run the end up through the loop, behind the standing рап, 
then back down through the loop. Pull tight. Practice this one until 
you сап make it almost automatically. 


Figure-eight knot 

Although the bowline is а handy knot, it isn’t foolproof it re- 
quires a bit of practice to get it right every time. A simpler knot that 
may be used in most situations in place of a bowline is the figure- 
eight knot. It is tied just 


like a doubled verband. 

except that the rope is 

twisted an additional 

half-turn before the knot 

is pulled through the 

loop. Itis one of the few 

knots that can be easily 

untied afierhokdingase- t" = are 


‘vere impact load, such as dá 
a falling mountain climber. Its only disadvantage for tower work is 
that it is a physically lager knot, and it takes a bit more rope than a 
bowline. Figure-eight or bowline; either knot will serve you well 


The clove hitch 


Once you've mastered the 
bowline and/or the Figure-cight 
knot(), the other very useful knot 
you may want to learn is the 
clove hitch. It ean be invalu- 
able when you're working 
with round objects, and it can 
be put on or around almost any 
object very quickly. Gove Hitch 


Truckers? hitch 
Many times you're working with а горе and you want to tighten 
the rope as much as you can but using а rope grip and come-along 
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just isn't practical or possible. 
"The answer to this problem 
is tousea truckers’ hitch. You 
simply tie an overhand knot 
up the rope to give you a 
loop towards the load end, 
ran the end of the rope 
through a carabiner ог 
shackle ata convenient an. 
chor point, put the cad 
through the loop and then 
pull back to tighten the 
rope. This technique gives you twice the mechanical advantage of 
palling on the single rope and acts as a mini-come-along to really 
tighten the rope. 


Rope care 

Inspect your rope periodically and replace it if there is any 
visible serious abrasion or damage. Mountain climbers routinely re- 
place their ropes after they sustain a single hard fall, which can cause 
invisible internal damage; also after their ropes are exposed to а sen- 
son or two of deteriorating ultraviolet sunlight. Here are some addi- 
tional tips for using ropes 

1. Be certain your rope size is adequate for the job; don't use a 
rope that is roo small 

2 Dey your rope before storing it. Natural fibre (Manila) ropes 
will mildew and rot if stored wet. 1 occasionally put my 
nylon ropes in the clothes dryer fora bit ow heat) when 
they've become really soaked 

3. Don’t store ropes in direct sunlight; UV deterioration will 
significantly weaken them. 

+ Cut out and discard any badly worn or abraded portions 
of а rope; better to have two shorter ropes you can trust 
than one long one that is suspect, Heat and/or tape the 
new ends to prevent unraveling 

5. Keep your rope clean. Don't drag it through the mud, nor 
over a rough or gritty surface. Don't ever step on it, either! 

6. Watch for kinks; they can cause permanent damage and 
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Guy wires 


‘One of the most innocuous elements of a tower installation is 
the guy wires. Not as aesthetic as tower sections, nor as elegant as 
antennas, guy wires are the heart of a reliable guyed tower system, 
Almost any tall amateur tower is going to be guyed. Roux 256, 45G 
and 55G are che most common towers used by amateurs and they all 
need to be guyed. 

Guy wire failure is not common, bur does happen. Overload- 
ing is the typical culprit, but sometimes a tree will fall across guys; 
thats also guaranteed to requise а call to the insurance company. One 
obscure failure was an amateur who taped the ground anchor ends 
of his guys at the turnbuekles. Over the years, the water ran down the 
_guywires and was trapped by the tape. That led to rusting; since the 
rusting was hidden by the tape, it couldn't be seen. Eventually all it 
took was a large windstorm to snap the rusted windward guy and 
the top half of the tower buckled. Irs another instance of doing 
something that the manufacturer didn' tell you to do. A more com- 
топ failure is for some critical piece of hardware to break or pull 
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Guy wire grades 

Steel guy wire comes in several different grades. ROHN specifi- 
cations call for EHS (Extra High Strength) cable exclusively. As you 
can sce by the char, this is the strongest stec cable available 


"Typical! fuste guy wire specifications 
Common Grade: 1,540 pounds 
Utility Grade: 2,400 pounds 
Siemens Martin Grade: 2,550 pounds 
"High Strength Grade: 2,850 pounds 
Stainless Stel Aircrafts 3,700 pounds 
Extra High Strength Grade: 3990 pounds 
Phillystran: HPTGI00 4,000 pounds 


‘This chart shows the importance of following the tower 
manufacturer's recommendations for the proper guy material and 
strength, Just because you bought a reel of /1" y wire real 
cheaply at last year's flea market doesn’t mean that it is suitable for 
use in your installation. Like masts of unidentified material, be very 
cautious about using unidentified guy material. High strength grade is 
rated almost 30% lower than EHS, 


Some other EHS sizes and strengths are: 
TA" 6650 pounds breaking strength 
Sf" 11,200 pounds breaking strength 
fı" 15,400 pounds breaking strength 


Cable fittings 

‘The three most common methods of terminating guy wires 
are to use cable clamps, swaged or crimped pressed fittings or Pro- 
formed guy grips 


Cable clamps 
"The most common, and the cheapest cable fittings are cable 
clamps. Always use three per joint and make certain that the saddle is 
on the live side of the guy wire. 
When you put your guy wire through a thimble or insulator 
and double it back to put your cable clamps on it (this is called a 
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tumback), you have two different wires. The continuous one that 
bears the weight of the guy wire forces is called the “live” end and 
the short piece that is turned back is called the “dead” end. Is “dead” 
because it is not weight bearing, The cable clamp consists of two 
рап; the U-bole and the saddle. The saddle portion provides the 
majority of the holding capacity of the clamp. The saddle goes on 
the "live" side of he cable. The saying goes “don't saddle a dead 
horse.” In other words, don't pur the saddle on the dead side of the 
turnback. A clamp mounted backwards loses 40% of the holding 
capacity of a properly installed clamp. 


SEQUENCE FOR INSTALLING CABLE CLAMPS: 
1, Turn back the specified amount of wire from the 
thimble or loop (3'/s" for */u" cable). Apply the 
first clip one base width from the dead end of 
the wire, Install the U-bolt over the dead end of 
the wire, with the live end resting in the saddle. 
‘Tighten the nuts evenly, alternating from one nut 
to another, until reaching the recommended torque. 
2. Apply the second clamp as near the loop oF thimble 
эз possible. Tighten the nuts fingertight only. 
3. Place the third clamp between the two, then tighten. 
ach U-bolt evenly, alternating from one nut to the 
other until reaching the recommended torque. 


When tightening cable clamps, torque them so that they are 
tights a typical specification for '/:" Созву clips is 15 foot pounds 
of torque. 

‘When assembling a tower, guy wires or antenna, let everything 
sit overnight; then go back over every nut and bolt the next daj 
You'll be surprised at how loose many of the connections have be- 
come, What the hardware is doing is going through one temperature 
cycle of expansion and contraction. By letting ir cycle one or more 
times; then going over the hardware again, you'll eliminate the possi- 
bility of loose or potentially loose hardware. 


Swaged fittings 
Swaged fittings produce a strong, clean connection; if you don't 


like the cobbled 


e 
e 


buy or rent а Айт tool to crimp them onto the guy wire. And 
you can't remove them once they're crimped оп. 


rou have to 


Preforms 
Preformed guy grips (or Big Gr Dead End) are the easiest to 

use, and naturally the most expensive. You simply curl them onto the 
end of the guy wire to produce a permanent termination, Preformed 
cable grips have virtually replaced cable 
camps for power, E...) 
telephone, and читера a 
communications pcd 
companies. Fac- — ЖЕ. 
tory specs say that nene 1:Pilstran tp. 
and reapply the grips twice. If removal is necessary after a guy grip 

аз been installed for a period greater than three months, it must be 
replaced. If you cant find them locally, ham magazine advertisers 
will be happy to ship you as many as you need. 

Preforms are color-coded for wire sizes, as follows 


blue a" blue 
red %% black 
e yellow i" orange 


Use only the correct size Preforms for the cable you аге 
using, Cables and related hardware, including cable clamps and 
Preforms, are designed for a certain number of strands in the 
wire rope, and for a specific lay for each cable size. Do not mix 
different hardware, NOTE: Preformed grips have 2 sets of cross- 
over marks. The set closest to the loop is for normal guy wire 
attachment, The set farthest from the loop are for when the guy 


wire goes thru an insulator, 
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Installing Preforms 
Preformed guy grips are precision devices, designed to be in- 
stalled by hand; do not use any tools to install them. They should be 
installed only in conjunction with heavy-duty wire rope thimbles. 
1, Insert а heavy-duty thimble into the eye of the Pre- 
form, then through the attaching hardware (shackle, 
etc). 
2. Wrap the first leg (either one) around the guy wire 
with wo complete wraps Simply wrap them around 
the guy wire. Line up the crossover marks, then wrap. 
the second leg with two complete wraps, ending op: 
posite the first leg 
3. Complete the installation by cither simultaneously 
wrapping both legs (keeping the legs opposite cach 
other) or alternate the legs a couple of wraps at a 
time. Bending the EHS guy wire as you wrap the Pre- 
form leg around it will make it easier to attach. 
4. Finish the short leg first, then the long leg. 
5, Seat the ends of the legs by hand. If that won't do it 
then use a flathead screwdriver under the end of the 
strands. For Philjsin you may need to separate the 
strands to finish the ends of the Preform. 
6, Attach a black tie-wrap or end sleeve around the grip 
at the end to secure it, 


Cutting guy cable 

Many different methods have been used over the years to cut 
guy cable. These days, EHS (extra high strength) guy wire is the stan- 
dard and special cutters are needed to cut this hard wire, Always 
wear your safety goggles when working with guy wires There can 
be lots of metal chips floating around when you cut them or the guy 
wire can easily whip around and hie you in the face or other body 
parts 

‘An older method of cutting guy wire is to use a big chisel and 
а hammer to split the cable, These days you can rent or borrow a 
boltcuter Just make certain it will cut EHS, nor just soft metal. An- 
other method is to use a circular power saw with a metal cutting 
aggregate blade. These blades are less than $4 at your neighborhood. 
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hardware store and will cut pipe mast material as well A band grinder 
works very well also. With guy wire, use electrical tape not only to 
mark where you want to cut but also to prevent the guy wire from 
unraveling after its cut 


Phillystran® 

Introduced in 1973, Philsiran gives the strength of EHS steel 
‘wire with the added advantage that itis nonconducting, thus its elec- 
tically transparent to RE It consists of a polyurethane resin impreg- 
nated aramid rope with a thick extruded jacket of specially formu- 
lated polyurethane. Its nonconductive property makes it ideal for 
tower systems where some antennas will be under or close to guy 
wires. Guy wire interaction with stacks and wire antennas will be 
eliminated by using Pit, 

When the original Pilon was introduced, only special (and 
expensive) cable end sockets could be used. Besides costing $18 cach 
thirty years ago, you had to pot each socket end with a special, messy 
potting compound. 

A new; improved Philin was introduced several years ago 
that not only consists of a new core formula but also a different 
jacket material. 


The new Phillystran cable grips 

"The manufacturer recently introduced Рулит compatible Pre- 
formed guy grips, or, as they call them, Big Gr Drad-Endi What 
makes these different than the ones that you usc for normal 4” or 
+ EHS is that these are longer than normal and have a differently 
(est) to match the characteristics of Pira, 

“They ae installed generally the sume way, except that you must 
keep some tension on the Phi jr while installing the Preform, and 
you may have to split the strands on the end of the Preform in order 
to finish wrapping them on. This is because the PAjfjurar is very 
flexible, particularly when compared to good old EHS. Other than 
that, they're just like the Preforms that you're used to using. 


Guy wire interaction and segment lengths 
Tt is commonly accepted that metal guy wires interact and in- 
fluence RF radiation. AM radio towers are loaded verticals and their 
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owners go to great lengths to isolate them from their guy wires 
Some amateurs have used their calculators to determine non-reso- 

nant lengths for use on their towers, and felt satisfied with their con- 
clusions. I've seen guy wire segment lengths of 22 or 26 feet used as 
commonly accepted benign lengths. OF course, you could neutralize 
the whole problem by using Pinon but amateurs being a pats 

‘monious bunch typically blanch ar the thought of spending thar kind 
of money. Suggested non-resonate guy lengths can be found in the 
ARRL Antenna Book. 

A well known contester and respected station builder, Lew 
Gordon, K4VX, wrote an article that appeared in OST (August, 
1993, page 22). It argued that his computer modeling revealed that 
although conductive guy wires do disturb the patterns of antennas 
mounted on towers, “these effects are of no practical importance.” 
You can decide what works for you. 


Pulling the guy wires 
Once you've got the guys cut to their appropriate lengths 
and have them attached to the tower, you need to pull them so 
you can attach them to the turnbuckle at the guy anchor. One 
method is to pull them 
by hand with a moder- 
ate amount of force and 
then secure them to the 
anchor. This will deflect 
the tower slightly but 
will put some initial ten- 
sion on them. Another 
method is to use a come-along and cable grip. Use one of your 
nylon slings around the guy anchor for attachment of the other 
end of the come-along, 

With just one of each you'll spend a lot of time rigging and de- 
rigging it and taking from anchor to anchor. If possible, use of 3 
‘come-alongs and 3 grips will let you do it much faster and easier. In 
the absence of a Klein grip or similar puller, you ean use an extra 
Preformed grip as a temporary attachment point for your come- 
along, Since you'll be using it a bunch of times, you can't use it as a 
permanent grip but it fine for a temporary 


Photo 2: Klein Chicago grip. 
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Guy tension 
One thing 1 can guarantee you is that 90% of hams don't know 
what their guy wire tension is and also that it’s either too much or too. 
little usually the latter 
As far as guy wire tension, the rule of thumb is to tension the 
guy to 10% of is breaking strength. With 3/4" EHS that would be 
approximately 400 pounds. How do you know when you've got the 
right amount of tension? One way is to put an instrument called a 
dynamometer in- 
linc and measure 
the tension directly 
They're expensive 
to buy ($9001), 
but can be rented. 
1 found one in 
Seattle for $40 a 
day, but it took 
several phone 
calls to find i 
An accurate, inexpen- 
sive device for measuring 
guy tension is now available. 
Its the Loos Tensionometer 
and was designed to be 
used for tensioning sailboat 
rigging but works very well 
with ham tower guys. Its 
also easy to use, I ran a test 
with the Loos againstan ex- 
peasive calibrated Dillon 
dynamometer and the Loos 
was surprisingly accurate 
‘They're available from 
Champion Radio Products 
(wwchampionrudiocom). 
While the Loos was 
developed for tensioning 
sailboat rigging (typically | Photod:LoosPT.2 tension meter. 
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719 stainless steel cable), it can be used for other materials. As the 
tension on a cables increased, it becomes more rod-like. I pat some 
3/16" EHS in series with some 3/16" 7x19 galvanized cable and а 
length of HPTG4000 Phillystran and put 400 pounds of tension on 
it. 1 used a recently calibrated Dillon to set the tension. Then 1 mea 
sured each segment of cable and they all measured within a couple 
of percent of the Dillon, proving the accuracy and usability of the 
Loos for different materials The only caveat is that since Phillystran is 
typically thicker than its wire cousins, only the HPTG4000 will fit into 
the keeper at the top of the Loos to be measured directly. Since 
recommended Phillystran installation calls for steel cable from the 
end of the Phillystran (about 10-15 up) to the anchor, you can men- 
sure the tension on the steel with no problem. The reason for the 
steel down to the anchor is not only can the Phillystran be cut easily 
‘with a razor knife, but also the PVC jacket can also catch fire ether 
from vandalism or a ground fire causing a tower failure; 

Even if you bave to estimate guy tension, the important point 
isto tighten all the guys so they're all approximately the same. Having 
them all equalized is mechanically important. 


Safety wiring turnbuckles 
"The last thing you do to your guy wires is to safety vire them. 
‘The idea is to keep the turnbuckles from unwinding accidentally. Just 
take some pieces of leftover guy cable (you'll have lots of it) and. 
loop it through the anchor shackle and the turnbuckles, securing the 
ends with a cable clamp. If you extend the safety loop thru the an- 
chor as well, you get additional safety in case of turnbuckle failure. 
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‘TOWER ERECTION 


‘Okay, you've completed the permit process, you've spent the 
money for the tower and the holes have been installed. Now you're 
ready to finally start heading up—upwards toward RF nirvana, Let 
the erection begin! 


‘The LXC Maxim of Manageability 

As you start to construct your tower, my advice is to break 
everything down into bite-sized pieces and just do one step ata time. 
Trying to combine two or more steps in the same task is asking for 
trouble, What I mean is don't try to bring up the guy wires already 
attached to the tower section; bring them up after the section and 
guy brackets are installed. Don't bring the feedline up with the an- 
tenna; instead put a jumper from the fecdpoint to the mast or an- 
tenna switch and bring up the feedline separately. Anytime you vio- 
late this maxim, you'll usually wind up doing things twice, along with 
undoing what you've already done. You'll be more efficient by doing 
things one step ata time, 
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Prepping the tower sections 

For a Rohn round-legged tower such as 25G and 45G, there 
are several things you can do to make your job easier. Do these while 
the tower sections are still on the ground. First, there will be galvaniz- 
ing in many of the leg bolt holes on new tower sections. They've 
been hot-dipped galvanized and there'll be lors of galvanizing around 
some of the holes. You won't be able to get your bolt through some 
of them without a lot of effort and gouging up the leg bolts. Rohn 
cautions not to drill them ош. Use your driftpin or taper punch and. 
а hammer to enlarge the hole. Only drill it as а last resort, and then 
only enough to clear out the hole 

Next, check the inside of each lower leg for that same galva- 
nizing problem. A round file will take care of any excess inside. 
Believe me, it's much easier to do on the ground than up in the ai 

‘Third, fit the sections together to insure a relatively casy fit, You 
may find that one leg won't line up; this isn’t uncommon. With a 
piece of pipe or another tower section, gently bend the out. of ine 
leg until it slips on. This also is easier to do on the ground. Used 
tower sections will generally slip together more easily because they ve 
already been installed, bur pre. ting them on the ground is always 
recommended, Mark both legs with tape or a fele marker to insure 
they go together the same way they did on the ground. 

The last thing to do to your round legged-tover before you 
start sending the sections up is to put some grease around the inside 
of each lower leg Not only will they slide on more easily during 
installation but also the grease will help to minimize corrosion and 
oxidation between the sections and make removal easier. IF you skip. 
this step, it may take а hydraulic jack or scissor jack to pry the sections 
apart when you want to take it down. 

If you want to have the tower conductive, eg. you're going to 
shunt-feed it, chen use an antioxidant as the leg grease to promote 
good electrical contact. 


Section stacking 

After rigging the ginpole (the haul rope goes up the middle of 
the pipe, across the pulley, then down to the load), attach the leg 
bracket to the top of the top section, below the top brace. Make 
certain that its secure before you push the ginpole mast up to the 


extended position where itll be ready for the lift. 
Your ground erew will attach the haul rope to the 
section and, on the command of the tower climber, 
will start to pull on the haul rope. 

Route the haul ine through a snatch block (а 
snatch block is a pulley that opens up at the top so 
you can put it in the middle of a rope) at the bot- 
tom of the tower to transfer the hauling effort from 
polling down to pulling horizontally. Pulling verti- 

is all arm strength plus you're a likely target for 
falling objects being close to the tower, Using the 
snatch block will let you put the rope around your || 
hips and just walk backwards to pull the load up. 
You'll be using larger muscle groups, and hoisting 
will be much easier ia addition to being able to 
arch the load as ifs travelling and you'll be ot 
of the danger zone. | 

Anytime you need to hold onto a haul 
торе, put it around your hips, then bring the 
tail end or dead end in front of you. DO NOT 
tie the rope around your waist this is poten- 
tially dangerous. Aiming the tail end in the same 
direction as the load rope, grasp both ropes 
with one or both hands while wearing leather Drawing 
gloves. This is the best way to hold onto ог ginpole, dr 
brake a rope load. Don't depend on just us- based on EF2545. 
ing your hands; its not as reliable a technique 
and your hands will quickly tie. With the rope secured around 
you, you can comfortably hold it for quite some time. 

The tower section should be rigged so that it goes up more ог 
less vertically; the heavier the section, the more important this be 
comes. Put a sling around a leg at about 3/4 of the way up the 
section and that'll be your pick point. As soon as it clears the top of 
the tower, yell “stop,” then “down slow” when you're ready to 
have the section delivered where you want it 

IF two legs are out of aligament, use your come-along to 
pull them together, or put the come-along around the bottom 
of the whole section and tighten it up to pull the legs together. 
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This is a common practice when putting up BX and Trylon tow- 
ers. If you don't have a come along. ratchet operated truck straps 
work great. One person on a tower doesn't have a whole lot of 
leverage, and if you find that the sections line up but you can't 
get them to slide down, get out the come-along or Tower" Jack 
and pull it down into place. 

‘The Tower*Jack is а hinged device that allows additional lever- 
age when prying sections apart or pulling them together. The latest 
version also has a leg aligner so you get two handy tools for the price 
of one. They're available from Champion Radio Products 
(www.championradio.com). 

Stack an appropriate number of sections (typically up to the 
next guy point), then bring up the first set of guys and attach them. 
Your ground crew can use their cable grips and come-alongs to put 
the initial tension on them, then attach them to the anchors. You'll be 
able to tell them which ones to tighten and which ones to loosen as. 
you use your level on the leg to plumb the tower. Once that done, 
all you have to do it repeat the same steps until al the sections are in 
place and guyed. 

‘The most important part of the tower erection to plumb is the 
first segment including the first set of guys. Once that segment is 
plumb, all you have to do is look up the face of the tower and you'll 
be able to see if everything above it lines up - itll be pretty obvious. 
fie doesn't, just adjust the come-along or turnbuckle to get it straight. 


Installing the mast 

‘There are two methods for installing your mast. For small and. 
medium sized masts, just use your ginpole to bring it up and drop 
into the tower from the top. Use а long sling as a choker by wrap- 
ping it around the mast two or three times, then put it through its 
‘own loop. The choker should be above the balance point so that the 
mast goes up versieally This is relatively easy 

If you've got aspirations for big antennas or stacks of anten- 
nas, youre probably going to have a big mast. These can weigh over 
100 pounds and are typically 20-plus feet long. A twenty-foot mast is 
about the limit for a Ron ginpole as the net working height is only 
about ten-feet, plenty for a ten-foot section but marginal for a hefty 
twenty- foot mast, les a lot of work to get an industrial strength mast 
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up high enough to clear the top of the tower, then lowered down 
into the thrust bearing. There is a sizable pucker factor if you're the 
guy on the tower with this big piece of metal hanging over your 
head swinging around, 

An easier alternative is to put the mast inside the tower at an 
carly point, after you've gor perhaps two sections, or twenty feet, of 
tower installed, Lift up the mast with the ginpole and, muscling it 
into place if necessary, lower it down so that it rests on the concrete. 
base pad. Continue building your tower. 

You'll need to bring it all the way up through the tower, 
through the rotator shelf and then up through the top plate and 
thrust bearing. This can be easily done by using the ginpole, feed- 
ing the haul line through a face of the tower near the top and 
lowering the haul line down the middle of the tower, Tie a choker 
around the mast about /, of the way down the mast and clip 
your carabiner to the haul line. Then you and a couple of friends 
can pull the beast up. All you have to do is to steer it through the 
thrust bearing and secure it, Once it is held by the thrust bearing, 
re-rig it to pull it up the rest of the way. The only thing you must 
do is slide your choker farther down the mast 

Once the mast is poking up above the top of the tower slightly 
and is captured by the thrust bearing, this is an opportunity to instal 
the first, or top, antenna on the mast. If you're really planning ahead, 
you've measured and marked where each antenna will be mounted 
and where the thrust bearing will be. Once the first antenna is in- 
stalled, pull the mast up with the come-along to the point where you 
сап attach the second antenna. Hoist again and you've got three an- 
tennas installed. Repeat the sequence until all the antennas are installed. 
Be certain to mark the spacing measurement with а felt pen while the 
mast is on the ground to avoid any stacking confusion, 

Be very careful about your rigging and where your haul rope 
travels over the tower parts. Having the haul rope pass over а round. 
brace is okay, but you don't want it to pull over something sharp, 
such as the edge of the rotator plate or something similar. 

Each antenna on the mast should be installed with a jumper 
from the feedpoint (since it'll probably be out of reach) long enough 
to reach the mast, where itll eventually be connected to its main 
feedline or relay box. Don't try to install any antenna with the entire 
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feedline already attached. Те give you lots of headaches during in- 
stallation and you'll invariably wind up rerouting it anyway 


Antenna stacking suggestion 

In most installations, I recommend placing the 40-meter beam. 
оп the bottom of the stack, just above the top of the tower. Over 
the years you'll typically have to do more maintenance on bigger 
beams than any tribanders or monobanders, and its much easier to 
take down and work on if irs on the bottom of the stack. The 
incremental increase in height as a percentage of wavelength that 
you gain by putting the 40-meter beam on top is not very significant 
Overal (an additional ten feet on 40-meters is only 7% of a wave- 
length). 1 think the greatly improved ability to work on it more than 
makes up for any compromise in height above ground, 


Installing the rotator 
While the rotator is still on the ground, hook it up to the con- 
trol box and test its operation. Don't wait until is up on the tower to 
find ош that it doesn’t work. After you're assured that the operation 
is satisfactory, turn the rotator uni i indicates north or another known 
direction, then get it ready for hoisting Te doesn't really 
жау the rotator is physically installed in the tower as you'll be able to 
orient the antennas when you mount them on the mast. If you skip 
this North-orientation step, you won't know what the rotator diee 
tion is once itis installed and you'll have to stop everything while you 
hook up the cable and control box and determine the direction. This 
is a waste of time; plan ahead and do this beforehand. 

"To haul up the rotator, clip a carabiner onto a U-bolt or thru- 
bole on the neck of the rotator or put it in a bucket. Bring up the 
rotator, install it under the mast, let the mast down and most of the 
heavy work is done. While other rotators and newer HY-GAIN mod- 
els have cable plugs that make it easier to do it in steps, trying to 
attach the rotator cable to the terminal strip om the bottom of a TIX 
ос Ham IV is painful but manageable up on the tower. To haul up 
the control cable separately, simply tie а lazy overhand knot in the 
cable and snap that into your hauling carabiner. 

1 used to recommend that the weight of the mast and antenna 
system be taken up by the thrust bearing and not the rotator. This 
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may be done by putting a screwdriver under the bottom of the 
там, between the mast and top of the rotator, and prying up enough 
to lift the mast off the rotator. Tighten the thrust bearing bolts first, 
then the rotator U-bolts or clamp bolts. This will insure that the 
thrust bearing is holding the mast and antenna weight and not the 

А case can be made for putting weight on the rotator. The 
rotators typically run on some sort of bearings and the bearings 
should be seated in order to operate as designed. In the case of the 
Orion 2800, the factory recommends that the entire weight of the 
system should be ON the rotator. While Pm not aware of any long- 
term rotator failure trends due to them not supporting any weight, 
it’s probably best to have some weight on the rotator. This isnt a 
simple task (eg How much weight? How do you measure it) so the 
choice is ultimately up to the user and I don't think you'll have a 
problem cither way. 

"To minimize the possibility of bind in the otator/mast/thrust 
bearing system, work your way down when doing the final tighten- 
ing Do the thrust bearing first, the rotator mast clamps next, the 
totor shelf bolts, and then the rotator base bolts last. 


Rotation loops 

"There are 2 ways to make а rotation loop for your cables. One 
жау is to tape all the cables coming down the mast together and then 
allow an extra 3-4 feet before securing it to а tower leg, The bundle 
will have some rigidity and that will help Keep it out oF harm's way 
Make sure that it doesn't snag on anything and you'll be good to go. 
"The second method only works if you have а flattopped tower. 
‘You wind the cable around the mast 2-3 times in a diameter that is 
smaller than the top plate so that it ays on the flat surface. This is the 
same method used by those pneumatic masts mounted on electronic 
newsgathering trucks 


Securing cables down the tower 

While electrical tape doesn't have much strength, its sufficient 
for a small number of cables taped to the tower leg, Additional 
strength can be obtained by using tie wraps, Black ones can be good 
in UV but white ones will deteriorate rapidly. In either case, wrap- 
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ping them with a layer or two of electrical tape will prevent any UV 
damage. 

For bigger bundles of cables or bigger, heavier cables, use of 
а hoisting grip is a good method. A Kellum grip is a closed woven. 
sleeve that holds the cable like a Chinese finger puzzle — the more 
you pull i, the tighter it gets. They are sized very specifically ПА easy 
то pass a naked cable thru it but ics not easy to put a piece of RG-8 
with a PL-259 on the end thru it. Andrew also makes woven hoisting 
grips but theirs are open and you sew them together with a supplied 
piece of small wise, The advantage here is that they can be installed 
anywhere on the cable and the grip can be pushed together to allow 
а connector to pass thru it, 

A simpler, cheaper way to go is to use a hose clamp at the top 
of the tower to take the weight. Be careful not to deform the cables 
and this will work fine. 
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‘The mechanical design of any antenna system is even more im- 
portant than the electrical design, as a critical mechanical failure can wipe 
‘out even the best electrically designed antenna. One extremely important 
part of any rotating beam antenna system is the mast; the pipe which 
supports the antennas themselves and couples them to the rotator. A 
typical antenna system consists ofa tower with a rotator mounted inside 
and several feet below the top of the tower. A mast is damped to the 
rotator and extends several feet above the top of the tower. One or 
more beam antennas will be mounted on that mast. The “design” of 
the mast, in this case, consists mostly of determining the Шоу and di- 
mensions since all masts will take the same basic shape of a cylindrical 
tube or pipe. The design of the system will also include making sure that 
‘the antenna loads are properly distributed and not too great for the mast 
chosen, The overall objective is to make certain that the mast will not 
permanently bend when subjected го high wind forces. 


The Math 
‘The math and physics involved with mast specifications is out- 
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side the scope of this book, For the best discussion of this topic, 
read the excellent treatise Physical Design of Yagi Antennas by Dr. 
David B. Leeson, ex-W6QHS, now WÓNL.! This is a great addition 
to your tower library 


Pipe vs. tubing 

"The industrial use and characteristics of pipe and tubing are 
very different. Tubing is rated for yield strength whereas pipe is typi- 
cally not. Pipe is most commonly used for transporting liquids where 
yield strength is nota factor. Heavy duty pipe can be rated as Sched- 
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ule 40, Schedule 80 or another such rating, While pipe can be very 
heavy, that doesn't directly translate into strength, specifically yield 
strength, For small sized installations where you are either installing 
small antennas or have them mounted tight atthe top of the tower, 
you can probably get away with pipe bur it has its limitations and 
should be avoided if at all possible. 


Mast strength 


When specifying a mast, itis important to choose a strong alloy 


T Daid R Lesson, Physical Design of Yagi Ancona? (American Radio Relay 


League, 1992) 
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All metals have a property called “yield strength” which is a measure 
Of the point at which a metal will permanently deform (bend) under 
stress. It is the yield strength which determines the suitability of a 
mast for an application; exceed the yield strength and you'll have a 
failure. The higher the yield strength, the better that alloy will be for a 
mast; also the more expensive, 

Another factor beside the alloy that bas a significant effect os 
the relative strength of a mast material is the mast fabrication pro- 
cess, Fabrication categories of carbon steel tubing are electric resis- 
tance welded (ERN), cold-drawn butt welded (СОВ), cold drawn 
(CD) and drawn over mandrel (DOM). In addition, heat treatment 
is a major variable in steel. It makes a big difference in strength and 
сап be worth the additional cost 


Mast size 

Just about everything having to do with HF beam installations 
is geared to a two-inch OLD. (outer diameter) mast. Mast mounting 
brackets, U-bolts, rotators, tower rotator shelves and thrust bearings 
are ай designed around a two-inch mast, If you wind up using water 
pipe, it has a 1.9" O.D. and will cause your rotator to turn slightly 
eccentricall if you use a thrust bearing, Most VHF/UHF antenna 
hardware, on the other hand, is designed for masts of 1.50" to 1.75" 
OD; the standard for most TV antennas. 

If you have a large array, you may chose to use a threcinch 
mast. ROHN makes а three-inch thrust bearing so that is no problem. 
‘The Yaesu and the ORION sotators use а selFaligning mast clamp. 
that will accommodate just about any size mast, If you standardize 
оп two-inch hardware you won't go wrong. 


Wind load 

“This is the term engineers use when designing towers and other 
structures. These are the minimums, and you should increase the wind 
speed figure if you live in a spot that has potentially higher wind 
speeds, such as on top of a ridge or near water, 

Calculating wind loading is an engineering exercise explained 
extensively in the Leeson book. Whats important here is that 
wind speed, along with antenna load in square feet, are the two 
determining factors for tower construction and mast selection. 
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‘The wind speeds for all US counties can be found in the latest 
TIA-222 publication and also on the Champion Radio Product 
website under Tech Notes (www.championradio.com/ 
\windspeed php). It's а good ides to confirm this with your local 
building department since sometimes their wind speed is differ- 
ent (higher) than the TIA-222 rating. 

These are several mast calculators available. There's at least one 
‘on the internet and you can also get an inexpensive one from Cham. 
pion Radio Products; the Mast, Antenna and Rotator 
(МАКО) Program. 

You should also increase the engineering factors if you antici 
pate ice loading, If in doubt, you'll never go wrong by over-engj- 


neering your installation, Figures and specifications in the Кон cata- 
logs for amateur towers typically use 70, 90 and 110 MPH, Ninety 
miles per hour corresponds to a pressure of 32.4 pounds per square 
foot. An inerease of wind speed from 90 to 100 МРН (approxi 
mately 11%) increases the pressure from 32.4 to 40.0 PSF (approsi- 
linear relationship; a small increase in wind 


ately 23%). This is no 


speed puts a lot of extra stress on an antenna system, 


Tablo 3 - Sample Bending Moments & Yield Strength 
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Aluminum masts 

From the table, you can see that the yield strengths of some 
types of aluminum tubing will handle decent antenna loads. There 
are two major problems, however, even at higher yicld strengths. 
Aluminum can provide reduced fatigue life. And aluminum will gall 
over time if it is subjected to rubbing against a harder material such 
asa steel U-bolt or SS bolt intended to pin the mast to the rotator. Be 
cautious about using aluminum masts in critical applications since 
they only have a moderate amount of yield strength, and don't use 
onc ar all if it has no alloy markings on i 


Steel mast coatings 

Steel masts must be coated to prevent rusting The most com- 
mon treatment is to have the mast hot dipped galvanized, IF your 
mast doesn't come treated this way, you may be able to get it done 
locally if you live in a populated arca. Galvanizing costs approxi- 
mately 50 cents per pound of material with a typical 100-pound 
minimum. If you're not able to have your mast galvanized, you can 
doa prety fair job yourself. Clean the mast thoroughly with a good 
paint thinner, TSP or solvent, then apply a suitable coating, Two coats 
ofa quality cold galvanizing paint, such as the LPS or Restolunr prod- 
ucts, works well as do а number of marine coatings. Гуе tried the 
Hammerite coating and it doesn't adhere very well; it flakes off when 
you're working on the mast. Ir contains glass flakes and doesn't seem 
‘well suited to our mast application, Other steel coatings such as ep- 
oxies are available and are worth looking into especially those for 
marine service, Put а cap on the top of the mast to keep water out 
and you'll be all set 


Steps 

If you're going to have more than one antenna on your mast at 
some point you're going to want to be able to work on the top 
antenna. If is out of reach, you'll need some steps to climb the 
mast. The simplest one is made out of two or three-inch steel angle 
iron or aluminum and a length of 15 to 18 inches is ideal. Drill two 
holes to take a two-inch U-bolt (ûf you have a two-inch mast) and 
install the steps at convenient distances up the mast. Install them with 
saddles if possible and they'll be both safe and comfortable. You 
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may either leave them up permanently or just put them on when you 
need them. I always carry a couple of steps in my toolbox because I 
never know when I might need them. A word to the wise, file down 
the ends and edges of your angle iron step so that you don't gouge 
yourself accidentally. Welded steps are good too, just more work. If 
you weld steps onto the mast, weld one on each side of the mast so. 
that you can stand and work for as long as you need. 


Parking your antenna system 

‘There is much debate on how you should park your antennas 
in order to minimize wind damage. Some say pointing the elements 
imo the wind gives you the strongest material (the boom) for the 
wind to work against, others say that the opposite. The maximum 
wind load is when either the boom or the elements are ata 45 degree 
angle to the wind so obviously thats to be avoided. IF your tower 
and antenna system is engineered and built to the weather conditions 
youll encounter, youl probably be okay no matter which way they're 
pointed. If nor, be sure your homeowner's insurance is paid up and 
cross your fingers when those big storms roll in 
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COAXIAL CABLE 


These days its casy to spend hundreds of dollars on coax. The 
price of copper hasn't gone down in recent memory; if its been 
some time since you've bought any, sticker shock may well set in. 

When selecting coaxial cable, there are four major arcas of 
electrical characteristics to consider. These are attenuation, VSWR, 
power ratings and shielding. 


Attenuation 
Attenuation is the measurement of signal loss in а cable as а result 
of inner conductor loss, outer conductor loss, dielectric loss and radin- 
Чоп loss About 90% of the attenuation comes from the innerand outer 
conductor los, while about 5% to 7% is from the dielectric loss 
Attenuation may be expressed in the form of a percentage of 
transmission efficiency 


Total Attenuation Efücicncy 
зав Ts 
3045 ES 


сав 25% 
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In other words, with 3 dB of attenuation, 100 watts ош the 
back of the radio results in 50 watts at the antenna. This attenuation 
works on receive also; a 3 dB loss means that the received signal loses 
half of its signal strength as well. 


Voltage Standing Wave Ratio (VSWR) 

VSWR is the ratio of the maximum voltage amplitude to the 
‘minimum voltage amplitude in a transmission line. Lengthy, authori- 
tative tomes concerning transmission lines and loss are available to 
the reader and lie outside the scope of this book, For many ama- 
лашу ап SWR of less than 1.1:1 is the only acceptable reading, Other 
authorities have different ideas and regard high SWR as little more 
than a nuisance, You know which camp you're in, Sometimes varia- 
tions of conductor and dielectric diameters are introduced during 
the manufacturing process which would affect the VSWR. These 
abnormalities look like bumps, corrugations ог other irregularities 
that are visible on the jacket. These irregularities typically come when 
опе manufacturing roll-end is spliced onto the end of another. 


Power ratings 

Power ratings come in two categories; peak power and wer. 
age power rating. The peak power rating is limited by a voltage 
breakdown between the inner and outer conductors and i indepen: 
dent of frequency. The average power rating is governed by the safe 
long-term operating temperature of the dielectric material and de- 
creases as the frequency increases. 

A cible with a solid dilecti will handle higher power than a 
cable with a foam dielectric. RG-8/U with a solid diclecti will handle 
5000 volts maximum while the same cable with foam dielectric only 
has a 600 vole rating 

Many amateur transmitter duty cycles are so low that substan- 
tial overload is permissible on current peaks so long as the SWR is 
relatively low, such as less than 2:1. 


Shielding 

"This is the ability to keep unwanted signals out and wanted 
signals in, Most high grade coax has 96% shield while BELDEN 99/3 
and its relatives have 100% shield, If you don't mind hearing from. 
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your neighbors occasionally less shielding may be worth the bargain 
price. Otherwise, stick to the good stuff, remember, you get what 
you pay for. 


Connectors 

‘Considerations should be given to connectors as well. Not only 
the type (UHF/PL-259, N-type, ec) but also the material is impor- 
tant. The connector material becomes a factor overtime as the ma- 
terial oxidizes. Gold or silver oxides are conductive while nickel ox- 
ides are ferromagnetic and can cause non-linearities and IMD prob- 
lems Silver connectors should be your long-term choice. They also 
take solder more easily than their nickel plated cousins. 

So far as peak power handling ratings of connectors, both 
UHF and N-types are rated at 20 kV DC voltage with a peak power 
of 10KW at a VSWR of 1.0. Anyone who's tied to run SKW into 
RG-8/U with PL-259% on it will tell you that those figures are prob- 
ably optimistic. 

For VHF/UHF or even serious HF applications, N-type connec- 
tors are the preferred ones. They have slightly less insertion loss than PL- 
2595 but her main advantage is that, unlike PL-25%s, they are water- 
proof there is a rubber O-ring gasket berween connectors that insures 
that no water can get in. They're more expensive and you'll have to stock 
up on adaptors, elbows, barrels, etc. but it might just be worth it. For 
VHF/UHF applications, it is a given that you should use them. 


Velocity factor 

"The speed of RF travelling through coax is determined by the 
dielectric material used in the core. Solid polyethylene, such as used in 
RG-213, will slow the signal to 66% the speed of light. 


Impedance 

Although coaxial cable can be manufactured for any imped- 
ance value from 35-ohms to 185-ohms, the most common coaxial 
‘able impedance used by amateurs is 50-ohms. Transmitters, low- 
pass filters, amplifiers and antennas are generally designed for 50- 
‘ohm unbalanced operation. The reason for the 50-ohm characteris- 
tic is thar itis a compromise between low attenuation (75-ohms) and 
power handling capability 30-ohms). 
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Bending radius 

A normal amateur installation will create bends and turns in the 
feedline гип. Bending coax is acceptable as long as the minimum 
bending radius is not violated, A typical bending radius is a multiple 
of the coax diameter, For example, a common spee for RG-8 mini- 
mum bending radius is 4 inches, which is a multiple of 8 (1/2” OD 
X 8). There is a bending radius parameter for all coax cables so do 
your homework and treat the coax with care. Coax with more rigid 
Shield materials will have a larger bending radius, 


RG-8/U vs RG213 

"The most common coax used for amateur applications is RG- 
8/U. Although one brand of RG-8/U is basically the same as any 
other brand, there is often a significant difference in the quality and 
cost of the materials and in the manufacturing consistency and qual- 
йу. As with many other things, with coax you get what you pay for. 
"The easiest way for manufacturers to cut the cost of their coax is to 
cut down the amount of copper braid in the shield, A shield cover 
age of 97% indicates a high-quality coax, but if you can see a lot of 
dielectric showing through the braid, its probably a lower grade 
cons. RG-8/U has a cellular polyethylene (or foam) inner diclectric 
and a black PVC jacket. 

Many amateurs insist on using RG-213/U which, although itis 
slightly losscr that RG-8/U, offers two significant benefits, First, RG- 
213/Uis a designation that ean only be used by cables manufactured 
to the military specification for that cable, both for materials аз well 
as manufacturing processes This results in a more consistent product 
that doesn’t have sloppy splices in the middle oft. Using RG-213/U 
minimizes this kind of potential problem. 

Another advantage of RG-213/U is that the jacket is made 
from non-contaminating PVC unlike regular RG-8/ U. Any cable used 
outdoors is subject to years of sunlight abuse, The UV radiation 
from sunlight causes a chemical reaction with the standard PVC jacket 
material and the chloride from the jacket material (polyvinyl chloride, 
remember?) stats to migrate, or leach, toward the inner dielectric 
and through the copper braid. Not only does the braid getall gummed 
up, but also it degrades the performance of the coax and it only gets 
worse over time. In an extreme case, the chloride will coat each. 
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strand of braid and actually insulate cach strand from the others, 
You'll have continuity on each strand but not from one to the other. 
The SWR of he coax (not the antenna) will rise over time due to this 
feedline degradation and you'll have to replace it. If you are in the 
Sunbelt or are at a higher than average elevation, the non-contami- 
nating jacket is probably mandatory. In the cloudy Pacific North- 
west, itis not as critical for long-term reliability. 

A disadvantage of RG-8 with foam dielectric is that the 
foam will cold flow over time. That is the center conductor will 
actually move in the dielectric over several years. This usually ise 
a big deal if you don’t have any significant bends in your RG-8, 
but does become a problem if you've wound a coaxial choke 
balun for your antenna and its in fall sunlight. In chat case the 
cable gets hot enough to soften up. 

Many hams consider only the Brune brand of cables. BELDEN 
is recognized as a quality manufacturer of many different kinds of 
professional cables and typically their prices are higher. Other manu- 
facturers offer competing products and are often many times less 
‘expensive. In addition to Сонан and Tha cable products, there 
are other brands that are worth a look. Don't be afraid to consider 
‘other brands to save some money: 
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Connectors and jumpers 

Feel free to use as many connectors as you want in a feedline — 
the loss is very small. From EE school lab work by Gary Nieborsky, 
KTFR, his measured connector loss is 0008 dB ог less per connector 
so the only things you have to worry about is using the right connec- 
tors and making sure that there is по water incursion, which is the 
biggest factor in amateur coax failures 


Cheap dBs? 

What does all this mean? To a ham with a tribander at fifty-feet, 
probably not а whole lot. Just use good coax and enjoy operating. 
Buc if you want to improve your signal, you might want to dig а little 
deeper. 

‘The first thing to consider is to use larger diameter cable, spe- 
cifically CATV or other hardline. This will significantly decrease your 
attenuation. A contester and Dx es Paul Reiter, WYTI, gave himself 
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a boost in RF output by installing 72-ohm САТУ hardline up to his 
antenna. He started geting terrific comments from DX stations about 
his loud signal and attributes it (correctly) to his reduced transmitted 
signal loss (attenuation) by using the big hardline. By the way, he was 
feeding a TH7DX with a short jumper of КС: after leaving the 72- 
ohm hardline. It makes for slightly increased SWR, but the higher 
signal and efficiency more than make up for the slight feine im- 
pedance mismatch. 

Free CATV rollends from your local cable company are al 
ways welcome, but lees suppose that you are trying to decide if real 
Jive Axprew Hela is worth the investment. Les also suppose that 
your run is going to be 250 feet from the antenna to the output of 
your RF source. Here are several typical configurations: 


Cable Type ‘Total Loss dB at 30 mHz 
RG2I3 with PL259s 345 
RG- with N connectors 33 
RG3 foam (8214 туре) with fame 245 
КОВ foam with N connectors 233 
Axonew Heliaz Yi" with PL-2594 17 
“sore Нейах У with Nconneciors зв 
Anonew Helias Ju. with PL2595 » 
Anonsu Heliax je with Nieonneetors р] 


lts obvious that the upgrade from RG-213 with PL259% to 
14” Hehax with N-connectors is worth almost 25 Ве. Many DX'ers 
and contestes say that a 1 dB change is worth chasing that would 
make this a most worthwhile improvement! 

The next improvement you make to your station might well be 
to upgrade your fecdlines and take advantage of the gain (actually 
reduced attenuation) involved. This is something that will benefit 
QRO'ers and QRP'ers alike. Of course, the free cable TV hardline is 
am attractive alternative. But even if you purchase the coax new the 
‘economics sil make sense 


Hardline connectors 

There have been dozens of schemes over the years to use plumb- 
ing hardware or other materials to fabricate something that you ean 
plug a PL-259 into. Some of the ideas scen seem simple and reliable 
while others are not. If you're going to do it yourself, stay away from 
dissimilar metals and make certain the connection is waterproof, Oth- 
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erwise my recommendation is to buy and use the connectors from 
the manufacturer, You've already saved a ton of money by getting 
the hardline free, now spend a bit го get some good connectors. If 
you can only afford one, get one for the end out in the weather and 
fabricate the one in the shack. That should minimize your potential 
problems. 


Burying coax 
"There are several reasons why you might choose to go to ай the 
work of burying your coax. One is that direct burial cable is virtually 
free from storm and UV damage, and usually has lower mainte- 
nance cost than cable that is out in the open. Another reason might 
be aestheties; a buried cable will be aeceprable in almost all commu- 
nites. Also, being underground does a great job of de-coupling the 
feedline that minimizes inter-station interference as well as RFI. 

‘Although any cable can be busied, a cable that is specifically 
designed for direct burial will have a longer life. The best cable to use 
is one that has a high-density polyethylene jacket because it is both 
nonporous and will take a relatively high amount of compressive 
loads. In some direct burial cables, an additional moisture barrier of 
polyethylene grease may be applied under the jacket; this allows the 
material to leak out, thus "healing" small jacket penetrations. 

Here are some direct burial tips: 

1. Because the outer jacket is the cables first line of defense, any 
steps which can be taken to prevent damage to it will go a long way 
toward maintaining the internal characteristics of the cable. 

2. Bury the cable in sand or finely pulverized dirt, without sharp 
stones, cinders or rubble. Ifthe soil in the trench does not meet these 
requirements, tamp four to six inches of sand into the trench, lay the 
cable and tamp another six to eleven inches of sand above it. A 
ereosoted or pressure-treated board placed in the trench above the 
sand prior to backfilling, will provide some protection against subse- 
quent damage that could be caused by digging or driving stakes 

3, Lay the cable in the trench with some slack. А tightly stretched 
cable is more likely to be damaged as the fill material is camped. 

4. Examine the cable as it is being installed to be sure the jacket 
has not been damaged during storage or by being dragged over 
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sharp edges. 
5. You may want to consider burying it in plastic pipe which is 
then used as a conduit. Be careful to drill holes in the bottom of the 
Pipe at all low spots so that any moisture can drain ош. 
6. It is important that burial is below the frost line to avoid 


damage by the expansion and contraction of the earth dur 
ıd thawing of the earth, and a 
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a handy reference table of coax losses for amateur bands, 
an, W3LPL, who pat it together and made 


Tablo 1 - Coax Typos and Attenuation 
Cable Attenuation (dB per 100 feet) 


Table 2- Coax Types and Attenuation 
Cable Attenuation (feet per dB) 


Table 3- Coax Types and Attenuation 
Foot Required for 1 dB Advantage LDFS-50A vs: 


Table 4- Coax Types and Attenuation 


Feet Required for 1 dB Advantage LDF4-50A vs: 
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WEATHERPROOFING 


‘The primary purpose of weatherproofing is to keep out mois- 
ture and contaminants from your coax electrical connections Whether 
its rain or condensation, water in a connector cable can put you off 
theair, 


Electrical tape 

Every amateur installation has many feet of electrical tape used 
outdoors in a variety of applications. The 3 rolls for $1” hardware 
store specials are not recommended for demanding outdoor use, 
particularly for weatherproofing, Scorci © Super 88 is just about 
mandatory. Besides being conformable to 0°F (-18°C), it will per- 
form continuously in ambient temperatures of up to 220°F (105°C) 
and itis UV resistant, The data sheet says it provides “moisture-tight 
electrical protection” and it retails in the $4 to $5 range. Another 
Scorcu tape, Super 33+, is another “premium grade, all-weather vi- 
‘yl insulating tape” with many of the same properties and specs as 
the Super 88. The only difference is that Super 88 is slightly thicker 
than Sper 33+ (10 mik far 88 ts. 7 mili for 33+). Both tapes are easily 
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applied at low temperatures, and will even stick to а wet aluminum 
antenna boom, 

Another specialized tape is the Scones 130€ Lines Rubber 
Splicing Tape. This is a fairly thick (30 mils vs. 7 mils for Super 33+) 
tape, is intended for high-voltage splices and is moisture-sealing 3M 
makes many products for demanding electrical use - these are just 
several of them. You may have your own favorite 


Weatherproof connector joints 

Properly sealed connector joints will be very effective and rel 
able in maintaining electrical and mechanical integrity. Here's how to 
doit 

1. Install and solder the connector correctly on the end of the 
coax. If you've done dozens of connectors, you know how to do it, 
M you're not sure, have someone check your work and don't scrimp 
on the solder, For the best result, you may want to use silver solder 
оп your outdoor connections 

2. Always use rwo pairs of pliers or channelocks when seating 
the connector to a female 50-239 or barrel connector. Hand tight- 
‘ened connections are not tight enough! Do not crimp or deform the 
connector. 

3. Apply two wraps of premium electrical tape (еше 33+ 

4. Apply а layer of vaporswrap material. Avoid Ce if 
possible, as it cracks and dries our as it ages. Do not pot c 
directly оп a connector; the connector will be unusable once i is 
removed. You will have to cut it off and throw it away because the 
CoaxStal changes your PL-259 into a gooey mess. By putting one or 
two wraps of tape over the joint fist, your connector will be pro- 
tected from the vapor-wrap and it will look as good as new if you 
ever have vo take it apart. To remove, simply take your razor knife, 
slice down the joint and peel off the weatherproofing, Vapor=wrap 
is simply a butyl rubber material that comes in rolls or sheets and 
does an excellent job of isolating the joint from the elements. A 
better vapor-wrap is the commercial vapor-wrap variety, such as 
Andrew or db Products It won't stick to connectors and comes off 
easily and is handled by Champion Radio Products. 

5. Apply two or three layers of tape over the vapor-wrap. 
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оп under tension, it will “lag” which 
is the technical name for that loose 
tape end that is Mapping around in 
the breeze, 
8, Paint the whole joint with a 
Tae Protective ayer, eg, clear acrylic spray 
paint, That joint should never fail 
(Some people like to use ScotchKote 


Drawing 1:The proper way to » 

putthefinalurap on verticay but i's meant for buried applications and 

running coaxjoint. is not UV resistant so itll flake off in a 
year or two) 


Shrink-fit tubing 

Although shrink-fit tubing has been available for years, a new 
wrinkle for coax joints is shrink-fit tubing with glue impregnated 
along the inside. As you apply heat to the shrink-fit, it shrinks while 
the glue melts and oozes inside between the fitting and the tubing It 
not only keeps the tubing from slipping, but it also fills in the voids in 
the joint and provides an additional seal. [rs an expensive alternative 
(approximately $1 per inch) but is very simple to use and remove if 
necessary 


Feedpoints 
The feedpoint of your yagi or wire antenna should also be 
‘weatherproofed. For commercially made baluns, just use the meth- 
ods described above. For wires attached to feedpoints or dipoles, 
just do the best that you can. For bare nut and bolt connections, you 
саа puta little ball of vapor wrap over the connection, ТЋае do an 
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excellent job of weatherproofing it. You'll probably have some dis- 
similar metals so I would be sure to use only stainless steel hardware 
and some type of appropriate antioxidant on the connection. Also, 
use silver solder if you have to solder anything. 


Silicon caulking 

1 never put silicon caulking material (RTV - room tempera- 
ture vulcanizing) on anything that needs to conduct electricity 
especially antennas or coax joints Silicon cures by absorbing mois- 
ture out of the ай. It also releases of outgasses a solvent material 
(acetic acid) during the curing process. This is that ‘greasy’ feeling 
that you get after handling silicon thats beca curing for awhile. 
What you wind up with is a connector that not only is absorbing. 
moisture but also is giving off a solvent that will migeate into 
your connector and cause it problems—a double whammy! If 
you must use RTV, use the aquarium type or Dow Corso 7745 
RIV Adhesive Sealant for best results and reliability. This RTV 
doesn't have the outgas problem. 
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Rorarons 


Rotators may be categorized as one of those necessary evils 
sometimes you can't live with them and you can't live without them. 
While rotators enable us to turn our directional antennas in a desired. 
heading, they are frequently the weakest link in many antenna systems. 
Anytime you have an electromechanical device such as a rotator, you 
have a number of scenarios for failure—and usually at a most incon- 


Brakeless wonders 

At the bottom of the rotator totem pole ate the “brakeless 
wonders.” These are rotators designed primarily for TV antennas or 
lightweight amateur arrays; they don't have a brake built into them. 
Instead of a brake, they typically have some way of adding resis- 
tance to applied wind Forces, such as a cork pad. These rotators 
include the Hy-Gaiw Tue TR44, CD45, the Yaesu G-450XL 
and the now defunct A HD73. Small tribanders and VHE/ 
UHF antennas are suitable applications for this class of rotator. The 
lack of a brake means they will turn in the wind, but they will give 
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reasonable duty for the price for modest installations. 


HAM-V'S and T2X Tailewisters 

Larger loads need a rotator with a real live brake to hold the 
antenna when the wind blows. The entry level rotator here is the Hv- 
Gui. HAM IV. It has a solenoid operated brake and will generally 
handle big tribanders or small stacks. Its bigger brother, the T2X 
Tails is а physically stronger rotator for a larger dollar invest- 
ment. The added strength of the T2X comes from larger body cast- 
ings, and it also contains more ball bearings to accommodate heavier 
loads. Internally, the parts are the same for both the HAM IU and 
the T2X; same motor, same gears, same almost everything 

"The good news is that the HAM IV/T2X have become the 
de-facto standards for American hams. This means all towers are 
built for their bolt pattern. This also means parts are readily available 
and you can even make repairs yourself. And that means you can. 
find them just about everywhere, including your local ham radio flea 
market. 

“The bad news is that the weaknesses and fixes for these rota- 
tors are well documented; eg indicator potentiometers and brakes, 
"These rotators are very sensitive to voltage drop so be certain to use 
the recommended wire sizes or put up with the resultant problems. 
An emergency first aid kit for these rotators should include a few 
fuses - there are two - and a spare motor starting capacitor, 


Other rotators 

Hy-Gain also manufactures the HDR-300. This is an off-the- 
shelf transmission with a 1 rpm motor. Ey. Gan adds the brake and. 
icator/control system and you get a medium duty rotator with a 
couple of limitations; che splined output shaft and the brake effec- 
tiveness are both troublesome 

Craig Henderson, N8DJB (www.rotordoc.cos 
of the leading Hy-Gain rotator repair guys in the country 
After fixing hundreds of them, he has come out with his own 
rotator - the CATS RD-1100. Jes well engineered, robust 
and has а smaller footprint than the T2X, making it suitable 
for Rohn 25G installations. 

Mike Staal, K6MYC, through his company М? Antennas, pro- 
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duces the Orion OR-2800 rotator. It features a worm gear design and 
a digital control box with presets and computer interface, A large 
antenna system, such as a stack of monobanders, is a candidate for 
an Orion. This isa simple, powerful rotator but has a user unfriendly 
control box and the mast clamp bas 2 fatal problems — clamp teeth 
that only give less than an estimated Y sq, in. of mast contact area 
and dimpled fastener surfaces that eventually flatten out, permitting 
the mast to slip. These two design flaws will let the clamp loosen up. 
In my almost 20 years of tower work I've installed dozens of these 
rotators and virtually 100% of them loosened up over time. 

The TIC GENERAL Ring rotators have been out for over ten 
years and offer а unique solution to the problem of turning an an- 
tenna around a tower on a sidemount. They have not yet established 
themselves as the ultimate answer to sidemounting antennas 

A recent entry into the side-mounted rotator category is the 
Orbital Ring Rotator by Rich Bennett, KOXG (www. KOXG.com). 
Like all of his products, itis a very robust device with a large 
capacity. 

Recent entries in the rotator market include the AlfaSpid — 
an impressive little rotator with a worm gear drive imported 
from Poland — and the Prosistel line of Big Boy worm gear 
drive rotators manufactured in Italy that have medium to heavy- 
duty capacity. 


Japanese rotators 

Japanese rotators are impressively designed and manufactured, 
and have made а dent in the US market, They seem to suffer fewer 
problems in the reliability area compared to other rotators, however 
repair and parts availability bas been their weakness, Another minor 
drawback is that you need metric tools to work on them. Although 
the self-centering clamshell mast clamp that many of these rotators 
use isan innovative design, most of them are made from cast alumi 
num pot metal and can be easily broken during normal installation. 
Yarsu, Емото and Crete rotators were all imported from Japan, 
but the Yaesu are the only ones currently available. The Yacsus have 
established themselves as reliable rotators with nice analog control 
boxes, an adjustable preset on most models, and a rotation overlap 
that gives 450 degree coverage. 


Ргор pitches 

Many serious antenna systems have been built around prop pitch 
rotator Having an incredible 9,576 to 1 gear reduction and built to 
такау specifications, prop pitch motors have proven themselves to be 
reliable as well as robust. They are the transmissions from propeller 
driven aircraft and primarily from World War Il They were the motors 
that changed the pitch of the propellers and are behind those round 
cans thar stick ош of the middle of the propellers. 

Many have been up for twenty years or more and are still 
operating, The biggest problem these days is that the supply is dwin- 
dling You won't find them at every hamfest anymore but they are 
still available if you go looking, With the decreased supply comes 
increased cost. When you consider the alternatives, an investment of 
$1,000 or more in a prop pitch doesn't seem outrageous. Consider- 
ing what other new heavy duty rotators sel for, pou can get a rotator 
that will tur your house if necessary and will last for years for about 
the same amount of money. Nothing else comes close. 

With a prop pitch, you'll have to supply the power and the 
directional indicator. The power is fairly easy, you need 28 VDC at at 
least 10 amps. Although 28 VAC can be used, DC is much easier on. 
the motor. You can use 14AWG or similar wire with little voltage 
drop (not а big deal with prop pitches); simply use the three wires 
for left and right rotation. Be sure to put bypass capacitors on the 
brush leads or you'll have your own spark generator trashing the 
bands everytime you turn your antenna. 

The indicator problem also has an easy solution. Although its 
impossible to get a prop pitch аг а flea market for under $100 any- 
more, you can still get selsyns for $5 and less А selsyn is a mechanism 
consisting of two units connected by wires where turning one of the 
two will turn the other one the same amount. After you've found a 
‘compatible pair (same number of wires with same voltage and con- 
nections), fabricate a mounting arrangement that will secure the tower 
selsyn close to the mast, Mounting it upside-down will prevent water 
from running down the output halt into the selsyn itself. Hose clamps. 
will be quite handy for this part of the operation 

You have two choices for coupling the selsyn to the mast. One 
method is to have two identical gear sprockets; one on the mast and 
the other on the shaft ofthe selsyn, The only tricky partis getting the 
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sprocket around the mast. Another way isto mount a pulley onto the 
selsyn shaft that is the same diameter as the mast. Then all you need 
to do is put a belt of some sort around both of them. I've seen long. 
springs used, as well as good sized fishing line, to provide the linkage. 
Another option is to use а small belt of some kind. As long as it is 
fairly impervious to weather and UV proof, just about any arrange- 
ment will work. 

Rather than fabricating your own controller, the Green Heron 
RT21 will work with virtually any rotator and is also user friendly. It 
is computer compatible and has many nice features. 

An easier way to use a prop piteh is to buy one all ready to 
from Kurt Andress, K7NV His work is gorgeous and it comes com- 
plete and ready го use. A Green Heron control box and custom 
mast clamp are also available. wwwk7nv.com 


Rotator loading 
Rotator manufacturers have found that the square footage of 
an antenna doesn't accurately reflect the loads placed on a rotator. 


Table 1 - Rotator Specs 
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"The problem is that a square footage figure doesn't represent the 
torque or rotating moment. Two antennas with the same surface 
area could put drastically different loads on the rotator, Аз a result, 
two rotator manufacturers have come up with their own method of 
calculating rotator loading, Hy-Gan uses a measurement called “Ef- 
fective Moment” which is defined as the product of an antenna’ 
weight (or mass) and its turning radius. Yarse s “K-Factor” is the 
same as the Hy-GAN “Effective Moment.” Use this calculation to. 
more accurately select the proper rotator for your installation. 


Rotator torque 

While the above rotator ratings have to do with antenna wind 
loading, the rotator must have sufficient starting torque to start the 
mast and antenna system into rotation. Ir must also have sufficient 
braking torque to hold the antenna in the wind. 


More nuts and bolts 

Tes probably not surprising that most rotator failure prob- 
lems are caused by overloading. Big winds produce hig forces 
‘on the whole antenna system; a lot of these forces travel down 
the mast to the rotator. People ask if they should рїп their rota- 
tor through their mast with a long bolt, to prevent the mast from 
turning in the rotator during a wind storm, What happens if you 
do is that now you'll find the next weak point in your system, 
and irs usually an internal gear or part. 

The Yaesu rotators do come with a bolt for pinning the mast 
while other manufacturers say that pinning the mast will void the 
warranty so use your best judgment and experience to decide whether 
to do it or not. 

By the way, if the wind does turn your antenna out of align- 
ment, simply point the antenna when its parked in a direction such 
that the next windstorm will blow it back into alignment. You know 
what your prevailing wind direction is, just use che wind to put your 
antenna back where it belongs. 


‘Thrust bearings 
"The purpose of a thrust bearing is to bear the vertical and 
horizontal load of the mast and antennas of the system. Use only 
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outdoor rated thrust bearings. You'll recognize these as being galva- 
nized or made from aluminum. Do not use any bearing made for 
indoor use, such as machinist pillow blocks or wheel bearings. Gen- 
erally, do not use any bearing that uses a single Allen screw to secure 
the shaft. The Allen screw and the bearings will rust and seize in a few 
short years and you'll have a stuck antenna system and a genuine 
repair problem. IF you're nor sure, just leave the bearing out in the 
backyard for a few weeks and see what happens. If no rust appears, 
you can probably use it. If you do get rust spots, throw into the 
recycle bin, This will save you a lot of future anguish 


А word of warning 
There is one primary rule when it comes to rotators; never 
instal a rotator that is more than five years old without having it 
inspected and refurbished. If all you have to do is grease the bear- 
ings, you'll sil be doing yourself and your rotator a favor. Any older 
rotator is a time bomb waiting to go off—and fail. Don't believe the 
guy at the flea market where you bought it who told you it had just 
been "rebuilt". Go through it yourself or have someone capable go 
through it. Don't say pu ——— 
haven't been warned! 


Rotator destruct test 

Back inthe 905 1 was 
working at the Hy-Gain 
factory in Lincoln, NE, and 
we had а customer that 
wanted to know how 
much bending stress a 
тай wister (T2X) would 
take, so we put one in the 
lab and found ош. The 
drawing shows the test ser- 
up, and ir went to 3,000 
foot, before the rotator 
neck broke, Thar’ a lot of Drawing 1: Hy-Gain lab destructtest lab 
force setup. 
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INSTALLING BEAMS 


After you've invested a significant amount of time, energy and 
money putting up your tower, next comes the challenge of getting, 
your new flamethrowers mounted on the top of the installation. Big 
yagis are a handful, whether they're on the ground or up in the air. 
Installing them on a tower сап be a long and arduous undertaking. 

While there are various ways to rigan antenna for hoisting, two 
methods are normally used 


Sling rigged 

‘Once again we use our old friends, the nylon slings as chokes. 
1 prefer to use long slings (six-foot or more) for rigging the boom. 
Install one sling on each side of the center mounting point of the 
antenna with two or three wraps around the boom; then bring them 
together so that the pick point is right above where the boom plate 
will attach to the mast. This assures that the antenna is balanced and 
will arrive in the correct mounting position. Using two slings on the 
boom enables you to hoist the beam up into position horizontal. 
Even if the antenna is mechanically off balance, you can adjust the 
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slings so that it will remain basically horizontal. With antennas that 
have the elements mounted above the boom (such as M and SteppIR), 
the antenna will attempt to “turtle,” or flip over, if given the chance, 
You can minimize that tendency by tying the slings with opposite 
wraps (one around the boom in one direction, the other wrapped in 
the other direction). 


Lifting torque arm 

A lifting torque arm (LTA) is a long plate which attaches verti- 
cally to the boom of the antenna with U-bolts and is the attachment 
point for the haul line. The long (18 to 24 inches) size of the LTA acts 
as a torque arm to keep the boom horizontal. The longer the LTA, 
the more torque it will exert; also the more clearance you'll need up 
at the mast in order to get it into position. The main drawbacks of 
the LTA ace that the LTA will he offset from where the boom mount- 
ing plate is (a major hassle if you're the person on the tower that has 
to wrestle it into place) and it doesn't do a very good job with an 
‘out-of-balance load. 

A similar device is called a tiller. It ean be shorter than the LTA 
and extends parallel up the tramline, The upward end of it slides 
along the tramline via a carabiner or other clamp thus holding the 
beam in a pre-determined attitude, typically where the elements will 
clear the top guywires or any other potential obstructions. It can be 
as simple as a 2-4 long piece of angle U-bolted to the boom. 


Hoisting the antenna 

Unless otherwise noted, the boom of the antenna should al- 
ways be horizontal when lifted. The “dead lift” is simply pulling the 
horizontal antenna straight up the tower On a self-supporting tower, 
this isthe easiest way to do it. With a guyed tower, you can spend а 
lot of effort threading the antenna through the guy wires, a technique 
"Tom Schiller, N6BT, describes in his book “Array of Light” the 
“wig wag” technique. It brings the antenna up horizontally but then 
threads it through the guy wires. This is very useful where you don't 
have enough room for a tramline system or have some other limita- 
tions. I use it occasionally and its a nifty alternative, 

Another variation is the "boom vertical dead lift” This is also а 
lot of work and you must still thread che antenna through the guys. 
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Also, you must tip the antenna back to horizontal once ie up to its 
‘mounting position. Гуе never used this technique and it certainly does 
have its limitations 

Another option is to assemble the antenna at the top or on the 
tower. For large arrays, this can be quite useful, particularly if you can 
pivot the boom during assembly. Again, this involves a lor of work 
lers face it, there all a lot of work! - and a special antenna mount 
that will allow the antenna to pivot. 

For some installations, “skyhooks” may be the only practical 
solution. These are typically the most dollar intensive. Cranes with 
140-foot jibs can cost $150 or more per hour. Helicopters can be 
just the ticket for some installations. They run around $500 per hour 
in the Pacific Northwest but can often accomplish a very difficult 
installation quickly; they can thus become cost effective. Two things 
you must keep in mind when working with helicopters; their downdraft 
creates а terrific amount of static electricity; you'll need some way to 
bleed off the charge or you'll get zapped. Its not dangerous but ir 
a jolt. Also it only takes around fifteen-pounds pressure to move a 
chopper. Remember, its in equilibrium when its hovering and it doesn't 
take much to move it. Just grab the load and pull it to where you 
want it Left, sight, up, down—its an easy maneuver. An exciting 
maneuver, but an easy one. Hot ir balloons are also used occasion- 
ally with some success, but can present problems on days that are not 
virtually windless. 


Using a tramline 

In my opinion, tramming is usually the only way to go. A tram 
system is where the load is suspended below the tramline and I use it 
for most antenna raising projects on towers, and even on trees, This 
is not the technique that uses two ropes stretched out parallel with 
the antenna siting on top of two lines running from the ground to 
the tower - that's the trolley technique. That method is a real head- 
ache; the ropes are difficult to equalize and they'll oscillate, the beam. 
gets real tipsy as you get to the top of the trolley lines and there a lot 
of drag resistance as you pull the antenna up the ropes. This is a 
method to be avoided! 

My preference is to use one steel tram line with the antenna 
suspended below the tram wire. You'll need three pulleys, haul line, 
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Drawing iTramline schematic. 


a length of wire rope for the tram line, an anchor on the ground and 
miscellaneous slings and carabiners. First, secure a sling choker on the 
mast about three feet above the place where the antenna will be 
mounted. Use two or three wraps and bring the choker through 
itself as described earlier. 

Clip a carabiner or shackle to the tail of the sling, Then clip a 
pulley into the carabiner, Bring up one end of your tram line and clip 
it into the same carabiner. 

Run your haul rope from below; through the back of the pul- 
ley, then out the front in the direction of your ground anchor. You 
may lower the end of the haul rope directly to the ground or you 
may clip your haul-tope end carabiner onto the tram line and let it 
slide down the wire, Small diameter aircraft cable or wire rope such 
as '/" or 3/16" is sufficient to take the static load of just about any 

You may have to drop one or two of the guy wires closest to 
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the antenna tram path if 
the antenna is going to be 
installed close to the top 
of the tower. This goes 
for any wire antennas 
also. These should be de- 
tached at ground level 

You'll need to se- 
cure the other end of the 
tram line to an anchor. 
You can use tec, a fence 
post, a car (be careful not 
to scratch the finish), а 
Drawing2:Detal #1. stake driven into the 

ground or any other con- 

venient strong point. This is when you'll want to use your come- 
along and your cable gripper. Tighten the cable until most of the 
slack is taken up. Do not overtighten; you could damage your mast 
If the sling on the mast is now high enough to create a significant 
moment of force on your mast (more than four or five feet), back 
guy it with another vire line or rope in the opposite direction, then. 
anchor it to a convenient spot 

Attach the tram pulley on the tram line. Turn the pulley 
upside-down (as the antenna will be suspended from 
the tramline) then clip in the load end of the haul 
line. After using slings or any other method to 
truss the antenna, lift the antenna truss to heê gp 
tram pulley and clip it in. d 

"The boom should be at а right 
angle to the tram line elements par- 
allel to che line) with the boom- 
to-mast bracket pointed to- 
ward the mast ready to 
accept u-bouts. Ar this 
point, the haul rope 
should be attached to the 
ишле pulley, Ie goes up 
through the pulley on фе banka benz. 
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mast, then down the tower to the ground. The third pulley may be 
used at the bottom of the tower to change the direction of the haul 
rope from vertical to horizontal, This is a classic snatch block ar- 
rangement and will make pulling the haul торе easier. 

Next, attach any tag lines. I prefer Y” polypropylene because 
ies light and stiff enough that it won't typically get hung up on any 
clamps or hardware sticking out on the elements, Tie the end to the 
boom at a convenient spot that you can reach when you need to 
untie it. Wrap the tag line around an adjacent element two or three 
times. You can add one or two wraps of electrical tape to hold it in 
place on the element to keep the fulcrum out on the element and 
away from the boom. The tag line will pull easily through the tape 
when youre done. 

‘The tagline may oceasionally get hung up on an element hose 
clamp, or something else. If you can't reach it with something long 
to free й, just lower the antenna, then tram it back up again. Doing 
this is only a minor inconvenience because everything is rigged; its 
just a matter of lowering it, then hauling it back up again — a five- 
minute job. 

us DHE O Ê INE йилы ro ат 
around crew pull the haul line while you and another person help the 
antenna off the ground. Once the antenna is launched, the tag line 
person can guide it as it goes up. 

Having the antenna suspended beneath the tramline keeps the 
antenna from twirling around on the way up. Another advantage is 
that ramming will let you run the antenna up off the ground so you 
сап run any on-the-air tests you'd like. Just attach a run of coax be- 
fore you lift the antenna. To make any adjustments, lower the an- 
tenna, make the changes and pull it up again. The tramline being in- 
line with the elements may cause interaction or will actually touch the 
tramline — that will throw your measurements off, Make measure 
ments with the boom 90° to the tramline if possible (elements paral- 
Jel to the tramline). 

1 use the tagline to pull the elements down so that they'll clear 
the guys (jou pull them down on one side of the boom and the ones 
on the other side go up - sometimes almost vertically). You'll be 
pulling against the haul rope so don't pull too hard on the tagline. 
"The tagline is used to move the boom so that the antenna will be in 


ore 
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the proper mast-mounting orientation. You want the boom-to-mast 
plate to wind up at the mast so the boom and elements have to be 
aligned so that thar happens. 

Someone must be on the tower to guide it when the antenna 
gets close to the rower. One or more elements will inevitably snag on 
the tower, guys, wire antennas or anything else in the vicinity. Once 
the antenna has cleared all obstacles and if everything was rigged 
correctly, the antenna should mate right up to che mast, It doesn't 
always happen on the first try, but it’s nice when it does. Put the mast 
bracket clamps or hardware together and it’s done, You probably 
took two hours to rig the tram but only ten minutes to get the an- 
tenna up on top once everything was correctly rigged. 

"To take antennas down, fig everything the same way, then lower 
the antenna down the tram line. The only thing to look out for is to 
make certain that the haul line goes behind the boom before it goes 
through the mast pulley. Once you've used this technique, youl likely 
use it again. 
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GROUNDING 


Lightning Axion: The probability of a given structure 
or system being struck by fighting îs directly 
proportional to its valme. 


Lightning Corollary: If un structures or stems of 
equal value are e to cach otber, the one that wll 
de struck by lightning ir tbe oe for wbich, 
replacement parts are no longer availabe. 


‘The thoroughness of this chapter is possible by the inalable 
contribucion of Jim Bron, K9YC, а consultan for andio 
and rideo ystems 
—Á— 


What is Grounding? 
The word “ground” when used їп the context of electrical 
engineering has multiple meanings. Although al are valid uses of the 
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word, these multiple meanings have led to major confusion, misun- 
derstandings, and bad advice. The first three of these meanings ap- 
ply to practices that make our systems safe though they have nothing 
to do with how well they work. How we respond to these meanings 
of the word “grounding” are defined by building codes, which carry 
the force of lax 


A connection to earth 

"The first and most obvious of those meanings is an electrical 
connection to earth. The sole purpose of the earth connection is 
electrical safety — it provides a discharge path for lightning, and 
for voltage and current transients that may be present on power 
system wiring, 


Power system grounding 

A second common use of the word “ground” is the 
connection of one conductor of the mains power system to earth. 
This "grounded conductor" is called the “neutral,” and serves as 
the return for mains power. This earth connection is called the 
“system ground" (or “system bond"), and it must be made at 
‘one, and only one point in any power system. Most resideñces 
and offices have oaly one power system — power that enters the 
building is simply distributed by circuits wired in parallel at one 
ог more breaker panels to as many lighting fixtures, appliances, 
and outlets as are needed, A “system ground” connection must 
be made in the first breaker panel within the premises, and virtually 
all breaker panels include a large serew called a "bonding jumper” 
to make the connection. (Caution: if your system includes more 
than one breaker panel, make sure that the bonding jumper has 
been removed from all but the first panel. One bonding jumper 
is required. More than one bonding jumper on the same system 
is illegal, and creates serious problems] 

A bond can be defined as a low impedance connection that is 
mechanically and electrically robust. At frequencies above a few 
hundred Hz, the impedance of virtually any conductor is dominated 
by inductance, not resistance. Bonding conductors should be “beefy” 
so that they don't melt, and as short as possible so that they have low 
inductance. 
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The power system eguipment ground 

A third common use of the word “ground” is the bonding 
together of exposed metal parts of all equipment connected to the 
power system, including the earth connection in the breaker panel. 
"This connection is called the “equipment ground,” (or safety ground) 
and is carried by the green wire and the third (round) pin in standard 
power cords and outlets. The function of this connection is also 
safety = it provides a solid current path certain to blow a fuse (or 
trip a breaker) if the “hor” conductor somehow shorts out to the 
exposed metal. Note that this equipment ground (the “green wire”) 
is specifically NOT permitted to carry load current. IF the equipment 
ground carries current, something is wrong! Load current is carried 
by the hot conductor and must be returned on the neutral 


Ground as a signal reference or reference plane 

A fourth common meaning of the word “ground” is “a 
reference plane” against which electrical potential is measured, 
"This may be "circuit common” in a piece of electronic gear, or it 
may be the chassis of an automobile or aircraft. Viewing this 
reference plane as a single point is a convenient, but dangerous, 
fiction = a fiction because all circuit wiring has some finite length, 
and thus inductance and resistance. There is also capacitance 
between signal wiring and common. Indeed, the combination of 
signal wiring and the associated circuit return forms an inductive 
loop, may form resonances, and behaves аз а transmission line at 
some frequencies. 


Shielding is not grounding 


(Old wives tales have grown up around the mistaken concept 
that "grounding" is somehow important ro prevent RF interference, 
spurious signals, and noise. Nothing could be further from the truth 
“indeed, a connection to earth is neither necessary nor even useful in 
preventing RFI or noise. Many people mistakenly talk about the 
connection of cable shields as “grounding” I is пот itis shielding, 
Shields do nor need to be grounded, but they do need to be 
continuous, and all wiring that penetrates the shield need to be RF- 
bypassed to the shield. At unshielded equipment, shields should be 
bonded to the point where the power system equipment ground is 
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bonded to circuit common. 

Another oldawives tale is that a connection to earth somehow 
makes an antenna work better. A study of virtually апу text on 
antennas shows this to be wrong, Certain types of antennas, notably 
most verticals, need a conductive plane to serve as the return for the. 
antenna electrical and magnetic fields and to complete the electrical 
Circuit. The earth's surface is typically a poor conductor, so except 
for salt water, it serves that function very poorly - апу current flowing 
in the lossy earth will cause power to be lost as heat. A vertical 
antenna can be made to work quite efficiently by placing a highly 
conductive plane under it (like a radial system), so that the return for 
both the antenna’ fields and its current is alow resistance like copper 
rather than the lossy earth. It does not matter whether this conductive 
plane makes contact with the earth! ‘The earth does, however, play 
ап important part in how our antennas work — the earth in the far 
field from the antenna reflects waves radiated from the antenna and 
reinforces them to form the “main lobes" of the antenna's vertical 
patter, 


Lightning 

Lightning is the most obvious transient disturbance from which 
же want to protect ourselves and our equipment. Lightning storms 
are compelling and awesome forces; many of us have seen what 
destruction they can cause, Fach year over 400 persons are killed by 
lightning Several hundred more suffer from injuries caused by 
lightning such as burns, shock and other damage to the body more 
vulnerable parts. Fifty percent of all strikes will have а first strike of 
at least 18,000-amperes of current while ten percent will exceed 
65,000-amps, ТЇ! take a lor less than that to destroy your radio 
equipment or to cause bodily harm, 

Lightning is caused by the atmospheric fiction caused by winds 
that rub clouds together. This friction creates a cloud with 2 charge 
similar to what happens when you rub a balloon on your hair; they’ 
both full of static electricity. These charged clouds can be either 
positively от negatively changed; it doesn’t matter which because the 
results are the same. 

Imagine one of these charged clouds drifting through the slo. 
It will be dragging a shadow of that charge below it across the 
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earth. Itis this shadow thats looking to either take on more electrons 
ог give up electrons in order to get back to a neutral charge. It is 
looking for an object that reaches up towards the cloud that will 
help it transfer the charge. That object could very well be your tower 
system, or the wiring inside your home. 

Air acts as an insulator, but breaks down (that is, arcs over) at 
some high voltage. The arc-over is a huge current pulse with a fast 
ise time and short duration. Each lightning pulse reaches its maximum. 
level within about two to five microseconds. Any short duration 
pulse consists of an infinite number of harmonics, the relative strength 
of which is determined by the rise time of the pulse and the 
impedance of the current path, It is a major mistake to think of 
lightning as DC. Yes, there's a DC component, bur data collected 
by the IEEE (Institute of Electrical and Electronic Engineers) shows 
that most of the energy in a lightning strike is in the MF spectrum 
(300 kHz-3 MH»). So when designing a ground system for lightning 
protection, we need to avoid inductance! 

In addition to the very high voltages and currents that cause 
damage, the ionized айг from a direct hit may reach a peak plasma 
temperature of 60,000°F; its no wonder that it can cause so much 
destruction, 


Drawing 1: Lightning daysperyear in U.S. 
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Lightning activity varies widely from one part of the earth 
to another. Most of the benign West Coast has five or fewer 
lightning days per year while areas of Florida have over ninety 
Even with a low average number of five lightning days in Western 
Washington, there may be as many as 800 lightning strikes in one 
day in King County alone. Even in a moderate zone such as 
Nebraska with forty days-per-year, I'll never forget one active 
Fourth of July storm—the lightning barrages made it seem as 
though I was in a war zone! 


‘The Earth as part of а ground system 

"The earth is important as a reference plane because ts sitting 
there ready to accept the charge (and the associated energy) from 
lightning, Although we know itis round, we can think of the earth as 
a plane of infinite size. The earth’s conductivity varies widely, 
depending on the chemistry and geology of the soil (or rock) and its 
moisture content, from fairly good to very poor. The conductivity 
of the soil, measured in ohm/ cm of resistivity, has much to do with 
how quickly and how well the earth conduets and disperses lightning. 
strike currents. Conductivity can even vary alot between points that 
are very close together for а variety of reasons, both natural (the 
presence of rocks, streams, earth stratification) and manmade 
(excavation, land filing, building structure, buried pipes). Soil with 
high resistance can be treated with chemicals to increase its 
conductivity, but this is not a permanent solution; the ground must 
be re-treated every year or two as the chemicals deteriorate and 
wash away. Special hollow electrodes that allow you to add chemicals 
to can be purchased and installed, The chemicals in these devices 
must also be replenished periodically. There may also be environmental 
concerns with some of these chemicals. 


Lightning Protection 
The most fundamental elements of lightning protection are: 
1. A low impedance path for lightning to our reference plane 
(earth) that does not include our house or ham station. This path is 
provided by earth electrodes, 
2. Common bonding of our equipment so that, in the event 
of a lightning strike, the potential difference between equipment 
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is minimized 
3. Protection devices on power, signal, and control wiring that 
is connected to our equipment. 


An earth юр, 
&ссиоде вап electrical 
connection to the soil, 
whether intentional or 
ground rod is an 
example of an 
intentional connection 
= what building safety 
codes call a "made" 5 > $ 
electrode, The larger Depth (ee) 
phe bing the More Drang Grmdetctode depen 
various unintentional connections to arth = structural steel, conductive 
cold wate pipe, conductive gas pipe. We can seduce die impedance 
to earth ofan electrode by increasing the surface area in contact wth 
the soil, but this is nota linear increase. For example, doubling the 
rods diameter decreases the impedance to earth by only about 10%. 

Driving а rod further into the ground also decreases the 
resistance to carth. in rhe simple case where earth conductivity varies 
lide with depth, doubling the rod length reduces the resistance to 
earth by approximately 40%. After driven to a depth of en fer 
additional decreases in resistance are very small and incrementa; so 
... long ground čodě are pleri 16 
however, conductivity at the surface is poor but improves with 
increasing depth, longer ground rods may stil reduce resistance 
significantly 

Maple ground rods interact with eachother due to the mutual 
inductance between them. i there were no mutual inductance, the 
impedance of four rods in parallel would be simply one fourth the 
impedance ó£ а sigle od, I realty, mua! inductance couses the 
total impedance to earth of multiple rods to be somewhat greater 
than this simple parallel analysis would suggest. One way to look at 


B 


Resistance to Earth in Ohms 
8 
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how this mutual inductance affects 
the combined impedance of 
multiple rods is to think of a rod as 
creating a hemisphere-shaped 
volume that depends on its size, and 
that the volumes of adjacent rods 
should not overlap. Using this 
analysis, it has been shown that for 
maximum effectiveness for a given 
amount of buried copper, the 
spacing between rods should be 
about 22x the rod length 

This analysis is also Drawing 3: Electrode interface 
oversimplified — it works for DC hemisphere. 
and the low frequeney components 
of lightning, but it fails to consider the inductance of the wire that 
interconnects the ground rods. At 1 MHz, the inductive reactance 
of 22 ft of H6AWG copper is about 70 ohms, so spreading out the 
electrodes is not uite as beneficial as it might appear. 


Ufer grounds 
Concrete can be a good electrical conductor or good insulator, 
depending on its formulation, Most concrete used in construction is 
а fairly good conductor. A Ufer ground (named for its inventor, 
Herbert Ufer) isan electrical conductor encased in conductive concrete 
то form a made electrode. Ufer grounds tend to be very good 
grounds ~ that is, they have a relatively low impedance to carth — 
because they have a much larger surface area than a simple rod. 
‘Structural steel within а concrete foundation acts as а Ufer, including 
a ham radio tower sitting on concrete that is electrically conductive 
i a robust connection is made to a conductor inside the concrete. 


Tower grounding 

A Ufer ground can be formed by bonding a tower to the 
rebar internal to the concrete tower base. The rebar cage should 
be tied together (some rebar can be brazed) so that arcing does 
not occur during a lightning strike. IF all this is done properly, а 
tower taking a lightning strike is unlikely to explode or crack the 
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concrete base. 

Multiple earth electrodes can be wired in parallel to further 
reduce the total impedance of the connection to earth. In a typical 
tower installation, the Ufer electrode formed by the concrete base 
with its structural steel should be augmented by one or more driven 
copper rods connected to each leg of the tower. The impedance 
‘can be further reduced by using multiple rods on each leg in a hub. 
and spoke arrangement. As we will learn later, this combination of 
electrodes must be bonded to al other ground electrodes associated 
‘with our building 


Ground system impedance 

"The National Electrical Code (Arie 250, Part 4) calls for a 
made electrode (ground rod) at a building’s service entrance of а 
certain size. If, depending on soil conditions, that rod has a resistance 
to earth greater than 25 ohms, a second made electrode must be 
added, Thats alll In other words, NEC does not place much emphasis 
‘on the impedance to earth. The IEEE Greer Book (Recommended Prci 
For Grounding, ANSI/IEEE Std 142-1982) call for a target resistance 
of 5 ohms where highly sensitive electronic communications 
equipment is installed. The cost of achieving this rather low resistance 
value will depend on soil conditions, and the resistance of a grounding 
system may not fall nearly as much as you would like in proportion 
то the time and money invested. You must determine how elaborate 
and effective (and costly) your grounding system will be. And 
remember — NEC doesn't think its a big deal. 

The good news is if you follow our recommendations for 
tower grounding and properly bond то the power system's ground 
electrodes, you will probably have a fairly low resistance to carth. А 
good on-the-ground radial system for your vertical will reduce the 
impedance at higher frequencies even further. Although there may 
be some resonance effects (the capacitance of the radials and the 
inductance of the wire to the electrodes), these tend to be fairly low 
© resonances because the earth is so lossy 


Bonding Earth Electrodes 
All earth electrodes that lightning might view as associated with 
our house or ham station must have an effective low impedance 
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bond between them. The impedance to earth of a ground system. 
will be the parallel combination of all earth electrodes (ground rods, 
building steel, tower footing, cold water pipes, radials), plus the 
inductance of the wire connecting them. The capacitance between a 
big radial field and the earth can be a significant component of 
lowering that impedance in the 300 kHz — 3 MHz region where the 
energy of lightning is concentrated. Iis this paralel combination of 
carth electrodes that must be bonded to the power system neutral 
and equipment grounds at the service entrance. 

АШ building codes require that all ground electrodes, whether 
made or unintentional, be bonded together. This includes metallic 
water pipes and building steel. But some or all ofa plumbing system 
may be non-conductive due to use of plastic pipes, so it should not 
be depended upon for grounding. 
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Lightning induced surges 

So far, we've mainly thought about lightning current induced 
directly into our antennas, especially our tower. This is only a small 
part of the problem. While your chances of taking а direct hit are 
relatively small, tis quite common for destructive transient spikes to 
be induced in wiring When current flows, the resistance of 
conductors produces a voltage drop. Lighting will induce voltage 
along a wire, and ie will induce current in any closed loop. The actual 
strike that induces this voltage and current may be quite distant, even. 
miles, away. 


Other power system transients (surges) 

In addition to lighrning-induced surges on power lines, there 
are also voltage and current spikes caused by the connection and 
disconnection of very large electrical loads and transmission lines. 
‘The power company tries to minimize these transients, but the do 
happen, especially when things are going wrong = for example, when 
there's a power failure of some sort. 

Currents induced by lightning and these power system problems 
on power lines, telephone lines, cable TV systems, flow along those 
cables to your house. The function of ground system bonding, 
lightning arrestors, and surge protectors is to prevent these voltages 
and currents from causing damage. 
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Lightning often induces very large currents in the earth. Because 
the earth is resistive, there can be very high voltages present between 
earth electrodes driven at points that only a few tens of feet apart — 
for example, on opposite sides of your home! That's why irs critical 
that all earth electrodes be bonded together. If they were not, the 
points within your home where those electrodes were connected 
could have high voltages between them, and any equipment at those 
locations that was interconneeted would much more likely be 
damaged. 

Tes also important to realize that no matter how hard we try, 
пове of these bonding connections are perfect. They al have resistance 
and inductance by virtue of their length. To be most effective these 
connections should be short (to minimize inductance) and beefy (so. 
thar they are less likely to melt before they discharge the voltage). Te 
is important to san all bonding conductors as much in a straight line 
as possible, and to avoid sharp turns. Lightning sees a sharp turn as 
extra inductance, and will ту to jump around it to find a different 
path to the earth that what you intend. That jump from where you 
ant it to go to where lightning wants to go is called a “side flash,” 
and is another way that lightning can cause damage. 

In general, the connection to earth 
protects us from direct hits, 

Bonding and surge protection 
devices protect us from am 


everything else, - /\ = 


Ground system bonding 
An effective lightning \ 

protection system has two key "emm | шш Pet 

elements, The most obvious 

is a good earth electrode 

system, but its not the most 


important. The most critical E 
part of any grounding system 
is really the overall architecture m 
of how all the equipment and 

equip E 


ground electrodes are bonded 
together. In other words, we Drawing 4: Grounding system. 
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need to pay careful attention to where lightning currents flow, 
and where lightning voltages might appear within our system. 
Our objective is to minimize the difference in potential between. 
different points in our system, between one piece of equipment 
and another. It is these differences in potential that cause arcing, 
and destructive equipment failures. 

For most installations, some variation of a “Single Point Ground 
System" is the best approach. A SPGS collects all antenna cable 
shields and earth electrodes at 
some common point before 
the cables enter the building. 
Remember, you're trying to. 
keep the lightning energy 
outside where it will be 
conducted into your earth 
electrode system. The tower, 
cable shields, mains power 
system, and protectors for 
telephone lines, tv cables, ete. 
should ай be bonded to this 
common point, thus reducing 
the potential differences to a 
minimum and protecting the 
operator and equipment. 

The SPGS is facilitated 
by a bulkhead entry panel, a 
beefy plate punched so that 
you сап mount lightning 
protectors for you antenna 
system and ground system wiring. Antenna cable shields are 
attached to this plate; straps from the plate run down and connect 
to the carth electrode system. Buried wire used in grounding 
systems should be solid copper and #6 AWG minimum. Sharp 
bends in the grounding system should be avoided because they 
introduce additional inductance. For ground wires, a radius of 
six-inches is the absolute minimum. Remember, you want the 
lightning surge to find the path of least impedance to ground 
and to dissipate harmlessly. 


Photo 1:Thebulldingenty business end of 
a commercial ingle Point Ground System. 
Note tho feodlinos golngin and tho four runs 
ofeopper strap to the earth ground. 
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Lightning protection companies will try to sell you a beefy 
copper plate with big standoff insulators. Does this need to be 
copper, currently a rather expensive metal? Not really — any metal 
that avoids dissimilar metal issues and doesn't oxidize is fine, This 
leaves our aluminum, but stainless steel works, And standoff insulators 


Shack on upper floors 

Another one of those "old wives’ tales” is that somehow a 
radio shack on a higher floor will have all sorts of problems with 
noise and RF interference “because it cannot be grounded properly” 
Aircraft radio systems work fine with no earth connection at all, and 
the transmitters for many FM and TV broadcast stations are located 
оп the top floors of skyscrapers. 


Steel frame construction 

A building with asteel frame and concrete foundation will generally 
havea pre low impedance ro cart, because the frame provides multiple 
low impedance paths o that foundation, which acts as а massive Ufer 
cath electrode. If your shack is in a building with a sel ame, bond 
everything to that fame — power system, telephone system, cable TV, 
зой llamennas When posible ну to bond all of this equipment toa 
single point on the building, If your antenna is on the roof, bond it to 
the roof at the highest place you can convenient do so. Again, the 
multiple, beefy paths through building steel to the earth provides an 
excellent discharge path for hg 


Buildings without steel 

In a building without a steel frame, you've got to provide 
Sour own ground bonding No problem — just follow the SPGS 
rules. Power, telephone, and cable TV should all enter the building 
as close as possible to a single point near ground level, have their 
grounds bonded together, and have those grounds tied to the carth 
electrode system. Likewise, antenna feedlines should run to a 
common point as close as practical to the power system bonding 
point, be bonded to that point, and then run to the shack. This 
simple concept applies whether the shack is in the basement or on 
the third floor! 
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Power, telephone, cable TV, ham station on opposite sides 
of a building without steel 

This situation often happens, and any solution is a compromise. 
A good start is one or more good earth electrodes at each point 
Where there is cable entry, with al electrodes bonded together by the 
shortest practical path, Don't limit your options toa star configuration. 
More paralel paths are better than only one path. Most authorities 
advise that the path should not run through your building, On the 
other hand, if the path you provide around the perimeter has too 
much inductance, lightning may find its own lower impedance path 
by jumping (arcing over) from one conductor to another through 
yout building, causing mischief along the way. 


National Electrical Code 

In North America, building codes generally require that an 
electrical installation conform to the National Electrical Code (NEC). 
A few cities (including Chicago, Los Angeles) have their own codes 
that are generally similar to NEC. ‘These codes apply to premises 
systems — that is, buildings and facilities connected to mains power. 
‘They do not apply to systems that are strictly portable — for example, 
а motor generator in a vehicle, and they do not apply to power 
distribution systems outside buildings (that is, the power company's 
wiring). They do apply to a portable generator or solar system that 
is connected to premises wiring Some industrial systems, such as 
those running heavy equipment are exempt from some of these 
requirements, 

‘The bonding requirements of standard building codes like 
the NEC are based on solid engineering, They have been 
formulated and refined over the years by some of the best 
engineering minds on the planet, including many who are very 
aware of the RF implications of the requirements. There is no 
conflict between these grounding and bonding requirements and 
excellent performance of audio systems and radio transmitting 
or receiving systems. Those who advocate separate, unconnected 
grounds for power and radio systems or audio systems are simply 
wrong. 

‘You may be surprised to learn that amateur radio stations are 
covered by the NEC; they even have their own section under Article 
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810 - Radio and Television Equipment. In this section are specifications 
for everything from size of receiving antenna conductors (#14 hard 
drawn copper ог #17 copper-clad steel for spans of 35 to 150 feet, 
#12 hard drawn copper or #14 copper-clad steel for longer spans), 
to the requirement for an antenna discharge unit on the lead-in ofan 
outdoor antenna, and the minimum size of the station grounding 
protector wire (# 10.) These requirements ate specifically aimed at 
safery 

Many consider copper clad steel a truly awful material, and 
strongly prefer hard drawn copper. Ordinary copper wire can be 
hard drawn by connecting one end to an immovable object (eg a 
telephone pole or tree) and the other to a car bumper or comealong, 
then pulling (“drawing”) it 


Zone of protection 

Tris well established that high objects will protect things around 
them. This ‘zone of protection’ may be visualized as being somewhat 
‘cone-shaped, with the tip at the top of your tower system and the 
size of the circular cone base radius equal to twice the height of the 
antenna system. In other words, your tower and antenna system will 
protect your house and other property if it happens to be within the 
zone of protection. 


Lightning rods 

The lightning protection system should start with a lightning 
rod a minimum of two feet above the top antenna. This should be 
a galvanized rod (like your galvanized tower) and should be clamped 
to the mast or another topmost part of the structure. It should have 
а point at the top of the rod. 


On-tower equipment 

Everything on the tower should be bonded to it. This 
includes the rotator and the shields of all cables. Tower-mounted 
antennas don't normally require any additional bonding because 
they are mechanically and electrically bonded to the tower through 
their mounting hardware. This is also true for most other tower 
hardware and appurtenances. Ideally all non-coaxial cables (control 
cables, power cables) should be twisted pairs but this isn’t really 
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possible, PoLvouaser (vwwwrblock.com) and LC.E, 
(wwwiceradioptoducts.com) both manufacture an B-wire 
protector for rotator control cables. Coax cables should have 
grounding pigtail kits to ground the outer shields. There are 
commercial versions available that use mechanical bonds. Make 
sure that your pigtail ground joint is weatherproofed. 

Cables can be shielded by running them in steel raceway (a 
combination of steel conduit and junction boxes). To provide much 
shielding, the raceway should be continuous from the top of the 
tower to the shack. The EMT should be bonded to the tower at 
both ends and at intermediate points. While а real pain to instal, 
cables run inside the tower are somewhat better protected as the 
tower steel ats like a Faraday cage. 


Installing ground rods 

"The preferred material for a ground rod is typically copper 
clad steel. The copper coating is more for corrosion resistance than 
conductivity. The best way to drive a ground rod is with a weighted 
slide hammer specifically designed for chat purpose. Using a water 
hose inserted into the ground to evacuate a hole for a ground rod is 
mor recommended; it generally results in a much higher resistance 
because the rod is not in direct contact with dense soil as is a driven 
sod. Other methods include using a fence-post driver or rotary 
hammer with ground rod hea. 

The corrosivity of the зой is another issue, You can measure 
the pH of your soil with a spa or swimming pool tester and tharll 
tell you whether your soil is acidic or alkaline. For acidic soils (ey, 
most of the eastern US), you want to go with galvanized rods because 
the soil acids will attack the copper. If your soil is alkaline you want 
to avoid galvanized, tin or aluminum rods 

Ground electrodes don't necessarily need to be vertical rods. 
Ifrocky soil makes installing vertical rods difficult, consider multiple 
shorter rods, or burying ground rods horizontally. The main reason 
for going deep below the surface i to get to in contact with more 
moist (lower resistivity) soil. Horizontal installation of ground rods 
ata depth of 36 inches provides essentially the same resistivity as an 
‘equal length rod installed vertically. The top of the installed ground 
electrode should be below the frost line. 
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Making Bonding Connections Outdoors 

As discussed in Chapter 10, you know the importance of using 
antioxidants pastes, avoiding dissimilar metals and having good 
electrical and mechanical connections. This is especially true for 
grounding systems, There are only two acceptable grounding system. 
connections. The first is a mechanical compression, or crimp, joint. 
You'll need an industrial type erimper since you'll be working with 
large wire sizes, and you'll need medium to large crimping forces. 
Two metals that are being joined with a crimper should be joined 
with enough force that the two metals actually exchange materials 
and bond under pressure. Another style of compression joint uses a 
nut and bole mechanical force to make the connection, Mechanical 
connections joining a ground vire to a ground rod can be made 
with a proper mechanical clamp. Don’t forget to use an antioxidant 
on all of these connections. 

Uninsulated copper or steel braid oxidizes very quiekly when 
exposed to the elements, and should never be used outdoors. Large 
diameter solid copper or wide copper strap isa far better bonding 
material for outdoor applications, Pieces of flat copper strapping 
may be joined with stainless steel nuts and bolts along with antioxidant 
paste. The minimum size for copper strapping is 1.5 inches wide 
and 0.0159 inches thick (26 gauge). 

"The second and best method, the one used in almost all outdoor 
commercial grounding systems, is an exothermic process. This 
method uses heat and chemical reduction to produce a permanently 
reliable joint. One of the biggest providers of exothermic bonding 
equipment is the Enco COMPANY; as their equipment is called Cadel, 
these connections are commonly called Cadneld joints. To make a 
Сафи exothermic joint, you need а mold and shots of the chemical 
material. Each mold is for a specific application (ground vire T 
connection, round member tower leg, lat plate, ete) so you typically 
need several molds to do everything, For amateur use, just the one 
mold for wire Т connections would suffice. If you are going to do 
more than one grounding system, or are going to do а professional 
(and effective) job on your own grounding system, this would be a 
very worthwhile investment. 

You first prepare the wire for the joint, then clamp on the 
mold, Next, pour the shot of copper oxide and aluminum powder 
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into the mold and ignite the charge with а lighter. The initial ignition 
gets the shot hor enough so that it bums away the oxides and deposits 
copper around the joint. The larger cross section of metal increases 
the surface area and decreases the joint resistance. It also avoids апу 
dissimilar metals problems, The result is an extremely reliable and 
long-lasting joint. After it extinguishes, then cools, you remove the 
mold and move on to the next joint. Don't Cadveld directly to tower. 
legs. They аге relatively chin walled and hollow; the heat from a 
Cade joint may put a hole in your ROHN 25G or 45G leg, Use a 
mechanical jointin this case. 

‘Connecting a copper ground wire directly to а galvanized tower 
member is discouraged since the 2 materials are pretty dissimilar 
‘metals and are far apart on the galvanic scale. Use of a thin sheet of 
stainless steel berween the two materials will give you a better 
permanent connection. Polyphaser makes a nice copper to galvanized 
tower leg ground clamp called the ТК. It is a SS hose clamp with 
small sheet of SS tacked onto it. Tt comes in 3 different sizes for 
different sized tower legs. 

Unacceptable bonding methods include using a hose clamp 
оп а ground rod and silver soldered connections. While using silver 
solder is encouraged for outdoor antenna connectors, one surge of 
lightning current (and heat) will melt the silver solder and break your 
ground connection, 


Guy anchors 

Uninsulated guy wires can conducta lightning surge and should 
be grounded as well. Do not use copper wire for guy wire grounding 
because of dissimilar metal corrosion and subsequent damage. Bond 
the guys to the ground wire and terminate the ground wire to a 
ground rod that is connected to the grounding system. If you take a 
lightning hit on your uninsulated guy wires, the strike will probably 
weld your turnbuckles together. If you are using insulators on your 
guy wires or PHLLYSTRAN nonconductive guy cable, you've already 
eliminated this potential problem, 


Cables 
Cables in tower installations should be bonded in three places; 
1) to the top of the tower (or where the cable terminates) of the 
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cable run, 2) to the tower or the ground system at the bottom of the 
cable run before it turns and goes horizontally over to the building“ 
and 3) at the building entrance to the single point grounding bulkhead 
plate. This will reduce the potential differences in these conductors. 
and lessen the chance for arcing and other lightning damage. 

A coaxial cable shield ground must conform to the same 
general specifications as the grounding system; no dissimilar 
metals, and it must be attached by a compression type clamp. If 
your coax has a copper shield, such as most RG-8 types, you will 
need a copper grounding strap body, which must be attached 
with enough compression to assure a good electrical connection 
without damaging the coax. 

One of the few grounding kits available which meets these 
criteria is offered by the ANDREW CORPORATION; one of the largest 
manufacturers of commercial RF transmission lines, antennas and 
other communications products. Their kit for ¥” cable includes 
not only the copper grounding strap and compression installation 
tool, but also weatherproofing butyl rubber tape and wide 
electrical tape to seal the finished joint. While ANDREW kits are 
specifically designed for their Hefiex cables, they will work equally 
well with RG- type cables, They provide inexpensive insurance 
For your tower and grounding system installations. These kits have 
become the industry standard; they use the best available materials 
and components. 


Surge protectors 

Surge suppression devices are designed to prevent damage to 
equipment caused by current or voltage spikes on cables that connect 
to equipment. There are two fundamental types — shunt mode, and 
series mode. 

‘Shunt mode suppressors conduct the lightning current, hopefully 
diverting it away from the protected equipment (and often onto the 
equipment ground conductor). Gas discharge tubes and metal oxi 
varistors (МОУЗ) are the most commonly used shunt mode 
suppression devices. At low voltage, they look like an open circuit, 
but conduct when the voltage exceeds a certain threshold 

Series mode suppressors block the lightning current by adding 
a high reactive impedance (an inductor) in series with the lightning 
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current. The energy in the lightning strike is stored in the inductor, 
then discharged slowly (and thus harmlessly) back into the power 
Tine. SurgeX manufactures products of this type for professional 
use. (wwwsurgex.com) Zero-Surge (wwwzerosurgc.com) makes 
series-mode products for the computer market, Brick Wall 
(wwwbrickwalleom) for the home hi-fi market. 


Disadvantages of Shunt Mode Suppressors 

When a shunt mode suppressor conducts a lightning strike to 
the equipment ground, the IR drop in the “green wire” raises the 
potential between the equipment ground at the “protected” outlet 
and other “grounds.” Consider two pieces of gear plugged into 
different outlets, with signal wiring between them. One of them has 
а shunt mode suppressor, the other does not. Or perhaps they both 
have suppressors, but they sce different lightning currents and have 
different lengths of green wire to “earth.” In cither situation, the 
difference in potential between the two equipment grounds ean be 
thousands of volts for the instant of the strike, and one or both of 
those pieces of equipment is likely to experience a destructive failure. 

Shunt mode suppressors degrade and/or eventually fail, as 
they absorb some finite amount of energy. They may fail shorted ог 
open. Te is not practical to test for a degraded or “failed open” 
condition, As a result, it easy for a shunt mode device to have failed 
and offer little or no protection, but you don't know it. 

Shunt mode suppressors also conduct non-destructive noise 
spikes to the equipment ground, and the resulting noise current can 
radiate and be pieked up оп antenna systems, 


Advantages of Shunt Mode Suppressors 

Shunt suppressors are much cheaper than series mode 
suppressors. They are the only practical method for protecting signal 
circuits and for protecting an entire building (that is, а “whole house 
suppressor” at the service entrance) 


Advantages of Series Mode Suppressors 
Series mode suppressors reliably protect equipment оп branch 
circuits without causing destructive failures on equipment on other 
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Disadvantages of Series Mode Suppressors 

"They are larger and more expensive than shunt mode suppres 
sors, and it is not practical to build series mode suppressors with 
capacities larger than about 30A. 


Recommended Surge Suppression Strategy 

Install a “whole house” suppressor at the service entrance as 
your first line of defense against lightning coming in on the power 
line, and other power line faults, Use series mode suppressors on 
branch circuits (that is, between the breaker panel and equipment) to 
control lightning induced on branch circuit wiring. Never use shunt 
mode suppressors (MOVs) on branch circuits 

Use shunt mode devices only in parallel with the RF inputs of 
sensitive equipment that cannot be protected in any other manner 
(antenna inputs, inputs of telephone equipment, computer network 
equipment, ete) All shunt mode protection devices (telco, ethernet, 
ete), MUST use the star ground as their ground. 

Universally recommended, lightning surge protectors for coaxial 
cable have different designs, cost and effectiveness. Fach manufacturer. 
claims that their designs and products are superior. POLYPHASEK and 
INDUSTRIAL COMMUNICATION ENGINEERS, Гло, (C.E) are the most 
professional when it comes to design and testing because most of 
their products are designed and sold for professional and industrial 
applications. Go over their literature and decide which one will meet 
your needs and budget. 

Anything that uses an air gap to keep lightning currents out of 
coax is probably not worth installing — by the time the charge builds 
up to the point where the current ares across the gap, the damage 
has already been done. Humidity, temperature and manufacturing, 
tolerances also affect the ability of the gap to work. Some types of 
asrestors use simple gas tubes that are good for one discharge, and 
then must be replaced once they have taken a charge. 


Cable TV and telephone lines 

Installers of Cable TV and telephone systems are often careless 
about grounding for their surge protectors. Its your house ~ make 
sure that they are bonded directly and effectively to the SPGS. When 
new lines are being installed, make sure that they enter the building, 
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immediately adjacent to the poser system so that they can have а 
short path to the power system ground, 


Dissipaters 

‘The theory behind dissipaters is that they dissipate any static 
electricity energy before it turns into а ‘feeler’, or small lightning bolt 
that precedes the primary strike. They use multiple wires in a ball 
configuration, or resemble a bortlcbrush that sticks out into the air. 
When they are used in combination with a good grounding system, 
they are purported to effectively reduce the chances of a direct 
lightning strike, The theory is sound; people who use them generally 
endorse their effectiveness while other lightning experts tend to 
minimize their usefulness, Like a lot of things, they probably coulda’ 
hurt, If your tower and antenna system includes medium or large 
yagis on the tower, the antennas themselves are already big enough 
to act as dissipaters. 


What else can you do? 
Another one of those old wives tales is that you can prevent 
lightning damage by unplugging everything = disconnect your gear 
from the AC outlets remove audio cables, control cables, antenna 
cables, ete. You will also need to remove all ground straps in order 
to isolate the gear totally Then you must hook everything up again 
after the storm passes. Will this protect you? Maybe, maybe not. I 
once lost а CD player when lightning induced enough current on 
internal wiring to toast the microprocessor that controls i. My non- 
ham friends have по antennas at all, but some have lost lots of 
computer резе Ethernet boxes, computer printers, serial interfaces, 
even the Ethernet interfaces in their computers, In none of these 
cases could a nearby strike location be identified. Rather, it was 
voltage induced in internal wiring and the wiring between boxes. 
“The bottom line is that you can avoid all that bother, and most 
of the problems, by doing the things stated in this chapter. The 
better job you do on your outside grounding system, the less 
important interior grounding becomes. Removing the coax from 
the radios or switches may be only psychologically helpful because 
that 18,000-amp lightning surge will are right through the thin plastic 
jacket on the coax to whatever path it can find to ground. If you 


186 — Urme tover 


reduce resistance and inductance to provide an easy path for surges 
to ground, it stands to reason that by increasing resistance or inductance 
you would make it more difficult for a surge to get through. An old 
broadcast engineer trick is to tie knots in AC power cords; the theory 
being that the increased inductance from the knot will discourage 
surges past the knot. Somehow I doubt it 
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BUILDING A SINGLE TOWER STATION 


Back in the late 1980% I was writing an Up The Tower column 
in the National Contest Journal, One of my columns was called 
“Building A One Tower Station" and I was going to update it for 
this book, Back in those days there weren't the number of choices 
of towers and antennas that there are now and there wasn’t as much 
information available to the average amateur, But now with the internet 
and much more in the way of resources available, ИЗ a much bigger 
topic with hundreds of possible choices. So instead of rehashing 
everything that's found elsewhere in this book, I'l just hit the high 
points, And if you use the information in this book to help you plan 
your installation, you're way ahead of the game anyway. 


Go with what you've got 
Don't let perceived limitations hold you back. If you've gor 
trees — use them. There are lots of competitive antennas (including 
wire yagis) mounted in trees 
IF someone gives you a used antenna = put it up, even if irs 
at 20 feet. 
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“Throw up some wire. A move to а new QTH and no antennas 
Jed me to install a mult-band dipole fed with a single coax feedline 
that was only a few feet above my roofline. "Wires work!” is the 
comment in my logbook, It was exciting to get on the air and it was 
even more satisfying to do it with simple wire antennas. 


Do your homework. 

For starts, read what you can and talk to your buddies about 
their experiences and suggestions. 

“The best resource for tower and HF antenna questions is the 
TowerTalk internet reflector. 16, a very active group with lots of 
knowledgeable folks in its almost 2000 members. To subscribe, send 
an email to towertalk-request@eontesting.com with «subscribe» in 
the subject and you'll be ай set. Over 13 years worth of archives are 
available at wwwccontesting com. I don’t think there a single tower 
‘or antenna topic that hasn't been covered! 

“Two books that'l help you make antenna decisions are the ver- 
tical and yagi comparison reports available from Champion Radio 
Products (wwwchampionradio.com). Both were written by your 
author and Н. Ward Silver, NOAX, and feature on-the-air compari- 
sons along with the testing protocol. They are HF Vertical Perfor- 
mance ~ Test Methods &. Results and HF Tribander Perfor- 
mance - Test Methods & Results 2 Edition. 

"There are a bunch of other valuable antenna books available 
for any frequency or complexity: Add them to your library: 

‘And of course the Rohn catalog is invaluable, It gives you many 
engineering drawings and specifications and associated hardware. Irs 
available online — www.rohnnet.com - as well as on CD. 
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BE KIND TO YOUR TREES 
by Doug bnd WAS 


IF your tree-supported antenna fell down, you'd care. Did you 
ever think about caring for the tree that holds up your antenna? For 
most hams trees are favorite antenna supports. Many radio amateurs 
begin their operating careers by hanging the far end of a wire up in 
the familys shade tree. On Field Day, resourceful hams find а hun- 
dred and one ways to get an aerial into the ай; many (if not most) of 
these methods involve using trees as supports ог aids. 

During my twenty years as a radio amateur, Гуе used trec- 
supported vire antennas almost exclusively. Some of those antennas 
lasted several years; most didn't Over the years, by trial and error 
and because of my trade association with arborists and horticultur- 
ists—T've gained an understanding of what can (and сап?) be cx- 
pected of trees as antenna supports. 

There are right and wrong ways to attach and maintain your 
tree-mounted skyhooks over the long haul. I'l share with you some 
pointers from two noted horticulturists who talk about attaching, 
wires to trees Safety is also discussed—your safety during antenna 
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installation, and the safety of the tre. 


‘Trees аге alive 
Few antenna supports can be classified as life forms. Trees are 

ап exception, Tree experts usually cringe when someone brings up 

the idea of attaching а wire to a tree—especially when connecting a 

chunk of wire to its midriff. The experts know that trees are made 

up of three basic layers: the bark, the living sapwood, and the nonliv 

ing heartwood. The bark protects the sapwood from injury. The 

skin and blood 


sapwood contains the “s 


vessels” of the tree. If the sterile barrier 
between the bark and the sapwood is 
broken, infection can setin. Infection, if 
unchecked, can kill even a mighty oak 

"Tees have the same basic prob- 
Jems with infection us we humans do. 
len ree gets a cut or gash, infection from 
bacteria and fugi Bound va serií But 
there's one important difference be. 
tween troes and humans: “Tree wounds 
dort heil? says noted tee expert Dr 
‘Mex L Shiga. “People heal; when you Draving: Atachingrapasor 
are wounded, you bave forces that fight Wes o res can sometimes 


off the infection, Trees don't have these ad tomajor problems forthe 
‘ree. Wrappinga rope around a 
limbortrunkandleavingitun- 


forces to fight off infection, and every 
wound will become infected." 

qu, "ended will suffocate the 

Shigo, author of the book The tue amd canse a distortion of 


Bi аё Tre Car and many oh green el 
notes that trees lack an immune system 


that fights off infection from wounds that occur from the actions of 
а careless climber or the attachment of an antenna-support eyebolt. 
"Trees treat their wounds by walling off the infected area and isolat- 
ing it from the living part of the tree. “IF you cut open a tree that’s 
2000 years old, you'll see every injury in that tree that occurred over 
its lifetime," says Stiga 

Whenever you wound a tree, you weaken the tree in that spot 
The walled-off wood around the wound lacks the strength of healthy 
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wood. When attaching an antenna to a tree i's important to trauma- 
tize the tree as litle as possible. This will ensure a strong, enduring. 
Most people believe that tree paint or shellac is the best way to 
treat a tree wound. “Nor so,” says Shigo. “Wound dressing paints just 
protect the microorganisms” Scientific research with tree-wound 
preparations have failed to show any benefit to the tree. 


Making the attachment 

Although its relatively easy to get a wire up into a tree, its 
certainly more difficult to keep it there for the long term. Usually, 
annual (sometimes weekly) restringing is needed. It seems that trees 
“instinctively know” just when to drop a wire to the ground: during, 
midwinter when the snow is high and the skip is long, or in the 
middle of a heated contest 

‘The bow-and-arrow method has become a standard of the 
wire in-the-tree crew. But many other methods, slingshots, for ex- 
ample—even attaching a string to a golf ball and whacking it with a 
sand wedge—are common. 

Опе of the easiest and most common ways to connect a wire 
to а tree is to throw a rope over a branch crotch, then Че off the 
loose end. This is the main method used in temporary (such as Field 
Day) installations, 

"Doing this probably won't 
hurt the tree if irs done as a tem- 
porary thing,” says Washington 
State University horsicuturist Ray y 
Maleike. Bur with any of these 


simple antenna-stinging methods, 
some problems for the tree (and 
the antenna) may develop later. 
“First of all, youre not sta- 
billzing the antenna very well with 


Drawing 2: Most hams install tree- 
mounted antennas by throwing a line 
over a branch crotch. This should be 
. 
is that people have a tendency to because abraslon ofthe rope and treo 
forget the antennas there. As the — results, Overtime girdling may occur 
tree grows—as it increases in di- leadingtothelossefoneormoreofthe. 
ameter—you can girdle the tree. | branches, 
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1f you've got this girdling rope or wire up there, you can actually kill 
that portion of the tree above the wire.” 

Another no-no when attaching an antenna to а tree is wrap- 
pinga wire around the trunk This strangles the veins in the sapwood 
the same way a noose around your neck would strangle you. "Ir 
important not to wrap anything around the trunk,” says Maleike 

Many commercial nurserymen wrap stabilizing topes around 
newly transplanted saplings to keep them from falling over. Recently, 
however, this practice has been questioned because of the restric- 
tions these ropes place on the growth of the tree. People forget 
about these ropes; some remain on trees for years after transplanting. 

Encasing the stabilizing (or antenna) wire in rubber or plastic 
hose is not the answer either. “Wire wrapped in hose is just as injuri- 
ous to the tree as the bare wire itself” says Shigo. “IF you remember 
your basic physics, you're applying the same number of pounds of 
force to the tree with or without the hose.” Shigo recommends that 

you must wrap something around the trunk of a tree, use a wide 
fabric strap to do the job. 

“Two methods have emerged among leading horticulturists as 
the preferred way to attach a wire to a tree. For light antenna loads, 
such as the end of a dipole, a threaded eyescrew is the method of 
choice Just drilla hole into the 
tree about en smaller than the = 
screw diameter, then twistin the 
eye-serew Be certain you use a 
cadmium-plated eye-serew 
threaded for use in wood. A 
thread length of two or three 
inches should secure most an- 
tennas, Allow at least 14" of 
space between the trunk and 
theeye; this allows for outward 


growth of the tse WE SE: Dramingd:Thobostwaytosocuroawire 

М + toatreolswith an oyoscrowmowntad into 
such as multiclement wire themed (A) As the we grows ander 
beams, another method forse- panda however, the eyescrowvdlbecome 
curing wires to trees is recom- | embedded (B) and mustheremored and 
mended. This procedure in- replaced. 
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wolves osing an rebel longer than the ree diameter diling com- 
pletely rough the tece, then securing the eyebolt on each side of the 
tree with round washers and nna 

Deling а hole through а tree causes mach les trauma to the 
tree than wrapping something around it. Much of the core of a tree 
is dead dine, used manly for physical support Лон bere wi 
be some wounding ofthe 
tene atthe йе ofthe bol 
or gen such wounding 
will be far less than that 
srdcí cs ir wn 
ping а wire around the 
mak. 

rs dak чём 
type of eyescrew connec: 
Чан ll vet be 
placed. “IF these fasteners 
are let on the пес for a 
long time, the fastener vill Draving: Forheavyantonna loads, aneyebolt 
степпыйу becomcembed- passed OUEN петиот mo wli support 
ded in the tree,” says Moreweightthananeyescrew. Allow about 1/ 
Malike “You're going o 2inofpuybotrsen ebotandtunkoriů, 
have to pull these fasteners DOn'ttighten the balt completely; this allows 
out кее тег them er, ME. 


сту now and then.” Maleike recommends replacement of tree 
eyescrews every five to eight years as the tree matures 

Commercial arborists use drivefasteners for securing wires to 
trees; drive fasteners are similar to eye-serews, “These fasteners keep 
the wire away from the tre, allowing the tree to grow out to it 
Maleike, Drive fasteners are used for securing lightning rods and 
their accompanying wires to trees. The use of drive fasteners is com- 
топ in the Midwest, where lightning strikes to trees are common. 
You may have to shop around to find drive fasteners—try calling 

Jes easier to periodically service a tree-supported antenna if а 
pulley is used. Raising and lowering the antenna for repairs can be 
done without the need to climb the tree cach time, 1 use a flexible. 
truck tie-down to provide tension to the antenna. 
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Your safety in trees 

A fall from a 40-foot tree is just as dangerous as a fall from a 
40-foor tower. Yer, many times you sce hams sealing trees with no. 
safety equipment! Wear a tower-climbing safety bel for all tree climbs. 
Commercial acborists take the mater of safety one step further: 
"They lob a rope over a tree crotch just above the height ar which 


[ip 


Draving5: By usinga pulley, raising and lowering the antenna for repairs can be 
done without the need to climb the tree. Flexible truck tie-downs can be used to 
apply tensionto the antenna. 
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theyll be working Then they Че the rope to their safety belt. The 
loose end of the rope can be held by а helper on the ground, Be suse 
to use a good quality rope that is strong enough to support your 
weight. Before use, inspect the rope for wear. Arborists prefer to use 
hemp rope rather than nylon, because hemp ropes stretch less. 

When you're climbing a tree to attach а wir, always have a 
buddy on the ground available to fetch tools or summon help in an 
emergency Be sure your buddy wears a hard hat; tools or branches 
dropped from even a moderate height can be dangerous. As an 
alternative to doing it yourself, consider procuring the assistance of a 
professional to install our tree antenna, A professional can clear away 
interfering branches and secure an eyeserew in short order, Profes- 
sional tree trimmers generally work in pairs They use a ladder or 
bucket truck to get up into the tree, and then they fre-climb through- 
ош the tree. А safety rope, saddle, and safety belt are worn. “A gure 
that I heard about how much this runs is about $50 an hour? says 
Maleike. Most tree tasks can be done by professionals ja about an 
hour. 


Summary 

Keeping your station in good operating condition is—or should 
be—a fundamental practice of every radio amateur. Part of that 
practice includes annual inspection of your antenna system. If trees 
are a part of your antenna system, take a good look at them. Are you 
keeping them healthy? 


SOME QUESTIONS AND ANSWERS 
ABOUT TREE ANTENNAS 


Ө: A Cher in my neighborhood cut the top out of his pine tree and 
stuck a ground plane antenna up in it, Is this an acceptable way to 


A: Definitely not. Not only is this a hazardous way to mount an 
antenna, it essentially ends the useful life of the tree, Topping of tress 
is strongly discouraged by professional arborists, Because topping. 
removes the growing point of the tree, the tree recovers from the 
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damage by sprouting numerous lateral buds around the top, which 
soon overrun the antenna. 


Qs I've heard that if you fertilize a tree, your antenna will grow 
higher each year. True? 


A: False, Although fertilizing is a desirable way to keep your tree 
healthy, it does not raise the height of your attached antenna one inch. 
"Trees grow by extension of the apex. A wire attached to the trunk at 
30 feet will still be at 30 feet 10 years later. By the way, when you 
fertilize your tree, use regular garden fertilizer distributed around the 
drip line of the tree. The fancy tree spikes you sce advertised are 
unnecessary because most tre feeder roots are near the surface. 


Ө: Is there a way to slow down the growth of a tree so that it 
doesn't interfere with my antenna? 


A: Some home-and-garden stores now stock growth regulators for 
trees, These products can be injected into the tree, dropped on the 
soil surrounding the tree, or sprayed on the leaves (follow label di- 
sections). Tree professionals can also perform this service. These 
growth regulators are used by some utility companies to reduce the 
need for tree trimming near power lines. 


О: Are certain types of trees better wire-antenna supports than oth- 
ers? What about hardwood versus softwoods? 


A: There% litle difference between hard- and softwoods in d 
ability to hold up antennas. Conifers, because of their shape, are 
nearly ideal antenna supports, Avoid the use of red oaks and silver 
maples, if possible, because they tend to rot easily if wounded, Avoid 
using poplars, too. In spite of their height and rapid growth, their 
branches are brittle and break easily. 


О: If 1 damage a tree during antenna installation, what should I do? 
Is tee replacement expensive? 


A: IF the damage is minor, your best bet is to do nothing If its a 
broken limb, saw the limb off cleanly, perpendicular to the axis of 
the branch, Never saw off a branch flush with the surface of the 
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trunk, as this allows decay to set into the trunk. Using tree paint for 
injury repair is unnecessary (see tex). In case of major tree damage, 
consult a trained arborist. 


The answer to the second question is: Yes, tree replacement is expen- 
sive. The International Society of Arboriculture publishes a formula 
for calculating replacement cost of shade trees of various sizes. This 
pamphlet can be obtained from many tree services and libraries. 
Here's one point to ponder: A large, stately shade tree can add sev- 
eral thousand dollars in value to the property on which it sits. 


Doug Brede is a former Associate Professor of Horticulture at Oklaboma State 
University and is wow research director for a major west-cast sed company. He. 
bas written mare бап a hundred technical artes оп landscape topics far maga- 
girer inthe landscaping ndustry. 


This article wus originally printed in OST, September, 1989, and ir used with 
permission, 
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TREE INSTALLATIONS 


In many parts of the county, tres offer usable, cheap antenna 
supports. Conifers such as pines or firs, being single-trunked, are 
ideal for use as antenna supports, while multi-trunked maples and 
cottonwoods are almost impossible to climb or use. In general, trees 
are not regulated, nor subject to building codes or permits, There 
have been three instances in Washington State where amateur tree 
installations have been challenged Gritiated by overzealous neighbors) 
by building departments: in each case it was determined that the 
antenna in a tree was not subject to any building department regula- 
Чопа. A tree is a tree isa tree! 


Wire antennas. 

You'll need two trees, one for each end of your wire an. 
tenna. It’s very difficult to install an inverted vee in a tree because 
its just about impossible to get both sides of the antenna through 
the branches. For attaching wire antennas, find a professional tree 
climber/arborist in the Yellow Pages ora talented buddy to install a 
pulley and rope system in your trees of choice. А Vi, or Y4" eye 
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ing bol screwed ineo the нее with a pulley attached is he beat 
method. Uae a chain ink or бй shut o tach he pile to de 
eee e 
the торе can cause hs sope t0 ur and ews together and possi- 
bly ша the pulley, Ure only meal pulley; preferably ones mado 
.. гый. lar ars wil is break 
or be damaged by UV radiation. Check our ое hardware tres 
for usable pile; cheap stainless tel omes orly are arabe 
for $5 to 810 each 

‘Keep in ийй dut wi ples and Баш opes thee thou 
кешни йшй been o cio a h 
the rope bal be grin diametr tan the ante o ha 
cant got fb de paley 4 шр amato Lue Г 
polypropylene rope; only a very sloppy pulley wil alow it to 
jie A mdi berst pon far your rope bpd Dek heen 
UV sextet line 

ere your dne go эр йе её nl be reaches dile 
— 1 all bat cra that the te il 
йите bê pie ш clara deca widow through vd the 
line can rare. Ir beter o over rate ince new growth will 
invariably grow into the spot in just а few years Smal branches 
жеше song йш дий сш cue jo problem 
in any tree project or instalation tho even prevent а yugi from 

vin bought be Tine up in bis, th ib ча pe 
the line through tne back side of (he nevi stalled pulley, atch 
CCT 
.. le. Tho win icum ast ia ll 
eic to sat and for anon She end pfi 
Bam čech шй esie e Ve dis Hod cd E 
the ine together making a loop Thi s becuse 1а almost all 
Suse ctm bark ot the iyani. Without loop, 
vien he amena besos the end of four hal ioe will Бе athe 
— have ta eed someone up t ете 
ic TF you have a loop systern, all you bave to dol pull our line 
TTT 
Your vine stichment polat where бе topes ar Ged tether 
tad you're rendy о start hoisting: 
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If you're going to climb the tree yourself, you'll need sturdy 
boots, hardhat, a safety belt with two lanyards and tree climbing 
spurs. You'll need the two lanyards to leapfrog your belts around 
branches so that you'll be belted in 100% of the time. 

Ina strong wind that will get your trees swaying, you'll want to 
have a method that allows the trees to move without breaking the 
antenna, You can use a weight of some sort (cement block, plastic 
milk-container, a bucket with rocks, etc) or use a rubber bungee 
cord (or truck tie-down as mentioned in the previous chapter). 

Newer tree climbing techniques don't use steel climbing spikes 
as it's deemed harmful to the tree. The latest methods use a line 
thrown or shot over a branch and then the rope is used to climb the 
tree using rope ascenders like the ones used by mountain climbers. 
You don't even touch the trunk of the tree using this technique so it's 
pretty benign. There are slingshot-type devices as well as compressed. 
air gun-types that you cen use to get the line over a branch as well as 
the bow-and-arrow technique, 

‘Tree climbing has even become a recreational activity 
the way that rock climbing has, There ate clubs and resources avail 
able and you can find a lot of them online. Be sure to check out the 
equipment and techniques and you can do this yourself. 


Preparing the tree 

Most tree Yagi installations require an unobstructed mount- 
ing at the top of the tree. In other words, the top of the tree 
needs to be removed, or topped. While arborists discourage tree 
topping for several reasons, in the Pacific Northwest many 
homeowners do it as a matter of course to reduce the size of a 
tree and its chances for being blown down due to a wind storm, 
“Topping the tree, unfortunately, can't be avoided. My advice is to 
be as gentle as possible, This means leaving limbs and branches 
growing as high as possible, so that they continue to bring sap up 
the trunk, Do not strip the limbs on the upper part of the tree; 
with no living branches to bring the sap up, the tree trunk will 
quickly rot and your installation vill fail. 


Rotators 
Beams using the techniques described below use a pipe mast 


for the tree mount along with a mast mounted rotator. This re- 
quires a mast-mounting bracket to be attached to the bottom of 
the rotator. Since the rotator is not mounted inside a tower, which 
‘would give it its maximum strength and rating, you must be more 
conservative with che wind loading for mast-mounted loads by 
down-rating the rotator square footage capacity by approximately 
50%. While the HAM IV from Hy-G has enough cap 

for mast-mounting small 

tribanders (15 square feet 

inside a rower vs. 7. 

square feet when mast 

mounted), I usually rec- 

ommend the T2X 

Tailtwister because its 

physical strength and de- 

sign bearings have more 

capacity and reliability for 

tree installations. You want 

the most reliable installa- 

tion possible, because if 

you have a rotator prob- 

lem it's not as easy to re- 


place as one mounted оп 
a tower. 

A stress test done on 
a T2X at the factory 


Photo 1: Mast mounted troo Installation. Note 
Shoe tht it took eee 
Pounds of force on the re 


tator before it broke. The rotator was plate mounted by its bottom 
bolt mounting holes and the гор neck casting broke during this tor- 
ture test. (See Chapter 22 Rotators) 

"There are two mast mounting brackets available from IE. Gu, 
опе is a medium-duty version for their НАМ IV; the other is a 
heavy-duty bracket for their T2X Tailmister. Since the bolt patterns 
are the same, you can use the heavy-duty version on a НАМ IV 
instalation as well. This would be the recommended configuration. 
Get the recommended mast-mounting bracket if you are using other 
rotators also, 
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VHF/UHF yagis 

УНЕ and ОНЕ vertical antennas can be successfully tree in- 
stalled, A tall tree will give your antenna coverage that may astound 
you. The worst part of any tree installation is that nothing is square or 
plumb on the tree. You might have to put up with a lite lean or tilt 
то your installation. 

"The easiest way to mount a VHF vertical is on а pipe, lag 
screwed to the trunk at the top ofa tree where it has been topped. 
Take an 1%" galvanized water pipe, or a size appropriate to the 
rotator that you're mounting, drill three or four holes in it for the 
lag screws, then use your /e, X 4" or 5" long galvanized or 
stainless lag serews to attach it to the trunk. Without topping the 
tree, you must fabricate some type of standoff to get the an- 
tenna a reasonable distance from the tree trunk; plus you'll have 
to clear the branches up above, This is a less desirable configura 
tion since vertically polarized VHF/UHF signals will be attenu- 
ated somewhat by the tree, Get it on top and in the clear if 
possible, 


НЕ beams 

‘Trees can be very useful for small HF triband yagis and even 
‘wo-element ad. meter beams Since a tree is a nonconductor, there is 
по steel tower or guy wires for the antenna to interact with. As a 
result, a tree-mounted HF beam is a wonderful performer. Use the 
same procedure described above; top the tree and use a four to five- 
foot section of 1%" LD. galvanized water pipe with four 14” X 6" 
galvanized or stainless steel (SS) lag screws to attach it to the trunk, 
Notice I've moved up from */4" to 14” lag ereus, The HF beam 
‘exerts much more force on the installation than does the VHE/UHF 
installation, and requires stronger hardware. Be careful about using 
hardware store grade lag screws; you can easily twist the heads off 
common or ungraded lag screws. The galvanized or SS versions are 
generally stronger and their heads won't twist off. An improvement 
fon the pipe-mount method is to have a horizontal flange welded 
onto the pipe. (Sce Photo 1.) This will minimize the torque related 
forces and increase the reliability of larger installations. Next, bring 
up the rotator with the control cable attached and install it on the top. 
ol the mast. Bring up and install the mast next. Again, a three or four 
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Photo 2:A bigyagifortree mountings being launched up the tramline. 


foot piece of galvanized water pipe is plenty. Its better to have it too 
long than too short because you may want to use the mast for a 
ginpole for installing the antenna; you'll want a pick point high enough 
above the rotator to bring up the antenna while providing enough 
installation clearance. Now you're ready for the antenna. 


‘Tram up the antenna 

Tree limbs make hoisting an НЕ beam up to the top of a tree 
all but impossible. The secret to getting the beam above the branches 
is to use the tramline and tramming technique from Chapter 23. Use a 
sling around the top of the rotator bell for your anchor and pulley 
attachment poing then rig your tramline as you would normally. Do 
not rig the tramlinc high on the mast above the rotator; itll create a 
large-sized moment of force on the system and may 


Tag line 

"The other key to getting the beam up is to attach a tag linc to 
опе of the elements in the middle of the boom, and use it to tip the 
elements upright as they approach the tree, Use a lightweight line, 
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such as 14" polypropylene, бе one end of the tag line to the center of 
the boom, then route it down the clement that you want to use to 
pivot che antenna, Twist it around the element two or three times to 
give it a little extra friction, then tape the tag line to the element near 
the element end, 

“The person handling the tag line has а job that requires proper 
timing and finesse. Since you want the elements to go almost vertical 
as the beam approaches the tree on the tram line, the tag line handler 
should be just behind the antenna itself, so when he pulls down on 
the rag line, the elements go nearly vertical to clear the branches, He 
doesn't release the tag line until the antenna has cleared the branches 
and the antenna has landed at the top of the tree. As the tag line is 
released, the antenna should settle back to horizontal and, if done 
properly, should be right at the top of the rotator. It doesn’t take 
much force to dp the antenna using the tag line; a minimal pressure is 
all chat should be applied. 

‘When the antenna has successfully landed at the top of the tree, 
the tree person can unde the tag line from the boom. The ground 
crew can give it a tug to pull it down. The tag line should pull right 
through the tape thats holding it and drop right to the ground. To 


Photo 3:An aggressive tree installation. This is a KT34XA andis prettymuchatthe 
"imitfor this kind of installation. This antenna has beenintho alr for over 15 years. 
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insure that the tag line will run through the tape, pull it back and 
forth a few times while es still on the ground to loosen the adhesive 
grip on the tag line. 


Hoisting the antenna into place 

If you've followed my advice by having your tram line secured 
10 the top bell of the rotator, then you'll need a second step to hoist 
the antenna into place. Secure the antenna onto something conve- 
nient, such as another sling around the mast or rotator, then have the 
ground crew slack off of the ram line. When is slack, detach it and 
release it back to the ground; you don't need it anymore. Before 
dropping the tram lin, alert your grounderew with à warning such 
as "Tm going to drop the cable" then “Here it comes!” or some 
other command. Next, remove the pulley and slings and re-rig them 
to the top of the mast, or at least high enough to give you adequate 
clearance. Reattach the haul line to the antenna bridle, then have the 
ground crev pull it up into position. Bolt the boom-to-mast clamp. 
with its hardware and tighten everything, There you go; the beams 
installed, Congratulations. 


Securing the cables 

"The cables may be secured to the trunk with eye screws, nails 
or just about any type of standoff then the cables can be tie wrapped 
(black only) or taped to the standoff. Don't tie wrap around a limb; 
its convenient but it will kill the imb. To anchor cables coming down 
the tec, Iuse fairly good-sized nails сусту 8-10 fect and then tie weap 
the cables to the nail. 


Preventive maintenance 
Compared to a tower-mounted installation, a tree is relatively 
high maintenance. Every three to five years someone should go up 
and do some pruning of new growth, Little limbs and sucker branches 
are amazingly strong and can prevent your beam from rotating, 
And, since this is a wooden structure, it should be inspected for 
rotting as vell 
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(THE TEN YEAR PLAN 


‘When you put time, energy and money into building a respect- 
able tower and antenna system, you'd like it to be reliable and safe, 
“The focus of this chapter is exactly that, what do you do to build a 
tower and antenna system so that no major repairs should be needed 
for at least cen years. 


Towers 

While guyed towers such as Roux 25G and 45G are the most 
popular for amateur use, these comments will be applicable to self- 
supporting and crank-up towers as well The only necessary concept 
for tower reliability is "DO what the manufacturer tells you to do” 
эз far as the installation and use, Also, dont do what they don't tell 
you to do. In other words, follow the manufacturers specifications 
‘exactly for guy anchors, base pad, materials and wind loading, Ac- 
cording to Кону, the most common amateur tower failure is duc to 
overloading (a typical ham installation?). If you follow the 
manufacturer specs, your chances of tower failure drop to near 
zero. Use the TIA or building department windspeeds for your county 
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to determine the minimum wind speed to which you should build 
your system. If in doubt, over-engincer everythings if you ate in a 75. 
MPH windspeed zone, build everything to withstand 90 MPH winds, 
for example, For the small incremental cost of perhaps the next 
larger size hardware, you'll gain a very comfortable margin of safety. 

Ifyou have any questions concerning your installation or instal- 
lation plans, talk to someone who has experience in station building; 
guarantee you that they'll have lots of opinions and tips for you. la 
fact, talk ro several people, Reading this book is an excellent way to 
get started 

‘One of the most important aspects for guyed tower reliability 
is proper guy wire tension. Chapter 17 is an in-depth look at Guy 
wires and their care, 


Antennas 

‘One fact of tower and antenna ownership is that “everything 
has a life-span.” These days, almost all commercially available ama- 
teur antennas are made out of decent materials including stainless 
steel hardware and high-grade aluminum tubing, but even as you're. 
reading this, your tower, antennas and cables are deteriorating, If you 
build your own, don't serimp on the materials Use only stainless stech 
or hot-dipped galvanized hardware, Cadmium plating and other 
hardware finishes will not last the ten years that we're shooting for. 
Avoid them, 

For wind survivability and heavy duty construction techniques, 
1 recommend Dr Dave Leeson's, WNL, ex W6QUS, book Physical 
Design of Yagi Antennas. He covers construction techniques and mate- 
sials exhaustively and includes al of the technical data to back up his 
conclusions. There is much valuable information throughout the book. 
Subjects include rotators, masts, fasteners and literally dozens of other 
topics. You should also use antioxidants on every electrical and an- 
tenna connection. 


Baluns 

Baluns (balanced-to-unbalanced) — are matching devices used 
atantenna feedpoints to 1) balance the symmetry of antenna currents 
and 2) prevent, or choke, the outside of the coax shield from radiat 
ing and they are a potential problem. The Hy-Gan BN-86 that was 
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supplied for years for the TH6DX/TH7DX and others was well- 
known for its “fuse” capabilities. Put a little too much power through 
it and it opened like а fuse. 

Whole books have been written on baluns and I recommend 
you get one to learn mote about these devices, 

Most baluns are out in the weather for years and do their job 
‘with no maintenance. Unfortunately they sometimes fil and there's 
Mo way to test one easily. Not only do you need special test equip- 
ment to perform a test, but also you have to get the balun off the 
‘antenna and into the shack — many times a difficult process. The only 
жау to easily test a balun is to substitute another one and sec what 
happens. 

A circularly wound coax choke can sometimes be a more reli- 
able choke but they need to be constructed for a certain frequency 
spectrum and they have specific construction parameters 

There's no magic bullet for balun reliability but many of the 
available commercial products work well. And you can always roll 
your own, 


Connectors 

Silver plated connectors installed with silver solder are better in 
the long run. Problems that arise are generally due to poor weather- 
proofing, so be certain to follow all of the techniques in the Weath- 
exproofing chapter. Never use solderless or crimp-on connectors 
se i pe a ooo gen pd 
enougl 


Coax 
New coax, with a non-contaminating jacket, is the minimum 
for reliability 


Weatherproofing 

Since inadequate weatherproofing is one of the biggest prob: 
Jems in station performance, follow the instructions in the weather- 
proofing chapter and this won't be a problem, 


Rotators 
Its my opinion you'll be lucky to have any rotator short of a 
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prop pitch last reliably for ten years. Sorry. For starters, though, putin 
a bigger rotator than you need. The less stress you put on it will result 
in longer life span. The other thing that you can do is anticipate rom- 
tor failures and make their replacement an easy one-person job. 


Grounding system 

Because irs mostly out of sight when properly installed, a 
grounding system won't impress your ham friends as will your 
towers($) and beamís) Follow the techniques detailed in Chapter 24 
Use antioxidants wherever there is ап exposed electrical connection 


Hardware 
Use only stainless steel (SS) or galvanized hardware suitable for 
outdoor use 


Wire antennas 

For maximum wire antenna integrity, use a center insulator that 
vill not only accommodate a PL-259 as the feedline connection, but 
will also take the strain off of the connector as it hangs in the ait. Use 
a black tie wrap to secure the feedline to the insulator. Stranded an- 
tenna wire or solid is your choice; both have their pros and cons. Be 
sure to use silver solder on all outdoor connections Use UV resistant 
black daeron rope for the haul ropes. 


Crank-up maintenance 

Use а cable lubricant at least once a year, preferably vico, Ia- 
spect cables for obvious damage, broken strands, or rust. More in- 
formation in Chapter 30. 


Annual inspection 
Perform a tower and antenna system inspection once a year, 
preferably when che weather is nice. 
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REFURBISHING A TOWER 


Many towers have had one or more previous lives. А used 
tower can often be an economical way to go, and generally will save 
significantly over buying all new steel and hardware. 


Pre-purchase inspection 
"Take a long, hard look at what you want to buy before you 
fork over your hard earned money. Often the owner doesn't know 
or has forgotten the specifics relating to his tower, including manu- 
facturer, type, ete. The main thing you're interested in is its condition. 
You want to sec if there is any significant damage or corrosion. If 
any tower, including a erank-up, is in good shape, it will look like it It 
will be clean and there will be little or no corrosion. Minor dents or 
bends that don't affect the structural integri 
times these can be straightened, repaired of ignored. 

In the case of corrosion, primarily rust, determine whether 
itis surface bleed caused by something else rusting onto the tower 
or whether the rust has penetrated the galvanizing, Hot dipped 
towers such as ROHN 25G and 45G have excellent rust resistance; 


are usually okay. Мапу 
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their galvanizing should last twenty years or more. Towers 
stamped from galvanized metal, such as Ron BX, have thinner 
zinc coatings and thus have shorter service lives, Examine guy 
wire hardware with the same critical eye. Don't buy or reuse any 
badly corroded guy wire ог hardware, 

Crank-up towers can be yet another can of worms. The weak 
links for crank-ups are the cables. Be very cautious i£ there is any 
corrosion, deformities or kinks in the cables or significant rust. Re 
cabling a crank-up can be a difficult job; contact the manufacturer 
for instructions and replacement cable, See that the pulleys are in 
good sha would turn without binding, The rule here is caveat 
‘emptor—let the buyer beware! 

Don’t forget to weigh the cost of refurbishing into the equa- 
tion, It is one thing if you've got lots of time and not much money, 
butif you spend a month wire brushing and cold galvanizing a tower, 
You could be spending as much as the cost of a new tower, If you're 
talking to someone and they have a fifty-foot self-supporting tower 
but they don't know the brand, nine times out of ten it will be ROHN 
BX, not worth the effort of taking down. These are usually badly 
rusted and only fit for a trip to the dump. 
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Getting it ready 

Once you get your tower home, put cach section across a 
of sawhorscs and go over it with your wire brush and cold galvaniz- 
ing paint. For really rusted portions, use a wire brush attachment on. 
a drill motor. Wear a respirator or mask to prevent inhaling the zine 
and other materials. While its on the sawhorses you ean do a visual 
check for straightness by looking down each leg for anything unusual 
ог bent. Nuts and bolts are often either missing or unusable. Get 
replacements only from the tower manufacturers specs. Off the 
shelf nuts and bolts from your hardware store are probably not. 
suitable; factory hardware has a certain grade rating that the parts 
must meet, while hardware store parts are likely going to be a lesser 
grade. Professional standards generally do not allow reuse of struc- 
tural nuts and bolts on commercial towers. 

As far as cold galvanizing gocs, the most convenient means of 
application is from a paint spray can. This is a case where you get 
‘what you pay for. The cheaper ones will run and sometimes don't 
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adhere very well. LPS makes a very good one but its on the more 
expensive end of the spectrum. Welding supply stores carry good 
professional varieties, 

Order a new base section or fixture from the factory or fabri- 
cate one. With Roux 256 and 45G, you can simply sink the bottom 
ofthe first section into the concrete as you pour the base foundation. 
Follow the manufacturers specifications, and the information in this 
book, and you'll be able to install a safe reliable system. 
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MAINTENANCE AND ANNUAL 
INSPECTION 


Now that you've spent all that time and money on installing 
your dream antenna and rower system, you'll need го do periodic 
preventive maintenance (PM) and inspection to catch anything be- 
Tore it turas into a problem, 


General maintenance 

If you've followed the directives and steps described in this 
book you've already taken the most important steps in insuring 
the safety and reliability of your tower and antenna system. Fol 
loving the manufacturers specifications, using the right hardware, 
using antioxidants and over-engineeting everything are the keys 
to success. At this point, you'll probably not require much in the 
way of general maintenance. The two most likely things that you'll 
need for general maintenance are a wire brush and cold galvaniz- 
ing spray paint, as rust is probably the only thing about which 
you'll have to worry. 
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Annual inspection 

An annual inspection is a critical part of your PM program. 
Most commercial companies do it religiously; many insurance com- 
panies require it as a condition of insurance coverage. An annual 
inspection entails examining everything in the tower and antenna sy 
tem, including the ground system, concrete anchors and footings and 
tower structure. In addition to annual inspections all installation should 
be inspected after ice storms or wind storms that exceed 60 mph, 
You should get in the habit of doing a quick visual check every time 
that you climb the tower. A log book of inspections, exceptions and 
repairs is a handy reference item. The information that follows is 
based on commercial and ELA/TLA-222 tower inspections stan 
dards: 


Tower structure 

1. Check for damaged or faulty members, These are the tower legs andl 
braces. With welded towers such at Ком 25G and 456; the members cannot 
be replaced without replacing the whole section; minor bends or damage that 
do notalter the strucura integrity can usually be tolerated. 

2. Check all welds году 

3, Examine the condition of the finish and any corrosion. Look for rust 
patches: use your wire brush and cold galvanizing paint to repair it 

4, In addition to visually checking any bolted connections, you should 
puta wrench toat least 10% of them to check for tightness, Any loose nuts oF 
bolts should be retightened. Also look for missing hardware and replace it 
immediately 


‘Tower alignment 

1, The tower should be checked for plumb. A guyed tower is allowed a 
maximum deviation of one part in 400, or three inches per 100 fect. While a 
transitis he best way то check tower alignment, an electronic level wil give you 
(04° accuracy, ora bubble level will indicate relative plumb. Even simpler isa. 
long piece of string with a weight on the end, held at arms-length away from 
the tower; just sight the string along the tower leg for a very quick and fairly 
accurate indication of rower plumb. For self-supporting towers, the allowed 
declination allowed is 1 part in 250 or 48" in 100°. 

2. Check the guy wires and guy insulators, using binoculars for the ones 
натат dose t the ground or the tower. 

3. Examine all guy wire and guy wire hardware including Preformed 
grips, tumbuckles, clamps, and clevises for damage. Make sure that all tam- 
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buckle safeties are intact. 

4. Check guy wire tension with an instrument or another technique. 

5, Examine the tower base and guy anchors, Look for any emeking of 
the concrete. Also look for evidence of movement in the soil of the anchor 
tods or base. Check for rust and/or corrosion. Excavatea buried anchor rod 
for twelve inches to inspect for hidden corrosion. 


Antennas, cables and appurtenances 
1. Inspect antenna, boom-to-mast bracket and boom тин hardware 
for loose or missing hardware. Test nuts for tightness. 
2. Look at each fecdpoint joint and coax cable joint for compromised 


weatherproofing 
3. Check all cables for abrasion, binding and attachment. 
4. Examine all appurtenances (anything thar’ attached to the tower) for 
missing hardware or corrosion, 


Grounding system 
1, Do a visual inspection of the grounding system. Redo any connec- 


tions that are corroded. 


You should correct any problems that you discover in your 
inspection. If you're not sure about the seriousness of something, 
ou've found, talk to a knowledgeable buddy or contact the manu- 
facturer for advice, When you do a tower inspection, you should 
have enough supplies to redo several coax connector joints if neces- 
sary, as well as a note pad and pencil to write down any discrepancies 
that may require further action. You'll be able to take care of most 
problems on the spot as well ав to know what else you might need 
to finish the repairs, always push and pull on antennas and apporte- 
nances to see if anything is loose. Something might look okay but 
pushing on it might reveal loose hardware or some other problem. 


Crank-up maintenance 

Crank-up towers are complex mechanical contrivances. While 
some are hand cranked, many have a motor, gearbox, cables, pul- 
leys, and limit switches - all of which should be carefully inspected 
twice a year 

"The electric motors and gearbox are generally bulletproof and 
the only inspections are to check the oil level in the gearbox, the 
condition of the drive belt or chain (some sort of conditioner is 
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helpful for each), and the operation of the cable drum (there are 
probably some Zerk grease fittings that need attention). 

Pulleys are sometimes custom made by the manufacturer so 
you may not be able to run down to the local bearing store and buy 
‘one. Some sheaves are made by the manufacturer and then an off- 
‘the shelf bearing is inserted in the middle. This one you probably can 
replace, 

Pulleys need to tum and not bind so a good thing to do 
watch the pulleys if they're exposed enough while the tower is being 
raised or lowered and see if there are any problems. 


Crank-up cables 
Crank-up cables should be lubricated at least annually; twice a 
year would be even better. Use a cable lubricant such as PreLube 6 
and be sure to check for damage while you're hanging around the 
tower doing the lube job. See Chapter 34 for more information, 
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WHEN SOMETHING FAILS 


Failures to your installa- 
tion can come in many forms. 
but wind is generally the com- 
mon denominator. Rust, metal 
fatigue and overloading aren't 
usually a problem until the 
wind starts to blow: Other 
causes of failure could be 
lightning strikes, ice, vandalism 
or accidents, 


Assess the damage 

The first hing to do is a 
visual inspection. Using bin: 
oculars if possible, take a look 
at everything from the ground 
to see if anything is bent or 
broken. If something is swing- 


Photo 1:A bent mast. Someone should vo. 
read the Mast chapter in this book. 
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ing in the wind, thats a major problem. If there is obvious damage, 
try to determine if itis in danger of falling, IF so, evacuate the endan- 
gered area immediately and alert local emergency services. This is 
especially true if it looks as though it could fall on power lines, side- 
walks or roadways, If you have damage that isn't an imminent dan- 
ger to life or property, keep an eye on it until the storm is over to 
ensure that it doesnt get worse. If you have the opportunity, rake 
some snapshots or videotape of the damage for documentation, 


Prevent further damage 
Your next task is to take prudent steps to prevent Further dam- 
‘age, both to your property and to the property of others. This is not 
only common sense but also a requirement of the insurance com- 
pany. You want to avoid or minimize the possibility of liability law- 
suits for personal injury or the property damage of others. Tie any- 
thing off chat you can but do not attempt to climb the tower! 


File an insurance claim 

After the storm is over, сай your homeowner’ or renter’ insur- 
ance agent and notify them of the loss. Do it orally first, then follow-up. 
with a letter, The insurance company may require a “Prof g Las "They'll 
give you a chim number that youll need to use in all written and verbal 
‘communications Start file with all your documentation, plus the other 


paperwork that pou sar ac- 
cumulating Keep notes of ev- 
ery conversation with your in- 
surance agentor claims adjuster 
with dates and times; you may 
have to referto them in the fu- 
ture. Atthis point, you may want 
towritedownall pertinent facts 
surrounding the loss for refer- 
ence ако, Send copies of your 
photos with jour loss eter. 


Estimate of repairs 

You'll make things very 
easy for your claims adjuster 
if you include an estimate of 
repair along with your letter 
and photos. The adjuster has 
probably never run into a 
tower loss before and would 


Photo 3: The big hurt. ce damage at ИТЕ. 


beremovedby one person onthe tower be- 
cause itis way out ofbalance. 
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appreciate your help in getting a quote, Contact your local commer- 
cial rigger or antenna installation company and they'll give you the 
quote. Insurance companies will want professional workers to per 
form professional repairs to your loss; they expect to pay the going 
rate and they expect licensed contractors to do the work. Be sure that 
your estimate for tower repair covers all of the work including: 
dismantling damaged parts, hauling away damaged parts and dis- 
posal, clean-up, labor for reinstallation including assembly of anten- 
nas, labor for reinstallation of rower, replacing all damaged materials 
including hardware, cables, rotators, ete. 

Don't be surprised if the estimate comes in quite a bit higher 
than you expect. Not only are you paying professionals to do all of 
the work, buta damaged tower or antenna system сап be hazardous 
and a crane or other piece of equipment may well be needed to 
remove it safely 


Stay in your comfort zone 

Needless to say, don't consider 
geting involved in the removal and 
repair of the damage unless you fel 
comfortable with it. IF there is any 
doubt at all in your mind, either get 
the professionals in or bring in a 
piece of equipment such as a crane 
or boomtruck. One of the primary 
directives in this type of work is that 
“it has to be rigged for removal the 
same way thatit was installed.” That 
is, ¡Fit went in with a crane, then 
you need a crane to remove f. IF 
your mast was installed by bringing 
it up through the middle of the 
tower, you probably won't be able 
to remove by lifting it out 


Photo 5: This is how the damaged 

bebe antenna was removed. ts stil a 
а handful 

ginpole, especially if it's bent. What 


you don’t do is send your nephew shinnying up the bent mast. If 
anything is at а precarious or dangerous angle, don't touch it—send 
for the professionals! 
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INSURANCE 


‘This chapter mas writen by Ray Fallen, NDSL, who has been an agent for 
The State Farm Insurance Companies sine 1988. 


Property insurance 

"There are several caveats regarding homeowner's insurance 
coverage as it applies to towers and antennas. First, most US. 
homeowner's policies are based upon standard language provided 
by the Insurance Services Office (ISO). Each company modifies 
that language on а state-by-state basis; so coverage that applies to 
towers in Ohio, may not apply to towers in Florida. Coverage may 
vary from company to company and on different policy types with 
the same company. Because of all the state-to-state differences, I 
can't tell you exactly how your tower will be covered, but can give 
you some general guidelines. 

Which brings us to caveat number two. whats covered in your 
homeowner's policy is described in the policy itself. What's NOT 
‘covered is in the policy. Your duties following a loss are described in 
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the policy. How the loss will be paid is, you guessed it, described in 
the policy. If you're picking up a pattern here, go to the head of the 
class. You NEED to spend time with your agent, before putting up 
your tower. IF you've already put up your tower..wwhat are you read- 
ing this for? Go see your insurance agent..RIGHT NOW! 

Damage t towers, rotors and related antennas is covered by 
Dwelling Extensions, Other Structures or Appurtenant Structures 
‘coverage, The name of the coverage depends оп the Insurer. For 
‘example, State Farm's Ohio Homeowners Policy describes Dwell- 
ing Extensions as "other structures on the residence premises, sepa- 
rated from the dwelling by a clear space." Other structures are per- 
manently attached to or otherwise form a part of the realty. 1 
cally other structures ate covered for 10% (Ten Percent) of the dwell- 
ing amount, which, for most of us, would more than an adequate 
amount. If you're K3LR or W3LPL, that may be another story. 

Remember, part of the replacement cost of a damaged tower 
is professional help in removal and repair, in addition to the new, 
replacement cost of the damaged items, In addition, fences, pole 
barns, gazebos, satellite dishes, detached garages and in-ground swim- 
ming pools are also considered in Dwelling Extensions, not just your 
tower. So add it all up and if you need more coverage, buy ir is 
BEFORE you have a loss. Insurance companies are reluctant to sell 
you more coverage right after you've had a loss. In most homeowner's 
policies (unless you pay for more) if the damage exceeds 10% of the 

e your agent. 


dwelling coverage, you pay it. So do your homework. Se 
Ask alot of questions. 

Antennas supported by trees and ground mounted verticals are 
mot permanently attached to the real property (sometimes much less 
permanently than we'd like) and, as such, are considered personal 
property. ‘The good news is personal property is covered for 70 10 
100% of the dwelling cost. the bad news is generally the coverage is 
Jess broad than dwelling extensions, but wind and lightning damage 
is usually covered, The distinction between dwelling including dwell- 
ing extensions) and personal property coverage is if i's nailed down, 
it's considered dwelling coverage. F it's not it's personal property. A 
Cushcraft R7 оп a piece of pipe in a sack of sand mix is personal 
property. Bighty-feet of Universal Self Supporting Aluminum Tower 
ina twelve cubic yard block of six sack, rebarred conerete is a dwell- 
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ing extension, No claims adjuster worth his salt will ever confuse the 
wo. 

The bottom line is this: don't ever rely on your ham radio bud- 
dics, your neighbor or your brother-in-law for advice on insurance, 
Call your insurance agent, bring him up to date on your instalation 
and ask hard questions. Specifically, if my tower installation is dam- 
aged, how will it be covered? If he doesn't know, make sure he 
finds out and shows you, in writing (in the policy contract) how it 
will be covered or why it won't be. If tovers/antennas are specifi 
cally excluded in the policy, what will it cost to purchase the coverage 
you need? ‘Take pictures of your tower and give your agent an 
accurately priced inventory of your installation. Be prepared to pay 
the appropriate premium and sleep soundly when the north winds 
blow If, on the other hand, your agent can't or won't provide you 
with the information you need, then go shopping for a new com- 
pany ога new agent with the same company. Remember, every time 


you pay your premium, your agent gets paid..he OWES you that 


Those hams renting their home still have a need for coverage. 
Some renter's policies (tenant's forms or HO-4s) provide coverage 
for personal property ONLY. Some HO-4 policies provide 10% of 
the contents coverage amount for building improvements, similar to 
the dwelling extensions coverage in а homeowner's policy. Again, 
forewarned is forearmed..talk to your agent. If you don't have 
renters insurance. get some, especially if you have a tower up, if for 
по other reason than getting liability insurance (see the next section). 
"The landlord's rental dwelling policy insurer won't pay for а tower 
installation that doesn't belong to the landlord, for the same reason 
your contents aren't covered by that policy. Maybe better to put up 
A GSRV and save the tower for your first house 


Liability insurance 

A fundamental principle of insurance is that you buy coverage 
for the things you can't afford to lose. Most folks diving 1985 
Yogos don't buy collision coverage...most folks driving a new 
Mercedes do. ‘That beautiful new tower you're putting up is what 
the personal injury plaintifPs bar calls an "attractive nuisance." If one 
of the neighborhood kids decides to scale Mount Rohn and takes a 
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tumble from forty feet up, you're going to get sued. You ean argue 
about trespassing until you're blue in the face. but you're going to get 
sued and you're going to get sued for a lot of money. You do have 
some protection in your homeowner's policy. Typically, most 
homeowner's liability coverage is only $100,000 to $300,000. 1 say 
only because if some reasonably competent attorney parades a teen- 
ager in а wheel chair in front of a ўшу. 5300000 is only a down 
payment and you'll be on the hook for the rest, to the extent you're 
collectible, You're collectible if you have a job, equity in your home 
or business, a checking or savings account, investments, a pension 
plan ог any other assets. If you can afford to lose those things 
finc. otherwise, I would strongly encourage you to purchase at least 
а one million dollar personal liability umbrella policy. it doesn't cost 
a lot, typically less than a dollar a day, and will give you great peace of 
mind. Afer all, if you're sued for a million bucks and you lose, do 
you want to write the check or do you want your insurance company 
to write the check? Now, go back and read this paragraph again. it 
very important. 


Prevent further damage 

Homeowner's insurance policies include a section on your du- 
ties after a loss. Specifically, you are required to protect the your 
property and the property of others from further damage or loss, 
make reasonable and necessary temporary repairs required to pro- 
tect the property and keep an accurate record of repair expenditures. 
You obviously want to avoid personal injury or property damage 
lawsuits from your neighbors, but your insurance carrier doesn't ex- 
рест you to put your life in danger. Tie off anything you can, but do 
not climb the tower! Keep track of time that you spent on the 
project (clean up, tic-off, ete). Your adjuster may compensate you 
for your time by offsetting it against your deductible. Typical rares 
for an insured' labor are from $6 to $10 per hour. Don't expect to 
be paid for time on the phone getting quotes or windshield time 
going to the local radio emporium, though. we're talking sweat work. 


File an insurance claim 
Call your insurance agent and notify them of the loss as soon as 
possible, Do it by phone and you may want to follow up with a 
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short letter, fax oF e-mail. Start a file documenting the claim that 
should include: 1) notes on conversations with your insurance agent 
and claims representative; 2) estimates of items to be repaired and 
replaced; 3) any time YOU spend actually working on the damage; 
4) photographs and inventory of damaged or destroyed property 5) 
related claim data, such as claim number, adjuster name/address/ 
phone/fax/e-mail address. Get on the phone and get current street 
prices and availability from several vendors, If the items damaged 
or destroyed are no longer available, you may be entitled to replace 
them with items of "like kind and quality” Be prepared to doc 
ment these differences and diseuss them with your claims rep. Also, 
эв my sainted grandma used to say, "Pigs get fat. hogs get slaugh- 
tered." If you can buy a new rotor/antenna/tower/whatever at a 
great price, turn that price n. not the list price. Most claims adjusters 
get real cranky (and rightfully so) if they fel a claim is being "pad- 
ded" At best, it slows down the process. At worst, you may find 
yourself facing felony insurance fraud charges, A word to the wise 
should be sufficient, 

Опе other item, in the overall scheme of things, your damaged 
tower (unless its going to fall on the neighbor's house) is probably 
not as high on the claims representative“ priority list as someone's 
home with major structural damage. Tn times of major catastro- 
phes: hurricanes, hailstorms, tornados and the Ще, егез never 
enough time and people to get things done. be patient and be rea- 
sonable. 

Before any work is done, insist that your contractor provide 
you with a current certificate of contractor's liability insurance (his 
malpractice coverage), a current certificate of worker's compensa- 
tion coverage and local references. If the person is a professional, 
that won't be a problem. IF he's a Ay-by-nighter, insurance probably 
will be а problem- and you just don't want those headaches. If the 
contractor tells you that his associates are "subcontractors," tel him 
you want to see the "subcontractors" certificates of liability and 
worker's compensation insurance. Don't even consider bending on 
this 

Most insurance companies will write a check for the total dam- 
ages (less your deductible) when the work is completed. If you want 
a check prior to the start of work, the adjuster may reduce the pay- 
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ment for any depreciation on che damaged property (called an actual 
cash value or ACV settlement) and then pay the balance when the 
work is completed. This is consistent with the language in most 
policies and keeps everybody honest. Most homeowner's policies 
settle losses ona replacement cost basi., which means new stuff for 
old. schen the new stuff is purchased. Make sure you know whether 
your policy pays replacement cost or actual cash value BEFORE you 
suffer a loss, IF you have an ACV policy get it updated. tight now! 


Ray Fallen bas been an agent for The State Farm Insurance Companies 
since 1988. The opinion expressed are thase of te author alone, and are not 
Hate of The State Farm Insurance Companies. The coverages described may not 
“be available or may т! apply in your state, province or ont. You are strongly 
encouraged to review your homeowner's policy and tower installation witb yonr 
insurance agent o determine appropriate coverages and amounts, The pronouns 
"bef his" are nsed in a non-sexual, gender-neutral basis 


Roy's call is NDBL. He's been a bam since 1964 and ir a member of the 
North Coast Contesters Chih, K3LR's Malti Mati кат, ХСС, АККІ. 
and tbe Donble-O Repeater Group (NEGO). He may be reached via email at: 
dB joo. ome or via the State Farm Web Page (unn stteorm.com ) 
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ANTENNAS 


Although the focus of this book is towers, antennas are the 
point of the tower structure. 

Ac the top of the pile (and the pileups) in terms of “death ray" 
effectiveness are stacks of big antennas, Most highly competitive sta 
tions use monoband stacks on each band (six elements over six ele- 
ments etc) for 10-, 15-, 20- and even 40-meters. At the bottom of 
the totem pole in terms of effectiveness are trapped, quarter-wave 
multiband verticals that require a good ground radial system and. 
typically lack them. 

‘All other antenna systems fall in between these two extremes. 
Full sized wire antennas will work better than trapped wire antennas, 
‘while a small beam will work circles around just about any wire 
setup. If you already have a small tribander, to increase your signal 
appreciably you'll have to at least double the boom length. Ia gen- 
eral, gain is a direct function of boom length. Just decide whats 
practical and affordable for you and go to work putting it all to- 
gether. (For more information on antenna performance, the author 
and Н. Ward Silver, NOAX, have published landmark antenna re- 
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ports that actually compare on-the-air performance using a dipole as 
a reference. For copies of HF Tribander Peformance — Test Methods 
And Results and HF Vertical Peformance — Test Metbods And Вет, 
contact wwwchampionradio,com, 


Temperature cycle 

An important tip relating to antenna construction is, after as- 
sembling the antenna, letit sit overnight, then retighten all of the nuts 
and bolts the next day. The hardware will have temperature cycled 
from warm to cold and warm again and some of the hardware will 
have loosened up during that temperature induced expansion and 


Antioxidants 

Corrosion is a big problem for antenna and tower systems. By 
using galvanized of stainless steel hardware you'll stay away from 
most corrosion problems, Unfortunately (or fortunately) most an- 
tennas are made of aluminum and are subject to aluminum oxida- 
tion in the element joints or or other clectrical connections. Whenever 
‘you build an antenna, use an antioxidant such as the ones discussed in 
the corrosion chapter. Although some antenna manufacturers pro- 
vide this paste with their products (Porc 12 and Мом ку to men- 
tion two), some manufacturers do not provide апу, although they 
may recommend its use. 


Feedline jumpers 
With many beam antennas, the feedpoint is out of reach from 
the tower. I prefer to use a jumper, or pigtail, just long enough to 
reach from the feedpoint to the mast on the tower That way, ll you 
have to do is plug the main foedline into the jumper with a barrel 
connector, weatherproof it and everything’ ready to go. The amount 
of loss introduced by an additional PL-259 or two and a barrel 
connector is negligible on HF; its not worth worrying about. You'll 
understand how convenient this is if you ever have to drop the an- 
tena in the future. Just disconnect the jumper and lower the antenna, 
If you've connected the antenna to one long piece of coax, you'll 
have to work your way out to the feedpoint and disconnect it there 
before you can lower it. Use a jumper, ill save you a lor of hassle. 
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Keeping the elements from coming apart 

Most HF beams have tapered elements made up of decreasing 
sizes of aluminum tubing that are generally held together by com- 
pression with а hose-clamp or rivet. Here's a tip that will not only 
add to the mechanical integrity of the antenna but will also enhance 
the electrical reliability. After you've assembled the antenna with 
hoscclamps, tested it and are ready to install it, put а self-tapping 
serew or rivet through each element where the tubing overlaps. The 
best kind of sef-tapping screws are called TEK son; these have a 
chisel point which vil start the screw in just about any material and 
are available in most hardware stores. Sheet metal screws tend to 
break off when being installed which is nota problem with the TEK 
screws, They are available in Philips head as well as nut sizes for your 
nurdriver or cordless drill, They'll hold the elements together as well 
as provide а fine additional electrical connection between the differ- 
ent sizes of tubing. OF course you can use rivets as well as popular 
ized by Force 12, If you're concerned about the boom twisting, you 
сап put a few through the boom as well, These small holes can be 
stress risers and in some instances may cause failure. If you've got 
winds strong enough to overstress these small holes, chances are that 
the antenna will blow apart before the holes are overstressed. In 
Pisica! Design of Yagi Antanas, Dave Leeson, W6NL, ex-W6QUS, 
recommends drilling any holes (such as for self-tapping screws) on 
the underneath side of an clement. 

Speaking of Force 12 antennas and rivets, in my opinion they 
are а great improvement to antenna mechanical design. By replacing 
the traditional hoseclamps, they have reduced the cost and the weight 
of the antenna while eliminating a device that always seems to get 
hung up on something while you're trying to install or remove an 
antenna; thats the hoseelamp that tends to snag on guy wires, anten- 
паз, and just about anything else in the vicinity. The only complaint 
against rivets that m aware of is that in perpetually windy regions, 
the single row of element rivets will allow the inner piece to move 
enough that eventually the joint will fail and the element will come 
арап. In this case, or if you just want to insure more reliability, just 
put another row of rivets on the opposite side of the existing row 
Or, in extreme cases, add two rows 120 degrees apart for a total of 
three and your failure rae will drop to just about zero. 


230 Urnmrowne 


Baluns 

Baluns for beam antennas have a checkered history. A balun 
(from "balanced-to-unbalanced”) is used to match a balanced load 
(like a dipole or driven element) to an unbalanced load (typically 
cons). The other purpose is to keep the outside of the coax shield 
from radiating and causing REL 

From power handling limitations (the fuse syndrome) to poor 
mechanical and electrical design, baluns can be seen as a necessary 
evil. Modern baluns are designed to be “current-ype” baluns as 
opposed to the previous "voltage-type" balun design. There are sev. 
eral good books available about baluns and fecdlines; refer to these 
for more definitive information. 

Another balun design is to use a coaxial RF choke. Its simply a 
coil made up of eight to ten turns of RC-8 or whatever coax you're 
using with a diameter of six to eight inches. Ies really reliable as there 
are no inductors to short and no toroids to saturate or burn out. The 
main drawback to а wound RF choke is that they can be pretty 
imprecise as far as being useful on the frequencies of interest. This is 
where having some test equipment to actually look at the choke and 
its parameters would be very useful. Otherwise it's a hir or miss 
proposition. Some antenna manufacturers provide baluns with their 
products, others recommend a coiled RF choke. You should follow 
the manufacturer's recommendations. 


Split coax 

Most manufacturers use some type of feed point system that 
will enable you to simply plug your РІ. 259 directly into the feedpoint 
ог balun. This is acceptable if you don't forget to do your weather- 
proofing, But a few companies want you to split the coax and feed 
the ends of the cable directly to attachment points on the driven 
clement. That is, center conductor on one side and shield on the 
other. It works fine but the junction of the coax (the bottom of the 
Y) is very difficult to seal. Water will simply wick down the outer 
shield and into your shack unless you take great pains to weather- 
proof it. 

"There is an optional method which works on antennas such as 
those from Cusucnar Just connecta dipole connector to the driven 
element, then plug a PL-259 into it. A dipole center connector has a 
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female PL-259 (an 50-279) embedded in a plastic material with two 
leads coming out to connect to the sides of the dipole. The excep- 
tion to the split coax feed is the Most. line of PRO antennas. These 
use a split feed, and it is very critical to successful installation of the 
antenna. Once again, do what the manufacturer specifies. 
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TOWER REMOVAL 


What goes up must come down; that goes for towers and 
antennas as well 


Danger, Will Robinson! 

1 can't emphasize this enough: The MOST DANGEROUS 
activity around towers is removing a tower that you know nothing 
about. You CAN'T be too careful in this situation. 

CAREFULLY inspect everything you can from the ground, Push 
and pull on stuf o see how secure itis, In the ease of badly rusted guy 
wires you may want to use temporary guys to make if safer. This is a 
case of “IF you feel that its dangerous it probably ix” 

If you're not sure about the integrity of the tower structure 
and you fee! uncomfortable about even climbing it - WALK AWAY. 
Tve done this several times and never regrette 


‘The removal prime-directive 
“The most important thing to remember in disassembling a tower 
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and antenna system is that “it must be removed the same way in 
which it was installed.” In other words, iF it was installed with a 
crane, it almost certainly bas to be removed by а crane. [Fa mast was 
brought up through the middle of the tower, il probably have to 
be lowered the same way: 

For an undamaged antenna and tower system, just reverse the 
steps outlined in the installation chapter; disconnect the feedlines, rig 
up a tramline and lower ava 

Two of the most useful tools in this phase of work are a 
hacksaw or hand grinder and a can of Liquid Wrench. Fasteners 
are typically thoroughly rusted and generally difficult to impos. 
sible to remove. 

Ronn 25G or 45G sections can be difficult to take apart for a 
couple of reasons If the builder didnt put any grease in the legs, 
they may be oxidized together. If the builder overtightened the leg 
bolts and ovalized che legs, the legs will be compressed together. In 
eber case you'll need something to pry the sections apar 

‘The traditional method was to use a small automotive hydrau- 
lie bonle-jack and a couple of ewo-by-fours. This technique works 
fine, but you must put a leash on everything so that nothing gets away 
from you and falls, A Tower Jack allows you to pry the sections apart 
‘with relative ease. The only caution is that you may wind up bending 
the tower braces or popping a weld by exerting too much force 
swith the Tamer Jack. If that is the case, the legs may be extremely 
jammed and you may have to resort o the bottle jack anyway. 

OF course the easiest and safest way to remove a tower is 
to get a crane in to lift everything For the cost of a crane versus 
the chance of an accident, i's really a no-brainer. Ive used а 
crane to lower 100" of 25G and also 90° of 45G with no prob. 
lems or damage. 

If youre removing a tower that you can't climb, there are a 
couple of options. If you've got the room to let it fall, carefully cut 
опе set of guy wires and then pull one of the other ones to encour 
age it to start Из downward journey. You might have to cut addi- 
tional guys. A freestanding tower can be felled like a тес. Just be 
REAL CAREFUL in all cases 

IF you don't have the room to drop it, you can use a crane to 
pick it up and lay it on the ground. The trick is getting up on the 
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tower to attach the slings and the crane hook. The best thing to do is 
to get a crane with two hooks. You'll use one to run you up in the 
man-basket where you'll chen attach the second hook to the slings. 
Have the operator puta litle tension on the tower to hold it securely 
and then have him lover you in the man-basket. Once you're on the 
ground and the crane has the tower, cur everything holding it and 
then lift the tower up and lay it on the ground. Using a tagline will 
help you maneuver the tower as ies being lowered, 
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WORKING ON A CRANK-UP 


Опе of the touted advantages of a erank-up is the ability to 
bring the antennas down to roof or close to ground level where it's 
easier for the station owner to work on it. For this convenience, the 
price that you pay is the added mechanical complexity and cost of 
the exank-up apparatus. They ean cost two to three times the cost of 
а guyed tower of the same height. 

Another limitation is the fact that a crank-up cannot be climbed 
safely once itis extended. Do not climb a crank-up tower unless 
itis totally nested and locked in the lowered position! Again, all 
of the weight of the system is on the cable and pulley systems and if 
something breaks or comes loose, your toes and fingers are in the 
plane of the tower sections as they make their rapid descent, If the 
tower is jammed and won't come down, don't climb it to fix it. Get 
a boomrruck or стапе in to lift you up to work on it. Or, better yet, 
get professional help. 

Iris possible to climb a crank-up if you can lock it into place, 
‘One method is to use three to four foot long pieces of 2845 or pipe. 
Insert them at the bottom of each section through the diagonals and 
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неу catch each section before it сап move down very far. You can 
also gently lower the tower until it rests on the safety pieces, thus 
jamming them into place and eliminating any tower movement at all 
Bob Wilson, ӨТҮ, recommends using U-bols on a leg per section, 
again putting them right under the bortom of a section. Either way 
will give you an added safety margin. 

"The biggest limitation of a erank-up, in my opinion, is that ай of 
the dead weight of ће system plus any added wind loading is all sup- 
ported only by the cables that hoist the tower up and down. If one of 
those cables breaks, and occasionally they do, the whole system makes a 
rapid descent until it slams into the bottom section or base pad with an 
incredible amount of force. Many times the tower will come through 
relatively unseathed but the boom of the antenna will break in half 
because of the sudden stop. Once the cable snaps, you must re-cable the 
tower to get it back into operation, if you ean do it yourself, Modem 
crank-ups, such as those made by US Tow, have a sophisticated sys- 
tem of cables, pulleys, idler wheels, jackscrews and spring loaded hard 
ware to make their towers move up and down efficiently and safely 
Your chances of repairing а cable break on one of these towers your- 
self are just about nil 
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Crank-up tower cables 

Crank-up towers depend almost entirely on their cables to 
operate reliably and safely. One tower manufacturer, for example, 
wants you to replace the cables every З years. | have never seen а 
erank-up cable that needed to be replaced in 3 years, or even in 10 or 
15 years or more in many installations. I call this а “сазе clause’, that 
is something happens to your tower and you haven't replaced the 
cables within 3 years, the manufacturer can weasel out of any liability: 
You've got to understand that tower manufacturing companies are 
insurance-driven enterprises so they are primarily interested in limit- 
ing their liability exposure to as lide as possible. Thats why they have 
policies ike that and they're not about to give you any information 
that may potentially cause problems. 

Here are the reasons why you may want to replace your cables. 

1) Damage. This is where the cable is kinked or fattened and it 

should be pretty obvious, 
2) Rust. This means serious rust, not surface rust that can be 
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easily seraped off 
3) Excessive broken strands, Most erank-ups use 7x19 galva- 
nized cable which means it has 133 strands in it, You're al- 
loved to have six total broken strands and three in the same 
bundle before its time to consider replacing the cable. 
What you can do to extend the service life of your cables is to 
lubricate them once or twice a year with а cable lubricant. Do not use 
heavy grease or motor ой, ‘They'll just attract grime and particles out 
Of the air, Use a thin lubricant such as PreLube which is recom- 
mended by wire rope manufacturers and is distributed by Cham. 
pion Radio Products (wwwchampiontadio.com). Also exercise the 
cables by running the tower up and down a couple of times а month 
and don't always leave the tower in the same spot al the time, eg at 
the limit switches. Over time the cable can take a set if it's always at 
the same place so leaving it at different places spreads the wear over 
much more of the cable, 
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А FEW FINAL TIPS 


‘Over the years I've picked up many tips related to tower and 
antenna construction. Some have been discovered easily; others were 
the result of hard fought trial and error, Pm passing these along so 
that you might avoid learning them the hard way. (IF you have a tip 
that I've missed, please send it to me for inclusion in the next edition; 
you'll even get credit for it) 


1. Follow the LXC prime directive, Do what the manufacturer 
tells you to do; Don't do what they don't tell you to do. 

2. Break every task into bite-sized chunks. In other words, do 
things one at a time and try to avoid doing two or more 
things at once. An example would be bringing up the coax 
feedline already attached to the beam. It adds more weight 
to the lift, may put the beam out-of-balance, and the cable 
will typically not go where you want i 

3. Look at your safety belt and D-ring when clipping in your 
lanyard. Do not assume that when you hear the click that 
you are secure, Always look, 
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4. For most purposes and frequencies, additional coax connec- 
tors, barrels, elbows, ete. in the line will have no significant 
effect on dB loss or on SWR on НЕ. 

5. Don’t use cheap hardware store electrical tape (Le. 10 rolls 
for $1.99). Use only За 33+ or Super 88. These are far 
superior to anything else. A double wrap of these high grade 
electrical tapes is usually sufficient for weatherproofing, Ex- 
pect to pay three to four dollars a roll for these excellent 

Alps take «sll oF pe meda ife 
you climb a tower 

7. If you feel you must use Coastal, wrap the joint with tape 
first. Then put on the Сахай Otherwise the cage will 
permanently gum everything up. 

В. For securing cables running up the tower, use foot-long pieces 
of solid #14 or #16 insulated wire. Just twist it around the 
cables and the tower leg its much easier to add or remove 
a cable than using tie-wraps or electrica tape. 

9. Never use white tic-wraps; they'll deteriorate quickly, often 
in just a year or two. Black tie-wraps are better but they still 
eventually breakdown. The best method is to cover the tie- 
wrap with electrical tape insuring complete UV protection. 

10. When removing cable with an 
axis from a roll (Le. coax, guy 
cable, ete), unroll it, don't un- 
coil it. Uncoiling will quie pos 
sibly kink it, and will not only 
damage the cable but also cause 
you unending aggravation as you 
attempt to get it untangled, 

11. Finger-ight connections are not good enough. Use one pair 
of pliers or Channel-Locks to hold the connector and an- 
other pair to tighten them, 

12. When putting up tubular leg towers (Row 256, 45G ctc), 
always grease the inside of the bottom legs, They'll go on 
more easily and the grease will retard corrosion growth that 
makes taking them apart difficult. Also, if they are new tower 
sections, inspect the bottom of the tower legs and the bolt 
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holes for excess galvanizing flash. Use a taper punch (drift 
pin) to clear the slag. Be careful not to enlarge the bolt holes. 

13, When installing a rotator, point the rotator North (or an- 
other known direction) after testing on the ground to make 
beam alignment easier on the tower. 

14, When hauling up rotator cable with the rotator, tie а big 
loop in the cable about three-feet below the rotator, then 
dip the loop to a carabiner on the rotator haul line to take 
‘the weight off the terminals, A large gentle loop won't dam- 
age the cable. 

15. Never use eyebolts that have eyes thar can open. Always use 
eyebolts that are cast or welded closed. 

16. Leave three to four-feet of mast extending above the top 
of the highest antenna on the tower. This extm mast can 
then be used as a gin pole/ pulley attachment point for other 
antenna or tower work, 

17. Use only stainless or galvanized hardware. Avoid cadmium 
plated, ete IF you're not sure, leave the suspect hardware 
‘outside fora few weeks and see what happens. If it stats to 
ust, find some other use for it, far away from your tower, 

18. Do not use machine shop type pillow blocks for thrust bear- 
ings These are the type which use Allen screws or set serews 
to secure the mast. They look like they'll work and they're 
relatively cheap but they will rust solid in three to five years. 
Use only outdoor grade (Roun, galvanized, etc.) thrust bear- 
ings if you plan to ever take it apart again, 

19, Use antioxidants on your metal-10-metal contacts. There are 
products for copper and aluminum. Use the copper ones 
‘on your ground system and use the aluminum ones when 
assembling your beam antennas. 

20. Usea file to round the sharp edges of all plates, steps, brick. 
ets, arms, et. to keep them from damaging you. 

21. Always take extra hardware, nuts and bolts up the tower 
with you in case you run short or drop something, If you 
don't have them, you'll invariably need them. 

22. Use a pigtail on beams from the feedpoint to a convenient 
point within casy reach of the mast. Do not attach the coax 
to the beam on the ground and haul up together with an: 
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tenna. IL invariably be on the wrong side of something 
Avoid splitting the end of the coax to feed the antenna (ala 
Cosuctarr and Tres) if possible. Use dipole center insu- 
lator so that you can use a PL-259 instead. This will prevent 
water from wicking down the coax. 

‘Tighten all connections again the next day: Nut and bole 
mechanical connections will loosen up the first time they go 
through a temperature cycle. 


› For a simple drip loop on your coax, take a medium sized 


tie wrap and attach it to the coax entry loop just before it 
makes your building entry. Point the tie wrap tail down and 
you have a quick and dirty drip loop. 

An antenna should be removed the same way it was in- 
stalled, If it went up with a crane, itll probably have to be 
removed by а crane 

When putting something together “temporarily” always in- 
stall it as though you won't be coming back; temporary 
sometimes means itll be up and used for years, 

What if you're considering а full-sized three-element 40- 
meter beam? You'll need a bigger tower, bigger rotator, 
bigger rigging talents and a bigger budget. Here's an alterna- 
tive; stack two Cusncrarr 40-2CD's or XM240's. Smaller 
rotator, smaller hardware, smaller cost but similar gain and 
performance to the much bigger and more costly antenna. 
If the wind is blowing while you'te up on the tower, it may 
be difficult to lower the end of the rope to the ground, The 
first thing you ean do is to attach a weight to the end of the 
rope; a wrench works well Professional climbers use a bean- 
bag with a loop on it thats full of metal shot. If added 
weight isn’t enough, clip the end of the haul rope carabiner 
into the other side ofthe rope, The carabiner will slide down 
the rope when its lowered. You may want to also use a 
weight but just using а carabiner will work 90% of the time. 
Some rotators have control cable quick disconncets, others 
don’t. If you want to add a quick disconnect feature, the 
easiest thing to do is to use trailer plugs - they come in a flat 
4-wire polarized configuration. Get 2 sets and install one set 
in one direction and the other in the other direction. This will 
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result in the polarized plugs being in opposite directions, 
preventing accidental plugging into the wrong wires. 

31. One way to keep rotator control cable colors straight and 
consistent is to use the resistor color-code. It is: black, brown, 
red, orange, yellow, green, blue, violet, grey and white. 

32, Antenna element hose clamps invariably catch on anything — 
wire antennas, guy wires, cables, ete. To minimize this an- 
noying characteristic, wrap the hose clamp with a layer or 
two of electrical ape. 
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Pipe: 13, 15,61,62, 78, 70,96, 20 


99,119, 124, 131, 132, 133, 
144,169,170, 173,200,203, 8 
203,222,235 Scotch Super 334 tape 146, 147, 
Polyphaser 179, 181, 184 z 


246 U eh 


Scorch Super BB tape: 146,147, "Tongue arms: 79, 80,158 

ES Tower Jacke 126,233 

зокон 148 ToweTal: 89, 188 

Sro carth anchon 79 Trucher hire 111, 112 

Selfsupponingiower 17,18, Tubing: 61,62,96, 132, 133, 
19,20,24.69,0,71,74,77, 135,108 
156,211,214 

Shackle: 62,79, 102.112, 18, u 
122, 160,214 UBC (Uniform Building 

Siog74909599,0110» — Codo: 48, 49,50,51, 52 
105 104 105,106 120,25, Uer ground 171, 172, 176 
W булуон, 

Sock lu e, Mambo 

22 

Soll reste 52 

Spaulding 16.18 v 

SPGS (Single Point Volunteer Counsel 40, 49 

Ground System) 175, 176, 182, 
1 v 

SSV cower 7 18,19 woas 189 

Serbe NGUML T 144,222 

Super Tan tower 19 welke. 

Surge protector: 173,182,184 WENL:132,207,220 

WINE 
B WIRM: 7,27 
TEK ecce 229 Дв 


Thimble: 62, 79, 115, 116, 118 
‘Thrust bearing: 93,127,128, 

129,133,155, 156,240 
FTIA-222:51, 52,79, 134,214 
"Tian tower 19,98 


VTZR/XF2DV: 23 
Windload: 23, 134 
Wooden poles: 12,13 
Yaesu GASOXL: 150 
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« How to Child Proof a Treadmill а Cassette Tape Adapter » 


DIY HDTV TV Antenna (Bowtie) 


[Build your own HDTV TV Antenna to cut the cord from your cable provider and save $1000 a year. 
his DIY antenna is very easy to build with just a few basic tools and a few supplies available from 
е hardware store. 


\fter being disappointed with the current channel offerings and ever increasing price of our local 


able provider, we recently decided to disconnect our cable TV service and go for over the air 
broadcasts as well as the many online services available now. | built this ОВА antenna, also called а 
[bowtie antenna, to increase the rang of signals | could pick up over the basic rabbit ears antenna. 


his is the first of two antenna designs I've built. Subscribe or come back soon to see the second 
ersion of the DIY HDTV TV antenna. 


Parts Needed: 
13 feet of 12 gauge Electrical wire 

10x Wood Screws (I actually used 6 x 1/2" metal screws) 
10x #10 Washers 

Matching transformer (balun) 


1×3 or similar size board around 22 inches long 
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Start by cutting the 1x3 to length and marking the spots for the holes. Make the first set about 2 inches from the top and 
then measure 5 1/4 inches to the next set and and continue down making each set of holes 5 1/4 inches арап. The 
holes for each set will be centered on the board and 1 inch apart. 
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Azega.com| 


Drill out the spots you marked for the screws with a 1/16 drill bit. This may be unnecessary, but I like to do it to keep the 
wood from spitting, 


© Azega.com 


Cut 8 pieces of wire about 15 inches long. They only need to be 7 inches after folding in half, but | like to add a little 
extra and cut them to length later. I bought electrical wire off the spool by the foot. You can also get romex type 12-2 or 
12-3 house wire with three or four wires in a sheath (hot, neutral, ground). Romex is a couple cents cheaper per foot, 
but requires more work to split the sheath and separate the wires. 
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1 couldn't find any bare wire, so | needed to strip the insulation off the areas where the connections needed to be made. 
used a wire stripper to score both ends of the area to be stripped then used a utility knife to split the insulation and peel 
пой. 
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Bend the wires into "V" shapes then cut two more pieces of wire about 17 inches long to connect the bowties. Strip the 
ends and three spots on those wires to make contact with the center nodes and the center tap. (only the two nodes are 
shown stripped in the picture below) 
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Next put everything together with the screws and washers. Make sure everything is snug and all the bare areas of wire 
are touching. Measure from the screw to the tips of each "V" and cut them off at 7 inches. Then spread the tips apart 3 
inches. 
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This is the only kind of balun (matching transformer) | could find at the hardware store when | was getting the other 
supplies. It isn't exactly what | was looking for, but it will work with a litle modification. This matches the high impedance 
of the antenna to the lower impedance of the receiver. 
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This is what it looks like on the inside. 


twin azaga. comldháttvantenna-bowol 1023 


Brazos DIY HDTV TV Antenna (Bowie) | Azega 


1 cut a hole in the side of the balun then cut the end off a piece of coax cable | had and soldered it to the contacts of the 
coax connection. 
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Зо it looks like this. 
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1 cut, stripped, and bent two short pieces of wire to attach the balun to the back of the antenna. 
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1 screwed the connections for the balun to the front and wrapped the wires around to the back so | could attach it to the. 
back. 
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Here | screwed the cover for the balun to the back of the antenna to hold it in place, then attached it and secured the 
wires with the pigtail hanging down. 
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‘And here's the end product. | used some scrap wood to build a base for it. What you do here would depend on where 
you plan on mounting it. | just wanted to set it on a shelf for testing, so a simple base worked for me. | will eventually 
‘mount it permanently in the attic for better reception. 


Results: 


Here are the results | achieved after switching from a normal set of rabbit ears to the bowtie antenna. 
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I'm using an HDHomeRun connected to my windows media center as the TV tuner. Below is the software that came 
with it showing the signal strength. 


‘As you can see, the signal strength went down, but the signal quality went up, which I think is the more important 
number. 


Update: 


While, the reception was better, it wasn't what | was expecting, especially since | live just a few miles away from several 
TV stations. | finally found a diferent kind of balun (matching transformer) at Radio Shack and decided to give ita try. 


At wonazega com/dhyhahetwantennabovreí таз 
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Results Round #2: 


As you can see here, switching to the better balun made a significant improvement. The signal strength is stil lower. 
than the original rabbit ears antenna, but the signal quality is noticeably higher. 


Update #2: 
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(m still not happy with the results, and after doing some research, I think the issue is signal reflection. Basically, since 
Tm зо close to the source and the signal is so strong, I'm getting reflections of the same signal from different directions 
al slightly different times. These out of sync signals are interfering with each other and causing the signal to drop out 
often. 


To solve this all | need to do is to add a reflector to block the signals coming from behind the antenna. | didn't discover 
this until after | had built a different design. To see my new design based on the Gray-Hoverman Antenna and the 
reflector | added to it, stay tuned to this blog by subscribing to the RSS feed or the email newsletter at the top of this 
page and you will be informed as soon as | have posted it 


Let me know if you have tried this design and what your results were in the comments below. 


You may also like: 


How to Child Proof a 
‘Treadmill 


Controlling a Stepper 
Motor with an Arduino Inter 
Part 2 


zeg 


zeg zeg 


Тор 10 Reasons Arduino Servo Motor Playlists on MythVideo Hacker Space in Tulsa, 
“Hackers” is a Good Part 1 using Mplay ‘Oklahoma? 


Hacker Movie 


Related posts: 


1. DIY Brewing Stand 
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4. Mako Your Own Mash Paddle 
5. Converting a Cooler into a Mash Tun 


October 17th, 2010 | Tags: Antenna, Build, DIY, HDTV, Media Center, TV | Category: DIY, Electronics, MythTV 
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bushidoka 
g 121628 am 

Hey there, I'm looking for good instructions on building a gray-hoverman, but cannot seem to find any. The original 

plans | found of course, over on digital home. But that is not really a how-to guide and it looks like | need a PhD in 

antenna design to do anything with what they have there. 


Did you ever get around to documenting your build? 


Tammy 
December 7, 2011 at 1:27 am 


1 made two of these. One from coat hangers. The other from a spool of thin aluminum wire. They both are working 
fantastic. Am getting loads of channels. 


Motsco 
June 17, 2012 at 10:33 pm 


The red X wires are supposed to be kept at least an inch apart. That's not electricity youre playing with, but rather 
Radio Frequency Energy. Terribly common mistake on almost ALL Internetinspired antennas. 


Send me an e-mail and I'll send you a picture or two of a cool one | built with stuff from the dumpster. | live 20 
minutes outside the BIG CITY. 


Put HDTV ANTENNA or something similar in the SUBJECT so | don't trash it as SPAM, thanks. 
Motsco. 


Edmonton, Canada 


Kirby 
October 14, 2012 at 12:12 am 


1 wonder if the lower signal strength of your homemade antenna is due the frequency of the channel you were 
testing. Channel 8, at around 180 MHz, is in the high VHF range. The rabbit ears would be receiving this station on 
the long elements. | think your bowtie antenna is sized primarily for UHF reception. Admittedly, | know next to nothing 
about antenna design, but maybe some longer elements are needed in order to improve reception of channel 8 


Wally 
November 3, 2012 at 7:53 pm 


Uh... think your problem is your using а uhf antenna to try to bring in a vhf channel. From your software, it looks like 
your trying to bring in channel 8, which is VHF, whereas the four bay bow tie antenna you bulit is pretty much only. 
good for ОНЕ, channels 13 through 60 го 70 or something really high that | don't have to worry about in my area. It 
looks like you did everything right, although the dimensions are somewhat small... hat would mean that your 
antenna would do even better at the higher end of the UHF...say, channels 40 and up, although it should do fine for 
13 and up. 
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If you are just using it indoors, hard to say anything. There are so many potential problems with an indoor antenna. 
А kinds of reflections, noise, refractions, etc. You should try putting it in a window facing some towers with UHF 
channels. it should be fine, 


Greg 
March 24, 2013 at 9:40 pm 


| also made two of these antennas. The first was from wire coat hangers. The second was from wire that | bought at 
Lowes. 


1 received ай [30+] of my local channels. I actually locked some out. 


I've since moved to a different address. I'm going to build a larger version [with either 8 or 10 bays] and mount it 
outside above my roof. 


My Name 
August 6, 2013 at 2:41 pm 


I've made several of these. My latest has 10 inch elements, 5 inches spread at the V, with 9.5 inch spacing between 
elements. It gives better gain at upper VHF frequencies, 189 Mhz, but performs well at 630 Mhz. 


Bill Maybery 
December 14, 2013 at 7:12 pm 


have made two of your design (with some modifications) and the results are great. Even the channel that is 62 
miles away in very hilly country. The design seems to have a very narrow signal pattem with only 10 or 15 degrees 
from no usable signal to max signal. The problem I'm having is rf channel 38 is on the same tower as rf channels 31 
and 48 but channel 38 has no signal even though that station is stronger (1000 kW) than either of the other two (700. 
KW and 960 KW). Is there any way that a block of channel 38 could have been built into the antenna? 


have been testing these antennas outside. Will putting them under the roof attenuate the signals enough to keep 
the strong signals for overwhelming the signals from the strong stations? 

| mount the back of the board on a 3/4 PVC with plastic clamps and then mount the PVC to the side of the upper 
deck vertical support. That give me the opportunity to loosen (slightly) the PVC and turn to tune the direction. plan 
to do the same in the crawl space above the garage with the PVC extending through the ceiling of the garage for any 
necessary further directional tuning, 


Lam considering using glue to hold the wires in place and soldering the points of contact. Do you see any problems 
with this method? 


petes 
January 26, 2015 at 11:44 pm 


I'm wondering if 12 gauge wire is really necessary, if you see the wire from the adapter is really thin. 


Lucas 
February 4, 2016 at 11:31 pm 

Solder all connections will not cure multipathing however will significantly lower the resistance of connection thus will 
lower the impedance and put much closer to 300Ohms thus increasing gain and decreasing VSWR & overall gain 
rated in dbd any other? Contact me via FB 

738 

Lucas KBOMEJ 


Lucas 
February 4, 2016 at 11:38 pm 


The thicker the wire the more sturdy and more broad banded the antenna will be | used GAWG solid find wire and 
soldered all connections and all the different sizes | made work fantastically also if mounting outside use stainless 
steel hardware and weatherize all connections find to mast if possible will preform better coax shield is find BTW 
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Lucas 
February 4, 2016 at 11:45 pm 

Clarification to 1st reply will INCREASE gain way originally worded as would decrease gain NOT TRUE sorry for fat 
finger mixup friends 

Radio and electronics And teaching is what | do and I'm broke | make EVERYTHING!!! especially when I can use 
scrap or leftovers 
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Lucas KBOMEJ 


Ben 
March 7, 2017 at 3:21 pm 

| want to build a DYI HDTV Antenna but | need a good booster and likely some sort good HDTV Signal Filter 
because | live about 80 miles from any major city. This will Бе my first try at building the HDTV antenna the 
mechanics of building the Antenna are simple to me. But the electronic | will have to depend on the experts. | did fine 
the HDHomeRun Type: HDHR3-4DC DVB-C (unencrypted digital cable TV)/ and the SlliconDust-HDHomeRun 
PRIME TV Tuner ~ 3 Tuners Modell HDHR3-CC however | need more understanding about how these will help me 
with the DYI HDTBV ANTENNA, 


Bob Hays 
April 28, 2017 at 10:36 pm 


I've built 2 of these. They work better then th square ones I've bought. 


loading 
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DIY patch antennas for longerrange ЕР\/ 


A photo of Adam Adam write this on April 12, 2016 


LogPer, Hom, Biconical, Omni & Directional Wideband Antennas from 1Hz to ADGHz 


Pre-compliance Antennas - EMC/RF/EMI Test Antennas © E 


Rubber duck vs Patch: 


When first getting into the wonderful world of FPV (first person view) you often start off with two 
monopole “rubber duck” antennas that are provided with your setup. These antennas are very 
inexpensive to manufacture as they often are made out of the coaxial wire itself with a small bit of the 
shielding removed at the end, forming the antenna, What you will discover is that these antennas 
produce an omnidirectional signal pattern roughly in the shape of a toroid (kind of like a doughnut) 
and have a signal that is linearly polarized. In Layman's terms, you have to have your antenna receive 
(Rx) in the same orientation as your transmitter (Tx) in order to get the clearest signal, While your Rx 
is sensitive enough to not really care about antenna orientation when your Tx is close by, the farther 
away you get, or the more obstacles you have between you and your Tx, the more loss you have. 
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(a) Dipole Antenna Model бы Dipole 3D Radiation Pattern 


(© Dipole Azimuth Plane Pattern (8) Dipole Elevation Plane Pattern 


Dipole antenna pattern (similar to monopole) - Antenna Patterns and Their Meaning, Cisco 2007 


Now, if you take all of that RF energy and point it in one direction (directional), rather than in all 
directions (omnidirectional) you can extend the range or permeability of your setup. A good analogy to 
this effect is talking through a plastic megaphone, or using one to listen through. You don't change 
how much energy is used to create your voice, you just change how it's transmitted. 
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(e) Patch Antenna Моде! (6) Patch Antenna 30 Radiation Pattern 


ل 


(c)Patch Antenna Azimuth Plana Pattern oi Patch Antenna Elevation Plano Pattern 


Patch antenna pattern (similar to monopole) - Antenna Patterns and Their Meaning, Cisco 2007 


So why is a patch antenna the best for FPV you ask?... Well it's not necessarily the BEST. There will be 
situations where you are flying and the antenna gets pointed away from you and you lose signal 
altogether. Trust us e tried. So all in all, its best to use an omnidirectional antenna on your Tx side, a 
patch on your Rx and simply reposition the antenna by moving your head to optimize the signal. The 
big bonus about using a patch antenna is that they are quite easy to make and the results are pretty 
stunning. What | mean by this is that because the patch antenna "focuses" the signal more along one 
axis than the other, there are situations where you lose signal completely if you do not have the 
antennas aligned. This fact limits the usefulness of a patch antenna on the Tx side since you cannot 
really control it's orientation. Enter polarization 


Antenna polarizatioi 


The monopole antenna we discussed earlier produces a waveform that is only on one axis, or linearly 
polarized (LP). You will notice the effect of this quite clearly with your RC Tx Rx where you can 
improve the range of your Tx simply by changing the orientation of your transmitter until the antennas 
align. An alternative to this linear polarization is to add a small instability to the means in which the 
signal is generated and the result is a waveform that travels in a circular pattern, or circularly 
polarized. This polarization can be clockwise (right hand - RHCP) or counterclockwise (left hand - 
LHCP) and is determined by the design of the antenna. For best results, you will want to use a Tx and 
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Rx antenna with like polarization. Luckily for you, our calculator can produce all three LP, RHCP and 
LHCP. 


йт px Circular 
AD 


Classification of Polarization - hyperphysics.phy-ast-gsu edu 


Patch antenna design: 


While patch antennas are easy to make and have very low physical profiles, their design is very 
sensitive to the materials used, polarity required and location of the signal feed. Rather than leave the 
design of these antennas up to the manufacturers we decided to create a calculator and make our 
own. Because, you know, buying things is for suckers. You can now make one too by simply inputting 
your frequency, dielectric constant, material thickness and ground plane scale factor into our 
calculator and watch the magic happen. 
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tot DIY patch antennas for 


Homebrew patch ready for testing 
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Ready to build your own? Awesome. We here at KempBros have done all of the hard work for you and 
created a complex patch antenna calculator for all of your coaxial-fed patch antenna needs. Just hit 
"Generate" to design your frequency specific LP or CP antenna. Enjoy! 


http://kempbros.github.io/antennas/Patch Antenna Generator/ 


References: 


http://www.everythingrf.com/rf-calculators/microstrip-patch-antenna-calculator 
https://www.pasternack.com/t-calculator-microstri 
http://ijates.com/images/short_pdf/1408805121_P378-384.pdf http://www.jecse.org/wp- 
content/uploads/2012/06/Volume-3Number-2PP-159-166x.pdf http://ijettjournal.org/volume- 
Alissue-4/1JETT-V414P340.pdf 
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EMC Test Antennas EMC Test Antennas 
- Made in Germany |- Made in Germany 


High-end Broadband EMC High-end Broadband EMC 
& EMI Test Antennas, 1Hz 8 EMI Test Antennas, 1Hz 
to 40GHz to 40GHz 
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PATCH АММТЕММА RF ELECTROMAGNETIC RADIATION SPECTRUM FPV EAGLE SCRIPT SCR 
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CRYSTAL FILTER FOR THE 30 METER 
QRSS BEACON RECEIVERS 
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You need to put up a temporary antenna for Field Day or a ORP 
backpacking trip. Rope supports are essential, and keeping the ropes 
taut can be a challenge ... unless you know what kinds of les to use 
and how to tie them. KAEOR offers a primer. 


Four Knots Every Ham 
Should Know 
BY GEORGE AVERILI 


* K4EOR 


‘easier. They are knots every ham should know, and 

‘every Boy Scout has been taught for decades! These. 
knots will withstand the passage of time. | have used them 
for permanent installations lasting several years. | also use 
them whenever I need to quickly erect a temporary field 
antenna. Not only are they secure knots, they can be eas- 
ily untied. 

There are many more knots, but knowing just these four 
will make your life as a ham much more enjoyable. Knowing 
these knots is so important that perhaps this should be part 
of our licensing requirements. Now go practice them, (This 
might be a good program for your next club meeting. 

To leam totie a knot it's usually easier to just look ata dia- 
gram of the knot than to follow instructions. I have, howev- 
er, added a few instructions to help you along. It would prob- 
ably be best to refer to the photos as well as the written 
instructions. 


Е: simple knots make putting up an antenna much 


Two Half-Hitches 
This simple knot (Photo A) allows a горе to be tightened 
securely to one end of an antenna insulator. Begin by pass- 
ing the guy line through the hole in the insulator. Then wrap 
the loose end around the guy line and through the loop you 
just made. Continue in the same direction, and make anoth- 
er loop below the frst one and pass the end through this loop 
you just made. Now tighten everything up. 


Photo A. Two hal-hiches (Photos by the author) 


Square Knot 
The square knot (Photo В) allows two ropas of about the 
same size to be tied together. A typical ham use would be 
adding more length to the rope connected to the end of your 
antenna, 

To бе this knot, first place the right rope end over the left 
rope end and encircle the left rope. Then place the left rope 
end over the right rope end and encircle the right rope end. 
Now tighten everything up. 


Double Sheet Bend Hitch 
This knot, shown in Photo C, allows two ropes of different 
sizes to be joined together especially when one is much 
smaller than the other. | use it when connecting the small 
fishing line shoot over a limb to a larger line | use to pull up 


"email: <averil@mchsi com> Photo B. Square knot 
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ту antenna. | used a larger red rope in the photo for demon- 
stration purposes; fishing line is much smaller. A completed 
nylon fishing ine is shown at the bottom of the photo. 

To tie the knot, make a loop with the large guy горе. Run 
the small fishing line up through the loop then around the 


Photo С. Double sheet bend knot 


Photo D. Taut-line bitch 
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loop to the right and then back beneath itself. Do this a sec- 
fond time and then pull everything taut. Now, going in the 
‘same direction, loop the end of the fishing line around the 
Quy rope above the other two turns and back beneath itself. 
ul the two ends taut. 


Taut-Line Hitch 
The taut-ine hitch (Photo D) allows you to tighten the rope 
that connects the end of your antenna (the guy line or anten- 
па support line), to an object such as a stake or a tree limb. 
It can also be used for tying support lines for a small mast. 
You can loosen your rope or tighten it up. The taut-ine hitch 
holds tight under tension, but сап be easily adjusted. I's 
perfect for securing and adjusting antenna supporUguy lines. 

To tie this knot, first run the end of your guy line around the 
stake or other item to which you chose to бе the line. Then 
cross over the guy line attached to your antenna and, going 
in the same direction, bring the end through the lower loop 
made between the stake and the guy line. Do this a second 
time so that there are two loops over the guy line inside the 
loop. Now go above the two loops you made, going in the 
same direction, and tuck the end under itself making опе 
loop above the other two loops. Pull the knot taut 

If you ted it correctly, you should be able to pull the knot 
up the main guy line and down the main guy line, making the 
line longer or shorter as needed to tighten up your antenna. 


Notes: 
Y Handbook for Boys. 1951. Boy Scouts of America North Brunswick 
NJ (Yes, his was my Boy Scout Handbook when | fest learned code.) 
2 For addtional reading about knolssee cwiwanimatedinots com> 


Young Ladies’ Radio League, Inc. 
Since 1939 


For 75 years the Young Ladies’ 
Radio League, Inc. (YLRL) has 
helped women find their voice 
in Amateur Radio with members 
of all ages and interests. 

The YLRL sponsors a number 
of certificates for both YLs and 
OMs. Members can eam special VL Certificates. 

YL-Harmonies is our bi-monthly publication 
highlighting what women are doing in 
Amateur Radio. 

YIRL gives out scholarships to YLs each year. 
For more information on the YLRL, the current 
dues amounts, weekly YL Net locations or how to 

join please go to our website at www.ylrlorg or 
contact the Publicity Chairwoman, Cheryl Muhr. 
NOWBV at nOwbv@earthink net, All Officer 
information is also listed both on the 
website and in each edition of the 
magazine and you may contact any 
Officer as well 

With thanks fo the OMs who 
‘encourage and support us, 


Visit us at www.ylrl.org 


| — 
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Tree Antennas 
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General George O. Squier 


Scientific American ( July 14, 1919, p. 624) ~ 


"With Trees For Ears" 
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A Wireless Station Within the Reach of Everybody 
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With a pair of receives to his cars, an amazed visitor to a certain radio station heard a high- 
toned hum which changed to a low grow, then skied to the upper reaches of the musical scale 
ina 


faint, very faint buzz, as if some microscopic mosquito had had his song made audible. The operator rapidly 
rapidly turning the knobs on his couplers and condensers, raised his hand: suddenly, through the changing 
radio signals which were clamoring for attention together in the receivers came his voice; "There — the 
loud, easily heard one is New Brunswick; the fainter, lower one is Nauen, in Germany". 


IF all this had taken place in the great Arlington station one would not have wondered, save perhaps at the 
inability to tune out all radio but Nauen. But it was а little portable house erected in thick woods near the 
edge of the District of Columbia and the signals were received through an oak tree for an antenna, 


It is not a joke nor a scientific curiosity, this strange discovery of Gen. George O. Squire, Chief Signal 
Officer, that trees --- all trees, of all kinds and all heights, growing anywhere --- are nature's own wireless 
towers and antenna combined. The matter first came to his attention in 1904, through the use of trees as 
grounds for Army buzzer and telegraph and telephone sets, which, in perfectly dry ground and in a dry 
season, functioned poorly or not at all with ordinary grounds. Right then he began experiments with a view 
to seeing what possibilities, if any, the tree had as an aerial. But in 1904 radiotelegraphy was far more 
undeveloped than at present, and vacuum amplifying tubes were not thought of. 


During the war the Signal Corps established a chain of special receiving stations in different localities to 
copy and record enemy and allied radio messages. Some of those stations were instructed to test the 
efficiency of growing trees as receiving antennae. 


With the remarkably sensitive amplifiers now available, it was not only possible to receive signals from all 
the principle European stations through a tree, but it has developed beyond a theory and to a fact that a tree 
is as good as any man-made aerial, regardless of the size or extent of the latter, and better in the respect that 
it brings to the operator's cars far less static interference. 


This is a rather broad statement, yet there beyond the Capital of the nation stands a little portable house, the 
oak tree, a small receiving set and a couple of enlisted men and an officer on duty; and the curious may, 
with permission, hear for themselves that the signals so received are neither faint not interrupted, but strong, 
full-toned dots and sashes even when they come from far-off Nauen. Page after page is copied daily from 
the propaganda material which Nauen sends out by the ream. Lyons, Poldhu, ships at sea, even the NC-4 on 
her way, are heard plainly. As for New Brunswick or nearby Arlington --- they deafen the listener if he is 
unwise enough to try to "take" them otherwise than with the phones lying on the tables. 


It will puzzle the amateur as it has puzzled the experts, how a tree, which is certainly well grounded, can 
also be an insulated aerial. The method of getting the disturbances in potential from treetop to instrument is 
so simple as to be almost laughable. One climbs a tree to two-thirds of its height, drives a nail a couple of 
inches into the tree, hangs a wire therefrom, and attaches the wire to the receiving apparatus as if it were а 
regular lead-in from a lofty copper or aluminum aerial. Apparently some of the etheric disturbances passing 
from trectop to ground through the tree are diverted through the wire -— and the thermionic tube most 
efficiently does the rest. 


It is interesting to learn that the tree behaves very much like any other aerial; it receives better in dry clear 
‘weather than in muggy, damp weather. It plucks messages from the ether more clearly at night than in the 
day. It is affected very little by rain. It is affected not at all by the presence of other trees; so far as has yet 
been ascertained it makes little difference whether one drives his nail in a tree in the forest or a lone tree on 
the plain. Certainly it makes no difference that amounts to anything whether the tree be just an ordinary tree 
ога giant; it was a 60-001 oak over which the very awe-struck correspondent heard Nauen telling a waiting 
world what good people the Germans really are. And to prove that it made no particular difference what 
kind of tree was used the officer in charge switched to a pine tree, which received equally well. 
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А dead tree will not do, and a tree not in leaf is not so sensitive as one in full foliage. It makes much 
difference where the nail is driven. General Squier calls the proper place the optimum point, and 
experimentally it has been determined that two-thirds of the distance from ground to top is the best place 
їп a 60-foot tree, 40 feet from the ground. 


‘One nail is sufficient, and it may be any kind of nail; but copper is preferred as not rusting. In practice, if a 
tree station is to be at all permanent, several nails would be driven and connected to the same wire, each 
additional nail up to 6 or 8 making the diverted current a little stronger. But 40 nails apparently produce no 
clearer signals than half a dozen. 


The tree may serve as a receiving station for several sets, cither connected in series with the same material 
or from separate terminals, 


Some skeptics have expressed the belief that it was not the tree, but the wire leading to the nail in the tree. 
which was the real aerial. The absurdity of thinking a 40-foot wire could receive the widely differing wave 
lengths which come through the tree station is obvious, but to set any doubt at rest, the wire to the troc has 
been hung to the nail by means of an insulator, when the signals immediately cease, only to come in as 
strong as over just as soon as the connection is again established. 


Just what will the tree do as a transmitting station for radio telegraphic messages has not been determined in 


the Signal Corps Experimental Laboratory. As those in charge express it, "The fact has been demonstrated, 
but the matter is still in laboratory stage only. What remains to be done now is to develop the best methods 
of using the demonstrated fact" 


But it has already been shown that the tree can be used in wireless telephony and for short distances it has 
been shown that two-way telephonic communications is easily established through trees with remarkably 
low values of transmitting antenna current 


Ifa tree may be used to send wireless telephonic waves it seems not unreasonable to suppose that it will do 
зо as easily with the telegraphic waves. At present the Signal Corps is at work on apparatus to test the 
possibilities of the tree as a transmitting station. 


Just what this development of the art of radio telegraphy may mean has not yet been worked out. It is the. 
history of most discoveries that their potentialities are hardly dreamed of when they are first made ~- for 
instance the telephone, the electromagnet, the vacuum tube amplifier. But it seems fairly obvious that in 
‘war, at least, the tree receiving station opens up great possibilities. 


‘True enough there are few trees which remain intact under shell fire, and doubtless with this possibility in 
mind the armies of the future (if there be such) will in action consider all trees as dangerous enemy aerial 
stations. But there will always be trees behind the lines and not all actions will be fought on bare ground. 
What would it have meant to the "lost battalion" to have had a tree wireless set along by which it could 
have heard that every effort was being made to find and relieve it, or by which it might have sent back 
messages supplementing that carried by the pigeon? 


‘The greatest development, however, of the tree as the foundation for a receiving and possibly a sending 
station will come in peace uses. General Squier has written: 


"In view of what has been accomplished in space telegraphy, it is difficult to predict to what extent this 
means of communication may ultimately be developed. If, as indicated in these experiments, the earth's 
surface is already generously provided with efficient antennae, which we have but to utilize for such 
communication, even over short distances, it is a fascinating thought to dwell upon in connection with the 
future development of the transmission of intelligence. 


"Since a transmitting station is a central point for electromagnete waves sent out in all directions over the 
surface of the earth, a large class of information, such as meteorological reports, crop reports, and general 
news items of interest to all, may in time be sent from central points, to be received in many places within 
the radius of influence of the signal station, and this, too, by the simplest form of apparatus.” 
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The amateur wireless world will unquestionably take an intense interest in the tree radio work. At present, 
while the government has lifted the ban upon amateur aerials, it has not removed the structures against. 
sending. 


The aerial is always the greatest problem for the amateur. Lack of both money and material prevents him. 
from erecting anything very large or of very great capacity. Ifany lad with a receiving set and some 
thermionic tubes can hook to a tree and take in any wavelength he can tune to, will not tree radio vastly 
increase the devotees of this particular variety of indoor sport? The matter is one of some importance, 
inasmuch аз many valuable recruits to the radio world have come from amateur ranks, and many a radio 
engineer had got his first taste for the fascinating art through a homemade tuning coil and detector, under 
the attic roof. The greater the amateur wireless world, the quicker the development of the art as a whole. 


Explorers, discoverers, engineers in far places, the forest service, the woodsman, all have use for the new 
development. Moreover the tree as an antenna offers unusual possibilities for the investigation of 
atmospheric phenomena and for what may be called the physics of botany (or the botany of physics) and 
perhaps is the road by which the unsolved puzzle of growth may be studied, 


Meanwhile, it is a thought not without great power to move the sensitive imagination that every tree, 
growing everywhere, is a wireless tower and antenna and that, as General Squier says, "It is significant that 
a tree, possessing utility and natural strength, architectural beauty of design and endurance far superior to 
artificial structures prepared by man, should be able yet further to minister to his needs". 


Electrical Experimenter ( July 1919 ), р. 204 
Talking Through The Trees 
by 


Major-General George O. Squier 


(Chief s 


al Officer, US Army) 
How Transatlantic Radio messages Are Copied Via Tree Antenna 


As long ago as 1904, the author conducted some experiments with a view to utilizing growing trees as 
antennae for radio-telegraphy and discovered the efficacy, in a general way, of using a direct metallic 
contact to certain trees (principally Eucalyptus) to increase the audibility of radio signals. My attention was 
first called to this phenomenon during the course of summer maneuvers of the Army at Camp Atascadero, 
CA, where, due to the prevalence of the dry season of the зой, it was found that the regular Army buzzer 
telephone and telegraph sets were inoperative with any ordinary ground or earth but became operative when 
connected to a metallic nail driven in the trunk or roots of a live tree. This incident led the author to pursue 
the subject experimentally in the autumn of 1904 continuing the experiments to the range of frequencies 
than employed in radio-telegraphy. 


Tree Antennae 


In connection with the organization and development of Transatlantic radio reception, which was carried 
‘out during the period of the war to provide against the possibility of the interruption of the submarine cable 
system, the Signal Corps established a chain of special receiving stations in different parts of the United 
States to copy and record enemy and Allied radio messages from European stations for the information of 
our Army General Staff 


In the prosecution of this work, directions were given to the Signal Corps Laboratory at Camp Alfred Vail, 
Little Silver, NJ, and also to the experimental staff in Washington to test the efficiency of growing trees as 
receiving antenna, in connection with this service, using the vastly superior technique and facilities now 
represented in the radio Art as compared with the crude apparatus with which the discovery was made in 
1904. With a collection of apparatus representing the most advanced state of the radio Art, the problem, as a 
war measure, was attacked anew and has now reached a point where a very brief outline of some of the 
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physical results obtained should be presented in the interests of the development of the Art їп general. Since 
the phenomena involved embrace a variety of physical problems rather than strictly engineering ones, these 
data are presented in the hope that our scientists may see in the experiments some points of departure for 
further research, 


It was immediately discovered that with the sensitive amplifiers now in use it was possible to receive 
signals from the principal European stations by simply laying а small wire netting on the ground beneath 
the tree and connecting an insulated wire to a nail driven in the tree well within the outline of the tree top. 
See Figure 1. Messages having been received from England, France, Germany and Italy 


‘This encouraging first result justified а more careful examination of the phenomena and the most suitable 
arrangement of circuits for the purpose. 


And Now For the Floraphone 


‘The messages carried over this tree telephone and telegram system have been named by the writer. They are 
to be ‘floragrams’. The tree telephone is to be a “floraphone’; the tree telegraph а “floragraph. 


‘The discovery is now announced after experiments covering 15 years, beginning in California and 
continuing intermittently until the outbreak of the war, when they went forward with vigor as an emergency 
means of communication. The system was utilized during the war in listening-in on the German radio 
‘communication. 


‘The final development took place in a small portable laboratory, purchased from a mail order house, 
capable of being carried to any place in the woods. A group of soldiers, taking turns at copying messages, 
assisted the writer in the development of the apparatus. 


Without entering into the details of these preliminary experiments here it may be said that one fo the best. 
receiving arrangements is found to be an elevated tree earth-terminal in the upper part of the tree top, and 
ап earth consisting practically of several short pieces of insulated wire, sealed at the outer end, radiating out 
from a common center, and buried a few inches beneath the surface of the ground in the neighborhood of 
the tree. See Figure 2 


It was soon found that a trec-antenna could be used efficiently as a multiple radio receiving set over widely 
different wavelengths, see Figure 3A, receiving either from separate terminals at the same (shown dotted i 
Figure 3A) or different heights of the tree, or in series from the same terminal. See Figure 3B. 


This same type of circuit was employed in an inverse manner for radio-telephonic transmitting purposes, 
although the experiments thus far have been limited to short distances. It was found that 2-way radio- 
telephonic communication was easily established with remarkably low values of transmitting antenna 
current. Sec diagram of this test illustrated at Figure 4. 


The flexibility of this arrangement is very striking. The linking up of wire and wireless methods was found 
to be both convenient and efficient. Radio-telephonic messages from airplanes were readily received by the 
‘ree-antenna arrangement and transferred thence to the wire system of the city of Washington and finally 
received at any point desired, 


Furthermore, radio-telephonic transmission through the tree-antenna was received by another tree-antenna, 
and automatically returned to the sender on a wire system, thus making a complete circuit. Illustrated at 
Figure б. 


Long distance reception on any wave length from all the larger European stations and from our ships at sea 
was easily accomplished and traffic copied оп a 24 hour schedule by the regular enlisted operators of the 
Signal Corps. A small portable house serving as а field laboratory was erected in the midst of the forest area 
оп Grant Road, Washington DC, and here was assembled a collection of amplifiers from the Army, navy, 
the British and French, and American manufacturers. With these facilities it was a matter of a few days to 
test out, at least in a superficial manner, a large number of proposed arrangements using trees as antenna, 


Fi 


ге 7 shows how a number of trees can be connected up to give the effect of one large antenna. 
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In France officers of the Signal Corps, by the simple device of driving a spike into a tree-trunk to which 
connect the audion set which wireless operators use to make up wireless messages, it was found possible to 
listen in on communications between German airplanes and the German lines. Messages were thus 
intercepted in spots into which it would have been impossible to transport a field wireless apparatus. See 
Figure 8, 


‘The Physics of Tree 


less 


We may regard the metallic electrode rigidly driven into the living organism of a tree, as described above, 
as a potential carth-terminal for the study of the potential distribution on the surface of the earth itself. It has 
been shown in these experiments that this metallic terminal intimately connected to the earth itself and a 
part thereof is subject to changes of potential representing the innumerable frequencies required by modern 
radio-telephony and telegraphy, as well as any other electrical disturbances which may occur on the surface 
ol the earth or the atmosphere above the earth. 


It has also been shown, as expected, that we can select from this composite one or more of the different 
frequencies by tuned electrical loop circuits suitably connected to this electrode and study each in turn, at 
will, just as color screens can select a particular component of white light. We may, indeed, by means of a 
highly insulated conductor bring this terminal directly to the laboratory and connect it immediately to the 
modern thermionic tube and amplify almost at will the particular effects we are studying, 


We can consider that trees have been pieces of electrical apparatus from their beginning and with their 
manifold chains of living cells are absorbers, conductors and radiators of the long electromagnetic waves as 
used in the radio Ап. 


For our present purpose we may consider, therefore, a growing tree as a higly organized piece of living 


earth, to be used in the same manner as we now use the earth as a universal conductor for telephony and 
telegraphy and other electrical purposes. 
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British Patent Specification # 149,917 
Improvements in & Relating to Radio Communication Systems 
George O. Squier. 


This invention relates to radio communication systems. More particularly, the invention relates to radio 
transmission and reception through the use of living vegetable organisms such as trees, plants, and the like. 


As disclosed in the Specification of my prior Letters Patent No. 25,610 (1904), I have discovered heretofore 
that tall trees and like growing vegetation possessed electrical conductivity of a certain nature adapted for 
the reception of signaling electromagnetic waves and capable of forming a part of an antenna or serial with 
the use of a direct earth "ground" or equivalent point of connection with the tree, in the potential node 
region. 


1 have recently discovered that living vegetable organisms generally are adapted for transmission and 
reception of radio or high frequency oscillations, whether damped or undamped, with the use of a suitable 
counterpoise. I have further discovered that such living organisms are adapted for respectively transmitting 
ог receiving a plurality of separate trains of radio or high frequency oscillations simultaneously, in the 
‘communication of either or both telephonic or telegraphic messages. 


In such use of an antenna comprising living vegetable organism and a counterpoise, I have discovered that 
‘optimum results are obtained upon arranging the point of connection of the transmitting or the receiving set 
within a certain range of the tree, or other living vegetable organism; for trees indigenous in the temperate 
zones, I have discovered that such optimum point of connection is in a region approximately two-thirds of 
the height of the tree above the exposed surface of the earth, 


In accordance with my invention for receiving radio trains of telephonic or telegraphic high frequency 
oscillations, a plurality of receiving sets attuned respectively to any desired frequency, may be connected by 
the same leading-in wire to the same tree, whereby such tree serves as the common receiving antenna for 
the respective individual receiving sets; and, similarly, for transmitting radio trains of telephonic or 
telegraphic high frequency oscillations, a plurality of transmitting sets respectively resonant to any desired 
frequency may be connected by a common lead-in wire to the same tree serving as the common antenna. 


In the more preferred forms of my invention, I have devised suitable means for selective directional 
reception of radio oscillations of any desired definite frequency, by the use of a coil having the turns of its 
windings disposed in substantial parallelism and mounted to be rotated in a horizontal plane, whereby the 
received oscillations are restricted to the direction coincident with or parallel to a plane lying normal to any 
plane passing through any turn of the windings of the coil 


‘The counterpoise comprises preferably a suitable extent of conductor in the form of one or more lengths of 
wire disposed below the surface of the earth and suitable insulated therefrom; it is desirable to arrange a 
number of individual counterpoises, cach extending rectilincarly in different directions to one another and 
to employ in directional selection the particular counterpoise extending substantially in the selected 
direction. 


Further features and objects of the invention will be more fully understood from the following description 
and the accompanying drawings, in which: 


Figure 1 is a diagrammatic vertical elevation of a preferred form of the invention; 
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diagrammatic view of one preferred form of an arrangement of receiving sets, 


Figure 2 i 
‘embodying my invention; and 


Fig! 
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Figure 3 is a diagrammatic view of a preferred form of an arrangement of transi 
‘embodying my invention. 


Referring to Figure 1, the circuit designated 1 represents any approved form of resonant receiving circuit 
comprising the variable condenser 2, and detector, rectifier or amplifier 3, arranged with a telephone or any 
suitable recording device in the usual manner. Such attuned receiving circuit 1 is suitably coupled through 
transformer windings or otherwise with proper regulatable reactance with the tree or other living vegetable 
organism and in Figure 1 I have indicated the location 4 as representing the location of a metallic nail, or 
equivalent, affixed to and extending within the body of such tree. I have discovered that optimum results for 
апу particular tree are dependent upon the physical contour of the space occupied by the branches and 
leaves as well as the subterranean portions of the tree such as the roots and that generally the optimum 
results are attained by affixing the nail 4 within the region of the tree substantially two-thirds of the height 
of the tree above the surface of the earth. 


To such nail 4 is connected one end of the lead-in wire 5, preferably enclosed in suitable insulation, and 
connected at its other end with the resonant circuit 6 comprising the adjustable inductance coil 7 and the. 
adjustable condenser В. The lead 9 connects the circuit 6 with the counterpoise 10, preferably comp 
‘one or more metallic wires, 11, extending substantially rectilinearly and electrically insulated from the earth 
12 by means of suitable insulation 13, as by enclosing such wire or wires 11 within a suitable insulating 
coating. Such coating 13 extends preferably an appreciable distance above the surface 14 of the earth 12. In 
the use of my invention with living antennae, I have arranged the counterpoise 10-13 extending in the 
rectilinear direction substantially parallel to the plane passing through the transmitting station, the receiving 
station and the center of the earth. It is advantageous to arrange a plurality of individual counterpoises 10 


d 
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radiating in different rectilinear directions, with a suitable switching device for connecting the lead 9 with 


the particular counterpoise parallel to or most closely parallel to the selected direction. 


Such coil 7 is preferably a primary coil suitably spacially coupled with an adjustable secondary сой 15 
connected in the circuit comprising the variable condenser 2 and 3. In the specific form of the invention 
shown in Figure 1, such secondary coil 15 is provided with the lead wire 16 connected to the terminal 17 of 
the reversing switch 18 (shown diagrammatically) the other end of the secondary coil 15 being connected 
by the cross wire 20 of the reversing switch 18. Such terminal 17 is connected by the cross wire 21 with the 
terminal 24, The pivoted knife blades 25, 26, having the handle 27, are mounted in the usual manner on the 
central terminals 28, 29. The coil 30 represents diagrammatically a coil comprising a desired number of 
windings or successive tums of exposed or insulation covered wire, each tum lying substantially in a 
common vertical plane and the coil indicated at 31 represents a similar plurality of turns of windings 
mounted in substantially a common vertical plane. One terminal of the coil 30 is connected with one of the 
central terminals of the reversing switch 18, say terminal 28, and one terminal of the coil 31 is connected 
with the other central terminal 29, of the reversing switch 18. The other terminal of the coil 30 is connected 
by the wire 32 with the leads of the variable condenser 2 in shunt with the detector or amplifier 3, while the 
other terminal of the coil 31 is connected by the wire 33 to the opposite lead of the variable condenser 2 and 
the detector or amplifier 3. 


Such set of coils 30, 31 are suitably mounted to be rotated horizontally, whereby all turns of the coils 30, 
31, at any given position lie substantially in a common vertical plane. Such coils 30, 31 may be arranged on. 
a common wooden or like insulating frame of cylindrical, rectangular or other desired contour on cross 
section, 


By virtue of such an arrangement, the primary and secondary circuits are respectively directly exposed to 
and simultaneously electromagnetically acted upon by the incoming oscillations, and by means of the 
reversing switch 18 the oscillations generated in the coil 30 may be neutralized or accumulated relatively to 
the oscillation generated in the coil 31 to produce either the "barrage" or the "amplifying" effect. 


By means of such "barrage" effect, the oscillations of any given wavelength directed in any absolute 
direction are cut out from the detector or amplifying circuit and enable oscillations of similar or the same 
wave length received in any definite direction to be conducted to the detector or amplifying circuit. By 
means of such accumulating effect of the coils 30, 31, and the switch 18, the waves of any definite 
wavelength received in any definite absolute direction are amplified and enable long distance reception at 
any wave length, 


In practice, I have carried out the invention for reception by the use of either a single receiving set or a 
plurality of receiving sets. Such receiving set or sets may be arranged either to receive damped high 
frequency oscillations or undamped high frequency oscillations. 


In Figure 2 I have illustrated diagrammatically one form of the application of the invention for the 
simultaneous reception of a plurality of different trains of high frequency oscillations. 


The nail 4 is indicated as located in electrical connection with the tree 35 at an optimum point 36, the lead- 
in wire 37 being connected at its upper end with the nail 4 and at its lower end with the incoming connector 
bar 38. The connector 38 is provided with the individual switches 39-40-41, etc., corresponding to the 
number of individual receiving sets. The outgoing connector bar 42 is connected by the lead 43 with the 
counterpoise 10, preferably constructed and arranged as set forth hereinabove. 


In suitable relation with the incoming connector bar 38 and outgoing connector bar 42 and the switches 39, 
40, 41 are arranged the respective primary coils 44, 45, 46, ete., respectively coupled in any approved. 
arrangement with the secondary coils 47, 48, 49. 


‘The receiving set 50 is arranged for the reception of undamped waves and is shown of the vacuum tube 
valve type. The terminals of the secondary 47 are suitably connected in the input circuit including the 
filament cathode 51 of the vacuum valve 52 and the grid 53 and comprises the variable condenser 54 in 
shunt with the secondary 47, the condenser 55 and the grid leak resistance 56. The output circuit comprises 
the battery 58, the filament cathode 51, and the telephone receiver or other audible, or any visual indicator 
57. The heating circuit of the filament cathode includes the battery 60 and the variable resistance 61 
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The receiving set 62 is shown of a similar undamped oscillation receiving type and like elements аге 
designated by like reference numbers. 


The receiving set 63 is indicated of the damped oscillation receiving type and comprises the additional 
inductance turns 64 having one terminal connected to one terminal of the filament cathode 51 and its other 
terminal connected to the variable condenser 65 in shunt with the telephone receiver 57 and the storage 
battery 58. The remaining elements of the receiving set 63 correspond to like elements of the receiving set 
50 and are designated by like reference numbers. 


In Figure 2 I have shown the switch 39 in closed position with the primary inductance 44 of the receiving 
set 50, the switch 40 in closed position with the primary inductance 45 of the receiving set 63 and the 
switch 41 in open position with the primary inductance 46 of the receiving set 62, and accordingly enabling 
the reception and detection of undamped oscillations of the frequency to which the receiving set 50 is tuned 
and simultaneously the reception and detection of damped oscillations of the frequency to which the 
receiving set 53 is tuned. 


Figure 3 shows one form of practical application of my invention for transmitting simultaneously radio 
oscillations, either telephonic or telegraphic, either damped or undamped, or both. The nail 4, lodged at an. 
‘optimum point 36 in the tree 35, is connected by the lead 70 to the connector bar 71, and the counterpoise 
10 is connected by the lead 72 to the connector bar 73. 


The transmitting sets 74, 75, etc., of the desired number, are suitably arranged for single or multiple 
transmission, for which purpose the switches 76, 77, etc., are provided. The transmitting sets 74, 75 are 
shown of any approved type, such as the oscillating vacuum tube type comprising the filament cathode 78, 
the grid 79 and anode 80, arranged in the vacuum tube 81, suitably connected with the primary inductance 
84, 85. The primary inductances 84, 85 are suitably connected to the connector bar 73 and the connector bar 
71 through the respective switches 76, 77. The battery or other source of electric current is indicated at 86. 
‘The adjustable heating circuit of the cathode filament 79 is shown comprising the battery 87 and the 
variable resistance 88. 


In Figure 3, the switch 77 is in closed position thus placing the transmitting set 75 in operative connection 
with the tree serving as the antenna. Upon closing the switch 76 the transmitting set 74 is similarly placed 
in operative connection with the tree antenna 35. Upon closure of both switches 76, 77 the tree serves as the 
antenna for the transmission of simultaneous trains of oscillations emitted by the respective transmitting 
sets 74, 75, modified by a key or telephone transmitter, or other suitable modulator, for the transmission of 
telegraphic or telephonic messages as desired 


In the use of trees or other living vegetable organisms serving as the antenna or a art thereof, I have 
discovered from tests that such tree possess impedance consisting of two components, resistance and 
reactance, the latter being usually condensive, for oscillation within the range of present day wavelengths. 
‘The tests also show that the apparent capacity of a tree serving as an antenna is substantially proportional to 
the height of contact of the lead wire connecting the transmission set with the tree. 


The tests also show that the apparent resistance of a tree serving as an antenna is appreciably greater than 
the resistance of the ordinary metallic antenna, and it is accordingly desirable to modify the resistance or 
alter the design of the receivers, if it desired to increase the effectiveness of the energy of the 
electromagnetic radiation impinging on the tree; however, the ordinary receivers of present design may be 
used and are responsive to any wave length of radiation employed in present day practice. 


Whereas I have described my invention by reference to specific forms thereof, it will be understood that 
many changes and modifications may be made without departing from the spirit of the invention as defined 
by the appended claims, 


An alternative electric power generating system that draws energy from a seemingly unlikely yet abundant, 
‘eminently renewable and virtually free power source has been submitted for patenting by MagCap 
Engineering, LLC, Canton, Mass., in collaboration with Gordon W. Wadle, an inventor from Thomson, Ill. 
Wadle has invented a way to capture the energy generated by a living non- animal organism --- such as a 
tree. 
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"Unlimited Electric Energy from the Environment?" 


Chris Lagadinos, president of MagCap, developed circuitry that converts this natural energy source into 
useable DC power capable of sustaining a continuous current to charge and maintain a battery at full 
charge. 


"Аз unbelievable as it sounds, we've been able to demonstrate the feasibility of generating electricity in this 
manner," said Wadle. 


"While the development is in its infancy, it has the potential to provide an unlimited supply of constant, 
clean energy without relying on fossil fuels, a power generating plant complex or an elaborate transmission 
network." 


Wadle likened the invention to the discovery of electricity over 200 years ago when charged particles were 
harnessed to create an electric current. "Now we've learned that there is an immense, inexhaustible source 
ol energy literally all around us that can be harnessed and converted into usable electric power," he said. 
Ultimately, it should prove to be more practical than solar energy or wind power, and certainly more 
affordable than fuel cells, he added. 


Wadle said he got the original idea of harnessing a tree for electrical energy from studying lightening, more 
than 50 percent of which originates from the ground. This prompted him to develop the theories resulting in 
a method to access this power source. 


Lagadinos then designed circuitry that filtered and amplified these energy emanations, creating a useable 
power source. 


Basically, the existing system includes a metal rod embedded in the tree, a grounding rod driven into the 
ground, and the connecting circuitry, which filters and boosts the power output sufficient to charge a 
battery. 


In its current experimental configuration, the demonstration system produces 2.1 volts, enough to 
continuously maintain a full charge in a nickel cadmium battery attached to an LED light. "Think of the 
‘environment as a battery, in this case," said Lagadinos, "with the tree as the positive pole and the grounding 
rod as the negative." 


Lagadinos said the system could be enhanced enough to generate 12 volts and one amp of power, "a 
desirable power level that could be used to power just about anything," he said. It is enough power to 
charge batteries for any type of vehicle, including hybrids and electric cars, or to use with an AC converter 
to produce household power, he added. The LED industry is a prime example of a potential user of this 
power source. 


While the basic concept of this invention -- using a tree to generate electric power — seems too incredible to 
be true, Lagadinos said it can be demonstrated quite simply. "Simply drive an aluminum roofing nail 
through the bark and into the wood of a tree -- any tree — approximately one half inch; drive a copper water 
pipe six or seven inches into the ground, then get a standard off-the-shelf digital volt meter and attach one 
probe to the pipe, the other to the nail and you'll get a reading of anywhere from 0.8 to 1.2 volts of DC 
power,” he said. 


"You can't do anything with it in that form because it is 'dirty' -- i.e. highly unstable and too weak to power 
anything," he added. In order to properly harness this potential energy source, MagCap devised two test 
circuits: one with three capacitors that were connected in parallel by means of a switch and charged to 0.7 
volts each, 


When fully charged they are switched to a series mode, multiplying the voltage to 2.1 volts and flashing an 
LED to show that sufficient power could be generated to produce a useable result. The second circuit 
included a filtering device to stabilize and "clean" the current so it could be used to charge and maintain a 
NiCad battery. 
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‘The battery then could be connected to the LED to keep the LED lit continuously. Wadle pointed out that 
there seems to be no limit to the amount of power that can be drawn from an individual tree, no matter how 
many "taps" are inserted -- each produces the same amount of energy, an average of 0.7 - 0.8 volts. Size of 
the tree also seems not to matter. 


Interestingly, while conventional wisdom would seem to indicate that the tree draws much of its energy 
from photosynthesis via its leaves, the voltage output actually increases to 1.2-1.3 volts in the winter after 
the leaves have fallen, 
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Regulations & Policies 


Lesson One 


1-1) Radio Licences, Applicability, Eligibility of Licence Holder 


“Authority to make "Radiocommunication Regulations" is derived from the 
Radiocommunication Act 


“Authority to make "Standards for the Operation of Radio Stations in the Amateur 
Radio Service" їв derived from the Radiocommunication Act 


“The Department that is responsible for the administration of the 
Radiocommunication Act is Industry Canada 


“The "amateur radio service" is defined in the Radiocommunication Regulations 


Industry Industrie 
Canada Canada 


Canad а 
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1-2) Licence Fee, Term, Posting Reguirements, Change of Address 


+ The Amateur Radio Operator Certificate should be retained at the address notified 
to Industry Canada 


* Whenever a change of address is made Industry Canada must be advised of any 
change in postal address 


+ An Amateur Radio Operator Certificate is valid for life 

* The fee for an Amateur Radio Operator Certificate is free 

+ The holder of a radio authorization shall, at the request of a duly appointed radio 
inspector, show the radio authorization, or a copy thereof, to the inspector, within 48 


hours after the request 


+ Out of amateur band transmissions are prohibited - penalties could be assessed to 
the control operator 
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1-2) Licence Fee, Term, Posting Requirements, Change of Address 
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1-3) Licence Suspension or Revocation, Powers of radio Inspectors, 
Offences 8 Punishments 


If an amateur pretends there is an emergency and transmits the word "MAYDAY," 
this is called False or deceptive signals 


A person found guilty of transmitting a false or fraudulent distress signal, or interfering 
with, or obstructing any radio communication, without lawful cause, may be liable, оп 
summary conviction, to a penalty of: a fine, not exceeding $25 000, or a prison 
term of one year, or both 


The Minister may suspend or revoke a radio authorization WITHOUT NOTICE: where 
the holder has failed to comply with a request to pay fees or interest due 


ev 
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El ity, Equivalents, 


here are по age limit on who can hold an Amateur Radio Operator Certificate with 
Basic Qualificat 


A basic examination must be passed before an Amateur Radio Operator Certificate 
is issuer 


The holder of an Amateur Digital Radio Operator's Certificate has equivalency for 
the Basic and Advanced qualifications 


After an Amateur Radio Operator Certificate with Basic qualifications is issued, the 
holder may be examined for additional qualifications in any order 


One Morse code qualification is available for the Amateur Radio Operator Certificate. 
itis: 5 мрт 


The holder of an Amateur Radio Operator Certificate with Basic Qualification is 
authorized to operate the following stations: а station authorized in the amateur 
service 
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Apparatus On Behalf of 
Other Persons 


Radio apparatus may be installed, placed in operation, repaired or maintained by the 
holder of an Amateur Radio Operator Certificate with Advanced Qualification on 
behalf of another person: if the other person is the holder of a radio authorize 
to operate in the amateur radio service 


The holder of an Amateur Radio Operator Certificate may build transmitting 
equipment for use in the amateur radio Service provided that person has the: 
Advanced qualification 


Where a friend is not the holder of any type of radio operator certificate, you, as а 
holder of an Amateur Radio Operator Certificate with Basic Qualification, may, on 
behalf of your friend: not install, place in operation, modify, repair, maintain, or 
permit the operation of the radio apparatus 


A radio amateur with Basic and 5 w.p.m. Morse qualifications may install an amateur 
station for another person: only if the other person is the holder of a valid 
‘Amateur Radio Operator Certificate 
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1-6) Operation of Radio Apparatus, Terms of Licence, Applicable | Standards, 
Exempt Apparatus 


‘An amateur station with a maximum input to the final stage of 2 watts: must be licensed at all 
locations 


Ап amateur station may be used to communicate with: similarly licensed stations 
A radio amateur may not transmit superfluous signals (su-per-flu-ous [soo-pur-fioo-uhs])* 


A radio amateur may not transmit profane or obscene language or mess: 


te, or permit to be operated, a radio apparatus which he knows 


A radio amateur may not oper 
adiocommunication Regulations 


is not performing to the 


No person shall possess or operate any device, for the purpose of amplifying the output power of 
a licence-exempt radio apparatus 


Unnecessary or needless 
‘Obsolete. possessing or spending more than enough 
ог necessary; extravagant 

"Being more than is sufficient or required; excessive, 
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1-7) Content Restrictions — Non-Superfluous, Profanity, Secret Code, 
Music, Мо! i 


Business planning CANNOT be discussed on an amateur club net. 
А radio amateur is Never allowed to broadcast information to the general Public. 
False or deceptive amateur signals or communications may Never be transmitted? 


‘An amateur station in two-way communication may Never transmit a message in a 
secret code in order to obscure the meaning of the communication? 
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The holder of an Amateur Radio Operator Certificate operate an amateur radio station 
anywhere in Canada. 


А Beacon station Only may transmit one-way communications. 


In order to install any radio apparatus, to be used specifically for receiving and 
automatically retransmitting radiotelephone communications within the same 
frequency band, a radio amateur must hold an Amateur Radio with a minimum of 
Basic and Advanced qualifications 


In order to install any radio apparatus, to be used specifically for an amateur radio 
club station, the radio amateur must hold an Amateur Radio Operator Certificate, with 
а minimum of the following qualifications: Basic and Advanced 


In order to install or operate a transmitter or RF amplifier that is not commercially 


manufactured for use in the amateur service, а radio amateur must hold an Amateur 
Operators Certificate, with a minimum of Basic and Advanced 
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1-9) Participation in Communications by Visitors, Use of Station by Others 


Both the control operator and the station licensee is responsible for the proper 
operation of an amateur station 


The owner of an amateur station may: permit any person to operate the station under 
the supervision and in the presence of the holder of the amateur operator 
certificate. 
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1-10) Interference, Determination, Protection from Interference 


+ You may Never deliberately interfere with another station's communications. 


+ Ifthe regulations say that the amateur service is a secondary user of a requency 
band, and another service is a primary user, Amateurs are allowed to use the 
frequency band only if they do not cause interference to primary users 


* What rule applies if two amateur stations want to use the same frequency? Both 
station operators have an equal right to operate on the frequency 


+ Where interference to the reception of radiocommunications is caused by the 
operation of ап amateur station: the Minister may require that the necessary 
steps for the prevention of the interference be taken by the radio amateur 


+ Radio amateur operations are not protected from interference caused by another 
service operating in the fall 928 MHz 
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1-11) Emergency Communications (Real or Simulated), Communications 
with Non-Amateur Stations 


* Amateur radio stations may communicate: with any station involved in a real or 
simulated emergency 


+ In the amateur radio service, business communications: are not permitted under 
any circumstance 


+ Ifyou hear an unanswered distress signal on a amateur band where you do not have 
privileges to communicate: you should offer assistance 


+ Inthe amateur radio service, it is permissible to broadcast: radio communications 
required for the immediate safety of life of individuals or the immediate 
protection of property 


An amateur radio station in distress may use: any means of radiocomm! 
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1-11) Emergency Communications (Real or Simulated), Communications 
with Non-Amateur Stations 


During a disaster, when may an amateur station make transmissions necessary to meet 
essential communication needs and assist relief operations? When normal 
communication systems are overloaded, damaged or disrupted 


There are no power limitations during an emergency. 


During a disaster: most communications are handled by nets using predetermined 
frequencies in amateur bands. Operators not directly involved with disaster 
‘communications are requested to avoid making unnecessary transmi 


near frequencies being used for disaster communications. 


Messages from recognized public service agencies may be handled by amateur radio 
stations: during peace time and civil emergencies and exercises, 


T 
К permissible to interfere with the working of another station if: your mende 4 
involved with a distress situation 
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1-12) Non-remuneration, Privacy of Communications 


No payment of any kind is allowed for third-party messages sent by an 
‘Amateur Station 


Radiocommunications transmitted by stations other than a broadcasting 
station may be divulged or used: transmitted by an amateur stat 


The operator of an amateur station: shall not demand or accept 
remuneration in any form, in respect of а radiocommunication that the 


person transmits or receives. 
e 
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1 


An amateur station must identify: At least every thirty minutes, and at the beginning 
and at the end of a contact. 


ion, Callsigns, Prefixes 


3) Station Iden! 


You must transmit your call sign to identify your amateur station. 


When may an amateur transmit unidentified communications? Never, except to control 
a model craft. 


What language may you use when identifying your station? English or French 


The call sign of a Canadian amateur radio station would normally start with the letters: 
VA, VE, VO or VY de ees 
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1-13) Station Identification, Call signs, Prefixes 


Gall Sign Prefix | Province or Territory 
сү Sable Island (Nova Scotia) 

сүз St-Paul Island (Nova Scotia) 

VAL, VET Nova Scotia 

VA2, VEZ Quebec 

VAS, VES Ontario 

ум, VES. Manitoba 

VAS, VES Saskatchewan 

VAS, VES Alberta 

VAT, VET British Columbia. 

VEB North West Territories 

VES Now Brunswick 

vot Newfoundland 

voz Labrador 

vyo Nunavut 

vi Yukon 

vyz Prince Edward Island 17 
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14) Foreign:Amateur Oj ынет сап ida, Banned Countries, Third. 
Party Messages 


If a non-amateur friend is using your station to talk to someone in Canada, and a 
foreign station breaks in to talk to your friend, what should you do? Have your friend 
wait until you find out if Canada has a third-party agreement with the foreign 
station's Government. 


If you let an unqualified third party use your amateur station, what must you do at your 
station’s control point? You must continuously monitor and supervise the 


party's participation. 


A person operating a Canadian amateur station is forbidden to communicate with 
amateur stations of another country: when that country has notified the 
International Telecommunication Union that it objects to such communi 


Third-party trafic is: a message sent to a non- amateur via an amateur station 
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1-15) Frequency Bands & 


If you are the control operator at the station of another amateur who has additional 
qualifications to yours, what operating privileges are you allowed? Only the privileges 
allowed by your qualifications. 


In addition to passing the Basic written examination, what must you do before you are 
allowed to use amateur frequencies below 30 MHz? Advanced test or attain a mark of 
80% on the Basic exam. 


The licensee of an amateur station may operate radio controlled models: on all 
frequencies above 30 MHz 
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5) Frequency Bands & Qualification Requirements 


In Canada, the 160 meter amateur band corresponds in frequency to: 1.8 to 2.0 MHz 
In Canada, the 75/80 meter amateur band corresponds in frequency to:3.5 to 4.0 MHz 

In Canada, the 40 meter amateur band corresponds in frequency to: 7.0 to 7.3 MHz 

In Canada, the 20 meter amateur band corresponds in frequency to:14.000 to 14.350 MHz 
In Canada, the 15 meter amateur band corresponds in frequency to:21.000 to 21.450 MHz 


In Canada, the 10 meter amateur band corresponds in frequency to:28.000 to 29.700 MHz 
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1-15) Frequency Bands & Qualification Requirements 
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Regulations 8 Policies 


Lesson One 


(ds & Qualification Requirements 
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Regulations & Policies 


Lesson One 


imum Bandwidth by Frequency Bands 


1 


в) 


The maximum authorized bandwidth within the frequency range of 50 to 148 MHz 
shall not exceed 10 times that of a CW emission 30 kHz 


The maximum bandwidth of an amateur station's transmission allowed in the band 28 to 
29.7 MHz is: 20 kHz 


Only one band of amateur frequencies has a maximum allowed bandwidth of less than 6 
kHz. That band is: 10.1 to 10.15 MHz 


Single sideband is not permitted in the band: 10.1 to 10.15 MHz. A 


The bandwidth of an amateur station shall be determined by measuring the frequency 
band occupied by that signal at a level of 26 dB below the maximum amplitude of that 


Signal. 


24 


Regulations & Policies 


Lesson One 
1-17) Restrictions on Capacity & Power Output by Qualifications 


What amount of transmitter power must radio amateurs use at all times? The minimum 
legal power necessary to communicate 


What is the most FM transmitter power a holder of only Basic Qualific 
147 MHz? 250 W DC input 


ion may use on 


Atwhat point in your station is transceiver power measured? At the antenna terminals of 
the transmitter or amplifier 


What is the maximum transmitting power an amateur station may use for SSB operation on 
7055 kHz, if the operator has Basic+ qualifications: 560 watts PEP output. 


The DC power input to the anode or collector circuit of the final RF stage of a transmitter, 
used by a holder of an Amateur Radio Operator Certificate with Advanced 
Qualification,shall not exceed: 1000 watts 
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Regulations 8 Policies 


Lesson One 


What kind of amateur station automatically retransmits the signals of other stations? 
Repeater station 


An unmodulated carrier may be transmitted only: for brief tests on frequen 
30 MHz 


Radiotelephone signals in a frequency band below 29.5 MHz MHz cannot be 
automatically retransmitted, unless these signals are received from a station operated by 
a person qualified to transmit on frequencies below the above frequency: 
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2% MODULATION 
'SIDEBANOS 40 4B DOWN 


Regulations 8 Policies 


Lesson One 


n, Frequency Sta 


Measurements 


When operating on frequencies below 148 MHz: the frequency stability must be 
comparable to crystal control 


‘An amateur station using radiotelephony must install a device for indicating or preventing: 
overmodulation 


The maximum percentage of modulation permitted in the use of radiotelephony by an 
amateur station is: 100 percent 


All amateur stations, regardless of the mode of transmission used, must be equipped with: 
a reliable means of determining the operating radio frequency 


Regulations & Policies 


1-20) International Telecommunication Union (ITU) Radio Regulations, 
Applicability 


What type of messages may be transmitted to an amateur station in a foreign country? 
Messages of a technical nature ог personal remarks of relative unimportance 


‘The operator of an amateur station shall ensure that: communications are limited to: 
messages of a technical or personal nature 


In addition to complying with the Act and Radiocommunication Regulations, Canadian radio 
amateurs must also comply with the regulations of the: International Telecommunication 


Union 


In which International Telecommunication Union Regi 


is Canada? Region 2 
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Regulations 8 Policies 


Lesson One. 


1-21) Operation Outside Canada, ITU Regions, Reciprocal Privileges. 
International Licences 
A Canadian radio amateur, operating his station 7 kilometers (4 miles) offshore from the 
coast of Florida, is subject to which frequency band limits? Those applicable to US radio 
amateurs 


Australia, Japan, and Southeast Asia are in which ITU Region? Region 3. 


Canada is located in ITU Region: Region 2 


PRI Regions s 
ELLE Cr Tea 


Regulations 8 Policies 


Lesson One 


inations, Department's Fees, Delegated Exam! 
Disabled Accommodation 


The fee for taking examinations for amateur radio operator certificates by an accredited 
volunteer examiner is: to be negotiated between examiner and candidate 


The fee for taking amateur radio certificate examinations at an Industry Canada office is: $20. 
per qualification 


E] 


Regulations & Policies 


Lesson One 


23) Antenna Structure Approval. Neighbour and 
Consultation 


ise Author 


Before erecting an antenna structure, for which community concerns could be raised, a 
radio amateur must consult with: the land-use authority, and possibly the neighbors 
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Regulations & Policies 


Lesson One 


24) Radiofrequency Electromagnetic Filed Limits 


What organization has published safety guidelines for the maximum limits of RF energy 
near the human body? Health Canada 


What is the purpose of the Safety Code 6? It gives RF exposure 
human body 


According to Safety Code 6, what frequencies cause us the greatest risk from RF 
energy? 30 to 300 MHz 


Why is the limit of exposure to RF the lowest in the frequency range of 30 MHz to 300 
MHz, according to Safety Code 6? The human body absorbs RF energy the 
most in this range 


Regulations & Policies 


Lesson One 


4) Radiofrequency Electromagnetic Filed Li 


The permissible exposure levels of RF fields: increases, as frequency is increased 


above 300 MHz A DANGER 


Don't touch tower! 

Serious RF burn hazard! 
Maintain adequate clearance 
Fala to obey all posted signs ana site 


зз 


. m 


Environment could result in serious Injury. 


Regulations 8 Policies 


Lesson One 


1-25) Criteria for Resolution of Radio Frequency Interference Complaints 


In the event of interference to a neighbor's FM receiver and stereo system, if the field 
strength of the amateur station signal is below 1.83 volts per meter, it will be deemed that 
the affected equipments lack of immunity is the cause: 


Which of the following is defined as "any device, machinery or equipment, other than radio 
apparatus, the use or functioning of which is, or can be, adversely affected by 
radio communication emissions"? radio-sensitive equipment 


Which of the following types of equipment is NOT included in the list of field strength criteria 
for resolution of immunity complaints? broadcast transmitters 


OPERATING AND PROCEDURES 


AGENDA 


1. PHONETIC ALPHABET 
2. NUMBERS 

3. VOICE OPERATING PROCEDURES 

4. HF/UHF/VHF/ BAND PLANS 

5. TUNEUPS, TESTING, DUMMY LOADS 

6. CW OPS, PROCEDURAL SIGNS / PROWORDS 

7. o SIGNALS 

в. f. Sr. CODES - READABILITY, STRENGTH, TONE 
9. EMERGENCY OPERATING PROCEDURES 


10. RECORDING KEEPING, CONFIRMATION, MAPS, CHARTS, 
ANTENNA ORIENTATIÓN 


PHONETIC ALPHABET 


= Use words to represent letters 
= First letter corresponds to the letter 


a Prevents confusion on a radio, “В” can 
sound much like “D” 


VICTOR 
ECHO 
3THREE 
ECHO 
MIKE 
OSCAR 
THIS IS A CALL SIGN 


""B" “BRAVO” 
D“ ."DELTA" 


PHONETIC ALPHABET 


A Alpha В Bravo С 
D Delta E Echo F 
G Сон H Hotel І 
Juliet K Kilo L 
M Mike N November 
O Oscar P Papa а 
R Romeo S Sierra Т 
U Uniform V Victor W 
X X-Ray Y Yankee Z 
NUMBERS 


= Spell out numbers greater than 9 


Charlie 
Foxtrot 
India 
Lima 


Ouebec 
Tango 
Whiskey 
Zulu 


= Some numbers are pronounced differently to 


avoid confusion 


0 ZEE-ROE 6 SIX 

1 WUN 7 SAY-VEN 

2 TOO 8 ATE 

3 THU-REE 9 NINER 

4 FOWER 10 МОМ - 2ЕЕ-ВОЕ 
5 FIFE 11 WUN- WUN 


VOICE OPERATING PROCEDURES 


UHF / VHF CHANELIZED 
Main purpose of repeaters is to increase the range of mobile and portable stations 


Two frequencies involved: #1 for Receive, #2 for Transmit. Or, you receive on one frequen 
and transmit ош on the second frequency ie. "DUPLEX" Y с 


Calling via repeater say the call sign of the desired station and then yours 
ie. VESEOT THIS IS VA3SUG 


Pause between transmission to listen to or allow anyone else who wants to use the 
repeater 


Transmissions should be short to allow for emergency use of repeaters (don't tie them up) 
switch to a simplex frequency (f distance or time ows: * ji 


To break into a conversation (non-emergency) on a repeater, wait for a pause and sa 
your cali sign. "contact" although used le NOT proper procedure “Р ú 


"AUTOPATCH" a device to allow telephone calls via a station or radio (repeater) 


Repeater “TIME OUT" timer limits the amount of transmit time via a repeater 


An Autopatchis a feature of a repeater to access an 
go eenrone connection, Usera th а vanacaver 
Capable of producing Dual tone mul frequency or touc 
Totes (DTMF) can make a telephone cal va рид 
telephone system 


VOICE OPERATING PROCEDURES 


‘Continuous Tone-Coded Sauelch System” CTCSS or “Private Line” PL 
Tone, a sub-audible tone added to a carrier which causes a repeater to 


accept a signal 


2 Meter FM Repeaters use one frequency for transmit and one for receive 
(duplex operation), The difference between the frequencies (or offset) 
usually 600 kHz. 


Le. if the repeater output was on 146.940 MHz, then an operator could 
reliably assume that setting the input frequency 600 KHz lower to 146.340 
MHz would allow him to communicate on this frequency. 


BAND OFFSET 
10 meters 100 KHz 
2 meters 600 KHz 
222 MHz темне 
70 centimeters SMe 
эз centimeters 12MHe 
23 centimeters 12MHe 


To properly ask some ones location, you simple ask them “what is your 
location, where are you” 


CONTINUOUS TONE-CODED SQUELCH SYSTEM" CTCSS (OR PL PRIVATE LINE) TONE 


Ontanu 


VOICE OPERATING PROCEDURES 


НЕ / UHF / VHF SIMPLEX 


"SIMPLEX" operation is transmiting and receiving on the samo frequency. 
‘Switch to simplex from repeaters when possible or if distance and situation permits 


Local communications should use VHF and UHF to reduce and free up interference on HF 
Bands 


Do not to up repeaters unnecessary 


Il you can hear the station you are taking о on "reverse" or the "Input" frequency of the 
transmitter, you could and should use simplex 


1 operating simplex on a repeater frequency don't try lo change the repeater Irequency 
because you can't, change to another frequency 


To find out if band conditions are open in a specifie area ог distant location, you should listen for. 
а Beacon signal from that area, a foreign broadcast, or TV station on a nearby frequency 


To calla station, Say "CQ" Three times and then your call Le. СОСОСО This is VASEOT, 
УАЗЕОТ, VA3EOT 


To answer, say the other stations call sign once followed by your own Phonetically 
Le. VASEOT this VICTOR ALPHA THREE SERIA UNIFORM GULF (VA3SUG) 


BEACONS LOCATIONS WORLDWIDE 


P 


SION 


CANADIAN BAND PLAN 


Lower side band is 
Used for 3755Khz 
phone 

(CW & DIGITAL MODES ONLY 


Upper side band is used 
for 20 meters phone 


ENOUGH BW TO HAVE FM PHONE] 


The HF Band Plan is a voluntary, 
gentleman's agreement, 
intended for the guidance of and 
observation by Canadian Radio 
Amateurs. 


А guideline for using different 
operational modes within an 
amateur band. 


CANADIAN HF BAND PLAN 


— SAMA VFA BAND PLAN 
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HE Band Plans 
á I E Irim. їп чы. 
COMMUNICATIONS i iriz. ыш. 
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During a wide area 


will use 3742 MHz and 
7.153 MHz, adjusted 
for ORM, for province. 
wide voice 
communications 


TUNE UPS, TESTING, DUMMY LOADS 


A dummy load is a device used to simulate an electrical load, 
usually for testing purposes in place of an antenna 


Tuning into a dummy load will shorten transmitter tune up 
time on air and avoid interference to stations on freguency. 


On air interference can be avoided by using a dummy load 
to test transmissions, or loading up procedures. 


Using a dummy antenna will allow tuning without causing 
interference 


TUNE UPS, TESTING, DUMMY LOADS 


The "dummy load" is an 
indispensable accessory 
for any radio amateur. 
Using a dummy load, 
transmitter adjustments 
can be made "o he-ar^ 
зо that no unnecessary 
interference is generated 
оп the ham bands. 


Dummy loads are an 

A dummy load capable of easy useful project that 
Cantenna dummy load dissipating four times jst about anyone wih 
Suitable up o 30 MHZ moderate soldering skils 
and up to KW and legal imit (1500 watts) an buld. 


A very simple and 
afecilve dummy load 
can be made from 
several resistors, a 
Connector, and a small 
metal plate or piece of 
PC board stock 


25 Walt dummy Load 
'HOME BREW- 


TUNE UPS, TESTING, DUMMY LOADS 


If propagation or band conditions change during a contact 
and you notice increasing interference you should move 
to a different freguency 


Before transmitting you should always listen to ensure 
the freguency is not occupied, you should also ask if the 
freguency is in use. 


During a contact you find you have a extremely strong 
signal into your contact station, one adjustment you might 
consider is to turn down your output power to the 
minimum necessary. 


TUNE UPS, TESTING, DUMMY LOADS 


When selecting a single side band (SSB) phone 
transmitting freguency, the minimum separation between 
you and a contact in progress is 3 kHz to avoid 
interference. 


If your a net control station on a daily HF net and your 
normal frequency is occupied you should conduct the net 3 
to 5 KHz away from the normal net frequency 


If a net is about to begin on the frequency your on, as a 
courtesy to the net, you should move to another 
frequency 


CW OPS, PROCEDURAL SIGNS / PROWORDS 


LISTEN FIRST to ensure the freguency is NOT in use 


CW or Morse code is sent at any speed you can reliably 
receive. 


CW Transmitting freguency should be be between 150-500 
Hrz for minimum interference 


Full Break-in Telegraphy = incoming signals received 
between transmitted Morse code “signals" (or dots) 
(This enables the other station to “break-in” while you are 
still sending) 


CW OPS, PROCEDURAL SIGNS / PROWORDS 


СО = Calling any station 
СО CQ СО DE VE3EMO VE3EMO VE3EMO" 
-CQ Three time your call sign three times 


To answer or reply 
-NESEMO VE3EMO DE VA3SUG VA3SUG К” 


DE = from (like the French “from” or “of”) 

p ———ÁÁáÁáÁ 

К = any station transmit, or go ahead, or over to 
you 


CW OPS, PROCEDURAL SIGNS / PROWORDS 


DX = Long distance 
73 = Best wishes / Good Bye (not 73's) 


AR = End of message 

BT = (or TV), Break in the text 

SK = End of transmission 

RST = Readability, Strength, Tone - Signal 
report 


“О” SIGNALS 


The -code are a list of signals abbreviating a detailed 
question or answer. 


The © code is a standardised collection of three-letter 
message encodings, all starting with the letter "Q", 


Agreed upon by the International Telecommunication 
Union (ITU), is used worldwide on radiotelegraph. 


Abbreviations are given the form of a question when 
followed by a question mark. i.e. "ОТН?" what is your 
location? 


“О” SIGNALS 


ORL "Is this frequency in use?" (or are you busy?) 
ORM “I'm being interfered with" Man Made (e.g. jamming) 
ОВМ “I'm troubled by static" Non Man Made interference 
QRS “Send more slowly” 

QRX “I will call you again” 

QRZ "Who is calling me?" 

QSO “A contact is in progress" (i.e. thanks for the QSO) 
QSY "Change frequency" (QSY to 14.210) 

QTH “My location is” My OTH is Toronto 

OSL "I acknowledge" / understand, Roger... 

ОАТ “Stop sending" I'm QRT for the day (finished, done) 


RST SIGNALS 


Readability, Strength, Tone 
A short way to describe or give a signal or reception report 
(i.e. radio check) based upon your "S" meter reading and 
what you actually hear. 


An "S" meter is used to measure relative signal strength in 
a receiver 


SIGNAL LEVEL 


Poor Good 


RST = READABILITY 15 
SINGNAL STRENGTH 19 
TONE 19 


RST SIGNALS - READABILITY 


A qualitative assessment of how easy or difficult itis to 


correctly copy the information being sent 


1 Unreadable 

2 Barely readable, occasional words 
distinguishable 

3 Readable with considerable difficulty 

4 Readable with practically no difficulty 

5 Perfectly readable 


RST SIGNALS - STRENGTH 


An assessment of how powerful the received 
signal is at the receiving location 


1 Faint signal, barely perceptible 
2 Very weak 

3 Weak 

4 Fair 

5 Fairly good 

6 Good 

7 Moderately strong 

8 Strong 

9 Very strong signals 


RST SIGNALS - TONE 


Used only in Morse code and digital transmissions 
therefore omitted during voice operations 


1 Very rough and broad 
2 Very rough, very harsh and broad 

3 Rough, tone, rectified but not filtered 

4 Rough note, some trace of filtering 

5 Filtered rectified, but strongly ripple-modulated 

6 Filtered tone, definite trace of ripple modulation 

7 Near pure tone, trace of ripple modulation 

8 Near perfect tone, slight trace of modulation 

9 Perfect tone, no trace of ripple or modulation of any kind 


RST SIGNALS 


AN RST OF 599 BEST READING i.e. “you're 59" 


11 = Unreadable and barely perceptible 
57 = Perfectly readable, moderately strong 

33 = Readable, some difficulty, weak in strength 

59 plus 20db = Signal strength is 20 db's over strength 
9 ie. "your 20 over 9" 

RST of 459 = Quite readable, fair strength, perfect tone 
(tone is usually used for CW) 

RST of 579 = Perfectly readable, moderately strong, 
perfect tone 

An increase of power 4 times will raise you “S” meter by 
ONE “S” unit 

Thus to raise the meter from S8 to S9 you power оп а 
transmitter would need to increase power 4 times 


EMERGENCY OPERATING PROCEDURES 


MAYDAY or SOS precedence over all calls!!! 
REAL EMERGENCIES ONLY, IT IS ILLEGAL TO 
KNOWENLY TRANSMIT A FALSE DISTRESS 
SIGNAL! 


URGENCY (PAN-PAN) Say three time, safety for a 
person, vehicle, aircraft, vessel, residence etc is 
threatened. "Pan-Pan, Pan-Pan, Pan-Pan this is 
VE3EOT with ....." 


SECURITY (Securitay) Weather warnings, aids to 
navigation, used mostly in or by maritime situations. 
"Sécurité, Sécurité, Sécurité. All ships, all 
ships, all ships this is VA3XMJ" 


EMERGENCY OPERATING PROCEDURES 


If you need immediate emergency assistance, the appropriate voice 
signal is "MAYDAY" and the appropriate Morse code signal is “SOS” 


Used only in a life threatening situation to you or some one else 


Derived from the French venez m'aider, meaning "come [to] help me, 
venez" is dropped, thus MAYDAY. 


The Proper way to say is to say "MAYDAY" several times 
LE. "MAYDAY MAYDAY MAYDAY this is VANSC" 


For CW SOS 
If your using a repeater and you want to interrupt a conversation with a 


distress call, you say "BREAK" twice and then you call sign ie. break 
break this is VA3SUG with emergency traffic 


EMERGENCY OPERATING PROCEDURES 


During a contact you hear a distress call or break in, you: 


А. ACKNOWLEDGE THE STATION IN DISTRESS 
B. DETERMINE THEIR LOCATION "ОТН" 
© ASK WHAT ASSISTANCE IS NEEDED 


If you hear a distress call and can not assist, you maintain watch on the 
frequency until certain that assistance is forthcoming to the caller 


If you are in contact with a station and you hear a emergency call, on 
your frequency you 

A. STOP YOUR CONTACT 

B. TAKE THE CALL 


EMERGENCY OPERATING PROCEDURES 


= HAVE BACK UP POWER TO USE YOUR 
STATIONS IN AN EMERGENCY AND 
NOT BY COMMERICAL AC LINES 


= HAVE SEVERAL SETS OF BATTEIRS 
FOR HANDHELDS 


= DIPOLE ANTENNAS ARE A GOOD 
CHOICE FOR PORTABLE AND OR 
EMERGENCY HF STATIONS 


RECORDING KEEPING, CONFIRMATION, 
MAPS, CHARTS, ANTENNA ORIENTATION 


QSL CARDS & STATIONS LOGS 


QSL CARD IS WRITTEN PROOF OF COMMUNICATIONS BETWEEN TWO 
AMATEURS, TODAY THERE IS ALSO E-QSL VIA THE INTERNET. 


QSL CARDS ARE A SIGNED POST CARD LISTING THE DATE TIME 
FREQUENCY MODE AND POWER 


С] fy x 


RECORDING KEEPING, CONFIRMATION, 
MAPS, CHARTS, ANTENNA ORIENTATION 


STATION LOGS AND OSL CARDS ARE ALWAYS 

KEEP IN UTC (UNIVERSAL TIME COORDINATED / 

FORMERLY GREENWICH MEAN TIME - GMT. GMT 

15 BASED ON THE LOCATION / MERIDIAN THAT 

RUINS THROUGH GREENWICH ENGLAND. RECORDING CONTACTS AND KEEPING 
STATION LOG BOOKS IS NO LONGER 

REQUIRED BY INDUSTRY CANADA 


то SET YOUR CLOCK TO GMT TIME 
LISTEN TO EITHER CHU CANADA, WWV 
Он WWVH TIME SIGNALS IN THE 
UNITED STATES 


AZIMUTHAL MAPS 


THE MOST USEFUL MAP TO USE WHEN 
ORIENTING A DIRECTIONAL HF ANTENNA 
TOWARDS A DISTANT STATION CONTACT 
18A AZIMUTHAL MAP 


AZIMUTHAL MAP IS PROJECTED OR 
CENTRED ON A SPECIFIC LOCATION AND 
IS USED TO DETERMINE THE SHORTEST 
PATH BETWEEN THE CENTRED AND 
DESIRED LOCATIONS OF CONTACT. 


WILL ALSO SHOW A 


LONG PATH 


A DIRECTIONAL 
ANTENNA POSITION 
180 DEGREES 
(REVERSE BEARING) 

THE SHORTEST 
PATH IS REFEREED 
TO LONG PATH. 


IF LISTENING TO. 


THE DX STATION, TRY | 
POINTING YOUR 
ANTENNA IN A LONG 


LISTEN FOR 
INCOMING STATIONS. 


OUESTIONS ???? 


Block Diagrams Definitions 
a Safety 


Regulated Power Supply 


кол Гэ] Transformer Rectifier 


ter 


y 


Output 


PI 


Regulator 


Power supply 


+ A power supply (sometimes known as a 
power supply unit or PSU) is a device or 
system that supplies electrical or other 
types of energy to an output load or group 
of loads. The term is most commonly 
applied to electrical energy supplies, less 
often to mechanical ones, and rarely to 


others. 


Transformer 


* A transformer is a device that transfers electrical 
energy from one circuit to another through a 
shared magnetic field. A changing current in the 
first circuit (the primary) creates a changing 
magnetic field; in turn, this magnetic field 
induces a changing voltage in the second circuit 
(the secondary). By adding a load to the 
secondary circuit, one can make current flow in 
the transformer, thus transferring energy from 
one circuit to the other. 


Rectifier 


A rectifier is an electrical device that converts 
alternating current to direct current, a process 
known as rectification. Rectifiers are used as 
components of power supplies and as detectors 
of radio signals. Rectifiers may be made of solid 
state diodes, vacuum tube diodes, mercury arc 
valves, and other components. 


A circuit which performs the opposite function 
(converting DC to AC) is known as an inverter. 


5559 


Teen, 


Filter 


Electronic are electronic circuits which perform signal processing 
functions, specifically intended to remove unwanted signal 
components and/or enhance wanted ones. 


Low-pass filter - Low frequencies are passed, high frequencies are 
attenuated. 


High-pass filter - High frequencies are passed, Low frequencies are 
attenuated. 


Band-pass filter - Only frequencies in a frequency band are passed. 


Band. stop filter - Only frequencies in a frequency band are 
attenuated 


Attenuated or Attenuation is the reduction in amplitude and intensity 
of a signal 


Filters 


ER 


HIGH PASS 


TNA 


BAND STOP 


Regulator 


* A voltage regulator is an electrical 
regulator designed to automatically 
maintain a constant voltage level. 


Voltage-Regulator-IEC-Symbol 


Regulated Power Supply 


MN Transfers Remove 
electrical tk unwanted signal 
energy from current to components 
120 or 240 volt AC one circuit to direct andlor onhence 
L another current wanted ones 
F В, [Г 
k a * 
кол (>| тошто Rectifier > há 
ouput | Reguator 
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^ Wellregulated lower Automatically 
voltage DC 12v constant voltage 
level 
Frequency Modulation Receiver 
Radio 
Antenna кы С) Mer >| яе 
(RF Ampifler) 
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Осо! rd 
(FO) ofen 
Audio 
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Heterodyning 


+ Heterodyning is the generation of new frequencies by 
mixing two or more signals in a nonlinear device such as 
a vacuum tube, transistor, diode mixer. 


The mixing of each two freguencies results in the 
creation of two new freguencies, one at the sum of the 
two freguencies mixed, and the other at their difference. 


A heterodyne receiver is a telecommunication receiver 
which uses this effect to produce freguency shifts. 


Superheterodyne Receiver 


The word heterodyne is derived from the Greek 
roots hetero- "different", and -dyne "power". 


A Superheterodyne Receiver converts any 
selected incoming frequency by heterodyne 
action to a preselected common intermediate 
frequency, for example, 455 kilohertz or 10.7 
megahertz, and provides amplification and 
selectivity, or filtering. 


The term heterodyne is sometimes also applied 
to one of the new frequencies produced by 
heterodyne signal mixing. 


Superheterodyne Receiver 


incoming radio frequencies from the antenna are made to mix (or multiply) 
with an internally generated radio frequency from the VFO in a process 
called mixing. 


The mixing process can produce a range of output signals: 


* at al the original frequencies, 
* at frequencies that are the sum of each two mixed frequencies 


* at frequencies that equal the difference between two of the mixed 
frequencies 


* at other, usually higher, frequencies. 


If the required incoming radio frequency and the VFO frequency were both 
rather high (RF) but quite similar, then by far the lowest frequency produced 
from the mixer will be their difference. 


In very simple radios, it is relatively straightforward to separate this from al 
the other spurious signals using a filter, to amplify it and then further to 
process it into an audible signal. In more complex situations, many 
enhancements and complications get added to this simple process, but this 
mixing or heterodyning principle remains at the heart of it. 


Amplifier 


amplifier is any device that will use a small amount of 
energy to control a larger amount of energy. 


The relationship of the input to the output of an amplifier 
is usually expressed as a function of the input frequency 
and is called the transfer function of the amplifier, and 

the magnitude of the transfer function is termed the gain. 


gain is a measure of the ability of a circuit to increase the 
power or amplitude of a signal. It is usually defined as 
the mean ratio of the signal output of a system to the 
signal input of the same system. It may also be defined 
as the decimal logarithm of the same ratio. 


Мїхег 
* mixer is a nonlinear circuit or device 
that accepts as its input two different 
freguencies and presents at its 
output a mixture of signals at several 
frequencies: 


+ the sum of the frequencies of the 
input signals 

oupa 

3v" the difference between the 
frequencies of the input signals 


* both original input frequencies — 
ia these are often considered parasitic 
ce and are filtered out. 


+ The manipulations of frequency 
performed by a mixer can be used to 
move signals between bands, or to 
encode and decode them. One other 
application of a mixer is as a product 
detector 


Local Oscillator 


+ Alocal oscillator is a device used to generate a signal 
which is beat against the signal of interest to mix it to a 
different frequency. 


* The oscillator produces a signal which is injected into the 
mixer along with the signal from the antenna in order to 
effectively change the antenna signal by heterodyning 
with it to produce the sum and difference (with the 
utilization of trigonometric angle sum and difference 
identities) of that signal one of which will be at the 
intermediate frequency which can be handled by the IF 
amplifier. 


+ These are the beat Frequencies: Normally the beat 
frequency is associated with the lower sideband, the 
difference between the two. 


Limiter 


* a limiter is a circuit that allows signals 
below a set value to pass unaffected, as in 
a Class A amplifier, and clips off the peaks 
of stronger signals that exceed this set 
value, as in a Class C amplifier. 


Removes all traces of AM from the 
received signal, improves S2N ratio, 
removes static crashes 


Demodulator 


* A demodulator is an electronic circuit used to 
recover the information content from the carrier 
wave of a signal. The term is usually used in 
connection with radio receivers, but there are 
many kinds of demodulators used in many other 
systems. 


* Another common one is in a modem, which is a 
contraction of the terms modulator/demodulator. 


Freguency Discriminator 


The frequency discriminator controls the varicap. A 
varicap ls used to keep the intermediate frequency (IF) 
stable. 


Gives our a faithful reproduction of the original audio 
Converts frequency variations to voltage variation 


varicap diode, varactor diode or tuning diode is a type of 
diode which has a variable capacitance 


Capacitance is a measure of the amount of electric 
charge stored 


Intermediate Frequency 


An intermediate frequency (IF) is a frequency to 
which a carrier frequency is shifted as an 
intermediate step in transmission or reception. 


It is the beat frequency between the signal and the 
local oscillator in a radio detection system. 


IF is also the name of a stage ina superheterodyrie 
receiver. It is where an incoming signal is amplified 
before final detection is done. There may be several 


such stages in a superheterodyne radio receiver. 


Freguency Modulation Receiver 


heterodyne action to a 
pre-selected common 
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Envelope Detector 


+ An envelope detector is an electronic circuit that takes a high- 
frequency signal as input, and provides an output which is the 
"envelope" ol the original signal. 


* The capacitor in the circuit stores up charge on the rising edge, and 

releases it slowly through the resistor when the signal falls. The 
diode in series ensures current does not flow backward to the input 
to the circuit. 


+ Most practical envelope detectors use either half-wave or full wave. 
rectlication of the signal to convert the AC audio input into a pulsed 
signal. 


* Filtering is then used to smooth the final result. This filtering is rarely 
perfect and some "ripple" is likely to remain on the envelope follower 
output, particularly for low frequency inputs such as notes from а 
bass guitar. More filtering gives a smoother result, but decreases the 
responsiveness of the design, so real-world solutions are a 
compromise. 


Envelope Detector 


T ШТ He 


A signal and йв envelope marked with red 


simple envelope demodulator circuit. 


Product Detector 


+ A product detector is a type of demodulator used for AM 
and SSB signals. Rather than converting the envelope of 
the signal into the decoded waveform like an envelope 
detector, the product detector takes the product of the 
modulated signal and a local oscillator, hence the name. 
A product detector is a freguency mixer. 


+ Product detectors can be designed to accept either IF or 
RF freguency inputs. A product detector which accepts 
an IF signal would be used as a demodulator block in a 
superheterodyne receiver, and a detector designed for 
RF can be combined with an RF amplifier and a low- 
pass filter into a direct-conversion receiver. 
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Receiver 


* Receiver is an electronic circuit that receives its 
input from an antenna, uses electronic filters to 
separate a wanted radio signal from all other 
signals picked up by this antenna, amplifies it to 
a level suitable for further processing, and finally 
converts through demodulation and decoding 
the signal into a form usable for the consumer, 
such as sound, pictures, digital data, 
measurement values, navigational positions, etc. 


Beat Frequency Oscillator or BFO 


A beat frequency oscillator or BFO in radio 
telegraphy, is a dedicated oscillator used to 
create an audio frequency signal from carrier 
wave transmissions to make them audible, as 
they are not broadcast as such. 


The signal from the BFO is then heterodyned 
with the intermediate frequency signal to create 
an audio frequency signal. 


Variable Freguency Oscillator 


+ A variable freguency oscillator (VFO) is a 
component in a radio receiver or 
transmitter that controls the frequency to 
which the apparatus is tuned. 


* Itis a necessary component in any radio 
receiver or transmitter that works by the 
superheterodyne principle, and which can 
be tuned across various frequencies. 
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Placement of Component in a HF 
Station 


Yagi-Uda Three-Element 
Directional Antenna 
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SAFETY 


Building and operating a “ham” radio station is a 
perfectly safe pastime. 


However, carelessness can lead to severe 
injury, burns or even death by electrocution. . 


Antenna Safety — Look Up and Live! 


SAFETY 


+ Assume all overhead power lines are energized and dangerous. They 
are not covered! This includes the service drop, which typically runs from 
the power pole to your home or shack. 


+ Look for power lines which can be hidden by trees and buildings. 


* Plan the work and work the plan. Before you put up or take down an 
antenna, assess the job; discuss the project's activities with your helpers 
and agree on specific assignments. Ask yourself... "at any time can arms, 
legs, head, the antenna, wires or tools come in contact with power lines?” 


+ Use a safety spotter. Nobody can do the work alone and assess safety 
distances. A safety spotter's only job it to keep people and equipment safely 
away from power (ines. 


+ Remember the 10-foot rule. Keep all equipment, tools, your antenna, guy 
wire and tower at least 10 feet away from power lines. 


SAFETY 


Never use metal ladders or long-handled metal tools 
when working near power lines. 


Make sure the antenna cannot be rotated into power 
lines. Or that it cannot fall into a power line if the guy 
wires fail and the tower falls. 


Use non-conductive guys. 


Have a solid earth ground for your antenna and 
operating equipment. This helps reduce the risk of 
electrical shock and also provides a low-impedance path 
to ground for stray RF. 


SAFETY 


Outdoor antennas should be grounded with an approved lighting arresting 
device. Local codes may apply. 


The radio should also be grounded to an earth ground to help protect both 
the radio and its user 


Antenna mast, cable, and guy wires are all excellent conductors of electrical 
current. 


If the tower assembly starts to drop . . get away from it and let it fall 
DO NOT use hot water pipes or gas lines as a ground source. 


DO NOT place antennas where People or Animals are likely to run into or 
encounter 


DON'T BE AFRAID TO ASK QUESTSION OR ASK FOR ASSISTANCE 


"Safety Code 6" 


* The rules and guidelines covering the 
subject of RF Safety, are published by the 
Federal Government in a document 
entitled "Safety Code 6" 


* Limits of Human Exposure to 
Radiofreguency Electromagnetic Fields in 
the Freguency Range from 3 KHZ to 300 
GHZ - Safety Code 6 


"Safety Code 6" 


+ RF energy has thermal effects (i.e., it 
can cause body heating) if the power 
density is high enough. 


* The thermal effects of RF energy can 
include blindness and sterility, among 
other health problems 


Good practices to follow when 
putting up your antenna's 


At least two people to do the job. Three is better. 


Equipment 
Safety Belt 


Safety Rope / use of it while climbing No Mold inside ( 
twist open to inspect it ) Proper Length 


Tool Pouch: Roomy, not packed full 


Clothing 
Close fitting, not sloppy, not tight 

Gloves ( for protection and warmth ) 
NO Sneakers, Hard Soles, Good fit 


Safety belt 


For your safety it is of the uttermost importance that you 
borrow or buy a safety belt. 


This is in fact a generic term that we must divide in 2 
elements : first, the leather belt, at least 5 cm wide or 2", 
which length is adjustable to the perimeter of the tower 
like an ordinary belt. 


Itis independent of the security hardness (but has to be 
attached on it). Then you need either of a strap snap or 
a safety belt with seat harness that you will attach 
around your waist. This is a 10 cm wide (4") belt 
including a leather belt and some fasteners to attach 
various steel loops or tools. 


Safety belt 


What is a gin pole? 


* A gin pole, or raising fixture. provides this safety by giving the tower 
climber the needed heavy lifting ability the ground person provides. 


+ A gin pole consists of 3 basi : (D) а pulley assembly to provide 
mechanical advantage when lifting, (2) a pole to gain height needed for 
the lift, and (3) the clamp assembly to attach everything to the tower. 


* Typically the ground person does the heavy lifting, while the tower 
person above has the freedom to guide and fasten the tower and 
antenna components together. 


* Proper use of a gin pole provides a controllable and safe method to 
erect and maintain a tower and antenna assembly, use it! 
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Circuit Components 


Lesson 4 
4.1 Amplifier Fundamentals 


The role of a amplifier is to produce an output which is an enlarged 
reproduction of the features of the signal fed into the input. The increase in 
signal by an amplifier is called gain. We can amplify voltage, current, or 
power. Note: Resistance IS NOT amplified by a amplifier. 


A device with gain has the property of amplification. 


Vacuum Tube Transistor Integrated Circuit (IC) 
Eu 5 5 2 
2 QQ P 
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4.1 Amplifier Fundamentals 


Audio frequency or AF amplifiers are used to amplify AC signals in the 
audio frequency spectrum, from about 20 Hz to 20 kHz. 


To increase the level of very weak signals from a microphone you would 
use a audio (AF) amplifier. 
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4.1 Amplifier Fundamentals 


Radio frequency or RF amplifiers are used for signals above 20 kHz. 
You will encounter both types of amplifiers when you deal with receivers. 
and transmitters. 


To increase the level of very weak radio signals from an antenna, you 
would use a RF amplifier 


Circuit Components 
Lesson 4 
4.2 Diode Fundamentals 


The electrodes of a semiconductor diode are known as anode and 
cathode. 


In a semiconductor diode, electrons flow from eathode to anode. In order 
for a diode to conduct, it bust be forward-biased. 


= = I = 


anode cathode 
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4.2 Diode Fundamentals 


If alternating current is applied to the anode of a diode, at the cathode of 
the diode you would expect to see pulsating direct current. 


The action of changing alternating current (AC) to direct current (DO) is 
called rectification. 


AC Voltage Input 


Diode bridge rectifier output voltage 


Equivalent 
V OC level 
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Lesson 4 
4.2 Diode Fundamentals 


Zener diodes are used to maintain a fixed voltage. They are designed to 
‘breakdown’ in a reliable and non-destructive way so that they can be used 
in reverse to maintain a fixed voltage across their terminals. The diagram 

shows how they are connected, with a resistor ín series to limit the current. 


Resistor to 
Emit current 
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4.2 Diode Fundamentals 


‘One important application for diodes is recovering information from 
transmitted signals. This is referred to as demodulation. 


The AM detector or demodulator includes a capacitor at the output. Its 
purpose is to remove any radio frequency components of the signal at the 
output. 


T Rectified signal 
Rea frequency The capacitor removes 
signal the racio frequency element 
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Lesson 4 
4.2 Diode Fundamentals 
Light Emitting Diodes (LEDs) are solid- p 
state semiconductor devices that convert 
electrical energy directly into light. LED - 
"cold" generation of light leads to high 
efficacy because most of the energy 


radiates within the visible spectrum. Im a " 
Because LEDs are the solid-state RE 

devices, they can be extremely small and т | | es 
durable; they also provide longer lamp life. eee 


than other sources. 


LEDs are made of various semiconducting compounds, depending on the desired 
colour output. Infrared and red LEDs generally use a galium, aluminum, and 

arsenide compound. Orange and yellow LEDs most often use galium, aluminum, 
and either indium or phosphorus. Green and blue LEDs typically use either silicon 
and carbon, or galium and nitrogen. 
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Lesson 4 
4.3 Bipolar Transistor Fundamentals 


The basic semiconductor amplifying device is the transistor 


A Bipolar Transistor essentially consists of a 
pair of PN Junction Diodes that are joined 
back-to-back. 


This forms a sort of a sandwich where one 
kind of semiconductor is placed in between 
two others. 


There are therefore two kinds of Bipolar 
sandwich, the NPN and PNP varieties. The 
three layers of the sandwich are conventionally 
called the Collector, Base, and Emitter. 
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4.3 Bipolar Transistor Fundamentals 


In a bipolar transistor the base compares closest to the control gr 
Vacuum tube 


ota triode 
In a bipolar transistor the collector compares closest to the plate of a triode 


vacuum tube 


In a bipolar transistor the emitter compares closest to the cathode of a triode 


vacuum tube 
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4.3 Bipolar Transistor Fundamentals 


A PNP transistor can amplify a small signal using low voltages. If a low level 
signal is placed at the input to a transistor, a higher level of signal is produced at 
the output lead. This effect is known as amplificati 
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4.4 Field Effect Transistor Fundamentals 
A field effect transistor has only two layers of 1 
semiconductor material, one on top of the other. Electricity kr 
flows through one of the layers, called the channel. А 
voltage connected to the other layer, called the gate, 
interferes with the current flowing in the channel. Thus, the 1 
voltage connected to the gate controls the strength of the 

current in the channel. There are two basic varieties of field sm» 
effect transistors-the junction field effect transistor (JFET) 

and the metal oxide semiconductor field effect transistor 

(MOSFET). 


In a field effect transistor, the gate controls the conductance of the channel, the 
source is where the charge carriers enter the channel and the drain is where the 
charge carriers leave the channel. 


12 
The control element in a field effect transistor is the gate. 
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4.5 Triode Vacuum Tube Fundamentals 


A vacuum tube consists of arrangements of гөн lenoe) 
electrodes in a vacuum within an insulating, cia 
temperature-resistant envelope. татем eben 


The electrodes are attached to leads which pass 
through the envelope via an air tight seal. 


When hot, the filament releases electrons into the. 
vacuum: a process called thermionic emission. 


The resulting negatively-charged cloud of electrons is called a space charge. These 
electrons will be drawn to a metal plate inside the envelope, if the plate (also called 
the anode) is positively charged relative to the filament (or cathode). The result is а 
flow of electrons from filament to plate. 

аз 
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4.5 Triode Vacuum Tube Fundamentals 


Vacuum Tube verses 


Transistor 


-triode vacuum tube can be used instead of a transistor to handle higher power 
vacuum tube can amplify small signals but must use high voltages. 
- both tubes and transistors can amplify signals 


In a vacuum tube; 


- the electrode that is operated at the highest positive potential 


-the electrode that us usually a cylinder of wire mesh is the grid. 
-the electrode that is farthest away from the plate is the filament. 
-the electrode that emits electrons is the cathode. 
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Black Brown 


Red Orange Yellow Green 


Blue Violet Gray White 
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4.6 Resistor Colour Codes, Tolerances, Temperature Coefficient 
The color code chart is applicable to most of the common four band and five band 
resistors. Five band resistors are usually precision resistors with tolerances of 1% 
and 2%. Most of the four band resistors have tolerances of 5%, 10% and 20%. 


The color codes of a resistor are read from left to right, with the tolerance band 
oriented to the right side. Match the color of the first band to its associated number 
Under the digit column in the color chart. This is the first digit of the resistance 
value. Match the second band to its associated color under the digit column in the 
color chart to get the second digit of the resistance value. 


Match the color band preceding the tolerance band (last band) to its associated 
number under the multiplier column on the chart. This number is the multiplier for 
the quantity previously indicated by the first two digits (four band resistor) or the 
first three digits (five band resistor) and is used to determine the total marked value 
of the resistor in ohms. 
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4.6 Resistor Colour Codes, Tolerances, Temperature Coefficient 
To determine the resistor's tolerance or possible variation in resistance from that 
indicated by the color bands, match the color of the last band to its associated 
number under the tolerance column. Multiply the total resistance value by this 
percentage. 


For example, the first resistor shown at the top of this page has a resistance of (47 
X 100) = 4700 ohms. The tolerance is plus or minus (10% X 4700) = plus or minus 
470 ohms. The second resistor has a resistance of (470 X 1) = 470 ohms. The 
tolerance is plus or minus (2% X 470) = plus or minus 9.4 ohms. 
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Basic Electronics & Theory 


Lesson 5 
5.1 Metric Prefixes 
Metric prefixes you'll need to know ... 


1 Giga (б) = 1 bilion = 1,000,000,000 
1 Mega (M) - 1 milion - 1,000,000 

1 kilo (К) = 1 thousand = 1,000 
‘one-hundredth = 0.01 
one-thousandth = 0.001 
000001 


апа а few you might want to know ... 


1 Tera (T) = ttilion = 1,000,000,000,000 
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Lesson 5 
5.1 Metric Prefixes 


The prefix enables us to reduce the amount of zeros that are used in writing out 
large numbers. 


For example... instead of saying that the frequency of my signal is 1,000,000 Hz 
(Hertz or cycles per second) I can say that it is 1,000 kilohertz (kHz) or even 1 
Megahertz (MHz). The prefix enables us to write the number in a shorter form. This 
especially becomes useful when we need to measure VERY large or VERY small 
numbers. 


Basic Electronics 8 Theory 


5.4 Metric Prefixes Mega- (one million; 1,000,000) 


Just to make certain that this stuff makes sense, lets go back and look at large 
frequencies again. 


1,000 Hz = 1 kHz 
"One thousand Hertz equals one kilohertz" 
1,000,000 Hz = 1 Mhz 


"One million Hertz equal one megahertz’ 
Зо how many kilohertz are in one megahertz? 1000 kHz = 1 MHz 
"One thousand kilohertz equals one megahertz" 


Зо if your radio was tuned to 7125 kHz, how would you express that same 
frequency in megahertz? 


1000 kHz = 1 MHz || 7125 kHz = 7.125 MHz 


(It takes 1000 kilohertz to equal 1 megahertz, so 7125 kilohertz would equal 7.125 
megahertz.) 
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5.4 Metric Prefixes Mega- (one million; 1,000,000) 


Lets do another frequency problem. This time, your dial reads 3525 kHz. What is the 
same frequency when expressed in Hertz? This should be simple. 


1 kHz = 1000 Hz || 9525 kHz = 


525,000 Hz 


(Notice that since we have to add three zeros to go from 1 kHz to 1000 Hz, we must 
also do the same to go from 3525 kHz to 3,525,000 Hz.) 


Now, let's work another frequency problem, except we're going to do it backwards. 
Your displays shows a frequency of 3.525 MHz. What is that same frequency in 
kilohertz? 


1 MHz = 1000 kHz || 3.525 MHz = 3525 kHz 


(See how the 1 became 1000? To go from megahertz to kilohertz, you multiply by 
1000. Try multiplying 3.525 MHz by 1000 to get your frequency in kilohertz.) 
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Lesson 5 
5.1 Metric Prefixes Giga- (one billion; 1,000,000,000) 


Now we're going to deal with an even larger frequency. Remember, kilo equals one 
thousand, and mega equals one milion. What equals one bilion? There is a prefix 
for one bilion - Giga. One bilion Hertz is one gigahertz (GHz). What if you were 
transmitting on 1.265 GHz? What would your frequency be in megahertz? How. 
many millions equals one bilion? 1 bilion is 1000 milions, so 1 gigahertz (GHz) is 
1000 megahertz (MHz) 


1 GHz = 1000 MHz || 1.265 GHz = 1265 MHz 
As you begin to see how these metric prefixes relate to each other, it will become 


easier to express these large and small numbers commonly used in radio and 
electronics. 
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5.1 Metric Prefixes 


(one one-thousandth; 0.001) 


If you were to take an ammeter (a meter that measures current) marked in amperes 
and measure a 3,000 milliampere current, what would your ammeter read? 


First, what does milli- mean? Mili might be familiar to those of you who were already 
familiar with the ever popular centimeter. 


The millimeter is the next smallest measurement. There are 100 centimeters in 1 
meter... there are also 1000 milimeters in 1 meter. 


So milii must mean 1 one-thousandth, 


If your circuit has 3,000 miliamps (mA), how many amps (А) is that? 


1,000 mA = 1 A || 3.000 mA = 3A 
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5.1 Metric Prefixes 


Now lets say, on a different circu, you were using a voltmeter marked in volts (У), 
and you were measuring a voltage of 3,500 millivolts (mV). How many volts would 
your meter read? 


1,000 mV = 1 V || 3,500 mV = 3.5 V 
How about one of those new pocket sized, micro handheld radio you're itching to 
buy once you get your license? One manufacturer says that their radio puts out 500. 
milliwatts (mW) , while the other manufacturer's radio will put out 250 miliwatts 
(mW). How many watts (W) do these radios really put out? 

1000 mW = 1 W || 500 mW = 0.5 W 


1000 mW = 1 W || 250 mW = 0.25 W 
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5.1 Metric Prefixes Pico- (one one-trillionth; 0.000000000001) 


Capacitors are devices that usually have very small values. A опе farad capacitor is 
seldom ever used in commercial electronics (however | understand that they are 
sometimes used when a lot of stored up energy is needed for an instant). 


Usually, your run of the mill capacitor will have a value of 1 thousandth of a farad to 
1 trilionth of a farad. 


This is the other end of the scale compared with kilo, mega, and giga. Now we'll 
learn about micro and pico. 


If you had a capacitor which had a value of 500,000 microfarads, how many farads 
would that be? 


Since it takes one million microfarads to equal one farad. 


1,000,000 uF = 1 F || 500,000 uF =0.5 F 
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5.1 Metric Prefixes 


0- (one one-trillionth; 0.000000000001) 


What if we had a capacitor with a value of 1,000,000 picofarads? Pico is a very, very 
small number, so to have 1 milion pico farads is saying that the value is just very 
small instead of very, very small. One picofarad is one trilionth of a farad. One 
picofarad is also one millionth of a microfarad. So it takes one million picotarads 
(pF) to equal one microfarad (uF). 


1,000,000 pF = 1 uF 
By the way, just so you get a grasp of just how small a picofarad really is, 
remember, it would take one trilion (i.e. one milion-milion) picofarads (pF) to equal 
one farad (F), ог. 


1,000,000,000,000 pF = 1 F 
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5.2 Concepts of Current, Voltage, Conductor, Insulator, Resistance Current 


Water flowing through a hose is a good 
way to imagine electricity Water is like 
Electrons in a wire (flowing electrons 
are called Current) 


Pressure is the force pushing water 
through a hose — Voltage is the force 
Pushy scan r a wine 
Friction against the holes walls slows 
ihe flow of water - Resistance is an 


impediment that slows the flow of 
electrons 
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* There are 2 types of current 


— The form is determined by the directions the current 
flows through a conductor 


* Direct Current (DC) 


— Flows in only one direction from negative toward 
positive pole of source 


* Alternating Current (AC) 


— Flows back and forth because the poles of the source 


alternate between positive and negative 
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5.2 Concepts of Current, Voltage, Conductor, Insulator, Resistance 
Conductors and Insulators 


There are some materials that electricity lows through easily. These materials are 
called conductors. Most conductors are metals. 


Four good electrical conductors are gold, silver, aluminum and copper. 
Insulators are materials that do not let electricity flow through them. 


Four good insulators are glass, air, plastic, and рогсе!ай 
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5.3 Concepts of Energy & Power, Open & Short Circuits 


The Open Circuit 


Tho open огош! is a very basic circuit hat wo should al be 
very familar with. Itis the circuit in which no curent flows 
because there is an open in the circuit that does not allow 
current to flow. A good example is a light switch. When the 
light is turned off, the such creates an opening in the 
icut, and current can no longer flow. 


You probably figured that since thoro are “open circuits that there are probably also “closed 
circuits”. Well, а closed circuit is when the switch is closed and current is allowed to low 
"rough the circuit. 


A fuso is а device that is used to create an open circuit when too much currant is flowing. 
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5.3 Concepts of Energy & Power, Open & Short Circuits 


The Short 


ircuit 


A short circuit can be caused by Incoming power 
"wires (wires that are normally insulated and kept 
separate) coming in contact with each other. Since a 
circuit usually has resistance, and the power wires 
"hat “short out" have very litle resistance, ho current Broken Insulation 
wil ond to flow through the path of least ‘Allows Wires to 
resistance... the short. Less resistance at the same 

amount of voltage will result in more current to flow. 


Therefore а short circuit wil have too much current flowing through it. What's ho best way to stop 
а short circuit rom doing damage (because itis drawing foo much power from the source)? By 
Using a fuse. Fuses aro designed to work up fo а certain amount of current (e.g. 1 amp, 15 amps, 

). When thal maximum current is exceeded, then the wire within the fuse burns up from the heat 
Of the current flow. With the fuse burnt up, there is now an "open circu and no more current 
Sows. 
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53 Concepts of Energy x Power, Open & Short Circuits 


Power 


Every circuit uses a certain amount of power. Power 
describes how fast electrical energy is used. A good 
‘example is the light bulbs used in each circuit of your 
done When you turn on a light bulb, ight (and heat) aro 
produced. This is because ofthe current flowing through 
A resistor buit into the bulb. The resistance tums the 
electrical power into primarily heat, and secondary ight 
{assuming an incandescent bulb). 


Each ight bulb is rated at a certain power rating. This is how much power tho bulb will use in a normal 
110 Volt house circuit. Three of Ihe most popular power values for inside light bulbs are 60, 75, and 
100 Watts (Power is measured in Watts). Which of these light bulbs uses the most power? Tha 100 
Watt bub uses the most power 
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+ 5.4 Оһт'ѕ Law 


E = electromotive force (a.k.a. Voltage) 
intensity (French term for Current) 


n J 
ү 


(Amps) 
=E/1 (Ohms) 
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5.4 Ohm's Law Calculating Voltage and Current and Resistance 
Current? 
There is a very easy way to determine how much current will low through a circuit 
when the voltage and resistance is known. This relationship is expressed in a simple 
equation (don't let the word scare you... this is going to be easy as "pie 
Lets start with the "pie 


This circle will help you to know how to figure out the answer to these electrical 
problems. The three letters stand for. 


E = electromotive force (a.k.a. Voltage) 


tensity French term for Curent) CEN 
NB 
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5.4 Ohm's Law Calculating Voltage and Current and Resistance 
Current? 


Lets say you have 200Volts hooked up to a circuit with 100 Ohms of resistance, 
How much current would flow? 


Since our "unknown" value in this problem is the current, then we put our finger over 


the "I". What you see is "E over А". This means you take the Voltage and divide it by 
the Resistance. This is 200 Volts divided by 100 Ohms. The result is 2 Amps. 


lectromotive force (a.k.a. Voltage) 
tensity (French term for Current) 


R = resistance EY 


E 
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5.4 Ohm's Law Calculating Voltage and Current and Resistance 
Voltage? 

What if we wanted to find out the voltage in a circuit when we know the current and 
resistance? Go back to the "pie" and cover up the E. You're now left with | times R. 


How much voltage would you need in a circuit with 50 ohms and 2 amps? E-bxR. 
2x50... E-100 Volts. 


E = electromotive force (a.k.a. Voltage) CE 
intensiy (French term for Curren) 


Basic Electronics 8 Theory 


Lesson 5 


5.4 Ohm's Law Calculating Voltage and Current and Re 


Resistance? 


Finally, if you had a circuit with 90 Volts and 3 amps, and you needed to find the 
resistance, you could cover up the R... the result is E over | (Volts divided Бу 
Current). R-E/L... R=90/3... R=30 Ohms. This circuit would have 30 Ohms of 
resistance if it was hooked up to 90 Volts and 3 amps flowed through the circuit 


Ohm's Law 
This relationship between voltage, current, and resistance is known as Ohm's Law. 
This is in honour of the man who discovered this direct relationship (his last name 
was Ohm). The relationship described in Ohm's Law is used when working with 
almost any electronic circuit 
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Memorizing Ohm's law. 


Memorizing Ohm's law may sound like a time consuming and daunting task, but if remember 
this little story you'll have it committed to memory for life within a few minutes! 


An old Indian was walking across the plains one day and he saw an eagle soaring high in the 
sky over a rabbit 


Now, picture things from the Indian's stand point - he sees the Eagle flying over the Rabbit: 
Soy to yourself Indian equals Eagle over Rabbit. 


Now just use the first letter of each word: 1 = E over R, which is this formula: 


E |4 EUM 2 ED) Voltage: E=1xR (Vots) 
= З 18. (Amps) 
R «| NB 


= Е/1 (Ohms) 
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Memorizing Ohm's law. 


However, from the Rabbit's point of view, he sees things a little differently. The Rabbit looks 
out and sees the Eagle flying over the Indian. 


Say to yourself Rabbit equals Eagle over Indian. 
Now just use the first letter of each word: R = E over 1, which is this formula: 


Е м xR (Volts) 
T E E/R (Amps) 
I P 7 R= E/| (Ohms) 
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Memorizing Ohm's law 


Finally, the Eagle up in the sky sees both the Indian and the Rabbit standing on the ground 
together. 


Say to yourself Eagle equals Indlan and Rabbit together. 
Now just use the first letter of each word: E = IxR, which is this formula: 


ЕТЕ 9 


Now И you simply remember the story of the Indian, Eagle and Rabbit, you will 
have memorized all three formulae! 


Voltage: E=IxR (Volts) 
Current: | = E/ R_ (Amps) 
Resistance: R = E / | (Ohms) 
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Memorizing Ohm's law. 


So now we have 3 different ways that we can algebraically express Ohm's Law. 


or E. E IxR (Volts) 
РН "ELI" [EL ^R. (Amps) 
R I ЕЛ1 (Ohms) 


But of what significance is it? Here Is the gist of It. If we know 2 out of the 3 factors of the 
equation, we can figure out the third. Let's say we know we have a 3 Volt battery. We also. 
know we are going to put a 100 W resistor in circuit with it. How much current can we expect 
will flow through the circuit? 


Without Ohm's Law, we would be at a loss. But because we have Ohm's Law, we can 
calculate the unknown current, based upon the Voltage and Resistance. 


__3 Volts 


100 09 Amperes 
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Power calculations CPX 


The unit used to describe 


electrical power is the Watt. 


- The formula: Power (P) equals 
voltage (E) multiplied by current 


@. 
P=IxE E 
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* Power calculations (cont) CPX 


- How much power is represented by a voltage of 
13.8 volts DC and a current of 10 amperes. 
"P=IxE P=10x13.8= 138 watts 


- How much power is being used in a circuit when the 
voltage is 120 volts DC and the current is 2.5 
amperes. 

*P=IxE P=2.5x120= 300 watts 
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+ Power calculations (cont) 


- You can you determine how many watts are being 
drawn [consumed] by your transceiver when you 
are transmitting by measuring the DC voltage at the 
transceiver and multiplying by the current drawn 
when you transmit. 


- How many amperes is flowing in a circuit when the 
applied voltage is 120 volts DC and the load is 1200 
watts. 


=P/E 1-1200/120- 10 amperes. 
МЕД» 
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Memorizing Ohm's law 
Power Formula P= 1x E 
Lets try some examples we are familiar with; 
P= 60 watt light bulb 


E=120 volts 
T= S amps 


з 


P=100 watt light bulb. 
E=120 volts 
15.83 amps 


Electric Kettle consumes, 
P=900 watts E = Electromotive Force aka Volts 
Е-120 volts T= Intensity aka Current 


15 7.5 amps 


Electric Toaster 
P= 1200 watts 
E=120 volts 
1510 amps 


Basic Electronics & Theory 
Lesson 5 
5.5 Series & Parallel Resistors 
sores cota 


resistance of the circuit is found by simply adding up the resistance values of the 
individual resistors: equivalent resistance of resistors in series : R = R1 + R2 + R3 + 
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5.5 Series & Parallel Resistors 


Series circuits 


A series circuit is shown in the diagram above. The current flows through each 
resistor in turn. If the values of the three resistors are: 


Fi=80, Po=80, andña=40, tetotalresistance is 8 +8 +4= 200. 


With a 10 V battery, by V = I R the total current in the circuit is: 
1= VR = 10/20 = 0.5 A. The current through each resistor would be 0.5 A. 


E] 
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5.5 Series & Parallel Resistors 


Series circuits. 


Н=в1+н2+н3+ 


В1=100 ohms 
В2=150 ohms 
R3=370 ohms 


RT= ? ohms y 


ar 
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5.5 Series & Parallel Resistors 


Series circuits 


R=R1+R2+R3+ 


R1=100 ohms 
R2=150 ohms v 
R3=370 ohms 


RT= 620 ohms y 
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5.5 Series & Parallel Resistors 


Parallel circuits 


A parallel circuit is a circuit in which the resistors are arranged with their heads 
connected together, and their tails connected together. The current in a parallel 

circuit breaks up, with some flowing along each parallel branch and re-combining 
when the branches meet again. The voltage across each resistor in parallel is the. 


The total resistance of a set of resistors in parallel is found by adding up the 
reciprocals of the resistance values, and then taking the reciprocal of the total: 
equivalent resistance of resistors in parallel: 1 /R = 1 / RT + 1/ R2 + 1 / R3 +. 
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5.5 Series & Parallel Resistors 
Parallel circuits 


A parallel circuit is shown in the diagram above. In this case the current supplied by the 
battery splits up, and the amount going through each resistor depends on the 
resistance. If the values of the three resistors are: 


RI =8, йз=Вп, end Fs Ihe total resistance в found by: 


-e 104-112, de ges- 2а, 
With a 10 V battery, by V = I R the total current in the circuit is: | = V/R = 10/2 = 5 A. 


The individual currents can also be found using | = V / R. The voltage across each 
resistor is 10 V, so: 
25А 
25А 


Note that the currents add together to SA, the total current " 


Basic Electronics & Theory 
Lesson 5 
5.5 Series & Parallel Resistors 
Parallel circuits. 


ї/В=1/В1+1/В2+1/В3+.. 


R1=100 ohms 
R2=100 ohms 
R3=100 ohms 
RT- ? Ohms 


з 
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5.5 Series & Parallel Resistors 


Parallel circuits 


1/100 + 1/100 + 1/100. 


01 + 01 +.01 =.03 


1/.03= 33.33 ohms 


зв 
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5.5 Series & Parallel Resistors 


A parallel resistor short-cut 


И the resistors in parallel are identical, сап bo very easy to work out the equivalent resistance. 
In this case the equivalent resistance of N identical resistors is the resistance of one resistor 
divided by N, the number of resistors. So, two 40-ohm resistors in parallel are equivalent o one 
20-ohm resistor; ve 50-ohm resistors in parallel are equivalent to one 10-ohm resistor, etc. 


When calculating the equivalent resistance of а set of parallel resistors, people often forget to fip 
the 1/R upside down, putting 1/5 of an ohm instead of 5 ohms, for instance. Here's a way to 
check your answer. you have two or more resistors in parallel, look forthe one with the 
smallest resistance. The equivalen resistance wil aways be between the smallest resistance 
divided by the number of resistors, and the smallest resistance. Here's an example. 


You have three resistors in parallel, with values 6 ohms, 9 ohms, and 18 ohms. The smallest 
resistance is 6 ohms, so the equivalent resistance must be between 2 ohms and 6 ohms (2 =6 
13, where 3 is the number of resistor) 


Doing the calculation gives 1/6 + 1/12 + 1/18 = 6/1. Flipping this upside down gives 18/6 = 3 


ohms, which is certainly between 2 and 6 
a 


Basic Electronics 8 Theory 
Lesson 5 
5.5 Series & Parallel Resistors 
— aparto component 


with a single equivalent resistance forthe circuit. This allows the current lo be determined easily. The 
current lowing through each resistor can then be found by undoing the reduction process 


General rules for doing the reduction process include: 
Two (or more) resistors with their heads directly connected together and their tails directly connected 
together are in parallel, and they can be reduced to one resistor using the equivalent resistance 
equation for resistors in parallel. 


Two resistors connected together so that the tall of one is connected to the head of tho next, wth no 
other path lor the current lo take along the Ine connecting them, are in series and can be reduced lo 
‘one equivalent resistor. 


Finally, remember that for resistors in series, the current is the same for each resistor, and for 
resistors in parallel, the voltage is the same for each ono. 


зв 
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5.7 AC, Sinewave, Frequency, Frequency Units 
What is frequency? 


The number of cycles por unit ol time is called the frequency. For convenience, frequency is 
most offen measured in cycles per second (cps) or the interchangeable Hertz (Нг) (60 cps 
60 Hz), 1000 Hz is often referred o as 1 kHz (kilohertz) or simply "1K in studio parlance. 


The range of human hearing in the young is approximately 20 Hz to 20 kH2—the higher number 
tends to decrease with age (as do many other things). Il may be quite normal for a 60-year-old lo 
hear a maximum of 16,000 Hz. 


We call signals in the range of 20 Hz to 20,000 He audio frequencies because the human ваг 


сап sense sounds inthis range 
з 


The Relationship of Freguency 
and Wavelength 


The distance a radio wave travels in 
one cycle is called wavelength. 


One Wavelength 
AAA 
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Names of frequency ranges, types of waves 


+ Voice frequencies are Sound waves in the range between 300 and 3000 
Hertz. 


- Electromagnetic waves that oscillate more than 20,000 times per second as 
they travel through space are generally referred to as Radio waves. 


“ 
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Relationship between frequency and wavelength 


Frequency describes number of times АС flows back and forth per second 
Wavelength is distance а radio wave raves during one complete cycle 

+ The wavelength gets shorter as the frequency increases. 

- Wavelength in meters equals 300 divided by frequency in megahertz 


- A radio wave travels through space at the speed of light. 
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Identification of bands 


The property of a radio wave often used to identify the different bands amateur 
radio operators use is the physical length of the wave. 


The frequency range of the 2-meter band in Canada is 144 to 148 MHz. 
The frequency range of the 6-meter band in Canada is 50 to 54 MHz. 
The frequency range of the 70-centimeter band in Canada is 420 to 450 MHz. 


42 
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5.8 Decibels 


The decibel is used rather than arihmeti ratios or percentages because when certain 
types ol circus, such as amplifers and silenvalors, are connected in seras, expressions 
of power level i decibels may bo arthmeticaly added and subtracted. 


In radio electronics and telecommunicalions, the decibel is used to describe the ratio 
between twa measurements ора асса power 


Decibels are used to account forthe gains and losses of а signal from a transmiter o a 
receiver through some medium (ree space, wave guides, coax, fiber optics, ec. 


^ 
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5.8 Decibels 


-A two-time increase in power results 
in a change of 3dB higher. 


р; 


-You can decrease your transmitter's 
power by 3d8 by dividing the 
original power by 2 a 


-You can increase your transmitters 
power by 6dB by multiplying the 
original power by 4 
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5.8 Decibels 


Ia signal-strength report is "1008 over 59°. 
if the transmitter power is reduced from 
1800 watts to 150 watts, the report should — 


now be 89 
aj 


Ia signal-strength report is "20dB over 597 
if the transmitter power is reduced from. 
1800 watts to 150 watts the report should 
now be S9 plus 1008 


Tho power output rom a transmitter increases from 1 watt to 2 walls. This is а dB increase of 3:3 
‘The power output rom a transmitter increases form 5 watts to 50 жай by а linear amplifier. The 


power gain would be 10 dB. 
46 
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5.9 Inductance 


47 


Тһе 1пдисїог 


* There are two fundamental principles 
of electromagnetics: 
1. Moving electrons create a magnetic field. 
2. Moving or changing magnetic fields 
cause electrons to move. 


An inductor is a coil of wire through 
which electrons move, and energy is 
stored in the resulting magnetic field. 


48 


The Inductor 


+ Like capacitors, 
inductors temporarily 
store energy. 

Unlike capacitors: 

— Inductors store energy 
in a magnetic field, not 
an electric field. 

— The magnetic field is 
proportional to the 
current. When the 
current drops to zero 
the magnetic field also 
goes to zero. 
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* Inductors are simply 
coils of wire. 
— Can be air wound 
(just air in the middle 
of the coil) 


— Can be wound W> 
around a permeable 5 
material (material that 


8 MET 
Os AMC 


form (toroid) E 


The Inductor 


The rate at which current through an inductor changes is 
proportional to the voltage across it. 

A coil (or inductor) has a property called its 

inductance. The larger the inductance, slower the rate at 
which the current changes. 

The unit that measures the size of the inductance is the 
Henry. 

Typical inductor values used in electronics are in the 
range of several Henrys down to microhenrys 
(1/1.000,000 Henry) 
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* The amount of 
inductance is 
influenced by a 
number of factors: 


— Number of coil 
turns. 


— Diameter of coil. 

— Spacing between 
turns. 

— Size of the wire 
used. 

— Type of material 
inside the coil. 


а 


Inductor Performance With DC 
Currents 


When a DC voltage is applied to an inductor the current starts to 
build, The increasing current produces an increasing magnetic field 
that causes a (back) ЕМЕ that opposes the applied voltage . 

"їп a real inductor the wires (and, perhaps the voltage source) have 
resistance. Ultimately, this resistance prevents the current from 
rising any higher. 

In an ideal inductor (one where the wires have no resistance) the 
current would flow round and round forever. In order to cause the 
current to slow down and stop, a voltage in the opposite direction 
would have to be applied. 

If the circuit is actually broken (a switch is opened) the current is 
forced to stop immediately. Since the current does not ant to stop 
suddenly, a large voltage will be generated, often with the 
production of a spark. 


sa 


Inductor Performance With АС 
Currents 


+ When AC voltage is applied to an inductor the current 
rises when the voltage is positive; it holds constant when 
the voltage is zero, and it decreases when the voltage is 
negative. This gives rise to the rather counter-intuitive 
situation that, for part of the cycle, a negative current will 
be associated with a positive voltage — and vice versa. 


Unlike the case of a resistor, the current does not follow 
lock-step along with the voltage. Although the AC current 
does tend to do the same thing as the voltage, it doesn't 
do it at the same time; it does it later in the cycle. 
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+ Because the magnetic 
field surrounding an 
inductor can cut across 
another inductor in 
close proximity, the 
changing magnetic field 
in one can cause 
current to flow in the 
other ... the basis of 
transformers 
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5.9 Capacitance 


The Capacitor 


The Capacitor 


Defined 


A device that stores 
energy in electric field. 
Two conductive plates 
separated by a non 
conductive material. 
Electrons accumulate on 
one plate forcing 
electrons away from the 
other plate leaving a net 
positive charge. 

Think of a capacitor as 
very small, temporary 
storage battery. 
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The Capacitor 
Physical Construction 


* Capacitors are rated 


by: 
— Amount of charge 
that can be held. 


— The voltage handling 


capabilities. 
— Insulating material 
between plates. 


Nos 
ČSL 


The Capacitor 
Ability to Hold a Charge 


+ Ability to hold a charge I 
depends on: 
— Conductive plate 
surface area. 
— Space between plates. 
— Material between 
plates. 


= 


Charging a Capacitor 
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The Capacitor 
Behavior in DC 


When connected to a DC source, the 
capacitor charges and holds the charge as 
long as the DC voltage is applied. 

The capacitor essentially blocks DC 
current from passing through. 
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The Capacitor 
Behavior in AC 


When AC voltage is applied, during one half of 
the cycle the capacitor accepts a charge in one 
direction. 

During the next half of the cycle, the capacitor is 
discharged then recharged in the reverse 
direction. 

During the next half cycle the pattern reverses. 
It acts as if AC current passes through a 
capacitor 


вз 


The Capacitor 
Capacitance Value 


* The unit of capacitance is the farad. 


— A single farad is a huge amount of 
capacitance. 


— Most electronic devices use capacitors that 
are a very tiny fraction of a farad. 


* Common capacitance ranges are: 
* Micro HA 106 


« Nano n 109 


* Pico p 10-12 
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The Capacitor 
Capacitance Value 


+ Capacitor identification 
depends on the capacitor 
type. 

+ Could be color bands, dots, 
or numbers. 

* Wise to keep capacitors 
organized and identified to 
prevent a lot of work trying 
to re-identify the values. 


Capacitors in Circuits 


Three physical 
factors affect u 
capacitance values. Charged plates 
— Plate spacing far apart 
— Plate surface 

area pam 
— Dielectric material 
In series, plates are C = CC, 
far apart making E 
capacitance less С, + C, 


es 


Capacitors in Circuits 


In parallel, the Y—1 
surface area of the * 


plates add up to be 
greater. AE 
This makes the total 

capacitance higher. s 
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5.11 Magnetics & Transformers 


The transformer is essentially just two (ог moro) inductors, sharing а common magnetic path. 
Any two inductors placed reasonably lose to each other wil work as a transformer, and the 
more closely they are coupled magnetically, the more efficient they become. 


When a changing magnetic Heli in the vicinity of a сой of wire (an inductor), a voltage is 
induced into he coil which is in sympathy with the applied magnetic field. A static magnetic field 
has no effect, and generates no output. Many of tho same principles apply to generators, 

alternators, electric motors and loudspeakers, although this would be a very long article indeed i 


I were to cover ай ho magnetic ей! devices that exist. 
When an electric current is passed through a coll of wire, a magnetic field is created - this works 
with AC or DC, but with DC, the magnetic field is obviously static. For this reason, transformers 
‘cannot be used directly with DO, for although a magnetic ен exists, it must be changing to 
induce a voltage into the other coll. 
Tho ау of a substance to сапу a magnetic fld is called permoabil and different materials 
have differing permoabillis. Some are optimised in specific ways for a particular requirement 
for example the cores used or a switching transformer are very diferent rom those used for 
Normal 50/60Hz mains transformer. 
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5.11 Magnetics 8 Transformers (Continued) 


1 yl 
© m а 
[ Al 
Figure 1.1 - Essential Workings of a Transformer 


Figure 1.1 shows the basics of all transformers. A col the primary) is connected to an AC voltage 
‘source - typically the mains for power transformers. Tho lux induced into the core is coupled through 
tothe secondary, a voltage is induced into the winding, and a current is produced through the load 
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5.11 Magnetics & Transformers (Continued) 


How a Transformer Works Al no load, an ideal transformer draws virtually no current ram the 
mains, since itis simply a large inductance. The whole principle of operation is based an induced. 
magnetic Пих, which not only creates a voltage (and current) in the secondary, but the primary as 
wel! I is this characteristic that allows any inductor to function as expected, and the voltage 
‘generated in the primary is called a "back EMF" (electromotive force). The magnitude ol this 
voltage is such that almost equals (and is aflecively in the same phase as) he applied EMF. 


When you apply a load to the output (secondary) winding, a curent is drawn by the load, and 
this is reflecled through the transformer lo the primary. As a resul, the primary must now draw 
тоге current rom the mains. Somewhat intriguingly perhaps, the more current that is drawn from 
the secondary, the original 90 degree phase shit becomes less and less as the transformer 
approaches ul power. The power factor ol an unloaded transformer is very law, meaning that 
although there are volis and amps. here i relatively litle power. The power factor improves as 
loading increases, and at ul load wil be clase lo unity (Ihe deal) 


‘Transformers aro usually designed based on the power required, and this determines tho core 
size fora given core material. From this, the required "rns per vol” figure can be determined, 

Based on the maximum Пих density hal the coro material can support. Again, this varies widely 
with core materials. ES 
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Multimeters will measure 
Voltage, Current and 
Resistance. 


Be sure it is set properly to 
read what is being 
measured. 


If it is set to the ohms 
setting and voltage is 
measured the meter could 
be damaged! 
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Potential difference (voltage) is measured with a voltmeter, the voltmeter is connected to 
а circuit under test in parallel with the circuit. 


Poner S3 
Supply 
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The instrument to measure the flow of electrical current is the ammeter. An ammeter is 
connected to a circuit under test in series with the circuit 


Power 
Supply 


Radio and electronic fundamentals 
T4A 


The instrument to measure resistance is the ohmmeter. An ohmmeter is 
connected to a circuit under test in parallel with the circuit. 
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Antennas 


A good antenna works 

A bad antenna is a waste of time & money 

Antenna systems can be very inexpensive and simple 
They can also be very, very expensive 


Antenna Considerations 


—The space available for an antenna 
—The proximity to neighbours 

—The operating frequencies you will use 
—The output power 

—Money 


Antenna Types 


High Freguency 
1.6 - 30 Mhz + 50 Mhz 
160 - 6 metres 
An antenna's size/length depends on the freguency 


It's functionality largely depends on the height above 
ground, as well as the polarity and it’s configuration 


Nm 


Some Math 


Velocity of propagation 300,000,000 m/sec 
For I wavelength, above 30 MHz 
Frequency (f) = 300 / wavelength течно mex in mesa 


Wavelength (0) = 300 / frequency 


300/ metres or 984/F feet 
50/f metres or 49277 feet 
86/f metres or 936/f feet (including the velocity factor Of 0.95) 
| 43/f metres or 468/f feet 


Fora half wave 


‘The length of a half wave dipole for 3.65 MHz 


The length of a half wave dipole for 3.65 MHz 


L = 143/f = 143/3.65 = 39.18 metres 


‘The higher the frequency the shorter the antenna 
‘The lower the frequency the longer the antenna 


Types of Antennas 


Simple wire 
Dipole 

- Folded dipole 

= Trap dipole 

- Offset or Windom antenna 
— Phased dipoles 

= Vertical or horizontal (both) 


Beverage wave antenna 


Types of Antennas 


-Metal 
-Vertical 

-Yagi 

-Trap Yagi 

-Phased arrays 

-Loops 

-Vertical or Horizontal 

-Horns for super ultra high frequencies 
-Mobile antennas 


Antenna Polarization 


"Vertical or horizontal 


«Electrical vs Magnetic radiation 
(Diagram) 


"Vertical waves travel @ 90° to the earths surface 
"Horizontal waves travel parallel to the earth's surface 


"Usually wire antennas are horizontal but an inverted "У? dipole has a vertical 
component. 


*Yagi type antennas can be either vertical or horizontal 
Circular antennas can be both 


* Usually, horizontally polarized antennas hear less noise 


Isotropic Antenna 
"The isotropic 


antenna is a hypothetical point source. 


"It does not exist in reality but is considered as an important 
starting point considering different 


"antennas from the theoretical to the practical 


"The pattern is a Cardioid - a donut shape or a sphere 


Dipole Radiation 
Pattern 


Polarization - Practica 


Antennas radiating a vertical polarization are best received 
by an antenna of like polarization 


Cross polarization reduces reception by as much as 30 db 
Bouncing DX signals probably have both polarizations 


Designing antenna polarization usually depends on the 
frequency being used - at 70 cm in th eUHF band the 

elements are very short so either polarization is possibl 
Usually vertical is used as repeaters are vertically pola 


Resonance 


Antenna length is dependant on frequency 


The lower the frequency the longer the antenna elements 


Examples 
80 metres 3.750Mhz 124 fl 
40 7.055 66 
10 28.5 164 
6 52 9 


2 145 32 


Isotropic Source 
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An isotropic antenna is a: hypothetical point source 


What is the antenna radiation pattern for an isotropic radiator? A 
sphere 


Polarization of an antenna is determined by: the electri 


field 


What does horizontal wave polarization mean? The electric lines 
of force of a radio wave are parallel to the earth's surface 


What does vertical wave polarization mean? The electric lines of 
force of a radio wave are perpendicular to the earth's surface 


Polarization by Element Orientation e 


What electromagnetic wave polarization does a Yagi antenna have when its 
elements are parallel to the earth's surface? Horizontal 


What electromagnetic wave polarization does a half-wavelength antenna have 
when it is perpendicular to the earth's surface? Vertical 


VHF signals from a mobile station using a vertical whip antenna will normally 
be best received using a: vertical ground-plane antenna 


A dipole antenna will emit a vertically polarized wave if it is: Parallel with the 
ground mounted vertically 


If an electromagnetic wave leaves an antenna vertically polarized, it will arrive. 
at the receiving antenna, by ground wave: vertically polarized 


Compared with a horizontal antenna, a vertical antenna will receive a vertically 
polarized radio wave: at greater strength 


Wavelength vs Physical Length М 


The speed of а radio wave: is ће вате as the speed of light 


The velocity of propagation of radio freguency energy in free space 
is: 300 000 kilometres per second 


If an antenna is made longer, what happens to its resonant 
freguency? It decreases 


If an antenna is made shorter, what happens to its resonant 
frequency? It increases 


The resonant frequency of an antenna may be increased by: 
shortening the radiating element 


Wavelength vs Physical Length ES 


To lower the resonant frequency of an antenna, the 
operator should: lengthen it 


Adding a series inductance to an antenna would: 
decrease the resonant frequency 


Wavelength vs Physical Length ; 


* The wavelength for a frequency of 25 MHz is: 
12 metres (39.4 ft) 


* The wavelength corresponding to a frequency of 2 MHz is: 
150 m (492 ft) 


* At the end of suspended antenna wire, insulators are used. 
These act to: limit the electrical length of the antenna 


*One solution to multi-band operation with a shortened 
radiator is the "trap dipole" or trap vertical. These 
"traps" are actually: a coil and capacitor in parallel 


Gain, Directivity, etc 


* What is meant by antenna gain? The numerical ratio relating the radiated signal 
strength of an antenna to that of another antenna 


* The gain of an antenna, especially on VHF and above, is quoted in dBi. The "i" in this 
expression stands for: isotropic 


= Approximately how much gain does a half-wave dipole have over an isotropic radiator? 
2.1 dB 


* What isa parasitic beam antenna? An antenna where some elements obtain their 
io energy by induction or radiation from a driven element 


y from an HF dipole 
‘major lobe will 


* If a slightly shorter parasitic element is placed 0.1 wavelength aw: 
antenna, what effect will this have on the antenna's radiation pattern 
develop in the horizontal plane, toward the parasitic element 


* Ifa slightly longer parasitic element is placed 0.1 wavelength away from an HF dipole 
antenna, what effect will this have on the antenna's radiation pattern? A major lobe will 
develop in the horizontal plane, away from the parasitic element, toward the dipole 


Gain, Directivity, etc. а 


* In free space, what is the radiation characteristic of a half-wave dipole? 
Minimum radiation from the ends, maximum broadside 


= The front-to-back ratio of a beam antenna is: the ratio of 
the maximum forward power in the major lobe to the 
maximum backward power radiation 


* The property of an antenna, which defines the range of frequencies to which it 
will respond, is called its: bandwidth 


* What is meant by antenna bandwidth? The frequency 
antenna may be expected to perform well 


range over which the 


* How can the bandwidth of a parasitic beam antenna be increased? Use larger 
diameter elements 


Vertical Antennae З 


* To calculate the length in metres (feet) of a quarter wave vertical antenna you 
would : Divide 71.5 (234) by the antenna's operating frequency (in MHz) 


* If you made a quarter-wavelength vertical antenna for 21.125 MHz, how long 
would it be? 3.6 metres (11.8 ft) 


* If you made a half-wavelength vertical antenna for 223 MHz, how long would 
it be? 64cm (25.2 in) 


* Ifa magnetic-base whip antenna is placed on the roof of a car, in what 
direction does it send out radio energy? It goes out egually well in ай 
horizontal directions 


* What is an advantage of downward sloping radials on a ground plane 
antenna? It brings the feed point impedance closer to 50 ohms 


Vertical Antennae = 


What happens o the feed point impedance of a ground-plane antenna, when its 
radials are changed from horizontal to downward-sloping? И increases 


Which of the following transmission lines will give the best match to the base of a 
‘quarter-wave ground-plane antenna? 50 ohms coaxial cable 


The main characteristic of a vertical antenna is that it will: receive signals equally 
well from all compass points around it 


Why is a loading coil often used with an HF mobile vertical antenna? To tune out 
‘capacitive reactance 


What is the main reason why so many VHF base and mobile antennas are 5/8 of a 
wavelength? The angle of radiation is ow 


Why is a S/8-wavelength ver 
antenna for УНЕ or UHF mobile operations? A 5/8-wavelength antenna has more 


gain 


Yagi Antennae ана 


How many directly driven elements do most Yagi antennas have? One 


Approximately how long is the driven element of a Yagi antenna for 14,0 MHz? 1021 
metres (33 feet and 6 inches) 


Approximately how long is the director element of a Yagi antenna for 21.1 MHz? 6.4 
metres (21 feet) 


Approximately how long isthe reflector element of a Yagi antenna for 28.1 MHz? 5.33 
metres (17.5 feet long) 


‘The spacing between the elements on a three-element Yagi antenna, representing the best 
overall choice, is 0.2 of a wavelength, 


What is one effect of increasing the boom length and adding directors to a Yagi antenna? 
Gain increases 


What are some advantages of a Yagi with wide element spacing? High gain, less critical 
tuning and wider bandwidth 


Үар1 Ашеппае 


What are some advantages of a Yagi with wide element spacing? High gain, 
less critical tuning and wider bandwidth 


Why is a Yagi antenna often used for radiocommunications on the 20-metre 
band? It helps reduce interference from other stations off to the side or 
behind 


What does "antenna front-to- back ratio" mean in reference to a Yagi antenna? 
‘The power radiated in the major radiation lobe compared to the power 
radiated in exactly the opposite direction 


What is a good way to get maximum performance from a Yagi antenna? 
Optimize the lengths and spacing of the elements 


If the forward gain of a six- element Yagi is about 10 dB, what would the 
gain of two of these antennas be if they were "stacked"? 13 dB 


Wire Antennae a 


If you made a half-wavelength dipole antenna for 28.550 MHz, 
how long would it be? 5.08 metres (16.62 ft) 


What is the low angle radiation pattern of an ideal half- 
wavelength dipole HF antenna installed parallel to the earth? It 
is a figure-eight, perpendicular to the antenna 


The impedances in ohms at the feed point of the dipole and 
folded dipole are, respectively: 73 and 300 


Wire Antennae ы 


A dipole transmitting antenna, placed so that the ends are 
pointing North/South, radiates: mostly to the East and West 


How does the bandwidth of a folded dipole antenna compare 
with that of a simple dipole antenna? It is greater 


What is a disadvantage of using an antenna equipped with traps? 
It will radiate harmonics 


What is an advantage of using a trap antenna? 
It may be used for multi- band operation 


What is one disadvantage of a random wire antenna? You may 
experience RF feedback in your station 


Quad / Loop antennae m 


What is a cubical quad antenna? Two or more parallel four-sided wire loops, each 
approximately one-electrical wavelength long 


‘What is a delta loop antenna? A type of cubical quad antenna, except with triangular 
elements rather than square 


"The cubical "quad" or "quad" antenna 
element has an approximate overall k 


sists of two or more square loops of wire. The driven 
‘of: one wavelength 


"The delta loop antenna consists of two or more triangular structures mounted on а boom. The 
overall length of the driven element is approximately: one wavelength 


Approximately how long is each side of а cubical quad antenna driven element for 21.4 MHz? 
354 metres (11.7 feet) 


Approximately how long is each side of а cubical quad antenna driven element for 14.3 MHZ? 
5.36 metres (17.6 feet) 


Approximately how long is each leg ofa symmetrical delta loop antenna driven element for 28.7 
MHz? 35 metres (115 feet) 


Quad / Loops ө 


‘Which statement about two- element delta loops and quad antennas is true? They compare 
favorably with a three element Yagi 


Compared to a dipole antenna, what are the directional radiation characteristics of a cubical quad 
antenna? The quad has more directivity in both horizontal and vertical planes 


Moving the feed point of a multi-element quad antenna from a side parallel to the ground to а 
side perpendicular to the ground will have what effect? Tt will change the antenna 
polarization from horizontal to vertical 


‘What does the term "antenna front-10 back ratio” mean in reference to a delta loop antenna? The 
power radiated in the major radiation lobe compared to the power radiated in exactly the 
‘opposite direction 


FEEDLINES 


Perfect Feedline (ya, really) 


A perfect feedline will have: 
— No radiation from the feedline itself 
No loss of signal while passing along the line 


— Constant electrical characteristics throughout 
Such a feedline will pass 100% of the RF energy 
through it. 


NOTE: This situation does not ever exist! (yet)!! 


Feedline (transmission line) 
— 
2 CONDUCTORS 


—Сарасйапсе because of 2 parallel ines (plates) Inductance because 
of the length of the lines and their proximity to each other. 


-Resistance in the metal itself slowing the flow 


-Therefore a feediine is a circuit which has reactance to the passage of 
AC current and which varies inversely as the operating frequency which 
means the value stays approximately the same over any given length. 
This value is called the characteristic impedance of the circuit. (Z,) 


-At HF frequencies, the signal passes through the conductor while at 
frequencies above 10 MHz, the signal passes along the surface, or skin 
of the wire. This is known as ‘skin effect’ where the losses increase with 
the frequency 


Balanced feedlines 


Open wire feedlines 


Characteristic impedance of 200 — 600 О depending on the 
diameter of the wire and the distance between them. 


3 = 
Z,= 276 log 2(S/D) = — 


S: Distance between and ^ 
D=diameter 


Unbalanced feedlines 


One side to ground 

Other side carries 

RF to antenna 

Coaxial cable is waterproof 


Hardline or Heliax is best for 
VHF/UHF and up (Heliax uses 
copper not braid for the shield) Z,=138/Ve log D/d 
— hard to bend - e=delectio constant 


D-diameler of the outer conductor 


D-diameter of Ihe inner conductor 


Feed Lines 


س 


Feedlines connect a radio to an antenna 


They must be matched to the radio system - they should have 
like impedence 


Radios usually have a 50 ohm output 


Antenna feedpoints have a very wide impedence range 


Velocity factor .66 - .95 


Feed Lines E 


——————— —— — 


Feedlines can be easily made 


The two favourite for amateur radio are the coaxial cable 
and open wire feedlines 


Feed Line Questions жене 


What connects your transceiver to your antenna? 
Feed Line 


What kind of feed line can be buried in the ground for 
some distance without adverse effects? Coaxial Cable 


A transmission line differ from an ordinary circuit or 
network in communications or signal devices in one 
important way. That important way is Propagation 
Delay 


Feed Line Questions E 


The characteristics of a transmission line is determined by the 


Physical dimensions and relative positions of the 
conductors 


The characteristics of a transmission line is equal to the Pure 
Resistance which, if connected to the end of the line, will 
absorb all the power arriving along it 


Think of the paper towel absorbsion advertisment 


The characteristic impedence of a coaxial antenna feed line is 
determined by the Ratio of the diameter of the inner 
conducter to the diameter of the braid 


Feed Line Questions cont 
‘The characteristic impedance of a parallel wire transmission — 


line does not depend on the velocity of energy on the line 


What factors determine the characteristic impedance of a 
parallel-conductor antenna feed line? The distance between 
the centres of the conductors and the radius of the 
conductors 


Any length of transmission line may be made to appear as an 
infinitely long line by: Terminating the line in its 
characteristic impedance 


The characteristic impedance of a 20 metre piece of 
transmission line is 52 ohms 


Feed Line Questions E 


The impedance of a coaxial line: 
can be the same for different diameter line 


Balanced & Unbalanced Feed Lines 
س‎ 
A balanced transmission line: is made of two parallel wires 


What is parallel-conductor feed line? Two wires side-by-side held apart by 
insulating rods 


What kind of antenna feed line is made of two conductors held apart by 
insulated rods? Open-conductor ladder line 


What kind of antenna feed line can be constructed using two conductors which 
are maintained a uniform distance apart using insulated spreaders? 600 ohm 
open-wire 


Balanced & Unbalanced Feed Lines - 2 


e 
What is an unbalanced line? Feed line with one conductor connected to ground 


What is a coaxial cable? A center wire inside an insulating material which is 
covered by a metal sleeve or shield 


A flexible coaxial line contains: Braid and insulation around a central 
conductor 


What device can be installed to feed a balanced antenna with an unbalanced feed 
line? A balun 


What does the term "balun" mean? Balanced to unbalanced 


ES ш. 


Balanced & Unbalanced Feed Lines - 3 


Where would you install a balun to feed a dipole antenna 
with 50-ohm coaxial cable? Between the coaxial cable 
and the antenna 


A 75 ohm transmission line could be matched to the 300 
ohm feedpoint of an antenna: by using a 4 to 1 balun 


Popular Antenna Feed Lines 


Why does coaxial cable make a good antenna feed line? It is 
weatherproof, and its impedance is higher than that of most amateur 
antennas 


What is the best antenna feed line to use, if it must be put near grounded 
metal objects? Coaxial cable 


What commonly available antenna feed line can be buried directly in the 
ground for some distance without adverse effects? Coaxial cable 


If you install a 6 metre Yagi antenna on a tower 50 metres from your 
transmitter, which of the following feed lines is best? RG-213 


What are some reasons not to use parallel-conductor feed line? It does not 
work well when tied down to metal objects, and you must use an 
impedance-matching device with your transceiver 


TV twin-lead feed line can be used for a feed line in an amateur station. 
The impedance of this line is approximately: 300 ohms 


Connectors 
سسس‎ ͤ ͤ — 
What common connector usually joins RG-213 coaxial cable to an HF 
transceiver? A PL-259 connector 


What common connector usually joins a hand-held transceiver to its 
antenna? A BNC connector 


Which of these common connectors has the lowest loss at UHF? A type-N 
connector 


Why should you regularly clean, tighten and re-solder all antenna 
connectors? To help keep their resistance at a minimum 


Line Losses 


Why should you use only good quality coaxial cable and connectors for a 
UHF antenna system? To keep RF loss low 


In what values are RF feed line losses expressed? 
dB per unit length 


Losses occurring on a transmission line between transmitter and antenna 
results in: less RF power being radiated 


If the length of coaxial feed line is increased from 20 metres (65.6 ft) to 40 
metres (131.2 ft), how would this affect the line loss? It would be 
increased by 100% 


What are some reasons to use parallel conductor feed line? It 
operate with a high SWR, and has less loss than coaxial cable 


Line Losses E 


— Û 
If your transmitter and antenna are 15 metres apart, but are 
connected by 65 metres of RG-58 coaxial cable, what should 
be done to reduce feed line loss? Shorten the excess cable 


The lowest loss feed line on HF is: 300 ohm twin- lead 


As the length of a feed line is changed, what happens to signal 
loss? Signal loss increases as length increases 


As the frequency of a signal is changed, what happens to signal 
loss in a feed line? Signal loss increases with increasing 
frequency 


Standing Waves төт 


Ifthe characteristic impedance of the fsedine does not match the antenna input impedance 
then: standing waves are produced in the feedline 


The result of the presence of standing waves on a transmission line is: reduced transfer of 
RF energy to the antenna 


What does the standing wave ration means? ratio of maximum to minimum voltages on a 
feed line 


What does an SWR reading of 1:1 mean? 
The best impedance match has been attained 


What does an SWR reading of less than 1.5:1 mean? А fairly good impedance match 


А resonant antenna having a feed point impedance of 200 ohms is connected to a feed 
line and transmitter which have an impedance of 50 ohms. What will the standing wave 
ratio of this system be? 4:1 


What kind of SWR reading may mean poor electrical contact between parts of an antenna 
system? А jumpy reading 


Standing Waves en 


What does a very high SWR mean? The antenna is the wrong length, or 
there may be an open or shorted connection somewhere in the feed 
line 


If your antenna feed line gets hot when you are transmitting, what might this 
mean? The SWR may be too high, or the feed line loss may be high 


The type of feed line best suited to operating at a high standing wave ratio 
is: 600 ohm open-wire 


SWR meter measures the degree of match between transmission line and 
antenna by: comparing forward and reflected voltage 


Impedence Matching E 


What device might allow use of an antenna on a band it was not designed 
for? An antenna tuner. 


What does an antenna matching unit do? It matches a transceiver to а 
mismatched antenna system 


What would you use to connect a coaxial cable of 50 ohms impedance to 
ап antenna of 35 ohms impedance? An impedance-matching device 


When will a power source deliver maximum output to the load? When the 
impedance of the load is equal to the impedance of the source 


Impedence Matching E 


What happens when the impedance of an electrical load is equal to the internal 
impedance of the power source? The source delivers maximum power to the 
load 


Why is impedance matching important? So the source can deliver maximum 
power to the load 


To obtain efficient power transmission from a transmitter to an antenna requires: 
matching of impedances 


If an antenna is correctly matched to а transmitter, the length of transmission line: 
will have no effect on the matching 


If the centre impedance of a folded dipole is approximately 300 ohms, and you are 
using RGBU (50 ohms) coaxial lines, what is the ratio required to have the line and 
the antenna matched? 6:1 


Impedance A reading (for interest only) 


DEFINITIONS 


Impedance, denoted Z is an expression et me орровйоп hat an electronic component cect, or system otters 10 
. par vo! ores сд ots arene 
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Impedance 


In series circuits, resistances and reactances add together independently. Suppose a resistance of 
100.00 ohms is connected п a series circuit with an inductance of 10.000 7H At 4.0000 MHz, the 
complex impedance is: 


ZAL = R n- 10000 251.35 


Ia capacitor of 0.0010000 2F is put in place ot the inductor, 


е resulting complex impedance at 4.0000 MHz Is: 
ZC = A (XC = 100.00- рала 

Ital мге components are connected in seres, then the reactances add, yielding a complex impedance ol 
ZRLC 100 « 251.5. 00.780 = 100 4 1211.5 


"This is the equivalent ol a 100-ohm resistor in series with an inductor having «211.5 ohms of 
reactance. Al 4.0000 MHz, this reactance is presented by an inductance of 8.415 2H, as determined by 
plugging the numbers into the formula for inductive reactance and working backwards (See the 
definition of tor this formula, and for the corresponding formula for capacitive reactance.) 


Parallel RLC circuits are more complicated to analyze than are seres circuits. To calculate the effects 
of capacitive and inductive reactance in parallel, the quantities are converted to inductive susceptance 
and capacitive susceptance. Susceptance is the reciprocal о! reactance Suscoplance combines with 
conductance, which is the reciprocal of resistance, 1o form complex admittance, which is the reciprocal 
©! complex impedance. 


Appendix 


Impedance matching 


Levers do it. 
Pulleys do it. 

Ramps, transformers, gears, megaphones, and wheelbarrows do it. 
Even screws do it. 


Match impedance, that is. 


Impedance is the opposition to the flow of energy. 


If you try to lift your refrigerator, you will experience an opposition to the flow of energy. 
The refrigerator wil just sit there, and you wil get tired. The ability of your muscles to lift 
the weight is not matched to the weight 


There are a number of ways you can И! а 500 pound refrigerator by matching the. 
impedance of your muscles to the impedance of the load. You could push the load up а 
ramp. You could use a lever, or a block and tackle, or a hydraulic jack, or a screw jack. 
Each of these devices allows you to trade lifting the 500 pound load for lifting a smaller 
load, say 50 pounds. You generally trade off time, pushing 50 pounds for ten seconds 
instead o 500 pounds in one second. The samo amount of energy is expended, but at a 
much lower power level 


Appendix 


When impedances are mismatched, energy put into the system is reflected back. I you jump on a see- 
. end, you will bounce back olt as Il you were on a diving board. But 
if you move the fulcrum closer to the retigerator, you can jump onto the see-saw, and your end wil 
move down, ing the heavy load at the other end. 


You can line up a row of biliard balls, and hit the row withthe cue ball, and the ast bal in the row wil. 
shoot ой down te tabe. But if опе ol the balls is made ol steel, fe cue ball wil simply bounce off of it 
and most of ће energy wil be relected. 


We can match the impedances to get the steel ball to move. We put а row of balls in font of it, each. 
опе made of а slighty lighter weight material than tha last, until the ball nearest us is almost the same 
mass as the cue Бай. Now the speeding cue bal wil stop dead when 1 hits the row ol balls, and the 
‘Stee ball wil slowly move о! down the table, having absorbed al of Ie energy. 


When you shout to а friend who is underwater in а swimming pool, tho sound from your voice bounces 
ой the water, and very litle sound anergy gets to your friend's ears. But take a trafic cono and put the 
батон end ûf into the water and shout into he large end. Now your friend can hear you, because 
the low pressure sound waves over а largo area аге converted into high pressure waves over a small 
area, and the water moves from the high pomer sound. Here we are not trading timo. Instead, we are 
trading а large area for a smaller ono. 


An electrical transformer also matches impedance. It takes high voltage, low current energy, and 
matches to a load the needs low voltage, high current. It also works the other way around. Without 
the transformer, most of ihe energy is reflected back to ihe source, and Ме work gets done, 


A water nozzle is an impedance matcher. So is cupping your hand behind your ar. A telescope is an 
impedance matcher. So is a magnifying glas, or a winding mountain road, or the gears on your 
bicycle. Now that you are aware of impedance malchors, you wil start to see them everywhere. 
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PROPAGATION - INTRO 


Propagation: how radio waves get from point A to point B. 
The events occurring in the transmission path between two 
stations that affect the communications between the stations. 


When the electrons in a conductor, (antenna wire) are made to 
oscillate back and forth, Electromagnetic Waves (EM waves) 
are produced. 


These waves radiate outwards from the source at the speed of 
light, 300 milion meters per second. 


Light waves and radio waves are both EM waves, differing only 
in frequency and wavelength. 


PROPAGATION - INTRO CONT'D 


EM waves travel in straight lines, unless acted upon by some 
outside force. They travel faster through a vacuum than through 
any other medium. 


As EM waves spread out from a point they decrease in strength in 
what is described as an "inverse square relationship". 


A signal 2 km from the source will be only 1/4 as strong as that 1 
km from the source. A signal 3 km from the source will be only 1/9 
that at the 1 km point. : 


ee 


HOWEVER 
Modern receivers are very sensitive f, 
and extremely small powers provide usable ѕісйаі8° 


Waves can be received many thousands of kilometers from the 
transmitting station. Voyager 2 transmitted signals over many 
billions of kilometers from outer space with only 25 W of power. 


RADIO WAVES 


Electric 
Field, E 


Propagation 
— 


+ Electromagnetic radiation comprises both an Electric and a Magnetic 
Field 


+ The two fields are at right-angles io each other and the direction of 
propagation is at right-angles to both fields. 
+ The Plane of the Electric Field defines the Polarisation of the wave. 


RADIO WAVES CONT'D 


Two types of waves: 
Transverse waves and Longitudinal 


Transverse waves: 
vibration is from side to sid 
right angles to the direction in which they travel 


Guitar string vibrates with чер 
transverse motion. 

EM waves are always 
transverse. O 
айка 


RADIO WAVES CONT'D 


* Longitudinal waves: 

* Vibration is parallel to the direction of 
propagation. Sound waves, Pressure waves are 
longitudinal.Oscillate back and forth, vibrations 
along or parallel to their direction of travel 


A 


A wave in a "slinky" is a good visualization. 


POLARIZATION 


The polarization of an antenna is the orientation of 
the electric field with respect to the Earth's surface 
and is determined by the physical structure of the 
antenna and by its orientation 


Radio waves from a vertical antenna will usually 
be vertically polarized. 


Radio waves from a horizontal antenna are 
usually horizontally polarized. 


оюн On 
Maximum Radiation, Ге 
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Direction of Propagation 


Vertically polarized omnidirectional Horizontally polarized 
dipole antenna directional yagi antenna 


RADIO WAVES CONT'D 


RADIO WAVES 


М. Ј 


LINE OF SIGHT, GROUND WAVE, 
SKY WAVE 


Ground Wave is a surface wave that propagates close to the surface of the 
а 


Line of Sight (Ground wave ог Direct Wave) is propagation ої waves 
Taveling 1n a Straight ne. The rays or waves are deviated or reflected by 
obstructions and cannot travel over the horizon or behind obstacles. Most 
common of the radio propagation modes at VHF and higher frequencies. At 
higher frequencies and in lower levels of the atmosphere, any obstruction 
between the transmitting antenna and the receiving antenna will block the 
Signal. just ike the ight that the eye senses 


Space Waves: travel directly from an antenna to another without reflection 
on the ground. Occurs when both antennas are within line of sight of each 
another, distance is longer that line of sight because most space waves 
bend near the ground and follow practically a curved path. Antennas must 
display a very low angle of emission in order that all the power is radiated in 
direction ofthe horizon instead of escaping in the sky. A high gain and 
horizontal polarized antenna is thus highly recommend 


Sky Wave (Skip/ Hop/ lonospheric Wave) is the propagation of radio waves 
Bent (retracted) back to the Earth's surface by the ionosphere, HF radio 
communication (between 3 and 30 MHz) is a result of skywave propagation. 


LINE OF SIGHT, GROUND WAVE, 


SKY WAVE 


E 


, A 


LINE OF SIGHT, GROUND WAVE, 
SKY WAVE CONT'D 


The range of sky-wave propagation is much longer than ground-wave propagation. васе: 


When a signal is returned to earth by the ionosphere, this s called sky-wave propagation, 
Racó 


УНР signals are propagated within the range of the visible horizon by direct wave. алсаз 


Line-of-sight propagation usually occurs from one hand-beld VHF transceiver to another 
nearby. dee as 


"That portion of the radiation which is directly affected by the surface of the earth is called 
ground wave. касат 

A line of sight transmission berween two stations uses mainly the ground wave, каса: 

‘The distance travelled by ground wave is less at higher frequencies, ac з 


‘The dis wave which flows а path om the transmiter fo the ionosphere and back 10 earth 
is known correctly as the ionospheric wave, касез 


Reception of high frequency (HF) radio waves beyond 4000 km is generally possible by 
ionospheric wave. deer 


Skywave is another name for ionospheric wave. rac 62 


IONOSPHERE REGIONS 


* The ionosphere is the uppermost 
part of the atmosphere, it is 
ionized by solar radiation. 


lonization is converting an atom or 
molecule into an ion by light 
(heating up or charging) from the 
sun on the upper atmosphere. 


exosPHERE 
Creates an horizontally stratified." ` 
medium where each layer has , ™™omene 

a peak density and a definable 

width, or profile. 


Thus, it influences radio 
propagation 


IONOSPHERE REGIONS CONT'D 


Solar radiation ionizing the outer atmosphere causes the ionosphere to for 
Ultraviolet solar radiation is most re 

The ionosphere is most ionized at midday. rac: 

The jonasp st ionized shortly before dawn. 


The D ionos 


othe earth, м 


teur bands tend to be use 
ht hours is because of D-regi 


ly for shor 
on absorption. 


ionosphere is below the F layer. rac 


one of the ionospheric layers splits into two pans called FI & F2, sac 
and F2 sub-regi 


teo xist only in the daytime. вас е 


sance radio-wave propagation 
because it is the highest ionospheric ace 


PROPAGATION, HOPS, SKIPS 
ZONES 


Multihop: via the F2-layer can reach ОХ stations in 
goin several hops communicating on the other side of 
the Earth. 


It's subject to fading and attenuation each time the radio 
wave is reflected or partially refracted at either the 
ground or ionosphere results in loss of energy signals, 
can also be stable with few attenuation if the ionospheric 
absorption is very weak. 


HF SIGNAL PROPAGATION 
A SWALFED VIEW 


20 and 15m are the best for 
this type of traffic. In these 
bands you can work stations 
A0 f over 10000 km away, 
ind, from Europe. 


PROPAGATION, HOPS, SKIPS 
ZONES 


Attenuation: when the distance doubles, the signal becomes half less 
‘strong. obstacles placed between emitter, receiver, and travelling around 
the earth; radio waves lose their energy as they forced to bend to follow the 
earth curvature. 


Reflection: similar to its optical counterpart as wave enters in contact with а 
‘Surface. Long wavelengths, from 80 meters long and above don't practically 
"see" small obstacles like cars, trees or buildings. These objects are 
proportionally too small cant reflect ts energy. The long waves pass thus 
across these materials without be reflected. Due to its large surface, long 
waves are however reflected by the ground and can penetrate it up to some 
meters depth. VUE waves (2m and 70 cm long) are on the contrary very 
sensitive to small obstacles. Depending of their thickness metal objects can 
be used as reflectors. 


Refraction: the bending of waves that occurs when they pass through a 
medium (air or ionosphere) produce variation in the velocity of waves that 
tend to go further or dropping sooner that expected, For example, the wave 
refracts and bend gradually given the appearance that the path is curved. 


PROPAGATION, HOPS, SKIPS 
ZONES 


Diffraction: due to its high frequency bends around the edge of the object 
and tends to make the borders of it lighter. That means that some light 
reaches well some places that we considered as plunged into darkness. 

The same effect applies to radio waves. A spot located out of sight from a 
transmitter, say behind a hill, can receive weakly its emissions because its 
Signals are bending gradually by dffracion and can reach the remote 
receiver. This effect has practically no influence in HF because waves arrive 
usually to the receiver by many other means such as refraction or reflection 
in the upper atmosphere, including sometimes ground waves if the 
transmitter is not too far (say 150-200 km away). 


Skip Zone: the region between the furthest transmission points and the 
nearest point refracted waves can be received. Within this region, no signal 
can be received as there are no radio waves to receive. 


Skip Distance: the least distance between point of transmission and the 
point of reception 


INCOMING 
WAVE 


REFLECTED 
WAVE 


Attenuation is the reduction in amplitude 
and intensity of a signal. Can also be 
understood to be the opposite of 
amplification. Attenuation is important in. 
determining signal strength as a function 
of distance 


Diffraction refers to various. 
phenomena associated with wave 
propagation, such as the bending, 
spreading and interference of waves 
passing by an object or aperture that 
disrupts the wave 


PROPAGATION, HOPS SKIPS 
ZONES 


EAS 
Я 
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PROPAGATION, HOPS SKIPS 
ZONES CONT'D 


The maximum distance along the earth's surface that is normally covered in one hop using the 
F2 region is 4000 Кт (2500 miles). 


The maximum distance along 
E region is 2000 Km (1200 mil 


earth's surface that is normally covered in one hop using the 


The distance to Europe from your location is approximately 5000 Km. Multihop propagation 
is most likely o be involved. 


THE IONOSPHERIC LAYERS 


The D layer: is the innermost layer, 50 km to 90 km above the surface of the Earth. when 
ihe suns ative with 50 or more sunspots, During the night cosmic rays produce а 
residual amount of ionization as a result high-frequency (HF) radio waves arent reflected 
by the D layer. The D layer is mainly responsible for absorption of HF radio waves, 
particularly aL 10 MHZ and below. with progressively smaller absorption ав the frequency 
Sets higher. The absorption is small at night and greatest about midday. The layer 
Feduces greatly after sunset. A common example of the D layer in action is the 
disappearance of distant AM broadcast band stations in the daytime. 


The E layer: is the middle layer, 90 km to 120 km above the surface of the Earth. This 
(ayer can only reflect radio waves having frequencies less than about 10 MHz. thas a 
negative effect on frequencies above 10 MHz due to its partial absorption of these waves. 
‘At night the E layer begins to disappear because the primary source of ionization ls no 
longer present. The increase in the height of the E layer maximum increases the range lo 
which radio waves can travel by reflection from the layer. 


The F layer: or region, is 120 km to 400 km above the surface of the Earth Itis the to 
most ayer o} the ionosphere. Here extreme ultraviolet (UV) (10-100 nm) solar radiation 
ionizes atomic oxygen (O). The F region is the most important part of the ionosphere in 
terms of HF communications. The F layer combines into one layer at night, and in the 
resence ol sunlight (during daytime), t divides ino two layers, the ЕТ and Р2 The F 
yers are responsible for most skywave propagation of radio Waves. and ате thickest 


and most reflective of radio on the side of the Earth facing the sun. 


PROPAGATION, HOPS SKIPS 
ZONES CONTD 
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Fue 
0.250 sie ER 


D layer 25-55 miles 


E 
F, layer 00-135 milos 


Night Day F layer < 250 miles 


THE IONOSPHERIC LAYERS 
CONT'D 


lonospheric Storms: Solar activity such as flares and coronal mass ejections produce 
ge electromagnetic radiation incident upon the earth. It leads lo disturbances of the 

ionosphere and changes the density distribution, electron content, and the ionospheric 

current system. Gan disrupt satelite communications and cause a loss of radio 

Frequencies prevously rellecing о he lonosphere.lonespheri storms can last typically 
га day or £o. 


When the ionosphere is strongly charged (daytime, summer, much solar activity) longer 
waves will be absorbed and never return to earth. You don't hear distant AM broadcast 
stations during the day. Shorter waves will be reflected and travel further. Absorption 
occurs in the D layer which is the lowest layer in the ionosphere. The intensity of this 
layers increased ав the sun climbs above the horizon and Is greatest at noon. Radio 
waves below 3 or 4 MHz are absorbed by the D layer when itis present. 


When the ionosphere is weakly charged (night time, winter, low solar activity) longer 
waves wil tavel considerable date bul shore waves may pass [os ne 
Ionosphere and escape into space. УНЕ waves pul his tiek al he lime, hence their 
Short range and usefulness for communicating with satelites. 


Faraday Rotation: EM waves passing through the ionosphere may have their 
polarizations changed to random drectons. Waves decomposed irto two crulaly 
Polarized rays which propagate at dierent speeds. The rays can re-combine upon 
emergence kom the fonasphere, however owing tothe difference in propagation speed 
they do so win a net phase offset, resulting ina rotation of the angle o near 
polarization 


THE IONOSPHERIC LAYERS 
CONT'D 


Solar radiation, acting on the different compositions of the 
atmosphere generates layers of ionization 


Studies of the ionosphere have determined that there are at 
least four distinct layers of D, E, FI, and F2 layers. 


The F layer is a single layer during the night and other periods 
of low ionization, during the day and periods of higher ionization 
it splits into two distinct layers, the F1 and F2. 


There are no clearly defined boundaries between layers. These 
layers vary in density depending on the time of day, time of 
year, and the amount of solar (sun) activity. 


The top-most layer (F and F1/F2) is always the most densely 
ionized because it is least protected from the Sun. 


ABSORPTION AND FADING 


Fading of signals is the effect ata receiver do fo a disturbed propagation path. A local station 
wil come in clearly, a distant station may rise and fal in strength or appear garbled. Fading may 
фе caused by a variety of factors: e O x 


A reduction of the ionospheric ionization level near sunset. 


Multi-path propagation: some of the signal is being reflected by one layer of the ionosphere 
and some by another ayer. The signal gets to the receiver by two diferent routes The received 
Signal may Be enhanced or reduced by the wave interactions. In essence, radio signals 
reaching the receiving antenna by two or more paths. Causes include atmospheric ducing, 
ionospheric reflection and retraction, and reflection from terrestrial objects, such as mountains. 
and Buildings. 


Increased absorption as the D layer builds up during the morning hours. 


Difference in path lengths caused by changing levels of ionization in the reflecting 
layer. 


E layer starts to disappear radio waves will pass through and be reflected by the F layer, thus 
causing the skip zone to fall beyond the receiving Station 


Selective fading: creates a hollow tone common on international shortwave AM reception. The 
Signal artes at fe receiver by two diferen path, and at feast ono o the paths Is changing 
(lengthening or shortening). Ths typcaly happens in he early evening or early morning as he 
Varius layers in the lonosphere move, separate, and combine. The two paths can both be 
Skywave or one be groundwave. 


ABSORPTION AND FADING 


The ionization of the D region causes the ionosphere to absorb radio waves. кас 
The D region of the ionosphere absorbs lower-frequency HF signals in the daytime. aac + 


Two or more parts of the radio wave follow different paths during propagation and this may 
result in phase differences at the receiver. This "change" at the receiver is called 
fading. касе 

A change or variation in signal strength at the antenna, caused by differenc 
is called fading. cies 

When a transmitted radio signal reaches a station by а one-hop and two-hop skip path, small 
changes in the ionosphere can cause variations in signal strength. rac оз 


in path le 


‘The usual effect of ionospheric storms is t0 cause a fade-out of sky-wave signals. rac о 


(On the VHF and ОНЕ bands, polarization of the receiving antenna is very important in 
relation to the transmitting antenna, yet оп HF bands it is relatively unimportant. This is 
because the ionosphere can change the polarization of the signal from moment to 
moment. 

Polarization change often takes place on radio waves that are propagated over long distances. 
Reflections, passage through magnetic fields (Faraday rotation) and refractions all 
cause polarization change. 


ABSORPTION AND FADING 


Phase differences between radio wave components of the same transmission, as experienced 
atthe receiving station cause selective fading. 


Selective fading is more pronounced at wide bandwidths. 


Reflection of a SSB transmission from the ionosphere causes 
little or no phase-shift distortion. 


Different paths 


Transmission signal Received signal 


SOLAR ACTIVITY AND SUN 
SPOTS 


+ The most critical factor affecting radio propagation is solar activity and the sunspot 
cycle. Sunspots are cooler regions where the temperature may drop to a frigid 
4000K. Magnetic studies of the sun show that these are also regions of very high 
magnetic fields, up to 1000 times stronger than the regular magnetic fiel. 


+ Our Sun has sunspot cycle of about 22 years which reach both a minima and 
maxima (we refer to a 11 year low and high point or cycle). When the sunspots 
are at their maximum propagation is at its best. 


* Ultraviolet radiation from the sun is the chief (though not the only) source of 
ionization jn the upper atmosphere. During periods of low ultraviolet emission the 
ionization level of the ionosphere is low апа radio signals with short wavelengths will 
passthrough and be lost to space. During periods of high ultraviolet emission higher 
levels of ionization reflect hig 
much longer distances, 


er frequencies and shorter wavelengths will propagate 


SOLAR ACTIVITY AND SUN 
SPOTS CONT'D 


Emission of larger amounts of ultraviolet radiation 
Corresponds to increased surface activity on the 


Length of a solar cycle can vary by one or two. 
years in either direction from the 22 and 11 year 
Average but it has remained near this value 
throughout geologic бте. 


itr nac a yes 
e 
түр 
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Solar Flux (Index): is a measure of the radio 
Energy emitted Tom the sun, The solar flux value is 
considered to be one of he best ways of eatin 
Solar actly lo propagation. When sun spot cycles 
Bi iheir peaks the solar lux may have a value over 
200. Wien the sun spot cycle is at ts lowest point 


the solar flux values can be as low as 50 or 60. The| 
higher the solar flux value ino better propagation 


SOLAR ACTIVITY AND SUN 
SPOTS CONT'D 


+ Electromagnetic emissions and particle emissions hit the Earths ionosphere 
at various speeds with different energy levels. Effects of their impact varies 
accordingly but mainly with sky waves. The particles emitted are 
accompanied by a tiny pulse of electromagnetic radiation. Electromagnetic 
and particle radiations can potentially modify the ionosphere and affect its 
properties. 


+ Electromagnetic emissions hit first the F-layer of the ionosphere increasing 
its ionization; atoms and molecules warm up and free one or more electrons. 
The higher the solar activity, the stronger the ionization of the F-layer. А 
strong ionization of the F-layer increases its reflecting power. Stronger the 
ionization, the higher the maximum usable frequency (MUF), exceeding 
regularly 40 or 50 MHz in such occasions. 


+ Particle emissions are constituted of high-energy protons electrons forming 
solar cosmic rays when the sun releases huge amount of energy in Coronal 
Mass Ejections (CME). These particles of protons and heavy nuclei 
propagate into space, creating a shockwave. The pressure created by the 
particles clouds is huge and has a large effect on the ionosphere 
communications are interrupted. 


SOLAR ACTIVITY AND SUN 
SPOTS 


All communication frequencies throughout the spectrum are affected in varying degrees by 
the sun, Races 

Solar activity influences all radio communication beyond ground-wave or line-of-sight 
ranges. RAC té 


Solar flux isthe radio energy emitted by the sun. 
"The solar-lux index is a measure of solar activity that is taken at a specific frequency. 
mm 


‘Two types of radiation from the sun that influence propagation are electromagnetic and 
particle emissions, sacies 

‘The ability of the ionosphere to reflect high frequency radio signals depends on the 
‘amount of solar radiation. sace 

‘The greater the ionization of the atmosphere the more sunspots there are. 

‘An average sunspot (propagation) cycle is 11 years long. ac вв 


When sunspot numbers але high, frequencies up to 40 MHz or higher are normally usable 
fue lonc-distanee eommnnteation iris 


MF, HF CRITICAL FREQUENCIES 


Critical Frequency: the penetrating frequency and the highest frequency at which a radio 
Wave I directed vertically upward, wil be reracted back lo earih by ап ionized layer 
Radio waves at a Tequency above The Сайса! Frequency wil not be reftactodrellected 
This will create a zone around the transmitter that will nol receive signals known as the 
Skip Zone. The size of this zone will vary with the layer in use and the frequency in use. 


Maximum Usable Frequency (MUF): the highest frequency that will be reflected back to 
E ULIS aaa ud i Iregueney ner end recon and hus no sp 
МОР depends on he layer nat is responsible la reracton reflection and so contact 
Between wo stations relying on skip ͤ the amount of sunspot дей уйу. the time 
of day. and the time of year latitude of the two stations an le 
The MUF is not significant affected by transmitter power 


Usable frequency (МОЕ). The POT is usually the mast effective frequency for ionospheric 
тёйесйоп ot radio waves between two speciled ponis on Ear =" " 


The lowest usable high frequency (LUF): the frequency in the HF band at which the 
e cien rv Were be ee poii e required aret rose rata, The amount 
of energy absorbed by the lower regions of the ionosphere (D region, primarily) direct 
impacts the LUF ae s Ua 


Angle of incidence: is a measure of deviation of something from "straight on", for 
example in the approach of a ray lo a surface. 


MF, HF CRITICAL FREQUENCIES 


Above Critical Frequency 


Maximum Useful Frequency 
(MUF) 


Frequency of optimum 
transmission (FOT) /Optimal 
Working Frequency (O 


Lower Absorption Frequency 
(ALF) / The lowest Usable 
frequency (LUF) 


MF, HF CRITICAL FREQUENCIES 


ranger). 
Range (em) 
waves of the same frequency at 
incident angle and refraction transmission angle is higher "several diferent bewegen 


Е (and incident) angles 


+ Earth's Geomagnetic Fields: Activity in this field caused by 
interaction with charged particles from the sun can affect 
propagation. 


BEACONS - 10 METERS 


Operated by Amateur operators to determine propagation conditions. Ten meter 
beacons can be found between 28.175 and 28.300 MHZ. Beacons usually identity 
their location and power output by CW. Amateur operators can use this information to 
determine if favorable conditions exist between their location and the beacon's 


NODXFIIARU International Beacon Network 


нню 4 


BEACONS (HF)1.8170 - 24.9860 MHZ 
(THERE ARE MANY MORE!!!!) 


CALLSIGN FREQUENCY GRID LOCATION POWER — ANTENNA 
pm лато cles Plettenberg Bay m NA 
eber ию NA NA NA NA 

BKOWCY — 3570 doe Scheggerott 30 dipole 
ЕД 3505 Sies Plettenberg Bay NA NA 
окен 36000 — 2070АС Kam Zehrovice asom age 
zsiacl 70850 KFiGEA George Airport 1 pote 
Zee 101225 КР16РЕ Plettenberg Bay NA NA 
OkoeF 10120 — 30708C Kladno som dipole 

HPHCPR 104% FJOSHD testing intermittant. 2 vereal 
PYaPSE 101400 GF49KX Porto Alegre, 85m аз! 2 dpoleNS 
нс юм NA off (ausser Betrieb) мА NA 

okowcY 10140 504% Scheggerott 20 Horizioop 
Luane мм NA South Atlantic NA NA 

HPIAVSIS 180800 FJOSHD Cerro Jefe M. 
кн» 210 NA он (Kihel/ Maul, HI) „ verte AVEO 

WESSEAB 211455 uss Crabbe Mtn, NB. zom NA 
pyapsi cams ағаокх Porto Alegre, 85m аз! 4 slope dipole 
IKSBAK ты 2мезкя NA „ гараа 

an 20920 — JNSAOK  Bologna(Marconi Memorial) 2 oP 
DKOHHH stete 3OS3AM  Hamburg-Rothenburgsort „% poles 
Jena zasao омол Fukushima NA NA 


MF, HF CRITICAL FREQUENCIES 


The maximum usable frequency is the highest frequency signal that will reach is 
intended destination. xac:ss 

The amount of radiation received from the sun, mainly ultraviolet, causes the maximum. 
usable frequency to vary. Rsc-68 

One way to determine if the Maximum Usable Frequency (МОР) is high enough to support 
28-MHz propagation between your station and western Europe is to listen for signals 
on the 10-metre beacon frequency. 4c:66 

If we transmit a signal, the feequescy of which is so high we no longer receive reflection 
from the ionosphere, the signal frequency is above the maximum usable frequency 
(МОР), suce 

Radio waves with frequencies below the Maximam Usable Frequency (MUF) when they are 
sent into the ionosphere are Бем back to the earth. fte es 

The Optimum Working Frequency provides the best long-range HF communication, 
Compared with the Maximum Useable Frequency (MUF), it is usually slightly lower. 
hen) 

Signals higher in frequency than the critical frequency pass through the ionosphere. 


MF, HF CRITICAL FREQUENCIES 
CONT'D 


During а sudden ionospheric disturbance an amateur station may be ble w continue HF 
communications i i wies a hlgher frequency. taces 


During summer daytime the 160 and 80 metre bands are the most difficult for 
‘communications beyond ground wave, RAC:69 

Communication on the 80 metre band is generally most difficult during daytime in summer. 
юса 

At any point in the sola cycle, the 20-mete bard usally supports worldwide propagation 
during daylight hours. ces 


UHF, VHF, SPORADIC E, AURORAS 
DUCTING 


Pro above 30 MHz is normally not affected by conditions of the ionosphere. 
‘These rado waves pass rough the ionosphere without refraction and escape to space. 
These frequencies aro useful for Direct Wave communication and for working Amateur 
satellites (ARISS / OSCAR) and moon-bounce (EME). The 6 metre band is an 
exception as under condilons of high sunspot activity it acquires some of he 
characteristics of the 10 metre band. 


The VHF band and above use direct waves and line of sight communications, The range 
of propagation can be slighty greater at mes by a factor of 43 due to refraction effecis 
in he Troposphere. This means under the ight conditons, you can make contact with 
Slations beyond the horizon. The effects diminish as the frequency increases. In certain 
favorable locations, enhanced troposphere propagation may enable reception signals u 
10 800 miles or more. Other conditions which affect the propagation of УНЕ signals (and 
above) aro 


Sporadic-E: strongly ionized clouds can occur in the "E" layer of the ionosphere and 
VET signals wil bo retracted back to earth extending the range to a few thousand 
kilometers, Conditions occur prima in the spring and at fal, Url recently 50 MHz (6 
metre band) was considered lo be the highest frequency useable for Sporadic-E. 
operation. Increased 2 metre activity in the last decades show several DX records have 
been set using suspected Sporadic-E propagation and the highest frequency at which 
this propagation mode can be used must be considered to be as yet unknown, 


UHF, VHF, SPORADIC E, AURORAS, 
DUCTING 


Temperature Inversion / Troposphere Ducting: Certain weather conditions 
produce a layer of air in the Troposphere that will be at a higher temperature 
than the layers of air above and below it. Such a layer will provide a "duct" 
creating a path through the warmer layer of air which has less signal loss than 
cooler layers above and below. These ducts occur over relatively long 
distances and at varying heights from almost ground level to several hundred 
meters above the earth's surface. This propagation takes place when hot days 
are followed by rapid cooling at night and affects propagation in the 50 MHz - 


450 MHz range (6 meter, 2 meter, 1 1/4 meter and 70 centimeter bands). 
Signals can propagate hundreds of kilometers up to about 2,000 kilometers 
(1,300 mi 


EARTH 


UHF, VHF, SPORADIC E, AURORAS, 
DUCTING 


Northern Lights is evidence of 
strong ionization in the upper 
atmosphere and can be utilized to 
reflect signals. Requires a relatively 
high power transmitter and both 
stations point their antennas north 
toward the aurora. The preferred 
mode when working VHF aurora is 
CW although SSB can be used at 
50 MHz. The received tone quality 
when using CW is very different 
than what you may be used to. 
Characteristic buzz, echo, very 
raspy and garbled tones can be 
expected. 


The reason auroral signals sound different is they are being reflected by changing and 
rapidly-moving reflector (the ionised gases in the aurora). This results in multi-path 
reflections and the introduction of doppler shift into the signals. 


UHF, VHF, SPORADIC E, AURORAS, 
DUCTING 


Hilly Terrain: mountainous area signals tend to be much shorter than those in open. 
Gourry, Signals are reflected off mountains and are also absorbed by them. Ia signal 
passes over the top of a hil it may bend or refract back down the other side. 


The Concrete Jungle: Propagation in the city i sinlar to the eects found in 
mountainous erai A city wil often be plagued by "mobilo utter, caused by multiple 
feñecionsl fe sional ol linge. A tens of 2 cm or o can mako ай be lors in 


{he world. Working through a repeater can be complicated by he fac that you are usi 
{wo different frequencies (some imes called fence picketing) "9 


Equatorial E-skip: a regular daytime occurrence over the equatorial regions and is 
Соттоп in the temperate latitudes in lale spring, early summer and, to a lesser degree, in 
early winter. For receiving stations located within +- 10 degrees of the geomagnetic 
quator, equatorial E-skip can be expected on most days throughout he year, peaking 
around midday local time. 


loon — Earth (ЕМЕ) ladio amateurs have been 
experimenting Г] UHF signals off the moon 
Between any two points that can observe the moon at a common time. Distance from earth 
means path losses are very high. The resulting signal level is often just above the noise. 


UHF, VHF, SPORADIC E, 
AURORAS, DUCTING 


"The E ionospheric region most affects sky-wave propagation on the 6 metre band, 


"That portion ofthe radiation kept close to the earth's surface due to bending in the 
‘mosphere is called the tropospheric wave. 

‘Tropospheric ducting of radio waves is caused by a temperature inversion. nac 610 

‘Tropaspheric ducting is responsible for propagating а VHF signal over 800 kM (500 miles) 


"Tropospheric bending affects 2-metre radio waves by letting you contact stations farther 
away илсе 


Excluding enhanced propagation modes, the approximate range of normal VHF tropospheric 
Propagation is 800 KM (500 mile), 


A sporadie-E condition occurs when there are patches of dense ionization at E-regicn 
height. aac s10 

The extended distance propagation effect of sporadic-E is most often observed on the 
G metre band. асан 


In the northern hemisphere, a directional antenna should be pointed North to take maximum 
advantage of auroral propagation. mac 610 

In the ionosphere, auroral activity occurs at E-reglon height. aac: s10 

CW and SSB emission modes are best for auroral propagation, васе 


SCATTER, HF, VHF,UHF 


Scatter : A propagation type which occurs on a frequency very close to the maximum usable 
dec ee а weak and distorted signal when heard wi in a Skip zone since ony 

aris of ihe signal is being recovered. lonosphon scatter lakes place as a resul of anomalies 
Inthe propagating layer of the ionosphere Dat is being used for а particular path. Patches of 
intense lonisation, or local variations in height, can cause abnormal retraction o take place 
Differences in Ine angles of incidence and retraction occur allowing aver the-horizon 
communication between stations as far as 500 miles (800 km) аран. 


Tropospheric scatter (or troposcatter) : Signals via the troposphere travel farther than the 
Teor Suit isis becas oie ekk a UNICA Scand takes place the арпа ОГ 
the received signal depends on the number of turbulences causing scatter in the desired 
direction and the gain of Ine receiving antenna. The signal take- o angle (ransmiting 
antenas ange of radiator) determines the height le cater volume and he а ofthe 
Scatter angle: The tropospheric region that contibules most strongly о troposphere scatter 
Propagation lies near the midpoint between the transmitting and receiving antennas апа just 
Above tn ado horizon of he antennas. This effect sometimes alows reception of stations up 


SCATTER, HF, VHF,UHF 


Rain Scatter: A band of very heavy rain (ог rain and һай) can scatter or even reflect 
signals. Distances are typically around 160 km. though up to 650 km (400 mi) is 
theoretically possible. (Note that heavy snow is not an useful reflector). Ice Pellet 
Scatter (called Sleet Scatter in the US). is similar to Rain Scatter but is caused by 
bands of Ice Pellets in the wintertime. — 


Trans-Eguatorial Scatter: it possible for DX 
recepton of Television and řadio stations 
between 3000-5000 miles or 4827-8045Km 
across the eguator on frequencies as high as 
432MHz.. DX reception of lower frequencies in. 
the 30-70MHz range is far more common. For 
this mode to work both transmitting and 
receiving stations should be almost the same 
distance from the equator. 


Aircraft Scatter (Tropospheric Reflection): s: 
reflection off aircraft, (reflections off of flocks of 

birds are also possible). A rare form of reflection is 

"Chaf Scatter (strips of metal foil sent out by the ¿EEx 
military during training exercises). Chat helps to 79 — 
confuse enemy radars. but also helps to produce 

DX. Maximum distances for all reflection modes 

аге again up to 800 km (500 mi) 


SCATTER, HF, VHF,UHF 


Meteor Scatter: as Meteors bum up entering the atmosphere it creates a quantity 
of ionized particles which reflect VHF radio waves. CW or SSB can make several 
rapid contacts during the brief openings that do occur. These openings may last 
from a few seconds to a minute ог so. 


EM —— 


Lightning Scatter: there is litte documentation on it but the theory is that 
lightning strikes produce ionized trails a mode that is very hard to distinguish and 
rarely reported. 


SCATTER, HF, VHF,UHF 


‘Scatter propagation would best bo used by two stations within each others skip zone on a certain frequency. 


Il you receive a weak, distorted signal rom a distance, and close to maximum usable frequency, scatter 
propagation is probably occuring. 


A wavering sound is characteristic of HF scatter signals 


Energy scattered into the skip zone through several radio-wave paths makes HF scatter Signals оеп 
sound distorted 


НЕ scatter signals are usually weak because only a small part of the signal 
skip zone. 


ergy is scattered into the 
‘Scatter propagation allows a signal to be detected at a distance o far for ground. wave propagation but to near 
for normal ky wave propagation. 


‘Scatter propagation on the HF bande most otten occurs when communicating on frequencies above the 
‘maximum usable frequency (MUF) 


Side, Back, and Forward, Meteor, lonospheric, and Troposphoric are а! scatter modes. 
Inverted and Absorption are NOT scatter modes. 
In the 30 — 100 MHz lrequency range, meteor scatter i the most affective lor extended-range communications. 


Meteor scatter is he most fective on the 6 metre band. 


Sample Questions From The IC Question Bank 


A To medium which elects HF ai waves back to the ars surco ct: 
pene 

шоо 

jenn 

egeta 
r—————————M 
Sanpete 

ШУ 

aclare 

E 

© дн cycles av an average length ot: 

И 

—————— —A—— 
Bre gorge gud one эн is 
D 

ab 

ae 

oF 

2 rhe once to Europe tom your осол is approximately 5000 ken wa sor of 
Easter temo trier 

ace 

ciao scaner 

e 

e 


-END- 


INTERFERENCE 


Interference 8 Suppression 


Front-End Overload, Cross-Modulation 
What is meant by receiver overload? Interference caused by strong signals trom a 


nearby transmitter 


«What is one way to tell if radio frequency interference to a receiver is caused by front-end 
overload? It the interference is about the same no matter what frequency is used for 


the transmitter 
«if a neighbour reports television interference whenever you transmit, no matter what band 
you use, what is probably the cause of the interference? Receiver overload 


«What type of filter should be connected to a TV receiver as the first step in trying to prevent 
RF overload from an amateur HF station transmission? High-pass 


«When the signal from a transmitter overloads the audio stages of a broadcast receiver, the 
iransmitted signal: can appear wherever the receiver is tuned. 


Front-End Overload, Cross-Modulation от 


— — — 
+Cross-modulation of a broadcast receiver by a nearby transmitter would be 

noticed in the receiver as: the undesired signal in the background of the 
desired signal 


'odulation interference? Modulation from an unwanted signal i 
п to the desired signal 


+What is the term used to refer to the condition where the signals from a very 
strong station are superimposed on other signals being received? Cross- 
modulation interference 


+What is the result of cross-modulation? The modulation of an unwanted signal 
heard on the desired signal 


«if a television receiver suffers from cross-modulation when a nearby amateur 
Then bass operating at 14 MHz. which of the folowing cures might be effective? 
A high pass filter attached to the antenna input of thé television 


«How can cross-modulation be reduced? By installing a suitable filter at the 
receiver 


Audio Rectification etc. pa 


What sound is heard from a public address system if audio rectification of a 
nearby single-sideband phone transmission occurs? Distorted speech 
from the transmitter's signals 


What sound is heard from a public address system if audio rectification of a 
nearby CW transmission occurs? On-and-off humming or clicking 


How can you minimize the possibility of audio rectification of your 
transmitters signals? By ensuring that all station equipment is properly 
grounded 


An amateur transmitter is being heard across the entire dial of a broadcast 
receiver. The receiver is most probably suffering from: cross-modulation 
or audio rectification in the receiver 


Cross-modulation is usually caused by: rectification of strong signals 


Audio Rectification etc. con 


What devices would you install to reduce or eliminate audio- 
frequency interference to home entertainment systems? 
Bypass capacitors 


Stereo speaker leads often act as antennas to pick up RF 
signals. What is one method you can use to minimize this 
effect? Shorten the leads 


Stereo amplifiers often have long leads which pick up 
transmitted signals because they act as: 


receiving antennas 


Audio Rectification etc. m 


What device can be used to minimize the effect of RF pickup by audio 
wires connected to stereo speakers, intercom amplifiers, telephones, etc.? 
Ferrite core 


One method of preventing RF from entering a stereo set through the. 
speaker leads is to wrap each of the speaker leads around a: ferrite core 


What should be done if a properly operating amateur station is the cause of 
interference to a nearby telephone? Ask the telephone company to install 


RFI filters 


\ 


Intermodulation 8 Key Clicks —€— 


If someone tells you that signals from your hand-held 
transceiver are interfering with other signals on a frequency 
near yours, what may be the cause? Your hand-held may be 
transmitting spurious emissions 


If your transmitter sends signals outside the band where it is 
transmitting, what is this called? Spurious emissions 


What problem may occur if your transmitter is operated 
without the cover and other shielding in place? It may 
transmit spurious emissions 


A parasitic oscillatioi 


is an unwanted signal developed in 
a transmitter 


Intermodulation 8 Key Clicks E 


Parasitic oscillations in the RF power amplifier stage of a transmitter may be 
found: at high or low frequencies. 


Transmitter RF amplifiers can generate parasitic oscillations: on either side of the 
transmitter frequency 


In Morse code transmission, local RF interference (key-clicks) is produced by: the 
making and breaking of the circuit at the Morse key 


Key-clicks, heard from a Morse code. transmitter at a distant receiver, are the 
result of: too sharp rise and decay times of the carrier 


How can you prevent key-clicks? By using a key-click filter 


In a Morse code transmission, local RF interference (key-clicks) is produced by: 
Sparking at the key contacts 


Key-clicks can be suppressed by: inserting a choke and a capacitor at the key 


Harmonics, Splatter etc. тн 


——Є 
If a neighbour reports television, interference оп опе or two channels only when 


{рш transmit on 15 metres, what is probably the cause of the interference? 
larmonic radiation from your transmitter 


What is meant by harmonic radiation? Unwanted signals at frequencies which 
les of the fundamental (chosen) frequency 


Why is harmonic radiation from an amateur station not wanted? It may cause 
interference to other stations and may result in out-of-band signals 


What type of interference may come from a multi-band antenna connected to a 
poorly tuned transmitter? Harmonic radiation 


It you are told your station was heard on 21,375 kHz, but at the time you were 
operating on 7,125 kHz, what is one reason this could happen? Your transmitter 
was radiating harmonic signals 


Your amateur radio transmitter appears to be creating interference to the television 
оп channel 3 (60-66 MHz) when you are transmitting on the 15 metre band. Other 
channels are not affected. The most likely cause is: harmonic radiation from the 
transmitter 


Harmonics, Splatter etc. 


One possible cause of TV interference by harmonics from an SSB 
transmitter is from "flat topping" - driving the final amplifier into non-linear 
operation. The most appropriate remedy for this is: reduce microphone 
gain 


In a transmitter, excessive harmonics are produced by: overdriven 
stages 


‘An interfering signal from a transmitter is found to have a frequency of 57 
MHz (TV Channel 2 is 54 - 60 MHz). This signal could be the 
transmission of the second harmonic of a 10 metre transmission 


Harmonics may be produced in the RF power amplifier of a transmitter if: 
excessive drive signal is applied t 


What causes splatter interference? Over-modulation of a transmitter 


Use of Filters, etc. эе 


What type of filter might be connected to an amateur HF transmitter to cut down on 
harmonic radiation? A low pass filter 


In order to reduce the harmonic output of a high frequency (HF) transmitter, which 
of the following filters should be installed at the transmitter? Low pass 


To reduce harmonic output from a transmitter, you would puta . in the 
transmission line as close to the transmitter as possible: А low pass filter 

Why do modern HF transmitters have a built-in low pass filter in their RF output 
circuits? To reduce harmonic radiation 


What should be the impedance of a low pass filter as compared to the impedance 
of the transmission line into which itis inserted? About the same 


A low pass filter suitable for a high frequency transmitter would: 
attenuate frequencies above 30 MHz 


A high pass filter would normally be fitted: at the antenna terminals of the TV 
receiver 


Use of Filters, etc. p 


+ When considering filters remember 
High pass filters go on the receiver end 


Low pass filters go on the transmitter 


Use of Filters, etc. m 


What circuit blocks RF energy above and below a certain 
pass filter 


A band pass filter will: allow only certain frequencies through 


A band reject filter will: pass frequencies each side of a band 


-END- 
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OPEN COMMUNICATION 


How Phased Array Antennas Work 


One of these exotic antennas is 
in your future. 


hat do you think of when you hear the term antenna? Do you 


icture a cell phone 


tower, an old TV antenna, a vertical whip antenna used for CB radio, or a wire 
antenna used by hams? Or, something else completely? 


Antennas come in a wide range of forms 
depending on the application, service, and 
frequency of operation. Some antennas you 
can't even see - like the four or five units in your 
smartphone. These antennas are single element 
devices, a metal structure, or printed circuit 
board (PCB) pattern that are connected to a 
receiver or transmitter by a transmission line, 


Now, another type of antenna is emerging to address 
the forthcoming exotic 5G cellular systems and other 
advanced wireless products like Wi-Fi routers. This antenna 
is the phased array: a group of antennas that work together 
to provide some significant benefits and capabilities not 
available with the simple antennas we know, 

Phased arrays have been used for years in military 
radars for long range detection of missiles. They're also 
widely used in military and commercial aircraft radars and 
some satelites, These phased arrays are expensive, but 
today thanks to new technology and higher frequencies, 
phased arrays are smaller and more affordable making. 
them practical for new wireless devices. This article is an 
introductory tutorial on this special antenna type you need 
то knaw about 


Antenna Types 


Different types of antenna elements are used to make 
up an array. Those commonly used in phased arrays are the 
dipole and patch; refer to Figure 1. The dipole is a basic 
half wavelength conductor fed at the center. A patch is 
usually a half wavelength copper square on а PCB. Other 
antenna types have been used. The spacing between the 
antenna elements varies with the design but is generally а 
litle more or less than a half wavelength. 

Remember the relationship between frequency (f) 
and wavelength ( 


f= 300. 
A= 300/1 
Here, Aisin meters and fis in MHz. 
For example, a frequency of 1,296 MHz has a 
wavelength of 


A= 300/1296 = 023 meters or 23 cm 


A half wavelength is: 


М2 = 11,5 cm or about 4.5 inches 


(NOTE: There are 2.54 em per inch.) 


Also keep in mind that the length of an antenna 
depends on the frequency of operation. A half wavelength 
is generally computed with the expression: 

1= 492/1 
where fis the frequency in MHz and the length L is in feet, 
This formula can also be used where L is in meters 


DET 


The higher the frequency, the smaller the antenna. At 
* 


Feed lines 


M2 


(a) Dipole (b) Paren | 


Figure 1. Common antenna types: (a) half wave dipole; (b) patch, 
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Figure 2.The radiation patterns of a dipole (a) and a patch (b). 


the lower frequencies, the antennas are just too large to 
be practical, For example, at 30 MHz, a halí wavelength is 
about 16.4 feet long. A multiple array would be enormous. 
However, at 5 GHz or 5,000 MHz, a half wavelength is 
опу: 

% = 150/5000 = 0.03 meters or 1.18 inches 


Bigger arrays at the higher frequencies are smaller and 
more practical 

Many of the new SG cellular systems will operate in 
the millimeter wave bands; 28 GHz is an example. One 
half wavelength at this frequency is only 


2/2 = 150/28000 = 0.00536 meters or 0.21 inches. 


A ball wavelength at 60 GHz (a popular unlicensed 
frequency band) is only: 


3/2 = 150/60000 = 0.0025 meters or roughly 0.1 inches. 


At these frequencies, large arrays can be packaged in a 
small space. The antenna array may even be small enough 
to integrate on a semiconductor chip along with the 
related circuitry. This translates into phased arrays inside 
smartphones and other portable equipment. 

Figure 2a shows the radiation pattern of a basic dipole. 
lis figure 8 pattern causes most power to be radiated 
broadside from the antenna element and also some in 
other directions, except in those directions at the ends of 
the antenna elements. By using multiple antennas in an 
array, the radiation pattern can be shaped into a narrower. 
beam as shown in Figure 2b, This pattern or lobe is 
made up of multiple signals from multiple antennas in the 
array. The signals are focused, making them stranger and 
allowing the beam to be pointed in a desired direction, 


Phased Array Defined 


A phased array is two or more antennas used together 
to provide some desired characteristic or feature not 
available with a single antenna, An array is usually a 

es ИЛИМИ Septembor/October 2018 


Figure 3. А 16-patch array оп a PCB. The back of the 
board is а solid copper backplane that serves as a 
reflector. Feed lines are not shown, 


collection of multiple antennas arranged in a matrix of rows 

and columns or some other pattern 
Figure 3 shows an example using 16 square patch 

antennas on a PCB. The antennas in the matrix are 
individually fed units, but collectively they work together 
as a single antenna, The backside of the PCB has a copper 
backplane that acts as a reflector, Feed lines are not shown, 
The whole idea of the phased array is to achieve some 
features. These key features are: 

ation, Some types of 

antennas boost the signal level or effective radiated 
power (ERP) as if greater signal power is used. Gain 
applies to both transmitting and receiving, 

+ Directivity = Directvity implies that the antenna 
is тоге effective in ane direction or another. 
Directivity means that the signal is narrowly focused 
in one direction. This focusing of the signal is what 
creates the antenna gain. Figure 2 showed the 
broad radiation pattern of а standard dipole and the 
radiation pattern or lobe) of a phased атау, 

+ Interference Minimization = Pointing the antenna. 
in a particular direction means that is less effective 
in the other directions. This feature helps eliminate 
‘or reduce interference for signals coming in (rom. 
‘ther directions. Nulls can be created to take out 
undesirable signals. 

+ Steerable - Phased arrays can be adjusted to 
reposition a lobe on-the-ly. The direction of the signal 
сап be changed electronically to optimize the gain. 
This allows them to scan horizontally and/or vertically. 


Phase 
shifter 


Attenuator 


Power divider 


Transmitter 
power amplifier 
[2] 


Phased Array Operation 


Phased arrays implement what we call beamforming, 
This is done by taking the radiation patterns of each of 

the antennas in the array and adding them together in 
such a way that they concentrate the energy into a narrow. 
beam or lobe. The individual antenna signals are said to 
be interfering with one another either constructively or 
destructively. Some signals combine to form a stronger 
‘composite signal, while others partially cancel one anather 
out 


Antenna 
element 


signal level and phase to each 
antenna element 
Phase shifters introduce a 
short delay that can be varied. 
These phase shifters and 
attenuators can be adjusted 
electronically so that changes can 
bbe made quickly as needed, 
Figure 4 shows how the 
phase shifters influence the 
composite signal. The red curve 
represents the wave frant fram 
each antenna. With no delay 
оп the top antenna and equal 
incremental delays on the lower 
elements, you can see that the 
delayed waves occur further out 
in time to the right, Then, they 
combine to create a composite. 
wave front that is shifted upward at an angle. 
This older method used separate 
attenuators, phase shifters, and other 
components. A newer approach is modular 
That is, the antenna element and related 
transmit and receive amplifiers, shifters, attenuators, and 
switches are packaged together as a module; refer to 
Figure 5. In transmit mode, the signal from the transceiver 
passes through the attenuator, phase shifter, and T/R 
switch to the power amplifier and then to the antenna 
In receive mode, the signal from the antenna passes 
through the T/R switch to the low noise amplifier and 
through the phase shifter and attenuator to the receiver 
section of the transceiver. 


Combined 
wavefront 


The radio signal to be transmitted is a sine 
wave. When you algebraically add two sine 
waves of the same frequency but different 
phases, you get another sine wave of the 
same frequency but with a different amplitude 
and phase. By manipulating the phase and 
amplitude of the signal at each antenna, the 
composite beam can be varied in both width 
and length (power level). Plus, the beam can 
be steered to point in а desired direction. 
There are several ways to implement 
the phased array. The older analog method. 
is shown in Figure 4, The RF signal from the 
transmitter power amplifier (РА) is sent 
Хо a power divider that splits the RF into 
‘equal amounts of signal, creating multiple 
paths to the antennas. The signals pass 
through attenuators and phase shifters 
that allow individual adjustment of the 
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These modules can be packaged 


together as an array as needed, 56 Active Antenna Array Formation 
ur | ышт TVs Plenar Antenna 


commercial product available to Forming 
implement phased arrays is the 

Anokiwave family of milimeter wave | [MIMO 
phased array frontends. The AWMF- [Encoder] 
0139 operates in the 24 to 26 GHz 

band allocated to the coming 5G мимо 
cellular networks It encapsulates [Decoder] 
four modules per IC. Figure 6 shows 

how 64 of these chips can be used 


1o make а 4 x 64 = 256 element 


array. Another similar IC is Analog Anokiwave 
Devices ADAR1000. Quad Core IC 
MIMO 

Phased array antennas can also. Courtesy of Anokiwave, Inc. 
be used for multiple input multiple 
‘output (MIMO). MIMO is a technique Figure 6.The Anokiwave AWMF:0139 IC contains four antenna modules. 
that transmits the same data with multiple | Thesa ICs are mounted on the back of the PCB with the patch array on the 

front. 


antennas over the same path in the same 
bandwidth. This does two things 
First, each signal takes а slighty different route lo the | For example, the 256-element array could be arranged 


receiving antennas, The result is less fading and greater to provide four 64-element arrays or sixteen 16element 

data reliability. Second, MIMO multiplies the data rate by | arrays. With beam steering capability, the signal path can 

а factor that is determined by the number of transmit and | be optimized for best performance 

receive antennas. Common configurations are 2 x 2, 4 x 2, Also, 5G cellular radios operating in the millimeter 

4 x 4, and В x В, where the first number is the number of | wave bands will use MIMO to give gigabit data rates, The 

transmit antennas and the second number is the number of | big hurdle is putting a phased array into a smartphone. 

receive antennas. handset. Initially, two antennas will be used and later will 
A multielement phased array can be partitioned into | be increased to four. MIMO is also widely used in WiFi 

sections making it suitable for some MIMO applications. — | routers, NV 


Learn About Charlieplexing LEDs 
Build The 


Analog Style 


LED Clock 


Get the kit from the Nuts & Volts Webstore 
store.nutsvolts.com 
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Technology, and Silent Broadcast Tools 


For experimental use in the research of 
Silent Broadcasting of Freguencies, Energy Imprinting, 
Vortex Science, Scalar Wave Energy, Quantum Entanglement, 
Hyper-Dimensional Action and what Albert Einstein referred to as 
"Spooky Action at a Distance." 


These Imprinting Plates are especially useful in generating Scalar Waves and Scalar Wave research. 
In physics, a scalar is a simple physical quantity that is not changed by coordinate system rotations 
or translations. A Scalar Wave propagates through the dimensional time, but not through the 
dimensional space. Scalar Waves form nonlocal potential energy, carry information and have fractal 
structure, and do not decay over distance. Scalar Waves store energy and information in a dimension 
“outside of our 3D space“ and the stored energy can be released by "closing the circuit” in our 3D 
dimension. 


Wikipedia states: Scalar waves are produced when two electromagnetic waves of the same frequency 
are exactly out of phase (opposite to each other) and the amplitudes subtract and cancel or destroy 
each other. The result is not exactly an annihilation of magnetic fields but a transformation of energy 
back into a scalar wave. 


This technology is based on "Bell's Theorem" and the work of Cleve Baxter whose experiments 
proved the existence of Quantum Entanglement and non-local particle interaction or what Albert 
Einstein called "spooky action at a distance." 


An RLC circuit in electronics is able to tune into the ambient radio waves if it is in harmony with the 
frequency. Our DNA is more than a data storage unit. It's a quantum antenna able to send and receive 
data. The DNA has access to a vast pool of information outside of our 3D dimension and creates 
Scalar Waves and receives them if they are in tune with the "frequency". No information gets lost 
through this super advanced technology inside our cells. Our brain is such a tuning machine. 
Information is not stored in our brain. Our brain is a "interface" or "modem" creating a connection to 
a higher dimension. The EM-Field created by our brain makes all cells in our body resonate. Each 
DNA structure reinforces this field. 


Water is affected by Scalar Waves and resonates with the Scalar Waves when micro-clusters are 
formed. 70% of our planet is covered by water, and our body is also made of 70% water. Humans have 
а collective consciousness and a collective memory. Experiments and empirical data proves that we 
are all connected to each other. The tools presented on this page enable one to access this amazing 
non-local dimensional space. 


Increases the capability and usefulness of: 


iPods, Smartphones, MP3 and CD Players 

~~ Computers and Home Stereo Systems -- 

requency Generators such as the GB-4000 

= BioPhoton Instruments such as the ABPA A2 — 
— Radionic Instruments -- 

— Homeopathic Remedy Makers — 
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12/1722, 821 AM Vortex Imprinting Plates, Experimental Hyper Dimensional Scalar Wave Antennas 
QS-12 QUANTUM SCALAR 
THE QS-12 IS OUR MOST POPULAR, VERSATILE, AND POWERFUL UNIT! 
Copper Tracings, 12 Gold-plated Triangular Neodymium Magnets 
Stand alone, Universally Device-connectable 


12 Divisions on 4 Layers for Maximum Vortex Energy 


Medium size: Н 6.9" (175 mm) -W 5.2! 


$270 


(133 mm) 
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DESCRIPTION: This is our exclusive QS-12 designed to take an input signal from your source device (such 
as iPods, Smartphones, MP3 and CD Players and others listed below) and channel it through the precisely- 
designed, geometrically-coherent pattern. The input signal will follow a complex current path of layers and 
angles which form nodes or vortex points (tiny tornadoes) designed to greatly enhance whatever you are 
playing through your source device. The QS-12 is a powerful Imprinting Plate and Silent Broadcasting Device 
(SBD), made simple to use. 


As the input signal travels from your source device through the geometrically designed circuitry of the QS-12, 
the signal oscillates at numerous frequencies simultaneously and is multiplied as a result of the vortex action 
at the node points (where the copper tracings intersect each other on all four layers). Fortunately, the resulting 
frequencies and harmonics are not audible; instead, they are silently broadcast as harmonious energy to the 
surrounding environment. 


The QS-12 includes 12 precisely-placed, gold-plated, high-power, neodymium magnets on the surface of the 
geometric array which greatly amplify the broadcasting capability of this design. The 12 magnets are carefully 
Polarized with the negative north (-N) side of the magnets facing up. 


TO USE: The 05-12 has 2 sets of connectors on the face and using either Set 1 or Set 2 will imprint or 
broadcast the harmonic frequency pattems generated by your source device. Set 4 (black jack and red switch 
at the bottom center) receives a male connector fram your source device and the switch selects stereo or 
mono mode; Set 2 (black banana jack at bottom left and red banana jack at bottom right) receives 2 male 
connectors from your source device. 


Set 1 is a standard 3.5mm jack which can be switched to either stereo or mono operation. When the mode 
switch is set to STEREO, it universally connects to the headphone or output jack of iPods, Smartphones, 
MP3 or CD players, and Notebook and Desktop Computers. When the mode switch is set to MONO it 
connects to mono devices such as radionic machines, homeopathic imprinters, homeopathic remedy makers, 
and many frequency instruments such as the F165. Set 2 has two standard banana jacks for easy connection 
to many frequency instruments which use banana plug output connectors such as the GB-4000 and SR-4 
Amplifier. 


HOW OUR CUSTOMERS ARE USING IT: 1) SILENT BROADCASTING: Plug the 05-12 into a source 
device (iPod, Smartphone, MP3 or CD Player, PC or Mac Computer) to silently broadcast Hertz frequencies 
of music, tones, and other sounds. 2) IMPRINTING: Plug the QS-12 into a source device (iPod, Smartphone, 
MP3 or CD Player, frequency generator, or homeopathic remedy maker) and place objects to be imprinted (a 
glass of water, jewelry) in the center array of the QS-12, and imprint with your source device for at least 5 
minutes. 3) BOOSTING: Plug the OS-12 into a source device (iPod, Smartphone, MP3 or CD Player, 
frequency generator, radionic instrument, or homeopathic remedy maker) and place objects to be boosted 
(vitamins, supplements, food, homeopathic remedies and tinctures), and boost with your source device for at 
least 5 minutes. 


QS-30 QUANTUM SCALAR 


Copper Tracings, 12 Gold-plated Triangular Neodymium Magnets 


Stand alone, Universally Device-connectable 
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saa 821 AM Vortex Imprinting Plates, Experimental Hyper-Dimensional Scalar Wave Antennas 
12 Divisions on 4 Layers for Maximum Vortex Energy 


Large size: Н 10.5" (267 mm) - W 8.25" (209 mm) 


$370 
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This is the largest and most powerful Universal Vortex Imprinting Plate and Hyper-Dimensional Antenna. It 
has been designed with extra-wide copper tracings to make it capable of handling more power. It is both 
stand-alone and universally device connectable to most any source with a standard 3.5mm output jack. It 
connects easily to CD players, iPods, mp3 players, notebook and desktop computers, radionic instruments, 
homeopathic imprinters, homeopathic remedy makers, and frequency instruments such as the GB-4000. 


GS-72 GOLDEN SECTION STAR SCALAR 
This is the most powerful accessory for the GB-4000 and SR-4 
Exquisitely Designed Copper Tracings with Massive Backplane Technogy 


Designed to connect to the GB-4000 Frequency Generator 
ог SR-4 Amplifier 


5 Divisions on 2 Layers for maximum Vortex Energy 


Designed specifically for broadcasting frequencies to the local environment, 
to specific areas of concern without having to use hand cylinders and foot plates, 
and imprinting frequencies into water, juices, supplements, wine, and jewelry using intricate golden 
ratio circuitry design 


Large size: Н 11" (278 mm) - W 8.4" (213 mm) 


$259 


or 


$90 


when purchased with a GB-4000 Frequency Generator 
and SR-4 Amplifier 


TOP VIEW 
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BOTTOM VIEW SHOWING FINELY DETAILED CIRCUITRY 
AND MASSIVE COPPER BACKPLANE 
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GS-72 with Vitruvian Man Overlay (not printed on actual board) 
showing beautiful Golden Ratio Geometry 
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TEX |MPRINTING PLATE 
ONAL ANTENNA 


This is our exclusive GS-72 Vortex Imprinting Plate and Scalar Wave Antenna designed specifically for the 
98-4000 Frequency Generator, SR-4 Amplifier, and other frequency generators. The GS-72 is universally 
device-connectable using either a standard BNC connector or banana plugs. 


‘Mounted to the top side is a standard BNC connector, which makes it universally connectable to most any 
audio source. 


most modem frequency instruments such as the GB-4000, F-165 
and many others. The GS-72 can also connect to many frequency instruments using the attached banana 
plug jacks. 
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Universal Scalar Imprinting Plate & Broadcast Antenna with BNC 
and Banana Plug Connections 
$270 
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This is the Universal Scalar Imprinting Plate & Broadcast Antenna with BNC and Banana Plug Connections 


and Hyper-Dimensional Antenna used worldwide by energy researchers, farms, ranches, agricultural 


operations, and radionic practitioners for geometrically coherent transmission and/or imprinting of energy, 


frequencies, and patterns. 


Connects universally to frequency generators and other instruments that use either a BNC or standard 


banana plug connectors. 


How are the Quantum Scalar Wave signals and mood tones generated and emitted without a speaker? 
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state technology. The electronic signals are delivered from a source device (such as a frequency generator or 
audio device) to the Universal Scalar Imprinting Plate & Broadcast Antenna with BNC and Banana Plug 
Connections (our proprietary design which is an improved version of the bifilar coil first patented by the father 
of modern electricity - Nikola Tesla - in 1894.) The resulting output is a powerful scalar wave, hyper- 
dimensional field that generates a feeling of calm, relaxed awareness to permeate a space without interfering 
with normal conversations or activities. 


Beautiful copper tracings. Amazing precision. Ours exclusive! 


(“ORDER NOW | 
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2022 Ouantum Radionic System, Consciousness Interface, 
Psychotronics Manifest Device 
$159 
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Quantum Radionic System - Consciousness Interface - Psychotronics Manifestation Device 
‘Symbolic Radionics Machine 


Incredibly precise nickel/gold-plated radionic array for maximum energy capability. 
Made in the USA 


New for 2022. Now available after years of careful research and design experimentation. The Quantum 
Radionic System was designed to be simple, economical, and powerfull 


What is Radionics? 


Radionics (sometimes called Psychotronics) is a science using a force or frequency pattern to identify and 
analyze a subject and then change that frequency pattern by means of broadcasting an energy (sometimes 
called Scalar Wave Technology) to the subject, regardless of distance. Radionics works in higher levels of the 
mind that may involve higher dimensions of reality and consciousness, possibly inter-dimensional. In other 
words, we transfer an energy to a subject to change a frequency. The easiest and most effective way to do 
this is by using a radionics instrument such as the Quantum Radionic System. 


Radionics Theory: 


Everything in the universe vibrates at a given or unique frequency. All forms of matter, whether organic or 
inorganic, and whether animate or inanimate, exist in and are connected by a vast field of energy that emits 
various pattems or wave forms. This force field exists around all forms of matter and touches all other fields. 
‘The more complex the system, the more complex the wave form. Living things, like humans and animals, 

emit a complex wave spectrum associated with the various organs and functions of the body. By tuning into 
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that unique frequency, you can affect the entire organism, object, or system. This is the foundation of holistic 
medicine. Albert Einstein, working with Boris Podolsky and Nathan Rosen, showed that in an entangled mass 
of atoms, you cannot affect one particle without immediately affecting all the particles of the entangled mass. 
This principle, which Einstein referred to as "spooky action at a distance”, is known today as "Quantum 
Entanglement’. “In this world, classical concepts like elementary particles, material substance or isolated 
objects have lost their meaning. The whole universe now appears as a dynamic web of inseparable energy 
patterns." (Research physicist Dr. Fritjof Capra, The Tao of Physics) 


‘The Quantum Radionic System combines all of the above radionic knowledge into a single instrument which 
can be thought of as an interface with higher dimensions of reality and consciousness. 


Using the Quantum Radionic System makes it easy for beginners, advanced users, and practitioners to 
achieve remarkable results because itis the instrument that does the work, not the operator. 
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Using the Quantum Radionic System: 
- Place a photograph, or a biological sample (fingernails, hair, saliva, etc.), or a handwritten name of the 
subject on the center Pyramidal Target Area 

- Place objects or samples of booster items to be sent to the subject on any or all of the 8 Sensor Booster 
Discs. These objects or samples may consist of vitamins, minerals, herbs, homeopathics, tinctures, or even 
small notes containing words such as: vibrant health, prosperity, abundance, happiness, vitality, love, 

balance, gratitude, longevity, immune system boost, safety, security, quick sale of real estate, etc. 

= Additional optional uses: the nickel/in/gold-plated rectangular Interface/Stick Plate can be used several 
ways. One way would be for the operator to place the fingers of the right hand on the Plate with the thought of 
sending intent into the system. Another way to use the Interface/Stick Plate would be as a classic "Stick 
Plate". The stick plate is operated by dragging one's fingers across this plate while placing objects on the 
‘Sensor Booster Discs. As the most beneficial object or substance is placed on the Disc, there is a point where 
the fingers stick more firmly to the plate than at any other settings. This is referred to in classic radionics 
literature as “getting the stick." This point of greatest sticking is an indication that itis the most beneficial 
energy for the subject. 


The Quantum Radionic System is made out of a durable and highly energetic, multi-layered resin material for 
years of regular use. The radionic design array which consists of the center Pyramidal Target Area, the 8 
‘Sensor Booster Discs, and the Rectangular Interface or Stick Plate are all nickel/tin/gold plated for maximum 
energy capability and consistent, stable results. 


‘The Quantum Radionic System board measures approximately 7 inches wide (18 centimeters) by 10 inches 
tall (25.5 centimeters). 
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SP-3 SCALAR VORTEX IMPRINTING PLATE 


Copper Tracings 


Stand alone, Device-connectable 
4 Equilateral Triangles on 4 Layers for Maximum Vortex Energy 


Medium size: Н 3.5" (90 mm) - W 3.5" (90 mm) 


$149 
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produce millions of miniature energetic vortices. 
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This is a Vortex Imprinting Plate and Hyper-Dimensional Antenna that is both stand alone and device- 
connectable. The SP-3 is one of our most powerful and popular compact designs. It is a Silent Broadcasting 
Device. It incorporates incredibly detailed and complex circuitry to produce vortex energy as the energy 
passes through 4 layers of equilateral triangles forming 12 divisions. These precise geometrical pathways 
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Mounted to the top side is a standard 3.5 mm output jack which connects to most any audio source. It 
connects easily to CD players, iPods, mp3 players, notebook and desktop computers, radionic instruments, 
homeopathic imprinters, homeopathic remedy makers, and frequency instruments such as the GB-4000. 


Gold Tracings 
Stand alone 


Powerful Lakhovsky Multi-Wave Oscillator (MWO) Design 


‘Small size: Diameter 2.2" (54mm) 
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The ultimate tool for re-balancing natural cellular oscillating rhythm. 


Our most inexpensive, yet highly effective energy tool! 


The Quantum Polarizer is a Longitudinal/Scalar wave antenna designed according to the well-researched 
energy principles of Georges Lakhovsky, Nikola Tesla, and Tom Bearden's "Energy From The Vacuum" 
discoveries. The Quantum Polarizer is an improved and miniaturized, personal version of the Multi Wave 
Oscillator Antenna developed by Georges Lakhovsky for the purpose of rejuvenating unhealthy cells by 
causing them to oscillate at a healthy vibrational rate. 


The Quantum Polarizer is an experimental gold-plated disk for self healing which captures natural cosmic 
energy from the environment thereby enabling cells to regain "healthy" molecular oscillation, which aids and 
promotes self-healing. The Quantum Polarizer may be placed on painful areas of the body, acupuncture 
points, or chakra points for helpful pain reduction, stress relief, and re-balancing of energy pathways. 


The Quantum Polarizer may also be carried on your person in a pocket or purse to assist їп relief from 
harmful electro-magnetic frequencies such as WIFI, cell phones, smart meters, and microwave transmission 
towers. 


The Quantum Polarizer is also effective for many other uses around the home. 


* Plant Growth Stimulation: placing the plate under a plant helps to promote healthy plant growth 
+ Energize water: Users have reported that placing the Quantum Polarizer beneath a glass of drinking water 
is an excellent way to energize, polarize, and detoxify the water 

+ Energize food: Users have reported that placing the Quantum Polarizer under a plate of food improves the 
taste and energy of food 


ABPA Sensor Energy Concentrator 
Copper Tracings 
Stand alone 
Powerful Toroidal Vortex Design 


Medium size: Diameter 4.0" (102 mm) 


$79 
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This unique Flanagan Sensor design incorporates the most powerful spiraling vortex based mathematics 
principals. This design is truly the template of our universe and the energetic essence of creation. 


QB-SENSOR 
Gold Tracings 
Stand alone 
Powerful Classic Flanagan "Sensor" Design 
Small size: Diameter 3.1" (80 mm) 


$49 


2028 


12122, 821 AM Vortex Imprinting Plates, Experimental Hyper-Dimensional Scalar Wave Antennas 


= A 


€“ ORDER NOW 


paypaj Elva SS end 


This powerful "Sensor" symbol of pyradmid evolution was used by Dr. Patrick Flanagan in the 1970's and 
1980's for his experimental work in dowsing, radionics, and pyramid energy experiments and was the basis of 
design for many products including the Flanagan Sensor Pendant. This Sensor plate can be used for a 
variety of energy experiments including charging water, food, suppliments, vitamins etc by placing the 
substance on the Sensor Plate for a period of time, usually several hours. It can also be used for body work 
by placing the Sensor Plate on various body meridians and acupuncture points during massage and healing 
sessions. 


QB-NUCLEAR 
Gold Tracings 


Stand alone 
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Powerful Classic Toroidal Design 


‘Small size: Diameter 3.1" (80 mm) 


$49 


( ORDER NOW 
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This powerful totoidal symbol of nuclear evolution was used by Dr. Christopher Hills їп the 1970's and 1980's 
for his experimental work in dowsing, radionics, and supersensonics as shown by the symbols to the right. 
You can read more about this powerful symbol in the books "Nuclear Evolution Discovery of the Rainbow 
Body" and "Supersensonics" by Dr. Christopher Hills. 


PWM-050 QUANTUM SCALAR 
Copper Tracings 
Stand alone, Universally Device-connectable 
5 Divisions on 2 Layers for Vortex Energy 


Medium size: Н 3.5" (88 mm) - W 3.6" (92 mm) 
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This is a Vortex Imprinting Plate and Scalar Wave Antenna. The PWM-050 is both stand alone and universally 
device-connectable. The PWM-050 does not have a 3.5 mm output jack on the board so connecting wires 
must be soldered to the board by the end user. 


CD players, iPods, MP3 Players, and Smartphones. It also connects easily to notebook and 
desktop computers, radionic instruments, homeopathic imprinters, homeopathic remedy makers, and 
frequency instruments such as the GB-4000. 
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PRYAMID PLATE 
Gold Tracings 
Stand alone 


Ideal for Pyramid Energy Experiments 


Small size: Н 3.0" (76 mm) - W 3.0" (76 mm) 


$54 
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This is a Pyramid Energy Plate. The Pyramid Plate is ideal for experimenting with the effects of Pyramid 


Energy using a two dimensional design. This is the same design that Christopher Hills used on the top of his 
Pi-Ray Coffer 


USEFUL FOR: Pyramid Energy experiments or building your own Christopher Hills Pi-Ray Coffer. 


MWO-50 LAKHOVSKY PLATE 
Copper Tracings 
Lakhovsky Multi-Wave Oscillator Device-connectable 
9 Lakhovsky Designs on 2 Layers for True Multi-Wave Oscillator Applications 


Medium size: 


Diameter 5.0" (127 mm) 


$90 
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This is a compact sized Lakhovsky Multi Wave Oscillator Antenna designed precisely to Golden Ratio 
proportions. 


PLUGS INTO: Lakhovsky Multi Wave Oscillator instruments and devices. Can also be used with many other 


high voltage Tesla-type devices. 
СЕ 


All Imprinting Plates are energetic in design and use and therefore cannot be returned. 
m: 2108 
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PART II— 
BUILDING AND USING 
BALUNS AND UNUNS 


The 1:1 Balun 


Sec 7.1 Introduction 


п this chapter I will introduce the most popular 
Е Balun in amateur radio use—the 1:1 

Balun, This topic been discussed in the amateur 
radio literature since the publication of Turrin's 1964 
article Although Turrin's Balun is really a version of 
Ruthroff’s, which was introduced in his classic 1959 
article“ the real beginning of the broadband 1:1 Balun 
dates back to Guanella's classic paper of 1944.3 
Guanella's objective was to design a broadband 16:1 
Balun to match the balanced output impedance of 960 
ohms of a push-pull, 100-watt vacuum-tabe amplifier 
to the unbalanced load of a matched 60-ohm coaxial 
cable. Use of his approach for 1:1, 4:1, and 9:1 Baluns 
has produced the designs of choice, They are present- 
ly called current or choke Baluns. 

‘This chapter begins with an introduction to the tech- 
nology of transmission line transformers. Other topics 
discussed include: 1) when to use а Balun; 2) high- 
fights of significant articles in the professional and 
amateur radio literature; 3) high-power, medium- 
power, and low-power designs; and 4) isolation trans- 
formers. The latter is presented here for the first time. 
‘The chapter closes with a brief summary of the signif- 
icant points included within. 


Sec 7.2 When to Use a Balun 


Baluns have taken on a more significant role in the 
past few decades with the advent of solid-state tans- 
ceivers and Class B linear amplifiers with unbalanced 
outputs. That is, the voltage on the center conductor 
of their output chassis connectors varies (plus and 
minus) with respect to ground. In many eases, coaxial 
cables are used as the transmission lines from these 
unbalanced outputs to antennas like dipoles, inverted 
Уз, and Yagi beams that favor a balanced feed. In 
essence, they prefer a source of power whose termi- 
nals are balanced (voltages being equal and opposite) 
with respect to actual ground or to the virtual ground 


Figure 7-1, An illustration of the various currents at the 
Jeedpoint of a dipole, 1) is the dipole current and I. the 
inverted L (imbalance) current. 


that bisects the center of the antenna. The question 
that is asked most frequently is whether а 1:1 Balun is 
really needed 

"To illustrate the problem involved and to give а 
basis for my suggestions, I refer you to Figure 7-1. 
Here we have, at the feedpoint of the dipole, two 
equal and opposite transmission line currents with two 
components each], and Tz. Also shown is the spac- 
ing, 5, between the center conductor and the outside 
braid. Theoretically, a balanced antenna with а bal- 
anced feed would have а ground (zero potential) plane 
bisecting this spacing. However, because a coax-feed 
s unbalanced and the outer braid is also connected to 
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ground at some point, an imbalance exists at the feed- 
point giving rise (o two antenna modes. One lies with 
y providing a dipole mode; the other lies with I, 
providing an inverted L mode, 

If the spacing, s, is increased, the imbalance at the 
feedpoint becomes greater--giving rise to more cur- 
Tent on the outer braid and a larger imbalance of cur- 
Tents on the antenna's arms. Several steps can be 
taken to eliminate or minimize the undesirable invert- 
ed L mode (that is, eliminate or minimize 1p). The 
obvious choice is to use a well-designed Balun that 
not only provides a balanced feed, but also minimizes 
(by its choking reactance) 17—17 the coaxial cable 
does not lic in the ground plane that bisects the center 
of the dipole, The other step is to ground the coaxial 
cable at a quarter-wave (ог odd-multiple thereof) from 
the feedpoint. This discourages the inverted I. mode 
because any radiating element will want to see a high 
impedance at these lengths instead of the low imped- 
ance of a ground connection 

T conducted experiments with Baluns on a 20-meter 
half-wave dipole at a height of 0.17 wavelengths, 
which gave a resonant impedance of 50 ohms. VSWR 
curves were compared under various conditions 
When the coaxial cable was in the ground plane of the 
antenna (that is, perpendicular to the axis of the anten- 
na), the VSWR curves were identical with or without 
a well-designed Balun—no matter where the outer 
braid was grounded, A significant difference was 
noted only when the coaxial cable was out of the 
ground plane. When the cable dropped down at a 45- 
degree angle under the dipole, a large change in the 
VSWR took place. This meant that the inverted 1. 
mode was appreciable, 

It should also be mentioned that the direction of I, 
the imbalance current, can depend upon the side on 
Which the coaxial cable is out of the ground planc of 
the dipole, For example, if the cable comes down 
under the right side in Figure 7-1 (that is, the angle 
between the horizontal arm and the coax is less than 
90 degrees on the right side and more then 90 degrees 
on the left side), then the direction of Iz can be 
reversed by the imbalance in the induced currents on 
the outside of the braid. By the same token, by having 
the coaxial cable coming down оп the other side, the 
value of E is only increased in magnitude, 

However, feeding a Yagi beam without a well- 
designed 1:1 Balun is a different matter, Because most 
Yagi designs use shunt-feeding (usually by hairpin 
matching networks) in order to raise the input imped- 


ance close to 50 ohms, the effective spacing (9) is 
greatly increased. Furthermore, the center of the dii- 
ven element is actually grounded. Thus, connecting 
the outer braid (which is grounded at some point) to 
опе of the input terminals, creates a large imbalance 
and a teal need for a Balun, An interesting solution, 
which would eliminate the matching network, is to 
use а step-down Balun designed to match 50-ohm 
cable directly to the lower balanced-impedance of the 
driven element? 

In summary, if you concur with the theoretical 
model of Figure 7-1, my experiments performed on 
20 meters, and the reports from radio amateurs using 
dipoles and inverted Vs without Baluns, then it 
appears that 1:1 Baluns are really needed for: a) Yagi 
beam antennas where severe pattern distortion can 
take place without one, and Б) dipoles and inverted Vs 
that have the coaxial cable feed lines out of the 
ground plane that bisects the antennas, or that are 
unbalanced by their proximity to manmade or natural 
structures. In general, the need for а Balun is nat so 
critical with dipoles and inverted Vs (especially on 40, 
80, and 160 meters) because the diameter of the coax- 
ial cable connector at the feedpoint is much smaller 
than the wavelength, 

TF my model, which assumes that a part of the prob- 
lem when feeding balanced antennas with coaxial 
cable is related to the size of the spacing, s (shown in 
Figure 7-1), then the possibility exists for using 
Ununs for matching into balanced antennas with 
impedances other than 50 ohms and with small values 
of s. For example, haif-wave dipoles at a height of 
about a half-wave, quads, and center-fed 3/2-wave 
dipoles—which all have impedances close to 100 
ohms—could very well be matched to 50-ohm cable 
by a 2:1 Unun. As 1 will show, they are considerably 
easier to construct than 2:1 Baluns, Furthermore, 
Genaille!O has recently shown considerable success 
using Ununs in this kind of application. 

“To wind up this section, I would like to comment on 
an article published by Eggers,'! WA9NEW, concern- 
ing the use of a Balun with a half-wave dipole. While 
at North Carolina State University, he conducted an 
experimental investigation of pattem distortion with- 
‘out a Balun at 1.6 GHz in an RF anechoic chamber 
(which simulates “free space”). Briefly, his results 
showed that, with a Balun (bazooka type). the antenna 
radiation pattern compared very favorably with the 
classic “figure-cight” Without the Balun, the radiation 
patter was severely distorted 


Even though the author expressed difficulty in 
obtaining accurate measurements at this very high fe. 
quency, 1 have a question regarding the validity of 
performing the experiment in the first place. From the 
photograph in the article, it appears that conventional 
coaxial cable and connectors were used in the experi- 
ment. If we assume an effective diameter of 0.375 
inches for these components, then scaling up to 3.5 
‘MHz (457.14 fold) results in a coaxial cable with a 
diameter of 14.28 feet! I am quite sure that the large 
spacing, s, of 7.14 feet would bring about a noticeable 
imbalance resulting in appreciable pattern distortion 
even at 3.5 MHz, 


Sec 7.3. Highlights of Significant 
Articles on 1:1 Baluns 


Although there have been many articles on 1:1 Baluns 
published in the professional and amateur literature, 1 
have selected for review a few that I believe have had 
the most impact on 1:1 Baluns for amateur radio use. 
As you will see, even though I consider some of the 
amateur articles significant their impact upon the use 
and understanding of these devices has not always 
been positive. In fact, in some cases, the opposite has 
been true. 


In the professional literature 


‘There are actually only two significant articles in the 
professional literature that provide the fundamental 
principles upon which the theory and design of this 
lass of transformers are based. It can be said that suc- 
ceeding investigators simply extended the works of 
the authors of these two articles. 

The first presentation on broadband matching 
transformers using transmission lines was given by 
Guanella in 1944.3 He coiled transmission lines 
forming a choke such that only transmission line cur- 
rents were allowed to flow, no matter where a ground. 
was connected to the loud. His single, colled trans- 
mission Jine resulted in a 1:1 Balun, Tt is shown sche- 
matically in Figure 7-2A, Prior to this, RF Baluns 
were achieved by the use of quarter and half-wave 
transmission lines, and as a result, had narrow band- 
widths. Guanella then demonstrated broadband 
Baluns with impedance transformations of 1:n? where 
‘rs the number of transmission lines he connected in 
а series-parallel arrangement, 

Several important points Should be made regarding. 
Ошапейа 1:1 Balun shown in Figure 7-2. With 
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Figure 7-2. Two versions of the 1:1 Balun: (A) the 
Guanella Balun and the basic building block; (B) the 
Ruthraff Balun as originally drawn. 


sufficient choking reactance, the output is isolated 
from the input and only flux-canceling transmission 
Jine currents are allowed to flow. With matched or 
very short transmission lines, the grounding of termi- 
па] 5 (actually or virtually like the center of a dipole) 
results in terminal 4 becoming +Уу and terminal 2 
becoming -Vy/2—creating a balanced output. This 
type of Balun has lately been called a “current” or 
"choke" Balun. A significant feature of this model is 
that a potential gradient of -V 12 exists along the 
length of the transmission tine, This gradient, which 
exists оп both conductors, accounts for practically all 
of the loss in these transformers because the loss 
mechanism is voltage dependent (a dielectrie-type 
Joss), All transmission line transformers have some 
sort of voltage gradient along their transmission lines 
and are, thus, subject to the same type of losses. 
Furthermore, the theory and loss mechanism is the 
same whether the transmission lines are coax or t 
Jead, of coiled around cores, or threaded through fer- 
site beads, Additionally, it was shown? that higher- 
impedance Baluns or Baluns subjected to higher 
VSWRs have more loss because the voltage gradients 
are also larger 

‘The second significant article on broadband trans- 
mission line transformers was published by Reibroft 
His 1:1 Balun, which is shown as originally drawn in 
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Photo 7-A. The vo basic forms of the 1:1 Balun that first 
‘appeared in the professional literature. The two-conductor 
Guanella Balun is on the left and the three-conductor 
Ruthrofî Balun is on the right. 


Figure 7-2B, used an extra winding to complete (as 
he said) the path for the magnetizing current. Even 
though his schematic drawing appeared to look like a 
trifilar winding, his pictorial in the article clearly 
showed that the third winding (5-6) was on a separate 
part of the toroid. With an equal number of tums, it 
forms a voltage divider with winding (3-4) placing 
terminal 4 at +V¡/2 and terminal 2 at -V;/2. In his 
classic paper, Ruthroff also presented his form of the. 
4:1 Balun (which is also different from Guanell's), а 
4:1 Unun, and various hybrids. Photo 7-A shows the 
two basic forms of the 1:1 Balun that first appeared in 
the professional literature. The two-conductor 
Guanella 1:1 Balun is on the left and the three-con- 
ductor Ruthroff Balun is on the right. As was men- 
tioned before, the Guanella Balun has also been called 
a "current" or "choke" Balun. 

Before moving on to the significant articles in the 
amateur radio literature, some mention should be 
‘made of the differences between the two basic forms 
shown in Photo 7-A. Guanella's 1:1 Balun came to be 
known as the basic building block for this whole class 
of broadband transformers. This term was coined by 
Ruthroff as he showed its 1:1 Balun capability when 
the load was grounded at its center (terminal 5), and 
as a phase-inverter when the load was grounded at the. 
top (terminal 4). By connecting terminal 2 to terminal 
3 and connecting the bottom of the load to ground, 
Ruthroff demonstrated his very popular 4:1 Unun. 1 


call this type of arrangement the bootstrap connection. 
By grounding terminal 2, there is no potential drop 
along the transmission line and, therefore, no need for 
‘magnetic cores or beads. This arrangement, which 
‘ums out to be an important function for extending the 
high frequency performance of this class of transform- 
ers, call the “phase-delay” connection. 

Thus, with the flexibility shown by Guanella's basic 
building block, a 1:1 Balun is now realized that not 
only presents a balanced power source to a balanced 
antenna system, but can also prevent an imbalance 
current (an inverted L antenna current) by its choking 
reactance when the load is unbalanced or mismatched 
‘or when the feedline is not perpendicular to the axis 
of the antenna, 

Interestingly enough, except at the very low end of 
the frequency response of the Ruthroif 1:1 Balun 
where autotransformer action can take place, his 
Balun takes on the characteristics of the Guanella 
Balun. The reactance of the third winding becomes 
great enough to make it literally transparent. This is 
not the nature of the trifilar-wound (voltage) Balun, 
which is sensitive to unbalanced and mismatched 
loads over its entire passband because it is actually 
two tightly coupled transmission lines. This distinc- 
tion was not recognized by most of those who pub- 
lished in the amateur radio literature. 


In the amateur radio literature 


R. Turrin, W2IMU—1964 

"The first presentation in the amateur radio literature 
оп 1:1 Baluns using ferrite cores was by Torrin in 
19648 Turrin, who was a colleague of Ruthroff's at 
Bell Labs, took his small-signal design (which used 
No. 37 or 38 wire on toroids with ODs of 0.25 inches 
or less) and adapted it to high-power use. This was 
one by using thicker wire, larger cores, and (very 
importantly for high efficiency?) low permeability fer- 
rite. Ruthroff used lossy manganese-zinc ferrites with 
permeabilities of about 3000 because efficiency was 
not a major consideration. 

Figure 7-3 is a pictorial and a schematic of Turrin’s 
design. As you can see, the third wire (winding 3-4) is 
placed between the two current-carrying wires (wind- 
ings 1-2 and 4-5). Photo 7-B shows (on the left his 
actual design using a ferrite core; a popular design (on 
the right) using а powdered-iron core is available in 
kit form from Amidon Associates, Inc. Both Baluns 
use 10 trifilar turns of a single-coated wire like 
Formex™ or Formvar™ on a toroid. Turrin's design 


Figure 7-3. (А) А pictorial of Turrin's 1:1 Balun, and (B) 
a schematic of his Balun 


uses а ferrite toroid with an OD of 2.4 inches and a 
permeability of 40, The Amidon Associates’ Balun 
uses а powdered-iron toroid with a 2-inch OD and a 
permeability of only 10. Both Baluns are specified to 
handle 1000 watts of power from 1.8 to 30 MHz. 
Figure 7-4 shows the response curves for these two 
Baluns when terminated with 50-ohm loads. The 
response curve for a popular 1:1 rod-type Balun that 
uses the same schematic and wire is also shown. It has 
8 trifilar turns, tightly wound on a rod of 0.5-inch 
diameter, 2.5 inches long, and with a permeability of 
125. The rod-type Balun is shown in Photo 7-С. 
Several important features should be brought out 
regarding the results shown in Figure 7-4. They are: 
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1. All Baluns had insufficient choking reactance 
and, hence, poor low-frequency responses. The pow- 
dered-iron version was especially poor. They all 
showed a drop in the input impedance and an induc- 
tive component at 2 MHz. This meant flux in the 
cores and an undesirable condition—especially for 
ferrite, which is a nonlinear material. Ferrite cores 
could not only suffer damage, but they could also gen- 
erate spurious frequencies under these conditions. In 
fact, the same condition could occur at 4 MHz with a 
VSWR of 2:1! Therefore, I don't recommend any of 
these Baluns for use on 160 or 80 meters, 

2. The major problem at the low-frequency end is 
the role of the third winding (3-4) in Figure 7-3B. It 
has been claimed!? that the third winding improves 
the low-frequency response (over the two-conductor 
Guanella 1:1 Balun) because it enables autotrans- 
former action at the low end. However, recent mea- 
surements I have made on two-conductor Guanella 
Baluns and thrce-conductor Ruthroff (or Turrin) 
Baluns, with loads grounded at their centers, show 
insignificant differences. This type of load approxi- 
mates the actual condition when feeding a balanced 
antenna system. The negative feature of the third 
winding (3-4) is that, at the low-frequency end, there 
сап be insufficient reactance to prevent harmful flux 
in the core because of a direct shunting path 10 
ground, With the two-conductor 1:1 Balun, the only 
flux-inducing current is that of the imbalance current 
(the inverted L mode), which is usually far smaller. 

3. Another important feature of the curves shown in 
Figure 7-4 is the effect of the characteristic imped- 
ances of the coiled transmission lines. For example, а 
bifilar winding (wires tight together) on a toroid with 
spacing between adjacent bifilar turns exhibits a char- 


Photo 7-B. Two versions of Turrin's 
design: Оп the left, the 1:1 Вайт that has 
‘appeared in the amateur radio literature; 
оп the right, а 1:1 Balun that has been 
readily available in kit form from Amidon 
Associates, Inc. 
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Figure 7-4. The input impedance versus frequency, when terminated with 50 ohms, for the Turrin, typical rod-type, and 


Amidon Associates 1:1 Baluns. 


acteristic impedance of about 45 ohms. When wound 
оп a rod with no space between adjacent bifilar turns, 
the characteristic impedance drops to about 25 ohms. 
With the third winding (3-4) between the other two as 
shown in Figure 7-3B, the characteristic impedance is 
raised to approximately 70 ohms in the toroidal case 
and to about 47 ohms in the rod case. If the toroidal 
Baluns were terminated in 70 ohms and the rod Balun 
terminated in 47 ohms, the high-frequency responses 
would be practically flat to at least 30 MHz. The di 
ference in high-frequency response between the two 
toroidal Baluns (with 50-ohm loads) is due to the dif- 
ferences in the lengths of their transmission lines, The 
transmission line on the powdered-iron core is appre- 
ciably less because the OD, as well as the cross-sec- 
tional area, is smaller. 

4, The trifilar-wound form of the 1:1 Balun also 
has an additional undesirable property. Its high fre- 
quency response is sensitive to unbalanced and mis- 
matched loads. This is because the third wire now 
forms two tightly coupled transmission lines, It is 
unlike the Ruthroff version shown on the right in 
Photo 7-A. In his second article,!2 Turrin pointed 
ош this important distinction. 


J. Reisert, WIJR—1978 

"The next significant article on 1:1 Baluns was pub- 
lished by Reisert in 1978.7 Reisert proposed winding 
some of the smaller (but still high-powered) coaxial 
cables around a 2.4-inch OD ferrite toroid with a per- 


Photo 7-С. A typical rod-type Balun. 


meability of 125. The windings also included а 
crossover, which is shown in Figure 7-5 and Photo 7- 
D. In addition, he recommended various numbers of 
turns, depending upon the low-frequency requirement. 
For example, he suggested 12 turns to cover 3.5 MHz, 
10 turns for 7 MHz, 6 for 14 MH», and 4 for 21 and. 
28 МН>. Because the characteristic impedance of the 
coaxial cable is the same as the coax feedline, the 
Balun only introduces a foot or two of extra length to 
the feedline. This is true in the HF and VHF bands. 
‘The coaxial cables recommended in the article were 
RG-141/U, RG-142/U, and RG-303/U. 

From the articles that followed in the amateur radio 
literature, it became apparent that few recognized all 
of the important features of Reisert’s Balun. They are 
ted below. 

1. An efficient, low-loss ferrite was used. 

2. The Baluns had sufficient choking resctances for 

the various low-frequency requirements 


3. The characteristic impedance of the coiled trans- 
mission line was the same as that of the feedline, 
thus climinating the extra transformer action of a 
length of transmission line with a different character- 
istic impedance 

4, The Balun is a form of Guanella’s two-conductor 
1:1 Balun, which is not prone to core flux and, hence, 
saturation and the generation of spurious frequencies. 
It is also not susceptible to mismatched and unbal- 
anced loads as are the Turrin and "voltage" Baluns. 

After constructing several of Reisert’s Baluns and 
comparing them with other Guanella designs, I found 
that the crossover winding had virtually no effect up 
to 100 MHz (the limit of my equipment). In regards to 
Reisert's VSWR comparison with a rod-type Balun 
when feeding a triband Yagi beam on 20 meters, I 
found that his Balun had a lower VSWR (practically 
1:1) at the best match point. The rod-type Balun had а 
best VSWR of about 1.3:1, but at a slightly higher fre- 
quency. He attributed the higher (and somewhat flat- 
ter) VSWR curve of the rod-type Balun to its greater 
ohmic loss, Because the rod-type Baluns I have inves- 
ligated used the same low-loss ferrite that Reisert's 
did, I suspect that the differences in the VSWR curves 
were mainly due to the mismatch loss introduced by 
the rod-type Balun, 


G. Badger, W6TC—1980 

Badger published an in-depth, two-part series!3,14 
in Ham Radio magazine in 1980 on air-core Baluns 
and Ununs. I am sure it was instrumental in advancing 
the technology of this class of wideband transformers 
An article by Orr s also shows that there are many 
other radio amateurs who see the advantages of air- 
core transformers. 

What are the claims for air-core Baluns over their 
errite-core counterparts? First and foremost, propo- 
nents of air-core Baluns claim they don't suffer the 
consequences of saturation that leads to spurious fre- 
quencies, heating, and ultimate damage. Secondly, it's 
said that they are not subject to arcing from the wind- 
ings to the core. 

What are the claims for the ferrite-core Baluns over 
their air-core counterparts? Simply put, they have 
wider bandwidths and are more compact. 

After reading Badger's two-part series, I found that 
my curiosity was piqued by his experimental data on 
harmonic distortion due to saturation in a fette core 
1:1 Balun. Although many have expressed concerns 
regarding saturation in ferite.core Baluns, Badger's 
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Figure 7-5. A pictorial 
of the crossover used 
in Reisert’s 1:1 Balun. 


A Reisen, WIJR, 1: 


data could very well provide the only results avai 
able. He used the two-tone test method, which com- 
bined two RF sources of 2.001 and 2.003 MHz, 
amplified it to 2 KW PEP and then fed it through а 
commercial 1:1 rod-type ferrite Balun. The data 
showed considerable distortion in the 3rd order and 
9th order distortion products. In other words, appre- 
ciable nonlinearity took place at this high power level. 

Several questions come to mind regarding these 
measurements. What was the low-frequency response. 
of the commercial 1:1 rod-type Balun Badger used? 
From my measurements on a rod-type Balun (Figure 
7-4), 1 found a drop in the input impedance and an 
inductive component at 2 MHz. This indicates flux in 
the core and a problem when using this Balun at 2 
MHz. Because many rod-type 1:1 Baluns have been 
used over the years, it would have been instructive if 
he had also made these measurements at 4 and 7 
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Figure 7-6. Schematic of Badger's 1:1 Balun with a com 
pensating winding (1-2). Winding (3-4) is the outer-braid 
of the coax and winding (5-6) is the inner conductor. 


MHz. They would have given the readers a safe 
lower-frequency limit for these Baluns, 

I wondered why Badger didn’t make similar mea- 
surements on Reisert’s 1:1 Balun, which he included 
in his articles. As noted earlier, I consider Reisert's 
1:1 Balun a very good design! I am sure that no dis- 
tortion products would have been found at 2 MHz 
with this Balun, The end result is that Badger chose a 
poor ferrite-core design for making his comparisons. 
This helped to contribute to an undeserved reputation 
for the ferrite-core Balun. 

Badger also suggested placing an insulated wire in 
parallel with the coax winding on Reisert's 1:1 Balun, 
He called this a compensating winding, which provid- 
ed a superior balanced output. The third winding (1-2) 
is shown Figure 7-6. Winding (5-6) is the inner con- 
ductor and winding (3-4), the outer braid. Later exper- 
iments by myself and others have shown that a well- 
designed two conductor (Guanella) 1:1 Balun has a 
completely satisfactory balanced output for antenna 
applications. Furthermore, it does not suffer from an 
unbalanced and/or mismatched load and core satura- 
tion. Incidentally, Badger's schematic of Figure 7-6 
now adds up to four different versions of the 1:1 
Balun. They are the two-conductor version of 
Guanellas and the three, three-conductor versions of 
RuthrofF's, Turrin's, and (now) Badger's 

Badger and Orr also mentioned the Collins Balun in 
their articles. This Balun is comprised of a dummy 


length of coax wound as a continuation of the original 
coiled coax winding. Interestingly, it is connected as a 
Ruthroff 1:1 Balun (Figure 7-28), which also uses а 
third winding, Because there is appreciable coupling 
between the two coiled windings, the Collins Balun 
should also be susceptible to mismatched and/or 
unbalanced loads. Badger claimed it was, by far, the 
best 1:1 Balun he had ever used. Again, it would have 
been very informative if he had compared it with the 
Reisert Balun (without the compensating third wire. 


M.W. Maxwell, W2DU—1983 

One of the more significant articles on 1:1 Baluns 
was published by Maxwell“ in 1983. Maxwell intro- 
duced, what he called, the "choke" Balun. It was 
formed by placing high-permeability ferrite beads 
‘over about one foot of small (but high-powered) coax- 
ial cables similar to the ones used in the Reisert 
Balun. Photo 7-E shows the W2DU “choke” Balun 
removed from its plastic enclosure. 

Maxwell compared his Balun with (what he 
termed) a “transformer-type” Balun by measuring the 
input impedances versus frequency when the outputs 
were terminated in 50 ohms. The “ 
Balun didn’t yield а true 1:1 impedance transfer ratio, 
which he claimed was due to losses, leakage reac 
tance, and less than optimum coupling. Because 
Maxwell gave no description of the “transformer- 
type” Balun, I assumed it was the popular rod-type 
Balun shown in Photo 7-C. As you can see in Figure 
7-4, this Balun has a poor low-frequency response. 
Furthermore, it is really optimized for a load of 47 
ohms and not 50 ohms. 

‘What Maxwell failed to realize was that his Balun 
was a form of Guanella’s two-conductor type, That is, 
it is both a choke (a lumped element) and a transmis- 
sion line (a distributed clement). Additionally, 
Guanella's theory applies whether the transmission 
lines are coiled (about a core) or beaded, twin-lead or 
coaxial cable, From RuthrofPs classic paper? which 
extended Guanella's ог. we became aware of the 
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Photo 7-E. The Maxwell, 
W2DU, "choke" 1:1 Balun 


voltage drops along the lengths of the transmission 
lines, From very accurate insertion loss measure- 
‘ments? we learned that the losses were mainly in the 
‘magnetic medium—and that they were related to the 
voltage levels and the permeabilities. Maxwell didn’t 
take into account these latter findings, He used lossy 
hhigh-permeabitity beads (2500) and assumed that the 
main loss was in the transmission line, He claimed 
that the CW power-handling capability of his Balun 
was 3.5 KW at 50 MHz and 9 KW at 10 MHz—the 
same as the coaxial cable itself. I seriously question 
these power ratings. Ironically, itis very likely that 
Maxwell's Balun had more real loss than the so-called 
"transformer type“ Balun! 


R.W. Lewallen, W7EL—1985 

There is very little doubt that Lewallen's interesting 
article in 1985 contributed significantly to the better 
understanding and design of 1:1 and 4:1 Baluns In k. 
һе coined the (now усту popular) terms "voltage" and 
“current” Balans, The “voltage” Balun, a three-con- 
ductor type, has output ports which have voltages that 
are balanced to ground. It is brought about (see 
Figure 7-6) by the voltage-divider action of windings 
(5-6) and (1-2). Because we have two tightly coupled 
transmission lines in the passband with the same 
potential gradients, terminal 6 is at +Vy/2 and termi- 
nal 4 at Vi where Vy is the input voltage. The 
“current” Balun, on the other hand, is a two-conductor 
Balun that produces equal and opposite currents on 
the output ports for any form of load impedance. 

Lewallen conducted a series of experiments on 10 
meters to compare the performances of "voltage" and. 
“current” Baluns under balanced and unbalanced con- 
ditions, In the unbalanced (nonsymetrical) condition, 
the dipole was lengthened by five inches on one side 
and shortened by five inches on the other side. He 
then obtained a figure of merit for both Baluns des 
well as for the case without a Balun) defined as the 
ratio of the average magnitude of the currents at the 
feedpoint over the magnitude of the imbalance (the 
inverted L) current, The magnitudes of the currents 
were obtained by curtent-probe toroids. Mcasure- 
ments were made at the antenna feedpoint and at a 
half-wave (physically) from it 

The "current" Balun consisted of 15 tums of very 
small RG-I7S/U coax on an FT82-61 core (a ferrite 
toroid with an OD of 0.825 inches and a permeability 
of 125). The "voltage" Balun had 10 turns of RG- 
178/U coax with a No, 26 wire in parallel (closely 
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coupled) on the same toroid, The schematic is shown 
in Figure 7-6. 

Lewallen concluded (and 1 agree) that his experi- 
ments clearly showed that the “current” Balun gave 
superior performance at every measured point in cech 
experiment, However, the “voltage” Balun still 
improved the balance over the no-Balun case. He also 
concluded that other experiments should be performed 
їп order to better compare the two forms of the Balun. 
Оле is to ascertain the difference when the feeline is 
placed nonsymetrical with respect to the antenna (to 
Induce an imbalance current into the feedline). Others 
include determining the optimum point in the feedline 
to place the Balun, and testing the various kinds of 
соте and beaded Baluns. 

Although Lewallen's article pretty much speaks to 
Badger proposal of adding a third wire to keiten 
Balun for better balance (i.c., avoid it), there are some 
‘comments and questions I have regarding his experi- 
ments and findings. They are: 

1. Why didn't Lewallen use Reiser's Balun as the 
"current" Balun and Badger's suggested third-wire 
design as the “voltage” Balun? These would have 
been more realistic designs for comparisons. Instead, 
he used very small structures (which will only find 
use in ORP operations) and, as such, have higher fre- 
quency capabilities, Also, because the “voltage” 
Balun only had 10 turns (and hence a shorter trans- 
mission line and a poorer low-frequency response), it 
was favored in the comparisons on 10 meters. Най 
Lewallen used transmission lines of equal lengths оп 
Reisert’s cores, the differences between the two 
Ваши would have been even more dramatic. 

2, Tt would also have been very useful if Lewallen 
һәй made comparisons between a “current” Balun that 
could handle the full legal limit of amateur radio 
power (again like the Reisen Balun) and "voltage" 
Baluns using Turrin's schematic (Figure 7-3) with rod 
and toroidal cores which have been readily available 
for nearly three decades 

3. Additionally, comparisons should not only be lim- 
ited to 10 meters. Because 1:1 “voltage” Baluns are 
configurations of coupled transmission lines with vari- 
(us characteristic impedances, their performances with 
mismatched and unbalanced loads are more sensitive to 
the higher frequencies than their “current” Balun coun- 
tesparts, Therefore, making similar measurements on 
20 meters would also provide more useful information, 

4, Even though Ruthrofl’s classic 1959 paper? has 
been the industry standard over the years, his 1:1 
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Balan design has been practically nonexistent in the 
amateur literature, Turrin mentioned its advantage 
over his first design in his second article.!? But 
‘Turrin’s first design has prevailed in our amateur liter- 
ature, Because Ruthroff's design has the third conduc- 
tor on a separate part of the toroid, it has the balanced 
output mentioned by Badger bot still retains the 
flexibility of the Guanella? Balun. In other words, as 
the frequency is increased, the choking action of the 
third wire makes it practically transparent. This 
enables it to handle any form of load impedance. It 
world have been informative if Lewallen had pointed 
this out and also noted that RuthrofP's 1:1 Balun, 
although looking like a “voltage” Balun, is really a 
“current” Balun, 

S. Lewallen and the others who have published in 
the amateur radio literature have failed to reference 
the first presentation on what are now known as “cur- 
rent” or "choke" Baluns, made by Guanella? in 1944. 
Even though Guanella used coiled transmission lines 
without a magnetic core, his theory on how these 
devices work is still applicable today. 


J.S. Belrose, VEZCV—1991 
"The Jast article on 1:1 Baluns I considered worth men- 
tioning was written by Belrose“ in 1991, In it, he 
described the W2DU Balun by Maxwell and how his 
technique of threading coaxial cable through ferrite 
beads could be easily applied to 4:1 and 9:1 Baluns. 

‘What immediately grabbed my attention in this arti- 
cle was the deck head (the editor's comments), which 
included highly complimentary remarks regarding the 
beaded-coax Balun. In essence, it said, “In this break- 
through article, W2DU's peerless 1:1 current-Balun 
design serves as the basis for excellent ferrite-bead- 
choke current Baluns capable of 4:1 and 9:1 imped- 
ance transformation.” 

However, if one reads the article carefully. it 
becomes apparent that this is mot what Belrose said. 
His words were, “The current Balun of the type devel- 
oped by Walt Maxwell, W2DU—a Balun consisting 
of ferrite beads slipped over a length of coaxial 
cable—is the best so far devised (italics mine)” He 
did not say that W2DU's Balun was “peerless.” In 
fact, in the article he said just the opposite, He pointed 
ош that the W2DU Balun’s main disadvantage is that 
the beads are lossy at HF and heating becomes à con- 
cern when the transmitting power exceeds 125 watts! 
For high power (that is LKW CW), Belrose recom- 
mended Rochm sie designs, which use lower perme- 


ability (850) beads nearest the Balun's balanced out- 
put (where most of the beating takes place) 

However, I do question two of the advantages һе 
claims for the W2DU Balun. They are: 

1. Its excellent power oss and impedance-versus- 
frequency characteristics are much superior to those 
ofa bifilar current Balun wound on a ferrite toroid 

2. Tt has excellent power-handling capability, and 
сап function quite satisfactorily when working into 
highly reactive loads, This is so because the magnetic 
flux produced hy currents flowing on this Balun's 
wires cannot saturate its ferrite beads. 

Belrose ohtained evidence for advantage number 1 
by comparing the input impedance and power loss 
versus frequency of the W2DU Balun with a commer- 
cial Balun when they were terminated in 50 ohms. 
"The commercial Balun was a bifilar wound toroidal 
type used in a differential-T tuner, What Belrose 
failed to realize was that the commercia! Balun bad 
heavily insulated wires, resulting in a characteristic 
impedance greater than 100 ohms. Thus, he was actu- 
ally comparing a 50-ohm transmission line with а 
longer line that had a characteristic impedance in 
excess of 100 ohms! As expected, his input imped- 
ance versus frequency curve for the commercial Balun 
жаз even more severe (һап that of the Turin Balun 
shown in Figure 7-4. 

‘Advantage member 2 is based upon the premise 
that the magnetic fux produced by currents on the 
W2DU Balun's wires cannot saturate the ferrite 
beads, while the windings of a bifilar wound toroidal 
current Balun can. This is an incorrect assumption 
because the magnetic flux of a two-conductor type 
Balun, like the beaded-coax or the bifilar-wound 
toroidal Balun, is generated by the imbalance (invert- 
‘ed L) current and hence is much lower than the trans- 
mission line currents. This is especially true with 
sufficient choking resctances. The perception that the 
toroidal type Balun still transmits the energy to the 
output circuit by flux linkages, could very well lead 
to this mistaken impression 

For high power beaded-coax Baluns, Beltose ze- 
ferred to designs by Rochm,!6 who increased the 
power capability of this type of Balun by using lower 
permeability beads near the balanced output. He also 
increased the length considerably. For operation from 
30 meters to 10 meters, Roehm used 28 inches of 
beaded coax. For 160 meters to 10 meters, he used 36 
inches of beaded coax. Belrose's suggestion of con- 
necting beaded coaxes in parallel on the low-imped- 
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Photo 7-F. Two versions of Reiser's 1:1 
Balun. The Balun on the left uses the 
crossover shown in Figure 7-5. The Balun 
on the right is continuously wound. Both 
have the same electrical performance in 
the HF band. 


ance side and in series on the high impedance side to 
obtain a broadband 4:1 transformation ratio would 
require transmission lines with characteristic imped- 
ances of 100 ohms, This means, for a high power 4:1 
Balun using beaded transmission lines, about 56 inch- 
es of beaded line would be required for the 80-meter 
to 10-meter operation and 72 inches for the 160-meter 
to 10-meter coverage. For a 9:1 Balun, it would be 
necessary to increase these lengths by 50 percent! 

It remains to be seen what Belrose would have said 
ог done if һе had compared the W2DU Balun of 
Maxwell's with the WIJR Balun of Reisert's. He cer- 
tainly couldn't claim the advantages listed in his arti- 
cle for the W2DU Balun. Would he still have claimed 
that the type of Balun developed by Maxwell is the 
best so far devised? Given the evidence, I doubt it. 


Sec 7.4 High, Medium, and Low- 
power Designs 


In this section I'll present my latest 1:1 Balun designs. 
Except for one Balun that appeared in the June 1993 
issue of CQ. the others appeared for the first time in 
the magazine's April 1994 issue, Because I have 
favored Reisert’s design throughout this chapter, the 
first Baluns described here are my versions of his 
technique of coiling small (but high power) coaxial 
cable around a low-permeability ferrite toroid. For my 
wire versions, I could have used all sorts of adjectives 
to describe them like Guanella, two-conductor, choke, 
and current. However, in the process of writing this 
section, I thought Belrose's adjectives were the most 
direct, Using his words, I call my wire versions of the 
1:1 Balun simply—biflar toroidal Baluns. 


Photo 7-F shows two versions of Reisert’s Balun. 
The one on the left uses the crossover shown in 
Figure 7-5. Because no difference in performance at 
НЕ was noticed without the crossover, a continuous- 
wound version is also shown on the right. The main 
advantage in the HF band with the crossover winding 
is purely mechanical. Having the input and output 
connections on opposite sides of the toroid is not only 
more convenient, but it also offers a much stronger 
method of mounting. 

For operation from 1.8 to 30 MHz, 10 turns of small 
coax like RG-303/U, RG-142B/U, or RG-400/U are 
‘wound on a 2.4-inch OD ferrite toroid with a perme- 
ability of 250. If the use is limited from 3.5 to 30 
MHz, then a permeability of 125 is recommended 
because it would yield a slightly higher efficiency at 
the high end. If one wants the highest possible effi- 
ciency and limits the operation from 14 to 30 MHz, 
then a permeability of 40 is recommended. With loads 
grounded at their centers, these conditions were found 
to give ample margins (handle a VSWR of 3:1 with- 
out any appreciable flux) at their low frequency ends. 

For ease of winding, I found TY-RAP™ Cable Ties 
very useful. Two were used at each end. Removing the 
covering on the outer braid also helps. Because about 
24 inches of cable is wound on the toroid, I recom- 
mend you start with at least 32 inches. Of the three 
cables noted above, I found RG-303/U cable the easi- 
est to wind and connect, Although it only has a single- 
thickness braid (the others have double-thickness 
braids), its power rating is still the same—9 kW at 10 
MHz and 3.5 KW at 50 MHz. 

‘The next high power design is shown in Photo 7-С 
mounted in a 4 inch long by 3 inch wide by 2.25 inch 


38 UNDERSTANDING, BUILDING, AND USING BALUNS AND UNUNS 


Photo 7-G. My high-power design of a bifilar toroidal 
(Guanella/current) 1:1 Balun mounted in a 4 inch long by 
3 inch wide by 2.25 inch high Bud aluminum box. 


high Bud CU 234 aluminum box. It has 10 bifilar 
turns of No. 12 Н Thermaleze wire on a 2.4-inch OD 
ferrite toroid. As with the Reisen versions, a perme- 
ability of 250 is recommended for 1.8 to 30 MHz, 125 
for 3.5 to 30 MHz, and 40 for 14 to 30 MHz. One 
wire is also covered with two layers of Scotch No. 92 
polyimide tape in order to raise the characteristic 
impedance to 50 ohms. With this added insulation, the 


voltage breakdown of this bwin-lead transmission line 
compares very favorably with RG-8/U cable (4000 
volts). In order to preserve the spacing, the wires are 
also clamped together about every 1/2 inch with strips 
of Scotch No. 27 glass tape 3/16 inches wide and a lit 
tle over 1 inch long. 

‘Two “economy” versions of the high power bifilar 
toroidal Balun are shown in Photo 7-H. The onc оп 
the left shows the windings crowded on one-half of 
the toroid. The one on the right provides the same 
positions of the input and output connections by using. 
the crossover. Their performances are identical. Both 
Baluns have 10 bifilar turns of No. 14 Н Thermaleze 
wire on а 2.4-inch OD ferrite toroid. The choices of 
permeability, which trade off bandwidth for efficien- 
ey, are the same as those used in the two previous 
high power designs. The word “economy” here refers 
to economy in labor—this Balun is actually very easy 
to construct, 

This “economy” Balun, which also handles the full 
legal limit of amateur radio power, has a small trade- 
off in high frequency response. Because no extra insu- 
lation is used, the characteristic impedance of two 
tightly clamped No. 14 Н Thermaleze wires is 45 
‘ohms. With one layer of Scotch No. 92 tape, it 
increases to 50 ohms. But for most of the HF band, 
the difference in performance between Baluns using 
transmission lines of 45 and 50 ohms should be negli- 
gible, Even without the extra insulation, the voltage 
breakdown should compare very favorably with the 
smaller, high-power coaxes used in the Reisert ver- 
sions (1900 volts). 


Photo 7-H. Two “economy” versions of the 
high-power bifilar toroidat (Guanella/cur- 
rent) 1:1 Balun. The one on the right uses 
Reiseri's crossover technique. 
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Photo 7-1. Two low-power versions of the bifilar toroidal 
(Guanellafcurrent) 1:1 Balun capable of handling the out- 
pu of practically any HF transceiver. The Balun on the 
left has the crossover. 


Photo 7-1 shows two low-power versions of a bifilar 
toroidal Balun capable of handling the output of prac- 
tically any HF transceiver, One has a crossover wind- 
ing and the other, a continuous winding. They both 
have 10 bifilar turns of No. 16 Н Thermaleze wire on 
a 1 25. neh OD ferrite toroid with a permeability of 
250. Since efficiency is not a major problem in low- 
power use, I found no reason to suggest the other two 
versions, which usc lower permeabilities. It is also 
interesting to note that two tightly clamped No. 16 H 
Thermaleze wires have a characteristic impedance 
close to 50 ohms. Therefore, this small Balun (partic- 
ularly with its short leads) has a very good high fre- 
quency response 

Photo 7-J shows two medium-power versions of a 
bifilar toroidal Balun capable of handling the full 
legal limit of amateur radio power under controlled 
conditions—when the VSWR is less than 2:1. Being 
smaller than its larger (2.4-inch OD) counterpart, йз 
heat-sinking capability and, hence, power rating is 
less. As before, one Balun uses a crossover while the 
other doesn’t. Each has 8 bifilar turns of No. 14 H 
Thermaleze wire on a 1.5-inch OD ferrite toroid. The 
ferrite permeabilities and expected bandwidths are the 
same as the other high-power Baluns. Because the 
average magnetic path length in the core is about two- 
thirds that of the 2.4-inch core, only 8 bifilar turns are 
required in order to produce a similar low-frequency 
capability. Even though the characteristic impedances 


Photo 7-J. Two medium-power versions of the bifilar 
toroidal (Guanellalcurrent) 1:1 Balun capable of handling 
the full legal limit of amateur radio power when the VSWR 
ds less than 2:1. The Balun on the left has the crossover. 


of their bifilar windings are 45 ohms, their responses 
оп 10 meters should be somewhat better than the 
“economy” models because the lengths of their trans- 
mission lines are shorter (18 compared to 24 inches). 

And now a few words on what sort of efficiency one 
сап expect in trading-off low frequency response by 
using lower permeability ferrite cores. From earlier 
studies,? it was found that the efficiency (with suffi- 
cient choking, so only transmission line currents flow) 
is related to the permeability, the voltage drop along 
the length of the transmission line, and the frequency. 
‘The higher the permeability and/or voltage drop, the 
greater the loss, Additionally, the higher the perme- 
the greater the loss with frequency. It was also 
found that a permeability of less than 300 was neces- 
sary in order to obtain the very high efficiencies of 
which these devices are capable. 

Here are some efficiencies that might be expected 
from ferrites under matched conditions, based on the 
results of the studies: 

1. With 250 material, an efficiency near 99 percent 
at 1.8 MHz and 97 percent at 30 MHz. 

2, With 125 material, an efficiency near 99 percent 
at 3.5 MHz and 98 percent at 30 MHz. 

3. With 40 material, an efficiency of 99 percent at 
14 MHz and at 30 MHz. 

When a Balun is exposed to a high impedance 
resulting in a VSWR of 2:1, the voltage, and hence 
loss, increases by about 40 percent. With a VSWR of 
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Photo 7-К. Two examples of mounting the 
high-power 1:1 Guanella Balun in enclosures 
that allow isolation transformer operation. 


4:1, the loss doubles. With a VSWR of 10:1, the loss 
is more than three-fold. Since limited data was 
obtained in this study; these increases in losses with 
increases in VSWR could very well be even greater. 


Sec 7.5 Isolation Transformers 


As was shown in the preceding sections, the 1:1 
Guanella (current/choke) Balun is in reality a two- 
conductor RF choke, or an isolation transformer. 
However, practical Balun designs don’t usually lend 
themselves to isolation use for mechanical reasons. 
They cannot be conveniently inserted into a coaxial 
cable system. Therefore, the objective is to mount the 
"Guanella Baluns” in enclosures that will allow them 
to perform as isolation transformers. 

Photo 7-K shows two examples of enclosures that 
should accomplish the mission. The example on the 
left shows one of the high-power units mounted in a 5 
inch long by 3.5 inch wide by 2.25 inch high alu- 
minum enclosure. The output connector (on the top) is 
insulated by a 0.125-inch-thick piece of plastic. The 
one on the right shows another high-power unit 
mounted in a 6 inch long by 3 inch wide by 2 inch 
high plastic enclosure, which is available from Radi 
Shack. The descriptions of the high-power units are 
given in the preceding section. 

These isolation transformers can be used as Baluns 
when inserted in a coaxial cable one-half wavelength 
(physically) from a half-wave dipole® or between a 


coaxial cable and a balanced L. C tuner le They 
should never be inserted in a coaxial cable system that 
presents a high impedance and, consequently, a high 
voltage. This could be harmful to the unit. 

Моге that the high-power unit оп the left in Photo 
7-K can also be used as a filament choke in a Class B 
linear amplifier. Из low-frequency response is much 
better than any rod-type, assuring 160-meter opera- 
tion. Obviously, it would not be mounted in the alu- 
‘minum enclosure shown in the photo, In addition, the 
two layers of Scotch No. 92 tape would not be 
required because the characteristic impedance of the 
‘winding is unimportant and the voltages involved are 
quite low. 

By the way, the designs discussed above can be 
used as phase-inverters. Simply connect the hot lead 
on one side to the ground on the other side. 


Sec 7.6 Summary 


In investigating the 1:1 Balun, I was quite surprised to 
see the ferrite- and powdered-iron-core designs that 
have been available in the literature and off-the-shelf 
since 1964. They not only had poor low- and high-fre- 
quency responses, but they were also susceptible to 
flux in the cores at their low-frequency ends. Further- 
more, since they only used single-coated wires, they 
were also prone to voltage breakdown. No doubt, 
these designs are responsible for the poor reputation 
that the Balun has had for many years. 


И wasn't until 1978, when Reisert published his 
article, that a Balun which bad ай of the attributes of a 
good design became available. Namely: 

а) It is efficient because it uses a low-permeability 
core, 

b) It has sufficient choking reactance to meet its 
low-frequency requirement. 

©) It is not prone to flux in the core (and, hence, sat- 
uration) because it has no third winding, 

4) It has а 50-ohm characteristic impedance and 
maintains a 1:1 transformation ratio with a 50-ohm 
load. 

©) h has a good voltage breakdown capability (1900 
volts) 

1) lt can handle а mismatched and/or unbalanced 
load, 

However, succeeding investigators failed to see the 
advantages of Reisert’s design and proposed their 
own, Surprisingly, they belonged to two distinct 
groups. One group favored “aircore” Baluns and the 
other, “choke” (beaded-coax) Baluns. 

‘The main argument given by the "air-core" follow- 
ers was that their Balun would never experience prob- 
lems with saturation, while the *ferrite-core" Balun 
would. However, the Reisert Balun is a currentichoke 
type Balun that could only have flux in the core dae to 
the imbalance (inverted L) current, whieh is much 
smaller than the transmission line currents. In fact, 
with any degree of choking reactance hy the coiled 
transmission line, the imbalance current is essentially 
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negligible. Therefore, saturation is not а concern with 
a Balun like Reisert’s, In all fairness, it should be 
noted that it is a different story with the 4:1 current 
choke and voltage Baluns. All three of these types of 
Baluns have a "magnetizing inductance” in their 10w- 
frequency models and hence a possiblity of saturation 
with a poor design. 

"The advocates of the "choke" 1:1 Balun claim that 
their beaded-coax Balun can't saturate while the bifi- 
Jar (current) toroidal Balun can. This is untrue; they 
are basically the some kind of structure, and neither. 
has a third conductor which could allow a flux-caus- 
ing current at the very low-frequency end. But of all 
of the attributes listed above for the Reisert Balun, the 
first one has the "choke" Balun at a disadvantage in 
the HF band, Because its transmission line is not 
coiled about а toroid. it docs not have the multiplica- 
tion factor of N? (due to mutual coupling), where N is 
the number of tums, while the toroidal Balun does 
Therefore, higher-permeability beads are required in 
order to obtain sufficient choking reactance, This 
results in lower efficiency. 

Finally, it should be pointed out that the 1:1 Balun 
using the small, but high-power, coaxial cable is capa- 
ble of 5-KW operation in the HF band. Because of 
current crowding, the bifilar toroidal Balun, even with 
No, 12 wite, has shown excessive wire heating at this 
level. Therefore, No. 10 ог No, 8 wire, with added 
layers of Scotch No. 92 tape in order to obtain a 50- 
‘ohm characteristic impedance, is recommended, 


The 4:1 Balun 


Chapter 8 


Sec 8.1 Introduction 


hapter 7 in this book discussed the most pop- 

ular of all Beluns—the 1:1 Balun designed to 

‘match 50 ohms unbalanced to 50 ohms bal- 
anced, It not only gave a review of the history, theory, 
and design of these broadband transformers, but also 
my viewpoint on published articles advocating later 
designs using coaxial cable wound around a toroid, 
threaded through ferrite beads, or just plain coiled in 
air (an ай-соге Balun). As was noted, I am in consid- 
erable disagreement with many of the claims 
advanced for these later 1:1 Balans. 

Chapter 8 deals with the next most popular Balun 
—the 4:1 Balun designed to match 50 ohms unbal- 
anced to 200 obms balanced. Baluns matching 50 
ohms unbalanced to 12.5 ohms balanced are also 
included, It begins with a litle information on the his- 
tory and design of these Baluns, followed by high- 
and low-power designs and comparisons with other 
Baluns that have been on the market or in the amateur 
literature, Guanella's approach to the design of a 4:1 
Balun is particularly noteworthy. lt not only yields an 
excellent Balun design, but also an Unun (unbalanced 
to-anbalanced transformer) with practically the same 
performance. His design could very well be called a 
Balun/Unun. As in the бгу chapter. this one also closes 
with a brief summary of the significant points. 


Sec 8.2 A little History and Design 
Information 

There are really only two classic papers that have 
established the principles upon which the transmis- 
sion line transformer (the Balun being a subset there- 
of) is based, The first one was written by Guanella in 
1944. Guanclla proposed the idea of coiling а wans- 
mission line to isolate the input from the output, 
resulting in the (now popular) current or choke 


Balun. The second was by Ruthroff in 1959, whose 
analysis of these transmission line transformers is the 
present industry standard.“ Ruthrof also introduced 
the шш and the hybrid transformer. 

Interestingly enough, both Guanella and Ruthroft 
had different approaches to their 1:1 and 4:1 Balun 
designs. Guanella used a two-conductor 1:1 Batan 
design, while Ruthroff used a three-conductor design. 
Ruthroff"s third conductor (which was said to increase 
the low-frequency response over the two-conductor 
Balun’) lay on a separate part of a toroidal core. 
Investigators who followed failed to recognize this 
fact. Their comparisons were made with a three-con- 
ductor Balun that had the third wire in parallel with 
the other two, which then formed two coupled trans- 
mission lines, This gave rise to the term voltage 
Balun—an inferior design $ 

However, the differences between Guanella's and 
Ruthroff’s approaches to 4:1 Baluns were even more 
striking. Guanella comnected coiled transmission lines 
in a parallel-series arrangement, so in-phase voltages 
were summed at the high impedance side. His Balun 
has been called a current Balun. Ruthroff, on the 
other hand, obtained a 4:1 transformation ratio by 
summing a direct voltage with a delayed voltage that 
traversed a single transmission line in a phase. ener 
connection (sce Chapter 7). His Balun has been 
called а voliage Balun, The distinction between the 
‘operation of these two Baluns was also overlooked by 
practically everyone who foliowed. 

‘This section reviews the two different approaches 
taken by Guanella and Ruthroff in obtaining 4:1 
Baluns. Of particular importance are the descriptions 
of the potential drops along the lengths of the trans- 
‘mission lines when the loads аге grounded at various 
points. These voltage drops are not only relevant to 
the ohmic losses in the Baluns, but also to their elec- 
trical performances. These descriptions were quite 
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Figure 8-1. Electrical models of the Guanelía 4:1 Balun: (A) high-frequency, (B) low frequency. 


possibly presented for the first time in the second edi- 
tion of my book Transmission Line Transformers? 


Sec 8.2.1 Guanella's 4:1 Balun 


Figures 8-14 and B show the high- and low-frequen- 
ey models of Guanella's method of connecting trans- 
mission lines in parallel-series to obtain a 4:1 Balun 
The high-frequency model (Figure 8-1A) assumes 
that the choking resctances of the coiled (or beaded) 
transmission lines are sufficient to isolate the input 
from the output, so only transmission line currents are 
allowed to flow. This occurs when the reactance of 
‘windings 3-4 and 5-6 (which are in series) is much 
greater than Ry (at least by a factor of ten.2 If two 
cores are used, the reactance is the sum of the reac- 
tances of windings 3-4 and 5-6. If a single core is 
used, the reactance is twice as large because of the 
mutual coupling between the windings. The other 
advantage of Guanella's method (besides only using 
one core) is that shorter transmission lines can be 
used, resulting in better high-frequency performance. 

As with all transmission line transformers, the 
objective is to have the transmission tines see loads 
‘equal to their characteristic impedances, resulting in 
“flat lines.” This yields the highest frequency 
response, Because each transmission linc in Figure. 
3-1A sees one half of ће load, Ry, the optimum value 
of the characteristic impedance is Ry 2. Consequently, 
the input impedance, V s, is simply the impedance 
of two identical transmission lines connected in paral- 
Jel. И follows that the impedance transformation ratio 
is the load, Ry, divided by the input impedance. 


Because the Guanella 4:1 Balun sums voltages of 
equal delays from identical transmission lines, his 
Balun is only limited in high-frequency performance 
by the deviation of the characteristic impedance of the 
transmission lines from the optimum values and the 
parasites not absorbed into the characteristic imped- 
ance of the lines. 1 (and practically everyone else) had 
‘overlooked the simple and important statement, “a 
frequency independent transformation, which 
appeared in Guanella's 1944 article^—a fact that is 
evidenced by the scarcity of his designs in the litera- 
ture, Another interesting aspect of the Guanella 4:1 
Balun is the analysis of his Balun when the load is 
floating or grounded at different points. This leads to 
the determination of the voltage gradients that exist 
along the transmission lines and the various functions 
of which his 4:1 design is capable. Assuming а 
‘matched load or very short transmission lines result- 
ing in Va = Vi. they are as follows. 


Floating Load 

With terminal 10 (which is at the center of RL) 
floating, the potential gradient along the top transmi: 
sion line in Figure 8-14. (windings 5-6 and 7-8) is 
—1/2V y; along the bottom transmission fine (winding 
1-2 and 3-4) it’s -3/2V y, The voltage to ground on ter. 
minal 9, Vy, is —1/2V ү. Because the bottom transmis- 
sion line (in Figure 8-14) has a voltage drop along its 
length three times greater than the top transmission 
Jine, it results in three times more loss because losses 
in transmission line transformers are voltage depen- 
dent (dìelectric-type losses)? 


Even though a single-core Guanella 4:1 Balun 
maintains the voltages (stated above) when feeding а 
folded dipole (of about 200 ohms) which has a virtu- 
al-ground potential at terminal 10, it still feeds equal 
currents to each side of the antenna because of the 
series-connection at its output. Since the output volt- 
ages are not balanced to ground, a reactive component 
is probably introduced into the input impedance, 
Additionally, the choking reactance of the windings 
also prevents antenna currents from flowing on the 
outside of the coaxial cable feedline. 


Load Grounded at Center 

When two cores are used and terminal 10 (the cen- 
ter of Ry) is grounded, the voltage gradient along the 
top transmission line in Figure 8-1А is zero, and 
along the bottom transmission line it is У, The volt- 
аге to ground on terminal 9 (Уа) is also zero. In fact, 
the core for the top transmission line isn’t needed. It 
merely acts as a mechanical support for the top trans- 
mission line, which now only operates as a delay lin. 
Also, all of the loss now occurs in the core of the bot 
tom transmission line where a longitudinal potential 
gradient exists. Furthermore, the low-frequency 
response, as seen from Figure 8-1B, is now deter- 
‘mined by the reactances of windings 1-2 and 3-4, This 
means that the low-frequency response with a floating 
load is better by a factor of two over the case where 
the load is grounded at its center 

But the single-core case is a different matter. Since 
the potential at terminal 9 (Voy) wants to be at 
-1ПУ, connecting a ground directly to the center of 
Ry, causes an imbalance that renders the single-core 
Balun unusable, If tbe ground were placed at a point 
25 percent below terminal 8 (50 ohms from terminal 8 
with a 200-ohm load), no difference would be noted 
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from a floating load. This condition also exists when 
two cores are used. 


Load Grounded at the Bottom. 

tis when the load is grounded at the bottom (at ter- 
minal 2), that we have what is probably the most 
interesting case. The 4:1 Balun (with two cores) is 
now converted into a very broadband Unum (unbal- 
anced-to-unbalanced transformer). Because the bot- 
tom transmission line in Figure 8-1A has no potential 
drop along its length, it only acts as а delay line. The 
voltage to ground at terminal 9 (Ууу) is +V, and the 
voltage gradient along the top transmission Jine is 
Vy. This results in a voltage of 2V} across the load. 
The low-frequency response is now determined by the 
reactances of windings 5-6 and 7-8. This is just the 
opposite of the Balun case when the center of the load 
was grounded, A single-core 4:1 Guenella Balun can 
also be converted to an Unun by putting a 1:1 Balun 
(for isolation) in series with the 4:1 Balun? 

‘There is a reason for claiming a very broadband 
response for a Guanella Опол (converted from his 
Balun)—the two in-phase voltages are now summed 
at the high-impedance side. The only other competi- 
tion for a 4:1 Unun design is that of Ruthroff's.? 
where a direct voltage is summed with a delayed volt- 
age that traversed a single transmission line (and, 
hence, had a built-in, high-frequency cut-off). In fact, 
very little information can be found in the literature 
опа Guanella 4:1 Unun, 


Sec 8.2.2 Ruthroffs 4:1 Balun 

Figures 8-24 and B show the high- and low-frequen- 
ey models of Ruthroft's approach for a 4:1 Balun. The 
high-frequency model (Figure 8-2A) assumes that the 


Figure 8-2. Electrical models of 


the Ruthroff 4:1 Balun: (A) kigh- 
frequency, (B) ow frequency. 
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Figure 8-3, A pictorial of the connections for a 4:1 
идно (voltage) Balun. 


choking reactance of the coiled (or beaded) transmis- 
sion line is sufficient to isolate the input fiom the out- 
put, зо only transmission line currents are allowed to 
flow. This occurs when the reactance of winding 3-4 
(or 1-2, because they are the same) is much greater 
than R, (at least by a factor often”), 

As Figure 8-2A indicates, the transmission line is 
connected in a phase-inverter function (see Chapter 
T). That is, a -Vy voltage gradient now exists along 
the length of the transmission line. Therefore, the 
voltage across Ry now becomes V + Уз. Although 
Ruthroff analyzed his 4:1 Unun in his classic paper.” 
his results also apply to his Balun with a floating load, 
because both devices sum a direct voltage with a 
delayed voltage. In essence, he used loop equations оп 
the input and output and transmission Tine equations 
to eliminate one set of variables (1, and V). Ruthroff 
also used а maxima technique (setting a derivative to 
zero) to solve for the optimum characteristic imped- 
ance of the transmission line, As in the Guanella case, 
he found the optimum value to be 1/2Ry, 

An inspection of Figure 8-24 shows that the left 
side of Ry, (terminal 3) has a direct voltage СУ) to 
ground, and the right side (terminal 2) a delayed volt- 
эге (-Уз) to ground, which traveled the length of the 
transmission line, Also note, that if the line is electri- 
cally one-half wavelength long, the output is zero, As 
a result, Ruthuoff’s design (which bas a builtin cut- 
off) is sensitive to the transmission fine length. 

1 have recently unearthed another interesting aspect 
of Rutbroff's design? If the center of the load is 
grounded, the high-frequency performance is vastly 
improved. The built-in high-frequency cut-off is elim- 
‘nated and the Balun appears to take on the character 
of a Guanella Balun that sums voltages of equal 
delays. A eloser inspection reveals that the input 
impedance now consists of two impedances in paral- 
lel: one consisting of Ei. and the other of a “Mat 
linc" terminated by Ry 2. As a result, the currents are 
not in phase! 


Surprisingly, when matching into a folded dipole 
with an input impedance of 200 ohms, Ruthroff's 
Balun exhibits a high frequency response that is 
much greater than expected (see later sections) 
Because the folded dipole has a virtual ground at its 
center, the Balun could very well be summing volt- 
ages of equal phases. 


Sec 8.2.3 Amateur Radio History 
апа Design 


Looking back at old issues of amateur radio hand- 
books (1 don't have a complete set), 1 found that the 
first presentation on broadband 4:1 Baluns appeared 
in the 1955 edition of The ARRL Handbook. The sec- 
tion was called “Сой Baluns,” The schematic diagram 
was that of Guanella's, shown in Figure 8-1А. What 
surprised me was that this section appeared to use 
many of the important words contained in Guavella’s 
article. It mentioned that the choking action of the 
coiled transmission lines should be great enough to 
isolate the input from the output at the lowest frequen- 
cy of interest, It also included the requirement on the 
characteristic impedance of the coiled transmission 
fines: namely. that the characteristic impedance 
should be equal to Ву /2, where Ry is the load, 

However, the section also included two other state- 
ments which are not correct in light of today's design 
practices, One recommended that the length of the 
winding in each сой be equal to about a quarter wave- 
length. The other stated that the principal application 
is in going from a 300-ohm balanced load to 2 75- 
‘ohm coaxial line. With magnetic cores, the lengths of 
the windings are now considerably shorter than a 
quarter wavelength, and the applications include a 
host of different impedance levels 

Recent issues of the handbooks now include the 4:1 
broadband сой Balun (along with the same write-up 
that appeared in the 1955 issue), and one with wind- 
ings on ferrite cores. They are now called 4:1 al. core 
current Baluos and “just plain" 4:1 current Baluns 
(ferrite cores being assumed). Unfortunately, what 
lacking in the description of the 4:1 current Balun 
information on the importance of the characteristic 
impedance of the windings and the value of the per- 
meability of the ferrite cores. The literature states that 
8 to 10 turns (of No. 14 Formvar-coated, close- 
spaced—1 guess) on a toroidal core or 10 to 15 turas 
оп a rod are typical values for the HF range, Ferrites 
with permeabilities from 850 to 2500 are also sug- 


gested. Nothing is mentioned regarding the dimen- 
sions of the cores, 

In essence, there's very little information available 
today in our handbooks that would help one under- 
stand and construct the “popular” current Balun. Even 
the choices of recommended ferrites to be used are 
found wanting. Accurate loss measurements? have 
shown ferrites with permeabilities of 850 to 2500 to 
be lossy in Balun and Unun applications. Only when 
the permeabilities of ferrites аге 300 or less will 
Baluns and Ununs exhibit the very high efficiencies of 
which they are capable, 

Even though the 4:1 voltage Balun has actually Вай 
а shorter history than the current Balun, considerably 
‘more construction detail (including an actual photo- 
graph) has been available in the amateur radio hend 
books. As far as I can tell, the first presentation took 
place between 1965 and 1968. In looking through suc- 
ceeding issues (including the 1993 issue), I find the 
write-up hasn't changed much (if any) over the years. 
The 4:1 Balun from the handbooks and a commer 
rod-type are described and compared with my designs 
in the succeeding sections. 


Sec 8.3 4:1 Ruthroff Balun Designs 


As mentioned above, the schematic of Ruthroff's 
Balun is shown in Figure 8-2A. A pictorial represen- 
tation is shown in Figure 8-3. Photo 8-A (on the left) 
shows my construction of а design close to the one 
shown in the handbook’s photographs. It has 10 close- 
spaced, bifilar turns of No. 14 Formvar-coated wire on 
a 24-inch OD ferrite toroid with a permeability of 40. 
Figure 8-4 shows а plot of the input impedance ver- 
sus frequency when the 200-ohm load is center- 
tapped-to-ground (which is close to the actual case 
‘when matching into balanced antenna systems). As 
уой can see, when compared to a design that has the 
proper characteristic impedance of the winding and 
sufficient choking, the response is very poor. 
Although this Balun has been rated at 1000 watts of 
RF power from 1.8 through 60 MHz, I would suggest 
it not be used below 6 MHz for fear of excessive flux 
in the core (especially when the magnitude of the load 
is greater than 200 ohms). Also, above 14 MHz, the 
transformation becomes considerably greater than 4:1. 
My design, on the right in Photo 8-A, has 14 bifilar 
turns of No, 14 tinned copper wire on a 2.4-inch OD 
ferrite toroid with a permeability of 125 or 250. The 
wires are threaded through No. 13 Teflon tubing with 
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Photo 8-A. Two designs of the 4:1 Ruthroff (voltage) 
Balun. The one on the lefi is taken from the amateur radio 
handbook. The one on the right is my improved version. 


a wall thickness of 20 mils. As you can see by its 
excellent high frequency response in Figure 8-4, the 
characteristic impedance of the bifilar winding must 
be very close to the ideal value of 100 ohms. Photo 
8-B shows two different views of my design mounted 
in a4 inch long by 3 inch wide by 2.25 inch high Bud 
CU 234 aluminum box. The Balun, which is placed 
equidistant between the top, bottom, and sides of the 
enclosure, is securely mounted by soldering its leads 
to the two feedthrough insulators and the SO-239 
chassis connector. 

It should be mentioned that if the Balun is to be 
used mainly on the lower portion of the HF band 
(including 160 meters), then the 250 permeability fer- 
tite is recommended. Even though the difference in 
low frequency response between permeabilities of 125 
and 250 doesn’t show up in Figure 8-4, the 250 per- 
meability would provide an extra safety margin (from 
flux in the core) at the low frequency end. The trade- 
off lies in giving up a little in efficiency (about 1 per- 
cent) for an increase in the safety margin (a factor of 
2) atthe low end. 

Incidentally, the handbooks also state that the Balun 
сап be used between a balanced 300-ohm point and а 
75-ohm unbalanced line. Because I suspected this 
statement as well, I again measured the input imped- 
ances versus frequency of both Baluns when terminat- 
ed in а 300-ohm center-tapped-to-ground load. Figure 
8-5 shows the deterioration that takes place, especially 
at the high end, Even a Balun that is well designed for 
a 50:200-ohm impedance level is not recommended 
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Figure 8-4. The input impedance versus frequency 
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the low end. I'm surprised that these simple measure- (алазоок сват virg P 
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However, the Balun shown in the handbook does K 
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ciencies in Baluns (and Ununs) of 99 percent at the e 


Photo ВВ, Two different views of the optimized version of the 4:1 Ruthroff Balun mounted in а 4 inch long by 3 inch wide 
y 2.25 inch high Bud CU 234 aluminum enclosure. 


50:200-ohm impedance level! This is even a percent 
ог two better than the ferrite with a permeability of 
125. Because this ferrite permeability is so low, the 
major problem lies in obtaining sufficient choking 
reactance at the lowest frequency of interest, so that 
only transmission line currents are allowed to flow. 

‘The design chosen (in order to exploit this very hi 
efficiency) is shown Photo 8-С. It uses 14 bifilar 
tums of the same wire, as with my previous Balun 
shown on the right in Photo ВА, on two 24-inch OD 
cores (hound together with No. 27 glass tape) with 
permeabilities of 40, The unmounted view shows how 
the two cores are bound together by glass tape. The 
other views attempt to give an example for mounting 
the Balun. The Balun is supported by two acrylic end 
pieces which are, in tum, held fast to the enclosure by 
a long bolt. The Balun is placed equidistant between 
the top, bottom, and sides of a 5 inch long by 3.5 inch 
wide by 2.25 inch high aluminum enclosure. A few 
washers at the point where the bolt comes through the 
enclosure help to position the Balun between the top 
and bottom. 

"When matching 50 ohms (unbalanced) to 200 ohms 
(balanced), the response of this Balun is practically 
the same as mine, shown in Figure 8-4 using a single 
core. From 1.7 to 30 MHz, it can certainly handle the 
full legal limit of amateur radio power with an effi- 
ciency close to 99 percent. However, if the operation 
of this Balun is restricted to the HF band only (that is, 
from 3 to 30 MHz), then it could be rated conserva- 
tively at 10 kW of peak power and 5 kW of average 
power, It would be an ideal Balun for a log-periodic 
beam antenna, 

Finally, Photo 8-D shows three different views of a 
low power 4:1 Ruthroff (voltage) Balun designed to 
handle the output power of any HF transceiver easily. 
It has 10 bifilar turns of No. 18 hook-up wire on a 1.5- 
inch OD ferrite toroid with a permeability of 250. The 
enclosure is a 2.75 inch long by 2.125 inch wide by 
1.625 inch high CU 3000-A minibox. 


Section 8.4 4:1 Guanella Balun 
Designs 

Photo 8-E shows two high-power Guanella 4:1 
Baluns designed to match 50-obm coaxial cable to 
loads of 200 ohms. They both use No.14 Н 
Thermaleze wire with a covering of Teflon tubing giv- 
ing characteristic impedances very close to 100 ohms 
(the objective). Their responses are flat from 1.5 MHZ 
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Photo 8-C. Three views of the very high-power 4:1 
Ruthroff Balun using two tow-permeability (40) ferrite 
cores. Dimensions of the aluminum enclosure are: length, 
S inches: width, 3.5 inches; height, 2.25 inches. 


„ UNDERSTANDING, BUILDING, AND USING BALUNS AND UNUNS 


Photo 8-0. Three views of the low-power 4:1 Ruthroff Balun designed to handle the output of any HF transceiver. The alu- 
minum enclosure is а 2.75 inches high by 2.125 inches wide by 1.625 inches high CU 3000-4 minibox. 


to well beyond 30 MHz. Both can easily handle the 
full legal limit of amateur radio power. 

The single-core version (on the left) has 8 bifilar 
turns on each of its two transmission lines. The dual- 
core version (on the right) has 16 turns on each core. 
"The wires are clamped together with strips of Scotch 
No. 27 glass tape placed about every 3/4 inch. The 
cores are 24-inch OD ferrite toroids with a perme- 
ability of 250, The connectors are on the low-imped- 
ance sides. For ease of connection, the dual-core ver- 
sion has one winding clockwise and the other, coun- 
terelockwise. Also, in the dual-core case, the spacing 
between the two cores (which isn't critical) can he as 
small as 1/4 inch. 

These transformers can also be wound with ordi- 
тагу No. 14 (solid) house wire. The several samples 1 


tried yielded characteristic impedances close to 100 
ohms (and, thus, were acceptable). The major differ- 
ence lies in the voltage-breakdown capabi 
‘wound with Teflon-sleeved No. 14 H Thermaleze wire 
have been reported to withstand 10,000 volts without 
breakdown! Obviously, this is beyond the capability 
of ordinary house-wire. 

Photo 8-F shows a Guanella (current) 4:1 Balun 
‘mounted in a 5 inch long by 4 inch wide by 3 inch 
high CU 3005-A minibox, It has 14 bifilar turns of 
No. 14 Н Thermaleze wire on each of the two 24- 
inch OD ferrite toroids with permeabilities of 250. 
Each wire is covered with Teflon tubing, resulting in a 
characteristic impedance close to 100 ohms (the opti- 
mum). The windings also employ a crossover after the 
seventh tum, as shown in Figure 8-6. For ease of con- 


Photo В.Е. Two high-power 
versions of the Guanella 4:1 
Balun. The Balun on the left 
uses a single core while the one 
оп the right uses nwo cores. The 
connectors are on the low- 
impedance sides. 


Figure 8-6. Construction of а crossover placing input and 
output connections on opposite sides of the toroid. 


nection, one toroid is wound clockwise and the other, 
‘counterclockwise. The spacing between the toroids 
can be between 1/4 and 1/2 inch. 

When matching S0-ohm cable to a balanced load of 
200 ohms, the transformation ratio is constant (within 
2 percent) from 1.5 to 45 MHz. This Balun can also 
handle the legal limit of amateur radio power. It 
would probably perform satisfactorily if wound with 
ordinary No. 14 house wire (solid), or with Teflon- 
covered No. 14 tinned wire, However, the design in 
Photo 8-F has withstood peak pulses of 10,000 volts! 
Considering this fact, it might be worthwhile to take 
the extra effort and use Teflon-covered No. 14 Н 
Thermaleze wire 

A single-core version using two coiled transmission 
lines on a single core looks interesting and should be 
investigated. It results in balanced currents and unbal- 
anced voltages. I would use two coiled transmission 
lines with 7 bifilar turns of the same wire on the same 
core as above. 

Photo 8-G shows two low-power Guanella 4:1 
Baluns designed to match 50-ohm coaxial cable to 
loads of 200 ohms. They both use No. 20 hook-up 
wire (solid) giving a characteristic impedance very 
close to the objective of 100 ohms. Their responses 
are flat from 1.5 MHz to well beyond 50 MHz. They 
are conservatively rated at 150 watts of continuous 
power and 300 watts of peak power. They have been 
exposed to 500 watts of continuous power (in a 
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matched condition) for a considerable length of time 
with virtually no rise in temperature. 

‘The single-core version (оп the left) has 7 bifilar 
turns on each of its two transmission lines, while the 
dual-core version (on the right) has 14 turns on each 
core, The wires are clamped together about every 1/2 
inch with strips of Scotch No. 27 glass tape. The cores 
are 1.25-inch OD ferrite toroids with a permeability of 
250. The connectors are on the low-impedance sides. 
As above, the dual-core version has one winding 
clockwise and the other, counterclockwise. 

Photo 8-H is a step-down version of the Guanella 
4:1 Balun and uses two ferrite rod-cores 3/8 inch in 
diameter and 3.5 inches in length. Core permeabilities 
are 125, It uses the schematic of Figure 8-1А, but with 
the generator (which is grounded) on the right side and 
the load (ungrounded) on the left side. This 4:1 Balun 
is designed to match 50-ohm coaxial cable (on the right 
side) to a balanced load of 12.5 ohms. Each rod has 
13.5 bifilar tums of No. 14 H Thermaleze wire. Again, 
for ease of connection, one rod is wound clockwise and 
the other, counterclockwise, The response is fat from 
1.5 MHz to well over 30 MHz. This Balun is fully 
capable of handling the legal limit of amateur radio 
power, The connector is on the high-impedance (50 
‘ohms) side. Beaded versions of Guanella's step-down 
4:1 Balun also look very promising for operations on 
the VHF and UHF bands, The technique requires mini- 
mizing the parasitics in the interconnections. Some 
‘examples will be shown later 


Photo 8-F. А 4:1 Guanella Balun using the crossover con- 
nection of Figure 86 and mounted in a 5 inch long by 4 
inch wide by 3 inch high CU 3005-A minibox. 
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Photo 8G. Two low-power versions of the Guanella 4:1 Balun. The Balun on the 
left uses a single core while the one on the right uses two cores, The connectors 


are on the low-impedance sides 


Photo 8-H. A dual rod-core 4:1 Guanella step-down Balun designed to match 50- 
ойт cable to a balanced load of 12.5 ohms, The connector is on the 50-ohm unbal- 


anced side. 


It should be mentioned again that the three dual- 
core Baluns above also make excellent broadband 
Ununs. They only sacrifice a little in low-frequency 
response, However, because of their conservative 
designs, they can still handle the 160-meter band. 


Sec 8.5 Comparisons with Other 
Boluns 

After completing the study on 4:1 Baluns, I thought it 

would be interesting to characterize aber Baluos that 

эге commercially available, or that have heen recently 

described in the amateur radio literature. My findings 

are as follows. 


The 4:1 Rod-type Ruthroff Balun 

Photo 8-1 shows a photograph of the typical rod- 
type 4:1 Balun, which was practically the only one 
available for the past three to four decades, The Balun 
in the photograph is the HI-Q Balun. It is the 
Ruthroff design (now called a voltage Balun®) with 10 
bifilar turns of No. 14 wire on a 1/2-inch diameter fer- 
rite rod 2 inches in length. In terminating this Balun 
with 200 ohms, the useful range was found to be from 
7 to 15 MHz. Below 7 MHz, the input impedance 
showed a considerable inductive component—indicat- 


ing autotransformer action and flux in the core (which 
‘could be harmful). Above 15 MHz, the transformation 
ratio increased and became complex. The optimum 
impedance level was found when matching 100 ohms 
to 25 ohms (indicating a characteristic impedance of 
the windings of only 50 ohms). The useful frequency 
range at this impedance level increased to 3.5 MHz to 
30 MHz. 

When matching S0-ohm coaxial cable to a 20-meter 
folded dipole at а height of 0.17 wavelengths (result- 
ing in a resonant input impedance of 200 ohms), the 
VSWR curve was indistinguishable from that of the 
best Guanella 4:1 (current) Baluns.“ This Balun also 
presented no difficulty in handling the full power 
limit. However, on 10 meters, the difference due to a 
very low characteristic impedance of the coiled trans- 
mission line became evident. Figure 8-7 shows the 
poor VSWR curve of the rod-type Balun when com- 
pared to other Guanella and Ruthroff Baluns with 
characteristic impedances close to the optimum value 
of 100 ohms. The rod-type Balun with all of its inade- 
quacies, which include voltage-breakdown, is certain- 
ly not recommended. 

"The high-power Ruthroff Balun is close to McCoy's 
design.” It uses 11 bifilar tums of No. 14 Н Therma- 
leze wire on a stack of three T200-2 cores. The wires 
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Photo 8-1. A typical 4:1 rod-type 
Ruthroff (voltage) Balun (HI-Q). 


are also covered with 20-mil wall Teflon tubing yicld- 
ing a characteristic impedance close to 100 ohms. 1 
differ with McCoy's design because T feel the charac- 
teristic impedance of his transmission line could be 
closer to 50 ohms, His Balun and others that use pow- 
dered ion cores will be described further in the next 
chapter on Baluns for antenna tuners. 

‘The low-power units in Figure 8-7 used 14 bifilar 
tums of No. 18 hook-up wire on 1.25-inch OD ferrite 
toroids with a permeability of 250, The transmission 
lines of the low-power Baluns were just under 20 
inches, while those of the high-power Balun were 50 
inches in length 

Аз can be seen in Figure 8-7, there are very small 
differences between the VSWR curves of the two 
low-power Baluns and the high-power Ruthroff 


(voltage) Balun. The differences could very well be 
attributed to the small variations in the characteristic 
impedances of the windings. Very likely, the most 
important information gleaned from Figure 8-7 is 
that, when feeding a balanced dipole with a virtual 
ground-plain bisecting it, the Ruthroff Balun takes 
on the character of a two-core Guanclla Balun, In 
other words, the Ruthroff Balun loses its built-in 
high-frequency cut-off! 


Current Baluns 

1 also characterized several so-called current 
Baluns“ that recently appeared on the market. These 
are my findings: 

а) They are the dual-core (toroids) version of the 
Guanella Balun, which sums voltages of equal delays. 
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Figure 8-7. Plots of VSWR curves on 10 meters for four different 4:1 Baluns. The high-power Ruhroff Balun is actually 
McCoy's design with a 100-ohm characteristic impedance winding (and is described in the next chapter). The Hi-Q Balun 
is shown in Photo 8-1. The comparisons show the importance of having the optimum value of the characteristic impedance 
of the windings and that the high-power Balun with is much longer transmission line indicates a Guanella-type operation 
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b) The electrical performances of these Baluns are 
vastly superior to the rod-type Balun described earlier. 

©) These Baluns should meet their electrical and 
power-rating specifications. 

d) My only criticism is that they could have more of 
a safety margin at the low-frequency end, where ex- 
cessive core flux (due to higher than expected imped- 
ances) could take place. More inductance in the wind- 
ings is recommended. 


‘The Beaded-coax 4:1 Balon 

A design in an amateur radio journal? advocated 
using beaded coaxial cable (of 100 ohms) in a 4:1 
Guanella design. Various claims were advanced for 
this approach, 1 constructed опе of these Baluns using 
No.14 wire with Teflon sleeving, resulting in the 
required 100-ohm characteristic impedance. Here are 
my findings 

2) The Balan had excellent margins at both the 
high- and low-frequency ends. The performance of 
this Balun verified the analysis (expressed cartier) 
with the high- and low-frequency models and the sub- 
sequent voltage gradients. In fact, the high-frequency 
performance exceeded the capability of my simple 
test equipment? 

b) The major disadvantage is in efficiency. Because 
high-permeability (2500) beads are required in order 
to obtain the required choking reactance in (he HF 
band, this Balun had considerably more loss than 
coiled-type Balons using tow-permeability (ess than 
300) ferrite toroids? A soak-test? (transformers com- 
nected back-to-back and about 500 watts applied into 
a dummy load) with the dual-core low-power unit in 
Photo 8-G showed that the smaller Balun ran consid- 
erably cooler! The beaded transmission Jine technique 
is recommended mainly for Baluns (and Ununs) oper- 
ating at low impedance levels or on the higher-fre- 
quency bands. 


Sec 8.6 Summary 


Unlike the 1:1 Balun, the 4:1 Balun matching 50 
ohms unbalanced to 200 ohms balanced has had no 
real standard for comparison in the amateur radio li 
erature. As Chapter 7 showed, Reiser's Balun in his 
1978 article? had all of the attributes of a good 1:1 
design. Therefore, he set а legitimate standard for 
others to follow or even attempt to exceed, Also 


shown were some of my variations in his design for 
increased efficiency and ease of construction. 

However, Chapter 8 has illustrated that the designs 
in the amateur literature (particularly the handbooks) 
are found lacking in bandwidth, or efficiency, or both 
Even the 4:1 Baluns on the commercial market cam be 
improved, This is especially true of the rod-type 
Balun that has been available for decades! 

In the process of investigating the 4:1 Balun for my 
series of articles in CO and Communications Quarier- 
dy, I have arrived at some designs that could provide 
the beginnings of standards for this device. They are 
included in this chapter and are: 

1. For balanced applications like matching 50-obm. 
cable to the 200-ohm balanced input impedance of 
Tolded-dipole or log-periodic antennas, 1 recommend 
the single-core, Ruthroff design of Photo 8-A, It is 
capable of handling the full legal limit of amateur 
radio power. For а higherpower capability and a little 
ess bandwidth, I recommend the Ruthroff design 
shown in Photo 8-С. These designs are presently 
called voltage Balun. 

2, For unbalanced applications like the OCFD (off- 
center-led dipole), or a dipole that could be unbal- 
anced by surrounding structures ог by construction 
errors, I recommend the two-core Guanella design of 
Photo 8-E or Photo 8-F. It а much more flexible 
unit that can operate successfully as a Balun when the 
load is grounded at its center (Figure 8-14), or as an 
Unun when the load is grounded at the bottom. 
Although not shown, it can even be grounded at the 
top, yielding a 4:1 phase-inverter. 

3. For low-power 4:1 Baluns, there really have been 
по designs in the literature for comparisons. 
‘Therefore, by default, the designs in this chapter are 
suggested as standards. Applications of the single- 
core Ruthroff Balun and the two-core Guanella Balun 
aro the same as their higher-power counterparts, 

Tam sure there are some who don’t agree with the 
recommendations proposed above. The Guanella (cur- 
rent) Balun appears to be the main Balun of choice. 
"The question is: Why use a two-core Guanella (cur- 
rent) Balan when a single-core Ruthroff (voltage) 
Balun will do? They both have the same power rat- 
ings! For those who disagree with my views, designs, 
or recommendations, | encourage them to (as the clas- 
sie TV commercial used to say) put itin writing. Then 
we will all benefit from the new information. 


Chapter 9 


Baluns for Antenna Tuners 


Sec 9.1 Introduction 


he 4:1 Balan, matching 50 obms (unhalanced) 
| to 200 ohms (balanced), has found its most 
popular use in antenna tuners, Because the 
Balun rarely sees a resistive load of 200 ohms in this 
application, the primary objective is to take the bal- 
anced impedance (with respect to ground) of the input 
to an open-wire (or twin-lead) feedline and transform 
it into an nnbalanced impedance which has one side 
grounded and сап be transformed into 50 ohms by an 
L-C matching network. This was well described in 
two CQ articles by McCoy. 

As Chapter 8 has shown, there are two different 
forms of the 4:1 Balun, One uses two transmission 
lines wound on separate cores (or threaded through 
ferrite beads in some cases) and connected in paralel 
at the 50-ohm side and in series at the 200-ohm side, 
This design was first presented by Guanella in 19442 
and is presently called a current Balun.ó The other 
design, using a single transmission line Wound around 
a core and connected in a phase-inverter configura- 
tion, was introduced by Ruthrolf in 1959.9 This 
design, which has recently been called a voltage 
Balun. is now perceived as the inferior design, 

"This chapter presents another view of the 4:1 Balun. 
It not oniy includes the optimum design considera- 
tions for antenna tuner use, but also the design para- 
meters for multiband antenna systems using center- 
fed dipoles with open-wire or twin-lead feedlines. 


Also included are my views on the GSRW antenna, the 
tuner using а 1:1 Balon before the L-C matching net- 
жой, and the special cases of RuthrofP's 4:1 design 
matching into а Joad that is actually or virtually 
grounded at its center. 


Sec 9.2 The Two Forms of 
Antenna Tuners 


Three of the more common items in amateur radio jar- 
gon are VSWR, antenna tuners, and multiband anten- 
nas (especially the СЗУ), These have appeared upon 
the scene because of the ease at which bands can now 
be changed and the narrow limits in the range of 
matching impedances with modem rigs. 

‘The concept of using a wire antenna on many differ- 
ent bands isn’t new. Designs have been around for 
тоге than six decades. In fact, satisfactory circuits 
have also been available which couple transmitters to 
balanced lines that present loads different than the 
transmitter output impedance, These were known as 
series and parallel-tuned circuits. The transforming 
of balanced impedance to an unbalanced impedance 
was accomplished by the isolation provided by mag- 
netic coupling. Energy was transmitted from one cir- 
cuit to the other by either having two coils in close 
proximity or by “link” coupling. However, these 
methods of coupling have fallen by the wayside, 
together with rock-bound sigs, plug-in coils, separate 
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Figure 9-1. The two basic forms of the Transmatch (antenna tuner): (A) the more popular design using an unbalanced L.C. 
network and a 1:4 Balun; {B) a 1:1 Balun and а balanced 1-С network. 
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receivers and transmitters, and (sad to say) the схсй- 
ing flashing of mereury-vapor rectifiers. 

"Today, the sransmaích is most often used to convert 
the reactive/tesistive load presented by an antenna 
system to а nonreactive, grounded 50-ohm load. The 
transmatch is also commonly known as an antenna 
toner. The isolation role, that of converting a balanced 
impedance to an mbalanced one, is now provided by 
the Balun transformer, 

There are two basic forms of the transmatch, and 
they are shown in Figure 9-1. Figure 9-14, which 
shows а 4:1 Balun between the L-C network and the 
balanced transmission line, has been the most popular 
In some designs, а 1:1 Balun has been used. In either 
сазе, this form of antenna tuner places the burden on 
the Balun, not on the L-C network. Depending upon 
the dimensions of the antenna and open-wire (or twin- 
lead) transmission fine, the Balun can see very high 
impedances that may be harmful. In tum, the L-C net- 
works are simple because of their unbalanced nature 
Among the most popular networks are L, pi, T. 
Ultime, and SPC types.20-2 An added advantage to 
this approach is that the Balon can be placed outside 
the operating area and connected to the L-C network 
by a coaxial cable. 1718 

On the other hand, Figure 9-1B takes the complexi- 
ty out of the Balun and places it on the L-C network, 
"With a balanced network, the 1:1 Balun should sce а 
lower voltage drop along the length of its transmission 


ine (and, hence, less loss?) because its load is always 
close to 50 ohms. Additionally, the choking require- 
‘ments of a 1:1 Balun are considerably less than that of 
the 4:1 Balon in Figure 9-14. 

Rochm has addressed the problems related to this 
form of transmatel in an article. 16 In fact, he suggests 
а design using an unbalanced T network and a 1:1 
beaded-coax Balun, Although a balanced LC net- 
work is inherently more complex and costly, it меше 
be interesting to see its comparison with Roehm’s 
unbalanced design. Additionally, a comparison with а 
1:1 Balun using 50-ohm twin-lead or coaxial cable 
wound around a ferrite toroid with a permeability of 
less than 300 would also be useful. Because the 1:3 
beaded-coax (choke-type) Balun requires ferrite beads 
with permeabilities considerably greater than 300, it 
has more loss? 

In any event, the basic form of the transmatch using 
the design in Figure 9-1B looks promising and merits 
further investigation. 


Sec 9.3 Another View of the 

4:1 Balun 
‘This section presents my views end the results of my 
work on a 4:1 Balun designed for use in the very pop- 
ular “antenna tuner" shown in Figure 9-14. Because 
the Balon may be exposed to harmful high voltage 
conditions in this application, the efficiency and 
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Figure 9-4, Suggested model ofthe 4:1 Ruthroff (voltage) Balun 
when the load, Ву, is grounded at its center. 


Photo 9-A. The high-power Ruthroff 4:1 Balun used in the 
‘comparison with other Baluns (see Figure 9-7, and Figure 8-7 of 
Chapter 8). Except for some difference in the characteristic 
impedance of the bifilar winding, it is essentially the McCoy 
4:1 Balun. 


ruggedness of the core materials are important consid- 
erations. Experiments have shown that losses in 
Baluns are related to the impedance level? (and, 
hence, voltage level), and the permeability of the 
materials. Therefore, the losses are of a dielectrie-type 
and not of a current-type, as in conventional trans- 
formers, Moreover, it is well known that powdered- 
iron is a more rugged and linear material than ferrite. 
A very important question to ask is which form of 
the 4:1 Balun should be used in this application— 
Guanella's or Ruthroff's? My conclusions may sur- 
prise many readers. 

As was mentioned at the beginning of this chapter 
and above, there are two basic forms of the 4:1 Balun. 
They are shown in Figure 9-2А and B. Figure 9-24. 
is Guanella's approach, It uses two coiled transmi 
sion lines (on separate cores) connected in parallel on 
the 50-ohm side and in series on the 200-ohm side. 
This has recently been called a current Balun. In 
order to have “flat” transmission lines and obtain the 
highest frequency response, the characteristic imped- 
ance of the coiled transmission lines should be equal 
to the loads they see—namely, fk, and, in this case, 
100 ohms. 

As Guanella said in his classic paper, this Balun is 
literally “frequency independent.” At the low frequen- 
су end, the reactance of the coiled transmission line 
should be much greater than 100 ohms (in this case) 
in order to assure that the energy is transmitted from 
input to output by an efficient transmission line mode. 
Beaded transmission lines aren't recommended for 
use on the HF band at these impedance levels because 
of excessive dielectric loss. 

Figure 9-2B shows Ruthroff's approach, which 
uses a single transmission line connected in the phase- 


s 


inverter configuration (see Chapter 7). By grounding 
terminal 4, a voltage drop of -V appears across the 
length of the transmission line. As a result, terminal 3 
is at +У and terminal 2 is at -V,—a 4:1 transforma- 
tion ratio. 

It is when the load is actually grounded at its center 
that we see a very interesting feature of this approach. 
A simple impedance measurement will show that the 
high frequency response is vastly improved and that 
the Ruthroff (voltage) Balun appears to take on the 
character of a Guanella (current) Balun! Figure 9-3 
illustrates the measurements of the input impedance 
of a Ruthroff 4:1 Balun with the load floating, and 
when it is grounded at its center. These measurements 
(with a simple resistive bridge) were made on my 
design using a powdered-iron core, which will be 
described later. 

А model for the Ruthroff 4:1 Balun, when the load 
is grounded at its center, is provided in Figure 9.4. If 
the characteristic impedance of the transmission line 
їп the 4:1 Balun is 100 ohms (the optimum value if 
the load is 200 ohms), then the generator sees Ry /2 in 
parallel with a Ry/2 from a “flat” line, As a result, the 
generator sees its match of 50 ohms—even though the 
Currents in the loads are not in phase! 

However, when the Balun is connected to a center- 
fed, folded dipole, or log-periodic beam antenna with 
200-оһт input impedances, the virtual ground-plane 
bisecting the antennas presents an interesting case. 
Because there is no metallic connection to the center 
of the load, the currents in both halves of the antennas. 
are in phase, This is unlike the situation in Figure 9-4, 
‘where the current in the load on the right is delayed 
compared to the current in the load on the left. As is 
evident in Figure 8-7 of Chapter 8, the VSWR curve 
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Photo 9-В. The Balun of Photo 9-A mounted in a 5 inch 
long by 4 inch wide by 3 inch high minibox. 


Figure 9-5. A pictorial of the connections for а 4:1 
Ruthroff (voltage) Balun. 


for the high-power Ruthroff Balun has practically the 
same shape as those of the two lower-power units— 
‘even though its transmission line is more than two and 
‘one half times longer. 

Because the high-frequency response of a Ruthroft 
4:1 Balun with a floating load is highly dependent 
проп the length of the transmission line, Figure 8-7 
suggests that, in the virtual ground case, the Balun 
acts as a Guanella Balun which sums voltages of 
equal phases. It also suggests that the effective electri- 
cal length of the transmission line is one-half of its 
actual length. I am quite sure that this model of 
Ruthroff's Balun was not proposed by him or by oth- 
ers that followed. However, it should be remembered 
that this condition only exists in the balanced case. 
With an unbalanced load, the Balun should introduce 
a reactive component that will limit the high frequen- 
су response. In the unbalanced case, the Guanella 
Balun with two cores is the Balun of choice. 


Sec 9.4 Some "Hardy" 4:1 Designs 


Photos 9-A and 9-B show two views of a RuthrofF 4:1 
Balun, much like MeCoy's design, which has been 
used in his highly popular transmatch.22 Figure 9-5 
shows a pictorial representation of the connections. It 
has 11 bifilar tums of No. 14 H Thermaleze wire on 
three (stacked) 7200-2 cores, The cores are pow- 
dered-iron material with a permeability of 10. The OD 


Photo 9-C. The various 
Baluns used in the study of 
4:1 Baluns for antenna 
iners. 


is 2 inches, The wires are also covered with a 15-mil 
wall Teflon tubing, yielding a characteristic imped- 
ance close to the optimum value of 100 ohms. 

I differ with McCoy's design here, because the char- 
acteristic impedance of his Balun could be closer to 
50 ohms, Photo 9-B shows the Balun mounted in a 5 
inch long by 4 inch wide by 3 inch high minibox. 
Because McCoy didn't use a thickly insulated wire, 
he wound a layer of Scotch No. 27 glass tape on each 
toroid before stacking. This was followed by another. 
layer in the stacking process. With Teflon sleeving 
over the wire, the extra insulation provided by the 
glass tape could be dispensed with. 

In order to improve the low-frequency response of 
‘McCoy's Balun, I made a study of higher permeabili- 
ty powdered-iron cores. Photo 9-С shows the various 
Baluns used in the study. The object of this study was 
to determine the best core material for a 4:1 Balun to 
be used in antenna tuners where they can be exposed 
to high impedances (and, hence, hostile environ- 
ments). I knew, as the result of very accurate insertion 
loss measurements? that loss with ferrite materials 
was related to the voltage drop along the length of the 
transmission line and to the value of the permeability 
Permeabilities of 40 (No. 67 ferrite) exhibited the 
lowest loss, The results taken on a single powdered- 
iron material -No. 2 material with a permeability of 
10—also showed the very same low loss. Because 
powdered-iron material has been known to be more 
rugged and linear than ferrite material, this suggested 
that other powdered-irons with greater permeabilities 
should also be investigated. 

1 investigated four other powdered-irons with per- 
meabilities of 20, 25, 35, and 75. Their designations 
were Nos. 1, 15, 3, and 26, respectively. Comparisons, 
were made on input impedances (with the outputs ter- 
minated in 200 ohms) and temperature rises (when 
handling 500 watts of power). The power test showed, 
convincingly, that No. 26 material was not to be used 
because it showed a definite rise in temperature while 
the other three didn’t. However, all four materials 
showed a definite lower input impedance than the No. 
2 material, which has a permeability of 10. As expect- 
ed, the higher the permeability, the larger the differ- 
ence with No, 2 material. Although an input imped- 
ance measurement does provide some indication of 
loss because it appears as а shunting path to ground, a 
very accurate insertion loss measurement would pro- 
vide a more precise indication of the trade-off that can 
be made in efficiency for low frequency response. 
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Photo 9D. An 
improved 4:1 
Ruchroff design for 
antenna tuners. 


Photo 9-E. The improved 4:1 Ruthroff Balun mounted in a 
S inch long by 4 inch wide by 3 inch high minibox. 


Because my simple loss measurements indicated 
that the higher permeability powdered-irons had more 
loss than the No. 2 material, I decided to design a 4:1 
Rothroff Balun using this material—but with a larger 
core and more turns than the McCoy!?.!8 Balun. 
Although MeCoy’s design has enjoyed considerable 
Success over the years, | felt that a larger inductive 
reactance was desirable in order to assure better per- 
formance on the lower frequency bands (particularly 
160 meters, 
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Photo 9-F. The top view of the 4:1 Balun of Photo 9-Е. 


‘The specific design is shown in Photo 9-D. It has 
17 bifilar turns of No. 14 Н Thermaleze wire on a 
T300A-2 powdered-iron core, which has an OD of 3 
inches and a permeability of 10. With this number of 
turns and а larger cross section than the three T200-2 
cores, the low frequency response improved by a fac- 
tor of about two over the McCoy Balun, which has 10 
to 12 turns on a stack of three Т200-2 cores. 
Furthermore, the wires are also covered with 15-mil 
wall Teflon tubing, resulting in a characteristic imped- 


ance of 100 ohms (the objective). This well-insulated 
transmission line has been reported to handle 10,000 
volts without breakdown, Figure 9-3 illustrates the 
performance of this Balun (under a matched condi- 
tion) when the load is floating and when it is center- 
tapped-to-ground. Photo 9-E shows the Balun mount- 
ed in а minibox 5 inches long by 4 inches wide by 3 
inches high. Photo 9F shows the top view of the 
‘mounted Balun, 

Because the Balun with the larger core and more 
turns showed an improvement by а factor of two in 
the low-frequency response over the McCoy Balun, I 
constructed an even larger design. This is shown in 
Photo 9-С. It has 21 tums of the same wire on a 
Т400А-2 core with an OD of 4 inches and a perme- 
ability of 10. Even though Photo 9-G shows the 
toroid wrapped with Scotch No. 27 glass tape, as 
mentioned earlier, this extra insulation isn't required 
because the wires are covered with Teflon sleevi 

Figure 9-6 shows the comparisons in the input 
impedances versus frequency of these three “hardy” 
Baluns when they are terminated in 200-ohm loads 
grounded at their centers. As can be seen, the los-fre- 
quency response of the Balun with the most turns and 
largest core is the best. Even though the Balun with 
the 3-inch core has a poorer low-frequency response, 
it is an improvement over the McCoy Balun and 
should find considerable use in transmatches. Figure 
9-6 also shows that the high frequency responses of 
these Baluns with the loads grounded at their centers 
are remarkably similar. This is especially interesting, 
as the length of the transmission line on the larger 
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Figure 9-6. A comparison of the performance of the McCoy 4:1 Balun with Baluns having larger cores and more turns. 


Balun (with the T400A-2 core) is more than twice аз 
long as the other two (115 inches compared to 50 and 
55 inches). If it is correct that my model of a Ruthroff 
(voltage) Balun feeding a balanced antenna or trans- 
mission line takes on the character of a Guanella (cur- 
rent) Balun because of the virtual ground, then this 
large Balun could have many applications. 


Sec 9.5 Multiband Dipoles 


‘Antenna tuners have been known to work well for 
some radio amateurs and not for others. This is due 10 
the differences in the dimensions of their antenna sys- 
tems. With high impedances seen by the 4:1 Baluns in 
the antenna tuners, the Baluns not only fail to provide 
а good balanced-to-unbalanced conversion, but they 
can also be damaged by excessive heating. The high 
current, low impedance condition seen by the Balun 
isn't a problem. Therefore, the object in multiband 
antenna design is to provide the most favorable 
impedances for the Baluns, especially on the three 
lowest frequency bands—40, 80, and 160 meters. 
Usually on the higher frequency bands, the imped- 
ances seen by the Baluns are not as high and the 
Balun’s choking reactances are greater (assuring bal- 
anced-to-unbalanced conversion). This section di 
cusses three cases of multiband center-fed dipole 
designs, They are 1) the “worst case” design, 2) а 
smaller design—the GSRV, and 3) a larger design. 
Others may have better designs for multiband opera- 
tion, but it's clear that the “worst case” design ought 
to be avoided. Figure 9-7 shows the symbols for the 
dimensions of the center-fed dipoles. 


Sec 9.5.1 The "Worst Cose" Design 


Apparently, an 80-meter dipole with a quarter-wave 
open wire (or twin-lead) feedline is a logical design 
for a multiband dipole. In Figure 9-7 this would mean 
that Ly = L = 59 to 67 feet, depending upon the 
favorite operating frequency. If one were to use 450- 
ohm twin-lead with "open windows,” L would be 
diminished by 10 percent; with 300-ohm ТУ twi 
lead, it would be diminished by about 20 percent, This 
would make a good antenna system on 160 meters. 
Because I + Ly is close to a quarter-wave, the cur- 
rent at the input to the feedline is at its highest value 
and the impedance at its lowest—a very favorable 
condition for the Balun. In fact, a 1:1 Balun at the 
feedpoint would probably do a good job. 
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Photo 9-С. A large 4:1 Ruhroff design using a 4-inch OD 
 Dowdered-iron core and 21 bifilar turns. 


* 


d 


Figure 9-7. The symbols used for the dimensions of a cen- 
ter-fed dipole with open-wire feeders (or nein-lead with 
appropriate consideration of velocity factors 


However, what does the input to the feedline look 
like on 80 meters? If 450-ohm feedline is used, the 
4:1 Balun sees a quarter-wave 450-ohm feedline ter- 
minated in approximately 50 ohms. Transmission line 
theory tells us that the Balun would see 4050 ohms— 
ап impossible condition for most Baluns. The situa 
tion becomes worse on 40 meters, where we may have 
а center-fed, full-wave dipole with a half-wave trans- 
mission line (a 1:1 matching transformer). In this 
case, the Balun could see an impedance approaching 
10,000 ohms—a more than impossible condition! 
Although high impedances would also be seen on 10, 
15, and 20 meters, the conditions are not quite аз 
severe because the Baluws choking reactances are 
usually greater and the impedances lower. In essence, 
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the “worst case” design for а 4:1 Balun is the “best 
case” design (except for 160 meters), if one still uses 
inductive coupling to a parallel-tuncd circuit 9 


Sec 9.5.2 A Smoller Design— 
The G5RV 


Матеу2* GSRV, designed a multiband center-fed. 
antenna system capable of operation on all HF bands 
from 3.5 to 30 MHz. In contrast to multiband anten- 
mas designed as half-wave dipoles on 80 meters (the 
“worst ease” design), the full-size GSRV antenna was 
designed as a tree-half-wave antenna on 14,150 MHZ 
‘with a 1:1 transmission line matching transformer. It 
was possible to accomplish this using the dimensions 
of 51 feet for Ly and 34 feet for La. For 450-ohm 
twin-lead with “windows,” Ly would he 31 feet; for 
300-obm TV ribbon, Lz would be 28 feet. Con- 
sequently, the input impedance at the hase of the 
matching transmission line was about 100 ohms on 
14,130 MHz, and a manageable impedance for 50 or 
So-obm coaxial cable 

However, with a total length for Ly + L of 85 feet, 
the impedances at the input to the transmission line on 
40, 80, and 160 meters are also manageable. Even 
though they have a reactive component on these 
bands, they aren't so high that a well-designed 4:1 
Balun in an antenna tuner can’t handle them easily. 
Varney also showed that the highest impedances 
occurred on the 18-, 21-, and 28-MHz bands, How- 
ever, this doesn’t present a problem with the design 
shown in Photo 9-D because it uses an efficient core 
material, and it also has the highest reactances of its 
‘windings at these frequencies. 

‘Varney also wrote, at considerable length, on the 
‘unsuitability of а Balun being used to connect the 
base of the 34-foot open feeders to a coaxial сае 
feedline. He stated that if a Balun is connected to a 
reactive load with a VSWR of more than 2:1, its 
internal losses would increase. Varney also men- 
tioned heating of the wires and saturation of the core, 
Evidently Varney was not familiar with McCoy's 
design, which uses a powdered-iron core (with a 
meability of 10) that can withstand VSWRs consid- 
erably greater than 2:1—without showing any tem- 
perature rise, Furthermore, the wire doesn't heat up: 
however, the core itself does via dielectric heating 
Additionally, with sufficient choking reactance, 
Baluns can handle (equally) the resistive and reactive 
components of an impedance. 


Finally, ater observing the voltage and current dis- 
tributions on all of the bands, it appears that a 2:1 
(100:50-ohm) Balun might he an interesting one to try 
on the GSRV antenna. It could he that many of the 
bands would not require the added matching of an 
antenna tuner, If some of the bands require an antenna 
tener in order to be used, then 1 would suggest using a 
“hardened” Balun. That is what I call McCoy's 
approach, which uses efficient and hardy powdered 
iron cores, A 2:1 Balun, comprised of a 1:2 Unun in 
series with а 1:1 Guanella (current) Balun, could be 
easily designed and built (see Chapter 10). 


Sec 9.5.3 A Larger Design 


Even though the GSRY antenna can be made to oper- 
ate on 160 meters with a suitable antenna tuner, an 
antenna system larger than the “worst ease” design 
‘can provide better operation on the 40-, 80-, and 160- 
meter hands. As you might expect, an antenna system 
about twice as large as the GSRV offers these advan- 
tages, Suggested dimensions are Ly = 80 feet and L; 
100 feet. If the feedline is 450-ohm twin-line w 
“windows.” then La = 90 feet, If it is 300-ohm TV rib- 
bon, then Ly = 82 feet. As with the GSRV, it's the total 
length of Ly + La that presents favorable or unfavor- 
able impedances to the 4:1 Balan in the antenna tuner 
‘Therefore, Ly and L could hoth be 90 feet, as weil 
Only very small differences in performance would be 
noticed between these two systems, particularly on 
the lower frequency bands. Obviously, other combina- 
tions totaling 180 feet are also possible. In the GSRV 
case, it's 85 feet, 


Sec 9.6 Summary 


After reading this chapter, one might think that I 
have set this technology back a few years by advo. 
cating voltage Baluns and powdered-iron cores. | 
have even questioned the professional literature 
However, my conclusions were based upon three 
experimental results, These were: 1) measurements 
with my resistive bridge on input impedances of 4:1 
Rutbroft (voltage) Baluns with loads floating and 
cemter-tapped-to-ground, 2) VSWR measurements on 
folded dipoles with various 4:1 Baluns (large and 
small and, therefore, with many different lengths of 
transmission lines), and 3) McCoy's success with his 
4:1 Balun. Also, as this chapter points ош, it helps to 
have the dimensions of a multiband, center-fed 
dipole, and feeders favor the operation of а 4:1 Balun 


in antenna tuners. And, yes, there is a “worst case" 
antenna design! 

As in many investigations, supplying answers to 
some questions can lead to others that appear to be 
important. Specifically, for powdered-icons, how 
would permeabilities in the 20 to 35 range perform? 
‘Simple impedance measurements showing lower val- 
ues on input impedances, indicate that there is more 
Joss than with a permeability of 10; but accurate inser 
tion loss measurements are needed in order to tell the. 
complete story—the trade-off in efficiency for low- 
frequency response. 
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Finally, low permeability ferrite-like No. 67 materi- 
al with a permeability of 40 looks interesting for use 
їп Baluns for antenna tuners, Accurate insertion loss 
measurements? have also shown the very same high 
efficiency that was exhibited by powdered-iron having 
а permeability of 10, With a sufficient number of 
turns on an appropriate size core, a Balun made of this 
material could be practical. Even though the amateur 
radio literature still refers to the problem of core satu- 
ration, there has been only one recorded case, This 
was оп 2 MHz with a rod-type 1:1 Balun where jnsuf- 
ficient choking reactance exists. 14 


Chapter 10 


1.5:1 and 2:1 Baluns 


Sec 10.1 Introduction 


here are many applications for broadband 
Baluns with impedance transformation ratios 


close to 1.5:1 and 2:1. Two applications involve 
matching 50-ohm cable to balanced loads of 75 or 100 
ohms, which are the input impedances of a half-wave 
dipole at heights of 0.22 or 0.34 wavelengths above 
ground, Another, is the matching of 50-ohm cable to 
the 100-ohm input impedance of а quad antenna. Ап 
interesting, and somewhat unexpected, application is 
the matching of 50-ohm cable directly to the input 
impedance of the driven element of а Yagi beam 
antenna of 33 or 25 ohms, This would climinate the 
common hairpin matching network presently used to 
raise their input impedances to 50 ohms. 

"There are many versions of these two Baluns, They 
include: 1) high- and low-power designs, 2) designs 
matching 50-ohm cable to higher or lower imped- 
ances, 3) series- or parallel-type designs, 4) single- or 
dual-core designs, 5) dual-ratio designs, and 6) HF 
and VHF designs. The serles-type Baluns use an 
Unun (unbalanced-to-unbalanced transformer) in 


series with a Gusnetla (current) Balun, More details 
оп these Ununs are provided in later chapters, In this 
chapter, you'll read about many high-power designs 
capable of handling the full legal limit of amateur 
radio power. They are optimized for sufficient mar- 
gins in choking reactance at their low frequency 
ends, and in efficiency throughout their passbands. 
‘Two of the 2:1 Baluns are specifically designed for 
2-meter operation, 


Sec 10.2 1.5:1 Baluns 


In this section, ТЇЇ present two series-type 1.5:1 
Baluns (actually 1.56:1, which should be close 
enough). They both use 1.56:1 Ununs in series with 
Guanella 1:1 Baluns. Figures 10-LA and B show their 
schematic diagrams, Figure 10-1 has an extra input 
(to a tap), which provides another ratio of 1.33:1 

The left-hand side of Photo 10-4 shows a design 
using Figure 10-14 mounted in a CU 3006 minibox 
325 inches long by 3 inches wide by 2.25 inches high 
(RadioShack has carried a similar enclosure). The 
1:156 Unun has 4 guintufilar turns on a 1.5-inch OD 
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Figure 10-1, Schematic diagrams of two 1.56:1 Baluns: (A) step-up, 50:78 ohms; (B) step-down, 30:57,5 olmsconnectior. 
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ferrite toroid with a permeability of 250. Winding 7-8 
is No, 14 Н Thermaleze wire and the other four are 
No. 16 Н Thermaleze wire. 

The 1:1 Guanella Balun has 11 bifilar tums of No. 
14 Н Thermaleze wire on a 2.4-inch OD ferrite toroid 
with a permeability of 250. One wire is covered with 
Teflon tubing, resulting in a characteristic impedance 
very close to 78 ohms (the optimum value). 

‘When matching 50-ohm cable to a balanced load of 
78 ohms, the impedance transformation ratio is literal- 
ly flat (within a percent or two) from 1.5 MHz to 40 
MHz! You might be interested to know that (separate- 
ly) the 1:1 (75:75-ohm) Balun would make an excel- 
lent isolation transformer for 75-ohm hardline, and. 
the 1.56:1 (78:50-ohm) Unun an excellent match 
between 75-ohm hardline and 50-ohm cable. 

The right-hand side of Photo 10-A shows a design 
using Figure 10-1B mounted in a similar enclosure. 
The 1.56:1 Unun has 5 guintufilar turns on a 15-inch 
OD ferrite toroid with a permeability of 250. Winding 
5-6 is No. 14 Н Thermaleze wire and is tapped at one 
turn from terminal 5, The other four wires аге No. 16 
H Thermaleze. 

‘The 1:1 Guanella Balun has 7 turns of homemade 
coaxial cable on a 1.5-inch OD ferrite toroid with a 
permeability of 250. The inner conductor is No. 14 H 
Thermaleze wire and is covered with Teflon tubing. 
“The outer braid, which is from a small coaxial cable 
or from 1/8-inch tubular braid, is also tightly wrapped 
with Scotch No. 92 tape to preserve the low character- 
istic impedance. 


Photo 10-А. Baluns using the schematic 
diagrams of Figure 10-1. Balun on the left 
matches 50-ойт cable to a balanced load 
of 78 ohms. Balun on the right matches 
50-ofm cable to balanced loads of 37.6 or 
32 ohms. 


In matching 50-ohm cable to a balanced load of 
37.6 ohms (connection A), or to a balanced load of 32 
ohms (connection B), the response is essentially flat 
(within a percent or two) from 1.5 to 30 MHz, 


Sec 10.3 2:1 Boluns 


The 2:1 Balun lends itself to more choices in design 
than the 1.56:1 Balun. This is especially true because 
the parallel-type design, which provides a 2.25:1 
Balun with the widest possible bandwidth, сап easily 
be employed. The 1.56:1 Balun is at a disadvantage 
here. This section presents many Baluns using both 
series and paralle-type designs. 


Sec 10.3.1  Seriestype Baluns 
Figure 10-2 shows circuit diagrams for two versions 
of the series-type Balun. Photo 10-B shows a design 
using Figure 10.24 mounted in a CU 3005-A mini- 
box 5 inches long by 4 inches wide by 3 inches high. 
The 1:2 Unun has 7 trifilar turns on a 1.5-inch OD fer- 
rite toroid with a permeability of 250. The output tap 
is located 6 turns from terminal 5. Winding 5-6 is No. 
14 H Thermaleze wire and the other two are No. 16 H 
Thermaleze wire. 

‘The 1:1 Guanella Balun has 14 bifilar turns of No. 
14 Н Thermaleze wire on a 2.4-inch OD ferrite toroid 
with a permeability of 250. Both wires are covered 
with Teflon tubing, which results in a characteristic 
impedance of 100 ohms (the optimum value). A 
crossover, placing 7 tums on one side of the toroid 
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Figure 10-2, Schematic diagrams of two versions of the series-type Balun: (A) 1:2 (50:100 ohms) Balun; (B) 1:225 


(50:112.5 ohms) Balun. 


and 7 turns on the other, is used so the output and 
input are on opposite sides of the toroid. Figure 10-3 
is a drawing of the crossover, Although this technique 
has no electrical advantage at HF, the mechanical 
advantage is obvious, 

When matching 50-ohm cable to a balanced load of 
100 ohms, the response is literally flat (within 2 to 3 
percent) from 1.5 to 30 MHz. By connecting the out- 
put of the Unun to terminal 6 instead of to the tap, the 
Balun would match 50-ohm cable to a balanced load 
of 112.5 ohms with about the same response. 

Photo 10-C shows two slightly different versions of 
series-type 2.25:1 Baluns using the circuit of Figure 
10-2B. Both have the same 1.78:1 step-down Unun, 
which has 5 quadrifilar turns on a 1.5-inch OD ferrite 
toroid with a permeability of 250. Winding 5-6 is No. 
14 H Thermaleze wire, and the other three are No. 16 
Н Thermaleze wire. Each version also has 8 bifilar 
tums of No, 14 Н Thermaleze wire on both of the 1.5- 
inch OD ferrite toroids, with a permeability of 250. 

The differences are: 1) the Balun on the left in 
Photo 10-C has one layer of Scotch No. 92 tape оп 
one of the wires in each bifilar winding and a 
crossover after the fourth turn, and 2) the Balun on the 
right has two layers of Scotch No. 92 tape on one of 
the wires on one toroid and no extra insulation on the 
wires of the other toroid. Therefore, one of the wind- 
ings in the 1:4 Guanella Balun has a characteristic 
impedance a little less than 50 ohms and the other a 
litle greater than 50 ohms, resulting in a canceling 
effect. Furthermore, the crossover isn’t used in this 
design. The Balun on the left is mounted in a CU 
3006 minibox 5.25 inches long by 3 inches wide by 
2.25 inches high. The Balun on the right is mounted 
in a CU 3015-A minibox 4 inches long by 2 inches 
wide by 2.75 inches high. 


Photo 10-B. A series-type Balun using the schematic dia- 
gram of Figure 10-24 designed to match 50-ohm cable to 
а balanced load of 100 ohms. 


‘The performance of these two Baluns is essentially 
the same. When matching 50-ohm cable to balanced 
loads of 112.5 ohms, the responses are essentially flat 
(within 2 to 3 percent) from 1.5 to 30 MHz. 

From preliminary measurements on series-type 2:1 
Baluns, the Balun in Photo 10-B is the one I'd recom- 
‘mend for matching 50-ohm cable to balanced loads of 
100 ohms, while the Baluns in Photo 10-C would be 
best for matching to balanced loads of 112.5 ohms. 
Also, by replacing the 1.78:1 Unun in Figure 10-28 
with a 2.25:1 Unun, and not adding any extra insula- 
tion to the windings of the 1:4 Balun, it's possible to 
obtain an excellent Balun matching 50-ohm cable to а 
balanced load of 89 ohms. 

Figure 10-4 shows the schematic diagram of a 
series-type Balun designed to match 50-ohm cable to 
balanced loads of 25 or 22.22 ohms. Photo 10-D 
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Figure 10-3. Construction of a 1:1 Guanella Balun with a 
‘crossover placing the input and ouput terminals on oppo- 
site sides of the toroid. 


Photo 10-C. Two series-ype Baluns using the schematic 
diagram of Figure 10-2B designed to match 50-ойт cable 
so balanced loads of 112.5 ohms. 


shows two versions of this dual-ratio Balun, The 
Balun on the left, for its Unun, has 6 trifilar turns of 
No. 14 Н Thermaleze wire on a 1.5-inch OD ferrite 
toroid with a permeability of 250. Winding 3-4 is 
tapped one turn from terminal 3, yielding the 2:1 
ratio, The 1:1 Guanella Balun has 6 tums of home- 
made coaxial cable on a similar toroid. The inner con- 
ductor is No, 12 H Thermaleze wire and is covered 


with Teflon tubing. The outer braid, from a small 
coax ог from 1/8-inch tubular braid, is tightly 
wrapped with Scotch No. 92 tape to preserve its low 
characteristic impedance. 

In matching 50-ohm cable to balanced loads of 25 
ohms (connection A) or to 22.22 ohms (connection 
В), the response is essentially flat (within a percent or 
two) from 1.5 to 30 MHz, 

‘The Balun on the right in Photo 10-D has similar 
windings on a single 2.4-inch OD ferrite toroid with a 
permeability of 250. Its performance is quite compa- 
rable to the Balun on the left. 


Sec 10.3.2 Parallekype Baluns 


As you saw in the previous section, the series-type 
Baluns presented here are combinations of Ununs 
with ratios of 1.33:1, 1.78:1, 2:1, and 2.25:1 in series 
with Guanella 1:1 or 4:1 Baluns. The Ununs, which 
are really an extension of Ruthroff's? bootstrap tech- 
nique for obtaining a 4:1 Unun, sum direct voltages 
with delayed voltages that traverse a single transmis- 
sion line. Therefore, the Unun eventually limits the 
high-frequency response of the series-type Balun. 

Оп the other hand, the parallel-type Balun is an 
extension of Guanella's technique of summing volt- 
ages of equal delays. Instead of simply connecti 
transmission lines in parallel-series, the parallel-type 
Balun connects Guanella Baluns in parallel-series. As 
1 noted in Reference 25, two 4:1 Guanella Baluns can 
be connected in parallel-series, yielding very broad- 
band ratios of 6.25:1. This section shows how a 1:1 
Guanella Balun can be connected with a 4:1 Guanella 
Balun in parallel-scries, yielding a very broadband 
ratio of 225:1 

Figure 10-5 is the schematic diagram of the high-fre- 
quency model of a 2.25:1 Unun which is used for 
analysis purposes. Because the current through the load 
is 3/21, the transformation ratio is (3/2)2, or 2.25:1 
‘Therefore, if the impedance seen on the left side is 50 
‘ohms, a matched impedance on the right side is 22.22 
‘ohms. Because two thirds of the 50 ohms appears 
across the input of the Guanella 1:1 Balun, its optimum. 
characteristic impedance is 33.33 ohms. Similarly, this 
is also the value of the optimum characteristic imped- 
ance for the windings of the 4:1 Balun. Because the 1:1 
Balun wants to see 33.33 ohms on its output (a 
‘matched condition) and the 4:1 Balun wants to see 
66.66 ohms, placing these two values in parallel results 
in the confirming value of 22.22 ohms. 


If the 50-ohm generator is placed on the right side 
in Figure 10-5, the circuit becomes a step-up Unun 
matching 50 ohms to 112.5 ohms (on the left) If the 
ground is removed on the left side, the transformer 
becomes а Balun. A similar analysis as above, shows 
that the optimum characteristic impedance of the three 
bifilar windings now becomes 75 ohms. 

Photo 10-E shows a parallel-type 2.25:1 Balun 
designed to match 50-ohm cable to a balanced load of 
112.5 ohms. It has 9 bifilar turns of No. 14 H Therma- 
leze wire on each of the three toroids that have a 1.5- 
inch OD and а permeability of 250. Also, one of the 
wires on each toroid is covered with Teflon tubing, 
resulting in a characteristic impedance of 75 ohms 
(the optimum value). When operating as a Balun, the 
response is essentially flat from 7 MHZ to over 45 
MHz. As an Unun, the flat response is broadened 
from 1.5 MHz to over 45 MHz. 

Because the coiled wire, puralle-type Balun didn't 
provide any real advantage over the series-type Balun 
(in fact, the low-frequency response was poorer), 1 
investigated the beaded transmission line version for 
possible use in the VHF band. Figure 10-6 shows a 
schematic diagram of one using coaxial cable. 
Obviously, twin lead could be substituted for the 
coaxial cable, Photo 10-F shows both versions. 

The top design in Photo 10-F has 4 inches of 3/8- 
inch OD ferrite beads with a permeability of 125 on 
each of the three 75-ohm transmission lines, It is 
designed to match 50-ohm cable on the right to a bal- 
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Figure 10-4. Schematic diagram of a dual-ratio series- 
type Balun, Connection А matches 50-ойт cable to a bal- 
anced load of 25 ohms. Connection B matches 50-ойт 
cable toa balanced load of 22.22 ойт. 


anced load of 112.5 ohms on the left (with the ground 
оп terminal 1 removed). The transmission lines con- 
sist of two No, 14 Н Thermaleze wires separated by 
the Teflon tubing covering one of them. When match- 
ing 50-ohm cable to a balanced load of 112.5 ohms, 
the response is essentially flat from 30 MHz to over 
100 MHz (the limit of my bridge). 

‘The bottom design in Photo 10-F also has 4 inches 
of 3/8-inch OD ferrite beads with a permeability of 
250. However, they are now threaded by homemade 
coaxial cable with a characteristic impedance of 33.33 
ohms. It is designed to match 50-ohm cable on the left 
to a balanced load of 22.22 ohms (with the ground on 
terminal 2 removed). The inner conductor of the coax 
is No. 14 H Thermaleze wire and is covered with 


Photo 10-D, Two series-rype Baluns 
using the schematic diagram of Figure 
10-4 designed то match 50-ohm cable 
to balanced loads of 25 ohms or 
22.22 ohms. 
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Photo 10-E. 
Paraltel-1ype 
2.25:1 Balun 
matching 50- 
ойт cable to а 
balanced load 
of 112.5 ohms. 


Photo 10-F. Beaded transmission line versions of the 
2.25:1 parallel-ype Balun for operation in the VHF band. 
The top Balun matches 50-ohm cable to a balanced load of 
112.5 ohms, The bottom Balun matches it to a balanced 
load of 22.22 ohms. 


Teflon tubing. The braid is from small coaxial cable 
or from 1/8-inch tubular braid. The braid is also tight- 
ly wrapped with Scotch No. 92 tape in order to pre- 
serve the low characteristic impedance. When mate 
ing 50-ohm cable to a balanced load of 22.22 ohms, 
the response is essentially flat from 14 MHz to over 
100 MHz (again, the limit of my bridge). 


Sec 10.4 Closing Comments 


In closing, ГА like to make a couple of comments 
regarding parallel-type Baluns. 

First, if you are interested in a 1.78:1 ratio, replace 
the 1:4 Balun in Figures 10-5 and 10-6 with a 1:9 
Guanella Balun (three transmission lines connected in 


Figure 10.5. High-frequency model of the parallel-type 
2.25:1 transformer. Connections shown are for Unun 
‘operation. 


Figure 10-6. The coaxial cable version of the parallel-type 
225: transformer of Figure 10-5. 


parallel-series), This would yield an output current of 
4/31, and a ratio of (4/3), or 1.78:1. If you replace the 
1:4 Balun with a 1:16 Guanella Balun (four transmi 
sion lines connected in parallel-series) the output cur- 
rent will be 5/41, with a ratio of (5/4)2, or 1.56:1. 

Second, because the paralle-type Balun is really an 
extension of Guanella's technique of summing volt- 
ages of equal delays,2527 the high-frequency response 
is mainly limited by the parasitics in the interconnec- 
tions. Therefore, beaded transmission lines offer the 
best opportunity for successful operation on the VHF 
band. It is also recommended that the ferrite beads 
have permeabilities of 300 or less? in order to achieve 
the very high efficiencies of which these transformers 
are capable, 
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Chapter 1 ] 


:1 Baluns 


Sec 11.1 Introduction 


[his chapter is a combination of two articles 1 
wrote for Communications Quarterly. One, on 
the 6:1 and 9:1 Baluns, appeared in the Winter 

1993 issue and the other, on the 12:1 Balun, ran in the 
Summer 1993 issue, Г combined these two articles 
here because the three Baluns discussed have much in 
common. Commonalities include: 1) They are the 
most difficult to construct and are, therefore, the most 
expensive; 2) two of them, the 6:1 and 12:1 Balms, 
use Ununs in series with Guanella Baluns, 3) two of 
them use the 9:1 Guanella Balun--the 12:1 Balun 
with a series 133-1 Unun: 4) they are generally asso- 
ciated with two-wire transmission lines with charac- 
teristic impedances of 300, 450, and 600 ohms, 
respectively. 5) when matching 50-ohm cable to high- 
er impedances, they have more loss than the Baluns in 
the preceding chapters; and 6) the optimum applica- 
tion of these Baluns requires a more critical under- 
standing of the trade-offs in low-frequency response 
for efficiency. 

Like the 2:1 Balun in Chapter 10, the 6:1 (actually 
6.25:1) Balun айо comes in two forms: the series- 
type, which offers better tow-frequency response in 
the HF band, and the parallel-type, which has a vastly 
greater high-frequency capability. The parallel-type 
6:1 Balun, together with the 9:1 Guanella Balun 
(which is also а parallel-type), offer the potential for 
designs capable of efficient and broadband operation 
ов the VHF and UHF bands. 


Sec 11.2 6:1 and 9:1 Baluns 


Many radio amateurs associate the use of the 6:1 and 
9:1 Baluns with 300-ohm twin lead feeding folded 
dipoles, 450-ohm "ladder" Jine feeding single or 
multi-band antenna systems. However, what is 
neglected (in some cases) is the effect of the height of 
these antennas above earth and the length of the trans- 
mission lines feeding them. 


Broadband 6:1 and 9:1 Baluns are considerably 
more difficult to construct than the more common 1:1 
and 4:1 Baluns. This is especially true when matching 
50-ohm cable to impedances of 300 and 450 ohms. 
Furthermore, there are some important trade-offs in 
low-frequency response for efficiency. 

From what I could gather "on the air" or talking to 
radio clubs, Е have determined what I believe are 
probably two of the most common misconceptions 
regarding the use of these Baluns: 

1. 6:1 Baluns. In free-space, the folded dipole with 
300-ohm twin-lead has a resonant impedance close to 
300 ohms. The dipole also has this value at а height of 
about 0.225 wavelength above ground. However, it’s 
only 200 obms at a height of about 0.17 wavelength 
and 400 ohms (Ње maximum) and at 0.35 wavelength, 
In many cases, the 4:1 Balun would actually do a bet- 
ter job of matching, 

2.91 Baluns. Some are unaware of the relationship 
between the impedance at the input o£ a transmission 
line, the characteristic impedance of the line, and the 
impedance at the end of the line, Just because a trans- 
mission line has a characteristic impedance of 450 
ohms doesn’t necessarily mean that а 9-1 Balan will 
perform a satisfactory match to 50-ohm cable. Far 
from it. For example, if che line is terminated by а 
half-wave dipole with an impedance of 50 ohms, the. 
9:1 Balun would see 50 ohms when the line is a half- 
wave long and 4050 ohms when it’s a quarter-wave 
long! Broadband Baluns cannot be designed to handle 
impedances as high аз 4050 ohms, It's very likely that 
а well-designed 50:450-ohm Balun would experience 
(particularly on 80 and 160 meters) harmful flux in 
the core and excessive heating because of the large 
voltage drop along the length of its transmission lines. 
This problem of presenting very high (and harmful) 
impedances to Baluns is quite prevalent with multi 
band antenna systems. 

‘Clearly, there are many applications for 6:4 and 9:1 
Baluns. They not only include matching 50-ohm cable 
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Figure 11-1. Schematic diagram of the series-type Balun 
with a 1:625 ratio designed to match 5010 312.5 ohms. 


to balanced loads of 300 and 450 ohms, but also to 
balanced loads of 8 and 5.6 ohms, as well, Further- 
more, many of the designs in this chapter will perform 
almost as well in Unun (unbalanced-to-unbalanced) 
applications. The trade-off (which is usually very 
small) is in low-frequency response. Additionally, 
these Baluns could be used to exploit the low-loss 
properties of 300- and 450-ohm min lead where very 
long transmission lines are used. This is especially 
important at 14 MHz and above. 

In the pages that follow, I'll present a variety of 
Baluns matching 50-ohm cable to 300 ohms (actually 
to 312.5 ohms, a 6.25:1 ratio) and to 450 ohms, as 
‘well as 50-ohm cable to 8 and 5.6 ohms, Also includ- 
ed are two different versions of 6.25:1 Baluns. One is 
A series-type using a 1.56:1 Unun in series with a 4:1 
Guanella Balun and the other a series: parallel 


arrangement using two 4:1 Guanella Baluns. Because 
the series-parallel Balun adds voltages of equal 
delays, you'll find its high-frequency capability is 
much greater. 

The 9:1 Balun is а conventional Guanella Balun 
with three transmission lines connected in series at the 
high-impedance side and in parallel at the low-imped- 
ance side. Therefore, it also sums voltages of equal 
delays. Some of the comparisons and analyses of 
these 6.25:1 and 9:1 Baluns were probably published 
Tor the first time їп my Winter 1993 Communications 
Quarterly article. 


Sec 11.2.1 6.25:1 
Baluns 


Figure 11-1 shows the schematic diagram of a series- 
type Balun designed to match 50-ohm cable to a bal- 
anced load of 312.5 ohms. It consists of a 1:1.56 
Unun in series with a 1:4 Guanella Balun, The overall 
ratio of 1:6.25 should satisfy most of the 1:6 require- 
ments. Photo 11-A shows three examples. АП three 
Baluns use the same step-up Unun that has four 
quintufilar tums on a 1.5-inch OD ferrite toroid with a 
permeability of 250. Winding 9-10 is No. 14 Н 
Thermaleze wire and the other four are No. 16 Н 
Thermaleze wire. Because this Unun sums only one 
delayed voltage with four equal direct voltages, it has 
an excellent high-frequency response? 

‘The Balun on the left in Photo 11-A has eight bifi- 
lar turns of No. 18 hook-up wire on each transmission 
e of its 1:4 Balun, The wires are further spaced 
with No, 18 Teflon tubing providing a characteristic 
impedance close to 150 ohms (the optimum value). 
The ferrite toroid has a 2.4-inch OD and а permea! 
ty of 250. When matching 50-ohm cable to a floating 


Series Type 


Photo 11-A. Three examples of 
series-type 1:6.25 Baluns, The 
Balun on the right, with a double 
core 1:4 Balun, has both a balanced 
voltage and current output. The 
| | other two only have balanced-cur- 
| rent opus. 


s 
1.56:1 UNUN 


Figure 11-2. Schematic diagram of the series-type Balun 
with а 6.25:1 ratio designed to match 50 to 8 ohms. 


load of 312.5 ohms, the response is essentially flat 
from 1.7 to 30 MHz. Under matched conditions, 500 
watts of continuous power and 1 KW of peak power is 
a conservative power rating, Because the 1:4 Balun in 
this series-type 1:6.25 Balun uses only one core 
instead of two, this transformer should never be used 
when the load is grounded at its center. Also, it is not 
recommended for balanced antennas. This series-type 
Balun presents balanced currents, but does not present 
balanced voltages. 

The Balun in the center of Photo 11-A has seven 
bifilar turns of No. 16 SF Formvar wire on each trans- 
mission line on its 1:4 Balun. The wires are covered 
with Telfon sleeving and further separated by No. 16 
Teflon tubing. Like the Balun on the left, the charac- 
teristic impedance is also close to the objective of 150 
‘ohms. The toroid also has a 24-inch OD and a perme- 
ability of 250. When matching 50-ohm cable to a 
floating load of 312.5 ohms, the response is essential- 
ly flat from 3.5 to 30 MHz, Over this frequency range, 
this Balun can easily handle the full legal limit of 
amateur radio power. Because this Balun also presents 
balanced currents and not balanced voltages, it should 
not be used when the loads are balanced to ground or 
grounded at their centers 

The Balun on the right in Photo 11-A has 14 bifilar 
tums of No, 16 SF Formvar wire on each of the two 
toroids of the 1:4 Balun. The wires are also covered 
with Teflon sleeving and further separated by No. 16 
Teflon tubing. For ease of connection, one core is 
wound clockwise and the other counterclockwise. 
The two cores are spaced 1/4 inch apart with acrylic 
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sections. When matching 50-ohm cable to a 312.5 
load that is either floating, balanced to ground, 
grounded at its center, or grounded at its bottom (a 
broadband Unun), the response is essentially flat from. 
1.7 to 30 MHz. Under this matched condition, it can 
easily handle the full legal limit of amateur radio 
power, Furthermore, this is a true Balun because it 
presents equal currents and equal voltages. Tf one 
were to measure the voltages-to-ground, when match- 
ing into а balanced load, one would find them to be 
equal and opposite. The other two 1:6.25 Baluns 
using single-core 1:4 Baluns, would have equal cur- 
rents but not equal voltages (see Chapter 8). Because 
they are easier to construct, it would be interesting to 
compare them with a true Balun. 

Figure 11-2 shows the schematic diagram of a 
series-type Balun designed to match 50-ohm cable to 
a balanced load of 8 ohms (perhaps a short boom 
Yagi). It consists of a 1.56:1 step-down Unun in series 
with а Guanella 4:1 step-down Balun. The overall 
ratio is 6.25:1. Photo 11-B shows two examples. Both 
Baluns use the same step-down Unun, which has four 
quintufilar tums on a 1.5-inch OD ferrite toroid with a 
permeability of 250, Winding 5-6 is No. 14 H 
Thermaleze wire and the other four are No. 16 H 
‘Thermaleze vire. The interleaving of the wires is such 
that the performance is optimized for matching 50 to 
32 ohms. 


Photo 11-B. Two examples of the series-tpe 6.25:1 Balun 
optimized at the 50:8-ohm level. The Balun on the left is 
designed to match into a floating 8-ohm load. The Balun 
оп the right is designed to match into an 8-ойт floating, 
center-tapped-to-ground or grounded load (Unun), 
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‘The Balun on the Jet in Photo 11-B has four tums 
of low-impedance coaxial cable on each transmission 
line on the single-core 4:1 Balun, The inner conductor 
is No. 14 H Thermaleze wire, and it has two layers of 
Scotch No. 92 polyimide tape. The outer braid is from 
а small coax (or 1/8-inch tubular braid) and is tightly 
wrapped with Scotch No, 92 tape to achieve the 17- 
hm characteristic impedance (the optimum value). 
‘The ferrite toroid has a 1.5-inch OD and а permeabili 
ty of 250, When matching SO-ohm cable to a floating 
load of 8 ohms, the response is flat from 1 to 40 MHz. 
In a matched condition, this Balun can easily handle 
the foli legal limit of amateur radio power. 

“The Balun on the right in Photo 11-B has six turns 
of the same coaxial cable on each of the two cores of 
the Guanella step-down Balun. The cores also have a 
1 Snch OD and а permeability of 250, The perfor- 
mance of this Balun is practically the same as the 
above with the single-core 4:1 Balun. The importan 
differences are that this 6.25:1 Balun also performs 
equally well whether the load is center-tapped-to- 
ground, balanced-to-ground, or grounded at the bor- 
tom (a broadband Unun). This is the one recommend- 
ed for feeding а shortspaced Yagi beam antenna. 
Sec 11.2.2 6.25:1 ParallelType 

Boluns 


The 6.25:1 series-type Baluns described in the preced- 
ing section consisted of a 1.56:1 Unun, which is an 
extension of Ruthroff's bootstrap approach for 
Ununs,? in series with a Guanella 4:1 Balun? The 


Figure 11-3. Schematic diagram of the paraliel-iype 
Balan fand Unun) with а 625:1 ratio. The currents and 
voltages are shown for analysis purposes (see text. 


"apper-frequency limit for this combination is really 
set by the Unun, which sums a delayed voltage with 
four direct voltages, The paralleltype 6.25:1 Baluns 
described in this section are really extensions of 
Givanella's approach, which sums voltages of equal 
delays. Therefore, the upper-frequency limit is mainly 
dependent upon the parasitics in the interconnections. 

The 6.25:1 parallel-type Balun uses two 4:1 
Guanella Baluns connected in parallel on the low- 
impedance side and in series on the high-impedance 
side. As you will see, one of the Baluns is reversed, 
giving the desired ratio of 6.25:1, Other combinations 
can produce different fractional-ratios (other than 1:n? 
where n is 1, 2. 3... ), like 2.25:1 and 1,78:1 
Because very little practical design information 
available regarding this family of very broadband 
Baluns,262 this section also includes my high-fre- 
quency analysis of the 6.25:1 parallel-type Balun. It 
should also be pointed out that very litle sacrifice in 
performance occurs whether the load is grounded at 
its center or at the bottom (as ап Опи) 

Figure 11-3 shows the coiled-wire version of the 
6.25:1 parallel-type Balun, For analysis purposes, the 
voltages and currents are also shown, Ав can be seen, 
the top 4:1 Balun is connected as a step-down Balun, 
while the bottom 4:1 Balun is connected as a step-up 
Balon, The Baluns are in series on the high-imped- 
ance side (on the Jefi) and in parallel on the low- 
impedance side (on the right). As Figure 11-3 illus- 
trates, the lower 1:4 Balun adds a current of 0.51) to 
‘the load, resulting in а total current of 2.51, Thus, the 
impedance transformation ratio is 2.52, or 6.25:1 

For maximum high-frequency response, each trans- 
mission line should see a load equal to its characteris- 
tic impedance. In other words, they should he “flat” 
lines, ik the high side on the left is 50 ohms, then 40 
‘ohms appears on the input of the top Balun and 10 
‘ohms on the input of the botiom Balun. Consequently, 
the optimum characteristic impedance for alf trans- 
mission lines is 20 ohms. On the low-impedance side 
оп the right, the top Balun wants to see 10 ohms, 
while the bottom Balun wants to see 40 ohms. 
Because 10 ohms in parallel with 40 ohms equals 8 
‘ohms, each Balun conveniently sees its ideal load and 
a broadband ratio of 6.25: is obtained. 

If the Balun is required to match 30-ohm cable (on 
the right side) to a balanced load of 312.5 ohms (оп 
the left side), the same analysis shows that the opti- 
mum characteristic impedance of all the transmission 
lines is 125 ohms. 
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Photo 11-C. Two beaded-line 
versions of the parallel. ape 
6.25:1 Balun (and Unun). The 
top transformer is designed to 
‘match Sd-ohm cable то 8 ohms. 
The bottom transformer is 
designed to match 50-ойт cable 
to 312.5 ohms 


Because the parallel-type Balun (or Unun) sums 
voltages of equal delays and, therefore, has no 
high-frequency cut-off, it has a real advantage over 
the series-type Balun on the VHF bands and above. 
Furthermore, beaded transmission lines with low-per- 
meability ferrite beads (125 and less) can be used, 
resulting in high efficiencies. On the HF band, where 
coiled windings are generally used, the series-type 
Balun is preferred because of its simpli 

Photo 11-C shows two beaded- 
formers. The top Balun, designed to match 50-ohm 
cable (on the left) to 8 ohms (on the right) uses low- 
impedance coaxial cable lines. The schematic diagram 
is shown in Figure 11-4. It has 5 inches of 0.375-inch 
‘OD beads (permeability 125) on four coaxial cables 
with characteristic impedances of 20 ohms. The inner- 
conductors of No. 12 H Thermaleze wire have two 
layers of Scotch No, 92 polyimide tape. The outer 
braids, from small coaxial cable or 1/8-inch tubular 
braid, are also wrapped tightly with the same tape in 
order to preserve the 20-ohm characteristic imped- 
ance. When matching 50 ohms to 8 ohms, the 
response is essentially flat from 10 MHz to beyond 
100 MHz (the limit of my simple bridge), Under this 
matched condition, this Balun can easily handle the 
full legal limit of amateur radio power. Furthermore, it 
has practically the same performance when operating. 
as an Unun (both terminals 1 and 2 grounded). In the 
Unun application, the bottom transmission line has no 
voltage along it and, therefore, requires no beads. 

The bottom Balun in Photo 11-C, which is 
designed to match 50-ohm cable to a balanced load of 
312.5 ohms, has 8 inches of 0.5-inch OD beads оп 
125-ohm twin-lead transmission lines. The ferrite 
beads also have a permeability of 125. The wires are 
No. 14 Н Thermaleze wire and are covered with 
Teflon sleeving. They are further separated by No. 18 
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Figure 11-4. Schematic diagram of the coaxial-cable ver- 
sion of the paralleltype 6.25:1 Balun (and Unun). 


Teflon tubing. When matching 50-ohm cable (on the 
right side) to 312.5 ohms (on the left side), the 
response is essentially flat from 20 MHz to over 100 
MHz, Under this matched condition, this Balun can 
also easily handle the full legal limit of amateur radio 
power, Additionally, this transformer performs practi- 
cally as well when used as an Unun. 


Sec 11.3 9:1 Baluns 


The broadband 9:1 Balun, matching S0-ohm cable to 
a balanced load of 450 ohms, is one of the most diffi- 
cult ones to construct because high-impedance tran 
mission lines (150 ohms) are required for maximum 
high-frequency response, and greater reactances 
are needed in order to isolate the input from the out- 
put, So one can appreciate the task at hand, this sec- 
tion also provides а brief review of the theory of 
these devices? 

Figure 11-5 shows the high- and low-frequency 
models of the Guanella 9:1 Balun that connect three 
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transmission lines in series at the high-impedance side 
and in parallel al the low-impedance side, Because 
Guanella's Baluns (which cen be easily converted to 
Ununs) sum voltages of equal delays, they offer the 
highest frequency capability. 

"The high-frequency model (Figure 11-54) assumes 
there is sufficient choking reactance in the coiled (or 
beaded) transmission lines to isolate the input from 
the output and only allow transmission line currents to 
flow. Under this condition, the analysis is rather 
straightforward as it only involves transmission line 
theory. Simply stated—the maximum high-frequency 
response occurs when each transmission line is termi- 
mated in à load equal to its characteristic impedance, 
Za. Thus, the transmission lines in the 9:1 Balun have 
no standing waves. Because each transmission line 
sees one third of the load, the optimum value of Z is 
R/3. Except for parasitics in the interconnections and 
selfresonances in coiled windings, Guanella's ap- 
proach is literally "frequency independent.” 

On the other hand, the low-frequency analysis of the 
Guanella 9:1 Balun is most important because it 
reveals the major difficulty in designing them for low- 
Joss, wideband operation. Figure 11-SB is the model 
for determining the low-frequency response. Tt as- 
sumes that no energy is transmitted to the load by a 
transmission line mode. Although the terminology 
and analysis is the same as that used for conventional 
autotransformers, the similarity ends when there is 
sufficient choking reactance to only allow for the effi- 
cient transmission line mode. 
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As with conventional transformers, one сап analyze 
the low-frequency response of the 9:1 Balun from 
either the low- or high-impedance side. By putting the 
generator on the low-impedance side in Figure 11-SB, 
I've chosen to analyze it from that side. With the out- 
put openccircuited, the generator sees four coiled (or 
beaded) lines connected in series-parallel, The net 
result is that the generator sees the reactance of only 
‘one coiled (or beaded) Jine. To prevent a shunting cur- 
sent to ground (and/or autotransformer operation), the 
reactance the generator sees should be much greater 
than Ry (at least by a factor of 10 at the lowest fre- 
quency of interest). The inductance of the coiled ог 
beaded line that prevents the unwanted currents is still 
Known as the magnetizing inductance, Ly 

What's important to note here is that the low-fre- 
quency model of the Guanella 4:1 Balun does not 
have the series-parallel combination of coiled or bead- 
ed lines? Only two lines, which are in series, exist in 
its model. Therefore, for a two-core Guanella 4:1 
Balun having the same number of turns (and same 
cores) as a 9:1 Guanella Balun, its low-frequency 
response is better by a factor of two! 

Another advantage that goes to the Guanella 4:1 
Balun when matching 50 to 200 ohms, is in the num- 
ber of turns that can be wound on the same cores. 
Since 4:1 Baluns require characteristic impedances of 
100 ohms (instead of 150), the width of tbe transmis- 
sion lines is considerably less, thus allowing for more 
taras, Also, as will be shown later, the efficiency of 
the 4:1 Balun is greater because the potential drops 


Figure 11-5, Models of Guanella's 1:9 Balun, The high-frequency model, (A), assumes that Zo = Ry/3, and therefore Vo, the 
output of each transmission line, equals V). The low-frequency model, (B), assumes no energy is transmitted to the load, Ry, 


by a transmission line mode. 
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Photo 11-0. Three broadband 
Guanella 9:1 Baluns designed to 
match Sü-ohm cable to 450 
ohms. The transformer on the 
lefi, using No. 18 hook-up wire, 
сал handle 500 watts from 1.7 to 
45 MHz The transformer in the 
center, using No. 16 wire, can 
handle 1 kW from 3.5 10 45 MHZ, 
The transformer on the right 
(with larger cores), using No. 16 
wire, can handle 1 kW from 1.7 
1045 MHz. 


along the transmission lines are lower (less dielectric 
loss). Finally, as you can see from Figure 11-5B, Бу 
also grounding terminal 2 (Unun operation), windings 
1-2 and 3-4 are both shorted—degrading the low-fre- 
quency response because Lyg is reduced by one third. 

Another interesting analysis with Baluns and Ununs 
concerns the potential gradients (voltage drops) along, 
the transmission lines. Because the loss with these 
transformers, when transferring the energy via a trans- 
mission line mode, is а dielectric-type (voltage depen- 
dent) the higher the gradient, the greater the loss. The 
interesting cases occur when the load is: a) floating, 
b) grounded at the center, and c) grounded at the bot- 
tom (an Unun). 

Floating load. With terminal 13 in Figure 11-58 
ungrounded, the top transmission line has а gradient 
of +V; and the bottom transmission line has a gradi- 
ent of -V,. The center transmission linc has a gradient 
of zero, Therefore, the center transmission line only 
acts as a delay line and doesn’t require a magnetic 
core or beads. As a result, the top and bottom cores 
(or beads) account for the dielectric loss. 

Load grounded at the center. With terminal 13 
grounded at the center of the load, the top transmi 
sion line has a gradient of +V,, the bottom transmis- 
sion line has a gradient of -Vy, and the center trans- 
mission line has a gradient of -V /2. This configura- 
Чоп results in about 25 percent more loss because of 
the extra gradient along the center transmission line. 
Incidentally, this condition exists when matching into 
balanced systems like 450-ohm transmission lines or 
antennas because they have virtual grounds at the cen- 
ter of the loads they present. 

Load grounded at the bottom. With terminal 13 
grounded at the bottom of the load (an Unun), the top 
and center transmission lines have gradients of +V} 


The bottom transmission line has no gradient and, 
therefore, no loss. It only acts as a delay line and thus 
requires no magnetic core or beads. 


Sec 11.3.1 Some Practical 9:1 


Balun Designs 


Photo 11-D shows three versions of the broadband 
Guanella 9:1 Balun designed to match 50-ohm cable 
to 450-ohm loads. The transformer on the left has 15 
bifilar turns of No. 18 hook-up wire on each of the 
three ferrite toroids with a 24-inch OD and perme- 
ability of 250. The wires are further separated by No. 
16 Teflon tubing, resulting in a characteristic imped- 
ance close to 150 ohms (the optimum value). The 
cores in this Balun, as well as the other two that fol- 
low, are spaced 1/4 inch apart by sections of acrylic. 
In matching 50 to 450 ohms, the response is esse 
ly flat from 1,7 to 45 MHz. In this matched condition, 
{his transformer can easily handle 500 watts of contin- 
uous power and 1 kW of peak power. 

The transformer in the center of Photo 11-D has 
14 bifilar turns of No, 16 SF Formvar wire on each 
of the three ferrite toroids with a 24-inch OD and 
permeability of 250. The wires are covered with 
Teflon sleeving and further separated by No. 16 
Teflon tubing. The characteristic impedance is also 
close to the optimum value of 150 ohms. In matching 
50 to 450 ohms, the response is essentially flat from 
3.5 to 45 MHz. In this matched condition, this trans- 
former can easily handle 1 kW of continuous power 
and 2 kW of peak power. Photo 11-E shows this 
Balun mounted in a minibox 6 inches long by 5 inch- 
es wide by 4 inches high. 

‘The transformer on the right in Photo 11-D is de- 
signed to handle 1 KW of continuous power and 2 kW 
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Photo 11-E. The Guanella 9:7 Balun shown mounted in a 
large minibox. 


of peak power from 1.7 to 45 MHz. Because this 
transformer uses larger cores with slightly higher per- 
meabilities (2.68-inch OD and 290 permeability), 
which are not as popular as those used in the other 
two Baluns, it is much more expensive to construct, It 
has 16 bifilar turns of No. 16 SF Formvar wire on 
each toroid. The wires are covered with No. 16 Teflon 
sleeving and further separated with No. 16 Teflon tub- 
ing. In matching 50 to 450 ohms, the response is flat 
from 1.7 to 45 MHz. 

Finally, Figure 11-6 shows the schematic diagram. 
of a 9:1 Balun (or Unun) using coaxial cables wound. 
around ferrite cores or threaded through ferrite beads 
This form of the transformer is especially useful when 
matching 50-оһт cable to 5.6 ohms because the chok- 
ing reactance of the magnetizing inductance, Ly, only 
need be much greater than 5.6 ohms. Photo 11-F 
shows two different designs. 

"The transformer on the top has 9 1/2 turns of low- 
impedance coaxial cable on each rod. The rods are 1/2 
inch in diameter, 2 1/2 inches long, and have a perme- 
ability of 125. The low-frequency response of this 
Balun is quite insensitive to the length and permesbil- 
ity of the rods? The inner conductors of the coaxial 
cables are No. 12 H Thermaleze wire with two layers. 
of Scotch No. 92 tape. The outer braids are made 
from small coax (or 1/8-inch tubular braid). They are 
further wrapped with Scotch No. 92 tape to preserve 
the low-impedance of 17 ohms. In matching 50-ohm 
cable to 5.6 ohms, the response is essentially flat from 
1.7 to 30 MHz, The optimum impedance level was 


found when matching 40 to 4.45 ohms. The addition 
of another layer of Scotch No. 92 tape would optimize 
this transformer at the 50:56-ohm level, and the high- 
frequency response would exceed 100 MHz. This 
transformer is very efficient and should handle the full 
legal limit of amateur radio power easily. 

The bottom transformer in Photo 11-F is designed 
to match 50-ohm cable to a load of 5.6 ohms in the 
VHF band. It uses 3 1/2 inches of beads on three low- 
impedance coaxial cables, The ferrite beads have an 
OD of 3/8 inch and a permeability of 125. The inner 
conductors of the coaxes are No. 12 Н Thermalezo 
Wire with one layer of Scotch No. 92 tape. The outer 
conductors are from small coaxes or 1/8-inch tubular 
braid, and are also tightly wrapped with Scotch No. 
92 tape to preserve the low characteristic impedance. 
In matching 50-ohm cable to 5.6 ohms, the response 
is essentially flat from 7 MHz to over 100 MHz (the 
limit of my test equipment). This 9:1 Balun (which 
сап be used as an Unun) can handle the full legal limit 
of amateur radio power under matched conditions, 
because of the low-permeability beads and the low- 
voltage gradients along the lengths of its transmis- 
sion lines. 


Sec 11.4 Concluding Remarks on 
6:1 and 9:1 Baluns 


One of the most important properties of broadband 
Baluns and Ununs (which all use ferrites) is their 
capability of having extremely high efficiencies. 
Knowing the loss mechanism in these transformers 
and the trade-off in low-frequency response for cíli- 
ciency allows one to optimize their applications. In 
the paragraphs that follow, ГЇЇ discuss the losses and 
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Figure 11-6, Schematic diagram of a coaxial cable (bead 
ed or coiled) 9:1 Guanella Balun (or Unun). This design is 
especially useful in matching 50-ohm cable to 5.6 ohms 
over a very wide bandwidth. 


trade-offs involved with the transformers presented in 
the preceding sections. The approach used here should 
be applicable to all forms of transmission line trans- 
formers. This section ends with a review of two arti 
cles that contained 9:1 Baluns. As you'll see, I have 
some rather different views on the claims made in 
these articles 

Accurate measurements on many broadband Ununs 
have found the losses to be related to the permeability 
and the impedance level Permeabilities greater than 
300 resulted in excessive losses. Because these losses 
are unlike the conventional transformer whose losses 
are current-dependent, it can only be assumed that 
their losses are voltage dependent; in other words а 
dielectric-type loss. Therefore, higher-impedance 
transformers have higher voltage gradients along their 
transmission line and, thus, have greater losses. Addi 
tionally, it was found that the higher the permeability, 
the greater the loss with frequency. Taking into 
account the accurate measurements and the factors 
noted above, I offer these loss values for the trans- 
formers in the preceding sections: 

1.56:1 Ununs. The 1.56:1 Ununs (either step-up or 
step-down) used in series with Guanella 4:1 Baluns to 
form 6.25:1 Baluns have the lowest potential gradients 
along their transmission lines. Voltage drops of only 
about 0.2 Vy, where V, is the input voltage, exist 
along their transmission lines. Accurate measurements 
have shown losses, in a matched condition, of only 
0.04 dB. If the cores, which have a permeability of 
250, were replaced with cores having a permeability 
of 125, the losses could be as low as 0.02 dB over 
‘much of the passband. The low-frequency response 
would still be acceptable at 1.7 MHz. This Unun is a 
natural for matching into 75-ohm hard line when long 
transmission lines are required 

6.25:1 and 9:1 Low-impedance Baluns. Baluns 
matching 50-ohm cable to 8 or 5.6 ohms, also have 
very low voltage drops along their transmission lines. 
Generally, they are about twice that of the 1.56:1 
Unun. Therefore, the losses with these Baluns should 
be on the order of 0.1 dB in their passbands. 

6.25:1 High-impedance Baluns. The losses in the 
series-type Baluns are mainly in the 1:4 Guanella 
Baluns, which have potential gradients of about 1.28 
Vy, where V is the input voltage. From previous 
‘measurements at this impedance level, the suggestion 
is that the losses (with ferrites of 250 permeability) 
should be about 0.1 dB at 7 MHz and 0.2 dB at 30 
MHz. By using toroids with permeabilities of 125, 
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the losses could be 0.07 dB and 0.15 dB, respective- 
ly. However, with a permeability of 40, the losses 
could be as low as 0.05 dB within the passband. 
However, one must consider the sacrifice in low-fre- 
quency response incurred when using these lower- 
permeability ferrites. With a permeability of 125, it's 
poorer by a factor of 2. With a permeability of 40, 
it's poorer by a factor of 8! The 6.25:1 parallel-type 
Balun in this article uses ferrite beads with a perme- 
ability of 125 and, therefore, should have losses simi- 
lar to its series-type counterpart. 

9:1 High-impedance Baluns. As was shown in the 
preceding section, the potential gradient along two of 
the transmission lines is Vy, where Vy is the input 
voltage. The third transmission tine, with a balanced 
load (or as an Unun), has no potential gradient and, 
consequently, no loss in its core, Because the loss with 
the series-type Balun mainly exists in one core, the 
loss with the 1:9 Balun should be a little less than 
twice as great. With ferrite cores of 250 permeability, 
the suggested losses are 0.2 dB at 7 MHz and 0.4 dB 
at 30 MHz. With cores of 125 permeability, the losses 
are about 0.14 and 0.28 dB, respectively. Again, by 
using cores with permeabilities of 40, the losses are 
practically negligible—approximately 0.1 dB within 
its passband, 

AAs in the case of the 1:6.25 Baluns above, similar 
trade-offs occur in the low-frequency response. That is, 
if 125 permeability cores are used, the low-frequency 
response is poorer by a factor of 2; with 40 permeabili- 
ty cores, it's poorer by a factor of 8. The major differ- 
ence here is that the low-frequency performance of the 
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Photo 11-F. Two versions of the coaxial-cable 9:1 
Guanella Balun (or Unun) designed to match Sc. oi 
cable to 5.6 ohms 


„ UNDERSTANDING BUILDR 


б. AND USING BALUNS AND UNUNS 


1:9 BALUN 


Figure 11-7. Schematic diagram of he seriestype 12:1 Balun using a 1:1.33 Unun in series with а 1:9 Guanella Balun, 


9:1 Balun, as seen by its low-frequency model, isn't as 
good as the 4:1 Balun that controls the low-frequency 
response of the serics-type 1:6.25 Balun, Additionally, 
it should be pointed out that all ofthe suggested losses 
for the transformers in this chapter are for matched 
conditions —dat is with VSWRs of 1:1, If the VSWR 
is 2:1 due to a load twice as large as the objective, the 
input voltage to the Balun increases by about 40 per- 
cent. Therefore, the losses should increase by close to 
the same percentage. 

In closing this section, 1 would like to report my 
findings on two recent articles in amateur radio jour- 
nals that also described 9:1 Baluns matching S0-ohm 
cable to 450 ohms. One“ advocated using three 150. 
‘ohm coaxial cables threaded through high-permeabili- 
ty ferite beads—a 9:1 Guanella Balun. Because of 
the low voltage-breakdown capability of the coaxial 
cable and the high loss found by accurate measure- 
ments on Ununs using these high-permeability fer- 
rites, the design was suspect. I built a copy of the 
design and found it to be, as expected, unable to han- 
dic any appreciable power. The second article? advo- 
cated using 14 trfilar turns of “magnet wire" on a 2- 
inch OD powdered-iron core (permeability of 10). 
"This Balun was also constructed and tested, Again, as 
was expected, when matching 50-obm cable to a 
floating load of 450 ohms, the 9:1 Balun barely 
reached a truc 9:1 ratio at ? MHz. Above 7 MHz, the 
ratio became greater than 9:1 and also introduced а 


reactive component, Below 7 MHz, there was insuffi- 
cient choking reactance to prevent flux in the core, 
My three objections to this design are: 1) a trifilar 
design has a poor high-frequency response because it 
sums a direct voltage with a delayed voltage that tra- 
verses a single transmission Tine and a delayed voltage 
that traverses two transmission lines, 2) the character- 
istic impedances of the transmission lines are only 50 
‘ohms (the objective is 150 ohms), and 3) the low-fre- 
quency response is poor because of the low-perme- 
ability powdered-iron core. I do not recommend either 
of the designs in these two articles, 


Sec 11.5 12:1 Baluns 


‘Over the years, the broadband, 12:1 Balun has been of 
special interest to users of rhombic and V antennas. 
With the aid of this Balun, certain advantages over 
mall element arrays can be fully exploited. Rhombies 
and Уз are easier to construct, both electrically and 
mechanically, and there ate no particularly critical 
dimensions or adjustments, Furthermore, they give 
satisfactory gain and directivity over a 210-1 frequen- 
‘ey range. These antennas have also been found to be 
more effective in reception, Because their designs сап 
‘present input impedances of 600 ohms, and very long 
lengths of highly efficient 600-ohm open-wire line 
can be used between the shack and the antenna, ап 
efficient and broadband 12:1 Balun is a natural for 
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Photo 11-G. Top view of the high-power 12:1 Balun. 


this application. However, to my knowledge, satisfac- 
tory Baluns have not been available for this use. 

Y will present two versions of a series-type Balun 
designed to match 50-ohm cable to a balanced load of 
600 ohms. One is a high-power unit designed to han- 
dle the full legal limit of amateur radio power over а 
bandwidth of 7 to 30 MHz. The other is a medium- 
power unit capable of handling approximately one- 
half the legal limit of amateur radio power from 3.5 to 
30 MHz. Both Baluns use a 1:1.33 Unun in series 
with a 1:9 Guanella Balun, 

Аз you will see, these Baluns are not especially 
easy to design and construct. The major difficulties lie 
in trying to obtain sufficient choking reactances in the 
coiled windings to meet the low-frequency require- 
ments, and large enough characteristic impedances of 
the windings to meet the high-frequency require- 
ments. Because a coiled winding with a characteristic 
impedance of 200 ohms (the objective) is practically 
impossible to obtain with any reasonable wire size 
and number of turns, I used the compensating tech- 
nique first described in my book? Because the char- 
acteristic impedances of the 9:1 Guanella Balun are 
somewhat less than 200 ohms, a compensating effect 
(and hence higher frequency response) can be ob- 
tained by having a higher (than the normal objective) 
‘characteristic impedance of the windings in the 1:1.33 
Unun. Earlier work (also described in my book) pre- 
sented a 12:1 Balun using a 1:3 Unun in series with 


Photo 11-H. Side view of the high-power 12:1 Balun 


1:4 Ruthroff Balun. The Baluns presented in this sec- 
tion using a 1:1.33 Unun in series with a Guanella 1:9 
Balun, are much improved designs, 


A High-power 
12:1 Balun 


Figure 11-7 shows the schematic diagram of the 
series-type 12:1 Balun used in both the high- and 
‘medium-power versions. Photo 11.0 shows a top 
view of the high-power Balun. Photo 1-H shows а 
side view. 

The 1:1.33 Unun has 5 quintufilar turns on a 1.5- 
inch OD ferrite toroid with a permeability of 250. 
Winding 7-8 is No. 14 H Thermaleze wire and the 
other four are No. 16 Н Thermaleze wire. Winding 7- 
8 is also tapped at 3 turns from terminal 7 

The 1:9 Guanella Balun has 8 bifilar turns of tinned 
No. 16 wire on each of the three toroids. Each wire is 
covered with Teflon tubing and further separated by 
two Teflon tubings. The characteristic impedance of 
the windings is about 190 ohms (the objective is 200 
ohms). The ferrite toroids have an OD of 2.4 inches 
and a permeability of 250, The spacing between the 
toroids is 1/2 inch. 

In matching 50-ohm cable to a balanced load of 600 
‘ohms, the response is literally flat (within a percent or 
wo) from 7 to 30 MHz. Within this bandwidth, it is 
capable of handling the full legal limit of amateur 
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Photo 11-1 Top view of the medium power 12:1 Balun. 


radio power. In a matched condition, the expected 
insertion loss is about 0,25 dB. 


Sec 11.5.2 AMediumpower 
12:1 Balun 


Photo 11-1 shows the top view of the medium-power 
12:1 series-type Balun. Photo 11-7 shows the side 
view. This Balun also has the same 1:1.33 Unun as 
described earlier 

‘The 1:9 Guanella Balun has 11 bifilar tums of No. 18 
hook-up wire on cach toroid, The wires are further scp- 
arated by two No, 18 Teflon tubings. The characteristic 
impedance of the windings is about 170 ohms. The 
toroids have an OD of 2.4 inches and a permeability of 
250, The spacing between the toroids is also 1/2 inch. 

In matching 50-ohm cable to a balanced load of 600 
ohms, the response varies less than 5 percent from 3.5 
то 30 MHz, Within this bandwidth, the Balun can han- 
dle about one-half the legal limit of amateur radio 
power. As with the high-power version, the expected 
insertion loss is also 0.25 dB. 


Sec 11.6 Concluding Remarks on 
Т Baluns 


Many of the concluding remarks from the discussion 
оп 6:1 and 9:1 Baluns (Sec 11.4) also apply to 12:1 
Baluns; therefore, I won't repeat them here. But the 
following four remarks are specific to 12:1 Baluns 
and warrant mentioning 

First, high-impedance transmission line transform- 
ers like the 12:1 Balun are particularly sensitive to 


Photo 11-3. Side view of the medium-power 12:1 Balun 


metallic enclosures. If a minibox were to be used, I 
would suggest the one shown in Photo 11-E, which is 
6 inches long by 5 inches wide by 4 inches high. 
‘Smaller metallic enclosures would reduce the charac- 
teristic impedances of the windings and affect the 
high-frequency response. Even the spacing between 
cores had to be increased from 1/4 inch (for a 50:450- 
ohm Balun) to 1/2 inch. The subchassis shown in the 
photographs were used because they provided the 
necessary electrical and mechanical support. 

Second, the 12:1 Baluns described in this section 
also make excellent Ununs, albeit with some compro- 
mise in the low-frequency response. I would suggest 
using the high-power unit only between 14 and 30 
MHz and the medium-power unit only between 7 and 
30 MHz, 

‘Third, for the readers interested in VHF operation, I 
would suggest the parallel-type approach described in 
the earlier section on 6:1 Baluns. In this case, a 9:1 
Guanella Balun is connected in series-parallel with а 
1:4 Guanella Balun. This would produce a broadband 
ratio of 12.25:1. By using 170-ohm twin-lead (about 
10 inches long) threaded through ferrite beads with a 
permeability of 125, it appears that it is possible to 
‘match 50-ohm cable to a balanced load of 612.5 ohms 
throughout the VHF band. 

Fourth, by using torids with a permeability of 125 in 
the 1:9 Guanella Baluns (of the 12:1 Baluns), the 
insertion loss would be reduced by around one half 
(0.12 dB), with a trade-off in low-frequency response. 
‘The high-power unit would now cover about 10 to 30 
MHz, and the medium-power Balun would cover 
about 7 to 30 MHz, 


The 4:1 Unun 


Chapter 12 


Sec 12.1 Introduction 


rom an analysis standpoint, the 4:1 Unun can be 
Е 

literature, И began with Ruthroff's introduction 
and complete analysis of this device in his classic 
paper published in 1959.9 Ruthroff's paper then 
became the industry standard for this class of devices 
known as transmission line transformers. These are 
devices that transmit the energy from the input to the 
‘output by an efficient transmission line mode, and not 
by flux linkages (as in conventional transformers). 

However 15 years earlier, Guanella had introduced, 
in his classic 1944 paper the first broadband Baluns 
by combining coiled transmission lines in a series 
parallel arrangement, yielding ratios of l:n? where n = 
1, 2, 3... and so on. И has also been shown that 
Guanella's technique also lends itself to Ununs as 
ell? In fact, in this chapter, you will see that his 
technique of summing voltages of equal delays 
promises to yield high-power designs capable of oper- 
ating on the VHF and UHF bands. 

‘The 4:1 Unun also exemplifies (more than any other 
transformer) the many choices that can be made in its 
design, These include: 1) Ruthroff's or Guanella's 
designs, 2) wire or coaxial cable transmission lines, 3) 
coiled or beaded lines, 4) rods or toroids, 5) low- 


power or high-power designs, 6) HE, VHR, or ИНЕ 
designs, and 7) the trade-offs in efficiency for low-fre- 
quency response от for high VSWR. The 4:1 Unun is 
the most prevalent of all the Ununs, It finds extensive 
use in solid-state circuits and in many antenna appli- 
cations involving the matching of ground-fed anten- 
nas—where impedances of 12 to 13 ohms must be 
‘matched to 50-obm coaxial cable, This chapter pro- 
vides information on many 4:1 Unun designs. 


Sec 12.2 The Ruthroff 4:1 Unun 
Figure 12-1 illustrates two versions of Ruthroff's 
approach to obtaining a 4:1 unbalanced-to-unbalanced 
transformer (Unun). As can be seen, one uses a coiled 
wire transmission line, while the other uses a сойей 
coaxial cable, Depending upon the frequency, beaded 
transmission lines may also be used, 

Ruthroff's design uses a single transmission line 
connected in, what I cal, the bootstrap configuration. 
That is, terminal 2 is connected to terminal 3, lifting 
the transmission line (at the high-impedance side) by 
the voltage Vy. If the reactance of the coiled winding 
or beaded line is much greater than Rg, then only 
flux-canceling transmission line currents are allowed 
to flow. И is also apparent that the output voltage is 
the sum of a direct voltage, Vi. and a delayed voltage, 


Figure 12-1, The Ruthroff 
4:1 Unun (Ry=4Rgk (A) 
coiled bifilar winding: (В) 
coiled coaxial cable 


s 
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Va, which traverses a single transmission line, This 
delay in Уз eventually limits the high-frequency 
response. For example, if the electrical length of the 
line is a 1/2 wave, the output is zero, Ruthroff also 
found that the optimum value of the characteristic 
impedance of the transmission line (for maximum 
high-frequency response) is Ry/2. 

Therefore, the electrical length and characteristic 
impedance of the transmission line play major roles in 
Ruthroff’s design. Because his work was mainly con- 
‘cerned with small-signal applications, RuthrolT was 
able to obtain broad bands of a few tens of kilohertz 
to over a thousand megahertz. This was possible 
because he used a few turns (5 to 10) of fine wire 
(Nos. 37 and 38) on high-permeability toroids аз 
small as 0.08 inches in OD. As a result, the phase- 
delay with these very short transmission lines was 
very small, However, large-signal (power) applica- 
tions present an entirely different picture. For opera- 
tion in the HF band (including 160 meters), transmis- 
sion lines vary between one to three feet in length 
(depending upon impedance level). Consequently, 


Photo 12-B. Two higher-imped- 
ance Ruthroff 4:1 Ununs: 100:25- 
ойт (оп the left); 200:50-оһт (on 
the right). 


Photo 12-A. Two versions of the 
Ruthroff 4:1 (50:12.5-0hm) Unun: 
coiled wire rod (on the left): coiled 
coaxial cable toroid (on the right). 


phase-delay can play a major role, as will be seen in 
the following examples. 


Sec. 12.2.1 50:12.5-ohm Ununs 


Photo 12-A shows two examples of efficient and 
broadband 4:1 Ununs matching 50 to 12.5 ohms. The 
той version (on the left) has 14 bifilar turns of No. 14 H 
Thermaleze wire on a low-permeability (125) ferrite 
rod 0.375 inches in diameter and 3.5 inches long. The 
connections are shown in Figure 12-14. The cable 
connector is on the low-impedance side. The response 
is flat from 1.5 to 30 MHz. In a matched condition, this 
Unun can easily handle the full legal limit of amateur 
radio power, Because a tightly wound rod Unun yields 
a characteristic impedance very close to 25 ohms (the 
optimum value), this is quite likely the easiest one to 
construct that covers the above bandwidth. 

The toroidal version (on the right in Photo 12-A) 
has 6 turns of homemade, low-impedance coaxial 
cable on a 1.5-inch OD ferrite toroid with a perme- 
ability of 250. The connections are shown in Figure 
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Figure 122, The Guanella 4:1 
Unun (Ry=4Rg): (A) coiled 
bifilar windings; (B) coiled or 
beaded coaxial cables. 


12-1B. The cable connector is on the low-impedance 
side. The inner conductor is No. 14 Н Thermaleze 
wire and is covered with Teflon tubing. The outer 
braid is from a small coaxial cable (or from 1/8-inch 
tubular braid) tightly wrapped with Scotch No. 92 
tape in order to obtain the desired characteristi 
impedance. In matching 50 to 12.5 ohms, the response 
is flat from 1.5 to 50 MHz, Because the current is 
evenly distributed on the inner conductor, this small 
Unun has an exceptionally high power capability—at 
Teast 5 KW of continuous power and 10 kW of peak 
power (in a matched condition). 


Sec 12.2.2 100:25-ohm Unun 


In some combiner applications, an Unun matching 
100 to 25 ohms is required. The smaller toroidal ver- 
sion, pictured on the left in Photo 12-B, shows a 
Ruthroff design that can satisfy many of these require- 
ments. It has 8 bifilar tums of No. 14 Н Thermaleze 
wire on a 1.5-inch OD ferrite toroid with a permeabil- 
ity of 250. One wite is also covered with a single 
layer of Scotch No. 92 tape, providing a characteristic 
impedance close to the desired value of 50 ohms. In 
matching 100 to 25 ohms, the response is essentially 
flat from 1.5 to 30 MHz. This Unun can easily handle 
the full legal limit of amateur radio power. 


Sec 12.2.3 200:50-ohm Unun 


When dealing with this type of Balun, the Ruthroff 
approach cannot yield the broadband response of the 
lower-impedance designs shown above. Because more 
turns are required in order to obtain the necessary 
choking reactance, and a 100-ohm characteristic 
impedance that requires more spacing between the 
wires is used, the cores must be considerably larger. 
‘This results in longer transmission lines. Consequent- 
ly. the high-frequency response is now limited by the 
greater phase delay of this high-impedance Unun. 

‘The larger transformer, shown on the right in Photo 
12-B is my optimized version of а Ruthroff 200:50- 


ohm Unun. It has 16 bifilar turns of No, 14 Н 
Thermaleze wire on a low-permeability (250) 2.4-inch 
OD ferrite toroid. Each wire is covered with Teflon 
tubing, resulting in a characteristic impedance of 97 
ohms, Because of the long transmission line (36 inch- 
es), the impedance transformation ratio (in matching 
200 ohms to 50 ohms) varies from 4 to 4.44 from 1.5 
to 30 MHz. A conservative power rating (under a 
‘matched condition) is 2 kW of continuous power and 
4 KW of peak power. Because this higher-impedance 
Unun has a larger voltage drop along the length of its 
‘windings, its loss (a dielectric-type2) is а little greater 
than the lower impedance Ununs described earlier. In 
a matched condition, the efficiency is about 97 per- 
cent, while the others experience efficiencies of 98 to 
99 percent. 


Sec 12.3 The Guanella 4:1 Unun 


Even though Guanclla's investigation? was directed 
toward developing a broadband Balun to match the 
balanced output of a 100-watt, push-pull, vacuum- 
tube amplifier to the unbalanced load of а coaxial 


Photo 12-C. Two Guanella 4:1 (50:12.5-ойт) Ununs: rod 
version (on the top), 1.5 10 50 MHz; beaded version (on 
the bottom), 10 MHz to over 100 MHz. 
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cable, his technique of connecting transmission lines 
in a parallel-series arrangement has only recently been 
recognized as the design for the widest possible ban 
width in an unbalanced-to-unbalanced application. 
Some have labeled his approach the “equal-delay net- 
work". 26 The major difference in Guanella's approach 
(from Ruthroff's) is that by summing the equal-delay 
voltages of coiled (or beaded) transmission lines, he 
minimizes the dependence of the high-frequency 
response on the lengths of the transmission lines. As 
was mentioned before, RuthrofP's method of summing 
a direct voltage with a delayed voltage that traversed a 
single transmission line has a limited application, 
especially with high-power, high-impedance Ununs 
(like 200:50 and 300:75 ohms). 

Furthermore, Guanella's approach is also important 
in designing high- and low-impedance Baluns and 
Ununs with impedance transformation ratios other 
than 4:1. Connecting three transmission lines in paral- 
lel-series results in a 9:1 ratio, four in a 16:1. Also by 
connecting a fractional-ratio Unun in series with his 
Baluns, or by using various combinations of parallel- 
series transmission lines,262 Ununs and Baluns are 
now available with a continuum of ratios from 1.36:1 
to 16:1, Moreover, these ratios now make it possible 
to match 50-ohm cable to impedances as low as 3.125 
‘ohms and as high as 800 ohms. A major factor in the 
Success of these designs rests in the understanding of 
the low-frequency models of these various transform- 
ers.2 This section looks at the 4:1 Unun using 
Guanella’s approach. As in the Ruthroff case, the opti- 


Photo 12-D. Two higher-impedance Guanella 4:1 Ununs 
100:25-ohm (on the left): 200:50-ohm (on the right). 


‘mum value of the characteristic impedances of the 
transmission lines for a Guanella 4:1 transformer is 
also Ry/2. 


Sec 12.3.1 12.5-ohm Ununs 


Figure 12-2 shows the schematic diagrams of the 
coiled-wire and coaxial cable (coiled or beaded) ver- 
sions of 4:1 Ununs using Guanella’s technique of con- 
necting transmission lines in parallcl-scrics arrange- 
ments, As can be seen in Figure 12-2, the lower trans- 
mission lines are grounded at both ends and, there- 
fore, have no potential drop along their lengths. Th 
the coiling or beading has no effect. The core only 
acts as a mechanical support and the beads can be 
removed. In essence, the bottom transmission line 
plays the important role of a delay line. In addition, 
the low-frequency response of this form of Unun is 
solely determined by the reactance of the top coiled ог 
beaded transmission line, 

‘The top Unun in Photo 12-C shows a rod version of 
Guanella's 4:1 Unun. There are 13.5 bifilar turns of 
No. 14 Н Thermaleze wire on low-permeability (125) 
ferrite rods 0.375 inches in diameter and 3.5 inches 
long. For ease of connection, one winding is clock- 
wise and the other is counterclockwise, The cable 
connector is on the high-impedance side. In matching 
50 to 12.5 ohms, the response is flat from 1.5 to over 
50 MHz! This Unun, in a matched condition, is capa- 
ble of handling the full legal limit of amateur radio 
power. Furthermore, with the 50-ohm generator on the 
ıt (in Figure 12-2A) and a 12.5-ohm balanced load. 
оп the left (perhaps а Yagi beam), this transformer 
‘makes an excellent step-down Balun. 

‘The bottom transformer in Photo 12-C shows а 
beaded-coax version of a 50:12.5-ohm step-down 
Unun designed for 2-meter operation. It has 3.5 inch- 
ев of beaded coax on the top transmission line 
(Figure 12-28) and no beads on the bottom transmis- 
sion line. (Actually, the bottom rod in Figure 12-24 
сап also be removed with no change in performance.) 
The beads are low-permeability (125) ferrite. The 
inner conductor of the coaxial cable is No. 12 Н 
Thermaleze wire with about 3.5 layers of Scotch No. 
92 tape (two 0.5-inch tapes wound edgewise like a 
window shade), providing a characteristic impedance 
close to the optimum value. The outer braid is from a 
small coaxial cable (or from 1/8-inch tubular braid). 
‘This homemade coax is further wrapped tightly with 
Scotch No. 92 tape in order to preserve its low charac- 
teristic impedance. The cable connector is on the low- 


impedance side. The response of this Unun is essen- 
tially flat from 10 to 100 MHz (the limit of my 
bridge). It can also (easily) handle tbe full legal limit 
‘of amateur radio power 


Sec 12.3.2 100:25-ohm Unun 


‘The Unun on the left in Photo 12-D is a Guanella 
version that matches 100 to 25 ohms. There are 8 
bifilar turas of No. 14 Н Thermaleze wire on each 
1.5-inch OD low-permeability (250) toroid. One 
toroid is wound clockwise and the other is wound 
counterclockwise, One of the wires (on each toroid) 
is covered with one layer of Scotch No. 92 tape. The 
cable connector is on the low-impedance side. The 
response is flat from 1.5 MHz to well over 30 MHz. 
This Unun can also handle the full legal limit of ama- 
teur radio power. 

It is interesting to note that when used as а Balun 
(the ground removed from terminal 2), and placed in 
Series (on the left side) with a 1.78:1 Unun (see 
‘Chapter 13), this compound arrangement provides an 
excellent Balun for matching 50-ohm coaxial cable 
directly to quad antennas having impedances of 100 10 
110 ohms. 


Sec 12.3.3 200:50ohm Unun 


‘The transformer on the right in Photo 12-D is an 
excellent Unun (or Balun with terminal 2 removed 
from ground) for matching 50 to 200 ohms. It has 14 
bifilar turas of No. 14 Н Thermaleze wire on each 
low-permcability (250) toroid with a 2.4-inch OD. 
Each wire is covered with Teflon tubing, providing a 
characteristic impedance of 98 ohms (which is quite 
good because the optimum value is 100). Again, for 
čase of connection, ane winding is clockwise and the 
other is counterclockwise, When operating as an 
Unun or a Balun and matching 50 to 200 ohms, the 
response is essentially flat from 1.5 to 30 MHz. А 
conservative power rating (in а matched condition) is 
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5 KW of continuous power and 10 KW of peak power. 
‘This transformer has been reported to handle peak 
pulses of 10,000 volts! 


Summary 


Since its introduction by Ruthrotf in 1959,7 the 4:1 
Unun has been the most popular transmission line 
transformer matching unbalanced impedances to 
unbalanced impedances, Аз 1 mentioned at the begin- 
ning of this chapter, there are many choices to consid- 
er when designing these broadband and efficient 
transformers. One of the most important choices 
involves whether to use the Койгой or Guanella 
approach, In fact, the Guanella design should proba- 
bly be designated a Balun/Unun. Recently, it has 
become the design of choice in the higher frequency 
bands, From the designs presented in this chapter, 1 
offer the following recommendations: 

1. For Ununs in the HF band with impedance levels 
‘of 100:25 ohms and lower, the Ruthrof? approach is 
recommended because of its simplicity. 

2. For high impedance levels in the HF band (like 
200:50 and 300:75 ohms), the Guanella approach is 
recommended, 

3. For low-impedance operation on the VHF band, 
the beaded-coax Guanella approach is recommended. 

4, For high-impedance operation on the VHF band, 
the coiled-wire Guanella approach appears to be the 
preferred choice, and should be investigated first 
Obviously, the number of tums should be reduced from 
the examples shown in this chapter because the resc- 
tance of the winding is proportional to the frequency. 

5. For high-power use on the HF band, the Ruthroff 
Unun with low-impedance coaxial cable on a toroid 
(on the right on Photo 12-A) is recommended. Tt is 
časy to construct and can very likely handle more than 
5 KW of continuous power. 

6, Also, at high-impedance levels, one might con- 
sider using lower permeability ferrites for higher e 
ciencies. Look at permeabilities of 125 and 40. 


Chapter ] 3 


1.33:1, 1.5:1, and 2:1 Ununs 


Sec 13.1 Introduction 


ittle practical design information has been 
| available on Ununs with impedance transfor- 
Imation ratios of less than 4:1 (these are called 
fractional-ratio Ununs). However, many important 
applications can be found for efficient and broadband. 
Ununs with ratios like 1,33:1, 1.5:1, and 2:1, Some 
examples include the matching of 50-ohm coaxial 
cable to: a) vertical antennas, inverted Ls, and ground- 
fed slopers (all over good ground systems), b) 75-ohm. 
hardline cable, c) a junction of two S0-ohm coaxial 
cables, d) shunt-fed towers performing as vertical 
antennas, and е) the output of a transceiver or class В 
linear amplifier when an unfavorable VSWR condi- 
tion exist 
These three Ununs also play an important role in 
making other useful Baluns possible. Examples given 
in earlier Chapters include: a) connecting a 1.5:1 Unun 
(50:75 ohms) in series with а 1:1 Balun (75:75 ohms) 
results in a broadband 1.5:1 Balun (50:75 ohms); b) 
connecting a 2:1 Unun (50:100 ohms) in series with a 
1:1 Balun (100:100 ohms) results in a broadband 2:1 
Balun (50:100 ohms); с) connecting a 1.5:1 Unun 
(50:75 ohms) in series with a 4:1 Balun (75:300 
ohms) results in a broadband 6:1 Balan (50:300 


ohms), and d) connecting а 1.33:1 Unun (50:66.7 
ohms) in series with a 9:1 Balan (66.7:600 ohms) 
results in a broadband 12:1 Batun (50:600 ohms). 

It has been shown? that a continuum of ratios can 
now be obtained with Unons matching 50-obm cable 
to impedances эв low as 3.125 ohms and as high as 
800 ohms. In addition, by using higher-order wind- 
ings (trifilar, quadfila, etc), Ununs can be construct- 
ed with two broadband ratios like 1.5:1 and 3:1, or 2:1 
and 4:1, Furthermore, by tapping some of the wind- 
ings of these higher-order Ununs, moltimatch trans- 
formers can be constructed with many broadband 
табох, As а result of this class of fractional-ratio 
Ununs, a continuum of Ununs and Baluns is now 
available to match 50 ohms unbalanced to unbalanced 
ог balanced impedances as low as 3.125 ohms and as 
high as 800 ohms. 

Му first attempt to obtain ratios less than 4:1 was 
made by tapping one of the wires in а Ruthroff 4:1 
bifilar Unun. My experiment met with only moderate 
success An adequate low-frequency response with a 
133.1 ratio was difficult to obtain. Also, the 2:1 ratio 
had considerably greater loss than higher or lower 
ratios, Recently, 1 found that higher-order windings 
(tiflar, quadrifilar, ete.), some with taps, provide 
much wider bandwidths and higher efficiencies, This 
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Figure 13-1. Schemaiie diagrams: (A) matching 50 io 25 ohms (B-A) and 50 to 22.22 ohms (C-A); (B) matching 100 to 50 


ohms (B-A) and 112.510 50 ойт (C-A). 
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Photo 13-A. Bottom 
view of the 2:1 Unun 
designed to match 50 
ohms to 25 ohms or 22.2 
ohms (Figure 13-14). 
The connector is on the 
low-impedance side. 


Photo 13-В. The 2:1 Unum mounted in a 4 inch long by 2 
inch wide by 2.75 inch high minibox. 


chapter describes fractional-ratio Ununs using these. 
higher-order windings. 

‘The next section discusses the practical aspects of the 
2:1 Unun. This Unun is not only one of the more useful 
transformers, but it also serves as a good introduction 
to the trifilar and quadrifilar designs. What follows is 
an introduction to the most difficult fractional-ratio 
Unun—the quintufilar design, which results in very 
broadband 1.33:1 and 1.5:1 Ununs. A more complete 
discussion appears in Part I of this book. 

This chapter closes with construction tips, As you 
will see, these Ununs can be difficult to construct, 


Sec 13.2 2:1 Ununs 


Figure 13-1A shows the schematic diagram of an 
Unun designed to match 50-ohm cable to an unbal- 
anced load of 25 ohms (2:1 ratio with connections А- 
В) or 22.22 ohms (2.25:1 ratio with connections А-С). 
Tt has 6 trifilar turns of No. 14 Н Thermaleze wire on 
а 1.5-inch OD ferrite toroid with a permeability of 


250, Winding 3-4 is tapped at 5 turns from terminal 3 
Photo 13-A isa photograph showing the various con- 
nections. The connector is on the low-impedance side. 
Photo 13-B shows the transformer mounted in a CU- 
3015A (4 inches long by 2 inches wide by 2.75 inches 
high) minibox. In matching 50 ohms to either 25 ог 
22.22 ohms, the transformation ratio is constant from 
11030 MHz. 

Because the transmission lines are very short, this 
Unun does quite well as a step-up transformer. That 
is, when matching 50 ohms (on the left side) to 100 
ohms (connections A-B) or 112.5 ohms (connections 
А-С) on the right side, the transformation ratio is con- 
stant from 1 to 15 MHz. Because of the extremely 
high efficiency of this transformer (98 to 99 percent 
under matched conditions), this small version can cas- 
йу handle the full legal limit of amateur radio power. 

Figure 13-1B shows the schematic diagram of an 
Unun designed to match 50-ohm cable to an unbal- 
anced load of 100 ohms (2:1 ratio with connections 
A-B) or 112.5-ohms (2.25:1 ratio with connections A- 
C). It has 7 trifilar turns on a 1.S-inch OD ferrite 
toroid with a permeability of 250. The top winding 5- 
6 is No. 14 Thermaleze wire and is tapped at 6 turns 
from terminal 5. The other two windings are No. 16 H 
‘Thermaleze wire. Photo 13-С shows the various con- 
nections. The connector is on the low-impedance side. 
In matching 50-ohm cable to 100 ohms (A-B) or 
112.5 ohms (A-C), the transformation ratio is constant 
from 1 to 30 MHz. 

Again, because the transmission lines are very short, 
this Unan does quite well as a step-down transformer. 
in matching 50-ohm cable (on the right side) to 25 
ohms (A-B) or 22.22 ohms (A-C), the transformation 
ratios are constant from 1 to 15 MHz. As above, this 
transformer can casily handle the full legal limit of 
amateur radio power. 

Although the quadrifilar Unun shown in the sche- 
matic diagram in Figure 13-2 and in Photo 13-D has 
ап impedance transformation ratio of 1.78:1, it should 
also satisfy many of the 2:1 requirements. This Unun, 
which is designed to match 50-ohm cable to an unbal- 
anced load of 28 ohms, not only has a very broadband 
response (1 MHz to over 50 MHz), but also offers 
other possible wideband ratios that will be covered in 
succeeding chapters. 

Specifically, the Unun has 5 quadrifilar turns on a 
15-inch OD ferrite toroid with a permeability of 250. 
Winding 5-6 is No, 14 Н Thermaleze wire and the 
other three are No. 16 Н Thermaleze wire. Like the 


Photo 13-C. Вопот 
view of the 2:1 Unun 
designed to match 50 
ohms to 100 ohms or 
112.5 ohms (Figure 13- 
1B). The connector is on 
the low-impedance side. 


Photo 13-D. Bortom 
view of the 17851 Umm 
designed 1o match 50 to 
28 ohms. The connector 
is on the low-impedance 
side, 


two 2:1 Ununs described above, this one also easily 
handles the full legal limit of amateur radio power. 

‘As with most coiled Ununs that have litte spacing 
between adjacent turns, current-crowding (between 
adjacent turns) can eventually limit the power-han- 
dling capability of these devices. It's possible 10 
improve the ability for handling higher currents by 
using thicker wires, or by using coaxial cables where 
ccurrent-crowding is nonexistent. Figure 13-3 shows 
the schematic diagram of a tapped-trifilar transformer 
that uses two sections of coaxial cable yielding 
impedance ratios of 2:1 and 2.25:1. Photo 13-Е 
shows two trifilar toroidal transformers using low- 
impedance coaxial cables with their outer braids con- 
nected in parallel and acting as the third conductor. 
These transformers are conservatively rated at 5 KW 
ol continuous power, 

‘The smaller transformer in Photo 13-Е has 7 trifilar 
tums of low-impedance coax on a 2-inch OD toroid 
‘with a permeability of 290. The No. 14 Н Thermaleze 
wire inner conductors have four layers of Scotch No. 
92 tape. The outer braids are made from small coaxial 
cables (or 1/8-inch tubular braid), and are also 
wrapped with Scotch No. 92 tape in order to preserve 
the low characteristic impedances. The inner conduc- 
tor of the top coax in Figure 13-3 is tapped at 6 turns 
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Figure 13-2 Schematic diagram of the quadrifilar Unun 
designed to match 50 10 28 ohms (1.78:1 ratio). 


Figure 13-3. Schematic diagram of a tapped-trifilar Unun 
that uses two sections of coaxial cable, yielding impedance 
ratios of 2:1 and 225:1. 


from terminal 5. When matching 50 ohms to 22.22 
ohms or 25 ohms, the impedance ratio is constant 
from 1 to over 50 MHz. 

‘The larger transformer in Photo 13-E also has 7 tri- 
filar turns, but on a 2.4-inch OD toroid with a perme- 
ability of 125. The inner conductors of No. 14 Н 
Thermaleze wire now have a 15-mil wall of Teflon 
sleeving, yielding the low-impedance coaxial cable. 
‘The outer braids are the same. Because the ferrite per- 
meability is lower and the lengths of the transmission 
lines are longer than those of the smaller unit, this 
transformer's bandwidth is not quite as good. When 
matching 50 to 22.22 ohms (this particular Unun 
doesn't have a tapped winding), the impedance ratio is 
constant from 1.7 to 30 MHZ. 

Although not shown, these very high-powered 2:1 
Ununs can also be easily designed to match 50-ohm 
cable to unbalanced loads of 100 and 112.5 ohms 
This is done by using small but high-powered coaxes 
like RG-303/U, RG-141/U, or RG-142/U. 


Sec 13.3 1.5:1 Ununs 


Figure 13-4 shows three basic forms of а quintufilar 
1.56:1 Unun that should satisfy most of the 1.5:1 
requirements. As can be seen, the only difference in 
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Photo 13-E. Two toroidal transformers using coaxial 
cable and designed to match 50 to 22.22 ohms (225:1). 
The smaller transformer is also tapped, yielding a match 
af 50 10 25 ohms (2:1). 


the schematic diagrams is in the interleaving of the 
‘windings. This is done to optimize the performance of 
these Ununs at the various impedance levels, Sche- 
matic A is optimized for matching 50 to 75 ohms. 
Schematic В is optimized for matching 32 to 50 
‘ohms. Schematic C, while optimized for matching 40 
to 62 ohms, still yields quite broadband ratios at both 
50:75 and 32:50-ohm levels. It should be a useful, 
‘general-purpose Unun. 

Photo 13-F is a photograph of the bottom views 
(showing the connections) of the three different de- 
signs. They appear in the same order as the schemat- 
ics of Figure 13-4; i.e., a) the Unun on the left is 
designed to match 50 to 75 ohms, b) the Unun in the 
center is design to match 32 to 50 ohms, and c) the 


Unun on the right is designed to work quite well at 
both impedance levels. The SO-239 connectors are all 
оп the low impedance side of the Ununs. 

All three transformers have four quintufilar turns on 
a 1.5-inch OD ferrite toroid with a permeability of 
250. Their differences аге: 

1. 50:75 ohms (on the left on Figure 13-4 and 
Photo 13-F). 

Winding 9-10 is No. 14 H Thermaleze wire. The 
other four windings are No. 16 H Thermaleze wire. 
When matching 50 to 75 ohms (actually to 78 ohms), 
the transformation ratio is constant from 1 to over 30 
MHz, In matching 50 ohms (on the right side in 
Figure 13-34) to 32 ohms, it is still constant from 1 
to 15 MHz. 

2. 32:50 ohms (in the center in Figure 13-4 and 
Photo 13-F). 

Winding 5-6 is No, 14 H Thermaleze wire, The 
other four windings are No. 16 Н Thermaleze wire. 
When matching 32 to 50 ohms, the transformation 
ratio is constant from 1 to over 30 MHz. In matching 
75 ohms (on the right side in Figure 13-38) to 50 
ohms, it is still constant from 1 to 15 MHz. 

3. 50:75 ohms; 32:50 ohms (on the right in Figure. 
13-4 and Photo 13-P). 

Winding 7-8 is No, 14 Н Thermaleze wire. The 
other four windings are No. 16 H Thermaleze wire. In. 
matching 32 to 50 ohms, the transformation ratio is 
constant from 1 to 30 MHz. In matching 75 ohms (on 
the right side in Figure 13-3C) to 50 ohms, it is still 
constant to 21 MHz. This is quite a good general-pur- 
pose design. 
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Figure 13-4. Three basic forms of a quintuflar 1.56:1 Unun: (A) optimized to match 50 10 75 ohms, (B) optimized to match 
32:0 50 ohms, and (С) optimized to match 40 10 62 ohms, resulting in a good general-purpose design. 


Even though a small toroid (with only a 1.5-inch. 
OD) is used, these Ununs are still very sturdy trans- 
formers. Because their efficiencies are so high (98 to 
99 percent), they can easily handle the full legal limit 
of amateur radio power? Furthermore, the windings 
carrying the majority of the current (80 percent) аге 
all No. 14 wire. Only when well-designed Ununs are 
subjected to very high VSWRs will excessive heating 
occur. Ununs (and Baluns) should never be exposed to 
these severe conditions. 


Sec 13.4 A 1.33:1 Unun 


‘The circuit shown in Figure 13-5 evolved after many 
attempts were made at obtaining a broadband match 
of 50 to 66.7 ohms (1.33:1). Photo 13-G shows the 
bottom view of an actual design. The SO-239 connec- 
tor is on the low impedance side, Photo 13-H shows 
the Unun mounted in a CU-3015A minibox. 

Specifically, this Unun has five quintufilar turns on 
a 15-inch OD ferrite toroid with a permeability of 
250. Winding 5-6 is No. 14 H Thermaleze wire and is 
tapped at three turns from terminal 5 (Figure 13-4). It 
is also covered with one layer of Scotch No. 92 poly- 
imide tape, optimizing the performance at the 
50:66.7-ohm level. The other four windings are No. 
16 H Thermaleze wire. 

In matching 50 to 66.7 ohms (A-B), the transforma- 
tion ratio is practically constant from 1 to 30 MHz. 
The ratio only decreases by 3 percent across the band. 
1а matching 50 to 32 ohms (C-A), the transformation 
ratio is constant from 1 to 30 MHz, In matching 75 to 
50 ohms (С-А), the ratio is constant from | to 15 
MHz. In matching 50 to 37.6 ohms (B-A), the ratio is 
constant from 1 to 15 MHz. As you can see, the Unun 
has some useful broadband multimatches. 
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Figure 13-5. Schematic diagram of a quntuflar Umun 
specifically designed to yield a broadband 1.33:1 ratio 
(66,7:50 ohms; connection B-A). Connection C-A also 
Yields a broadband 1.56:1 ratio (50:32 ohms). 


As in the cases of the other three Ununs, this 
tapped-Unun also easily handles the full legal limit of 
amateur radio power. Like the 2:1 Unun, for higher 
power capabilities, thicker wires or a three-coax 
quintufilar design can be used. 


Sec 13.5 Construction Tips 

Most of my Unun designs use the bootstrap connection 
that sums direct voltages (on the high-impedance side) 
with a delayed voltage, which traverses a single trans- 
mission line.2 Therefore, in order to achieve the very 
wideband responses, small toroids (which allow the 
shortest transmission lines) are used, The small 1. 
inch OD toroids offer this advantage. Furthermore, 


Photo 13-F. Photograph of the three differ- 
ет Unun designs shown in Figure 134: A) 
on the left, 50:75 ohms, B) in the center 
32:50 ohms, and С) on the right, a general 
purpose design matching both impedance 
levels quite well. 
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Figure 13-6. Pictorials of higher-order windings: (A) wilar and (B) 


quadrifilar. 


Photo 13-G. Photograph 
of the 1.33:1 Unun 
(66.7:50 ohms). This 
transformer also has a 
broadband 1.56:1 ratio 
(50:32 ohms). 


quintufilar (and higher-order windings) Ununs are also 
eventually limited in their high-frequency responses by 
self-resonances. Shorter winding lengths keep these 
self-resonances well out of the HF band. For the Ununs 
in this chapter, they occur between 45 and 65 MHz, 
with Figure 13-4A having the higher value. 

‘There is also a mechanical advantage in using the 
smaller toroids. You'll find that the popular CU- 
3015A minibox makes an excellent enclosure for the 
1.5-inch OD toroid, Furthermore, because ferrite is a 
ceramic and, therefore, unaffected by moisture, no 
special precautions need be taken for out-of-doors 
use. Potting the transformer in plastic is unnecessary. 
‘One must only keep the Unun out of a pool of water. 

Because well-designed transformers have virtually 
по flux in the core, their power ratings are mainly 
determined by the ability of the transmission lines to 
handle the voltages and currents, Furthermore, it can 
be shown that the losses in these transformers are 
related to the voltage gradients along the transmission 
lines? Thus, they are dielectric-type ferrite losses. 
"This means that the efficiency can be severely degrad- 


Figure 13-7. Pictorial af a guintuiar winding 


ed with very high VSWRs since higher voltage gradi- 
ents occur under these conditions. 

Several suggestions can be made regarding the con- 
struction of Ununs using these higher-order windings 
(trifilar, quadrifilr, ete). They are: 

1) Make a ribbon out of the wires and wind them all 
at the same time. This keeps the wires as close as pos- 
sible, resulting in the maintenance of the optimum 
characteristic impedance of the transmission lines. 1 
found that strips made with 1.25- by 0.375- to 0.55 
inch glass tape (Scotch No. 27), clamped about every 
1/2 inch, hold the wires in place very well. The start- 
ing lengths of the wires should be about 5 inches 
longer than one would calculate knowing the number 
of turas and the length around each turn 

2) Because work-hardening of the copper wire takes 
place in coiling it around a toroid, a pair of pliers and 


Photo 13-H. The 1.33:1 Unun mounted in а CU-3015A 
minibox. 


a strong thumb (and arms) are indispensable tools, It 
takes considerable effort to wind these transformers. 
Also, because these designs have adequate margins at 
their low-frequency ends, some space between the 
‘windings and the toroids can be tolerated. 

3) It is helpful to recognize the various patterns that 
appear at ће ends of the windings. Figure 13-6 shows 
а drawing of the trifilar and quadrifilar patterns and 
Figure 13-7 shows the quintufilar pattern. Note that 
terminal 1 and terminal 6 or terminal 8 or 10 are the 
‘outside terminals of the patterns. Also, note that termi- 
nal 1 is always grounded in the schematic diagrams. 

4) Tapping windings can be опе of the more diff 
cult tasks in constructing these transformers. Winding 
а tapped transformer is also more difficult. I found 
that the edge of a small, fine file does the best job in 
removing the insulation. About 1/8 to 1/4 inch is 
removed around the wire. It also helps to remove 
some of the copper Then a flat I/8-inch copper strip 
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ог No, 14 wire flattened on one end is soldered to the 
bare wire. The soldered connection is then rendered 
smooth using the edge of the file. Finally, two pieces 
of Scotch No, 92 polyimide tape are placed on the 
joint to insulate it from the neighboring turns. 1 also 
found that a tap placed one turn from the end of the 
winding is best made approximately 4 inches from the 
end of the wire (when the wire is straight) 

Finally, а comment should be made about low- 
power Ununs. Practically all of the transformers in 
this chapter can be casily designed for low-power use. 
Designs capable of handing the full output of HF 
transceivers can be readily constructed. Cores with an 
OD of 1.25 inches are recommended. The same num- 
ber of turns, but with one size smaller wire, is also 
recommended, Because smaller cores and thinner 
wires are used, these lower-power units are not only 
easier to construct, but they also have wider band- 
widths due to the shorter lengths of the windings. 


DualRatio Ununs 


Chapter 14 


Sec 14.1 Introduction 


lier chapters in this book on Ununs have 
Е 
[Broadband ratios of 1,33:1, 1.5.1, 2:1, and 4:1 
were che design objectives, The 1.33:1 ratio was 
obtained by tapping a 1.5:1 (actually 1.56:1) quintufi- 
Jar-wound Unun. The 2:1 ratio was obtained by tap- 
ping а 2.25:1 trifilar-wound Unun, Although these 
transformers can be considered to have two broad- 
band ratios (1.33:1 and 1.56:1 or 2:1 and 2.25:1), 
their two ratios were not different enough for many 
practical applications, This is especially true of anten- 
nas where the input impedance varies with frequency. 
Му earlier work? and an article by Genaille!? have 
shown that a host of ratios (Jess than 4:1) can be 
obtained by tapping the bifilar winding of a Ruthroff 
4:1 Unun? However, the bandwidths obtained using 
this technique are quite limited with each ratio and аге 
highly dependent upon the impedance level, This is 
particularly true when а rod core is used because it 


requires more turns (resulting in longer transmission 
lines) in order to obtain the necessary choking reac- 
tance that isolates the input from the output 
Furthermore, ratios around 2:1 exhibit more loss 
because autotransformer action also enters into the 
marching proces 2 

By using quadrifilar and quintafilar windings on 
small I. nch OD cores, and connecting them in 
such a way that the characteristic impedances of the 
windings are near optimum, two very different and 
broadband ratios matching 50 ohms to lower imped- 
ances are obtained. Furthermore, because the trans- 
mission lines in these transformers are so very short 
(8 10 9 inches in length), these transformers do quite 
well in matching 50 ohms to higher impedances (as 
step-up transformers). 

This chapter presents (wo Ununs which have two 
broadband ratios that differ by a factor of two! One 
bas a 1.5:1 and а 3:1 ratio (actually 1.56:1 and 
2.78:1). The other has a 2:1 (actually 1.78:1) and a 4:1 
ratio, Also, this chapter introduces the novel tech- 
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Figure 14-1. Schematic diagrams of duat-ratio Ununs: (A) 1.78:1 connection C-A, 4:1 connection С-В: (В) 1,56:1 connec- 


lom CA, 278:1 connection C-B. 
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Figure 14-2. Pictorials of higher-order wind- 
ings: (A) quadrifar, (В) quintufilar. 


nique of connecting these two transformers in parallel 
on their 50-ohm sides, resulting in four very broad- 
band ratios. 


Sec 14.2 2:1 and 4:1 Ratios 


Figure 14-14 shows the schematic diagram of the 
quadrifilar Unun yielding ratios of 2:1 (actually 
1.78:1) and 4:1. Figure 14-24 provides а pictorial of 
its windings. On the left in Photo 14-A, you see the 
bottom view of an Unun. The cable connector is on 
the 28-ohm (1.78:1) side. This Unun has four quadri- 
filar tums of No. 14 Н Thermaleze wire on a 15-inch 
OD toroid with a permeability of 250. 

In matching 50 to 28 ohms (connection C-A), the 
response is flat to within 1 percent from 1 to 30 MHz. 
From 1 to 50 MHz, it's flat to within 2 percent. In 
matching 50 to 12.5 ohms (connection C-B), the 
response is flat to within 3 percent from 1 to 30 MHz. 

Because very short transmission lines are used, this 
transformer performs quite well as a step-up trans- 
former. In matching 50 to 200 ohms (connection B- 
C), the response is flat to within 3 percent from 1.5 to 


10 MHz. in matching 50 to 89 ohms (connection A- 
©), the response is flat to within 5 percent from 1.5 to 
30 MHz! 


Sec 14.2.1 Construction Tips 


Start with about 14 inches of straightened wire. Form 
the wires into a ribbon with clamps of Scotch No. 27 
glass tape every 1/2 inch. 1 found that strips 3/16 inch 
wide and about 1.5 inches long do a good job. The 
clamps should be long enough to go around ihe wires 
twice. After winding, connect terminals 2 and 7. Then 
connect terminals 3 and 8. Finally, connect terminals 
4 and 5. Because work-hardening takes place quickly, 
you will find that a pair of pliers and a strong thumb 
{and arms) are necessary tools. You will also find that 
‘winding these exceptionally performing transformers is 
not easy. As in all endeavors, practice really pays off. 


Sec 14.3 1.5:1 and 3:1 Ratios 


Figure 14-1B shows the schematic diagram of the 
quintufilar Unun yielding ratios of 1.5:1 and 3:1 


Photo 14-A. On the left, а quadrifilar Unun with 
ratios of 1.78:1 and 4:1; on the right, a guintufilar 
Unun with ratios of 1.56:1 and 2.781. 


DUAL-RATIOUNUNS er 


Photo 14-B. The dual-ratio quintufilar Unun 
‘mounted in a 4 inch long by 2 inch wide by 
275 inch high minibox. 


(actually 1.56:1 and 2.78:1). Figure 14-28 is a pictor- 
ial of its windings. On the right side in Photo 14-A 
you see a bottom view of an Unun. The cable connec- 
tor is on the 32-ohm (1.56:1) side. This Unun has four 
quintufilar turns on a 1.5-inch OD toroid with a per- 
meability of 250. Windings 3-4 and 7-8 are No. 14 H 
Thermaleze wire. The other three are No. 16 H 
Thermaleze wire. Winding 7-8 also has two layers of 
Scotch No. 92 polyimide tape, which optimizes the 
1.56: ratio, 


Photo 14-C. The noo dual-ratio Ununs connected in paral- 
lel on their SO-ohm sides providing four broadband ratios 
close to 1.5:1, 2:1, 3:1, and 4:1. The quadrifiar unit is on 
the lei and ће quintufiar unit is on the right. The enelo 
sure is a 5 inch long by 3 inch wide by 2 inch high minibox. 


In matching 50 to 32 ohms (connection C-A), the 
response is essentially flat (less than 1 percent vari 
боп) from 1 MHz to over 40 MHz. Without the two 
layers of Scotch No, 92 tape, the response varies by 4 
percent from 1 to 30 MHz. When used as a step-up 
transformer matching 50 to 78 ohms (connection A- 
©), and with the two layers of Scotch No. 92 tape on 
winding 7-8, the response is flat to within 5 percent 
from 1 to 15 MHz. Without the extra insulation on 
winding 7-8, the response is flat to within 5 percent 
from 1 to 7.5 MHz. 

In matching 50 to 18 ohms (connection C-B), the 
variation in response is less than 3 percent from | to 
40 MHz. The response is the same whether winding 
7-8 is covered with the extra insulation or not. AS a 
step-up transformer matching 50 to 139 ohms (con- 
nection B-C), the response is flat to within 3 percent 
from 1 to 10 MHz (with or without the extra insula- 
tion on winding 7-8). Photo 14-B shows this Unun 
mounted in a 4 inch long by 2 inch wide by 2.75 inch 
high minibox. The two cable connectors on the low 
impedance side could be replaced with feedthrough 
insulators for antenna usc. 


Sec 14.3.1 Construction Tips 

Prepare the ribbon as was described for the guadrifilar 
Unun. If you choose to use the two extra layers of 
Scotch No. 92 tape on winding 7-8, make sure this 
‘winding is оп the outside position of the ribbon (refer 
to Figure 14-28). | found the best order in which to 
connect the wires is as follows: first, connect terminal 
2 to 5; second, connect terminal 6 to 9; third, connect 
terminal 3 to 10; and, finally, connect terminal 4 to 7, 
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As was mentioned before, because a small toroid is 
used in order to achieve the best response (due to 
shorter transmission lines), this transformer also 
requires considerable strength and patience in the 
winding process. 


Sec 14.4 Parallel Transformers 


One of the most pleasant surprises 1 received with 
these efficient and broadband transformers was to find. 
that they can be connected in parallel on their 50-ohm 
sides and still possess the same performance levels. 
Because the loading effect of ойс transformer on the 
other is minimal (like a short length of transmission 
line), the transformer that is properly terminated takes 
the power, while the other one is transparent. This lets 
you obtain four very wideband ratios with the two 
dual-ratio Ununs described in this chapter, Obviously. 
this technique eliminates one transmission line. 
Furthermore, Baluns can also be connected this way 


for feeding, with a single coaxial cable, beams and 
dipoles with different resonant impedances 

Photo 14-C shows two transformers connected in 
‘parallel on their SO-ohm sides using the two dual-ratio 
Ununs described in this chapter. As was mentioned, it 
now yields four wideband ratios very close to 1.51, 
2:1, 3:1, and 4:1, 1 have used this matehing network to 
feed a host of ground-fed antennas (over а good 
ground system). In one case, 1 had a 10», 15-, and 20- 
meter trap vertical slopers for 40 and 160 meters, a 
12-meter vertical, and an inverted L for 80 meters all 
matched to a single coaxial cable at the same time, It 
was a simple matter of connecting each antenna to the 
‘output terminal that presented the best match Clowest 
VSWR). This technique is actually an extension of 
connecting dipoles for different bands, in parallel. The 
antenna that presents the correct impedance takes the 
power, and the others are essentially transparent. In 
many cases, I found that only one transformer with 
two broadband ratios performed adequately 


Multimatch Ununs 


Chapter 15 


Sec 15.1 


roadband maltimatch Ununs capable of high- 

power applications have been the goal of many 

designers over the years, Some have resorted to 
‘using conventional antotransformers with tapped wind- 
ings to obtain the many impedance transformation 
ratios. However, these attempts met with litle success 
because of the device's limited bandwidths and effi- 
ciencies. Others (including myself)? have tried tapping 
a bifilar Ruthroff Unun? Although these designs yield- 
ed the high efficiencies of transmission line transform- 
ers, they had limited bandwidths. Furthermore, their 
best bandwidths (for the various ratios) occurred at odd 
impedance levels. In other words, they didn't meet the 
objective of broadband operation with one of the input 
ог output ports at 50 ohms. 

Chapter 14 presented two Ununs which had two 
broadband ratios that differed by a factor of two. One 
had a 1.5:1 and a 3:1 ratio (actually 1.56:1 and 
2.78:1). The other had а 2:1 (actually 1.78:1) and a 
4:1 ratio. This chapter describes two multimatch 
designs that are capable of many more broadband 
ratios. For the most part, both are capable of broad- 
band operation from 1.7 to 30 MHz, 

One Unun has the following five ratios (which are 
close to): 1.5:1, 2:1, 4:1, 6:1, and 9:1. Because the 
two lower ratios work well in either direction (that is 


Introduction 


stepping up or down from 50 ohms), this design can 
match 50-ohm cable to impedances as high as 100 
ohms (actually 112.5 obms) and as low as 5.6 obms 
over the frequency range. As a result, it has seven 
usable applications. Furthermore, because this is a 
transmission fine transformer that cancels ош the flux 
in the core, losses (in а matched condition) of only 
0.04 to 0.08 dB can be expected. 

"The novelty in this design les in the use of a trifilar 
winding (with one winding tapped) on a very small 
ferrite toroid, resulting in the shortest possible lengths 
of transmission lines. The windings are also connect- 
ed in such a manner as to optimize their characteristic 
impedances from an overall standpoint, 

Thave used the adjective ultimate to describe the 
second Unun design. Although it might be risky busi- 
ness, L assume that this design will meet one of the 
most common definitions for this adjective—namely, 
beyond which it is impossible to go. For many of us, 
the classic use of this adjective was made by Lew 
McCoy in describing his popular transmatch,?2 
Although there have been some improvements to 
Lew’s design, bis use of this definite (and strong) 
adjective can be said to have withstood the test of 
time. I hope my use meets with similar success. 

While the tapped-trifilar design provides five broad- 
band ratios and seven practical applications, the ulti 
mate design presented in this chapter goes well 
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Figure 15-1, Circuit diagrams for the S-ratio 
Unun: (A) diagram for analysis: (B) transposed 
windings for best overall performance. 
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Photo 15-A. Bottom 
view of the 5-ratio 
Unum of Figure 15-18, 
The upper-left lead is 
terminal С. The upper- 
right lead is terminal 
B. The lower-lef lead 
is terminal Н. The lead 
pointing straight down 
is grounded (terminal 
3). The lover-right 
lead is terminat L. 


beyond this number. It uses a tapped-quadrifilar 
design that yields the following 10 broadband ratios: 
1361, 1.561, 1.78:1, 2.25:1, 3.06:1, 4:1, 625:1, 9:1, 
12.25:1, and 16:1. Because the four lower ratios also 
‘work quite well in either direction, this design offers 
fourteen applications in matching 50-ohm cable to 
impedances as high as 112.5 ohms and as low as 
3.125 ohms. It also has the advantage of using a small 
low-loss toroidal core. Additionally, the windings are 
also interleaved in a pattern that optimizes their char- 
acteristic impedance. 

However, this achievement comes at a price—diff- 
culty. The 5-ratio Unun, which uses a trifilar wind- 
ing, is considerably easier to wind. In addition, the 
quadrifilar 10-ratio Unun has two of its windings 
tapped, while the S-ratio Unun has only one (see 
Chapter 13 on tapping windings). If you have had 
little experience in winding Ununs or Baluns, 


Photo 15-В. The high-power unit mounted in a 4 inch 
long by 2 inch wide by 2.75 inch high minibox. 


attempt simplified versions of these two multimatch 
nuns first. These versions eliminate the tapping of 
the windings. For the trifilar Unun, the remaining 
ratios would be: 2.25:1, 4:1, and 9:1. For the quadri- 
filar Unun, they would be: 1.78:1, 225:1, 4:1, 9: 
and 16:1 

For those interested in the design considerations of 
these broadband multimatch transformers, a brief 
review is presented in each section. These sections are 
followed by others describing high-power designs 
capable of handling the full legal limit of amateur 
radio power. Finally, the remaining sections present 
low-power designs capable of handling the output of 
any HF transceiver. Because transmission line trans- 
formers can be made so efficient in matching 50 to 
100 ohms or less, their small sizes will surprise many 
readers, Therefore, the combination of using small 
ferrite toroids with the maximum allowable perme- 
ability (less than 300) for high efficiency? and with 
sufficient turns to meet the low-frequency objective, 
results in the excellent performance exhibited by the 
designs in this chapter. 


Sec 15.2 The 5-Ratio Unun 


Let's first look at Figure 15-1A because it is the easi- 
est form of the trifilar-wound Unun to explain. For 
example, if the input voltage to ground, Vy, is con- 
nected to terminal Н, the output terminal B, has a 
voltage to ground of 3/2V y. This results in a transfor- 
mation ratio, g, of (3/2)? or 2.25:1. This should satisfy 
most 2:1 requirements. If the output is at terminal A 
to ground, then the output voltage is: 


Va = Vy vi 
Vi(L+n/2N) 


(Bq 15-1) 


where: 
М = the total number of tums on the winding 
n = the number of tums from terminal 5 


‘The transformation ratio, g, then becomes: 


в =? 


„ +00302 (Eq 15:2) 


If the input voltage to ground, Vj, is connected to ter- 
minal L, then terminal C has twice the voltage of 
Vy—resulting in a 4:1 ratio, Terminal B has three 


times the voltage resulting in a 9:1 ratio. With termi- 
nal A, the output voltage is: 


Vo = 2V, + Vj (N) 
= V2 +N) (Eg 15-3) 
‘The transformation ratio, g, then becomes: 


E= (Eq 15-4) 


Sec 15.2.1 A Highrpower 


5Rotio Unun 


After several attempts at rearranging the windings of 
Figure 15-1A for the best overall performance (opti- 
mizing the effective characteristic impedances of the 
windings), Figure 15-1B evolved. Photo 15-A shows 
the bottom view of an Unun, using the circuit of 
Figure 15-1B, capable of handling the full legal limit 
of amateur radio power. Photo 15-B shows the unit 
‘mounted in a CU-3015A minibox, It has five trifilar 
tums on а 1.5-inch OD ferrite toroid with a perme- 
ability of 250. Winding 5-6 is tapped at two turns (n = 
2) from terminal 5. 

Tf the 9:1 ratio matching 50 to 5.6 ohms (connection 
B-L) is to be used at full power, then winding 3-4 
should be No. 12 H Thermaleze wire. If not, then all 
windings can be No. 14 Н Thermaleze wire. 

A listing of the expected performance across the 
band from 1.7 MHz to 30 MHz, with the various 
ratios, is as follows: 


9:1 (B-L); 50:5.6 ohms 
Ratio is within 1 percent! 
5.751 (A-L); 50:8.7 ohms 
Ratio decreases by 5 percent. 
4:1 (C-L); 50:12.5 ohms 
Ratio increases by 15 percent (the greatest devia- 
tion of all the ratios) 
225:1 
а) (B-H); 50:22.22 ohms 
Ratio decreases by 4 percent. 
b) (H-B); 50:112.5 ohms 
Ratio increases by 8 percent. 
144:1 
a) (A-H); 50:35 ohms 
Ratio decreases by 10 percent. 
b) (H-A); 50:72 ohms 
Ratio increases by 2 percent, 
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Photo 15-C. The 
low-power unit 
mounted in a 
homemade 2 inch 
long by 1.5 inch 
wide by 2.25 inch 
high minibox. 


Several comments should be made regarding the 
expected results shown above. First of all, the greatest 
deviation from a flat response at any ratio occurs 
when matching 50 to 12.5 ohms (connection C- 
4:1 ratio). If an accurate insertion loss measurement 
‘was made at this ratio and impedance level, the result 
would show an insignificant difference across the 
band. Secondly, the major part of the deviations for all 
ratios occurs beyond 15 MHz (the effect of standing 
Waves). Finally, the higher ratios should never be used 
to match 50 ohms to 450 ohms, 288 ohms, and 200 
‘ohms, respectively. The characteristic impedances and 
choking reactances do not allow for broadband opera- 
tion under these conditions. 


Sec 15.2.2 A lowpower 
5Rafio Unun 


Photo 15-C shows a low-power unit mounted in a 
homemade 2 inch long by 1.5 inch wide by 2.25 inch 


Photo 15-D. The three S-ratio Ununs together. From lef 
to right, the high-power unit mounted and unmounted, the 
low-power unit 
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Figure 15-2. Circuit diagrams for the 10-ratio Unun: (A) diagram for analysis; (B) transposed windings for best 


overall performance. 


high minibox. It has six trfilar turns of No. 16 Н 
‘Thermaleze wire on a 1.25-inch OD ferrite toroid with 
a permeability of 250. The tap on winding 5-6 
located three turns from terminal 5, yielding ratios of 
625:1 and 1.56:1 instead of the 5.75:1 and 144:1 
ratios of the high-power unit. In actual use, these dif- 
ferences should be negligible 

Because this Unun has shorter transmission lines 
than its high-power counterpart, the deviations of the 
ratios across the band are even smaller. f is also inter- 
esting to note that, if No. 14 H Thermaleze wire was 
used in winding 3-4, this very small Unun could very 
wel be rated at 500 watts of continuous power! 

Photo 15-D shows all three 5-ratio Ununs together. 


15.3 The 10айо Unun— 
The Ultimate Multimatch 


Figure 15-24 is presented here because it is the easi- 
est form of a quadrifilar-vound Unun to explain, With 
the input voltage, Vy, connected to the various termi- 
nals on the left (the low-impedance side), and with 
very short tansmission lines compared to the wave- 
length, we have the following transformation ratios: 


Sec 


1. V, connected to terminal A 

a) At terminal D the output voltage V, is 4/3V, 
‘Therefore, the transformation ratio, g, with connection 
A-Dis: 


к=з? = 1:178 (Eq 15-5) 


b) At terminal F the output voltage is: 


(Ea 15-6) 


(1+ азм) 


where: 
N = total numher of turas. 
п = number of tums from terminal 7. 


The transformation ratio with connection A-F then 
becomes: 


S -O I Ne (Ба 15-7) 


2, Vy connected to terminal B. 
а) At terminal E the output voltage is 3/2V l. Thus, 
the transformation ratio with connection B-E is 


2 0 (Eg 15-8) 
b) At terminal G the output voltage is: 
vo- УП + 2N) (Eq 15-9) 


where п = number of tums from terminal 5. 
The transformation ratio with connection B-G 


(Eg 15-10) 


©) At terminal D the output voltage is 2V}. The 
transformation ratio with connection B-D is: 


2 = 1:4 (By 15-11) 


E 


4) At terminal F the output voltage is: 
Va = V (32 + 2N) (Bq 15-12) 


where n = number of tums from terminal 7. 
The transformation ratio with connection B-F, 
then, is: 


Б0р? G (Eq15-13) 
3. V connected to terminal c 
a) At terminal E, the output voltage is 3V}. The 
transformation ratio with connection C-E becomes: 
== (Eq 15-14) 
b) At terminal G, the output voltage is: 


у, 


= vie м) (Eq 15-15) 


where n = number of turns from terminal 5, 
The transformation ratio with connection C-G is: 


g= (УУ) = (2 + АЛ)? (Eg 15-16) 


©) At terminal D, the output voltage is 4V,. The 
transformation with connection C-D becomes: 


e- (4P = 116 (Eq 15-17) 
©) At terminal F the output voltage is: 


۷ 


1 U (Eg 15-18) 


where n = number of turns from terminal 7. 
The transformation ratio with connection C-F is 


e- G (Eq 15-19) 


Sec 15.3.1 A Highpower 
10Ratio Unun 


Figure 15-2B evolved after several attempts at re- 
arranging the windings of Figure 15-2A for best over- 
all performance (optimizing the effective characteris- 
tic impedances of the windings). Photo 15-E shows 
the bottom view of an unmounted Unun using the cir- 
cuit of Figure 15-2B. The top-left lead is terminal E. 
‘The top-right lead is terminal D. The bottom-left lead 
is terminal B. The center lead (connected to the SO- 
239 connectot) is terminal A. 
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Photo 15-Е. Bottom view of. 
the 10-ratio Unun. The con: 
nector is on terminal A. 


Photo 15-F. Three differ- 
ent views of the 10-ratio 
Unun mounted in a 4 
inch long by 2 inch wide 
by 2.75 inch high CU- 
3015A minibox. 
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Photo 15-G. The 
low-power unit 
mounted in а 
homemade 2.25 
inch long by 15 
inch wide by 
2.25 inch high 
minibox. 


The bottom-right lead is terminal C. Below these 
three bottom leads is a ground connection (terminal 3 
in Figure 15-2B to the SO-239 connector. Photo 15-F 
shows three different views of this high-power unit 
‘mounted in a 4 inch long by 2 inch wide by 2.75 inch 
high CU-3015A minibox. 

‘This 10-ratio Unun has four guadrifilar turns of No. 
14 Н Thermaleze wire on a 1.5-inch OD ferrite toroid 
with a permeability of 250, Winding 5-6 is tapped at 2 
turns from terminal 5 and winding 7-8 is tapped at 2 
turns from terminal 7. 

If the 9:1 ratio (connection C-E), the 12.25:1 ratio 
(connection C-F), and the 16:1 ratio (connection C- 
D), are to be used at the full legal limit of amateur 
radio power, then I suggest that winding 3-4 be 
replaced with No. 12 H Thermaleze wire. If not, then 
these three ratios should be used at lower power levels 
(of 500 watts continuous and 1 kW peak). It should 
also be mentioned that using No. 12 wire for winding 
3-4 adds a greater degree of difficulty to the construc- 
tion process, 

A listing of the expected performance across the 
band from 1.7 to 30 MHz, with the various ratios, is 
as follows 


16:1 (D-C); 50:3.125 ohms 
Ratio is constant up to 21 MHz, It then decreases 
by 15 percent. 
12.25:1 (Е-С); 50:4.08 ohms 
Ratio is constant. 
9:1 (E-C); 50:5.56 ohms. 
Ratio increases by 5 percent. 
6.25:1 (G-C); 50:8 ohms 
Ratio is constant. 
4:1 (D-B); 50:12.5 ohms 
Ratio decreases by 5 percent, 


3.06:1 (F-B); 50:16.3 ohms 
Ratio decreases by 10 percent, 
225:1 
a) (E-B); 50:22.22 ohms 
Ratio increases by 4 percent. 
5) (B-E); 50:112.5 ohms 
Ratio increases by 50 percent (the greatest devia- 
tion across the band of any of the ratios). 
178:1 
а) (D-A); 50:28.1 ohms. 
Ratio is constant, 
b) (A-D); 50:89 ohms, 
Ratio increases by 15 percent. 
156: 
4) (G-B); 50:32 ohms 
Ratio increases by 10 percent. 
b) (B-G); 50:78 ohms 
Ratio increases by 40 percent. 
136:1 
а) (F-A); 50:36.8 ohms 
Ratio decreases by 9 percent 
b) (A-F); 50:68 ohms 
Ratio increases by 1.5 percent 


Sec 15.3.2 Alowpower 
TORatio Unun 


Photo 15-G shows a low-power unit mounted in a 
homemade 2.25 inch long by 1.5 inch wide by 2.25 
inch high minibox. It has five quadrifilar turns of No. 
16 Н Thermaleze wire on a 1.25-inch OD ferrite 
toroid with a permeability of 250. The tap on winding 
5-6 (Figure 15-2B) is at three tums from terminal 5 
and on winding 1-2; it is three turns from terminal 1 
Because the number of turns is different from the 
high-power unit, so are the ratios that use the taps. In 
this case, they are a little larger. Specifically, the 
tapped ratios are now: 1:12.96, 1:6.76, 1:3.24, 1:1.69, 
and 1:144. If the taps were at two turns from termi 
nals 5 and 1, the ratios would be a little less than those 
of the high-power unit. You can play with the equa- 
tions їп the first section of this chapter and arrive at 
many different ratios. 

Because this Unun has shorter transmission lines 
than its high-power counterpart, the deviations of the 
ratios across the HF band are generally smaller. Also, 
if winding 3-4 (in Figure 15-28) were replaced with 
No. 14 Н Thermaleze wire, this low-power unit could 
very well be rated at 500 watts of continuous power 
for all ratios! 


Chapter ] Ó 


Ununs for Beverage Antennas 


Section 16.1 Introduction 


he Beverage antennal® is well known by 160. 
meter enthusiasts for enhanced signal-to-noise 


ratios when there are high levels of interference 
and atmospheric noise. If erected properly, Beverages 
also have excellent directivity, However, they are quite 
inefficient and, therefore, not generally suitable as 
transmitting antennas. Important considerations with 
Beverages are the terminating resistor (for the more 
common single-wire version) and the input matching 
Unan (unbalanced-to-unbalanced transformer). The 
terminating resistor and the impedance ratio of the 
Unun are determined by the characteristic impedance 
of the antenna acting as a long transmission line with 
оле good conductor and one poor conductor (the 
earth). This fine is generally between 400 and 600 
ohms, and theoretically given by: 


Zo = 138 x lag ch (Eg 16-1) 


haracterisie impedance of the Beverage 
eight of the wire above ground 
diameter of the wire. 

‘This chapter presents low- and high-power versions 
of multimatch Ununs designed to match S0-ohm cable 
to unhalanced loads from 450 to 800 ohms. The low 
power unit, which is capable of handling continuous 
power levels up to 100 wats, is specifically designed 
for the Beverage antenna when it is performing as à 
receiving antenna, The high-power unit, which is 
capable of handling 1 kW of continuous power, can be 
used with the Beverage or any other traveling wave 
antenna when used as a transmitting antenna. Also 
presented are high-power designs capable of flat 
response, including the entire AM broadcast band 
‘These muftimatch Ununs could be of interest to 
designers of high-power amplifiers for the broadcast 


band. A little theory on how these devices are 
designed is also provided. 


Sec 16.2 A little Theory 


‘Transmission line transformers? (the Unun being a 
subset thereof) are known for having greater band- 
widths and efficiencies than their counterparts, the 
‘conventional transformers. Design considerations for 
the two types of transformers аге also vastly different, 
“Transmission line transformers use chokes and trans- 
mission lines, while conventional transformers use 
flux linkages. 

impedance Ununs (and Baluns), which match 
50 ohms unbalanced to impedances as high as 800 
‘ohms, lie at about the edge of this technology's capa- 
bility. The reasons are: 1) the windings require more 
tums because higher reactances are needed for isolat- 
ing the input from the output, and 2) they require 
higher characteristic impedances in the transmission 
lines because the loads they sec are greater. Therefore, 
‘when winding one of these devices, you'll just ran out 
‘of space on your toroidal cores when trying to satisfy 
the low frequeney and high frequency objectives 
Incidentally, beaded transmission lines are not recom- 
‘mended at these impedance lovels because of their 
excessive losses, 

There are two methods for obtaining broadband 
‘operation at these high impedance levels. One uses 
Guanella's 9:1 and 16:1 Baluns, which are converted 
to Unon operation.? The other uses higher-order 
‘windings (quadrifilar in this case) on a single core, 
which is an extension of Ruthroff's bootstrap 
approach? The Guanella approach, which uses coiled 
transmission Tine connected in series at the high- 
impedance side and in parallel at the low-impedance 
side, results in very broad bandwidths—but with diffi- 
culty in meeting low-frequency objectivos. Low-fre- 
quency models? show that, with ratios above 4:1, 
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Photo 16-A. The bottom 
view of the low-power Bev- 
erage antenna Unun. 


Figure 16-1. Schematic diagram of the quadrifilar design, 
using Ruthroff's approach for high-impedance, lor fie 
quency Ununs like the Beverage matching transformer 


some of the coiled windings are connected in parallel, 
resulting in reduced reactances, However, with the 
Ruthroff approach, all of the inductances (at the low- 
frequency end) end up mutually aiding each other. 
However, Ruthroff's approach suffers at the high-fre- 
quency end because a direct voltage is summed with 
three voltages that traverse various lengths of trans- 
mission lines. As a result, Guanella's approach of 
summing voltages of equal delays is preferred for the 
higher frequency bands, and Ruthroff's approach is 
most often used for the lower frequency bands. This 
chapter presents designs using Ruthroff's approach. 

Figure 16-1 shows the schematic diagram of a 
quadrifilar-wound Unun. If the lengths of the trans- 
mission lines are very short compared to the wave- 
length (therefore, phase delay and standing waves are 
negligible), then: 


=== (Eq 16:2) 
at terminal 6, 
Vi +V¿+V3=3V) Œq 16-3) 
and the impedance ratio becomes: 
-G (Eq 164) 
At terminal 8, it becomes: 
2-16 (Eq 165) 


where: 
N = total number of turns 
п = number of turns from terminal 7 

‘The impedance ratio, using the tapped winding, 


becomes: 


S (УУУ? = (3 + n/N)? 

When the lengths of the transmission lines are sig- 
nificant, then important phase delays can occur and 
reduce the high frequency response. As you can see in 
Figure 16-1, Уз travels one transmission line, V3 
travels two transmission lines, and V, travels three 
transmission lines. Additionally, the high frequency 
response is further diminished if the characteristic 
impedances of the transmission lines are not at their 
optimum values (which is hard to do at these imped- 
ances levels). Even with these major flaws, the 
Ruthroff approach is better for Beverage antenna use 
because this antenna 's greatest advantages are on the 
lower frequency bands (80 and 160 meters). 


bed 160 


Sec 16.3 A lowpower Design 


Photo 16-A shows the bottom view of a S-turn 
quadifilar-wound Unun designed to handle 100 watts 
‘of continuous power with constant ratios from 9:1 to 
16:1 in the 40- and 80-meter bands. It uses the 
Ruthroff approach of Figure 16-1 and is shown here 
to give the reader a method for making the various 
interconnections. For operation on the 80- and 160- 
meter bands, I would use 6 quadrifilar tums on а 1.5- 
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Photo 16-B. The low-power Beverage. 
antenna Unun mounted in a 4 inch 
long by 2 inch wide by 2.75 inch high 
minibos. 


broadcast bands. 


inch OD ferrite toroid with a permeability of 250. The 
bottom winding is No. 20 hook-up wire and the other 
three are No. 22 hook-up wire. Winding 7-8 is tapped 
at 2 tums from terminal 7, yielding a 11.11:1 ratio, 
and at 3 turns from terminal 7, yielding a 1225:1 
ratio. Therefore, with outputs also at terminals 6 and 
8, this Unun matches 50-ohm cable to loads of 450, 
555.6, 612.5, and 800 ohms. 

Photo 16-B shows the unit mounted in a4 inch long 
bby 2 inch wide by 2.75 inch high minibox. The output 
(the feedthrough insulator) is connected to one of the 
taps. A grounded binding post is also shown, 


Sec 16.4 Highpower Designs 


Photo 16-C shows three high-power designs. The 
one on the left is specifically designed to cover the 
frequencies generally used with traveling wave struc- 
tures like the Beverage antenna. This design has 10 
quadrifilar turns on a 2.4-inch OD ferrite toroid with 
а permeability of 250, Winding 1-2 is No. 14 tinned 
‘copper wire, and the other three are Мо, 16 tinned 
copper wire. The wires are also covered with Teflon 
sleeving. Winding 7-8 is tapped at 5 turns from ter- 
minal 7, yielding a ratio of 1225:1. When matching 
50-ohm cable to loads of 450 ohms (terminal 6), 
612.5 ohms (the tap), and 800 ohms (terminal 8), the. 


Photo 16-C. Three high-power, low-frequency Ununs using a quadrifilar design 
with Rudhroff s approach. The one on the left is designed to cover the 80- and 
160-meter bands. The other two are designed to cover the 160-meter and AM 


variation in response is less than 5 percent from 1.5 
to 4 MHz, At 6.5 MHz, the variation (which is an 
increase in the impedance ratio) increases to about 
20 percent. Photo 16-D attempts to provide a better 
view of the connections, 

‘The other two high-power Ununs in Photo 16-C are 
specifically designed to cover the broadcast and 160- 
meter bands. The one in the center has 9 quadrifilar 
turns (of the same wires as above) on a stack of two 
24-inch OD ferrite toroids with permeabilities of 250. 
The tap on winding 7-8 is now at 4 turns from termi- 
nal 7, yielding a ratio of 11.86:1. When matching 50- 
‘ohm cable to 450 ohms (terminal 6), 593 ohms (the 
tap), or 800 ohms (terminal 8), the response is literally 


Photo 16-D. The bot- 
tom view of the high- 
power Beverage anten- 
па Unun. 
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flat from 0.5 to 2 MHz, At 4 MHz, the ratios increase. 
by about 6 percent. At 7 MHz, they increase by about 
20 percent. 

The Unun on the right in Photo 16-C illustrates 
another way of obtaining the same performance as 
above. In this case, the design has 12 quadrifilar 
tums (of the same wires as above) on a 2.68-inch OD 
ferrite with a permeability of 290. The tap on wind- 
ing 7-8 is at 6 turns from terminal 7, yielding а 


12.25:1 ratio (instead of 11.86:1 as above). Although 
the performance of this design is practically the same 
as the one above (using the two 2.4-inch OD cores), 
it is a much more expensive design because the 2.68- 
inch OD core is not nearly as popular. However, if a 
broadband, high-power and high-impedance Unun 
(or Balun) is required to cover 1.5 to 30 MHz, then 
these expensive 2.68-inch OD ferrite cores are very 
likely the only alternative! 


Chapter V 


Concluding Remarks 


Sec 17.1 Introduction 


I've often said, there is little information that 
of practical hardware, Most companies are 
reluctant to publish their results for fear of giving 
away their hard-camed secrets. Textbooks only con- 
tain а few paragraphs on the subject. Therefore, very 
few people fully understand this technology, and, as a 
result, it is still far from reaching its full potential. 

‘This book not only contains my designs, which have 
appeared in series written for CQ and Communica- 
tions Quarterly, but also my views on other articles 
that have appeared in the amateur radio literature, 

In the process of converting and combining the arti- 
cles into appropriate chapters, one section in my arti- 
cle in the CQ, March 1993 issue entitled “Dual-Ratio 
Ununs;" stood out as having broader applications, It is 
entitled "Reflections on Power Ratings" and is pre- 
sented here. This information is followed by a section 
оп misconceptions and one on the “state of the art" 

After reading this book, some might think k was 
overly critical and didn’t agree with any of the designs 
or explanations (or both) presented in the amateur 
radio literature, This is quite true, In taking this stand, 
I was hoping to provoke, in return, critical comment 
оп my work, In this way, we can help our amateur 
friends—and perhaps even our professional friends 
by advancing the understanding and application of 
these very useful transformers, 


Sec 17.2 Reflections on 

Power Ratings 
Power rating is one of the most controversial and least 
understood specifications for the transmission line 
transformer. As of today, no professional group has 
yet set the standard for this specification (as well as 
any other) for this popular class of matching trans- 


formers, In fact, manufacturers of ferrites, which are 
mainly the materials used with these devices, only 
specify them for their uses as conventional transform- 
ers and inductors, or microwave devices. 

It is welt known that power ratings for practically 
ай conventional devices are based upon catastrophic 
failures (usually exceeding а voltage or current limit), 
and failures over a relatively short period of time due 
10 an excessive rise in temperature, 

With transmission line transformers, there are really 
two eatastrophic-type failures that can occur. One is 
voltage breakdown, If the device is misterminated 
with a high impedance (especially an open circuit), а 
breakdown of the insulation can occur This is particu- 
larly true of the 1:1 Balun (50:50 ohms) that is termi- 
mated with the very high impedance of a full-wave 
dipole or inverted V. Using heavily coated wires (but 
still maintaining a characteristic impedance close to 
50 ohms), or small but high-power coaxial cable, can. 
help under these conditions, 

"The second catastrophic failure occurs at the low- 
frequency end of the transformer's passband, when 
the energy is not completely transmitted to the output 
circuit by a transmission line mode, This takes place 
‘when the reactance of the coiled or beaded transmis- 
sion line is not sufficient to prevent conventional 
transformer currents or shunting currents to ground, 
Under these conditions, harmful Пих can take place in 
the core or beads. Nonlinearities can also occur if the 
flux becomes appreciable, The objective in design at 
the low-frequency end is to have a margin of safety 
such that, with a termination of about three times 
(hence VSWR of 3:1) that of а matched condition; 
по flux will appear in the core or beads. 

‘The failure due to an excessive rise in temperature 
is the least understood of the two because it involves 
the failure mechanism in transmission Jine transform- 
ers when only transmission line currents are allowed 
to flow. Unlike the conventional transformer whose 


m 


112 UNDERSTANDING, BUILDING, AND USING BALUNS AND UNUNS 


losses are current dependent (wire, eddy current, and 
hystereis losses), the transmission tine transformers 
losses are voltage dependent (а dielectric-1ype). That 
is, the greater the voltage drop along the length of the 
transmission lines, the greater the loss. Furthermore, it 
сап be shown that only low-permeability ferrites (less 
than 300) yield the extremely high efficiencies of 
which these transformers are capable? 

Because all transmission line transformers have 
voltage drops along their transmission lines, we must 
look at their high-frequency models to determine the 
magnitude of these drops and, hence, the temperature 
rise that сап be expected. Here are some examples: 

If Vy is the voltage that appears on the 50-ohm side 
of the transformer. then: 

1) For а quintufilar-wound Unun, the longitudinal 
voltage-dtop is V /5 in matching to lower impedances 
(like 32 or 18 ohms) and V,/4 in matching to higher 
impedances (like 78 or 139 ohms). 

2) For a quadrifilar-wound Unun, the longitudinal 
voltage-drop is V /4 in matching to lower impedances 
(like 12.5 or 28 ohms) and V /3 in matching to higher 
impedances (like 89 or 200 ohms), 

3) For a tifilar-wound Unun, the longitudinal volt- 
age-drop is V /3 in matching to lower impedances 
(ike 22.22 or 25 ohms) and V 2 in matching to high- 
er impedances (like 100 or 112.5 ohms), 

4) For a bifilar-wound Uman, the longitudinal volt- 
age-drop is V 2 in marching to a lower impedance of 
12.5 ohms and V; in matching to а higher impedance 
of 200 ohms. 

Because the quintufilar-wound Unun bas the lowest 
voltage drop, it is expected to have the highest effi= 
ciency. Furthermore, it can be seen that the highest 
efficiencies occur in matching to lower impedances. 
Very accurate measurements? have shown that 4:1 
Ununs, using ferrite cores with permeabilities of 125, 
have exhibited losses of only 0.02 to 0.04 dB in 
matching 50 to 12.5 ohms from 1 MHz to over 30 
MHz. Even though the Ununs in this book have most- 
ly used permeabilities of 250, and should have sligh- 
ly greater losses, many use higher-order windings (tri 
filar, quadrifilar, and quintufilar) and, hence, have 
lower longitudinal voltage drops. Therefore, they 
should have losses of only 0.02 to 0.04 dB, as well 

‘When matching at the 1 kW level, the figures above 
mean that only 5 to 10 watts would be dissipated in 
the Unun. As a heatsink, these small transformers 
should be able to handle this loss easily. In fact, they 
should be able to handle severat times this level of 


continuous power. Also, because they use heavily 
coated wires, their peak power ratings should be 
greater by more than a factor of two! 

Another important power rating consideration is to 
determine what happens when the transformers are 
misterminated. Because the losses being considered 
now are dielectric-types and, hence, voltage-depen- 
деш, the harmful terminations are greater than that for 
which the transformers were designed. For example, 
if the termination is three times greater (a VSWR of 
3:1), the voltages along the transmission lines would 
increase by a factor of 1.73. This means the losses 
‘would practically double. The Ununs described in this 
series, when matching to impedances lower than 50 
‘ohms, should easily handle this mismatch. Obviously, 
mismatches in the range of 10:1 would result in much 
lower efficiencies and should he avoided. 

"The analysis of the losses in Baluns follows the 
same pattern. The voltages are as follows: under 
matched conditions for a 1:1 Balun (50:50 ohms), 
Уу2; for а 4:1 Balun (50:200 ohms), Vy; for a 9:1 
Balun (50:450 ohms), 1.5У |; and for higher-imped- 
ance Baluns it could be 2Vy. The higher voltage 
drops, together with high VSWRs, means that high- 
impedance Baluns (and Ununs) have more loss and 
require larger structures to dissipate the heat. Tt should 
also be pointed out that there is а tradeoff in efficiency 
for low-frequency response with Baluns (and Ununs) 
‘when matching 50 ohms to higher impedances like 
200 ohms, 300 ohms, 450 ohms, and higher. This is 
done by using permeabilities of 125 and lower. 

Finally, I thought it might be useful to give some 
general guidelines as to what efficiencies you might 
expect with Baluns and Ununs when using ferrite 
‘cores or beads with a permeability of 250, Here are 
some expected efficiencies when matching 50 ohms to 
various loads under matched conditions: 


Loads Efficiency 

50 ohms or less 98 to 99.5 percent 
50 to 100 ohms 97 to 98 percent 
100 to 200 ohms 96 to 97 percent 
200 ohms and above 93 10 96 percent 


As 1 mentioned earlier, these efficiencies would be 
reduced by а percent or two with a VSWR of 3:1, 
which increases the loss by a factor of about two. 
Also, the efficiencies can be increased by a percent or 
two with high-impedance loads (greater than 100 
ohms) by resorting to lower permeability ferrites that 


trade off efficiency for low-frequency response. In 
closing, 1 would like to say that high-permeability 
manganese-zinc ferrites should be avoided because of 
their much higher losses. Furthermore, their losses are 
highly frequency dependent, while low-permeability 
mickel-zine ferrites are пос 


Sec 17.3 Misconceptions 


From recent discussions on the air and phone calls 
conceming Baluns, 1 think the most expensive mis- 
conception regarding Baluns is the assumption that а 
9:1 (450:50 ohm) Balun would match 50-ohm cable 
(or the output of а linear ar transceiver) to 450-obm 
twin lead, without considering the effect of its termi- 
mation. In truth, the 9:1 Balun would only sce 480 
ohms if the line were terminated in 450 ohms. In real- 
ity, if the line were terminated in a 50-ohin dipole, the 
Balun would sec 50 ohms when the linc is a half-wave 
long and 4050 ohms when is a quarter-wave long, The 
9:1 Balun is clearly useless in this application. 

By far, most misconceptions regarding Baluns are 
due to the many radio amateurs who perceive these 
devices as conventional transformers that transmit the 
energy from input to output by flux linkages and not 
as transmission line transformers, which transmit 
energy by an efficient transmission line mode, This is 
clearly shown by the writers who have compared their 
“new” coaxial cable (coiled about a toroid or threaded 
through ferrite beads) Baluns with Baluns using wire 
transmission lines coiled about a ferrite rod or toroid. 
They claim their Baluns are better because the others: 
1) were limited by leakage inductance, 2) did not 
exhibit true 1:1 impedance transformations, 3) were 
prone to core saturation, 4) added a reactive compo- 
Dent to the input impedance, 5) were susceptible to 
unbalanced and mismatched loads, and more impor- 
tantly, 6) had more los. 

If the writers had accepted the correct model for 
these devices (given to us by Guanclla and Ruthroff), 
‘which shows that they are really chokes (lumped ele- 
ments) and configurations of transmission lines (dis- 
tributed elements), then there are several parameters 
they should have considered in their comparisons. 
They are: 1) the characteristic impedances and 
lengths of the transmission lines (the high-frequency 
capability), 2) what form of the 1:1 Balun or 4:1 
Balun is used by the other Balun, 3) the low-frequen- 
ey capabilities (Safety margins), 4) power capabili- 
tics, and finally 5) efficiencies. 
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Now, had the writers used the proper parameters in 
their comparisons, they would have found that mis- 
‘match loss was mistaken for real (ohmic) loss; high- 
frequency response was limited by standing waves, 
and not leakage inductance or shunting capacitance, 
the beaded-coax Balun had more loss than a well- 
designed Balun using wire or coax transmission lines 
coiled about a toroid; and that their comparisons were 
made with either the trifilar (voltage) 1:1 Balun or the 
Rothroff 4:1 Balun, which are inferior designs. 

In fact, the perception that the transmission line 
transformer is actually a conventional transformer is 
о prevalent, that a new name for this class of devices 
should be considered—broudband transmission line 
‘matching networks. This name (without the word 
transformer) would help in dispelling inaccurate per- 
ceptions and in standardizing the schematic diagrams. 
It would place the coiled or beaded transmission lines 
(in the high-frequency models) horizontally, and elim- 
inate the phasing or polarity dots, 


Sec 17.4 The Slate of the Art 


Until very recently, the radio amateur had only two 
types of Baluns available in the literature and on the 
market, They were the so-called 1:1 and 4:1 "voltage" 
Baluns, As was shown in Chapter 7, the comparisons 
by others with new 1:1 designs using coaxial cable 
(called "current" Ваш») were made with an inferior 
{rifilar-wound Balun, instead of Rothoff's design that 
appeared in his 1959 paper and became the industry s 
standard, Ruthrof's third conductor on his 1:1 Balun 
was on а separate part of the toroid, thus giving it 
practically the same characteristics as the Guanella 
(“current”) Balun. These articles on newer designs not 
Only gave а new language to ош Baluns, but also pre- 
sented questionable statements regarding their perfor- 
‘mances. It would be interesting if the authors of these 
articles compared their Baluns with well-designed 
Ruthroff or Guanella Baluns using 50-obm bifilar 
‘windings or coaxial cables on low-loss ferrite toroids 
ess than 300 permeability). 1 am quite sure their 
claims would be greatly diminished. 

As was noted in Chapter 8, the 4:1 voltage Balun 
‘appeared in the amateur radio journals about 25 years 
аро (the same time as the “inferior” 1:1 voltage 
Balun). Considerable design information appeared in 
the handbooks of the time regarding the construction 
and performance of this Balun, Furthermore, this 
information also stayed the same over these many 
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years, As was shown in Chapter 8, the design was 
found lacking. However, with some rather simple 
changes, like doubling the cross-sectional area of the 
core, increasing the number of turns from 10 to 14, 
and using extra insulation on the wires to increase the 
characteristic impedance of the coiled transmission 
line from about 50 10 100 ohms (the objective), а 
much better design emerged. In fact, for balanced 
antenna systems, this new design might well be 
described as “peerless.” 

А 4:1 Guanella (current) Balun has now appeared in 
our handbooks. This more flexible Balun uses two 
transmission lines wound on separate cores and con- 
nected in series at one end and in parallel on the other. 
Literally, no design information is given on its con- 
struction, What is offered ate recommendations for 
the permeability of the ferrite cores. Values from 580 
10 2500 are proposed. However, use of these high per- 
meabilities would result in lossy Baluns 

T also found it interesting, in my work on these 
devices, that the classic papers of Guanella? and 
Ruthroff? are still the comerstones of this technology 
known as iransmission line transformers. To be sure, 
some of us have extended the work of these Iwo by 
using better measuring equipment, creating more 
complicated configurations, and finding new applica- 
tions. However, it is apparent from the articles pub- 
lished in the amateur radio journals and discussions 
оп the air and at club meetings that most radio ama- 
teurs still perceive these devices as conventional trans- 
formers. They don’t look at these devices os Guanella 
and Ruthroff did—as chokes and transmission lines. 
As а result, there has been а lack of good design 
information in our literature. 

There are many new and useful designs possible 
witb this technology, as discussed in Part 1 of this 
book. They include: higher power levels. applica- 
tions on the VHF and UHF bands and above, and 
new Baluns and Ununs with ratios other than 1:02 
where n = 1, 2,3... ., ete. This book presents some 


designs" and suggestions for higher power and high- 
er-freguency applications. 

T see two reasons for the lack of emergence in this 
technology. They are: 

1) This subject is not adequately covered in any col- 
Тере textbook, and it generally has not been of interest 
to academics who rightfully view their role as basic 
research and not applications. As а result, there are 
few graduates with any skill in the design of transmis- 
sion line transformers—in contrast to the areas of 
transmission line, waveguide, and antenna theory. 

2) The professional societies don't receive enough 
application papers. Although much of the rescarch 
and development work performed in industry is highly 
innovative, important to the advancement of the tech- 
nology, and certainly publishable in scientific jour- 
nals, corporations are often reluctant to allow publica- 
tion for fear of “aiding” their competition. П has been 
stated”? that in the past few decades, the submission 
of application papers to the technical journals of the 
JEEE has declined. In fact, a survey by one of the 
technical societies showed that 85 percent of the sub- 
missions now come from universities, not industry! 

In order to assist technologies, like transmission 
ine transformers, which are far from reaching their 
potential applications, IEEE has instituted a program 
called Emerging Practices in Technology (ЕРТ), The 
object of the EPT program is to facilitate the devel- 
‘opment of new standards by disseminating avd mak- 
ing available various ЕРТ papers to the broadest pos- 
sible audience worldwide. The papers on practices in 
various areas of technology are peer reviewed by rel. 
evant IEEE Technical Committees, and have the 
potential for standardization in the future. The papers 
(mine is Reference 30) are published by the IEEE 
Standards Press. 
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Chapter 1 


TLTs with 1:1 Ratios 


sion line transformer (TLT) can be more easily 

categorized by impedance ratios than by Balun 
ог Unun operation. This can be shown by the “basic 
building block” of Guanella in his classic 1944 paper 
(see Figure 1-1), although he explained only the 
Balun operation when the center of the load, Ry, is 
grounded. In this case, Balun operation is assured 


T: fundamental classification of the transmis- 


when the inductive reactance of the top winding is at 
feast 10 times greater than Ry/2. In other words, the 
reactance of the top winding should be five times 
greater than Ry, at the lowest frequency of interest 
When the characteristic impedance of the transmis- 
sion line is equal to Ri, the upper frequency limit is 
mainly determined by self-resonance for coiled wind. 
ings and the parasitic in the connections. 

With toroidal cores, the inductive reactance at the 
lowest frequency of interest can be easily calculated. 
П simply involves the number of turns, N2, divided by 
the effective tength, which is the circumference of 
the center of the cross section of the torrid in turn 
divided by the permeability, times the cross section 
area. This relationship is then multiplied by а con- 
stant, which brings it to the proper unit, called а 
Henry. With rod cores, there is no simple equation for 
calculating the inductance—then one has to rely pure- 
ly on experimentation. 

There are two other important functions of the 
basic building block which were not described їп 


we 


Figure 1-2. (A) Ruthroff's 1:1 
Balun high-frequency toroidal ver- 
sion model and (B) rod version 
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Photo 1-A. Two basic forms of the 1:1 Balun. 


Photo 1-В. A typical rod-ype Balun. 


Guanella's classic paper. They are the phase inverter 
(when the top of R is grounded) and the delay line 
(when the bottom of Ry is grounded). In the delay line 
application, the voltage drop along the length of the 
transmission line is usually zero; therefore, there is no 
inductance and hence a core is required. Thus, 
Guanella’s basic building block can be considered a 
1:1 isolation transformer! In reviewing the Balun 
operation, the voltage drop is 1/2 V and is -Vy for 
the phase inverter. Because of the apparent isolation 
properties of the basic building block, it can also be 
used to change a Balun to an Unun, or vice versa. 
Since it has been shown that these transformers can 
exhibit such high efficiencies, especially when operat- 


ing at low impedance levels, two or three TLTs can be 
connected in series to obtain the desired results. 

Figure 1-2 shows two other versions of the 1:1 
Balun which appeared after 1959, Figure 1-2A shows 
Ruthroff's model and Figure 1-2B shows a model by 
some unknown amateur using a rod core instead of a 
toroid. In Ruthroff's model, we see two inductances in 
series winding 3-4 and 5-6 forming a voltage divider 
resulting in terminal four being positive V /2 and ter- 
minal two being V\/2-V>. When R is grounded off 
its center, winding 5-6 becomes inoperative because 
of its very high reactance, resulting in a 1:1 Balun 
very much like Guanella's. But Figure 1-2B shows 
that winding 5-6 is always in the circuit and, not only 
does it reduce the characteristic impedance of wind- 
ings 1-2 and 3-4, but it also couples the output imped- 
ance to the input impedance. In some cases, winding 
5-6 is placed between the other two. With the trifilar 
nature of Figure 1-2B, the high-frequency response at 
the 50-ohm level can vary greatly at the high end. A 
suggested design would be simply the bifilar winding 
of 1-2 and 3-4 separated from its neighboring turns by 
about the diameter of the wires used. In this way the 
low-frequency response would be the same, but the 
high-frequency response would be much improved at 
the 50-ohm level. In other words, it becomes 
Guanella's form of the 1:1 (current) Balun. 

Photo 1-A shows two forms of the 1:1 Balun. On 
the left is Guanella's and on the right is Ruthrofř's 
Photo 1-B shows the radio amateur's version of 
Ruthroff's model, As can be seen, the three windings 
are tightly coupled, yielding the undesirable results. 
Photo 1-C shows probably the latest amateur radio 
version of the 1:1 Balun. It consists of about 12 inches 
of 50-оһт cable threaded by ferrite beads. In order to 
obtain adequate isolation at the low frequency of 1.8 
MHz, permeabilities in excess of 2000 are required. 
Manganese-zinc ferrite beads are, therefore, generally 
used in this case. As will be shown in Chapter 5, 
these beads exhibit excessive loss. In fact, beads have 
been known to literally fracture in this application 
because of the excessive heat. 


Photo 1-С. The coaxial 
cable “choke” 1:1 Balun. 


Chapter 2 


ТЇЇ$ with 1:4 Ratios 


popular of the transmission line transformers. 

As Baluns, they have mostly been used in 
matching center-fed antennas to either coaxial cable 
‘or open wire transmission lines. The 1:4 Unum has 
mostly been used in broadband amplifiers. 

The first version of the 1:4 ТІЛ appeared in 
Guanella's classic 1944 paper”. Figure 2-1 shows the 
high-frequency and low-frequency models of his 
Balun. In matching 50 ohms to 200 ohms, the trans- 
mission lines each see 1/2 of the load, Ry, and, there- 
fore, the characteristic impedance of each transmis- 
sion Tine should be 100 ohms. Since these two trans- 
mission lines are connected in parallel on the left side, 
the result is the desired value of 50 ohms. Since 
Guanella's TLTs sum voltages of equal delays, the 
high-frequency response is practically limited only by 
the parasitic in the connections. This assumes that the 
coiled transmission lines are not limiting the high-fre- 
quency response due to self-resonance. 

‘The low-frequency model on the right in Figure 2-1 
shows that windings 3-4 and 5-6 are in series on the 
Jow-impedance side. If these windings are on separate 
‘cores their reactances are added in series. When oper- 
ating at low-impedance levels, allowing for shorter 
transmission lines, the two transmission lines can be 
‘wound on a single toroid. This results in a gain of two 
times in the reactances in windings 3-4 and 5-6, In 
any event, the reactances of these two windings (or 
beaded lines) should be 10 times greater than the 
input impedance, 

With reference to the basic building block discussed 
in Chapter 1, it should again be pointed ош that 
Guanelle's Balun can perform as a broadband delay 
line (Unun) when terminal 2 is grounded, and as a 
phase inverter when terminal $ is grounded, N should 
be recognized that converting Guanella's 1:4 Balun to 
а 1:4 Unun yields exceptionally broadband widths and 
is an important design, especially for matching 50 
ohms to 12,5 ohms, 


T: 1:4 TLT and the 1:1 TLT have been the most 


e 


Figure 2-1, Electrical models of the Guanella 4:1 Balun: 
(A) high-frequency, (В) low-frequency. 


In Figure 2-24 we see Ruthroffs high-frequency 
model for his 1:4 Unun and his 1:4 Balun in Figure 
2-28. lo bis 1:4 Unum he connects the high-voltage 
side of the input impedance to the end of the bottom 
transmission Jine, This lifts the whole transmission 
line by the voltage, Vi. resulting in a “bootstrap” 
effect. Since the transmission line sees 1/2 of the 
load, Ry, its characteristic impedance should also be 
1/2. In the case of the Balun in Figure 2-2B, the 
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Figure 2-2. The Rushroj 1-4 transformers: 
(A) Unun and (B) Balun. 


w 
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basic building block is connected as a phase inverter, 
in this instance the characteristic impedance should 
also be 1/2 of the load, Ry, for maximum high-fre- 
‘quency response. 

There are two major differences between Ruoff 
approach over that of Guanella’s, It is somewhat sim- 
pler because it uses only one transmission line, but it 
also has a poorer high-frequency response since it 
adds a delayed voltage to a direct voltage. Thus, when 
the transmission line is а 1/2 wavelength long the out- 
pot is zero, Figure 2-3 shows the caleulated losses of 


Ruthroff's 1:4 TLTS as a function of the transmission 
line length and characteristic impedance. As is shown 
when the transmission lines are 0.20 wavelength long, 
the loss is considerable. But for the radio amateur, 
usually operating below 30 MHz, 2/10 of a wav 
length is egual to 2 meters in length, which is much 
longer than the lengths usually used in the ТІЛУ, 
Figure 2-4 shows the low-frequency models of 
Ruthroff's two TLTs. The model on the left is for his 
1:4 Unun, which is identical to that of the autotrans- 
former, The one on the right js for his 1:4 Balun, 
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Figure 2-3, Lass as a function of nor- 
malized transmission line length in a 
Ruihroff 1:4 Unun for various values 


v 507 E 0 


E 020 
[Normalized length ol transmission ine (42) 


of characteristic impedance, Zo. 


R$ а А 

в: N 
Mal Ne f 
© 4 


Figure 2-4. Low-frequency models of the Ruthroff 1:4 
transformers: (А) Unun and (B) Balun. 


Finally, Photo 2-A shows two versions of 
Guanella’s 1:4 TLTs. The top TLT is a 1:4 Balun 
matching 50 ohms balanced to 12 1/2 ohms unbal- 
anced. It uses tightly wound turns of No. 14 wire, 
yielding a characteristic impedance close to 25 ohms. 
“The frequency response is flat from 1 1/2 MHz to 
about 50 MHz, The upper frequency response in this 
‘case is limited by the self-resonance of the windings. 
On the other hand, the bottom TLT shows a Guanella 
1:4 Unun stepping down from 50 ohms unbalanced to 
12 1/2 ohms unbalanced. It uses two 25-ohm coaxial 
cables, with one covered in ferrite beads. In this 
design, the response is flat from 10 MHz to well over 
100 MHz! 
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Photo 2-A. Two Guanella 4:1 (50:12.5 olm) Ununs: rod 
version (on the top), 1.5 10 50 MHz: beaded version (on 
he bottom), 10 MH: 10 over 100 MHz, 


The result of the two methods of obtaining 1:4 
ratios can be categorized as follows: The Ruthroff 
bootstrap approach uses only one transmission line 
and can handle many applications when proper 
lengths of transmission lines аге used. The Guanella 
approach always uses an added transmission line but, 
їп turn, summons voltages of equal delays and, there- 
fore, has a higher frequency response. The next chap- 
ter, which covers TLTS with ratios of less than I: 
carries this same theme much further 


Сһарїег 3 


TUIs with Ratios Less Than 1:4 


gave the history of the TLT until about the mid- 
dle of 1970, Some comments were made 

regarding publications in the amateur radio literature. 

but they were not in anyway additions to the theory. 

In working more with these broadband-matching 
devices, it became apparent that a need existed for 
impedance ratios greater than 1:1 and less than 1:4. 
If this was possible, important ratios like 1:1.33, 


T: first two chapters of this book essentially 


Vour= Va +V 


Figure 3-1. Model for the analysis of the tapped bifilar 
transformer. 


1:1.5, and 1:2 could result in important applications 
in antenna uses and logic circuits operating in the 
usual 50-ohm environment, These low ratios in series 
with other known TLTs result in important ratios 
never before obtained. These will be discussed in the 
next chapter. 

My first attempt at obtaining a low-ratio TLF was in 
experimenting with the performance of a Ruthroff 1:4 
Unun with a tap on its top winding. Figure 3-1 shows 
the schematic. Two taps were employed: one at one 
turn from terminal 3 and the other at three turns. The 
experimental results are shown in Figure 3-2, There 
are seven total trifilar tums of No, 16 wire on a 4C4 
toroid with an outside diameter of 1.5 inches and a 
permeability of 125. As is shown in the figure, the 
poorest performance occurs at the 24.5:50-оһт 
impedance level. The other two ratios exhibit wider 
bandwidth. Even though the bandwidths and effi- 
ciencies shown in Figure 3-2 are quite poor, as will 
be shown later, they are still far superior to those of 
the autotransformer. 


N27, m= 1, m= Stus, 
No, 16 vito 
L= 13", 404 toroid, OD = 1.5" 
Ratios = 114, 1: 2.0408, 17.306 


Figure 3-2. Loss versus frequency for от 
the tapped bifilar transformer. pe 
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Figure 3-3. Trifilar booisirap Ununs: (A) voltages în 172 and 1: 


їп order to improve upon the performance at around 
the 1:2 level, а trifilar connection that is an extension 
of Ruthroff's 1:4 “bootstrap technique” Unun is 
shown in Figure 3-3. Figure 3-3A shows the voltage 
relationships, including à tap on the top winding about 
8/10 the distance from terminal 5 and yielding an out- 
put voltage very close to 1.4 times the input voltage, 
V. By connecting the load, Ry, directly to terminal 6, 
the output voltage is 1.5 times the input, yielding а 
natural ratio of 1: 2.25, This ratio should suffice in 
many 1:2 applications. 

But the schematic in Figure 3-3B shows the cur- 
Tents that flow in this trifitar configuration. It is inter- 
esting to note that winding 5-6 in the 1:2.25 applica- 
tion carries 2/3 of the current, while the other two 


225 ratios and (B) currents in 12.25 varios, 


windings carry 1/3 each. This means a transmission 
line mode occurs such that winding 5-6 is shared by 
windings 1-2 and 3-4, Another view is that two trans- 
mission lines operate in parallel with one winding 
common to both, Physically this means that this very 
efficient broadband TLT is basically comprised of two 
of Guanella’s basic building blocks in parallel! From 
this model it becomes clear that the performance of 
this devise is based upon the fact that there is a direct 
voltage of V/2 from terminal 2 to ground and vo. 
delayed voliages of VP. 

The highly efficient and broadband performance of 
s trifilar Unun is shown in Figures 3-4 and 3-5. 
Figure 3-4 shows the trifilar winding on a 1 1/2-inch 
toroid with a tap yielding а 1:2 ratio. As is shown in 


“Tranaducet ово (dB) 


Figure 3-4. Loss versus frequency for a 
tapped trifilar transformer at the 1:2 
impedance ratio and ai three different 


Impedance levels 
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Figure 35. Loss versus freguency for a 
tapped таг transformer using No. 14 
wire on а 1/2-lnch diameter Q1 rod and 
ar shree diferent impedance levels 


the figure, the 50: 100-ohm ratio is slightly better than 
the other two. 

The efficiency and bandwidth shown here far 
exceed the 1:4 Ruthroff Unun since the voltage drops 
along the lengths of the windings are considerably 
less and the cancellation due to adding a direct volt- 
age with the delayed one is considerably smaller, 
Figure 3-5 shows the same tiilar winding on a 1 1/2- 
inch ferrite rod of similar permeability. Because the 
‘windings are tight to each other, the effective charac- 
teristic impedance concerning the top winding 5-6 is 
considerably lower. As is shown, the optimum perfor- 
mance occurs at the 24.34:50-ohm impedance level 
"This suggests that optimum performance at the 25:50- 
ohm impedance level for a toroidal core would proba- 
bly occur if winding 5-6 in Figure 3-3 were placed in 
between the other two. Examples are shown in Part П. 
of this book, 

Another revealing part of the story is illustrated in 
Figure 3-6, which shows two coaxial cables, con- 
nected in paralfel and in Ruthroff bootstrap operation 
‘The inner-conductor of the top coax is tapped at 
about 8/10 the distance from the left-hand edge, 
yielding a voltage ratio of 1.4 times the input voltage, 
V. Figure 3-6A shows the voltages and Figure 3-68 
shows the currents at the 1:2.25 ratio, Since the volt- 
age of each coax is 1/2 the input voltage, but the cur- 
rent in the top coax is twice that of the bottom one, its 
characteristic impedance should most likely be 1/2 
that of the lower coax. For operations at the 25:50- 


‘ohm impedance level, the characteristic impedance of 
the top coax should be 25 ohms and that of the bot- 
tom 50 ohms. The application of coaxial cables looks 
very interesting 

Figure 3-7 shows a Guanella approach for a coiled 
wire TLT with ratios less than 1:4. Specifically, it 
shows a basic building block in parallel with a 
Guanella 1:4 Balun yielding a ratio of 2.25:1. The 
high-impedance side on the left shows the two TLTs in 
seties and, on the right, the outpats in parallel, Since 
Guanella's TLTs are known to have equal delays for 
equal lengths of transmission lines, the high-frequency 
response is only limited by parasitics in the connec- 
tions or self-resonance in coiled windings. In some 
instances, this form of TLT has been called an “equal- 
delay” TLT. И the impedance on the left is 100 ohms, 
the impedance on right side is 44.4 ohms, The opti- 
mum characteristic impedances of the transmission 
lines in this case are each 66 ohms, In matching 50 
ohms to 22.22 ohms, the optimum characteristic 
impedances should be 33 ohms, For lower ratios, the 
bonom TLT in Figure 3-7 should be changed io higher 
ratios, For example, with a 1:9 ratio the final overall 
ratio becomes 1.78:1, and for а 1:16 ratio inthe bottom 
TLT the overall ratio becomes 1.56:1. 

If the impedance on the left is 100 ohms, in the 
1.78:1 ratio the ideal characteristic impedances should 
be 75 ohms for each transmission line; for the 1.56 
ratio the characteristic impedances should be 80 ohms. 
When matching 50 ohms to lower impedances, the 
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Figure 3-6. Parallel coax Unun: (A) Voltages in 1:2 and 
1:25 ratios and (B) currents in the 1:2.25 ratio 


optimum characteristic impedances of the windings (or 
beaded coaxes) should be 37 1/2 and 40 ohms, respec- 
tively, Further descriptions of these equal-delay trans- 
formers are described in Part II, Chapter 10 of this 
book and in Chapter 18 of my other TLT book. 


a 


Figure 3.7. High frequency model of the paraliel-ype. 
2.25:1 transformer. Connections shown are for Unun 
operation. 


Figure 3-8 shows two quintufilar windings of a 
1:1.56 Unun. The figure on the icft is optimized for 
matching 50 to 75 ohms and that on the right to match- 
ing 50 to 33 ohms. Although not shown here, winding 
9-10 carries 4/5 of the input current and the other 
windings carry 1/5 each. The other point to make in 
both the trifilar and quintufilar windings is that their 
low-frequency models show considerably more wind- 
ings in series than their 1:4 counterpart. This means 
that fewer turns and, hence, shorter lengths can be 
employed in these higher order windings. Proof of this 
is shown in Figure 3-9, which illustrates the incredible 
performance at the 64:100-ohm impedance level using 
schematic “А” in Figure 3-8, As is shown, only three 


Vu * Vor u 
: Yu Hu Vor 
Figure 3-8, Ohle, transformers with 
impedance ratios of 1:1.56: (A) depicts a 
high-impedance operation and (B) dis- 7 * 
lays windings configured for low-imped- 
L зе configured for bibel. S - 


ance operation. 
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Figure 39. Loss versus frequency for 
a five-winding transformer, 


tums of No. 16 wire is employed on the ferrite toroid 
with a permeability of 125, This performance even 
exceeds that of the trifilar one. 

With shorter lengths of transmission line and higher 
permeabilities with smaller ferrite toroids, the band- 
widths of these multi-conductor TLT's performances 


should be vastly improved, And, finally, tapping of 
the Guanelia approach to these broadband low-ratio 
TLTs should be investigated, Since this technique is 
highly successful in the Ruthroff bootstrap approach, 
it is apparent that it should be also in the Guanella's 
cequal-delay approach. 


Chapter 4 


TLTs with Ratios Greater Than 1:4 


m TLTs with ratios less than E, as described 
achieve Baluns and Ununs matching 50 ohms to 
impedances as high as 600 ohms and as low as 3.125 
ohms, Since TETs can be developed with very high 
efficiencies and broadband widths, several TLTs can 
фе connected in scries with their outstanding features. 
‘This chapter begins with the two TETs that result- 
ed in high ratios using only one transformer. The 
first, showa in Figure 4-1, is the Guanella 1:9 Balun, 
Figure 4-1A is the high-frequency model and Figure 
4-1B is the low-frequency model. The design objec- 
tives when matching 50 ohms to 450 ohms, the char- 
acteristic impedances, Zp, of the three transmission 
lines should be 150 ohms. As can be seen, each 
transmission line sees 1/3 of the load, Ry, In Figure 


4-18, the reactance of winding 5-6 in series with 
winding 3-4, in turn, in parallel with windings 9-10 
and 7-8 should be 10 times greater at the lowest fre- 
quency of interest—S0 ohms. This transformer can 
operate even better in matching 5.5 ohms to 50 
‘ohms. At lower impedance levels, lower reactances 
аге required. Further, higher core permeabilities can 
be employed since core loss is impedance level 
dependent, This transformer can also operate as an 
Unun when terminal 2 is grounded. In this applica- 
tion, а 1:1 Balun on the output of a low-impedance 
Balun on the input of а high-impedance Balun 
(matching 50 ohms to 450 ohms) would help in the 
low-frequency response, 

Figure 4-2 is а schematic of a trifilar-wound TLT 
using Ruthroff's bootstrap approach for obtaining a 


Figure 4-1. Guanetla's 1:9 transformer: (A) high-frequency ч i 


model and (B) low-frequency model. It is assumed that Z = К/З 
and, therefore, the опари voltages of the transmission lines are s 
each equal to Vj, Y 
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for obtaining impedance ratios up to 1:9. 


variety of impedance-matching ratios from 1:2 up to 
1:9. Tn the 1:9 ratio using terminals A-D, it shows a 
direct voltage added to a double delayed voltage. 
‘Therefore, the high-frequency response is much poor- 
er than the other ratios. But at low-impedance levels, 
which require lower reactances and thus shorter 
lengths of transmission fines, this Unun makes a prac- 
tical multi-match transformer for the НЕ band. 

Figure 4-3 is a schematic for a 1:6.25 Balun match- 
ing 50 ohms to about 300 ohms. On the left is the 
extension of Ruthroff’s technique to obtain ап Unun 
with a ratio very close to 1:1.5, followed by a 
Guanella 1:4 Baton. By tapping the top winding in the 
Unun on the left, a ratio very close to 1:6 can be 
obtained, Further, by installing a 1:1 Balun in between 
these two TLTs and grounding terminal 2 in the 1:4 
Balun, a broadband 1:6 Unun results, 
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Figure 4.3, Schematic diagram of the serles-ype Balun 
“йй а 1:6.25 ratio designed to match 50 fo 312.5 ohms. 


Figure 4-4 is a schematic of а Balun matching 50 
ohms to 600 ohms, yielding a ratio of 1:12 The Unun 
‘on the left is a tapped guintufilar winding, yielding a 
табо of 1:1.33 in series with a 1:9 Goanella Balun. A 
septufilar-wound Unun can also be used. By installing 
a 1:1 basic building block in between these two TLTS 
and grounding terminal 2 of the 1:9 Balun, a broad- 
band 1:12 Unun results. 

Broadband ratios of 1:16 can also be obtained with 
the Guanella approach. It would contain four transmis- 
sion lines in a parallel series connection. For the 
Ruthroff approach, it would be two 1:4 Ununs in seres. 
With appropriate characteristic impedances, broadband 
‘operation is possible at these very high ratios. 
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Figure 4-4. Schematie diagram of the series-type 1:12 Balan using a 1:1,33 Unun in series with a 1:9 Guonella Balun. 


Characterization 


Chapter 5 


T* word characterization is very familiar to 
those engaged in the research and development 
of Solid-State devices. It involves the study of 
the various components that make up the models of 
the particular devises. In the case of TLTs, we have 
‘wo models of each transformer as previously men- 
tioned: one is the high-frequency model and the other 
the low-frequency model. ‘The major subject of inter- 
est with the high-frequency model is the characteristic 
impedance, Zo, of the transmission fines employed. 
Having many types of transmission lines available 
lads to the major investigation to develop the proper 
values of characteristic impedance. It is assumed that 
the proper model has been chosen, whether it's 
Guanella's with its equal delays, or Ruthroff's with 
his bootstrap application. The make-ap of the magnet- 
de cores, which are usually ferrites, is also a study of 
interest. For high-power applications, the bulk resis- 
tivity becomes an important ingredient. In the low-fre- 
queney model, the reactance of the coiled or beaded 


transmission line at the lowest frequency of interest is 
‘the important consideration, Here, number of turns, 
permeability of the cores, and geometry of the cores 
all come into play. 

Since this topie covers so much territory, only a few 
of the major subjects can be included in this chapter, 
‘The first topic deals with the geometry of the cores 
and the permeability of the material, Figure 5-1 
shows three TLTs with the same windings but with 
different cores. Two are toroids and one is a rod. One 
is а powered-iron toroid with a permeability of only 
10, The other two use О! ferrite material with perme- 
abilities of 125, As is shown, the powered-iron core 
with a permeability of 10 has the poorest low-frequen- 
су response, and the ferrite toroid with a permeability 
of 125 has the best low-frequency response of the 
three, Also clearly shown is the poorer response of a 
той core of four inches in length compared to йз 
counterpart, the toroidal core. Further, there is no sim- 
ple formula for calculating the so-called “magnetizing 
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Figure 5-1, Experimental results showing 


she low-frequency performance of the rod 
aransformer versus the toroidal transformer. 
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"Table 5-1. Cores, suppliers, and specifications, 


inductance” when using a rod. The low-frequency 
results for this core are mainly determined experimen- 
tally. Rod cores have found favor in the past for ama- 
teur radio use because they are generally less expen- 
sive than their toroidal counterparts 

Table 5-1 shows а listing of the various core materi- 
als used in my investigation. Since this goes back to 
about 1975, it is expected that some of the manufac- 
turers are no longer in existence and that new sources 
are available. A particular example is the KS material, 


which is shown in succeeding figures. Since this 
‘material was mamufactured in Japan, it has now been 
excluded because any compound using nickel is now 
considered а serious contaminant, Other countries stiil 
manufacture ferrites of nickel-zine, however. 

‘The two parameters that are important in TITS are 
having ferrite materials that are both high in perme- 
ability and bulk resistivity. The importance of the lat- 
ter parameter can be shown in the next two figures. 
Figure 5-2 shows the response curve of two TETs 
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Figure 5-2. Performance of 4:1 
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transformers operating at the y 
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Figure 5-3. Loss versus frequency of 
four 4:1 transformers at the 200:50- 
ohm level. 
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using different permeabilities and compared to an 
autotransformer with the material (Q1) of one of the 
TLT3. As can be seen when matching at the 100:25- 
ohm level, the KS material has a better low-frequency 
response but a little more loss above 10 MHz. 

Figure 5-3 shows the comparisons at the higher 
impedance level of 200:50 ohms. The difference 
between KS and ФІ becomes larger at the higher 
impedance level. Also shown in the figure are the 
results of Q2 with a permeability of 40 and E with a 
permeability of only 10. 


Figure 5-4 clearly shows the expected performance 
‘with lower bulk resistivities. The 3C8 ferrite has a per- 
meability of 2700 and a bulk resistivity of only 
107-105. The other two curves are from KR6 with a 
permeability of 2000 and a bulk resistivity of 105-106, 
and Н at a permeability of 850 and 10-105. 
Experiments with various materials show the impor- 
tance of investigating the losses of the materials, partic- 
ularly as a function of impedance level, The 3C8 mate- 
rial has been used on the so-called "choke" Balun, a 
beaded 50-ohm coaxial cable, which explains why the 
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Figure 5-4. Measurements of ICS, 
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Figure 55. Characteristic impedance, Z versus wire 
diameter for a tightly wound transformer (tight winding on 
а inch diameter rod), 


beads have been known to fracture due to excessive 
heat. By the use of ferrites with a permeability of 
125 and very much larger cores for added dissipa- 
tion, ТІЛУ with 50:200-ohm ratios have been known 
to operate satisfactorily at the 10-20-kilowatt level 
In the investigation of various transmission lines, 
two interesting results сап be shown. Figure 5-5 
shows the variation of characteristic impedance for 
tightly wound transmission lines on a ferrite rod, The 
figure shows that No. 14 wire has a characteristic 
impedance of about 25 ohms in a tightly wound con- 
figuration, By separating the bifilar windings by about 
‘one wire diameter or winding it around a toroid, the 
characteristic impedance approaches 50 ohms. When 
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Figure 5-6. Measured values of the characteristic imped- 
ance, Z of striplines versus width, 


working at impedance levels of 200:300 ohms, char- 
acteristic impedances of 100:150 ohms require extra 
spacing using Teflon" sleeving and, generally, toroids 
are used instead of rods 

Figure 5-6 shows the experimental results of a 
stripline transmission line. As shown, characteristic 
impedances approaching 5 obms are obtainable! With 
thinner insulation, low impedances can be obtained 
with fess widths. 

Figure 5-7 shows the results of two Ruthroff TLTS 
in series using stripline matching 50 ohms to about 3 
ohms. By using two Guanclia 1:4 Ununs, cach using a 
transmission line as a delay line, bandwidths greatly 
exceeding those shown in Figure 5-7 are expected. 


Figure 5-7. Experimental results of the 
16:1 transformer of Figure 44 at three 
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different Impedance levels, Note the best 
level is at about 54.3.5 ohms. 
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fier many talks before amateur and profes- 
sional groups, as well as daring a recent liter- 
ature search on diode mixers and power split- 
ter/eombiners, it became apparent that very few really 
understood transmission line transformer technology. 
Prime examples of this misunderstanding follow. 

Figure 6-1 shows а schematic diagram of a diode 
mixer. The author states that the transformer, T-L, is 
a TLT. He assumes it is a ТЕТ because its windings 
are twisted, But from the schematic it can be easily 
shown that T-1 has a primary and secondary winding 
like any conventional transformer in which it trans- 
mits the energy from input to output by flux link- 
ages. The idea of twisting came from Ruthrofi’s 
approach. He worked with very small toroids and 
fine wires. In order to keep the characteristic imped- 
ance of the transmission lines under control he had to 
twist the wires, 

Another author also employed a twisting of wires. 
Figure 6-2 shows the transformer, which he called a 
TLT, used in his schematic. The input current, 21, 
splits into two currents, which flow out of the two sec- 
ondary terminals, The voltages of the three terminals 
аге the same, Since it сап be seen that the currents 
through the transformer are equal and opposite, there 
is virtually no voltage drop between its terminals 
because of flux canceling. Furthermore, since the 
input on the right side has an impedance half that of 
the two outputs, а 1:2 transformer is required to bring 
the circuit back to 50 ohms, The 1:2 transformer used 
in the author's schematic is an autotransformer, as Was 
shown in Chapter 5, it is vastly inferior in bandwidth 
and efficiency to a TLT. And, finally the theory of the 
flux-canceling transformer is certainly not that of a 
TIT and requires further study. 

In reviewing the history of the TLT, we've seen that 
two approaches had been used until about 1970. 

The first was Guanella's, which for 1:4, 1:9, and 
1:16 TLTS used transmission lines connected in paral- 
lel at the low-impedance side and in series at the high- 
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Figure 6-1. Equivalent circul of а double-balonced mixer 
using four diodes in a ring configuration 
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Figure 6-2. Typical power combines/splier circuit, 


impedance side, Essentially he summed voltages of 
equal delays. Therefore, his TLTs, which were essen- 
tially Baluns, had high-frequency responses only lim- 
ited hy the parasitics. His 1:1 basic building block and 
1:4 Balun are the Baluns of choice today. 

Rothrofí, on the other hand, used Guanella’s basic 
building block for obtaining a 1:4 ratio by connect- 
ing the basic building block in a bootstrap configura- 
tion, He was able to produce а broadband 1:4 Unun. 
By connecting the basic building block in a phase- 
inverter configuration he was able to obtain a broad- 


a 
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band 1:4 Balun. But his 1:4 TLTs summed a direct 
voltage with a delayed voltage, which eventually 
ended up in a canceling mode, thereby limiting the 
high-frequency response, For many applications not 
requiring vary large bandwidths, his simple TLTS 
are applicable. 

After 1970 advances where made, particularly with 
the 1:4, 1:2, and 1:1,5 Unun. The improved 1:4 Unun 
used Guanclla's equal-delay approach by employing 
one of the basic building blocks as a delay line. Since 
this transmission line has no voltage drop across й, по 
magnetic medium is required, The other transmission 
Jine has the same voltage drop across it as the 
Ruthroff Unun, thus resulting in the same low-fre- 
quency response. 

As was shown in Chapter 3, by using a trifilar 
bootstrap approach, improved bandwidth at the 1:225 
ratio results. By tapping one of the conductors, a ratio 
of practically 1:2 can be obtained. By using five con- 
tuflar arrangement, broadband ratios 
of 1:1.5 are casily obtained. Since the delayed voltage 
is four times the direct voltage, this TLT has even 
much broader bandwidth than the 1:4 and 1:2 ratios. 
‘These ratios, again as shown in Chapter 3, can also 
be obtained by using Guanclla's equal-delay 
approach. A 1:1 basic building block in seriesfparallel 
with a 1:4 Guanella TLT results in a very broadband 
1:225 ratio. This is also called an equal-delay TLT. 
By using the basic building block in series parallel 
‘with Guanella’s 1:16 TLT, a broadband equal-delay 
1:1.56 ratio results, Although, to the best of my 
knowledge it has not been tried, tapping one conduc- 
tor in the basic building block, which is connected in 
series parallel with the 1:4 equal-delay TLT, could 
result in a ratio close to 1:2. The choice one makes at 
the 1:15 ratio i still not clear 


‘The bootstrap approach has the advantage of using 
only one magnetic medium with all the conductors in 
а series aiding operation, which could make this 
device very practical in many applications. 
Undoubtedly, the equal-delay method suffers at the 
low-frequency end and requires five transmission 
Jines, reducing its application, It is clear that the 1:4 
and 1:2.25 equal-delay TLTs have much wider band- 
‘widths than their counterparts. 

When viewing the results of the various experi- 
‘ments performed on the TLT, it becomes apparent that 
this technology is not suited for the vacuum tube with 
its high impedances, but for the Solid-State devices of 
today with their lower impedances. With the applica- 
tion of the equal-delay approaches of Guanella and 
the low-impedance ratios of Ruthroff's bootstrap 
approach, the future is bright for the application of 
these broadband TLTs at low-impedance levels. With 
modern fabrication techniques, the TLT, in matching 
50 obms down to lower impedances, should have a 
capability greatly exceeding 100 MHz) 

And, finally, for those interested in writing a com- 
prehensive text like that of the renowned Frederick F. 
"Torman, 1 suggest including the simplified and u 
fied approach to the theory of the very broadband, 
impedance-matching TLT shown in this book. 

In closing, I fel it necessary to include a small tuto- 
rial on grammar. The “Balun” which is well known, is 
a match between a balanced impedance and an unbal- 
anced impedance. The "Unun;" a word I coined sever- 
al years ago, came about because there was no accept- 
able term for a device matching unbalanced imped- 
ance to unbalanced impedance, and it became quite 
tedious to continuously type the whole expression. In 
discussing this device on the air, I found many called 
ita U-nun—obviously the right terminology is Ui un 
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PART II— 
BUILDING AND USING 
BALUNS AND UNUNS 


The 1:1 Balun 


Sec 7.1 Introduction 


п this chapter I will introduce the most popular 
Е Balun in amateur radio use—the 1:1 

Balun, This topic been discussed in the amateur 
radio literature since the publication of Turrin's 1964 
article Although Turrin's Balun is really a version of 
Ruthroff’s, which was introduced in his classic 1959 
article“ the real beginning of the broadband 1:1 Balun 
dates back to Guanella's classic paper of 1944.3 
Guanella's objective was to design a broadband 16:1 
Balun to match the balanced output impedance of 960 
ohms of a push-pull, 100-watt vacuum-tabe amplifier 
to the unbalanced load of a matched 60-ohm coaxial 
cable. Use of his approach for 1:1, 4:1, and 9:1 Baluns 
has produced the designs of choice, They are present- 
ly called current or choke Baluns. 

‘This chapter begins with an introduction to the tech- 
nology of transmission line transformers. Other topics 
discussed include: 1) when to use а Balun; 2) high- 
fights of significant articles in the professional and 
amateur radio literature; 3) high-power, medium- 
power, and low-power designs; and 4) isolation trans- 
formers. The latter is presented here for the first time. 
‘The chapter closes with a brief summary of the signif- 
icant points included within. 


Sec 7.2 When to Use a Balun 


Baluns have taken on a more significant role in the 
past few decades with the advent of solid-state tans- 
ceivers and Class B linear amplifiers with unbalanced 
outputs. That is, the voltage on the center conductor 
of their output chassis connectors varies (plus and 
minus) with respect to ground. In many eases, coaxial 
cables are used as the transmission lines from these 
unbalanced outputs to antennas like dipoles, inverted 
Уз, and Yagi beams that favor a balanced feed. In 
essence, they prefer a source of power whose termi- 
nals are balanced (voltages being equal and opposite) 
with respect to actual ground or to the virtual ground 


Figure 7-1, An illustration of the various currents at the 
Jeedpoint of a dipole, 1) is the dipole current and I. the 
inverted L (imbalance) current. 


that bisects the center of the antenna. The question 
that is asked most frequently is whether а 1:1 Balun is 
really needed 

"To illustrate the problem involved and to give а 
basis for my suggestions, I refer you to Figure 7-1. 
Here we have, at the feedpoint of the dipole, two 
equal and opposite transmission line currents with two 
components each], and Tz. Also shown is the spac- 
ing, 5, between the center conductor and the outside 
braid. Theoretically, a balanced antenna with а bal- 
anced feed would have а ground (zero potential) plane 
bisecting this spacing. However, because a coax-feed 
s unbalanced and the outer braid is also connected to 
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ground at some point, an imbalance exists at the feed- 
point giving rise (o two antenna modes. One lies with 
y providing a dipole mode; the other lies with I, 
providing an inverted L mode, 

If the spacing, s, is increased, the imbalance at the 
feedpoint becomes greater--giving rise to more cur- 
Tent on the outer braid and a larger imbalance of cur- 
Tents on the antenna's arms. Several steps can be 
taken to eliminate or minimize the undesirable invert- 
ed L mode (that is, eliminate or minimize 1p). The 
obvious choice is to use a well-designed Balun that 
not only provides a balanced feed, but also minimizes 
(by its choking reactance) 17—17 the coaxial cable 
does not lic in the ground plane that bisects the center 
of the dipole, The other step is to ground the coaxial 
cable at a quarter-wave (ог odd-multiple thereof) from 
the feedpoint. This discourages the inverted I. mode 
because any radiating element will want to see a high 
impedance at these lengths instead of the low imped- 
ance of a ground connection 

T conducted experiments with Baluns on a 20-meter 
half-wave dipole at a height of 0.17 wavelengths, 
which gave a resonant impedance of 50 ohms. VSWR 
curves were compared under various conditions 
When the coaxial cable was in the ground plane of the 
antenna (that is, perpendicular to the axis of the anten- 
na), the VSWR curves were identical with or without 
a well-designed Balun—no matter where the outer 
braid was grounded, A significant difference was 
noted only when the coaxial cable was out of the 
ground plane. When the cable dropped down at a 45- 
degree angle under the dipole, a large change in the 
VSWR took place. This meant that the inverted 1. 
mode was appreciable, 

It should also be mentioned that the direction of I, 
the imbalance current, can depend upon the side on 
Which the coaxial cable is out of the ground planc of 
the dipole, For example, if the cable comes down 
under the right side in Figure 7-1 (that is, the angle 
between the horizontal arm and the coax is less than 
90 degrees on the right side and more then 90 degrees 
on the left side), then the direction of Iz can be 
reversed by the imbalance in the induced currents on 
the outside of the braid. By the same token, by having 
the coaxial cable coming down оп the other side, the 
value of E is only increased in magnitude, 

However, feeding a Yagi beam without a well- 
designed 1:1 Balun is a different matter, Because most 
Yagi designs use shunt-feeding (usually by hairpin 
matching networks) in order to raise the input imped- 


ance close to 50 ohms, the effective spacing (9) is 
greatly increased. Furthermore, the center of the dii- 
ven element is actually grounded. Thus, connecting 
the outer braid (which is grounded at some point) to 
опе of the input terminals, creates a large imbalance 
and a teal need for a Balun, An interesting solution, 
which would eliminate the matching network, is to 
use а step-down Balun designed to match 50-ohm 
cable directly to the lower balanced-impedance of the 
driven element? 

In summary, if you concur with the theoretical 
model of Figure 7-1, my experiments performed on 
20 meters, and the reports from radio amateurs using 
dipoles and inverted Vs without Baluns, then it 
appears that 1:1 Baluns are really needed for: a) Yagi 
beam antennas where severe pattern distortion can 
take place without one, and Б) dipoles and inverted Vs 
that have the coaxial cable feed lines out of the 
ground plane that bisects the antennas, or that are 
unbalanced by their proximity to manmade or natural 
structures. In general, the need for а Balun is nat so 
critical with dipoles and inverted Vs (especially on 40, 
80, and 160 meters) because the diameter of the coax- 
ial cable connector at the feedpoint is much smaller 
than the wavelength, 

TF my model, which assumes that a part of the prob- 
lem when feeding balanced antennas with coaxial 
cable is related to the size of the spacing, s (shown in 
Figure 7-1), then the possibility exists for using 
Ununs for matching into balanced antennas with 
impedances other than 50 ohms and with small values 
of s. For example, haif-wave dipoles at a height of 
about a half-wave, quads, and center-fed 3/2-wave 
dipoles—which all have impedances close to 100 
ohms—could very well be matched to 50-ohm cable 
by a 2:1 Unun. As 1 will show, they are considerably 
easier to construct than 2:1 Baluns, Furthermore, 
Genaille!O has recently shown considerable success 
using Ununs in this kind of application. 

“To wind up this section, I would like to comment on 
an article published by Eggers,'! WA9NEW, concern- 
ing the use of a Balun with a half-wave dipole. While 
at North Carolina State University, he conducted an 
experimental investigation of pattem distortion with- 
‘out a Balun at 1.6 GHz in an RF anechoic chamber 
(which simulates “free space”). Briefly, his results 
showed that, with a Balun (bazooka type). the antenna 
radiation pattern compared very favorably with the 
classic “figure-cight” Without the Balun, the radiation 
patter was severely distorted 


Even though the author expressed difficulty in 
obtaining accurate measurements at this very high fe. 
quency, 1 have a question regarding the validity of 
performing the experiment in the first place. From the 
photograph in the article, it appears that conventional 
coaxial cable and connectors were used in the experi- 
ment. If we assume an effective diameter of 0.375 
inches for these components, then scaling up to 3.5 
‘MHz (457.14 fold) results in a coaxial cable with a 
diameter of 14.28 feet! I am quite sure that the large 
spacing, s, of 7.14 feet would bring about a noticeable 
imbalance resulting in appreciable pattern distortion 
even at 3.5 MHz, 


Sec 7.3. Highlights of Significant 
Articles on 1:1 Baluns 


Although there have been many articles on 1:1 Baluns 
published in the professional and amateur literature, 1 
have selected for review a few that I believe have had 
the most impact on 1:1 Baluns for amateur radio use. 
As you will see, even though I consider some of the 
amateur articles significant their impact upon the use 
and understanding of these devices has not always 
been positive. In fact, in some cases, the opposite has 
been true. 


In the professional literature 


‘There are actually only two significant articles in the 
professional literature that provide the fundamental 
principles upon which the theory and design of this 
lass of transformers are based. It can be said that suc- 
ceeding investigators simply extended the works of 
the authors of these two articles. 

The first presentation on broadband matching 
transformers using transmission lines was given by 
Guanella in 1944.3 He coiled transmission lines 
forming a choke such that only transmission line cur- 
rents were allowed to flow, no matter where a ground. 
was connected to the loud. His single, colled trans- 
mission Jine resulted in a 1:1 Balun, Tt is shown sche- 
matically in Figure 7-2A, Prior to this, RF Baluns 
were achieved by the use of quarter and half-wave 
transmission lines, and as a result, had narrow band- 
widths. Guanella then demonstrated broadband 
Baluns with impedance transformations of 1:n? where 
‘rs the number of transmission lines he connected in 
а series-parallel arrangement, 

Several important points Should be made regarding. 
Ошапейа 1:1 Balun shown in Figure 7-2. With 
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Figure 7-2. Two versions of the 1:1 Balun: (A) the 
Guanella Balun and the basic building block; (B) the 
Ruthraff Balun as originally drawn. 


sufficient choking reactance, the output is isolated 
from the input and only flux-canceling transmission 
Jine currents are allowed to flow. With matched or 
very short transmission lines, the grounding of termi- 
па] 5 (actually or virtually like the center of a dipole) 
results in terminal 4 becoming +Уу and terminal 2 
becoming -Vy/2—creating a balanced output. This 
type of Balun has lately been called a “current” or 
"choke" Balun. A significant feature of this model is 
that a potential gradient of -V 12 exists along the 
length of the transmission tine, This gradient, which 
exists оп both conductors, accounts for practically all 
of the loss in these transformers because the loss 
mechanism is voltage dependent (a dielectrie-type 
Joss), All transmission line transformers have some 
sort of voltage gradient along their transmission lines 
and are, thus, subject to the same type of losses. 
Furthermore, the theory and loss mechanism is the 
same whether the transmission lines are coax or t 
Jead, of coiled around cores, or threaded through fer- 
site beads, Additionally, it was shown? that higher- 
impedance Baluns or Baluns subjected to higher 
VSWRs have more loss because the voltage gradients 
are also larger 

‘The second significant article on broadband trans- 
mission line transformers was published by Reibroft 
His 1:1 Balun, which is shown as originally drawn in 
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Photo 7-A. The vo basic forms of the 1:1 Balun that first 
‘appeared in the professional literature. The two-conductor 
Guanella Balun is on the left and the three-conductor 
Ruthrofî Balun is on the right. 


Figure 7-2B, used an extra winding to complete (as 
he said) the path for the magnetizing current. Even 
though his schematic drawing appeared to look like a 
trifilar winding, his pictorial in the article clearly 
showed that the third winding (5-6) was on a separate 
part of the toroid. With an equal number of tums, it 
forms a voltage divider with winding (3-4) placing 
terminal 4 at +V¡/2 and terminal 2 at -V;/2. In his 
classic paper, Ruthroff also presented his form of the. 
4:1 Balun (which is also different from Guanell's), а 
4:1 Unun, and various hybrids. Photo 7-A shows the 
two basic forms of the 1:1 Balun that first appeared in 
the professional literature. The two-conductor 
Guanella 1:1 Balun is on the left and the three-con- 
ductor Ruthroff Balun is on the right. As was men- 
tioned before, the Guanella Balun has also been called 
a "current" or "choke" Balun. 

Before moving on to the significant articles in the 
amateur radio literature, some mention should be 
‘made of the differences between the two basic forms 
shown in Photo 7-A. Guanella's 1:1 Balun came to be 
known as the basic building block for this whole class 
of broadband transformers. This term was coined by 
Ruthroff as he showed its 1:1 Balun capability when 
the load was grounded at its center (terminal 5), and 
as a phase-inverter when the load was grounded at the. 
top (terminal 4). By connecting terminal 2 to terminal 
3 and connecting the bottom of the load to ground, 
Ruthroff demonstrated his very popular 4:1 Unun. 1 


call this type of arrangement the bootstrap connection. 
By grounding terminal 2, there is no potential drop 
along the transmission line and, therefore, no need for 
‘magnetic cores or beads. This arrangement, which 
‘ums out to be an important function for extending the 
high frequency performance of this class of transform- 
ers, call the “phase-delay” connection. 

Thus, with the flexibility shown by Guanella's basic 
building block, a 1:1 Balun is now realized that not 
only presents a balanced power source to a balanced 
antenna system, but can also prevent an imbalance 
current (an inverted L antenna current) by its choking 
reactance when the load is unbalanced or mismatched 
‘or when the feedline is not perpendicular to the axis 
of the antenna, 

Interestingly enough, except at the very low end of 
the frequency response of the Ruthroif 1:1 Balun 
where autotransformer action can take place, his 
Balun takes on the characteristics of the Guanella 
Balun. The reactance of the third winding becomes 
great enough to make it literally transparent. This is 
not the nature of the trifilar-wound (voltage) Balun, 
which is sensitive to unbalanced and mismatched 
loads over its entire passband because it is actually 
two tightly coupled transmission lines. This distinc- 
tion was not recognized by most of those who pub- 
lished in the amateur radio literature. 


In the amateur radio literature 


R. Turrin, W2IMU—1964 

"The first presentation in the amateur radio literature 
оп 1:1 Baluns using ferrite cores was by Torrin in 
19648 Turrin, who was a colleague of Ruthroff's at 
Bell Labs, took his small-signal design (which used 
No. 37 or 38 wire on toroids with ODs of 0.25 inches 
or less) and adapted it to high-power use. This was 
one by using thicker wire, larger cores, and (very 
importantly for high efficiency?) low permeability fer- 
rite. Ruthroff used lossy manganese-zinc ferrites with 
permeabilities of about 3000 because efficiency was 
not a major consideration. 

Figure 7-3 is a pictorial and a schematic of Turrin’s 
design. As you can see, the third wire (winding 3-4) is 
placed between the two current-carrying wires (wind- 
ings 1-2 and 4-5). Photo 7-B shows (on the left his 
actual design using a ferrite core; a popular design (on 
the right) using а powdered-iron core is available in 
kit form from Amidon Associates, Inc. Both Baluns 
use 10 trifilar turns of a single-coated wire like 
Formex™ or Formvar™ on a toroid. Turrin's design 


Figure 7-3. (А) А pictorial of Turrin's 1:1 Balun, and (B) 
a schematic of his Balun 


uses а ferrite toroid with an OD of 2.4 inches and a 
permeability of 40, The Amidon Associates’ Balun 
uses а powdered-iron toroid with a 2-inch OD and a 
permeability of only 10. Both Baluns are specified to 
handle 1000 watts of power from 1.8 to 30 MHz. 
Figure 7-4 shows the response curves for these two 
Baluns when terminated with 50-ohm loads. The 
response curve for a popular 1:1 rod-type Balun that 
uses the same schematic and wire is also shown. It has 
8 trifilar turns, tightly wound on a rod of 0.5-inch 
diameter, 2.5 inches long, and with a permeability of 
125. The rod-type Balun is shown in Photo 7-С. 
Several important features should be brought out 
regarding the results shown in Figure 7-4. They are: 
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1. All Baluns had insufficient choking reactance 
and, hence, poor low-frequency responses. The pow- 
dered-iron version was especially poor. They all 
showed a drop in the input impedance and an induc- 
tive component at 2 MHz. This meant flux in the 
cores and an undesirable condition—especially for 
ferrite, which is a nonlinear material. Ferrite cores 
could not only suffer damage, but they could also gen- 
erate spurious frequencies under these conditions. In 
fact, the same condition could occur at 4 MHz with a 
VSWR of 2:1! Therefore, I don't recommend any of 
these Baluns for use on 160 or 80 meters, 

2. The major problem at the low-frequency end is 
the role of the third winding (3-4) in Figure 7-3B. It 
has been claimed!? that the third winding improves 
the low-frequency response (over the two-conductor 
Guanella 1:1 Balun) because it enables autotrans- 
former action at the low end. However, recent mea- 
surements I have made on two-conductor Guanella 
Baluns and thrce-conductor Ruthroff (or Turrin) 
Baluns, with loads grounded at their centers, show 
insignificant differences. This type of load approxi- 
mates the actual condition when feeding a balanced 
antenna system. The negative feature of the third 
winding (3-4) is that, at the low-frequency end, there 
сап be insufficient reactance to prevent harmful flux 
in the core because of a direct shunting path 10 
ground, With the two-conductor 1:1 Balun, the only 
flux-inducing current is that of the imbalance current 
(the inverted L mode), which is usually far smaller. 

3. Another important feature of the curves shown in 
Figure 7-4 is the effect of the characteristic imped- 
ances of the coiled transmission lines. For example, а 
bifilar winding (wires tight together) on a toroid with 
spacing between adjacent bifilar turns exhibits a char- 


Photo 7-B. Two versions of Turrin's 
design: Оп the left, the 1:1 Вайт that has 
‘appeared in the amateur radio literature; 
оп the right, а 1:1 Balun that has been 
readily available in kit form from Amidon 
Associates, Inc. 
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Figure 7-4. The input impedance versus frequency, when terminated with 50 ohms, for the Turrin, typical rod-type, and 


Amidon Associates 1:1 Baluns. 


acteristic impedance of about 45 ohms. When wound 
оп a rod with no space between adjacent bifilar turns, 
the characteristic impedance drops to about 25 ohms. 
With the third winding (3-4) between the other two as 
shown in Figure 7-3B, the characteristic impedance is 
raised to approximately 70 ohms in the toroidal case 
and to about 47 ohms in the rod case. If the toroidal 
Baluns were terminated in 70 ohms and the rod Balun 
terminated in 47 ohms, the high-frequency responses 
would be practically flat to at least 30 MHz. The di 
ference in high-frequency response between the two 
toroidal Baluns (with 50-ohm loads) is due to the dif- 
ferences in the lengths of their transmission lines, The 
transmission line on the powdered-iron core is appre- 
ciably less because the OD, as well as the cross-sec- 
tional area, is smaller. 

4, The trifilar-wound form of the 1:1 Balun also 
has an additional undesirable property. Its high fre- 
quency response is sensitive to unbalanced and mis- 
matched loads. This is because the third wire now 
forms two tightly coupled transmission lines, It is 
unlike the Ruthroff version shown on the right in 
Photo 7-A. In his second article,!2 Turrin pointed 
ош this important distinction. 


J. Reisert, WIJR—1978 

"The next significant article on 1:1 Baluns was pub- 
lished by Reisert in 1978.7 Reisert proposed winding 
some of the smaller (but still high-powered) coaxial 
cables around a 2.4-inch OD ferrite toroid with a per- 


Photo 7-С. A typical rod-type Balun. 


meability of 125. The windings also included а 
crossover, which is shown in Figure 7-5 and Photo 7- 
D. In addition, he recommended various numbers of 
turns, depending upon the low-frequency requirement. 
For example, he suggested 12 turns to cover 3.5 MHz, 
10 turns for 7 MHz, 6 for 14 MH», and 4 for 21 and. 
28 МН>. Because the characteristic impedance of the 
coaxial cable is the same as the coax feedline, the 
Balun only introduces a foot or two of extra length to 
the feedline. This is true in the HF and VHF bands. 
‘The coaxial cables recommended in the article were 
RG-141/U, RG-142/U, and RG-303/U. 

From the articles that followed in the amateur radio 
literature, it became apparent that few recognized all 
of the important features of Reisert’s Balun. They are 
ted below. 

1. An efficient, low-loss ferrite was used. 

2. The Baluns had sufficient choking resctances for 

the various low-frequency requirements 


3. The characteristic impedance of the coiled trans- 
mission line was the same as that of the feedline, 
thus climinating the extra transformer action of a 
length of transmission line with a different character- 
istic impedance 

4, The Balun is a form of Guanella’s two-conductor 
1:1 Balun, which is not prone to core flux and, hence, 
saturation and the generation of spurious frequencies. 
It is also not susceptible to mismatched and unbal- 
anced loads as are the Turrin and "voltage" Baluns. 

After constructing several of Reisert’s Baluns and 
comparing them with other Guanella designs, I found 
that the crossover winding had virtually no effect up 
to 100 MHz (the limit of my equipment). In regards to 
Reisert's VSWR comparison with a rod-type Balun 
when feeding a triband Yagi beam on 20 meters, I 
found that his Balun had a lower VSWR (practically 
1:1) at the best match point. The rod-type Balun had а 
best VSWR of about 1.3:1, but at a slightly higher fre- 
quency. He attributed the higher (and somewhat flat- 
ter) VSWR curve of the rod-type Balun to its greater 
ohmic loss, Because the rod-type Baluns I have inves- 
ligated used the same low-loss ferrite that Reisert's 
did, I suspect that the differences in the VSWR curves 
were mainly due to the mismatch loss introduced by 
the rod-type Balun, 


G. Badger, W6TC—1980 

Badger published an in-depth, two-part series!3,14 
in Ham Radio magazine in 1980 on air-core Baluns 
and Ununs. I am sure it was instrumental in advancing 
the technology of this class of wideband transformers 
An article by Orr s also shows that there are many 
other radio amateurs who see the advantages of air- 
core transformers. 

What are the claims for air-core Baluns over their 
errite-core counterparts? First and foremost, propo- 
nents of air-core Baluns claim they don't suffer the 
consequences of saturation that leads to spurious fre- 
quencies, heating, and ultimate damage. Secondly, it's 
said that they are not subject to arcing from the wind- 
ings to the core. 

What are the claims for the ferrite-core Baluns over 
their air-core counterparts? Simply put, they have 
wider bandwidths and are more compact. 

After reading Badger's two-part series, I found that 
my curiosity was piqued by his experimental data on 
harmonic distortion due to saturation in a fette core 
1:1 Balun. Although many have expressed concerns 
regarding saturation in ferite.core Baluns, Badger's 


THELIBALUN 33 


Figure 7-5. A pictorial 
of the crossover used 
in Reisert’s 1:1 Balun. 


A Reisen, WIJR, 1: 


data could very well provide the only results avai 
able. He used the two-tone test method, which com- 
bined two RF sources of 2.001 and 2.003 MHz, 
amplified it to 2 KW PEP and then fed it through а 
commercial 1:1 rod-type ferrite Balun. The data 
showed considerable distortion in the 3rd order and 
9th order distortion products. In other words, appre- 
ciable nonlinearity took place at this high power level. 

Several questions come to mind regarding these 
measurements. What was the low-frequency response. 
of the commercial 1:1 rod-type Balun Badger used? 
From my measurements on a rod-type Balun (Figure 
7-4), 1 found a drop in the input impedance and an 
inductive component at 2 MHz. This indicates flux in 
the core and a problem when using this Balun at 2 
MHz. Because many rod-type 1:1 Baluns have been 
used over the years, it would have been instructive if 
he had also made these measurements at 4 and 7 


„ UNDERSTANDING, BUILDING. AND USING BALUNS AND UNUNS 


Unbalanced E Balanced 


— 


Figure 7-6. Schematic of Badger's 1:1 Balun with a com 
pensating winding (1-2). Winding (3-4) is the outer-braid 
of the coax and winding (5-6) is the inner conductor. 


MHz. They would have given the readers a safe 
lower-frequency limit for these Baluns, 

I wondered why Badger didn’t make similar mea- 
surements on Reisert’s 1:1 Balun, which he included 
in his articles. As noted earlier, I consider Reisert's 
1:1 Balun a very good design! I am sure that no dis- 
tortion products would have been found at 2 MHz 
with this Balun, The end result is that Badger chose a 
poor ferrite-core design for making his comparisons. 
This helped to contribute to an undeserved reputation 
for the ferrite-core Balun. 

Badger also suggested placing an insulated wire in 
parallel with the coax winding on Reisert's 1:1 Balun, 
He called this a compensating winding, which provid- 
ed a superior balanced output. The third winding (1-2) 
is shown Figure 7-6. Winding (5-6) is the inner con- 
ductor and winding (3-4), the outer braid. Later exper- 
iments by myself and others have shown that a well- 
designed two conductor (Guanella) 1:1 Balun has a 
completely satisfactory balanced output for antenna 
applications. Furthermore, it does not suffer from an 
unbalanced and/or mismatched load and core satura- 
tion. Incidentally, Badger's schematic of Figure 7-6 
now adds up to four different versions of the 1:1 
Balun. They are the two-conductor version of 
Guanellas and the three, three-conductor versions of 
RuthrofF's, Turrin's, and (now) Badger's 

Badger and Orr also mentioned the Collins Balun in 
their articles. This Balun is comprised of a dummy 


length of coax wound as a continuation of the original 
coiled coax winding. Interestingly, it is connected as a 
Ruthroff 1:1 Balun (Figure 7-28), which also uses а 
third winding, Because there is appreciable coupling 
between the two coiled windings, the Collins Balun 
should also be susceptible to mismatched and/or 
unbalanced loads. Badger claimed it was, by far, the 
best 1:1 Balun he had ever used. Again, it would have 
been very informative if he had compared it with the 
Reisert Balun (without the compensating third wire. 


M.W. Maxwell, W2DU—1983 

One of the more significant articles on 1:1 Baluns 
was published by Maxwell“ in 1983. Maxwell intro- 
duced, what he called, the "choke" Balun. It was 
formed by placing high-permeability ferrite beads 
‘over about one foot of small (but high-powered) coax- 
ial cables similar to the ones used in the Reisert 
Balun. Photo 7-E shows the W2DU “choke” Balun 
removed from its plastic enclosure. 

Maxwell compared his Balun with (what he 
termed) a “transformer-type” Balun by measuring the 
input impedances versus frequency when the outputs 
were terminated in 50 ohms. The “ 
Balun didn’t yield а true 1:1 impedance transfer ratio, 
which he claimed was due to losses, leakage reac 
tance, and less than optimum coupling. Because 
Maxwell gave no description of the “transformer- 
type” Balun, I assumed it was the popular rod-type 
Balun shown in Photo 7-C. As you can see in Figure 
7-4, this Balun has a poor low-frequency response. 
Furthermore, it is really optimized for a load of 47 
ohms and not 50 ohms. 

‘What Maxwell failed to realize was that his Balun 
was a form of Guanella’s two-conductor type, That is, 
it is both a choke (a lumped element) and a transmis- 
sion line (a distributed clement). Additionally, 
Guanella's theory applies whether the transmission 
lines are coiled (about a core) or beaded, twin-lead or 
coaxial cable, From RuthrofPs classic paper? which 
extended Guanella's ог. we became aware of the 
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Photo 7-E. The Maxwell, 
W2DU, "choke" 1:1 Balun 


voltage drops along the lengths of the transmission 
lines, From very accurate insertion loss measure- 
‘ments? we learned that the losses were mainly in the 
‘magnetic medium—and that they were related to the 
voltage levels and the permeabilities. Maxwell didn’t 
take into account these latter findings, He used lossy 
hhigh-permeabitity beads (2500) and assumed that the 
main loss was in the transmission line, He claimed 
that the CW power-handling capability of his Balun 
was 3.5 KW at 50 MHz and 9 KW at 10 MHz—the 
same as the coaxial cable itself. I seriously question 
these power ratings. Ironically, itis very likely that 
Maxwell's Balun had more real loss than the so-called 
"transformer type“ Balun! 


R.W. Lewallen, W7EL—1985 

There is very little doubt that Lewallen's interesting 
article in 1985 contributed significantly to the better 
understanding and design of 1:1 and 4:1 Baluns In k. 
һе coined the (now усту popular) terms "voltage" and 
“current” Balans, The “voltage” Balun, a three-con- 
ductor type, has output ports which have voltages that 
are balanced to ground. It is brought about (see 
Figure 7-6) by the voltage-divider action of windings 
(5-6) and (1-2). Because we have two tightly coupled 
transmission lines in the passband with the same 
potential gradients, terminal 6 is at +Vy/2 and termi- 
nal 4 at Vi where Vy is the input voltage. The 
“current” Balun, on the other hand, is a two-conductor 
Balun that produces equal and opposite currents on 
the output ports for any form of load impedance. 

Lewallen conducted a series of experiments on 10 
meters to compare the performances of "voltage" and. 
“current” Baluns under balanced and unbalanced con- 
ditions, In the unbalanced (nonsymetrical) condition, 
the dipole was lengthened by five inches on one side 
and shortened by five inches on the other side. He 
then obtained a figure of merit for both Baluns des 
well as for the case without a Balun) defined as the 
ratio of the average magnitude of the currents at the 
feedpoint over the magnitude of the imbalance (the 
inverted L) current, The magnitudes of the currents 
were obtained by curtent-probe toroids. Mcasure- 
ments were made at the antenna feedpoint and at a 
half-wave (physically) from it 

The "current" Balun consisted of 15 tums of very 
small RG-I7S/U coax on an FT82-61 core (a ferrite 
toroid with an OD of 0.825 inches and a permeability 
of 125). The "voltage" Balun had 10 turns of RG- 
178/U coax with a No, 26 wire in parallel (closely 
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coupled) on the same toroid, The schematic is shown 
in Figure 7-6. 

Lewallen concluded (and 1 agree) that his experi- 
ments clearly showed that the “current” Balun gave 
superior performance at every measured point in cech 
experiment, However, the “voltage” Balun still 
improved the balance over the no-Balun case. He also 
concluded that other experiments should be performed 
їп order to better compare the two forms of the Balun. 
Оле is to ascertain the difference when the feeline is 
placed nonsymetrical with respect to the antenna (to 
Induce an imbalance current into the feedline). Others 
include determining the optimum point in the feedline 
to place the Balun, and testing the various kinds of 
соте and beaded Baluns. 

Although Lewallen's article pretty much speaks to 
Badger proposal of adding a third wire to keiten 
Balun for better balance (i.c., avoid it), there are some 
‘comments and questions I have regarding his experi- 
ments and findings. They are: 

1. Why didn't Lewallen use Reiser's Balun as the 
"current" Balun and Badger's suggested third-wire 
design as the “voltage” Balun? These would have 
been more realistic designs for comparisons. Instead, 
he used very small structures (which will only find 
use in ORP operations) and, as such, have higher fre- 
quency capabilities, Also, because the “voltage” 
Balun only had 10 turns (and hence a shorter trans- 
mission line and a poorer low-frequency response), it 
was favored in the comparisons on 10 meters. Най 
Lewallen used transmission lines of equal lengths оп 
Reisert’s cores, the differences between the two 
Ваши would have been even more dramatic. 

2, Tt would also have been very useful if Lewallen 
һәй made comparisons between a “current” Balun that 
could handle the full legal limit of amateur radio 
power (again like the Reisen Balun) and "voltage" 
Baluns using Turrin's schematic (Figure 7-3) with rod 
and toroidal cores which have been readily available 
for nearly three decades 

3. Additionally, comparisons should not only be lim- 
ited to 10 meters. Because 1:1 “voltage” Baluns are 
configurations of coupled transmission lines with vari- 
(us characteristic impedances, their performances with 
mismatched and unbalanced loads are more sensitive to 
the higher frequencies than their “current” Balun coun- 
tesparts, Therefore, making similar measurements on 
20 meters would also provide more useful information, 

4, Even though Ruthrofl’s classic 1959 paper? has 
been the industry standard over the years, his 1:1 


„ UNDERSTANDING, BUILDING, AND USING BALUNS AND UNUNS 


Balan design has been practically nonexistent in the 
amateur literature, Turrin mentioned its advantage 
over his first design in his second article.!? But 
‘Turrin’s first design has prevailed in our amateur liter- 
ature, Because Ruthroff's design has the third conduc- 
tor on a separate part of the toroid, it has the balanced 
output mentioned by Badger bot still retains the 
flexibility of the Guanella? Balun. In other words, as 
the frequency is increased, the choking action of the 
third wire makes it practically transparent. This 
enables it to handle any form of load impedance. It 
world have been informative if Lewallen had pointed 
this out and also noted that RuthrofP's 1:1 Balun, 
although looking like a “voltage” Balun, is really a 
“current” Balun, 

S. Lewallen and the others who have published in 
the amateur radio literature have failed to reference 
the first presentation on what are now known as “cur- 
rent” or "choke" Baluns, made by Guanella? in 1944. 
Even though Guanella used coiled transmission lines 
without a magnetic core, his theory on how these 
devices work is still applicable today. 


J.S. Belrose, VEZCV—1991 
"The Jast article on 1:1 Baluns I considered worth men- 
tioning was written by Belrose“ in 1991, In it, he 
described the W2DU Balun by Maxwell and how his 
technique of threading coaxial cable through ferrite 
beads could be easily applied to 4:1 and 9:1 Baluns. 

‘What immediately grabbed my attention in this arti- 
cle was the deck head (the editor's comments), which 
included highly complimentary remarks regarding the 
beaded-coax Balun. In essence, it said, “In this break- 
through article, W2DU's peerless 1:1 current-Balun 
design serves as the basis for excellent ferrite-bead- 
choke current Baluns capable of 4:1 and 9:1 imped- 
ance transformation.” 

However, if one reads the article carefully. it 
becomes apparent that this is mot what Belrose said. 
His words were, “The current Balun of the type devel- 
oped by Walt Maxwell, W2DU—a Balun consisting 
of ferrite beads slipped over a length of coaxial 
cable—is the best so far devised (italics mine)” He 
did not say that W2DU's Balun was “peerless.” In 
fact, in the article he said just the opposite, He pointed 
ош that the W2DU Balun’s main disadvantage is that 
the beads are lossy at HF and heating becomes à con- 
cern when the transmitting power exceeds 125 watts! 
For high power (that is LKW CW), Belrose recom- 
mended Rochm sie designs, which use lower perme- 


ability (850) beads nearest the Balun's balanced out- 
put (where most of the beating takes place) 

However, I do question two of the advantages һе 
claims for the W2DU Balun. They are: 

1. Its excellent power oss and impedance-versus- 
frequency characteristics are much superior to those 
ofa bifilar current Balun wound on a ferrite toroid 

2. Tt has excellent power-handling capability, and 
сап function quite satisfactorily when working into 
highly reactive loads, This is so because the magnetic 
flux produced hy currents flowing on this Balun's 
wires cannot saturate its ferrite beads. 

Belrose ohtained evidence for advantage number 1 
by comparing the input impedance and power loss 
versus frequency of the W2DU Balun with a commer- 
cial Balun when they were terminated in 50 ohms. 
"The commercial Balun was a bifilar wound toroidal 
type used in a differential-T tuner, What Belrose 
failed to realize was that the commercia! Balun bad 
heavily insulated wires, resulting in a characteristic 
impedance greater than 100 ohms. Thus, he was actu- 
ally comparing a 50-ohm transmission line with а 
longer line that had a characteristic impedance in 
excess of 100 ohms! As expected, his input imped- 
ance versus frequency curve for the commercial Balun 
жаз even more severe (һап that of the Turin Balun 
shown in Figure 7-4. 

‘Advantage member 2 is based upon the premise 
that the magnetic fux produced by currents on the 
W2DU Balun's wires cannot saturate the ferrite 
beads, while the windings of a bifilar wound toroidal 
current Balun can. This is an incorrect assumption 
because the magnetic flux of a two-conductor type 
Balun, like the beaded-coax or the bifilar-wound 
toroidal Balun, is generated by the imbalance (invert- 
‘ed L) current and hence is much lower than the trans- 
mission line currents. This is especially true with 
sufficient choking resctances. The perception that the 
toroidal type Balun still transmits the energy to the 
output circuit by flux linkages, could very well lead 
to this mistaken impression 

For high power beaded-coax Baluns, Beltose ze- 
ferred to designs by Rochm,!6 who increased the 
power capability of this type of Balun by using lower 
permeability beads near the balanced output. He also 
increased the length considerably. For operation from 
30 meters to 10 meters, Roehm used 28 inches of 
beaded coax. For 160 meters to 10 meters, he used 36 
inches of beaded coax. Belrose's suggestion of con- 
necting beaded coaxes in parallel on the low-imped- 
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Photo 7-F. Two versions of Reiser's 1:1 
Balun. The Balun on the left uses the 
crossover shown in Figure 7-5. The Balun 
on the right is continuously wound. Both 
have the same electrical performance in 
the HF band. 


ance side and in series on the high impedance side to 
obtain a broadband 4:1 transformation ratio would 
require transmission lines with characteristic imped- 
ances of 100 ohms, This means, for a high power 4:1 
Balun using beaded transmission lines, about 56 inch- 
es of beaded line would be required for the 80-meter 
to 10-meter operation and 72 inches for the 160-meter 
to 10-meter coverage. For a 9:1 Balun, it would be 
necessary to increase these lengths by 50 percent! 

It remains to be seen what Belrose would have said 
ог done if һе had compared the W2DU Balun of 
Maxwell's with the WIJR Balun of Reisert's. He cer- 
tainly couldn't claim the advantages listed in his arti- 
cle for the W2DU Balun. Would he still have claimed 
that the type of Balun developed by Maxwell is the 
best so far devised? Given the evidence, I doubt it. 


Sec 7.4 High, Medium, and Low- 
power Designs 


In this section I'll present my latest 1:1 Balun designs. 
Except for one Balun that appeared in the June 1993 
issue of CQ. the others appeared for the first time in 
the magazine's April 1994 issue, Because I have 
favored Reisert’s design throughout this chapter, the 
first Baluns described here are my versions of his 
technique of coiling small (but high power) coaxial 
cable around a low-permeability ferrite toroid. For my 
wire versions, I could have used all sorts of adjectives 
to describe them like Guanella, two-conductor, choke, 
and current. However, in the process of writing this 
section, I thought Belrose's adjectives were the most 
direct, Using his words, I call my wire versions of the 
1:1 Balun simply—biflar toroidal Baluns. 


Photo 7-F shows two versions of Reisert’s Balun. 
The one on the left uses the crossover shown in 
Figure 7-5. Because no difference in performance at 
НЕ was noticed without the crossover, a continuous- 
wound version is also shown on the right. The main 
advantage in the HF band with the crossover winding 
is purely mechanical. Having the input and output 
connections on opposite sides of the toroid is not only 
more convenient, but it also offers a much stronger 
method of mounting. 

For operation from 1.8 to 30 MHz, 10 turns of small 
coax like RG-303/U, RG-142B/U, or RG-400/U are 
‘wound on a 2.4-inch OD ferrite toroid with a perme- 
ability of 250. If the use is limited from 3.5 to 30 
MHz, then a permeability of 125 is recommended 
because it would yield a slightly higher efficiency at 
the high end. If one wants the highest possible effi- 
ciency and limits the operation from 14 to 30 MHz, 
then a permeability of 40 is recommended. With loads 
grounded at their centers, these conditions were found 
to give ample margins (handle a VSWR of 3:1 with- 
out any appreciable flux) at their low frequency ends. 

For ease of winding, I found TY-RAP™ Cable Ties 
very useful. Two were used at each end. Removing the 
covering on the outer braid also helps. Because about 
24 inches of cable is wound on the toroid, I recom- 
mend you start with at least 32 inches. Of the three 
cables noted above, I found RG-303/U cable the easi- 
est to wind and connect, Although it only has a single- 
thickness braid (the others have double-thickness 
braids), its power rating is still the same—9 kW at 10 
MHz and 3.5 KW at 50 MHz. 

‘The next high power design is shown in Photo 7-С 
mounted in a 4 inch long by 3 inch wide by 2.25 inch 
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Photo 7-G. My high-power design of a bifilar toroidal 
(Guanella/current) 1:1 Balun mounted in a 4 inch long by 
3 inch wide by 2.25 inch high Bud aluminum box. 


high Bud CU 234 aluminum box. It has 10 bifilar 
turns of No. 12 Н Thermaleze wire on a 2.4-inch OD 
ferrite toroid. As with the Reisen versions, a perme- 
ability of 250 is recommended for 1.8 to 30 MHz, 125 
for 3.5 to 30 MHz, and 40 for 14 to 30 MHz. One 
wire is also covered with two layers of Scotch No. 92 
polyimide tape in order to raise the characteristic 
impedance to 50 ohms. With this added insulation, the 


voltage breakdown of this bwin-lead transmission line 
compares very favorably with RG-8/U cable (4000 
volts). In order to preserve the spacing, the wires are 
also clamped together about every 1/2 inch with strips 
of Scotch No. 27 glass tape 3/16 inches wide and a lit 
tle over 1 inch long. 

‘Two “economy” versions of the high power bifilar 
toroidal Balun are shown in Photo 7-H. The onc оп 
the left shows the windings crowded on one-half of 
the toroid. The one on the right provides the same 
positions of the input and output connections by using. 
the crossover. Their performances are identical. Both 
Baluns have 10 bifilar turns of No. 14 Н Thermaleze 
wire on а 2.4-inch OD ferrite toroid. The choices of 
permeability, which trade off bandwidth for efficien- 
ey, are the same as those used in the two previous 
high power designs. The word “economy” here refers 
to economy in labor—this Balun is actually very easy 
to construct, 

This “economy” Balun, which also handles the full 
legal limit of amateur radio power, has a small trade- 
off in high frequency response. Because no extra insu- 
lation is used, the characteristic impedance of two 
tightly clamped No. 14 Н Thermaleze wires is 45 
‘ohms. With one layer of Scotch No. 92 tape, it 
increases to 50 ohms. But for most of the HF band, 
the difference in performance between Baluns using 
transmission lines of 45 and 50 ohms should be negli- 
gible, Even without the extra insulation, the voltage 
breakdown should compare very favorably with the 
smaller, high-power coaxes used in the Reisert ver- 
sions (1900 volts). 


Photo 7-H. Two “economy” versions of the 
high-power bifilar toroidat (Guanella/cur- 
rent) 1:1 Balun. The one on the right uses 
Reiseri's crossover technique. 
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Photo 7-1. Two low-power versions of the bifilar toroidal 
(Guanellafcurrent) 1:1 Balun capable of handling the out- 
pu of practically any HF transceiver. The Balun on the 
left has the crossover. 


Photo 7-1 shows two low-power versions of a bifilar 
toroidal Balun capable of handling the output of prac- 
tically any HF transceiver, One has a crossover wind- 
ing and the other, a continuous winding. They both 
have 10 bifilar turns of No. 16 Н Thermaleze wire on 
a 1 25. neh OD ferrite toroid with a permeability of 
250. Since efficiency is not a major problem in low- 
power use, I found no reason to suggest the other two 
versions, which usc lower permeabilities. It is also 
interesting to note that two tightly clamped No. 16 H 
Thermaleze wires have a characteristic impedance 
close to 50 ohms. Therefore, this small Balun (partic- 
ularly with its short leads) has a very good high fre- 
quency response 

Photo 7-J shows two medium-power versions of a 
bifilar toroidal Balun capable of handling the full 
legal limit of amateur radio power under controlled 
conditions—when the VSWR is less than 2:1. Being 
smaller than its larger (2.4-inch OD) counterpart, йз 
heat-sinking capability and, hence, power rating is 
less. As before, one Balun uses a crossover while the 
other doesn’t. Each has 8 bifilar turns of No. 14 H 
Thermaleze wire on a 1.5-inch OD ferrite toroid. The 
ferrite permeabilities and expected bandwidths are the 
same as the other high-power Baluns. Because the 
average magnetic path length in the core is about two- 
thirds that of the 2.4-inch core, only 8 bifilar turns are 
required in order to produce a similar low-frequency 
capability. Even though the characteristic impedances 


Photo 7-J. Two medium-power versions of the bifilar 
toroidal (Guanellalcurrent) 1:1 Balun capable of handling 
the full legal limit of amateur radio power when the VSWR 
ds less than 2:1. The Balun on the left has the crossover. 


of their bifilar windings are 45 ohms, their responses 
оп 10 meters should be somewhat better than the 
“economy” models because the lengths of their trans- 
mission lines are shorter (18 compared to 24 inches). 

And now a few words on what sort of efficiency one 
сап expect in trading-off low frequency response by 
using lower permeability ferrite cores. From earlier 
studies,? it was found that the efficiency (with suffi- 
cient choking, so only transmission line currents flow) 
is related to the permeability, the voltage drop along 
the length of the transmission line, and the frequency. 
‘The higher the permeability and/or voltage drop, the 
greater the loss, Additionally, the higher the perme- 
the greater the loss with frequency. It was also 
found that a permeability of less than 300 was neces- 
sary in order to obtain the very high efficiencies of 
which these devices are capable. 

Here are some efficiencies that might be expected 
from ferrites under matched conditions, based on the 
results of the studies: 

1. With 250 material, an efficiency near 99 percent 
at 1.8 MHz and 97 percent at 30 MHz. 

2, With 125 material, an efficiency near 99 percent 
at 3.5 MHz and 98 percent at 30 MHz. 

3. With 40 material, an efficiency of 99 percent at 
14 MHz and at 30 MHz. 

When a Balun is exposed to a high impedance 
resulting in a VSWR of 2:1, the voltage, and hence 
loss, increases by about 40 percent. With a VSWR of 
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Photo 7-К. Two examples of mounting the 
high-power 1:1 Guanella Balun in enclosures 
that allow isolation transformer operation. 


4:1, the loss doubles. With a VSWR of 10:1, the loss 
is more than three-fold. Since limited data was 
obtained in this study; these increases in losses with 
increases in VSWR could very well be even greater. 


Sec 7.5 Isolation Transformers 


As was shown in the preceding sections, the 1:1 
Guanella (current/choke) Balun is in reality a two- 
conductor RF choke, or an isolation transformer. 
However, practical Balun designs don’t usually lend 
themselves to isolation use for mechanical reasons. 
They cannot be conveniently inserted into a coaxial 
cable system. Therefore, the objective is to mount the 
"Guanella Baluns” in enclosures that will allow them 
to perform as isolation transformers. 

Photo 7-K shows two examples of enclosures that 
should accomplish the mission. The example on the 
left shows one of the high-power units mounted in a 5 
inch long by 3.5 inch wide by 2.25 inch high alu- 
minum enclosure. The output connector (on the top) is 
insulated by a 0.125-inch-thick piece of plastic. The 
one on the right shows another high-power unit 
mounted in a 6 inch long by 3 inch wide by 2 inch 
high plastic enclosure, which is available from Radi 
Shack. The descriptions of the high-power units are 
given in the preceding section. 

These isolation transformers can be used as Baluns 
when inserted in a coaxial cable one-half wavelength 
(physically) from a half-wave dipole® or between a 


coaxial cable and a balanced L. C tuner le They 
should never be inserted in a coaxial cable system that 
presents a high impedance and, consequently, a high 
voltage. This could be harmful to the unit. 

Моге that the high-power unit оп the left in Photo 
7-K can also be used as a filament choke in a Class B 
linear amplifier. Из low-frequency response is much 
better than any rod-type, assuring 160-meter opera- 
tion. Obviously, it would not be mounted in the alu- 
‘minum enclosure shown in the photo, In addition, the 
two layers of Scotch No. 92 tape would not be 
required because the characteristic impedance of the 
‘winding is unimportant and the voltages involved are 
quite low. 

By the way, the designs discussed above can be 
used as phase-inverters. Simply connect the hot lead 
on one side to the ground on the other side. 


Sec 7.6 Summary 


In investigating the 1:1 Balun, I was quite surprised to 
see the ferrite- and powdered-iron-core designs that 
have been available in the literature and off-the-shelf 
since 1964. They not only had poor low- and high-fre- 
quency responses, but they were also susceptible to 
flux in the cores at their low-frequency ends. Further- 
more, since they only used single-coated wires, they 
were also prone to voltage breakdown. No doubt, 
these designs are responsible for the poor reputation 
that the Balun has had for many years. 


И wasn't until 1978, when Reisert published his 
article, that a Balun which bad ай of the attributes of a 
good design became available. Namely: 

а) It is efficient because it uses a low-permeability 
core, 

b) It has sufficient choking reactance to meet its 
low-frequency requirement. 

©) It is not prone to flux in the core (and, hence, sat- 
uration) because it has no third winding, 

4) It has а 50-ohm characteristic impedance and 
maintains a 1:1 transformation ratio with a 50-ohm 
load. 

©) h has a good voltage breakdown capability (1900 
volts) 

1) lt can handle а mismatched and/or unbalanced 
load, 

However, succeeding investigators failed to see the 
advantages of Reisert’s design and proposed their 
own, Surprisingly, they belonged to two distinct 
groups. One group favored “aircore” Baluns and the 
other, “choke” (beaded-coax) Baluns. 

‘The main argument given by the "air-core" follow- 
ers was that their Balun would never experience prob- 
lems with saturation, while the *ferrite-core" Balun 
would. However, the Reisert Balun is a currentichoke 
type Balun that could only have flux in the core dae to 
the imbalance (inverted L) current, whieh is much 
smaller than the transmission line currents. In fact, 
with any degree of choking reactance hy the coiled 
transmission line, the imbalance current is essentially 
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negligible. Therefore, saturation is not а concern with 
a Balun like Reisert’s, In all fairness, it should be 
noted that it is a different story with the 4:1 current 
choke and voltage Baluns. All three of these types of 
Baluns have a "magnetizing inductance” in their 10w- 
frequency models and hence a possiblity of saturation 
with a poor design. 

"The advocates of the "choke" 1:1 Balun claim that 
their beaded-coax Balun can't saturate while the bifi- 
Jar (current) toroidal Balun can. This is untrue; they 
are basically the some kind of structure, and neither. 
has a third conductor which could allow a flux-caus- 
ing current at the very low-frequency end. But of all 
of the attributes listed above for the Reisert Balun, the 
first one has the "choke" Balun at a disadvantage in 
the HF band, Because its transmission line is not 
coiled about а toroid. it docs not have the multiplica- 
tion factor of N? (due to mutual coupling), where N is 
the number of tums, while the toroidal Balun does 
Therefore, higher-permeability beads are required in 
order to obtain sufficient choking reactance, This 
results in lower efficiency. 

Finally, it should be pointed out that the 1:1 Balun 
using the small, but high-power, coaxial cable is capa- 
ble of 5-KW operation in the HF band. Because of 
current crowding, the bifilar toroidal Balun, even with 
No, 12 wite, has shown excessive wire heating at this 
level. Therefore, No. 10 ог No, 8 wire, with added 
layers of Scotch No. 92 tape in order to obtain a 50- 
‘ohm characteristic impedance, is recommended, 


The 4:1 Balun 


Chapter 8 


Sec 8.1 Introduction 


hapter 7 in this book discussed the most pop- 

ular of all Beluns—the 1:1 Balun designed to 

‘match 50 ohms unbalanced to 50 ohms bal- 
anced, It not only gave a review of the history, theory, 
and design of these broadband transformers, but also 
my viewpoint on published articles advocating later 
designs using coaxial cable wound around a toroid, 
threaded through ferrite beads, or just plain coiled in 
air (an ай-соге Balun). As was noted, I am in consid- 
erable disagreement with many of the claims 
advanced for these later 1:1 Balans. 

Chapter 8 deals with the next most popular Balun 
—the 4:1 Balun designed to match 50 ohms unbal- 
anced to 200 obms balanced. Baluns matching 50 
ohms unbalanced to 12.5 ohms balanced are also 
included, It begins with a litle information on the his- 
tory and design of these Baluns, followed by high- 
and low-power designs and comparisons with other 
Baluns that have been on the market or in the amateur 
literature, Guanella's approach to the design of a 4:1 
Balun is particularly noteworthy. lt not only yields an 
excellent Balun design, but also an Unun (unbalanced 
to-anbalanced transformer) with practically the same 
performance. His design could very well be called a 
Balun/Unun. As in the бгу chapter. this one also closes 
with a brief summary of the significant points. 


Sec 8.2 A little History and Design 
Information 

There are really only two classic papers that have 
established the principles upon which the transmis- 
sion line transformer (the Balun being a subset there- 
of) is based, The first one was written by Guanella in 
1944. Guanclla proposed the idea of coiling а wans- 
mission line to isolate the input from the output, 
resulting in the (now popular) current or choke 


Balun. The second was by Ruthroff in 1959, whose 
analysis of these transmission line transformers is the 
present industry standard.“ Ruthrof also introduced 
the шш and the hybrid transformer. 

Interestingly enough, both Guanella and Ruthroft 
had different approaches to their 1:1 and 4:1 Balun 
designs. Guanella used a two-conductor 1:1 Batan 
design, while Ruthroff used a three-conductor design. 
Ruthroff"s third conductor (which was said to increase 
the low-frequency response over the two-conductor 
Balun’) lay on a separate part of a toroidal core. 
Investigators who followed failed to recognize this 
fact. Their comparisons were made with a three-con- 
ductor Balun that had the third wire in parallel with 
the other two, which then formed two coupled trans- 
mission lines, This gave rise to the term voltage 
Balun—an inferior design $ 

However, the differences between Guanella's and 
Ruthroff’s approaches to 4:1 Baluns were even more 
striking. Guanella comnected coiled transmission lines 
in a parallel-series arrangement, so in-phase voltages 
were summed at the high impedance side. His Balun 
has been called a current Balun. Ruthroff, on the 
other hand, obtained a 4:1 transformation ratio by 
summing a direct voltage with a delayed voltage that 
traversed a single transmission line in a phase. ener 
connection (sce Chapter 7). His Balun has been 
called а voliage Balun, The distinction between the 
‘operation of these two Baluns was also overlooked by 
practically everyone who foliowed. 

‘This section reviews the two different approaches 
taken by Guanella and Ruthroff in obtaining 4:1 
Baluns. Of particular importance are the descriptions 
of the potential drops along the lengths of the trans- 
‘mission lines when the loads аге grounded at various 
points. These voltage drops are not only relevant to 
the ohmic losses in the Baluns, but also to their elec- 
trical performances. These descriptions were quite 
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Figure 8-1. Electrical models of the Guanelía 4:1 Balun: (A) high-frequency, (B) low frequency. 


possibly presented for the first time in the second edi- 
tion of my book Transmission Line Transformers? 


Sec 8.2.1 Guanella's 4:1 Balun 


Figures 8-14 and B show the high- and low-frequen- 
ey models of Guanella's method of connecting trans- 
mission lines in parallel-series to obtain a 4:1 Balun 
The high-frequency model (Figure 8-1A) assumes 
that the choking resctances of the coiled (or beaded) 
transmission lines are sufficient to isolate the input 
from the output, so only transmission line currents are 
allowed to flow. This occurs when the reactance of 
‘windings 3-4 and 5-6 (which are in series) is much 
greater than Ry (at least by a factor of ten.2 If two 
cores are used, the reactance is the sum of the reac- 
tances of windings 3-4 and 5-6. If a single core is 
used, the reactance is twice as large because of the 
mutual coupling between the windings. The other 
advantage of Guanella's method (besides only using 
one core) is that shorter transmission lines can be 
used, resulting in better high-frequency performance. 

As with all transmission line transformers, the 
objective is to have the transmission tines see loads 
‘equal to their characteristic impedances, resulting in 
“flat lines.” This yields the highest frequency 
response, Because each transmission linc in Figure. 
3-1A sees one half of ће load, Ry, the optimum value 
of the characteristic impedance is Ry 2. Consequently, 
the input impedance, V s, is simply the impedance 
of two identical transmission lines connected in paral- 
Jel. И follows that the impedance transformation ratio 
is the load, Ry, divided by the input impedance. 


Because the Guanella 4:1 Balun sums voltages of 
equal delays from identical transmission lines, his 
Balun is only limited in high-frequency performance 
by the deviation of the characteristic impedance of the 
transmission lines from the optimum values and the 
parasites not absorbed into the characteristic imped- 
ance of the lines. 1 (and practically everyone else) had 
‘overlooked the simple and important statement, “a 
frequency independent transformation, which 
appeared in Guanella's 1944 article^—a fact that is 
evidenced by the scarcity of his designs in the litera- 
ture, Another interesting aspect of the Guanella 4:1 
Balun is the analysis of his Balun when the load is 
floating or grounded at different points. This leads to 
the determination of the voltage gradients that exist 
along the transmission lines and the various functions 
of which his 4:1 design is capable. Assuming а 
‘matched load or very short transmission lines result- 
ing in Va = Vi. they are as follows. 


Floating Load 

With terminal 10 (which is at the center of RL) 
floating, the potential gradient along the top transmi: 
sion line in Figure 8-14. (windings 5-6 and 7-8) is 
—1/2V y; along the bottom transmission fine (winding 
1-2 and 3-4) it’s -3/2V y, The voltage to ground on ter. 
minal 9, Vy, is —1/2V ү. Because the bottom transmis- 
sion line (in Figure 8-14) has a voltage drop along its 
length three times greater than the top transmission 
Jine, it results in three times more loss because losses 
in transmission line transformers are voltage depen- 
dent (dìelectric-type losses)? 


Even though a single-core Guanella 4:1 Balun 
maintains the voltages (stated above) when feeding а 
folded dipole (of about 200 ohms) which has a virtu- 
al-ground potential at terminal 10, it still feeds equal 
currents to each side of the antenna because of the 
series-connection at its output. Since the output volt- 
ages are not balanced to ground, a reactive component 
is probably introduced into the input impedance, 
Additionally, the choking reactance of the windings 
also prevents antenna currents from flowing on the 
outside of the coaxial cable feedline. 


Load Grounded at Center 

When two cores are used and terminal 10 (the cen- 
ter of Ry) is grounded, the voltage gradient along the 
top transmission line in Figure 8-1А is zero, and 
along the bottom transmission line it is У, The volt- 
аге to ground on terminal 9 (Уа) is also zero. In fact, 
the core for the top transmission line isn’t needed. It 
merely acts as a mechanical support for the top trans- 
mission line, which now only operates as a delay lin. 
Also, all of the loss now occurs in the core of the bot 
tom transmission line where a longitudinal potential 
gradient exists. Furthermore, the low-frequency 
response, as seen from Figure 8-1B, is now deter- 
‘mined by the reactances of windings 1-2 and 3-4, This 
means that the low-frequency response with a floating 
load is better by a factor of two over the case where 
the load is grounded at its center 

But the single-core case is a different matter. Since 
the potential at terminal 9 (Voy) wants to be at 
-1ПУ, connecting a ground directly to the center of 
Ry, causes an imbalance that renders the single-core 
Balun unusable, If tbe ground were placed at a point 
25 percent below terminal 8 (50 ohms from terminal 8 
with a 200-ohm load), no difference would be noted 
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from a floating load. This condition also exists when 
two cores are used. 


Load Grounded at the Bottom. 

tis when the load is grounded at the bottom (at ter- 
minal 2), that we have what is probably the most 
interesting case. The 4:1 Balun (with two cores) is 
now converted into a very broadband Unum (unbal- 
anced-to-unbalanced transformer). Because the bot- 
tom transmission line in Figure 8-1A has no potential 
drop along its length, it only acts as а delay line. The 
voltage to ground at terminal 9 (Ууу) is +V, and the 
voltage gradient along the top transmission Jine is 
Vy. This results in a voltage of 2V} across the load. 
The low-frequency response is now determined by the 
reactances of windings 5-6 and 7-8. This is just the 
opposite of the Balun case when the center of the load 
was grounded, A single-core 4:1 Guenella Balun can 
also be converted to an Unun by putting a 1:1 Balun 
(for isolation) in series with the 4:1 Balun? 

‘There is a reason for claiming a very broadband 
response for a Guanella Опол (converted from his 
Balun)—the two in-phase voltages are now summed 
at the high-impedance side. The only other competi- 
tion for a 4:1 Unun design is that of Ruthroff's.? 
where a direct voltage is summed with a delayed volt- 
age that traversed a single transmission line (and, 
hence, had a built-in, high-frequency cut-off). In fact, 
very little information can be found in the literature 
опа Guanella 4:1 Unun, 


Sec 8.2.2 Ruthroffs 4:1 Balun 

Figures 8-24 and B show the high- and low-frequen- 
ey models of Ruthroft's approach for a 4:1 Balun. The 
high-frequency model (Figure 8-2A) assumes that the 


Figure 8-2. Electrical models of 


the Ruthroff 4:1 Balun: (A) kigh- 
frequency, (B) ow frequency. 
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Figure 8-3, A pictorial of the connections for a 4:1 
идно (voltage) Balun. 


choking reactance of the coiled (or beaded) transmis- 
sion line is sufficient to isolate the input fiom the out- 
put, зо only transmission line currents are allowed to 
flow. This occurs when the reactance of winding 3-4 
(or 1-2, because they are the same) is much greater 
than R, (at least by a factor often”), 

As Figure 8-2A indicates, the transmission line is 
connected in a phase-inverter function (see Chapter 
T). That is, a -Vy voltage gradient now exists along 
the length of the transmission line. Therefore, the 
voltage across Ry now becomes V + Уз. Although 
Ruthroff analyzed his 4:1 Unun in his classic paper.” 
his results also apply to his Balun with a floating load, 
because both devices sum a direct voltage with a 
delayed voltage. In essence, he used loop equations оп 
the input and output and transmission Tine equations 
to eliminate one set of variables (1, and V). Ruthroff 
also used а maxima technique (setting a derivative to 
zero) to solve for the optimum characteristic imped- 
ance of the transmission line, As in the Guanella case, 
he found the optimum value to be 1/2Ry, 

An inspection of Figure 8-24 shows that the left 
side of Ry, (terminal 3) has a direct voltage СУ) to 
ground, and the right side (terminal 2) a delayed volt- 
эге (-Уз) to ground, which traveled the length of the 
transmission line, Also note, that if the line is electri- 
cally one-half wavelength long, the output is zero, As 
a result, Ruthuoff’s design (which bas a builtin cut- 
off) is sensitive to the transmission fine length. 

1 have recently unearthed another interesting aspect 
of Rutbroff's design? If the center of the load is 
grounded, the high-frequency performance is vastly 
improved. The built-in high-frequency cut-off is elim- 
‘nated and the Balun appears to take on the character 
of a Guanella Balun that sums voltages of equal 
delays. A eloser inspection reveals that the input 
impedance now consists of two impedances in paral- 
lel: one consisting of Ei. and the other of a “Mat 
linc" terminated by Ry 2. As a result, the currents are 
not in phase! 


Surprisingly, when matching into a folded dipole 
with an input impedance of 200 ohms, Ruthroff's 
Balun exhibits a high frequency response that is 
much greater than expected (see later sections) 
Because the folded dipole has a virtual ground at its 
center, the Balun could very well be summing volt- 
ages of equal phases. 


Sec 8.2.3 Amateur Radio History 
апа Design 


Looking back at old issues of amateur radio hand- 
books (1 don't have a complete set), 1 found that the 
first presentation on broadband 4:1 Baluns appeared 
in the 1955 edition of The ARRL Handbook. The sec- 
tion was called “Сой Baluns,” The schematic diagram 
was that of Guanella's, shown in Figure 8-1А. What 
surprised me was that this section appeared to use 
many of the important words contained in Guavella’s 
article. It mentioned that the choking action of the 
coiled transmission lines should be great enough to 
isolate the input from the output at the lowest frequen- 
cy of interest, It also included the requirement on the 
characteristic impedance of the coiled transmission 
fines: namely. that the characteristic impedance 
should be equal to Ву /2, where Ry is the load, 

However, the section also included two other state- 
ments which are not correct in light of today's design 
practices, One recommended that the length of the 
winding in each сой be equal to about a quarter wave- 
length. The other stated that the principal application 
is in going from a 300-ohm balanced load to 2 75- 
‘ohm coaxial line. With magnetic cores, the lengths of 
the windings are now considerably shorter than a 
quarter wavelength, and the applications include a 
host of different impedance levels 

Recent issues of the handbooks now include the 4:1 
broadband сой Balun (along with the same write-up 
that appeared in the 1955 issue), and one with wind- 
ings on ferrite cores. They are now called 4:1 al. core 
current Baluos and “just plain" 4:1 current Baluns 
(ferrite cores being assumed). Unfortunately, what 
lacking in the description of the 4:1 current Balun 
information on the importance of the characteristic 
impedance of the windings and the value of the per- 
meability of the ferrite cores. The literature states that 
8 to 10 turns (of No. 14 Formvar-coated, close- 
spaced—1 guess) on a toroidal core or 10 to 15 turas 
оп a rod are typical values for the HF range, Ferrites 
with permeabilities from 850 to 2500 are also sug- 


gested. Nothing is mentioned regarding the dimen- 
sions of the cores, 

In essence, there's very little information available 
today in our handbooks that would help one under- 
stand and construct the “popular” current Balun. Even 
the choices of recommended ferrites to be used are 
found wanting. Accurate loss measurements? have 
shown ferrites with permeabilities of 850 to 2500 to 
be lossy in Balun and Unun applications. Only when 
the permeabilities of ferrites аге 300 or less will 
Baluns and Ununs exhibit the very high efficiencies of 
which they are capable, 

Even though the 4:1 voltage Balun has actually Вай 
а shorter history than the current Balun, considerably 
‘more construction detail (including an actual photo- 
graph) has been available in the amateur radio hend 
books. As far as I can tell, the first presentation took 
place between 1965 and 1968. In looking through suc- 
ceeding issues (including the 1993 issue), I find the 
write-up hasn't changed much (if any) over the years. 
The 4:1 Balun from the handbooks and a commer 
rod-type are described and compared with my designs 
in the succeeding sections. 


Sec 8.3 4:1 Ruthroff Balun Designs 


As mentioned above, the schematic of Ruthroff's 
Balun is shown in Figure 8-2A. A pictorial represen- 
tation is shown in Figure 8-3. Photo 8-A (on the left) 
shows my construction of а design close to the one 
shown in the handbook’s photographs. It has 10 close- 
spaced, bifilar turns of No. 14 Formvar-coated wire on 
a 24-inch OD ferrite toroid with a permeability of 40. 
Figure 8-4 shows а plot of the input impedance ver- 
sus frequency when the 200-ohm load is center- 
tapped-to-ground (which is close to the actual case 
‘when matching into balanced antenna systems). As 
уой can see, when compared to a design that has the 
proper characteristic impedance of the winding and 
sufficient choking, the response is very poor. 
Although this Balun has been rated at 1000 watts of 
RF power from 1.8 through 60 MHz, I would suggest 
it not be used below 6 MHz for fear of excessive flux 
in the core (especially when the magnitude of the load 
is greater than 200 ohms). Also, above 14 MHz, the 
transformation becomes considerably greater than 4:1. 
My design, on the right in Photo 8-A, has 14 bifilar 
turns of No, 14 tinned copper wire on a 2.4-inch OD 
ferrite toroid with a permeability of 125 or 250. The 
wires are threaded through No. 13 Teflon tubing with 
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Photo 8-A. Two designs of the 4:1 Ruthroff (voltage) 
Balun. The one on the lefi is taken from the amateur radio 
handbook. The one on the right is my improved version. 


a wall thickness of 20 mils. As you can see by its 
excellent high frequency response in Figure 8-4, the 
characteristic impedance of the bifilar winding must 
be very close to the ideal value of 100 ohms. Photo 
8-B shows two different views of my design mounted 
in a4 inch long by 3 inch wide by 2.25 inch high Bud 
CU 234 aluminum box. The Balun, which is placed 
equidistant between the top, bottom, and sides of the 
enclosure, is securely mounted by soldering its leads 
to the two feedthrough insulators and the SO-239 
chassis connector. 

It should be mentioned that if the Balun is to be 
used mainly on the lower portion of the HF band 
(including 160 meters), then the 250 permeability fer- 
tite is recommended. Even though the difference in 
low frequency response between permeabilities of 125 
and 250 doesn’t show up in Figure 8-4, the 250 per- 
meability would provide an extra safety margin (from 
flux in the core) at the low frequency end. The trade- 
off lies in giving up a little in efficiency (about 1 per- 
cent) for an increase in the safety margin (a factor of 
2) atthe low end. 

Incidentally, the handbooks also state that the Balun 
сап be used between a balanced 300-ohm point and а 
75-ohm unbalanced line. Because I suspected this 
statement as well, I again measured the input imped- 
ances versus frequency of both Baluns when terminat- 
ed in а 300-ohm center-tapped-to-ground load. Figure 
8-5 shows the deterioration that takes place, especially 
at the high end, Even a Balun that is well designed for 
a 50:200-ohm impedance level is not recommended 
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Figure 8-4. The input impedance versus frequency 
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ciencies in Baluns (and Ununs) of 99 percent at the e 


Photo ВВ, Two different views of the optimized version of the 4:1 Ruthroff Balun mounted in а 4 inch long by 3 inch wide 
y 2.25 inch high Bud CU 234 aluminum enclosure. 


50:200-ohm impedance level! This is even a percent 
ог two better than the ferrite with a permeability of 
125. Because this ferrite permeability is so low, the 
major problem lies in obtaining sufficient choking 
reactance at the lowest frequency of interest, so that 
only transmission line currents are allowed to flow. 

‘The design chosen (in order to exploit this very hi 
efficiency) is shown Photo 8-С. It uses 14 bifilar 
tums of the same wire, as with my previous Balun 
shown on the right in Photo ВА, on two 24-inch OD 
cores (hound together with No. 27 glass tape) with 
permeabilities of 40, The unmounted view shows how 
the two cores are bound together by glass tape. The 
other views attempt to give an example for mounting 
the Balun. The Balun is supported by two acrylic end 
pieces which are, in tum, held fast to the enclosure by 
a long bolt. The Balun is placed equidistant between 
the top, bottom, and sides of a 5 inch long by 3.5 inch 
wide by 2.25 inch high aluminum enclosure. A few 
washers at the point where the bolt comes through the 
enclosure help to position the Balun between the top 
and bottom. 

"When matching 50 ohms (unbalanced) to 200 ohms 
(balanced), the response of this Balun is practically 
the same as mine, shown in Figure 8-4 using a single 
core. From 1.7 to 30 MHz, it can certainly handle the 
full legal limit of amateur radio power with an effi- 
ciency close to 99 percent. However, if the operation 
of this Balun is restricted to the HF band only (that is, 
from 3 to 30 MHz), then it could be rated conserva- 
tively at 10 kW of peak power and 5 kW of average 
power, It would be an ideal Balun for a log-periodic 
beam antenna, 

Finally, Photo 8-D shows three different views of a 
low power 4:1 Ruthroff (voltage) Balun designed to 
handle the output power of any HF transceiver easily. 
It has 10 bifilar turns of No. 18 hook-up wire on a 1.5- 
inch OD ferrite toroid with a permeability of 250. The 
enclosure is a 2.75 inch long by 2.125 inch wide by 
1.625 inch high CU 3000-A minibox. 


Section 8.4 4:1 Guanella Balun 
Designs 

Photo 8-E shows two high-power Guanella 4:1 
Baluns designed to match 50-obm coaxial cable to 
loads of 200 ohms. They both use No.14 Н 
Thermaleze wire with a covering of Teflon tubing giv- 
ing characteristic impedances very close to 100 ohms 
(the objective). Their responses are flat from 1.5 MHZ 
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Photo 8-C. Three views of the very high-power 4:1 
Ruthroff Balun using two tow-permeability (40) ferrite 
cores. Dimensions of the aluminum enclosure are: length, 
S inches: width, 3.5 inches; height, 2.25 inches. 
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Photo 8-0. Three views of the low-power 4:1 Ruthroff Balun designed to handle the output of any HF transceiver. The alu- 
minum enclosure is а 2.75 inches high by 2.125 inches wide by 1.625 inches high CU 3000-4 minibox. 


to well beyond 30 MHz. Both can easily handle the 
full legal limit of amateur radio power. 

The single-core version (on the left) has 8 bifilar 
turns on each of its two transmission lines. The dual- 
core version (on the right) has 16 turns on each core. 
"The wires are clamped together with strips of Scotch 
No. 27 glass tape placed about every 3/4 inch. The 
cores are 24-inch OD ferrite toroids with a perme- 
ability of 250, The connectors are on the low-imped- 
ance sides. For ease of connection, the dual-core ver- 
sion has one winding clockwise and the other, coun- 
terelockwise. Also, in the dual-core case, the spacing 
between the two cores (which isn't critical) can he as 
small as 1/4 inch. 

These transformers can also be wound with ordi- 
тагу No. 14 (solid) house wire. The several samples 1 


tried yielded characteristic impedances close to 100 
ohms (and, thus, were acceptable). The major differ- 
ence lies in the voltage-breakdown capabi 
‘wound with Teflon-sleeved No. 14 H Thermaleze wire 
have been reported to withstand 10,000 volts without 
breakdown! Obviously, this is beyond the capability 
of ordinary house-wire. 

Photo 8-F shows a Guanella (current) 4:1 Balun 
‘mounted in a 5 inch long by 4 inch wide by 3 inch 
high CU 3005-A minibox, It has 14 bifilar turns of 
No. 14 Н Thermaleze wire on each of the two 24- 
inch OD ferrite toroids with permeabilities of 250. 
Each wire is covered with Teflon tubing, resulting in a 
characteristic impedance close to 100 ohms (the opti- 
mum). The windings also employ a crossover after the 
seventh tum, as shown in Figure 8-6. For ease of con- 


Photo В.Е. Two high-power 
versions of the Guanella 4:1 
Balun. The Balun on the left 
uses a single core while the one 
оп the right uses nwo cores. The 
connectors are on the low- 
impedance sides. 


Figure 8-6. Construction of а crossover placing input and 
output connections on opposite sides of the toroid. 


nection, one toroid is wound clockwise and the other, 
‘counterclockwise. The spacing between the toroids 
can be between 1/4 and 1/2 inch. 

When matching S0-ohm cable to a balanced load of 
200 ohms, the transformation ratio is constant (within 
2 percent) from 1.5 to 45 MHz. This Balun can also 
handle the legal limit of amateur radio power. It 
would probably perform satisfactorily if wound with 
ordinary No. 14 house wire (solid), or with Teflon- 
covered No. 14 tinned wire, However, the design in 
Photo 8-F has withstood peak pulses of 10,000 volts! 
Considering this fact, it might be worthwhile to take 
the extra effort and use Teflon-covered No. 14 Н 
Thermaleze wire 

A single-core version using two coiled transmission 
lines on a single core looks interesting and should be 
investigated. It results in balanced currents and unbal- 
anced voltages. I would use two coiled transmission 
lines with 7 bifilar turns of the same wire on the same 
core as above. 

Photo 8-G shows two low-power Guanella 4:1 
Baluns designed to match 50-ohm coaxial cable to 
loads of 200 ohms. They both use No. 20 hook-up 
wire (solid) giving a characteristic impedance very 
close to the objective of 100 ohms. Their responses 
are flat from 1.5 MHz to well beyond 50 MHz. They 
are conservatively rated at 150 watts of continuous 
power and 300 watts of peak power. They have been 
exposed to 500 watts of continuous power (in a 
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matched condition) for a considerable length of time 
with virtually no rise in temperature. 

‘The single-core version (оп the left) has 7 bifilar 
turns on each of its two transmission lines, while the 
dual-core version (on the right) has 14 turns on each 
core, The wires are clamped together about every 1/2 
inch with strips of Scotch No. 27 glass tape. The cores 
are 1.25-inch OD ferrite toroids with a permeability of 
250. The connectors are on the low-impedance sides. 
As above, the dual-core version has one winding 
clockwise and the other, counterclockwise. 

Photo 8-H is a step-down version of the Guanella 
4:1 Balun and uses two ferrite rod-cores 3/8 inch in 
diameter and 3.5 inches in length. Core permeabilities 
are 125, It uses the schematic of Figure 8-1А, but with 
the generator (which is grounded) on the right side and 
the load (ungrounded) on the left side. This 4:1 Balun 
is designed to match 50-ohm coaxial cable (on the right 
side) to a balanced load of 12.5 ohms. Each rod has 
13.5 bifilar tums of No. 14 H Thermaleze wire. Again, 
for ease of connection, one rod is wound clockwise and 
the other, counterclockwise, The response is fat from 
1.5 MHz to well over 30 MHz. This Balun is fully 
capable of handling the legal limit of amateur radio 
power, The connector is on the high-impedance (50 
‘ohms) side. Beaded versions of Guanella's step-down 
4:1 Balun also look very promising for operations on 
the VHF and UHF bands, The technique requires mini- 
mizing the parasitics in the interconnections. Some 
‘examples will be shown later 


Photo 8-F. А 4:1 Guanella Balun using the crossover con- 
nection of Figure 86 and mounted in a 5 inch long by 4 
inch wide by 3 inch high CU 3005-A minibox. 
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Photo 8G. Two low-power versions of the Guanella 4:1 Balun. The Balun on the 
left uses a single core while the one on the right uses two cores, The connectors 


are on the low-impedance sides 


Photo 8-H. A dual rod-core 4:1 Guanella step-down Balun designed to match 50- 
ойт cable to a balanced load of 12.5 ohms, The connector is on the 50-ohm unbal- 


anced side. 


It should be mentioned again that the three dual- 
core Baluns above also make excellent broadband 
Ununs. They only sacrifice a little in low-frequency 
response, However, because of their conservative 
designs, they can still handle the 160-meter band. 


Sec 8.5 Comparisons with Other 
Boluns 

After completing the study on 4:1 Baluns, I thought it 

would be interesting to characterize aber Baluos that 

эге commercially available, or that have heen recently 

described in the amateur radio literature. My findings 

are as follows. 


The 4:1 Rod-type Ruthroff Balun 

Photo 8-1 shows a photograph of the typical rod- 
type 4:1 Balun, which was practically the only one 
available for the past three to four decades, The Balun 
in the photograph is the HI-Q Balun. It is the 
Ruthroff design (now called a voltage Balun®) with 10 
bifilar turns of No. 14 wire on a 1/2-inch diameter fer- 
rite rod 2 inches in length. In terminating this Balun 
with 200 ohms, the useful range was found to be from 
7 to 15 MHz. Below 7 MHz, the input impedance 
showed a considerable inductive component—indicat- 


ing autotransformer action and flux in the core (which 
‘could be harmful). Above 15 MHz, the transformation 
ratio increased and became complex. The optimum 
impedance level was found when matching 100 ohms 
to 25 ohms (indicating a characteristic impedance of 
the windings of only 50 ohms). The useful frequency 
range at this impedance level increased to 3.5 MHz to 
30 MHz. 

When matching S0-ohm coaxial cable to a 20-meter 
folded dipole at а height of 0.17 wavelengths (result- 
ing in a resonant input impedance of 200 ohms), the 
VSWR curve was indistinguishable from that of the 
best Guanella 4:1 (current) Baluns.“ This Balun also 
presented no difficulty in handling the full power 
limit. However, on 10 meters, the difference due to a 
very low characteristic impedance of the coiled trans- 
mission line became evident. Figure 8-7 shows the 
poor VSWR curve of the rod-type Balun when com- 
pared to other Guanella and Ruthroff Baluns with 
characteristic impedances close to the optimum value 
of 100 ohms. The rod-type Balun with all of its inade- 
quacies, which include voltage-breakdown, is certain- 
ly not recommended. 

"The high-power Ruthroff Balun is close to McCoy's 
design.” It uses 11 bifilar tums of No. 14 Н Therma- 
leze wire on a stack of three T200-2 cores. The wires 
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Photo 8-1. A typical 4:1 rod-type 
Ruthroff (voltage) Balun (HI-Q). 


are also covered with 20-mil wall Teflon tubing yicld- 
ing a characteristic impedance close to 100 ohms. 1 
differ with McCoy's design because T feel the charac- 
teristic impedance of his transmission line could be 
closer to 50 ohms, His Balun and others that use pow- 
dered ion cores will be described further in the next 
chapter on Baluns for antenna tuners. 

‘The low-power units in Figure 8-7 used 14 bifilar 
tums of No. 18 hook-up wire on 1.25-inch OD ferrite 
toroids with a permeability of 250, The transmission 
lines of the low-power Baluns were just under 20 
inches, while those of the high-power Balun were 50 
inches in length 

Аз can be seen in Figure 8-7, there are very small 
differences between the VSWR curves of the two 
low-power Baluns and the high-power Ruthroff 


(voltage) Balun. The differences could very well be 
attributed to the small variations in the characteristic 
impedances of the windings. Very likely, the most 
important information gleaned from Figure 8-7 is 
that, when feeding a balanced dipole with a virtual 
ground-plain bisecting it, the Ruthroff Balun takes 
on the character of a two-core Guanclla Balun, In 
other words, the Ruthroff Balun loses its built-in 
high-frequency cut-off! 


Current Baluns 

1 also characterized several so-called current 
Baluns“ that recently appeared on the market. These 
are my findings: 

а) They are the dual-core (toroids) version of the 
Guanella Balun, which sums voltages of equal delays. 
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Figure 8-7. Plots of VSWR curves on 10 meters for four different 4:1 Baluns. The high-power Ruhroff Balun is actually 
McCoy's design with a 100-ohm characteristic impedance winding (and is described in the next chapter). The Hi-Q Balun 
is shown in Photo 8-1. The comparisons show the importance of having the optimum value of the characteristic impedance 
of the windings and that the high-power Balun with is much longer transmission line indicates a Guanella-type operation 
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b) The electrical performances of these Baluns are 
vastly superior to the rod-type Balun described earlier. 

©) These Baluns should meet their electrical and 
power-rating specifications. 

d) My only criticism is that they could have more of 
a safety margin at the low-frequency end, where ex- 
cessive core flux (due to higher than expected imped- 
ances) could take place. More inductance in the wind- 
ings is recommended. 


‘The Beaded-coax 4:1 Balon 

A design in an amateur radio journal? advocated 
using beaded coaxial cable (of 100 ohms) in a 4:1 
Guanella design. Various claims were advanced for 
this approach, 1 constructed опе of these Baluns using 
No.14 wire with Teflon sleeving, resulting in the 
required 100-ohm characteristic impedance. Here are 
my findings 

2) The Balan had excellent margins at both the 
high- and low-frequency ends. The performance of 
this Balun verified the analysis (expressed cartier) 
with the high- and low-frequency models and the sub- 
sequent voltage gradients. In fact, the high-frequency 
performance exceeded the capability of my simple 
test equipment? 

b) The major disadvantage is in efficiency. Because 
high-permeability (2500) beads are required in order 
to obtain the required choking reactance in (he HF 
band, this Balun had considerably more loss than 
coiled-type Balons using tow-permeability (ess than 
300) ferrite toroids? A soak-test? (transformers com- 
nected back-to-back and about 500 watts applied into 
a dummy load) with the dual-core low-power unit in 
Photo 8-G showed that the smaller Balun ran consid- 
erably cooler! The beaded transmission Jine technique 
is recommended mainly for Baluns (and Ununs) oper- 
ating at low impedance levels or on the higher-fre- 
quency bands. 


Sec 8.6 Summary 


Unlike the 1:1 Balun, the 4:1 Balun matching 50 
ohms unbalanced to 200 ohms balanced has had no 
real standard for comparison in the amateur radio li 
erature. As Chapter 7 showed, Reiser's Balun in his 
1978 article? had all of the attributes of a good 1:1 
design. Therefore, he set а legitimate standard for 
others to follow or even attempt to exceed, Also 


shown were some of my variations in his design for 
increased efficiency and ease of construction. 

However, Chapter 8 has illustrated that the designs 
in the amateur literature (particularly the handbooks) 
are found lacking in bandwidth, or efficiency, or both 
Even the 4:1 Baluns on the commercial market cam be 
improved, This is especially true of the rod-type 
Balun that has been available for decades! 

In the process of investigating the 4:1 Balun for my 
series of articles in CO and Communications Quarier- 
dy, I have arrived at some designs that could provide 
the beginnings of standards for this device. They are 
included in this chapter and are: 

1. For balanced applications like matching 50-obm. 
cable to the 200-ohm balanced input impedance of 
Tolded-dipole or log-periodic antennas, 1 recommend 
the single-core, Ruthroff design of Photo 8-A, It is 
capable of handling the full legal limit of amateur 
radio power. For а higherpower capability and a little 
ess bandwidth, I recommend the Ruthroff design 
shown in Photo 8-С. These designs are presently 
called voltage Balun. 

2, For unbalanced applications like the OCFD (off- 
center-led dipole), or a dipole that could be unbal- 
anced by surrounding structures ог by construction 
errors, I recommend the two-core Guanella design of 
Photo 8-E or Photo 8-F. It а much more flexible 
unit that can operate successfully as a Balun when the 
load is grounded at its center (Figure 8-14), or as an 
Unun when the load is grounded at the bottom. 
Although not shown, it can even be grounded at the 
top, yielding a 4:1 phase-inverter. 

3. For low-power 4:1 Baluns, there really have been 
по designs in the literature for comparisons. 
‘Therefore, by default, the designs in this chapter are 
suggested as standards. Applications of the single- 
core Ruthroff Balun and the two-core Guanella Balun 
aro the same as their higher-power counterparts, 

Tam sure there are some who don’t agree with the 
recommendations proposed above. The Guanella (cur- 
rent) Balun appears to be the main Balun of choice. 
"The question is: Why use a two-core Guanella (cur- 
rent) Balan when a single-core Ruthroff (voltage) 
Balun will do? They both have the same power rat- 
ings! For those who disagree with my views, designs, 
or recommendations, | encourage them to (as the clas- 
sie TV commercial used to say) put itin writing. Then 
we will all benefit from the new information. 


Chapter 9 


Baluns for Antenna Tuners 


Sec 9.1 Introduction 


he 4:1 Balan, matching 50 obms (unhalanced) 
| to 200 ohms (balanced), has found its most 
popular use in antenna tuners, Because the 
Balun rarely sees a resistive load of 200 ohms in this 
application, the primary objective is to take the bal- 
anced impedance (with respect to ground) of the input 
to an open-wire (or twin-lead) feedline and transform 
it into an nnbalanced impedance which has one side 
grounded and сап be transformed into 50 ohms by an 
L-C matching network. This was well described in 
two CQ articles by McCoy. 

As Chapter 8 has shown, there are two different 
forms of the 4:1 Balun, One uses two transmission 
lines wound on separate cores (or threaded through 
ferrite beads in some cases) and connected in paralel 
at the 50-ohm side and in series at the 200-ohm side, 
This design was first presented by Guanella in 19442 
and is presently called a current Balun.ó The other 
design, using a single transmission line Wound around 
a core and connected in a phase-inverter configura- 
tion, was introduced by Ruthrolf in 1959.9 This 
design, which has recently been called a voltage 
Balun. is now perceived as the inferior design, 

"This chapter presents another view of the 4:1 Balun. 
It not oniy includes the optimum design considera- 
tions for antenna tuner use, but also the design para- 
meters for multiband antenna systems using center- 
fed dipoles with open-wire or twin-lead feedlines. 


Also included are my views on the GSRW antenna, the 
tuner using а 1:1 Balon before the L-C matching net- 
жой, and the special cases of RuthrofP's 4:1 design 
matching into а Joad that is actually or virtually 
grounded at its center. 


Sec 9.2 The Two Forms of 
Antenna Tuners 


Three of the more common items in amateur radio jar- 
gon are VSWR, antenna tuners, and multiband anten- 
nas (especially the СЗУ), These have appeared upon 
the scene because of the ease at which bands can now 
be changed and the narrow limits in the range of 
matching impedances with modem rigs. 

‘The concept of using a wire antenna on many differ- 
ent bands isn’t new. Designs have been around for 
тоге than six decades. In fact, satisfactory circuits 
have also been available which couple transmitters to 
balanced lines that present loads different than the 
transmitter output impedance, These were known as 
series and parallel-tuned circuits. The transforming 
of balanced impedance to an unbalanced impedance 
was accomplished by the isolation provided by mag- 
netic coupling. Energy was transmitted from one cir- 
cuit to the other by either having two coils in close 
proximity or by “link” coupling. However, these 
methods of coupling have fallen by the wayside, 
together with rock-bound sigs, plug-in coils, separate 


5] до Е anaran SA | n m p 
flc p m basin network ee 
% a 


Figure 9-1. The two basic forms of the Transmatch (antenna tuner): (A) the more popular design using an unbalanced L.C. 
network and a 1:4 Balun; {B) a 1:1 Balun and а balanced 1-С network. 


s 


ss 


UNDERSTANDING, BUILDING, AND USING BALUNS AND UNUNS 


Figure 9-2. The ve basie forms e the 14 Balun: (A) e c 
оштон) Bln (te Rhe aga Ba 
gure es The единг ——— 
= T7797 dame | ve ona fis ТҮГҮЛ» 
DN куук кы es E mul 2 a d aei 
ў a nae 
«ау sp 
| В, grounded at conter 
a 8 
m 
тч i 
gx Ruthroft = 1:4 baban Resin 
E Ж 2 kee 
» ——— RETF M 
CMS ELIT ME Z- 
— 


receivers and transmitters, and (sad to say) the схсй- 
ing flashing of mereury-vapor rectifiers. 

"Today, the sransmaích is most often used to convert 
the reactive/tesistive load presented by an antenna 
system to а nonreactive, grounded 50-ohm load. The 
transmatch is also commonly known as an antenna 
toner. The isolation role, that of converting a balanced 
impedance to an mbalanced one, is now provided by 
the Balun transformer, 

There are two basic forms of the transmatch, and 
they are shown in Figure 9-1. Figure 9-14, which 
shows а 4:1 Balun between the L-C network and the 
balanced transmission line, has been the most popular 
In some designs, а 1:1 Balun has been used. In either 
сазе, this form of antenna tuner places the burden on 
the Balun, not on the L-C network. Depending upon 
the dimensions of the antenna and open-wire (or twin- 
lead) transmission fine, the Balun can see very high 
impedances that may be harmful. In tum, the L-C net- 
works are simple because of their unbalanced nature 
Among the most popular networks are L, pi, T. 
Ultime, and SPC types.20-2 An added advantage to 
this approach is that the Balon can be placed outside 
the operating area and connected to the L-C network 
by a coaxial cable. 1718 

On the other hand, Figure 9-1B takes the complexi- 
ty out of the Balun and places it on the L-C network, 
"With a balanced network, the 1:1 Balun should sce а 
lower voltage drop along the length of its transmission 


ine (and, hence, less loss?) because its load is always 
close to 50 ohms. Additionally, the choking require- 
‘ments of a 1:1 Balun are considerably less than that of 
the 4:1 Balon in Figure 9-14. 

Rochm has addressed the problems related to this 
form of transmatel in an article. 16 In fact, he suggests 
а design using an unbalanced T network and a 1:1 
beaded-coax Balun, Although a balanced LC net- 
work is inherently more complex and costly, it меше 
be interesting to see its comparison with Roehm’s 
unbalanced design. Additionally, a comparison with а 
1:1 Balun using 50-ohm twin-lead or coaxial cable 
wound around a ferrite toroid with a permeability of 
less than 300 would also be useful. Because the 1:3 
beaded-coax (choke-type) Balun requires ferrite beads 
with permeabilities considerably greater than 300, it 
has more loss? 

In any event, the basic form of the transmatch using 
the design in Figure 9-1B looks promising and merits 
further investigation. 


Sec 9.3 Another View of the 

4:1 Balun 
‘This section presents my views end the results of my 
work on a 4:1 Balun designed for use in the very pop- 
ular “antenna tuner" shown in Figure 9-14. Because 
the Balon may be exposed to harmful high voltage 
conditions in this application, the efficiency and 
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Figure 9-4, Suggested model ofthe 4:1 Ruthroff (voltage) Balun 
when the load, Ву, is grounded at its center. 


Photo 9-A. The high-power Ruthroff 4:1 Balun used in the 
‘comparison with other Baluns (see Figure 9-7, and Figure 8-7 of 
Chapter 8). Except for some difference in the characteristic 
impedance of the bifilar winding, it is essentially the McCoy 
4:1 Balun. 


ruggedness of the core materials are important consid- 
erations. Experiments have shown that losses in 
Baluns are related to the impedance level? (and, 
hence, voltage level), and the permeability of the 
materials. Therefore, the losses are of a dielectrie-type 
and not of a current-type, as in conventional trans- 
formers, Moreover, it is well known that powdered- 
iron is a more rugged and linear material than ferrite. 
A very important question to ask is which form of 
the 4:1 Balun should be used in this application— 
Guanella's or Ruthroff's? My conclusions may sur- 
prise many readers. 

As was mentioned at the beginning of this chapter 
and above, there are two basic forms of the 4:1 Balun. 
They are shown in Figure 9-2А and B. Figure 9-24. 
is Guanella's approach, It uses two coiled transmi 
sion lines (on separate cores) connected in parallel on 
the 50-ohm side and in series on the 200-ohm side. 
This has recently been called a current Balun. In 
order to have “flat” transmission lines and obtain the 
highest frequency response, the characteristic imped- 
ance of the coiled transmission lines should be equal 
to the loads they see—namely, fk, and, in this case, 
100 ohms. 

As Guanella said in his classic paper, this Balun is 
literally “frequency independent.” At the low frequen- 
су end, the reactance of the coiled transmission line 
should be much greater than 100 ohms (in this case) 
in order to assure that the energy is transmitted from 
input to output by an efficient transmission line mode. 
Beaded transmission lines aren't recommended for 
use on the HF band at these impedance levels because 
of excessive dielectric loss. 

Figure 9-2B shows Ruthroff's approach, which 
uses a single transmission line connected in the phase- 


s 


inverter configuration (see Chapter 7). By grounding 
terminal 4, a voltage drop of -V appears across the 
length of the transmission line. As a result, terminal 3 
is at +У and terminal 2 is at -V,—a 4:1 transforma- 
tion ratio. 

It is when the load is actually grounded at its center 
that we see a very interesting feature of this approach. 
A simple impedance measurement will show that the 
high frequency response is vastly improved and that 
the Ruthroff (voltage) Balun appears to take on the 
character of a Guanella (current) Balun! Figure 9-3 
illustrates the measurements of the input impedance 
of a Ruthroff 4:1 Balun with the load floating, and 
when it is grounded at its center. These measurements 
(with a simple resistive bridge) were made on my 
design using a powdered-iron core, which will be 
described later. 

А model for the Ruthroff 4:1 Balun, when the load 
is grounded at its center, is provided in Figure 9.4. If 
the characteristic impedance of the transmission line 
їп the 4:1 Balun is 100 ohms (the optimum value if 
the load is 200 ohms), then the generator sees Ry /2 in 
parallel with a Ry/2 from a “flat” line, As a result, the 
generator sees its match of 50 ohms—even though the 
Currents in the loads are not in phase! 

However, when the Balun is connected to a center- 
fed, folded dipole, or log-periodic beam antenna with 
200-оһт input impedances, the virtual ground-plane 
bisecting the antennas presents an interesting case. 
Because there is no metallic connection to the center 
of the load, the currents in both halves of the antennas. 
are in phase, This is unlike the situation in Figure 9-4, 
‘where the current in the load on the right is delayed 
compared to the current in the load on the left. As is 
evident in Figure 8-7 of Chapter 8, the VSWR curve 
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Photo 9-В. The Balun of Photo 9-A mounted in a 5 inch 
long by 4 inch wide by 3 inch high minibox. 


Figure 9-5. A pictorial of the connections for а 4:1 
Ruthroff (voltage) Balun. 


for the high-power Ruthroff Balun has practically the 
same shape as those of the two lower-power units— 
‘even though its transmission line is more than two and 
‘one half times longer. 

Because the high-frequency response of a Ruthroft 
4:1 Balun with a floating load is highly dependent 
проп the length of the transmission line, Figure 8-7 
suggests that, in the virtual ground case, the Balun 
acts as a Guanella Balun which sums voltages of 
equal phases. It also suggests that the effective electri- 
cal length of the transmission line is one-half of its 
actual length. I am quite sure that this model of 
Ruthroff's Balun was not proposed by him or by oth- 
ers that followed. However, it should be remembered 
that this condition only exists in the balanced case. 
With an unbalanced load, the Balun should introduce 
a reactive component that will limit the high frequen- 
су response. In the unbalanced case, the Guanella 
Balun with two cores is the Balun of choice. 


Sec 9.4 Some "Hardy" 4:1 Designs 


Photos 9-A and 9-B show two views of a RuthrofF 4:1 
Balun, much like MeCoy's design, which has been 
used in his highly popular transmatch.22 Figure 9-5 
shows a pictorial representation of the connections. It 
has 11 bifilar tums of No. 14 H Thermaleze wire on 
three (stacked) 7200-2 cores, The cores are pow- 
dered-iron material with a permeability of 10. The OD 


Photo 9-C. The various 
Baluns used in the study of 
4:1 Baluns for antenna 
iners. 


is 2 inches, The wires are also covered with a 15-mil 
wall Teflon tubing, yielding a characteristic imped- 
ance close to the optimum value of 100 ohms. 

I differ with McCoy's design here, because the char- 
acteristic impedance of his Balun could be closer to 
50 ohms, Photo 9-B shows the Balun mounted in a 5 
inch long by 4 inch wide by 3 inch high minibox. 
Because McCoy didn't use a thickly insulated wire, 
he wound a layer of Scotch No. 27 glass tape on each 
toroid before stacking. This was followed by another. 
layer in the stacking process. With Teflon sleeving 
over the wire, the extra insulation provided by the 
glass tape could be dispensed with. 

In order to improve the low-frequency response of 
‘McCoy's Balun, I made a study of higher permeabili- 
ty powdered-iron cores. Photo 9-С shows the various 
Baluns used in the study. The object of this study was 
to determine the best core material for a 4:1 Balun to 
be used in antenna tuners where they can be exposed 
to high impedances (and, hence, hostile environ- 
ments). I knew, as the result of very accurate insertion 
loss measurements? that loss with ferrite materials 
was related to the voltage drop along the length of the 
transmission line and to the value of the permeability 
Permeabilities of 40 (No. 67 ferrite) exhibited the 
lowest loss, The results taken on a single powdered- 
iron material -No. 2 material with a permeability of 
10—also showed the very same low loss. Because 
powdered-iron material has been known to be more 
rugged and linear than ferrite material, this suggested 
that other powdered-irons with greater permeabilities 
should also be investigated. 

1 investigated four other powdered-irons with per- 
meabilities of 20, 25, 35, and 75. Their designations 
were Nos. 1, 15, 3, and 26, respectively. Comparisons, 
were made on input impedances (with the outputs ter- 
minated in 200 ohms) and temperature rises (when 
handling 500 watts of power). The power test showed, 
convincingly, that No. 26 material was not to be used 
because it showed a definite rise in temperature while 
the other three didn’t. However, all four materials 
showed a definite lower input impedance than the No. 
2 material, which has a permeability of 10. As expect- 
ed, the higher the permeability, the larger the differ- 
ence with No, 2 material. Although an input imped- 
ance measurement does provide some indication of 
loss because it appears as а shunting path to ground, a 
very accurate insertion loss measurement would pro- 
vide a more precise indication of the trade-off that can 
be made in efficiency for low frequency response. 
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Photo 9D. An 
improved 4:1 
Ruchroff design for 
antenna tuners. 


Photo 9-E. The improved 4:1 Ruthroff Balun mounted in a 
S inch long by 4 inch wide by 3 inch high minibox. 


Because my simple loss measurements indicated 
that the higher permeability powdered-irons had more 
loss than the No. 2 material, I decided to design a 4:1 
Rothroff Balun using this material—but with a larger 
core and more turns than the McCoy!?.!8 Balun. 
Although MeCoy’s design has enjoyed considerable 
Success over the years, | felt that a larger inductive 
reactance was desirable in order to assure better per- 
formance on the lower frequency bands (particularly 
160 meters, 
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Photo 9-F. The top view of the 4:1 Balun of Photo 9-Е. 


‘The specific design is shown in Photo 9-D. It has 
17 bifilar turns of No. 14 Н Thermaleze wire on a 
T300A-2 powdered-iron core, which has an OD of 3 
inches and a permeability of 10. With this number of 
turns and а larger cross section than the three T200-2 
cores, the low frequency response improved by a fac- 
tor of about two over the McCoy Balun, which has 10 
to 12 turns on a stack of three Т200-2 cores. 
Furthermore, the wires are also covered with 15-mil 
wall Teflon tubing, resulting in a characteristic imped- 


ance of 100 ohms (the objective). This well-insulated 
transmission line has been reported to handle 10,000 
volts without breakdown, Figure 9-3 illustrates the 
performance of this Balun (under a matched condi- 
tion) when the load is floating and when it is center- 
tapped-to-ground. Photo 9-E shows the Balun mount- 
ed in а minibox 5 inches long by 4 inches wide by 3 
inches high. Photo 9F shows the top view of the 
‘mounted Balun, 

Because the Balun with the larger core and more 
turns showed an improvement by а factor of two in 
the low-frequency response over the McCoy Balun, I 
constructed an even larger design. This is shown in 
Photo 9-С. It has 21 tums of the same wire on a 
Т400А-2 core with an OD of 4 inches and a perme- 
ability of 10. Even though Photo 9-G shows the 
toroid wrapped with Scotch No. 27 glass tape, as 
mentioned earlier, this extra insulation isn't required 
because the wires are covered with Teflon sleevi 

Figure 9-6 shows the comparisons in the input 
impedances versus frequency of these three “hardy” 
Baluns when they are terminated in 200-ohm loads 
grounded at their centers. As can be seen, the los-fre- 
quency response of the Balun with the most turns and 
largest core is the best. Even though the Balun with 
the 3-inch core has a poorer low-frequency response, 
it is an improvement over the McCoy Balun and 
should find considerable use in transmatches. Figure 
9-6 also shows that the high frequency responses of 
these Baluns with the loads grounded at their centers 
are remarkably similar. This is especially interesting, 
as the length of the transmission line on the larger 
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Figure 9-6. A comparison of the performance of the McCoy 4:1 Balun with Baluns having larger cores and more turns. 


Balun (with the T400A-2 core) is more than twice аз 
long as the other two (115 inches compared to 50 and 
55 inches). If it is correct that my model of a Ruthroff 
(voltage) Balun feeding a balanced antenna or trans- 
mission line takes on the character of a Guanella (cur- 
rent) Balun because of the virtual ground, then this 
large Balun could have many applications. 


Sec 9.5 Multiband Dipoles 


‘Antenna tuners have been known to work well for 
some radio amateurs and not for others. This is due 10 
the differences in the dimensions of their antenna sys- 
tems. With high impedances seen by the 4:1 Baluns in 
the antenna tuners, the Baluns not only fail to provide 
а good balanced-to-unbalanced conversion, but they 
can also be damaged by excessive heating. The high 
current, low impedance condition seen by the Balun 
isn't a problem. Therefore, the object in multiband 
antenna design is to provide the most favorable 
impedances for the Baluns, especially on the three 
lowest frequency bands—40, 80, and 160 meters. 
Usually on the higher frequency bands, the imped- 
ances seen by the Baluns are not as high and the 
Balun’s choking reactances are greater (assuring bal- 
anced-to-unbalanced conversion). This section di 
cusses three cases of multiband center-fed dipole 
designs, They are 1) the “worst case” design, 2) а 
smaller design—the GSRV, and 3) a larger design. 
Others may have better designs for multiband opera- 
tion, but it's clear that the “worst case” design ought 
to be avoided. Figure 9-7 shows the symbols for the 
dimensions of the center-fed dipoles. 


Sec 9.5.1 The "Worst Cose" Design 


Apparently, an 80-meter dipole with a quarter-wave 
open wire (or twin-lead) feedline is a logical design 
for a multiband dipole. In Figure 9-7 this would mean 
that Ly = L = 59 to 67 feet, depending upon the 
favorite operating frequency. If one were to use 450- 
ohm twin-lead with "open windows,” L would be 
diminished by 10 percent; with 300-ohm ТУ twi 
lead, it would be diminished by about 20 percent, This 
would make a good antenna system on 160 meters. 
Because I + Ly is close to a quarter-wave, the cur- 
rent at the input to the feedline is at its highest value 
and the impedance at its lowest—a very favorable 
condition for the Balun. In fact, a 1:1 Balun at the 
feedpoint would probably do a good job. 
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Photo 9-С. A large 4:1 Ruhroff design using a 4-inch OD 
 Dowdered-iron core and 21 bifilar turns. 


* 


d 


Figure 9-7. The symbols used for the dimensions of a cen- 
ter-fed dipole with open-wire feeders (or nein-lead with 
appropriate consideration of velocity factors 


However, what does the input to the feedline look 
like on 80 meters? If 450-ohm feedline is used, the 
4:1 Balun sees a quarter-wave 450-ohm feedline ter- 
minated in approximately 50 ohms. Transmission line 
theory tells us that the Balun would see 4050 ohms— 
ап impossible condition for most Baluns. The situa 
tion becomes worse on 40 meters, where we may have 
а center-fed, full-wave dipole with a half-wave trans- 
mission line (a 1:1 matching transformer). In this 
case, the Balun could see an impedance approaching 
10,000 ohms—a more than impossible condition! 
Although high impedances would also be seen on 10, 
15, and 20 meters, the conditions are not quite аз 
severe because the Baluws choking reactances are 
usually greater and the impedances lower. In essence, 
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the “worst case” design for а 4:1 Balun is the “best 
case” design (except for 160 meters), if one still uses 
inductive coupling to a parallel-tuncd circuit 9 


Sec 9.5.2 A Smoller Design— 
The G5RV 


Матеу2* GSRV, designed a multiband center-fed. 
antenna system capable of operation on all HF bands 
from 3.5 to 30 MHz. In contrast to multiband anten- 
mas designed as half-wave dipoles on 80 meters (the 
“worst ease” design), the full-size GSRV antenna was 
designed as a tree-half-wave antenna on 14,150 MHZ 
‘with a 1:1 transmission line matching transformer. It 
was possible to accomplish this using the dimensions 
of 51 feet for Ly and 34 feet for La. For 450-ohm 
twin-lead with “windows,” Ly would he 31 feet; for 
300-obm TV ribbon, Lz would be 28 feet. Con- 
sequently, the input impedance at the hase of the 
matching transmission line was about 100 ohms on 
14,130 MHz, and a manageable impedance for 50 or 
So-obm coaxial cable 

However, with a total length for Ly + L of 85 feet, 
the impedances at the input to the transmission line on 
40, 80, and 160 meters are also manageable. Even 
though they have a reactive component on these 
bands, they aren't so high that a well-designed 4:1 
Balun in an antenna tuner can’t handle them easily. 
Varney also showed that the highest impedances 
occurred on the 18-, 21-, and 28-MHz bands, How- 
ever, this doesn’t present a problem with the design 
shown in Photo 9-D because it uses an efficient core 
material, and it also has the highest reactances of its 
‘windings at these frequencies. 

‘Varney also wrote, at considerable length, on the 
‘unsuitability of а Balun being used to connect the 
base of the 34-foot open feeders to a coaxial сае 
feedline. He stated that if a Balun is connected to a 
reactive load with a VSWR of more than 2:1, its 
internal losses would increase. Varney also men- 
tioned heating of the wires and saturation of the core, 
Evidently Varney was not familiar with McCoy's 
design, which uses a powdered-iron core (with a 
meability of 10) that can withstand VSWRs consid- 
erably greater than 2:1—without showing any tem- 
perature rise, Furthermore, the wire doesn't heat up: 
however, the core itself does via dielectric heating 
Additionally, with sufficient choking reactance, 
Baluns can handle (equally) the resistive and reactive 
components of an impedance. 


Finally, ater observing the voltage and current dis- 
tributions on all of the bands, it appears that a 2:1 
(100:50-ohm) Balun might he an interesting one to try 
on the GSRV antenna. It could he that many of the 
bands would not require the added matching of an 
antenna tuner, If some of the bands require an antenna 
tener in order to be used, then 1 would suggest using a 
“hardened” Balun. That is what I call McCoy's 
approach, which uses efficient and hardy powdered 
iron cores, A 2:1 Balun, comprised of a 1:2 Unun in 
series with а 1:1 Guanella (current) Balun, could be 
easily designed and built (see Chapter 10). 


Sec 9.5.3 A Larger Design 


Even though the GSRY antenna can be made to oper- 
ate on 160 meters with a suitable antenna tuner, an 
antenna system larger than the “worst ease” design 
‘can provide better operation on the 40-, 80-, and 160- 
meter hands. As you might expect, an antenna system 
about twice as large as the GSRV offers these advan- 
tages, Suggested dimensions are Ly = 80 feet and L; 
100 feet. If the feedline is 450-ohm twin-line w 
“windows.” then La = 90 feet, If it is 300-ohm TV rib- 
bon, then Ly = 82 feet. As with the GSRV, it's the total 
length of Ly + La that presents favorable or unfavor- 
able impedances to the 4:1 Balan in the antenna tuner 
‘Therefore, Ly and L could hoth be 90 feet, as weil 
Only very small differences in performance would be 
noticed between these two systems, particularly on 
the lower frequency bands. Obviously, other combina- 
tions totaling 180 feet are also possible. In the GSRV 
case, it's 85 feet, 


Sec 9.6 Summary 


After reading this chapter, one might think that I 
have set this technology back a few years by advo. 
cating voltage Baluns and powdered-iron cores. | 
have even questioned the professional literature 
However, my conclusions were based upon three 
experimental results, These were: 1) measurements 
with my resistive bridge on input impedances of 4:1 
Rutbroft (voltage) Baluns with loads floating and 
cemter-tapped-to-ground, 2) VSWR measurements on 
folded dipoles with various 4:1 Baluns (large and 
small and, therefore, with many different lengths of 
transmission lines), and 3) McCoy's success with his 
4:1 Balun. Also, as this chapter points ош, it helps to 
have the dimensions of a multiband, center-fed 
dipole, and feeders favor the operation of а 4:1 Balun 


in antenna tuners. And, yes, there is a “worst case" 
antenna design! 

As in many investigations, supplying answers to 
some questions can lead to others that appear to be 
important. Specifically, for powdered-icons, how 
would permeabilities in the 20 to 35 range perform? 
‘Simple impedance measurements showing lower val- 
ues on input impedances, indicate that there is more 
Joss than with a permeability of 10; but accurate inser 
tion loss measurements are needed in order to tell the. 
complete story—the trade-off in efficiency for low- 
frequency response. 
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Finally, low permeability ferrite-like No. 67 materi- 
al with a permeability of 40 looks interesting for use 
їп Baluns for antenna tuners, Accurate insertion loss 
measurements? have also shown the very same high 
efficiency that was exhibited by powdered-iron having 
а permeability of 10, With a sufficient number of 
turns on an appropriate size core, a Balun made of this 
material could be practical. Even though the amateur 
radio literature still refers to the problem of core satu- 
ration, there has been only one recorded case, This 
was оп 2 MHz with a rod-type 1:1 Balun where jnsuf- 
ficient choking reactance exists. 14 


Chapter 10 


1.5:1 and 2:1 Baluns 


Sec 10.1 Introduction 


here are many applications for broadband 
Baluns with impedance transformation ratios 


close to 1.5:1 and 2:1. Two applications involve 
matching 50-ohm cable to balanced loads of 75 or 100 
ohms, which are the input impedances of a half-wave 
dipole at heights of 0.22 or 0.34 wavelengths above 
ground, Another, is the matching of 50-ohm cable to 
the 100-ohm input impedance of а quad antenna. Ап 
interesting, and somewhat unexpected, application is 
the matching of 50-ohm cable directly to the input 
impedance of the driven element of а Yagi beam 
antenna of 33 or 25 ohms, This would climinate the 
common hairpin matching network presently used to 
raise their input impedances to 50 ohms. 

"There are many versions of these two Baluns, They 
include: 1) high- and low-power designs, 2) designs 
matching 50-ohm cable to higher or lower imped- 
ances, 3) series- or parallel-type designs, 4) single- or 
dual-core designs, 5) dual-ratio designs, and 6) HF 
and VHF designs. The serles-type Baluns use an 
Unun (unbalanced-to-unbalanced transformer) in 


series with a Gusnetla (current) Balun, More details 
оп these Ununs are provided in later chapters, In this 
chapter, you'll read about many high-power designs 
capable of handling the full legal limit of amateur 
radio power. They are optimized for sufficient mar- 
gins in choking reactance at their low frequency 
ends, and in efficiency throughout their passbands. 
‘Two of the 2:1 Baluns are specifically designed for 
2-meter operation, 


Sec 10.2 1.5:1 Baluns 


In this section, ТЇЇ present two series-type 1.5:1 
Baluns (actually 1.56:1, which should be close 
enough). They both use 1.56:1 Ununs in series with 
Guanella 1:1 Baluns. Figures 10-LA and B show their 
schematic diagrams, Figure 10-1 has an extra input 
(to a tap), which provides another ratio of 1.33:1 

The left-hand side of Photo 10-4 shows a design 
using Figure 10-14 mounted in a CU 3006 minibox 
325 inches long by 3 inches wide by 2.25 inches high 
(RadioShack has carried a similar enclosure). The 
1:156 Unun has 4 guintufilar turns on a 1.5-inch OD 
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Figure 10-1, Schematic diagrams of two 1.56:1 Baluns: (A) step-up, 50:78 ohms; (B) step-down, 30:57,5 olmsconnectior. 
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ferrite toroid with a permeability of 250. Winding 7-8 
is No, 14 Н Thermaleze wire and the other four are 
No. 16 Н Thermaleze wire. 

The 1:1 Guanella Balun has 11 bifilar tums of No. 
14 Н Thermaleze wire on a 2.4-inch OD ferrite toroid 
with a permeability of 250. One wire is covered with 
Teflon tubing, resulting in a characteristic impedance 
very close to 78 ohms (the optimum value). 

‘When matching 50-ohm cable to a balanced load of 
78 ohms, the impedance transformation ratio is literal- 
ly flat (within a percent or two) from 1.5 MHz to 40 
MHz! You might be interested to know that (separate- 
ly) the 1:1 (75:75-ohm) Balun would make an excel- 
lent isolation transformer for 75-ohm hardline, and. 
the 1.56:1 (78:50-ohm) Unun an excellent match 
between 75-ohm hardline and 50-ohm cable. 

The right-hand side of Photo 10-A shows a design 
using Figure 10-1B mounted in a similar enclosure. 
The 1.56:1 Unun has 5 guintufilar turns on a 15-inch 
OD ferrite toroid with a permeability of 250. Winding 
5-6 is No. 14 Н Thermaleze wire and is tapped at one 
turn from terminal 5, The other four wires аге No. 16 
H Thermaleze. 

‘The 1:1 Guanella Balun has 7 turns of homemade 
coaxial cable on a 1.5-inch OD ferrite toroid with a 
permeability of 250. The inner conductor is No. 14 H 
Thermaleze wire and is covered with Teflon tubing. 
“The outer braid, which is from a small coaxial cable 
or from 1/8-inch tubular braid, is also tightly wrapped 
with Scotch No. 92 tape to preserve the low character- 
istic impedance. 


Photo 10-А. Baluns using the schematic 
diagrams of Figure 10-1. Balun on the left 
matches 50-ойт cable to a balanced load 
of 78 ohms. Balun on the right matches 
50-ofm cable to balanced loads of 37.6 or 
32 ohms. 


In matching 50-ohm cable to a balanced load of 
37.6 ohms (connection A), or to a balanced load of 32 
ohms (connection B), the response is essentially flat 
(within a percent or two) from 1.5 to 30 MHz, 


Sec 10.3 2:1 Boluns 


The 2:1 Balun lends itself to more choices in design 
than the 1.56:1 Balun. This is especially true because 
the parallel-type design, which provides a 2.25:1 
Balun with the widest possible bandwidth, сап easily 
be employed. The 1.56:1 Balun is at a disadvantage 
here. This section presents many Baluns using both 
series and paralle-type designs. 


Sec 10.3.1  Seriestype Baluns 
Figure 10-2 shows circuit diagrams for two versions 
of the series-type Balun. Photo 10-B shows a design 
using Figure 10.24 mounted in a CU 3005-A mini- 
box 5 inches long by 4 inches wide by 3 inches high. 
The 1:2 Unun has 7 trifilar turns on a 1.5-inch OD fer- 
rite toroid with a permeability of 250. The output tap 
is located 6 turns from terminal 5. Winding 5-6 is No. 
14 H Thermaleze wire and the other two are No. 16 H 
Thermaleze wire. 

‘The 1:1 Guanella Balun has 14 bifilar turns of No. 
14 Н Thermaleze wire on a 2.4-inch OD ferrite toroid 
with a permeability of 250. Both wires are covered 
with Teflon tubing, which results in a characteristic 
impedance of 100 ohms (the optimum value). A 
crossover, placing 7 tums on one side of the toroid 
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Figure 10-2, Schematic diagrams of two versions of the series-type Balun: (A) 1:2 (50:100 ohms) Balun; (B) 1:225 


(50:112.5 ohms) Balun. 


and 7 turns on the other, is used so the output and 
input are on opposite sides of the toroid. Figure 10-3 
is a drawing of the crossover, Although this technique 
has no electrical advantage at HF, the mechanical 
advantage is obvious, 

When matching 50-ohm cable to a balanced load of 
100 ohms, the response is literally flat (within 2 to 3 
percent) from 1.5 to 30 MHz. By connecting the out- 
put of the Unun to terminal 6 instead of to the tap, the 
Balun would match 50-ohm cable to a balanced load 
of 112.5 ohms with about the same response. 

Photo 10-C shows two slightly different versions of 
series-type 2.25:1 Baluns using the circuit of Figure 
10-2B. Both have the same 1.78:1 step-down Unun, 
which has 5 quadrifilar turns on a 1.5-inch OD ferrite 
toroid with a permeability of 250. Winding 5-6 is No. 
14 H Thermaleze wire, and the other three are No. 16 
Н Thermaleze wire. Each version also has 8 bifilar 
tums of No, 14 Н Thermaleze wire on both of the 1.5- 
inch OD ferrite toroids, with a permeability of 250. 

The differences are: 1) the Balun on the left in 
Photo 10-C has one layer of Scotch No. 92 tape оп 
one of the wires in each bifilar winding and a 
crossover after the fourth turn, and 2) the Balun on the 
right has two layers of Scotch No. 92 tape on one of 
the wires on one toroid and no extra insulation on the 
wires of the other toroid. Therefore, one of the wind- 
ings in the 1:4 Guanella Balun has a characteristic 
impedance a little less than 50 ohms and the other a 
litle greater than 50 ohms, resulting in a canceling 
effect. Furthermore, the crossover isn’t used in this 
design. The Balun on the left is mounted in a CU 
3006 minibox 5.25 inches long by 3 inches wide by 
2.25 inches high. The Balun on the right is mounted 
in a CU 3015-A minibox 4 inches long by 2 inches 
wide by 2.75 inches high. 


Photo 10-B. A series-type Balun using the schematic dia- 
gram of Figure 10-24 designed to match 50-ohm cable to 
а balanced load of 100 ohms. 


‘The performance of these two Baluns is essentially 
the same. When matching 50-ohm cable to balanced 
loads of 112.5 ohms, the responses are essentially flat 
(within 2 to 3 percent) from 1.5 to 30 MHz. 

From preliminary measurements on series-type 2:1 
Baluns, the Balun in Photo 10-B is the one I'd recom- 
‘mend for matching 50-ohm cable to balanced loads of 
100 ohms, while the Baluns in Photo 10-C would be 
best for matching to balanced loads of 112.5 ohms. 
Also, by replacing the 1.78:1 Unun in Figure 10-28 
with a 2.25:1 Unun, and not adding any extra insula- 
tion to the windings of the 1:4 Balun, it's possible to 
obtain an excellent Balun matching 50-ohm cable to а 
balanced load of 89 ohms. 

Figure 10-4 shows the schematic diagram of a 
series-type Balun designed to match 50-ohm cable to 
balanced loads of 25 or 22.22 ohms. Photo 10-D 
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Figure 10-3. Construction of a 1:1 Guanella Balun with a 
‘crossover placing the input and ouput terminals on oppo- 
site sides of the toroid. 


Photo 10-C. Two series-ype Baluns using the schematic 
diagram of Figure 10-2B designed to match 50-ойт cable 
so balanced loads of 112.5 ohms. 


shows two versions of this dual-ratio Balun, The 
Balun on the left, for its Unun, has 6 trifilar turns of 
No. 14 Н Thermaleze wire on a 1.5-inch OD ferrite 
toroid with a permeability of 250. Winding 3-4 is 
tapped one turn from terminal 3, yielding the 2:1 
ratio, The 1:1 Guanella Balun has 6 tums of home- 
made coaxial cable on a similar toroid. The inner con- 
ductor is No, 12 H Thermaleze wire and is covered 


with Teflon tubing. The outer braid, from a small 
coax ог from 1/8-inch tubular braid, is tightly 
wrapped with Scotch No. 92 tape to preserve its low 
characteristic impedance. 

In matching 50-ohm cable to balanced loads of 25 
ohms (connection A) or to 22.22 ohms (connection 
В), the response is essentially flat (within a percent or 
two) from 1.5 to 30 MHz, 

‘The Balun on the right in Photo 10-D has similar 
windings on a single 2.4-inch OD ferrite toroid with a 
permeability of 250. Its performance is quite compa- 
rable to the Balun on the left. 


Sec 10.3.2 Parallekype Baluns 


As you saw in the previous section, the series-type 
Baluns presented here are combinations of Ununs 
with ratios of 1.33:1, 1.78:1, 2:1, and 2.25:1 in series 
with Guanella 1:1 or 4:1 Baluns. The Ununs, which 
are really an extension of Ruthroff's? bootstrap tech- 
nique for obtaining a 4:1 Unun, sum direct voltages 
with delayed voltages that traverse a single transmis- 
sion line. Therefore, the Unun eventually limits the 
high-frequency response of the series-type Balun. 

Оп the other hand, the parallel-type Balun is an 
extension of Guanella's technique of summing volt- 
ages of equal delays. Instead of simply connecti 
transmission lines in parallel-series, the parallel-type 
Balun connects Guanella Baluns in parallel-series. As 
1 noted in Reference 25, two 4:1 Guanella Baluns can 
be connected in parallel-series, yielding very broad- 
band ratios of 6.25:1. This section shows how a 1:1 
Guanella Balun can be connected with a 4:1 Guanella 
Balun in parallel-scries, yielding a very broadband 
ratio of 225:1 

Figure 10-5 is the schematic diagram of the high-fre- 
quency model of a 2.25:1 Unun which is used for 
analysis purposes. Because the current through the load 
is 3/21, the transformation ratio is (3/2)2, or 2.25:1 
‘Therefore, if the impedance seen on the left side is 50 
‘ohms, a matched impedance on the right side is 22.22 
‘ohms. Because two thirds of the 50 ohms appears 
across the input of the Guanella 1:1 Balun, its optimum. 
characteristic impedance is 33.33 ohms. Similarly, this 
is also the value of the optimum characteristic imped- 
ance for the windings of the 4:1 Balun. Because the 1:1 
Balun wants to see 33.33 ohms on its output (a 
‘matched condition) and the 4:1 Balun wants to see 
66.66 ohms, placing these two values in parallel results 
in the confirming value of 22.22 ohms. 


If the 50-ohm generator is placed on the right side 
in Figure 10-5, the circuit becomes a step-up Unun 
matching 50 ohms to 112.5 ohms (on the left) If the 
ground is removed on the left side, the transformer 
becomes а Balun. A similar analysis as above, shows 
that the optimum characteristic impedance of the three 
bifilar windings now becomes 75 ohms. 

Photo 10-E shows a parallel-type 2.25:1 Balun 
designed to match 50-ohm cable to a balanced load of 
112.5 ohms. It has 9 bifilar turns of No. 14 H Therma- 
leze wire on each of the three toroids that have a 1.5- 
inch OD and а permeability of 250. Also, one of the 
wires on each toroid is covered with Teflon tubing, 
resulting in a characteristic impedance of 75 ohms 
(the optimum value). When operating as a Balun, the 
response is essentially flat from 7 MHZ to over 45 
MHz. As an Unun, the flat response is broadened 
from 1.5 MHz to over 45 MHz. 

Because the coiled wire, puralle-type Balun didn't 
provide any real advantage over the series-type Balun 
(in fact, the low-frequency response was poorer), 1 
investigated the beaded transmission line version for 
possible use in the VHF band. Figure 10-6 shows a 
schematic diagram of one using coaxial cable. 
Obviously, twin lead could be substituted for the 
coaxial cable, Photo 10-F shows both versions. 

The top design in Photo 10-F has 4 inches of 3/8- 
inch OD ferrite beads with a permeability of 125 on 
each of the three 75-ohm transmission lines, It is 
designed to match 50-ohm cable on the right to a bal- 
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Figure 10-4. Schematic diagram of a dual-ratio series- 
type Balun, Connection А matches 50-ойт cable to a bal- 
anced load of 25 ohms. Connection B matches 50-ойт 
cable toa balanced load of 22.22 ойт. 


anced load of 112.5 ohms on the left (with the ground 
оп terminal 1 removed). The transmission lines con- 
sist of two No, 14 Н Thermaleze wires separated by 
the Teflon tubing covering one of them. When match- 
ing 50-ohm cable to a balanced load of 112.5 ohms, 
the response is essentially flat from 30 MHz to over 
100 MHz (the limit of my bridge). 

‘The bottom design in Photo 10-F also has 4 inches 
of 3/8-inch OD ferrite beads with a permeability of 
250. However, they are now threaded by homemade 
coaxial cable with a characteristic impedance of 33.33 
ohms. It is designed to match 50-ohm cable on the left 
to a balanced load of 22.22 ohms (with the ground on 
terminal 2 removed). The inner conductor of the coax 
is No. 14 H Thermaleze wire and is covered with 


Photo 10-D, Two series-rype Baluns 
using the schematic diagram of Figure 
10-4 designed то match 50-ohm cable 
to balanced loads of 25 ohms or 
22.22 ohms. 
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Photo 10-E. 
Paraltel-1ype 
2.25:1 Balun 
matching 50- 
ойт cable to а 
balanced load 
of 112.5 ohms. 


Photo 10-F. Beaded transmission line versions of the 
2.25:1 parallel-ype Balun for operation in the VHF band. 
The top Balun matches 50-ohm cable to a balanced load of 
112.5 ohms, The bottom Balun matches it to a balanced 
load of 22.22 ohms. 


Teflon tubing. The braid is from small coaxial cable 
or from 1/8-inch tubular braid. The braid is also tight- 
ly wrapped with Scotch No. 92 tape in order to pre- 
serve the low characteristic impedance. When mate 
ing 50-ohm cable to a balanced load of 22.22 ohms, 
the response is essentially flat from 14 MHz to over 
100 MHz (again, the limit of my bridge). 


Sec 10.4 Closing Comments 


In closing, ГА like to make a couple of comments 
regarding parallel-type Baluns. 

First, if you are interested in a 1.78:1 ratio, replace 
the 1:4 Balun in Figures 10-5 and 10-6 with a 1:9 
Guanella Balun (three transmission lines connected in 


Figure 10.5. High-frequency model of the parallel-type 
2.25:1 transformer. Connections shown are for Unun 
‘operation. 


Figure 10-6. The coaxial cable version of the parallel-type 
225: transformer of Figure 10-5. 


parallel-series), This would yield an output current of 
4/31, and a ratio of (4/3), or 1.78:1. If you replace the 
1:4 Balun with a 1:16 Guanella Balun (four transmi 
sion lines connected in parallel-series) the output cur- 
rent will be 5/41, with a ratio of (5/4)2, or 1.56:1. 

Second, because the paralle-type Balun is really an 
extension of Guanella's technique of summing volt- 
ages of equal delays,2527 the high-frequency response 
is mainly limited by the parasitics in the interconnec- 
tions. Therefore, beaded transmission lines offer the 
best opportunity for successful operation on the VHF 
band. It is also recommended that the ferrite beads 
have permeabilities of 300 or less? in order to achieve 
the very high efficiencies of which these transformers 
are capable, 
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Chapter 1 ] 


:1 Baluns 


Sec 11.1 Introduction 


[his chapter is a combination of two articles 1 
wrote for Communications Quarterly. One, on 
the 6:1 and 9:1 Baluns, appeared in the Winter 

1993 issue and the other, on the 12:1 Balun, ran in the 
Summer 1993 issue, Г combined these two articles 
here because the three Baluns discussed have much in 
common. Commonalities include: 1) They are the 
most difficult to construct and are, therefore, the most 
expensive; 2) two of them, the 6:1 and 12:1 Balms, 
use Ununs in series with Guanella Baluns, 3) two of 
them use the 9:1 Guanella Balun--the 12:1 Balun 
with a series 133-1 Unun: 4) they are generally asso- 
ciated with two-wire transmission lines with charac- 
teristic impedances of 300, 450, and 600 ohms, 
respectively. 5) when matching 50-ohm cable to high- 
er impedances, they have more loss than the Baluns in 
the preceding chapters; and 6) the optimum applica- 
tion of these Baluns requires a more critical under- 
standing of the trade-offs in low-frequency response 
for efficiency. 

Like the 2:1 Balun in Chapter 10, the 6:1 (actually 
6.25:1) Balun айо comes in two forms: the series- 
type, which offers better tow-frequency response in 
the HF band, and the parallel-type, which has a vastly 
greater high-frequency capability. The parallel-type 
6:1 Balun, together with the 9:1 Guanella Balun 
(which is also а parallel-type), offer the potential for 
designs capable of efficient and broadband operation 
ов the VHF and UHF bands. 


Sec 11.2 6:1 and 9:1 Baluns 


Many radio amateurs associate the use of the 6:1 and 
9:1 Baluns with 300-ohm twin lead feeding folded 
dipoles, 450-ohm "ladder" Jine feeding single or 
multi-band antenna systems. However, what is 
neglected (in some cases) is the effect of the height of 
these antennas above earth and the length of the trans- 
mission lines feeding them. 


Broadband 6:1 and 9:1 Baluns are considerably 
more difficult to construct than the more common 1:1 
and 4:1 Baluns. This is especially true when matching 
50-ohm cable to impedances of 300 and 450 ohms. 
Furthermore, there are some important trade-offs in 
low-frequency response for efficiency. 

From what I could gather "on the air" or talking to 
radio clubs, Е have determined what I believe are 
probably two of the most common misconceptions 
regarding the use of these Baluns: 

1. 6:1 Baluns. In free-space, the folded dipole with 
300-ohm twin-lead has a resonant impedance close to 
300 ohms. The dipole also has this value at а height of 
about 0.225 wavelength above ground. However, it’s 
only 200 obms at a height of about 0.17 wavelength 
and 400 ohms (Ње maximum) and at 0.35 wavelength, 
In many cases, the 4:1 Balun would actually do a bet- 
ter job of matching, 

2.91 Baluns. Some are unaware of the relationship 
between the impedance at the input o£ a transmission 
line, the characteristic impedance of the line, and the 
impedance at the end of the line, Just because a trans- 
mission line has a characteristic impedance of 450 
ohms doesn’t necessarily mean that а 9-1 Balan will 
perform a satisfactory match to 50-ohm cable. Far 
from it. For example, if che line is terminated by а 
half-wave dipole with an impedance of 50 ohms, the. 
9:1 Balun would see 50 ohms when the line is a half- 
wave long and 4050 ohms when it’s a quarter-wave 
long! Broadband Baluns cannot be designed to handle 
impedances as high аз 4050 ohms, It's very likely that 
а well-designed 50:450-ohm Balun would experience 
(particularly on 80 and 160 meters) harmful flux in 
the core and excessive heating because of the large 
voltage drop along the length of its transmission lines. 
This problem of presenting very high (and harmful) 
impedances to Baluns is quite prevalent with multi 
band antenna systems. 

‘Clearly, there are many applications for 6:4 and 9:1 
Baluns. They not only include matching 50-ohm cable 
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Figure 11-1. Schematic diagram of the series-type Balun 
with a 1:625 ratio designed to match 5010 312.5 ohms. 


to balanced loads of 300 and 450 ohms, but also to 
balanced loads of 8 and 5.6 ohms, as well, Further- 
more, many of the designs in this chapter will perform 
almost as well in Unun (unbalanced-to-unbalanced) 
applications. The trade-off (which is usually very 
small) is in low-frequency response. Additionally, 
these Baluns could be used to exploit the low-loss 
properties of 300- and 450-ohm min lead where very 
long transmission lines are used. This is especially 
important at 14 MHz and above. 

In the pages that follow, I'll present a variety of 
Baluns matching 50-ohm cable to 300 ohms (actually 
to 312.5 ohms, a 6.25:1 ratio) and to 450 ohms, as 
‘well as 50-ohm cable to 8 and 5.6 ohms, Also includ- 
ed are two different versions of 6.25:1 Baluns. One is 
A series-type using a 1.56:1 Unun in series with a 4:1 
Guanella Balun and the other a series: parallel 


arrangement using two 4:1 Guanella Baluns. Because 
the series-parallel Balun adds voltages of equal 
delays, you'll find its high-frequency capability is 
much greater. 

The 9:1 Balun is а conventional Guanella Balun 
with three transmission lines connected in series at the 
high-impedance side and in parallel at the low-imped- 
ance side. Therefore, it also sums voltages of equal 
delays. Some of the comparisons and analyses of 
these 6.25:1 and 9:1 Baluns were probably published 
Tor the first time їп my Winter 1993 Communications 
Quarterly article. 


Sec 11.2.1 6.25:1 
Baluns 


Figure 11-1 shows the schematic diagram of a series- 
type Balun designed to match 50-ohm cable to a bal- 
anced load of 312.5 ohms. It consists of a 1:1.56 
Unun in series with a 1:4 Guanella Balun, The overall 
ratio of 1:6.25 should satisfy most of the 1:6 require- 
ments. Photo 11-A shows three examples. АП three 
Baluns use the same step-up Unun that has four 
quintufilar tums on a 1.5-inch OD ferrite toroid with a 
permeability of 250. Winding 9-10 is No. 14 Н 
Thermaleze wire and the other four are No. 16 Н 
Thermaleze wire. Because this Unun sums only one 
delayed voltage with four equal direct voltages, it has 
an excellent high-frequency response? 

‘The Balun on the left in Photo 11-A has eight bifi- 
lar turns of No. 18 hook-up wire on each transmission 
e of its 1:4 Balun, The wires are further spaced 
with No, 18 Teflon tubing providing a characteristic 
impedance close to 150 ohms (the optimum value). 
The ferrite toroid has a 2.4-inch OD and а permea! 
ty of 250. When matching 50-ohm cable to a floating 


Series Type 


Photo 11-A. Three examples of 
series-type 1:6.25 Baluns, The 
Balun on the right, with a double 
core 1:4 Balun, has both a balanced 
voltage and current output. The 
| | other two only have balanced-cur- 
| rent opus. 


s 
1.56:1 UNUN 


Figure 11-2. Schematic diagram of the series-type Balun 
with а 6.25:1 ratio designed to match 50 to 8 ohms. 


load of 312.5 ohms, the response is essentially flat 
from 1.7 to 30 MHz. Under matched conditions, 500 
watts of continuous power and 1 KW of peak power is 
a conservative power rating, Because the 1:4 Balun in 
this series-type 1:6.25 Balun uses only one core 
instead of two, this transformer should never be used 
when the load is grounded at its center. Also, it is not 
recommended for balanced antennas. This series-type 
Balun presents balanced currents, but does not present 
balanced voltages. 

The Balun in the center of Photo 11-A has seven 
bifilar turns of No. 16 SF Formvar wire on each trans- 
mission line on its 1:4 Balun. The wires are covered 
with Telfon sleeving and further separated by No. 16 
Teflon tubing. Like the Balun on the left, the charac- 
teristic impedance is also close to the objective of 150 
‘ohms. The toroid also has a 24-inch OD and a perme- 
ability of 250. When matching 50-ohm cable to a 
floating load of 312.5 ohms, the response is essential- 
ly flat from 3.5 to 30 MHz, Over this frequency range, 
this Balun can easily handle the full legal limit of 
amateur radio power. Because this Balun also presents 
balanced currents and not balanced voltages, it should 
not be used when the loads are balanced to ground or 
grounded at their centers 

The Balun on the right in Photo 11-A has 14 bifilar 
tums of No, 16 SF Formvar wire on each of the two 
toroids of the 1:4 Balun. The wires are also covered 
with Teflon sleeving and further separated by No. 16 
Teflon tubing. For ease of connection, one core is 
wound clockwise and the other counterclockwise. 
The two cores are spaced 1/4 inch apart with acrylic 
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sections. When matching 50-ohm cable to a 312.5 
load that is either floating, balanced to ground, 
grounded at its center, or grounded at its bottom (a 
broadband Unun), the response is essentially flat from. 
1.7 to 30 MHz. Under this matched condition, it can 
easily handle the full legal limit of amateur radio 
power, Furthermore, this is a true Balun because it 
presents equal currents and equal voltages. Tf one 
were to measure the voltages-to-ground, when match- 
ing into а balanced load, one would find them to be 
equal and opposite. The other two 1:6.25 Baluns 
using single-core 1:4 Baluns, would have equal cur- 
rents but not equal voltages (see Chapter 8). Because 
they are easier to construct, it would be interesting to 
compare them with a true Balun. 

Figure 11-2 shows the schematic diagram of a 
series-type Balun designed to match 50-ohm cable to 
a balanced load of 8 ohms (perhaps a short boom 
Yagi). It consists of a 1.56:1 step-down Unun in series 
with а Guanella 4:1 step-down Balun. The overall 
ratio is 6.25:1. Photo 11-B shows two examples. Both 
Baluns use the same step-down Unun, which has four 
quintufilar tums on a 1.5-inch OD ferrite toroid with a 
permeability of 250, Winding 5-6 is No. 14 H 
Thermaleze wire and the other four are No. 16 H 
‘Thermaleze vire. The interleaving of the wires is such 
that the performance is optimized for matching 50 to 
32 ohms. 


Photo 11-B. Two examples of the series-tpe 6.25:1 Balun 
optimized at the 50:8-ohm level. The Balun on the left is 
designed to match into a floating 8-ohm load. The Balun 
оп the right is designed to match into an 8-ойт floating, 
center-tapped-to-ground or grounded load (Unun), 
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‘The Balun on the Jet in Photo 11-B has four tums 
of low-impedance coaxial cable on each transmission 
line on the single-core 4:1 Balun, The inner conductor 
is No. 14 H Thermaleze wire, and it has two layers of 
Scotch No. 92 polyimide tape. The outer braid is from 
а small coax (or 1/8-inch tubular braid) and is tightly 
wrapped with Scotch No, 92 tape to achieve the 17- 
hm characteristic impedance (the optimum value). 
‘The ferrite toroid has a 1.5-inch OD and а permeabili 
ty of 250, When matching SO-ohm cable to a floating 
load of 8 ohms, the response is flat from 1 to 40 MHz. 
In a matched condition, this Balun can easily handle 
the foli legal limit of amateur radio power. 

“The Balun on the right in Photo 11-B has six turns 
of the same coaxial cable on each of the two cores of 
the Guanella step-down Balun. The cores also have a 
1 Snch OD and а permeability of 250, The perfor- 
mance of this Balun is practically the same as the 
above with the single-core 4:1 Balun. The importan 
differences are that this 6.25:1 Balun also performs 
equally well whether the load is center-tapped-to- 
ground, balanced-to-ground, or grounded at the bor- 
tom (a broadband Unun). This is the one recommend- 
ed for feeding а shortspaced Yagi beam antenna. 
Sec 11.2.2 6.25:1 ParallelType 

Boluns 


The 6.25:1 series-type Baluns described in the preced- 
ing section consisted of a 1.56:1 Unun, which is an 
extension of Ruthroff's bootstrap approach for 
Ununs,? in series with a Guanella 4:1 Balun? The 


Figure 11-3. Schematic diagram of the paraliel-iype 
Balan fand Unun) with а 625:1 ratio. The currents and 
voltages are shown for analysis purposes (see text. 


"apper-frequency limit for this combination is really 
set by the Unun, which sums a delayed voltage with 
four direct voltages, The paralleltype 6.25:1 Baluns 
described in this section are really extensions of 
Givanella's approach, which sums voltages of equal 
delays. Therefore, the upper-frequency limit is mainly 
dependent upon the parasitics in the interconnections. 

The 6.25:1 parallel-type Balun uses two 4:1 
Guanella Baluns connected in parallel on the low- 
impedance side and in series on the high-impedance 
side. As you will see, one of the Baluns is reversed, 
giving the desired ratio of 6.25:1, Other combinations 
can produce different fractional-ratios (other than 1:n? 
where n is 1, 2. 3... ), like 2.25:1 and 1,78:1 
Because very little practical design information 
available regarding this family of very broadband 
Baluns,262 this section also includes my high-fre- 
quency analysis of the 6.25:1 parallel-type Balun. It 
should also be pointed out that very litle sacrifice in 
performance occurs whether the load is grounded at 
its center or at the bottom (as ап Опи) 

Figure 11-3 shows the coiled-wire version of the 
6.25:1 parallel-type Balun, For analysis purposes, the 
voltages and currents are also shown, Ав can be seen, 
the top 4:1 Balun is connected as a step-down Balun, 
while the bottom 4:1 Balun is connected as a step-up 
Balon, The Baluns are in series on the high-imped- 
ance side (on the Jefi) and in parallel on the low- 
impedance side (on the right). As Figure 11-3 illus- 
trates, the lower 1:4 Balun adds a current of 0.51) to 
‘the load, resulting in а total current of 2.51, Thus, the 
impedance transformation ratio is 2.52, or 6.25:1 

For maximum high-frequency response, each trans- 
mission line should see a load equal to its characteris- 
tic impedance. In other words, they should he “flat” 
lines, ik the high side on the left is 50 ohms, then 40 
‘ohms appears on the input of the top Balun and 10 
‘ohms on the input of the botiom Balun. Consequently, 
the optimum characteristic impedance for alf trans- 
mission lines is 20 ohms. On the low-impedance side 
оп the right, the top Balun wants to see 10 ohms, 
while the bottom Balun wants to see 40 ohms. 
Because 10 ohms in parallel with 40 ohms equals 8 
‘ohms, each Balun conveniently sees its ideal load and 
a broadband ratio of 6.25: is obtained. 

If the Balun is required to match 30-ohm cable (on 
the right side) to a balanced load of 312.5 ohms (оп 
the left side), the same analysis shows that the opti- 
mum characteristic impedance of all the transmission 
lines is 125 ohms. 
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Photo 11-C. Two beaded-line 
versions of the parallel. ape 
6.25:1 Balun (and Unun). The 
top transformer is designed to 
‘match Sd-ohm cable то 8 ohms. 
The bottom transformer is 
designed to match 50-ойт cable 
to 312.5 ohms 


Because the parallel-type Balun (or Unun) sums 
voltages of equal delays and, therefore, has no 
high-frequency cut-off, it has a real advantage over 
the series-type Balun on the VHF bands and above. 
Furthermore, beaded transmission lines with low-per- 
meability ferrite beads (125 and less) can be used, 
resulting in high efficiencies. On the HF band, where 
coiled windings are generally used, the series-type 
Balun is preferred because of its simpli 

Photo 11-C shows two beaded- 
formers. The top Balun, designed to match 50-ohm 
cable (on the left) to 8 ohms (on the right) uses low- 
impedance coaxial cable lines. The schematic diagram 
is shown in Figure 11-4. It has 5 inches of 0.375-inch 
‘OD beads (permeability 125) on four coaxial cables 
with characteristic impedances of 20 ohms. The inner- 
conductors of No. 12 H Thermaleze wire have two 
layers of Scotch No, 92 polyimide tape. The outer 
braids, from small coaxial cable or 1/8-inch tubular 
braid, are also wrapped tightly with the same tape in 
order to preserve the 20-ohm characteristic imped- 
ance. When matching 50 ohms to 8 ohms, the 
response is essentially flat from 10 MHz to beyond 
100 MHz (the limit of my simple bridge), Under this 
matched condition, this Balun can easily handle the 
full legal limit of amateur radio power. Furthermore, it 
has practically the same performance when operating. 
as an Unun (both terminals 1 and 2 grounded). In the 
Unun application, the bottom transmission line has no 
voltage along it and, therefore, requires no beads. 

The bottom Balun in Photo 11-C, which is 
designed to match 50-ohm cable to a balanced load of 
312.5 ohms, has 8 inches of 0.5-inch OD beads оп 
125-ohm twin-lead transmission lines. The ferrite 
beads also have a permeability of 125. The wires are 
No. 14 Н Thermaleze wire and are covered with 
Teflon sleeving. They are further separated by No. 18 
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Figure 11-4. Schematic diagram of the coaxial-cable ver- 
sion of the paralleltype 6.25:1 Balun (and Unun). 


Teflon tubing. When matching 50-ohm cable (on the 
right side) to 312.5 ohms (on the left side), the 
response is essentially flat from 20 MHz to over 100 
MHz, Under this matched condition, this Balun can 
also easily handle the full legal limit of amateur radio 
power, Additionally, this transformer performs practi- 
cally as well when used as an Unun. 


Sec 11.3 9:1 Baluns 


The broadband 9:1 Balun, matching S0-ohm cable to 
a balanced load of 450 ohms, is one of the most diffi- 
cult ones to construct because high-impedance tran 
mission lines (150 ohms) are required for maximum 
high-frequency response, and greater reactances 
are needed in order to isolate the input from the out- 
put, So one can appreciate the task at hand, this sec- 
tion also provides а brief review of the theory of 
these devices? 

Figure 11-5 shows the high- and low-frequency 
models of the Guanella 9:1 Balun that connect three 
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transmission lines in series at the high-impedance side 
and in parallel al the low-impedance side, Because 
Guanella's Baluns (which cen be easily converted to 
Ununs) sum voltages of equal delays, they offer the 
highest frequency capability. 

"The high-frequency model (Figure 11-54) assumes 
there is sufficient choking reactance in the coiled (or 
beaded) transmission lines to isolate the input from 
the output and only allow transmission line currents to 
flow. Under this condition, the analysis is rather 
straightforward as it only involves transmission line 
theory. Simply stated—the maximum high-frequency 
response occurs when each transmission line is termi- 
mated in à load equal to its characteristic impedance, 
Za. Thus, the transmission lines in the 9:1 Balun have 
no standing waves. Because each transmission line 
sees one third of the load, the optimum value of Z is 
R/3. Except for parasitics in the interconnections and 
selfresonances in coiled windings, Guanella's ap- 
proach is literally "frequency independent.” 

On the other hand, the low-frequency analysis of the 
Guanella 9:1 Balun is most important because it 
reveals the major difficulty in designing them for low- 
Joss, wideband operation. Figure 11-SB is the model 
for determining the low-frequency response. Tt as- 
sumes that no energy is transmitted to the load by a 
transmission line mode. Although the terminology 
and analysis is the same as that used for conventional 
autotransformers, the similarity ends when there is 
sufficient choking reactance to only allow for the effi- 
cient transmission line mode. 
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As with conventional transformers, one сап analyze 
the low-frequency response of the 9:1 Balun from 
either the low- or high-impedance side. By putting the 
generator on the low-impedance side in Figure 11-SB, 
I've chosen to analyze it from that side. With the out- 
put openccircuited, the generator sees four coiled (or 
beaded) lines connected in series-parallel, The net 
result is that the generator sees the reactance of only 
‘one coiled (or beaded) Jine. To prevent a shunting cur- 
sent to ground (and/or autotransformer operation), the 
reactance the generator sees should be much greater 
than Ry (at least by a factor of 10 at the lowest fre- 
quency of interest). The inductance of the coiled ог 
beaded line that prevents the unwanted currents is still 
Known as the magnetizing inductance, Ly 

What's important to note here is that the low-fre- 
quency model of the Guanella 4:1 Balun does not 
have the series-parallel combination of coiled or bead- 
ed lines? Only two lines, which are in series, exist in 
its model. Therefore, for a two-core Guanella 4:1 
Balun having the same number of turns (and same 
cores) as a 9:1 Guanella Balun, its low-frequency 
response is better by a factor of two! 

Another advantage that goes to the Guanella 4:1 
Balun when matching 50 to 200 ohms, is in the num- 
ber of turns that can be wound on the same cores. 
Since 4:1 Baluns require characteristic impedances of 
100 ohms (instead of 150), the width of tbe transmis- 
sion lines is considerably less, thus allowing for more 
taras, Also, as will be shown later, the efficiency of 
the 4:1 Balun is greater because the potential drops 


Figure 11-5, Models of Guanella's 1:9 Balun, The high-frequency model, (A), assumes that Zo = Ry/3, and therefore Vo, the 
output of each transmission line, equals V). The low-frequency model, (B), assumes no energy is transmitted to the load, Ry, 


by a transmission line mode. 
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Photo 11-0. Three broadband 
Guanella 9:1 Baluns designed to 
match Sü-ohm cable to 450 
ohms. The transformer on the 
lefi, using No. 18 hook-up wire, 
сал handle 500 watts from 1.7 to 
45 MHz The transformer in the 
center, using No. 16 wire, can 
handle 1 kW from 3.5 10 45 MHZ, 
The transformer on the right 
(with larger cores), using No. 16 
wire, can handle 1 kW from 1.7 
1045 MHz. 


along the transmission lines are lower (less dielectric 
loss). Finally, as you can see from Figure 11-5B, Бу 
also grounding terminal 2 (Unun operation), windings 
1-2 and 3-4 are both shorted—degrading the low-fre- 
quency response because Lyg is reduced by one third. 

Another interesting analysis with Baluns and Ununs 
concerns the potential gradients (voltage drops) along, 
the transmission lines. Because the loss with these 
transformers, when transferring the energy via a trans- 
mission line mode, is а dielectric-type (voltage depen- 
dent) the higher the gradient, the greater the loss. The 
interesting cases occur when the load is: a) floating, 
b) grounded at the center, and c) grounded at the bot- 
tom (an Unun). 

Floating load. With terminal 13 in Figure 11-58 
ungrounded, the top transmission line has а gradient 
of +V; and the bottom transmission line has a gradi- 
ent of -V,. The center transmission linc has a gradient 
of zero, Therefore, the center transmission line only 
acts as a delay line and doesn’t require a magnetic 
core or beads. As a result, the top and bottom cores 
(or beads) account for the dielectric loss. 

Load grounded at the center. With terminal 13 
grounded at the center of the load, the top transmi 
sion line has a gradient of +V,, the bottom transmis- 
sion line has a gradient of -Vy, and the center trans- 
mission line has a gradient of -V /2. This configura- 
Чоп results in about 25 percent more loss because of 
the extra gradient along the center transmission line. 
Incidentally, this condition exists when matching into 
balanced systems like 450-ohm transmission lines or 
antennas because they have virtual grounds at the cen- 
ter of the loads they present. 

Load grounded at the bottom. With terminal 13 
grounded at the bottom of the load (an Unun), the top 
and center transmission lines have gradients of +V} 


The bottom transmission line has no gradient and, 
therefore, no loss. It only acts as a delay line and thus 
requires no magnetic core or beads. 


Sec 11.3.1 Some Practical 9:1 


Balun Designs 


Photo 11-D shows three versions of the broadband 
Guanella 9:1 Balun designed to match 50-ohm cable 
to 450-ohm loads. The transformer on the left has 15 
bifilar turns of No. 18 hook-up wire on each of the 
three ferrite toroids with a 24-inch OD and perme- 
ability of 250. The wires are further separated by No. 
16 Teflon tubing, resulting in a characteristic imped- 
ance close to 150 ohms (the optimum value). The 
cores in this Balun, as well as the other two that fol- 
low, are spaced 1/4 inch apart by sections of acrylic. 
In matching 50 to 450 ohms, the response is esse 
ly flat from 1,7 to 45 MHz. In this matched condition, 
{his transformer can easily handle 500 watts of contin- 
uous power and 1 kW of peak power. 

The transformer in the center of Photo 11-D has 
14 bifilar turns of No, 16 SF Formvar wire on each 
of the three ferrite toroids with a 24-inch OD and 
permeability of 250. The wires are covered with 
Teflon sleeving and further separated by No. 16 
Teflon tubing. The characteristic impedance is also 
close to the optimum value of 150 ohms. In matching 
50 to 450 ohms, the response is essentially flat from 
3.5 to 45 MHz. In this matched condition, this trans- 
former can easily handle 1 kW of continuous power 
and 2 kW of peak power. Photo 11-E shows this 
Balun mounted in a minibox 6 inches long by 5 inch- 
es wide by 4 inches high. 

‘The transformer on the right in Photo 11-D is de- 
signed to handle 1 KW of continuous power and 2 kW 
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Photo 11-E. The Guanella 9:7 Balun shown mounted in a 
large minibox. 


of peak power from 1.7 to 45 MHz. Because this 
transformer uses larger cores with slightly higher per- 
meabilities (2.68-inch OD and 290 permeability), 
which are not as popular as those used in the other 
two Baluns, it is much more expensive to construct, It 
has 16 bifilar turns of No. 16 SF Formvar wire on 
each toroid. The wires are covered with No. 16 Teflon 
sleeving and further separated with No. 16 Teflon tub- 
ing. In matching 50 to 450 ohms, the response is flat 
from 1.7 to 45 MHz. 

Finally, Figure 11-6 shows the schematic diagram. 
of a 9:1 Balun (or Unun) using coaxial cables wound. 
around ferrite cores or threaded through ferrite beads 
This form of the transformer is especially useful when 
matching 50-оһт cable to 5.6 ohms because the chok- 
ing reactance of the magnetizing inductance, Ly, only 
need be much greater than 5.6 ohms. Photo 11-F 
shows two different designs. 

"The transformer on the top has 9 1/2 turns of low- 
impedance coaxial cable on each rod. The rods are 1/2 
inch in diameter, 2 1/2 inches long, and have a perme- 
ability of 125. The low-frequency response of this 
Balun is quite insensitive to the length and permesbil- 
ity of the rods? The inner conductors of the coaxial 
cables are No. 12 H Thermaleze wire with two layers. 
of Scotch No. 92 tape. The outer braids are made 
from small coax (or 1/8-inch tubular braid). They are 
further wrapped with Scotch No. 92 tape to preserve 
the low-impedance of 17 ohms. In matching 50-ohm 
cable to 5.6 ohms, the response is essentially flat from 
1.7 to 30 MHz, The optimum impedance level was 


found when matching 40 to 4.45 ohms. The addition 
of another layer of Scotch No. 92 tape would optimize 
this transformer at the 50:56-ohm level, and the high- 
frequency response would exceed 100 MHz. This 
transformer is very efficient and should handle the full 
legal limit of amateur radio power easily. 

The bottom transformer in Photo 11-F is designed 
to match 50-ohm cable to a load of 5.6 ohms in the 
VHF band. It uses 3 1/2 inches of beads on three low- 
impedance coaxial cables, The ferrite beads have an 
OD of 3/8 inch and a permeability of 125. The inner 
conductors of the coaxes are No. 12 Н Thermalezo 
Wire with one layer of Scotch No. 92 tape. The outer 
conductors are from small coaxes or 1/8-inch tubular 
braid, and are also tightly wrapped with Scotch No. 
92 tape to preserve the low characteristic impedance. 
In matching 50-ohm cable to 5.6 ohms, the response 
is essentially flat from 7 MHz to over 100 MHz (the 
limit of my test equipment). This 9:1 Balun (which 
сап be used as an Unun) can handle the full legal limit 
of amateur radio power under matched conditions, 
because of the low-permeability beads and the low- 
voltage gradients along the lengths of its transmis- 
sion lines. 


Sec 11.4 Concluding Remarks on 
6:1 and 9:1 Baluns 


One of the most important properties of broadband 
Baluns and Ununs (which all use ferrites) is their 
capability of having extremely high efficiencies. 
Knowing the loss mechanism in these transformers 
and the trade-off in low-frequency response for cíli- 
ciency allows one to optimize their applications. In 
the paragraphs that follow, ГЇЇ discuss the losses and 
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Figure 11-6, Schematic diagram of a coaxial cable (bead 
ed or coiled) 9:1 Guanella Balun (or Unun). This design is 
especially useful in matching 50-ohm cable to 5.6 ohms 
over a very wide bandwidth. 


trade-offs involved with the transformers presented in 
the preceding sections. The approach used here should 
be applicable to all forms of transmission line trans- 
formers. This section ends with a review of two arti 
cles that contained 9:1 Baluns. As you'll see, I have 
some rather different views on the claims made in 
these articles 

Accurate measurements on many broadband Ununs 
have found the losses to be related to the permeability 
and the impedance level Permeabilities greater than 
300 resulted in excessive losses. Because these losses 
are unlike the conventional transformer whose losses 
are current-dependent, it can only be assumed that 
their losses are voltage dependent; in other words а 
dielectric-type loss. Therefore, higher-impedance 
transformers have higher voltage gradients along their 
transmission line and, thus, have greater losses. Addi 
tionally, it was found that the higher the permeability, 
the greater the loss with frequency. Taking into 
account the accurate measurements and the factors 
noted above, I offer these loss values for the trans- 
formers in the preceding sections: 

1.56:1 Ununs. The 1.56:1 Ununs (either step-up or 
step-down) used in series with Guanella 4:1 Baluns to 
form 6.25:1 Baluns have the lowest potential gradients 
along their transmission lines. Voltage drops of only 
about 0.2 Vy, where V, is the input voltage, exist 
along their transmission lines. Accurate measurements 
have shown losses, in a matched condition, of only 
0.04 dB. If the cores, which have a permeability of 
250, were replaced with cores having a permeability 
of 125, the losses could be as low as 0.02 dB over 
‘much of the passband. The low-frequency response 
would still be acceptable at 1.7 MHz. This Unun is a 
natural for matching into 75-ohm hard line when long 
transmission lines are required 

6.25:1 and 9:1 Low-impedance Baluns. Baluns 
matching 50-ohm cable to 8 or 5.6 ohms, also have 
very low voltage drops along their transmission lines. 
Generally, they are about twice that of the 1.56:1 
Unun. Therefore, the losses with these Baluns should 
be on the order of 0.1 dB in their passbands. 

6.25:1 High-impedance Baluns. The losses in the 
series-type Baluns are mainly in the 1:4 Guanella 
Baluns, which have potential gradients of about 1.28 
Vy, where V is the input voltage. From previous 
‘measurements at this impedance level, the suggestion 
is that the losses (with ferrites of 250 permeability) 
should be about 0.1 dB at 7 MHz and 0.2 dB at 30 
MHz. By using toroids with permeabilities of 125, 
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the losses could be 0.07 dB and 0.15 dB, respective- 
ly. However, with a permeability of 40, the losses 
could be as low as 0.05 dB within the passband. 
However, one must consider the sacrifice in low-fre- 
quency response incurred when using these lower- 
permeability ferrites. With a permeability of 125, it's 
poorer by a factor of 2. With a permeability of 40, 
it's poorer by a factor of 8! The 6.25:1 parallel-type 
Balun in this article uses ferrite beads with a perme- 
ability of 125 and, therefore, should have losses simi- 
lar to its series-type counterpart. 

9:1 High-impedance Baluns. As was shown in the 
preceding section, the potential gradient along two of 
the transmission lines is Vy, where Vy is the input 
voltage. The third transmission tine, with a balanced 
load (or as an Unun), has no potential gradient and, 
consequently, no loss in its core, Because the loss with 
the series-type Balun mainly exists in one core, the 
loss with the 1:9 Balun should be a little less than 
twice as great. With ferrite cores of 250 permeability, 
the suggested losses are 0.2 dB at 7 MHz and 0.4 dB 
at 30 MHz. With cores of 125 permeability, the losses 
are about 0.14 and 0.28 dB, respectively. Again, by 
using cores with permeabilities of 40, the losses are 
practically negligible—approximately 0.1 dB within 
its passband, 

AAs in the case of the 1:6.25 Baluns above, similar 
trade-offs occur in the low-frequency response. That is, 
if 125 permeability cores are used, the low-frequency 
response is poorer by a factor of 2; with 40 permeabili- 
ty cores, it's poorer by a factor of 8. The major differ- 
ence here is that the low-frequency performance of the 
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Photo 11-F. Two versions of the coaxial-cable 9:1 
Guanella Balun (or Unun) designed to match Sc. oi 
cable to 5.6 ohms 
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1:9 BALUN 


Figure 11-7. Schematic diagram of he seriestype 12:1 Balun using a 1:1.33 Unun in series with а 1:9 Guanella Balun, 


9:1 Balun, as seen by its low-frequency model, isn't as 
good as the 4:1 Balun that controls the low-frequency 
response of the serics-type 1:6.25 Balun, Additionally, 
it should be pointed out that all ofthe suggested losses 
for the transformers in this chapter are for matched 
conditions —dat is with VSWRs of 1:1, If the VSWR 
is 2:1 due to a load twice as large as the objective, the 
input voltage to the Balun increases by about 40 per- 
cent. Therefore, the losses should increase by close to 
the same percentage. 

In closing this section, 1 would like to report my 
findings on two recent articles in amateur radio jour- 
nals that also described 9:1 Baluns matching S0-ohm 
cable to 450 ohms. One“ advocated using three 150. 
‘ohm coaxial cables threaded through high-permeabili- 
ty ferite beads—a 9:1 Guanella Balun. Because of 
the low voltage-breakdown capability of the coaxial 
cable and the high loss found by accurate measure- 
ments on Ununs using these high-permeability fer- 
rites, the design was suspect. I built a copy of the 
design and found it to be, as expected, unable to han- 
dic any appreciable power. The second article? advo- 
cated using 14 trfilar turns of “magnet wire" on a 2- 
inch OD powdered-iron core (permeability of 10). 
"This Balun was also constructed and tested, Again, as 
was expected, when matching 50-obm cable to a 
floating load of 450 ohms, the 9:1 Balun barely 
reached a truc 9:1 ratio at ? MHz. Above 7 MHz, the 
ratio became greater than 9:1 and also introduced а 


reactive component, Below 7 MHz, there was insuffi- 
cient choking reactance to prevent flux in the core, 
My three objections to this design are: 1) a trifilar 
design has a poor high-frequency response because it 
sums a direct voltage with a delayed voltage that tra- 
verses a single transmission Tine and a delayed voltage 
that traverses two transmission lines, 2) the character- 
istic impedances of the transmission lines are only 50 
‘ohms (the objective is 150 ohms), and 3) the low-fre- 
quency response is poor because of the low-perme- 
ability powdered-iron core. I do not recommend either 
of the designs in these two articles, 


Sec 11.5 12:1 Baluns 


‘Over the years, the broadband, 12:1 Balun has been of 
special interest to users of rhombic and V antennas. 
With the aid of this Balun, certain advantages over 
mall element arrays can be fully exploited. Rhombies 
and Уз are easier to construct, both electrically and 
mechanically, and there ate no particularly critical 
dimensions or adjustments, Furthermore, they give 
satisfactory gain and directivity over a 210-1 frequen- 
‘ey range. These antennas have also been found to be 
more effective in reception, Because their designs сап 
‘present input impedances of 600 ohms, and very long 
lengths of highly efficient 600-ohm open-wire line 
can be used between the shack and the antenna, ап 
efficient and broadband 12:1 Balun is a natural for 
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Photo 11-G. Top view of the high-power 12:1 Balun. 


this application. However, to my knowledge, satisfac- 
tory Baluns have not been available for this use. 

Y will present two versions of a series-type Balun 
designed to match 50-ohm cable to a balanced load of 
600 ohms. One is a high-power unit designed to han- 
dle the full legal limit of amateur radio power over а 
bandwidth of 7 to 30 MHz. The other is a medium- 
power unit capable of handling approximately one- 
half the legal limit of amateur radio power from 3.5 to 
30 MHz. Both Baluns use a 1:1.33 Unun in series 
with a 1:9 Guanella Balun, 

Аз you will see, these Baluns are not especially 
easy to design and construct. The major difficulties lie 
in trying to obtain sufficient choking reactances in the 
coiled windings to meet the low-frequency require- 
ments, and large enough characteristic impedances of 
the windings to meet the high-frequency require- 
ments. Because a coiled winding with a characteristic 
impedance of 200 ohms (the objective) is practically 
impossible to obtain with any reasonable wire size 
and number of turns, I used the compensating tech- 
nique first described in my book? Because the char- 
acteristic impedances of the 9:1 Guanella Balun are 
somewhat less than 200 ohms, a compensating effect 
(and hence higher frequency response) can be ob- 
tained by having a higher (than the normal objective) 
‘characteristic impedance of the windings in the 1:1.33 
Unun. Earlier work (also described in my book) pre- 
sented a 12:1 Balun using a 1:3 Unun in series with 


Photo 11-H. Side view of the high-power 12:1 Balun 


1:4 Ruthroff Balun. The Baluns presented in this sec- 
tion using a 1:1.33 Unun in series with a Guanella 1:9 
Balun, are much improved designs, 


A High-power 
12:1 Balun 


Figure 11-7 shows the schematic diagram of the 
series-type 12:1 Balun used in both the high- and 
‘medium-power versions. Photo 11.0 shows a top 
view of the high-power Balun. Photo 1-H shows а 
side view. 

The 1:1.33 Unun has 5 quintufilar turns on a 1.5- 
inch OD ferrite toroid with a permeability of 250. 
Winding 7-8 is No. 14 H Thermaleze wire and the 
other four are No. 16 Н Thermaleze wire. Winding 7- 
8 is also tapped at 3 turns from terminal 7 

The 1:9 Guanella Balun has 8 bifilar turns of tinned 
No. 16 wire on each of the three toroids. Each wire is 
covered with Teflon tubing and further separated by 
two Teflon tubings. The characteristic impedance of 
the windings is about 190 ohms (the objective is 200 
ohms). The ferrite toroids have an OD of 2.4 inches 
and a permeability of 250, The spacing between the 
toroids is 1/2 inch. 

In matching 50-ohm cable to a balanced load of 600 
‘ohms, the response is literally flat (within a percent or 
wo) from 7 to 30 MHz. Within this bandwidth, it is 
capable of handling the full legal limit of amateur 
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Photo 11-1 Top view of the medium power 12:1 Balun. 


radio power. In a matched condition, the expected 
insertion loss is about 0,25 dB. 


Sec 11.5.2 AMediumpower 
12:1 Balun 


Photo 11-1 shows the top view of the medium-power 
12:1 series-type Balun. Photo 11-7 shows the side 
view. This Balun also has the same 1:1.33 Unun as 
described earlier 

‘The 1:9 Guanella Balun has 11 bifilar tums of No. 18 
hook-up wire on cach toroid, The wires are further scp- 
arated by two No, 18 Teflon tubings. The characteristic 
impedance of the windings is about 170 ohms. The 
toroids have an OD of 2.4 inches and a permeability of 
250, The spacing between the toroids is also 1/2 inch. 

In matching 50-ohm cable to a balanced load of 600 
ohms, the response varies less than 5 percent from 3.5 
то 30 MHz, Within this bandwidth, the Balun can han- 
dle about one-half the legal limit of amateur radio 
power. As with the high-power version, the expected 
insertion loss is also 0.25 dB. 


Sec 11.6 Concluding Remarks on 
Т Baluns 


Many of the concluding remarks from the discussion 
оп 6:1 and 9:1 Baluns (Sec 11.4) also apply to 12:1 
Baluns; therefore, I won't repeat them here. But the 
following four remarks are specific to 12:1 Baluns 
and warrant mentioning 

First, high-impedance transmission line transform- 
ers like the 12:1 Balun are particularly sensitive to 


Photo 11-3. Side view of the medium-power 12:1 Balun 


metallic enclosures. If a minibox were to be used, I 
would suggest the one shown in Photo 11-E, which is 
6 inches long by 5 inches wide by 4 inches high. 
‘Smaller metallic enclosures would reduce the charac- 
teristic impedances of the windings and affect the 
high-frequency response. Even the spacing between 
cores had to be increased from 1/4 inch (for a 50:450- 
ohm Balun) to 1/2 inch. The subchassis shown in the 
photographs were used because they provided the 
necessary electrical and mechanical support. 

Second, the 12:1 Baluns described in this section 
also make excellent Ununs, albeit with some compro- 
mise in the low-frequency response. I would suggest 
using the high-power unit only between 14 and 30 
MHz and the medium-power unit only between 7 and 
30 MHz, 

‘Third, for the readers interested in VHF operation, I 
would suggest the parallel-type approach described in 
the earlier section on 6:1 Baluns. In this case, a 9:1 
Guanella Balun is connected in series-parallel with а 
1:4 Guanella Balun. This would produce a broadband 
ratio of 12.25:1. By using 170-ohm twin-lead (about 
10 inches long) threaded through ferrite beads with a 
permeability of 125, it appears that it is possible to 
‘match 50-ohm cable to a balanced load of 612.5 ohms 
throughout the VHF band. 

Fourth, by using torids with a permeability of 125 in 
the 1:9 Guanella Baluns (of the 12:1 Baluns), the 
insertion loss would be reduced by around one half 
(0.12 dB), with a trade-off in low-frequency response. 
‘The high-power unit would now cover about 10 to 30 
MHz, and the medium-power Balun would cover 
about 7 to 30 MHz, 


The 4:1 Unun 


Chapter 12 


Sec 12.1 Introduction 


rom an analysis standpoint, the 4:1 Unun can be 
Е 

literature, И began with Ruthroff's introduction 
and complete analysis of this device in his classic 
paper published in 1959.9 Ruthroff's paper then 
became the industry standard for this class of devices 
known as transmission line transformers. These are 
devices that transmit the energy from the input to the 
‘output by an efficient transmission line mode, and not 
by flux linkages (as in conventional transformers). 

However 15 years earlier, Guanella had introduced, 
in his classic 1944 paper the first broadband Baluns 
by combining coiled transmission lines in a series 
parallel arrangement, yielding ratios of l:n? where n = 
1, 2, 3... and so on. И has also been shown that 
Guanella's technique also lends itself to Ununs as 
ell? In fact, in this chapter, you will see that his 
technique of summing voltages of equal delays 
promises to yield high-power designs capable of oper- 
ating on the VHF and UHF bands. 

‘The 4:1 Unun also exemplifies (more than any other 
transformer) the many choices that can be made in its 
design, These include: 1) Ruthroff's or Guanella's 
designs, 2) wire or coaxial cable transmission lines, 3) 
coiled or beaded lines, 4) rods or toroids, 5) low- 


power or high-power designs, 6) HE, VHR, or ИНЕ 
designs, and 7) the trade-offs in efficiency for low-fre- 
quency response от for high VSWR. The 4:1 Unun is 
the most prevalent of all the Ununs, It finds extensive 
use in solid-state circuits and in many antenna appli- 
cations involving the matching of ground-fed anten- 
nas—where impedances of 12 to 13 ohms must be 
‘matched to 50-obm coaxial cable, This chapter pro- 
vides information on many 4:1 Unun designs. 


Sec 12.2 The Ruthroff 4:1 Unun 
Figure 12-1 illustrates two versions of Ruthroff's 
approach to obtaining a 4:1 unbalanced-to-unbalanced 
transformer (Unun). As can be seen, one uses a coiled 
wire transmission line, while the other uses a сойей 
coaxial cable, Depending upon the frequency, beaded 
transmission lines may also be used, 

Ruthroff's design uses a single transmission line 
connected in, what I cal, the bootstrap configuration. 
That is, terminal 2 is connected to terminal 3, lifting 
the transmission line (at the high-impedance side) by 
the voltage Vy. If the reactance of the coiled winding 
or beaded line is much greater than Rg, then only 
flux-canceling transmission line currents are allowed 
to flow. И is also apparent that the output voltage is 
the sum of a direct voltage, Vi. and a delayed voltage, 


Figure 12-1, The Ruthroff 
4:1 Unun (Ry=4Rgk (A) 
coiled bifilar winding: (В) 
coiled coaxial cable 


s 
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Va, which traverses a single transmission line, This 
delay in Уз eventually limits the high-frequency 
response. For example, if the electrical length of the 
line is a 1/2 wave, the output is zero, Ruthroff also 
found that the optimum value of the characteristic 
impedance of the transmission line (for maximum 
high-frequency response) is Ry/2. 

Therefore, the electrical length and characteristic 
impedance of the transmission line play major roles in 
Ruthroff’s design. Because his work was mainly con- 
‘cerned with small-signal applications, RuthrolT was 
able to obtain broad bands of a few tens of kilohertz 
to over a thousand megahertz. This was possible 
because he used a few turns (5 to 10) of fine wire 
(Nos. 37 and 38) on high-permeability toroids аз 
small as 0.08 inches in OD. As a result, the phase- 
delay with these very short transmission lines was 
very small, However, large-signal (power) applica- 
tions present an entirely different picture. For opera- 
tion in the HF band (including 160 meters), transmis- 
sion lines vary between one to three feet in length 
(depending upon impedance level). Consequently, 


Photo 12-B. Two higher-imped- 
ance Ruthroff 4:1 Ununs: 100:25- 
ойт (оп the left); 200:50-оһт (on 
the right). 


Photo 12-A. Two versions of the 
Ruthroff 4:1 (50:12.5-0hm) Unun: 
coiled wire rod (on the left): coiled 
coaxial cable toroid (on the right). 


phase-delay can play a major role, as will be seen in 
the following examples. 


Sec. 12.2.1 50:12.5-ohm Ununs 


Photo 12-A shows two examples of efficient and 
broadband 4:1 Ununs matching 50 to 12.5 ohms. The 
той version (on the left) has 14 bifilar turns of No. 14 H 
Thermaleze wire on a low-permeability (125) ferrite 
rod 0.375 inches in diameter and 3.5 inches long. The 
connections are shown in Figure 12-14. The cable 
connector is on the low-impedance side. The response 
is flat from 1.5 to 30 MHz. In a matched condition, this 
Unun can easily handle the full legal limit of amateur 
radio power, Because a tightly wound rod Unun yields 
a characteristic impedance very close to 25 ohms (the 
optimum value), this is quite likely the easiest one to 
construct that covers the above bandwidth. 

The toroidal version (on the right in Photo 12-A) 
has 6 turns of homemade, low-impedance coaxial 
cable on a 1.5-inch OD ferrite toroid with a perme- 
ability of 250. The connections are shown in Figure 
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Figure 122, The Guanella 4:1 
Unun (Ry=4Rg): (A) coiled 
bifilar windings; (B) coiled or 
beaded coaxial cables. 


12-1B. The cable connector is on the low-impedance 
side. The inner conductor is No. 14 Н Thermaleze 
wire and is covered with Teflon tubing. The outer 
braid is from a small coaxial cable (or from 1/8-inch 
tubular braid) tightly wrapped with Scotch No. 92 
tape in order to obtain the desired characteristi 
impedance. In matching 50 to 12.5 ohms, the response 
is flat from 1.5 to 50 MHz, Because the current is 
evenly distributed on the inner conductor, this small 
Unun has an exceptionally high power capability—at 
Teast 5 KW of continuous power and 10 kW of peak 
power (in a matched condition). 


Sec 12.2.2 100:25-ohm Unun 


In some combiner applications, an Unun matching 
100 to 25 ohms is required. The smaller toroidal ver- 
sion, pictured on the left in Photo 12-B, shows a 
Ruthroff design that can satisfy many of these require- 
ments. It has 8 bifilar tums of No. 14 Н Thermaleze 
wire on a 1.5-inch OD ferrite toroid with a permeabil- 
ity of 250. One wite is also covered with a single 
layer of Scotch No. 92 tape, providing a characteristic 
impedance close to the desired value of 50 ohms. In 
matching 100 to 25 ohms, the response is essentially 
flat from 1.5 to 30 MHz. This Unun can easily handle 
the full legal limit of amateur radio power. 


Sec 12.2.3 200:50-ohm Unun 


When dealing with this type of Balun, the Ruthroff 
approach cannot yield the broadband response of the 
lower-impedance designs shown above. Because more 
turns are required in order to obtain the necessary 
choking reactance, and a 100-ohm characteristic 
impedance that requires more spacing between the 
wires is used, the cores must be considerably larger. 
‘This results in longer transmission lines. Consequent- 
ly. the high-frequency response is now limited by the 
greater phase delay of this high-impedance Unun. 

‘The larger transformer, shown on the right in Photo 
12-B is my optimized version of а Ruthroff 200:50- 


ohm Unun. It has 16 bifilar turns of No, 14 Н 
Thermaleze wire on a low-permeability (250) 2.4-inch 
OD ferrite toroid. Each wire is covered with Teflon 
tubing, resulting in a characteristic impedance of 97 
ohms, Because of the long transmission line (36 inch- 
es), the impedance transformation ratio (in matching 
200 ohms to 50 ohms) varies from 4 to 4.44 from 1.5 
to 30 MHz. A conservative power rating (under a 
‘matched condition) is 2 kW of continuous power and 
4 KW of peak power. Because this higher-impedance 
Unun has a larger voltage drop along the length of its 
‘windings, its loss (a dielectric-type2) is а little greater 
than the lower impedance Ununs described earlier. In 
a matched condition, the efficiency is about 97 per- 
cent, while the others experience efficiencies of 98 to 
99 percent. 


Sec 12.3 The Guanella 4:1 Unun 


Even though Guanclla's investigation? was directed 
toward developing a broadband Balun to match the 
balanced output of a 100-watt, push-pull, vacuum- 
tube amplifier to the unbalanced load of а coaxial 


Photo 12-C. Two Guanella 4:1 (50:12.5-ойт) Ununs: rod 
version (on the top), 1.5 10 50 MHz; beaded version (on 
the bottom), 10 MHz to over 100 MHz. 


„ UNDERSTANDING, BUILDING, AND USING BALUNS AND UNUNS 


cable, his technique of connecting transmission lines 
in a parallel-series arrangement has only recently been 
recognized as the design for the widest possible ban 
width in an unbalanced-to-unbalanced application. 
Some have labeled his approach the “equal-delay net- 
work". 26 The major difference in Guanella's approach 
(from Ruthroff's) is that by summing the equal-delay 
voltages of coiled (or beaded) transmission lines, he 
minimizes the dependence of the high-frequency 
response on the lengths of the transmission lines. As 
was mentioned before, RuthrofP's method of summing 
a direct voltage with a delayed voltage that traversed a 
single transmission line has a limited application, 
especially with high-power, high-impedance Ununs 
(like 200:50 and 300:75 ohms). 

Furthermore, Guanella's approach is also important 
in designing high- and low-impedance Baluns and 
Ununs with impedance transformation ratios other 
than 4:1. Connecting three transmission lines in paral- 
lel-series results in a 9:1 ratio, four in a 16:1. Also by 
connecting a fractional-ratio Unun in series with his 
Baluns, or by using various combinations of parallel- 
series transmission lines,262 Ununs and Baluns are 
now available with a continuum of ratios from 1.36:1 
to 16:1, Moreover, these ratios now make it possible 
to match 50-ohm cable to impedances as low as 3.125 
‘ohms and as high as 800 ohms. A major factor in the 
Success of these designs rests in the understanding of 
the low-frequency models of these various transform- 
ers.2 This section looks at the 4:1 Unun using 
Guanella’s approach. As in the Ruthroff case, the opti- 


Photo 12-D. Two higher-impedance Guanella 4:1 Ununs 
100:25-ohm (on the left): 200:50-ohm (on the right). 


‘mum value of the characteristic impedances of the 
transmission lines for a Guanella 4:1 transformer is 
also Ry/2. 


Sec 12.3.1 12.5-ohm Ununs 


Figure 12-2 shows the schematic diagrams of the 
coiled-wire and coaxial cable (coiled or beaded) ver- 
sions of 4:1 Ununs using Guanella’s technique of con- 
necting transmission lines in parallcl-scrics arrange- 
ments, As can be seen in Figure 12-2, the lower trans- 
mission lines are grounded at both ends and, there- 
fore, have no potential drop along their lengths. Th 
the coiling or beading has no effect. The core only 
acts as a mechanical support and the beads can be 
removed. In essence, the bottom transmission line 
plays the important role of a delay line. In addition, 
the low-frequency response of this form of Unun is 
solely determined by the reactance of the top coiled ог 
beaded transmission line, 

‘The top Unun in Photo 12-C shows a rod version of 
Guanella's 4:1 Unun. There are 13.5 bifilar turns of 
No. 14 Н Thermaleze wire on low-permeability (125) 
ferrite rods 0.375 inches in diameter and 3.5 inches 
long. For ease of connection, one winding is clock- 
wise and the other is counterclockwise, The cable 
connector is on the high-impedance side. In matching 
50 to 12.5 ohms, the response is flat from 1.5 to over 
50 MHz! This Unun, in a matched condition, is capa- 
ble of handling the full legal limit of amateur radio 
power. Furthermore, with the 50-ohm generator on the 
ıt (in Figure 12-2A) and a 12.5-ohm balanced load. 
оп the left (perhaps а Yagi beam), this transformer 
‘makes an excellent step-down Balun. 

‘The bottom transformer in Photo 12-C shows а 
beaded-coax version of a 50:12.5-ohm step-down 
Unun designed for 2-meter operation. It has 3.5 inch- 
ев of beaded coax on the top transmission line 
(Figure 12-28) and no beads on the bottom transmis- 
sion line. (Actually, the bottom rod in Figure 12-24 
сап also be removed with no change in performance.) 
The beads are low-permeability (125) ferrite. The 
inner conductor of the coaxial cable is No. 12 Н 
Thermaleze wire with about 3.5 layers of Scotch No. 
92 tape (two 0.5-inch tapes wound edgewise like a 
window shade), providing a characteristic impedance 
close to the optimum value. The outer braid is from a 
small coaxial cable (or from 1/8-inch tubular braid). 
‘This homemade coax is further wrapped tightly with 
Scotch No. 92 tape in order to preserve its low charac- 
teristic impedance. The cable connector is on the low- 


impedance side. The response of this Unun is essen- 
tially flat from 10 to 100 MHz (the limit of my 
bridge). It can also (easily) handle tbe full legal limit 
‘of amateur radio power 


Sec 12.3.2 100:25-ohm Unun 


‘The Unun on the left in Photo 12-D is a Guanella 
version that matches 100 to 25 ohms. There are 8 
bifilar turas of No. 14 Н Thermaleze wire on each 
1.5-inch OD low-permeability (250) toroid. One 
toroid is wound clockwise and the other is wound 
counterclockwise, One of the wires (on each toroid) 
is covered with one layer of Scotch No. 92 tape. The 
cable connector is on the low-impedance side. The 
response is flat from 1.5 MHz to well over 30 MHz. 
This Unun can also handle the full legal limit of ama- 
teur radio power. 

It is interesting to note that when used as а Balun 
(the ground removed from terminal 2), and placed in 
Series (on the left side) with a 1.78:1 Unun (see 
‘Chapter 13), this compound arrangement provides an 
excellent Balun for matching 50-ohm coaxial cable 
directly to quad antennas having impedances of 100 10 
110 ohms. 


Sec 12.3.3 200:50ohm Unun 


‘The transformer on the right in Photo 12-D is an 
excellent Unun (or Balun with terminal 2 removed 
from ground) for matching 50 to 200 ohms. It has 14 
bifilar turas of No. 14 Н Thermaleze wire on each 
low-permcability (250) toroid with a 2.4-inch OD. 
Each wire is covered with Teflon tubing, providing a 
characteristic impedance of 98 ohms (which is quite 
good because the optimum value is 100). Again, for 
čase of connection, ane winding is clockwise and the 
other is counterclockwise, When operating as an 
Unun or a Balun and matching 50 to 200 ohms, the 
response is essentially flat from 1.5 to 30 MHz. А 
conservative power rating (in а matched condition) is 
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5 KW of continuous power and 10 KW of peak power. 
‘This transformer has been reported to handle peak 
pulses of 10,000 volts! 


Summary 


Since its introduction by Ruthrotf in 1959,7 the 4:1 
Unun has been the most popular transmission line 
transformer matching unbalanced impedances to 
unbalanced impedances, Аз 1 mentioned at the begin- 
ning of this chapter, there are many choices to consid- 
er when designing these broadband and efficient 
transformers. One of the most important choices 
involves whether to use the Койгой or Guanella 
approach, In fact, the Guanella design should proba- 
bly be designated a Balun/Unun. Recently, it has 
become the design of choice in the higher frequency 
bands, From the designs presented in this chapter, 1 
offer the following recommendations: 

1. For Ununs in the HF band with impedance levels 
‘of 100:25 ohms and lower, the Ruthrof? approach is 
recommended because of its simplicity. 

2. For high impedance levels in the HF band (like 
200:50 and 300:75 ohms), the Guanella approach is 
recommended, 

3. For low-impedance operation on the VHF band, 
the beaded-coax Guanella approach is recommended. 

4, For high-impedance operation on the VHF band, 
the coiled-wire Guanella approach appears to be the 
preferred choice, and should be investigated first 
Obviously, the number of tums should be reduced from 
the examples shown in this chapter because the resc- 
tance of the winding is proportional to the frequency. 

5. For high-power use on the HF band, the Ruthroff 
Unun with low-impedance coaxial cable on a toroid 
(on the right on Photo 12-A) is recommended. Tt is 
časy to construct and can very likely handle more than 
5 KW of continuous power. 

6, Also, at high-impedance levels, one might con- 
sider using lower permeability ferrites for higher e 
ciencies. Look at permeabilities of 125 and 40. 


Chapter ] 3 


1.33:1, 1.5:1, and 2:1 Ununs 


Sec 13.1 Introduction 


ittle practical design information has been 
| available on Ununs with impedance transfor- 
Imation ratios of less than 4:1 (these are called 
fractional-ratio Ununs). However, many important 
applications can be found for efficient and broadband. 
Ununs with ratios like 1,33:1, 1.5:1, and 2:1, Some 
examples include the matching of 50-ohm coaxial 
cable to: a) vertical antennas, inverted Ls, and ground- 
fed slopers (all over good ground systems), b) 75-ohm. 
hardline cable, c) a junction of two S0-ohm coaxial 
cables, d) shunt-fed towers performing as vertical 
antennas, and е) the output of a transceiver or class В 
linear amplifier when an unfavorable VSWR condi- 
tion exist 
These three Ununs also play an important role in 
making other useful Baluns possible. Examples given 
in earlier Chapters include: a) connecting a 1.5:1 Unun 
(50:75 ohms) in series with а 1:1 Balun (75:75 ohms) 
results in a broadband 1.5:1 Balun (50:75 ohms); b) 
connecting a 2:1 Unun (50:100 ohms) in series with a 
1:1 Balun (100:100 ohms) results in a broadband 2:1 
Balun (50:100 ohms); с) connecting a 1.5:1 Unun 
(50:75 ohms) in series with a 4:1 Balun (75:300 
ohms) results in a broadband 6:1 Balan (50:300 


ohms), and d) connecting а 1.33:1 Unun (50:66.7 
ohms) in series with a 9:1 Balan (66.7:600 ohms) 
results in a broadband 12:1 Batun (50:600 ohms). 

It has been shown? that a continuum of ratios can 
now be obtained with Unons matching 50-obm cable 
to impedances эв low as 3.125 ohms and as high as 
800 ohms. In addition, by using higher-order wind- 
ings (trifilar, quadfila, etc), Ununs can be construct- 
ed with two broadband ratios like 1.5:1 and 3:1, or 2:1 
and 4:1, Furthermore, by tapping some of the wind- 
ings of these higher-order Ununs, moltimatch trans- 
formers can be constructed with many broadband 
табох, As а result of this class of fractional-ratio 
Ununs, a continuum of Ununs and Baluns is now 
available to match 50 ohms unbalanced to unbalanced 
ог balanced impedances as low as 3.125 ohms and as 
high as 800 ohms. 

Му first attempt to obtain ratios less than 4:1 was 
made by tapping one of the wires in а Ruthroff 4:1 
bifilar Unun. My experiment met with only moderate 
success An adequate low-frequency response with a 
133.1 ratio was difficult to obtain. Also, the 2:1 ratio 
had considerably greater loss than higher or lower 
ratios, Recently, 1 found that higher-order windings 
(tiflar, quadrifilar, ete.), some with taps, provide 
much wider bandwidths and higher efficiencies, This 


в 
cle 
за ES 


pr 


Figure 13-1. Schemaiie diagrams: (A) matching 50 io 25 ohms (B-A) and 50 to 22.22 ohms (C-A); (B) matching 100 to 50 


ohms (B-A) and 112.510 50 ойт (C-A). 
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Photo 13-A. Bottom 
view of the 2:1 Unun 
designed to match 50 
ohms to 25 ohms or 22.2 
ohms (Figure 13-14). 
The connector is on the 
low-impedance side. 


Photo 13-В. The 2:1 Unum mounted in a 4 inch long by 2 
inch wide by 2.75 inch high minibox. 


chapter describes fractional-ratio Ununs using these. 
higher-order windings. 

‘The next section discusses the practical aspects of the 
2:1 Unun. This Unun is not only one of the more useful 
transformers, but it also serves as a good introduction 
to the trifilar and quadrifilar designs. What follows is 
an introduction to the most difficult fractional-ratio 
Unun—the quintufilar design, which results in very 
broadband 1.33:1 and 1.5:1 Ununs. A more complete 
discussion appears in Part I of this book. 

This chapter closes with construction tips, As you 
will see, these Ununs can be difficult to construct, 


Sec 13.2 2:1 Ununs 


Figure 13-1A shows the schematic diagram of an 
Unun designed to match 50-ohm cable to an unbal- 
anced load of 25 ohms (2:1 ratio with connections А- 
В) or 22.22 ohms (2.25:1 ratio with connections А-С). 
Tt has 6 trifilar turns of No. 14 Н Thermaleze wire on 
а 1.5-inch OD ferrite toroid with a permeability of 


250, Winding 3-4 is tapped at 5 turns from terminal 3 
Photo 13-A isa photograph showing the various con- 
nections. The connector is on the low-impedance side. 
Photo 13-B shows the transformer mounted in a CU- 
3015A (4 inches long by 2 inches wide by 2.75 inches 
high) minibox. In matching 50 ohms to either 25 ог 
22.22 ohms, the transformation ratio is constant from 
11030 MHz. 

Because the transmission lines are very short, this 
Unun does quite well as a step-up transformer. That 
is, when matching 50 ohms (on the left side) to 100 
ohms (connections A-B) or 112.5 ohms (connections 
А-С) on the right side, the transformation ratio is con- 
stant from 1 to 15 MHz. Because of the extremely 
high efficiency of this transformer (98 to 99 percent 
under matched conditions), this small version can cas- 
йу handle the full legal limit of amateur radio power. 

Figure 13-1B shows the schematic diagram of an 
Unun designed to match 50-ohm cable to an unbal- 
anced load of 100 ohms (2:1 ratio with connections 
A-B) or 112.5-ohms (2.25:1 ratio with connections A- 
C). It has 7 trifilar turns on a 1.S-inch OD ferrite 
toroid with a permeability of 250. The top winding 5- 
6 is No. 14 Thermaleze wire and is tapped at 6 turns 
from terminal 5. The other two windings are No. 16 H 
‘Thermaleze wire. Photo 13-С shows the various con- 
nections. The connector is on the low-impedance side. 
In matching 50-ohm cable to 100 ohms (A-B) or 
112.5 ohms (A-C), the transformation ratio is constant 
from 1 to 30 MHz. 

Again, because the transmission lines are very short, 
this Unan does quite well as a step-down transformer. 
in matching 50-ohm cable (on the right side) to 25 
ohms (A-B) or 22.22 ohms (A-C), the transformation 
ratios are constant from 1 to 15 MHz. As above, this 
transformer can casily handle the full legal limit of 
amateur radio power. 

Although the quadrifilar Unun shown in the sche- 
matic diagram in Figure 13-2 and in Photo 13-D has 
ап impedance transformation ratio of 1.78:1, it should 
also satisfy many of the 2:1 requirements. This Unun, 
which is designed to match 50-ohm cable to an unbal- 
anced load of 28 ohms, not only has a very broadband 
response (1 MHz to over 50 MHz), but also offers 
other possible wideband ratios that will be covered in 
succeeding chapters. 

Specifically, the Unun has 5 quadrifilar turns on a 
15-inch OD ferrite toroid with a permeability of 250. 
Winding 5-6 is No, 14 Н Thermaleze wire and the 
other three are No. 16 Н Thermaleze wire. Like the 


Photo 13-C. Вопот 
view of the 2:1 Unun 
designed to match 50 
ohms to 100 ohms or 
112.5 ohms (Figure 13- 
1B). The connector is on 
the low-impedance side. 


Photo 13-D. Bortom 
view of the 17851 Umm 
designed 1o match 50 to 
28 ohms. The connector 
is on the low-impedance 
side, 


two 2:1 Ununs described above, this one also easily 
handles the full legal limit of amateur radio power. 

‘As with most coiled Ununs that have litte spacing 
between adjacent turns, current-crowding (between 
adjacent turns) can eventually limit the power-han- 
dling capability of these devices. It's possible 10 
improve the ability for handling higher currents by 
using thicker wires, or by using coaxial cables where 
ccurrent-crowding is nonexistent. Figure 13-3 shows 
the schematic diagram of a tapped-trifilar transformer 
that uses two sections of coaxial cable yielding 
impedance ratios of 2:1 and 2.25:1. Photo 13-Е 
shows two trifilar toroidal transformers using low- 
impedance coaxial cables with their outer braids con- 
nected in parallel and acting as the third conductor. 
These transformers are conservatively rated at 5 KW 
ol continuous power, 

‘The smaller transformer in Photo 13-Е has 7 trifilar 
tums of low-impedance coax on a 2-inch OD toroid 
‘with a permeability of 290. The No. 14 Н Thermaleze 
wire inner conductors have four layers of Scotch No. 
92 tape. The outer braids are made from small coaxial 
cables (or 1/8-inch tubular braid), and are also 
wrapped with Scotch No. 92 tape in order to preserve 
the low characteristic impedances. The inner conduc- 
tor of the top coax in Figure 13-3 is tapped at 6 turns 
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Figure 13-2 Schematic diagram of the quadrifilar Unun 
designed to match 50 10 28 ohms (1.78:1 ratio). 


Figure 13-3. Schematic diagram of a tapped-trifilar Unun 
that uses two sections of coaxial cable, yielding impedance 
ratios of 2:1 and 225:1. 


from terminal 5. When matching 50 ohms to 22.22 
ohms or 25 ohms, the impedance ratio is constant 
from 1 to over 50 MHz. 

‘The larger transformer in Photo 13-E also has 7 tri- 
filar turns, but on a 2.4-inch OD toroid with a perme- 
ability of 125. The inner conductors of No. 14 Н 
Thermaleze wire now have a 15-mil wall of Teflon 
sleeving, yielding the low-impedance coaxial cable. 
‘The outer braids are the same. Because the ferrite per- 
meability is lower and the lengths of the transmission 
lines are longer than those of the smaller unit, this 
transformer's bandwidth is not quite as good. When 
matching 50 to 22.22 ohms (this particular Unun 
doesn't have a tapped winding), the impedance ratio is 
constant from 1.7 to 30 MHZ. 

Although not shown, these very high-powered 2:1 
Ununs can also be easily designed to match 50-ohm 
cable to unbalanced loads of 100 and 112.5 ohms 
This is done by using small but high-powered coaxes 
like RG-303/U, RG-141/U, or RG-142/U. 


Sec 13.3 1.5:1 Ununs 


Figure 13-4 shows three basic forms of а quintufilar 
1.56:1 Unun that should satisfy most of the 1.5:1 
requirements. As can be seen, the only difference in 
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Photo 13-E. Two toroidal transformers using coaxial 
cable and designed to match 50 to 22.22 ohms (225:1). 
The smaller transformer is also tapped, yielding a match 
af 50 10 25 ohms (2:1). 


the schematic diagrams is in the interleaving of the 
‘windings. This is done to optimize the performance of 
these Ununs at the various impedance levels, Sche- 
matic A is optimized for matching 50 to 75 ohms. 
Schematic В is optimized for matching 32 to 50 
‘ohms. Schematic C, while optimized for matching 40 
to 62 ohms, still yields quite broadband ratios at both 
50:75 and 32:50-ohm levels. It should be a useful, 
‘general-purpose Unun. 

Photo 13-F is a photograph of the bottom views 
(showing the connections) of the three different de- 
signs. They appear in the same order as the schemat- 
ics of Figure 13-4; i.e., a) the Unun on the left is 
designed to match 50 to 75 ohms, b) the Unun in the 
center is design to match 32 to 50 ohms, and c) the 


Unun on the right is designed to work quite well at 
both impedance levels. The SO-239 connectors are all 
оп the low impedance side of the Ununs. 

All three transformers have four quintufilar turns on 
a 1.5-inch OD ferrite toroid with a permeability of 
250. Their differences аге: 

1. 50:75 ohms (on the left on Figure 13-4 and 
Photo 13-F). 

Winding 9-10 is No. 14 H Thermaleze wire. The 
other four windings are No. 16 H Thermaleze wire. 
When matching 50 to 75 ohms (actually to 78 ohms), 
the transformation ratio is constant from 1 to over 30 
MHz, In matching 50 ohms (on the right side in 
Figure 13-34) to 32 ohms, it is still constant from 1 
to 15 MHz. 

2. 32:50 ohms (in the center in Figure 13-4 and 
Photo 13-F). 

Winding 5-6 is No, 14 H Thermaleze wire, The 
other four windings are No. 16 Н Thermaleze wire. 
When matching 32 to 50 ohms, the transformation 
ratio is constant from 1 to over 30 MHz. In matching 
75 ohms (on the right side in Figure 13-38) to 50 
ohms, it is still constant from 1 to 15 MHz. 

3. 50:75 ohms; 32:50 ohms (on the right in Figure. 
13-4 and Photo 13-P). 

Winding 7-8 is No, 14 Н Thermaleze wire. The 
other four windings are No. 16 H Thermaleze wire. In. 
matching 32 to 50 ohms, the transformation ratio is 
constant from 1 to 30 MHz. In matching 75 ohms (on 
the right side in Figure 13-3C) to 50 ohms, it is still 
constant to 21 MHz. This is quite a good general-pur- 
pose design. 
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Figure 13-4. Three basic forms of a quintuflar 1.56:1 Unun: (A) optimized to match 50 10 75 ohms, (B) optimized to match 
32:0 50 ohms, and (С) optimized to match 40 10 62 ohms, resulting in a good general-purpose design. 


Even though a small toroid (with only a 1.5-inch. 
OD) is used, these Ununs are still very sturdy trans- 
formers. Because their efficiencies are so high (98 to 
99 percent), they can easily handle the full legal limit 
of amateur radio power? Furthermore, the windings 
carrying the majority of the current (80 percent) аге 
all No. 14 wire. Only when well-designed Ununs are 
subjected to very high VSWRs will excessive heating 
occur. Ununs (and Baluns) should never be exposed to 
these severe conditions. 


Sec 13.4 A 1.33:1 Unun 


‘The circuit shown in Figure 13-5 evolved after many 
attempts were made at obtaining a broadband match 
of 50 to 66.7 ohms (1.33:1). Photo 13-G shows the 
bottom view of an actual design. The SO-239 connec- 
tor is on the low impedance side, Photo 13-H shows 
the Unun mounted in a CU-3015A minibox. 

Specifically, this Unun has five quintufilar turns on 
a 15-inch OD ferrite toroid with a permeability of 
250. Winding 5-6 is No. 14 H Thermaleze wire and is 
tapped at three turns from terminal 5 (Figure 13-4). It 
is also covered with one layer of Scotch No. 92 poly- 
imide tape, optimizing the performance at the 
50:66.7-ohm level. The other four windings are No. 
16 H Thermaleze wire. 

In matching 50 to 66.7 ohms (A-B), the transforma- 
tion ratio is practically constant from 1 to 30 MHz. 
The ratio only decreases by 3 percent across the band. 
1а matching 50 to 32 ohms (C-A), the transformation 
ratio is constant from 1 to 30 MHz, In matching 75 to 
50 ohms (С-А), the ratio is constant from | to 15 
MHz. In matching 50 to 37.6 ohms (B-A), the ratio is 
constant from 1 to 15 MHz. As you can see, the Unun 
has some useful broadband multimatches. 
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Figure 13-5. Schematic diagram of a quntuflar Umun 
specifically designed to yield a broadband 1.33:1 ratio 
(66,7:50 ohms; connection B-A). Connection C-A also 
Yields a broadband 1.56:1 ratio (50:32 ohms). 


As in the cases of the other three Ununs, this 
tapped-Unun also easily handles the full legal limit of 
amateur radio power. Like the 2:1 Unun, for higher 
power capabilities, thicker wires or a three-coax 
quintufilar design can be used. 


Sec 13.5 Construction Tips 

Most of my Unun designs use the bootstrap connection 
that sums direct voltages (on the high-impedance side) 
with a delayed voltage, which traverses a single trans- 
mission line.2 Therefore, in order to achieve the very 
wideband responses, small toroids (which allow the 
shortest transmission lines) are used, The small 1. 
inch OD toroids offer this advantage. Furthermore, 


Photo 13-F. Photograph of the three differ- 
ет Unun designs shown in Figure 134: A) 
on the left, 50:75 ohms, B) in the center 
32:50 ohms, and С) on the right, a general 
purpose design matching both impedance 
levels quite well. 
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Figure 13-6. Pictorials of higher-order windings: (A) wilar and (B) 


quadrifilar. 


Photo 13-G. Photograph 
of the 1.33:1 Unun 
(66.7:50 ohms). This 
transformer also has a 
broadband 1.56:1 ratio 
(50:32 ohms). 


quintufilar (and higher-order windings) Ununs are also 
eventually limited in their high-frequency responses by 
self-resonances. Shorter winding lengths keep these 
self-resonances well out of the HF band. For the Ununs 
in this chapter, they occur between 45 and 65 MHz, 
with Figure 13-4A having the higher value. 

‘There is also a mechanical advantage in using the 
smaller toroids. You'll find that the popular CU- 
3015A minibox makes an excellent enclosure for the 
1.5-inch OD toroid, Furthermore, because ferrite is a 
ceramic and, therefore, unaffected by moisture, no 
special precautions need be taken for out-of-doors 
use. Potting the transformer in plastic is unnecessary. 
‘One must only keep the Unun out of a pool of water. 

Because well-designed transformers have virtually 
по flux in the core, their power ratings are mainly 
determined by the ability of the transmission lines to 
handle the voltages and currents, Furthermore, it can 
be shown that the losses in these transformers are 
related to the voltage gradients along the transmission 
lines? Thus, they are dielectric-type ferrite losses. 
"This means that the efficiency can be severely degrad- 


Figure 13-7. Pictorial af a guintuiar winding 


ed with very high VSWRs since higher voltage gradi- 
ents occur under these conditions. 

Several suggestions can be made regarding the con- 
struction of Ununs using these higher-order windings 
(trifilar, quadrifilr, ete). They are: 

1) Make a ribbon out of the wires and wind them all 
at the same time. This keeps the wires as close as pos- 
sible, resulting in the maintenance of the optimum 
characteristic impedance of the transmission lines. 1 
found that strips made with 1.25- by 0.375- to 0.55 
inch glass tape (Scotch No. 27), clamped about every 
1/2 inch, hold the wires in place very well. The start- 
ing lengths of the wires should be about 5 inches 
longer than one would calculate knowing the number 
of turas and the length around each turn 

2) Because work-hardening of the copper wire takes 
place in coiling it around a toroid, a pair of pliers and 


Photo 13-H. The 1.33:1 Unun mounted in а CU-3015A 
minibox. 


a strong thumb (and arms) are indispensable tools, It 
takes considerable effort to wind these transformers. 
Also, because these designs have adequate margins at 
their low-frequency ends, some space between the 
‘windings and the toroids can be tolerated. 

3) It is helpful to recognize the various patterns that 
appear at ће ends of the windings. Figure 13-6 shows 
а drawing of the trifilar and quadrifilar patterns and 
Figure 13-7 shows the quintufilar pattern. Note that 
terminal 1 and terminal 6 or terminal 8 or 10 are the 
‘outside terminals of the patterns. Also, note that termi- 
nal 1 is always grounded in the schematic diagrams. 

4) Tapping windings can be опе of the more diff 
cult tasks in constructing these transformers. Winding 
а tapped transformer is also more difficult. I found 
that the edge of a small, fine file does the best job in 
removing the insulation. About 1/8 to 1/4 inch is 
removed around the wire. It also helps to remove 
some of the copper Then a flat I/8-inch copper strip 
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ог No, 14 wire flattened on one end is soldered to the 
bare wire. The soldered connection is then rendered 
smooth using the edge of the file. Finally, two pieces 
of Scotch No, 92 polyimide tape are placed on the 
joint to insulate it from the neighboring turns. 1 also 
found that a tap placed one turn from the end of the 
winding is best made approximately 4 inches from the 
end of the wire (when the wire is straight) 

Finally, а comment should be made about low- 
power Ununs. Practically all of the transformers in 
this chapter can be casily designed for low-power use. 
Designs capable of handing the full output of HF 
transceivers can be readily constructed. Cores with an 
OD of 1.25 inches are recommended. The same num- 
ber of turns, but with one size smaller wire, is also 
recommended, Because smaller cores and thinner 
wires are used, these lower-power units are not only 
easier to construct, but they also have wider band- 
widths due to the shorter lengths of the windings. 


DualRatio Ununs 


Chapter 14 


Sec 14.1 Introduction 


lier chapters in this book on Ununs have 
Е 
[Broadband ratios of 1,33:1, 1.5.1, 2:1, and 4:1 
were che design objectives, The 1.33:1 ratio was 
obtained by tapping a 1.5:1 (actually 1.56:1) quintufi- 
Jar-wound Unun. The 2:1 ratio was obtained by tap- 
ping а 2.25:1 trifilar-wound Unun, Although these 
transformers can be considered to have two broad- 
band ratios (1.33:1 and 1.56:1 or 2:1 and 2.25:1), 
their two ratios were not different enough for many 
practical applications, This is especially true of anten- 
nas where the input impedance varies with frequency. 
Му earlier work? and an article by Genaille!? have 
shown that a host of ratios (Jess than 4:1) can be 
obtained by tapping the bifilar winding of a Ruthroff 
4:1 Unun? However, the bandwidths obtained using 
this technique are quite limited with each ratio and аге 
highly dependent upon the impedance level, This is 
particularly true when а rod core is used because it 


requires more turns (resulting in longer transmission 
lines) in order to obtain the necessary choking reac- 
tance that isolates the input from the output 
Furthermore, ratios around 2:1 exhibit more loss 
because autotransformer action also enters into the 
marching proces 2 

By using quadrifilar and quintafilar windings on 
small I. nch OD cores, and connecting them in 
such a way that the characteristic impedances of the 
windings are near optimum, two very different and 
broadband ratios matching 50 ohms to lower imped- 
ances are obtained. Furthermore, because the trans- 
mission lines in these transformers are so very short 
(8 10 9 inches in length), these transformers do quite 
well in matching 50 ohms to higher impedances (as 
step-up transformers). 

This chapter presents (wo Ununs which have two 
broadband ratios that differ by a factor of two! One 
bas a 1.5:1 and а 3:1 ratio (actually 1.56:1 and 
2.78:1). The other has a 2:1 (actually 1.78:1) and a 4:1 
ratio, Also, this chapter introduces the novel tech- 
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Figure 14-1. Schematic diagrams of duat-ratio Ununs: (A) 1.78:1 connection C-A, 4:1 connection С-В: (В) 1,56:1 connec- 


lom CA, 278:1 connection C-B. 
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Figure 14-2. Pictorials of higher-order wind- 
ings: (A) quadrifar, (В) quintufilar. 


nique of connecting these two transformers in parallel 
on their 50-ohm sides, resulting in four very broad- 
band ratios. 


Sec 14.2 2:1 and 4:1 Ratios 


Figure 14-14 shows the schematic diagram of the 
quadrifilar Unun yielding ratios of 2:1 (actually 
1.78:1) and 4:1. Figure 14-24 provides а pictorial of 
its windings. On the left in Photo 14-A, you see the 
bottom view of an Unun. The cable connector is on 
the 28-ohm (1.78:1) side. This Unun has four quadri- 
filar tums of No. 14 Н Thermaleze wire on a 15-inch 
OD toroid with a permeability of 250. 

In matching 50 to 28 ohms (connection C-A), the 
response is flat to within 1 percent from 1 to 30 MHz. 
From 1 to 50 MHz, it's flat to within 2 percent. In 
matching 50 to 12.5 ohms (connection C-B), the 
response is flat to within 3 percent from 1 to 30 MHz. 

Because very short transmission lines are used, this 
transformer performs quite well as a step-up trans- 
former. In matching 50 to 200 ohms (connection B- 
C), the response is flat to within 3 percent from 1.5 to 


10 MHz. in matching 50 to 89 ohms (connection A- 
©), the response is flat to within 5 percent from 1.5 to 
30 MHz! 


Sec 14.2.1 Construction Tips 


Start with about 14 inches of straightened wire. Form 
the wires into a ribbon with clamps of Scotch No. 27 
glass tape every 1/2 inch. 1 found that strips 3/16 inch 
wide and about 1.5 inches long do a good job. The 
clamps should be long enough to go around ihe wires 
twice. After winding, connect terminals 2 and 7. Then 
connect terminals 3 and 8. Finally, connect terminals 
4 and 5. Because work-hardening takes place quickly, 
you will find that a pair of pliers and a strong thumb 
{and arms) are necessary tools. You will also find that 
‘winding these exceptionally performing transformers is 
not easy. As in all endeavors, practice really pays off. 


Sec 14.3 1.5:1 and 3:1 Ratios 


Figure 14-1B shows the schematic diagram of the 
quintufilar Unun yielding ratios of 1.5:1 and 3:1 


Photo 14-A. On the left, а quadrifilar Unun with 
ratios of 1.78:1 and 4:1; on the right, a guintufilar 
Unun with ratios of 1.56:1 and 2.781. 


DUAL-RATIOUNUNS er 


Photo 14-B. The dual-ratio quintufilar Unun 
‘mounted in a 4 inch long by 2 inch wide by 
275 inch high minibox. 


(actually 1.56:1 and 2.78:1). Figure 14-28 is a pictor- 
ial of its windings. On the right side in Photo 14-A 
you see a bottom view of an Unun. The cable connec- 
tor is on the 32-ohm (1.56:1) side. This Unun has four 
quintufilar turns on a 1.5-inch OD toroid with a per- 
meability of 250. Windings 3-4 and 7-8 are No. 14 H 
Thermaleze wire. The other three are No. 16 H 
Thermaleze wire. Winding 7-8 also has two layers of 
Scotch No. 92 polyimide tape, which optimizes the 
1.56: ratio, 


Photo 14-C. The noo dual-ratio Ununs connected in paral- 
lel on their SO-ohm sides providing four broadband ratios 
close to 1.5:1, 2:1, 3:1, and 4:1. The quadrifiar unit is on 
the lei and ће quintufiar unit is on the right. The enelo 
sure is a 5 inch long by 3 inch wide by 2 inch high minibox. 


In matching 50 to 32 ohms (connection C-A), the 
response is essentially flat (less than 1 percent vari 
боп) from 1 MHz to over 40 MHz. Without the two 
layers of Scotch No, 92 tape, the response varies by 4 
percent from 1 to 30 MHz. When used as a step-up 
transformer matching 50 to 78 ohms (connection A- 
©), and with the two layers of Scotch No. 92 tape on 
winding 7-8, the response is flat to within 5 percent 
from 1 to 15 MHz. Without the extra insulation on 
winding 7-8, the response is flat to within 5 percent 
from 1 to 7.5 MHz. 

In matching 50 to 18 ohms (connection C-B), the 
variation in response is less than 3 percent from | to 
40 MHz. The response is the same whether winding 
7-8 is covered with the extra insulation or not. AS a 
step-up transformer matching 50 to 139 ohms (con- 
nection B-C), the response is flat to within 3 percent 
from 1 to 10 MHz (with or without the extra insula- 
tion on winding 7-8). Photo 14-B shows this Unun 
mounted in a 4 inch long by 2 inch wide by 2.75 inch 
high minibox. The two cable connectors on the low 
impedance side could be replaced with feedthrough 
insulators for antenna usc. 


Sec 14.3.1 Construction Tips 

Prepare the ribbon as was described for the guadrifilar 
Unun. If you choose to use the two extra layers of 
Scotch No. 92 tape on winding 7-8, make sure this 
‘winding is оп the outside position of the ribbon (refer 
to Figure 14-28). | found the best order in which to 
connect the wires is as follows: first, connect terminal 
2 to 5; second, connect terminal 6 to 9; third, connect 
terminal 3 to 10; and, finally, connect terminal 4 to 7, 
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As was mentioned before, because a small toroid is 
used in order to achieve the best response (due to 
shorter transmission lines), this transformer also 
requires considerable strength and patience in the 
winding process. 


Sec 14.4 Parallel Transformers 


One of the most pleasant surprises 1 received with 
these efficient and broadband transformers was to find. 
that they can be connected in parallel on their 50-ohm 
sides and still possess the same performance levels. 
Because the loading effect of ойс transformer on the 
other is minimal (like a short length of transmission 
line), the transformer that is properly terminated takes 
the power, while the other one is transparent. This lets 
you obtain four very wideband ratios with the two 
dual-ratio Ununs described in this chapter, Obviously. 
this technique eliminates one transmission line. 
Furthermore, Baluns can also be connected this way 


for feeding, with a single coaxial cable, beams and 
dipoles with different resonant impedances 

Photo 14-C shows two transformers connected in 
‘parallel on their SO-ohm sides using the two dual-ratio 
Ununs described in this chapter. As was mentioned, it 
now yields four wideband ratios very close to 1.51, 
2:1, 3:1, and 4:1, 1 have used this matehing network to 
feed a host of ground-fed antennas (over а good 
ground system). In one case, 1 had a 10», 15-, and 20- 
meter trap vertical slopers for 40 and 160 meters, a 
12-meter vertical, and an inverted L for 80 meters all 
matched to a single coaxial cable at the same time, It 
was a simple matter of connecting each antenna to the 
‘output terminal that presented the best match Clowest 
VSWR). This technique is actually an extension of 
connecting dipoles for different bands, in parallel. The 
antenna that presents the correct impedance takes the 
power, and the others are essentially transparent. In 
many cases, I found that only one transformer with 
two broadband ratios performed adequately 


Multimatch Ununs 


Chapter 15 


Sec 15.1 


roadband maltimatch Ununs capable of high- 

power applications have been the goal of many 

designers over the years, Some have resorted to 
‘using conventional antotransformers with tapped wind- 
ings to obtain the many impedance transformation 
ratios. However, these attempts met with litle success 
because of the device's limited bandwidths and effi- 
ciencies. Others (including myself)? have tried tapping 
a bifilar Ruthroff Unun? Although these designs yield- 
ed the high efficiencies of transmission line transform- 
ers, they had limited bandwidths. Furthermore, their 
best bandwidths (for the various ratios) occurred at odd 
impedance levels. In other words, they didn't meet the 
objective of broadband operation with one of the input 
ог output ports at 50 ohms. 

Chapter 14 presented two Ununs which had two 
broadband ratios that differed by a factor of two. One 
had a 1.5:1 and a 3:1 ratio (actually 1.56:1 and 
2.78:1). The other had а 2:1 (actually 1.78:1) and a 
4:1 ratio. This chapter describes two multimatch 
designs that are capable of many more broadband 
ratios. For the most part, both are capable of broad- 
band operation from 1.7 to 30 MHz, 

One Unun has the following five ratios (which are 
close to): 1.5:1, 2:1, 4:1, 6:1, and 9:1. Because the 
two lower ratios work well in either direction (that is 


Introduction 


stepping up or down from 50 ohms), this design can 
match 50-ohm cable to impedances as high as 100 
ohms (actually 112.5 obms) and as low as 5.6 obms 
over the frequency range. As a result, it has seven 
usable applications. Furthermore, because this is a 
transmission fine transformer that cancels ош the flux 
in the core, losses (in а matched condition) of only 
0.04 to 0.08 dB can be expected. 

"The novelty in this design les in the use of a trifilar 
winding (with one winding tapped) on a very small 
ferrite toroid, resulting in the shortest possible lengths 
of transmission lines. The windings are also connect- 
ed in such a manner as to optimize their characteristic 
impedances from an overall standpoint, 

Thave used the adjective ultimate to describe the 
second Unun design. Although it might be risky busi- 
ness, L assume that this design will meet one of the 
most common definitions for this adjective—namely, 
beyond which it is impossible to go. For many of us, 
the classic use of this adjective was made by Lew 
McCoy in describing his popular transmatch,?2 
Although there have been some improvements to 
Lew’s design, bis use of this definite (and strong) 
adjective can be said to have withstood the test of 
time. I hope my use meets with similar success. 

While the tapped-trifilar design provides five broad- 
band ratios and seven practical applications, the ulti 
mate design presented in this chapter goes well 
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Figure 15-1, Circuit diagrams for the S-ratio 
Unun: (A) diagram for analysis: (B) transposed 
windings for best overall performance. 
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Photo 15-A. Bottom 
view of the 5-ratio 
Unum of Figure 15-18, 
The upper-left lead is 
terminal С. The upper- 
right lead is terminal 
B. The lower-lef lead 
is terminal Н. The lead 
pointing straight down 
is grounded (terminal 
3). The lover-right 
lead is terminat L. 


beyond this number. It uses a tapped-quadrifilar 
design that yields the following 10 broadband ratios: 
1361, 1.561, 1.78:1, 2.25:1, 3.06:1, 4:1, 625:1, 9:1, 
12.25:1, and 16:1. Because the four lower ratios also 
‘work quite well in either direction, this design offers 
fourteen applications in matching 50-ohm cable to 
impedances as high as 112.5 ohms and as low as 
3.125 ohms. It also has the advantage of using a small 
low-loss toroidal core. Additionally, the windings are 
also interleaved in a pattern that optimizes their char- 
acteristic impedance. 

However, this achievement comes at a price—diff- 
culty. The 5-ratio Unun, which uses a trifilar wind- 
ing, is considerably easier to wind. In addition, the 
quadrifilar 10-ratio Unun has two of its windings 
tapped, while the S-ratio Unun has only one (see 
Chapter 13 on tapping windings). If you have had 
little experience in winding Ununs or Baluns, 


Photo 15-В. The high-power unit mounted in a 4 inch 
long by 2 inch wide by 2.75 inch high minibox. 


attempt simplified versions of these two multimatch 
nuns first. These versions eliminate the tapping of 
the windings. For the trifilar Unun, the remaining 
ratios would be: 2.25:1, 4:1, and 9:1. For the quadri- 
filar Unun, they would be: 1.78:1, 225:1, 4:1, 9: 
and 16:1 

For those interested in the design considerations of 
these broadband multimatch transformers, a brief 
review is presented in each section. These sections are 
followed by others describing high-power designs 
capable of handling the full legal limit of amateur 
radio power. Finally, the remaining sections present 
low-power designs capable of handling the output of 
any HF transceiver. Because transmission line trans- 
formers can be made so efficient in matching 50 to 
100 ohms or less, their small sizes will surprise many 
readers, Therefore, the combination of using small 
ferrite toroids with the maximum allowable perme- 
ability (less than 300) for high efficiency? and with 
sufficient turns to meet the low-frequency objective, 
results in the excellent performance exhibited by the 
designs in this chapter. 


Sec 15.2 The 5-Ratio Unun 


Let's first look at Figure 15-1A because it is the easi- 
est form of the trifilar-wound Unun to explain. For 
example, if the input voltage to ground, Vy, is con- 
nected to terminal Н, the output terminal B, has a 
voltage to ground of 3/2V y. This results in a transfor- 
mation ratio, g, of (3/2)? or 2.25:1. This should satisfy 
most 2:1 requirements. If the output is at terminal A 
to ground, then the output voltage is: 


Va = Vy vi 
Vi(L+n/2N) 


(Bq 15-1) 


where: 
М = the total number of tums on the winding 
n = the number of tums from terminal 5 


‘The transformation ratio, g, then becomes: 


в =? 


„ +00302 (Eq 15:2) 


If the input voltage to ground, Vj, is connected to ter- 
minal L, then terminal C has twice the voltage of 
Vy—resulting in a 4:1 ratio, Terminal B has three 


times the voltage resulting in a 9:1 ratio. With termi- 
nal A, the output voltage is: 


Vo = 2V, + Vj (N) 
= V2 +N) (Eg 15-3) 
‘The transformation ratio, g, then becomes: 


E= (Eq 15-4) 


Sec 15.2.1 A Highrpower 


5Rotio Unun 


After several attempts at rearranging the windings of 
Figure 15-1A for the best overall performance (opti- 
mizing the effective characteristic impedances of the 
windings), Figure 15-1B evolved. Photo 15-A shows 
the bottom view of an Unun, using the circuit of 
Figure 15-1B, capable of handling the full legal limit 
of amateur radio power. Photo 15-B shows the unit 
‘mounted in a CU-3015A minibox, It has five trifilar 
tums on а 1.5-inch OD ferrite toroid with a perme- 
ability of 250. Winding 5-6 is tapped at two turns (n = 
2) from terminal 5. 

Tf the 9:1 ratio matching 50 to 5.6 ohms (connection 
B-L) is to be used at full power, then winding 3-4 
should be No. 12 H Thermaleze wire. If not, then all 
windings can be No. 14 Н Thermaleze wire. 

A listing of the expected performance across the 
band from 1.7 MHz to 30 MHz, with the various 
ratios, is as follows: 


9:1 (B-L); 50:5.6 ohms 
Ratio is within 1 percent! 
5.751 (A-L); 50:8.7 ohms 
Ratio decreases by 5 percent. 
4:1 (C-L); 50:12.5 ohms 
Ratio increases by 15 percent (the greatest devia- 
tion of all the ratios) 
225:1 
а) (B-H); 50:22.22 ohms 
Ratio decreases by 4 percent. 
b) (H-B); 50:112.5 ohms 
Ratio increases by 8 percent. 
144:1 
a) (A-H); 50:35 ohms 
Ratio decreases by 10 percent. 
b) (H-A); 50:72 ohms 
Ratio increases by 2 percent, 
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Photo 15-C. The 
low-power unit 
mounted in a 
homemade 2 inch 
long by 1.5 inch 
wide by 2.25 inch 
high minibox. 


Several comments should be made regarding the 
expected results shown above. First of all, the greatest 
deviation from a flat response at any ratio occurs 
when matching 50 to 12.5 ohms (connection C- 
4:1 ratio). If an accurate insertion loss measurement 
‘was made at this ratio and impedance level, the result 
would show an insignificant difference across the 
band. Secondly, the major part of the deviations for all 
ratios occurs beyond 15 MHz (the effect of standing 
Waves). Finally, the higher ratios should never be used 
to match 50 ohms to 450 ohms, 288 ohms, and 200 
‘ohms, respectively. The characteristic impedances and 
choking reactances do not allow for broadband opera- 
tion under these conditions. 


Sec 15.2.2 A lowpower 
5Rafio Unun 


Photo 15-C shows a low-power unit mounted in a 
homemade 2 inch long by 1.5 inch wide by 2.25 inch 


Photo 15-D. The three S-ratio Ununs together. From lef 
to right, the high-power unit mounted and unmounted, the 
low-power unit 
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Figure 15-2. Circuit diagrams for the 10-ratio Unun: (A) diagram for analysis; (B) transposed windings for best 


overall performance. 


high minibox. It has six trfilar turns of No. 16 Н 
‘Thermaleze wire on a 1.25-inch OD ferrite toroid with 
a permeability of 250. The tap on winding 5-6 
located three turns from terminal 5, yielding ratios of 
625:1 and 1.56:1 instead of the 5.75:1 and 144:1 
ratios of the high-power unit. In actual use, these dif- 
ferences should be negligible 

Because this Unun has shorter transmission lines 
than its high-power counterpart, the deviations of the 
ratios across the band are even smaller. f is also inter- 
esting to note that, if No. 14 H Thermaleze wire was 
used in winding 3-4, this very small Unun could very 
wel be rated at 500 watts of continuous power! 

Photo 15-D shows all three 5-ratio Ununs together. 


15.3 The 10айо Unun— 
The Ultimate Multimatch 


Figure 15-24 is presented here because it is the easi- 
est form of a quadrifilar-vound Unun to explain, With 
the input voltage, Vy, connected to the various termi- 
nals on the left (the low-impedance side), and with 
very short tansmission lines compared to the wave- 
length, we have the following transformation ratios: 


Sec 


1. V, connected to terminal A 

a) At terminal D the output voltage V, is 4/3V, 
‘Therefore, the transformation ratio, g, with connection 
A-Dis: 


к=з? = 1:178 (Eq 15-5) 


b) At terminal F the output voltage is: 


(Ea 15-6) 


(1+ азм) 


where: 
N = total numher of turas. 
п = number of tums from terminal 7. 


The transformation ratio with connection A-F then 
becomes: 


S -O I Ne (Ба 15-7) 


2, Vy connected to terminal B. 
а) At terminal E the output voltage is 3/2V l. Thus, 
the transformation ratio with connection B-E is 


2 0 (Eg 15-8) 
b) At terminal G the output voltage is: 
vo- УП + 2N) (Eq 15-9) 


where п = number of tums from terminal 5. 
The transformation ratio with connection B-G 


(Eg 15-10) 


©) At terminal D the output voltage is 2V}. The 
transformation ratio with connection B-D is: 


2 = 1:4 (By 15-11) 


E 


4) At terminal F the output voltage is: 
Va = V (32 + 2N) (Bq 15-12) 


where n = number of tums from terminal 7. 
The transformation ratio with connection B-F, 
then, is: 


Б0р? G (Eq15-13) 
3. V connected to terminal c 
a) At terminal E, the output voltage is 3V}. The 
transformation ratio with connection C-E becomes: 
== (Eq 15-14) 
b) At terminal G, the output voltage is: 


у, 


= vie м) (Eq 15-15) 


where n = number of turns from terminal 5, 
The transformation ratio with connection C-G is: 


g= (УУ) = (2 + АЛ)? (Eg 15-16) 


©) At terminal D, the output voltage is 4V,. The 
transformation with connection C-D becomes: 


e- (4P = 116 (Eq 15-17) 
©) At terminal F the output voltage is: 


۷ 


1 U (Eg 15-18) 


where n = number of turns from terminal 7. 
The transformation ratio with connection C-F is 


e- G (Eq 15-19) 


Sec 15.3.1 A Highpower 
10Ratio Unun 


Figure 15-2B evolved after several attempts at re- 
arranging the windings of Figure 15-2A for best over- 
all performance (optimizing the effective characteris- 
tic impedances of the windings). Photo 15-E shows 
the bottom view of an unmounted Unun using the cir- 
cuit of Figure 15-2B. The top-left lead is terminal E. 
‘The top-right lead is terminal D. The bottom-left lead 
is terminal B. The center lead (connected to the SO- 
239 connectot) is terminal A. 
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Photo 15-Е. Bottom view of. 
the 10-ratio Unun. The con: 
nector is on terminal A. 


Photo 15-F. Three differ- 
ent views of the 10-ratio 
Unun mounted in a 4 
inch long by 2 inch wide 
by 2.75 inch high CU- 
3015A minibox. 
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Photo 15-G. The 
low-power unit 
mounted in а 
homemade 2.25 
inch long by 15 
inch wide by 
2.25 inch high 
minibox. 


The bottom-right lead is terminal C. Below these 
three bottom leads is a ground connection (terminal 3 
in Figure 15-2B to the SO-239 connector. Photo 15-F 
shows three different views of this high-power unit 
‘mounted in a 4 inch long by 2 inch wide by 2.75 inch 
high CU-3015A minibox. 

‘This 10-ratio Unun has four guadrifilar turns of No. 
14 Н Thermaleze wire on a 1.5-inch OD ferrite toroid 
with a permeability of 250, Winding 5-6 is tapped at 2 
turns from terminal 5 and winding 7-8 is tapped at 2 
turns from terminal 7. 

If the 9:1 ratio (connection C-E), the 12.25:1 ratio 
(connection C-F), and the 16:1 ratio (connection C- 
D), are to be used at the full legal limit of amateur 
radio power, then I suggest that winding 3-4 be 
replaced with No. 12 H Thermaleze wire. If not, then 
these three ratios should be used at lower power levels 
(of 500 watts continuous and 1 kW peak). It should 
also be mentioned that using No. 12 wire for winding 
3-4 adds a greater degree of difficulty to the construc- 
tion process, 

A listing of the expected performance across the 
band from 1.7 to 30 MHz, with the various ratios, is 
as follows 


16:1 (D-C); 50:3.125 ohms 
Ratio is constant up to 21 MHz, It then decreases 
by 15 percent. 
12.25:1 (Е-С); 50:4.08 ohms 
Ratio is constant. 
9:1 (E-C); 50:5.56 ohms. 
Ratio increases by 5 percent. 
6.25:1 (G-C); 50:8 ohms 
Ratio is constant. 
4:1 (D-B); 50:12.5 ohms 
Ratio decreases by 5 percent, 


3.06:1 (F-B); 50:16.3 ohms 
Ratio decreases by 10 percent, 
225:1 
a) (E-B); 50:22.22 ohms 
Ratio increases by 4 percent. 
5) (B-E); 50:112.5 ohms 
Ratio increases by 50 percent (the greatest devia- 
tion across the band of any of the ratios). 
178:1 
а) (D-A); 50:28.1 ohms. 
Ratio is constant, 
b) (A-D); 50:89 ohms, 
Ratio increases by 15 percent. 
156: 
4) (G-B); 50:32 ohms 
Ratio increases by 10 percent. 
b) (B-G); 50:78 ohms 
Ratio increases by 40 percent. 
136:1 
а) (F-A); 50:36.8 ohms 
Ratio decreases by 9 percent 
b) (A-F); 50:68 ohms 
Ratio increases by 1.5 percent 


Sec 15.3.2 Alowpower 
TORatio Unun 


Photo 15-G shows a low-power unit mounted in a 
homemade 2.25 inch long by 1.5 inch wide by 2.25 
inch high minibox. It has five quadrifilar turns of No. 
16 Н Thermaleze wire on a 1.25-inch OD ferrite 
toroid with a permeability of 250. The tap on winding 
5-6 (Figure 15-2B) is at three tums from terminal 5 
and on winding 1-2; it is three turns from terminal 1 
Because the number of turns is different from the 
high-power unit, so are the ratios that use the taps. In 
this case, they are a little larger. Specifically, the 
tapped ratios are now: 1:12.96, 1:6.76, 1:3.24, 1:1.69, 
and 1:144. If the taps were at two turns from termi 
nals 5 and 1, the ratios would be a little less than those 
of the high-power unit. You can play with the equa- 
tions їп the first section of this chapter and arrive at 
many different ratios. 

Because this Unun has shorter transmission lines 
than its high-power counterpart, the deviations of the 
ratios across the HF band are generally smaller. Also, 
if winding 3-4 (in Figure 15-28) were replaced with 
No. 14 Н Thermaleze wire, this low-power unit could 
very well be rated at 500 watts of continuous power 
for all ratios! 


Chapter ] Ó 


Ununs for Beverage Antennas 


Section 16.1 Introduction 


he Beverage antennal® is well known by 160. 
meter enthusiasts for enhanced signal-to-noise 


ratios when there are high levels of interference 
and atmospheric noise. If erected properly, Beverages 
also have excellent directivity, However, they are quite 
inefficient and, therefore, not generally suitable as 
transmitting antennas. Important considerations with 
Beverages are the terminating resistor (for the more 
common single-wire version) and the input matching 
Unan (unbalanced-to-unbalanced transformer). The 
terminating resistor and the impedance ratio of the 
Unun are determined by the characteristic impedance 
of the antenna acting as a long transmission line with 
оле good conductor and one poor conductor (the 
earth). This fine is generally between 400 and 600 
ohms, and theoretically given by: 


Zo = 138 x lag ch (Eg 16-1) 


haracterisie impedance of the Beverage 
eight of the wire above ground 
diameter of the wire. 

‘This chapter presents low- and high-power versions 
of multimatch Ununs designed to match S0-ohm cable 
to unhalanced loads from 450 to 800 ohms. The low 
power unit, which is capable of handling continuous 
power levels up to 100 wats, is specifically designed 
for the Beverage antenna when it is performing as à 
receiving antenna, The high-power unit, which is 
capable of handling 1 kW of continuous power, can be 
used with the Beverage or any other traveling wave 
antenna when used as a transmitting antenna. Also 
presented are high-power designs capable of flat 
response, including the entire AM broadcast band 
‘These muftimatch Ununs could be of interest to 
designers of high-power amplifiers for the broadcast 


band. A little theory on how these devices are 
designed is also provided. 


Sec 16.2 A little Theory 


‘Transmission line transformers? (the Unun being a 
subset thereof) are known for having greater band- 
widths and efficiencies than their counterparts, the 
‘conventional transformers. Design considerations for 
the two types of transformers аге also vastly different, 
“Transmission line transformers use chokes and trans- 
mission lines, while conventional transformers use 
flux linkages. 

impedance Ununs (and Baluns), which match 
50 ohms unbalanced to impedances as high as 800 
‘ohms, lie at about the edge of this technology's capa- 
bility. The reasons are: 1) the windings require more 
tums because higher reactances are needed for isolat- 
ing the input from the output, and 2) they require 
higher characteristic impedances in the transmission 
lines because the loads they sec are greater. Therefore, 
‘when winding one of these devices, you'll just ran out 
‘of space on your toroidal cores when trying to satisfy 
the low frequeney and high frequency objectives 
Incidentally, beaded transmission lines are not recom- 
‘mended at these impedance lovels because of their 
excessive losses, 

There are two methods for obtaining broadband 
‘operation at these high impedance levels. One uses 
Guanella's 9:1 and 16:1 Baluns, which are converted 
to Unon operation.? The other uses higher-order 
‘windings (quadrifilar in this case) on a single core, 
which is an extension of Ruthroff's bootstrap 
approach? The Guanella approach, which uses coiled 
transmission Tine connected in series at the high- 
impedance side and in parallel at the low-impedance 
side, results in very broad bandwidths—but with diffi- 
culty in meeting low-frequency objectivos. Low-fre- 
quency models? show that, with ratios above 4:1, 
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Photo 16-A. The bottom 
view of the low-power Bev- 
erage antenna Unun. 


Figure 16-1. Schematic diagram of the quadrifilar design, 
using Ruthroff's approach for high-impedance, lor fie 
quency Ununs like the Beverage matching transformer 


some of the coiled windings are connected in parallel, 
resulting in reduced reactances, However, with the 
Ruthroff approach, all of the inductances (at the low- 
frequency end) end up mutually aiding each other. 
However, Ruthroff's approach suffers at the high-fre- 
quency end because a direct voltage is summed with 
three voltages that traverse various lengths of trans- 
mission lines. As a result, Guanella's approach of 
summing voltages of equal delays is preferred for the 
higher frequency bands, and Ruthroff's approach is 
most often used for the lower frequency bands. This 
chapter presents designs using Ruthroff's approach. 

Figure 16-1 shows the schematic diagram of a 
quadrifilar-wound Unun. If the lengths of the trans- 
mission lines are very short compared to the wave- 
length (therefore, phase delay and standing waves are 
negligible), then: 


=== (Eq 16:2) 
at terminal 6, 
Vi +V¿+V3=3V) Œq 16-3) 
and the impedance ratio becomes: 
-G (Eq 164) 
At terminal 8, it becomes: 
2-16 (Eq 165) 


where: 
N = total number of turns 
п = number of turns from terminal 7 

‘The impedance ratio, using the tapped winding, 


becomes: 


S (УУУ? = (3 + n/N)? 

When the lengths of the transmission lines are sig- 
nificant, then important phase delays can occur and 
reduce the high frequency response. As you can see in 
Figure 16-1, Уз travels one transmission line, V3 
travels two transmission lines, and V, travels three 
transmission lines. Additionally, the high frequency 
response is further diminished if the characteristic 
impedances of the transmission lines are not at their 
optimum values (which is hard to do at these imped- 
ances levels). Even with these major flaws, the 
Ruthroff approach is better for Beverage antenna use 
because this antenna 's greatest advantages are on the 
lower frequency bands (80 and 160 meters). 


bed 160 


Sec 16.3 A lowpower Design 


Photo 16-A shows the bottom view of a S-turn 
quadifilar-wound Unun designed to handle 100 watts 
‘of continuous power with constant ratios from 9:1 to 
16:1 in the 40- and 80-meter bands. It uses the 
Ruthroff approach of Figure 16-1 and is shown here 
to give the reader a method for making the various 
interconnections. For operation on the 80- and 160- 
meter bands, I would use 6 quadrifilar tums on а 1.5- 
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Photo 16-B. The low-power Beverage. 
antenna Unun mounted in a 4 inch 
long by 2 inch wide by 2.75 inch high 
minibos. 


broadcast bands. 


inch OD ferrite toroid with a permeability of 250. The 
bottom winding is No. 20 hook-up wire and the other 
three are No. 22 hook-up wire. Winding 7-8 is tapped 
at 2 tums from terminal 7, yielding a 11.11:1 ratio, 
and at 3 turns from terminal 7, yielding a 1225:1 
ratio. Therefore, with outputs also at terminals 6 and 
8, this Unun matches 50-ohm cable to loads of 450, 
555.6, 612.5, and 800 ohms. 

Photo 16-B shows the unit mounted in a4 inch long 
bby 2 inch wide by 2.75 inch high minibox. The output 
(the feedthrough insulator) is connected to one of the 
taps. A grounded binding post is also shown, 


Sec 16.4 Highpower Designs 


Photo 16-C shows three high-power designs. The 
one on the left is specifically designed to cover the 
frequencies generally used with traveling wave struc- 
tures like the Beverage antenna. This design has 10 
quadrifilar turns on a 2.4-inch OD ferrite toroid with 
а permeability of 250, Winding 1-2 is No. 14 tinned 
‘copper wire, and the other three are Мо, 16 tinned 
copper wire. The wires are also covered with Teflon 
sleeving. Winding 7-8 is tapped at 5 turns from ter- 
minal 7, yielding a ratio of 1225:1. When matching 
50-ohm cable to loads of 450 ohms (terminal 6), 
612.5 ohms (the tap), and 800 ohms (terminal 8), the. 


Photo 16-C. Three high-power, low-frequency Ununs using a quadrifilar design 
with Rudhroff s approach. The one on the left is designed to cover the 80- and 
160-meter bands. The other two are designed to cover the 160-meter and AM 


variation in response is less than 5 percent from 1.5 
to 4 MHz, At 6.5 MHz, the variation (which is an 
increase in the impedance ratio) increases to about 
20 percent. Photo 16-D attempts to provide a better 
view of the connections, 

‘The other two high-power Ununs in Photo 16-C are 
specifically designed to cover the broadcast and 160- 
meter bands. The one in the center has 9 quadrifilar 
turns (of the same wires as above) on a stack of two 
24-inch OD ferrite toroids with permeabilities of 250. 
The tap on winding 7-8 is now at 4 turns from termi- 
nal 7, yielding a ratio of 11.86:1. When matching 50- 
‘ohm cable to 450 ohms (terminal 6), 593 ohms (the 
tap), or 800 ohms (terminal 8), the response is literally 


Photo 16-D. The bot- 
tom view of the high- 
power Beverage anten- 
па Unun. 
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flat from 0.5 to 2 MHz, At 4 MHz, the ratios increase. 
by about 6 percent. At 7 MHz, they increase by about 
20 percent. 

The Unun on the right in Photo 16-C illustrates 
another way of obtaining the same performance as 
above. In this case, the design has 12 quadrifilar 
tums (of the same wires as above) on a 2.68-inch OD 
ferrite with a permeability of 290. The tap on wind- 
ing 7-8 is at 6 turns from terminal 7, yielding а 


12.25:1 ratio (instead of 11.86:1 as above). Although 
the performance of this design is practically the same 
as the one above (using the two 2.4-inch OD cores), 
it is a much more expensive design because the 2.68- 
inch OD core is not nearly as popular. However, if a 
broadband, high-power and high-impedance Unun 
(or Balun) is required to cover 1.5 to 30 MHz, then 
these expensive 2.68-inch OD ferrite cores are very 
likely the only alternative! 


Chapter V 


Concluding Remarks 


Sec 17.1 Introduction 


I've often said, there is little information that 
of practical hardware, Most companies are 
reluctant to publish their results for fear of giving 
away their hard-camed secrets. Textbooks only con- 
tain а few paragraphs on the subject. Therefore, very 
few people fully understand this technology, and, as a 
result, it is still far from reaching its full potential. 

‘This book not only contains my designs, which have 
appeared in series written for CQ and Communica- 
tions Quarterly, but also my views on other articles 
that have appeared in the amateur radio literature, 

In the process of converting and combining the arti- 
cles into appropriate chapters, one section in my arti- 
cle in the CQ, March 1993 issue entitled “Dual-Ratio 
Ununs;" stood out as having broader applications, It is 
entitled "Reflections on Power Ratings" and is pre- 
sented here. This information is followed by a section 
оп misconceptions and one on the “state of the art" 

After reading this book, some might think k was 
overly critical and didn’t agree with any of the designs 
or explanations (or both) presented in the amateur 
radio literature, This is quite true, In taking this stand, 
I was hoping to provoke, in return, critical comment 
оп my work, In this way, we can help our amateur 
friends—and perhaps even our professional friends 
by advancing the understanding and application of 
these very useful transformers, 


Sec 17.2 Reflections on 

Power Ratings 
Power rating is one of the most controversial and least 
understood specifications for the transmission line 
transformer. As of today, no professional group has 
yet set the standard for this specification (as well as 
any other) for this popular class of matching trans- 


formers, In fact, manufacturers of ferrites, which are 
mainly the materials used with these devices, only 
specify them for their uses as conventional transform- 
ers and inductors, or microwave devices. 

It is welt known that power ratings for practically 
ай conventional devices are based upon catastrophic 
failures (usually exceeding а voltage or current limit), 
and failures over a relatively short period of time due 
10 an excessive rise in temperature, 

With transmission line transformers, there are really 
two eatastrophic-type failures that can occur. One is 
voltage breakdown, If the device is misterminated 
with a high impedance (especially an open circuit), а 
breakdown of the insulation can occur This is particu- 
larly true of the 1:1 Balun (50:50 ohms) that is termi- 
mated with the very high impedance of a full-wave 
dipole or inverted V. Using heavily coated wires (but 
still maintaining a characteristic impedance close to 
50 ohms), or small but high-power coaxial cable, can. 
help under these conditions, 

"The second catastrophic failure occurs at the low- 
frequency end of the transformer's passband, when 
the energy is not completely transmitted to the output 
circuit by a transmission line mode, This takes place 
‘when the reactance of the coiled or beaded transmis- 
sion line is not sufficient to prevent conventional 
transformer currents or shunting currents to ground, 
Under these conditions, harmful Пих can take place in 
the core or beads. Nonlinearities can also occur if the 
flux becomes appreciable, The objective in design at 
the low-frequency end is to have a margin of safety 
such that, with a termination of about three times 
(hence VSWR of 3:1) that of а matched condition; 
по flux will appear in the core or beads. 

‘The failure due to an excessive rise in temperature 
is the least understood of the two because it involves 
the failure mechanism in transmission Jine transform- 
ers when only transmission line currents are allowed 
to flow. Unlike the conventional transformer whose 


m 
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losses are current dependent (wire, eddy current, and 
hystereis losses), the transmission tine transformers 
losses are voltage dependent (а dielectric-1ype). That 
is, the greater the voltage drop along the length of the 
transmission lines, the greater the loss. Furthermore, it 
сап be shown that only low-permeability ferrites (less 
than 300) yield the extremely high efficiencies of 
which these transformers are capable? 

Because all transmission line transformers have 
voltage drops along their transmission lines, we must 
look at their high-frequency models to determine the 
magnitude of these drops and, hence, the temperature 
rise that сап be expected. Here are some examples: 

If Vy is the voltage that appears on the 50-ohm side 
of the transformer. then: 

1) For а quintufilar-wound Unun, the longitudinal 
voltage-dtop is V /5 in matching to lower impedances 
(like 32 or 18 ohms) and V,/4 in matching to higher 
impedances (like 78 or 139 ohms). 

2) For a quadrifilar-wound Unun, the longitudinal 
voltage-drop is V /4 in matching to lower impedances 
(like 12.5 or 28 ohms) and V /3 in matching to higher 
impedances (like 89 or 200 ohms), 

3) For a tifilar-wound Unun, the longitudinal volt- 
age-drop is V /3 in matching to lower impedances 
(ike 22.22 or 25 ohms) and V 2 in matching to high- 
er impedances (like 100 or 112.5 ohms), 

4) For a bifilar-wound Uman, the longitudinal volt- 
age-drop is V 2 in marching to a lower impedance of 
12.5 ohms and V; in matching to а higher impedance 
of 200 ohms. 

Because the quintufilar-wound Unun bas the lowest 
voltage drop, it is expected to have the highest effi= 
ciency. Furthermore, it can be seen that the highest 
efficiencies occur in matching to lower impedances. 
Very accurate measurements? have shown that 4:1 
Ununs, using ferrite cores with permeabilities of 125, 
have exhibited losses of only 0.02 to 0.04 dB in 
matching 50 to 12.5 ohms from 1 MHz to over 30 
MHz. Even though the Ununs in this book have most- 
ly used permeabilities of 250, and should have sligh- 
ly greater losses, many use higher-order windings (tri 
filar, quadrifilar, and quintufilar) and, hence, have 
lower longitudinal voltage drops. Therefore, they 
should have losses of only 0.02 to 0.04 dB, as well 

‘When matching at the 1 kW level, the figures above 
mean that only 5 to 10 watts would be dissipated in 
the Unun. As a heatsink, these small transformers 
should be able to handle this loss easily. In fact, they 
should be able to handle severat times this level of 


continuous power. Also, because they use heavily 
coated wires, their peak power ratings should be 
greater by more than a factor of two! 

Another important power rating consideration is to 
determine what happens when the transformers are 
misterminated. Because the losses being considered 
now are dielectric-types and, hence, voltage-depen- 
деш, the harmful terminations are greater than that for 
which the transformers were designed. For example, 
if the termination is three times greater (a VSWR of 
3:1), the voltages along the transmission lines would 
increase by a factor of 1.73. This means the losses 
‘would practically double. The Ununs described in this 
series, when matching to impedances lower than 50 
‘ohms, should easily handle this mismatch. Obviously, 
mismatches in the range of 10:1 would result in much 
lower efficiencies and should he avoided. 

"The analysis of the losses in Baluns follows the 
same pattern. The voltages are as follows: under 
matched conditions for a 1:1 Balun (50:50 ohms), 
Уу2; for а 4:1 Balun (50:200 ohms), Vy; for a 9:1 
Balun (50:450 ohms), 1.5У |; and for higher-imped- 
ance Baluns it could be 2Vy. The higher voltage 
drops, together with high VSWRs, means that high- 
impedance Baluns (and Ununs) have more loss and 
require larger structures to dissipate the heat. Tt should 
also be pointed out that there is а tradeoff in efficiency 
for low-frequency response with Baluns (and Ununs) 
‘when matching 50 ohms to higher impedances like 
200 ohms, 300 ohms, 450 ohms, and higher. This is 
done by using permeabilities of 125 and lower. 

Finally, I thought it might be useful to give some 
general guidelines as to what efficiencies you might 
expect with Baluns and Ununs when using ferrite 
‘cores or beads with a permeability of 250, Here are 
some expected efficiencies when matching 50 ohms to 
various loads under matched conditions: 


Loads Efficiency 

50 ohms or less 98 to 99.5 percent 
50 to 100 ohms 97 to 98 percent 
100 to 200 ohms 96 to 97 percent 
200 ohms and above 93 10 96 percent 


As 1 mentioned earlier, these efficiencies would be 
reduced by а percent or two with a VSWR of 3:1, 
which increases the loss by a factor of about two. 
Also, the efficiencies can be increased by a percent or 
two with high-impedance loads (greater than 100 
ohms) by resorting to lower permeability ferrites that 


trade off efficiency for low-frequency response. In 
closing, 1 would like to say that high-permeability 
manganese-zinc ferrites should be avoided because of 
their much higher losses. Furthermore, their losses are 
highly frequency dependent, while low-permeability 
mickel-zine ferrites are пос 


Sec 17.3 Misconceptions 


From recent discussions on the air and phone calls 
conceming Baluns, 1 think the most expensive mis- 
conception regarding Baluns is the assumption that а 
9:1 (450:50 ohm) Balun would match 50-ohm cable 
(or the output of а linear ar transceiver) to 450-obm 
twin lead, without considering the effect of its termi- 
mation. In truth, the 9:1 Balun would only sce 480 
ohms if the line were terminated in 450 ohms. In real- 
ity, if the line were terminated in a 50-ohin dipole, the 
Balun would sec 50 ohms when the linc is a half-wave 
long and 4050 ohms when is a quarter-wave long, The 
9:1 Balun is clearly useless in this application. 

By far, most misconceptions regarding Baluns are 
due to the many radio amateurs who perceive these 
devices as conventional transformers that transmit the 
energy from input to output by flux linkages and not 
as transmission line transformers, which transmit 
energy by an efficient transmission line mode, This is 
clearly shown by the writers who have compared their 
“new” coaxial cable (coiled about a toroid or threaded 
through ferrite beads) Baluns with Baluns using wire 
transmission lines coiled about a ferrite rod or toroid. 
They claim their Baluns are better because the others: 
1) were limited by leakage inductance, 2) did not 
exhibit true 1:1 impedance transformations, 3) were 
prone to core saturation, 4) added a reactive compo- 
Dent to the input impedance, 5) were susceptible to 
unbalanced and mismatched loads, and more impor- 
tantly, 6) had more los. 

If the writers had accepted the correct model for 
these devices (given to us by Guanclla and Ruthroff), 
‘which shows that they are really chokes (lumped ele- 
ments) and configurations of transmission lines (dis- 
tributed elements), then there are several parameters 
they should have considered in their comparisons. 
They are: 1) the characteristic impedances and 
lengths of the transmission lines (the high-frequency 
capability), 2) what form of the 1:1 Balun or 4:1 
Balun is used by the other Balun, 3) the low-frequen- 
ey capabilities (Safety margins), 4) power capabili- 
tics, and finally 5) efficiencies. 
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Now, had the writers used the proper parameters in 
their comparisons, they would have found that mis- 
‘match loss was mistaken for real (ohmic) loss; high- 
frequency response was limited by standing waves, 
and not leakage inductance or shunting capacitance, 
the beaded-coax Balun had more loss than a well- 
designed Balun using wire or coax transmission lines 
coiled about a toroid; and that their comparisons were 
made with either the trifilar (voltage) 1:1 Balun or the 
Rothroff 4:1 Balun, which are inferior designs. 

In fact, the perception that the transmission line 
transformer is actually a conventional transformer is 
о prevalent, that a new name for this class of devices 
should be considered—broudband transmission line 
‘matching networks. This name (without the word 
transformer) would help in dispelling inaccurate per- 
ceptions and in standardizing the schematic diagrams. 
It would place the coiled or beaded transmission lines 
(in the high-frequency models) horizontally, and elim- 
inate the phasing or polarity dots, 


Sec 17.4 The Slate of the Art 


Until very recently, the radio amateur had only two 
types of Baluns available in the literature and on the 
market, They were the so-called 1:1 and 4:1 "voltage" 
Baluns, As was shown in Chapter 7, the comparisons 
by others with new 1:1 designs using coaxial cable 
(called "current" Ваш») were made with an inferior 
{rifilar-wound Balun, instead of Rothoff's design that 
appeared in his 1959 paper and became the industry s 
standard, Ruthrof's third conductor on his 1:1 Balun 
was on а separate part of the toroid, thus giving it 
practically the same characteristics as the Guanella 
(“current”) Balun. These articles on newer designs not 
Only gave а new language to ош Baluns, but also pre- 
sented questionable statements regarding their perfor- 
‘mances. It would be interesting if the authors of these 
articles compared their Baluns with well-designed 
Ruthroff or Guanella Baluns using 50-obm bifilar 
‘windings or coaxial cables on low-loss ferrite toroids 
ess than 300 permeability). 1 am quite sure their 
claims would be greatly diminished. 

As was noted in Chapter 8, the 4:1 voltage Balun 
‘appeared in the amateur radio journals about 25 years 
аро (the same time as the “inferior” 1:1 voltage 
Balun). Considerable design information appeared in 
the handbooks of the time regarding the construction 
and performance of this Balun, Furthermore, this 
information also stayed the same over these many 
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years, As was shown in Chapter 8, the design was 
found lacking. However, with some rather simple 
changes, like doubling the cross-sectional area of the 
core, increasing the number of turns from 10 to 14, 
and using extra insulation on the wires to increase the 
characteristic impedance of the coiled transmission 
line from about 50 10 100 ohms (the objective), а 
much better design emerged. In fact, for balanced 
antenna systems, this new design might well be 
described as “peerless.” 

А 4:1 Guanella (current) Balun has now appeared in 
our handbooks. This more flexible Balun uses two 
transmission lines wound on separate cores and con- 
nected in series at one end and in parallel on the other. 
Literally, no design information is given on its con- 
struction, What is offered ate recommendations for 
the permeability of the ferrite cores. Values from 580 
10 2500 are proposed. However, use of these high per- 
meabilities would result in lossy Baluns 

T also found it interesting, in my work on these 
devices, that the classic papers of Guanella? and 
Ruthroff? are still the comerstones of this technology 
known as iransmission line transformers. To be sure, 
some of us have extended the work of these Iwo by 
using better measuring equipment, creating more 
complicated configurations, and finding new applica- 
tions. However, it is apparent from the articles pub- 
lished in the amateur radio journals and discussions 
оп the air and at club meetings that most radio ama- 
teurs still perceive these devices as conventional trans- 
formers. They don’t look at these devices os Guanella 
and Ruthroff did—as chokes and transmission lines. 
As а result, there has been а lack of good design 
information in our literature. 

There are many new and useful designs possible 
witb this technology, as discussed in Part 1 of this 
book. They include: higher power levels. applica- 
tions on the VHF and UHF bands and above, and 
new Baluns and Ununs with ratios other than 1:02 
where n = 1, 2,3... ., ete. This book presents some 


designs" and suggestions for higher power and high- 
er-freguency applications. 

T see two reasons for the lack of emergence in this 
technology. They are: 

1) This subject is not adequately covered in any col- 
Тере textbook, and it generally has not been of interest 
to academics who rightfully view their role as basic 
research and not applications. As а result, there are 
few graduates with any skill in the design of transmis- 
sion line transformers—in contrast to the areas of 
transmission line, waveguide, and antenna theory. 

2) The professional societies don't receive enough 
application papers. Although much of the rescarch 
and development work performed in industry is highly 
innovative, important to the advancement of the tech- 
nology, and certainly publishable in scientific jour- 
nals, corporations are often reluctant to allow publica- 
tion for fear of “aiding” their competition. П has been 
stated”? that in the past few decades, the submission 
of application papers to the technical journals of the 
JEEE has declined. In fact, a survey by one of the 
technical societies showed that 85 percent of the sub- 
missions now come from universities, not industry! 

In order to assist technologies, like transmission 
ine transformers, which are far from reaching their 
potential applications, IEEE has instituted a program 
called Emerging Practices in Technology (ЕРТ), The 
object of the EPT program is to facilitate the devel- 
‘opment of new standards by disseminating avd mak- 
ing available various ЕРТ papers to the broadest pos- 
sible audience worldwide. The papers on practices in 
various areas of technology are peer reviewed by rel. 
evant IEEE Technical Committees, and have the 
potential for standardization in the future. The papers 
(mine is Reference 30) are published by the IEEE 
Standards Press. 
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Introduction: 


A wide variety of electric ultra-wideband (UWB) antennas have seen commercial 
use. A few examples of these include diamond dipoles [1], and elliptical dipoles [2]. 
These electric antennas tend to have relatively large electric near-fields that are prone to 
undesired coupling with near-by objects 

Many commercial applications, however, call for UWB antennas that are less 
prone to near-field coupling. Magnetic antennas are well suited for these applications, 
because the relatively large magnetic fields tend not to couple as strongly with near-by 
objects. The purpose of this article is to provide a brief overview of some UWB 
magnetic antennas. In particular, this paper will discuss large current radiators, 
monoloop antennas, and magnetic slot antennas. 


Large Current Radiators: 


A “large current radiator” is ideally a current sheet whose return currents are 
isolated by a ground plane (see Figure 1). Harmuth pioneered this basic design [3.4], and 
variations of the large current radiator concept have been developed by various 
investigators [5] 


Farr et al proposed an 
interesting variation on this basic 
architecture [6]. The “balanced- 
dipole” antenna (shown in Figure 
2) has the interesting property 
that it can be fed from either end, 
while the opposite end is 
terminated with an appropriate 
impedance. Thus, the pattern of 
this antenna may be dynamically 
switched. 

The principal dis- 
Ground advantage of large current 
radiators is that they tend to be 
lossy antennas. A current sheet 
— will necessarily radiate from 

Termination | both sides. This energy is 
trapped between the large current 
radiator and the ground plane 
yielding undesirable resonanci 


ге 2: Balanced-dipole antenna of Farr et al 
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Accordingly, a ferrite or other absorptive coating is typically used to dissipate these 
undesired emissions. Thus, large current radiators are generally not very efficient 


Monoloop Antennas: 


‘The main disadvantage of 
large current radiators follows 
from the fact that these antennas 
trap energy between their 
radiating elements and their 
ground planes. This suggests 
that it might be fruitful to 
consider radiating elements 
oriented in а plane perpendicular 
to the ground plane. 

One early antenna with 
this architecture was Tumer et 
al’s scimitar antenna shown in 
Figure 4 [7] This antenna is 
characterized by ап operating 
bandwidth in excess of 1:10. 
Although well matched, the 
Scimitar antenna exhibits some 
Variation in pattern as a function. 
of frequency. Ideally, a UWB antenna should have a stable and consistent pattern as a 
function of frequency. 

The author devised a similar antenna, dubbed a “monoloop” [8]. The “monoloop” 
name follows from the fact that antennas with this architecture are essentially half a loop 
driven against a ground plane, just as a "monopole" is half a dipole antenna driven 
against a ground plane. 

The author's monoloop antenna differs from the scimitar antenna in the feed 
region. This antenna has a round, bulbous end that offers an excellent match to 50 ohms. 
Like the scimitar antenna, the author's monoloop antenna suffers from some variation in 
pattern as a function of frequency. Also, the monoloop pattern is not uniform in the plane 
of the monoloop element. The reason for this behavior may be understood by 
considering the current flow in the monoloop element and the resulting radiation. 

Assume each infinitesimal current element along the monoloop is the source of 
radiation along the radius of curvature at that point. If the monoloop element is 
considered in cross-section, this means that each infinitesimal current element generates a 
direct ray of radiation radially outward, and a radially inward ray directed toward the 
ground plane. This radially inward ray ends up reflected. 

The radiation in any given direction is the sum of a direct ray from one part of the 
monoloop and a reflected ray from a different part of the monoloop element. А quick 
calculation of the path lengths involved demonstrates an asymmetry of the direct and 
reflected paths: the relative path lengths varies as a function of angle. This variation is 
the root cause of the non-uniform pattern as a "direct" impulse waveform combines with 
a "reflected" impulse waveform with a relative delay that varies as a function of look 
angle. This behavior is illustrated in Figure 5. 


Figure 


Figure 4: The author's monoloop antenna, 
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One way to rectify this undesired 
Reflected | asymmetry is to feed the monoloop in a 
Ray symmetric manner. This was the 
fundamental idea behind the author's 
center-fed monoloop (see Figure 6). By 
moving the feed to the center top of the. 
monoloop antenna, symmetry is restored. 
The direct and reflected paths are now the. 


Current 


(Ground Plane same length as the look angle is varied. 
‘Thus the pattern of a center-fed monoloop 

Figure 5: Current and radiation from a is more uniform as a function of look 
‘monoloop element. angle, Figure 7 shows characteristic 


current and radiation rays for the center- 
fed monoloop. 


Direct Ray yy 


Reflected 


b" 


Current. Current 


Ground Plane 


Figure 6: А center-fed monoloop, Figure 7: Current and radiation from а center fed monoloop. 
Magnetic Slot Antennas: 


Magnetic slot antennas are a final UWB magnetic antenna architecture. One 
example is Bames’s UWB magnetic slot antenna shown in Figure 8 [9,10]. If an 
appropriate taper is chosen 
for the slot line of this 
antenna, excellent matehing 
can be obtained. А 
magnetic slot antenna like 
the one shown in Figure 8 
exhibits a quadrupole type 
radiation pattern with a 
pattern lobe lying in the 
normal direction on either 
side of the plane. When 
driven against a reflecting 
back plane, this antenna 
exhibited good perform- 
ance in the Time Domain 


Corporation's вук 5 Я 
Se e den Figure 8: Barnes's UWB magnetic slot antenna 
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Conclusion: 


In conclusion, there are a wide variety of magnetic type UWB antennas available 
for commercial applications. This paper has surveyed three general kinds of magnetic 
UWB antennas: large current radiators, monoloops, and slot antennas. Although far from. 
being exhaustive, this paper provided examples of each type to illustrate the variety of 
antennas possible within each of these magnetic UWB antenna architectures. 
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Abstract 


Two-way communications using 3 to 30 MHz, high-freguency (HF) radio, also known as 
shortwave radio, provides worldwide coverage with no infrastructure required between stations. 
Amateur or “Ham” radio operators apply this advantage to long distance communications and to 
provide disaster relief communications. Optimum frequencies for long distance propagation are 
ume ol. дау variant necessitating an operating frequency range of 3 to 30 MHz. HF half wave 
dipole antenna length varies from 15 to 150 ft over this range. Fixed-length antenna impedance 
varies with frequency due to physical dimension dependent capacitance and inductance. 
Maximum transmitter to antenna power transfer occurs when the transmission line and antenna 
impedances are matched to the standard 50 © radio impedance. For transmitter to antenna 
impedance matching, antenna length can be adjusted depending on frequency. Alternately, an 
antenna tuner utilizing а variable inductance and capacitance matching network can compensate 
for the frequency dependent impedance of a fixed-length antenna. A dipole antenna designed for 
опе frequency can function over а broader frequency range with a manually or automatically 
adjusted antenna tuner. 


‘The project objective is to develop a microcontroller-based automatic tuner for a fixed- 
length dipole antenna. In high frequency transmission lines, an antenna impedance mismatch 
causes power reflection back to the transmitter. This corresponds to a greater than unity voltage 
standing wave ratio (VSWR), the ratio of maximum to mi оп line voltage 
amplitude. A directional wattmeter provides forward and reflected power values to an Atmel 
ATmega32 microcontroller, which calculates VSWR and adjusts a capacitor - inductor matching 
network using stepper motors to reduce VSWR to less than 1.5:1 (4% reflected power relative to 
incident). The antenna tuner system can match loads of up to 26:1 initial VSWR within a 
frequency range of 3.5 MHz to 30 MHz. The system was tested using a 100 W transceiver 
connected to a 90 ft, 450 © balanced transmission line and a 120 ft dipole antenna 30 ft above 
ground, Commercial antenna tuners have VSWR matching capal from 3:1 to 100:1. [1] [2] 
B 


imum transmi 


Chapter 1. Introduction 


An antenna tuner, or impedance matching system (IMS), allows use of a fixed-length antenna оп 
a range of frequencies wider than otherwise possible. Figure 1 shows а common setup for an 
antenna tuner. A fixed length wire dipole is usually mounted above ground using masts. The 
mounting height is at least one eight wavelength above ground for the lowest operating 
frequency. One eighth wavelength for 3.5 MHz is approximately 30 ft. If the antenna is closer to 
the ground, the feedpoint impedance approaches 0 Q and the radiation pattern is directed upward 
instead of at the horizon, which is more desirable for long distance communication [4]. The 
dipole length is typically a half wavelength at the minimum frequency of the desired operating 
range. For example, if the minimum frequency is 3.5 MHz, the length is 
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Figure 1 - Typical Impedance Matching System (IMS) Setup [S] 


A typical IMS is shown in Figure 1. At power on, the IMS initializes in standby mode 
and measures and displays forward and reflected RF power. It calculates SWR if the RF input 
power is greater than 3 W. The power measurement range is 10 mW to 200 W. With the radio 
transceiver in receive mode, the RF power is less than 10 mW, therefore SWR calculation is not. 
possible. Impedance matching is also important to maximize received signal strength. The user 
must transmit into the IMS and press the "Tune" button to initiate automatic impedance 
matching. The "Tune" button allows operator discretion for tuning initiation, although the IMS 
software could be modified to initiate tuning automatically if the VSWR exceeds 1.5:1 while 


1 


transmitting. During automatic impedance matching, the IMS calculates VSWR and actuates 
stepper motors to alternately adjust a variable capacitor and a variable inductor to reduce VSWR 
to less than 1.5:1. The IMS then returns to standby mode, 


7 
J 
Pa 
iin. 


SWR = 


(2) 


From equation (2), a VSWR of 1.5:1 corresponds to 4% reflected power. Reducing VSWR to 
less than 1.5:1 achieves an acceptable impedance match based on the manufacturer requirements 
ol the transceiver used for IMS testing [6]. When transmit frequency is adjusted, an impedance 
mismatch will again exist requiring the operator to initiate another automatic tuning cycle to 
reduce VSWR. 


Chapter 2. Background 


‘Two-way communications using 3 MHz to 30 MHz, high-frequency (HF) radio, also 
known as shortwave radio, offers worldwide coverage with no required infrastructure between 
stations, making it useful for emergency communications. Worldwide range is possible due to 
HF radio wave refraction in the ionosphere known as skywave propagation. The ionosphere is 
the upper layer of Earth’s atmosphere where solar radiation separates electrons from (ionizes) 
gas molecules. This ionized gas, known as plasma, is electrically conductive, causing incident 
radio waves to refract (bend) back to Earth, Earth's surface also reflects radio waves back to the 
ionosphere. Surface reflection and ionosphere refraction can occur multiple times along a radio. 
signal path allowing the signal to propagate worldwide, The optimum frequency for long 
distance skywave propagation changes with time of day due to the sun's influence on the 
ionosphere, For transmitter to antenna impedance matching, antenna length can be adjusted 
depending on frequency. Half-wave dipole antenna length for HF radio varies from 15 ft to 
150 ft 


A 140 f dipole antenna normally resonates at 3.5 MHz. At the resonance frequency, 
inductive and capacitive reactances cancel. Away from resonance, the impedance changes and 
power reflections caused by impedance mismatch increase. An antenna tuner can render the 
antenna resonant to the transmitter and eliminate reflected power by providing compensation for 
the impedance mismatch, Matching is possible below the resonant frequency, but the voltage can 
exceed the dielectric strength of the transmission line or antenna tuner components. Table 1 
shows possible voltages for a 100 ft “flat-top” antenna [5]. 


Modeled Data for a 100-1 Fat-Top Antenna 
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Table 1 - Loss Comparison of 450 © Balanced Line versus 50 (2 Coaxial Cable [5] Table 20.1, Used with 
permission, Copyright ARRL. 


Voltage amplitude increases with reflection coefficient magnitude, . between the 
antenna and transmission line and therefore increased voltage standing wave ratio (VSWR). 
Superposition of forward and reflected waves along the transmission line produces standing 
waves resulting in maximum and minimum voltage amplitude locations. VSWR is the ratio of 
the maximum to minimum transmission line voltage amplitude. ISWR is the corresponding ratio 
for current; its value is equivalent to VSWR. VSWR and ISWR are collectively referred to as 
SWR since they are equivalent. Equations (3) and (4) define Г and SWR, respectively. [6] 
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where оаа is the complex antenna (load) impedance and Z is the transmission line 
characteristic impedance. Za ally assumed purely real for commercial transmi 
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Equation (5) defines reflection coefficient magnitude 


[2] 


where Хы is the antenna reactance and Risas is the antenna resistance. 


SWR can also be calculated from forward and reflected power using equation (2). The IMS 
employs forward and reflected power measurements to calculate SWR. 


Equation (5) shows that if the antenna reactance is much greater than the antenna resistance and 
Zo, the reflection coefficient, I |, approaches 1. In equation (4), as || approaches 1, SWR. 
approaches infinity, increasing maximum transmission line voltage. 


Figure 2 shows that dipole antenna impedance becomes predominantly reactive below its 
resonant frequency of approximately 5 MHz. “In [Figure 2), the y-axis rated in positive 
(inductive) series reactance up from the zero line, and negative (capacitive) series reactance in 
the downward direction. The numbers placed along the curve show the frequency in MHz. " [4] 
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Figure 2 - Feedpoint impedance of a 100 ft long dipole antenna in free space. [4] Figure 2.10, Used with 
permission. Copyright ARRI. 


In practice, radio operators typically use antenna tuners to match antennas for frequencies 
above the resonant frequency. 


The IMS employs a balanced output design as opposed to unbalanced with unbalanced 
coaxial cable for both input and output. The problem with an unbalanced tuner is evident in 
Table 1 (7]. Terminating coaxial cable with highly mismatched loads results in undesirable. 
power loss along the cable. A balanced transmission line, also called "twin lead,” conversely. 
exhibits lower loss when operated with mismatched loads. The IMS accepts an unbalanced line 
from the transceiver and internally converts it to a balanced line. The IMS to antenna 
transmission line is balanced. Since balanced transmission line is unshielded, unlike coa 
cable, it cannot be placed near other conductors. It must be spaced away from other conductors. 
by at least three times the spacing between its conductors [7]. 


The IMS utilizes two L network matching circuit configurations. Compared to T or Pi networks, 
the L network uses only one combination of inductance and capacitance. This simplifies the 
microcontroller tuning algorithm. The disadvantage is that one L network cannot match all 
possible load impedances. Figure 3 shows two L network types with complimentary matching 
ranges on the Smith Chart. The IMS uses an RF switch to select one of the two L networks, 
allowing a wider matching range. 


Figure 3 - Smith Chart operation and schematic for the two L network configurations [7] Figure 5.57, Used 
With permission; copyright ARRL, Modified from original. 
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Figure 4 — Transmission Line Loss Comparison [9]. Used with permission: copyright ARRE. 


Figure 4 compares loss for several transmission line types. The two curves near the bottom 
represent two types of balanced transmission line, while upper curves represent coaxial cables, 
The loss for Open Wire "window" line, a twin parallel conductor balanced transmis 
less than all types of coaxial cable for frequencies less than 200 MHz. 


ion line, is 
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Chapter 3. Reguirements 


Table 2 defines specifications to achieve for the IMS design. 


IMS REQUIREMENTS AND SPECIFICATIONS 


Mer Uu Justification 

Requirements Specifications 

1 T. Average setup time should not | Required connections in transmission Tine 

15 minutes terminals, Impedance Matching System to radio 
transceiver coaxial cable, and 120 V AC power. (see 
Figure 5) The system should begin measuring ВЕ 
power at power up. It will calculate SWR for RF input 
power greater than 3 W. To initiate automatic 
impedance matching, the user will press front panel 
button. 
Z Paris cost should not exceed — | Similar impedance matching products range in market 

51000 price from $200 to over 51000 Components required io 
build one unit must not exceed $1000. A preliminary 
parts search indicates total parts cost is less than $1000, 

3 3- Can transfer at Teast 100 W of | All necessary parts are available and each can handle 
transmitter output power to a | voltages and currents developed at 100 W RF power, 
matched antenna continuously | de typical output power of most Amateur Radio HF 
without damage transceivers. 

1 3. Self-contained and portable | The unit willbe housed in а portable (one person can 
With operating temperature | carry) metal enclosure. The electronic components will 
range of 0° C10 70°C be rated for commercial operating temperature range. 

+ S. Antenna impedance matching | A simple and effective portable HF antenna setup isa 


range should allow matching to 
a dipole mounted at least 0.125 
wavelength above ground and 
at least 0.5 wavelength lon 

the lowest operating frequency 
of 3.5 MHZ 


140 ft wire dipole mounted 30 ft above ground. An 
antenna tuner should allow 3.5 MHZ to 30 MHZ 
‘operation on this antenna giving access to the most 
commonly used Amateur HF bands. One eighth 
wavelength for 3.5 MHz is approximately 30 f If the 
antenna is clos round, the feedpoint 
impedance approaches 0 £ and the radiation pattern is 
directed upward instead of at the horizon, which is 
more desirable for long distance communication. 


The transmision line Between. 
the Impedance Matching 
System and the radio 
transceiver shall have a 
characteristic impedance of 
50045% 


SU 1з the standard antenna jack impedance on 
Amateur Radio HF trn 


rivers and accompan 


coaxial transmisio 


lines. Coaxial transmission lines 
routed near metal: they can be 

used for outdoor unit to radio transceiver connections. 
"The Impedance Match 
‘match the antenna impedance to 50 Q. 


System will automatically 


7 7. The Impedance March Dipole, Toop, and Yagi antennas are аттану 
System to antenna connection | connected using a balanced transmission line with low 
shall use terminals for a 300 10 | Joss in the 3.5 to 30 MHZ range (see Figure 4) ev 
600.2 balanced transmission | when operated with unmatched loads. See Table 1 
me Columns 4 and 5 

12 EC Operate using a standard 120 V. | Maximum power consumption occurs during matching 
AC wall outlet attempt involving stepper motor operation. Stepper 

motor and control electronics power consumption 
should be below maximum of 1800 W for а 120 V AC 
ош. 

T 3. Must weigh Tess than 40 pounds | Similar products already on the market typically weigh 

Jess than 20 pounds. The weight must be less than 
40 pounds for safe, single person lifting. The actual 
weight as built is 26 pounds. 

x T0. The system should warm the | Amateur Radio HF transceivers typically cannot 


user if itis unable to reduce the 
standing wave ratio (SWR) to 
below 15:1 


‘operate with SWR greater than 2:1. Under these 
conditions, transceivers typically self-protect by 
reducing output power. The IC-706 HF transceiver. 
‘manual [6] recommends less than 1.5:1 SWR. 
‘Transceivers have internal SWR meters to detect high 
SWR. Reflected power can increase thermal stress on 
the transcciver's internal power amplifier. 


Marketing Requirements 
Easy to set up and use 
Affordable 


4, Works with many types of antennas 


Usable with most standard Amateur Radio HF transceivers 


Table 2- IMS Requirements and Specifications Table [8], Chapter 3 


Chapter 4. Design 


"The initial IMS was designed for an outdoor matching unit with an indoor status display and 
control unit, The outdoor unit simplifies routing the balanced transmission line away from metal 
objects as routing it inside a building is not required. Coaxial cable connects the IMS outdoor 
unit to the indoor radio position. This configuration exceeded cost and system complexity 
beyond the scope of the Senior Project. The outdoor unit requires an indoor status display unit 
with a separate microcontroller. Therefore, the design was revised to a self-contained indoor 
system with front panel status display and control. Indoor permanent installation is 
recommended. The location should allow balanced transmission line routing away from metal 
objects and ground. 


Figure 5 defines the System Level Block Diagram. Inputs include electrical power and radio 
frequency power from the transceiver via coaxial cable. Outputs include status indicators and a 
balanced transmission line to the antenna. Table 3 provides additional details. While the coaxial 
cable and balanced transmission line are labeled input and output, they perform opposite 
functions when the transceiver is in receive mode. 


Balanced Transmission 


50 Ohm Coax to/from transceiver | krea 


Status Indications 


Impedance Matching 


User Pushbutton Controls System 


Power 


Figure S — System Level Block Diagram, Impedance Matching System 


Table 3 IMS System Level Functionality Table 


‘Modules Impedance Matching System (IMS) 
Tapar T Power, DU V AC at less than TO 
2, 500 Coaxial Cable from Transceiver: Carries 3.5 to 30 MHz transmit signal from the 
transceiver to the IMS, 
3. User pushbuttons 
Dup T Balanced Transmission Line to Antenna: Caries transmit signal Irom the IMS to the antenna. 


2. Status Indicators: An LCD provides user with current value of Voltage Standing Wave Ratio 
(VSWR)... forward and reflected power, inductor & capacitor relative positions (ie. minimum 
and maximum inductance or capacitance), and RF Switch Position. 


Functionality 


Senses greater han L5 VSWR during transmit and adjusts internal reactance to match antenna 
transmission line impedance to the 50 © transceiver coaxial connection. 


Figure 6 defines the IMS Subcomponent Block Diagram. 


Figure 6 — IMS Subcomponent Block Diagram 


‘Table 4 describes subcomponent inputs, outputs, and functionality. 
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Table 4— IMS Sub 


ponent Level Functionality Table 


Module Deseriplion 
uw T Radio Frequency Power from Directional Coupler 
Forward/Reflected | PPM 2. 5 V DC Power 
RF Power Sensor | Ouipar TDC Voltage Proportional to RF Power 
Functonatny | Produces two DC voltage outputs: one proportional to the forward RF power 
У and one proportional o reflected RF power 
Directional Input L RF Power from Transceiver 
Coupler TRF Power to LC matching network 
Output 2. Forward Power Sample to Forward RF Power 8 
З. Reflected Power Sample to Reflected RF Power 
F 30 dB reduced samples ofthe forward and reflected RF power To 
Tunctionalty | allow, RE power sensor power measurement 
Balun [771 d. RF power via unbalanced coaxial transmission Tine 
Сири TRF power via balanced transmission linc 
Functionality | A Balun is a transformer that converts an unbalanced Tine to а balanced Tine. 
Variable LC. cd T. RF power from Directional Coupler 
Matching ч“ 2 Mechanical Actuation from Stepper Motors 
Network Output 1. RF Power to Balun 
"The LC Matching network is a shunt variable inductor and a series variable 
Functionality | SSPaCor that each provide the necessary reactance to achieve an impedance 
‘match, A single pole, double throw RF switch places the shunt inductor on 
either side of the capacitor to match a wider range of impedances, 
‘Microcontroller T- DC Voltage Proportional to RF Power 
Input 2. DC Power 
3. User Pushbutton Controls 
rm T Stepper Motor Drive Commands 
ри 2. Data to LCD Status Display 
“The microcontroller measures DC voltage Trom the RF power meter and 
Functionality. | issues motor drive commands to adjust the LC network for an impedance 
‘match, И also provides serial data to display RF power level and tuning status 
DC Power Supply tapar Т. ТУ AC power 
Output TDC power ТУУ аг? Rand ЗУ ГГА 
Funciona | CoH 120 V АС to 12 V and З V DC power Tor the ceny and stepper 
Зарра Монг — [i 1. Motor Drive Commands rom Microcontroller 
Driven (3) Input 2. DC Power 
сари T Motor Drive volag 
Functionality | Provides motor power based on commands received Irom the microcontroller. 
Land € Stepper | Input T. Motor Drive Power 
Moci Output T Mechanical Rotation 
There are three stepper motors: The L and C motors adjust the variable 
Functionality. | inductor and capacitor, and а linear actuator motor controls the RF switch in 
the matching network 
TOD Status ud I. Data from microcontroller 
Display nib 2. DCPower 
Output . Display information 
Funciona, | E Samus Display Unit displays Токан and reflected power and ning 


status received from the microcontroller. 


Directional Coupler 


A directional coupler is an RF power measurement device with four ports: RF input, RF output, 
forward coupled (or sampled), and reflected (or reverse) coupled. A directional coupler samples 
а portion (coupling factor) of RF power in the forward and reverse directions. The coupling 
factor (separate values for forward and reverse directions) is the ratio of actual to sampled RF 
power. The RF input and output ports are connected by a main (through) line and the forward 
and reflected coupled ports are connected by a coupled line. A portion of the main line RF power 
diverted to the coupled line where itis attenuated by a fixed value known as the coupling 
factor (ratio of actual to sampled RF power). The coupling factor is high, ~1000 or 30 dB, to 
minimize main line power loss. The forward coupled port power is coupled in phase with the 
main line forward power and out of phase with main line reflected power, further attenuating 
reflected power by a factor known as directivity. The opposite case is true for the reflected 
coupled port. The directivity is the power ratio of the forward to reflected coupled ports with the 
through port terminated in a matched (Г = 0) load. Directivity is ideally infinite since there 
should be no reflected coupled power for a matched load at the through port. The directional 
coupler allows transmission line forward and reflected power measurement using sensitive low 
power electronics while minimizing main line power loss. 


The IMS employs a directional coupler for forward and reflected power measurement and SWR 
calculation. The directional coupler enables 200 W power measurements using the AD8307 
logarithmic detector IC, which has a +17 dBm (50 mW) maximum power input. [10] A 
directional coupler design by W. Т. Kaune [11] shown in Figure 7 utilizes inexpensive 
components. 
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Figure 7 - Directional Coupler Circuit Diagram [11] 


Ferrite toroids wound with AWG 26 wire and surrounding two 2" sections of RG-8 50 © coaxial 
cable form the coupling transformers. The shield conductor of the coaxial cable through the 
toroids prevents capacitive coupling between the transmission line and windings. Double sided 
circuit board provides additional shielding to prevent unwanted RF coupling. 


Directivity is the ratio of forward to reflected coupled power when the directional coupler is 
terminated with matched (T=0) loads. Ideally, directivity approaches infinity since the reflected 
coupled port power should be zero for a matched load. Commercial HF directional couplers offer 
directivities from 15 to 44 dB. [12] [13] Kaune [11] claims a directivity of 35 dB at 3.5 MHz 
and 28 dB at 30 MHz. 


RF power levels, in W and dBm (dB referenced io 1mW) are defined in equations (6) and (7). 


P (dBm) = 10 log, [P (mW)] = 10 logy. [1000({F (W))] (6) 


жи 
P(W)= 1000 e 
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‘The directional coupler provides a forward coupled power output 30 dB less than the forward 
transmitter power. For 100 W (50 dBm from equation (6)) forward power, the forward coupled 
power should be 20 dBm. With 28 dB of directivity, the reflected coupled port is: 


20 dBm -28 dB = -8 dBm = 0.16 mW (©) 


Using equation (2) to calculate SWR from forward and reflected power, the SWR measured 
using this directional coupler is 1.08 and 1.03 for 28 dB and 35 dB of directivity, respectively. 


Power Supply 


Four devices require power: the microcontroller, the power sensors, the LCD, and the stepper 
motor drivers. The stepper motor drivers require 12 +1 V at 1 A. Table 5 defines the 5 V supply 
requirements, 


3 V DC Power Supply Requirements 
Device Voltage Range, V | Maximum Current, mA 

ATmega32 Microcontroller [14] 451055 200 

58307 Power Sensor, Quantity 2 [10] [2:7 t0 5.5 20 

LCD [15] 47183 165 

Power Supply Requirement 471055 385 


Table 5-8 VDC Power Supply Requirements 


‘The supply current capability is increased to 1 A for the 5 V supply and 2 A for the 12 V supply 
for improved reliability. A power supply providing half its current capability will outlast one 
supplying full capacity. 


Bridge Filter 


Ed Transformer 
e Rectifier Capacitor 
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Figure 8 - Power Supply Block Diagram 


Figure 8 shows the power supply conceptual block diagram. A 120 V/25.2 V 2 A center tapped 
transformer was selected. The center tap provides (25.2 V)/2 or 12.6 V AC RMS. Though only a 
2 A rectifier was required, a 4 A bridge rectifier was selected for reliability. Fixed voltage linear 


и 


three terminal regulators were selected: ST Microelectronics 1.78812 12 V, 2 A regulator [16] 
and Texas Instruments TL780-05 5 V, 1.5 A regulator [17]. Both feature short circuit and 
thermal overload protection, 


"The filter capacitance was determined as follows 
‘The transformer peak voltage output is: 


Vans = VZ (12.6 V) =17.8V (9) 


peal 
Assuming 2 x 0.7 V diode voltage drop, the bridge rectifier output is 17.8 V - L4 V = 16.4 V 


The 178512 voltage regulator IC has a required minimum input voltage of 14.5 V. Thus, the 
maximum voltage ripple is 16.4 V — 14,5 V = 1.9 V. 


Assuming maximum supply current of 2 A; equation (10) gives the required capacitance. 


1 2А 


E 2 Vrippte 20060 HZJL9V 


= 8800 uF (10) 


Thus, two 4700 iF capacitors in parallel form the filter capacitor. 
Balun 


A balun transforms a balanced line to an unbalanced line. The IMS input and matching network 
are unbalanced, meaning one terminal is at ground potential. The balun at the IMS output 
enables balanced transmission line use for the IMS to antenna connection. The ARRL Handbook 
17] provides a suitable balun design shown in Figure 9. 


207 [d 


Figure 9 - 1:1 Balun Design [5] Figure 20.23A. Used with permission; copyright ARRL. 


‘The design calls for 12 bifilar turns of AWG 14 enamel insulated wire on a 2.4 inch outer 
diameter mix type 31 or 43 ferrite toroid. A 1:1 balun does not transform impedance. With the 
balanced terminals connected to a 50 Q load, the unbalanced terminal impedance is also 50 ©. 


RF Power Sensor 


An RF power sensor design by W. Т. Kaune [11] , shown in Figure 10, utilizes the Analog 
Devices AD8307 Log Amp Detector IC, which outputs a DC voltage proportional to RF input 
power from -75 dBm to +17 dBm. Equation (11) yields this relation, [10] 


Vout = 0.025(Pin(dBm)) +2 (11) 
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Figure 10- RF Power Sensor Design [IIT 


‘Microcontroller 


‘The Atmel Atmega32 microcontroller IC was selected due to previous experience in CPE-329. It 
features 32 programmable I/O pins, 32 KB non-volatile program memory, and an eight channel, 


10 bit analog to digital converter (ADC). The internal ADC allows direct connection of the RF 
sensor output. 


LCD 


А two line by 16 character LCD displays forward & reflected power in W, SWR, inductor & 
capacitor positions, and RF switch position. The LCD requires 11 connections to the 
microcontroller. 


Stepper Motors 


‘The stepper motors were the largest available from Sparkfun.com, with 125 oz.-inches of torque 
[18]. They are rated at 2 A at 3 V. The torque required to rotate the capacitor and inductor was 
unknown since a measurement device was not available. Therefore, motor adequacy w 
determined by actuating the capacitor and inductor components. A third stepper motor 
actuator that controls the matching network RF switch [19] 


Novel/Innovative Features 


‘The matching network features a switch to select one of two possible L network configurations: 
series C shunt L and shunt L series C. The switch places the shunt inductor on either the source 
or load side of the capacitor. One L network configuration can only match half of all possible 
loads. The switch enables matching all possible loads by allowing both L network 
configurations. While the switch could have been implemented using a relay, this option requires 
power to maintain the relay in its default position. Latching relays, which remain in either set 
position with power removed are available, but a linear actuator stepper motor was already on 
hand. The linear actuator positions a rod in one direction or in the opposite direction. Its rotor 
shaft is a threaded tube with a threaded rod inserted. If the threaded rod is prevented from 
spinning with the rotor shaft, the rotor threads the rod in one direction depending on the rotation 
direction. The rod is attached to the switch’s moving contact positioning it to connect to either 
stationary contact. 


Stepper Motor Driver 


The “Big Easy Driver" [20] operates bipolar stepper motors up to 2 A and 8 — 30 V. 
Microcontroller interfacing requires three output pins to control three functions: Step, Dir, and 
Enable. “Enable” turns on the driver and applies motor drive current. “Step” rotates the motor 
опе step for each rising edge. “Dir” defines “Step” rotation direction; clockwise or 
counterclockwise. 


Chapter 5. Test Plans 


Directional Coupler 


Test 1 

‘The directional coupler should not present greater than 1.5:1 SWR at its RF input with its outputs 
terminated in 50 © (Г = 0) loads. Measure RF input SWR using a vector network analyzer over 
the 3.5 to 30 MHz frequency range with all outputs terminated in 50 О. 


Test 2: 

‘The coupling factor (ratio of actual to sampled RF power) should be 30#1 dB [11]. Connect an 
RP signal generator set to 0 dBm to the RF input port and measure the forward coupled port 
‘output power using a spectrum analyzer to determine the coupling factor. Ideally, the coupling 
factor should not vary by more than 1 dB from 3.5 to 30 MHz 


Test 3: 

Minimum directivity, equation (12) below, is 28 dB [11]. Connect an RF signal generator set to 
O dBm to the RF input port and terminate the RF output port in 50 Q. Measure the RF power at 
the forward and reflected coupled ports using a spectrum analyzer. 


Directivity, (dB) = [fwd. coupled pwr, (dBm)] — [refl coupled pwr, (dBm)] az 
Minimum directivity is 28 dB over 3.5 to 30 MHz range. 
RF Power Sensor 
Verify that the DC output voltage conforms to equation (13) from -75 dBm to +17 dBm. 
Vout (V) = A(Pin, (dBm)) + B, (V) аз) 
Where A 223-27 mV/dB and B = 1.9-2.2 V [10] 


Connect an RF signal generator to the sensor RF input and measure the DC output voltage for 
power levels from -75 dBm to +17 dBm at 3.5, 15, and 30 MHz. 


DC Power Supply 


‘Test power supply for output voltage regulation under no load and full load conditions. Full load 
is 0.5 А and 1 A for the 5 V and 12 V supplies, respectively. Apply 120 V AC input power and 
measure the 5 V and 12 V supply output voltages for the no load condition. Connect a 10 Q, 
>2.5 W resistor to the 5 V output and a 12 Q, >12 W resistor to the 12 V output. Measure the 5 V 
and 12 V supply output voltages for the full load condition. The no load and full load voltages 
should not exceed the voltage regulator datasheet specifications of 0.05 V and 0.6 V for the 5 V 
and 12 V supplies, respectively. [16] [17] 


Stepper Motors 


Rotate the variable capacitor and inductor using the stepper motors. Rotation will not occur if the 
required torque exceeds the 125 oz/inch motor rating. 


LC Matching Network 


Connect a 50 © dummy load to the matching network output and a 3.5-30 MHz transmitter and 
SWR meter to the input. Manually tune the matching network from 3.5 to 30 MHz. The 
matching network should achieve maximum 1.5 SWR matching from 3.5 to 30 MHz. 


Microcontroller 


The microcontroller IC is tested using the Atmel STK-600 microcontroller development board. 
The USB powered STK-600 has a plug in socket for the microcontroller IC. The microcontroller 
pins are routed to pins on the board which can be connected to onboard LED's and switches. The 
STK-600 can also program the microcontroller via the USB connection. The microcontroller is 
programmed to illuminate the LED's to verify all the port pins. The IMS microcontroller ci 
board is tested with the same LED blink program. 
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LCD 

A program displaying upward counting numbers verifies LCD functionality. 

Automatic Impedance Matching 

‘The impedance of a 120 ft dipole antenna connected using 90 ft of 450 © balanced transmission 
line is measured from 3.5 to 30 MHz using a vector network analyzer. With the IMS connected 


to the dipole, attempt automatic impedance matching for center and edge frequencies in all 
Amateur radio bands from 3.5 — 30 MHz. Table 7 lists the bands, 


Table 6 — Amateur Radio HF Bands 


Amateur Radio HF Bands 

Approximate Wavelength, M | Frequency, MHz 
80 35-40 
40 70-13 
30 191-105 
2 140-1435 
17 18.068 — 18.168 
15 210 21450 
12 2489-2499 
10 280-297 


Dipole impedance values for frequencies where maximum 1.5 SWR matching is achieved аге 
plotted on a Smith chart. The impedance range for maximum 1.5 SWR matching is determined 
using the Smith chart. 


Chapter 6. Development and Construction 


Chassis 


The main chassis was salvaged from a General Electric Mobile Radio Mastrll" Base Station 
power supply [21]. The chassis provides interior dimensions of 15.5" x 10.25” x 6”. All interior 
components were removed. For easier drilling, the steel front and rear panels were replaced with 
0.125" thick aluminum sheets matching the dimensions of the original panels. A 14,5" x 9.25" 
aluminum panel was bolted to the interior bottom to serve as an attachment point for all IMS 
components. Mounting holes were drilled and tapped in this panel allowing all component 
mounting screws and bolts to be threaded directly into the sheet, Rubber bumpers were bolted to 
the chassis underside to prevent sliding and scratching of tables and counter tops. 


Directional Coupler 


Figure 11 shows the completed directional coupler. Except for copper tape used to secure the 
circuit board shields, it was built as specified by Kaune [11]. 


Figure 11 — Directional Coupler 


Power Supply 


All power supply components were grouped in the rear left corner to minimize space. The power 
switch and fuse holder were salvaged from the General Electric power supply [21]. The power 
supply circuit board, shown in Figure 12, was mounted to the rear panel with the voltage 
regulators bolted to the panel for improved heat dissipation. 
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Figure 12 - Power Supply Circuit Board 


Figure 13 shows the complete power supply. The power switch, fuse holder, and AC power cord 
plug (male IEC plug) were mounted to the IMS rear panel. Heat shrink tubing and liquid 
electrical tape on 120 V AC wires and terminals mitigate electrical shock and short circuit 
hazards. The transformer is bolted to the chassis bottom plate. 


Figure 13 - IMS Power Supply 


Matching Network 


Figure 14 shows the complete matching network. The variable capacitor was salvaged from а 
manual antenna tuner and the inductor was purchased new. The inductor and capacitor motor 
mounts were fabricated from an aluminum project box. Motor positioning was critical to ensure 
alignment with the inductor and capacitor rotation axis preventing wobble during rotation. One 
inductor terminal is grounded to the chassis at its mounting bracket. Те other terminal connects 
to the movable contact of the RF switch. 


Figure 14- IMS Matching Network 


Figure 15 shows the RF switch built for the matching network. 


Figure 15 - Matching Network RF Switch 


‘The switch has two stationary contacts connecting to either the load side or source side of the 
capacitor. A threaded nylon spacer connects the push rod to the movable contact insulating the 
contact from the grounded rod. 


Balun 


The 1:1 balun was built as shown in Figure 9. Figure 16 shows the completed balun. 


Figure 16 - IMS Balun 
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"The wire is Teflon insulated to prevent arcing. A square polycarbonate sheet insulates the balun 
from the rear panel and a round sheet serves as a washer to hold the balun in place. Nylon 
washers, a bolt, and a nut fasten the balun to the rear panel. 


RF Power Sensors 


‘The two RF power sensors, forward and reflected, were built on pre-fabricated PCB's from Far 
Circuits [22]. A shielded box was constructed using copper clad PCB to minimize RE 
interference to the sensors. Figure 17 shows the completed RF power sensors in the shielded box, 
‘The box lid attaches with four screws and is removed for the photo. 


Figure 17 - RF Power Sensors 


The RF power sensor module is attached to the bottom of the microcontroller module using 
screws and nuts, The power, ground, and sensor voltage wires route inside the microcontroller 
module where they are soldered in place. The microcontroller and RF sensor modules are 
removable from the IMS as one unit. 


Microcontroller Module 


‘The microcontroller circuit was built on a prototyping perf board. A 40 pin IC socket was 
soldered to the board to facilitate microcontroller replacement. Figure 18 shows the bottom of 
the microcontroller circuit board and the solder connections, 


Figure 18 - Bottom of Microcontroller Board 


Header pins were wired to the microcontroller I/O pins providing connection points for system 
development. Permanent I/O connections use wire wraps to the header pins. 


To allow software modification, a 2 row by 3 pin male header plug was installed on the circuit 
board and connected to the microcontroller “In System Programming” (ISP) interface. A 
computer USB interface allows microcontroller software programing. Figure 19 shows the 
completed microcontroller module. 


Figure 19 - Microcontroller Module 


The microcontroller board is attached to the floor of an aluminum project box using screws and 
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tandoffs. The three stepper motor drivers are mounted along one wall in the box. 
Connectors installed on the box interface the module to the IMS. A DB25 connector connects to 


the IMS front panel LCD and buttons. A DB15 connector connects all three stepper motors. 12 V 
and 5 V DC power are supplied to the module via RCA connectors. Table 7 lists all connections 


made to the microcontroller pins, 


mega Wicrocontraller Pin Connections 
m 

Number | Pin Name input/output] Destination use 
1| Роп8-0 [Output |Front Panel LCD Via DIAS Pin 24 [ED Register Select (RST 
2| Portai [output [Front Panel LCD Via DB2S Pin 23 [Со Read/Write select (RW 
3| Port-2 [output [Front Panel LCD Via DB2S Pin 22 [LED enable £j 
а[Гротв-3_}трш Front Panel Via DBZ Pin 12 Selec Buton 
s| Parr [input [Front Panel Via D825 Pin band ISP SSpin Select" Button and 57, 
E| Port: [input Font Panel Via 825 Pin 10 an SP MOSI Pin [Select Button and ISP. 
T Pora -6 [input Font Panel Via D825 Pin 3 and and SP MISO Pin [Tune Stop Button and SP 
в РотВ-7 [Output [inductor Motor Driver DIR Pin and ISP SCK Pin [nductor Motor Direction Select and ISF- 
S[ RESET jme IMCU Circuit Board Reset Pin. Resets Microcontroller 
| vee SV DC Supply [Microcontroller DC Power nout 
n| eno [Ground 
B XTA [AE |WicrocontroTer Clock Reference 
AEN [ems crystal [Microcontroller Clock Reference | 
14| Por D-0 [Output [Front Panel LCD vis DIS Pin 2L [со Data Buss 0(080) ] 
15| PortD-1 [Output [Front Panel LED via 0825 Pin 20 [LCD Data Buss 1 (D81) ] 
16| PortD-2 [Output [Front Panel LED via D825 Pin 19 [CD Data Bus 2 (D82) ] 
17| рото 3 [Output [Front Panel LED vis 0825 Pin 18 [CD Data Buss 31083) ] 
18| Pore а [Output [Front Panel LCD vis D825 Pin 7. [Со Data Buss 4 (D84) ] 
19| Porp- [Output Jo [Со Data Buss 5 (085) ] 
FF [CD Data Buss 6 (088) ] 
21| PoreD-7 [Output — |Front Panel LCD via D825 Pin 14 [Со Data Buss 7 (D87) ] 
22| Pemc-o [Output [inductor Motor Driver STEP Pin [nductor Motor step ] 
23| por Output — inductor Motor Driver ENABLE Pi [nductor Motor Power Enable ] 
24| Pomc-2 [Output [switch Motor Driver OIRPin [Switch Motor Direction Selec ] 
25| Ponc-s [Output [switch Motor Driver STEP Pin [switch Motor step ] 
26| Parr€-4 [Output [Switch Meter Driver ENABLE Pin [Switch Motor Power Enable ] 
27| Ponc-s [Output — capacitor Motor Driver DIR Pin [capacitor Motor Direction Sele — | 
28| Port ¢-6 [Output — [Capacitor Motor Driver STEP Pin S Motor tep ] 
29| Ponc-7 Output — [Capacitor Motor Driver ENABLE Pin [Capacitor Motor Power Enable ] 
aof avec jme зу DC Supply. [ADC Power Supply ] 
EECH [Ground ] 
ЗГ AE Foo nF Capacitor Internal Reference Selected RDC 7 56V Bandgap Voltage Reference | 
эз[ГРотА-7 Ior Connected ] 
з Pona E [or Connected ] 
35| Ponas [or Connected ] 
зе Рота 1. [or Connected ] 
3r рота -3 — Connected ] 
38| Pona Net Connected 
39| Port Ai [input [ADE] [Reflected RF Power Sensor Voltage [ADC inpat ram Released Pur Sensor 
40| Port A-0- [input (ADCO) [Forward RF Power Sensor Voltage [ADC input from Forward Pwr Sensor 


‘Table 7 - ATmega32 Microcontroller Pin Connecti 


Front Panel 


‘The front panel LCD and buttons are connected to the microcontroller module via a 25 conductor 
cable. At the front panel, the cable wires are soldered to the buttons and LCD pins. The other end 
ol the cable has a male DB25 connecting to the microcontroller module female DB25 allowing 
quick module removal. The LCD backlight requires 4.2-4.6 V DC power. To get this voltage, a 
1N4001 diode was soldered in series with +5V DC wire and the backlight power pin. Assuming 
a minimum 0.5 V diode voltage, 4.5 V is supplied to the backlight. Figure 20 shows the complete 
IMS front panel. 


Figure 20 - IMS Front Panel 


Rear Panel 


Figure 21 shows the IMS rear panel, 
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Ceramic insulators isolate the balanced antenna transmission line terminals from the panel. A 
ground terminal provides ап earth ground connection point for the chassis. The ground and 
antenna terminals use wing nuts allowing connection without tools. The IMS connects to a 
transmitter or transceiver via an SO-239 connector. The rear panel also contains the IMS power 
switch, power supply fuse holder, and 120 V AC connector, 


Complete IMS 


Figure 22 shows the IMS interior with all hardware construction complete. All internal RF 
connections on the source side of the matching network were made using RG-58 50 Q coaxial 
cable. Copper tape covers the LCD backside for RF shielding. 


— | 


Directional 
Coupler 


Ж MANN 


Figure 22 - IMS Interior 


Software 


"The software was written after all hardware construction was complete, The completed software 
is shown in Appendix E. One feature at a time was enabled in the following order: 


LCD Status Display 

Manual Stepper Motor Control via Front Panel Buttons 

Forward and Reflected Power Measurement and SWR Calculation 
Automatic Impedance Matching 


supo 
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A more detailed software development discussion for these four features follows, 


LCD Status Display 


‘The LCD displays two lines of data with 16 characters each. Excel was used for display design. 
Figure 23 shows the Excel sheet. 


1 2 3 4 5 6 7 8 910111213 14 15 16 
S WR 


S CSL 


1 2 3 4 5 6 7 8 9101112 13 14 15 16 
F RO- SWR 


EEE He ls ls le 


Figure 23 - Excel Sheet LCD Display Configuration 


A software function named "Update Display“ was written to write data to the display. LCD 
display software functions previously developed in the CPE-329 course were incorporated into 
the program, 


Figure 24 shows the actual display. 


Figure 24 - LCD Display 


On the display, the number following "F" is the measured forward power in W. The. 
number following R is the reflected power in W. SWR is calculated from the forward and 
reflected power and the result is displayed after the letters "SWR." The number of motor steps 
counting up from minimum inductance and capacitance values are displayed after “L” and "C," 
respectively. One of two possible RF switch positions, SCSL and SLSC, is displayed in the 
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lower right. The two possible positions are Series C-Shunt L, and Shunt L-Series С. This refers 
to the shunt inductor (L) being either on the source or load side of the series capacitor. 


Manual Stepper Motor Control via Front Panel Buttons 


A function named "check. buttons" was written to allow user manual stepper motor control. 
‘This allows user selection and actuation of individual stepper motors for the adjustable inductor 
ог capacitor, or the RF switch. 


The front panel “Select” button selects which motor to control. The “greater than” symbol (“>”) 
appears on the LCD indicating the selected motor. If the user presses the select button once, the “ 
> “ symbol appears in front оГ“ L indicating that the inductor motor is selected. Pressing 
Select" again places “> “in front of “С” which indicates capacitor motor selection. Pressing 
“Select” a third time moves“ >" in front of the *SLSC"/"SCSL" switch position indicating that 
the switch motor is selected. Pressing “Select” a fourth time removes “ > “from the display 
indicating that no motor is selected. 


When each motor is selected, the ENABLE line to the respective motor driver transitions from 
logic high (5 V) to low (0 V) causing the motor driver to apply power to the motor. With motor 
power applied, 12 V DC supply current is 1 A. To reduce power consumption, the software has a 
timer which de-selects a selected motor if no button has been pressed for ten seconds. With 

ther the capacitor or inductor motor selected, the user presses the "Select +” button to increase 
capacitance or inductance. The “Select — " button decreases inductance or capacitance. With the 
switch motor selected, pressing “Select +” toggles the switch position and the “SCSL”/ SLSC” 


Аз the inductor or capacitor changes position, the displayed relative position values update 
‘These values indicate the number of motor steps counting up from the minimum inductance and 
capacitance positions. The inductor value range is 0 to 8500 and the capacitor range is 0 to 1660. 


Initial stepper motor testing determined 3200 steps per revolution rather than 200, the 
datasheet-specified number of steps per revolution. The motor driver instruction manual specifies 
that the drivers default to 1/16th step increments and that three pads on the driver require 
grounding to attain full steps. (16 * 200 steps/rev = 3200 steps/rev). Matching network testing 
determined optimum values of 200 steps/rev for the inductor and 3200 steps/rev for the 

capacitor. 


Initially, the system did not recall motor position following a power cycle. The s 
record position to avoid exceeding mechanical limits. Software functions were written to store 
the position values in the ATmega32 non-volatile EEPROM memory. EEPROM cells have a 
lifetime of 100,000 writes before failure; therefore the program must reduce EEPROM writing. 
The program writes values 10 seconds after the user has pressed any button and only if the 
values differ from those previously stored, 
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Forward and Reflected Power Measurement and SWR Calculation 


A function named "Calculate SWR" was written to obtain forward and reflected power values 
from the analog to digital converter (ADC) and convert them to power in W and SWR, Equation 


(14) [10] yields the RF power sensor output voltage for a given input power in dBm, Ра, 
Vout = 0.025(Pgom) +2 (4) 
For a 10 bit ADC, the number of possible output values is 2™ or 1024 numbers from 0-1023. 


Equation (15) gives the ADC decimal output value based on the ADC input voltage, Vi», and the 
ADC reference voltage, Vers. [14] 


ADC 1024 | 22] (15) 


Frer. 


The ADC input voltage is the power sensor output voltage from equation (14). The reference 
voltage, Ver, Was set to the ATmega32 internal 2.56 V bandgap voltage reference 
ADC Vis = power sensor Ум. 


A microcontroller limitation is the inability to perform floating point math; only integer numbers 
can be processed. To overcome this limitation, a lookup table (LUT) was created. Table 8 shows 
the spreadsheet used to calculate the LUT values. 


1MS Look of Table Calculation 
[Dir Coupler 
Vref, (V) = 2.560 ractor(dB)- 80 00 
408307 v- 
А08307 Slope, (V/dB) = [0.025 intercept, (V) = [2.000 
[Dir Coupler 
|AD8307 — |AD8307input input Power,  |DirCoupler — |LUTValue, 
ADC |Vout(V) [power вт (dBm Input Power, W [100W 
oj боо 2800] -300| 00000010) 
i| 0003 ЕТТ] 2299 00000010] 
z| 005 2798] 2298 00000010) 
3[ 0008 E -297| 00000011] 
eof 1500 200] 3oo| 10000000) 1 
— 2558 223| 723| 169824365246 | 1698224] 


Table 8- IMS Power Look Up Table Calculation. 


The AD8307 Vou is calculated for each possible ADC value from 0-1023 using equation (16). 


арс 


er | a ав) 


Vout 


AD8307 input power, Pix, in dBm, is calculated us 


12 equation (17). 


Vout = [AD8307 Y – int, (V)] _ Vout = 2V 


stope, Œo] 0025 ©]‏ 408307[ ا 
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‘The directional coupler input power is calculated by adding the 50 dB coupling factor to the 
AD8307 input power. 


‘The directional coupler input power is converted to W using equation (7). The ATmega32 
microcontroller cannot perform the equation (7) exponential function since it requires a floating 
Point operation. This necessitates the LUT. 


‘The LUT contains pre-calculated results of the equation (7), (16), and (17) math functions. The 
LUT shares 32 kB memory with the 8 kB software program limiting its size to 24 kB or 1536 
values at 16 bits each. 16 bit values can represent integers up to 2' or 65,536. Since the 
microcontroller cannot work with fractional numbers, they must be converted to whole integer 
numbers by multiplying up to larger value numbers, performing the required calculations, and 
then using integer division to obtain the final result. This method preserves some of the accuracy 
that would otherwise be lost if all numbers were rounded to whole numbers. 


All digital systems have accuracy limitations since values between consecutive binary values 
cannot be defined. In contrast, analog systems can process an infinite number of values. For 
example, if 10 bit digital system must represent a voltage range from 0 to 1 V, it can only 
represent 210 or 1024 possible values between 0 and 1 V. In an analog system, the voltage can 
assume an infinite number of possible values between 0 and 1 V. The designer must use a system 
with enough bits to ensure the required accuracy. 


‘The IMS minimum power measurement required is 10 mW or 10 dBm. At the lowest IMS RF 
input power of 3 W, 10 mW reflected power gives 1.12 SWR using equation (2). If the minimum 
measurable power is limited to 10 mW, the IMS could attain а minimum SWR of 1.12, which is 
less than the IMS matching capability requirement 1.5 SWR ot less. 


Since the IMS maximum power requirement is 100 W, its power measurement ability must be 
greater than 100 W. A maximum of 200 W was arbitrarily chosen. Therefore, the total required 
measurement range is 10 mW — 200 W or 10 dBm to 53 dBm. From Table 8, the power values 
are in 0.1 dB steps. With a 43 dB measurement range, the required LUT size is 430 values. With 
а мап value of 0.01 W, the LUT values must be multiplied by 100 to convert all values to 
integers. The system divides the values by 100 to get the power in W prior to 
LCD. 


From equation (14), -80 dBm corresponds to 0 V power sensor output. With the IMS power 
measurement range limited from 10 dBm to 53 dBm, the first LUT value corresponds to 10 dBm, 
From equations (16) and (17), the corresponding ADC value is 400. The LUT is written in a C. 
programming structure called an array, which is a programmable number of memory locations 
storing the same data type under the same variable name. Array values are accessed by inserting 
a reference number in brackets following the array name. For the array named "Power. LUT”, 
the program accesses the first value using “Power LUT[O]." With the LUT size set to 430, the 
last value is accessed using “Power_LUT[429].” The IMS LUT table converts ADC values to 
power in W. The LUT begins at an ADC value of 400. The ADC results are stored in a variable 
named "power. index," which then has 400 subtracted from it. it is then used to select values in. 
the LUT. ADC values below 400 are set to zero: therefore the IMS registers power below 10mW 
аз OW. The following code shows how the LUT power value is assigned in the C program, 
‘Comments in green explain each line of code. 


Power index = ADC; 1/ store ADC converted value to Power index variable 
if (Power index < 400) // this makes any power less than offiet = 0 W 
Power index = 6; 
else 
Power index = Power index - 408; ( index of proper value in LUT 
Forward Power = Power LUT[Power index]; //store power to Forward Power variable 


The IMS power meter can be calibrated in software. If the measured power is a constant dB 
value off from the actual power over the full measurement range, the 400 offset value can Бе 
changed to reference offset power values in the LUT. Since each consecutive LUT value is a 
0.1 dB change, the dB adjustment value required for calibration multiplied by 10 is the required 
offset change. For example, if the indicated power is 50W when the actual power is 100W, a 

3 dB difference, then the 400 offset must be changed by 30. Changing the offset number from 
400 to 370 corrects the 3 dB error by referencing 3 dB higher values in the LUT. 


If the power measurement error is not a consistent dB value, there is a slope error. For exampl 
the power is 3 dB off at 10 W and 6 dB off at 100 W. This error requires recalculating the LU’ 
using a different slope in equation (17). 


Automatic Impedance Matching 


To develop the IMS automatic impedance matching ability, three algorithms were written and 
tested 


First algorithm: 
1. For RF input power 5 W or greater, begin automatic tuning when Tune button is 

depressed 

Measure and record current SWR 

Rotate inductor one step in increasing direction 

If SWR decreased, repeat 2. 

If SWR increased, rotate inductor one step in decrea 

If SWR decreased, further decrease inductance 


g direction 


pur 


E] 


7. When SWR minimum is determined, repeat 1 through 5 for the capacitor. 

If SWR is greater than 1.5:1, repeat for the inductor and then capacitor up to 3 times. 
Stop automatic tuning attempt if the Tune Button is pressed again or if RF input power 
falls below 5 W. 


‘This first algorithm adjusts inductance and capacitance based on SWR increase or decrease. This 
approach assumes that inductor or capacitor value variations in one direction consistently 


increase or decrease the SWR until the minimum is 


reached. Th 


may hold true for an average 


over several SWR samples. In actuality, due to measurement noise or random fluctuation, the 
SWR may increase for small adjustments even if the adjustments are in the correct direction to 
achieve an impedance match. 


A second algorithm was written using a different approach 


‘This algorithm failed as 
capacitor pos 


s follows: 


Measure and store current SWR as minimum SWR. 

Set the inductor motor direction to increase inductance. 

Change inductance by one motor step 

Measure SWR. 

If the new SWR is less than the stored minimum value, store the new value as the 

minimum SWR and store the inductor position. 

6. Ifthe SWR increased, increment a counter tracking the number of times the SWR 
increased 

7. Repeat Steps 3 through 6 until the number of steps for which the SWR increased exceeds 
a set value (increasing SWR step count, optimum value determined through trial and 
error). Change the motor direction to decrease inductance. 

8. Repeat Steps 3 through 6 after the Step 7 direction change until the increment counter 
exceeds the set value (increasing SWR step count, optimum value determined through 
trial and error) 

9. Return the inductor to the minimum SWR po: 

10. Repeat Steps I through 9 for the capacitor. 

11. Repeat Steps I through 10 up to 4 times or until the SWR decreases below 1.5. 

12. If the SWR is still greater than 1.5, stop the tuning process. 


peepee 


ion. 


it would only attain an impedance match if the required inductor and 
tions were within the set number of increasing SWR steps. Setting the increasing 


SWR step count to higher values, from 20 to 200, improved match success rate. However, the 
full range is 1660 steps for capacitance and 3500 steps for inductance. These full ranges must be 
searched to find the optimum match values. The inductor has a full range of 8500 steps, however. 
for all loads tested, the inductor never required a setting beyond 3500. Therefore, the inductance 
search range was set to 0-3500. 


A third and final algorithm was written: 


1. Set the inductor to minimum inductance position and the capacitor to maximum 
capacitance position. 


м 
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Measure and store current SWR as minimum SWR. 
Inerement the inductor from minimum to maximum value. For each motor step: 

a. Measure SWR. 

b. Ifthe new SWR is less than the stored minimum value, store the new value as the 

minimum SWR and store the inductor position. 

Once the maximum inductance is reached, return the inductor to the location of minimum 
SWR. 
Repeat steps 2 through 4 for the capacitor, stepping from maximum to minimum 
capacitance. 
If the SWR is still greater than 1.5, perform Steps 7 through 17. 
Measure and store current SWR as minimum SWR. 
Set the motor direction to increase inductance. 
Change inductance by one motor increment. 
Measure SWR. 
If the new SWR is less than the stored minimum value, store the new value as the 
minimum SWR and store the inductor position. 
If the SWR increased, increment a counter tracking the number of times the SWR 
increased. 
Repeat Steps 9 through 12 until the number of increments for which the SWR increased 
exceeds a set value. Change the motor direction to decrease inductance. 
Repeat Steps 3 through 6 after the direction change in Step 13 until the increasing SWR 
increment counter exceeds the set value (increasing SWR step count, optimum value 
determined through trial and error). 
Return the inductor to the minimum SWR po: 
Repeat Steps 7 through 15 for the capacitor. 
Repeat Steps 7 through 16 up to four times ог until the SWR decreases below 1.5. 
If SWR is not below 1.5, stop the tuning process. 


ion. 


Steps I through 5 perform low resolution (coarse) tuning and Steps 7 through 17 perform fine 


tuning. 


Optimum settings determined through trial and error: 


Inductor step angle: 1.8°/step, or 200 steps/revolution 


Capaci 


ors 


p angle: 0.1125°/step, or 3200 steps/ revolution 


Inductor increasing SWR step count: 110 
Capacitor increasing SWR step count: 250 
Inductor coarse tuning step time interval: 2 ms 
Capacitor coarse tuning step time interval: 10 ms 
Inductor fine tuning step time interval: 13 ms 


Capaci 


or fine tuning step time interval: 10 ms 


Chapter 7. Integration and Test Results 


1. Directional Coupler 


‘The following equipment was used for directional coupler testing: 


» Vector Network Analyzer, HP8753A. 

* Spectrum Analyzer, Agilent N9000A. 

+ RF Signal Generator, Fluke 6050 

+ Attenuator, Coaxial 2040.2 dB fixed, 50 Q, 0.5 W, DC — 2 GHz, Mi 
HAT-20+, Quantity: 2 

© 50 Q termination, Anritsu 


Circuits 


‘Test 1: RF Input Port S11 


‘The first test performed was input port S11 measurement to ensure that the directional coupler 
would not present high standing wave ratio (SWR) values to a connected transmitter. The 
directional coupler input SWR was measured using the Figure 25 setup. 


HP8753A 
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Porti. 
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Figure 25 - Directional Coupler SWR Test Setup 


‘The 20 dB attenuators served as 50 terminations. 
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Figure 26 - Directional Coupler RF Input Port SWR- 


Figure 26 shows the RF input port SWR measured using the УМА. The worst case SWR for 
3.5-30 MHz is 1.07 at 3.5 MHz. The directional coupler SWR must be less than 1.5 for the IMS 
to meet its matching requirement of 1.5 SWR or less. 


Test 2: Coupling Factor 


"The forward coupling factor is the dB difference between the power measured (dBm) at the 
incident (RF input) port and forward coupled port. This was measured using the Figure 27 setup. 
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Figure 27 - Forward Coupling Factor Test Setup. 


The spectrum analyzer was set for 1 — 31 MHz span and placed in "max hold" mode. The signal 
generator was set to 0 dBm and the frequency was swept from 1 — 31 MHz, The spectrum. 
analyzer "max hold" mode captured the power measured from the forward coupled port. With 
the signal generator set to 0 dBm, equation (18) yields coupling factor. 


coupling factor, (dB) = 0 dBm - measured power,(dBm) — (18) 
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Figure 28 - Directional Coupler Forward Coupling Factor 
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Figure 28 shows the spectrum analyzer forward coupling factor measurement. The forward 
coupling factor is approximately 30 dB and varies by less than 0.5 dB from 1 — 31 MHz. This is 
the expected result per Kaune [11] 


‘The reflected coupling factor is the dB difference between through port and reverse (reflected) 
coupled port power. This was measured using the setup shown in Figure 29 using the same 
procedure for the forward coupling factor measurement. 
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Figure 29 - Reverse Coupling Factor Test Setup 
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Figure 30 - Directional Coupler Reverse Coupling Factor 


Figure 30 shows the spectrum analyzer reverse coupling factor measurement, The reverse 
coupling factor is approximately 30 dB and varies by less than 0.5 dB from 1 — 31 MHz. This is 
the expected result per Kaune [11]. 


Test 3 - Directivity 


‘The directional coupler directivity is the dB difference between forward and reflected coupled 
powers with power applied at the incident port and the through port terminated in 50 Q. The 
reverse coupled port power with power applied at the incident port was measured using the 
Figure 31 setup. The signal generator was again set to 0 dBm and swept from 1 — 31 MHz. 
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Figure 31 - Directional Coupler Directivity Test Setup. 


‘The directivity was calculated by subtracting the Figure 31reverse pon power measurement from 
the forward port power measurement. The resulting directivity is plotted in Figure 32, 
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Figure 32 - Directional Coupler Directivity 
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The worst case directivity for 3.5 — 30 MHz is 26.56 dB at 29.65 MHz. Kaune claimed a worst 
case directivity of 28 dB [11]. Directivity is ideally infi 


te. 


For 100 W (50 dBm) forward power and 30 dB coupling factor, the forward coupled power is 
20 dBm or 0.1 W. With 28 dB of directivity, the reflected coupled port power is: 


20 dBm -26.56 dB = -6.56 dBm = 0.22 mW (19) 


Using equation (2) to calculate SWR from forward and reflected coupled power, the SWR 
measured using this directional coupler is 1.1 


‘The IMS power measurement limit is determined as follows: 


Given: 
Directional coupler coupling factor = 30 dB 

Maximum RF power sensor input power = 17 dBm 

Maximum Directional Coupler Input Power = 17 dBm + 30 dB = 47 dBm (50 W) (20) 


Add 20 dB , 0.5 W (27 dBm), attenuators at forward and reflected coupled ports: 
Maximum Directional Coupler Input Power = 27 dBm + 30 dB = 57 dBm (500 W) (21) 
RF sensor input power at 500W = 57 dBm — 20 dB — 30 dB = 7 dBm 22) 


‘The IMS maximum RF power requirement is 100 W. 


2. RF Power Sensor 


‘The forward and reflected RF power sensors were tested for DC voltage output linearly 
proportional to RF power input using the test setup shown in Figure 33. 
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Figure 33 - RF Power Sensor Test Setup. 
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‘The AD8307 datasheet [10] specifies a measurement capability of -75 dBm to +17 dBm. The 
sensors were tested in this range, but the voltage output was non-linear below -50 dBm as shown 
in Figure 34, The Fluke 6060B signal generator maximum output power is 13 dBm, 
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Figure 34 - Forward RF Power Sensor Output Voltage ух. Input Power, -80 to 13 dBm 


The IMS minimum power measurement is 10 mW. At minimum IMS RF input power of 3 W, 
10 mW reflected power yields 1.12 SWR using equation (2), If the minimum measurable power 
is limited to 10 mW, the IMS could calculate a minimum SWR of 1.12, which is less than the 
IMS matching requirement of 1.5 SWR or less. 


For 10 mW (10 dBm) reflected power, RF power sensor input is -40 dBm after 30 dB directional 
coupler coupling factor and 20 dB attenuator. Therefore, the minimum RF sensor measurement 
is -40 dBm. 


‘The power sensors were tested from -40 dBm to +13 dBm at 3.5, 15, and 30 MHz. Figure 35 
and Figure 36 show forward and reflected power sensor output voltage responses, respectively. 
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Figure 35 - Forward RF Power Sensor Output Voltage vs. Input Power, -40 to 13 dBm 


Reflected RF Power Sensor Output Voltage vs. RF Input Power 


M 


(Output Voltage, V 
Е 


12 


E 20 20 40 o 10 20 
RF Input Power, dBm 


Figure 36 - Reflected RF Power Sensor Output Voltage vs. Input Power, -40 to 13 dBm 
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"The curve-fit equations shown in Figure 35 and Figure 36 are linear fit relations for the data, The 
equation slope is the AD8307 datasheet parameter “Logarithmic Slope" in units of V/dB. The 
measured forward and reflected slopes are 25.4 mV/dB and 27.2 mV/dB, respectively. The 


datasheet specifies 23 — 27 mV/dB from -75 dBm to + 17 dBm. The equation Y-intercept should 
be1.9-22 V [10] 


3. Power Supply 


Table 9 shows the power supply voltages tested as specified in the Chapter 6 Test Plan. 


DC Power Supply Test Data 
Output Voltage, V 
No Load | Full [Design Datasheet Specification [16] 
Load — |Requirement | [17] 

SVOSADC |5031 (5028 |47055 [54005 

Supply 

IV. 1ADC [12.07 [1194 IT 1206 

Supply 


Table 9- DC Power Supply Test Data 


‘The supply voltages were measured at the microcontroller module power connectors with 
applied system power. With all stepper motors off, the 12 V and 5 V supplies measured 
12.070 V and 5.028 V, respectively. With the inductor motor on, the 12 V and 5 V supplies 
measured 11.940 V and 5.028 V, respectively. These voltages are still within the datasheet 
specifications for the 5 V and 12 V regulators [16] [17] 


4. Stepper Motors 

Figure 37 shows the stepper motor test setup. This test determined whether the motor produces the. 
torque required for variable inductor and capacitor rotation. Since the motor successfully rotated the 
capacitor and inductor, the required torque was less than the maximum rated motor torque of 125 oz-inch. 
A method to measure the actual required torque was not available 
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Figure 37 - Stepper Motor Test Setup Block Diagram 


The STK600 Development board provides power, clock signal, and programming interfaces to the 
microcontroller. It also provides large pin breakouts for all input and output ports allowing solderless 
connections. 


‘The stepper motor driver provides the required power waveforms to the stepper motor. The two motor 
coils, A and В, must be driven by 90° out of phase square waves. The motor drive waveforms rotate the 
motor one step for each rising edge, 0 V to 5 V, of a digital signal applied to the STEP input. This 
simplifies the microcontroller program used to control the stepper motor. The DIR input controls 
rotational direction; high (5 V). counterclockwise, low (0 V), clockwise. [20] 


‘Stepper motor specifications give motor current for a spe 


4 voltage. The IMS motors are rated for 2 A 
3 V DC [18]. The motor can function with higher voltage at а proportionally lower current (V*I= 6 W 
maximum). For the test, the voltage was set to 12 V, requiring 0.5 A. 


When power is applied to the driver, the motor draws the same current regardless of whether it is moving 
ог stationary. This maintains mechanical loads that rotate away from the required position, Since the 
variable capacitors and inductors remain stationary due to static friction, the motors can be powered down. 
when no adjustments are required, saving power. The initial lack of clarity on this stepper motor aspect 
caused some confusion as to whether there was a driver malfunction or incorrect driver to motor wiring. 
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Figure 38 shows the capacitor stepper motor test setup. The motor was mounted using a makeshift setup 
for testing purposes. A permanent mounting fixture was fabricated for installation in the antenna tuner. 
‘The capacitor's full value range is spanned in a half revolution. At the top motor speed tested, the 
capacitor is actuated through its full range in less than one second. 
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Figure 38 - Capacitor Stepper Motor Test Setup 


їп Figure 38, the motor driver DC power supply leads and the STK600 USB cable are not yet connected. 
‘Two variable capacitors are attached to a common frame. Only one is required for the IMS. 


‘The stepper motor is unipolar; each coil has three leads: two outer leads and a center tap. The motor is 
unipolar because the power supply current does not change polarity. Positive supply voltage is connected 
to the center tap and the driver grounds either outer lead depending on the required winding field 
direction. [23] Bipolar motors have two leads for each coil. The driver reverses coil voltage polarity to 
change the field direction. The motor driver, while designed for bipolar motors, can drive unipolar motors. 
if the center tap leads are not connected. [20] Figure 39 shows the unconnected white and yellow center 
tap motor leads. 
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Figure 39 — Variable Inductor Motor Test Setup 


Figure 39 shows the variable inductor drive test configuration. At the maximum motor speed setting, the 
inductor travels through its full range in approximately 20 seconds, Full range traversal requires 43 shaft 
revolutions. 
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Figure 40 — C program for stepper motor testing 


Figure 40 shows the C program written for microcontroller motor testing. Comments in blue text 
explain the function of each line. Basic functions include motor rotation using one button (or 
momentary switch) and rotation direction selection using a second button. Two IF statements 
accomplish these two functions. The first IF statement steps the motor continuously when Button 
Tis pressed. The“ delay us(x)" function defines a software delay of x microseconds. The 
delays in the first IF statement set the motor speed. Increasing the delay decreases motor speed. 
The second IF statement changes the motor direction each time Button 6 is depressed. The button 
numbers are labeled on the STK600. 


Since the motor can drive the capacitor and inductor directly, gear reduction is not required. The 
inductor drive speed rotates the antenna tuner at slower rates than relay selected fixed inductor 
designs. Tuming the inductor faster may increase wear, decreasing component life. 
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5.1М$ Power Meter 
‘The Impedance Matching System (IMS) requires power measurements and SWR calculation to 
achieve an impedance match. Uncalibrated, the IMS indicated 2:1 SWR for a matched load. 


Calibration requires comparison to measurement devices of known accuracy, ‘The most accurate 
power meter available is the Agilent N9000A Signal Analyzer, with specified amplitude 
accuracy of 40.5 dB [24]. Its +30 dBm maximum input power limits usefulness for calibrating a 
100 W (50 dBm) power meter. A 30 W, 30 dB attenuator allows power measurements to 

+44.8 dBm (30 W). Since power levels greater than 30 W could damage the attenuator and the 
М9000А, a different power meter was required for 30 W to 100 W calibration, 


‘Three wattmeters with 100 W ratings or greater are available: A Bird 43 analog wattmeter 
2 MHz -30 MHz, 250 W element; a Motorola R22 0.1 to 1000 MHz Communications Service 
Monitor (measures up to 100 W); and a Daiwa CN-801 1.8 to 200 MHz, 2000 W analog 
wattmeter. These wattmeters were compared to the Agilent N9000A spectrum analyzer in power 
measurements up to 30 W in Table 10. The 30 dB attenuator was connected to te N9000A RF 
input for protection, 
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‘Table 10 - Power Meter Comparison 


The Bird wattmeter was the most accurate with a maximum 0.8 dB difference from the N9000A. 
‘This unit was used for power calibration from 30 W to 100 W. 


‘The IMS power meter was calibrated using the setup shown in Figure 41 for 0 W to 30 W 
calibration and Figure 42 for 30 W to 100 W calibration. To calibrate the reflected power 
measurement, the directional coupler RF input and output ports were interchanged; RF power 
Was applied to the output port 
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Figure 41 - IMS 0 W to 30 W Power Calibration Setup 
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Figure 42 30 W to 100 W Power Calibration Setup using Bird 43 Wattmeter 
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Initially, the IMS forward power indication averaged 2.5 dB less than spectrum analyzer 
measurements, Since each consecutive value in the IMS LUT represents a 0.1 dB power 
increment, an offset number of 25 (25 * 0.1 dB = 2.5 dB) was added to the "power index" 
variable in the C program as described in Chapter 6. The IMS reflected power was an average of 
3,6 dB less than SA values; an offset of +36 was used. 


After comparing the IMS power meter to the SA, it was compared to the Bird wattmeter. The 
Bird wattmeter scale increments are 5 W for the 250 W element. Estimating the halfway point 
between increments allows +2.5 W measurement certainty. Therefore, the IMS power meter 
displays values within 42.5 W of the Bird wattmeter. 


‘Table 11 and Table 12 show power measured by the Agilent N9000A spectrum analyzer (SA) 
compared to IMS measured power after calibration. The SA measured power was adjusted by 
30 dB to account for the 30 dB attenuator. Since the IMS can only display whole number power 
values, due to LCD character limit, the values in the IMS measured power column are shown to 
жето decimal places. As Tables 10 and 11 show, the IMS power is a maximum of 0.66 dB off 
from the SA measurement 
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Pwr Setting lms 
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Table 11 - IMS Forward Power Calibration 
Reflected Power 
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Pwr Setting м$ 
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Table 12 - IMS Reflected Power Calibration 


‘Table 13 compares SWR values measured using the Anritsu vector network analyzer and the 
IMS SWR meter. 


SWR Measurement: IMS versus Anritsu Network Analyzer 
‘Anritsu MS4622B VNA IMS SWR Meter 

108 106 

2.00 194 

3.02 3.08 

401 412 

501 525 

247 24 


Table 13 - IMS SWR Meter Comparison to VNA 


6. Matching Network 


To test automatic matching ability, a test of five trials was conducted for 8 different frequencies 


using the following settings: 


The test was performed using a 50 © resistive dummy load and 4:1 balun at the impedance 
matching system antenna connector. Figure 43 shows S11 for the dummy load and balun 
combination from 10 MHz to 30 MHz. 
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Figure 43- S11 for 50 load and 4:1 Balun. 


"Table 14 shows results for all test trials. The transmitter power was set at 10 W. SWR was 
measured using the IMS internal SWR п 


SWR results for IMS Dummy Load Matching Ability 
Frequency. МН; | — TralT Таш? Trial $ Trad "Tuas 
3500 146 135 140 140 146 
7100 Tor Tor ES 125 115 
TIS 143 135 LIS 125 119 
14250 134 128 135 132 140 
18.127 127 135 E 115 124 
21200 143 122 Lio 123 129 
34930 143 139 143 115 TIT 
78850 LI LIS TE T37 137 


“Table TT Results of IMS 


math testing Tato dummy Toad 


As shown in Table 14, the system provided SWR values of less than 1.5:1 for 100% of the trials at 
all frequencies. 


‘The IMS was then tested for dipole antenna matching ability. The dipole used for testing utilizes 
the Cal Poly Amateur Radio Club antenna tower for the dipole center support approximately 
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40 ft above ground. The dipole ends are tied off using nylon rope to points on the ЕЕ building 
roof and are approximately 25 ft above the ground. Figure 44 shows the dipole location. 


Figure 4- Dipole Antenna Location 


The dipole is connected to the IMS using 90 ft of 450 © balanced transmission line. Balanced 
transmission line is available with 300 ©, 450 Q, and 600 © characteristic impedance and 450 © 
line was an arbitrary choice. 


The dipole length was originally 140 ft but was reduced to 120 ft in an attempt to reduce 
resistance and reactance in the 14 MHz Amateur radio band. This is the most heavily used band 
during daylight hours. The IMS requirement was ability to match а dipole for all HF frequencies 
above its half-wave resonant frequency. Under this requirement, antenna length adjustment 
should not be necessary. Testing determined that this requirement would not be attainable with 
the system as designed. Operation on 14 MHz was desired so an attempt was made to adjust the 
antenna length to allow matching in this band. Figure 45 compares the dipole impedance for 
120 ft and 140 ft lengths. The length adjustment lowered the 14 MHz resistance and reactance, 
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Figure 45— 120 M & 140 Dipole Impedance 


Figure 46 shows the Smith chart plot of the 120 ft dipole impedance measured with an HP8753A 
VNA. The figure shows impedance mostly inside the r = 1 circle. Impedance outside the т = 1 
circle is mostly capacitive allowing use of the Series C — Shunt L matching circuit. From 

7.3 to 8 MHz, the impedance is outside r = 1 and inductive, requiring the Shunt L — Series С 
circuit. 
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Figure 46 — 120 Dipole SIT 


Figure 47 shows the 120 ft dipole impedance from 3 — 30 MHz 
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Figure 47 — 1201 Dipole Impedance, 3 — 30 MHZ 


‘To find the IMS matching capability range, the operating frequency was set to several 
frequencies within all Amateur Radio bands from 3 — 30 MHz, shown in Table 6. 


Automatic tuning was attempted on each frequency. If the IMS achieved a match of <1.5 SWR, 
the dipole impedance for that frequency was marked with an X on the Smith Chart of Figure 47. 
A green border encloses the matching capability impedance range. 
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NORMALIZED IMPEDANCE AND ADMITTANCE COORDINATES. 


Commercial automatic tuner manufacturers give tuning range specifications either in maximum 
SWR matching capability or impedance magnitude, Z|, range. Equation (23) yields impedance 
magnitude from complex impedance, R+jX. 


121 = yR? + GX)? (23) 


Commercial automatic tuners have SWR matching ranges from 3:1 to 32:1. Impedance 
magnitude matching range is 4 — 1600 © [1] [2] [3] [25]. The IMS matching range is 26:1 SWR 
and 40-520 © impedance magnitude. 


Since the IMS is not capable of measuring load impedance, it cannot determine the required L 
network configuration. The matching network switch was designed with the assumption that the 
IMS can match any possible load. Since that is not possible, automatic switch actuation is not 
enabled. If enabled, the system could fail at a matching attempt for a load impedance inside the 
r= 1 circle and attempt to find a match using the other network configuration, which would also 
fail. The tuning cycle takes approximately 100 seconds to reach the failed attempt. With 
automatic switching enabled, the cycle becomes 200 seconds. 
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Chapter 8. Conclusion 


‘The IMS met ай but one requirement specified in Table 2. It cannot match a 140 ft dipole for all 
freguencies between 3.5 to 30 MHz. The antenna impedance for a given freguency must fall 
within the range shown in Figure 48. The minimum SWR matching technique does not work for 
all possible load impedances since this method does not move the impedance to the r = 
with subsequent capacitance adjustment to obtain the match. In Figure 48, for cases where the 
capacitor reactance is set ~ 0, adjusting inductance for minimum SWR places the source side 
impedance on x = 0 line. With x = 0, adjusting capacitance moves the impedance along constant 
r circle, keeping resistance constant and changing reactance. For this case, the impedance can 
never reach Г = 0. The inductor must be set so the impedance approaches the r = 1 circle. The L 
capable of providing matching on all frequencies if manually tuned by 
trial and error. Suggested improvements include operating frequency and complex load 
impedance measurement. With these abilities, the tuner could attain an impedance match with 
only two motor adjustments. It would adjust the required element to reach the r= 1 org = 1 
circle by measuring the resistance and stopping where it equals 50 ©, then adjust the other 
element to reach the match. At 40 to 100 seconds, the IMS tuning method is slow compared to 
commercial tuners which work in less than 15 seconds [25]. This requires the lowest possible 
transmitter power of 3 W to minimize amplifier heating from reflected power. The IMS does 
allow dipole use over a wider frequency range than otherwise possible making it a useful device 
for HF radio operation. Table 15 compares IMS specifications to commercial tuners. 
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IMS vs. Commercial Antenna Tuner Specifications 


Commercial Tuners [1] [2] [3] [25] IMS 
Maximum SWR Это 100:1 261 
Impedance Magnitude Range | 4 — 1600 Y 430-5200 
Tuning Time 05 15 seconds 40 — 100 seconds 


Table 15 -1М8 
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Chapter 10. Appendices 
Appendix A: Senior Project Analysis 


Project Title: 
1,8 to 30 MHz Automatic Balanced Transmission Line Antenna Impedance Matching System 


Student's Name: 
William Blodgett 


Student's Signature: 


Advisor's Name: 
Professor Dean Arakaki 


+ 1. Summary of Functional Requirements 


‘The Impedance Matching System (IMS) connects in line with the transmission line between a 
radio transmitter and the antenna. It allows antenna use over a wider bandwidth than otherwise 
possible. It senses reflected power due to transmitter-antenna impedance mismatch and varies its 
internal impedance to achieve a match, thereby minimizing reflected power. 


+2, Primary Constraints 


‘One challenge is minimizing project cost. There are not many part sources due to the parts“ 
specialized nature such as high voltage variable capacitors. Due to lower economy of scale, these 
parts are very expensive. 

A second challenge is the overall project complexity and required knowledge in subject areas 
beyond the Cal Poly EE curriculum. Subject areas include transmission line power measurement 
and stepper motor control systems. Fortunately, the curriculum provided enough basic 
knowledge to begin design and development. 


+3. Economie 


‘The IMS required approximately 300 man-hours to design and build. The project also resulted in 
increased activity of more people than simply the person designing and building it. The parts 
require manufacturing, sales, and delivery. Others are involved in the production of raw 
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materials required to make the parts such as metals, silicon, and plastic, which are also natural 
capital. The IMS benefits people who use it by facilitating their radio communications efforts 


‘The project involved money exchange between the project owner, parts distributers, and 
manufacturers. If the project will be marketed to consumers, money exchange will be involved 
there as well 


‘The project required various manufactured capital items such as tools, electronic test equipment, 
vehicles for transportation, and computers. A vector network analyzer is the most useful tool for 
testing the IMS. A VNA costs $10,000 or more. Fortunately, the university makes them available 
for student use. A 100 W HF transceiver, typically around $1000, was used for operational 
testing. An accurate inline power meter ($150) was required for IMS internal power meter 
calibration. 


All development costs accrued between September 2011 and May 2012. Manufacturing costs 
will accrue after this timeframe. The project owner pays these с 


See Appendix B for a Gantt chart detailing the project schedule and Appendix C for a detailed 
listing of parts and development c 


Since the IMS is an electronic device with moving parts, it will not continue to work indefinitely 
Based on personal experience, the IMS is estimated to operate from 2 to 20 years before failure. 

‘This depends on many variables, the most important; how often moving parts operate. The IMS 

requires some periodic user maintenance, such as lubricating moving parts. Even after the IMS 

is no longer sold to consumers, the manufacturer should maintain support and replacement parts 
for the product. 


+4. If manufactured on a commercial basis: 


An order of magnitude estimate for unit sales per year is 1000 based on 2 million licensed 
amateur radio operators worldwide. However, a small percentage would likely find the IMS 
affordable and would choose to buy it. 


As detailed in Appendix C, the cost estimate for a prototype is $716 for parts and required 
approximately 300 hours to develop. At $25/hour labor, the total development cost is $8216 
With the working prototype developed, the time to assemble one unit could decrease to five 
hours. Assuming a fixed parts cost of $716, the estimated total manufacturing cost for one unit is. 
$841 based on $25 labor cost. 


Similar antenna tuner products sell for $1500. If the IMS sells for this price, the profit is $659 
per unit. The estimated gross profit per year is $659 x 1000 = $659,000. Subtracting 
development cost results in $650,784. This does not include all other business costs such as 
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taxes, insurance, employing additional workers, property, and other expenses. A true profit 
estimate requires a more detailed analysis far beyond the scope of this report 


"The primary operating cost for the IMS is electricity. А rough estimate of the average IMS 
power consumption is 15 W. The California Public Utilities Commission website 
(http://vww.cpuc.ca,zov) shows the current average electricity rate at $0.16/KWh. The electri 
cost for operating the IMS is approximately 16 cents for 67 hours of operation. 


+5. Environmental 


Manufacturing the IMS requires natural resources such as metals, silicon, and petroleum 
products such as plastic, Gathering these resources requires burning fuel, which contributes to айг 
pollution. Mining and drilling for oil can also cause water pollution and disturb natural habitats 
for many species. An example is the 2010 BP Gulf of Mexico Oil Spill. Manufacturing and use 
of the IMS also requires electricity. Generating electricity creates air pollution and requires 


mining and drilling for fuel sources. 


As detailed in the book Computers and the Environment: Understanding and Managing Their 
Impacts, a microchip, for example, requires 2.9 kWh of electricity and 970 grams of fossil fuel to 
produce. [26] 


+6. Manufacturability 


‘Material expenses for IMS construction could be less if more of the parts, such as variable 
capacitors, were built in-house instead of ordered from a third party. However, building a 
Variable capacitor from metal stock could require a significant initial investment in tools such as 
а stamp press to cut metal plates. If all parts including printed circuit boards are sourced from 
third parties, manufacturing would only involve simple soldering and machining using consumer 
level tools, 


+7. Sustainability 


Initially, recyclable parts and materials may not be selected. This contributes to unsustainable 
consumption of raw material resources, Manufacturing could make use of innovative techniques 
to support sustainability. The challenge is that there are not many practices fully in place to make 
electronic devices fully recyclable. E-waste programs are ubiquitous to keep electronics out of 
landfills, but full recycling may require several years. According to the United Nations initiative, 
"Solving the E-waste Problem” (http:/Awww.step-initiative.org/): 
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“Because of this complex composition of valuable and hazardous substances, specialized, often 
“high-tech” methods are required to process e-waste in ways that maximize resource recovery 
and minimize potential harm to humans or the environment. Unfortunately, the use of these 
specialized methods is rare...” [27] 


Based on this, the IMS may not be 100% recyclable and sustainable until the electronics industry 
as a whole makes further progress toward full sustainal 


+8, Ethical 


[28], the Golden Rule, and Kant's Categorical Imperative provide 
sidering ethical implications involving the IMS project. 


ssions. There have been many cases of individuals deliberately engaging in malicious 
involving radio equipment. For example, people have deliberately used radio 
equipment to cause harmful interference or “jam” law abiding radio users. Unfortunately, there 
are no laws in place to stop such individuals from gaining possession of radio equipment. 
Fortunately, these individuals are often caught using radio direction finding equipment. 


Malicious radio jamming clearly violates the Golden Rule and, more universally speaking, the 
Categorical Imperative. If all radio operators jammed everyone else on the radio, then radio 
would not be a useful communications tool. Jamming also violates Rules 1 and 9 of the IEEE 
code of Ethics. It is injurious to others and can endanger "safety, health, and welfare of the 
public” by interfering with public safety communications. [28] 


An ethical implication involving IMS design is intellectual property use. Since the IMS design 
incorporates unoriginal circuitry, in actuality, it will never be sold for profit since it would be 
unethical to profit from others" intellectual property without their consent. The Golden Rule 
applies since most people would not choose to allow others to profit from their ideas. Rule 7 of 
the IEEE Code of Ethics says “to credit properly the contributions of others.” [28] 


itive ethical IMS aspect is its utility for emergency and international communications 
described in the Social and Political Section, it could facilitate disaster communications and 
communications across borders, which support IEEE Code of Ethics Rule 1 and the Golden 
Rule 


Last, but not least, in accordance with IEEE Code of Ethics Rules 1 and 9 and the Golden Rule, 
the chief consideration in the IMS design will be safety. Hazards such as fire and electric shock 
will be mitigated to the fullest extent practical 
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+9. Health and Safety 


IMS manufacture could potentially expose workers to hazardous materials such as solder fumes, 
particulate matter from machining, and chemical solvents used for removing solder flux. Proper 
ventilation and appropriate personal protective equipment such as safety goggles and dust masks 
help mitigate these hazards. 


Using the IMS poses some electrical hazards. It requires 120 V AC household power, which is 
lethal. The closed chassis protects users from this hazard provided that they do not open the 
chassis while the IMS is energized. The radio frequency energy from a 100 W transmitter also 
poses a hazard. RF energy is known to cause burns. The exposed balanced transmission line 
terminals on the exterior of the chassis carry RF energy at high voltage. The user and others 
must avoid touching them during transmitter operation. 


+10. Social and Political 


‘The IMS could greatly benefit disaster affected communities. Major disasters often damage, 
overload, or otherwise limit the public telephone network availability. This hinders relief efforts. 
Two-way radio often provides the most reliable communications syst 

disaster is widespread, the only way to relay communications into and out of a region may be via 
satellite or HF radio. The IMS can facilitate disaster communications by allowing a user to set up 
опе simple wire antenna and operate on multiple frequency bands. 


In everyday Amateur Radio use, it can facilitate international communication between operators. 
Open dialog between people in different countries benefits international relations because people 
are able to understand and relate to each other better when they talk to each other rather than 
blindly speculate about each other. 


Inequities are created because few people can afford such a device and its associated radio 
equipment. Also, raw materials are often produced in third world countries where workers may 
fairly compared to the companies taking advantage of their low-cost labor. 


+11. Development 


As mentioned in the Primary Constraints section, this project required advanced electrical theory 
beyond that taught in the Cal Poly EE curriculum. For example, the project required research 
jues and circuitry used to measure power on a transmission line. A common circuit 
for power measurement is a directional coupler, which provides a proportionally reduced 
transmission line energy sample measured using sensitive low power devices such as diodes. An 
rcuit produces a DC voltage linearly proportional to forward and reflected power 
sing а non-linear diode described in the ARRL Handbook [7]. Kaune [11] provides 
simplified technique using an application specific integrated circuit (ASIC). Analog Devices 
produces a logarithmic amplifier, the AD8307, which produces a DC output voltage linearly 
proportional to an input radio frequency signal in dBm up to 500 MHz. These are circuits which 
are not included in Cal Poly EE coursework, will be very useful to the project. 
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Appendix B: Time 
Figure 49 shows the overall IMS project schedule presented in Gantt chart form. 


ichedule Allocation 


Design Consideration Етти 

Para Resear очей ше чш ше 

Dena Coupler Conan шз аю 7 

—— Ano а аз 

Power Suppl Contra am з и 

Soccer Made Conan эт ып а 

En Centem аюми st 

We мостое Progam «ао мо а 

Sem region né Тен чю мо а 

Fal es Meam 7 * 
p T т 

=== аша 

Wii Fat rt Final epee zm 

pesci вааз a —. 
митенин d WAL 

— — anam o 


Figure 49 - IMS Project Gantt Chart 
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Appendix C: Parts List and Costs 
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Table 16 - Antenna Impedance Matehi 


system Bill of Materials (Page 1 of 2) 
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Appendix D: Schematics 
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Appendix E: Software 


See Next Page 


Create Dater 6/7/2012 5:12:49 PM 
Description: THis program tuna in an Almegall MCU controlling an 
. impedance natching %˙ 6rꝗê—?ÿ.! ак am 


+ {ишег E meluork optimized for 3.5 to 30 Miz operation. The 

+ kater and tepacitor are continuously variable and actuated 

1 by stepper motors. The shunt inductor la svitchable from the load 

1 siae to the source aide providing wider impedance matching range. 

I The emiten is thrown by a third linear actuator stepper motor. 

2 The system uses а dicectional coupler and RP power 

I this data, aleng with calculated hi, inductor position, capacitor 

T position on a 2 line by 16 character LCD. sa ~ standing Wave Ratio. 
20 + Tess a measure of iepedance mismatch severity 
FCC 
22? The user initiates automatic tuning by first transmitting inte 
аз 1 the tuner and then pressing the Tome Button. 
24 t The system searcher through the inductance and capacitance values 
25 + ta find che minimum SUA and improve impedance match. It attempts te 
26 + seduce SNR to less than 1.5:1 
2B + Atvaystesti.c 
moy 


% Define CPU Clock Frequency for delay functions 
Maetine f CPU 16000000 


(0 EEPROM memory Locations to store Ly Cy and üi/Low 1 Switch Settings 
нае біле т парон 10 
Vactine bet 20 
Mdetine LCEEPADM 30 


// delay tine im milliseconds for whileil) loop in main function 
4 sets display update cate and motor speed during manual control 
define MAII LOOP DELAY 2 


Mdetine INDUCTOR НАХ 3500 // maximum inductor position 


(e library files 


Winclude <avs/ioch> eie input/output Library 
CC 

Minclude хаканы ы : // contains itea function 

include ate e variable type definitione 

ieee, <eve/oepron b> JÍ NUR EEPROM Read/Write Functions 

/ Function Protetypeat/ 

void LCD Imitialisation u, j| ор Display power up sequence 
Void Write Message (T 10 weites АЗСЇТ bring Es LED 

Aid ciaae display (01 % learn the display 

oid Initialize ADO ee, /1 Seta up ADC with required settings 
ate check buttonsiwoldly  // checks 1 button har Seon pressed 
void set write Тобаа) Jj sete character Locación en LED 


void opiate displayi)? 10 updates data cm display 
C 
Vi samples fud[refl pover and caleslater SWR 
LES 
ors tuse vota 7 /1 performs automatic tuning 
Ха асаана Elan cunea dare Pac minimus SR 
Void tune capacitor vota y V fime tunes capacitor for minimum SR 
77 meturna inductor and capacitor back to start positions 
weld return to start (void)? 
Maid return inductor to start ll; // sete Loto minimum 
void return capacitor to start (iy // se C to maximn 
Void search inductance ()7 
old search capacitance]: 


po 
tetlectad[3] 
ES 
Fee 
mi ase (3) 
date 
ae! 
ae ele, 
їз st- 


Hii 


chaz Selecta) Е 


/j this Lock Up Table (LUT) avoids need for floating point math 
Jf By giving pre-calculated results cf math function: 
— = 1107 (power im dm) /10 1/1000 
1 The power detectora output a DC voltage proportional to their 
( input power in dam 
11 the values in this LOT are in unita of Matta * 100, 
17 Bach consecutive value in 0.1 dB change in power 
volatile static шык Power ШТП = 

п 


3102, ini, 2388, 3007, 3548, 77751 3822, 
зи заав, 5370, 5495, 5622, ; 8026, 
7943, 8128, 2l 8710, 8913, 9120, ЕЯ 
11745, 12025, 12303, 12585, 12882, 12183, 13490, 13804, 
lip, 14454, 14791, 15136, 15488, ЕЯ 
n 
/ Global Variables */ 
1/ function select: 1 + Ly 2 = C, 3 = Switch, O = standby 
volatile erde function select = 0; 
neler capacitor o M int value of capacitor position 
pore 10 int value af nautor position 
mintat Lietwork select = 1;  // 0 = SLSC 2, 1 D scsi 
їшї сє SR 2 Oj / ine value of SHR 
int32 Forvard Power = 0; J| Ane value of Forward Power 
ызат, Reflected Power - 07 // int value oF Reflected Power 
Mines standby count = 0; //ccunter to time syste Standby mode entzy 
mintale tune tlag = 07 J| true when aute tuning ia enabled 


Di sez riag de кешш bo start hasn't been called 


mintat ren flag = 07 


dat aninivesa) 
d // Data direction register port B set for input and output, 
лче OL 
done = deen, 
BORE > ану // Dita direction register port С set to output 
ob = багу // Data direction segister port D set to output 


07 aet bits 3 ta 6 high for button pull up 
PORTR . (PORTA | ob0ri110001 

Vi initiatie Port C to disable steg EN = 1 = disable 
FORTE + 010010010; 

11 ŠE motor iz enabled, it draws full current 1 AM, 

J/ Can't enable aii 3 motors at ence 

74 since power supply limit ia 2 amps 


/* Local Variables */ 
17 counter to tine 1ш update rete 


inte display update count = 0; 


Leo initialization (Vy M Rom ZED Initialization Function 


. values bo recall positions at power off 
17 recall inductor position 

eder ceprom reed vard (алела е *) 1 SEPROM) 7 

11 recall capacitor position 

Capacitor = eeprom_read word! (uint1ét *) EEPROM ; 

ү? recall suiten Position 

венок select = eeprom 


а усе! налева B 


— cam only be 1 or 0 
— 12 1) | | (Network Select 


o 


чыла!)  // continuous 100p 
1 
00 check far button press and perfora button functions 
check buttons) 


ifitsne flag => 1) // i£ Tune button has been pressed 
ee // rim auto tuning function 


11 update display when display update count reaches 50 


Ae (aizplay_opdate_count == 50) 
1 

calculate SUR); // get new SUR and povez values 

update display (1 | // write new values bo LED 


Mispisy update ваши © 0j // ant count back to zezo 
Standby runter] 
/ standby time > 
M display update count * standby count * MAIN 1008 DELAY, me 


11 puts system in standby if ne buttons are 
11 pressed tur standby tine 

Af Шау count == 100) 

n 

function лепес. = 0; // put in standby node 

PORTE = 010010010; // turn off moters 

Standby count = 07 // reset standby counter 

T ipio write functions placed here to 

— of writes тергән update 

1) functions only update eeprom if stored 

/ value doesn't maten value to be written 

eeprom spdate ward | (sántl& t i EEPROM, inductor): 
TFT 
Tépron apdate byte їшїлєй E ©) 2 EEPROM, L Network delecti; 


// thia delay aleng with the абара 
}/ control display refresh time 

J) his delay 8130 seta the motor speed during 
10 ania control 

“delay да USATI Tics DELAY 7 


pt 


П 
кеша, 
D 


{fen Initialization Funetion 


void 160 Initialization |) 
' 


„delay |40); JW delay for 100 power on, minimum 30 me 
PORTA = (PORT & 0b11112000)7// Set Enable, RE, RN Bits to Low 
ný // Delay before Enable Bit High 
FORT > (porta | osna; // Set Enable Bit to diss 

PORTD = Die; // Function Set - Send 00 00111000 
%7 hela Enable mit to High to lier data to arrive cm part 
eee (2); 

7/ Set Bnable Bit to Low, date is read 

PORTA = (PORTA e ob11111000)7 

<delay-uz (50); // Delay for instruction process, minimum 55% 
Sers > (Poara | oxo}; // Set Enable Bie to High 

PORTO > cee . 


7) aid Enable Bit to High to slew data ta arrive on part 
TM 
= (PORTA а ob11111000); // Set Enable Bit te Low 


ГЕТЕ 
(PORTE | 030095 01 Set Enable Bit te nigh 
тат J| Display Clear-Send 00 00000001 


7/ aia Enable Bit to High te allow data to arrive on port 
gom 


202 
304 


n 
Кус aia 1 


vota check buttons void 


PORTA = (PORTA ¢ 0b11112000); ( Set Enable Bit to Low 
zástav me (213 07 Delay for Clear process, minimum 1,3305 
FORTS = (ponte | омор // Set Enable Bit to Nigh 

PORTD = 0x067 / Entry Mede Set-Send 00 00000110 


%7 hela Enable Bit t» High to Slow data to arrive an port 
astay uiel; 
Tiset DDRAM Addresa to 0x00 to Display an First Line of LCD 


PORTA = (PORT € Ob11112000)7  /) det Enable Bit te Low 
ае (50): [| Belay for instruction process 
FORTA > (Pont wa, // set Enable Bit to High 


4 de DORAM Addresa te 0400, top left of display 
77 ад Enable Bit to High to allow data to arrive on part 
delay us (2I 
{PORTS а 0611111000) // Set Enable Bit to Low 
Lust 


// function to write stings of ASCII characters to the LED 
vota Write Message cher, input) 


[ 
ace pa = inputs 
Welle (tps ra 

1 


delay un 10): 
T/ set Register Select and Enable Bit to High 
LE | e 

PORTO = *pa; // Send ASCII character te input 
ele, 

71 Set Enable Bit ko Low, keep Register Select High 
PORTA = (PORTB & 0b11112011)7 

ler us (50); 

71 Set Register Select low 

PORTA - (PORTA ¢ Obi1111000); 

es 


= previously written data fece LED */ 


i 
PORTA = (PORTA | 0x07 // Set Enable Bit to High 
PORTO > xoig //oispiay Clesr-Send 00 00000001 
#1 sid Enable Bit ка iigh to allow data ta arrive on port 
Een 
PORTE = (PORT & OBI11I1000)7 // Set Enable Dit to Low 
EH // Delay їзє Clear process, minimum 1.5365 
SORS > (ORTA | Ox0d)7 // Set Enable Bit to High 
PORTD = 0x90; // Set DDRAM Addresa to 0x00, top left of display 
// 0420 because top bit needs ta be "1" to set DDRAM address 
(Wala Enable Bit ta iign to allow data ta arrive an port 
En 
PORTA = (PORTA 4 бь11111000)у // Set Enable Bit to Low 
ele us (50) 7 


(W this function sets up ADC with zequized settings 
void Initialize ADCO void 
‹ 


[IM A/D conversion zate = (ADC Clock) /(23 clock cycles] 
{ме Clock Freq - (CPU clk Prea) / (ргевса1ет value) 

ADESRA = Окту //Тшгп On ADC and zet prescaler ICLK/128-125 kil 
// et Ref Sel for 2.504 ref, right adjust result, 

(/ select ABC channel 0 

ADMUX = saco; 

% AMUR - DACL for selecting ADC channel 1 

Таейвугма{з&; 7/25 cycles or 2e0us (так for start-up) 


Sets Location on LCD where date will be written */ 


ике location (ant input} 


PORTA = (PORT | osot); % Set Enable mit to High 
FORTD > inputs 7) Set DDRAM aadress 

77 eld Enable Bit to High to allow data Ёз arrive an port 
delay ua (2); 

FORTE = (PORT а 0511111000); % Set Enable Bit to Low 
ESPA 


‹ 


EJ imis — Vecishie ured За TOR 1ps 


EH AR bens а ese 7/ AS Delect butten iz pressed 
EH 1 

E delay me 125017 M delay for button press 

EH Funct fon selects) . 
sa (Reset all Motor Enable Bite to ly all motors off 

зз Porte — (PORTC | Ob20010010)7 

in ele e [| delay for button pr 
мз ЖЕ (function select == 1) // L selected 

эв PORTE вт -11 << 1h; // Set PCI low, turma on L Motor 
EJ — — 2) "77 C selected 

мз У/ Set PET Low to turn on C Moter 

EH PORTE а= ЗП ce Thy 

E if (function select == 3) // наам 2 selected 

ES У/ Set PEA iow to turn on Switch Motor 

352 Porte а= ч <€ thy 

ES — ар // 4 da mot a valid function 
ES У/ zoll Function select back to zero 

355 function select = 07 

356 AE (function select — 0) 

EJ PORTE = (PORTE | 0510010010)7// Turm off ALL Motore 
358 atamdiy cost = 07 // button press, reset standby count 
359 1 

ES ie (uem є cd) JI i£ Select + button is pressed 
зы ' 

363 standby_count = 07 // button pressed, coset standby count 
de (Function select - 11 // Y selected 

ES D 

E — wat tò Full мар 

367 . 

зв 10 mim 2 бү Lua. = 8500 

EJ / set DIR high for increasing direction 

E porte |- (1 << 1); 

m porte |- (1 << oji [| make Step go high 
EH delay за 101 |) delay for driver 
EH жото а п ee ola // make Step qo low 
n delay d. 7 7) delay for driver 
EH pec / inetesent position 
EH AE fonction select — 2) 11 € здесна 

EH 1 

220 % С Stepper Driver Set te 16th Step 

Es 10 Gain т б, maa = 1860 

E ef me 11017 [| delay for mator 
ES Ti set DIR Low foz inereasing direction 

E] poate ez (i ce 8); 

E porte |- (1 << еу // set step high 

ЕН delay на (10) 7 }/ delay for metas driver 
E Portes ч ce , ( See seep low 

E delay за (10) [f delay for motor driver 
390 D 

in // L network switch position selected 

E ае irunction select a) 

ES ' 

ET 

E T 

зэв Jj delay for butten press 

357 EM 

зз Па 

399 L. Network Select = 17 


45 aet DIR low for increasing direction 
PORTE а= 4 << 20, 

17 i counts from 0 to 899, number of 
J} steps zequized ta throw artes 


E] for (1> 07 de 200; de 
dos { 

406 M delay for step speed 
407 eder ms (101 

104 eee high 

409 bonne |= e , 

iio 00 delay for motor driver 
ui helay us (10) 

аз [зек Step le. 

us D а= с << aha 

g Ex 

ne E 

аз ‚ 


else if iL Network select == 1) 
г 

J| delay for button press 

eie e 

T1 toggie Zenetion 

loNetwork Select 2 Op 

/T aet DIR high for decreasing direction 

[E 

7/3 counts Ezom Û to 899 

for i op i< 9007 den 

р 

11 delay for step speed 
eie na (10) 
porte |= (1 << 3 
VP delay for drives 
belesen, 
71 zet Step le. 
Porte а= си хозур 
Cray us (1017 


[ 
J| delay for butten preas 
E 


ŽE (HIBIN а 0x20)) // if Select- button ia pressed 
1 

// button pressed, zezet standby count 

andy count = 07 

ФЕ (iunctio sale — 1) // L selected 

' 

00 Lmin = 0, mam = 8500 steps 
/ set DIR Low foz decreasing direction 
poate ee te Ty 


porte |- (1 << 0); 07 set Step high 
delay на (10); M delay for driver 
Ponte ze << „, ( aet Step low 
delay sa (10) W delay for driver 
заалаа 11 decrement position 


ав (function select = 2) // © selected 
е 
[| € Stepper Driver Get to 16th Steps 
/) 3200 steps per revolution 
00 спіл = Oy Cmax = 1660 
ele ва (10) // delay for button press 
7/ aet DIR high tor decreasing direction 


poate |= (1 << зуг 
porte |- (1 << 6) // aet Step high 

delay ae (10) 7 }/ delay for motor driver 
PORTO ie (u << 67 // aet Step low 

delay па (10) 7 11 delay for motor driver 
bete, // decrement position 


de Gehn а Ox40)) // if Tune/Stop button is pressed 
1 
delay maison); // delay for button press 
Tunecfiag = 1; // dicate automatic tuning selected 


“delay me (500); 


m D 


480 ( updates data on LCD 
451 veia update display 1) 


H3 ‹ 
оз // divide power values by 100 for power in Matte 
n] Forward Power 2 (Forward Power / „ 

des Reflected Power = (Reflected Power / 100)7 

496 (7 calculate whole number pare of SAR 

is Binet SH whole = a 1007 

498 f calculate decimal part of SKK 

250 p 

500 string Tor displayed aaril digits 

ES char disp ascii [20]; 

E Clear display (7 

503 rite Message (forward); // Display rt 


504 0 convert int ta ASCII string 


itoa (Forward Power, disp seii, Och) 
Write Message ter att Z Display forward pover value 
(i act display Location for reflected power 

актка location (anasir 

Grita Message (reflected) 7 /1 Display "R" 

(7 convert ine ka ASCII ateing 

itoa (Reflected Power, disp ascii, 0207 

Write Message (asap адан р // Display reflected power value 
.. // set display location for SWR 

Write Hesrage [SNRdispl; // Display "SKR" 

Vi convert int ta ASCII string 

itoa (SHR whole, disp ascii, Ox) r 


Write Message (dispascii); // Display SR whole number value 

Write Message а paintis 1} pinca decital polar 

4£ (SUR decimal < 10) // if the decimal value is leze than 10 
Write Mensage(aseii sero); // piace a zera in front of it 


itoa (SWR decimal, disp ascii Dui); 
Write Message disp aseli) 
de (function select 2> 1) /1 1 selected 


' 
зен мезе tocation(0xc0); // place select symbol st L 


Write Message (Select); 
П 


емне Лосак1ов (0C1)? // set display location for È 
Write Message (Leese)? / Display "i" 
itoa Vinducter, «ар aeeii, Ox); 


[| Display inductor value 
11 € selected 


аек write location (OxC6); // place select symbol at С 
Write Message (Select); 
i 


Zet rite tocation(0x07)7  // set display location for © 
Write Message (Саар): 7 Display "t" 

dios capacitar, disp ascii, Ost) 

Write Message (disp aneii)? J| Display capacitor value 
previo an Ее 


j 
// place select symbol at sisc/scst 
. 

Write Message (Select); 

i 


ze write tocation(oxcc);  // set display Location 
ЗЕ Ti Netvork Select == 0) 

eite Message (SLSC) /1 Display бас” 
de (L Network Select == 1) 

Neste Message (SCSL) /1 Display “sest 


% this function gets data from the ADC and produces SWR, 
1) Forvard Power, and Reflected Power global 
jj variable result the SHR, Forward Power, and 
11 Retiscted Power results are 100 tines higher to 
J} peesesve fractional part. Por example, if the 
J/ Forward Power result is 1020, the actual value in 
4 watts da 1000/100 oF 15,2 watts the analog voltage 
11 converted by the ADS iz the output af the 
Y) forward and reflected power datectore whose DC output 
01 voltage la linearly proportional to their 
bett pouez im dám 
void calevlate SNR) 
‹ 


wint32t Reflected Power „ишек; // numerator of SUR Fraction 
Wintia-t SUR fraction] ——// rezult of fraction used in бий cale 
RESALE su scat; eee of square root used їп SWR calc 
Mintlé t Power indexy // scores ADO result and indexes Power LUT 
MUX > oco, © /] Select ADCO t2 sample forward power 
ADCSRA = Oxo] // Start ADC conversion 
. v 
Power index = ADC)” // assigns ADC converted value to variable 
11 ehle makea any power less than offset = O Matta 
de (ower index < 495) 

J} decrease value subtracted from power index to correct 


Forward Power = Power UIT[Pover_inden]) // assigns value in LUT to 
(7 forward power variable 


Anmut = osci; ( Select Anci 

ADCSRA = uci, // Start ADC converaton 

Seeder ла 1201, // wait for ADC conversion 

Power indes = ADC; // get value trem ADO 

Af (Power index < 506) // any power less than offset = 0 
Power index = 07 


Reflected Power = Power Шт [Роме index]; // get seftected 
(7 power value from ar 


"n 
[1 + eget refi puri / (fwd eg - sart i (ref1 pur) / (ема puri] 
“ 


7) can only calculate valid SWR i£ transmit power > 3 Watts 
Le (Forward Power > 200) 
T 
J| multiply up to preserve accuracy before division 
Reflected Powar numer = Reflected Power * 100007 
SMA fraction = Reflected Power tuner Forward Power? 
йа гов = eqrt32 (SWR fraction) y 
C 
7) Те reflected pur > fed pur, SMA result negative 
afisar < 100) 
11 coset negative values back to positive, very hi SR 
n = 100007 


// This Eunction performs the autonstic impedance matching routine. 
void auta tune (void) 
T 

00 tune_ceunt counta mmber of 1 then C tuning iterations 

Ant tuse count = 07 

77 win calculate SWR function to determine if transmit power is applied 


esleutate яй; 


[| the code in the following IF statement performs an initial = 

— range c£ inductance 

1 and capacitance ©з find settings fur minimum SUR 

11 oniy proceeds if transmitter input power ia ge 

}/ amd sin ie high and rts flag ensures 

1 any ene search through full sange of Land © 

AE (Forward Power>300 44 SWR 22100 de SUR < 150 ) He rts 
г 


er than зж 


return inductor to stare |) 7 /1 sets L to miniman 
. 
pony 

(J sext search capacitance range for minimum EU 
fearch_capacitance (7 


M set rts flag to zera to ensure that entire 
1) сардо of Land C oniy seetthed ance 


‚ 


j| set DIR high for decreasing capacitance direction 
poate | di << 5)7 


[| the code in the following IF statement performs fine tuning of 
10 land С to get бий < 1.5 
}} су tune if transmitter input povez ia greater than 
11 S W and Бий ix not between 1.0 and 1:5 
de Forward Power > 500 et (айй 57100 ee SUR < 150 )) 
г 
/ tune flag set by button press, allows manual start/stop 
жые tune flag == 1 ы tune_count < 1) 
7 


calculate 54807 
77 Те бий їз mot between 1.0 amd 1.5 
Кш ү 180 ff 
I 

[| tune induces 

|} Tuen cff АП Motore 

Ponte = (PORTE | 261001001012 

01 Set BC low to turn on L Motor 

PORTO а- u << 1)7 

fone inducton|)7 // tune inductance 


E 


[| tune capacitor 
|} Tum ctf АП Motore 

Ponte = (PORTE | 281001001012 

11 Set PCI low to turn om C Motor 

PORTO ie 1 << т) 

teme.cepacitor();  // tune capacitance 


Eune_countrsr ( increment tune count 


] 
/ set tha tuse. Flag to paro to stop tuning E no AF pover арза 

some onde bb nne, J} Tuen ott bun Meters 
Tareas af J sot the АРКЕН: 


00 pectora fios tuning of inductor 
vota tune inductor (void 
T 
m (1 FOR leer count 
eke number of steps for which SWR increases 
‚ша increasing AM Count = OF 


эше eee count > 07 — changes 
kmet E minima value en, Jl store miniman MR value 
айак anctor minimuma = inductor // cet abe of minium aan 
t 
inter eio; for soter driver 
Pome T- пон 00 bees nigh 
eee 1) delay tor delves 
FORTE qe ц << oy ae Step tow 
enen ua (i0); J) Зат ter driver 
CC 
таваан: ancconent displayed Cei. inductance value 
inductor; // decrement displayed rel. inductance value 
pcm 11 PREIS toe" steppe motor sposa iimitatiom 
Tel ay ua (500); 77 эда delay to fine tune motor speed 
йене eR // get new pouer а SWA values 
йш =) 7) prevents passing mechanical stop 
Porte == (2 << chr 07 toggle DIR bit te change dicection 
se bee : dd) // оор button 1s pressed 
i 
delays (500); // detay for button de-bounce 
Ti se tune flag Lo falte co stop auts tuning 
] 
SER < minimum valve) // if nev SW < stored minimum value 
T 
minimum value = виру // set пем Dh value as the minimum 
гаме the inductor position for minimum 
Lee ee ee ten 
] 
I} àt increasing. SMA count reaches limit oF 
— are reached 
ol) 
Pomma “= (1 << %, // toggle DIR bit to change direction 
Toggle count / conte ү kimea direction changes 
aang SWR count res 


| 
// oniy 2 direction changes and tuning hasn't been manually disabled 


1 while (toggie count < 2 6 


tome flag == 1); 
4 if current position higher than minimum SHR position 
Ae (inductor > inductor nian) 
T 

10 tinā 4 of stepa to SWR minimum 

47 set DIR low tor decreasing direction 

PORTE а= Ld e D 

7/ set inductor value to SUR minimum location 

inductor © inductor — indutor minimumi] 


3 


alan // it current position lover than minimum SHR position 
i 


/1 imd 4 of stepa to SHR minimam 
PORTE |= (1 << ту 

1 aet inductor value te SHR minimue location 
Inductor = inductor + inductor minimum?) 


' 


pP // delay for driver 
FCC 
eee 153) 


porte (1 << o; 00 zet Step high 
delay us (EDI 11 delay for driver 

PORTO а -(1 << 0); // set Step low 

ere me (3); J/ delay for stepper motor speed limit 


1 


% Ае the en із stini high, move inductor past minimum жа 
A patat va me idnes үч» 
R> aa) 
Ы for (i = 0; Sly de.) 
а А 
"E 


porte |= (i << o; 7) set Step high 
ede e 11 delay zor driver 
[PL 

delay (3); „ delay for stepper motor speed limit 


D 


10 gecforns fine tuning of capacitor 
vota tune capacitor void) 
T 


m % FOR Loop count 
}/ counts number of steps tor which AWR incre: 
inthe increasing SHA count = 07 

wisse toggle ene = 07 // counts direction changes 
i stores minimum SRA value for comparison to updated SHR 
Mimtlé E minimum value > SiR; 

V stares location ot minimum DR 

елак capacitor minimum > capacitor] 


п 
— 11 delay for moter driver 
Та < os 10 set Step high 
IM ber tor driver 
Te чп << E)? 00 set Step low 
e bier tor driver 
Ge (PORTE а (1 << ( 
capacitor--;  // decrement rel. capacitance value 
eapacitortt; // increment capacitor position 
delay ve (1617 7/ delay for motor speed Limit 
Taleslate вид), // get new power © SKA values 
de (рїн а Ox40)) 77 if Tune/Stop button is pressed 


1 
_delay_as (500) // delay for button de-bounce 
Ti set tune flag to false ts stop aute tuning 
| — 
[if mew SUR value lese than stored minimum value 
аена minimum value) 
T 
minimum value = Sens set пем SWR value az the minimum 
TI save the capacitor position for minimum 
| o : 
increasing SWR counts 


[if increasing SWR count reaches Limit 
f(ineresaing SHR count > 250) 
t 


ponte ^» (1 << shy 00 toggle DIR bit to change direction 
bewies Feser, // ебш how many times direction changes 
e наша сор 77 текс count 


| 
„Al- toggle count < 2 bt tune Flag == 1); 


00 if current position higher than minimum SWR position 
AE (capacitor > capacitor minimum] 
T 
j| tind 4 of stepa to нй minimum 
Porte |- (i << Sh; // set DIR high for decreasing direction 
11 aet position to Бий minimum Location 
‚ 
alan // it current position lover than minimum SWR position 
i 
// tind 4 of stepa to SWR minimum 
Ройтс ie tt << 5)7 // set DIR low for increasing direction 
J) set position to SUR minimum location 
"йе = capacitor + capacitor minima] 


] 
E // delay їзє motor driver 
J FOR Toop returne capacitas to location of SAR minimum 


far {3 = 0; i < capacitor minimum; i++) 


Н 


porte |= (1 << él; 00 zet Step high 
delay uen); 11 delay or driver 
[PL 

ie, / delay for stepper motor speed limitation 


Г 


[Sete inductor to minimum value and capacitor to 
J} maximum value for auto tuning tart point 
void return inductor to start (vota) 
T 
эше i; // temporary variable for FOR Loop 
{7 int inductors = inductor + lj 


Porte = (PORTO | 0510010010); /1 Turn off ALL Motors 
delays (10); 11 билү. Tas motor driver 
FORTC = чп <e a Set Pel low to turn en L Motor 
delay us (10) 7) delay for motor driver 
Ponta ae ч «e 7) 70 met DIR low for decreasing direction 
delay ae (20) 7 11 delay for motor driver 
or i 07 i < inductors ie] 
t 

poate |= 11 << 04 00 set Stop high 

ele, en (10)7 Jj delay tor driver 

PORTO a> (1 Seo); 7 set Step der 

ela (2) 11 delay їзє stepper motor speed limitation 
, 
Inductor = 0; 00 zezet displayed rel. inductance value 
Porte = (PORTE | 0510010010); / Turn off ALL Motors 
delay usn) /1 delay for mator driver 


D 


void return capacitor te start () 
T 


эшак: „„ // FOR loop counter 


(0 1460 = max capacitor position 
SIGE capacitor mimimum - 100) - capacitor; 


PORTO = u <e , // Set BOT lew to turn on C Motor 
ele us 10) 1 delay for motor driver 
Ponte a -Q «e si // met DIR low for increasing direction 


00 set capacitor to maximum C position 
for ii = 0y i < capacitor minimum; iei) 


i 


ele ua 10) J| delay for soter driver 
Porte |- (1 << 6) |) зе Step high 
eber uelit); 1) delay tor driver 
PORTO Gr (1 «c ejr // set Step low 
ele na (207 1) delay foc water speed limit 
менн 11 increment capacitar position 

D 

PORTO = ¡PORT | 01001002017 M Turn off ALL Motore 


522 void search inductance () 
эз Т 
за sede „ // FOR dep counter 


se 


// sun calculate Sun function to determine i£ 
— da applied 

Cuates 

fî minim value stores the minimum SWR value 
Mimtié E minimum value = SUR; 

11 storen the inductor position for minimum SWR 
E 


PORTO . -Q ee) % Set BOL ow to turn en L Motor 
deya (10) 7 11 delay toz mator driver 
Forme Je (1 «созу; / зек DIR high for increasing direction 
for 1100, 4c (INDUCTOR X 4117 ies]  // searen all inducta: seeps 
t 
delay us 10): (M delay for motor driver 
PORTO [+ (1 << 017 VET 
delay us (ED) 10 delay for motor driver 
PORTO ee -(1 <e aja // set Step low 
Ср }) delay for motor driver 
po /1 increment inductance position 
n 1| delay for stepper motor speed limit 
Calculate вир // get new power а SUR values 


AIRE T minimum value] E 


1 


minimum value = BWR; // set new SWR value as minimum 
Ji save the inductor position for minimum 
inductor minimumi = inductor 
D 
1 
W find V of steps to SiR minimum 
PORTS e -1 <€ 7J? set DIR low for decreas 
{/ set Inductor value to SAR minimum locatio 
Lasker © inductor : dedector minima 


delay usn) /1 delay for driver 
J/ ents FOR leep returns inductor to location of SUR minimum 
for ic 0; 4 © indotsrmimoml i++) 


t 


porte |= (1 << o: DE 
delay u (EO 11 delay or nator driver 
FORE ee -11 ee O // set Step low 
delay (2) // delay for stepper motor speed Limitation 
‚ 
Porte = (PORTO | om10010020)7 /1 Turn off ALL Motors 


void search capacitance |) 
т 

эшек i = o; // FOR loop counter 

{/ stores the capacitor position for minimum SWR 

ише k capacitor minimum - capecitary 

17 run emlenlate BMR Eonction to determine LE teanenit povar plik 

салатаа зна 

77 minimus value stores the minimum SWR value 

Mimtié E minimum value = SiR; 


E /) delay їзє motor driver 
PORTE ee (1 <e hs Set PCT Low te turn om C Mater 
delay us (ID) /1 delay for motor driver 


PORTO |= (1 << /, // set DIR high for decreasing direction 


1| this FOR loop searches entire range of capacitance for 
// minimum SHR capacitance 
for i 0; С den) 

р 


„eny on (10) [| delay for motor driver 
Porte J. (1 << , 11 зек Step high 

“delay sso); Wy delay for driver 
FORTE Ee СП <e ајр ( aet Step Low 


Jf delay for motor speed limit а SUR measurement 
delay me (1007 
Zapacitori | // decrement capacitor position 
BCC 
TI Te new SRR value less than stared minimum value 
аана € minimun value) 
' 
[| set пем sun value as the minimum 
minimos value = 88А 
Ti aave the capacitor position for minimum 
capacitor minimum > capacitor] 


1009 1 


1910 MET of steps to sin minimum 
1012 PORTE ie tt << зуу // set DIR low for increasing direction 
E : 11 delay tor mator driver 

1017 7/ FOR isop returna capacitor to location of gde minimum 
1018 11 zeturn the capacitor to the SMA minimum position 

1019 for (i= oj 1 © Capacitor анат i5 

1020 i 

1021 porte |+ (1 << D; [| set tep high 

1022 delay se (100; [f delay for motor driver 
1023 BORO ат (1 << б}; // зек čte low 

1021 Seay ne(2};// delay for stepper motor speed limit 
1025 1 

1026 ponte = (porte | Oki0010010)7 J| Tarn off ALL Motore 
1027 1 


„ زس ی کی‎ 
ип n LE E AS 
: 


ши register wint32.t root, remainder, places 
1038 Shile (place > remainder) 

1040 while (piace) 

194 7 


Le (remainder >= zoot + place) 
i 
Foot 2 roet P (piace << 1]; 
D 


1049 1 
1081 i : 
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The Fence Fan Dipole (FFD) 


A Quick, Easy and Inexpensive Multiband Antenna 
By WGHDG 
(Article courtesy of W6HDG and originally posted on eham.net here , 
July 26, 2012. 


(Updated March, 2013 - See bottom of article) 
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Background 


The has always been a popular antenna choice for getting on 
¡several bands with a single feedline and without the need for an antenna tuner. The 
height is limited only by the nearest tall tree and the cost of the antenna is minimal. 
The antenna is also rather stealthy - especially if 16-18 gauge wire can be used in sub 
200 watt installations. The antenna basically consists of two to five or more distinct 
half wave dipoles which are mounted to a common parallel feedpoint so that a singe 
feedline can be utilized. Some nice designs are easy to find on the internet or in 
antenna handbooks. Most designs now suggest (based on Stanford Research Institute 
data) that the feedpoint be separated by as much as 5.5 inches between dipoles and 
that the lower frequency (longer) dipoles can be about 4% shorter than the 
4468/frequency in Mhz would dictate whereas the higher frequency (shorter) dipoles 
need to be about 4% longer. Many designs also recommend the controversial "ugly 
balun” choke in the design which is nothing more than 18-21 feet of coax close wound 
оп a 4" or greater non-conductive form at the feedpoint. 


(There are certain downsides of the traditional fan dipole in that the top wire must often 
‘suppor the entire weight ofthe antenna as well as the balun. The need to ideally 
‘spread out the feedpoints by up to 5.5 inches also makes the feedpoint area rather 
cumbersome. Complicated spreaders must also be used in order to keep each dipole 
taut and well separated when there are only 2 end attachment points. There also can 
be some interaction among the dipoles and some detuning may occur if a dipole is 
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included which is a frequency multiple of 3 from a longer dipole in the system (3rd 
Iharmonic). For example a 30 meter, 15 meter and 6 meter 1/2 wave dipole may not be 
[possible ап 80 meter, 40 meter and 17 meter dipole exists. A possible match may be 
[obtained on 30 meters, 15 meters and 6 meters using the existing longer dipole but 
testing is required. Finally it is dificult to trim and tune the antenna, since a single 
[rope or rope-pulley system supports the entire array and it must be completely taken 
[down for wire tuning or repair 


Bo: 


| am just getting back on HF after a few year hiatus and have moved to а 
neighborhood with some antenna restrictions. My rig is a Yaesu FT-857D and Astron. 


£4.30 amp power supply. | have no tal trees on the property but do have one large 


[notan ideal height for DX, but certainly usable. I then figured that | could use the 

Ё оов themselves as "guys" for the central support if at least two of the dipoles were 
attached on a short ofset support on both sides of the fence. The other dipoles could 
o “bungeed! directly to the fence mesh to keep them taut 


[The advantages of my Fence Fan Dipole (FFD) design is that just about any sturdy 
[fence that spans the linear distance of the lowest band can be used. The center 
eedpoint and balun can be made from a single two foot section of 4° drainpipe with 
[end caps for weather resistance. This could be attached and supported atop a central 
[PVC support pipe with appropriate threaded plumbing adapter and an electrical metal 
threaded nut available at most hardware stores. See construction images below. Each 
dipole is separately lashed to the fence with a bungee-like tarp strap so individual 
band tuning does not require entire antenna takedown. Dipoles can be easy attached 
апа changed at the retention) relief posts along the drainpipe for testing, 
experimenting and possible future repairs. Finally, excellent spreader distances 
between dipoles at each endpoint can be achieved. 


Construction 


RG-8X coax and PL-259 connectors with adapters were the only ham radio specific 
parts. 

(The remaining parts were all obtained during a couple of trips the nearest Home 
Depot 


1) 18 gauge bare stranded copper "ground" wire is about $17 for 250 feet and worked 
extremely well. The 250 feet was just a few feet short for ай dipoles so | made my 17 
meter dipole from heavier bare copper stranded antenna wire | had on hand. If any of 
the copper is tarnished, it can be quickly rejuvenated by soaking in a few of ounces of 
vinegar with a half teaspoon of salt added. This allows the copper to be solder-ready 
in the necessary spots. 
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) Two foot section of 4" ABS drain pipe with 2 end caps 
3) Ten foot section of 1 inch schedule 40 PVC with threaded PVC adapter and a metal 
Mention nut sold in the electrical section for threaded pipe. Three hose clamps to 
er se Gone nem AR ows 
) Copper clad plumbing strapping, copper electrical lugs with setscrews (Burndy 
ICBAG2R), Ten 1/4 inch x 1.5 inch eye Бойз, two solder lugs for coax attachment, 
п 114 inch lock washers and a total of twenty 1/4 inch nuts (ten of which are included 
ih the eye bolts) 
) Four short 18 inch pieces of PVC to be use as fence "guy" standoffs along with four 
-Bolts for attachment - see close-up image. 
6) Ten tarp straps (bungee cords) 
2 10 Plexiglas rectangles prepared from a single 12°x12" sheet of 1/8" Plexiglas. 
ach rectangle about 3 inches by 1.5 inches with holes drilled on each long end 
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Construction is quite straightforward if you study the images above. | separated the 80 
and 40 meter dipole eyebolls by the full 5.5 inches. | compromised and separated the 
40 and 20 meter dipoles by 4.5 inches, 20 and 17 meter dipoles by 3.5 inches and the 
17 and 10 meter dipoles by 3 inches. Each of two copper clad straps run the length of 
feyebolts along the inside of the ABS pipe. The coax lugs are attached at the eyebolts 
closest to the "ugly balun". Lock washers are used between the interior nut and the 
‘copper strapping. The balun itself is about 16 turns of RG-8X (21 feet) with epoxy 
used to seal the two inlets. The RG-8X then runs down the inside of the PVC support 
pipe. | used a barrel 50.239 at the bottom of the support pipe for convenience. | 
painted the coax, the ABS pipe and PVC all brown to keep things stealth. 


Center insulator showing air wound choke (ugly balun). See update below! 


А note about using two of the dipoles as "guys" to keep the flimsy PVC support pipe 
upright. If had bungeed all dipoles to the fence mesh itself, | would not have had 


Support in the "Y" plane to keep the PVC support pipe upright. | could have used two 
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‘opposing rope guys for this purpose, but didnt want to have any ground mounted 
Supports. So | fashioned 18 inch fence top extenders by grinding a corresponding arc 
in an end of a piece of PVC and used a U-Bal through the PVC to create a sturdy 
standoff from the fence. Good "Y" plane support can be achieved by bungeeing two of 
the shorter dipoles on each side of the fence with these extenders. This has kept the 
central PVC pipe quite vertical with resistance to winds we have seen to date. 


(The completed antenna is so stealth, it is quite hard to photograph as shown below. 
Hopefully this image with give you a good idea of the appearance of the support and 
at least of 3 of the 5 dipoles. 


Dipole lengths, after adjusting some of the dipoles with the help of an MFJ-259. 
Antenna analyzer were approximately: 


80 meters: 61 feet each side including the loop between setscrew and eyebolt 
40 meters: 32.8 feet each side including the loop between setscrew and eyebolt 
20 meters: 17 feet each side including the loop between setscrew and eyebolt 
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117 meters: 13.6 feet each side including the loop between setscrew and eyebolt 
110 meters: 8.6 feet each side including the loop between setscrew and eyebolt 


Results 


(The FFD has obvious downsides - non-portabilty, height compromises and possible 
interaction with the fence if it is metal 


But initial testing has been quite good. During an hour of operating the IARU HF 
‘championship July 14-15, 2012, | worked 6 countries on 4 bands including Aruba, 
¡South Cook Island, Japan, Argentina, Canada and Mexico. 


(The antenna has acceptable SWR on 80, 40, 20, 17, 10 and 6 meters and contacts 
were made on al bands without an antenna tuner. 15 meters is usable, 


SWR results were as follows: 


3.8 Mhz 1.9 (SWR was 2.5 at 3.70, 2.5 at 3.9 and 3.8 at 4.0) 
7.2 Mhz 1.3 (SWR was under 2.0 across entire band except 2.6 at 7.00) 
14.13 Mhz 1.0 (SWR was under 1.5 across entire band) 

18.14 Mhz 1.0 and same across entire band 

21.3 Mhz 2.9 and same across entire band 

28.5 Mhz 1.2 (SWR was under 2.0 across entire band except 2.2 at 29.7) 
52 Mhz 1.4 (SWR was under 1.8 across entire 4 Mhz of the band) 


I may add a tuner to get a better match on 15 meters and more bandwidth on 80 
meters. It is unclear if a dedicated 15 meter dipole would have worked fine or if there 
would have been detuning - | haven't tried it. 


1 have no illusions about DX worthiness of this antenna. But dipoles and inverted-V's 
‘can make good antennas -especially on the lower frequencies where multi-element 
antennas are not practical. The multiband variety of the dipole such as that described 
here, when well tuned, should not suffer appreciably in performance over a monoband 
{dipole at similar height. The advantages of a single feediine cannot be 
overemphasized. 


Update - March 2013 


1 have been very happy with the Fence Fan Dipole | first erected in July 2012, but 
wanted to increase the height of the central support above the original 20 feet. | had 
also received a few reports of some RF in my transmit audio and decided that | 
Wanted to add a real 1:1 balun at the feedpoint. 
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The "Ugly Balun” choke type balun used in the original installation using coax windings 
js great for a single band antenna, but the number of turns determines its effective 
‘choke frequency - so it is impossible to cover 80 through 6 meters with one coil of 
‘coax. | had heard wonderful reports of the baluns designed by the late Jerry Sevick 
W2FMI. These designs were now being made by Mike Lapuzza, КМБОХ who runs 
Clear Signal Products at website www coaxman.com. Mike was kind enough to make 
а special version of his 823A balun without the eyebolts so that it would fit inside my 
РУС drainpipe (see original article). This fit inside the pipe at the same location where 
the external coax windings were removed in the original article above. The balun 
worked like a charm and | have since received nothing but great audio reports - even 
after adding an Elecraft KPASOO/KATSOO ampltuner combo to my station. Mike hand 
makes the baluns, so he is very open to special orders ike mine. 


In researching lightweight support poles, | found John at hita//goverticalusa.com. 
John sells new and used surplus military style fiberglass and aluminum 4 foot mating 
таз! sections. The aluminum and fiberglas poles can be used in combination and fit 
together perfectly. To get to my goal height of 36 feet, | decided to use 6 stiffer 
“aluminum sections for the lower mast and 3 fiberglass sections for the upper mast. My 
reason for using fiberglass was so that there were no metal sections at the top to | 
Interfere electrically with the dipoles. John also makes a very nice guy ring which can 
be inserted at any joint in the sections. 
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The guy ring. 


| placed the guy ring shown in the photo above at 24 feet so that I could guy the mast 
at that point using some Dacron rope. | fashioned two additional 3/4 inch PVC 
Outriggers to the fence to support the ropes from this guy ring in a 360 degree fashion 
{see final antenna picture). Remember, my lowest 12 feet of mast was solidly 
Supported by hose clamps along the 12 foot high tennis fence. At the top (36 feet), the 
antenna would be "guyed" in the same way it had always been, by attaching the. 
dipoles to the fence top with tarp style bungee straps (using some PVC outrigger poles 
at the fence top to keep the antenna balanced at the vertical). With the increased 
height, | now needed to add some Dacron ropes to some of the dipoles to fan them 
ош properly along the fence. 


Final Antenna Installation. Notice fence top near bottom of picture. 
[The result has been worth the effort. The only downside of the increased height is that 
the entire mast would need to be lowered for any work to be done on the antenna's 
individual dipoles. You can't tit over 36 feet of military poles without damaging them, 

At whamuniverse comvendfandipce hi 
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The Fence Fan Dipole by WSHDO - A Quick Easy and Inexpensive Multiband Antenna 
o the antenna must come down the same way it went up - by removing (adding) one 


¡section at a time from the bottom as you slide the pole down (up) through the 
Joosened hose clamps. Not very elegant but doable with a couple of people. 


‘Since the original article was published, several hams have written with positive 
(experiences. One ham fashioned 8 dipoles with one feedline for multiple bands 
Including 15 meters and said that he did not have an issue with bath a 40 and 15 
meter dipole coexisting (3rd harmonic could cause both dipoles to potentially radiate). 
‘So experimentation is the name of the game with this antenna design. 


Howard WSHDG 


Questions? Email Howard, W6HDG AT ате! >>> (remove the AT and replace 
with ©) 
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Build an "Ugly Balun" see this link for many ideas. 


Editor's note: The "Ugly Balun" is not actually a balun, it is an air wound rf choke. Most 
hams call it "Ugly" because that is what their XYL's сай it! HI HI. 


Not 


i opinions, ideas or statements expressed in this or any article on Hamunivers com are solely 
those ofthe author and may or may not be endorsed by Hamunivrse com. 
© 2000 - 2018 NSUIW Hamunivers.com and/or article author! - АП Rights Reserved. 
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Qe o: the real problems for neo- 
piles in amateur radio is understanding 
Antenas, particula when the subjects 
оГ bandwidth, standing wave ratios, and 
feodinas are brought up. the nawcom 
er turns lo antenna text books written for 
engineers and enginering students, he 
тау very well throw up his hands in dis 
gust and take up stamp collecting 

The subject of feeding an antenna cen 
be a very complex one, involving exten 
sive mathematic calculations. Оп the 
ater hand, ts possible to make some 
valid assumptions in which case, олу 
Simple math is required, Wo are going to 
Use the simple approach to explain the 
problems — and ine cures. By the way, i 
you are studying for an antenna theory 
exam, you wil probably want lo stick wth 
your textbooks. l'I be discussing the real 
world and nol some dag das theory 
about how things "ought" to be. 


Modern Transceivers — 


In recent years, transceivers have 
changed in design so that in order to put 
Out their rated power, thoy must be opor 
ated into a 50-олт bad. |f the load varles 
much from the 50-оһт figure, the trans- 
miter amplifier wil actually shut down. 
Usually, the mismatch must be no great- 
er than 210 1. The problem is compound- 
fed because while it is easy to design a 
system that will presenta 50-ohm loadon 
а single frequency, or а narrow band of 
frequencies, it can become difficult 10 
have an antenna that will present this 
50-оһт load on ail desired frequencies 
That is our problem. 


The Antenna as a Load. 


‘The feed point of an antenna and that 
feedpoint impedance or load depends 


— ——— . —— — 


The Importance 
of Antenna Matching 


Proper matching of the feedline to the antenna 
can make the difference in antenna performance. 
McCoy shows you what to look for. 


BY LEW MCCOY, W1ICP 


оп many factors. The simplest antenna, 
and most efficient, is en ordinary halí 
wavelength dipole. Usually, when anten- 
па people discuss antenna patterns or 
‘theoretical impedances, they usually re- 
fer to the pattern or impedance obtained 
in free space, Free space ls chosen be- 
cause there are no influencing factors. 

In free space, for example, the impe- 
dance of a hall wavelength dipole is 
about 70 ohms. This same antenna 
‘above a perfect ground at a height of one 
half wavelength, will also be about 70 
ohms. However, in the real world, ama- 
teurs hang antennas near other objects 
trees, towers, buildings, or whatever. 
and these nearby objects have a definite 
influence on the antenna, changing the 
impedance to some other value. 

It should also be added at this point, 
that the Impedance at resonance of an 
“antenna consists of only two properties, 
‘ohmic resistance and radiation resis 
tance. Recall that the definition of reso- 
rance is that point where capacitive and 
Inductive reactance cancel each other 
‘out. Normally, the ohmic resistance is 
‘only a few ohms, or even a fraction of an 
‘ohm. This is the actual resistance of the. 
‘wire or tubing used in the antenna. The 
ohmic relstance of an antenna wil dissi- 
pato power as heat — and serve no use- 
"М purpose, The rest of the power Is fed 
to the radiation — or useful — resis 
tance. With ane ohm ar less ohmio resis- 
tance and the rest radiation resistance in 
our bonn antenna, one can quickly see 
that a dipole is an extremely efficient an- 
tenna. Most ofthe powerisfedtothe use- 
tul part of the impedance 

Note we said that this happens at reso- 
nance. At any other frequency we'll er- 
counter reactance in the feed point. This 
is because the capacitive and inductive 
reactances аге no longer equal and 
herelore don't completely cancel each. 


other out. Unless we compensate for this 
reactance, it becomes more dificult lo 
feed power to md antenna as the operat- 
ing frequency moves away from reso- 
nance. Reactance s expressed in ohms 
also, but it is not a real resistance. It will 
пої consume power — rather, it stops 
the flow of power into а circuit. 

Another important point here is that if 
we shorten an antenna physically, the ra 
dation resistance will атор in relation to 
the size of the antenna. As an example, 
Suppose that we use an 80-meter whip. 
antenna on a car and that the whip IS 
‘ight feet long. The fullsize electrical 80- 
meter vertical whip would be about 65- 
feet long. ts radiation resistance would 
Be on the order of 35 ohms. On the other 
hand, our B foot whip plus the necessary 
loading сой or circuit would be at least а 
sizeable Traction of an ohm — causing 
our ohmic resistance to be a very signifi- 
cant factor. Only a fraction of the power 
would be radiated versus the fullsize an 
tenna. Therefore, the whips efficiency 
would be much lower than ho ful-slze di- 
pole's. 

Whatever type of antenna we decide 
to use, it ls always better to have a 
matched system — not necessarily а 

matched" antenna, bul a matched sys 
tem. Such a system wll always provide a 
beter bandwidth than one that ls un- 
matched 


Bandwidth 


Bandwidth ot an antenna is usually giv- 
en in terms of how tar one can change 
frequency апа stil keep the mismatch 
below 210 1 (a 210 1 SWR). Of course, the 
ideal situation would be to cover an en: 
tire amateur band with a bandwidth of 
less than 2 to 1, plus using a coax feed 
line, with as low а loss as possible. Stay- 
ing just with hall wavelength dipoles, this 
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is not possible on the 80/75 meter band, 
but canbe approached on 40 (usually 310 
1 bandwidth for the whole band), lr can be 
done оп 20 and 15, but not on 10. On all 
the newer bands (12, 17 and 30 meters), 
it is very possible simply because the 
bands are not that wide. 

‘Of course the big question is that fone 
uses a simple wire dipole, say on 80 me- 
ters, is it worthwhile attempting to match 
the 80-ohm feed line 10 the antenna toan 
‘exact match? Bear in mind that the feed 
line must be matched at the antenna. No. 
doubt that it would help broaden out ina. 
SWR, but the 80 meter band ls so wide it 
Stil wouldn't give 2to 1 bandwictn forne 
entire band 

"n plain language, it turns out that it 
really isn’t worth attempting to match 
wire dipoles. One cuts and trims the an- 
tenna lengths to provide the lowest possi- 
ble SWR for the desired operating range. 
However, don't despair; there is an an- 
Swer o the problem that doesn’t require 
matching atthe antenna, Before gcingin- 
to that, let's us discuss where matching 
is required on dipole antennas. 


Beams 


‘Sometime in every amateur's life, he 
ог she will use some type of beam anien- 
na, be it on the low bands or at VHF. The 
Teodpoint impedance of almost any sin- 
‘glo band Yagi is usually well below 50 
‘ohms. As an example, a three-element 
Yagi. with spacing of elements of one! 
tenth wavelength or slightly more, will 
Provide а feed impedance on the order of 
10оһтв. This would mean a mismatch of 
5 to 1 for S0.0hm coax, certainly an im- 
Possible load for our modern transmitter 
There is no doubt we have to do some- 
thing here to obtain a match in order to 
improve the bandwidth. 

“The most common method of match: 
ing single band beams is via what is 
known as a gamma match. Fig. 1 shows 
this type of device which consists of a ca- 
pacitor and length of tubing or wire thats. 
attached to the driven element of the 
beam, Tubing length and capacitor are 
(chosen to provide a stop up in impe 
dance from the beam impedance to ihe 
50 ohms of the feedine, 

This matching provides us with а 
greater bandwidth for any given beam 
antenna. Assuming a 20-meler beam 
made lor the center of the band, say 
14,178 kHz, and matched to a perfect 50 
‘ohms, the bandwidth for the entire band 
‘Should be well below 2 to 1 

All of our bands where wa would use a 
beam, 40 meters and up, would give a 
good bandwidth with a matched condi 
ion — certainly useable enough or moc 
'erniransceivers. The exception is 10 me- 
ters where we have 1700 kHz avaliable. 


Fig. 1 — Gamma matching. The gamma 
match consists of C1 and L1. L1 is usual- 
ly a piece of tubing spaced а couple of 
inches from the driven element. The 
point of attachment of L1 to the antenna 
Ж found experimentally and is usually not 
Critical, C1 В adjusted toa 140-1 match. 


However, even here we can come up 
with pretty good bandwidth 

Bear in mind that this ls for monoband 
beams. Multiband beams with single 
feed are not as simple to match. Impe- 
dances are extremely complex and sa- 
orifices must be made in the perior- 
‘mance of such antennas in order to ob- 
tain usable bandwidths. Such antennas 
are mostly commercially made. The 
manufacturer finds it impossible to de- 
‘sign one antenna to meet all conditions. 
Romomber, it was stated earlier that 
height above ground, surrounding ob- 
jects, and so on, all effect Ihe bandwidth 
and impedance o! an antenna. Each of us 
has a unique antenna location. 


Transmatches or Antenna Couplers 


The simple answer to always present- 
ing à 50-ohm load to the transceiver ¡sto 
use a lransmalch. A transmatoh is an ad- 
Justable RF transformer which takes un- 
known load on the antenna side of sys- 
em and converts it to 50 ohms. Mary, 
many conditions are met by using à 
lransmatoh. The most important condi- 
tion is what we just mentioned—this 
‘method always provides a 50-ohm load io 
the transmitter, Additional, assuming 
the transmatch ls a selective circu, and 
‘most are, the unit will provide additional 
selectivity to your receiver, 

For another thin, the transmatch will 


d 


үгү ® ё 


Fig. 2 — The common transmatch con- 

figuration. For multiband operation (80 

Through 10), C1 is usually 200 to 250 pF 

and C2 is 300 pF. L1 is an adjustable in- 

ductor (roller inductor) with a maximum. 
value of 20 to 30 uH. 


Provide some degree of harmonic atten- 
ation — whether you need it or not. 
Most important, of course, Is that the 
tranematch will always give you a load 
thatthe transmitter wants to see. It also 
increases bandwidth simply because 
You are always operating from a match- 
ей condition. 

Fig. 2is a common transmatoh circuit 
‘and one that will match any load. When | 
use the word "any" | mean just that — 
‘any load. Some may be more critical than 
(there, out it wil match anything. How. 
‘over, that in Itself may not always be to 
the User's advantage simply because 
there are some conditions with certain 
‘mismatches that could cause problems. 
We will treat those soon, but first 
discuss feedlines a bit. 


Transmission lines. 


There are a few basics that should be 
set down when discussing transmission 
lines. Regardless of the type of line, coax 
or open-wite, the inherent losses in a line 
depend basically on three factors: the ac- 
ual conductor losses or resistance, the 
losses introduced by the dielectric ma- 
terial used to separate or support the 
conductors, and last, the frequency 
used. This ast is very important because. 
as we go higher in frequency, the losses 
increase, and sometimes dramatically, 

Dielectric losses аге, of course, most 
pronounced in coaxial feediines. in this 
саве, the inner conductor is separated 
from the outer conductor by a sheath of 
dielectric material and the outer conduc- 
tor has an external sheath for weather 
and insulation protection. It is this inner 
sheath that separates the two conduc- 
tors that gives coax lis high oss factor 

'Open-wire line and the popular 450 
ohm type TwinLead don’t have any- 
where rear the losses of coax when it 
comes to dielectric losses, Most impor- 
tant in the case of open-wire line is that 
for all practical purposes, it is lossless 
‘rom 160 though the 10.meter band. This 
means thal we can tolerate extremely 
high standing wave ratios using open 
wire lino. Such high SWRs may cause 
‘ther problems, though. However, for the 
‘moment, let's get back to coax. 

Another factor we must note s that as 
the mismatch at the antenna becomes 
‘greater so does the SWR on the ine. And, 
as the SWR goes higher, so do the losses 
in the line. In radio, these losses are ex- 
pressed in decibels. For many amateurs, 
itis much easier to understand ifthe dec- 
ibels are actually converted to watts. 
That is what am going to do hore. 

So keep in mind the following facts. 
The losses in coax can be attributed to: 
"The dielectric matorlal used to separate 
conductors. 
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ally provide а match, a the worst, of less thar 


‘success with 50-ohm coax, providing. 


The size or inherent ohmic resistance in 
the wire. 

‘The frequency in use. The higher the 
frequency, the greater the loss. 

=Тпе losses because of standing wave 
ratio. 


How Bad Can It Get? 


Probably the best illustration of losses 
is what could bo called а “worst case“ 
situation. Let's suppose we have а hal- 
| wavelength dipole on 80 meters, 130 eet 
| orsooveral either horizontal or inverted 

У, and fed with 100 feet of 50-ohm coax. 
| Let's make the coax RGS8, which is a 

lossy cable. Also, let's assume we are us- 
ing a iransmatch that can be adjusted to 
compensate for any mismatch, regard: 
less of the magnitude of the SWR. 

This ВО meter half-wave antenna, de- 
pending on its height and configuration, 
will have an impedance (or feed-point 
load) of anywhere from about 20 to 100 
ohms. I| would provide a reasonable 
match for the 50-ohm line. In other 
words, the SWR should be not much 
‘greater than 210 1. Now let's assume we 
Use this same antenna on 40 meters. In- 
stead ot a conter fed half wavelength itis 
now a centered full wavelength and the 
feed point impedance goes extremely 


Fig. 3—At "A," two dipoles attached to a common feedine Parallel dipoles will usu- 


n 510 1 on ali bans. It can be highly reac- 


tive, buf withthe transmatch circuit shown in Fig. 2, this system can be used with good 


a 10-1 match for the transceiver 


This means a standing wave ratio of 
about 80 to 1! So we have on 80 meters, 
an SWR of less than 210 1, and when us- 
ing 40 meters, 80 lo ! The transmatch 
will match in both cases, 

'RG-S8 coaxial cable has a very insig- 
nificant loss factor on 80 and 40 meters, 
олу 80 decibels per 100 feet of coax at 
80 and approximately 1.4 at 40 meters 
With 100 watts going into the line from 
the transmitter, and assuming an SWR of 
210 1, he 0.80 dB loss is almost impos: 
ble тд measure with ordinary amateur 
est equipment. However, when we goto 
40 meters and the 8050-7 mismatch, the 
‘additional losses because of SWR rise to 
an astronomical figure. 

With our 100-watt power and 100 feet 
of line, only a very small fraction of the 
‘power will reach the antenna, something 
much less than 10 watts! Also, we must 
factor in one more problem when we use 
coax that is badly mismatched. It is Gan- 
gorous to run high power when coax has 
A bad SWR on the line. 

The line can heat or actually puncture 
because of high f voltages and break 
down. Without becoming too technical, 
the higher the SWR, the higher the RF 
voltage on the line. Thats also true of he 
current and, hence, the heating 

The example just given is a worst-case 
condition but there isan answer to sucha 
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Fig. 4 — This would be a typical setup using a transmatch to provide a 1-0-1 load on 


Open wire feeders are, or all practical 
Purposes, lossless as a transmission 
line. For this reason, one can tolerate ex- 
tremely high standing wave ratios with- 
out losses. The 8010-1 mismatch when 
Using a 2- or 4inch openwire line would 
‘ot be worth thinking about. Keep in mind 
that i a transmission line is lossless, the 
power has to go o the antenna and be ra- 
diated — without any loss 

Howover, regardless of what we say 
here, many amateurs preter using coax 
— and there is nothing wrong with that 
‘assuming we set up certain guidelines. 
For example, AG- types of coax сап 
easily support mismatches of up o 10 10 
Tat ful power levels without any serious 
problems in the line Using this coax, Jet's 
take any of the many types of multiband 
dipoles, either with traps or parallel d. 
poles asshowninFig.3, and see what we. 
эге faced with. 

Suppose we make one of the 80- 
through 10-meter dipoles shown in the 
handbooks — one using traps. On 80 mě- 
ters, going completely across the band, 
we can expect standing wave ratios of up 
10710 1or8to 1, depending on where we. 
make the antenna resonant. Certainly we. 
‘could not uso that antenna with anything 
over 2 ог 3 to 1 with our modern trans- 
ceiver, since it would likely shut down. 
‘Suppose though, we add the transmatch 
circuit shown at Fig. 1 — ог one similar. 
We can connect itin he circuit as shown 
in Fig. 4 take the unknown load ofthe an- | 
tenna system and convert it to 50 ohms. 
Аз! said, we can live with anSWRof 10 to 
1 on coax. In fact, in watts or Smeter 
readings, | sincerely doubt ane could tell 
ino difference between a perfectly 
matched dipole and this system. 

What about the other bands with this 
multiband dipole? Simple. In nearly ай 
cases, 40, 20, 15, etc., the mismatch is 
mot going lo be much more than 3101 in 
the worst case, so there's litle likelihood 
of problems. The parallel dipoles shown 
in Fig. 3 is a good simple system to tune 
using atransmatch. have used a 4Qrme- 
ter dipole in parallel with an 80 meter on 
all bands, The mismatch s no! too bad — 
worst case less than 10 10 1, onany of the 
bands so the lunod coax system works, 

Many amateurs have asked if use а 
transmateh with a multiband beam. The 
answer is simple: M have to, do. would 
prefer to have a matched condition rath- 
erthanoneo!, say, 210 simply because. 
of the transceiver design. This means 
that | am again presenting a matched 
Condition at al times to my transceiver. 
This is something | really like doing since 
everything runs more efficiently and 
much cooler. 

In conclusion, don't be afraid to use a 
‘Transmatch or tuner with coax—lust 
make sure that you are operating the 
coax within its limits. © 
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Angel Vilaseca, HB9SLV 


The Fractal Antenna 


A Revolutionary Idea 


Fractals are mathematical functions. 
This concept is normally connected 
with ‘computer-generated images. 
Fractals became extremely popular in 
the eighties for two reason 
factor was the meteoric development of 
miero-informaties and the rapid in- 
crease їп the computational power of 
micro-computers! The second contrib- 
factor was the work of the world- 
hema 
( who had made his 
‘name working in the field of fractals, 


L 
Order and chaos 


Fractals were originally just a math- 
ematical concept, Since then, they have 
became a lool which allows splendid 
images to he general by computers. But 
thats not all they also oler a general 
concept of the universe, а unifying princi- 
ple of science, thanks to Benoit Mandel 
brot and numerous other researchers. 

Fractals aro linked to chaos theory. In 
1988, a book was published called 
CHAOS" by James Gleick and became 
very popular, T includes several astonish- 
img propositions which have since be. 
come comman knowledge; like the one 
about the butter in China which flaps 
ite wings and, through a chain of chaotic 


events, subsequently canes a to 
the Caribbean. 


Fractals combine order and disorder in a 
unique way! If we look attentively at one. 
Of the illustrations im Fig. | above, we 
am see that they ше disordered within a 
Small ae and yet ordered on a large 
Seale, A fractal сай be chaotic, as in these 
diagrams, or deterministic. "Determinis 
ue hore means that Шоу are composed 
оп the basis of а single pattern (for 
example a rule or a rectangle), which 
is called the generator, and thal they arc 
based om successively changing scales 
(which are called “repetitions ). The 
number of repetitions can be infinie. You 
Vivo OF em be abe e 
speak ef self-similarity. Examples of 
аць are the Koch curve, Fig 2 on the 
left, the Sierpinski triangle, or the "cylin- 
der head gasket” developed by Mandel- 
brot, Fig. 2 below. 
The term “fractal” was coined by Benoit 
Mandelbrot. It means Wai it ean be 
proven that fractal images have no com- 
plete dimensions Le. they are incomplete 
This does not happen in Euclidian geom- 
агу! n classical goometry, a point is 
"defined as having по dimensions. A line 
has one dimension, a plane has ¡wo and 
finally a volume has three dimensions. So 
far за good. Ti can be demonstrated thar a 
given fractal, for example 
log 4 / log 3 = 1.2618 dimensions 
or again 


m 
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Fig 1: Two examples of Fractals 


log 2 / log 3 = 0.6309 dimensions! This 
F 
Simple, we nake а Sierpinski (ange, 
i ай ares, о as two dimensions 
removed from the whole and here mis 
че find once moe tres smaller ran 
Dut безе lo кїй ave two den 
fe cen this procedure ln 
the arcas become alk and 
fully, Afr an nine number оГ p- 
йн. the tangs wil be made up o 
fn innumerable fiber of areas which 
vil bo finely яш. The con en 
wil he approaching zero, fut never 
le the Sepik ile appears io 
esis ип шта. con be marily 
бошото atthe mmber оГ dinero 


2. 
From theory to practise 


‘The subject of this article is the applica- 
tion of the theory of fractal о the design 
of antennas. The objective is not simply 
to discuss а modem subject but to dem- 
‘onstrate thor there really is some potential 
here. Researchers have already Investi- 
ated this path extensively and have 
established that the theory of fractis 
makes it possible to create much more 
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powerful antennas (with regard i the 
See, radiation efficiency, antenna cfi- 
ciency amd band widih er slight side 
lobes). There are some antennas which 
can jus not be designed without fractals- 


Fractal antennas are a new area of devel 
‘opment only 4 or $ years old: for this 
reason, there are very few descriptions te 
be found. Fig 3 shows two industrial 
developments which have already boen 
producea! 


This area of development looks very 
promising exh ako ol tn 
heaton. The developers ac working 
vay at it intensively nd protecting the 
don developments cu patents. How- 
Sr. linie py ite ij becoming poss 
the secrets of even this new 
туре of amenna. Тыв anio i нему a 


Characteristics of a fractal 


To obtain some idea of what a fractal is, 
шу and answer the following question 

ну long is the coast of Corsica? That 
seems to be an casy question. АП you 
need to do is find a map of Corsica and 
pick up a ruler = right? Wrong! 
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Fig 2 : Examples of the Koch Curve, the Spierpinski Triangle and the Cylinder 


Head Gasket developed by Mandelbrot 


Yov take a large-scale map and a pair of 
‘compasses, Working from the sele of the 
тар, sel the points, e. lo SO km and 
then’ measure, approximately. the length 
of the Corsican consline. Now repeat he 
process once more, but this time set the 
Compass роти to 5 km. Since the coast- 
Tine is very Jagged and consists of numer- 
ous promomiories and bays, the value 
now obtained will be greater than the first 
result If we use more and more detailed 
ips and smaller and smaller measure 
nt steps, the value at each stage will be 

ter than the preceding value, We 
Would thus finally arrive, in theory, it an 


ig 3 : Examples of 
Radiantes S.A. 


I could be said that this theoretical 
contour of Corsica is a fractal disgram, it 
ives us a coastline wih an infinite 
umber of indentations, They all look the 
same, irrespective of whether they extend 
T km, or 10 or 100 km. Incidentally, the 
same also applies to a cloud, ‘There 

also computer programs which apply 
fractal theory le the synthetic generation 
of landscapes. And take it rom me, 1 can 
confidently assert that these synthetic 
landscapes (Fig, 4) look more “realistis” 
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Fig 4: A Fracal Landscape, produced with software called 


Vanderlippe 


And so we come to a characteristic which 
can be extremely valuable for an antenna 
it always behaves the sume way with 
waves of varying wavelengths, ine ber 
tive of whether the wavelength is 10 em, 
Tm or 10 m. In other words, a wide band 


JC we use a dipole which has a fractal 
form instead of the standard rectilinear 
form, we can establish that itis made up. 
of a large number of sections, cach of 
different length, and that each will redite 
in а certain purt of the spectrum as well 
as possible (Fig. 5), 


On the other hand, everyone knows that 
the shortest distance between two paints 
is a atan line, But it has now likewise 

sed that ће longest distance 
isthe fractal line! In this way. we obtain 
‘carved radiating elements which result in 
Very much more compact antennas wil 
less losses and а higher degree of eff 
ciency. Fig. 6 
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усе" from R. 


Another possible way оГ using the theory 
er fructals is the log periodic antenna; it 
is well-known for ils extensivo band 
"i. In a log periodie amenna, the 
theory of fruetals [s applied, mot just lo 
the individual elements but to the entire 
architecture of the antenna, Although it 
had already been invented many years 


A Fractal dipole developed 
using the Koch curve by Nathan 
ohen - NIIR 
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o, before there was any talk of fi 
il can be recognised that it has one of 
thei essential characteristics: хатт. 
larity. This is one characteristic property 
which immediately strikes anyone who 
sees а fractal image. What this observer 
Goes is one Element repeated infinitely, 
fom the tiniest detail right up lo the 
(overal view. Like the marmelade jar on 
h here is а label 

"Hle уйй holding u marmelade js 
which there is a photo of à life piri = 
je. 


Ie can be demonstrated. mathematically 


ig T: A Fractal antenna developed 
{or a mobile phone hy Nathan Cohen - 
мие 


e 


The right hand side 


їл, for an antenna lo bave good broad- 
bund functioning, it must have a point or 
syinmenry and it must be tg Le 

its appearance must always be the same 
irrespective ol the scale. In other words 
Jt must obey the law ur Faces, 

Various well-known fractal reps 
tions, such n the Sierpinski angle, have 
been put forward as antenas. The com- 
mon point of all these structures is thelr 
good behaviour in relation 10 their reac 

vit, which usually means we can do 
without any matching. This implics a 
simplification of design, greater rela 

у and lower losses, 


It is possible to create radiating fractal 
Siructures for the UHF renge as primed 
irons, In the ultta-sbort wave range s 
well, thanks 10 the pond ratio of the 
sd to che mechanical length with 
pproach, printed КОЧ 
сап be used (Fis, 7). 
There are structures dralled in one pícce, 
bul there arc also antennas consisting of 4 
metallic plane, in which holes have been 


amped in accordance with Iractal distri 
bution 


The concept of Kell antennas can be 
applied to individual antennas or to un- 
tema arrays. In the caso ОС arrays, the 


27 
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e 


a 8: Right -a 
circuit hy The Carles Puente Po 


distribution of elements can he regular, as 
in certain radar antennas, or irregular, as 
in certain radio telescope arrays, which 
were built by linking together already 
existing instruments, which are distrib- 
шей all over the word. 


A fractal атау can combine the robu 
mess of ип irregular апау with the eff 
ciency ol a regular army, and his with 
only à quarter of the elements 


In the case of individual antennas we ean, 
ап example, take the Koch curve or the 
Sierpinski triangle (Fig. $) 


These representations, eg. of the coiled 
shape, combine inductances and capaci- 
tancos, which removes the need for any 
matching circuit and extends the runs 
mission Band, in sti improves the 
Antennas have already been put on the 
market which can advantageously replace 
the rubber antennas of portable equip 
ment Some have been crested usin 
Small primed cireuit which are ini 
grated ішо the housing of a mobile 
phone. 


Iu ds true that fractal antennas allow 
ministurisation, but we should mot uo 
beyond a reduction in size by a factor of 

lo 4. Otherwise there is a danger of 
Sacrificing the yield. Ard, just as with all 
other antennas, it will naturally not be 
Possible to have small dimensions, large 
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= A Sierpinski triangle developed as a printed 
technie at Barcelona University 


hand widths and high gain simultane- 
ously, But fractal antennas can come 
closer to this than other types and thor- 
oughly successful compromises can be 
obtained between these three characteris- 
ties 


Any type of antenna can be fractised 
monopole, dipole, helix, primed anten- 
mos, cic. The elements are formed im 
accordance with a fractal representation. 
or paps are introduce! into the antenna 


In the cose of flat amennas such as 
printed circuits which are made up of 
Soveral elements, the coupling between 
thom is generally the main factor which 
rests their power ie. gain and their 
impedance matching. This problem is 
avoided in the case of the Fractal anten 


4 
Experimental fractalisation of a 
loop 


Nathan Cohen, NIIR, had the following 
experience: he manufactared a frame an 
tenna with an edge lenetl of 15 centime- 
ч: lar printed 
circuit, He then manufactured three other 
"rsctalised antennas with the sar 
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Fig 9: Experimental results on а Quad Loop by ^ 


Sions, but each time adding а repetition in 
accordance with the Koch curve, Natu- 
tally the size of the loop went up each 
time, 


Compare this with the problem of the 
Corsican coast which we mentioned 

їйї. ile teu measured the reflected 
power (proportional to the SWR) of each 
OF these antenas. This told him that the 
Frequencies st which the SWR was lowest 
(lich means thatthe impedance hero 
was approximately 50 Ohms) kept chang- 
ing, and That ihe more peaks there were 
оп the frequency axis the lower these 
were (Hig 9 

For antennas with mos repetitions, for 
example, we have a usable peak at onc. 
third of the frequency of the non-fractal- 


than Cohen - NIIR 


ised loop. It should he borne n mind that 
ths peaks are not harmonies ОГ the start 
frequency. M can be delerminod subse- 
{quently ra the peaks also correspond to 
Zones in which he impedance is 

not reactive. If the га 

at 50 Ohms and js not reactive, that 
means that oe additional matching is 
necessary. 


Fractalisation of a dipole 


In this example we are not dealing with 
experiments but with the results which 
were calculatod by Nathan Cohen, NUR, 
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Fig 10: Fractal Dipoles by Nathan Cohen - NIIR 


swith the help of “NECA” software (Fig 
10) 


Here, instead of a oop, we ake a dipole 
ا و ا‎ 
apply two repetitions of ihe Koch pat 
аксоо. Ви this time we sweep a 
uel bagger range poing ight up tà 5 
ane W a rectilinear dipole we now 
тшге а bost oF points wily a low SWR. 
forall armenio oF 65 МН» 

On the other hand, he fractalised dipoles 
demonstrate expansion and lower 
wee The optal impedance ie fr 
"hid the tough s weakest ies round 
350 Ons, 

"Tos we can ss that talon can be 
чей perme amenna with an exremely 
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wide transmission hand, 


6. 
Practical Applications 


A practical application of the fractal 
theory has been put forward by Nathan 
Coben, NIIR: a quid with two elements 
for the 10-m-Band. Fig. 11 


It measures 1.5 m x 15 m without any 
efficiency losses as against the untractal- 
ised version, t does not need а matching 
circuit, and its impedance, Z is 50 Ohms. 
Jt can thus be energised directly through a 
coaxial cable. Fig 12. 
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Using this amenna, radio contact could 
be made with Furopsan locations at | 
Watt and with the Pacific region at 2 
Маа. A further version was measured 
for the 2-m hand, with а gain of 4 dB and 
a ot abel ratio of ar least 15 dB. 
The 2-m version has а transmission band 
width of 500 KHz with an SWR below 2 


Fig. 14 shows a general view of the 
amiennas. The tio окш have ihe 
Same dimensions, They сап be manufac- 
tured using copper wire (13 mm. or 
more), The simplest method is to use a 
template om a wooden board on which 
mails are knocked in at the bending 
points, J ro 26, in acconlance with the 
patern, and (he copper wire can thus he 
Very precisely bent Each of the four 
sides of an element is bent on the tem- 
plate їп succession in this way 


Fig. 13 shows a quad clement for 10 m 
‘with corresponding dimensional specifi- 
шоп. The framework of the quad cun 
casily be manufactured using PVC tub- 
ing. The same material can be used for 
the transverse struts, The typical imped- 
ance of the antenna can be increase if 
the length of the madlo transverse sus 


Instead of the coax cable, a coil with two 


+ 


Fig 11: A Two 
Element Quad for 
the 10 m band by 
Nathan Cohen 
NIIR 


tums is connected 1 the distributing 
point of the reflector, so that is fre- 
quency of resonance сап be decreased by 
app. 600 KIT The distance between the 
active element and the reflector 1$ 170 
Like all fractal antennas, this antenna is 
also resonant in more than one hand 
NIIR detected resonances at 52, 07, 125 
and 141 MHz, At 125 MHz, the front 
back ratio is 10 dB and the рп 
likewise 10 dB, which is a lot for an 
antenna which is contained in а cube will 
A wavelength of only 05 


Fig 12: The measured and theoretical 
SWR for the Two Element Quad 
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Fig 13: Dimensions for the Two Element Quad 


their dimensions were matched. He simu: 


Jated the properties of two quad antenna 
6.1. Two fractal antennas for the wit ма thon with three Pape (Fig 13 


iem band and 16). Unfortunately he gives no details 
of the precise dimensions of his antennas. 


Another practical implementation for the 

‘American Tem band is proposed by 62. Fractal antennas for microwaves 

Richard Kunter of the University of Day- 

ton. To demonstrate the validly of the 

concept of the fractal antenna, he first The higher the frequency involved, he 

examined a dipole and an antena proved over dol we ne oi by ОШЫН . 

A tempting «атто He then compared jm бил, in he ranges of mobile 

them with two ler unten loops, one With lepra und micrones Шш the bl 
lon the other with two. The gains are most килем from The 

commerce] point of view 


les. of ultrahigh 
‘which numerous 


i in the 70-<m band using MINI- 
NEC Pro, To ensure ibat he fractalised 
antennas remained ia the desired bund, 
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antenna for the 
10 m band 
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6: Simulation of a Two Element Quad for the 70 cm ba 


Frequencies 
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Fig 18: Examples of antennas sealed for various microwave frequencies 


Fig 19: A wideband A Fractal version of the helix 
developed by Nathan Cohen- NIIR antenna by Nathan Cohen - NIIR 
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teams аге «шлему at work all over the 
world, But, who knows? Perhaps, once 
again, another important discovery will 
¡emerge from the amateur radio commu- 


тшу? 


63. The Sierpinski triangle 


One structure oñen used in ultra-high 
frequency engineering is the Sierpinski 
triangle. I îs powered through one of the 
corens, in that it is connected up to the 
intemal conductor of a coaxial (ine, The 
screening, is connected to the earth sur- 
Tce, which can Бе both a closed surface 
and also a facial figure. The behaviour 
of such an antenna сал be analysed with 
the help of software based Оп the mo- 
‘method, such as, for example, 

Je rra fis snad cn 
introduced here, The said method makes 
it possible to calculate ho intensity of the 
cuente which prevail in the conductors. 


‘The point of optimal matching for patch 


E 


ina nio 
Коше a bem 
developed by The 


amennas is generally empirially deter- 
mined. However, а мап us been mude 
‘on using mathematical models to dev 
Simulations, which will certainly make it 
possible to create more powerful simular 
fions 


the coming years, 
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ABSTRACT 


Radio transmission and reception experiments in tropical jungle forest 
covered terrains are described and the performance of conventional whip 
antemas is compared with the performance of Hybrid Electromagnetic 
Antenna Couplers (HEMAC) in conjunction with jungle trees as antennas. 
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Introduction 


VT" would seem that living vegetation may play a more important part 
in electrical phenomena than has been generally supposed, If as indicated 
above in these experiments, the earth surface is already generously pro- 
vided with efficient antennas which we have but to utilize for communica- 
tions." These words vere written in 1904 by Major George 0. Squire, US Army 
Signal Corps, in a report to the US Department of War in connection with 
military mantuvers in the-Pacific Division; in a June 1919 artic.e entitled 
"Tree Telephony and Telegraphy; published in the Franklin Institute Journal, 
Major General Squire, Chief Signal Officer, US Army, reported on the role 
of trees as long wave receiver antennas. Fifty years later, in the sumer 
and fall of 1969, the trees in New Jersey were employed again by the US Amy 
Electronics Command to work as antennas; in this caso, the trees were used as 
transmitter antennas for frequencies ranging from medium to short wavelength. 
In the present application, the tree trunk was given the role of acting as 
a single turn low impedance secondary winding in a resonant toroid type 
transformer wherein the primary winding is a flexible spiral spring that is 
‘wrapped around the tree trunk, When stretched out completely, the toroid 
degenerates into a 2l, foot long electrical wire antennajand when pushed 
together jit becomes a miltitirn magnetic loop antenna of about an 8 inch 
coil diameter. Becauso of its intrinsic electrical and magnetic properties, 
the toroid wae given the пале HEMAC, an acronym for Hybrid Electromagnetic 
Antenna Coupler, With 12 watts RF power and at frequencies between | and 5 
Miz, transmission ranges from 7 to 11 miles were achieved using HEMAC 
toroid’ coupled oak and pine forest trees for transmission and a vertical whip 
antenna for reception; at frequencies of 125 kHz and 460 kin and with about 
35 watts RP power transmission,ranges from 30 to 35 miles were obtained 
using very large oak trees coupled by a larger НЕНА toroid. Furthormore, 
as demonstrated by HP radiation patterns fron differently oriented natural 
tree loops in the Lebanon N.J. State Forest and by the MF radiation patterns 
from lange oak trees near swampy water-filled gullies, the interaction of 
‘the HEMAG toroid coupled tree with its immediate neighbor trees and local 
terrain features can be exploited to enhance jegpeotávoly HF and MP signal 
emissions into desired geographic directions.» > 


However, the deciduous forest in New Jersey is only a poor substitute 
for the actual tropical jungle forests, in which ferns and palms grow 

as tall as trees, and which present a grat obstacle to tactical radio 
Communications which use conventional whip antennas, In order to evaluate 
the ability of a HEMA to overcome these obstacles, the PRO~7 tactical 
radio set was chosen to accomodate an їлрейапсе matchbox designed to 
connect the antenna terminals of the PRO-7U set with the toroid coupled 
tree (Fig. 1), and which will provide a match to the empirically determined 
equivalent series tuned load impedances of pine and oak trees ranging 

from about 1.5ohms to approximately Sohms. (Figs. 2 and 3.) 
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Synopsis of Райайа Canal Zone Experiments (Aug-Sept 71) 


Vegetation and Terrain 


The jungle forests in the Panama Canal "one do mot have a dense and 
closed canopy (Fig. U) but are actually formed by an inpenetrable dense 
underbrush vegetation (Fig. 5) which gives the trees little opportunity 

to grow tall and high; large trees, ranging in height from about 50 to 

100 fest, can be found but they are spaced much farther apart then similar 
large trees would be in a typical New Jersey forest. Also, the trunks of 
jungle trees rarely exceed two feet in diameter, except along trails and 
roads which are cleared regularly of the fast growing underbrush vegetation. 
The trunks of Jungle trees are fungus infested and covered by moss so that 
the surfaces are often spongy soft and rotten; however, the wood tissues 
beneath the surface are hardened by the osmotic pressure of the sap and water 
which swells the lower parts of the trunks of some trees and ferns during 
ihe rainy season. Among the many different jungle trees which were used 
during the experiments conducted in the Chiva Chiva and the Gamboa A2 test 
areas of the US Army Tropical Test Center, some could be identified by 
their scientific and common names: 


Cavanillesia platanifolia = Ouipo 

Pseudobomax barrigon = Powder puff tree 
Spondias monbin = Jobo, Spanish plum 
Inga spuria = Guave 


The terrain in the test area was hilly, the soil was reddish loan 
which lends its reddish color to the many creeks in the area which turn 
into streans during the daily torrential rain and thunderstorms that are 
characteristics of the rainy season. Thunderstorm activity and heat 
Rightaing vhich occur daily are responsible for umsually high radio noise 
that interferes with radio communications. This kind of fast changing 
atmospherice] noise seems to be one of the major problems for tactical 
radio communications in the tropics. 


2. Experimental Results 


The mjor part of the experimental results can be summarized as follows: 
Using the vertical whip of the URM-85 RFI Analyzer - Field Strength Meter 
for reception in jungle clearings (Fig. 6) of 1.650 MHz, * signal 
emissions from HEMAC toroid coupled jungle trees (Fig. 7), the toroid by 
Stecit in air (Fig, 0), and the ff. Il (Fig. 9), the following resulte vere 
obtained with the same PRO-]l set as transmitter: 


a. (Fig. 10) Signal field strengths from toroid coupled jungle 


trees are about equal to those from the whip,if vegetation surrounding the 
whip is removed by machete within a minimum range of % foot; if, however, 


Ж Authorized fréqühcy assignnent. 


only a single leaf touches the whip slightly, its radiated fieid strength 
falls off by about 20 dB, in spite of the fact that under these conditions 
the FRC-7h set is readjusted for apparently full available input power into 
the whip as indicated by the PRO~7h output meter. It shovld be noted that 
Since it is very difficult to see the green colored PRO~7l whip in the 
green darkness of the jungle, such a condition could occur easily during 
tactical situatiors in the field. 


^. Signal field strength received from the toroid by itself in 
air is about 15 dB lower than that from the toroid coupled trees, which 
proves the role of tho trees as radiating elements. 


In this connection, it is necessary to mention that optimum match and 
full available RF power input into toroid coupled jungle trees could not 
be obtained with the series tuned matchbox circuit which had been designed 
on the basis of oxperience with oak and pine trees in New Jersey, evidently 
the impedances of tropical jungle trees are different fron those of hard 
and softwood trees in New Jersey. Within the existing limitations imposed 
by the tropical environment, the impedance variation was verified by impro= 
vising a parallel tuned matching circuit in which the toroid on the tree 
operates as an autotransformer (Fig. 11). The equivalent series resistances 
of toroid coupled jungle trees were found to be 3 to l times larger than - 
those of the oak and pine trees in New Jersey. The corresponding improvement 
of the match between the toroid coupled jungle treo and the PRO-7 set showed 
up as a 5 gp gain in the emitted signal strength measured with the vertical 
URY-85 whip; accordingly, this gain would bo reflected in the data (Fig. 10) 
by raising the toroid coupled tree omissions by 5 dB over the whip emissions; 
further improvements are certainly possible in view of the fact that the 
improvised circuit provided only a better match and not an optimum match, 


By reciprocity, the significance of the matching conditions 19 recognized 
from the data obtained with a toroid coupled tree as a receiver antenna 
(Fig. 12). In this case, using a cable impedance isolation Field Effect 
Transistor (FET) circuit with 6 dB voltage loss (Fig. 13) to connect the 
URM-BS meter with the parallel tuned toroid coupled tree, the latter 
outperformed the 12 foot high URM-05 whip (Fig. Ш) by 12 to 22 dB. 


Yet, the existing mismatch between PRO~7 set and series tuned toroid 
coupled jungle trees becomes insignificant when one receives over increasing 
distances by norizontal dipole antenna (Fig. 15) signals emitted from the 
PRO-Th whip and from toroid coupled jungle trees which are powered by the 
Same PRC-7h set. Signals transmitted on 4,000 Miz over increasing distances 
from different mismatched jungle tree radiators increased to over 8 dB 
above those emitted from the whip (Fig. 16). The deterministic nature of 
these data fron the spatially limited Chiva Chiva Test Area and the advantage 
relative to the portable whip of immobile jungle trees was clearly established 
by measurements of the decay of һ.650 MHz Gi-signal levels as functions of 
distance from toroid coupled treo and whip transmitter antennas in the 
Gamboa Test Area in Panama (Fig. 17, 18, 19): Even without the detailed 
description of the measurement procedures which are given in the subsequent 
part of this report, one recognizes that wetness (Fig. 18) and dryness 
(Fig. 19) of the vegetation, and changes fron dry to wet during a thunder- 


storm (Fig. 20), ere associated with significantly different shapes of the 
GW signal decay versus distance curves, i.e., the signal to noise ratios 

(Figs. 21 and 22), measured with the whips and with toroid coupled trees 

(Figs. 23 and 21). 


In particular, the conbination of local terrain features, wetness of the 
vogetation, and atmospheric noise which shaped the signal decay curves 

are responsible for the loss of voice communications by whip equipped 
PRO~7l, sets between the transmitter and the receiver party, over distances 
from 1 to 2 miles, where the signals were received well above noise using 
toroid coupled trees as antennas. Tho greater susceptibility of the whip 
to performance degradation by obstructing features of the terrain and 
vegetation was observed also during qualitative teste; for example,in a 6. 
mile transmission test from Chiva Chiva to Qamboz, with 15 watt input power 
into the PRO-7h whips, several signal fadeout locations were encountered 

in the hilly terrain, particularly along the road in Gamboa and similar 
jungle clearings. With a toroid coupled jungle tree as radiator (Fig. 25) 
in the Chiva Chiva Area, a 10-mile range was achieved with about 20 watts 
of RF power; were it not for the radio interference noise from the power 
line which runs parallel to the Canal, probably a larger transmission range 
would have been possible. This assumption was confirmed indirectly in the 
Gamboa jungle area where signals emitted from the toroid coupled tree at 
Chiva Chiva were received by PRO-7h sets everywhere along the road and on 
the Las Cruzes Trail (Fig. 26) with series tuned (mismatched) toroid coupled 
trees and also with the PRO-7l whip; replacing the series tuned toroid 
matchbox circuit with the previously mentioned parallel tuned impedance 
transformation FET, circuit strength and clarity of reception by trees of 

our own 4.650 Miz emissions from Chiva Chiva as well as of an adjacent voice 
station on f. 555 Miz was further increased. Sinilarly,using a series tuned 
toroid coupled tree (Fig. 27) on the Las Cruzes trail in the Gamboa jungle 
area, foreign HF radio broadcast stations (Radio El Sol Costa Rica, 6.006 
MHz) were received loud and clear in spite of high atmospheric noise fron 

a developing thunderstorm. 


By comparison with wet fungus infested moss covered jungle trees, a 
man planted palm tree, the Prince of the "Vegetable Kingdon" turned out 
to be a 7 dB more lossy HF antenna, in spite of its isolated location 
relative to other palm trees and in spite of its clean and hard trunk. 
The result, which is subject to further confirmation, tends to agree with 
the expectation that vegetable and ferns are by virtue of their structure 
less efficient HP radio antennas than are the trees. 


The inherently wide band HP to HF radio emission capabilities of jungle 
trees was confirmed; 110 kiz (i.c.,750 meter) keyed CW signals emitted from 
a large toroid coupled jungle tree at Chiva Chiva (Fig. 26) were received 
well above noise with an HRO $00 receiver and a whip of only two meter 
length in the Gamboa area about 6 miles away. In this case, primary RF 
power was 30 to LO watts. 


. Inprovenents for НЕМАС Toroid and Whip 


The dimensions and configuration of forest trees аге assets with regard 
to radiation efficiency; poor conductivity and structure of tree trunks are 
liabilities, particularly in the RF emission case where local concentrations 
of strong fields are unavoidable. In Panama, another liability turned out 
to be the rather thin plastic insulation of the toroid conductor against 

the moss and fungus covered soft surfaces of tree trunks. By analogy with 
a transformer, this is equivalent to having a large detrimental capacity 
between the primary and the secondary windings hence the electrical per- 
formance improvement of the HEMAC toroid involves simply increasing the 
insulation, Also, the impedance matching range of the matchbox should be 
shifted upward for operation with jungle trees from about 1,5 to 5 ohm to 
about 3 to 15 ohms, 


The whip must also be insulated to avoid the detrimental galvanic 
contacts with the vegetation. 


These improvements will enlarge the overlap between the useful appli- 
cation renges of the direct and the indirect leakage radiation mechanisns 
for the whip and toroid coupled trees, but will not change the following 
conclusions. 


Conclusions 


Thé results of the Panama Jungle experiments and measurements could be 
sumarized best as follows: For tactical radio communications in jungle 
terrain, operate on lower HF and higher MF frequencies (e.g. Marine band) 
and continue to use a whip, but have а HEMAC toroid available so that when 
the whip cannot be used efficiently you can still establish communication 
by using HEMAC coupled trees. 


Recommendations 
a. Applications of Medium Frequencies 


The performance of forest trees as radio antennas makes medium 
frequencies (300 kHz to 3 MHz) practical for tactical purposes. For example, 
in view of the insensitivity against scatter and attenuation in rough 
terrain and vegetation and the related greater penetration into earth and 
Water, medium radio wave signals emitted ty forest trees could play an 
important role in remote control of buried and submerged devices. Hence, 
it is recommended to demonstrate in the fiel the activation and deactiva- 
tion of mines in forest covered terrain by MP ground waves, which are 
emitted and received by toroid coupled forest trees. 


b. Directivity of HF Radiation from Forest Trees 
The existence of intrinsic directivities of radiation patterns from 
HEMAC toroid induced natural tree loops associated with the heterogeneity 


of forest vegetation has been verified before. The next step amounts to 
controlling the directivity of HF radiation from trees by array techniques. 


E 


Hence, it is recommended to design appropriate circuitry for this purpose 
and to neasure in the field the degree of control over the direotivity of 
HF radiation from paire of toroid coupled forest trees with respect to 
elevation and geographic direction. 


с. Tres Coupled Radio Repeaters 


It is custonary to install radio repeaters on mountain tops to over- 
cone terrain obstacles. The vulnerability of such repeater installations 
is self evident, Forest trees, however, can perforn such a job easily 

and most of all invisibly; for these reasons, it is recommended to develop 
simple, light weight, expendable XMIR and receiver packages operating from 
about 1.5 to lı Miz for use with toroid coupled trees on opposite slopes of 
a mountain, 


d. Atmospheric Radio Noise 


Heat lightning, thunderstorms, and related atmospheric phenomena are 
the main sources of natural radio noise in the tropics. It appears that 
their detrimental influence on radio communications is to some extent caused 
by susceptibility of electrical whip antennas to local electrical noise 
field gradients of atmospheric origin. Hence, it is recommended to investi- 
gate this susceptibility and to improve antennas and receiver input circuits 
accordingly. 


Ackenow! 


nts 


The exploitation of tropical jungle trees as radio antemas is a part 
of an In-House Research and Development program which has been guided by 
Col. J. P. Dobbins and Col. J. D. Mitchell, Directors of the US Ату 
Electronics Command — Com/ADP Laboratory. 


Mr. B, Conover, Com/ADP Lab, designed the Toroid to Gable Isolation 
FET Amplifier. 


Technical consultation on the electrophysiology and the morphology of 
vegetation, trees, palms and ferns has been provided by Dr. Н. А. Zahl. 


Command-nanagoment personnel of the US Army Tropical Test Center, 

Fort Clayton, Panama Canal Zone, in particular,Maj Wilkenson, Capt. Alaiza, 
PEC Tench, and Messrs. Wilson and Blades provided technical and logistical 
support for the various radio transmission experiments in the Chiva Chiva 
and Ganboa A.2 Test Area, Panama Canal Zone. 
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APPENDIX A: QUALITATIVE TESTS 


Al Reception in jungle vegetation of foreign HF broadcast stations with 
PRO-7U set using a HEMAC toroid coupled jungle tree as antenna 
(Aug 30, 1971 - afternoon). 


Result: Radio EL Sol , Costa Rica comes in loud and clear оп the Таз, 
Cruzes jungle trail with the PRC-7L set tuned to 6.006 Miz (Fig. 27). 
(This station was identified by Capt. Alaiza who speaks Spanish fluently.) 
Other Spanish stations were also received between 5 and 7 MHz but were not 
identified, 


Observations: The bigger trees in the area are 90 to 100 feet high and 
much further apart from each other then in the N. J. forests Wayside 
Test Ares and Lebanon State Forest. Contrary to expectation,there is no 
really dense canopy but an extrenely dense underbrush vegetation. 


Treo trunks are wet, soft, and rotten, so that the hook on the velcro 
belt mounted toroid does not hold. Radio interference from atmospheric 
noise, spherics, is extremely strong by comparison with N. J. with both 
the tree and the whip as antennas. 


4.2 Voice commnications on 4.650 Miz (authorized frequency) between 
Таз Gruzes jungle trail locations (Fig. 26) and various points on the 
road through the Gamboa А-2 Test Area up to 2 miles northeast and south- 
west from its intersection with the Las Cruzes jungle trail (Fig. 17). 


Results: Using one Pin- Ju set connected via series matchbox to a toroid 
coupled tree and directly to the PRO-7h whip at the Las Cruzes trail site 
and another PRO~7i set with «ts whip antenna on the road points, voice 
transmission and reception on both ends was loud and clear in spite of high 
stherics from increasing thunderstorm activity. 


Observations: Receiver gain settings forthe whip set on the road at the 
2 mile points were approximately 2/3 and 80% of full gain for about equal 
voice loudness with respectively the whip and the jungle tree as radiators 
on the jungle trail site. The gain setting of the set at the jungle trail 
site was kept fixed when changing from tree to whip radiator, with maximum 
gain set at about 2/3 of full available gain for the 2 mile points. Voice 
transmissions from HEMAC toroid coupled tree appeared slightly distorted 
compared to transmissions from the whip. On di, по more than 0.75 К 

ЕР through the toroid on the tree (about half of the toroid current 
obtained with oak and pine trees in N. J.). Thunderstorm and heavy rain 
forces termination of test somewhat prematurely. 


4.3 Maximun Signal Transmission Range 
a. Voice and CW tone communications on L.650 MHz between PRO-7h with 
whip setup: on concrete platform near building at the Chiva Chiva 


Test Area and PRO-7L, set with whip on Landrover vehicle and off the 
vehicle on the road (Sep 9, 1971 - morning). 
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Results: Achieve 6 mile range, Chiva Chiva to Gamboa Test Area with 410 mA 
RF whip footpoint current at Chiva Chiva and full gain setting in the 
transmission and reception mode. 


Observations: There is less atmospheric noise in the morning; power line 
RFI noise along the road parallel to ths canal is very severe compared to 
similar power line RFI in Н. J. Reception of voice and CW tone signals 
from Chiva Chiva fades out on the jungle road in the Ganboa Test Area 
between 1 to 2 miles from the entrance gate. (See map, Fig. 17.) 


b. Keyed ch signal transmission on 1.650 Miz using as an antenna one 
of the large trees on the banks of the creek running through the 
Chiva Chiva Test Area (Fig. 25) (Sep 3, 1971 - aftesnoon.) 


The HEMAC toroid used to couple to this tree was fed їп this case 
from a lab constructed single tube novice transnitter attached directly to 
the toroid. (In this transmitter setup, the HEMAC toroid coupled tree 

forms the load impedanco in.a PI network which is tuned by input and output 
shunt capacitors.) On the basis of equivalence with a 5 ohm dummy load, the 
power input into the toroid corresponding to 2.0 А of RF drive current is 
estimated with about 20 watts. 


Results: Using a PRO-7h set with its whip on the road for reception,the 
signal transmission fron Chiva Chiva was received up to 10 miles distance 
along the road, parallel to the Panama Canal, approximately 3 miles past 
the entrance to the Gamboa Test Area. At 10 miles,the signal reception was 
lost due to strong interference from powerline noise rather then fron 
spherics.* 


Turning back and entering the Gamboa Test Area (Fig. 17) the 1.650 
Miz signal was pue up with the PRC-7h set about equally well above noise 
using the PRO-]h whip and toroid coupled jungle trees connected via series 
tuned matchbox to the PRO-Tl set at various locations on the road and on 
ihe Las Cruzes Jungle Trail in the vicinity of its intersection with the 
road (Fig. 26 and 27). 


Replacing the series tuned toroid matchbox with the parallel tuned 
cable isolation FET amplifier (Fig. 13),1ed to further improvement in strength 
and clarity of reception of both our 1.650 MHz signals fron Chiva Chiva and 
of voice from an adjacent l. 555 Miz radio station. 


Observations: Landrover vehicle produces ignition noise and its engine 
had to be turned off for clear voice signal reception by whip on the jungle 
road. 


c. Keyed CW signal transmission en h10 kHz (1. e., A = 750 meter) 
from toroid coupled tree at Chiva Chiva, 


Using one of the larger trees in the Chiva Chiva Test Area as 
antenna powered via the large lOO to 300 kila toroid fron a Kronhite Anplifior 


Ж Corona over insulators on the high tension line parallel to the Canal 
appears to be responsible. 
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and HP 200 CD Generator (Fig. 28), a similar 6 mile transmission range, 
Chiva Chiva to Gamboa was achieved with only a 2 meter long receiver whip 
(at a wavelength of 750 meters) on the Landrover vehicle and ап HRO 500 
Radio Set with LF converter (Fig. 29). 


Observations: In contrast to the HF transmissions from the whip, much 
smaller fluctuation of the received signal strength as function of spot 
locations, particularly, on the jungle dirt road in the Gamboa Test Area 
were experienced; whereas, power line interference on the road to Ganboa 
appears to be stronger in sone areas then in the HF case. 
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APPENDIX B: MEASUREMENTS AT THE CHIVA CHIVA TEST AREA ` š 


B.l Broadside type radiation from a 15 meter long horizontal wire dipole 
antenna versus radiation from the PRC~7l whip on h.650 MHz (1 Sep п.) 


Setup: Using in both cases the PRO-Tl Radio Set to power the horizontal 

wire and the whip at full available antenna input (as indicated’ by the 5 
PRO-Th output meter), the respective field strength levels were measured 

with a URM-B5 Interference Analyzer at a location in a jungle clearing about, 
0.2 mile from the following transmitter locationst 


a. In a hole cut with machotes into the dense underbrush of the jungle. 
b. On a dirt road about 100 feet from the hole. i 


The horizontal wire dipole was suspended botween' trees using plastic insula; 
tors. Resonant operating conditions for the horizontal wire antenna, inclusive 
of its Balun,were obtained by adjusting the height of the antenna to about 

5 and B foeť above the muck of the jungle and the surface of the dirt road, 
respectively. * Measurements were made separately with only the — 
horizontal wire and only the whip present to avoid possible passive interaction 
between these antennas. 


Results: Received noise level is 10 dB rel. 1 microvolt, With the whip . 
driven with 410 mA, RF signals radiated fron the jungle hole location cone 

in at 63 dB rel.1 microvolt. The horizontal wire dipole driven with 310 m& 
RF at the jungle hole site and with 318 má RF at the road site produces 

52 and 56 dB rel, 1 microvolt,respectively. 


Observation: It takes a lot of time and effort to setup a'long horizontal 
wire antenna in the Jungle, and touching contacts between the wire and the | 
vegetation cannot be avoided without cutting a few rather thick ferns and trees. 


B.2 Decays with distance of .000 Miz signals emitted from the whip and 
fron HEMAC toroid coupled jungle trees (26 Aug 71.) 


Setup: Jungle trees, evidently softwoods like cotton and panama trees, 

located within dense underbrush vegetation were powered by toroid from a 
PRO-Th set. Used with its whip,the set was placed a few feet away rn 
‘the toroid coupled trees. Vegetation within less than 1 foot from the whip 
was cut away by machete. PANES 


Through adjustment of the matching and tuning controls on the PRÓ- + 
set, full scale power output indication on the PRO-7 output mèter was 
achieved with the whip as antenna at each spot location. Similarly,with 
the toroid coupled trees connected via series tuned matchbox to the PRO-]h 
set, the tuning capacitor of the matchbox and the PRO-7l control knobs were 
adjusted for relative maximal RF current flow through the toroid; e. 

A ол the first treo, 0.75 K.: on the second tree and again 1.00 k 
tho third most distant treo. А А 


3 In oak and pine woods in New Jersey, resonance frequencies of the цо 
with and without balun ranged from 3.l MHz to 6.8 Mio. i 

4% Those toroid load current levels are about SO% of those achieved with . 
сак and pine trees in . l. 


n 


The corresponding maximal readings on the PRO~7 output meter were about 
1 508 to 70% of full scale. ! 


1 Signals radiated from the whip and from the toroid coupled jungle trees 
! were received with a horizontal wire dipole antenna and an HRO-500 
receiver (Fig. 15). The strengths'of the received OW signals as displayed 
on the HRO-500 S-mete were measured using an HP signal generator as. sub- 


stitution standard. i 


| 

| 7 Results: Using 150 micrévolts as the zero dB reference, the signal levels 

i produced by respectively the toroid coupled tree and the whip radiators 

| are plotted in Figure 16 as functions of the distance to the horizontal 
dipole receiver antenna. Thé relatively low reference level of 150 micro- 

| volts is due to the fact that this horizontal dipole antenna was designed 

| for thé lO meter band and not for 75 meter (11.000 Mis) signal reception. 

| This explains to some extent also the relatively high level of the received 

, „heat Lightning noise which is indicated on the ordinate in Figure 16. 


Considering the spatial limitations in the Chiva Chiva Test Area 

| and the corresponding small number of data points the lower attenuation of 

|. Signals cron the toroid coupled trees could be dismissed as a statistical 
freak; however, the subsequent peasurements in the Gamboa jungle are proved 

the deterministic nature of the divergency between whip and trees with 

i regard to signal decays as function of distance between XMIR and receivers 
. a Similar divergency has also been observed with different types of antennas 
in microwave modeling experinento where grasses, herbs, and shrubs were used 
+ to пое] RF scatter in jungle forests. 


л 5.3 Transmissions of 1.650 Mia OW signals from PRO-Th whip, toroid coupled 
jungle trees, the toroid by itsélf in air and reception by vertical 
Whip and toroid coupled jungle trees. (Aug 31, Sep land 3, 1971.) 


am Setup: Iwo different trees at different XMTR, locations were used; one 
{ tree at the previously měntioned jungle hole site (Fig. 7), the other tree 
at the edge of а dirt road (Fig. 11) about 50 feet from the jungle hole. 


' Transmissions оп 4.650 Miz were carried out-using as radiators the 
PRO-7h whip (Fig. 9), thé toroid coupled jungle trees at the jungle hole 
ag the road locations, and the toroid by itself in air on the road. 
= + The toroid by itself in air setup is seen in Figure 8. In this 
f base, ine toroid is wrapped bn a, horizontal cardboard ring which is mounted 


deu e bor. 


] Я i ; 
Pictures of the teveiver setups in a jungle clearing approximately 
' 0.2 milo of the transmitter locations are show in Figures 6, 12, and lh. 

The URM-G5 RFI ahalyzer-field strength meter is used here to measure signal 
strengths with the URM-95 whip and with a toroid coupled jungle tree as 

: Ғесехег antennas. The URM-85 whip connects to a whip to coax cable 

impedance matching transforme? on top of a wooden tripod (Fig. Ш). The 

output of this transformer is connected with a lı meter long cable to the 

URM-BS meter. Та the toroid coupled tree receiver casesthe URM-85 whip and 
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and its matching transformer are replaced by the toroid on a tree at the 
edge of the jungle clearing and a lab constructed toroid to cable impedance 
isolation FET amplifier * ‘The transformation via the FET 
anplifier from the high impedance of the parallel tuned toroid coupled tree 
circuit to the nominal 50 chm input impedance of the coax cable and of the 
URM-85 meter involves a 6 dB loss in voltage. 


Results: The measurenents are illustrated and the resultant data are 
Listed in a flow chart type diagran in Figure 10. 


Mmeriggl data in the flow chart diagram give the Signal + Noise 
to Noise Ratios (SAN) in decibels as they were received with the URM-85 
RFI field strength eter. The associated absolute noise levels in dB above 
one mierovolt (88/1 AV) are listed in the nost right column of the flow 
chart. 


These data were obtained with the tuning and matching controls 
of the PRO-TU set adjusted for relative maximum RF power output; i.e.)in 
the case of PRO-Tl whip,the full maximum available RF power of about 15 
watts and corresponding whip foot point currents ranging from 390 mA to 
120 mA. In the toroid case, toroid load currents were maximized by t 
both the matchbox capacitor and the PRC~7l set. Maximal toroid currents, 
achieved in this way with the toroid in air by itself, ranged fron about 
1.64 to 2.0 A.: dependent оп proxiaity to vegetation along the road and 
the ground; maximal toroid currents on the tree in the jungle hole were 0.6 
to 0.75 ampere and on the tree at the edge of the road 0.8 to 1.0 A., at 
corresponding 50% to 70% of full scale indications by the PRO-Th output 
meter. 


In this connection,it is necessary to point out that the toroid 
tree matching circuit is designed to match the PRC~ilh set to load impedances 
ranging from 1.5 ohne fe 5 olms;1.e.,the emperically determined range of the 
equivalent series resistance of toroid coupled oak and pine forest trees 
in New Jersey. Comparing the toroid load current levels on the jungle trees 
with those on pine and oak trees (Fig. 2 and 3), ons recognizes that the 
equivalent series resistances of jungle trees are nost likely larger than 
those of pine ard oak trees. 


Since our Inpedance Meter failed to work in the hot and humid 
tropical environment, the equivale..t series load resistance of toroid coupled 
jungle trees could not be measured directly. Indirectly, however, these 
current levels, in conjunction with the results of a subsequent experiment 
involving a parallel tuned toroid circuit»yield the order of magnitude 
of the equivalent serios resistance of toroid coupled jungle trees and, hence, 
an estimate of the degree of mismatch with the PRO-Th Set. сч 


+ Input-output characteristics of this FET anplifier are given in Figure 13. 
# The atmospheric noise levels given here are lower than the average, since 


measurements were made on different days and during times with relatively 
low and about equal atmospheric noise. 


з 


In contrast to the toroid coupled jungle trees, a practically 
perfect match between the PRC-7h set and the PRO-]h whip was aohicvedynot 
only when the vegetation was removed by mach:*e within about a foot from 
the whip but also when a single leaf fron the surrounling vegetation wes 
touching the whip at about 2/3 of its height. The cperationally important 
implications are recognized when one considers,on the one hand, that one 
сап hardly see the green painted PRG-7k whip in the green darkness of the 
jungle and, on the other hand, the severe loss of radiation from the whip at 
apparent fill input power into the whip. 


В.Ц Indirect evaluation of the equivalent series load resistance of toroid 
coupled jungle trees (6 Sep 71). 


Setup: This evaluation was carried out on 1.650 MHz with the toroid 
coupled jungle tree as radiator at the edge of the road in conjunction with 
‘the URM-85 whip receiver in the clearing 0.2 mile анау. 


Instead of the standard series tuned matchbox an especially for this 
purpose devised parallel tuned matchbox circuit was used (Fig. 11). The 
toroid on the tree becones, in this cirouit,a resonant auto transformer of 
which from two to three turns are connected across the output terminals 

of the PRO-7l, set to match the oak and pine forest trees in New Jersey. 


Results: Changing the toroid tap upward from three to five turns improved 
the match between the jungle tree and the PRO-Tl set and produced а 
corresponding increase by 5 dB in the transmitted signal strength measured 
0.2 mile away with the URM-85 whip. The 5 turn tap represents the prac- 
tical upper limit in the parallel tuned 12 turn toroid circuit. Neverthe- 
Jess, the results of this experiment in conjunction with the previously 
described toroid load current levels confirm that the equivalent series 
resistance of jungle trees is higher than those of the nak and pine forest 
trees in New Jersey. Since impedance transformation by auto transformer 
action is proportional to the square of the tapped turns-ratios,one can 
estinate the equivalont series resistances of jungle trees to be about 3 to 
lı times larger than those of the oak and pine trees in New Jersey. 


‘The implications of this finding with regard to the impedance 
range of toroid-matching circuits for jungle trees are discussed later 
in this report. 


B.S Palm Tree Versus Jungle Trees (8 Sep 71) 


Palms belong to a plant group with grasses, lillies, and orchids; as 
such palm (palnacea) аге vegetables rather than trees. The trunk of 
paln trees have a pithy center but no growth rings or bark. 


Similarly many so-called jungle trees are not trees but ferns which 
are direct descendants from the ferns of the coal age. By virtue of their 
structures, ferns and palme are expected to be less efficient as natural 
radio antenas than аге actual trees. 


A man-planted large palm tree on the road 0.9 mile from Chiva Chiva 
did at least not contradict what could be expected from a vegetable antenna. 
Using the whip as common reference, radiation fron the isolated palm tree 


turned out to be 6 to 9 dB lower than fron the jungle trees in the jungle 
hole site. 
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APPENDIX C: MEASUREMENTS AT THE GAMBOA A.2 TEST AREA OF THE DECAYS VERSUS 
DISTANCE IN WET AND DRY JUNGLE COVERED TERRAIN OF 1.850 MHZ © 
SIGNALS EMITTED AND RECEIVED BY WHIP AND JUNGLE TREE ANTENNAS 
E ЕП) PV EPUM C 


A divergence between the decays with distance of signals radiated 
fron the PRO-7k whip and from toroid coupled jungle trees has been measured 
before at the Chiva Chiva Test Area (Fig. 16). 


The subsequently described measurements in the Gamboa 4.2 Jungle Area 
were carried out to investigate further the influence of the whip and of 
toroid coupled jungle tree antennas on RP signal propagation and to neternine 
to what extent the relative dryness and wetness of the jungle vegetation 
affects the RF attenuation. 


Measurement Setups: On the map of the Gamboa Test Area in Figure 17 are 
marked the transmitter XMIR and the receiver locations Ry to Rg along the 
jungle road where signal decays versus distance were measured for 11.650 Mia 
(W transmissions from: Whip to Whip; Whip to Trees; Tree to Whip; Tree to 
Trees. The measurements were made initially on 5 Sep in rainy weather and 
after heavy rainfalls when the jungle vegetation was dripping wet; they 
were repeated on 7 Sep before and during a thunderstorm,and on 8 Sep during 
hot and sunny weather when the surfaces of the vegetation were relatively 
dry. 


The 1.650 Miz signals were transmitted from the PRO=7l 
whip on the jungle road and from a toroid coupled jungle tree about 20 
feet away at the side of the road. 


The whip was powered by a PRO-]l set, whereas, the 
toroid coupled jungle tree was powered by the lab constructed single tube 
XTAL controlled radio transmitter. Since our second PRC-7 set was needed 
by tha receiver party to maintain communications while moving along the 
jungle road, the use of the tube transmitter avoided tine consuming changes 
of connections to whip and toroid and eliminated the possibility of human 
error in resetting the respective tuning and matching conditions # 

A picture of the PRO-7k whip and the toroid coupled jungle tree transmitter 
setups are shown in Figure 23. 


Similarly,as in the Chiva Chiva Test Area,the radiated 
signals were received and measured with the URM-65 RFI Analyzer-Pield 
Strength Meter connected to either the tripod mounted URM-95 whip on the 
road or to toroid coupled jungle trees at the edge of the road. A typical 
receiver setup is seen in the picture in Figure 2l «here one may recognize 
the toroid coupled tree on the right side of the road behind the Landrover 
vehicle. 


With the URM-85 set mounted in the Landrover vehicle, 
measurements were made at intervals of 0.5 mile up to 3 miles distance 
along the road, . e., Fron 0. up to 2.5 miles air line distance from the 
ХЕ site. 


X Acoustical noise from the small gasoline driven ac generator which 
Powered the tube transmitter helped to keep wild animals away from 
the transmitter site. 16 


In the 5 Sep measurements, the toroid tree transmitter 
output was adjusted so as to produce at 0.) mile distance about same signal 
field strength as the PRC-7h Whip Transmitter; signal field strength was 
measured for this purpose with the URM-85 Whip. 


The sane settings of the controls of the toroid coupled 
tres transmitter (Fig. 23) were reproduced again on 8 Sep. Instead of the 
regular flexible toroid with nominal 8" coil~dianeter, a larger rigid toroid 
with 13" coil-dianeter was employed for transmission on 7 Sep. For this 
larger toroid, the same О. mile signal level zation adjustments were 
made as before on 5 Sep for the smaller toroid.* Otherwise, deployments of 
equipments and the trees used were identical in all cases, 


Results: The data obtained under relatively low atmospheric noise condi- 
tions in the dripping wet and the dry jungle on respectively 5 Sep and 8 Sep 
are given in Figures 18 and 19. The data, partially corrupted by lightning 
noise, from 7 Sep are given in Figure 20. 


Plotted in these figures are along the absciss^, the air mile 
distance between the ХИТИ site and the receiver locations, and along the 
ordinate the noise levels and the signal noise levels as measured in 
decibels above 1 AN with the URM-BS set for |.650 Miz CW transmissions from: 
Whip to Whip; Trée to Whip; Whip to Trees; and Trees to Trees. 


The 7 Sep thunderstorm and heavy rain inhibited the completion of 
measurements over the full distance range, yet the resultant data correlate 
dn а rather dramatic way with the 5 Sep and Sep data. 


In this respect, consider on the one hand that at 1,7 mile distance 
from the transmitter site only the tree to tree transmissions came through 
above the lightning noise levels during the 7 Sep thunderstorm (Fig. 20). 


On the other hand, note that the signal + noise levels received 
by toroid coupled trees in the dripping wet jungle on 5 Sep (Fig. 18) have 
at 1.7 milo distance relativo maxima which are 22 dB and 20 dB above the 
S + W levels received with tho whip. Consider further, the divergent shapes 
Gf the whip and the tree curves in the dripping wet jungle case, 5 Sep 
(Fig. 18), in contrast with tho initial and the overall conformance of the 
tree’ and whip curves from 7 Sep (Fig. 20) and 8 Sep (Fig. 19), respectively. 


* The larger rigid toroid represents a piece of an original 22 turn MP toroid 
which was cut up for this purpose. 


Ж AC power from the Zeus generators for the treo transmitter and for the 
Tal got was controlled and measured in each case to give 120 volts 
at 60 Hz. 


жн A similar divergency has been measured before at Chiva Chiva (Fig. 16). 
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Evidently the thunderstorm noise on 7 Sep did not only cover up 
the signal minima at 1,3 niles distance, but the accompanying rain changed 
the RF propagation conditions towards those experienced in the dripping 
wet jungle on 5 Sep. 


‘The drastically different type of signal decays with distance 
as sensed with the whip and with toroid coupled trees in jhe dripping wet 
and in the dry jungle is quantified by the corresponding Sy ratio versus 
distance curves in Figures 21 and 22. 


2 
These curves conform respectively to an x” and an 005% type 
law within the measurement range 0.) S x S 2.5 miles. 


Tho influence of the terrain on the shape of the signal decay 
‘versus distance curves can be deduced from the terrain profiles which are 
plotted in Figures 30 to 35. In particular, over only 1.3 air miles (Fig. 32), 
voice communications by the whip equipped PRO-7k sets of XMIR and receiver 
party vas hardly understandable as the voice signal levels on both ends 
faded almost into the relative low noise backgrounds on 5 Sep. and 8 Sep. 
(On 7 Sep., lightning noise blocked voice communications completely.) 


This fadeout of the whip to whip voice communications correlates 
with the 1.3 mile dips of the signal decay versus distance curves measured 
with the URN-85 meter. (Fig. 21 and 22.) 


A comparison of these curves with the terrain profiles (Fig. 30 
to 35) shows that the obstructing influence of the hilly terrain is felt 
more severely in the dripping wet jungle (© Sep, Fig. 21) than in the dry 
jungle (8 Sep, Fig. 22) and, in all cases (7 Sep, Fig. 20 included), more 
severely by the whip than by the toroid coupled trees, 


Considering the results tron the previously mentioned modeling 
experiments in connection with the data fron Chiva Chiva (Fig. 16) and 
from Gamboa (Fig. 19 to 22), one must conclude that the superior performance 
of the trees is in a large part due to their ability to produce and to sense 
‘the dominant horizontal polarization, i.e., the polarization with the greater 
survival rate in the dominant vertically structured roughness of terrain 
and vegetation. and ** 


X Petar Beckmann and Andre Splesichino, "The Scattering of Electromagnetic 
Waves ren Rough Surfaces," International Monograph on Electromagnetic 
Waves, Vol. Publ: Oxford, Pergamon N.Y., MoMillan Go., 1961, 15 


э W, Gerber and A. Wertmuller, "Absorption of Groundwaves by Vegetation" 
(Uber die vegetabile Absorption der Bodemwelle), Technical Bulletin of the 
Swiss Telegraph and Telephon Administration (Technishe Mitteilungen der 
Schweiz. Telegraphen and Telephonverwaltung) Jg. XXIII, 1945, No. 1. 
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. APPENDIX D: PHENOMENOLOGIOAL INTERPRETATION OF EXPERIMENTAL RESULTS 


Development of field equipment from experimental devices and of 
operating guidelines from experimental data requires an understanding of 
‘the phenomena which help and or hinder the achievement of technical 
objectives, i.e.,tactical radio communications in tropical jungle terrains. 


The phenomena which govern radio emission and reception at ground 
locations in jungle forests are easily recognized by considering the jungle 
аз a maze of aperture coupled screen rooms as they are used for radio inter- 
ference reduction. In the jungle case,the screens, i.e, vertical tree 

and fern trunks and the horizontal canopy, are of variable thickness, 

and have variable shaped apertures in different materials which contain 
mostly water. 


D.1 Direct RF Leakage Radiation 


Invoking: the designation of a whip antenna as a monopole ihe quasi = 
static near field lines emanating from a whip can be drawn by connecting 

a concentrated monopole charge with its distributed counter charge en 
the surface of the surrounding vegetation and the ground. The larger the 
mmber of field lines that leak through the apertures in the canopy and 
terminate on the top of the canopy, the larger is the radiation from the 

whips hence, the operation of the whip in jungle vegetation depends on 

direct leakage radiation via apertures; and, in practicesalso on the ability 
to tune and match the IMIR to respectively the reactive and resistive partial 
loading by the vegetation. 


While the sizes of the apertures in the jungle canopy aregtherefore, 
important, the relative wetness and dryness of the vegetation determines 
whether the surface charges are really on the surface or actually under 
the surface of the vegetation Gamboa Data(Figures 22 and 23). 


The field lines that emanate fron the monopole antenna andin particulam 
the leakage field lines terminate then on respectively a good and bad 
ground. 


Similarly,as for the XMTR whip, one can deduce the performance of the 
receiver whip from the monopole model. 


For this purpose, one employs the principle of actión and reaction to 
the incident field and the monopole field. 


It follows that the interaction of the whip with the incident field 
will be weak and the received signal low when the incident field lines and 
the monopole field lines are largely divergent. 

D.2 Indirect RF Leakage Radiation 


Citing again the screen room mane analogy for the funglojand the fact 
that screen гооп leakage radiation can be stimilated by induction of RF 
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currents in the walls and the ceilings of the screen rooms опе recognizes 
the roles assigned to HEMAC toroid coupled trees; the tree trunk is just 

a convenient wall inlet for induction of RF currents that loop through the 
canopy; similarlysin the receiver case, tres trunks are convenient outlets 
to tap into the loop currents which are excited by the incident radio waves. 


Insofar as the HEMAC toroid is primarily a transformer and not а 
radiator like the whip, the induced magnetic dipole and miltipole type 
radiation from natural tree loops is referred to as indirect leakage 
radiation. 
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Note that it brings EITHER an Oliver fc Free Teal or further 
information ‘Check i accordingly 


The Oliver Typewriter Company 
61-A Oliver Typewriter Building, Chicago, 
Canadian Price, $72 


No Finer Built My soln тон e 


t AR RER 


service, It is simplified in construction aud built to withstand the ‘he Remedy "Your de baer tails and Iarthar informa 


Май the conpon now far iher a Free Trial Oliver or further 
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EI ТЕТ 


The price is still $5.00 


э з 


© TE ELECTRO IMPORTING C0., Wis 
231 FULTON STREET NEW YORK CITY A 


yelopedia 
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y Memory in 
«Ton E 


Ün Yu Be Given A Bo Memory 
In One Evening ? 
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“TRE 100% 
WIRELESS 


125 
lllust's 
CONTENTS 
OF JULY ISSUE 


$100.00 RADIO, CONTEST 


EXPERIMENTER PUBLISHING COMPANY, 231 Fulton Street, New York City 
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Чэ astound at ту те per over men and omen, Rone tay nt ou 0р d wey a dn Jar me 
‘tamed EAGER TO PLEASE МЕ 


The Secret об Making 
People Like You 


"Getting people to like you is pi quick road to success—it's more important than ability,” says this 
man. It surely did wonders for him. How he does it—a simple method which anyone can use instantly 


Independent ое 
Indy 
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Master Electricity By 
Actual Practice 


The only way you can become an expert is by doing the 
very work under competent instructors, which you will be 
called upon to do later on. In other words, learn by doing. 
‘That is the method of the New York Electrical School 

Five minutes of actual practice properly directed is worth 
more to a man than years and years of book study. Indeed, 
Actual Practice is the only training of value, and graduates 
of New York Electrical School have proved themselves to 
be the only men that are fully qualified to satisfy EVERY 
demand of the Electrical Profession 


The Only Institution of the Kind 
in America 

At this “Learn by Doing” School a man acquires the art 
of Electrical Drafting; the best business method and ex- 
perience in Electrical Contracting, together with the skill 
to install, operate and maintain all systems for producing, 
transmitting and using electricity. A school for Old and 
Young. Individual instruction 


Over 5,500 Graduates are Successful Men 
in the Electrical World 


No previous knowledge of electricity, mechanics or mathematics is 
necessary to take this electrical course, You can begin the course now 
and by steady application prepare yourself in a short time, You will 
be taught hy practical electrical experts with actual apparatus, under 
actual conditions, 


Special Automobile Ignition Course 
We lave just installed a special automobile ignition course for auto. 
mechanics, garage men and owners, The course covers completely 
ignition, starting, lighting and other electrical equipment in connection 
with automobiles, motor boats, ete 


- Let us explain our complete courses to you in person. If you 
Se” can't call, send now for 64-раде book—it's FREE to yov. 


raza as New York 
mE « Electrical School 


29 West 17th Street, New York 
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Talking from Plane to Earth 


How it is Done 
Explained in Non- 
Technical Terms 
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Talking Thru the Trees 


By MAJOR-GENERAL GEORGE O. SQUIER 


(Chief Signal Ойет, U.S. demy 


OE oa TE a ЕА 
to utilizas proving wees as at Radio Messages Are aiii 
a Nelle Messages Are! aca i 


ing a еа ete contact то Antenna singin California ati to 
t was immediately discovered that with gency meats dl communis The T 
tee war meled ure 


way, ol 
estan trees Carincipallyencolyptna) to in- 
create the audibly of тайа Male My 
eee was frst called to th phenom. 
non during the course 


Atascaderor Cal атина 2 
where due та the prev: The 
fence ol he dry ea took p 


amd the ашшы “cha 
Тоша "that the regi 
Army buzzer telephone 
and telegraph sete were 
inoperative with ‘snr 
ordinary ground or esci 


боже cap 
КЕК = 
the woods, "A group of 
Ошм sleeping ln the 


би eca me operative copying mee as 
When connected 10 a Simed the with fa dhe 
e mal driven in escapes of the ap 
free. "This ine „ene entering ion 
the Author to po the details oi these 
the subject сурет preliminary experiments 


агнето be an elevated tree earth- | 


tion with the 
mel devei 


si doing po 
the period of the war to 
Provide against the pos: 
Shitty of the dere 
"iom "of ne submarine 
ppm 
бор» established a chain 
Of ‘Special тесеп sa 
fond in diferent paris of 
the’ United States ta copy 
enemy and 


Medi See КЭП. 
diu Nan ies Ru . e g egg. d cl war plaza mar | 
ро en п E ive ыу ЧЕЛДЕ ee н 


ЧУ уза mide in 804, Waha collecion (o's ey drina ld Wee wel te Ar Pe алома быта. A 

cancel sate of Re rádo et f. en f the teeth. See Fie 1. Messages The беку of tis тамен is very 

ie pow reached po where a rem pei Germany and aly. ear mode vas found to be bou 
v af use. This сохтаги, fem rent justified . 


iy received 


tained should be presented im the interests more careful examination of the phenomena aper f 


elope Art їп general and the most suitable arrangement of ci jy the tree antenna arrangement and tra 
pa ved embrace a suis for the parpose lince 1o Me vire system of the 
i Washington and fually received at 


‘nd Noy the "Fierro Mi poi deed See Fig © 
Popa 


that our sešentišté “The messages carried over this tree tele 
"ay see in the Experiments some points of phone ar 
departure for further research Mamed by the writer, "They are to de 
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A Dash to the Clouds 


HE тее» feeling 
Everyone atthe Ara sipu of pri 
the trees bung, birde retorna. 
From the South and gaily announce 
ing the rise of the sun each mom 
stirs the blood of every man, woman and 
‘hil, the young өг old, тий makes them. 
San o učí oni ft ohe EDS 
the bills, pountas and seashore for ex: 
fended perde to care this “spring fever" 
must needs fad some attraction nearer 
ome. "The average person ellin im the. 
cy iy the ie ead Dones we are wont 
do call apartments Ande тие cramped 
Tor room iti like the old story of the 
dog "sho was forced to wag М tail up 
and down, mstead of sideways, He hod lo 
War it uh and down Песине the walis of 
the apariment were too close 
Ne conil mot wae it any other 


‘Enterprising eee 
ошоп for the everyday worker and his 
amis, by шшш within easy reach 
acne ыйа ad ме retorta where 
he may either spend a weck with bis fan 
ог ave his family there during the week 
Shut he aie to zo there 

nines after ee thr with 
"e day, and also on Бин 
dass 

Wet rapidly 
Hon Am 


af New York City. 


alls in s infancy, 
Is the Bronx Expos: 
‘ark, within the boundary 


By GEORGE HOLMES 


E i м ы, макалы 
ETE с oet 
ER xw patte 
E е 
e 
гык ое eee e 
pidum sete 
е E 
A d S 
Ege ipta 
aa oe 

Ec pl 
nte y pi d 
RUE 
Reti i et oo me 
OK Sup ua 
poe pa ete 
MEVS AMAT am ES 
oon 

Е eae е 


sirplane hody, wings and necessary stays, 
do ein dere wt a ыш ac 
то фе propeller The motor sad propeller 
Wil be moro for attraction” and Sensation 
than actual driving power: The cars 

Selves will travel ‘on а sonora 
driven by electric power taken they а со 
{et shoe to the гай and ac to the motors 
Underneath the rar. This machine wil 
Sart from а height of le 3 feet above 
Фе prod and gradually ies over a seep 
ingine several Hundred feet over the Tops 


Gf the amusement billings, and, arrived at 
the’ top, the power will Te abut of, when 
the caf will бер its гу descent ol the 
many loops of monorail trac. Death defy- 
Е micht ау, Lut so e. 


s thie device cons 
rie that there is not the least it of 
danger to any of the sixteen passengers 
Most glorious wil he the spectacle 

[3 


Si pight wher fhe many lights of. 
Sud searchights wil play upon th 
i monster of ie i as saně je jod 
Se cons, for ten it wil present the true 
гизе appearance, as no track wil be 
Susie И Wil pive an effect far renter 
an сап ever be оми in our illustration 

Apuraximately "78000 feet of. lumber 
will into ihe making of this new mr 
Plane railway. The railway eel from 
Hart to fish wil he 320) fet in length, 
Pops teen parsons. The 

‘on page 244) 


ean 
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The Oyster's Autograph 


Е we cond learn what food the oyster 
Е тее, we could then raise Benter 


торе of this еу delicious and edible 
ča food. Not Being Розен of any 
Supernatural powers, Wwe Must resort 10 


some crude means, mechanical or electri- 
Sal for determining the environment fac- 
tors amd the foods which are best sulted to 
the oysters” This Geld up to а short tne 
gs bad ot been, invested to ату 
F 
оре oyster had been Left ту tu 
Fishermen, who, in rating these oysters in 
the oyster leds: had not been doing all that 
ss es or them causing nen ang even 
DX ba du img opere 
e ua posily ene in sewage or 
Other poliza waters 5 

It remained for Profesor Thurlow C. 
Nelson Assistant g Profesor of Zo: 
deris e Sure 7 Univer of New 
Jersey, o open up | a research Taboras 
fóry da the mat | ofthe oyster 
тей at Тын | tony AR 
‘and studies on the | oyster io deter 
mine how best to | zase a better crop 
GA atom Pro. | enor Neiro bar 
fined ош a house: | boat in Lite E 
leber, provided | with a number ef 


How the Oyster tells 
us when he eats 


ingenious contrivances to ad him in gather- 
ine a fond. of information as do the 
зумела ‘routine, particular stress beg 
made on what he normally cats, and the 
Фейз that certain foods will have when 
fed to the bivalves, Ta this way а method 
ау be delermined from these notes where 
Ey we can grow and breed а bigger amd 
benter oysters One of the principal en 
зей in these experiments is what is kno 
dae standard recorder, which consists vl 
A drum with a cylinder mount 
‘don i and a trosecectioned 
thart paper, on which the oys- 
fer retard de various mime 
movement, To the oyster i 


Ing а SclentiNe Study of the 


self a wire is attached, which is connected 
fo the Indicator. When the oyster open 
Че movement of the shell closer an elec 
"rie огеш. The indicator or recorder then 
fonctions and the observer cam read on 
ihe drum the tme that ir takes do open, 
how Tong it remains open, and when the 
hel closes again? 

With the closing of this electric crei 
a bell rings notifying the attendant that the 
Oyster ls displaying. some acu. Ву 
Scans of tis apparatus twill be possible 
то determine the time, day or might, that 
the oyster feeds, the’ frequency of these 
periods and their duration and the kind of 
Wood that's consumed over any perd 
Jost what Kinds may be learned by remor- 
img the oyster from ir apparatus and 
noting йз weight after a perio 
tt trestiment the weight before 
poing under the treatment be- 
р шю carefully noted, А 
mlicoscopie examination of the 
ошый is thew made which 
Shows the contents before as. 
Saaler ‘The rate of growth 
an also be studied im connec 
Tion with the effects of artical 
feeding. Te is а generally 
cepted fact ar it. requires 
three seasons before an oyster 
Teacher market maturity It 
therefore becomes obvious that 
Жу reaction ы ч period 
Wil result in many advantages 
do ане oyster grower, and also 
it wil mean cheaper oysters to 
the enpuer, win Je chce 
YE Government her cen. 
dici many experiments with 
oysters ln diferent bodies of 
Waters According to data ie 


sued in their bulletins, they have found that 
талу of the treks ef the oysterman have 
Таа? the oyster of much of ste nutritive 
Blue: Another factor is the danger from 
кеме infection in the waters which are 
Saturated with Bith from ity sewers. Pro- 
fessor Nelsen is now conducting exper 
‘Meats 10 collet a Tand of definite know: 
se of the oyster dietary requisites, From 
these recorde a meth a owl be de 
Mid whereby mou. J ishment will be 
more easily and f cheaply procure 


able. The natural favor variety of oyster 
wil again de restored and, be drinking 
proces now ured among dealers will be 
Shandoned 3 

"The drinking or plumping fraud as prac- 
бей on consumers hoaxes the eren 
imo the Behet that dhe reiting bloated 
whiteness of the Bivalves is a matk of pare 
Шейше, As a matter of fact he ayer 
fo treated ser Wie greater рап of i 
favor, and due to conditions under whieh 
the dek de carried om, there e the like 
оо of its being laden with germs, which 
may cause фен ines and m many 
fasts death, Thousands of cates of typhus 
fever Amd various other stomach and in 
testinal troubles геш! rom. We con 


(Continued on page 244) 
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Electrifying The Bowling 
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Typewriting in an Airplane 


The, photograph herewith, demonstrates 
F 
Ste im mor sis. This 


of the leading New York newspaper e 
fare. Arnor Brian 
fits i cam a 


фе may wish to dash off а new editorial 
inspiration before И has flown awar 

термете. The same iden оГ “record 
ses on the vine. as i were. t 

Nat only nis, ut in the spac 

t here ‘shown, the hus 

rom business et carry his secretuv lon 


Recording Galvanometer and Tuning Fork 
Timer 


problem, ше в here made 
form of a musical tuning fori 


Au gets ses 
ning fore timer 
herewith. The recordi 


cincaly operated in 


F mous mamer. The electromag 
erte on which ue ht mage struck by a wooden hammen, that ne A eraren the lib of the ta 
nthe galtanomeler miror snl erum miusical note, depending upon and by means of a contact placed 

TT CCC 
past shra а ea ča hich тарар Tis ithe principle spon mado and broken many tms per second, 

F E 


Hiner which раз cee the same mann 
ment OF ordinary vibra 


functions 
er as bere 


бсо 
photo Printing eee Wherever accurate helped ro solve many of 


Measurements have 19 be made ly means çete wire problems iu el 


ff auch a recording device m which the То one 


recorded in the derer Ышш oF controle a second light nag 
Tiong the recording tape, moving tape and at regula 


ii become ary o accurately space tis aus ЖКД 
ол (е tape, so that the time period of ach ove s * use 
Siren variation сап be zeny determumel, dette intervals Bones ior оп whieh 
Such as ele per second, the interruptions ple maier to determine just how Serent sts connected 

x loar and th 


Жї vecs, pune over, sanare 
"he purpose of determining. br 
E S aqna 


end perfor 


ratory developed a gres mam) new and 
Ove instruments dering the var. Som 
n 


таша. especially that class ОГ struments 

Ve. wouid Jend themselves to us u cho 

Feld where ie 15 nally consi 

ble to desien an instrument of © 
ШЕ 


e 
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“Hello Europe"—Via Radio 


Ву CHARLES M. RIPLEY 


The powerful wireless telephone aud telegraph Hast at New Вузли, N, J., described ir full detail by an T 
the plant Why ON. E R (New ß p. 12 
nn thru space aver 2000 miles by rele do Preside Meu? а a 
Brest arbor, Fronee Hom the vake stort with an initial energy oj one , ol bich Lane eed o i Bt т 
1 f ,, 70 horses 
or 2700 men, a prea, turbulent . ¡AN ene aan но, зоў Ha ie 


miles per second! moder 


ITH the ombreak of war an im- 
Penetrable curtain ‘of censorem 
Was "dropt between ihe. ee 


And many of the world's activites, 

Bot at fever heat, like the stage 
hands in the созт theatre, be worlds 
Scientists and inventors have been surpass 
ing themselyes ln setting the sage of the 
showing of 4 new scene 


Now the curtain begins to rise on this 
mew scene. whieh will tells a oman 
tory ‘of accomplishment, out rivali the 
Tation of a Jales Verne. doses 
tion, providing daily communications direct 
do our armies with our Alles in London, 
Коте and Paris andy what is most sur- 
prising of ай, our communication direc o 
Forman) 

Late dS October, 1917, the Washington 
key Which cuates the great wireless o 
tion їп New Brunswick Ne Jo cid oli 


ТЫН translated from the telegraph code 
imo the aiphaticy reads 

LoS DEN FF 
And then їп quite succession, 

SPOL POZ POZ- de NEF-NEF— 
NEF 

This fairly electrified the men in the sta- 
m”, "Washington is alline Germany 
dieer SOMETHING “EXTRAORDE 
EA m 


OZ" is the call for the Nauen station 
in the outskirts of Berlin and “de NEET 
peant “irom New Brunswick, U. S, A.” 
Tius all diplomatic precedents һай been 
shattered by direct communication between 
ivo natione at mar Shortly the message 
ГО Naun that diy were in recept 
BE the call, and according to gossip u 
German operator said, "Your signals are 
Жи, old man 

Then followed the historie note of Presi- 
dent Wilson demanding the, abdication of 
the Kaiser, stating that the American Gov 
ernment wil not negotiate with any lut te. 
German people direct. So, from the very 
Beginning, the negotiations leading up 10 


minado e the 


deny oto m 


the armistice were conducted thru the New 
Brunswick, Ne Ta Naval Radio Station 
‘Other achievements of this satin are 
numerous; ont of 44640 minutes jn the 
month of January, 1919, me New Drums 
Wick station ш the $161 minutes of ы 
paration rendered some of the following 
Hest Every day M 
cee with San 
Diego, Cal. 

Schale Every day New Brunswick com: 


Brunswick, com 
franciaco and e 


dy onal by comparison 


емей with Admiral Sims’ баар in 
йй waers 

Third" Every day New Brunswick sig 
nals are received in Paris Rome and Wales 

Fourth Go clear are these signal that 
the ordinary receiving sets on battleships in 
Various paris of the world get these mes 
‘ages. It has been frequently reported that 
the small portable бей sete da France have 
КЫ fhe New Beth eran 
ternational Press service was transmitted 
dira th station thereby makine Ameren 
pinion known ail over the work pre 
Tarly among Germany's distatished alles 

р Secretary. “Daniels "pube lo 
President Wilson thes the New Brunswick 
station while оп board the George Il ash in 
tom inthe middle оГ the Atlante Ocean 
eventi Amd the wireless telegraph of 
the "George “Washington” receiver New 
VFC 
President Wilson informed of world and 
Rome events while on the high seas, 

‘Such isthe work done by thir station. 

Mere is the stages the curtain of 
censorship its sill higher ‘and discloses 
the station. A country goad which swings 
in close to the Raritan Rives, which paral 
liy the old Delaware and Raritan саты, 
"fito old-fashioned canal boats are beng 
towed by three mules: hey suggest the 
days of hoop-skiried indies da TELS. wits 
ardent ваа im knee breeches and si 
Semi dancing ‘attendance api quad 
files the efect is heightened. by the 
Stooped old gray hatred driver, ending 
Au the red md Deside the horses 

Та the distance are seen the thirteen giant 
Жл Stee towers of the U. S, Naval 
Radio Station piercing the sky their i 
sulators glistening in the Spring morning's 


Gore's de weird бийл A силу and 
Ора 
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АЛОО Horse-Power Voice 
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Flying Аксо the Atlantic 


By H. WINFIELD SECOR 


Let us take up the three distinct types of 


RANS-ATLANTIC fying bas been 
We among aeronautical enthos "Types of Trans Oceanic Aircraft _ шїї state lo tan AURA Mig 
ТҮ = гт 

Feart, ad we ol rm P rnc 

are indeed fortunate im E Modi closer together 


‘The fest уре we wll con 
side penca Decane it 
ш o dart a 
Chance of carrying iu ps 
Sengers safely across the 
Hobe o tery dee 
is that employed by Haw 
Ker amd һа navigator, 
Grieve Lieut, Hawker’ 
Spline waa” o begin 
Wei of “the шифр 

and not adapied in 


Z cog, Vy e 

pe 
NCA At ihe sume mé 
de canto hi bat pause 
Era ies 
Hin 6 abes the 
а-и 
о меп to у the 
er e na, a 
Sere y the “regular ا‎ 
учын le dogs || Leur retî Sober Lao Ae тї tenuti Rw Gee | Niy e Apr Күт eee 
Eni tan er we C === Aha lane of We pe 


ali Hawker demon: [cg 55 och a long and har 
“ahd el Ab segs o 


Heated that he had um Arias elo over the ast 
Sse аё feat ever at. 
етмей in the history of 
Aight ‘by man. The rea 
son for choosing this form 
GP pane was, primary 
that he war thoraly fami 
iar with i from consider: 
alle war experience in 
Europe, and shes there 
was no cis wee bee 
Inge carried such аз e 
‘asioned when any form 
of pontoon is ‘attached, 
Lieut Hawker had the 
ght theoretical idea, but 
фе сат it too fare it 
Would seem tous now. 
ot oniy dd he choose 
land-trpe "plane, but he 
had the "ander-running 
Bear, comprising the cradle 
Si ‘wheels om which the 
lane. traveled over the 


Панса fanh m bla ma | 
gime, wich vas shared 
iy his navigator, "Lien. 
Commander McKenzie 
LEG d 
Sr planned averaged from 
Te to 2000 mies. and 
yas to have required from 
XP 28 oor of mie 
1o considering the rana: 
Atlante fight we rare 
ee 
fn the subject, Bound to 
фе confronted” with the 
three principal methods of 
roming ach great span 
See with esperto 
dle pe of machine whch 
VS Wavy has shown that 
jis undoubted faith in the 
irae pontoon dorm of 
йс wir based om 
Sind dole and correct $ ; 
итне of the dae ADITU шше wit a e 
SP epe ot Wer tor | e — Fer reste device, o Mi 
Stich form of travel over [rd ok ice he got in the air and 
MES RE mown thats Te focas Mar ro Per Moses Jue Ocean a Mora Деми || zima in sccanwacd de 


can hand on the oce || бб: dhe US Mme ве: C5 few tooo mies ese, feu, fever’ ditensage’ the‘ 
RÁ sand conser New- бея т) Sr Jows. o a Te 


Sinking "tor several “The Three Principal Forma of Aircraft Proposed for Trans- Atlante FORU m page 25) 
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omy 


believe 
E 


"department which ie 
i their question on 
fön 
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masses astronomy’ jo which even the a 
Questions and Answers H 
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Electric Fans for Madame Holstein 


The cow 
arent: the 


tle sine 
"afi out ol individual fou. 
‘while electric fans waft ihe tool 


D. "Chandler, 
"dest thik s 
lou the results, 


ty re 
e who since her entrance 


tailing machines, sesh frame sl 
раа fountain, concrete d 
Час equipment far th 

the me 


їй оой“ Holstein сше. 
Electric fee ais are shown cooling 

the’ atmosphere la summer and ventilar 

"m winter Tue clecrie lights are a 


Shown. "Luz? hara 
Fountain, There is always a small amount 
of water in the bottom of the cement cup 
do entice ‘het. When sbe makes the at 
emp unconsciously, she forces the valve 
Sn and hence aa 
The green sory for 
fhe aidat а e motor, mud i 
i tis a conveyor io he top of x 
тїк house, it is 


ined and 
hes Mie proper e 
asses to з boule 

(Photo courre 
са) 


Macame Holstein in Her Стус 180 of Her Enjoying the Cost 
Pines Gow-bame Arc Better Than Му Paran Ai 


There has long bert a demand on the periments in bien 


ication, while the structed 80 as to contain four separate unit 
part of high sho! four Telephone sets, ретт hands 97 x Bt in ane 
aunty over, for a ри thos thre, or four шет. “In comeción wih bou 


фу the princes of helero унета On be same am ons her 


Че single bracket 


шз Deen den 
abie, substantially conti an iron 
pipe “frame, and a heavy, stained tale top. 


чай, 
the cate of ihe abser 
branch of insruciton 


Prace заро of 
s he method. 
Sade for inter 


Sls of the apparatus set and 


they. quick 
‘he nera 


йш, which are їп tum pesan 
‘red lo he proper terminala ө ihe Н 
menis. Ja їй way те hfe of the 

us inet 


prolonged. os w 
much time aud effort saved by the mak 
© чине, eficient connections, 

There аге two types of the bracket form 
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“The Kaiser is Canned—Can Food” 


By GRACE T. HADLEY 


O save vegetables amd fruits by 
fanning hia year ia atric dutý 
Wir Шз made the need for {oo 
Slams te ja history” Ameren i 
ere, respousible for the food supply of 
Baroy. Tie Americas family can do noth 


ing more helpful їп this emergency than to 
fun ‘ni food shat can be camel, Th this 
Say, the abundance of the summer may һе 
Se to supply the needs of he winter 

hi of food ate by can- 
ning is always food thrift. Te effects the 
Saving. of a surplus оГ ene that 
oul otherwise be wasted, thru excess of 
Supply over cle consumption. Tt 
hininate the cold storage cost that must 
{е ded to the. prices ol, como 
bought during the winter” OF vital m 
Werne ано, is the fet that i relieves 
fhe stra o transportation facilities of the 


“The president War 


National 
„ Commission telle us in the Home 


ot de 
бнр Mannat iat victory must neers 
Sariy Bring а large increase ip our obliga- 
Tom We must not oniy Produce. food as 
Чо to the Kiichen door as positie, but 
Se must тим а vast valme of ths food 
For winter use. То save iU we minst eam 
fey or otherwise prepare to have it 
Ж теме for the winter montos Čas 
Bing ste drying, therefore, are ae im. 
фант today а if the great world war 


were just beginning 
Gu" VĚ hever fe fount wanting 


During he food conservation drive sev 
eral hundred womens worked, in the 
"lóonstration йереп at the. School of 
Боп tor Women, in Amir, Pa 
Some Т3) contasiers of fruits and ver 
Salles and dried fools were saved, Spo 
Sige amounted to 28 jars. The two things 
MS Sood om most prominently as casual 


һе de 


tors were poor rubbers and 
e of би sonr 

AS ape of quick ani эринбе work 
Caroline б. Petler states “йш our gave 
5 som trouble We looked for the cause 
31 the бекиши of the work and followed 
ie Mike thea the processing but sve 
ou of looking for it atthe time when 
he ars were silny happily om the table 
тошко. Ia rept tom S. Ө. S7 cal 
Wesen, told us to cool those jars 
dice) and te do tur һу plochy them 
She Foot spart, so tar the ai couh cire 
ac буп and around them They mist 
то be n a draft bat the Temperature must 

reduced rapidly.. The Jars when en 
el from the sterilizer tan be seen 10 
Ve bling or boiling, E they are placed 
ise together the heat is confined as in a 
feit Cooker causing them to keen warm 
ог hours, chemical changes take place 
and flat sour develops 


Whether one has a sixtcenacre farm or 
one of the three sus of commuters 
arden, эше ie sure to have some surplus 


products and such products should be 
Either dred о ‘Car urns food, 
Ht ше jars and сала wisely." was the verdict 
{ast season ores fo save every mer 
of wvalabie jod, "The tis" housewife 
"ho heels dhe foregoing wil find tat 
She has шше а store for winter use, with 
ийе labor and sate cost, especially И she 

iment anl the cold 


bring the water in the cooker quickly to 
the boring point and 

to matntain the tem 

werner steadily. The. 

fas store dee very 

Sell Tor Gie par 

wee but the 

ee fre 

“їшї ths 


y init 
well suited to take care of piny productis 
For computers garden. AI ru The 
Season oil ote OF Vegetables that mht 
не oo, ase ша) e ete 
fanned йу fe со pack method and ster 
feed an cire reles cooker which 1s 1 
fim socket agpliance, easy 10 operaie and 
Na York City during the food соп. 
servation drive, the Woman's Suffrage 
шу canned electrically аг one of 

eke e stations. Prominent suf 
tate brought im the products of t 
Eirene sch were canned by two women 
Soluntcess and the canned products were 
бен gold for the casse of sulirage, Elec 
к” keen cookers were шей for the 
cessi as well as the oven of an electric 


"The Home Canning Manual issued by the 
Natwoal War Garden Commission ol 
Weston should be m the ads ol e 
па all the necessary instructions for 
ашп vegetales and fruits, the princi 

Ташен on page 277) 
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PracticalChemicalExperiments 


By ALBERT W. WILSDON 


Cleansing and Washing Agents 


I: is quie likely that practically every 


seater ы at home de encoder 

leaning some stance and due tothe 

Jack ol chemical knowledge ofthe prin 
ciples of cleaning bas alid in Ма jer 
‘hss subject has dye frequent applications 
that it was deemed of sullen рота 
to warrant s presemanon im dile farm 
Formulas have tees omitted, but if desired 
information regarding them wi be Fur- 
nished by he arier 

Substances used for cleaning may act 
einher mechanically or chemealie ta re 
soe De ir ar йе рше ram 
Athina“ dn We ase of заар and sam 
Tor scouring, there ig а Comitan of 
dese methods, and m act, when the chem- 
feat loosens up the fiers’ ог seis free the 
dln, some mechanical proces, as the wash 
board or washing machine, preferably lze: 
dily dev а shown in Fig 1, те 
Aired io remove it 

Most of the polishing and cleaning 
powders on the, market depend for thee 
сену upon the action of а very ely 
уде substance lige Sica” precipitated 
Chalk or rouge. These are med with 
Some fat ог oil In selecting а poling 
material, vare should be exceed i 
e one that so finely divided that 
EN tot scratch the metal Dry sodium 
Bicarbonat “(Baking Soda) сап be safe 
sed for cleaning and polish 

Borax, added to water, greatly aids in 
the removal of dirk Most readers are 
familar wih he household Ammon 
mia forms а soap wi the ойу matters 
Ae conan 
о а ашап of water js ап excell wash 
for" Mondaca and may be teed tn 
Argen “carpets or rugs” Mogh of the 
household ammonia on the market fs of a 
Very tow grade, and so" Ts always ad. 
аме to purchase it from a supply house, 
anit paco rom бе ша s 
move the grease or di, but it must be oF 
Such ar mature that the article cleaned ill 
ot ser injury by s applicatio. 

Cleansing Leather and Metals. 

Jm some cases. ar wiih wood, Teather, 
V 
the interior, ut remains ow Ihe surface 
In otter аы тыс ole ate lež 
‘with dost and grease. polished a 
Surfaces, except those ised with wax, 
"may be cleaned with а weak solution of 
Ammonia, ar soapy but they should never 


oj and Ta Sheets of Blotting Paper 


ime Gu 


he treated with а strong alkali эы. 
"At solema for grease, ber, kereset 
фу shouid be applied wi a soft cloth 
Painted surfaces especially in white, may 
фе leaned with a ile whiting "(Cale 
um Сион), whieh mas, be applied 
With a piece of cheesecloth. “The wood is 
Biterwards washed wil water aud wiped 
бү. Paimed walls if painted. with oil 
Dalits can be cleaned in he same way, but 
Tinted wall: sme water colore are ised, 
‘wand Je disgured у this treaties 
eather may le kept bright and clean by 
the eee d. or ceci ie 
Sl, "Marble may be scoured with sansa 
{ла nally posed with А coarse danne! 
ÎE should pot be orgotten that marble is 
Calcium. Carbonat, and. therefore should 
тетет be treated with an aci etal can 
Usually be cleaned with a hot neee solu 
om or а fiile kerosene, То cham glass 
i may he covered with раме of whiting, 
лион and water, and after tis Te drie 
fhis may be rubbed of with a woolen loih 
Sr with paper, Alcohol la used extensively 
for slaniny delicate glass, а for stance, 
Tenses and microscope objectives Tu usine 
ЖЕРЫ Tor lenses, great сыс must he er 
Way be dioe. їз extremely cold 


weather, when water would freeze, kerosene 
n Ee A 
Jangeróus Cleaning Solutions. 

Household fabrics are after washed with 
alkaline solutions or with soap. In some 
ases Naptha may be med dor washing 
Stich fabrice“ JU is to be remembered that 
ше ot the sents as Nagina Benzine, 

решш, and Gasoline, whieh’ are tre 
quently used or cleaning, there vapors arc 
ail very volatile, and for thts reason the 
are dangerons, ij employed near o ELAM, 
of any charader. These vapore way toke 
dite frowa a lamp, yas feh, or stowe, even at 
Some distance. "Hos t ie ee do 
Work of this character out of doors if pas- 
Se, "Nor infrequently have very serious 
ачен сенге throat fae OF te 
operators "i familiarize themselves wit 
the combustibility of the Cleansing agents 
hic they employ. Carbon. Tetrachiorid 
{шей widely эз a scoring and cleansing 
rentas а subio for gasoline. Owing 
ite Tack of e compote 
5$ has the great advantage over the suf 
stances mentioned above, of being nan: 
fnilammalite m the Wee of volatile sol: 
Senn Tike eat, бщ could he 
Ж poene afterwards washed rell 


Grease Spots. 

“To remove stains, spots, and tarnish, the 
knowledge of a limited chemistry wil serve 
ee риро Аз Brest rei 
Sorte tts "paper. spate ma 
affer ie removed frm "fabrics Ту placing 
бе goods between two pieces of blots 
papet and then heating with a warm on 
fee Fig, 2. French chal will sometimes 
absorb the areas, specially 1 the spots are 
fresh ‘Grease may algo be removed by the 
tee of hot water and soap, ammonia, or 
even horas. TE there igo danger that 
these solvents will injure the goods or the 
colors iti better to use some solvent such 
as) Chloroform, Ether 


W nee 
келут ze CE 
Tio e а 
puc ka 
Жыны е tie ae 
ы ЖЫЛЫ) 
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How Big Are Atoms and Electrons? 


HE study of electrons has recently 
TEE feat premi a 
Barents of radiofrequency. Doubt 
fess many, wireless enthusiasts read 

about, ren ade Ini i the 

operation of the соп relay (Andion) 

Thr do not know of the characteristics of 

the electrons The writer will em 


By L. R. JEWETT 


Interesting Facts 
About the Electron 
acteristics of the aons, Attraction Je 


Icon atoms and electrons nam metals je 
(Wisk, whereas in metals is comparatively 
Mong Тїш "aa elettron “coud mo 


actual speed of the electrons is exceedingly 
Slow, but the rate of transmission af m 
fiom from опе electron to another electron 
ү aca. he pile travels one 
лиге! and cisco thousand miles per 
cenit ute electrons Рение moy 
e a {ле c ito м 9 
Hertzian ‘waves are always produce 
ising а charge ol Висар 1 


Savor lo se fori ome fen 
ence la йт characteristics, accord. 
ingot oder theory E tater 
"Ail йез are complex structures 
composed af small particle. called 
toms and, still” smaller particles 
kae as electrons. Molecules are 
froups of atoms and a molec ik 
бе alles part of а substance 
"lich сап exist and sil ream at 
ne properties For instance 
dre atoma at hydrogen and one | 
Aom of en compose one mole: 
ile oi wae name Iro E 
fuer or Free im space between the 
molecules, “None of the particles 
fan be detected hy a microscope aul 
tie alles vinile particle so Tar 
bee with the alta microscope 
ши renty 
er af one af the lar 
А өй И at ant dh 
ö oj an inch m 
Ж "TE the earth were composed 
Seta vad a apro 
rate model to 2 drop of water com 
ро of ашлы. T se the . 
lom and Rie believed to have a 
diameter of about one one-hundred 
ондой thay of am atom Le 
Тю op 73000000 ich. or 
Т) meh, diameter 
of an electron (or therë would he 
30 trilion electrons o te ich), 
Thus, if a large building 200 feet 
sare amd 380 feet at 
Sened а comparative se 
iom, an e vould be ш 
Ai icta te iad of en бый 
n. ык the reader may be ae 
reale the sie of the electrons 
Whose performace isso important 
many dene e phenomena. 
"The ‘assumption mron which the 
8 based Ye that in 
eo: charged 
ranged electrically, mire ex- 
{tis иһ positive and negative ec 
Inlet, гунде on discrete par 
olen” АЙ bodies appear io have 
Tamen ornice of both positive and 
керме electricity, sally equa 
шош: thus one charge neutral 
Tite the other ап consequent no 
‘Seeley seems to be present 
The smallest negatively charged 
pare ch cun exit in кышт 
And. which ie is possible to detect 
called am electron. der charge, 
Which is “always negative, is de 
than one ond of 2 billionth of 
КОЕ 
. indice hat d 
Чеш ls spherical im shape, 3 
To ie has mot been proven” his 
mass is generals regarded now by 
hiis qo be entirely electro 
Де ойу iad doce nos cont Of a mo- 
terial ee 
lecirons are attracted towards all posi- 


dive charges and repel each other, since 
they are ail of the same charge There 3 
an attraction Belen an atom and am 


саго, биг it varies according to the char 


ELECTRON 

> FO 7RULION» 

ELECTRONS TO 
THE INCH 


BEE 
ATOM 


ATOMS TO THE 
INCH 


about in а metal with comparative case. TE 
Ж шген ol богов is ©зше to more 
га а metal, an electric ситет results: 
Therefore a dea current thru а metal 
is qo, de a rám of cars moving 
tle relatively large spaces between „the 
atoms or m the stom themselves.” The 


| soomuon grons 
Бу УА 
| MEASURE ONE INCH 


+ 300 MON» 


sila "hac and forth, amd ac 
cording 10 the modern wave theory 
‘hen thie electronic charge vibratet 
To ш feo й radiates есиги 
aces which ge өш in ай directions 

IP a metal which contains large 
wee of electrons is heated Hot, 
tome of e шону would he 
ion ой into space. This М tre 
‘Shen the flament of am electron 


Ташу or sion tube is heated. Since 
the plate ts positively: charged the 
бата are attracted to fe For 
ther discuarjon of the theory of the 
tion of the electron, relay or tube 
‘ll be found in previous issues of 
{his magazine, ia posible to cal 
late the magnitude of the electron 
flow trom a hot lamen. 


n e Т 
Where Ip = Electron current in 
milliamperes per CM of lament 


T-a 

E 

$= 

A and B are true for a tungsten 
tament 

"There is sometimes a misunder- 
standing concerning the diference 
тиге an eletron and an иш. An 


electron “has been defined as am 
electromagnetic mass” having а 
nigative бше An on ia a ma 
feral mass having а negative or 
фойе charge as ignei Thun 
{Га e containing а heated sla 
tent B purel vaca Ше cam 
taining’ no air, и зга purely cle 
tronie” emission, and mm Jons are 
ES 
cal X-Ray tube, ele. But ifa 
far of any sort, for example, ordi 
їп any degree їп the tube, ons will 
De ‘present alo since. the gas de 
Mouzet by the collision of he 
electrons and the atome, 

"The modern electron 


theory is 
playing avery importam part ja the 
Theory of the performance of dil- 
ferent wireless instrument and Sy 
tems. The above facts wil no douit 
tend to give the amateur a general 
Vien of what an electron is and Из 
acia 

"hose interested їп the study of 
the electron theory wil do well to 
Jook up some of the highly interest: 
ing article publi it Lacke num 
фет» of uis Journal, as well as such 
woes as Profesor Milans ex 
Selen емне "The Electron"; 
SCondyetion, ob Electricity Thr 
ases y Thomson, and "Natur 
of Matter amd Electricity.” by Com- 
Жек and Froland Artes ш past 
daues al thie nal; "Cosmic Force bv 
ENE Correll, Agri, 1018: "Can kee 
Destroy Gravitation?" by Nipher, Mar 
1918; ¿Modern Physics and the Electra 
fy Brot, KA Milikan Jaque 
"Does Кайн Light Possess Weight 
ALTE MacPherson, July. 1917, issue. 
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THE CONSTRUCTOR 


An Electric Shooting Gallery 


the motors, the hauling rope can be given 


a turn or two abort the pulley, so 6 to 
ee much rer feta ect wh i 
‘wo different ways of starting, stopping 
and reversing electe motors udál for 
оттой, the, target carrier аге shown 
herewith. Any electrician сап hoak up these 
molor, andi faci anyone a ile handy 
kir, and mechanice can rig wp the 
Жа scheme where e motors ac 
Сато The: principle of reversen 
Small motors may fe stated as follows: For 
Strat Serio DE motora he stc 
onary or Бе coil terminals ts be re: 
[| versed o change the direction of rotation 
tions may be reversed lor sho 
ТУС. motors, ehe for ihe әш! tpe of 
seit starting aingle phate AC. motori itis 
ecessiry f order lo reverse ihe direction 
the stating: coils, or rather the terminals 
mov to these сой and which eal out to 
Ai emet hoard of he olor o 
sg gallery ie carrie sy: Tie 
pire ad 
rovs ihe reversing s 
Жо, ithe aget carter Ra 
atthe ‘reer of te range When it an 
deer the forward en and he range at 


"ales. ҮК, Mrs are e , by" Sinait Smith TR heh f is station 
y T H.P, Fam Mota ‘Cin Thus heck Your Own Т: Ж pelle ext to бе “west” pod 

fe traet eats then eet 
Spring cp of the carrie, and the ОМ target 
Шен tor checking up the score Tie гє, 
чегир sechs then thrown o the Sout 
Toston, so Gut the motor reverses ity de 


N the ordinary shooting кайгу or rite 
Ast it can be eee 


age Wo invari necessary for 
Someone to enlace the rrgets and also UD as required. “The drivine coed which 
fo" keen the aore lore continuous Poll the target carried back and forth 
shooting is es Therefore, even | may be а piece of and by j 
Mn EM Steal Wile grooved pulleys on (Continued ou page 2 
dra tach fiat someone = T 
ployed to change he Target 
nd either keep the score m а score bodky 
Or else altera given number of rounds 13 
тешти the angel fo the marksman These 
Uesilerstoms fave been well taken care of 
Sn eecumnavigated by а ver ирет 
ааа scheme which bas proven а ыт, 
flied. success at the rifle range of the 
Tim ie amd Revol er Chl ырыт 
Coat Dom, Mose 
"fie Lymn Rife amd Revolver Сыр hae 
quot I member and te тое 
Bopen to all employees who are Gens ol 
We U S AP In addition to the Kile 


"emer "Street, 1- 
ту в Club Alleys 

jis electric shooting gallery contains 
sight mations The ибен view и 
йеп from the fring saton and shows | 
Че small cece molore for dr the 
target carriers which are type 1/15 e 
oll eyele motors. These are controlled 
bby double-pole doubie-throw knife swatches 
Wil a fer grard which айо shown, 

‘The accompanying diagrams show how 
the carrier, which may be made of alum 
even of wood, is arranged to travel along 
the carrier cable: “This cabe way Ve made 
af finch шн Чеп aedi aieh a5 
ds sold Tor wash live purposes. and t can TÍ 
be anchored оп either end by means ol le” e EERE Дев by ene Fs 
large serew-eyes, thoroly secured in walls “San ted hevonen Club at Гун ass 
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Improved Capillary Battery 


‘OU remember my capillary battery 
"sine two soluciona, Copper and zine 
Saltate, which demonstrated that the 

solutions wouldnt mix when contained in x 

¿apilar mass ike rng биз pine a 

latery of very long Bfe on open осш, or 

{ise of amali outputs Те only trouble with 

tha alcoy wate Weh Internal restane, 

And ve doped ош a startling modification 

SE a with 2 lower remanet, which may 

mount to, something, prorided the sol 

tions sl decline to mie under the new a 

rangement, 

T have to postpone trying it out until I 
кч to the "hummer place” on the Cape, 
Shere my tools are; but as ita so simple 
Perhaps ome fellow “Bug” would like vo 
Pala the experiment now: and beat me to 
0 ys wah or even te 
cl produces but 36 of а volt, it wouldn't 
fake an unreasonable number of 'em to 
form a mice “B battery for Audions, while 
they com practically nothing, and if they 
ded at ай they work for years 

Tee drawn the thing in successive stages, 
to! ake hs cometio” perfectly” clear 
You begin with a wooden dowel A, af a 
Ten proportioned ta the containing bottle 
Youre going to use, Around this yon bend 
ihe үну thin copper sheet By and tack it 
tin with copper tacks, M shows the mane 
er of preparing ts sheet, wath а strip O 
Sit pearly to the top and turned up to orm 
A connector. Kis a small whiakey-glase 
anybody i give you a whiskey-lass after 
ути] Nile i comam te site of 

Nec, you wrap the dowel eit its par: 
fiat enppersoatiig in the thick burla C 
een think one layer would be enough 
Tis goes nearly the fil length of the 
dowel as itis to extend down ino the 
Comer Solution and draw it up by capil 
Uy AN is pom Sok C with copper 
inion, зо you won't have to wait for i 
{o soak up Isles, also to prevent is exhaust 
Ing the contents of K. 

Now for another layer of burlap, D, a 
тийе богет this time, as de goes down out 
side of K, and dips into the sulfate of zinc 
(or acidulated water) solution. Noting 
беюген these two layers of burlap; cach 
NS Te saturated’ with ite own solution and 


By THOMAS REED 


| 
| 


GERD ren 


theyre supposed not to mix on account of 
the capillary action” 1 have folded D back 
shaw the interior, ot с aps will be 
фа si praci: Soak D in acidulated 

aly comes E, a ен of ainc, alo 
prepared йй а consecting strip No 
Eire necessary, just ben around and 
iele y e tva ribber bands F F. a 
ЖӨ) 19 amalgamate the ас. 

Now for the bartie, L an olive or pickle 
vote with a welling cork б. The zine 
Si Copper ses are connected to the Lind 


ing posts J. You'll also want a vent:hole 
He covered with a piece of soft rubber, to 
esse the yates without evaporating the 
fiado. P shows the common level af the 
ш; both inside and outside the cep K 
saturated copper sulfate, with à few crys. 
Tals added nse, and acidulated water ott 
ES 

S represents an industrious “Bug” beat 
img me to dt Hope he дост! retira wilh 
текә Из по good. We thank you for your 
ранены "Retest, Second door 


That Wonderful Electric Action- 


Delayer 
By THOMAS REED 


ID you read that article in the No- 


ester ‘number by M. Albert M 
Жейт, describing a thermostatic 
bene Red invented? Lighting а 


imp, not just when уоп push, the Driton, 
bur (wo minutes afterward? “And did you 
mind what he d you ask me what 
TA ше й as. d casi tell you? 
Т ‘ever there was а Regular inventor — 
Regular” ith а Capital “KY atthe. be 
giving amd à Scotch growl at the other 
Ents A. H. Beiler. “invents ap inven 
Mon and guck an invention as THAT 
Sod doesn't know what its good ford 
Why, Аһ for the love of Pete wake up 
and put Sour collar on before the cheering 
rid thers mt your боот! es an enoch 
“There may not be any great object in de- 
laying the action of а ight, because you 
renal want t about the same time that 


s ре around to pushing the button; but 
Г уоп substitute or the lamp a motivé ар 
тайыш thin Mam, what you've e 
renes litle seconds thotghter ш the 
Word You can have all tke efect of a 
al decision in pushing the button and yet 
have two whole minutes in which tà change 
тоу mind » 

ste where i's going to be applied tn 
every йок Fight away. The Missis 
шз а тшш, amd pushes the doorbutton 
Almost immediately she thinks, “What 1È 
fe A Mam? She goes to he window, 
id sure enough theres a chat-tail sticking. 
ut from nder the porch. It looks untidy, 
possibly ragged. Visions of robbery and 
Finder, but tbe lock has not yet operat 
thanks o the beneficent Beiler, The 
time to run back, press another button a 
Тапса the order, "Ae A matter of fact js 
Sota “buramlar” but her brother with а mice 

bee оп page 277) 
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HOW TO BUILD AN ASTATIC 
GALVANOMETER. 
By C. G. Yungblut. 
НЕ great trouble with many “how-to 
шак articles is that they сай for 
tools or material which the esper 
menter does not possess, and generally time 
for pocket-book prevents him rom obtain: 
тош them. But” lei, in electrical con: 
struction, if one thing” is lacking, another 
an generally Le supplied that will perform 
the Service quite ae wel, and de expert 
menter can turn out а creditable piece of 
‘work whatever his resources. maybe 
peci is, this tre in the constructing oi 
ка 
‘Suppose, for instance, you want a good 
wat lomo nd you acto 
fut of Ше question, let us Say, becanie you 
той бе required ounces Make” an 
айне, then, The est thing that eanet 
‘rouble is A covering to protect the delicate 
Шрек from curent of aits das 
ats cover the proper size and shape would 
Coat а good deal. Hut heres an asy way 
‘Sut of that dilemma. Get one of those glass 
liess wed on gas burners, one of the 
Зана Kind, that narrows down at both 
Ends, Procure one of good clear glass, free 
from bubbles and, ridges, and you Rave ап 
excelent cover, The next dica ie the 
Suspension. То be delicate, it should be 
Aigh higher than the cover itself 
Ter ut make a top for our cover, If you 
have a lathe тиги ave from wood or dher 
that will Just He nto he top of the cover, 


with a бале to keep it from slipping thru 
Tren have no fate, eat ont two dide of 
{hit wood with your реп knife, or а acral 
aw, one just large enough to lip inta the 
{op of the chimney and the other about 
three-sixteenths ol am ich larger all 
round. Fasten the two disks together, and 
уой have a cover as good as one turned 
Či a lathe Next get a large test tube, and 
© off the closed end, зо that a cylinder of 
ily ч a fange at pne end Б ft, ore 
S hole in the cener of the cover you have 
Just made, slightly smaller than the internal 
"meter ofthe tes tube, amd fasten the 
nbe in place over this hole: If you have 
made the enver of two disks, the ange of 
the test tole can conveniently be placed 
between the two 


ОМ element, Мз мш from the top of 
aud vid be completely protected 
Continued ере 278) 
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A Series-Parallel Battery 
Switch 


A very convenient swith for quickly and 
egy innert battery cells in а variety 
SF combinations is herewith described: Na 
machine work or intricate designing iz 
тену, Carefslly lay out the locaton 
OF the holes on the Кы base according to 
the” dis 

ams, The 
pop 


and then proceed to fasten with one mu 

"The connections are made according to 
the diagram in Fig 3. Unless all connec 
Hous are soldered, the wires must be run 
From one contact to the other, stead ol 
ing ist clas shown. Do not use smaller 


s 


der side 
E te base, 
which are 
fot shown 
fe the pres 
ти mes 
e wih 
НЕЕ] 
ies 
ИТИ 
SAS with a 
3/30 tap; tap 


— — 


EU 


the dri or 
tap. The 
of there 
holes in the 
br бирт 


forming the 
Баа are drilled with а No. 32 drill, to 
li the 4/30 serew to si thru easily, and 
Slightly countersunk, "The size of the holes 
forthe binding posts will depend on the size 
ff the binding post shank Ail other holes 
їп the base are drilled with а No. 18 dri 
Fasten the sub Inde strips to the under sie 
of the tase with the No, 3/30 by И screws 
fe careful mot to strip the threads, File and 
sandpaper the whole base to give as ear 
S3 possible the appearance of а solid pice 


ore 


boat PET 
Eno w 

Next, drill a No. 18 hole 34" from one end 
af ean af the copper strips: also dril a No, 
AZ hole T4" Erom the same end, and coun 
изи, Te corso boles in fhe 367 
are by 13/10" Aper strips are drilled toa 
"ler ol ЭЛ with a No. 49 drill: make 
these holes Ja” from each end, and tap the 
parasi 47% ep tie ыты wil o 
ба very tightly without binding on the cope 
Per strip’ Fasten these handles on, the 
Sich Notes ras then, put an SAANS 
Sew thru from the top of each Made and 
an ep ати оп the other side. Then put 
Та а washer and insert in te proper holes 
Sm the base, 


Fe tae No, 18 D. C. C, for ба purpose- 
piace all ends of wires between washers 
nd seren mut up pb, being careful the 
ches donot bind. Then coat the wires 
ТН heavy shellac or glue to bad thom im 
КА 

"fi celle to be operated are permanently 
сон з е Uds poda marked Бу 
the letters “A,B CD, Ен Fi rc 
КЕК 
ШҮ and negative polarities most alternate 
CE 
eee Fig d whieh should be usal 
шеше, бы e бе test ыска 
to the Iciar ihr according to the poli 
Жейт at е test curent temas. When 
ing the enc board iis awit must Be 
Jk iter in, one position or the other 
Under CELLS, рош dor combination de 
sired under "SWITCH POSITION” dnd 
ation of switches to zive the combination 
V 
Seis Sn sertes and 2 рагай, ook in ol 
Ginn ‘marked CELLS and in Seren 
lien ind b 
"бм "SWITCH POSITION 


m ele 
woh “LEFT and "RIGHT" Bnd 


1,3, 3 S respectively, Place 
эт No, 2 on is left band contacts and 
Switches Nos. 1,3,4 and 3 om their right 
amd contacts; the current з taken Trom 
the pair of binding posts near the rirht 
fand edge of the бае M the polari is 
{be changed., move switch No 6 to the 
Opposite position: The switches that arc 
ot specified in the table for any particular 
‘Coutinned ow pape 


ind put of 
Tho xad 
Vi thes 


ficken “with 
fn ши. For 
the ‘contact 
as. pt 
a 
rew thew 
EOS 
Bathe hase: 
uc on tuo 


washers 


pore ЕРТ? 
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TUS department wil award the folowing monthly prize Fut Prag, 42.00; Second Prine, e 


A Laboratory Measuring Instrument 


non Mounta In 


If we take a сой of wire as shown in 
Бе T amd эн а compas? ¡he center a 
ir, wth the compass needle pointing i 
the plane of the coll (hem when current is 
past hrs the сий the meede wil swing 
ihv angles tothe plane of the same. On 
e to Ws type dt apparati hat 
is very critical and no direct readings can 
de tae то эше fpr is пыз the fot 
al be of advantage (o any experimenter 


in his laboratory. Tt not only being cheap 


A Rheostat Push-Button 


SECOND PRIZE, $2. 
LJ 


FIRST PRIZE, $3.00 


in construction but it is likewise eficient 
itgated by а method given below 
2 one type of instrument is shown, 
A compass is clamped on a wooden stand 
фу Gro! ras clips as showa and the col 
Current ойу is supported, бу the 8/32 
fods and sides back and forth ou them. A 
Pointer is ай to the coil amd moves over 
Tre seale 
a Fig. 3 the compass is supported on a 
wooden stand in the same manner described 
ыи here the eoll rotates анау тип 
the compass on a % degree angle (or quar- 
te ice cio i nos the 
Compass la that manner Here, of course, 
the scale has to be agixt to ihe support 
‘which also holds the сой, its arm amd 
Bondi. 


Remove all contacts and other trimmings 
from the bottom of a common wooden pus 
HC make . lente 
rom German aver, tc) wire, put Am 
onto shown, and Een tem place 
two binding posts b and 
‘Poe contact arn ен bass, 
YA inet cel de handie к 
a piece of one alf inch dowel 
kene by а small round 
ead wood serem, which makes 
dene with the der The 
Sim i fastened securely to the 
ie ty a not, . washer 
Mili ip ove the tol o t 
That at the Bottom, and then 
another ти, My which so) 
dered to the BOI A wire th 
Тен to the washer for com 
deten ‘This Yheostat should 
Be for lain work only, 
Contributed 
ROBERT Hi 


RTZBERG. 


ATWO GREP RR 

Sach? ABE? ЫЕ 

EN 8 
us 

ay see pod car mate 

ER T re at 


Ж * 
ade with Mack paint on the co 
pass as oer a ite drawing Tis 
Fark ie employed im the following manner: 
Tue olle moved one degree on the sale 
And the resistance varied until the compass 
"elect 1o the soar his is noted on the 
Seale and the col is then moved lack an: 
her notch on the scale and the same pro- 
ше coped ih wt Sally he en 
tite scale з plotted. This makes а very neat 
And ecient measuring instrument. 7 
Contributed by E. T. JONES, 


markte 


Soldering Iron Heater 


THIRD PRIZE, $1.00 


the stunt sufficiently, except 
Sn фе camp tře Кыр (B) 
Жош бе made frat then the tue ends (© 
And dy bent around and twisted at А), 
‘The lead wire Н looped around A and Band 


Ground Clamp in a пуат a Soldering Iron 


twisted sp tight, giving a frm join 
“The other stunt ie soldering iron Heater 

made from a discarded маги box coll- 
Ebbe by E. MCALLISTER 
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REPAIRING TEST-TUBES. 
Беш short of abe and unable to 
án more atte ine, fuged on 
е ед of mending some of thee 
‘nee! M Aest trials were unsuceestl tn 
hse of the doom Feng too thik. d 


227 E 


S PME кы 
Mi e E dorem ee 
EG M ык ш 
LFU e ы 
D e 
[od NUI ped 
UN e e PE BaT 
Bi et itn, ы aieri аш 
qus mei pies p 
e ET 
[p ew ui 
Pau ED Eo ttt 
M e uei ac 

ык рн е сы 
ccc I dd 
oj ug c EE E: 

Ea Gr Њо олем 


SHOP KINKS 
Lay dul fles im diluted sulphuric acid 
vont they are caen desp enough 


Chasing Threads in Aluminum: When 
cating threads on aluminum we a lie 
cil with соз! ой, about (1) one teaspoon of 


S. GERNSBACK 


oil to (1) one pint of coal ой, and the 
reads wili not clog up, but will take a 
fine Anish as Hf eut n steel 

‘Contributed by 
CLYDE G. PATTERSON, 


SOLUBILITY OF GAS PRODUCES 
FASCINATING EFFECTS. 

A very interesting chemical experiment 
can be performed" with he apparatus 
SLown in the ilostration. A perfectly de 
Florence fask is used for the upper vessel 
ШЕШ ah hydrogen chlorid бе which 
is prepared by heating а mixture of moist 
ened common salt (тоёт chlorid) and 
Sulfuric acid. "The gas is collected by 

ovmward displacement as i is heavier 
tan ain 

This ask is connected by means of a 
кш tube do e шийи verse, which is 
early filed ‘with а ble litmus. solution. 
"This olution is made by dissolving a very 
small quantity of the blue. Mimus, dye in 
Minter, “The end of the tube, opening into 
The upper Hask is drawn out, so as to make 
rather ite jet A the “stoppers are 

Ey bowing into the open tube of the 
lower vessels afew "drops of the liquid 
эге forced imo the upper Pask, The hydro- 
ш chlorid at once dissolves, thus dimin- 
hing the pressure inside the vessel The 
blue solution then forms а fontán at 
the jet and continues 10 do so, until almost 
AN th chlorid abe op This has 
so the property of changing Мыс limus 
фо тей, hence as Soon as the solution comes 
Jm сома with. i the color 18 changed 
(ier КА Md 

‘Contributed by JOHN C. JACK. 


FIREWORK PAPERS AS 


‘PYROTECHNICS, 
Red Fire 

Strontium nitrat дурар 

Potassium chlorat [d 

Alcohol FE 

Water de c 


Green Fire 


Barium chlorat 
Alcohol 
Water 


Yellow Fire 
Sodium oxalat 
Potassium chlorat 
Alcohol 
Water 
Blue Fire 

Potassium chlorat 
Copper chlorat 
pon 
Water 

Violet Fire 
Strontium chlorat 
Topper chlorat 
Potassium chlorat 
Alcohol 
Water 


Lie Fire 


Presso ora 
Strontium chlorid 
Alcohol 3 
Water 


Unsized paper is put in the solutions 
When, the paper Becomes saturated, then 
remove anl dry by hanging И over a 
Sung stretched across à warm room. 
Sheet of paper abont 12 by 16 inches may 
be made fo burn for several minutes 
(Čomsibated by "BRUCE L LEWIS. 


DROPPER FROM OLD LAMP 
BULBS. 


1 have found a very good use to which 
sid ‘warn out electric bls сап be put 
Firsts the solder is melted from end of the 
Jas: and al die is removed. Now. 
y using tle pressure, the entire base 
mas һе removed. Then, with à piece of 
бөзү “wire or а mail the glass post on 
which The eee lamen 1» attached, 
can be broken The glass pieces and 
fangsten wire must then be removed.” Care 
Should be taken to keep the opening at 
the boom az small ав possible, 1f the 
Bb ie mow led with water and quickly 
veil the water" will no ow ш tl 
FE dog", Tas males а very good 
oper for use ip chemical experiments 
Та rubber tube i attached as ln Fig 2 
the dropper maybe used on any receptacle 
‘Cont by WERNER KRETSCHMER 
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Electrical Oscillators 


JEV fields have been o 
‘exploration of which 0 
їшї as that of hi 
Currents. Thes 


find the spect 
ed mersa attention 


ee, ыы ey imt 
men became interested in their investiga 


боп, engineers were attracted by the com. 
mercial ortae, and річ де recor 
Tetive treatment uf Vor ile Siner the 
publication pf ms frst researches ia 159). 
Findred of volumes have beer written o 
е ес! and ony mvaluabie resulte ob 
{ned thru the aedi of tis mew agency 
M ше art ш oniy im te infancy and 
e fare has incomparable bigger this 
Rt the vers bezinning 1 felt the neces 
аю the 


es of these U 
аот each 
ина reed vo Such а 


бю materially improve ans ome of hem 
may. ай 1 been paded y practical 
eee, might have built up am шь 


By NIKOLA TESLA 


[ R. TESLA makes a very 

important contribution 
to the electrical arts with this 
article. 

The pioneer of all high fre- 
quency apparatus divulges 
much that is new and start- 
ling in these pages. Few peo- 
ple realize the enormous. 
value of Mr. Tesla's machines 
and the many different im- 
portant uses to which th 
fan be applied in our every- 
day lives. New and startling 
uses are being found every 
year for these machines. 

It is characteristic of Mr. 
Tesla that ho has developed 
and actually built an astound. 
ing variation of these ma- 
chines, and we regret that 
we can publish only a very 
few of the more important 
models 

Most of the Tesla coils 
shown have never been pub- 
lisht before. —EDITOR. 


mente and profitable bneiness, incidental 
Tendering important services lo the world 
But the’ force al elrenmstanees an tht 
Шема turned "my forte other dire 
Чопо, And ко comes that trompeta 
S shoe be placed oy the market which 
ЧЧ; enough, were perfected twenty Sear 


oscillators are expressly intended 
operate on direct and eee М, 
ing ereis and io generate damped and 
damped e or слет e 
шит. "They are comet, vel con. 

Mire no Gare for Tona periods of 
ЧОЙ he fond very convenient and 
Чат various purposes as. wireless 
Ay and telephony; conversan af 


wes 
ined 


S, usas and cm 
Thes uf азе: mammae 
йш: municipal, hos 


Toss. While these transformers hace never 
сп described before, the general principios 
erste them were full set forth in my 


Mbit articles and 


SPECIAL NOTICE 


dera those af September 22, 1806, and 

it's thought therefore, that the appended 

Photoprar of = few types, together with 
short explanation, wil 

dogs that mas e j 5 

The емеш arts of Such sm oscillator 

" gd 


аа а-ал 


e Bealea Mereu Тетир” 


charging the same to а high potential, a 
Lat controller, and a ale lane. 
сетш by the oscillatory kae 
Жї енын, "iere are ai аш ls, 
ни usually Jour, five or si, Сиз М 
ne and the regulation is ebene in ses 
Ways, most frequent merely by mea 
Pan adjusting screws” Under favorable 
Conditions am «окту as Нав as 
ima, shat isto sa thar perc 
the energy suoplied can he recovered in the 


ерту of the тарыш. While Me 

ee virtue of this kind of apparatus le 

lily due to the wonderful powers of 

the condenser, special quales reat from 

Cncatenation ө сїтї under ‘observance 

SY ecrane harmonie relations, and mi 
КИЕ?) 


тшп nů dier, n 
Which fas been one of the principal ol 
Jets of the de 


(Genter 
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New 1 K.W. Panel Radio Transmitter 


By LESTER F. RYAN 


айе om . 
need е зеп 


“т, 
loding: "The generator Aed ш 


Айе eters are of the 
dos 


ironed уре k. 
e fali power 


ark gap switch ls one o 
ЖАГАТ 
(Continued on paye 253) 
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How European Radio “Sigs” \ 
are Photographed Here © 


HOTOGRAPHIC receiving and re Messages Can Be Aim more than tian audit re 
COANE e ee теке аз a — made, simultaneous 
imate: of regular dally, runde is now Taken at GOO Words iy the regular telephone method n 
icing titted orb mal terras Per Minute. Deaf Per- 3 
биет Cite eee sation near Bar Har 
ter Cis rece e en реа Ваг. Sons Can Receive Them ть mechanism is based on a compan. 
E ee bee eee engineering 
"He ше of nis invention, permits Tute A light-weight mirtor шг 
e eye either eee or replace eee tane with the 
{he Se tending” wireless mese ie deste impulses coming тош 
Ais, a liy dei man could ic A he тесе ante’ The duration 
wireless receiving operator in а str Shi Sent di the mirror s oscillations 
Ton о awit, ‘ity according б the dot бай or s 
TI satel ihat, messages have been Soe of e кайы ation “Thi mire 
deciphered with у aman when fort seeds э enn of ight on, le 
Senators wire umble to de Sage zr Sing жыш tape ш. "ape 
Sd el i by ar ane. "Fon now n propelled бу ап еб motor, pr 
Voters do ot bear у е ears rak) ЕСЕ 
‘Thus the outstanding obstacles to = k ing chemical x. 
жопу la rca eee have á tomates the tape enters the de 
Ro eee except for severe 7 loros Haid nd then the hypo fing 
ЖЕҢ фын s de жае ia running 
Mati and s dred by eic hent 
аканин 600 Werde a Minute, тайна by forced dea all invisibly 
Аз to speed in receiving, this ma Феде ide, this single machine 
E f TS the ape Iron a matices te 
тиг of ho words per mimus, a fat mensage pours мр at the wondérfl 
V | Tel imo, a basket ha raid re 
in A test me by Mir Horis the mac Lee there i an average atone 
Shine recorded à low power messag Siri dor ere tach of epee Themes 
SU ord a тише: p o ds ie Ше operators can read the record 
Ты mont тай method OL recording à SEG eti of 50 tà TO Words er 
radio signaly has есп by the phones 4 SER 
S, "Int the mist il De ran Abe me to record, develop, Gx, 
died by de ear and not de туе mash and de the tape le from fo čá 
Kane, e permanen voual od Fe five, Tae alo tape are 
ie made.” The phonograph med 4 100 Tem long anda continous mes 
ar aeter ун approached the гше ol tape of 1.008 morda cam be recorded 
i words per жаши, so the noy im бош reloading the machine 
Stent a hung up ce bad re СЕСИЯ 
SR An interesting SONG on this machine oniy včet promises great 
Шаке of е invention, i that high things: As told by Mr. Hoxie’ 
Af abe ere d. жы eh den dove 
A Comercial pase ol the speed “Two simultaneous messages from 
question i peculiarly linked op МИН айн derer were Cong Юю 
{Re arbi icti phenomena of ne receiving crede connected ио the 
Als sor, temperate one. For bee, "tortue dere One of 
уна bas been found thatthe best ле we was tet ага tain res 
Ue tor anat АП wireless més Shey of ME gies рег second and 
‘aes Beren here and "Europe was U ex, Tara puras Kamene Че йыт At 973 oa per мп 
fig RSW. АЛ St Sende deo kee s0 dose 
fond ма Мо ША М. озчу , dne " foreach ber would have interfered 
Se to is mont favore period i Sinh reception, and 1 was pleased it 
zen grener volume gan be ен viti [MSN E E Тош ште one of We messages 
S miniman ie of adn Whe 5 Bac iy a sight adfistment of the ас 
A remembered hat а рг of мз $ ens S Sine’ ма able do receive the other 
bent ane im Europe’ ond one herec ame scare? en lack fo he rat hen 
чп cath cm БИО che йош OF сар. tie machine at the same instant that the ..... 
far daea deen e Ranges by Topd teni. de impubes Serve from he atema. ES 
ES zly ameta E Qo 
ен operators ave bee, known 19 ==, oa to EM 
time under perfect conditions, but average Important Articles in this month's graphic recorders can be attached’ to, a 
перо wo fis tine fas be 1 1920 "Radio Amateur News” Шс atea pd malito receive 
Seeks per inc 1000 monda er howe, Û | ndo Rado uates || messages from Rome, Lyons Caran, 
Ема been a race between sending and 4 io Amateur || Wales Namen, Germány and Sam rans 
receiving speeds. Prior to this invention it. i cisco!” This may be called simultaneous 


has been possible to send the message faster Hote | Became а Radiobug Multiplex receiving from one antenna 
thin И could be received, but now the situa Ву Thomas Reed Shen this ls accomplished. ап intera 
боп bas been reversed, Design of Rogers Ground Antennae || tional receiving station would Rave but a 


"he photographic recorder has been in | 4 J. Staley Brown Single Antenna’ and im а room inside the 
daily operation at Bar Harbor, Maine. Tt odio Translator Nation there would be a row of machines 
has repeatedly “recorded” regular “trafic By Major Cha: A. Culver ‘with tapes pouring into baskets. Опе could 
Scheduley ranging [rom 100019 180 words ааа sí SIMON Radio || Puse at the frst lasket and read of the 


e E NM A || (o he maul nad ES 
perfect and easily and quickly read. It is || Building a Sustained Wave Radio ‘eruption in the Philippines, and only a few 


Tred supplementary tothe ordinary ype ele e eee wi e t [зкен marked 

OP reci зе 515 кеу Semel D, бен ‘don “Pare? “Rome, San France 
Not only is the message permanently re ieee Type of Electron Tube йу! and deere 

corded on a аре ol special photographie | By H. F. Don Tt has long been the dream of radio en 

poH EE the кшт to realite а perfected device lor c 

Jia on he seen ou the gronad elass ol E, ech Ricos эшо 
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for such а resonance 
Тасйу amd small m- 
йишке mer e 
ted 

There is another 


principle which must 
de kept in mind TE 
the smownt ot ker 


HE роон vacuum tube when used 
34 an охоо forthe production of 
ere e current rom à direct 
ient nas the 


ву. ‘That 5, ‘arabe 
electromotive force applied. helo the 
electron emitting cathode snd the grid (or 
colli member) will be taifa re 


produced by the current in be main anode 
Кеде ore 

Ferelore, the input of a small amount 
of alteratg current energy will set up a 
Тауну larer amount, ential in fre 
bene and wave shape,” Now by wiring 
inal proportion of the alteram cur 
Tent energy thus produced ба feed hack to 


‘rom ce e 
and is ашайшу ap 


paras forming а type of converter, 
Phe type of ploiron wiliged ln ihe ar- 


ere we to de described is shown in 
Hie and is of the same design as used 
for the ee referred to 1m previous 
апае 

Th this article, two pliotron oscillator ar- 
ranigemenis Tor gh. Frequency will be de 
тебе бе Ara for Ше production of 
Felatively гик curren and dhe second for 
the production of relatively hight vols 
аен case the amount of exergy ioco 
it comparatively smal of the ordet o 
чүш. 
rise ший the losses become cq 
ut energy. With practical геш the 
lower limit of power factor able le 
about one-half ai Y per cent, ules un 
dual precautions are taken. "Thi meum 
that the maximum resonance current poo 
"ced is about two hundred times the value 
"f the true energy corres ed into the Fes 
where large corrente are de 
иш naky of ener, the 


sired in 


тт" | фе Тит bya 
Жей by ie definite 


Bawer avaliable, or by 
the 


to do adjust the re- 
stance of the load to 


the voltage of the sup- 
мол economically 


маей Tn the pres 
ККК 
the heavy current tir 
cuit must be given the 
Stparest value most 
irate for insertion 


Inthe pliotron circuit 
Тыв adjustment of 
apparent resistance de 
gabe Бу elec: 

magnetic coupling 

The diagram of an 
arrangement 10 produce currents of from 
10 fo 25 amperes from onc ne tube 
3t frequencies between” 100/00 eyclos and 
000) cycles ie shown in Fig. 2 


Suppose it is desired to c 
wire ammeter у menns Of direct Comas 
Топ with а standard. These two ammeters 
же represented by А and i, and are con 
ected in series de part nf A resonant er 
Enit. the inductance'and capiciy о which 
sre shown at La and Ce respectively. The 
produet of the values of Ly and ( to be 
mied for any particular ease i found by the 
istal resonance form: 


1 
27 VIC 

As mentioned in a previous paragraph. a 

Joie powee-factor and woltampere pedut 

is desirable; and therefore te тайисалсе 


sale of La is made the minim posse 
Tons tsuall of only one or two turn 
It heavy conductor. "With the range ol 
Frequencies speciñed, this gives values for 
Ce of the order of abont O1 merolarad 
In this beavy-corren circuit it oF course 
ery necessary o use condensers of lon 
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By WILLIAM C. WHITE 


energy Joss and 10 reduce the oic resist- 
ance of the conductors o а minimum 
“The inductance Lo obtains "energy iy 


clecromagneti coupling from, the ben ix 
‘which is located їп the plate eect of the 
son, 

Ny means of an adjustment of the values 
of Z 


буш o the relive ; 
the apparent resistance ї the plate tir 
tie of he en eee load Git ir 


alves of La and 


узчу multiplied, Vut sů 
ent high value to ab 
КОА 
Fesistance, a variabile © 
к iy sim- 
lane satan of thee to, fase the 
apparent resistance of the load can be ade 
hed to "give the largest energy оин. 
Saab. 

Rerry-current output is dependent 
Че voltage” of ihe direct current 
Source D, а Wetal range being between 300 

a 750 velt 

Prlotrons may be operated in parallel 
to produce а load curent larger than 
af obtainable from one tube. 

For the production of ligi-roliage in a 
resonance dřeni, the conditons are almost 
FF 
ult that f with a Axt value af илана 

ну to give е desired frequen: 

city must е small and the i 
dictando large, relatively speaking. Pito 

Practical imit, how ever, to this increas 
tng DÍ inductance and lowering af. capac 
ligt and it te reached when the distr bured 
арабу eect inthe inductance becomes 
Comparable to the capacity the com 

мет need for resonance 

tron feen er arrangement fe 
rocne of hh voltages i shown M 

age f obtained across 
nd aye tested By the 
ap © form of two 
fetal lates suspended dn aire the most 
Sonvesient, and it may have а сараа 
Value between 20 and A00 microfaradi for 
frequency of 10000) cycles. у means 
И а hot-wire ammeter їп, eicit ith 


"all the avaiable 
i tracted 


the” condenser ‘and by knowing th 
teney. the voltage produced across 
eee calculated 
Те wee La and Lo are similar 
and each has a value of about 8 ml 
The inductances Za and Ly are 
‘mila to one another and each las a 


Wed om М 


1919 


July, 


Musical i 


4E French, Radio, Telegraph Co 
decide 


The apparatus described here 


Sf he сем 


ending al receiving hy m ion 
viewers "or. wmdergronnd work ta 
wa of ihe. Rogers system ad which 
re used у he Frene! 


The musical seeding apparatus described 
iis mouth comprises be types of 1 and 2 


AN caer. Th 
De 
sibel vis 


The реа! p 


тту of ius excitation 
Sat ihe м 


Sich ive 
sry Mei to 
the conden 


New Honeycomb Inductance 


Now that amateur wireless ie fast getting 
lack unto a preswar basis some very im 
esting der аруын © ele ent 


ras E pracik 
А preat amount of research wo 
jent size and spacing ol the, Wire. ca 
Sol the fey The dite 
cig has been reduced to а mi 

and to as Jow а valne as practical 
у аана "measurements i was deter 
vised thatthe MEN frenvener resistance 
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Radio-Telegraphic Sets 


By jacques Boyer 


y 
1000 periode 
1 produce 


upled direct! 
he direct eur rent 


which ie bull rig 
[ло ше altern 
Saat switch 


peed 


"iR 


pe and ie placed la a vessel contain 
уре grade of oil. The sending cor 
shin A bath of petroleum 


Ж ө. 


New Buzzer Set 


mee Au inexpensive outfit for user prac 
ишу ie тыйу Somatructed by any dese 
ai o per cent iy er нана: Bom am de 
“The nly dealer, 
ый ná strated is Very eat and 


M 


n. all wired and mounted 


h meters whe shunted 


Тем thon AT mů 
are furnished for чє of а small transformer elini- 
iy tiu ier dry cll troubles and produces a note 

snake ан istrumen Sore pearly ike that of the large station 

im einer and eee Ths user code 


rated as i s from aa al 
ep down transformer, should corned t 
[erica school’ and colleges where 


Here te eee cole are the radio eode ls tangli. For one th 
Y, secondary and tico. The the lone of the signals given of by the 
D er ie more even and. regular. an 


stg als combi e иште 
the primary and secondary ciui “The hateries are employed., he operat 
КАЧ Pete G. E 


arme манди were 
recived. The sharpness 


aap лушу Practise Get Comprising Key, Buster and Siep-down 
fe Con O eats scene А Bother with 
BNET “oa RC Operating Exper 
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Operate Your Audions on A.C. 


By ELLIOTT А. WHI 


The detector Vis an ordinary 3 


market: There is 


July, 1919 


ELECTRICAL EXPERIMENTER 


Design, Pumping and Testing 


25 


of Audion Tubes 


By C. MURRAY 


HE, purpose 
СТАЯ 
te ring 


The 


T he salient 


points which might 
фе of interest to the 
вана radio’ ex 
Berimenter оп the 
desen: pumping aná 
sm "habe detector 
and amplifier, or so 
filled Audion АЙ 
SE these teste Î have 
Felle! dn my 
Worry and Т 
fave plotted. curves 
io show е exact 
Felations ‘one ele 
"ment has to another. 
‘The Fleming valve 
fs the true rectifying 
detec, but Dr. de 
rest by inserting 
the thing element i 
A vacuum tube, ere- 
ES 
ce which gives 
e тем many ad 
Чаке over the 


= with various chemi 

al compounds, suc 
ae «шшш oxid, 
pud 
Brat шй and 
fime" Many other 
mixtures have been 
experimented with, 
EN re: 
“The coated fa- 


ment gives fhe best 
esuli and has one 
advantage over 


Current de produce 
fhe’ same теди, а: 
Әп be seen уге 
Ferring tothe curves 

Тонге з for рю 
leming valves, Fi: 
2, Both filaments 
эге the same length 
ami Fb is kept at 200 
Volt during the tes. 

"Tungsten emits 
very ew electrons 
SUL low tempers 
ture. ‘The value d 
Шу аз the flamen 


bee eee Flem- 
ng valve. The three 
lemem Audion ca 
фе used a ап os 
or, amplifier, and 
A detector of both damped and undamped 
aves; also її can be used as an pn- 
‘amped wave generator lor use in either 
чалдар! or telephone, tamm 
Ошу be used as a detector of damped 
Waves or the ordinary Spark signal 
"The characteristics of а given three- 


"The length of the 
flament also bas 
Some effect on Tb, a 
(am be seen in Fig. J, One tube has a 
Tingsten flament 44 inch long and the 
orner 134 inches ong. lt s seen that 
fhe longer Alament can be rom at a lower 


Er xp acd 
ue e 
He pees le he 


sed is determined by the voltage of the 


clement tube depend almost entirely on 
fhe grid, its surface area and is distance 
from the plate and Kauen 

"The dimensions of the three elements 
ЙЕ to de asco of the tubes 
certain extent amd will work with a 
Tir degrec of eticiency in any ròle, 


filament battery; also we must take 
der consideration the size of the plate, 
the amount of plate current to be past 
EL a py С 
чыйп too small a plate or too short 
a famen we will be limited in the 


moun о! plate Current we can pass, as 
фу relerring to Fig. we vůl And a 


"here are several abbreviations that 
are used їп the testing of vacuum tube 
detectors and ampli, and L have 
бей some of them in plotting the pres 


int ОГ satiestion tiet f we raise 
Fhe ament temperature slt higher the 


Valve Ip will remain at a certain poiat 
Тм Bs tie o the plates e 


ER lage across the flament, 
E. > tarren consumed by té fia- 

onn my 

z ОЕ 

| : ЕЕ 


a кА 


kb voltage imprest on the 
Е? 
Js =current passing between 
ie zná Mamen! 
Fe=vollage imprest оп the 
ан кча 
ie = сше passing from the 
rád fo he plate 
eufrent in the oscillating 
The flament plays a very im- 
portant roie m vacum tube 
Mark’ H must be of soch ma 
ега that when heated to n 
Fandescene it wil ive ой elec. 
frons, which form à conducting 


Eb pá EE 
e ans 
Fons tro dou Be 
utu tem 
SEM . Ei 


FFF 
ES and a apace current gf 30 ТА 
реет we сап тыге the EB even to 200 
End the fb Wil remain the same 
e оп page 2631 


oe To mm 
m 
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How Don Flashed the “S. O. S." 


By MABEL M. DAVIS 


ONALD JOHNSONS mother it apd realized for the frst time huw hea 
ays she feels sure the careless у he was loaded. iy the pockets ol D 
Тиет they had when Don mackinav he only ha 


Within reach of his tinger 
Не rested with oue arm 


Б ж кин the milk con 
he was el., She cannot Lelie eres serene 
Suid te so pe another pocket 
ould not have caught A wires and 
ly as he was ay шу child, hinding р 
tell a five pi 
all confined го 


etri. J 
Sid it m 
from ay batter 
эп electrical mati 
paying the electric "mie each 
КЗ in abe lowest e 

ws chums Will даб Hussy (o come down within tench, 
fest of a large bet she was suspicions of the prefered help 


He had come across lots from ihe fac 
sory and tri bi ret mar the 
tend of i, wiere 
long distance 


азичей atthe ү. 
alle of at 
Mamiormer ‘The 
cat tad chosen to 


family. all of whom wer ail remained fast at her post. Me gained 
ls electric, amd that was thelr sole he ‘weet carm and dui he ae 


T е reached he stupen a 
slovy of all the weird and wonderful asked ont to the end of the ч ming fet 
inventions and imitations of ventions tat Donald followed along 


me the mastery od ell Just how 

the International Morse dent found him 
fish or tapt ont ee 

т from various pols à E inked thru eh band sed for te 

le h Stcondary lead of he transformer which 

sii nes onp aer his ea, He new 


Had struc the glasa, broken i 


he truss wirecuiters did the trek. There 
hp i wid see that Ihe Merton 
nearly. were dech. He E 


ol feline’ was crying ill 
et andy thew by couch 


le which ng Tous, he 
ый of ght in all the 
fy then 
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Bes 


sec Su OF rte ge PMc E 


Questions asaret io his 


TESLA COIL AND GEISSLER run IM 


HOOKUPS, 

(1012) А. Terkel, Reedley, Cal, asks The “August” 

ФО For a diagram of deen. Electrical 
Experimenter 


т coil, Geissler tubes ste 
A We are pleased to give you here- 

"Bomb. How Handle Ten" — 

лоси Eagon, Bomb Expert, De 


with the diagramy of connections for two 
И of Combustibles, New Vork 


Jic spark col Теш сой. Leyden ш = 
ышы ete 
Cily Fire Departments И complere = 
e p чей ee 
Photographs "fy. Americo reati = 
TENTI on bomba "and ейт 
= кй tlle you what to do should 
S re еее d bomb by mail E 
W 
Al. Gernsback, Л Кай. 


ani. from the Тень mar 
пуат Б Me 
ыны Refrigeration cir E 
Grace T. Hadley. ^ 

PEE М] other un 
Pa. 

Mi Me Croker Researehes 


sux tm on Brychical Phenomena” hy Here 
ood Carrington, Pie. = 
W!ꝶꝓm: 6=by Dr 
Nikola Tesla himself, 


"Changing Natures. Fac 


How = 
Dynamite, plus Electricity, aed for 
clar same and rack iz prop, 
‘heii the ne, o 
Experiments in Physica” new 
„„ 
. fallacies concerning ii re 
loded: Ry fohn F. Furio, Depart: 
‘nent of Physics, Nene York Unt 
hoop Antennae”—An ате of = 
eredi ай Wireless Baga? 
Přeje Lloyd M. Knol Е 
"fiventon of the Crystal Detector” 
= iy Greenleaf Whiter Pickard. = 


nt 


series with each other and the complete re 
Stance connected to each feed) also die 
elds have another low resistance winding 
whieh caries all of the current going tothe 
main tine Tn other worda i it compound 
ound, 

We have altered it by connecting the four 
high resistance held windings тийис 
ЖИН cach other and the armature; but have 
И the ow resistance winding of the com: 
ound eld unaltered. 

We are using it at 40 volt, at which we 
жето rete to rum tat 480 RPM, 

Kindly state what the amperage, voltage 
and speed in PAL. should be when used 
thus and if the dynamo ts as ¿ion when 


CHANGING SPEED AND VOLTAGE 
ОР DYNAMO. 


(1013) M—, Telephone System, Michi 


ga, writes, 


pst АЧК Ы Te AL Considering hat the dynamo whe 
Oo high resistance wiadings were in operated at 1230 RP AC produces 20 volt 


and that it has four feld poles бака with 
Tour ahun Seid cols then, аз is he case 
wish practically al classes of dynamos, the 
Sota wil vary diei wi tape 
nd tf dynamo ie to be operated to pr: 
"luce 40 volts, then tpe speed should d 
approximately 176 of 1280 REA. m 
HB RES. For this voltage the four feld 
Cos shal be connected n paralich, we 
Would adapt them to operation at the re 
duced voltage tut the “sped of the ms 
Shite might faye to he ron o between 
50 aod KO REM: owing to the (eet that 
Sou could not obtain a зану Taw те, 
Stance in" your shunt seid or AB vo 
Operation by connecting the four call 
pirate 

Онан, each of the four shunt Geld 
gail tok 00 valis, and thus under ordinary 
enditons when you Conner the four shart 
Т Sols on para, yo adapt” them to 
operation om diat ойе, vie: @ volis 
S mot 40 тойа Аз ze ld coils will 
Териге in accordance with Ohně. re, 
ore than 40 vols, to fore the necessa 
етн tha tem in order to produce à 
Same number of ampere ham and mag: 


netic flux per pole, as becomes evident, it 
Sil be eh atthe ayo, vi bav to 

operated at a greater speed than 1/6 of 
she argal atten o 

ith regard to the amperage of the ma- 
ching AS would Be las than, that i ы 
Original output, as there would be higher 
лис losses in the armature amd Вей dar 
io the reduced, voltage, im proportion t 
those исен мып imac man org 
тайу operated st the higher potential or 340 
vols ү Roughly, the imperare would bo 
Фуну about" onc оГ thc original 


TESLA AND OUDIN COIL DATA. 
pid) E. W. Thatcher, Obr, Oho 
TRE For building Ted and Odin 


AD. We refer you to copy of this 
magazine wherein yon will find Vie cem 
plete. construction al 2 Tesla Migh Rc. 
ee сой, also the О coil “The ani 
ДЕЛЕ quein appeared in he May D 
ne of the Furane Е 


(Continued ов page 282) 
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imam 


To Practical Men and | 
Electrical Students 


TIE BURGESS BLUE BOOK is a pocket 

Sie nle-book whieh was compiled espes 
сапу for practical men, and those who ше 
ising up he study ely d 
"Ret and diagrams of electrical machinery 
nd connections; over (vo hundred formulas 
for сш, and problems worked ош 
towing how the formu are ised. The dita 
Sake rom my personal notebook, which | 
баз made while on diferent kinds af work, | 
Тай Cit be found of value to anyone cn: | 
aged in the electrical business, 

The drawings of connections for electrical 
apparatus include Motor Starters and Starting 
Hows, Overiad and Undcrond Release Boxes 
Reversible Types Elevator Contralor, Tank 
Controllers, Stano Tor Printing Pres Motor 
Automatic Console Variable Ге Туре 
Contes for Mine Locomotivs, Street Car 
Controllers Connections for reversing Switches, 
Motor and Dynamo Riles ала Rules for Speed 
Baabe "Alo, Connections for In 
Motor and Starters, Delta and Star © 
юа and Connections lor Auto Transformers 

Z^ Transigrmen for Lighting and fower 
pass The drawings abo Show all kinds 
here Three and Four Way Sites are used. 

be work ов Calculations conse ө] Sap 
Electrical Mathematics Electrical Unis, lec 
dae Connections, Сагай Unknown Ke. 
stanem, Calculation of. Current im Branches 
Bf Parallel Circuits, How to Figure Weight of 
Wires Wire Gauge Rates, Ohm Law, Watt 
Taw Information regale Wire used for 

cecal Purposes, Wire Calculations, Wiring 
Хота Mamimation See Shon 
Тайпшшем and How to Calcule Канз 
Sl Shuntsy Power Calculations, kee Cal 
futons, Measuring Unknown Ке алев, 
Dynamo’ and Dynamo Trouble, Motor and 
шөт Trouble and Calcula Sac of 

AO Асат Current Calculations in 
inane Impedance, Kesctance, Inductance, Ere 
quem, Атас, Speed el Alternators and | 
Motor Number of Poles in Alternators oe | 
Matos, Conductance, Susceptane, Айт, 
tance, Angle of Lag and Power Factor, and 
formis for ше with Line 


July, 


ELECTRICAL 


EXPERIMENTER 


APractical Man 


And In Your Own Home 


Put Part of Your Spare Time 
To А Good Purpose 


A HOME STUDY COURSE FOR AMBITIOUS MEN 
Sinto, testy locate troubles aul repair electrical apparatus and 
MY PURPOSE 


NOT A CUT AND DRIED BOOK PLAN 


rachiners 


RESULTS OF MY SERVICE 


eee 


APPARATUS, INSTRUMENTS, MATERIAL, ETC. 


Fill Out Coupon or | COTE. ы, dentine e 
wipe ot EX 

S | suo 

Burgess Electrical School | ass 


745 East nd St 


Health-Beauty-Power 
Treat Yourself їп Nature's Way 
The Therapeutic White Rays of the 
Sterling Lamp ate а ¿Gent adaptas 
tio f ihe marvelous healing properties 
Df the sun rays. The warm, soothing, 
Sot "white гуз penetrate and vitae 
Every cell and tse) new ell growth Is 
Simulated; the body ie refreshed and 
Viale 


ig you a caylee tn 
TES Mood ces Bn new ma 
"de and беш, вен skin 

(STERLING THERAPEUTIC LAM 


“The 


‘Billet Lt and BIG PROFTTS ix 
FFF 
| шпне e SET 


ELECTRICAL (EU 


ENGINEERING 


INONEYEAR 
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|= 
The Oracle 


(Continued from page 240) 


D WHY OF RADIO APPA 
RATUS SERIES. 

QU) Salvador C, Bayan 
Philippines, writes this Deparment 

DP Fes Пи of the -How and Why 
ado Reparation! and in vit nut 
ite various заста appeared 

А. Below we sive a list of these 

No. K Tie induction Coil, Page $3, 
Fe rhe Droesfermer, Page 656, J 

Nê. 3. "Condensers, Page 735, February 
йу 

Na. а. Spark Gaps, Page 113, Jute, 1917. 

Nek Rado Tue o айий, 
Pape S37, December, 19. 

Nee. "Radio Feen, Tuners, Page 


"adi en zoo sl monty 

T 

e prepared papera onthe How and 

70 Гыйз paca Alan the Jl 

e rte Piel ени fm 

eile eau and Me 
siete et dd ты e 

Marie apta end Sepia В ante 
hi reed i here Банан 

йз бону tom by sorting. to the 


SCIENCE IN SLANG. 
(Continued from page 239) 

‘But your explanation of the etherie dis- 
turbance against the wall seems to me that 
he eerie vibrations disturbing the ether 
inthe place where it came in contact With 
Ain object would send pulses into the air | 
{hat коша be equivalent to relection or | 
тасв. You know, what | mean, dont 
Sox bent explain зау? 

"Nes" relied Jazz, 'i believe 1 do. If 
se Stream al cdi ыз were eiar 
thst condition would be possible, but for 
| tie set that they are not regular 1 dont 

fee but why they would not myself. Then. 
| б, he йене vhratione world mot třecí 

{ike the cathodic discharges 

However, there is а condition that was 
explained by J- J, and а bied with my name 
фа no relation of mine, ol Cambridge, and 
| Prof? Leimann, of Karlsruhe, and seems | 

net such Pad dope. They alb bounced up | 
With tne conclusion that bodies that absor 
Mays have power to create other тау 
фаш ta the Maye to auch an extent hat 
the oM statie machine cold not tell bem 
part i there was any di at all Ther 
ей it secondary radiation- but, for that 
maner, the x-ray ls that 

"Nat made them get onto that sf was 
that they found indications of their "umi 
йош eiker behind objects that absorbed 
AM the light, and if the rays were not re. 
| fected or refracted ‘how n the o. di 
they get there? Stokes (no elation of 
mine) gard it out mathematically that 
hich pules or extremely short disturb 
Anees DF ether would act ip that way and 
acted upon a that way 

“Ан a do the doctors tell with the 
ee Dender vig a . чы 

sit" began Jaze, with a smile, “they 
are able to detect the presence and the ex 
EEn of merenna, pneumonias pleuris 
| Kydrothorax, emphysema, “empyema, and 
other such disorders and ailments i | 

"ЧЫ and water on the brain, lovesick | 


nese and obeso added Punk 
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sing made a frm spending many 

thousands of dollars a month keep up 
the high quality of йз goods or whatever it 
has to sell. I gave you good proof of how 
every dollar advertisers spent in the 
ELECTRICAL EXPERIMENTER vas 
your assurance that what you bought from 
them must be up to the standard so that the 
advertiser might hold your trade and stay 
in busines. 


urally the thought comes “who pars 
for this advertising? Can the advertiser 
really pay ош a small fortune each month 
without going Droke or does he add a 
Certain percentage to the price of his prod- 
tet to pay for the advertising, and do T 
3m the Jong rum really pay his advertising 
bils?” No, indeed, far from u. True * 
is that the advertiser must get back in 
profits what he spends for every expense 
Connected with his business, But neverthe 
Jess you really save money by dealing with 
advertisers эз you сап readily understand 
by studying the matter carefully for а few 

Te stands to reason that the more busi 
тез a concern does, the cheaper it can con 
uci its afaire The small Sem handling 
шу a few orders each day and trusting 
to lick that customers wil ind their way to 
its doors, must make a fairly big pros 
оп each transaction. The live, up-to-date 
firm, doing а business all over the country 
(Gnd sometimes the world, if it advertises 
inthe "Experimenter") systematizes is op- 
trations so thoroughly and with the use 
Of the latest and best machinery, can tum 
fut better products at а lower cost than its 
slow, unprogressive competitor. The larger 
the production of any one article, the lower 
the cost of manufacture of each individual 
icce, as any keen business man will tell you, 
Furthermore, with a lange volume of orders 
a frm cam afford to make а very small 
Proft on each order and still, i the long 
Fun, make as much profit as the non-adver 
tiser And hen, as an attractively low 
price (quality considered) is necessary to 
et and hold your trade and so make their 
Saen really effective all far-sighted 
Advertisers are in the habit of marketing 
their goods at the smallest profit they can 
Successfully do business om, relying om a 
bie volume of orders to keep going. 

So you see that not only can am adver- 
tiser make what he sells more cheaply, but 
fhe сап rum e business ar less expense, and 
he can айо to cut his profit on each or- 
der to а very small gare. This means 
ben уоп get what you order from an ad 
Venüier at a cheaper price than possible 
Usewhere, and yet the advertiser males 
Enough prot by advertising to pay his 
Advertising ils 


MOV Po po 


Advertising Man 
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SATA s 
EXPERIMENTERS! E 
Read every word on this page. Note the wonderful goods we are offering at rock-bottom prices. Read 
tne details of ene or ol $10 DO Don't miss anything or you wil Tose money 0 


SE 


ш 


When ordering any of 

he equipment shown 

here, be sure to remit 

[enough for postage. Ашу 
te 


da 


Ча! type the same as 
plied to largest tele 
me companies all aver 


1.25 


Want Ten Dollars? Dee SKINDERVIKEN 
GINCE we began advertising the SKIN- ы 
DERVIKEN TRANSMITTER por te рк 
BUTTON about six months ago, we have iie easily adaptable t 
supplied thousands to experimenters not — zolephovcs detectiohonee d 


> telephones, detectiphones, deaf 
only in this country, but in Canada, Aus ы n тре 
tralia, Europe and South America phones, fadio|telep boner and e ах 


22.00 


perimenting. We have received doze 
It is interesting to note the various uses o f letters from experimenters telling us 


of “its wonderful work.” We furnish a 
booklet of instructions and diagrams for 
experimenting, also with outlines of sug 
gested experiments. 

We know from experience that you will 
find the Button very interesting piece of 
apparatus. It is so very sensitive and itonly Ù 
needs one dry cell for its operation. Lots of E 
fun can be had from its use. [ 


Skinderviken Telephone Equipment Co. 
2134-2136 No. Clark Street, Chicago 
335 Broadway, New York 


which these Buttons will be applied. The 
question is—"What are you doing with your 
button?” We would like to know, as there 
are thousands of other experimenters who 
would like to use it for the same purpose. 
We will make it worth your while to sub- 
mit your ideas. We are going to pay $10.00 
cash for the best idea, All others, accepted 
by us, will be paid for in proportion. Now 
then, get busy, you fellows 
ny idea you may have of using a 
SKINDERVIKEN © TRANSMITTER 
BUTTON will be all right. However, try 
to make it original 


EEE 


| 


AAA 


USE THIS OUPON 


| TST enclose S... for which реше send me the following 
| ОЛ 
[3 


dddrese 


TOE SEE SESE EE OLS CAE‏ ڪڪ 


LE LE 


ЕЗЖЕ 


L 
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School Onl: 


EE et 


Build and Fly 
Your Own 
Training Plane 


Mining Engineer 


Michigan чт Mines 
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cars themselves are spanned with large 
Sings: measuring eighteen feet [rom tip ta 
їр. hy addition to this spectacle, several 
other new features are being sided 1o the 
POR ERE dor the, publ 
{ик be season; Principal among these 
is he eee Waves, a delightful ride 
di e men, э an can zm A 
“added feature а new pony track for those 
She like the hobby horses. Another novel 
innovation” will be the "U-last Dodger, 
т а ride im A small submarine bost 
carrying Passengers and champ another 
Submarines The Тий Race’ и alo a new 
novelty. in addition there wil he а new 
are Койу Conner а Soak 
Fide with eight of the biggest dim ever 
Eoustracted, Which will be eal to some of 
the nose dives now made famous in plane 
Hsing. This new roller coaster will cos 
boat $25400. "The “Canale of. Venice“ ts 
mother interesting attractions cost of con 
iow, SS. A very interesting a 
denso te Pack wil be are sete modal 
Эа coal mine, showing rere 
down ‘thru the’ enire Тек. alo the 
Steet above. Here small ene. automati 
ЙУ wi а (ги humireda and hundreds 
Of diferent moves, peuple, on the street, 
Burry back sad foris from stores to 
Jevators ithe coal mine, rur. 

"ing up and dos wih men. ile cas] car 
"S go back and forth with their toads amd 
Gee the surface and every fle mien 
дей, of coal mima operation will he 
{ашу ‘reproduced inthis minature 


Which was devoted lat 
buyers: markets and inter 

as 
| rk this season 
tive o the faet thatthe unforeseen cet. 
Stances ol the war made 1 imposi 10 
fet жинден exhibits from foreign cam. 
{fies to run the exibition bal tit season, 
J^ to be hoped. that within she next 
twelve montis or so conditions will fave 20 
ЖАПЕ! themselves that by next sear there 
аў be many interesting tones from the 
elds of latte As i Is this giant roller 


ноп of orsters hat have drank in 
e ers tthe lapiz proest 

The trick. ae carried om By the oyster 
dest oi gros it et ho tako e oT 
from their natural depths where ther 

Чү, and places them in coves and harbors 
here [resh water reams terminate. Be 
Tig ess Salle, the water s less dense, and 
ence there e an interchange of the Aids 
these wal of the ae Wh the 
y purposes, ile tissues swell. The 
rers are not placed in alate: fresh 
Sater, for Us would Rib em. ин in 


The nutritive value which is Jot in this 
| reser i aoi marked: The dede whieh 
Фаг with them salt aud some fat, chem 
Seal experiments showing Var the opsien, 
tho farger after slumping, has lont 13 per 
bea of ge original dene substance 
Protein, fata Adee and. mineral 
Ets "Fus ias been focal to be true by 
| experiments conducted by Dr H F. Moore 
Si e U. S Barean of Fisheries He 
Stace that sith the lom of these” duds 


danch out from the oyster, suficient water 
fel have. been taken ир, however, 10 in 
еме the total weih of the oyster from 
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A Dash to the Clouds 


(Continued from page 200) 


ik са accommodate hundreds of people 
Fancy skaters, those. who Cant akate 10 
well or sot at ай, with the aid ol the bar 
Hand and cheery” music wil forget eit 
title Dumps and keep ату on 
Perhaps the greatest feature of all 
amusement resorts dars, parkis ad ex 
Position, is the tremendous тинин of ele 
ae necessary to keep al 


impr in motion, amd whieh ie замо 
тайа y he. puc ‘Hunde 
of horsepower are ensume hour 


These ascen devices, Ihe power 
{alien direct from the Xew York Central 
Малов which parses ne grounds, and 
this power at 660 volt ie brought mto ape 
айу constructed damp-proot vaults, where 
four 100 EVA. dark Ой teak 
shoot the juice to all parts of the топ 
Tr addition there are several smaller u 
farmers for special purposes supplying И. 
ferent sections 1n thi cane a tremendous 
amount of money was saved by installing 
"e бло rien o every part of aie 
rounds. These calles are carried thr 
prp and, ales te 
points where ‘ihe power ls needed ani 
There the poser is tranalormed ly 220 and 
TU тойы The saving Im cable alone 
amounts lo thousinds of dolars аз dy 
sg 060 vol calle approximately one 
Used the, sie ie required Тыз gigantic 
System of transformers. switches, und 
ип Tables, manholes ele, has cor 
5 


An immense fice alarm 
installed о cover thes due Киш 
Should а fre occur at апу point, si the 
alle of а hook ln а box wil cae a 
ше bel central: Iaido е park 10 
strike a certain signal, which wil Indicate 
о ай the employes the location of the ire 

Also, as last yea, ке have the wonderful 
Lath pool with te artifical waves, prob: 
эму the largest i the world, where n 
тей may daly dport тета im 
узт. not forsee de kiddies w 
Their sand palo and shovels, the hig мым 
mand with "te towering jewels and зу 
фес music 


The Oyster’s Autograph 


Cond. from noe 207) 


12 to 20 per cent. Therefore, it can be 
Жеп that what the oyster hae really ained 
Ж шыу water, which de of no Jae aer 
‘aloe a all 

Alo scientists are at a loss to agree 
upon the precise food Wat oysters e 
whether the beautiful diatom, à vegetable 
‘organi. or other претор ele 
haa been found That in experiments re 
Сені? conducted. oysters planted inthe 
eese laden waters of Jamaica Hay, near 
den Vork, that the dees can become 
imarketable after а рю of eighteen 
тош Whereas, normally i takes three 
Tears before oysters are ul. mie see 

‘he growing perd 

ater that уыт 
arial to (he тата 


iness u 


When Dr 


the ců sewage di 
Nelson. Biber hs ex 


posl 
Periment, he will urmish the U, S. Bureau 


series Sa om hr tora 
provement in the culture of this important 
{шой "One of the most Important phases 
of his investigation vi he that of studying 
arelaliy the relation between environment 
nd propagation, “Authorities estimate that 
Тиде oyster spawns from sixteen million 
te HR millon emer in а усш, but mot 
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vithstanding, the enormous fecundity of 
the individual oyster, the propagative power 
of the bads is ot sd vast ae ght be sa 
posed. "The oyners may be platted on ths 
Bottom, especially prepared hy clearing И 
Of all elne material, and a bed so formed 
‘Mf good clear gravei and abelis in order 


tha në young Spat" wil have some буен 
то ай do as oerte, in иду bot 
{om tier” would soon de covered ote 


Vet wak many of these precautions, some 
beds will prove greatly fruitful, where 
Others prepared fv the same way and in 
"licent waters result with very poor cops 
елап locations in various water are par 
ticularly shanti datoms, the inate 
"ism on which the oyster is supposed 
ac Tend. Yer it ie not the general ac 
теме fact dba the diatom ie the maln 
Эйе of We oyster's diet, as can e 
nce by a ck growth of the oysters 
mh waters polluted wilt sewage. trail 
Sealing’ Wo to he opel that when 
rettete, Nelson finishes his experimente 
he зый have such an array ol data aul 
ge of far-reaching discoveries that 
iia amici feeding ап environment а 
variety of oyster may be produced that wil 
Siam heretofore soll om the market 
Sod in addition to йв Phenomenal sie it 
‘le healthful and free from all disease 


erme, It probably will be possible thr 
Dr. Nelson’? researches оп e culture ot 
the valve to" prole such э type а: wil 
Tank wiih the discoveries of lube 


al achievements i producing new 
т varieties of fruits ана vegetables 


Flying Across the 
Atlantic 


By H. Winfield Secor 


(Continued from pane 218) 


‘and inerease the speed of the machine about 
ailes per hour, The lluseation, A, shows 
ome of hese points on Lent. Hawkers a 
dated plane, and among other considera 
tions we would mention the folowing 
О one eng was used, а Rolls Royee 
375 HE airplane engine “and very dew 
Aviators would care 19 мап off Ой such 
аир иһ а single engine where con 
лоп Йу тау have 10 he kent up from 
Шо Ж hours СИ e йен thing 
foes wrong with this engine and it stopy 
Т may spell disaster, or at least the tail 
tie to make the trip їп nonstop form 
Lieut Hawker ‘counted om saving himself 
obliged to tend m ihe water hy the 
laci that the Раде of his “plane was 
made waer-ticht, and he alo canted on 
the haora of the gasoline tank as Well 
asa ife-anving suit which he wore, But 
fhe" ocean le known only to those who 
ате стоя! И and seem the waves roll uy 
Forty feet hughes Fhe weather was vers 
incertain, and а storm was sui to be blow 
še pin тосеп whe he started fromm 
Nee Foundland 

Among ether weak points in this type of 
sian, we And ha na palcos were ae 
ssp sont at feast for ams Naeh of tne 
dejo a few hours, Ales the plane was 
ery smali and Tesi, ded so tus we 
die the almost incomprehepaiie els 
fof navigating soch a Jony fight over am 
near Cone “The aviator would 
Wave to fy thw ihe night and rly" only 
fm compass amd s sextant to guide hi 
фу the help of the sears E the Clouds di 
nt obscure mem. Hit mo pilot vest 
art marks эше as hors, mol even radia 
Compass signal directions, were provided 
Gg arranged for "E world seem nothing 
Short о! superhuman. mer thet con 
Hong, or the two Intrepid Ales ts ver 
each the, far distant coast of Ireland, a5 
they had hoped ы 
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Why Not Earn 35. 
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00 10100 A Week 


АА A Mechanical Draftsman? 


and Rapid Advancement with the help of 


Home In Spare 
Time 


You dont have to stop 

Work or leave home in or. 

Jer to become а trained Drafts 
Through our practica! 


Home эту Training we wil 
|| Sexes you Righe m Your Owi 


Home ва that you will soon be 
Abie To quai Yor э good post 
бок at Big: Бау. WE wil continue to 
шга and hein уоп until we know 
Jon have the кшмде necessary to 


No Previous Training 
Necessary 


Right now- TODAY- there are onen 
Ihe for thousands of race in 
ME Government Bars were ied 
ří concerns, and the big engineering 
Stites One department along recenti” 
alied for ТА draftgmen. With this 
remendos demand hae come з Ыш 
eres їп salaries: 


Draftsmen Are Getting $35 
to $100 a Week 


with big chances for even better pay 
Те demand grows By enrolling 
FOWE dor gur jme Home Stade 
чишу for a position as Draftsman 
rd by property applying he principles 


You Have a Chance to Be- 
come a Chief Draftsman 


and кч to the very rop in this fasci; 
Five gov Just the knowledge уоп need, 
тае коой as chief draftsman When 
Sour Kanes comes, 


Peace Calls For More 
Draftsmen 


With the problems of reconstraction 
Tree he mation, tie “demand for 
boten e is even Greater Then Dar 
tng the War. AN big engineering, con 
eon and manufacturing projects 
Os o throw tie drafting 
oom Before the workmen can com. 
"mente. You ean help m the worl of 
‘comstraction and Secure a Dig Salary 
Sah excelent opportunities dor ad- 
Vancement, "Prepare now and be ready 
When the demand reaches its height 


Tam ready to 


We Will Help You Secure а 


Position 
We have already placed hundreds of 


tur graduates in good paying тонот 
Sh Se constantly йт touch wi vacan. 
Sis for which Draftsmen are Urgently 
Needed, "Government Deparment 
C 
Sing upon us for oor graduates be 


me chey know that our instruction 
reduces! drafmen of the caliber 


Thousands of Men Wanted 
Right Now 


Drawing A soon as yon en 
Outfit той you эй Be set 
FREE Sor special drawing 


бии EREE о that 
Sou will be эше to 
have it to work with while taking the 
course. This set wall be yours to keep 
Fon re mot aded to ctum Ht afer 


Ilustrated Book of Partic- 
ulars Sent Free 


Mail This Coupon To-day 


РА 
Ve SAVED @ Wa 


GET OUR "s 
H 


DO Your Own PLUMBING 
AND HEATING at low cost 


OUR NEW 
Cut-to-fit-Method 


= CEA 


rro 
iS 


Vie 
Noiseless Target Practice 


XE ырш ТЫП 


Ain S1LENCER 


mee 
[ud ento POM 
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Fig. B shows the second type of aircraft 
which has been tried and tested with great 
Succes by the U. S. naval fying men for 
FansAdantie work, Not only are these 
“planes fied with large roomy pontoons 
Which are about the sige of the usual une 
Sinkable life-boat found at all const. guard 
Stations along the seaboard, but the “Planes 
have ‘been designed with’ every possible 
engineering consideration in mind, partie. 
[апу any failure of the engine slant. Tt 
should always be possible, or Jet us say 
feasible, especially when small ‘planes arc 
to be used for such trans-Allanie or trans- 
Pac travel, to provide them with an 
engine plant consisting of more than one 
Engine. But there is no doubt about it that 
Jor any form of heavier-han-air machine, 
such as sea or airplanes, more than one 
engine should be installed. With some of 
the "twin-engined. "biplanes used several 
years ago it was found possible to kce the 
"lane airworthy, and fing on one engine 
hen the other engine, for ашу reason, 


Tailed. "The same logie applies to the Navy: 
Curtiss seaplanes, or “N C" planes as dor 
Are familiarly called. Four 409 EL Pr Lik 


And if one of these engines should fai, 
KTE a ar vl 
tout have, Two grat. advantages en 
prier ТЫ 
oo 
SE o tar 
Ei tp EE 

(eo S de cep en 
Bed ette m ap Sire 
тан oreo oe a 
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"plans, but all of these points were under 
Se and im the hee of 
шеден Navy enters and experts or 
rer two years By comparison i sen 
{hat по expense of money aud betas vas 
fated о make thin tap acia 
aoe nt кен, “tale se ta м 
manly posable’ HN plan was coed 
ош thanks $o the U, S? Government, to 
the extent of costing ЫЙ petore the 
ři maval planes shot o 

ate By: on NEM 
{eng ty Чын е Ala Docta Tht c 
ar for te Bat tine m y 


‘The Diigo, 
‘The illustration Fig, C shows a probable 
development of trans Allande de 


Which has been mentioned. frequently in 
Connection with trane-oceanie travel vid the 
Sii € the dirigible, or gas balloon. The 
UPS. Naval dirigible C-5 made one of the 
most, beautiful non-stop, aerial fights. ja 
History, when it covered the distance bee 
deren Rockaway Beach, mear New York 
City, to, St Johns, New Foundland, a die 
tance of over 1000 mies, in 28 houra у, 
ing continuously night and Чаў. The naval 
cuore bave amd that they hoped 
fo have another dirigible airship. ead 
shortly to attempt the frane-Atlante fight 
England i hoping to startle the inhabitants 
of New York Cy some bright and early 
Summer morning by à visit of one of her 
FFV 
ТАТ weather conditions, would seem that 
апе, will prove а powerful competion 
of the seaplane, “or OSE бе aca 
fowever, the gas balloon possesses, aloni 
wil Some of advantage, a nome of 
совм zase u, aa, bat 
"Among the advantages of the gas balloon. 
тате раа typeof атыр espe 
cially when o considering. long distance 
"lights of 1000 to 2000 miles or moro, over 
Water, as їп crossing the ocean We are 
imprest Бу one predominant fact’ and that 
is at, nó matter 1 the engines АП come o 
2 stop оп the dirigible, she wil stil ream 
her buoyancy in the air and the crew je 
Safe as ong as it remains айга! in the ai 
Under such circumstances there are two 
major things which may and cia happen, 
First, the winds would blow ‘the ‘balloon 
along at а fairly high speed and usually 
"he erew is safe in the af and not resting 
оп the waves. The latter, when the ea 18 
ou, often rise to heights of 30 to 40 
fee or mare, and if she ems or nec 
dile can һай or aio а steamer; and 
the fre taken of Th could be ac 
pint by means of a rope ladder, as has 
Been successfully tried by the U. S. Navy 
Of the coast of Florida, de described inthe 
Article on page 108 of the June issue. Sec- 
опу, while the dirigible had her engines 
Stopt, the mechanies would be endeavoring 
io repair them and vet them ln working 
order "again. The speed of the new pe 
el dirigible such as used by the U.S, Navy, 
de fairly high, ки 50 to 00 miles an hour 
and these airships have great Hung power, 


3o nat they present a very logical answer 
to the acral passenger ship requirements of 
the Iurre. Another advantage which they 


fees, sud doe, primarily he reat 
range of operations v belg possible for 
them to take om board висе engine fuel 
to" accomplish. trips of. several thousand 
mis "Another advantage of uh an ar 
Ship is that, И the engines suddenly stop, 
the’ steering gear cam be maneuvered and 
gler arrangements made where she ean 
фе brought to earth gent and in роо 
order; contrary to the usual tactics when 
Se Engine of the ordinary airplane stops 
‘whic has caused many accidents, owing to 
the sudden Toms of buoyancy of the ‘ane 
má the rapid dive earihward, which mar 
Br may vot end ditasroudi. 
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The disadvantages of the dirigible are 
severa, and amang the frat and Foremost 
Же are forced face to face with the fact 
м they are distinetly diet te manage 
Amd maneuver im stormy weather or BER 
iaa Tl pohly vake see years or 
Dor aëronantical engineers to devido means, 
Such as by subdividing the gas bag of the 
шше, or by other design tactics, so that 
the great resistance now offered’ to the 
wind will be circumnayigated, 1 vou have | 
rer Been up in a imp. such аз the 
hseryation ellen used extensively dur 
{tthe war are called, then yor will be in 
A onion to know ist what thse dir 
Тык» are up against with a heavy win 
towing agatnst them. "Even if you are up 
ina Бир about a thousand feet above the 
тай, оп auch a drip as the cier has m 
"id! ami which took place at Rockaway 
each about а year age, you Will be ture 
pried, and not Моа pleasantly either, 
em leas day, ath the lan gei 
шк Boating ly im the air, you almost 
have your feet йу up and shake hands with 
Your ace, for all of а eee e 
F 
ee about ty feet No, fellow 
atte attraction. for another blimp which 
os perene abont oneal mie aby. bat 
imply the ae force of the wind 
fg i a ae agit he, vast 
hiking form of the Blimp “gas lag 
“Therefore, not only is the dirigible а 
tricky machine in MEN winds or storms, аз 
os bare coins time by Cat | 
Zeppelin, the erstwhile investigator of Йер. | 
Balm tates when, hi, giant cgurskaped | 
Birieinies 600 te 800 feat in length. were 
{destroyed one after another in storm but 
they also have the disadvantage of slower 


feed 9 compared a owing 
Primarily to the greater bulk of the gas 
рет or tag wbich has to" be rien 
thru the air with а consequent great da- 
placement” thereat,” When it comes о a 
Forced landing on, be sea, most aviators 
WOsd undoubtedly rather ке their 
ances with a seaplane of the Navy type, 
father than wih а dirigible of any size 
For mey may, if ihe weather e quite 
cal, д Ша aee Мело carried 
Sy the dirigible and by means of a торе 
Tider descend into it while om dne surface 
ff the ocean. This, with the chanees under 
Ordinary conditions that they would have 
{emake an attempt at Towering the altitude 
OF the dirigible Herself, ln this case they 
‘would Temm in the gondola attached 
Underneath the, dirigible, withthe poss 
Aili than te elephant the air? ed 
attempt to зет down Ой them and smother 
бош At any rae would ree er 
tremely skillful seamanship o carry out 
4 maneuver successfully” The ques 
Hon of dre im dinghies has been made 
practically" obsolete, im view of the f 
fiat the б. S War Department in the past 
few ears Ваз developed the new balloon! 
ap liom to the age where is aval 
"iie at small cost, and his new pas i 
Abt E MD 
wer if BS mer cent of that of hydrogen 
Eie an hore ed im Mimo n 
‘anlage of being bebe. x 
Rail Equipment ofthe NC Seaplanes: 
priis of ther radio тайап ef the | 
NÉ seaplanes engaged jm the attempt 1 
Dalee the transatlantic fight, ав given out 
Bihan Merian Hooter ofthe Navy 
"fie radis оп the NC seaplanes involves 
two trantmiters. Ones a 14 K, W. spark 
anemia, the main element ot which isa 
т generator, and accemory ары 
тайа, which ls driven by an air propeller 
And is mounted on the deck of he Boat 
aft, ais set “weighs only forty-five 
ponde, би Т wa for, фе foie а 
rant communications between the sea 
Blanes and stations up to à distance of 280 
башкы les. Since this se 5 driven by a 


Tox Бней by mentioning the “Бисте Experimento 
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A graphic picture of the high 
cost of doing business is shown 
һу the rise in a long list of 
commodity prices during the 
past five strenuous years. 


By the exercise of unparal- 
leled economies, telephone rates 
have been kept almost un- 
changed. 

The fact is, the i 
the cost of comm: 
sulted in what is equal to a de- 
crease in telephone rates. In 
other words: The dollar which 
was spent for the telephone. 
has bought more than twice 
as much as the dollar spent 
for the commodity. ^ 


One Policy 


One System 


The activities of reconstruc- 
tion which are now upon the 
nation have put a great burden 
upon the telephone. This con- 
dition has made necessary an 
advance in telephone rates. 


This advance does not ex- 
ceed an average of eight per- 
cent; almost negligible as com- 
pared with the advances in 
other lines of industry, yet 
enough to cover the increase in 
the cost of operation. 


Only through adequate reve- 
nue can there be assured the 
maintenance of a high standard 
of telephone service. 


AMERICAN TELEPHONE AND TELEGRAPH:COMPANY 
AND, ASSOCIATED COMPANIES 


Universal Service _ 


Aust proof. 


Stowers Testing Galvanometer 


For all kinds of Testing 
well as weak currents, Нав two coils, one of 
Zero resistance, and one of 50 ohms resistance. 
Made of highly polished bronze. Water and 


of powerful as 


Very handy to carry in pocket 
Sent Postpaid on receipt of 55,75 
G. E. STOWERS ELECTRIC CO. 
4019 Woodland Ave. 


Kansas City, Mo. 
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Have the Vitality 


of a Champion! 


0 А champion must possess an 
g pi р 
B 


‘exceptional and шаша] amount 
S strengt, endurance and vial 
г man with, the most 
Бану developed vitality iz the 
man who wi But you need 
ot be а бше to have all the 
Qualities of strengths health and 
Progresivense ob a real leader. 
cin show you how to make 
yours a МАМ. can make 
Jou robust. develop your 
Strength and give you an abun 
dance of vitality and a highiy 
developed Body and Mind 


| 
| 


EARLE LIEDERMAN 

1es rained some athe 
drain ou and ve yona mmen 
lar development ike mine shove 
рене heal abundance Of e 
[ай ea tena an 

‘You dont wish to ‘throug 
tife hampered ty a weak, sickly 
body, The man who makes a auc 
EX ea th 
тау amd italy 

T n give you these, with the 
proper aiming, Your body wil 
dee along the line nature i: 
tended! "Yum wil wee ne 
ately а new "feeling of conf. 
"nce and ambicion taking ҺОМ ОГ 
Seng skin il ee leaner, 
Sour eyes brighten, and instead о 
A despondent ошод on life. yor 
ЭЙ e fled with the comer 
able determination to win 
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propeller, i can only be used while sea 
planes are in ight The antenna weed for 
fh set is a single trailing wire lead 
fromthe tail of the boat for a distance о 
250" fect down and to the rear. A streame 
fine ead eta holds e Tower end of 
Whi this transmitter it is possible for 
the Commanding ořicer to send messages 
from time to Lime regarding the progress 
| бик шы ee bythe 
nearest Shore station to the Navy Depart 
iment. Also. communication com he held 
With’ destroyers or other craft and radio 
Compass signals or ther information re: 
pon 
the ther transmitter is combined st 
| phone and telegraph transmitter, and oper: 
ter ona small Evatt storage batery: It 
is used on am antenna. consisting of wire 
permanent игй on the Ad me d 
| с upper planea so that it may be used 
while the seaplane isin ight or on the 


It ía this set which is used for telephon 
ing between the planes, arrangement being 
"ide зо that ether the radio operators oF 
the commanding cert themselves may 
fees enen directly by telephone while 
ie planes are n lg, Snc ners 
gerd may be Carried om wp o a 
distance ‘of twenty miles © While on the 
ater this set may be sel for telegranhing 
Sr deponie distance nf айий they 

A special feature of the telephone sets is 
the e microphone, which i о com 
trusted that ‘the engine ‘noises are m 
беш Ths is accomplish by having the 
Back of the microphone omen, The exterior 
fund waver sire the ack as hard as ihe 

| йе of the diram, зп! therefore. the 
cect s neutral The voice waves strike 
fly the face оГ the dřařram and even tho 
the operator cannot hear hig awa voice, the 
adio sete гесе enough effet to modulate 
fhe transmited wave, 

‘This sigle der has been the deciding 
factor in success ar failure in long-distance 
фанаа by zeepkone by airplane. Tt 
iS cay enough for short distances 10 get 
шко with am ara mieto, 
hon the завета transmitter. 


| Radio Comp ed. 
Ong ni the most important of the radio 
C 
Compass. This consists Of a set of revolve 
ing сой mounted in the tail of the machine, 
o which are mounted many ma of 
зге picked wp om ‘these coils by revolving 
the cole mall the radio signals Майне om 
iwo methods of connection are of the same 
Шеш 
‘The operator then knows the direcion of 
the incoming waves. Dy then reading the 
positon of à pointer on a scale onthe etl 
fhe bearing of the transiting radio sta 
Hom e determined, This bearing i then 
Communicated by the radio operator to the 
Таан siet by meane "ofthe inter 
Communicaine telephone. which consists of 
Чйсрйоне receivers lit into the helmets, 
| and the same type of microphone used by 
he operator 
dene the same inter-communicaing tele 
phone ster te navigator can telepon 
Hon in which to steer the ‘plane He may 
Inquire of be engine room regarding the 
Condition of the engines от he may holt 
Тий telephone conversation with the navi 
[Bling oficer оп one of the other Blanes 
Tm other words, the inter communicating 
telephone’ makes” possible constant com 
тид betwee al members of the 
{тека in spite of he terre noise caused 
Ey the engine and. the wind rush, and in 
‘hte of the Fach that they are locate im 
Ti addition 


Separate parts of the seaplane: 
| o bi the radio telephone makes И possible 
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for the commanding officer and navigators 
то talk тесу with each other, altho their 
Seaplanes may be ping at a distance of 20 
mits apart 

The radio compass signals may be re- 
ceived from а бетон a à distance of S 
ites, oF from large land stations at a 
pour miles, 

"he vegnar receiving apparatus on the 
seaplanes WiN permit of reception from Tand 
ations of high power at distances of ev 
ral anand milen, thereby permitting the 
Seaplanes to copy weather reports ог orders 
dirty iro the Navy Department al 
Washington 

he sam striking fact regarding this 
radio. equipment e shat, Completely“ 
leat weighs only 200 pounds 


Rado Reply in Three Minuten 
As an example of the eficacy of the sea 
plane's radio communication the follow ay 
frill scere 

The Navy Department communicated 
withthe seaplane NC after she started 
Jo her Might to Halifax, received a če 
from Commander Ready and bad bros 
etg Europe andthe west cast the 
ted States the planes position in hee 
Wires elapsed tine 

‘The message filed by the Navy Depart 
ment ы ИА, M. was as follows 


What is your position? АЙ keenly 
interested i our progress, Good luce 
Signed)” Кова. 
ALIOD A. ML this answer was received: 
ipii yan for ood wishes. The 


“Ps tony miles southwest of Seal 
Island” making ec lee miles per 
бош 


(Signed) Rean 
летал. М. the ийише of Read's 
message vay sent шайган fromthe 
Annapolis” (Md) and Мет Brunswick 
IR Y) radio stations, reaching Europes 
South, America, the west crust of the 
Letze Эшек ап Ноо At 11:25 


A^ M. the radio stating ar Balboa, Canal 
Zone, and San Disko. Cal, had confirmed 
теги oF the mensa 


Three new and novel instruments for a= 
ship navigstion have. been татай and 
employed for the frst time by the NC 

ала NE-A in the trans- Alla Mal 
They arc an atrial weston а drift and speed 
indicator, and 2 course nd distance Md 

No airplane has ever fown far enough 
Sn to aea o warrant he se i the sh 
‘mon and stars for dee a geographical 
Boon, stated the Navy Department im 
encon the use of shese struments 
Ап estrument hae Deen designed that wil 
epale zr mor i еме e p 
бо regardless o the sále of weather and 
Териге of the very dam speed ný the 
airplane.. An equal feature of the aer 
enam. known as he Буй serian), r 
Тоша by eee Commander М. L 
Byrds ig bat a bubble ln a be čaker 
place’ al the зга horizon and oberreations 
R spadaly constructed les i ве m ight 
те е bubbles which reflected im a dr 
Tor. "The sum la elde in another mirror, 
The observer brings the suf tangent 10 d 
line at the same time he brings the bi 
tangent to the line” That gives the akti 
tate of ier m, Thin in of especial value 
ae the aviator ig often above ihe cla 
And even when Any at low altitudes the 
югы ts тоо dim to'be seen clearly. (th 
ihs new aerial sextant the curvature of 
cari docs mot aye to be ОЕ: 
Siderstion im casting postion. T 
йе ip lighted ш. might, zo that night 
observations тау be tok 


New Chart Savas Time. 

New methods of astronomical «ача. 
tions alo have been devised which enable 
the navigator to make fis calculations i à 
Af o the time that was formerly neces 
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BATTERY CHARGING Will Ве 
Your BIGGEST MONEY-MAKER 


Start NOW to charge auto storage batter- 
(NO electrical or mechanical g ee 

ATL cars need. batteries charged 

Get the business ате steady HIG 

DROITS on very smali in- 

estment wilh HB Battery 

ene Ештен. 

With an НВ 500 Watt Che 
You, Can Clar 
$100 7 $200 

PROFIT 
Each Month 


Ba ee je 


quainted" 
send a dolar 
and rive 
the nest four 
— of ; 
Ti. PHOTO-PLAY WORLD 


ЕТЕТ 
Балаа 


os ery. 
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sary. A projection chart of the Atlantic | 
Ua hal been specially constructed 
this purpose. Thue charty а new invention, | 
оз away with dica mathematical calen 
‘Cabling the avinior te determine 
His position їп а few mies, 
lem of the sea 
navigator ithe calculation of the speed 
nd direction of the windy both day amd 
hone of te ree 
Compass it ean or the course upon 
Sih he сай ea sd in deerme 
wf for the ийси drift caused by the 
ind. Tor example, А wid Bowing hire 
Toes эп hour towards the side of the plane 
"SIT blow. thirty miles ап hour ont of As 
courses Ts fact alone makes the navi | 
жанов of he air ar more Ae than the 
"To overcome з dificnky bombe have 
cm entr] which ignite pom tr 
ШЕ surface of the water and Eve A dense 
Smoke ad bright Tight for ten ише. 
Ae instrument de sed o cians with 
fhis bomb which enables the navigator to 
tse’ e seri and direction of he 
sighting on the smoke in the daye 
бше aa be бам at night, Thi art 
ment, гай she speed aud drift indicator, 
Has proved euccesifl, "Tin instrument le 
fetal, i ane i bo: compa 
Přatographé 
Vin the navigator has found the speed 
amd direction af the wind, he must then 
aie ta calculate the course o steer towards 
ihe Azores te allow for thie wind, To de 
this am errumen Баз been desig 
Hole the triangle of forces, thus 
dear with trate mathematical cal 


The navigators cockpit is in the forepart 
of he at‘ сүнү th chart hoart 
кшт rack and hte He айо has a 
Sociali designed headgear for telephone 
шинен wih ie plots so tir Be 
far direct them when to change course 
‘The noise front the four big motors 38 so 
reat that it o inpossble to hold conver 
боп except with specially designed tele 
Phonie apparatus 

"The aviator also has instruments which 
show him the alude of the plane and the 
fime the sun k he Greenwich 

i to the tastward 
dy tte sient to Keep the correct 
їн going from Newfoundland то the 
‘Kroes over to hours is lost jm a period 
ven hour, 3o that thee 
loas e time in making Bie astronomical 
alen Im atral navigation positions 
ms e determined very quickly. The 
aviga ‘ate down о werk oot his 
igi” о fe his postion, and wil be far 
{roi eed ation lea be works 
Ши his calculations very тару. which 
{ese instrument enable bim o do. 


her mmber painted in 
her dedi so thatthe 


ship har 


"lance just wt 
ames far tha have progres snc, the 
sitions of the destroyers and battleships 
Were hatin advance, and on one of the 
any char which ihe arial ‘navigators 
фа before them these postions were care 
Folly marked. 

Ns ahe wond was бар lo wi 

m Trepassey that the, NC's had 

The ‘nearest destroyers ри ош great 

ek smoke ыг which. the Som 
manders of the Aying bota were able to see 
Tor many miles. 

AT might the zdi 
erouped much closer together 

The veselo had their searchiights directed 
мой, had their identification “numbers ov 
the dele laminated., and” rom time, 18 
time threw up star-shells of the sort which 
the: combatants Шш the lale War used do 
illae no тату and 
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Prepare Yourself 
For a Better Job! 


EES SE 
Ei s ie oe 


e 


EE 


EE es ты 


STRONGFORTISM 


Ep en 


Lionel Strongfort 
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AVON INN 


AVON-BY-THE-SEA, N. J. 


beach, 50 miles from New 
Y ork and 2 miles from Asbury 
Park. 


Surrounded by spacious piazzas 
and extensive grounds, its acces- 
sibility to the beach makes it 
particularly desirable for families 
with children. 
DANCING BATHING BOATING 
TENNIS GOLF FISHING 
Write for Booklet and Information 


AVON INN HOTEL COMPANY 


5. THOMAS PENNA, Manager 


HUDSON RIVER NIGHT LINES 


NEW YORK E : 


The Lusurious Route to Vacation Land 
Leave Pier 32 N. К. Foot Canal St, daly 6 Р, M, West 12219 St, 6:30 P, М. 
Doe Albany б o'clock following morning. Direct ral connections to al pols 
Largest River Steamers in the World 
Express Freight Servi ‘Automobiles Carried 
HUDSON NAVIGATION COMPANY 
m m 


ations Capital 
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The NOS carried fares, which could be 
¿opt to Tight up the surface of the water 
in case a landing became necessary a Sah 
and thelr commanders had pistols,” 
hich threw out balls of varieolored fre 
Tor signalling purposes 


The Bureau of Steam Engineering was 
able materially to improve the performance 
Of the boat by the application oí new pro 
peter, designed in that bureau. The NET 
was originally ued with standard. nav 
low compression Liberty engines, vic 
ere found to be entirely satisfactory but 
during the period thatthe NCA was beint 
ire. e hee engine he Buren of 
laboratory at the Washington Nay Yard, 
perfected” carbureter adjustments on Ac 
high compression Liber) engines which 
materially improved its economy 
greater power than the low compression 
Engine, such engines replaced the original 
instalacion on fe NC. With the aew 
propellers and the new engines, the boat 
тог out of the water and flew easily, with 
A total weight of 24700 pounds The de 
Signed load was 2200). Besides providing 
propellers, and engines for the boat, the 
Bureau of Steam Engineering supplied а 
remarkably ебет electric эйт to 

This style of self-starter weighed only 
35 pounds, and by means of this improve 
iment it was posible for she pilot (9 siart 

ny engine without leaving his seat, His 
фейете that this constitutes the fist appl 
cation of an electric self-starter’ tothe 
Tiberty engine, 

Ming span from tip to tip, 126 feet 

Upper wing from tip to tip 114 eet 

Alleron projections beyond wing tps, 6 


teflon e ie n 

Lower wing span, 94 feet 

NOU of eins 12 feet 

„Distance between wings, 14 feet at center 
and 12 feet at outer tips of lower Win 

‘Overall length, from front end to the 
тет end, 68 fect 354 inch 

Length of hull 44 feet 9 inches 

Wing arca, 2380 square fee 

Weight full load fying condition, 2800 
Pci carried foot of 
surface, 1d pound, 4000 of wing 

Estimated speed at full load, 79 nautical 
miles per hour, 

Estimated speed at light load, & nautical 
mig pero a ta 
1660 “horsepower, De 


SAWING A 74,000-Lb. STEEL INGOT. 
(Continued from poge 208) 

Jt ia am interesting fact that in cutting 
steel beams and iagos with these cold saws 
F 
FFF 
2m or layer of cómprest air Just n fron 
Of the te. This compres air layer is 
formed due lo the high velocity of the saw 
ide. which ойе Several thousand veros 

Some most interesting tests were recently 
made va te Ira av per 
regular working "conditions, А Эш 
V 
Speed SL fect, lateral feed 27732 inch per 
тшше showed, before sharpening, а total 
ЕЗ euts; after sharpening, а total of 
Lys 

oram endurance test of a 4inch saw 
with the teral feeds оп 48 carbon ma 
¿lince steel, 12-inch round stock was сш 
de 3 minutes and 9inch round stock cor in 
V 
the Tater ease was 2 inches per minute 

“By Frank C. Perkins. 
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Practical Chemical 
| ` Experiments | 


І By Albert W. Wiladon 
|| Continued from pas 


EJ 


vil Turpentine, Bendine, Nana or Gas; 
Tie, but old paint spots must De softened 
S oil or grease, and may then he Te 
Moved by the appropriate solvent. Pita 

iae or varnish may be treated with vil 
ung then be dissolved out with turpentine 

‘Sagar spots are soluble Jn warm water, 
It adds Have destrayed the color of the 
ots, this may usually be restored Ву am- 
Bonia, and dilue alcohol may be wed ia 
the sine ay for the stano from fruit. 

Removing ink Stains. 

ле would be a mich simpler task to re 
„more ink spots if we only knew the com- 
position of te ink in advance. Fresh 
obaly disolver im cold water, tho son 
tes four milk is more ee, Tnk sts 
may also be removed with blotting paper 
Sr tome other absorbent. On marble, these 
Stan дау De ened wit toronto ake 
ing soda, or strong alkalies, or a paste may 
e made withthe кай and turpentine, and 
Жа may be Jett for some time in contact 
twit the spot, and nally washed of with 
Mater. A diate solution of oxalic acid may 

tea be used successfully to remove ether 

Sis or iron rust spas 

ere ja much iron im the water sup- 
y thingy be removed from bo o 
Biler porcelain ware by the, зе of hydro- 
Chior аг, then rinse with water, and 
бау with a solution of Sods. 

Tt ber probably often been noticed that 
silver e fealty tarnished by sulfur, ether 
fom ерл, ог drom rubber bands oF elastic 
Gr coriis from the splfur compounds 
in the laminating ga. The sulfid of sll 
ee tius formed e i color from grayish 
To Black, Ser thus tarnished “should 
фе rubbed with mole common salt before 
Mashing: thus forming а harid of silver, 
и ay then be washed in ammonia, Ж 
EDI MM 

or ‘essing and polishing brass an 
copper, nothing is better thant oil and, rot- 
dene e aud most of the good polishes 
fom the market are made Erom these mat 
Е OEC 

efosene is useful {n keeping metals Bright, 
s well se glass and wood, Aluminum may 
it Шеше by he use of whiting or am 
Sliver polsko bur alkalies should nor be 
As alumina oe 


Ti nut Sinn. 
— tom, A 
T 
SR, tře ede Deine mol бю 
e wee ač pon т 

ж n t ele ee See Fe S 
er a pon a wo e no e 
Me operation, ‘hen rinse Jo crar water 
EXE 
toate say ES 
S tre e woods 

Тешз ae iy often be completely 
sed from doe brice 6 


‘might remain 


QUESTIO ANSWERS 
Detecting Saccharine. 

0.10, Werner Rretschmer, of Demar- 
est, NPT, wants to krov: 

UD The test for Sascha 
Mstiod ‘of detecting Glycerine, jm 
Mite (S) 1E the "Кыеп Earth 
BE testing putter for coal-tar dyes can be 
эрий 15 fonda 

А, “Saccharine ie а ve 
запо prepared, Боп sia 
been used largely for sweeten 
fm ihe place of sugar 

me presen 


Tt alor possesses 
power, but is never used 
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ere 

Uf шысы 

A 
forem poo ed 
oul he n 


aWeek or More 


э interesting work with oypartunitiento rise tosoperntndent manager, 
ff a eee painaa lat the Chest аннга teat 
ar tage ee es ЖЫ ron 


FRE TEST 


LESSON 


— НЕЕ 


— 
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Mechanical 


Learn at Home! 
EMPLOYERS everywhere are looking 
Splendid куше: and rapid advanceneit 
are offered. " 

here is an easy, Ше way in 
which you cam learn right at home i spare 
"inc. For 27 years the International Cor 
we e Scala have en svi 
men and women Just tie training thes 


need for acess im mechanical engineer 
Ig and more than 200 other subjects 
Homůredy of thousands have stepped into 
iod postions thegh L C, S, help, but 
ever were opportunities ко great as ua 


CORE WIRE 


Noise de etme киек ths 
T annesied Norway оп Core Win 
Sil ar dis rw o nete 
p 

At Pre-war Prices, 20cts, Ib. 

his wie ast the thn or spark eo 
кшш ey and yo tinea 
SEG howe upak pdt han be 


Ке 
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one, the preserving in- | 
енсе ши 


dental du he de 
tection of saccharine ihe substance’ co 
taining Sk ich ie нар а qud z 
shaken with chloroform, which settles to | 
be fonom and th removed ly means of 3 | 
Bledienecdropper, “The saccharine enters 
ito solution with the hlorolorm ‘while 
‘ae presen de mu Te chrom 
colon "Ie then. evaporated by” heating 
ently on the water bath, and if saccharine 
Ras been present the residue bas а distinctly 
Steet taste Thi method ie mot apple 
lie to substances whose chloroform ayer 
Contains а favor that would mask he 
укса tasie of the асат for stance 
(2) Yon fai to эше what fous you | 
desire to est for the presence od glycerine 
TUR езгеш! that tie be wives as the 
methods of procedure to. at dor this 
o0 varied to pie condensed 
test which wontd be spicae tu all food! 
sa 
(3) The Fuller's Earth test which yoo 
mention may be used for the detection of 
Coal tar dyes їп foodstufs other shat but 


MUSTARD GAS 


Q.IL Clayton Doolin, of Decatur, Ш, | 
desires” formation теги “Мич 
Tas and how i is obtained 
A, Mustard Gas alain hy regi | 
Masa ОР САТУ] зоосуна) iic 
is prepared by distilling macerated Mack | 
mustard seeds with sham. Mustard 
Fonte a glucoside "potassium myro 
Vich soluble in water ite solo 
Tally undergoes fermentation (owing w the 
presence of an enzymes шуо"), mus: 
Jard ol, glucose sad potassium een 
аке being prodnccd Albi Танкова 
Sie may be Мише ee heat 
in АЙУ Той wih onen e 
M Forms э mid «Ди ste m 
WV 
a producing ers тан the dis 


ATMOSPHERIC NITROGEN 


0.12, James G. Peck, Elmira, N. Y. has 
werd fat tas of Nironen and D 
the sparks will form Morir Ол He wants 
te know if the same fest wil be obtained 
be using а mixture of the two gases as they 
саг ithe ary in other wards by subject 
їй ordinary aie to a рокет letne di 
шшс їп an enclosed Charter, 

A Tie subjects of Atmospheric Nitro- 
Beh to а secession of electric discharges is 
At the presen time successfully operated, 
for the formation of Nitric acid and NE | 
rates. Fig 4 Чем the Birkeland and | 
Eyde furnace of later type. The individ 
val Furnace may һе described ae a lov, wide 
Elinder resting upon its side and placed be | 
fen ihe arms of an enormous horseshoe 
manet. ‘The cylinder is made nf heavy iron 
late and consists of simlar halves, which 
Are bolted together, The interior is Jima 
T 
the middie there is a narrow crcrar chant 
bes over 65 feet in diameter and шиш 39 
inches i йй. La this circumscribed space 
the reaction takes place. The lunge ensi | 
poles of the wrought iron elettro mrene. 
beveled at the extremes are emisedded in te 
chamotte lining, and are shot 98 inches 
part their але corresponding with that of 
the clamber, The clecirodes are of eopper, 
‘uth internat ee ef water aud arc 
SD inch in diameter. Ther enter the char 
er from opposite sides. and are separated | 
rom each other at Us center iy an interval 
ob abort 3196 inch. Ат under гент i 
йшй do passages between the external 
Shell and the clamore dining, and enters 
— inlet ii the lates, 
ino the reaction chamber, Те eee 
torrent oues, thru openings in the perl 
у оГ the chamber. mto а conduit which 
Teast the ah 
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Adventures of the 
Auto -Whee Coaster Club 


“The Free Caps Arrive" 


The Buffalo Sled Company 
ыс. Sty м. TONAWANDA WT 


CROSSED THE OC 


Pocket Tool Chest 
Eun ДОКТ 9Toolein1 
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| USE NB BALL BEARING | RST 
ELECTRIC MOTORS | EN 

Sith fhe electrodes, ii varem o of 

ies te йе мешм The 


features of soch a furnace sre 
‘te simplicity and te durable. ‘There are 
ло movable pars. When im uninterrupted 
‘eration the electrodes are changed every 


[| 
¡E a 
hea it he tee 
| ee eee ad Senora os 
| jm ta a bir N 
MAKE A MOTOR CYCLE OUT] | “ТЫ ыш omi мый шыш vih fe 
ОР YOUR BICYCLE OO | | отсан temperate now eC This Is the School 
BICYCLE | | ERT ела ы | Where Practical, Applied 


E | мып соңы Моны 


Ts taught in all its phases, quickly and 
thoroughly.” "The Iaculis ol Electrical 
Engineers and Praceal Experts wi 


Become an Electrician Here in One Year 
Or Lear an Electrical Trade in б Months 
Laws and principles of electricity, 
together wen practical” ectures and 
problems, эсти! training im laboratory 
Work and electrical machine department 
embracing design, assembling and oper 
Sting of motors and testing. apparatus 
ff il indes en these гоа facies 
and thorough "methods of instruction 
prepare уон to Become ай expert Elec. 
Encian in one year a n six months to 

master one of the Electrical Trades. 


77 d 


140 C, and the formula NO, at low or: | 5 X 
peratures, The peroxid condences at 22. | | Mitarte zat UE bg 


а uid wich м O C compuso toa 
mass of colores туман. Аа the tempera 
Relais ош НОЕ ie mimo ook: || School of Engineering 
ше of NO ia a given volume stadi in ‘of Milwaukee 
Eres эр howe Uy the eee dey ME 
reso als | | to's reddit frowns and then to а yellowish | | Department of Practical Electricity 
ae man ш | | row. AG .. 
s peda ou an ors | | the каз are of the formula Nr ADAC. | | Partie TO lt Eno Û б 
чы og Кыс нш EA 

wee ‘ihe the peros comes in conter with 


STUDENT HELP BUREAU Springville. N. Y. | | water it is dissolved and reacts, forming si- | Û 

PHOTO GRAET, | wur тынгылы ы! 
cr | | i oxidised to йт acd ls ч 
ане Work with the Cor berated: erden 1 
. Amm Arbors | | The net result of these two reactions is that (E 1 
oxygen amd water, repeats the cycle of | USE i 
V е; 1 
oxid in the current of cas issuingefrom the лан. 1 
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New 1 K. W. 


principle an insulated, two-pole circular 
teh for controlling 16 gap units, Tt per- 
mits the quenched discharge to take place 
Desea ау number of gaps Irom o 16 
But allows the group of gaps used 10 bë 
Selected at any availabe part of the series 


of gaps and shifted by the simple rotation 
ff “wo! Rand wheels at onee, as а unit 
Each gap шй. is агу, self-contained, 


amd may be rent М 
тей by hand. The circuit is automatial 
Sod instantly closed alter the break made 
фу removal” Each рар is mounted in a 
Vertical 


vd independently of the 
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Panel Radio 


Transmitter 
(Continued from page 230) 


coupler in Fig. 1 show the wave lengths, 
е correct wave engl beina read on al 
the, center or bottom opening 

‘The thermo ammeter used in connec 
tion with the Weston shonchloc one end 
eig grounded to the panel frame Tt 
EX PE NAM 

Tom actual operating test at full power, 
this et will radiate from 15 10 18 amperes 
em urent and aw xd 
Under normal conditions. Photos courtesy 
f, Simon. 


Ján im two 
orizontal 
fows of 
ight gaps 
| e. Each 
pes 
fes of wo 
brass dises 
with highly 
polished sil 
der annular 
ngs which 
are soldered 
Dips 

hey are 
separated by 
br paper 
gaskets, each 
sao beta 
at too ots 
One of the 
most Spor 
fant pieces 
DE apparatus 
e he Coup. 


Jer and wave 
changer 
Ed 
mary соп 
End movable 


Secondary 


co "They 
are designed 
To bave cor 
Fesponding 


making sin 
ШЕК 
Contacts with 


12 55 8 
S 
EXPERIMENTS "т AS 


AS 
A 
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MARKO 


STORAGE BATTERIES 
Paul M. Marko & Co., Inc. 
MIA Atlantic Ave 


AN ELECTRIC SHOOTING 
GALLERY 


(Continued from page 222) 
шаа of eaim Буз ellos ghe ares 
ie o de zear of the range Of courte, 
Sind ‘he target there тшу be arranged 


Sic ate! ect 
tee hard dee pistols or rifes are 
жын, IE sometimes Becomes пану to 


‘Bek up a plank target such as thia, backed 
S l of sand abont 2 to 3 fest hic 
ee ourtesy General Electric Co 


GENERAL SQUIER WINS FRANK- 
LIN MEDAL 


At a meeting of the Franklin Institute 
held on Wednesday, May Zl, Major Gene 
S Cere Open” Sater РЪБ, Chie 
zna! Oficer of the ишу, Was pre- 
ented by the Institute with the Franklin 
‘Medal, for important work which he has 
done during the war in the Signal Corps 
Branch of the Army, 

Ti addition lo (hi а Franklin Medal was 
also presented. do Major, General James 
Bough сасна оп behalf of His Brie 
annie Majesty's Government for Sir James 

a Been Holen Exper 
ridge: Fullerian Professor of Chemistry, 
Royal Institution, London, for important 
work which he Mad done for the British 
Government in the World War 


encinas the lere Ésbrierer" when rias ve deere, 
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“I Would Not Part 
with it for $10,000”, 


So mre op, eos. grt 


ч 
dis t. 


{Leary WATCH REPAIRING 


E 
[mL a, Mm, . 


SAVE 25% to 60% 
GRAFLEX-KOD, 


WRITERS 
muet 
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A 100 Horse-Power 
Voice 
| _ (Continued from page 212) 


speaker, Each afternoon the Navy Depart- 
ent at Washington sende by wireless the 
Correct time to ships at sea. This message 
Was picked up on several oreasions and 
Чарыш! to the end at the Way 

‘The lou, speaker equipment employed at 
the "Way was те same as that used 
Aboard ships of the U, S. Navy during the 
war ta make orders heard in every part of 
the ship 

‘The speakers! stand at, “Victory Way 
was in the center of the "Way." On this 
Sand there was a small and extremely sen- 
fot neceuary for the orator o talk into t 
Tr comprised а battery el three micro: 
Shonen Ме merely talked in front of it 
End the senshive transmiter carried the 
еси current, whose variations rep 

js emunciatis то the control room 

Tike speakers stands There the 

F 
eee and shot it out to 
speaker receivers, one hundred ond 
puto af hc were илк abore the 
and dama the whole length of te 
Ny 


ay" The ampliňers comprised a large 
number of Audits or socaled ee 
Bottles: “These receivers were very senat 
the telephone receivers of special denan, 


‘with large megaphone or horna, to make 
е speech audible to those standing below 
The area covered by the loud Walkers was 
abont 0000 square eet 

"The transmission of. the speech from 
Wathingtam, however, involved much more, 
‘The speakers а the National Capitol с 
3 special telephone set and, of course, they 
And lord speaker rien o tiat they 

Applause from New Yor 

Of the message rom the 
Dirigible С, we transmitter on the speak: 
S73 platform was connected, not oniy with 
the loud speaker recever, Wut wi wie 
SS well, which, transmitted waves to 
adiophone aboard the dirigible 

The antennae for the radiophone cor 


[3 


тесной between he 
i Avion and, the Railroad Y N, 
ry Way witha wireless apparatus 


he oud speaker circuits 


"Fe contrat room war elaborate and con- 
tained а тш ef mires and switches and 
рес! electrical devices, developed iy tn- 
ets of the Bell Telephone yen. "Ths 
oom contained the ampliiration apparatu 
means for generating the electri current 
Scand sen devices шй for con 
pectine with the long distance wires 16 
Washington and the wireless 

ene locomotives past beneath the 
street їп the tunnel of the New York Cen: 
tral Railroad, То avoid ана disturb. 
Ses rom hese, the coma. room was 
completely covered wi sheet iron, whieh 
tras grounded, so thatthe contre room was 
Uae ictus Аре the ample ЫБ 
Gm rubber cords, ee NE 

No lond ‘speaker receivers were placed 
within eighty fect of the speaker onthe 
platform, because in that case the speakers 
foie, ari came from his throat. and suit 


red down thr the loud speaker cece 
Ers, would play a race in whieh the sounds 
From the receivers would reach the auditor 
first) because of the fact that electrical 
Waves travel at a far greater rate of spect 
thay mere sound waves, Fo speaker 
receivers were pear the orator, the result 
‘Would de а bedla of sound, as the words 
Dverlapt one another. 
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fora by lke todo, Taare 
Pon fan ar na 


tt By mentioning the Eerie Experiment” wh wing Т ee, 


elivered S FR 


ume aos 
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| u.s. PATENTS 


Edited by 
Н. Gernsback 


255 OURAY BLDG., 
WASHINGTON, D. C. 


ition, Coil 


(SRT 


ard for Poison Botti 


[offer a comprehensive, ex- 
perience, dicent service for 
SS prompt, Tegal protection and 
the development af his proposi- |p 


entor should write for our blank 
is shoul be signed and witnessed 
ech and description of the inen 
give our opinion аз to its patentable mature, 
Dor ые] Guide Book, NOW ТО OBTAIN A PATENT, sen Fret on 


VICTOR з, EVANS & СО, Patent Attorneys — 


Our facilities for securing 
patents enable з to: give 


Drompt and reliable service at 
Feasonable. rates, Inventors 
эге invited to write fa ve tee 
garding questions apperisin- 
ng to Securing patent protec: 
tide.” Ай matters receive 
prompt attention. Send еш 
Tor "preliminary examination 
Bota free on терен 


A. M. BUCK & CO. 
Patent Attorneys 
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By fe M- Lewis 
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Competent Patent Service 


Norman T. WHITAKER 
Lawyer and Engines 
aa tne TSI 


INQUIRIES INVITED 


County Agents Wanted | 
ELECTRIC FAM 
VILLAGE AND TOWN 
LIGHTING PNIS 


LACEY & LACEY 


Practice Бийин 


U. S. and Foreign Patents 
Trad Marks, Copyrights 
659 F St, N. W, Washington, D. C. 
Write Ua far Our Froe Inventors’ Bach 

PATENT-SENSE 
Established 186 


INVENTORS: Send us sketches or 
model of your invention and a de- 
scription of the device for advies 
in regard to the best way of ob. 
talning patent protection. Our practical 


TALBERT & TALBERT 


Patent Lawyers 


Patents Promptly Procured 
Send sketch or model for actual search 
of US Patents,» Highest references 

Moderate fees. Write 


„PATENTS 


store Invited to Write for Information 


WATSON E. COLEMAN 


Sr simae N OY, 


Stars below аз there are above this median 
. 
e tm am 
ee 
At time of sol 


elipse there is no dise 
fin as the edge of the 
quen ass over ds mch as would anise if 
esos Hebe past thru a fuor atmosphere 
Shi was retracted thereby 

‘ise, according 10 the Kinetic theory of 
gases, the ability of a body to hold an ate 
osphere depends on ite mase and density 
Molecules of the gases аге continually Ду. 
ing Өй la all directions If ther velocity 
Execs а certain critical amount they may 
Escape altogether from ie gravitational 
conta of the body in que 
ait je called, la Tess than two miles per 
Second. As the molecular velocity of ail 
the gases ol the earth s atmosphere, oxygen, 
T 
dent that the moon could not Rold these 
ses beara traction 

ш! fom one expect see with a 

пе telescope? М 

"Tie rings and ree oF four satellites of 
DEA ENDE E 
jupiter, the snow сара and most prominent 
parkings of Mars and. according to Prot 
Wait Pickering. mimber of the canals 
of Mate if the condicion of the atmosphere 
de deer is particularly good also the 
Craters and other markings on thé moon in 
feat deli a cule and 
ith spectroscopic attachment, prominence 
th the sun, the Great Nebula Orion and 
‘many beautiful double and multiple star 

TP the telescope is equatorially mounted 
and, provided. with radiated circles for 
Ending and identifying stars and nebol, а 
most werbe and valuable. storehouse 


О knowledge is opened 


Inch DESK FAN © 


Feldman’s “Geyser” 
Electric Water Heater 
Instantaneous Hot Water 
FELDMAN MFG. CO. 
1500 Thee Bldg. New York Clty 


А NEW AND EASY WAY TO КАТ С 
SIGNS and SHOW CARDS 


L.J:LEISHMAN CO, Dept 14, Orden, Utah, 
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Electrical 
Oscillators 
ву Nikola Tesla 


Broadly, the inst 
praes solid contact, andthe 
ideale e 
1 to 8, шш 


pos 
fuent of the damping facto ie 
бе are preterable for purp 
Tuer dupot an a great 


"b rel are rele 
"he resistance con 


ich, however, ve the less signiicant 
Breer the capacity of t ne 
Ta Fig 1 


eros to whether the u 
Танну атыш is 110 or 22) volts. From the 
box protnu Brass cal 

a plate with the 


een e of the primary o 
ers Two of the cola 


песо ‘while the other 


ше pat 
АУЛЫ ‘capacity and at the same time 
rable the соп. 


Tuber column projecting from the 
"The creuit connections 
TERIS varied, bup ordinaris, they 
тас. EXPERIMEN May on page Ж 
Photograph of which appeared om page 16 
f the same mumbar. the 
‘When the smite 


fom, the 
ine 
Тыз device a 
bikes 


roved 
en laboratory 
For instance 


5» to exhibit 


Тепсей sith the contacta, alho the cur- 
Teri te lem were heavy, name 
Sach ene of resoeauce existing, the pre 
й only when the отон closed 
weder ares can develop.” Oris 


Starrett Tools 


have gaged the accuracy of the 
work for thirty-nine 


YOUR OPPORT 


Canceled Governme 


This is Your Opportunity to buy new, guaranteed 
Electrical Apparatus of Standard Manufacture 


UNITY 
t Contracts 
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‘ecalth, 

rength, 

eal DE 
d. 


The 
STERLING 
н FREQUENCY | 


VIOLET RAY 


Specially de- 
signed’ for 
frome usec 
fid o Work 


Bipulate "under 
pod 
тайа vitis ts 
overs the Ser 
ees of dee 
Yan а doctor of medicine and a 
herve and beauty specialist all 
in ome, ready for Instant service, 


ay, Cpr 


Fr 


Eon i y 


VALUABLE BOOK FREE 


‘The STERLING ELECTRICAL 
CORPORATION 


1278 West ed St, Cleveland, Ohio 


| inductance сой ар and down by means of 


| principally ended. to replace Rios 
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rally, 1 employed platinum and iridium 
tips but Tater replated. them by some of 
picor and nally of fasten. “he et 
Fave given the best satisfaction, permitting 
Working for hours amd days without 
Hig dtt а amall oar 
signed for certain apecite uses. The un 
ing idea was о ашыр grat aves СЯ 
ing minute intervals of dme each succeeded 
tyra comparatively long рен! of inaction, 
With this object a large self-induction and 
q icaling brenk ene employed ovine 
To which arrangement the condenser жаз 
large to ery peua Sul 
Secondary currents and sparks оГ great v 
lime were thus obtained, eminem cui 
Able [or welding hin wires Найт lam 
[к.ш explosie, mixtures and 
imdred applications. Ihe instrament was 
also adapted Tor battery use and om this 
form was a very effective igniter or gas 
engines оп which a patent Dearing mumier 
160550 was granted lo те August 10, 138 

Fig. A represen a large oscilator of the 
fea ls ended, for, ктан experi 
ments, production of Ramen rays and 
Siete research in general Tt comprises 
A box containing two condensers ol he 
Same capacity оп which are supported the 
аги coil and transformer The auto 
та cr, footer Band ich and 
Connecting posts are mounted on the front 
mite at the ae po as lo ane 
SE the contact springs. “The condenser. lox 
ds ешр! with theee terminals, rhe tea 
ФП out serving merely for conection 
РЫ mie oe pe 
With а sere Tor regulating he interval 
dori which the енеш je closed. “The vi 
rati spring elf, the sole function of 
Sich isto ease periodi? interruption 
fan be adjusted in ds strength as well a> 
distance from the iron gore im the center 
of the charging сой by four screws visible 
ge the Jap Bite go tae зау dened condi 
"ons of mechanical. contral might бе se- 
fred, The primary coil of the transformer 
we ice and tape are made at 
жийде points for the purpose of агу 
St will the number of ene, As ar Ee 
Тае inductance сой is wound in two seč 
tions to adapt the instrament both to 110 
and 280 volt creta and several second. 
ares were provided бо sul Че various 
Save lengths of the primary. The шири. 
Was approximately Sl walt with damped 
Waves of abont 20000 eles per dar 
Far shore periods ef time undamped osdi. 
lating were produced in тенш the vl 
таш spring tight against the гоп core 
and separating the contacts Dy he ajat 
ing serew which also performed the Jinco 
tion of a Le: With биз eie 1 made 
а number af important observations and it 
фаз one of the machines exhibited at a 
lecture before the New York Academy of 
Senses i 1807. 

Fi i а photograph of a type of trans- 
illustrated in the Mas, 1919, issue of the 


иста. Essen to which тей 
ente has already been made, И contains 
"e identical esential parta, disposed ln like 


manner, but was speciali designed dor use 
SN supply circuits of higher tension from 
Žán sa S00 volts ог more. Тє anal ad. 
Justments are made jm setting the e 


spring ad Shifting the iron core within the 


two screws la order lo prevent injury 
thru A shorteioum fuses dre inserted qi 
Ше aes. The istrument war photo 
iraphed i action, generating wndimped 
scllations from ech volt lighting circi 

Tig S shows a later form of transformer 


foils m (мө instance а primary s em 
ployed, having а much greater number of 
turis and the secondary is closely linked 
їй the same. “The enrrents developed i 
the lamer having а tension of from 10000 
to 30000 volts are шей to charge com 
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Welte Today Ej i eene 
‘iit ratan рин 


Send Only 12c 


“Hints to Music Loving 
Owners of Talking Machines' 


LIS. Box 82, Milwaukee, Wis, 
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PRINGE ALBERT 


the national joy smoke 


GAY, youl have а streak of smokeluck thatll put pep-in-your- 
smokemotor, all right, if you'll ring-in with a jimmy pipe or 
cigarette papers and nail some Prince Albert for packing! 

Just between ourselves, you never will wise-up to high-spot- 
smoke-joy until you can call а pipe or a home made cigarette by its 
first name, then, to hit the peal-of-pleasure you land square оп that 
‘two-fisted-man-tobacco, Prince Albert! 

Well, sir, you'll be so all-fred happy you'll want to get a photo- 
graph of yourself breezing up the pike with your smokethrottle wide 
open! Quality makes Prince Albert so different, so appealing. 
And, P. А. can't bite or parch. Both are cut out by our exclusive 
Patented process! 

Right now while summer's young you get out your old jimmy 
pipe or the "papers" and land on some P. A. for what ail your 
particular smokeappetite! 
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Get Our Prices 


оп the Wireless Apparatus you 
need, before buying 

We handle new and second 
hand instruments om which we сап 
save you money 

All Second Hand instruments 
guaranteed to be in perfect work- 
бе order. 
Radio Equipment Co. 
«з? Wat ae Banton, Ман 


“Hello Europe” 
Vie Radio 


By Charles М. Ripley 
(Continued from page 


ЕЛ 


As a member of the pasty offers the 
flrs eman, his hand touches the 
Steel doar of the motor Car, and, he re 

| eres s terre кане shock The ex 
peris smile They are standing immediately 
iderneath the station end of the antenna, 


THE BARR 
MERCURY-CUP WIRELESS DETECTOR 

The most effei- 
ent Detector en 
the market. 
Tested by the 
United States 
Government 
a Marcont 


‘There 32 slender wires, МЕМ charged ld 
salian currents of nnd een tight- 
Ring here begin thee dny: cin tes 
Кади approaching that of the. Equitable 
Buildings and shen stretch away a fel mile 
tie semi ште cobwebs Tang on сше 
mary Vie spendere 

‘At e polní where they stand the air 
pulus. eilt Ыг lecto magna 
Energy; and the ling, nerve-waging 
Shock tests from the fact that the aut 


[= = But Real Apparatus 


Mica Diaphragm Telephones 

Baldwin Mica Diaphragm 
Phones may now be had on the 
Рае Coast 

We have а complete stock, and 
can fil orders at once 

Send for circular and price list. 


mobile is сушр with RUBBER TIRES! 
The current caught from the sir by the 
metal parts of the cay cam Rnd is escape 
то the ground only thru the body of the 
uninitiated who may touch the eas metal 

What more Bting introduction could one 


Send For 


Halcun Radio | 


Catalogue 
Fall Line of Amateur Requirements 
| HALCUN RADIO CO. 


San Francisco, California 


Loose Coupler 


[Arnold Navy Model] 


have Шо the mysteries of real radio at 
NOI Suppose we enter the sation with 
e be 


After the incident of the automobile 
| ао we visors are, паь "wire: 

2 ao the ни “DANGER” seña 
hesitated to touch а water faucet! 

‘rom the mechanical and electrical stand- 
point as well ax from the layers view 
Point be rae high eee alternator 
5S he big outstanding feature of the sta 

“An alternator is а dynamo that makes 
alienating сите electricity. A аһ fe 
||| menes alternos! is a dynamo generating 

За leere current that бшетш, or re 
“Alternating 

че 

i 


feres Ga yery ree y 
итем, Tor Mt and power has a 
quency” of 25 to Ө) cycles per 

the alternating current used ji is wireless 
ation Баз а frequency of 22000 cycles per 

А kigh or rapid frequency is used for 

wireless Worle kee electromag 
Waves are thrown ОЁ rom wives in which 
Th electricity Hows 

Тш was Suele for gs to take new 
interes in he g machine hat was throb 
this was the last word in Wireless power! 
Tor was пи this the mightiest station on 
our hemisphere? Moreover, high frequency 
electricity isthe sine que mon for wireless 
aal here, working wer "our very noses 


RELES 
PODE, 


WI. 


dias the frst big and really eee ben 
Frequency alternator ever but in Amerie 
In this room, then, i= where a new tral 
Was blazed toward the supernatural; here 
Jules Verne himself would. stand. agape 
And, perforce, confess that his tion has 
‘eg outdone 

“Те present wa 
what force that expr 
day. What romantle stories wil some day 
We writes of the struggles of Americas 
Wireless engineers to outdo the Germans 
Energy from this monster alternator was a 
powerfol factor in Bringing peace 10 a 
Frautie word 

And 


With 


of the Art” 
ion striker o 


BTW wonder of mechanical sim- 
Daly Thong that m 
inte hate 


PACIFIC RADIO APPARATUS CO. 
1247 Forty-seventh Ave., 
San Francisco California 
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called, weighs wearly 3 tons, with its shaft 
FF 
‘This is not considered a high speed in the 
шна] profession and yet it this rotating 
lement were o roll along upon the ground 


Жиз present speed И would гип rom | 


Senenestady, N Y where fe was Built, to 
New Brunswick, N. J. n less thon thirty 


Wonder Regulation at 200 KW. Alternator. 


The speed of this rotating element is 
regulated to, within 1/10 of one per cents 
Fegaress of the amount of electrical Toad 
thrown on and oit the сеци in the sending 
SE messages, 

‘The alternator is rated at 200 kilowatts, 
and weighs about 12 tons without Ив base 
‘The йоог space occupied by the machi 

у йз base, and the driving mo 
is onty E t wide by 20 fe long, Тыз 
Safe is les than 2 per cent of the total 
forarea a the rad station, which is 
Taoa n 

"The advantages of the high Frequency 
aerator were explained by its designe, 
йт E E W. Alexanderson, "conning 
engineer, inventor and radio specialit ol 
the General Бесс Com 

1. As heard by the oper 
station, the tone pf New 


riick’ aig 
Mae а clear whistle” of а Aci 
КҮЗ 

2. die continuous wave it sends out is 
clear gut. ийй mo “harmonies” “Hare 
"nich have various frequencies and dil. 
Trent wave lengths, and interfere with 
ciñe some. (Haris are ec pave 
Tents which “е” the message. There 
is do fringe or резина to the waves 
аңыр from the new М. F. Generator 

Sie ie steady in ix operation, and has 
run for WEEKS without interruptions to 
Service. In February it was operating 073 
Ber сем. oÈ the time, 

“Tes cool, clean and quiet in operation 
PS RIE SE massive construction, and ze- 
sembles other electrical machines ln a gen- 
Ша way not а freakish machine 

B. И has 3 low power consumption 
The record ol one n Д poe 
ene e averaging Tes than Zo KW, 
‘irae from the power system, including all 
Шу poes demand, or, ton and 
indus and reliable -transatlantic radio 
їй. Oma freak tet" а message 
ent by only 12 RW. pm the antenna, re- 
[оле veceiond af a Pacife coast station 
pop 


aen, older pulls the tragos of his 
rife апа releases the energy stored m the 
powder, the motion of his anger is ampli 
Red: fe, а small eause produces Arge 
ейи; m the electrical world far many 
Sears we have had telegraphic “relays 
‘These are devices which permit а small 
flow of electricity from ont source to set 
A motion А erat, Aow of electricity from 
shoe мел Here арып а тй he 
Produces a lange effet; Зо relays are prac 
kaliy ampli, 

"Now in the case of Both the trigger and 
the fly we aye mechanical motion e 
moving parts, These moving parts intro“ 
duce mechanical and electrica! dihclties 
sien, comes o handling large currents 
Gi cion, These moving paris thus 
Constitute the limitations of electrical am 
liters which depend upon mechanical mo- 
бон. They ae the te he bite 

tthe magnetic amplifier has no mov 
ing part, ence it has correspondingly les 
limitations. Tts principle depends upon the 
invisible and moltovichr actor of magnet 
iam within the irom 

To return to the rigger analogy." When 

(Continned om page 258) 
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Auto Electrician's Guide 
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V THERE'S MONEY INIT" 


LEARN TELEGRAPH Y= 


-—=MORSE'AND WIRELESS-- 


TEACH YOURSELF 


P 


Ed dali Мое or Cont 
ph 


575 


E 


‘awed by tóm (юы, лыми is 


39L Cortlandt St. 


OMNIGRAPH МЕС. CO. 
Now York 


с инен 
Lan p P 
i ic m 


HOME BATTERY CHARGING 


Een 


Dept. EE, 


Make Your Own Clock 


‘SAVE BIG PROFITS 


You Never Have To Wind Them 
SELF-WINDING CLOCK CO. 


‘Grand Rapids, Mich, 
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MURDOCK 
No. 55 


IT IS A FACT 


Voluntarily certified by many 
owners, that these ‘phones have 
displaced sets costing from two 
to three times as much. 
Fourteen Days Trial 

will convince you. Your money 
back at once if they don't prove 
their value. Comparison’ with 
any other "phones invited, 
2,000 Ohm 3,000 ohm 
Complete Complete 
Double Set Double Set 


e by 
Customers. ORDER NOW 
for the best remit 


Bulletin 19 is yours for the asking 


WM. J. MURDOCK CO. 


55 Carter St. 
Chelsea, Ma: 


Thordarson’s 
Flexible Wireless| 
Transformer 


Thordarson Electi Mig. Co, 
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| The Design, Pumping and Test- 


ing of Audion 
By C. Murray 
(Continued from page 239 


‘The writer plotted curves on two, Flem- 
ing valves: one with a cylinder Jy inch in 
diameter and the other ch diameter. 
The results are shown at Pig A During 
the test E was kept at 200 volts and Ta 


чЬез 


that both tubes will give us 8 milliamperes 
OF space current when the grid ie те and 
фу giving the ards а small negative charge 
‘he will drop almost Ip zero space current 
‘while the her oniy rept to 75 man 

eros; We also бий when we change 


fhe charge io positive tat ir will im 
Crease the db ou No. 62) а great deal 


ae than on the tobe with he small 
e referring to the drawing of the 
aem pump, Fig. | the reader will see 


thar We i constructed entirely ol glass 
with ‘the exception pi the mechanical 
ume or “backer” The bucking pup 
Used by the waiter is oF the rotary type 


nd dene im Ой to prevent a 
ieakage of sit Wi a vacuum of 
From & i 13 mm, of mercury s readily 


E 


The Aspirator plays the principal 
As with this apparatis that 


gh sytem aod indicate 
We obtain the highest vacuum, known 


Eo 
todays which is very necessary in prac. 
tically all vanam tebe о o 


was varied until a saturation point was 
Found. The" gid, as aforementioned. 3 
the principal dement, and Je upon th 
that the main action о the Жооп tub 
debased. "The size or surface area 
depends entirely on what ts to be 
ed for 

Fog Instanes, jf we desire to e a 
ito that a smál change on the grid 
| wal produce a large effect on the 

Tite current “1 ме wih to use it 
As an oscilador or power tube itis 
fot necessary or essential to Rave а 
rr ei тыл de contracted 
much heavier to prevent харсе dur 
ing the pumping and while ism 
operation as эп озы. 

The writer constructed two tubes 
wi the grids follows: The grid 
fn tube Ko. (8 was made of 20. 
inch nickel wire, Mond im the form 
Фа spiral, М. inch їп diameter, mak 
ng a total ot 36 turns. The grid in No. 
ČŠ tute was ato the same ЛАЛ 
Snip had 14 turns, The same plate pacing 
їп both tubes was used he results are 
тей in graph Pie 8 We can readily sec 


Graphe Showing Actual ete and, Space cur 


“The mercury sm the aspirator is used 
to absorb the gases which are generated 
Фу be bombarding or heat of the 
meta in te tube being pumped. The 
mercury must be heated to the balím 
point before 1t starts йв work of absorp. 
tion T has been estimated that а vacuum 


ОГ mili of а mm of mercury 35 ae 
ined’ by the use of" the aspirator 


. — 


ot зу тию Fg Scobie 


Liquid air is also ased in the pumping 
process, to prevent or freeze any mercury 
Vr which has not heen condensed ош 
Же walle oe aspirator from pasning ini 
the lamp While з being pumped, for i 

we show allow а very small amount 


ани ot 


Bf the mercury vapor to get into the 


fue t would aure i to show a blue 


aze, thus greatly reducing its sensio 
dieses and И would hest up con- 


e 
We wil here describe the pumping 


of tube Nor 482 ta detail: First the 


Tube was sealed on the pump and ап 


Чеш оеп was placed around the 
"es The" mechanici pump was 


started, the current turned on im the 
‘Seen and also the aspirator heater 


the liquid air was placed ln a Ther 
mos” bottle and the bottle wag then 


placed outside the wir trap When 
The heat i the oven reached 150. C 


the ament was connected up to a 


TELEGRAPHY 


aa Amer age 


Volt transformer thes а variable 


resistance and glowed at 9 vols, 


Жез the grid lehd was connected to 


iss D C generator thru а 
запа resistance; the current was 
then turned on ihe tube immediately 
Bila with а bright bine arem A 
few minutes the prid began o get 
(Continued оп page 266) 
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DV that pene s here wireless айыз the теден opportunity 
“Те experimental 


elk So great bas been th 
tent yer that there now а tremendous shortage o operators, 


Peace Increases Demand 
For Wireless Operators 


Actual owas spon tran lis, Operator, р. 
Меш, Blea, эма Radio Seen n will he 
tise 


‘Seeded lor permanent “peace me“ wisis postions a 
Bais than ove ever before been pai 

Peace means bier demand for men in every branch of wireless 
And & opening up nov Beda of Commercial Wireless activity which 
ЖШ Fe revolutionize present methods of communication 


No Previous Experience 
Necessary 


Leam Wires In Ten Weeks In Your Own Home, 


рше ААЛ vou what You м ned to Know to make a 
ace of Wes wol 


Get Your Instructions From 
the Nation's Capital 


(Our Course is endorsed by U. 5, Government Oficials) 


Tur Nama Бадо Insite beaded by autori why hate 
Deen closely allied 


И suden, жш 


E'R. Hans, formerly al the Radio Divison of 
Yale Unive 


We now have students throughout the world, Our location in the 


sting them to secure good paying postions 


Travel and See the World 


M you want to travel and se the worltgo to foreign countries, 


Station, Railroad, Telegraph, of Steamship companies, if preferred. 


Learn WIRELESS 


N O W— 


Enter This New Field of = 
Greatest Opportunity 


ný 


Pay as You Go Along With 
Your Lessons 


(Our plans of payment bring а wireless education within the each 
О anyone who desing to Кага. А small payment down on our 
Convenient payment Blam, and small Plowing payments, enables 
Sou ta earn the cast f Sour tuition while actualy learning to be 
Byes operator. 


Earn up to $250.00 
per Month 


Ла the short period of ten weeks we can make of you a wireless 
‘operon, a man wih а profesion independent, and not subject 
(ihe ríe and fall of wages in tb labor marke. Salaries are 


any time from je 
базе тенме yor diploma from ш, we Мр you dnd а good 


FREE INSTRUMENTS TO 
EVERY STUDENT 


In addition to text books, lessons and personal instructior 
rod you, while taking out coure, а Home Practice Se consiste 
ing of s Standard sending key and baer, and Universal auto 
C 

leet to every student; No other school сав ойе you what 
prs 


Announcement 
Opening of Norfolk School 


" aie М [The Design, Pumping 
Wireless Receiving Ban Raised , 
MESCO WIRELESS PRACTICE SET CE د‎ 


MESCO *""" 


MESCO RADIO BUZZER 


ты nets 2 т RR ш. Ты cap de 


We carry a Large and Complete Lino of Standard Wireless Material Recognized 
by Experts as such with Competent Experienced Wireless Attendants in Charge. 


Send for the New Edition of Our Catalog W28 


Manhattan Electrical Supply Co., Inc. 
17 Park Place, New York, N. Y. 


SAN FRANCISCO OFFICE: 004 Mision St 


INSTALL A NEW 
GREBE REGENERATIVE RECEIVER 
In Your Radio Station 
This Receiver is intended for 
long distance, relay. work om 
M saa and emoties a gh 
ly developed circuit employing 
Soi variable ые 
Well as а number of new mechan 
Tel features, 
‘Other deis fr all чате 
e- 
Send for re bule o i comple e 


A. H. GREBE & CO, Richmond Hill, New York 


Srt Wire Regenerative Receiver Type ena 


Ted hot, and soon the haze could only be 
Seen close te the grid. Then i changed 
‘ver on the plate Jead and worked it a же 
the эмпе way se the grid ший! dt became 
тей hot Then 1 went back to the grid and 
Finished it up [shifted tothe plat again, 
Which had slight hare on iy to E ER it 
On till it was “lear.” Then 1 connected the 
Piate and grid together and heated them 
With the 2Sb-volt generator for five min 

T turned off the oven and removed it and 
allowed the tube to cool Afer it was cold 
T love the lament at 73 volts and con 
nested the D, C. generator to the plate Кай 
i erame ted hot and var iat 30 d 
Sealed it off the pump with а blow tore, 
This completes the pumping of the Audion 
ее бетен delector 

"The pumping of the Audion in this way 
is ve nece, especially ое om which 
Me are going to ose а “Н? battery of 10) 
Vols or nore or instance, the power tube, 
Which requires at leat 20 volts before Y 
Will give much of an output. 

Net we have the wiwing or aging of 
the filament, which stabilizes the action of 
the filament. "lt allows the coating of the 
platinum lament to бту fx itself to the 
Platinum and also burns away any of the 
Temaining gases which might be in the tube 
{fret te readers can understand how these 
acum tubes are constructed after reading 
Же foregoing 


|Operate Your Audi- 
ons on А. C. 
By Elliott А. White 
(Continned from page 234) 


for alternating current operation is the 
fheostat or potentiometer КО, and the large 
тарасйу condenser CA. The rheoetat hav a 
resistance of 8-10 ohms, or other value 30 
Tong as It is nor too high, mor so low as 9 
draw ioo much current: connections are 
mede "he twa ende with movable core 
{Bet covering all points The condenser 
is made of 6 бг B discarded telephone 
Condensers (1 or 2 mide each, thoroly 
fested for short circuits and leaks) with a 
total capacity of S12 mids the higher the 
fetter, around that figure. R3 is the usual 
lament rheostat И one is necessary, altho 
it ip best to design any set with as few and 
as Чоо proof” adjustments as possible. A 
fikt condenser of Ds méd, or less may de 
ese across the "Phones tho itis not ine 
dispensable. A rheostat IM may be added 
for the recie laments, and numerous 
oiher тоо сако and improvements wil 
Suggest themselves. “It i theoretically pos 
ble to have only one pectifer tube, but E 
might le noisy. and T shouid want to try it 
Before recommending it 

The operation is simplicity elt. The 
F 
Usual way and Баз been employed for this 
purpose before, "Cheap barging trans 
Formers can be used here just ap well as 
winding x special transformer, "The m 
ши, however, fes in sing the rested 
V 
Pens been used for transmitter eller 
Where the noise was mot prohibitive, and 
Теп сп a high frequency of 2000 was 
Provided: butt works very well on re. 
йо ies even ов ре ata dicic 
оше lighting dene if proper, preca. 
ons are taken. (It i% only a natural step 


| {тош the receiving Set Мете described to a 
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undamped wave radiotelegraph or radio- 
telephone transmiter, operated from the 
баты lamp receptacle.) It will be seen 
thatthe rectifier tubes will pass current im 
Ошу one direction, War is from zlate to 
filament, so that during each half-cycle the 
Current from onehalí of the winding T3 
"TA, charges the condenser C4; the side of 
the condenser towards the high voltage 
Winding being always negative, and that to 
Wards the low voltage winding always post 
tire as indicated inthe faure It is on ac 
Count of the polarity of ihe condenser, that 
Separate windings 12 and TS 10 must be 
provided lor the laments of delector and 
Testers. pe charge accumulates on the 
Condenser C4 as avaiable D. C. {volage 
bal to halí that of winding T3 T4) and 
ТЇШ make а ot snappy spark if the corr 
Heer s short-circuited. “The need of the 
{ge capacity for Cá is to keep up the pos 
{ential when current is drama off for the 
"detector circuit, and to reduce the pulsa 
tions from the буде A, &. The only ads 
Justment necessary isto locate the lever H 
Gf rheostat K2 аг a point on the resistance 
placed across the Blame. where the M 

E balanced out, an adjustment which 

to be made only once, lt is obvious that 
the whole apparatus ja extremely simple, 
asthe opening or closing of main swich S 
‘with fuser FF to protect the transformer) 
ele ай circuits, In the hookup indi. 
Sin the Jere, e i 
ning are of the inductances, coupling an 

Condensers im the amenna and secondary, 
that is L1 (C1) 12 CP and coupling be: 
een LI L2, which is delicate. Amplifiers 
may be added and operated from the same 
‘wing Aly set oscillates "like а bird“ 

‘With fw Vacuum tubes it might be nee 
essary ta provide for adjustment of "the 
C 
fu cries Li cajusiment, and this can be 
one ether by winding T3 15 to a higher 
Voltage than ordinarily needed and cutting 
ideis to the proper point by means of à 
татай high resistance ln series with the 
‘hopes (enemies actos CE would 

icharge the condenses); or by means of 
variable taps on the transformer, in case 
e transformers are used for 12 
End 13 18, the later having no tap im the 
middle, a rheostat may be bridged across 
the whole winding and the lever adjusted 
ain the case of RA H. 

My experience has teen that the ad- 
jpstment gf tke rheostat or potentiometer 
ЖИ ый cit out almost all the hum of 
the phones in receiving, but im care local 
Conditions produce "cross talk” in some 
other experimenters ошл, he wil find that 
fy proper insulating or grounding or bal- 
ře of transformen cof, tue and wid 
{ngs от by reversing the supply leads where 
the house wiring is grounded оп one side 
WS can et rd of any ableton naše 

Io making my trassformer out of an old 
burton 1 KW pole transformer core, 1 
Found that putting the whole transformer 
Core and windings back in the iron ease was 
Advantageous in keeping induction from the 
Sore away (тот the тен of the set The 
Care rectifier amd associated apparatus 
Should be kept several fec away from the 
eee seb, amd all leads kept short, 
ШЕМ e за in ary oiher ship 
Shape and ecient ee Beli ringina 
rasetormers, if used, should have metal 
containing eases. Fhe most important thing 
however, ia аге in the tuning adjustments 
as "there are certain critical adjustments 
hich will make the set “how” оп account 
Of audible beats between local audio-tre 
dee, beats and the cycle alternations, 
Besides other cames. For example, I fnd 
that in, my зе, keeping within regions of 
silence” from interference depende rec 
fy exact counling and that T have to keep 
ЇЗ Sove a minimum amount, end to keep 
© at a amall capacity under 0023 mid | 
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“MATCHED TONE” 


Brandes Wireless Headsets 


are famous for their extremely clear, sharp tone— 
which is absolutely essential for reading very faint 
signals. 
We achieve this by correct design, and by careful matching 
of tone in both receivers in the set 
‘This eliminates confusion to the ear which would be present 
if the harmonics of both receivers were unlike. 
THREE TYPES "етс зрок 
Sold Under Money-Back Guarantee 
Send С stamps for Catalogue E 


C. BRANDES, Inc. 


Wireless Receiver Specialists 
ROOM 8i4 32 UNION SQUARE NEW YORK CITY 


YOU NEED THESE REMARKABLE BOOKS 


Experimental Wireless Construction 


You will never buy, 
Send "now before the e 


COLE & MORGAN, Inc., Publishers 


19 Park Place New York City 
Whatever is worth doing, 
Is worth doing well 
Use Bunnell Parts 
Sold by all Dealers 
Cinnt Na. 40 E now rády 
J. H. BUNNELL 8 CO 
— 3 Park Place New York Ску, N Y. 
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Greatest Demand Ever Known 
for Wireless Operators 


Our 20 weeks correspondence 
course qualifies you for fine posi- 
tions 


AU Apparatus and Test Books Free 
Per cent of an tuition pay- 
ments credited to our PROFIT 
SHARING PLAN for benefit 
oí all students completing the 
course. Our illustrated booklet 
explains and will be mailed on 
request. 
SERVICE RADIO SCHOOL 
Largest Radio Schoo! in America 
o Wasa C 
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or in the lower half of the scale on 
ral диф arable condenser “Bat 
Wave sor found the. slightest dificult 
felting amy desired adjustment of tuning 
Sr selectivity: without starting “eros tal 
practise is all that 18 necessary to 
"make the set seem as silent as with direct 
arnt, Even fi il sea 
It'S never noticeable when fair signals arc 
oming in, especialy inasmuch а the A. C 
"um lé зо low pitched compared ‘with the 
ТЕШЕ qué "ыу Soren, Бе the 
Scratch of а good phonograph. "If anyone 
аме de duplicate these rest iis 
his own fant.” Of course a storage batter 
‘may be used for the айел, with sect 
АС. for the plates or dry cells Yor the 
pine and а toy transformer for the Sia 
This use of A. С. avoids all the bother 
and expense of storage battery thal toot 


ich "and require constant care amd re 
charging: and of innumerable “plate calls 
that eost а fortune now and last buta short 
time, “The complete out can be сайгыс 


for the price of one "plate" battery renewal. 


Туе it to be the simplest and chespest 


“Hello Europe” 
--Via Radio 
ву Charles M, Ripley 
(Continued from page 263) 


the naval radio operator in Washingt 
Dresses the key ol ie telegraphic instr 
ents he PULLS THE TRIGGER Аш 
sstant later Ше effect по оп the in 
struments and aparas at New Brut 
‘wide station 180 mile di 

"The tiny electrical impulse from Wash 
ington s used to strengthen the magne 
CCC 
eri and (is, within the very ате sp, 
releases the strange energy waiting ie 
the throbbing breast of the HT Alters 
mator; and then out om the high spun an 
тепе flashes the AMPLIFIED dots and 
dishes which express the will of the Ameri- 
ап people toa Tistening world. So the 


magnetic amplider receives mit impulses 
aid permits terrific electric surges to enter 
the ether. т 


A radio station without tuned antennae 
would te аа shore Tange instrament as 
A violin without ity “Lox” ога piano mines 
its sounding board, "The volume vf sound 
їп cach of these instruments s considera 
эптемей by their resonant wooden at. 


Experimental Elec- 
tricity Course in 20 
аи Lessons 


THE EXPERIMENTER PUBL. CO. Bock Dept. 


No. t, How to Make Wire- 
Tees Sending Apparatus. 
No.2. How to Make Wi 

Ite Receiving Apparatus 


283 Fulton St, New York 


ments, and sa they cam be heard “at 
renter distances 
‘fant so the tuning of wireless antennae 
makes ther “electrically resonant” withthe 
Vibrations.” and augments the Stations 
powers of transmission 

‘at uming dees more than sugment it 
эво refines the pibrationt The fest com 
‘parison perhaps i that of an organ pipe: 


(One refinement posest by the oran over 
practically every ier musical serum 
Та EACH TONE is provided wit ts 
wn individual resonating рр раце 
шы Since the Мы the re 
Шарше only de рше toe dead. Тыз 


ines the quality of the tone. se well as 
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“George Washington” 


Hov Seretory Dani rote тоз Transmifed electrically othe USS 


was canit 
Bodies and 
discharged 
Shoe nails 
inte “the 
round. "Ae 
Oe stooped 


[ WANTED 


Immediately 


V IRELESS operatore are in 


demar d owing to the expan- 


der ae | mph oar certam Mariae 
Шын the |] Жу SEE 


mont pius al expenses 
| fect ea 


HE ¥. M.C. A, Radio Schools 


sve thorough practical courses 


| est "that | Û wil e имиш Ош 
| тетет | graduates“ responsible. post 
henne Wes 
Sept out о 
pud HIS is your opportunit 
фт | T asse naw domina, Enc 
morning! каи dormite ry facies. Complete 
Aswesped | | laboratory equipment. Write to- 


E 
we looked 


у for detlef booklet 


Mikel fis V. M. C. A. 
lle | xew YORK. amy 
A sark- pee Ste 


le arcos, 
Vides o] 


am 


piete “radio 
шке "he 


tween its | ats kur tfe Tin 


amplies its volume very markedly 

And jest so the tuned antennae of а 
уйда staon ot uri ча жей аз 
шуу the particular tone or vibratory frc 
quéncy of ihe station's generator.. OF put: 
Sing И another way, the wires of the an- 
temae are alven electrical characteristics 
о tiat they "Ungle™ ог "уйге" electric 
Aliy, tono ойу with the particular vibra 
бош set Sm d the one "High frequency 
lieruatr їп the station, and with no other 

Mr ET. W. Alexanderson explained 
the dehlevements “of тшс tuned am 
tenpe ак follow 

"icing úv the simile of the organ pipe 
ae ae of the maitie tined ame 
may de explained а follows 

егез, їп ай previos systems the 
antennae máv pe Метей to а Sue organ 
pine, he muni amd teme e ai 
dare pipes tuned to he same Pitch and 
sounded simultaneously jm such a way that 
бс combined sound s si imee a ши | 
as the sound emitted by each pipe. While 
AF takes sie times as пий power to ow 
the sie pipes as one pipe, (he greatly ае 
‘creased een oi "ie. new system is | 
тес. һу the fact that it would require 
Жз ds much power to Day one pine 
do strongly that И wuld emit э scum | 
©анайу strong ав the combination of the six 

"The six fapcifut organ pipes, are large 
чишик oil” and. av a happy, werte 
of their action they als serve as йай 
Sreesters Inthe стралу lustrans | 
these antenna tuning ene ате cleanly 
Shown, as well as their relation to the an 
tema” Ona ot each tuning cisco | 
rected to earths 


Te was dark when we left the station, but 
iere sere two more surprises 3 store for 
ie. As we walked toward the automobile | 
"ler the antennae, we in the rear were 
каеш o эге brillant sparks leap frome 
the heels of those in front The experts 
Жыш thatthe electricity from the aie 


TRACO QUALITY 
NAVY TYPE RECEIVING TRANSFORMERS 


Used the world over. Insist on the genuine, built by the originators. 

Substitutes are expensive  Imespecive of design, we absolutely 
arantee our tuners lo produce the maximum s 

© Delicate refinement, uninterrupted ser- 

vice and High Class Workmanship 

Unite to make TRACO tuners the 


by all others 
are judged. If 
your dealer 
does nat handle 
them order di- 
rect from us 
Get our cata- 
logue, enclose 


‘The Famous БА and 5С Models stamps. 


THE RADIO APPARATUS co. 
POTTSTOWN, PA. S. A. 


110 V. TRANSFORMERS 


6-12-18 Volts Output 
Consumes sc ite current wlll not move 
may meer 


$1.50 Postpaid 
Teal fog experiments? work-NO, MOVING 
parts, ‘Cannot get out of orders with cord and 
RR 
pt 8,12, 1в Volle X250 wit cord and plor 
Bde trom (еза, 


National Transformer Со. 
3124 North California Ave, Chicago, Hl. 


Dept. 17, 
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AUDIOTRON 


VACUUM TUBE PANELS 
PARTS AND ACCESSORIES 


Audiotron B Battery. Thirty large 
cells—not Mashlight sizo—sealed in 
moisture proof. Eight taps to binding 
posts, Tests full 45 volts. Guaran- 
teed one year. Price $6.00 delivered, 


AUDIOTRON VACUUM TUBE PANEL 


Panel full XX Grade Conti- 
mental Bakelite Dielects, Steel 
cut and whitened engraving. АП 
metal parts heavily nickeled, 
Switches for double filament 
tubes and arc or spark recep- 
tion. New type Back mounted 
smooth running rheostat. Panel 
also furnished in maple with 
imitation black bakelite nish, 
$15.00 

12.00 

Er 

1000 


o 


5 >>> 


AUDIOTRON 
30 GELLASVOLPSRTTERY 


Send cash witk order and тем ай delivery charger, 


AUDIOTRON SALES CO., 311 Lick Bldg., San Fran: 


Dealers: write for prope ition 


MODERN DESIGN 
Is applicable to Electrical Apparatus 
as well as other scientific instruments. 
The new CLAPP-EASTHAM bal- 
anced condenser, designed for hori 
zontal mounting on panels, embodies 
the most modern designs at a cost 
within reach of everybody. 
Send 3 cents for Bulletin Y. 


CLAPP-EASTHAM CO. 


131 Main Street 
BIG 300 PP. 


D UCK'S Wireless & Electrical 


Catalog is now as it always has been, the largest and most 
complete and dependable Wireless Catalog published Mich 
Tor Ide ky stamps or coin which may be deducted on fist order 
of one dollar. Catalog not sent otherwise. Тыз catalog cost us 
fie the price af other eee 


Cambridge, Mass. 


THE WILLIAM B. DUCK CO., 230-232 Superior St, Toledo, Ohio 
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pulses or immense power; yet ктай inter- 
Ferenc wi other, sending "sitions; sem 
ing 20 words per mie regularly and 
30 words їп test] Surely it is а privilege 
to live in the 20h century and lo learn 
About these things while in the making for 
many things are more interesting im cir 
devclopmest an when fully grows 10 a 
lusty manhood, 

That night the discussion of the day's 
visit opened up a great vision 10 шы А 
message cabled from New York to Queens 
town goes to Queenstown oniy; but when 
the wireless flashes a message from New 
Brunswick it goes to every point of the 
fate Атава? And wen we heard 
{hati only coste 334000 per rear for power 
io send words to a thousand wireless re. 


THE CALL OF W DOUBLE I 


НЕ winter sun бау sted, 
апей s creping near: 
The moon slips behind cold Mack 
‘loud, 
Denying the world of his cheer. 
A sentry Stands faithdnl to dii 
AS out throug the limitless sky 
Crashes the all rom Loyal America, 
"The call of W double T 
u speaks and the whole world listens, 
Ånd in the far-off ety of Rome 
A happy American sailor 
Hears the call of is Home, Sweet Home 
1 comes to dde ening Ger, 
‘And he shudders as he hears tat warning, 
"The call of W double I 
‘The Frenchman hears and is comforted, 
For he knows that И speaks with powers 
He knows that айй 1s coming, 
“Though he knows not the day nor hour. 
‘The ipad on his hear ана 
vnde ез back with a sh 
‘The ай of W double L 
Out ов the wind-swept ocean 
"The sailor hears the call 
He knows it comes from America, 
“The grandest land of a 
He grasps ils high pitched musie 
e rashes through е у 
la o kim as the song of the angela, 
"The call of W double l. we a 
In gisant gold Aaa, y 
"A soldiers eyes grow bright 
AS he murmurs, “ep, that's him сайда, 
‘And he's coming geod to-night 
And he sts and stern closely 
Wi that stern Took in is eje 
For he knows ‘ts the voice of Old Glory, 
"Tre cal of W double T 
‘The moon comes out from his hiding, 
"And smiles his praising cheer, 
Om the land of Free America, 
‘Whose call he, oo, must hear 
"The clouds roll away to the southward, 
“The stars peep down drom the dy 
And the whole world stops to мен 
Ho he tall of W double 1 
A. RC Wasin, U, S. N 


oi iar, te арыны o 
Eu Ep. 
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Learn Electricity 


тош to make а fortune, Or, not Thinking 
mercenary lines sione, why couldnt 

ws gathering syndicates have their 
ar systems’ or other corpora 
‘ious ith world-wide interests might lav 
Perhaps the sles 


bee 
e чыр se 
emi met Tepig indecent су. | [ backed by 20 years of succes. 
ington governmental associates, ee the actin apparatus: You work 


Talking Thru bee un bee aten der fie t ү 
the Trees 
By Major General George О. Squier [|| | Become sa Expert i334 Months 
та automatic teaching by iginal Coyne met ‘which [сс 
means ho books, no Classes-all practical training. | Bem. 


к distance reception on any wave 
length from ай the danger ke 


four howe 
PO k 
буген ds and Chevy Chase, 
Maryland anying illustration), 
A lere was "EE 
(eloped ta date by the Signal Co 
ш and 
States. ‘With these unusual Facilities it was 
3 matier of à few days to tet out a las! 
nner, a large mme 


ow a number of trees 
to give the effect of 


fel which wireless o 
1 ask ite sounds whieh make 


Messager were thus i э ELECTRICAL EXPERIMENTER 


tp transport a ОШ wide api S SCIENCE de INVENTION ae W 
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Î AMPLIFY xo RADIO SIGNALS listes er 


КО? 

distribution om the surface о 

felt, Has been shown im these expert 

fests that this metalic terminal intimately 

nected ro e earth ‘sell and а part 

thereof is subject to changes of po 

РЕА а Е representing” the, i frequencies 
стау, as : 
disturbanees which may occur on the эш 
face ol the earth or the atmosphere 

ot e the earth 


игиден by tuned 
Шуи айа 


lor screens can select a B 
Sel compare of white o 
ductor bring his terminal directly to 
fboratory ш const И immediately 
the” modern eee tabe and amplily 
Almost at wil the particular ef 
Studying. "This tute Coon 

dues inset of research ar 
modern physical ee Has wor the 
Physicist therefore in this electrode 
‘studying ia detail atmosphere a 
ест disturbances af aber 
caching importance? 
Vile padio Artas а whole has at 
some of the best equip physicists 
in each country as perhaps по other prace 
ical engineering эуен of recent year hor 
dee wign the rea ot he methods and 
means of the radio Art are now linac 
Order direc from od. applicate and availa to the physi 

Or wie fer Sree die crear, Mer a gf 
‘mental prol ens of tie eth 
Charged phere 

or four years, under the stimulus of the 
Ta Wart the efforts of č 
expended in producing 


Motors and Electrical Wl RSP 
s pec ialtie s Ar re B es A п и reed 


=, of thea the earth heft e. 
However, from the moment an acorn is 
dante ш fertile soi, becom 
ector” and a receive" of e 
Waves and the martelon 
тетет diru agencies al present entirely 
Hadden from lus are зей as to vitales the 
Beorn and to produce їп time the want oale 
Tr the power" of multiplying plan celle fi 
тау. indeed, Фе called an incomparable 
AA 
From this angle of view, we may con 
giler, that rcr have шек pieces of 
pop ^ their begining 
wiih thelr manifold chains of living 
vorher, conductors and radiators of 
V electromagnetic waves as ns lu 
the radio Art 


in ihe same macer as w 
tarth as a universal con 


ДЫТ tct an l FREE, D and ‘telegraphy and other” electric 


From the accout of my eariy “Free 


FOR WIRELESS SUPPLIES Win iein ne О cat 


ing selected paragraphe 


See 
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EXPERIMENTERS! 


Are you listening to Rome, Lyons, Eiffel Tower, Darien 
and Nauen discussing matters of world interest? 


Your own Air 
Condenser with 
TYPE L101 соп. MOUNTING 3 of our new 
Also Made in Other Styler “Honeycomb” 
Wound Induc- 
tances makes 
this easily pos- 
sible at a cost 
so low it will 
surprise you. 


HONEYCOMB COILS VERNIER CONDENSER 
For Wave Lengths 150-25000 Meters Made in Various Sizes From $15 to $18 


Our new VERNIER CONDENSER when used in connec- 
tion with the devices illustrated above complete a long 
wave receiving set which cannot be surpassed for double 
the money. 


Particulars and prices on application 


DE FOREST RADIO TEL. & TEL. CO., 1391 Sedgwick Avenue, New York City 


THE LIBERTY DETECTOR VALVE 


ghtful experiments, Thun 
now enjoy through the famous L 

Price $5.50 post paid. 
THE RADIO APPARATUS COMPANY 
POTTSTOWN, PA., U. S. 


M ONEY for YOU SMY business of your own” 
Spend an hour each day taking subscriptions for the “Experimenter.” We'll pay you well 
and you'll enjoy the work. Write for full particulars 


Circulation Dept. ELECTRICAL EXPERIMENTER, 233 Fulton St, N. Y. City 


214 


ELECTRICAL EXPERIMENTER 


July, 1919 


WIRELESS MEN: 
The Consolidated Radio Call Book 


HE MOST NEEDED BOOK OF 

THE HOUR IS BEING published. 
A book which will be, literally, the right 
arm of all organizations and persons 
directly or indirectly connected with the 
ever increasing radio field 


HIS BOOK HAS BEEN COMPILED AND 

IS PUBLISHED for the express purpose of 
meeting a timely and urgent necessity among radio 
and steamship companies, professional and amateur 
radio operators, and those having need of authentic 
and practical information on radio calls; radio, 
telegraph and cable rates, special signals and gen- 
eral radio procedure. 


THE DAY HAS COME WHEN EFFICIENCY IS 
THE WATCHWORD in radio organizations, and this 
applies to the amateur as well as the professional. There is 
по room for guess work, either in the matter of call letters, 
rates or procedure, 

EVERY VESSEL AND LAND STATION IN THE WORLD 
WILL BE represented and listed in this book alphabetically, according 
io names of vessels or land stations, and according to call letters; 
Revision of American coastal stations under U. S. Naval control, and 
their new calls. 

THAT NEW AND GREAT AID TO NAVIGATION—THE RADIO COM- 


PASS wil be explained and i» A unique feature of this publication, and will 
be of special value to masters of merchant vessels. 


тица BOOK CONTAINS ALL CALLS LISTED IN ТИЕ NEW took t be рей ty 


CONSOLIDATED RADIO CALL BOOK COMPANY, INC. 
41 Park Row, Room 1420, New York City 
‘hls Sok wl sio саша he advertisements of pace every cumpa ln thë radio бей. 


Boys! You Can Make Your Own Electrical Ap- 


Paratus with the aid of these wonderful books 


Home-made Electrical Apparatus 


Pode fn tho aore of a 


N He waer ente 


P. о. Bet AT, C. l. d. 


Talking Thruthe 
Tees 


By Mejor General George O. Squier 
(Continued from poge 272) 


rel m agree 
Phenomena than bas been generally sip 
Ed fe тк 
Peis E 
Sunlight whose electrical action in the plant 
E d 
E мү үн: 
po = 
кызыгу 
E гышы Өү 
gm 
point Tor electromagnetic waves ent ош in 
E ie Ea 
mom Ж E 
duced «есите! oscillations. 1 should of 
pic EE EEIS 
ERN A e seme en m 
ph pu 
БЕКИ 
E Tar Ca 
F 
| been said to be the mother ol al the 
Ero rire dě 
ое te ue onc эз evidenced by the 
eeu EIN 
ma Bead Amen y meme e 
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TABLETS || How Don Flashed || 


оп е sidewall below 
М» brother To briag the 


The Dollar Value 
of Draftsmanship 


Colds and La Grippe 


Women's Aches and Ills 
Rheumatic and Sciatic Pains rl a inie c 
Ask Your Druggist for A-K Table — | rait clement of the 
Cf be cannot se y verte ee) | Heaven, eliminated. At tbe next call “Don: | 
ald Jabson, what are you doing up there?" | 

Dos replied, "Fixing the гаа ог 
‘upper, wil you | 
| 


y sense and gone | 
that embar. 
таан 


noo ry 


3 place at the 


im EIE 
1 
a 
5 


оп the ladder, At 
Неве with ques 
Wil picked 
hungry, shiver 


шз loaded coat and the 
SO. S" man was glad 
Ñe said was: “Lars get 

‘role 


Siu tý 


улеп he 


home he confest rather | 
T nis father and 
that he went op th 
ue "А cat 

Tye learned my lemon. 
cod work Tor me OF all 
restare, that Beas i 

T parems had to 


eral of the neighbors 
the darie or ай hour 
Fights shed on agam 
for the inconvenience 
| 


| A SERIES-PARALLEL BATTERY 
SWITCH 
| Cow | 


in use ай swi open. 
| A smaller switch for taking care of a 


pe 


WANTED — Railway Mail Clerks 
Men-Baya 18t035 
Ain to $2000 Year 


z ss) 
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Electrical Oscillators 


делает and operate an independent high 
frequency сой аз customary. Fhe control 
йш mechanism is of somewhat, diferent 
onstruction Dur the соге and cont 
sorna are both adja av Petore 

iR. is a small instrument of this types 
particularly intended for ozone production 
fr sterileatiom i remarkably efficient 
for its site and can be connected either to 
2° 110 or 290 volt credit, direct or alter: 
ating preferably: the former. 


їп 7 ts shows a photograph of a 


larger transformer of this kind. The con- 
struction and disposition of the parts is as 
before but there gre two condensers in the 
Box; опе of which ie connected in the ci 
ait ара de previous eaae, mile the 
this manner currents of preat volume are 
produced in the latter amd the secondary 
ects are accordingly рдей. The in. 
V 
Secures also other advantages but the ade 
Justments are rendered more Аеш and 
for Wie reason iis desirable to use such 
ay instrument in fhe production of surent 
Tig een а transformer with 
rotary Break There ‘are two. condensers 
of the same capacity in the box which can 
be connected in series or multiple. The 
hari шше are a e form oF 
wo fone spools upon which are supported 
the secondary terminait A мош iret 
rye metor, the speed of wich ean Te 
de ат specially constricted ake and 
break, "na other features the oscilar de 
Jike the one illustrated im Fig. 3 and йз 
operation will be readily understood from 
the foregoing, This transformer was used 
in my wireless experiments and, (queni 
also Tor lighting the laboratory by my vac. 
Sum tubes and was likewise exhibited at 
my lecture before the New York Academy 
OF sete above mend 
oming now to machines of the second 
ss, Р. 9 shows an oscillatory ans 
former comprising a condenser and charg 
ing indnetance enclosed п a bo а trans: 
VV 
"he ater being vf a cunsiruction described 
dor the fist time in my patent No. 609,351 
of Angust 16, e Tt consists of a motor 
deser holow pulley, containing “mal 
Quantity of mercury which is thrown ont- 
Жегу against the walls of the vessel by 


By Nikola Tesla 
(Continued from page 240) 


ШЫ force and eta à contact 
Wiel ich periodically closes and opens 
the condenser бсш. By means of adjust: 
ing aren shove he pulley e depth of 
also, the’ ration ‘of each contact can Be 
varied at desire and thus the intensity oF 
{he effects and thelr character controled. 
‘This form of break has given thoro sate 
faction, working sontinuonsiy with currents 
of irom 20 to 25 amperes. The number 
Sl interruptions is lly from S00 to 
1000 per second but higher Frequencies are 
počal. he apace acid t about 
OP x 8° к 10" and the output approximate. 
k 
F 
breake is exposed to the atmosphere and a 
slow oxidation of the mercury takes place 
‘Ths dasdvamage le overcome de die im 
strument shown ia Fig. 10, which consists 
St'a perforated metal box containing the 
Condenser aad charging inductances and 
arning on the top а motor driving the 
Break, and a transformer. The mercury 
break’ is of а kind to be described and 
‘operates om ihe principle ol a jet whieh 
establishes, intermittently, contact with а 
fotatiag wheel in the interior of the pulley 
‘The’ stationary parts are supported ke the 
venel оп а lae passing thru the long 
Tow shafi of the motor amd а тиит 
sell employed to ce hermetic closure 
‘Of the chamber enclosing the sires. com 
чре The шш TIS 
SE the pulley thro. two sliding rines on 
the top ‘which, are i series withthe con- 
Senser and primary," The exclusion o£ the 
‘oxygen ie a decided improvement, the des 
terlgration “of the metal and attendant 
trouble Being eliminated and perfect work 
tng cones, entis naa 
ig. 11 is a photograph ol а similar 
oscilátor with’ kormeticaly indosed mer. 
©шу break ln this machine the stationary 
parts of the interrupter in the interior of 
the pulley were supported оп а tube thew 
which was led an insulated wire connect: 
Так то one terminal of the break wile the 
‘ther was in contact with the vessel. The 
Sliding rings were, in this manner, avoided 
End the ‘construction simplibed, The i 
Strument was designed for oscillations of 
ser tention and frequency reguiting y 
Amperage and was шей to excite other 
Hig: 12 shows an improved form of oscil- 
lator ‘of the Kind дектї in Fig Mj in 
which the supporting bar taru he hol 
Tew motor shaft was done away witi, the 
device pumping the mercury belog kept in 
position by gravity, as will be more fully 
plained with telcrenee to another gure 
Both the Capacity of the condenser and 
primary turns were made variable with the 
Ter of producing oscillations of several 
Fig: 186 a photographic view of another 
V 
‘tically sealed mercury interrypten, and 
R» 
mettons and arrangement of parte repro: 
{кей от у patent, No 609288 ol 
og 16, 1858, describing this particular 
device. ‘The condenser, inductance, transs 
former and cenit Controller are disposed 
as before, but the later is of different con- 
Scion. which’ will be ‘clear from am 
inspection of Fig, 14. The hollow pulley © 
iE Secured to а shaft ¢ which is mounted 
in a vertical bearing r hm the 
the interior of the vessel is supported om 
frictionless bearings, a body je! magnete 
material which is surrounded by а dome b 
Inthe center of а laminated iron ring. with 
pole pieces oo wound with energizing cole 


B. „The sing is supported on four columns 
And, when magnetized, keeps the body A im 

ition while the pulley t rotated, The 
[er is of steel, buf the dome is preferably 
made of German silver burnt Mack by acid 
Br nidecied. The body j carries a short 
"be € bent, as indicated, to emeh the thd 
ae itis whirled around, and project dt 
inst he teeth of а wheal fastened to the 
lis: Tas wheel ale and coat 
rom it to the external cron is established 
thru a mercury cop. As he pulley it 
rapidly rotated a jet of the Guid i thrown 
ашы the ec thas making ond broke 


ing contact about 1000 times per second. 
‘The itn wo tly owing fo 
the absence of all deteriorating agents 
keeps continually leat and in perfect con 
dison. The number of interruptions per 
Second may be much greater, however, so 
ЫЕ tře Crede cable or wie 
jess telephony and le purposes, 

A modis form of osellatur is repre- 
sented in Figs, 13 and 16, the former being 
S photographie view andthe latter a 
. showing the ar- 
тиетш of the interior part of the 
controller, "m ‘this instance" e shat 5 
Carrying the vessel anis hollow and sup- 
ports, їп frictionless bearings а spindle y 
ES which is fastened а weight Insulated 
from the later, but mechanically et 10 
AK а curved arm L upon which is sup- 
ported, Freely rotatable, a brezkovhoc wih 
Projections OG. The wheel is in electrical 
Enanection With he external сан thru 
A mercury cup and an insulated plug sup 
potted from the top of the pulley. Owing 
Туе Inlined’ pos Of the motor the 
Weight K keeps the breakcwheel in place by 
the force of gravity and ат the pulley de 
тошка the circula including the condenser 
and primary coll of the Transformer, 14 
тару made and broken, 

Fig: 7 shows. a similar instrument in 
which, however, the make and break device 
i a jet of mercury impinging against ап 
insulated toothed wheel carried on am inis 
шей stud in the center of the cover of the 
реу as shown. Connection to the com 
боз, ‘Sheu is made by brushes bearing 

Tig 18 ia photograph of another trans- 
former with mercury rent controller 
of dhe wheel type, modiued in some features 
Sn which И ds necessary to del, 

"rhe are Var а few of the oscillatory 
transformers 1 have perfected and const 
tite only а small part bf ту high frequency 
Apparatus of which Y hope to give a ful 
epi when 1 shall ave freed myself 
Gf pressing duties, at some futur dat. 
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The Kaiser is Canned-- 
Can Food 


By Grace T. Hadley 


(Continued from page 219) 


ples of jelly making and ай the informa- 
Šp fe go ler tha the. work of cam 
and drying is по longer а mesterios pro 
fem but to simplifed tht school children 
тау do it weder the direction of competent 
А 
Methods of Drying 

For home drying satisfactory results are 
obtained by any onc of three principal meth 
Ойт Sun drying. Фу by artibeal heat 
Зай drying by air bot asing am electric 
Eng, or other mer a a A 

Sun drying has the double advantage o 
ering mo expense for fuel and of free 
"lom from danger of overheating. For sum 
lying, of vegetables amd fruits, the 
Simplest Worm is ta spread the slices or 
pieces on sheets of thin paper or lengths of 
muslin nated o strips of Wood and expose 
Tiem to BE MN 

Tays shoud be used for large quanti- 

ties, "Šum drying requires bright hot days 
and, a breeze, Once or twice a das the 
product should be turned or stirred and the 
Жу piece taken ost. Care must be taken 
to provide protection from rum, dew and 
тюй During rains and Just belope sun- 
FE бе products should be taken indoors 

‘Diving by artificial heat is done im the 
oven or оп top of conkitove or range 
in trays suspended over the stove, or dm 
the oven of an ес range. When dey- 
fg with an artificial heat а thermometer 
ms be шев. 

The use of ап electr fan is an effective 
means ‘of ying. Sliced. vegetables or 
Js are paced on trays and the fan 


laced close to one end of the box hold 
Ше the araya, with eai current directed 
бык ue trays lengthwise. Insects mast 
фе kept ош by the use of cheesecloth or 
similar mater, Drying by ts process 
"Way be done im 24 hours or less. Аз artic 
fiat heat ts not used in Тап eine, (eis 
importane te blanch or steam the veg- 
fables tor the ul speed time, Nis 
Sli necessary that all fancied products 
Be heated in an oven to 180° F, for 10 of 
15 minutes before storing 

In addition to exercising great care to 
pct e and fro ram eae 
ring br drying process, precautions 
Šhovi be taken with he Anished product 
o prevent the hatching of eggs that may 
fave been deposited. One measure that i 
macal is to subject the dried material to 
Set of 180° Y. or trom 3 to 10 mines 
By the application of this heat the eggs wil 
te lcd, Be careful not to apply Hest long 
mouzh io damage the product. Stare as 
Soon as removed trom oven 

n preparing dried vegetables and fruits 
dor uses the fist procese a to restore the 
мет which has been dried ош of them, 
КЕКЕТЕ А 
Shaking the dried products will bare а bet 
ter avor 1i cocked n à severed we 
Aa low temperavu for a long rime. Dri 
products should be prepared and served 
BE Tres products are prepared and served 
They should de corked jm the water in 
Which “they have Been Soaked, as this 
"lies all of the mineral saka which would 
Bernie be wasted 


That Wonderful Electric 


Action-Delayer 
By Thomas Reed 


(Continued from page 223) 


ripe cantaloupe for her, but that's neither 
Vere nor ther 

"How abot the same kind of a lock on 
Iguce-bexes? They all ought to have ‘em 
fut petter ae you тал, put ont ge 
‘uy in until two minutes after зенне prest 
3 ato, so you havea chance то take it 
ac "Why in a few years that would save 
more trouble than all ld Bill Hoho ever 
made. "The time jou forgot to enclose the 
money m the mail-order. The time you 
Just knew You'd put čem in the wrong en- 
Veloper end did The sarcasti Teter you 
ste your wifes mathe teline ter where 
she pot alt only the place wasnt where 
Fou Said, it wae on your neck. Oh зау, 
Lilies formales gementes Well 

Beller himself can elaborate his invention 
now, all he needs is to be told what good it 
S Go toit then, Al, on the biggest thing 
ff all) Fix your machine the opposite way, 
So Wit sop something and not ft go for 
those. two minutes, aid аршу that to am 
анс muzzle, lip-riveten, or throat gral 
фе; and when you dic theyll put Your 
moument right sext to Dr. Kongo No 
TV Benefactors. Row. 

JUS easy, А, а contact just under the 
chin, зо whenever s Fellow opened his 
month to tale, ked be muzzled. gagged 
"liked. or о as far as von like rendered 
conscions tor two whale minutes Why, 
guy with that apparatus ‘on Мз person 
stl’ have tbl engl to ker his 
mind occupied. Never “getting im bad, 


ever “suring anything! always’ ready 


an Venet by mentioning the “сенг Бараат when wing to «does 


‘sith those witty retorts you think of after- 
Sard, no ай арый opinions. nothing Bu 
Bure wisdom, Oh hunt And if yon ouid 
fet your wile to wear one, ий of the 
‘Begg Shag as yon end your изу тит 
XE Ar whi wife a de top treating 
da qe a thing of vg es 
yet before she can tell you what she thinks 
ŠE tke poker ame andthe беч inka of 
Sl exploding inside of her, and lost, Tot! 

NL AD Cant go on ike this, T must 
do a idle inventing melts but уон Bet 
me, n't you and you're under full heat 
tray with out face carcer yes? ТҮ oniy 
шс one йе andy aplication more, 
DE ar should. be i, етиу Моше, the 
гау barten Shopper” 

Tee A common shaping ba 
Bellera device, A storage 
3 pocketbook’ with am 
Sede secs а began. 
band goes ino the bag for her purse, but 
Sr Vea" She presses e Dutton of 
Belles device Have patience, Gwendolyn, 
dear lo Y short vo nie ia y 
thing of pink hatie би аме right) 
marked dotwa to 79 eens, te yours But no, 
Baer the oh ad the eps 
Boes Gwendalyn change her mind? Does 
or ather dl she have a fi oF economy, 
Prudence. “Tar -sighted wisdom No 
Within ke ono sites she is pushed away 
From the larga counter by the seething, 
Howling mob of Ave thousand other tar? 
gun shopper 


Parter. and 
letne Tork 
ke per 
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Fit Yourself»: Big Job 


Drake's aa 


For Home Study 


ks 


Moderr Language Courses 


RADIO FREQUENCY AMMETER | 


4 inch Face 


$11.00 Net 


Teig Pl tn Co b 
EI | 
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ee 
SEA ar te err 
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JEWELL ELECTRICAL INSTRUMENT CO. 
1640 Walnut St, Chicago 


"The Livest Catalog in America" 
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AMPLIFICATION ON 180-2500 
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| How to Build an 
| 


Astatic 
Galvanometer 


Next make а round base for your inatru- 
ment. ‘This, 200 may be turned on а lathe, 
št may аз well be made of separate diska 
Male one to ht inside the other end of the 
Chimney, and make the other about һа an 
Snch larger all around. The second dise 
an conveniently be beveled. "Fasten the 
foro together Make three wooden feet for 
Your base, sad fasten them on it Tetting 
them make an angle with each other at the 
center of 120 degrees” ln the ends of these 
feet," bore bales to receive the leveling 
screws: "The screws themselves may be the 
Dinding screws from old dry cells. I now 
yo eut а piece of fairly hard wood (hard 
Baler or Ater if yon have 1), which wil 
ŠK srovná th bases and de atid do iro 
of the feet, as ie diagram shows, your 
age is complete. Тыз piece of wood la to 
Hold the three binding posts 

The two coils of Wire (A) need cause 
tittle trouble, Form the bobbins of heavy 
Cardboard, or, better, from thin, wood, held 
together with give of shellac The size of 
the bobbins naturally depends on the space 
Available inside the glass cover. Wind them 
‘vith wire varying tn size according tthe 
Use for which the galvanemeter is intended. 
Vi уоп wish it 40 detect extremely small 
artemis, wind it with the nest wire yoa 
have (Мо 40 B & SJ. Fasten the coll on 
the base in the manner shown, taking care 


hat, when tee windings are connected ja 
Series, the magneti eld of the two wil be 
Ойно. That e let the wire be wound 
їй the same direction m each. Connect 
them in ‘series, and bring the two leads to 
the tuo end binding posts (C). Connect 
the middle binding post with the connection 
between the two cot: Thi allows the jm: 
irument considerable range. If you are 
forking wi very minute currents, der 
без ts bth ca the crete 

Se at sement (nen considera 
tion. Cut a light piece of wood and push 
thew it two steel eds, OF such lengths 
nd such 'a distance apart, that when the 
hole is suspended ay shown, one of the 
еше will swing aside the coils and the 
Bier jut above them. Before pishing the 
needles thru the stick that is to. support 
Uam. magnetize them (ото. “Assemble 
them so that the жол pole of one and the 
South pole of the other will point in the 
Same direction, Tue whole element should 
фе made ar light as possible, so that dt map 
be suspended ба a silk Ber or a silk dread. 
Now for the actual suspension. Make a 
over for the top of the test tube (see the 
diagram} and thea this bore a hole large 
enough Yo allow a batery binding screw to 
Slip Freely thru б. Select a binding serew 
‘with a knurled thumb nut on it and dip i 
га the hole, To sty end make fat the 
sl read or &ber, passing И thru а small 
hole in the screw Hist Let the thred be 
approximately the right length before as- 
Sembling the instrument D holding the 
Finding serew trm, and turning the thumb 
nih, the height of the айас element тау 
Be regulated, white 1 the whole screw be 
turned. the magnets may be brought into 
ther proper poston With reference to de 

Now you have а good businesslike gal 
emet Vos can o futher and dai 
Fate И you dues Yon can experiment 
With dierent sie wire, different distances 
cer coils, 2d wi алас cements of 
derent weights, You can place а cicular 
ise on the col if уо choose, and read 
the values off om it with the top needle at 
pointer. Or yow can do thi stunt? Mount 
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A amall mirror on the magnet support; next 
fake a minature halb amd cover the glass 
With a coat of white раш. Let this dry, 
then put оп one or more coats of Back, of 
Some dark calor. Support the bulb and ite 
Socket on a short piece of brass tubing, as 
Showa, ar on some other support of dud 
height that if you scratch а hole im the 
paint on the side of the lamp, a тау of light 
Will be reflected by the little mirror of onto 
T scale which уоп con hold at any distance 
Леон do include tus Feature im your gal- 
vasometer, уоп must add то more Bd 
ARE post аз the base to supply current o 
the Lamp. ` This stunt work ane when the 
instrument is Чо be usel merely for the 
detection of minute currents, but remember 
that the magnetic keld of the lamp eed 
wires is going to complicate matters if the 
falvanometer is tq be used or accurate 
Measurements, Te fe needless to remind the 
Fender that with the exception of the two 
Kneedle) magnets, mo iron or steel Should 
фе used in tie construction of this instr 


Telegraphic Sets 
By Jacques Boyer 
(Continued from page 28) 


by, peany of а regulating. screw. 

The sending helix oers some novel 
points, "By means of metal sidere it is 
possible to vary the wave lengths instan 
consi.” Instead of шиле the vstal an- 
tenna swich, я special commutator is used 
Which might be of interest to American 
тешер, 

Tin the sending circuit, the tuning coil has 
only five contacts and ап Sir condenser. 
‘The coupling сап be changed ln two direc 
tions, either in series with the antenna (for 
Short wave lengths) or in parallel with the 
coupler (tor long wave lengtts), The 
Secondary See which is а periodic, las 
жой which is regulated hy means of five 


contacts for the variation of the wave 
Ten" 1t has the "syal connections witk 
фе lead receivers, and there are two de: 
testors used, each о! which сап be con- 
nected into circuit by means of a switch, 
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FREE TO YOU 


| Reed this. 


The most comprehensive Wireless Course 
тте printed. Contains 460 pagen, $30 i 
trations Sie of book ӨЗ 210". Very 
Ete йыл. cloth cover. 

FREE with a years subscription. 


Experimental 

Electricity Course 
This masterpiece contains 160 
Papen 400 lesrstions, Sie 
n kes en Printed on ex 
fra thin paper, so book cam be 
| lipped’ iata Haně 
came Bexible 


Thee books are br 
өт the mast succesful 
wies booke en the 
pads ie of each 
Book 3547" well bound on 
food book paper. Covers 
ысы We tal? 
‘cannot praise thers books 
о highly С 


This is а very limited offer. It may be withdrawn at any time, due to the tremendous cost of 
paper, which IS JUST DOUBLE WHAT IT WAS ONE YEAR AGO. We have only limited 
supply of these fine books on hand; after they are gone we cannot reprint the books until con- 
ditions become normal again. Now is your chance. 

‘The publishers of this journal have earned an enviable reputation of giving more than 100 


cents’ worth for each dollar spent with them. Profit by this liberal opportunity NOW; 
it may never be made again, 


HERE'S THE OFFER 


Subscribe to the ELECTRICAL EXPERIMENTER for one year, at the 
Чоп price af $200 per year (Canad foreign apd N Y, C $356) 
‘You either books shown in one of the above offers, I you ebene fo tes 
theo ойс» will be given, ste 
M you are a subscriber at present take advantage of this wonderful opportunity 
Torte the, ayway, "If you do, we will entend your present subscription 
La xor te yo This Offer Limited. Act Now. 
p EXPERIMENTER PUB. CO. 


puri 5 233 FULTON STREET NEW YORK CITY 
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Talking From 
Plane to Earth 
(Continued from page 208) 


ciated distinctly to them by Lieutenant Met 
Gall They ered their Decks to see the 
flane Soaring far above bearing the fice, 
tte words eame down to them so dis 
ely rm the ether 

A Tew minutes later Admiral Sims, from 
the. platform, addres the same audience 
Tiu de amplifer. He praised the work 
of the American Army i France, sying 
Же bing wan тай am soci of the 
army More than 100 crippled soles from 
Walter Reed altars Hospital Биеш a 
tentively to, Admiral Sim addres and 
applauded his references to the navy, every 
Word of wich vas distunety heard, tharis 
lo the remarkable amplifying properties of 
the mew telephonic amplio” wed on this 

Tillie Burke, the actress, sold, bonds to 
the audience айс: the address of Admiral 
Sig, who bought the frst bond 

‘Ail of which иза made possible by the 
use of radicteleghons” ou the plane sid at 
the ground station, coupled to the “May. 
пато з brand new telephone amplifier 
{hea wich the crowd front of the Te 
му heard President Wilson s Victory Loan 
Appeal Lieutenant Mercal of the Miltary 
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Sept 8, 2007 - By WSIGV 


"Why put up an antenna when they're growing all around you?" 


There are two antennas in this picture and one of them is not made of metal, Сап you find them both? 


If you look carefully, you can just see the horizontal single wire antenna in the background in the far right side of the picture. That is my 160 meter 
dipole antenna, which is about 20 f e ter of the picture, Near the base of the tree 


My interest in tree antennas goes back many years, when | first read about some experiments using coils to couple RF energy lo trees. 
Unfortunately, | neglected to save the article, and it was only much later that | was able to locate the source for the article. 


Here are four articles that explain tree antennas - George O Squire Tree Antenna Patent.pdf - 1975 January Ikrath IEEE tree 
antennas.pdf - Robert Hand article. pdf and Signal Propagation at 400 kHz Using an Oak Tree with a HEMAC as an Antenna 
AD735330.pdf 


Itappears that there are two methods generally used to connect to a tree for using it as an antenna. The first is to drive a nail into the 
tree some distance ир from the ground, and the second is to use a coupling coil around the trunk close to the ground. Since | prefer not 
to climb trees unless I really have to, I decided that the coupling coil would be the better approach. 


Since little, if any, design data has been published on tree antenna coupling coils, | took a guess at what might work for the coil 
dimensions. | guesstimated that using a coil with about half the diameter of the tree trunk would be about right for the coil diameter. The 
length of the coil would be the diameter of the tree trunk. The number of tums was an unknown, but I figured that if the inductance was 
too small the tuning would be very sharp, and changing environmental conditions, rain, temperature, etc., might cause tuning problems. 
A larger inductance would be less sensitive to such things. 


I decided on an inductance of about 175 uH as a starting point. That would require a coil of about 75 turns of about 10 inch diameter, ог 
a total of about 195 feet of wire. Since I had a lot of #10 AWG bare copper wire available, that was used for the construction of the 
coupling coil. 


Tuning the coil to resonance at 505 KHz would require approximately 575 pF of capacitance. At resonance, the coil losses would be 
about 10 Ohms, which would not be too good for transmitting, but for receiving, it should not pose a problem. At resonance, the 
impedance of the circuit would be about 30 Kohms so it would be a fairly good match for FET RF preamplifier. 


Designing the coil was one thing, but how was | going to hold it in place against the tree? It had to be held away from the bark, or losses 
would increase when the tree got wet in the rain. After wearing out several pencils and using up the back of a lot of old envelopes, | 
finally hit on the idea of dropping each turn of the coil into a series of parallel slots cut into a length of plastic pipe. Then, when | bent the 
pipe around the tree, the flexing of the pipe would cause the slots to close up slightly and squeeze the wire tightly between the sides of 
each slot. At that point, all I'd have to do was to manhandle seven feet of flexible pipe and a hundred loose turns of copper wire into 
place while screwing the whole thing firmly to the tree trunk. | figured I'd work on that little problem after the coil was built. 


Time to start construction! 


Construction of the coupling coil was started by running a broomstick through a roll of Bonnie, KBSYSE's art studio wrapping paper and 
supporting the гой between two wooden chairs. The roll measures about 9 inches in diameter, and made a solid form on which to wind 
the #10 AWG bare copper wire for the coil. The free end of the wire was simply taped to the roll of paper and winding was begun. After 
about 90 turns were wound on the form, the сой was carefully removed from the form and set aside for later installation. 
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Stainless steel through bolts carry the signals through the Fiberglass walls of the enclosure. Sealer is applied to the bolts so that rain will 
not enter the enclosure. The bolts that hold the enclosure against the tree are not snugged up tight, there is room for the tree to grow. 
Both the bolts holding the enclosure to the tree and the screws holding the coupling coil in place will have to be backed out slightly every 
year or so. 


£ 
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A split-bolt wire connector connects the ground wire to the pigtail coming from the connector. 


The wire closest to the back of the cabinet is the ground wire between the cold end of the coupling coil and earth ground. The wire 
nearest the front of the cabinet connects the сой tap to the center wire of the coaxial cable going back to the shack. Two spacers made 
from vinyl plastic tube that were used to hold the parallel wires in place. 


Except for the RF preamplifier, this is the finished system. | simply ran the coax cable over the ground and back to the shack. Its easy to 
change if | need to, and the lawn mower misses it. In a year or so, the grass will have grown over it and it won't be noticeable. 


While working on the tuner, | noticed this little guy walking across the turns of the coupler сой. If he had been parallel to the turns, I 
probably would never have noticed him. 


CLOSING THOUGHTS - 


- The tree | chose for this project is about 90 feet tall. There are others available that are taller, or more in the clear, or both, but this one 
was in a good spot for testing. It is far enough from the house so as not to pick up much "house noise" but close enough so that | can 
get a long extension cord out to it to run test gear. | may try a different tree at some point. 


- | suggest using aluminum electric fence wire or aluminum clothes-line wire for making the coil. That would make the coil lighter and 
easier to handle during construction, and the losses in the сой will not be enough greater to worry about. One advantage of the #10 bare 
copper wire is that it fits perfectly in the slot cut by the circular saw blade. Other types of wire may require a different width slot and 
considerably more construction effort, 


- | strongly suggest that you drill the holes for the mounting screws through the plastic support pipe BEFORE you try to attach the coil to 
the tree, unless you have at least six hands to hold everything. 


- Having an extra person available when you attach the coil to the tree is a great help. | did it all by myself, but | waited until the dark of 
the moon, on a Tuesday, and | held my tongue >just< so. ;) 


- | did not use any isolation transformers between the coupling unit and the coax feedline going back to the ham shack. | did not see апу 
extra noise pickup from the coax cable either with or without the cable grounded at the tree end of the cable. Your installation may be 
different, of course. I happen to have (finally!) a very low RF noise ОТН. 


- This coupling coil was designed for MF operation. The tuning range of the coil with the capacitor | used is from roughly 428 KHz to 
1150 KHz. No detuning of the system is noticed unless you bring your hand within a few inches of the hot end of the сой. A coil with 
fewer turns would probably work better for HF work. 


- The signal pickup of the tree antenna seems about equal to or a little less than using one side of my 160 meter dipole antenna, which 
is about 20 feet high. It does seem to pick up a little less noise than the dipole, so the S/N ratio appears better overall, | have not had 
the tree-tenna in use long enough to make any accurate conclusions. 


-1 have not noticed any difference in signal pickup from day to night, nor does rain seem to change the antenna characteristics. 
-Tuning of the antenna may be done by using the variable capacitor or by shorting out one or more turns of the сой on the "cold" end. 
This raises the operating frequency but does not seem to change the sensitivity of the antenna appreciably. Since the "cold" end of the 
coll is grounded, a simple relay arrangement may be used to short out some of the coil turns to ground to make frequency shifts 
remotely. 
- The antenna works even better since ! installed my RF preamplifier. 

73, 
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The “Tree Antenna" 
RCC Aug & Oct 2006 – Dave/WB7ESV 


‘Aug 2006 Article 


What is unique about this antenna is that itis only a tree. The tree is used аз 
а Gamma or Shunt fed vertical. To make this work, we drove a З Y" deck 
screw into the tree (you need to make contact with the sap vein), at about 15° 
above the ground (15 to 20 will work). We attached a wire to the screw, 
extended the wire 2 perpendicular to the tree, tied a rope to the wire at the 2' 
point, tied the other end of the rope to a tree limb and dropped the wire to the 
ground. 


At the ground we drove a 3' ground rod 2 feet out from the base of the tree 
and attached а rope to the ground rod and to the wire to keep the wire tight. 


At the feed-point end of the wire we connected an MFJ-9018 tuner strapped for "WIRE" 
operation and connected the tuner ground to the ground rod 


Coax was connected and run to the operating position in a tent. To tune the antenna, an MFJ- 
269 SWR Analyzer was connected to the tuner input and the tuner adjusted for minimum SWR 
at the center of the operating band. The antenna is capable of operation on 10 - 80 meters, 
Many contacts were made including: Hawaii, Texas, Oklahoma, Montana, Wyoming, Utah, 
Idaho, California, VEG and VET. 


The tree height should be no shorter than 30 feet and any wire antenna tuner will work. 


(Oct 2006 Article 


Those who are building or have built it are: Jeff, KBGIBB, in The Dalles, OR; Tom, KD7ZOS, in 
Portland, OR; Dave, WOOXB, in Stillwater, MN; and Larry, KE7HGC, in Vancouver, WA, 


Those who have it up and running have made contacts all over the U.S. and have stated that: If 
can hear them, I can talk to them. 


If you are in an area that frowns on antennas and you have a tree that is at least 30. tall, give it 
a try. What you will need to build the Tree Antenna is: A tree that is at least 30' tall, а 3# nail or 
wood screw, (not galvanized), 20'- 4 12 - 4 16 AWG copper wire (can be solid or stranded, un- 
insulated or insulated), a 4' ground rod, wire clamp for the ground rod, 2-egg insulators and ап 
antenna tuner that can be remotely adjusted, (СОМ AH-4, SGC SmartTuner, Home Brew with 
small motors to operate the variable capacitor(s) and inductor, etc). If you decide to ‘Home 
Brew a tuner, there are several in the ARRL Amateur Radio Handbook that will work very well. 


Solder one end of the copper wire to the nail/screw. At about 15- 18 up 
the side of the tree drive the nail/ screw into the tree so as to penetrate 
the sap vein of the tree. (This is important for RF conduction. Draw the 
wire out 2 perpendicular from where you drove the nail/screw and support. 
the wire with an egg insulator tied to a rope which is tied off to a limb of 
the tree and let the rest of the wire drop down to the ground. 


Drive the ground rod into the ground 2' out from the base of the tree 
leaving about 3' of the rod above ground level. Attach a short piece 
of rope to a egg insulator and attach the other end of the insulator to 
the copper wire so that the insulator/wire is about 6' above the top of 
the ground rod. Leave enough wire to connect to the tuner. 


Attach a short piece of rope to a egg insulator and attach the other 
end of the insulator to the copper wire so that the insulatoriwire is 
about 6' above the top of the ground rod. Leave enough wire to connect to the tuner. 


‘Attach the rope to the ground rod and install the antenna tuner to the end of the wire and place 
the tuner in a plastic container to protect it from the weather. 


Connect a short ground wire from the ground side of the tuner to the ground rod with a clamp 
and make sure all connections are tight and sealed trom weather. 


It you are wondering where the "Tree Antenna" Comes from, its from а WWW/WWII Army Signal 
Corps Emergency Communications Manual 


rexresearch,com 


George SQUIER 
Tree Antenna 
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General George O. Squier 


Scientific American (July 14, 1919, p. 624) ~ 
"With Trees For Ears" 
Wireless Station Within the Reach of Everybody 


With a pair of receives to his ears, an amazed visitor to a certain radio station heard a high-toned hum which changed to a 
low growl, then skied to the upper reaches of the musical scale in a 


faint, very faint buzz, as if some microscopic mosquito had had his song made audible, The operator rapidly rapidly turning the knobs on 
his couplers and condensers, raised his hand: suddenly, through the changing radio signals which were clamoring for attention together in 


the receivers came his voice; "There 


the loud, easily heard one is New Brunswick; the fainter, lower one is Nauen. in Germany" 


If all this had taken place in the great Arlington station one would not have wondered, save perhaps at the inability to tune out all radio 
but Nauen. But it was a little portable house erected in thick woods near the edge of the District of Columbia and the signals were 
received through an oak tree for an antenna. 


It is not a joke nor a scientific curiosity, this strange discovery of Gen. George O. Squire, Chief Signal Officer, that trees --- all trees, of 
all kinds and all heights, growing anywhere --- are nature's own wireless towers and antenna combined. The matter first came to his 
attention in 1904, through the use of trees as grounds for Army buzzer and telegraph and telephone sets, which, in perfectly dry ground 
and in a dry season, functioned poorly or not at all with ordinary grounds. Right then he began experiments with a view to seeing what 
possibilities, if any, the tree had as an aerial. But in 1904 radiotelegraphy was far more undeveloped than at present, and vacuum 
amplifying tubes were not thought of. 


During the war the Signal Corps established a chain of special receiving stations in different localities to copy and record enemy and 
allied radio messages. Some of those stations were instructed to test the efficiency of growing trees as receiving antennae. 


With the remarkably sensitive amplifiers now available, it was not only possible to receive signals from all the principle European 
stations through a tree, but it has developed beyond a theory and to a fact that a tree is as good as any man-made aerial, regardless of the 
size or extent of the latter, and better in the respect that it brings to the operator's ears far less static interference. 


‘This is a rather broad statement, yet there beyond the Capital of the nation stands a litte portable house, the oak tree, a small receiving set 
and a couple of enlisted men and an officer on duty; and the curious may, with permission, hear for themselves that the signals so 
received are neither faint not interrupted, but strong, full-toned dots and sashes even when they come from far-off Nauen. Page after page 
is copied daily from the propaganda material which Nauen sends out by the ream. Lyons, Poldhu, ships at sea, even the NC-4 on her way, 
are heard plainly. As for New Brunswick or nearby Arlington — they deafen the listener if he is unwise enough to try to "take" them. 
otherwise than with the phones lying on the tables. 


It will puzzle the amateur as it has puzzled the experts, how a tree, which is certainly well grounded, can also be an insulated aerial. The 
method of getting the disturbances in potential from treetop to instrument is so simple as to be almost laughable. One climbs a tree to 
two-thirds of its height, drives а nail a couple of inches into the tree, hangs a wire therefrom, and attaches the wire to the receiving 
apparatus as if it were a regular lead-in from a lofty copper or aluminum aerial. Apparently some of the etheric disturbances p: 
treetop to ground through the tree are diverted through the wire --- and the thermionic tube most efficiently does the rest. 


e from 


It is interesting to learn that the tree behaves very much like any other aerial; it receives better in dry clear weather than in muggy, damp 
weather. It plucks messages from the ether more clearly at night than in the day. It is affected very little by rain. It is affected not at all by 
the presence of other trees; so far as has yet been ascertained it makes little difference whether one drives his nail in a tree in the forest or 
a lone tree on the plain. Certainly it makes no difference that amounts to anything whether the tree be just an ordinary tree or a giant; it 
was a 60-foot oak over which the very awe-struck correspondent heard Nauen telling a waiting world what good people the Germans 
really are, And to prove that it made no particular difference what kind of tree was used the officer in charge switched to a pine tree, 
which received equally well. 


A dead tree will not do, and a tree not in leaf is not so sensitive as one in full foliage. It makes much difference where the nail is driven. 
General Squier calls the proper place the optimum point, and experimentally it has been determined that two-thirds of the distance from 
ground to top is the best place — in a 60-foot tree, 40 feet from the ground. 


One nail is sufficient, and it may be any kind of nail; but copper is preferred as not rusting. In practice, if a tree station is to be at all 
permanent, several nails would be driven and connected to the same wire, each additional nail up to 6 or 8 making the diverted current a 
little stronger. But 40 nails apparently produce no clearer signals than half a dozen. 


‘The tree may serve as a receiving station for several sets, either connected in series with the same material or from separate terminals. 


Some skeptics have expressed the belief that it was not the tree, but the wire leading to the nail in the tree which was the real aerial. The 
absurdity of thinking a 40-foot wire could receive the widely differing wave lengths which come through the tree station is obvious, but 
to set any doubt at rest, the wire to the tree has been hung to the nail by means of an insulator, when the signals immediately cease, only 
to come in as strong as ever just as soon as the connection is again established. 


Just what will the tree do as a transmitting station for radio telegraphic messages has not been determined in the Signal Corps 
Experimental Laboratory. As those in charge express it, "The fact has been demonstrated, but the matter is still їп laboratory stage only. 
What remains to be done now is to develop the best methods of using the demonstrated fact". 


But it has already been shown that the tree can be used in wireless telephony and for short distances it has been shown that two-way 
telephonic communications is easily established through trees with remarkably low values of transmitting antenna current. 


Ifa tree may be used to send wireless telephonic waves it seems not unreasonable to suppose that it will do so as easily with the 
telegraphic waves. At present the Signal Corps is at work on apparatus to test the possibilities of the tree as a transmitting station, 


Just what this development of the art of radio telegraphy may mean has not yet been worked out. It is the history of most discoveries that 
their potentialities are hardly dreamed of when they are first made — for instance the telephone, the electromagnet, the vacuum tube 
amplifier. But it seems fairly obvious that in war, at least, the tree receiving station opens up great possibilities. 


True enough there are few trees which remain intact under shell fire, and doubtless with this possibility in mind the armies of the future 
(if there be such) will in action consider all trees as dangerous enemy aerial stations. But there will always be trees behind the lines and 
not all actions will be fought on bare ground. What would it have meant to the "lost battalion” to have had a tree wireless set along by 
which it could have heard that every effort was being made to find and relieve it, or by which it might have sent back messages 
supplementing that carried by the pigeon? 


‘The greatest development, however, of the tree as the foundation for a receiving and possibly a sending station will come in peace uses. 
General Squier has written: 


*In view of what has been accomplished in space telegraphy, it is difficult to predict to what extent this means of communication may 
ultimately be developed. If, as indicated in these experiments, the earth's surface is already generously provided with efficient antennae, 
which we have but to utilize for such communication, even over short distances, it is a fascinating thought to dwell upon in connection 
with the future development of the transmission of intelligence. 


"Since a transmitting station is a central point for electromagnete waves sent out in all directions over the surface of the earth, a large 
class of information, such as meteorological reports, crop reports, and general news items of interest to all, may in time be sent from 
central points, to be received in many places within the radius of influence of the signal station, and this, too, by the simplest form of 
apparatus.” 


‘The amateur wireless world will unquestionably take an intense interest in the tree radio work. At present, while the government has 
lifted the ban upon amateur aerials, it has not removed the structures against sending. 


‘The aerial is always the greatest problem for the amateur. Lack of both money and material prevents him from erecting anything very 
large or of very great capacity. If any lad with a receiving set and some thermionic tubes can hook to a tree and take in any wavelength he 
can tune to, will not tree radio vastly increase the devotees of this particular variety of indoor sport? The matter is one of some 
importance, inasmuch as many valuable recruits to the radio world have come from amateur ranks, and many a radio engineer had got hi 
first taste for the fascinating art through a homemade tuning coil and detector, under the attic roof. The greater the amateur wireless 
world, the quicker the development of the art as a whole, 


Explorers, discoverers, engineers in far places, the forest service, the woodsman, all have use for the new development. Moreover the tree 
аз an antenna offers unusual possibilities for the investigation of atmospheric phenomena and for what may be called the physics of 
botany (or the botany of physics) and perhaps is the road by which the unsolved puzzle of growth may be studied 


Meanwhile, itis a thought not without great power to move the sensitive imagination that every tree, growing everywhere, is a wireless 
tower and antenna and that, as General Squier says, "It is significant that a tree, possessing utility and natural strength, architectural 
beauty of design and endurance far superior to artificial structures prepared by man, should be able yet further to minister to his needs“ 
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Talking Through The Trees 
by 


Major-General George O. Squier 


(Chief Signal Officer, US Army) 


How Transatlantic Radio messages Are Copied Via Tree Antenna 


As long ago as 1904, the author conducted some experiments with a view to utilizing growing trees as antennae for radio-telegraphy and 
discovered the efficacy, in a general way, of using a direct metallic contact to certain trees (principally Eucalyptus) to increase the 
audibility of radio signals. My attention was first called to this phenomenon during the course of summer maneuvers of the Army at 
Camp Atascadero, CA, where, due to the prevalence of the dry season of the soil, it was found that the regular Army buzzer telephone 
and telegraph sets were inoperative with any ordinary ground or earth but became operative when connected to a metallic nail driven in 


the trunk or roots of a live tree. This incident led the author to pursue the subject experimentally in the autumn of 1904 continuing the 
experiments to the range of frequencies than employed in radio-telegraphy. 


‘Tree Antennae 


In connection with the organization and development of Transatlantic radio reception, which was carried out during the period of the war 
to provide against the possibility of the interruption of the submarine cable system, the Signal Corps established a chain of special 
receiving stations in different parts of the United States to copy and record enemy and Allied radio messages from European stations for 
the information of our Army General Staff. 


In the prosecution of this work, directions were given to the Signal Corps Laboratory at Camp Alfred Vail, Little Silver, NJ, and also to 
the experimental staff in Washington to test the efficiency of growing trees as receiving antenna, in connection with this service, using the 
vastly superior technique and facilities now represented in the radio Art as compared with the crude apparatus with which the discovery 
was made in 1904. With a collection of apparatus representing the most advanced state of the radio Art, the problem, as a war measure, 
жаз attacked anew and has now reached a point where a very brief outline of some of the physical results obtained should be presented in 
the interests of the development of the Art in general. Since the phenomena involved embrace a variety of physical problems rather than 
strictly engineering ones, these data are presented in the hope that our scientists may see in the experiments some points of departure for 
further research. 


It was immediately discovered that with the sensitive amplifiers now in use it was possible to receive signals from the principal European 
stations by simply laying a small wire netting on the ground beneath the tree and connecting an insulated wire to a nail driven in the tree 
well within the outline of the tree top. See Figure 1. Messages having been received from England, France, Germany and Italy. 


This encouraging first result justified a more careful examination of the phenomena and the most suitable arrangement of circuits for the 
purpose. 


And Now For the Floraphone 


The messages carried over this tree telephone and telegram system have been named by the writer. They are to be "floragrams'. The tree 
telephone is to be a “Moraphone”; the tree telegraph a ‘floragraph’. 


The discovery is now announced after experiments covering 15 years, beginning in California and continuing intermittently until the 
outbreak of the war, when they went forward with vigor as an emergency means of communication. The system was utilized during the 
war in listening-in on the German radio communication. 


‘The final development took place in a small portable laboratory, purchased from a mail order house, capable of being carried to any place 
in the woods. A group of soldiers, taking turns at copying messages, assisted the writer in the development of the apparatus. 


Without entering into the details of these preliminary experiments here it may be said that one fo the best receiving arrangements is found 
to be an elevated tree earth-terminal in the upper part of the tree top, and an earth consisting practically of several short pieces of 
insulated wire, sealed at the outer end, radiating out from a common center, and buried a few inches beneath the surface of the ground in 
the neighborhood of the tree. See Figure 2. 


It was soon found that a tree-antenna could be used efficiently as a multiple radio receiving set over widely different wavelengths, see 
Figure ЗА, receiving either from separate terminals at the same (shown dotted in Figure ЗА) or different heights of the tree, or in series 
from the same terminal. See Figure 3B. 


This same type of circuit was employed in an inverse manner for radio-telephonic transmitting purposes, although the experiments thus 
far have been limited to short distances. It was found that 2-way radio-telephonic communication was easily established with remarkably 
low values of transmitting antenna current. See diagram of this test illustrated at Figure 4. 


The flexibility of this arrangement is very striking. The linking up of wire and wireless methods was found to be both convenient and 
efficient. Radio-telephonic messages from airplanes were readily received by the tree-antenna arrangement and transferred thence to the 
wire system of the city of Washington and finally received at any point desired. 


Furthermore, radio-telephonic transmission through the tree-antenna was received by another tree-antenna, and automatically returned to 
the sender on a wire system, thus making a complete circuit. Illustrated at Figure 6 


Long distance reception on any wave length from all the larger European stations and from our ships at sea was easily accomplished and 
traffic copied on a 24 hour schedule by the regular enlisted operators of the Signal Corps. A small portable house serving as a field 
laboratory was erected in the midst of the forest area on Grant Road, Washington DC, and here was assembled a collection of amplifiers 
from the Army, navy, the British and French, and American manufacturers. With these facilities it was a matter of a few days to test out, 
at least in a superficial manner, a large number of proposed arrangements using trees as antenna. 


Figure 7 shows how a number of trees can be connected up to give the effect of one large antenna. 


In France officers of the Signal Corps, by the simple device of driving a spike into a tree-trunk to which connect the audion set which 
wireless operators use to make up wireless messages, it was found possible to listen in on communications between German airplanes and 
the German lines. Messages were thus intercepted in spots into which it would have been impossible to transport a field wireless 
apparatus. See Figure 8. 


‘The Physics of Tree Wireless 


We may regard the metallic electrode rigidly driven into the living organism of a tree, as described above, as a potential earth-terminal for 
the study of the potential distribution on the surface of the earth itself. It has been shown in these experiments that this metallic terminal 
intimately connected to the earth itself and a part thereof is subject to changes of potential representing the innumerable frequencies 
required by modern radio-telephony and telegraphy, as well as any other electrical disturbances which may occur on the surface of the 
earth or the atmosphere above the earth. 


It has also been shown, as expected, that we can select from this composite one or more of the different frequencies by tuned electrical 
loop circuits suitably connected to this electrode and study each in turn, at will, just as color screens can select a particular component of 
white light. We may, indeed, by means of a highly insulated conductor bring this terminal directly to the laboratory and connect it 
immediately to the modern thermionic tube and amplify almost at will the particular effects we are studying 


We can consider that trees have been pieces of electrical apparatus from their beginning and with their manifold chains of living cells are 
absorbers, conductors and radiators of the long electromagnetic waves as used in the radio Ап. 


For our present purpose we may consider, therefore, a growing tree as a higly organized piece of living carth, to be used in the same 
manner as we now use the earth as a universal conductor for telephony and telegraphy and other electrical purposes. 
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British Patent Specification # 149,917 
Improvements in & Relating to Radio Communication Systems 
George O. Squier 


This invention relates to radio communication systems. More particularly, the invention relates to radio transmission and reception 
through the use of living vegetable organisms such as trees, plants, and the like. 


As disclosed in the Specification of my prior Letters Patent No. 25,610 (1904), I have discovered heretofore that tall trees and like 
growing vegetation possessed electrical conductivity of a certain nature adapted for the reception of signaling electromagnetic waves and 
capable of forming a part of an antenna or serial with the use of a direct earth "ground" or equivalent point of connection with the tree, in 
the potential node region. 


Thave recently discovered that living vegetable organisms generally are adapted for transmission and reception of radio or high frequency 
oscillations, whether damped or undamped, with the use of a suitable counterpoise. I have further discovered that such living organisms 
are adapted for respectively transmitting or receiving a plurality of separate trains of radio or high frequency oscillations simultaneously, 
in the communication of either or both telephonic or telegraphic messages, 


In such use of an antenna comprising living vegetable organism and a counterpoise, I have discovered that optimum results are obtained 
upon arranging the point of connection of the transmitting or the receiving set within a certain range of the tree, or other living vegetable 


organism; for trees indigenous in the temperate zones, I have discovered that such optimum point of connection is in a region 
approximately two-thirds of the height of the tree above the exposed surface of the earth. 


In accordance with my invention for receiving radio trains of telephonic or telegraphic high frequency oscillations, a plurality of 
receiving sets attuned respectively to any desired frequency, may be connected by the same leading-in wire to the same tree, whereby 
such tree serves as the common receiving antenna for the respective individual receiving sets; and, similarly, for transmitting radio trains 
of telephonic or telegraphic high frequency oscillations, a plurality of transmitting sets respectively resonant to any desired frequency 
may be connected by a common lead-in wire to the same tree serving as the common antenna. 


In the more preferred forms of my invention, I have devised suitable means for selective directional reception of radio oscillations of any 
desired definite frequency, by the use of a coil having the turns of its windings disposed in substantial parallelism and mounted to be 
rotated in a horizontal plane, whereby the received oscillations are restricted to the direction coincident with or parallel to a plane lying, 
normal to any plane passing through any turn of the windings of the coil 


‘The counterpoise comprises preferably a suitable extent of conductor in the form of one or more lengths of wire disposed below the 
surface of the earth and suitable insulated therefrom; it is desirable to arrange a number of individual counterpoises, each extending 
rectilinearly in different directions to one another and to employ in directional selection the particular counterpoise extending, 
substantially in the selected direction. 


Further features and objects of the invention will be more fully understood from the following description and the accompanying 
drawings, in which: 


Figure 1 is a diagrammatic vertical elevation of a preferred form of the invention; 
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Figure 2 is a diagrammatic view of one preferred form of an arrangement of receiving sets, embodying my invention; and 


Figure 3 is a diagrammatic view of a preferred form of an arrangement of transmission sets embodying my invention. 


Referring to Figure 1, the circuit designated 1 represents any approved form of resonant receiving circuit comprising the variable 
condenser 2, and detector, rectifier or amplifier 3, arranged with a telephone or any suitable recording device in the usual manner. Such 
attuned receiving circuit 1 is suitably coupled through transformer windings or otherwise with proper regulatable reactance with the tree 
or other living vegetable organism and in Figure 1 i have indicated the location 4 as representing the location of a metallic nail, or 
equivalent, affixed to and extending within the body of such tree. I have discovered that optimum results for any particular tree are 
dependent upon the physical contour of the space occupied by the branches and leaves as well as the subterranean portions of the tree 


such as the roots and that generally the optimum results are attained by affixing the nail 4 within the region of the tree substantially two- 
thirds of the height of the tree above the surface of the earth. 


To such nail 4 is connected one end of the lead-in wire 5, preferably enclosed in suitable insulation, and connected at its other end with 
the resonant circuit 6 comprising the adjustable inductance coil 7 and the adjustable condenser 8. The lead 9 connects the circuit 6 with 
the counterpoise 10, preferably comprising one or more metallic wires, 11, extending substantially rectilinearly and electrically insulated 
from the earth 12 by means of suitable insulation 13, as by enclosing such wire or wires 11 within a suitable insulating coating. Such 
coating 13 extends preferably an appreciable distance above the surface 14 of the earth 12. In the use of my invention with living 
antennae, I have arranged the counterpoise 10-13 extending in the rectilinear direction substantially parallel to the plane passing through 
the transmitting station, the receiving station and the center of the earth. It is advantageous to arrange a plurality of individual 
counterpoises 10 radiating in different rectilinear directions, with a suitable switching device for connecting the lead 9 with the particular 
counterpoise parallel to or most closely parallel to the selected direction. 


Such coil 7 is preferably a primary coil suitably spacially coupled with an adjustable secondary coil 15 connected in the circuit 
comprising the variable condenser 2 and 3. In the specific form of the invention shown in Figure 1, such secondary coil 15 is provided 
with the lead wire 16 connected to the terminal 17 of the reversing switch 18 (shown diagrammatically) the other end of the secondary 
coil 15 being connected by the cross wire 20 of the reversing switch 18. Such terminal 17 is connected by the cross wire 21 with the 
terminal 24, The pivoted knife blades 25, 26, having the handle 27, are mounted in the usual manner on the central terminals 28, 29. The 
coil 30 represents diagrammatically a coil comprising a desired number of windings or successive turns of exposed or insulation covered 
wire, each turn lying substantially in a common vertical plane and the coil indicated at 31 represents a similar plurality of turns of 
windings mounted in substantially a common vertical plane. One terminal of the coil 30 is connected with one of the central terminals of 
the reversing switch 18, say terminal 28, and one terminal of the coil 31 is connected with the other central terminal 29, of the reversing 
switch 18. The other terminal of the coil 30 is connected by the wire 32 with the leads of the variable condenser 2 in shunt with the 
detector or amplifier 3, while the other terminal of the coil 31 is connected by the wire 33 to the opposite lead of the variable condenser 2 
and the detector or amplifier 3. 


Such set of coils 30, 31 are suitably mounted to be rotated horizontally, whereby all turns of the coils 30, 31, at any given position lie 
substantially in а common vertical plane. Such coils 30, 31 may be arranged on a common wooden or like insulating frame of cylindrical, 
rectangular or other desired contour on cross section. 


By virtue of such an arrangement, the primary and secondary circuits are respectively directly exposed to and simultaneously 
electromagnetically acted upon by the incoming oscillations, and by means of the reversing switch 18 the oscillations generated in the 
coil 30 may be neutralized or accumulated relatively to the oscillation generated in the coil 31 to produce either the "barrage" or the 
“amplifying” effect. 


By means of such "barrage" effect, the oscillations of any given wavelength directed in any absolute direction are cut out from the 
detector or amplifying circuit and enable oscillations of similar or the same wave length received in any definite direction to be conducted 
to the detector or amplifying circuit. By means of such accumulating effect of the coils 30, 31, and the switch 18, the waves of any 
definite wavelength received in any definite absolute direction are amplified and enable long distance reception at any wave length. 


In practice, I have carried out the invention for reception by the use of either a single receiving set or a plurality of receiving sets. Such 
receiving set or sets may be arranged either to receive damped high frequency oscillations or undamped high frequency oscillations. 


In Figure 2 I have illustrated diagrammatically one form of the application of the invention for the simultaneous reception of a plurality 
of different trains of high frequency oscillations, 


‘The nail 4 is indicated as located in electrical connection with the tree 35 at an optimum point 36, the lead-in wire 37 being connected at 
its upper end with the nail 4 and at its lower end with the incoming connector bar 38. The connector 38 is provided with the individual 
switches 39-40-41, etc., corresponding to the number of individual receiving sets. The outgoing connector bar 42 is connected by the lead 
43 with the counterpoise 10, preferably constructed and arranged as set forth hereinabove. 


In suitable relation with the incoming connector bar 38 and outgoing connector bar 42 and the switches 39, 40, 41 are arranged the 
respective primary coils 44, 45, 46, ete., respectively coupled in any approved arrangement with the secondary coils 47, 48, 49. 


‘The receiving set 50 is arranged for the reception of undamped waves and is shown of the vacuum tube valve type. The terminals of the 
secondary 47 are suitably connected in the input circuit including the filament cathode 51 of the vacuum valve 52 and the grid 53 and 
comprises the variable condenser 54 in shunt with the secondary 47, the condenser 55 and the grid leak resistance 56. The output circuit 
comprises the battery 58, the filament cathode 51, and the telephone receiver or other audible, or any visual indicator 57. The heating 
circuit of the filament cathode includes the battery 60 and the variable resistance 61 


‘The receiving set 62 is shown of a similar undamped oscillation гесе 
numbers. 


ing type and like elements are designated by like reference 


The receiving set 63 is indicated of the damped oscillation receiving type and comprises the additional inductance turns 64 having one 
terminal connected to one terminal of the filament cathode 51 and its other terminal connected to the variable condenser 65 in shunt with 
the telephone receiver 57 and the storage battery 58. The remaining elements of the receiving set 63 correspond to like elements of the 
receiving set 50 and are designated by like reference numbers. 


In Figure 2 I have shown the switch 39 in closed position with the primary inductance 44 of the receiving set 50, the switch 40 in closed 
position with the primary inductance 45 of the receiving set 63 and the switch 41 in open position with the primary inductance 46 of the 
receiving set 62, and accordingly enabling the reception and detection of undamped oscillations of the frequency to which the receiving 
set 50 is tuned and simultaneously the reception and detection of damped oscillations of the frequency to which the receiving set 53 is 
tuned, 


Figure 3 shows one form of practical application of my invention for transmitting simultaneously radio oscillations, either telephonic or 
telegraphic, either damped or undamped, or both. The nail 4, lodged at an optimum point 36 in the tree 35, is connected by the lead 70 to 
the connector bar 71, and the counterpoise 10 is connected by the lead 72 to the connector bar 73. 


The transmitting sets 74, 75, ete., of the desired number, are suitably arranged for single or multiple transmission, for which purpose the 
switches 76, 77, ete., are provided. The transmitting sets 74, 75 are shown of any approved type, such as the oscillating vacuum tube type 
comprising the filament cathode 78, the grid 79 and anode 80, arranged in the vacuum tube 81, suitably connected with the primary 
inductance 84, 85. The primary inductances 84, 85 are suitably connected to the connector bar 73 and the connector bar 71 through the 


respective switches 76, 77. The battery or other source of electric current is indicated at 86. The adjustable heating circuit of the cathode 
filament 79 is shown comprising the battery 87 and the variable resistance 88. 


In Figure 3, the switch 77 is in closed position thus placing the transmitting set 75 in operative connection with the tree serving as the 
antenna. Upon closing the switch 76 the transmitting set 74 is similarly placed in operative connection with the tree antenna 35. Upon 
closure of both switches 76, 77 the tree serves as the antenna for the transmission of simultaneous trains of oscillations emitted by the 
respective transmitting sets 74, 75, modified by a key or telephone transmitter, or other suitable modulator, for the transmission of 
telegraphic or telephonic messages as desired. 


In the use of trees or other living vegetable organisms serving as the antenna or a art thereof, I have discovered from tests that such tree 
possess impedance consisting of two component lance and reactance, the latter being usually condensive, for oscillation within the 
range of present day wavelengths. The tests also show that the apparent capacity of a tree serving as an antenna is substantially 
proportional to the height of contact of the lead wire connecting the transmission set with the tree. 


‘The tests also show that the apparent resistance of a tree serving as an antenna is appreciably greater than the resistance of the ordinary 
metallic antenna, and it is accordingly desirable to modify the resistance or alter the design of the receivers, if it desired to increase the 
effectiveness of the energy of the electromagnetic radiation impinging on the tree; however, the ordinary receivers of present design may 
be used and are responsive to any wave length of radiation employed in present day practice. 


Whereas I have described my invention by reference to specific forms thereof, it will be understood that many changes and modifications 
may be made without departing from the spirit of the invention as defined by the appended claims, 


An alternative electric power generating system that draws energy from a seemingly unlikely yet abundant, eminently renewable and 
virtually free power source has been submitted for patenting by MagCap Engineering, LLC, Canton, Mass., in collaboration with Gordon 
W. Wadle, an inventor from Thomson, Ill. Wadle has invented a way to capture the energy generated by a living non- animal organism — 
such as a tree. 


Source: KeelyNet / Jerry Decker email (12/21/05) 
"Unlimited Electric Energy from the Environment?" 


Chris Lagadinos, president of MagCap, developed circuitry that converts this natural energy source into useable DC power capable of 
sustaining а continuous current to charge and maintain а battery at full charge. 


"Аз unbelievable as it sounds, we've been able to demonstrate the feasibility of generating electr 


ity in this manner," said Wadle. 


"While the development is in its infancy, it has the potential to provide an unlimited supply of constant, clean energy without relying on 
fossil fuels, a power generating plant complex or an elaborate transmission network.” 


Wadle likened the invention to the discovery of electricity over 200 years ago when charged particles were harnessed to create an electric 
current. "Now we've learned that there is an immense, inexhaustible source of energy literally all around us that can be harnessed and 


converted into usable electric power," he said. Ultimately, it should prove to be more practical than solar energy or wind power, and 
certainly more affordable than fuel cells, he added. 


Wadle said he got the original idea of harnessing a tree for electrical energy from studying lightening, more than 50 percent of which 
originates from the ground. This prompted him to develop the theories resulting in a method to access this power source. 


Lagadinos then designed circuitry that filtered and amplified these energy emanations, creating a useable power source. 


Basically, the existing system includes a metal rod embedded in the tree, a grounding rod driven into the ground, and the connecting 
circuitry, which filters and boosts the power output sufficient to charge a battery. 


In its current experimental configuration, the demonstration system produces 2.1 volts, enough to continuously maintain a full charge in a 
nickel cadmium battery attached to an LED light. "Think of the environment as a battery, in this case," said Lagadinos, "with the tree as 
the positive pole and the grounding rod as the negative.” 


Lagadinos said the system could be enhanced enough to generate 12 volts and one amp of power, "а desirable power level that could be 
used to power just about anything,” he said. It is enough power to charge batteries for any type of vehicle, including hybrids and electric 
cars, or to use with an AC converter to produce houschold power, he added. The LED industry is a prime example of a potential user of 
this power source. 


While the basic concept of this invention — using a tree to generate electric power — seems too incredible to be true, Lagadinos said it сап 
be demonstrated quite simply. "Simply drive an aluminum roofing nail through the bark and into the wood of a tree — any tree 
approximately one half inch; drive a copper water pipe six or seven inches into the ground, then get a standard off-the-shelf digital volt 
meter and attach one probe to the pipe, the other to the nail and you'll get a reading of anywhere from 0.8 to 1.2 volts of DC power,” he 
said. 


"You can't do anything with it in that form because it is dirty — i.e. highly unstable and too weak to power anything,” he added. In order 
to properly harness this potential energy source, MagCap devised two test circuits: one with three capacitors that were connected in 
parallel by means of a switch and charged to 0.7 volts each. 


When fully charged they are switched to a series mode, multiplying the voltage to 2.1 volts and flashing an LED to show that sufficient 
power could be generated to produce a useable result. The second circuit included a filtering device to stabilize and "clean" the current so 
it could be used to charge and maintain a NiCad battery. 


‘The battery then could be connected to the LED to keep the LED lit continuously. Wadle pointed out that there seems to be no limit to the. 
amount of power that can be drawn from an individual tree, no matter how many "taps" are inserted — each produces the same amount of 
energy, an average of 0.7 - 0.8 volts. Size of the tree also seems not to matter. 


Interestingly, while conventional wisdom would seem to indicate that the tree draws much of its energy from photosynthesis via its 
leaves, the voltage output actually increases to 1.2-1.3 volts in the winter after the leaves have fallen. 
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"America’s Greatest War Invention" 
by 


H. Winfield Secor 


An invention which has been termed the greatest American war achievement is the Rogers underground 
and sub-sca radio system. The Rogers system does away entirely with aerial wires, and it is only a mater 
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vero James Н. Rogers: Underground & Underwater Radio Antenna 


ol months now before all aerial wire systems the world over will be pulled down. Wonderful things have 
been accomplished by the new system, chief of which is the total elimination of static and the increase of 
the loudness of received signals, which is often as high as 5000 times the usual strength. Interference, too, 
is done away with almost entirely now. The Rogers invention is of tremendous importance and 
revolutionizes our previous ideas on wireless to an extent never dreamt of before. We urge every one 
interested in radio to read the accompanying authoritative article which discloses the full technical data 
on the new system for the first time in any periodical. 


Top photo [Photos not shown here: poor quality photocopy] shows antenna wires being placed in river by 
Mr Rogers’ assistants. The inventor has found that his system works just as well under water as through 
the earth. All of the high power stations in the world, from Nauen and Lyons to Honolulu, are heard in Mr 
Rogers’ laboratory at Hyattsville, MD, shown in the center and lower views herewith. The author of this 
article also heard the transatlantic stations coming in loud and clear, Mr Rogers invention is the greates 
the war and is so recognized by the government. 


It is revealed now that the Navy Department had been using a powerful undersea wireless during the war. 
‘The instruments and system were invented by James H. Rogers, of Hyattsville, MD, and were adopted by 
the Navy Department as an invaluable addition to the wireless system of the Navy. The two lower photos 
show the inventor, Mr Rogers, in his laboratory at Hyattsville. 


‘The greatest invention in the field of wireless telegraphy since Marconi first placed commercial radio- 
‘communication on a firm basis by his historic experiments in Italy, and later in England, is without a 
shade of doubt the latest triumph of radio research -- the "Underground and Sub-Sea Wirel 
conceived and developed by an American scientist and inventor, James Harris Rogers. Mr Коре 
known as a second Edison among his towns-people in Hyattsville, Maryland, where he ha 
years, and now the whole world acelaims him. 


Who Is Mr Rogers? ~ 


James Harris Rogers, practically unknown a few years ago in radio circles, except by a few sel 
men who were investigating his invention for the navy Department, has practically become overnight the 
center of all attractions in the field of science. Mr Rogers is a son of the confederacy and a veteran of the 
CivilWar. He has followed electrical experimenting ever since and has been a strong devotee of radio 
telegraphy since Marconi performed his first experiments in this new branch of applied science. He is a 
refined, cultured southern gentleman who makes you feel at home at once; an invariable attribute of all of 
the truly great. Mr Rogers was one of the first inventors of the "printing telegraph" and his full-sized 
‘working models saw actual commercial service on a circuit between Baltimore and Washington, also in 
New York, back in 1880. These were seen by the writer and are wonderful pieces of mechanism. 


‘The Rogers laboratory, which comprises several large rooms, is lined on all sides with glass cabinets 
containing electrical apparatus which he has invented from time to time through his studious career. A 
novel and original high frequency generator was another of the devices that greatly interested the writer. 
It employed a jet of water shunted by a large capacity, the stream of water being connected to a high 
potential source of direct current. High frequency currents of any range up to the limit of audibility, or 
about 30,000 cycles per second, could be readily obtained with this apparatus. The writer merely cites 
these facts to substantiate the standing of Mr Rogers in the scientific field. Hundreds of other electrical 
inventions have been made by this modest genius of the quict little Maryland town of Hyattsville, and the 
principal outstanding fact of his work is that he can show you a working model of each of these 
inventions, unlike many other inventors whose ideas exist only on paper, and which often fall down, 
miserably, when actually built and tested. 


In this connection itis interesting to consider for a moment that not one of the new wireless "static and 
interference preventers" proposed to the government radio experts during the war, proved practicable in 
the least. 
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Official recognition of Mr Rogers as the one and only inventor or "Underground and Undersea Wireless 
Communication" was soon forthcoming, and here itis in brief. These two official letters of recognition if 
Mr Rogers’ wonderful and revolutionizing invention represent but a very small fraction of those he has 
received from radio engineers of high repute in all parts of the world, congratulating him for his masterly 
work. The Navy Department has just permitted information on the Rogers system to be given out, and 
how well they kept their secret during the World War during which time this system has been in use by 
the Navy Department, may be judged by the fact that radio men everywhere are amazed at this feat. The 
distinguished radio savant Prof. George W. Pierce of Harvard University, congratulated Mr Rog 

heartily when he first tested and heard the new system work through salt water, which he at first thought 
absolutely impossible. 


Below we give two letters of official recognition by the Navy Department of Mr Rogers" 
accomplishments, which are all that we have space for. 


In response to an inquiry from Clarence Owens, director general of the Southern Commercial Congres 
Admiral Griffin, USN chief of the Bureau of Steam Engineering wrote under date of December 27, 1918, 
as follows 


"In reply to your question regarding the originator of the underground radio system, you are advised that 
Mr. J. H. Rogers of Hyattsville, MD, was the originator of this system. There have been other claimants to 
‘methods of underground radio signaling, but none were useful, within the Navy Department’s knowledge 
to the extent of being a valuable asset to the general scheme of radio communications. The introduction of 
Mr Rogers’ receiving system marked the beginning of the use of underground aerials for receiving, to 
great advantage over raised aerials, and has been valuable to the Navy during the w: 


Rear Admiral Strother Smith, then Capt. Smith, wrote Mr Rogers on December 7, 1917: 


"It is a great pleasure to me to feel that I have been instrumental in bringing the result of your work before 
the Navy Department and assisting somewhat in putting it into actual practice. Out of the many thousand 
ideas presented you realize that a very, very small percentage are valuable and it is worth at least a year's 
work to get one that I feel will give lasting benefit to the service that I take pleasure in serving" 


‘The Navy Department Interested ~ 


‘Through Dr George Lamar and Senator Blair Lee the discovery and the status of the patents were brought 
to the attention of Secretary Daniels of the Navy, Secretary Daniels ordered inquiry into Mr Rogers” 
claims, which showed that his invention worked, and requested Secretary Lane to give special 
consideration to pending patent applications. 


Secretary Daniels then submitted the Rogers system to Rear Admiral (then Captain) Strother Smith, who 
called into consultation Capt. Hooper. These officers made a thro study of the system and found it 
practicable. Capt Hooper ordered it installed at New Orleans first and since then it has been employed at 
Belmar, NJ, and at other stations, 


Fora decade Mr Rogers has been studying radio subjects, and long before the US entered the war he had 
experimented with the problem of ridding aerial communication of this static atmospheric activity. He 
disagreed with all authorities who believed that the air, and not the earth and water, was least suited for 

is communication. 


At first Mr Rogers used the earth alone for sending messages to amateurs stationed nearby. Using an 
audion bulb, һе then buried a wire from his laboratory and heard Philadelphia and other stations. Further 
experiments were conducted at a laboratory near Bladensburg, which he calls "Mount Hooper” in honor 
of Commander Hooper of the Navy, who rendered excellent service in adapting the invention to the needs 
of the Navy Department, 


When Mr Rogers first stated that messages could be received and sent from submarines when submerged 
it was unanimously declared to be impossible and the officials of the Bureau of Standards were not alone 
in this belief, as no less a personage than Marconi declared at a banquet given in his honor in Washington, 
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that when wire 
order to 


s was used on submarines, "it was necessary for the submarine to come to the top in 
ch the ether waves". 


To demonstrate more clearly the underground system and to show how it could be used in trench warfare, 
Mr Rogers constructed an underground station, wholly inclosed beneath the surface of the earth, there 
being no visual existence outside. This place in Prince Georges country was visited by some very noted 
‘men, including Dr Abraham, the head of the French Scientific Commission, who, upon entering the cave 
at Mt Hooper expressed his amazement and remarked, "The Germans can't get us here". Lieutenant 
Paternot, of the French Scientific Commission and the radio representative of France, also heard his 
native stations talking and expressed equal satisfaction, pleasure, and amazement. 


How He Conceived the Underground System ~ 


‘The writer asked Mr Rogers just how he came to form the idea of the "Underground and Subsea Radio”. 
He explained that from his very first study of the method of transmitting radio signals by means of an 
elevated antenna, the question constantly presented itself to his mind — "IF 50 units of power are past into 
the aerial, then what becomes of the equal amount of energy which passes into the ground". He became so 
obsessed with his conundrum that he finally asked several prominent radio savants this question. What do 
you suppose the answer was? -— "It is dissipated in the form of heat in the ground", they answered. But 
still Mr Rogers thought they were wrong and now he has proved it. Another early idea of his in the 
theoretical aspect of radio-communication was as follows, and very logical it was, too, as you will agi 
He held that if the outer crust of the earth is a conductor, and the surrounding atmospheric envelope is the 
insulator, then how infinitely better must the former be for the transmission of any form of electric 
current 


То Mr Rogers's mind it was more reasonable to suppose that the energy liberated at the base of an aerial 
was propagated through the earth as well as through the ether above, and that an elevated aerial, at great 
distance, would be actuated by them as effectually as if the waves reached the same point through the 
ether above; when the waves through the earth reached the base of the aerial the potential of the plate 
would be raised and lowered and the acrial would accordingly be energized. Thus was his basic and 
original idea conceived and settled upon. 


Mr Rogers’ first trial with the underground wireless to nearby radio amateurs began about 7 years ago. 
but his theory of the reason why it must work was formulated over 10 years ago. Further, he conjectured 
that much less power would be required to propagate a wave or current through the earth's conducting 
crust, which for one thing has smaller geometrical dimensions, than to propagate it through the insulating 
atmospheric envelope alone. See Fig. 1 


The Theory of Operation ~ 


A number of other radical ideas were entertained for several years by Mr Rogers, and in the course of 
time he has found that his ideas were correct — it worked! It worked! And now the radio experts far and 
wide are holding a post mortem inquest on their theories and how it all happened. To start with, Mr 
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Rogers stated, "special credit is die the following gentlemen, who have remained enthusiastic and sincere 
in all the tests and installations made of my underground radio system through all the trials and 
disappointments of its development, even when the system seemed to be unworkable. Their perseveranc 
and high skill in the radio art has hastened the official endorsement and the installation of the buried and 
submerged antenna”: 


Commander A. Hoyt, D Se., USN; Dr L. W. Watson, Bureau of Standards; Admiral Strother Smith, USN; 
Commander Hooper, USN; G.H. Clark, Expert Radio Aid, USN; Dr George W Pierce, of Harvard 
University; and Ensign A. Crossley, USN, who ahs actively engaged on the installation of the Rogers 
system at the Great Lakes Radio Station, New Orleans, New London, CT, and Norfolk, VA. 


Like many other great inventions the exact mode operation is hard to ascertain and define. The views of 
Mr Rogers on the operation of this wireless system are briefly defined as follows: --- 


First, that the electrical energy liberated at the base of an antenna will be propagated through the earth 
even in the absence of etheric space waves above, if such a condition were possible, and which in reality 
does occur when great distances are signaled over, so he believes. Second, that the propagation of earth 
waves no more depend upon the ether waves above the surface than these etheric waves depend upon the 
carth waves. Further, that both waves are propagated simultaneously, one above and another below the 
surface of the earth, and that at the initial start each is dependent upon the other, although thereafter 
neither is dependent upon the other. Furthermore, Mr Rogers believes that the ether waves gradually die 
ош in intensity in proportion to the earth’s curvature, and the distance over which they are propagated, 
and that at great distances the ether space waves do not have any appreciable effect upon receiving 
appliances, and that these are energized solely by the energy transmitted through the earth. 


‘These ground currents travel with the speed of light and are picked up at the receiving station, The space 
waves persist for an appreciable distance, which accounts for airplane-to-airplane and airplane-to-carth 
communication, but it is the belief of Mr Rogers that in such long-distance radio transmission as half-way 
around the globe (12,000 miles) that it is the ground wave current that does the work, and that the free 
space wave above the surface of the earth never reaches the station, due to the high resistance of the 
atmospheric envelope 


One of the Naval experts present mentioned that it had been found that the penetration of the ground 
wave component increases with an increase in wavelength. This is an important fact and helps to explain 
the operation of this new radio system, with its aerials buried in the ground. He also mentioned that 
"Radio to Mars" or other planets would be impossible, if we are to believe in the well-known "Heaviside' 
ionization layer, surrounding the earth at a height computed at from 30 to 50 miles, for no etheric wave 
сап pass this layer without being reflected back to the earth, or at least restrained within this passageway. 


Rogers System Eliminates "Static" & "Interference" ~ 


Mr Rogers stated that his underground antenna, in itself, did not solve entirely the static or interference 
problem, but made it the nearest approach to this ideal condition ~- the goal of all radio engineers = than 
had ever been accomplished before. This problem has, thanks to a new arrangement perfected by Comm. 
А. Hoyt Taylor, D. Sc., been solved and static and interference have been practically eliminated, for all- 
year-round radio service. Think what an advance this means! Further, there is no rise and fall in the signal 
Strength during the night or day, at any time of the year, due to the sun's ionization efect, as is the case 
where elevated antennae are employed. The US Naval reports and tests made with the Rogers ground 
aerial in comparison with the usual form of elevated aerial, several of which are appended herewith, show 
the incomparable efficiency of this new radio system. 


What The Facts Show ~ 


First we will mention the test which Mr Rogers and a naval officer conducted for the writer. The 
apparatus used in these tests are shown in the accompanying photographs. They included several tuning 
inductances, variable condensers, a one-step audion amplifier (single Audiotron bulb only!) and two pairs 
of Baldwin phones (telephone receivers). This apparatus was connected up to one of Mr Rogers” latest 
buried antennas --- a single rubber-covered, stranded copper cable, extending westward for a distance of 
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4,000 feet, so as to be in a plane with the high-power European radio stations. This cable is encased in 
iron pipe (gas pipe), each 20-foot section of which is insulated from the abutting sections by means of a 
rubber hose (garden hose) slipped over the pipe ends for a few inches. This is buried in a dirt trench about 
3 feet deep, filled in with soil. The cable is insulated at the free end and is connected up as in Fig. 2. The 
rubber covered wire alone has been used in all sub-aqueous tests, and gives fine results when simply 
buried in the ground, the decay not being so rapid as probably would be imagined. This latest aerial in the 
iron pipes is a new development and experiments are still going on with it. It works wonderfully well. 
The 4,000 foot aerial here described is best suited to receiving radio lengths of 6,000 to 16,000 meters. 
For shorter wavelengths acrials of smaller dimensions are employed. 


"Here's the Lyons station in France", said Mr Rogers. A turn of the knob on the specially calibrated 
condenser, and there was Lyons (France), sure enough. Static and interference were unheard. Next the 
great stations across the broad Atlantic, at Nauen, Germany; Carnarvon, Wales, (England; and Rome, 
Italy, were heard with equal loudness and clarity. This laboratory station, which has picked up practically 
all the high power stations on the globe. American stations are then picked up by changing the 
‘wavelength, and finally a test was made on a short (250 feet in length) buried ground antenna, adapted to 
receiving wavelengths of 200 to 800 meters. Wireless telephone messages were picked up from 
Washington, a distance of about 7 miles. It is most interesting to note at this juncture, as other tests have 
shown, that a radio message from an airplane cannot be picked up on the underground aerial, until the 
plane is directly over the station. This would веет to prove two things: first, that the short waves sent out 
by the airplane radio set do not penetrate into the ground very far, if at all, — and second, that airplane 
radio transmission and reception are effected solely by ctheric waves. 
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Referring to Figures 3 and 4, we find several interesting points. Figure 3-A shows how a double ground 
aerial is sometimes connected. Also, as in the case of Mr Rogers” test station, several sets of these buried 
antennae are best employed, distributed about the station as shown in Fig. 3-B. 


‘The Rogers underground antenna system has been used at the Belmar, NJ, station during the war with 
most gratifying results, as reported by the Navy Department, and its successful and unfailing operation 
during the 24 hours of the day, resulted in trebling and quadrupling the capacity of this great trans- 
Atlantic highway of intelligence communication. The official reports in connection with the work 
accomplished with the underground Rogers system at Belmar state that not a single word of 
communication was lost during the reception of thousands of important messages from Europe. The 
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station at Tuckerton, NJ has also been equipped with the Rogers underground aerial system and all of the 
larger stations of the Allied powers in Europe have been copied successfully through the 24 hours, at this. 
point also. 


‘Submarine Wireless ~ 


Perhaps the most interesting tests of all are those which were made on submerged submarines in salt 
water! The aerial in this case was of heavily insulated stranded cable, stretched from stem to stern as Fig. 
4-A illustrates. The two aerials were brought down through the conning tower and joined to the receiving 
apparatus. A second form of aerial is illustrated in Fig. 4-B, where the insulated aerial wires are placed in 
iron pipes within the submarine. Here are the results of some of these tests, which do not include the 
transmitting tests to the submarine from a ground antenna on shore. When submerged 8 feet, the German 
station at Nauen was picked up by the submarine while lying off the American coast! Submarines have, in 
other official tests, picked up distant stations when submerged 21 feet, on a wavelength of 12,600 meters 
ог greater wavelengths 


Опе of the naval officers, who has had much to do with the testing of the Rogers system, stated that 
experience had demonstrated that in fresh water the submerged antenna may be placed at any depth. Salt 
water acts differently, but the aerial may be submerged at any desired depth for wavelengths above 10,000 
meters. 


The same officer, who has made a close study of all American and European work in radio, explained 
how the best work ever done in radio was accomplished at the Great Lakes Naval Station, on the shor 
of Lake Michi s the general arrangement of the station. The test station was on the beach 
tation for standard station at A. The shortest distance between a 
iving and control station" in the naval radio service heretofore has been 36 miles. Here a distance of 
600 feet only separates the elevated aerial of the main station from the submerged Rogers antenna 
terminating at the test station. Said he, "Now let the inventors of static and interference” preventers trot 
out ther little pets, and show what they can do! Here's what this station actually did on schedule service: 
with 48 amperes, at 4,000 meters wavelength, being radiated in the elevated main antenna — the beach 
station, only 600 feet away, was picking up Nauen on 12,000 meters, and New Orleans on 5,000 meters, 
without any interference or static — all on the Rogers sub-aqueous aerials. These were rubber-covered 
cables spreading in different directions, any one of which could be used, and laying 50 feet deep in the 
water at their outer extremities. 


Imagine such a wonderful performance! But this is not all. The official tests show that the station at 
Cavite, PI, 8,100 miles away, was received regularly on the Rogers aerials at the Lake Michigan Station, 
оп schedule service. 


‘Transmitting On Underground Aerials ~ 


Tests were made by the naval experts, as well as by Mr Rogers in his very first experiments in 
transmission from a ground or underwater antenna. These were all successful. It is only a matter of 
properly insulating the antenna so that it will not break down under the high potential applied to it by the 
transmitter. The early tests by the inventor were made with a one inch spark coil to the Bureau of 
Standards Radio Laboratory, a distance of 7 miles, the received signals having an audibility of 2,000, i.e., 
2,000 times the strength of a clear, readable signal. The audibility of the signals at the Washington Navy 
‘Yard was 1,000. The transmitting tests at the Great Lakes Naval Station were made at first with a low 
power Oscillion bulb transmitter and later with a Clapp-Eastham hytone set. An elevated amateur style 
antenna of two wires was strung up between two houses 38 miles away. Clear signals were received with 
ап audibility strength of 2,000. The ignition cable used for the aerial finally punctured, but even then the 

ignals received were four times louder than the best amateur transmitter could send on a regular aerial, as 
tests proved, 


Official US Naval Tests of Underground Reception ~ 


In general (relating to the Rogers system), the point of interest lies in the use of wires buried in the 
ground, for both the transmitting and the receiving antenna. For instance, in receiving, a wire buried one 
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foot below the surface of the earth extends for several hundred feet south of the receiving station, and a 
similar wire north, the receiver being located between the pairs of wires. The ordinary receiver was used. 
With this arrangement, signals from Darien, Nauen, and all Atlantic stations were received. 


‘Tests at New Orleans Station ~ 


Federal receiver used on main antenna, Western Electric receiver used on underground antenna, 1,400 
feet buried wire. The "Aud" refer to audibility. 


Station Antenn: Main Underground 
Wavelength ~ Signal Aud ~ Static Aud. ~ Sig. Aud. ~ Stat. Aud. 
San Diego 9800 1200 1000 750 15 


Arlington 7500 2000 3000 1500 50 


Impossible to read Arlington on the elevated antenna on account of static interference. United Fruit Co 
station of New Orleans interfered with signals from Arlington on main antenna, but offered no 
interference on underground antenna... [Missing Text ] 


Of particular interest is the fact that when static prevents reception on the main antenna, reception can be 
continued on the underground antenna. This has even been done during a severe lightning storm, when 
the main antenna would have been dangerous without grounding. Reception is also directional and 
permits of avoiding interference to some extent by using wire "off direction" of an interfering station. 


Strays are as a rule practically absent. On a few occasions, strays have risen to an audibility in excess of 
5,000 on separate cracks, but even in this case, reception of signals, although a litle difficult, was not 
interrupted. On these occasions it was necessary to ground both of the elevated aerials at the main station, 


Considering the matter of strays, it can be said that on four or five occasions marked by tremendous 
storms, that strays rose to an audibility in excess of 10,000 at the beach station. Even in this ease, 
however, signals from boats within 100 miles and from shore stations such as Milwaukee, were usually 
readable, because the strays while very loud, were nowhere near as numerous as on the elevated aerial 


‘There seems to be no appreciable advantage in using more than one wire 
insulated. 


No. 12 weather proof 


‘The experiments at Great Lakes confirm the work of the Bureau of Standards on the importance of 
adequate insulation of the wire. If the wires are grounded a the ends, it does not necessarily make much 
difference unless they are adjusted to the optimum wire length; but if properly adjusted to this length, 
grounding of the wires produces a diminuation of the signals, which, however, even with the intentional 
grounding of the two ends, still leaves them 50% of their maximum value. Therefore, while the question 
of insulation is important, it does not mean that the system will fail entirely if the insulation becomes 
faulty. 


Electrical Experimenter (June 1919) 
"The Rogers Underground Aerial For Amateurs" 


Since the publication of the original article on the Rogers Underground Wireless System, published in 
March, 1919, the Editors have been besieged by hundreds and thousands of letters from radio 
experimenters in all parts of the world, asking for data on the construction of the Rogers Underground 
Aerial suited for the requirements of the Wireless Amateur. The original article contained a great deal of 
valuable data, which should be carefully read and digested by every radio man, whether he be a student or 
a professional. In the present article an effort has been made to answer some of the questions which have 
seemed to annoy the average radio "bug" considerably, Шу those residing in cities where it is 
difficult and frequently impossible to bury an aerial longer than a few feet. We may say right here, that for 
those experimenters so situated, there is a solution, or in fact, two solutions, namely -- to use a spiral 
antenna, such as has been tried out successfully in US Navy tests on the Rogers system, and which spirals 
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‘may be buried in the ground a few feet, or placed in a well or a body of water; and secondly, for the 
experimenter who is not allowed to disfigure an apartment house or other dwelling with a ugly-looking 
aerial, there is a newly developed loop antenna, which can be used right in the radio room. Indoor aerials 
have been greatly perfected during the war, and now by means of greatly improved and highly sensiti 

ecciving instruments and amplifiers available, particularly those using audions as detectors and 
amplifiers, they are excellent, and satisfactory results are obtainable by means of a concentrated loop or 
spiral antenna, small enough to be placed in the radio laboratory. 


For the present, we will listen to the sound advice given by our mutual friend, Mr James Harris Rogers, 
оп some of the practical outstanding features of his underground system, used in conjunction with 
straight-away single wire under з well as loop aerials. Among other things, Mr Rogers has 
the following to say regarding the installation of simple underground aerials: 


Mr Rogers Talks to the Amateurs ~ 


"The first installation of my underground antenna was made in the woods about a mile from my 
laboratory and consisted in burying wires in the earth; the wires radiated from the station as the spokes of 
a wheel, --- some wire bare and some insulated; their lengths varied from 200 to 1,000 feet. ( Figure 1) 


pares d 
E 
"Its obvious that a number of persons can receive at ће same time, one operator to cach wire. There is 
mo interference. Figure 1 shows 8 wires and a bipolar selector swirch connected to the primary receiving 
circuit. With this switch any individual wire may be grounded, or any two wires may be used. Bare wires 
give the loudest signals but static is more pronounced. The deeper the wires are buried, the better the 
signals, with a corresponding reduction of static. Short wires show a remarkable degree of directivity: 
long ones to a lesser degree and in proportion to their length. (See Figs. 2 & 3) 
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"When using two wires at right angles to each other, signals are heard from any direction. (Fig. 4) 
Stations come т equally 


weli from any direction 
mith this arrangement. 


Й 


tiga . 


с ry wet earth. The primary circuit should have a variable 
condenser ) 0.001 mfd or higher capacity) in series. When insulated wires are covered with metal, lead, 
iron, etc., some remarkable results are obtained. These wires may be entirely enclosed in an iron pipe, for 
instance (Fig. 5), or the joints may be connected by rubber hose". (Fig. 6) 


Ground leve! 
ren ges pipe 


5 Rubber connectors 
fig. 5 яр u 


"Regarding the tests with loops I will state briefly that I have successfully tried different forms and sizes. 


first had a well bailed out and lowered a loop antenna into it; the well was 50 feet deep (See Fig. 7). 
The signals were as loud at the bottom as when above the earth. I next had the well filled with water and 
the results were the same, excepting that the note of the sending station became higher and higher as it 
was lowered. Upon revolving it around, I found the directional characteristics were the same in the water 
as when out. These tests were made about 2 years ago, and I at once realized that the loops or cages could 
be used in the dugouts of France, or on submarines when submerged, 
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"Regarding the dimensions of loop antennae used on submarines, these coils measure about 3 feet square 
in some instances. The wires are very heavily insulated and placed in a box filled with pitch, the 
connection are led below and the coil can be revolved for directional observations.” 


Kind of Wire Used for Underground Aerials ~ 


Most of the inquiries from Radio Experimenters and those intending to install experimental stations, and 
wishing to make use of the "static-proof" Rogers underground antenna, on which signals may be received 
even through a thunderstorm, indicate that the greatest problem to solve seems to be the size and the kind 
ol wire to be used, and how it shall be buried. Some very excellent results have been obtained in 
experimental work carried out at one of the leading American universities with acrial conductors laid on 
the ground, and where the experimenter has the time and space to try this out, he may gain some useful 
and valuable knowledge by experimenting in this direction. Ordinarily the wire, of whatever kind it may 
be, as used when installing the Rogers underground aerial, is buried about 3 feet deep in the earth, For 
‘most amateur requirements, the wire need only be about 100 to 200 feet long, and so the digging of the 
trench is not such a great problem; in fact, it can be plowed open, at least part of the depth, and where 
rivers, brooks or ponds are available the insulated wire can be placed in them directly and allowed to rest 
on the bed. 


Regarding the choice of wire to be used, it becomes evident that even bare copper or other wire may be 
utilized when desired, as Mr Rogers has pointed out in the above contribution. The size of this wire 
should be about #12 or 14 B&S gage, the heavier the better. 


‘The official US Navy report of tests on the Rogers Underground System mention that no increased. 
efficiency is obtained by using more than one wire, and that this may be a # 12 or 14 B&S gage, weather- 
proof or rubber-covered copper conductor. In any case, the free end of the wire should well taped, and 
preferably covered with some rubber cement, so as to keep it insulated. Experiments have been tried both 
by Mr Rogers at his Hyattsville MD laboratory, and also by the Navy Department, with underground 
aerials in terra cotta pipes, but this construction is rather expensive, and the results obtained do not justify 
its us 
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Other forms of wire used both by Mr Rogers and the Navy Department experts include lead-covered 
telephone cable, which is, of course, thoroughly damp-proof, while a conductor holding considerable 
favor with the inventor is the heavy rubber-covered, high-tension, auto-ignition cable. This is highly 
efficient for aerial requirements, as it is stranded and therefore of low high frequency resistance. 


In any case, alittle common sense and logic will give the answer to many of the simple problems arising 
in connection with the installation of these aerials, such as, for instance, the length of aerial to be used for 
a certain range of wavelengths. It is manifest that the longer the wavelength to which it will properly 
respond. Considering that an antenna is used having a length of, say, 150 to 200 feet, then practically all 
the shorter wavelengths up to 600 meters and more should be readily picked up on this antenna, 
especially with the variable condenser hooked up in series with the primary of the loose coupler, as 
shown in the accompanying diagrams, Naturally the wire buried in the ground has a higher electrostatic 
capacity than the old style antenna wires, elevated 40 to 50 feet above the ground, and we can reduce this 
capacity as desired, so as to tune any certain wavelengths, by connecting another capacity in series with 

it: in exactly the same manner as short wave lengths are tuned in on the regular elevated aerials, by 
connecting a variable capacity in series with the antenna circuit, and the primary of the loose coupler. 
Long wavelengths are tunable by using large condensers and loose couplers preferably. 


Spiral or Loop Aerials ~ 


As shown in the diagram, Fig. 7, interesting results were obtained with a spiral antenna, composed of a 
dozen or so turns of insulated wire, such as a high tension cable or # 14 RC solid conductor lowered into 
a well. Both with and without water in it 


As pointed out in the original article on the Rogers underground system in the March issue, very 
promising results have been obtained in transmitting with the underground antenna, and Fig. 8 shows how 
а small transmitting set was operated with such an aerial, coupling the exciting or spark gap circuit with 

the antenna oscillatory circuit by means of a two-coil oscillatory transformer, L, C. In this case two metal 


plates, about one yard square, are placed in the earth adjacent to the well, one of which connects with the 
secondary, S, of the oscillation transformer, while the other plate connects with the free end of the spiral 
antenna, 


If the spiral antenna is used, it should be placed on its vertical axis, and it should be placed in the vertical 
placed in the vertical plane as shown as shown in Figs. 7 and 8. Excellent results have been had should be 
obtained in transmitting with the underground antenna, with the usual insulation incident to the form of 
conductors above specified, where the transmitting set is one employing an audion oscillation generator. 
The voltage in this case will not be extremely high and special precautions need not be taken to provide 
extra heavy insulation on the buried antenna. The wire in such a case, however, should be especially. 
Official tests by the US Navy have shown transmission by radio over 50 miles with the Rogers 
underground antenna, The wire in such a case, however, should be especially well insulated to stand the 
higher voltage. 
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es, 


Regarding loop aerials in general, it would appear that we can expect a great deal from them, as some of 
the really remarkable results achieved during the war would seem to point out. The number of turns and 
the amount of wire to be used in a spiral wire to be used in a spiral antenna, such as shown at Figs. 7 and 
8, will vary of course for different wavelengths, ete., and here is where the radio Amateur will have a 
chance to carry out some original experiments, which may net him some real knowledge, fame and 
money. Another form of loop antenna, so-called, and which has been tried out several years ago with such 

that European stations could be copied in a laboratory located in Florida, is one composing a 
square form, several fect in height. This was used, as just mentioned, to receive stations using fairly long 
wavelengths, say from 8,000 1012,00 meters. Here the insulating form was wound with a layer 
comprising several hundred turns of insulated wire. This antenna was successfully used in some tests 
made by Marconi radio engineers at a laboratory in Florida several years ago. Trans-Atlantic radio 
reception was effected at the radio laboratory of Union College, Schenectady NY, just prior to America's 
entrance into the world war. This aerial comprised about two dozen turns of # 14 or 12 bare or RC wire, 
mounted on porcelain know insulators screwed on the inside wall of the laboratory. The turns were 
spaced about 3 inches apart. The inside turn was 3 feet square. Flexible leads, fitted with clips, serve to 
connect as many turns as desired. 


Radio Amateur News ( December 1919), p. 274, 275, 291, 306. 
Underground Radio Made Possible for the Amateur 


by 


Edward Т. Jones 


This article is without doubt the most important one that has appeared in print for some years, as far as 
amateurs are concerned. When the Rogers Underground Aerial was first announced, many amateurs, 
particularly those living in cities were bitterly disappointed for the reason that they could not make use of 
this form of aerial die to the fact that long earth trenches were necessary. Now comes along Mr Jones with 
his new invention, showing us how to use a concentrated underground aerial that all of s can use in every 
city without any trouble whatsoever. The article is epoch-making and should be read by every radio 
enthusiast worth his name. — Editor I Hugo Gernsbach ] 
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The readers of Radio Amateur News will undoubtedly greet this article with open arms sin 
an underground system accessible to all, no matter how small the back yard. 


As is well known, the Rogers system with its lengthy wires stretching in all directions cannot be 
employed by the Amateurs of today. Take, for instance, reception of long wavelengths where a stretch of 
2000 feet is required. This would mean that the Amateur would have to dig under fences, etc, for three 
city blocks in cach direction — impossible — and worse than that. This state of affairs bothered me 
constantly and I was determined to find some possible solution for this impractical method. 


Опе sleepless night visions began to parade before my half-conscious vision and amongst the crowd was 
а coil of wire rolling merrily along — Ah! The problem was solved. 


In the morning I went forth with vim and vigor to plant some coils in old Mother Earth. Finding labor 
scarce decided to throw them into the lake for a trial. Ouch! Then the fun began. Now to get back to 
business we will begin with the first experiment carried out at this lake, in order to prove my sanity. 


The first experiment made use of two coils, each 200 feet of Packard auto cable, wound to have an overall 
diameter of 2 feet. After being bound so as to hold their form, they were lowered into the water (Lake 
Pontchartrain, Louisiana) and rested on the bottom at a depth of approximately 4 feet. The two coils were 
spaced about 10 feet apart, but bringing them as close as within 2 feet of each other did not seem to have 
any noticeable effect upon their proper functioning. The following stations were picked up with very 
good audibilitis [list not included here]. There was of course no directional effect, in that the coil was in 
а favorable position to respond from practically all directions. Later on it will be shown how coils were 
used embodying directional effect 


‘The exceptional results obtained with this arrangement prompted me to believe that such an antenna for 
underground work as I had discovered would, if consistent in operation in different localities, eliminate 
the present practice of digging lengthy ditches in which to lay the wires. Besides, since it is recognized 
that the picking up of strays is governed by the length of the wire, itis to be expected that a great 
reduction in respect to such disturbances will be noticeable under actual operation. When employing such 
small antennae, what little static is picked up on the wires is entirely eliminated, and the strength of 
signals is not weakened in the least by employing such small coils. The position of the coils is shown in 
Figure 1 


‘The second experiment followed immediately after obtaining such remarkable results from the first, and 
the two coils which were used in the first experiment were taken up and put into the Mississippi River. 
The leads from the two coils were brought into a Naval building. In this instance the coils were sunk to a 
depth of 12 feet in the water; they rested upon the mud bottom of the river, and the distance between the 
waterline and the wharf was approximately 15 feet. Reception... demonstrated that the possibilities of 
such antennae were indeed practical. The following stations worthy of note were received: [list not 
included here ]. 


Of course in this experiment, as well as the first, there were practically no directional effects present, as I 
expected when making use of coils as described; but the exceptional results obtained through the 
employment of the same was more than gratifying, and I think that the results of the foregoing 
experiments, if consistent in various localities, will provide a means of saving considerable expense 
involved in installing the usual Rogers system. Likewise the ration between signal and static audibility 
will be increased, since the inductance is concentrated, and not distributed at considerable lengths. 


The coils employed in both experiments were, at each location, drawn from the water and placed on the 
dock at various angles with absolutely no results in respect to signals, but local strays and heavy jolts 
were picked up. Of course the local stations could be heard, but this was of no value. Immediately after 
placing the coils back into the water the static and strays disappeared and signals were picked up from the 
various stations listed previously. Very heavy jolts of static and lightning were recorded by faint clicks. 
This may have been augmented by making use of non-shielded wires for the 

receiver proper. They acted as an open antenna from the waterline to the receiving apparatus; b. 
apparatus was not screened nor shielded. 
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‘Two circuits, which gave exceptional results, are shown in Figures 3 and 4, In Figure 3 the tickler 
arrangement was employed to complete the regenerative circuit; however, the connections shown in 
Figure 4 greatly increased the selectivity of the system. In this case the plate circuit was tuned by making 
use of the variable condenser C2 and inductance L; and the tickler coil was set a "minimum adjustment 
ог relation to the secondary coil. As the inductance of the secondary ог tuning circuit was increased, the 
inductance L also had to be increased, and the maximum response was had by varying condenser C2 until 
the bulb began to oscillate. This arrangement provides a much wider range of tuning, and instead of 
acting similar to the tickler coil, which has practically a very sharp point of resonance, the plate tuning. 
circuit commences to oscillate slightly at first and gradually increases until maximum response is had. 


In the next experiments the coils were increased in size to ascertain what effect this change would have 
upon the reception of signals and strays. These coils were wound and supported by the cross sticks shown 
in the photos having a diameter of 4 fect. The strength of signals was greatly increased; in fact, to such an 
extent that it was possible to read ships from 100 to 400 miles off the Mississippi river bar. 


The occasional jolts of very weak audibilities were picked up by the leads from the coils to the receiver, 
also by the connections and coils in the receiving circuit proper. This was proven when the same amount 
ol strays was noticeable without the leads connected to the receiving apparatus. The leads of the coils as 
well as the receiving apparatus and the operator should be screened and grounded to totally eliminate the 
static. 


These coils were spaced 15 feet apart on the riverbed, 12 feet below the waterline, but by incr 
distance to 30 feet the signal strength was practically doubled. 


ing this 


While Swan island was transmitting, the coils were changed from 15 feet apart to approximately 2 
and Swan Island’s signals were reduced to a minimum (just audible); then the coils were moved so as to 
be separated 50 feet, at which position Swan island signals were almost doubled in strength as was had 
when the coils were but 15 feet apart. This was the greatest distance possible, under the circumstances, 
but arrangements were made in order to ascertain whether spacing them further apart would have any 
noticeable effect on the strength of signals received and the results proved that increasing this distance did 
mot materially increase the strength of received signal strength. 


Next the coils and receiving apparatus were removed to the New Orleans station grounds (NIK) where 
the coils were buried at a depth of 4 feet, having encountered water 3 feet below the surface. They wa 
separated 30 fect apart, as was found best by experiments carried out at the naval building where the coils. 
were placed in the river, and it was an casy matter to change their position. 


In order to have this circuit function properly, the apparatus in the receiving room of the station proper 
was disconnected and notations were supplied from our log, because whenever both of us were on the 
same setting, say 600 meters, the distance between the two receiving rooms being approximately 125 feet 
any change in my apparatus cut him out and vice versa. Also his bulb, when setting on the same 
wavelength as mine, was easily picked up and hindered reception on that wavelength. The same effect. 
was noticeable at his apparatus, 


With these coils buried as outlined, signals were received which compared favorably with those picked up 
from the overhead antenna. This increase in signal strength as recorded here was brought about by the 
improvement noticed in diagram Figure 5, where the 1 mfd condenser C was connected between the 
ground and the RE lead as shown. 


In order to get some idea of the fundamental wavelength and capacity of the coils, measurements were 
taken and the results were quite surprising. 


Coil 
Coil 2 


Capacity 0.035 mfd --- 1150 meters 
0.037 mfd --- 1250 meters. 


‘These coils were both free. ended and are of the dimensions given previously (200 feet Packard cable, 4 
fect diameter, approximately 14 turns). 
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Free ended coils are used throughout and can be pointed out as the invention itself, since it is absolute 
necessary that such coils be used in this work. It has been found through experiment that a buried clos 
loop will not function, while the open concentrated coil will give the same results as a length of wire 
stretched underground, 


Naturally, it is necessary to employ a two-step amplifier, for signals will not be audible up to any 
considerable distances without this essential piece of apparatus. 


‘The foregoing experiments proved beyond a doubt the value of such concentrated antennae for 
underground reception and the following summary can be drawn: 


1. The length of wire, having serious and detrimental effects, when lon 
manner be concentrated and will furnish the in respect to signal-static ratio. 
Since the coils need not occupy more than a reasonable amount of space, at any rate for long waves 1/100 
that necessary when employing the wires stretched to the full length, as in the Rogers system, is 
sufficient. 


er than 2000 feet, can in this 


2. That practically the same signal strength is received in these tests as was had when employing the 
‘outstretched wires and the static was reduced. 


3. In this short space of time the foregoing experiments were the only ones that could be tested 
thoroughly; but it is needless to say that this is only a beginning of this new type of antenna in connection 
with underground reception, which will undoubtedly save thousands of dollars at initial installation. 


4. The coils themselves, being so small, could be easily encased in some form of insulating tube and 
finally set in a concreto casing which would undoubtedly increase the life of the coils. 


5. The coils could be enclosed on the surface of the earth by large tanks which in turn must be grounded 
to act as the shield. In this manner it would be possible to construct large coils which could be rotated at 
any angle desired and thereby cause maximum reception from various directions. The coils could be 
rotated by motors and at the will of the operator, or they may be buried and caused to rotate in the same 
manner described above. In this case they would have to be installed in a concrete cellar built 
underground. 


Some further experiments which were carried out using the same principle were tried later. The coils 
employed in this series of tests are shown in the photographs where the author and inventor is сет 
standing between the two [ tubular Jcoils. 


With these coils laid in the earth or in the water very good results were obtained, and pointing the coils 
towards or away from any given transmitter did not change the strength of its signal to any noticeable 
extent, However, it is believed that were the coils constructed at greater lengths directional effects would 
be present. 


Those coils were laid in holes dug in the ground, then water was pumped into the holes. This maintained 
the coils under water at all times and permitted such tests as were necessary to ascertain whether or not 
they possessed directional properties. However, no directional effects were present, so the coils were 
discontinued and square frame coils were used in their place. 


Experiments were carried out with large square framed coils ( 200 feet to the turn, or 50 to each side of 
the square ) laid on the ground, This was tried for long wave undamped reception and exceptional results 
were had when the ground was wet, immediately after a good rain, for then the wires were practically 
buried. However, when the ground dried out, the signals vanished and were not received with a readable 
audibility. It was only necessary to have these coils buried in moist earth and excellent results have been 
obtained. Receiving on underground from short wavelengths with long outstretched wires demands a 
critical length of the wire. However on a loop or concentrated open ended coil such as mine, the length 
does not materially affect such reception until the length exceeds 500 feet to the сой, 
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Now all ye Amateurs get busy and dig those 4-foot holes until permanent moist earth is assured and place 
your little coils some 50 feet apart, hook her up, and there you аге... Underground at last in reach of the 
average Experimenter and Amateurs at large. 

‘The Amateurs not only have my permission to use this system byt are encouraged to do so. 


Insulator For Rogers Underground System 


ty in making an insulator 
neat finish to the 


Amateurs experimenting with the Rogers underground wireless will find di 
for the end o their antenna. This scheme affords the necessary insulation and gi 
antenna, 


From the drawing itis clear that I employ a bottle of suitable size to hold the wire and after inserting the 
wire into the bottle molten rosin or wax is poured into the bottle and permitted to cool. For those not 
familiar with the use of such accessories it may be explained that when burying wires to be employed in 
underground reception the end of the wire must be well insulated. This is accomplished easily and very 
satisfactorily in the manner shown. — Contributed by W. Norvell. 


US Patent 4 1,220,005 


Wireless Signaling System 
(March 20,1917) 
James Н. Rogers & Henry Н. Lyon 


Ош invention relates to the transmission of electrical impulses or oscillations to a distance, primarily for 
the purpose of conveying intelligence, and it pertains to means for both sending and receiving. 


In systems of wireless sending and receiving now in general use, one or more conductors or capacities are 
employed disposed above the surface of the earth, which conductors or cap: erve to radiate or 
receive the impulses in the sending or receiving of messages. Such elevated conductors are costly to erect 
and maintain, as to obtain efficiency and long distance transmission itis necessary to have them at 
considerable distance above the surface of the earth. This necessitates expensive towers and masts, and 
‘moreover both the conductors and the towers or masts are exposed to weather conditions === wind storms, 
lightning, snow and ice --- which often impede or entirely prevent the operation of the system. We are 
aware that it has been proposed also to employ a conductor elevated above the earth in connection with a 
buried conductor, 


Our invention has for its principal object the provision of a system not subject to the above conditions; a 
system in which the communication, both sending and receiving, is clear and effective; in which the 
‘communication is selective and the direction may be readily determined; in which multiple transmissions 
may be effected; and in which the sending and receiving of messages to and from stations on land and on 
the water may proceed independent of weather conditions. 


We have discovered that signals can be sent and received with great difficulty by the employment of 
wires buried beneath the surface of the earth but insulated therefrom substantially throughout their length 
and extending in direction substantially parallel to the earth's surface, so that while the wires are not in. 
direct contact with the carth they are intimately associated therewith. 


The invention consists in the novel features and combinations of circuits and apparatus in the wireless 
signaling system hereinafter described and claimed, and illustrated in diagram in the accompanying 
drawings, in which: 


Figure 1 is a system in which a single antenna is shown below the surface of th 
therefrom by being mounted within a conduit. 
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Figure 2 is a similar view showing two antennae extending in opposite directions; 
Figure 3 is a view similar to Fig. 2, but with the instruments of a sending station; and 


Figure 4 is a similar view showing in while lines the antennae consisting of insulated wire buried below 
c of the ground, 
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Referring to the drawings, signal instruments are indicated at 10, and in Fig. 1 and Fig. 2 are those of the 
receiving station, while in Fig. 3 the instruments pf a sending station are shown. In Fig. I and Fig. 2, 11 is 
a detector of any type, preferably an audion, 12 a telephone, and 13 and 14 are the usual condensers. Any 
desired type of instruments and arrangement of connecting circuits may be employed. 


‘The surface of the earth is indicated at 15, and the antenna at 16. This latter extends in a direction 
substantially horizontal, and as shown in the figures is preferably buried below the surface of the earth, 
Referring particularly to Fig. 1, the antenna is mounted within a non-conducting material such as terra 
cotta. The mounting within the conduit may be of any preferred type, that shown being by mounting the 
antenna upon a series of lugs or projections 18 extending upwardly from the bottom of the conduit. From 
the end of the conduit connection is made between the antenna and the signal instruments. The antenna is 
thus intimately associated with the earth throughout its length but is insulated therefrom and, it is 
believed, a considerable portion of the earth's surface about the antenna thus cooperates with the latter in 
sending or receiving oscillations. 
psi exesearehconvrogers! rogers htm 1900 


опоо James Н. Rogers: Underground & Underwater Radio Antenna 
‘The cooperation of the antenna with a ground connection or a second antenna is desirable for proper 
transmission or reception of signals, and in Fig. 1 we have therefore shown the other side of the 
instruments connected to ground plate 19. 


Fig. 2 is an embodiment of the invention in which two antennae are employed extending in opposite 
directions, the second antenna 20 being connected in place of the ground plate shown in Fig. 1. This 
arrangement is more effective than with the use of the ground plate. 


In order to obtain the maximum efficiency it is desirable to have the antennae disposed in a line at right 
angles to the wave fronts, and in order that this may be accomplished for the different directions a 
plurality of antennae are employed extending outwardly in different directions but substantially horizontal 
and parallel to the surface of the earth, and under the surface as already explained. This arrangement is 
fully set forth in our application Serial # 130,603 (field Nov. 10, 1916), to which reference is made for 
complete details. It is therefore thought unnecessary to illustrate or describe such arrangements as in the 
present application 


Fig. 3 shows the same arrangement as Fig. 2m but with sending instruments instead of receiving 
instruments. These latter comprise a generator 21, transformer 22, spark gap 23 and condenser 24. Any 
other sending arrangement and instruments may be employed instead of those shown, 


Referring now more particularly to Fig. 4, in place of the conduit of pipe, an ordinary insulating envelope 
for the antenna is shown at 25, and for this purpose the antenna may be an ordinary insulated wire of the 
proper size and length. It may be buried beneath the surface of the earth, as already explained. 


‘The invention is also applicable to the surface of the earth where there is water. For instance, on the sea 
coast the antennae may be run out from the shore into the water, and although insulated from the latter it 
is so closely associated therewith that there is a cooperation between the antenna and the surrounding 
water in the sending and receiving of oscillations. The insulated antenna may also be employed for 
sending and receiving signals to and from vessels in the manner fully set forth in our above-mentioned 
application, it being believed unnecessary to fully describe these arrangements here. 


we claim: --- [Claims not included here] 


US Patent # 1,315,862 


Radio 


Signaling System 
(9 Sept. 1919) 


James H Rogers 
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US Patent # 1,322,622 
Wireless Signaling System 
(Nov. 25, 1919) 


James Н. Rogers 
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US Patent # 1,303,730 
Radio Signaling System 
(13 May 1919) 


James Н. Rogers 
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US Patent # 1,349,103 
Radio Signaling System 
(August 10, 1920) 
James Harris Rogers 


My invention relates to radio signaling or the sending and receiving of signals through space by means of 
electromagnetic waves, and it pertains particularly to the disposition of the radio conductor or conductors. 


In the course of my experiments I have discovered that grounded radio conductors or antenna are highly 
efficient when disposed horizontally or substantially parallel to the surface of the earth, and surrounded 
by or inelosed in a uniform metallic screen practically throughout their length, but insulated therefrom. 
‘The advantages of long antenna are thus obtained and the objectionable effects of certain forms of static 
conditions are eliminated. 


The invention consists in the novel construction and arrangement of apparatus and parts thereof for 
sending and receiving radio signals hereinafter described and claimed, and illustrated in the 
accompanying drawings, in which drawings: ~ 


Figure | is a diagrammatic view of sending instruments which may be substituted for the receiving 
instruments for transmitting signals: 
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Figure 2 is a view similar to Figure 1, but showing the inclosing screen for the antenna elevated above the 
surface of the earth, the instruments, receiving or transmitting being merely indicated by one of the 
coupling coils: 


Figure 3 is a similar view showing the inclosing screen buried beneath the surface of the earth: and 
Figure 4 shows diagrammatically a modification: and 


Figure 5 is a similar view showing the invention applied to a boat or vessel, such asa submarine, 


J. roce, 


1,949,103, Puente Aus. 10, 1820. 


Referring to the drawings, 10 indicates the signal instruments, which in Figure | are those for receiving 
signals, while in Figure 1 the instruments for sending signals are shown. In Figure 1, 11 is a detector of 
any type, preferably an audion, 12 a telephone, and 13 and 14 the usual condensers. Any desired type of 
instruments and arrangement of connecting circuits may be employed. 


In Figure 1a suitable sending instruments are conventionally shown, These comprise a generator 15, 
transformer 16, spark gap 17, condenser 18 and key 19. 


‘The above-mentioned instruments are well known in art of radio or magnetic wave signaling, and need 
not be further described. 
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‘The above-mentioned instruments are well known in the art of radio or magnetic wave signaling, and 
need not be further described. 


20 and 21 are two antennae extending in different directions by indirect coupling, as coils 22 and 23 of a 
transformer. These antennae may extend in opposite directions, and in order to attain maximum efficiency 
arrangement may be made so that they may be disposed in a line at right angles to the to the wave fronts - 
when receiving. Such an arrangement is fully described in Patent # 1,322,622 (Nov. 25, 1919). 


The antennae are cach inclosed in a metallic screen shown as a metal pipe 24 in which the antenn: 
‘mounted by spacers or disks 25 of insulating material, such as porcelain, clay, fiber or the equivalent, so 
that while each antenna is inclosed by the metallic screen it is insulated therefrom. At the outer end, or 
end away from the instruments, each antenna 20 and 21 is connected to earth plates 26 and 27 
respectively. 


‘The length of each antenna may be selected to suit the conditions under which each system is to work, 
and may be several hundred or a thousand feet, or more. The pipe or screen may be of iron or other metal 
suitable to accomplish the purpose, and serves to protect the antenna from certain static conditions which 
would or might interfere with sending or receiving of signals, 


‘The surface of the earth is indicated at 28 and in Figure 1 the antennae and their inclosing screens are 
shown supported above the surface of the earth, and may or may not be insulated therefrom. In th 
figure, as also in Figures 3, 4, and 5, the sending and recalling instruments, whichever is connected for 
use at any given time, is merely indicated by one coil 23 of the coupling, 


In Figure 3 the antennae and their inclosing screens are shown buried beneath the surface of the earth, in 
which case the instruments may be in a covered chamber 29 below ground. 


In Figure 4 is shown an arrangement in which, instead of associating one set of signal instruments with 
both antenna, two sets of instruments are provided, one set 23° being connected to antenna 20 and screen 
or pipe 24" and instruments 23" being connected to antenna 21 and instruments may be used 
simultaneously, both sets for sending or receiving, or one set for sending and the other set for receiving 


In using the terms "surface of the earth" I intend to designate the surface where there is water as well as 
well as where there is land. The invention is therefore applicable to boats or vessels, particularly 
submarines on which it is operative whether afloat or submerged. Such an embodiment of the invention is 
shown in Figure 5 in which the vessel is indicated at 30, and the other parts designated as in Figures 1, 2, 
and 3, so that they require no further description. The screens 24 are preferably extended through 
sheathings or hull, so that cach antenna is inclosed substantially throughout its length is inclosed 
substantially throughout its length within the vessel. The ground plate 26° at the forward end of the vessel 
is preferably pivoted mounted at its forward edge on brackets 31, 32 so as to swing freely with the 
movements of the vessel, but is insulated therefrom as shown diagrammatically at 33. The antenna 20 is 
connected to plate 26" in any suitable manner. Ground plate 27” is similarly mounted on brackets 31°, 32° 
at the stern of the vessel, and is connected to antenna 21. These plates may be mounted in ay other 
suitable manner, 


In ай of the embodiments of the invention the pipe or screen is preferably filled with oil such as is 
ordinarily used in transformers, for the purpose of preventing brush discharge, this being indicated at 34, 


Claim: 


[ Not included here] 


US Patent # 1,349,104 


Radi 
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My invention relatos to radio signaling systems and apparatus for sending and 
space by means of electromagnetic wav 
known as the antenna, 


eh ing signals through 
х, and it relates particularly to that portion of such systems 


Thave discovered that radio conductors or antennae are highly efficient when disposed horizontally to the 
surface of the earth but completely insulated therefrom and inclosed in an inclosing metallic covering 
screen or casing practically throughout their entire length, but insulated therefrom. The metallic covering 
thus inclosing the antenna, but from which the later is insulated, takes up the electromagnetic waves, in 
receiving, and transmits them to the antenna within at full strength and even with greater effect than when 
the antenna is used without the covering. A highly efficient action is thus obtained, the static is reduced, 
and at the same time the antenna is fully protected from deterioration by the corroding action of earth and 
water. 


‘The invention consists in the novel construction and arrangement of apparatus and parts thereof for 
sending and receiving radio signals hereinafter described and claimed, and illustrated in the 
accompanying drawings, in which drawings: === 


Figure 1 is a diagrammatic view showing the antenna buried beneath the surface of the earth, receiving 
instruments being associated with the antenna 


Figure 1а shows a conventional arrangement of sending instruments which may be substituted for the 
receiving instruments for transmitting signals, it being understood that either the sending or receiving 
instruments shown in Fig. | are to be used in connection with the arrangement shown in the remaining 
figures; 


Figure 2 is a view similar to Fig. I showing two antennae extending in opposite directions beneath the 
surface of the earth, the connection for signaling instruments being located between the antennae and also 
beneath the surface of the earth; 


Figure 3 shows an antenna incased according to the invention and lying upon the surface of the earth, a 
ground connection and the instruments connected between the antenna and the ground connection: 


Figure 4 is a view similar to Fig. 3 showing two antennae instead of one antenna and a ground 
connection; 


Figure 5 is a view similar to Figure 4 but showing the antenna supported above the surface of the earth 
but in close proximity thereto; 


Figure 6 is a view similar to Fig. 2 in which the antennae are shown submerged in water. 
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Referring to the drawings, 10 indicates the signal instruments, which in Fig. 1 are those for receiving 
signals, while їп Fig. la the instruments for sending signals are shown. In Fig. 1, 11 is a detector of any 
type, preferably an audion, 12 a telephone, and 13 and 14 the usual condensers. Any desired type of 
instruments and arrangement of connecting circuits may be employed. 


In Fig. 1a suitable sending instruments are conventionally shown. These comprise a generator 15, 
transformer 16, spark gap 17, and condenser 18 and key 19. 


‘The above-mentioned instruments are well known in the art of radio or magnetic wave signaling, and 
need not be further described. 


20 is an antenna for radiating or receiving electromagnetic waves, and as shown in Fig. 1 extends 
horizontally or substantially parallel to the earth's surface and buried in the earth. This antenna may be of 
any suitable or desired length, and is completely inclosed within a metallic covering, casing or screen 21 
which may be a tube or pipe of lead, iron or any other suitable metal. The antenna is insulated from the 
metallic covering or casing by means of insulation 22. It will thus be seen that while the antenna is buried 
in the earth it is completely insulated therefrom and from the metallic covering or casing. 


‘The receiving instruments shown in Fig. | are associated with the antenna by means of an inductive 
coupling comprising windings 23 and 24 of a transformer, but may be associated therewith in any other 
suitable manner. The other terminal of winding 24 of the coupling is connected to ground at 25. 
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In the embodiment of the invention shown in Fig. 2 the ground connection is replaced by a second 
antenna 20° extending in a direction different from the direction of antenna 20, the signal instruments 
being connected between the antenna as indicated by the windings 24 of the indirect coupling, In this 
figure also is shown the arrangements by which the signal instruments are located in the chamber 26 
below the surface of the earth 


In the embodiment of the invention shown in Figure 3, a single antenna is employed and is shown 
extending horizontally substantially parallel with the surface of the earth and with the inclosing metallic 
covering or casing resting upon the surface of the earth, which latter is indicated at 27. 


Fig. 4 shows an arrangement similar to Fig. 3 but with the employment of a second antenna 20" in place 
ol the ground connection shown in Fig. 3. 


Fig. 5 shows an arrangement similar to Fig. 4, but with the antennae slightly elevated above the surface of 
the carth by means of struts or pins 28. Thus while the antenna extend substantially parallel with the 
surface of the earth, the metallic covering or casing is not in direct contact with the earth but is separated 
therefrom by a short space. It may or may not be insulated from the earth according to the material of 
which the struts or pins 28 are made that is whether they are made of conducting or of non-conducting, 
material 


Fig. 6 shows the employment of two antennae submerged beneath the surface of the earth where there is 
water, the water being indicated at 29. Here the metallic covering or casing is in contact with the wate 
but the antennae and their connecting circuits are insulated from the water. 


It will be understood that while I have shown and described arrangements embodying my invention in 
which one antenna and also two antennae are employed, any desired number may be used, and it is 
desirable to have them extend in the proper direction to obtain the maximum effect both in sending and 
receiving of electromagnetic waves. For this purpose a number of antennae may be employed radiating in 
different directions from the instruments, and suitable switching mechanisms may be provided for 
connecting any one or more of the antennae to the signal instruments. Such an arrangement is shown and 
described in US Patent 1,322,622, dated Nov. 25, 1919, issued jointly to myself and Henry Н. Lyon, to 
which reference is made for further details 


u has been stated that the invention is applicable to the surface of the earth by means of struts or pins 28. 
Thus while the antennae extend substantially parallel to the surface of the earth where there is water, one 
such application being illustrated in Fig. б. It will be understood also that the invention is also applicable 
to ships at sca, but as the employment of my new antenna in such connection is obvious it is thought that 
illustration is unnecessary. 
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USP 4 4,891,600 (1-2-90): Dipole Accelerating Means & Method 
Сох, James E, 


USP # 4,663,932 (5-12-87): Dipolar Force Field Propulsion 
Cox, James E. 
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Brown, Thomas Т. 
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USP # 3,223,038 (7-26-66): Electrical Thrust Producing Device 
Bahnson, Agnew H., Jr. 


wundere comlantigraulantigrav him ma 


D 


us Patent: Force Field Propulsion Systems (Ani Gray, Electrostatic, Electrokinetc, Magnetohydrodynamic, Corona, &c) 


USP # 3,187,206 (6-1-65): Electrokinetic Apparatus 
Brown, Thomas Т. 


USP # 3,177,654 (4-13-65): c Aerospace Propulsion System 
Gradecak, Vjekoslav 


T BZ 


IUe s ERI A 


USP # 3,162,398 (12-22-64): Magnetohydrodynamic Control Systems 
Clauser, Milton U, et al. 
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